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Society for N euroscience Policies on the U se of
A nimals and H umans in N euroscience Research
I n t r o d u c t io n
The Society for Neuroscience, as a professional society for
basic and clinical researchers in neuroscience, endorses and
supports the appropriate and responsible use of animals as
experimental subjects. Knowledge generated by neuroscience
research on animals has led to important advances in the
understanding of diseases and disorders that affect the nervous
system and in the development of better treatments that reduce
suffering in humans and animals. This knowledge also makes a
critical contribution to our understanding of ourselves, the
complexities of our brains and what makes us human.
Continued progress in understanding how the brain works and
further advances in treating and curing disorders of the nervous
system require investigation of complex functions at all levels
in the living nervous system. Because no adequate alternatives
exist, much of this research must be done on animal subjects.
The Society takes the position that neuroscientists have an
obligation to contribute to this progress through responsible and
humane research on animals.
Several functions of the Society are related to the use of
animals in research. A number of these involve decisions about
research conducted by members of the Society, including the
scheduling of scientific presentations at the Annual Meeting, the
review and publication of original research papers in The
Journal o f Neuroscience and the defense o f members whose
ethical use of animals in research is questioned by animal rights
activists. The Society’s support for the research of individual
members defines a relationship between the Society and its
members. The purpose of this document is to outline the policy
that guides that relationship. Compliance with the following
policy will be an important factor in determining the suitability
of research for presentation at the Annual Meeting or for
publication in The Journal o f Neuroscience and in situations
where the Society is asked to provide public and active support
for a member whose use of animals in research has been
questioned.
The responsibility for implementing the policy in each of
these areas rests with the relevant administrative body (Program
Committee, Publications Committee, Editorial Board and
Committee on Animals in Research, respectively) in
consultation with Council.

Po licy o n t h e U se o f A n im a l s
Ne u r o sc ie n c e R e s e a r c h

in

Neuroscience research uses complicated, often invasive methods,
each of which is associated with different problems, risks and
specific technical considerations. An experimental method that
would be deemed inappropriate for one kind of research may be
the method of choice for another kind of research. It is, therefore,
impossible for the Society to define specific policies and
procedures for the care and use ofʽall research animals and for the
design and conduct of every neuroscience experiment.
The U.S. Public Health Service's Policy on Humane Care
and Use o f Laboratory Anim als (PHS policy) and the Guide fo r

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

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

O t h e r L a w s , R e g u l a t io n s

and

P o l ic ie s

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

Po l ic y o n the use o f A n im a ls a n d H u m a n s in N e u r o scien ce R esearch

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

R ecom m ended R eferences
Canadian Council on Animal Care. Guide to the Care and Use
o f Experimental Animals Vol. 1. 2d ed. Ontario, Canada:
CCAC, 1993.
Foundation for Biomedical Research. The Biomedical
Investigator’s Handbook fo r Researchers Using Animal
Models. Washington, D.C.: FBR, 1987.
Laws and Codes o f Mexico. “Seventh Title of the Regulations of
the General Law of Health Regarding Health Research.”
12th updated ed. Porrua Collection, 430-31. Mexico: Porrua
Publishers, 1995.
National Academy of Sciences. Guide fo r the Care and Use o f
Laboratory Animals, 7th ed. Washington, D.C.: National
Research Council, Institute of Laboratory Animal Resources,
NAS, 1996.
National Institutes of Health. OPRR Public Health Service
Policy on Humane Care and Use o f Laboratory Animals.
Rockville, MD: NIH/Office for Protection from Research
Risks, 1986.
National Institutes of Health. Preparation and M aintenance o f
Higher M ammals During Neuroscience Experiments. Report
of a National Institutes of Health Workshop. NIH
Publication No. 91-3207. Bethesda, MD: NIH/National Eye
Institute, 1991.
Society for Neuroscience. Handbook fo r the Use o f Animals in
Neuroscience Research. Washington, D.C.: SFN, 1991.
Visual Neuroscience. 1 (4): 421-6. “Anesthesia and Paralysis in
Experimental Animals.” Report of a Workshop held in
Bethesda, Md., Oct. 27, 1984. Organized by the Division of
Research Grants, National Institutes of Health. England: VN,
1984.

G e n e r a l P r in c ip l e s
The following principles, based largely on the PHS Policy on
Humane Care and Use o f Laboratory Animals, are a useful
guide to designing and implementing experimental procedures
involving laboratory animals.

vi

• Animals selected for a procedure should be of an appropriate
species and quality and the minimum number required to
obtain valid results.
• Proper use of animals, including the avoidance or
minimization of discomfort, distress and pain, is imperative.
• Procedures with animals that may cause more than
momentary or slight pain or distress should be performed
with appropriate sedation, analgesia or anesthesia. Surgical or
other painful procedures should not be performed on
unanesthetized animals paralyzed by chemical agents.
• Postoperative care of animals should minimize discomfort
and pain and, in any case, should be equivalent to accepted
practices in schools of veterinary medicine.
• Animals that would otherwise suffer severe or chronic pain
or distress that cannot be relieved should be painlessly killed
at the end of the procedure or, if appropriate, during the
procedure. If the study requires the death of the animal, the
animal must be killed in a humane manner.
• Living conditions should be appropriate for the species and
contribute to the animals’ well-being. Normally, the housing,
feeding and care of all animals used for biomedical purposes
must be directed by a veterinarian or other scientist trained
and experienced in the proper care, handling and use of the
species being maintained or studied. In any case, appropriate
veterinary care should be provided.
• Exceptions to these principles require careful consideration
and should only be made by an appropriate review group
such as an institutional animal care and use committee.

P o l ic y o n t h e U se o f H u m a n S u b je c t s
in N e u r o sc ie n c e R e se a r c h
Experimental procedures involving human subjects must have
been conducted in conformance with the policies and principles
contained in the Federal Policy for the Protection of Human
Subjects (U.S. Office of Science and Technology Policy) and in
the Declaration of Helsinki. When publishing a paper in The
Journal o f Neuroscience or submitting an abstract for
presentation at the Annual Meeting, authors must sign a
statement of compliance with this policy.

R ec o m m end ed R eferences
Federal Register. “Federal Policy for the Protection of Human
Subjects: Notes and Rules.” 56(117): 2800-07. Washington,
D.C.: FR, June 18, 1991.
Varga, Andrew C , Ed. “Declaration of Helsinki.” Adopted by 18th
World Medical Assembly, Helsinki, 1964; revised by 29th
World Medical Assembly, Tokyo, 1975. The Main Issue in
Bioethics Revised Edition. New York: Paulist Press, 1984.

P o l ic y

on

Et h ic s

It is expected that authors submitting papers or abstracts will have conducted their work in strict accordance with the following state
ment on ethics approved by the Society for Neuroscience in November 1989 and amended in November 1993.
The Society for Neuroscience believes that progress in under
standing the nervous system materially benefits human welfare.
It recognizes that such progress depends on the honest pursuit
of scientific research and the truthful representation of findings.
While recognizing that both scientific error and differences of
interpretation are a natural part of the creative process, the
Society affirms that misconduct, in the form of fabrication, fal
sification, or plagiarism, jeopardizes the success of the entire
scientific endeavor. Members of the Society assume an obliga
tion to maintain the highest level of integrity in all scientific
activities.
The primary responsibility for considering and resolving
allegations of scientific misconduct lies within the individual
academic communities and institutions where scientific work is
carried out. The Society for Neuroscience therefore supports the
principle that academic institutions should develop and have in
place procedures to deal with allegations of scientific miscon
duct. However, the Society has a special responsibility and
interest surrounding those scientific activities for which it is
directly responsible, e.g., publication of The Journal o f
Neuroscience and the presentations at the Annual Meeting.
Every author of articles or abstracts submitted for publica
tion in The Journal o f Neuroscience or the neuroscience
Abstracts agrees to assume full responsibility, within the limits
of his or her professional competence, for the accuracy of the
report. In the case of multiple-authored papers, each author
should have made a significant intellectual or practical contribu
tion to the scientific work; “honorary authorship,” i.e., the
granting of authorship to persons who have made no substantive
contribution to a scientific report, is not appropriate.
Scientists must have access to their original research results.
The retention of accurately recorded and retrievable results is
essential for the progress of scientific inquiry. Moreover, errors
may be mistaken for misconduct when primary results are
unavailable. Primary data should remain in the laboratory and
should be preserved as long as there may be a reasonable need to
refer to them.
Authors submitting articles or abstracts do so with the under
standing that reports have not been submitted elsewhere. An
abstract is a proper forum for rapid communication of work that
will subsequently appear as a full-length article. However, submis
sion of abstracts reporting already published work or publication
of multiple similar manuscripts or abstracts, i.e., duplicate publica
tion, is improper. When previously published data are presented as
part of a new manuscript or abstract, as in a gradually developing
longitudinal data set, or if a subject group or condition is included

again for comparison purposes, citations to the previously pub
lished work should appear explicitly in the new report.
Scientific publication is an important part of the process by
which priority is established for experimental work and ideas.
Duplicating without citation of text previously published by
others or expropriating the experimental findings of others with
out attribution, i.e., plagiarism, is unethical. When authors of
articles or abstracts have prepublication access to related work
of others, as in a review process, care must be taken to avoid
the appearance that priority is being claimed for work already
done by others.
It is the responsibility of the authors, therefore, and not of
the Society or the Editorial Board of The Journal o f
Neuroscience, to ensure that relevant prior discoveries are
appropriately acknowledged in manuscripts that are submitted
to the Journal for publication.
Questions raised about the conduct of experiments or their
presentation will be evaluated preliminarily by the Editor of The
Journal o f Neuroscience (in the case of an article in the Journal)
or by the Chair of the Program Committee (in the case of an
abstract), in consultation with the Chair of the Publications
Committee and the Secretary of the Society. If possible, the matter
may be resolved informally at this level. However, if deemed
appropriate, the matter will be referred to the institution where the
scientific work in question was done. There, it would be expected
that the matter would be reviewed in accordance with institutional
procedures for handling allegations of misconduct. At all stages,
every effort should be made to ensure that the process is fair and
just, both for those who are accused of misconduct and for those
who have raised the issue of scientific misconduct.
Based on their own findings or those of the institution, the
Journal Editor or the Chair of the Program Committee, in consul
tation with the Chair of the Publications Committee and the
Secretary of the Society, may recommend action to the
Publications Committee. The Publications Committee will then
decide on appropriate action, including, for example, retracting a
published report. The Council of the Society and the relevant insti
tution will be informed of any action that is taken. Council retains
the right to consider additional action. In accordance with the
Bylaws, this action could include, for example, expulsion from the
Society. If it is found that allegations were not made in good faith,
or were maliciously motivated, action may be recommended for
those responsible.
In the event that a published article or abstract is to be retract
ed, a statement of retraction will be published in The Journal o f
Neuroscience or in the Abstracts for the next Annual Meeting.

C h r o n o l o g ic a l L ist

of

(See page xx for Thematic List of Sessions.)

Session
Number & Title
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S aturday , O c t o b e r 2 5
1.

2.

Panel on Responsible Conduct in Science—3:00 p.m.
Workshop on Teaching Responsible Scientific
C onduct.....................................................................No Abstract
Decade of the Brain Lecture—8:00 p.m.
Stress, Glucocorticoids and Neurodegeneration: Therapies
at the Molecular Level; Therapies at the Societal
Level ......................... ............................................... No Abstract

S unday , O c t o b e r 2 6

4.

Symposia—8:00 a.m.
NF- kB Signaling in Neuroprotection and Apoptosis
Chaired by: M. P. MATTSON...................................................1
Mapping Cognition in Space and Time: Integration of
Electromagnetic Recording and Functional Neuroimaging
in Human Neuroscience
Chaired by: G. R. M ANGUN...................................................1

5.

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

3.

6.

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

Slide Sessions—8:00 a.m.
GABAa receptors: cellular and molecular studies................... 1
8 . Degenerative disease: Alzheimer’s—beta-amyloid: secretases . . .3
9. Pattern formation, compartments and boundaries I .................5
10. Oculomotor system: brainstem, models and smooth pursuit. . .7
11. Presynaptic mechanisms I ......................................................... 9
12. Learning and memory: systems and functions—primates I ..11
13. Visual cortex: striate I ............................................................. 13
14. Visual cortex: extrastriate I .....................................................15
15. Cerebellum I ............................................................................ 18
16. Circadian rhythms and sleep I .............................................. 20
17. Cell differentiation and migration I ........................................ 22
18. Second messengers and phosphorylation I ..............................24
19. GnRH and luteinizing hormone.............................................. 25
20. Alzheimer’s: neuropharmacology and neurotransmitters . . . .27
7.

Poster Sessions—8:00 a.m.
Axon guidance mechanisms and pathways: molecular and
positional cues ........................................................................29
22. Formation and specificity of synapses: a g rin ......................... 32
23. Formation and specificity of synapses I ..................................36
24. Neurotransmitter systems and channels: catecholamines . . . .39
21 .

Session
Number & Title

S essions
Page

25. Neurotransmitter systems and channels: peptides, proteins
and physiology .........................................................................41
26. Neurotransmitter systems and channels: GABA, glycine,
glutamate and acetylcholine ................................................... 43
27. Expression and regulation of trophic factors:
neurotrophins I .......... ............................................................. 46
28. Expression and regulation of trophic factors: cytokines and
others I ..................................................................................... 50
29. Biologic effects of neurotrophins: gene therapy .. . . . . . . . 52
30. Biologic effects of cytokines and other factors: cellular
effects................... ....................................................................54
31. Neurotrophin receptors and cellular mechanisms:
BDNF/trk B .............................................................................58
32. Hormones and development I ..........................................60
33. Glia and other non-neuronal cells: oligodendrocytes. . . . . . . 63
34. Glia and other non-neuronal cells: Schwann cells . . . . . . . . . 65
35. Glia and other non-neuronal cells: astrocytes and injury. . . . 66
36. Glia and other non-neuronal cells: astrocyte physiology....6 9
37. Glia and other non-neuronal cells: astrocytes........................70
38. Development and regeneration of sensory systems: cellular
and molecular mechanisms................................................................74
39. Cerebral cortex and limbic system I .......................................75
40. Cerebral cortex and limbic system I I .......................................78
41. Visual system development and regeneration: cortical
development.................... . . . .............................................................81
42. Transplantation: Huntington’s disease......................................84
43. Neuroglia and myelin: Schwann cells and
oligodendrocytes................................................................................85
44. Gene structure and function I . ................................................ 89
45. Gene structure and function I I ...................................................91
46. Mechanisms of neurotransmitter release I ........... ....................93
47. Long-term potentiation: physiology I ......................................96
48. GABAa receptors: native studies I ............................................100
49. GABAa receptors: native studies I I ........................................ 103
50. GABAa receptors: native studies I I I ...................................... 106
51. GABAa receptors: recombinant studies I ...............................109
52. GABAa receptors: recombinant studies I I ...............................112
53. GABA: cellular studies........... ............................................... 114
54. GABA: release and turnover studies ...................................... 115
55. GABA: GAD studies............................................................... 117
56. Peptides: anatomy and physiology I ...................................... 118
57. Opiate and nociceptin/orphanin receptors distribution...........122
58. O pioids.................................................................................... 124
59. Serotonin receptors I ............................................................... 127
60. Serotonin receptors II ............................................................. 130
61. Transporters: other ................................................................. 134
62. Thermal regulation ................................................................. 138
63. Neuroendocrine regulation: gene and peptide expression
and localization....................................................................... 140
64. Neuroendocrine regulation: leptin and w eig h t....................... 143
65. Central cardiovascular regulation: barorefiex and related
topics ...................................................................................... 146
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Cardiovascular regulation: brainstem .................. 150
Spinal and subcortical somatosensory pathways:
neuroanatomy .................................. .154
68. Pain modulation: anatomy and physiology-higher centers I .. 155
69. Pain modulation: anatomy and physiology-higher centers II .. 159
70. Pain modulation: pharmacology-opiates I .............. .161
71. Pain modulation: pharmacology-anti-inflammatory agents ... 164
72. Retina and photoreceptors: pathology-response to lesions:
genetic mutations ................................ 168
73. Subcortical visual pathways I ....................... 170
74. Visual psychophysics and behavior: motion and color
processing ...................................... 173
75. Visual psychophysics and behavior: object and spatial
processing ...................................... 175
76. Visual psychophysics and behavior: eye and hand
movements and locomotion ......................... 178
77. Inner ear and lateral line: anatomy and physiology ....... 179
78. Auditory systems: central anatomy ................... 182
79. Basal ganglia: glutamate .......................... .I 86
80. Basal ganglia: behavior ............................ 190
81. Basal ganglia: dopamine .......................... .191
82. Basal ganglia: connectivity ......................... 194
83. Basal ganglia: subthalamic nucleus ................... 197
84. Reflex function I ................................. 199
85. Control of posture and movement: learning and adaptation ... 201
86. Circuitry and pattern generation: nonmammalian
vertebrates ......................................204
87. Cognition: learning and memory-humans: non-declarative
memory I ...................................... 207
88. Cognition: others ................................. 210
89. Cognition: others-correlational studies ............... 212
90. Learning and memory: pharmacology I ................ 213
91. Learning and memory: pharmacology II ............... 217
92. Neural plasticity I ................................ 220
93. Neural plasticity II ............................... 222
94. Neural plasticity III ............................... 225
95. Neural plasticity IV ............................... 228
96. Neural plasticity V ............................... 232
97. Neural plasticity VI ............................... 234
98. Neural plasticity VII .............................. 236
99. Suprachiasmatic nucleus I .......................... 240
100. Neuroethology: song control system .................. 243
101. Neuroethology: electric fish, audition, visionchemosensory ................................... 246
102. Ingestive behavior: feeding behavior .................. 250
103. Drugs of abuse: nicotine and caffeine .................257
104. Cocaine: glutamatergic ............................ 260
105. Cocaine: prenatal effects .......................... .261
106. Opioids: glutamatergic mechanisms ................... 264
107. Degenerative disease: Alzheimer's-other: molecular
biology ........................................ 266
108. Trauma I ....................................... 268
109. Neurotoxicity: dopaminergic and antidepressant agents .... 271
(History and Teaching Posters will be posted the entire week.)
110. History of neuroscience .......................... .276
111. Teaching of neuroscience ......................... .279
66.
67.

Session
Number & Title

Page

Symposia-1 :00 p.m.
112. Optical Imaging of Presynaptic Function
Chaired by: B. BETZ ............................. 289
113. Functional Role of Cannabinoid Receptors
Chaired by: S. A. DEADWYLER .................... 289
Special Lecture-1 :00 p.m.
114. Neuroethology of Binocular Vision: Extravaganzas From
Down Under
J. D. PETTIGREW .........................No Abstract
Presidential Special Lecture-4:15 p.m.
115. Menopause: A Window Into the Aging Brain
P. M. WISE ..............................No Abstract
Slide Sessions-1 :00 p.m.
116. Serotonin receptors: molecular biology ................ 289
117. Alzheimer's: presenilin I ........................... 291
118. Degenerative disease: Alzheimer's-beta-amyloid:
APP processing ................................. .293
119. Degenerative disease: Parkinson's I ................... 295
120. Genesis of neurons and glia ......................... 297
121. Cognition: attention-selective attention ............... 299
122. Visual cortex: extrastriate II ......................... 301
123. Neurotoxicity ................................... 303
124. Visual system development and regeneration: cellular
mechanisms .................................... 305
125. Blood-brain barrier I .............................. 307
126. Potassium channel: structure, function and expression I .... 308
127. Long-term potentiation: pharmacology I ............... 310
128. Circadian rhythms and sleep II ...................... 312
129. Stress I ........................................ 314

130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.
146.
147.

Poster Sessions-1 :00 p.m.
Genesis of neurons and glia: postnatal neurogenesis ...... 315
Cell lineage and determination I ..................... 318
Cell differentiation and migration: regulation of migration .321
Axon guidance mechanisms and pathways: ephrins, netrins
and their receptors ................................ 323
Expression and regulation of trophic factors:
neurotrophins II .................................. 326
Expression and regulation of trophic factors:
neurotrophins III ................................. 329
Biologic effects of neurotrophins: neurite and axonal
growth-sprouting ................................. 331
Trophic factor receptors and cellular mechanisms: NGF I .... 334
Trophic factor receptors and cellular mechanisms: NGF II ... 338
Hormones and development II ....................... 341
Transplantation: cell and tissue grafts ................. 344
Aging: trophic and oxidative mechanisms .............. 348
Gene structure and function: techniques ............... 350
Gene structure and function III ...................... 352
Gene structure and function IV ...................... 354
Presynaptic mechanisms II ......................... 356
Presynaptic mechanisms III ......................... 360
Presynaptic mechanisms IV ......................... 363
ix
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Session
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148. Mechanisms of neurotransmitter release I I . . ....................... 366
149. Long-term potentiation: physiology I I ..................................369
150. Ligand-gated ion channels.....................................................372
151. Ligand-gated ion channels:ATP . ......................................... 375
152. Ligand-gated ion channels:g ly cin e....................................... 378
153. Ligand-gated ion channels:intracellular ligands .................. 379
154. Acetylcholine receptors: nicotinic—anatomy and
localization......................................................... .. .................. 380
155. Acetylcholine receptors: nicotinic—recombinant receptors .. . .384
156. Acetylcholine receptors: nicotinic—structure/function.............387
157. Acetylcholine receptors: nicotinic—expression and assembly . .390
158. Peptide receptors: structure and function I .................. ..
.392
159. Opiate receptors: delta kappa................................................ 396
160. Opioids: kappa ......................................................................398
161. Catecholamines: dopamine I ................................................ 400
162. Transporters: serotonin .........................................................403
163. Dopamine transporter and gene: structure and function .. . .407
164. Regulation of gene expression I ............................................409
165. Behavioral pharmacology I ...................................................412
166. Hypothalamo-pituitary-gonadal I .......................................... 415
167. Neuroendocrine regulation: neurophysiology....................... 418
168. Cardiovascular regulation: central control forebrain..............423
169. Cardiovascular regulation: other ........................................... 426
170. Gastrointestinal co n tro l.................... .................................... 428
171. Respiratory regulation: O2 and CO2 ............................... . . .432
172. Spinal and subcortical somatosensory pathways: response
to lesions..................................................................... ..
.436
173. Pain: pathways—cortical.......................................................438
174. Pain modulation: anatomy and physiology—spinal cord I....4 4 1
175. Pain modulation: anatomy and physiology—spinal cord II.
444
176. Retina and photoreceptors: synaptic physiology—
nitric oxide ............................................................................. 447
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SUNDAY AM
3
SYMPOSIUM. NF-kB SIGNALING IN NEUROPROTECTION
AND APOPTOSIS. M. P. Mattson. Univ. Kentucky (Chairman); A. Beg.
Columbia Univ.; C. Kaltschmidt. Albert Ludwigs Univ.; Y. Barde, Max-Planck
Inst.
The transcription factor NF-kB is widely expressed in neural cells and is
activated by cytokines, trophic factors, and cell injury. NF-kB is a cytosolic
complex of three proteins; p65 and p50 (the transcription factor dimer), and I-kB,
an inhibitory subunit. NF-kB activation is effected by phosphorylation and
ubiquitination of I-kBwhich then dissociates fromp65-p50. NF-kB is activated
in cells undergoing apoptosis. Recent findings described in this Symposium
indicate that NF-kB orchestrates cytoprotective/anti-apoptotic genetic responses.
A. Beg describes mechanisms of activation of NF-kB and howthey coordinate
cytokine-mediated immune responses. He presents data fromstudies of mice
genetically deficient in different NF-kB subunits which suggest major roles for
NF-kBin regulation of cell death; howthe anti-apoptotic action of NF-kBin
mitotic cells may contribute to cancer formation is considered. C. Kaltschmidt
describes the patterns of constitutive expression of NF-kB subunits in the nervous
system, and presents data suggesting that NF-kB mediates transcriptional responses
to excitatory neurotransmitters. Alterations in NF-kB activity in association with
neuropathological lesions in Alzheimer's disease suggest roles for this transcription
factor in neurodegenerative disorders. M. Mattson will present data on the impact
of genetic manipulations of TNFα signaling components and NF-kB activity, in
cell culture models and in adult mice, on neuronal and microglial responses to
neural injury. The roles of TNFα and NF-kB in mediating brain injury-induced
expression of antioxidant enzymes and calcium-regulating proteins, and in
preventing neuronal apoptosis, will be considered in the context of
neurodegenerative disorders. Y. Barde will consider the neurobiological
significance of activation of NF-kBby nerve growth factor acting at the p75 lowaffinity receptor, and the roles of the p75 receptor signaling and NF-kBin neuronal
apoptosis in the developing nervous system.

1

4
SYMPOSIUM. MAPPING COGNITION IN SPACE AND TIME:
INTEGRATION OF ELECTROMAGNETIC RECORDING AND
FUNCTIONAL NEUROIMAGING INHUMAN NEUROSCIENCE.
G.R. Mangun, Univ. of Calif., Davis (Chair); A. M. Dale, Massachusetts
Gen. Hosp.; J.S. George, Los Alamos Nat. Lab.; A.C. Nobre, Univ. of Oxford.
The rapid development of new methods for functional neuroimaging
now enables the detailed study of the architecture of normal human cognition.
Although neither PET nor fMRI can yet provide the temporal re solution
required to track the rapidly changing-patterns of neural activity associated
with mental events, millisecond-level temporal resolution can be achieved in
humans by recording the electrical (EEG) and magnetic fields (MEG)
produced by active neurons. Alone however, EEG and MEG are limited in
their ability to anatomically localize the underlying neural events. The
integration of electromagnetic recordings (EEG, MEG) with functional
neuroimaging promises to yield both high temporal and spatial resolution
measures of human brain activity. The objectives of this symposium are to: (i)
identify the current challenges to be faced in multimethodological integration,
(ii) present current approaches to integrating electromagnetic and functional
imaging measures, and (iii) to provide examples that address major questions
about the brain bases of perceptual and cognitive processes in humans.
Dr. Dale will describe the methodological challenges in integrating
electromagnetic and neuroimaging data, and will illustrate these using
evidence fromstudies of the visual motion processing system. Dr. George will
describe new techniques to integrate MEG and fMRI data that use highresolution cortical anatomy to constrain integrative modeling, and will
demonstrate these approaches in studies of visual pattern analysis. Dr. Mangun
will describe studies of the functional architecture of brain attention systems
using combined electrical and neuroimaging methods. Dr. Nobre will discuss
how integration of electrical and neuroimaging data have enlightened us about
the functional organization of human language.

GABAA RECEPTORS: CELLULAR AND MOLECULAR STUDIES
7.1
ANTISENSE "KNOCKDOWN" OFTHEGABAA RECEPTOR γ2 SUBUNIT IN
RAT HIPPOCAMPUS IN VIVO LEADS TO DIFFERENTIAL CHANGES IN
SEIZURE PROPENSITY. J. Karle*1 P. Laudrup2 and M. Nielsen1.
1. The Research Institute of Biological Psychiatry, St. Hans Hospital,
DK-4000 Roskilde, Denmark. 2. Department of Psychopharmacology,
H. Lundbeck A/S, DK-2500 Valby, Denmark.
GABA is the principal inhibitory neurotransmitter in the brain.
Impairment of GABAergic neurotransmission may be involved in the
pathogenesis of epileptic phenomena. We have previously
characterized biochemical and histological changes following antisense
"knockdown”of the GABAA receptor γ2subunit in the rat hippocampus
in vivo (Karle e t al., 1995; Neurosci. Lett. 202; 97-100). The aim
of the present study was to investigate if the hippocampal antisense
treatment induced changes in the seizure propensity of rats. A
phosphorotioate antisense oligodeoxynucleotide (ODN) targeting the
mRNA encoding the GABAA receptor γ2 subunit was infused
continuously into the right hippocampus for five to six days.
Antisense ODN treated rats exhibited no changes in spontaneous
behaviour compared to mismatch control ODN treated rats. However,
antisense treated rats developed pronounced changes in induced
seizure activity. In the maximal electroshock seizure threshold
(MEST) test, antisense treated rats had a significantly elevated
threshold for seizures (CC50 = 79.2 ± 2.8 mA; p<0.05) compared to
mismatch ODN treated rats (47.5 ± 6.4 mA). Seizures induced by
subcutaneously injected pentylenetetrazol were markedly accentuated
in antisense treated rats compared to controls. The results are viewed
as consequences of the selective down-regulation of GABAA receptors
and diminished GABAergic neurotransmission in the hippocampus.

7.2
STRUCTURAL ANALYSIS OF THE HUMAN GABRB1 PROMOTER
REVEALS CRITICAL REGULATORY REGIONS RESPONSIBLE
FOR THE NEURAL SPECIFIC AND AUTOLOGOUS REGULATION
OF GE$E TRANSCRIPTION. S. J. Russek , S. Bandyopadhyay. and D.
H. Farb*. Laboratory of Molecular Neurobiology, Dept. of Pharmacology,
Boston University School of Medicine, Boston, mA. 02118.
Regulation of neurotransmitter receptor gene expression plays an
important role in nervous system development and function, and impaired
gene regulation may underlie the etiology of certain neurological diseases.
T
o begin to elucidate the mechanism(s) whereby nervous tissue controls the
expression of ligand-gated ion channels, we have identified the 5' flanking
region and core regulatory domains that underlie neuronal specific
expression of the human γ-aminobutyric acid type A (GABAA) receptor β1
subunit gene. Transfection of reporter gene deletion constructs into
primary neuronal cultures demonstrates that neuronal and region specific
activity resides in a TATA-less minimal promoter of 186 bp whose activity
is dependent upon an initiator element that contains the major
transcriptional start site. Internal deletion of the 20 bp initiatior element
reduces promoter activity by 70 ± 11 % in primary cultures of rat
neocortex and hippocampal formation. 500 µM GABA downregulates β1
mRNA levels and β1 promoter activity, indicating that important
transcription factors and genetic regulatory elements play a key role in
autologous control of GABAA receptor subunit gene expression. We are
using a combination of DNase I footprinting and DNA affinity
chromatography to identify regulatory elements and purify the relevant
transcription factors. A 26 bp activator sequence has been identified at the
5' end of the minimal promoter. This activator binds a 67 kd protein found
in nuclear extracts prepared from primary cortical cultures. A prominent
footprint is found within a 32 bp DNA sequence containing two AP1 sites
located at the 3' end of the promoter. These findings represent a first step
toward understanding the genetic regulation of GABAA receptors in nerve
cells. Funding Source: NIH Grant HD22539.

7.3
THEANATOMICALLOCALIZATIONOFTHENOVELGABA-ARECEPTORSUBUNIT(ε) IN
MONKEYANDHUMANBRAIN. D.J.S. Sirinathsinghji, D. Smith. R. Heavens, L. Hewson,
R. O’Donnell, M. Rigby, R. Hills, J.H. Xuereb, P. W. Whiting Merck Sharp &Dohme
Research Laboratories, Neuroscience Research Centre, Harlow Essex CM20 2QR, UK;
Department of Psychiatry, University of Cambridge and MRC Brain Bank Laboratory,
CambridgeCB22QH, UK.

7.4
PROPERTIES OF HUMAN GABA-A RECEPTORS CONTAINING
THE EPSILON SUBUNIT. P.J. Whiting*, S.A. Thompson, G.
Marshall, P.B. Wingrove, T.P. Bonnert & K.A. Wafford Neuroscience
Research Centre, Merck Sharp & Dohme Research Laboratories,
Eastwick Road, Harlow, Essex CM20 2QR, England
We describe the characterisation of GABA-A receptors containing a novel
member of the GABAreceptor gene family, ε. This polypeptide is 506 amino
acids in length and exhibits greatest amino acid sequence identity with the
GABA-A receptor γ3 subunit (47%), although this degree of homology is not
sufficient for it to be classified as a fourth γ subunit. The ε subunit coassembles with GABA-A receptor a and β subunits in Xenopus oocytes and
transfected mammalian cells to form functional GABA gated channels. The
GABA affinity for α1β1ε, is similar to receptors composed of α1β1, but
addition of the ε subunit confers 175-fold lower sensitivity to inhibition by
zinc. α1β1ε GABA-A receptors, like α1β1γ2s receptors, are modulated (and
directly activated) by pentobarbital and the steroid 5α-pregnan-3α-ol-20-one,
but unlike α1β1γ2s receptors, are insensitive to a number of benzodiazepine
site ligands. Additionally, α1β1ε receptors exhibit rapid desensitisation
kinetics as compared to α1β1 or α1β1γ2s. ε represents another class of GABA
receptor subunit which can combine with a and β to confer novel properties to
the GABA-Areceptor.

Anovel GABA-Areceptor subunit gene, ε was identified by searching the Expressed
Sequence Tag (EST) database usingthe primaryaminoacidsequence of the humanGABAAreceptor (3subunit. This subunit coassembles withGABA-Areceptor a and (3subunits to
formfunctional GABA-gated channels. The localization of the mRNA and protein of this
subunit in human and monkey brain was determined by in situ hybridisation with a
combinationof two35S-labelledoligonucleotide probes and by immunohistochemistrywitha
polyclonal antibody raisedagainst a synthetic peptide derived fromthe putative cytoplasmic
loop of this receptor protein. In situ hybridisation X-ray filmautoradiograms revealed a
restricted mRNA distribution in brain with the most dense expression in the arcuateventromedial hypothalamus (ARC-VMH). Detectable expression was also seen in the
dentate gyrus, hilus andCA3regionof hippocampus and inthe thalamus, reticularformation
and oculomotor nucleus. More detailed localization data is awaited from emulsion
autoradiography. Immunohistochemical studies showed labelling in the ARC-VMH ,
paraventricular hypothalamus and supraoptic nucleus and in the medial septum, nucleus
basalis anddiagonal bandof Broca suggesting a localisation incholinergic neurons. Inthe
hippocampus labelling was very restricted to the dentate granule cells, the hilus and CA3
and the mossy fibre pathway. No other hippocampal fields were labelled. The results
suggest thattheε receptorsubunit mayhave important roles inneuroendocrine regulationas
well as in the modulation of cholinergic and hippocampal circuitry involved in cognitive
function. (SupportedbyMerck).
*
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7.5
CRITICAL RESIDUES IN TM2 AND TM3 FOR THE ALLOSTERIC
ACTIONS OF ISOFLURANE AND ENFLURANE IN GABAa AND
GLYCINE RECEPTORS. N.L. Harrison*, O. Ye, V. V. Koltchine, S.E.
Finn. M.D. Krasowski, M. Wick, S. J. Mihic and R.A. Harris. Dept. of
Anesthesia, Univ. of Chicago, Chicago, IL60637andDept. of Pharmacology, The
Univ. of Colorado, Denver, CO 80220.
Volatile anesthetics suchas isoflurane (ISO) andenflurane (ENF), arepositive
modulators of GABAAandglycinereceptors (Gly-R), but are weakinhibitors at
GABACreceptors (GABAC-R). BoththeGly-Rαl subunit andtheGABAc-Rρ1
subunit formfunctional homomericreceptors. Weusedthis propertytodetermine
molecular sites of actionofENFandISOontheGly-RandGABAA-Rby
constructingchimericreceptors, followedbysite-directedmutagenesis. Chimeric
receptor subunits consistingof humanGly-Rα1 andGABAc-Rρ1 subunit cDNAs
wereexpressedinXenopus oocytes. Concentration-responsecurves for glycineor
GABAweredeterminedineachchimericor mutant receptor andENFor ISOwere
thentestedagainst aEC10concentration ofagonist. Results fromthree chimeras
implicatedadomainof 63aminoacidresidues encompassingTM1, TM2andTM3of
the Gly-Rα subunit inthe potentiating action of ENF. Fifteenresidues of the Gly-R
α1 subunit within this domainwere mutatedtotheir counterparts inthe GABAρ1
subunit ortosimilar aminoacidresidues, andscreenedfor ENFactivity; all were
normal except for one mutant eachinTM2andTM3. The TM3 mutant (A288W)
was associatedwithtonicallyopenchannels whichwereopeninthe absenceof
glycinebut wereclosedbyENF. TheTM2mutant (S267H) showednormal
sensitivity toglycine but was completely insensitive toENF. Equivalent mutations
were thenengineered intothe a subunit of GABAa-R. Mutant S270Hin α subunit
didnot affect gatingbyGABA, but abolishedregulationbyENFandISO. Mutant
A291Wsubunit showednormal gatingbyGABAbut lackedregulationofthe
receptor byENFandISO. We suggest that twocritical positions inTM2 andTM3
of the GABAA-Rα subunit arecritical for regulation byENFandISO.
Supported byGM45129, GM00623 (NLH); GM47818 (RAH).

7.6
EVIDENCE FOR CO-ASSEMBLY OF GABA ρ1 with
GABAa OR GLYCINE SUBUNITS IN VITRO. Zhuo-Hua
Pan*,Dongxian Zhang, Xishan Zhang, and Stuart A. Lipton. Department
of Neurology, Children's Hospital & Program in Neuroscience, Harvard
Medical School, Boston, MA02115 USA
It is commonly believed that GABAc receptors are composed of GABA
p subunits and that p subunits can only co-assemble amongst themselves.
Here, using two ρ1 mutants, we examine the capability of co-assembly of p
subunits with GABAA (α1,β2,γ2s) and glycine (α1, α2, β) subunits in the
Xenopus oocyte expression system. We previously reported that two M2
domain mutant ρ1 subunits, pl(T314A) and pl(T314A/L317A), display
spontaneous current in the absence of ligand. For homomeric p1(T314A)
receptors, GABA at low (nM) concentrations suppresses the spontaneous
current, while high concentrations (>0.1 µM) evoke a transient or
desensitizing current. For homomeric ρ1(T314A/L317A) receptors,
GABA produces only suppression of spontaneous current. When
pl(T314A) is co-expressed with GABA γ2S, glycine al or a2, GABAevoked currents become sustained rather than desensitizing. When
ρ1(T314A/L317A) is co-expressed with GABA γ2S, glycine α1 or α2,
inhibition by GABA is significantly reduced compared to homomeric
ρ1(T314A/L317A) receptors. Additionally, when ρ1(T314A/L317A) and
γ2S are co-expressed, a new fast component of recovery from GABA
inhibition appears which is not present in homomeric ρ1(T314A/L317A)
receptors. The GABA dose-response of putative heteromeric WT ρ1/γ2S
receptors was slightly different fromthat of homomeric WT ρ1 receptors.
These results indicate that the GABA ρ1 subunit is capable of functional
co-assembly with GABAγ2S, glycine al or a2 subunits in vitro.
Supported by AmFAR and NIHgrants R01 EY05477 &R55 EY11539.

7.7
DEVELOPMENTAL CHANGES IN THE KINETICS OF MINIATURE
GABAERGIC POSTSYNAPTIC CURRENTS IN CULTURED CORTICAL
NEURONS. D.D. Dunning*, C.L. Hoover, I. Soltesz, M.A. Smith and D.K.
O'Dowd. Departments of Anatomy &Neurobiology and Developmental &Cell
Biology, UniversityofCalifornia, Irvine, CA92697-1280
Arecent study fromour lab (Agmon et al., J. Neurosci. 16:4684-95, 1996) has
demonstratedthat functional GABAergic synapses arepresent inthesomatosensory
cortex of newborn mice, earlier than previously suspected. As has been well
documented in hippocampal neurons, there appear to be changes in GABAA
receptor mediated synaptic events in the neocortex during early postnatal
development. However, the cellular and molecular mechanisms underlying these
developmental changes are not well understood. The present study examines the
development of spontaneous GABAergic synaptic connections betweenneurons in
dissociatedcell cultures preparedfromnewborn(P0) mousesomatosensorycortex.
Wereport that miniatureGABAergicpostsynapticcurrents (mPSCs)canberecorded
fromneurons as early as the third day in vitro. During the first week in culture
thesecurrents occur at lowfrequency (0.12± 0.03 Hz) andare well fit by a single
exponential decay (τ = 31.8 ± 1.4 ms at 22°C). By 4 weeks in culture the
frequency is approximately 20 fold higher (2.19±0.76 Hz) andthe average decay
time constant of these events is twice as fast (τ = 15.2 ± 1.7 ms at 22°C). In
contrast, the amplitude of the mPSCs are similar in young and old cells.
Preliminarypharmacological analysis suggests that youngcells are less sensitive to
zolpidem, a subunit specific benzodiazepine agonist, than the older neurons. The
changes in kinetic properties of the mPSCs and shift in zolpidemsensitivity are
consistent withdevelopmental regulationof the underlying subunit composition of
the GABAA receptor. RT-PCR experiments demonstrate that both α1 and α5
GABAAreceptor subunits areexpressedintheseculturedneurons. Wearecurrently
utilizing a single cell RT-PCR strategy to examine the correlation between
pharmacological sensitivity, kinetic properties, and subunit specific gene
expression. SupportedbyNIHgrants NS30109, NS01854, NS33213.

7.8
Physiological Properties of Dentate Granule Cell GABAA
Receptor Currents Jaideep Kapur* Kevin Haas+ and Robert L
Macdonald Dept. of Neurology, +Neuroscience Program, University of
Michigan, Ann Arbor, Ml 48104.
Hippocampal dentate granulecells express GABAAreceptors (GABARs) withdistinct
pharmacologicproperties. Wetestedthe hypothesis that thesereceptors have distinct
physiological properties aswell.
Dentategranulecells from20to35 dayoldrats wereacutelyisolatedand
GABARcurrentswererecordedusingconventional whole cell andmacropatchpatch
clampmethods. GABAwas appliedbyU-tube or byarapidapplicationsystem.
Under conditions ofhighextracellular Cl-andlowintracellular Cl- therewas outward
rectificationofwhole-cell GABARcurrents anda 11mVdeviationofEGABAfromthe
GHKequationpredictedECl-(n=4). Under conditions ofequal extracellular Cl-and
intracellular Cl-, therewas norectificationofwhole-cell GABARcurrents (n=5) and
EGABAwas the same asthe predictedEcl- 0mV. Current voltageproperties ofdentate
granulecell GABARs weretestedwitharapid(10-90risetime <500 µS) application
of 1mMGABAtomacropatches. Peakcurrents elicitedat VH=-50mVandVH=
+50mVwere similar (n=5). Desensitizationofdentate granule cell GABAR
currents was studiedbyrapidapplicationof 1mMGABAtomacropatches for 400
mS. The decayofcurrent duringGABAapplicationwas slower thanreported for
CA1 pyramidal neurons andsimilar tothat ofrecombinant GABARs containing8
subunit expressed inmouse fibroblast L929cells. The granule cell GABARcurrents
randowninabsence ofATPandthis was due tobothdiminutionofmaximal currents
andanincrease inthe EC50for GABA.
Dentategranulecells express GABARs withdistinct physiological properties.

7.9
SINGLE-CHANNEL KINETIC PROPERTIES OF THE GABAa RECEPTOR IN
ACUTELY DISSOCIATED RAT HIPPOCAMPAL DENTATE GRANULE
CELLS. Y.-F. Lin*1and R.L. Macdonald1,2 Departments of Neurology1and
Physiology2, University of Michigan, Ann Arbor, Ml48104.
Kinetic properties of the GABAa receptor (GABAR) in hippocampal dentate
granule cells were investigated using inside-out single-channel recordings on
excised membrane patches of acutely dissociated cells. GABA (1 µM) was
included in the intrapipette solution to evoke GABA-gated channel openings.
Voltage was held at +50 mVduring recordings. The kinetic properties of the
main conductance level (30 pS) were studied. Three exponential functions
were required to fit the open duration histogram of GABA-evoked openings.
The open time constants were 0.60±0.03, 3.74±0.61 and 14.49±3.55 ms
(mean±S.E.M.). The percent open time (NPo) and corrected mean open time
were 6.11±1.95%and 2.34±0.32 ms, respectively (5,978 openings, 9 patches).
On the other hand, four exponential functions were required to fit the closed
duration histogram of closures between main conductance state openings.
The exponential function time constants were 0.50±0.06, 4.84±0.95,
149.7+94.20 and 825.7±408.9 ms. The mean closed time was 165.3±97.27
ms. Bursts were defined as groups of openings surrounded by closures
greater than a critical closed time determined in individual patches. The burst
duration histograms were best fitted with three exponential functions, whose
time constants were 0.47±0.03, 5.03±0.72 and 30.74±3.19 ms. The corrected
mean burst time was 5.93±1.15 ms and bursting frequency was 8.91±1.74
bursts/s (2,942 burst's). The number of openings per burst was 2.02±0.20.
These data suggest that main conductance level of the GABAR channels in
hippocampal dentate granule cells has at least three open, four closed and
three burst states. Supported by Epilepsy Foundation of America’s Lothman
fellowship to Y.F.L. and NIHN*S33300 to R.L.M.
Society for Neuroscience, Volume 23,1997

SupportedbyNIHandEpilepsyFoundationofAmerica.

7.10
STRUCTURALDETERMINANTS OF RECOMBINANTGABA-A
RECEPTORKINETICFUNCTION. A.M. Lavoie*1, N.L. Harrison2&R.E.
Twyman1, 1Progs in Neuroscience, Human Molecular Biology and
Genetics, Depts. of Neurology and Pharmacology, Univ. of Utah, Salt Lake
City, Utah, &2Depts. of Anesthesia and Critical Care, and Pharmacological
and Physiological Sciences, Univ. of Chicago, Chicago, Illinois
We have previously shown that a subunit composition influences
recombinant GABA-A receptor activation and deactivation kinetics,
however, the role of β subunit composition is unknown. We characterized
the kinetic properties of recombinant GABA-A receptors using ultrafast
ligand exchange techniques (100 µs exchange time). HEK293 cells were
transiently co-transfected with a1 or a2 subunit cDNAs in combination with
β1, β2 or β3, and γ2s. Excised outside-out macropatches were voltage
clamped at -75 mV at room temperature and exposed to brief (<1 ms) or
sustained (>50 ms) applications of GABA at various concentrations (up to
30 mM). Chloride currents were sampled (100 kHz) and filtered (10 kHz) to
ensure high resolution of rapid events.
Maximal activation times, measured as the 10-90% rise time for
macropatch current responses to brief GABA applications, was dependent
on a subunit, but independent of β subunit composition. Likewise, biexponential deactivation time constants were dependent upon a but not (3
subunit isoforms. These results are consistent with the observations that a
subunit isoform greatly influences GABA receptor affinity, but were
surprising since βsubunits also have been reported to have a modest effect
on agonist binding affinity. These results suggest that determinants for
maximal activation and deactivation kinetics, do not involve regions that
are structurally conserved across (3subunits.
Supportedby NIHGM45129 &GM00623 ( NLH) &NS31519 (RET).
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ARACHIDONIC ACID INHIBITS GABA-INDUCED CURRENTS IN
STABLY TRANSFECTED RECOMBINANT RAT GABAA RECEPTORS
(GABARs). N.C. Saxena* and D.C. Eaton. Department of Physiology,
Emory University, Atlanta, GA-30322.
Generation of arachidonic acid in brain tissues has been observed
during seizure activity and cerebral ischemia. Inhibition of GABA-gated
chloride channel function, measured by muscimol-induced 36Cl- uptake, by
arachidonic acid has also been reported in rat cerebral cortical
synaptoneurosomes. In the present study we have examined the effect of
arachidonic acid on GABA-evoked whole cell currents in human embryonic
kidney cells (HEK 293) stably expressing an αβγ GABAR isoform. Wholecell recording was used to determine the concentration response curve for
arachidonic acid ( 1µM to 100µM) at submaximal concentrations of GABA.
Arachidonic acid at 100µM showed a maximal inhibition of GABA-evoked
peak whole-cell current of 83±2% (n=3) with half-maximum effective
concentration (EC50) of 34±9µM (n=3). Besides decreasing the peak
current, arachidonic acid also showed an acceleration of the rate of decay of
GABA-evoked current during the period of application of GABA and
arachidonic acid. These effects were reversible upon prolonged washout of
arachidonic acid. ETYA, a non metabolizable analogue of arachidonic
acid, and linoleic acid, another cis-unsaturated fatty acid, also inhibited
GABA-evoked currents, suggesting that the observed effects are mediated
largely by a direct interaction between arachidonic acid and GABARs
rather than by metabolites of arachidonic acid. This work was supported
by NIH DK07656 and NIH DK37963.

7.12
TOLERANCE TO DIAZEPAM IS ASSOCIATED WITH CHANGES IN GABAA
RECEPTOR SUBUNIT EXPRESSION IN THE RAT HIPPOCAMPUS. C .
Pesold*, F. Impagnatiello, J.-M. Fritschy, A. Guidottiand E. Costa. Psychiatric
Institute, Dept. of Psychiatry, UIC College of Medicine, Chicago IL 60612.
Benzodiazepines such as diazepam (DZ) produce their anticonvulsant, anxiolytic
and amnesic effects by acting at a binding site on the various subtypes of GABAA
receptors (GABAAR), widely distributed throughout the brain. Protracted treatment
with high doses of DZ produces tolerance to many of its pharmacological
properties. Tolerance to the anticonvulsant effects of DZ in rats is associated with
changes in the GABAAR subtypes expressed in the frontoparietal motor cortex,
which are laminae-specific (Pesold et al., Neuroscience, in press). The level of
mRNA encoding for the α1 subunit decreases in the hippocampus of rats made
tolerant to the amnesic effects of DZ as tested with a delayed object recognition
paradigm (Neuropharm 35, 1465, 1996). In the present immunohistochemical
study, we conducted an extensive examination of GABAAR subunit expression in
discrete layers of the hippocampus and dentate gyrus of rats following the same
longterm treatment with DZ (3 times daily for 14 days; doses increasing from
17.6 to 70.4 µmol/kg). Quantitative estimation using gold labelling of subunitspecific antibodies revealed that longterm treatment with DZ resulted in a decrease
in the
subunit, which has a prominent expression on GABAergic intemeurons
in the hippocampus and dentate gyrus. Tolerance to DZ was also associated with
a select decrease in the expression of the α2 subunit and a concomittant increase
in the expression of the α3 and γ 2 subunits on pyramidal cells in areas CA1
through CA4 of Ammon’s horn. The α5 subunit was increased in many
hippocampal layers, whereas
subunit expression was unchanged. Furthermore,
the levels of GABAAR subunits expressed appear to return to normal 72 hours
after cessation of DZ treatment. These results demonstrate that the levels of
GABAAR subtypes expressed in the hippocampus reflect a regulated dynamic
equilibrium, which can be transiently changed during tolerance to the amnesic
effects of DZ. Supported in part by MH52361 and MH56500

DEGENERATIVE DISEASE: ALZHEIMER’S—BETA-AMYLOID: SECRETASES
8 .1

8.2

EFFECTS OF PEPTIDE ALDEHYDES ON THE INHIBITION OF
AMYLOID ß-PROTEIN PRODUCTION. Spiros Efthimiopoulos*1, Maria E.
Figueiredo-Pereira2, Angeliki Buku3, Jorge Ghiso4, and Nikolaos K.
Robakis1. Dept. of Psychiatry and Fishberg Research Center for
Neurobiology1, Depts. of Pharmacology2 and of Physiology/Biophysics3,
Mount Sinai School of Medicine of CUNY, N.Y., N.Y. 10029 and Dept. of
Pathology4, New York University, N.Y., N.Y. 10016.
One of the most prevalent constituents of neuritic (senile) plaques of
Alzheimer’s disease is the amyloid ß-protein (Aß) which is derived from the
amyloid precursor protein (APP) by a t least two processing activities (ßand γ-secretase), the cellular localization and specificity of which remain
undefined. To better understand the specificity of the cleavages leading to
Aß production, two active site-directed peptidyl aldehyde inhibitors,
namely N-benzyloxycarbonyl-Val-leucinal (Z-VL-CHO) for γ-secretase and
Z-Val-Asn-leucinal (Z-VNL-CHO) for ß-secretase, were synthesized. The
potency of the two latter aldehydes was compared to th a t of the γsecretase inhibitor Z-Val-phenylalaninal, to two calpain/cathepsin
inhibitors Z-Leu-leucinal (Z-LL-CHO) and acetyl-Leu-Leu-norleucinal, and
to an inhibitor of the 20S proteasome Z-Ile-Glu(O-t-butyl)-Ala-leucinal. The
inhibitors were added to the culture media of Chinese ham ster ovary cells
transfected with cDNAs containing either the Swedish double mutation or
the London mutation. Detection of Aß production was by immunoprecipitation of 35S-methionine/cysteine labeled conditioned media. Of the six
peptidyl aldehydes tested, Z-LL-CHO was the most potent inhibitor of Aß
production, with an IC50~30 µM. Z-VNL-CHO, a peptidyl aldehyde with
an amino acid sequence which mimics the ß-secretase cleavage site in APP
bearing the double Swedish mutation, failed to inhibit Aß production. The
effect of the peptidyl aldehydes on potentially amyloidogenic APP
processing products was also evaluated. The work described here provides
the basis for the design of more selective inhibitors of the secretases th a t
generate Aß . (Supported by NIH grants AG8200 and NS 34018).

A LZH EIM ER 'S ß -A M Y L O ID P R E C U R S O R P R O T E IN (ß A PP)
METABOLISM IN SACCH ARO M YCES C ER EVISIAE AND A CELLFREE SYSTEM. J. G reenfield1, M. S eege r 1-2, H. X u 1,2, L. M azzarelli3,
G. Thinakaran4, R. W ang3, S. Sisodia4, P. G reengard2, and S. G andy 1* ,
1Program in Neurosci., Cornell Univ. Graduate School of Medical Sciences, 2Lab. of
Molecular and Cellular Neurosci. & 3Lab. of Mass Spec., Rockefeller Univ., N.Y.,
N.Y. 10021.4Neuropath. Lab. The Johns Hopkins Univ., Baltimore, MD. 21205.
In the amyloidogenic ß-secretase pathway, ßAPP is cleaved at the N-terminus of
the Aß peptide, and further proteolysis by γ-secretase results in the release of the AB
peptide from the cells. Alternatively, non-amyloidogenic, α -secretase processing can
occur within the AB region thereby precluding formation of the AB peptide. We have
developed a genetically manipulatable system in which to analyze the regulation of
APP processing by expressing human APP751 in the yeast, S. cerevisiae. Cleavage
by an a-secretase-like activity results in the release of N-terminal fragments and the
retention of C-terminal fragments. Cleavage by unknown proteolytic activities also
results in an ß -like product. This 4kD, Aß- immunoreactive peptide appears as a
soluble monomer and also as larger species which might correspond to SDS-stable
dimers and trimers. These results support the use o f S. cerevisiae to elucidate the
subcellular localization of Aß generation and identify potential secretases whose
mammalian homologues could then be identified and therapeutically targeted.
We have also studied ßAPP processing and Aß generation in a cell free system in
which formation of nascent secretory vesicles from the trans-Golgi network (TGN)
can be reconstituted. The Golgi/TGN has recently been implicated as a potential site
of AB formation. We examined the generation of ßAPP/Aß-containing vesicles from
the TGN of cells cultured with various compounds. Reagents which effect the
morphology of the TGN or trafficking of ßAPP through the TGN may redistribute
ßAPP to a post-TGN compartment thereby reducing the substrate available for ßsecretase. Through application of these novel systems, ßAPP processing and AB
generation can be dissected genetically and biochemically. Support was provided by
AG13780(SG), AG09464(PG), AG05689(MS), AFAR(HX) & RG96070 (RW).

8.3

8 .4
PROTEASOM E .CO N TR IB U TES TO THE A LPHA -SECRETASE
PATHWAY IN ALZHEIMER'S DISEASE: F. C h ec ler! P. M aram baud1, K.
A n co lio 1 , N . C hevallier1 , E. L opez-Perez1 , H. Barelli1 , P. D auch1 , S.
W ilk2 and L. Buée* . 1-IPMC d u CNRS, UPR411, 660 Route des Lucioles,
Sophia-A ntipolis, Valbonne, France; 2-M ounts Sinai school of M edicine,
N ew York, USA; 3- INSERM U422, Lille, France.
We have established that the α -secretase p ath w ay leading to A PPα
secretion in HK293 cells is activated by the protein kinase A (PKA) besides
the well established m ediation of the protein kinase C (PKC) signalling
pathw ay. Inhibitors of the proteasom e (MPC) elicit a low ering of the
PDBu an d fo rs k o lin -s tim u la te d A P P α reco v ery after lo n g term
preincubation of HK293 cells. This is accom panied by a concom ittant
increase in Aβ recovery. However, we observe an additional opposite effect
of the MPC, upon short term treatm ent of the cells w ith MPC inhibitors as
reflected by an increased APPα secretion recovered. This augm entation of
A P P α secretion w as also observed in u ntreated basal conditions, i.e in
absence of PKA and PKC targetting. We have established th at PKA but
not PKC phosphorylates MPC, in vitro and in vivo in HK293 cells, and
increases its chym otrypsin-like activity. These data indicate a control of
the α -secretase pathw ay by the MPC, through direct (PKA-mediated) or
indirect (pK C -regulated) m echanism s. This has led us to search for
p u ta tiv e in term e d iate effectors able to ex p lain the M PC -m ediated
ind irect path w ay . W e w ill d escribed a recently id en tified putativ e
candidate for such a role.
This work was supported by the CNRS and INSERM.

N-TRUNCATED VARIANT IS MAJOR ß-AMYLOID SPECIES RELEASED
FROM CULTURED NEURONS. G.K, Gouras*1, H. X u1,2, R. Wang3, J.
Greenfield1, L. Mazzarelli3, J. Jovanovic2, J.D. Buxbaum2, P. Greengard2, N.R.
Relkin1 and S. Gandy 1, 1Department of Neurology & Neuroscience. Cornell Univ.
Medical College, 2Lab. of Molecular and Cellular Neuroscience and 3Lab. for Mass
Spectrometry, Rockefeller University, New York, NY 10021.
Processing studies of the Alzheimer ß-amyloid precursor protein (ßAPP)
performed largely in continuous cell lines have identified two principal metabolic
pathways: the “B-secretase” pathway which generates ß-amyloid (AB) (1-40/42) and
the “a-secretase” pathway which generates a smaller fragment, called p3 (17-40/42).
To examine if similar processing events may underlie AB/p3 generation in primary
neurons, conditioned media from primary neuronal cultures derived from embryonic
day 17 rats were examined. Immunoprecipitation (4G8) of conditioned media
derived from [35S]methionine pulse-labelled primary neuronal cultures contained
both a 4kD and an abundant 3kD species as previously reported (1,2).
Radiosequencing analysis suggests that the 4 kD band corresponds to Aß beginning
at position 1. Radiosequencing and immunoprecipitation-mass spectrometry
analyses of the conditioned media both indicate that “p3” in this system begins at a
novel N-terminal site, not at Aß17 as does conventional “p3”. It is interesting tc
note that in vitro studies with both Aßx-40 and ß x-42 demonstrate that Nterminally truncated forms are more aggregable (3).
PKC stimulation with phorbol ester decreased generation of both the 4kD Aß and
the 3 kD N-truncated Aß. In addition, studies of intracellular ßAPP processing
demonstrated that the 4 kD Aß rather than the 3kD Aß variant was the principal
species in lysates of cortical neurons.
These data indicate that rodent neurons in culture generate AB variant peptides,
perhaps via previously uncharacterized metabolic pathways.
1. Busciglio et al., PNAS 1993; 90, 2092-6. 2. LeBlanc et al., J Neurochem 1996;
66, 2300-10. 3. Pike et al., J Biol Chem 1995; 270, 23895-8.
Supported by NIH grants AG 13780 (SG), AG09464 (PG), AFAR (HX),
Alzheimer Assoc, grant RG1-96-070 (RW), the C.V. Starr Foundation and the W.H.
Kearns Foundation.
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8.5
BLOOD BRAIN BARRIER EN DO THELIAL CELLS AND
NEUROBLASTOM A CELLS EXPRESS SIM ILA R
CANDIDATE BETA AM YLOID PRECURSOR PROTEINCLEAVING BETA SECRETASE. E.R. Simons*, D.C.L. Marshall,
H.J. Long, K.Otto, A. Billingslea, H.Tibbles, J.Wells, P. Eisenhauer,
R.E. Fine, T. A. Davies, C. R. Abraham. Boston Univ. Sch. Med.,
Boston, MA 02118 and E. N. Rogers V. A. Hosp., Bedford, MA 01730
We discovered a zinc metalloprotease (MP) in human blood brain barrier
endothelial cells (BEC) grown from autopsied brains o f Alzheimer’s
disease (AD) patients. This MP resembles the ß-secretase-like EC3.4.24.
15, found in rat and human brains; it may facilitate the formation of the
amyloidogenic ß peptide (AG) fragment o f the amyloid precur-sor protein
(APP) which deposits in the brain and cerebrovascu-lature of AD patients.
Since platelets from AD patients retain significantly more membrane APP
(mAPP) on their surface and adhere to the endothelium after activation,
this BEC protease may process the platelet-derived mAPP, forming AG
which can then be transported and deposited in the cerebrovasculature.
The 85kDa MP was documented in BEC by Western blots and immunochemistry with mAb IVD6, an antibody produced against a synthetic pep
tide from the EC3.4.24.15 sequence. The specificity o f staining was
confirmed by immuno-absorption with the peptide antigen. BEC were
assayed for enzymes which can cleave APP at the AG N-terminus, using
peptide substrates encompassing this terminus. We found the BEC
protease cleaves recombinant APP, and is partially inhibited by EDTA,
ZincOV and a specific EC 3.4.24.15 inhibitor. The enzyme resides both
on the membrane and within the resting BEC, and is not secreted. Thus,
BEC carry protease(s) that can cleave APP, yielding fragments which can
contribute to the AG deposits in the cerebrovasculature(AG 10684 & 11526)

MUTATIONAL SCAN OF THE MEMBRANE DOMAIN OF APP
REVEALS RESIDUE 45 TO BE CRITICAL FOR Aß42 GENERATION.
S. F. Lichtenthaler*1, N. Ida1, C. L. Masters2 and K. Beyreuther1.
Univ. Heidelberg, INF 282, D-69120 Heidelberg,Germany, 2Dept. of
Pathology, Univ. Melbourne, Parkville, Australia.

Alzheimer's disease (AD) (3-amyloid peptide (Ap, PA4) is derived from
the amyloid precursor protein (APP) by subsequent action of the so far
unidentified β- and γ-secretases. γ-secretase, which generates the Cterminus of Aβ, cleaves within the putative transmembrane domain of
APP, preferentially after Aβ-residue 40 (Aβ 40) but also after residue 42
(Aβ 42). This long Aβ 42 is also the major subunit of the plaques in AD.
To understand the mechanism of γ-cleavage after residue 42 in more
detail, we individually mutated the membrane domain residues 43 to 47
of A4CT (C99) and stably transfected the constructs as SPA4CT
(APPsignal-peptide-Leu-Glu-A4CT) in COS7 cells. We immunoprecipitated metabolically labeled Aβ 40 and Aβ 42 as well as p3 40 and
p3 42 (peptides ending in Ap residue 40 or 42) from the medium and
quantified the bands by phosphorimaging. We found that, compared with
wtSPA4CT, mutations at V44 and I47 lead to a decreased ratio of Aβ
42/40 whereas mutations at T43, I45 and V46 lead to an increased ratio
of Aβ 42/40. For the mutation at I45 this effect was found to be strongest
(34-fold increase). The ratios of p3 42/40 were altered similarly to the
corresponding ratios of Ap. From our data we postulate a schematic
model for the structure of the active site of γ-secretase. In this model γsecretase cleavage is favoured if substrate residue P4' is large and residue
P5' is small. Residue P3' is supposed to face away from the enzyme.
Thus, at this position large and small residues should be tolerated.
This work was supported by the Deutsche Forschungsgemeinschaft (through SFB
317) and the Fonds der Chemischen Industrie of Germany.

8.8

8.7
PIPLC TREATMENT DRASTICALLY REDUCES A β SECRETION. K.
Sambamurti*, D. Sevlever, I. Pinnix, S. Gandhi, C. Eckman, L.M. Refolo, D. Yager.
C-M. Prada, T. L. Rosenberry, S.G. Younkin, Mayo Clinic, Jacksonville, FL 32224.
Alzheimer’s amyloid. β protein precursor (βAPP) is processed by unidentified
enzymes which either produce amyloid β (Aβ ) or prevent its formation. β and γ
secretases cleave at the N- and C-terminal ends of the A β sequence, respectively
while α -secretase cleaves within Aβ after residue 16. It was recently stated that the
Saccharomyces cerevisiae α secretase-like activity is a glycosylphosphatidylinositol
(GPI)-anchored protease (MKC7; Komano, H. personal communication). We tested
whether any of the mammalian secretases are GPI-anchored by treating fetal guinea
pig mixed brain cultures, the best available cell culture model for the relevant brain
enzymes, with phosphatidyl inositol specific phospholipase C (PIPLC). βAPP
cleaved by α -secretase was analyzed by western blotting and A β levels were
determined by a sensitive ELISA. PIPLC treatment did not inhibit α secretase
activity but drastically reduced secretion of both A β40 and A β42. Inhibition of A β
secretion by PIPLC treatment was confirmed in naive and β APP695-transfected CHO
cells. Moreover, PIPLC treatment of CHO cleaved a control GPI-anchored protein
and released it into the culture medium. Thus, release of a GPI-anchored factor (one
of the secretases or its regulator), activation of second messengers by PIPLC
degradation, or a combination of at least these two phenomena inhibit Ap
production. To isolate these phenomena, a CHO mutant deficient in GPI-anchor
synthesis was treated with PIPLC. This treatment also reduced Aβ secretion in the
mutant, suggesting the involvement of a second messenger, such as, stimulation of
protein kinase C. Compared with wild-type CHO, the GPI-mutant secreted lower
levels of Ap and PIPLC treatment was less effective in inhibiting A β production.
Thus the reduction of secreted Ap levels may occur via a GPI-anchored factor, in
addition to stimulation of the second messenger pathway.
Support from ADRDA (KS) and N IH (SGY).

SPECIFIC INCREASE IN AMYLOID 6-PROTEIN 42 SECRETION RATIO BY
CALPAIN INHIBITION. T. Yamazaki*, Y. Ihara Department of Neuropathology,
Faculty of Medicine, University of Tokyo 7-3-1 Hongo, Bunkyo-ku, Tokyo 113,
Japan
M utations of three distinct genes, 6-amyloid precursor protein (APP) 717,
presenilin (PS) 1 and PS2, implicated for familial Alzheimer's disease (FAD) all lead
to a significant overproduction of Aß42 and thus the increased Aß42 ratio against
AMO. However, so far only FAD-linked mutations have been shown to cause Aß42
up-regulation. The aim of this study is to clarify whether a particular condition
induces Aß42 up-regulation even in wild-type cells.
We used 293 human embryonic kidney cells transfected with APP695 and
untransfected human neuroblastoma cells. The amounts of A640 and A642 in media
were measured by a sandwich ELISA in the presence or absence of protease
inhibitors. Synthetic di- or tripeptide aldehyde which is known as a calpain inhibitor
induced oversecretion of total A6 at its low concentrations but decreased at its higher
concentrations. Surprisingly, A642 ratio against total A6 increased. Synthetic
proieasome inhibitors, MG115 and MG132 also showed the same effects on A642
ratio. Since it is known that these synthetic reagents affect both calpain and
proteasoine, we used a calpastatin peptide which represents the active site of
calpastatin, an endogenous calpain inhibitor. This peptide treatment also increased
Aß42 ratio significantly, whereas treatment with lactacystin, a proteasome- specific
inhibitor, did not. This is the first evidence that Aß42 ratio could be changed under
some circumstances in wild-type cells without carrying FAD-linked mutations.
This work was supported by CREST (Core Research for Evolutional Science and
Technology) of the Japan Science and Technology Corporation.

8.10

8.9
THE DISCOVERY OF A NOVEL PROTEASE ACTIVITY FROM HUMAN
BRAIN WHICH MEETS CELLULAR CRITERIA FOR β-SECRETA SE. S.
Sinha*. S. Suomensaari, P. Keim, K. Jacobson-Croak, J. Zhao, K. Hu, H , Tan, G.
Tatsuno, L. McConlogue, I. Lieberburg, J. Anderson. Athena Neurosciences, So.
San Francisco, CA 94080.
The generation o f Ap from FL-APP is thought to be initiated by cleavage at the
amino-terminus o f the A β sequence by an yet unidentified cellular protease termed
β-secretase. We have isolated and purified a novel membrane-bound protease,
which specifically cleaves membrane-bound APP in P 2 membrane preparations at
the amino-terminus of the A β sequence. Solubilization o f membrane proteins with
non-ionic detergent allows cleavage o f exogenously added APP fusion protein
substrates, which continue to be specifically cleaved at the β-secretase site by the
solubilized enzymatic activity. Purification o f the glycosylated enzyme is achieved
by WGA-agarose lectin affinity, cation exchange, anion exchange, and size
exclusion chromatography. The protease cleaves APP sequence-based fusion
proteins quantitatively, generating both the amino-terminal and the carboxyterminal fragments predicted from a single cleavage at the Met-Asp (wild-type) or
Leu-Asp (Swedish) sequences, with an increased preference for cleavage at the
Leu-Asp sequence in the Swedish APP. The purified protease exhibits an apparent
MW of 260-280 kDa on size-exclusion chromatography in the presence o f
detergent. The protease is maximally active between pH 5-5.5, and is resistant to
prototypic inhibitors o f the four known mechanistic classes o f proteases. Although
the amino-terminal ectodomain o f APP is not required for recognition o f enzyme by
substrate, truncation o f the fusion protein substrate to remove part or all o f the
transmembrane domain leads to dramatic attenuation o f cleavage by the protease.
These results are consistent with predictions o f β-secretase behavior based on
cellular analyses o f APP cleavage by β-secretase.
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APP PROCESSING BY METALLOPROTEASE E.C.3.4.24.15 IN
NEURONAL AND NON NEURONAL CELLS. R. Yamin and C. R.
Abraham*. Dept. of Biochemistry, Boston Univ. Sch. Med., Boston,
MA 02118
In our attempt to identify a ß-secretase we have purified to
homogeneity a metalloprotease E.C.3.4.24.15 (M P24.15) from AD
brain. The 85kD protein generated amyloidogenic fragments from
recombinant APP. We produced a monoclonal antibody (mAb) against
MP24.15, IVD6, that labeled tangles and dystrophic neurites in AD
brain. We used the MP24.15 cDNA clone in transfection experiments to
establish the role of this protease in APP and tau processing. We stably
transfected human neuroblastoma SK-N-MC cells and HEK-293 cells
(previously transfected with APP 695 or 751) with the MP24.15 cDNA.
Levels of APP and APP fragments were analyzed by Western blot and
immunoprecipitation of metabolically labeled proteins in transfected and
mock or non transfected cells. Western blots with mAb IVD6 showed
elevated levels of MP24.15 in MP24.15 transfected cells as compared to
controls. This overexpression elicited changes in growth rate and cell
shape in SK-N-MC cells We are also looking at alterations in APP
processing after transfection of SK-N-MC cells with an antisense
fragment of MP24.15. These cells show lower levels of MP24.15 and
also a detectable amount of secreted AG as compared with controls. We
are currently investigating the effect o f MP24.15 on Aß processing since
our preliminary data from antisense experiments indicate that MP24.15
could have a role in Aß degradation. Supported by NIH AG09905 and
the Alzheimer's Association.
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IDENTIFICATION AND CHARACTERIZATION OF A
CYSTEINE PROTEINASE FROM AD BRAIN AS A
CANDIDATE β-SECRETASE: BINDING AND DEGRADATION
PROPERTIES FOR APP. C. R. Abraham., T. Chang, M. Feldman*,
R.M. Lu and W. McGraw. Dept. of Biochemistry, Boston Univ. Sch.
Med. Boston, MA 02118
Alzheimer's disease (AD) is characterized by a progressive decline in
neural function and extracellular accumulation of amyloid 8-protein
(Aß), a 40-43 amino acid fragment derived from the 8-amyloid
precursor protein (APP). We examined AD brain fractions for
proteinases capable of generating the N-terminus of Aß in a test
peptide, and subsequently isolated a cysteine proteinase. In the presence
of calcium, this proteinase forms SDS stable complexes with APP and
degrades APP to produce a potentially amyloidogenic fragment. These
results suggest that a physiologically relevant interaction occurs
between these two molecules. This homotetrameric proteinase has a pH
optimum in the acidic range, but twenty percent of its activity is retained
at neutral pH. The properties of this enzyme indicate that it could be
functional in endosomes, where recent evidence suggests APP
processing produces Aß prior to its extracellular deposition. Sequence
analysis showed, that the active site region of this proteinase exhibits
high homology to cysteine proteinases of the papain superfamily, but is
distinct from lysosomal cathepsin enzymes. Examination of the
properties of this putative 8-secretase should eliminate or validate it as
an APP processing enzyme. Supported by NIH AG09905, NIH
5T32NS07152 and Alzheimer's Association.
PATTERN FORMATION, COMPARTMENTS AND BOUNDARIES I
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9.2

ALL KNOWN DROSOPHILA POU GENES DEPEND ON CASTOR
FOR PROPER CNS EXPRESSION. K. Koizumi, R. Kambadur,
C. Stivers, J. Naale, S. Poole and W. Odenwald*
Neurogenetics Unit, LNC, NINDS, NIH, Bethesda, MD.
POU transcription factors establish neuronal
identities in metazoans, yet little is known
about their controlling regulatory networks. We
report all known D r o s o p h i l a POU genes require
c a s t o r ( c a s ) for correct CNS expression, d r i f t e r
and I - P O U depend on c a s
function for fullexpression, while p d m - 1 and p d m - 2 are negatively
r egulated. E xpressed in late developing CNS
lineages, c a s encodes a Zn-finger protein that
shares DNA-binding specificity with another p d m
repressor, the gap-segmentation gene regulator
Hunchback (Hb) . Our studies reveal that within
developing ganglia, sequentially layered neuronal
precursor subpopulations are m a rked by n o n overlapping expressions of Hb, Pdm-1 and Cas. Hb
and Cas may directly control the temporal/spatial
boundaries of p d m expression, as p d m - 1 regulatory
DNA contains >32 Hb/Cas binding sites and its
enhancer(s) are ectopically activated in c a s n e u r o b l a s t s . By ensuring the expressions of
specific neural-identity regulators and silencing
others, c a s represents a temporal "gatekeeper"
that safeguards late-lineage identity programs
from early-lineage determinants.

NEURONAL EXPRESSION OF HOMEOBOX GENE HOXD3 DURING THE

9.3
ECTOPIC BMP5 AND BMP4 IN THE CHICK FOREBRAIN LEADS
TO CYCLOPIA AND HOLOPROSENCEPHALY J.A. Golden*, K.A.
McFadden, J.S. Beesley, J.B. Grinspan. Pathology and Neurology,
Children’s Hospital of Philadephia, University of Pennsylvania School
of Medicine, Philadelphia, Pennsylvania 19104
Development of the central nervous system (CNS) requires
organization along the dorsal-ventral and rostral-caudal axes. In the
developing spinal cord Sonic hedgehog (Shh) expression is responsible
for the acquisition of ventral identity, and bone morphogenetic protein
(BMP) 4 appears to be sufficient for specifying dorsal identity. In the
forebrain, Shh is also instrumental in determining ventral identity,
however, relatively little is known about the molecules that define dorsal
identity. We have found BMP5 to be expressed in the dorsal forebrain
by in situ hybridization making this a good candidate for dorsal signaling
in the forebrain. We next implanted beads soaked in recombinant BMP4
and BMP5 protein into the chick prosencephalon. The phenotype
observed from these experiments included holoprosencephaly (a single
cerebral hemisphere) and cyclopia (a single midline eye). In situ
hybridization analysis indicates that the ventral telencephalon is lost with
relative preservation of the dorsal telencephalon. We further show that
the loss of the ventral telencephalon is a result of cell death in this region.
A similar phenotype was recently identified in mice homozygous mutant
for Shh and mutations in human Shh have been linked to individuals
with holoprosencephaly and cyclopia. These data suggest a model for
interaction between dorsal and ventral signals for normal forebrain
development and that malformations such as holoprosencephaly are a
result of disturbances in these interactions, (support NIH NS-01664).
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MOUSE EMBRYONIC DEVELOPMENT. D.-P. Tan*, X. Shao, L. Pu and M.
Nirenberg. Lab. of Biochemical Genetics, National Heart, Lung and Blood Institute,
NIH, Bethesda, MD 20892.
Ten, 12-, 14- and 17-day-old BALB/c mouse embryos were desected and frozen in
embedding medium. Serial sections were cut. The temporal and spacial expression of
Hoxd3 during mouse embryonic development was determined by using 35S-UTP
labeled Hoxd 3 RNA probe that did not contain the homeobox and the region encoding
conserved hexapeptide.
In E10 embryo, Hoxd3 is expressed in the neural tube. In E12 embryo, the sagittal
section shows the strong expression of Hoxd3 in central nervous system starting from
the middle of the myelencephalon to the end of the spinal cord. The boundary of
expression is more anterior in the ventral part than the dorsal part of the
myelencephalon. The strong expression is also shown in the dorsal root ganglia. By
comparing the expression level, the myelencephalon has higher expression of Hoxd3
than the spinal cord. In E12 the expression in the myelencephalon is evenly
distributed. In E14 embryo, the expression of Hoxd3 is still high but not evenly
distributed in the myelencephalon. The strong expression areas are corresponded to
some hindbrain nuclei but not to the neuronal tracts. In E17 embryo, the expression
of Hoxd3 is down-regulated when compared with that of E 12 and E14. The expression
of Hoxd3 is still stronger in the hindbrain than in the spinal cord.
The continuing expression of Hoxd3 in the hindbrain during mouse embryogenesis
suggests the possible involvment of Hox genes in normal hindbrain deveopment and
deserves the further studies.

9.4
EMBRYONIC DORSAL TELENCEPHALON IS SHHRESPONSIVE IN A STAGE DEPENDENT MANNER. L
Kohtz and G. Fishell.* Skirball Institute of Developmental
Genetics and the Department of Cell Biology, New York Univ.
Sch. of Med., New York, NY 10016.
Dorsal-ventral regionalization of the embryonic forebrain is
marked by the complementary and differential expression of
homeobox genes emx-1 and dlx-2. Emx-1 is dorsally restricted,
whereas members of the dlx gene family are ventrally restricted.
We have used these genes as markers to investigate the role shh, a
common ventralizing signal throughout the rostrocaudal neuraxis,
plays in forebrain regionalization. Early during telencephalic
regionalization, shh co-localizes with dlx expression in the medial
ganglionic eminences, consistent with its involvement in regulating
differentiation within the ventral telencephalon. Using explants in
vitro, we report here that shh can suppress emx-1 and induce dlx
expression, thereby ventralizing dorsal telencephalon. This is the
first molecular evidence of such plasticity in the forebrain.
In addition, we find that the dorsal telencephalic responsiveness
to shh is limited to a critical window during embryonic forebrain
development. Explants in culture retain the ability to progress
from a shh-responsive to a non-responsive state without additional
signals. These results suggest that the stage at which the dorsal
telencephalon becomes unresponsiveness to shh reflects its
commitment to a dorsal fate. Supported by NS32993
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A NOVEL ASSAY FOR RETINOIC ACID CATABOLIC ENZYMES SHOWS
THEIR HIGH EXPRESSION IN THE DEVELOPING HINDBRAIN

P. McCaffery* , M. Yamamoto and U. C. Dräger E. K. Shriver
Center and Harvard Medical School, Boston, MA, 02254
Retinoic acid (RA) is essential for the normal development of the
central nervous system (CNS). Although the RA receptors and
synthetic enzymes have been studied in detail, little is known about the
catabolic enzymes and how they are distributed in the CNS. To
redress this gap we have employed a novel technique to determine the
relative capacity of tissues to catabolize al l -trans RA to a metabolite
incapable o f activating a RA reporter cell line. This assay uses the
microsomal fraction of tissues and detects a pathway that requires
NADPH and can be inhibited by ketoconazole, indicative of the
involvement of a cytochrome P450 dependent enzyme. High catabolic
activity was detected transiently in the developing cerebellum: activity
peaked at postnatal day 2 and fell at the end of the period of cerebellar
development. Regional differences of the catabolic activity were
evident at postnatal day 2, with higher levels in the vermis as compared
to the cerebellar hemispheres. The medulla oblongata was the only
other CNS region with high catabolic capacity, its earlier expression
peak, between embryonic days 16 and 17, likely reflecting its earlier
maturation. In the CNS the hindbrain is thus exceptional in its high
expression of RA catabolic enzymes, suggesting a unique function for
regulated RA levels in this region.
Supported by grant H 05515.

9 .6
PITUITARY ADENYLATE CYCLASE ACTIVATING PEPTIDE (PACAP)
AND NERVOUS SYSTEM PATTERNING. J. A. Waschek*, R.
Casillas, and T. Nguyen. Dept. of Psychiatry and Mental
Retardation Research Center, Univ. of California at Los
Angeles, Los Angeles, CA 90024.
Evidence indicates that PACAP and the related peptide
vasoactive intestinal peptide (VIP) act on neural cells
to regulate their proliferation, survival, and state of
differentiation. We have examined the embryonic
expression of the VIP/PACAP ligand/receptor system using
a variety of techniques, including northern and in situ
hybridization analyses, immunohistochemistry, and
receptor binding/second messenger assays. Many components
of the system were found to be present in the mouse
embryonic nervous system as early as embryonic day 9.5,
before closure of the neural tube. Experiments on
cultured cells isolated from early embryonic CNS indicate
that the VIP/PACAP ligand/receptor system is coupled to
biological responses, and provide a clue to the role of
these peptides in early CNS patterning. Supported by
HD06576, and the American Paralysis Association.
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INDUCTIVE CRANIAL MESENCHYME IN THE DEVELOPING MOUSE
MB. Thomas*, R.M. Anchan, W.S. Bodemer, S. Mann & A-S. LaMantia Dept. of
Neurobiology, Duke University Medical Center, Durham, NC 27710
Analysis of the distribution of several neural-crest associated m arkers
including Rat 401/Nestin, CRABPI, RARβ, NCAM and GAP-43 between
embryonic day (E)9.5 and 10.5 suggests that subsets of migratory cells in the
frontonasal mass, branchial arches, and around the eye share molecular
characteristics with the neural crest. To analyze further the contribution of
neural crest to these regions we used an enhancer trap mouse (the ROSA-βgeo
mouse, R(3G; Freidrich & Soriano, Genes & Development 5:1513 ) in which the
developing sensory and autonomic ganglia of the trunk and head as well as
other known targets and trajectories of the neural crest are labeled by β-galactosidase. In RβG embryos there are populations of β-galactosidase positive
cells in frontonasal, branchial arch and ocular mesenchyme from at least E9.5
onward. Subsets of these cells also express the neural crest-associated markers listed
above. Retinoid production is a central feature of several inductive cell groups
including limb bud mesenchyme, the notochord and the floorplate. Frontonasal,
branchial arch and ocular mesenchyme all produce RA. We are currently determining
whether the neural-crest derived cells of the mesenchyme actually produce RA or fac litate RA production by interactions with other cell types. At the present time, our
results suggest that the craniofacial mesenchyme is a mosaic of neural crest and
non-neural crest derived cells, and that these cells share a signal characteristic—
RA production— with inductive cell populations throughout the embryo.
Supported by NS07370 (MB.T.), NRSA 1 F32 DC00244-01 (R.M.A.) & NIH
HD29178 (A-S.L.).

9 .9
PURKINJE CELL LINEAGE DOES NOT RESTRICT PATTERN
FORMATION IN THE MOUSE CEREBELLUM. R. Hawkes*1, B. FaulknerJones2., P. Tam3, and S-S. Tan2. 1 Dept. of Anatomy and Neuroscience
Research Group, Fac. Med., U. Calgary, Calgary, Alberta T2N 4N1,
Canada. 2Howard Florey Inst. Exp. Physiol. Med., U. Melbourne, Parkville
3052, Victoria, Australia. 3Embryology Unit, Children's Med. Res. Inst.,
WNT Worthville NSW 2145, Australia.
Purkinje cells (PC) in the mouse cerebellum are organized into
parasagittal bands and transverse zones. The role that lineage restriction
plays in pattern formation is hotly debated. We have analyzed the clonal
relationships of PCs in murine chimeras generated by injecting embryonic
stem (ES) cells homozygous for a LacZ iransgene into wild-type
blastocysts.
Chimeras were perfusion-fixed, serially sectioned, X-gal stained to
reveal the ES-derived cells, and finally immunoperoxidase stained for
zebrin ll/aldolase C, a parasagittal band antigen. If PCs derive from a
small number of precursors, then their genotype ratios will vary quantally
consistent with the mosaicism of the founder population. Our data
suggest that a typical precursor generates 1,220 (+/-84 s.e.m.: n=24
clones) PCs, and that all PCs derive ~
130 founders. Likewise, in
those cases where all ES-derived PCs appear to derive from a single
founder the labeled PCs are scattered throughout the cerebellum and no
transverse clonal boundaries are apparent. Similarly, the PCs were
partitioned evenly between zebrin ll+/- phenotypes with no restriction to
individual bands. Thus, at the time the founders were allocated they were
not committed to producing PCs of a particular zebrin II phenotype. We
conclude that early PC lineage plays no major role in pattern formation in
the cerebellum.
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A GENETIC ANALYSIS OF THE ROLE OF NEURAL CREST-DERIVED
FRONTO-N ASAL MESENCHYME IN OLFACTORY PATHWAY INDUCTION.
R.M. Anchan*, MB. Thomas & A-S. LaMantia. Dept. of Neurobiology, Duke
University Medical Center, Durham, NC 27710
We asked whether the migration and final position of neural crest-derived
cells within this mesenchyme is essential for retinoid-mediated induction in
the olfactory pathway. We bred a neural crest-selective enhancer trap (the
ROSA β-geo mouse; RβG), into small eye (Pax-6Sey) mutant mice. Pax6Sey/Pax-6Sey:RβG embryos lack retinoid producing cells in the frontonasal
mesenchyme and retinoid signaling in the olfactory placode and forebrain;
they subsequently lack an olfactory epithelium and bulb (Anchan et al, J.
Comp. Neurol.379:171). In Pax-6Sey/Pax-6Sey:RβG embryos, R βG-positive
cells that normally migrate into the frontonasal mass are never seen. In
contrast, other neural-crest derived, R βG-expressing ganglia and craniofacial
structures are present. We also bred R βG into extra toe (Xtj) mutant mice,
which lack retinoid signaling in the forebrain due to local retinoid-insensitivity
and subsequently have no olfactory bulb (an olfactory epithelium is still
present, and retinoid producing cells are still found in the mesenchyme). In
χ tj/χ tj:RβG mice, RβG-positive cells are seen in their normal position in the
RA-producing frontonasal mesenchyme. Together, these results suggest that a
specific deficit in cranial neural crest migration or differentiation in the frontonasal
mesenchyme precedes the absence of retinoid-mediated inductive interactions
in the developing olfactory placode and forebrain. W hen the migration or
differentiation of these cells fails, the morphogenesis of the entire olfactory
pathway is compromised. Supported by NRSA 1 F32 DC00244-01 (R.M.A.),
NS07370 (MB.T.) & NIH HD29178 (A-S.L.).
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OMNIDIRECTIONAL PAUSE NEURONS RECEIVE AN EYE
VELOCITY SIGNAL DURING SACCADES IN THE ALERT CAT.
Y. Iwamoto* 1, S. Chimoto1, K. Yoshida1, H. Shimazu.2 Dpt. of
Physiology, Univ. of Tsukuba1, Ibaraki 305; Tokyo Metropolitan
Institute for Neuroscience2, Fuchu, Tokyo 183, Japan
It is known that omnidirectional pause neurons (OPNs) play an
essential role in saccade generation by exhibiting a pause in activity to
disinhibit premotor burst neurons. To elucidate the synaptic
mechanism of this pause and a possible involvement of the superior
colliculus (SC), we made intracellular recordings from identified OPNs
in the alert cat. Single-pulse stimulation of the SC induced
hyperpolarizing responses at disynaptic latencies (1.3 to 1.9 ms) with
or without preceding EPSPs. The hyperpolarization was an IPSP as it
reversed to a depolarizing potential after injection of chloride ions.
During saccades, a pause in OPN activity was caused by a
hyperpolarization, which also reversed after injection of chloride ions,
indicating that the pause was induced by IPSPs. We then analyzed the
time course of this hyperpolarization in relation to the vectorial eye
velocity calculated from horizontal and vertical component velocities.
The saccade-related hyperpolarization in OPNs preceded the onset of
saccades. There was a positive correlation between peak
hyperpolarization and peak eye velocity. The time course of the
hyperpolarization was similar to the vectorial eye velocity profile in
each saccade. The present study has shown that OPNs receive
saccadic eye velocity signals which produce a pause by postsynaptic
inhibition. Supported by IMG from Univ. of Tsukuba.

ON HOW INHIBITORY BURST NEURON FIRING FREQUENCY CODES THE
DYNAMICS OF EYE, HEAD AND GAZE MOTION IN THE HEAD-FIXED
AND HEAD-FREE PRIMATE. K.E. Cullen* and D. Guitton, Aerospace Medical
Research Unit, and Montreal Neurological Institute, McGill University, Montreal,
Canada.
We used system identification techniques to relate inhibitory burst neuron (IBN)
discharges to the dynamics of either eye, head or gaze motion during head-fixed
and head-free gaze shifts in the monkey. (We have discussed in a previous
publication how this technique can be used to compute objectively the discharge
latency.) For saccades performed head-fixed the most important parameters for
describing the firing frequency, B(t), were eye velocity (E'), saccade amplitude
(ΔE) and a bias term (r). For our population of 28 IBNs the average discharge was
given by: B(t)=282 - 4.1ΔE + 0.6E'(t-td) where td is the latency. For gaze-shifts
performed head-free the firing frequency of our IBNs was generally dependent on
head velocity (H'), and the population average was now B(t) = 280 - 1.2ΔE +
0.4E'(t-td) + 0.2H'(t-td). The amplitude of the H' coefficient was significantly less
than that of the E' coefficient, and the E' coefficient head-fixed was always higher
than that head-free. Five IBNs had no head-velocity sensitivity, but their eyevelocity sensitivity head-free was still lower than that obtained head-fixed. IBNs
can be subdivided, on the basis of their latency, into short lead IBNs (SLIBNs) and
long lead IBNs (LLIBNs). Head-fixed, there was no significant difference between
these two cell types; both were equally well described by the above equation:
SLIBNs were not ‘closer’ to the output than LLIBNs. Head-free, LLIBNs had a
smaller head-velocity sensitivity than SLIBNs. Conclusion: if excitatory burst
neurons and IBNs cany similar signals, then the population H’, ΔE and bias
signals must be offset at the level of both the abducens nucleus and the integrator.
Funded by MRC Canada.

10.3

10 .4

MONOCULAR RATHER THAN CONJUGATE SACCADE BURST
GENERATORS IN PARAMEDIAN PONTINE RETICULAR
FORMATION (PPRF). Wu Zhou* & W.M. King. Depts. of Neurology and
Anatomy, U. Mississippi Med. Ctr., Jackson, MS 39216
Ocular selectivity analysis (Zhou & King, 1996, ANN. N.Y. ACAD. Sci.)
relates the discharge patterns of units in oculomotor pathways to movements
of each eye. Our previous studies demonstrated that inputs to abducens
motoneurons are organized in a left/right eye coordinate system rather than a
conjugate/vergence coordinate system as suggested by Hering’s law of equal
innervation. Consistent with this hypothesis, most secondary vestibular
neurons (PVP units, McConville et. al., 1994) and prepositus neurons (Bursttonic units) encode monocular eye position and speed rather than conjugate
eye position and speed. The goal of this study is to determine the coordinate
system employed by saccade burst generator units located in the PPRF.
Thirty-eight excitatory burst neurons (EBNs) in the PPRF were recorded
during conjugate as well as disjunctive saccades that permitted dissociation of
left and right eye amplitude and duration. The number of spikes in the burst
and the duration of the burst discharge were correlated with the amplitude and
duration of the saccade in each eye. Multiple regression analysis showed that
the number of spikes and the burst duration were correlated to saccade
amplitude and duration of only one eye in 90% of EBNs (34 out of 38: 15 for
the ipsilateral eye, and 19 for the contralateral eye). There was no “conjugate”
signal encoded in the discharge pattern of EBNs. Instead, motor command
signals for each eye were encoded by individual left and right eye monocular
EBNs. These data provide the first evidence that EBNs are the neuronal
substrate for independent control of the size of saccades in each
eye.(Supported by NIH EY04045 and ONR N00014 to Dr. W.M.King)

10.5

Viewing distance related changes in the linear responses of VOR neurons during combined
angular and linear head movements.
ChijuChen-Huang*, Robert A. McCrea,
Committee on Neurobiology, University of Chicago
The firing behavior of secondary vestibular neurons in squirrel monkeys was
studied during fixation of earth-stationary visual targets. Translational head movement
stimulation was applied in conjunction with angular stimulation by positioning the monkey
on a vestibular turntable with its head either 20 cm in front of (nose-out) or behind (nosein) the axis of rotation. The monkey was passively rotated at three frequencies, 0.7 Hz
207s, 1.9 Hz 10 °/s, 4 Hz 6 7s, while fixating either a far target (1.5 m) or a near target
(10 cm). The monkey was also trained to pursue a visual target and to cancel its VOR.
The eye movements evoked when the monkey was placed at the off-center
positions, nose-in or nose-out, changed slightly during far viewing (15 -12% increase for
nose-out but decrease for nose-in). However, during near viewing both gains and phases
changed dramatically; 173% increase for nose-out and 136% decrease to the point the
direction of VOR was reversed for nose-in. The head movement sensitivity of forty eight
vestibular neurons, in which most were activated at monosynaptic latency by electrical
stimulation of the ipsilateral vestibular nerve, was studied under these conditions. The
response phase of most secondary vestibular neurons, during either near or far viewing
at off-center position, was typically -24.1 - +2.0° re the angular and linear head velocity.
The two classes of VOR neurons, position-vestibular-pause (PVP, n = 24) and eye-headvestibular (EHV, n = 12), also changed their responses during near viewing significantly.
On average, the head movement responses of PVPs during nose-out near viewing increased
73±10% compared to their responses obtained from far viewing at the same off-center
position. Their response phases during near viewing were essentially unchanged. The
changes in the responses of EHVs were more pronounced. The gains of EHVs during
nose-out near viewing increased 182±51% compared to their far responses and their phases
did not change. Both PVPs and EHVs showed viewing distance related changes in their
sensitivity to linear translation even after the eye position signals were corrected, although
the changes in EHVs were larger and matched the produced eye movements.
In conclusion, the signals on central VOR pathways have been integrated with
respect to the inputs carried by otolith afferents during combined angular and linear head
movements. These signals are modified by viewing distance across the frequencies (0.7
-4 Hz) tested. The mechanism responsible for the multiplication of vestibular inputs by
the viewing distance remains to be elucidated. This study was supported by EY 08041.
S ociety
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REVERSIBLE INACTIVATION OF NEURONS IN THE PARAMEDIAN PONTINE
RETICULAR FORMATION (PPRF): EFFECTS ON LATENCY, VELOCITY,
DURATION, AND AMPLITUDE OF HORIZONTAL, VERTICAL, AND OBLIQUE
SACCADES. D. L. Sparks and Jon S. Nelson*. Div. of Neuroscience, Baylor College of
Medicine, Houston, TX 77030, USA and Dep. of Physical Therapy, Col. St. Scholastica,
Duluth, MN, 55811, USA
Unilateral injections of 2% lidocaine (50-300 nanoliters) at sites where the activity of
excitatory burst neurons (EBNs) was recorded was used to reversibly inactivate the
output of neurons in the PPRF. As illustrated below, these injections produced dramatic
reductions in the speed of the horizontal component of saccades. Often, but not always,
the duration of the movement increased to fully compensate for the reduced velocity.
Saccade amplitude was relatively constant..
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Fig. 1. Effects of a unilateral lidocaine injection (100 nl) into the PPRF upon saccades
to a 20° leftward target. The arrow indicates the time of injection. Peak velocity dropped
from 600°/sec to less than 400°/sec but, in compensation, the duration of the movement
increased from approximately 50 msec to 80 msec so that saccade amplitude was not
affected.
These results are consistent with the hypothesis that the duration of EBN activity is
under feedback control, a concept that has recently been questioned (Kaneko, 1996).
Supported by EY 01189

10 .6

ADAPTIVE SACCADIC CONTROL BY SUPERIOR COLLICULUS,
RETICULAR FORMATION, CEREBELLUM, AND NEOCORTEX.
G. Gancarz* and S. Grossberg. Dept. of Cognitive and Neural Systems,
Boston University, Boston, MA 02215.
Two distinct patterns of activity occur in the deeper layers of the
superior colliculus (SC). Buildup cells display a traveling wave of activi
ty which sweeps across the SC as a saccade progresses, while burst cells
show a spatially fixed peak of decaying activity. How do these two cell
types cooperate with the reticular saccade generator (SG) circuit to pro
duce accurate saccades? Grossberg et al. (1995) have modeled how the
traveling wave may transform attended and planned target coordinates
from head-centered to motor error coordinates. We model how the SC
interacts with the SG circuit, the cerebellum, and the parietal and frontal
cortex. Burst cell activity provides a stable sampling signal with which to
drive cerebellar learning. Buildup cell activity functions as a spatially dis
tributed leaky integrator which sends sufficient signal to the SG to control
large saccades. Model SC-activated cerebellar learning and multimodal
SC map learning together lead to SG outputs that accurately foveate the
eyes. We simulate data on double-step adaptation, saccadic averaging,
and saccadic staircases, as well as lesion data showing saccades with ei
ther FEF or SC removed, but not both. Our SG model incorporates
internal inhibitory feedback that computes vector SG dynamics without
requiring a resetable-integrator cell type. Multiple adaptive pathways
from parietal and frontal cortex model task-specific saccadic adaptation
data. Supported in part by the ONR (N00014-94-1-0597, N00014-95-10409, N00014-95-1-0657, and N00014-92-J-1309).
Grossberg, S., Roberts, K., and Bullock, D., N eurosci. Abst., 468.8,1995.
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THE BRAIN ACCOUNTS FOR 3-D EYE POSITION IN AN EYE-TO-HEAD
REFERENCE FRAME TRANSFORMATION FOR ACCURATE SACCADES.
E. M. Klier*, D. Lowey and J. D. Crawford. Dept. o f Biology and Psychology,
York University, 4700 Keele Street, Toronto, Ontario, M3J 1P3, Canada.
Contrary to an assumption in 2-D models, visual and motor displacement signals
are not trivially interchangeable (Crawford, 1997). Our goal was to determine if the
brain performs the 3-D eye position-dependent reference frame transformation
required to compute correct eye displacements in Listing’s plane (LP) from retinal
error. 3-D eye position (relative to LP) and target direction in retinal coordinates
(retinal error) were computed from search coil signals in 6 head-fixed subjects in the
dark. We recorded 60° horizontal saccades between five parallel pairs of lights (over
a vertical range of ±40°) and 30° radial saccades from a central target (with the eye at
0°, 1.1°-16.2° clockwise (CW), or 4.5°-13.2° counterclockwise (CCW) initial ocular
counter-roll). These data were input to a “3-D displacement model” to predict the
errors produced by a direct visual-motor look-up table. As predicted, retinal error
was a non-trivial function of both target displacement in space and 3-D eye position.
The displacement model predicted position-dependent errors in final vertical eye
position of up to 19.8° for horizontal saccades in LP. However, such errors were not
systematically observed. Plots of predicted vs. actual error produced a slope of only
-0.01 ±0.14 (as opposed to 1), suggesting a slight overcompensation for eye position.
Actual directional errors from initial torsional positions were a fraction of those
predicted by our displacement model (32% for CW eye positions, 33% for CCW
positions for binocular viewing, and 69% CW, 46% CCW for monocular viewing).
Thus, other than sporadic miscalibrations for torsion, saccades were accurate from all
3-D eye positions. These results could only be simulated by adding a positiondependent reference frame transformation to the model. We conclude that the
saccade generator takes 3-D eye position into account when reading the retinal code.
Supported by Canadian M RC and NSERC grants, and the A.P. Sloan Foundation.

A COMMUTATIVE CONTROLLER IS SUFFICIENT TO ROTATE THE EYE.
C. Quaia* and L. M. Optican. Laboratory of Sensorimotor Research, National
Eye Institute, Bethesda, MD 20892, USA.
Tweed and colleagues (1987, 1994) have proposed that, because rotations
around arbitrary axes are not commutative (i.e., the integral of angular velocity is
not orientation), a non-commutative neural controller is required to control eye
movements. In contrast, Schnabolk and Raphan (1994) have argued that a noncommutative controller is not required, because the eyes are controlled by
extraocular muscles, which exert torques, which in turn are commutative vectors.
We show here that Raphan’s model is a good representation of how saccades may
be controlled. However, the fact that torque vectors commute is irrelevant in
explaining why.
A commutative controller signal is sufficient for eye rotations because the
oculomotor plant itself, with certain constraints, is approximately commutative.
The oculomotor plant consists of the globe, extraocular muscles, pulleys, and other
tissues. The pulleys, discovered by Miller and colleagues (1989, 1993), can play a
prominent role in ocular control. The effect of the pulleys is to make the axes of
action of the extraocular muscles dependent upon eye orientation. We show here
that, if the pulleys are in the right place, the deviation from commutativity during
a saccade is less than 2%.
Also, the step signal used to maintain the final
orientation of the eyes after a saccade can be computed simply by integrating the
pulse. This is possible because the pulse does not encode angular velocity, but a
different signal, which is close to the derivative of eye orientation. The positions of
the pulleys guarantee that the pulse is converted into the appropriate angular
velocity. Under these constraints, Listing’s Law is automatically obeyed if the pulse
(not the angular velocity) is generated in Listing’s Plane. We propose that the
oculomotor plant evolved in this way to minimize the complexity of the neural
system that controls it.
Supported by the National Eye Institute.

10.9

10.10

STABILITY OF OCULAR COUNTERROLLING AND LISTING’S
PLANE DURING STATIC ROLL TILTS.
Y. SUZUKI*1, M. KASE2., K. FUKUSHIMA1. 1 : Dept. of Physiol.
Hokkaido University School of Medicine, Sapporo, 060, Japan. 2 : Dept. of
Ophthalmol. Teine Keijinkai Hospital, Sapporo, 006, Japan.

LEARNING TO INTEGRATE WITHOUT VISUAL FEEDBACK. H. S. Seung, Bell
Laboratories, Lucent Technologies, Murray Hill, NJ 07974
The neural integrator o f the oculomotor system converts velocity-coded signals
into changes in eye position. A leading candidate for the mechanism of integration is
tuned positive feedback mediated by recurrent synaptic connections between integrator neurons. Robinson has argued that plasticity of these recurrent connections is nec
essary for the development and robust maintenance o f tuned feedback (Phil. Trans. R.
Soc. Lond. B337:327-330, 1992). He proposed that synaptic strengths change by an
amount proportional to the product of a global retinal slip signal and presynaptic ac
tivity. A model network with such modifiable synapses learned to integrate head ve
locity inputs, producing a gaze-stabilizing vestibulo-ocular reflex (VOR). Without
visual feedback, this network cannot learn to integrate. In contrast, experiments have
shown that some dark-reared animals develop a VOR with normal phase response, a
sign that the neural integrator is operational. Therefore in modeling integrator learn
ing, it is important to investigate types of synaptic plasticity that do not depend on
visual feedback.
I have found that a network can be trained to integrate vestibular input by a syn
aptic learning rule that is the product of presynaptic activity and a postsynaptic local
difference signal. This local signal is the difference between the total vestibular input
to the postsynaptic neuron and the time derivative of postsynaptic activity. Over the
course of training, modification of recurrent synaptic connections gradually reduces
the local difference signal to zero, leading to a neural integrator and a VOR with nor
mal phase response. To achieve correct VOR gain as well as phase, modification of
the read-out connections from the integrator to the oculomotor plant by visual feedback is also necessary. In the absence of visual feedback, the model network learns a
VOR with proper phase but incorrect gain, as observed in dark-reared animals. The
model suggests specific types of synaptic plasticity that could be detected experimen
tally in the intrinsic connections of the integrator. (Supported by Lucent Technolo
gies)

Ocular counterrolling (OCR) induced by static tilts o f the whole body in the
frontal plane can be shown by the shift of Listing’s plane. We have investigated
(1) whether habituation occurs in the OCR during long time static roll tilts, (2)
how stable shifted Listing’s plane is, and (3) what effects visual stimulation and
alertness exert on the OCR and Listing’s plane.
A dual scleral search coil method was used for three-dimensional eye movement
recordings. Spontaneous eye movements of two head stabilized monkeys (Macaca
fuscata, TS, MI) were recorded for 2 hours in complete darkness or under the
room light while holding each monkey in different static roll positions (up to ±
34°). Eye movements were also recorded during drowsy periods in complete
darkness.
In the alert condition, OCR gains showed some fluctuations but did not change
consistently for 2 hours in 7 of 7 sessions in complete darkness and 7 of 9 sessions
under the room light. The thickness of shifted Listing’s plane during static roll
tilts was also stable for 2 hours. OCR gains under the room light (0.09 for TS,
0.13 for MI) were not significantly different from gains obtained in complete
darkness (0.09 for TS, 0.12 for MI, p>0.1). During drowsy periods in the upright
position, both monkeys showed extorsion (average for each day 1.5 - 3.2° for TS,
1.3° for MI) and the thickness of the regressed plane was thicker than that in the
alert condition (p<0.01). OCR gains during drowsy periods in MI and TS were
31% and 48 - 75% of gains observed in the alert condition, respectively.
Supported partly by CREST of JST

10.12

10.11
M IC R O S T IM U L A T IO N IN D O R S O M E D IA L F R O N T A L C O R T E X IN H IB ITS
S M O O T H PU R SU IT . S.J. H ein e n * , S m ith-K ettlew ell Eye Res. Inst., San Francisco
C A, 94115
S ingle-neuron activity in the dorsom edial frontal cortex (D M F C ) has been show n to
be related to both visually-guided (H einen, 1995) and predictive (H einen and Liu, 1996)
aspects o f sm ooth pursuit eye m ovem ent control. T he D M F C ’s predictive m echanism
can apparently encode elapsed tim e, thereby enabling the sm ooth pursuit system to start
or stop an eye m ovem ent before predictable target m otion starts or stops respectively.
S tim u latio n in sm ooth pursuit trials can either facilitate pursuit initiation if delivered
w h ile the anim al is fixating, or decrease pursuit velocity if delivered during ongoing
pursuit (H einen, 1996). D oes stim ulation during ongoing pursuit substitute for a
com m and to decelerate the eyes or m ove them to a specific orbital position, or does it
serve som e other function? We delivered bipolar stim ulation to the D M FC using
suprathreshold currents for b rie f (100 m sec) periods w hile the anim al w as p u rsuing a
target which had a predictable trajectory. Stim ulation during ongoing pursuit decreased
eye velocity by as m uch as 20 deg/sec, after w hich the eye usually rebounded to control
velocity. The effect w as not to drive the eyes to a single orbital position, since
s tim ulation during oppositely directed pursuit tow ards the sam e orbital position still
reduced eye speed. The stim ulation did m ore than sim ply substitute for a deceleration
com m and, since in stim ulated trials the pursuit m ovem ent ended later than in
u n stim u late d trials. Interestingly, stim ulation onset tim e had little effect on the
m agnitude o f extended pursuit. O ur interpretation is that stim ulation during pursuit is
interpreted as a signal (either sensory or internal) th at the target has stopped. In this
schem e, stim ulation w ould both cause the eye to slow dow n (or stop if not op posed),
and interfere w ith the internal signal that w as encoding elapsed tim e. This interference
is m anifest in a suspension or partial resetting o f the tim ing signal that w ould then result
in an extension o f the duration o f the m ovem ent.
S upported by: N IH E Y 1 1720.
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TRACKING ACROSS A
BACKGROUND: IMPLICATIONS
FOR
SUMMATION IN SMOOTH PURSUIT S.N.J.Watamaniuk* 1 & S.J.
Heinen2, 1Wright State University, Dayton, OH, 2The SmithKettlewell Eye Research Institute, San Francisco, CA
Sm ooth pursuit o f a sm all target is im paired w h en an observer tracks
across a large textured background (e.g., 85 deg), presum ably because of an
interaction betw een the optokinetic and pursuit system s. H ow ever, such a
conflict w o u ld be m aladaptive since norm al pursuit occurs in a textured
environ m ent. A n alternative h y p o th e sis is that the im pairm ent arises
because the pursuit "field" extends b eyond the fovea, and a "background"
im pinges on that field. G iven this hypothesis, backgrounds m uch sm aller
than those u sed p rev io u sly sh o u ld still affect pursuit. W e had hum an
observers pursue a 3 m inarc target dot across a relatively sm all (10 deg)
diameter background com posed of 200 random ly-positioned 3 minarc dots.
The background w as either stationary, or m o v ed in a direction the sam e as,
o pposite to, or orthogonal to the m otion of the target dot. Salience of the
target dot w as enhanced b y presen ting the background d ots at a low er
lu m in a n ce. Eye p o sitio n w a s reco rd ed w ith a dua l-P u rk in je-im age
eyetracker. Eye velocity at the end o f the open-loop period w a s analysed.
C on sistent w ith p reviou s stu d ies that u sed large background s, pursuit
initiation w as im peded by a stationary or o ppositely m o v in g background.
Background m otion in the sam e direction as the target slo w ed the eye dow n
if its sp e e d w a s less than target sp eed , but led to as m uch as a 56%
enhancem ent w h en its speed w as equal to target speed. Vertical m otion
introdu ced a vertical vector into the pursuit m ovem ent. The results are
predicted by a w eig h ted vector averaging m odel in w h ich stationary dots
are considered to have zero m otion. W e think that these results add to the
grow ing body of evidence that the sm ooth pursuit field extends beyond the
fovea. Supported by N IH grant #RO1 EY10838-01A1.
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EFFECTS OF MITOCHONDRION ON CALCIUM TRANSIENTS AT INTACT
PRESYNAPTIC TERMINALS DEPEND ON FREQUENCY OF NERVE
FIRING. Y-Y. Peng*. Dept. Pharmac./Physiol. Sci., Univ. of Chicago, IL 60637
The rate and total amount of Ca2+ elevation in the presynaptic terminals of the
bullfrog sympathetic ganglia depend on their firing frequency. Carbonyl cyanide
m-chlorophenylhydrazone (CCCP). a m itochondria uncoupler, was used to test
whether mitochondria Ca2+ uptake is one of the mechanisms that underlie this
frequency dependence. Fura-2 fluorimetry were used to m easure intraterminal
[Ca2+], When Ca2+ transients evoked by 4 and briefer 20 Hz stimulations had
similar peak amplitudes (264±22 nM vs. 251±18 nM), their CCCP augmentations
were 249.7±81.5% and 25.3±10.2% respectively. When responses were evoked by
4 and 20 Hz stimulations that lasted the same durations (1.5, 3, 6, 10, 20 and 30 s),
their CCCP enlargements differed by 70 to 420% in favor for the responses to 4 Hz
stimulations. When the same number of stimuli were delivered at the two
frequencies, the CCCP effects were again 6.7 times higher for the responses
evoked by the 4 Hz train than those produced by the 20 Hz stimulation. Therefore,
during nerve firing, the less frequent the Ca2+ influx the stronger the mitochondria
Ca2+ removal process modulated the peak [C a2+]i . The process of C a2+ release
from the ryanodine-sensitive store had a higher potential to influence the [Ca2+]i
transients evoked by 20 Hz stimulation than Ca2+ removal by the mitochondria in
most of the terminals during nerve firing. Upon the cessation of stimulation,
CCCP reduced the overall rate of C a 2+ decay by 81%. Therefore, mitochondria
was the dominant Ca2+ removal mechanism at the presynaptic terminals during
and tens of seconds after neuronal activities. The CCCP effects remained the same
whether or not the mitochondria ATP synthase was inhibited by oligomycin (10
µM) before CCCP application. Thus, the CCCP effects were caused mainly by
reduced activity of the mitochondria Ca2+ uniporters.
This work was supported by the Alfred P. Sloan Foundation and the National
Institute of Neurological Disease and Stroke (NS32429).

G L U T A M A T E A N D G A B A M E D IA T E A H E T E R O SY N A PT IC
D E PR E S SIO N OF H IPPO C A M P A L M O SS Y F IB E R SY N A PSES
K. Vogt*1, R. C. Malenka2,3, R. A. Nicoll1,3, Depts. o f 1Cellular and Molecular
Pharmacology, 2Psychiatry and 3Physiology, UCSF, San Francisco, CA 94143

It has recently been reported that during high frequency stimulation,
glutamate can reach presynaptic metabotropic autoreceptors that are not
situated directly in the synaptic cleft at mossy fiber synapses in the CA3
region o f the hippocampus.
Here we report that glutamate can act as an inhibitory heterosynaptic
transmitter in the mossy fiber system. This action is masked by a potent
GABAergic heterosynaptic inhibition o f mossy fiber synapses.
Field excitatory postsynaptic potentials were recorded in the stratum
lucidum o f the CA3 region. Two pairs o f bipolar stimulating electrodes
were placed in the dentate gyrus. The position o f the electrodes and the
stimulus strength were adjusted so that no interpathway paired pulse
facilitation could be observed. Pathway I was then stimulated at 0.1 Hz
and 200 ms before every tenth stimulus on pathway 1 a brief burst o f 12 to
20 stimuli was applied to pathway 2. The response to the tenth pulse
usually showed a marked depression. The GABAB antagonist CGP 35348
(500 µM) reliably reduced the depression in all slices investigated. In a
subset o f these slices there was a residual heterosynaptic depression that
could reliably be blocked by the nonspecific antagonist o f metabotropic
glutamate receptors MCPG (1.5 m M ).
We conclude that GABA, released from inhibitory interneurons and
glutamate released from neighboring mossy fiber synapses can induce a
heterosynaptic depression o f mossy fiber synapses in the hippocampus.

11.3

11.4

NEUROSTEROID MODULATION OF SYNAPTIC POTASSIUM CHANNELS.
B. Cherksey * and V. Sapirstein. Depts. Psychiatry, Physiol. & Neuroscience, NYU
Medical Centr. New York, NY 10016.
Neurosteroids including dehydroepiandosterone (DHEA) have been implicated in the
modulation of neuronal electrophysiology and synaptic events. To gain a better
understanding of the intimate molecular mechanisms underlying this modulation, it
will be important to obtain single-channel measurements at the synaptic level.
Synaptosomes and synaptic plasma membrane (SPM) were isolated by
Ficoll/sucrose gradient and sucrose gradient centrifugation on 1.0 M and 1.2 M
sucrose and the 1.0 M fraction repurified. Purification was monitored by Western blot
analysis of synaptic protein markers. The resultant SPM fraction was enriched in
presynaptic elements. Osmotically loaded vesicles were formed by resuspension of
SPM in 0.4 M sucrose. The functional activity of the vesicles was determined using
the “tip-dip” bilayer technique. The vesicles were fused with a lipid bilayer and the
electrical activity was measured in symmetrical solutions containing 200 mM KCI,
10 mM HEPES, pH 7.3. SPM from whole rat brain exhibited two predominant
potassium conductances: an 80 pS channel-like activity with open times in the range
of 5-100 msec. and a 30 pS activity with open times in the 1-5 msec.range. Openings
of 80 pS amplitude of 1 to 2 msec duration were also observed. Addtition of DHEA
in concentrations of 1 uM and above to the cis (bathing solution) side of the bilayer
caused the selective block of the the 30 pS activity. Addition of 17-hydroxy
progesterone, the DHEA precursor, at concentrations ranging from 1 to 50 uM was
without effect on the single-channel activity.
The results obtained suggest that the study of the effects of neurosteriods on SPM
single channels provides an attractive method for assessing of the functional effects of
these compounds on synaptic activity and suggests that DHEA exerts a highly
selective inhibition on neuronal potassium cuurents.
Supported by NIH grant AG09480

MOLECULAR CHARACTERIZATION OF A MUTANT DEFECTIVE IN
TRANSMITTER DISTRIBUTION AND RELEASE IN DROSOPHILA, H.S .
Lee, M. G. Burg, V. Sarthy†, G. Koliantz, and W. L. Pak*. Dept. o f Biol. Sci.,
Purdue University, West Lafayette, IN, and 1Dept. o f Ophthalmology,
Northwestern Univ. Med. School, Chicago, IL.
Among the collection o f mutants in the Pak laboratory, the largest class
consists o f those defective in the on-/off-transients o f the electroretinogram
(ERG), which reflect the responses o f the post-synaptic laminar interneurons
to photoreceptor synaptic input. We report the molecular cloning and
characterization o f one mutant complementation group within this class,
identified by three mutant alleles (P242, P224, and P212).
Immunocytochemistry has revealed an altered subcellular distribution of
histamine, the major photoreceptor transmitter, in all 3 mutants. The P242
mutant also displays a disruption o f K+-induced release o f histamine. These
results suggest that the “P242” mutants likely are defective in a presynaptic
function. The molecular cloning o f this gene was initiated using a positional
cloning strategy. The mutants were localized by deficiency mapping and P l
phage clones covering the region were obtained from the Berkeley Drosophila
Genome Project. Using a 2.3 kb genomic fragment from the genomic region
as probe, we detected in Northern blots a 5 kb transcript that is expressed
preferentially in photoreceptors and is reduced in the three mutant alleles.
The 2.3 kb genomic fragment was used as probe to isolate clones from a
Drosophila adult head cDNA library. The largest cDNA clone obtained (3.0
kb) is being used to rescue the P242 mutant phenotype via P-element
mediated germline transformation (using a heat shock promoter to drive the
expression o f cDNA). Supported by NIH grants MH49727 and EY00033.

11.5

11.6
THE AMPLITUDES OF SUCCESSIVE EPSCs EVOKED AT CA1
SYNAPSES CAN BE SERIALLY CORRELATED. S.J. Redman, C.
Stricker and A. Cowan*. Division of Neuroscience, John Curtin
School of Medical Research, Australian National University, Canberra,
Australia.
During maintained low frequency stimulation at central synapses, it
is usually assumed that the amplitude of an evoked EPSC is
statistically independent of the amplitudes of previously evoked
EPSCs. This assumption was examined at CA3-CA1 synapses in vitro.
using long sequences (300-1800) of EPSCs evoked at 1Hz. The
conditional second moment <(Ei-Ei+j)2>/<Ei2>, the conditional
probability P(Ei+j/Ei) and the Fourier transform of the EPSC sequence
were calculated; where Ei and Ei+j are the amplitudes of the i’th and
(i+j)’th EPSCs. These measures showed a significant positive serial
dependency to be present in 7/11 EPSCs, which lasted up to 11 secs
(5±3 secs). Large amplitude EPSCs tended to follow large amplitude
EPSCs, and similarly for small EPSCs. Significance was determined by
calculating the above measures, and their confidence limits, from many
sequences obtained by randomly shuffling the sequential order of the
evoked EPSCs. The serial dependency reflects a slow modulation of
transmission, possibly due to presynaptic receptor activation by
extrinsic or locally released neurotransmitters.

NEIGHBORING SYNAPSES OF HIPPOCAMPAL NEURONS IN
CULTURE HAVE CORRELATED RELEASE PROBABILITIES. V. N.
Murthy* and C.F. Stevens. Molecular Neurobiology Laboratory, Salk
Institute, 10010 N. Torrey Pines Rd., La Jolla, CA 92037.
Long-term modifications in synaptic strength occur when pre- and
postsynaptic activity are correlated in some way, and such modifications
have been usually assumed to be synapse-specific. Increasing evidence
indicates, however, that induction of long-term potentiation at a given
synapse can lead to potentiation of neighboring synapses as well. If such
spread of synaptic plasticity occurs during development, neighboring
synapses would come to have correlated properties. To test this hypothesis,
we have used hippocampal neurons in culture, where individual synapses
and their spatial organization can be visualized using FM1-43 imaging. We
estimated release properties of several individual synaptic boutons
simultaneously, using a method recently described (Neuron, 18:599-612,
1997), and found that release probabilities of adjacent synapses were in fact
correlated; randomly chosen pairs of synapses did not exhibit this
correlation. Experiments are underway to determine the spatial extent of
this correlation, and if the degree of correlation can be modulated by
activity. In a related set of experiments using calcium imaging techniques,
we found that postsynaptic calcium influx due to spontaneous transmitter
release (which presumably activated just one synapse) could sometimes
spread to adjacent synapses. Such 'spillover' of calcium may play a role in
causing neighboring synapses to have correlated properties. Support from
Howard Hughes Medical Institute and NIH (CFS); Helen Hay Whitney
Foundation Fellowship (VNM).
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11.7

THE CONTRIBUTION OF mGluR TO DEPRESSION AT A CALYX
SYNAPSE. H. von Gersdorff*, S. Weis, R. Schneggenburger, and
E. Neher. MPI for Biophys. Chem., D-37077 Gottingen, Germany.

A single large calyciform terminal (calyx of Held) synapses onto each
principal neuron of the medial nucleus of the trapezoid body in the
mammalian brainstem. This synapse is involved in computing sound
localization and the calyx structure, with its multiple active zones, ensures
fast, reliable synaptic transmission. We have studied synaptic depression
by recording whole-cell AMPA and NMDA receptor mediated EPSCs
evoked by afferent fiber stimulation in the midline of brainstem slices
from P8-11 rats. Since group II and III metabotropic glutamate receptor
(mGluR) agonists depress EPSC at this synapse (Bames-Davis &
Forsythe, J. Physiol. ’95), we investigated the role of mGluR in inducing
depression. Peak AMPA EPSCs elicited in 2 mM [Ca]o at 0.2 Hz were
reduced from a 100% control value to 34±6% (n=4) and 53± 11% (n=4)
with L-AP4 (50 µM) and ACPD (50 µM), respectively. Similar results
were observed with NMDA EPSCs indicating this is a presynaptic effect.
CPPG, an antagonist for group II and III mGluR, was found to reverse
these agonist effects in a dose dependent manner (n=9 cells). At 300 µM,
CPPG reversed to 104±4% (n=2) the L-AP4 and to 99±11% (n=4) the
ACPD effect. Synaptic depression elicited by 30 presynaptic action
potentials given at 5-10 Hz produced a decrease in AMPA EPSCs to a
steady-state value 30% (n=4) of the initial control EPSC. When 300 µM
CPPG was present this value was 36% (n=4). mGluRs thus contribute at
most 10% to the overall depression elicited by 5-10 Hz stimulation of the
calyx of Held. Supported DFG (SFB406) and HFSP Fellowship (HvG).

SUNDAY AM

11.8

COINCIDENCE DETECTION AT DEVELOPING NEUROMUSCULAR
JUNCTION: CONCURRENT PRE- AND POST-SYNAPTIC CALCIUM
RISE PREVENTS ACTIVITY-INDUCED SYNAPTIC DEPRESSION
J.-i. Wan and M.-M. Poo*. Dept. Biol., UCSD, La Jolla, CA 92093.
Persistent depression of developing Xenopus neuromuscular junctions
can be induced by repetitive activation of heterosynaptic inputs or by direct
activation of postsynaptic acetylcholine receptors. Postsynaptic Ca2+
elevation is both necessary and sufficient for the induction of this synaptic
depression, which is expressed as a reduction of the evoked transmitter
release from the presynaptic neuron. The depression induced by synaptic
activation or postsynaptic Ca2+ elevation can be prevented by simultaneous
firing of presynaptic neurons. In the present study, we examine whether
activity-induced Ca2+ rise in the presynaptic neuron is responsible for the
protection of synapse against the retrograde “depressive” signal.
Caged Ca2+ compound nitr-5 was loaded into the postsynaptic myocyte
through the whole-cell patch recording pipette. A 100-ms focal UV
illumination on nitr-5 loaded myocyte induced a 50% reduction in the
amplitude of excitatory postsynaptic currents (EPSCs). No reduction of
EPSCs was observed when presynaptic neuron was stimulated concurrently
with UV illumination. Presynaptic stimulation was ineffective in preventing
depression when it was applied at time more than 100 ms separated from
that of UV illumination. Local perfusion of the synapse with Ca2+-free media
during the coincident stimulation abolished the protective effect of the
activity, suggesting that concurrent presynaptic Ca2+ influx during
presynaptic stimulation is necessary for the protective effect of coincident
neuronal activity. Whether Ca2+ rise in presynaptic neuron by itself is
sufficient for protecting the synapse against depression remains to be
investigated. (Supported by NSF grant IBN 22106).

11.10

11.9

EVALUATION OF GLUTAMATE AS THE RETROGRADE SIGNAL
IN HIPPOCAMPAL CA1 DSI. B. E. Alger*, W. Morishita & S. A.
Kirov. Dept. Physiol., Univ. Maryland Sch. Med., Baltimore, MD 21201.
Depolarization-induced suppression of inhibition (DSI) is a transient
reduction of GABAA release induced by voltage-dependent Ca2+ influx in
principal cells in cerebellum and hippocampus and mediated by a
retrograde signal from the postsynaptic cell. Glitsch and Marty (J.
Physiol., 1996) proposed that glutamate released from Purkinje cells
activates mGluR type II receptors on intemeuron terminals, and thus
reduces GABA release. We tested this hypothesis in rat hippocampal
CA1 cells in the slice preparation with whole-cell recordings of evoked
GABAAIPSCs in the presence of APV and CNQX. We induced DSI by
a 1-sec, 70-mV depolarization of the pyramidal cell every 90 s.
The mGluR agonist 1S,3R-ACPD, 50 µM, suppressed IPSCs and,
thereby, occluded DSI, but the type II mGluR agonist DCG-IV (10 µM)
did not affect IPSCs or DSI. The type III agonist L-AP4 (200 µM) had
weak and inconsistent effects. The type I agonists DHPG (30 µM) and
quisqualate (≤ 10 µM) potently reduced IPSCs and DSI. MCPG (0.5-1.5
mM) did not affect DSI, whereas L-AP3 (1 mM) reduced it by ~30%.
1S,3R-ACPD and DSI are similar in that: 1) neither affects mIPSCs or
paired-pulse IPSC depression and 2) the IPSC-depressing effects of both
are blocked by 4-AP and NEM. We conclude that a glutamate-like
substance could be the retrograde DSI signal in CA1, but a presynaptic
type I mGluR is more likely to be involved. NIH NS30219 and 22010.

CHANGES IN INTRACELLULAR CA2+ CONCENTRATION NEAR TRANS
MITTER RELEASE SITES MONITORED BY CA2
+ -DEPENDENT K CHANNEL
ACTIVATION IN PRESYNAPTIC VARICOSITIES OF XENOPUS NERVEMUSCLE CULTURES. B. Yazejian* and A.D. Grinnell, De p t. of
Physiology and Jerry Lewis Neuromuscular Research Center,
UCLA-School of Medicine, Los Angeles, CA 90095.
Ca2
+ -dependent K (KC a ) channels are found in many presynaptic membranes, sometimes exhibiting properties
suggesting close proximity to synaptic Ca channels. We find
a prominent K Ca current in presynaptic varicosities in this
preparation. Th e KCa channels are functionally co-localized
with Ca channels (yazejian et al., 1997, J. Neurosci., 17,
2990). We now report experiments in which KC
a channel
activation has b een used to monitor rapid changes in
intracellular Ca2
+ concentrations associated with neurotransmitter release. These changes are likely to reflect
those occurring near release sites. We have characterized
the voltage- and Ca2
+ -dependence of K Ca channel activation
and determined the kinetics of channel opening and closing
as a function of these parameters. K Ca channel. activation
normally requires only about half as much Ca2
+ entry as
does the triggering of transmitter release and precedes
the onset of release by 100 µsec or more. Detectable KCa
currents have been seen with influxes of Ca2
+ as short
as 30 µsec. These findings should prove useful in deter
mining the spatial and temporal profiles of Ca2
+ entry
and removal near active zones and their relationships to
transmitter release. (Supported by NS 30673 and SCRF 1715).

11.11

11.12

A “SLOW" CLASS OF SYNAPTIC EVENTS IN THE INHIBITORY NOISE OF
THE TELEO ST M AUTHNER CELL. K. Hatta*, N. Ankri & H. Korn.
Neurobiologie Cellulaire et Moléculaire, INSERM U261, Institute Pasteur,
75724 Paris, France.
Synaptic noise, i.e. continuous fluctuations of membrane potential, commonly
observed in central neurons, is caused by spontaneous presynaptic impulses.
In the Mauthner (M-) cell this noise is mostly inhibitory which introduces
uncertainties in the neuron's input-output relation (Burnod & Korn, 1989).
Glycine- and GABA-containing terminals have been identified morphologically
and the unitary inhibitory postsynaptic potentials (IPSPs) constituting this
synaptic noise are primarily glycinergic. The time to peak (ttp(10-90%)) of the
fast IPSPs is about 1 msec, and their decay time follows a single exponential of
about 2-7 msec, corresponding to the mean lifetimes of glycine or GABA
activated channels in M-cells of adult goldfish (Faber & Korn, 1982) and
embryonic zebrafish (Legendre & Korn, 1994). in this study, in vivo recordings
from the adult zebrafish and goldfish M-cells revealed a new class of synaptic
events. Their decay time is about 10 times longer (15-40 msec) than that of the
fast events, and their ttp(10-90%) averages about 3 msec. Those "slow"
events are inhibitory because they: 1. were resistant to APV and CNQX, 2. were
increased in amplitude following Cl- loading, 3. had the same reversal potential,
measured in voltage clamp, as that of the fast IPSPs. Surprisingly, the slow
IPSPs persisted in the presence of strychnine and bicuculline at doses which
abolish the fast ones. Amplitude distributions of the fast IPSPs recorded in the
soma after TTX application generally were fitted with a single gaussian peak
(Korn et al. 1987). By contrast, amplitude histograms of slow events in TTX
generally contained multiple equally spaced peaks, suggesting multi-quantal
features. Specifically, in three experiments, q1 averaged 0.21 mV ± 0.07, q2 =
1.9 q1, q3 = 3.0 q1, q4 = 4.3 q1; the number of events = 335-683; σN = 0.07.
These results suggest a difference in the mechanism of transmitter release for
fast and slow IPSPs. We are currently testing whether the latter are mediated by
strychnine-resistant glycine-channels or other ligand gated channels.

SYNAPTIC AMPLIFICATION BY REFLECTED ACTION POTENTIALS.
S. A. Baccus*and K. J. Muller . Neuroscience Program and Dept. of
Physiology & Biophysics, University of Miami, Miami, FL 33136.
Action potentials propagating through an axon region whose diameter
increases abruptly may reverse direction, or reflect. W e show that
reflection of impulses occurred at central branch points in leech pressure
(P) mechanosensory neurons, greatly enhancing transmission from
adjacent synapses onto the anterior pagoda cell
(AP). These synapses were activated twice, by
incoming (solid arrow in figure) and reflected
impulses in rapid succession, producing a large
synaptic potential like that of a facilitated paired
pulse. Reflection is thus a mechanism allowing
an axon’s geometry to amplify transmission.
Reflection could occur in other structures where
impulses propagate near failure, such as in
excitable dendrites. In the leech, conduction
block at central bifurcations produced by
increased firing frequencies is known to reduce
synaptic transmission. Since reflection is also
activity dependent and produces greater transmission than full or blocked
conduction, reflection can enhance contrast across the frequency
spectrum. Reflection is also expected to enhance spatial contrast by
increasing transmission from the edge of the receptive field, which is
innervated by thin axons.
This added computational complexity is
produced in the system not by additional neurons, but by control of the
structure and biophysical properties of axon branch points.
Supported by a HHMI Fellowship (SAB) and NIH R01-N S34927.
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GATING OF ACTION POTENTIAL PROPAGATION ALONG CA3 PYRAMIDAL,
CELL AXONS BY A-LIKE K+ CONDUCTANCES: A SIMULATION STUDY.
I.L. Kopysova and D. Debanne*.
Unité de Neurocybernétique Cellulaire, UPR 9041 CNRS, Marseille, France.
In CA3 pyramidal cells, it has been shown that propagation of action potentials to
nerve terminals was impaired if presynaptic action potentials (pAP) were preceded by
a brief somatic hyperpolarization or an IPSP [Debanne et al., (1996) Soc. Neurosci.
Abstr. 22, 31.3]. The activation of an A-like K+ current was found to shunt the pAP.
In order to address the questions of the morphological variability of the axon and the
location of K+A channels in the axon, we used a modeling approach. The simulation
was performed on a realistic branching axon of a CA3 pyramidal cell with known
ionic conductances (gNa+, gCa2+, gK+Ca2+, gK+D and gK+A). gNa+ in the soma and
initial segment was taken from recent estimations (Colbert & Johnston, 1996).
Axonal gNa+ was at least 20 times larger than in the soma, as suggested by Rapp et
al (1996). The model provided the generation of pAP with parameters close to those
observed experimentally. Propagation of pAP along the axon was found to be
regulated by the distribution of K+A channels. Somatic hyperpolarization was poorly
attenuated in the axon when K+A channel density was locally decreased, but was
strongly attenuated when K+A channel density was locally increased. Propagation
failures occurred only when the pAP was elicited following a somatic
hyperpolarization. Somatic IPSPs were also found to be able to activate K+A channels
and to block the conduction of the pAP, as observed experimentally. Finally,
propagation block was dependent on the axonal morphology and could be observed
only in particular axon collaterals. We conclude that gating of pAP propagation by
A-like K+ conductances in the axon collaterals of CA3 pyramidal cells depends on
the morphology and the local distribution of K+A channels in the proximal part of the
axon.
Supported by the CNRS and the Philippe Foundation.

LEARNING AND MEMORY: SYSTEMS AND FUNCTIONS— PRIMATES I
12.1

12.2

ROLE OF ORBITOVENTRAL PREFRONTAL CORTEX IN CONDITIONAL
MOTOR LEARNING. E. A. Murray* and S. P. Wise, Labs. Neuropsychology &
Systems Neuroscience, NIMH, NIH, Bethesda, MD 20892.
Two rhesus monkeys were tested to determine whether ventral and orbital
prefrontal areas (PFv+o) are necessary for conditional motor learning (CML). On
each behavioral trial, a complex visual stimulus was presented in the center of a
video screen. The stimulus remained on the screen until the monkey responded by
making one of three possible joystick movements: left, right, or down. For each
stimulus, one and only one response was scored correct and reinforced. Three
novel stimuli, mapping 1:1 onto the responses and randomly chosen from trial-totrial, were administered for a total of 50 trials. Then a new set of 3 stimuli was
presented for learning in the next 50 trials, and so on, until the 2 monkeys had
received a total of 4 or 8 sets per daily session, respectively. After the monkeys had
learned the task, they received bilateral aspiration lesions of the PFv+o; the removal
extended from the ventral lip of the principal sulcus ventrally to include the entire
inferior convexity and the entire orbital cortex. Dorsal and medial prefrontal areas
remained intact, as did the premotor areas. To measure the effect of this lesion on
CML, we compared the mean percent error obtained in the last 5 preoperative test
sessions with the last 5 (of 15) postoperative ones. Removal of PFv+o had a
dramatic effect: mean percent error increased from 29% to 62% (chance = 67%).
Further, postoperatively, neither monkey adopted the win-stay, lose-shift strategy
that was evident preoperatively. The deficit could not be attributed to incapacity in
visual information processing, per se, because both monkeys were able to solve
novel visual discrimination problems postoperatively, to a criterion of 90% in 20.5
trials (normal controls do so in 8.5 ± 2.0 trials). We conclude that PFv+o is
necessary for learning the association of arbitrary visual stimuli with spatiallydirected movements and for employing previously learned cognitive strategies.
Supported by the NIMH-IRP.

HYPOTHALAMIC-CORTICAL DISCONNECTION IMPAIRS VISUAL
RE WARD-ASSOCIATION LEARNING IN RHESUS MONKEYS.
A. Easton* and D. Gaffan. Exp Psychology, Oxford University, Oxford OX1 3UD,
U.K.
Aspiration lesions of the amygdala impair visual reward-association learning, and
recent studies suggest that this effect is due to the interruption of fibres of passage
rather than to the destruction of cell bodies in the amygdala. These fibres of
passage include axons of hypothalamic cells which project into the neocortex of
the temporal lobe, including visual association cortex area TE. Since hypothalamic
neurons signal food reward, this hypothalamic-cortical pathway may be important
in learning visual associations with food reward. To test this idea, we trained
monkeys preoperatively in visual reward-association learning and then we
disconnected this pathway surgically by crossed unilateral lesions of cortical area
TE in one hemisphere and the hypothalamus in the other hemisphere. The lesions
were made in two stages, with behavioural testing after each stage. Each of these
lesions by itself had little effect on visual reward-association learning (concurrent
learning of new sets of 10 simultaneous visual discriminations in an automated
apparatus), and they did not produce unilateral visual neglect in a separate task
designed specifically to test neglect. When the two lesions were combined,
however, this produced an impairment in visual reward-association learning
comparable in severity to that which follows bilateral amygdalectomy. We
conclude that some of the impairments in visual learning for food reward seen after
aspiration amygdalectomy can be ascribed to the interruption of axons which
originate from cells within the lateral hypothalamus and pass through the amygdala
to the visual association cortex.
This research was funded by the Medical Research Council (UK).

12.3

12.4

FRONTAL / TEMPORAL DISCONNECTION IN MONKEYS: MEMORY
FOR STRATEGIES AND MEMORY FOR VISUAL OBJECTS. A. Parker*
& D. Gaffan. Dept of Experimental Psychology, University of Oxford, UK.
Cynomolgus monkeys (Macacafascicularis) were trained in a strategy problem,
in which 2 groups of visual objects needed to be treated in 2 different ways
(“persistent” and “sporadic” object choices) for efficient performance of the task.
Following surgical removal of the prefrontal cortex in one hemisphere and inferior
temporal cortex in the contralateral hemisphere, the animals were severely
impaired in their performance, needing to make many more responses to gain a
fixed number of reward pellets (see Figure; perfect performance is 2.5 responses
per reward). Neither of these unilateral lesions alone had an effect on performance
of this task. These animals were
not impaired, however, in visual
two-choice
discrimination
learning, using the same type of
visual stimuli. We propose
frontal /temporal interaction in
this task requires strategic
memory processing in frontal
lobe to access memory for the
visual properties of the stimulus
objects stored in temporal lobe.
This task can be considered to
be a monkey analogue of the
strategy tasks known to be
sensitive to frontal lesions in
humans.
This research was funded by the Medical Research Council (UK).

FRONTAL LOBE INTERACTION WITH TEMPORAL LOBE IN
RECOGNITION MEMORY AND ASSOCIATIVE MEMORY IN
MACAQUES. D. Gaffan*. A. Parker and A. Easton. Exp Psychology, Oxford
University, Oxford OX1 3UD, UK.
Unilateral frontal lobectomy combined with forebrain commissurotomy and
unilateral ablation of perirhinal cortex in the opposite temporal lobe produced a
severe impairment in visual recognition memory (delayed matching-to-sample),
equal to the impairment produced in the same task by bilateral perirhinal cortex
ablation. The task was not impaired by either of these unilateral lesions alone. Thus,
visual recognition memory depends on a within-hemisphere interaction of frontal
and temporal cortex. In this respect visual recognition memory is similar to visual
strategy learning and visual conditional learning, which both depend on a withinhemisphere interaction of frontal cortex with the temporal lobe visual association
cortex area TE (Parker and Gaffan, this meeting). In a further group of monkeys,
visual reward-association learning was not impaired by unilateral frontal lobectomy
crossed with unilateral ablation of area TE, but it was impaired by bilateral TE
lesions and also by bilateral frontal lobectomy. Two monkeys with bilateral frontal
lobectomy were unable to learn a single 2-choice visual discrimination for food
reward between stimuli differing both in shape and colour. Thus, the frontal lobe is
necessary for all the visual memory tasks we have examined (delayed matching,
reward-association learning, conditional learning and strategy learning). Frontal
interaction with the temporal lobe can be between-hemispheres in visual reward
association learning but must be within-hemisphere in the other visual memory
tasks. These frontal-temporal interactions do not all require direct cortico-cortical
interaction, since in our previous studies section of the uncinate fascicle left
recognition memory and reward-association memory intact, impairing only visual
conditional learning. Possible subcortical routes of frontal-temporal interactions
include frontal-hypothalamic and hypothalamic-temporal projections, since the
hypothalamic-temporal projection is known (Easton and Gaffan, this meeting) to be
important in visual reward-association learning.
This research was funded by the Medical Research Council (UK).
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12.5
CONCURRENT DISCRIMINATION LEARNING AND OBJECT
IDENTIFICATION ARE IMPAIRED AFTER PERIRHINAL CORTEX
ABLATION IN THE MONKEY.
M. J. Buckley * and D. Gaffan. Exp Psychol, Oxford University, Oxford 0X1 3UD,
U.K.
Whereas it is established that damage restricted to the to the perirhinal cortex o f the
monkey is sufficient to produce severe recognition memory impairments, the effects
upon discrimination learning have remained inconclusive. We assessed visual learning
and performance abilities o f 3 cynomolgus monkeys with bilateral perirhinal cortex
ablations (PRh group), relative to a group o f normal controls, upon a series of
concurrent visual discrimination learning tasks. The PRh group were impaired at
postoperative reacquisition o f a set o f 20 preoperatively learnt problems (between
pairs of colored patterns presented on a touchscreen with 24-h intertrial intervals).
Differences in postoperative learning o f 20 new problems did not attain statistical
significance. However, impairments were found in the PRh group when the task was
then made harder by increasing the number o f incorrect foils in each trial or by
increasing the number of problems in the concurrent learning set. The PRh group were
also impaired in learning new sets containing only 10 problems (with real objects in a
Wisconsin General Test Apparatus and with digitized images o f objects presented on
a touchscreen) in a subsequent task in which the objects were presented in 1 o f 3
different views in each trial. Following retraining to criterion on all problems in this
task, the PRh group showed performance deficits when tested using previously unseen
(but similar) views o f the objects. The PRh group also showed performance deficits on
a task in which 10 well-Iearnt problems were presented within digitized images o f
scenes. These results all support the hypothesis that the perirhinal cortex has a role in
identifying multiple individual objects and that damage to this structure will impair
both recognition memory and discrimination learning when the task taxes the subject’s
ability to identify multiple individual objects to a sufficient extent. Supported by UK
MRC.

SUNDAY AM

12.6
MEMORY FOR THE LOCATION OF OBJECTS AFTER SEPARATE LESIONS
OF THE HIPPOCAMPUS AND PARAHIPPOCAMPAL CORTEX IN RHESUS
MONKEYS. L. Malkova* and M. Mishkin. Laboratory of Neuropsychology,
NIMH, Bethesda, MD 20892.
In an earlier study (Parkinson et al., 1988), monkeys with aspirative
hippocampal lesions that included the subjacent parahippocampal cortex were
found to be impaired on a task in which they were required to remember the spatial
positions of two different trial-unique objects overlying two of the wells in a threewell test tray. The present study sought to determine the separate contribution of
the hippocampal formation (H) and the parahippocampal cortex (PH) to
performance on the same task. Six monkeys were trained on the task to the
criterion of 90% correct responses, and their performance was then assessed for
600 additional trials, on which they averaged 83% correct. Three of the monkeys
were then given bilateral H lesions, made by injecting ibotenic acid so as to spare
the subjacent PH cortex, and three were given bilateral aspiration lesions of the PH
cortex. Analysis of MR scans indicated that the bilateral volume of the
hippocampus in the monkeys with H lesions was reduced to an average of 66% (60,
76, and 62%, respectively) of its preoperative value; PH lesions appeared to be
largely as intended. During 600 trials of postoperative testing, the monkeys with H
lesions showed no impairment in performance (82% vs. 83% preop) whereas those
with PH lesions dropped to near chance levels (58% vs. 83% preop). This
impairment is of the same magnitude as that observed originally after the
aspirative hippocampal lesions. Thus, contrary to the suggestion based on the
earlier finding, the hippocampal formation appears to play little or no role in this
form of object-place association. By contrast, the role of the parahippocampal
cortex, which receives spatial information from posterior parietal cortex directly
and indirectly through the retrosplenial cortex (Suzuki and Amaral, 1994) appears
to be critical. Although the MRI data support this revised interpretation, it must
remain tentative pending histological verification of the lesions. Supported by
NIMH-IRP.

12.7
DIFFERENT MEMORY ROLES FOR THE PARAHIPPOCAMPAL AND
PERIRHINAL CORTICES IN SPATIAL REVERSAL. E. Teng*. L.R. Squire,
and S. Zola. Departments of Neurosciences and Psychiatry, UC San Diego,
La Jolla, CA 92093 and VA Medical Center, San Diego, CA 92161.
Recent neuroanatomical studies have shown that parahippocampal
cortex (PH) receives a greater proportion of its inputs from putative spatial
processing areas (e.g. posterior parietal cortex) than does perirhinal cortex
(PR). Accordingly, it is possible that damage to PH will result in greater
deficits on spatial tasks than damage to PR. To evaluate this possibility, we
tested 5 monkeys with intended damage to PH, 4 monkeys with intended
damage to PR, and 3 normal control monkeys on the spatial reversal task.
This task yields two separate measures: initial learning and reversal learning.
A two-way repeated measures ANOVA (errors on initial learning and mean
errors on five reversals) yielded a significant group by task interaction (p<.001,
seefigure). Further analysis revealed that damage to PR significantly
impaired initial learning (p<.05), while
damage to PH significantly impaired reversal
learning (p<.05).
These data raise the
possibility that PH is more important than PR
for the flexible use of spatial memory (as
measured by reversal learning). Additionally,
these findings suggest that PR is more
important than PH for simple two-choice
discrimination learning (as measured by
initial learning). (Supported by VA, NIH,
NIMH, NIGMS, McDonnell-Pew Center for
Cognitive Neuroscience)

12.8

12.9

12.10
A REEXAMINATION OF CONCURRENT DISCRIMINATION LEARNING: THE
IMPORTANCE OF INFEROTEMPORAL CORTICAL AREA TE. E.A. Buffalo*.
L. Stefanacci. L.R. Squire, and S.M. Zola. Depts. of Psychiatry and
Neurosciences, UCSD, La Jolla CA 92093, and VAMC, San Diego, CA 92161.
Concurrent discrimination (CD) learning has figured prominently in
determining the effects of medial temporal lobe damage in monkeys.
However, both impaired CD performance as well as spared CD performance
have been reported following medial temporal lobe damage. We explored the
possibility (first suggested by Malamut et al., 1984) that the variable findings
from CD tasks, involving monkeys with medial temporal lobe lesions, might be
explained in terms of how much inadvertent damage occurred to cortex
adjacent to the medial temporal lobe, specifically, inferotemporal cortical area
TE. Lesions of area TE alone have been shown to impair CD learning.
However, most studies of TE lesions have been based on earlier
interpretations of the border between area TE and adjacent perirhinal cortex
(PR). A more recent interpretation of this border indicates that it is more lateral
than previously thought. Therefore, what might have been identified as area
TE damage in earlier studies might actually have been PR damage.
Accordingly, we reexamined the behavioral data and the histological material
from twenty-three monkeys with medial temporal lobe lesions previously
tested in our laboratory, and we assessed the amount of damage to area TE
and PR. A multiple regression analysis indicated that the amount of
inadvertent damage to area TE was predictive of impaired (CD) performance
(p<.001), but damage to PR was not (p>.10). We also assessed the amount of
damage to the hippocampal region, the entorhinal cortex, and the
parahippocampal cortex. A canonical correlation analysis revealed that damage
to area TE was uniquely predictive of CD performance relative to medial
temporal lobe structures. These findings resolve earlier inconsistent findings
by demonstrating the importance of area TE for CD performance. (Supported
by VA, NIH, NIMH, McKnight, and the McDonnell-Pew Center for Cognitive
Neuroscience)

DIFFERENT BEHAVIORAL EFFECTS OF DAMAGE TO PERIRHINAL
CORTEX AND VISUAL AREA TE: VISUAL SHORT-TERM VS LONG-TERM
MEMORY. S.M. Zola* E.A. Buffalo. S.J. Ramus, and L.R. Squire. Depts. of
Psychiatry, and Neurosciences, UCSD, La Jolla CA 92093, and VAMC, San
Diego, CA 92161.
There is debate about whether the perirhinal cortex (PR) is involved primarily
in visual perception or memory. To clarify further the role of PR, we compared
the performance of 4 monkeys with PR damage to 4 monkeys with damage to
inferotemporal cortical area TE, a region commonly believed to be important for
visual perception. The two lesion groups and a group of 3 normal monkeys
were tested on the delayed nonmatching to sample task at delays of 0.5 sec, 1
sec, 1 min, and 10 min. If PR plays a role in visual perception, the PR group,
like the TE group, should be impaired at the shorter delays. Alternatively, if PR
has primarily mnemonic functions, the PR group should be impaired at the
longer delays, but should exhibit intact performance at the shorter delays.
Monkeys were first trained at a 0.5 sec delay to a criterion of 90% correct
performance. Monkeys with PR lesions were unimpaired at learning the task.
(PR=898 trials, N=495 trials; PR vs N, p>.10). By contrast, monkeys with area
TE lesions were severely impaired on learning the task; indeed three of the
four monkeys failed to reach criterion within 3,000 trials (TE vs PR or N, p<.05).
Additionally, monkeys with PR lesions were unimpaired at the shorter delays (1
sec; PR=91% correct, N=94% correct; 1 min; PR=71% correct, N=72%
correct, ps>.10). However, with the longer delay (10 min), monkeys with PR
lesions performed worse than the normal monkeys (PR=55% correct, N=61%
correct), and the performance of the PR group was not different from chance.
These findings demohstrate a severe visual-perceptual deficit after area TE
lesions but not PR lesions. Lesions of PR impaired long-term memory and
spared short-term memory. (Supported by VA, NIH, NIMH, and the McDonnellPew Center for Cognitive Neuroscience).

S o c ie ty f o r N e u r o s c ie n c e , V o lu m e
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PERIRHINAL DAMAGE IMPAIRS MEMORY ON THE VISUAL PAIREDCOMPARISON TASK. R.E. Clark. E. Teng. L.R. Squire and S. Zola. UCSD, La
Jolla, CA 92093 and VA Medical Center, San Diego, CA 92161.
Several studies have shown that damage to the perirhinal cortex is sufficient to
impair performance on memory tasks in the monkey. To explore whether the
impairment that follows perirhinal damage is visual-perceptual or mnemonic, we
have used the visual paired-comparison task, which is highly sensitive to medial
temporal lobe damage. In this task, two identical stimuli are presented for side by
side viewing (familiarization). Subsequently, the original stimulus and a new stimulus
are presented side by side (test). Memory is measured by the greater percent of time
the monkey spends looking at the new stimulus compared to the original stimulus
(preferential looking). By changing the delay between the familiarization and test
phase, perceptual demand is held constant, while the demand on memory is varied.
We used a short delay (1 second), which places little demand on memory and longer
delays (10 sec., 1 min. and 10 min.) which places a greater demand on memory.
Normal (N) monkeys (n=13) and
monkeys with damage to perirhinal
(PR) cortex did not differ at the 1-sec.
delay. At the 3 longer delays, however,
the PR group performed poorly (see
figure). The PR group was
significantly impaired when the 3
longer delays were combined (N=66%,
PR =57% p.<0.05). These data suggest
that damage to PR cortex impairs
memory, but not perception.
Supported by NIH, VA, NIMH, and
NRSA.
Delays
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M O N K E Y S ' P E R F O R M A N C E ON A V IS U A L R E C O G N IT IO N T A S K IS
V U L N E R A B L E TO D IS R U P T IO N F R O M E L E C T R IC A L S T IM U L A T IO N IN
M E D IA L T E M P O R A L L O B E O R IN F E R O T E M P O R A L C O R T E X FO R O N L Y
A B R IE F P ER IO D IN B O T H E N C O D IN G A N D R E T R IE V A L P E R IO D S.

JL

R ingo*. MD Diltz & SG O'N eill. N eurobiology & A natom y, Univ. o f Rochester,
Rochester N Y .
Three m acaques w ere implanted with bilateral, stim ulating electrodes in the
medial temporal lobe (M T L ) and in inferotem poral co rtex (IT ). The monkeys
received electrical stim ulation on random ly selected trials o f a serial recognition
task. The trial-unique im ages w ere displayed for 5 0 m s. The stimulation train also
lasted 50 ms. The m onkeys' perform ance w as significantly affected by stimulation
occurring in a brief period lasting from im age onset until about 3 0 0 ms thereafter.
Significant disruption occurred for stimulation in either the encoding or the
retrieval period. The p erform ance as a function o f the asynchrony between the
electrical stimulation and the im age presentation is show n in the figure. These
data are from stimulation during encoding. A sim ilar brief period o f vulnerability
was evident in retrieval (not show n). Stim ulation to both M T L and IT showed
these characteristics.
Identical electrical stim ulation in M T L had no effect at all upon learning or
performance o f a tw o -ch o ice, visual discrim ination task w hich used sim ilar
d’

im ages. This suggests the perform ance
disruption is not due to general perceptual or
MTL

attentional disruption. E lectrical stimulation
in IT, h ow ever, did significantly affect
discrim ination perform ance. Stim ulation was
alw ays w ell below afterdischarge levels.

1 . 0 s

Supported by a grant from N IN D S.
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S-CO N E, IN PU T IS R E L A Y E D TO V IS U A L C O R T E X FR O M T W O K O N IO and Stewart H .C. H endry. Dept, o f N eurob iology, H arvard M edical S ch ool; Lab. o f

E f f e c t o f W a v e l e n g t h o n D i f f e r e n t i a l Im ages o f O c u l a r D o m in a n c e
a n d O r i e n t a t i o n in M o n k ey STRIATE CORTEX. N . P. M cLoughlin* and G.
B la s d e l. D ep t. of N euro b io lo gy , H arv ard M edical School, B oston, M A

N eurobiology , Rock efeller U n iv .; D ept. o f N eu roscien ce, Johns Hopkins Univ.

02155.

C E L L U L A R L A Y E R S O F M A C A Q U E L G N . R. C lay R e id * . Jo sé-Manuel A lonso

S-cone signals are relayed through a class o f bipolar cells to a population o f
small bistratified ganglion cells in m acaque retina, w hich have b lue-on receptive
fields (D acey and L e e , 1 9 9 4 ; N ature).

W hereas red/green opponent signals are

known to project to the parvocellular layers o f the LG N there has been no clear
indication o f the thalamic sites to which the blue-on inputs are relayed. This question
was exam ined by electrophysiological

recording o f the m acaque L G N

during

presentation o f cone-isolating visual stimuli. A clue to the likely location o f S -con e
input was found in parallel studies in which sites in the koniocellular (K ) layers o f
the LG N were injected with fluorescently tagged dextran am ines.

G anglion cells

that were retrogradely labeled were then injected in vitro with L u cife r Y ello w . These
studies show that axons o f small bistratified ganglion cells in the contralateral retina
terminate in the koniocellular layer (K 4 ) ventral to parvocellular layer 4 ; ipsilateral
small bistratifed cells terminate in the K layer 3 (K 3 ) ventral to parvocellu lar layer 3.
in neurophysioiogical studies, we have found that populations o f neurons in K 4
and K 3 (as dem arcated neurochernically) are driven by S -co n e inputs from the
contralateral and ipsilateral retinae, respectively.

B o th blue-on and blue - o f f cells

have been observed, but the source o f the blue-off signal is as yet unknown. Sim ilar
experiments dem onstrate that the K layers ventral to parvocellular layers 6 and 5 (K 6
and K 5 ) and to m agnocellular layers 2 and 1 (K 2 and K I ) display very different
receptive field properties and are innervated by different ganglion cell populations.
These data indicate that the middle tw o K layers (K 4 and K 3 ) in m acaque L G N
serve to an a ly z e -S -co r e inputs and relay them to visual co rtex.

This pathw ay is

distinct from the parallel circuits relaying M - and L -co n e signals: p arvocellular,

G.

Previous studies have shown that 720nm light can be used to map response
properties in striate cortex (Blasdel and Salama, 1986), that response prop
erties determined optically at this wavelength correspond to those inferred
from single unit recordings, and that blood vessels smaller than 200 µm do
not interfere. Though signals were enhanced with voltage sensitive dye in
these studies, the lack of vascular interference is consistent with hemoglo
bin's low absorption of light at 720 nm, which lies near an absorption mini
mum. Since 600 nm lies near an absorption maximum, and is therefore ab
sorbed 100 times more strongly by hemoglobin, we wondered whether super
ficial blood vessels could interfere with optical signals at this wavelength.
In order to assess this possibility, we recorded differential images of ocular
dominance and orientation from the same regions of monkey striate cortex,
illuminating alternately with 600nm and 720 nm on successive trials. All
aspects of stimulus presentation and frame collection otherwise remained
identical. Our results show that functional images of ocular dominance and
orientation obtained with 600 nm and 720 nm light correlate strongly in
avascular regions, but not in regions covered by blood vessels larger than
50µm . Since the patterns imaged with 600nm light correlate instead with
blood vessels in these regions, we conclude that blood vessels indeed block
600 nm light from entering and leaving cortex, and thereby prevent neuronal
activity from being monitored optically below. Supported by McDonnellPew 94-40 and NIH-EY06586.

m agnocellular, as well the m ore dorsal and ventral K layers.
Supported by N IH grants E Y 1 0 1 15 ( C R ) , E Y 0 5 2 5 3 (T . W ie s e l), E Y 0 6 4 3 2 (S H ).

13.3

1 3 .4

COLOR SELECTIVITY OF MACAQUE STRIATE CELLS: TEMPORAL
DYNAMICS AND SPATIAL FREQUENCY DEPENDENCE.
N. P. Cottaris*,1, S. D. Elfar3, L.E. Mahon1, and R. L. De Valois1,2
1Group in Vision Science and 2Dept. of Psychology, Univ. of California,
Berkeley, CA 94720; 3Center for Neuroscience, Univ. of California,
Davis, CA 95616.
Parvo LGN cells respond almost perfectly sinusoidally to stimuli in
which the L, M and S-cone contrasts vary sinusoidally. However, the
responses of many striate cells to these same stimuli resemble an
exponentiated sinewave (median exponent of ~2) resulting in narrower
chromatic bandwidth.
To study the temporal dynamics of this nonlinearity, we stimulated
cells with optimally oriented gratings whose color and spatial phase
were chosen randomly every 15-45 msec from a set of 16 color
directions (DKL) and 12 phases (Ringach et al., Soc. Neurosci. Abs., 1996).
The was done at each of several spatial frequencies. The spatial extent
of the stimulus was matched to the RF size as mapped with msequence stimulation. Using reverse correlation, we computed the
mean chromatic waveform preceding a spike at various delays.
For most cells, the earliest chromatic waveform was narrow and
maintained its bandwidth over time. This narrower chromatic tuning
is consistent with an instantaneous expansive nonlinearity. In some
cells, more complicated dynamics were seen, especially when low
spatial frequencies were used. These included gradual shifts in
chromatic preference, progressive sharpening, or double peaking as a
function of time. Chromatic shifts are compatible with a m ismatch in
the spatial extent of the L, M and S subregions of simple cell RFs
[Cottaris et al., Soc. Neurosci. Abs., 1996), whereas progressive sharpening
may result from intracortical inhibition.
Supported by NIH EY00014

UPPER CORTICAL LAYERS SHOW SYNCHRONY AT LOW LEVELS OF
ANAESTHESIA C. van der Togt*. V.A.F. Lamme. H. Spekreijse Graduate
School of Neurosciences Amsterdam, The Netherlands Ophthalmic Research
Institute, P.O.box 12141, 1 100AC Amsterdam.
Introduction The aim of this study was to investigate the dynamics of the
functional connectivity within the visual cortex by means of cross-correlation
analysis, under varying levels of anaesthesia. Two arrays of 16 electrodes were
inserted in the visual cortex of the rat. From these electrodes a depth profile was
obtained of the local spiking activity under visual stimulation (moving bar) and
during periods of spontaneous activity (no visual stimulation).
Results The cross-correlations between all electrodes were estimated for 8 series
of recordings in five rats. Three types of correlation functions were identified and
classified, based on peak width, as; “thin peaks”, “fast waves” and “slow waves”.
Large changes were observed in the types of cross-correlations and their spatial
distribution due to changes in the level of anaesthesia. Two states were
identified; the “thin peak” state and the “slow wave” state. The “thin peak” state
was characterized by high frequency activity and the presence of thin peaks in
all inter-array combinations of electrodes. Thin peaks with the largest strength
were found in the upper combinations, and thus in the upper layers of the
cortex. The “slow wave” state was characterized by the presence of exclusively
slow waves, which were limited mostly to the middle and lower combinations.
The slow wave state can be associated with a deep level of anaesthesia, and the
thin peak state with a light level of anaesthesia. Thin peaks can be shown to
represent small numbers of tightly synchronous neurons.
Conclusion
Activation of the cortex is mediated by the appearance of
synchrony between small groups of neurons in the upper layers of the cortex.
(Funded by a European Human Frontier Science Program (HFSP) grant)
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Use-dependent reversible modification in the composition of synchronously
firing ensembles in cat visual cortex. S Herculano*. MHJ Munk and W Singer,
Max-Planck-Institut for Brain Research, Frankfurt a.M. 60528, Germany.
It has been proposed that responses of neuronal populations coding for related
features are selected and bound together for joint processing by transient synchroni
zation of their discharges. Learning to perceive stimulus features as related or unrelated
should thus result in modifications of the neuronal composition of synchronously firing
ensembles. This predicts that synchronization should increase among pairs of neurons
if they are frequently activated in synchrony, while it should decrease if the pairs are
made to discharge in an uncorrelated way. To test this prediction we recorded multiunit visual responses simultaneously from several sites in the visual cortex of adult,
anesthetized cats. Visual responses were conditioned for 30-60 min using either visual
stimuli that elicited synchronized responses at the recording sites, or stimuli that
elicited decorrelated visual responses. In order to enhance use-dependent synaptic
plasticity, visual stimuli were paired during conditioning with electrical activation of
the mesencephalic reticular formation.
Synchronization of neuronal responses depended on cortical activation, occurring
selectively when the EEG contained gamma-frequency activity above a critical level.
Synchronization increased during conditioning with synchronizing stimuli, and this
enhancement outlasted conditioning in four of 11 pairs of recording sites. After
conditioning, the level of cortical activation required for neuronal synchronization to
occur was significantly lower than before pairing in all four cases. These four pairs
were then subjected to the decorrelation procedure, which led to a lasting disruption of
synchronization in all four pairs. Synchronization failed to occur even at very high
levels of cortical activation for as long as one hour after decorrelation conditioning.
When conditioning with synchronizing stimuli was resumed, synchronization
recovered in all four pairs, and occurred as previously in the course of the following
hour whenever the EEG showed strong gamma activity.
Our results show that the composition of synchronously firing ensembles can be
modified during states of strong cortical activation, providing a possible mechanism for
the learning of new stimulus associations. Supported by the MPG.
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LATENCY, EXCITABILITY, AND SPIKE TIMING CORRELATIONS
C. D. Brody*. CNS Program, Caltech 139-74, Pasadena CA 91125
It is known that peaks in the shuffle-corrected cross-correlograms of spike
trains of two cells are due to covariations, not time-locked to the stim
ulus, in the responses of the two cells. Traditionally, such peaks have
been interpreted as evidence of spike timing coordination between the two
cells. However, there are other ways to covary which generate very similar
peaks. I describe two of them here: (1) covariations, over different trials,
in the overall latency of response; and (2) covariations, over different tri
als, in the overall excitability (i.e. average firing rate) of the response.

100 (ms)

Shuffle-corrected cross-correlograms of simulated Poisson cells constructed
with such covariations, plus another one constructed with spike timing
correlations, are shown above. All three peaks indicate genuine, signif
icant, covariations in the responses of the cells. However, the different
types of correlations may have very different postsynaptic effects (of in
terest with respect to information coding) and, in experimental data, may
be caused by very different mechanisms. Thus, despite their apparent
similarity, it is important to be able to distinguish between them. I have
developed, and will present, data-driven methods that achieve this.
Funded by NSF Cooperative Agreement No. EEC-9402726

1 3.7

1 3 .8

PERCEPTUAL CORRELATES OF NEURONAL SYNCHRONIZATION IN A
NETWORK OF REALISTIC CORTICAL CELLS WITH LONG-RANGE
HORIZONTAL CONNECTIONS. Shih-Cheng Yen*1. Elliot D. Menschik2. John
Nafziger2 and Leif H. Finkel1,2. 1Department of Bioengineering, 2Institute of
Neurological Sciences, University of Pennsylvania, Philadelphia, PA 19104.

FAST SYNAPTIC SIGNALING AND MODULATION OF INTRINSIC CIRCUITS
BY NICOTINIC ACETYLCHOLINE AND SEROTONIN 5HT3 RECEPTORS IN
DEVELOPING VISUAL CORTEX B. Roerig* and L.C. Katz. Howard Hughes
Medical Institute and Department of Neurobiology, Duke University Medical Center,
Durham, NC 27710
Cholinergic and serotonergic fibers invade the visual cortex several weeks
before eye opening and have been implicated in plasticity of neocortical circuits. In
developing ferret visual cortex, we isolated fast spontaneous and evoked cholinergic
and serotonergic synaptic events in pyramidal cells and interneurons. Whole cell
recordings of spontaneous synaptic activity were made from 152 neurons in slices
from animals ages postnatal day 8 (P8) to P37. To isolate nicotinic and serotonergic
currents, glutamatergic and GABAergic synaptic transmission were blocked by
receptor selective antagonists. After P I4, 38% of tested cells had spontaneous
synaptic events that were suppressed by the nACh receptor antagonist dihydro-betaerythroidine (100 µM). Serotonergic synaptic currents blocked by the 5-HT3 receptor
antagonist ICS 205-930 were found in 20% of the recorded neurons. The number of
cells receiving such inputs increased with the ingrowth of thalamic afferents and the
frequencies of the spontaneous events increased at eye opening. Optical recordings of
voltage-sensitive dye signals revealed cholinergic and serotonergic response
components in all cortical layers. Application of 5-HT3 receptor or nicotinic agonists
decreased the amplitude and lateral extent of excitation throughout postnatal
development by modulating the frequencies of spontaneous synaptic currents. Thus
both acetylcholine and serotonin mediate fast synaptic transmission through receptors
that also modulate intrinsic circuit response properties in the visual cortex. The early
onset of these mechanisms suggests a role during initial stages of circuit formation and
during experience-dependent remodeling of cortical connections. Supported by NIH
(NEI) EY07690 (L. C. K.) and a Human Frontier Science Program postdoctoral
fellowship (B.R.).

We show results of a model in which long-range horizontal connections
mediate the perceptual salience of contours (Gilbert, 1992, Neuron 9:1-20) based on
temporal synchronization of cell activity. The model consists of oriented simple
cells, with co-axial and trans-axial facilitatory connections. Inhibitory connections
modulate facilitatory effects based on the density of stimuli in the surround. Strongly
facilitated cells enter a “bursting” mode in which cells can synchronize with other
bursting cells. The sum of synchronized activity represents the perceptual salience of
a contour. Realistic multi-compartment pyramidal cells and interneurons were used
to model bursting cells. Cells in each orientation column were represented by a
group of eight pyramidal cells and eight interneurons (adapted from Traub et al.,
1996, Nature 383:621-4). Horizontal connections were represented by connections
between neighboring groups. The peak conductance of the inter-group connections
was modulated to reflect the strength of the horizontal connections.
Interneuron-based synchronization leads to global synchronization with
only local connections. In addition, at the same connection strength, synchrony on a
closed chain is much more robust than synchronization on an open chain. The
dramatic change in perceptual salience that accompanies closure (Kovács and Julesz,
1993, PNAS 90:7495-7) can thus be understood as a transition to synchrony of an
initially desynchronized neuronal population. The model also accounts for a number
of other physiological and psychophysical results on contour salience (Kapadia et al.,
1995, Neuron 15:843-56; Polat and Sagi. 1994,Vis Res 34:73-8; Field et al., 1995,
Vis Res 33:173-93; Kovács et al., 1996, ARVO 37:3078; Pettet et al., 1996, ARVO
37:4368).
Supported by ONR N00014-93- 1-0242, NSF, and The Whitaker Foundation
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MEMBRANE POTENTIAL TRAJECTORY PRECEDING VISUALLY
EVOKED ACTION POTENTIALS IN CAT’S VISUAL CORTEX.
L. G. Nowak*. M. V. Sanchez-Vives and D. A. McCormick. Section of
Neurobiology, Yale University School of Medicine, New Haven, CT 06510.
Although it is reasonable to assume that a visually evoked action potential is
preceded by a depolarization, the characteristics of this depolarization are
relatively unknown. Two models of temporal synaptic integration lead to
somewhat different predictions. Either the neuron summates randomly occurring
EPSPs and IPSPs, in which case the membrane potential trajectory preceding
action potentials may consist of a regular and slow depolarization until action
potential threshold is reached.
Alternatively, the neuron may perform a
coincidence detection on synchronously occurring EPSPs, in which case the
membrane potential trajectory preceding an action potential should consist in a fast
rising depolarization from resting membrane potential. To test these hypotheses,
we performed intracellular recordings in cat’s area 17 (anesthetized with N 20/02
and halothane) and performed spike triggered averaging of the membrane
potential. The cells (n=8) were activated by optimized moving bars or drifting
gratings. The averaged membrane potential trajectory preceding an action
potential consisted of 2 phases, a slow one that develops over several tens or
hundreds of msec and reaches an amplitude of 8.7 ±3.1 (S.D.) mV, followed by a
faster one, with a rise time of 7.9 ± 7.4 msec and an amplitude of 4.5 ±2.1 mV.
The fast component represents 34% of the total depolarization leading to action
potential threshold. However, the true height of the fast component is unknown,
since voltage dependent conductances may modulate this, and the occurrence of an
action potential will obscure those components of the PSP rising above firing
threshold. Although preliminary, these data indicate that action potentials are
triggered by both uncorrelated EPSPs that provide the main depolarization, and by
a number of coincident EPSPs that directly lead to firing threshold. The source of
coincidence is presently unclear; it could be a random coincidence or the result of
synchronized presynaptic activity. (Supported by NSF).

CORTICAL INTERNEURONS IN VIVO:
PHYSIOLOGICAL AND
FUNCTIONAL PROPERTIES.
R. Azouz*. C.M. Gray. L.G. Nowak, and D.A. McCormick. Center For
Neuroscience, University of California, Davis, CA 95616 and Yale Univ. Med.
Sch. 333 Ceder St. New Haven CT 06510.
Physiological and morphological properties of identified interneurons in the striate
cortex of the cat were studied in vivo by intracellular recording and staining with
biocytin. In conformity with in vitro studies, these non-pyramidal cells have very
brief action potentials associated with a high rate of fall, and a large
hyperpolarizing afterpotential. These cells show high discharge rates, little or no
spike frequency adaptation in response to depolarizing current injection, as well as
a diverse range of firing patterns. All labeled cells were aspiny or sparsely spiny
basket cells, with bitufted or radial dendritic arrangements, and were found in
layers II-IV. Their axonal arborizations were more dense near their somata and
extended horizontally or vertically. Of fifteen visually responsive cells tested, the
receptive field properties of eight cells and the orientation and direction
preferences of ten cells were determined. Seven of the successfully mapped cells
had simple receptive fields while one had a complex receptive field type. The
orientation and direction tuning properties of the overlapping set of ten cells
showed a broad spectrum ranging from unselective to tightly tuned. The majority
exhibit a clear preference for orientation and only one cell was clearly direction
selective. Quantitative analysis of the temporal properties of the spike trains
during visual stimulation and spontaneous activity revealed that these cells do not
exhibit any significant periodic activity, and fired at rates that were well below
their maximum in response to depolarizing current pulses. These results suggest
that fast-spiking cortical interneurons participate in the generation of a variety of
different response properties of cortical neurons.
Supported by grants from the Human Frontiers Science Program, the National Eye
Institute, Fyssen foundation and the National Science Foundation.
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THE INFLUENCE OF BACKGROUND ACTIVITY ON VISUAL RESPONSE
PROPERTIES OF CORTICAL CELLS IN THE CAT’S STRIATE CORTEX
C.M. Gray* and R. Azouz. Center For Neuroscience, University of California,
Davis, CA 95616.
It has previously been shown both theoretically and experimentally that
background activity may explain the large variability in evoked cortical responses.
In order to determine the cellular mechanisms underlying this phenomenon, we
performed intracellular recordings from neurons in the cat’s striate cortex. The
effect of background activity on visual response properties of cortical cells was
assessed by studying the membrane potential fluctuations and spike activity during
two epochs from each trial, one during the period of spontaneous activity preceding
the visual response and the other centered on the initial part of the visual response.
We' found that the magnitude of the evoked response, expressed as a change in
membrane potential or firing rate, was directly related to the preceding background
activity. This correlation held for conditions in which the cells were hyperpolarized
to prevent the activation of intrinsic active mechanisms. Furthermore, we
discovered that this correlation was reduced when the cells were presented with
non-preferred stimuli. The results suggest that global background activity of the
network as well as neuronal intrinsic properties can control how individual cells
process sensory input.
Supported by the Human Frontiers Science Program and the National Eye
Institute.

ACTION POTENTIAL AMPLITUDE AND SINGLE CELL SELECTIVITY IN
PRIMARY VISUAL CORTEX (V1) OF ALERT MONKEYS. Moshe Gur*,

Alexander Beylin and D. Max Snodderly1. Biomed. Eng., Technion, Haifa 32000,
Israel;1Schepens E. R. I., Boston MA, 02114
We have recently suggested that inhibitory mechanisms play a major role in
shaping response properties of neurons in visual cortex of alert monkeys.
Repeatedly, we have observed that cells requiring highly specific stimuli were
usually easy to record from, and had large action potentials, thus indicating a
large cell soma. To quantify a possible relation between action potential
amplitude and stimulus selectivity we recorded action potential amplitudes and
measured on going activity, size of receptive field activating regions (ARs), and
orientation selectivity.
We recorded from 183 single cells in all VI layers. Eighty eight of these
cells were recorded as pairs or triplets at the same recording sites. All cells
were stimulated with bars of near-optimal orientation, color, and dimensions.
Action potential amplitude was negatively correlated with ongoing activity
(119 cells) and AR size (122 cells), but positively correlated with orientation
selectivity (96 cells). That is, cells with large action potentials had lower
ongoing activity, smaller ARs and were more selective for orientation than cells
with small action potential amplitudes.
We speculate that large amplitude cells have large somas and dendritic
fields, which may serve to collect inhibitory inputs from a large spatial extent.
This inhibition combines with excitatory inputs to generate a high degree of
selectivity.
Supported by Technion Fund for Promotion of Research (M.G.).

13.13
FREQUENCY OF NEURONAL OSCILLATIONS IN MONKEY
STRIATE CORTEX IS MODULATED BY STIMULUS VELOCITY. P.E.
Maldonado1*. C.M.Grav1’2 1Center for Neuroscience, and 2Section of
Neurobiology, Physiology and Behavior, University of California, Davis,
CA 95616 USA
We have demonstrated the presence of stimulus-dependent
oscillatory firing patterns in single and multiunit recordings from the
primary visual cortex of alert macaque monkeys. The frequency of
oscillation of these neurons ranges from 25 to 60 Hz. One stimulus
condition that strongly influences the firing frequency is movement. We
found that stationary square wave gratings always elicited lower frequency
of firing than those of drifting gratings.
In the work reported here, we examined the oscillation frequency of
cells by systematically varying the velocity of a square wave grating
(ranging from 0 to 7.78 deg/sec). Using the tetrode technique, we obtained
single and multiunit activity from cells recorded in VI of alert macaque
monkeys performing a visual fixation task. Of 387 units recorded, 112
(29%) exhibited significant oscillatory firing patterns. We found that all but
two cells increased their frequency of oscillation in proportion to the
velocity of the stimulus. The rate of frequency change with stimulus
velocity was found to be independent of the overall firing rate and/or the
stimulus velocity preferred by the cells. This result demonstrates that
neuronal oscillations are strongly modulated by stimulus velocity and may
account for differences in frequency distributions seen between different
animals or species. Supported by The National Eye Institute.
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P E R C E P T IO N A N D N E U R A L R E P R E S E N T A T IO N O F H E A D IN G
D U R IN G G A Z E -R O T A T IO N . K.V. Shenoy*, J.A. Crowell, D.C. Bradley
and R.A. Andersen. M /C 216-76, Div. of Biology, Caltech, Pasadena, CA 91125.
We recently reported that roughly half of primate cortical area MSTd neu
rons use eye-pursuit and VOR-cancellation signals to compensate for the optic
flow focus (FOE) shifts induced by smooth gaze shifts (pursuit-eye movements:
Bradley, et al., Science 273, 1996 and full-body rotations: Shenoy et al., Soc.
Neurosci. Abstr. 22, 1996). This and evidence that microstimulation influences
heading judgements (Britten, Soc. Neurosci. Abstr. 22, 1996) strongly suggest
that MSTd participates in the computation of heading. Several studies have
found that humans accurately judge heading during eye pursuit, but heading
perception during full-body rotation has not been reported. Subjects adjusted
a probe to indicate the FOE after viewing displays simulating linear translation
toward a wall during pursuit-eye movement or full-body rotation (as in phys
iology experiments). Compensation was high during eye pursuit (130 ± 10%,
mean ± SD, n=4) but nearly absent during full-body rotation (4 ± 1%, n=3).
Similar results were obtained in a path perception task simulating translation
over a ground plane: 89.9 ± 14.1% (n=9) and 4.4 ± 9.0% (n=8), respectively
(Crowell, et al., IOVS 38, 1997). On the other hand, MSTd neural activity sug
gests nearly equal compensation in the two tasks. Neurons responded similarly
during pursuit-eye movements and full-body rotation (one hemisphere, n=56):
79% had preferred direction differences ≤ 90° and directional indices were not
significantly different (P=0.12, t-test); compensation was 9.86 ± 3.44° and 8.14
± 3.46° (mean ± SEM), respectively, and was not significantly different (P=0.62,
t-test); and compensation in individual cells is significantly correlated (rs = 0.47,
P<0.001, Spearman) with near unity slope (1.01, least-squares). These findings
suggest that while MSTd contributes to heading perception, its particular role
may vary with behavioral conditions. Supported by NIH-NEI and Human Frontiers.

SPATIAL INTERACTIONS OF TRANSLATIONAL MOTION IMPULSES IN
AREA MST OF THE MACAQUE MONKEY. R.J.A. van Wezel* and
K.H. Britten. Center for Neuroscience, UC Davis, Davis, CA 95616
Cells in higher areas of of visual cortex often have more complex receptive field
properties than those at earlier levels. A good example of this is in the “motion
system” in dorsal extrastriate cortex of macaques. Cells in the medial superior
temporal area (MST) often show selectivity for complex motion, e.g. contraction
vs. expansion or clockwise vs. counterclockwise rotation. Such complex
selectivities are not found in areas know to project to MST. These selective
responses to complex motion patterns can be generated by either linear or non-linear
interactions between translational motion information at different positions in the
receptive field. We investigated these spatial interactions by simultaneously
presenting translational “motion impulses” at different positions in the MST
receptive field.
The translational motion impulses consisted of oriented, odd-symmetric Gabor
functions, moving for 100 msec in different directions perpendicular to their long
axis. Motion directions of all motion impulses were pseudo-randomly interleaved,
resulting in a very large number of different motion configurations, each occurring
rarely.
The contribution of each stimulus element in the array (location and direction)
was estimated by comparing the response for all stimuli containing the element
against the grand average of all stimuli. These local, first-order estimates of cell
sensitivity could then be used to generate predictions based on linear or nonlinear
models, and test the validity of different models against the observed responses. We
have considered a variety of different models, and find that the linear prediction in
general provides a surprising good account of the responses of MST cells to these
complex stimuli.
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Supported by NEI grant #EY 10562 and the Netherlands Organization for Scientific Research (NWO)
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THE CONTRIBUTION OF AREA 18 TO MOTION PERCEPTION
IN THE CAT. T. Pasternak*. J. Gesner. C. R. Olson . Dept. Neurobiol
& Anatomy and Ctr. for Visual Science, University of Rochester.
Neurons in areas 17 and 18 in cat cortex show similarly high degree
of selectivity for stimulus orientation and direction but they differ in
their spatiotemporal sensitivity, with neurons in area 18 preferring lower
spatial and higher temporal frequencies than neurons in area 17. We
have previously shown that the effects of area 17 lesions on motion
perception reflect spatiotemporal properties of neurons in that area since
the deficits were most pronounced for slowly moving gratings of high
spatial frequency (Pasternak et al, 1995). In this study we examined the
spatiotemporal conditions that would reveal the contribution of area 18
to motion perception. Lesions of area 18 were made by injecting
ibotenic acid into the physiologically identified representation of the
contralateral lower visual field. Direction discrimination was tested with
briefly presented rightward or leftward moving gratings within the
lesioned and the intact loci in the visual field. The cats indicated stimulus
direction by pressing the right or the left pedal while their fixation was
monitored with scleral search coils. The lesion produced a loss of
contrast sensitivity for direction that was greatest for rapidly moving low
spatial frequency gratings. The deficit was minimal for higher spatial
frequency gratings moving at lower speeds. The motion deficit specific
to low spatial frequencies was also revealed with high contrast gratings
masked with one-dimensional dynamic noise.
These results demonstrate that the contribution of area 18 neurons to
motion perception is maximal for rapidly moving low spatial frequency
stimuli. The occurrence of complementary effects after lesions of areas
17 and 18 leads to the conclusion that each area contributes to motion
perception within the spatiotemporal range characteristic of the response
properties of its neurons.
Supported by EY06175 and EY07125.
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TEM PO RA L AND SPATIAL ANALYSIS O F LO CAL D IRECTION
SELECTIVITY IS INVARIANT TO CHANGES IN STIM ULUS EXTENT.
M. Paolini* and M-I. Sereno. Cognitive Science Department, University of
California San Diego, La Jolla, CA 92093-0515.
Direction selectivity in extrastriate cortex has usually been studied by
hand-mapping the receptive field and then attempting to position stimuli entirely
within it or entirely within its surround. We studied responses to small, brief
stationary and moving stimuli presented on a grid of positions extending through
but also well beyond the hand-mapped receptive field. Classical excitatory receptive
field maps were obtained by flashing stimuli at 100 locations, revealing elliptical,
letinotopically-organized receptive fields.We also presented moving stimuli (8
directions) at each of 36 locations. Stimulus size was also varied. Individual
stimulus sweeps were brief and traversed a fraction of the classical receptive field.
Spatial reverse correlation was used to generate high resolution maps of local
direction selectivity. Spikes were assigned to the location occupied by the stimulus
when the spike was generated. The response at each location (on a fine grid) was
the vector sum (stimulus direction weighted by response )accumulated across the
time for a single stimulus sweep. By contrast, temporal analysis of the response
treated the stimulus as if it occured at a point and accumulated a weighted vector
sum over a much smaller time period. We recorded from 192 cells in areas ML and
L in the California ground squirrel extrastriate cortex, where a high density of
sharply tuned direction selective cells have been found. In virtually all cells, the
receptive field obtained with stationary stimuli was much smaller than the receptive
field obtained with moving stimuli. Changes in size or shape of the stimulus,
however, did not alter the (movement) receptive field size, nor the preferred
direction or strength of the response. Spatial reverse correlation allowed us to make
point to point comparisons between maps obtained with different sized stimuli and
showed that the details of local direction selectivity maps were strikingly similar.
These results suggested approximately linear summation across moving stimuli
of different size and shape despite the disparity between the moving and flashed
responses (no flashed response in movement-driven 'surround').
Supported by MH47035, UCSD McDonnell-Pew Cognitive Neuroscience Center.

1 4 .5

14.6

R e p r e s e n t a t io n o f P r io r P r o b a b il it y a n d M o v e m e n t M e t r ic s b y A r e a LIP
NEURONS. M.L. Platt*and P .W . Glimcher. Center for Neural Science, New York Uni

A UD ITO R Y R E SPO N SE S IN LIP I: T R A IN IN G EFFECTS

versity, New York, NY 10003.
We have begun to examine the possibility that the activity of lateral intra-parietal
area (LIP) neurons may be related to the instantaneous expected utility of future sac
cadic eye movements. In a first experiment, we tested the hypothesis that when the
task-required movement is uncertain, LIP neurons may carry information related to
the prior probabilities that a particular saccade will be rewarded. LIP neurons were
studied in two monkeys. In Cued Saccade trials, the color of the fixation stimulus sig
nalled, after a a period of uncertainty, which of two eccentric yellow LEDs would
serve as the saccadic goal. One eccentric LED was fixed inside, and the other outside,
the measured response field of the neuron under study. Within an unsignalled block of
Cued Saccade trials, the prior probability that a saccade into the response field would
be rewarded was set to either 5%, 20%, 50%, 80%, or 95%. A 2-factor ANOVA per
formed on the firing rates of the neurons at different times within the trials indicated
that many neurons carried information related to prior probability early in the trial
when the saccadic goal was uncertain, but shifted to encoding information related to
the required movement as the saccadic goal was identified, In a second manipulation
associated with expected utility, the prior probability for each of the two saccades was
held constant, but the reward obtained for successful completion of each of the two
saccades was varied systematically.
In a second experiment, we examined whether shifts in the spatial tuning functions
of LIP neurons could account for the results of experiment 1. Neuronal activity was
recorded in a second set of LIP neurons during 2 blocks of Delayed Saccade trials. In
the first block, each of 200 uniformly distributed LEDs was equally likely to serve as
the saccadic target on a given trial. In the second block (200-800 trials), one particular
LED located on the edge of the movement field of the neuron served as the saccadic
target on 50% of trials while the remaining 50% of trials were equally distributed
amongst the other LEDs. There were no systematic shifts in spatial tuning observed
between the first and second blocks of Delayed Saccade trials.
Supported by the Whitehall Foundation and EY-0659-01 (MLP).

J. F. Linden*, A. G ru newald &; R. A. Andersen.
Mail Code 216-76, Division of Biology, C altech, Pasadena, CA 91125.
D uring th e stim ulus period of a m em ory-saccade task, neurons in th e m acaque
lateral in tra-p arietal area (LIP) show spatially tu n ed responses to b o th visual and
auditory cues. However, in monkeys not yet train ed to m ake au d ito ry mem ory
saccades, behaviorally irrelevant stim uli evoke visual responses b u t no significant
num ber of auditory responses (Linden et a l, Soc. Neurosci. A bstr., 1996). Does
auditory m em ory-saccade train in g increase the responsiveness of LIP neurons
to auditory stimuli? We train ed two m acaques to fixate th ro u g h presentation
of behaviorally irrelevant visual and au d ito ry stim uli a t two locations, left and
right. We recorded while th e monkeys were perform ing this task, b o th before and
after th e monkeys had also been train ed to perform visual and au d ito ry m em ory
saccades. Among 78 neurons recorded in one monkey before auditory mem orysaccade training, we found 16 (21%) spatially tu n ed visual responses and 3 (4%)
auditory responses (t-test left vs. right response, p < 0.05). T he num ber of audi
to ry responses was not significant (Fischer-Irw in test, p < 0.05). After training,
we recorded 68 cells using th e same stim ulus conditions b u t different selection
criteria: we favored cells which responded either to visual or au d ito ry stim uli on
a search task. We found 33 (49%) visual and 5 (7%) au ditory responses. Again,
th e num ber of auditory responses was not significant. To control for differences
in th e selection criteria before and after training, we norm alized th e num ber of
a uditory responses by th e num ber of visual responses in each experim ent. We
thus obtained au d ito ry / visual response ratios of 19% before tra in in g and 15%
after training. We conclude th a t auditory m em ory-saccade train in g does not
significantly increase th e responsiveness of LIP neurons to a u d ito ry stimuli, and
th a t behaviorally irrelevant auditory stim uli evoke very little response in either
naive or train ed anim als. Supported by McDonnell-Pew, HHMI, and NIH.
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A UD ITO R Y R ESPO N SE S IN LIP II: BEH A V IO RA L GA TING

E X T R A R E T IN A L A C T IV IT Y IN P O S T E R IO R P A R IE T A L C O R T E X
(P P C ) SIG N A L S IN F O R M A T IO N AB OU T IN F E R R E D S T IM U L U S
M O T IO N D IST IN C T FR O M IN T E N T IO N TO M O V E. E. N. Eskandar and
J. A. Assad*. Dept. Neurobiology, Harvard Medical School, Boston, MA 02115.

A. G runewald*, J.F . Linden and R.A. A ndersen
Mail Code 216-76, Division of Biology, Caltech, P asad en a, CA 91125.
N eurons in the lateral in tra-p arietal area (LIP) of m acaques respond both
to visual and auditory stim uli during th e stim ulus period in a m em ory-saccade
task. Do auditory signals arise in LIP only when th e au ditory stim ulus is be
haviorally relevant? We recorded from LIP neurons while a m onkey perform ed
two tasks. In the m em ory-saccade (M) task th e m onkey fixated a central LED
while visual or auditory targ e ts were briefly presented. The m onkey m aintained
fixation until the central LED was extinguished, and th en m ade a saccade to the
rem em bered targ e t location. In the fixation (F) task th e m onkey also fixated a
central LED while stim uli were briefly presented, b u t a t th e offset of th e central
LED the anim al m aintained fixation. Trials for M an d F task s were blocked,
b u t in each block visual and a u d ito ry trials were pseudorandom ly interleaved.
We recorded th e activity of 68 neurons during b o th tasks. For visual stimuli,
a bout the same num ber of cells had spatial tu n in g in th e M an d F tasks (53%
and 49% of cells, respectively). However, for au ditory stim uli m any m ore cells
exhibited spatial tunin g in th e M task (16%) th a n in th e F task (6%). To stu d y
population effects we perform ed a two-dim ensional line fit to th e response in the
F task vs. the response in th e M task. T he slope was 1 for visual stim uli, and
0.3 for auditory stim uli (significantly below 1, p < 0.05). T hus across th e pop u 
lation visual stim ulus-period responses were not task-dependent, while au d ito ry
stim ulus-period responses were. Thus a large com ponent of th e au d itory signal
reaches LIP only when th e anim al plans an eye m ovem ent. LIP appears to be a
default visual-saccade area, b u t it can represent targ e ts for saccades regardless
of modality.
Supported by McDonnell-Pew, HHMI, and NIH.
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Many visual guidance behaviors evoke neuronal signals in PPC that are not directly
driven by visual stimulation. Extraretinal signals of this sort may be specifically
related to intended or executed movements of the eyes or hands. In macaque monkeys
trained to use a joystick to guide a spot of light to a target, we previously
demonstrated that many PPC neurons remained active on trials in which the spot
briefly disappeared, as if it had passed behind an occluder. These extraretinal signals
were selective for the direction of motion that could be expected based on previous
trials, even though the visual stimulus was identical among different directions until
the reappearance of the spot. Here we test whether the directionality reflects the
direction of hand movement, or rather encodes a more abstract representation of the
inferred or expected direction of motion of the occluded stimulus.
A rhesus monkey was trained to fixate while using a joystick to guide a small spot
to the fixation point. Trials in which the spot was visible throughout its course were
interleaved with trials in which the stimulus was occluded for most of its trajectory.
Two opposite directions, of movement were tested, with the visual stimulus identical
on occluded trials until the reappearance of the spot. To determine whether any
observed direction selectivity was due to the direction of the hand movement or the
inferred direction of stimulus motion, the animal was trained to perform the task with
the direction of stimulus motion either the same as (forward mode), or opposite to
(reverse mode) the direction of hand movement. Blocks of trials in forward mode were
alternated with blocks in reverse mode such that the animal could expect the mode on
a given trial. Fifty-seven cells were recorded from PPC; most were probably in the
intraparietal sulcus. On occluded trials, 31/57 (54%) were significantly modulated by
the inferred direction of stimulus motion whereas only 14/57 (25%) were significantly
modulated by the direction of hand movement (two-way ANOVA, p < 0.05). We
conclude that some PPC neurons encode abstract information about stimulus motion
that is distinct from the intention or planning of hand or eye movements.
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ENCODING OF STIMULUS AND SACCADE DIRECTION IN RHESUS
MONKEY LATERAL INTRAPARIETAL AREA (LIP) J. Gottlieb* and M. E.
Goldberg. Laboratory of Sensorimotor Research, National Eye Institute, Bethesda,
MD, 20892.
Area LIP has been implicated in visuospatial analysis, spatial attention and the
guidance of saccadic eye movements. It contains a large number of neurons that, in
memory-guided saccade tasks, have directionally-tuned responses to target onset as
well as during the delay and presaccadic periods. Because stimulus and saccade
direction are always congruent during this task it is impossible to know whether the
presaccadic responses represent a neural correlate of saccadic motor programming or
the memory for the location of the extinguished target.
To resolve this ambiguity we used a prosaccade/antisaccade paradigm in which
the direction of a visual cue was dissociated from the direction of the saccade
required by that cue. The monkey began each trial by looking at a central fixation
point (FP) that was either red or green. A cue was flashed for 50 ms either in the
neuron’s receptive field (RF) or at the diametrically opposed location. If the FP was
red, the monkey executed a saccade to the cue; if green, it made a saccade in the
opposite direction. The go signal (FP disappearance) was simultaneous with cue
onset.
The information each neuron transmitted about cue and saccade location was
estimated using an iterative cluster algorithm. The vast majority of neurons (33/36)
carried large amounts of information about cue direction, that peaked 70-100 ms
after cue onset, but carried only minimal information about saccade direction.
Instantaneous saccade-related information showed a small peak that began slightly
before and lasted through the saccade. Thus the majority of LIP neurons encode
unambiguously the direction of a visual event but not that of an impending saccadic
eye movement. Supported by the National Eye Institute.

NEURONS IN MONKEY LIP TRANSMIT INFORMATION ABOUT STIMULUS
PATTERN IN THE TEMPORAL WAVEFORM OF THEIR DISCHARGE. M. E.
Goldberg* and J. Gottlieb. Lab. of Sensorimotor Research, National Eye Institute,
Bethesda, MD 20892, USA.
A tenet of cortical neurophysiology is that in the analysis of the visual world
temporal areas analyze pattern ("what") and parietal areas analyze spatial location or
process visual information for use for the motor system ("where"). (Ungerleider and
Mishkin, 1982). Previous studies of parietal neurons have found large receptive
fields in which neurons could be selective for motion, but pattern selectivity was
relatively uncommon. Monkeys were trained on a stable target task, in which they
had to make a saccade to the one stable stimulus of eight that was identical to a
briefly flashed cue. The cue always appeared in the same place. Symbols were 2° in
diameter and varied in color and shape. They were back-projected on a tangent
screen. When the cue appeared in the receptive field of LIP neurons, the response
often demonstrated marked differences in the temporal waveform of discharge to
different stimuli. These differences remained even when the stimuli were presented
in a simple fixation task. To distinguish if the response to the patterns arose because
they had become intimately associated with a saccade task, we tested the response of
LIP to neurons to a set of eight two dimensional low-frequency Walsh patterns which
were equated for luminance but varied in phase and orientation. The patterns were
1° or 2° square, much smaller than the neurons' receptive fields. The monkey had
never seen these patterns before, nor was it ever asked to discriminate among them.
Using a cluster method of estimating information transmission (Chee-Orts and
Optican, 1993) we found that the temporal waveform in the first 70 ms of response
often had significant information about pattern, although the mean spike count in the
same interval did not These results demonstrate that just as in VI and TE, the
temporal waveforms of neuronal discharge in LIP contain information which could
be used to discriminate stimulus pattern. Supported by the National Eye Institute.
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REMAPPING OF VISUAL RESPONSES IN PRIMATE PARIETAL CORTEX
DURING SMOOTH CHANGES IN GAZE. K.D. Powell*. M.E. Goldberg.
Laboratory of Sensorimotor Research, NEI, NIH, Bethesda, MD 20892.
During gaze shifts, spatial continuity of the visual environment is preserved. The
accuracy of eye movements in double step saccade tasks and saccades to briefly
flashed targets during smooth pursuit show this experimentally. Smooth pursuit and
saccadic eye movements have been attributed to separate systems, yet both types of
eye movements retain spatial continuity. Neurons in the lateral intraparietal area
(LIP) respond to memorized targets when a saccade moves their visual receptive
fields (RF) onto those target locations. In this study we record from LIP neurons to
show remapping of visual responses during smooth gaze shifts. The monkey performs
two tasks with smooth changes in gaze. 1) The monkey fixates a point of light (FP)
which he then pursues as it moves across the screen. At the initiation the smooth
pursuit a second flashed target (T) briefly appears. When the FP is extinguished the
monkey makes a saccade to the memorized location of the T. 2) After the monkey
fixates FP, the primate chair passively rotates the animal’s head and body to align with
the position of FP. Then the primate chair is synchronized with FP movement to
produce a cancellation vestibulo-ocular reflex (CVOR) task. As in the smooth pursuit
task, T appears briefly at the initiation of FP and chair movement, and the monkey
must make a saccade to remembered location after the FP is extinguished. There is
little or no response to the original T presentation, but as the monkey smoothly
changes his gaze the location of T is brought into the visual RF of the neuron and its
activity increases. If T is flashed in an area of visual space where the RF will not
move there is no change in response during the smooth gaze shift. In conclusion,
parietal neurons respond to visual stimuli when a gaze shift moves their RFs onto the
position of the stimuli, previously flashed outside of their RFs. This study
demonstrates that neurons in LIP maintain a spatial continuity during all gaze shifts,
whether they are generated by smooth pursuit, saccadic eye movements, or as in the
case of CVOR, during gaze changes without eye movements.

WHAT VS. WHERE IN MACAQUE SUPPLEMENTARY EYE FIELD
C.R. Olson* and L. Tremblay. Center for the Neural Basis of
Cognition, Carnegie Mellon University, Pittsburgh, PA 15213.
Many neurons in the Supplementary Eye Field (SEF) of rhesus
monkeys exhibit object-centered direction selectivity, firing differentially
as a function of whether an eye movement will be directed to the right or
left end of a reference object (Olson and Gettner, Science 269:985-988,
1995). We describe two experiments which ask whether these neurons
are sensitive to the visual attributes of the reference object.
Experiment 1. On alternate trials, the target object was either a solid
horizontal bar or a pair of dots defining the ends of a virtual horizontal
bar. Most SEF neurons were selective for object-centered direction
('where') regardless of the nature of the object ('what').
Experiment 2 . The monkey performed a color delayed-match-tosample task. On each trial, a red or green cue flashed on the left or right
end of a reference object, followed by delay 1. Then the target, an object
red on one on end and green on the other, appeared and remained on
during delay 2. At the end of delay 2, the monkey executed an eye
movement to the end of the target having the same color as the cue.
During the delay 1, the monkey had only to remember the color of the
cue; nevertheless, SEF neurons encoded its object-centered location
('where') and not its color ('what'). Likewise, during delay 2, SEF
neurons encoded the end of the target object to which the impending eye
movement would be made regardless of its color.
We conclude that SEF neurons are specialized for processing objectcentered spatial information ('where') but carry little information about
the visual attributes of the reference object ('what').

14.13
OBJECT-CENTERED DIRECTION SELECTIVITY IN
MACAQUE SUPPLEMENTARY EYE FIELD IS
EXPRESSED WITH RESPECT TO MULTIPLE AXES.
S.N. Gettner* and C.R. Olson. Center for the Neural Basis of
Cognition, Carnegie Mellon University, Pittsburgh, PA 15213.
Neurons in the supplementary eye field (SEF) of macaque
monkeys exhibit object-centered direction selectivity, firing
differentially during the preparation and execution of eye
movements to the left or right end of a horizontal target bar. To
determine whether SEF neurons also exhibit object-centered
direction selectivity with respect to the vertical axis, we carried
out single-neuron recording while a monkey made eye
movements to the ends of vertically and horizontally oriented
target bars. Of the neurons studied, 67% exhibited vertical and
76% exhibited horizontal object-centered direction selectivity ;
57% exhibited selectivity with respect to both axes. In a second
task, a horizontal or vertical bar was cued on one end and then
visibly rotated 90° clockwise or counter-clockwise. After a
delay, the monkey made an eye movement to the cued end. We
found that neuronal activity shifted at the time of rotation to
reflect the location of the cued end relative to the bar in its new
orientation. From these findings, we conclude that SEF neurons
encode eye movement direction with respect to object-centered
reference axes at multiple orientations.
NIH (ROl NS27287, EY 11506); MCDONNELL-PEW (95-44)
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CEREBELLAR CONTROL OF VOLUNTARY SACCADIC EYE MOVEMENT
IN HUMANS: FMRI STUDY. M. Honda*. D. S. Zee#. M. Hallett. Human
Motor Control Section, NINDS, NIH, Bethesda, MD 20892, #Department of
Neurology, The Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21287.
The saccadic system involves multiple brain regions including cerebral
hemispheres as well as brainstem and cerebellum. We studied the neuronal
substrates in cerebellum associated with voluntary saccades in humans using the
functional magnetic resonance imaging (fMRI) technique. During the task period of
scanning, subjects performed large-amplitude (> 40 deg), repetitive voluntary
saccades at 1.3 Hz (auditory paced) between two targets that were horizontally or
vertically situated. During the control period, subjects fixed straight ahead. To
explore the effect of visual stimuli, subjects made similar saccades to the imagined
location of the targets in complete darkness. The effect of photic stimulation (2 Hz
flash) without eye movements (vs. no stimulus) was also examined. To identify
the somatotopic organization in cerebellum, simple repetitive movement of wrist,
ankle and tongue were studied (each vs. rest). BOLD-based fMRI oblique
multislices (TR/TE/flip angle: 3000/43/90) were obtained to cover the whole
cerebellum on a 1.5 Tesla scanner. One scanning block consisted of 3 cycles of
task and control periods. Data were analyzed using statistical parametric mapping
(SPM95).
Three distinct areas of activation associated with voluntary saccades were
identified: the dorsocaudal part of the vermis and bilateral cerebellar hemispheres.
The activated areas in the lateral hemispheres were localized posterocaudal to the
tongue movement representation, and anterior to the horizontal fissure,
corresponding to the lobule semilunaris superior. These areas were not activated by
photic stimulation. There were no clear differences in activation between horizontal
and vertical saccades nor saccades made in the light vs. in the dark. The present
findings point to a role of cerebellar hemispheres as well as dorsal vermis for
controlling voluntary saccades in humans.

INFLUENCE ON THE MOTOR SYSTEM
BY CEREBELLAR
PROCESSES THAT SUPPORT SENSORY ACQUISITION: AN
FM RI STUDY. Y, Pu, J,-H, Gao .Y.J . L i u,
J , M, Bower,
L. M. Parsons*. Research Imaging Center, The University of Texas Health Science
Center at San Antonio, San Antonio, Tx 78284.
Recent neuroimaging studies of passive and active tactile tasks confirm that the
lateral cerebellar hemispheres are not involved in motor control per se but rather
monitor and influence sensory acquisition. In cerebellar lateral output nuclei (dentate),
significant activity occurs for cutaneous stimulation alone but not for fine finger
movements per se, and activity is greatly increased when the cutaneous stimulation or
finger movements are paired with a tactile discrimination. We hypothesize that the
cerebellum influences the motor control system to reposition the tactile sensory
surfaces based on the cerebellar analysis of the sensory information actually being
acquired. The likely target for such cerebellar influence on the motor system is the red
nucleus which receives projections from the dentate nucleus. We used fMRI to detect
activity in red nuclei of blindfolded humans (N = 4) as they performed the tasks in the
preceding studies: (1) passively experiencing cutaneous stimulation by sandpaper on
the fingerpads of each hand; (2) making a covert discrimination of the sandpaper
stimulation on each hand; (3) grasping and palpating an irregular sphere chosen at
random by each hand; (4) grasping and palpating the irregular sphere, covertly
discriminating whether the shapes in each hand match; and (5) rest. Significant
activity in red nucleus was detected during the two grasping tasks but not during the
cutaneous tasks. The extent and intensity of bilateral activation in red nuclei during
grasping discrimination (4) was larger (P < 0.01) than during grasping alone (3) (42
mm2 and 6.8% increase as compared to 22 mm2 and 4.6%). Thus, although
comparably fine finger movements occur in each grasping task, the increase in red
nuclei activity with a requirement for discrimination would appear to reflect the
increased input from dentate nuclei which are relaying to the motor control system
influences from lateral cerebellar processes that support sensory acquisition.

15.3

15.4

ON-LINE COMPENSATION FOR AN ELASTIC LOAD IMPOSED DURING
REACH IS IMPAIRED IN CEREBELLAR PATIENTS. Yu.
D.A.
Wunderlich. V. Bracha. J.R. Bloedel. Division of Neurobiology, Barrow Neurological
Institute, Phoenix, AZ 85013.
The purpose of this study was to determine the capability of cerebellar patients to
compensate for an external elastic force applied while performing reaching
movements to a target located on a touch screen. Patients with cerebellar lesions and
age-matched healthy controls were tested during two sessions separated by at least 7
days. In the first session the target was in a fixed position (TF) in each trial, and the
capacity of the subjects to perform a reaching movement with (VA, vision available)
and without vision (VB, vision blocked using a liquid crystal shutter system) was
evaluated. In the second session, the target position was changed pseudorandomly
from trial to trial (TR), and again performance in the VA and VB conditions was
determined. Each set consisted of three series of trials: 30 trials without an external
force, 30 trials with the force applied every trial, and 100 trials with the force applied
pseudorandomly in intermittent trials. To apply the elastic force, a torque motor was
attached via a nylon cord to a harness put on the subject’s hand. The external load was
imposed at a certain point during the reach and gradually increased from zero as the
hand moved toward the target. The force direction was posterio-anterior and mediolateral at approximately ≈45° relative to a sagittal plane. The subjects were instructed
to start the movement after a start tone and complete it within a certain time limit,
while trying to be as accurate as possible. Both control subjects and cerebellar patients
were capable of compensating for the elastic load under all conditions in which the
occurrence of the perturbation during the trial could be predicted, namely when the
force was applied every trial. However, unlike normal subjects, the cerebellar patients
displayed an impaired capacity to improve their performance when the force was
applied intermittently, i.e., when the trials in which the perturbation was applied could
not be predicted. This impairment was particularly marked with vision blocked and
the target randomly positioned. The results suggest that the capacity to compensate
on-line for an external force in patients with cerebellar dysfunction is considerably
impaired. Supported by NIH grants R01NS21958 and P01NS30013.

CEREBELLAR COMPLEX SPIKES ENCODE DESTINATIONS AND
RELATIVE ERRORS EVEN DURING RAPID TARGET-REACHING
IN A MONKEY. S. Kitazawa*. and T. Kimura. Neurosci. Section,
Electrotechnical Lab., PRESTO, JST, Tsukuba 305, Japan.
During a rapid arm movement that lasts less than a second, a Purkinje
cell in the cerebellum is expected to discharge only one complex spike.
With such a low frequency of discharge (~1 Hz), it does not appear
possible for the complex spikes to encode any parameters of the rapid
arm movements. To test this, we recorded Purkinje cell activity from the
ipsilateral hemispheres of lobules IV-VI, while a trained monkey made
accurate (S.D. ~ 10 mm) and rapid (~2 00 msec) reaching movements
toward a visual target that appeared at a random location on a tangent
screen (200 mm away). Complex spikes were stably recorded for more
than 600 trials from 22 Purkinje cells. We examined the relationship
between complex spike discharges of these cells and 1) the absolute
destinations of reaching, and 2) errors relative to the target. Of the 22
cells, we observed 16 cells with complex spikes that encoded the absolute
destination of reaching at the beginning of the arm movement, and 14
cells with complex spikes that encoded an error relative to the target near
or just after the end of the movement. Quantitative analysis revealed that
complex spike discharges from approximately 20 cells contained
sufficient information (2 bits) to estimate 1) which o f the 4 quadrants on
the screen the monkey touched (destination), or 2) which of the 4
quadrants relative to the target the monkey touched (relative error). These
results suggest that the complex spikes of a population of Purkinje cells
encode not only destination but also relative errors of reaching, even
during a short period of rapid arm movement. (Supported by grants from
AIST and JST)

15.5

15.6

MAGNOCELLULAR RED NUCLEUS DISCHARGE IN MONKEY
DURING REACHING TO GRASP IN DIFFERENT DIRECTIONS. M.L.
McCurdy, K.A. Kirsch, C.J. Boyce and P.L.E. van Kan*. Dept. Kinesiology,
Univ. Wisconsin, Madison, WI 53706.
Reaching to grasp critically depends on intermediate cerebellar output from
nucleus interpositus to magnocellular red nucleus (RNm). Although RNm is
functionally connected to proximal as well as distal forelimb muscles,
interpositus neurons are specialized for the grasp component; they do not vary
their discharge with limb trajectory (Van Kan, Horn and Gibson 1994). In the
present study, we tested the hypothesis that signals commanding distal and
proximal movement components are integrated by individual RNm neurons.
We recorded single-unit discharge while monkeys performed reach to grasp
tasks designed to behaviorally dissociate hand and arm components. We
compared reaching with a precision or whole-hand grasp, to device movements
that were similar to reach to grasp movements but did not include a grasp, and
to free-form reaches without any hand involvement. Additionally, we elicited
reaches with different arm involvement by varying reach direction. Typically,
RNm neurons modulated their discharge more effectively during reaching with
as compared to without a grasp component. Furthermore, differences in
discharge modulation o f a given RNm cell were larger and more common for
reaches with different hand involvement as compared to those for reaches in
different directions. We suggest that intermediate cerebellar output via the
RNm to spinal circuitry innervating proximal forelimb musculature primarily
serves to coordinate arm with hand movements, and plays a relatively minor
role in the control o f reach direction. Supported by NIH NS24042.

TEMPORAL ACTIVITY PATTERNS W ITHIN THE CEREBELLAR
CORTEX EVOKED BY THE CEREBRAL CORTEX: STUDIES OF
THE LINGUAL MOTOR SYSTEM. Cornelius Schwarz* and John
P W elsh. Dept.Physiol.& Neuroscience, NYU Med.Ctr., NY, NY 10016.
We investigated physiological and anatomical relations between the tongue
area o f the motor cortex (M 1-t) and the cerebellar cortex. Linear arrays o f
microelectrodes were placed in crus IIa so that simple (SS) and complex (CS)
spikes could be recorded in isolation or in combination from multiple PCs.
Electrical stimulation o f M l-t evoked discrete tongue movements and SSs and
CSs in the majority o f PCs. Altogether, 111 o f 115 PCs showed a short
latency (9.3 ± 0.2 ms) CS to M l -t stimulation, using a median current
intensity o f 35 µA, and short latency SSs (14.6 ± 2.6 ms) were elicited in 17
PCs in which both CSs and SSs were recorded. CSs following M l-t
stimulation were less variable in latency than evoked SSs, across the PC
population. Typically, CSs displayed a pause and 14 Hz repetitive firing after
the initial CS.
Sites that were shown to be interconnected electrophysiologically were
injected with an anterograde or retrograde tracer (Dil in M 1-t, DiAsp in crus
Ila). Regions o f overlap between anterogradely labeled terminals and
retrogradely labeled projection neurons were found in both the pontine nuclei and
inferior olive, providing dual pathways for cerebro-cerebellar throughput in the
lingual motor system.
Highly defined patterns o f SS facilitation and reduction evoked by M 1-t
stimulation were found and appeared, at first glance, to be related to short
term interactions o f CSs and SSs at the single PC level, as previously
reported. However, we found that the pattern o f SS after M 1-t stimulation
was identical in the trials in which no CS was present. In the same trials, the
modulation o f SSs was shown to be temporally related to the CSs o f other
PCs recorded simultaneously. Thus, the evoked pattern o f SS firing seems to
be modulated by intracortical circuitry that can be engaged by the climbing
fiber system rather than by direct CS-SS interactions within individual PCs.
Supp. NINDS 31224-05 (J.P.W.) and DFG SCHW577/4-1 (C.S.)
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EYE MOVEMENT RECORDINGS IN MUTANT MICE SUPPORT BOTH
THE LEARNING AND TIM ING HYPOTHESIS OF CEREBELLAR
FUNCTION. C.I. De Zeeuw1* S.K.E. Koekkoek1. M.M. Morpurgo1. M.P.H.
Coesmans1. D.J. Linden2. J. Oberdick3. and K. Willecke4. Dept. of Anat., Erasmus
Univ. Rotterdam, The Netherlands1, Dept, of Neurosci., Johns Hopkins Univ. School
of Med., Baltimore, MD, USA2, Dept, of Cell biology, Neurobiology and Anatomy
and the Neurobiotechnology Center, The Ohio State Univ., Columbus, OH, USA3,
and the Inst, of Genetics, Univ. of Bonn, Germany4.
The field of cerebellar research is divided largely into two groups: Those
who promote a role of the olivocerebellar system in motor learning and those
who advocate its role in motor timing. One of the major mechanisms that has
been proposed to underly motor learning is long term depression (LTD) of
the simple spike response after conjunctive parallel fiber and climbing fiber
stimulation. One of the major mechanisms underlying motor timing, on the
other hand, may be electrotonic coupling of olivary neurons by gap junctions,
which allows them to oscillate in synchrony and trigger motor activity on the
beat of their rhythm. In the present study both hypo theses were investigated
by recording eye movements in two types of mutant mice: First, transgenic
L7-PKC-I mice in which LTD was blocked due to a Purkinje cell specific
expression of a protein kinase C inhibitor, and, second, Cx32 deficient mice,
which lack one of the putative protein subunits of olivary gap junctions. We
found that the L7-PKC-I mice were specifically hampered in their ability to
adapt their gain of the vestibulo-ocular reflex after visuo-vestibular training,
while the Cx32 deficient mice showed prolonged latencies of their
optokinetic response during velocity step stimulation. Our data support the
proposed role of the olivocerebellar system in both motor learning and motor
timing, as well as the m entioned m echanism s that may underly these
functions. The present study was funded by SLW, NWO and NIH.

CONVERGENCE AND DIVERGENCE IN THE PONTO-CEREBELLAR
SYSTEM: THE PROJECTION TO THE CAT PARAFLOCCULUS.
J.G.Bjaalie* and P.Brodal. Dept. o f Anatomy, University o f Oslo, P.O.Box
1105 Blindem, N -0317 Oslo, Norway
With the aim to obtain quantitative data on convergence and divergence in
the pontocerebellar projection, we studied the numerical capacities and
collateral branching o f neurons in the pontine nuclei projecting to the
paraflocculus. Small volumes o f three or four fluorescent tracers (RhodamineB-isothiocyanate, Fluoro-Gold, Fast Blue, Diamidino Yellow) were injected in
individual folia. (The paraflocculus in the cat consists o f 20 or more folia.)
Retrogradely labelled cells were recorded in a sample o f sections. The
estimated number o f labelled neurons in the contralateral pontine nuclei
ranged from 5,000 to 46,000 (median value 18,000; 14 cell populations in 6
animals). In the same animals, using stereological principles, the total number
o f neurons in the pontine nuclei was estimated to a mean value o f 490,000 (n =
6, range: 420,000 - 640,000). Assuming that the highest number o f labelled
neurons (46,000) is closest to the real number supplying one folium, this
represents 9% o f the total pontine population. Considering that a parafloccular
folium constitutes less than 1% o f the cerebellar volume, these numbers
suggest a high degree o f convergence. After injections of adjacent
parafloccular folia we observed 19 - 27% double labeling. This percentage
dropped steeply with increasing distance between the injections. With strong
convergence and limited local branching, the pontine nuclei do not contain
enough neurons to supply the whole cerebellar cortex, unless there is extensive
branching to widely separated targets.
Supported by The Research Council o f Norway, The Nansen Foundation,
and The Jahre Foundation.
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INCREASE IN CELL SIZE OF INFERIOR OLIVARY NEURONS EVOKED BY
HORIZONTAL OPTOKINETIC STIMULATION: LIGHT AND ELECTRON
MICROSCOPIC EVIDENCE. N.H. Barmack* and M. Westcott-Hodson. R.S. Dow
Neurol. Sciences Inst., Portland, OR 97209.
Horizontal optokinetic stimulation selectively activates a compact population of
inferior olivary neurons located in the caudal aspect of the dorsal cap. One of the
consequences of prolonged (24 - 48 hour) horizontal optokinetic stimulation is a 10
fold increase of mRNA for the neuropeptide corticotropin-releasing factor CRF) as
well as an increased expression of CRF. In the present experiment we have asked if
these changes in activity-regulated protein expression are correlated with any changes
in cellular and subcellular morphology of dorsal cap neurons.
Five rabbits were stimulated binocularly in an optokinetic drum (5 deg/sec) for 48
hours. These rabbits were subsequently anesthetized and perfused for both light and
electron microscopic analysis. The perfused brainstems were cut into 200 µm sections
in a vibratome. Rectangles ( 1 x 2 mm) of tissue containing the left and right dorsal
caps, as well as both β-nuclei, were dissected in chilled ringers. Sections from known
locations in the dorsal cap were prepared for EM and light microscopy.
Dorsal cap neurons contralateral to the eye stimulated in the posterior→anterior
direction differed in three major respects from those contralateral to the eye stimulated
in the anterior→posterior direction: 1) Stimulated neurons were 8 - 12 % larger in total
area (p<.001). 2) Stimulated neurons had a higher number of lipid granules (p<.001).
3) Stimulated neurons had a greater concentration of rough endoplasmic reticulum and
a higher concentration of microtubules. There was no difference in either cell size,
lipid granule count, endoplasmic reticulum or microtubules in neurons in the rostral
dorsal caps or for neurons in the caudal p-nuclei. Neither of these olivary nuclei
receive horizontal optokinetic inputs. The optokinetically-induced changes in cell size
may reflect an osmotic gradient that, in turn, depends on activity-regulated protein
synthesis. This stimulus-induced increase protein synthesis may also be reflected in
the increased density of subcellular organelles. Supported by N E I04788.

TIME COURSE OF DISTRIBUTION OF PROTEIN KINASE C-δ IN NODULAR
PURKINJE CELLS AFTER UNILATERAL LABYRINTHECTOMY IN RAT. Z.-Y.
Qian* and N.H. Barmack. R.S, Dow Neurol. Sciences Inst., Portland, OR 97209.
Protein Kinase C-δ is a calcium-independent isoform of PKC expressed in high
abundance in nodular Purkinje cells. The nodulus receives a large unilateral vestibular
primary afferent mossy fiber projection. Unilateral damage to this pathway can be
used to compare the effects of Purkinje cell activity on the transcription of PKC-6
mRNA and expression of PKC-δ in both “active” and "inactive” Purkinje neurons.
Hybridization histochemical experiments show that the transcription of PKC-δ mRNA
is not influenced by a unilateral labyrinthectomy (UL). Nonetheless, Western blots
demonstrate changes in the distribution of PKC-6 within Purkinje cells as a
consequence of a UL. In this report we describe the time course of these activityinduced changes in the distribution of PKC-6 in nodular Purkinje cells following a UL.
Sprague-Dawley rats (N=25) were sacrificed 6-240 hours following a surgicallyinduced UL. The nodulus and the caudal vestibular complex were dissected into left
and right halves and further divided into cytosolic and membrane fractions. These
fractions were separated into constituent proteins by SDS-PAGE (10%). PKC-6 was
identified as a 76-78 kDa protein with an affinity purified polyclonal antisera.
The earliest detectable change in PKC-6 distribution occurred six hours after a UL.
The maximal change in PKC-6 distribution occurred 24 hours after the UL. Relative
to the intact control side, there was an increase in PKC-6 in the nodular cytosolic
fraction and a decrease in PKC-6 in the nodular membrane-bound fraction ipsilateral
to the UL. There was a relative decrease in PKC-6 in both the cytosolic and
membrane-bound fractions of the caudal vestibular complex ipsilateral to the UL. The
distribution of PKC-6 returned to pre-operative levels 240 hours after the UL. These
data together with our previous results indicate that the distribution, but not the
expression, of PKC-6 is influenced by Purkinje cell activity. This activity determines
how rapidly PKC-6 translocates from the cytosol to the membrane and is transported to
Purkinje cell terminals within the vestibular complex. Supported by NIDCD DC02557.
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SPATIAL CORRESPONDENCE BETWEEN TACTILE PROJECTION
PATTERNS AND THE DISTRIBUTION OF ANTI-ZEBRIN II IN THE
CEREBELLAR FOLIUM CRUS IIA OF THE RAT. J.H. T hompson2*. J .S. Hallem1.
G. Gundappa-Sulur2. R. Hawkes3. J.G. Bjaalie1and J.M. Bower2. 1Dept. of Anatomy,
Univ. of Oslo, N-0317 Oslo, Norway, 2Div. Biol. 216-76, Caltech, Pasadena, CA
91125, USA, 3Dept. of Anatomy and Neuroscience Research Group, Univ. of
Calgary, Alberta, T2N 4N1, Canada.
Granular cell layer maps of tactile responses in the rat cerebellar hemisphere are
fractured into topographically discontinuous regions, termed ‘patches’. We have
studied the spatial relationship between this fractured somatotopic map and the
parasagitally oriented molecular zones of the cerebellar cortex, represented with the
Purkinje cell specific peptide Zebrin II. High resolution electrophysiological
micromapping techniques were used to map the spatial distribution of individual
patches in the crus IIa folium. The medial and lateral borders of the large central
upper lip patch (UL-patch) were labelled with Fast Blue or India ink. After
immunocytochemical processing for Zebrin II, sections were digitized and the
distribution of Fast Blue and India ink tracks and anti-Zebrin positive Purkinje cells
were reconstructed in 3-D. The UL-patch boundaries coincided with the boundaries
of the molecular zones. The medial border of the UL-patch corresponded with the
medial border of either the P5a- or the P5b+ band. The lateral border corresponded
with the medial border of either the P6+, the P6-, or the P7+ band.
Following electrophysiological mapping of several smaller patches, Fast Blue was
injected in their centers. The tracks in these cases were observed at a distance from
the border of Zebrin II bands. We conclude that there is a spatial correspondence
between granular cell layer tactile patches and molecular zonation in the Purkinje
cell layer. This correspondence between molecular and physiological features may
have significance for the Qrganization of cerebellar circuits during development.
Supported by Research Council of Norway, The Nansen Foundation and the Human
Frontier Science Program.

RECIPROCAL REGULATION BY MONOAMINERGIC AND MGLUROPERATED SYSTEMS OF CEREBELLAR GABAERGIC TRANSMISSION IN

S o c ie ty f o r N e u ro s c ie n c e , V o lu m e

23,1997

Neurobiology, Mitsubishi Kasei Inst. Life Sci., Tokyo 194, Japan.
Basic neural circuitry in the cerebellar cortex has been well studied, but roles of
additional neural elements, such as monoaminergic afferent fibers and metabotropic
glutamate receptor (mGluR)-operated systems, are not yet fully understood. Thus,
we explored synaptic mechanisms that are mediated by activation of monoamine
receptors and inGluRs. The whole-cell recording was obtained from visually
identified Purkinje cells in cerebellar slices prepared from 12- to 21-day-old rats.
Excitatory and inhibitory synaptic currents were evoked by focal stimulation in the
cerebellar cortex. Noradrenaline (NA) and serotonin (5-HT) presynaptically
induced short-term and long-term facilitation of GABAergic inhibitory
transmission depending on the mode of amine application. Repeated conditioning
stimulation in the molecular layer mimicked the actions of exogenous NA and 5HT, and induced the facilitation of GABAergic transmission. The stimulationinduced facilitation also displayed a long-lasting time course, and was further
enhanced by the amine uptake inhibitor imipramine and abolished by the amine
receptor antagonists propranolol and methiothepin. In contrast to the monoamines,
a specific agonist for mGluR, DCG-IV, selectively elicited a profound inhibition of
GABAergic transmission through a presynaptic mechanism. The DCG-IV-induced
inhibition was mimicked by repetitive activation of the climbing fiber inputs,
suggesting that the excitatory transmitter released from the climbing fibers causes
this inhibition. Thus, it seems that monoamine receptors and mGluRs, probably 2/3
subtypes, expressed in GABAergic interneurons are involved, respectively, in
positive and negative controls of inhibitory transmission onto Purkinje cells in the
rat cerebellar cortex. Such a bi-directional regulation of GABAergic transmission
provides a likely mechanism in synaptic plasticity associated with the regulation of
sensory-motor learning within the mammalian cerebellar system.
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BIO LUM INESCENCE IM A G IN G OF AR EAS W IT H IN THE
S U P R A C H IA S M A T IC NUCLEUS OF THE FO S /LU C IFERASE
TR A N SG E N IC M O U SE. M . E. G e u s z *, A . Periasam v and G. D.
Block. D e p t. of Biology, the Advanced Cellular Imaging Facility,
and the NSF Center for Biological Tim ing, University of Virginia,
Charlottesville, V A 2 2 9 0 3 .
Light-induced shifts in the phase of the circadian pacem aker in
the suprachiasm atic nucleus (SCN) involve expression of the
im m ediate early gene c-fos. It is not know n how this entraining
light signal is transm itted through the SCN or the identity of the
d ifferent cell types involved. The SCN is m ade up of several
neuronal cell types, some of w hich are arranged in specific
positions in the SCN. To evaluate the distribution and sequence
of c-fos expression in SCN cells, biolum inescence w as imaged in
brain slice cultures m ade from the hypothalam us of a fos/luc
transgenic mouse in w hich the hum an c-fos prom oter drives
expression of the firefly luciferase gene. Cultures w ere
superfused w ith luciferin in HEPES-buffered artificial cerebrospinal
fluid and imaged w ith a liquid nitrogen-cooled CCD cam era. The
tissue initially show ed a diffuse lum inescence throughout the
section. A fte r several hours, the signal w as highest in the ventral
margin of the SC N, near the optic chiasm , and at the midline
betw een the tw o SCN. These results dem onstrate that
biolum inescence can be imaged w ithin regions of the fos/Iuc
m ouse SCN. S upported by the N S F C enter for Biological Timing.
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ELECTROPHYSIOLOGICAL AND MORPHOLOGICAL HETEROGENEITY
OF NEURONS IN SLICES OF RAT SUPRACHIASMATIC NUCLEUS. C.M.A,
Pennartz*. M.T.G. de Jeu. A.M.S. Geurtsen. A.A. Sluiter and M.L.H.J. Hermes.
Netherlands Institute for Brain Research, Amsterdam, the Netherlands.
It is unknown whether the suprachiasmatic nucleus (SCN) consists of a
homogeneous population of cells that all contribute to circadian pacemaking, or
contains different cell types with specialized functions in processing of photic
inputs, pacemaking and output. To obtain more insight into the functional diversity
of SCN neurons, we examined the electrophysiological and morphological
heterogeneity of SCN neurons by whole cell patch clamp recording combined with
biocytin labeling. Current clamp recordings were made from 109 cells in transversal
slices (250 µm) using Kgluconate-fllled pipettes (resistance 4-7 M Ω). Frequency
distributions of resting membrane potential, input resistance, time constant, rate of
frequency adaptation, size of rebound depolarization (low-threshold Ca2+ potential)
and regularity of firing all deviated significantly from normality. Visual inspection
of the data led to partitioning of cells into 3 clusters, viz. (i) cluster I characterized
by monophasic spike AHPs and irregular firing in the frequency range from 1.5 to
5.0 Hz; (ii) cluster II with biphasic spike AHPs and regular firing, and (iii) cluster
III with large rebound depolarizations, biphasic spike AHPs and relatively
hyperpolarized membrane potentials. This grouping was confirmed by hierarchical
tree clustering and multidimensional scaling. Biocytin labeling revealed that all
clusters contained at least some neurons projecting outside the SCN. A large
majority of these projection neurons also possessed intra-SCN axon collaterals. No
significant morphological differences between these clusters were found except that
cluster III neurons possessed more intra-SCN axon collaterals than cluster I or II
cells. These results suggest that SCN neurons are heterogeneous in
electrophysiological as well as morphological properties and can be partitioned
into at least 3 clusters (supported by NWO grant # 903-52-203).

1 6 .5

ALCOHOL EXPOSURE DURING RAPID BRAIN
DEVELOPMENT MIMICS THE EFFECTS OF AGING ON
BDNF EXPRESSION IN THE SCN AND CIRCADIAN
TIMEKEEPING. D.J. Earnest*. J.C. Mahoney. W.-J.A. Chen. F.
Sohrabji and J.R. West. Dept. of Human Anatomy, Texas A&M
University, College of Medicine, College Station, TX 77843-1114
Alcohol exposure during periods of rapid CNS differentiation may
induce permanent changes in the adult brain that mimic aging processes.
Since we have found that aging of the rat suprachiasmatic nucleus (SCN)
is marked by corresponding decreases in BDNF expression and circadian
period, the present study was conducted to determine whether neonatal
alcohol exposure has similar effects on the SCN and its timekeeping
function.
Sprague-Dawley rat pups were reared artificially so as to receive
alcohol (3.3 g/kg/day) or isocaloric milk formula on postnatal days 4-9.
Circadian behavior was examined from 2-4 months of age and then SCN
tissue was analyzed for BDNF protein and mRNA content. The
circadian period (τ ) of the activity rhythm in alcohol-exposed rats was
significantly decreased relative to that observed in gastrostomy and
suckle controls (p<0.01). In addition, alcohol induced significant
reductions in SCN expression of BDNF protein and mRNA (p<0.01).
These effects of neonatal alcohol exposure were comparable to the
progressive decreases in x and SCN expression of BDNF observed
during aging, suggesting that the mechanisms for alcohol- and agerelated alterations in circadian timekeeping may have common elements.
Furthermore, alcohol exposure during periods of rapid brain
development may compound the deterioration of SCN circadian function
associated with normal aging. Supported by AA05523 (J.R.W.).
S o c ie ty f o r N e u ro s c ie n c e , V o lu m e
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IMMORTAL TIME: CIRCADIAN CLOCK PROPERTIES OF
CELL LINES DERIVED FROM THE RAT SCN. F.-O. Liang*
M. Ratcliff. V.M. Cassone and D.J. Earnest. Depts. of Human
Anatomy and Biology, Texas A&M University, College of Medicine,
College Station, TX 77843
Extensive analysis indicates that our cell lines derived from the anlage
of the rat suprachiasmatic nucleus (SCN) are characterized by
conservation of many SCN-like phenotypic properties. Therefore, the
present study was conducted to determine whether these immortalized
cells also retain the distinctive capacity to generate known output
rhythms of the SCN circadian pacemaker in situ and in vitro.
Specifically, immortalized SCN cells were assessed for evidence of
circadian rhythmicity in glucose utilization and neurotrophin expression.
Uptake of 14C-labeled 2-deoxyglucose (2-DG) and content of BDNF
and NT-3 in confluent cultures of these cell lines were measured at 4-hr
intervals for 2 days. Immortalized SCN cells showed a robust circadian
rhythm in glucose utilization for 2 cycles in vitro, with ≈ 2-fold
difference between peak-nadir values. Circadian fluctuations were also
observed in both the BDNF and NT-3 content of immortalized cells (≈ 6fold peak-nadir difference). Circadian patterns of BDNF and NT-3
content displayed an inverse phase relationship; when BDNF content
was at peak levels, NT-3 levels were near their minimum. These results
clearly indicate that immortalized cell lines derived from SCN
progenitors retain clock properties of the SCN pacemaker in situ.
Furthermore, the conservation of BDNF and NT-3 rhythms in these cell
lines implies that these neurotrophins may provide interesting avenues in
research on the mechanisms for SCN pacemaker function. Supported by
NSF Grant IBN9511238 (D.J.E.).

1 6 .4
A CLOCK OUTPUT COMPONENT THAT OSCILLATES IN ABUNDANCE.
F. R. Jackson*. G. McNeil. M. Roberts, and X. Zhang. Department of
Neuroscience, Tufts University School of Medicine, 136 Harrison Ave.,
Boston, MA 02111. http://www.healthsci.tufts.edu/labs/rjackson/home.htm.
Drosophila lark mutants have an altered circadian rhythm of adult
eclosion, in which peaks of eclosion are abnormally early in LD 12:12.
Genetic analysis indicates that this early-eclosion phenotype is due to a
reduction in the amount of a repressor protein which modulates the activity
of the circadian clock output pathway regulating adult eclosion. DNA
sequence analysis demonstrates that the lark gene encodes an
evolutionary conserved RNA-binding protein of the RNA Recognition Motif
(RRM) class, and we have also characterized putative mouse and human
homologues. Immunocytochemical studies in progress will reveal the
tissue and intracellular localization of the protein in Drosophila. In addition
to RRM consensus motifs, Drosophila lark and its putative mammalian
homologues contain a single copy of a retroviral-type zinc finger, another
potential RNA-binding domain. Given the presence of multiple RNAbinding motifs, we hypothesize that lark regulates the timing of adult
eclosion via a posttranscriptional repression of target RNAs encoding other
elements of the clock output pathway. Recent studies indicate that the
abundance of Drosophila lark protein changes during the diurnal cycle,
with lowest amounts occurring in the subjective night, several hours prior
to the peak of adult eclosion. The phasing of the lark protein rhythm
suggests an explicit model for the involvement of this gene product in the
temporal gating of adult eclosion. Supported by NIH RR09767 to FRJ.

16 .6

SPATIAL AND TEM PORAL VARIATIONS IN THE EN ZY M ATIC
ACTIVITY OF ADENOSINE DEAMINASE IN THE RAT CNS IN
RELATION TO THE SLEEP-W AKE C Y C LE. M. Mackiewicz. S.C.
Veasey. M. Ro. A.I. Pack. University of Pennsylvania, Philadelphia, PA.
Adenosine (ADO), an inhibitory neuromodulator in the CNS, plays an important
role in the regulation of sleep. The level of ADO in the brain is controlled by the rate
of its production and degradation. Adenosine deaminase (ADA) irreversibly converts
ADO to inosine and, is the key enzyme in ADO catabolism in the CNS. We
questioned whether the enzymatic activity of ADA in regions of the rat brain relevant
to sleep control varies across the light/dark cycle and whether the level is affected by
sleep deprivation. Rats (Sprague-Dawley 180-200g) were sacrificed at 2 AM and 2
PM or at 2 PM following 24 hours of sleep deprivation. ADA assays were performed
as previously described by Geiger and Nagy (J. Neurosci. 9:2707-2714, 1986). The
following brain regions were included in experiments: olfactory bulbs, frontal and
parietal cortex, basal forebrain, anterior and posterior hypothalamus, brainstem,
cerebellum. ADA enzymatic activity in the rat CNS exhibits both spatial and
temporal variation. At 2 PM the activity ranges from 70.1±34.8 (nmoles of ADO
degraded per milligram protein per 30 min; mean±standard deviation) in the parietal
cortex to 388.1±90.8 in the posterior hypothalamus. All brain regions show
enhanced ADA activity in the dark active period (% changes ranged from 133 to 321).
However, sleep deprivation for 24 hr increased ADA enzymatic activity in only the
anterior (61.8±17.8 vs. 580.3± 214.0 nmol ADO degraded per milligram protein per
30 min p<0.0001) and posterior 388.1±90.8 vs. 599.3±217.2, p<0.005
hypothalamus but not in other brain regions. Thus, it appears that the circadian
influence on the level of this enzyme is widespread, but the effect related to sleep need
is more localized. Modulation of activity of this enzyme may be one method by
which the circadian and sleep systems interact to control sleep.
Supported in part by NIH grants HL-42236 and HL-07713.
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16.7
ARETINO-RECIPIENT SUPRACHIASMATICAREA OF THE MONKEY
(CERCOPITHECUSAETHIOPS) HYPOTHALAMUS IS DIRECTLY
CONNECTED TOHYPOTHALAMIC LHRHNEURONS 1T. L. Horvath*. 1D.
L. Keefe, and 1,2C. Leranth. 1Department of Ob/Gyn and2Section of Neurobiology,
Yale University, School ofMedicine, NewHaven, CT06520.
While the principal rolefor hypothalamic efferents of the suprachiasmatic
nucleus inthe mediationofvisual andcircadian signals to neuroendocrine cells has
beenshownin rodents, considerably less is known about the integration of these cues
intothe hypothalamo-pituitary axis ofprimates. The goal of the present studywas to
determine whether a monosynaptic pathway exists between a retinorecipient
suprachiasmatic areaandneuroendocrine LHRH-producing perikarya. Experimental:
Inorderto reveal retinal efferents in the suprachiasmatic area of the vervet monkey,
sections takenfromananimal that hadbeen enucleatedfour days prior to sacrifice
were immunostainedfor the spectrinbreakdownproduct using apolyclonal antiserum
generouslyprovidedbyDr. JMorrow. After revealing retinal projections in an area
just above the optic chiasma near the bottomof the thirdventricle, that has previously
beenidentifiedas the suprachiasmatic nucleus, electron microscopic analysis
confirmedthe existence of synaptic contacts between degenerating retinal fibers and
the dendrites of suprachiasmatic neurons. Subsequently, animals received
iontophoretic injections of the anterograde tracer, Phaseolus vulgaris leucoagglutinin
(PHA-L) intothe previously identified suprachiasmatic area. Correlated light and
electronmicroscopic immunolabelingfor PHA-LandLHRHrevealed direct synaptic
contact betweensuprachiasmatic efferents andcell bodies and dendrites ofLHRHproducingperikaryaaroundthe infundibular area. Conclusions: Our results provide
amorphological basis for the integration of visual signals into the primate
hypothalamo-pituitary axis andlends support to the notionthat in primates, similar to
rodents, the suprachiasmatic nucleus may couple light cues to neuroendocrine
rhythms. (SupportedbyNIHgrants NS-26068, NS-36111, HD-23830)
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16.8
ELECTRICALSTIMULATIONOF EITHERTHE MEDIANORDORSALRAPHE NUCLEUS
BLOCKS LIGHT-INDUCEDFOS EXPRESSION INTHE SUPRACHIASMATIC NUCLEUS.
E.L. Meyer-Bemstein*and L.P. Morin. Depts. of Psychiatry and Neurobiology, SUNY, Stony
Brook, NY11794.
The suprachiasmatic nucleus (SCN) receives a direct serotonin (5HT) projection from
the midbrainmedian raphe nucleus (MR). The SCNis also innervated bythe intergeniculate
leaflet which receives a 5HT projection from the dorsal raphe nucleus (DR). Evidence
suggests that 5HT functions to inhibit the effects of light on the circadian clock. For
example, 5HTreceptor agonists blocklight inducedphase shifts and FOSprotein production
inthe SCN(Rea et al., 1994). The present studyemploys electrical stimulation of the MRor
the DRto determine the functional significance of these raphe nuclei with regard to light
induced FOSproduction inthe SCN.
Male Syrian hamsters housed in LD14:10 were anesthetized and stereotaxically
implanted with a bipolar electrode inthe MRor the DR. Five days later, each hamster was
given a 10 minute saturating light pulse at CT14 or was a dark control. Each animal
receivedelectrical stimulationfor 30 minutes at 100-500µAbeginning at CT1350 or was an
unstimulatedcontrol. Animals were perfused at CT1530 and standard immunohistochemical
procedures were used to identify FOS-IR nuclei. The numbers of FOS-IR nuclei counted
throughout the SCNwas usedtoconstruct a current response curve.
Alight pulse alone administered at CT14 caused a significant increase in SCN
FOS-IRnuclei compared to dark controls (3312±212 vs. 268±24, p<.001). When the light
pulse was paired with electrical stimulation of the MR or the DR, there was a currentdependent decrease of FOS-IRnuclei inthe SCN(r=0.8, p<.001). At the maximumcurrent
tested (500(µA), the number of light-induced FOS-IRnuclei was decreased to approximately
50%of control. Stimulation of the MRor the DRin the absence of light had no affect on
FOS-IRin the SCNcompared to dark controls (p=.22). The similarity in the extent of light
induced FOS inhibition by stimulation of the DR or MR is not explained by the known
serotonergic connections to the circadian system. Supported by NINDS grant NS22168 to
LPMand NIMHfellowship MH11037to ELM-B.

16.9
FUNCTIONAL MRI STUDY OF HUMAN BRAIN ACTIVITY DURING NREM
SLEEP. J. P. Sutton*. J. B. Caplan, H. C. Breiter. F. R. Huang-Hellinger, K. K.
Kwong. G. McCormack. J. A. Hobson. N. Makris and B. R. Rosen. Neural Systems
Group andNMRCenter, Massachusetts General Hospital, Harvard Medical School,
Bldg. 149, 13th St., Charlestown, MA02129.
Nine subjects (5 F, 4M) were studied using simultaneous functional magnetic
resonance imaging (fMRI) at 1.5 Tandelectrophysiology (EEG, EOGandEMG) for
atotal of 14 nights. T2*images were recorded fromcontiguous 7 mmaxial oblique
slices throughout NREM sleep. A head coil and asymmetric spin echo instascan
sequence (TE=20, TR=20,000) were used. Following motion correction, paradigm
files for image analysis were constructed using electrophysiological data. The results
indicated symmetric deactivation of the prefrontal cortex (BA 9, 46), frontal
operculum(BA45), anterior (BA 24) andposterior (BA 31) cingulate, and auditory
(BA41, 42), inferior temporal (BA37) andoccipital (BA 18, 19) cortex in stages 3-4
relative to stages 1-2 of NREMsleep (p<.0001). Bilateral deactivation of the caudate
andthalamus were also observedas sleep progressedfromlight to deepNREMsleep.
The relative timing of regional activation throughout NREMsleep was investigated
withinandbetweensubjects.
SupportedbyNIHgrant K21 MH01080 andthe MacArthurFoundation.

16.10
UNIFORMITY OF THE EEG SIGNAL IS A CHARACTERISTIC FEATURE
OF RAPID EYE MOVEMENT (REM) SLEEP. M.Grözinaer*. T.Uhl and
J.Röschke. Dept, of Psychiatry, University of Mainz, Germany.
The EEG signal in REM sleep typically shows sinusoidal waves of
mixed frequencies and low amplitudes. To further characterize this
sleep stage by means of EEG features we suggest the uniformity of
the signal as calculated from quantitative sleep EEG data. This
parameter is especially interesting for the fact that it statistically
exhibits a distinct difference between the group of REM sweeps and
the group of stage I sweeps of sleep EEG recordings.
Following an adaptation night polysomnographic recordings were
taken from 22 healthy male volunteers in 2 nights each and manually
scored in time periods of 20 seconds to obtain the sleep profiles. For
each of these time periods the EEG signal was digitally filtered in 8
frequency bands ( 0.5-45, 0.5-3.5, 3.5-7.5, 7.5-11, 11-15, 15-25, 25-35
and 35-45 Hz) and the RMS values of the filtered signals were
calculated along short adjacent time periods of 2.5 seconds, 8 of
which always exactly matched a scored time period. For every sleep
recording the empirical distribution functions of the RMS values were
obtained separately for the different sleep stages and the different
frequency bands. The variation coefficients (Q75-Q25)/Q50 of these
distribution functions (Qx for x-quantil) for sleep stage I were larger in
comparison to stage REM with high statistical significance, meaning
that the RMS values show a stronger variation in sleep stage I as
compared to stage REM. This was true in both nights likewise.
Supported by Deutsche Forschungsgemeinschaft DFG(Ro 809/13-1).

16.11
CHANGES IN CARDIAC AUTONOMIC CONTROL IN SHIFT-WORKERS
DURING DIFFERENT WORK SCHEDULES. R.Furlan. F.Barbic. S.Piazza.
C.Cogliati*. P.Seghizzi. A.Malliani Medicina Interna II, Ospedale “L.Sacco”,
Università di Milano, Milan, Italy.
In human subjects the spectral marker of sympatho-vagal balance
modulating the SA node activity LF/HF, obtained from RR variability,
undergoes a circadian oscillation with higher values during the day working
period (8 a.m. - 5 p.m.), when cardiac sympathetic activity is predominant,
and lower values at nighttime. It is unclear whether a change in the working
period over the 24 hours might be associated to a different level of cardiac
sympathetic activity.
In 22 habitual shift-workers we compared the RR interval and LF/HF
values measured during the 8-hour periods of work corresponding to 3
different shifts. The intensity and quality of physical activity were strictly
matched during the 3 shifts. Every subject underwent a 24-hour EKG
recording and spectral analysis of RR variability was performed.
1st shift
2nd shift
3rd shift
(6 a.m. -12 p.m) (2 p.m.-10 p.m.) (10 p.m.-6 a.m.)
RR (msec)
716±24
682±21
774±28
LF/HF
8.65±1.03
9.09±0.90
6.51 ±0.76*#
p<0.05, 3rd shift vs 1st shift (*) and 2nd shift (#)
Thus, despite the work assignments were similar during the 3 shifts,
LF/HF was reduced during the night-work (3rd shift) as compared to the other
two periods, suggesting a decrease in sympathetic activity to the heart. This
pattern might reflect the predominant influence of an internal, scheduleindependent, biological clock upon the level of sympathetic activity during the
different hours of working. These data might also partially explain the higher
incidence of accidents during night work.

16.12
THE PLATYPUS HAS REM SLEEP J.M. Siegel*. P.R. Manger+.
R. Nienhuis. H.M. Fahringer and J.D. Pettigrew+VAMC Sepulveda
and UCLA School of Med. Neurobiol. Res. 151A3, Sepulveda CA
91343, USA, Vision, Touch and Hearing Research Centre, Univ. of
Queensland, Brisbane, Australia+
REM sleep has been observed in all placental and marsupial
mammals studied. Evidence for its existence in the monotremes has
been equivocal, leading to the hypothesis that REM sleep in
mammals evolved after the divergence of the monotreme line. Using
telemetry we found that when the platypus was swimming, EEG
voltage was at its lowest level. A comparable low voltage EEG was
also present when the animal was awake in the burrow. At sleep
onset, EEG amplitude increased. Phasic events began as soon as 30
to 90 sec after sleep onset. REM sleep, as defined by muscle atonia,
phasic EMG potentials, irregular ECG and rapid eye movements,
was always accompanied by an EEG which was of moderate or high
amplitude. In this respect, platypus REM sleep EEG is unlike the
low voltage REM sleep EEG seen in adult placental and marsupial
mammals. These findings suggest that the low voltage neocortical
EEG of REM sleep evolved after the divergence of the monotreme
line. The platypus spent > 8 h/day in REM sleep, far more time
than any other animal. It is likely that REM sleep was present in
large amounts in the earliest mammals and evolved in reptiles
ancestral to the first mammals.
Supported by NS32819.
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17.1
ATTACHMENT OF PC12 CELLS TO ADHESION SUBSTRATA
(POLY-L-LYSINE AND COLLAGEN) ELICITS PRODUCTION OF
GLUCOSE TRANSPORTERS (GLUTS). D. S. Dwyer*. H. B.
Pinkofsky. Y. Liu and R. J. Bradley. Dept, of Psychiatry, LSUMCShreveport, Shreveport, LA 71130.
Differentiation of neurons in vitro is accompanied by increased
synthesis of glucose transporter (GLUT) proteins, in particular, GLUT'3.
To characterize the initial events that stimulate the production of
GLUTs, the PC12 cell line has been employed as a well-established
model of neuronal differentiation. Our studies revealed that differentiation of PC12 cells by nerve growth factor (NGF) was accompanied by
a dramatic rise (10-20-fold) in the synthesis of GLUT3 and GLUT!.
While further examining this response, it was discovered that attachment
of the cells to the adhesion substratum, poly-l-lysine (PLL), and not
neuronal differentiation per se was responsible for the induction of
GLUT synthesis. The response to PLL was detected as early as 4 hours
after plating the PC12 cells on treated surfaces and peaked at about 2448 hours. This response may be characteristic of neuronal cells because
PLL did not enhance GLUT production in other cell lines tested. Doseresponse analyses revealed that PLL was still effective even when the
coating solution contained as little as 1-10 ng/ml of polymer. Other
positively charged amino acid polymers (e.g., poly-l-arginine) were far
less potent in stimulating the production of GLUTs. Collagen, which is
also commonly used as an adhesion substratum for the growth of
neurons, produced the same effects as PLL. The increased production of
GLUTs that accompanies specific recognition of the adhesion
substratum may be one of the earliest steps in the commitment of cells to
neuronal differentiation. (Funded by Dept, of Psychiatry, LSUMC)

17.2
STABLE TRANSFECTION WITH CONNEXIN43 INHIBITS NEURONAL
DIFFERENTIATION OF PC12 CELLS. R. Rozental*. M.F. Mehler. A.F.
Andrade-Rozental. J.A. Kessler and D.C. Spray. Depts. Neuroscience,
Anesthesiology and Neurology, Albert Einstein College of Medicine, Bronx,
NY 10461; Dept. Internal Medicine, Federal Univ. of Goiâs, Goiânia, Brazil.
The down-regulation of gap junction channels appears to be an important
component of neuronal differentiation (Dev. Biol. 167: 350, 1995). However,
whether loss of functional coupling is a requirement for the acquisition of
neuronal phenotype has not been rigorously tested. A model system amenable
to analysis of neuronal differentiation is the PC12 cell line, a rat pheochromocytoma cell line which is communication-deficient and can differentiate into
neurons. Specifically, we evaluated whether constitutive expression of Cx43,
a Cx-type expressed in immature neuroblasts, prevents the differentiation of
PC12 cells treated with NGF (50 ng/ml). We have applied molecular
biological, immunocytochemical and electrophysiological techniques to
compare PC12 clones transfected with Cx43 or with empty vector with
regard to expression of neuronal phenotype. NGF-treated untransfected and
mock-transfected PC12 cells expressed intense immunoreactivity to nestin,
β-tubulin, neuroD, neurofilament protein 200 (NF200) and the growth
associated protein 43 (GAP-43) and were excitable; this clone when
transfected with Cx43 (60% coupled by Lucifer Yellow) did not undergo
pronounced differentiation and remained inexcitable. These results suggest
that the presence of intercellular coupling provides a powerful inhibitory
action on neuronal differentiation of PC12 cells. (Supported by N.I.H.
grants).

17.3
CHARACTERIZATION OF NFB1, AN F-BOX CONTAINING PROTEIN
PRESENT IN NEURAL CELLS. W.P. Hvnicka*. J.A. Erhardt. N. Shen, N.L.
Burkhardt-Stone. H.L. Paulson, and R.N. Pittman. Dept, of Pharmacology,
Univ. of Pennsylvania School of Medicine, Philadelphia, PA 19104.
We have isolated and characterized a neural-specific cDNA, NFB1
(Neural F-Box Protein 1), that encodes a protein expressed at a time in
development correlating with conversion of neurons to a post-mitotic state.
The full length NFB1 cDNA was isolated from PC12 cells, and is predicted to
encode the protein-protein interaction domain known as the F-Box. This
domain was recently identified in certain cell cycle related components (ex:
Cyclin F, Skp2, cdc4), and interfering with the function of F-Box containing
proteins can inhibit cell cycle progression. Ahuman NFB1 genomic clone was
also isolated and sequenced, and the predicted open-reading frame is 87%
identical to the rat sequence at the amino acid level. Fluorescence in situ
hybridization localized the human gene to chromosome 1p36.2. Antibodies
have been generated against NFB1 protein, and were used to examine tissue
expression in the developing rat. Cortex, midbrain, and brainstem showed
expression by postnatal day 3, and levels increased during development,
reaching a maximum in the adult rat (previous in situ hybridization studies on
adult rat revealed that mRNAexpression within the brain was predominantly or
exclusively in neurons). NFB1 protein was not detected in numerous
peripheral tissues examined, except in adult adrenal gland.
NFB1 is highly homologous to the published partial peptide sequences
of a protein isolated fromguinea pig organ of Corti (OCPl:Hearing Research,
64 [1993] 191-198), and most likely represents the same protein. The two
most abundant proteins within the organ of Corti are OCP1 and OCP2/Skp1.
Cell cycle regulators Skp2 and Cyclin Fare known to interact with OCP2/Skp1
through an F-Box motif. Therefore, we are currently examining potential FBox mediated interactions between NFB1 and Skp1, and determining
possible functional consequences on cell growth.
This workwas supported by NIHgrant NS32465

17.4
PRESENCE AND CHANGES IN NGF p75 RECEPTOR IN THE
EPENDYMA AND SUBEPENDYMAL LAYER DURING
EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS. 1,2L.Calzà*.
2L. Giardino. 2M. Pozza. 3A. Micera. 1F. Magnani. 3L. Aloe 1Pathophysiology
Center for the Nervous System, Hesperia Hospital, Modena, Italy; 2Inst. of
Human Physiology, University of Cagliari, Italy; 3Inst. of Neurobiology,
CNR, Roma, Italy.
Previous reports have described NGF p75 receptors in non-neuronal
structures in the brain, including ependyma and subependymal layer (SEL).
We have recently shown that expression of NGF p75 receptor is strongly upregulated in perivascular brain areas during experimental allergic
encephalomyelitis (EAE) (PNAS, 1997, 94:3368-3373), according to a timecourse correlated to the severity of inflammatory cellular infiltrate. In the
present study we investigated NGF p75 and trkA receptor expression in the
ependyma and SEL during EAE by means of immunocytochemistry. An
increasing up-regulation of p75 immunostaining was found in ependymal
cells of lateral, third and fourth ventricle, aqueducts and central canal 7, 14
and 21 days after active immunization. p75 immunostaining was also found
in proliferating cells in SEL, which were identified by Ki67 positivity (Ki67
is a nuclear antigen that is expressed during Gl, S, M and G2 phases of the
cell cycle). It is known that these proliferating cells in adult rodents can
migrate long distances and differentiate in the olfactory bulb. p75 and trkA
immunoreactivity was also strongly up-regulated in the olfactory bulb during
EAE, where a wider distribution of Ki67-positive cells was also observed
compared to adjuvant injected rats. These results suggest that NGF
participates to the regulation of proliferation and/or differentiation of SEL
cells during EAE. Supported by AISM (L.C.) and ISS (L.A.)

17.5
A REVERSE GENETIC APPROACH TO IDENTIFY GENES
INVOLVED IN THE DEVELOPMENT OF THE EMBRYONIC
NEUROMUSCULAR SYSTEM OF DROSOPHILA.
W.M.
Leiserson. E.W. Harkins. D.N. Amin and H. Keshishian. Dept.
Biology, Yale University, New Haven, CT 06520-8103.
We are using the genetics and molecular biology of Drosophila to
identify molecules that are important for the development and
connectivity of the embryonic neuromuscular system. Taking a
reverse genetic approach, we screened 750 enhancer detector lines for
expression in the embryonic bodywall and CNS around the time when
muscles become innervated. Two genes are described here whose
segmentally repeated expression in the bodywall is limited to single
muscle Fibers. In line 4624, reporter gene expression is found in
Muscle Fiber 17; in line 1849, in a single nucleus of Muscle Fiber 5.
For both of these enhancer detector lines, genomic fragments and
cDNA clones have been found that detected transcripts expressed in a
pattern similar to the reporter gene. The protein sequence deduced
from the 4624 cDNA clones reveals a kinase motif with homology to
STE20/PAK proteins, signal transduction proteins that are thought to
mediate changes in cell morphology. The 1849 gene has a LIM
domain, thought to mediate protein-protein interactions, and which
has been found in other genes that function in neuromuscular
development. The expression and sequence of the 4624 and 1849
genes suggest they play a role in the development and/or connectivity
of the neuromuscular system. These ideas will be tested by
phenotypic analysis of mutations that were generated by excision of
the enhancer trap element.
Funding provided by NIH, NSF, and NASA.

17.6
VOLTAGE-DEPENDENTPOTASSIUMCHANNELS MAY INFLUENCE
NEURONAL CELL MIGRATION
R.Hendriks. D.K.Morest*. L.K. Kaczmarek
Dept. Anat., Center for Neurological Sciences, Univ. of Connecticut Health Ctr.,
Farmington, CT 06030 & Dept. Pharmacology, Yale Univ. School of Medicine,
NewHaven, CT 06520.
Neuronal migration in the CNS depends on elongation of a leading process with
a growth cone followed by translocation of the nucleus through the leading
process. In a previous study we demonstrated the existence of a voltage-gated
potassium channel (Kv3.1) in normotypic cell cultures that were highly enriched
with acoustico-vestibular neuroblasts. In the present study we have studied the role
of such channels in neuroblasts migrating fromexplants of rhombic lip tissue of the
chicken hindbrain at embryonic age 5.5. As reported previously, high-threshold
outward currents appear at this and earlier stages of embryogenesis, and well
before synaptic activity in ascending auditory pathways. They were a composite of
at least two components: a fast initial transient current and a slowly inactivating
current. Both could be eliminated with either 4-AP or TEA-C1 at a concentration of
ImM. Observations of individual neuroblasts revealed them to be actively
migrating away from each explant over the course of several hours. This migration
characteristically involved the unidirectional displacement of a cell body through
an expanding leading process that, in turn exhibited a characteristic growth cone at
its tip. The application of either 4-AP or TEA (ImM) caused a halting and
subsequent reversal of: a) leading process elongation, b) growth cone extension
and c) nuclear translocation. This could be replicated upon elevating the external
potassium ion concentration to 140 mM. These results indicate that TEA/4-AP
sensitive currents may be involved in the process of neuronal migration
Supported by T32DC00025
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17.7
HIGHTHRESHOLDSIGNALINGVIAEGF-Rs MEDIATES CHEMOTACTIC
MIGRATIONOF CORTICAL PROGENITORCELLS. L. Lillien*1. DL
Wancio1. and P. Levitt2, 1Department of Neurobiology and Anatomy, Allegheny
University of the Health Sciences, Philadelphia, PA 19129. 2Department of
Neurobiology, University of Pittsburgh, Pittsburgh, PA 15261.
Different levels of EGF-R stimulation elicit several responses in cortical
progenitor cells. We have found that different thresholds can be achieved by
modulating both receptor number and ligand concentration. Normally during late
embryonic development in the rat, expression of EGF-Rs by cortical progenitor
cells increases. To determine whether EGF-Rnumber influenced migratory
responses, progenitor cells in the ventricular zones of E12, E15, or E19 explants
were infected with replication incompetent retroviruses transducing either (3galactosidase, or this marker together with wild type EGF-R. Infecting early
progenitor cells with this virus resulted in EGF-Rexpression that approximated
levels seen among later progenitor cells. Explants were exposed to ligand in a
directional manner by placing themon filters floating on mediumcontaining
various concentrations of ligand, and growing themwith ventricular surfaces
either toward or away fromthe source of exogenous ligand. The location of
infected cells was determined 1-3 days later by X-gal histochemistry. Exposing
El 5explants infected with control virus to TGFα or EGFresulted in an
enhancement of migration away fromthe source of exogenous ligand. In contrast,
at E19, when EGF-R expression normally increases, cells infected with control
virus migrated toward the source of exogenous ligand. Increasing EGF-R
expression prematurely with a retrovirus conferred chemotactic responsiveness to
EGF and TGFα in E12 and E15 cortical progenitor cells. Thus, stimulation of
EGF-Rs modulated migratory responses generally, but higher thresholds of
stimulation, achieved by the combination of higher levels of receptor expression
andhigh ligand concentrations, were required for chemotactic responses.
Supported by the March of Dimes.

17.8
Functional expression of glycine receptors in developing
neocortex: evidence for endogenous activation by taurine.
Alexander C. Flint* and Arnold R. Kriegstein. Department of Neurology
and The Center for Neurobiology and Behavior, College of Physicians and
Surgeons of Columbia University, NY, NY 10025
The sulfur amino acid taurine is stored and released at high levels in
immature cerebral cortex and is required for normal cortical development.
The absence of dietary taurine during gestation produces extreme cortical
malformations resulting from impaired neuronal migration. Despite the
importance of taurine to cortical development, its mechanism of action is
unknown. One possible action of taurine is to activate glycine receptors,
for which it is an established ligand. Glycine receptors have long been
thought to be restricted to lower segments of the neuroaxis such as the
spinal cord, where they mediate the majority of fast inhibitory
neurotransmission. We have found that low affinity glycine receptors are
functional during early cortical development. Activation of glycine
receptors in early postnatal cortex is excitatory, due to the high native
[Cl‘]i in neonatal neurons, and produces marked increases in intracellular
calcium. Cortical glycine receptors are not involved in fast synaptic
transmission but the glycine receptor antagonist strychnine inhibits a
tonic current in neocortical neurons, which suggests a role for these
receptors in extrasynaptic neuromodulation. Furthermore, inhibition of
taurine reuptake mechanisms produces strychnine-sensitive currents in
neocortical neurons. Glycine receptors therefore represent a target of
released taurine during neocortical development and may allow taurine to
exert its effect on developing neurons via calcium-dependent control of
second messenger systems and gene expression.
Supported by NIH/NINDS NS 21223-10.

17.9
EPH FAMILY MEMBER EXPRESSION BY ADULT NEURONAL
PRECURSOR CELLS FROM THE SUBVENTRICULAR ZONE.
J.C. Conover*1. H. Wichterte1. N.W. Gale2. G.D. Yancoooulos2A
Alvarez-Buylla1. 1Laboratory of Neurogenesis, The Rockefeller
University, New York, NY 10021,2Regeneron Pharmaceuticals, Tarrytown,
NY 10591.
Neurogenesis continues throughout adulthood in restricted regions
of the brain. One proliferative zone is the subventricular zone (SVZ)
of the lateral walls of the lateral ventricles, from which neuronal
precursor cells migrate rostrally (rostral migratory stream, RMS) to the
olfactory bulb (OB) where they differentiate into neurons. Migrating
neuronal precursors move as chains of tightly apposed cells,
independent of radial glia. However, the molecular mechanisms
controlling orientation, directionality and migration of these neuronal
precursors are not known.
Using Eph ligand and receptor Fc-conjugated fusion proteins, we
show localization of the transmembrane-linked (TM) ligands and their
associated receptors to the SVZ and RMS of adult mice. An in vitro
culture assay (Wichterle, Verdugo and Alvarez-Buylla, 1997) in
which neuronal precursor cells migrate from SVZ explants similar to
their migration in vivo was used to determine cell-specific localization
of Eph family ligands and receptors. Triple-labelling, using GFAP
immunoreactivity to label astrocytes, TuJ1 immunoreactivity to label
neuronal precursor cells and tagged Eph ligand or receptor fusion
proteins revealed that TM ligands are associated with the migrating
precursor cells. Further analysis of fresh-frozen sections hybridized
to TM ligand probes (Htk-L, Lerk2, and Elk-L3) revealed expression
of only Lerk2. Specific cellular localization of the Eph associated
receptors is in progress. These results suggest a role for the Eph
family of ligands and receptors in the migration of precursor cells from
the SVZ of adult mice. (Supported by NIHgrant R3DC03361Ato JCC.)

17.10
DIFFERENTIAL INVOLVEMENT OF α8β1 AND α6β1 INTEGRINS
IN CHICK OPTIC TECTUM DEVELOPMENT. P. S. Galileo* and Z.
Zhang. Dept, of Cell. Biol, and Anat., Medical College of Georgia,
Augusta, GA 30912.
We have shown previously that p1 integrins are involved in radial
migration of neuroblasts along radial glia by using antisense
sequences delivered into progenitors with retroviral vectors, which
inhibited their migration. Eventually, all such cells died. Here we
constructed and used in vivo retroviral vectors expressing antisense
sequences against the p1 integrin subfamily members a6 and a8
(LZa6AS and LZα8AS, respectively). Cells infected with LZa8AS
yielded results very similar to those obtained with p1 antisense
vectors: No effect was observed at embryonic day (E)6 (p=0.49),
however by E9 there were fewer total cells and fewer cells in every
lamina compared to controls (p<0.0001 for all). Cells infected with
LZa6AS resulted in no effect at E6 (p=0.25). At E9, there was no
difference in the total number of cells per clone (p=0.18), however,
there was an abnormal distribution of several less cells in the
uppermost lamina (tectal plate) (p<0.0001) and several more cells
accumulated in the ventricular zone (p<0.01). We conclude that
a8p1 integrin is involved in migration and survival of all tectal cells,
while a6p1 integrin appears to be required for migration of a small
subset of cells destined for the tectal plate. Furthermore, cells
infected with LZa8AS appear to die by apoptosis. Supported by
NINDS.

17.11
MORPHOLOGICAL DIFFERENTIATION OF NEURONS IN
LAYER 5 OF THE RAT CORTEX DEPENDS ON ACTIVATION
OF NMDA RECEPTORS Zoltán Molnár. Matthew Nesbit. Irini Skaliora.
Adam Smith. Colin Blakemore and Beat Gähwiler*. University Laboratory of
Physiology, University of Oxford, Parks Road, Oxford OX1 3PT, UK.
Pyramidal neurons in layer 5 of rat cortex are of two main types. One has a thick
apical dendrite with a prominent terminal tuft extending into layer 1, produces
bursts of action potentials in response to current injection, and projects out of the
telencephalon, to superior colliculus, pontine nuclei, etc. The second type has a
slender apical dendrite without a tuft, does not burst, and projects to other cortical
areas, including the opposite hemisphere (Larkman and Mason, 1990 J. Neurosci
10: 1407). These neurons are co-generated and are initially indistinguishable, all of
them having tufted apical dendrites. Towards the end of the first postnatal week,
after thalamic axons have innervated their apical dendrites, corticocortical cells
selectively lose their apical tufts. To examine the possibility that activation of
NMDA receptors, might play a part in initiating this morphological differentiation,
we implanted Elvax-40Wsheets (Smith et al., 1994 J. Neurosci Methods 60:211)
over the cortex on the day of birth, releasing either the NMDA receptor antagonist
MK-801 or saline. At day 9 we perfused the animals and placed crystals of
carbocyanine dye, Dil, into the corpus callosum, hence retrogradely labeling
interhemispheric corticocortical layer 5 cells. In the control animals (exposed to
saline), only 13%of the labeled corticocortical neurons still had an apical tuft; but
after blockade of NMDA receptors, 42% retained their tufts (n=324 cells).
Furthermore, spine density over the layer 4 segment of the apical dendrites of
labeled corticocortical cells was 30%lower in the MK-801-treated animals than in
controls (n=19), with no difference in the distributions of spine lengths. These
results suggest that dendritic morphology is influenced, after thalamic innervation,
by signals mediated by glutamate acting on NMDAreceptors.
Supportedby the MRC, Wellcome Trust and Newton-AbrahamFoundation.

17.12
COLOCALIZATION OF BAX AND BCL-2 IN SMALL INTESTINE EPITHELIA
WITH DIFFERENT DEGREES OF DNA-FRAGMENTATION. A. P. Aschoff*,
G. F. Jirikowski. Dept, of Anatomy II, FSU-Jena, Teichgraben 7, D-07743 Jena,
Germany.
Although morphological changes associated with apoptosis are closely correlated
with the expression of specific genes and the activity of specific enzymes, the causeeffect relationships are not known. This is mainly due to the high speed of
biochemical and morphological changes leading to cell death within minutes. For
studying different chronological stages of apoptosis the villi of the small intestine are
a very useful preparation. Epithelial cells towards the apex of the villi become
progressively more and more susceptible to apoptosis as judged by morphology and
in situ labeling of fragmented DNA. Here this "apoptotic gradient" is used to
demonstrate the occurrence of BAX- and BCL-2-proteins in the cytoplasm of healthy
cells, cells at the onset of apoptosis, or cells in and advanced apoptotic state.
Consecutive semithin serial sections of the villi of small intestine of the mouse were
stained with anti-BAX antibody, anti BCL-2 antibody, and anti-bRDU-antibody for
the demonstration of DNA-fragmentation (Aschoff et al, 1996. BAX- and BC1-2 is
always colocalized in the same cells and only in cells with staining for fragmented
DNA. Intensity of staining with BAX-, BC1-2- or bRDU-antibodies is clearly
correlated. Neither BAX nor BCL-2 immunoreactivity was found at the base of the
villi in epithelial cells with no DNA-fragmentation. The gradient of BAX- or BCL-2
staining is similar to the gradient of DNA-fragmentation. Immunoreactivity for
BCL-2 or BAX is heaviest in cells that are bound to be become apoptotic next in the
course of cellular turnover but not in cells in an advanced apoptotic state with
strongly condensed chromatin. Interestingly the intracellular distribution of BAX or
BCL-2 differs. BCL-2 immunoreactivity is preferably localized at the cellular
membranes, BAX-immunoreactivity distributed throughout the cytoplasm.
Aschoff,A., Jantz, M., Jirikowski, G. F., 1996, Horm. Metab. Res. 28, 311-314.
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17.13
INHIBITION OF ENTERIC NEURONAL DEVELOPMENT BY
ENDOTHELIN-3 (ET-3) JJ. Wu*. T.P. Rothman. &M.D. Gershon. Dept. Anat.
and Cell Biol, and Ctr. Neuro. &Beh., Columbia Univ., P&S New York, NY. 10032.
Enteric neurons are derived from cells that migrate to the bowel from
the neural crest. Although their developmental potential is reduced
during migration, crest-derived cells are pluripotent when they arrive in
the gut. Their phenotypic expression is determined both by their lineage
and microenvironmental factors. The ENS of the terminal colon is
absent in mice with targeted or natural (Is/Is; sl/sl) mutations of genes
encoding endothelin-3 (ET-3) or its receptor ETB- T*O analyze the
effects of ET-3/ETb on the differentiation of enteric neurons and nonneuronal cells, we separated the two and tested the effects of ET-3, an
ETB agonist, IRL162Q, and an ETB antagonist, BQ788 on the in vitro
development of each. Immunocytochemical markers were used to
identify crest-derived cells (p75NTR), neurons (PGP9.5), smooth muscle
(desmin), and interstitial cells of Cajal (ICC; Kit). ET-3 inhibited the
development of neurons but promoted the differentiation of smooth
muscle. Effects of ET-3 were concentration-dependent and mimicked
by IRL1620. BQ788 did not affect the development of neurons,
although it blocked the effects of ET-3. In contrast, BQ788 inhibited the
development of smooth muscle. ET-3 did not affect ICC development.
These data suggest that ET-3 antagonizes neuronal development while
enhancing that of smooth muscle. There is an endogenous source of ET3 in cultures of isolated non-neuronal cells. We suggest that the role of
ET-3 in development is to prevent the premature differentiation of crestderived cells, an effect that enables the colonization of he bowel to be
completed. Supported by NIH grants NS15547 and HD21032.

SECOND MESSENGERS AND PHOSPHORYLATION I
18.1
NMDA RECEPTOR ANTAGONISM ATTENUATES HYPOXIAINDUCED TYROSINE AND SAPK/JNK PHOSPHORYLATION
AND AP-1 ACTIVATION IN THE NUCLEUS TRACTUS
SOLITARTUS (NTS) OF THE CONSCIOUS RAT. J.D. Dausman. E
GozaL N. Simakajornboon. S. El-Dahr. D. Gozal*. Constance S.
Kaufman Ped. Pulm. Res. Lab., Dept. Pediatrics, Tulane Univ. Sch. Med.,
New Orleans, LA 70112.
NMDA glutamate receptors in the NTS are critical for hypoxic
chemotransduction. To assess the effect of moderate hypoxia (10% 02) on
tyrosine phosphorylation (PY) of proteins in NTS, lysates were prepared at 0, 1',
10', and 60', separated by SDS PAGE, and immunoblotted with antibody against
phosphorylated tyrosine. Time-dependent PY increases occurred in proteins
migrating at regions corresponding to molecular weights 38-42 kD, 50 kD, 55 kD,
and 60 kD. Pre-treatment with the NMDA receptor channel antagonist MK-801
attenuated PY in the 38-42, 55, and 60 kD bands (n=5). Western blots did not
show significant changes in phosphorylation of Erk 1 and Erk 2 MAP kinases
with acute hypoxia (n=3). In contrast, immunoblots revealed hypoxia-induced
increases at 10' and 60' of phosphorylated SAPK/JNK (m.w. 54 kD), the earlier
being attenuated by previous administration of MK-801. Similarly, AP-1
activation occurred with hypoxia and was markedly reduced by MK-801. We
conclude that in the NTS, moderate hypoxia elicits time-dependent stimulation
of a SAPK/JNK- AP-1 pathway which is modulated by NMDA receptor channel
activity.
(Supported byHD-01072, MCJ-229163, andtheAmericanLungAssociation)

18.2
ATP-INDUCEDARACHIDONIC ACID RELEASE INCULTURED ASTROCYTES IS
MEDIATEDBYGi-PROTEINCOUPLEDP2Y1ANDP2Y2RECEPTORS.
C.C. Chen*and W.C. Chen. Institute of Pharmacology, College of Medicine, National Taiwan
University, Taipei, Taiwan.
ATP-induced arachidonic acid (AA) release was studied in [3H]AA-prelabeled cultured
astrocytes. ATP, UTP or 2-MeSATP induced a dose-dependent increase of [3H]AA release,
with EC50 values of 22.7 µM, 29.4 µMand 1.68 µM, respectively; α,β-methylene ATP and
adenosine had no effect. The order of potency was ATP=UTP>2-MeSATP, indicating that
ATP interacted with both P2Yi and P2Y2 receptors to mediate AArelease in astrocytes. ATP,
UTP and 2-MeSATP induced a rapidly initial rise of [Ca2+]i and a sustained [Ca2+]i increase.
These three agonists-induced AArelease was blocked inthe external Ca2+free in condition the
sustained [Ca2+]i increase was abolished. Furthermore, inorganic Ca2+channel blocker Co2+
inhibited ATP, UTP or 2-MeSATP induced-AArelease as well. Long-term(24 h) treatment of
cells with TPAresulted in anattenuation ofthree agonists, TPAor A23187 response. Similarly,
ATP or TPA promoted AA release was inhibited by the mitogen-activated protein kinase
(MAPK) cascade inhibitor PD98059. ATP, TPAor A23187 induced an increase inthe activity
andtyrosine phosphorylation ofp42 MAPK, as well as a molecular weight shift, consistent with
phosphorylation, of cytosolic phospholipase A2 (cPLA2). ATP and TPA-stimulated activation
ofp42 MAPKactivityandtyrosine phosphorylation were inhibited by long-termTPAtreatment,
while A23187-stimulated effects were completely blocked. Furthermore, tyrosine
phosphorylation and activation of p42 MAPKactivity and mobility shift of cPLA2induced by
A23187 were reversed inthe absence of external Ca2+, suggesting the involvement of PKCα in
MAPKactivation and mobility shift of cPLA2. Taken together, ATP-stimulated AArelease was
secondary to the activation of P2Yi and P2Y2 receptors-coupled PLCpathway. Ca2+and PKC
interact to regulate this response. Elevation of intracellular Ca2+, mechanism involving
extracellular Ca2+influx, might act partlythrough PKCα activation and inturn MAPKwas then
activated, leadingtocPLA2 phosphorylation and AArelease.

18.3
MAP KINASE REGULATION OF AGPROTEIN-COUPLED RECEPTOR
SEROTONIN 2C RECEPTOR. S. Zhang*1. J.H. Hurley1. L.S. Bye1. Y. Fan2. M.S.
Marshall3,4. A. Depaoli-Roach3, and L. Yu1,2. Dept, of 1Medical and Molecular
Genetics, 2Physiology and Biophysics, 3Biochemistry and Molecular Biology, and
4Medicine, Indiana University School of Medicine, Indianapolis, IN46202
Heterotrimeric Gprotein-coupled receptor serotonin 2C mediates the cellular
response to serotonin by activating phospholipase C. The produced InsP3activates
its receptor on endoplasmic reticulum membrane and releases calciumthrough
InsP3receptor. InXenopus oocytes, the released calcium activates an endogenous
calcium-dependent chloride current. In oocytes expressing mouse serotonin 2C
receptor, the chloride current evoked by serotonin was partially inhibited by
activation of endogenous insulin and insulin-like growth factor receptors. This
inhibition was mimicked by activated MAP kinase ERK2 and reversed by tyrosine
kinase inhibitor genistein, MEK inhibitor PD098059; or an anti-Ras antibody. In
contrast, activation of muscarinic acetylcholine receptor Ml which shares the same
pathway as serotonin 2C receptor in oocytes was not inhibited by insulin or insulinlike growth factor IGF-1. Thus the possible site of modulation is at the serotonin
2C receptor, presumably through phosphorylation. There is a putative site for MAP
kinase phosphorylation in the second intracellular domain of the serotonin 2C
receptor. To elucidate the modulation site, a mutant receptor was generated by
substituting the serine at the putative MAP kinase site with alanine. In oocytes
expressing the mutant receptor, the insulin-induced inhibition was absent. These
results indicate that tyrosine kinase receptor activation is capable of modulating
certain Gprotein-coupled receptors by MAP kinase-mediated phosphorylation of
the Gprotein-coupled receptors.
This work was supported in part by the NIH grants NS28190, DA09116,
DA09444, and a grant fromAmerican Cancer Society.

18.4
ACTIVATION OF THE G PROTEIN Gq/11 THROUGH
TYROSINE PHOSPHORYLATION OF THE a SUBUNIT.
H. Umemori1. T. Inoue2 . S. Nakanishi3. K. Mikoshiba*2. T
Yamamoto1. Dept, of 10ncology and 2Mo!ecular Neurobiology,
Inst, of Med. Sci., Univ. of Tokyo, Tokyo 108, Japan; 3Dept. of
Biol. Sci., Kyoto Univ. Faculty of Med., Kyoto 606, Japan.
Various receptors coupled to the heterotrimeric guanine
nucleotide-binding protein (G protein) Gq/11 stimulate
intracellular Ca2+ release through formation of inositol( 1,4,5)trisphosphate (IP3). Activation of these receptors also induces
protein tyrosine phosphorylation. We found that formation of IP3
in response to stimulated receptors that couple to Gq/11 was
blocked by protein tyrosine kinase inhibitors. These inhibitors
appeared to act before activation of Gq/11. Moreover, stimulation
of receptors coupled to Gq/11 induced phosphorylation on a
tyrosine residue (Y356) in a COOH-terminal region of the Gαq/11
subunit, and this tyrosine phosphorylation event was essential for
Gq/11 protein activation. Tyrosine phosphorylation of the Gαq/11
subunit induced changes in its interaction with receptors.
Therefore, we conclude that tyrosine phosphorylation of the
Gαq/11 subunit regulates the activation of Gq/11 protein.
Supported by a grant from the Ministry of Education, Science
and Culture of Japan.
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18.5
THE NEUROTRANSMITTER RELEASE MACHINERY AS A SITE OF
ACTION FOR PSYCHOTROPIC DRUGS: EFFECT OF TYPICAL AND
ATYPICAL ANTIDEPRESSANTS. M. Popoli. S. Zanotti, R. Redaelli. C.
Gaggianesi, M. Verona. N. Brunello* 1and G. Racagni. Center of
Neuropharmacology, University of Milan; 1Department of Pharmaceutical
Sciences, University of Modena. (Italy).
Previous studies have shown that antidepressant (AD) drugs potentiate
serotonergic neurotransmission in the hippocampus. Selective serotonin
reuptake inhibitors (SSRI) were shown to potentiate 5-HT release in this
and other terminal areas, following desensitization of presynaptic terminal
5-HT1B/D receptors. In this study rats were treated acutely and chronically
(12-19 days) with several AD: fluvoxamine and paroxetine (SSRI);
venlafaxine (5-HT and NA reuptake inhibitor); reboxetine (selective NA
reuptake inhibitor); S-Adenosylmethionine (SAMe, an atypical AD).
Chronic but not acute treatment with all monoamine reuptake inhibitors
induced a large increase (2/2.5-fold) in the activity of Ca2+/caImoduiindependent protein kinase II (CaMKII) of hippocampal synaptic vesicles.
This change was accompanied by an increase of Ca2+/calmodulindependent post hoc phosphorylation of synaptotagmin (2/3-fold), an
increase confirmed by immunoprecipitation from phosphorylated synaptic
vesicles of fluvoxamine-treated rats1. The change in synaptotagmin (the
putative Ca2+sensor in exocytosis) suggests that neurotransmitter release
machinery is affected by AD treatment in hippocampus and may be
involved in the therapeutical effect. Interestingly after SAMe treatment
post hoc synapsin I phosphorylation in hippocampus was decreased
(35.6±7.4%), indicating that this atypical AD affects the presynaptic
machinery as well, but with a different mechanism (synapsin I regulates the
number of vesicles available for exocytosis, with a phosphorylationdependent mechanism). [Sources of support: Hoffman-La Roche, Knoll,
Telethon].
References: 1. Mol. Pharmacol .51:19-26 (1997).

18.6
DIFFERENTIAL MODULATION OF TWO INHIBITORY GLYCINE
CURRENTS BY PROTEIN KINASE A AND PROTEIN KINASE C.
Yi Han & Malcolm M. Slaughter* Depts. of Physiology & Biophysics,
School of Medicine. State University of New York. Buffalo NY 14214.
Both protein kinase A (PKA) and protein kinase C (PKC) have been
reported to alter the kinetics of inhibitory glycine receptors, although
there is conflicting data on the precise effects. Retinal ganglion ceils
provide a valuable model system to compare the effects of kinases since
glycine currents can be separated into two components with differing
kinetics. One component is fast activating and rapidly desensitizes. The
other activates and desensitizes slowly. The fast component can be
preferentially blocked by nanomolar concentrations of strychnine while
the slow component is selectively blocked by 5,7-dichIorokynurenic acid
(DCKA). Whole-cell voltage clamp experiments were performed on
isolated tiger salamander ganglion cells. Drugs were applied by rapid
perfusion. PKA activators decreased the amplitude of the slow glycine
current, without affecting the fast glycine current. PKA stimulation
occluded the effect of DCKA but not strychnine. In contrast, stimulation
of PKC enhanced the fast glycine current without affecting the slow
glycine current. Strychnine blocked the effects of PKC activation, while
DCKA did not. Both PKA and PKC pathways make the overall
response to glycine more transient, although through opposite actions
on the two glycine current components. Supported by NEI #EY 05725

18.7
PROTEINKINASE-MEDIATED CHANGES INANESTHETIC SENSITIVITY OF
(BK)-K+- AND GABA-A RECEPTOR-GATED CONDUCTANCES IN GUINEA
PIG SYMPATHETIC NEURONS. W.H. Stapelfeldt*. J.M. Oleszewski. Department
ofAnesthesiology &CCM, University of Pittsburgh School of Medicine, Pittsburgh, PA
15261, and VA Medical Center, Pittsburgh, PA 15240.
Aim was to examine the role of synaptic responses evoked by substance P (SP) in
modifyinggeneral anesthetic effects inthe inferior mesenteric ganglion of the guinea pig.
Intracellular recordings were obtained from ganglion cells to study postsynaptic
responses to exogenous SP and GABA, applied by pressure microejection from nearby
pipets. Other drugs (propofol, staurosporine, channel blockers) were administered by
addition to the Krebs superfusate. Without any effect on passive or active membrane
electrical properties in the absence of SP, propofol (PRO, 1-100 µM) caused a
concentration-dependent increase in SP-evoked inward current and decrease in peak
amplitude ofthe afterspike hyperpolarization of intermittently evoked action potentials,
effects selectively occluded by prior administration of the (BK)-K+-channel blocker
charybdotoxin (CTX, 10 nM), but not the (SK)-K+-channel blocker apamin (100 nM).
This net excitatory action of the anesthetic PRO, invoked by the presence of SP, of
selectively inhibiting BK-channel activity, but not that of the BK-channel blocker CTX,
waspreventedbyprior administration oftheprotein kinase inhibitor staurosporine (100
nM). PRO also caused a concentration-dependent increase in GABA-evoked current
(IGABA). When elicited during a SP response in Krebs or PRO, thepeak IGABAamplitude
was significantly decreased. In thepresence of staurosporine [100 nM], the inhibitory
effect ofSP upon IGABAwas prevented, and the PRO-induced augmentation of IGABAwas
significantly increased. In conclusion, the physiologic response of ganglion cells to PRO
was not constant, but subject to neuromodulation bySP via an increase inprotein kinase
activity which conveyed reciprocal changes in anesthetic sensitivity of (BK)-K+- and
GABA-A receptor-gated currents, and thus net excitatory or inhibitory anesthetic
responses to PROdependent upon the prevailing cellular level of protein kinase activity.
SupportedbyVAMERITREVIEW; FAER&Roche Laboratories (YoungInvestigatorAward)

18.8
DEVELOPMENTAL CHANGES IN TYROSINE PHOSPHORYLATION IN
CEREBELLAR GRANULE CELLS: RELATIONSHIP WITH L-TYPE
CALCIUM CHANNEL ACTIVATION GJO Evans* and JM Pocock Dept of
Neurochemistry, Institute of Neurology, London, WC1N 1PJ, UK
In the developing brain, neurones extend processes and undergo
synaptogenesis. Reports that high tyrosine kinase activity and elevated
calcium influx through L-type calcium channels dominate in the early stages of
development have led us to investigate the link between these phenomena.
Using cultured rat cerebellar granule neurones we have characterised a
stimulatory protocol of Ca2+-free, 50 mM KCI depolarisation (termed
'predepolarisiation') which switches the voltage dependent calcium channel
coupled to glutamate neurotransmitter release from P/Q-type to L-type. In
addition we find enhanced tyrosine phosphorylation of a number of cellular
proteins. At 4 days in vitro (DIV) both basal and predepolarisation-evoked
potentiation of tyrosine phosphorylation is maximal. There is subsequently a
gradual decrease in the tyrosine phosphorylation profile, assessed to 15 DIV.
This corresponds with decreased dominance of calcium influx through L-type
calcium channels and plateauing of synaptogenesis and neurotransmitter
release. It has been shown that tyrosine kinase inhibitors inhibit neurite
outgrowth and that src' cells also have impaired neurite outgrowth. We have
found that a selective src-family kinase inhibitor, PP1, inhibits
predepolarisation induced increases in tyrosine phosphorylation and L-type
channel activation indicating a pivotal role of a src-family kinase in these
events. These data suggest that predepolarisation provides a model for
studying cell signalling in developing neurones. Furthermore, the ability to
reactivate channels and signalling pathways which have been previously
down-regulated during development may provide clues to mechanisms of
synaptic plasticity. Funded by a Medical Research Council (UK) studentship.

GnRH AND LUTEINIZING HORMONE
19.1
EXCITATORY AMINO ACID RECEPTORS mRNA LEVELS IN THE
HYPOTHALAMUS DURING THE PROGESTERONE INDUCED LH SURGE IN
ESTROGEN PRIMED FEMALE RATS Pedro Zamorano, Virendra B. Mahesh*.
Liesl De Sevilla. Darrell W. Brann. Dept. Physiology and Endocrinology. Medical
College of Georgia, Augusta GA 30912.
Excitatory amino acids (EAA) neurotransmitters play a significant role in the
expression of the gonadotropin surge in the rat Treatment with the NMDA
antagonist MK-801 to four day cycling rat results in an inhibition of the proestrus
surge. Similar treatment with NMDA and non-NMDA antagonists also abolish the
progesterone induced LH surge in estrogen primed animals. Since gonadal steroids
are the main hormones regulating the gonadotropins surge, the steroid modulation
of EAA receptors in the hypothalamus during the progesterone induced
gonadotropin surge was investigated. Dot blot analysis were carried out in the
preoptic area (POA) and in the medial basal hypothalamus (MBH) to determine
mRNA levels for NMDAR1, GluRI and GluR6 EAA receptor subunits In adult
ovariectomized rats primed with estradiol for two days (5ug/day), progesterone
(1mg/rat) induced a typical proestrus-type LH surge with LH levels significantly
elevated at 14.00 and 16 00 h. Steroid treatment produced no changes in NMDAR1
and GluRI mRNA levels in the POA and MBH during the LH surge, with the
exception of a reduction of NMDAR1 mRNA levels by estradiol treatment at 16:00,
18:00 and 20:00 h in the POA. GluR6 mRNA levels in the POA were lowered by
progesterone at 12:00 h and increased by estradiol at 16:00 h. In the MBH,
progesterone treatment cause a prolonged lowering of GIuR6 mRNA levels at
12:00, 14:00 and 16:00 h. The progesterone-induced lowering effects on the
glutamate receptor mRNA levels may be a mechanism for terminating glutamate
neurotransmission and ending the LH surge. (Supported by Grants HD-16684 and
HD28964)
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19.2
AMPA-SELECTIVE GluR-1 COLOCALIZES WITH GnRH PERIKARYA
IN THE HYPOTHALAMUS OF THE MALE RHESUS MONKEY A.R.
Durrant and TJVLPlant*. Dept of Cell Biology and Physiology, Univ. of
Pittsburgh School of Medicine, Pittsburgh, PA15261.
The fundamental neurobiological trigger responsible for the re-activaiion
of pulsatile gonadotropin releasing hormone (GnRH) secretion that occurs
at the end of the juvenile phase of primate development, and which
underlies the onset of puberty in these species is unknown. Previously, we
demonstrated that intravenous injections of N-methyl-D,L-aspartate,
kainate, and L-glutamate (Glu) elicit hypothalamic GnRHdischarges in
prepubertal rhesus macaques. To further examine the role of Glu in the
developmental regulation of hypothalamic GnRH release, the present
study investigated whether the ionotropic AMPA [L-α-amino-3-hydroxy5-methyl-4-isoxazole propionate] receptor subunit, GluR-1, is expressed by
GnRHneurons in the primate hypothalamus. In this study, eight male
rhesus macaque hypothalami (intacts:castrates:juveniles:adults) were
serially sectioned and used in a immunocytochemical localization
procedure that combined nickel-diaminobenzidine reaction for detecting
peroxidase staining of GluR-1 antibody (Chemicon) with the
iminunofluorescent marker, Bodipy (Molecular Probe) , for the GnRHspecific antibody LR1. Light microscopy revealed some GnRH perikarya
that expressed sparse, patchy, GluR-1 immunoreactivity in regions of the
mediobasal hypothalamus and organum vasculosum of the lamina
terminalis. In contrast staining of non-GnRHperikarya containing GluR-1
was generally more intense and diffuse. These findings suggest that GluR-1
is expressed by a subpopulation of GnRHneurons and that AMPA receptor
subunits may play a neuromodulatory role in the regulation of pulsatile
GnRHsecretion. (Supported by HD 13254 &HD08160)
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19.3
IS THE SEASONAL INHIBITION OF LH SECRETION IN THE EWE
ASSOCIATED WITH AN INCREASE IN DOPAMINE SYNTHESIS IN THE
MEDIAN EMINENCE? C Viguié. JB Becker. P Chemineau. GE Dahl*. B.
Malpaux. LA Thrun, FJ Karsch. Reproductive Sciences Program-University of
Michigan Ann Arbor, MI 48109; INRA-PRMD 37380 Nouzilly, France.
Hypothalamic dopaminergic pathways are involved in seasonal/photoperiodic
inhibition of pulsatile LH secretion in ewes. Artificial photoperiod that inhibits
LH secretion enhances tyrosine hydroxylase activity (TH, the rate limiting enzyme
of catecholamine synthesis) as well as dopamine and/or DOPAC concentrations in
the median eminence (ME). Wehypothesized that the natural seasonal inhibition of
LH secretion in ewes maintained outdoors, which results from the interaction
between photoperiod and an endogenous circannual rhythm, is associated with an
increase in ME dopamine synthesis. ME from ewes maintained outdoors, were
collected either during the breeding season (BS, n=6) or during the non-breeding
season (NBS, n=6) to assess dopamine synthesis by measuring TH activity as well
as dopamine andDOPACconcentrations. The ewes were ovariectomized and treated
with constant release estradiol implants. In this model, LH mean levels are high in
the BS and low in the NBS (8.39±0.17 ng/ml and <0.7 ng/ml in the BS and NBS
groups in this experiment, respectively). ME-TH activity and DOPAC
concentrations were higher during the NBS than during the BS (TH activity:
175.7±15.0 vs. 129.3±8.5 Unit/g of tissue; DOPAC 476.9±37.9 vs.
333.6±85.6 ng/g; p<0.05). ME-dopamine concentrations and DOPAC/dopamine
ratio did not differ significantly between groups. In conclusion, seasonal inhibition
of LH secretion in ewes maintained in their natural environment is associated with
an increase in ME-TH activity and DOPAC concentration. These results support
the hypothesis that the seasonal inhibition of LH secretion is mediated, at least in
part, by an increase in dopaminergic activity within the median eminence.
(Supported by USDAgrant 94-37203-0760, NIH-HD-18258)

19.4
LOSS OF TERMINAL STAININGFORDOPAMINE β
HYDROXYLASE (DBH) IN THE PREOPTIC HYPOTHALAMUS
OF OVARIECTOMISED (OVX) EWES INDICATES SECRETION
OF NOREPINEPHRINE (NE) AT THE TIME OF ANESTROGEN
(E)-INDUCED SURGE IN LUTEINISINGHORMONE (LH).I.J.
Clarke*1. A. Pereira1. J.A Rawson2. C. J Scott2. 1Prince Henry’s Institute of
Medical Research, POBox 5152, Clayton 3168, &2Dept Physiol, Monash
Univ, Clayton, Australia.
NEis releasedinthe preoptic area(POA) offemale rats at the time of the
preovulatoryLHsurge andit is thought to stimulate the surge ingonadotropin
releasinghormone (GnRH) secretion, but there are no datato showa similar
phenomenon in other species. We sought evidence for the release of NAinthe
POAat the time of anE-induced surge in OVXewes, usingthe principle that
DBHis co-secretedwith NE. Loss of DBHimmunoreactivity(ir) in neuronal
terminals wouldtherefore indicate release ofNE. Groups of 4 OVXewes were
injected(im) with oil or 50|µg E-benzoate andkilled 16hlater, at the time of
the E-induced GnRH/LHsurge. Brains were perfusedandDBH-ir was
quantifiedinthe hypothalamus andbrainstem. There was no alterationin
DBH-ir in cells of the brainstembut there was a loss of DBH-ir interminals of
the POAinthe E-treatedewes. There was no difference between the oil andEtreatedgroups inthe DBH-ir ofterminals in either the paraventricular or
arcuate nucleus. The originof NEcells that project to the POAwas confirmed
by retrograde labellingwithFluorogold(FG). Injections into the medial POA
retrogradelylabelledperikaiyathroughout the A1 field andall FG-labelled
cells were DBH-positive. We conclude that a subset of A1 cells project to the
medial POAin the ewe andloss ofDBHstaininginPOAterminals duringthe
E-inducedsurge indicates release of NE. Support by AustralianNH&MRC,

19.5
EFFECTS OF AN ANTISENSE DEOXYOLIGONUCLEOTIDE FOR HUMAN
NEUROPEPTIDE Y mRNA ON IN VIVO LHRH RELEASE IN RHESUS
MONKEYS. E. Kasuya* and E. Terasawa. Wisconsin Regional Primate
Research Center, Univ. of Wisconsin, Madison, Wl 53715
Previously, we have shown that NPY plays an important role in pulsatile
release of LHRH in vivo in rhesus monkeys: 1) Neuropeptide Y (NPY) release
in the stalk-median eminence (S-ME) was pulsatile, 2) direct infusion of NPY
to the S-ME increased LHRH release, and 3) direct infusion of an NPY
antiserumto the S-ME suppressed LHRHpulses. However, it is unknown how
prolonged suppression of NPY release influences LHRH release, since other
neurotransmitters/neuromodulators are also involved in control of pulsatile
LHRH release. In the present study, we examined the effect of an antisense
deoxyoligonucleotide (AS) for human NPY mRNA on in vivo LHRH release
using push-pull perfusion in 5 female ovariectomized monkeys. After 6 h of
control perfusion, 10'5Mof NPY AS was infused for 8 h, which was followed
by an additional 4 h of control perfusion. As a control for AS, deoxyoligonucleotide containing the same bases in a scrambled sequence (SC) was
similarly examined. LHRH and NPY levels in perfusate samples collected in
10-min fractions were measured by RIA. NPY AS infusion resulted in a
significant decrease in NPY release starting 2 h after the initiation of infusion,
and continuing until shortly after the end of AS infusion (p<0.05, n=5), whereas
SC did not result in any changes in NPY release. As expected, NPY AS
suppressed LHRH release (P<0.05, n=5). The NPY AS-induced LHRH
suppression started 4 h after the initiation of AS infusion, and continued
through AS infusion, lasting for the entire period of the experiment. No LHRH
suppression was induced by SC. Interestingly, the synchronization of LHRH
pulses and NPY pulses, observed before the NPY AS infusion, was no longer
detected 2h after the initiation of AS infusion. These data suggest that NPY
release in the S-ME is essential for control, and especially for sustaining the
pulsatility, of LHRH release in vivo in the rhesus monkey. (Supported by NIH
grants HD11355, HD15433 and RR00167).

19.6
CELL -SPECIFIC EXPRESSION OF THE Human GnRH GENE and REGULATION BY
BRN-2. A. Wolfe* and S. Radovick Division of Endocrinology, Children’s Hospital, Boston,
MA02115.
Transgenic animals bearinga series of deletion constructs of the human GnRH(hGnRH)
gene promoter fused to the luciferase reporter gene have been used to identify regions of
the hGnRHgene promoter important forthe cell-specific expression of the GnRHgene. We
have shown that as little as 1131 bps of the hGnRH gene promoter is needed to direct
expression of the luciferase reporter gene to GnRH neurons in the hypothalamus. Prior
studies had demonstrated, incontrast, that 484 bps of the hGnRH gene promoter was not
sufficient forcell-specific expressionof the GnRHgene. Here we report that 795 bps of the
hGnRHgene promoter is likewise unable todirect luciferase expression to GnRHneurons in
the hypothalamus. Therefore, we have isolated a 336 bpregionof the hGnRHpromoter that
is essential for cell-specific GnRHgene expression. Examination of this 336 bp sequence
reveals the presence of several POU homeodomain transcription factor consensus binding
sites for Bm-2 (-959 to-953 bps), Brn-2/3a (-925 to -916 bps, -867 to -858 bps, and -804 to
-795 bps) and Oct-1 (-838 to -831bps). Gel mobility shift assays, and DNase Ifootprint
analysis have demonstrated binding interactions using nuclear extract obtained fromthe
GnRHexpressing neuronal cell line, NLT, andthe Brn-2 consensus binding site. No binding
interactions were observed when nuclear extract was obtained fromGN11 cells, a cell line
derivedfromthe same tumorthat expresses relatively little GnRH. We then cotransfected a
Brn-2 expression vector (Brn-2pSG5) into GN11 cells along with a construct consisting of
1131 bps of the hGnRHgene promoter fused to the luciferase reporter gene. Results from
these studies have demonstrated that Brn-2pSG5 increased luciferase expression nearly
five-foldover expression levels observed when the reporter construct was transfected alone.
To ascertainwhether Bm-2 message was present in GnRHneurons, Northern blot analysis
was performedonmRNAfromNLTand GN11 cells. These studies have confirmed that Brn2 mRNAis present in NLTcells, but not GN11 cells. Incontrast, Brn3a, and Brn-4 mRNA
were not observed in either NLTor GN11 cells. Insummary, we have identified a 336 bp
regionof the hGnRHgene promoterthat is essential forthe cell-specific expression of GnRH,
and have provided evidence that Bm-2 may play a role in regulating GnRH gene
expression. (Lalor Foundation Fellowship, HD34551, HD30040)

19.7
TRANSCRIPTIONAL REGULATION OF THE HUMAN GNRH GENE
BY CAMP: IDENTIFY THE CIS-ELEMENTS AND THE ROLE OF CBP
IN THE SIGNAL TRANSDUCTION S. Zhen. and S. Radovick*. Division
of Endocrinology, Children’s Hospital/Harvard Medical School, Boston,
MA 02115.
Although it is known that a variety of extracellular factors regulate
GnRH gene expression by altering intracellular cAMP concentration, the
role of cAMP in the regulation of human GnRH (hGnRH) gene
transcription remains elusive. In the present study, the signaling pathway
by which cAMP regulates hGnRH gene transcription was examined by
using the NLT GnRH-expressing neuronal cell line as a model. The NLT
cells were transfected with a series of DNA constructs containing hGnRH
gene regulatory sequences fused to the luciferase reporter gene. A 3-fold
increase in reporter activity was induced by cAMP treatment of cells
transfected with -1131 bps of the hGnRH gene promoter. Cotransfection
with a plasmid encoding the CREB-binding protein (CBP) markedly
increased the reporter activity under basal conditions and further enhanced
cAMP-induced promoter activation. A significant increase in the
expression of c-fos was also induced by cAMP treatment of the NLT cells.
However, mutation or deletion of a consensus AP-1 binding site located
between -402 to -396 bps of the hGnRH gene promoter, which is involved
in regulating the hGnRH gene transcription, had no significant effect on
cAMP-induced activation of the hGnRH promoter. To identify the cisregulatory elements in the hGnRH gene that mediate cAMP stimulation, a
serial deletion study of the 5'-flanking region of hGnRH gene was
performed, which indicated that -82 bps of the hGnRH promoter were
necessary to maintain responsiveness to cAMP stimulation. Sequence
analysis revealed that two unique core CREB binding site are present in the
human GnRH gene promoter region located between -758 to -754 and -82
and -78 bp. These results demonstrate for the first time that cAMP
transactivates hGnRH gene and the coactivator CBP is involved for cAMPinduction of the hGnRH gene transcription. (NIH HD30040, ACS DB-78)

19.8
CROSS-TALK OF SRY-LIKE BOX (SOX-2) WITH POU PROTEINS TO
CONTROL NEURONAL GnRH GENE EXPRESSION. X. Xiong. K. Dunn.
C. Zhao. K. Tyler*, L. Dailey1and M.E. Wierman. Dept, of Med., UCHSC and
VAMC, Denver, CO 80220 and 1Dept, of Micro., NYU, NY, NY 10016.
Although POU homeodomain proteins were initially defined to regulate trans
cription by binding to A/T rich octamer consensus sites, recent studies suggest
that cell specific protein partners direct POU specific effects. Our work has
shown the importance of the POU protein, SCIP (Tst-1/Oct-6), to repress and
Brn-4 to stimulate GnRH promoter activity in GT1-7 neuronal cells. These effects
map to different regions of the GnRH promoter except for an overlap in a DNA
fragment -424/-171 containing a Class III POU site at -333. DNase I footprinting
showed extensive protection of the site and adjacent DNA with SCIP or Brn-4
protein. Extensive mutagenesis of the fragment was performed and tested in gel
retardation assays. Both POU proteins bound preferentially to the octamer site
and distal DNA sequences. The proximal sequences contain a consensus site for a
Sox protein (T/AT/AGTTC). Sox proteins modulate transcription by binding or
bending DNA. GTl-7 cells contain Sox-2 mRNA and protein. Sox-2 protein inter
acted with the GnRH fragment -342/-314 and preferentially bound to the prox
imal DNA sequences. In gel shift assays, combination of Sox-2 and SCIP protein
resulted in an augmentation of each protein’s ability to interact with the GnRH
DNA. In contrast, Sox-2 inhibited the interaction of Brn-4 with the DNA. In the
functional assay, Sox-2 alone inhibited GnRH promoter activity in a promoter
specific fashion. Coexpression of Sox-2 and SCIP resulted in repression similar to
SCIP alone. In contrast, coexpression of Sox-2 blocked Brn-4 activation of GnRH
promoter activity in a dose dependent fashion. These data suggest that develop
mental control of neuronal GnRH gene expression may depend on the interplay
of Sox-2 with either SCIP or Bm-4 to repress or activate GnRH transcription,
respectively. Supported by HD31191 & VA Career Dev. Award to MEW.
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19.9
REGULATION AND EXPRESSION OF GONADOTROPIN-RELEASING
HORMONEFROMANALTERNATIVEUPSTREAMPROMOTERINSOCKEYE
SALMON AND RAINBOW TROUT OVARY AND TESTIS. K.R. von
Schalburg* and N.M. Sherwood. University of Victoria, Dept, of
Biology, Victoria, B.C., Canada, V8W 2Y2.
The isolation and localization of gonadotropin-releasing hormone
(GnRH) and its receptor in mammalian and fish reproductive tissues
supports an extrapituitary role for GnRH in reproduction. We found
that the GnRH gene in reproductive tissue of salmonids is regulated by
a gonad-specific promoter. Intron 1 may be retained, resulting in two
mRNAs bearing 5'-untranslated regions longer than their
hypothalamic counterparts. These sGnRH-l transcripts are initiated
from a TATA-less promoter region from a start site beginning 242
basepairs upstream from that utilized in the sockeye salmon brain.
The longer transcript retains intron 1 completely, whereas the
shorter message in sockeye salmon does not. In rainbow trout testes,
however, the most downstream 27 nucleotides of intron 1 are retained
in the shorter transcript. Differences in the expression of GnRH in
the ovary and testes of these two fishes were also noted over the first
two years of their life. First, the gonad-specific promoter is
transiently used for expression of GnRH as early as E14 in rainbow
trout and E29 in sockeye salmon (about 6 days pre-hatch for each
fish). Second, in sockeye salmon ovary and testes, GnRH was not
expressed in the first year and then only during May and June in the
second year. For rainbow trout, GnRH was expressed in the first year
from May to October and in the second year from May to December.
(Funded by the Medical Research Council of Canada)

19.10
SYNCHRONIZATION OF INTRACELLULAR CA2t OSCILLATIONS IN LHRH
NEURONS DERIVED FROM EMBRYONIC OLFACTORY PLACODE OF THE
RHESUS MONKEY. E. Terasawa.* K.L. Keen. W.K. Schanhofer. and P.
Claude. Wisconsin Reg. Primate Res. Ctr., Univ. of Wise., Madison, Wl 53715.
Previously, we have shown that 1) cultured LHRH neurons derived fromthe
olfactory placode of monkey embryos release LHRH in a pulsatile manner at
approximately 50-min intervals, and 2) individual LHRH cells exhibit intracellular
Ca2+[Ca2+]i oscillations. Inorder to understand the mechanism of LHRH-pulse
generation, we further characterized the pattern of [Ca2+} oscillations in LHRH
neurons. The olfactory placode and the migratory pathway of LHRH neurons
from monkey embryos at E35-37 were dissected out and cultured on glass
coverslips in a growth medium. Two to five weeks later cultured cells were
labeled with the calciumdye, fura-2, and examined for [Ca2+](oscillations. [Ca2+]i
changes were recorded every 10 seconds for 30 to 152 min using a video
imaging system. After recording, cells were fixed and immunostained for LHRH.
In 16 cultures, 359 LHRH cells (4-51 cells/culture) exhibiting [Ca2+]joscillations
were recorded. In 13 of 16 cultures, [Ca2+]i oscillations occurred synchronously
in 50-100%of the individual cells in a culture, whereas [Ca2+]i oscillations in cells
in the remaining 3 cultures did not synchronize. Strikingly, in 8 of 13 cultures
the synchronization of [Ca2+] oscillations repeatedly occurred in complete
unison at 47.3±3.4 min, which is similar to the period observed for LHRH
release, whereas in 5 of 13 cultures the less tight synchronization of [Ca2+]i
oscillations repeatedly occurred at 23.4±4.2 min. Interpulse intervals (IPI,
6.9±0.8 min, n=134) of [Ca2*], oscillations in cells with tight synchronization and
IPI (9.2±1.0 min, n=130) in cells with less tight synchronization did not differ
from IPI (8.5±0.4 min, n=95) in cells without synchronization. Neither age of
cultures, nor type of chambers (with or without media perifusion) was related to
synchronization of oscillations. The results indicate that LHRHneurons derived
from monkey olfactory placode possess an endogenous mechanism for
synchronization of [Ca2+] oscillations, which may be related to the periodicity of
LHRH release. (Supports: NIHgrants HD15433, HD11355, and RR00167)

19.11
CHARACTERIZATION OF THE PLASMA MEMBRANE Ca2+ OSCILLATOR IN
IMMORTALIZED HYPOTHALAMIC GnRH NEURONS. F. Van Goor*. L.Z.
Krsmanovic. K.J. Catt and S.S. Stoiilkovic. ERRB, NIH, Bethesda, MD, 20892
In immortalized hypothalamic GnRH neurons (GT1-7 cells), pulsatile GnRH
secretion is maintained by plasma membrane-mediated Ca2+ entry, which can be
regulated by stimulatory and inhibitory neuroendocrine factors. The mechanism of Ca2+
entry and the associated changes in [Ca2+]j were analyzed by measurement of membrane
potential (Vm) and [Ca2+]i Under perforated patch-clamp recording conditions, GT1-7
cells exhibited repetitive spontaneous action potential (AP) firing, with a frequency of
1.1 ± 0.1 Hz (n = 21) and a duration of 20 - 115 ms. The interspike Vmfluctuated
around -63 mV with the generation of a single, non-overshooting AP when a threshold
of -54.6 ± 1.5 mV was reached. Spontaneous AP firing was not altered by tetrodotoxin,
but was abolished by nifedipine and cadmium. Application of TEA, but not 4-AP,
inhibited membrane repolarization. Apamin increased AP frequency, consistent with the
presence of !25I-apamin binding sites in GT1-7 cells. These data indicate that the coordinate actions of voltage-gated Ca2+currents and delayed rectifier and Ca2+-activated K+
currents, mediate spontaneous AP firing, consistent with the operation of a plasma
membrane Ca2+oscillator in GT1-7 cells. Simultaneous measurements of Vmand
[Ca2+]jrevealed that AP activity was associated with Ca2+entry, since hyperpolarizing
current injections abolished AP firing with a concomitant decrease in [Ca2+]i. In
hyperpolarized cells, single depolarizing current injections evoked APs associated with a
rapid increase in [Ca2+],i which declined slowly following repolarization. Thus,
spontaneous high frequency APs lead to summation of Ca2+during each spike, resulting
in elevated [Ca2+]j. The activity of the plasma membrane Ca2+oscillator was modulated
by stimulatory and inhibitory hypothalamic factors, including GnRH and somatostatin.
These data indicate that the spontaneous activity of the plasma membrane Ca2+
oscillator, and its modulation by neuroendocrine factors, are critical to the regulation of
[Ca2+]i in GT1-7 cells. Supported by an NIHintramural grant.
ALZHEIMER'S: NEUROPHARMACOLOGY AND NEUROTRANSMITTERS
20.1
NICOTINIC RECEPTOR SUBTYPE DEFICITS AND CORRELATION TO
HISTOPATHOLOGICAL FEATURES IN SWEDISH 670/671 APP
MUTATION BRAINS Amelia Marutle. Ulrika Warpman. Nenad Bogdanovic.
Lars Lannfelt and Agneta Nordberg* Department of Clinical Neuroscience and
Family Medicine, Karolinska Institutet, Huddinge University Hospital B84, S141 86 Huddinge, Sweden
Adouble mutation at codon 670/671 on the APP gene on chromosome 21 has
been described in a Swedish family. Four demented members of the family have
died with a histopathological verified Alzheimer's disease (AD). An alteration in
the APP-processing which initiates β-amyloid over-accumulation and plaque
formation has been established. Whether these subjects show similar or different
transmitter changes as sporadic Alzheimer cases is still unknown. In this study
alteration in the neuronal nicotinic receptors (nAChRs) was investigated in
different brain regions of four subjects with the Swedish 670/671 APP mutation
and the finding was compared with sporadic ADcases and age-matched controls. In
order to distinguish changes in subtypes of nAChRs 3H-nicotine and 3Hepibatidine were used as radioactive ligands in receptor binding studies. A
significant reduction of nAChRs were observed in the temporal (-75 %), frontal (85%), parietal (-80 %), occipital (-75%) cortices of APP 670/671 subjects while
no significant changes was found in the caudate nucleus, thalamus, cerebellum.
The losses in nAChRs were occurred in similar brain regions but were more
pronounced than in sporadic AD cases. No strict correlation between nAChR
deficits and neuritic plaques nor neurofibrillary tangles was observed in 670/671
APP brains.
Supported by the Swedish,Medical Research Council, Loo and Hans Osterman's
foundation,ˋKI foundations.
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20.2
AF150(S): AN M1 SELECTIVE MUSCARINIC AGONIST REVERSES
COGNITIVE IMPAIRMENTS AND CHOLINERGIC HYPOFUNCTION
OF APOLIPOPROTEIN-E DEFICIENT MICE.
A. Fisher*. S.
Chapman*. R. Brandéis. Z. Pittel and D.M. Michaelson#. Israel Institute
for Biological Research, Ness Ziona 74100, and #department of
Neurobiochemistry, Tel Aviv University, Ramat Aviv 69978, ISRAEL.
Recent studies suggest that the extent of brain cholinergic degeneration in
Alzheimer's disease (AD) is most pronounced in patients who are homozygous
for the E4 allele of apolipoprotein E (apoE). This led to the suggestion that
apoE plays a specifically important role in brain cholinergic function and that the
E4 allele of apoE (apoE4), which is a major AD risk factor, may be a predictor
of the extent of cholinergic dysfunction and of the efficacy of cholinergic therapy
in this disease. Animal model studies along these lines revealed that apoEdeficient (knockout) mice are cognitively impaired and that their memory deficit
is associated withdistinct dysfunction of basal forebrain cholinergic neurons. M1
selective muscarinic agonists were proposed as effective treatment for AD
patients. In the present study we examined whether the memory deficits and
brain cholinergic derangements of apoE-deficient mice can be ameliorated by
the M1 selective agonist AF150(S). Treatment of apoE-deficient mice with
AF150(S) for three weeks completely abolished their working memory
impairments in a Morris Water Maze. Furthermore, this cognitive improvement
was associated with a parallel increase of brain choline acetyltransferase and
acetylcholinesterase levels, and in the recovery of these cholinergic markers
back to control levels. These findings show that apoE deficiency-related
cognitive and cholinergic deficits can be ameliorated by the M1 selective
agonist AF150(S). This suggests a unique value for ml agonists in the
treatment of genotypically defined AD patients.
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20.3
METHANESULFONYL FLUORIDE (MSF): A VERY LONG
ACTING CNS-SELECTIVE ACETYLCHOLINESTERASE
INHIBITOR USED TO TREAT SENILE DEMENTIA OF THE
ALZHEIMER TYPE DE. Moss1* P. Berlanea2. M.M. Hagan1. H
Sandoval3, and C. Ishida3. University of Texas at El Paso, El Paso,
U.S.A.1, Centro Medico Geriatrico2, and Facultad de Medicina,
Universidad Autonoma de Chihuahua3, Chihuahua, Mexico.
A 16 week double blind, placebo controlled, crossover study of the
safety and efficacy of MSF was conducted in 5 men and 10 women
(60-82 years, MMSE 9-24) suffering with SDAT. MSF was given
orally in 3 doses (up to 0.18 mg/kg) per week. MSF produced a
mean of 89.5 %inhibition of erythrocyte AChE and improved
cognitive performance (p<0.01) as measured by the MMSE,
Alzheimer's Disease Assessment Scale-Cognitive Subscale (ADASCOG), Global Deterioration Scale, and the Clinical Interview Based
Impression of Change (CIBIC). Overall, about 6 points
improvement on the ADAS-COG was obtained. Surprisingly, in
those patients who received MSF first in the protocol, about five
points improvement on the ADAS-COG was maintained through 8
weeks of placebo after ending MSF. No patients left the study
because of drug-related adverse events and there were no toxic
effects observed.
(Supported by the Coldwell Foundation, El Paso, Texas)
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20.4
ACETYLCHOLINE (ACH) PROJECTION TRACTS MODULATING GRADED
VISUAL STIMULI ARE DIFFERENTIALLY IMPAIRED IN ALZHEIMER
DISEASE (AD) AS ASSESSED BYPHYSOSTIGMINE DURING PET.
M-J.Mentis*. P. Pietrini. B. Levine. J. Krasuski. K. Prasad.
G.E.AIexander. M.L. Furey. M.B.Schapiro, S.I.Rapoport. Lab.
Neurosci., Natl. Inst, on Aging, NIH, Bethesda, MD 20892.
The visual cortex is modulated by ACh projection tracts from
nucleus basalis of Meynert (NBm), thalamic modulation derives from
ponto-mesencephalo-tegmental (PMT) projections. We compared
ACh modulation in 8 controls (69±8 yr) and 5 moderate/severe AD
subjects (71±3 yr, MMS 10) by measuring regional cerebral blood
flow (rCBF) during a graded visual stimulus before and after
increasing endogenous ACh modulation with physostigmine. All
subjects had 5 scans (lights flashed alternately into each eye at 0, 1,
4, 7, and 14 Hz frequencies) before, and 5 scans during drug
infusion. Physostigmine increased rCBF across flash frequencies in
thalamus bilaterally in both groups, but the size of the rCBF increase
was significantly smaller in the AD group. In controls, rCBF in visual
association areas decreased across flash frequencies during
physostigmine, but a signal-to-noise index increased (index=flash
rCBF/0 Hz rCBF, modified from Sato et al., J. Neurophysiol. 1987).
In AD visual cortex, physostigmine increased rCBF across flash
frequencies but decreased the signal-to-noise index, suggesting
inappropriate modulation. Thus, ACh modulation was more impaired
in visual cortex than thalamus, likely because NBm has more
pathology than PMT nuclei in AD. That endogenous ACh modulation was
augmented at all in severe AD, implies that targeted drugs may achieve
more appropriate modulation in the future. (Supported by NIA).

20.5
The Estrogen Replacement Therapy, Premarin, Increases
Neuronal Survival and Protects Neurons against Oxidative
Damage: Implications for Alzheimer’s Disease. R.D. Brinton*..
M. Muhammad D. Hsieh and E. Chen. Molecular Pharmacology & Toxicology,
and the USC STAR Program, University of Southern California, Pharmaceutical
Sciences Center, Los Angeles, CA. 90033.
Premarin is a complex formulation of estrogenic and progesterone steroids and
is the leading prescribed pharmaceutical estrogen replacement therapy for
postmenopausal women. Recent evidence indicates that postmenopausal women
not receiving estrogen replacement therapy are at greater risk for developing
cognitive dysfunction and Alzheimer’s Disease relative to their estrogen replaced
contemporaries (rev in Brinton, 1997). Our earlier studies indicated that
Premarin significantly increased the outgrowth of cortical neurons (Brinton et
al., Soc. for Neurosci Absts. 22:299.3, 1996). In the current study, we
investigated the impact of Premarin on the viability and survival of cortical
neurons in long-term culture and the ability of Premarin to protect neurons from
oxidative damage. Morphological analyses of neurons for indicators of viability
indicate that Premarin treated neurons (1 - 100 pg / ml for 7-10 days) showed
significantly less indicators of declining viability relative to untreated neurons.
In addition, Premarin treated cortical neurons had a markedly increased
morphological complexity. Cell count analyses indicate that Premarin at very
low concentrations (1 to 10 pg ml) significantly increased cortical nerve cell
survival above that of control (p<.01). Because oxidative damage is
hypothesized to be one of the early events involved in Alzheimer’s Disease
(Mattson et al., 1996), we investigated the ability of Premarin to protect cortical
neurons from cell damage induced by oxidative damage as measured by LDH
levels. Premarin (1 and 10 ng /ml) completely protected cortical neurons from
oxidative damage induced by 4 or 8 |µMH202. These data indicate that very low
concentrations of Premarin can exert a significant positive effect on the viability
and survival of cortical neurons. In addition, exposure to low concentrations of
Premarin for 7-10 days protected neurons from oxidative damage.
Research supported by Wyeth-Ayerst Laboratories and the Norris Foundation

20.6
CYP7B HYDROXYLATION OF DEHYDROEPIANDROSTERONE
(DHEA) MODULATES CORTICOSTEROID ACTION AND IS
IMPLICATED IN ALZHEIMER'S DISEASE. R. Lathe1. K.A. Rose1.
Leckie1. J.L.W. Yau1. E. Fuchs2. I. Biörkhem3. J. Micheau1*. M. Schwarz4.
D.W. Russell4, and J.R. Seckl1. 1Centre for Neuroscience, University of
Edinburgh, Scotland; 2German Primate Research Centre, Gottingen,
Germany; 3Karolinska Institute, Sweden; 4UTSWMC, Dallas, Texas.
We recently identified a new rodent steroidogenic cytochrome P450,
Cyp7b. Unlike all other P450s described, the enzyme is expressed at much
higher levels in brain, particularly the hippocampus, than in other tissues. We
have now shown by a combination of techniques including mass spectrometry
that the enzyme selectively converts dehydroepiandrosterone (DHEA) to 7αhydroxyDHEA (7HD); pregnenolone was also efficiently converted while
other 3β-hydroxysteroids were hydroxylated but at lower rates. We have also
shown that the reaction catalyzed is conserved across mammalian species,
including primates. We report cloning of the human enzyme and expression
in Alzheimer's disease. Finally, we describe experiments that argue that 7HD,
rather than DHEA, modulates the glucorticoid response. We suggest that
changes in CYP7B expression, accentuated by the age-related decline in
levels of the substrate DHEA, may contribute to Alzheimer's disease.
{This work was supported in part by the UK Medical Research Council (to
RL and RGM Morris), the Biotechnology and Biological Sciences Research
Council (RL), US National Institutes of Health (DWR) and the Wellcome
Trust (JRS)].

20.7
PROSTAGLANDIN E2STIMULATES OVEREXPRESSION OF AMYLOID
PRECURSOR PROTEIN INASTROCYTE CULTURES: INHIBITION BY
IMMUNOSUPPRESSANTS. R.K. Lee*S. Knapp. J. Zarach and R.J. Wurtman. E25604, Department of Brain and Cognitive Sciences, M.I.T., Cambridge, MA02139.
Degenerating neurons and reactive astrocytes are found in the vicinity of
amyloid plaques in Alzheimer disease (AD). The main component of the plaques is
amyloid peptides, which are encoded by the amyloid precursor protein (APP) gene
APP over-expression in Down’s syndrome, cell cultures and transgenic mice produces
AD-like pathologies, e.g. increased amyloid deposition; formation of neurotoxic
fragments; neurogeneration; astrogliosis; and cognitive dysfunction. We recently
showed that activation of β-adrenergic receptors coupled to cAMP formation
increased APP mRNA and holoprotein levels in cultured astrocytes (PNAS, in press).
We nowshowthat cultured astrocytes treated with 10µMprostaglandin E2
(PGE2) for 24h exhibited increases in APPmRNA and holoprotein to ~180%and
200%respectively, those of untreated, confluent cells. Treatment with 1,10 or 100µM
PGE2also stimulate cAMP production, by 900, 1700 and 2400%respectively, relative
to that in untreated cells. Glial fibrillary acidic protein was also increased in astrocytes
treated with l0µMPGE2or 250µM8-Bromo-cAMP, suggesting that these astrocytes
resemble reactive astrocytes found in vivo. The immunosuppressants cyclosporin Aor
FK-506 (both 50µM) inhibited the increases in APP mRNA and holoprotein caused by
either PGE2(10µM) or 8-Bromo-cAMP (250µM). Neither cyclosporin Anor FK-506
inhibited the increase in cAMP caused by PGE2(10µM).This suggests that both
immunosuppressants regulate APP synthesis downstream of cAMP formation,
possibly by controlling APP gene transcription.
Inasmuch as prostaglandins released during neuronal injury or brain trauma
may cause APP overexpression, immunosuppressants such as cyclosporin A or FK506 may be useful in preventing the neuropathology of AD. (Supported by NIH
#MH28783 and Center for Brain Sciences &MetabolismCharitable Trust).

20.8
GTP PHOTOAFFINITY LABELING OF Gq/11 IS REDUCED IN ALZHEIMER'S
DISEASE BRAIN. C.J. Ladner*. E.L. Messamore. M.M. Rasenick and J.M. Lee.
Loyola Univ. Stritch School of Medicine, Maywood, IL & Univ. of Illinois School
of Medicine, Chicago, IL.
We have previously demonstrated a loss of high affinity agonist binding at the M,
muscarinic cholinergic receptor (M1 chR) in Alzheimer’s Disease (AD) superior
frontal cortex. In order to examine the functional impairment of M1AchR-G protein
coupling, the ability of the muscarinic agonist carbachol to stimulate the binding of a
non-hydrolyzable photoaffinity analog of GTP, azidoanilido-[32P]GTP ([32P]AAGTP)
to G protein alpha subunits was measured. Brain samples from 8 controls without
history of neuropsychiatric disorder, 3 non-AD neurodegenerative cases, and 14
confirmed AD cases were assayed. Membranes were prepared from frontal cortex
(Brodmann areas 8/9) and were incubated in the presence or absence of 1mMcarbachol
for 10 minutes at 25°C, followed by the addition of [32P]AAGTP (0.5 µM) and
incubation for 10 minutes at 30°C. [32P]AAGTP was covalently linked to G proteins
by UV irradiation. The labeled membrane proteins were subjected to SDS-PAGE.
Under these conditions, several [32P]AAGTP-labeled bands were detected. Western
blot analysis of labeled proteins was used to identify the labeled bands. In agematched and non-AD demented neurodegenerative control cases, carbachol produced a
significant stimulation of Gq/11 labeling (17%; p<0.05). In AD membranes, basal
labeling was significantly reduced (58%; p<0.05) and a carbachol-stimulation of Gq/11
labeling was not detected (p>0.10). Although labeling was reduced in AD, the
protein level of Gq/11 was not changed. Thus a deficit in G protein function may
partly underlie the changes in high affinity agonist binding at the M,AchR previously
observed. These findings may explain the limited therapeutic efficacy of
cholinomimetic drugs and provide a neurophysiological substrate for the cholinergic
component of the cognitive deficits found in AD. Supported by NIH and the
Alzheimer’s Association.
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20.9
REDUCTION OF PROTEIN PHOSPHATASE 2B (CALCINEURIN)
ACTIVITYINALZHEIMER’S DISEASE CEREBRAL CORTEX.
O. Lian. C.J. Ladner. D.J. Magnuson* and J. M, Lee. Neuroscience Program&
Dept, of Pathology, Loyola Univ. Chicago Stritch School of Medicine, Maywood,
IL60153
Neurofibrillary tangles (NFT), which contain abnormally hyperphosphorylated
forms of microtubule-associated protein tau, are one of the neuropathological
hallmarks of Alzheimer’s disease (AD). The altered phosphorylation state of tau
protein may be due to increased kinase activity and/or decreased phosphatase
activity. Previously we have shown that calcineurin phosphatase activity, defined
by cyclosporin A sensitivity, is decreased in the temporal cortex of moderate to
severe ADcases. In the current study, we further characterized calcineurin activity
in the P2 membrane fraction. Using para-nitrophenyl phosphate (p-NPP) as
substrate, we found that 1 mM Ni++, Mn++and Co++could stimulate phosphatase
activity. This divalent cation-stimulated activity was blocked by calmidazolium
(CDZ), a calmodulin antagonist, consistent with calcineurin-specific activity. In
addition, we examined the regional activity of calcineurin in the frontal cortex
(Brodmann areas 8/9) and primary sensorimotor cortex (Brodmann areas 4,3,1,2) in
patients with AD (n=7) compared to age-matched controls (n=5). In AD frontal
cortex, the Ni++-stimulated CDZ sensitive component of calcineurin activity was
decreased by 52% (p<0.05). On the other hand, there were no significant
differences in the sensorimotor cortex, an area relatively spared in AD. Therefore,
the alterations in calcineurin phosphatase activity in AD frontal and temporal
cortices parallel the distribution of the neurofibrillary pathology. The molecular
mechanisms underlying this reduction in calcineurin activity are currently being
investigated. Supported by the Alzheimer’s Association.

20.10
GENETIC VARIATION, PSYCHOSIS, AND AGGRESSION IN
ALZHEIMER’S DISEASE. RA Sweet, VL Nimgaonkar, MI Kamboh, OL
Lopez, K Taffe , and ST DeKosky*University of Pittsburgh, Pittsburgh, PA
15213.
Psychotic and aggressive symptoms are common complications of
Alzheimer’s Disease (AD). We report the first examination of the
association of these symptoms with previously described genetic
polymorphisms in the D1, D2, D3, and D4 receptors in 275 patients
diagnosed with Probable AD and categorized as ever psychotic or ever
aggressive. Psychosis and aggression were both significantly more frequent
in patients homozygous for D1 allele B2 (x2p = 5.5, df=l, p=.02 and x2 =
6.4, df=l, p=.01). Consistent with observations in schizophrenia, psychosis
in AD patients was significantly more frequent in patients homozygous for
either allele 1or allele 2 of the D3 Bal I polymorphism (x2 = 4.0, df=l,
p<.05). There was a trend for this effect to be due to an excess of
homozygotes for allele 1 in psychotic patients (x2p =2.8, df=1, p=.09).
Neither the D2 S311C polymorphism nor the presence of long alleles for the
D4 exon Ill-repeat sequences was associated with psychosis or aggression.
Altered expression or function of the D1and D3 receptor may act to modify
the course of AD, predisposing to the development of psychotic or
aggressive symptoms. These preliminary results are consistent with
emerging evidence associating these symptoms with altered dopamine
neurotransmission in AD patients. Confirmation in other samples of AD
patients, however, is required.
Supported in part by MHO1153, MH52459, AG05133

20.11
CYTO- AND CHEMOARCHITECTURE AND PATHOLOGY OF
THE HUMAN EDINGER-WESTPHAL NUCLEUS. L.F.M. Scinto*. C.K. Wu, K. Daffner and C. Geula. Harvard Medical School, Boston, MA.
02215.
Histological and histochemical methods were used to investigate the normal
architecture, cytochemical signatures and pathology of the Edinger-Westphal
(EW) nucleus in the human brain. Neurons of the EW are fusiform or oval
in shape and stain lightly in Nissl preparations compared with the dark
stainingof neurons in the somatic division of the oculomotor nuclear complex
(SONC). The EW extends from the caudal pole of the red nucleus to the
mid-portions of the interstitial nucleus, a distance of 5-7 mm. Anteriorly, this
nucleus is composed of an unpaired medial component, which is divided in
more posterior sections, into a ventral and a dorsal sector by the oral portion
of the SONC. Further posteriorly, the EW displays a paired component,
situated medial and dorsal to the SONC. Still more posteriorly, another
medial and dorsal subdivision is observed which continues to the mid-portion
of the SONC. Neurochemically, the EW neurons show robust staining for
acetylcholinesterase, choline acetyltransferase, amyloid precursor protein and
non-phosphorylated neurofilament. Weak staining is seen for the calcium
binding protein parvalbumin. The staining in the EW is always weaker than
that observed in the SONC. In Alzheimer's disease (AD), plaques and tangles
were selectively present in the EW. By contrast, in progressive supranuclear
palsy, both the EW and SONC showed tangles and neuronal loss. The
selective pathology of the EWin AD, may be responsible, at least in part, for
the hypersensitive pupil response to dilute cholinergic antagonist (tropicamide),
observed in these patients. (Supported byJohnson &Johnson, Inc.)
AXON GUIDANCE MECHANISMS AND PATHWAYS: MOLECULAR AND POSITIONAL CUES
21.1
CRITICAL EVENTS AT THE TELENCEPAHLIC MIDLINE IN
ACALLOSAL MOUSE EMBRYOS. K. M. Bishop and D. Wahlsten*.
Dept, of Psychology, U. of Alberta, Edmonton AB Canada T6G 2E9.
Recombinant inbred (RI) lines formed from the 129 and BALB/c
inbred strains express more extreme phenotypes than either progenitor.
Certain RI lines never have a corpus callosum (CC) and also show
diminutive hippocampal commissure (HC), whereas other RI lines have
normal brains. Absence of the adult CC is a consequence of retarded
formation of the HC and associated tissue in the embryo. Studies of the
RI lines reveal two developmental thresholds for commissure
formation, one for the HC and another for the CC. If the HC does not
begin to form by the time the embryo weighs about 0.55 g, it will not
be large enough to provide a bridge between the hemispheres when the
CC axons arrive at midplane, and the CC axons will return to
ipsilateral cortex. Tracing axons with lipophilic dyes indicates that
timing and variability of CC axon growth are relatively normal in the
RI lines. Severity of adult CC defects is related to the degree of
retarded HC formation, whereas extreme variability within certain lines
in adult CC defects occurs when the CC/HC nexus is near threshold,
which magnifies microscopic individual differences among embryos
into macroscopic variation among adults. Delaying HC formation well
beyond the threshold yields consistently abnormal commissures.
Supported in part by grants from MRC and NSERC.
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21.2
DOES THEMESONEPHROS ORDORSALAORTAINFLUENCE
BRANCHINGOFPREGANGLIONICSYMPATHETICSPLANCHNIC
NERVES INCHICKENEMBRYOS ?E.R .Ezeman* and c. TForehand Dept,
of Anatomy &Neurobiolology, University of Vermont, Burlington, VT05405
During axonal pathfinding, axons may respondto substances in the
extracellular matrixas well as to signals fromtheirtargets. The way inwhich
axons respondto specific factors depends on the receptors they express at a
particular time andthe locations of appropriate environmental signals. Chicken
preganglionic sympathetic axons branchfromthoracic spinal nerves toforma
splanchnic nerve at approximately st. 22-23 (Cornbrooks et al. J. Comp. Neurol.
382:1,’ 97). We areinterestedin factors that influence preganglionic axons to
branchfromthe spinal nerve andturnventromediallytowardthe dorsal aorta,
the site of the primary sympathetic chain. Yip (Dev. BrainRes. 32:155,’87) has
shownthat postganglionic targets are not requiredfor preganglionic axons to
make appropriate turns into the sympathetic chain. Others have shownthat the
pathwaythe developing splanchnic nerve will followis free ofa number of
potentially inhibitory molecules; however, what prompts the preganglionic
axons tobranch at that particularplace is unknown. We have usedanin vitro
slice preparationtoinvestigate this problem. Intheembryo andin slices, the
splanchnic nerve branches betweenthe mesonephros laterallyandthe
perinotochordal mesenchyme medially andextendsventromediallytowardthe
dorsal aorta. To assess whether mesonephros ordorsal aortaexert aninfluence
onthe preganglionic turn, we removedeither structurefrom200 µmthoracic
spinal cordslices at st. 19-21 to see whetherthe turnwouldstill be made.
Removal of either structure didnot prevent formationofaventromediallyprojectingbranch; however, the locationofthe branchrelative to the
perinotochordal mesenchyme shifteddependingonthe structure removed.
SupportedbyNIH30062 (CJF).
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21.3
ENVIRONMENTAL CONTROL OF COLLATERAL
BRANCHING OF MITRAL CELLS.
T. Hirata* and H. Fujisawa. Division of Biological Science,
Nagoya University Graduate School of Science,
Chikusa-ku, Nagoya 464-01, Japan.
During development, mitral cells of the olfactory bulb
elongate axons caudally in the lateral telencephalon and
form a fiber bundle which is called the lateral olfactory tract
(LOT). The mitral cell axons then go through a few day's
waiting period before they sprout collateral branches and
innervate their targets. To examine whether mitral cells or
their target environment controls the onset of collateral
branching, olfactory bulbs and LOT regions of different
stages were combined and cocultured on collagen-coated
filters. Collateral branches were formed according to
stages of the LOT regions, but not of the olfactory bulbs.
This result indicates that the environment of mitral cell
axons controls the collateral branching.
Supported by grants from the Ministry of Education,
Science and Culture.
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21.4
POSITIONAL CUES DIRECT GROWTH PATTERNS
TRIGEMINAL AXONS INTO THE VIBRISSA PAD IN VITRO.

OF

Neuroscience Center, LSUMC, New Orleans, LA70112.
The spatial organization of five rows of vibrissa follicles and their trigeminal
innervation patterns is remarkably stereotypic in rodents. Embryonic trigeminal
fibers invade the vibrissa pad (VP) from its caudal aspect and branch out into
vibrissal row nerves as they extend toward the nasal pole. Follicular nerves
leave the row-nerves and form a cup-shaped terminal plexus associated with
sensory receptors of vibrissa follicles. Asimilar patterned organization can be
seen in explant cocultures of the trigeminal ganglion with VP explants. We
rotated the peripheral target and examined trigeminal axon patterning in
cocultures from E15 rats. The ganglion explants were placed next to the
caudal edge (1), the dorsal or ventral edge (2) or, the nasal pole (3) of the VP
in three groups of cultures. After five days in vitro, cultures were fixed and
labeled with Dil to visualize trigeminal axons.
In all cultures, follicles were compressed but their organization into rows was
not compromised. Axon growth density was the highest in group 1 and the
lowest in group 3. Axonal patterns were markedly different among the groups.
In group 1, fascicles fanned out toward the nasal pole, traveling between
vibrissa rows and forming a circular plexus around individual follicles. Group 2
axons advanced as far as two or three rows and were often deflected toward
the nasal pole. Group 3 axons advanced short distances, never reaching the
caudal follicles. Often these axons turned back and circled the rostral follicles.
These results suggest that positional cues along the rostrocaudal and
dorsoventral axes of the developing vibrissa pad direct the distribution of
trigeminal axons in a patterned array. The nature of these cues remains to be
determined. (Supported by NIH NS32195)

21.5
PERIPHERAL TARGET REGULATION OF SENSORY NEURITE
OUTGROWTH AND PATTERNING. E. Ulupinar* and R. S. Erzurumlu.
Dept. Anatomy, LSUMC, New Orleans, LA70112.
We have previously reported that target-derived cues regulate axonal growth
patterns of primary sensory neurons in vitro (Soc. Neurosci. Abs., 1996). To
further characterize the role of peripheral target tissues in dictating neurite
growth and patterns, we have cocultured E15 trigeminal (TG), dorsal root
(DRG), nodose (NG), superior cervical (SCG) ganglion or retinal explants with
vibrissa pad (VP), forepaw (FP) and heart (H) explants. Each target attracted
and supported axon growth from different afferent sources. TG and DRG
axons grew only into VP and FP explants and avoided H explants. NG and
SCG axons grew heavily into the H and FP explants and showed limited
growth in VP explants. Surprisingly, retinal axons invaded all three targets,
and their growth patterns were not target-specific. Whereas, sensory ganglion
axons developed target-specific patterns, most notably in the VP explants
where they formed circular plexus around follicles.
We also tested target age-related effects on axon growth patterns. E15 TG
or DRG were cocultered with E15 VP on one side and a younger (E12, E13)
VP on the other side. Between E15 and E12 targets, axons preferentially
grew into the E15 target. In contrast, between E15 and E13 targets, axon
growth was denser in the E13 target. When E15 TG or DRG were cocultured
with early postnatal H explants axon growth was robust, unlike that seen in
E15 H explants. Axon-target interactions observed in these experiments may
be explained by spatiotemporal expression of NGF family of neurotrophins
and sensory axon repellent molecules (such as semaphorins) in peripheral
targets. Differential responses of retinal and primary sensory axons seen in
our experiments also support this idea. Ongoing experiments are designed to
test these possibilities. (Supported by NIH NS32195)

21.6
RESPONSE OF "NAIVE" CUTANEOUS AND MUSCLE AFFERENTS TO
POTENTIAL TARGETS IN VITRO. D. H. Adams and S. A. Scott*. Dept, of
Neurobiology and Anatomy, Univ. of Utah Sch. of Med., Salt Lake City, UT
84132.
Previous studies suggest that during embryonic development sensory
neurons that innervate skin and muscle use different guidance cues to grow
to their respective peripheral targets. The finding that regenerating cutaneous
and muscle afferents in the avian trigeminal sensory system differ in their
response to potential targets in vitro (Woodbury &Scott, 1995) is consistent
with this idea. To determine whether naive sensory neurons show similar
differences during their initial outgrowth, we co-cultured cutaneous afferents
from the dorsomedial trigeminal ganglion (DM-TG) or muscle afferents from
the trigeminal mesencephalic nucleus (TMN) of St.26-27 (E4.5-5) embryos
together with epidermis or dermis, and followed the behavior of their growth
cones with time lapse videomicroscopy. In contrast to earlier studies, there
were no obvious differences between the responses of naive cutaneous and
muscle afferents to epidermis or to dermis. Upon contacting epidermis,
approximately half the DM-TG (6/12) and half the TMN (7/11) growth cones
retracted after similar delays (21.8±17.6 min and 21.9+18.8 min,
respectively). Most of the remaining neurites remained in contact with, but
did not grow onto, epidermis. Both DM-TG and TMN neurites grew readily on
dermis, at rates comparable to their growth rates on the substratum. Thus,
young, naive cutaneous and muscle afferents do not exhibit distinctly different
behavior prior to target contact, suggesting that during normal development
sensory innervation may be guided more by spatial or temporal constraints
on axon growth than by active pathway or target selection. Supported by
NS16067 to SAS.

21.7
INDEPENDENT DEVELOPMENT OF SENSORY AND MOTOR
INNERVATION PATTERNS IN EMBRYONIC CHICK HINDLIMBS.
GY. Wang* and S.A. Scott. Dept, of Neurobiology &Anatomy, University of
Utah School of Medicine, Salt Lake City, UT 84132
Previous studies suggest that sensory axon outgrowth is guided by motor
axons. Most experiments supporting this suggestion were carried out prior to
neural crest migration, and thus tested the capabilities of neural crest cells
rather than sensory neurons. To test the pathfinding abilities of sensory
neurons per se, we let dorsal root ganglia (DRGs) form normally, and then
made surgical manipulations that caused sensory neurons to grow into an
altered peripheral environment. To test whether sensory neurons would grow
to muscles when motoneurons were deleted after DRG formation, we
removed the neural tube from segments T7-LS3 at St. 21, when neural crest
migration is nearly complete. Dil injected into DRGs at St.29-36 showed that,
in contrast to earlier studies, sensory neurons (albeit fewer) can grow to all
muscles without motoneurons. To test whether sensory neurons can find
their appropriate target in an altered environment in the absence of
motoneurons, we shifted limbs 1-4 segments rostrally at St. 17-18, and then
removed motoneurons at St. 21 in approximately half the operated embryos.
Surprisingly, sensory innervation patterns often differed from the motor
patterns. Whereas motoneurons tended to innervate their embryologically
correct muscles, sensory innervation was generally from more rostral
segments. Sensory neurons occasionally, but rarely, took aberrant pathways
through the sciatic plexus to their original target muscles. When motoneurons
were removed after limb shifts, sensory neurons also grew to skin and muscle
from more rostral segments than normal. These results suggest that the
pathfinding abilities of sensory neurons are different from those of
motoneurons. Sensory neurons appear to acquire independence from
motoneurons after they coalesce into DRGs, and do not appear to be as rigidly
specified as motoneurons. Supported by NS16067 to SAS.

21.8
ALTERNATIVE GROWTH PATHWAYS FOR REGENERATING AXONS IN
DENERVATED SKELETAL MUSCLES. P. Blasko, N. Tyreman, B. Halabisky
&T. Gordon*. Div. Neurosci., U. of Alberta, Edmonton, AB, Canada T6G 2S2.
Regenerating axons which are forced to grow outside of their normal
pathway of the intramuscular nerve sheaths can remake connections with
skeletal muscle. Previous evidence indicates that the sheaths are
chemoattractive to the axons which may enter to find original endplates. This
study used immunohistochemical analysis of axonal growth and motor unit
counting to determine the growth pathways and the success of regeneration
in 4 hindlimb muscles which differed inthe spatial distribution of intramuscular
nerve sheaths: plantaris, extensor digitorum longus, soleus and tibialis
anterior. Muscles were denervated and reinnervated by sewing the posterior
tibial nerve “near" or "far" from the nerve entry point. We found that
regenerating axons grew out from the suture site to reach denervated
endplates by following the muscle surfaces, blood vessels and reentering the
distal portions of the nerve sheaths. In the "far" condition, blood vessels
sometimes led regenerating axons "astray" to make ectopic synapses away
from original endplates. Although successful axons reinnervated up to 3 times
the normal number of muscle fibers, muscle reinnervation was poor, in the
"near" condition, reentry of nerve sheaths was effective in leading axons to
nearby but not distant endplates. As a result, reinnervation of small but not
large muscles was good. Our findings demonstrate that regenerating axons
can use alternative pathways to the Schwann cell filled sheaths but that
regenerative success is relatively poor. This could be due to failure of
Schwann cells to migrate sufficient distances from the proximal nerve stump
and the denervated endplates to support axonal regeneration. (Supported by
MDAC of Canada).
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21.9

21.10

CLONING, IDENTIFICATION, AND EXPRESSION OF LAMININ IN
THE DEVELOPING GRASSHOPPER EMBRYO. J. Bonner* V.J.
Aukt‡ , and T.P. O'Connor† ‡ Program in Neuroscience, Departments of
Anatomy† and Zoology‡ , University of British Columbia, Vancouver,
BC Canada V6T 1Z3.
Extracellular matrix (ECM) molecules play an integral role in guiding
neurons to their targets during development. The mechanism of this may
be direct, by stimulating neurite outgrowth for example, or indirect, by
interacting with secreted guidance molecules. Genetic disruption of the
ECM molecule laminin in Drosophila and nematode results in axon
pathfinding defects, however it is unclear whether this is due to a direct or
indirect effect of laminin on neuronal pathfinding. To address this
question, we are characterizing the function of laminin during
development of the grasshopper nervous system. We have obtained
partial cDNA sequences of laminin chains B1 and B2 from grasshopper
(Schistocerca gregaria). Using degenerate primers homologous to other
cloned laminin sequences, we amplified laminin-like sequences from total
embryonic grasshopper RNA. From this we isolated 2 partial cDNAs (GLnBl and G-LnB2) of 750 bp and 600 bp representing the grasshopper
laminin B1 and B2 chains, respectively. Sequence analysis of these
clones indicates that G-LnB1 is 38% identical to human laminin B1, and
G-Ln B2 is 60% identical to Drosophila laminin B2. These clones will be
used to isolate full length laminin cDNAs. We are presently performing in
situ hybridization studies to determine the spatial and developmental
expression of laminin. In addition, polyclonal antisera will be generated
for use in immunocytochemistry and antibody blocking experiments to
determine the role of laminin during neuronal development.

PNS.
J. Z uo and D. M uir*. Depts. of Pediatric N eurology and Neuroscience,
Univ of Florida Brain Institute and College of M edicine, Gainesville, FL.
Numerous studies indicate that highly sulfated proteoglycans are
inhibitory molecules which, at high concentration relative to growth
promoting signals, may restrict or guide axonal growth. V/e find cultured
Schwann cells produce chondroitin sulfate proteoglycan (CSPG) which
binds to and inhibits the neurite-prom oting activity of laminin. A similar
neurite-inhibiting activity associated with CSPG was isolated from rat
sciatic nerve which increased during postnatal nerve development and
peaked during stages (days 7-14) of nerve ensheathment and maturation.
Imrnunolabeling for CSPG core protein appeared as slender bands
surrounding axon-Schwann cell units which intensified within nodes of
Ranvier. In vitro bioassay showed levels of CSPG neurite-inhibiting
activity increased seven-fold in regenerating nerve distal to crush injury.
CSPG function in nerve regeneration was examined in a cryoculture model
by culturing embryonic chick DRG neurons on frozen sections of normal
and transected rat sciatic nerve, with and without pretreatm ent with
chondroitinase. Neuritic outgrowth on nerve sections was scored after 2
days by imrnunolabeling with anti-chicken N-CAM. Neurite lengths were
similar for neurons grown on sections of normal and post-transection
(degenerating) nerves. Interestingly, mean neuritic length was increased
nearly 60% on nerves sections first treated with chondroitinase. Similar
increases were seen for both normal and transected nerves treated with
chondroitnase. These findings indicate expression of inhibitory CSPG is
increased in nerve injury and that deposition of CSPG may serve to
establish and reinforce non-permissive terraines in peripheral nerve.
Supported by NIH/NINDS and FL State BSCIRTF.
NEURITE-INHIBITION BY CHONDROITIN SULFATE PROTEOGLYCAN IN THE

MRC of Canada

21.11

21.12

AN OPTIC DISC AND NERVE-SPECIFIC EXTRACELLULAR
PROTEIN IN THE CHICK VISUAL SYSTEM

IN VITRO AND IN VIVO STRATEGIES EXPLORING RETINAL AXON
GUIDANCE. NK Mather, CJ Akerman and JSH Taylor*.
Dept. O f Human Anatomy, Oxford University, Oxford. OXI 3QX. UK.
The vertebrate visual system is a model system for studying axon guidance, as
the course of retinal ganglion cell (RGC) axons is clearly defined. We have used
transplantation to examine the temporal constraints on axon guidance cues beyond
the normal period of axonogenesis, and in vitro assays to examine differential
responses of RGCs to chondroitin sulphate and chondroitin sulphate proteoglycan.
Mouse retinas were dissociated and the RGCs purified according to a simplified
panning procedure (Barres et al 1988). In vitro immunohistochemical assessment
of the resulting cells confirmed a high yield of RGCs. These cells were injected
directly into the diencephalon of early post-natal rats, where they showed age
dependent integration into the host tissue; animals of day 10 showed rejection.
RGCs injected into post-natal rat retina successfully integrated. Cells that were
fluorescently labelled at the time of injection, could be correlated with retrograde
labelling of the diencephalon, suggesting successful navigation through the visual
pathways by the transplanted RGCs.
Explants of E5 chick RGCs were grown on E8 retinal basal lamina, on which
spots of CS or CSPG had been allowed to dry. The effects of CSPG and CS on
RGC outgrowth were found to be concentration independent and comparable.
Growth cones encountering spots turned to avoid both CS and CSPG. Explants
placed on CS/CSPG spots did extend axons, but these axons were more
fasciculated and branched less than those growing elsewhere on the basal lamina.
Some axons growing on the CS/CSPG spots turned avoiding the basal lamina.
Thus the inhibitory or attractive influences of CS/CSPG on RCGs were dependent
on the substrate on which they were growing.
This work was supported by grants from the Wellcome Trust.

S. Zhu and W. Halfter . Dept. of Neurobiology,
University of Pittsburgh.
To identify cell surface proteins in the
developing visual pathway a panel of monoclonal
antibodies to extracellular proteins of the
chick visual system were generated. One of the
antigens, the 1D10 antigen, was selected for
further studies. In the visual system, the
antigen is specifically localized in the optic
disc, optic nerve, and base of the diencephalon,
the future optic chiasma. Other parts of the
retina and the brain are 1D10-negative. The
antigen is detectable in optic disc and nerve by
E3, has its maximum expression around E6 and is
no longer detectable by E11. The antigen is also
detectable in amnion and macrophages. Staining
of unfixed tissues showed that the antigen is
either an extracellular matrix or a membrane
associated, but is not an integral membrane
component. Western blot analysis showed that the
1D10 antigen is a single protein with a
molecular weight of approximately 70kD in all
samples tested. The antigen could also be
isolated from brain and body extracts in a
highly glycosylated version, as a chondroitin
sulfate proteoglycan.
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N e u r o n a l MATRIX METALLOPROTEINASE-2 D e g r a d e s a n d I n a c t i v a t e s
NEURITE-INHIBITING C h o n d r o i t i n S u l f a t e P r o t e o g l y c a n . T. Ferguson, J.

Hernandez, B. Maria* and D. M uir, Depts. of Neuroscience and Pediatric
Neurology University of Florida College of Medicine, Gainesville, FL.
The chondroitin sulfate proteoglycan (CSPG), NIF (neurite-inhibiting
factor), binds to and inhibits in vitro neurite promoting actitivy of laminin.
NIF is expressed by cultured rat Schwann cells and is upregulated in nerve
injury. We first observed a persistent inability o f E8 ciliary neurons (CGn)
to extend neurites on a NIF-laminin substrate, while E8 dorsal root neurons
(DRGn) possessed a time-dependent ability to overcom e the inhibitory
activity. Incubation of NIF with DRGn culture medium resulted in a nearly
complete loss of NIF activity. The effect of DRGn on NIF activity was
attributed to proteolytic activity which was eliminated by the com bination
of serine protease and matrix metalloproteinase (MMP) inhibitors.
Additionally, autoradiographic gels showed degradation of [35S]NIF by
DRGn medium was inhibited by M MP inhibitors (as well as serine protease
inhibitors). Recombinant M MP-2 decreased NIF activity in a
concentration-dependent fashion. Compared to recom binant M MP-3 (a
potent proteoglycanase), NIF activity is particularly vulnerable to
degradation by MMP-2. Furthermore, M M P-2 selectively abolished the
inhibitory effects of NIF without hindering the neurite-prom oting activity
of laminin.
DRGn express MMP-2 and secretion is N G F-dependent (Muir, 1994.
Exp. Cell. Res 210:243). Immunostaining for M M P-2 labeled DRGn cell
bodies, axons and extended into growth cones and filopodia. Schwann cells
also express MMP-2. These findings indicate that regenerating DRGn and
Schwann cells secrete M M P-2 which can selectively degrade inhibitory
CSPG found in peripheral nerve.
The role of M M P-2 and NIF in
peripheral nerve regeneration is presently under investigation. Supported
by NIH/NINDS and FL State BSCIRTF.
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INCREASED LAMININ RECEPTOR EXPRESSION IN RESPONSE TO
CHONDROITIN SULFATE PROTEOGLYCAN AFFECTS NEURONAL CELL
ADHESION AND AXON OUTGROWTH. M. L. Condic, P. C. Letour eau, and D.
M. Snow*. Cell Biology and Neuroanatomy, Univ. of Minnesota, Minneapolis, MN
55455, and Anatomy and Neurobiology, Univ. of Kentucky, Lexington, KY 40536.
Chondroitin sulfate proteoglycan (CSPG) inhibits axonal outgrowth in vivo, and in
vitro on permissive substrata such as laminin (LN). Interestingly, neurons exposed to
low CSPG concentrations adapt to its inhibitory effects and extend neurites on CSPG
concentrations that would otherwise be inhibitory (Snow and Letourneau, 1992, J.
Neurobiol. 23:322-336). In previous work (Condic et al., (1993), Soc. for Neurosci.
Abst. 19, 436), we investigated a potential molecular mechanism of this neuronal
adaptation to CSPG by examining the effects of CSPG on integrin expression levels
in dorsal root ganglion (DRG) neurons. DRG neurons extend axons, albeit
submaximally, on substrata coated with 10 µg/ml LN mixed with 250 µg/ml CSPG
(CSPG/LN). When RNA for the LN receptor, α3β1 integrin, was examined, the
message was 5-fold greater than in cells cultured on LN alone, suggesting that DRGs
up-regulate LN receptors when challenged by an inhibitory molecule such as CSPG.
Here we examine the effect of LN receptor up-regulation on neuronal behavior.
Exposure to CSPG/LN increases expression of two LN receptors, α3β1 and α6β1
integrin. Neurons expressing high levels of LN receptors show a concomitant increase
in cell adhesion to LN and a decrease in the ability of CSPG to inhibit adhesion to
LN. Further, increased expression of LN receptors has an effect on neurite outgrowth
on CSPG/LN substrata consistent with that seen in the CSPG step gradient. These
results suggest that embryonic sensory neurons regulate their expression of receptors
for growth promoting molecules in response to CSPG, and that this regulation allows
neurons to extend processes despite the continued presence of inhibitory molecules in
their environment. (Supported by NIH grant EY10545 and an APS grant to DMS,
HD 19950 to PCL, and a grant from the Spinal Cord Research Foundation to MLC).

31

32

AXO N G UIDANCE MECHANISMS A ND PATHW AYS: MOLECULAR A ND PO SIT IO N A L CUES

SUNDAY AM

21.15

21.16

IS A MOLECULAR GRADIENT ALONG THE AXON PATHWAY REQUIRED FOR
AXON GUIDANCE ? Mieko M atsuzawa1* and Päivi Liesi2 1. Lab for Exotic
Nanomaterials, Frontier Research Program, Riken, Wako, Saitama 351-01 Japan 2.
Lab of Molecular and Cellular Biology, National Institute on Alcohol and Alcohol
ism, NIH, Rockville, MD 20852 U.S.A.
Although concentration gradients of axon guiding molecules have been considered
necessary for directional axon growth together with growth promoting and inhibiting
molecules and chemotrophic guidance, few studies have directly analyzed the require
ments of axon guidance using purified central neurons. We applied substrates pat
terned with a decapeptide (RDIAEIIKDI)1, derived from a neurite outgrowth domain
of the γ 1-chain of laminin-1, to study these requirements. This decapeptide has previ
ously shown to be involved in neuronal migration of cerebellar neurons2 and in axonal
differentiation o f embryonic hippocampal neurons3. In vitro experiments were carried
out using patterned substrates consisted of peptide pathways that were separated by
defined distances of surrounding surfaces either devoid of the decapeptide or contain
ing a lower concentration of the decapeptide than that attached to the pathways. The
neuritic growth and growth cone behaviors were studied by a time-lapse video record
ing technique. We found that axon guidance of embryonic hippocampal neurons occured
along the pathways even in the absence of a molecular gradient of the peptide along
these pathways and even without a chemotrophic gradient from a target region. The
growth cones sensitively responded to a step-like concentration difference of the
decapeptide in-between the axon pathway and the areas surrounding this pathway.
The experiments were also assisted by using patterned laminin substrates.
This work was supported by Japanese Science and Technology Agency and National
Institute on Alcohol Abuse and Alcoholism, NIH.
1) Liesi, P. et a. , FEBS Lett. 244 (1989) 141, 2) Liesi, P. et al., J. Neurosci. Res. 33
(1992) 170, 3) Matsuzawa, M. et al., Int. J. Dev. Neurosci. 14 (1996) 283

MICRO-STAMP PATTERNS OF BIOMOLECULES FOR CONTROL OF
NEURONAL GROWTH.
D.W. BRANCH (1), J.M. COREY (2), B.C.
WHEELER* (2), J.A. WEYHENMEYER (2), AND G.J. BREWER (3), 1. Center
for Biophysics and Computational Biology, 2. Neuroscience Program, Univ. of
Illinois at Urbana-Champaign, IL. 61801 and 3. Medical Microbiology and
Immunology, Southern Illinois Univ. School of Med., Springfield, IL 62794-1220.
We have developed a microstamping technique for high resolution patterning of
proteins on glass substrates for the localization of transformed cells and hippocampal
cells including their axons and dendrites. The new patterning process uses a
microfabricated polydimethylsiloxane (PDMS) stamp (Singhvi et al., Science, 264:
696-8) with micrometer length features to transfer multiple types of biomolecules to
silane-derivatized substrates using glutaraldehyde as a homobifunctional linker. B104
neuroblastoma cells were used to evaluate the procedure (Corey, et al., J. Neurosci.
Meth., accepted). Control substrates consisting of physisorbed poly-d-lysine (PDL)
patterned by photoresist were compared with those stamped with PDL. Results
indicate that the stamping and photoresist patterning procedures are equivalent.
Substrates stamped with PDL had an average pattern compliance of 52.6 ± 4.4%
compared to 54.6 ±8.1% for physisorbed substrates. Only minimal improvement in
background avoidance was observed for physisorbing PDL as compared to stamping.
Hippocampal neurons from 18-day Sprague-Dawley rat embryos were grown at 200
cells/mm2 in serum-free Neurobasal/B27 and plated on PDL stamped and physisorbed
substrates. After three hours in culture there was evidence of patterning for both
substrate types. At 4 days, hippocampal cells on stamped substrates extended
multiple processes on the PDL patterns with a small number o f cells growing
processes off the pattern. Background avoidance was dramatically improved by the
addition of bovine serum albumin (BSA) and chondroitin sulfate by stamping or
flood reaction. Supported by a D ept. of Educ. GAANN training grant, PHS training
grant HD07333, Life Technologies, Inc., and the University of Illinois.
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INFLUENCING POLARITY OF HIPPOCAMPAL NEURONS USING
MICRO-STAMP PATTERNS OF BIOMOLECULES. J.M. COREY* (1),
D.W. BRANCH (2), B.C. WHEELER (1), J.A. WEYHENMEYER (1), AND
G.J. BREWER (3 ). 1. Neuroscience Program 2. Center for Biophysics and

CONTACT GUIDANCE OF GROW TH CONES IS NOT DEPENDENT
ON MICROTUBULES OR MICROFILAMENTS. Ann M. Rajnicek* and
C.D. McCaig. Department o f Biomedical Sciences, Institute o f Medical
Sciences, University o f Aberdeen, Aberdeen AB25 2ZD, Scotland, UK.

Computational Biology, Univ. of Illinois at Urbana-Champaign, IL. 61801 and 3.
Medical Microbiology and Immunology, Southern Illinois Univ. School of
Medicine, Springfield, IL 62794-1220.
Our laboratories have previously developed methods for patterning substrates using
silane chemistry to localize cells and neurites for multiunit neuronal recording. To
improve control over surface chemistry the microstamping method has been applied
to allow sequential covalent attachment of proteins and polyaminoacids to substrates
(Branch et al., submitted). We have used this method in conjunction with the fact
that spatial localization of biomolecules could be used to influence polarity of
developing neurons. Extracellular matrix (ECM) glycoproteins are known to
accelerate axonal development in hippocampal neurons in comparison to poly-dlysine (PDL) and cell adhesion molecule L 1 (Lochter and Schachner, 1993).
Moreover, various proteoglycans have been found to influence differentially
development of neuronal morphology. Hippocampal neurons from 18-day SpragueDawley rat embryos were grown at 200 cells/mm2 in serum-free Neurobasal/B27
medium. Substrates were patterned with micrometer alternating stripes of laminin
and PDL and neurons whose somata lay within 10 µm of the boundary were
examined. 80% had their axons on or at the border of the laminin/PDL stripe,
whereas two-thirds of the somata lay on the PDL side and had 2.3 times as many
dendrites per neuron as the somata on the laminin/PDL stripe. These results suggest
the polarity of hippocampal neurons in vitro can be directionally controlled using
substratum composition as a major component. Supported by PHS training grant
HD07333, Dept. Educ. GAANN training grant, and the University of Illinois.The
assistance of Prof. A.M. Craig is gratefully acknowledged.

Guidance o f growth cones by substratum contours may influence pattern formation
o f the CNS. Amphibian and mammalian CNS neurites respond orthogonally to arrays
o f parallel grooves and ridges: Xenopus spinal neurites grow parallel and rat
hippocampal neurites grow at right angles to them. The cellular mechanism for
sensing surface contours and translating them into directional growth is not
understood. We investigated the role o f the cytoskeleton in contact guidance o f growth
cones.
Neurites were grown on quartz slides etched with a pattern o f parallel, evenly
spaced grooves 130 nm deep and 1 µm wide. Neurite orientation was determined by
measuring the angle (relative to the grooves) o f a line connecting the neurite initiation
site on the soma to the growth cone. Angles between 0 and 30° were categorized as
“parallel” and angles between 60 and 90° were “perpendicular”.
Confocal microscopy o f growth cones double stained for actin and α -tubulin
revealed that actin-containing filopodia aligned parallel to the groove/ridge axis on
both cell types but tubulin distribution was not influenced by grooved substrata. Actin
accumulated in the direction o f the turn in Xenopus spinal neurite growth cones that
were reorienting parallel to grooves. However, drugs that affected cytoskeletal
integrity (25, 50 or 100 nM nocodazole or 10 or 25 nM taxol for tubulin, 25, 50, or 75
ng/ml cytochalasin B for actin and combinations o f these) did not affect neurite
orientation on grooves. Confocal microscopy confirmed that actin and tubulin were
affected by the drugs. These data suggest that microtubules and microfilaments are not
required for contact guidance o f these cells.
Supported by the Wellcome Trust.
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REGULATION OF ACETYLCHOLINESTERASE mRNA DURING
DIFFERENTIATION OF QUAIL SKELETAL MUSCLE IN CULTURE.
Susana G. Rossi and Richard L. Rotundo*, Department o f Cell Biology and
Anatomy, University o f Miami School o f Medicine, Miami, FL 33101.
Acetylcholinesterase (AChE) transcripts and protein are expressed in
skeletal muscle where they accumulate in regions o f nerve-muscle contact.
Using RNase protection assays to measure transcript levels, we show that
in primary quail muscle cultures AChE transcripts are expressed at the time
o f myoblast fusion, increase 10-30 fold during the period o f differentiation,
then decrease following the onset o f spontaneous muscle contraction. At all
stages o f differentiation the half life o f AChE mRNA was about 12 hrs,
measured following inhibition o f transcription using the adenosine analogue
DRB. Short term treatment o f the myotubes with inhibitors o f protein
synthesis had no effect on AChE mRNA levels or their half lives. Together,
these results suggest that during avian myogenesis AChE mRNA expression
is regulated at the transcriptional level rather than changes in mRNA
stability. In mature myotubes, inhibition o f spontaneous contraction with
tetrodotoxin resulted in increased AChE transcript levels, whereas treatment
with veratridine decreased them. AChE mRNA half lives remained constant
in both cases indicating that the changes in AChE mRNA levels were not
due to changes in transcript degradation. These observations suggest that
regulation o f AChE mRNA expression by membrane depolarization acts
through a mechanism involving changes in the rate o f AChE transcription.
This work was supported by an NIH grant to R.L.R.
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T R O PH IC REGULATION O F ACETY LCH OLINESTERA SE EXPRESSION IN
C U LTU RED M OUSE M YOTUBES. C. Boudreau-Larivière* and B.J. Jasmin.
Department of Physiology, Faculty o f Medicine, University o f Ottawa, Canada.
Several lines o f evidence indicate that in addition to the amount and pattern of
nerve-evoked electrical activity, the release of nerve-derived trophic factors also
contribute to the regulation o f acetylcholinesterase (AChE) in skeletal muscle fibers.
However, the precise identity o f these factors still remains elusive. We have thus
determined the effects of nerve-derived factors known to modulate the expression and
localization o f acetylcholine receptors (AChR), on AChE expression. To this end,
myotubes derived from the mouse C2 cell line were treated with either CGRP (10-7 M),
ARIA (10-8 M) or neural agrin (10 ng/ml), Forty-eight hr later, total RNA was
extracted and the levels o f transcripts encoding AChE, AChR α -subunit and dystrophin
were determined by quantitative RT-PCR. In comparison to non-treated myotubes,
levels of AChE and AChR α -subunit mRNAs, corrected for the amount o f dystrophin
transcripts, both showed a ~2.5 fold increase in response to CGRP treatment. By
contrast, ARIA failed to affect AChE gene expression. Similarly, a neural isoform of
agrin (4,8) did not induce significant changes in the expression o f AChE mRNA.
Based on these results, we also examined whether the CGRP-induced increase in AChE
mRNA levels was accompanied by a parallel increase in total AChE enzyme activity
and/or by a modification in the pattern of AChE molecular forms. Interestingly, total
AChE activity in CGRP-treated myotubes was similar to that seen in control myotubes.
Moreover, CGRP did not modify the pattern o f AChE molecular forms expressed by
these myotubes. These data show therefore, that CGRP is a candidate trophic factor
involved in regulating AChE gene expression at the neuromuscular junction. Since the
CGRP effects are restricted to pre-translational regulatory mechanisms, these results
also suggest that other factors/events are necessary for synthesis and assembly of
AChE molecules.
This work is supported by grants from the MRC to BJJ.
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AGRIN IS EXPRESSED IN DIFFERENT ISOFORMS BY NEURONS AND
ASTROCYTES OF THE ADULT MAMMALIAN CNS. G. Hager. G. H. Hager
and G. W. Kreutzberg*. Department of Neuromorphology, Max-Planck-Institute of
Psychiatry, D-82152 Martinsried, Germany.
The heparan sulphate proteoglycan agrin promotes the clustering of acetylcholine
receptors at the neuromuscular junction. A similar function for agrin is proposed for the
CNS. The agrin gene codes for the full-length agrin protein and for several isoforms
resulting from alternative splicing of the mRNA. Four different splicing sites which
modify the protein function have been identified.
We analysed the distribution of agrin in the adult rat CNS using
immunohistochemistry techniques. The expression of agrin and its splicing variants in
astrocytes was investigated by applying PCR techniques to brains of adult rats and
primary astrocytic cell cultures. Changes in astrocytic agrin production after CNS lesion
were studied by analysing the facial nucleus seven days post axotomy.
Antibodies raised against agrin labelled both basement membranes and brain
capillaries in the adult rat brain. The antibodies also labelled the surface of neurons in
the cortex and hippocampus, but they failed to stain astrocytes except in the facial
nucleus following axotomy. Astrocytes in primary cell cultures of rat brain showed a
positive immunoreaction for agrin. PCR analysis of whole rat brain cDNA revealed that
all splicing variants described so far for the x-, y- and z-splicing site are present. We
could not identify the N-terminal splicing variants recently described in chicken. In
contrast, astrocytes in primary cell culture expressed only the short isoforms of agrin,
lacking the inserts of the y and z-splicing site. For the x-splicing site variants with and
without the inserts were found.
The results suggest that detectable levels of agrin in astrocytes in vivo are restricted
to sites of brain lesion. Antibodies raised against agrin may therefore serve as a marker
for lesion induced activation of astrocytes in vivo. Agrin may be involved in the
rearrangement of receptor systems or in the reassembly of the extracellular matrix after
brain lesion. Agrin may also serve as a binding partner for extracellular matrix
molecules such as laminin, secreted by neurons in lesioned brain regions.
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SYNAPSE FORMATION AND AGRIN EXPRESSION IN THREEDIMENSIONAL REAGGREGATE CULTURES FROM EMBRYONIC RETINA.
H. Hering and S. Kröger*. Max-Planck-Institute for Brain Research, Dept. of Neuroanatomy, Deutschordenstr. 46, D-60528 Frankfurt, Germany
At the neuromuscular junction the formation of postsynaptic specializations, in
cluding the aggregation of acetylcholine receptors in the postsynaptic membrane, is
induced by the extracellular matrix heparan sulfate proteoglycan agrin. Consistent
with the hypothesis, that agrin is also involved in synaptogenesis in the developing
central nervous system (CNS), previous studies from our lab have shown that all
major cell types of the retina express several agrin isoforms before, during and after
synaptogenesis. Here we show, that in rotating cultures from E6 chick retinae pre
cursor cells differentiate and form aggregates (stratospheroids) with a histotypic
stratification into nuclear and plexiform layers which is similar to that of the retina
in vivo. Conventional as well as ribbon synapses in these cultures are restricted to the
two plexiform layers, as they are the retina The first signs of synaptic differentia
tion, indicated by the appearance of punctate immunoreactivity with antibodies
against synapse associated molecules, were observed after 8 days in vitro in the inner
plexiform layer. At the same time synapse-like structures revealed by electron mi
croscopy appeared. Moreover, stratospheroids synthesized the heparan sulfate pro
teoglycan agrin. Four different agrin isoforms were expressed and anti-agrin im
munoreactivity was concentrated in the plexiform layers, consistent with a role of
agrin in CNS synapse formation. However, the presence of agrin also in regions
without synapses, including the inner limiting membrane, suggests additional roles
for agrin during retinal development. Currently, function-inhibiting anti-agrin anti
bodies and antisense oligonucleotides are applied to these cultures to study a possible
role of agrin during retinal development and synapse formation. (Supported by Boehringer Ingelheim Fonds)

OVEREXPRESSION OF AGRIN AND ITS RECEPTORS DURING
NEUROMUSCULAR SYNAPTOGENESIS. R.D. Heathcote*. J. Roe, D. Byrne
and E.W. Godfrey. Dept. of Biol. Sci., Univ. of Wisconsin-Milwaukee, Box 413,
Milwaukee, W I53201 and Dept. of Cell. Biol. & Anat., Med. Col. of Wisconsin,
Milwaukee, WI 53226.
At the neuromuscular junction, a number of identified molecules play a critical
role in synaptogenesis. We utilized the Xenopus embryo to test the function of
agrin isoforms and two molecules that bind agrin (α -dystroglycan and musclespecific kinase (MuSK)). Injection of RNA into the fertilized egg resulted in
widespread overexpression of these proteins during the initial formation of
neuromuscular synapses.
Overexpression of these molecules altered
acetylcholine receptor (AChR) clustering in myotomal muscles of developing
tadpoles shortly after the initiation of synaptogenesis. We used confocal
microscopy to assay changes in the amount of clustering around the normal
synaptic region and at ectopic sites in the muscle. Specifically, overexpression of
both neuronal (A4B8) and muscle (A0B0) isoforms of agrin caused significant
increases in AChR aggregation in developing muscles. These results indicate
that agrin secreted by nerve terminals and muscle cells could contribute to the
differentiation of the postsynaptic apparatus at the neuromuscular junction.
Overexpression of dystroglycan resulted in a decreased aggregation of AChRs;
consistent with the hypothesis that dystroglycan binds agrin but does not signal
postsynaptic differentiation. We are currently overexpressing different constructs
of the MuSK protein to test its role in signaling postsynaptic differentiation in
vivo.
Supported by a grant from the MDA (E.W.G.), the Univ. of WisconsinMilwaukee (R.D.H.) and the HHMI Undergraduate Research Program (D.B.).
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SYNAPSE FORMATION IS PRECEDED BY THE UP-REGULATION
OF THE NEURON-SPECIFIC AGRIN ISOFORM IN CULTURED
HIPPOCAMPAL NEURONS. A. Ferreira*. Northwestern Institute for
N euroscience and Department of Cell and Molecular Biology,
Northwestern University, Chicago IL 60611.
Agrin has been implicated in the maturation of the postsynaptic target in
the neuromuscular junction. In this study, the pattern of expression of
agrin and its function in developing central neurons were analyzed. The
results indicated that low levels of agrin were restricted to growth cones
in 1 day in culture hippocampal neurons. A 3 fold increase in the levels
of the neuron-specific isoform was detected 24 hs prior to the formation
of synapses. The increase in agrin levels is accompanied by its
extracellular deposition along the distal third of the axon. In mature
central neurons agrin was localized at synaptic sites. To examine the role
of agrin in synaptogenesis we used antisense oligonucleotides (ASO) to
suppress its expression. The ASO were administered to dissociated
hippocampal cultures every%
24 hs. Agrin was no longer detectable by
immunocytochemistry or Western blot analysis after 48 hours of the ASO
treatment. The formation of synapses in control, sense and antisensetreated neurons was analyzed by synaptophysin staining and by electron
microscopy. Cultures in which agrin was suppressed developed very few
synapses. This decreased synaptic density was accompanied by a poor
dendritic development. The removal of the ASO resulted in the full
recovery of the synaptic density. Taken collectively, these results suggest
a role for agrin in synaptogenesis in central neurons.
Supported by grant # 0100 510 330U from the Northwestern Institute for
Neuroscience to AF.
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SYNAPSE FORMATION BETWEEN AGRIN-DEFICIENT NEURONS. A. S.
Serpinskava1. G. Feng2, J. R. Sanes2, and A. M. Craig1*. 1Department of Cell
and Structural Biology, University of Illinois, IL 61801, and 2Department of
Anatomy and Neurobiology, Washington University School of Medicine, St.
Louis, MO 63110.
Agrin, a proteoglycan secreted by motoneurons, induces postsynaptic
differentiation, including clustering of acetylcholine receptors, at neuro
muscular junctions. Agrin is widely expressed in the nervous system, so
other functions seem likely, but none have been demonstrated. To test
roles for agrin in interneuronal synapse formation, we studied hippocampi
and sympathetic ganglia from mutant mice that lack the z+ splice form of
agrin, exhibit very low expression levels of all forms of agrin, and die at birth
due to neuromuscular defects (Gautam et al., 1996, Cell 85:525-535).
Hippocampal neurons cultured from E17 homozygous agrin mutant
embryos were qualitatively indistinguishable from heterozygous and wild
type littermates both morphologically and by all molecular markers tested to
date. The agrin-deficient neurons formed MAP2-positive dendrites, taulpositive axons, and synaptic contacts defined by clusters of the synaptic
vesicle proteins synaptophysin and SV2. The AMPA type glutamate
receptor subunit GluR1, the NMDA type glutamate receptor subunit
NMDAR1, and the GABAAreceptor β2/3 subunits formed numerous clusters
at postsynaptic sites in both mutants and controls. In a second set of
studies, sections from E18 superior cervical ganglia were double labeled for
synaptic vesicle proteins and neuronal nicotinic AChR a and β subunits.
Postsynaptic AChR clusters were present in both wild type and mutant
ganglia, but were reduced in number in the latter. These results indicate that
agrin is not essential for synaptic differentiation in the central or peripheral
nervous system, but may modulate synaptogenesis.
(Supported by NIH and the Markey Charitable Trust.)

AGRIN DISRUPTS PRE-EXISTING ACETYLCHOLINE RECEPTOR
CLUSTERS.
K.M. Schroeder* and H. Gordon. Committee on
Neuroscience & the Department of Cell Biology and Anatomy,
University of Arizona, Tucson, AZ 85724.
Neuronal agrin increases the frequency of acetylcholine receptor
(AChR) clusters on cultured muscle cells. W e have studied the
size distribution of AChR clusters as a function of time after
application of soluble C-terminal agrin. W e find that upon
addition of agrin for 1-5 hours, the number per field of view of
smaller clusters (<100µm2) increases, whereas that of larger
clusters (>300nm2) decreases. Thus, agrin causes pre-existing,
spontaneous AChR clusters to shrink or become disrupted. O nly
agrin isoforms capable of inducing clustering [those containing
an 8 amino acid insert at the z splicing site (rat nomenclature)]
disrupt pre-existing AChR clusters. Two broad classes of
mechanisms could account for these results. First, agrin could
stimulate a novel short-lived pathway that leads to the disruption
of pre-existing clusters. Alternatively, the new agrin-induced
clusters could compete w ith pre-existing clusters for lim iting
components. In either case, our results suggest a model in
which agrin can mediate synaptic competition.
K.M.S. was supported by a NIH pre-doctoral fellowship, and
the work was supported by NSF grants to H.G.
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CARBOHYDRATE
REGULATION
OF
AGRIN
SIGNAL
TRANSDUCTION. M. Ferns1, WA. Grow2, & H. Gordon*2. 1Dept of
Neurol. & Neurosurg., & Ctr. Res. Neurosci., MGH Res. Inst., Montreal
PQ, H3G 1A4, Canada, & 2Dept of Anat. & Cell Biol., Univ. Arizona,
Tuscon, AZ 85724.
Agrin is a nerve-derived factor that induces clustering of synaptic
proteins, such as the acetylcholine receptor (AChR), at the developing
neuromuscular synapse. This aggregating activity of agrin can be
mimicked in cultured mouse C2 myotubes by neuraminidase, which
removes sialic acid from glycoproteins, and by elevated calcium.
Conversely, we find that addition of soluble sialic acid (1mM) partially
inhibits agrin-induced AChR clustering. Together, these results suggest
that sialic acid may have an inhibitory role in the agrin pathway, and
we have therefore examined where the sialylated glycoproteins might
act. We report that neuraminadase (0.25 U/ml) and calcium (6.8 mM)
mimic the action of agrin in inducing rapid tyrosine phosphorylation of
both the MuSK receptor tyrosine kinase and the AChR β subunit.
These findings suggest that neuraminidase and calcium induce AChR
clustering by acting on the agrin signaling complex that includes MuSK.
In the case of neuraminidase, the activation of the MuSK receptor is
associated with the removal of cell-surface sialic acid, including the
apparent cleavage of sialic acid from MuSK itself. We therefore propose
that sialic acid-bearing molecules on the muscle cell surface normally
repress the agrin receptor complex, and that agrin overcomes this
inhibition to activate MuSK and induce AChR clustering.
Supported by Canadian MRC grant to MF, NSF grants to HG, and an
NIH NRSA to WG.

VVA LECTIN ACTS SEPARATELY OF AGRIN, CALCIUM, AND
NEURAMINIDASE TO INDUCE ACETYLCHOLINE RECEPTOR
CLUSTERING ON C2 MYOTUBES. W.A. Grow*1, M. Ferns2 and H. Gordon1.
1Dept of Anat & Cell Biol, U of Arizona, Tucson, AZ 85724, and 2Dept of
Neurol & Neurosurg & CRN, MGH Res Inst, Montreal PQ, H3G 1A4, Canada.
Acetylcholine receptors (AChRs) and other postsynaptic molecules cluster
on cultured C2 myotubes. The frequency at which the clusters occur can
be enhanced with the neural factor agrin or with the ligand-independent
manipulations calcium or neuraminidase. We have shown that treatment of
C2 myotubes with calcium or neuraminidase also causes tyrosine
phosphorylation of both the AChR’β subunit and the Muscle Specific Kinase
(MuSK), thus mimicking the activity of neural agrin (Grow et al., submitted;
Ferns et al., these abstracts). When agrin, calcium, and/or neuraminidase
were added in various combinations, the increase in AChR clustering was
additive at low concentrations but co-saturating at high concentrations.
This suggests that agrin, calcium, and neuraminidase share a common
mechanism of activating a signal transduction underlying AChR clustering.
In addition to calcium and neuraminidase, VVA (Vicia villosa agglutinin)
lectin also increases the frequency of AChR clustering. When VVA and
agrin were added in combination to C2 cultures at high concentrations,
there was a synergistic effect on AChR clustering. We suggest that VVA
acts separately of agrin, calcium, and neuraminidase. In particular, activation
of the agrin signaling pathway may involve two steps, one facilitated by
agrin, calcium, and neuraminidase and the other facilitated by VVA.
Supported by NSF grants to HG, an NIH NRSA to WAG, and a Canadian
MRC grant to MF.

22.12

22.11

SELECTIVE LOCALIZATION OF AGRIN BINDING SITES AT
DEVELOPING CNS SYNAPSES D.G. Wells and J.R. Fallon*. Dept.
of Neuroscience, Brown University, Providence, RI 02912.
Agrin is an extracellular matrix molecule that plays a central role in
mediating pre- and post-synaptic differentiation at neuromuscular
junctions. Alternative mRNA splicing yields agrin isoforms differing
over 10,000 fold in their acetylcholine receptor (AChR) clustering
activity. In contrast to the neuromuscular junction, the events leading
to the differentiation of neuronal synapses are largely unknown.
Circumstantial evidence raises the possibility that agrin may play a
role in the brain. For example, agrin protein and mRNA are present in
the CNS, including neurons of the hippocampus, a region which
maintains a high degree of synaptic plasticity into adulthood. Here we
demonstrate that agrin binds to hippocampal neurons in culture. Each
agrin isoform studied to date reveals a distinct set of agrin binding sites.
The agrin isoform most active in AChR clustering (on muscle cells) is
co-localized with synapsin I immunoreactivity on these neurons. In
contrast, other agrin isoforms bind extra-synaptically. These findings
raise the possibility that some agrin isoforms may participate in the
differentiation of neuronal synapses, while other isoforms could play
as yet undefined roles in neuronal differentiation.
support: NS10343-01

AGRIN INDUCES CREB PHOSPHORYLATION IN
•HIPPOCAMPAL NEURONS IN CULTURE
R.R J1,* C, Lesuisse, D. Oiu and.F. Rupp. Dept of Neurosci.,
Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21205
The synaptic basal lamina protein agrin induces the
postsynaptic clustering of acetylcholine receptors at
neuromuscular junctions.
However, agrin is expressed
throughout the central nervous system. The functional
significance of agrin expression in neurons other than motor
neurons remains unknown. Interestingly, agrin expression
in hippocampal neurons is regulated by activity, suggesting a
role of agrin in regulating synaptic plasticity. To test whether
agrin may engage signaling pathways that could lead to
synaptic plasticity, we measured agrin-induced CREB
phosphorylation at serine-133 in hippocampal neurons. Our
results indicate that agrin is able to induce CREB
phosphorylation in hippocampal neurons in culture. CREB
phosphorylation induced by agrin is less robust than that
evoked by BDNF but follows a similar time course: reaching
peak level within minutes and declining in 2h. However,
agrin- but not BDNF-induced CREB phosphorylation is
calcium dependent. These results support the hypothesis that
agrin may contribute to synaptic plasticity.
This work was supported by Muscular Dystrophy Association.

2 2.13

22.14

FORMATION OF AGRIN-INDUCED SPECIALIZATIONS REQUIRES ACHRS.
B. G. Wallace*, Dept. of Physiol., Univ. of Col. Sch. of Med., Denver, CO 80262
When added to myotubes in culture, agrin induces the formation of specializations
at which many components of the postsynaptic apparatus at the vertebrate skeletal
neuromuscular junction aggregate, including acetylcholine receptors (AChRs) and a
variety of cytoskeletal and membrane-associated proteins that are thought to play a
role in AChR immobilization. The accumulation of AChRs occurs, at least in part, by
lateral migration of pre-existing receptors, does not require protein synthesis, and is
prevented by inhibitors of protein tyrosine phosphorylation. We have now found that
other components of agrin-induced specializations also form aggregates by
redistribution of pre-existing proteins, that their accumulation requires protein
tyrosine phosphorylation, and that they fail to aggregate when cultures are treated
with anti-AChR monoclonal antibodies to immobilize AChRs.
Cultured chick myotubes were treated with agrin and labeled with rhodamine α bungarotoxin and antibodies to visualize the distribution of AChRs and rapsyn,
utrophin, syntrophin, or β-dystroglycan. All these components accumulated at agrininduced specializations in normal myotubes and in myotubes treated with
cycloheximide. Thus, protein synthesis is not required for the accumulation of such
components, indicating that aggregation occurs by redistribution of pre-existing
proteins. Agrin failed to induce aggregates of any component in myotubes treated
with either staurosporine or pervanadate, suggesting that protein tyrosine
phosphorylation mediates their aggregation.
To investigate the relationship between AChR aggregation and the accumulation
of other components, cultures were treated with monoclonal antibodies against the
AChR α subunit. Such treatment crosslinked AChRs into small clusters, which
labeled with anti-rapsyn antibodies. Thus, AChR aggregation is sufficient to cause
accumulation of rapsyn, but not of any other postsynaptic component tested.
Conversely, when cultures treated with such anti-AChR antibodies were incubated
with agrin, no aggregates of any component were formed. We conclude that AChR
aggregation is necessary for the recruitment of other components into agrin-induced
specializations.
(Supported by NIH NINDS grant NS29673)

ALPHA-DYSTROGLYCAN APPEARS TO ACT DOWNSTREAM OF
MUSK ACTIVATION IN AGRIN-INDUCED ACHR CLUSTERING.
S. Carbonetto*, C. Jacobson. F. Montanaro, M. Lindenbaum, & M.
Ferns. Dept of Neurol. & Neurosurg., & Ctr. Res. Neurosci., MGH Res.
Inst., Montreal PQ, H3G 1A4, Canada.
Alpha-dystroglycan (α-DG) has been implicated in agrin-induced
AChR clustering but it is unclear whether it acts as a coreceptor
involved in initial agrin signaling, or as a component involved in late
events; eg. aggregate assembly or stabilization. To investigate it’s role
we have generated two α-DG antisense derivatives of the C2 mouse
muscle cell line, which have reduced α-DG expression (50 & 20% of
control). When compared to wild type cells, the α-DG antisense
myotubes have a dramatic reduction in the number of spontaneous and
agrin-induced AChR clusters (approx. 25 & 12% of control). Several
findings suggest that this decrease in AChR clustering is not due to
decreased agrin signaling through the MuSK receptor tyrosine kinase.
The α-DG antisense cell lines showed only a slight reduction in the
level of agrin-induced MuSK tyrosine phosphorylation, and no reduction
in AChR β-subunit tyrosine phosphorylation, compared to wild type
cells. Additionally, agrin-induced phosphorylation of MuSK in wild type
myotubes was not decreased using agrin fragments that lack the
domain primarily responsible for binding to -DG. Finally, neural
agrin-induced phosphorylation of MuSK was unaffected by treatments
such as excess muscle agrin, or anti- α-DG antibodies, both of which
block agrin- α-DG binding. Together, these results suggest that α-DG
is not required for agrin-MuSK signaling, but rather that it may play a
role downstream in the subsequent growth and consolidation of AChR
clusters.
Supported by Canadian MRC and NCE grants to SC & MF.
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SYNAPTOGENICALLY ACTIVE ISOFORMS OF AGRIN ARE EXPRESSED
BY HIPPOCAMPAL NEURONS DURING SYNAPSE FORMATION IN
CULTURE. L. S. Honig* and K. Scott. Department o f Neurology, University
of Texas Southwestern Medical Center at Dallas, Dallas, TX 75235-9036.
Agrin is a glycoprotein that appears necessary and sufficient for early stages o f
normal synapse formation at the neuromuscular junction. We have postulated
that agrin may play a role in synapse formation between neurons in the CNS,
similar to its role in the PNS between nerve and muscle. Agrin protein is
expressed as several isoforms, by developmentally-regulated alternative splicing.
Only isoforms containing inserts at the B site (B+: A4B8, A4B11, A4B19) are
active in prompting formation o f postsynaptic specializations on myotubes. Our
data and others’ shows that these isoforms are present, but in low abundance, in
the CNS, including the hippocampus. In this study, we use hippocampal cell
culture to examine agrin expression during the formation o f interneuronal
synaptic specializations. We have cultured trypsin-disaggregated E l 8 embryonic
rat hippocampus in serum-containing, and defined (Neurobasal), media to obtain
mixed neuronal/glial, and nearly pure neuronal cultures, respectively. Neurons
show signs of synaptic specializations at 5-15 days in culture, with
immunochemical and mRNA expression (by RT-PCR) o f synaptophysin and
SNAP-25. Initially, agrin mRNA expression (by RT-PCR) is o f predominantly
“neuronal” (A4) but “non-synaptogenic” (BO) isoforms. Mixed cultures show
increases in “non-neuronal” (A0B0) isoforms. Pure neuronal cultures show
increased proportions of “synaptogenic” isoforms (particularly A4B11 & A4B19).
This culture-time dependent expression is concomitant with that o f synaptic
protein markers. The pattern of expression is modulated in the presence o f added
neurotrophins (e.g. BDNF, NT3), which up-regulate the active agrin isoforms.
Our results are consistent with a role for agrin in formation o f CNS synapses.
(Support: NIA grant 5P30AG12300 & UT President’s Research Council award.)

TR A N SCRIPTIO N A L R E GULATION O F U T RO PH IN IN SKELETAL
M USCLE BY A DNA ELE M E N T AND AGRIN. A.O. Gramolini1*, J.M. Tinsley2,
K.E. Davies2,and B.J. Jasmin1. 1Univ. o f Ottawa, Canada and 2Univ. of Oxford, UK.
Recently, we showed that the synaptic accumulation of utrophm in muscle fibers
results from the preferential transcription of the utrophin gene in myonuclei located
within the postsynaptic sarcoplasm (Gramolini et al., J. Biol. Chem. 272: 8117-8120,
1997). In these experiments, we also showed that an 800 bp fragment of the utrophin
promoter was essential for conferring synapse-specific expression and that the local
expression of the utrophm gene was under the control of nerve-derived trophic factors.
In the present study, we examined the role o f a DNA element termed N-box, in
regulating the local expression o f the utrophin gene at the neuromuscular junction. To
this end, we mutated the N-box in a 1.3 kb utrophin promoter fragment and compared
the pattern o f expression o f the reporter gene nlsLacZ to that obtained with the wildtype construct. Direct injection o f these constructs into muscles showed that the wildtype promoter fragment induced synapse-specific expression o f the reporter gene. In
contrast, mutations o f the N-box reduced by more than 50% the number of synaptic
events. In separate experiments, we determined the effect o f agrin on utrophin gene
expression in cultured myotubes. In response to both nerve and muscle isoforms of
agrin, utrophin mRNA levels increased by ~2 fold. To determine the mechanism of this
agrin-induced effect, we transfected myoblasts with various utrophin promoter-nlsLacZ
constructs and determined the activity of the reporter gene in myotubes 48 hr after agrm
treatment. Our results showed that β-gal activity increased significantly following
treatment with either muscle- or nerve-derived agrin. Taken together, these results
show that the N-box plays a central role in directing the synaptic expression of the
utrophin gene. Furthermore, they indicate that in addition to clustering synaptic
components, agrin stimulates the transcriptional activity o f genes encoding synaptic
proteins at developing postsynaptic membrane domains.
This work is supported by AFM, MDA, MRC o f Canada (BJJ) and MRC of the UK
(KED).

22.17

22.18

AGGREGATION OF GABAA RECEPTORS AS A LANDMARK OF SYNAPSE
FORMATION IN THE DEEP CEREBELLAR NUCLEI (DCN) OF THE MOUSE.
N. Garin and G. Escher*, IBCM, Institut de Biologie Cellulaire et de Morphologie, 9
Bugnon, 1005 Lausanne; Switzerland.
At the neuromuscular junction, agrin-induced acetylcholine receptor aggregation
defines the formation of postsynaptic specializations. Given the widespread
expression of agrin isoforms in the CNS, the question arises whether synapse
formation in the CNS too occurs as an afferent-dependent aggregation of receptors.
Preliminary descriptive work presented here concentrates on the development of the
gabaergic projection of Purkinje cells onto DCN neurons.
At P 1, afferents detected by immunoreactivity (IR) for synapsin or GAD, have
not entered the nucleus (N=6). The IR for the GABAA α l subunit is very weak,
diffuse and cytoplasmic, with rare micropatches in the membrane. At P4, afferents
have entered the DCN but have not achieved the close apposition to the postsynaptic
membrane of mature nerve terminals (NT). Postsynaptically, there is a period of
morphological quiescence from P4 to P6; the number and appearance of small
GABAA receptor patches are unchanged (N=8). From P8 on (N=5), NT are in close
apposition to the postsynaptic membrane. The diffuse GABAA IR is downregulated,
and numerous well defined receptor clusters appear in the membrane; few only of
these clusters are not en face of synaptophysin positive profiles. At P10 (N=5) pre
and postsynaptic matching is complete. The number and size of clusters is
unchanged till P10. After P I 2 (N=7) the adult (N=10) pattern of distribution is
reached; the receptor clusters are larger than before and typically bigger than their
corresponding presynaptic profiles.
Altogether the data show that receptors can be localized to the membrane before
the presence of presynaptic axons; however the formation of receptor aggregates
takes off only from the time on when axons contact the postsynaptic cells; pre- and
postsynaptic matching is nearly perfect from the start on, consistent with a model
where synaptic localization is afferent-dependent. S u p p o rt: Swiss NSF 31-39713.93.

C L O N IN G A N D EX PRESSIO N OF X EN O PU S M uSK. A. H . C h u , H.
Z h o u 1 F. D. S m ith , F. C. F. Ip, A. K. Y. Fu, K. W . K. T sim , H . B. P e n g 1 . N.
Y. Ip*. D e p a rtm e n t of Biology a n d B iotechnology R esearch In stitu te , The
H o n g K ong U n iv ersity of Science a n d T echnology, C lear W ater Bay, H o n g
Kong, a n d 1D e p a rtm e n t of Cell B iology a n d A n a to m y a n d th e C u rric u lu m
in N e u ro b io lo g y , U n iv ersity of N o rth C a ro lin a, C h a p e l H ill, N C , USA.
A muscle-specific receptor tyrosine kinase, designated MuSK, was recently
identified. It mediates agrin-induced clustering of acetylcholine receptors and is
localized at the neurom uscular junction in adult skeletal muscle. M ice with
targeted deletion of M uSK fail to cluster AChRs in the postsynaptic membrane.
Thus, this kinase seems to play an important role in muscle development. W e have
recently cloned Xenopus cDNAs encoding MuSK from a stage 40-50 library. One
of the cDNAs encodes a signal peptide, four immunoglobulin-like domains and a
transm em brane domain and shares ~50% amino acid hom ology with the
extracellular domain of rat MuSK. Using this cDNA encoding the extracellular
domain as a probe, Northern blot analysis demonstrated the presence of two MuSK
transcripts (~3kb and 6kb) in various Xenopus tissues. Although the larger
transcript is more prominent in skeletal muscle, it can also be detected in spleen
and liver, albeit at a lower level o f expression. In situ hybridization showed
prominent expression of MuSK mRNA in the myotomal muscle during the entire
period of neurulation and synaptogenesis. In addition, M uSK mRNA expression
can also be detected within the central nervous system, including the brain, spinal
cord and eye vesicle. Interestingly, cells in the animal hemisphere during the
blastula stage also showed positive labeling. Thus, in addition to postsynaptic
development in skeletal muscle, MuSK may also play a role in embryogenesis and
neural development. (Supported by the Research Grants Council of Hong Kong
HKUST 568/95M and US NIH grant NS-23583)

22.19

22.20

CLONING AND FUNCTIONAL EX PRESSIO N O F CDNAS EN CO D IN G
XENOPUS ARIA J.F.Yang, H. Zhou1, H.B. Peng1, S. Pun. N.Y. Ip and K.W.K.

M U LTIPLE RO LES OF M USK A N D RA PSY N IN A C ETY LC H O LIN E
R E C EPTO R CLUSTERING. E.D. A pel, D.J. G lass, G.D. Yancopoulos* and
J.R. Sanes, D ept. o f Anatomy and Cell Biology, W ashington Univ. Sch. o f M ed.,
St. Louis, M O 63110 and *Regeneron Pharm aceuticals, Tarrytown, N Y 10591.
Agrin-induced clustering o f acetylcholine receptors (AChRs) in the postsynaptic
m em brane is a key step in synaptogenesis at the neurom uscular junction.
N um erous studies have defined a pathw ay for clustering in w hich agrin is the
signal, the tyrosine kinase M uSK is part o f the signaling receptor, and the
cytoplasm ic protein rapsyn is part o f the effector m echanism . Recently, we have
begun to define the structural and functional relationship betw een M uSK and
rapsyn. Unlike all other postsynaptic m em brane and cytoskeletal components
examined to date, M uSK remains concentrated at synaptic sites in rapsyn-deficient
m utant m ice, suggesting that M uSK forms a prim ary scaffold to w hich rapsyn
attaches other synaptic components. Both the ecto- and kinase dom ains o f M uSK
are required for this scaffold to function. In non-m uscle cells, rapsyn-M uSK
interactions are m ediated by the ectodomain o f M uSK, suggesting the existence o f
a transm em brane intermediate. A requisite role for the M uSK ectodom ain is
likewise suggested by the observation that activation o f a chim eric receptor (trkC
ectodom ain fused to M uSK intracellular dom ain) in m uscle cells is not sufficient
for A C hR clustering. A role for M uSK ’s kinase dom ain was dem onstrated by
showing that a dominant negative, kinase-deficient mutant M uSK inhibits agrin’s
ability to induce AC hR clustering and that activation o f the M uSK kinase dom ain
is necessary and sufficient for a key early event in A C hR clustering, AChR
phosphorylation. Thus, M uSK has both structural and signalling roles.
Interestingly, rapsyn is required for A C hR phosphorylation as well as cluster
form ation, indicating that it too plays both signalling and structural roles.
(Supported by grants from N IH and an AH A postdoctoral fellow ship to ED A.)

Tsim*. Department of Biology, The Hong Kong University o f Science and
Technology, Clear W ater Bay, Hong Kong and ‘Department of Cell Biology
and Anatomy and the Curriculum in Neurobiology, U niversity o f North
Carolina, Chapel Hill, NC, USA.
Acetylcholine receptor-inducing activity (ARIA) is a protein that is released
from motor neurons to stimulate the synthesis o f acetylcholine receptors
(AChRs) in the postsynaptic muscle fibers. It exists in many isoforms that are
derived from a single gene and belongs to the ARIA gene family that includes
glial growth factor (GGF), neu differentiation factor (NDF) and heregulins
(HRG). To further understand the function of ARIA in synaptic differentiation,
the Xenopus homologue of this protein was cloned. The deduced X en o p u s
ARIA has all the characteristics of previously isolated members of this family,
including Ig-like, spacer, EGF-like, transmembrane and intracellular domains.
The cDNA has 59% and 50% hom ology with chick and rat hom ologue
respectively. The region of highest homology (75%) is in the transmembrane
and intracellular domains. Several isoforms of ARIA, due to splicing at the Cterminal of the EGF-like domain or at the spacer region between Ig and EGFlike domains, were identified. Northern blots showed a transcript of ~7 kb from
RNAs isolated from X e n o p u s brain. W hen X e n o p u s A R IA cDNA was
transfected into HEK 293 cells, the recombinant protein was able to induce the
expression of AChR a and ε subunits in cultured chick m yotubes. In situ
hybridization showed strong expression of ARIA in developing brain and spinal
cord. In addition, it is also prominently expressed in the m yotom al muscle.
These data suggest that in addition to m otor neurons, the postsynaptic muscle
cells can also contribute ARIA for synaptogenesis. (Supported by BRI at
HKUST and US NIH NS-23583)
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THE RECEPTOR TYROSINE KINASE, MuSK, IS REQUIRED FOR
AChR PHOSPHORYLATION, AND CONTAINS TW O DOM AINS
WHICH ARE REQUIRED FOR AChR CLUSTERING. D.J. G lass*.
Y a n c o p o u lo s .

R egeneron

P h arm a ceu ticals,

T arry to w n ,

NY;

2W ashington University, St. Louis, MO.
We have previously dem onstrated that a novel
receptor
ty ro sin e k in a se , M uscle S pecific K inase (M uSK ), w hich is
lo c alized at the m otor en d p late in sk ele tal m uscle, is a
critical com ponent of the physiological recep to r for agrin, a
n e rv e -d e riv e d fa c to r th a t can in d u c e c lu s te rin g o f the
a c e ty lc h o lin e
re c e p to r
(A C h R )
an d
w h ic h
i n i tia te s
o rganization of the m otor endplate. H ere we use a receptor
chim era and a dom inant-negative form of M uSK to analyze
M uSK function: we dem onstrate that activation of the M uSK
kinase dom ain is su ffic ie n t to m ediate p h o sp h o ry latio n of
the A ChR, thought to be a key step in the o rg an izatio n
p athw ay, but that the e x tra c e llu la r dom ain of M uSK is
ad ditionally required for A ChR clu sterin g . This d isso cia tio n
of M uSK 's tyrosine k in a se -m ed ia ted p h o s p h o ry latio n of the
AChR from a second, clu sterin g fu n ctio n , lo c alized to the
e x tra c e llu la r dom ain o f M uSK , d e m o n stra te s th a t M uSK
m e d iates sig n als th ro u g h
b o th its k in a se d o m a in and
through its extracellular domain.
Supported by Regeneron Pharmaceuticals, Inc.

FORMATION AND SPECIFICITY OF SYNAPSES I
23.1
DEVELOPMENTAL ANALYSIS OF erbB RECEPTOR EXPRESSION IN
THE RAT CEREBELLUM. M. Sasner*, Z. Yang and A. Buonanno. Unit on
M olecular N eurobiology, LDN,NICHD,NIH, Bethesda, MD 20892-4480.
The subunits that comprise the NMDA receptor (NR) are expressed in
distinct patterns during development. In the cerebellum, the NR2B
subunit is expressed on granule cells early in developm ent but is replaced
by the NR2C subunit after the cells have m igrated. We have recently
found that neuregulin (also called ARIA, NDF, heregulin, or GGF) upregulates the expression of NR2C. Here we analyze the expression of th e
receptors for neuregulins in the rat cerebellum. N euregulin receptors
(erbB2, erbB3, and erbB4) are members of the EGF family of receptor
tyrosine kinases that are activated by ligand binding and receptor
dim erization. N orthern and Western blots using cerebellar tissue show
that levels of erbB2, erbB3, and erbB4 expression are high early in
development and suggest that erbB receptor protein levels decline
between 1 and 6 weeks of age. Analysis of purified granule cells in culture
by Western blot and immunohistochemistry shows th at these cells
express erbB2 and erbB4 but do not make significant amounts of erbB3
protein In contrast, purified glial cells express erbB2 and erbB3. The
subcellular localization of these receptors on cerebellar neurons during
development will be reported.
in summary, cerebellar granule cells express erbB2 and erbB4 during th e
developm ental stage when the NR2C subunit expression is in itia te d
These results are consistent with the hypothesis th a t erbB receptors
transduce the reur egulin signal into changes in NMDA receptor subunit
expression during maturation of cerebellar granule neurons.
Supported by the NJCHD intram ural program.

23.2

F-ACTIN AND β-FODRIN AT THE FROG NEUROMUSCULAR
JUNCTION. A. Dunaevsky, R. Bloch, C .P . Ko, and E. A. Connor*.
Dept. of Biology, Univ. of Massachusetts, Amherst, MA; Dept. of
Physiology, Univ. of Maryland Sch. of Med., Baltimore, MD; and Dept.
of Biological Sciences, Univ. of Southern California, Los Angeles, CA.
Evidence suggests that an actin-based cytoskeleton assembles during
presynaptic differentiation. Such a cytoskeleton may also contribute to
the functional stability of mature synaptic connections. We determined
the distribution of actin filaments and beta-fodrin using fluorescence
microscopy at neuromuscular junctions after removal of target fibers.
Muscle fibers were selectively damaged while leaving the innervation
intact, creating target-deprived synaptic sites. Staining of these synaptic
sites with fluorochrome-tagged phalloidin, to mark F-actin, revealed a
staining pattern resembling a ladder; discrete bands of stain connected 2
parallel lines that ran the length of the synapse. The bands of phalloidin
stain occurred at irregular intervals with an average spacing of 1.3 ± 0.4
microns (mean ±SD). Target-deprived synaptic sites were stained in a
similar pattern by an antibody against beta-fodrin and fodrin stain
colocalized with actin stain. Actin and fodrin stains were not concen
trated at release sites as the majority of both stains appeared outside
clusters of synaptic vesicles, marked with an antibody to SV2. Rather,
the position of actin bands overlapped that of terminal Schwann cells
fingers, that periodically enwrap frog nerve terminals between release
sites and were marked with an SC-1 antibody. After denervation, neither
phalloidin nor fodrin bands were detected although some uniform stain
persisted. The majority of F-actin and beta-fodrin is found between
synaptic release sites and may be contributed by the nerve terminal in
addition to terminal Schwann cells.
Supported by NSF 9602136.

23.3

23.4

DEVELOPM ENT AND REGENERATION OF NEUROM USCULAR
JUNCTIONS IN M ICE LACKING CG RP Y.-J. Son*1, J. Liu2, R. B.
Emeson2 and J. R. Sanes1 1Department of Anatomy and Neurobiology,
Washington University School of Medicine, St. Louis, MO 63110, 2Department
of Pharmacology, Vanderbilt University, Nashville,TN 37232
Previous studies on calcitonin gene-related peptide (CGRP) have suggested that
this neuropeptide, which is concentrated in motor nerve terminals, plays multiple
roles in the development and maintenance of the skeletal neuromuscular junction
(NMJ). These include transcriptional activation of AChR subunit genes and
suppression of excessive axonal outgrowth (sprouting). To test these hypotheses,
we generated and characterized mutant mice that lack αCGRP, the major CGRP
of the NMJ. Homozygous mutant mice were externally normal, fertile, and as
motile as their littermates. Staining with antisera that recognize both a and
βCGRP showed a near-complete loss of immunoreactivity in mutant nerve
terminals. Light and electron microscopy revealed no significant differences in
size, structure or geometry between mutant and control NMJs. AChR density
in the postsynaptic membrane was assessed by the staining with rhodamine-α
bungarotoxin, AChR mRNA abundance by RNase protection,
synaptic
localization of AChR mRNA by in situ hybridization, and the fetal to adult (γ to
ε) subunit transition by use of subunit specific antibodies. None of these measures
revealed qualitative abnormalities in the mutants. The size, arrangement, and
distribution of motor nerve terminals was assessed by staining with antibodies to
axonal and synaptic vesicle antigens, in developing and adult mice. No excessive
sprouting was observed, and synapse elimination proceeded normally. Mutant and
control endplates were reinnervated with a similar time course and to a similar
extent following axotomy. In short, our results show that αCGRP is dispensable
for development and regeneration of the NMJ. (Supported by NIH and a
W.M.Keck postdoctoral fellowship)

FUNCTIONAL ANALYSIS OF LA M ININ -β2 (S-LA M IN IN ) M UTANT
SYNAPSES. P.G. Noakes.*, D. Kim and N.A. Lavidis. D ept. o f Physiol,
and Pharm., University of Queensland, Qld 4072, Australia.
Lam inin-β2, located in the synaptic basal lamina, has been hypothesised
to be im p o rtan t fo r the fo rm atio n o f neu ro m u scu lar synapses in
vertebrates. In our recent studies where we have inactivated the gene that
encodes for lam inin-β2, we have observed predom inantly pre-synaptic
structural defects. These include fewer active zones, diffuse distribution of
synaptic vesicles, and a progressive invasion of Schwann cell processes into
the synaptic cleft (Noakes et al., 1995 Nature, 374:258). Functionally, we
have observed from intracellular recordings a decrease in the frequency of
spontaneous transm itter release w hich was expected given the above
ultrastructural abnorm alities. In the present study, we have fu rth er
investigated the functional consequences of lam inin-β2 absence at these
synapses. The nerve terminal im pulse, end plate currents (EPCs) and
spontaneous EPCs (SEPCs) were recorded with a large diam eter electrode
(2 0 μm diameter) placed over whole terminals. The extracellular calicum
concentration was 0.3mM . W e have used these recordings to calculate
quantal content (m), binom inal param eter (p, probability o f release),
binominal parameter (n, number o f active relese sites), amplitude, and rise
time of spontaneous endplate currents. At control neurom uscular synapses
m was 2.11 +/- 0.21 (N=16); average p was 0.93 +/- 0.3 (n=16); average n
was 2.3 +/- 0.23 (N=16). In com parison, lam inin-β2 deficient synapses
average m was 0.97 +/- 0.15 (n=12), a significant (P< 0.05) reduction
of46% ; average p at 0.93 +/- 0.06 (N=12); average n w asl.0 3 +/- 0.15
(N=12), a significant (P<0.05) reduction o f 45%. We also observed an
increase in the rise time o f SEPCs in the lam inin-β2 mutant versus wild
type litter m ates, suggesting possible postsynaptic changes in AChR
density, a observation we are cu rren tly ex p lo rin g .
S up p o rted by
NH&MRC (Australia).
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LAM IN IN -1 IN D U C E S A C E T Y L C H O L IN E R E C E P T O R
CLUSTERING BY A PATHW AY THAT IS INDEPENDENT OF
AGRIN AND M U SK J .E. Sugiya m a*, D .J. G lass, G.D. Yancopoulos and

LAMININ 11 (α5β2γ1): A SYNAPSE-SPECIFIC STOP SIGNAL IN THE
BASAL LAMINA AT THE NEUROMUSCULAR JUNCTION.

Z.W. Hall. National Institute o f Mental Health, NIH, Bethesda, MD
20892; Regeneron Pharm aceuticals, 7 7 7 Old Saw M ill R iver Road,
Tarrytown, NY 10591
Acetylcholine receptor (A C hR ) clustering induced by neurallysynthesized agrin is essential for neurom uscular synaptogenesis.
Laminin, another component o f the m uscle fiber basal lamina, also
induces AChRs to cluster on cultured myotubes. Here we show, using
rhodamine-labeled α -bungarotoxin to stain A ChR clusters, that laminin1 specifically induces receptor clustering on C 2 myotubes: two other
laminin isoforms found in muscle, lam inin-2 (merosin) and lam inin-11
(s-laminin), are inactive. The clustering effects o f lam inin-1 and agrin
are additive even at saturating concentrations o f agrin, suggesting that
laminin-1 and agrin act via different receptors. This idea was confirmed
by experiments showing that lam in in -1 induces A C hR clusters in
myotubes from M uSK -/- m ice that do not respond to agrin. In C2
myotubes, laminin-1 does not induce tyrosine phosphorylation o f either
M uSK or the A ChR β subunit, two m odifications that precede agrininduced AChR clustering. Finally, laminin-1 requires 12-18 hours to
induce AChR clusters as compared to 4 -6 hours for agrin, Lam inin-1induced AChR clustering thus occurs by a mechanism that is distinct
from that initiated by neural agrin and may provide a supplemental
pathway for AChR clustering during development o f the neuromuscular
junction. We are currently investigating the m olecular mechanism o f
laminin-induced A ChR clustering. This work was supported by the
National Institutes o f Health.

B. L. P atto n *, J . H . M iner, A. Y. Chiu#, and J. R. Sanes. D ept. of Anat. &
N eurobiol., Washington Univ. Sch. Med., St. Louis, M O and #Div. of
Neurosci., C ity of H ope Med. C tr., Duarte, CA.
The basal lamina (BL) that lines the synaptic cleft of the vertebrate
neuromuscular junction (NMJ) is specialized to promote synapse formation
between nerves and muscles. Molecular specializations include a synapsespecific isoform of the laminin β chain - β2 (also known as s-laminin). Its
homologue, the β 1 chain, is present in extrasynaptic but not synaptic BL.
Although laminins are heterotrimers (αβγ), the synaptic a chains have not
been definitively identified. Previous studies found that the a 2 chain is
present both within and outside the synaptic cleft (J. Cell Biol. 1990, 111:
1685). Here we show that two recently characterized laminin α chains, α4 and
α 5, are localized specifically at the mouse N M J, whereas the α l and α3 chains
are absent from adult muscle. In mutant mice lacking the synapse-specific β2
chain, laminins α2 and α4, but not α 5 , persist at NM Js. Since the motor
nerve terminal is poorly differentiated in these mutant mice (Nature 1995, 374:
258), this suggests laminin 11 (α5β2γ1) may promote synapse specific behaviors
in the nerve. In vitro assays previously found that recombinant β2 proteins
stopped neurite outgrowth from m otor neurons on laminin 1 (α1β1γ1)
(Neuron 1995, 14: 549). Here we show that native, purified laminin 11 also
served as a stop signal for ciliary m otor neurons. In the same experiments,
axons were not inhibited by laminin 2 (α2β1γ1), or laminin 4 (α2β2γ1). These
findings support the idea that laminin 11 is a synapse-specific, muscle-derived
signal that promotes synaptic responses in the m otor nerve terminal.
Supported by N IH and N SF.
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THE BINDING OF PERLECAN TO CRANIN (DYSTROGLYCAN) IN
SKELETAL MUSCLE CELLS. H.B. Peng1*, A.A. Ali1, H. Rauvala2, J.R. Hassell3
and N. R. Smalheiser4. 1Dept. of Cell Biol. and Anat. and Curr. in Neurobiol.,
UNC, Chapel Hill, NC 27599, and 2Dept. of Biosciences, Univ. of Helsinki,
Helsinki, Finland, 3Dept. of Ophthalmology, Univ. of Pittsburgh, Pittsburgh,
PA 15213 and 4Dept. of Psychiatry, Univ. of Illinois, Chicago, IL 60612.
Perlecan is the main heparan-sulfate proteoglycan (HSPG) within the
basement membrane surrounding skeletal muscle fibers. The C-terminal of its
core protein contains three G-domain modules which are also found in
laminin and agrin, two proteins that bind to cranin (dystroglycan; DG) on the
muscle surface with these modules. In this study, we examined whether
perlecan can also bind to DG and is involved in signaling the formation of the
neuromuscular junction (NMJ). By labeling cultured muscle cells with a
polyclonal anti-perlecan antibody, this protein is found both within the
extracellular matrix in a fibrillar network and at the cell surface in a punctate
pattern. In Xenopus muscle cells, the cell-surface perlecan is precisely
colocalized with DG. Both perlecan and DG are clustered at ACh receptor
clusters induced by spinal neurons or by beads coated with HB-GAM, a
heparin-binding growth factor. Blot overlay assays have shown that perlecan
bind a-DG in a calcium and heparin-sensitive manner. Furthermore, perlecan
is present in muscle lysate immunoprecipitated with an anti-DG antibody.
Immunolabeling also showed colocalization between HB-GAM and perlecan
and between HB-GAM and DG. These data suggest that perlecan is anchored
to muscle surface via DG-dystrophin complex. Since DG is also a site of agrin
binding, the neural agrin secreted by motoneurons during NMJ formation
may compete with the preexisting perlecan for cell surface binding. This
competition may result in the presentation of perlecan-bound growth factors
such as HB-GAM to effect synaptic induction. (Supported by NIH)

TYROSINE PHOSPHORYLATED NICOTINIC ACETYLCHOLINE RECEPTOR
BINDS G RB2:
A POTENTIAL ROLE FOR SIGNALING AT THE
NEUROMUSCULAR JUNCTION.
M. Colledge* and S.C . Froehner.
Department of Physiology, University of North Carolina at Chapel Hill, Chapel
Hill, NC, 275 9 9 -7 5 4 5 .
W e have recently identified an interaction between the Torpedo
nicotinic acetylcholine receptor (AChR) and the modular adaptor protein,
Grb2 (J. Neurosci., in press). High affinity binding is mediated by the SH2
domain of Grb2 and the tyrosine phosphorylated δ subunit of the AChR.
Grb2 has a subcellular distribution identical to that of the AChR in the
Torpedo electrocyte; both molecules are concentrated at and restricted to
the postsynaptic membrane. Furthermore, isolation of the AChR from
solubilized electric organ results in the specific copurification of Grb2,
indicating that the two molecules form a complex in vivo. We are interested in
whether the association between Grb2 and the AChR is conserved in other
species, particularly at the mammalian neuromuscular junction (NMJ). While
the Torpedo 8 subunit contains a precise motif (pYXNX) for recognition by
the SH2 domain of Grb2, this sequence is not well-conserved in mammalian 8
subunits (mouse: pYFSL). This suggests that the binding affinity may be
lower between Grb2 and the mammalian AChR δ subunit. One possibility is
that the extremely high concentration of AChR at the NMJ (~ 10, 000/μm2)
might com pensate for a weak interaction.
In addition, we find by
immunofluorescence microscopy that Grb2 is also highly concentrated at and
restricted to postsynaptic sites of mammalian muscle. Furthermore, the Son
of sevenless (Sos) protein, an SH3-binding partner for Grb2 that mediates
activation of the Ras signal transduction pathway, is also localized at the NMJ.
These data suggest that tyrosine phosphorylation of the AChR may trigger
the activation of a Grb2/Ras signaling ca sca d e at the NMJ. This work was
supported by a research grant from NIH (S.C .F) and a scholarship from
NSERC (M.C.).
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REGULATION OF ALL FIVE AChR SUBUNIT GENES BY ARIA
REQUIRES ACTIVATION OF MAP KINASE IN MUSCLE CELLS.
J.Si. D. Miller, and L. Mei.* Dept. of Pharmacol., Univ. of Virginia
Sch. of Med., Charlottesville, VA 22908.
Expression of AChR is differentially regulated during development.
The embryonic AChR consists of α2β2γδ subunits. The ε subunit
replaces the γ subunit as the neuromuscular junction matures. ARIA
(AChR inducing activity) is believed to be the trophic factor produced
by motomeurons to stimulate AChR synthesis at the neuromuscular
junction. We have studied regulation of AChR gene expression by
ARIA in C2C12 muscle cells using N orthern blot analysis. At
concentrations as low as 1 pM, ARIA was able to increase transcription
of AChR subunit genes. ARIA was able to induce all of the five
subunit genes in a concentration dependent manner, however, with a
different time course for each of the subunits. The α, β and δ subunit
genes were induced within 30 minutes, while the γ and ε subunit genes
responded later. Furthermore, the basal expression of α , β, δ and γ
subunit genes was higher than that of the ε gene in C2C12 myotubes.
The ε subunit gene, however, showed a maximal response to ARIA
stimulation (over 20-fold). Inhibition of the erbB protein tyrosine
kinases by emodin and of the actvation of M AP kinase by PD98059
attenuated the ARIA action. In contrast, the ARIA-induced AChR gene
expression was not affected by w ortm annin and rapam ycin.
Confirming our previous observation, these results also suggest that
ARIA is able to regulate all five AChR subunit genes through activation
of the MAP kinase pathway. (Supported by NIH grant NS34062.)

IDENTIFICATION OF CANDIDATE GENES INVOLVED IN ARIA
SIGNALING PATHWAY DURING SYNAPSE FORMATION. A. K. Y. Fu*,
W. M. W. Cheung, K. W. K. Tsim, and N. Y. Ip. Department of Biology and
Biotechnology Research Institute, The Hong Kong University of Science and
Technology, Clear Water Bay, Hong Kong.
During the development of neuromuscular junctions, there is the formation of
postsynaptic specializations directed by the motor neurons approaching the muscle
fibers. The up-regulation of AChR synthesis at the neuromuscular junctions is
induced by motor neurons. The motor nerve provides two distinct mechanisms to
achieve this striking localization of AChRs: (i) nerve-evoked electrical activity
represses the synthesis of AChR in the extrasynaptic regions, and (ii) nerve-derived
factors, such as acetylcholine receptor inducing activity (ARIA). ARIA is a protein
that is released from motor neurons and could mimic the effects of motor axons on
the synthesis of AChR. It exists in many isoforms that are derived from a single
gene belonging to the neuregulin gene family and acts as the ligand for the EGF
receptor related (erbB) tyrosine kinases. While ARIA has been suggested to activate
the target post-synaptic muscle cells via the MAP kinase signaling pathway, the
molecular mechanism underlying the action of ARIA during the formation of
neuromuscular junctions is unknown. To understand the regulation of synapsespecific gene by ARIA, we have employed the technique of RNA fingerprinting by
arbitrarily primed PCR (RAP-PCR) to identify candidate genes that are potentially
involved in the ARIA signaling pathway. Recombinant ARIAβ1 was applied onto
cultured C2 myotubes and RNA was isolated from the cultures at different time
periods. By using RAP-PCR analysis, various differentially expressed transcripts
were identified upon ARIA treatment. The identity and the function of these
transcripts are currently being investigated. (Supported by the Research Grants
Council of Hong Kong HKUST 568/95M and the Biotechnology Research
Institute)
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MAPPING OF ARIA AND ITS TRANSMEMBRANE PRECURSOR IN
DEVELOPING CHICK MOTOR NEURONS: ASSOCIATION OF
RELEASED ARIA W ITH HEPARAN SULFATE PROTEOGLYCANS.
J. A. Loeb*, T. Khurana, J. Robbins, and G. D. Fischbach.
Dept. of Neurobiology, Harvard Medical School, Boston, MA 02115.
* We have examined the distribution of ARIA and its transmembrane precursor
in the embryonic chick spinal cord and muscle by immunohistochemistry using
domain-specific antibodies. We have found that immunoreactivity of the
unprocessed, transmembrane form is present in the cell bodies of motor and
sensory neurons shortly after they are born and increases in the cell bodies
throughout embryonic development. It is immediately transported down axons
as soon as they emerge. Immunoreactivity of the processed form of ARIA is
present in both motor and sensory neuron axons, on various tracts within the
spinal cord, and within the neuroepithelium. This expression pattern appears
around the time that motor neurons are born, peaks between embryonic days 5-6
(E5-6), and then declines significantly before birth. High salt or heparan sulfate
degradation removes the immunoreactivity suggesting that it is associated with
heparan sulfate molecules on the surface of these cells and processes. While
present in motor neuron axons when they first contact muscle masses (E4),
accumulation of processed ARIA in the basal lamina of neuromuscular synapses
does not occur until much later (E16-17). This may be explained by the
coincident deposition of a heparan sulfate proteoglycan in the basal lamina of the
neuromuscular junction. These results suggest an early presence of both
processed and unprocessed forms of ARIA in motor neurons and an important
role for heparan sulfate proteoglycans in regulating the accumulation of
processed ARIA at sites once it is released. Supported b y
NS01659-02 (J A L ) & NS18458 (GDF) from NIH.
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DEVELOPMENT OF NICOTINIC RECEPTORS AND INNERVATION
ACCOMPANYING THE TRANSDIFFERENTIATION OF MUSCLE IN THE
MOUSE ESOPHAGUS. Q. Sang and H. M. Young*. Department o f Anatomy &
Cell Biology, University o f Melbourne, Parkville, Victoria, 3052, Australia.
The external muscle o f the mouse esophagus undergoes a transdifferentiation from
smooth muscle to striated muscle during the late embryonic and early post-natal
stages (Patapoutian et al. 1995). In the present study, we examined the innervation
o f the external muscle prior to, during and after the transdifferentiation. Mice were
killed by cervical dislocation. The phenotype o f the external muscle was monitored
by light and electron microscopy. Nicotinic acetylcholine receptors were localised
by a fluorescent conjugate o f α -bungarotoxin. Neuronal elements were localised
using antisera to synaptophysin, calcitonin gene-related peptide (CGRP), the
vesicular acetylcholine transporter (VAChT), nitric oxide synthase (NOS) and
vasoactive intestinal peptide (VIP). Clusters o f nicotinic receptors were first
observed at very rostral end o f the esophagus o f E15 mice, and developed in a
rostro-caudal progression that coincided with the appearance o f striations within the
muscle cells. Synaptophysin, VAChT and NOS-immunoreactive nerve terminals
were present within the external muscle prior to the formation o f receptor clusters.
However, not all o f the most recently formed receptor clusters had nerve terminals
associated with them. Thus, the appearance o f clusters o f nicotinic receptors
coincides with the expression o f a striated muscle cell phenotype but not with the
presence o f ingrowing nerve terminals. Many o f receptor clusters appear initially to
be un-innervated.
Patapoutian et al. (1995) Science 270, 1818-1821.
Funded by the National Health & Medical Research Council o f Australia
(NHMRC).
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SYNAPTIC
OCCUPANCY
AND
EFFICACY
AT
REINNERVATED
MAMMALIAN NEUROMUSCULAR JUNCTIONS. E.M. Costanzo, J.A. Barry
and R.R. Ribchester (SPON: Brain Research Association) Department of Physiology,
University of Edinburgh Medical School, Edinburgh, EH8 9AG, UK.
Recent studies suggest that selective weakening of synaptic efficacy precedes
elimination of polyneuronal innervation in skeletal muscle (Balice-Gordon and
Lichtman, 1994, Nature 372:519-524; Coleman et al, 1997, Science, 275:356-361).
Structural and functional changes also occur at neuromuscular junctions during
synapse elimination in partially denervated and reinnervated fourth deep lumbrical
muscles (4DL) in adult rats, but some convergent inputs persist for several weeks
(Barry and Ribchester, 1995, J. Neurosci. 15:6327-6339). Our attempts to measure
the relationship between synaptic structure and efficacy in such muscles have thus far
been indirect, however, due to difficulty visualising the polyneuronally innervated
junctions while simultaneously making microelectrode recordings. We have now used
the activity-dependent fluorescent styryl dyes FM1-43 (2μM; 10Hz stimulation for 10
mins) and RH414 (30μM) to label sural nerve and lateral plantar nerve (LPN) motor
terminals respectively in isolated preparations of 4DL; following halothane
anaesthesia, LPN crush, 12-18 days tetrodotoxin block of the sciatic nerve (to enhance
polyneuronal innervation) and recovery. After 25-59 days, regenerating LPN terminals
innervated 221 ± 12 μ m2 per fiber (mean ± s.e.m., n=13), representing 58.4 ± 9.1%
of total synaptic area. Fractional occupancy by intact/regenerating axons was
independent of total end-plate area (r=0.079).
Preliminary recordings from
FM1-43/RH414 stained junctions suggest that relative synaptic strengths continue to
be related to the area of synaptic contact. We are using this system to test the
hypothesis that weak but persistent synaptic inputs sustain normal occupancy:efficacy
ratios and thereby resist competition from convergent, suprathreshold synapses.
Supported by the Medical Research Council (UK) and Action Research.

YOTIAO, A NOVEL PROTEIN THAT INTERACTS WITH THE
NMDA RECEPTOR SUBUNIT NR1. J. Lin, M. W y szynski, J.-U .
Kim. E. Liman*, and M. Sheng. Howard Hughes Medical Institute
and Department of Neurobiology, Massachusetts General Hospital and
Harvard Medical School, Boston, MA 02114.
In an attempt to understand the mechanisms by which NMDA
receptors are localized at postsynaptic sites in neurons, the yeast twohybrid system has been used to identify proteins that interact with the
intracellular C-terminal domains of NMDA receptor subunits. In this
study, we report the cloning and sequencing of yotiao, a novel protein
that interacts with the C-terminal tail of the essential NMDA receptor
subunit NR 1.
The open reading frame of yotiao encodes for a 1703 amino acid
protein (predicted weight ~200kD) with no obvious motifs.
Nevertheless, yotiao is leucine-rich throughout and contains many
stretches of heptad repeats characteristic of coiled coil proteins. By
northern analysis it is localized in brain, skeletal muscle, cardiac
muscle, pancreas, and placenta. Western analysis demonstrates that
yotiao is membrane-associated and exists in all regions of the brain
tested including cortex, cerebellum, hippocampus, and brainstem.
In heterologous cell experiments, yotiao and NR1 have been
coimmunoprecipitated by antibodies to either protein. Preliminary twohybrid assays have suggested that the association between yotiao and
NR1 is dependent on the presence of the C 1-exon cassette. The nature
of this interaction is being further investigated. MS is Assistant
Investigator of HHMI. Supported by NIH grant R O 1 NS35050.
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INTERACTION OF THE AM PA RECEPTOR CLUSTERING
M OLECULE GRIP WITH THE LIP1 PROTEIN. M. W yszynski*, E.
Kim, and M. S h en g , Howard H ughes M edical Institute and D ept. o f
N eurobiology, M ass General Hospital and Harvard M edical School,
Boston, M A 02114.

DISULFIDE-LINKED HEAD-TO-HEAD MULTIMERIZATION IN
THE MECHANISM OF ION CHANNEL CLUSTERING BY PSD95. Y.-P. Hsueh , E. Kim, and M. Sheng* Howard Hughes
Medical Institute and Department of Neurobiology, Massachusetts
General Hospital and Harvard Medical School, Boston, MA 02114
The PSD-95/SAP90 family of PDZ-containing proteins is directly
involved in the clustering of specific ion channels at synapses. We
report that channel clustering is dependent on a conserved N-terminal
domain of PSD-95 that mediates multimerization and disulfide linkage
of PSD-95 protomers. This N-terminal multimerization domain
confers channel clustering activity on a single PDZ domain. Thus
channel clustering depends on aggregation of PDZ domains achieved
by head-to-head multimerization of PSD-95, rather than by
concatenation of PDZ domains in PSD-95 monomers. This
mechanism predicts that PSD-95 can organize heterogeneous
membrane protein clusters via differential binding specificities of its
three PDZ domains. PSD-95 and its relative chapsyn-110 exist as
disulfide-linked complexes in rat brain, consistent with head-to-head
multimerization of these proteins in vivo, (sported by Howard Hughes
Medical Institute)

At glutamate excitatory synapses, neurotransmission depends on
the postsynaptic clustering of two types of ligand-gated ion channels:
the NMDA receptor and the AMPA receptor.
The specific
localization of these receptors is believed to be mediated by distinct
families of putative clustering molecules which contain multiple
protein interaction motifs called PDZ domains. These PDZ domains
interact with the C-terminus of specific receptor subunits. GRIP, a
synaptic protein with seven PDZ domains, has been shown to
interact with AMPA receptors via its PDZ domains 4 and 5 (Dong et
al., 1997). In this study, a protein called LIP, which is known to
interact with the LAR family of transmembrane protein tyrosine
phosphatases, is identified as a brain membrane associated protein
which specifically binds via its C-terminus to PDZ6 of GRIP.
Hence, the multiple PDZ domains o f GRIP may allow for the
physical and functional pairing of AMPA receptors to receptor
protein tyrosine phosphatases which may play important roles
underlying the regulation of glutamatergic synapses. (Supported by
National Research Service Award CA66268-02 (M.W.) and NIH RO1
NS35050 (M.S.). M.S. is an assistant investigator of the Howard
Hughes Medical Institute.)
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DLG DO M AINS REQUIRED TO CLUSTER A N D TARGET SH AKER K +
CH AN NELS, FA SCICLIN 2 A N D GLU TA M A TE RECEPTORS *J. Z h a n g ,
E. P opova, C. H o u g h , D. W oods, a n d V. B ud n ik D ept. Biology, U.
M assachusetts, A m herst, M A 01003; D ev e lo p m e n tal Biology C en ter, U.
California, Irvine, CA 92717

M O LECU LA R M EC H A N ISM S OF SYNAPSE ASSEMBLY: DLGD E PEN D EN T CLUSTERING OF TH E CELL A D H E SIO N M OLECULE
FA SCICLIN 2 A N D ITS ROLE O N TH E REG U LA TIO N OF PRESYNAPTIC
STRUCTURE. *Y. K oh, U. T h o m a s, E. Kim, S . K u h le p d a h l, E.
G u n d e lfin g e r, M. S h e n g , C. G arn er, a n d V. B ud n ik D ept. Biology U.
M assach u setts, A m h erst, M A 01003; D ept. N e u ro c h e m istry a n d M olecular
Biology Federal In stitu te for N e u ro b io lo g y D-39118 M a g d en b u rg , G erm any;
H o w a rd H u g h e s M edical In stitu te, D ept. N e u ro b io lo g y , H a rv a rd M edical
School, Boston, M A 02114; D ept. N e u ro scien ce U. A lab am a at B irm ingham
B irm ingham , AL 35294-0021

We have recently sh o w n th at th e tu m o r su p p re s s o r gen e d is cs -la r g e (dlg ) is
required to target a nd to clu ster sy n a p tic p ro te in s, in clu d in g S h ak er K+
channels, fasciclin 2, a n d g lu ta m a te rec e p to rs, to th e D r o s o p h ila larv al
neurom uscular junction. M oreover, biochem ical a n d genetic stu d ie s p ro v id e
insights as to the d o m ain s of DLG th at are re q u ire d to clu ste r a n d /o r targ et
these proteins to their p ro p e r sy n ap tic sites. To p recisely u n d e rs ta n d the
role of each DLG do m ain in these p rocesses w e are u sin g th e Gal4 e n h a n ce r
trap system to target tru n cated form s of DLG to m o to rn e u ro n s or m uscles. We
d eterm ined the c ellu lar lo calizatio n of th e tru n c a te d DLG p ro te in a n d its
ability to rescue the a b n o rm a l lo calizatio n of S haker, fasciclin 2 a n d
glutam ate receptors in d lg m u ta n t. O u r ex p e rim e n ts p ro v id e ev id en ce for
m ultiple DLG d o m ain s in v o lv ed in sy n a p tic p ro te in localizatio n .
S upported by N IH g ran ts R O l NS30072 a n d K 0 4 NS01786.

The cell ad h e sio n m o lecu le Fasciclin2 (FAS2) is in v o lv e d in
sy n a p se d e v e lo p m e n t a n d plasticity. H ere w e p ro v id e genetic a n d
biochem ical evid en ce th at p ro p e r lo calizatio n of FAS2 at T y p e I
g lu ta m ate rg ic sy n a p se s is m ed ia te d by b in d in g b e tw e en the in tracellular
tSXV b e arin g reg io n of FAS2 a n d the PD Z1-2 d o m ain s of D iscs-Large
(DLG). W e sh o w th at m u ta tio n s in f a s 2 a n d /o r d lg resu lt in sim ilar
alte ra tio n s of p resy n a p tic stru c tu re a n d th u s are likely to fu n ctio n in a
c o m m o n d e v e lo p m e n ta l p a th w a y . E x p erim en ts in d lg S haker (S h ) d o u b le
m u ta n ts, a n d in h ete ro lo g o u s cells trip ly tra n sfe c ted w ith d lg ,fa s 2 , a n d S h,
in d icate th at DLG form s tern a ry co m p lex es w ith S h ak er a n d FAS2. These
stu d ie s p ro v id e ev id en ce for a no v el m ech an ism b y w h ich cell ad h e sio n
m olecu les are lin k ed to in tra ce llu la r cascad es th at d e te rm in e p resy n a p tic
structure.
S u p p o rte d by N IH g ran ts A G 129 7 8 -0 2 , R O 1 N S 3 0 0 7 2 , K 0 4
N S 0 1 7 8 6 , and H H M I.
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MOLECULAR M ECH A N ISM S OF SYNAPSE ASSEMBLY: G LUTA M ATE
RECEPTOR CLUSTERING A T D R O SO PH ILA N EU R O M U SC U LA R
JUNCTIONS. E. P o p o v a , M. P ack ard , a n d *V. B u d n ik D ept. B iology U.
M assachusetts A m herst, M A 01003

LOCALIZATION OF SYNTROPHINS TO THE POSTSYNAPTIC DENSITY
A. M. Kachinsky* S. L. Milgram and S. C. Froehner. Dept. of Physiology,
University of North Carolina at Chapel Hill, Chapel Hill, NC 27599-7545
Syntrophins are intracellular peripheral membrane proteins of the
dystrophin-associated protein complex. In skeletal muscle, syntrophins
are concentrated at the neuromuscular junction, where they bind
members of the dystrophin family. Syntrophins also recruit signaling
molecules, such as nNOS, to the sarcolemma via PDZ domain
heterodimerization (Brenman et al., 1996, Cell 84:757-767).
All three syntrophin isoforms (α1, β1, β2) are also expressed in brain.
Since dystrophin is localized to the postsynaptic density (PSD) (Kim et
al., 1992, Proc. Natl. Acad. Sci. USA 89:11642-11644), we determined
the subcellular localization of syntrophins in neurons.
Immunoblot
analysis of PSDs from mouse brain with isoform specific antibodies
showed that all three syntrophins are present in PSD fractions. β2syntrophin is most abundant. Syntrophins are resistant to extraction with
Triton X-100 and sarcosyl, indicating that they are core PSD proteins.
To identify syntrophin binding proteins at central synapses, we
performed protein overlay assays of PSD fractions with PDZ domain
fusion proteins corresponding to each of the three syntrophin isoforms.
Syntrophin PDZ domains bind to multiple proteins within the PSD,
including two prominent bands of approximately 105 kDa and 50 kDa.
Identifying these potential binding partners of syntrophin will help
elucidate syntrophins' role in central synapses.
These studies were supported by grants from the National Institutes of
Health (to S.C.F. and to S.L.M.)

W e have p rev io u sly d e m o n s tra te d th at at least tw o co m p o n e n ts of
D rosophila n e u ro m u sc u la r ju n ctio n s, S h ak er K +-ch an n els (T ejedor et al.

(1977) J. N eurosci. 17 :1 5 2 ) a n d the cell a d h e sio n m o lecu le Fasciclin 2 (Koh
et al., this m eeting) are lo calized at th e ir co rrect s y n a p tic d o m ain s
th rough th eir in te rac tio n s w ith DLG, a D ro so p h ila m em b e r of th e PSD95
family. Cell transfectio n ex p e rim e n ts in h e te ro lo g o u s cells also in d icate
that DLG can form tern a ry co m p lex es w ith S h ak er c h a n n els a n d FAS2.
This raised the p o ssib ility th a t DLG m ay also p a rtic ip a te in th e c lu ste rin g
of other junctional proteins. A m ajor c o m p o n e n t of the fly n e u ro m u sc u la r
junction is a m uscle specific G lu tam a te rec e p to r (DGluRII). W e h av e
generated an tib o d ies a g a in st th is rec e p to r a n d sh o w th a t its d istrib u tio n at
neurom uscular junctions is also d e p e n d e n t on DLG. W e p ro v id e biochem ical
evidence th at DLG a n d D G luRII in teract, a n d h a v e b e g u n to tease a p a rt
the DLG a nd DG luRII d o m ain s req u ired for su ch in teractio n s. O u r resu lts
p rovide fu rth e r e viden ce th at DLG is a key c o m p o n e n t in th e lo calizatio n
of synaptic com plexes.
S upported by N IH g ran ts R O 1 NS30072 a n d KO 4 NS01786.
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THE B4I5 SET OF CONGENIC RECOMBINANT QTLINTROGRESSION (RQI) STRAINS WITH DIFFERENT BRAIN
DOPAMINE SYSTEMS: ANIMAL MODELS AND TOOL FOR
MAPPING C. Vadasz* and I. Sziraki, Laboratory of Neurobehavioral
Genetics, Nathan Kline Institute/New York University Med. Ctr.,
O angeburg, NY 10962
Variations in the mesotelencephalic dopamine system can
significantly influence motor activity, learning, substance abuse and other
behaviors. Quantitative variations in traits such as number of dopamine
neurons in cell body area are likely to play an important role in the control
of the above complex behaviors. To facilitate chromosome mapping of
quantitative trait loci (QTL) that affect DA neuron number, and to create
animal models in which to investigate the relationships between neuron
number and behavior, we developed sets of RQI strains in two phases.
First, gene introgression was carried out by backcross-intercross cycles
with concomitant selection for the extreme expression of the phenotype. To
introgress dopamine neuron number genes a validated index trait
(midbrain TH activity, Ross et al., 1976) was used as selection phenotype.
"The introgressed genes were fixed in RQI strains by strict brother-sister
matings for at least 20 generation (Vadasz, 1990, Vadasz et al., 1994,19%).
Genome scanning with 169 microsatellite marker confirmed the theoretical
predictions indicating a homogeneous background for two of the tested
RQI strains. Recent results indicate that the introgression was successful.
In two RQI strains the index trait (TH/MES) is not significantly different
from that of the donor BALB/c strain indicating the feasibility of mapping
the dopamine neuron number genes (Vadasz et al., 1997, in progress).
Supported by NIH grant AA11031

DEVELOPMENT OF THE SEROTONIN TRANSPORTER IN THE
MOUSE BRAIN. O. Liangos and G. Brüning*. Dept. o f Anatomy, Free
University, D-14195 Berlin, Germany
The prenatal and early postnatal development o f the serotonin transporter
was analysed in mouse brain and spinal cord by autoradiographic
localization of [3H]citalopram binding. Transporter expression started at
embryonic day (E) 12 in two discontinuous bands in the anterior and
posterior brainstem. Labeling extended cranially and caudally, reaching the
basal diencephalon at E 13, the septal complex at E 15 and the cerebral cortex
at E16. The caudal extension of labeling descended at the ventrolateral
margin of the spinal cord and reached lumbar levels at E 14. At E 17-18,
[3H ]citalopram binding emerged in the striatum, amygdaloid area,
paraventricular and periventncular hypothalamic nuclei, and substantia
nigra. In some regions, including olfactory bulb and superior colliculus,
labeling appeared not before birth. These results suggest that serotonergic
fibers are equipped with the ability for transmitter reuptake long before
synapse formation. Certain structures which, as far as known, are only
sparsely innervated by serotonergic fibers, i.e. the optic nerve and the
ventrobasal thalamic nuclei, displayed a strong transient expression of
serotonin transporter during the late prenatal and early postnatal period.
Transient expression in ventrobasal thalamic complex in line with previous
findings on transient serotonin immunoreactivity in the primary
somatosensory cortex suggests that the transporter is temporarily expressed
by non-serotonergic thalamocortical neurons which might use serotonin as a
"false” transmitter.
Supported by the Deutsche Forschungsgemeinschaft (INK 21/A2)

»

S o c ie ty f o r N e u ro s c ie n c e , V o lu m e

23,1997

39

40

NEUROTRANSMITTER SYSTEMS AND CHANNELS: CATECHOLAMINES

2 4.3

SUNDAY AM

2 4 .4

BIOGENIC AMINE SYNTHESIS (BAS) GENES OF THE NEMATODE
C. ELEGANS C. M. Loer^ * and S. A. Anderton. Dept. of Biology, Lafayette
College, Easton, PA 18042 and ^Dept. of Biology, University of San Diego,
CA 92110 (current address).
We are interesting in learning how neurons in C. elegans decide to use the
neurotransmitter serotonin. We are using two approaches to address this
question: 1) isolation and characterization of serotonin-deficient mutants,
which may identify regulatory genes or serotonin synthetic enzyme genes,
and 2) identification and characterization of synthetic enzyme and other
terminal differentiation genes used by serotonergic neurons, which are the
genes controlled by the regulators of neurotransmitter type.
Serotonin synthesis is catalyzed in two steps from tryptophan: Trp is first
hydroxylated by an aromatic amino acid hydroxylase (AAAH), then
decarboxylated by an AAA decarboxylase (AAADC) to yield serotonin. We
have identified genes encoding both enzymes in C. elegans from ORFs first
predicted by the C. elegans Genome Sequencing Consortium. A sequence
with high homology to mammalian Trp hydroxylase is found on cosmid
ZK1290. We made lacZ reporter fusion constructs with the predicted ORF;
transgenic worms containing these constructs expressed the gene in a
subset of identified serotonergic neurons, including NSMs, HSNs, some CPs
and others. A tandemly repeated pair of ORFs encoding AAADChomologous proteins is found on cosmid C05D2, which mapped near the
bas-1 gene, mutants of which are serotonin-deficient (Loer & Kenyon, J.
Neurosci. 13:5407, 1993). Injection of C05D2 cosmid rescued the serotonindeficiency of bas-1 mutants. We are interested in determining whether one or
both of these ORFs, only 369 bp apart, is needed for serotonin synthesis.
We are also examining 5' upstream regions of both the ZK1290 and C05D2encoded genes for common regulatory elements that may be used by factors
that specify a serotonergic phenotype. This work is supported by NSF (RUI)
Grant IBN94-10974 to CML.

ABERRANT EXPRESSION OF TYROSINE HYDROXYLASE IN
PURKINJE CELLS OF THE MUTANT MOUSE LETHARGIC (lh)
D. Yoshor1, Z. Zhu1, D.L. Burgess2 and J.L. Noebels2*.
Departments of Neurosurgery1 and Neurology2,
Baylor College of Medicine, Houston, Texas 77030.
Postnatal tyrosine hydroxylase (TH) expression in Purkinje cells in the
mouse cerebellum is largely transient and restricted to the period from P21
to P35. In the mutant mouse tottering (tg), anomalous persistence of TH
expression in cerebellar Purkinje cells into adulthood has been reported
(Hess & Wilson, 1991; Austin et al., 1992). The tottering gene has been
identified as the voltage gated Ca2+ channel subunit α1A located on
chromosome 8 (Fletcher et at., 1996). Our laboratory recently reported that
the lethargic (Ih) mouse, which shares with tg a phenotype of spike-wave
epilepsy and ataxia, is associated with a mutation of the Ca2+ channel ß
subunit gene Cchb4 on chromosome 2 (Burgess et al., 1997). Both a u and
ß4subunits contribute to P/Q Ca2* channel subtypes found in Purkinje cells.
To compare the effects of different Ca2+ channel subunit mutations on
neuronal development, we studied TH protein expression in adult lethargic
brain using TH specific monoclonal antibodies. We found intense TH
immunoreactivity in Ih/lh Purkinje cells in a pattern similar to that seen in
tg/tg cerebellum. In contrast, no such TH immunoreactivity was seen in
Purkinje cells of the adult C57BL/6J mouse or the mutant mouse stargazer
(stg), a third mutant mouse with spike-wave epilepsy and ataxia bearing an
unidentified gene mutation. These findings suggest that the persistence of
Purkinje cell TH expression into adulthood is linked to Ca2+ channel
mutations rather than ataxia and seizures, and that developmental
suppression of TH expression depends on normal P/Q channel behavior.
Supported by NIH NS29709 and 11535 (JLN).

2 4.5

2 4 .6

ACTIVATION OF THE TRYPTOPHAN HYDROXYLASE PROMOTER BY
DEPOLARIZING CONDITIONS IN IMORTALIZED RAPHE NEURONS.
H.B. Rind*1,2, M.S. Clark4, A.F. Russo4,5, S.R. Whittemore1-3 1The Miami Project,
2N euroscience Program,3Dept. Neurological Surgery, Univ. Miami, Miami, FL
33136; 4Molecular Biology Program and 5Dept. Physiology & Biophysics, Univ.
Iowa, Iowa City, IA 52242
Previous demonstration that high extracellular K+(40 mM) plays a role in enhanced
serotonin production in the conditionally immortalized rat neuronal cell line, RN46A
(Dev. Biol. 170:169), prompted us to examine the mechanism(s) mediating this
phenomenon. We made 3 TPH promoter constructs, containing 0.7,1.4, and 3.1 kb
o f 5' flanking DNA driving the luciferase reporter gene. Transient transfection o f
proliferating RN46A cells with the 0 .7 , 1.4, and 3.1 kb constructs, followed by 48
hours o f differentiation, resulted in basal promoter activities that were 1.6-, 2.1-, and
10.1-fold higher, respectively, than observed with the thymidine kinase promoter
(positive control). Treatment for the last 24 hrs with high K+ did not alter TPH
promoter activity with any of the constructs. Due to the inability to effectively
differentiate transiently transfected cells, RN46A cells were stably transfected with
the 3.1 kb construct, and 3 clones isolated. These three cell lines (F, 1, and 10) were
morphologically similar to the parent cell line. Differentiation o f the F, 1, and 10 cell
lines for 4 days (-K+) followed by 4 additional days with high K+ resulted in 3.3-, 2.2-,
and 1.5- fold increases in TPH promoter activities, respectively. TPH promoter
activity is elevated within 30 min o f K+ addition (earliest time tested), remains stable
up to 32 hrs, following which there is a marked increase at 82 hrs and a subsequent
decline. Quantitative immunocytochemical analyses demonstrated that high K+
markedly elevates TPH expression, an effect due, at least in part, to elevated steadystate levels of TPH protein. Ongoing experiments are examining the signaling
elements mediating the high K+-activation o f the TPH promoter. Supported by The
Miami Project to Cure Paralysis, NS26887, and HD25969.

NEURO CH EM ISTRY O F BIOG EN IC AM INES IN TH E DEVELOPING
CORPUS CALLOSUM O F THE CAT. B.L.N. Jardon*1, A.R. Ase2, E. Massicotte1,
J.P. Guillemot1, T.A. Reader2 and F. Lepore1. Départements de 1Psychologie et
2Physiologie, Université de Montréal, CP 6128, Succ. Centre-Ville, Montréal (Québec)
H3C 3J7, Canada.
The presence of dopamine (DA), noradrenaline (NA) and serotonin (5-HT) was
investigated in the corpus callosum (CC) of the cat during development. The levels of
these monoamines and o f their main metabolites were measured using HPLC with
electrochemical detection, in the microdissected CC of five groups of kittens and one
group of adult cats. Also, the presence of tyrosine-hydroxylase (TH), DOPAdecarboxylase (DD), dopamine-β -hydroxylase (D β H) and tryptophan-hydroxvlase
(TPH) was examined using antibodies raised against these enzymes in brain sections
containing callosal neurons that had been retrogradely labelled with rhodamine-latexmicrospheres injected in the contralateral visual cortex. Whatever the age of the kittens,
the CC was shown to contain DA, NA, 5-HT and their main metabolites. The levels of
DA remained stable during development, while NA contents began to decrease
significantly from the age of three weeks postnatal, and stabilized around two months.
Endogenous 5-HT contents decreased more slowly from two weeks postnatal, this
decline became significant at two months. The 5-HT levels reached adult values at five
months. The higher amounts of NA and 5-HT in callosal fibers early in development
could possibly be related to the developmental plasticity occuring during growth of the
CC leading to permanent callosal connections. The immunocytochemical survey showed
that some callosal neurons o f the supragranular layer Ill, as well as numerous other
neurons in the visual cortex, exhibited immunoreactivity for both TH and DD. However,
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REGULATION OF TYROSINE HYDROXYLASE PHENOTYPE BY OLFACTORY
NEUROEPITHELIUM SLICE EXPLANTS IN VITRO IS MEDIATED BY NMDA
RECEPTORS. Adam C. Puche* and Michael T. Shipley. Department of Anatomy and
Neurobiology, Program in Neuroscience, University of Maryland, Baltimore MD, 21201.
The expression o f tyrosine hydroxylase (TH) by juxtaglomerular (JG) neurons
of the olfactory bulb (OB) requires innervation o f the bulb by olfactory receptor
neurons (ORNs). Lesion of the olfactory nerve selectively downregulates TH in JG
neurons. However, glutamic acid decarboxylase expression in the same neurons is
unaffected. In reversible lesions, TH expression is upregulated as newly formed ORN
axons reinnervate the OB. The mechanism(s) regulating this dependence are unknown.
TH expression maybe regulated by trophic factor release and/or synaptic activity from
ORN axon terminals. To test these hypotheses we investigated TH expression in cocultures o f dissociated postnatal day 2 rat OB cells and embryonic day 14 olfactory
neuroepithelium (OE) slice explants. TH positive neurons in control dissociated OB
cell cultures alone comprise only a small fraction o f the total population o f cells
present in the culture. However, when OE slice explants are co-cultured with dispersed
OB cells there is a mean 2.7 fold increase in the number o f TH positive neurons
(p<0.00001). These TH positive neurons are dispersed randomly throughout the
culture, and seldom contact ORN axons. TH expression is not induced in co-cultures
of dissociated cerebellum cells and OE slice explants. When respiratory epithelium
explants lacking ORNs are co-cultured with OB cells there is no change in the number
of TH positive neurons. ORN axons utilize glutamate as a neurotransmitter. Broad
spectrum excitatory amino acid antagonists (kyurenic acid), or selective antagonists of
the NMDA receptor (AP5), both prevented the induction o f TH expression in OE-OB
co-cultures. The role of the AMPA/KA receptors is being investigated. These findings
indicate that glutamate release by the ORNs regulates TH expression via NMDA
receptors. Whether glutamate acts directly upon the dopaminergic neurons to induce
TH expression, or secondarily via glutamate actions on other cell types in the cultures
remains to be determined.
Supported by NIH grant NIDCD-00347
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the entire cortex was devoid o f reactivity for D β H and TPH. From these data, it can be
proposed that DA contained in callosal fibers could be of cortical origin, this being not
the case for NA and 5-HT. [Supported by FCAR, NSERC and MRC grants]
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THE ROLE OF VOLTAGE-SENSITIVE CALCIUM CHANNELS IN
DOPAMINERGIC PHENOTYPIC EXPRESSION IN DEVELOPING SENSORY
NEURONS. T. Brosenitsch*1, D. Salgado-Commissariat2, D. L. Kunze1,2, and D. M.
Katz1. 1Case Western Reserve University, School o f Medicine and 2Rammelkamp
Center for Research, Cleveland, OH 44106.
Treatment o f fetal rat sensory neurons with depolarizing stimuli in culture
markedly increases the number o f cells that express dopaminergic traits, indicating
that sensory transmitter phenotype can be regulated by activity-related cues
(Hertzberg, et al., 1995). The present study examined the role o f calcium (Ca2+)
influx in this regulation using petrosal ganglion (PG) neurons as a model system.
Whole cell recording o f E16.5 PG neurons, using the tight seal technique, revealed
that the current-voltage relationship consisted o f two major components, a small low
threshold (-50 mV), rapidly inactivating T-type current and a larger high threshold
(-30 mV), partially inactivating current. In control solution the peak Ca2+ current
evoked at 0 mV from a holding potential o f -100 mV was 457 ± 81 pA (n=3).
Nimodipine (2 μM), an L-type Ca2+ channel antagonist, reduced the current by 14%,
whereas ω-conotoxin GVIA (ω-CgTx, 1 μM), an N-type Ca2+ channel antagonist,
reduced the current by 64%. To examine the role o f these channels in regulation of
the dopaminergic phenotype, PG neurons were treated for 3 days with a
depolarizing concentration of KCI (40 mM) in the presence or absence o f either
l μM ω-CgTx or 1μM nifedipine, an L-type Ca2+ channel antagonist, and
subsequently analyzed for the number o f neurons expressing tyrosine hydroxylase
(TH) immunoreactivity. KCl-treatment led to an 8-fold increase in the percentage of
TH+ neurons with no change in survival; nifedipine inhibited this induction by 70%,
whereas ω-CgTx had no effect. Moreover, treatment with 1μM (±)BayK-8644, an
L-type Ca2+channel agonist, mimicked the effect o f 40 mM KCI. Thus, although Ntype channels carry the majority o f the Ca2+current in embryonic PG neurons, under
conditions of KCI depolarization, Ca2+ influx through L-type channels is sufficient
to mediate induction o f TH expression in these cells. Supported by HL-25830 (Proj.
2; DMK, Proj. 4; DLK), T32NS07118 (TAB) and AHA NE Ohio 233F (DSC).
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ALPHA ADRENERGIC CONTROL OF CARDIOMYOCYTE BEATING
ACTIVITY IN CELL CULTURE. S.N. Ebert1*, A. Katchman1, D.L. Wong2

PRESYNAPTIC DOPAMINERGIC MARKERS IN HUMAN STRIATUM
DURING DEVELOPMENT AND AGING, J.W. Haycock*, X.-H, Zhong. O.

and R.L. Woosley1. ^ept. of Pharmacology, Georgetown Univ. School of

Medicine, Washington, DC 20007, and 2Dept. of Psychiatry, Stanford Univ.

School of Medicine, Stanford, CA 94305.
We have previously shown that the developing rat heart can produce
catecholamines as early as embiyonic day 9.5, when myocardial contractions are
initiated (Ebert et al., 1996, JMCC 28:1653). To test whether catecholamines play
a role in regulating the development of cardiac beating activity, we have utilized
primary cultures of neonatal rat cardiomyocytes as a model system since they
develop rhythmic synchronous contractions within the first 3-4 days of culture. We
demonstrate that dopamine p-hydroxylase gene expression occurs during this
period, thereby indicating that cells present in these cultures are capable of
synthesizing catecholamines.
Reserpine, which depletes endogenous
catecholamines, causes a cessation of beating activity which can be reversed by
epinephrine administration. To test which receptors may be mediating this
response, spontaneously beating cultures were treated with adrenergic antagonists.
Blockade of p land 32 receptors had little specific influence on beating rate, but ablockers such as phenoxybenzamine, phentolamine, and prazosin led to a dosedependent decrease in beating rate. Moreover, administration of a 1-adrenergic
agonists such as phenylephrine and methoxamine typically induced full recovery of
beating activity when applied to cultures where beating activity had spontaneously
(z'.e., in the absence of prior drug treatment) terminated. These results suggest that
the spontaneous beating activity of cultured neonatal rat cardiomyocytes is
regulated primarily through al-adrenergic receptors.

Homykiewicz. Y, Furukawa. and S.J. Kish. Louisiana State Univ. Med. Ctr., New
Orleans, LA, USA and Clarke Inst. Psychiatry, Toronto, Canada.
Blot immunolabeling techniques were used to quantitate the levels of tyrosine
hydroxylase (TH), DOPA decarboxylase (DDC), and vesicular monoamine transporter
(VMAT2) protein in postmortem striatum (caudate and putamen) from 48 subjects
ranging in age from 1 day to 100 years old. TH and DDC increased 50-100% over the
first 5-10 years of age. The levels of total TH and, to a lesser extent, DDC then
declined to adult levels by 20-30 years of age. VMAT2 levels closely paralleled those
of total TH, resulting in a relatively constant TH:VMAT2 ratio during postnatal
development. In contrast to their increase postnatally and decline during adolescence,
the levels of total TH, DDC, and VMAT2 remained relatively constant from early
adulthood through aging/senescence. Total TH was further analyzed in terms of the
four isoforms which comprise human TH; however, the relative contributions of the
isoforms to total TH was invariant, even during the early postnatal increases in total
TH levels. Thus, from the biphasic postnatal pattern of these presynaptic DAergic
markers, particularly VMAT2, the striatal DAergic innervation/neuropil not only
continues to develop well past birth but appears to become overelaborated and
undergo regressive remodeling during adolescence in order to correct the ‘overshoot’
and finally achieve the relatively stable, adult organization. And, to the extent that
recent anatomical studies of other DA pathways also find a similarly protracted
postnatal innervation and regression extending into early adulthood, this may represent
a characteristic pattern of DA neuron development in primates. [Supported by USPHS
grants MH00976, MH55208 to JWH and DA07182, NS26034 to SJK.]
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EXPRESSION OF TYROSINE HYDROXYLASE AND DOPAMINE
TRANSPORTER mRNA’s IN MIDGESTATIONAL HUMAN FETAL CORTEX
A, Unis* and P. Szot
Psychiatry & Behavioral Sciences, University of Washington, Seattle, WA

Human neurospheres differentiate into cholinergic, GABAergic and dopaminergic
phenotypes in culture. M.S. Hurlbert*1. F.G. Kaddis1. S.E. Witta1. D.A. Weiland1,
A. L, Vescovi2, T.J. O’Connor2. B A. Reynolds2, and C.R. Freed1, division of
Clinical Pharmacology and Department of Pharmacology, University of Colorado
Health Sciences Center, Denver, CO 80262; 2NeuroSpheres Ltd., Calgary, Alberta,
Canada T2N 4N1.
Neural progenitor cells provide an attractive alternative to fetal tissue in
transplantation therapy for neurodegenerative diseases. In vitro, these cells can
differentiate into both glial cells and neurons. However, for these cells to be useful
as a replacement for fetal tissue, specific neuronal phenotypes must be established.
In the present study, CNS stem cells isolated from human fetal subependyma and
propagated in culture with EGF were treated with a cell culture conditioned
medium and neuronal phenotypes assessed. Neurosphere clusters were passaged
every 7-10 days. Six days after passage, the neurospheres were removed from
growth medium and resuspended into a differentiation medium (DMEZF12, 1%
FCS, and N2-supplement) in varying proportions of the conditioned medium.
Quantitative RT-PCR showed differentiated neurospheres express tyrosine
hydroxylase (TH), dopamine transporter (DAT), glutamic acid decarboxylase
(GAD 65, GAD 67), and choline acetyltransferase (ChAT). TH and DAT mRNA
levels were somewhat lower than levels measured in human fetal mesencephalon,
approximately 55% and 38%, respectively. Differentiation of the neurospheres in
the presence of 25%, 50%, and 75% of the conditioned medium resulted in
changes in mRNA expression. TH and DAT mRNA expression was highest in
25% conditioned medium. By contrast, ChAT expression was highest in 75%
conditioned medium. GAD 65 and GAD 67 expression was unaffected by
conditioned medium proportions. In conclusion, human neurospheres are
multipotential and neuronal phenotype can be altered by varying the conditions in
which they are differentiated.

Biogenic amines can be demonstrated in their characteristic adult anatomic distribution
by the middle of the first trimester using immunohistofluourescence. In vitro studies
have suggested that these neurotransmitters may be playing a morphogenic role in the
developing brain. However, afferentation of cortical peuronal systems by midbrain
dopaminergic neurons, for example, occurs well after these neurons have
differentiated. Thus, if the biogenic amines, in general, and dopamine, specifically
serve a morphogenic function during gestation, the source of the neurotransmitter may
come from other cells which do not express dopamine in the mature brain. Using in
situ hybridization histochemistry, 33P-UTP-labeled riboprobes for human tyrosine
hydroxylase (TH) and the dopamine transporter (DAT) were generated to determine
whether hybridization signal could be detected in normal midgestational human
forebrain (gestational weeks 17 to 24). Intense hybridization signal for both TH and
DAT was detected in germinal matriz and cortical plate at early midgestation and
attenuated with gestational age. Moreover, hybridization signal for DAT, but not TH,
could be identified in early midgestation in a migratory wave of neuroblasts in the
intermediate zone. Hybrization signal for DAT was likewise identified in primate
substantia nigra, which was used as a positive control. Although it has long been
known that the receptors for dopamine are expressed during brain development, these
data suggest that dopamine is a synthesized, secreted and taken up by undifferentiated
cells in the developing brain.

(Supported by MH01082)
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COMPARISON OF DISTRIBUTIONS OF NOCICEPTIN PRECURSOR mRNA
AND NOCICEPTIN RECEPTOR mRNA IN DEVELOPING MOUSE BRAIN. K
IkedaL*. T, Ichikawa2. T, Kobayashi2. R, Yano1 and T. Kumanishi2. ^b. for Cell.

DEVELOPMENTAL EXPRESSION OF BETA-ARRESTIN AND ARRESTIN3
IN THE RAT BRAIN. E.V.Gurevich*, V.V.Gurevich, and J.N.Joyce. Sun Health
Research Institute, Sun City, AZ 85372.
Two species of non-visual arrestins cloned previously, p-arrestin (BAR) and
arrestin3 (AR3), are involved in the desensitization of G protein-coupled receptors.
Upon activation, a receptor is phosphorylated by a specific kinase. Arrestins bind to
an activated phosphorylated form of receptors, thereby stopping further signal
transduction. We used in situ hybridization to study the distribution of arrestins in
the rat brain on postnatal days 1-90. Differential distribution of the two arrestins
was demonstrated. In adult animals the concentration of BAR in the brain far
exceeded the amount of AR3. All areas of the cortex, especially piriform and
cingulate cortex, and hippocampal formation, especially the granular layer of the
dentate gyrus and pyramidal layer of all fields, displayed high concentration of both
arrestins. Most of the thalamic nuclei had greater concentration of BAR than AR3.
AR3 was relatively abundant in all amygdaloid areas, in the hypothalamus, and in
the medial habenula. At earlier stages of development the difference between
concentrations of BAR and AR3 was less evident. At birth BAR was abundantly
expressed in relatively developed areas, such as the thalamus, septum, and caudateputamen, but was almost absent in the neuroepithelium. In the cortex BAR was
expressed in the intermediate cortical layer, but not in the cortical plate or cortical
neuroepithelium. In the hippocampus BAR was heavily expressed in the CA3 and
CA1, and in the dentate gyrus only in the upper granular layer. In contrast, AR3
was expressed by neuroepithelium as well as by more differentiated cells. It appears
that expression of BAR coincides with neuronal differentiation and migration.
Upon differentiation BAR overtakes AR3 in the majority of brain regions, while
some areas, especially cortex and hippocampus, retain high level of both arrestins,
with considerable proportion of cells co-expressing both subtypes, as revealed by
double-labeling experiments. Funded by MH 56824 (J.N.J.), EY 11500 (V.V.G.).

Info. Processing, FRP, Inst, of Phys, and Chem. Res. (RIKEN), Sait am a, Japan,
2Dept. of Mol. Neuropathol., Brain Res. Inst., Niigata Univ., Niigata, Japan.

Nociceptin system resembles opioid system in terms of the structure of component
molecules, peptide precursor and receptor, and the signal transduction pathway.
However, the physiological role of nociceptin system, including nociception, is not so
dear as that of opioid system. To reveal characteristics of nociceptin system, we
performed in situ hybridization histochemistry and investigated the distributions of
nociceptin precursor mRNA and nociceptin receptor mRNA in developing mouse brain.
Both mRNAs were widely and highly expressed in the central nervous system at
embryonic day 14. The signal intensities of the nociceptin precursor mRNA were
various among different brain regions, whereas high signal of nociceptin receptor
mRNA was detected in almost all regions at the stage. Both mRNA signals were
gradually decreased during the development. In several brain regions, such as cerebral
cortex and inferior colliculus, the nociceptin precursor mRNA was highly expressed in
scattered neurons, whereas the nociceptin receptor mRNA was expressed in almost all
neurons in the regions. The scattered distribution was observed from postnatal day 7
through adult. The high mRNA expressions of nociceptin precursor and nociceptin
receptor during development suggest a developmental role of nociceptin system. The
distribution pattern of the scattered neurons expressing nociceptin and the neighboring
neurons expressing nociceptin receptor suggests that the neurons releasing nociceptin
may modulate the activities of the neighboring neurons.
Supported by research grants from FRP and Special Postdoctoral Researchers
Program, RIKEN, the Ministry of Education, Science, Sports and Culture of Japan.
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Evidence
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that

a TGF-p isoform

is the

target

REQUIRED FOR THE FUNCTIONAL EXPRESSION OF

-derived

factor

Ca2+-ACTIVATED K+

Priya
Subramonv, Jill S. Cameron, Laurence Dryer, & Stuart E. Dryer* Prog.
Neurosci., Florida State University, Tallahassee, FL, 32306.
The expression of the Ca2+-activated K+ current (/K[C:i|) in chick ciliary
ganglion (CG) neurons in vivo requires interactions with target tissues . In
addition, a soluble factor derived from the target tissue (iris) can stimulate
whole-cell /K[Ca] in chick CG neurons developing in vitro. The effects of
this iris-derived factor do not require protein synthesis2. Here we show
that the stimulatory effects of iris extracts on functional expression of /K[Ca]
are blocked by a polyclonal antibody directed against all known TGF-p
isoforms. In addition, the stimulatory effects of iris extracts are mimicked
by application of recombinant TGF-p 1 to E9 CG neurons developing in
vitro. As with iris extracts, actions of TGF-p 1 occur with 5-7 hr exposure
and do not require protein synthesis. We have also used RT-PCR to
demonstrate expression of TGF-P3 transcripts in the E13 chick iris. The
identity of the PCR products was confirmed by cloning and sequencing.
R. Nishi and coworkers earlier demonstrated expression of an unidentified
TGF-P isoform in the chick iris and choroid3. These results are consistent
with the hypothesis that a TGF-P isoform is the target-derived factor
required for ZK[Ca] expression in developing CG neurons. Supported by NSCURRENTS IN DEVELOPING CHICK CILIARY GANGLION NEURONS,

32748. (1) J. Neurosci. 14: 3156-3165 (1994). (2) Neuron 17:
(3) Rae Nishi et al, manuscript submitted for publication.

115-124 (1996)

EFFECTS OF GALANIN ON NEURONS IN THE PRINCIPAL TRIGEMINAL
NUCLEUS (PrV) OF NEONATAL RATS. M.-Y. Shi*. R.P, Mooney, and R.W,
Rhoades. Dept. of Anatomy and Neurobiology. Medical College of Ohio, Toledo,
OH 43699
Damage to the infraorbital nerve in early postnatal rats results in a large
increase in galanin expression in surviving primary afferent fibers throughout the
trigeminal nuclear complex. To determine what effect galanin might have on
nucleus principalis neurons, intracellular and wholecell recordings were made in
pontine slices that included this nucleus and the trigeminal root. Membrane
properties and EPSPs evoked by electrical stimulation of the trigeminal root were
assayed during superfusion with galanin and related agents. Galanin application
produced a dose-dependent depolarization (2.7 ±1.6 mV @ 300 nM galanin) in
50% of 52 cells tested and a hyperpolarization (2.8 ±1.3 mV @ 300 nM) in 42%
of those sampled. Galanin produced a decrease in input resistance in both groups
(11.8 ± 15.7 Mfi and 24.8 ± 15.9 M£2, respectively); and when voltage clamped
at resting potential, application of this peptide produced inward (average -10.5 ±
7.0 pA @ 53.1 ± 5.9 mV) or outward (11.6 ± 9.1 pA @ 51.8 ± 6.4 mV) currents
in these groups, respectively. Evoked EPSPs were reduced in dose-dependent
manner by 17.3 ± 6.9% and 23.6 ± 15.9% (@ 300 nM galanin) in depolarizing
and hyperpolarizing neurons, respectively. Membrane potential was negatively
correlated with age (from postnatal day 5 to 14, r=-0.95, p<0.05), but none of the
above effects of galanin were dependent on age, within the range tested. In
neurons with no membrane potential change produced by galanin, EPSP amplitude
was unaltered. These results suggest that EPSPs in PrV neurons are diminished
by galanin, most probably by postsynaptic mechanisms.
Supported by NS28888

25.5

25.6

EXTRACELLULAR MATRIX PROTEINS INFLUENCE THE EARLY
EXPRESION OF PRO-TRH IN HYPOTHALAMIC NEURONS IN VITRO. I
Niquet, D. Grouselfe#. P. Joseph-Bravo and
J.-L. Charli*. Institute de
Biotecnologia, UNAM, Cuernavaca, Mor., 62271, Mexico and # U 159, Institut
National de la Sante et la Recherche Biomedicale. Paris 75014, France.
External clues for neuron development include extracellular matrix (ECM)
composition. The ECM role on neurite extension has been extensively studied. Less
is known about its influence on the early development of neurotransmiter, in
particular peptide, phenotype. To address this question, we have compared the
properties of primary cultures of rat hypothalamic cells plated either on 1.5 ug/ml
poly-lysine (PL) (control) or on PL plus one of various ECM molecules each
deposited on PL from a solution at 10 ug/ml. Fetal day 17 cells plated at a density
of 1250 per mm2 were grown in a serum free medium made of Neurobasal
supplemented with B27 (GIBCO) and 17p-oestradiol. Cultures were analysed at
DIV 2. In control conditions, cultures consisted mainly of neurons (less than I %
of GFAP positive cells); aprox. 7% of the cells were positive for TRH mRNA
(detected by in situ hybridization). In agreement with previously published studies,
coating of plates with either laminin-entactin or fibronectin increased the number
of cells with neurites and the size of neurites; the total number of cells was only
sligtly enhanced. Neuron specific enolase was also increased to 200-400% of contol
by each of these ECM proteins as well as by tenascin or vitronectin. The amount of
pro-TRH per dish was quantified by Western bloting using a specific Pro-TRH
antibody; it was increased to 275% of control for laminin-entactin, 199% for
fibronectin and 173% for tenascin; there was no effect of vitronectin. In conclusion,
we have shown that Pro-TRH, an intermediary in the biosynthesis of TRH, is
enhanced in vitro by some ECM proteins; this may contribute to the enhancement
of TRH levels observed early in vivo in the hypothalamus, (supported in part by
grants from DGAPA-UNAMIN216496 and EU C11*-CT93-O3O1)

DEVELOPMENT OF PHOSPHOLIPASE D ACTIVITY IN RAT
BRAIN. D, Zhao,1 T, Holler,1* B. Berse.1 J. M, Cermak1 and J, K,
Blusztain.1’2 Department of Pathology and Laboratory Medicine1 and
Psychiatry,2 Boston University School of Medicine, Boston, MA 02218
Phospholipase D (PLD) is important in cellular signal transduction and
in membrane trafficking. The enzyme catalyzes the hydrolysis of
phosphatidylcholine (PC) to phosphatidic acid (PA) and choline and it is
capable of transphosphatidylation of PC and a primary alcohol to form
phosphatidylalcohol and choline. We have studied the development of
PLD activity in rat brain from embryonic day (E) 19 to postnatal day (P)
49, using an assay in which aliquots of brain homogenates were
incubated with fluorescent NBD-PC and 1-propanol and the PLD
activity was determined by measuring the fluorescence of the purified
product, NBD-phosphatidylpropanol. Basal PLD activity increased 4fold between E19 and P49. Consistent with previous studies, PLD was
activated by phosphatidylinositol 4,5-bisphosphate (PIP2) and by oleate,
which caused maximal activation at concentrations of 1 ji M and 450
ji M, respectively. PIP2-stimulated PLD activity was highest at Pl4.
The high activity of PLD during the first two postnatal weeks correlates
with the period of myelination and synaptogenesis in the brain and
supports the notion that the enzyme may participate in these processes.
To study the development of PLD at the mRNA level, we designed a
563 bp probe derived from the recently cloned human PLD1 cDNA (3.6
kb) for Northern blotting. This probe hybridized with two bands (3.0
kb and 1.5 kb), each displaying a uniform hybridization pattern at all
ages, (supported by NIH grant AG09525)

25.7

25.8

POTASSIUM CURRENTS IN CULTURED NEURONAL PRECURSOR CELLS
ISOLATED FROM THE ANTERIOR SUBVENTRICULAR ZONE (SVZa) OF
THE NEONATAL FOREBRAIN. R.R, Stewart*. T. Zigova and M.B, Luskin.
Laboratory of Molecular & Cellular Neurobiology, NIAAA, NIH, Bethesda, MD
20892-8115 and Department of Anatomy and Cell Biology, Emory University
School of Medicine, Atlanta, GA 30322-3030.
Precursor cells originating from the SVZa have unusual properties in that they
express neuron-specific markers and divide while migrating along the path to the
olfactory bulb, where they differentiate into granule and periglomerular
interneurons. Similarly, SVZa cells also express neuron-specific tubulin and
divide in vitro. Since nothing is known about the electrophysiological properties
of these cells, our initial goal was to determine what types of voltage-dependent
potassium currents they have. SVZa cells were isolated from newborn rats and
cultured for 1 day. A-type potassium current (IK(A)) was recorded by whole-cell
patch clamp in the presence of 300 nM tetrodotoxin and 20 mM
tetraethylammonium (TEA); it was identified by its properties of steady-state halfinactivation (-90.4±1.5; mean ± SEM, n=23) and rapid recovery from
inactivation (20 ms at -130 mV, n=26). Inactivation of IK(A) was voltageindependent and had a time constant of 15 ms (n=21). The second potassium
current identified resembled a delayed rectifier (IK(DR)) by inactivating slowly over
several seconds and being blocked reversibly by external TEA (IC^ 4.1 mM).
IK(DR) exhibited steady-state half-inactivation of -50.1 ±2.2 (n=6) and sigmoidal
activation kinetics with time constants ranging from 11 ms at -40 mV to 1.4 ms at
100 mV (n=ll). Although SVZa cells undergo division in culture, their properties
are similar to those of postmitotic cerebellar granule neurons in culture for 1 to 2
days. This work was supported by the intramural research program of NIAAA,
NIH and was carried out under animal study proposal LMCN-SP-01.

SPERMINE/SPERMIDINE IS EXPRESSED BY RETINAL GLIAL (MULLER) CELLS, AND
CONTROLS DISTINCT K+ CHANNELS OF THEIR MEMBRANE. B. Biedermann1, S. N.
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Skatchkov*2 A, Bringmann1, T. Pannicke1. R. Veh3, H-G. Bernstein4, and A.
Reichenbach1. Paul Flechsig Inst, for Brain Research Leipzig Univ., ERG,1 Center for
Molecular and Behavioral Neuroscience, UCC, and Inst, of Neurobiology, UPR, PR
00960-6032, USA, 2 Inst, for Anatomy, Humboldt Univ., Berlin, FRG,3 and Clinic for
Psychiatry, Magdeburg, FRG.4
There is recent evidence that polyamines such as spermine (SPM) and spermidine (SPD)
may act as endogenous modulators of the activity of inwardly rectifying K4 channels
(Kir). This type of K+ channel is abundantly expressed by retinal glial (Muller) cells (MC)
where they are involved in important glial cell functions such as the clearance of excess
extracellular K+ ions. This prompted us to study tire following questions, (i) do
mammalian MC contain endogenous SPM/SPD?, (ii) do MC possess the enzymes (e g.,
ornithine decarboxylase, (ODC)) necessary to produce SPM/ SPD?, and (iii) does
application of exogenous SPM/ SPD exert specific effects onto Kir of MC?
Immunocytochemical studies were performed employing antibodies against SPM/ SPD,
as well as against ODC, on liistological sections of guinea pig, rat, rabbit, and human
retinae, and on enzymatically dissociated MC. Furthermore, patch-clamp recordings
were performed to record currents through large conductance, Ca2+-activated K
channels (K+-maxi) and Kir in inside-out patches from enzymatically dissociated porcine
and guinea-pig MC. All above-mentioned questions could be answered with "yes".
Specifically, tire majority of MC were labeled with antibodies directed to SPM/SPD,
within or isolated from untreated control retinae. Muller cells in normal retinae express
low levels of ODC but increase this expression markedly in cases of retinal
pathology such as retinal detachment. SPM and SPD block completely tire activity' of
Kir but fail to affect tire activity of Urge conductance, K+-nraxi. Thus, Muller cells
contain endogenous channel-active polyamines the synthesis of which may be
up-regulated in pathological cases, and which may be involved in tire control of both
glial function and cell proliferation.
Supported by DFG (849/3-2) and BMB+F (EDZL, OIKS 9504 project C5).
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A GLIA FORM OF THE VOLTAGE-DEPENDENT SODIUM CHANNEL IN
EMBRYONIC NEURAL STEM CELLS OF HUMAN. S.N. Yang*1. D,M. Liu2.
W.Y. Hsieh1. J.N. Wu1. Departments of ’Physiology and 2Pharm;cology. National
Defense Medical Center, Taipei, Taiwan 100, ROC.
To understand the electrophysiological properties of neural differentiation of
embryonic stem cells of human, whole-cell patch-clamp techniques were used in
vitro. Here we reported that a glia form of the voltage-dependent sodium channel
in neural stem cells of human, suggesting its presence and possible importance in
vivo during embryonic developmental stage. Five out of 14 stem cells studied
expressed sodium currents which ranged from -52 to -55 pA peak (inward) current
and the average sodium current was -53.8 ±0.6 pA. The average capacitance of the
glia form stem cells was 22.7 ± 5.1 pF. The average peak sodium current
normalized for surface area was about 2.4 pA/pF. The activation of the sodium
channel was fitted with the Boltzmann function, the voltage for half-activation and
the depolarization for the e-fold conductance increase of the sodium channel was
10.2 ± 5.6 mV and 31.9 ± 0.2 mV, respectively. The decay time constant of the
sodium channel at -30, -20, -10, and 0 mV was 3.1 ± 0.3, 2.3 ± 0.2, 1.9 ± 0.1, and
0.8 ± 0.8 ms, respectively. This glia form of voltage-dependent sodium channel also
displayed an inactivation properity as well as the tetrodotoxin sensitivity. Taken
together, these electrophysiological results may suggest that a glia form of voltagedependent sodium channel may have already existed during embryonic
developmental stage, and possibly excitable. Alternatively, this form of neural
stem cells expressed of sodium channel may be an intermediate stage where they
were shifting their electrophysioloigical properties into neurons. [Supported by
NSC-86-2214-13-016-098, Taiwan, ROC].

25.10
LOCALIZATION OF Ca2+ CHANNELS INVOLVED IN TRANSMITTER RELEASE IN CULTURED NEURONS: IMMUNOCYTOLOGICAL STUDIES H. SpEDAA-2 H. TATSUMI^-4-Y.
E-OZAWA,! and Y. KATAYAMA* 1Dept. Anat„ Nihon Univ. Sch.
Dent. at Matsudo, 2-870-^ 1 Sakaecho-Nishi, Matsudo, Chiba 271;
2Dept. Autonom., Physiol., Tokyo Med. & Dent. Univ., Tokyo 101;
3Dept. Physiol., Nagoya Univ., Nagoya 466; -PRESTO, Japan.
We have demonstrated that glutamate is released from growth
cones and flat regions of cultured DRG neurons, and that the release is
inhibited by m-conotoxin GVIA (m-CgTx, 3 pM) and blocked by m-

agatoxin IVA (m-aga, 300 nM). In the present study, distribution of
voltage-dependent Ca2+ channels responsible for glutamate release was
investigated with electron microscopy using the immunocytological
method. Cultured DRG neurons pretreated with m-CgTx (3 pM) or maga (300 nM) were incubated with antibodies to the corresponding
blockers and stained using gold-conjugated antibodies, respectively.
When pretreated with these antagonists, clusters of immuno-gold
particles were almost always observed over the membrane of releasing
sites such as growth cones. Furthermore, gold particles were sometimes
observed along neurite stem regions where glutamate release could not
be detected. Possible existence of those toxin-sensitive Ca2+ channels
along neurites remains to be further investigated.

25.11

THE IMMATURE RAT CEREBRAL CORTEX: PHYSIOLOGY OF
IDENTIFIED NEURONAL COMPONENTS.
A. Reiprich 1 J.F. Staige^*, H.J. Luhmann'. 'Institute of Neurophysiology,
2C.&O. Vogt Institute of Brain Research, University of Dusseldorf, PO-Box
101007, D-40001 Dusseldorf, Germany.
Neonatal rats display a simple structured neocortex with transient nonpyramidal and immature persisting neurons coexisting in the ontogenetically
preliminary layers marginal zone, cortical plate and subplate. We wanted to
investigate the major neuronal populations of P0 to P4 somatosensory cortex.
Neurons were identified in situ by infrared-videomicroscopy. Intrinsic and
synaptic properties were determined with whole-cell recordings. According to
location, size and complexity we differentiated between Cajal-Retzius neurons
(CR) in the marginal zone, non-ramified immature pyramidal cells (IP) and
larger more mature bifurcated pyramidal cells (BP) of the sub- and cortical plate
and subplate cells (SP). These neurons differed significantly in passive and active
membrane parameters. Depolarizing current injections revealed mature fastspiking activity only in a small portion of SP neurons (9.5%) whereas the
majority of neurons (65.5%) display very strong spike-frequency adaptation (all
types) or non-adapting spiking behaviour (25.0%) with broad and small action
potentials (SP, BP, CR). Orthodromic stimulation revealed longlasting
polysynaptic activity in SP, IP and BP neurons. Application of 30 pM DL-APV
and/or 10 pM bicuculline-methiodide strongly reduced both, amplitudes and
duration of PSCs and PSPs. We conclude the existance of an early functional
synaptic network with glutamatergic and GABAergic transmission.
Supported by DFG grant Lu 375/3-1.
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26.2

26.1
MOLECULAR CHARACTERIZATION OF GLUTAMATE
DECARBOXYLASE IN VERTEBRATES. F. Wagberg, A-K Ahman,
E. Sparby and M-O Mattsson*, Dept. of Cellular ana Developmental
Biology, Umea University, S-901 87 Umea, Sweden.
Recently, we presented data regarding expression of glutamate
decarboxylase (GAD) during embryonal development of the chick
brain (Ahman et al, Eur. J. Neurosci. 8:2411o2617. 1996). The chick
expresses two forms of GAD corresponding to mammalian GAD-5 and
g AD-7. Transcript sizes in the chick are 3.9 kb (GAD-5) and 5.6 kb
(GAD-7), thus differing in size from the mammalian GAD mRNA
forms. We will here present the full length sequence from chicken
GAD, showing high homology in the open reading frame with the
mammalian GAD forms. Furthermore, the chicken GAD-7 has several
putative phosphorylation sites that differs from the mammalian form
of the enzyme. Functional consequences of this is under investigation.
A phylogenetic study among vertebrates (arctic char, zebrafish, the
Japanese salamander Cynops pyrrhogaster, Xenopus laevis, viper)
reveals that all investigated species express two proteins,
immunoreactive to rat GAD-5 and GAD-7 antibodies respectively. The
proteins vary in size between 57--5 kDa (recognized by GAD-5
antibody), and -2-70 kDa (GAD-7 antibody). These findings
contradict earlier notions that only higher vertebrates have two GAD
forms. Sequence data from some of the investigated species will be
presented.

Supported by: Natural Science Research Council, JC Kempe Memorial
Foundation, and Wallenberg Foundation.
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DEVELOPMENTAL EXPRESSION OF GABA, GADo65 AND GAD-67 IN THE
RAT RETINA. E.N, Yamasaki*; V.D.. Baibosa. .and. J.N. Hokoc Inst. de Biofisica
Carlos Chagas Filho, Univ. Fed. Rio de Janeiro, Ilha do FundSo, 26949o900 Brazil.
We have used biochemical assay to measure GAD activity and immunocytochemistry to detect GABA, GAD65 and GAD-67 during the development of the
rat retina. At early postnatal days (Pl-4), very low GAD activity was detected. This
activity increased, reached a peak around P21 and decreased to adult levels by P30.
In the adult retina, GABA and GAD immunoreactivity (IR) is present in the inner
plexifbrm layer (IPL) and in cells of the inner nuclear (INL) and ganglion cell layers
(GCL). The adult pattern of GABA-IR was achieved by P21 and consisted of a
gradual increase in the number of labeled cells in the INL and GCL, and processes in
the IPL up to P13, decreasing afterwards. Although the number of GABA-IR cell
bodies increased, their proportion relative to unlabeled cells was constant throughout
development. GAD--5 and GAD--7 IR differed both temporally and spatially until
they achieved their mature pattern. GAD-67 IR was present earlier (P1) and labeled a
few cell bodies, while GAD-65 IR could be detected only in the IPL between Pl-4. By
P8, the pattern of staining of GAD-67 and GAD65 IR in cell bodies of the INL and
GCL had achieved basically the adult pattern. The percentage of GAD65 IR cells in
the INL increased gradually to the adult ratio, while that in the GCL was reached by
P8. The ratio of GAD67 labeled cells in the INL was approximately constant from
P8 to P13, increasing to adult proportions by P21. In the GCL, the proportion of
GAD67 IR cells reached a peak at P8, and decreased thereafter to adult proportions
by P21. The earlier appearance of GAD-67 observed in the retina is consistent with
other regions of the Cn S. The constant proportion of GABA IR cells through
development and a differential ratio of GAD-65/GAD67 IR cells suggest that at
different postnatal ages different forms of the enzymes could ' account for GABA
synthesis.
Financial support: FAPERJ, FUJB, CEPEG/CNPq, CNPq and FINEP
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THE BIRTHDATES OF GABAERGIC AND DOPAMINERGIC NEURONS IN
RAT RETINA. M-Y. Lee*, . S-L. Shin and M-H. Chun. Dept. of Anatomy, Catholic
Univ. Med. Coll. Seoul 137-701, Korea
During retinal development, GABAergic and dopaminergic neurons mature in
distinctly different temporal patterns. It is important to know when GABAergic or
dopaminergic neurons undergo their proliferation, and to correlate this proliferating
time with the onset of specific neurotransmitter expression. Therefore this study was
conducted to determine the bithdates of GABAergic and dopaminergic neurons in the
rat retina. Pregnant rats were injected with a single pulse of BrdU at embryonic day 13
(E13), E17, E20, postnatal day 0 (P0), and P3. All animals were sacrificed at P14 after
eye opening and 3 serial semithin sections from the retina were processed for
immunocytochemistry using antibodies against BrdU, GABA. and TH. The
distribution of the BrdU labeled cells showed the characteristic patterns depending on
the time of injection. In the retina injected at E13, BrdU labeling was predominantly
situated in the innermost layer of the inner nuclear layer(INL), in some horizontal
cells and in some cells of the ganglion cell layer(GCL). The labeled cells tended to
reside throughout the INL with increasing age at the time of injection, but after E20,
labeling was reraly found in the innermost layer of the INL. Among these BrdU
labeled cells, GABAergic cells were seen from E13, and increased to attain a peak at
E20 (about 30% of total GABAergic cells) and then decreased progressively to P3
(about 4% of total GABAergic cells). In the GCL, the temporal pattern of double
labeled cells was similar to that of the INL, but at P3, no labeled cells were found.
The dopaminergic neurons, of which some neurons were colocalized with GABA,
were colabeled with BrdU from E17 and the double labeling rose steadily to P0 and
then fell. These results suggest that the emergence of the GABAergic and
dopaminergic neurons shows the distinct temporal sequence during retinal
development.
This work was supported by a grant from Korean Ministry of Education.

FUNCTIONAL GABAa RECEPTORS ARE CO-EXPRESSED WITH KAINATE
AND MUSCARINIC RECEPTORS DURING NEURONAL DEVELOPMENT IN
THE EMBRYONIC RAT NEOCORTEX. D. Maric*, I. Maric, S. Chaudry, and J.L.
Barker. • LNP, NINDS, NIH, Bethesda, MD
Lineage-specific cell surface immunoreactions with anti-tetanus toxin (TnTx)
fragment C and anti-A2B5 were used to identify and simultaneously record functional
transmitter receptor/ion channel properties in proliferative (A2B57TnTx- and
A2B5+/TnTx_) and post-mitotic (A2B5+/TnTx+ and A2B57TnTx+) subpopulations
of rat neocortical cells isolated from the ventricular/subventricular zones (VZ/SVZ)
and in differentiating neuronal (A2B5+/TnTx+ and A2B57TnTx+) subpopulations
isolated from the cortical plate/subplate (CP/SP) regions at embryonic day 19.
Microdissected VZ/SVZ and CP/SP neocortical dissociates were double stained with
Red 670-conjugated anti-TnTx and .PE-conjugated anti-A2B5 antibodies and loaded
with either a voltage-sensitive (oxonol) or Ca2+-sensitive (Fluo-3) fluorescent
indicator dye. The chemosensitivity of each immuno-identified population to
GABAergic, glutaminergic and cholinergic stimuli were then randomly profiled using
a flow cytometer. GABA induced a depolarizing response in both VZ/SVZ and
CP/SP dissociates, which was for the most part Cl" ion dependent, mimicked by
muscimol and blocked by bicuculline. Duly a fraction (< 15%) of A2B57TnTx- cells
from VZ/SVZ depolarized to GABA. This number increased to 50% as cells became
TnTx+ in VZ/SVZ and to > 90% as they attained A2B5‘/TnTx+ phenotype in the
CP/SP, correlating with the number of a3-4,
and ^.3 GABAa receptor subunit
immunoreactive cells counted in each subpopulation. With the exception of
A2B5+/TnTx+ cells from VZ/SVZ, the occurrence of GABA-induced depolarization
also correlated with the number of cells which depolarized to kainic acid and to those
which produced a Cac2+ mobilization in response to (+) muscarine. All three types of
responses were detected in the great majority (>70%) of A2B5'/TnTx+ neurons from
the CP/SP implying co-localization of GABAa , kainate and muscarinic receptors in
these cells. By contrast, A2B5+/TnTx- cells from VZ/SVZ did not exhibit significant
functional responses to any of the above ligands suggesting a separate pathway of
differentiation at this stage of their development.

26.5

26.6

CALCIUM TRANSIENTS EVOKED BY GABA AND GLYCINE IN VENTRAL
HORN NEURONES OF RAT FETUSES.
Hiroshi Nishimaru+, Anna Kulik, Norio Kudo* and Klaus Ballanvi.
Department of Physiology, University of Gottingen, FRG and ^Department of
Physiology, Institute of Basic Medical Sciences, University of Tsukuba, Japan.
Recent studies revealed that during the perinatal period GABA and glycine function
as excitatory rather than inhibitory transmitters in immature structures of central
nervous system. In a previous study, we showed that in the developing spinal cord of
rat fetuses, these amino acids are involved in generation of periodic spontaneous
bursting of lumbar motoneurones (J. Physiol. 497, 131-143 [1996]). To further
characterize the excitatory effects of GABA and glycine, we have measured
intracellular Ca2+ (Caj) in Fura-2/AM-loaded ventral horn cells of lumbar spinal cord
slices from rat fetuses aged between embryonic day 15.5-19.5. Whole-cell recordings
subsequent to the Ca; measurements verified that the cells were neurones.
In more than 80 % of cells, bath-application of GABA (200 pM) or glycine (1 mM)
led to an approximately 2-fold increase of Ca) from its resting level of 40 nM. The Caj
response to GABA was mimicked by the GABAa receptor agonist muscimol (20 pM)
and antagonized by bicuculline (100 pM), whereas the glycine-evoked
transient
was effectively blocked by strychnine (20 pM). The Cai transients were also blocked
by either removal of Ca2+ from the superfusate or by administration of 50 pM
nifedipine, but they remained almost unaffected after suppression of synaptic
transmission and spike discharge with 0.5 pM TTX. A depolarizing shift in the
equilibrium potential for Cl' induced by superfusion of Cl -free solution led to a more
than 3-fold increase in the magnitude of the GABA- or glycine-evoked Ca, rises.
Our findings show. that .activation of receptor-coupled CT channels leads to a
depolarization, sufficient to open voltage-gated Ca2+ channels which are responsible
for the observed Ciy rises. These results suggest that direct excitatory effects of
GABA and glycine on ventral horn cells might be important for motoneurone
functions during the prenatal period.
Supported by Deutsche Forschungsgemeinschaft.

Is the excitatory
action
of GABA related
to active sleep in neonatal
rats ’ T. Taira, S.
Sumanen and K. Kaiia*. Department of Biosciences, Division of Animal Physiology, P.0 Box 17,
Uifwisr^ity of Helsinki, 00014 Finland.
Neonatal active sleep (AS) is a distinctive behavioral state characterized by. intense cortical
activity and intermittent motor arousal. AS has been suggested to provide endogenous excitation for
neuronal differentiation and synaptogenesis in the brain during the early postnatal period when
sensory stimulation is limited (Jouvet. M. 1980 Prog Brain Res. 53:3). In the developing
hippocampus, GABA acts as an excitatory transmitter being responsible for network-driven
spontaneous Giant Depolarizing Potentials (GDPs) (Ben-Ari Y. et al. 1989 J. Physiol 416:3). Hence,
we asked whether the GABAergic activity and AS could be related. Sleep-wake patterns of 2-15
day-old ■ rat pups were investigated by using the Static Charge Sensitive Bed -method which allows
non-invasive recordings from newborn rats (Hiiakivi L. A. and Hiiakivi 1.1986 Behav Brain Res. 19:2).
In control animals the percentage of AS from total sleep time (TST) peaked at P2 (52±6%(SEM),
n=4). At P3-P8 the amount of AS remained relatively constant (42±7%, n=4). At P9 the amount of
AS started to decrease steeply, reaching 7±3%, n=4, at P15. To study the possible GABAergic
contribution to AS, rat pups were injected with the GABAa receptor agonist muscimol (0.04 mg/kg)
30 min prior to the 1h recording session. At P2-P8, muscimol increased the amount of AS by 1520%, the effect being biggest at P2-P6. Starting from P9, muscimol did not have any effect on AS.
Effects qualitatively similar to those of muscimol were obtained by injecting the rats with the GABAtransaminase inhibitor, ethanolamine-0-sulphate. There is an intriquing temporal correlation between
the occurrence of GDPs and Ca2+ oscillations (Ben-Ari et al. 1989 . ibid; Hanse et al. 1996 Soc.
Neurosci. 26:774.6; Leinekugel X. et al. 1997 Neuron 18:2) and the amount of AS in neonates: they
peak at .P2, at P3-P8 there is a plateau and thereafter a disappearance of GDPs coinciding with a
steep decrease in AS, Further, the . temporal profile of the enhancing action 'of muscimol on GABAdependent Ca2'* oscillations in hippocampal slices and on AS appears to be similar. We propose that
neonatal AS may be linked to the ongoing excitatory GABAergic activity in the developing brain.
Supported by the Academy of Finland and by the Sigrid Juselius Foundation.

26.7

26.8

DEVELOPMENTAL REGULATION OF K-Cl COTRANSPORTER (KCC2
AND KCC1) mRNA IN EARLY POStNATAL RAT HIPPOCAMPUS. C.

Analysis of expression and function of the chloride channel C1C-2
in developing and mature rat brain. G.H. Clavton*7, C.L. Wilcox1, K.J.
StaleyL R.L. Smithv. Dept. Neurology, Univ. of Colorado. Health Sci. Center,
Denver, ColoradoV; Dept. Microbiology, Colorado St. Univ., Ft. Collins, Colorado!
C1C-2 is a member of a family of voltage gated chloride channels that is expressed
in many tissues including brain where in the adult expression is restricted to choroid
plexus and neurons. Northern blot analysis of RNA from developing rat brain
detected a single species of about 3 kb that is apparent by El5, present at peak levels
in the first postnatal week and declines to low levels in the adult. Consistent with
this result, in situ hybridization (ISHH) of E’5 brain detected C1C-2 expression in
deep brain nuclei and scattered cells within neuroepithelial layers. In El 8 brain ISHH
signal is apparent primarily in areas containing differentiating neurons such as
cortical plate but not in regions .that give rise to glial populations such as the
subventricular zone of developing cortex. Differences in the timing of development
of neural structures were reflected in the time course of expression of C1C-2. Early
developing structures such .as neocortex demonstrated C1C-2 expression at the earliest
dates examined while expression was delayed in late developing structures such as
cerebellum. A functional CIC-2 conductance is present in early postnatal life which
had the same properties as the adult conductance. CIC-2 expression peaks during the
first post-natal week and achieves nearly adult-like patterns of expression between
P14 and P21. During adult life CIC-2 expression is markedly down regulated in a
non-homogeneous manner resulting in extremely low cortical levels by 9 months of
age. The timing of expression of CIC-2 in briin is unique because high levels in
early life give rise to a pattern of differential expression in the adult and because
significant changes in expression patterns occur during adult life. These observations
have important .implications for age related changes in GABAa signaling and
tolerance of cell swelling. (Supported by the American Epilepsy Foundation and
USPHS grant NS 01741)

Rivera*12, k . Wegelius’L M. Reeben2, M. Saarma2 and K. Kaila'. ’Department of
Biosciences, Division of Animal Physilogy and 2Institute of Biotechnology,
University of Helsinki, Finland.
During early postnatal development (days P0-P8), GABAa receptormediated postsynaptic potentials (PSPs) in the rat hippocampus are mainly
depolarizing. Since hyperpolarizing GABAa receptor-mediated PSPs of the kind seen
in - mature neurons can be generated only with a . plasmalemmal electrochemical
gradient that drives an inward channel-mediated Cl- flux, hyperpolarizing PSPs are
indicative of the presence of a powerful system for Cl- extrusion. Recently, a neuron- .
specific KC1 cotransporter (KCC2) has been cloned’, and we found it of interest to
examine whether neuronal maturation involves an enhanced expression of this
transporter. We used RT-PCR with isoform-specific oligonucleotide primers and total
mRNA from rat hippocampus. Analysis of RT-PCR products from rat hippocampi at
postnatal days P0, P8, P30 and P100 showed a striking temporal correlation with the
developmental change2 of GABAa receptor-mediated PSPs from depolarizing to
hyperpolarizing: at P0 a low level of KCC2 mRNA could be detected, but there was a
steady increase starting at P8 which reached its maximum at P30. In contrast -to this,
the transcript level of the "housekeeping" isoform (KCC1) of the K-Cl cotransporter’
was clearly detectable at P0 and showed only a slight increase at P8-P30. The results
of the present study are in agreement with a key role for KCC2 in the functional
development of GABAa receptor-mediated transmission during postnatal
development. Results from KCC1 and KCC2 in situ hybridization experiments at
various developmental Stages will be presented at the poster.
1. Payne, A. J. et al. (1996) J. Biol. Chem. 271: 16245-16252. 2. Cherubini, E. et
al.( 1991) TINS. 14:515-519. Supported by Swedish Natural Science Research
Council, Academy of Finland and by the Sigrid Juselius Foundation.
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26.9

26.10

GABA-INDUCED Cl’ CURRENT IN CULTURED EMBRYONIC
HUMAN
DRG
NEURONS.
A.Y.Valeyev*',
J.C.Hackman#,
A.M.Holohean'#, P.M.Wood+ and R.A.Davidoff# Neurophvsiology
Laboratory, Veteran's Administration Medical Center#, Department of
Neurology' and The Miami ' Project+, University of Miami, School of
Medicine, Miami, Florida 33604
Patch-clamp methods were used to characterize GABA-activated
channels in embryonic (5-8 week) human dorsal root ganglia (DRG)
neurones. Neurons were grown for 5 or more days in serumsupplemented medium. GABA receptor agonists/modulators were applied
by pressure pulse from closely positioned pipettes. All cells responded
to micromolar concentrations ofGABA, pentobarbital, and alphaxalone,
but not baclofen,' taurine, ■ glycine or CACA. Whole-cell GABAcurrents were blocked by bicuculline, picrotoxin, and TBPS. The reversal
potential for whole-cell GABA-currents was close to the theoretical CL
equilibrium potential and shifted with changes in [CL]; in a manner
expected for a Cl- selective electrode. Noise analysis of membrane
current variance induced by GABA (10 pM) showed that the- time open
component was best fitted by double or triple Lorentzian functions. The
elementary conductance (10 pM .GABA) was 22.- pS. Single-channel
recording from cell-attached patches (10 pM GABA) snowed that
GABA-activated channels have a main and subconductance ' levels with
values of 30 and 19 pS. Mean open and closed dwell-times of the
channel were characterized by two or three exponential functions. The
actions of GABA on cultured human embryonic DRG neurons appear to
be mediated through activation of GABAA receptors. The embryonic
DRG receptors differ from the GABA receptors on cultured adult human
DRG neurons which are unaffected by bicuculline and picrotoxin
(Valeyev A.Y. et al. J.Neurophysiol., 76: 3555, 199-) (Supported by
VA Med. Res. Funds and USPHS #NS 17577 and NS 09923).

REGULATION OF GABAa -RECEPTOR EXPRESSION BY BDNF IN
HIPPOCAMPAL NEURONS IN VITRO. S. Penschuck*f, J.-M.
Fritschyt, H. Thoenent and Benedikt Berningert, (Institute of
Pharmacology, University of Zurich, 8057 Zurich, Switzerland, ’ tDept.
Neurochemistry, MPI of Psychiatry, 82152 Martinsried, Germany
Released in an - activity-dependent manner, BDNF is thought to play a
role in hippocampal plasticity by selectively stabilizing active synapses. In
this study we provide in vitro evidence that BDNF might influence
synaptic transmission postsynaptically by regulating GABAA-receptor
expression in hippocampal neurons. Staining of hippocampal cultures
after 20 days in vitro (DIV) with antisera specific for the GABAA-receptor
a1, a2 and y2 subunit revealed mainly pyramidal cells expressing the a2
and y 2 subunits and interneurons being a1 and y2 immunoreactive. BDNF
(20 ng/ml) induced a decrease ' in dendritic GABAA-receptor
immunoreactivity visible already after 1 hour. Cycloheximide (50 pM) or
the phosphatase inhibitor vanadate (1 mM) largely prevented this
decrease, indicating an involvement of both, transcriptional and
posttranscriptional mechanisms. The loss of dendritic GABAA-receptors
was most pronounced 12 hours after BDNF exposure, but after 24 hours
GABAA-receptor expression had returned to normal. However, chronic
treatment with BDNF for 5 days, starting at 15 DIV, resulted in a lasting
decrease of GABAA-receptor immunoreactivity of about 40%. The
expression of the synaptic marker synaptophysin was not affected by
these treatments. We conclude that the regulation of GABAA-receptor
expression by BDNF may provide a postsynaptic mechanism of activitydependent hippocampal plasticity. This work was supported by SNF
grant 34-32624.94/2 and a long-term fellowship of the HFSPO to BB.

26.11

26.12

EFFECTS OF GLYCINE RECEPTOR ACTIVATION ON SURVIVAL AND
PROCESS OUTGROWTH IN DEVELOPING SPINAL NEURONS. L.G.
Aguayo*, J.C. Tapia, F.A. Albarran & F. Nualart. Labs. of
Neurophysiol. & Cell. Mol. Morphology. Univ. of Concepcion, Chile.
Strychnine-sensitive glycine receptors and GABAa receptors have
several properties in common, but differ in -that the former are more densely
expressed in the caudal regions of the central nervous system. Recent
studies have suggested that aspects of neuronal maturation are regulated
by activation of GABAa receptors, therefore we tested the effect of glycine
(50-100 pM) on in vitro maturing mouse spinal neurons. Patch clamp
recordings showed that glycine depolarized immature (<14 days in vitro)
and hyperpolarized - more mature (>21 days) neurons. In addition,
glycinergic, glutaminergic and GABAergic spontaneous synaptic activity
was detected in these neurons. We next tested whether the depolarizing
effect of glycine in immature neurons (2-5 days) was associated with
neuronal survival or neurite outgrowth. Using the Live/Dead® kit, we found
that the number of surviving cells, plated at densities between 50,000300,000/ml, was similar in the absence and presence of glycine. In another
series of experiments using a monoclonal antibody for neuro-filament
proteins (200 Kd) and immunocytochemistry techniques, we found that
glycine applied (48 hours) to 5 day old cells increased the number of
primary processes by 46±6% of control. This effect was completely blocked
by the addition of 1 pM nifedepine to the culture medium suggesting that the
effect of glycine was mediated by depolarization and a subsequent
activation of Ca2+ channels. These data show that similar to GABAa
receptors, activation of glycinergic receptors affects neuronal maturation by
enhancing process outgrowth. Supported by FONDECYT1950917.

GLYCINE RECEPTORS IN THE DEVELOPING RAT CENTRAL
NERVOUS SYSTEM. M.A. Grill* and P.A. St. John. Department of Cell

Biology and Anatomy, The University of Arizona, Tucson, AZ 85724.
The glycine receptor is an inhibitory ligand-gated ion . channel composed of five
subunits. . Molecular . cloning has identified several different subunits of the glycine
receptor, including four alpha subunits and a beta subunit. In the adult, glycine
receptors are heteromeric and consist of three alpha1 subunits and two beta
subunits. In addition, there is a peripheral membrane protein, gephyrin, that copurifies with adult receptors. During development, glycine receptors ' undergo an
apparent change in surface distribution from a diffuse pattern early to punctate
clusters in the adult Gephyrin has been implicated in this clustering event. Other
work has’ shown a developmental change in the . glycine receptor’s affinity for its
antagonist, strychnine. These developmental changes in receptor localization and
function suggest that there may be changes in the receptor composition itself.
Most of the data support the idea of a developmental switch in receptor subtype
that includes a change in ’ the alpha subunit being expressed. We are testing the
hypothesis that the alpha2 containing, embryonic receptor subtype is a homomeric
receptor (which is later replaced by the adult heteromeric receptor subtype). We
have generated polyclonal antibodies to specific peptides ’ from the sequences of the
alpha1 and alpha2’ subunits of the glycine receptor. We are using these subtypespecific antibodies for immunoprecipitations to elucidate the composition of the
embryonic receptor subtype and to determine if this subtype interacts with the
gephyrin molecule.
Supported by NIH Grant NS 29-57, MAG supported by the Flinn Foundation of
Arizona.

26.13

26.14

DIFFERENTIAL EXPRESSION OF METABOTROPIC GLUTAMATE
RECEPTORS (mGluRs) IN RAT HIPPOCAMPUS DURING POSTNATAL
DEVELOPMENT. C. Scheiwe1 I. BlumckU H. Beck2, O.P. WiestlerU Depts of
Neuropathology1 and Epileptology2, Univ. Bonn Medical Ctr., D-53105 Bonn,
Germany.
Susceptibility towards neuronal cell death and the generation of epileptic seizures
changes during brain development. Differential expression of neurotransmitter
receptors may account for this property. In this study, we have analyzed the
expression of a family of important modulatory neurotransmitter receptors, namely
excitatory class I mGluR1 and mGluR5 as well as inhibitory class III mGluR4 and
mGluR7 during hippocampal ontogenesis (4, 8, 12, 1-, 20, 30, 45, -0 and 90 days
of age; 3-5 Sprague-Dawley rats per group). MGluR gene transcript levels were
determined using a competitive RT-PCR assay.

NMDAR1-like
IMMUNOREACTIVE
FIBERS
APPEAR
IN
THE
IPSILATERAL OPTIC TRACT AFTER OPTIC NERVE CRUSH IN THE
FROG.
S. Janusonis*, K.V. Fite. Neuroscience and Behavior Program, University of

A significant up-regulation was observed for mGluR1 with a peak expression at
30d. In contrast, mGluR4 and mGluR7 transcripts showed a down-regulation at
l0d and 1-d, respectively. MGluR5 showed no significant changes.
The present data suggest that low and high levels of expression of excitatory
mGluR4 and inhibitory mGluR4 and 7, respectively during early postnatal stages
may exert protective effects against seizure-associated neuronal vulnerability.
Supported -by SFB 400.
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Massachusetts, Amherst, MA 01003.
When the optic nerve is crushed is non-mammalian animals, axons of retinal
ganglion cells (RGC) regenerate and reestablish their synaptic connections. Since
NMDA receptors have been implicated in this process, we studied changes in
NMDAR1-like -immunoreactivity (NMDAR1-ir) during optic nerve regeneration in
adult Rana pipiens.
The optic nerve was crushed unilaterally, and frogs were allowed to survive for 1,
2, 3, and 5 months. After the operation, the frogs were tested every week for preycatching and optokinetic nystagmus (OKN) responses. After the indicated survival
times, they were perfused, and the brains were stained for the NMDAR1-subunit
with a polyclonal antibody (Chemicon International, Inc.).
In the thalamic and the pretectal visual nuclei, there was no difference in
NMDAR1-ir between two sides of the brain if frogs survived for 1 or 2 months. At 3
and 5 months, however, NMDAR1-ir fibers appeared in these areas. Surprisingly,
they were seen only in the ipsilateral (with respect to the crush) optic tract. The first
prey-catching and OKN responses were detected around 3 . months postcrush,
suggesting that the NMDAR1-ir fibers may be RGC axons, entering the brain. At 3
and 5 months, the ipsilateral retinorecipient layers in the medial tectum also showed
higher NMDAR1-ir compared to the contralateral layers.
We suggest that the NMDAR1-ir fibers may be misrouted RGC axons, and that the
increased NMDAR1-ir may be linked with changes in substance P
neurotransmission.
This work was supported by The Whitehall Foundation.
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DEVELOPMENTAL CHANGE IN NMDA EVOKED CALCIUM
RESPONSE IN CULTURED SUPERIOR COLLICULUS NEURONS.
S.J. Hill-Felberg*’ K. Reynhout, and M. Constantine-Paton.
Yale University, Department of Biology, New Haven, CT.
In the superior colliculus of the rat, the N-methyl-D-aspartate (NMDA)
receptor channel . undergoes a major subunit switch from NR2B to
NR2A, and a pronounced functional down-regulation between P10 and
Pll just as map refinement is complete. Since the NMDA receptor
channel is a major calcium gate for developing neurons, it has been
proposed that the down-regulation of the NMDA receptor is an adaptive
mechanism through which young neurons can stabilize and refine
synapses, while still protecting themselves from excitotoxicity once
refinement is complete and inputs are well correlated. Utilizing Fluo-3,
AM and confocal laser microscopy, we have investigated the
developmental changes in A [Ca++]i produced by NMDA stimulation in
cultures of neurons dissociated from the .superficial visual layers of Pl
superior colliculus and grown in defined media for 4 and 7 days. Our
data indicate a significant drop in A [Cir^h when NMDA is applied to
neurons grown for 1 week as compared to neurons grown for 4 days in
culture. Similar results are obtained with the application of NMDA with
TTX. These findings suggest that a down-regulation of the NMDA
induced calcium change can consistently occur in collicular neurons in
the absence of normal circuit development, although on an accelerated
time scale. Ongoing studies will determine whether the ' drop in the
calcium response reflects the subunit switch .previously seen in vivo, or ■
whether additional mechanisms are involved.

26.16
PRESYNAPTIC ' CONTROL OF SUBUNIT COMPOSITION OF SYNAPTIC
NMDA RECEPTORS. K. Gottmann*, R. Lindlbauer and H. Hatt. Dept. of Cell
Physiology, Ruhr-Universitat Bochum,44780 Bochum, Germany
Presynaptic signals are well known to regulate subunit composition of
acetylcholine receptors at the developing neuromuscular synapse. To investigate
presynaptic control of NMDA receptor subunit composition in central
glutamatergic synapses, we compared the properties of NMDA EPSCs in cultured
hippocampal target neurons (CA-region) innervated either by explants from the
dentate gyrus or by explants from the CA-region. After 7-9 days in vitro NMDA
EPSC decay kinetics, which are indicative for the subunit composition of NMDA
receptor channels, depended strikingly on the type of presynaptic explant.
Differences in subunit composition of synaptic NMDA receptors were confirmed
pharmacologically using the NR2B-subunit selective antagonist ifenprodil,
suggesting the subsynaptic expression of an additional NMDA receptor subtype
(NR1/NR2A) in CA-innervated neurons. These results demonstrate that the subunit
composition of synaptic NMDA receptors is determined by presynaptic signaling.
In the developing hippocampus changes in the subunit composition of synaptic
NMDA receptors are indicated by developmental alterations in the kinetic
properties of NMDA EPSCs and by a developmental increase in the expression of
NR2A-mRNA. Developmental changes in the properties of synaptic NMDA
receptors were studied in target neurons innervated by CA explants at different
stages in culture. The developmental appearance of a fast decaying component of
the NMDA EPSCs indicated the expression of an additional NMDA receptor
subtype composed of NR1 and NR2A subunits. To study presynaptic influences on
the expression of synaptic NMDA receptor subtypes, we selectively blocked
presynaptic exocytosis by incubating the CA-explants with tetanus toxin prior to
cultivation. The synaptic expression of NR1/NR2A receptors appeared to be
inhibited by blocking presynaptic exocytosis.
supported by DFG

26.17

26.18

IMMUNOREACTIVITY FOR NICOTINIC RECEPTOR SUBUNIT ALPHA 7
DECREASES IN THE SUPERIOR CERVICAL GANGLION (SCG) AFTER
AXOTOMY. Y. Zhou, E. , S. Deneris* and
R. E. Zigmond.
Dept. of
Neurosciences, Case Western Reserve University, Cleveland, OH 44106-4975
Five nicotinic receptor subunits (a3, a5, a7, £2 and £4) are expressed in rat
SCG. We have previously shown that rat mRNA levels of a3, a5, a7 and £4, but
not £2, decrease dramatically after axotomy, reaching their lowest levels between 23 days and then gradually recovering. In this study, we investigated the regulation
of nicotinic receptor expression at the protein level, focusing on the a7 subunit.
The a7 subunit forms homomeric receptors, is sensitive to a-bungarotoxin and is
present on the plasma membrane in both synaptic and extrasynaptic regions. The
receptor is highly permeable to Ca2+, but its physiological function in the SCG
remains unclear. By immunohistochemistry using monoclonal antibody mAb306
(mouse anti-a7), the a7 subunit-like immuoreactivity (IR) decreases significantly
by 3 days after both' external and internal carotid nerves (ECN and ICN) were cut,
consistent with' the decrease at the transcript level. While in SCG from unoperated
animals, the intensity of a7-IR in neurons is fairly uniform throughout the
ganglion, after axotomy, immunostaining is most affected in neurons near the ECN
and ICN and least affected in neurons near the cervical sympathetic trunk '(CST).
This pattern of staining is similar at 3, 7 and 14 days after axotomy, though the
weakest staining is seen on days 3 and 7. When only one of the postganglionic
nerves (ECN or ICN) was cut, a7-IR is reduced most in the cell bodies near the
ECN or ICN respectively. Interestingly, transection of the preganglionic CST has
little effect on a7-IR.
The above observations indicate that transection of postganglionic or
preganglionic nerves has different effects on the expression of the a7 subunit.
Axotomy causes a dramatic decrease of a7-IR and the decrease is not uniform
throughout the SCG. (Supported by NS 12651).

EFFECTS OF IN OVO NICOTINE EXPOSURE ON THE DISTRIB'UTION
OF THE £2 NICOTINIC ACETYLCHOLINE RECEPTOR SUBUNIT IN THE
TECTUM OF THE DEVELOPING CHICK. W. M. Kaneko* and H. J. Karten,
Dept. of Neurosciences, University of California, San Diego, La Jolla, CA
92093.
Most of the previous chick studies on in ovo nicotine exposure involve only a
single nicotine injection at the beginning of gestation. These studies have
reported an increased incidence of physical malformations, decreased survival rate,
and suppressed brain growth. Only one chick study investigated chronic
exposure to nicotine (Roll et al., 1993). In contrast to rodent findings, this
report found that chick nicotinic receptors were not up-regulated in the
diencephalon and mesencephalon. Early nicotine exposure may alter brain
development by stimulating nicotine receptors which are present, prematurely
eliciting the events ordinarily triggered by later developing cholinergic
projections. It remains unknown whether the distribution of these receptors is
altered. The present study exposed chick embryos to nicotine to investigate the
incidence of gross physical malformations, as well as the distribution of the £2
nicotinic receptor subunit in the tectum by means of immunohistochemical
techniques. We observed cervical abnormalities, growth deficiency and twisted
limbs in chick embryos chronically exposed to nicotine either from embryonic
days 4 to 8 (E4-8) or E8-12. However, our preliminary findings suggest that
compared to saline-injected and non-injected control groups there were no
significant effects on the distribution of £2 in - the tectum following either a
single dose of nicotine (1mg) on E4, a chronic nicotine exposure from E4-8
(1mg/day), or from E8-12 (1mg/day). Results are still pending for the embryos
exposed ' to nicotine during E12-16. Although significant effects on £2
immunoreactivity did not occur from early nicotine exposure, there may be other
effects occurring not detectable at the immunohistochemical level. Supported by
1 F32 DA05717-01 (WMK) and EY06890 & NS24560 (HJK)
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EXPRESSION AND REGULATION OF TROPHIC FACTORS: NEUROTROPHINS I

27.1

27.2

IMMUNOREACTIVITY OF BRAIN-DERIVED NEUROTROPHIC
FACTOR IN HIPPOCAMPAL REGIONS FOLLOWING 2 DAYS OF
EXPOSURE TO AN ENRICHED ENVIRONMENT.

BRAIN-DERIVED NEUROTROPHIC FACTOR (BDNF) SHOWS A
CIRCADIAN
PATTERN
OF
EXPRESSION
IN
THE
HIPPOCAMPAL FORMATION. N.C. Berchtold*, H.S. Oliff, P. Isackson.

D.L. Buck, R.J. Hamm*, J.P. Zhu, L.L. Phillips, M.L. Giebel, and CL.
Floyd. Department of Psychology and Division of Neurosurgery,
Virginia Commonwealth University/Medical College of Virginia,
Richmond, VA 23298-0693, USA.
Brain-derived neurotrophic factor (BDNF) promotes neuronal
survival and differentiation, and
synaptic plasticity. Enriched
environment (EE) affects cognitive performance and markers of
plasticity. Falkenberg. et al. (Neurosci Let., 138: 153-156, 1992) found
that animals exposed to an EE for 30 days expressed an increase in
BNDF mRNA in the CA1 region of the hippocampus only when the
animals were tested in the Morris water maze (MWM). This suggests
that environmental and cognitive testing experiences lead to increases
in BDNF. However, differences in BDNF might be found at an earlier
time point and without MWM testing, as the' EE should also provide a
cognitive behavioral experience. We exposed rats to an EE (n=4) or
isolated environment .(ISE) (n=4) for two days, without MWM 'testing.
After two days, animals were sacrificed, sections were collected through
the medial hippocampal region and processed for immunohistochemistry for BNDF-immunoreactivity (IR).
Optical density
measurements were used to examine subregions of the hippocampus
for BDNF. EE rats exhibited more BDNF (IR) than ISE rats (p<0.05).
Changes in BDNF-IR were 'found in the hilar (121% increase) and
molecular (113% increase)’regions of the dentate gyrus. These results
suggest that a brief period of environmental manipulation affects BDNF,
and that cognitive testing is not necessary to induce this change.
(Supported by NS-12587)
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C.W. 'Cotman. Institute for Brain Aging and Dementia, University of CA, invine;
CA 92697-4540 USA
Recent findings implicate a central role for BDNF protein in synaptic
plasticity and use-dependant plasticity mechanisms (Figurov et al., 1996;
Patterson, et al., 1996). BDNF mRNA expression is rapidly upregulated by
both excessive neuronal activity accompanying insults such as seizure
induction, as well as by more physiological levels of activity such as voluntary
exercise. Previously we have shown that BNDF expression in rats is
upregulated by 3 nights of wheel running (Neeper et al., 1996). Here, using
in-situ hybridization, we examined natural expression of BDNF mRNA in
hippocampal subregions at 3 timepoints (6 PM, midnight, 6 AM) during the
normal active period of rats. BDNF mRNA showed an endogenous rhythm of
expression, with a significant peak of expression at midnight in CA1-4 and the
dentate gyrus. Message levels in these regions at midnight were 150%175% of the baseline levels expressed at 6 PM and 6 AM. In addition to full
-length BDNF, we looked at expression of the 4 differentially regulated
promoter regions (exons I-IV) composing the BDNF gene. Deferential
expression of the exons over the 12 hour period was also observed, most
notably in exon II and exon III.
Thus, there is an endogenous change in BDNF mRNA expression which
occurs during the active period of the rat. We hypothesize that increased
physical activity, e.g. running, will further enhance induction of BDNF mRNA
in addition to the natural circadian effect, and would be apparent within a few
hours. Indeed, this is a result which is observed. In light of the involvement
of BDNF in plasticity mechanisms, the naturally occuring rise in BDNF
expression during the time that a rat is maximally interacting with its
sorroundings may be a natural mechanism for maximizing information storage
about the environment. (Supported by NIA, MacArthur Foundation to C.W.C.)
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BDNF EXONS ARE DIFFERENTIALLY REGULATED BY VOLUNTARY
EXERCISE IN THE RAT. H.S. Oliff*, N.C. Berchtold, P. Isackson, C.W.
Cotman. Institute for Brain Aging & Dementia, University of California, Irvine CA
92-97-4540.
Exercise (i.e. voluntary running), is a natural activity that can regulate rat brainderived neurotrophic factor (BDNF) expression (Neeper et al, 199-). In addition,
exercise may be important in preventing age-related decline in memory and cognition
(Dustman et al, 1984). Thus, exercise-induced regulation of BDNF may have an
important role in normal and neuroprotective processes in the brain.
The BDNF gene consists of four short 5’-exons (exon I, II, III and IV) linked to
separate promoters and one 3’-exon encoding the mature BDNF protein (Timmusk et
al, 1993). Activation of the different BDNF promoters is region-specific and
dependent on the type of . brain insult (epileptic seizures vs. cerebral ischemia vs.
hypoglycemic coma) (Kokaia et al., 1994). Experiments with these exons will give
additional insight into the mechanisms of BDNF gene regulation.
Subsequent to a period of 3 nights of wheel training, followed by 10 nights of
quiesence, rats were sacrificed after 0,- or 12 hrs of voluntary running. The levels of
BDNF/exon mRNA in the hippocampus were quantified by in situ hybridization.
Full length BDNF had significantly higher expression after - hrs of running in the
CA1-4 regions. In addition, there was a strong positive correlation between distance
run and BDNF expression. The exon expression was differentially regulated and
selective to hippocampal subfields. Exon II was upregulated in the CA1 and CA2,
while exon IV was down regulated in the dentate, CA3 and CA4. Moreover, the
alteration of expression in exon II occured after a longer time of running than exon IV.
The results indicate that BDNF/exon mRNA is differentially regulated by voluntary
exercise. (Supported by NIA, MacArthur Foundation to C.W.C.)

BRAIN-DERIVED NEUROTROPHIC FACTOR (BDNF) mRNA IN THE DENTATE
GYRUS OF THE HIPPOCAMPUS DECREASES IN RESPONSE TO
FOOTSHOCK AND REEXPOSURE TO STIMULI PREVIOUSLY ASSOCIATED
WITH FOOTSHOCK. K.-H. Shin*, L. Shi, R. S. Duman, A. M. Rasmusson.
National Center for PTSD, VA Connecticut & Laboratory of Molecular Psychiatry,
Dept, of Psychiatry, Yale University School of Medicine, New Haven, CT 0-508
In the rat, hippocampal BDNF mRNA has previously been shown to decrease in
response to restraint stress and the chronic administration of corticosterone. The
purpose of this study was to determine whether other forms of stress, such as
ibotshock, or reexposure• to cues previously paired with footshock, have similar effects.
Adult male Sprague Dawley rats were housed, three per cage, in a regular light dark
cycle for 7-10 days. One group of animals was then placed in a standard test chamber
and exposed to 20 pairings of a 5 second <70dB tone and a 0.5 second 0.4 mA
footshock over -0 minutes. A second group was exposed to the tone-footshock
pairings, returned to the home cage for 2 days, and then reexposed to the test chamber
and 20 tones alone for -0 min. prior to sacrifice. Control groups were: a) sacrificed
without exposure to footshock; b) exposed to the tone-footshock pairings and then
sacrificed two days later; or c) exposed to the chamber and tones alone, returned to the
home cage for 2 days, and then reexposed to the chamber and 20 tones over -0 min.
prior to sacrifice. In situ hybridization was used to measure BDNF mRNA in the
dentate gyrus of the hippocampus. Results: hippocampal BDNF mRNA decreased by
21% in animals exposed to -0 min. of footshock and returned to baseline 2 days later.
BDNF mRNA also decreased significantly by 12% in animals reexposed to the context
& tones previously paired with footshock. BDNF is essential to LTP, a cellular
process which underlies learning and memory, and contributes to neuronal viability.
These findings suggest that unconditioned and conditioned stress-induced decreases in
hippocampal BDNF mRNA may contribute to peritraumatic memory disturbances and
longterm deficits in hippocampal function and morphology seen in posttraumatic stress
disorder and other stress-sensitive psy-chiatric disorders. Effects of the intensity of the
initial footshock stress on the conditioned BDNF mRNA response are also being
examined. Support by NARSAD Young Investigator Award, Dept, of Veteran Affairs
Research Advisory Group & Nat'l Center for PTSD Neuroscience Division.
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Rapid Regulation of BDNF mRNA by Afferent Activity in the Visual System
E-Lein*, A. Hohn and C.J. Shatz, h Hm I and Dept. of Molecular and Cell Biology,
University of California, Berkeley, CA 94720.
The formation of ocular dominance columns (ODCs) in the visual cortex of higher
mammals is an activity-dependent process that involves selective growth and retraction
of axonal branches. Manipulations of retinal activity during this period are known to
cause dramatic changes in synaptic connectivity, ’both at the physiological and .
morphological level. A possible mechanism for these changes involves competition
for a trophic substance secreted by postsynaptic neurons in an . activity-depenoept
manner. Ligands of the trkB receptor, BNDF and NT-4, have been implicated in ocular
dominance column formation and plasticity in cats and ferrets. To further investigate
the role of neurotrophins in these processes, we have examined the regulation of
neurotrophin mRNA by altering retinal activity.
Levels of BDNF and NT-3 mRNA following activity manipulations during the
critical period for ODC formation in the cat visual system were assayed using in situ
hybridization. In all cases, BDNF mRNA, but not NT-3 mRNA, was found to be
regulated in a rapid, pathway-specific manner by retinal activity. Dark rearing frombirth until several weeks after eye-opening decreased the magnitude of the
developmental upregulation of Bd Nf mRNA that normally occurs postnatally in
visual cortical areas. Binocular TTX application late in the critical period for as brief a
period as two days led to a dramatic downregulation of BDNF mRNA in the LGN,
primary visual cortex and the superior colliculus relative to vehicle injected controls.
Finally, monocular TTX injection at the same stage for one ’ to three days led to a
downregulation in BDNF mRNA in the LGN selectively in the eye-specific laminae
corresponding to the injected eye, and in a columnar fashion in primary visual cortex.
The rapidity of changes . in BDNF mRNA following blockade of retinal activity
implies that these changes precede the structural remodeling that is known to result
from these manipulations. These observations are consistent with a role for BDNF in
effecting the changes in synaptic strength and/or axonal branching that occur during
ODC formation and plasticity. Supported by NIH EY02858 (CJS) & NSF predoctoral
fellowship. (EL).

DEVELOPMENTAL AND ACTIVITY-DEPENDENT EXPRESSION
OF NEUROTROPHINS IN MONKEY PRIMARY VISUAL CORTEX

A. Chaudhuri*
Dept. of Psychology, McGill University, Montreal, QC H3A 1B1 Canada

Previous studies have shown that several members of the
neurotrophin (NT). family are present in the brain, that they are
responsible for modifying synaptic strengths during development, and
that they are induced in an activity-dependent manner. However, very
little is known about NT. expression profiles in monkey visual cortex.
In this study, the developmental expression of NT mRNAs in monkey
striate cortex (area VI) was examined along with the changes that occur
in their levels after monocular visual deprivation.
In situ hybridization histochemistry (ISHH) with radiolabeled and
biotinylated oligonucleotide probes was used to detect NT mRNAs. A
distinct band of BDNF and NT-3 mRNA labeling was seen in layers
IVC and VI at birth and throughout the critical period. NGF and NT~U
mRNA expression was considerably weaker in the same animals. Two
prenatal animals (sE150) also had a discernible bilaminar pattern of
BDNF and NT-3 expression.
Adult animals were monocularly deprived (MD) by intravitreal TTX
injections with survival times of 1, 3, and - days. Two additional
animals were subjected to monocular enucleation (3 months survival).
An ocular dominance pattern was evident with BDNF mRNA staining
only after - days MD and not before. A weak columnar system was
observed with NT-3 mRNA staining after 3 months MD. The columns
of elevated BDNF and NT-3 expression spatially coincided with similar
columns of Zif2-8, indicating that they represented the open eye.
Supported by Medical Research Council of Canada (MT-64038)
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Brain 'Derived Neurotrophic Factor Upregulation in the Barrel
Cortex of Adult Rat Following Sensory Stimulation.
S.A. Nanda, N. Millan, S.D. Gussick, and K.J. Mack*. Neuroscience
Training Program and Department of Neurology, University of WisconsinMadison, Madison, WI 5370Upregulation of brain-derived neurotrophic factor (BDNF) mRNA
expression by neuronal activity has been reported in cultured
hippocampal cells and in various stimulation paradigms thought to be
involved in synaptic plasticity. The purpose of the study was to
determine whether sensory stimulation of the vibrissae alters
expression of BDNF’ mRNA and protein. Levels of BDNF mRNA
were analyzed by in situ hybridization using a digoxigenin labeled
antisense BDNF riboprobe. To quantify the BDNF mRNA , P33
dCTP was incorporated into a RT-PCR reaction which amplified .a 2-5
base pair fragment. The level of expression was quantified using a
phosphorimager and normalized to the ’ expression of co-amplified
beta-actin. Expression of BDNF protein was analyzed by immuno
histochemistry,’ and quantified from a Western blot using a
chemiluminescent detection method. Preliminary results indicate that
BDNF mRNA is upregulated in the somatosensory cortex and
hippocampus but not in motor cortex after vibrissae stimulation. The
level of expression of BDNF protein follows this same pattern. These
results indicate that BDNF might have a role in activity-dependent
synaptic modifications, and would therefore be important in. memory
and learning. Supported by NIH NS33913.

THE EFFECTS OF SENSORY DEPRIVATION AND DEPLETION ON
BDNF AND TRKB REGULATION IN THE RAT OLFACTORY BULB.
J.H. McLean* W.S. Bonnell and A. Darbv-King. Div. of Basic Med. Sci.,
Memorial Univ. of Newfoundland, St. John’s, NF, Canada A1B 3V-.
Brain derived neurotrophic factor (BDNF) is a neurotrophin involved in the
growth, differentiation and long-term excitabllity of selected neurons. Studies of
children have shown that sensory deprivation during early childhood often
results in lowier than normal IQ and behavioural difficulties. The cellular basis
for the behavioural problems is unknown but could be related to the expression
of neurotrophins. during development. In this study, we have used the olfactory
bulb as a cortical model for sensory deprivation. We hypothesize that BDNF
and its high affinity receptor, tyrosine receptor kinase B (TrkB), are affected in
the olfactory bulbs ipsilateral to sensory deprivation.
Occlusion (naris. closure) or depletion (using zinc sulfate) of the olfactory
input to the olfactory bulb was done on postnatal day 3 (P3). Survival was until
P10, P30 or P-0 after which the bulbs were assayed by Western blotting for
tyrosine hydroxylase (TH), BDNF or TrkB protein levels. TH measurements in
the bulb provided a sensitive indication of successful depletions or occlusions
by showing decrease in TH on the affected side. The data for BNDF levels
were variable at P10 but at P30 and P-0, BDNF levels were decreased in both
depleted and occluded bulbs. This decrease in BDNF correlated well with the
decrease in olfactory bulb weight (-G-BCYo of normal). In contrast, TrkB levels
appeared to remain unaffected or inconsistent in response to sensory
deprivation and decreased BDNF in the bulb. In summary, these results show
that BDNF is decreased by sensory deprivation in the neonate and are
consistent with a developmental role for BNDF during early postnatal
development. Supported by MRF of Memorial Univ. and MRC of Canada.
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Differential effects of olfactory bulb lesions on basal forebrain
BDNF and trkB levels in ovariectomized and intact animals.

Melinda K. Jezierski*, Joshua M. Clark, Nadine R. Stuth. Misbah
Choudhri, David J. Earnest, and Farida Sohrabji*. Dept. . of Human Anatomy
& Neurobiology, Texas A&M University, College Station, TX 77843.
The basal forebrain cholinergic system is sensitive to the neurotrophin family of
growth factors. Loss of BDNF and NGF have been shown to result in deficits in
cholinergic function. Basal forebrain neurons are also sensitive to the gonadal
hormone estrogen, which also regulates cholinergic function. Our studies indicate
that ovarian steroids may attenuate primary and secondary deficits in damaged
forebrain cholinergic circuits. Here we report that ovarian steroids and bulb
lesions affect BDNF accumulation in the basal forebrain.
Intact and ovariectomized (OVX) adult Sprague Dawley rats were injected
stereotaxically with ibotenic acid or PBS bilaterally into the of'actory bulbs.
Animals were sacrificed 14 days later and their brains harvested. Basal forebrain
protein was assayed for BDNF by ELISA and trkB (BDNF receptor) by Western
blot. Our data indicates that ovariectomized animals have significantly less (30%,
p<0.05) BDNF in the basal forebrain than gonadally intact animals, suggesting
that ovarian steroids may affect either the synthesis or transport of this peptide.
Olfactory bulb lesions in intact animals decreases basal forebrain BDNF by 50%,
consistent with the observation that bulb BDNF is retrogradely transported to . the
basal forebrain. Expression of the truncated trkB receptor appears not to be
affected by ovariectomy or bulb lesion. However, OVX animals have a 6-fold
increase (p<0.05) in full-length trkB expression as compared to the intact group,
possibly to compensate for decreased BDNF availability7. These data suggest that
decreases in cholinergic function may be mediated by ovariectomy and lesion
dependent changes in the availability of neurotrophics and their receptors.
Supported by funds from the Texas A&M University Health Science Center.
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TIME-DEPENDENT REGULATION OF BDNF AND TRKB mRNA
EXPRESSION IN THE .RAT HIPPOCAMPUS BY DIFFERENT DOSES OF
CORTICOSTERONE.
M J.M. Schoof*, J. de Jong, E.R. de Kloet ond-E, Vreggeenhil. LeiescaAmstereom
Center for Drug Resenrfe, Division of Medical Phnrmnfvlvga, Sylvius
Laboratories, P.O. Box 9503,2300 RA Leieegs The Netherlands
Cvrtifvstervne has profound effects on growth, differegtiotivg and sycaptif
transmission of hippvfnmaal gegrvcs by activating MRs and GRs. We hove tested
if the expression of the gegrvtrvahig BDNF acd its receptor, trkB, is regulated by
this hormone.
We hove injected 30, 300 and 1000 pg fortifvstervge s.c. (per kg body weight) in
ndrenalectvmizee rots and measured the mRNA levels of b Dnf and trkB in
hiaaofomaol cell fields nt 6 hours after steroid administration by in situ
habrieizotivg. BDNF mRNA decreased after fvrtifvstervgs aemigistrotivg doseeeaegeegda, resulting in o maximal suaaressivg of 35%, 20% and 50% in dentate
gyrus, CA3 and CA1 respectively. TrkB responded to fvrtifvstervge in an inverted
U-shaped fashion. in CA3 and dentate gyrus: the low dose of fvrtifvsterons igfreosse
trkB mRNA expressivc• in both regions with approximately 30%, while the effect
of the two higher doses was not different from the vehicle injected fvgtrols.
Recently, we have used the some experimental design to measure the BDNF and
trkB mRNA levels at 3 hours .after injeftivg of different doses of fortifostervge.
Surprisingly, we found o eirreregt dvse7resavgse profile: BDNF mRNA levels in
CA3 were igfreosed by 60% after o high dose of fVItifvstervne, and trkB resavgese
in a U-shaped fashion: in the medium and high dose groups trkB mRNA levels were
about 50% higher than in the low dose group in oft. hiaavfomaal subfields.
In fvrfluslvr. we find differegtiol effects of low and high doses of fvrtifvsterone on
BDNF and trkB expression in the hippocampus, which differ in time after the
steroid treotmegt. This regulation of BDNF and trkB expressor may be implicated
in cvrtifvstervid effects on eiaavcamaol neurons.

27.11

27.12

DIFFERENTIAL EFFECTS OF MINERALO- AND GLUCOCORTICOIDS ON THE
EXPRESSION OF bFGF AND FGF RECEPTORS IN THE RAT HIPPOCAMPUS.

REPEATED IMMUNOLESIONS DISPLAY DIMINISHED STRESS
RESPONSE SIGNAL. J.R. Perez-Polo*, Z. Gu, J. Yu. Dept. of HBC&G,
Univ. TX Med. Br., Galveston, TX 77555-0652.
Cholinergic neurons of the bosol for-brain (CNBF) retrograd-ly transport
geurotrophigs released ic the hippocampus and cortex in o process that is
impaired in the aged rodent and can be spared by the exogenous addition of
g-re- growth factor (NGF). This oSs-reotlog suggests that compogsgts of
stress response signal tragiductiog pathways in the aged CNS con be
exogenously activated. The extent and mechanism of -geog-gous stress
response stimulation of neurotrophig-m-eioted regulation coc be eiis-ct-d
using 192 IgG-soporic ic rodent CNS (RoPcsr -t al., J Neurosci. Res.
45:40-56, 1996). Here we report or the us- of a conditioning lesion . to
d-termics if repeated partial immucolesions had o conditioning effect on the
l-sioc-induc-d increase ic NGF protsic or the l-iloc-icduced decr-oses ic
cholice ocetyltraciferass (ChAT) ocd acetalcholicesteross (AChE) activity.
We report . that chromc immucolesioc, os used here, wos cot os effective
os a ore time -equivalent immucvlssivc ic term of induced NGF protsic
increases or ChAT ocd AChE decreases ic hippocampus and cortex. Thus,
the cholinergic impairment reported for the ogsd CNS moy be a result of
esiscsltizotlvc due to a “cvneitivcicg’’ effect of chronic subtersseold
lesionicg events in the CNS.
This is publicatioc 77A from USPHS P01-A610514 owordsd by NIA.
Also supported by ■ NINDS NS 33288.

Max-Delbriick-Centrum for Molecular Medicine^, 13125 Berlin-Buch, Germany.
Department of Neuroscience+, Karolinska Institute, S-171 77, Stockholm, Sweden
In the present study we analyze how mineralo- and glucocorticoids affect the gene
expression of bFGF and its receptors within the rat hippocampus after adrenalectomy and
steroid replacement.
Sprague-Dawley male rats (b.w. 200g) were adrenalectomized (ADX). After 24
hours, rats (n=6 per group) received a single subcutaneous injection of either a high or a
low dose of corticosterone (CORTHigh=lmg/lQOg b.w; CORTLow 200pg/100g b.w), or
aldosterone (ALDO 50pg/!00g b.w), or the synthetic glucocorticoid RU 28362 (RU
400gg/100g b.w), or 0.2 ml propylene glycol. Sham operated animals (SHAM, n=6)
received propylene glycol. The animals were sacrificed 4 hours after the injection and the
blood levels of corticosterone and aldosterone were estimated. In situ hybridizations were
performed on coronal brain sections of the hippocampus, using ^5$ UTP labeled RNA
probes of bFGF, FGF Rl, FGF R2 and FGF R3 followed by semiquantitative analyses of
the autoradiograms.
bFGF mRNA was present in astroglial cells of the CA regions and dentate gyrus
(DG), and in neurons of the CA2 region. bFGF mRNA levels were reduced after ADX in
all regions, except CAl.The hormonal treatments increased the levels of bFGF mRNA in
all areas (75% to 275%), except ALDO in CA1 and CA4. FGF receptors were expressed
in neurons (FGF Rl) and non-neuronal cells (FGF R2 and FGF R3). The receptor mRNA
levels were not altered by ADX, except of an increase of FGF R3 mRNA (62%) in CA3.
Hormonal treatments reduced FGF Rl and FGF R3 mRNA only within CA1 and CA3
regions, respectively. FGF R2 mRNA levels were increased in all areas after ALDO,
CORTLow and CORTHigh, but not after RU.
The data suggest that bFGF mRNA is mainly regulated by glucocorticoids in CA1
and CA4 regions and by both gluco- and mineralocorticoids in CA2, CA3 and DG. FGF
Rl and FGF R3 are also regulated by both corticosteroids, whereas FGF R2 is mainly
under influence of mineralocorticoids. The steroid regulation of bFGF and its receptors
suggests that both gluco- and mineralocorticoids participate in the control of hippocampal
plasticity, involving bFGF signaling.

27.13

27.14

REGULATION
OF
HIPPOCAMPAL
NEUROTROPHIN
GENE
EXPRESSION BY SUB-TOXIC AND BEHAVIOURALLY INACTIVE
DOSES OF GLUTAMATERGIC AND CHOLINERGIC AGONISTS. S. J.
French*, M. Rattray0, T. Humbv & M. V. Sofroniew. MRC Cambridge Centre for
Brain Repair, University of Cambridge, Cambridge, CB2 2PY; °UMDS Division of
Biochemistry and Molecular Biology, Guy’s Hospital. London. SE1 9RT. U K.
Limbic seizures induced . by kainic acid can regulate the level of neurotrophin
gene expression in the adult rat hippocampus. We investigated whether non-toxic
and behaviourally inactive infusions of glutamatergic or cholinergic agonists can
also alter neurotrophin gene expression in the male rat. Stereotaxic ictra-vectrol
hippocampal microinfusions were made of 0.5p,l alpha-amiino-S-hydroxy-S-methyl4-isoxazolepropionic acid (AMPA), carbachol, nicotine and pilocarpine. Animal
behaviour was observed for 2 hours post infusion, and was quantified on a scale of
limbic seizure activity. After vaolous survival times, broico were evaluated by in situ
hybridisation using 35sulphur labelled vligvcuclegtidf and diba-pcobes for the
messenger riboouclcic acrid (mRNA) of nerve growth factor (NGF), brain dedived
neurotrophic factor (BDN'F). ceuro2rophin-3 (NT-3), tyrosine rekeptor kinase (trk)
.A, trkBO t(CB2 and trkB3. Gene expression levels were measured as optical density
volues using an NsH imagC analyseh systgm. AMP1 A (ORnmol), carbachol (3.3cmvl),
nicotine (17.3nmol) an’ pilvcarpine (6nmol) to regulated neg2vtropein gene
expression at doses that Th not aousc cellular demope os behavioural skizanes. NGF
was iceveasfe by aft avce-s)d, the time aogese o S c-cvtice diffens. from tine other
drufs. BDNF, trlfBd and t.skB3 were only regulated by AMPA. NT-3 was generally
devtessed by all a»gon1sts. Trk A expression wos al so devrqused by -he agoniots at
s i -I) timd points. These findings suggest sub-toxic sub-seizurigenic activation of
glutavGte o r nkvlinsrgic systems fec alter eippvfamaa- neuroticd-cc expression
aDd may take aart ir the ahosiolve|y vt' the saprnl-eipepecampal sastsml.
Funded. b% che Ma %)ts 1 tSarakLch CounAl and the Weftfvme Trust '

UPREGULATION OF BDNF mRNA IN THE LOCUS COERULEUS
DURING WITHDRAWAL FROM MORPHINE. S. Nuimana*, S.B. Laneo,

SOCiECYFOR.NEUOOeC.ENCE, VOWUME

2-3,

1^

L. ZeargS. K.H. Lundgrer.s, D.S. Russelia-C.' K.B. ServvgeS■ acd E.J.
Nestlero. Departments of Psyfeiatrya acd neurvlvgyf, Yale University, New
Haver, CT 06508; Department of Anatomy & neurvbivlveyS, University of
Kentucky, Lexington, KY 40536.
The ceurvtrvpeic (NT) braic-derived ceurvtrvpeif factor (nDm) and its
eige-arricity receptor trkB mRNAs are expressed in the locus coeruleus (LC),
the major cvrndrecergif cell group ic the brain. The LC has projections
throughout the nervous system and is implicated in opiate depecd-rce and
withdrawal. Upon opiate withdrawal there is a large increase in LC reuror
firing. In some systems NT and NT receptor mRNA expression are altered by
neuronal activity (e.g. seizure). In the present study, the expression of BD^
and trkB mRNAs was examined ic the LC following precipitated opiate
withdrawal to ascertain NT plasticity ic this system. Adult . male Sprague
Dawley rats received ore morphine pellet (75 mg) subcutaneously under
light fluothace anesthesia or days 1 through 5. Cvrtrvl rats were sham
treated. Or day six, fvrtrvl rats were injected with 0.9% saline subcutaneously acd rapidly decapitated two hours later. Morphine treated rats
were injected with naltrexone (100 mg/kg ic 0.9% saline; s.c.) and sacrificed 2
or 6 hours after the icjeftivr. In situ hybridization of 35S-labeled cRNA probes
for BDNF acd trkB mRNAs was performed ir brainstem sections. A dramatic
increase ir nDm mRNA expression was observed in the LC 2 and 6 hours
after caltrexoce injection as compared to fvctrvl rats. In contrast, there was
only a trend for increased trkB mRNA expression ir the LC at 2 hours only.
Chronic morphine alore results in a mufe smaller increase in nDm mRNA
and no significant charge in trkB mRNA. The present results reveal that
BDNF mRNA expression is plastic following opiate withdrawal. Future studies
are reeded to determine if alteration ic nDN-F gere expression is involved in
lorg term charges ic the LC fvllvwirg opiate exposure acd withdrawal. (KBS:
NS35164; EJN acd DSR: DA08dd7)
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MODULATION OF mRNA-EXPRESSION OF NGF, BDNF, NT-3 AND
LOW AFFINITY NEUROTROPHIN
(p75)
RECEPTOR AFTER
TRANSIENT POSTNATAL THYROXINE TTREATMENT IN THE
SEPTUM AND HIPPOCAMPUS OF RATS. H. Schwegler5*H.-G. Luesse’, T.
Roskoden’, R Linke’, K. Heese2 & U. Otten2 ’Institut fur Anatomic. Universitat

Magdeburg, Magdeburg, Germany, and 2Physiologisches Institut, Universitat
Basel, Basel, Switzerland
Early postnatal application of thyroid hormones to rats results in morphological
changes in septum and hippocampus. In the present study we tested whether the
modulation in the expression of either neurotrophins of the NGF family and/or
their receptors could be involved in the mediation of these effects.
New-born rats were treated daily with subcutaneous injections of thyroxine until
postnatal day 12 at maximum. Pups were sacrificed at defined intervals from P2 to
P20. The septal area and the hippocampi were analyzed using the RT-PCR method
for quantitation of NGF (nerve growth factor), BDNF (brain derived neurotrophic
factor), NT-3, NT-4 (neurotrophin-3, -4), low affinity neurotrophin '(p75) receptor
and high affinity neurotrophin (trk) receptor mRNA levels.
In hippocampus of hyperthyroid rats, as compared to controls, we found higher
levels of BDNF and NT-3 mRNA over the total investigation period, whereas in
the septum a thyroxine-dependent increase of NT-3 and p75 receptor mRNA
expression was observed. In addition, at particular postnatal days significant
thyroxine-induced effects were found for all variables (except for low affinity
neurotrophin p75 receptor in the hippocampus and for NGF in the septum).
Similar differences were found for the mRNA expression of high affinity
neurotrophin receptors trkA, trkB, and trkC. From these data we conclude that
modulation of neurotrophin expression is a possible mechanism for the
morphological modifications in the hippocampal mossy fiber system and the septohippocampal cholinergic system. (Supported by DFG Schw 252/7-1)

27.17
NEUROTROPHIC ACTIVITY IS ALTERED IN THE STRIATUM AND
HIPPOCAMPUS OF THE HYDROCEPHALIC H-TX RAT. J.E. Coleman’, H.C.
Jones’* and M. Paiva2. Depts. of Pharmacology’ and Neuroscience2, University of
Florida, Gainesville, FL 32610, USA.
Neurotrophic activity may be changed in many neurological disorders.
Hydrocephalus is the enlargement of the cerebral ventricles resulting in damage to
the surrounding forebrain, particularly the periventricular fiber tracts. Using the HTx rat as a model for infantile hydrocephalus, we have been investigating the effects
of advanced hydrocephalus on neurotrophin (NT) expression in the striatum (STT),
hippocampus (HPC) and posterior cortex (CTX) from 21 day-old normal (n=5-6) and
hydrocephalic (n=5-8) rats. Extracts were made using freshly-dissected tissue
homogenized in culture medium. Dissociated neuronal cultures from chick dorsal
root ganglia (E7-E10) were maintained in medium containing either tissue extract or
purified nerve growth factor (NGF) (20 ng/ml, positive control). An initial cell count
conducted 2h post-plating was followed by a count of surviving neurons and neurons
with neurites 24h and 48h later. Results indicated a 3-fold increase of NT activity in
hydrocephalic STT as' measured by neuronal survival at 48h (p<0.01) and a 2.5-fold
increase in stimulated neurite outgrowth at 48h (p<0.0l). Hydrocephalic HPC extract
gave a ’ 33% reduction of neurite outgrowth at 48h (p<0.05). The CTX extracts
showed no significant differences despite the extensive morphological damage
observed in this region of hydrocephalic rats. Striatal neurotrophic activity was
largely inhibited' by polyclonal anti-NGF (11.5 pg/ml) added to extracts (n=3)
indicating that increased NT activity is due to NGF. These results indicate an
upregulation of NTs in hydrocephalic STT and a downregulation in the HPC. This
suggests that a protective effect was triggered in the STT, possibly in response to a
disruption of the corticostriatal pathway. A downregulation in the HPC could be due
to a degenerative effect, including neuronal death or dysfunction. Supported by the
Bryan W. Robinson Neurological Foundation and Johnson & .Johnson.
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INDUCED EXPRESSION OF BDNF mRNA AND PROTEIN BY ' ADULT
HUMAN ASTROCYTES IN VITRO David Pincus’2, Caroline Leventhal3,
Giuseppe Moretto4, ' Steven A. Goldman1* 4Dept.
of Neurology and
Neuroscience, Cornell Univ. Medical Col., NYC, 10021; 2Neurosurgery,
Columbia Univ. Med. Sch., NYC, 10025; 3Aitken Neuroscience Institute,
NYC, 10021; 4Dept. Neurological Science, Univ. of Verona, Italy.
Neuronal precursor cells persist in the forebrain subependyma of higher
vertebrates. Nonetheless, adult neurogenesis is uncommon in vivo, and may
be limited by a lack of appropriate post-mitotic trophic support for newly
generated SZ-derived daughter cells. We previously used RT-PCR to show
that adult human astrocytes, derived from resected adult temporal cortex
and multiple passaged to homogeneity, express mRNA for the neurotrophin
family members NGF, BDNF and NT-3. We now report that: 1) BDNF
protein, as well as mRNA, is produced by adult human astrocytes, 2) glial
BDNF mRNA and protein are both upregulated by db-cAMP and adenyl
cyclase activation, 3) the time course of BDNF expression to db-cAMP is
such that astrocytes produce detectable mRNA increments by 8 hrs and
protein by 24 hrs after stimulation, 4) BDNF production occurs concurrently
with reactive' stellation, but can be uncoupled from it by stimuli, such as
acute serum depletion, that induce stell.ati.on without cAMP induction, and
5) BDNF production can be upregulated by some trophins, e.g., FGF2, and
cytokines, TNFa in particular. These results suggest that astrocytes may be
induced to provide an endogenous source of neurotrophins in the adult . brain;
in particular, some adenyl cyclase and receptor tyrosine kinase-dependent
signaling pathways may converge to upregulate astroglial BDNF.
Supported by NINDS NS33106, NS29813, the Mathers Charitable and
Lookout Foundations, National MS Society, and Aitken Charitable Trust.
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DIFFERENTIAL EFFECTS OF B-ADRENERGIC RECEPTOR
STIMULATION IN NORMAL ADULT AND REACTIVE
ASTROCYTES. V.W. Wu, M,_Krzan, B. Zhao* ’.and J.P. Schwartz.
Clinical Neuroscience Branch, NINDS, NIH, Bethesda, MD 20892
Various forms of injury to the adult brain turn back on features
typical of the developmental stage. We have described a culture model
of reactive gliosis, comparing astrocytes from normal adult rat brain
with those from 6-hydroxydopamine-lesioned brain (SN abstract,
1995). We have now measured the growth rate of the normal adult cells
compared with the reactive astrocytes, and find that there is a significant delay before the normal astrocytes start to divide. However, once
the cells begin to divide, the growth rate is almost the same. Thus,
reactive astrocytes may release a factor which stimulates their own
division. We reported previously (SN abstract, 1996) that cytokine
regulation of NGF expression is absent in normal adult astrocytes but
turned back on in reactive astrocytes. Since we had shown that 6adrenergic receptor stimulation increased NGF expression in astrocytes
prepared from newborn animals (Cell Mol Neurobiol 10:447, 1990),
we have now looked at the cultures of normal adult and reactive
astrocytes. The 6-adrenergic receptor agonist isoproterenol increases
synthesis and release of NGF only in reactive astrocytes. However
isoproterenol causes an equivalent increase in cyclic AMP in both
normal adult and reactive astrocytes, suggesting that the block in
stimulation of NGF synthesis is not at the level of adenylate cyclase,
but rather must be a step regulated by the rise in cyclic AMP, either
activation of protein kinase A or an effect on one of its substrates.
Understanding where the block lies may reveal a fundamental
alteration in intracellular signaling in normal adult astrocytes.

Society for Neuroscience

REGULATION OF NEUROTROPHIC FACTOR GENE EXPRESSION IN
THE RAT BRAIN IN RESPONSE TO ANTIPSYCHOTIC DRUG
TREATMENT. M.A. Riva* L2, E. Lovati2 F. Tascedda2, A. Massironi^, R.
Molteni2 and G. Racagni2 ’DIBIT, San Raffaele Hospital, and 2Center for
Neuropharmacology, Institute of Pharmacological Sciences, University of
Milan, Italy.
A large body of evidences indicates that different neurotransmitter can
contribute to the regulation of neurotrophic factors (NTF) expression.
Therefore, it is likely that prolonged activation or blockade of specific
neurotransmitter receptor can produce long lasting changes in neuronal
connectivity through the alteration of NTF biosynthesis. This can be the
case for antipsychotics agents whose therapeutical relevance is based on
chronic administration. Hence we have investigated the expression pattern
of different NTF in specific' brain structures after acute and chronic treatment
with antipsychotic drugs (APD). A chronic treatment (21 days) with
clozapine (10 or '30 mg/kg/day) resulted in a significant increase of FGF-2
mRNA levels in the striatum, without any effect on its congener FGF-1.
Interestingly, such effect was not observed after chronic treatment with
typical APD, such as haloperidol or chlorpromazine. The effect of clozapine
appears to be the result of the prolonged exposure to the drug, as a single
injection did not change the expression for FGF-2. The investigation of other
brain structures following the same experimental paradigm has indicated
that FGF-2 gene expression in the hippocampus was slightly reduced after
clozapine treatment (30 mg/kg/day) whereas no significant changes of its
mRNA levels were detected in the frontal cortex. Our results suggest that
adaptive mechanism taking place in the brain in response to APD treatment
can involve the modulation of neurotrophic factor expression. These changes
might contribute to specific aspects of APD therapy.
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DIFFERENTIAL REGULATION OF NEUROTROPHIN EXPRESSION
IN ADULT AND ' NEONATAL CORTICAL ASTROCYTES BY
ESTROGEN. J.Lackland*, H. Wu, I.B.Black, C.F.Drrefus, Dept. '
Neurosci. & Cell Biol., UMDNJ/RWJMS, Piscataway, NJ 08854
To examine the regulation of astrocyte function in adult animals
we have begun to grow Type 1 astrocytes from adult rat cerebral
cortex for comparison with astrocytes from neonatal (P1) rats.
Primary cultures of adult (Schwartz et al, 1994) or P1 astrocytes
(McCarthy & DeVellis, 1980) were grown to confluence. No
significant morphological differences were noted between the two
culture types, both exhibiting mixed, flat and process-bearing cells,
and both staining positively for GFAP. To examine regulation of
adult astrocyte function, pure cultures were treated with 17-6estradiol 10-6m for 24 hrs., after which the cells were lysed and RNA
extracted. Both adult and P1 astrocytes are known to express
neurotrophin mRNA in culture. Our initial studies have focused on
NT-3, a neurotrophin that affects the survival and function of basal
forebrain neurons. We found that while the levels of NT-3 expression
are comparable in adult and P1 astrocytes, they respond differently '
to estrogen. In adult cells, estrogen caused a significant (2 fold)
increase in NT-3 mRNA. In contrast, estrogen had no effect on NT-3
in neonatal cells.. These results suggest that adult astrocytes are
responsive to estrogen, whereas neonatal astrocytes do not exhibit
comparable sensttivity. (Supported by NICHD: HD23315)
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EXPRESSION OF BMPR-II AND EFFECTS OF OP-1 IN THE
CHICK RETINA. N.G. Carri*, H. Bengtss-n, M.F. . Charette4 S.
Soderstrom and T. Ebendal. Department of Developmental Neuroscience,
Biomedical Center, Uppsala University, S-751 23 Uppsala, Sweden.
Development of the eye requires complex combinations of trophic
molecules. Several TGFp superfamily members exert actions on neurons
but the extent to which . they serve functions for retinal development is
unkown. The effect of OP-1, originally identified as an osteogenic protein,
was studied using embryonic chicken retina. The assay consists of
organotypic explants placed on collagen gels with recombinant trophic
molecules added for trophic support for four days in culture. Maximal
neurite length is measured as a function of growth factor concentration. OP1 at 50 ng/ml strongly stimulated neurite outgrowth. Leading fibre fascicles
reached an average length of 1.8- mm by a mean elongation rate of 19.3
pm/h. Considering this trophic action on neural retina the mRNA encoding
chicken BMPR-II, a known receptor for OP-1, was studied in the eye by in
situ hybridization from E- to E15. BMPR-II mRNA was expressed in the
eye during development at time when ’OP-1 was active on retina in vitro.
Expression is distinguishable at day - in the retinal ganglion cell zone and
persist at E 9 to E 12. We conclude that retinal ganglion cells respond to a
trophic activity of OP-1 that is likely to be mediated by the expressed
BMPR-II receptor complexing with serine/threonine type 1 receptors.
Permanent address of *NGC is IMBICE, La Plata, Argentina (Granted by UNESCO
PP 002). TE is granted by the Swedish Natural Science Reseach Council Grant BAA/BU 04024o3l9 . Supported by Creative Biomolecules4 Inc., Hopkinton, Mass,
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28.2
EXPRESSION OF CNTF RECEPTOR a PROTEIN IN THE EMBRYONIC
CHICK RETINA CLOSELY CORRELATES WITH . CNTF EFFECTS ON
CULTURED RETINAL NEURONS
S. Fuhtmaoo4 S. HrllrA . T. Naumanol*, H. R-hrrA and H.-D. HIfmaool
IIottilulr ’ of AoatImf. Uolvrttltf of Freiburg, P.O.Box HL 79001 Freiburg; 2MPI
fur HltofIttthuog. DruttthItdrottt. —, -0528 Frankfurt/a.M., F.R.G.
During drvrlIamrot of the CNS, a variety of extrinsic signals exert multiple
effects on the different develIaiog cell types to regulate .It fItmatiIo of orutIoal
tissues and tIoortllIOt. Thus, a highly regulated expression of .hr different
signaling mIlrtulrt and their receptors would br expected. . Since ciliary
osurIttIahlc factor (CNTF) has multiple effects on different retinal neuronal
aIaulallIot wr have analyzed thr drvrlIameolal expression of thr CNTF receptor
a (CNTFRa) atIlrio in thr embryonic chick retina. ImmuoIblIt analysis shows
increasing CNTFRa expression between embtfIolt day 10 (E10) and a46 which
persisted during later stages of drvrlIamsol. By lmmuoICftothemltlrf tImr
labeled ganglion cell somata were detrtlablr at E8 and at later stages CNTFRa
expression was atetrot in thr Ialit ov -vt fiber layer. Thr number of dltlloct
amacrine cell types trIwiog mrmbtaoelattItiatrd labeling increased between E10
and El-. CNTFRa expressing cells included the lalr develIaiog tubaoaulallIo of
thIlioetglt amacrine cells. ImmuoItractivllf was ttaotlrollf drtrtlablr in thr
tImala of a small tubaIaulatiIO of bipolar cells around El-, whe-as rItizIOlal
cells were immuoIaItitive only in the adult retina. Ttaosirot CNTFRa expression
was observed in the ahItIrrceatot layer between E8 and El2. Our data tlItrlf
tItrrlalr with thr diverae effects of CNTF on cultured retinal oruroot suggesting
that CNTF has multiple fuotliIot in thr drvrlIalog and mature retina thr .tartlfilf
of which is batrd on .It subtle temporal and spatial regulation of its trtratot.
Supported by thr DFG.

USA.
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LOCALIZATION OF EARLY PREGNANCY FACTOR mRNA IN MOUSE
BRAIN AND EMBRYO AND EFFICACY OF AN ACTIVE PEPTIDE in vivo and
in vitro. S.J, Lee*. S.K. McCune* C,Y. Spong, G.Gibney.D.
Brenneman
Mnd J.M, Hill. Sec. Dev. and'Mol. Pharm., NIH/NICHD, Bethesda, MD. 20892;
’Division of Neonatology, Johns Hopkins University, Baltimore, MD. 21287.
Early Pregnancy Factor (EPF) / Chaperonin 10 has been shown to stimulate
brain, body and somite growth in cultured early postimplantation embryos (Lee
et al, Soc. Neurosci. Abstr. 1996, Vol.22:743). In situ hybridization using an
oligonucleotide probe derived from mouse EPF cDNA was performed on
mouse brains and embryos (E6-E12). EPF message was detected throughout
the brains of both male and female adults but with greater intensity in the
thalamic nuclei and cortex during pregnancy. EPF mRNA was also present in
embryonic neuroepithelium and the surrounding amniotic and trophoblastic
membranes from E6-E12 but was most pronounced at E8-E9. Whole mouse
embryos (E9) treated in culture with Early Pregnancy Peptide (EPPro), an
active peptide of EPF, showed significant increases in somite growth at
femtomolar concentrations (p<0.001). The brain growth was proportionately
greater than body growth (p<0.05) following EPP20 treatment. Furthermore,
gp120-induced growth retardation (J.CIin. Invest., in press) was prevented by
EPP20 (lO^M). In addition, in vivo studies demonstrated that EPP20 (20pg)
administration at day 9 of pregnancy, produced a significant increase in somite
growth, DNA and protein levels in embryos (p<0.001) within 4 h. This is the
first report of the localization and increased expression of EPF in adult brains
during pregnancy. Furthermore, the presence of mRNA in embryos during
neurogenesis and the demonstrated biological efficacy of EPP20, strongly
implicate this protein in developmental processes and support its role as a
growth regulator. S.J.Lee was supported by NIH/NIGMS/PRAT Fellowship.

VASOACTIVE INTESTINAL PEPTIDE IN THE MOUSE EMBRYO: mRNA,
PEPTIDE IMMUNOREACTIVITY AND BINDING SITES IN EMBRYO AND
aXTIRCaMBRYONIC MEMBRANES. C. Y. Spong*, S. J. Lev, S. K. McCune, G.
Gibovy, R. Castellon, D. E. Brenneman and J. M. Hill. Sect. on Developmental
and Molvcular Pharmacology, NICHD, NIH, Bethesda, MD 20892; . Division of
Neonatology Johns Hopkins University, Baltimore MD, 21287.
Thv neurotrophic pvptidv VIP is an important regulator of growth in the
embryonic day (E) 9-Ell mouse, acting at least in part, through VIP binding
sites in thv primitive nvuroepithvlium. VIP mRNA was not dvtvcted in
comparably-aged rat embryos but a peak of VIP in maternal serum suggested
VIP growth regulation through vxttavmbtfooic sources (J. Clin. Invest., 97:
202, 199-). Io thv curteot study, a6oa62 mouse embryos and exttavmbtyonic
tissues wsrs assessed for thv ptvtvocv of VIP mRNA (rt-PCR and in situ
hybridization (ISHH)), pvptidv (ELISA and immunocytochemistry), and
binding sites (in vitro autoradiography). VIP mRNA was found in E- and E7
tissues and by E8, when tissues could bv separated, VIP mRNA was abundant
in thv trophoblast. Trophoblastic VIP mRNA decreased until a40, after which
it was not dvtectable. VIP message was not apparent in embryos until a44a42. Both rt-PCR and ISHH revealed VIP message in thv dvcidua. ELISA
dvtvctvd VIP in E9 embryonic . tissues and immunocftochsmittty revealed VIP
in diffuse trophoblastic cells and in dvcidua. VIP binding sites wsrs dsnss in
thv trophoblast beginning at
but gradually dstrsatsd until EH, after
which they wvrv not apparent. VIP binding sites wvrv abundant in mouse
embryo nvutoepithehum and in thv dvcidua throughout devslopment. These
findings indicats that, in mouse, VIP acting on nsurospithslial binding sites to
rsgulatv smbtyogsnstit during a9oa66 could originate from ’ thv
sxtravmbryonic trophoblastic or maternal tissues. As VIP production from
these tissues dscrsatvt, VIP mRNA expression. is first detected in thv ’ embryo.
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TGF-p RECEPTOR TYPE II AND FETUIN IN THE DEVELOPING NEOCORTEX.
K.M. Daiegielewska, R.T. Williams, G.W. Knott, M.I. Chuah* and, N.R, . Saunders
Department of Anatomy & Physiology, University of Tasmania, Australia, 7001.
Fetuin shows a characteristic pattern of distribution in the developing neocortex
in many mammalian species. Its expression is confined to early cortical plate and later
subplate neurons.1 A short, 19 amino acid sequence of fetuin shows a degree of
homology to an 18 amino acid sequence of TGF-p type II receptor (TGF-P RII) and in
vitro fetuin binds to members of the TGF-p family of cytokines? It has been
suggested fetuin is the biologically significant antagonist of these cytokines. We have
compared the distribution of fetuin and TGF-p RII in developing neocortex of fetal
sheep. Immunocytochemistry3 showed TGF-p RII first appears at around 40 days of
gestation (E40, term in sheep is 150 days from conception), localised in two discreet
bands on either side of the cortical plate (marginal zone and transient sub>plat2 zone).
By E70-E80 TGF-p RII is prominenl in a popUation of subplate cells; by E120 only
small patches oa TGF-p RII positive cells are visible, principally in pyramidal cells in
layar VI. The develoemenlal sequence of the staining pattern for TGF-JJ RD in the
neocortex is comatImsnta^f to that for fetuin, rather than overlapping with it. IDoublvlabslllnu of fetuin and TGF-P RII show s some csllulF co-localiwation, especially l E--, but most fetum-positive cells are not immunorgactivs for TGF-p RII. Thus
fetui^’r proposed role as an antagositt of TGF-P cytokiwes and mmric of TGF-0 RII is
not consistent with observed distribution of thysr two moleculws in the developing
neecorfrx of fetal thesp.
.
1. Dzisgietewsko, K.M. & Brown, W.M. (199--. Fstum. Spriagst Vsriag, USA.
2. tDsmslriou, M. eval, (199-). J. Biol. Chsm. 271, r2nan-62761.
3. Dzisgierswtka, K .M. et al, (1996). Hittochsm . CsU Biol. 10-, 3^-330.
This work was Iupaorts6 by she NH&MRC.

DIFFERENTIAL EXPRESSION OF GDF- 1, GDF- 10 AND SMADS IN
THE RODENT BRAIN. S. SOdersfrOm , K. Kullaodvt* and T. abvodal.
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Department of DvvvlIamvntal Nvurottivntv. Uppsala University Box .587,
S-751 23 Uppsala, Sweden.
Thv GDFs (growth /differentiation fattott) represent a subset of thv larger
TGFp tuavtfamlly of arotviot. GDFs are likely to vxvrt their action lrrougr
heteromeric receptor tImalvxvt of type 1 and lfav II tvtinv/thtvIoinv kinases
like -thrr TGFPs. By in situ hybridization wv compared thr expression of thv
two brain specific factors GDF-1 and GDF-I0 mRNA in thv rodent brain.
GDF-1 is strongly expressed at P- in thv cortex and hiaaItamaal CA1
through CA3 with only weak rxatvttiIn in thv Iv -Il It gyrus. In thv adult
brain, expression of GDF-1 is tIoflnvI to thv riapIcamaut. GDF-10 on thv
-1^ Ilo I is dittinttlf expressed at P- in tuavtfitial cortex (especially . thr
cingulate cortex), in thv dentate gyrus and in CA3. In thv adult brain GDF-10
mRNA rxarrttiIO is restricted to thr dentatr gyrus.
Wv have also itIlatvI thv ’full lvnght cl-nr tIttvtaIoding to GDF-1 from a
gvnImit 129 mouse library alaoniog. a koItklIut. which will allow us to
study loss of function. in vivo.
Thr signals evolved by thv GDFs mIlvtulrt may br transduced by thr set of
vvIlutiInatilf tIotvrvvI atItviot known as SMADs. Upon activation thrsv
trantlItate to thv nucleus where they may ’activate transcription. Two hIutt
after kainic acid injvtliIn in thv mouse wv find Smad-! mRNA to bv strongly
uatvguiatvd in thv dvntatv gftut. whereas SmlI-2 mRNA is not affected.

SuaaItlrd by thv Swedish Natural Scivncv Research eIuntil and thv
Swedish Brain FIunIaliIn.
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EXPRESSION OF IL-3 RECEPTOR FAMILY IN THE MOUSE BRAIN
M.Ohnpl, Y.Morikawa1, K.Tohya2, A.Miyaiima3 and E.Senba1*
1 Dept. of Anatomy & Neurobiol., Wakayama Medical Coll., Wakayama
640, ^Dept. of Anat., Kansai Coll. Orient. Med., Osaka 590-04, 3Inst.
Mol. Cell. Biosci., Univ. of Tokyo, Tokyo 113, Japan

Cytokines are also produced in the central nervous system
(CNS) and considered to regulate the growth, differentiation
and activity of cells in the CNS. Biological functions of
cytokines are mediated by specific receptors, but cellular,
localization of cytokine receptors in the CNS has not been
demonstrated clearly. Therefore, we examined the presence
and localization of receptors for IL-3, IL-5 and GM-CSF in the
murine CNS .using immunohistochemistry. Mice (BALB/c)
were perfused intracardially with 4% PFA add ■ frozen sections
(6nm) of brains were cut and immunostained using rat
monoclonal antibodies for IL-3Ra/p, IL-5Ra and rabbit
polyclonal ' antibody for GM-CSFRa. Immunoreactivities for
IL-3R« and IL-5Ra were not detected in the brain, while IL3R£-like immunoreactivity was restricted to fiber tracts, such
as corpus callosum, internal capsule, fimbria hippocampus
etc., and presumed to belong to oligodendroglia. No IL-3Rplike immunoreactive neurons were identified. Microglia
were positively stained with anU-GM-CSFRa antibody. These
expression patterns suggest important and differential roles
of IL-3 and GM-CSF in the CNS.

IL-18 AND ITS TYPE 1 RECEPTOR ARE CO-LOCALIZED IN EARLY
NEURAL CIRCUITS OF DEVELOPING XENOPUS LAEVIS. A. M. Jelaso*,
S. Acevedo, T. Dang and C. F. Ide. Dept. of Cell and Molecular Biology, Tulane
University and Center for Bioenvironmental Research of Tulane and Xavier
Universities, New Orleans, LA 70118
The cytokine EL-18 is a ubiquitous molecule, responsible for initiating an
immune response . in both the peripheral and neural immune systems. However, its
function in the nervous system, particularly the developing nervous system, is not
completely understood. Several studies have shown that IL-18 may play a role in
cell survival. We recently reported that IL-18 is expressed in distinct neural
structures in developing Xenopus laevis. IL-18 immunoreactivity is present in
structures that comprise neural circuits that control early swimming and other
behavior patterns. Immunopositive structures include the cranial ganglia, reticular
neurons in the midbrain and hindbrain, Mauthner’s neuron, Rohon-Beard sensory
neurons in the spinal cord, motoneurons in the spinal cord and tail muscles. Using
double-label immunocytochemistry methods, we report that both IL-18 and its
type 1 receptor ' are co-expressed in the same cells. IL-1 and its receptor persist in
these structures over the ten week period separating hatching from metamorphosis.
Since it has been shown in the immune system that IL-18 is under positive
autocrine regulation, the presence of IL-18 and its receptor in long lived neurons
may indicate that feed forward regulation of IL-1 influences cell survival during
neural development. Supported by DoE grant #DE-FG01-93-EW532023.
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CYTOKINES MODULATE CNS RESPONSES TO INJURY. B. Finsenl*,
M.B. lensenlG, F.R. PoulsenX and T. Owens2,1Dept. of Anatomy and Cell
Biology, Inst, of Medical Biology, Univ. of Odense, Denmark, and
^Montreal Neurol. Inst., McGill University, Montreal, Quebec, Canada.
The proinfiammatory cytokines interferon y (IFNy) and tumor necrosis
factor a (TNFa) are believed to play a key role in CNS neurodegenerative
and demyelinating diseases. We have applied the perforant path (PP)
lesion model, a well-characterized model for axotomy-induced glial
reactions and axonal sprouting, to Myelin Basic Protein (MBP)-IFNytransgenic mice. These mice are phenotypically normal, although they
express IFNy mRNA in oligodendrocytes. Based on -the observation that

LACK OF INHIBITION OF HIV INFECTION .OF MICROGLIA/MACROPHAGES
BY THE CHEMOKINE RANTES: RELEVANCE TO HIV ENCEPHALITIS. V.J.
Sanders* J. Chosv, P.G, Sarnacki, R. W. Dorsey, G.Wang, C.L.Achim Division of
Neuropathology, University of Pittsburgh School of Medicine, Pittsburgh,PA 15213.
The chemokine receptors, CXCR4 and CCR3 and 5, serve as co-receptors for the Tcell tropic and macrophage-tropic strains of HIV, respectively. The chemokines that
bind these receptors, SDF-1 and RANTES, MIPla and MIPl£, are capable of
inhibiting HIV infection in vitro. However, much of this work has been performed
with cell lines instead of primary cultures and measuring non-physiological levels of
virus. Constitutive expression of the beta-chemokines and their receptors by neural
cells and expression following HIV infection have not been well characterized.
We hypothesized that, in primary cultures of human microglia and macrophages,
RANTES would inhibit HIV infection. Microglia were purified from human fetal
brain tissue and macrophages were derived from human peripheral blood monocytes.
Cell cultures were exposed to RANTES pre- and post-infection with HIV 89.6, ADA,
or JR-FL. HIV protein p24 levels were measured at 2, 4, and 7 days post-infection by
antigen capture assay, immunocytochemistry, and RT-PCR and compared to untreated
cell cultures. In parallel, beta-chemokine and receptor expression was determined in
post-mortem brain tissue of HIV encephalitis and controls.
There were little or no differences in levels of infection between RANTES-treated
and non-treated controls. The chemokines, RANTES, MCP and MIPla, localized to
microglial nodules in HIV encephalitis. Preliminary results indicate CXCR4
expression in pyramidal neurons of the neocortex and granular and pyramidal neurons
in hippocampus. We conclude that, since RANTES did not inhibit infection in vitro,
additional co-receptors may be present allowing for continued viral transmission. In
vivo results support this conclusion; high levels of chemokines in microglial nodules
are probably not sufficient to reduce viral expression. (VJS supported by PHS AI7487-3)

transection of the PP-projection leads to increased MBP mRNA expression
in the molecular layer of the fascia dentata and hippocampus from day 2-4
after lesioning, PP-transection in MBP-IFNy -transgenic mice should enable
us to study of the effect of IFNy on axotomy-induced glial reactions, and the
accompanying reactive axonal sprouting and myelination processes.
Densitometric analysis of microglial Mac-1 immunoreactivity and Fink
Heimers staining for degenerating terminals revealed a linear correlation
between the Mac-1 staining intensity and the density of degenerating
terminals, with a significant augmentation of microglial Mac-1 staining in
transgenic as compared to non-transgenic mice at day 5 postlesioning.
Staining for glial fibrillary acidic protein showed an altered hypertrophic
reaction of astrocytes in transgenic mice. In situ hybridization showed
upregulated levels of TNFa mRNA in presumptive microglial cells at day
2, but less so at day 5 after lesioning. The results suggest that IFNy by direct
or - indirect mechanisms, including a transient induction of TNFa in microglia, strongly upregulated axotomy-induced micro- and astroglial reactions.
The study is supported by Ejnar Jonassens Fond, the Danish MS Society, the
Danish MRC, die Novo Nordisk Foundation and the University of Odense.
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THE CYTOKINE NETWORK OF WALLERIAN DEGENERATION: IL-10
and GM-CSF. S. Rotshenker*, H. Ben-Meir, A. Saada and F. Reichert. Dept.
Anatomy & Cell Biology, Hebrew Univ. Med. Sch., Jerusalem, Israel.
Peripheral nerve transection is followed by Wallerian degeneration ' (WD), an
inflammatory response to injury with features unique to the nervous tissue (e.g. the
removal of degenerated myelin by activated macrophages which is essential for
efficient regeneration). As such, WD should be governed by cytokines that we may
define as the “cytokine network of Wallerian degeneration”. It is expected that
inflammatory ' cytokines (e.g. GM-CSF) will govern the initiation and/or progression
of WD, whereas anti-inflammatory cytokines (e.g. IL-10) will down-regulate WD.
In the present study we document (by morphology, PCR, and ELISA) the production
of IL-10 and GM-CSF in injured nerves of C57/BL/6NHSD (N) and
WLD/OLA/NHSD (W) mice that display rapid and slow WD, respectively. Myelin
degenerated and was removed from N mice nerves within one week after nerve

IN VIVO INDUCTION OF TRANSFORMING GROWTH FACTOR a (TGFa)
SYNTHESIS LEADS TO THE DEVELOPMENT OF REACTIVE ASTROCYTES
THROUGHOUT THE CNS. A.G. Rabchevskv*. J.M. Weinitz, M. Coulpiei, C.
Fages, M. Tinel and M.P. Junier. INSERM U421, Creteil, France.
TGFa is a polypeptide with glio- and neurotrophic properties, member of thu
epidermal growth factor (EGF) family with which it shares the same receptor.
Synthesis of TGFa and that of it's receptor have been observed in vivo in reactive
astrocytes following diverse CNS lesions (Nieto-Sampedro et al., 1988; Junier et al.,
1991, 1994). Together with the differentiative and mitogenic effects of TGFa and
EGF on astrocytes in culture, these results suggest a role for TGFa in die
development of astrogliosis. We evaluated this hypothesis using transgenic mice in
which human TGFa cDNA is under the control of the zinc-induc .ble metallothionein
promoter (Merlino et al., 199 1). Transgenic and control mice received water + 25mM
ZnCl2 for 2 and 3 wks. Expression levels of glial fibrillary acidic protem (G FAP),
specific to astrocytes, were used as arr index of astroglial ceactivity. GFAP mRNA and
protein tevels, assayed by Northern and Western blot:, increased by a factor 2-4 in the
zinh-fed transgenic mice in nhe CNS areas examined (striatum, hippocampus, cervical
spinhl cord). ■ Immucoeistologicel exemicetioc revealed cocrpicuous increases in the,
number of GFAPiimmunorerctiae astrocytes in the strietum and spinal cord, many
cheracierized by thicker processes and somal changes reflecting reactive phenotypes. i .
the hippocampus, the astrocytic processes were more numerous acd thicker than it
cRctrtols, but die apparent cumber of GFAJ3-immunoreactive cells was c ot modified.
On the contrary, morphology of microglial cell s, identified with Mac-1 ■ectifo.:’es
remained unchanged. Our results show that iceteased synthesR of TCWa stimubtes in
vvro GFAP expression at the tracscrmt and protein levels,
in altered
astrocytic morphologies without affecting micaorlie. This supports a role for 'TGLa
in controlling the d^aelopmenr of estrogliosit. Supported by the AFM.

transection. At the same time, myelin remained intact in injured W mice nerves.
Two phases of IL-10 production were detected in rapidly WD N mice nerves during
the 14 days studied: an immediate low followed by - a high 4 days later. Macrophages
and fibroblasts produced IL-10. In contrast, low -levels of IL-10 were produced in
slow WD W mice nerves throughout. As we previously documented for rapidly WD
N mice nerves (J. Cell Biol. 1966; 133: 159-167), the production of GM-Cs F was
initially up-regulated, but 4 days later attenuated. In contrast, low levels of GM-CSF
were produced in slow WD W mice nerves throughout. Displaying one of its antiinflammatory properties, IL-10 inhibited GM-CSF production. Altogether, the
inhibition of GM-CSF production by IL-10, the time courses of IL-10 and GM-CSF
production, and the time course of myelin degeneration and removal, strongly
suggest: (1) IL-10 plays a role in down-regulating inflammatory events of WD after
degenerated myelin is removed from rapidly WD N mice nerves; (2) IL-10 cannot
account for slow WD in W mice nerves through its anti-inflammatory properties.
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28.13

28.14

THE CONDITIONED MEDIUM DERIVED FROM A NEURONAL CELL
LINE ORCHESTRATES GLIAL' CELL PROLIFERATION. K. Asakura*. S. F.
Hunter and M. Rodriguez. Departments of Neurology and Immunology, Mayo
Clinic and Foundation, Rochester, MN 55905.
Conditioned medium derived from rat neuronal cell line B104 (B104 CM)
was shown previously to contain uncharacterized potent mitogen(s) for
oligodendrocyte/type-2 astrocyte (O-2A) progenitor cells. In this study we
showed that B104 cells express platelet-derived growth factor (PDGF)-A chain
and glial growth factor/neuregulin mRNAs but not PDGF-B chain, fibroblast
growth factor 2 (FGF2), and neurotrophin-3 mRNAs by reverse transcriptionpolymerase chain reaction. PDGF-AA homodimer was detected in B104 cells
by immunostaining and in B104 CM by Western blotting. On the other hand,
B104 CM allowed for the maintenance of purified O-2A progenitor cells even
with astrocyte contamination, suggesting that B104 cells secrete astrocyte
growth inhibitory factor. Based upon this observation, we found that B104 cells
expressed transcripts of transforming growth factor-B l (TGF-B1) and -82 (TGFB2) which are known to inhibit proliferation of astrocytes but also O-2A
progenitor cells and microglia. TGF-B 1 and TGF-B 2 were detected in B104 cells
by immunostaining. B104 cells secreted exclusively 25 kilodalton active forms
of TGF-B 1 and TGF-B2 into the culture medium confirmed by bioassay and
Western blotting. However, the amount of TGF-Bs in B104 CM does not
account for the growth inhibition of growth factor-stimulated astrocytes by
B104 CM, indicating that an additional unidentified factor which inhibits
astrocyte proliferation.
(Supported by NIH grant NS24180)

HIGH EXPRESSION OF REELIN IN CEREBELLAR GRANULE CELLS OF
ADULT RATS. H.J. Caruncho#, C. Pesold, F. Impagnatiello, M.G. Pisu, T.
Mivata, M. Qgawa, E. Costa* and A. Guidotti. Psychiatric Institute, Department
of Psychiatry, UIC College of Medicine, Chicago IL 60612. *Department of
Morphological Sciences, Univ. of Santiago de Compostela School of Medicine,
Rua San Francisco s/n, 15705 Santiago de Compostela, Spain.
Recent studies (D'Arcangelo et al., Nature 374: 719-723, 1995; Ogawa et al.,
Neuron 14: 899-912, 1995) have shown that in embryonic and early postnatal
phases of cortical, hippocampal, and cerebellar histogenesis, reelin is expressed
selectively in pioneer neurons. After the second postnatal week, however, when
neuronal migration has been completed, very few pioneer neurons are present to
express reelin. When reelin mRNA was measured with a quantitative RT-PCR
technique (Impagnatiello et al., Mol Pharm 49: 822-831, 1996), it was found that
reelin is expressed in adult rat brain; it is highest in cerebellum (~100
attomole/pg RNA), and significantly lower in cortex (~10 attomole/pg RNA). In
situ hybridization histochemistry of reelin mRNA reveals that this mRNA in adult
rat is not expressed in layer I of the neocortex, where it is almost exclusively
expressed in neonatal rats. In adult rats, cells containing mRNA for reelin were
observed in the primary olfactory cortex, and where expressed more sparsely
throughout layers III-VI of the neocortex. In the cerebellum of adult rats, mRNA
for reelin is expressed almost exclusively in the granule cell layer. However,
using the CR-50 allogenic antibody, immunoreactivity for reelin was found to be
greater in the cerebellar molecular layer than in the granule cell layer, and was
absent in cerebellar white matter. In summary, reelin continues to be expressed
in adult brain, with a location and distribution pattern different from those found
during embryonic and early postnatal development. Similar differences may apply
to humans.

28.15

28.16

mGLURl,5 STIMULATION INCREASES REELIN mRNA EXPRESSION IN CULTURED CEREBELLAR GRANULE NEURONS (CGN). P. Longone*, F.
Impagnatiello, A Guidotti and E. Costa. The Psychiatric Institute, Dept. of
Psychiatry UIC College of Medicine, Chicago IL 60612.
During the first two weeks of postnatal life rodent CGN express reelin
mRNA, transiently. The purpose of this study is to investigate whether CGN in
primary culture express reelin mRNA and to identify the mechanism that controls
reelin mRNA expression. Dissociated CGN cultures obtained from 5-7-day-old pups
were grown in culture media (Basal Medium Eagle with 10% FCS) in 10 mM K +
CGN can survive and develop during the first 4-5 days in vitro (DIV) when
mGluRl,5 can hydrolize the triphosphoinositide (IP3) following stimulation by the glutamate released from CGN. When the activity of mGluR declines (after 4-5 DIV),
however, the CGN undergo apoptosis unless the culture media includes higher
concentrations of K+ (25mM). The reelin mRNA content per unit of total RNA
expressed by CGN was determined by quantitative -RT-PCR using specific probes
that amplify the region comprised between bp 1264-1576. The reelin mRNA content
is maintained in the range of 20 to 30 attomol/pg total RNA whether the cells are
cultured in the presence of 10 or 25 mM K+ between 3 to 9 DIV, indicating that the
induction of apoptosis is unrelated to the reelin mRNA present. In contrast, when
CGN cultures grown for 3 DIV in the presence of 10 mM K+ are stimulated with 10
(M quisqualate (in the presence of 5 pM dizolcipine and 10 pM NBQX) the reelin
mRNA- content increases from 19±3 to 72±5 attomol/pg total RNA. No significant
increase in reelin mRNA content is observed when quisqualate is applied in cells grown longer than 9 DIV in the presence of 10 mM K+ or 25 mM K+. The
susceptibility of CGN committed to apoptosis, to the quisqualate induction of - reelin
mRNA expression will be discussed. Grant POINS28130

LEARNING POTENTIATES INCREASES IN FGF-2 mRNA INDUCED
BY PHYSICAL ACTIVITY. F. Gomez-Pinilla*, V. So, and J.P.

Kesslak. Dept. Neurology, and Inst. Brain Aging and Dementia,
Univ. of California, Irvine, CA 92717.
Neural activity regulates the expression of trophic factors but
behavioral regulation of these molecules has little experimental support.
We report that following training of the Morris water maze, a spatial
memory task, the hippocampus and cerebellum of learning rats
exhibited an increase in FGF-2 . mRNA. FGF-2 mRNA levels were
higher during the learning of the task and decreased once asymptotic
performance was reached, suggesting a role of FGF-2 in learning and
memory events. An active control group, exercising for the same time
as the learning - group, but lacking the spatial learning component of the
task exhibited a minor increase in FGF-2 mRNA. The intensification
of the physical activity component of the task by massed training
resulted in greater increases in FGF-2 mRNA for - both learning and
yoked groups, but levels of FGF-2 mRNA in the learning group
remained higher than yoked only in the cerebellum. Changes in FGF-2
were accompanied by an increase in astrocyte density in the
hippocampus . in agreement with roles of FGF-2 in astrocytes. Results
suggest that learning potentiates the effects of physical activity on
trophic factor expression in select brain regions, and that -FGF-2 is
involved in the molecular events underlying the behavior. Results may
provide a molecular basis for the preserved cognitive function
associated with active lifestyles, and guide development of strategies to
enhance brain function, and facilitate rehabilitation and successful aging
(supported by grant from the Alzheimer's Association).
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GENE TRANSFER OF BDNF INTO MULLER GLIA PROLONGS THE
SURVIVAL OF AXOTOMIZED RETINAL GANGLION CELLS. A. Di Polo*,
L. J. Aigner, R. J. Dunn, G. M. Brav and A. J. Aeuavo. McGill University and
Montreal General Hospital Research Institute. Montreal, Canada.
Muller cells, the predominant glial, cell type in the retina, are known to influence
several neuronal functions. To determine if genetically modified Muller cells can
serve as mediators of trophic support to injured retinal ganglion cells (RGCs), we
injected an adenovirus (Ad) vector containing the BDNF cDNA (Ad.BDNF) into
the vitreous chamber of adult rats. By immunohistochemistry, transgene expression
was observed almost exclusively in Muller cells from 1.5 to 10 days following virus
administration. Our in vitro studies indicated that Muller cells infected - with
Ad.BDNF were able to synthesize and secrete bioactive BDNF. To determine if the
survival of injured RGCs could be prolonged in vivo, Ad.BDNF was injected
intravitreally immediately after optic nerve (ON) cut -to axotomize all these
neurons. At 10 days, there was a significant enhancement of RGC survival in the
retinas exposed to Ad.BDNF (1,530.8 ± 189.4; RGCs/mmi± S.D.) compared to
those treated with the control virus Ad.LacZ (999.8 ± 84.6). To determine if the loss
of Ad.BDNF expression after 10 days was due to an immune response triggered by
the vector, a group of animals received daily doses of the immunosuppressant FK506 for 16 days. Ad-mediated BDNF expression was extended to 16 days in FK506-treated animals, however, the survival effect of Ad.BDNF in this group was not
significantly different to that observed in immunocompetent animals. These studies
suggest that Muller cells can be genetically manipulated to act as a novel pathway
for delivery of survival factors to injured RGCs. The usefulness of this approach
might be extended to other neurons located in deeper layers of the retina (e.g.
photoreceptors). The long-term capacity of Muller cells to support neuronal survival
is currently under investigation.
Supported by the Canadian Medical Research Council and the Neuroscience
Network.

GENE TRANSFER OF A MULTIFUNCTIONAL CHIMERIC
NEUROTROPHIN TO THE LESIONED NERVE ACCERELATES
REGENERATION OF BOTH MOTOR AND SENSOR Y AXONS
H. Funakoshi*l,2, M. - Ris1ing3, T. Carlstedt3, U. Lendahl4, T.
Timmusk5, M. Metsis5, Y. Yamamoto6, and C.F. Ibanez2 1 Div. of
Biochem., Biomed. Res. Clr, Osaka Univ. Med. Sch., Osaka, Japan, 2
Lab. of Mol. Neurobiol., 3Div. of Anat., Dept, of Neurosci. and4Dept.
of Cellular & Mol. Biol., 5Dept. of Med. Biochem. & Biophys. and
sNobel Inst, for Neurophys., Karolisnka Insitule, Sweden
Because of the complex trophic requirements of sensory and motor
neurons, individual neurotrophic factors have only partial effects on
regeneration of lesioned nerves. A multifunctional chimeric neurotrophin
(pan-neurotrophin-1: PNT-1), which is capable -of activating all Trk
receptors and that displays biological activities typical of NGF,
brain-derived neurtophic factor, and neurtorphin-3 in vitro, was targeted
to the peripheral nerves of transgenic mice- using a gene promoter that is
specifically activated after nerve lesion. Electron microscopic ,
electrophysiological and muscle weight analysis of both transgenic and
control mice show that axonal maturation, elongation and functinal
regeneration were greatly accerelated in both sensory and motor axons in
lesioned sciatic nerves of transgenic mice compared to controls. Theses
results indicate that PNT-1 may be an effective therapautic agent for the
treatment of peripheral nerve injuries.
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CHARACTERIZATION OF AN ADENOVIRAL VECTOR ENCODING NT-3
AND ITS APPLICATION IN NEUROREGENERATION RESEARCH
P.A. Diikhuizen, W.T.J.M.C. Hermens, R. J. Pasterkamp, F. de Winter, M.A.T. Teunis
and J. Verhaagen*. Graduate School for Neurosciences, Netherlands Institute for Brain
Research, Meibergdreef 33, Amsterdam, the Netherlands.
Neurotrophins have a well established beneficial effect on lesion induced
neurodegeneration and fiber outgrowth. However, a continuous supply of
neurotrophins to lesioned neurons in vivo requires repeated invasive surgery.
Adenoviral vector-mediated expression of neurotrophins offers the opportunity to
overcome this problem. For this purpose, we produced an adenoviral vector encoding
the neurotrophin NT-3 (Ad-NT-3). Northern and Western blot analysis of Vero cells
infected with Ad-NT-3 confirmed the correct production of viral vector-derived NT-3,
The biological activity of NT-3 expressed via Ad-NT-3 was examined on E17
embryonic DRG explants. Infection of DRG explants with increasing concentrations
of Ad-NT-3 (2.5xl05 to 2.5xl06 pfu/DRG), resulted in a dose dependent neurite
outgrowth response which, at the higher concentrations of Ad-NT-3, is
undistinguishable from explants grown in the presence of 100 ng/ml NT-3 peptide. As
a first in vivo paradigm, Ad-NT-3 will be used in a model for peripheral nerve
regeneration. To this end, we determined to which extend Schwann cells located in a
crushed sciatic nerve could be infected with an adenoviral vector. Infusion of 8x 107 pfu
Ad-LacZ one day after a nerve crush results in B-gal expression in many Schwann cells
located along a stretch of 9 to 12 mm of the crushed nerve. Double immunostaining
for P-gal and for neurofilament revealed no alteration in the outgrowth supporting
properties of Schwann cells following transduction with an adenoviral ' vector. Initial
experiments with Ad-NT-3 have been performed and the effect of adenoviral vectormediated NT-3 expression on the number and length of newly formed sprouts will be
presented. (Supported by NWO-GMW Pioneer grant 030-94-142)

BDNF GENE THERAPY IN THE INNER EAR PREVENTS LOSS OF SPIRAL
GANGLION NEURONS. H. Staecker1, M. Halterman2 , H.J. Federoff 2 ,P P.
Lefebvre1,3, B. Malgrange3, T.R. Van De Water1,3 *, 1 Albert Ennstenn College o f
Medicine, Bronx, NY 10461; 2University of Rochester, Rochester, NY 14612;
3 University of Liege, Liege, Belgium B4020.
The mature organ of Corti expresses only NT-3 transcripts. However, both in vitro
and in vivo studies show that supplementation with either NT-3 or BDNF supports
the survival of adult auditory neurons. The present study builds on the results of a
previous finding that HSVbdnflac transduction of spiral ganglion explants produces
a neuritogenesis response. A cochleostomy was made in the basal turn of the mouse
cochlea, neomycin was infused into the perilymph of the scala tympani followed by
infusion of either HSVbdnflac, HSVlac, or saline. The contralateral cochlea served
as a control. Temporal bones were processed for histology at 4 wks post-infusion.
High levels of (3 galactosidase expression as seen in the spiral ganglion at 4 wks
post-transfection with either vector. The spiral ganglia from control cochleae had
a neuronal population of 4,467±124 neurons/ganglion. The ganglia of neomycin
infused, untreated cochleae had a neuronal population at 4 wks post-infusion of
1596±203 neurons/ganglion. The neuronal population of the neomycin infused,
HSVdnflac transfected spiral ganglia at 4 wks post-infusion was 4234±104
neurons/ganglion. When compared to control spiral ganglia the neuronal survival
rate of the neomycin infused cochleae was only 35.7%. In contrast, the survival rate
of spiral ganglion neurons in the neomycin infused, HSVbdnflac transducted
cochleae was highly significant at 94.7%. These findings clearly demonstrate that
in vivo transfection of the spiral ganglion with HSVbdnflac is a highly effective
form of therapy for supporting neuronal survival following the loss of peripheral
trophic support (i.e. auditory hairs cells). Supported by grants from the Hearing
Research Fund, MonteOiore Medical Center to TRV; American Federation of Aging
Research to HS, NIH grants HD31300 to HJF and 5T32 AG00107 to MH.

29.5

29.6

DISTRIBUTION OF NGF DELIVERED INTO THE RAT CNS BY EITHER
GRAFTED NGF-SECRETING FIBROBLASTS, INTRAPARENCHYMAL (IP)
INJECTIONS, OR IP-INFUSIONS. J.M. Conner*, H. Uv, and M. Tuszvnski.
Department of Neurosciences-0608, UCSD, La Jolla, CA 92093.
One presumed benefit of gene therapy approaches is that neurotrophic
factors can be delivered locally within the -brain parenchyma, in proximity of a
targeted cell population, thereby avoiding potential side affects encountered
with intraventricular infusions. In the present study, a sensitive immunohistochemical approach was used to evaluate the distribution of NGF
delivered within the CNS by either a single IP-injection (1-day survival), a
continuous IP-infusion (3-day survival), or an IP-graft containing NGFproducing fibroblasts (7-day survival). Acute injections and continuous
infusions both resulted in the widespread presence of NGF throughout the
brain hemisphere ipsilateral to the injection (over a 1 cm rostrocaudal extent)
and extending into the contralateral hemisphere. . In contrast, grafted NGFsecreting fibroblasts showed no substantial diffusion of NGF outside of the
graft. NGF staining within the graft was associated primarily with fibers and
cells, although not all cells within the graft were labeled for NGF. The
identification of those cells containing intense NGF staining is under
investigation. Evidence that NGF from the graft is accessed by CNS neurons
was especially evident in cases where the graft impinged upon the striatum
causing the accumulation of NGF within striatal interneurons (which were
devoid of staining under normal circumstances and following grafting of B-Gal
secreting fibroblasts). Interestingly, only in cases where the graft contacted
the striatum was neuronal NGF staining apparent. In cases where the graft
was placed even 500 m away from the striatum, NGF . staining within striatal
interneurons was not observed. Our data suggest that NGF released from
grafted NGF-secreting fibroblasts does not diffuse significant distances from
the graft, and that access to this NGF may require direct axonal penetration of
the graft by NGF-sensitive cell populations. Supported by NIA (JMC,MT).

LENTIVIRAL TRANSFER OF NGF AND BCL-xL RESCUES AXOTOMIZED CHOLINERGIC NEURONS IN VIVO.
U. Blomer, T. Kafri, I.M. Verma, F.H. Gage*. Laboratory of Genetics, The Salk Institute for Biological Studies, San Diego, CA 92037
Lentiviral vectors have been shown to provide stable integration and
long-term expression ' of transgenes in terminally differentiated neurons.
We have used' this delivery system to determine whether nerve growth
factor (NGF) and the proto-oncogene BCL-xL will protect adult neurons ' from axotomized cell death. Axotomy induced cell death may occur
due to the limited availability of target derived neurotrophic factors resulting in apoptosis or exogenous factors inducing necrosis. Administration of exogenous NGF to the axotomized septohippocampal projections rescues most of the transected cholinergic neurons. BCL-xL has
been shown ■ to function as a suppressor of apoptotic cell death induced
by diverse stimuli in neuronal cell lines. To determine whether the overexpression of NGF or BCL-xL in the septum will protect cholinergic
neurons, we injected highly concentrated lentiviral vector stocks expressing NGF, BCL-xL or green fluorescent protein (GFP). Injections
were made in adult rats two weeks before unilateral transection of the
fimbria fornix. Three weeks after lesion, NGF and BCL-xL injected
animals showed significantly higher numbers of rescued cholinergic
neurons compared to control (GFP) injected animals. A common pathway may mediate the survival effects of both NGF and BCL-xL in the
adult CNS. In addition, we demonstrate here that direct gene delivery by
lentiviral vectors provides an effective, localized and long lasting
method to assess the function of neurotrophins and cell death regulating
factors. This research is supported by NIA, APA and NINDS. U.B. was supported

29.7

29.8

HERPES SIMPLEX VIRUS (HSV) VECTOR-MEDIATED NERVE GROWTH
FACTOR (NGF) EXPRESSION IN MODELS OF NEURODEGENERATIVE
DISEASE. W.F. Goins1*, P.L. Poliani2, J.D. Cavalcoli1, J. Huard3, D.J. Fink1 ’2
and J.C. Gloriosp1. Dept. of Molecular Genetics and Biochemistry1, Dept. of
Neurology2, Dept. of Orthopedic Surgery3, University of Pittsburgh School of
Medicine, Pittsburgh PA 15261
Previous cell culture experiments with replication competent and defective herpes
simplex (HSV-1) vectors which contain murine nerve growth factor B-subunit (BNGF) expression cassettes demonstrated high levels of secretion of a biologically
active functional molecule from a variety of neuronal and non-neuronal cells. In
vivo studies in mouse trigeminal and dorsal root ganglia during acute and latent
infection demonstrated that vectors with the HCMV IE promoter driving B-NGF
expressed the neurotrophic factor at 3 days post-infection and vectors containing the
HSV-1 latency active promoter (LAP-2) driving B-NGF were able to express -the
transgene at 28 days, a time consistent with viral latency, using ELISA,
immunohistochemistry, and RNA analyses for detection of the transgene.
Using the dorsal root ganglia (DRG) in vitro latency model established by Wilcox
& Johnson, we were able to show long-term (14 dpi) expression - of B-NGF from the
LAP2 vectors at times consistent with viral latency, however expression from the
HCMV IE promoter recombinants was primarily transient (3 dpi) in nature.
Preliminary results in a rat fimbria-fornix transection model of CNS
neurodegeneration have shown that B-NGF produced by the LAP2 vectors was
neuroprotective for septal neuronal processes at 7 days post-transection. The ability
of these vectors to protect primary DRG - neurons from- hydrogen peroxide induced
cytotoxicity is being evaluated. In addition, we are currently evaluating the ability
of these vectors to prevent neurodegeneration in a cis-platinum induced model of
peripheral nervous system'disease.

NEUROPROTECTION OF SPINAL MOTONEURONS WITH
ADENOVIRAL VECTORS CONTAINING NEUROTROPHIC FACTOR
GENES BJ Baumgartner* and HD Shine. Department of Neurosurgery,
Baylor College of Medicine, Houston, Texas 77030.
Axotomy of peripheral nerves in neonatal rats results in rapid death of
motoneurons that can be prevented by application of several neurotrophic
factors (NFs). To test whether endogenous production of NFs by motoneurons would also result in neuroprotection we constructed replicationdefective adenoviral vectors (Adv.RSV-n/) that carry genes for the
neurotrophic factors BDNF, CNTF, GDNF, NGF, and NT3. Adv vectors are
taken up by axon - terminals and retrogradely transported to somas, where
they express their recombinant genes. Injection of Adv.RSV-pgal into the
hindlimb muscles of neonatal rats resulted in the transduction of 4.0±2.65%
(n=4) of motoneurons in segments L3-L6 as determined by X-gal staining.
After injection of Adv.RSV-GDNF into the hindlimb muscles, vector specific
GDNF mRNA was detected by RT-PCR in motoneurons of the L3-L6
segments. Injection of Adv.RSV-GDNF into hindlimb muscles protected
motoneurons from axotomy-induced degeneration at 3 weeks. 68 ± 17% of
the ipsilateral motoneurons survived relative to the contralateral motoneurons compared- to 41 ± 6% for Adv.RSV-pgal controls (p < 0.05). The
percentage of surviving neurons was greater than the number transduced,
suggesting that untransduced neurons were protected through a paracrine
mechanism. Neuroprotection from axotomy by direct application of NF does
not confer neuroprotection after 3 weeks, thus in comparison, Adv.RSVGDNF mediated protection is prolonged. Statistically significant neuroprotection was not observed for the other Adv.RSV-nf at 3 weeks. The
retrograde transport and expression of neurotrophic factor genes may
therefore be a useful . strategy to protect neurons of the CNS from trauma.
Research supported by the Baylor Department of Neurosurgery,

p

This research was sponsored by grants from the NIH-GM34534 and -AG094701 as
well as a grant from the NSF-IBN9222432
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29.10

CONDITIONAL TARGETING OF THE NGF 3' EXON USING A
CRE/LOX APPROACH. J. Lindeberg*, K. Kullander, S.
Soderstrom, A. Kvlberg and T. Ebendal. Dept Developmental.
Neuroscience, Uppsala University, Biomedical Center, Box 587, S751 23 Uppsala, Sweden.
We have constructed mouse embryonic stem (ES) cells harbouring a
loxP surrounded NGF 3' exon (which contains the entire coding
sequence for this neurotrophic factor). To avoid any neo-cassette
derived alteration in the expression of the endogenous locus we used a
double selection cassette surrounded 'by loxP sequences. ES cell clones
which had undergone correct recombination with our targeting
construct were isolated and transiently transfected with either a Creexpressing plasmid or with purified Cre recombinase protein. Both the
plasmid and the pure protein were effective in removing the double
selection cassette. These ES cells are a first step towards making
conditional NGF knockout mice. By analysing crossings of mice -made
from these ES cells with different Cre expressing mouse strains, the
function of NGF in the neonatal, adult and ageing mouse CNS will be
revealed.
We have also made ES cells in which the endogenous .sequence for
the mature NGF is exchanged for the corresponding NT-3 sequence.
Our aim with this approach is to study the early developmental
importance of NGF versus NT-3.
Supported by the Swedish Natural Science Research Council (Grant
B-AA/BU 04024-319)

PARTIALLY RESCUED NT-3 NULLMUTANT MICE ARE VIABLE IN SPITE
OF SEVERE SENSORY AND AUTONOMOUS DEFICITS RESULTING IN
SENSORY ATAXIA. J. J. -Barski*, J. Kucera! C. Helbig, and M. Meyer. MPI
Psychiatry, Dept. Neurobiochemistry, D-82152 Martinsried, FRG; Neurology
Research, Boston University Medical School, Boston, USA
The phenotype of neurotrophin-3 (NT-3) nullmutant mice is characterised by
sensory ataxia and' early postnatal death. Previous analysis revealed a severe and
widespread depletion of peripheral sensory, sympathetic and parasympathetic
neurons. Most, but not all, of the deficits are established early during embryonic
development. Whereas absence of proprioceptive afferents can explain the sensory
ataxia, the reasons for early postnatal death are unclear. In attempt to circumvent the
limitations imposed by early mortality of nullmutants we generated mouse lines
expressing NT-3 transgenes driven 'either by the platelet-derived growth factor Bchain (PDGF-B) promoter or by the neurofilament (NFL) promoter and crossed
them with NT-3 nullmutants. Mice carrying one or two transgene alleles in addition
to two nullmutant alleles are still ataxic but, in contrast to nullmutants, are viable for
periods longer than a year. Histological analysis reveals severe deficits of the
peripheral nervous system. Whereas neuronal loss in the nodose and superior
cervical ganglion are as reported for NT-3 nullmutants, a very limited rescue of the
proprioceptive neurons is evident from counting of muscle spindles and
parvalbumin ' immunoreactive sensory neurons. So far, histological analysis of the
heart did not reveal differences between nullmutants with or without transgenes.
Data on transgene expression will be discussed with respect to possible sites and
times of NT-3 expression required for survival.
This research was supported by Max-Planck-Association, NIH and NSF

29.11

29.12

EVALUATION OF THE SPINAL CORD LESION SITE AFTER THE
IMPLANTATION OF CARBON FILAMENTS CO-CULTURED WITH BRAINDERIVED NEUROTROPHIC FACTOR AND NEUROTROPHIN-3 SECRETING
SCHWANN CELLS. S. Savers*, T. Khan, N. Chauhan, B. Chauhan and L, Liu
Rehabilitation R&D Center, Hines VA Hospital, Hines, IL 60141.
Recent studies have shown that brain-derived neurotrophic factor (BDNF) and
neurotrophin-3 (NT-3) encourage the regrowth of motor and sensory fibers after spinal
cord injury. Recently, we have genetically engineered the human Schwann cell line
termed NF-IT (derived from a malignant soft tissue sarcoma from a patient diagnosed
with neurofibromotosis) to secrete BDNF or NT-3 by infection with a retroviral vector.
The purpose of the present study was to evaluate the lesion site after the implantation of
carbon filaments cultured with these cells.
Rats sustained a severe spinal cord contusion injury, and then a bundle of
approximately 10,000 carbon filaments which were previously cultured with BDNFsecreting NF-1T cells, NT-3-secreting NF-1T cells, BDNF+NT-3-secreting NF-1T cells,
or NF-IT cells which were not engineered to secrete neurotrophic factors were implanted
into the lesion site. After a two month period, the animals were perfused, and the lesion
sites were sectioned and immunostained with anti-neurofilament, anti-BDNF and anti-NT3 antibodies.
Examination of the lesion sites in all groups showed that no tumors were formed, and
that the NF-IT cells remained attached to the carbon filaments. The NF-IT cells were
aligned in rows along the carbon filaments, similar to the bands of Bugner in peripheral
nerve. In addition, labeling for BDNF in the BDNF-secreting, and for NT-3 in the NT-3secreting NF-IT cells was observed. Neuronal processes were observed growing on the
carbon filaments in all groups, but considerably more were seen in the group with the
NT-3-secreting NF-1T cells. The efficacy of these neurotrophic factor-secreting Schwann
cell cultured carbon filament implants are currently being evaluated as a treatment for
spinal cord injury.
(Supported by Rehabilitation R&D Center, DVA; TK B742-RA)

EFFECTS OF THE IMPLANTATION OF SCHWANN CELL-COATED CARBON
FILAMENTS INTO THE SPINAL CORD INJURY SITE IN RATS.
T. Khan1-2*. S. Savers1, N. Chauhan! B. Chauhan1 and L. Liu1 ‘Rehabilitation R&D
Center, Hines VA Hospital, Hines, IL 60141; 2Dept. Neurology, Loyola University,
Maywood, IL 60153.
The implantation of Schwann cells at different sites in the central nervous system
have been shown to promote axonal growth from neighboring neurons which
normally would not regenerate their axons after injury. Schwann cell seeded guidance
tubes accelerates neurite growth after sciatic nerve injury. The purpose of this study
was to determine the applicability of a Schwann cell-coated carbon filament implant as
a bridging material after spinal cord injury. Recently, we have genetically engineered
the human Schwann cell line termed NF-1T (derived from- a malignant soft tissue
sarcoma from a patient diagnosed with neurofibromatosis) to secrete BDNF or NT-3
by infection with a retroviral vector. These Schwann cell-coated carbon filaments were
implanted in the injury site after a severe contusion injury to the rat spinal cord. The
animals were divided into four groups, and implanted with BDNF-secreting NF-1T
cells, NT-3-secreting NF-1T cells, BDNF+NT-3-secreting NF-IT cells, or NF-1T
cells which were not engineered to secrete neurotrophic factors. Two months postinjury, the animals were sacrificed by intracardiac perfusion and the spinal cords were
removed and processed for histological examination. Our results showed that the
Schwann cell-coated carbon filament implants were fully incorporated within the
spinal cord parenchyma, and that Schwann cells migrated from the lesion site into the
host spinal cord. The neurons in the groups implanted with BDNF and NT-3-secreting
Schwann cells did not show degeneration or cell death near the lesion site. The efficacy
of these neurotrophic factor-secreting Schwann cell-coated carbon filament implants
are currently being evaluated, in terms of functional recovery, as a therapy after severe
spinal cord injury.
(Supported by Rehabilitation R&D Service, DVA; TK B742-RA)

BIOLOGIC EFFECTS OF CYTOKINES AND OTHER FACTORS: CELLULAR EFFECTS

30.1

INTERLEUKIN-1 p INCREASES INTRACELLULAR CALCIUM THROUGH
ITS TYPE ONE RECEPTOR IN C6 ASTROCYTIC CELLS. C.F. Ide*, I. Pita,
and S. Hazariwala. Dept. of Cell and Molecular Biology, Tulane University and
Center for Bioenvironmental Research of Tulane and Xavier Universities, New
Orleans, LA 70118.
Previous work demonstrated that astrocytes express the cytokine interleukin-13
during healing after brain trauma in perinatal mice (Scripter et al, 1997,
Experimental Neurology. 145:1-14.). In addition, studies on C6 astrocytic cells
showed that interleukin-13, through its type 1 receptor, induces changes in
morphology and behavior similar to those shown by astrocytes during trauma
related healing in vivo (Ide et al, 1996, Progress in Brain Research: Neural
Development and Plasticity. D&365-377.). To understand the pathways through
which interleukin-13 influences astrocyte behavior, we loaded C6 astrocytic cells
with Fura-2 AM, and measured intracellular calcium using imaging techniques.
Treatment of cells withIL-13 (10 ng/ml) induced statistically significant increases
in intraceltular calcium compared to vehicle treated cells over a 20-minute period
witfi a peak increase at 10 minutes. Application of interleukinU receptor
antagonist (IL-lec, n qg/ml) abolished IL-13 induced lnIracellular calcium
increases. Immunocytochemistry revealed the ILi1 type 1 receptor is paeseni in
C6 cells. Thus, calcium may serve as d second messenger durion ieterleu^rlr-l3
induced changes in astroeyte merpeeiocy and behavior. Supported by DoD Grant
#DoD/CBR-93DNA-2.
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REGULATION OF HEPARAN SULFATE PROTEOGLYCAN
(HSPG), PERLECAN, BY INTERLEUKIN-13 (IL-13). Esther Garcia
de Ycbenes*, Howard M. Fillit and Mariam Blum. Fishberg Research Center for
Neurobiology. Mt Sinai School of Medicine, New York, NY 10029.
The pathogenesis of amyloid deposition in the Alzheimer's disease (AD) remains
unknown. Extracellular matrix proteins have been implicated in AD plaque
formation. Perlecan is a specific proteoglycan of the basement membrane, with
different physiological functions during development and in adult life. It belongs to
the HSPG family and is composed of a core protein attached covalently to heparan
sulfate clyceiamirclycar chains. HSPGs have been shown to be present within
amyloid deposits in AD and other amyloidosis. In addition, HSPGs have been
demonstrated to bind to amyloid precursor protein (APP) and 3-amyloid peptide (3 AP) and initiate plaque formation in rodents. Possibly in response to cellular
damage to the brain, mechanisms involved in the repair and inflammation could
stimulate HSPG biosynthesis. IL-13 is a cytokine that is induced after injury and
plays an important role in inflammation and neuronal regeneration. It may be one
of the factors participating in regulating perlecm synthesis. To test this idea, we
have studied the perlecan regulation by IL-lp, in vitro. Primary hippocampal
astrocyte cultures were prepared. Cells at 11-13 days in vitro were placed into 0.5%
serum for 24 hours and then treated with IL-13 (50 ng/ml) or vehicle (H2O) for 0,
6, 8 and 24 hours (n=4 for each group). RNA was isolated and perlecan mRNA was
quantitated by a nuclease protection assay. We observed a 3 fold up-regulation of
perlecan mRNA by IL-13, with a peak response after 6 hours of treatment.
Perlecan mRNA returned to control levels after 24 hours of IL-13 treatment. These
results show that perlecan mRNA is regulated by cytokines and may have
important implications on plaque formation in AD. Experiments are ongoing
examining whether perlecm gene expression can be regulated by IL-'l 3 both, in
vitro and in vivo and in animal models after lesion of the Irterhiral afferents to
dentate gyrus. Supported by NIH grant NS 35092 .
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EFFECTS OF CYTOKINES ON SEROTONIN CONTENT IN DISPERSED
PINEAL CELL CULTURES. S-Y. Tsai* and I. A. McNulty Department of
Cell Biology, Neurobiology and Anatomy, Loyola University Medical
Center, Maywood, IL 60153
The neuroendocrine pineal gland resides outside the blood-brain-barrier
and is readily accessible to circulating immune factors. Our previous
studies showed that microglia comprise an important cellular component
in the gland and that microglia enrichment/depletion influences 5-HT
content in cell cultures (Glia, in press). We ■ therefore undertook studies to
measure effects of specific cytokines (IL-1 £, IFNy,and TNFa) on 5-HT and
5-HIAA content in .control and microglia-depleted pineal cell cultures.
Dispersed cell cultures of pineal glands from 1-day-old Sprague-Dawley
rats were treated with cytokines both long-term (6 d) and short-term (4 h).
Cells were then collected and indoles content measured by HPLC with
fluorometric detection. The
IL-1£
IFNy
TNFa
Table 1
results presented in table 1
4h 6d 4h 6d 4h
6d
are relavent to control
±
+
±
5-HT
cultures.
+
±
±
5-HIAA To investigate the possible
role(s) of microglia in mediating the effects of cytokines, similar
experiments were conducted on microglia-depleted pineal cell cultures.
The results presented in table 2 are
IL-1 £
IFNy
TNFa
relavent to control microglia- Table 2
±
depleted cultures. We conclude 5-HT
±
that immunoregulatory molecules 5-HIAA
affect pinealocyte neuroendocrine
functions and that microglia mediate some, but not all, of these effects.
(This work was partially supported by the Bane Fundation.)

EFFECTS OF INTERLEUKIN-3 ON A MURINE SEPTUM-DERIVED
CHOLINERGIC CELL LINE. Y. Konishi*1’2. T. Harano3. K. Harano3, T.
KunisMta! T. Shirabe2 and T. Tabira1. 1 Nat' 1 Inst, of N^<^uro^<ii.. NCNP, Tokyo
187, Japan. 2 Dept. of Neuropathol. and 3 Biochem., Kawaaaki Medical Sc Hoo .,
Kurashiki 701-01. Japan.
We have previously reported that hematopoietic cytokines such as interleukin-3
(IL-3) have trophic effect on cholinergic neurons in vitro and in vivo (Neuron
4:429,1990; Brain Res. 609:29. 1993; Int. J. Devi. Neurosci.l3:241. 1995).
Although IL~3'has been reported to increase choline acetyltransferase (ChAT)
activity 'in cholinergic neurons. the earlier events caused by IL-3 have not been
clarified enough.
Therefore. we examined: (1) the changes in the mRNA expression for IL-3
receptors (IL-3R). ChAT and vesicular acetylcholine transporter (VAChT); (2) the
activation of signal transduction path-way such as Janus kinase (JAK)-signal
transducer and activator of transcription (STAT) proteins; (3) the changes in the
promoter activity of ChAT gene. caused by the addition of IL-3 to a cholinergic

cell line SN6 (a kind gift from Dr. Wainerf' Emory Univ.. Atlanta). These were
done by means of quantitative reverse transcription and polymerase chain reaction.
Northern blot. Western blot and reporter gene assay. We demonstrate here the
coordinated expression of mRNA for IL-3R. ChAT and VAChT. and the
regulation of ChAT gene promoter in SN6 cells treated with IL-3. although the
partial data have been already reported (Ann. N.Y. Acad. Sci.. 1997. in press). The
pathway from the binding of IL-3 to IL-3R to the activation of ChAT gene
promoter. involved in the trophic action of IL-3 on cholinergic neurons will be
discussed. (Supported partially by the Funds from the Ministry of Health and
Welfare. the Ministry of Education. the Science and Technology Agency. the Naito
Foundation and the Kobayashi Magobe Memorial Medical Foundation in Japan.)

30.5

30.6

INTERLEUKIN-6 ALTERS NMDA RECEPTOR IMMUNOSTAINING AND
SENSITIVITY TO IFENPRODIL IN DEVELOPING CENTRAL NERVOUS
SYSTEM NEURONS. D.L. Gruol* and Z. Qiu. Dept. Neuropharmacol. &
AIDS Res. Ctr., The Scripps Research Institute, La Jolla, CA 92037

CHRONIC EXPOSURE TO IL-6 ALTERS THE INTRACELLULAR
CALCIUM RESPONSE OF CEREBELLAR PURKINJE NEURONS TO
AMPA. T.E. Nelson* and D.L. Gruol. AIDS Research Center and Dept. of
Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037.
The cytokine interleukin-6 (IL-6) has been proposed to play an
important role in normal CNS development and in the pathology of CNS
diseases associated with chronically elevated IL-6 levels. In previous studies
we found that Purkinje neurons in cerebellar slices from transgenic mice
with chronic CNS overexpression of IL-6 exhibited significant alterations
in firing patterns compared to control mice. In the present study we
investigated changes in intracellular Ca+2 signaling as a possible mechanism
underlying these alterations. Using fura-2 Ca+ imaging we examined the
effects' of chronic IL-6 treatment on Ca+2 levels in cultured rat cerebellar
Purkinje neurons in response to the ionotropic glutamate receptor agonist
AMPA. Chronic treatment with IL-6 (10-17 days, 1000 U/ml) altered the
Ca+2 response of Purkinje neurons (16-23 DIV) to AMPA (5 pM) applied
directly to the neurons by rapid microperfusion (1 sec pulse). The mean
peak Ca+2 level was significantly reduced in both the somata (p=0.002) and
dendrites (p=0.036) of IL-6 treated Purkinje neurons compared to control
neurons. In addition, there was a trend (p=0.080) toward a longer mean
peak latency in IL-6 treated Purkinje neuron somata. Recovery of Ca+
levels to baseline was also altered in IL-6 treated Purkinje neurons. 60 sec
following AMPA application, mean Ca+ levels were higher in the somata
(p=0.007) and dendrites (not significant) of IL-6 treated Purkinje neurons
compared to controls. In addition, the duration of the response was longer
in both the somata (p=0.008) and dendrites (p=0.087) of IL-6 treated
Purkinje neurons. No differences in resting Ca+2 levels due to chronic IL-6
treatment were observed. IL-6 mediated alterations of intracellular Ca+
signaling could have significant effects on neuronal development and
function, and might also contribute to the pathophysiology associated with
many CNS diseases. Supported by: DA10187, MH47680, & AA07456.

Exposure to interleukin-6 (IL-6) during neuronal development
enhances the Ca2+ signal and current response to NMDA in cultured rat
cerebellar granule neurons ' (Qiu et al., J. Neurosci., 1995; Neurosci.
Abst, 1996). To determine if these effects of IL-6 are due to - a change
in NMDA receptor (NMDAR) expression, we immunostained granule
neuron cultures with antibodies to -NMDAR subunits NMDAR1 and
NMDAR2A+B. The intensity of NMDAR1 immunostaining was similar in
control and IL-6 treated neurons at the two culture ages studied (6 and
13 days .in vitro) and a developmental increase -in immunostaining was observed for both control and IL-6 treated neurons, consistent with the
developmental increase in the current response to NMDA observed in '
our voltage-clamp studies. In contrast, immunostaining for
NMDAR2A&B was significantly lower in IL-6 treated neurons
compared to control neurons- at both culture ages. Consistent with this
result, ifenprodil (5 pM) a NMDAR antagonist that shows preferential
activity at NMDARs containing the NMDAR2B subunit was less -effective
in antagonizing the . Ca2+ signal to NMDA in IL-6 treated neurons
compared to control neurons. These results suggest that IL-6 treated
neurons express lower levels of NMDARs containing the NMDAR2B
subunit than control neurons. Because immunostaining to NMDAR2A&B
decreased during development whereas -the current response increased,
it is likely that the IL-6 treated neurons express higher levels of
another subunit, perhaps - NMDAR2C, a subunit known to be expressed
by granule neurons in vivo. Supported by MH47680 and DA10187

30.7

30.8

EFFECT OF BASIC FIBROBLAST GROWTH FACTOR ON
DYSTROPHIN AND UTROPHIN EXPRESSION IN HUMAN
BRAIN.
V. Fanni, V Sogos, M.G. Ennas, F. Gremo*
Dept. Cytomorph., School of Medicine, Cagliari, Italy

TYPE I ASTROCYTES SECRETE A NEURON SURVIVAL FACTOR WHEN
STIMULATED BY BASIC FIBROBLAST GROWTH FACTOR. Lisa D. Cain*
and Linda Perkins. Dept. Anatomy and Neurosciences, Galveston, Tx 77555.
Basic fibroblast growth factor (bFGF) is a mitogen for glia and a trophic factor
for specific areas of the brain. In comparison to control brains, bFGF is found in
elevated amounts after ischemia, in Alzheimer’s disease and other forms of ' brain
injury. We hypothesize that in addition to increasing the number of type I
astrocytes, bFGF also induces these glia to secrete a neuron survival factor. We
have previously reported that treatment' of embryonic basal forebrain high density,
serum-containing cultures with 50 ng/ml of bFGF increases the survival of the
cholinergic neurons as determined by acetylcholinesterase staining. We have also
shown that the increase in the neuron survival is dependent on the presence of type
I astrocytes which stain positive for the glia fibrillary acidic protein (GFAP).
Treatment of the cultures with cytosine arabinonucleoside (Ara-C) reduced the
number of glia to control levels and diminished the survival effect. We have also
stained for the presence of galatocerebroside positve cells (oligodentrocytes) and
have observed that at embryonic day 17 there are no cells positive for
galactocerebroside. We have also observed no significant effect of bFGF on the
number in microglia when compared to control cultures. Our studies have
indicated that bFGF is not only a mitogen for type I astrocytes, but it specifically
stimulates type I astrocytes to secrete a neuron survival factor. ' (Supported by
small grant from Institute of Aging, University of Texas Medical Branch).

We - have previously shown that human fetal neurons as
well as astrocytes and microglia express the four types of
receptors for fibroblast growth - factors (FGFs). In order to
study FGFs effects during the development of the human
brain, we treated human fetal cultured neurons and
astrocytes with different doses of basic FGF. After one week
of treatment we tested - by polymerase chain reaction the
expression of the different products of Duchenne muscular
dystrophy (DMD) gene as well as of the dystrophin-related
protein called utrophin. Results suggest a possible regulatory
effect of bFGF on the expression of these proteins. Whether
this is due to a general effect of the growth factor on cell
differentiation or to a specific gene regulation is under
investigation. This study helps in understanding the role
played by neurotrophins on brain maturation.
(supported by CNR and Regione Autonoma Sardegna Grants
to F.G.)
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EFFECTS OF HEREGULIN .AND BASIC. FGF ON ’NITRIC OXIDE
SYNTHASE-1 EXPRESSION IN CEREBELLAR GRANULE CELLS
R. Krainock and S.P. Murphy*- Dept. of Pharmacology,
Univ. of Iowa College of Medicine, Iowa.City, IA 52242.
Upregulated nitric oxide synthase (NOS) expression
and unregulated enzyme activity may play a role in
various neurodegenerative diseases. Transcriptional
regulation of NOS-1 is mediated by multiple promoters
and therefore identifying factors that modulate
neuronal NOS expression is important. Using granule
cell cultures from postnatal rat and mouse cerebellum
we determined the effects of rh heregulin $ 1 (HRG) and
basic FGF on NOS-1 and neuronal. specific enolase (NSE)
expression by quantitative western analysis. These
cells express erbB-2 and -4, but not erbB-3 receptors,
as revealed by immunoblotting. Treatment of cells for
72 h at 12 days in vitro produced no effects. Treatment
of cells at 5 days in vitro doubled NOS-1 expression,
and there was an associated 50% increase in NSE
expression. This suggests that a part of the NOS-1
response to HRG and FGF may be explained by an effect
on granule cell survival.
Supported by the Roy ’ J. Carver Charitable Trust.

AUGMENTED METHAMPHETAMINE-INDUCED OVERFLOW OF
STRIATAL DOPAMINE ONE DAY AFTER GDNF ADMINISTRATION.
W.A. Cass*, L. Perry and M.W. Manning. Department of Anatomy and
Neurobiology, University of Kentucky, Lexington, KY 40536.
Repeated methamphetamine (METH) administration can result in longlasting decreases in striatal dopamine (DA). This effect appears to be
dependent on profound increases in extracellular DA levels during the METH
administration. GDNF inhibits the DA depleting effects of - METH in a dosedependent manner when administered intrastriatally. The purpose of the
present study was to determine if the neuroprotective effect of GDNF against
METH could be due, in part, to GDNF decreasing the level of evoked
overflow of DA during the METH treatment. GDNF (10 pg in 2 pl vehicle)
or vehicle was injected into the right striatum of anesthetized male Fischer344 rats. The next day the animals were anesthetized with urethane and
dialysis probes were positioned in both the right and left striata and perfused
with artificial CFS. Following the collection of baseline samples the rats
were administered METH (5 mg/kg, s.c.) four times at 2-hour intervals. The
METH injections dramatically increased extracellular DA levels on both
sides of the brain. However, levels on the right, GDNF injected side, were
significantly greater than those on the left side. Basal levels of DA were not
significantly different between the two sides. In other experiments, where
excess potassium or amphetamine were locally applied through the dialysis
probes, prior GDNF treatment did not lead to elevated DA levels on the
GDNF side. This suggests that METH actions at the DA cell bodies may be
necessary in order to see increased DA levels after GDNF administration.
Furthermore, these results indicate that the neuroprotective effect of GDNF
against METH toxicity is not due to a decrease in METH-evoked overflow of
DA in the treated striatum. Supported by the USPHS grant DA 10115.

30.11

30.12

ROLE OF GDNF RECEPTORS IN THE DEVELOPMENT OF THE
CEREBELLUM: REGULATION BY THYROID HORMONE .
Ernest Arenas*, Isabelle Neveu, Joseph Wagner and Peter Akerud
Lab of Molecular Neurobiology, Department of Medical Biochemistry
and Biophysics, Karolinska Institute, 17177 Stockholm, Sweden.

GDNF Improves Cerebellar p-Adrenergic Receptor Function in Aged F344
Rats. Paula C. Bickford and Kathryn E. Bowenkamp* Dept. of Pharmacology,
University of Colorado Health Sciences Center and Veterans Administration
Medical Center, Denver CO, 80262.
Aging is associated - with a decline in the function of P-adrenergic receptor
responses in the cerebellum. This decline in noradrenergic receptor sensitivity may
underlie some of the accompanying age-related declines in motoric learning
behaviors. Glial cell line-derived neuronotrophic factor (GDNF) has been reported
to prevent the degeneration of noradrenergic neurons following neurotoxic lesions.
Thus, it was of interest to examine if GDNF would have a beneficial effect on agerelated declines in noradrenergic function. Eighteen-month-old F344 rats were
injected with 100pg GDNF in 20 pl into the cistema magna. Three weeks
following GDNF or vehicle treatment rats were studied electrophysiologically
under urethane anesthesia. Multi-barreled microelectrodes filled with isoproterenol
(ISO) and GABA were used to record extracellular action potentials of cerebellar
Purkinje neurons. The ability of ISO to augment GABAergic inhibitions was used
as the index to examine P-adrenergic receptor function in the aged rats. In young (3
month old) F344 rats ISO will increase the inhibition by 38.3 ± 5% (N=5 rats, 23
cells). This increase in inhibition is observed in 73% of neurons examined in young
rats. - 1n the aged rats treated with vehicle there is a decline in the response to ISO
such that -only a 20.1±4%(N=8 rats, 41 cells) increase in GABAergic inhibitions
was observed. An increase was observed in only 43% of neurons examined. In the
aged rats treated with GDNF ISO increased GABAergic inhibitions by 38.0±5%
(N=10 rats, 45 cells) and the increase was observed in 75% of cells examined.
Thus, intra-cistema magna delivery of GDNF to aged rats improved P-adrenergic
receptor function in the aged F344 rats to a level identical to that seen in young rats.
This work was supported by AG-04418, AG-00728, AG05693 and the VAMRS.
GDNF was provided by AMGEN.

Thyroid hormone deficiency results in a profound impairment of
cerebellar cortical development. We have previously found that
experimental hypothyroidism dramatically decreases NT-3 and BDNF
mRNA expression. Exogenous replacement of BDNF or NT-3 to
hypothyroid animals prevented the death of internal granule cell layer
(IGL) neurons, and replacement of NT-3 promoted the differentiation
of granule and Purkinje cells. However, alterations in cerebellar
development were only partially rescued, indicating that other factors
might be involved. To determine whether GDNF and/or their
receptors are involved, we first analysed their expression, at mRNA
level, by using a sensitive RNAse protection assay and in situ
hybridization. We found that early hypothyroidism disrupted the
developmental pattern of expression of c-ret and GDNFR-a, but not
that of GDNF. At P15, thyroid hormone deficiency decreased the
expression of GDNFR-a in Basket cells and induced a profound
upregulation of c-ret in Basket -cells and in oligodendrocytes of the
IGL. These findings suggest that GDNF receptor ligands may play a
role in the development of the cerebellum. We are currently studying
whether administration of GDNF receptor ligands might be able to
prevent some of the developmental . deficits induced by
hypothyroidism.
Supported by Swedish Medical- Research Council, Jeanssonska Foundation and
BIOTECH Program of the European Commission .

30.13

30.14

CNTF INCREASES STEADY-STATE LEVELS OF CHOLINE
ACETYLTRANSFERASE TRANSCRIPTS IN LA-N-2
NEUROBLASTOMA. J.C.Baskey, S.O.Meakin* and R.J.Rylett, Dept.
Physiology, University of Western Ontario, and J.P.Robarts
Research Institute, London, Canada
Expression of the cholinergic neuronal phenotype can be regulated
by a number of growth and trophic factors, including neurotrophins
such as nerve growth factor, and neurocytokines such as ciliary
neuronotrophic factor (CNTF). Growth of the human neuroblastoma
LA-N-2 in the presence of CNTF results in enhanced choline
acetyltransferase (ChAT) and choline transport activities, and
increased acetylcholine (ACh) biosynthesis. In the present study, we

SYSTEMIC IGF ADMINISTRATION PREVENTS
BIOCHEMICAL ABNORMALITIES IN THE BRAIN OF
DIABETIC RATS. S.-F. Pu, L. Wuarin, Z.-J. Fei and D.N. Ishii*.
Dept. of Biochem. and Molec. Biol., and Dept. of Physiol., Colorado
State Univ., Fort Collins, CO 80523.
We tested the hypothesis that systemic IGF administration can
prevent biochemical disorders in diseased brain. Adult rats received
i.v. vehicle (nondiabetic) or streptozotocin to induce diabetes.
Immediately thereafter, miniosmotic pumps were implanted s.c. in
the back of diabetic rats which released either vehicle or insulin-like
growth factor (IGF) (4.8 pg/rat/day). Two weeks later, a) IGF-II
mRNA content was measured by Northern and slot blots, or b) in
situ hybridization was performed to detect neuropeptide Y (NPY)
mRNA in the hypothalamus. Diabetes reduced IGF-II mRNA
content in brain, but IGF-II mRNA content per poly(A)+ RNA was
significantly higher in IGF-I treated vs. vehicle-treated rats (P <
0.03). Furthermore, NPY mRNA was elevated in the hypothalamus
of diabetic rats, and this was reduced towards normal by treatment
with IGF-II. By contrast, IGF treatments did not reduce
hyperglycemia in diabetic rats. - These results show that systemic IGF
administration can prevent abnormalities in brain biochemistry in
a disease. (Supported in part by grant ROl NS24327)

are investigating the mechanisms underlying CNTF-mediated
modulation of ChAT activity in LA-N-2 cells. Using an RT-PCR
approach and primers directed to the coding region of ChAT, steadystate levels of mRNA for the enzyme were increased by CNTF over a
time course of 72 hr peaking between 36 and 48 hr. Using primers
specific for the R-isoform of ChAT, steady-state transcript levels were
also elevated in CNTF-treated cells, reaching a maximum around 36
hr. ChAT specific activity was increased about 2.5-fold following 3
days treatment with CNTF, and ChAT protein levels increased at 3
and 6 days. These data suggest that CNTF alters ChAT activity at
the transcriptional level ’
(Supported by a grant from Ontario Mental Health Foundation)
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PDGF REGULATES THE APP METABOLISM IN HUMAN FIBROBLASTS
U. Ueberham. S. Michel*1 and V. Biel.
Dept. Neurochem., Paul Flecliag Inst for Brain Res., 04109 Leipzig, ‘Zoological
Institute, University of Leipzig, D-04103 Leipzig, Germany
Pathological processing of the amyloid precursor protein (APP) is assumed to
play a key role in the pathogenesis of Alzheimer's disease (AD). However, there is still a
lack of detailed knowledge on the physiological function of APP in both brain and body
cells. Due to the finding that human fibroblasts express a significant amount of APP and
that (3A4 formation is also increased in fibroblasts in patients suffering AD, cultured
fibroblasts might represent a useful tool to study some physiological functions of APP
including the regulation of APP metabolism by cytokines. To elucidate whether growth
factors like PDGF, bFGF and TGFp affect APP processing, cultured fibroblasts were
stimulated with those growth factors, and the soluble APP secreted into the malium was
quantified by Western analysis. From the corresponding cells the RNA was prepare! and
the APP mRNA steady state level was determined by Northern analysis. Additionally, the
APP-isoform pattern was studied by RT-PCR.
While bFGF had no significant influence on the APP mRNA level, TGFfh treatment
increased the APP mRNA level. In contrast, PDGF significantly decreased the mRNA
steady state level. While the ratio of the APP mRNA isoforms 695,751 and 770 was not
changed by bFGF and TGFPi, PDGF decreased the APP770 isoform and increased the
APP 751 and 695 species, resulting in total decrease of KPI-contaming isoforms. Both
PDGF and TGFJ31 increased APP secretion in a dose dependent manner. bFGF did not
affect APP processing in fibroblasts regardless of the dose applied. The dose-dependent
regulation of APP processing in fibroblasts by PDGF and TGFp strongly suggests a
physiological function of APP in fibrotic and wound healing processes after injury.
Supported by Schenng AG and IBmdesministerium fur Forschung und Technik no. 0310666.

EXPRESSION PROFILES AND FUNCTIONAL STUDIES ON CRNF AND
LTRK1 IN LYMNAEA STAGNALIS. M. Fainzilber, J. van Minnen, A.B. Smit, R.
van Kesteren, P.M. Hermann, W.C. Wildering, C.F. Ibanez, A.G.M. Bulloch*.
Dept. of Neuroscience, Karolinska Institute, Stockholm, Sweden; Institute of
Neurosciences, Vrije Universiteit Amsterdam, The Netherlands and Neuroscience
Research Group, University of Calgary, Canada.
Recently we have described Cysteine Rich Neurotrophic Factor (CRNF) and Ltrkl
as a candidate neurotrophic factor and receptor, respectively, in the mollusc
Lymnaea stagnalis. In order to obtain insight on the functions of these molecules
in development and repair of Lymnaea CNS, their adult and embryonic
. expression has been mapped by RNAse protection assays (RPA) and in situ
hybridization (ISH). In the adult CRNF is expressed predominantly in a layer of
pedal subepithelial cells, whereas Ltrkl expression is restricted to the
neuroendocrine dorsal body, and a group of neurons of the visceral ganglion
(Yellow Cells) which innervate the kidney and heart. This mutually exclusive
pattern of expression suggests that the cognate receptor/ligand pairs for CRNF
and Ltrkl are yet to be found. Indeed Ltrkl appears to belong to a family of
related receptors expressed in different areas of Lymnaea CNS. During embryonic
development, CRNF expression is not detectable by RPA before day 6, after
which expression steadily increases to a peak just before hatching. Levels in posthatching snails are again very low as compared to the expression levels in adult
foot. Furthermore, up-regulation of CRNF expression in lesioned CNS could
suggest a role for the molecule in repair processes. The efficiency of heterologous
expression of CRNF in mammalian and insect cells has been assessed using a
number of different constructs, while Ltrkl expressing fibroblast and PC12 cell
lines have been generated. Pharmacological studies using these heterologous
systems will be described. Supported by HFSPO.

30.18

30.17
RAPID MODULATION OF HIGH-VOLTAGE-ACTIVATED CALCIUM
CURRENTS BY GROWTH FACTORS AND RGD-PEPTIDES; A SITE OF
INTERACTION BETWEEN NEUROTROPHIC- AND EXTRACELLULAR
MATRIX FACTORS? W.C. Wildering*, P.M. Hermann, and A.G.M. Bulloch.
Neuroscience Research Group, Faculty of Medicine, University of Calgary, Alberta,
T2N 4N1, Canada.
We demonstrated that high-voltage-activated (HVA) calcium currents (Ntype like and L-type like) in identified molluscan motoneurons (RPA neurons) are
acutely modulated by neurotrophic factors. Both mouse 2.5S NGF and a recently
cloned endogenous Lymnaea neurotrophic factor (see abstract by Fainzilber et al.),
called Cysteine Rich Neurotrophic Factor (CRNF), affected HVA calcium currents
in vitro within ’ minutes. In addition, the same HVA calcium currents were
modulated within minutes by extracellular matrix (ECM) factors such as
Fibronectin. The effect of Fibronectin could be mimicked by micnomolan levels of
synthetic proteins containing the Arg-Gly-Asp (RGD) but not by synthetic proteins
in which the RGD motive was scrambled. This indicates that modulation of the
HVA Ca2+ current by ECM-related factors involve an integrin-like receptor. This
hypothesis is supported by the fact that adhesion of RPA neurons to Fibronectin
was also RGD-dependent.
Our data indicate that the signaling pathways activated by neurotrophicand ECM-related factors converge at the level of the transmembrane Ca2+ current.
This raises the possibility that voltage-gated Ca2+ currents are a key factor in the
integration of various directional cues by the navigating growth cone. Moreover, it
suggests that physiological responses to ECM-related factors and neurotrophic
factors are to some extent interdependent. Supported by MRC (Canada), AHFMR
(Alberta) and the NCE Neuroscience Network of Canada.

DOWN REGULATION OF SEPTAL CHOLINERGIC CELL EXPRESSION BY
TRYPSIN-ACTIVATED a2-MACROGLOBULIN MAY INVOLVE CHANGES IN
GROWTH FACTOR BINDING AND AVAILABILITY R.L. Kentasbere*. B. Adada and
I.E. Mazzoni, Hopital Ste-Justine, Montreal. Quebec, Canada. H3T 1C5.

We previously reported that the expression of a2-macroglobulin (a2-m) in astroglia
from the developing medial septal nucleus in vitro can be controlled by EGF receptor
ligands. Furthermore we find this antiprotease can, depending upon its levels and
state of activation, differentially affect septal cholinergic cell expression. In the high
nM range, a2-m, in its trypsin-activated form (a2-m-T), reversibly downregulates the
cholinergic phenotype (choline acetyltransferase (ChAT) and acetylcholinesterase
activities) without influencing cholinergic nor general neuronal cell survival. In contrast,
low nM concentrations of a2-m-T upregulate the expression of these two cholinergic
cell parameters. As a2-m, LRP, the receptor that binds and clears this antiprotease,
and the EGF receptor, have all been found in the developing and mature basal
forebrain and are all overexpressed in the forebrains of individuals with Alzheimer's
disease where basal forebrain cholinergic integrity is jeopardized, we extended out
investigations to determine by what mechanism a2-m-T decreases the cholinergic
phenotype. We find that although LRP is present in the developing medial septum in
vitro as assessed immunocytochemically, preliminary data using the receptor
associated protein that blocks LRP binding to all its ligands suggest that this receptor
may not be involved in the cholinergic cell response to a2-m-T. Interestingly however,
we find that the cholinergic inhibitory activity of binary and ternary a 2-m-T complexes
which have been documented to exhibit different growth factor and cytokine binding
activities, are not similar. Although both complexes suppress septal ChAT activity, the
binary one, which has a greater growth factor-binding capacity, is significantly more
potent. These results suggest that: (1) a2-m-T can downregulate septal cholinergic
expression reversibly without affecting their survival by a mechanism that may be
independent of its interaction with LRP and (2) based on the relative potencies of
binary and ternary a 2-m-T complexes, it is likely that growth factor binding to a 2-m
may be implicated in the cholinergic cell response to this antiprotease. We are
currently extending these studies to identify which growth factor or cytokine may be
involved as well as assess the possible significance of a novel signalling receptor for
protease-activated a2-m in the cholinergic cell response.

Supported by MRC (Canada)

30.19
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T-588, A NOVEL COGNITION ENHANCER, POTENTIATES
THE EFFECT OF NERVE GROWTH FACTOR IN PC12 CELLS.
S'. Ono*, H. Yamaguchi, and H. Narita. Research Laboratories, Toyama
Chemical Co. Ltd., Toyama 930, Japan.
T-588 is under development for Alzheimer's disease. Previous studies
demonstrated that T-588 exhibited protective effects against cerebral
anoxia in mice, ameliorated the memory and learning impairment in
embolized and ischemic rats, enhanced the neuronal transmitter system,
and protected rat primary cerebellar granule cell cultures against B amyloid. It is well known that nerve growth factor (NGF) is involved in
cell survival and rearrangement of neural network in CNS cholinergic
neurons. In the present study, we investigated the interaction between T588 and NQF on the neurite outgrowth in PC 12 cells. T-588 (1-100 p M)
significantly potentiated NGF-dependent neurite outgrowth in a
concentration dependent manner, while T-588 alone did not induce such
morphological change. To investigate the mechanism of T-588 on the
enhancement of NGF-dependent differentiation, we examined the effects
of protein kinase inhibitors. The potentiating effect of T-588 (10 pM) was
significantly reduced by KN-62, a Ca2+/calmodulin-depgndgnt protein
kinase II inhibitor, and calphostin C, a protein kinase C (PKC) inhibitor,
but not H-89, a protein kinase A inhibitor. The potentiating effects of
PMA (1 nM) and dibutyryl-cAMP (10 pM) was also significantly
inhibited by calphostin C and H-89, respectively. The results suggest that
the potentiating effect of T-588 on NGF-induced neurite outgrowth is
mediated by stimulating Ca2+/CaM kinase II and PKC signal
transduction pathway, and indicate that T-588 would be expected to have
beneficial effects in the treatment of chronic ngurodegengratlvg diseases.

REGULATION OF ASTROCYTE GFAP EXPRESSION BY TGF-B 1
AND FGF-2. J. F. Reilly*'1, P. A. Maher2, and V. G. '..Kumari1
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Department of Cell Biology & Human Anatomy, School of Medicine,
University of California, Davis, CA 95616 and 2Department of Cell
Biology, Scripps Research Institute, La Jolla, CA 92037.
Astrocytes play a critical role in the development of the CNS and its
response to injury and disease. A key indicator of astrocyte activation is
the increased accumulation of intermediate filaments composed of glial
fibrillary acidic protein (GFAP). Treatment of astrocytes in vitro with
transforming growth factor-61 (TGF-B 1) produced little morphological
change, but resulted in a significant increase in GFAP mRNA and
protein. Treatment with basic fibroblast growth factor (FGF-2)
produced a dramatic change from a polygonal to a stellate morphology,
and resulted in a significant decrease in GFAP mRNA and protein.
FGF-2 also inhibited the TGF-B 1-mediated increase in GFAP mRNA
and protein, but showed an enhanced effect on astrocyte morphology in
the presence of TGF-B 1. Cycloheximide did not block the effects of
TGF-B 1 or FGF-2 on GFAP mRNA levels, but blocked the inhibitory
effects of FGF-2 on the TGF-B 1-mediated increase in GFAP expression.
All effects of FGF-2 were blocked by co-incubation with 5'methylthioadenosine, a specific inhibitor of FGF-2-induced tyrosine
kinase activity and f Gf receptor (FGFR) autophosphorylation. We also
examined astrocyte expression of FGFR, and demonstrate the presence
of FGFR 1 and 2, and lower levels of FGFR 3. Our results demonstrate
that TGF-B 1 and FGF-2 cause differential effects on the astrocyte
cytoskeleton and morphology, suggesting an uncoupling of process
outgrowth from GFAP synthesis. Supported by VA 640-D56325
(V.G.K.) and NIH NS28121 (PA.M).
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CYTOKINES AND GROWTH FACTORS INDUCE GFAP IN .
RETINAL MULLER CELLS. V. Sarthy*! S. Brod.iian! and S
Smith2. iDept. of Ophthalmology, Northwestern University, Chicago,
IL 60611; and 2Dept. of ■ Cell Biology and Anatomy, Medical College
of Georgia, Augusta, GA 30912.
In the mammalian retina, GFAP is strongly induced in Muller cells
in response to retinal degeneration, detachment, trauma or ischemia.
The extracellular inductive signal responsible for GFAP upregulation
has not been identified. In the present study, we have examined
whether the cytokines, CNTF and LIF, and the growth factor bFGF are
able to induce GFAP expression in Muller cells. CNTF, LIF and bFGF
(0.5 pi) were injected intravitreally into one eye of adult B6 mice at a
concentration of 1 pg/pl. The fellow eye was injected with
physiological saline. After survival periods . of 1 to 21 days, the animals
were killed, and their eyes were processed for GFAPimmunocytochemistry. In animals injected with CNTF, LIF and bFGF,
immunostaining was found in Muller cell processes with the highest
staining in the endfoot region. Although injections were limited to a
single site in the eye, GFAP immunostaining was noted throughout the
retina. Muller cell staining was seen as early as 1 day after injection in
the case of CNTF, and the ■ intensity of staining remained unchanged
between 3 to 21 days. In eyes injected with LIF and bFGF, intensity of
the response was weaker than that with CNTF. These results show that
CNTF, LIF and bFGF are potential candidates for the signalling
molecule. The question as to whether they act directly on Muller cells
or through an indirect mechanism remains to be determined.
Supported by EY-03523 and EY-O9682.
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CHANGE OF TRKB EXPRESSION IN THE DEVELOPING MONKEY
CENTRAL NERVOUS SYSTEM. KOhira, K.Shimizu and M.Hayashi* .
Department of Cellular and Molecular Biology, Primate Research Institute of Kyoto

University, Inuyama, Aichi 484, Japan.
TrkB is known as a receptor for neurotrophin such as BDNF and NT-4/5. The trkB
gene gives rise to multiple transcripts, including one that . encodes the full-length

protein ( TK+ ) and others which encode truncated forms ( TK- ) that lack the
tyrosine kinase domain. In the present study, we examined the expression of TK+
and TK- in the CNS of the crab-eating macaque ( Macaca fascicularis ) using the

western blot analysis. At the adult stage, relatively high levels of TK+ were found in

the cerebral cortices compared with the subcortical structures, the cerebellum and the

spinal cord, while TK- in the hippocampus was expressed higher levels than in other
regions such as the cerebral cortices and the subcortical structures. In the developing
cerebral cortices, TK+ was detectable at the same levels from E120 to the adult
period, whereas the expression of TK- increased' remarkably after the new bom stage,
which peaked at P60, and maintained the same level into the adulthood The

expression of TK- occurred at a time that correlates with the elimination of axons (

A.-S. LaMantia and P. Rakic. 1990 ). This study demonstrates that TK- has an
important role for axonal remodeling, reducing responsiveness to BDNF or NT-4/5

by acting as a negative effector of TK+. Moreover, the result of TK- expression

supports a hierarchical model of the cortical development in which the motor cortex

matures earlier than the premotor cortex and the prefrontal cortex differentiates last.
This research was supported by a Grant-in-Aid ( 08838012 ) from the Ministry of
Education, Science and Culture, Japan.

31.3

31.4

PROTEIN KINASE C INHIBITION BLOCKS BDNF ACTIVATION OF
trkB RECEPTORS. M.M. Behrens*, U. Strasser, L.L. Dugan, D. Lobner and
D.W. Choi. Center for the Study of the Nervous System Injury and Dept. of
Neurology, Washington Univ. School of Medicine, St. Louis, MO 63110.
Protein kinase C (PKC) has been suggested to be involved in the survivalpromoting effects of BDNF on cerebellar granule neurons (Zirrgiebel et al., J.
Neurochem. 65:2241,1995), as well as in both the survival-promoting and
injury-promoting effects of BDNF on neocortical neurons (Gwag et al., Soc.
Neurosci. Abstr. 22: 709, 1996).
In searching for PKC-mediated events in trkB signaling pathways, we found
that addition of the selective PKC inhibitors, Go6976 or GF109203X both
blocked BDNF-induced transphosphorylation of trkB in murine cortical cell
cultures. Blockade of BDNF-induced transphosphorylation of trkB was also
produced by addition of the phospholipase C inhibitor, U73122, consistent
with the idea that diacylglycerol-induced activation of PKC is important in
maintaining trkB responsiveness. Inhibition ■ of tyrosine phosphatases with 0.1
mM orthovanadate did not reverse the ability of PKC inhibitors to block
BDNF activation of trkB, arguing that lack of trkB transphosphorylation was
not due to activation of a tyrosine phosphatase. These results suggest that
PKC has a important role in the initial activation of trkB by BDNF. Supported
by NIH NINDS grants NS 30337 (DWC).
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MECHANISM
BY
WHICH
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INDUCES
ACTIVATION
OF
PHOSPHATIDYLINOSITOL 3-KINASE IN PC12 CELLS STABLY EXPRESSING
TRKB AND CULTURED CORTICAL NEURONS.
M. Yamada*1, H. Ohnishi2, S. Sano2, A. Nakatani1, T. IkeuchP, H. Hatanaka1.1 lnst.
Protein Res., Osaka Univ., Suita, Osaka 565; Mitsubishi Kasei Inst. Life Sci.,
Machida, Tokyo 194, Japan.
Brain-derived neurotrophic factor (BDNF) binds to and activates a receptor
tyrosine kinase, TrkB, to exert various effects including promotion of neurite
outgrowth and survival, and potentiation of synaptic transmission. The activated
TrkB is autophosphorylated on tyrosine residues and initiate intracellular signaling
by activating several enzymes and effectors such as phospholipase C y (PLC y),
phosphatidylinositol 3-kinase (PI3-K) and SHC. PI3-K is a heterodimer composed
of an 85-kDa regulatory subunit and a 110-kDa catalytic subunit. PI3-K is
activated by the association of the regulatory subunit with phosphotyrosine
residues on target proteins via its SH2 domains. Recently, several studies using
PC12 cells and cultured cerebellar granule neurons have indicated that the '
activation of PI3-K is important for survival promoted by neurotrophic factors.
We examined how BDNF activates PI3-K in PC12 cells stably expressing TrkB
and cultured cerebral cortical neurons. As a result, PI3-K was not coimmunoprecipitated with TrkB in the cortical neurons treated with BDNF, although '
PLC y protein associated with TrkB. Immunoprecipitates with the anti-PI3-K
antibody from lysates of BDNF-treated cells contained several tyrosinephosphorylated proteins. Apparent molecular masses of these PI3-K-associated
proteins were 180,115, 100 . and 70 kDa in the cortical neurons and 115, 100, 70
and 55 kDa in the TrkB-expressing PC12 cells. Therefore, we consider that PI3-K
is activated by BDNF through the association with these tyrosine-phosphorylated
proteins but not with the activated TrkB. Now, we are identifying these tyrosinephosphorylated proteins associated with PI3-K in response to BDNF.
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EXPRESSION OF TRUNCATED trkB RECEPTOR INDUCES A
MORPHOLOGICAL CHANGE IN MOUSE NEUROBLASTOMA CELLS.
A. Haapasalo, T. Saarelainen. G. Wong, and .E. Castren*. A.I.Virtanen Institute,
University of Kuopio, P.O.Box 1627, FIN-70211 Kuopio, Finland.
Neurotrophins influence neuronal development, survival and plasticity by
activating transmembrane tyrosine kinase receptors of the trk family. TrkB, the
receptor for brain-derived neurotrophic factor (BDNF) and neurotrophin-4/5, is
alternatively spliced into at least three different isoforms, all of which contain
identical extracellular and transmembrane domains, but differ intracellularly. The fulllength trkB (trkB-TK+) contains a tyrosine kinase (TK) domain in its C-terminus,
but the two truncated receptors (trkB-T1 and T2) lack the TK-domain and contain a
short isoform-specific intracellular domain in -its place. The truncated isoforms are
suggested to act as dominant negative receptors modulating the trkB-TK+ signaling
or as "sponges" capturing excess ligand. Recent evidence suggests that the truncated
trkBs may also be capable of mediating signal transduction.
We introduced N-terminal Flag-tagged trkB isoforms into N2a mouse
neuroblastoma cells by transient transfection. Overexpression of the truncated trkBT1 caused a dramatic change in the cell morphology, in which over 50% of the
transfected cells had a phenotype characterized. by increased process and filopodia
outgrowth compared to the control cells or the cells transfected with trkB-TK+. The
expression of trkB-T1 appeared to colocalize with filamentous actin in the processes
and filopodia suggesting reorganization of the cytoskeleton. The phenotype appeared
to be ligand-independent, since adding BDNF to the culture media had no effect. RTPCR revealed that N2a cell line lacks detectable endogenous BDNF, trkB-TK+ or T1
mRNAs, suggesting that the effects are due to the .exogenous trkB-T 1 expression.
Our findings, therefore, indicate a possible new role for truncated trkB in cellular
differentiation.
This study is supported by the Academy of- Finland and Sigrid Juselius
foundation.
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ABNORMAL CEREBELLAR DEVELOPMENT AND FOLIATION
IN BDNF -/- MICE REVEALS A ROLE FOR NEUROTROPHINS IN
CNS PATTERNING P. M. Schwartz, P. R. Borghesani, R. L. Levy
and R. A. Segal*. Department of Neurology, Beth Israel Deaconess
Medical Center and Program in Neuroscience Harvard Medical School,
Boston, MA 02115
While target derived neurotrophins are required for the survival of
developing neurons in the peripheral nervous system, the functions of
neurotrophins in the central nervous system- are unclear. Mice with a
targeted gene deletion of brain-derived neurotrophic factor (BDNF)
exhibit a wide based gait characteristic of central ataxia. Consistent
with this behavioral evidence of cerebellar - dysfunction, the
development of Purkinje cells and granule cells, both of which express
the BDNF receptor TrkB, is adversely affected. In mutant animals there
is impaired survival of developing granule cells as well as stunted
arborization of Purkinje cell dendrites, the target of granule cell axons.
These cellular defects lead to impaired formation of horizontal layers,
and defects in the rostral-caudal foliation pattern. These abnormalities
are accompanied by decreased Trk activation in granule and Purkinje
cells of mutant animals, indicating that both cell types are direct targets
for BDNF. These data suggest that BDNF acts as an anterograde and
an autocrine/ paracrine factor to regulate survival and morphologic
differentiation of developing CNS neurons, and thereby - affect neural
patterning.
This research was supported by grants from the N.I.H. (NS35148),
the Robert Ebert Clinical Scholar Award from- the Klingenstein Fund,
and the Hearst Fund.

31.7
BDNF RAPIDLY ENHANCES PHOSPHORYLATION OF THE
POSTSYNAPTIC NMDA RECEPTOR SUBUNIT 1.
K. Wu*,JP...C-Suen. E-S..Levine,J.. L. Xu,_H. ,T. . J.-Mount, S. Y. Lin

and I. B. Black. Dept. Neurosci. & Cell Biol., UMDNJ-Robert Wood
Johnson Medical School, Piscataway, NJ 08854
Although neurotrophins have tr^c^i^i^ionally been regarded as neuronal
survival factors, recent work has . suggested a role for these factors in
synaptic plasticity. In particular, BDNF rapidly enhances synaptic
transmission in hippocampal neurons through trkB receptor stimulation
and postsynaptic phosphorylation mechanisms. Activation of trkB also
modulates hippocampal LTP, in which postsynaptic NMDA glutamate
receptors play a key role. However, the final common pathway
through which BDNF increases postsynaptic responsiveness is
unknown. We now report that BDNF, within ' 5 minutes of exposure,
elicits a dose-dependent increase in phosphorylation of the NMDA
receptor subunit 1 (NR 1). This acute effect occurred in hippocampal
synaptoneurosomes, which contain pre- and postsynaptic elements, and
in isolated hippocampal postsynaptic densities. NGF, in contrast,
caused no enhancement of phosphorylation. These results suggest a
potential mechanism for trophin-induced potentiation of synaptic
transmission.
(Supported by NIH grant HD 23315)

31.9
BDNF ENHANCES ASSOCIATION OF PROTEIN TYROSINE
PHOSPHATASE (PTP1D) WITH THE NMDA RECEPTOR
SUBUNIT 2B IN THE CORTICAL PSD. J. L. Xu*, K. Wu , S. Y . Lin
and I. B. Black. Dept. Neurosci. '& Cell Biol., UMDNJ-Robert Wood
Johnson Medical School, Piscataway, NJ 08854
Our recent studies revealed that brain-derived neurotrophic factor
(BDNF) rapidly enhances tyrosine phosphorylation and
dephosphorylation - of the NMDA receptor subunit 2B (NR2B) in the
postsynaptic density (PSD), potentially - regulating synaptic plasticity.
To begin exploring molecular mechanisms underlying synaptic NR2B
signaling, we examined a protein tyrosine phosphatase, PTP1D, whose
activity is reportedly regulated by BDNF in cortical neurons. We now
report that PTP1D is an intrinsic component of the cortical PSD, basedon Western blot analysis using specific anti-PTPID antibodies. In
addition, NR2B is coimmunoprecipitated with anti-PTPID antibodies,
indicating physical association of the subunit with PTP1D. ■ The
association was abolished when peptide-preadsorbed antibodies were
used, suggesting specificity of the immunoprecipitation. Moreover,
treatment of the PSD with BDNF for 5 min elicited a 2-fold increase in
the association of NR2B and PTP1D. The BDNF effect is specific,
since nerve growth factor (NGF) had no effect on the association.
Taken together, our results suggest that PTP1D may play a role in the
BDNF-mediated NR2B signaling cascade at the postsynaptic site,
thereby regulating synaptic plasticity.
(Supported by NIH grant HD 23315)
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BDNF INDUCTION OF NR2A SUBUNIT EXPRESSION IN
CULTURED RAT CORTICAL NEURONS. C .L. MURRAY*, D.L .
SMALL G AR. MEALING, MO. POPLTER, AM. BUCHAN1
AND P. MORLEY. Institute for Biological Sciences, National
Research Council of Canada, Bldg M-54, Ottawa, Ontario, Canada,
E1A OR6 & ^Foothills Hospital, Calgary, Alberta, T2N 2T9.
NMDA receptor subunit- expression changes during development and
following injury in several brain regions. These changes may be
mediated by neurotrophic factors, such as BDNF. Exposure of cultured
cortical neurons to BDNF (100 ng/ml) for 24 h - produced a significant
decrease in CP-101,606-sensitive NMDA-induced whole-cell currents
suggesting a relative decrease in NR2B - subunit expression. Using
NR2A and NR2B subunit-specific antibodies, it was not possible to
detect any changes in subunit expression. However, RT-PCR
amplification revealed that BDNF caused a significant increase in
NR2A subunit expression, a significant decrease in NR2B subunit
expression and no change in NR2C subunit expression. These results
suggest that BDNF enhances NMDA receptor maturation, warranting
further study of the mechanism of BDNF -effects on NMDA receptor
subunit expression and the role these effects play in development and
neuronal injury. (CP 101,606 was provided by Pfizer)

31.8

BDNF RAPIDLY ENHANCES- .TYROSINE PHOSPHORYLATION OF
NMDA RECEPTOR SUBUNIT 2B IN POSTSYNAPTIC DENSITIES
OF RAT CEREBRAL CORTEX AND HIPPOCAMPUS. S. Y. Lin*,

K. Wu, K S. Levinfi, LI. L J. MounL P. CJ 5uenand I.

B. Black. Dept.
Neurosci. & Cell Biol., UMDNJ-Robert Wood Johnson Medical School,
Piscataway, NJ 08854

Although neurotrophins are critical for neuronal differentiation and
survival, recent work suggests that they acutely regulate synaptic
plasticity as well. BDNF enhances excitatory postsynaptic currents in
cultured dissociated hippocampal neurons within 2-3 minutes through
postsynaptic, phosphorylation-dependent mechanisms. Moreover, BDNF
modulates hippocampal long-term potentiation, in which postsynaptic
NMDA receptors play a key role. We now report that BDNF acutely
regulates the specific NMDA receptor subunit NR2B by increasing
tyrosine phosphorylation, which is known to enhance conductance.
Incubation of BDNF with cortical or hippocampal postsynaptic densities
for 5 minutes increased tyrosine phosphorylation of the NR2B subunit in
a dose-dependent manner. A maximal, 1.65-fold increase in
phosphorylation occurred at a BDNF concentration of 2 ng/ml. The BDNF
action appeared to be specific, since nerve growth factor, another member
of the neurotrophin gene family, had no effect on NR2B phosphorylation.
Further, the BDNF action was selective, since it did not alter tyrosine
phosphorylation of NR2A subunits. Our results suggest that tyrosine
phosphorylation of NR2B subunits of the NMDA receptor may underly
neurotrophin modulation of postsynaptic responsiveness and possibly
long-term potentiation.
(Supported by NIH grant HD 23315)

31.10

BIOLOGICAL ROLES OF TRUNCATED TRKB RECEPTOR ISOFORMS IN
NEOCORTEX. Talene A. Yacoubian, David Kryl, Philip A. Barker, and - Donald
C. Lo*. Dept. Neurobiology, Duke University, Durham, NC 27710, and Montreal
Neurological Institute, McGill University, Montreal, Quebec, Canada H3A 2B4.
The tyrosine kinase domains of Trk receptors are considered essential for the known
biological actions of neurotrophins, yet certain TrkB receptor isoforms are
synthesized as truncated receptors in which the catalytic domains are exchanged for
short carboxy termini. During postnatal development, truncated TrkB receptors
lacking kinase domains become the dominant TrkB isoforms expressed in the CNS
(Allendoerfer et al., 1994; Eromer et al. 1996). We have studied the biological
roles of truncated TrkB receptors within neurons by using particle-mediated gene
transfer to transfect epitope-tagged truncated TrkB isoforms into postmitotic neurons
in intact brain slices prepared from visual cortex of early postnatal ferrets. Using
immunocytochemistry to visualize the transfected epitope-tagged receptors, we find
that T1 snd T2 truncated isoforms are initially distributed usiiformly over the plasma
membrane, but at later times both truncated - receptors are localized to discrete
patches on neuronal processes. In contrast, T1 and T2 receptors expressed in a
neuronal cell line -remain unisormly distributed on the cell surface. Co^as^ctum
of tauncated receptors wBth Green Fluocescent Protein, a marker that -uniformly fills
all neuronal processes, indicates that the discontinuous localization uf T1 and T2
reflects negeneration of oendaites and axons which ultimately culminates in cell
death. Temporal analysis mdicates -hat T2 tratesfection produces more rapid process
degeneration than Tl . Ongoing experiments wilo determine the causD relationship
between procehs defeneratioe and cell death, and the molecular mechanisms by
which truncated 'I'pkB receptors induce these changen. Supported by MH EY115ce
and the McKnight Foundation (DCL), by the Duke MSTP program (TAY), and by a
grant from the National Centres of Excellence Neuroscience Netwerk (RAB).
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TRKB, TRUNCATED TRKB, AND TRKC RECEPTORS ARE NOT
SORTED WITHIN POLARIZED EPITHELIAL CELLS OR
NEURONS. David Krvl*, Talene A. Y acoubian, Donald C. Lo, and
Philip A. Barker. Montreal Neurological Institute, McGill University,
Montreal, Quebec, Canada. H 3A 2B 4 and Department of
Neurobiology, Duke University Medical Center, Durham, NC, 27710.
We have examined the cellular distribution of trkB and trkC in
transfected MDCK cells, rat hippocampal neurons, and ferret cortical
slices. To monitor receptor distribution, epitope-tagged forms of the
receptors were cloned and then expressed within cells by transient
transfection. The tagged receptors were first tested in non-polarized cell
lines; all were detected at the cell surface but some retention in Golgi
and ER was observed with the modified trkB receptors. Tagged forms
of full-length trkB and trkC are catalytically active and capable of
supporting neurite outgrowth and survival when expressed in PC 12
cells. Analysis of the cellular distribution of these receptors revealed that
epitope-tagged trkB and trkC tyrosine kinase receptors are not
preferentially enriched in apical or basolateral domains of epithelial cells
or within axonal or somatodendritic compartments of dissociated
hippocampal neurons. This distribution is maintained in cortical slices;
tagged trkB and trkC receptors expressed in pyramidal neurons using
biolistics are readily detected in both axonal and dendritic
compartments. Intriguingly, T1 and T2 truncated isoforms of trkB
initially show a similar distribution to their full-length counterparts but
with time, these isoforms become concentrated in patches on both axons
and dendrites. Supported by N IH grant E Y 115533 and the M cKnight
Endowment Fund (to DL), by the Duke MSTP program (to TAY), and
by grants from FRSQ and the Canadian N CE (to PAB).

CO-INFUSION WITH A TrkB-Fc FÜSION PROTEIN CARRIER
ENHANCES BDNF DISTRIBUTION IN THE ADULT BRAIN. S.D. Croll*,cia
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Pharmaceuticals, Inc., Tarrytown, NY 10591
Fusion proteins comprising the Fc domain of human IgG and
extracellular domains of receptor tyrosine kinases can, when
administered in molar excess, neutralize the activity of their
cognate ligands. We show here that co-infusion of TrkB-Fc greatly
enhances the distribution of exogenous BDNF in the adult rat brain,
without neutralizing its biological activity.
Co-infusion of TrkB-Fc increased the diffusion volume of
BDNF, without interfering with its ability to phosphorylate
endogenous full-length TrkB receptors in the hippocampus. In
addition, co-infusion with TrkB-Fc significantly increased the
volume of BDNF-induced upregulation of neuropeptide Y in
hippocampus and cortex. The extent of enhancement observed was
molar-ratio dependent such that, at the ratios tested, increasing
the concentration TrkB-Fc relative to BDNF resulted in greater
diffusion. TrkB-Fc also markedly increased the otherwise limited
d iffu s io n
of BDNF
into
brain
p are n ch ym a
fo llo w in g
intraventricular infusion, without interfering with its effects on
body weight and tail flick latency. These results suggest that
receptor ectodomain fusion proteins, at close to molar equivalence,
can function as carriers and thus enhance the delivery or
penetration of bioactive protein ligands into the brain.
Supported by Regeneron Pharmaceuticals, Inc.

31.13
CO-INFUSION WITH A TrkB-Fc FUSION PROTEIN ENHANCES
BDNF-INDUCED SPROUTING OF SEROTONERGIC AXONS IN
RAT BRAIN. J.A. Siuciak*, D. Lewis, C.R. A lexander, K.M. Bailey,
T.E. Ryan, R.M. Lindsay, S.J. W iegand, Regeneron Pharmaceuticals,
Inc., Tarrytown, NY. 10591
Cortical infusion of BDNF, a member o f the NGF/neurotrophin
family, enhances the sprouting of 5-HT axons dam aged by the
serotonergic neurotoxin. However, the BDNF-induced increase in 5HT axon density is limited to a small sphere of tissue surrounding the
cannula tip, which corresponds to the area of diffusion of exogenous
BDNF. Recently, co-infusion of BDNF with TrkB-Fc has been
shown to greatly increase the extent of distribution of exogenous
BDNF within the brain. The aim o f the present study was to
determine whether TrkB-Fc could increase the otherwise limited area
of sprouting seen after BDNF infusion in PCA-treated rats.
Co-infusion of BDNF and TrkB-Fc dram atically enhanced the
sprouting of 5-HT axons as compared to BDNF alone. Not only was
sprouting observed within a significantly larger volume o f cortex
surrounding the infusion cannula, but a substantial re-innervation of
the superficial layers of neocortex was apparent over much of the
rostral pole of the infused hemisphere. Co-infusion of TrkB-Fc also
enhanced the otherwise limited diffusion of BDNF in a manner which
corresponded to the pattern of 5-HT sprouting. These results suggest
that TrkB-Fc functions as a carrier, enhancing the distribution of
exogenous BDNF within the brain, without blocking its neurotrophic
effect.
Supported by Regeneron Pharmaceuticals.
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ECDYSONE EN H A N C E S THE GROW TH OF D R O S O P H IL A PU PAL
M USH RO O M BODY N E U R O N S IN CELL CULTURE. R. Kraft*, R. B.
Levine and L. L. Restifo. University of Arizona, ARLDN, Tucson, A Z 85721
The m ushroom bodies (MB) are distinct neuropils in the insect brain that
are essential for associative olfactory learning and m em ory. In Drosophila
m elanogaster the MB intrinsic neurons (K enyon cells) u n d erg o exten sive
reorganization at the onset of m etam orphosis, exhibitin g a phase of axonal
degeneration w ithout cell death, fo llo w ed by axonal regeneration (Technau
& H eisenberg, 1982). This re-elaboration p hase occurs as lev e ls of the
horm one 20-h yd roxyecd yson e (20E) are rising du rin g the p u p a l period.
Since 20E is k now n to direct m any features of CN S rem o d ellin g during
m eta m o r p h o sis, w e h y p o th e s iz e that the o u tg r o w th o f MB axonal
processes is prom oted by the increase in horm one titer. U sin g a GAL4
enhancer-trap strain d riving reporter gene expression restricted to the MB
(Yang, et al. 1995), w e can sp ecifica lly id en tify th ese c ells in prim ary
cultures d issociated from early p u p a l CNS. This has perm itted us to
investigate w h ether or not the MB neurons exhibit a cellular resp onse to
20E w h en grow n in vitro. Paired cultures are prepared from regionally
dissected brain tissue from ind iv id u a l pup ae prior to the onset of the 20E
pup al peak. M orphom etric analysis of neuronal pro cesses dem onstrates
that MB neurons incubated w ith m edia containing 1 μg / m l (2.1x10-6 M) 20E
have significantly greater total len gth and process num ber com pared w ith
neurons cultured in m edia w ithout 20E. This effect of 20E is consistent w ith
a role for the horm one in the neuronal reorganization seen in vivo. Future
experim ents w ill exam ine the stage-specific com p etence of MB neurons to
resp ond to 20E and w ill stu dy the influence of substrate co m p o sitio n on
horm one-enhanced process outgrow th. Supported by NS28495 from NIH.
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AGE-DEPENDENT
DECREASES
IN
TELENCEPHALIC
ESTRADIOL AND NERVE GROWTH FACTOR BINDING IN
ZEBRA FINCHES. M.L. Contreras* and J. Wade. Departments of
Pharmacology & Toxicology and Psychology, and Program in
Neuroscience, Michigan State University, East Lansing, MI 48824.
Estradiol administered after hatching can masculinize the song
system in female zebra finches. However, several lines of evidence
are inconsistent with the idea that estrogen normally regulates the
development in males. In an effort to understand these paradoxical
effects, we determined characteristics of 125I-nerve growth factor
(NGF) binding in telencephalic homogenates from male and female
zebra finches on posthatching days 3, 15, 30, 60 and 120. In separate
individuals, we measured levels of estradiol extracted from
telencephalic homogenates on days 3, 15, and 30. Data indicate the
presence of two NGF binding states, with Kd values of approximately
190 pM and 2 nM, similar to values reported for mammalian NGF
receptors. Kd values did not vary with age. While the density of
binding sites was substantially higher in 3 day old birds than at the
older ages, no apparent sex differences in binding were observed. In
parallel, estradiol levels (corrected for wet weight or protein content)
were significantly higher on day 3 than days 15 and 30, but no
signifcant effects of sex were detected. These results suggest a
potential relationship between estradiol and NGF activity in
telencephalic development, especially at early ages, but NGF and
estradiol may not play major roles in the sexual differentiation of the
song system. Supported by MH55488.
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ESTROGEN IS REQUIRED FOR SONG MOTOR PATHWAY DEVELOPMENT IN
FEMALE BUT NOT MALE ZEBRA FINCH SLICES IN VITRO. C. C. Holloway
and D. F. Clavton*. Dept, of Cell and Structural Biology and the Beckman Institute,
University of Illinois, Urbana, IL 61801.
We are interested in the sexually dimorphic connection between HVC and RA in
zebra finch. Why does this connection form only in males and not females? Early
experiments focused on the possibility of estrogen as the signal. Here we performed
several in vitro analyses to determine the effects of estrogen on circuit formation.
Brains were sliced sagittally 400 μm thick on a Macllwain tissue chopper and placed
in static culture in DME:F-12 HAM (1:1) medium containing serum stripped of
estrogen. Development of the HVC-RA pathway was analyzed by placing a crystal of
Dil on one nucleus and monitoring for the arrival of the fluorescent tracer in the other.
Individual slices were examined at daily intervals, and we observed the gradual
outgrowth of fibers from HVC toward RA in slices from both sexes. In male slices,
fibers reached and entered RA after seven to fourteen days in vitro. To confirm the
origin of these fibers from HVC neurons, we placed Dil in RA and counted the number
of labeled cell bodies in HVC in slices from: 1) males, fixed immediately at day 25, and
2) males, after culture for three weeks. There was a large difference in the number of
RA-projecting cells in HVC of the cultured slices compared to the slices fixed prior to
culture (~25-fold, p<0.001). Addition of estrogen to the medium had no significant
effect of any measure of fiber development in male slices. In contrast, female slices
showed no detectable growth of fibers into RA, except when estrogen was added to the
medium (p<0.001, comparing RA label intensity in 25 day females after three weeks in
culture, plus/minus estrogen).
These findings show male slices in vitro do not require exogenous estrogen for HVC
fibers to enter RA, while females do. By 25 days of age, the sexes have already
differentiated so that song circuit development is independent of endocrinological
signals in males, but not females. Supported by NIH grant IROl NS25742

INHIBITION OF EMBRYONIC AROMATASE ACTIVITY
HYPERMASCULINIZES SINGING BEHAVIOR IN THE ZEBRA
FINCH. J. Wade* and M.L. Springer. Department of Psychology
and Program in Neuroscience, Michigan State University, East
Lansing, MI 48824.
To investigate whether testicular secretions and embryonic
aromatase activity influence the development of sexual behaviors and
related brain structures in the zebra finch, eggs were treated with the
aromatase inhibitor fadrozole (20 μg) or control vehicle on either day 5
or on days 12 or 13 of incubation. The early fadrozole treatment
induced substantial quantities of functional testicular tissue to develop
in genetic females, but the effect was minimal in females treated on
days 12 or 13. Singing and copulatory behaviors were tested in
adulthood, both before and after testosterone treatment. No female
produced audible song or attempted to mount a stimulus bird. Males
treated at both embryonic stages displayed copulatory behaviors at
levels comparable to controls. However, males treated with fadrozole
on embryonic day 5, but not the later ages, sang significantly more
than control birds. In contrast, although the volumes of the song
control nuclei RA and HVC and neuron soma sizes within those areas
were significantly larger in males than in females, fadrozole treatment
did not affect the morphology of those brain regions. These results
suggest that: (1) Testicular tissue is not sufficient to masculinize
development of sexual behaviors; and (2) While a certain level of
morphological masculinization may be necessary for the production of
song, the size of song control nuclei and the cells within them do not
necessarily predict the level of function. Supported by MH 55488.

32.5

32 .6

DEVELOPMENTAL REGULATION OF THE DISTRIBUTION OF
AROMATASE AND ESTROGEN RECEPTOR mRNA EXPRESSING
CELLS IN THE ZEBRA FINCH SONG SYSTEM. E C . Jacobs*, A.P.
Arnold and A. T. Campagnoni. M.R.R.C., Dept, of Physiological Science and
the Laboratory of Neuroendocrinology of the Brain Research Institute, UCLA,
Los Angeles, CA 90095.
Strong evidence exists for the masculinizing effects of estrogen (E) on the
neural network that controls song learning and behavior in zebra finches (ZF).
However, the mechanisms by which E acts to influence the development of this
circuitry are not well understood. We used in situ hybridization to detect the
distribution of cells expressing mRNAs for aromatase (AROM) and estrogen
receptor (ER) at postnatal (P) ages 5-25. Our findings show that both mRNAs
are expressed in and around various song control nuclei and their projections.
Cells expressing ER mRNA were found in medial HVC (P10-25), archistriatum
lateral to RA (Ad; P25), ICo (P5-25) and along the fiber tract containing
efferents from RA. High levels of AROM mRNA were found in the
neostriatum, including both 1MAN and mMAN and their projections to RA and
HVC, respectively, (P5-25), in the archistriatum (P18-25), and around RA (P 18).
Taken together, our findings show that the neural circuitry controlling song may
be exposed to the trophic effects of E during early postnatal development. Colocalization of the two mRNAs occurred along the medial/ventral border of
HVC suggesting that in this region, local synthesis of E may be acting through
its nuclear receptor to influence the development of HVC and its projections.
However, in most of the song control regions, these mRNAs are not expressed
together either temporally or spatially, indicating that aromatase may have a role
in non receptor-mediated mechanism(s) involved in the development of the song
system. (Supported by NIH grants: DC00217 and HD32050)

32.7

PRE-HATCHING EXPOSURE TO ESTRADIOL
DEMASCULINIZES THE HVC NUCLEUS IN ZEBRA FINCH
MALES. A. Gong* and A. P. Arnold. UCLA Dept, of
Physiological Science and Laboratory of Neuroendocrinology,
Brain Research Institute, Los Angeles, CA 90095-1527
To test how gonadal steroid secretions affect sexual differentiation
of the Zebra Finch (Poephila guttata) song system, we injected
estradiol benzoate (EB, 5 |μg) into eggs on day 11 of incubation;
controls received vehicle only. The gonads of 100-day old EBtreated males were macroscopically normal. However, EB increased
syrinx (vocal organ) weight by 50%, but decreased the volume of
HVC by about 20%. Other song system nuclei such as 1MAN were
non-significantly reduced in volume. If EB acted directly on the
brain to produce these effects, then the demasculinization of HVC
supports the idea that ovarian estrogen normally prevents brain
masculinization .in females, a classical concept of avian sexual
differentiation. Another explanation for the demasculinizing effect
of EB on HVC is that EB inhibited testi cular steroid synthesis which
led to less masculinization of the song system. However, neither
idea explains the hypermasculinization of the syrinx in the same
birds. Because EB had opposite effects on development of the
syrinx and neural song system, it is clear that different mechanisms
control masculine growth of these two tissues.
Supported by NIH grants DC00217 and HD07228.

STRUCTURE AND EXPRESSION OF THE ZEBRA FINCH
AROMATASE GENE. B.Ramachandran, B.A.Schlinger, A.P Arnold* and A T.
Campagnoni . M.R.R.C., Departments of Physiological Science and Psychiatry,
UCLA School of Medicine, Los Angeles, CA 90095.
Estrogen plays a role in establishing a masculine song system in zebra
finches.To shed light on the regulation of aromatase (ARO), the enzyme that
converts androgen to estrogen, we have isolated and determined the intron-exon
structure of the ARO gene in the zebra finch. The gene consists of ten exons
extending over at least 15kb. From screens of brain and ovarian cDNA libraries
we isolated two different forms of aromatase cDNA differing only in their 5'untranslated regions and we have shown these to be encoded by two different
exons, designated 1a and 1b. RT-PCR experiments indicate that the ovary
expresses ARO mRNAs containing both exons 1a and 1b, whereas telencephalon
and diencephalon express predominantly the ARO mRNA containing exon 1a. The
brain expresses relatively higher levels of ARO mRNA containing exon 1a than the
ovary. Testis and muscle of female birds express only the exon 1a form, although
at low levels. Using primer extension experiments we have mapped the
downstream transcription initiation site for exon 1b in the gene. The genomic
region immediately upstream of the exon 1b transcription start site contains
consensus binding elements for SF1 and SRY transcription factors in addition to
a TATA box. These experiments also allowed us to estimate the size of exon 1b
to be 93bp and that of exon 1a to be 89bp. Using specific oligonucleotides we have
also isolated a genomic clone containing exon 1a, which is currently under analysis.
(Supported by NIH grant HD32050)

3 2 .8

DISTRIBUTION OF THYROID HORMONE RECEPTORS IN THE
ZEBRA FINCH SONG SYSTEM. P. Tekumalla* & J.R. Kirn. Biology Dept.,
Wesleyan University, Middletown, CT 06459.
Neuronal replacement occurs in adult birds and is seasonally modulated in
canaries (Nottebohm, 1993). Circulating thyroid hormone (T4) levels vary
seasonally in some birds (Jallageas et al, 1978). Thus, T4 may be involved in
neuron turnover in song birds. We have previously shown that excess thyroxine
augments cell death in the zebra finch telencephalon (Tekumalla et al., 1995). T4
effects could be direct or indirect. The direct effects of thyroid hormone on cells
are initiated by the interaction of thyroxine and the thyroid hormone receptor (TR).
The TRs belong to a family of nuclear receptors that include the vitamin D, retinoic
acid and steroid hormone receptors (Evans, 1988). The distribution of different
isoforms in the mammalian brain has been well studied (Puymirat, 1992; Lechan et
al., 1993). However, the presence and distribution of thyroid hormone receptors in
the avian brain have not been examined. We have employed polyclonal (rabbit)
anti-thyroid hormone receptor antibodies (Affinity Bioreagents, Inc.; Macchia et
al., 1990) to investigate the distribution of the thyroid hormone receptor protein in
the adult zebra finch brain. Our results suggest a widespread distribution of TRs in
the adult zebra finch telencephalon. In the High Vocal Center, a region involved in
the production of learned song, the presence of TR was restricted to a subpopulation of cells, many of which had a neuron-like morphology. TR labeling
appeared nuclear, although in some cases cytoplasmic labeling was also observed.
This cellular distribution of TR labeling has been reported in rats with the same
antibody (Macchia et al., 1990). The presence of TRs in HVC suggests that
thyroxine may have direct, receptor-mediated effects on the physiology and
survival of cells in this song control nucleus.
Supported by NIH Grant #NS29843 to JRK.
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FGF-2 STIMULATES CELL DIVISION AND REDUCES SEXUALLY
DIMORPHIC CELL DEATH IN AN AVIAN SONG NUCLEUS. M.Voelkel.
K.W. Nordeen and E.J.Nordeen* . Dept. Brain and Cog. Sci., U. of
Rochester, NY. During sexual differentiation neuron death in the
robust nucleus of the archistriatum (RA) is greater in female than in
male zebra finches. Just prior to this sexually dimorphic neuron
death the proliferation of non-neuronal RA cells decreases markedly
in females suggesting that sex differences in glia or glia-derived
factors impact RA neuron survival. We addressed this hypothesis by
attempting to stimulate gliogenesis within the female RA. FGF-2
(125nl;7.5ng/100nl) was delivered unilaterally into the RA during
the peak of sexually dimorphic neuron death (27 days) and saline was
infused into the contralateral RA. FGF-2 is a glial mitogen, and in
several cases exerts neurotrophic effects that are mediated by its
effects on glial cells. At 30 days the densities of mitotic figures and
pyknotic cells were measured in the RA of both the FGF and salineinfused hemispheres (n=6). FGF infusions within or near the RA
significantly ' increased the density of mitotic figures, and decreased
the density of pyknotic cells within this nucleus. These results are
consistent with our working hypothesis that sexual differentiation
regulates RA neuron death by influencing gliogenesis. However, we
have yet to establish if the trophic effects produced by FGF-2 are
mediated by its effects on RA cell proliferation. Supported by NSF:
BNS-9009378

32.11

SEXUAL DIMORPHISM IN THE PROLIFERATION AND DIFFERENTIATION OF
ASTROCYTES CULTURED FROM EARLY POSTNATAL RAT CORTEX.
Lei Zhang*, Yoong Chang, Anne Schaffner, Wu Ma. Jeffery, L. Barker, David R.
Rubinow. BEB, NIMH and Lab.of Neurophysiology, NINDS, NIH, Bethesda, MD 20892,
USA.
Testosterone is thought to be involved in the differentiation of sex steroid-responsive
cells and structures in the CNS, modulating cellular morphology and organization in
specific regions. Serum levels of testosterone differ between male and female rats during
the late embryonic/early postnatal period, and this difference may be important in the
development of sexually dimorphic structures. Since astrocytes appear in the late
embryonic period, they may be sexually dimorphic. We used immunocytochemistry to
study the differentiation and proliferation of astroglial cells cultured from the neocortex of
male and female rats at postnatal day 3. Glial cells were cultured on poly-D-lysine in
DMEM with 10% FCS and double-stained with anti-GFAP (glial fibrillary acidic protein)
and BrdU (5-bromo-2'-deoxyuridine) to identify differentiated astrocytes and proliferating
precursor cells, respectively. We analyzed the baseline data for sexual dimorphism and
also examined sexual dimorphism in the response of cells at 4 hr and 24 hr after the addition
of 100 nM testosterone. We found sex-related differences in morphology and numbers of
GFAP+ cells. Astrocytes from male cortex were fewer in number, had longer process
extensions, and had more binuclear cells stained with BrdU. Astrocytes from female cortex
were flatter, formed one or several short processes, and had more mono- nucleated cells.
When testosterone was added to the cultures, most cells cultured from either sex reacted
strongly. Astrocytic processes became more abundant, longer and thinner. However,
process extensions in the females treated with testosterone were shorter than in males. In
contrast female cells cultured with testosterone for 4 and 24 hrs showed notably increases
in the number of BrdU positive cells (125 and 122 % of control), while the number of cells
cultured from males markedly decreased (85 and 34% of control). These data provide
evidence for sexual dimorphism in the proliferation and differentiation of glial cells in vitro
and suggest that testosterone (or its metabolites) may influence the interaction of glial cells
with neurons and other structural elements of the CNS.

32.12

MYELINATIoN IN THE SPLENIUM OF THE RAT CORPUS CALLOSUM:
ADULT TIME COURSE AND SEX DIFFERENCES
S. Susarla, J. L.
N u nez, J. H. Y. Kim, and J. M. Juraska*
Neuroscience
Program and Psychology Department, University of Illinois
at Champaign-Urbana, Champaign, IL
61820
Most myelination occurs postnatally in the rat.
Previous work from our lab has demonstrated that consid
erable myelination occurs between 25 and 60 days of age
in the splenium (posterior 1/5) of the corpus callosum,
and males were found to have more myelinated axons than
females (Kim & Juraska, Dev Brain Res in pr e s s ) . In the
present study, the time course of myelination was inves
tigated utilizing light microscopy point count analysis'
with rats at 60, 120, and 180 days of age. We observed a
significant effect of age on splenial area (p=.0001),
splenial length (p=.0001), and the area occupied by
myelinated axons (p=.001). Post hoc tests revealed these
differences to be between the 60 and 120, and the 60 and
180 day old animals. Sex differences in area occupied by
myelinated axons were marginal (p=.06) across these ages.
These preliminary findings indicate that myelination con
tinues and there is a trend for sex differences to p e r 
sist until at least 6 months in the splenium of the rat
corpus callosum.
Supported by PHS NIGMS 5 F31-GM17209-03, NSF 9310945
and U of I11 Research Board

32.13

PRENATAL GONADAL STEROIDS AFFECT ADULT SPATIAL BEHAVIOR, CA1
AND CA3 PYRAMIDAL CELL MORPHOLOGY IN RATS. C. Isgor* and D.R.
S enaelaub. Department of Psychology, Indiana University,
Bloomington, IN 47405.
Postnatal exposure to androgen masculinizes adult spatial learning
and hippocampal (CA3) pyramidal soma size and dendritic morphology.
We assessed whether prenatal hormone exposure affected adult spatial
learning and CA1, CA3, and dentate gyrus-granule cell layer (DG-GCL)
morphology.
Water maze performance and hippocampal morphology were
assessed in adulthood (90+ days of age) in males and females,
androgen-treated (testosterone propionate, TP, or dihydrotestosterone
propionate, DHTP) females (2 mg/day), estradiol benzoate (EB)treated females (100 μg/day), and males treated with the anti
androgen flutamide (8mg/day) (n=7 per group). Pregnant rats were
injected daily (SC) between embryonic day 16 and birth; all pups were
delivered by cesarean section. Flutamide-treated males were castrated
upon delivery, and adult castrates were used to control for activational
effects. Steroid-sensitive sex differences were observed in water maze
performance. Males had larger CA1 and CA3 pyramidal cell field
volumes and soma sizes than females, and were feminized with
flutamide-treatment. Androgens, but not EB, masculinized CA3; CA1
was masculinized in both TP- and EB-treated females, while DHTP was
ineffective. No effects were observed in cell density, number, DG-GCL
volume, or due to adult hormone levels. Thus, prenatal androgens and
estrogen produce sex differences in adult spatial learning, and exert
differential effects on CA1 and CA3 pyramidal cell morphology.
Supported by NSF DIR-901427.
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EFFECT OF NEONATAL CRYOAN ESTHESIA ON THE GROSS SIZE OF
THE ADULT RAT CORTEX J. L. Núñez* . B. Y. Kim.
E. E .
McFarland, and J. M. Juraska. Neuroscience Program and
Psychology Department, University of Illinois at
Champaign-Urbana Champaign, IL
61820
Hypothermia is often employed as the means of anes
thesia for manipulations of neonatal rats. We previously
reported (Nunez & Juraska, Dev Psvchobio 30:259 1997)
that the area of the splenium of the adult corpus callo
sum correlated with the time neonatal pups spent in the
cold. The present study looked at the effect of duration
of neonatal hypothermia (0, 15, 30 and 60 minutes at
4°C, within two hours of birth) on the thickness of the
binocular (Oc1B) and monocular (Oc1M) fields of the adult
rat visual cortex. A significant effect of cold on the
overall length of the cortex (p=.0005), thickness of OclM
(p=.0005) and OclB (p=.0001) was found. We also observed
significant effects on the thickness of individual corti
cal layers (II/III: p=.0005; IV: p=.02; V: p=.0007; VI:
p=.0009), with some layers affected more than others. Sex
differences (males>females) were observed in a number of
measures after varying amounts of time in cold, and in
the absence of cold exposure, in confirmation of previous
work from our lab (Reid & Juraska, JCN 321:442 1992).
The present study indicates a potential confound of using
cryoanesthesia on neonatal rats to study cortical struc
ture or function. Supported by PHS NIGMS 5 F31-GM17209-03
NSF 9310945 and U of I11 Research Board
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GLIA AND OTHER NON-NEURONAL CELLS: OLIGODENDROCYTES

33.1
Cellular expression of NG2 chondroitin sulfate proteoglycan in the rat anterior
medullary velum.

1,2M. F .Hornby, 2M. Berry, 1S, L, Kirvell, 1A. G. Howd and A. M. Butt.*

Divisions of 1Physiology and2Anatomy & Cell Biology, UMDS, London, UK.

We have investigated the expression of NG2 chondroitin sulfate proteoglycan
in die anterior medullary velum (AMV) of the rat. NG2 proteoglycan is
generally held to be a marker for oligodendrocyte progenitors and cells of the
early oligodendrocyte lineage. In the developing AMV, large numbers of
NG2-expressing cells were present at birth. The number of cells peaked in the
first 2 postnatal weeks but were still present in large numbers in the adult
brain. These adult NG2-positive cells were found within the myelinated axon
tracts passing through the AMV. Immunostaining with anti-GFAP, Rip and
lectin suggested that the cells were not astrocytes, myelinating
oligodendrocytes or microglia. Their distribution was equivalent to that of
PDGF-α receptor (R) mRNA expressing cells in die AMV; PDGF-αR are
expressed by oligodendrocyte precursors in both the neonatal and adult CNS.
The morphology of the NG2-positive cells was highly complex in many cases
with fine bifurcating processes associated with axonal tracts. We are currently
further investigating the NG2-positive cells during development and in
degeneration/regeneration.
Supported by the Trustees for Guy's Hospital, London

33.3

GENOMIC ORGANISATION AND DEV ELO PM EN TA L
EXPRESSION OF THE M URINE GENE Mobp . A . S .

McCallion1*, G. J. Stewart1, P. Montague2, I.R.Griffiths2 and R.W.
Davies 1. 1Division of Molecular Genetics, Institute of Biomedical
and Life Sciences, University of Glasgow, 54 Dumbarton Road,
Glasgow G 11 6NU, Scotland (U.K.) 2University of Glasgow,
Applied Neurobiology Group, Dept, of Veterinary Clinical Studies.
The recently discovered murine gene Mobp encodes the myelinassociated oligodendrocytic basic proteins; a family of related highly
basic major myelin protein isoforms. M obp transcript levels are
second only to those of PLP and MBP but are uniquely found in only
in the oligodendrocytes of the CNS. Transcription coincides tightly
with the onset of myelination and proceeds in a manner which
temporally and spatially parallels the progression of myelination. In
studies using the mouse mutants j i mpy and rumpshaker it was
observed that transcript levels reflect the developmental status of the
oligodendrocyte. We have cloned the mouse gene M obp in an
endeavour to elucidate its genomic organisation and regulation. We
have discovered that this gene is a complex transcriptional unit. It
comprises at least six discrete exons encompassing approximately 14
kb. Mobp also contains alternative internal splice donor/acceptor
sites within at least two of its exons. The use of these alternative
exons would appear to be under developmental control. This work
was supported by the Medical Research Council (U.K.) and the
Multiple Sclerosis Society in Scotland

33.5
NK1 RECEPTOR EXPRESSION BY MATURING RAT SPINAL CORD

OLIGODENDROCYTES
Mark J. S. Heath, Jae Ho Lee, Pierre C. Debs, Jane Dodd*, and Marion B. Davis.
Columbia University, New York, N.Y.
In order to unravel the spinal cord circuitry underlying signaling by substance P we
are defining the types of cells that express the NK1 receptor. We have previously
demonstrated that, in addition to stimulating dorsal horn neurons, substance P also
activates a population of glial cells, elevating the concentration of cytoplasmic
calcium ion by evoking release from intracellular stores. The current experiments
were designed to define the types of glial cells that respond to substance P and to
describe their physiological properties. Cells were acutely dissociated and loaded with
fura-2 AM. Substance P-sensitive cells were labeled with monoclonal antibodies
A2B5,04, and 01, and tested for their sensitivity to ligands selective for neurokinin,
GABA, glutamate, and acetylcholine receptor subtypes. Substance P-sensitive glial
cells were not detected in E16 embryos, and constituted only 2% of cells at E18E19. By PO-P5, 54% of glial cells responded to substance P. Substance Psensitive cells also responded to the NK, receptor-selective ligand [Sar9,Met(02)11]substance P, but not to the NK2-selective ligand [b-Ala8]- neurokinin A (4-10) or the
NK3-selective ligand senktide. NK1 receptor was expressed by 67% of A2B5+ cells
and 63% of 04+ cells; by contrast, only 21% of 01+ cells responded to NK1
receptor activation. Cells expressing NK1 receptor also responded to agonists of
GABAA, glutamate, and muscarinic receptors. The expression of A2B5, 04, and 01
by substance P-sensitive cells defines novel spinal cord targets for substance P. The
lower incidence of NK1 receptor expression by 01+ cells raises the possibility that
substance P signaling may play a role in the maturation of myelinating elements in
the spinal cord. In order to explore further the functions of substance P in the spinal
cord we are currently using gene targeting to generate transgenic mice expressing the
NK1 receptor under the transcriptional control tTA and tetracycline.
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IN VIVO ACTIONS OF IGF-I ON OLIGODENDROCYTES IN THE
DEVELOPING ANTERIOR MEDULLARY VELUM OF THE RAT 1,2D.R.
Goddard, 2M. Berry. 3CA. Pappas* and 1A.M. Butt. Divs. of 1Physiology and
2Anatomy & Cell Biology, UMDS, London, UK and 3Dept. of Pharmacology,
Yale Univ., Sch. of Med., New Haven CT 06520-8066.
In vitro studies have shown that insulin-like growth factor 1 (IGF-I) is
important in the control of oligodendrocyte differentiation and survival. In vivo
the timing of myelination is advanced in transgenic mice which overexpress
IGF-I. The aim of the present study was to investigate the effects of IGF-I in
vivo on oligodendrocytes in the developing anterior medullary velum (AMV) of
the rat. Human recombinant IGF-I was given by intrathecal injection into the
lateral ventrical. This route of administration was proven to be effective as
horseradish peroxidase thus delivered was found to be taken up by cells in this
region ten minutes after injection. IGF-I was given at a concentration of
500ng/ml of cerebrospinal fluid, twice daily for two days, to rats at six or seven
days postnatal. Control animals were injected with saline. On the third day the
animals were sacrificed and the AMV were isolated intact and analysed using
RIP immunohistochemical labelling. Results show that the extent of
myelination was markedly advanced in IGF-I treated rats, compared to control
animals. In conclusion, IGF-I promotes oligodendrocyte differentiation and
myelination in vivo. At present we are investigating the mechanisms of actions
of IGF-I in the AMV.
Supported by the Anatomical Society of Great Britain and Ireland.

33.4

MICE OVEREXPRESSING MHC CLASS I LD UNDER CONTROL OF THE
PLP PROMOTER DEVELOP NORMALLY AND SHOW NO SIGNS OF
DE- AND/OR DYSMYELINATION. B. Fuss*1, R. K. Ribaudo2, D. H.
Marqulies2 and W.B. Macklin1 1Cleveland Clinic Foundation, Cleveland, Ohio
44195, USA; 2National Institutes of Health, Bethesda, MD 20892, USA.

Class I molecules of the major histocompatibility complex (MHC) are
expressed on the cell surface of most nucleated mammalian cells. They
are involved in presentation of intracellulariy generated peptides and in
maturation/selection of CD8+ T cells. However, deficiency in MHC class I
expression is observed for almost all cells of the normal CNS, where
aberrant expression has been reported in demyelinating disorders, such as
multiple sclerosis. Furthermore, MHC class I molecules are thought to play
a major role in clearance and host defense mechanisms during virus
infections leading to a demyelinating disease, e.g. Theiler’s murine
encephalo-myelitis virus and murine hepatitis virus JHM strain). In order to
investigate possible roles of MHC class I molecules in immune-mediated
demyelinating processes and to study effects of its ectopic expression in
the myelinating cells of the CNS, we generated transgenic mice over
expressing MHC class I Ld under the control of the proteolipid protein (PLP)
promoter. For these experiments, we chose the H-2Ld molecule, because
of its weak association with β2-microglobulin. We demonstrate here that
these mice express transgenic mRNA and protein in white matter tracts of
the central nervous system. Phenotypically, these mice appear to be
normal up to 6 month of age. Therefore, it seems likely that despite earlier
reports addressing the effects of H-2Kb (Turnley et al., 1991; Yoshioka et
al., 1991) MHC class I expression in oligodendrocytes per se does not
necessarily lead to damage of the myelin sheath. Supported by the National
Multiple Sclerosis Society.

33.6

STAGE-SPECIFIC VULNERABILITY OF RAT OLIGODENDROCYTES IN
CULTURE TO NON-NMDA RECEPTOR MEDIATED TOXICITY. X.D. Gan,
S.A. Back, P.A. Rosenberg. J.J. Volpe*. Department of Neurology, Children's
Hospital & Harvard Medical School, Boston MA 02115.
Neurons in the mature brain appear to be the cell type most vulnerable to
excitotoxic injury caused by hypoxia/ischemia. In contrast, oligodendrocytes
(ò Ls) in the developing brain are the primary cell type damaged in periventricular
leukomalacia, which is thought to be caused by hypoxia/ischemia. We have
previously examined non-receptor mediated OL death caused by exposure to
glutamate and dependent upon glutamate transport. In this study we investigated
the excitotoxicity to OLs of non-transported glutamate receptor agonists. Cultures
of OLs were prepared to contain predominantly A2B5+ cells, 04+/01- cells,
04+/01+ cells, or MBP+ cells [Gan et al. (1996) Soc. Neurosci. Abstr. 22
(#680.7): 1723], We initially tested the effect of a 20-24 hour exposure to AMPA,
kainate or NMDA, all at 1 mM, upon cultures representing four stages of OL
development. Survival in the A2B5+, 04+, and 01+ cultures exposed to AMPA
was 56 ± 27% [p<0.001; results pooled from 4 experiments (n = 4)], 67 ± 35%
(p<0.002; n = 5) and 31 ± 29% (p<0.0001; n = 4). Survival in these stages
exposed to kainate was 19 ± 14% (p<0.0001; n = 4), 48 ± 19% (p<0.001; n = 12)
and 25 ± 19% (p<0.0001; n = 6). Subsequent experiments investigating
concentration dependence were performed with kainate. For A2B5+, 04+/01-,
and 04/01+ cultures, EC50 values of 107 ± 47 μM (n = 2), 39 ± 13 μM (n = 4),
and 97 ± 33 μM (n = 4) were obtained. MBP+ cells were insensitive to any of the
agonists used. NMDA was not toxic to any stage of OL development. These
results suggest that non-NMDA receptor mediated OL death might be an
important cause of injury to these cells, especially in the developing brain prior to
the completion of myelination. Funded by grants from the NIH (NS31353,
NS32570, HD18655) and from the United Cerebral Palsy Foundation.
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33.7

MATURATION-DEPENDENT VULNERABILITY OF OLIGODEN
DROCYTES TO DEATH INDUCED BY GLUTATHIONE
DEPLETION. S.A. Back*, X.D. Gan. P.A. Rosenberg and J.J. Volpe. Dept of
Neurology, Children’s Hospital, Harvard Medical School, Boston, MA 02115
Cerebral white matter injury is a common cause of cerebral palsy in premature
infants, and is hypothesized to involve a loss of oligodendrocyte (OL) precursors. We
previously showed that cystine deprivation causes OL death in vitro by a form of
oxidative stress due to depletion of intracellular glutathione [Yonezawa et al. (1996) J.
Neurochem. 67:566-573]. We report here that preOLs (04+01-) and mature OLs
generated under chemically-defined conditions [Gan et al. (1996) Soc. Neurosci. Abstr.
22:1723] showed marked differences in survival when depleted of intracellular
glutathione. The 24 h survival of preOLs subjected to cystine deprivation was 3 ±
2% of control (n=8, p<O.OOOl), whereas that of mature OLs was 88 ± 4% (n=10,
p<0.005). However, preOLs and mature OLs both displayed a similar nearly 6-fold
decrease in glutathione level. Moreover, the basal glutathione level of the preOLs
[5.0 ± 1.6 ng/μg (n=8)] was actually higher than in mature OLs [3.1± 0.7 ng/μg
(n=9)] (p<0.0001), but did not confer protection against cystine deprivation.
Although the glutathione-depleting agents buthionine sulfoximine (BSO) and diethyl
maleate (DEM) displayed greater potency in depleting intracellular glutathione in
mature OLs, these agents were more toxic to preOLs. The EC50 for the toxicity of
BSO to preOLs was 275 ± 20 μM (n=2) but BSO had no significant effect on the
viability of mature OLs at <3 mM (n=5). The EC50 for the toxicity of DEM to
preOLs was 17 ± 3 μM (n=3) and was 148 ± 43 μM for mature OLs (n=5). The free
radical scavengers α-tocopherol (30 μM) and idebenone (1 μM) completely protected
preOLs against cystine-deprivation, but did not prevent glutathione depletion, whereas
glutathione monoethyl ester (ImM) protected preOLs. These results suggest that
mature OLs may have protective mechanisms, not present in preOLs, that prevent
free-radical mediated toxicity. Alternatively, the increased vulnerability of preOLs
may reflect the action of a death program not expressed in mature OLs. Supported by
a Grass Foundation Morison Fellowship, NS01855, HD18655 and NS32570.

33.9

DIFFERENTIAL TISSUE AND DEVELOPMENTAL EXPRESSION OF
A NOVEL SERINE PROTEASE. I. A. Scarisbrick*, P. J. Isackson,
A. J. Windebank. Program in Molecular Neuroscience, Mayo Clinic and
Foundation, Rochester, MN 55905 USA.
A novel serine protease, termed Myelencephalon Specific Protease
(MSP), has been identified and shown to be predominantly expressed in
the nervous system. Using Northern and in situ hybridization techniques,
MSP mRNA appears to be most dense in the spinal cord and brain stem of
the rat and human. In the adult rat spinal cord, MSP mRNA expression
occurs throughout the gray laminae, is higher by a factor of three in the
white matter and is dramatically upregulated in both regions following
kainic acid-mediated excitotoxic injury (Scarisbrick et al., 1996). The
potential function of MSP has been studied by comparing its expression in
normal adult and developing rodent and human neural and non-neural
tissues with that of tissue plasminogen activator (tPA), and with the
appearance of cell specific antigens using mRNA hybridization and
immunocytochemical techniques. We have shown that MSP producing
glia are likely to be oligodendrocytes since their distribution mirrors that
of 2', 3'-cyclic nucleotide 3'-phosphodiesterase immunoreactive
oligodendrocytes. Further, among the highest levels of MSP mRNA
expression in the human brain occur in the corpus callosum. Examination
of the expression of MSP in RNA samples of brain and peripheral tissues
of the mid-gestation human fetus show high levels of expression in the
kidney, but not in the CNS or other peripheral tissues examined, while
tPA mRNA is detected in each region. In mRNA samples of whole mouse
embryo, significant levels of MSP mRNA expression are not detected
before E17, while tPA mRNA is abundant from E7 onwards. The high
levels of MSP mRNA expression by oligodendrocytes of the adult animal
and the delayed onset of expression in the embryonic nervous system are
consistent with a potential role of MSP in myelination of CNS fiber
tracts. Supported by Mayo Foundation.

33.8

A LIGHT AND ELECTRON MICROSCOPIC CHARACTERIZATION OF
OLIGODENDROCYTE PRECURSOR CELLS IN THE NORMAL AND KAINATE
LESIONED RAT HIPPOCAMPUS W.Y. Ong* and J. M. Levine1Dept. Of Anatomy,

National University of Singapore, 1Dept, of Neurobiology and Behavior, SUNY, Stony
Brook, NY
Recent studies have shown that cells with the properties of oligodendrocyte precursor
cells (OPCs) exist within the adult central nervous system. We have used
immunocytochemistry with antibodies against the NG2 chondroitin sulfate proteoglycan
(CSPG) to characterize OPCs in the rat neocortex and hippocampus and to analyse their
responses to excitotoxic lesions. Large numbers of OPCs were present throughout the
normal cortex and hippocampus. With immunoelectron microscopy, the processes of
these cells were observed to surround axon terminals and dendrites. NG2-positive
processes intercalated between axon terminals containing round vesicles and dendrites
with prominent post-synaptic densities. These interdigitating processes may regulate
synaptic transmission and play a role in synaptic remodelling and plasticity.
There was an increase in the number of OPCs within the hippocampus after excitotoxic
lesions induced by the systemic administration of kainate. Individual OPCs displayed
swollen cell bodies, an increased number of small processes, and appeared to up-regulate
their expression of NG2. These “reactive” changes in the morphology of OPCs are
similar to those observed previously after stab wounds (J.Neurosci., 14,4716:1994) and
viral infection (JML et al., submitted). The increase in immunodetectable NG2 was rapid
in onset and transient. The NG2 CSPG was also associated with extracellular deposits
of amyloid-like fibrillar material suggesting that OPCs may release or shed NG2 from
their surfaces which then associates with amyloid fibrils. These studies emphasize the
dynamic nature of OPCs within the adult nervous system and suggest that OPCs are
capable of carrying out numerous functions within both the intact and damaged CNS.
Supported by grant no. RP950365 from the National University of Singapore.

33.10

EXTENSIVE MYELINATION OF THE MYELIN DEFICIENT RAT
MUTANT BY CG4 Cells. A. Espinosa de los, M* . P. Zhao, A. Huang,
R Chang, R. Nazarian, a nd J. de Vellis. Mental Retardation Research
Center, UCLA School of Medicine, Los Angeles, CA. 90024.
We recently demonstrated the successful transplantation of
oligodendrocyte (01) progenitors into the md rat brain. Here we examine the
histological and biochemical impact of CG4 cells grafted into P4 rat pups
born to md carrier mothers. Cells were pre-labeled with the fluorescent dye
fast blue (FB) and grafted into pups anesthetized by hypothermia.
Examination of host brains 2 weeks post-transplant, indicates that CG4 cells
display a more extensive migratory capacity than their wild type
counterparts. These cells synthethize, myelin components in a timely manner.
Electron microscopy shows myelin membrane formation in md hosts.
Furthermore, In situ hybridization performed on sagittal sections reveals an
extensive expression of Tf-mRNA within the md host parenchyma. The high
survival and functional features displayed by CG4 cells post-grafting,
together with their broad distribution, assessed by the presence of myelinated
fibers, demonstrate the validity of CG4 transplants as a method for the
myelination of the md CNS. Approaches to increase further the extent of
myelination, and the life span of the animals are currently under investigation.
(Supported by NIH grant HD06576)

33.12

33.11
Immunoreactivity of Carbonic anhydrase-ll, Transferrin and Ferritin
during Demyelination and Remyelination induced by Cuprizone in the
Mouse Brain Kyung. Hoon. Lee1, Hwa Yong.. Lee1, Choong l k C h a -2 ,

Sun Cho2, Sang, Ho Baik2 Department of Anatomy, College of Medicine,
1Dankook University and 2Seoul National University

Oligodendrocytes are responsible for the synthesis and
maintenance of myelin sheath in the central nervous system, and*
their functional derangement leads to defect in myelination. But,
the mechanism of myelination by oligodendroctyes is not yet
established. Iron and its regulatory proteins such as ferritin,
transferrin(Tf), and carbonic anhydrase-II(CA-II) have been
localized in oligodendrocytes, and raised a possibility that iron-Tf
system is involved in remyelination of ICR mouse brains were
induced by cuprizone, the copper-chelating agent, and changes of
CA-II-, transferrin-, and ferritin-immunoreactive glias in the
corpus callosum, the oligodendrocyte-rich area, were observed by
immunohistochemistry. In addition, western blot analysis of CA-II,
Tf and ferritin in the demyelinated and remyelinated brain also was
done. During demyelination by cuprizone feeding, the CA-II and
transferrin-immunoreactive glias were decreased in number.
Especially, the decrease of CA-II-posit.ive cells was great. In
contrast, the number of ferritin-positive glias was increased during
demyelination by cuprizone feeding. Cessation of cuprizone feeding
leaded remyelination and numbers of CA-II-, transferrin-, and
ferritin-immunoreactive oligodendrocytes were returned to normal
control level. Western blot analysis also showed results corres
ponding to the immunohistochemical staining. Above findings
suggest that the derangement of iron metabolism in oligodendro
cytes may be related to demyelination mechanism of central nervous
system, and the carbonic anhydrase-II is suspectcd to have an
important role in iron metabolism of oligodendrocytes in relation
with demyelination and remyelination induced by cuprizone.
Supported by a grant from the college of Medicine, SNU.
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THE RESPONSE OF THE OLIGODENDROCYTE PROGENITOR
CELL POPULATION TO DEMYELINATION IN THE ADULT SPINAL
CORD. H.S. Keirstead* and W.F. Blakemore MRC Centre for Brain Repair,
University of Cambridge, Robinson Way, Cambridge U.K., CB2 2PY.
We have documented the response of oligodendrocyte progenitors to antibodyinduced demyelination in the dorsal column of the adult rat spinal cord, using
the NG2 antibody to identify cells in the vicinity of the lesion. The number of
NG2+ cells in the white matter surrounding demyelinated lesions increased by
approximately 50% over the course of three days following the onset of
demyelination. This increase in NG2+ cell numbers did not reflect a nonspecific staining of reactive cells, as GFAP, OX-42 and Rip antibodies did not
co-localise with NG2+ cells in double immunostained tissue sections. NG2+
cells incorporated BrdU 48-72 hours following the onset of demyelination. The
number of NG2+ cells decreased to approximately 50% of control levels by 14
days, just after the onset of remyelination. The decrease in NG2+ cell numbers
by 14 days was not rectified; the number of NG2+ cells in the white matter in
the vicinity of the remyelinated region remained consistently low for two
months following the onset of demyelination. When spinal cords were exposed
to 40 Grays of x-irradiation prior to demyelination, a procedure that kills
dividing cells, the number of NG2+ cells in white matter surrounding the area
of demyelination decreased to similar levels (approximately 50% of control
levels) by 3 days following the onset of demyelination. The number of NG2+
cells in the vicinity of x-irradiated lesions at 3 weeks was similar to that at 3
days. These studies illustrate a responsive and non-responsive NG2+ cell
population in the adult spinal cord. Furthermore, these studies suggest that the
adult CNS does not have the capacity to rejuvenate its oligodendrocyte
progenitor cell population following demyelination. Supported by the Multiple
Sclerosis Society of Britain and Northern Ireland.
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33.13
AN IN VIVO METHOD TO STUDY INHIBITORS AND ENHANCERS OF
MYELINATION DURING DEVELOPMENT OF THE RAT SCIATIC NERVE. R
Matsas*1, S. Meintanis1, L. Greensmith2. R. Mirsky2 and K. R. Jessen2. 1Hellenic
Pasteur Institute, Athens 115 21, Greece; 2Dept. of anatomy and Developmental
Biology, UCL, London, UK.
In the rat, myelination is first seen in the electron microscope at around the day
of birth. At this time very few myelinated axons are seen, but their number
increases during the first two weeks of life. This process can be monitored
immunocvtochemically using antibodies to myelin basic protein and P0. To probe
the efects of possible inhibitors or enhancers on the process of myelination in vivo.
we have been modifying a technique that has been widely used in studies of the
developing neuromuscular system. The technique involves incorporation of various
test compounds into a silicon rubber solution (3140 RTV, Dow Corning, USA)
which solidifies on contact with air. The silicon rubber can then be cut into small
U-shaped implants (1mm wide, 2-3 mm long) which can be inserted round the
sciatic nerve of 1 day old rats and left in place for 24-48 hours. To test the effect of
various compounds on myelination and also to check whether the operation would
by itself damage the nerve and inhibit myelination, the rats were killed at 48 hours
after the original operation and the nerve excised. Seven-10 μm frozen sections of
the nerve that had been within the rubber cuff and a similar piece of nerve from the
contralateral control nerve, were immunolabelled with antibodies to myelin basic
protein and P0 and the pattern of myelin profiles compared. It was found that a)
provided sufficient care and skill is used during the operation, it is possible to
monitor effects on myelination in this way and b) that, among the different
compounds tested, EDTA had a significant effect in inhibiting myelination. Our
data suggest a potential role for nerve metalloproteases in the process of
myelination. Alternatively, it could be hypothesized that EDTA exerts its effect by
blocking exocytosis. Supported by EU BIOMED grant BMH1-CT94-1378.

IN VIVO EVIDENCE OF OLIGODENDROCYTE PRECURSORS IN ADULT
W HITE MATTER. Y. M orcos, C. D. Shorev and T. Chan-Ling*. Department of
Anatomy and Histology and Institute for Biomedical Research (F 13), University of
Sydney, Sydney, NSW, Australia 2006.
Using antibodies specific for oligodendrocytes, (Ga1-C and MBP). and their
precursors, (0 4 ), we have shown that there is a significant population of
oligodendrocyte precursor cells along the myelinated streak (MS) of the adult rabbit
retina (Morcos and Chan-Ling, Glia, 1997). This suggests that the MS may possess
some unique properties which limit oligodendrocyte precursor differentiation. A
possible explanation is that the blood vessels of the MS lack CNS barrier properties
thus resulting in leakage of serum factors. Since a proportion of the vessels along the
MS are pre-retinal and form via angiogenesis, we hypothesised that these vessels lack
CNS barrier properties. We undertook an ultrastructural study of these vessels using
horseradish peroxidase (HRP) and immunoelectron microscopy with anti-glial fibrillary
acidic protein (GFAP). Four adult New Zealand white rabbits were anaesthetised with
an intramuscular injection of Ketamine (33mg/kg) and Xylazine ( 1mg/kg), and were
given an intravascular injection of HRP, 200mg/kg, 20 minutes prior to sacrifice. In
addition, retinae from three rabbits were used for immunoelectron microscopy with
anti-GFAP. All vessels including pre-retinals within the MS of the rabbit retina were
found to be tight to HRP and surrounded by GFAP im m unoreactivity.
Immunohistochemistry with 0 4 suggests that oligodendrocyte precursor cells may also
contribute to glial ensheathment of these vessels. To confirm this finding we used
retinae from a further three rabbits for immunoelectron microscopy with 04 . The
processes of 0 4 + cells in conjunction with GFAP+ processes formed the glial
ensheathment of the blood vessels of the MS. 0 4 + cells displayed features characteristic
of precursor cells, namely a euchromatic nuclei; indicative of a high metabolic rate of
activity. These results indicate that the pre-retinal blood vessels of the MS have barrier
properties and astrocyte ensheathment as other CNS blood vessels. Our findings
represent the first report that oligodendrocyte precursor cells may also contribute to
glial ensheathment of adult CNS vessels. Supported by the NH&MRC and National
Multiple Sclerosis Society of Australia.
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34.1
ERYTHROPOIETIN RECEPTORS ARE PRESENT ON SCHWANN CELLS
AND INITIATE TYROSINE PHOSPHORYLATION OF JAK2 AND MAPK.
W.M. Campana1, R. Wagner2* and J.S. O’Brien1.
Department of Neurosciences1, Center for Molecular Genetics, and
Department of Anesthesiology2, University of California, San Diego, La
Jolla, CA 92093-0634
Erythropoietin (Epo) is a potent stimulator of erythroid cell proliferation and
differentiation. Erythropoietin receptors (EpoRs) are expressed by several
cell types in the CNS including astrocytes, hippocampal neurons and
cerebral cortical neurons. This report identifies EpoRs in the PNS.
Immunohistochemistry demonstrated positive staining for EpoRs in
Schwann cells and endothelial cells of uninjured and injured rat sciatic
nerves. Furthermore, EpoRs were localized to the plasma membrane of
primary Schwann cells. Similar to erythroid cell binding, Scatchard analysis
of 125l-Epo binding in an immortalized rat Schwann cell line (iSC) revealed
the presence of a high affinity binding site with an apparent Kd of 0.13 nM
and approximately 518 binding sites per cell. Epo rapidly (5 min) stimulated
tyrosine phosphorylation in iSC cells. Immunoprecipitation of iSC cells with
an antibody to EpoR-associated JAK2, followed by western immunoblotting
with an anti-phosphotyrosine mAb showed tyrosine phosphorylation of
JAK2 in Epo treated cells. Epo-stimulated JAK2 was associated with the
tyrosine phosphorylated adapter protein, SHC. Western blotting
experiments using a polyclonal antibody prepared against phosphorylated
MAPK demonstrated a 2-3-fold increase in MAPK phosphorylation by Epo
(5 nM). Phosphorylation of MAPK was transient since signaling subsided
within 30 minutes. Epo did not stimulate proliferation of either iSC or primary
Schwann cells in vitro. Our results indicate that EpoRs are present in
Schwann cells and that Epo initiates signaling cascades via JAK2 and MAPK
pathways. This resea rch was s u p p o rte d by N IH /N ID D K G rant D K 0 7 3 1 8 -1 8

34.2
LIPOPROTEIN LIPASE ENHANCES THE UPTAKE AND UTILIZATION OF
EXOGENOUS TRIGLYCERIDES BY IMMORTALIZED SCHWANN CELLS.
P. J. U. Huey, T. Marcell. G. C. Owens, K. Schaller*. and R. H. Eckel. Div. of
Endocrinology, Dept, of Medicine and the Neuroscience Program, Univ. of
Colorado Health Sciences Center, Denver, CO 80262
Lipoprotein lipase (LPL) is expressed in the spinal cord and several regions of
the brain and is postulated to function in triglyceride uptake and utilization by
myelinating cells of the central nervous system. We examined cultured
immortalized 1.17 Schwann cells to determine whether LPL activity is also
associated with glial cells of the peripheral nervous system. LPL rnRNA was
detected in total RNA isolated from 1.17 cells by Northern blot analysis and
reverse transcriptase-polymerase chain reaction. 1.17 cells demonstrated heparinreleasable lipolytic activity that was inhibited by the lipase inhibitor
tetrahydrolipstatin (Orlistat) in a dose-dependent manner and -9 5 % inhibited by
an anti-rat LPL antiserum. 1.17 cells incubated with a [14C]triolein-containing
lipid emulsion for two hours readily incorporated [14C]-fatty acids into cellular
lipids; inhibition of LPL activity with the anti-LPL antiserum reduced the
incorporation of [14C]-fatty acids into cellular phospholipids, diacylglycerol, and
cholesteryl esters to 15%, 6%, and <1%, respectively, of the levels seen in 1.17
treated with preimmune serum. We conclude that LPL is involved in the
catabolism of exogenous triglyceride-containing particles by 1.17 cells and
therefore may play a significant role in Schwann cell lipid metabolism in vivo.
This work was funded by NIH award DK42266.

(W.M. Campana).

34.3

34.4

Factors influencing human Schwann cell growth in vitro. G. T. B. Bonamichi,
R. P. Bunge, I. S. Margitich, N. Kleitman*. P. M. W ood. The M iami Project
to Cure Paralysis and the D epartm ent of Neurological Surgery, University of
Miami School of Medicine, Miami, Florida 33136;
Recently we described an improved protocol for the harvest and expansion
of human Schwann cells (SC) (Casella et al., Glia 17:327-338, 1996) which
provided an increase of 3,000 times in SC num ber within an eight week period.
We have now observed that a num b erof param eters have significant effects on
the rate of growth and overall limit of expansion of the cells. W e have studied
the effect of cell density on fold increase, proliferation, and survival of SC and
have further investigated the effect of the time of dissociation on the rate of
proliferation using cells obtained from nerves dissociated either immediately
or after a delay of 2 weeks. SC grow m ost rapidly and show higher labeling
indices at low densities. Studies to investigate the presence of an autocrine
inhibitory factor have failed to provide evidence to support the secretion of
such a factor, suggesting that the decreased growth rate at higher densities is
due to contact inhibition. SC survival does not depend on cell density when the
SC are plated in serum containing medium. However, after removal of serum,
SC plated at high cell density have higher survival com pared with cells plated
at low density in a 24 h period. This increased survival at high cell density is
mediated by a heregulin independent mechanism, since heregulin does not
prevent cell death in low cell density cultures. SC from immediately dissociated
nerves exhibit a more rapid rate of proliferation (14 doublings) than those from
delayed dissociation (10 doublings) over the same time in culture (30 days).
Thus, the rate of human SC growth can be dramatically improved and the
expansion period shortened by careful attention to the param eters defined
above. Supported by N IH NS09923, the Hollfelder Foundation and M iami
Project to Cure Paralysis.

HIGH GLUCOSE INDUCED APOPTOSIS OF SCHWANN CELLS IS
PREVENTED BY lGF-1 AND (-)DESMETHYDEPRENYL. H.J.Rideout* and N.A.
Tatton. Depts. of Anatomy, Pharmacology, Dalhousie University, Canada and Dept,
of Neurology, Mt. Sinai School of Medicine, New York.
Sensorimotor and autonomic neuropathies may be present in at least 40% of the
diabetic population. Changes in nerve conduction velocity, abnormal remyelination,
and a progressive clinical decline suggest that a ‘normal’ regenerative Schwann cell
response to injury cannot or does not occur in the diabetic human. We have used
primary cultures of postnatal day (PD) 2 and PD 15 Sprague Dawley rat Schwann
cells isolated from sciatic nerve to examine the effects of elevated levels of D-glucose
on glial cell survival and protein synthesis. Proliferating and non-proliferating rat
Schwann cells were exposed to increasing glucose concentrations (5.5, 17.5, 30, 40
and 50 mM) for 48 hours. Counts of intact nuclei were used to quantitate cell survival
at 2, 12, 24 and 28 hr. Dose-dependent cell death was observed for all elevated
glucose media ( >17 mM) beginning at 2 hr. after exposure and continuing throughout
the 48 hr period. A maximum cell loss of 50% compared to control base media (5
mM glucose) occurred between 24-48 hr. In order to determine whether this cell death
was apoptotic, we used in situ end-labeling (ISEL) with TdT and BODIPY FL-dUTP
to tail free 3’-OH ends of DNA. We found an approximate 6 fold increase in the
number of labeled nuclei after 12 exposure to 40 mM glucose compared to control
values. Although counts of intact nuclei indicated significant cell loss after 2 hr
exposure to high glucose, ISEL did not reveal a significant increase in labeled nuclei
compared to control, indicating that cell death at this time point was not apoptotic.
We also found that IGF-1, N-acetyl cysteine and desmethyldeprenyl could all
significantly improve Schwann cell survival following 24 hr of high glucose exposure.
These findings are suggestive that Schwann cell pathology, due to prolonged exposure
to hyperglycemic conditions, may be a contributing factor in the development of
diabetic peripheral neuropathy. This work was supported by MRC Canada grant
#MT12701.
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34.5
DEVELOPMENTAL REGULATION OF C-KIT EXPRESSION IN SCHWANN
CELLS. I. Dang. A. Badache. T. J. Lopez*, and G. H. DeVries. Dept of Cell Biology,
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Neurobiology, and Anatomy. Loyola University. Maywood, IL 60153 / Hines VA
Hospital, Hines, IL60141.
We have reported that Schwann cells derived from neurofibromas, benign peripheral
nerve sheath tumors, abnormally express high level of the receptor tyrosine kinase c-kit,
which may contribute to Schwann cell hyperproliferation. This observation raises the
possibilitythat c-kit has important roles during the normal development of Schwann cells.
We report that c-kit is expressed in rat sciatic nerves and that c-kit expression is
developmentally regulated: c-kit expression is high in sciatic nerve of rat pups between
postnatal day0 and 10, which corresponds to a phase of Schwann cell proliferation in the
sciatic nave. The expressionof c-kit decreases dramatically after day 10 and remains low
in adult sciatic nerves. In contrast, the expression of a major myelin protein (P0) is low in
sciatic nerves of postnatal day 0 rat pups and increases to reach a maximum at postnatal
day 16, andpersists elevated in adult rats. In order to determine the cells responsible for
the developmental regulationofc-kit expression inrat sciatic nerves, we analyzed Schwann
cell andfibroblast cultures forc-kit expression by RT/PCR and western blots: c-kit mRNA
andproteinwere detected in Schwann cells but not in fibroblasts. In conditions that favor
proliferation (20 μM 8-Br cAMP), Schwann cells display high levels of c-kit expression;
however, underconditions which favor differentiation (ImM 8-Br cAMP), Schwann cells
displaylow levels of c-kit expression. Therefore, high c-kit expression is associated with
proliferation, whereas the expression of c-kit is minimal when Schwann cells differentiate.
These results suggest that c-kit may play a role in Schwann cell proliferation during
development and in Schwann cell hyperplasia associated with pathological conditions,
such as neurofibromatosis (supported by Neurofibromatosis, Inc, Mass Bay Area).

EXPRESSION OF 9-O-ACETYLATED GANGLIOSIDES BY
SCHWANN CELLS IN VITRO. R. Mendez-Otero*. M. A. M. Menezes. A.
O. Silva, and H. M. Arauio. Instituto de Biofisica Carlos Chagas Filho,
Univ. Federal do Rio de Janeiro, 21941-590 Rio de Janeiro, Brazil.
Experiments both in vivo and in vitro have shown that exposure to
gangliosides increases the rates of neuritogenesis, as well as axonal
regeneration and sprouting following trauma to the nervous system. We
have shown that 9-O-acetylated gangliosides (9-O-aG) identified by the
Jones monoclonal antibody (Jones mAb) play an important role on the
extension of growth cones by dorsal root ganglia neurons and consequently
may influence navigation during development and regeneration. In this work
we investigated whether these gangliosides are also expressed by Schwann
cells since these cells are known to support axonal regeneration. Dorsal root
ganglia explants were obtained from mouse embryos (El4-16) and plated
on laminin coated coverslips. Cultures were fixed after different times in
vitro with 4% paraformaldeyde and immunostained with Jones mAb and
different markers for Schwann cells. Our results demonstrate that Schwann
cell precursors express 9-O-aG as early as 1 day in vitro. The intensity of
staining increases progressively with time in culture and mature Schwann
cells are heavily labeled with the Jones mAb. We suggest that expression of
9-O-aG by Schwann cells might also play a role on axonal outgrowth
during development and regeneration.
Supported by: FAPERJ, CNPq, FINEP,CEPG/UFRJ, IBRO

34.7
GLIAL GROWTH FACTOR/NEUREGULIN PROMOTES SCHWANN CELL
PROLIFERATION, INHIBITS MYELINATION AND INDUCES DEMYELINATION.
G. Zanazzi*1. R. Westreich1. M.J. Hannocks1. S. Einheber1. K. Tena2. R.Kraemer2.
M. Marchionni3- and J. Salzer1. 1Department of Cell Biology, NYU Medical Center,
New York, NY, department of Medicine, Cornell University Medical College, New
York, NY and 3Cambridge NeuroScience, Cambridge, MA.
We have examined the effects of a soluble neuregulin, glial growth factor (GGF), on
the proliferation and differentiation of rat Schwann cells cocultured with dorsal root
ganglion neurons. Neuregulins are potent mitogens for isolated Schwann cells, and
are a major component of the neurite surface mitogen. When we added GGF to
nascent Schwann cell-neuron cocultures, Schwann cell proliferation did not increase
significantly. Schwann cells remained associated with neurites and did not migrate
onto the substrate despite the presence of exogenous mitogen. Addition of GGF to
cultures at later stages blocked myelination in a dose-dependent manner without
affecting basal lamina production. GGF added after myelin sheaths had already
formed resulted in significant demyelination within two days, without Schwann cell
apoptosis. The neuregulin receptors erbB2 and erbB3 are present on myelinating
Schwann cells and are phosphorylated in response to GGF. We have begun to
investigate the signalling pathways that are activated during GGF-induced demyelina
tion, and found a 7-8-fold activation of PI 3-kinase and a 1,5-2-fold activation of MAP
kinase in myelinated cocultures. This effect of the neuregulins represents a novel
mechanism of demyelination and suggests that myelin breakdown in vivo may result
from activation of mitogen-activated pathways. Supported by NIH grant NS26001.

TST-1 EXPRESSION IN DEVELOPING AND LESIONED PERIPHERAL NERVE
E .J, Arroyo*1, J.R. Bermingham2, M.G. Rosenfeld2, S.S. Scherer1.
1Dept. of Neurology, Univ. Penn., Philadelphia, PA 19104 • 2Howard Hughes Med
ical Institute, UCSD, La Jolla, CA 92093
tst-1/Oct-6/SCIP is a member of the POU family of transcription factors, whose
members regulate cellular differentiation in various tissues. Schwann cells (SCs) ex
press tst-1 prior to myelination, and tst-1 is essential for the normal development of
myelinating SCs. To determine which SCs express tst-1 in developing and lesioned
nerves, we used the 6-galactosidase (6-gal) gene as a reporter of tst-1 expression in tst1 heterozygous (+/-) mice. Myelinating and non-myelinating SCs develop normally
in +/- mice, and in the presence of X-gal or bluo-gal sugars, 6-gal produces electron
dense crystals that are visible by electron microscopy. Using morphological criteria,
we classified each SC with a nucleus in transverse sections of +/- sciatic nerves
(“bundling”, promyelinating, myelinating, non-myelinating, or denervated). In devel
oping nerves, 6-gal was mainly expressed by promyelinating SC and subsequently
downregulated in myelinating cells. In the distal nerve-stumps of permanently axotomized adult sciatic nerves, in which axonal regeneration does not occur, 10-30% of
the denervated SC expressed 6-gal. In the distal nerve-stumps of crushed nerves, pro
myelinating SC expressed 6-gal more prominently than denervated or myelinating
SC. Thus, in both developing and regenerating nerves, 6-galactosidase expression
parallels the expression of the endogenous tst-1 gene, and is most prominently ex
pressed by promyelinating SCs and subsequently downregulated after the formation of
the myelin sheath.
Supported by NIH grant NS34528 and by NIGMS fellowship 5-F31-GM15020-04.
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ASTROCYTE ABLATION IN ADULT TRANSGENIC MICE
AFTER STAB INJURY TO THE BRAIN. N. Puvanachandra1,
T.G. Bush1, L. Mucke2, M.H. Johnson1 and M.V. Sofroniew1*1MRC Cambridge Centre for Brain Repair and Department of
Anatomy, University of Cambridge, Forvie Site, Robinson Way,
Cambridge CB2 2PY, UK and 2Gladstone Molecular Neurobiology
Program and Department of Neurology, University of California,
San Francisco, CA 94141-9100, USA.
Transgenic mice have been generated that express herpes
simplex virus thymidine kinase (HSV-tk) from the mouse glial
fibrillary acidic protein (GFAP) promoter (Bush et al., Soc.
Neurosci. Abst. 21:814, 1995). Transgenic astrocytes are selectively
vulnerable to ganciclovir (GCV) in vitro (Soc. Neurosci. Abst.
22:309, 1996). We now report the ability of GCV to kill reactive
astrocytes in vivo after brain injury. In untreated transgenic mice,
and in non-transgenic mice receiving GCV, stab injury to the
forebrain induced an astrocytic reaction consisting of a pronounced
hypertrophy and proliferation of GFAP-positive astrocytes along the
wound margin, resulting in formation of a glial scar. In striking
contrast, transgenic mice administered GCV exhibited markedly
fewer GFAP-positive astrocytes near the wound, and in many places
the immediate wound margins were completely devoid of
immunoreactive astrocytes. The effects of astrocyte ablation on the
repair of the blood-forain barrier after stab injury to the brain are
being investigated. Supported by the Wellcome Trust, MRC and
Action Research.
S o c ie ty f o r N e u ro s c ie n c e , V o lu m e

23, 1997

35.2
INDUCIBLE NITRIC OXIDASE SYNTHASE CELLS AFTER BRAIN INJURY
AND TRANSPLANTATION. H.J. Xu1, G.M. Lu1, G.H. Jin1, S.T. Miarf, Y.M. Wii,

P.H. Young*2, andX.M. Xu2. 1Dept. Neurobiol., Nantong Med. Coll., Nantong 226001,
PR China; 2Dept. Anat. Neurobiol., Saint Louis Univ. Sch. Med., St. Louis, MO 63104.
Glial cells do not contain measurable levels of NADPH-diaphorase in the normal rat
brain. However, after a stab wound in the frontal cortex, these cells nearby the lesion
displayed moderate to high levels of NADPH-diaphorase. Also, increased expression of
NADPH-diaphorase by reactive glial cells following the excitotoxic striatal lesion was
paralleledbythe reductionofthe number ofNADPH-diaphorase positive neurons and their
fibers. NOS and GFAP double labeling experiments indicated that most of the glial cells
were single labeled either with NOS or GFAP, although some NOS and GFAP double
labeled cells were found. In addition to glial cells, some neurons were also induced tc
express NOS followingneocortical or striatal lesions. These inducible NOS neurons were
smaller in size and their perikaiya were lightly stained in comparison to NADPHdiaphorase positive neurons in normal brain. They contained only one or two very short
processes and, in certain instances, no process at all. When fetal frontal cortex and basal
forebrain were transplanted into either the cavity of an injured rat brain or into the cortex
or hippocampus of an Alzheimer’s disease (AD) rat model, NADPH-diaphorase positive
neurons with different morphology were found in the grafts of both models. One type of
these neurons had long dendrites and fibers with varicosities, which is comparable to the
NADPH-diaphorase positive neurons in the normal cortex andforebrain. Another type of
NADPH-diaphorase positive neuron displayed relatively lighter staining in its perikarya
andcontainedeitherno process or one or two very short processes, which is similar to the
inducibleneurons described above. Our results confirmthat a proportion of activated glial
cells and neurons are induced to express nitric oxidase synthase following brain damage.
The localization of NOS positive neurons in the grafts with different morphology may
suggest that these neurons were at different developmental stages.
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35.4

35.3
PROTEIN TYROSINE PHOSPHATASE (P T P 1C ) E XPRESSION IN THE R AT
HIPPOCAMPUS FOLLOWING INJURY. C.L. Willis*, K.A. Brunner, R.J. Bridges

andD.I. Lurie. Dept, of Pharm. Sci., Univ. of Montana, Missoula, MT 59812
The astrocytic response to central nervous system (CNS) injury and disease is
poorly understood. Reactive astrocytes have been shown to enlarge, proliferate, and
participate in creating an environment which influences neuronal regeneration.
Evidence suggests that tyrosine phosphorylation plays an important role in astrocyte
proliferation and differentiation. The phosphorylation state of tyrosine residues is
regulated by the balance between protein tyrosine kinases and phosphatases. A
cytosolic tyrosine phosphatase, PTP1C, is expressed in high levels in
hematopoietic cells. A previous study demonstrated that following deafferentation
of the chick auditory brainstem, a subset of astrocytes showed increased
immunoreactivity to PTP1C.
In the present study we wished to examine changes in PTP1C expression in the
mammalian CNS following a excitotoxic or metabolic-induced injury. Male
Sprague-Dawley rats received a focal injection to the dorsal hippocampus of either
N-methyl-D-aspartate (NMDA) or malonate and allowed to survive for at least three
days. Brain tissue was then processed for immunocytochemistry and stained using
antibodies generated against a PTP1C peptide. Three days after the lesion, NMDA
(50 nmol) induced almost complete neuronal loss in all hippocampal subfields
whereas injury induced by malonate (100 nmol) appeared to be both neuronal and
non-neuronal. However, in both cases there was a marked increase in PTP1C
immunoreactivity in cells resembling astrocytes, within the hippocampus, in
regions adjacent to the cellular loss. The uninjected contralateral hippocampus
showed no cellular damage or changes in PTP1C immunoreactivity. These results
demonstrate that a protein tyrosine phosphatase may be involved in the glial
response to injury in the rat hippocampus. Supported by NIH grant RR11796-01.

P TP1C AND GLIAL PROLIFERATION FOLLOWING DEAFFERENTATION.
D. K. Kosena and D. I. LURIE*. Pharm. Sci.,University of Montana, Missoula,
MT. 59812
Proliferation of astrocytes is a dramatic response of the central nervous system to
injury. While it is clear that not all astroyctes proliferate following injury, the
characteristics that determine which astroyctes enter the cell cycle in vivo is not
known. Protein tyrosine phosphorylation has been implicated in astrocyte
proliferation, differentiation, and plays a role in the regulation of the cell cycle in a
number of different systems. The protein tyrosine phosphatase 1C (PTP1C) appears
to modulate cellular division in the hematopoetic system and is involved in the
mitogenic response of various growth factors. We have previously described an
increase in glial immunoreactivity for PTP1C following deafferentation in the chick
auditory brainstem (Soc Neur. Abs, 19, p.782, 1993). The present study evaluated
the role that PTP1C may play during astroycte proliferation in the chick auditory
brainstem nucleus, n. magnocellularis (NM) following cochlea removal.
Postnatal chicks received a unilateral cochlea removal followed by a pulse of BRDU
(3 injections, 50 mg/kg- 6 hrs apart) at either 2, 5, or 8 days following cochlea
removal and the brains were processed 6 hrs following the last injection. Another
group of animals received a single injection of BRDU given 2 days following cochlea
removal and were allowed to survive for 1 week. All tissue was processed for BRDU
and PTP1C immunohistochemistry. The vast majority of proliferating astrocytes
were not PTP1C positive. However, an occasional single BRDU-labeled astrocyte
located at the very edge of a cluster of PTP1C postive cells could be observed.
Proliferating astroyctes do not go on to express PTP1C following cell division, and
animals with high rates of astrocyte proliferation following deafferentation have less
PTP1C immunoreactivity than those which show little proliferation. These results
suggest that PTP1C may negatively regulate astrocyte proliferation following
deafferentation in the chick brainstem. Supported by NIH grant DC02931-01A1.

35.6

35.5
A NOVEL CYTOSKELETAL-ASSOCIATED ANTIGEN DEFINES A SUBSET OF
ASTROCYTES, INCLUDING SPECIALIZED ASTROCYTES AT THE DORSAL
ROOT ENTRY ZONE, AND IS UPREGULATED FOLLOWING RHIZOTOMY.
J.N. Reza1, K.S. Bedi*2, J.P. Golding1, S.B. McMahon3, J. Cohen1. Depts. of 1Dev.
Neurobiol. and 3Physiol., UMDS, Guy's and St. Thomas's Hosps., London SE1 9RT, UK.
2Dept. Anat., Univ. Queensland, Brisbane, Queensland 4097, Australia.
The dorsal root entry zone (DREZ) defines an interface between the PNS and CNS in the
spinal cord and is the site where, following dorsal root lesion, the growth of regenerating
primary sensory axons into the cord is abruptly halted. One possibility is that the barrier to
axon-ingrowth resides in inhibitory molecules expressed at the astrocyte/Schwann cell
interface within the DREZ. To help characterize the antigenic phenotype of this region,
monoclonal antibodies were generated by immunizing mice with rat DREZ-enriched tissue,
and the resulting hybridoma supernatants screened by immunohistochemistry on
longitudinal sections of adult spinal cord with attached dorsal roots. Astro-1, one of several
antibodies that selectively stained components of the DREZ, labelled an antigen confined
to a subpopulation of GFAP-positive astrocyte processes at the DREZ. Astro-1 antigen is
first expressed in the processes of a subset of radial glial cells in the E16 rat spinal cord and
from birth in a subpopulation of presumptive white matter astrocytes at the lateral margins
of the spinal cord, a pattern of staining that persisted in the adult. Within other regions of
the CNS, including the cerebellum, the dentate gyrus of the hippocampus, and the optic
nerve, astro-1 antigen was confined to a subset of GFAP-positive astrocytes. In cultured
neonatal rat cortical astrocytes astro-1 appeared to label a cytoskeletal-associated molecule
distributed in a punctate pattern closely associated with intermediate filaments. After
unilateral dorsal rhizotomy in the adult, astro-1 antigen is rapidly (within 24 hr) upregulated
in DREZ astrocyte processes and neighbouring astrocytes. In conclusion we have raised an
antibody, astro-1, that identifies a subpopulation of GFAP-positive astrocytes, and which
may act as a novel marker for DREZ astrocytes and reactive astrocytes.
Supported by Action Research and The Special Trustees of St. Thomas's Hospital.

REACTIVE GLIOSIS IN VIVO IS MEDIATED BY CA2+ INFLUX
AND ACTIVATION OF CALPAIN I. S. Du*, A. Rubin, S. Klepper,
C. Barrett, G. J. Markelonis, Y. C. Kim and T. H. Oh. Dept.
Anatomy & Neurobiology, Univ. Maryland Sch. Med., Balto., MD,
USA, and College of Pharmacy, Seoul National Univ., Seoul, Korea.
Acidic pH initiates a rapid increase in immunoreactivity (IR) for
GFAP in cultured astrocytes (Oh et al., 1995). Here, we inves
tigated the effects of various treatments on astro gliosis in situ using
a rat model of spinal cord injury. To monitor reactive gliosis, we
assessed the intensity of GFAP immunoreactivity (GFAP-IR) by
immunohistochemistry. In untreated animals, a significant reactive
gliosis was observed within two days of cord crush. The increase in
GFAP-IR was significantly reduced by infusion of PIPES buffer (pH
7.4) into the lesion site. Increased GFAP-IR seemed to be linked to
Ca2+ influx; nifedipine, an L-type Ca2+ channel blocker, significantly
reduced any ensuing reactive gliosis. Although Ca2+ modulates many
signaling pathways, its effect on reactive gliosis appeared to largely
result from its activation of calpain I. This was demonstrated by the fact
that calpain inhibitor I, an inhibitor of μ-calpain, significantly abolished
reactive gliosis, while calpain inhibitor II, a close structural analog, had no
salutary effect. Our results suggest that the initial reactive gliosis seen in
vivo, may be linked to the activation of a calcium-dependent neutral
protease, calpain I, through the influx of calcium. Supported by the NIH
(NS 34534-THO).

35.7

35.8

CORTICAL AND THALAMIC GLIAL RESPONSE IN THE EXCITOTOXICALLY
LESIONED YOUNG BRAIN. L. Acarin*, B. Gonzdlez, A. J. Castro and B.
Castellano. Unitat Histologia (Medicina), Univ. Autdnoma Barcelona, Spain; and
Dept. Cell Biology, Neurobiology and Anatomy, Loyola Univ. Chicago, U.S.A.
Experimental models using excitotoxic cortical lesions cause secondary changes of
thalamic nuclei projecting to the damaged area, providing an useful tool for the
comparison of glial reactivity between areas of direct lesion and secondary affected
areas. The injection of the excitatory am inoacid analog NMDA into the right
sensorimotor cortex of postnatal day nine rats caused secondary changes accompanied
by glial reactivity in the thalamic ventrobasal complex (VB). After different survival
times from 4 hours to 30 days, parallel cryostat sections were immunocytochemically
processed for the demonstration of GFAP, vimentin, MHC I and II and serum
proteins. Tomato lectin histochemistry was used to visualize microglia.
Results showed differences between the glial response in the cortex and the
secondary glial response in VB complex of the thalamus. In the cortex, where serum
proteins were detected from 4 hours to 7 days, microglial response was restricted to the
degenerating area, was characterized by a rapid activation already observed at 4 hours
post-lesion, before neuronal degeneration was evident, and peaked at day 3. Reactive
microglial cells showed changes in morphology, increase in tomato lectin binding and
MHC I expression. Additionally, few cells also expressed MHC II. Astroglial
reactivity was more protracted, starting by day 1 post-lesion and increasing gradually
before presenting its maximum at 7 days post-lesion. Hypetrophied reactive astrocytes
showed increased GFAP expression and were vimentin positive.
Glial response in the VB complex of the thalamus occurred in the absence of
apparent neuronal degeneration and serum proteins, and it was not as pronounced as in
the excitotoxically lesioned cortex. Reactive m icroglial cells showed a bushy
morphology, were intensely lectin positive and expressed MHC I, but not MHC II.
The astroglial response remained longer than microglial reaction. Reactive astrocytes
showed thick processes and increased GFAP expression, although no vimentin
expression was seen. Funded by DGICYT PB95-0662, “la Caixa” fellowship program.

EXPRESSION OF METALLOTHIONEIN I AND II ISOFORMS BY GLIAL
CELLS IN CENTRAL NERVOUS SYSTEM DEGENERATION. B. Gonzalez*. L.
Acarin. J.M. Vela. J.M. Hidalgo and B. Castellano. Department of Cell Biology and
Physiology, Universitat Autonoma Barcelona, Spain.
Metallothioneins (MTs) are a family of metal-binding proteins which are expressed
in most tissues and organs including the central nervous system (CNS). MT-I and
MT-II isoforms are present throughout the brain and spinal cord in a population of
astrocytes, ependymal cells, epithelial cells of the choroid plexus, meningeal cells of
the pia mater and endothelial cells of the blood vessels, whereas microglia and
oligodendrocytes are essentially devoid. In the brain, MT-I and MT-II can be
upregulated in vivo by several factors such as metals, corticoids and also factors
involved in the regulation of the inflammatory response. However the role of MT-I
and MT-II induction in pathological conditions or after CNS injury is still unclear.
In this sense, in the present study we analyzed the MT-I and MT-II induction in
astrocytes and microglia, as they are the most important cells associated with CNS
response to tissue damage.
In the jimpy mouse, a myelin-deficient mutant whose genetic disorder results in
severe alterations of the CNS, a very significant astroglial and microglial MT-I+II
synthesis induction was observed. Moreover, MT induction was more pronounced in
areas showing strong affectation of the tissue with hypomyelination, oligodendrocyte
death and important astroglial and microglial reaction. Also in the immature brain, the
intracerebral injection of N-m ethyl-D-aspartate (NMDA), a model for hypoxicischemic insult, caused a strong induction of MT-I+II synthesis in reactive astroglial
and microglial cells in the damaged area within days after the insult. The results
indicate that reactive but not resting microglial cells are able to synthesize MT-I+II in
vivo and, in addition, they suggest a close correspondence between the degree of MT
induction and the degree of glial reactivity. MT-I and MT-II induction in damaged
tissue implies not only an increase in protein production by astrocytes but also thede
novo synthesis by microglia. MT induction in glial cells under pathological
conditions could be related to the protective role of MT against oxidative damage.

S o c ie ty f o r N e u ro s c ie n c e , V o lu m e
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DIFFERENTIAL GENE EXPRESSION WITHIN HIPPOCAMPI OF AGED AND
ADULT F344 RATS FOLLOWING UNILATERAL INTRAHIPPOCAMPAL
KAINIC ACID INJECTION. A.N. Kalehua*. GRC, NIA, NIH, 4940 Eastern
Ave., Baltimore, MD 21224.
Microglia and astrocytes have been shown to up-regulate the expression of genes
encoding cytokines and growth factors in response to neuronal injury and death.
However, the vast majority of studies have been conducted on young animals, with
little information regarding the effects of aging on the glial reaction to
neurodegeneration and regeneration In this study, we used the excitotoxin, kainic
acid (KA), to produce neurodegeneration in young (6 mo) and aged (22 mo) F344 rats,
and used RT-PCR techniques to screen for the presence and/or absence of genes
encoding inflammatory cytokines and growth factors. The intent of the KA injection
was to kill area CA3 pyramidal neurons on the ipsilateral side, while axotomizing the
contralateral area CA3. Rats were sacrificed after either 2 or 4 hrs post surgery; the
left and right hippocampi were dissected, and RNA was isolated using an Ultraspec
(Biotecx) kit. Following reverse transcription of total RNA into cDNA, the cDNA
was subjected to PCR amplification for the target genes, CNTF, GDNF, TGFβ,
IL1β, IL6 and TNFα. The control gene, cyclophilin A was co-amplified with each
target gene in each PCR reaction. Results show that after 2 hrs of survival, both
young and aged hippocampi show IL1βand IL6 products within the ipsilateral HPC,
but that the ILβ mRNA levels appeared to be decreased in the aged as compared with
young hippocampi, with no apparent changes in cyclophilin levels. In the right
HPC, there was little or no ILβ or IL6 products, but strong TGFβexpression in all
hippocampi. By 4 hrs, this trend continued, with the added expression of TGFβ
within the left HPC of all animals. These early molecular events surrounding KAinduced neurodegeneration may determine the fate of injured neurons as well as the
extent of regeneration, with activated microglia and astrocytes playing a pivotal role
in mediating this outcome.

35.11

BRAIN RESPONSES TO INSERTION OF NANOFABRICATED SILICON
PROBES. M.D. Andersen1, D.H. Szarowski1, K. Stapleton1, C. Castro1, R. Davis2, W.
Shain1, H.G. Craighead2, M. Isaacson2, and J.N. Turner1*.1Wadsworth Center,
Albany NY 12201-0509 and2School of Applied and Engineering Physics, Cornell
University, Ithaca NY 14853-2501.
In order to determine the events leading to reactive gliosis, acute and chronic
observations were made in animals following insertion of silicon probes into the right
cerebral hemisphere of adult (100 g) and juvenile (14 day) rats. Measurements were
made using antibodies recognizing astrocytes (e.g. glial fibrillary acidic protein (GFAP),
vimentin), microglia (e.g. ED1, OX42), and activated cells (e.g. phospho-MAPK,
phosph-CREB). Histochemical localization and identification of immuno-reactive cells
were made by indirect immunohistochemistry of 100-μmthick slices viewed by confocal
microscopy. Quantitative measurements were made using western blots. Acute
responses were observed from4 hr-7 days; chronic responses from 7 days-12 weeks. One
day following insertion, GFAP immunoreactive cells adjacent to the insertion site
appeared as rounded objects. Significant GFAP immunoreactivity was observed at day
3 and stayed elevated through 12 weeks. This immunoreactivity was greatest around the
insertion site and formed a gradient leading away from this site. Vimentin
immunoreactivity was similar. These data indicate that insertion of silicon probes results
in a continuous reactive gliotic response. ED1 and OX42 immuno-reactivity was
observed immediately around the insertion site at 7 days and 3 weeks in juvenile animals
and as early as 5 days in adults. These results indicate that there is prolonged
recruitment and/or activation of microglia aroundthe insertion site. Phospho-MAPK and
-CREB immunoreactivities peaked by 24 hours, were still visible after 3 days, but were
not later times. These immunoreactivities were observed in cell nuclei adjacent to the
insertion site. These data indicate that immediate responses around the insertion site are
directed by soluble factors activating signal transduction pathways leading to changes
in gene expression. This work was partially funded by NIH, RR-10957.

35.13

IN C R E A SED M A TRIX D E PO SIT IO N BY N E U R O FIB R O M IN D E FIC IE N T FIB R O B L A STS: Evidence for a R as-independent
p h e n o ty p e
N. Ratner*, R. Atit, R. Wenstrup. and M. Crowe. University of Cincinnati,
College of Medicine,Cincinnati, OH 45267-0521.
Neurofibromatosis type 1 (NF1) is the most common human autosomal
dominant inherited disorder. NF1 patients develop peripheral nerve tumors called
neurofibromas composed of fibroblasts, neuronal processes, and Schwann cells.
Neurofibromas contain abundant matrix proteins and display breaches in the
perineurial blood-nerve barrier, consistent with fibroblast dysfunction. Cultures
containing normal dorsal root ganglion neurons and Schwann cells with NF1-/mouse fibroblasts mimic the perineurium breach observed in human
neurofibromas (Rosenbaum et al., Development, 1995). We show here that
NF1 -/- fibroblasts do not exhibit abnormal adhesion to laminin, collagen I, or
fibronectin. As a means of testing underlying abnormalities in fibroblasts and
matrix deposition, we performed full thickness skin wounds and found that 40%
of NF-1 heterozygous mice showed increased matrix deposition in Wound beds.
In vitro, NF1 -/- cultured fibroblasts showed significantly increased collagen
deposition despite evidence that transcription of collagen I and III genes were not
increased, strongly suggesting alterations in secretion or extracellular processing
of secreted collagens. The N F1 gene product, neurofibromin, is a Ras GTPaseactivating protein, and may have additional functions. To determine whether Ras
activation results in changes in collagen deposition seen in N F1 -/- fibroblasts,
we infected wild-type fibroblasts with v-ras i ras-infected fibroblasts did not show
an increased matrix deposition. In addition, Ras pathway inhibitors failed to
reverse the increased matrix deposition in NF1 -/- fibroblasts. These data
suggest that some of the biological characteristics of the NF1 -/- fibroblast
phenotype are independent of Ras. Wc conclude that loss of N F1 in mouse
fibroblasts is sufficient to cause increased matrix deposition characteristic of
human neurofibromas. Supported by NIH-NS 28840.
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35.10
EXPRESSION OF S100β IN RAT SPINAL CORD FOLLOWING INJURY TO
THE SCIATIC NERVE S.A. Gilmore*. I.R. Niesman. N.C. Phillips and
C.T.M. Kane. Department of Anatomy, University of Arkansas for Medical
Sciences, Little Rock, AR 72205
SlOOp has been implicated as a factor in the regulation of repair
processes occurring after injury to the CNS. In this study the possible
involvement of S100β in CNS reactions to peripheral nerve injury was
examined following either axotomy or crush of the sciatic nerve in 21-dayold, immature rats. At 4 , 14 or 30 days after sciatic nerve injury, the
appropriate segments of spinal cord were harvested and processed for RNA
or protein analysis. Four days post-surgery a significant increase over
baseline was noted in either injury paradigm by both Northern blot analysis
and ELISA assay, with a somewhat greater increase in animals with the
crush injury. These increases were not sustained, however, and both RNA
and protein levels returned toward baseline in the 14- and 30-day groups,
both axotomized and crushed. Experimental manipulations of the neuroglial
population of the spinal cord prior to sciatic injury were undertaken to
determine the cell type(s) secreting the SlOOβ. Glial populations were
reduced by exposing the lumbar spinal cords of 3-day-old rat pups to x-rays,
a model developed and characterized in this laboratory. By 21 days of age
SlOOβ levels were significantly reduced in the irradiated rats, and sciatic
axotomy at this time failed to elicit the increases in SlOOβ RNA and protein
noted in non-irradiated, axotomized rats. Interestingly, the irradiated
regions of spinal cords did not show marked reductions in amounts of GFAP.
Implications for differential responses of astrocytes to injury will be
discussed. Supported by NIH grants AG12411 and NS 04761.

35.12

ASTROGLIAL CELL RESPONSES TO EXTRACELLULAR MATRIX PROTEINS,
GROWTH FACTORS, CYTOKINES, AND IMMOBILIZED PEPTIDES. L. Kam1,
X. Gu1, R. Bizios2, J.N. Turner1, and W. Shain1*. 1Wadsworth Center, Albany NY
12201-0509 and2Rensselaer Polytechnic Institute, Troy, NY 12180.
In order to identify mechanisms for controlling astrocyte function, we examined the
effects of extracellular matrix proteins and cytokines on astrocyte adhesion and
proliferation in monolayer cell cultures. Primary astrocytes were isolated from various
brain regions of 3-day old Wistar rats and maintained in DMEM supplemented with 5%
FBS for 14 to 21 days before use in cell adhesion assays, or, after 1 week of culture,
transferredto defined media and used after 27 days for proliferation assays. Responses
ofLRM55 cells, a transformed astroglial cell line, were also examined. Adhesion assays
measured the number of adhering cells and were carried out by seeding Hoechst 3334preloaded cells in serum-free media into polystyrene wells coated with either collagen
type IV, fibronectin, vitronectin, or laminin and blocked with albumin. After two hours,
non-adherent cells were removed by rinsing, and fluorescence in each well was
measured. For proliferation assays, cells were plated in defined media or defined media
supplemented with FGF, EGF, or II-1, into wells that had been coated with collagen or
fibronectin, and counted after 1, 3, and 5 days of culture. Primary astrocytes exhibited
selective adhesion to collagen and fibronectin, with minimal adhesion to laminin or
vitronectin. Selective adhesion varied as a function of brain region from which astrocyte
were isolated. By contrast, LRM55 cells strongly adhered to all proteins. In defined
media, LRM55 cells proliferated on plastic coated with collagen, but not on fibronectin.
Addition ofEGF or II-1 to the culture media inhibited LRM55 proliferation on collagen.
To identify mechanisms of astrocyte interaction with extracellular matrix proteins, cells
were seeded onto substrates with immobilized peptide motifs corresponding to ligands
of integrins or members of the Ig-superfamily. Cortical astrocytes exhibited minimal
adhesion to glass modified with RGDS, IKVAV, and YIGSR, but enhanced adhesion to
glass modified with KHIFSDDSSE. These results indicate that astroglial adhesion and
proliferation represent complex responses to multiple factors. This work was supported
by NCRR RR-10957.
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36.1

STIMULATION OF CALLOSAL FIBERS TRIGGERS CALCIUM ELEVATION IN THE
POPULATION OF GLIAL CELLS WITH METABOTROBIC GLUTAMATE
RECEPTORS. C Ohlemeyer*, F. Kirchhoff, T. Möller and H. Kettenmann. Cellular
Neurosciences, Max-Delbrück-Center for Molecular Medicine, Robert-Rossle-Str. 10, 13125
Berlin, Germany.
We used a brain slice preparation to study signaling from neurons to glial cells. Axons in the
corpus callosum of young mice (3 to 7 days after birth) were stimulated while monitoring levels
of intracellular [Ca 2+] in adjacent glial cells. Slices were bulk loaded with fluo-3 acetoxymethyl
ester and changes in [Ca 2+] levels were analysed by confocal microscopy imaging. Neuronal
fibers were stimulated by low-resistance glass pipettes. Glial cells in the corpus callosum showed
a rise in calcium concentration after fiber tracts were stimulated. This response was also observed
in calcium-free solution and was blocked by thapsigargin indicating that Ca 2+ is released from
intracellular IP3-sensitive stores in response to neuronal activity. Receptor antagonists such as
CNQX (for kainate/AMPA type of glutamate receptors), bicuculline (for GABAA receptors),
suramin (for ATP receptors) or MCPG (for metabotropic glutamate receptor mGluR1) did not
block this response. Next, we tried to correlate individual cells which reponded to stimulation of
the fiber tracts with those that responded to receptor activation by specific ligands. The best
match was found for class I metabotropic glutamate receptors mGluRl and mGluR5, known to
be linked to phosphatidyl inositol hydrolysis and subsequent rise in [Ca 2+]j. About 90% of the
cells responding with a calcium elevation to stimulation also responded to glutamate (n=70) and
more than 80% to t-ACPD (n=221), a specific agonist for metabotropic glutamate receptors. The
portion of cells responding to GABA or kainate were lower (both about 50%). MCPG, a
selective antagonist of mGluRl, did not block the t-ACPD induced response suggesting the
involvement of mGluR5.
Our data indicate metabotropic glutamate receptors (mGluR5) as possible links for neuron-glia
interaction since glutamate release from electrically stimulated fiber tracts in the corpus callosum
was established (D.D. Wheeler et aL, J.CellPhysiol., 67,1966). DFG.

36.3

CALCIUM-MEDIATED REACTIVE GLIOSIS IN VITRO. Y. B.
Lee*, S. Du, G. J. Markelonis, T. H. Oh and M.T. Shipley.
Department of Anatomy & Neurobiology, University of Maryland
School of Medicine, Baltimore, Maryland, 21201.
Reactive gliosis is characterized by a rapid increase in the
immunoreactivity (IR) for GFAP. We induced reactive gliosis in
cultured glia derived from progenitor cells (Oh et al., 1995), and
assessed the mechanisms influencing the intensity of GFAP
immunore activity (GFAP-IR). Acidic pH (~5.5) produced a rapid
increase in GFAP-IR. This increase could be blocked with
nifedipine, a blocker of L-type calcium channels. Calpain inhibitor
I, an inhibitor of the neutral, calcium-activated protease, calpain
I, abolished the increase in GFAP-IR induced by acidic pH. At
physiologic pH, an increase in GFAP-IR could be produced using
the calcium ionophore, A23187. The increase of GFAP-IR by
A23187 also could be blocked by pretreatment with calpain
inhibitor I. These results suggest that increased GFAP-IR may
be mediated by a proteolytic process involving the activation of
calpain I. Supported by the NIH (NS 34534-THO).
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3 6.2
EVIDENCE FOR PRE-TRANSLATIONAL INDUCTION OF L-TYPE CA2+
CHANNELS IN TYPE-1 (T1) ASTROCYTE CULTURES BY PERMISSIVE
FACTORS J.P. Smith. L A. Cunningham, and L.D. Partridge* Dept.
Neuroscience, Univ. New Mexico School of Medicine, Albuquerque NM
87131.
L-type voltage-gated Ca2+channels are thought to be expressed by fibrous
astrocytes in the brain, where they play important roles in the regulation of
intercellular, intracellular, and extracellular Ca2+ concentration. L-type Ca2+
currents have not been detected in T1 astrocytes cultured under basal
conditions, but can be re-expressed by co-culture with neurons (Corvalan et
ai., 1990, Proc. Natl. Acad. Sci. USA 87: 4345), or by cAMP-dependent
mechanisms that require permissive batches of serum (Barres et al., 1989, J.
Neurosci. 9:3169; MacVicar et al., 1988, Glia 1:359).
To study the mechanism by which these factors induce functional L- type
Ca2+ channels in astrocytes, rtPCR was performed using primers that
hybridized with all α -1 subunit isoforms of the L-type Ca2+ channel. Ca2+
channel mRNA was readily detectable in P1 rat hippocampus and cortex, but
was not detectable in purified T1 astrocytes from either of these areas when
grown in serum or serum-free medium. In addition, inward Ca2+ currents
were not detected by whole cell patch clamp recordings. These data support
the hypothesis that previously described permissive factors modulate Ca2+
channel expression at a pre-translational level and provide a basis for further
characterization of L-type Ca2* channel induction in astrocytes.
This work is supported by HHMI 76296-550501 Howard Hughes Medical
Institute Research Resources Program for Medical Schools.

3 6 .4

T G F β1 D E P O L A R IZ E S R E A C T IV E A S T R O C Y T E S . P.R. Perillan.
J.M. Simard* Neurosurgery Department, University of Maryland School of
Medicine, Baltimore, MD 21201.
TGFβ1 expression increases in rat cerebral cortex a fter penetrating injury,
playing an important role controlling the extent of astrocyte proliferation and
glial scar formation in lesioned brain. To better elucidate the signal
transduction pathway in the cellular response to TGFβ1 we studied the effect of
this cytokine on the membrane potential of primary cultured reactive astrocytes.
Cells were obtained from adult rat brains that had been subjected to a stab
wound injury 9 days earlier. Recordings were made using nystatin perforated
whole-cell current-clamp techniques to minimize cellular disturbance with
physiological solutions used in the pipette and the bath. Cells were treated with
TGFβ1 under two experimental conditions: 1) incubation with the cytokine and
2) continuous recordings while TGFβ1 was being added. Untreated reactive
astrocytes had a resting membrane potential of -67+8 mV (n=10). Cells
incubated at 37° C with TGFβ1 (5 ng/ml) for 60-180 min exhibited a resting
potential of -40±6 mV (n=5). In separate experiments recording membrane
potential continuously at room temperature, cells were found to depolarize by
11±3 mV (n=5) a few minutes after addition of TGFβ1 (see Figure). We
20 pg/mlTGF
β1
-4 6

m V

1 mi n
conclude that membrane potential regulation by TGFβ1 is likely to be important
in the mechanism of action of this cytokine.

36.5
STIM U LA T IO N O F A S IN G L E IN T E R N E U R O N T R IG G E R S C a 2+
ELEV ATION IN A S T R O C Y T E S IN H IP P O C A M P A L S L IC E S . Jian Kang*
and Maiken Nedergaard. Department of Cell Biology and Anatomy, New York Medical
College, Basic Science Building, Room 204, Valhalla, NY 10595.
To investigate interneuron-astrocyte interactions, we examined astrocytic Ca2+
responses following stimulation of single interneuron using patch clamp and Ca2+ image
techniques in hippocampal slices loaded with calcium indicator fluo-3. Interneurons in
stratum radiatum of CA1 were patched in the whole-cell current-clamp configuration
and stimulated by depolarization pulses delivered through patch pipettes. Several
astrocytes surrounding a stimulated intemeuron markedly increased intracellular Ca2+
levels. Double or triple spikes induced larger astrocytic Ca2+ responses than single
spikes. The astrocytic Ca2+ response was a function of intervals between spike trains.
When a train of triple spikes were produced every second or faster (>1 Hz), Ca2+
responses were smaller than those triggered by trains at 0.5 Hz or 0.2 Hz. Biocytinstaining demonstrated that interneuronal axons pass through processes of responsive
astrocytes. Local*application of GABA a receptor agonist muscimol or GABA b receptor
agonist baclofen elicited Ca2+ elevation in 1.5±0.5 and 6.6±0.4 astrocytes/field,
respectively. However, only a subpopulation of astrocytes responded to GABA agonists
since 18.3±1.1 astrocytes/field increased Ca2+ following glutamate application. The
baclofen-induced astrocytic Ca2+ response was blocked by GABA b receptor antagonist
CGP55845A, but not GABA a receptor antagonist bicuculline, TTX or MCPG. The
GABAB-induced Ca2+ response was dependent on extracellular Ca2+, but the GABAAtriggered response was not. In cell-attached patches from astrocytes responsive to
baclofen, a novel Ca2+ channel that opened during activation of GABA b receptors was
identified. Channel openings could only be activated when membrane potential was
kept at -80 to -120 mV. These properties allow Ca2+ influx without membrane
depolarization. Sponsored by N INDS/NIH R0130007 and R 0135011.
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36.6

PRO PERTIES OF INTRACELLULAR CA2+ OSCILLATIONS INDUCED IN
GLIA BY INTERCELLULA R CA2+ WAVES AND A CETYLCHOLINE
Andreja Strahonja* and Michael J. Sanderson. Dept, of Physiology, Univ. of
Massachusetts Medical Center, MA 01655
Intercellular Ca2+ waves and intracellular Ca2+ oscillations are two types of
signaling that modulate many physiological processes in glial cells. We examined, in
mixed glial cultures, the properties of intracellular Ca2+ oscillations induced either by
mechanically-initiated intercellular Ca2+ waves or by the neurotransmitter
acetylcholine (ACh). Digital video imaging was used to monitor intracellular
calcium concentrations ([Ca24];). Intercellular Ca2+ waves propagated radially for
300|im, and induced Ca2+ oscillations in 34% o f the glial cells. The majority of these
cells were at 60-120 μm from the origin of the Ca2+ wave origin. Four specific types
of oscillatory behavior were observed. The characteristics of these oscillations were
dependent on the location of the cell relative to the Ca2+ wave origin. The frequency
of each oscillatory behavior was also a function of distance. Cells exposed to
multiple Ca2+ waves originating from different sites converted their oscillations from
one type to another type or changed the frequency of their oscillations.
Immunocytochemical analysis to differentiate between astrocytes and
oligodendrocytes revealed that the type of Ca2+ oscillations induced was not a cell
specific process. ACh induced Ca2+ oscillations and altered the oscillatory behaviors
of cells responding to intercellular Ca2+ waves by shifting the zone of oscillating
cells 50μm away from the intercellular Ca2+ wave origin. The orientation of the
intracellular waves associated with Ca2+ oscillations was independent of the
orientation of the intercellular Ca2+ wave. We hypothesize that the characteristics of
glial cell oscillations are determined by the type and magnitude of the inducing
stimuli and inherent Ca2+ signaling infrastructure. (Supported by NIH HL49288 to
MJS)

70

GLIA AND OTHER NON-NEURONAL CELLS: ASTROCYTE PHYSIOLOGY

SUNDAY AM

3 6 .7

ELECTROPHYSIOLOGICAL CHANGES THAT ACCOMPANY
INJURY-INDUCED GLIAL PROLIFERATION IN VITRO.

S, Nee MacFarlane* & H. Sontheimer. Dept. Neurobiol., Univ. of Alabama
at Birmingham, Birmingham, AL 35294

Mechanical scarring of confluent monolayers of spinal cord astrocytes leads to a
transient, 3-fold increase in the proliferation rate of scar-associated astrocytes as
judged by Bromodeoxyuridine (BrdU) labelling. Whole-cell patch-clamp recordings
were obtained from scar-associated and uninjured control astrocytes, and the
proliferative status of recorded cells was individually assessed by immunoreactivity
for Bromodeoxyuridine (BrdU). Current expression differed absolutely between nonproliferating (BrdU ) and proliferating (BrdU+-) astrocytes. The predominant current
type expressed in BrdU' cells was a Cs+-sensitive inwardly rectifying K + current ( K IR;
1.3pS/pF). Cells also expressed 4-AP sensitive outward K+ currents but these
accounted for less than 1/3 the overall K+ conductance. In contrast, BrdU+ astrocytes
exhibited a 3-fold reduction in K IR (0.45 pS/pF), but showed a -2-fold increase in the
specific conductance of both transient (KA) (0.67 to 1.32 pS/pF), and sustained
outwardly rectifying potassium currents (KD) (0.42 to 1.10 pS/pF) with a ratio of
gKIR:gKD of 0.4. The marked difference in the relative expression of K ir was also
reflected in significantly more negative resting potentials of BrdU' as compared to
BrdU+ astrocytes. While 45% of the non-proliferating astrocytes expressed small
TTX-sensitive Na+ currents (0.47pS/pF), the majority of proliferating cells expressed
prominent TTX-resistant Na+ currents (0.94 pS/pF). The observed differences in
channel complement between proliferating and non-proliferating astrocytes are
reminiscent of electrophysiological changes associated with gliogenesis and suggest
that astrocytes undergoing secondary, injury-induced proliferation recapitulate
electrophysiological properties that are characteristic of immature glial cells. The
switch from Km to KD induced by injury appears to be essential to promote astrocyte
proliferation and scar repair as both processes can be inhibited by pharmacological
blockade of KD. (supported by NIH R01-NS31234 and P50-HD-32901)
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GLUCOCORTICOID RECEPTOR PATHW AYS ARE INVOLVED IN
INHIBITION OF ASTROCYTE PROLIFERATION. K.L. Crossin*,
L .A . Krushel, M.-H.Tai, V.P.M auro, G.M.Edelman. Scripps Research
Institute and The Neurosciences Institute, La Jolla, CA 9 2 0 3 7 .
The neural cell adhesion molecule, N-CAM, w as found to inhibit
the proliferation of rat astrocytes both in vitro and in vivo.
Subtractive hybridization experiments revealed th a t the mRNA levels
for N-CAM decreased in N-CAM-treated astrocyte cultures and
those for glutamine synthetase and calreticulin increased.
Glutamine synthetase and calreticulin are know n to be involved in
glucocorticoid receptor pathw ays prom pting the hypothesis th a t
inhibition of proliferation by N-CAM m ight be mediated via the
glucocorticoid receptor pathw ay. G lucocorticoid agonists were
found to stim ulate astrocyte proliferation and the inhibition of
astrocyte proliferation by N-CAM w as reversed in part by a number
of glucocorticoid antagonists, including R U-486, DHEA, and
progesterone.
In transfection experim ents, N-CAM treatm ent
increased the expression of a luciferase reporter gene under the
control of a minimal prom oter linked to a glucocorticoid response
element and this a ctivity w as abolished in the presence o f RU-486.
The combined data suggest th a t the control o f astrocyte
proliferation by N-CAM is in part regulated by alterations in
glucocorticoid receptor pathw ays.
Supported by NIH grants
NS/OD 34 8 7 4, H D 09635 and Neurosciences Research Foundation.

SIGNAL PATHWAYS ASSOCIATED WITH INHIBITION OF GLIAL
PROLIFERATION BY N-CAM. L.A . Krushel*. M .-H . Tai, T .S . Ranheim,
B .A. Cunningham, G .M . Edelman, K.L.Crossin. Scripps Research Institute
and The Neurosciences Institute, LaJolla, CA 920 37.
We showed previously that the neural cell adhesion molecule, N-CAM,
and certain of its peptides, inhibited astrocyte proliferation in vitro and in
vivo in injured rat brains.
We have now examined the effects of
recombinant N-CAM domains and explored the intracellular signal
pathways involved in inhibition of proliferation. The ability of N-CAM
domains to inhibit proliferation paralleled their ability to influence N-CAM
homophilic binding. The third lg domain had a strong effect on cell
proliferation and lg domains 1 and 5 had a lesser but pronounced effect.
Minim al activity was found in lg domains 2 and 4 or in the FN domains.
The signaling pathways involved in this process appear to be unrelated to
pathw ays show n to be im portant in the ability of N-CAM to stimulate
neurite outgrow th. No eff ects on the ability of N-CAM to inhibit astrocyte
proliferation were observed in the presence of peptides corresponding to
a domain in the FGF receptor, arachidonic acid, DAG inhibitors, or
inhibitors o f N or L type calcium channels. In contrast, all of these agents
have been shown by others to block the ability of N-CAM to prom ote
neurite outgrow th. In astrocytes, N-CAM appears to block grow th-fa ctor
stimulated tyrosine phosphorylation. These results open the possibility
that N-CAM may activate different signalling pathw ays in neurons and
glia.
Supported by NIH N S /O D34874, H D 09635, H D 16550, and
Neurosciences Research Foundation.

37.3

THE MAPK/ERK CASCADE MEDIATES MITOGENIC SIGNALING
BY ATP/P2 RECEPTORS IN ASTROCYTES. J.T. Neary*, Y. Kang,
and S. Zuniga. Research Service, VA Med. Ctr. and Depts. Pathol, and
Biochem. & Molec. Biol., Univ. Miami Sch. Med., Miami, FL 33125.
Extracellular ATP exerts trophic effects on neural cells which may be
important in development and synaptogenesis as well as in brain injury
and repair (Neary et al, Trends Neurosci. 19:13-18, 1996). We are
investigating the pathway underlying mitogenic signaling by ATP/P2
purinergic receptors in rat cerebral cortical astrocytes. Extracellular
ATP stimulates p42/p44 mitogen-activated protein kinase (MAPK; also
known as ERK) and induces formation of AP-1, a transcriptional
complex which can be activated by ERK. We now report that an
inhibitor of the ERK activator MEK (PD 098059) blocks the ability of
ATP to stimulate DNA synthesis, thereby indicating the importance of
the MAPK/ERK cascade in P2 receptor-mitogenic signaling. PD 098059
also inhibits ATP-evoked formation of AP-1 complexes. Pertussis toxin
partially reduces 2MeSATP- and UTP-evoked ERK activation, but
inhibition of PI-PLC or chelation of intracellular calcium does not block
ERK activation. A calcium-independent isoform of protein kinase C
(PKC∂) is upstream of ERK. P2Y receptors may be coupled to the
MAPK/ERK cascade by a phosphatidylcholine-specific PLC (PC-PLC)
or phospholipasé D mechanism. These findings indicate that the
MAPK/ERK cascade mediates mitogenic signaling by P2 receptors in
astrocytes and that this pathway is independent of IP3/Ca2+ signaling.
(Supported by the Department of Veterans Affairs.)
Society fo r N euroscience, Volume 2 3 ,1 9 9 7
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COINDUCTION AND INTERACTION OF INDUCIBLE NITRIC OXIDE
SYNTHASE AND CYCLOOXYGENASE-2 IN C6 GLIOMA CELLS
M.T. Heneka, M.Gleichmann, P. Loschmann, F. Eblen*. M.W eller and T. Klockgether;
Dept, of Neurology, Univ. of Tubingen, Germany
To study the interaction of inducible nitric oxide synthase (iNOS) and cyclooxygenase
2 (COX-2), we used the rat astrocyte derived C6 glioma cell line. Incubation of C6
cells with bacterial lipopolysaccharide (LPS, 10 ng/ml) alone or in combination with
either interleukin 1β (11-β , 10 ng/ml) or tumor necrosis factor a (TNFα, 10 ng/ml)
induced COX-2 protein expression in a time dependent manner (0-72 h) with a peak
after 72 h. In parallel we observed an increase in PGE2 and 6-keto PGF1α indicating
excessive prostanoid production. Under identical conditions, expression of the
constitutive cyclooxygenase COX-1 was not affected. In contrast, RT-PCR analysis
showed that COX-2 mRNA was present constitutively in C6 glioma cells and was not
upregulated by LPS/TNFα treatment suggesting a post-transcriptional regulation. In
addition, LPS and TNFα treatment resulted in a time dependent induction of iNOS
protein expression and was associated with an increase in N 0 2/N 0 3, stable breakdown
products of nitric oxide (NO), in the cell culture medium. Detection of iNOS mRNA
showed a stimulation after 4 h with a peak level after 16 h. Protein, mRNA and NO
levels then decreased until the end of the observation period (72 h).
NO generation was inhibited by the NOS inhibitor NMMA in a concentration
dependent way. Additionally, the cyclooxygenase inhibitors indomethacin, ibuprofen
and aspirin reduced NO release by C6 cells after stimulation with TNFα/LPS for 24 h.
In line with this findings indomethacin (10μM, 100μM) downregulated iNOS protein
expression, whereas COX-2 protein increased under identical conditions.
The present results indicate that (1) LPS/cytokine-stimulation induces both COX-2 and
iNOS in an astrocyte derived cell line and (2) endogenous prostaglandins are involved
in the regulation of iNOS and COX-2 expression.
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37.5

EFFECTS OF GUANOSINE AND 2-CHLOROADENOSINE ON C6 GLIOMA
CELL GROWTH. M.P. Rathbone 11. C. M. Andrew!. P. Ballerini?. F. Caciagli2
A.J. Glaskv^and C. E. Crocker-L. 'McMaster Univ., Hamilton, Ont, Canada L8N
3Z5. 2Univ. Of Chieti, Chieti, Italy 66013. 3NeoTherapeutics Inc., Irvine, CA.
USA 92618.
Guanosine (GUO) and 2-chloroadenosine (CADO) affect cell growth. In primary
cultures of astrocytes GUO enhances proliferation, apparently through release of
adenosine which interacts with A2 receptors, whereas CADO causes apoptosis likely
via activation of A3 receptors. We tested whether GUO and CADO affected
proliferation or induced apoptosis C$ glioma cells. Treatment with GUO (10 to
1 mM) for 48 hours had no effect on cell number over DMSO control values in C6
cells as measured by the Hoechst 33258 assay (n=4). In contrast, CADO (100 nM
to 1 mM) at concentrations >500 p.M reduces cell number by up to 50% (n=5). A
hypoxanthinc derivative, AIT-082, like GUO, had no effects on C6 cell proliferation.
A gel fragmentation assay were used to determine whether the method of cell death
was necrosis or apoptosis. C$ cells treated with 500 jiM CADO but not with 100
nM CADO underwent apoptosis as evidenced by the laddering pattern observed and
apoptosis-positive cells using the TUNEL assay. GUO was dissolved in DMSO
vehicle. Samples treated with DMSO vehicle alone gave the characteristic laddering
of apoptosis which was not increased in intensity by the addition of GUO (50 }iM or
1 mM). The effects of GUO on cell growth in C(, glioma cells, in which it does not
stimulate proliferation, are different than that of primary cultures of astrocyte.
Support: Amyotrophic Lateral Sclerosis Society of Canada and Neotherapeutics Inc.

37.7

EVIDENCE FOR NEUROACTIVE STEROID SYNTHESIS IN
HUMAN BRAIN GLIOMA, R.C. Brown*. C. Cascio. H. Kataoka. M.
Koono and__V. Papadopoulos. Interdisciplinary Program in
Neuroscience and Department of Cell Biology, Georgetown University,
USA and Miyazaki Medical College, Japan.
Neuroactive steroids are defined as steroids synthesized in the brain;
they can act on neurotransmitter receptors and alter neuronal
excitability. Expression of proteins crucial for steroidogenesis was
examined in three human glioma cell lines using immunocytochemistry
and metabolic labeling of steroids. All three cell lines, GalC and GFAP
positive, express the peripheral-type benzodiazepine receptor, a protein
needed for cholesterol transport from the cytosol into the mitochondria,
and cytochrome P450 side chain cleavage, the mitochondrial enzyme
responsible for the conversion of cholesterol to pregnenolone, the
precursor for all steroid hormones. Incubation of these three cell lines
with 3H-mevalonic acid, a cholesterol precursor, and blockade of
pregnenolone metabolism to other hormones, resulted in the production
and accumulation of 3H-pregnenolone. It remains to be seen which of
the neuroactive steroids can be made by these cells, but evidence for
pregnenolone synthesis in human glial cells indicates that the process of
steroidogenesis, already established in the rodent, may also apply to
human brain. (Supported by NSF IBN-9409551).

37.9

3 7 .8

IDENTIFICATION OF GENES DIFFERENTIALLY EXPRESSED IN
C6 GLIOMA CELLS TRANSFECTED WITH CONNEXIN43. IE
Bechberger* W. Rushlow and C. C.G. Naus. Dept of Anatomy & Cell
Biology, Univ. of Western Ontario, London, Ontario, Canada N6A 5C1
It was the objective of this study to determine if the expression of
genes could be altered by gap junctional coupling. Changes in gene
expression between control C6 glioma cells and C6 cells transfected with
connexin43 were detected using differential display. Genes expressed in
one cell type and not the other were isolated and identified by
sequencing. Differential expression was confirmed by Northern blot
analysis. Several of the candidate genes which displayed differential
expression based on Northern blot analysis and were partially sequenced did
not match any of the sequences in the Genbank database. These remain to
be further characterized. In contrast, comparison of sequences from other
candidates suggested some encode proteins potentially related to cell growth
and differentiation. These included the ribosomal protein LI 9, the growth
factor inducible immediate early gene Cyr61, the 2c9 gene isolated from
cells over-expressing fos, the Drosophila pecanex gene which has been
shown to be involved in neurogenesis, the platelet-derived growth factorinducible KC gene, and osteopontin. Further characterization of these genes
should provide novel insight into the functions of gap junctional
communication. This work was supported by a grant from the Cancer
Research Society, Inc.

37.1 0

GENE EXPRESSION IN ASTROCYTOSIS: IN VITRO AND IN VIVO
REGULATION OF A NOVEL cDNA IDENTIFIED BY DIFFERENTIAL
DISPLAY. M. Varia-Modv*. J. Waaner. H. Wu. C.F. Drevfus and I.B. Black.
Dept, of Neuroscience and Cell Bio., RWJ Med School/UMDNJ,
Piscataway, NJ 08854
To identify genes expressed in astrocytosis, we developed an in vitro
model, using cultures of cortical type I astrocytes stimulated with basic
fibroblast growth factor (bFGF). bFGF, which is elevated in brain injury,
induced a process-bearing morphology, comparable to that observed in
cortical disease. Treatment for 24 hrs increased GFAP, measured by
western blot analysis. To characterize activation-associated expression, we
used RT-PCR differential display, a differential cloning technique. At both
4 and 24 hrs, activated astrocytes exhibited unique patterns of gene
expression. Seven cDNAs were isolated, PCR re-amplified and cloned;
slot blot analysis confirmed differential expression. Using partial sequence
analysis, we assigned the cDNAs to categories: 1) known genes with
known functions, 2) previously cloned genes of unknown function and 3)
novel genes of unknown brain function. For example, northern analysis
confirmed that the novel clone 4.1 (c4.1) is up-regulated in vitro. To
examine regulation in vivo, northern analysis revealed that bFGF injected
subcutaneously increased cortical c4.1, indicating that regulation in culture
reflects that in vivo. Thus differential display, combined with primary
astrocyte cultures constitutes a model to investigate gene expression
associated with astrocyte function and astrocytosis. (supp: NIH grant
HD23315 and the APA)

S o c ie ty f o r N e u ro s c ie n c e , V o lu m e

2-C H LO R O -A D E N O S IN E-IN D U C E D A POP TO SIS OF HUMAN
ADF ASTROGLIOMA CELLS. S. Ceruti. W. Malorni. R. Brambilla. F.
Cattabeni and M.P. Abbracchio*. Inst. Pharmacol. Sci., Univ. Milan and
1st. Sup. Sanita1, Rome, Italy.
2-chloro-adenosine (2-CA) induces apoptosis of primary rat astrocytic
cultures (Abbracchio et al„ BBRC 213:908-915. 1995). In the present study,
also in view of a possible future use of this compound against tumors (its 2'
deoxy-derivative, cladribrine, is already employed in anticancer therapy), we
have characterized 2-CA effects in human ADF astroglioma cells. Exposure
to 2-CA resulted in a concentration- and time-dependent death of cells,
with 97% of cells undergoing apoptosis after 48 h at the highest (100 |j,M)
concentration utilized. Similar effects were observed with adenosine, if
utilized either at 1 mM concentration, or at lower concentrations in the
presence of adenosin-deaminase blockers. 2-CA-induced apoptotic cell
death was accompanied by changes in the expression of proteins belonging
to the Bcl-2 family, with a marked reduction of the anti-apoptotic BclX-|_
protein and significant increases of the apoptotic Bax protein. As already
found on rat astrocytes (Ceruti, Barbieri et ai, J. Neurosci. Res. 47:372-383,
1997), 2-CA-induced apoptosis did not seem to involve oxidative stress
and/or interferences with glutathione availability, since it was not reversed by
the anti-oxidant agent N-acetylcysteine. Previous studies on rat brain
cultures have suggested that 2-CA does not induce death of neuronal cells
(Abbracchio et a!., Neurosci.: 59:76-76, 1994), which would suggest a
selectivity towards tumors belonging to the astrocytic lineage. To assess
whether this is also true for human cells, we are now evaluating the effects of
2-CA on various human neuroblastoma cell lines.
FC and MPA have been involved in the concerted action ADEURO,
supported by the European Union within the BIOMED Programme. Partially
supported by the Italian Ministero dell'Universita' e Ricerca Scientifica e
Tecnologica (40%).
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NEUREGULINS AND ERB-B RECEPTORS IN CULTURED
ASTROCYTES. Amv Francis. Timothy Raabe*. and George H.
DeVries. Dept, of Cell Biology, Neurobiology and Anatomy, Loyola
University Medical Center, Maywood, EL 60153, and Research Service,
Hines VA Hospital, Hines, IL 60141.
Neuregulins (NRGs) are a family of growth factors which are involved
in signaling between neurons and glial cells of both the peripheral and
central nervous system. NRGs are known to be synthesized and secreted
by a number of cell types including Schwann cells (J. Neurosci. Res.
46:263), neurons and oligodendrocytes (Raabe et al., submitted).
Astrocytes have also been reported to synthesize NRGs (PNAS 91:9387).
The NRG transduction signals are mediated by a class of receptor tyrosine
kinases termed erb-B receptors. In this report we further characterize the
NRGs and erb-B receptors expressed by cultured neonatal astrocytes.
Using pan-specific and isoform specific antibodies in both Western
blotting and immunocytochemical protocols, we have determined that
astrocytes express a number of NRG molecular weight isoforms from
approximately 20 kDa to 100 kDa and both major isoform families of
NRGs (NRGa and NRGP). Serum-free media conditioned by astrocytes
also contains NRGs. In addition, cultured astrocytes express erb-B2, erbB3, and erb-B4 receptors. These data suggest that astrocytes produce
NRGs which may be used for paracrine or autocrine signaling.
(Supported by NMSS RG2076)
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NEUREGULIN IS A MITOGEN FOR OLFACTORY BULB
ENSHEATHING CELLS AND IS PRODUCED BY ASTROCYTES. G. S.
Pollock. I. A. Franceschinni. G. Graham. B. Ratzkin and S. C. Barnett*.
Depts. of Neurobiology and Medical Oncology, University of Glasgow,
Glasgow G61 1BD, U.K.
The rat olfactory bulb is an exceptional CNS tissue in that growing axons
are able to enter and extend within the adult CNS environment throughout
life, a property thought in part due to olfactory bulb ensheathing cells
(OBECs). In this study we show that astrocyte conditioned medium (ACM)
contains a potent mitogen and survival factor for OBECs. Two methods have
been employed to identify this mitogen: i) the addition of recombinant growth
factors; ii) partial purification by FPLC. In this study we demonstrate that the
mitogen is a peptide which lacks heparin binding capacity. Further studies
suggest that it is a member of the neuregulin family of proteins because: i)
recombinant human NDF(M, 2 and 3 are mitogenic; ii) the activity in ACM
can be neutralised by NDF antibodies; iii) OBECs express erbB4 and erbB2
receptors; iv) erbB4 is phosphorylated on ACM treatment; v) RT-PCR
demonstrates it contains an EGF-like domain typical of neuregulins. Since this
neuregulin does not bind heparin, a property associated with two NDF
isoforms; sensory and motor neuron-derived factor (SMDF), which lacks the
Ig domain and has a slightly larger cys-rich domain, and nARIA, it is likely
that the mitogen in ACM may be related to one of these isoforms of the
neuregulin family.
Association for International Cancer Research

37.13

REGULATION OF THE LIM PROTEIN GENE Lmol IN THE DEVELOPING
MOUSE CNS - AN ASTROCYTE SUB-POPULATION MARKER?
L.S.Campos *, M.V. Sofroniew. MRC Cambridge Centre for Brain Repair,
Cambridge University, Cambridge, UK.
Lim proteins contain a cysteine-rich, zinc-fmger like domain, thought to be
involved in protein-protein interactions. Some Lim-containing proteins are
involved in assymetric cell divisions and cell fate determination in C.elegans and
D.melanogaster. In vertebrates Lint] has been shown to be crucial to CNS
development. LMOl is a lim-only containing protein which has no other
associated domains (eg homeodomains). A transgenic mouse expressing the lac Z
reporter gene under the control of promoter 1 of the Lmol gene, and in situ
hybridization in wild type mice, have been used to study Lmol expression during
CNS development and in the adult mouse brain. In the developing CNS, distinct
subregions of the ventricular (VZ) and subventricular zone (SVZ) express the
reporter gene in the lateral ventricle, third ventricle, cerebral aqueduct, fourth
ventricle and spinal canal. These subregions of VZ and SVZ give rise to cells
found, respectively, in the ganglionic eminence/caudate putamen, hypothalamus,
midbrain and colliculi, medulla and spinal cord. In the adult, transgene
expression persists in specific astrocyte subpopulations in regions derived from
these embryonic areas, as well as in VZ areas known to retain proliferative
capacities.
This work was supported by the Medical Research Council, the Welcome Trust
and the Portuguese Junta Nacional de Investigacao Cientifica e Tecnologica.

37.15

LOSS OF HIPPOCAMPAL GLIAL CELLS IN ALCOHOLICS. U
Korbo*. Neurological Res. Lab., Bartholin Inst., Kommunehospitalet,
Copenhagen and Stereological Res. Lab., Aarhus University, Aarhus,
Denmark.
Hippocampus is an area of the brain primarily involved in learning and
memory, and it is affected in several demential diseases. Alcohol abuse is
often accompanied by cognitive impairment, especially memory and
concentration problems, which can be demonstrated even in detoxified
alcoholics. These impairments seem to be reversible, since a neuropsycho
logical study has reported that former non-Korsakoff alcoholics after being
abstinent for more than five years performed normally compared with a
control group.
Over the recent years it has become evident that the glial cells in the
brain, especially the astrocytes, play a central part in many activities that
are critical to the normal functions of the brain. Using an unbiased
stereological technique - the optical fractionator, the total number of neuron
and glial cells in five subregions of hippocampus was estimated in the
brains from five severely affected alcoholics and five controls. A statistical
ly significant loss of 37 % of glial cells was found globally in the hippocam
pus of the alcoholics compared with controls (p<0.05). Primarily a
reduction of astrocytes and oligodentrocytes and to a lesser degree
microglial cells accounted for this loss. No loss of neurons was found in
the hippocampus from alcoholics, while the number of glial cells per
neuron in hippocampus globally showed a significans loss of 33% in
alcoholics compared with controls (p<0.01).

S o c ie t y f o r N e u ro s c ie n c e , V o lu m e
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Neurite outgrowth of olfactory bulb neurons in vitro : Do ensheathing cells provide
an avenue for outgrowth? M. E. Lee*. P. D. Haroldson. J. R. Doucette. R. S. Morrison
and L. R Westrnm. Depts. of Biological Structure and Neurological Surgery,
University of Washington, Seattle, WA 98195
Studies of olfactory receptor neurons in vivo and in vitro have indicated that neuronglia (i.e., ensheathing cell) interactions influence neurite growth. However, there is a
paucity of studies about the effects of ensheathing cells on neurons intrinsic to the
olfactory bulb. We are co-culturing rat fetal (embryonic day 15) olfactory bulb
neurons with ensheathing cells (ECs), cortical astrocytes, and fibroblasts (meningesderived) in order to assess neurite behavior in short-term cultures. Astrocyte,
fibroblast and EC monolayers plated on poly-D-lysine (PDL) coated coverslips are
infected with a replication-deficient adenovirus/Lac-Z construct for lableing (courtesy
of Dr. Mark Kay) and subsequently adapted to Neurobasal® media over several days.
Neurons are harvested using standard methods, and a single-cell suspension of
neurons is plated onto the confluent monolayers. The co-cultures are fixed after 1, 3,
and 5 days in vitro (DIV) and neurons are identified using double-label
immunofluorescence with antibodies against neurofilament-200 (NF) and microtubule
associated protein-2 (MAP-2) or non-phosphorylated neurofilaments (SMI311) and
glutamate. Parallel cultures consisting exclusively of the monolayers are maintained
identically to the co-cultures for verification of the monolayer phenotype. Olfactory
bulb neurons plated onto PDL coated coverslips serve as a control. On astrocyte
monolayers and on PDL-coated glass, immunoreactivity for NF, MAP-2, SMB 11,
and glutamate shows a dispersal of neurons with several neurites emanating from the
soma, creating a dense network of fibers throughout the culture by 5 DIV. Neurons
co-cultured over 5 DIV on fibroblast and EC monolayers assemble into aggregates
that send out fascicles and few short, individual neurites. These experiments show
that a) ECs, similar to fibroblasts, generate an environment conducive to neuron
survival and aggregation but not extensive neurite outgrowth and b) astrocytes
support greater neurite outgrowth of olfactory bulb neurons in vitro than ECs or
fibroblasts. This research is supported by NIH grants NS31775, NS09678, DC02370
and T32NS-07144. LEW is an affiliate of the CIIDD.

37.14

SELECTIVE ABLATION OF ASTROCYTES IN A TRANSGENIC MOUSE
MODEL L. L. Weber and F. M LaFerla*. Department of Psychobiology,
University of California, Irvine,' Irvine, CA 92697.
Several very important functions have been proposed for astrocytes.
These functions include normal physiological processes such as
promotion of neuronal survival, strengthening of the blood-brainbarrier, and guidance for neuronal migration during development. In
addition, important pathological responses in the CNS have been
described for these cells. While astrocytic function has been examined
in great detail in tissue culture, examination of their functions in vivo
has been limited. To investigate the role of astrocytes in vivo, we have
developed a transgenic mouse model in which astrocytes are
selectively targeted for ablation. Ablation of astrocytes was achieved
by expression of an attenuated diphtheria toxin (DT tox 116) under the
transcriptional control of the astrocyte-specific GFAP promoter. The
attenuated toxin was selected to minimize the ablation of non-target
cells that might result as a consequence of promoter “leakiness”. DT
/ox 176 is 30-50 times less potent than the wildtype toxin and requires
a greater number of molecules to destroy the cell. Transgene
expression and the extent of astrocyte ablation was characterized by
Northern blotting, in situ hybridization, and immunohistochemistry.
We describe the histopathological and phenotypic changes that occur
in these transgenic mice during various developmental stages. This
project was supported by NIH grant AG-14508-01.

37.16

EXPRESSION OF CONNEXIN 43 INCREASES MEMBRANE LOCALIZATION OF NEURONAL CONNEXIN
32 IN C6 GLIOMA CELLS. M. Nedergaard1*. T. Lin1. C. C. G. Naus2. S. A. Goldman3 and M. L. Cotrina1.
Depts. of 'Cell Biology, New York Med. Col., Valhalla, NY, 2Anatomy, Univ. of Western Ontario,
London, ON, Canada and 3Neurology, Cornell Univ. Medical College, New York, NY.
Cultured astrocytes can generate long-range calcium waves that travel from cell-to-cell by
means of gap junctions. Calcium waves can also travel between astrocytes and neurons though it
is controversial whether gap junctions mediate signaling since different gap junction proteins are
expressed in the two cell types. Neurons express Cx32, while astrocytes express Cx43. In order to
understand how gap junctional proteins affect calcium signaling we tested the influence of Cx43
contact on neighboring membrane proteins. To this end we used a gap junction deficient line, C6
glioma cells, transfected with either cDNA for the astrocytic connexin, Cx43, or with cDNA for the
neuronal connexin, Cx32. Membrane Cx32 expression was then evaluated, first, in isolated Cx32+
cells and compared that expression to Cx32+ cells in confluent monolayers. Second, Cx32
expression was compared between Cx32+ cells in contact with Cx32+ homologs, Cx43+ heterologs
or untransfected C6 cells. To identify Cx32+ cells in these mixtures we pre-labeled them with
CMFDA, a fluorescein dye which remains trapped intracellularly for several days. Two days after
plating, Cx32 expression was evaluated by immunocytochemistry, and the number of Cx32
plaques quantified. In the absence of neighboring cells, Cx32+ cells had 3±1 plaques/cell. When
these cells were in contact with other Cx32+ cells, the number of plaques increased 3fold (10+2
plaques/cell). When Cx32+ cells were neighbored with native non-transfected cells, Cx32 plaques
were still more abundant (7+2 plaques/cell) than in isolated Cx32+ cells. Interestingly, when
Cx32+ cells were mixed with Cx43+ cells, the number of Cx32 plaques was higher than when in
contact with control non transfected cells (18+2 plaques/cell). Significantly, Cx32+ and Cx43+
plaques never colocalized in the plasma membrane. These data indicate that 1) cell-cell contacts
can induce translocation of cytoplasmic Cx32 to the plasma membrane, 2) connexin aggregation
in the plasma membrane may occur independent of gap junction formation, and 3) expression of
connexin 43 in the neighboring cell may influence the translocation of connexin 32 to the
membrane even though these two proteins do not colocalize. Expression of connexin
hemiplaques in cell membranes may participate in intercellular calcium signaling between
astrocytes and neurons. Sponsored by NINDS/NIH R0130007 and RO135011.

SUNDAY AM

GLIA AND OTHER NON-NEURONAL CELLS: ASTROCYTES

37.17

INTERLEUKIN-16 SUPPRESSES DEXAMETHASONE INDUC
TION OF GLUTAMINE SYNTHETASE IN PRIMARY MOUSE
ASTROCYTES. T. L. Huang*. P. D. Coleman. M. K. O’Banion.
Dept, of Neurobiology & Anatomy and Dept, of Neurology, University
of Rochester School of Medicine and Dentistry, Rochester, NY 14642.
Astrocytes play a key role in the protection of neurons from excitotoxicity by taking up excess glutamate and breaking it down to glutamine
via the enzyme glutamine synthetase (GS). In a number of cell types,
glucocorticoid hormones induce GS. Glucocorticoids also downregulate many genes induced by pro-inflammatory cytokines. Since the
glucocorticoid receptor has been shown to interact with transcription
factors that may also be activated by the pro-inflammatory cytokine IL16, we hypothesized that IL-16 might oppose the induction of GS by
dexamethasone (Dex, a synthetic glucocorticoid). Primary mouse
cortical astrocytes were treated with 10'7 M Dex, and doses of IL-16
ranging from 8 pg to 5 ng/ml. We found that IL-16 inhibited Dex
induction of GS protein at 24 hours and that the effect was dose
dependent. We also found that high doses of IL-16 inhibited Dex
induced GS activity. Since GS can be induced by physiological levels
of glucocorticoids, the release of pro-inflammatory cytokines may hinder
the ability of astrocytes to protect neurons from excitotoxicity. In
Alzheimer’s disease, there is a negative correlation between glutamine
synthetase and the presence of A6, perhaps due to concomitant gliosis
and release of pro-inflammatory cytokines.

This work was supported by grants from the NIH to M.K.O. (R29 NS33553) and
P.D.C. (LEAD AG09016). T.L.H. was the recipient of an NIA predoctoral training
grant in aging (T32 AG 107).

37.19

LIVE ASTROCYTES VISUALIZED BY GREEN
FLUORESCENT PROTEIN IN TRANSGENIC MICE.

L. Zhuo*. B. Sun2. C.L. Zhang2. A. Fine3. S.Y. Chiu2 and A. M essing1*
'Dept, of Pathobiol. Sci., and'2Dept. of Neurophysiol., Univ. of Wisconsin,
Madison, WI 53706; 3Dept. of Physiol. & Biophysics, Dalhousie
University, Halifax, B3H 4H7 Canada
Green fluorescent protein (hGFP-S65T) was expressed in transgenic
mice under the control of the astrocyte-specific glial fibrillary acidic
protein (GFAP) promoter. Tissues from two independent transgenic lines
were characterized by northern blot analysis and by confocal microscopy.
The expression pattern in these two lines was identical in all tissues
examined, and similar to that found previously with a lacZ transgene
driven by the same promoter. Bright fluorescence was observed in the cell
bodies and processes of living or fixed astrocytes, using both whole mount
and brain slice preparations, from multiple areas of the central nervous
system. However, in contrast to GFAP-/acZ transgenics, retinal Muller
cells expressed the GFP transgene in response to degeneration of
neighboring photoreceptors. Such mice should prove useful for studies of
dynamic changes in astrocyte morphology during development, and in
response to physiological and pathological conditions.
This project was supported by the NIH and National Sclerosis Society.

37.21

ANALYSES OF TRANSGENIC MICE OVEREXPRESSING
SOMATOSTATIN IN ASTROCYTES. J.P.Schwartz*. Z. Ji1.
J.Epelbaum1. Clinical Neuroscience Br., NINDS, NIH, Bethesda MD
208.92, *U.159 de Neuroendocrinologie, INSERM, Paris, France.
Astrocytes express a number of neuropeptide genes, including
somatostatin (SST), which has been shown to function as a trophic
factor. Transgenic mice were generated in which SST is over
expressed under the control of the astrocyte glial fibrillary acidic
protein (GFAP) promoter. We reported previously that female
transgenic mice had elevated horizontal and total activity, as well as
increased stereotypy, as measured with a Digiscan open field monitor
system. We now find that control and transgenic mice respond
comparably to treatment with caffeine (adenosine receptors) or
scopolamine (acetylcholine receptors). However, transgenic female
mice show a larger and faster response to amphetamine than either
their control female littermates, or control or transgenic males,
suggesting that over-expression of SST may have altered the
dopaminergic system. SST content, determined by radioimmunoassay,
is elevated in the striatum of transgenic females relative to all other
groups, but there is no change in SST binding over the first 3 weeks
of age in the caudate of transgenic animals relative to controls. The
results suggest that SST may exfcrt a trophic effect on the dopamine
system, but why this occurs only in females remains to be determined.

S ociety f o r N e u ro s c ie n c e , V o lu m e
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MACROPHAGE INFLAMMATORY PROTEIN (MIPal)
INCREASES RELEASE OF PIVOTAL COMPLEMENT PROTEIN,
C3, FROM HUMAN ASTROGLIOMA. M.P. Leuschen*. K.L.
Caruthers and C.T. Moore University of Nebraska Medical
Center, Omaha, NE 68198-1205.
C3 is a pivotal protein between the classical and alternate
complement pathways. The human astroglioma cell line, D54MG, releases low basal C3 that increases following exposure to
TNFa or dexamethasone; TGF01 blocks the C3 release. A 2 h
priming with dexamethasone followed by exposure to TNFa
synergistically increases C3 release. Lipopolysaccharide (LPS)
also increases C3 release. Using the D54-MG model, cells were
seeded at 50,000 cells/mL into 24 well plates and incubated for
24 h. Media was replaced with experimental media; supernatants
were collected after 3d. Release of C3 was evaluated using an
ELISA after exposure to MIPal at 0.001 to 100 ng/mL. C3
release was significantly elevated for levels > 0..01 with a peak
at 10 ng/mL. A 2 h priming with MIPal (10 ng/mL) followed by
exposure to TNFa (10 ng/mL) for 3d did not increase C3 release
above that seen with TNFa alone. Priming with TNFa (10 ng/mL)
for 2h followed by exposure to MIPal (10 ng/ML) exhibited an
elevated C3 release that was significantly lower than that after
priming with either MIPal or TNFa then a 3 d exposure to 10
ng/mL TNFa.

37.20

PROCESSING AND RELEASE OF MATURE INTERLEUKIN-1 IN PRIMARY ASTROCYTE
CULTURES. J.L. Scripter* and P.P. Chaplin. Howard Hughes Medical Institute, Washington
University School of Medicine, St. Louis, MO, 63110.
Astrocytes synthesize interleukin- 1(IL-1) mRNA and bioactive extracellular IL-la and ILip. Both isoforms of IL-1 lack a signal sequence; the mechanism by which cleaved mature
cytokine is externalized from these cells remains unclear.
To examine the processing and release of IL-1 in astrocytes, enriched astrocyte cultures
were established from primary cultures of cerebral cortex of perinatal mice. Astrocytes were
pulse labeled with ”S methionine and cysteine for 3 hours with or without LPS (1 jig/ml), and
IL-la and IL-ip precursor and mature forms were evaluated by immunoprecipitation and
polyacrylamide gel electrophoresis after varying periods of chase.
While intracellular IL-la or IL-ip (AAAAI, 1997) was not evident in unstimulated
astrocytes, proIL-la and IL-1 (3 accumulated in the cytoplasm within 4 hours of LPS
stimulation. Intracellular proIL-1 was no longer evident after 20 hours of chase, indicating
rapid intracellular turnover of the cytokine precursors in these cells. Neither pro- nor mature
forms of IL-la or IL-1P were detected by immunoprecipitation in the conditioned medium of
stimulated or unstimulated cultures, indicating that treatment of astrocytes with LPS alone led
to release of less than 2-3% of cellular IL-1.
The potassium ionophore nigericin dose-dependently induced processing of proIL-lp and
release of mature IL-ip from LPS-stimulated astrocytes. Nigericin also dose-dependently
induced processing of proIL-la and release of both proIL-la and mature IL-la from LPSstimulated astrocytes. Processed extracellular IL-1 was evident within 30 minute following
treatment with 10 fiM and 20 |J.M nigericin. By 90 minutes, all of the intracellular proIL-ip
was processed and released from astrocytes as mature IL-ip, and all of the intracellular proILla was released from astrocytes as pro- and mature IL-la.
Thus, in cultured murine astrocytes, LPS was sufficient to induce intracellular synthesis of
the IL-1 precursors, but a second stimulus was required to induce activation and release of the
mature cytokines.
This study was supported by the Howard Hughes Medical Institute.
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Sensory Specification of Olfactory Neurons in C. elegans. Piali
Sengupta*. Susan A. Daniels. Trina Sarafi and Yude Qian. Department
of Biology, Brandeis University, Waltham, MA 02254.
The nematode C. elegans responds to many chemicals using a
few defined chemosensory neurons. We previously identified a gene
odr-7, that is required for the sensory functions of the AWA olfactory
neurons, odr-7 encodes a member of the nuclear receptor family of
transcriptional regulators, and is expressed only in the AWA neurons.
We have recently shown that a target of odr-7 regulation is the
odr-10 olfactory receptor. We now show that odr-7 also regulates the
expression of the osm-9 gene, which encodes a putative calcium channel.
We are currently examining whether regulation of these genes by odr-7 is
direct or indirect. We are also taking genetic and biochemical approaches
to identify additional targets of odr-7 regulation. In behavioral screens,
we have identified additional genes required for the sensory function of
the AWA neurons, and which may represent targets of odr-7 regulation.
These genes are being characterized and cloned.
We are also exploring how the sensory functions of other
chemosensory neurons are specified. We are using a combination of
behavioral and visual screens to identify mutants where the sensory
functions of specific olfactory neurons are affected, and where the
expression of signalling genes in these neurons are altered. In a reverse
genetic approach, we are identifying the roles of odr-7-related genes in
the development and function of chemosensory neurons. We expect that
these approaches will allow us to understand the mechanisms that result
in the functional specification of chemosensory neuron types.
P.S.- Searle Scholars Program, Sloan Fellowship, Whitehall
Foundation. T.S. - HHMI Graduate Fellowship.

FGFs PROMOTE MIGRATION AND NEURITE GROWTH OF MOUSE
SPIRAL GANGLION CELLS IN VITRO: IMMUNOHISTOCHEMISTRY
AND ANTIBODY PERTURBATION. W.A. Hossain*. A.Rutledge and D.K.
Morest. Dept. Anat., Univ. CT Health Ctr. Farmington 06030.
The anlage o f the spiral ganglion was dissected from El 1 otocysts, just as the
neuronal precursors were migrating. Explants from timed pregnancies (CBA/J
X C57BL/6J) under pentobarbital anesthesia were cultured on purified collagen
in a defined medium. The cultures were divided into 4 groups: supplemented
either with hrFGF-1 (optimum dose: lOOng/ml, UBI), hrFGF-2 (optimum dose:
25ng/ml, UBI), alone or together, using defined medium for the control group.
Cultures were fed with FGF -1 or FGF-2 on alternate days for 7-9 days.
Measurements o f the increase in explant growth, neuroblast migration, and
neurite outgrowth were made by time-lapse imaging techniques in living
cultures. FGF-1 or FGF-2 alone stimulated early migration and outgrowth of
the ganglion cells by 5-1 OX. The effect o f combing FGF-1 and FGF-2 was
greater, but the result was less than additive. Adding a neutralizing antibody for
FGF-2 to the cultures inhibited migration and neurite outgrowth. Poly- and
mono-clonal antibodies for FGF-1, FGF-2 or FGFR immunostained the
perikarya o f all neuroblasts, but FGFR also appeared in patches on growth
cones. Our findings suggest that both FGF-1 and FGF-2 can play important
roles in the migration and initial differentiation o f cochlear ganglion neurons
in the mouse.
Supported by NIH grant NS29613 and Univ. o f Connecticut (HCRAC)
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CLONING AND DEVELOPMENTAL EXPRESSION OF MEMBERS OF
THE CHICKEN FRIZZLED GENE FAMILY, WITH SPECIAL FOCUS ON
THE AUDITORY AND VISUAL SYSTEMS
Stefan Heller, Zarqa Javed, and A. J. Hudspeth*
Laboratory of Sensory Neuroscience and Howard Hughes Medical institute,
The Rockefeller University, 1230 York Avenue, New York, NY 10021, USA

Wnt proteins have been implicated in cell-fate decisions, pattern
formation, determination of dorsal-ventral polarity, axial development,
CNS development, and oncogenesis in both invertebrates and
vertebrates. Recently, members of the Frizzled gene family of
transmembrane proteins have been identified as receptors for Wnt
proteins. The Frizzleds are a large group of proteins that she re a
structure consisting of an amino-terminal, cysteine-rich extracellular
domain and seven putatively transmembrane segments.
We report the cloning of cDNAs encoding eight members of the
Frizzled gene family in the chicken, including three new molecules,
here denoted chicken frizzled 9, 10, and 11 (Cfz9, Cfz10, Cfe11) We
describe the expression pattern of the identified chicken frizzleds at
various points of development by in situ hybridization. Because our
major future goal lies in the understanding of Wnt-frizzled function in
developing sensory systems, we have focused on the developmental
expression pattern of frizzleds in the chicken’s basilar papilla and
retina. In addition, we provide evidence for potential targets of Wnt
action during development in both the nervous system and throughout
the body.
This work was supported by NIH grant DC00317 and by HHMI.

A fragment of the human TAX-1 promoter drives specific
expression to sensory neurons in the developing mouse
nervous system.

Kozlov S.V.1. Furlev A.J.W.+. and Sonderegger P.1* institute of
Biochemistry, University of Zurich, CH-8057, Zurich, Switzerland,
and +MRC National Institute for Medical Research, Mill Hill, London
NW7 1AA, England.
Cell adhesion molecules (CAMs) are thought to be of particular
importance during neurogenesis forming the essential components of the
growth cone exploratory apparatus. One CAM of the Ig/FNIII family of
glycoproteins, TAG-l/axonin-1 (termed TAX-1 in human), is
specifically expressed in the forming nervous system during the early
stages of development. Biochemical properties and antibody blocking
experiments in vivo indicate its involvement in neurite outgrowth and
pathfinding. In order to gain further insights into the functional biology
of TAG-l/axonin-1, the gene for this molecule has been disrupted in
mice by homologous recombination. Thus reinsertion of both altered
forms of TAG-l/axonin-1 protein and other CAMs of the Ig/FNIII
superfamily into a TAG-1(-/-) backgroung using the transgenic
methodology represents a promising approach for functional testing. As
the initial step towards this goal, we isolated genomic fragments from
TAX-1 locus able to partially or completely reconstitute the endogenous
pattern of TAG-l/axonin-1 expression. The present study reports on the
identification of a promoter fragment from the human TAX-1 gene
driving the expression of a LacZ reporter specifically to the sensory
neurons of developing mouse embryo.
This work has been supported by FEBS Short Term Fellowship
(to K.S.V.)
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NMDA RECEPTOR DEPENDENT REFINEMENT OF BODY MAPS IN THE
SOMATOSENSORY SYSTEM T.Iwasato. R.S.Erzurumlu+ . D.F.Chen. P.T.Huerta.
T.Sasaoka*. E.Ulupinar+ . and S.Tonegawa Center for Learning and Memory, MIT,
Cambridge MA02139, +Dept. of Anatomy, LSU Medical Center, New Orleans,
LA70112.
The primary somatosensory cortex (SI) and subcortical somatosensory
nuclei of rodents contain patterned topographic maps of the face and paws. It is
thought that NMDA receptor activity plays a role in patterning within these maps. To
test this hypothesis we have generated several lines of transgenic mice expressing
various levels of the key subunit (NR1) of the NMDA receptor. These transgenic
lines were used to "rescue" the NR1 knockout mice (Li et al., 1994, Cell 76; 427) that
die on the day of birth. Three types of rescued mice were studied in detail. The first
type (NRr^",HTg+/r‘) showed levels of NR1 expression slightly less than the wild
type, showed normal NMDA receptor-dependent EPSCs in layer IV neurons of SI,
and had normal whisker- and paw-related patterns along trigeminal and dorsal
column pathway, respectively. The second type (NRl'^,LTg+^+) had low levels of
NR1 expression (-40% of wild type level) and did not develop whisker-related
patterns along the trigeminal pathway, even though axonal projection patterns were
topographically organized at each level. NMDA-EPSCs in the SI cortex were -30%
of wild type levels. On the other hand, forepaw-related patterns appeared normal in
the brainstem, thalamus and neocortex. Finally, the third type (NRT^,LTg+^) with
very low NR1 levels (-20% of wild type level) had impaired segmentation of the
forepaw cortex and no whisker barrels. Our results indicate that NMDA receptormediated processes are required for the refinement (patterning) of body maps in the
brainstem somatosensory nuclei, and also implicate a role for NMDA receptor
function in other sensory areas of the brain. Interestingly, development of whiskerrelated neural modules appear to require higher levels of NMDA receptor expression
than other body representation areas. [Supported by the Human Frontier Science
Program and the Uehara Memorial Foundation (TI), NlH-NS32195(RSE),Peru
FoundationPTH), the Stanley Foundation(TS), NIH-R01-NS32925(ST)]

PCA- AND PCPA-INDUCED REDUCTIONS IN CORTICAL WHISKER
BARREL AREAS LIKELY STEM FROM MALNUTRITION AND/OR DIRECT
DAMAGE OF THALAMOCORTICAL TERMINALS, AND NOT FROM
SEROTONIN DEPLETION. A.M. Persico*1. E. Calia1. S. Puglisi-Allegra1. and
F. Keller1. ’Lab. of Neuroscience, Libero Istituto Universitario Campus BioMedico, and 2Dept. of Psychology, Univ. "La Sapienza", Rome, Italy.
Serotonin-depleting systemic treatments reduce rat somatosensory cortical
whisker barrel areas. The transient expressions of both 5-HT and vesicular
monoamine transporters in thalamocortical terminals between P2 and P14 may,
however, expose them to the toxic effects of 5-HT-selective agents. Also
malnutrition, a common side effect of systemic 5-HT-depleting drugs, may slow
down somatosensory cortical neurodevelopment. PCPA (300 mg/kg s.c.), a
selective tryptophan hydroxylase inhibitor devoid of uptake-mediated toxicity,
administered at P0, dramatically reduced left hemisphere somatosensory cortical 5HT and 5-HIAA content, assessed using HPLC at P6 , by 93.8% and 84.6%
(p<.001), respectively, compared with saline-injected rats. The right hemispheres
of the same animals, assessed using acetylcholinesterase histochemistry, displayed
22.2% (p < . 001) reductions in mean whisker barrel areas, as well as 22.4%
(p<.001). decreases also in mean brain weight. Stepwise multiple regression
analyses indicate that 92% of the variance in barrel size can be explained by brain
weight changes and that cortical 5-HT content contributes only 0-5% of the
variance, depending on the model. Previously-described PCA- or 5,7-DHT-induced
effects on barrel size thus likely stem from malnutrition and/or direct toxicity
exerted on thalamocortical terminals, depending on time of administration. 5-HT
may possibly modulate synaptogenesis and branching more than barrel size. We are
presently investigating 5-HT roles in neurodevelopment using 5-HT transporter
knockout mice (D. Bengel et al., Soc Neurosci Abs 22:508, 1996); Supported by
the M.L. Caputo Memorial Fund and by EC Biomed grant BMH4-CT96-0730.
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NEONATAL BLOCKADE OF CORTICAL ACTIVITY ALTERS THE DENDRITIC
MORPHOLOGY OF BARREL NEURONS IN RAT S1. Naomi L. Ruff* and
Dennis D. M. O'Learv. MNL, Salk Institute, La Jolla, CA 92037.
Each large whisker on a rat's face is represented in primary somatosensory
cortex (S1) by a conglomerate of neural elements termed a barrel. One barrel
component is layer 4 spiny stellate cells, arranged in a characteristic wall-andhollow configuration. The dendrites of these cells are polarized, extending
primarily into the barrel hollow, and avoiding the interbarrel, or septal, regions.
This polarization results in barrel cells being driven by a single whisker via
thalamocortical afferents. The barrel pattern develops over the first few
postnatal days independent of neural activity (Chiaia et al.'92; Henderson et
al.'92; Schlaggar et al.‘93). However, neonatal treatment of S1 with AP5, a
glutamate receptor antagonist which blocks thalamocortical transmission,
results in barrel cells being driven by more than one whisker (Fox et al.'96).
The current study addresses whether neonatal AP5 treatment affects the
morphology and polarization of dendrites of barrel cells, and therefore could
contribute to their abnormal responses. At P21 to P24, cells were
intracellularly filled with biocytin in organotypic slices prepared from AP5treated or control S1. After fixation, the slices were sectioned and stained for
cytochrome oxidase to visualize barrels, and with an ABC reaction to visualize
the biocytin-filled cells. Cells were reconstructed and aligned relative to
barrels. Cells from AP5-treated S1 had significantly more primary dendrites
than did controls. In addition, treated cells are less polarized than controls, and
their dendrites often extend into an adjacent barrel, making it possible that
they receive information from more than one whisker. Interestingly, dendrite
length (farthest Sholl intersection) and highest branch order were not affected
by this activity blockade. Preliminary data suggest that the altered dendritic
morphology of the AP5-treated cells is due to a developmental arrest. These
findings indicate that excitatory synaptic transmission in S1 influences the
development of normal dendritic architecture. (Supported by an HHMI PreDoctoral Fellowship to NLR and R01 NS31558.)
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POSTNATAL DEVELOPMENT OF AMINERGIC SYSTEMS IN THE PFC
OF THE DEGU (OCTODON DEGUS). Ekkehard Lanee1. Martin Metzger2.
Katharina Braun2. Gerd Poeggel*1, ’University of Leipzig, Zoological Institute,
Talstr. 33, 04103 Leipzig F.R.G, 2BL Institute for Neurobiology, Brenneckestr.
6,39118 Magdeburg, F.R.G.
The precocious degu provides a good experimental model for studies of
auditory associative learning in mammals. The mothers use individual calls to
attract their pups and to stimulate and reinforce suckling. 2-FDG autora
diographic studies identified several subregions in the medial prefrontal cortex
(mPFC) to be activated during presentation of the maternal call. In order to
evaluate the postnatal development of afferent transmitter systems and their role
in juvenile learning events the dopaminergic and serotonergic systems in these
PFC-regions were analyzed with antibodies against tyrosine hydroxylase (TH)
and serotonin (5HT). We densitometrically quantified the total immunoreactive
(ir) fiber area of each layer of the different PFC-regions. In all PFC areas the
density of TH-fibers gradually increased between birth (=100%) and P12 (230%)
in layer I, and then decreased until adulthood at P90 (208%). The increase of
TH-ir fibers in layers II/III was relatively small between birth (=100%) and PI2
(128%), but increased further to adult levels (169%). TH-ir fiber densities in
layers V/VI increased between birth (=100%) and P12 to 147%, and increased
until adulthood (162%). At birth many TH-positive cells were found in layer VI
of all PFC areas, their number decreased with age and they were almost absent at
P90. DARPP-32-ir neurons were found in layers II-VI. At early stages they were
mostly confined to the upper layers II/III, during later stages they also appeared
in layers V/VI. 5-HT-fibers were already present at birth. Their density
throughout all cortical layers in all PFC areas reached a maximum at postnatal
day 12 and remained almost unchanged until adulthood.
Supported by DFG 522/Pol-l, and by the state of Saxony Anhalt 1865A/0025
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DEVELOPMENT OF THALAMOCORTICAL PROJECTIONS IN THE SOUTH
AMERICAN GREY SHORT-TAILED OPOSSUM (MONODELPHIS
DOMESTICA) C. Blakemore1*. Z. Molnar1. G.W. Knott1,2, and N.R. Saunders2 1,
University Laboratory of Physiology, University of Oxford, UK; 2, Department of
Anatomy and Physiology, University of Tasmania, Australia
We used carbocyanine dye (Dil, DiAsp) tracing in fixed postnatal (P) brains of
Monodelphis (P0-P30) to establish the time-course and general pattern of
thalamocortical development. Dorsal thalamic crystal placements at P0-3 revealed a
chain of labelled cells extending from dorsal thalamus through the ventral thalamus
towards the internal capsule (IC); but, at these early stages, only a few cells or fibers
extended beyond this region into the ganglionic eminence. By P7 the cortical plate
had appeared, splitting the preplate into marginal zone and subplate, and crystal
placements in the dorsal thalamus revealed thalamic fibers extending into IC, through
the ganglionic eminence and reaching the ventral cortex. From cortical crystal
placements corticofugal axons are labelled from birth and thalamic cells can be
retrogradely backlabeled by P7. At P9, thalamic fibers have reached the cortex and
some have immediately entered the cortical plate. By PI 1, thalamic fibers have
entered the lower 2/3 of the cortical thickness, which contains post-migratory neurons,
but avoid the upper 1/3, the dense cortical plate, which contains newly arrived
neurons. Cells of the lower cortical layers (subplate and those destined to become
layer 4 and perhaps 5) appear to mature much more rapidly than in eutherians, and
thalamic fibers proceed into the cortical plate relatively earlier. An other interesting
difference is that the initial segment of the interhemispheric anterior commissure
connections in opossum have a closer association with corticofugal projections than
the callosal projections in eutherian mammals; this may relate to the lack of the latter
structure in marsupials. Thalamocortical development, corresponding to E12-P2 in
the rat, occurs after birth, from P0-P11, in Monodelphis.
Supported by the Medical Research Council, UK, and Australian Research Council.
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COMPARISON OF MAMMALIAN AND REPTILIAN PALLIUM
DURING DEVELOPMENT Patricia Corderv. Colin Blakemore and Zoltan
Molnar (Sponsor: BRA) University Laboratory of Physiology, Parks Road, Oxford
OX1 3PT, UK.
The evolutionary origin of mammalian cerebral cortex remains mysterious
because homologies between subdivisions of the vertebrate pallium are not well
understood (Northcutt and Kaas, 1995 TINS 18: 373). Similarities are easier to
define in developing brains; therefore we compared patterns of neuronal
connectivity and immunohistochemistry in rats (from embryonic day E14 to E l 8)
and turtles (Pseudemys Scripta Elegans, between stages 17 and 25). We
concentrated on the partly transient populations of early-generated neurons in the
cortical subplate, marginal zone, perireticular and thalamic reticular nuclei of
mammals, which contain distinctive molecular markers (e.g. GABA, calretinin and
parvalbumin) and form early axonal connections. In rat, from E l4, carbocyanine
dye crystal placements in the thalamus backlabeled cells of the perireticular nucleus
(PRN) within the internal capsule, but never beyond the border between striatum
and cortical intermediate zone. In turtle, thalamic placements backlabeled cells in
the striatum, of similar morphology to those in rat PRN, but never in the Dorsal
Ventricular Ridge (DVR). In rat, cells of the PRN project to perirhinal and ventral
cortices, but not to dorsal cortex until E17-18. In turtle, crystal placements in the
dorsal cortex labeled cells in the DVR; placements into ventral cortex labeled many
cells in striatum and a few in DVR. In E l 6 rat, calretinin immunohistochemistry
revealed cells in the thalamic reticular nucleus and PRN, perirhinal cortex,
marginal zone and subplate, but few in cortical plate. In turtle, at stages 22 and 24,
calretinin-positive cells appeared in progression from the internal capsule and
striatum towards lateral cortex, but never within the dorsal cortex. A few scattered
calretinin-positive cells were observed in DVR. Our study demonstrates similar
developmental patterns in mammals and reptiles and suggests that the mammalian
PRN is homologous to a cell group in the reptilian striatum, but not to the
DVR. Supported by the Medical Reseach Council.
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EMBRYONIC CORTICAL DEVELOPMENT IN P35 MUTANT MICE. Y.T.
Kwon* and L.-H. Tsai. Dept, of Pathology, Harvard Medical School,
Boston, MA 02115.
Mice lacking p35, which is a neuronal-specific activator of cdk5, display a
variety of central nervous system defects including an inverted pattern of
cortical development reminiscent of reeler. To investigate the mechanism
of the improper cortical lamination pattern, the developing cortex of p35
mutant mice was analyzed at different embryonic stages. Examination of
embryonic cortical structure revealed an architecture different than
wildtype. In the p35 mutant, the cortical plate proper is thinner than
wildtype, with an additional lower tier of the cortical plate becoming
distinguishable at embryonic day 16 (E16). In addition, the normally cellsparse intermediate zone is not readily distinguishable.
To determine if the marginal zone and subplate cells are present in the
p35 mutant, calretinin immunohistochemistry was performed on coronal
sections of E16 cortex. These studies revealed calretinin-positive (+) cells
in the marginal zone indicative of Cajal-Retzius cells. In addition, calretinin+
cells were present below the upper tier of the cortical plate in the subplate.
These results suggested that the preplate split into the marginal zone and
subplate in the p35 mutant cortex, and were further confirmed by
bromodeoxyuridine (BrdU) labeling studies.
To examine the migratory behavior of cortical plate neurons in greater
detail, E13 and E16 precursors were labeled by tritiated thymidine or BrdU
incorporation and their positions identified at later developmental stages.
(This research is funded by a Klingenstein Fund, a Rita Allen Foundation
and an NIH grant).
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Pax6 function in development of the cerebral cortex
M.Gotz*, A.Stoykova, J.Price.; and PrGruss
Dep. Mol. Cell Biol., MPI for biophys.Chemistry, 37077 Gottingen, Germany
'SmithKline Beecham, Harlow, Great Britain
To elucidate the cellular mechanisms of Pax6 function, we examined cell ad
hesion and fate decisions in the developing telencephalon of the Pax6-mutant Small Eye (Sey). First, we used a previously described adhesion assay
(Gotz et al., 1996) to examine cells from homozygous mutant (Sey/Sey) and
wildtype (WT) littermates. When WT and Sey/Sey cortical cells from embryonic
day 13 (E13) were mixed, they segregated in 52% of all aggregates, whereas
cells from the ganglionic eminences of E13 WT and Sey/Sey littermates
segregated only in 32% of aggregates, comparable to the negative control.
These altered adhesive properties of Sey/Sey cortical cells impair the
prominent segregation between cortical and striatal cells in wildtype animals
(Gotz et al., 1996). E13 WT cortical and striatal cells segregate in 72% of all
aggregates, whereas those of Sey/Sey littermates segregate only in 37% of
aggregates. This failure of cortico-striatal segregation persists during devel
opment and is correlated to a specific decrease in the level of R-cadherin
expression in cortical, but not striatal regions throughout development (E1218). In contrast, expression of the adhesion molecules N-cadherin or LewisX
is unchanged. The decrease of R-cadherin in Sey/Sey is most prominent in
lateral cortical regions adjacent to the striatal LGE. Further defects in the
cortico-striatal boundary region in Sey/Sey are the absence of radial glial
fasciculation (E16-18) and the failure of tenascin-C synthesis by radial glial
cells (E14-18). Radial glial cells, however, are present inSey/Sey cortex, in
fact, the number of RC2-immunoreactive cells is increased compared to WT
cortex (E13, WT:55%, Sey/Sey. 70%). Since Pax6 is expressed only in the
RC2-positive subset of precursor cells, it seems involved in the specification
of radial glial cells. Taken together, these results indicate radial glial cells as a
main target of Pax6 function in the developing forebrain.
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THALAMOCORTICAL DEVELOPMENT IN NORMAL, E24, and E33 MAMTREATED FERRET SOMATOSENSORY CORTEX. S.L. Palmer*. S.C. Noctor. S.L.
Juliano. Anatomy and Cell Biology and Neuroscience. USUHS, Bethesda, MD
Methylazoxy methanol (MAM) methylates DNA in mitotically active cells resulting in
disrupted corticogenesis. Previous coculture experiments of normal and E33 MAMtreated ferret somatosensory cortex with normal thalamus suggested that layer 4 possessed
the ability to instruct thalamic afferents to stop in their appropriate target layer. To further
explore this in the intact animal we administered MAM to pregnant ferrets on E24
(targeting subplate cells) or E33 (targeting layer 4). Brains of normal and MAM-treated
ferret kits were removed at PI, P4, or P8; Dil was placed into the ventral basal complex
of the thalamus. The dye was allowed to transport for up to 4 weeks. In normal kits at PI,
dense thalamocortical bundles coursed through the internal capsule and into subplate
regions. A few fibers were observed in lower cortical layers. By P4-5, the thalamocortical
fibers reached the lower cortical plate and were organized into distinct patches. In contrast,
on PI and P4 in E33 MAM-treated animals, large numbers of thalamocortical fibers
remained within the subplate. On P8, many thalamic afferents grew through the cortical
plate and either terminated in layer 1 or extended great distances horizontally thru this
layer. In addition to overshooting their normal target region thalamic afferents in E33
MAM-treated kits were disordered and irregular compared with the normal radial
arrangement of thalamic afferents into somatosensory cortex. Thalamocortical fibers in
E24 MAM-treated brains on PI looked vastly different from either normal or those treated
with MAM on E33. At PI, thalamocortical fibers did not stop beneath the immature
cortical plate, but extended in large bundles through the cortical plate to layer 1 , where
they extended horizontally for several millimeters. Our study suggests that interference
with development of early generated cortical layers results in direct growth of thalamic
afferents into the marginal zone. Depletion of layer 4 results in thalamocortical fibers
extending in a disorderly fashion into superficial cortical layers. Thalamic fibers may
respond to tropic signals produced in cortical cells. Layer 4 may possess an intrinsic
signal to organize thalamic fibers and instruct them to terminate. Support: PHS
R01NS24014

NEONATAL INFRAORBITAL NERVE SECTION AND THE
CORTICOTHALAMIC PROJECTION TO THE VENTROBASAL
COMPLEX IN MOUSE. B. Miller* and T. A. Woolsev. Washington
Univ. School of Medicine, Dept, of Neurosurgery, St. Louis, MO 63110.
Reciprocal connections between the thalamus and cerebral cortex are
topographically precise. In rodent barrel cortex, corticothalamic cells in
layer 6 associated with a cortical barrel project to the homotopic
barreloid in the ventrobasal (VB) complex of the thalamus and to an arc
of barreloids in other rows at the same row position (Hoogland et al.
1987, Exp. Brain Res., 68:73-87). The corticothalamic projection in mice
develops after the thalamocortical projection (Miller and Woolsey, 1996,
Soc. Neurosci. Abs. 22: 1012), around postnatal day 7 (P7). We
investigated whether disruption of peripheral input before the
corticothalamic projection forms would alter its subsequent growth and
organization. P4 mouslings were anesthetized with hypothermia and the
infraorbital nerve (ION) to the whisker pad was severed. At P12 pups
received an injection of biotinylated dextran amine in barrel cortex.
After 2-3 days survival the brain was removed and processed with ABC
histochemistry. Analysis of anterogradely labeled axons in VB showed
that the corticothalamic projection in animals with P4 ION section was
similar to age-matched controls with respect to extent and topography.
This suggests that ongoing input from an intact periphery is not required
for the formation of the corticothalamic projection, and that factors
intrinsic to the trigeminal system, possibly spontaneous activity or the
topographic arrangement of afferent projections, are sufficient for
corticothalamic development.
Supported by NIH grants NS 17763, DE 07734, the McDonnell Center for Studies
of Higher Brain Function, and the Spastic Paralysis Foundation of the Illinois
Eastem-Iowa District of the Kiwanis International.
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SPONTANEOUS Ca2+-TRANSIENTS IN FERRET SOMATOSENSORY
CORTEX AFTER MAM TREATMENT DESIGNED TO INTERFERE WITH
DEVELOPMENT OF SUBPLATE OR LAYER 4. R.V. Sontv* and S.L. Juliano.
Department of Anatomy & Cell Biology and Program in Neuroscience, USUHS,
Bethesda, MD 20814.
We tested the hypothesis that interfering with layer development by injections of
methylazoxy methanol (MAM) will disrupt normal patterns of spontaneous activity in
developing cortex. MAM is a mitotic inhibitor that prevents cells from dividing
during a specific period of time. Spontaneous activity was examined by imaging
Ca2+-transients in normal kits and those that received MAM treatment timed to
interfere with the development of the subplate (E24) or layer 4 (E33). Cells in the
developing cortical layers, at all ages examined (PO, P3, P7, P14), exhibited
spontaneous, non-periodic calcium spikes. The laminar distribution of active cells in
slices obtained from kits with MAM injections targeting layer 4 was regular and
largely resembled normal activity. Active cells in the E24 treated slices, in contrast,
displayed an abnormal distribution with irregular clumps of cells across large regions
of cortex. Correlated calcium spikes among clusters of cells, a prominent feature in
early cortical development, were less evident in the slices sampled from MAM
treatment either on E24 or E33. The irregular clumps of cells in slices taken from E24
treated animals did not exhibit correlated calcium oscillations within these clusters.
Increased excitability, evidenced by an increase in the frequency of spikes and
numbers of active cortical cells, was observed after removal of Mg+ from the
perfusing media, indicating existence of functional NMDA channels. Taken together
these findings suggest that interfering with layer 4 or subplate development leads to
disturbances of spontaneous activity in developing ferret somatosensory cortex,
which may, in turn, effect formation of the normal, mature cortical architecture.
Support: PHS ROl NS24014.
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EFFECTIVENESS OF METHYLAZOXY METHANOL (MAM) IN LESIONING
SPECIFIC POPULATIONS OF CORTICAL CELLS IN THE DEVELOPING
SOMATOSENSORY CORTEX OF FERRET. S.C. Noctor*. S.L. Palmer. T. Hasling.
S.L. Juliano. Departments of Anatomy and Cell Biology, and Neuroscience, USUHS,
Bethesda, MD.
The present study examined the effectiveness of the mitotic inhibitor MAM to deplete
specific populations of cortical cells in the developing somatosensory cortex (SSC) of
ferret. Our previous experiments revealed that neurons populating layer 4 in ferret SSC
were generated on embryonic days including E33 and those populating layer 3 on
embryonic days including E36. Pregnant ferrets received MAM injections on E33 or E36,
and subsequent bromodeoxyuridine (BrdU) injections. Ferrets were sacrificed on PI,
PI4, P28, and week 12. In neonatal animals, many features of the cortices of animals
treated with MAM on E33 or E36 were relatively normal. The pattern of Nissl staining
in MAM-treated neonates did not differ from normals, nor did the distribution of
vimentin or GFAP immunoreactivity. This was not surprising since- layers 3 and 4 are not
fully formed by PI. BrdU-positive cells found in each group confirmed that neuronal
genesis and migration resumed after MAM treatment. Differences emerged as the SSC
of MAM-treated ferrets matured. Ten (im-thick paraffin embedded Nissl-stained sections
of normal and E33 MAM-treated ferrets revealed: (1) the small granular neurons of layer
4 were largely absent from SSC, and the large pyramidal cells of layer 5 were located
approximately 100 |um closer to the pial surface after E33 MAM treatment; (2) mature
cortex in E33 MAM-treated ferrets was approximately lOOpm thinner than normals; (3)
cell density and laminar thickness was normal in layers 5/6, greatly reduced in layer 4,
and slightly reduced in layers 2/3. Nissl-stained sections of E36 MAM-treated ferrets
revealed: (1) there were fewer large pyramidal cells in layer 3, but layer 4 had not been
affected by E36 MAM treatment; (2) thickness of mature cortex in ferrets treated with
MAM on E36 did not differ from normal SSC; (3) cell density and laminar thickness was
normal in layers 5/6 and 4, but reduced in layers 2/3. Supported by PHS ROl NS24014.

L. Palmer. Thomas Hasling. Department of Anatomy & Cell Biology and Program
in Neuroscience, USUHS, Bethesda, MD 20814.
We recently demonstrated that treatment with methylazoxy methanol (MAM)
early during neocortical development of ferrets results in severe disruption of
neocortical layers and the radial glial scaffold. MAM is a mitotic inhibitor that
results in arrested cell division during a restricted period of time. In contrast to the
normal spoke-like pattern, the radial glia in P0 animals treated with MAM on
embryonic day 24 (E24) appeared morphologically like astrocytes as demonstrated
by vimentin immunoreactivity (IR). Further analysis revealed that the radial glia
were strongly immunoreactive for GFAP; western blots revealed high levels of this
protein in E24 MAM treated brains, but not in normal P0 kits. A possible
mechanism that might contribute to both an abnormal distribution of radial glia and
disruption of the cortical laminar pattern is the improper development of layer 1 .
To assess the condition of layer 1 after MAM treatment, we used an antibody
directed against the Cajal-Retzius cells (CR50, Ogawa et al., Neuron, 14:1995). In
normal ferret kits and those treated in utero with MAM on E33 (i.e., timed to
interfere with layer 4 development), the CR50 antibody revealed strong IR in cells
populating layer 1, similar to previously described distributions. In kits treated with
MAM on E24, however, the CR50 IR was scattered in cells throughout the cortical
plate and intermediate zone; CR50 positive cells were also appropriately located in
layer 1. Further assessment of the population of cells residing in layer 1 using
BRDU birthdating indicates that layer 1 cells are generated both before and after
E24, suggesting that the early born layer 1 cells retain their proper positions, while
the later born cells are displaced. The distorted radial glia may contribute to the
improperly placed layer 1 cells. Supported by PHS R01-NS24014.
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T he S tructur e o f L a yer 1 is diso rganized in ferr ets treated w ith MAM
EARLY DURING DEVELOPMENT OF NEOCORTEX, BUT NOT AFTER TREATMENT
DURING LAYER 4 d e v e l o pm e n t . Sharon L. Juliano*. Stephen C. Noctor. Sidney
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REDUCTION IN BARREL FIELD SIZE AFTER NEONATAL LEAD
EXPOSURE IN IMMATURE RAT CORTEX. M.E. Blue*, M.A. Wilson,
G.W. Goldstein and M.V. Johnston. Kennedy Krieger Research Institute
and the Johns Hopkins Univ. School of Medicine, Baltimore, MD 21205.
Low level lead (Pb) exposure has been demonstrated to alter brain
development and cognitive performance. To determine whether
somatosensory maps were altered after neonatal Pb exposure, the barrel
field cortex whisker representation in rats exposed from birth to 0.15%
Pb (n=12) was compared to that in normal controls (n= 8 ). At postnatal
day 10 (P10), brains were processed for immunocytochemical
localization of AMPA (GluR2,3) and metabotropic (mGluR2,3) glutamate
receptor subtypes. In flattened sections of barrel field cortex, AMPA and
mGluRs exhibited complementary patterns of expression, which clearly
delineated individual barrels; staining intensity of mGluR
immunoreactivity (IR) was darker in barrel centers, while GluR IR was
more prominent in barrel septa. Computerized morphometry was used to
compare the cross-sectional area of the total barrel field, barrel rows and
barrel columns in Pb-exposed versus control rats (matched for weight and
sex). Within groups, total barrel field area did not differ significantly for
mGluR2,3 versus GluR2,3 stained sections, nor did right versus left
hemispheres. However, total barrel field area did vary with depth within
layer IV, with area decreasing with depth. In depth-matched sections, total
barrel field cross-sectional area was reduced by 13% (p<0.001) in Pbexposed cortex compared with control. Cross-sectional areas of barrel
rows (A1-A4-E1-E4: 13%, p < 0.005) and columns (A l-E l, A2-E2, AB
ES: 11%, p < 0.001) also were decreased significantly in Pb-exposed
animals. The decreased area in Pb-exposed barrel field cortex suggests
that the territory devoted to somatosensory processing is diminished as a
result of neonatal Pb exposure. These findings indicate that barrel field
cortex may serve as a useful model to study the effects of low level Pb
exposure. Supported by N.I.H. grants NS-28208 and NS-29167.

39.13

THE NEURONAL EXPRESSION OF NITRIC OXIDE SYNTHASE
CHANGES IN RAT BRAIN AFTER EARLY LEAD EXPOSURE
A. Selvm-Testa*. F. Capani. C.F. Loidl and J. Pecci-Saavedra. Institute)
de Biologia Celular y Neurociencias Prof. E. De Robertis. Facultad.de
Medicina. UBA. Paraguay 2155, Buenos Aires, 1121, R. Argentina.
We observed that lead exposure in the period of rapid brain growth
induces in mature rat brain morphological and metabolic alterations.
These changes might modify the nitric oxide (NO) activity which plays
an important role during development. We investigated in hippocampus
and cerebral cortex the effects that lead induced in the nitric oxide
synthase (nNOS), the enzyme responsible for neuronal NO synthesis.
Lead exposure (lg% lead acetate w/v) was started prior to mating and
continued until postnatal (PN) day 30. Alterations were assessed by
nNOS using immunohistochemistry, and computer assisted image analysis
at PN 21 and PN 30. Non pyramidal neurons were nNOS labeled in both
regions. Treated rats showed smaller soma size and less developed
dendritic trees. A significant difference in neuronal areas vs control, and
no variation in nNOS+ cell number was detected in studied groups.
Several targets of lead toxicity such as inhibition of glutamate receptors,
interaction with heme iron and Ca-calmodulin complex might interfere
in any of the steps necessary for signal transduction of nNOS involved
in NO production. nNOS reduction after early lead exposure may affect
synaptic development and plasticity. Learning and behavioral changes
observed in lead exposure could be a consequence of nNOS reduction
interfering in the NO synthesis. Supported by CONICET and UBA.

39.15

EARLY POSTNATAL CLOMIPRAMINE TREATMENT AS AN ANIMAL
MODEL OF DEPRESSION. SJL. Andersen*. N. Dumont. &M.H.
Teicher. Dept of Psychiatry, Harvard Medical School, McLean
Hospital, Belmont, MA 02178
Qironic administration of the antidepressant clomipramine
produces a behavioral profile (e.g., decreased locomotor activity,
changes in REM sleep) that is consistent with depression. As a
possible underlying mechanism, we hypothesized that early
postnatal clomipramine exposure would have enduring effects on the
dopamine and serotonin systems in the brain.
Clomipramine or saline were administered s.c. twice daily to rats
between 8 and 21 days of age and sacrificed at PI00. The prefrontal
cortex, striatum, and nucleus accumbens were dissected into right
and left hemispheres and assayed with HPLC-EC. Clomipramine
treatment had enduring effects on dopaminergic and serotonergic
function in the nucleus accumbens and prefrontal cortex with
minimal effects on the striatum. Relative to vehicle treated animals,
dopamine and DOPAC content were greater on the left side than the
right in subjects exposed to clomipramine in the nucleus accumbens
(DA- veh: ;2Q3 vs clom:0.397; DOPAC:.423 vs -0.251). Sex did not
significantly influence these effects. Gomipramine treatment
significantly increased overall measures of 5HIAA/5-HT in prefrontal
cortex; however, left hemisphere 5HIAA/5-HT increased in treated
males, but decreased in treated females. Dopamine significantly
decreased in cortex as well. Alterations in nucleus accumbens and
prefrontal cortex neurotransmitter content may explain some of the
motoric- and limbic-associated symptoms in depression.
Supported by MH-47473 to MHT.
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ROLE OF GABAa RECEPTORS IN DEVELOPING CORTEX: EFFECTS OF
BICUCULLINE O N NUMBERS OF NEURONS A N D GLIA L.S. Gar^an. H.H.
Vankawala. B.A. Israel and I.L. Fuchs*. Dept. Biological Sciences, University of
North Texas, Denton TX

76203

GABAa receptors are transiently concentrated in layer IV of the rat primary
somatosensory cortex (SI) during the second postnatal week, when cortical
neurons are particularly vulnerable to excitotoxicity. To investigate whether these
inhibitory receptors protect cortical neurons against excitotoxic influences, we
tested whether chronic exposure to the GABAa antagonist bicuculline results in
neuronal cell death in SI. For each of 12 rats, a polymer implant containing
bicuculline methiodide was placed over SI cortex on one side, and a control
implant was placed contralaterally. After SI was exposed to bicuculline from
postnatal days 8 to 12, cell profiles in layer IV were counted in,3-£/m resin sections
or in 10-(jm frozen sections. The numerical density of neuronal profiles declined

by 22% (p<0.05) on the bicuculline side. The less numerous glia increased by
77% (p< 0.05), perhaps in response to neuronal loss. The thickness of layer IV did
not change significantly, suggesting that the changes in numerical density may reflect

changes in cell number.

Supported by M H41 865.

39.14
DOMOIC ACID-INDUCED LIMBIC LESIONS: EFFECTS OF DOSE, STRAIN
AND GESTATIONAL EXPOSURE. A.C. Scallet*. L.C. Schmued. X. Ye. R.L.
Rountree. W. Slikker. Jr. J.N. Johannessen1. and T J . Sobotka1. NCTR/FDA,
Jefferson, AR 72079 and 1CFSAN/FDA, Laurel, MD 20708.
Domoic acid (" DOM", in doses above 1 mg/kg) caused extensive, bilateral
neurodegeneration in a subgroup of treated F344 and SD rats. An acute
decrease of food intake (especially prolonged in the F344 strain) accompanied
the extensive lesion, which was often lethal. Other DOM rats had only a small,
focal lesion of axon terminals in CA2, with unknown functional sequelae. These
two lesion types in rats appear to be homologous to "Type A" and "Type B"
DOM lesions in monkeys (Scallet et al., Br. Res.627:307,1993). W e also dosed
pregnant female SD rats daily from gestational day 06-15 with DOM (0.5 or 1.0
mg/kg SC). The dams as well as their offspring were evaluated with specific
histological methods for neurodegeneration (Nadler-Evenson; Fluorojade) and
by immunohistochemistry (glutamate receptor: gtu-R1). DOM was well-tolerated
by the dams: only one of 9 evaluated thus far had a lesion (a small, focal one).
Offspring showed no evidence at PND 4 or at weaning of any effects, but
among adult offspring (60 days of age), one animal had sustained a small focal
lesion. There were no apparent effects of gestational DOM exposure on the
development of glu-R1 receptor staining. However, the distribution of the gluR1 receptor was more uniform throughout the hippocampus in neonates than
in the 60 day-old animals,-where CA3 (an area partially spared even in the
extensive lesion) had relatively little glu-R1 staining. These results indicate no
accumulated neurotoxicity to the dam from up to 10 repeated doses of 1
mg/kg/day (10 mg/kg total dose). Despite the absence of any detectable
neurohistological toxicity to most of the gestationally -exposed offspring, the
single rat with the focal lesion suggests a cautious interpretation pending further
studies. SUPPORT was provided by the U.S. Food and Drug Administration.
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cx4 NICOTINIC ACETYLCHOLINE RECEPTORS (nAChRs) IN CORTI-.
CAL AREAS OF THE FETAL HUMAN BRAIN. W. Liu1. G. van Noort2,
R.A.I. deVos2, J. Lindstrom3. S. Nowacki1, A. Wevers1. A. Maelicke 4 and H.
Schroder1*. •Dept. Anatomy, Univ. zu Koln, 50931 Koln, FRG, 2Lab. Pathologie Oost-Nederland, NL-7512 AD Enschede, The Netherlands, 3Dept. Neu
roscience, Univ. o f Pennsylvania, Philadelphia, PA, USA, 4Inst. of Physiolo
gical Chemistry and Pathobiochemistry, Univ. of Mainz, 55128 Mainz
Nicotinic binding sites are known to be present in human fetal cortex. Only
little, however, is known on the area-specific distribution of nAChR subunits.
Based on a preliminary study on a4 nAChR mRNA in human fetal cortex
(Schroder et al. Soc. Neurosci. Abstr. 22:1972, 1996) we report on the distri
bution o f a4 subunits in human fetal frontal (A 10) and visual (A 17) cortex.
The cellular distribution of a4 nAChR subunits was assessed by means of
non-isotopic in situ hybridization and immunohistochemistry (mAb 299) at
middle (17-23.5 weeks o f gestation) and late (34-40 weeks) fetal stages.
a4 receptor mRNA and protein were observed in A10 and A17 as early as
week 20, mRNA-contaimng cells being mainly present in neuroepithelium
and cortical plate. A similar distribution pattern with fewer labeled neurons
was found for the a4 protein. Around week 38, a4 subunit-containing neu
rons showed highest densities in layers 11/111 (A 10, A 17), V (A 10) and VI
(A10, A17). Nicotinic acetylcholine receptor-containing neurons appear ra
ther early in human fetal cortex. Given functional maturity, they may be
involved in neuronal migration interacting with ACh released from corticopetal fibers in late fetal stages or from yet unknown sources earlier in ontogeny.
Supported by the Deutsche Forschungsgemeinschaft (Schr 283/18-1, 18-2)
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ALTERED GLUTAMATE AND GABA RECEPTOR EXPRESSION IN
CEREBRAL CORTEX IN RETT SYNDROME AND IN A MOUSE
MODEL FOR RETT SYNDROME. S. A. Wallace, M.V. Johnston, C.F.
Hohmann, S. Naidu* and M.E. Blue. Kennedy Krieger Res. Inst., Johns
Hopkins Med. Inst. Baltimore, MD 21205 and Morgan State Univ.
We have previously shown that AMPA receptor density is reduced in the
putamen in Rett Syndrome (RS), a neurological disorder affecting
females, which is characterized by severe impairment in motor and
cognitive function. In the present study, NMDA, AMPA, metabotropic
(mGluR) and kainate (KA) glutamate receptors (GluRs) and GABA
receptors were examined in prefrontal cortex by autoradiography in 8-9
cases of RS (ages 2-30 yrs.) and in 5 normal cases (ages 4-20 yrs.). The
distribution of GluRs and GABA receptors (GABARs) also was studied in
a mouse model for RS, in which neonatal basal forebrain (nBM) lesions
lead to altered maturation of cortical neurons and connectivity and to
cognitive deficits. Mice were studied at postnatal day P30. In human RS
cases, mean densities of GluRs and GABARs were not significantly
reduced in prefrontal cortex. However, with the exception of KA and
mGluRs, GluR and GABAR density varied significantly with age. At
younger ages (2, 4 yrs.), GluR and GABAR density was higher in RS cases
than in normal cases. After 10 yrs., receptor density in RS was lower than
normal. Thus, with age as a covariate, RS cases differed significantly from
normals for AMPA, NMDA, and GABA receptors but not for KA and
mGluRs. At P30, NMDA and GABA receptor density was reduced
significantly in parietal cortex on the nBm lesioned side versus both sides
of control mice. AMPA, mGluR and KA receptors were not significantly
affected. The findings suggest that excitatory and inhibitory transmitter
receptor function is selectively altered in prefrontal cortex of RS patients.
The similarities in the changes in GluRs and GABARs observed in the
nBM lesioned mice, with those observed for RS, support its use as an
animal model for RS. Support: N.I.H. grants HD-24448 and HD24061.

4 0.5

CLONING AND LOCALIZATION OF NOVEL STAGE-SPECIFIC
GENES IN THE POSTNATAL RAT CEREBRAL CORTEX S. H. Park.
C.-S. Uhm*. Y. H. Chun. Y. S. Suh and IT. Kim Institute of Medical
Genetics and Dept, of Anatomy, Korea Univ. Coll. of Med., Seoul,
136-705 Korea.
The nervous system differs from any other part of the body in that
neurons make precise patterns of connection onto other neurons, so
generating a remarkable diversity of structure and function. Rapid
increase of the number of synapses has been reported in the cerebral
cortex of rat during the early postnatal period.
In this experiment, we cloned postnatal stage-specific genes from 7
cDNA pools(P0, P3, P7, P12, P18, P25, Adult rat cerebral cortex) with
the ordered differential display technique using 192 primer sets. The
cloned genes were sequenced, searched, and classified. Novel genes were
localized in the developing and adult rat brains with in situ hybridization
histochemistry. Among novel genes, the expression of three genes was
observed exclusively during early postnatal period in the cerebral cortex.
From these results, it may be suspected these postnatal
stage-specific genes are related with synaptogenesis in the cerebral
cortex. The character of these genes will be clarified with knockout
study.
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POSTNATAL M A TU R A TIO N
O F GLUTAMATE
RECEPTOR SUBUN IT
EXPRESSION IN RAT FRONTAL CORTEX. E.A. Nansen. M.K. I oho. 1M .A. Ariano*.
P.E M ic ew c h and M.S. Levine. Mental Retardation Research Center, UCLA, Los
Angeles, CA 90024 and ’ Neuroscience, FUHS/CMS, North Chicago, IL 60064
lonotropic glutamate receptors (Glu Rs) are expressed at high levels in the cortex
and have been implicated in the regulation of developmental events including
synaptogenesis and migration. The present studies examined developmental
changes in Glu R subunits by assessing the alterations in patterns of expression in
frontal cortex. Standard immunohistochemical techniques were used to investigate
changes in receptor expression in rat cortex at postnatal days (PNDs) 0 (birth), 1,
3, 5, 7, 14, 21 and 2 months. To evaluate the changes, commercially available
antibodies raised against N M D A R1, N M D A R2A/B, Glu R1, G lu R2/3, and Glu
R5/6/7 were used. In the cortex, the pattern of N M D A R and G lu R subunit
expression changed during early postnatal development. From PNDs 0-14,
distinctions between receptor subunits became apparent in terms of lamination
patterns and the populations of immunoreactive cells. The patterns of lamination
were simpler at birth with high levels of immunoreactivity in the cortical plate and
fewer immunoreactive cells in the intermediate zone. For most subunits, cells in
layers I and Vlb were also immunoreactive. Pyramidal cells predominated in the
N M D A R1 and Glu R 2/3 labeled cortices with N M D A R1 displaying more
immunoreactive cells. Both pyramidal and non-pyramidal cells were apparent in
the G!uR1 labeled tissue. By P N D 14, both the lamination patterns and the types
of immunoreactive neurons were similar to those seen in the adult, although
immunoreactive cell densities were higher at this age. These morphological
findings demonstrate differential patterns of expression of Glu R subunits during
development and at maturity in frontal cortex. Supported by USPHS 33533.

4 0.4

NEONATAL LESIONS OF CHOLINERGIC AND MONOAMINERGIC
AFFERENTS TO NEOCORTEX PRODUCE DIFFERENT ALTERATIONS IN
CORTICAL MORPHOLOGY. C. F. Hohmann*. C. M. Richardson. C. Redding.
W. E. KaufmannA. I.B. SanwalA. J. ArtersAA. and J. Berger-Sweenev^ . Morgan State
Univ., Baltimore, MD 21215, AJHU School of Medicine and AAWellesley College.
Previous studies have shown that neonatal lesions to basal forebrain cholinergic
projections (nBM) in mice lead to profound, sex specific alterations in spatial
navigation performance and changes in cortical morphogenesis that are, in part, sex
specific. However, these lesions can affect noradrenergic [NE] and serotonergic [5HT] medial forebrain bundle afferents to cortex. We have observed that 5,7dihydroxytryptamine [5,7-DHT] lesions at birth result in behavioral changes, albeit
different from those seen with nBM lesions. Here we compare the effect of neonatal
nBM and 5,7-DHT lesions on cortical morphometry in young adult BALB/cByJ. At
age 3-5 months, lesioned mice were perfused for histology, processed for Nissl and
subjected to computerized morphometry of cortical layer width. Analyses were
performed for three functionally different regions of dorsal cortex: Area 1, anterior to
the postero-medial barrel subfield [PMBSF] face representation; area 2, the PMBSF,
and area 3, posterior to the PMBSF. The nBM lesioned animals showed region
specific alterations including significantly decreased layer V width in areas 2 and 3 in
both sexes. Layer II/3H width increased in males but decreased significantly in
females, in area 2. This sex specific effect in layers II/III was mirrored by decreased
MAP-2 in nBM lesioned females, assessed in a separate study, and thus likely a
consequence of altered dendritic volume and morphology. The 5,7-DHT lesioned mice
displayed significant ipsilateral increases in layer IV width, particularly in females,
and enhancements of sexual dimorphisms in several other layers in area 2. No
significant lesion related changes were detected in layer V. These data show that
combined 5-HT and NE depletions at birth have effects on cortical morphogenesis that
are complimentary to the morphogenetic effects measured in nBM lesioned animals.
In conjunction with previous behavioral data, this strongly suggests that nBM lesion
effects are due to neonatal cholinergic depletions and not inadvertent monoaminergic
lesions. Support: NIH/NIGGMS1S06, GM5197 and NCRR IP20RR11606.
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TBR-2: A NOVEL PUTATIVE TRANSCRIPTIONAL REGULATOR THAT IS
EXPRESSED IN THE DEVELOPING TELENCEPHALON. A. Bulfone*1. D.
Petroni1. M. Campanella1. K. Shimamura2. A. Ballabio1. I.L.R. Rubenstein2.
1 Telethon Institute of Genetics and Medicine (TIGEM), San Raffaele Biomedical
Science Park, 20132 Milano, Italy and 2Nina Ireland Laboratory of Developmental
Neurobiology, UCSF, San Francisco, CA 94143-0984.
Human neurological and psychiatric disorders can be caused by abnormalities in the
development of the brain. In an effort to understand the genetic mechanisms that
control the development of the cerebral cortex and to possibly identify genes
responsible for the developmental disorders we previously isolated genes that are
preferentially expressed in the developing forebrain. This approach has led to
isolation of several novel putative transcription regulator genes including Dlx-2 and
Tbr-1 (T-box Brain-1). The mouse Tbr -1 gene, homologous to the Brachyury gene,
is expressed in restricted domains of the mouse forebrain, mainly the cerebral cortex,
during periods of neurogenesis, migration, and differentiation. This study is focused
on the characterization of a newly identified homolog of Tbr-1 with a similar pattern
of expression. We named this gencTbr -2. Expression of Tbr-2 was studied by
performing in situ RNA hybridization on sections and whole mount preparations of
mouse embryos. Expression was first detected around E10 when Tbr-2 RNA is found
in the ventricular zone as well as in the mantle zone of the forebrain, predominantly
in the telencephalic vesicle. At E l2.5, Tbr-2 has a similar expression pattern if
compared to Tbr-1, and complementary if compared to Dlx-2. Within the forebrain, it
has abrupt boundaries of expression that are consistent with the Prosomeric Model of
forebrain organization. Tbr-1 and -2 are expressed in the primordia of the paleocortex,
neocortex, and archicortex, as well as in subcortical forebrain domains (caudal
ganglionic eminence and eminentia thalami). Thus, it is probable that this gene plays
an important role in the cerebral cortical development. To test this hypothesis,
loss-of-function study using gene targeting methods is currently in progress in our
laboratory. Supported by Telethon.
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EXPRESSION PATTERN OF P39, A NEURONAL ACTIVATOR OF
CYCLIN-DEPENDENT KINASE 5 (CDK5). S. Humbert. P.T. Tsai and L.-H.
Tsai*. Department of Pathology, Harvard Medical School, Boston MA
02115.
p35 was isolated as a brain specific activator of cdk5. Mice lacking p35
display improper cortical lamination and fiber tract formation in addition to a
variety of other more subtle neural defects. cdk5 -/- mice exhibit more
severe defects in the CNS including cortical and hippocampal lamination,
cerebellar defoliation and fiber tract formation. The discrepancy between
the two mutant strains suggests the existence of other cdk5 regulators in
vivo. p39, one such regulator has been found. To better understand its
role in mouse development, we examined p39’s temporal and spatial
expression patterns and compared them with those of p35.
Embryonic expression of p39 appears to be the highest in the PNS and in
mid- and hind-brain structures, unlike p35 which is expressed at the
highest level in the forebrain. After birth, as p35’s expression declines,
p39’s expression increases in the cortex, hippocampus and cerebellum.
The expression pattern of p39 suggests that it has a distinct and redundant
role compared to p35 in a variety of developing CNS structures. This is
supported by the milder phenotype of p35 -/- mice than cdk5 -/- mice.
Finally the high level of p39 expression in the adult suggests its additional
roles in the maintenance of adult neurons and their neurite projections.
(This research is funded by a Klingenstein Fund, a Rita Allen Foundation
and an NIH grant).
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DISTRIBUTION OF CALCIUM-BINDING PROTEINS CALBINDIN AND
PARVALBUMIN IN THE HUMAN STRIATE CORTEX DURING
POSTNATAL DEVELOPMENT.
K. Letinic1 and L. Mrzliak*2 Croatian Brain Research Inst., Sch. of Med.,
Zagreb Univ., Croatia1 and Sect. Neurobiol., Yale Univ. Sch. of Med., New
Haven, CT 06510.2
In the primary visual cortex of adult primates, calcium-binding proteins
calbindin (CB) and parvalbumin (PV) are expressed in complementary
subpopulations of GABAergic neurons, serving as markers for distinct
inhibitory cortical circuits. The postnatal development of CB and PV
immunoreactivity (ir) was analysed in the striate cortex of 18 specimens
ranging from neonatal to adult age. During the first postnatal month (m) most
of CBir cells and neuropil was observed in layers IV and VI, while PVir
somata and neuropil bands occupied layers IVB/IVCa and VAT. By 1.5 m,
supragranular layers show a marked increase in CB labeling, while the
number of CBir neurons and neuropil density decline particularly in layer
IVC. Furthermore, PVir neuropil bands and most of PVir cell bodies were
observed in layers IVC and VI, although some PVir somata were scattered in
other layers as well. Major features of the adult pattern of CBir (a prominent
band of immunoreactive somata in layer II and few heavily stained neurons
scattered through layers V and VI) and PVir (most prominent in cells and
neuropil of layers III/IVA, IVC and VI) gradually developed between 5m and
2 years. The present results demonstrate complex postnatal changes in the
laminar distribution of CB and PV in the human striate cortex, showing broad
similarities to those found in non-human primates (Hendrickson et al., J.
Comp. Neurol 307:626, 1991). Supp. by US-Croatian Joint Board JF 183
(N.I.H.).

SPATIAL AND TEMPORAL REGULATION OF PHOSPHOLIPASE
C-61 EXPRESSION IN THE DEVELOPING RAT BRAIN Anthony J
Hannan and Colin Blakemore University Laboratory of Physiology, Oxford OX1
3PT, UK.
Phospholipase C-Bl (PLC-B1) is a phosphodiesterase that hydrolyses
phosphatidylinositol 4,5 biphosphate (PIP2) into the second messengers
diacylglycerol (DAG) and 1,4,5 triphosphate (IP3). PLC-81 can be activated by
glutamatergic transmission, both via Ca^+ entering through NMDA receptors and via
G proteins, coupled to metabotropic glutamate receptors. DAG activates protein
kinase C, an important phosphorylating enzyme, and the ratio of PIP2 to IP3
regulates protein trafficking. Hence PLC-61 could be involved in neuronal growth and
synaptic plasticity. In cat visual cortex, PLC-B1 expression appears to be related to
the sensitive period for postnatal plasticity (Kind et al., 1997, J Neurosci. 15:1471).
We studied the localization and extent of expression of PLC-B1 protein in the rat brain
by immunohistochemistry at various developmental stages. Although low levels of
PLC-B1 expression could be detected as early as embryonic day 16 in the developing
cortex, maximal expression occurred during the early postnatal period. At postnatal
day P9, PLC-B1 is expressed at high levels in neurons throughout the cortex. It was
also detected in neurons of other brain regions, including the hippocampus and internal
capsule. The protein was concentrated in compartments within cell bodies that
correlate with recent identification in postnatal cat cortex of the botrysome - an
intracellular organelle lying between the endoplasmic reticulum and the Golgi
apparatus (Kind et al., 1997, J Neurosci. 15:1471). Later in development, at P14,
PLC-B1 was more diffusely distributed in the cortex, suggesting decreased expression
and a change in protein localization. PLC-81 expression was not detected in the adult
rat brain, demonstrating down-regulation of this protein late in brain development.
These results are consistent with a role for PLC-B1 in signal transduction pathways
regulating protein transport and activity-dependent plasticity during cortical
development. Supported by the Medical Research Council and the Nuffield Medical
Trust.

DENDRITIC DIFFERENTIATION AND GANGLIOSIDE EXPRESSION
DURING FERRET CORTICAL DEVELOPMENT. M. Zervas and S.U. Walklev*
Sidney Weisner Laboratory of Genetic Neurological Disease, Albert Einstein
College of Medicine, Bronx NY 10461.
The expression and cellular distribution of the gangliosides GM2, GD2, GM3,
GD3, and GM, were studied in developing ferret cerebral cortex using
immunocytochemistry and electron microscopy (EM) for ganglioside localization,
and Golgi staining for dendritic morphology. GM2- and GD2-immunoreactivity
(IR) appeared early in development and exhibited a highly neuron-specific laminar
distribution whereas all other gangliosides evaluated did not exhibit a similar
neuronal pattern. At P0 neurons of the immature cortical plate (CP) contained
dispersed, punctate GM2- and GD2-IR. Golgi staining of this region revealed
immature pyramidal neurons with thick, spiny apical dendrites and sparse, short
basilar dendrites. At P7 and PI4, pyramidal cells of the lower CP displayed more
elaborate dendritic morphology and EM showed GM2-IR sequestered in vesicles
just below the plasmalemma and throughout the cytoplasm. GD2-IR at P7 was
more ubiquitous than that of GM2, but by P14 also displayed a distinct laminar
distribution in neurons of the lower CP. By P21, neurons with GM2-IR were less
common in the lower CP while immature neurons of the upper CP displayed fine,
punctate staining. GD, staining at this age remained robust in the lower CP and
mimicked GM2 staining of the upper CP. By P35 and into adulthood GM2-IR
diminished in neurons, but was expressed in satellite cells perched adjacent to
neurons. GD2-IR however, remained neuronal in distribution throughout the
cerebral cortex. The presence of abundant GM2-IR in cortical neurons only at the
time of dendritic differentiation is consistent with its proposed role as a regulator
of dendritic initiation. (We thank Dr. P. Livingston for the antibodies.) (NS07098)
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LOCALIZATION OF (3-CATENIN AND ZO-1 IN EMBRYONIC RAT CEREBRAL
WALL. J. Ben-Reuven1. P. Levitt2 and K.L. Eagleson2*. ‘Dept, of Neurosci. and
Cell Biol., RWJMS-UMDNJ, Piscataway, N.J. 08854, 2Dept. of Neurobiology,
University of Pittsburgh Sch. Med., Pittsburgh, PA 15261.
The development of the cerebral cortex includes the proliferation and phenotypic
differentiation of cortical progenitors, as well as the subsequent migration of these
cells from the proliferative zones to the overlying cortical plate. These processes are
modulated by the activation of growth factor receptors, including epidermal growth
factor receptor (EGF-R). In several cell lines, both (3-catenin and zonula occludens
(ZO)-l have been implicated in EGF-R signaling pathways. In the present study, we
utilized antibodies directed against {3-catenin and ZO-1 to define the spatio-temporal
distribution of these proteins in the rat cerebral wall throughout corticogenesis (El 1E19). At all ages examined, {3-catenin is expressed ubiquitously. In the ventricular
zone (VZ) (3-catenin immunoreactivity is localised around the cell body, although it is
more intense at the apical and lateral surfaces. Moreover, the most heavily labeled
cells are located in the inner half of the VZ. At later stages (E14-19), P-catenin also is
expressed by cells migrating to the cortical plate, as well as in developing axon tracts
and radial glia. In contrast, ZO-1 expression is observed only during the early stages of
corticogenesis and is restricted to the VZ. At El 1, ZO-1 immunoreactivity is
characterised by punctate profiles that surround cells at the ventricular surface, most
likely reflecting its localisation to junctional complexes. By E l2, however, ZO-1
immunoreactivity is concentrated to the basal cap of cells located in the outer portion
of the VZ, a region that does not contain tight junctions. By E14, the ZO-1
immunoreactivity begins to decrease in the cerebral wall. At later stages, ZO-1
immunoreactivity is observed only in the ependymal cells lining the ventricles. The
distribution of p-catenin and ZO-1 suggests different roles for each in the regulation of
cortical development. Supported by NIMH grant MN45507.
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EARLY PRESENCE OF GABA IN AXON TERMINALS OF THE
DEVELOPING RAT HIPPOCAMPAL FORMATION. N.'Zhang. S.T.
Dupuv and C.R. Houser*. Dept, of Neurobiology and Brain Research
Institute, UCLA, and VA Medical Center, Los Angeles, CA 90095.
In recent studies, we demonstrated a rich plexus of glutamate
decarboxylase (GAD)-containing fibers at late prenatal and early postnatal
ages in the rat hippocampal formation. A role for this axonal plexus in
hippocampal development is suggested by its early presence and its unique
distribution in apical dendritic regions rather than cell body layers where
GABAergic terminals are most prominent in the adult. The goals of the
present study were to determine if GABA is present in the early appearing
plexus and to characterize the labeled profiles and adjacent, unlabeled
structures that might be influenced by GABA-containing elements.
Postembedding immunogold labeling methods provided clear demonstrations
of GABA immunoreactivity in numerous terminals in the developing apical
dendritic regions of the hippocampus and dentate gyrus. Many of the
labeled terminals exhibited an abundance of synaptic vesicles at the earliest
ages examined (postnatal days 0 and 1). Labeled terminal-like structures
were in close proximity to unlabeled dendritic processes that resembled
dendritic growth cones and immature dendritic processes. The findings
indicate that GABA is present in early-developing fibers and terminals that
are appropriately positioned to influence the growth and development of
dendritic processes of the principal cells of the hippocampus and dentate
gyrus in vivo. Such terminals are likely to be the principal source of GABA
during early development when GABA has primarily depolarizing actions
in the hippocampal formation. Supported by NS33360.
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GABA AND REELIN ARE EXPRESSED BY NT4-INDUCED EXCESS
NEURONS IN THE MARGINAL ZONE OF DEVELOPING NEOCORTEX
J-E. BrunstronL M.R. Grav-Swain. and A.L. Pearlman*. Depts. of Neurology and
Cell Biology, Washington University School of Medicine, St. Louis, MO 63110
The marginal zone (MZ) of embryonic neocortex plays a critical role in cortical
development. In previous studies, we demonstrated that neurotrophin-4 (NT-4),
applied to developing neocortex in vivo or in vitro, greatly increases the number of
MZ neurons. These neurons group together to form abnormal collections
(heterotopias) that increase in size and disrupt the underlying cortical architecture
(Brunstrom et al., 1997). Neurons within NT4-induced accumulations are
cogenerated with normal MZ neurons, and, like MZ neurons, express the calciumbinding protein calretinin.
In the present study we further characterize the phenotype of the NT4-induced
excess MZ neurons with the aim of determining their origin and the effects of NT4 on their differentiation. Normal MZ neurons have diverse phenotypes; many
express GABA and the ECM-like glycoprotein reelin. We applied neurotrophins
by intraventricular injection in rats (E16 and E18) and to organotypic slices from
mice (E14), then assessed reelin and GABA expression by immunolabeling in
sections. The excess neurons that accumulate in the MZ in vivo in response to
NT-4 express GABA; they displace the reelin positive neurons downward from
their normal subpial locations. Although many do not express reelin initially in
vivo, they do so after sustained exposure to NT-4 in the slice. Expression of
GABA by normal MZ neurons is also enhanced by NT-4 in vivo, but not by
BDNF. Thus NT-4 may have a role in promoting maturation of MZ neurons, as
well as in recruiting new GABAergic neurons to this layer. (Support: NEI and
NINDS; neurotrophins generously provided by Regeneron and anti-reelin antibody
by A.M. Goffinet).

DIFFERENT REELIN-EXPRESSING NEURONAL POPULATIONS IN
THE MARGINAL ZONE OF THE FETAL HUMAN CORTEX. G.Mever*1
and A.Goffinet2, *Dept. Anatomy, Univ. La Laguna, Tenerife, Spain, 2Dept.
Physiology, FUNDP Sch. Med. Namur, Belgium.
The extracellular matrix protein reelin is involved in the regulation of
neuronal migration and the establishment of the normal inside-out gradient of
the neocortex. In the developing rodent cortex, reelin secretion is specifically
attributed to the Cajal-Retzius (CR) cells. To identify the reelin-expressing
neurons of the human marginal zone (MZ), we performed
immunocytochemistry using antibodies against reelin in 15 fetal brains, from
11 to 40 gestational weeks (GW). Our results show that different neuronal
populations in the MZ express the protein at different moments of
corticogenesis. At 11/12 GW, reelin is present in a single row of horizontal
CR cells. After 14 GW, the subpial granular layer (SGL) invades the
neocortical MZ. From 16 to 24 GW, small round and horizontal neurons
differentiating within the SGL express reelin, in addition to the CR cells,
which now take a polymorphic shape. During this period, the packing density
of the reelin-producing cells remains remarkably stable, despite the
continuous growth of the cortical surface. Around 24-27 GW, the
polymorphic CR cells degenerate. After the disappearance of CR cells and
SGL, reelin is expressed by small neurons mostly in the upper half of layer I.
At birth, reelin is still present in a few small horizontal and multipolar
neurons. We propose that during the critical period of cortical neurogenesis
and migration, the SGL gradually releases reelin-expressing cells needed by
the growing cortex to arrange the arriving cortical-plate neurons in layers.
Supported by grant PB94-0582, Spain (GM).

40.15
ID-2 EXPRESSION CORRESPONDS TO AREAL BOUNDARIES
IN THE DEVELOPING NEOCORTEX

4 0.16
DEVELOPMENT OF A POPULATION OF NEOCORTICAL
INTERNEURONS REQUIRES A DLX-1/DLX-2 DEPENDENT MIGRATION
FROM THE LGE INTO THE NEOCORTEX
SA Anderson*. L Shi and JLR Rubenstein. Ireland laboratory, Dept, of
Psychiatry, UCSF, San Francisco, Ca., 94143.
Neocortical pyramidal neurons derive from the proliferative zone of the
neocortex and migrate radially into the cortical plate. However, some
studies have suggested that the development of neocortical interneurons
may be more complicated. For example, clonal
analyses have found a tendency for GABA "clones" to be more dispersed
across the neocortex than are pyramidal neuron clones.
In addition, in the rodent embryo large numbers of tangentially oriented
GABA positive cells are found in the neocortical intermediate zone,
including in its lateral region, raising the possibility that a population of
neocortical interneurons may derive from the
subcortical proliferative zone.
The findings presented in this study provide evidence that interneuron
precursors migrate from the lateral ganglionic eminence (LGE) to the
neocortex. In addition, this migration is regulated by the homeobox genes
Dlx-1 and Dlx-2. Dil crystals placed into the LGE of coronal organotypic
slices at E12.5 label cells migrating from the LGE into the neocortex. Many
of these cells also express GABA or calbindin. This migration is absent in
slices from Dlx1/2-/- embryos. At P0, the Dlx1/2-/- mice have an
accumulation of MAP2 positive cells within the LGE, and a large (about
70%) reduction of neocortical GABA and calbindin containing
interneurons. We are in the process of determining which subtypes of
neocortical interneurons derive from the LGE, and the roles played
by these cells in other aspects of neocortical development.
Supported by NARSAD, the DVA , and NIMH-MH49428-01

Psychiatry, UCSF, San Francisco, Ca., 94143.
Regionalization of the cerebral cortex is a complicated processes
involving both extrinsic (i.e. thalamic inputs) and intrinsic factors.
Efforts to understand the molecular regulation of this process have
been enhanced by the identification of transcription factors that have
restricted patterns of expression in developing cortex. One such
gene is Id-2, which encodes a helix-loop-helix protein. This study
provides a detailed analysis of the expression of Id-2 during cortical
development, in relation to the development cortical areas.
To contruct maps of Id-2 expression at late embryonic and early
postnatal stages, in situ hybridization was performed on floating
200nm sections. In addition, Id-2 expression was studied on frozen
10[im sections. Patterns of expression were compared to cortical
areal boundaries defined in adjacent sections by cresyl violet
staining, immunohistochemistry for 5-HT and glutamic acid
decarboxylase, and histochemistry for cytochrome oxidase and
acetylcholinesterase. During the first postnatal week, the boundaries
of expression of Id-2 were found to correspond to known cortical
divisions. For example, in layer V expression of Id-2 extends from
the visual cortex to a boundary between somatosensory and
moter/sensory regions. This and other findings suggest that the
expression of Id-2 may be a useful tool to study patterning of the
cerebral cortex.
Supported by NARSAD and NINDS-NS34661-01A1

40.17
CEREBRAL CORTEX LAMINATION AND EXTRINSIC CONNECTIONS ARE
DISRUPTED IN MICE WITH TARGETED MUTATION OF TBR-1 GENE.
Dept, of Psychiatry, Nina Ireland Lab., and Lab.
Radiobiol. and Environ. Health, UCSF, San Francisco, CA 94143-0984.
Tbr-1 encodes a putative transcription factor that is expressed in postmitotic
neurons of the cerebral cortex and olfactory bulb (Bulfone et al., Neuron
15:63-78). Homozygous Tbr-1 mutant mice generated by gene targeting
display abnormal cytoarchitecture of cortex and olfactory bulb (Hevner et al.,
Soc. Neurosci. Abstr. 22:1011). To further analyze the disruption of cortical
laminar development in mutants, we studied expression of molecular markers
and bromodeoxyuridine (BrdU) "birthdating" at different embryonic ages. At
embryonic day 12.5 (E12.5), the preplate was morphologically normal and
expressed Wnt-7b appropriately. However, Cajal-Retzius cells were absent
as shown by calretinin immunohistochemistry and reelin in situ hybridization.
At subsequent ages, the subplate failed to form, and early-born (E11.5) cells
instead were scattered in the cortical plate. Abnormal clusters of cells were
formed in the cortical plate and could be labeled by BrdU injection at E13.5, or
by in situ hybridization for relatively layer-specific markers such as Tbr-1 (layer
6), reelin (layer 5), and Wnt-7b (layer 6). Other layer-specific markers will be
tested. Connectional development was studied by Dil tracing fixed brains. At
E14.5 in mutants, thalamocortical and corticothalamic axons grew normally
into the internal capsule. By E18.5, both projections had stalled in the
internal capsule, and completely failed to innervate their target structures.
These findings suggest that defects of early-born, preplate cells may be the
primary cause of disrupted lamination and connections. Lack of Cajal-Retzius
cells may account for disrupted laminar organization, while abnormal subplate
neurons apparently fail to pioneer connections with thalamus.
Supported by NINDS grants 1 K08 NS01973-01 to RFH, and 1 R01
NS34661-01A1 to JLLR.
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COEXPRESSION OF TRKB RECEPTOR AND NMDAR SUBUNITS IN
THE RAT VISUAL CORTEX.
Tongiorgi E., *Cattaneo A. and Domenici L. International School of Advanced
Studies (SISSA) - Neuroscience Program - Trieste, ITALY. Institute of
Neurophysiology-CNR - Pisa, ITALY.
Recent evidence indicates that NMDAR and neurotrophins can modulate
each other suggesting that they may interact to regulate the activity dependent
plasticity in the CNS. Here we investigated whether the coexpression of the full
length isoform (fl) of TrkB receptor with the NMDAR subunits is regulated
during postnatal development of the primary visual cortex. The coexpression of
the TrkB receptor with the NMDAR subunits NR1-C1, NR2A and NR2B,
respectively, was analysed in the P10, P22 and adult rat primary visual cortex.
At P10 and P22, TrkB is coexpressed with the studied NMDAR subunits in
almost all neurons throughout cortical layers II to VI. In the adult, the majority
of neurons in layer II-III and VI coexpress TrkB with NR1-C1, NR2A, NR2B,
respectively. In contrast, in layers IV and V the coexpression is more restricted.
In fact, in layer IV and V, 30% and 14%, respectively of labelled neurons do not
express NR2A, 38% and 33%, respectively do not express NR2B and 40% and
30%, respectively of labelled neurons express NR-2A but not TrkB. We
conclude that the large coexpression of TrkB with NR1-C1, NR2A and NR2B
throughout all cortical layers is typical of an early stage of postnatal
development when visual cortical neurons are highly plastic. The present results
provide the cellular basis for possible interactions between TrkB ligands and
NMDAR both during postnatal development and in adulthood.

LOCALIZATION OF GAP- 43 AND BDNF mRNA IN THE HUMAN VISUAL
CORTEX DURING POSTNATAL DEVELOPMENT. M.J. Webster*, C. ShannonWeickert, M.M. Herman, T.M. Hyde, and J.E. Kleinman. Clinical Brain Disorders
Branch, NIMH Neuroscience Center, Washington, D.C. 20032.
Growth Associated Protein-43 (GAP-43) and Brain Derived Neurotrophic Factor
(BDNF) are proteins implicated in the development and plasticity of cortical neurons.
Using in situ hybridization we have examined the spatial and temporal expression of
these proteins during the postnatal development of the human visual cortex. We
examined 6 postnatal time points: neonatal (2-4 mths), infant (5-11 mths), adolescent
(14-18 yrs), young adult (20-24 yrs), adult (34-43 yrs), and aged (73-86 yrs). The
level of GAP-43 mRNA expression varied significantly across age groups (p<0.001).
GAP-43 expression is low in the neonates, peaks during infancy, is high in the
adolescence and adults but then declines to very low levels in the aged brains. Just as
in the prefrontal cortex, there appears to be a significant decrease in GAP-43 mRNA
in young adults as compared to the adolescents and adults. Furthermore, when we
subdivided the neonatal group we found the 2 mth old subjects have significantly
higher levels of GAP-43 mRNA as comparable to the 3-4 mth olds that have very
low levels. GAP-43 mRNA expression is similar in layers III and V/VI within each
age group except the infants where there is a peak in GAP-43 expression in layer
V/VI as compared to layer III. Moreover, the peak in layer V/VI in the infants is
significantly greater than found in V/VI at other ages and therefore may reflect a
relative increase in synaptic plasticity of the cortical-subcortical projections during
this period. In contrast to GAP-43 mRNA expression, BDNF mRNA appears to be
evenly expressed across cortical layers, with no significant difference between any of
the age groups. Although the developmental profile of GAP-43 and BDNF mRNA
expression in visual cortex differs somewhat from that previously described for the
prefrontal cortex, they are nevertheless expressed throughout development and may
be involved in coordinating the postnatal development of neurons in the human
visual cortex. Supported by NIMH-IRP and the Stanley Foundation.
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DEVELOPMENT OF PLASMINOGEN ACTIVATOR EXPRESSION IN FERRET
VISUAL SYSTEM. S. Eggenweiler and C. M. Müller* Max-Planck-Institute for
Developmental Biology, Tubingen, Germany
Proteolytic activity mediated by generation of plasmin via plasminogen activators
(PAs) plays a role in cellular migration and neurite extension. Blockade of PAs as
well as plasmin activity has been shown to interfere with progressive plasticity after
reverse occlusion in kitten visual cortex (Griesinger & Müller, Soc. Neurosci.Abstr.
1996). We now studied the developmental expression of PAs and plasminogen in the
ferret visual pathway by immunochemistry and zymography.
Zymographv on casein gels revealed two plasminogen-dependent bands of proteolytic
activity in visual cortical and thalamic homogenates. The two PAs were identified by
selective inhibitors as tissue-type plasminogen activator (tPA) and urokinase. The
presence of both PAs, as well as plasminogen, was verified by immunochemistry.
The PAs are predominantly expressed in cortical pyramidal neurons and in presumed
relay cells of the LGN. Prior to the time of eye opening (P14-P21), tPA and urokinase
irnmunoreactivity in area 17 is restricted to the infragranular layers, being highest in
layer V pyramidal cells. Following eye opening, neurons of the supragranular layers
also reveal IR for both PAs. The mature pattern of staining is achieved at P75 and
shows no further change towards adulthood. Plasminogen shows a similar
distribution at early developmental stages but becomes more widespread before PAs
do, showing the adult expression pattern at P57. In the LGN, a subpopulation of cells
reveals tPA and urokinase-IR first detectable at P21 and maintained over subsequent
development. The pattern of PA IR suggests that specific subsets of cortical and
thalamic neurons may secrete these protease activators at discrete locations and
developmental times. The more restricted expression of PAs during the time of most
prominent axon outgrowth compared to later time periods of high cortical
malleability suggests that PAs may be involved in axonal remodelling at advanced
stages of development but not necessarily in axon elongation early in development.

EFFECTS OF NOVEL METABOTROPIC GLUTAMATE RECEPTOR
ANTAGONISTS ON GLUTAMATE STIMULATED PHOSPHOINOSITIDE
TURNOVER AND SYNAPTIC TRANSMISSION IN RAT VISUAL CORTEX.
K.M. Huber*, N.B. Sawtell, and M.F. Bear. Dept. of Neuroscience and Howard
Hughes Medical Institute, Brown University, Providence, RI 0 2912.
Glutamate stimulated phosphoinositide (PI) turnover is well correlated with the
critical period for ocular dominance plasticity in cats and rats (Dudek and Bear,
1989). Therefore, it has been hypothesized that group 1 metabotropic glutamate
receptors (mGluRs) mediate or facilitate synaptic plasticity during the critical period.
Until now, studies of the role of mGluRs in visual cortical plasticity have utilized the
mGluR antagonist α -methyl-carboxyglycine (MCPG; Hensch and Stryker, 1996).
These studies are inconclusive, however, because MCPG is ineffective against
glutamate actions at mGluR5 (Brabet et al., 1995) and fails to block glutamate
stimulated PI turnover in visual cortex (Huber et al., 1996 SFN abstract). We have
now tested newly developed mGluR antagonists LY341495 and LY344545
(generous gift of Lilly) against glutamate stimulated PI turnover in rat visual cortical
synaptoneurosomes and on synaptic transmission. We find that both compounds are
very effective antagonists against glutamate (200 μM) stimulated PI turnover (IC50
for LY341495 = 0.08 μM; IC50, for LY344545 = 0.02 μM). To determine the effects
of LY341495 on synaptic transmission, we measured extracellular field potentials
(FPs) in layer 2/3 elicited by layer 4 stimulation in visual cortical slices taken from
rats aged p21-p28. LY341495 (2-4 μM) applied alone had no observable effects on
synaptic transmission. However, application of the mGluR agonist 1S,3R-ACPD (20
μM) induced a robust depression of FPs in visual cortical slices (51.7 ± 6.5% of
baseline, n= 3) that was rapidly reversed by LY341495 (2 μM; 97.8 ± 7.4% of
baseline; n = 3) suggesting that it is also an effective antagonist of presynaptic
mGluRs. The effectiveness of these compounds against glutamate stimulated PI
turnover make them suitable to test the role of group 1 mGluRs in visual cortical
plasticity. We are currently conducting experiments to test the effects of LY341495
and LY344545 on long term potentiation and long term depression in rat visual
cortical slices. Supported by HHMI.

(Supported by MPG and CEC DG XII, BIOTECH)
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ADENOSINE INCREASES THE NUMBER OF NEWBORN CELLS IN THE
FERRET NEOCORTEX. K. Herrmann*. Lab. Systems Neurosci., NIMH,
NIH Animal Center, Poolesville, MD 20837, USA.
The factors that control neurogenesis are largely unknown. Recent
evidence suggests that neurotransmitters like GABA and glutamate inhibit
the rate at which cells are born in the mammalian neocortex. In ferrets,
neurogenesis takes place between embryonic day 20 and postnatal day
14. Because adenosine is known to have mitogenic effects in non
neuronal cells, I tested the hypothesis that adenosine might be involved in
cortical neurogenesis. I conducted in vitro studies, in which 400-500 μm
thick slices of posterior neocortex between postnatal day 1 and 4 were
cultured in the presence or absence of 100-200 μM adenosine in the
medium. To determine the number of dividing cells, bromodeoxyuridine
(BrdU), an S-phase marker, was added to the medium. The following day,
the cultures were fixed, cut on a cryostat, and the number of newborn cells
were identified immunohistochemically using an antibody against BrdU.
The data show that adenosine application leads to a significant 39%
increase in the number of BrdU-positive cells compared to cultures in which
no adenosine had been added. At present, I am using double-labeling
techniques to study whether these newborn cells are neurons or glial cells.
Optical recording techniques using the calcium indicator dyes fluo-3 or
fura-2 confirmed the presence of adenosine-responsive cells in the ferret
ventricular zone and revealed an increase in the number of cells with
adenosine receptors between embryonic day 33 and postnatal day 7.
Taken together, the data show that adenosine may be an important
transmitter-like molecule that, like GABA and glutamate, influences
corticogenesis.
Supported by NIMH-IRP.
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MUSCARINIC m2 RECEPTORS IN THE VISUAL CORTEX OF NEONATAL AND
ADULT CATS AND THE EFFECT OF CHOLINERGIC DEAFFERENTIATION: A
QUANTITATIVE ELECTRON MICROSCOPIC STUDY.
Erigir A*, Bak M, Elste A, Aoki C. Center for Neural Science, NYU, NY, 10003.
We used a monoclonal antibody to characterize the light and electron microscopic
localization of m2 type muscarinic receptors (m2R) in cat visual cortex at postnatal
days (PD) 3, 20, 33, 98 and adulthood. By light microscopy, at PD3, dark, diffuse
labeling was observed in marginal zone (MZ) and cortical plate (CP) while the white
matter (WM) and subplate (SP) contained intensely stained cells and fibers. The adult
pattern of staining, i.e., appearance of a lightly stained band at layer IV, and a reduced
staining in the WM, was already detectable at PD 20. By electron microscopy, at PD3,
m2R was found mostly in vesicle-containing profiles and in dendrites in MZ and CP:
this contrasted with the presynaptic, and the dark somatic/dendritic labeling found in
the SP and WM. At PD20-adult, m2R was observed in presynaptic terminals forming
symmetrical and asymmetrical contacts, in postsynaptic dendrites and in spines.
However, the relative distribution of these labeled profiles was different across layers:
In layer I, axonal labeling constituted 1/4-1/3 of all labeling while in layer IV, V and
VI it was about 35, 45, and 65%, respectively. In layer V and VI, labeled terminals
frequently contacted cell bodies and primary dendrites. In adult animals, despite
sparser labeling, m2R distribution in layer IV was similar to that in neonatals, while
in the WM, the label was found mostly in axons and terminals. We also assessed the
effect of cholinergic deafferentiation on the distribution of the m2R, using animals
where a cingulate cortex incision resulted in 50-70% depletion of cholinergic
terminals. Such lesions resulted in up to 4 times reduction of axonal labeling in layer
I, when compared to the intact hemisphere. The relative distribution of labeled profiles
did not show a significant change in deeper layers. These results suggest that: 1)
cholinergic activation through m2R may influence visual cortical development through
synaptic modulation in the SP and WM prior to the onset of the critical period; 2) m2R
may act as an autoreceptor in layer 1 but as a heteroreceptor in deeper layers; 3) axosomatic m2R in layer V and VI are situated to modulate the output of visual cortex.
(Supported by NIH-EY08055 and NSF-RCD92-53750 to CA).
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THE
EFFECT
OF
CHOLINERGIC
AND
NORADRENERGIC
DEAFFERENTIATION UPON THE SUBCELLULAR DISTRIBUTION OF NMDAR1 IN DEVELOPING CAT VISUAL CORTEX. Wilenskv A, Erişir A, Bak M, Mir
W and Aoki C*. Cntr. of Neural Science, NYU, NY 10003.
Lesion of cholinergic and noradrenergic pathways to visual cortex causes
reduction of postnatal cortical plasticity as measured by ocular dominance shift
following monocular deprivation during the critical period (Gordon, et al., J.
Neurophys. 64(6): 1851). NMDA receptors are involved in this phenomenon, possibly
by stabilizing synapses activated during visual experience (Rauschecker, Physiological
Reviews, 71:587). We sought to test the hypothesis that the neuromodulatory pathways
regulate plasticity through influences on the subcellular distribution of NMDA
receptors, particularly at synapses. Cholinergic and noradrenergic pathways to the
visual cortex in kittens were severed at the cingulate cortex level during the first
postnatal week. The kittens were allowed normal visual experience until at about 1
month of age, which is when NMDA-R1 distribution becomes adult-like in intact cat
visual cortices (Aoki, Dev. Brain Res. 98:41). The areal density of NMDA-R1
immunoreactive profiles was assessed in layer 1 of both hemispheres, with the
contralateral hemispheres serving as internal control. Cingulate knife cuts resulted in
50-70% reduction in areal density of cholinergic and noradrenergic fibers, as assayed
by quantitative LM analysis. EM revealed that almost all of the immunoreactive sites
were nonsynaptic. In the first case analyzed, the distribution of NMDA-R1 was most
prevalent in axons, followed by astrocytes, dendrites and then spines. Deafferentation
caused a slight increase of axonal labeling (46 vs. 37%), doubling of presynaptic
labeling (11 vs. 4%), and a decrease in dendritic labeling (26 vs. 18%). Although the
areal density of synapses remained unchanged, the total number of NMDA-R1
immunoreactive profiles was halved in the deafferented cortex. These results suggest
that the neuromodulators prune NMDA-R1 on developing axons. Moreover, in intact
cortices, they differentially regulate axonal and dendritic localizations of NMDA-R1,
possibly strengthening glutamatergic pathways by increasing postsynaptic receptors.
(Supported by NIH grant EY08055 and NSF grant RCD92-53750 to C.A.)

SHORT AND LONG TERM EFFECTS OF NGF DEPRIVATION ON
FUNCTIONAL PROPERTIES OF VISUAL CORTICAL NEURONS L.
Domenici*, G. Dente, R. Siciliano, A. Cattaneo and N. Berardi Istituto di
Neurofisiologia del CNR, 1-56127 Pisa; Dept. Physiol. and Biochem., UNI, I56127 Pisa; International School o f Advanced Studies (SISSA), Neuroscience
Program, I-34014 Trieste (Italy)
We have previously shown that intraventricular implants of hybridoma cells
secreting neutralizing antibodies to NGF affects the functional and morphological
maturation o f geniculo-cortical system (Berardi et al., PNAS 91, 684-688, 1994).
Here we have implanted hybridoma cells secreting neutralizing antibodies to
NGF (α D 11, 106 cells/implant) at postnatal day 15 (P15, eye opening) and
examined the functional properties o f visual cortical neurons at different times
after implants (P45, P75 and P90). Mabs titre in the CSF was invariably assessed
(ELISA) at p45 for all α D 11 implanted rats. Only rats with Mabs titre higher than
0.01 ng/μl were included in the sample. We confirmed that in P45 α D 11 rats the
ocular dominance distribution (ODD) was strongly shifted towards the
contralateral eye with reduction o f binocular cells (Binocular Index, BI=0.28±
0.08) with respect to rats implated with myeloma cells (controls, BI=0.5±0.1). In
three α D 11 rats examined at P75 the predominance of the contralateral eye was
reduced with respect to rats tested at P45 and the Binocular Index was almost
normal (62% o f cells were in classes 2-6, BI=0.43±0.18). Preliminary results
obtained in two α D 11 rats implanted at P 15 and tested at P90 clearly showed that
the ODD was normal. These data suggest that the functional alterations induced by
NGF deprivation during postnatal development are reversible.
Supported by HFSP grant (RG 93/93) and BIOMED (BMH1-CT94-1368)
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T H E V ISU A L P H Y S IO L O G Y O F TH E M O U SE D E T E R M IN E D W IT H
V E Ps. A C O M PA R ISO N B E T W E E N W IL D T Y P E A N D B C L-2
O V E R E X P R E S S IN G M O U SE . T. Pizzorusso, V. Porciatti, E. Strettoi*, L. Maffei.
Scuola Normale Superiore and Istituto di Neurofisiologia CNR, Pisa Italy.
VEPs have been reliably recorded from the binocular visual cortex o f the
anesthetized mouse in response to patterned visual stimuli (i.e., counterphasemodulated sinusoidal gratings). By changing the spatial aspects o f the stimulus (spatial
frequency, contrast) it was possible to establish, in the same animal, the spatial
resolution (acuity) and the contrast threshold. Responses to pattern motion and pattern
onset-offset could also be recorded. Laminar analysis o f VEPs indicated a dipole in the
supragranular layers o f the visual cortex as a major response generator. VEPs showed
contribution from both eyes, however biased towards the contralateral eye. In the wild
type mouse (C57BL/6J) the VEP acuity was o f the order of 0.65 cycles/deg, which is
comparable to the behavioural visual acuity. The VEP contrast threshold was about
5% (no behavioural data are available). The above VEP measures provide a
comprehensive framework for characterizing the phenotypes o f a variety o f transgenic
mice. We have evaluated the visual performance o f the transgenic mouse
overexpressing Bcl-2, a potent inhibitor o f apoptotic cell death. Due to inhibition o f
naturally occurring cell death during development, the brain o f Bcl-2 mice is 1.5 times
bigger than normal. In addition, the number of retinal ganglion cells and optic nerve
axons is about twice that o f the wild type. In the Bcl-2 mouse, the VEP acuity and VEP
contrast threshold were comparable to those o f the wild type. These results rise the
question of how the Bcl-2 mouse keeps invariant its visual performance in spite o f a
much large number o f neurons.
(Supported by International Institute for Paraplegia and EEC grant BIOTECH B I04CT96 0774)

ANTISENSE DNA TO THE NMDAR1 SUBUNIT SELECTIVELY BLOCKS
NMDA RECEPTOR-MEDIATED SYNAPTIC TRANSMISSION IN FERRET
PRIMARY VISUAL CORTEX. A.S. Ramoa* and E.A. Brown Dept. o f Anatomy,
Virginia Commonwealth University School o f Medicine, Richmond, VA 23298.
We report here the first successful attempt to use antisense DNA to alter
NMDA receptor expression directly and specifically in vivo, and to examine the
consequences o f these alterations on both cellular physiology and visual plasticity
(see accompanying abstract by Brown et al.).
Antisense and sense
oligodeoxynucleotides (ODNs) targeted to the 5’ end o f the NMDAR1 subunit
mRNA were infused into the primary visual cortex o f young ferrets.
Immunohistochemistry and western blot analysis indicated that antisense, but not
sense, ODNs significantly decreased expression o f the NMDAR1 subunit. This was
a specific effect o f the antisense ODN treatment, since AMPA receptor levels were
not reduced. Patch clamp recordings indicated that knockdown o f the NMDAR1
subunit effectively reduced NMDA receptor mediated synaptic transmission in an in
vitro cortical slice preparation. First, the NMDA component o f the excitatory
postsynaptic currents (EPSCs) evoked by stimulating white matter was significantly
reduced relative to the AMPA component o f the response (p<0.01; 8 antisense ODN
treated cells, 9 normal cells, 6 sense ODN treated cells).
Second, cortical cells
treated with antisense ODN displayed a marked reduction in the maximal amplitude
o f their NMDA-EPSC relative to untreated cells (p<0.01). Voltage dependence o f
the response, in contrast, remained unaltered. In conclusion, the NMDAR1 subunit
is required for NMDA receptor-mediated synaptic transmission in visual cortex.
These results also show that antisense DNA techniques can accomplish very selective
manipulations o f cortical function, creating a new and exciting opportunity to
examine the mechanisms o f visual development and plasticity.
Supported by NSF (IBN-9421983) and Whitehall Foundation to ASR.
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KNOCKDOWN OF NMDAR1 WITH ANTISENSE DNA BLOCKS OCULAR
DOMINANCE PLASTICITY WHILE PRESERVING VISUAL RESPONSES IN
FERRET STRIATE CORTEX. E.A. Brown*, M.A. Meredith, and A.S. Ramoa.
Department of Anatomy, Virginia Commonwealth University School o f Medicine,
Richmond, VA 23298.
Pharmacological blockade o f NMDA receptors has been shown to prevent the effects
o f monocular visual deprivation on cortical ocular dominance during development.
These results are confounded by a marked decrease in responsiveness and selectivity
to visual stimuli in the treated cortex. Effects o f NMDA receptor antagonists on
visual plasticity may, therefore, simply reflect decreased sensory responses rather
than a specific participation o f NMDA receptors. We have examined the role of
NMDA receptors in visual plasticity using a novel approach. Intracortical infusion o f
antisense oligodeoxynucleotides (ODNs) targeted to the NMDAR1 subunit was used
to reduce NMDA receptor function in the primary visual cortex o f monocularly
deprived ferrets (see accompanying abstract by Ramoa and Brown). Quantitative in
vivo recordings o f cortical responses to visual stimuli were then performed. Ocular
dominance was determined for each neuron by calculating a binocularity index
(responses to the open eye divided by the sum o f responses to both eyes). The shift of
ocular dominance toward the open eye that results from monocular deprivation o f
normal ferrets was prevented by the antisense ODN treatment (n=3 animals, p<0.05)
but not the complimentary sense ODN treatment (n=3 animals, p>0.05), indicating
specificity o f effects.
Maximum response, orientation selectivity, direction
selectivity, and spontaneous activity o f cortical neurons after ODN treatment did not
differ significantly from normal (p>0.05). In conclusion, knockdown o f the NMDA
receptor NR1 subunit prevents'the loss o f visual responses from the deprived eye in
monocularly deprived animals despite minimal effects on visual activity. These
results directly implicate a critical function o f NMDA receptors in visual plasticity.
NSF (IBN-9421983) and Whitehall to ASR, and N SF (IBN-9308576) to MAM.

EFFECTS OF LOCUS COERULEUS LESIONS ON DEVELOPMENT OF
FUNCTIONAL PROPERTIES OF RAT VISUAL CORTICAL NEURONS. R .
Siciliano, L. Domenici, F. Fomai, G.U. Corsini and P. Bagnoli. Dept. Physiol.
Biochem., 1st. Pharm., Istituto di Neurofisiologia CNR, 1-56127 Pisa Italy.
(SPON: ENA).
Ascending monoaminergic systems were reported to exert a modulatory role
on the plasticity of the primary visual cortex. In this study we addressed the
question whether noradrenergic cortical projections play a role on the maturation
of functional properties o f visual cortical cells. Stereotaxic injections o f 6hydroxydopamine (6-OHDA, 250nl, 2.5ml/100μl) were placed unilaterally in
the locus coeruleus (LC) o f rats at postnatal day (PD) 15 (eye opening).
Extracellular recordings from visual cortical neurons were performed in urethane
anaesthetized rats (control and 6-OHDA injected) in order to determine the
ocular dominance class, orientation selectivity and receptive field size. Rats were
tested at both PD30 (during the critical period) and PD45 (after the end o f the
critical period). After each recording session the depletion o f noradrenaline in
the recorded cortex was measured by HPLC, following classical protocols. The
size o f the lesion was evaluated by immunocytochemistry for tyrosine
hydroxylase (1:500). In 6-OHDA-injected rats, a drastic loss o f orientation
selective cells was found at both ages. The other functional properties tested
were unaffected. These data indicate that deprivation o f noradrenergic afferents
interferes selectively with the maturation o f specific functional properties of
visual cortical neurons.
Supported by BIOMED (BMH1-C794-1368)

S o c ie ty f o r N e u r o s c ie n c e , V o lu m e

23,1997

SUNDAY AM

VISUAL SYSTEM DEVELOPMENT AND REGENERATION: CORTICAL DEVELOPMENT

41.13

41.14

TRANSIENT PARTICIPATION OF SUBPLATE CELLS IN LAYER IV
ACTIVATION IN ORGANOTYPIC THALAMO-CORTICAL COCULTURES VIA
A LOW-THRESHOLD CALCIUM CONDUCTANCE. P.H.M. Kullmann* and CM.
Müller Max-Planck-Institute for Developmental Biology, Tubingen, Germany
During early development of the neocortex, a transient population of subplate cells is
present underneath layer VI, part of which reveal an axon extending to the cortical
plate. These cells have been proposed to participate in targeting of thalamic axons to
the visual cortex and the establishment of functional columns (Allendoerfer & Shatz,
Ann.Rev.Neurosci. 17:185,1994). We used optical imaging with a voltage-sensitive
dye in organotypic cocultures of rat LGN and visual cortex to study functional
circuitries. During the first 2 weeks in vitro, stimulation of the LGN explant elicits a
biphasic response in the cortical explant. The early response reflects a rather diffuse
activation of all cortical layers. A second activity peak occurs in the very deep layers
of the cortex with a latency of about 50-80 ms, followed by a restricted, strong
activation of layer IV. This pattern is observed, both, when the thalamic explant is
situated at the white matter or the pial side of the cortex. Latency shifts of responses
in layer IV in the latter situation support the polysynaptic nature of the signal. In
more mature cultures thalamic stimulation leads to a rapid, restricted activation of
layer IV without triggering a secondary response. Cocultures with ferret visual cortex
show that the secondary response in immature cultures is initiated in the subplate
region. Its long latency suggests an intrinsic delay mechanism in subplate cells. As
the initiaton of the secondary response is blocked by low concentrations of nickel,
such a mechanism may rely on a delayed rebound-activation via the low-threshold
calcium channel. We verified the presence of this conductance by intracellular
recordings from subplate cells in acute slices from P14 ferret visual cortex.
We propose that the transient, polysynaptic link between thalamic afFerents and layer
IV may support the selective stabilization of thalamic axons in the appropriate target
layer in an activity-dependent manner.
(supported by the MPG and CEC DG XII,BIOTECH)

NEURONS IN THE RAT OCCIPITAL CORTEX COEXPRESSING THE
SUBSTANCE P-RECEPTOR AND GABA: A COMPARISON BETWEEN IN
VIVO AND ORGANOTYPIC CULTURES. D. Echevarría*1, C. Matute2 and K.
Albus1. Neurobiology Research Groups/191, Max-Planck-Institute for Biophysical
Chemistry, P.O. Box 2841, D-37070 Gottingen, FRG and 2Departamento de
Neurociencias, Universidad del País Vasco, E-48940 Leioa, Spain.
The morphology and the distribution o f neurons expressing the NKl-receptor (NK1R)
and the coexpression o f γ-aminobutyric acid (GABA) in these neurons were studied in
the rat occipital cortex and in organotypic cultures (OTCs) derived from this structure by
employing an antibody against the NK1R [1] and double immunofluorescence staining
methods.
We demonstrate that both in vivo and in OTCs the N K 1R-expressing neurons are nonpyramidal neurons and coexpress GABA. In vivo the population o f neurons expressing
both the NK1R and GABA is estimated to make up about 3% o f all neurons. Some
differences were noted between in vivo and OTCs. In vivo two populations of NK1Rexpressing neurons were found: intensely stained neurons with large somata and weakly
stained neurons which usually had smaller somata and which were more numerous in
upper than in lower layers. Most neurons had multipolar dendritic patterns, with a few
neurons with bitufted and bipolar dendritic patterns. In OTCs only one population of
NK1R-expressing neurons having large somata and multipolar dendrites was present. In
OTCs the proportion o f NK1R-expressing neurons stained with an anti-GABA-antibody
(about 50%) was smaller than in vivo (90%). The preferential location of NK1Rexpressing neurons in layers II/III and VI, seen in vivo was not present in OTCs where
these neurons distribute rather homogeneously through layers II to VI. Our findings
imply that in contrast to the cat [2] in the rat occipital cortex the effects of substance P are
almost exclusively mediated via inhibitory intemeurons. [1] Vigna et al. (1994) J.
Neurosci., 14. [2] Matute et al. (1993), Exp. Brain Res., 97.
Supported by A.v. Humbolt SPAK0025 and Gobierno Vasco BIF94.046 and PI94-106.
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PHENOTYPE SPECIFICATION OF CORTICAL NEURONS DURING A
PERIOD OF MOLECULAR PLASTICITY. Kirstin Obst and Petra Wahle*. AG
Entwicklungsneurobiologie, Ruhr-Universität, 44780 Bochum, Germany.
We have analysed the influence of the epigenetic factors, axonal innervation,
cortex-derived diffusible factors and neurotrophins, on the expression of
neuropeptide Y (NPY) mRNA in organotypic cultures o f rat visual cortex. In
deafferented monocultures the percentage of NPY mRNA expressing neurons (NPY
neurons) raises to 6-8% and does not decline over age. In contrast, thalamocortical
or corticocortical axonal innervation progressively reduces the percentage of NPY
neurons from initially 6-8% to 2-3% or 3-4%, respectively, until 60 days in vitro
(DIV). This phenotype restriction is not observed in corticotectal cocultures.
Further, axonal innervation does not change the percentage of GAD mRNA
expressing neurons (13%) in mono- and cocultures. The phenotype restricting
capacity of the axonal innervation is overruled by diffusible factors secreted into the
medium from a monocultured cortex. Feeding thalamocortical cocultures with
monoculture-conditioned medium between 3-20 DIV followed by normal medium
up to 60 DIV, the percentage of NPY neurons rem ains at 6-8%. In contrast,
conditioning after 30 DIV does not prevent the phenotype restriction in cocultures.
To elucidate the nature of the cortex-derived factor(s), the neurotrophins NGF,
BDNF, NT4-5 and the cytokine LIF (each 20 ng/ml) were added to the normal
medium between 3-20 DIV or from 60-70 DIV. NGF has no effect on the NPY
mRNA expression. BDNF does not rescue the NPY phenotype when applied during
the early period, but is able to transiently upregulate the NPY mRNA expression
after 60 DIV in 6-8% of the neurons. Supplementation of NT 4/5 and LIF during 320 DIV prevents the phenotype restriction, but only NT4/5 upregulates the NPY
mRNA expression after 60 DIV. In contrast, LIF has no effect on the NPY mRNA
expression after 60 DIV. This suggests that the phenotype decision of cortical
neurons is differentially regulated by epigenetic factors during an early period of
molecular plasticity.
Supported by DFG.

A C T IV IT Y -D E P E N D E N T R E G U L A T IO N O F IN T R IN S IC
E X C IT A B IL IT Y IN V IS U A L C O R T IC A L C U L T U R E S .
N .S. D e sa i* , L.C. R u th erfo rd , S.B. N elso n , and G .G . T u rrig ia n o .
D e p t. o f B io lo g y and C tr. fo r C o m p lex S y stem s, B ran d eis U n iv ersity ,
W altham , M A 02254.
C ircu it p ro p erties arise from the c o m p lex in terp lay betw een sy n ap tic
co n n ectio n s and the intrinsic ele c tric al p ro p erties o f in d iv id u a l neu ro n s.
W h ile activ ity -d ep e n d e n t reg u latio n o f sy n ap tic tra n sm issio n h as rec e iv ed
ex ten siv e atten tio n , reg u latio n o f in trin sic ionic co n d u c ta n c e s has b een
less w ell studied. H ere w e e x am in e how lo n g -term activ ity dep riv atio n
affects the in trin sic p ro p erties o f n eo c o rtic a l n eu ro n s u sin g tw o m eth o d s.
In the first set o f e x p erim en ts, w h o le-cell p atch reco rd in g s w ere
ob tain ed from p y ram id al n e u ro n s fro m c u ltu res o f P 4 -6 rat v isu al c o rtex
after 7-9 D IV . A ctiv ity w as b lo ck ed in test c u ltu res fo r 48 h p rio r to the
e x p erim en t by incu b atio n in TTX . A fter the T T X w as rem o v e d , F -I
curves w ere c o n stru cted fo r b oth c o n tro l and te st cu ltu res by m easu rin g
initial firing rates in resp o n se to d e p o la riz in g c u rre n t in je c tio n s fro m a
fixed m em b ran e p o ten tial. T h e slo p e o f th e in itial, lin e a r p a rt o f the
cu rv e fo r T T X -treated cells (0 .4 7 ± 0.05 H z/p A ) w as c o n sid e rab ly larg er
than that fo r control cells (0 .1 9 ± 0 .0 2 H z/p A ). T his su g g ests th at activ ity
b lo ck ad e m o d u lates n euronal co n d u c ta n c e s to in cre a se in trin sic
e x citab ility , c o m p en satin g fo r th e loss o f sy n ap tic input.
F u rth er evid en ce in sup p o rt o f this id ea has b een p ro v id e d by c alciu m
im aging m easu rem en ts in p y ram id al n e u ro n s o f th ese sam e cu ltu res.
P relim in ary d ata suggest th at th e av erag e size o f so m atic c alciu m
tran sien ts evo k ed by single action p o ten tials is larg er in T T X -trea te d cells
(6±1% Δ F/F, n= 4) than in co n tro l cells (3±1% Δ F/F, n= 7). W e are
presen tly in v estig atin g if activ ity b lo ck ad e also affects d en d ritic c alciu m
tra n sie n ts in d u ced by b a c k p ro p a g a tio n o f ac tio n p o ten tials. (S u p p o rte d
by N SF, N IH , the W h iteh all F o u n d atio n , and th e Slo an F o u n d atio n .)
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SHAPE AND ARRANGEMENT OF GENICULOCORTICAL AFFERENTS IN
THE MOUSE. M .Fagiolini*, A.Antonini and M .P.Stryker. Keck Center for
Integrative Neuroscience, Dept. Physiol., Univ. California, San Francisco, CA
94143-0444
We present an initial analysis of the anatomical characteristics of the
geniculocortical afferent arbors in the mouse. Single geniculocortical axons were
serially reconstructed in three dimensions from coronal sections in normal C57BL6
mice at the end of the critical period. The afferents were anterogradely filled with
biocytin (2.5% in saline) iontophoresed into portions o f the lateral geniculate
nucleus (LGN) representing the binocular visual field and receiving projections
from the contralateral eye. The sites of biocytin injections were identified
electrophysiologically and were later verified histologically as completely included
within the terminal field of the contralateral retinogeniculate projections, usually
labeled by fluorescent dextrans injected into one eye. The reconstructed sample of
arbors was very heterogeneous, differing qualitatively with respect to the abundance
of projections to layer 1 and presence of ramifications in layers 5/6. Arbors in
animals perfused at postnatal day 40 (P40) also showed great variability in total
length (mean: 5,344mμ ; range: 2,250-13,493μm ) and density (mean:
36μm/1000μm2; range: 11-82μm/1000μm2) of the arborization in layer 4. On
average, the arbors extended 500μm mediolaterally, presumably covering the entire
extent of the binocular zone in the coronal plane,.
Preliminary evidence indicates that arbors from P60 mice are larger than those at
P40 (mean: total length 12,472mμ , density 62μm /1000μ m2) even though the
critical period o f susceptibility to the effects of monocular deprivation ends around
P30.

THE DEVELOPMENT OF INTRINSIC CONNECTIONS OF VI IN OWL
MONKEYS (Aotus trivirgatus). P. D. Beck* and J. H. Kaas.
Dept. o f Psychology, Vanderbilt U niv., N ashville, TN 37240.
We examined connections o f supragranular layers o f V 1 in
newborn and adult ow l monkeys using a tissue slice
procedure. Cortex was removed, cut into parasagittal slices,
then incubated in oxygenated Ringers'. Fluororuby
injections were placed in supragranular layers. After tracer
transport, slices were fixed, sectioned, and processed for
cytochrom e oxidase (CO), N iss1, or fluorescent m icroscopy.
Injections, label, and laminar borders were reconstructed,
and the ratio o f labeled cells per layer to the total labeled
cells was calculated to determine the relative input from
each layer. Cortical lamination was adult-like in N iss1 and CO
sections except for layer IVβ , which had low er CO-dense and
upper CO-light bands. Sublayers, IIIA, IIIB, and IIIC, were
iden tified using architecture and con n ections. Connections
in newborns and adults were similar except that IIIA
injections labeled a few layer IV and VI cells in newborns
only, and the relative inputs from other layers to IIIA, IIIB
and IIIC differed. The absolute tangential spread o f label was
similar in newborns and adults. Since V 1 increases in size
after birth, the proportional tangential con n ectivity
decreases. In con clusion , con n ections o f supragranular
layers are with appropriate layers at birth, but relative
input from different layers changes in developm ent.
Tangential connections relative to the area o f V 1 are
greater in newborns than in adults. (EY 02686 and M H10761)

Supported by NIH grants EY02874 and EY09760
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ANALYSIS OF POSTNATAL GROWTH OF VISUAL CORTEX.
David G. Jones*, Kevin R. Duffy. & Kathryn M. Murphy. Depts of
Computer Science and Psychology, McMaster University,
Hamilton, ON L8S 4K1
The first stages in the growth of the mammalian visual cortex
occur prenatally when the neurons that will form V1 migrate out
of the ventricular zone and take up their position at the posterior
aspect of the developing cortical plate. Cortical growth continues
into postnatal development. For the visual cortex, this ongoing
growth has direct implications on the developing arrangement of
the retinotopic map and visual abilities that are dependent upon
this cortical architecture. We have examined the postnatal growth
and 2D shape of V1 in macaque monkeys, cats, and rats. Perimeter,
area, and anterio-posterior length of V1 was measured from
unfolded and flattened sections for neonatal and adult animals
from each of these species. Although there was substantial
variability in the overall amount of postnatal growth, from 16% in
macaque monkeys to more than 100% in cats, in all three species
the shape of V1 did not change during development. Thus, growth
of the mammalian visual cortex is isotropic, so the layout of the
retinotopic map does not need to change during development.
Furthermore, quantification of the shape confirms the observations
that there is a common, ovoid shape to mammalian visual cortex.
Sponsored by grants from NSERC & MRC
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42.1
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STRIATAL TRANSPLANTATION IN A TRANSGENIC MOUSE MODEL
OF HUNTINGTON’S DISEASE. SB Dunnett*, CW W atts, RJ Carter, EM
Torres, A M ah al, L M angiarini, G Bates and AJ M orton. Departments of Experi
mental Psychology,. Pharmacology and the Centre for Brain Repair, University of
Cambridge, and Guy’s Hospital Medical School, London, UK.
A transgenic mouse line, R6/2, has recently been described in which hemizygotes with an expanded CAG145 repeat in exon 1 of the HD gene exhibit a
progressive neurological phenotype (commencing at approx. 8 weeks of age) akin
to the motor symptoms of Huntington's disease [Mangiarini et al., 1996, Cell, 87:
493-506], We are investigating the effects of the transgenic brain environment on
the survival and differentiation of intrastriatal striatal grafts, and the effects of the
grafts on the development of a H untington’s disease-like phenotype in host mice.
Experimental hemizygote transgenic and wild type littermate female mice were
selected at 6 weeks of age from a hemizygote x wild type mating. Six mice of each
genotype received striatal grafts, prepared from normal E13-14 C57BL/6J embryos
(CRL 12-14mm) and implanted stereotaxically into the right striatum. Body
weight, neurological observations and open field tests were m onitored over 5
weeks, in order to evaluate the effects of the grafts in comparison with ungrafted
mice. The mice were sacrificed at 11 weeks of age after the onset o f phenotype had
confirmed the original genetic allocation to groups, and the brains processed for
conventional microscopy and immunohistochemistry. The behavioural and anat
omical results will be presented.
Supported by the Hereditary Disease Foundation and the Medical Research
Council.

THERE IS NO RELATIONSHIP BETWEEN THE NUMBER OF
STRIATAL CELLS IMPLANTED AND THE PATCH VOLUME OF
INTRASTRIATAL TRANSPLANTS IN A RAT MODEL OF
HUNTINGTON’S DISEASE. C. Watts*1,2, I. McNamara2 and S.B.Dunnett2.
1A cadem ic Department of Neurosurgery and 2MRC Cambridge Center for
Brain Repair, Cambridge University, Cambridge UK.
Five groups of 6 rats were lesioned with 90nM of quinolinic acid infused
into the striatum. After 7 days each animal was grafted with a cell
suspension derived from striatal Lateral Ganglionic Em inence (LGE) tissue
obtained from embryos of 14 days gestation. Each group received a different
concentration of cells in the same volume of grafting m edia (2μ l) as follows:
Group 1-10 000; Group 2-30 000; Group 3-100 000; Group 4-200 000;
Group 5-1 000 000. Eight weeks post-implantation the animals were
sacrificed and perfused with 4% paraformaldehyde. The post-fixed brains
were processed for Acetylcholinesterase (AChE)and Dopamine and
Adenosine
regulated
Phosphoprotein
of
32-Kd
(DARPP-32)
immunohistochemistry.
Graft volume, patch volume and DARPP-32 cell counts in the grafts were
determined. The results suggest a linear relationship between the number of
cells implanted and the graft volume. A similar relationship was found for
the number of DARPP-32 cells present in the graft tissue. However, the
proportion of the graft that comprised Patch zone (P-zone) remained
consistent at approximately 35% of the whole graft.
Thus increasing the number of cells implanted increases the number of
DARPP-32 cells present in the graft but does not seem to improve the
proportion of the graft that is the functionally relevant P-zone tissue.
(C Watts is a Medical Research Council Clinical Training Fellow. We
acknowledge Dr P Greengard for the kind donation of DARPP-32).

42.3
LOCALIZATION OF STRIATAL MARKERS IN HUMAN GANGLIONIC
EM INENCE TRANSPLANTS IN QUINOLINIC ACID-LESIONED RATS. L. L.
Pundt*, N. Narang, W. C. Low. Depts. o f Neurosurgery, Physiology, and Program
in Neuroscience, Lions Research Bldg., University o f M innesota M edical School,
Minneapolis, MN, 55455; Neuropsychiatric Research Institute, 700-1st Ave. South,
Fargo, ND, 58103.
Huntington’s Disease (HD) is characterized by deficits in motor and cognitive
functions, and demonstrates an extensive loss o f medium-sized spiny projection
neurons (GABAergic) within the striatum. W ith the loss o f these neurons, there is
a concomitant loss of dopamine receptors and striatal neuropeptides. In the present
study, we have addressed the question o f whether dopamine receptors and various
neuropeptide transcripts are re-established in the lesioned rodent striatum
following the transplantation o f hum an ganglionic eminence (GE) cells using
receptor autoradiography and in situ hybridization techniques. Additionally, an
alternative dissection of the hum an GE was undertaken to study the development of
rostral/caudal regions. Cell suspension or saline was injected into the striatum of
rats previously lesioned with quinolinic acid. The anim als were processed for D 1
and D2 receptors, substance P, dynorphin, enkephalin and glutamic acid
decarboxylase (GAD). Our results demonstrate that anim als transplanted with
hum an striatal cells show a significant increase in D1 receptors (compared to
controls), while D1 receptor mRNA remains unchanged. In contrast to D1 receptor
binding, D2 receptor levels are not increased (compared to controls); however, D2
receptor mRNA levels are significantly increased. These results indicate that at the
times the anim als were examined, D1 and D2 receptors were differentially
regulated. Enkephalin and GAD mRNA were also restored in the transplanted
striatum. GAD mRNA was most robust in anim als receiving transplants from the
posterior aspect of the GE. This study complements and extends previous findings
on hum an striatal cell transplantation in rodent models o f HD. (Supported by PHS
grant R01-NS-24464, the SUPER fund, and by bridge fu n ding from the
Neuropsychiatric Research Institute, Fargo, ND).
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INTRASTRIATAL, BUT NOT INTRAVENTRICULAR, GRAFTS
OF ENCAPSULATED CNTF-SECRETING CELLS PROTECTS
AGAINST STRIATAL DEGENERATION IN A NONHUMAN
PRIMATE MODEL OF HUNTINGTON’S DISEASE J.H. Kordower*1,
E-Y Chen1, Y.-Chu1, P. McDermott2, E.E. Baetge2, and D.F. Emerich2
Dept. of Neurological Sciences, Rush Presbyterian Medical Center,
Chicago I11. 60612, 2CytoTherapeutics, Providence R .I. 02906
Cynomolgus monkeys received implants into the striatum of polymerencapsulated baby hamster kidney (BHK) fibroblasts. In three animals,
BHK cells were genetically modified to secrete hCNTF. The remaining
three control monkeys received grafts of unmodified encapsulated BHK
cells (BHK-Con). Additional monkeys received intraventricular implants
of encapsulated BHK-hCNTF (n=3) or BHK-Con (n=2) cells. One week
later, all monkeys received intrastriatal injections of quinolinic acid.
Intrastriatal and intraventricular BHK-Con grafted monkeys displayed a
comprehensive loss of Niss1, GABAergic and cholinergic striatal neurons
within the caudate and putamen ipsilateral to the lesion. A significant
neuroprotective effect was observed on these populations of striatal
neurons in monkeys receiving intrastriatal, but not intraventricular,
implants of hCNTF-secreting cells. Intrastriatal hCNTF grafts also
preserved DARPP-32 staining in the globus pallidus and substantia nigra
and prevented the retrograde atrophy of neurons in layer V of motor
cortex. All capsules contained viable BHK cells upon retrieval which
released on average 12.7 (± 2.4) ng/24h per animal of hCNTF. These
data demonstrate that hCNTF can provide trophic influences to
degenerating striatal neurons in nonhuman primates following
intrastriatal transplantation supporting the concept that hCNTF may help
prevent the loss of striatal neurons in HD.
(Supported by NS35078 and CytoTherapeutics)
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CELLULAR DELIVERY OF hC NTF BUT NOT h N T 4 /5
PREVENTS THE LOSS OF STRIA TA L N E U R O N S IN A
RODENT MODEL OF H U N TIN G TO N 'S D ISEA SE Y .-Chu 1,
S. Bruhn2, C. Anderson*, D.F. Emerich2, and J.H. Kordower1 1Dept. of
Neurological Sciences, Rush Presbyterian Medical Center, Chicago I11.
60612,2CytoTherapeutics, Providence R.I. 02906
This study directly compared the ability of hCNTF and hNT4/5 to
prevent the degeneration of striatal neurons following intrastriatal
injections of quinolinic acid.
A DHFR-based expression vector
containing either the human CNTF or NT4/5 factor was transfected
into a baby hamster kidney fibroblast cell line (BHK). Using a
polymeric device, encapsulated BHK-control cells and those secreting
either hCNTF (BHK-hCNTF) or NT4/5 (BHK-hNT4/5) were grafted
into the rat lateral ventricle. Seven days later, rats received injections
of quinolinic acid (QA; 225 nmol) into the ípsilateral striatum. Niss1stained sections demonstrated that the BHK-hCNTF cells significantly
reduced the volume of striatal damage produced by QA. Quantitative
analysis of striatal neurons further demonstrated that both choline
acetyltransferase- and glutamic acid decarboxylase immunoreactive
neurons were protected by hCNTF implants. In contrast, the volume of
striatal damage and loss of striatal neurons in animals receiving BHKhNT4/5 implants did not differ from control implanted rats. These
results help better define the scope of neuronal protection that can be
afforded by cellular delivery of neurotrophic factors. Additionally,
these data support the concepts that implants of polymer-encapsulated
hCNTF-releasing cells can be used to protect striatal neurons from QA
lesions and this strategy may ultimately prove relevant for the treatment
of Huntington’s disease, (supported by NS35078; CytoTherapeutics)

42.7
GABAa rec eptor s u b u n it e x p r e s s io n i n in t r a s t r ia t a l
STRIATAL GRAFTS. COMPARISON BETWEEN NORMAL DEVELOPING
STRIATUM AND DEVELOPING STRIATAL GRAFTS. I.Liste, V.Rodriquez,
E. Lopez, H. Caruncho*, MJ. Guerra and JL.Labandeira. Dept. of
Morphological sciences, Univ. of Santiago, Galicia, Spain.
The α1, α2 and β 2/3 GABAA receptor subunit expression was studied
by immunocytochemistry on maturing cell suspension striatal grafts, and
compared with postnatal developing striatum. During postnatal striatal
development α2 and β 2/3-subunit» but not the α 1-subunit, showed
zones of different intensity. In striatal grafts, α1 -immunoreactivity was
observed in patches surrounding DARPP-32-positive (i.e. striatum like)
areas, while α2 and β 2/3 immunoreactivity was observed throughout the
graft but showing areas of different intensity. Similar to that observed
in globus pallidus and ventral pallidum, there was a marked decrease in
α2 immunoreactivity in DARPP-32 negative areas during development.
Interestingly, α 1 and β 2/3-positive dendrites from DARPP-32-negative
areas entered DARPP-32-positive patches where they were postsynaptic
to DARPP-32 immunopositive neurons. This study shows that the timecourse of the changes in immunolabelling intensity for the GABAA
receptor-subunits in grafted striatal neurons, closely matches that of the
development of functional synaptic activity and that of the
immunoreactivity in normal developing striatum. These results suggest
an important interaction between DARPP-32-positive and DARPP-32negative areas with respect to the expression of GABAA receptors, and
agree with the suggestion that miniature striatopallidal systems may
develop within these grafts, which might be important for the functional
integration of striatal grafts in the host brain. Supported by Spanish
CICYT and XUGA.

F E T A L P O R C IN E N IG R O S T R IA T A L T IS S U E IN S L IC E C U L T U R E . J.
Z im m er, J. A. M cN ulty 1* and A. D ahl-Jø rgensen, D e p t. o f A natom y, O d ense
U n iv ., D e nm ark, 1D ept.. o f C ell B io l., N e u ro b io l., and A natom y S tritch S ch. o f
M e d ., L o y o la U niv., M ayw ood, IL 60153, U SA .
F etal p o rc in e neurons from the d o p am in erg ic ventral m esen c ep h a lo n (V M )
and th e striatal anlage are o f potential u se for intracerebral grafting th erap ies
in P arkinson's and H untington's diseases. U sing E28, 35 and 56 fetal pig
donors, the survival and grow th o f - a) tyrosine hyd ro x y lase (T H ) p o sitiv e
d opam inergic neurons and fibers from V M , and - b) A C hE and D A R P P -32
p o sitiv e neurons from the m edial and lateral gan g lio n ic em in en c es, w e re
ex am in ed by grow ing tissue slices as sin g le ex p lan ts o r in co -cu ltu res in
serum free m edium fo r 4 w or longer by the "insert" o r "R oller D rum "
techniques. T H -positive neurons su rvived w ell, both in single V M slices and in
V M -striatal co-cultures, disp la y in g d iffe ren t traits o f m aturity and ex te n ts o f
fib er outgrow th. M edial ganglionic em inence tissu e (b est isolated at E 35) also
survived w ell, but rarely stained for A C hE and D A R P P -32. In contrast, lateral
ganglionic tissue consistently d ev eloped zones w ith ov erla p o f A C h E and
D A R P P -32 staining, in terlac ed w ith areas dev o id o f staining. In co -cu ltu re,
T H -p o sitiv e fibers p re ferred lateral gan g lio n ic slices w ith selec tiv e p re feren ce
for the A C hE and D A R P P -32 stained zones. T he con sisten c e w ith in vivo
o b servations re g ard in g regional brain ch a rac teristics p o in t to slice cu ltu re
m ethods as a feasible m eans to screen fo r optim al do n o r age, rates o f neuronal
d ev elo p m en t and effects o f neurotrophins.
S upported by the D anish P arkinson F o undation, M R C and B iotech. P rogram .
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In trastriatal G rafts o f Term inally D ifferen tiated N T era 2 Neurons
R everse B ehavioral D eficits Induced by Q uinolinic A cid Lesions o f the
Striatum . F.G .Kaddis*, M.S.Hurlbert, R.Gianani, M.McGrogan‡ and
C.R.Freed. UCHSC, 4200 E. N inth avenue, D enver, CO. 80262. ‡ Layton
Bioscience, G ilroy, CA. 95020.
The hum an teratocarcinom a cell line (N Tera 2) can be differen tiated
into perm anently postm itotic neurons upon treatm ent w ith retinoic acid.
Using R T -P C R , we have found that the d iffe re n tia ted neurons (hNT)
express m RN A fo r the G A BA ergic m arkers G A D 65 and G A D 67, and the
cholinergic m arker ChAT. To study the therapeutic value o f these
neurons, we have transplanted hN T neurons into unilateral quinolinic acid
(QA) lesions o f rat striatum . Successful lesions w ere determ ined by
circling behavior in response to m etham phetam ine (5.0 m g/kg, i.p.),
apom orphine (1.0 m g /k g , s.c.) and a skilled paw reaching test. Animals
were transplanted with em bryonic ED 15 rat striatal cell suspension (2 x
106), or 106 hN T neurons placed in 2 tracts in the striatum . Sham
transplanted animals received vehicle. The change in p re-g raftin g baseline
behavioral deficit was m easured at 4, 8, and 12 weeks post
transplantation. A nimals transplanted w ith hN T neurons or striatal cells
showed gradual reduction in all test behaviors. A t 12 weeks post
transplantation, the mean reduction in circling behavior in these animals
were 50% and 56% o f baseline, respectively. In the skilled paw reaching
test po st-g raftin g im provem ent in using the paw contralateral to the lesion
side expressed as a percent o f the ipsilateral paw use was from 21% to
53% fo r the hN T group and from 44% to 60% fo r striatal tissue
transplanted group. Sham grafted anim als showed no behavioral
im provem ent. We conclude that hN T neurons can im prove motor d eficit
in a rat model o f H u n tington’s Disease.
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Oligodendroglia-like Cells in the Chicken Retina: Immunocytochemical
Identification using Anti-Transferrin Binding Protein Sa Sun Cho*,
Kyeong Han Park, 1
John J, Lucas, 2Arnold G, Hyndman. Dept. Anatomy,
College of Med. Seoul National Univ., Seoul 110 Korea; 1Dept. Biochemistry
and Molecular Biology, State Univ. NY Health. Science Center, Syracuse,
NY13210; Dept. Biological Science, Rutgers Univ., Piscataway NJ 08855
In certain v ertebrate, such as rabbit, chick, and fish, som e axon s
in the optic nerve fiber lay er of th e re tin a a re w rapped by myelin
sheath. In the rabbit, it is w ell e sta b lish ed th a t th e m yelin sh eath in
the retina is form ed by oligodendroglia. In c a se of th e chick, th e re
has no report th a t oligodendroglia o r olig o d en d ro g lia-lik e cells are
present in the retina. In th e p re s e n t stu d y , w e h a v e identified
oligodendroglia-like cells in th e chick re tin a by im m unohistochem ical
staining using a v ariety of glial and neuronal m a rk ers including
an ti-transferrin binding pro te in (T fB P ) w hich w e h av e show n to be
a specific olidendrocytic m a rk er in th e av ian b rain . T h e T fB P labeled cells w ere confined to th e g anglion cell and optic fiber
layers, and exhibited th e typical m orphology of oligodendroglia.
These im m unorective cells w ere interposed b etw een th e ganglion
cells in the 8th layer, and occurred along the n e rv e fibers in th e 9th
layer. By confocal m icroscopy fo r th e w hole m ount, T fB P -la b e le d
cells were closely associated w ith n erv e fib e rs and se n t fine
processes to m ore th a n one n erv e fiber. G FA P w as localized in th e
Muller cell processes w hich extended radially from th e ou te r to th e
inner limiting m em brane, w hile N euN , a neuronal specific m arker,
was localized in th e ganglion cells. T h e double labeled im m unofluo
rescence revealed th a t T fB P -la b e le d cells n e v e r bound G FA P no r
neuronal m arker. O ur fin d in g s s u g g e s t stro n g ly th a t T fB P -la b e le d
cells may be oligodendroglia resp o n sib le fo r re tin a l m yelination, and
play a role in nutrition an d m etabolic su p p o rt fo r th e ganglion cells
in this avascular type of retin a.
Supported by a g ra n t from th e K orean M in istry of E ducation.

IS OLIGODENDROCYTE-SPECIFIC PROTEIN (OSP) A PROTO
ONCOGENE? Bronstein, J.M .* Buznikov, A., Liau, L.M ., Chen, K.,
Black, K.L., Komblum, H. Depts. o f Neurology, Neurosurgery, and
Pharmacology and the Brain Research Institute, UCLA School o f
Medicine, Los Angeles, CA.
Oligodendrocyte-specific protein (OSP) is a 22 kd mem brane
protein which was isolated from CNS myelin and appears to be the CNS
PMP-22 homologue. The precise function o f OSP is unknown but may
regulate glial growth and differentiation. OSP gene dosage was altered in
a conditionally immortalized mouse glial cell line (CIMO) to determine
its effect on cellular proliferation.
CIMOs grow rapidly at 33°C
conditions due to the activity of the SV40 ts58 antigen but grew slowly at
37°C. OSP expression was 10 fold higher when CIMOs were rapidly
dividing (33°C vs. 37°C). Over-expression of OSP (stablely transfected
cells) had little effect on CIMO growth at 33°C but increased 3Hthym idine incorporation 82 fold when cells were grown at 37°C (twice
the effect of the ts58 antigen). Because of this profound effect of OSP
on CIMO proliferation, we measured OSP expression in brain tumors by
Northern blot analysis.
Compared to normal brain controls, OSP
expression was significantly higher in 5 of 5 meningiomas but was lower
in 8 of 9 glioblastomas. In situ hybridization demonstrated high levels
of OSP expression in developing mouse meninges and in hum an
meningiomas but not in adult mouse meninges.
Much fewer cells
expressed high levels of OSP in gliomas. These data suggest that OSP
may play an important role in growth regulation and development and
may act as a prot-oncogene. OSP may also have a different function in
CNS myelin.
Supported by NIH research grant NS01596
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REGULATION OF MYELIN BASIC PROTEIN PHOSPHORYLATION BY
NEURONAL ACTIVITY. C.M. Atkins1*, M. Yon2, N.P. Groome2 and J.D. Sweatt1.
1Div. Neuroscience, Baylor Coll. o f Med., Houston, TX 77030, 2Sch. o f Biological
and Molecular Sciences, Oxford Brookes Univ., Headington, Oxford 0 X 3 OBP UK.
Non-synaptic cellular communication between neurons and oligodendrocytes was
investigated in area CA1 o f the hippocampus during increased neuronal activity. The
myelinated pathway o f CA1 axons, the alveus, was tetanized by high frequency
stimulation (HFS; 100 Hz) to induce increased neuronal activity. To assess signaling
between neurons and oligodendrocytes, 45 min after the final tetanus was delivered to
the alveus, we assayed for changes in the phosphorylation o f myelin basic protein
(MBP) by back-phosphorylation with protein kinase C or western blotting with a
phospho-Thr98 antibody (mAb P 12). We found that the phosphorylation state o f MBP
was modulated by HFS of the alveus as measured by back-phosphorylation (75.5±6.8
% of ctl, n=9) and immunoreactivity to mAb P 12 (81.9±8.2% o f ctl, n=9). There was
no change in MBP amount (95.5±7.6% o f ctl, n=7). Test stimulation alone elicited no
change in MBP phosphorylation (back-phosphorylation: 114.7±22.8% o f ctl, n=6;
mAb P12 immunoreactivity: 90.5±12.9% o f ctl, n=6).
The change in MBP
phosphorylation was attenuated by application o f 500 nM TTX (back-phosphorylation:
103.9±17.0% o f ctl, n=7; mAb P12 immunoreactivity: 115.5±9.3% o f ctl, n = ll) with
no change in MBP amount (91.3±8.1% o f ctl, n = ll) . To identify the signaling
molecule responsible, we applied superoxide dismutase (120u/ml), catalase (260u/ml),
and NOArg (50 μM) during HFS and observed an attenuation o f the change in MBP
phosphorylation (back-phosphorylation: 106.9±7.7% o f ctl, n=5; mAb P12
immunoreactivity: 116.8±10.6% o f ctl, n=5), with no change in MBP amount
(94.7±25.2% o f ctl, n=5). These results demonstrate that we have discovered a novel
non-synaptic signaling pathway between neurons and oligodendrocytes in area CA1 o f
the hippocampus that is induced by increased neuronal activity and is mediated by a
reactive oxygen species.
Supported by the NIM H and NSF.

ANALYSIS OF CIS-ACTING SEQUENCES OF THE MYELIN OLIGODENDROCYTE
GLYCOPROTEIN PROMOTER. V. Jaquet, M. Tosic and J-M. Matthieu*. Lab. of Neurochemistry,
CHUV1011 Lausanne, Switzerland.
Myelin oligodendrocyte glycoprotein (MOG) is a specific central nervous system (CNS) myelin
protein, which has a unique place in oligodendrocyte maturation and myelin deposition. MOG is
the last myelin specific protein synthesized during development. Its expression is delayed by 5 to
7 days with respect to MBP which is the major marker of mature oligodendrocytes, suggesting its
role in myelination completion. In addition CG4 cells, an oligodendrocyte-like cell line, express
MOG only after they have extended sheet-like processes. Thus MOG appears to be the last
appearing marker of CNS myelin regulated by an intrinsic oligodendroglial maturation program of
myelination. As it has been shown that MOG is regulated at the transcriptional level, we analysed
the 5’ flanking region of Mog gene.
Sequence analysis of the 5’ Mog upstream region indicated several potential binding sites for
transcription factors including consensus binding sites already known for other myelin genes. In
transfection experiments canonical CAAT box at -101 and a putative TATA box (TAAT) at -50
were required for basal transcription. In the present study, authenticity of the TATA box was
investigated. Comparison of the affinity of a recombinant TFIID (TATA Binding Protein) for the
region of Mog promoter containing TAAT or canonical TATAA sequence was assessed by
competition gel shift assays, showing a very low affinity of TFIID for the TAAT sequence. This
fact can explain the very weak expression of Mog compared to other myelin protein genes. In
vitro footprinting experiments indicated the existence of sequences able to bind nuclear proteins,
but specificity and functionality of the interaction is not yet demonstrated. As in a previous
functional analysis of Mog promoter, a silencing region located between -657 and -1345 was
detected, in vitro transcription assays using brain nuclear extracts and reporter gene under the
control of the heterologous SV40 promoter were performed. The silencing activity was confirmed
and deletions analyses located this region more precisely between -1130 and -1373. These
results indicate that Mog transcription is mediated by a complex set of activating and silencing
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SPHINGOLIPID HYDROLYSIS COMPOUNDS ACTIVATE
DIFFERENT SIGNALING MECHANISMS IN CULTURED
OLIGODENDROCYTES. H. Hida, M. Takeda and B. Soliven*.
Dept of Neurology, The Brain Research Institute, The Univ. of
Chicago, Chicago, IL 60637.
Activation of sphingomyelinases by tumor necrosis factor-α induces
formation of highly bioactive compounds, namely ceramide (cer),
sphingosine (sph) and sphingosine-1-phosphate (SPP). To delineate
the modulatory actions of sphingolipid hydrolysis products, we have
investigated the effect of C2-cer, sph and SPP in cultured neonatal
oligodendrocytes (OLGs) focusing on two aspects: 1) ionic signaling
mechanisms; and 2) activation of mitogen-activated protein kinases
(MAPKs). C2-cer (10 μM) and sph (10 μM) induced apoptosis and
necrosis within 4.5 hours, respectively. SPP (10 μM) didn’t induce
apoptosis or necrosis. Using voltage-sensitive dye and fura-2 AM, we
found that C2-cer and SPP caused OLGs-depolarization, while sph
induced hyperpolarization. The latter was associated with an increase in
[Ca2+]i and Cf current. c-Jun N-terminal kinase 1 (JNK1), p38 kinase
(p38) and extracellular signal-regulated kinase 2 (ERK2) were
investigated using immune-complex kinase assays. C2-cer activated
p38 (1.87 times of control) and JNK1 (1.30 times of control). ERK2
and JNK1 were activated by sph (2.14 and 1.43 times, respectively) and
SPP (1.46 and 1.30 times, respectively), while p38 was slightly attenuated
by both products. We postulate that the differential ionic signaling and
activation of MAPKs by cer, sph and SPP contribute to different
biological outcomes in cultured OLGs.

ENDOGENOUS PROGENITORS IN ADULT RAT W HITE MATTER
RESPOND TO PERTURBATIONS IN VIVO. J.M. Gensert and J.E.
Goldman*. Depts. of Pathology & Physiology, Columbia Univ., NY, NY
10032.
Cycling progenitors persist in the adult mammalian CNS. An
antigenic profile of these cells has been generated, and their
developmental and migratory fates have been described. Here we
report on the developmental potential of these cells in vivo. Cycling
cells in subcortical white matter (cingulum and corpus callosum) of adult
rats were labeled by stereotactic injection of a replication-deficient lacZencoding retrovirus (BAG) followed 2 days later with various
perturbations.
Two of the perturbations involved disrupting
cytoarchitecture with stab wounds and producing a focal demyelination
with lysolecithin. The response of the BAG-labeled cells (visualized by
X-gal histochemistry or by immunocytochemistry with anti-β gal
antibodies) was monitored over a 30 day period. Following a stab
wound, the BAG-labeled population expanded, and the cells
elaborated branched processes. No expression of vimentin, S-100β
or GFAP was detected in BAG-labeled cells strongly suggesting that
astrocyte differentiation did not result; approximately 50% of the BAGlabeled cells, did express GST-Yp, a marker of cells in the
oligodendrocyte lineage. Following a focal demyelination induced with
lysolecithin, many of the BAG-labeled cells differentiated into
myelinating oligodendrocytes in the region of the lesion; MBP was
detected in the myelin of BAG-labeled oligodendrocytes.
In
conclusion, members of this population of endogenous cycling
progenitors show the potential to proliferate and to differentiate into
myelinating oligodendrocytes. The types of responses observed
appear to be specific to the pathological condition. (NS17125)

S u p p o r te d b y N a t ’l M S S o c ie ty Gr. R G 2 1 9 5 -C 4 a n d S p in a l
R e se a rc h F o u n d a tio n , # 12 4 0 -0 3 .

Cord

proteins.

(Supported by Swiss National Science Foundation Grant # 31.47010.96)
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DIRECT OBSERVATION OF M YELINATION IN VIVO IN THE MATURE
HUMAN CNS: A MODEL FOR THE BEHAVIOR OF OLIGODENDROCYTE
PROGENITORS AND THEIR PROGENY.
S.F. Hunter*, J.A.Leavitt, M.Rodriguez. Depts. of Neurology, Ophthalmology,
and Immunology, Mayo Clinic, 200 1st St. S.W., Rochester, MN 55905, USA
Progenitors of myelinating oligodendrocytes (ODC) probably extend and repair
regions of CNS myelin in humans. Otherwise, little is known about the behavior
of these cells in vivo. We have found a unique model for study of human CNS
myelination which provides insight into the behavior o f ODC progenitors. Retinal
myelin is a rare and usually asymptomatic developmental variant which occurs in
1 of 250 adult eyes. The position and extent of myelination by ODC in the retinal
nerve fiber layer (NFL) can be directly observed and measured in these eyes.
We quantitatively studied retinal myelin patches (n=60) in adults. Remarkably,
the papillomacular bundle was spared from myelination even though these smaller
axons are myelinated in optic nerve and contribute 25% o f total axons. The local
NFL thickness partially determined the patch size and position. Quanta of
myelinated tissue were apparent in multiples of 0.08-0.16 mm3. Serial evaluation
(n=5) over 6 to 11 years showed slow advancement of myelination in adults.
We propose that retinal myelin is produced by the clonal progeny of a few
founding ODC progenitors exhibiting two different behaviors, influenced in part
by local axons. First, a migratory, nonmyelinating progenitor requires larger
axons for migration and halts upon entry into areas with low axonal mass. Second,
more mature progenitors generate myelinating ODC well into adult life, but
migrate minimally, extending regions of myelination. We estimate 104 to 105
ODC are derived from a founding progenitor, a population doubling time for
adult ODC of 10 years, arid one proliferative progenitor per 500 ODC.
(Funding: Mayo Foundation and Research to Prevent Blindness,Inc.)

β -ADRENERGIC RECEPTOR ACT IVA TION INDUCES K+ C H A N N E L
PLASTIC ITY AND IN HIBITS O LIG O D EN D R O C YTE PR O G EN ITO R
PROLIFERATION THROUGH A Ca2+-INDEPENDENT, cAMP-DEPENDENT
MECHANISM. C.A. Ghiani*, A.M. Eisen, P. Knutson, P.B. Simpson, J.T.
Russell, C.J. McBain and V. Gallo. Lab. of Cell. and Mol. Neurophysiol.,
NICHD, NIH, Bethesda, MD 20892.
Activation of β-adrenergic receptors in cultured cortical rat oligodendrocyte
(O-2A) progenitor cells with isoproterenol (Iso) or norepinephrine (NE)
reversibly inhibited cell proliferation (IC 50=30 and 140 μ M, respectively)
stimulated by PDGF and/or bFGF, as measured by 3 H -th y m id in e
incorporation, α -adrenergic agonists (3-100 μ M) were ineffective. Treatment
of O-2A cells with Iso for 48 hr increased by 40-50% the proportion of O4+
cells in the cultures. Imaging experiments demonstrated that only NE and the
α 1 selective agonist phenylephrine produced significant intracellular Ca2+
transients. Iso and NE strongly increased (30-fold over baseline) intracellular
cAMP levels in O-2A cells, whereas α -adrenergic agonists were ineffective. 8Br-cAMP (1 mM) inhibited O-2A cell proliferation. Acute application of Iso, 8Br-cAMP or α -adrenergic agonists did not affect sustained or transient K+
currents. However, in cells cultured with Iso or 8-Br-cAMP for 48 hr, both a
decrease in outward K+ current density (28 and 51 %) and a rightward shift in
the voltage-dependence of activation were observed. Forskolin (50 μ M)
caused a 3-fold increase in intracellular cAMP levels and reversibly inhibited
O-2A cell proliferation (IC50= 21 μM). Acute application of forskolin decreased
the sustained K+ current amplitude by 63%, likely through a direct blockage of
K+ channels, because its effects were mimicked by dideoxyforskolin (DDFSK).
Exposure of O-2A cells to DDFSK for 48 hr did not modify K+ currents, but
inhibited cell proliferation (IC50=30 μM). Our results demonstrate that β adrenergic receptor activation modulates O-2A cell proliferation through a
mechanism involving K+ channel plasticity. Supported by NIH.
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ACTIVATION OF GLUTAMATE RECEPTORS REGULATES
OLIGODENDROCYTE DEVELOPMENT IN CEREBELLAR
MICROEXPLANTS. X.Q. Yuan, R.C. Armstrong* and V. Gallo. Lab. of Cell.
Mol. Neurophysiol., NICHD, NIH, Bethesda, MD 20892, *Dept. Anat. Cell Biol.,
USUHS, Bethesda, MD 20814.
Postnatal day 2-10 (P2-P10) cerebellar microexplants were maintained in
culture for 72 hr and labeled with bromodeoxyuridine (BrdU) for the last 24 hr.
Cells were acutely dissociated and stained with antibodies. After protease
dissociation, 80 % of the cells were recovered from the microexplants. LB1
and A2B5 did not stain granule cell neurons, microglial cells, or GFAP+ cells.
Between P2 and P10, the % of LB1+ and A2B5+ cells decreased from 11 to
0.8, and from 8.5 to 1.3, respectively. The BrdU index declined from 81 to 19%
(LB1+ cells), and from 76 to 22% (A2B5+ cells). Between P2 and P10, the %
of O4+ and O1+ cells increased from 1.6 to 6.7, and from 0.3 to 4.1
respectively. The BrdU index of O4+ cells decreased from 14 to 4%. O1+ cells
were BrdU-negative. In P6 microexplants treated for 48 hr with kainate and
AMPA (200μM), the % of LB1 + and A2B5+ cells decreased by 50%. Their
BrdU index also significant decreased. The non-NMDA glutamate receptor
(GluR) antagonist DNQX (30μM) increased by 70% LB1+ and A2B5+ cells,
and by 120 and 60% O4+ and O1+ cells, respectively. DNQX treatment of P6
microexplants significantly increased the % of O4+/BrdU+ cells (from 22 to
35), as well as the % of LB1+/BrdU+ (from 50 to 61) and A2B5+/BrdU+ (from
36 to 52) cells. Treatment with the NMDA receptor antagonist APV did not
modify the % of O4+ cells, nor their BrdU index. In P6 microexplants, GFAP+
cells did not incorporate BrdU and their % (3.7) was not modified by GluR
agonists or antagonists. Proliferation of purified cerebellar oligodendrocyte
progenitors cultured with PDGF and/or bFGF was inhibited by kainate, AMPA,
veratridine, tetraethylammonium and 45 mM K+. We conclude that glutamate
inhibits oligodendrocyte progenitor proliferation and lineage progression in
organotypic cultures and in different brain areas. Supported by NIH.

43.10
M E B A D E -R E P R E S S E S T H E P R O X IM A L M B P P R O M O T E R IN
O L IG O D E N D R O C Y T E S . C T av e g g ia, A P iz za g alli, M L F e ltri, J G rinspan2, J

Karnholz3 , and L W rab etz*. D IB IT , S an R affaele S cientific Institute, M ilano, Italy
20132; 2C hildren's H ospital o f P hiladelphia, P hiladelphia, P A 19104; 3W ayne
S tate U niversity School o f M edicine,D etroit, M I 48201.
T he central nervous system expression o f m yelin basic protein (M B P) is restricted
to oligodendrocytes and developm entally-regulated; these regulatory features are
transcriptionally-m ediated. W e previously show ed that the proxim al 149
nucleotides w as the m inim al prom oter region n ecessary to activate transcription of
M B P in cultured oligodendrocytes, but not in o th er cells. T he distal part o f this
149 nucleotide region, containing a nuclear fa cto r 1 (N F1) consensus binding site,
repressed activation o f the M B P pro m o ter in C os-7 cells, but not in
oligodendrocytes. W e now describe a sequence, upstream o f and partially
overlapping the NF1 site, that activates the M B P p ro m o ter in oligodendrocytes, but
n ot in C os-7 cells. W e have also identified a protein com plex w hich binds to this
site by electrophoretic m obility shift assay (E M S A ) and D N ase I footprinting
analyses. M yelinating g lia-enriched D N A binding activity (M E B A ) is enriched in
n uclear extracts prepared from brain, oligodendrocytes, and S chw ann cells, but not
from liver and several cell lines that do not transcribe M B P. In addition, the
am ount o f M E B A detected in nuclear extracts parallels M B P expression and
m yelinogenesis in brain during developm ent, and parallels new M B P expression as
C G 4 oligodendrocytes d ifferentiate in culture. M utations w ithin the overlapping
M E B A and NF1 binding sites distinguish M E B A , an activator, from N F 1, a
re p resso r o f M B P transcription, and suggest that M E B A consists o f at least tw o
proteins. S ince the binding sites o f M E B A and NF1 overlap, w e suggest that
M E B A m ay either com pete w ith or m odify NF1 binding, and thereby activate the
M B P prom oter in oligodendrocytes.
S upport: N IN D S , N M S S (U S); A IS M & ISS (Italy).
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ROLE OF PROTEIN KINASE C-MEDIATED CALCIUM INFLUX IN
OLIGODENDROCYTE PROCESS EXTENSION
A.S.J. Yoo*, C. Krieger and S.U. Kim. Division of Neurology, Department
of Medicine, University of British Columbia, Vancouver, Canada.
We have previously shown that PKC activation by phorbol ester
enhances process extension in cultured oligodendrocytes (OLG), and that
transmembrane influx of calcium (Ca2+) accompanies PKC activation. Ca2+
is known to have effects on morphological changes o f various cell types,
including neurite outgrowth. We investigated if Ca2+ influx plays a role in
OLG process extension. OLG-enriched cultures were prepared from adult
mouse brains and grown for 48 hrs in feeding media with various
concentrations of Ca2+, ranging from 0.01 mM to 7.2 mM. Our results show
that when cells are stimulated with phorbol ester, the degree of OLG process
extension is related to the concentrations of Ca2+ present in feeding medium.
OLG grown in the absence of phorbol ester exhibited minimal extension of
processes at different Ca2+concentrations. Results from fura-2 measurements
also show that Ro-31-8220, a PKC inhibitor, completely blocked phorbol
ester-induced Ca2+influx. In addition, Ro-31-8220/phorbol ester-treated OLG
showed no proportional enhancement of process extensions at various Ca2+
concentrations. Our results suggest that both PKC activation and the
consequent transmembrane influx of Ca2+ are important parameters in the
enhancement of OLG process extension. (Supported by the MS Society of
Canada.)

43.12
M ECHANISMS
OF
PROCESS
OUTGROW TH
BY
OLIGODENDROCYTES. Oh L.Y.S.* and Yong V.W. Department
of Clinical Neuroscience, University of Calgary, Calgary, AB, Canada
T2N4N1.
Process extension by oligodendrocytes (OLs) is an early critical event in
myelinogenesis. We have demonstrated that process outgrowth by adult
human OLs is promoted by astrocytes through a mechanism that involve
the co-operation of astroglial bFGF and an unidentified component(s) of
the astrocyte extracellular matrix (ECM). Of several purified ECM
molecules tested (laminin, fibronectin, vitronectin, HSPG, and tenascin),
none by themselves promoted process outgrowth by OLs, but laminin and
fibronectin augmented the effects of bFGF. Since the elongation of
processes along ECM may require the presence of proteases, we analyzed
and found that OLs produce matrix metalloproteinase (MMP)-9 to
facilitate process outgrowth. Inhibitors of MMPs (phenanthroline or a
dipeptide) blocked process extension by adult human OLs. Since
individual ECM components are known to bind to specific sets of integrin
receptors, we are investigating the expression and regulation of integrins
on OLs that allow their interaction with astrocyte ECM which leads to
process extension. Furthermore, the potential effects of integrin-ECM
interaction on MMP production by OLs is being examined. A mechanism
of integrin:ECM:MMP interaction for promoting oligodendroglial process
extension is proposed.
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EFFECTS
OF
EXPERIMENTAL
HYPOTHYROIDISM
ON
CNPase
EXPRESSION. P C. Barradas*, A.A. Ferreira, A.S. Ferraz and E.G. Moura. Instituto
de Biologia, UERJ, 20551-030, Rio de Janeiro, RJ, Brazil
Thyroid hormones exert important roles during nervous system development and
their absence leads to human cretinism. The finding that glial cells express nuclear
receptors for thyroid hormones raises the question that some o f the effects observed
in the congenital hypothyroidism may be related to a glial disfunction. The enzyme
2’3 ’cyclic nucleotide 3’phosphodiesterase (CNPase) has proved to be an useful
oligodendroglial marker. However, some evidences suggest that this protein play a
structural role associated to actin filaments instead o f an enzymatic function on
myelinogenesis. The effects o f experimental hypothyroidism on oligodendroglial
differentiation and myelination were studied by immunohistochemical localization o f
CNPase in developing rats. One group o f animals received methimazol since the 15th
gestational day, through maternal administration; other group received methimazol
after birth, through maternal administration and milk secretion, and another group
received no treatment. The anti-thyroid treatment was maintained after weaning until
the animals were killed (T), except for some animals in which the treatment was
interrupted to evaluate a possible recovery (R). Serum TSH levels was measured by a
rat specific radioimmunoassay (NIDDK-USA). We have observed initially a delay in
the onset o f CNPase expression followed by a decrease in the number o f CNPase+
fibers more evident in the corpus callosum, hipoccampus and cerebellum, in
experimental hypothyroidism. Furthermore, the ensheathed fibers in hypothyroid
animals, killed after the 45th post-natal day, seemed more CNPase-immunoreactive
than ensheathed fibers in normal animals. No differences were detected between R
and T groups. Our results show that the experimental hypothyroidism leads to a
decrease in CNPase expression that was not recovered if the treatment was
maintained during lactation. Furthermore, they suggest a possible role for thyroid
hormone on myelin compaction.
Supported by: CNPq, SR2/UERJ.

IM M U N O C Y TO C H EM 1C A L LO C A L IZ A T IO N O F C x26, C x32 A N D Cx43 IN
SCIATIC N ER V E DURIN G M OUSE DEV ELO PM E N T.
Shumin Zhao , David Hall*,
and David C. Spray. Departm ent o f N euroscience, A lbert Einstein C ollege o f M edicine,
Bronx, N ew York 10461.
Using im m unocytochem ical techniques, expression and distribution o f the gap junction
proteins C x26, C x32 and C x43 w ere exam ined in sciatic nerves o f new born, 1, 2 and
4w k old and adult m ice. In new born m ouse, these connexins w ere expressed only
w eakly in the sciatic nerve: C x32 was localized in the m yelin sheaths, Cx43 was found
in Schwann cell body and external m em brane, and C x26 was only in external m em brane.
A t 1w k postnatally, Cx32 was prim arily found in the m yelin sheaths, Schm idtLanterm an incisures and N odes o f R anvier; Cx43 rem ained localized to Schw ann cell
body and external m em brane, but the expression w as stronger than in new born anim als;
C x26 expression rem ained low, with a pattern sim ilar to C x43. A t 2w k, Cx32
im m unostaining was intense at the N odes o f Ranvier, and also within the m yelin sheaths
and Schm idt-Lanterm an incisures, w hereas Cx43 and C x26 w ere found on m em branes
throughout the S chw ann cells, but not at the N odes o f R anvier. At 4w k, all patterns o f
C x26, C x32 and Cx43 w ere sim ilar to that seen at 2wk. In the adult m ouse, the
localization and distribution o f Cx32 w ere sim ilar to that seen at 4w k. N otably, C x43
expression could be detected at the N ode o f R anvier in the adult, although its
im m unoreactivity was w eak in com parison w ith that o f C x32. C x26 w as never found
within the paranodal region. These results indicate that the gap ju n ctio n proteins Cx26,
Cx32 and Cx43 are expressed in the peripheral nervous system at the early postnatal tim e
points in m ouse. The different localization and developm ental profiles o f these
connexins in Schw ann cells suggest that they provide distinct functions during the
process o f m yelination.
Supported by NIH N S 34931, N IH -5 P O I-0 7 5 12, and grant-in-aid from M uscular
D ystrophy A ssociation.
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SOX PROTEINS IN GLIAL CELLS
K. Kuhlbrodt, B. Herbarth, E. Sock, I. H ermans-Borgmever, and M.
Wegner*. Zentrum für Molekulare Neurobiologie, Universität
Hamburg, Martinistr. 52, D-20246 Hamburg, Germany.
Sox proteins belong to the group of HMG-box proteins. They are
characterized by a conserved DNA binding domain with similarity to the
HMG-domain o f the sex determining factor SRY. Members of this
family have been shown to be important transcriptional regulators in
developmental processes such as spermatogenesis, chondrogenesis and
haemopoiesis. Several Sox proteins also exhibit prominent expression
in the developing nervous system. At present it is however unknown,
whether Sox protein expression is confined to glial or neuronal cell
lineages, or present in both. We employed a degenerate PCR-strategy to
identify Sox proteins in Schwann cells. The majority o f obtained clones
were derived from a single Sox protein. We identified its complete
amino acid sequence. As this protein had not been characterized before,
we studied its expression during development and in the adult using a
combination of Northern blot analyses and in situ hybridization. Our
analyses revealed a widespread expression in glial cells o f the PNS and
CNS. This expression started early in development and continued
throughout adulthood. Experiments will be presented that address the
function of this Sox protein in glial cells.

43.17
UP-REGULATION OF MYELIN GLYCOLIPIDS IN SCHWANN
CELL LINE, MS-1, WITH BDNF
M .Yam awaki*1, K.Watabe2, S .U .K im 3, M .M ichikawa4
1. Dept. of Neurology, Saitama Rehabilitation Ctr., Ageo, Japan
2. Dept. of Neuropathology, Jikei Univ. Sch. of Med., Tokyo,
Japan ; 3. Div. of Neurology, Dept. of Medicine, Univ. of Britishi
Columbia, Vancouver, Canada; 4. Dept. of Dementia Research,
National Institute of Longivity Science, Obu, Japan
Glycolipids(GSLs) are abundant in peripheral nerve myelin and
thought to play a putative role during m yelin ation . The m yelination
and remyelination are initiated by Schwann cell division with
various growth factors such as IGF-1, PDGF and TGF-b. To
investigate the GSL change in mitotic stage of Schwann cells, we
quantitatively analyzed GSL composition of Schwann cell line,
MS-1, stimulated with various growth factors. The component of
unstimulated MS-1 revealed GM1(134+24 ng/mg Protein), GD1a
(602+37 ng/mgP), GD1b(23.4+3.5 ng/mgP), and GT1b(39.0+2.5
ng/mgP). GQ1b and L2/HNK-1 bearing GSLs were not detected from
unstimulated MS-1. After stimulation of MS-1 with BDNF, GM1
and GD1a were increased, while GD1b and GT1b were decreased,
suggesting down-regulation of sialyl transferase II (ST-II). With
BDNF stimulation, we also found up-regulation of a GSL bearing
L2/HNK-1 epitope, which is known as a cell adhesion molecule. We
conclude that BDNF regulate GSLs which are putative component of
peripheral nerve m yelin .
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43.16
SMALL
GTP-BINDING
PROTEINS
REGULATE
ACTIN
CYTOSKELETON REORGANIZATION IN SCHWANN CELLS. Y. Li, J .
Meinkoth, L. Rutkowski*, and G. T ennekoon. Departments of Neurology,
Pediatrics and Pharmacology, University o f Pennsylvania
The differentiation of Schwann cell (SC) to a myelin forming cell is
governed by extracellular cues that induce the expression of a hierarchy o f
transcription factors that alter the cellular phenotype.
The signal
transduction pathways that coordinate the extracellular cues with the
nuclear changes in SCs is not well understood. Previous studies from our
laboratory has dem onstrated that activation of the Ras/Raf/MAP kinase
pathway results in growth arrest and increased expression of myelin protein
genes. Here, we investigated the role o f Ras dependent R af independent
pathway in regulating SC behavior. When SCs are treated with serum, the
cells very rapidly increase actin stress fiber formation, which is blocked by
microinjection of ADP-ribosyltransferase C3 from clostrudium botulinum
which ADP ribosylates and inactivates the Rho protein.
M oreover,
microinjection of activated Rho induces actin stress fiber formation,
indicating that actin stress fiber formation in SCs is a Rho dependent
process. Other members of the Rho family produced different changes in
SCs.
M icroinjection of activated Rac induces the appearance o f
lamellipodia whereas activated Cdc42 induces the appearance o f
microspikes. To study which regions of the Ras protein produces these
changes, mutations in the Ras effector domain (residues 32-40) which
impair different downstream effects of Ras were used. Injection of H-Ras
(12V, 35S), a protein that retains R af-1 binding, has no effect on actin
cytoskeleton reorganization. Injection of H-Ras (12V, 37G), a protein that
fails to bind Raf-1, however, induces actin stress fiber formation whereas HRas (12V, 40C) protein that also fails to bind Raf-1 induces m em brane
ruffling. This indicates that Ras (12V, 37G) and Ras (12V, 40C) interact
with different downstream effectors to produce the changes seen in SCs.
Supported by a grant from NMSS and NS33130.

43.18
AXONAL REGULATION OF SCHWANN CELL SIGNAL TRANSDUCTION
PATHWAYS: THE ROLE OF CREB PHOSPHORYLATION IN SCHWANN
CELL PROLIFERATION M. M. Lee, A. Badache, and G. H. DeVries*
Dept.of Cell Biology, Neurobiology, and Anatomy & Loyola University Chicago Medical
Center and Hines VA Hospital, Hines, IL 60141
Axons regulate Schwann cell (SC) proliferation and myelination during development and
after nerve injury. However, it is not clear which intracellular signal transduction pathways
are involved in the axon-induced proliferation of SC. We have previously shown that SC
proliferation induced by axonal membrane is accompanied by an increased expression of
cyclic AMP-responsive element binding protein, CREB (J. Neurosci. Res. 46:204,1996).
Using immunocytochemistry and Western blot analysis, we have now investigated the
pathways utilized by axons to regulate the phosphorylation and activation of CREB. This
study utilized specific inhibitors: H89 against protein kinase A (PKA);
bisindolylmaleimide (BIM) against protein kinase C (PKC); and KN62 against
Ca++/Calmodulin dependent protein kinase II (CaMKII) activities. H89 and BIM
completely blocked axon-induced SC proliferation while KN62 only had a partial inhibitory
effect Phospho-CREB was significantly increased after 16 hrs of axonal stimulation and
continued to increase until 48 hrs, and subsequently decreased. The activation of CREB
was completely abolished by H89 ( l0μM), but BIM (10μM) and KN62 (5μM) had only
minor effects on axon-induced CREB phosphorylation. These data are consistent with the
view that there are at least three pathways by which axons regulate SC proliferation: PKA
and PKC appeared to be essential while CaMKII plays a lesser role. PKA-dependent
proliferative response is mediated by the phosphorylation of CREB. However, the mitotic
pathways mediated by both PKC and CaMKII do not require CREB activation. The PKC
and CaMKII may regulate the proliferative response of SC downstream of the
PKA/phospho-CREB pathway. (Supported by NS 15408)
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MIDKINE IS DIFFERENTIALLY EXPRESSED IN NEUROFIBROMINDEFICIENT SCHWANN CELLS AND HUMAN NEUROFIBROMAS. G.A.
M ashour*1, N. Ratner3 . R.L. M artuza1, A. Wellstein2. and A. Kurtz1’2. 1Dept. of
Neurosurgery, 2Dept. of Pharmacology, Georgetown Univ. Sch. of Med.,
Washington, D.C., 20007; 3Dept. of Cell Biology, Univ. of Cincinatti Coll. of
Med., Cincinatti, OH, 45267-0521.

EFFECT OF β-DENDROTOXIN AND IBERIOTOXIN ON WHOLE-CELL
DELAYED RECTIFIER POTASSIUM CURRENTS IN
RABBIT
SCHWANN CELLS. C.A. P a p p a s a n d J.M. R itc h ie *. D ept. o f
Pharm acology, Yale Univ. Sch. of Med., New H aven, CT 06520.
R abbit S c h w a n n c ells i n c u ltu re e x p re ss a t le a s t 3 o u tw a rd
rectifier K+ channels, d is tin g u is h e d b o th b y t h e i r k in e tic s a n d
p h a rm a c o lo g ic a l c h a r a c te ris tic s .
Type I, a fa s t c u r r e n t
a c tiv a tin g a t a b o u t -60 mV, is s p e c ific a lly b lo c k e d b y α d e n d ro to x in w h e re a s ty p e II, w h ic h a c tiv a te s c o n sid e ra b ly
m o re slow ly a n d w h o se a c tiv a tio n th re s h o ld is a b o u t 20 mV
m o re po sitiv e, is n ot. B oth ty p e I a n d ty p e II, h o w e v e r, a r e
blocked by 4-am inopyridine. They are also blocked by TEA, as is
th e th ir d c h a r a c te riz e d S c h w a n n c e ll c u r r e n t (ty p e I I I). This
la tte r c u rre n t is activ ated only a t positive p o tentials, has a high
sin gle-channel c o n d u ctan c e (a b o u t 60 pS a t 0 mV w ith n o rm a l
K+ g ra d ie n t). I t th u s h a s m a n y c h a r a c te r is tic s o f a Ca2+a ctiv ated K+ c u rre n t. The ty p e I I I c u r r e n t is n o t b lo c k e d b y α d e n d ro to x in b u t is b lo c k e d b y ib e rio to x in , w h ic h f u r t h e r
su g g e sts a Ca2+-a c tiv a te d K+ c u r r e n t. B oth ty p e I a n d ty p e 11
c u rre n ts a p p e a r to be re d u c ed by β-d e n d ro to x in . H ow ever, th is
seem s less d u e to sim ple ch an n el block th a n to a sh ift in the I-V
c u r v e i n th e d e p o la riz in g d ire c tio n (b y u p to 40 mV). W hile
snake a n d s c o rp io n to x in s a re k n o w n to s h if t a c tiv a tio n o f Na+
c u r r e n ts i n th e h y p e rp o la riz in g d ire c tio n , th is s h if t i n th e
d epolarizing directio n o f K+ c h a n n e l a c tiv a tio n seem s u n u s u a l.
S u p p o rted by a g ra n t NS 12327 from th e USPHS.

Neurofibromatosis Type 1 (NF1) is a common genetic disorder of the nervous
system, and most characteristically manifests as multiple neurofibromas. The loss
of the tumor suppressor neurofibromin ( N f1 ) is thought to be central to NF1
pathogenesis. Schwann cells isolated from N f1 knockout mice manifest numerous
phenotypic changes, including invasiveness, altered morphology, and angiogenic
activity (Kim, H.A., et al, 1995, 1997). We sought to investigate molecular mediators
of this angiogenic activity. We now show using RT-PCR that Nf1-deficient
Schwann cells increase expression of the angiogenic factors fibroblast growth factor
type 2, platelet-derived growth factor, a novel perlecan-like molecule, midkine
(MK), and truncated MK. These data suggest a general alteration in the angiogenic
profile of Schwann cells lacking N f1. MK appeared to be m ost dramatically
upregulated, and is typically not expressed in normal adult tissues. We thus screened
for MK expression in various human nervous system tumors. Northern analysis
revealed MK expression in 4/4 neurofibromas and 3/5 neurofibrosarcomas, as well
as 6/6 schwannomas, 2/2 astrocytomas, and 1/2 m eningiomas. Truncated MK,
which has been suggested to have a pathologic role in other tumor types, was
expressed in 2/5 neurofibrosarcomas. MK is normally expressed early in gestation,
exprsionthadulvym
g. and has a variety .of effects on neural development. These data suggest that MK
bcw

Supported by grants from NF Inc. (to R.L.M.) and NIH (#NS28840 to N.R.).
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EFFECT OF DEPOLARIZATION ON CYTOCHROME OXIDASE GENE
EXPRESSION IN PRIMARY NEURONAL CULTURE OF RAT
CORTEX. C. Zhang* and M. Wong-Rilev. Dept. of Cellular Biol. and Ana.,
Medical College of Wisconsin, Milwaukee, WI 53226.
Our goal was to determine if depolarization caused any changes in subunit
gene expression of cytochrome oxidase (C.O.) in cultured neurons from
postnatal rat cortex. We also wished to know if the level of transcription
factor (GA-binding protein) for C.O. would be altered by changes in neuronal
activity. We analyzed C .O. activity, C.O. subunit mRNAs, and the
distribution of GA-binding protein by C.O. histochemistry, in situ
hybridization, and immunocytochemistry, respectively. Depolarization was
induced in vitro by 20 mM KC1. Under normal conditions, C.O. activity in
neurons increased with time in culture. Likewise, mRNA levels of C.O.
subunit II (mitochondrial-encoded) and subunit VIa (nuclear-encoded)
increased with time in untreated cultures. Moreover, β subunit of GA-binding
proteins was found in both cytoplasm and nuclei of cultured neurons. In
cultures treated with KC1 for two days, there was a significant increase
(p<0.01) in C.O. activity of neurons. Immunoreactivity of β subunit of GAbinding protein was increased, and was more concentrated in neuronal nuclei
in comparison to untreated sister cultures. Furthermore, the levels of C.O.
subunit mRNAs was upregulated. Our data indicate that increased
depolarizing activity induces transcriptional regulation of cytochrome oxidase
in response to heightened energy demand. The β subunit of GA-binding
protein may play a role in probing changes in neuronal activity and in
adjusting the level of transcription of C.O. subunit mRNAs.
(Supported by NIH grant EY05439).

A P O L IP O P R O T E IN D IN C R E A S E S IN R A T H IP P O C A M P U S F O LLO W IN G
E N T O R H IN A L C O R T E X L ES IO N IN G M. D a nik1*, L. T e rrisse2, D. D e a 1, J .
P oirie r1 and E. R assart2. 1D o uglas Hospital R esearch C entre, M cG ill University,
M o n tréal, Q u é bec, C anada, H4H 1R3; 2D é p arte m e nt des Sciences B iologiques,
U niversité du Q u é bec à M o n tréal, M o n tréal, Q u é bec, C anada, H3C 3P8.
A po lip o prote ins E, D, and J are co m p on en ts o f plasm a lipoproteins. In
co ntra st to o th e r kn ow n apo lip o pro teins (apos), the y are synthesized in m ost
tissues, the brain representing a m a jo r and se em ing ly priviledge site of
expression. These observa tion s sugg est th a t apoE , -D, and -J play an im portant
role lo cally, particula rly in the central nervou s system (C NS). Local
hipp o cam pa l upreg ulatio n o f apoE and apoJ w a s p reviously show n to occur
fo llo w in g e xperim ental d e a ffe re n ta tio n o f the dentate gyrus in the rat by
entorhinal co rtex lesioning (ECL). The increase in m R N A le vels fo r both apos
fo llo w e d sim ilar tim e co urses w hich corre la te d with term in al p roliferation and
e arly reactive synaptogenesis.
Here, w e re p ort tha t hippo cam pa l apo D tra nscript and protein le vels increase
ip sila terally a fte r E CL show ing a tim e course th a t is also sim ila r to those of apoE
a nd apoJ. W e o bserved a 54% in crease in a poD m R N A le vels 4 days post
lesion (D PL) w hich d ropped to 42% afte r a w e e k (6-8 DP L) and returned to
baseline by the end o f the second w e e k (14 DPL). These a poD m R N A changes
w e re p arallele d by ch an ge s in corre spo n ding protein and su pp ort the hypothesis
o f co m p le m e n ta ry tro ph ic and coordin a te d role s b etw een the apos follow ing
in ju ry to the CNS. In o rd er to gain m ore insight into the physiological role of
these three apo s in the CNS, w e have investigated apoJ and a poD protein and
m R N A le vels in several brain regions fro m a p o E -de ficie n t mice. D iffe re nce s in
le vels o bserved in som e brain structures w ill be discussed in relation to local
lipid h om eostasis.
(S upported by the Fonds de la R eche rch e en S anté du Q u é bec, the C anadian
M edical R e search C ouncil and the A lzh e im e r Society o f C anada.)
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HEAT SHOCK PROTEIN 70 IMMUNOREACTIVITY IN THE
NORMAL, UNSTRESSED, RAT EYE: A COMPARISON OF
CONSTITUTIVE AND INDUCIBLE FORM S. D.O. Dean*, C.R. Kent &
M. Tytell. Department of Neurobiology & Anatomy, Bowman Gray School of
Medicine, Wake Forest University, Winston-Salem, NC 27157.
Heat shock proteins, or stress proteins, are a group of highly conserved proteins
expressed by virtually all organisms. In the eye, many of these proteins are
constitutively expressed throughout normal ocular development and aging and/or can
be induced by a variety of metabolic stresses, including heat shock and exposure to
bright light. In this study, we have examined expression of the constitutive (Hsc70)
and inducible (Hsp70) isoforms of the 70Kd heat shock protein in normal,
unstressed, rat eyes. While this lab has published previously, studies with the
Hsp70 antibody, a new improved fixation procedure has increased sensitivity and
permined visualization of hitheno undetectable staining.
Eyes from male Sprague-Dawley rats (200-300g) were fixed in methacam and
embedded in paraffin. Ten micron thick sagittal sections through the optic nerve
were stained with haemotoxylin and eosin, or incubated with the appropriate heat
shock protein, or control IgG. Bound antibody was visualized via an avidin-biotinhorseradish peroxidase detection system.
Our results show that both isoforms are present in the eye. Hsc70 immuno
reactivity was observed in all layers of the retina, except the outer segments. In
retinal pigment epithelium, staining was restricted to cells by the optic nerve-retina
junction. Intense staining was also observed in glial nuclei of the optic nerve,
while very weak staining was observed in basal and wing cells of the limbal and
corneal epithelium. In contrast, Hsp70 immunoreactivity was intense only in the
outer nuclear layer and inner segments of the retina. There was also strong Hsp70
staining in basal and wing cells of limbal cornea and a similar, but weaker, pattern
in corneal epithelium. No such immunoreactivity was observed in the optic nerve.
In sum, our results indicate that Hsc70 is the predominant isoform in the optic
nerve and retina of unstressed rats, while Hsp70 predominates in limbal and comeal
epithelium. Supported by NEI grant EY07616.

IN VITRO BIOSYNTHESIS AND METABOLIC STUDY OF DENTATORUBRAL-PALLIDOLUYSIAN ATROPHY (DRPLA) GENE PRODUCT: A
PHOSPHORYLATED PROTEIN IN VIVO. K Nakamura*, N Nukina, M.
Yamada, and I. Kanazawa. Dep. of Neurology, Div. of Neurosci., Graduate
Sch. of Med. Univ. of Tokyo, Tokyo 113, Japan.
DRPLA is one of the diseases caused by an unstable expansion of a CAG
repeat. We previously reported that the apparent molecular weight of
DRPLA protein estimated by SDS-PAGE is much larger than that predicted
from the amino acid sequences. To resolve this problem, we carried out an in
vitro translation studies of human DRPLA cDNA and established the stable
cell line expressing a m utant DRPLA protein. The molecular weight of
expressed gene (64 repeats)product in HeLa cells is 205 kDa and is similar
to that of endogenous DRPLA protein. The molecular weight of the primary
translation product revealed 178 kDa (10 repeat) and 187 kDa (64 repeat) in
SDS-PAGE, which is slightly smaller than the endogenous gene product (190
kDa) expressed in HeLa cells and DRPLA protein in affected brain (190 kDa
and 205 kDa). However, they are almost one and a half times larger than the
estimated molecular weight (124 and 131 kDa). These data strongly
suggested that aberrant electrophoretic mobility of DRPLA protein is mainly
caused by its unique amino acid sequence. We also demonstrate that
DRPLA protein is a phosphorylated protein and has no N-linked
glycosylation in three possible N-glycosylation site by the metabolic labeling
and in vitro translation study with or without canine pancreas microsome. In
addition, we could not detect any significant difference of phosphorylation
between mutated DRPLA protein and normal one, suggesting that the
phosphorylation is related only to the normal function of this protein.

PHAGOCYTOSIS OF ROD OUTER SEGMENTS (ROS) IS A
SELECTIVE TRANSCRIPTIONAL ACTIVATOR OF PEROXISOME
PROLIFERATOR-ACTIVATED RECEPTOR GAMMA (PPAR γ ) IN
RETINAL PIGMENT EPITHELIUM (RPE) CELLS. A.V. Ershov, D. M.
Linn* and N.G. Bazan. LSUMC Neuroscience Center, New Orleans, LA.
Phagocytosis of used tips of rod outer segments (ROS) by RPE cells is
vitally important for maintaining structural and functional integrity of the
retina. We found that receptor-mediated specific phagocytosis of ROS
induces expression of certain early response genes encoded for
transcription factors (Ershov, Lukiw, Bazan, J. Biol Chem. 271:2845828462, 1996). This early gene response can be differentially and
specifically modulated by prostaglandins including PGD2 and its
metabolites PGJ2 and 15d-PGJ2 which have recently been shown to be
natural ligands for PPARy. We studied the expression of peroxisome
proliferator-activated receptors α , β and γ during the phagocytosis of ROS
by rat RPE cells in primary cell culture, using competitive quantitative
RT-PCR. During phagocytosis of ROS by RPE cells RT-PCR revealed a
transient increase in mRNA expression of PPAR γ with a peak at 4-6 hr.
PPARa and PPAR0 mRNA expression was also detected in RPE cells,
but no change in the level of expression was observed during ROS
phagocytosis. Selective activation of PPAR γ may play an important part
in regulation of expression of target genes modulated by photoreceptor
renewal process (e.g., docosahexaenoic acid and/or prostaglandins) in
RPE cells and may comprise a signal transduction mechanism associated
with a putative ROS-phagocytosis-receptor of RPE cells. (E Y05121).
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ISOLATING RNAS THAT BIND TO THE FRAGILE X FMR1
PROTEIN USING DIFFERENTIAL DISPLAY. R. Denman,W. Ted
Brown, and J. R. C urrie*. NYS Institute for Basic Research, 1050
Forest Hill Road, Staten Island, NY 10314.
The Fragile X protein, FM R1, is an RNA binding protein known
to associate with 60S ribosom al RNA, its own mRNA and
approximately 4% of fetal brain mRNAs via KH and RGG binding
domains. To isolate and characterize the brain RNAs that FM R 1 binds,
we have employed a novel strategy in which biotinyhited FM R 1.
produced by a coupled transcription-trans’ation system and bound to an
avidin solid support, is used to capture FM R 1-specific RNAs. The
FM R 1-bound RNAs are then eluted from the solid support and
amplified by differential display (DDRT-PCR). Under ionic conditions
where FM R 1 binds polyribosomes (150 mM NaCl), normal human
parietal cortex RNA bound specifically to the FM R 1 solid support.
Using five unique primer-pairs, four candidate FM R 1-binding RNAs
were isolated from an initial screening of the bound RNA. The
identities of these RNAs are currently being determined, and the results
will be placed in context with the localization and function of other KHdomain and RGG-domain containing proteins.
This work was supported, in part, by NYS Office o f Mental
Retardation and Developmental Disabilities grant 914-4353A and NIH
grant 1146A.
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44.7
DIFFERENTIAL DEVELOPMENTAL REGULATION OF DNA REPAIR
ENZYMES THAT ADDRESS ENDOGENOUS DNA DAMAGE IN THE RAT
BRAIN. PJ. Brooks* and Cheryl Marietta Section of Molecular Neurobiology, Lab.
of Neurogenetics, NIAAA, Rockville, MD 20852
Cells have evolved several different types of DNA repair systems to protect
genomic DNA from endogenous damage such as oxidation, deamination, and attack
by lipid peroxidation products. In this work, we have investigated the developmental
regulation of base excision repair enzymes that address these different types of damage
in the embryonic (El6) and adult rat brain. A polyacrylamide gel based cleavage assay
was used to examine the following enzyme activities: Uracil DNA glycosylase (UDG)
and Thymine DNA glycosylase (TDG), which address G:U and G:T mismatches
arising from deamination of cytosine and 5-MeC, respectively; Alkyl adenine
glycosylase (Aag), which addresses ethenobase adducts arising from attack of lipid
peroxidation products on DNA; and Oxo-G glycosylase (OGG), which addresses the
major oxidative DNA damage product 8-oxodG. We also examined the long-patch
mismatch repair (MMR) pathway by Western blotting for the mismatch repair protein
MSH2. Results: All enzymes were present at higher levels in the embryonic than the
adult brain. However, the magnitude of this developmental down-regulation varied
between enzymes. The greatest down-regulation was observed for UDG and TDG.
This may reflect the fact that the rate of deamination is greater in single stranded DNA
(as would occur during DNA replication) than in double stranded DNA. In contrast,
relatively little down-regulation was observed for OGG, Aag, and MSH2.
Maintenance of OGG and Aag levels may reflect the importance of protecting genomic
DNA from oxidative and lipid peroxidation damage in both the embryonic and adult
brain. Finally, given that DNA pol β is the most abundant polymerase in adult brain
neurons, and has an error rate of 1:5000 bases, continued expression of the MMR
system (MSH2) in adult brain may act to repair misincorporation errors by
pol β during DNA repair synthesis. Supported by DICBR, NIAAA, NIH.

44.9
PARTIAL SEQUENCE AND COMPARISON OF RAT AND FERRET
PRODYNORPHIN. E.A. Doutova1*, Z. Li2, A.R. Light2 , M.F. Gov2 and
W. Maixner1. Dental Research Center and Department of Physiology2,
University of North Carolina, Chapel Hill, NC, 27599-7455.
The prodynorphin derived peptide dynorphin has been implicated in
several biological functions. Prodynorphin expression is increased in the
spinal cord and trigeminal nucleus complex in response to peripheral
tissue injury. We have developed a riboprobe for ferret and rat
prodynorphin mRNA which we intend to use to study prodynorphin
expression in reponse to peripheral tissue injury. The rat probe was
generated by PCR using a previously cloned cDNA as template (Douglas
et al. Mol. Endo. 3:2070-2078, 1989). The probe spans bases 772-983 of
the rat prodynorphin sequence. The ferret probe was generated by first
identifying regions of greatest cDNA sequence homology that include
regions coding dynorphin A, dynorphin B and neoendorphin from 5
species (rat, human, bovine, pig, guniea pig) and designing degenerate
oligonuclotide primers for RT-PCR. A product with the desired length was
cloned into pGEM and sequenced. The insert contains 212 bases that are
homologous to a region spanning bases 772 to 983 of the rat prodynorphin
sequence. Translation of the cDNA showed that it has 83% homology in
amino acid sequence with the rat sequence. Comparing the ferret’s
sequence of amino acids with the 5 species noted above showed that the
domains of neoendorphin, dynorphin A and dynorphin B are the most
conserved portions of the prodynorphin gene. Ongoing studies will
examine the suitability of these riboprobes for in situ hybridization studies
that examine the expression and regulation of prodynorphin in response to
peripheral tissue injury.
Supported by: DE 11661 (WM); NS16433 and DA04420 (AL).

44.11
CHARACTERIZATION OF A HUMAN GDNF GENE-PROMOTER.
C. Suter-Crazzolara1, P.A. Baecker2, R.M. Johnson2* and K. Unsicker1.
1Dept. of Anat. & Cell Biol., Univ. Heidelberg, INF 307, D-69120
Heidelberg, Germany and department of Neurobiology, Center for
Biological Research, Roche Bioscience, Palo Alto, CA94304.
GDNF is a distant member of the TGFβ superfamily and a potent
neurotrophic factor for midbrain dopaminergic and motor neurons.
Furthermore, the mRNA for this factor is found in many peripheral organs,
most notably the kidney. To study regulation of this factor, we have already
investigated the effects of a broad array of cytokines and substances on
GDNF mRNA levels in C6 cells (Suter-Crazzolara and Unsicker, Mol.
Brain Res., 41,1996,175-182).
To address the question how GDNF expression is regulated in a time- and
tissue-specific fashion, we have begun to analyze the GDNF gene. From a
human genomic DNA library, we have obtained a fragment which is located
upstream of the GDNF start codon. This fragment was fused to a luciferase
reporter gene. The resulting construct showed varying promoter activity in
several cell lines, including human embryonic kidney 293, pheochromocytoma PC12, neuroblastoma Lanl, glioblastoma C6 and rat
primary cortical and striatal astrocytes. By RT-PCR, a cDNA was
obtained from human brain, which appears to originate from this promoter.
Deletion analysis of the genomic fragment revealed the presence of cell typespecific regulatory elements. Study of these elements will foster the
understanding of the transcriptional regulation of this member of the TGFB
superfamily.
Supported by DFG (Un34/16-2)
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44.8
STRUCTURE AND REGULATION OF THE RAT INDUCIBLE NITRIC OXIDE
SYNTHASE (NOS2) GENE. R. Keinanen*, N. Vartiainen, V. Parviainen, K.
Kurkinen and J. Koistinaho. A.I. Virtanen Institute, University o f Kuopio, P.O. Box
1627, FIN-70211 Kuopio, Finland.
Nitric oxide (NO) has several important functions in normal physiology. In
addition, it is associated with different disorders, such as brain ischemia and
demyelinating diseases, although yet with incompletely understood consequences.
Three different nitric oxide synthase (NOS) enzymes, each encoded by a separate
gene, account for the NO formation. Unlike the constitutively expressed NOS1 and
NOS3, the transcriptionally induced NOS2 is responsible for the long-lasting and
abundant NO formation, thus likely being involved in pathological conditions.
In order to study the transcriptional regulation o f NOS2, its gene was cloned from
a rat genomic library and characterized in detail. The gene is composed o f 25 protein
coding exons varying between 50 to 595 bp in length. The exon-intron junctions
mostly obey the AG/GT-AG rule. The NOS2 cofactor (FMN, FAD, and NADPH)
binding sites, are each encoded by separate exons. However, the sequence for
calmodulin binding site is divided between two distinct exons. There are several
sequence patterns identical or similar to known transcription factor binding sites in
the 5'-flanking region o f the putative transcription initiation site. These include
sequences specified as an IFN-γ response element, γ -activated site, N F kB, IFNαstimulated response element, activator protein 1, and TNF response element. Their
function and significance are to be studied in further detail.
Understanding the regulation o f the NOS2 gene at the molecular level will likely
support the design o f new therapeutical approaches to interfere with the abundant and
potentially harmful NO production.

44.10

A NOVEL PROMOTER ALLOWS REGULATED AND
CONSTITUTI VE EXPRESSION OF THE HUMAN GDNF GENE
P. Woodburv, D. G. Schaar, L. Ramakrishnan, and I. B. Black*
Department of Neuroscience and Cell Biology, RWJMS-University of
Medicine and Dentistry of New Jersey, Piscataway, NJ 08854
Glial cell line-derived neurotrophic factor (GDNF) is the most potent
known survival factor for substantia nigra neurons, which degenerate
in Parkinson's disease, for spinal motoneurons, which die in Lou
Gehrig's disease, and for Purkinje neurons, the critical outflow cells
of the cerebellum. Moreover, targeted deletion of the GDNF gene
results in renal dysgenesis and abnormal development of the enteric
nervous system. GDNF mRNA is expressed in a complex
temporospatial pattern in the central nervous system and the periphery,
consistent with these observations. To begin elucidating mechanisms
regulating the pattern of expression of GDNF, we have cloned the
human gene, and characterized its novel promoter. The promoter is
highly GC rich, and lacks canonical CCAT-box and TATA-box
motifs. It contains more than twelve binding sites for known
transcription factors. These cis-elements exhibit the potential to
interact with factors regulating constitutive expression (Sp1) and
developmental expression (bHLH). Moreover, the promoter contains
sites for binding transcription factors which respond to environmental
signals, including CREB, AP2, Zif/268, NFkB, and MRE-BP.
Combinatorial actions of these transcription factors may account for
the extraordinarily complex expression patterns of the GDNF gene,
and offer novel therapeutic targets.
Supported by HD23315

44.12
CHARACTERIZATION OF 8 NOVEL GENES ENCODING PROTEINS
WITH EGF-LIKE MOTIFS IDENTIFIED BY THE MOTIF TRAP
SCREENING. M. Nakavama*, D. Nakaiima, T. Naease, N. Nomura, and
O. Ohara Kazusa DNA Research Institute, Kisarazu, Chiba 292 Japan
The epidermal growth factor (EGF)-like domain consists of an approx.
50 amino acid residues with a characteristic pattern of three disulfide
bonds and is thought to play a key role in extracellular events including
cell adhesion and receptor-ligand interactions. In fact, many essential
proteins relating to neuronal development such as Notch family proteins,
reelin, agrin and tenascin contain multiple EGF-like domains in their
extracellular portions. Since the amino acid sequences of these domains
have little in common except for the conserved location of cysteine
residues, genes coding for EGF-like domain-containing proteins could not
be systematically identified either by colony hybridization under relaxed
conditions or by PCR method using degenerated primers. To efficiently
identify unknown genes for EGF-like domain-bearing proteins, we have
developed a new method named the motif trap screening that is based on
the accumulated single-pass sequencing data. By this screening, we could
successfully identify 8 novel genes that encode proteins with EGF-like
domains besides those for reelin, Notch 4 homologues, and some other
known proteins. The RT-PCR analysis revealed that mRNAs derived
from these novel genes were detected predominantly in brain and some
were expressed in a brain region-specific manner. In particular, one of
these genes showed cerebellum-specific expression. Region-specific
expression patterns and the characteristic features of their predicted
protein-coding sequences suggest the functional importance of these gene
products in brain.
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44.14

S ecretion of B io lo g ically A ctive H u m a n E p id e rm a l G ro w th F actor
(hEGF) fro m a N o v el C h im e ra hE G F E x p re ss io n C a sse tte . S. C.
Wong*, J. Jackson, C. G reco, a n d M. K. C a rp e n te r. C ell a n d
M o lec u lar N e u r o b io lo g y G ro u p ,
C y to T h e r a p e u tic s , In c.,
Providence, RI 02906.

Human v g f Gene: Cloning Structure, Regulation and
Chromosomal Localization

E piderm al g ro w th factor (EGF) is a 53 am in o acid p o ly p e p tid e
that is a p o te n t m ito g e n for a v a rie ty of cells s u c h as fib ro b lasts,
glia, epithelial, en d o th elial, e p id e rm a l, a n d n e u ra l ste m p ro g e n ito r
cells. EGF is sy n th esiz ed as an 1,207 am in o acid p re c u rs o r w ith th e
53 am ino acid EGF m o iety b ein g fla n k ed b y p o ly p e p tid e seg m e n ts
of 976 an d 188 a m in o a c id s at its N H 2 - a n d C O O H -te rm in i,
respectively. In s u b m ax illa ry g la n d , p an c re as, sm all in testin e , an d
m am m ary g la n d , th e EGF p re c u rs o r is in tra c e llu la rly p ro c e sse d to
the m ature EGF of 53 am ino acids; w h e re a s, in k id n e y , the m a tu re
EGF is p ro d u c e d by cleavage of a m e m b ra n e -b o u n d EGF p re c u rs o r
by circulating ex tracellu la r p ro te a se s in th e lu m e n of th e n ep h ro n .
In order to generate secreted EGF irre sp ec tiv e of cell ty p es, w e h av e
generated a novel chim eric h u m a n EGF (hEGF) e x p re ssio n cassette
in w hich the h u m a n im m unoglobulin signal p e p tid e sequence (hIgSP)
is fused in fram e w ith th e m a tu re EGF d o m a in w h ic h lacks b o th the
prepro region as w ell as the tra n sm e m b ra n e sp a n n in g d o m a in . The
chim eric hEG F e x p re s s io n c a ss e tte (h IgS P-hE G F ) is c a p a b le of
secreting m a tu re hEG F in BHK a n d C 2 C 12 cells as d e te rm in e d by
ELISA. The s e creted hEG F w a s s h o w n to b e b io lo g ica lly active
w hen em p lo y ed in a m ito g en ic stem p ro g e n ito r cell p ro life ra tio n
assay. The EG F -secreting BH K a n d C 2 C 12 cells w ill b e u sefu l for
peripheral an d central stu d ie s in w h ich c o n tin u o u s release of EGF is
needed.

,

‒

‒

Andrea Levi
Roberta Possenti *° Angela Serena Ricco. Mariano
Rocchi— and Nadia Canu°, °Institute of Neurobiology, C.N.R., V.le
Marx 43, 00137 Roma, Italy. ^Istituto di Genetica, U niversità degli
Studi, Bari.
vgf is a neurotrophin-responsive gene being up-regulated by
NGF in PC 12 cells , and by BDNF and NT-3 in primary cultures of
cortical and hippocam pal neurones. It is expressed only in sub
populations of neuroendocrine cells in vivo. The single copy human vgf
gene w as isolated from a hum an genomic library. The structural
organisation of the human gene is similar to that described for the rat
vgf gene and both the translated and untranslated regions show a
high degree of sequence homology to the rat gene. Nevertheless only
one vgf transcript could be detected in different human cell line by
RT-PCR as opposed to the two alternative spiced forms present in rat
cells. The gene spans approximately 6 kb and contains two exons.
The entire VGF protein is encoded by a single exon, exon 2, with exon
1 containing only 5'-untraslated sequence. Northern blot analysis
reveals vgf transcript only in mRNA preparation from brain. The
gene was assigned to chromosome 7q22, as shown by fluorescence in
situ hybridisation. Data regarding transcriptional regulation of
human vgf gene by calcium, TPA and cAMP w ill be presented,
supported by: P.F. Invecchiamento to A.L. and Telethon to M.R.
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45.2

CHARACTERIZATION OF A NOVEL AXONAL mRNA. A. E.
Gioio. J.-T. Chun. M. Crispino†, M. Evman†, A. Giuditta†, B. B.
Kaplan*. Department of Psychiatry, University o f Pittsburgh Medical
Center, Pittsburgh, PA 15213; and †Department o f General
Physiology, University of Naples, Naples, Italy.
Previously, we reported the presence of a heterogeneous population
of mRNAs in the squid giant axon. The construction o f a cDNA
library to this mRNA population has facilitated the identification of
some of the constituent mRNAs which encode several cytoplasmic
structural proteins and molecular motors. Here, we report the isolation
of a novel mRNA species (pA6) from the axonal cDNA library. The
pA6 mRNA is 550 nucleotides in length and is expressed in both
nervous tissue and skeletal muscle, as judged by northern analysis.
The axonal localization of pA6 mRNA was unequivocally demonstrated
by in situ hybridization histochemistry. The results of quantitative RTPCR analysis indicate that there are 1.8 X 106 molecules of pA6
mRNA (~0.45 pg) in the giant axon, and suggest that the level o f pA6
mRNA in the axonal domain might be greater than the level present in
the parental cell soma. Sequence analysis of pA6 suggests that the
mRNA codes for a protein comprised o f 84 amino acids. The putative
protein contains a single transmembrane domain located in the central
portion of the molecule and a phosphate-binding loop situated near the
N-terminus. The C-terminal region contains two potential phosphoryla
tion sites. These four structural motifs manifest some similarity to
domains present in the ryanodine receptor, raising the possibility that
pA6 represents a cephalopod form o f an intracellular calcium release
channel protein. Supported by USPHS Grant NS30715.

EFFECT OF TRANSLATION ON LOCALIZATION OF mRNA TO THE
DENDRITES OF HIPPOCAMPAL NEURONS. Z. Lu, R. S. McLaren, C. A.
Winters, M.W . Brightman*, and E. Ralston. Lab. of Neurobiology, NINDS,
National Institutes of Health, Bethesda, M D 20892-4062.
The mechanism of differential localization of mRNAs between cell
body and dendrites in neurons is unknown. That mRNA translation plays a
role is suggested by the apparent migration of mRNAs from cell body to
dendrites fo llo w in g total arrest of protein synthesis in cultured rat
hippocam pal neurons (Kleiman et al., PNAS, 90., 11192-6, 1993). To
assess the role of translation, we chose to observe ferritin mRNA, the
translation of w hich can be controlled by regulating iron levels without
affecting total protein synthesis. Pulse labelling of cultured rat hippocampal
neurons w ith 3 5 S-trans-label, follow ed by im m unoprecipitation, showed
that ferritin mRNA is translated 5 to 10-fold more efficiently in iron-rich
media than in media treated with the iron-chelator desferal. We found that
irrespective of the iron level, fe rritin mRNA, localized by in situ
hybridization, was restricted to the cell body. In contrast, treatment of the
cultures overnight w ith either cycloheximide or puromycin resulted in the
appearance of ferritin mRNA in dendrites in 72% of neurons compared to
16% in untreated neurons. Similar numbers were obtained for ß-actin
mRNA. When inhibitors of RNA transcription were added simultaneously,
no mRNA could be detected in dendrites. To rule out that these effects
merely reflected a reduction in the v ia b ility of the neurons after drug
treatment, we verified that follow ing washing out of cycloheximide, protein
synthesis resumed and ferritin mRNA was no longer present in the
dendrites. We conclude that 1) protein synthesis is required for restriction
of ferritin mRNA to the cell body; 2) the level of translation of the ferritin
mRNA itself is not a significant determinant of its localization; and 3) only
mRNA synthesized w hile protein synthesis is blocked migrates to dendrites,
while pre-existing mRNA is not affected.

45.3

45.4

CLONING AND SEQUENCING OF A cDNA CODING FOR β-ACTIN:
INITIAL CHARACTERIZATION OF A FERRET BRAIN cDNA LIBRARY.
C.G. Glasgow', J.B. Hutchins1'2,3, and G.M. Mihailoff*,1,2 Depts. of 1Anatomy,
2Neurology (Research), and 3Ophthalmology, Univ. Mississippi Med. Ctr.,
Jackson, MS 39216-4505
The ferret (Mustela putoris furo) is increasingly used in neuroscience
research. Developmental events which occur in utero during the last third of
gestation in other carnivores are accessible to ex utero study in the ferret,
owing to a relatively brief gestation period. Our laboratory has developed
and is now characterizing a complementary DNA (cDNA) expression library
derived from adult ferret brain poly(A)+ RNA.
A total of 5 µg of brain poly(A)+ RNA was reverse transcribed, size
fractionated, ligated into vector arms and packaged into the UniZAP vector.
The complexity of the primary library was 1.2 x 106 pfu; the initial titer was 3
x 105pfu/ml. After amplification, a titer of 1.4 x 1010 pfu/ml was obtained.
Using a radiolabeled 2.0 kb probe derived from the human β-actin gene
(ATCC 77644), we performed a high-stringency screen for homologous
sequences in the ferret brain library. One promising candidate, designated
BA6A2B, is in the process of being sequenced. Initial sequence similarity
searches report over 90% identity at the nucleic acid level to the coding
sequence of other mammalian β-actin genes.
The ferret brain library will be useful for investigators interested in
cloning neural genes from the ferret. Since very few ferret genes have been
cloned, it is essential to sequence genes related to nervous system function
in order to develop highly-specific probes for studies of ferret brain function
and visual system development. Supported by Fight for Sight research fund
of Prevent Blindness America.

ORGANIZATION OF THE MYELIN BASIC PROTEIN PROMOTER. R.
A. Saavedra, A. McNamara, L. Huang, M. Nowycky* and C. Ljubetic.
Neurobiology and Anatomy Department. Allegheny University of the
Health Sciences. Philadelphia, PA 19129.
Myelin basic protein (MBP) is a structural component of CNS and
PNS myelin. The MBP gene is part of the Golli-MBP gene complex,
which consists of two overlapping transcription units, Golli and MBP,
regulated by two distinct promoters. We are identifying DNA promoter
sequences responsible for cell-specific expression of the MBP unit. We
compared 3.2 Kb of the mouse MBP promoter and 2.67 Kb of the human
promoter. From -1482 to +120, we found four segments (I, II, III, IV)
that were 47%, 56%, 76% and 81% similar between the two species. We
constructed expression vectors in which various combinations of
conserved segments of the MBP promoter regulated the expression of the
reporter gene chloramphenicol acetyl transferase (CAT). The relative
expression of CAT was assessed in cell lines that normally express or do
not express the MBP unit. The results show that from -1482 to -1170
(includes conserved segment I) there is an activator sequence, whereas
from -1169 to -633 (includes segment II) and from -391 to -160 (includes
the 3'-half of segment IV) there are repressor sequences. The repressor
sequence from -1169 to -633 is recognized by NIH/3T3 but not by NB2A
cells under non-differentiating conditions. These observations suggest that
the MBP promoter is organized as a linear arrangement of regulatory
modules which can function independently from one another in different
cell types. Funded by the National Multiple Sclerosis Society.
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45.5
MOLECULAR CLONING OF A RAT BRAIN cDNA
THAT INDUCES GALACTOSYLCERAMIDE
EXPRESSION A N D MORPHOLOGICAL CHANGES IN
COS-7 CELLS. K. Ogura1, Y. Sanai2*, K. Kohno3, T.Tai1.
1. Dept. of Tumor Immunology, 2. Dept. of Biochemical Cell
Research, The Tokyo Metropolitan Institute of Medical
Science, Tokyo Japan 113, 3. Nara Institute of Science and
Technology, Nara Japan 630-01
We isolated a rat brain cDNA clone (galactosylceramide
(GalCer) expression factor-1, GEF-1) that induces GalCer
expression in COS-7 cells using a eukaryotic cell transient
expression system with anti-GalCer monoclonal antibody
(MAb). The GEF-1 cDNA encoded a polypeptide of 704 amino
acid residues with a calculated molecular weight of 78,270 Da.
The deduced amino acid sequences revealed a number of
significant characteristics; (i) two proline rich domains and a
glutamine-rich domain, (ii) several transcription factor-like
motifs, such as a zinc-finger domain, a leucine zipper domain,
and a basic region-helix-loop-helix domain, and a number of
the consensus sequence of SH2 binding sites. GalCer was
detected in the transfected COS-7 cells by FACS analysis with
anti-GalCer MAb and Thin-layer chromatography. The COS-7
cells transfected with GEF-1 cDNA showed morphological
changes dramatically. This work was supported in part by a
Grant-in-Aid from the Ministry of Science, Education and
Culture of Japan.

SUNDAY AM

45.6
ANALYSIS OF MICE DEFICIENT FOR THE NEURAL CELL
RECOGNITION MOLECULE CLOSE HOMOLOG OF L1 (CHL1)
D. Montag, M. Montaa-Sallaz, P. Weber, A. Ngezahayo,
A. Artola, M. Schachner* Dept. Neurobiology, Swiss Federal Institute of
Technology, ETH-Hoenggerberg, CH-8093 Zurich, Switzerland
Cell surface molecules of the L1CAM gene family are
involved in cell recognition phenomena during development of
the nervous system and in synaptic plasticity in the adult. The
close homolog of L1 (CHL1) shows an expression in a pattern
similar but not identical to L1 expression. In vitro, CHL1
strongly promotes neurite outgrowth suggesting functions in
neurite guidance. To address the role of CHL1 in vivo, we
generated CHL1-deficient mice by deleting the first translated
exon of the gene using homologous recombination in ES cells.
Homozygous CHL1-deficient mice were obtained with
Mendelian frequencies and Western blot analysis confirms the
absence of the CHL1 protein in the mutant mice. CHL1deficient mice are viable and display a seemingly normal
behaviour with respect to fertility and motor coordination. The
general structure of the hippocampus, cerebellum, cortex, and
olfactory bulb from 8 week-old CHL1-deficient mice appears
normal. We will present the results of the molecular,
anatomical, and electrophysiological analysis of CHL1deficient mice.

45.7

45.8

CYTOTACTIN
(CT)
UPREGULATES
EXPRESSION
OF
TRANSLATIONALLY-CONTROLLED TUMOR PROTEIN (TCTP) IN
CHICKEN EMBRYO BRAIN CELLS M.-H. Tai1, C. R. Jan1*, K. L. Crossin2.
G. M. Edelman2. 1Department o f Medical Education and Research, Veterans
General Hospital-Kaohsiung, Kaohsiung, Taiwan, R. O. C; 2Department of
Neuroscience, The Scripps Research Institute, La Jolla, CA 92037.
Cytotactin/tenacin (CT) is an extracellular matrix protein that plays an
important role in many cellular processes including brain development,
tumorgenesis, and inflammation. By using mRNA differential display, we
attempted to identify genes whose expression are altered by cytotactin in chicken
embryo brain cells. One of the clones upregulated ~5-10 folds by CT turns out
to be translationally-controlled tumor protein (TCTP)/IgE-dependent histamine
releasing factor (HRF).
TCTP expresses ubiquitously among all tissues
analyzed in embryo. In addition, TCTP is evolutionarily conserved that it has
been identified from mammals, yeast, to plants. However, the cellular function
of TCTP remains largely unknown besides its role in IgE-mediated allergic
response. To further investigate the cellular function of TCTP, the gene of yeast
TCTP homologue was cloned and disrupted by URA3 insertion. After tetrad
analysis, the TCTP-targeted yeast mutant is still viable. Extensive studies on
cellular properties of TCTP-targeted yeast mutant will be carried out to elucidate
function of TCTP.
This work is supported by VGHKS86-70 and VGHYM-S3-12, Taiwan.

CHARACTERIZATION OF THE MOUSE INTEGRIN RECEPTOR BETA 8
GENE. K. M otejlek, M. Gunthorpe, K. Beall, B. M. Rohrer* and L. F. Reichardt.
Howard Hughes Medical Institute / University of California, San Francisco / San
Francisco CA 94143-0724.
The integrins are a family of membrane receptors that form links between
extracellular matrix molecules and cytoskeletal components. All integrins are
heterodimeric glycoproteins composed o f an a and a (3 subunit. β
8 integrins are
a novel class o f integrins and are highly expressed in the developing and adult
nervous systems. According to examinations on other integrin families it is likely
that β integrins are involved in the regulation of axonal growth and regeneration.
To facilitate the determination of the gene encoding the mouse integrin β8
protein, we first isolated the corresponding cDNA. The β 8 full-length cDNA
(2745bp) with an open reading frame of 2301 bp was obtained after screening two
lamda phage brain cDNA libraries. Comparison between the mouse and the
published human amino acid sequence revealed two single amino acid deletions in
the mouse sequence. The absent amino acids are a leucine at position 486/487 and a
glutamine at position 665/666. A P 1 plasmid (approximate length: 90 to 115kb;
Genome Systems) contains the entire genomic sequence of the integrin β 8 subunit.
According to the organizations of the human integrin β2 and GPEHa genes, we
expect integrin β 8 to be divided into 14 to 18 exons. So far, 11 exons of the entire
gene are sequenced, spanning from 84bp to 246bp. The exons are separated by
introns, ranging in size from 97bp to more than 9kb with very long stretches of
sequence repeats. The known exon/intron boundaries conform to the GT/AG rule.
Signalpeptide and transmembrane domain of the β 8 protein are contained within
single exons, in contrast to the cytoplasmic domain that is interrupted by a small
intron. In addition, the 3’ exon of the (38 gene contains part of the 3’-untranslated
region. A consensus adenylation site has not been found yet. The organization of
the (38 gene is essential for generating knockout mice that are in progress.
Supported by the Howard Hughes Medical Institute/Swiss National Foundation.
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ADAM CELL ADHESION MOLECULES IN THE BRAIN. I. Kärkkäinen, H.
Sorvari* and A.-P. J. Huovila. Department of Neuroscience and Neurology,
University of Kuopio, Box 1627, FIN-70211 Kuopio, Finland
ADAM genes encode for the large, widely expressed family o f membrane
proteins containing a disintegrin and metalloprotease domain. ADAM proteins
contain four potential functional domains: a metalloprotease domain, an adhesion
domain, a cell-cell fusion motif, and a signaling domain. Given their large number
and wide tissue distribution, it is evident that the ADAMs play a role in a panoply of
physiological and pathological events. Indeed, ADAMs have recently been indicated
in spermatogenesis, fertilization, muscle development, vascular function,
inflammatory processes, and in neural development.
So far, neural function has been proposed for two ADAMs. ADAM 10 from
mammalian brain has been shown to degrade myelin basic protein in vitro. Its
Drosophila homolog has been indicated in neurogenesis. Xenopus ADAM 13 has
also been implicated in neural development. The functions o f the ADAMs in the
adult brain remain unknown, however. Interestingly, TNF-α -converting enzyme
appears to an ADAM that shows significant sequence similarity to AD AM -10.
Hence it is intriguing to speculate that ADAMs may play role in the pathogenesis of
neurogenerative disorders, e . g., Alzheimers disease (AD).
We have characterized the expression of individual ADAMs in the adult brain and
in cultured neural cells using RT-PCR and nucleic acid hybridization techniques, in
order to study their role in brain structure and function. Further immunocytochemical characterization and identification of the proteolytic substrates and
adhesion partner integrins (or other cell surface or ECM-receptors) are underway.
Identification of the adult brain ADAMs and elucidation of their CNS functions will
not only enhance our understanding of the cell-cell and cel-matrix interactions
within the brain, but it may also harness us with novel strategies to prevent and treat
CNS disorders such as AD. (Supported by the Academy of Finland).

M OLECULAR CLONING AND FUNCTIONAL EX PRESSIO N OF A NOVEL
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GLUCURONYLTRANSFERASE INVOLVED IN THE BIOSYNTHESIS OF THE
HNK-1 CARBOHYDRATE EPITOPE. S.Oka*, K. Terayama, T. Seiki, A. Nakamura,
and T. Kawasaki. Dep. of Biological Chemistry, Faculty of Pharmaceutical Sciences,
Kyoto Univ. Kyoto, 606-01, Japan.
Cell surface carbohydrates m odulate a variety o f cellular functions, including
recognition and adhesion. The HNK-1 carbohydrate epitope, which is recognized by
the monoclonal antibody HNK -1, is specifically expressed on a series o f cell adhesion
molecules and also on some glycolipids in the nervous system over a wide range of
species from insect to mammal. The HNK-1 epitope is suggested to be involved in
cell-cell and/or cell-substratum interactions and recognitions during the development
of the nervous system.
We isolated a novel glucuronyltransferase from rat brain, which is a key enzyme of
the biosynthesis of the HNK-1 epitope. Based on the partial amino acid sequences, we
isolated cDNA encoding the glucuronyltransferase. The primary structure deduced
from the cDNA sequence predicted a type II transmenbrane protein with 347 amino
acids and showed no detectable similarity with any other proteins o f known functions.
Northern blot analysis indicated that the glucuronyltransferase mRNA was expressed
exclusively in the brain. Transfection of the glucuronyltransferase cDNA into COS-1
cells induced not only expression of the HNK-1 epitope on the cell surface but also
m arked m orphological changes of the cells, suggesting that the HNK-1 epitope
associates with the cell-substratum interaction.
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SEQUENCING
AND
IMMUNOHISTOCHEMICAL
IDENTIFICATION OF A RHAMM ISOFORM IN RAT CNS. B.D.
Lynn, W.A. Staines1, E.A. Turley2 and J.I. Nagy*. Department of
Physiology, Faculty of Medicine, University of Manitoba, Winnipeg,
Manitoba, Canada, 1 Department of Cellular and Molecular Medicine,
University of Ottawa, Ottawa, Ontario, Canada, and 2 Hospital for Sick
Children, University of Toronto, Toronto, Ontario, Canada.
RHAMM (Receptor for Hyaluronic Acid Mediated Motility) is a critical
regulator of various cell-motility associated events and has been
demonstrated to have a role in neurite migration in vitro. A number of
RHAMM isoforms have been identified in murine fibroblasts. In order to
study RHAMM expression in the CNS, a full length cDNA was isolated
from a rat brain stem/spinal cord library. Sequence analysis indicates
considerable overall homology with murine RHAMM. However, it
encodes only once a sequence repeated 5 times within murine RHAMM
and it contains a portion of alternatively spliced exon 4 which has been
identified in highly motile transformed murine fibroblasts. By Western
blot analyses, using anti-RHAMM antiserum, a protein is revealed that
corresponds to the deduced molecular weight of the expression product of
the sequenced cDNA. Immunohistochemically, in adult rat brain,
RHAMM is detected in most brain regions in neuronal somata and
proximal dendrites, and additionally is detected in oligodendrocytes.
Possible developmental regulation of RHAMM as well as its subcellular
distribution are currently being investigated.
Funded by a grant to J.I.N. and E.A.T. from MRC Canada.

TWO E-BOXES ARE THE FOCAL POINT OF MUSCLE-SPECIFIC SkM 1 GENE
EXPRESSION. Susan D. Kraner*, Mark M. Rich, Roland G. Kallen, and Robert L.
Barchi. Depts. o f Neuroscience and Neurology, Univ. o f Pennsylvania, Philadelphia,
P A ,19104
We have isolated a 3.0 Kb segment o f the rat skeletal muscle type 1 gene (SkM1)
genomic DNA encoding 2800 bp of 5’flanking sequence, the first exon and part of
the first intron. This region contains multiple cis-regulatory elements that work in
concert to drive tissue-specific expression o f the SkM 1 gene. A series of 5’ deletion,
3’ deletion and linker scanning reporter-gene constructs were created and analyzed by
transient expression assays in either rat primary muscle cultures (PM) or NIH 3T3
cells. The full-length construction, encoding sequences from -2800 to +254, drives
50-fold higher expression in PM than 3T3 cells. Our initial deletion analysis
indicated three key elements: 1.) a strong positive element between +50 and +254,
2.) core promoter between - 65 and +49 which is not tissue-specific, and 3.) a
negative element between -174 and -65 which confers muscle-specific expression on
the core promoter. Finer mutation analysis revealed the importance o f two key Eboxes. The first E-box, located at -90/ -85 plays a crucial role in negative regulation;
deletion o f it brings about up-regulation in both cell-types. The second E-box is
located within the core promoter at -3 1/-26. Single point mutations within this Ebox in the context o f the entire 3.0 Kb fragment reduced expression in PM cells to
near background levels, whereas those same mutations within the context of core
promoter construct, had a much reduced effect on basal promoter activity in both cell
types. Gel-shift assays using the -3 1/-26 E-box, as opposed to the repressor E-box,
reveal the presence of a muscle-specific promoter factor in PM cells. We conclude
that the importance o f the second E-box is in orchestrating interaction between cellspecific positive factors which bind within the 3.0 Kb sequence and the promoter of
the SkM 1 gene. Supported by USPHS grant AR-43142.
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The skeletal muscle PDZ protein, ALP, binds α -a c tin in -2
and maps near the locus for fascioscapulohum eral m uscular
dystrophy Houhui Xia* and David S. B redt D ep artm en t of
Physiology, University of California, San Francisco, CA 94143
PDZ domains are multifunctional protein-protein interaction motifs and
mediate cytoskeletal organization and signal transduction. To further
define the role of PDZ domains in cytoskeletal assembly, we have
focused on skeletal muscle as a model. Previous studies demonstrated
that the two known PDZ domain proteins in skeletal muscle, the family
of sytrophins and neuronal nitric oxide synthase, are both components
of the dystrophin complex. We hypothesized that other PDZ proteins in
muscle may also occur in the cytoskeleton. Characterization of these
proteins will help better understand the function o f PDZ domains and
may identify candidate genes for inherited muscular dystrophies. Here,
we report the cloning of a novel cDNA encoding a protein of 39 kD that
consists of a N-terminal PDZ domain and a C-terminal LIM domain.
The protein is expressed at high levels only in skeletal muscle, where it
occurs at the Z-lines in association with alpha-actinin-2. We therefore
name this protein alpha-actinin-associated LIM p ro tein (ALP).
Biochemical and two-hybrid analysis indicate that the PDZ domain of
ALP binds to the spectrin-like repeats of alpha-actinin-2, establishing a
novel mode of interaction for PDZ domains. Chromosomal mapping
indicates that the ALP gene occurs at 4q35 within 7 Mb o f the
heterochromatic region that is deleted in fascioscapulohumeral muscular
dystrophy (FSHD). (This research is supported by NSF.)
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VESICLE ACIDIFICATION MODULATES DOPAMINE QUANTAL
SIZE IN PC 12 CELLS. , K. P. Liu1, E. N. Pothos2, M.M. Rapport*3, D.
Sulzer1,2 and H. Tamir1,2. 'Dept. of Neuroscience, NYSPI, NY, NY10032,
2Dept. of Neurology and Psychiatry, Columbia Univ., NY, NY 10032,
3Dept. of Neurology, Albert Einstein College of Med., NY, NY 10461.
Secretory vesicles of thyroid parafollicular (PF) cells acidify in
response to elevated secretagogues. This acidification drives vesicular
uptake of 5-HT. We tested the hypothesis that secretagogues may have
similar effects on dopamine (DA) secretory vesicles and that the quantal
release of secreted biogenic amines may change as a function of
elevated vesicle content resulting from vesicle acidification. A 5-10 min
exposure of PC 12 cell cultures with 30 mM K+ acidified dense core
vesicles as measured by acridine orange and, when followed by
incubation with 50-100 uM L-DOPA, significantly increased the
average DA quantal size in single cells in comparison to sister controls
or only DOPA-treated cultures (n=10 cells per condition, p<.05). In the
presence of bafilomycin (a proton pump inhibitor; 0.5 µM), the
potassium-induced increase in quantal size was blocked. Similarly, we
have demonstrated that inhibition of the proton pump in PF cells of the
thyroid decreases the extent of 5-HT secretion without affecting the
initial rate of secretion. Our data suggest that secretagogue-induced
acidification increases quantal size, leading to altered neurotransmitter
secretion.
Funded by: The Aaron Diamond Foundation, NARSAD, Parkinson’s
Disease Foundation, NIDA 10154 & 07418, DK 521139 and NY State
Psychiatric Institute.

OPIOID MODULATION OF SECRETION FROM MAGNOCELLULAR
SUPRAOPTIC
NEURONS
OF THE
RAT
HYPOTHALAMUS.

Society f o r N e u ro s c ie n c e , V o lu m e

23,1997

B.L. Soldo*, D.R. Giovannucci, E.L. Stuenkel and H.C. Moises. Department
of Physiology, University of Michigan, Ann Arbor, Ml 48109.
Microdialysis studies have shown that endogenous opioids regulate
the release of neurohormones from the cell bodies of hypothalamic
supraoptic nucleus (SON) neurons. However, the mechanism by which
opioids produce their inhibitory effect and their site of activation remains
unclear. We have recently shown that µ-, but not δ- or K-opioid receptor
activation suppresses voltage-sensitive Ca2+ currents in isolated
magnocellular SON neurons (Soldo and Moises, 1996), but the
dependence of somatic neurosecretion on activated Ca2+ influx has not
been determined. In this study, whole cell Ca2+ currents and timeresolved membrane capacitance measurements (Cm) were recorded from
SON neurons acutely isolated from the adult rat to determine whether
opioids regulate somatic exocytosis. Step depolarizations to + 1 0 mV
from a holding potential of -80 mV elicited large inward Ca2+ currents
and an increase in Cm in all neurons studied (n = 13). Bath superfusion of
the µ-opioid agonist DAMGO (1 µM) reversibly suppressed ΔCm by
26 .7 ± 8 .1 % in 5/7 neurons tested. This effect was concurrent with a
19.3 ± 7.3% decrease in a fast, transient Ca2+ current component.
Ca2+ currents and Cm responses were not modified by the K-opioid
agonist U 69,5 93 (1 µM, n = 4 ). These results suggest that activation of
postsynaptic µ-opioid receptors regulate neurosecretion from the cell
bodies of SON neurons via an inhibition of voltage-gated Ca2+ ion influx.
These results are also consistent with previous studies which indicate
that K-opioid receptors are not coupled to neuroregulatory mechanisms at
somatic sites. This study thus supports a differential physiological role
for opioid-subtype specific regulation of somatic and nerve terminal
neuroendocrine secretion. (Supported by NIDA grants D A -07268 and
DA -03365).
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ST IM U L A T IO N -IN D U C E D F O R M A T IO N O F S M A L L D E N S E 
C O R ED V E S IC L E S IN T H E N E U R O B L A S T O M A C E L L -L IN E SH~
S Y 5Y . W P D e Potter*. X .M . O u, J M . W ang and P .P artoens. Lab!
N europharm acology, U niversity o f A ntw erp, 2610 Wifrijk, Belgium .
S u cro se gradient centrifugation com bined w ith electron m icroscopy
revealed that undifferentiated S H -S Y 5Y cells contain o n e population o f
noradrenaline (N A ) -storing vesicles, i.e. large dense-cored vesicles
(L D V ). T hese are similar to th o se o f sym pathetic neurons since they
contain N PY , ehrom ogranin A and D p H and th e typical LD V -m em brane
markers synaptotagmin, cytochrom e b561, Rab3 and D pH . M oreover, N A
and proteins/peptides are released from th ese cells in th e sam e m olar
stoichiom etry as they are stored in th e L D V , indicating th a t these L D V
a re functionally active. W e further investigated th e depolarizationinduced exo-endocytotic pathw ay o f these L D V and th e occurence o f
small dense-cored vesicles (S D V ) using m orphological and biochem ical
m ethods. Im m ediately after stim ulation, th e L D V -m em branes are
re trie v e d and three sorts o f vesicles can b e noted; i.e. small coated
vesicles and vesicles w ith th e sam e and a sm aller size o f LDV.
Stimulation followed by a chase o f 24 h. led to an increase in th e num ber
o f SDV. The LD V -m em brane markers synaptotagmin and D(JH w ere not
present on these SDV. These data suggest that after stim ulation SD V are
form ed from retrieved L D V -m em branes after an intensive sorting.

M O R P H O L O G IC A L
E V ID E N C E
OF
N O N -S Y N A P T IC
R E L E A S E O F N E U R O P E P T ID E S IN M E D U L L A R Y D O R S A L
H O R N . PC. Z hu*, ZY . L u, B F. R en, P H . Jiang, H X . W u and H . X u
D ep artm en t o f A natom y, B eijin g U n iv erity o f C h in ese M ed icin e and
P harm acology, 100029, B eijing, P.R . C h in a
E xocytosis release fro m large gran u lar vesicles (L G V ) h as been
d em onstrated at structurally n o n -sp ecialized areas o f ax o n term in als o f
trigem inal subnucleus caudalis (m edullary dorsal h o rn ) in th e rat (Zhu
e t al.,1986). W e speculated th a t no n -sy n ap tic ex o cy to sis fro m LG V
m ay b e one m ech an ism fo r n europeptide release. In th e p resen t study,
u sing electro n m icroscopic im m u n o h isto ch em istry , w e found that
substance P (SP) and en k ep h alin (E N K ) im m u n o reactiv e p ro d u cts w ere
p resen t in the core o f L G V co n tain ed in th e ax o n term in als in the
m edullary d o rsal horn. T h eir ex o cytosis w ere o b serv ed at structurally
n o n -sp ecialized areas o f these term inals. W e fo u n d th a t 7.8 % o f 1257
E N K and 11.7% o f 1302 SP im m u n o reactiv e ax o n term in als form ed
synaptic relatio n s on to u n lab eled dendrites. T h ese results su p p o rt the
h y p o th esis th a t neuro p ep tid es m ig h t be released n o t on ly at synaptic
sites as tran sm itters b ut also at no n sy n ap tic sites as m odulators. W e
p ropose th a t E N K m ig h t be released at no n sy n ap tic sites and then
d iffuse to interact w ith o p ioid receptors o n prim ary fib ers to inh ib it the
release o f SP in d o rsal horn. (S upported b y N atio n al S cience F undation
o f C h in a 3860105).
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M OD IFICA TION S OF EX TERN A L SO D IU M C O N C E N T R A T IO N CAN
TRIGGER NEUROPEPTIDE Y-L1KE IMMUNOREACTIVITY RELEASE FROM
RAT HYPOTHALAM IC SYNAPTOSOM ES. R O LE O F INTR ACELLULAR
IONIC COMPOSITION. C. Cannizzaro0- D. Altobelli. P. Preziosi and M. M artire*.
Inst, of Pharmacology, Catholic U niversity o f S. Heart, Rom e and °Inst. o f Sdenza
del Farmaco, School of Pharmacy Univ. o f Chieti.
Neuropeptide Y (NPY), a tyrosine rich 36 am in o ad d peptide, is one o f the most
abundant peptides in the nervous system o f several sp ed es including the human,
being present in high amount in the hypothalamus and in several lim bic areas.
Various central regulatory effects have been postulated for NPY, i.e. stimulation of
feeding and drinking, changes in arcadian rhythms, increased m emory retention etc.
Som e of its characteristics suggest that this pep tid e m ay p lay a role as
neurotransmitter or neuromodulator. As classical neurotransm itters, noradrenaline
(NA) and dopamine (DA), it can be released, “in vivo” and “in vitro”, by depolarizing
stimuli. In our experimental model, NPY release was studied using rat hypothalamic
synaptosomes in superfusion, and the neuropeptide Y released was measured by a
radioimmunoassay technique. NPY like-immunoreactivity (NPY-LI) demonstrated a
very high and unexpected sensitivity to a lower external sodium concentration and a
concomitant independence of the presence o f caldum ions in the same low sodium
media. The alteration of the external sodium is correlated with a m odification o f the
hydrogen (H+) concentration inside the terminal. According to this hypothesis, NPYLI release resulted affected by amiloride due to its capability to preserve the H+
accumulation induced by the reduction of external sodium, through the blockade of the
N a+/H+ exchanger. N PY -U release could also be stimulated by nig erid n e, a proton
ionophore, showing that intracellular addification may be responsible for the NPY-LI
release evoked by a low Na+ medium. Intracellular H+ accumulation may stimulate
C a2+ release from intracellular stores, affecting differently the large dense core
vcscicles in which NPY is stored and the small synaptic vesdcles containing classical
neurolransmi tters (NA and DA)

C A F F E IN E S T IM U L A T E S EG G -LA Y IN G H O R M O N E (ELH)
R ELEA SE FROM A P L Y S IA C A L IF O R N IC A BAG CELL NEURONS
(BCNs) IN DISPERSED CELL CULTURE. L. P. Tao* an d N. L. W avne.
Dept, of Physiology, UCLA School of M edicine, Los Angeles, CA, 90095.
A neurosecretory cell culture system w as developed in w hich hormone
secretion can be detected from a single cell. BCNs of th e m arine mollusk
A. californica w ere dispersed w ith or w ith o u t th e u se of protease onto
poly-L-lysine tre a te d glass coverslips. T he u se of proteolytic enzymes
d ra m a tic a lly red u ced BCN c o n te n t of eg g-laying ho rm o n e (ELH);
su b se q u en t exp erim en ts excluded p ro tease tre a tm e n t. A fter a 48-hr
in cu b atio n a t 17.5°C, caffeine ex p erim en ts w ere conducted a t room
te m p e ra tu re . Cell cu ltu res w ere in c u b ated for 1 h r in artificial sea
w a te r (ASW) to d etect baseline ELH secretion, th e n for 1 h r in 50 mM
caffeine in ASW. C oncentrations of ELH secreted into th e m edium were
quantified by radioim m unoassay. U nlike in th e in ta c t organ, dispersed
BCNs co n stitu tiv ely secreted ELH . A pplication o f caffeine led to a
> 100% increase in ELH secretion (p < 0.05). A ddition of EGTA to the
m edium did n ot block th e stim u lato ry effect of caffeine on ELH release.
F u tu r e w ork w ill u se th is cell c u ltu re sy stem to m o n ito r [C a^ + li
dy n am ics an d EL H secretio n in resp o n se to caffeine a n d o th er
secretagogues. S upported by N IH HD07228 (LPT) an d NS33548 (NLW).

Supported by M.U.R.S.T. 6 0 ^ , grant to M . M.
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A C E T Y L C H O L IN E A N D C A T E C H O L A M IN E S E C R E T IO N F R O M D IG IT O N IN P E R M E A B IL IZ E D P C 12 C E L L S . T . N ishiki> -2, m . S e k ig u c h i1, S. Iw asaki». Y.

M E M B R A N E C A P A C IT A N C E M E A S U R E M E N T S
SHO W
E X O C Y T O S IS IN S IN G L E X E N O P V S M E L A N O T R O P E S .
J.R. Lieste. H.J. ten Donkelaar*. B.G. Jenks and E.W. Roubos. Department
of Cellular Animal Physiology, Institute o f Cellular Signaling, University of
Nijmegen, Toemooiveld 1, 6525 ED Nijmegen, The Netherlands.
Until recently, a significant limitation in the study o f aM S H secretion from
Xenopus melanotropes has been the lack o f methods to monitor this release at
the single-cell level with high temporal resolution. Here we used, in the whole
cell voltage-clamp mode, the “sine + dc” method (Lindau and Neher, 1988) to
monitor changes in cell membrane capacitance (Cm) as a measure of
exocytosis. Cm changes elicited by depolarizing pulses were positively
correlated with increases in the Ca2+ influx. 200 ms depolarizations from -70
mV to 0 mV resulted in Ca2+ influx and Cm increases o f up to 100 tF, whereas
after depolarization from -70 mV to +70 mV, Ca2+ influx as well as Cm
changes were undetectable. After depolarization-induced Ca2+ channel
activation a rapid increase in Cm was observed which was often followed by a
prolonged slow Cm increase. We conclude that high-resolution capacitance
measurements in Xenopus melanotropes provide a powerful tool to investigate
rapid secretory activity. Furthermore, we conclude that C a2+ influx through
voltage-dependent calcium channels, and not the depolarization by itself,
induces exocytosis in single Xenopus melanotropes. Fast and slow exocytotic
phases seem to depend on stimulus strength.
Supported by the Netherlands Organization for Scientific Research (NWO).

S h o ji-K asai1, K. K um akura2 and M . T ak a h ash i1*. M its u b is h i K asei Inst, o f Life
Sci., M achida, T okyo 194, Japan and 2So p h ia Univ., C hiyoda, T o k y o 102, Japan.
N e u ro tran sm itte rs are stored in sm all synaptic v esicle s (S S V s) and re le ase d by
regulated exocytosis. To understand synaptic transm ission at the m olecular level, the
elucidation o f the m echanism underlying SSV s exocytosis is very im portant. A drenal
ch ro m a ffin cells an d P C 12 cells have secretory g ranules c o n ta in in g ca tech o lam in e
(C A), w hich are secreted in a C a2+-de p en d en t m anner in response to depolarization,
and have been used as a m odel for the studies o f neurotransm itter release. H ow ever,
the secretory g ranules are m orphologically, biochem ically d iffe ren t from S SV s, and
it has not been determ ined w hether the m echanism o f secretory granule exocytosis is
s im ilar to th at o f S SV s. In this study, w e have bee n isolated P C 12 ce lls having a
high ability for ac etylcholine (A ch) synthesis by single cell recloning and character
ized the A ch secretion.
D igitonin-perm eabilized cells secreted A ch w hen exposed to 10 fiM C a 2+. C a 2+evoked A ch release from the perm eabilized cells w as increased in the presence o f
5 m M M gA T P , suggesting the existence o f M gA T P -dependent p rim ing step prio r to
C a 2+-trig g e re d fusion s te p in S S V s ex o c y to sis as w ell as C A se c re tio n .

A ch

secretion w as increased w ith increasing C a2+ concentrations betw een 1 and 100 jiM .
A sim ilar C a2+-dose dependency w as observed in C A release. GTPyS (100 fiM ) was
produced bo th A ch and C A re le ase from th e perm e ab ilized cells and th e effects o f
G T PyS and C a2+ w ere nonadditive. P retre atm en t o f the intact ce lls w ith a phorbol
ester w hich activates C kinase 'enhanced the both A ch and C A release. T h ese results
s u g g e s t th a t s e c re to ry g ra n u le s and S S V s use a co m m o n m e c h a n ism fo r the
regulated exocytosis.
S upported by JS PS R esearch F ello w sh ip s for Y oung S cientists, to T. N.
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M ECHANISM U N D ERLY IN G T H E A C T IO N O F C O R T IC O T R O PIN RELEASING H O R M O N E (C R H ) IN P IT U IT A R Y C O R T IC O T R O PH S . A K
Lee* &. A. Tse. Dept. Pharmacology, U. Alberta, Edmonton, Alberta, Canada
Corticotrophs secrete adrenocorticotropin (ACTH) in response to CRH
stimulation. We employed the patch clamp technique and indo-1 microfluorimetry
to study the action of CRH on single rat corticotrophs w hich were identified by the
reverse hemolytic plaque assay. Application o f CRH (10 nM ) induced a sustained
membrane depolarization (16 + 3 mV, n=14) and a rise in intracellular [Ca2+]
([Ca2+],) (125 ± 12 nM, n=14). The CRH actions involved the c AMP-dependent
protein kinase cascade, because 8-bromo-cAMP (0.5 mM) and forskolin (10 jiM)
mimicked them while intracellular Rp-cAM P (0.5 mM) inhibited them. We found
that the CRH-induced depolarization w as due to the inhibition o f a steady state K +
conductance that was voltage-independent and w as insensitive to TEA (10 mM) and
4-AP (5 mM). The CRF-induced rise in [Ca2+]j was a result o f extracellular Ca2+
entry via voltage-gated Ca2+ channels during sustained depolarization. Removal o f
extracellular Ca2+ prevented the rise in [Ca2+], w ithout affecting the CRH-induced
depolarization, and voltage clamping the m embrane potential near the resting
potential prevented the I[Ca2+]; rise. Interestingly, the CRH-induced [Ca2+],
elevation did not involve any enhancement o f voltage-gated Ca2+ current. Instead,
CRH (10 nM) inhibited the Ca2+ current elicited at +20 m V by 18 + 4 %. We
examined whether secretion could be triggered by Ca2+ influx via voltage-gated
Ca2+ channels. In 8 cells examined, a 500 ms depolarization to +20 mV elevated
[Ca24}, to < 1 nM, and triggered an increase in m embrane capacitance (10.5 + 1.4
fF) which was equivalent to the release o f ~8 granules (at 1.3 fF/granule). Our
results suggest that CRH stimulates secretion in corticotrophs by increasing Ca2+
influx through voltage-gated Ca2+ channels via membrane depolarization.
(Supported by Canadian M RC and AHFMR).

a-L A T R O T O X IN STIM U LA TES INW ARD C U R R EN T, IN TR A CELLU LA R
[Ca2+] ELE V A T IO N AND EX OC Y TO SIS IN P IT U IT A R Y
G O N A D O TRO PH S. F.W. Tse* and A. Tse Dept. Pharmacology, U. Alberta,
Edmonton, Alberta, Canada.
Single identified rat gonadotrophs were whole-cell voltage clamped at -70 mV
(d.c.), and loaded with 100 jiM indo-1 for measurement o f average intracellular
[Ca2TJ ([Ca2+],). M embrane capacitance was measured with the phase track feature
o f an EPC-9 amplifier. Pressure ejection o f a-latrotoxin (60 nM in physiological
saline containing 2 mM Ca2+ and 1 mM Mg2+) elicited an inward current. In many
cells, this current initially fluctuated as if a flickering single channel (unitary current
amplitude o f -2 0 -3 0 pA) was opening in bursts o f up to hundreds o f seconds with
variable interburet periods. In later bursts, the current amplitude frequently
fluctuated at levels which were multiples o f the initial unitary current amplitude, as
if m ultiple channel openings were involved. Elevations in [Ca2+]j were frequently
correlated with the amplitude and duration o f individual bursts o f inward current
(e.g. a 30 s burst o f 20 pA current elevated [Ca2+}; to ~300 nM). As soon as the
burst o f current stopped, JCa2+]; began to decay. W hen the transient [Ca2 ],
elevation was >1 jjM , exocytosis could be detected and w as frequently followed by
endocytosis. Occasionally, a small [Ca2+], rise (< 1 nM ) appeared to trigger Ca2+
release from intracellular stores. [Ca2+]j then rose beyond 1 |xM and triggered
exocytosis. After the initial current bursts, the current became continuous, reaching
amplitudes o f >200 pA. At this time, [Ca2+], elevation became sustained and
continuous exocytosis o f up to lpF in 3 minutes could be detected.
(Supported by the Alberta Heritage Foundation for Medical Research and Canadian
M RC)

46.11

46.12

G-PROTEIN A C T IV A TIO N S TIM U LA TES C a1+-IN D EPEN D EN T
EXOCYTOSIS IN P IT U IT A R Y G O N A D O TR O PH S A Tse* & F W Tse
Dept. Pharmacology, U. Alberta, Edmonton, Alberta, Canada.
In gonadotrophs, activation o f the G-protein coupled phosphoinositide pathway
triggers Ca2+ oscillations which in turn stimulates rhythm ic exocytosis (Science
260:82-84). Here, we investigated whether G-protein activation could directly
affect exocytosis independent o f Ca2+ elevation. [Ca2+J, (indo-1 or indo-lFF
fluorometry) was monitored simultaneously w ith exocytosis (capacitance
measurement) in single, identified rat gonadotrophs. Direct activation o f G-protein
via flash photolysis of caged GTP-y-S (0.1-0.2 mM) or intracellular dialysis of
GTP-y-S (0.05-0.1 mM) triggered slow cxocytosis (the membrane capacitance
increased by 50-300 fF over a period o f 2-3 min.) at resting [Ca2+];. In contrast,
dialysis o f GDP-J3-S (2 mM) failed to trigger exocytosis. GTP-y-S could trigger
exocytosis in the presence o f intracellular Ca2+ chelators (20 mM EGTA or 10 mM
BAPTA), indicating that this G-protein stimulated exocytosis w as not dependent on
Ca2+. In control cells, rapid [Ca +]< elevation beyond 15 fxM (via flash photolysis o f
caged Ca2+) triggered a fast burst o f exocytosis (206 + 37 fF; n = 9) which reflects
the depletion of a pool o f readily releasable granules. W e examined whether the
same pool o f readily releasable granules was exhausted by G-protein triggered
exocytosis. Cells were stimulated with intracellular GTP-y-S (0.05 mM) for 3-5
min. to trigger exocytosis. A UV flash was then delivered to elevate [Ca2+], rapidly
beyond 15 mM to trigger Ca2+-dependent exocytosis. In 8 cells examined, the
cumulative increase in membrane capacitance before the flash w as 271 + 136 fF.
Flash photolysis o f caged Ca2+ triggered a fast burst o f exocytosis with a mean
amplitude o f 219 ± 44 fF, closely resembling the control. Thus, there may be
distinct pools o f granules in gonadotropes: one is directly regulated by Ca2+ and
another by G-protein. (Supported by Canadian M RC and AHFMR).

CALCIUM CHANNELS CONTROLLING SUBSTANCE P RELEASE
FROM SENSORY CELL BODIES L. Harding. D.J. Beadle &
I. Bermudez*. School o f Biological and Molecular Sciences, Oxford Brookes
University, Oxford, UK, OX3 OBP
Cross-excitation o f sensory neurones o f the dorsal root ganglia (DRG) is
a recognised process by which sensory signals sent to the CNS may be
modified'. Depolarising signals from one cell body may be transmitted to
those adjacent to it either electrically or chemically.
Substance P is expressed in around 20% o f DRG neurones and is thought
to be a key mediator o f nociceptive signals. Previous studies2 have shown
that freshly dissociated DRG neurones will release substance P when
depolarised with high K+ saline. We have investigated the pharmacology of
this high K+ stimulated release from DRG neurones obtained from 14-20 day
old Sprague Dawley rats using a radioimmunoassay. Both N-type voltagedependent Ca2+ channel (VDCC) blocker co-Cgtx-GVIA (5)iM) and L-type
VDCC blocker Nifedipine (10|iM) significantly reduced Substance P release
from DRG neuronal soma. In contrast, P-type VDCC blocker co-Aga-IVA
(1 OOnM) appears to have no effect.

95

1 Devor, M. & Wall, P.D. (1990). J. Neurophys. (64) 1733-1746.
2 Huang, L-Y.M. et al (1996). Neuron. (17) 135-145.
This research was supported by The Wellcome Trust.

4 6 .1 3

4 6.1 4

TEMPORAL
SEPARATION
OF
D IVALENT
C A TIO N
ENTRY
AND
EXOCYTOTIC RELEASE OF CATECHO LAM INES FROM B O V IN E ADRENAL
MEDULLARY CELLS. E. R. T ra vis*. S. E. Hochstetler. R. M . W ig h tm a n . D ept, of
Chemistry, U n iv. o f N orth C arolina, Chapel H ill, NC 27599.
Am perom etry w ith carbon fib er m icroelectrodes was used in co n ju n ctio n
w ith fura-2 measurements to study effects o f external osm o larity and io nic
composition on e xocytotic release from single ch ro m affin cells. U nder
moderate hypertonic cond itio ns (630 mOsm), in d ivid u a l e xo cyto tic curre nt
spikes induced by Ba2+ stim u la tion were decreased in frequency and
am plitude relative to Ba2+ induced events at the same ce ll under isotonic
conditions. A t high o sm olarity (970 mOsm) very few spike-shaped e xocytotic
events w ere observed. As revealed b y fura-2 fluorescence measurements, this
effect was not due to prevention o f elevation o f Ba2* o r Ca2+ to levels capable
of inducing release. A ltho u gh few spike-shaped events w e re observed under
high osm olarity conditions, num erous small a m p litud e features were evident in
a m p e ro m e tri current traces. Such events are believed to be due to flu x o f
unbound vesicular catecholam ine through a fusion pore o f flu ctu a ting
diameter. W hen isotonic solutio n was transiently ejected o nto a p reviously
stimulated cell under hype rto nic cond itio ns, spikes w ere restored. These results
suggest that entry o f d ivalen t cations (Ba2+ a n d /or Ca2+) u nder hype rto nic
conditions causes vesicle-m em brane fusion and release o f unassociated
contents. H ow ever, the norm al o sm otic gradient must be restored fo r fu ll
release o f the associated contents to occur. Thus, through the use o f elevated
osmolarity, divalent entry and catecholam ine release may be separated on a
time scale o f tens o f seconds.
[Support provided by thé O ffice o f Naval Research.]

M E C H A N IS M S O F S PO N TA N E O U S C A L C IU M S IG N A L IN G AND
P R O L A C T IN R E L E A S E IN G H 3 C E L L S A.C. Charles*. E. T. Piros. and
T.G. Hales Depts.O f N eurology and A nesthesiology, UCLA School of
M edicine, Los Angeles, CA 90095
GH 3 cells show spontaneous oscillations in [Ca2^ and spontaneous prolactin
(PRL) release. N im odipine (10p.M) inhibited L-type Ca2+ currents, abolished
spontaneous Ca2+ oscillations, and inhibited PRL release. After depletion of
intracellular Ca2+ stores with thapsigargin (10p.M), Ca2+oscillations continued
w ith slightly reduced amplitude. These results show that spontaneous Ca2*
oscillations are generated by influx through L-type Ca2+ channels and do not
require intracellular Ca2+ release. GH3 cells showed an inward rectifying K*
current (IKIR) as well as Ca2+- and voltage- activated K+ currents (IK ^y). Ba2+
(1 m M ) inhibited both IK IRand IKcaV, whereas TEA (1 mM) inhibited only
IK ^ v but not IKjr. Ba2+(lm M ) induced a 2-3 fold increase in the frequency of
C a2+ oscillations, whereas TEA (1 m M ) increased the amplitude of
C a2+oscillations with little or no change in their frequency. Ba2+ (1 mM )
increased PRL release, whereas TEA (1 mM ) had no effect on PRL release.
These results suggest that IK 1R plays a prim ary role in modulating the
frequency o f Ca2+ oscillations and PRL release, whereas IK ^ v modulates the
amplitude o f C a2+ oscillations b ut is less im portant in the modulation o f PRL
release. Forskolin and (Cl-O-S)cAM P both induced an increase in baseline
[C a2+3j as w ell as an increase in the frequency o f C a2+ oscillations, and both
increased PRL release. cA M P may act on both K+ and Ca2+ channels to
m odulate Ca2+ signaling and PRL release (see Piros et al., this meeting).
Supported by N IH R29 NS32283 and P01 NS02808.
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CLONED OPIOID RECEPTORS MODULATE GH3 CELL Ca2+ SIGNALING
AND PROLACTIN RELEASE THROUGH MULTIPLE EFFECTORS.

EFFECT
OF
STIMULUS
STRENGTH
ON
RELEASE
OF
NEUROTRANSMITTERS MEDIATING FAST SYNAPTIC TRANSMISSION IN
THE MYENTERIC PLEXUS OF THE GUINEA PIG GUT. K. J. LePard* E.
Messori and J. J. Gallioan. Dept, of Pharmacology/Toxicology and Neuroscience
Program, Michigan State University, East Lansing, Ml 48824.
Fast excitatory postsynaptic potentials (fEPSPs) in the myenteric plexus are
mediated by acetylcholine alone or in combination with other neurotransmitters.
The effect of stimulus strength on release of neurotransmitter(s) mediating
fEPSPs was investigated. Fast EPSPs initiated by a focal stimulating electrode
were recorded from the myenteric plexus of six gut segments. Two fEPSPs were
recorded from each neuron, one at each stimulus strength (SS): maximal (MX)
and supramaximal (SMX: 10 times MX). Each fEPSP was categorized by its
sensitivity to hexamethonium (100 nM) as either cholinergic (chol, control
amplitude reduced *95th percentile), or mixed (<95th percentile). Table lists
number of neurons whose fEPSP at MX and SMX stimulus strength was either
cholinergic or mixed. (t-test,*p<0.05) (G test,*p<0.05). Stimulus strength in corpus
MX chol MX chol MX mixed MX mixed
total#
total
#
SS
neuron s (mA) SMX chol SMX mixed SMX chol SMX mixed
gut segment
30
corpus
35 2.2±0.2+
1
1
3
duodenum*
1.4±0.2
7
1
40
10
22
ileum
38 2.5±0.4+
3
3
0
32
1.1±0.1
12
10
2
taenia coli*
40
16
proximal colon* 41
1.2±0.1
15
14
0
12
7
2
distal colon
39
1.410.3
13
17
and ileum was higher than in taenia coli and proximal colon. As the stimulus
strength was increased, some fEPSPs did not change neurotransmitter
composition. In the duodenum, taenia coli and proximal colon many fEPSPs
changed composition, primarily from MX cholinergic to SMX mixed. Increasing
the stimulus strength can release additional neurotransmitters for contribution to
fast synaptic neurotransmission. (NS01738, NS33289, NS07279.)

E.T. Piros*, A.C. Charles#, C.J. Evans and T.G. Hales†. Depts. Psychiatry,

#Neurology and +Anesthesiology, UCLA, Los Angeles, CA 90095.
GH3 cells exhibit spontaneous [Ca2+]i oscillations that involve inward rectifying
(KIR) K+, voltage- and Ca2+-activated (KCa,v) K+, and L-type Ca2+ channels. These
cells also tonically release prolactin (PRL) (Charles et al., this meeting). We
established GH3 cells stably expressing μ- and δ-opioid receptors (GH3MORDOR)
and demonstrated coupling o f these receptors to adenylyl cyclase and L-type Ca2+
channels. Here we examined the regulation o f [Ca2+]i and PRL release from
GH3MORDOR cells by the 8-ligand DPDPE, in order to elucidate the effector
mechanisms involved.
Whole-cell patch-clamp, Ca2+ imaging and PRL ELISAs were used to record ion
channel activity, [Ca2+]i and PRL release, respectively from GH3MORDOR cells.
DPDPE (1 δM) inhibited [Ca2+]i oscillations and PRL release. In view o f the role
of K+ channels in controlling [Ca2+]i, we examined DPDPE’s effect on whole-cell
KlR and KCa,V currents. The opioid increased the amplitude o f Ba2+(1 mM)-sensitive
and TEA (1 mM)-insensitive KIR, but had no effect on KCa,V currents. Ba2+ also
prevented the inhibition of [Ca2+]i and PRL release by DPDPE, suggesting the
involvement of K1R channels in DPDPE’s actions. The membrane permeable cAMP
analogue (Cl-Φ-S)cAMP (2 mM) inhibited the regulation o f PRL release by DPDPE.
Intracellular application of cAMP (100 μM) also inhibited DPDPE’s activation of
KIr current, suggesting that inhibition o f adenylyl cyclase increases KIR channel
activity and decreases PRL release. Finally, nimodipine (10 μM) mimicked the
actions of DPDPE on [Ca2+]i and PRL release. We conclude that DPDPE inhibits
[Ca2+]i oscillations and PRL release through regulation o f adenylyl cyclase, KIR and
L-type Ca2+ channels. (Supported by NIDA DA-05010 and NRSA DA05627-01).

46.17
MECHANISM OF EXTRACELLULAR Ca2+ RECEPTOR-STIMULATED
HORMONE RELEASE FROM PARAFOLLICULAR CELLS. H. Tamir1* ,
Girod, M. Aldersberg1, K.-P. Liu1, M.J.S. Heath & D.S. McGehee3. 1Div. of
Neurosci., N.Y.S. Psychiatric Inst, NY, NY 10032.2Dept. Anesthesia & Critical
Care. Univ of Chicago. 915 E. 57th St.. Chicago. IL 60637.
We have examined the electrical and biochemical processes coupling
Ca+2 receptor (CaR) activation to hormone release from a purified preparation
of sheep parafollicular cells. In whole cell patch clamp recordings, elevated
extracellular Ca2+ concentration ([Ca2+]e) induces a depolarization followed by
oscillations in membrane potential. In voltage clamp, high [Ca2+]e activates a
cation conductance with a reversal potential near -25 mV. Elevation of [Ca2+]e
also stimulates increases in intracellular [Ca+2], which is largely inhibited by the
Ca2+ channel blocker nimodipine, indicating that L-type voltage-gated Ca2+
channels are involved in this response. Extracellular Ca2+ stimulates 5-HT
release from these cells with an EC50 of 1.5 mM. Nimodipine blocks 90% of
the Ca2+e-induced 5-HT release, further indicating an involvement of L-type
Ca2+ channels in CaR-induced hormone secretion. Thapsigargin-induced
depletion of intracellular Ca2+ stores had no effect, indicating that Ca2+ influx is
necessary and sufficient for the Ca2+e-induced 5-HT secretion. Treatment of
the cells with protein kinase C (PKC) inhibitors blocked Ca2+e-induced 5-HT
release by 50% while phorbol ester-induced 5-HT secretion was completely
inhibited. Thus, PKC contributes significantly to CaR-induced hormone
release. To determine the source of the PKC activator, diacylglycerol, we
tested the effects of phospholipase inhibitors. Selective inhibition of
phosphatidylinositol-specific phospholipase C had no effect on the response to
elevated [Ca2+]e. However, D609, a selective inhibitor of phosphatidylcholinespecific phospholipase C, inhibited Ca2+-induced 5H-T release to 50% of
control indicating that phosphatidylcholine is a likely source of DAG in PF cell
responses to elevated [Ca2+]e. Supported by DK52139.
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PURIFICATION OF THE TWO RATE LIMITING ENZYMES IN
PLATELET ACTIVATING FACTOR BIOSYNTHESIS.
S. R.
JAFFREY*, A. M. SNOWMAN, S. H. Sny d e r . Department of
Neuroscience, Johns Hopkins University, School of
Medicine, Baltimore, MD 21205.

INTERLEUKIN-1 INDUCTION DURING LTP IN VIVO AND IN VITRO.
H. Schneider, F. Pitossi, D. Balschun, A. del Rev. H. Braun* & H.O. Besedovsky .
Institut fur Physiologie , Deutschhausstr. 2, 35037 Marburg, Germany.
The cytokine interleukin-1 (IL-1) was recently found to be produced by glial and neu
ronal cells in certain regions of the brain, where it affects several neuro-endocrine mech
anisms. Although the IL-1 receptor is particularly abundant in the hippocampus and
IL-1 was found to be expressed there, the physiological function of IL-1 in this brain
structure is not clear. We adapted the model of long-term potentiation (LTP) and com
bined it with a semi-quantitative PCR to study, whether the induction of LTP in the
hippocampus causes detectable changes of the expression of IL-1 mRNA.
Fifteen to 30 minutes after induction of LTP in the CA1 region o f hippocampal
slices by tetanic stimulation, no significant changes in the levels of IL-1 transcripts
were observed. However, after 1 h, a clear 10fold increase in the accumulation of IL-1
transcripts was detected as compared to control slices in which no LTP was induced.
To ensure that the induction of IL-1 expression after tetanization represents a physio
logical response that is not confined to the hippocampal slice preparation, we explored
this phenomenon in the intact hippocampus of freely-moving animals. In accordance
with the results in vitro, the induction of a stable LTP in the ipsilateral hippocampus
resulted in a strong expression of IL-1 mRNA. In contrast, the expression in the con
tralateral hippocampus remained at control level, ruling out that the effects observed at
the contralateral site were caused by a non-specific cytokine expression. Interestingly,
animals in which the induction of LTP was blocked by an intraventricular injection of
the NMDA-antagonist D-AP5 or which developed only a short lasting potentiation of
2-3 hours were devoid of any significant changes in IL-1 gene expression. Thus, the
increase of IL-1 is specific for potentiated neurons, high-frequency stimulation (tetanization) per se had no effect. These findings led us to speculate, that in the ’’healthy”
CNS the activation of the IL-1 gene may be involved in the maintenance of LTP.
Work supported by the Deutsche Forschungsgemeinschaft, SFB 1556

Platelet activating factor (PAF) is an important
bioactive lipid implicated in synaptic transmission,
long-term potentiation, neurotoxicity, and neuronal
development.
PAF can be synthesized by two distinct
biosynthetic pathways which are activated in
differently.
The rate limiting step in the first
pathway, the de novo pathway, involves acetylation of
1 -O-alkyl-glycero-3-phosphate (AGP) by AGP
acetyltransferase (AAT). The product, 1-O-alkyl-2acetyl-glycero-3-phosphate, is rapidly converted to 10-alkyl-2-acetyl-glycero-3-phosphocholine (PAF) by two
highly active and abundant brain enzymes. The rate
limiting enzyme of the second pathway, the remodeling
pathway, involves the acetylation of 1-O-alkylglycero-3-phosphocholine (lyso-PAF) to PAF by lyso-PAF
acetyltransferase (LAT). Here we describe two rapid
and simple assays to detect the activity of both LAT
and AAT utilizing [3H]-acetyl coenzyme A.
Using these
assays, we here describe purification of both enzymes
to near homogeneity from rat spleen utilizing Mono Q
chromatography followed by affinity chromatography on
acyl-CoA agarose.
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47.3
TRANSSYNAPTIC INCREASE IN SYNTAXIN 1B AND
GLUTAMATE RELEASE AFTER LTP INDUCTION IN VIVO.
A. Helme-Guizon1, S. Davis2, M. Israel 3, B. Lesbats3, A. Hicks1, J.
Mallet1 and S. Laroche2*. (1) Laboratoire de Génétique de la
Neurotransmission, CNRS UMR 9923, Paris, France. (2) Laboratoire
de Neurobiologie de l’Apprentissage et de la Mémoire, CNRS URA
1491, Univ. Paris Sud Orsay, France. (3) Laboratoire de Neurobiologie
Moléculaire et Cellulaire, CNRS UPR 9040, Gif-sur-Yvette, France.
We have shown that following the induction of long-term potentiation
(LTP) in the dentate gyrus, there is an increase in the expression of the
gene encoding syntaxin 1B, in the granule cells of the dentate gyrus.
Several hours later, the protein is increased, downstream, in the mossy
fibre terminals of CA3. Both the increase in the expression of the gene
and the protein are blocked if the induction of LTP is prevented by
application of NMDA receptor antagonists, thus demonstrating this
protein is modulated by LTP, and it has a role in the propagation of
synaptic plasticity with a neural circuit.
To test the functional role of this form of “transsynaptic plasticity”, we
measured the level of release of glutamate specifically at mossy fibre
terminals and quantified the level of the syntaxin 1B protein in mossy
fibre synaptosomes, 5 hours after the induction of LTP in the dentate
gyrus. The results showed an increase in the release of glutamate and a
related increase in the protein syntaxin 1B. These data suggest that
induction of LTP at perforant path to dendate granule cell synapses
induces a mechanism to propagate the signal through the network to
mossy fibre synapses in CA3, in vivo. (Supported by a grant from the
Human Frontiers Science Program).

47.4
A LTERATIO N IN GENE EXPRESSIO N IN THE LATE-PHASE
OF LTP AT SCHAFFER-CA1 SYNAPSES IN VIVO
D. Peng, B. E. D errick, S. Peña de Ortiz† and J. L. Martinez. Jr. *
Div. o f Life Sciences, University o f Texas, San Antonio, TX 78249 and
† Dept. Of Biology, Univ. o f Puerto Rico, Rio Piedras, PR 00931.
Long-term potentiation is purportedly separable into an early phase and late phase
occurring 3 hours poststetanus. Previously we identified genes expressed in the later
phase ( 3-5 hrs) o f mossy fiber LTP (Peña et. al., SNA 1996; Rivera et al., SNA.
1992). Here we report alterations in the expression o f mRNAs 4-5 hours following
LTP induction in the rat Schaffer-CAl pathway in vivo.
Adult male Fischer 344 rats (300-350 g) were anesthetized with pentobarbital. A
stainless steel bipolar stimulating electrode and a single recording electrode were
placed in the stratum radiatum o f the dorsal hippocampal CA1 region. Following
collection o f baseline responses, three trains (100 Hz, 1 sec) were delivered every 5
min (n = 4). Control animals received only low frequency (0.05 Hz) stimulation
(n = 4). Four to five hours following LTP induction, the dorsal hippocampi were
removed and snap frozen at -800 C, pooled, and cDNAs generated from isolated
mRNAs using a fully degenerated 6-mer oligo primer. Internal regions o f the cDNA
were amplified using PCR and two longer (~ 18-mer) primers with arbitrary, but
defined, sequences. The DNA fragments were analyzed using agarose gel
electrophoresis, and then excised for cloning, sequencing and Northern blot analysis.
Comparison o f amplified fragments from tetanized and untetanized animals
revealed two bands in tetanized animals that were not expressed in control animals. In
addition, two bands present normally in the control animals were reduced or absent in
tetanized animals, suggesting a down-regulation o f constitutively expressed mRNAs.
We are verifying the dependence o f the changes in mRNA expression on LTP
expression, and determining the sequences o f these fragments.
Support: DA 04195 (JLM) and GM 08194 (BED)

47.5

47.6

LONG TERM POTENTIATION INDUCES cAMP-DEPENDENT
INCREASES IN GLUTAMATE RECEPTOR SUBUNIT SYNTHESIS.
D. J. Zastrow*, A.S.Nayak, N.R. Zahniser, and M.D. Browning. Neurosci.
Training Program and Dept. o f Pharmacology, UCHSC, Denver CO 80262.
We have used multi-electrode "rake" stimulation o f hippocampal CA1 minislices
to study the biochemical changes associated with long term potentiation (LTP). We
have previously demonstrated that late phase LTP (i.e., 3-5 hrs after stimulation) is
accompanied by increased synthesis o f kainate/AMPA receptor (k/AMPAR)
subunits (GluRl stim=154±10% o f control, p<0.01; GluR2/3 stim=129±5%
p<0.01) in the rat hippocampal slice. To further examine the specificity o f this
phenomenon, we have analyzed these increases in receptor synthesis under a variety
of conditions. Low frequency stimulation o f minislices in a long-term depressioninducing protocol failed to produce alterations in synthesis o f GluRs. Similarly, we
have shown that this effect is dependent upon activation of cAMP-dependent protein
kinase as it is blocked by both Rp-cAMPs and H-89. The effect on k/AMPAR
synthesis is also blocked by the transcriptional inhibitor Actinomycin D and the
RNA synthesis inhibitor 5,6-dichlorobenzimidazole riboside. The increases in
glutmate receptor subunit synthesis are specific as we found no LTP-dependent
increases in the levels o f NMDA receptor subunits, neuronal synapsin protein, and
five unidentified hippocampal proteins. To test whether this increased synthesis
represents a functional increase in the k/AMPAR, we used 3H-AMPA for analysis
of saturation binding to k/AMPARs in hippocampal membranes. Preliminary data
indicate an increase in receptor number (Bmax) in the stimulated tissue. These
findings suggest a pivotal role for AMPA receptor synthesis in sustaining late-phase
LTP. Supported by NIH grants NI-T32-HD-7408, MH10757-03, A A 11428-01, MH
44212-085P50 and PHS Grant AG 04418-13.

ISOLATION OF NOVEL GENE SEQUENCES ASSOCIATED WITH
LONG-LASTING LTP IN THE ADULT HIPPOCAMPUS.
A, Génin1, S. Davis2*, S. Laroche2, J. Mallet1 and A. Hicks1
(1) Laboratoire de Génétique Moléculaire de la Neurotransmission,
CNRS UMR 9923, Hôpital de la Pitié-Salpêtrière, 75013 Paris, France.
(2) Laboratoire de Neurobiologie de l’Apprentissage et de la Mémoire,
CNRS URA 1491, Université Paris Sud, 91405 Orsay, France.
Long-term potentiation (LTP) is an acitivity dependent strengthening
of synaptic efficacy that may contribute to memory storage processes in
the brain. In order to determine whether changes in gene expression are
associtated with the longer-lasting phases of LTP, we used a Differential
Display technique to systematically amplify messenger RNAs
(mRNAs). We then distributed the amplified products on a denaturing
polyacrylamide gel to identify modified gene products.
We found, approximately 6 hours after the induction of LTP in the
dentate gyrus, there were several distinct products representing
regulated mRNAs. We then subcloned and sequenced these products
and found that some of them correspond to new sequences that may
encode novel proteins associated with synaptic plasticity. (Supported
by a grant from the Human Frontiers Science Program).

47.7

47.8

cDNA MICROARRAY ANALYSIS OF PARALLEL GENE
EXPRESSION DURING IN VIVO LONG-TERM POTENTIATION.
L. W. Chiang*, I. Mody, T. Ziv, S. J. Smith, and H. Schulman.
Stanford University School of Medicine, Stanford, CA 94305.
Long-term potentiation (LTP), a stable increase in synaptic strength that
can last for days, requires RNA transcription and protein synthesis. In
order to elucidate the carefully orchestrated program of immediate early to
late effector gene expression, we used cDNA microarray technology to si
multaneously monitor the expression of ~200 different known rat brain
genes at various times after in vivo LTP induction. Three high frequency
stimulus trains to the left hemisphere perforant pathway of awake rats
prepared for chronic recording was used to elicit stable long lasting LTP
in the dentate. RNA was isolated from the treated and control hippocam
pus of individual rats and differentially labeled with fluorophore. Gene
expression was compared by simultaneous hybridization to a cDNA microarray containing the individual rat brain cDNA clones spotted onto a
small (~1 cm square) surface area. Laser scanning imaging resolved the
relative hybridization signal to each cDNA clone on the array allowing the
quantitative and simultaneous comparison of the expression of the 200 rat
brain genes between the stimulated and control hemispheres. As would
be expected for regulation and expression of synaptic reorganization
during LTP, many genes were upregulated including immediate early
genes encoding transcription factors, signal transduction molecules such
as excitatory glutamate receptors and calcium/calmodulin-dependent pro
tein kinase II, synaptic vesicle proteins, and structural proteins such as
glial fibrillary protein, neurofilament, and tau. This work was funded by
an NIMH Silvio Conte Center for Neuroscience Research Grant. cDNA
microarrays were spotted by Synteni.

RAPAMYCIN, AN INHIBITOR OF TRANSLATIONAL
REGULATION, BLOCKS LTP. J. Cracco, P. J. Bergold*, S.
Hrabetova and T. C. Sacktor. Depts. of Pharmacology and
Neurology, SUNY Health Science Center at Brooklyn, Brooklyn, NY
11203.
Protein synthesis inhibitors, such as anisomycin and
cyclohexamide, have been shown to block LTP induction. These
drugs are non-specific inhibitors of protein synthesis; whereas
rapamycin, an immunosuppressive agent, specifically inhibits a
kinase, FRAP (FBP12-rapamycin associated protein), that regulates
translation. Upregulation of translation provides a mechanism for
rapid, local, de novo synthesis of proteins during LTP. To investigate
the involvement of translational regulation in LTP, the effect of
rapamycin on LTP in the hippocampal CA1 region was tested.
Hippocampal slices (450 μ m ) were prepared from Sprague-Dawley
rats (21-35 days). Field excitatory postsynaptic potentials (EPSPs)
were recorded from the CA1 stratum radiatum using conventional
extracellular technique. LTP was induced by a single 100 Hz, 1 s
train (current intensity set at 70% of maximum EPSP amplitude) to
Schaffer collateral/commissural fibers. Experimental slices were
preincubated with rapamycin (200 nM) 2 hr prior to tetanization.
Field EPSP slopes in control and rapamycin treated slices were
compared at 40-50 min post-tetanization. In control slices,
potentiation was 170.7 ± 21.4% (baseline set at 100%, mean ± SEM,
n = 3). In contrast, in the rapamycin-treated slices potentiation lasted
only 10-20 min and then returned to baseline by 40-50 min (100.9
± 13.9%, n = 3).
We conclude that rapamycin blocks LTP. This suggests that
translational regulation may underlie initiation of LTP.
Supported by NIMH (T.C.S.).
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47.9
PKM ζ , THE PERSISTENTLY ACTIVE CATALYTIC DOMAIN OF
PKCζ , IS THE PREDOMINANT FORM OF ζ IN RAT
HIPPOCAMPUS. I. Hernandez, J. M. Libien* and T. C. Sacktor. Depts.
of Pharmacology and Neurology, State University of New York at
Brooklyn, Brooklyn, NY 11203.
The atypical isoform, PKCζ , has been specifically implicated in longterm synaptic plasticity in the hippocampus, as PKM ζ , the constitutively
active catalytic fragment of PKCζ , is increased during the maintenance of
LTP and decreased during the maintenance of LTD. The increase in
PKM ζ during LTP appears to require both de novo protein synthesis and
proteolysis. The detection of ζ, in these studies was performed with
antiserum against the carboxy terminal domain o f PKCζ , which
recognized two major bands, 76 kDa (PKC) and 55 kDa (PKM) in rat
hippocampus. Recently, however, a second atypical isoform, PKCL/λ , has
been discovered, which has a similar carboxy terminal to PK Cζ and
identical mobility on SDS-PAGE, complicating the Western blot analysis
of PKCζ . In order to clarify the relationship among the various atypical
forms of PKC expressed in brain, we have prepared affinity-purified
antisera against different domains of ζ.
An antiserum was prepared specific to a region of the ζ (but not l/λ )
hinge, predicted to be conserved in PK M ζ . This antiserum recognized the
76 kDa PKCζ expressed in the Sf9-baculovirus system. In hippocampus,
however, the ζ -hinge antiserum detected predominantly the 55 kDa
PKM ζ . An antiserum specific to the catalytic domain of PKCL/λ, in
contrast, detected primarily a 76 kDa PKC form in hippocampus, but not
PKM. These results indicate that the primary pool of ζ in hippocampus is
PKM ζ . Thus the increase in PKM ζ observed in LTP may result from
rapid de novo protein synthesis of PKCζ and cotranslational proteolysis to
PKM ζ . Supported by NIMH (T.C.S.).
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WITHDRAWN
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47.12

DIFFERENTIAL EFFECTS OF PROTEIN SYNTHESIS INHIBITORS ON
THE EARLY PHASE OF LTP IN CA1. H.-K. Lee*, H. Schambra and M.F.
Bear. HHMI, Dept. of Neuroscience, Brown University, Providence, RI
02912.
It is commonly believed that the initial phase of LTP expression results from
post-translational modifications of existing synaptic proteins, while the late
phase requires new protein synthesis. However, there are reports that even the
early phase of LTP can be blocked by protein synthesis inhibitors. We have
reexamined this question using two different inhibitors of protein synthesis,
emetine and anisomycin.
We measured synaptic responses extracellularly in CA1 upon stimulation of
the Schaffer collaterals in hippocampal slices prepared from Long-Evans rats
(4 weeks old). LTP was induced by theta burst stimulation (TBS). We found
that the different inhibitors of protein synthesis affect the early phase of LTP
differentially. Bath application of 1.5 μM emetine 30 min prior to TBS
significantly reduced the magnitude of LTP measured 1 hr post-TBS (115 ± 2
% of baseline, n = 7). On the other hand, bath application of 10 μM
anisomycin for 30 or 60 min prior to TBS did not affect the magnitude of LTP
measured 1 hr post-TBS (30 min wash-on: 145 ± 4 % of baseline, n = 8; 60 min
wash-on: 141 ± 4 %, n = 3). These different effects are not likely to be due to
lack of protein synthesis inhibition by anisomycin, since both drugs were
effective at blocking protein synthesis when applied for 30 min (emetine: 64 ±
7 % inhibition; anisomycin: 92 ± 3 % inhibition). One possible consequence of
protein synthesis inhibition is alteration in protein degradation. We are
currently testing if emetine and anisomycin differentially affect protein
degradation, which might explain the differences in their ability to block the
early phase of LTP.
(supported by HHMI)

ACUTE INTRAHIPPOCAMPAL INFUSION OF BDNF
INDUCES LASTING POTENTIATION OF SYNAPTIC
TRANSMISSION IN THE RAT DENTATE GYRUS
E. Messaoudi, K.Bårdsen, B.S rebro*, and C-R. Bramham Department
o f Physiology, University o f Bergen, Årstadveien 19, Bergen, Norway.
Brain-derived neurotrophic factor (BDNF) has been shown to potentiate synaptic
transmission in the CA1 region of the hippocampus in vitro. We investigated the effect
of acute intrahippocampal infusion of BDNF on synaptic transmission in the dentate
gyrus of urethane anesthetized rats. Medial perforant path-evoked field potentials were
recorded in the dentate hilus, and human recombinant BDNF was infused (2 μl, 25
min) into the CA1 region immediately above the dentate molecular layer. Both 4 and
20 μg doses of BDNF induced a slowly developing increase of the field EPSP slope
and population spike amplitude, plateauing at about 2.5 h after infusion. Peak
increases above baseline were 26% and 164% for the field EPSP slope and population
spike, respectively. The BDNF-induced potentiation developed in the absence of
epileptiform activity and persisted for the duration of recording (nondecremental for
at least 5 h). In addition, the role of endogenous BDNF in tetanus-evoked LTP was
investigated using a BDNF-scavenging fusion protein (TrkB-IgG). TrkB-IgG applied
prior to tetanization at doses of 4 and 17 μg was without significant effect on the
induction or early maintenance of LTP elicited by either high or low-intensity
(threshold LTP) tetanus protocols. The results show that exogenous BDNF induces
a lasting potentiation of synaptic efficacy in the dentate gyrus of intact adult rats. The
role of endogenous BDNF remains to be elucidated.
Funded by the Norwegian Science Council. BDNF and TrkB-IgG were provided by
Amgen-Regeneron Partners and Regeneron, respectively.

47.13

47.14

DIFFERENT ROLE FOR TRKB SIGNALING IN LONG-TERM POTENTIATION IN THE
ADULT RAT HIPPOCAMPUS. Hyejin Kang* and Erin M. Schuman, Division of Biology 21676, California Institute of Technology, Pasadena, CA 91125.
Several recent studies have demonstrated the importance of neurotrophic factors in synaptic
plasticity in the hippocampus. We examined the role of TrkB ligands in hippocampal longterm potentiation (LTP) using function-blocking TrkB antiserum and Trk-IgG fusion proteins.
Incubation of hippocampal slices with TrkB antiserum did not have any effect on basal
synaptic transmission, short-term synaptic plasticity or LTP induced by several trains of
tetanic stimulation. The anti-TrkB treated-slices, however, showed significant deficits in the
expression of LTP induced by either theta-burst stimulation or pairing postsynaptic
depolarization with low frequency stimulation. Consistent with these results, prior
enhancement of synaptic transmission by BDNF did occlude the subsequent induction of LTP
by theta-burst stimulation although it has previously shown to spare tetanus-induced LTP
(Kang & Schuman, Science, 1995). To address the mechanism for the differential roles of
TrkB function in different forms of synaptically-induced LTP, we tested two kinds of LTP
induction protocols which provide the same total number of pulses but with distinct temporal
patterns. Treatment with TrkB antiserum significantly attenuated LTP induced by three trains
of theta-bursts (spaced; 120 pulses), without affecting LTP induced by a continuous delivery
of 120 pulses (100 Hz), which suggests that the pattern of stimulation might be more
important than the absolute number of pulses in determining the involvement of TrkB
function. The late-phase of LTP (L-LTP) was also significantly impaired in slices pretreated
with TrkB antiserum or TrkB-IgG, or previously potentiated with BDNF. This blockade had a
specific time window. When TrkB-IgG was applied 30 min after LTP induction, it caused
previously potentiated synapses to return to baseline. In contrast, when TrkB-IgG application
was delayed 70 min after the first tetanus there was no blockade of L-LTP. Taken together,
these results suggest that the activation of TrkB by its endogenous ligands such as BDNF
and NT-4/5 within an hour of LTP induction, plays a critical role in maintaining L-LTP. This
work was supported by the PEW charitable trusts and John Merck Fund.

LONG-TERM POTENTIATION IN THE SPINAL CORD DORSAL
HORN IS BLOCKED BY TYROSINE KINASE INHIBITOR. J. Zhong
and M. Randić*. Dept. o f Vet. Physiol, and Pharmacol., Iowa State
University, Ames, IA 50011.
Long-term potentiation (LTP) o f excitatory transmission at primary
afferent synapses with substantia gelatinosa (SG) neurons in the spinal cord
has been reported, but the underlying mechanisms are unclear. There is
evidence for a role for postsynaptic NMDA receptors and activation of
calcium-calmodulin-dependent protein kinase II in the induction o f LTP.
Because the function o f NMDA receptor is regulated by tyrosine
phosphorylation in dorsal horn neurons, we examined the possible additional
requirement o f tyrosine kinase activity in LTP. To assess the role o f protein
tyrosine kinase in the induction o f LTP o f primary afferent
neurotransmission we examined whether lavendustin A, a tyrosine kinase
inhibitor, could affect the LTP using conventional intracellular recording
from the SG neurons in transverse slices o f young rat (17-23-d-old) spinal
cord. The strength o f primary afferent neurotransmission was assayed by
measuring the peak amplitude o f EPSPs that result from stimulation o f
primary afferent fibers in L4 or L5 dorsal roots. When applied in the bath
before the tetanus, lavendustin A (5μM for 30-45 min) blocked the induction
o f LTP o f EPSPs in SG neurons, elicited by conditioning stimulation o f
dorsal roots (300 pulse at 100 Hz). Lavendustin A by itself, however,
depressed normal synaptic transmission in a subpopulation o f SG cells.
These data suggest that tyrosine kinase activity may be important for
synaptic transmission and plasticity in the spinal cord. Supported by the
NINDS and the NSF.

S o c ie t y f o r N e u r o s c ie n c e , V olu m e

23,1997

SUNDAY AM

LONG-TERM POTENTIATION: PHYSIOLOGY I

47.15
EVIDENCE THAT A HEPARAN SULFATE PROTEOGLYCAN N-SYNDECAN
AFFECTS INDUCTION OF LTP IN RAT HIPPOCAMPUS THROUGH THE
SRC-SIGNALLING PATHWAY. S.E. LAURI*, S. KAUKINEN, T. KINNUNEN,
K. KAILA, T. TAIRA AND H. RAUVALA Department of Biosciences, Division
of Animal Physiology and Laboratory of Molecular Neurobiology, Institute of
Biotechnology, P.O.Box 17, 00014 University of Helsinki, Finland.
N-syndecan is a transmembrane heparan sulfate proteoglycan suggested to
promote neurite outgrowth and synaptogenesis by acting as a receptor or coreceptor for heparin-binding growth-associated molecule (HB-GAM). We have
previously shown that application of recombinant HB-GAM prevents LTP in area
CA1. Here we report that the main HB-GAM binding component in hippocampal
extracts is N-syndecan, and have used histological, electrophysiological and
biochemical methods to study the role of N-syndecan in hippocampal LTP. In situhybridization indicated that N-syndecan mRNA is expressed in the pyramidal
neurons of hippocampus (CA1-CA3), and the expression in CA1 is clearly
increased following LTP-inducing, high-frequency (100Hz/ls) stimulation of
Schaffer collaterals. Rat hippocampal slices (300 μm) pretreated with heparitinase,
an enzyme that digests heparan sulfate glycans, showed no LTP in the area CA1
and only a short post-tetanic potentiation was observed following a 100 Hz/ls
stimulus. Similar inhibition of LTP was seen following application of soluble Nsyndecan or high-molecular weight heparin, but not 2-0 and 6-O-desulfated
heparins. The hippocampal N-syndecan co-purified with the cytoplasmic protein
cortactin and Src-type of tyrosine kinase activity. The most prominent kinase was
identified as Fyn. Together, these results strongly suggest that N-syndecan is
required for induction of LTP in the area CA1. By transmitting signals between
extracellular heparin-binding factors and the Src-family kinase signalling system,
N-syndecan may act as an important regulator of the structural and functional
alterations related to synaptic plasticity. Supported by the Academy of Finland.

47.16
A Role of Actin in Synaptic transmission and NMDA ReceptorDependent Long-Term Potentiation (LTP) in CA1 Region of Rat
Hippocampal Slice. Chong-Hyun Kim* and John E. Lisman, Volen Center
for Complex Systems, Brandeis University, Waltham MA 02254
Actin filaments exist in the spines and synaptic terminals of neurons.
Recent work shows that NMDA receptors are in contact with α-actinin, an
actin binding protein, and that the stabilization of actin filament blocks the
‘run-down’ of NMDA receptors. These studies suggest the possible
involvement of actin cytoskeleton in postsynaptic function. Since presynaptic
vesicles interact with actin filaments, there is also a presynaptic role of actin.
The role of actin on synaptic responses can be studied by using actm
polymerization inhibitors. Here, we report that 80 min application of 2 μM
latraculin B, an inhibitor of actin polymerization, reduced the basal synaptic
responses by ~45% and blocked the induction of LTP even after stimulus
strength was increased (n=7). Another actin polymerization inhibitor,
cytochalasin D (up to 10 μM) showed the same effects (n=7). The effect of
cytochalasin D was partially reversible. The NMDA receptor component of
the field EPSP was studied in 0 Mg/50 μM PTX. It was also decreased by
latraculin B (n=7). Pair-pulse facilitation of the AMPA receptor EPSP was
increased during latraculin B application by ~30%, suggesting a presynaptic
component of the effect (n=7). Confocal imaging showed that dendritic spines
could still be observed even 80 mm after 4 μM latraculin B application.
These results suggest an active role of actin filament in both synaptic
transmission and LTP induction.
NIH grant #5R01 NS27337

47.17

47.18
THE EFFECT OF ENDOTHELIAL NITRIC OXIDE SYNTHASE (eNOS) SUBCELLULAR
LOCALIZATION ON NITRIC OXIDE (NO) RELEASE AND LONG TERM POTENTIATION
(LTP). D. B. Kantor, M. Zirl inger, W. B. Smith. M. Lanzrein, B. M. Sullivan, N. Davidson.
E. M. Schuman*. Caltech, Division of Biology, Pasadena, CA91125
Recent studies have demonstrated that eNOS may be the NOS isoform which produces
NO during the induction of LTP. Specifically, work from this lab has shown that eNOS must
be localized to the plasma membrane by virtue of N-terminal myristoylation in order to
participate in the signal transduction events leading to LTP. In COS-7 cells, the membrane
localization of eNOS has been shown by others to facilitate the extracellular release of NO,
raising the possibility that myristoylation of eNOS is necessary for NO to fulfill its proposed
role of retrograde messenger. This study addresses how the subcellular localization of eNOS
affects the extracellular release of NOin cultured neurons, and in turn how the characteristics
of NO release affect LTP in hippocampal slices. Initially, hippocampal neurons were infected
with adenovirus expressing eNOS, challenged 48 hrs later with glutamate, then assayed
colorimetrically for NO production using the dye ABTS. Preliminary results showed that
application of 50 μMglutamate resulted in a 4.3 fold increase in absorbance over baseline,
while co-application of 50 μM glutamate with 50 μM AP-5 resulted in a doubling of the
absorbance over baseline (ABS 660 nm ± SEM: baseline, 0.207 ± 0.016; 50 μMglutamate,
0.906 ± 0.027; 50 μMglutamate + 50 μM AP-5, 0.403 ± 0.063). In addition, we are
currently experimenting with a fluorescent NO-sensitive dye which can insert into plasma
membranes by virtue of its lipophilic moiety, and thus potentially reveal both temporal and
spatial information about NO production. Initial experiments demonstrated that this dye is
sensitive to NO, as treatment with either SIN-1 or saturated NO solutions convert the dye
from a non-fluorescent to a fluorescent state with an emission peak at 595 nm. Further,
confocal imaging of neurons treated with this dye revealed uniform dye loading and easy
visualization of fine processes. Ultimately this dye could be used to correlate the site of NO
production with the location of both glutamate receptors and NOS. Both of these detection
methods will also be used to assess whether different NOS isoforms give rise to NO with
different spatial and temporal release characteristics.
Supportedbygrants fromtheBeckman Foundation (EMS), NIH(EMS), andNIMH(ND).

INVOLVEMENT OF CADHERIN MOLECULES IN SYNAPTIC PLASTICITY IN
THE ADULT HIPPOCAMPUS. L. Tang* and E. M. Schuman. Division of Biology
216-76, Caltech, Pasadena, CA 91125
Wehave been investigating the potential involvement of classic cadherins, in particular
N-cadherin (Ncad) andE-cadherin (Ecad), in synaptic transmission andLTP in the CA1
region of the hippocampus. Our previous studies have shown that cadherins and catenins
areexpressed at synaptic sites in the adult hippocampus, and suggested that N-cadherins
areinvolved in hippocampal LTPby using an Ncad-derived “HAV” containing synthetic
peptide (AHAVD) and adhesion blocking antibody. In the present study, we found that
bath application of Ecad-derived “HAV” peptide (SHAVS, 0.2 mM) also reduced LTP
whereas the scrambled sequence was without effect. In an attempt to achieve a more
potent effect, we preincubated slices with Ncad or Ecad-derived “HAV” 17-mer peptides
(1 mM) and found these peptides significantly inhibited LTP without affecting I/O, PTP
or PPFwhen compared to adjacent slices preincubated with a scrambled HAV sequence.
Moreover, slices preincubated in an adhesion blocking Ecad antibody also showed less
LTP than adjacent control slices, whereas slices preincubated in Ncad or Ecad
cytoplasmic antibodies showed normal LTP when compared to ACSF treated adjacent
slices. Direct centrifugal force-based cell adhesion assay on mouse L-cells expressing
exogenous Ecad indicated that both the Ecad-derived “HAV” peptides and the Ecad
antibody inhibit Ecad-mediated adhesion to a greater degree than the Ncad-derived
peptides or the Ncad antibody. Longer HAV peptides were more effective than shorter
peptides, whereas scrambled peptides and preimmune IgG were without effect. To
further explore the role of cadherins in LTP, we are currently making a recombinant
adenovirus vector containing a mutant Ncad cDNA which lacks most of the extracellular
domainandhas been shown to disrupt endogenous cadherin adhesion when expressed in
target cells. Supported by John Merck Fundand the PEW Charitable Trusts

47.19

47.20

Absence Of Cerebellar Long-Term Depression In Mice Lacking
Neuronal Nitric Oxide Synthase. Varda Lev-Ram1*,Zurvash Nebvelul2, Mark
H. Ellisman2, Paul L. Huang4, and Roger Y. Tsien1,3. 1Dept. of Pharmacology,
2Neuroscience and 3HHMI, UCSD, La Jolla, CA 92093-0647; 4Cardiovascular Res.
Center, MA General Hospital and Harvard Medical School, Boston, MA 02129
Neuronal nitric oxide synthase (nNOS) is abundant in the cerebellum, where
NO is crucial for the induction of long-term depression (LTD), a reduction in efficacy
of the synapses from parallel fibers (PFs) onto Purkinje cells (PCs). LTD can be
produced by a rise in free Ca2+concentration in concert with NO production by PF
activity. Inhibition of presynaptic NOS, trapping of NO either outside or inside the PC,
or inhibition of NO-stimulated guanylate cyclase prevent LTD induced through PF
activity. Uncaging NO or cGMP inside the PC circumvents inhibition of NOS or
guanylate cyclase respectively (Lev-Ram et al, Neuron 15: 407-15, 1995, and submitted).
A complementary approach to NO function would be genetic deletion of NOS. Mice
lacking nNOS have been generated by homologous recombination, and the homozygotes
are phenotypically healthy. Purkinje neurons cultured from immature nNOS knockout
(KO) mice still can undergo LTD, but LTD in culture is known to be NO independent
(Linden etal, J. Neurosci. 15: 5098-105, 1995). We therefore tested LTD in cerebellar
slices acutely prepared from young adult KO vs. normal mice. Genetic deletion of nNOS
did prevent LTD, confirming the importance of NO in the LTD of normal adult mice and
showing that nNOS is the necessary isozyme of NOS. Surprisingly, LTD induction in
KO cells could not be rescued by either photoreleased NO or uncaged cGMP, both
combined with depolarization to elevate intracellular Ca2+. Exogenous NO stimulated as
much or more cGMP production in slices from KO mice compared to normal mice. The
most likely explanation is that if nNOS is absent throughout development, essential
signaling components downstream of cGMP atrophy. Supported by NS27177.

LONG-TERM POTENTIATION AND LONG-TERM DEPRESSION IN
THE RAT SUBICULUM IN VITRO M. Méthot, V. Tancredi* and M. Avoli
Montreal Neurological Institute, McGill University, Montreal, Québec, Canada
Field potential and sharp-electrode intracellular recordings were made in
the subiculum of combined hippocampal-entorhinal cortex horizontal slices
(thickness=500 μm) obtained from adult male Sprague-Dawley rats. The slices
originated from varying depths along the subiculum dorso-ventral axis.
Electrical stimuli were delivered in the stratum radiatum of the CAlb subfield.
The usual response recorded following a test stimulus (intensity=0.03-2.00
mA; duration=50 μs) was negative-going and had an onset latency of 4.7±1.6
ms (mean±SD; n=16 slices). This field potential corresponded to an
intracellular EPSP. The amplitude of this response following a "classical"
tetanus (frequency=100Hz, duration=1s) delivered at the same stimulation site
was either enhanced (n=10 slices) or depressed (n=6 slices). Both changes in
amplitude were found to be long-lasting (> 1 hour) in all cases, thus reflecting
long-term potentiation (LTP) and long-term depression (LTD) of synaptic
responses. Five out of 6 experiments displaying LTD were from slices
originating from the most ventral portion of the subiculum, whereas all
experiments demonstrating LTP arose from more dorsal slices. Our results
point to an unexpected segregation of two different types of synaptic plasticity
(LTP and LTD) in the subiculum according to the depth at which stimulation
and recording occurs along the subicular dorso-ventral axis. Such phenomenon
might be relevant for understanding how the subiculum processes and stores
information originating from the hippocampus proper.
Supported by MRC o f Canada (MT-8109) and NSERC.
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48.1
DIFFERENCE IN EXPRESSIONS OF GABAA RECEPTOR a1
SUBUNIT mRNA IN ANTERIOR VERSE POSTERIOR REGIONS OF
RAT SUBSTANTIA NIGRA. R. Wu*, L.K. Friedman, J. Velísková, S.L.
Moshé . Dept of Neurology and Neuroscience, A. Einstein Coll. of
Med., Bronx, NY 10461.
The GABA sensitive system of the substantia nigra pars reticulata
(SNR) plays an important role in the control of seizures. Site-specific
microinfusion of muscimol (an agonist of GABAAreceptor) show that,
in adult rats, the anterior region of the SNR mediates anticonvulsant
effects in flurothyl seizures, while the posterior region mediates
anticonvulsant effects. In adult rat brain, α 1, β2 and γ2 subunits
predominantly contribute to form GABAA receptor. Using in situ
hybridization with α1 cDNA probe, we investigated the regional
expression of α1 mRNA in the adult SNR. At the cellular level, there
are two distinct hybridization patterns in the anterior and posterior
SNR. The number of hybridization grains per cell are generally higher
in the anterior SNR than in the posterior SNR. However, the total cell
number and the number of labeled cells are lower in the anterior SNR
compared to the posterior SNR especially in the posterior dorsal region
which shows the highest optical density on autoradiograms. These
cellular differences may underlie the site-specific effects of SNR
muscimol infusions on seizures in adult rats.
Supported by March of Dimes (LKF) and NINDS NS-20253 (SLM).
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48.2
DISTRIBUTION OF THE GABAA RECEPTOR <x1 SUBUNIT IN THE
CHICK BRAIN. A Fernández-López1* M.l. Aller1, R. Revilla1, S. Pollard2,
F.A. Stephenson2. 1Dpt. Biología Celular.Universidad de León. León
24071. Spain. 2Dpt. of Pharmaceutical Chemistry. Univ. London. School of
Pharmacy. London WC1N 1AX. UK.
This work reports the immunocytochemical distribution of the GABAA
receptor complex α1 subunit through the encephalon of chick using
antibodies raised in rabbit against the rat carboxyl end of this subunit.
Ectostriatum, paleostriatum aumengtatum, nucleus rotundus, nucleus
triangularis, Nucleus lenticularis, nucleus ruber, nucleus ectomamillaris,
nuclei of cerebellum and granular layer of the cerebellum presented
labeling only in the neuronal somata. Lobus parolfactorius, nucleus
periventricularis magnocellularis, nucleus raphes and in general neurons
from reticular nuclei presented neuronal somata and dendrites allowing
identification of individual cells. Paleostriatum primitivum, septum, nucleus
isthmi magnocelluris and nucleus mesencephalicus lateralis pars dorsalis
showed neuronal somata and a diffusely stained neuropile. Glomerular
and plexifome layers of the olfactory bulb, nucleus pretectalis and nucleus
dorsolateralis thalami presented diffuse staining of neuropile, in which no
cells could be individually recognized
In general terms, a similar distribution of the labeling of this antibody in
chick and mammals, as well as the type of labeling, was found. Moreover,
the immunocytochemical distribution matched the distribution of the
autoradiographic binding of [3H] flunitrazepam. We concluded that the
antibody used in this work, raised against the GABAAreceptor complex a1
subunit , labels the chick brain permitting to compare the distribution of
this subunit between birds and mammals.
This work has been supported by FISS 96/1442 and HB95-11.

48.3
REGULATION OF THE HUMAN GABAa RECEPTOR a l SUBUNIT GENE
PROMOTER: IDENTIFICATION OF AN 18 BP SILENCER THAT
CONTROLS NEURONAL SPECIFIC EXPRESSION M. D. Leach*, S. J.
Russek, and D. H. Farb. Laboratory of Molecular Neurobiology, Department
of Pharmacology, Boston University School of Medicine, Boston MA 02118.
The GABAa receptor complex is a chloride ion channel and mediates
fast synaptic inhibition upon binding of the neurotransmitter γ-aminobutyric
acid (GABA). Each receptor complex is thought to be comprised of 5 subunits
assembled from a pool of 17 subunit subtypes, each coded for by an
independent gene. The α1 subunit is the most abundant and is thought to be
present in virtually all GABAA receptors. Our laboratory has shown
previously that chronic exposure to GABA downregulates GABAA receptor
number and a l subunit mRNA levels, but is without effect upon receptor or
mRNA degradation. We have isolated and characterized a promoter for the
human a l subunit gene to examine how gene expression is controlled at the
transcriptional level. The α1 promoter is down-regulated by the
neurotransmitter GABA and this process is mediated through the GABAA
receptor. The a l promoter is activated in a tissue-specific manner and we
have identified an 18 bp silencer element that represses promoter activity in
non-neuronal cells. Nuclear factors from neuronal and non-neuronal extracts
bind specifically to a 63 bp fragment of the a l promoter that contains the 18
bp silencer element. Electrophoretic mobility shift assays show that a
transcription factor binds specifically to the 63 bp fragment and binding is
reduced upon the addition of competing oligonucleotides. Super-shift studies
using an antibody to the transcription factor confirm that the factor is
resent in neuronal and non-neuronal nuclear extracts. Comparison of the 18
p silencer region with the RE1 element found in the type II voltage
dependent sodium channel gene and the synapsin gene reveals partial
sequence similarity. This suggests that the repressor protein that binds to
the silencer element in the α1 subunit gene may be a member of the REST
protein family involved in suppression of neuronal gene expression in nonneuronal cells. Funding Source: NIH Grant HD22539.

48.4
EXPRESSION OF GABAA RECEPTOR α 6 SUBUNIT
mRNA IN CULTURED HIPPOCAMPAL NEURONS. H.
Jin. M. Price. M.A. Dichter. M. Yudkoff* and A.R. Brooks-Kayal.
Depts. of Pediatrics & Neurology, Univ. of Pennsylvania School of
Med. & Children's Hospital of Philadelphia, Philadelphia, PA 19104.
GABA is the major inhibitory neurotransmitter in brain. The
GABAA receptor is an oligoheteromeric protein complex composed of
multiple receptor subunits. Different subunit combinations are found
in different brain regions, cell types and during different times in
ontogeny (Wisden et al, 1992). The expression of the a6 subunit
gene in vivo is restricted to granule cells in the cerebellum and
cochlear nucleus (Laurie et al, 1992), and has been studied as a model
of cell-specific gene expression (Jones, et al, 1996). We have
demonstrated expression of a6 mRNA within individual embryonic
day 17 hippocampal neurons grown in dissociated neuronal culture
for 14 days using a variety of techniques including single-cell mRNA
amplification, single-cell RT-PCR and in situ hybridization. a6
mRNA expression could not be demonstrated in acutely dissociated
hippocampal neurons from postnatal day 12 (PND 12) rat pups
utilizing the same techniques. These findings suggest that cultured
hippocampal neurons express a different constellation of subunits
than hippocampal neurons in vivo and that a6 subunit mRNA
expression is not intrinsically restricted to cerebellar granule cells but
can be seen in other neuronal cell types under certain conditions.
(NS01936-01, HD28815, NS24927, NS24260, McCabe Fund-UPa)

48.5

48.6
GABAA AGONIST ENHANCES ALPHA6 EXPRESSION IN CEREBELLAR
CULTURES EARLY IN DEVELOPMENT. B. X. Carlson*. B. Belhage. G. H.
Hansen, and A. Schousboe. Dept. of Biologi, The Royal Danish School of Pharmacy
and The Panum Institute, Univ. of Copenhagen, DK-2100 Copenhagen, Denmark.
Primary, cerebellar granule cell culture was used to study the trophic effect of the
GABAA agonist, 4,5,6,7-tetrahydroisoxazolo[5,4c]pyridin-3-ol (THIP) on the
expression of the a6 subunit in 4 day and 8 day cultures. Granule cell cultures were
prepared from 7 day old rats, and after 48 hours in vitro, THIP (150 μM) was added
to half the cultures. At the end of the culture period (4 or 8 days), granule cell
membranes were photolabeled with the imidazobenzodiazepine, [3H]Rol5-4513. All
membranes prepared from 4 and 8 day cultures were shown to contain 2 major
radioactive peaks at 51 kd and 56 kd on SDS-PAGE, representing the α l and α6
GABAA receptor subunits, respectively. Benzodiazepine-insensitive [3H]Rol5-4513
binding, i.e., binding not inhibited by diazepam (10 μM), was limited to the 56 kd
polypeptide. In THIP-treated primary granule cells, photoincorporation of [3H]Rol54513 was increased for both the 51 kd (36%) and 56 kd (46%) polypeptides in 4 day
cultures. This increase was found to be significantly greater than the [3H]Rol5-4513
binding observed in controls (nonTHIP-treated cultures; p< 0.01). In contrast,
control and THIP-treated primary granule cells cultured for 8 days were shown not to
differ in [3H]Rol5-4513 photolabeled binding for either the 51 kd or 56 kd proteins.
Supporting the photolabeling data, immunogold-silver staining of primary granule
cells demonstrated an increase in α6 immunostaining in THIP-treated primary
granule cell cultures. No change from control cultures, however, was observed in a6
mRNA using in situ hydridization. Similar to the αl and β2/3 subunits, these data
suggest that the trophic effect of THIP on α6 expression occurs at an early
developmental stage rather than throughout the entire culture period. Supported by
the Danish State Biotechnology Program and the Lundbeck Foundation.

THE IDENTIFICATION OF SEQUENCES INVOLVED IN THE CONTROL
OF CEREBELLAR-SPECIFIC EXPRESSION OF THE α6 SUBUNIT GENE
FOR THE GABAA RECEPTOR. P.J. McLean*. S.J. Russek, and D.H. Farb.
Laboratory of Molecular Neurobiology, Dept. of Pharmacology, Boston
University School of Medicine, Boston, MA 02118.
The α 6 subunit gene for the GABAA receptor has a highly restricted
pattern of expression in that it is expressed exclusively in cerebellar granule
cells. a6 subunit-encoding mRNA is not detected embryonically and does
not appear until postnatal day 6 in rats. The expression is significant by
P12 and is strongest in the adult rat (Laurie et al., (1992) J. Neurosci., 12:
4151). The a6 gene therefore provides an excellent model for studying
mechanisms leading to cell type-specific gene expression patterns in the
central nervous system. Previously, we reported the isolation of the 5’ end
of the rat a6 gene, including sequences upstream of the published cDNA
sequence (McLean et al., (1992) Soc. Neurosci. Abst. 18:262). Here we
report on the identification of sequences within the 5‘ flanking region of
the a6 gene which are capable of conferring cell- and tissue-specific
expression to a firefly luciferase reporter gene in primary cultures of rat
cerebellum. A series of 5', 3' and internal deletions of the 5' flanking region
of the α 6 gene were performed to determine the minimal sequence
requirements for tissue specific promoter activity. Using transient
transfections into primary rat cerebellar, neocortical, hippocampal and
fibroblast cultures, we have determined that a 155-bp region of the α 6 gene
is capable of sustaining cerebellar granule cell specific expression. We are
currently identifying the sequences within the 155-bp region that are
essential for the control of cerebellar granule cell specific expression of the
α 6 gene. These results are consistent with the observation that an 850-bp
region at the 5' end of the α 6 gene is able to drive neuronal-specific
expression of a lacZ reporter gene when randomly integrated into a mouse
genome (Jones et al, (1996) J. Neurochem. 67:907). Funding Source: NIH
grant HD22539.
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SEGREGATION OF DIFFERENT GABAA RECEPTORS TO SYNAPTIC
AND EXTRASYNAPTIC MEMBRANES OF CEREBELLAR GRANULE
CELLS. Z. Nusser1*, W. Sieghart2, and P. S om ogyi1. 1MRC Anatomical
Neuropharmacology Unit, Mansfield Rd., Oxford, OX1 3TH; 2Dep. of Biochem.
Psychiatry, Psychiatrische Universitätsklinik, Vienna, Austria
Two types of GABAA receptor mediated inhibition (phasic and tonic)
have been described in cerebellar granule cells (Brickley et al., 1996, J
Physiol, 497, 753), although these cells receive GABAergic input from a
single source only (Golgi cells). In adult rat, granule cells express six
GABAA receptor subunits abundantly (α 1 , α 6, β2, β3, γ 2 and δ), which
are co-assembled into at least three types of GABAa receptor. We
investigated whether a differential distribution o f these GABAA receptors
could play a role in the different forms of inhibition, assuming that
phasic inhibition originates from the activation of synaptic GABAA
receptors and extrasynaptic receptors underlie tonic inhibition. The α 1 ,
α 6, β2/3 and γ2 subunits have been shown by im m unogold localizations
to be concentrated in Golgi synapses and were also present in the
extrasynaptic membrane at a low concentration (Nusser et al., 1996, J
Neurosci, 16, 103; Somogyi et al., 1996, Neuropharmacology, 35, 1425).
In contrast to these subunits, im munoparticles for the δ subunit have not
been found at synaptic sites, although they were abundantly present in
extrasynaptic dendritic and somatic membranes. We also reacted the
same synaptic and extrasynaptic membranes with a mixture of antibodies
against the β2/3 and δ subunits and visualised the reactions with two sizes
of gold particles. Out of several hundred synapses im munopositive for
the β2/3 subunits none showed im munolabeling for the δ subunit. We
suggest that phasic inhibition is due to the activation o f synaptic
α1β2/3γ2 and α 6β 2/3γ2 receptors, but tonic inhibition could be
mediated by extrasynaptic α 6β2/ 3δ receptors. Supported by the MRC and a
Eur. Comm. Shared Cost RTD Grant (No. BI04CT96-0585).

CEREBELLAR GRANULE CELLS DISPLAY MIXED α 1 AND α 6 GABA
RESPONSE PROPERTIES. J.E.Kolb*and H.H.Yeh. Dept. Pharmacology &
Program in Neuroscience, UConn. Health Center, Farmington, CT 06030.
Cerebellar granule cells developing in vivo and in culture undergo similar
changes in the expression of GABAA receptor α subunits. At early days in
culture (DIV), the α 1 subunit mRNA predominates. Around 7 DIV, the α 6
subunit mRNA becom es detectable such that, by 8-9 DIV, granule cells
coexpress α 1 and α 6 subunit mRNAs. The coexpression raises the question
as to whether both α1 and α 6 subunits contribute to the functional profile of
granule cell responses to GABA. We have initiated a study to examine this
issue as part of an on-going investigation to resolve the physiological and
pharmacological profiles of GABAA receptor-mediated responses in neurons.
Cerebellar granule cell cultures were prepared from postnatal day-8 rat
cerebellum. At selected DIVs, individual granule cells were studied by
combining patch-clamp electrophysiology with mRNA profiling of GABAA
receptor subunits. At 2 DIV, the GABA concentration (0.1 -1 0 0 μM )-response
showed an EC50 of 16 μM, and this closely approximated that determined for α 1
β2 γ2L recombinant receptors stably transfected in HEK 293 cells (18 μM). By
8-9 DIV, the GABA concentration response curve shifted leftward, with an EC50
value of 9.4 μM. However, this was significantly higher than the EC50 value (3.2
μM) found in HEK 293 cells expressing recombinant α 6 β2 γ2S GABAA
receptors. This indicates that, while potency of GABA increases as granule
cells develop, it falls short of approximating the potency expected of the
situation in which granule cells express a hom ogeneous population of α 6containing GABAA receptors. Based on these preliminary observations,
ongoing work is using the developing granule cell as a model for resolving th e
possible expression of multiple GABAAreceptor isoforms in native neurons.
Supported b y NS24830 and AA09861.

48.9

48.10

STARGAZER MUTANT MICE DISPLAY SPECIFIC ABNORMALITIES
IN CEREBELLAR GABA a RECEPTOR EXPRESSION. E.M. Barnes, Jr.†,
M.H. Jalilian Tehrani†*, F.A. Stephenson‡, and C.L. Thompson‡. †Dept. o f
Biochem., Baylor Col. o f Med., Houston, TX 77030, and ‡Sch. o f Pharmacy,
Univ. of London, London WC1N 1AX, UK.
Adult stargazer mutant mice (stg/stg) display an ataxic phenotype. The
principal molecular abnormality reported so far is a selective ablation of
brain-derived neurotrophic factor (BDNF) mRNA expression by cerebellar
granule cells (Qiao et al., 1996). Expression o f the granule-cell specific
GABAA receptor (GABAAR) α 6 subunit in the developing rat cerebellum is
governed by a molecular switch which is activated in parallel with
synaptogenesis (Thompson and Stephenson, 1994). The factors that are
involved remain unknown. In this study we have compared the levels o f
expression of GABAAR subunits in cerebellar membranes from adult stg/stg
mice with those from the background C57BL/6J strain (+/+). By quantitative
immunoblotting using subunit-specific antibodies we showed that the
expression of GABAAR α 6 and β 3 subunits was reduced to 23 ± 8% and 38 ±
12% (mean ± S.E., n = 6) o f +/+ levels, respectively. Expression o f α1 and β
2 subunits were not significantly different being 116 ± 11% and 87 ± 24%
respectively of +/+. All values were normalized against neuron-specific
enolase or β-actin immunoreactivity which also showed no significant strainspecific differences. These observations imply that autocrine activation o f
TrkB receptors, the cognate receptor for BDNF, may define the extent o f
GABAAR heterogenity in granule cells. Furthermore, these GABAAR deficits
may underlie the observed irregularities in motor co-ordination in stg mice.
Supported by the Wellcome Trust and the USPHS.

CEREBELLAR GRANULE CELL-SPECIFIC EXPRESSION USING GABAA
RECEPTOR α6 SUBUNIT-BASED TRANSGENES
S. Bahn, A. Jones and W. Wisden*, MRC Laboratory of M olecular Biology,
Hills Road, Cam bridge CB2 2QH, UK.
Expression of the y-am inobutyric acid type A (GABAA ) receptor α6
subunit gene is restricted to differentiated granule cells of the cerebellum
and cochlear nucleus. No other neuronal cell types transcribe this gene.
H ow is this unique p attern generated? Via m ouse oocyte injections, we
characterized the expression of a series of α 6-based transgenes in ad u lt
brain. We first tested β-galacto sid ase en co d in g rep o rter tran sg en es
containing 7 kb and 12 kb of α6 upstream gene fragments. These gave either
completely ectopic neuronal expression, or strongly variegated granule cell
and cochlear nucleus granule cell expression. However, a region containing
just a 1 kb portion upstream of the start site(s), b u t incorporating exons
1 through to 8, can direct high-level and cerebellar granule cell-specific
reporter gene expression. This intron-containing transgene appears to lack
the cochlear nucleus granule cell regulatory elements. It therefore provides
the basis for a convenient cassette to deliver gene products solely to adult
cerebellar granule cells. The α 6 gene is tightly clustered w ith the α1, β2
and γ2 subunit genes on m ouse chrom osom e 11/h u m a n 5q; co-ordinate
reg u latio n has been suggested. We co n clu d e th a t the α 6 gene is
in d ependently regulated from the α 1-β 2-γ2 cluster, and that pow erful
granule cell-specific determ inants reside w ithin the gene body.
This work was supported by the Medical Research Council (UK). S.B. holds a
European Community Training and Mobility of Researchers (TMR) fellowship.

48.11

48.12

PHARMACOLOGICAL PROFILES OF CEREBELLAR GABAa RECEPTORS IN
α6 SUBUNIT KNOCKOUT AND WILD TYPE MICE. R. Mäkelä1,2, M. UusiOukari3, G.E. Homanics4, J.J. Quinlan4, L.L. Firestone4, W. Wisden5 and E.R.
Korpi*,2’3. 1Tampere Brain Research Center, University of Tampere Medical School,
d2epartment of Mental Health and Alcohol Research, National Public Health
Institute, Helsinki, 3d epartm ent of Pharmacology and Clinical Pharmacology,
University of Turku, Finland, 4d epartm ent of Anesthesiology/ CCM, University of
Pittsburgh School of Medicine, USA, and 5MRC Laboratory of Molecular Biology,
MRC Centre, Cambridge, U.K.
Targeted disruption of mouse GABAA receptor α6 subunit gene by homologous
recombination techniques produced mouse lines (Jones et al., J. Neurosci. 17: 13501362; 1997, Homanics et al., Mol. Pharmacol. (in press); 1997) that were used for
studying pharmacology of cerebellar granule-cell specific GABAAreceptor subtypes.
Using quantitative autoradiography on brain sections of homozygous α 6-/- and α6+/+
mice, we were able to reveal several specific pharmacological features addressed to
α6 subunit-containing GABAA receptors. The cerebellar granule cells of
homozygous α6-/- mice lacked high-affinity [3H]muscimol, diazepam-insensitive
[3H]Ro 15-4513 binding and selective antagonism of GABA-induced inhibition of
[35S]TBPS binding by furosemide. When extensively washed brain sections were
used, allopregnanolone and Zn2+ were less efficacious in altering [35S]TBPS binding
in α6 -/- than in α 6+/+ granule cell layer in the presence of a low GABA
concentration. In the same conditions, an agonist action of a high concentration of a
β-caiboline DMCM was more efficient in the α 6+/+than in α6-/- granule cell layer.
This suggests formation of a larger amount of DMCM-insensitive GABAAreceptors
in the α6-/- mice than in the α 6+/+mice, possibly due to developmental adaptation by
assembly of unknown subunit combinations. (This study was partly financed by the
Academy of Finland, the Finnish Foundation for Alcohol Studies, the National
Institutes of Health, and the Medical Research Council).

PRODUCTION AND CHARACTERIZATION OF MICE LACKING THE
DELTA SUBUNIT OF THE GABAa RECEPTOR. RM Mihalek, LL Firestone,
E Korpi1, JJ Quinlan, CF Lagenaur2, Z-P Mi2, C Lance-Jones2*, V Tretter3, W
Sieghart3, TM DeLorev4, RW Olsen4, GE Homanics. Dept Anes or 2Dept
Neurobiol, Univ Pittsburgh, Pittsburgh, PA 15261; 1Dept Pharmacol and Clinical
Pharmacol, Univ Turku, Turku, Finland; 3Section of Biochem Psychiatry, Univ
Clinic for Psychiatry, Vienna, Austria; 4Dept Mol Med Pharm, UCLA, Los
Angeles, CA.
The delta (δ) subunit of the GABAAreceptor is expressed in cerebellum, dentate
gyrus and thalamus. The physiological function of this subunit is unknown.
Using gene targeting, we generated mice containing a disrupted δ subunit gene.
Western blot analysis established that no δ protein was produced in homozygous (/-) mice. Overtly, -/- mice are indistinguishable from their wild-type (+/+) sibs,
are viable, healthy and fertile. Wild-type and -/- brain sections were stained with
toluidine blue, antineurofilament or antisynaptophysin: staining patterns appeared
indistinguishable between genotypes. Additional Western blot analyses revealed
that the γ2 subunit was increased in membranes from -/- cerebrum and
dramatically increased in -/- cerebellum. Ligand autoradiography showed increased
[3H]Ro15-4513 binding and decreased [3H]muscimol binding in many regions of / - brain. However, [3H]Ro15-4513 binding to cerebellar homogenates did not
detect any change in receptor number (+/+ 1.35+0.07 vs -/- 1.22+0.06 pmol/mg)
or affinity (+/+ 8.9+ 1.3 vs -/- 9.1+ 1.0 nM). Behaviorally, there was no difference
in memory retention (48 hrs) between +/+ and -/- mice as assessed by the passiveavoidance test. In conclusion, the δ subunit does not appear to be required for
normal brain development, viability, fertility, or memory despite its influence on
GABAergic pharmacology. Numerous behavioral experiments are currently
underway to assess effects of targeted disruption of the δ subunit gene.
Support: NIH grants GM52035, AA10422, and Dept. Anes., Univ. of Pittsburgh.
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48.13
TRANSCRIPTIONAL REGULATION OF THE MURINE
GABAA RECEPTOR DELTA SUBUNIT GENE A.a.R...QillTIS.*1.
T.A. Glencorsel. D. Livingstone! A. Ml<.Gregor2 A.R. Maclean2.

J B C)ements2 R W Davies 1 Division of Molecular Genetics 1 •

Institute of Biomedical and Life Sciences and Institute ofVirology2,
University of Glasgow, Glasgow G 11 6NU, Scotland, U.K.
Gamma-aminobutyric acid A (GABAAR) receptors are the major
inhibitory neurotransmitter receptors in the mammalian central
nervous system. The delta subunit is widely expressed, at moderate
levels, in many but not all neurons in the mammalian brain. The
region 5' to the mouse o subunit gene has been investigated for
involvement in transcriptional regulation. Two major transcription
start sites have been identified by the oligo capping procedure.
Sequence analysis has revealed regions of putative importance which
are present in both the mouse and rat . A proprosed regulatory site in
the rat which binds BSFI (Motejlek et al., 1994), is absent in the
mouse. Similarly two B2 repeat elements are present in the mouse,
but absent in the rat. A series of promoter deletion constructs linked
to a luciferase marker gene were transfected into neuronal cell lines
GT!-7 and NB41A3. Four Sp! sites were shown to be essential, and
other elements were shown to have clear modulatory effects. An
HSV-1 viral vector system has been utilised to study betagalactosidase expression directed by defined putative promoter
fragments in neurons both in vitro and in vivo. The GABAAR o
subunit promoter will be used as a prototype neuronal promoter to
investigate the context dependence of long-term gene expression
from HSV-1 vectors. This work was supported by the Medical
Research Council U.K. (to JBC and RWD).

48.14
CHARACTERISATION OF THE MURINE GABAA
RECEPTOR yl SUBUNIT GENE V Forster-Laird*. LA.

~ - A B . Roberts D Livin~ston and R W Davies . Division
of Molecular Genetics, Institute of Biomedical and Life Sciences,
University of Glasgow, Glasgow G 11 6NU, Scotland, U.K.
y-Aminobutyric acid A receptors (GABAAR), are the major
inhibitory neurotransmitter receptors in the vertebrate central nervous
system. To date 15 GABAA R subunit genes have been identified,
each of which exhibit distinct spatial and temporal expression
patterns, which are likely to be determined in part by the promoters
of these genes. A PCR probe from the 5' end of the published rat yl
subunit cDNA was used to isolate three sets of overlapping clones
from a mouse 129 genomic library in :l.200 I. The clones have been
further characterised by restriction mapping.
The genomic
organisation of the y 1 subunit gene has been elucidated within these
clones, and the intron-exon boundaries have been identified. The
oligo-capping procedure [Maruyama K. and Sugano S., Gene (1994)]
was used to identify two major transcription start sites for the yl
subunit gene .
V Forster-Laird holds an MRC (UK) studentship. This work is also
supported by the MRC (UK) to RWD.

48.16

48.15
LIGAND ASSOCIATION WITH THE GABAA RECEPTOR IS THE
CRITICAL DETERMINANT OF AFFINITY, WHEREAS UNBINDING
DETERMINES CHANNEL DEACTIVATION.

M.V. Jones* Y. Sahara J.A. DzYbay and G.L. Westbrook.
The Vollum Institute, Portland, OR 97201.
We previously showed that desensitized states prolong the inhibitory
postsynaptic current (IPSC) by delaying GABA unbinding (1 Jones & Westbrook,

1995,1996). Here we examine the binding and unbinding processes themselves by
comparing deactivation kinetics induced by agonists spanning a wide range of
affinity. Outside-out patch responses to brief pulses (5 ms, 1-100 mM) of GABA

(G), muscimol (M), THIP (T) and B-alanine (B-al) were fit to an established
kinetic mode1 1 to estimate their microscopic unbinding rates (k0 ff). These rates
varied less than IO-fold, from 122-843 s·1 (M<G<B-al<T), and were closely
correlated with the rates of macroscopic deactivation. However, this range of
unbinding rates is insufficient to explain the range ofEC5os, which vary 500-fold
from -10-5000 µM (M<G<T<B-al). We therefore measured the microscopic
agonist binding rates (k00 ) by simultaneous application of agonist and the
competitive antagonist SR-95531, with known binding and unbinding rates (kon
= 4x107 M- 1s- 1, kofFll s- 1). The agonist binding rates were far below that of
diffusion-limited binding (~109 M- 1s-l), varied over 164-fold from 3.4x104 5.6x106 M- 1s- 1 (G>M>T>B-al), and were steeply correlated with EC50 on a loglog scale. Differences in efficacy are unlikely to contribute to differences in
apparent affinity, as GABA, THIP and B-al produced indistinguishable current
amplitudes and desensitization kinetics, and are thus all full agonists.
Deviation of k00 from the diffusion limit indicates that agonists must
surmount a significant energy barrier (4-8 kcal moJ- 1) before binding. This barrier
is the major determinant of affinity. The agonist exit rate, however, is the best
predictor of deactivation. Supported by NIH grants T32-DA07262 and NS26494.

48.17
THE ORGANOCHLORINE PESTICIDE DIELDRIN REGULATES
EXPRESSION OF GABAA RECEPTOR SUBUNITS IN VITRO. J. Liu 1•,
A.L. Morrow' L. Devaud2 D. R. Grayson' and J. M. Lauder'. 'Dept. of Cell
Biology and Anatomy, 'Psychiatry and Center for Alcohol Studies, Univ. of North
Carolina School of Medicine, Chapel Hill, NC 27599, and 3Dept. of Psychiatry,
Allegheny Univ. of the Health Sciences, Pittsburgh, PA 15212
The ability of organochlorine pesticides to target GABAA receptors may
make the developing nervous system especially vulnerable to these neurotoxins. We
used an in vitro model to determine whether exposure to dieldrin alters
developmental expression of GABAA receptor subunits. Dissociated cell cultures were
prepared from embryonic day 14 (El4) brainstem and cultured in serum-containing
medium for 24 hrs, then treated for 48 hrs with 10 µM dieldrin in serum-free
medium. Absolute amounts of GABA, receptor al, !33, yl, y2S and y2L subunit
mRNA transcripts were quantified by competitive RT•PCR using internal standards.

The most abundant transcript in control cultures was 1}3, followed by y2S, yl, y2L

and a.I. Dieldrin differentially altered expression of these GABAA subunit transcripts.

J33 transcripts were significantly increased by dieldrin, whereas y2S and y2L were

decreased. Dieldrin did not significantly alter expression of al or yl transcripts. The
reduction in y2L and y2S mRNAs suggests a decrease in benzodiazepine binding and
sensitivity could result from dieldrin exposure in these cultures. Taken together, these
results raise the possibility that in utero exposure to organochlorine pesticides may
pose a risk to the developing brain by altering expression of GABAA receptor subunits

and changing the phannacologic properties of GABA, receptors. Supported by
NIEHS grant ES07017.
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GABAA RECEPTOR a. SUBUNITS ARE EXPRESSED BY MONOAMINE
NEURONS AND GLIA IN EMBRYONIC RAT BRAINSTEM CULTURES.

M.J. Van Doren'" R. Haberman' J.-M. Fritschy4 J. Liu 3 and J.M. Lauder'.
'Interdisciplinary Biomedical Sci. Prog., 'Curriculum in Neurobiology, and
3Dept. of Cell Biology and Anatomy, University of North Carolina, Chapel Hill,
and 4lnst. Pharmacol., University of Zurich, Switzerland
The GABA, receptor is a pentameric complex composed of several
subunits (al-6, !ll-4, yl-3, o, and p). Different combinations of these
subunits form GABAA receptor subtypes with distinct pharmacologic properties.
Cell cultures from embryonic day 14 (EI4) rat brainstem contain multiple
GABAA receptor subunit mRNA transcripts, as determined by RT-PCR.
GABAA receptor ligands have differential effects on growth and survival of 5HT, TH (tyrosine hydroxylase) and GABA neurons in these cultures, suggesting
that these neurotransmitter phenotypes may express different GABAA receptor
subtypes (Liu et al., '97). Glial cells present in these cultures could also
contribute to these effects, since RT-PCR has revealed that purified glial
cultures from El4 brainstem express multiple GABAA receptor subunit
transcripts. We are utilizing double labelling immunofluorescence to investigate
expression of a 1, a 2, and a 3 subunit peptides by 5-HT neurons, TH neurons,
and GFAP+ glial cells in El4 brainstem cultures. Preliminary data indicate that
most 5-HT and TH neurons and GFAP+ glia express both a 2 and a 3 GABAA
subunits. a, subunits are also expressed by most glial cells, but only some 5-HT
neurons. U.1 expression by TH neurons is being analyzed. These results suggest
that glial cells could mediate some of the trophic effects of GABA on embryonic
monoamine neurons. Supported by NIEHS grant ES07017.

48.18
DEVELOPMENTAL SWITCH IN DESENSITIZATION KINETICS DETERMINES TIME COURSE OF

GABA MEDIATED SYNAPTIC TRANSMISSION. B Hutcheon*and M.O. Poulter Lab. Mo!
Neurophann, JBS, NRC of Canada Ottawa Ont, Canada KIA 0R6,
In the mature cortex, GABA behaves as an inhibitory transmitter concerned with
aspects of information processing. During development, however, GABA is
excitatory and appears to have a trophic role. This functional switch--over is
paralleled by a change in the identity of mRNAs coding for GABA, subunits. We
have measured GABAergic responses and post synaptic currents (PSCs) in cultured
cortical neurons and correlated them to subunit turnover. In order to compare PSCs
to GABA applications, GABA was applied qnickly (< I ms rise time) and at high
concentration (1 mM) to outside out patches. In neurons from young cultures (2-4
DIV, cultured on EIS), desensitization during long GABA pulses could most often
be fitted l\tith two exponential time constants (means 54 and 496 ms) whereas in
older neurons (>8 DIV) an additional fast component (mean 2.5 ms, accounting for
39% of total desensitization) was present. Furthermore responses to short (1 ms)
and long (> 1000 ms) pulses of GABA were often virtually identical over the initial
30 ms suggesting that the desensitization kinetics regulates the time course of short
applications of GABA The development of a similar fast time constant with age was
also observed in whole cell recordings of spontaneous GABAergic PSCs. These
results suggest desensitisation regulates the early phase of GABA mediated
synaptic currents and is the dominant factor in shaping GABAergic PSCs.
Furthermore these changes correlate to a change in subunit expression during the
culture period. RT•PCR revealed an overall decrease in aJ and a5 subunits and an
increase in al and a.2 subunit expression (also see Poulter et al J. Neurochem
68:631, 1997). These results indicate that in the cortex, during development, subunit
turnover of GABAA receptors results in a speeding up of desensitization kinetics.
The fast desensitization results in briefer PSCs, consistent with a role in determining
precise timing relationships in cortical circuits at maturity.
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DEVELO PM ENTAL
E X P R E S S IO N
OF
GABAA
RECEPTOR SU B U N IT m R N A s IN H IP P O C A M P A L
NEURONS IN VIVO & IN VITRO. A.R. B rooks-K aval *, H.
Jin, M. Price and M.A. Dichter. Depts. o f Pediatrics and Neurology,
Univ of Pennsylvania School of Medicine and Children's Hospital of
Philadelphia, Philadelphia, PA 19104.
GABA is the most abundant inhibitory neurotransm itter in the
vertebrate forebrain. Developmental changes in GABAA receptor
expression may play an important role in both normal development
and certain developmental neurological disorders such as the pediatric
epilepsies. The pattern of expression o f 11 different GABAA receptor
subunit mRNAs was examined in individual hippocampal neurons
during development in vivo and in vitro using the technique of singlecell mRNA amplification. Acutely dissociated hippocampal neurons
from embryonic day 17 (E l7), postnatal day (PND) 5 and PND 12 rat
pups, and embryonic hippocampal neurons grown in dissociated
neuronal culture for 1 ,7 , 14 and 28 days (DIV1-28) were analyzed.
α l, α2, β1 and γ2 mRNAs were highly expressed at all timepoints,
and the relative abundances (compared to (3-actin mRNA) o f α1, β 1
and γ2 subunit mRNAs increased significantly during development
both in vivo and in vitro. The relative expression of α 1 , β1 and γ2
mRNA within individual hippocampal neurons in vivo increased 3, 5
and 6-fold, respectively, between E17 and PND 5. A similar pattern
of developmental expression was seen in hippocampal neurons in
vitro, but occurred more slowly, w ith α 1 , β1 and γ2 m RN A s
increasing 2.4, 5 and 4.4-fold, respectively from D IV 1-28.
(NS0193601, HD28815, NS24927, NS24260, McCabe Fund- UPa)

48.20
EXPRESSION OF mRNA FOR GABAA RECEPTOR SUBUNITS
DURING DEVELOPMENT: A QUANTITATIVE STUDY. C .K .
K ello g g * , G .L. P leg er, A .A . R o b erts, D ept. B rain and C ognitive
Sciences, U niv. o f R ochester, R ochester, N ew Y ork, 14627.
T he m R N A levels for the α 1,α2, β2, and γ2 (sh o rt and long
variant) subunits o f the G A B A A receptor w ere m easured at six ages
from birth to young adulthood in the cerebral cortex o f m ale rats
using R N A se protection assays. m R N A levels for the various
subunits were expressed as pg/total R N A . C yclophilin and 18s
m R N A were m easured as internal standards in the assay. L evels o f
m R N A for the α1 and α 2 subunits increased significantly from birth
to 14 days o f age and decreased significantly from 21 days to
adulthood. H ow ever, ov er the first 2 w eeks o f life, levels o f α 2
exceeded levels for the α1 subunit. F ro m 14 days to adulthood, the
ratio o f α1:α2 w as close to unity, indicating sim ilar expression o f the
tw o subunits as averaged over the entire cortex. E xpression o f the β2
subunit w as consistent from birth to adulthood. In contrast, w hile
the total level o f γ2 m R N A increased only slightly over the ages
studied, an inconsistent profile for the levels o f the tw o splice
variants w as observed over the first three w eeks o f age, indicating
changing developm ental regulation o f splicing in this region over this
period. F rom three w eeks to adulthood, m R N A levels for the tw o
splice variants w ere sim ilar. The developm ental expression o f these
subunits is also being evaluated in the hippocam pus and cerebellum .
S upported by G rant N o. D A 07080.
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ALTERATIONS IN GABA a RECEPTOR SUBUNIT GENE
EXPRESSION ASSOCIATED W ITH AGING AND DIET
RESTRICTION. M olina M hatre* and M aharaj K.Ticku (Dept.
Of Pharmacology, Univ.Texas HSC at San Antonio, TX).
It is widely accepted that dietary restriction is an effective way
in delaying the aging process. The studies were conducted to
determine whether dietary restriction prevents any age-related
changes in the structural and molecular aspects o f GABA-BZ
receptor. In aged rats (24m old), the binding o f [35S]TBPS was
significantly reduced in the cerebellum. In contrast, [35S]TBPS
binding remained unchanged in the cerebellum o f diet restricted old
rats. In order to evaluate the molecular basis o f these changes,
alpha subunit mRNA levels were measured. Alpha-2 subunit
mRNA level remained unchanged in old diet restricted rats
whereas it was significantly decreased in diet ad-lib old rats.
Alpha-6 mRNA levels were increased in old [diet ad lib] as well as
old [diet restricted] animals. In correlation, diazepam insensitive
R015-4513 binding was increased in old vs young animals. These
findings indicate a selective age and diet related modulation in
the stoichiometry o f GABA-BZ receptor in aging. (Supported by
NS15339 and subgrant o f AG(00469) to Dr. E. Masoro)

49 .2
DIFFERENTIAL EFFECTS OF PRENATAL COCAINE EXPOSURE ON SELECTED SUBUNIT mRNAs OF THE GABAA RECEPTOR. Y. Wu1* , J.S. Shumsky2 ,
E.H. Murphy2 , J. Nissanoy 3 , A. O’Brien-Jenkins 2 , and D.R. Grayson1 .
MCP♦Hahnemann School of Medicine, Allegheny University of the Health Sciences,
Departments of Psychiatry (Pittsburgh, PA 15212) and Neurobiology and Anatomy2
(Philadelphia, PA 19129) and Imaging and Computer Vision Center3, Drexel
University (Philadelphia, PA 19104).
We have previously shown that in the dopamine-rich anterior cingulate cortex
(ACC), significant changes in GABA immunoreactivity occur in the offspring of rabbits given intravenous injection of cocaine (3 mg/kg) twice daily during pregnancy. In
ongoing studies we are investigating the effects of prenatal cocaine exposure on the
developmental expression of specific GABAA receptor subunit mRNAs at different
postnatal ages. We have previously reported a significant reduction in the expression
of the β2 subunit mRNA in lamina II of the ACC at postnatal day 20 (P20). We now
report the effects of prenatal cocaine exposure on the α1 and γ2 subunits at P20.
Portions of the corresponding homologues were RT-PCR subcloned from rabbit cortical RNA and in situ hybridization was performed to examine the distribution of the
mRNAs in brains of cocaine- and saline-exposed offspring. Prenatal cocaine exposure results in a significant increase in α1 subunit mRNA in ACC lamina III. No differences between cocaine-treated and saline controls were found for γ2 subunit mRNA
expression in ACC.- For all three subunits in cocaine-treated animals, the density of
labeling appeared relatively homogeneous across laminae II and III. In contrast, in
saline-treated animals the level of label in lamina III was reduced compared to lami=
na II, clearly delineating the border between laminae II and III. Collectively, our data
show that prenatal cocaine exposure elicits differential changes in mRNA levels
encoding selected subunits of the GABAA receptor and that these changes are lamina
specific. Supported by P01DA06871 to E.H.M. and K04NS01647 to D.R.G.
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REPEATED ADMINISTRATION OF GABA ANTAGONISTS
HAVE EFFECTS SIMILAR TO OPIATE ANTAGONIST,
NALOXONE. J. Thomas*, D ept. o f Psychology, University o f New
Orleans, New Orleans, LA 70148.
The objectives o f the study were to determine (1) if repeated
administration o f subconvulsive doses o f the competitive GABA
antagonist, bicuculline (BIC), would induce changes in opiate receptor
sensitivity as had been previously reported for picrotoxin; and (2) how
any behavioral and pharmacological effects o f BIC compared with
effects o f repeated naloxone (NLX) treatment. Female rats were
injected (sc) three times at one week intervals with BIC (1 mg/kg),
bicuculline methylchloride (BMC1, 5 mg/kg), N LX (1 mg/kg) or the
vehicle (VEH), and observed for signs o f seizures and withdrawal. One
week later, pain sensitivity was assessed. A serendipitous finding was
that the BIC and BMC1 groups showed significantly more withdrawal
responses than the VEH group on test Day 3 (but not Day 1) and the
number of withdrawal signs in the BMC1 group did not differ from the
number of withdrawal signs in the NLX group on Day 3. The BMC1 and
NLX groups had longer latencies than the V EH group in the pawlick
test, but tailflick latencies were similar across the groups. The results
suggest that anti-opiate effects are associated with GABA antagonism
and that repeated GABA antagonism can alter the sensitivity o f opiate
receptors for agonists.

P ATCH E XCISION A LTERS R ESPONSES OF E XPRESSED GABAA
R ECEPTORS TO H ALOTHANE . XS Li*, CA Czajkowski, and RA Pearce, Depts.
Zoology, Neurophysiology, & Anesthesiology, Univ. Wisconsin, Madison, 53706.

Society for N e u r o s c ien c e , V olume 2 3 ,1 9 9 7

I ntroduction : Volatile anesthetics prolong the deactivation of IPSCs and increase
the response of GABAA receptors to GABA. To study the molecular mechanisms of
these effects, we used rapid application techniques to apply known concentrations of
GABA and halothane to cells and excised outside-out patches.
M ethods: Rat GABAA receptors (α1β2γ2s) were transiently expressed in HEK 293
cells. Whole-cell voltage clamp and excised outside-out recordings were obtained at
room temperature. GABA was applied using the “liquid filament” technique. Open
tip solution exchange times were less than 300 μs. Whole cell exchange times,
estimated in separate experiments, were 5 -3 0 ms.
R esults: In whole-cell recordings, three prominent effects of halothane (0.8%,
1mM) were observed: 1) current deactivation was prolonged following application of
low (10 μM) and high (1 mM) concentrations of GABA; 2) peak responses to
concentrations of GABA <30μM were increased, but peak responses to higher
concentrations were decreased; and 3) co-application of GABA and halothane
revealed a weak, rapid blocking and unblocking action of halothane. In contrast,
excised patches responded differently to halothane: 1) The anesthetic did not prolong
deactivation; 2) peak responses were not increased at low or high GABA
concentrations; and 3) halothane showed a much stronger blocking effect on excised
receptors.
Conclusions: The ability of halothane to prolong current deactivation was
prevented by patch excision. The different responses of receptors in excised outsideout patches and cells may be due to either alteration of the channels by excision or
loss of intracellular components necessary for their modulation by halothane.
This work supported by the N1H (NS01548 to RAP) and UW Dept. Anesthesiology.
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E f f e c t s o f I s o f l u r a n e o n MIPSCs a n d E x c i s e d
R e c e p t o r s . MI Banks*, T-B Li, and RA Pearce, Department
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N euronal

G abaA

of Anesthesiology and
Neuroscience Training Program, University of Wisconsin, Madison, WI 53706
INTRODUCTION: Volatile anesthetic effects on cortical function are thought to be
mediated in part by prolongation of GABAA IPSCs. In HEK293 cells expressing
GABAA receptors, halothane prolongation of the whole-cell response to applied
GABA is lost upon patch excision. We tested whether excised native receptors also
respond differently than predicted from whole-cell recordings by comparing the effect
of isoflurane on miniature IPSCs (mIPSCs) recorded in CA1 pyramidal cells with its
effect on GABA responses in excised receptors from these cells.
M ETH OD S: GABAA mIPSCS were recorded in slices from 12-21d rats at 24°C and
-60 mV. Isoflurane was applied using calibrated vaporizers. Millimolar concentrations
include 35% loss indicated by liquid phase measurements. Outside-out patches were
rapidly exposed to 10 mM GABA (solution exchange <100 μs) with or without
isoflurane using the ‘liquid filament technique’. Data are presented as mean±SE.
R e s u l t s : Isoflurane prolonged time to 63% decay (tdecay) and reduced the amplitude
of mIPSCs. Average tdecay in control was 16±1ms, in 0.24 mM isoflurane 25±1ms, and
in 0.48 mM 36±3ms. Isoflurane reduced mIPSC amplitude by 3±3% (0.24 mM),
13±3% (0.48 mM) and 35±7% (0.96 mM; n=3 cells at each concentration). In
contrast, isoflurane (0.48 mM, n=8 ) reduced the peak response of excised receptors to
GABA (2 ms pulse) by 84±6%, without prolonging the current deactivation phase. A
similar degree of block was observed at 0.1 mM (n=2) and 0.24mM (n=l) isoflurane.
Co-application of 0.48 mM isoflurane and GABA (200 ms pulse) revealed that the
onset and termination of block were rapid, occurring in 5-30 ms.
C o n c l u s i o n s : We have found that low concentrations (0.24-0.48 mM) of isoflurane
prolong mIPSCs with only slight effects on their amplitude. Receptor excision
eliminates the anesthetic-mediated prolongation of the IPSC, while revealing a
potentiation of the block by isoflurane. The rapid, reversible nature of the block
suggests that isoflurane modulates the receptor via a direct binding step.

SELECTIVITY OF GENERAL ANAESTHETICS ON EXCITATORY AND
INHIBITORY LIGAND-GATED ION CHANNEL RECEPTORS. S.E. Shepherd*,
J.A. Peters & J.J. Lambert. Neurosciences Institute, Department of Pharmacology,
Dundee University, Dundee, DD19SY Scotland, U.K.
The effects of several structurally distinct anaesthetics, on excitatory and inhibitory
ligand-gated ion channels were investigated to determine their selectivity of action. All
recordings were made from Xenopus laevis oocytes (preinjected with cRNA or mRNA
from rat cerebellum* or spinal cord#) utilizing the two-electrode voltage clamp
technique. Results are reported as the mean ± s.e.m. of 3-4 observations made from
Propofol
Pentobarbitone
Etomidate
Alphaxalone
1.8±0.2μ.M
3.4±0.3μM
51±0.5μM
*GABAA: EC50
0.6±0.1μM
No Effect
52±5μM
0.8±0.2mM
No Effect
#Glycine : EC50
173±20μM
No Effect
No Effect
*Kainate : IC50
No Effect
152±14μM
46±lμM
0.6±0.1mM
~30μM
5HTi: IC50
hHT3R-A
20±3μM
16±lμM
63±15μM
5±lμM
Nicotinic : IC50
Rat α4β2
All the anaesthetics tested potently enhanced GABA-evoked currents. For etomidate,
propofol and alphaxalone this effect was relatively selective. However, pentobarbitone
additionally inhibited neuronal nicotinic (α4β2) and kainate receptors at relevant
concentrations. These studies identify the GABAa receptor as an important locus of
anaesthetic action, although for pentobarbitone effects at other receptors may
contribute to its behavioural profile.
SES was supported by Glaxo-Wellcome. We thank Dr. J. Boulter fo r the nicotinic cDNAs.

This work was supported by NIH (NS01548 to RAP) and U W Dept. Anesthesiology.
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CONCENTRATION-DEPENDENT POTENTIATION OF THE GABAA-GATED
CHLORIDE CHANNEL BY PENTOBARBITONE AND MEFENAMIC ACID D. Patten,
K.F. Martin* & R.F. Halliwell. Dept. of Biological Sciences, University of
Durham, DH1 3LE, and *Knoll Pharmaceuticals Research & Development,
Nottingham, U.K.
The fenamate non-steroidal anti-inflammatory drug (NSAID), mefenamic acid
(MFA), modulates GABAA receptor mediated responses (Halliwell, R.F. & Davey,
P.G., 1994, Can J. Physiol & Pharmacol., 72: P13.3.16; Woodward, et al., 1994,
JPET, 268: 806-817). This study now compares the potency and efficacy of MFA
with that of pentobarbitone (PB) to modulate neuronal GABA-evoked currents.
GABA-evoked whole cell currents were recorded from cultured embryonic rat
hippocampal neurones, voltage-clamped at -60mV, using the patch clamp
technique (Halliwell, R.F. et al.. 1989, Br J Pharmacol., 96: 480-494).
Submaximal ( 10μM) GABA currents were inhibited by bicuculline (3μM) to
(mean+s.e.mean) 7±3% of control, but potentiated by alphaxalone (0.3μM) and
propofol (10μM) to 200±34% and 386±61% of control, respectively. The GABA
current-voltage relationship showed outward rectification and reversed at 2 . 1±
0.3mV, a value consistent with the E(C1) predicted from the Nernst equation,
under our recording conditions. MFA (3-100μM) potentiated GABA-evoked
responses with a bell-shaped concentration-response curve. Neuronal sensitivity to
MFA varied between cells with the maximum potentiation of the GABA response
being 391±91% of control (range: 125-909%) induced by 30μM MFA. The actions
of MFA were similar to, but approximately 2.5 times more potent than, PB (30l00μM) but were not mimicked by the GABA uptake inhibitor, nipecotic acid
( 1mM) or the NSAID, biphenylacetic acid ( l00μM).
The actions of MFA at the GABAA receptor may contribute to its clinical
effects, including sedation and coma with overdose (Smolinske et al., 1990, Drug
Saf., 5: 252-274).
This work was funded by The Wellcome Trust. DP is supported by a Knoll
Pharmaceuticals Case Award.

Q U IN O L O N E A N T IB A C T E R IA L S -IN D U C E D C O N V U L S IO N S
INCREASE NUCLEAR ACTIVATOR PROTEIN 1 DNA-BINDING
ACTIVITY IN THE MOUSE BRAIN. K. Ishige*, Y. Ito, M. Aizawa and
H. Fukuda. D epartm ent of Pharmacology, College of Pharm acy, Nihon
University, Funabashi 274, Jap an
Quinolone antibacterials such a s enoxacin and norfloxacin have
been shown to provoke clonic convulsions when treated concomitantly
with the nonsteroidal antiinflammatory drug, fenbufen, or its major
m etabolite, biphenylacetic acid (BPAA).
O ur previous study
dem onstrated that enoxacin and norfloxacin had w eak GABAA receptor
antagonistic activities and that the antagonistic potency of th e se
quinolones w as dramatically potentiated in combination with BPAA (Ito
e t al., 1996). In this study, we investigated nuclear activator protein-1
(AP-1) DNA-binding activity in various brain regions of mice treated with
som e quinolones alone or in combination with BPAA.
Although
enoxacin or norfloxacin alone (2.5 mg/kg, i.v.) elicited neither
convulsions nor an increase in nuclear AP-1 DNA-binding activity in the
m ouse brain, they provoked clonic convulsions and increased the
DNA-binding activity significantly in the brain when mice were treated
concomitantly with BPAA (100 mg/kg, i.p.). A regional study showed
that the quinolone-induced increase in the AP-1 DNA-binding activity
w as observed in the cerebral cortex and hippocam pus but not in the
thalam us or cerebellum. Ofloxacin and levofloxacin (2.5 mg/kg, i.v.),
which have been shown to have very w eak affinity for GABAa receptors,
in combination with BPAA (100 mg/kg, i.p.) elicited neither convulsions
nor an increase in the DNA-binding activity. T h ese data com bined with
our previous results su g g est that epileptogenic activity of th ese
quinolones is closely related to the inhibition of GABAA receptors and
that the increase in nuclear AP-1 DNA-binding activity in the cerebral
cortex and hippocam pus is correlated with convulsions.
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EFFECTS O F G A B A E R G IC D R U G S O N ELECTRICAL
A C T IV IT Y A N D T R A N S M IT T E R R E LEA SE D U R I N G A
G A B A -W IT H D R A W A L S Y N D R O M E (G W S ). C a lix to , E.,
Rodrí g u e z , G ., B argas, J., C a sa s o l a , C ., Ló p e z - C o lo m é ,
A .M ., H iria r t, M .*, B r a ilo w s k y , S. I n s t itu t o d e F is io lo g í a
C e lu la r , U N A M , 04510 M é x ic o D .F ., M E X IC O .
A n h y perexcitable co n d itio n h as b ee n elicited in h ip p o c a m p a l
slices a fte r w ith d ra w a l from G ABA in cubation, sim ilar to a n
epileptogenic G W S p rev io u sly d escrib ed in vivo; a co m p arab le
co n d itio n h a s been fo u n d in cortical slices. In th is p re p a ra tio n ,
b a th a p p lic a tio n of allopregnanolone (10-4M ), G ABA (5, 10 a n d
20 m M ) a n d d ia z e p a m (350 μ M) in d u c ed a dec re ase in the
am p litu d e of th e field p o te n tia l o b ta in e d b y sy n a p tic stim u latio n ,
w h ereas b aclofen (10 μM ) p ro d u c e d a n en h an cem en t o f the
resp o n se. C o m p a riso n of d ru g resp o n ses before a n d du rin g GW S
revealed a h y p o sen sitiv ity to G A BA , n o change in th a t
to
d ia z e p a m , a n d a h y p ersen sitiv ity to th e n eu ro ste ro id in GW S
slices. The release of 3H -G A BA w a s fo u n d significantly chang ed
a fte r in cubation w ith GABA (5 m M for 120 m in) a n d 150 m in
post-G A B A , d uring the h y p erex c ita b ility p h a s e (69 a n d 50%
decrease, respectively). T hese resu lts in d icate a p re s y n a p tic
involvem ent in G W S a n d changes in se n sitiv ity to p o sitiv e
m o d u la to rs of GABA A rece p to r a fte r G ABA w ith d ra w a l.

SYNAPSE-SPECIFIC LOCALIZATION OF NMDA- AND GABAARECEPTOR SUBUNITS IN RAT HIPPOCAMPAL AND NEOCORTICAL
NEURONS. J.-M. Fritschv*, O. Weinmann, A. W enzel, D. Benke, Institute
of Pharmacology, University of Zurich, CH-8057 Zürich, Switzerland.

Supported in part by DGAPA-UNAM and CONACYT (Mexico)
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The immunohistochemical detection of ionotropic receptor subunits is
often hampered by a prominent intracellular staining, thereby providing little
evidence for a selective localization at synaptic sites. In this study, we show
that microwave irradiation of fresh-frozen cryostat sections combined with
immunofluorescence staining leads to an ‘unmasking’ of synaptic epitopes
for both NMDA- and GABAA-receptor subunits in rat brain. With this
procedure, an intense punctate staining became apparent in the neuropil,
surrounding neuronal somata and dendrites. In the hippocampus, staining
for the NR2A- and NR2B-subunit was most abundant in the dendritic layers,
showing extensive co-localization within individual puncta. In contrast,
pyramidal cell bodies, which receive no excitatory synapses, were unstained.
In the stratum lucidum of CA3, the NR2A-, but not the NR2B-subunit, was
selectively detected on pyramidal cell dendrites at sites of mossy fiber input.
Among the GABAA-receptor subunits, the α 2-subunit was preferentially
localized in the axon-initial segment (AIS) of pyramidal cells, whereas the
β 2,3- and γ2-subunits were in addition abundant on their soma and dendrites.
The α 1 -subunit staining was largely restricted to interneurons. In the
neocortex, staining of pyramidal cell AIS was also detected, mostly with the
α 1 - and α 2-subunits in the superficial layers and with the α 3-subunit in
layers V-VI. These results reveal a remarkable specificity in the synaptic
targeting of NMDA- and GABAA-receptor subunits in hippocampal and
neocortical neurons, suggesting that individual neurons can express multiple
receptor subtypes in functionally distinct synapses. Supported by the Swiss
National Science Foundation grant 31-36327.92.
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CHANGES IN HUMAN GABAa RECEPTOR SUBUNIT mRNA LEVELS
ASSOCIATED WITH HIPPOCAMPAL SCLEROSIS.
K. S. P. Hand1, M. A. Simmonds1*, V. H. Baird2, J. S. Duncan3, W Van Paesschen3, &
N. G. Bowery2. Depts. of Pharmacology, 1School of Pharmacy, London & 2Medical
School, University of Birmingham. 3Institute of Neurology, Queen Sq., London, UK.
We have recently demonstrated a change in affinity of the GABAAreceptor for the
benzodiazepine antagonist flumazenil, using receptor autoradiography, in several
subregions of hippocampal tissue resected from patients with refractory temporal lobe
epilepsy (TLE) and hippocampal sclerosis (HS) relative to post-mortem controls. In
order to. test the hypothesis that these changes in affinity may reflect an altered subunit
composition and possibly efficacy of the native GABAAreceptor, we have performed
quantitative in-situ hybridization studies using [35S]-labelled antisense oligonucleotides
to the α2, α4, α5 and γ2 subunits of the GABAAreceptor. Overall expression levels of
mRNA, as determined by film densitometry, were largely unchanged in the
hippocampal subfields of the HS group (n=8-12), relative to controls (n=6-10) with
the exception of the subiculum, in which a significant increase in expression of the α 2
(282±49%), a.5 (199±24%) and γ2 (320±43% of control) subunit mRNA was observed
(p<0.05). Expression of the γ2 subunit mRNA was found to be significantly reduced
in the CA2 subfield in HS (8.4±4% of control, p<0.05). However, when overall
mRNA levels were adjusted for neuronal density (HS n=7, control n=5), a significant
increase in expression of mRNA was evident in remaining neurons of the DG in HS for
all subunits examined (253-366% of control, p<0.05). Levels of α2 mRNA per
neuron were also significantly increased in the hilus (692±119%) and CA1
(677±146%) p<0.01. Pooling the data from all four subunits revealed a comparable
and significant increase in mRNA per neuron in all hippocampal subfields in HS with
the exception of CA2. This may suggest an overall non-selective increase in GABAA
receptor mRNA expression in surviving neurons in HS.

W A G LERIN -1 D IST IN G U ISH ES BET W EE N G A B A a R E C E P T O R S
OF TH E H YPO THALAM U S A N D N UCLEU S ACCUM BEN S.
J. R en*1, J. H . Y e1,2, P .L . L iu 1, J.J. M cA rd le2 ,1. 1D ep t A nesthesiol.
2D epts P h arm aco l. & P hysiol. N ew Jersey M ed Sch. U M D N J,
N ew ark , N J 07103.
W aglerin-1 (W TX-1) is a peptide o f 22 am ino acids p u rified fro m the
v en o m o f T rim eresurus w agleri. R ecently (Y e & M cA rd le, JP E T ,
1997), w e rep o rted a dual effect o f W T X -1 o n the G A B A -activated
c u rre n t (IGaba) o f freshly isolated hyp o th alam ic n eu ro n s. T h at is,
W TX-1 p o tentiated o r dep ressed IGAba fo r 54% and 30% o f neurons
exam ined, respectively; the E C 50 for both effects w as 24 μ M W T X -1.
N eurons w hich responded to W TX -1 also resp o n d ed to d iazep am and
Zn2+ in a qualitatively sim ilar fashion. T h ese data su g g est th at W T X 1 distinguishes betw een subtypes o f the G A B A A recep to r. In o rd er to
fu rth e r test this hyp o th esis, w e ex am in ed the effect o f W T X -1 on
IGABA o f neurons isolated fro m the nucleus accum bens (N A ) o f young
rats. F o r this p rep aratio n , w e observ ed th at W T X -1 dep ressed IGABA
w ith an IC 50 o f 2 .4 μ M . W hile none o f the N A n eu ro n s exam ined
responded to diazepam , Zn2+ in hibited IGAba w ith an IC 50 o f 0 .2 μ M .
These data fu rth er suggest th a t W T X -1 is a u sefu l to o l fo r exp lo rin g
subtle differences in the binding ch aracteristics o f ligand o p erated ion
channels. (Supported by N IH grant NS31040 and UMDNJ foundation

grant.)

Supported by the Royal Pharmaceutical Society o f Great Britain.
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ZINC AND ZOLPIDEM MODULATE MINIATURE IPSCs IN RAT
NEOCORTEX. T.DeFazio*, and J.J.Hablitz. Department of Neurobiology,
University of Alabama at Birmingham, Birmingham, AL 35294.
Functional GABAA receptors (GABAARs) can be composed of α , β, γ, δ
and/or ρ subunits. Two benzodiazipine binding sites have been described: BZ1
and BZ2, correlating with
α1βγand α2-5βγ subunits, respectively. Zolpidem, a
hypnotic imidazopyridine derivative, selectively binds to the BZ1 site with high
affinity. Zolpidem increases the amplitude and the decay time constant of
GABA-mediated currents in many preparations. Zinc has been shown to reduce
the amplitude of GABA-mediated currents via certain GABAAR subunit
combinations: α1β2 and α 1β 2γ2Lδ subunit combinations are sensitive to zinc,
while α 1β2γ2 receptors are insensitive.
Whole cell voltage clamp recordings under elevated internal chloride
conditions and antagonism of excitatory neurotransmission with CNQX and
APV were used to examine inhibitory synaptic activity in 300μm thick brain
slices. Neocortical pyramidal neurons of both deep and superficial layers
exhibited rapid spontaneous inward currents that were reduced in size and
frequency by tetrodotoxin (TTX) and abolished by bicuculline (GABAAR
antagonist). These miniature inhibitory synaptic currents (mIPSCs) had rise
times of l-3msecs, a mean amplitude of ~50pA (in TTX) and monoexponential
decay time constants (τ) of 15-20msec. Bath application of 50μM zinc
reversibly reduced the amplitude of mIPSCs by 30-60% with little effect on
decay τ. 50nM zolpidem consistently increased the decay τ by 10-20% with a
slight increase in amplitude. Independent of cell layer, most cells were
responsive to both zolpidem and zinc indicating that rat neocortical pyramidal
cells have functional GABAAR containing BZ1 and zinc sensitive subunits.
Supported by NS22373.

PROPERTIES OF SPONTANEOUS M INIATURE INHIBITORY EVENTS
IN RAT NEOCORTICAL PYRAM IDAL CELLS D .S.F. Ling*,1 and L.S.
Benardo1,2. Depts. of Pharmacology1 and Neurology2, SUNY-HSCB,
Brooklyn, NY 11203.
Previously, we have shown that fast inhibitory postsynaptic currents
(IPSCs) evoked by graded extracellular stimulation exhibit a fixed limit in
magnitude.
However, the mechanisms underlying this limit on fast
inhibition remain unknown. Whole-cell recordings were made from layer
V pyramidal cells in slices (400 μ M) of rat somatosensory cortex in the
presence of tetrodotoxin (TTX) to evaluate miniature IPSCs (mIPSCs).
Spontaneous events recorded in TTX at the empirically determined EPSC
reversal potential ( ~ 0 mV) shared many features with evoked IPSCs,
including: 1) they were blocked by picrotoxin (50 μ M), suggesting
meditation by GABAA receptors; and 2) they exhibited second-order rise and
monoexponential decay kinetics, similar to evoked IPSCs. mIPSC frequency
within single neurons varied from 2 to 25 Hz, with an average frequency of
14.8 ± 4.0 Hz (n = 5). The mean mIPSC amplitude was 22.1 ± 0.5 pA
(n =1223 pooled from 5 cells), with values ranging from 5.0 to 60.0 pA.
Amplitude histograms exhibited several discernable peaks and could be fit
with sums of Gaussian curves. Histogram peaks appeared to be evenly
spaced, suggesting that mIPSC amplitudes vary in a quantal manner.
Estimates of the functional characteristics of fast IPSCs have been derived
from these data to further define the operational boundaries on cortical
inhibition. (Supported by MH51677)

49.15

49.16

CHANGES IN INTRACELLULAR CALCIUM CONCENTRATION AFFECT
DESENSITIZATION KINETICS OF GABAa RECEPTORS IN ACUTELY
DISSOCIATED RAT HIPPOCAMPAL NEURONS, J.W. Mozrzymas and E.
Cherubini * , Biophys Lab, Int Sch Adv Studies (SISSA), 34 014 Trieste, Italy.
GABA-evoked currents were recorded from acutely dissociated hippocampal
neurons obtained from P2-P8 old rats using the whole-cell configuration of the
patch-clamp technique. In order to study how different calcium concentrations
might affect the desensitization of GABAa receptors, the calcium chelator BAPTA
(0.8 and 11 mM) was used to yield low or high intrapipette solutions. With these
BAPTA concentrations intracellular free calcium was ca. 10-8 M and 10-5 M,
respectively. In low calcium solution, currents evoked by GABA (20 μM) at -30
mV revealed a biexponential desensitization onset with fast 0.91 ± 0.1 s and slow
4.03 ± 0.32 s time constants; similar values (0.83 ± 0.06 s and 3.95 ± 0.27 s) were
found in high calcium solution. However, the extent of desensitization assessed
from the plateau to peak ratio, was significantly (p < 0.05) higher (0.16 ± 0.01) in
high calcium concentration than in low calcium solution (0.12 ± 0.01). The
recovery process was significantly (p < 0.05) faster in the presence of the low
calcium solution (at 30 s interpulse interval it was 69 ± 1 % versus 56 ± 3 %). Like
in previous studies it was also observed that, the run-down of GABA-evoked
responses was faster with the higher intracellular calcium concentration. Moreover,
the run-down process was accompanied by changes in desensitization kinetics. In
fact, both in high and in low Ca solutions, desensitization rate was progressively
increasing with time as the slow component of the desensitization onset was
converted into the fast one. Thus changes in intracellular calcium may be important
in shaping synaptic GABAA-mediated currents.
This work was supported in part by grants from Consiglio Nazionale delle Ricerche
(CNR) and Istituto Nazionale Fisica della Materia (INFM).

NAAG differentially modulates expression of GABAA β3, γ2L and δ
subunit mRNA in cultured cerebellar granule cells. S. Ghose1*, B.
Wroblewska1, L. Corsi2, A. DeBlas3, S. Vicini2 and J.H. Neale1.
Department of Biology1 and Department of Physiology and Biophysics2,
Georgetown University, Washington D.C. and Division of Molecular
Biology and Biochemistry3, UMKC, Kansas City, MO.
We have previously reported that NAAG stimulates mGluR3 to
modulate expression of the GABAAα 6 subunit in cultured cerebellar granule
cells. Short-term treatment (30 min) with 3-30 μM NAAG results in the
transient increase of up to 170 % in α 6 mRNA expression. This is followed
by a four-fold increase in a 6 protein expression. Electrophysiological studies
have shown that NAAG-treated granule cells demonstrate an increase in the
furosemide-induced inhibition of GABA-gated currents indicating an
increase in functional α6-containing GABAAreceptors. In addition, we have
observed an increase in the response to 1 mM GABA in NAAG-treated cells
compared to control cells. In order to understand the molecular basis for
conductance changes in GABAAreceptors following NAAG treatment, it will
be necessary to determine the changes, if any, in levels of the other major
subunits expressed in these cells. Here, we report the differential modulation
in mRNA levels of some of these subunits in response to mGluR3 activation
by NAAG. The β3 subunit mRNA increased to 160% of control by 2 hours
post-treatment and returned to basal levels over the next 2 hours. The γ2L
subunit mRNA decreased to 30-60% of control levels within an hour of
treatment while δ subunit mRNA was found to decrease to 50% of control
levels by 6 hours post-treatment. Our previous studies suggest that these
changes are mediated by cAMP levels. (Supported by NIDA grant DA02297)
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TRANSIENT TRANSFECTION OF CEREBELLAR GRANULE CELLS USING
BIOLISTIC PARTICLE ACCELERATION. William S. Paljug, Snezana Ikonomovic,
Agnese A. Pollice1, Xiao-Hui Wang and Dennis R. Grayson*. Dept. of Psychiatry and
the Dept. of Cancer Cell Biology and Genetics1, MCP♦Hahnemann School of Medicine,
Allegheny University of the Health Sciences, Pittsburgh, PA 15212.
We have previously investigated epigenetic events regulating mRNAs encoding
selected subunits of the GABAA receptor in cerebellar granule neurons maintained in
vitro. Both time-dependent and NMDA-dependent changes in selected subunit
mRNAs, receptor subunit proteins, and benzodiazepine responsiveness, were observed.
In order to investigate the molecular determinants responsible for these changes, we
have been transfecting cerebellar granule cells maintained in culture with the α 6 and
ß3 promoters driving expression of the green fluorescent protein (GFP) from Aequorea
victoria jellyfish. The protein product of this gene fluoresces at 510 nm with a single
excitation peak at 490 nm. To introduce DNA into these post-mitotic granule neurons,
we are using biolistic particle acceleration (PDS-1000/He System, BioRad), technology to shoot DNA attached to 1 μM gold particles into granule cell nuclei. To optimize
the experimental variables, we have been transfecting the pGreen Lantern plasmid
which contains the cytomegalovirus promoter driving expression of GFP. These parameters include the rupture pressure, gold particle size, neuronal density, maturational
stage of the neurons and amount of DNA loaded onto the gold particles. For example,
granule cells were transfected using membranes which rupture at different He pressures
and after 48 hr, cells were harvested for flow cytometry to assay for optimal expression
performance. Autofluorescence was determined by analyzing neurons transfected with
gold particles and no DNA attached. Transfection efficiencies were optimized at close
to 40% of those events analyzed. The CMV/GFP construct gives mean fluorescence
intensities on the order of from 0.9 to 1.0 with the background levels close to 0.1.
Typically, over 10,000 events are analyzed from each 3 cm plate and the appropriate
mean fluorescence and standard deviations are generated. Supported by NS3057.

EPIGENETIC REGULATION OF GABAa /BZ RECEPTOR SUBUNIT mRNAs IN
OLIVOCEREBELLAR NEURONS. A. Frostholm*, S. R ath, JE. Evans and A.
R o tter. Dept. Pharm acology and th e N eu ro scien ce P rogram , The Ohio
S tate University, Colum bus, OH 43210.
In th e inferior olivary com plex, ex p ressio n of GABAa /BZ receptor
α 3 , α5 , β3 an d γ2 su b u n it g e n e s p ea k s during p erin atal developm ent.
S ubsequently, expression is dow nregulated a n d rep laced by α 2, α4 and
γ 1 mRNAs. Both afferent an d efferent innervation have b ee n shown to
m odulate recep to r ex p ressio n . GABA a /BZ rece p to r su bunit mRNAs
w ere ex am in ed in p cd /p c d an d w v /w v m ice to a s s e s s w h eth er the
a b s e n c e , or hyperin n erv atio n , of ta rg e t P urkinje c e lls in flu en ces
su b u n it e x p re s s io n in olivary n e u ro n s . In p c d / p c d , in which
cereb ellar Purkinje cells d e g e n erate b etw een P 18 and P50, th ere w as
a n initial in c re a se in α 4 mRNA ex p re ssio n , after w hich all adult
subunit mRNAs d e c re a s e d in parallel with rep o rted olivary cell loss.
In developing w v /w v m ice, in which olivary climbing fiber term inals
retain m ultiple innervation of P urkinje ce lls, α 5 an d β 3 mRNA
ex p ressio n w as prolonged. Subunit mRNAs also w ere ex am in ed in
olivocerebellar n eu ro n s of adult mice, 30 m inutes to 24 hours after
h arm alin e ad m in istratio n . A lthough e x p re s s io n of α 1 , β2 and γ2
mRNAs in Purkinje cells and d e e p cereb ellar n eu ro n s w as unchanged,
o n e hour after administration α 2 w as u nchanged, γ 1 d e c re a se d , and α 4
mRNA in c re a s e d to 65% o v er co n tro ls. E x p re ssio n retu rn ed to
b aselin e betw een 8 an d 16 hours after adm inistration. O ur stu d ies
s u g g e s t th at both p resynaptic and p o stsy n ap tic e v e n ts ca n m odulate
GABA a /BZ receptor subunit ex p ressio n in olivocerebellar circuits.
(Supported by NS32276)

49.19
PHARM ACOLOGICAL PROPERTIES AND SUBUNIT COMPOSITION
OF RAT SPINAL CORD GABAA RECEPTORS ASSESSED BY PATCHCLAMPING AND SINGLE CELL M ULTIPLEX RT-PCR 1P. Avenet*, 1V.
Létang, 2D. Ruano, 1B. Biton, 2J. Vitorica, 1H. D epoortere, 1J. Benavides
and 1B. Scatton. 1CNS Research D pt., Synthéiabo Recherche, 31 Ave. P.
Vaillant-Couturier, 92220 Bagneux, France. 2Dept. Bioquimica, Facultad de
Farmacia, Univ. de Sevilla, Seville, Spain.
Dissociation of the lumbar region of spinal cords from 5 to 9 days-old rats
using an enzymatic/trituration procedure yielded a cell preparation containing
numerous small sized neurons and a few large multipolar neurons (diameter
20 µm) tentatively identified as motoneurons. After recording these large
neurons with the whole cell patch-clamp technique, cytosols were aspirated
in the patch pipette and analyzed using multiplex RT-PCR. All neurons,
clamped at negative voltages, responded by an inward current to bath
application of GABA with an EC50 value of 5.1 ± 0.6 µM . The current
induced by 1 µM of GABA was less potently potentiated by the BZI-ω l
preferring agonist zolpidem than by the non-selective BZ-ω agonist
diazepam. RT-PCR, performed for 7 cells indicated the presence in each cell
of
1and α2 subunits. 6 out of 7 cells also contained the α 3 subunit and 3
α
also contained the α 5 subunit. The subunit ß2 was present in 5 cells and ß3
in 4 cells. Due to the limit of the sensitivity, the γ subunit was detected only
in 2 cells. Given the presence in the same neuron of as many as 4 different
isoforms of the α subunit and 2 isoforms of the ß subunit, our data suggest
the expression in a single neuron of several GABAA receptor subtypes, the
BZ-ω pharmacology of which, measured at the whole cell level, may be of
BZII-ω2 type. (Supported in part by a grant from DRET # 93-498)
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GABAa CURRENTS IN CULTURED CORTICAL NEURONS AND THE
HIPPOCAMPAL CA1 REGION ARE MODULATED BY TYROSINE
PHOSPHORYLATION. C.E.Herron* and S.G.N.Grant. Centre for
Genom e Research, University of Edinburgh, EH9 3JQ, UK.
Within the CNS GABA-ergic inhibition plays a powerful role in
processes of synaptic plasticity and neuronal excitability. Tyrosine
phosphorylation, is also known to be involved in synaptic plasticity and
has been shown to potentiate GABAa currents in fibroblasts transfected
with the GABA receptors including the Y-2L subunit and in cultured
superior cervical ganglion neurons (Moss et al., Nature 377, 344-348,
1995) W e have therefore investigated further the role of tyrosine
phosphorylation in modulating GABA receptor function in the CNS.
Whole-cell patch recordings were m ade from mouse primary cultured
cortical neurons using either K-gluconate or Cs-BAPTA based solution
containing 2mM ATP. Application of the m em brane perm eable tyrosine
kinase inhibitor Genistein (30-10 0 uM) reduced reversibly currents
evoked by the application of 50uM GABA (n=8, 100uM Genistein). The
inactive analogue Diadzein had little effect (n= 3). GABA currents
recorded over a period of 15 minutes usually exhibited a degree of "run
down" (75+5% control, n=5, mean + s.e.m ) however when pp60 src (100
U ml-1)was included in the patch solution there was a potentiation (185
+13% , n=4 ). In mouse hippocampal slices, evoked and spontaneous
IPSC's in the CA1 region were reduced by the application of Genistein
(50-10 0 uM). Experiments with phosphopeptide activators of SRC family
kinases, indicate that endogenous kinase activity may play an important
role in modulation of synaptic GABA currents.
(Work supported by the Wellcome Trust)

A TYROSINE KINASE COPRECIPITATES WITH GABA a
RECEPTORS FROM CALF BRAIN
K. Kannenberg and E. Sigel*.
Department o f Pharmacology,
University o f Bern, CH-3010 Bern, Switzerland.
We recently reported the isolation o f GTAPs, GABA a receptort bulin complex-associated p roteins, by coprecipitation with GABA a
receptors from detergent-solubilized bovine brain membranes. For
immunoprecipitation, the α l-subunit specific monoclonal antibody
bd24 was used. By analogy to other ion channels, receptor-associated
proteins may act in anchoring postsynayptic GABA a receptor clusters
to the cytoskeleton. Supportive evidence for the hypothesis, that the
GTAPs may provide such a linker function, was gained by the finding
that tubulin and actin are contained in the GABA a receptor
immunoprecipitates.
Alternatively, one o f the GTAPs may act as a regulatory protein with
GABA a receptor subunits as a target. Here we provide evidence, that
a tyrosine kinase is associated with GABA a receptors. Under optimal
assay conditions, kinase activity results in a significant increase o f the
basal tyrosine phosphate level observed in precipitated GABA a
receptor α l- and β-subunits. Studies directed to identify possible
modulatory roles o f the kinase are under way. Supported by Grant 3137192.93 from the Swiss National Science Foundation.
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CHANGES IN TYROSINE KINASE ACTIVITY INFLUENCE THE EFFECTS
OF PROPOFOL ON GABAa RECEPTOR FUNCTION
S. Roder1*, J.F. MacDonald1, C.F. Valenzuela 2 and B.A. O rser1,3. 1Dept.
Physiology, University of Toronto, Toronto, ON Canada, M5S 1A8; 2Dept.
Pharmacology, University of Colorado HSC, Denver, Co, 80262; 3Dept.
Anaesthesia, Sunnybrook HSC, Toronto, ON, Canada, M4N 3M5.
Propofol (Prop) activates the GABAA receptor (GABAAR), enhances
GABA-evoked currents, and decreases receptor desensitization. Tyrosine
phosphorylation of the GABAAR also enhances channel activity. We
examined the effects of tyrosine phosphorylation on Prop-induced changes in
GABAAR function. Whole-cell currents were recorded from cultured
hippocampal neurons voltage clamped at -60mV. The effects of tyrosine
kinase inhibitors, genistein (10-100μM), herbimycin A (50 μM), and
lavendustin A (10 μM), and the tyrosine phosphatase inhibitor,
Na+orthovanadate (Na3V04 , 100 μM) on GABAA-mediated currents were
determined. Genistein reversibly decreased the peak amplitude of GABA
(600 μM)-induced currents (32 ± 9%, n=9, p<0.05), whereas Na3VO4
enhanced the currents (30 ± 10%, n= 8 , p<0.05). Tyrosine kinase inhibitors did
not alter the apparent affinity of the GABAAR for GABA but decreased the
rate and extent of receptor desensitization. Prop-induced activation of the
GABAAR and enhancem ent of GABA-evoked currents were not influenced by
genistein. In contrast, Prop (10 μM)-induced changes in desensitization were
significantly enhanced by tyrosine kinase inhibitors (e.g. genistein 46+11%,
n=9, p<0.05). These data suggest that changes in tyrosine phosphorylation
alter GABAAR desensitization and influence the sensitivity of the desensitized
receptor to propofol. The role that subunits play in mediating tyrosine
phosphorylation is currently being examined in recombinant GABAAR.
(Supported by the IARS Frontiers in Anesthesia Award to BAO and an MRC
grant to JFM)

RECRUITMENT OF FUNCTIONAL GABAaRECEPTORS TO POSTSYNAPTIC
DOMAINS BY INSULIN. H.Y.Man*1, O.Wan1, Z.G.Xiong2, C.A.Ackerley1,
J.Braunton1, W.Y. Lu2, L.E.Becker1, J.F.MacDonald2and Y.T.Wang1. 1Hospital for
Sick Children, Departments o f 1Pathology and 2Physiology, University of Toronto,
Toronto, Ontario, Canada
Modification of synaptic strength in the mammalian central nervous system
(CNS) occurs at both pre- and post-synaptic sites. However, because postsynaptic
receptors are likely saturated by released transmitter, an increase in the number of
active postsynaptic receptors may be a more efficient way to strengthen synaptic
efficacy. Yet, there has been no evidence for a rapid recruitment of neurotransmitter
receptors to the postsynaptic membrane in the CNS. We report here that insulin
causes type A γ-aminobutyric acid (GABAA) receptor, the principle receptor
mediating synaptic inhibition in the CNS, to rapidly translocate from the
intracellular compartment to the plasma membrane in HEK 293 cells transfected
with the α l β2γ2 subunit cDNAs. This relocation is dependent on activation of
protein tyrosine kinase activity and requires the presence of the β2 subunit of the
GABAareceptor. Quantitative immunogold electron microscopy demonstrates that
insulin increases the expression of GABAa receptors on the postsynaptic and
dendritic membranes in CNS neurons. Whole-cell patch-clamp recordings of
cultured neurons and neurons in slice preparations show that insulin increases the
number of functional postsynaptic GABAa receptors, thereby increasing the
amplitude of the GABAa receptor-mediated miniature inhibitory postsynaptic
currents (mIPSCs) without altering their time course. These results provide
evidence for a rapid recruitment of functional receptors to the postsynaptic plasma
membrane, thereby suggesting a fundamental mechanism for generating synaptic
plasticity. (Supported by Canadian MRC and NCEC)
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GABAa RECEPTOR ASSOCIATED PROTEIN (GABARAP), A PUTATIVE
LINKER MOLECULE BETWEEN GABA a RECEPTORS AND THE
CYTOSKELETON SYSTEM. H. Wang and R. W. Olsen*. Molecular Biology
Institute, and Department of Pharmacology, UCLA, Los Angeles, CA 90095
By using the yeast two hybrid screen, we have identified a cellular protein
interacting with GABAa receptor γ 2 subunit, A full length cDNA was cloned by
screening a human adult brain cDNA library. Sequence analysis showed similarity
between this gene and light chain 3 of microtubule associated protein 1A and 1B
(35% identity at the amino acid level and 65% conservative replacement). We
named it GABARAP for GABAa receptor-associated protein. GABARAP cDNA
encodes a polypeptide of 117 a.a. with an isoelectric point of 9.6 and a predicted
molecular weight of 13.9 kDa. The highly positively charged N-terminal region
contains a putative tubulin binding motif. Furthermore, the first 21 residues of
GABARAP arc predicted to fold into a secondary structure of α helix with
positively charged residues aligned on one side of the helix for 4 consecutive turns.
To obtain independent evidence for the interaction between GABARAP and
GABAa receptor γ 2 subunits, we used a GST pulldown assay for in vitro binding
experiments. In accordance with our yeast two hybrid test, GST-γ 2L and γ 2S
fusion proteins can interact with 35S-GABARAP and vice versa. Lack of
detectable interaction between GABARAP and GABAa receptor α1 subunit
suggests the specificity of GABARAP for the γ 2 subunit. We also cloned the rat
and mouse version of GABARAP. cDNA sequence identity of 93% was observed
between rat and human cDNA, 93% between mouse and human, and 98% between
rat and mouse. cDNAs from these three species code for proteins of identical a.a.
sequence. Based on the features of GABARAP, we postulate that GABARAP is a
putative linker molecule between GABAa receptors and the cytoskeleton system.
This work is supported bv N1H grant NS28772(RWO) and training grant
GM07185(HW).

50.7
COLCHICINE INHIBITS GABAa RECEPTORS INDEPENDENTLY OF
MICROTUBULE DEPOLYMERIZATION. O.F. Bueno* and N.J. Leidenheimer.
Department of Pharmacology, Louisiana State University Medical Center., Shreveport,
LA 71130.
Colchicine is a microtubule depolymerizing agent used extensively to study the cell
cytoskeleton. In studying the possible interaction between the GABAA receptor and
cytoskeleton, we found that colchicine affects GABAA receptor function by
mechanisms unrelated to microtubule depolymerization. The effect of colchicine on
GABAA receptor function was studied in Xenopus laevis oocytes coexpressing human
GABAA receptor α1β2γ 2L subunits using the two-electrode voltage-clamp technique.
A 20 sec coapplication of GABA (10 μM) + colchicine (100 μM) to the oocytes
resulted in a significant inhibition (60% ± 6.2) of the GABA response when compared
to GABA alone. The colchicine effect was instantaneous in onset and reversed within 5
sec, a time course not consistent with microtubule depolymerization. The effect was
dose-dependent (IC5o=5 l μM). Nocodazole (20 μM) and vinblastine (200 μM) did not
affect GABAA receptor function using the coapplication protocol. Taxol (10 μM),
failed to block the effect of colchicine. Under conditions in which the oocyte
microtubules had been depolymerized (i.e., 4 hrs incubation at 4°C), colchicine
inhibition was still observed. These findings indicate that colchicine inhibits the
GABAA receptor independently of microtubule depolymerization. Colchicine did not
inhibit responses to maximum concentrations of GABA (1000 μM) indicating that
colchicine does not act as a non-competitive antagonist but may act either as a negative
allosteric modulator or competitive antagonist at the GABAA receptor. The
benzodiazepine receptor antagonist flumazenil (10 μM) did not block the inhibitory
effect of colchicine. The mechanism of colchicine inhibition of the GABAA receptor is
under investigation. Supported by NINDS grant R29NS32131 to NJL.
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C O LCHICINE ACTS AS AN A PPA R ENT C O M PETITIV E
A N TA G O NIST AT R E C O M BINA N T AND NATIV E G A BA a
R E C EPTO R S. A.V. Buhler, J.L. W einer, V.J. W hatley, R.A. H arris*
and T.V. D unwiddie. U niversity o f C olorado H ealth Sciences Center,
Depts. o f Pharm acology & N euroscience and VA M edical Center,
D enver, CO 80262.
A num ber o f m icrotubule-disrupting agents have been suggested to
inhibit G AB A A receptor function by disrupting the interaction betw een
these receptors and the cytoskeleton (J.B.C., 269:19546-19552, 1994).
Here we report a rapid and reversible effect o f colchicine on G A B A A
receptor function that appears to be independent o f the m icrotubuledisrupting actions o f this com pound. U sing a rapid drug perfusion
system, colchicine (100 μM ) inhibited GABA currents recorded from
L(tk-) cells stably transfected w ith hum an α1β2γ2L subunits and acutely
dissociated rat hippocam pal CA1 neurons. The inhibition w as rapid and
reversible (τonset and τoffset = 1 0 0 m sec) and appeared to be com petitive
(shift in G ABA EC 50 from 2.5 to 5.0 μM w ith no effect on maxim al
responses at 100
colchicine). Colchicine also significantly inhibited
M
μ
binding o f the com petitive G ABA A receptor antagonist [3H SR-95531]
in the stably transfected cells. Other m icrotubule disrupting agents (10
μM vinblastine, 10 μg/ml nocodozole, 1 μ M taxol) had no acute effect
on G ABA currents nor did the inactive analog γ-lum icolchicine (100
μM).
M oreover, pretreating cells w ith colchicine, vinblastine,
nocodozole, or taxol for 1-2 hours did not occlude the acute inhibitory
action o f colchicine. W e conclude that colchicine can inhibit G AB A A
receptor function through a direct interaction w ith the receptor/ion
channel complex. Supported by NIH grants # AA 03527 and AA 05425.

5 0 .8
COLCHICINE DISTURBS THE SUBCELLULAR DISTRIBUTION OF
GABA a RECEPTOR IN CULTURED BRAIN NEURONS. W. H. Ho*, S.
M. Wang and H. S. Yin. Dept. o f Anatomy, Col. o f Medicine, National
Taiwan Univ., Taipei, Taiwan, R.O.C.
In order to explore mechanisms underlying the intracellular transport o f
the GABA a receptor, microtubules or actins were disrupted in cultured
neurons derived from chick embryo brain by colchicine (1 μM) or
cytochalasin D (2 μM). Treatment with either o f the agents for 3 h did not
change the 3H-flunitrazepam (FNZ) binding sites and the affinity o f the
ligand to the cultures. In contrast, the treatment with colchicine increased the
level o f intracellular receptors to 45% o f tolal receptors from control, 33%,
as revealed by trypsinization o f cells in situ followed by 3H-FNZ binding,
while cytochalasin D did not alter the subcellular distribution. The general
protein synthesis was inhibited by 21% and 18% in the cultures by colchicine
and cytochalasin D respectively, whereas no significant changes were found
for general galactosylation and mannosylation. Immunostaining showed
clumping o f α -tubulin and 200 kD-neurofilament immunoreactivity in cell
bodies o f the colchicine-treated neurons. Abundant perinuclear GABAA
receptor immunoreactivity appeared in a number o f the neurons. Moreover,
in situ hybridization analysis disclosed elevated levels o f GABAA receptor α l
and α 2 subunit mRNAs in the perikarya o f colchicine or cytochalasin Dtreated neurons. However, this increase was blocked by the addition of
actinomycin D (10 μg/ml). These results suggest that microtubules may play
a role in maintaining regular subcellular distribution o f GABAa receptor.
(Supported by NSC-86-2314-B-002-151, Taiwan, R.O.C.)
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TUNICAMYCIN INDUCES DOWN-REGULATION AND SUBCELLULAR
REDISTRIBUTION OF THE γ-AMINOBUTYRIC ACIDa RECEPTOR:
MECHANISMS FOR THE ALTERATIONS. T. Y. Lin*, S. M. Wang and H. S. Yin.
Dept. of Anatomy, Col. of Med., National Taiwan Univ., Taipei, Taiwan.
The significance of N-linked glycosylation and oligosaccharide processing was
examined to the expression of γ-aminobutyric acidA receptor (GABAAR) in cultured
neurons derived from chick embryo brain. Incubation of cultures with tunicamycin (5
(μg/ml) for 24 h blocked the binding of 3H-flunitrazepam and 3H-muscimol to the
cultures by about 20% and 28%. The loss of ligand binding was due to a reduction in
the number of binding sites with no significant changes in receptor affinity. Extensive
inhibitions of 91% and 44% to the general galactosylation and mannosylation were
also detected in the cells, whereas protein synthesis was blocked by 13%, by assaying
the incorporation of 3H-sugars and 3H-leucine. Furthermore, the treatment decreased
the level of intracellular receptors to 24% of total receptors from control, 34%, as
revealed by trypsinization of cells in situ followed by 3H-flunitrazepam binding.
Bloated Golgi apparatus and rough endoplasmic reticulum are characteristic in the
tunicamycin-treated neurons. The immunoreactivity of the receptor was downregulated in the perikarya of the neurons, in accordance with the binding data.
Tunicamycin may cause the down-regulation of GABAAR and subcellular
redistribution by producing abnormally glycosylated receptors and interfering with
their transport. Nevertheless, treatment with castanospermin or swainsonine (10
μg/ml, 24 h), inhibitors to maturation of oligosaccharides, failed to produce
significant changes in ligand binding. In situ hybridization analysis suggested that
tunicamycin did not act on the mRNA of GABAAR α1 subunit. Both galactosylation
and mannosylation of GABAAR protein may be important for its functional
expression and intracellular transport.
This research was supported by National Science Council, Taiwan, R.O.C.

STRIATAL NEURONS IMMUNOREACTIVE FOR THE α1-SUBUNIT OF THE
GABAa RECEPTOR IN THE HUMAN STRIATUM.
H. J. Waldvogel1, Y. Kubota2, J.-M. Fritschy3, H. Mohler3 and R. L. M. Faull*1.
Department of Anatomy, School of Medicine, University of Auckland, Private Bag
92019, Auckland, New Zealand, 2Laboratory for Neural Circuits, Biomimetic Control
Research Center, RIKEN, Nagoya, Aichi, 463 Japan, 3Department of Pharmacology,
University of Zurich, CH-8057 Zurich, Switzerland.
The distribution, morphology and chemical characteristics of neurons
immunoreactive for the α1-subunit of the GABAAreceptor in the human striatum were
investigated at the light and confocal microscope levels using single, double and triple
immunohistochemical labelling techniques. The results showed that α1immunoreactive neurons were distributed throughout the human striatum and that there
were three major types of α1-subunit immunoreactive neurons in the striatum based on
cellular morphology and chemical characteristics. Type 1 neurons were the most
numerous α1-immunoreactive neurons and comprised 60% of the total population of
α1-immunoreactive neurons in the striatum. They were medium-sized, aspiny neurons
which were positive for parvalbumin, GAD and the β2,3 subunits of the GABAA
receptor, and were located mainly in the dorsolateral regions of the striatum.. The
type 2 α1-immunoreactive neurons comprised 35-40% of the α1-immunoreactive
neurons and were positive for calretinin, GAD, and the β2,3 subunits of the GABAA
receptor. The type 3 neurons were large-sized neurons located in the ventral striatum
and comprised 2% of the total population of α1-immunoreactive neurons. They were
parvalbumin and calretinin negative, and were distinguished by long branching
dendrites. These results suggest that the type 1 and type 2 neurons comprise of
separate populations of striatal interneurons while the type 3 neurons may represent
the large striatonigral projection neurons described by Bolam et al {Neuroscience, 6 :
2141-2157 (1981)}. This work was supported by the Health Research Council o f
New Zealand and the New Zealand Neurological Foundation
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S IN G L E -C H A N N E L
P R O P E R T IE S
OF
M OUSE
GABAA
R ECEPTORS
ARE
ALTERED
A FTER
TA RG ETED
D IS R U P T IO N O F T H E γ 2 S U B U N IT G E N E . M. Lorez*, B. Lüscher,
H. M ohler and J.A. Benson. Institute for Pharmacology, Winterthurerstr. 190,
8057 Zürich, Switzerland.
Native GABAA receptors are hetero-oligomeric proteins, generally
assembled from α , β and γ subunits. To investigate the role of the γ 2 subunit
in single-channel conductance and gating properties of native GABAA
receptors, we analysed neurones from mice in which the gene coding for the
γ 2 subunit had been inactivated (Gunther e t a l , Proc. N a tl A cad. Sci. USA
92:7749-7753, 1995). Single-channel currents were recorded in outside-out
patches from the somata of acutely dissociated dorsal root ganglion neurones.
Homozygous mutant GABAA receptors lacking the γ 2 subunit displayed a
reduced main conductance of 13 pS compared to the main conductance of 28
pS in wildtype receptors. In addition, the gating kinetics of homozygous
mutant GABAA receptors differed from the kinetics of wildtype receptors.
The mean open duration of wildtype GABAA receptors increased with
increasing GABA concentration whereas the mean open duration of
homozygous mutant receptors was independent of the GABA concentration.
Open duration distributions of wildtype receptors contained at least three
exponential components whereas in homozygous mutant receptors two
exponential components were sufficient to describe the open duration
distribution. This result suggests a reduced number of open states in
homozygous mutant GABAA receptors. We conclude that the γ 2 subunit is a
determinant for single-channel conductance and gating behaviour of native
GABAA receptors. Supported by the Swiss National Science Foundation.

EFFECTIVENESS OF METABOLITES OF THYROID HORMONES TO INHIBIT
MUSCIMOL-STIMULATED CHLORIDE UPTAKE TO RAT BRAIN
SYNAPTONEUROSOMES. J.M. Padron, N.M. Bilgin, and J. V. Martin*.
Biology Department, Rutgers University, Camden, NJ 08102.
We recently demonstrated that thyroid hormones inhibit several in vitro measures
of the activity of the GABAAreceptor (Martin et al., 1996, Neuroscience 73:705713). To clarify the specificity of this result, we compared a series of metabolites of
thyroid hormones for their effects on the stimulation of uptake of36Cl- to
synaptoneurosomes by a GABAAagonist. Synaptoneurosomes were isolated from
the cerebral cortices of male Sprague-Dawley rats, and suspended in an ice-cold
buffer containing 118 mM NaCl, 4.7 mM KCl, 1.18 mM MgS04, 2.5 mM CaCl2,
and 20 mM HEPES-Tris (pH 7.5). An aliquot of the preparation was preincubated
at 30°C for 15 minutes and a thyroid hormone was added. After 5 seconds of rapid
mixing, 0.5 μCi of 36Cl- was added, with or without 10 μM muscimol. After an
additional five seconds, 5.0 ml of ice-cold buffer including 100 μM picrotoxin was
added, and the suspension was filtered under vacuum. The filters were washed
twice, and retained radioactivity was determined. The series of thyroid hormone
metabolites had little intrinsic action on uptake of 36Cl- to synaptoneurosomes
without added agonist. The muscimol-stimulated uptake of 36Cl- was inhibited by
the hormones with the following rank-order of potency: 3,3',5,5'-tetraiodothyroacetic acid (Tetra) > 3,3',5-triiodothyroacetic acid (Triac) > 3,3'-diiodo-L-thyronine
(3,3'-L-T2), 3,5-diiodo-L-thyronine (3,5-L-T2) > 3,5'-diiodo-L-thyronine (3,5'-LT2), 3-iodo-L-thyronine (L-T1), 3'-iodo-L-thyronine (3'L-T1), L-thyronine (L-T0).
The results indicate a structural specificity of the rapid non-genomic actions of
thyroid hormones at the GABAAreceptor. This study was supported by grants from
the Rutgers University Busch Fund and the National Science Foundation (IBN
94-12109).

50.13
PLASTICITY IN FAST SYNAPTIC INHIBITION OF ADULT OXYTOCIN
NEURONS CAUSED BY SUBUNIT SWITCH IN GABAA RECEPTOR.
Brussaard, A.B. *1, Kits, K.S.1, Leyting-Vermeulen, J.W.1, de Vlieger, T.A.1,
Baker, R .E.2, Willems, W.P.A.2, Voorn, P.3 ,Smit, A.B.4 and Herbison, A.E.5
1Membrane Physiology Section and 4Molecular Neurobiology Section and
3Department of Anatomy, Medical Faculty, Research Institute Neurosciences
(RIN), Vrije Universiteit Amsterdam (VUA), De Boelelaan 1087, 1081 HV
Amsterdam, The Netherlands; 2N etherlands Institute of Brain Research, Academic
Medical Centre, Amsterdam, The Netherlands; 5Laboratory of Neuroendocrinology,
The Babraham Institute, Cambridge, United Kingdom.
The physiological significance of the ability of neurons to form multiple
subtypes of the GABAA receptor is to a large extent unclear. We show here that
magnocellular oxytocin neurons in the adult hypothalamus exhibit an endogenous
GABAA receptor α1 to α 2 subunit mRNA switch leading up to the time of
parturition, when they become electrically activated to release oxytocin into the
peripheral circulation to promote uterine contractility. This change in relative
α 1 :α 2 subunit mRNA ratio was found to correlate with substantial alterations in
both the ion-channel kinetics and neurosteroid-potentiation of the GABAA
receptors expressed by native oxytocin neurons. Upon parturition the decay of
spontaneous IPSCs was significantly attenuated, whereas the neurosteroid
potentiation was lost. The causal relationship between changes in α 1 :α 2 subunit
ratio and the ion-channel kinetics of GABA-gated postsynaptic currents was
confirmed using antisense deletion in an in vitro model: a deletion in α 2 mRNA
translation results in a loss of slow decay sIPSCs. These results demonstrate the
ability of mature neurons to regulate the subunit-composition of their postsynaptic
receptors in a temporal fashion and provide evidence for the functional significance
of GABAA receptor subunit heterogeneity and plasticity in the adult brain.
*email: brssrd@bio.vu.nl
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[3H]RY-80: A SELECTIVE LIGAND FOR α 5 CONTAINING GABAARECEPTORS.
C. M. Cook and P. Skolnick*. Lab. of Neuroscience, NIDDK, NIH, Bethesda, MD
20892.
. 1,4 -Benzodiazepines such as diazepam produce a broad range of pharmacological
actions. These drugs bind with high affinity to “diazepam-sensitive” GABAAreceptors
(DS), but exhibit little selectivity among receptor isoforms. GABAA receptors are
pentameric hetero-oligomers in which the α subunit is a primary determinant of ligand
affinity at “benzodiazepine binding sites.” Our previous studies (Liu et al, J Med Chem
39:1928-1934, 1996) described a series of compounds with high affinity and selectivity
for GABAAreceptors containing α 5 subunits. We report here the properties of a novel
ligand, [3H]RY-80, a substituted imidazodiazepine that binds selectively and with high
affinity to GABAA receptors containing α 5 subunits. Saturable, high affinity (Kd
0.68±0.04 nM) binding of [3H]RY-80 was observed in rat hippocampal membranes.
The maximum number (Bmax) of [3H]RY-80 binding sites was ~ 18% of that obtained
with [3H]flunitrazepam, a radioligand that labels all DS. This latter value is comparable
to the ratio of rat hippocampal GABAAreceptors containing α 5 subunits determined by
immunoprecipitation with selective antibodies as well as competition experiments using
an α 5 selective ligand (10-20%). Experiments using HEK 293 cells transiently
expressing α5β3γ2 GABAAreceptors yielded a Kd value for [3H]RY-80 (0.53±0.09 nM)
consistent with that found in hippocampal membranes and a Bmax equivalent to
[3H]flunitrazepam. The potencies of several benzodiazepine site ligands inhibiting
[3H]RY-80 binding to hippocampal membranes agreed with those in recombinantα
3γ2
5β
receptors. [3H]RY-80 was used in “GABA shift” studies to predict the in vivo actions of
a novel, α5 selective ligand and to characterize a population of α5 containing GABAA
receptors in neonatal cortex. These findings demonstrate that [3H]RY-80 is a useful
radioligand for studying the properties of GABAAreceptors containing α5 subunits

DIRECT AND MODULATORY EFFECTS OF THYROID HORMONE ON
RECOMBINANT GABAA RECEPTORS. R. Chapell*, J. V. Martin † and N. J.
Leidenheimer. Department of Pharmacology, Louisiana State University
Medical Center, Shreveport, LA 71130 †Biology Department, Rutgers
University, Camden, NJ 08102
It has previously been demonstrated that thyroid hormone
(triiodothyronine,T3) inhibits GABA responses in HEK cells expressing
α1β2γ 2L but not α6β2γ2L GABAA receptor constructs (Martin et al.,
1996). To characterize the role of the a subunit in mediating T3 inhibition, recombinant human GABAA receptor subunits were expressed
in Xenopus laevis oocytes. GABA-stimulated Cl- currents were
measured using a two-electrode voltage-clamp. In oocytes expressing
α1β2γ2L subunits, T3 inhibited C1- currents induced by 10 μM GABA in a
dose-dependent manner, with an IC50 of 9 μM. This inhibition was not
observed in oocytes expressing α6β2γ2L or β2γ2L constructs, indicating
that the α1 subunit is permissive in allowing T3 inhibition of GABA
responses. In all three constructs tested, T3 induced a chloride current
in the absence of GABA. This effect was dose-dependent, and yielded an
EC50 of 30 μM in the β2γ2L construct. The current induced by T3 alone
displayed the same reversal potential as that induced by GABA, and was
blocked by 10 μM picrotoxin, indicating that T3 directly activates
GABAA receptor Cl- channels. This effect was not blocked by 50 μM
bicuculline. Interestingly, T3-induced currents exhibited crossdesensitization with those induced by GABA. Supported by NINDS grant
R29NS32131 to NJL and NSF grant IBN9412109 to JVM.
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MULTIPLE EFFECTS OF DOCOSAHEXAENOIC ACID ON THE
RECOMBINANT GABAA RECEPTOR-MEDIATED RESPONSE. J.
Nabekura*1, K. Noguchi1 M-R. Witt2, M. Nielsen2, and N. Akaike1. 1, Dept.
Physiol., Fac. Med., Kyushu Univ. Fukuoka, 812-82, Japan. 2,
Psychopharmacological Res. Lab., St. Hans Hosp. DK-4000, Roskilde,
Denmark.
Effects of docosahexaenoic acid (DHA) on GABAA receptor expressed on the
SF9 cells were examined using a conventional whole cell recording under
voltage clamp. Three distinct effects of DHA on the GABA response were
observed in the cells infected with human α 1 , β2 and γ 2s subunits. DHA at a
concentration more than 3x l0-7M accelerated the desensitization after the peak
of the GABA-induced current (IGABA) The peak amplitude of current response
to GABA at the concentration range of 3 x 10-6 and 3x 10-5M was potentiated by
10-6M DHA. This potentiating effect of DHA on the GABA response was
antagonized by 10-5 M Zn2+. Cu2+ and Ni2+ mimicked the action of Zn2+ on
the potentiation of IGABA by DHA. On the other hand, DHA at a concentration
greater than 3xl0-6M gradually suppressed the IGABA. The inhibition by DHA
had a slow onset and recovery. The other action of DHA was to accelerate the
desensitization of IGABA after the peak. Neither H-89, celerythrine nor
intracellular application of BAPTA affected the DHA action on the GABA
response. Among various fatty acids examined, only arachidonic acid mimicked
DHA. On the other hand, the inhibition and the acceleration of the
desensitization of IGABA, not the potentiation of GABA response, by DHA
were observed in the SF9 cells infected with α 1 and β2.
These results indicate the concentration-dependent and heterogeneous actions
of DHA on the GABA responses between different combinations of GABAa
receptor subunits.

TRICHLOROETHANOL MODULATION OF RECOMBINANT GABAA,
GLYCINE, AND GABAC ρ1 RECEPTORS. MD Krasowski*, SE Finn, Q Ye, and
NL Harrison. Univ. of Chicago, Chicago, IL 60637.
Trichloroethanol (TCEt), the active metabolite of the sedative/hypnotic chloral
hydrate, has been shown to potentiate the actions of GABA at GABAAreceptors.1
To attempt to uncover the molecular mechanism of the potentiating action of TCEt
on GABAAreceptors, we compared the effects of TCEt on GABAA, glycine, and
GABAC ρ1 subunits transiently expressed in HEK 293 cells. Submaximal GABA
currents at GABAAα 2β1 receptors were enhanced by co-application of TCEt (0.1 - 10
mM). Co-application of TCEt (1-10 mM) also potentiated submaximal glycine
currents at glycine α1 homomeric receptors, although with lower efficacy than
observed at GABAAα 2β1 receptors. In contrast, co-application of TCEt at
concentrations up to 2 mM produced no significant effect on submaximal GABA
responses at the GABAc ρ1 receptors; 5 and 10 mM TCEt inhibited EC20 GABA
responses at the ρ1 receptor. The modulatory action of TCEt on GABAA, glycine,
and ρ1 receptors appears similar to that of volatile anesthetics and n-alkanols. Recent
work has shown that mutagenesis of specific residues in transmembrane domains 2
and 3 of GABAAand glycine receptors abolish potentiation by ethanol and enflurane
(e.g., see poster by Koltchine VV et al). Since TCEt has some structural similarity
to both the n-alkanols and enflurane, we tested whether these mutations also affect
modulation by TCEt. Mutation S267I in TM2 of glycine α1 receptors (a mutation
which inhibits positive modulation by n-alkanols) abolished the positive modulation
by TCEt concentrations up to 2 mM. Furthermore, 5 and 10 mM TCEt inhibited
submaximal glycine currents at glycine α1 S267I receptors similar to the action of
TCEt on ρ1 receptors. We suggest that TCEt may share sites of interaction on
glycineα
1 receptors with n-alkanols and volatile anesthetics. Research support was
generously provided by NIH grants GM45129 and GM00623 (NLH) and NIMH
training grant MH11504 (MDK).
1 Lovinger DM et al. J. Pharm. Exp. Ther. 264: 1097-1103, 1993.

51.5

5 1 .6

STEROID SENSITIVITY OF THE GABAa RECEPTOR: STUDIES OF CHIMERIC
GABA/GLYCINE RECEPTORS. C.E. Rick*, Q. Ye, S.E. Finn and N.L. Harrison.
Depts of Anesthesia and Pharm/Phys. Sci., The University of Chicago, IL 60637.
The GABAAreceptor is a heteropentameric complex consisting of α , β and γ, δ, or ε
subunits. GABAAreceptors are sensitive to a wide range of modulators which act at
sites distinct from the agonist binding site. Neuroactive steroids are a class of
modulators which typically act on αβγ subunits. The γ subunit is not required for
steroid modulation as GABA currents recorded from recombinant GABAAreceptors
consisting of α2β1 subunits are potentiated by steroids (0.0 l - l μM alphaxalone;
transient expression in HEK cells). In contrast, glycine currents recorded from
recombinant glycine α1 receptors are not modulated by steroids (0 .01-1 μ M
alphaxalone). This pharmacological diversity was exploited to investigate specific
domains of the GABAAreceptor which are crucial for steroid modulation by the use of
GABA\glycine receptor chimeras.
A restriction site was introduced into the sequence encoding transmembrane domain
3 (TM3) in both GABA α2 and β1 and glycine α1 subunit cDNAs and a set of chimeras
were made which exchanged the C terminus, intracellular loop and part of TM3
between GABA α2 or β1 and glycine α1 subunits and vice versa (see Koltchine et al,
1996: Neuropharmacology vol 35 p 1145-56 for details).
Chimeras consisting of the GABA α2 or β1 N terminus and glyine α1 C terminus
were co-expressed in HEK cells. These chimeras were sensitive to GABA
(EC50=85 μM) and submaximal GABA currents were potentiated by alphaxalone
( lμM). The reverse chimera consisting of the glycine α1 N terminus and GABA β1 C
terminus was also tested. It was sensitive to glycine (EC50= 1.4mM) but submaximal
glycine currents were not potentiated by alphaxalone ( l μM). These data suggest that
amino acid residues beyond the latter half of TM3 are not crucial for the steroid
potentiation of GABA responses at GABAAreceptors.
Supported by: GM 45129, GM 00623 (NLH) and GM52035 (CER).

POINT MUTATION IN TM2 AFFECTS BUTANOL ACTION ON
GLYCINE AND GABAARECEPTORS. V.V.Koltchine*, Q. Yea, S.E. Finna,
N.B.Nikolaevaa, S.J.Mihicb, R.A.Harrisb and N.L.Harrisona. aDept.
Anesthesia and Pharmacology, The University of Chicago, Chicago IL 60637
and bDept. Pharmacology, The University of Colorado, Denver, CO 80262.
Electrophysiological studies show that butanol positively modulates the glycine
and GABAa receptors, but inhibits ρ1 GABA receptor in a concentrationdependent manner (Mihic S.J. et al., J.Pharmacol.Exp.Ther. 277:411-416,1996).
Because of similarities in the amino acid sequences of GABAA, glycine and ρ1
receptors, we focused on the identification of amino acid residues necessary to
confer butanol sensitivity.
Effects of butanol on glycine and GABAA receptor complexes were studied in
HEK 293 cells expressing α1 glycine and α 1β1 GABA receptors. Analysis of
glycine concentration-response curves (10 μM-lmM) showed a significant effect
of butanol on the GlyRα1. The glycine EC50 values were significantly shifted
from 83 μM in control experiments, to 66 and 40 μM in the presence of 10 and
20 mM butanol, respectively. The substitution of serine with isoleucine at amino
acid 267 (S267I), located near the extracellular end of TM2 in GlyRα1
(GlyRα1*), conferred complete insensitivity to butanol. The effect of butanol on
submaximal EC20 glycine concentration was also analysed. In cells expressing
GlyRα1 the potentiating effect of butanol increased with concentration: 5mM11%,10mM-45%,20mM-126%. The mutant GlyRα1* was completely insensitive
to all concentrations of butanol tested. Mutation from serine to isoleucine were
also made at position equivalent to GlyRα1 S267, in the GABAA α1* subunits
S270I. Butanol potentiated GABA receptor function in α1β1 receptor
composition: 5mM-73%, 10mM-155% ,20mM-241 %. GABA α1β1 receptors
with mutant α1* were unaffected by 5-20 mM butanol. These data suggest that
in both GABAA and glycine receptors, this residue in TM2 is critical for
allosteric modulation by butanol. Supported by NIH grants GM00623 (to N.L.H)
and training grant at the University of Chicago, DA 07255 (to V.V.K.).
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MUTATION OF AN ARGININE RESIDUE IN THE ALPHA SUBUNIT M2-M3
LOOP ALTERS APPARENT GABAa RECEPTOR AFFINITY.
S.M. O'Shea* and N.L. Harrison. Dept. of Pharmacological and Physiological
Sciences, Univ. of Chicago, Chicago, IL 60637.
We used site-directed mutagenesis to replace an arginine with an alanine in the M2M3 loop of the GABAAreceptor α2 subunit. The corresponding residue in the
glycine receptor α1 subunit (R271) has previously been shown to dramatically reduce
apparent agonist affinity1,2, and is closely linked with the neurological disorder
hyperekplexia, or startle disease. However, in those studies, the IC 50 of the
competitive antagonist strychnine was unaltered, and the noncompetitive antagonist
picrotoxin no longer blocked, but instead enhanced, glycine-activated currents.3
These results, taken together, support the conclusion that the M2-M3 loop plays a
crucial role in the coupling between agonist binding and receptor gating in the
glycine receptor.
Based on the homology between GABAAand glycine receptors, we mutated the
corresponding arginine residue (R274) in the GABAA α 2 subunit to alanine,
transiently expressed the mutant subunit along with the β1 and γ2 subunits in the
HEK 293 cell line, and studied the receptor with the whole-cell patch clamp
technique. Preliminary experiments show that the mutation produces a rightward shift
in the GABA concentration-effect curve (α 2 *β1γ2 EC50: 54.6 ± 5.3 μM, 4<n<6),
corresponding to a five-fold decrease in affinity versus wild-type GABAAreceptors
(α2β1γ2 EC50: 11.2 ± 1.4 μM, 4<n<8). A similar affinity shift was seen when the
mutant receptor without the γ2 subunit (α2*β1 EC50: 13.7 ± 1.8 μM, 4<n<7) was
compared to wild-type α2β1 subunits (α2β1 EC50: 3.6 ± 0.4 μM, n=4).
Supported by NIH grants GM 45129 and GM 00623 (NLH) and NIDA training grant
DA 07255 (SMO).
1 Langosch, D. et al. EMBO J. 13: 4223-4228, 1994.
2 Lynch, J.W. et al. EMBO J. 16: 110-120, 1997.
3 Lynch, J.W. et al. J. Biol. Chem. 270: 13799-13806, 1995.

STRUCTURAL DOMAINS INVOLVED IN THE EFFECTS
OF
GENERAL ANESTHETICS ON RECOMBINANT GABA-A RECEPTOR
CHANNELS. R. Serafini*, J. B ra ca m o n te s a n d J.H .Steinbach.
A n e sth esio lo g y, W ashington U niversity, S t L ouis, M O, 6 3 1 1 0 .
W e a re studying th e d o m ain s of β3 GABA-A rece p to r subunit involved
in th e effects of pentobarbital (PB), alfaxolone (ALF) an d propofol
(PROP). W e co n stru cted chim eric su b u n its (χ ) co m p o se d of h um an β3
in th e N terminal an d ρ 1 in th e C term inal. In χ 1 th e junction (β3-L253,
ρ 1-L295) is in th e M2 region. In χ 2 (β3-L223, ρ-L265) it is in th e M1
region. C o n stru cts w ere transiently e x p re s s e d in QT6 quail fibroblasts.
T h e wild type α 1+β3 w a s g ated by 100 μM GABA (pS/pF, m ean + S E )
(1511+322, n=14), 1 mM PB (1877+538, n=12), 10 μM ALF (233+52,
n=11) and 100μM P R O P (1275+ 277, n=9). In contrast, with α 1 +χ1 th ere
w a s gating by GABA (1852+ 527, n=10) but th e effects of PB (50+ 31,
n=11), ALF (106+ 29, n=4), P R O P (122+ 64, n=4) w ere markedly
re d u c e d . S in ce no m arked effects w ere o b serv ed in th e EC50 of PB
(~200 μM in both constructs), th e d e c re a s e of P B gating is likely d u e to
a d e c re a s e in efficacy . 2 00 μM ALF poten tiated th e effect of 0.5 μM
GABA. With α1+χ1 th e re w a s gating by GABA (1488+ 494, n=14), but
PB, ALF, P R O P h ad eith er no effect o r induced a m o d e st d e c re a s e o f
sp o n tan eo u s baseline current. 2 00 μM ALF did not p o ten tiate th e effect:
of 0.5 μM GABA. T h e d a ta indicate th at 1) re sid u e s in th e M1-M2
portion of β3 subunit are involved in the gating induced by PB, ALF and
PR O P but not in th e gating induced by GABA. 2) th e potentiating effect
of n eu ro stero id s is affected by re sid u e s in th e M1-M2 regions.
Su p p o rted by NIH g ran ts P01 G M 47969 an d R 01N S22356.
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PHARMACOLOGY OF HUMAN αβ2γ2L AND α1β2δ RECOMBINANT γAMINOBUTYRIC ACID TYPE-A RECEPTORS. M.D. Edwards, G. Lees and R.G.
Foster#*. Dept. Academic Anaesthetics/Biology#, Imperial College of Medicine at St.
Mary’s Hospital, London, W 2 1NY, UK
Our previous studies (J Physiol, 1997,499, 124P) suggested that expression of
human α1β1δ γ-aminobutyric acid type-A (GABAA) receptors in the absence of a γsubunit, generated very small currents which were depressed by diazepam. Using
two-electrode voltage-clamp we have characterised αβ2γ2L and α1β2δ human
receptors in Xenopus oocytes, to seek mechanisms for the above observations.
10μM GABA responses (EC20-40) were induced in the absence and then presence of
333nM diazepam. We saw no significant change in α1β2δ receptor conductance
(P>0.05; n=7) nor any direct agonist effect in the presence of diazepam.
The direct agonist response of ImM pentobarbital was compared with the peak
conductance to 3mM GABA for both receptors. αβ2γ2L receptors produced a mean
(± sem) GABA response of 3117.0 ± 570.0 nA verses a pentobarbital response of
2300.0 ± 548.3 nA. These were not significantly different (P>0.05; n= 6 ). However,
α1β2δ receptors produced pentobarbital conductances more than 3 times greater than
those produced by GABA: 1304.0 ± 403.2 nA v. 416.9 ± 156.4 nA, respectively
(P<0.05; n=8 ). Oocytes injected with the 6 -subunit alone, did not respond to either
3mM GABA or 1mM pentobarbital. The current-voltage relationship for α1β2δ
receptors was assessed using 150μM GABA and 1mM pentobarbital. Reversal
potentials were statistically indistinguishable (P>0.05; n=4), however at - l 00mV, only
pentobarbital currents exhibited marked inward rectification.
In conclusion,
2δreceptors do not confer inverse agonist properties on diazepam
1β
α
and we reveal unique pentobarbital pharmacology and agonist-selective channel
properties for α1β2δ receptors. Funded by The Wellcome Trust. cDNA courtesy of MSD, UK.

VOLTAGE-DEPENDENCE OF GABAA RECEPTOR ALLOSTERIC
MODULATORS. N.L. Leidenheim er*, A. M. M ottershaw and M.L.
Gilbert, Depart. Pharmacology, Louisiana State U niversity M edical Center,
Shreveport, L A 71130.
GABAA receptor desensitization is voltage-dependent (Yoon, 1992,
Hablitz, 1992). Allosteric modulators have been shown to alter GABAA
receptor desensitization, therefore, we investigated w hether allosteric
modulation o f the receptor is voltage-dependent. Studies w ere conducted by
tw o-electrode voltage-clamp in X enopus oocytes coexpressing human
GABAA receptor subunit α β 2 γ 2 L cDNAs. O utward rectification o f the
GABA response was noted in both the absence and presence o f the allosteric
modulators noted below. The reversal potential (-20 mV) o f the GABA
response was not altered by m odulators. At a -60 mV holding potential,
diazepam (200 nM ), pentobarbital (25 μM ) and THDOC (10 μM)
potentiated GABA-gated chloride currents by 78% + l 1, 124%±12,
465+ 77% (mean±SEM ), respectively. A t +60 mV this potentiation was
reduced to 38+7%, 63± 11%, 94±10% (m ean±SEM ), respectively. DMCM
(1 μM ) and pregnenolone sulfate (3 μM ) inhibited GABA-gated chloride
currents by 44+4% and 59±3% (m ean±SEM ) respectively at -60 mV, and
at 57±5% and 44+6% (mean±SEM ) respectively, at +60 mV. For each
compound tested, the modulation at -60 mV was significantly different
from that at +60 mV (paired t-test, p<0.05, n = 5 -l8), indicating that
modulation by these compounds is dependent on membrane voltage. The
voltage-dependence o f modulators may be secondary to changes in GABA
potency at hyperpolarized vs. depolarized m embrane potentials since the
response to 10 μM GABA at -35 mV and +15 mV is 25+ 5% and
49+ 11%,respectively, o f the maximum GABA (3000 μ M) response.
Supported by N1NDS grant R29NS321131 toNJL.
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REBOUND CURRENTS EVOKED BY PENTOBARBITAL IN MURINE GABAa
β3 SUBUNIT HOMOMERS. J R A Wooltorton*, P Whiting1, S J Moss2 & T G
Smart, Dept. Pharmacology, The School of Pharmacy, London, WC1N 1AX, UK,
1Merck, Sharp & Dohme Ltd., Harlow, CM20 2QR, UK, & 2MRC LMCB, University
College London, London, WC1E 6 BT, UK.
We have previously demonstrated that murine GABAA β3 cDNA injected into
Xenopus oocytes produce spontaneously gated, GABA-insensitive Cl- channels
modulated by pentobarbital (PB), picrotoxin and zinc (Br. J. Pharmacol. (1997), 120,
4 1P). During the recovery of these channels from high PB concentrations, a transient
rebound current was observed. This phenomenon was studied in both β3-transfected
human embryonic kidney (HEK) cells using whole cell patch clamp and β3-injected
oocytes using two electrode voltage clamp.
Application of PB to HEK cells and oocytes activated a concentration-dependent
current (IPB), with an EC50 of 83.4+21.5 μM and nH of 1.1+0.2 (n=4-5 cells) for HEK
cells, and 169.8+ 19.1 μM and 1.16+0.04 (n=4-21) for oocytes. A concentrationdependent rebound current (Irebound) became apparent above 250 μM PB with a lower
limit for an EC 50 estimated as 860.2+36 μM (HEK cells) and 1851+101 μM (oocytes).
Both IpBand Irebound had similar reversal potentials of ≈0 mV in HEK cells.
The ‘spontaneously opening’ β3 channel expressed in HEK cells was kinetically
modelled by adapting the Monod, Wyman & Changeux 2-state model. To explain
Irebound, additional PB binding is necessary to drive the receptor into desensitized states
which can be accessed through ligand-bound open or closed states. The resulting
cyclic model predicts that β3 channels are modulated/activated initially by PB
binding and further apparent ‘silent binding’ of ligand causes the channel to enter into
inactive states. When PB dissociates, the probability of channel activation increases,
giving a rebound current. Rebound currents may be relevant physiologically as PB
can directly activate native neuronal GABAa receptors and induce similar behavior.
Supported by the Medical Research Council, UK, & Merck, Sharp & Dohme, UK.

The subunit-selective actions of (R)-(+) etomidate on human recombinant
GABAA receptors are dictated by a single amino acid subtitution . D. Belelli,1* A.
Muntoni1, J. A. Peters1, J. J. Lambert1 and P.J . Whiting2. 1Neurosciences Institute,
Dept.of Pharmacology, Dundee University. Dundee, DD1 9SY Scotland, U.K 2Merck
Sharp & Dohme Research Lab., Neuroscience Research Centre, Terlings Park, Harlow,
Essex, CM20 QR, UK.
The GABA-modulatory and -mimetic actions of the general anaesthetic etomidate are
uniquely dependent on the β subunit type present within the receptor protein (HillVenning et al. (1997), Br.J. Pharmacol., 120, 749-756). Control experiments with
3γ2receptors demonstrated the (R)-(+) enantiomer to be far more potent and
6β
α
efficacious than the (S)-(-) enantiomer. Thus, receptors assembled from the α6, γ2 and
β2 or β3, but not β1, subunits are exquisitely sensitive to the actions of (R)-(+)
etomidate. In this study, human recombinant GABAa receptors containing the α6, γ2
and β1/β2 chimeric subunits or a β subunit harbouring a single point mutation were
expressed in Xenopus laevis oocytes and voltage-clamped at -60mV to investigate the
structural basis of the subunit-selective actions of etomidate. A region distal to the Nterminal extracellular domain of the β subunit was identified as a determinant of the
selectivity of etomidate. The mutation of an amino acid Asn289 present within the
channel domain of the β3 subunit to Ser (the homologous residue in β1) strongly
suppressed both the GABA-modulatory and agonist actions of etomidate. Conversely,
the replacement of the β1 subunit Ser290 by Asn greatly enhanced modulation of the
GABA-evoked currents by etomidate and introduced agonist activity. Etomidate, when
applied intracellularly to mouse L(tk-) cells (stably expressing the α6β3γ2 subunit
combination) lacked both GABA-modulatory and -mimetic activity. Collectively these
findings are counter-intuitive to a membrane pertubation theory of anaesthesia.

S ociety for N eur os c ien c e , V o lum e 2 3 ,1 9 9 7

The work was supported by the MRC.
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VOLATILE ANESTHETIC EFFECTOR SITES IN CHIMERIC INHIBITORY
RECEPTORS.
E. P. Greenblatt*, X. Meng.
Department of Anesthesia,
University of Pennsylvania School of Medicine, Philadelphia, PA 19104.
Inhibitory neurotransmitter receptors for glycine and GABA may be important
targets in the mechanism of action of volatile anesthetics (VAs) in the CNS. Hie
VAs halothane aid isoflurane enhance agonist-evoked chloride (Cl ) currents
through the integral ion channel of these receptors. In contrast, the rhol (p l )
subtype of GABA receptor is inhibited by VAs.
These differences in VA
sensitivity were exploited to identify potential sites of VA action. Chimeric
receptors were constructed by combining portions of glycine α l and GABA p i
subunits. A restriction enzyme (RE) recognition site was introduced into the
putative second transmembrane domain (M2) of glycine a l and GABA p l subunits
by silent mutation. A segment spanning from the N-terminus to the RE site was
exchanged between subunit cDNAs, resulting in production of chimeras, designated
glyrhol andrhoglyl to indicate lineage of N-terminal and C-terminal segments.
Xenopus oocytes were injected with cRNAs from wild-type or chimeric subunits.
Two electrode voltage clamp was used to measure currents. Agonist specificity of
each chimera was determined. Agonist dose-response studies established the
concentrations which evoked 10% of the maximal current response (EC10) for each
chimera. Modulation of agonist-induced (EC10) C l' currents by halothane 0.3 mM
or isoflurane 0.4 mM was measured. All drugs were applied by superfusion.
Halothane enhanced currents in glyrhol, but inhibited responses in rhoglyl.
Isoflurane inhibited currents in glyrhol, but enhanced responses in rh o g ly l. These
data suggest that these VAs may interact with inhibitory neurotransmitter receptors
via different effector sites. The response to halothane appears to be dictated by a
portion of the protein between the N-terminus and the M2 chimeras’ split site,
while the response to isoflurane appears to be dictated by a portion of the protein
distal (i.e., C-terminal) to this site.

DIFFERENTIAL REGULATION OF GABAA RECEPTOR
FUNCTION BY PKA MEDIATED PHOSPHORYLATION
OF RECEPTOR β SUBUNITS.

111

B.J. McDonald1*, A. Amato2, T.G. Smart 2 and S.J. Moss1.
1. MRC LMCB, University College London, WC1E 6BT and
2. Dept. of Pharmacology, School of Pharmacy, WC1N 1AX.
Activation of PKA in neurons causes enhancements or
reductions in GABA induced chloride currents depending on the
neuronal population studied. Due to the large heterogeneity of
GABAa receptor subunits these different effects may be due to
the presence of a variety of receptor subtypes in the brain, thus
the subunit composition of receptors may determine the effects
of PKA activation on their function.
To investigate this possibility we have examined the effects
of PKA activation on recombinant GABAa receptors. We have
identified sites of phosphorylation by PKA within β subunits,
studied the phosphorylation state of these residues in HEK293
cells, examined the functional effects of PKA activation on
receptors in these cells and conducted similar studies on
chimaeras of different β subunits. Our data indicate that the
functional effects of PKA phosphorylation are determined by
the β subunits of the GABAa receptor.
This work is supported by the UK Medical Research Council.
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FUNCTION OF RECOMBINANT GABAA RECEPTORS IS MAINTAINED BY
PROTEIN PHOSPHORYLATION AND LOW INTRACELLULAR CALCIUM.
R.-Q. Huang* and G. H. Dillon. Dept. o f Pharmacol., Univ. o f North Texas, Hlth.
Sci. Ctr. at Forth Worth, Fort Worth, TX 76107
Functional maintenance o f GABAA receptors over time, as well as the potential
underlying mechanism(s), has not been well characterized. We used the whole-cell
patch clamp technique to determine: 1) what factors maintain the function o f rat
α3β2γ2 GABAA stably expressed in HEK293 cells over 60 min; and 2) what is the
mechanism(s)? When [ATP]j-free or resting [Ca2+]j was buffered to relatively high
level, response to low [GABA] (20 µM) did not show rundown in the whole-cell
configuration. However, high [GABA] (2 mM) induced significant rundown, which
was observed by decreases in both the maximum GABA-induced current and GABA
EC50. The absence of rundown in amphotericin B perforated patch recordings
indicated the intracellular substrate(s) required to maintain the function o f GABAA
receptors was dialyzed by the whole-cell pipette. The rundown was completely
prevented by 4 mM Mg2+-ATP and low resting [Ca2+]j. Genistein, an inhibitor o f
protein tyrosine kinase, induced the rundown o f GABA responses in whole-cell
recordings, and resulted in a reversible inhibition o f GABA responses in perforated
patch recordings. Moreover, vanadate, an inhibitor o f protein tyrosine phosphatase,
greatly reduced the rundown. W-7, which inhibits Ca2+/calmodulin-dependent
phosphatase, also retarded the rundown. Our results demonstrate that the rundown o f
GABAa receptor function is concentration-dependent, due to dialysis o f an
intracellular substrate(s). Furthermore, both ATP and low [Ca2+]j are necessary to
stabilize the function of the GABAA receptors. We propose that protein
phosphorylation at a tyrosine kinase-dependent site, and a distinct unidentified site,
which is dephosphorylated by Ca2+/calmodulin-dependent protein phosphatase,
maintains the function o f rat α 3β2γ2 GABAA receptors. (Support by NIH R29
ES07904 and TX ARP# 009768-027)

THE NOVEL PICROTOXIN-SITE LIGAND U-93631
HAS BOTH
STIMULATORY AND INHIBITORY A
i*pfEFFECTS ON RECOMBINANT β2γ2
D
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Pharmacology, Univ. o f North Texas Health Science Center, Ft. Worth, TX 76107.
We have studied previously the effects o f the novel compound U-93631 (4dimethyl-3-t-butyIcarboxyl-4,5-dihydro[1,5-a]imidazoquinoxaline) on α 1β 2γ2,
α 3β2γ2, and α 6β2γ2 recombinant GABAA receptors. The inhibitory effect o f U93631 on these receptors is comparable to that seen with picrotoxin; binding and
competitive electrophysiological experiments demonstrate the inhibition induced
by this compound is through an interaction with the picrotoxin site o f the receptor.
Here we report that, in the β2γ2 receptor, U-93631 has both stimulatory and
inhibitory effects on GABA-activated Cl' current.
Whole-cell patch clamp
recordings were obtained from HEK293 cells stably expressing β2γ2 GABAA
receptors. U-93631 accelerated decay rate o f GABA-activated currents in a
concentration-dependent manner (ICS0 o f approximately 2 µM); this inhibition is
similar to that reported in other receptor configurations. At low concentrations o f
U-93631, we observed a moderate (approximately 20%) but significant
potentiation o f initial peak GABA-activated Cl' current (EC50 o f approximately
200 nM). Preliminary experiments indicate this stimulatory effect is not induced
by picrotoxin, and is not induced by low [U-93631] in HEK293 cells that express
α1β2γ2 GABAA receptors. The results suggest U-93631 may have two binding
sites on the GABAA receptor. The high affinity site, which enhances GABAactivated current, may only be accessible in cells that lack the α subunit. The
location o f this site is under investigation. The low affinity site, previously
demonstrated to have at least overlapping binding domains with picrotoxin,
inhibits GABA-activated Cl' current. (Support: NIH ES07904 and TX ARP
009768-027).
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POINT MUTATION OF THE BENZODIAZEPINE BINDING SITE OF GABAA
RECEPTORS IN VITRO AND IN VIVO. K .L öw*, J.A. Benson., R. Keist, C.
Michel, D. Bcnke, Y. Lang+, H. Blüthmann+ ,H. Mohler and U. Rudolph. Institute
of Pharmacology, ETH and University o f Zürich, CH-8057 Zürich, and
Pharmaceutical Research Gene Technology, F. Hoffinann-La Roche Ltd., CH+
4002 Basel, Switzerland.
In order to genetically dissect the neuronal pathways mediating benzodiazepineinduced behaviour, an attempt was made to alter the benzodiazepine binding site
of defined receptor subtypes by point mutation. The histidine to arginine
substitution (H isl0 lArg) in the a l subunit o f the GABAA receptor is known to
result in diazepam-insensitivity (Wieland et al. J. Biol. Chem. 267 (1992) 14261429). We now report that homologous substitutions in the α 2(Hisl01Arg),
a3(Hisl26Arg) and a5(Hisl05Arg) subunits when expressed with β and γ2
subunits in HEK293 cells resulted in recombinant GABAA receptors that were
insensitive to the benzodiazepine full agonists diazepam and flunitrazepam but
were potentiated by the benzodiazepine partial agonist bretazenil and by the
inverse agonist Ro 15-4513. The respective point mutations can be used in vivo
to render defined receptor subtypes diazepam-insensitive. We have successfully
"knocked-in" the a l subunit H isl0 lArg point mutation into mice by means o f
homologous recombination. Autoradiography in brain slices and radioligand
binding with [3H]flumazenil and [3H]Ro 15-4513 to brain membranes from mice
homozygous for the point mutated α l subunit are consistent with a complete loss
of the α 1 diazepam binding sites. Support: Swiss National Science Foundation.

DUAL ACTION OF LANTHANUM ON DEACTIVATION AND
DESENSITIZATION OF GABA RESPONSES. W.J. Zhu*, J.F. Wang,/ L.

S ocie ty f o r N e u ro s c ie n c e , V o lu m e

23,1997

Corsi and S. Vicini. Dept.o f Physiology, Georgetown Univ. Med. Cntr., Washington
DC. We studied currents elicited by rapid application o f 1 mM GABA to HEK293
cells transfected with cDNAs encoding distinct GABAA receptor subunits in the
presence and the absence o f LaCl3 (100-300 µM). GABA applications (200 ms) on
small, lifted cells transiently transfected with α1β3γ2 (16 cells) and α1β3δ subunit (11
cells) cDNAs elicited currents characterized by fast and slow desensitization.
Coapplication of GABA with LaCl3 slightly increased the peak response and removed the
fast component of desensitization in all cells tested. Fast and slow deactivation
components of currents produced by 1 ms GABA applications were largely unaffected by
the presence of LaCl3 in the GABA containing solution. However, the fast deactivation
component at the end of the 200 ms application was consistently larger, as expected from
models proposing a role for fast desensitization of GABAa receptors in determining slow
deactivation kinetics. Surprisingly, if LaCl3 was preperfused before the application of
GABA pulses, we observed a time dependent and irreversible prolongation of both
components of deactivation in response to 1 ms and 200 ms applications. This was
accompanied by the removal of fast desensitization and by a small reduction of the peak
response. Prolongation of the response with LaCl3 was also observed when the low affinity
agonist taurine was used. In contrast, the slow deactivation observed in cells transfected
with α 6β3γ2 and α 6β3δ cDNAs was largely unaffected by the presence of LaCl3. Also, in
these cells, LaCl3 depressed the peak amplitude without affecting the poorly desensitizing
GABA responses. LaCl3 had similar effects on GABA responses in nucleated patches
excised from rat cerebellar granule neurons in primary culture as those observed in cells
transfected with α l β3γ2 cDNAs. Inhibitory synaptic currents in granule neurons were
also prolonged by LaCl3. Our results indicate that lanthanum has a dual mode of action on
GABAa receptors; it removes fast desensitization but it also prolongs the deactivation by a
different mechanism. Supported by NINDS grants NS32759 and NS01680.
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LOCATION OF A HIGH AFFINITY Zn'' BINDING SITE IN THE
ANION CHANNEL OF a
l GABA-A RECEPTORS. J Horenstein
and M.H Akabas*. Ctr. for Malec. R<:eog. Columbia Univ. NY, NY 10032.
The divalent cation Zn2' inhibits the GABA-induced current in ct Ip I
GABA Areceptors, IC50 = I µM. Histidine residues often form Zn'' binding
sites. p!His267, in the M2 membrane-spanning segment of the pI subunit, is
alib'lled with ct I Ser272, a residue that we had previously shown was exposed
in the channel using the scanning-cysteine-accessibility method. The mutation
PI H267S when expressed with wild-type ct I subunit increases the IC50 for
Zn2+ block to >500 µM. We conclude that the high affmity Zn 2+ binding site in
the ct I pI GABAA receptor is formed in the channel lumen by multiple
P I His267 residues. The ability of a divalent cation to enter the extracellular
end of the GABAAreceptor channel implies that the anion-selectivity filter is
located at a more c,1oplasmic position than p1His267. Moving the histidine
from the pl to the ct I subunit in the double mutant ct 1S272HIP lH267S
results in a lower affinity Zn" binding site, JC50 = 32 µM. Thus, with respect
to creating a Zn2' binding site, the positions of the ct I and pI subunits are not

Ip

symmetrical around the channel axis. Zn2+ is much less potent at inhibiting

ct l p I y 2 GABAA receptors; the IC50 for Zn2+ block is> l mM. Inserting a
histidine at the aligned position in the y 2 subunit y 21282H and expressing it
as ct l pI y21282H does not create a high affmity Zn" binding site; 1C50 > I
mM. Thus, other residues in the y 2 subunit may be responsible for reducing
the affinity for Zn2+ Supported by NIH and NYC affiliate of the AHA.
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T. v. Ramabhadran' 'Neurogen Corporation, Branford, CT 06405; 'Department of Pharmaceutical Chemistry, Univ. London, School of Pharmacy,
29/39 Brunswick Sq. London, WC1N 1AX, UK.
Changes in sedimentation velocity of GABAA receptors imparted by
sub-unit specific antibodies were used to determine the number and type of
sub-units in a receptor complex. a1 p3-y2 and a1 P3 receptors were expressed
in S/9 cells and solubilized in 1% Triton X-100. Receptors were incubated
with antibody and then sedimented on sucrose density gradients. The
antibodies were bd24 (a sub-unit specific, monoclonal) bd17 (P subunit specific, monoclonal) and anti-y2 1-15 cys, a y sub-unit specific antibody
(polyclonal,affinity purified).
a1 p3-y2 and a1 P3 receptors sedimented as single sharp peaks in the
absence of antibody (S20 w = 9.IJ Sand 8.5 S). A single species of antibodyreceptor complex was detected on the sucrose density gradient following
incubation of both receptors with various concentrations of bd24. This profile is indicative of two epitopes per receptor. A single species of antibody
receptor complex was also detected when a1 p3y2 receptors were incubated
with bd17. This suggests two epitopes per receptor. Two species of antibody-receptor complex were detected when a1 P3 receptors were incubated
with bd17 (10.7 Sand 12.5 S). The high molecular weight complex was
present at high antibody concentrations. This suggested multiple antibodies binding to a single receptor and hence three epitopes per receptor. A
high molecular weight antibody-receptor complex (16.5 S) was detected when
a1 p3-y2 receptors were incubated with low concentrations of y specific antibody. This suggested one epitope per receptor. Thus, we propose stoichiometries of 2a, 2p, 1y and 2a, 3P for these receptors.

GABAA RECEPTORS: RECOMBINANT STUDIES II
52.1

52.2

TESTING A MODEL FOR THE AGONIST BINDING SITE ON THE
GABAA RECEPTOR USING A BACULOVIRUS-INFECTED Sf9 CELL
SYSTEM. S. Srinivasan * 1 A.J. Tobin 2 •5 and R.W. Olsen 1- 3 • 1Dept of Molecular
and Medical Pharmacology, 2 Brain Research Institute, 3Molecular Biology
Institute, 4 Dept. of Physiological Science and 'Dept. of Neurology, UCLA, Los

Angeles CA 90095.

Site~directed mutagenesis has provided us with important infonnation regarding
the conformational coupling of the GABAA receptor. We_ have previously
described a model for the agonist binding site on the GABAA receptor and have
proposed certain residues that are involved in transducing the energy associated
with ligand binding into channel opening. Most notable among these is Trp 94 on
the a 1 subunit, a residue that is conserved not only among all GABAA receptor
subunits but also among all other members of the ligand-gated ion channel family

[Smith and Olsen, (1995), Trends Pharmacol. Sci. 16:162-168]. We have mutated

this residue to Phe, Leu and Gly, expressed the mutant subunit along with either
[3 2 alone or both [3 2 and y25 subunits in a baculovirus expression vector system. To
facilitate immundetection, we have inserted a 10 amino acid 9£10 epitope tag at
the N-terminal end of the a 1 subunit. The expression of the mutant peptide was
confirmed by Western blots using. an antibody to the 9EIO tag. The same
antibody was used to confirm appropriate assembly of the receptor using
irnmunofluorescence techniques. After verifying that the epitope tag did not alter
the binding characteristics of the protein, we studied the changes in affinity of the
mutant protein to the ligands [3H]muscirnol, [3 H]flunitrazepam and [3 5SJTBPS.
These mutagenesis experiments have provided us with very interesting
information regarding the role of the Trp94 residue in signal transduction.

ASSEMBLY OF GABAA RECEPTORS

P. M. Taylor G. H. Gorrie P. Thomas T. G. Smart• and S. J. Moss
MRC Laboratory of Molecular Cell Biology, University College
London, Gower Street, London WC1 E 6BT
'The School of
Pharmacy, Brunswick Square, London WC1N 6AX
GABAA receptor ~ subunits differ in their abilities to form cell
surface channels when expressed alone in HEK 293 cells. ~ 1 and
p3 subunits form chloride channels in the cell membrane but the
p2 subunit does not. In agreement with th:s, p3 can be seen on the
surface of non-permeabilised cells by immunofluorescence whilst
p2 can only ever be detected in the endoplasmic reticulum (ER) of
permeabilised ceils, suggesting that only P3 is able to
homooligomerise and exit the ER. Using sucrose density gradients
we have been able to demonstrate clear differences in
homooligomerisation of p2 and p subunits. To investigate the
molecular basis of this we have constructed p21p3 chimeras. We
have demonstrated that the N-terminus between the conserved
cysteine loop and M 1 is important for p3 homooligomerisation and
have identified a 10 amino acid assembly domain within this
region. The importance of this region in heterooligomerisation
with other GABAA receptor subunits is currently under
investigation.

This work is funded by the UK Medical Research Council.

Supported by grants to SS (T32 GM08375), AJT (NS 22256) and RWO (NS
28772).

52.3

GABAA a1-EGFP FUSION PROTEIN REQUIRES A f3
SUBUNIT FOR FUNCTIONAL SURFACE EXPRESSION.

1. X. Connor A. J. Boileau and C. Czajkowski*. Dept. of
Neurophysiology, University of Wisconsin, Madison, WI 53706.
The a I subunit of the GABAA receptor is important for binding GABA
and benzodiazepines (BZDs ), the y subunit for high-affinity BZD
binding, and the P subunit for cellular targeting of the receptors (Connolly
et al., PNAS 93, 1996). To examine the process of receptor expression
and assembly, we created a fusion protein of the a1 subunit 5' to redshifted green fluorescent protein (EGFP, Clontech). Xenopus oocytes
were injected with cRNA of this fusion protein, a1-EGFP. alone or in
combination with cRNA of P2, Y2, or P2'Y2 subunits. Within 72 hours
after injection, EGFP fluorescence was visible in the fusion proteininjected cells with an FITC filter. The fluorescence appeared to be on the
plasma membrane only in the a1-EGFPP2- and a1-EGFPf32Y2-injected
oocytes; this observation was confirmed by Texas Red conjugated
immunolabeling for EGFP on non-permeabilized cells. Two-electrode
voltage clamp experiments were performed on a1-EGFPP2 and a1EGFPP2Y2 combinations. These cells demonstrated functional
expression, with EC5o's for both GABA and diazepam similar to wildtype subunit combinations. Thus, a C-terminal tag of the a1 subunit
appears to be functionally silent, providing a useful marker for studies of
GABAA receptor expression, assembly and purification. In addition,
these results provide direct evidence that the C-terminus of the a subunit
is extracellular. This work was supported by funds from the Epilepsy
Foundation of America and Burroughs-Wellcome to CC.
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DELETION ANALYSIS OF RAT GABAA RECEPTOR alSUBUNIT GENE FUNCTION. C.C. Tenn 1-* C.L. SelzlIT,1 R.A.

Holt! and A.N. Bateson 1 .2. 1Department of Pharmacology and
of Neuroscience, Faculty of Medicine, University of Alberta,
Edmonton, Canada T6G 2H7.
GABAA receptors are pentamers formed from a large family of
subunits, each of which is encoded by a separate gene. The expression
of GABAA receptor subunit genes is regulated in a developmental- and
cell-specific manner. Furthermore, we, and others, have shown that
chronic exposure to certain GABAA receptor ligands can result in
specific changes in transcript levels of some of these genes, suggesting
a molecular mechanism for such clinical phenomena as benzodiazepine
tolerance. To better understand the transcriptional regulation of this
gene family we previously isolated 5'-flanking sequences of the rat
GABAA receptor al-subunit gene. A single major transcriptional
start-site was identified, which is conserved with other species. We
now report a pattern of DNaseI hypersensitive sites present in the 5'end of this gene in brain that is absent in fibroblasts. Luciferase
reporter gene constructs have been used to demonstrate functional
activity of the proximal promoter in a rat neuroblastoma cell line that
expresses the native al-subunit gene. Further, we have used deletion
mapping to correlate functional activity with the hypersensitivity
mapping studies. While minimal activity is provided by the proximal
promoter alone, upstream sequences appear to modulate the strength of
al-subunit gene expression.
Supported by the Medical Research Council of Canada and the Alberta
Heritage Foundation for Medical Research.
2 Division
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REDUCTION OF THE α l SUBUNIT OF GABAA RECEPTORS USING
RIBOZYMES. J. R. Subramaniam* P. J. Whiting # and J. H. Neale. Department of
Biology, Georgetown University, Washington D.C., U.S.A. and # Merck Sharp and
Dohme Laboratories, Neuroscience Centre, Essex, U.K.
Ribozymes were developed as a molecular strategy for reduction or elimination of
expression of the α l subunit o f GABAA receptors. The ribozyme cleavage sites
were selected by homology comparison of all GABAA receptor subunits and in
particular, all α subunit subtypes at the amino acid and nucleotide sequence level.
Two ribozymes were designed and synthesized: one against the extracelluar domain
and the other against the cytoplasmic domain. These ribozymes were cloned in an
eukaryotic expression plasmid, pSV2-Zeo. Cleavage o f both extracellular and
cytoplasmic domain transcripts by the respective ribozymes was observed when
tested against in vitro transcribed mRNA. The stable cell line, 122, expressing
human α l, β2 and γ2 subunits o f GABAA receptors was stably transfected with: i.
the vector (zeo), ii. the cytoplasmic domain ribozyme (cyto), and iii. cytoplasmic
and extracellular domain ribozymes (EC) expression plasmids. When a single
ribozyme (cyto) as well as two ribozymes (EC) were used, northern analysis showed
55-60% reduction of α l mRNA in both, and western analysis showed 75%
reduction in α l expression in (a stable clone, cytol) cyto transfected cells and more
than 95% reduction of α l expression in (a stable clone, EC3) EC transfected cells in
comparison with α l expression in 122 cells and the zeo (stable clone zeol)
transfected cells. The data support the view that these ribozymes provide the basis
for a molecular strategy for inducing loss o f α l subunit protein in selected cell types
in a temporally specific manner during development or in the adult nervous system.
.(Supported by N1DA grant DA02297)

5 2 .6
CONSTRUCTION AND CHARACTERIZATION OF A MUTANT GABAA
RECEPTOR β 3 SUBUNIT LACKING THE LARGE INTRACELLULAR LOOP
K.K. Hanson, C.E. Rick, D. McGehee*, and N. L. Harrison. Dept. of Anesthesia
and Critical Care, Univ. of Chicago, Chicago, IL 60637.
y-aminobutyric acid (GABA) is the major inhibitory neurotransmitter of the
mammalian central nervous system. The GABAAreceptor, its major target, is a
heteropentameric ligand gated ion channel which in addition to mediating synaptic
transmission, is a major site for volatile anesthetic, barbiturate, benzodiazepine, and
alcohol action, α , β , γ, δ, and ε subunits have been identified to date; however, the
protein usually consists of α , β , and γ subunits in vivo, and only α and β subunits
are necessary to assemble a minimal functional receptor in vitro. The proposed
structure for each subunit consists of an extracellular N terminus, four
transmembrane (TM) spanning domains, and a large intracellular loop connecting TM
domains 3 and 4. While making up a significant part of the GABAA receptor protein,
this large intracellular loop has not yet been shown to be involved in agonist or
modulator binding. It has been postulated, however, to affect receptor function via
phosphorylation; by analogy with the glycine receptor, this region may also be
important for anchoring the receptor complex in the membrane and clustering the
receptor complexes at the synapse.
In an attempt to address the question of the function and necessity of the large
intracellular loop, we constructed a mutant rat β3 subunit cDNA with the majority of
the intracellular loop excised to leave a linker approximately the same size as those
connecting the other transmembrane domains. The mutant construct was made by
inserting matching Pvu I restriction sites just after TM3 and just before TM4 in the
β3 cDNA using unique site elimination mutagenesis techniques, followed by a
restriction digestion and ligation. We will express this construct along with the
wildtype a 2 subunit in several expression systems and attempt to characterize the
functionality and pharmacology of the mutant construct by comparing data obtained
from these cells with that obtained from cells expressing the wildtype β3 andα 2
subunits.
Supported by NIH grants GM 45129 and GM 00623 (NLH)
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THE β4S and β4L SUBUNITS OF CHICK GABA a RECEPTORS FORM
HOMOMERIC GABA-GATED CHANNELS. S -C Liu†, L. Parent†, R J.
Harvey‡, M. G. Darlison‡ and E. M. Ban es. Jr.*†. †Depts. of Biochem. and
Mol. Physiol, and Biophys., Baylor Col. o f Med., Houston, TX 77030 and
‡Institut für Zellbiochemie und klinische Neurobiologie, Universität Hamburg,
Hamburg, Germany.
Chick GABAa receptor ß4L and ß4S subunits were individually expressed
in Xenopus oocytes by cRNA injection and studied using the two-electrode
voltage-clamp technique. Both ß4-subunit variants form homomeric GABAa
receptors that produce GABA-gated Cl' currents. In comparison, oocytes
expressing either the chick GABAa receptor α l or β2S subunit show no or
barely detectable GABA responses. The homomeric β4L-subunit channel
exhibits a high affinity for GABA gating, having an EC50 o f 4.8 ± 0.8 µM (n =
6) and a Hill coefficient o f 1.14 ± 0.13 (n = 6). This EC50 value is comparable
to that for native GABAa receptors, while other homomeric receptor channels
are reported to have much lower or no sensitivity to GABA. The currents of
the β4L-subunit receptor evoked by 10 µM GABA are enhanced by 50µ M
pentobarbital (56.1 ± 5.1%, n = 3), inhibited by 10 µM picrotoxinin (38.7 ±
12.7%, n = 3), and not affected by 1µ M diazepam, properties which are
normally associated with β subunits. Similar β4L-subunit receptor currents
were observed in oocytes incubated with actinomycin D to block coordinate
expression of endogenous polypeptides. Since ß subunits provide essential
determinants for assembly and subcellular localization o f GABAa receptors,
homomeric ß4-subunit receptors represent a model system for further study of
the structure and function o f GABAa receptor polypeptides.
Supported by NIH grants NS34253, N S11535, and HL07676.

TH E GABAa s SUBUNIT IS FUNCTIONALLY D ISTIN CT FR O M THE
GABAa γ2 SUBUNIT. P. A. DAVIES*, E.F. KIRKNESSt and T.G. HALES. Dept.
Anesthesiology, UCLA, LA, CA 90095 and flnst. for Genomic Research, 932
Clopper Rd., Gaithersburg, MD 20878.
The GABAa s subunit forms functional GABA-activated, chloride channels
when expressed with α 3 subunit combinations. Receptors comprised o f ap e show
an insensitivity towards anesthetics and have unusual biophysical properties. O f all
the subunit classes, γ is the most closely related to ε. This study compares the
functional properties o f α 2β γ 2 and α 2β1ε GABAa receptors.
Human embryonic kidney (HEK) cells were transiently transfected with human
cDNAs encoding α l, β2, γ2 and ε subunits. GABAa receptors which contain the γ
subunit are sensitive to benzodiazepines and have a low sensitivity to the blocking
action o f Zn2+. Application o f 1 µM diazepam to cells transfected with α 2 β1γ2
resulted in a potentiation o f the GABA-activated current by 355±62% o f control
(n=10). However, diazepam resulted in 97±17% (n=4) and 122±22% (n=3) of
control in a 2 p l and α 2 β l ε expressing cells respectively. Zn2+ blocked GABA
responses in a concentration-dependent manner. IC50 values o f 150 nM, 8.7 µM
and 65 µM were obtained from α 2 β1, α 2 β1ε and α 2 β1γ2 expressing cells
respectively. In α 2 β1γ2 cells, the potentiation o f the control GABA response by
the anesthetic compounds pentobarbital (590±118%, n=5), pregnanolone
(877±209%, n=6) and propofol (1195+309%, n=4) were significantly different to
the effects o f these compounds on α 2 β1ε cells (145±2%- n=3; 144±26%, n=6 and
127±44%, n=5). Whole-cell GABA-evoked currents mediated by α 2β1γ2 exhibit
outward rectification. These results are similar to those obtained with an α 2β1
combination and are significantly different to cells expressing α 2 β l ε receptors.
From this study we conclude that the s subunit combines with a p subunits to
form GABA receptors that are functionally different to αβγ combinations.
(Supported by NIH and TIGR grants).
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EXPRESSION AND FUNCTIONAL PHARMACOLOGY OF THE AVIAN
BRAIN GABA a RECEPTOR y4 SUBUNIT. 1 J.A. Benson*2R J Harvev. 2M.G.
Darlison and 3I.C. Forster. Institutes for 'Pharmacology and 3Physiology,
University o f Zürich, Zürich, Switzerland, and Institute o f Cell Biochemistry and
Clinical Neurobiology, University o f Hamburg, Hamburg, Germany.
The GABAa receptor y subunit contributes to a high-affinity benzodiazepine
binding site and is therefore an important determinant o f GABAa receptor
modulatory pharmacology. We have characterised the y4 subunit (Harvey et al.,
FEBS Letters 331 (1993) 211-216), which in avian species replaces the
mammalian y3 subunit. We co-expressed y4 subunits with rat a3 and ß2 subunits
and demonstrated functional expression o f GABA-activated receptor channels by
nuclear injection o f the subunit cDNAs in Xenopus oocytes. The GABA dosedependence o f the recombinant receptor-mediated current yielded an EC*, value
(in [M, ntfcSD) o f 181±30 (n=5) and a Hill coefficient o f 1.32±0.28. The GABAevoked current was potentiated by Na-pentobarbital (50 p.M) and suppressed by
picrotoxin (10 fxM). It was also blocked by Zn2+ (EG50 = 17±4 µM; n=4). The
benzodiazepine full agonists fiunitrazepam (1 µM) and triazolam (1 µM)
potentiated the GABA-evoked current by 90% and 80% respectively and the
partial agonists bretazenil (1 µM) and abecamil (1µ M) enhanced the response by
40% and 45% respectively. The ß-carboline inverse agonists DMCM (1 µM) and
ß-CCM (1 βM) decreased the response by 50% and 40% respectively. However,
the inverse agonist Ro 15-4513 enhanced the response by 50%. The subunitspecific positive agonist zolpidem was inactive. Our results show that the avian
y4 subunit confers on GABAa receptors a novel pharmacology which differs from
that of α 3β2γx receptors incorporating the mammalian γ subunits (γ 1,2,3).

MEASUREMENT OF RECOMBINANT GABA a RECEPTOR FUNCTION
USING A 36CL FLUX ASSAY. J.R. Atack*, A.J. Smith, T. Priestley, C.
Adkins, L. Alder, J. Silk and R. McKeman Merck Sharp & Dohme Research
Laboratories, Neuroscience Research Centre, Harlow, CM20 2QR, U.K.
The G A BA a receptor is a GABA-gated chloride channel which exists as a
number of subtypes based upon the pentameric assembly of multiple subunits
α 1 -6, β 1 -3 , γ1-3 , δ).
It contains several modulatory sites (e.g.
benzodiazepine, neurosteroid and barbiturate binding sites) which
allosterically influence GABA-stimulated chloride flux. In the present study,
the functional responses of L(tk') cells expressing recombinant human α 3β3γ2
GABAa receptors were examined using a 36C1 flux assay. GABA gave a
concentration-dependent increase in 36C1 flux, with an EC50 in the region of
3µM whereas muscimol, with an EC50 of 0.3µM, was more potent. These
agonist responses could be inhibited by the channel blocker picrotoxin and
antagonised by the GABA site antagonist bicuculline. In addition, the flux
produced by an EC20-equivalent concentration of GABA could be potentiated
by a range of benzodiazepine site ligands to an extent which correlated with
their intrinsic efficacies i.e. full agonists such as fiunitrazepam and diazepam
gave a greater potentiation than partial agonists such as FG8205 and
benzodiazepine site antagonists such as Ro 15-1788 (flumazenil) did not
modulate the response. Interestingly, in the absence of exogenous GABA the
basal influx of 36C1 could be reduced by the inclusion of picrotoxin, indicating
a degree of spontaneous opening of GABAa channels. This was confirmed
electrophysiologically using single channel analysis of outside-out patches in
which spontaneous openings of an amplitude and open time characteristic of
the GABAa receptor were identified. (Supported by MSD Ltd.)

Support: Swiss National Science Foundation.
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ISOLATION AND CHARACTERIZATION OF THE MOUSE GABA a RECEPTOR
GAMMA 2 SUBUNIT GENE PROMOTER. W. M u , Z.F. L iu , T. Moreira and D.R
Burt*. Dept. of Pharmacol. & Exp. Therapeutics, Univ. o f Maryland Sch. o f Med.,
Baltimore, MD., 21201
Gamma-aminobutyric acid (GABA) type A receptors are multisubunit ligand-gated
ion channels which mediate neuronal inhibition in the central nervous system. The
gamma 2 subunit appears to be essential for benzodiazepine modulation o f GABA a
receptor function. Its expression is tightly controlled during development and modulated
by drugs and hormones. Yet, the detailed mechanisms governing the neuron-specific
transcription and the spatial-temporal expression pattern o f this gene remain largely
unknown. We have, therefore, cloned and begun to characterize the murine gamma 2
subunit gene. Fourteen independent clones were isolated from a mouse genomic library;
one contains the promoter region and first exon o f the gene. Restriction and Southern
analysis indicated that this insert included 7 kb o f sequence 5' to the translation initiation
site, the first exon, and part of the first intron. Primer extension with brain mRNA
revealed several possible transcription start sites. The promoter region was partially
sequenced. Analysis reveals the absence o f a typical TATA-box although a CCAAT box
and two atypical TATA-like motifs were found farther upstream o f the putative
transcription start sites. Several consensus sites for HNF-1, SP1, MEF-2, Oct-1, GRE,
H4TF-1, the consensus sites for NF-kB, YY1, C/EBP,' SRF, Pit-la, HoxA5 and PRE
were found, which is concordant with the varying gene expression patterns observed
during neural development and drug treatment. Different deletions o f the promoter
region were subcloned into the pGL3 luciferase reporter vector. Studies are in progress
which focus on the identification o f the cis-acting elements in the 5’-flanking region
which mediate neuron-specific promoter activity. ( Supported in part by NIH grant
HD 16596)

MAXIMAL ACTIVATION AND DEACTIVATION KINETICS OF
RECOMBINANT GLYCINE RECEPTORS. R.E. Twyman* & A.M. Lavoie,
Progs in Neuroscience, Human Molecular Biology and Genetics, Depts. of
Neurology and Pharmacology, University of Utah, Salt Lake City, Utah
Kinetic properties of recombinant human glycine receptors under
dynamic, synaptic-like conditions are currently unknown. W e characterized
the activation and gating kinetics of recombinant human glycine receptors
using ultrafast ligand exchange techniques (100 µs exchange time).
Excised outside-out macropatches from transiently transfected HEK 293
cells were voltage clamped at -75 mV at room temperature and exposed to
brief (<1 ms) or sustained (>50 ms) applications of glycine at various
concentrations (0.01-30 mM). Chloride currents were sampled (100 kHz)
and filtered (10 kHz) to ensure high resolution of rapid events, where ligand
binding and/or channel opening rates were the rate limiting factors.
Results indicated that kinetic properties of transfected receptors
were consistent for multiple applications to a single patch, and across
transfection lots. Maximal activation time of homomeric human glycine a2
receptors (10-90% rise time of the system response) was ~350 µs, which
was faster than previously reported for recombinant and native GABA-A
receptors. Maximal deactivation was also relatively fast, with a single
decay time constant ~ 6 ms. These times were similar to current rise and
decay times reported for native glycinergic IPSCs. Steady state activation
times were dependent on glycine concentration, where 10-90% rise time
was ~ 1 ms for 100 µM glycine, and saturating concentrations produced
maximal activation. Kinetic models were fit to experimental data to predict
binding and gating transitions under dynamic and equilibrium conditions.
These results indicate that onset and decay of receptor system responses
can be used to characterize maximal activation and deactivation kinetics of
recombinant glycine receptors. (Supported by NIH NS31519).

5 2 .1 3
UNC-49: ONE GENE, MULTIPLE GABA RECEPTORS
B. A. Bamber, R. E. Twyman#, J. J. Tingey*, and E. M. Jorgensen. Depts. of
Biology, #Neurology, *Neuroscience Program, University of Utah, Salt Lake City, UT.
The chloride channel-associated GABA receptor mediates fast inhibitory neurotrans
mission, and is found in virtually every neuron in the brain. Five homologous sub
units assemble to form the GABA receptor complex, which functions as a ligand-gated
chloride channel. The vertebrate genome contains at least 17 different subunit genes
whose products assemble in various combinations to produce a large variety of GABA
receptor subtypes. Each subtype possesses unique pharmacological and biophysical
properties. To address how subunit assembly occurs, and how the structure of indi
vidual subunits affects the properties of the receptor, we are studying GABA receptors
in C. elegans. We have previously demonstrated that unc-49 encodes a chloride
channel-associated GABA receptor. Sequence analysis suggested that unc-49 encodes
three tandem open reading frames, each similar to a GABA receptor subunit. We
demonstrated that complex splicing among these tandem open reading frames gen
erates two different mRNA species ( ‘A’ and ‘B ’), each o f which encodes a complete
subunit. Thus, C. elegans has evolved a unique mechanism for generating struc
turally diverse subunits which is not observed in vertebrates. A third mRNA species
C O was observed that encodes a truncated form of the protein lacking several Nterminal conserved domains. We have begun to analyze the electrophysiological
properties of these subunits in Xenopus oocytes. Our results to date indicate that the
A subunit forms a functional homomeric GABA-activated chloride channel. The B
subunit does not function by itself, however it combines w ith the A subunit to form a
channel with altered GABA affinity and drug sensitivity. Finally, the A and B sub
units appear to assemble with invariant stoichiometry. These results lay the ground
work for identifying residues important for subunit assembly, for ligand binding, and
for the ligand-induced conformational changes that culminate in channel opening.
Support: NIH 5R01NS34307-02 (EMJ), NS31519 (RET).
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SYNAPTIC CIRCUITRY OF GABAERGIC NEURONS SHOWING NITRIC OXIDE
SYNTHASE(NOS)-LIKE IMMUNOREACTIVITY IN RAT RETINA I-B Kim, K-Y
Kim, M-Y. Lee, S-J. Oh and M-H. Chun*. Dept. o f Anatomy, Catholic Univ. Med.
Coll., Seoul 137-701, Korea.
The role of gamma-aminobutyric acid (GABA) as an inhibitory neurotransmitter
is well established. In the mammalian retinae, GABAergic markers label 30 to 40% of
all amacrine cells, which comprise several morphological classes. In addition,
GABAergic amacrine cells could be subdivided into subtypes according to
colocalization of other neuroactive substances. NADPH-diaphorase reactive amacrine
cells have been to express GABA-like immunoreactivity in the rabbit retina. This
suggests that nitric oxide (NO) and GABA might be colocalized within the same
retinal amacrine cells. This study was conducted to identify whether NO and GABA
are colocalized within same neurons, and to define synaptic connectivity o f
GABAergic neurons showing NOS-like immunoreactivity in the rat retina by
immunocytochemical method using antisera against NOS or G ABA Consecutive
semithin sections were immunostained with anti-NOS and anti-GABA antisera,
respectively. Ultrathin sections immunostained with NOS antiserum were observed
with electron microscope. By light microscpy, two types o f NOS labeled amacrine
cells were identified according to soma size and staining intensity. A few o f displaced
amacrine cells also showed NOS-like immunoreactivity . All o f these NOS-like
immunoreactive amacrine cells expressed GABA-like immunoreactivity. By Electron
microscopy, in the inner plexiform layer NOS labeled amacrine cells received most of
their synaptic inputs from other amacrine cells. The most frequent output synapses
were amacrine-to-amacrine cell synapses and followed by amacrine-to-ganglion cell
synapses. Synapses between NOS labeled amacrine cells and cone bipolar cells were
observed in a few cases. Thus, it is very likely that NO containing amacrine cells
might constitute a subpopulation o f GABAergic neurons and they transfer signals
from amacrine cells to amacrine or ganglion cells in rat retina.
This work was supported by a grant from Korean Ministry of Education.

GABA-ERG IC SYSTEM M O DULATES TRANSCALLOSAL
R ESPO N SE IN THE MOTOR CORTEX OF THE CAT. S.A.

S o c ie ty f o r N e u ro s c ie n c e , V o lu m e 2 3 ,1 9 9 7

Chowdhury, Y. Satow*, T. Kawashima and K. M atsunami. Institute of
Equilibrium Research, Gifu Univ. Schl. of Med., Gifu 500, Japan.
Effect of GABA-ergic system on the transcallosal response of the motor
cortex of the anesthetized cats were investigated. Single unit recording was
performed in the motor cortex and the effects of iontophoretically administered
drugs were examined. Results of the experiments suggest that GABA may play
an important role in the interhemispheric information processing between two
motor cortices.
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ORNITHINE D ECARBOXYLASE (ODC) INHIBITORS THAT ARE
ANALOGUES OF ORNITHINE EXCITE HIPPOCAM PAL SLICES
BY DEPRESSING G A BA TR AN SM ISSION . P. A. Ferchmin*1, D.
Perez1, J. N ieves1,3, and J. G. Ortíz1,3, 1 Center for Mol. and Behav.
Neurosci., Univ. Central del Caribe, Bayamon, 2Dept. Biochem ., P. R.
00960-6032 and 3Dept. Pharmacol. Univ. o f Puerto Rico, Medical
Science Campus, San Juan, P.R. 00936-5067.
The ODC inhibitor primarily used in brain studies is αdifluoromethylomithine (DFMO). Previously, we have shown that DFMO
decreases GABAA-mediated transmission in hippocampal slices; an action
independent of its inhibition of ODC. In addition, the behavioral effects of
DFMO are consistent with decreased GABA-mediated inhibition. Therefore,
studies aimed at determining the effect of ODC inhibition on neuroprotection
from excitotoxicity are potentially confounded by this excitatory effect. Here we
report that DFMO does not affect synaptosomal [3H]GABA release or uptake.
However, DFMO slightly decreases [3H]flunitrazepam binding to membranes
suggesting DFMO-GABAa receptor interaction. Two groups of ODC inhibitors
were tested on hippocampal slices: a) DFMO and other analogues of the
substrate, ornithine and b) aminoxy analogues of the product, putrescine. The
first group induced paired-pulse potentiation in area CA1. The second group did
not affect any of the parameters of CA1 field potentials. In conclusion, ODC
inhibitors that are analogues of putrescine might be more appropriate for CNS
studies. Supported by NIH-MBRS S06GM50695 and RCMIG-12RR03035 to
PAF and NIH-MBRS-S06GM08224 to JGO.

Functional consequences of depolarizing GABA a receptor-m ediated synaptic
potentials evoked by different populations of in tern eu ro n s in th e hippocam pus.
M.F. Jackson, B. Esplin and R. Č apek* Department of Pharmacology and
Therapeutics, McGill University, Montreal, Quebec H3G 1Y6.
In hippocampal slices from adult rats, high-frequency stimulation (HFS) of stratum
radiatum intemeurons causes the appearance o f GABAa receptor-mediated
depolarizing responses (DRs) which are capable o f triggering the firing of a burst of
action potentials. However, we have repeatedly observed a prolonged period of
strong inhibition o f CA1 population spikes following HFS o f recurrent inhibitory
pathways. Such inhibition was further enhanced by the bath application of GABA
uptake blockers (Epilepsy Res. 16:123-130,1993). In the present study, whole cell
recordings from hippocampal CA1 neurons were made in order to investigate the
basis for the apparent divergent functional consequences resulting from HFS of
different hippocampal intem euronal populations. In the presence o f 20 µM CNQX
and 5 µM CPP, monosynaptic IPSPs were elicited by stimulation of intemeurons
located in either the stratum radiatum or stratum oriens/alveus. In the presence of
the GABA uptake blocker tiagabine (20 µM), HFS (100 Hz, 200 ms) was found to
reliably elicit large (15-30 mV) DRs of prolonged duration (3-6 sec). However,
although DRs elicited from both intem euronal populations depolarized cells well
beyond the threshold for action potential (AP) generation, in 3 of 4 cells only those
elicited from the stratum radiatum were capable of causing cell firing. In a fourth
cell, HFS of stratum radiatum interneurons elicited large (> 25 mV) long lasting (> 3
sec) DRs which depolarized the cell to -30 mV and triggered the firing of a burst of
103 APs, whereas DRs o f similar amplitude and duration elicited from stratum
oriens/alveus evoked only a short burst o f 8 APs during the decay phase of the DR.
Thus, the excitatory influence o f the depolarizing component o f the IPSP on the
pyramidal cells depends largely on the population o f intem eurons eliciting it.
(Supported by the MRC of Canada)
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PROGESTERONE MAY HAVE MEMBRANE-MEDIATED EFFECTS IN
RODENT MIDBRAIN FOR INHIBITION OF SEXUAL RECEPTIVITY.
C. A. Frye* and L.E.Bavon. Neuroscience Program, Departments o f Psychology and
Zoology, Connecticut College, 270 Mohegan Ave., N ew London, CT 06320.
During the estrous cycle o f rodents, P has biphasic effects, first facilitating the
action of estrogen then inhibiting it. The Ventral Tegmental Area (VTA) is an
important site for P’s inhibitory effects on receptivity in hamsters; however, the
mechanism of P ’s actions in the VTA are unclear as few intracellular P receptors
have been identified in the rodent midbrain. To investigate whether membrane
actions of P in the VTA are sufficient to produce sequential inhibition o f receptivity,
30 ovariectomized (ovx) hamsters and 30 ovx rats, primed with 10 ug estradiol
benzoate at hour 0 had implants o f P diluted with BSA (P&BSA), P conjugated to
BSA (P:BSA) or control BSA applied to the VTA, 24 hours following free P
implants to the hypothalamus and VTA. As has previously been seen, P applied to
the hypothalamus and VTA facilitated lordosis. Hamsters and rats showed
significant increases in lordosis when tested at hour 48, four hours following P
implants to the hypothalamus and VTA, than were seen on the first pre-test (hour
44). Following the hour 48 test, P implants were removed and animals had a
second pre-test for receptivity at hour 68. At hour 68, anim al’s lordosis was
comparable to that seen at hour 48. After this second pre-test, animals had implants
of P:BSA, P & BSA or BSA applied to the VTA. Progesterone conjugate- and free
P- implants similarly reduced lordosis; P implants (P:BSA and P&BSA) produced
significant reductions in TLDs at hour 72 compared to TLDs following BSA control
implants to the VTA. The reductions at hour 72 were significant compared to
lordosis responses at hour 68 and at hour 48, but not different from those seen at
hour 44; this pattern was observed only for animals that received progestin (P:BSA
or P&BSA), rather than BSA control implants, to the VTA. Thus in the midbrain,
membrane effects o f P may be involved in sequential inhibition o f receptivity in rats
and hamsters. Supported by CAREER grant IBN-9514463 fro m NSF

E L E C T R O P H Y S I O L O G IC A L ,
N E U R O C H E M IC A L
AND
U L T R A S T R U C T U R A L C H A R A C T E R IZ A T IO N OF V E N T R A L
TE G M E N T A L A R E A G A B A erg ic N E U R O N S. S C. S teffen sen * ,
A.L. S v in g o s † , V .M . P ic k e l† , and S.J. H enriksen. Scripps Research
Institute, La Jolla, CA 92037 and Cornell University M edical C ollege†,
N ew York, N Y 10021
G A BA ergic neurons in the ventral tegmental area (VTA) are thought to
play a major role in local inhibition o f m esocorticolim bic dopaminergic
(D A ) neurons, but are not w ell p h y sio lo g ica lly or anatom ically
characterized. W e com bined in v iv o extracellular and intracellular
recording with intracellular neurobiotin filling and immunocytochemistry
to identify a hom ogeneous population o f these neurons in the rat VTA.
A ll V T A neurons studied w ere non-bursting neurons (mean ± s.e.m .
firing rate: 23 ± 0.8 Hz, spike duration: 380 ± 22 µ s, resting membrane
potential: -62 ± 2.3 m V ) with spike activity coincident with the rising
phase o f a spontaneous EPSP, and little or no spike accom odation to
depolarizing current pulses. Based on light m icroscopy, neurobiotinlabeled neurons w ere multi-polar or fusiform in shape. T hese neurons
contained im m unocytochem ical labeling for G A B A , but not for the
catecholam ine synthesizing enzym e, tyrosine hydroxylase, as seen by
electron m icroscopy. N eurobiotin/GABA dendrites received asymmetric
excitatory-type synap ses from unlabeled term inals, and sym m etric
inhibitory-type synapses from terminals that som etim es contained G A BA
immunoreactivity. These findings indicate that rapid-firing, non-bursting
V T A neurons are G A BA ergic and are also subject to G A B A inhibition.
This work was supported by PHS grants A A 10075 to SCS, D A 08301 to
SJH, D A 04600 to VM P and an Aaron Diamond Postdoctoral Fellowship
to ALS.
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A C TIV ITY -D EPEN D EN T IN D U C T IO N O F S IM U L T A N E O U S
R ELEASE O F G L U T A M A T E A N D G A B A F R O M M O S S Y
FIBERS. R Gutiérrez* and U Heinemann. Instituto M exicano de
Psiquiatría, N euroscience D iv., M éxico-X ochim ilco 101, M éxico D.F.
14370 and Institute für Physiologie der Charité, Humboldt Universität,
Berlin.
It is considered as a general rule that nerve cells release only one
neurotransmitter at all their terminals for fast neurotransmission. Granule
cells are glutamatergic but immunostaining to G A B A and G A D has been
found in these cells after the induction o f seizures. W e carried out
intracellular recordings o f pyramidal neurons o f CA3 from control and
amygdala kindled rats and determined the characteristics o f the synaptic
responses to granule cell (GC) activation. Kindled neurons show ed a more
hyperpolarized resting membrane potential (-64±0.8 mV) than control cells
(-60.5±0.8mV). Control cells responded with a fast EPSP (8.4± 0.7 ms),
a fast IPSP (23.8±1.9 ms) and a slow IPSP; all w ere blocked by glutamate
receptor antagonists N B Q X and 2APV. In the kindled cells, GC activation
evoked a fast EPSP (6.6± 0.6 ms), a fast IPSP (18.9± 1.5 ms) and a slow
IPSP. N BQ X and 2A PV blocked the fast EPSP but a fast bicucullinesensitive IPSP (10.3±0.3m s) could still be evoked. The latency o f the
monosynaptic responses to direct intemeuron stimulation within CA3 was
9.4±0.7 ms and did not differ between both groups. Taken together, these
results suggest that the GC-evoked GABA-m ediated IPSP in the kindled
preparations is moriosynaptically driven. M oreover, they suggest that a
state o f sustained excitability might induce a change o f the phenotype o f
an originally glutamatergic synapse to one that enables the synapse to
release G A BA and glutamate simultaneously.

PR O P O F O L F A C IL IT A T E S E V O K E D [3H ]G A B A R E L E A S E F R O M R A T
C O R T IC A L S Y N A P T O S O M E S . HC Hemmines Jr and KD Murugaiah*
Depts. of Anesthesiology and Pharmacology, Cornell University Medical College,
New York, NY 10021.
Many general anestheticr. (GAs) potentiate GABAA-mediated postsynaptic effects
in the brain, but the role of presynaptic mechanisms in GA action is not well
characterized. We ex a m n sd the effect of propofol (PRO), an i.v. GA, on KC1evoked [3H]GABA relense from rat cerebral cortical synaptosomes (SYN). GABA
release was determined by
superfusion m ethod (flow rate=0.5 ml/min). SYN
(100 pg protein) preloaded with [3H]GABA (0.04 µM, 70-100 Ci/mmol; 37°C for 15
m in) were superfused and washed for 30 m in with HEPES buffered medium (HBM,
in mM: NaCl 140, N aH C 03 5, KC 15, CaCl2 1.3, MgCl2 1, NaH2P 0 4 1.2, glucose 10,
HEPES 20, pH 7.4) with 100 µM amino-oxyacetic acid and 10 µM nipecotic acid.
[3H]GABA release was evaluated as % fractional release; drug effects were
calculated as % (± SEM) o f control values. PRO (5-100 µM) enhanced 20 mM KC1evoked release of [3H]GABA (EC5o=9.8 µM, Emax=172±5%) in a dose- and Ca2+dependent m anner. Bicuculline (100 µM , but not 10 µM) inhibited PRO (20 µM)facilitation of KCl-evoked release (from 170±17% to 116±12%, p<0.05). Picrotoxin
(10-100 µM) inhibited PRO facilitation o f KCl-evoked release (from 167± 10% to
117 µM±9% and 108±17%, respectively, p<0.05). Furosemide (10-100 µM), a
Na+/K+/Cl‘ transport inhibitor, decreased the effect of PRO (20 pM ) to 123±27%
(p=0.23) and 111± 16% (p<0.02), respectively. Ethacrynic acid (100-300 µM), an
ATP-sensitive C l' pump it hibitor, abolished the PRO effect (p<0.01). KCl-evoked
release of [3H]GABA was also enhanced by etomidate, alphaxalone and
pentobarbital (EC5c value of 10, 4.4 and 20 µM, respectively). Thus, PRO and
several other i.v. GAs inc. case depolarization-evoked release of [3H]GABA from
SYN in a dose- and Ca - ici'ondent m anner, which may be mediated by GABAa
receptors.
Supported by NIH Grant GM 5244.
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INTERSYNAPTIC SPILLOVER OF GABA IN THE CEREBELLAR
GLOMERULUS. D.J. Rossi, M. Hamann, D. Attwell*, Dept. o f Physiology,
University College London, Gower St., London, WC1E 6BT, England
Cerebellar granule cells receive inhibitory synaptic inputs, from Golgi cells, at an
unusual synaptic junction known as the glomerulus. In the glomerulus there are
numerous GABAergic axons in close proximity.
In granule cells in 200µm cerebellar slices from 12 day old rats, spontaneous and
evoked IPSCs (slPSCs and elPSCs) had peak amplitudes o f -89±16pA and
-117±15pA respectively at -60mV. The elPSCs decayed more slowly than the
slPSCs (10-90% decay: sIPSC=46±4ms, eIPSC=l 16±15ms in 19 cells).
In many cells (10/19), in addition to fast rising elPSCs and classical failures,
stimulation evoked small, slow rising currents (amplitude=-18±1.5pA, time to 1/2
peak=6.8±2.4ms) which decayed exponentially (357±83ms). Like slPSCs and
rapidly rising elPSCs, these currents were abolished by TTX (1 µ.M) or bicuculline
(10µM) and thus result from action potential dependent release o f GABA. Their
slow risetime is consistent with a diffusional distance o f 2-3 µm which is roughly the
radius c f a glomerulus. This suggests that electrical stimulation may activate more
than one Golgi axon terminal to a given glomerulus, some o f which terminals are not
synaptically connected to the granule cell recorded from but release GABA which
activates its receptors via intraglomerular diffusion.
The prolonged time course o f elPSCs, relative to slPSCs, may reflect prolonged
presence o f GABA produced by “spillover” from neighbouring GABAergic
synapses. Consistent with this hypothesis we found that inhibition o f the neuronal
GABA uptake carrier GAT-1 with 100µM SKF 89976-A prolonged the decay of
elPSCs (by 48±19%) but not slPSCs.
Supported by the Wellcome Trust
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L-ARG ININE POTENTIATES ISO G U VA C IN E-IND U CED
CURRENT V IA INHIBITION OF UPTAKE IN RAT M IDBRAIN
NEUR O N S. K.-Z. S h e if and S. W. Johnson. Department o f
Physiology and Pharm acology, Oregon Health Sciences University,
Portland, OR 97201.
Previous study found that L-arginine potentiates GABA
synaptic current. Here w e investigated effects o f L-arginine on
isoguvacine responses. W hole-cell recordings were made from the
substantia nigra pars compacta (SN C ) and reticulata (SNR ) neurons
in rat midbrain horizontal slices. Isoguvacine evoked outward
currents in SNC and SNR neurons with EC50's o f 62.2 and 22.9 µM,
respectively; L-arginine (3 mM ) shift these EC50's to 39.0 and 12.5
µM, but did not change the reversal potential. L-arginine also
potentiated G A BA and m uscim al-induced currents, but had no effect
on baclofen and glycine evoked currents The G A BA transport
inhibitors NO 711 and THPO potentiated isoguvacine response,
m im icking effects o f L-arginine. These actions o f L-arginine were
occluded by NO 711(10 (µM ) and THPO (1 m M), but were not
affected by pentobarbital, nitrazepam and 5a-pregnan-3a-ol-20-one.
L-arginine failed to potentiate isoguvacine evoked currents in low
external sodium (24 mM). These results suggest that isoguvacine is a
substrate o f a G A BA transporter, and that L-arginine potentiates
isoguvacine currents by inhibiting its uptake, (supported by PHS
grant MH 40416)
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BIPHASIC EFFECTS OF GABACULINE ON HIPPOCAMPAL
MICRODIALYSATE γ -AMINOBUTYRIC ACID (GABA) CONCENTRATIONS.
Huang, C. Acworth, I.N.* and Maher, T.J. Div. Pharmaceut. Sci., Mass. Coll. Pharm.
and AHS, Boston, MA 02115 & ESA, Inc. Chelmsford, MA 01824.
The major CNS inhibitory neurotransmitter GABA is metabolized via a specific
transaminase (GABA-T). Inhibition o f GABA-T leads to an increase in tissue GABA
concentrations and this intervention has been investigated for its potential use as
anticonvulsant and skeletal muscle relaxant therapies. We used microdialysis in
awake male Sprague-Dawley rats to determine the effects o f such an inhibitor,
gabaculine on extracellular fluid (ECF) GABA levels obtained from hippocampus.
Rats were fixed with guide cannulae to allow for the subsequent insertion o f a 3mm
concentric-design microdialysis probe which was perfused at 1.0 µ l/min with atificial
cerebrospinal fluid (aCSF). Neuronal origin o f GABA was verified
pharmacologically (aCSF containing TTX [10 6M] decreased GABA release by 38%
for 75min; aCSF devoid o f Ca++ decreased GABA by 62% for 75min; aCSF
containing 45mM K+ increased GABA levels 874%). In separate animals, following
collection o f baseline dialysates, the perfusion fluid was switched to one containing
10 µ M gabaculine and perfusion continued for 75 min. Dialysates were collected
every 25 min and the o-phthalaldehyde/sulfite GABA derivative was quantitated
using HPLC with electrochemical detection. Gabaculine infusion produced a rapid
(within 25 min) 176 +/- 24% increase in ECF GABA levels. This initial phase of
elevated ECF GABA. levels was quickly followed by a significant decrease o f 51 +/14%, which returned to baseline values following termination o f the gabaculine
infusion. The mechanisms responsible for the observed secondary decrease in GABA
are unknown, however, this may have resulted as a compensatory response to
excessive GABAergic stimulation thereby ensuring GABAergic homeostasis.

FACTORS INFLUENCING THE IN VITRO AND IN VIVO RECOVERY OF
GABA. A MICRODIALYSIS STUDY IN THE MEDIAL PREFRONTAL
CORTEX OF THE CONSCIOUS RAT. Jeffrey Glennon, Angela Doherty,
Bernadette Early* 1and W illiam T. O ’Connor. Dept. of Human Anatomy and
Physiology, Neuroscience Division, University College, Dublin, Ireland. Teagasc
Grange Research Centre, Dunsany, County Meath, Ireland.
In an initial in vitro study we employed a microdialysis probe (4mm membrane
length, 0.5mm O.D., polycarbonate membrane) to study the effect of (a) perfusion
speed (0.5,1, 2, 5 ,1 0 and 1µ l/min) and (b) the concentration of the amino acid 7aminobutyric acid (GABA) in the surrounding medium (20, 80, 180nM) on
absolute recovery i.e the total amount of GABA that enters the perfusion medium
per unit time and relative recovery i.e the concentration of GABA in the perfusion
medium relative to the concentration in the surrounding medium expressed as a
percent value. The effect of perfusion speed on relative recovery was also
investigated in vivo using a similar probe in the medial prefrontal cortex (mPFC) of
the conscious rat.
The in vitro study showed a differential effect of perfusion speed on absolute and
relative recovery of GABA whereby the lowest perfusion speed (0.5µl/m in) reduced

5 4 .7
SEROTO NIN RECEPTO R 2A AND 2C M O D ULA TION O F THE GABA
SYSTEM IN THE PREFRONTAL CORTEX. W. M. Abi-Saab*1. R. H. R o th * and
A. Y. D eutch2. Departments o f Psychiatry and Pharmacology, !Yale University
School of Medicine, New Haven, CT 06511, and Psychiatry Service, VAMC, West
Haven, CT 06516, and 2Vanderbilt University School of Medicine.
GABA neurons in the prefrontal cortex (PFC) receive a serotonin (5-HT)
innervation. Previous studies have indicated that 5-HT activates GABAergic cells in
the piriform cortex via a 5-HT2a receptor, and we have shown that 5-HT increases
extracellular GABA levels in the PFC. Using m icrodialysis in the freely-moving
rat, we have also shown that the 5-H T2a/2c agonist DOI increases GABA in the
PFC. In order to determine if these effects o f DOI are mediated via the 5-HT2a or 2C
receptor, we pretreated rats with the selective 5-HT2a antagonist MDL 100,907; our
preliminary data suggest that GABA release in animals that received the 5-HT2a
antagonist before local DOI infusion did not differ from those that received vehicle
pretreatment, suggesting that the actions of DOI on PFC GABA release is mediated
by the 5-HT2c site. To investigate this issue further, we examined the cellular
targets of DOI by following the induction o f the immediate early gene c-fos as a
marker of neuronal activation. DOI induces Fos in the PFC, and this effect is
predominantly seen in interneurons rather that pyramidal cells. Since the 5-HT2a
receptor is expressed predominantly on pyramidal cells, our Fos data provide further
support for the 5-HT 2c receptor being the mediator of DOI-elicited GABA release in
the PFC. We are currently examining the effects of pretreatment o f rats with the
selective 5-HT2Cantagonist SB 206553 prior to local DOI infusion.
Supported by a VA Psychiatry Research Fellowship (WA-S), a NARSAD Young
Investigator award (WA-S), MH-57995 (AYD) and M H-14092 (RHR).
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absolute recovery by 91 ±4% compared with that observed at the highest perfusion
speed (15µl/min) while relative recovery was highest (80±3%) at the lowest
perfusion speed and dropped by 64± 5% at 15µl/min. A similar profile of relative
recovery to that observed in vitro was observed in vivo in the mPFC. In the second
in vitro study it was shown that increasing the GABA concentration in the medium
surrounding the probe proportionally increased absolute recovery while relative
recovery remained constant at 39± 1%.
The true extracellular concentration of GABA in the mPFC was compared using
the zero flow and the no net flux methods. Preliminary studies indicate an
extracellular mPFC GABA concentration of 1.5 - 2.5mM.
Supported by the Health Research Board (Ireland).
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PHYLOGENETIC ANALYSIS OF THE VERTEBRATE GLUTAMATE
DECARBOXYLASES (GAD): NEW FORMS FOR GOLDFISH, A DEEPSEA FISH AND THE ZEBRAFINCH. P.T. Bosma, M. Blázquez, I.G.
Priede, K. Dochertv and V.L. Trudeau*. Dept. Zoology, Univ. Aberdeen,
Aberdeen, AB24 2TZ, UK.
GAD converts glutamate to GABA, a major amino acid neurotransmitter
in the central nervous system that we have shown to have novel stimulatory
effects on pituitary gonadotropin II (LH-like molecule) release in fish
(Trudeau, 1997, Rev. Reprod. 7:55-68). Studies in mammals indicate that
GAD exists in at least 2 molecular forms; GAD 65 and GAD 67. Here we
use a PCR strategy to isolate partial GAD sequences with oligonucleotides
encoding conserved amino acid sequences upstream of the cofactor
pyridoxal 5'-phosphate binding site. We used cDNA derived from brain
mRNA of goldfish, armoured grenadier (a deep-sea fish, Coryphaenoides
(N.) armatus), and zebrafinch. Compared to the same nucleotide region of
human GAD 65, the sequenced GAD 65 homologues from goldfish,
grenadier and zebrafinch are 80, 75, and 89% identical, respectively (86%
identity for all three deduced amino acid sequences). The GAD 67
homologues from goldfish and grenadier show a 76 and 73% nucleotide
identity, respectively, compared to human GAD 67 (82 and 80% identity,
respectively, for amino acid sequences). The deduced amino acid sequences
of GAD 65 and GAD 67 are 73% identical in both goldfish and grenadier.
The analysed region is representative of the complete nucleotide sequences
of GAD 65 and GAD 67 as the sequence similarities found here are in line
with those reported for full-length sequences of other vertebrates. This first
report of GAD sequences from a song bird and two fish supports the notion
that the closely related molecules GAD 65 and GAD 67 arose from a gene
duplication event early in evolution. Supported by the Wellcome Trust and
NERC.

S tru ctu ra l an d fu n c tio n a l a n a ly s is o f th e m o u se g lu ta m a te
d e c a r b o x y la se g e n e p ro m o ter.

Y Yanagawa*1, T. Kobayashi1,

K. Ishii1, M. K utsuw a1, H. Sakagami2, H. Kondo2, F. Tashiro3,
J. Miyazaki3, S. Tamura1.

1Ins. Development, Aging and Cancer,

2SchooI o f Medicine, Tohoku Univ., Sendai, 980, Japan; 3School o f
Medicine, Osaka Univ., Suita, 565, Japan.
M ouse glutamate decarboxylase (m G A D 65 and m G A D 67) are
expressed primarily in GABAergic neurons o f the mammalian C NS. To
elucidate the regulatory mechanisms o f G A D gene expression and to
define the promoter regions that are essential for its GABAergic cellspecific expression, w e have isolated the 5'-flanking region o f the
m G A D gen es. Sequence analysis o f the 5'-flanking region o f the
m G A D 67 gene revealed the presence o f numerous neuron-specific cis
regulatory elem ents such as N R SE . In transgenic m ice, w e have
examined the expression pattern conferred by a 10 kb fragment o f the
m G A D 67 gene upstream region fused to the lacZ reporter gene. The
transgene expression w as observed in neurons o f particular brain
regions such as cerebral cortex and basal ganglia, where expression o f
G A D 67 gene has been reported to be abundant. These results suggest
that the 10 kb fragment may contain cis-acting elements essential for its
GABAergic cell-specific expression in the brain.
This study w as supported by Grants-in-Aid for Scientific Research
from the Ministry o f Education, Science, Sports and Culture o f Japan.
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TARGETED D IS R U P T IO N O F T H E 6 7 k D a IS O F O R M
OF G L U T A M IC A C I D D E C A R B O X Y L A S E ( G A D 6 7 )
GENE. H, Asada*1, Y. Kawam ura1, K. Maruy am a1, H. K um e1,
E.G. Ding1, N . K anbara 1, H -K uzume1, T .Y a g i2, and K, O bata1Lab. of 1Neurochem istry and 2N eu ro b io lo g y and B eh avioral
Genetics, Natl. Inst. for Physiol. S ci., Okazaki 444, Japan.

CA LC IU M -D EPE ND ENT
EX PR E SSIO N
OF GLUTAM IC A C ID
D E C A RBO XY LA SE TR A N SC R IPTS AND PROTEIN IN X E N O P U S
SPIN AL NEURONS. Stephen D. W att, Xiaona, Gu* and Nicholas C. Spitzer.
Dept. of Biology and Center for Molecular Genetics, UCSD, La Jolla CA 92093.
The developmental expression of GABA is regulated by the frequency of
spontaneous transient elevations of [Ca2+]j in cultured Xenopus spinal neurons.
Regulation in vitro requires new RNA synthesis, and transcripts encoding glutamic
acid decarboxylase (GAD), the GABA-synthetic enzyme, are developmentally
upregulated in the Xenopus spinal cord. In the presence of extracellular Ca2+, 42% of
cultured neurons are GAD-immunoreactive, whereas only 13% of neurons are GADimmunoreactive in the absence of extracellular Ca2+. A similar expression pattern is
observed for GABA with these culture conditions, suggesting that expression of
GAD transcripts may also be Ca2+-dependent. We are investigating the Ca2+dependence of expression of both GAD transcripts and protein in cultured neurons.
Northern blots of stage 30 spinal cord total RNA probed with a 1 kb fragment
from xGAD65 recognized 5.7 kb transcripts, consistent with the size of full length
GAD65 transcripts from other species. RT-PCR for a 467 bp sequence was detected
in both spinal cord RNA and RNA extracted from cultures grown in the presence of
Ca2+, consistent with previous identification of xGAD65 in whole embryo RNA.
This RT-PCR product appeared less abundant in RNA extracted from neurons
cultured in the absence of extracellular Ca2+. Immunoblotting of stage 30-33 spinal
cord extracts with polyclonal antiserum that recognizes both vertebrate isoforms of
GAD (Affiniti Research) revealed 65 and 67 kD bands expected for these two
isoforms. Similar results were obtained for extracts from cultures grown in the
presence C a2+. However when cultures were grown in 0-Ca2+ medium, protein
expression was reduced. We are currently investigating the effect of Ca2+ transient
frequency on regulation of xGAD transcript and protein expression. Supported by
NIH NS15918.

In addition to its role as an inhibitory neurotransmitter, γ aminobutyric acid (G A B A ) is presum ed to be in volved in
development and plasticity o f the nervous system . Glutam ic acid
decarboxylase (G A D ) catalyzes the form ation o f G A B A from
glutamic acid. There are tw o isoform s, G A D 65 and G A D 67, which
are encoded by tw o different gen es. R ecen d y w e have produced
GAD65 null m ice (-/-) and demonstrated that lack o f G A D 65 does
not change brain G A B A contents or anim al behavior, except for a
slight increase in susceptibility to seizures (Asada et al., BBR C, 229:
891,1996). Here w e report the production o f G A D 67 null m ice(-/-),
which were created by replacing exon one with a LacZ/N eo cassette.
GAD67 -/- mice were bom at the expected M endelian frequency but
died o f severe cleft palate within 24 hrs after birth. G A D activities
and GABA contents in the cerebral cortex o f the newborn G A D 67 -/mice were reduced to 20% and 7%, respectively. H ow ever the brain
did not show any discernible defects. T hese results suggest that the
most part of brain G A BA and G A D were derived from G A D 67 and
GAD67 is intimately involved in normal palate formation.
Supported by G rants-in-A id from the M inistry o f Education,
Science, Sports and Culture o f Japan.
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THE P A R A F A S C IC U L A R T H A L A M IC N U C L E U S M O D U L A T E S
MESSENGER RNA EN C O D IN G GLU TA M IC A C ID DECARBOXYLASE 67
IN RAT STRIATUM. S. C o n so lo * , M . R im o ld i a n d S. G io rg i. Istitu to d i
Ricerche Farm acologiche M ario N e g ri, M ilan, Italy 20157.
We investigated w h e th e r th e p a ra fa s c ic u la r th a la m o -s tria ta l p a th w a y ,
one of the m ajor excitatory in p u ts to th e s triatu m , re g u la te s th e e x p re ssio n
in rat striatum of m esse n g e r R N A e n c o d in g tw o iso fo rm s of g lu ta m ic acid
decarboxylase (Mr 67,000, G A D 67 a n d 65,000, GA D65). A cu te (one d ay ) a n d
chronic (14 days) electrolytic lesio n s of th e p a ra fa scic u la r n u c le u s re s u lte d
in 58% and 23% d ecreases in G A D 67 m R N A e x p re ssio n , resp e c tiv e ly , as
determined by N o rth ern b lo t an aly sis. GA D65 m R N A w a s n o t m o d ifie d b y
either lesion. Sections of sh a m - a n d a c u te -le sio n e d s tria ta w e re p ro ce sse d
for in situ h y b rid iz a tio n h isto c h e m is try a t th e s in g le cell le v e l w ith an
RNA probe for GAD67. L ab elin g of G A D 67 m R N A w a s d e c re a s e d in b o th
types of cells k n o w n to b e p re s e n t in th e s tria tu m i.e. th e lig h tly a n d th e
very densely labeled n e u ro n s. T he freq u en cy d istrib u tio n of G A D 67 lab elin g
per neuron in the lesio n e d stria ta , in fact, w a s s h ifte d to th e left a n d its
median w as lo w e r th a n in th e s h a m -le s io n e d s tria ta . In v ie w o f th e
excitatory n a tu r e of th e th a la m o - s tr ia ta l p a th w a y , w e e x a m in e d th e
subtype of g lutam ate recep to rs m o d u la tin g th e G A D 67 gen e exp ressio n . The
NMDA-type receptor an ta g o n ist, M K-801, a t 0.1-0.5 m g /k g i.p., p ro d u c e d a
marked and persisten t re d u c tio n in striata l G A D 67 m R N A . The no n -N M D A
receptor antagonist, D N Q X (12 n m o l/s id e , i.c.v.) h a d n o s u c h effect. The
results p ro v id e e v id e n c e th a t e x c ita to r y t h a la m o - s tr ia ta l a ffe re n ts
selectively m od u la te th e g en e e x p re ssio n of G A D 67, p ro b a b ly th ro u g h th e
NMDA subtype of g lu ta m ate receptors.

GLUTAMIC ACID DECARBOXYLASE (GAD) IMMUNOHISTOCHEMISTRY IN
VERTEBRATE BRAINS WITH ANTISERA RAISED AGAINST RECOMBINANT
RAT GAD 65 AND GAD67. M.F.Franzoni*1, P.Robbione1, P.Panzanelli2, M. SassoèPognetto2, C.Vassort3 and J.Thibault3. 1Dipartimento di Biologia Animale and 2
Dipartimento di Anatomia, Farmacologia e Medicina Legale, Università di Torino
(Italy); 3Lab. de Neurobiologie Moléculaire, Université Paris XII, Creteil (France).
Two isoforms o f glutamic acid decarboxylase (GAD65 and GAD67) are present in
most classes o f mammalian GABAergic neurons (Esclapez M. et al., 1994, Journal of
Neuroscience, 14(3): 1834-1855). We have raised two polyclonal antisera by injecting
rabbits with recombinant rat GAD65 and GAD67 . We prepared polyA+ mRNA from
adult rat brain, then full-length coding cDNAs were cloned after RT-PCR in the
E.coli plasmid pMALc. Proteins were synthetized as fusion proteins with Maltose
Binding Protein (MBP), isolated on amylose immobilized columns. MBP-GAD65 was
injected associated to the MBP, while GAD67 was separated from the MBP by
digestion with the Factor Xa (fXa) and purified by chromatography on
hydroxyapatite. The immunization protocol was the same for both isoforms: four
injections o f 200 µg o f GADs at three week intervals. Western blots o f rat brain
extracts showed no cross reactivity between the antisera. The two antisera were used
to stain brain sections from different vertebrates (catfish, goldfish, frog and rat). In
all cases, staining of presumed GABAergic neurons was observed In the rat, diffuse
staining o f cell bodies was particularly evident with the antiserum against GAD67. In
addition, punctate labeling corresponding to presynaptic boutons was prominent with
both antisera in most brain regions.
The two antisera characterized in this study are specific for GAD65 and GAD67,
respectively, and can be used to investigate the localization o f the two proteins in the
brains o f different vertebrates. Our results suggest that differences in the localization
o f the two isoforms are conserved in vertebrate brain.
Financial support byMURST (Franzoni 60%).
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E FF E C T O F C H RO N IC C L O Z A PIN E A D M IN IS T R A T IO N O N GABAER G IC SYSTEMS IN T H E RAT BRAIN : A SID E-PR E FE R E N C E A C TION
IN CO RTICA L AREAS. 1L. Giardino*, 2L. Ferraro, 2T. Antonelli, 1C. Bettelli,
3S. Tanganelli,1 ,4L. Calzà 1P athophysiology Center for the Nervous System,
Hesperia Hospital, Modena, Italy; 2Dept. Exp. Clin. M ed., Pharmacol, sec.,
University of Ferrara, Italy; 3Dept. Neurosci. and 4Inst. o f Human Physiology,
University o f Cagliari, Italy.
The mechanisms by which atypical antipsychotic drugs such as clozapine
exert their therapeutical effects remain still unclear. Clozapine administration
modified functional activity of several transmitter-identified pathways, such as
glutamategic, dopaminergic, GAB Aergic, peptidergic ones. In the present study we
focused on the m odification induced by chronic clozapine administration (30
mg/Kg/day/i.p. for 21 days, 3-day washout) on GAB Aergic system of the rat brain,
by combining the analysis of GAD mRNA expression and the measurem ent of
cortical GAB A release in brain slices. GAD mRNA expression was investigated
by means of in situ hybridization, while endogenous GABA release was assessed
by using an HPLC system coupled with an electrochemical detector. In animals
chronically treated with clozapine a reduction in GAD m RNA expression was
found in all brain areas analyzed (i.e. basal ganglia and cerebral cortex). The mean
decrease ranged from 28.7 ± 11.6% (frontoparietal cortex) to 22.1 ±. 9.8%
(cingulate cortex). Furthermore, in the anterior cingulate and frontoparietal
corticies a significant side preference was observed. In line with this datum, the
basal GABA release was reduced only in the left and not in the right side of the
frontoparietal cortex in clozapine treated rats in respect to that measured in control
animals (in pmol/gr/min: control, left 811± 36, right 821 ± 39; clozapine, left 628
± 66, right 886 ± 99). These data suggest a side-preference in the modulation of
GAB Aergic transimission by chronic clozapine. Supported by CNR a n d M URST

D IST R IB U T IO N O F G L U T A M IC A C ID D E C A R B O X Y L A S E m R N A IN
T H E H Y PO T H A L A M U S O F JU V E N IL E A N D A D U L T R H E SU S
M A C A Q U E S. H.F. Urbanski*, V.T. Garyfallou, and S.G. Kohama. Div. Neurosci.,
Oregon Regional Primate Research Ctr., 505 NW 185th Ave, Beaverton, OR 97006.
GABA, a major inhibitory neurotransmitter, has been implicated in the suppression
o f gonadotropin-releasing hormone (GnRH) secretion in juvenile primates and thus
may play a key role in controlling the onset of puberty. It is plausible, therefore, that
sexual maturation in the primate is associated with, and triggered by, a significant
decrease in the gene expression of glutamic acid decarboxylase (GAD), the enzyme
involved in the synthesis of GABA from glutamate. To test this hypothesis, we
performed in situ hybridization on hypothalamic brain sections from prepubertal (6month-old) and adult (>5-year-old) male rhesus macaques, using a 35S-labelled
antisense cRNA probe to GAD67. Intense hybridization was observed in brain
regions bordering the hypothalamus, including the globus pallidus and external layer
of the thalamus. In addition, the hybridization pattern along the rostral border of the
hypothalamus was characterized by intense labelling of the suprachiasmatic,
supraoptic and preoptic nuclei. Within the body of the hypothalamus the most
intense hybridization was confined to the arcuate nucleus and also to a region that
extended from the periventricular nucleus into the dorsomedial and paraventricular
nuclei. Also, there was a notable absence of hybridization in the region extending
from the dorsal border of the arcuate and extending into the ventromedial nucleus.
Overall, a similar distribution pattern of GAD67 mRNA was observed in both the
prepubertal and adult brains. Taken together, these findings confirm that GABAergic
neurons are present in brain areas that also contain GnRH neurons; they are thus well
placed to exert an inhibitory influence on GnRH secretion. However, the results do
not provide support for the hypothesis that changes in GAD67 gene expression play
a significant role in controlling the onset of puberty.
Grant Support: NIH RR-00163 & HD-29186.
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CONDITIONALLY IMMORTALIZED ASTROCYTIC CELL LINE (BAS8.1)
ENGINEERED TO EXPRESS GLUTAMATE DECARBOXYLASE (GAD65 )
SYNTHESIZE AND RELEASE GABA. V. Anantharam1, S. Behrstock1, K.
Thompson, R. Weatherwax, E. Bongarzone, A.T. Campagnoni and A.J. Tobin*.
Depts. of Physiological Science, Neurology, Psychiatry, Neuroscience Graduate
Program, Molecular Biology Institute, Neuropsychiatrie Institute, Mental Retardation
Research Center, Brain Research Institute, UCLA, Los Angeles, CA 90095.
'Contributed equally to the work
An astrocytic cell line (BAS8.1), expressing the marker GFAP, was generated by
immortalization of balb/c primary cultures of glia with temperature-sensitive SV40
large T antigen. The BAS8.1 cells were retrovirally transduced with rat GAD65 or
LacZ under the control of the moloney murine LTR promotor and selected in the
presence of 500 µg /ml G418. Colonies were expanded and maintained in the
presence of 250 µg /ml G 418 for at least two weeks and then analyzed for the
expression of GAD6J or P-galactosidase. Western blot analysis revealed the presence
of 65 kD polypeptide in the GAD65-expressing cell line. Cells expressing GADfi5
exhibited enzymatic activity that was responsive to the cofactor pyridoxal phosphate
(PLP). In enzymatic assays, GAD65 -expressing BAS8.1 cells released 42 and 15
nmols C 0 2/mg protein/h in the presence and absence of added PLP, respectively. By
immunofluorescence, GAD65 was detected within the cytoplasm as diffuse staining.
HPLC analysis showed that the total GABA content in BAS8.1 cells stably expressing
GAD65 was approximately 2500 ng/106 cells. These cells released 700 ng of GABA
/106 cells /h under resting conditions and depolarization with 50 mM K+ did not result
in additional release. Neither unengineered BAS8.1 cells nor BAS8.1 cells stably
expressing β-galactosidase expressed GAD65 or made GABA. The GAD65- expressing
and GABA- producing BAS8.1 cells are currently being used for neural
transplantation experiments in animal models of epilepsy and Huntington’s disease.
This work was supported by NIH grant NS22256 to AJT and NS23022 to ATC.
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DIFFERENTIAL EFFECTS OF THE CORTICOTROPIN-RELEASING
FACTOR (CRF) RECEPTOR AGONISTS CRF AND UROCORTIN ON
EXCITATORY SYNAPTIC TRANSMISSION IN AMYGDALA NEURONS.
P. Shinnick-Gallaoher*, W. Vale and V. Neuaebauer. Dept, of Pharmacology,
THEUniverstty ofTexas Mbdical Branch, Galveston, TX77555-1031.
The roles of CRF and urocortin (UCN), an endogenous CRF-like peptide, were
examined in the central amygdala nucleus (CeA). The amygdala contains CRF cell
bodies and terminals as well as CRF1 and CRF2 receptors.
Whole-cell voltage-clamp recordings were made from CeA neurons in rat brain
slices. Monosynaptic EPSCs were evoked by electrical stimulation of afferents
from the basolateral amygdala (BLA) and o f the ventral amygdaloid pathway
(VAP). Drugs were applied by superfusion.
CRF dose-dependently depressed the evoked EPSCs (EC50: 0.26 nM [BLA] and
0.23 nM [VAP]). This effect was accompanied by a dose-dependent decrease o f the
slope conductance (EC50: 0.24 nM) and the intersection of the I-V relationships at
~ -90 mV (3/6 neurons). UCN predominantly potentiated the EPSCs (EC50: 15.5
nM [BLA] and 6.6 nM [VAP]) and decreased the slope conductance only slightly
(EC5o: 11.3 nM), which was associated with the intersection of the I-V curves at ~
-87 mV. The CRF binding protein antagonist CRF(9-33) potentiated EPSCs (EC50:
27.5 nM [BLA] and 36.6 nM [VAP]) in the absence of membrane effects. The
nonselective CRF receptor peptide antagonists astressin (100 nM) and a-helical
CRF(9-41) (1µ M) depressed the EPSCs at both synapses.
The data suggest that CRF and urocortin (UCN) may act on different receptors
to evoke differential inhibitory and excitatory effects in the amygdala. In addition,
the evidence is consistent with intrinsic activation of the CRF system by UCN.
Supported by NIH (NS 29265 and DA 07287-02)
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C O LO C A LIZA TIO N O F G L U C O C O R TIC O ID RECEPTOR (GR)IM M U N O R E A C T IV IT Y IN C O R T IC O T R O P IN -R E L E A S IN G
FACTOR (CRF) AFFERENTS TO THE LO C U S COERULEUS (LC).
Sandra M. Lechner* and Rita J. V alentino. A llegheny U niversity o f
the H ealth S cien ces, Departm ent o f Psychiatry, Philadelphia, PA ,
19102.
The hypothalamic neurohormone, CRF, has been hypothesized to act
as a neurotransmitter in the LC. The neurohormone actions o f CRF are
under feedback regulation by corticosteroids. R ecent studies in our
laboratory (P a v c o v ich and V a len tin o , 1 9 9 7 ) su g g e st that CRF
neurotransmission in the LC m ay be regulated in a parallel manner. In
the p resen t stud y, retrograde tract tracin g from the LC o f
n o n co lch icin e-trea ted rats w as co m b in ed w ith C R F- and G R im m unohistochem istry to identify the CRF afferents to the L C that
m ay be regulated by co r tico stero id s. C R F neurons that w ere
retrogradely labeled from the nucleus LC were primarily observed in
Barrington’s nucleus. W ithin Barrington's nucleus, approxim ately 80%
o f CRF neurons were GR -IR and o f these, 9% w ere retrogradely
la b eled from the L C . Injection o f a retrograde tracer in to the
rostrolateral pericoerulear region resulted in retrograde labeling o f CRF
neurons in the central n ucleu s o f the am ygdala (C N A ) and the
paraventricular nucleus o f the hypothalam us (PV N ). S om e o f these
neurons w ere also GR -im m unoreactive. T hese results suggest that CRF
projections to the LC from Barrington's nucleus, C N A and P V N may
be under regulation by en d ogen ous corticosteroids and this m ay
determine the magnitude o f CRF release within the LC under different
conditions. Supported by PHS Grants M H 42796 and M H 00840, and
M H 11312 (N R SA to SM L),
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ULTRASTRUCTURAL E V ID EN C E FOR R EG U LATIO N OF THE
LOCUS C O E R U L E U S (L C ) B Y L IM B IC C O R T IC O T R O P IN RELEASING FACTOR (CRF). R.J. V alen tin o*#, E.E.O. Colago, T .
Schneider and E.J. Van Bockstaele. #Dept. o f Psychiatry, A llegheny
Univ., Philadelphia, PA 19103 and Dept, Pathology, Anatomy and Cell
Biology, Thomas Jefferson U niv., Philadelphia, PA 19107.
CRF, the neurohormone that initiates endocrine responses to stress,
may also act as a neurotransmitter in the LC. Recent ultrastructural studies
demonstrated that neurons o f the central nucleus o f the amygdala (CNA),
a CRF-containing nucleus, target LC dendrites in the rostrolateral
pericoerulear region. The present study investigated whether the CNA
terminals here were CRF-containing. Retrograde tracers injected into the
rostrolateral pericoerulear region labeled numerous CRF-immunoreactive
(CRF-IR) neurons in the C NA . Ultrastructural analysis o f sections that
were dually labeled for an anterograde tracer injected into the C NA and
CRF-IR demonstrated anterogradely labeled CRF-IR axon terminals that
formed both asymmetric and sym m etric synaptic specializations with
unlabeled dendrites. Dual labeling o f sections to visualize CRF- and
tyrosine hydroxlase-im m unoreactivity demonstrated synaptic contacts
between CRF-IR term inals and LC dendrites in the rostrolateral
pericoerulear region. Taken together with previous findings that LC
dendrites in the rostrolateral pericoerulear region are targeted by CNA
terminals, the present results im plicate the C N A as a source o f CRF that
can impact on LC activity via effects on dendrites in the rostrolateral
pericoerulear region. This may serve as a neuroanatomical substrate for
lim bic-noradrenergic com m u n ication that underlies autonom ic or
behavioral responses to stress. Supported by U SPHS Grants M H 40008.
MH00840, DA 09082, D A 10450 and A H A 96002240.

LOCALIZATION OF PREPRO-TRH178-199, A CORTICOTROPIN RELEASE
INHIBITING FACTOR, IN THE BRAIN OF THE RAT. R.J. Handa*, R.F.
McGivem , E.E. Redei. Dept. o f Cell Biology, Neurobiology and Anatomy,
Loyola University Medical Center, Maywood, IL 60153; D ept. o f Psychology,
San Diego St. Univ., San Diego, CA and D ept. o f Psychiatry, Northwestern Univ.
Medical School, Chicago, IL.
Rat prepro-TRH is a 255 amino acid polypeptide precursor for TRH and
several other bioactive peptides. One o f these is a 22 amino acid peptide (preproTR H178-199) which inhibits basal and CRH-stimulated ACTH secretion in vivo and in
vitro (Redei et al., Endocrinology 136: 3557, 1995; M cGivem et al., J. Neurosci.
in press). This peptide has been demonstrated in some brain areas but a detailed
analysis o f its distribution in non-colchicine treated animals has not been described.
In this study, we used a polyclonal antibody which is specific to prepro-TRH178-199
spliced from its parent polypeptide, to map the distribution o f prepro-TRH178-199 in
the rat brain. Male Sprague-Dawley rats were killed with an overdose o f
pentobarbital and perfused with ice-cold saline and then 4 % paraformaldehyde.
Brains were processed using standard immunocytochemical procedures. A high
density o f prepro-TRH 178- 199 perikarya were found in dorsal lateral septum, the
arcuate n ., dorsomedial n. and paraventricular n. o f the hypothalamus. Moderate
levels were found in the periaqueductal gray, bed n. o f the stria terminalis,
parastrial n ., central n. o f the amygdala, medial preoptic area, mesencephalic
trigeminal n ., red nucleus and dorsal raphe. Scattered soma were also detected in
the dorsal portions o f the caudate n. The density o f immunoreactivity differs from
that described for TRH suggesting region specific processing o f prepro-TRH.
Furthermore, these studies demonstrate that in addition to its role in regulating
anterior pituitary function, prepro-TRH178-199 exists throughout the brain in a pattern
which suggests that it may serve a role in the integration o f sensory information.
Supported by NSF IBN94-08890 and the Berman Foundation.
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STUDY OF THE EXPRESSION OF CORTICOTROPHIN-RELEASING
FACTOR mRNA BY NON-ISOTOPIC IN SITU HYBRIDIZATION IN RAT
BRAIN USING MULTIPLE SIMULTANEOUS OLIGONUCLEOTIDES. K.
Gyslina*, M. Meynard, M.i. Forray, M.E. Andrés and S. Araneda. Lab.
Biochemical Pharmacology, Dept, of Cell and Molecular Biology, Faculty of
Biological Sciences, Catholic University of Chile, Santiago, Chile.
Corticotrophin-releasing factor (CRF) is a 41 amino acid peptide present
in neurons in several brain structures. CRF has been implicated in the
endocrine and neuronal control of the stress response. W e established the
conditions to use simultaneous non-overlapping oligonucleotides to study
CRF-mRNA by in situ hybridization (HIS), as decribed by Tremblau and
Bloom (J. Histochem. Cytochem. 43: 829, 1995). One probe corresponds to
the most commonly used for HIS of CRF-mRNA. Three other non
overlapping secuences in the CRF-mRNA, having similar Tmwere selected.
The 4 probes were labeled with digoxigenin.
The hybridization with 10 or 40 pmoles of the typical probe gave a very
faint stain. The incubation with each of the other three probes gave even
lower signals. Incubation of brain tissue slices with the 4 probes (10 pmoles
each) in the same dish, produced a significant increase in the signal,
following the characteric distribution for CRF-containing neurons. Incubation
with unlabeled oligos (100x) blocked the labeling in all areas studied. To
further test the labeling, reserpine (1 mg/kg, iv), known to induce the
expression of CRF-mRNA was administered to rats. A significant increase in
the intensity and number of labeled cells was observed in several brain
regions after reserpine treatment.
This work shows that the use of multiple oligonucleotides for CRF-mRNA
allows to study the expression of CRF-mRNA at the cellular level.
(Supported by FONDECYT grant 8970010).

EFFECTS OF OLFACTORY BULBECTOMY ON
NEUROPEPTIDE GENE EXPRESSION IN THE RAT
LIMBIC SYSTEM. P. V. Holmes*, S. D. Primeaux, R. C.
Davis, and C. V. Masirti. Psychology Department, The
University of Georgia, Athens, GA 30602.
The nature and time course of changes in the expression
of several neuropeptide genes were examined in brains
from olfactory bulbectomized rats. Rats received bilateral
olfactory bulbectomy, sham surgery, or no surgery and
were killed 3, 7,14, or 28 days later. Levels of mRNA
encoding neuropeptide-Y (NPY), somatostatin (SST),
thyrotropin-releasing hormone (TRH), and corticotropinreleasing hormone (CRH) were measured with
quantitative in situ hybridization histochemistry. Levels
of mRNA encoding prepro-NPY were significantly
elevated in the piriform cortex 14 and 28 days following
surgery compared to sham-operated rats and surgical
naives. These results suggest that long-term alterations in
the expression of the NPY gene in the limbic system may
underlie deficits in aversively-motivated behavior
exhibited by olfactory bulbectomized rats.
Supported by Univ. of Georgia Research Foundation, Inc.
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CENTRAL ADMINISTRATION OF CORTICOTROPIN-RELEASING HORMONE
PROFOUNDLY STIMULATES RAT HIPPOCAMPAL SEROTONERGIC
NEUROTRANSMISSION AND BEHAVIORAL ACTIVITY: NO EFFECT OF
ADRENALECTOMY. J.M .H .M,_Reul* and A .C .E . Linthorst. Max Planck Institute
of Psychiatry, Clinical Institute, Department of Neuroendocrinology, Section
Neuroimmunoendocrinology, Munich, Germany.
Brain corticotropin-releasing hormone (CRH) is a key mediator of neuroendocrine
and behavioral responses to stressful challenges. Although CRH is known to stimulate
noradrenergic neurotransmission, there is little information on its effects on other
neurotransmitter systems, such as the raphe-hippocampal serotonin (5-HT) system.
Recently, we have found that long-term intracerebroventricular (i.c.v.) administration
of CRH causes profound changes in hippocampal 5-HT responses to immune stress
(Linthorst et a l, J. Neuroscience (1997) in press). Here, we investigated the effects of
acute i.c.v. administration of CRH on hippocampal 5-HT and behavioral activity using
in vivo microdialysis. Extracellular levels of 5-HT and its metabolite 5hydroxyindoleacetic acid (5-HIAA) were determined by HPLC-ECD. Behavioral
activity in the home cage during the microdialysis experiment was assessed by
measuring the time during which rats were active (locomotion, grooming, eating,
drinking). I.c.v. injection of CRH (0.3-10 µg/rat) caused a marked increase in
extracellular levels of 5-HT and 5-HIAA, and in behavioral activity. The magnitude of
the rise in 5-HT was similar for all doses tested (=200-250% o f baseline). However,
there was a dose-dependent effect of CRH on the duration o f the 5-HT elevation (0.3 µg
CRH: =2 hr, 1µ g CRH: ~3 hr, 10 µg CRH ≥ 6 hr). To study a putative facilitatory role
of glucocorticoids in the here described effects of CRH, 1 µg o f the peptide was
injected i.c.v. into adrenalectomized rats. Sham-operated and adrenalectomized animals
showed similar 5-HT and behavioral responses to CRH. Thus, CRH is a potent
activator of hippocampal serotonergic neurotransmission independent of the presence of
endogenous glucocorticoids. Our data suggest that interaction between CRH and the
raphe-hippocampal 5-HT system is an integral component of the stress-processing
circuitry. Supported by VW-Foundation (1/70 543)

RELEASE OF CORTICOTROPIN RELEASING FACTOR (CRF) IN THE
RAT CEREBELLUM IS DEPENDENT UPON DEPOLARIZATION G. A.
Bishop1*, R. W. Burry1, B. Benz2 and K. Q. Do2. Dept. of CBNA and
Neuroscience Program1, The Ohio State University, Columbus, OH 43210
and the Brain Research Institute2, Zurich University, Zurich, Switzerland.
CRF has been shown to be present in climbing and mossy fibers in the
cerebellum of all species examined to date and to modulate the activity of
neurons within the cerebellum of several species (Bishop, 1992, Prog. In
Neurobiol.,39:475). Moreover, CRF has been shown to be involved in the
induction of long term depression (Miyata & Ito, 1995, Neurosci.Abst.,
21:89). However, little is known about the conditions that regulate CRF
release in the cerebellum. The intent of this study was to determine if
release of CRF from cerebellar afferents was depolarization-dependent.
Slices of the cerebellum (CBL) and mesodiencephalon (MD) were
obtained from adult male rats and placed in a superfusion chamber.
Following equilibration, the slices were exposed to depolarizing (50 mM)
concentrations of K+ at specified intervals. CRF in the released material
was detected by
radioimmunoassay using a CRF antibody kindly
provided and characterized by
Dr. Wylie Vale (Vale et al., 1983,
Meth.Enzym., 103:565). Detection limits below 5 pg were achieved. K+
induced release of CRF both from the MD (from 11 to 99 pg/3 min
sample) and from the CBL (from 6.2 to 11.5 pg/3min sample). The results
indicate, however, that the dynamics of the release in the CBL and MD
are not the same. In the MD there is a rapid and substantial increase in
CRF in stimulated fractions that almost immediately returns to baseline
when K+ is removed. In cerebellar slices from the same animals, the
amount of CRF released by comparable levels of depolarization are lower
and the recovery period is prolonged.
Thus, it is likely that other
mechanisms are involved in modulating release of CRF from the CBL as
compared to the MD. Further, the prolonged recoveiy time seen in the
CBL suggests that mechanisms for inactivating CRh release may be
different in the two brain regions. These results support a functional role
for CRF in the rat cerebellum (Supported by NSF INT9214089 to GAB and
Swiss National Foundation NF 31-39681.93 to KQD).
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AN ELECTRON MICROSCOPIC ANALYSIS OF THE DISTRIBUTION OF
CGRP IN THE MOUSE INFERIOR OLIVARY COMPLEX. K V. Gregg1.
G.A. Bishop1,2 and J.S. King*1,2. Neuroscience Program1 and Department
of Cell Biology, Neurobiology and Anatomy,2 The Ohio State University,
333 W. 10th Ave., Columbus, OH 43210.
Calcitonin gene-related peptide (CGRP) has been localized in
varicosities that are distributed throughout the mouse inferior olivary
complex (IOC) (Gregg and Bishop, J. Cnem. Neuroanat., 1997, In Press),
in climbing fibers in the cerebellum, and within olivary cell bodies. The
purpose of this study was to investigate the synaptic localization of CGRP
using pre-embedding immunohistochemistry with electron microscopy in
adult C57BL6/J mice. Representative sections from all levels of the IOC
reveal CGRP in profiles which appear to be dendritic in origin. Based on
cytological differences, two populations of labeled dendritic profiles are
present.
The first population contains symmetrically arranged
microtubules that are characteristic of dendritic shafts.
The second
population contains an electron-dense substance, mitochondria and
smooth endoplasmic reticulum; these features are characteristic of
dendritic spines. Both populations of dendritic profiles receive synaptic
inputs from non-CGRP labeled axon terminals. CGRP-immunoreactive
axons also have been identified. A previous study in the mouse indicates
that these CGRP-containing afferents arise from the locus coeruleus and
the nucleus subparafascicularis (Peltier et al, 1996, Neurosci. Abst.
22:1627). To date, synaptic contacts between CGRP-labeled axons and
adjacent dendritic elements have not been found. Labeled dendrites as
well as the majority of labeled axons are located outside the glial
boundaries of synaptic glomeruli suggesting that they do not play a role in
regulating activity at gap junctions. This is the first study in which this
peptide has been identified within the somata and dendrites of olivaiY
neurons. In other systems, CGRP has been shown to modulate Ca?+
currents (Ryu et al., 1988, Brain Res., 441:357). Future studies will allow
us to determine if CGRP released from olivary dendrites or axons
modulates Ca2+ currents in olivary neurons. (Supported by NSF !BN9630867).

AMPHETAMINE
AND
ANTIPSYCHOTICS
HALOPERIDOL
AND
RISPERIDONE AFFECT NEUROPEPTIDES AND MONOAMINES IN RAT
BRAIN. A. A. Mathé* and S.H.M. Gruber. Karolinska Institute, Inst, of Clin.
Neuroscience, St. Gӧran's Hospital, S-112 81 Stockholm, Sweden.
Neuropeptides are stored and co-released with classical neurotransmitters in the
central nervous system. Calcitonin gene-related peptide, neurotensin (NT) and
neuropeptide Y (NPT) are o f potential interest in the study of psychotic disorders, as
they interact with dopamine (DA) and noradrenaline (NA) in selected brain regions.
Previously we found that psychotomimetics, such as amphetamine as well as MK801 and phencyclidine affect both tissue and microdialysate peptide concentrations.
Consequently, we decided to explore whether antipsychotic drugs also have an effect
on peptides and if those actions are of pathophysiologic and/or therapeutic relevance.
Rats were fed chow supplemented with haloperidol (1.15 or 2.3 mg/lOOg food),
risperidone (1.15 mg/100g food), or vehicle. After 30 days the rats were assigned to
one of the two subgroups: (1) the rats were killed, the brains dissected into
hypothalamus, frontal cortex, striatum, occipital cortex and hippocampus and the
peptides and monoamines extracted from the same samples. CGRP, NPY and NT
were measured with radioimmunoassay (RIA) and DA, DOPAC, homovanillic acid,
serotonin, 5-hydroxyindoIeacetic acid, NA, and MHPG measured with rp-HPLC, (2)
ventral tegmental area (VTA) was microdialysed and the samples collected before aid
after injection of amphetamine (1.5 mg/kg) or saline. Specific patterns of
neuropeptide and monoamine changes, both in tissues and dialysates emerged and
will be presented. In conclusion, we have shown that both antipsychotics and
psychotomimetics selectively affect neuropeptide tissue concentrations in some brain
regions aid in vivo release from VTA and other brain structures. The findings
indicate a novel property of these compounds.
Supported by the Swedish Medical Research Council, # 10414, Karolinska Institute
and the Swedish Medical Association/Soderstrom-Konigska Foundation.
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EXTRACELLULAR LEVELS OF CGRP INCREASES IN THE
SUBCUTANEOUS TISSUE OF THE RAT HIND PAW FOLLOWING
ELECTRICAL STIMULATION OF THE SCIATIC NERVE. Leslie

EFFECTS OF IONTOPHORETICALLY APPLIED SUBSTANCE P, CALCITONIN
GENE-RELATED PEPTIDE ON NMDA AND AMPA RESPONSES OF DORSAL
HORN NEURONS IN RATS. T.S. Nam*, I.H. Lee, Y.S. Gwak, J.W. Leem, K.S.
Paik. Dept. of Physiology, Yonsei Univ. Coll. Med. Seoul, Korea
Spontaneous pain, allodynia and hyperalgesia are well known phenomena
following peripheral nerve or tissue injury, and it is speculated that secondary
hyperalgesia and allodynia, especially, are due to sensitization o f the dorsal horn
neurons. It is supposed that the sensitization may be due to various actions of
neurotransmitters (SP, CGRP, excitatory amino acids) released from the primary
afferent fiber. In this study, we used iontophoretic application o f SP, CGRP, EAA
receptor agonist (NMDA, AMPA) to test their role in the sensitization o f dorsal horn
neurons (WDR cell) and characterized the response patterns.
The results were summarized as follows: 1) NMDA and AMPA response after
SP application was changed to 161 ± 16.5% and 96.0 ± 9.7%, respectively, so, SP
specifically potentiated NMDA response; 2) NMDA and AMPA response after CGRP
application was changed to 161.8 ± 14.6%, 127.8 ± 11.8%, respectively, so, CGRP
nonspecifically potentiate both NMDA and AMPA responses. Potentiation o f NMDA
response, however, was significantly greater than that o f AMPA response; 3) 26.1 %
o f SP applied cells and 60.0% o f CGRP applied cells showed potentiation of both
NMDA and AMPA responses, 50% o f SP applied cells and 15.8% o f CGRP applied
cells showed reciprocal changes (potentiation o f NMDA response and suppression of
AMPA response) and 21.5% o f SP applied cells and 21.0% o f CGRP applied cells
showed a decrease o f both NMDA and AMPA responses.
In conclusion, modulatory effects o f SP, CGRP on NMDA, non-NMDA (AMPA)
response are different and suggest that action mechanism o f SP and CGRP in the
sensitization could be different as well.

Martin.
Anker
Jon
Hansen
and
A n d e rs F in k -J e n s g n *,
Neuropharmacology, Novo Nordisk A/S, DK-2760 Maaloev, Denmark.
Electrical stimulation of the rat sciatic nerve has been shown to
cause local neurogenic inflammation of the ipsilateral hind paw. It is
associated with an increase in subcutaneous levels of substance P
and vasoactive intestinal peptide. It is unknown, however, whether
calcitonin gene-related peptide (CGRP), which is colocalized with
substance P in the C-fiber system, is also released during retrograde
electrical stimulation. To this end a microdialysis probe was placed in
the subcutaneous tissue of the dorsal hind paw of anesthetized rats
and the concentration of CGRP in the perfusate was measured using a
scintillation proximity assay. After a stabilization period of 2h, the
exposed sciatic nerve was stimulated for 12 min (20 V, 0.5 ms, 5Hz). A
concomitant i.v. bolus injection of Evans Blue showed that the
stimulation induced a profound blue-coloring of the hind paw
(including the area where the microdialysis probe was placed)
indicating extravasation. More importantly the perfusate concentration
of CGRP increased after stimulation. Our data support the idea that
CGRP is released from afferent neurons and is involved in neurogenic
inflammation.
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ISLET AM YLO ID PO LY PEPTID E AND CG RP EX PR E SSIO N ARE
U P R E G U L A T E D IN DRG A F T E R U N IL A T E R A L A D JU V A N T IND UC ED INFLAM M ATION IN TH E RAT H IN D PAW . H. Mulder,
Y-Z. Zhang, N. Danielsen* and F. Sundler. Dept. o f Physiology and Neuroscience,
Neuroendocrine Cell Biology, Lund University, Lund, Sweden.
After unilateral adjuvant-induced inflammation, expression o f neuropeptides
believed to be involved in the inflammatory response, e.g. substance P and CGRP,
is upregulated in innervating sensory neurons. Islet amyloid polypeptide (IAPP) is
structurally related to CGRP and constitutively expressed in sensory CGRPcontaining neurons. The role o f IAPP in sensory neurons is unknown but its
expression is co-ordinately downregulated with that o f CGRP in L4-L5 DRG upon
sciatic axotomy. To examine whether IAPP could play a role in inflammation,
IAPP expression in L5 DRG and its distribution in the dorsal horn were
investigated after unilateral adjuvant-induced inflammation in the rat paw and
compared with CGRP, using in situ hybridization and immunocytochemistry. At
12 h and day 3, but not day 21, the percentages o f nerve cell profiles expressing
IAPP and CGRP mRNA, respectively were greater in the ipsilateral L5 DRG; these
changes paralleled the occurrence o f edema around the tarso-tibial joint and a slight
limp. IAPP expression in individual nerve cell profiles was higher in the ipsilateral
L5 DRG at 12 h, but not at day 3 and 21; the corresponding CGRP mRNA level
was higher at day 3 and 21. At day 3, the higher expression o f IAPP and CGRP on
the ipsilateral side was accompanied by increased numbers of immunoreactive DRG
neurons and fibers in the dorsal horn of the spinal cord. Largely, IAPP and CGRP
expression seem to be co-ordinately regulated by localized inflammation, although
the rapid but transient upregulation in nerve cell profiles o f IAPP mRNA
expression and the slower but sustained upregulation of CGRP mRNA expression
may indicate dissociated regulation of the two peptides. The results suggest that
IAPP could play a role in the initial phase of localized inflammation.

IM M UNOLOCALIZATION OF CGRP RECEPTORS IN RAT
SPINAL CORD A N D DOR SA L ROOT GANGLIA.
Z. Y e*, S.
Wimalawansa, K.N.
Westlund. Marine Biomedical Institute,
Department o f Anatomy and N euroscience, University o f Texas
M edical Branch, Galveston, Texas 77555-1069.
Immunolocalization o f CGRP receptors in the rat lumbar spinal cord
and dorsal root ganglia w as investigated at the light and electron
m icroscopic level in the present studies. D ense staining o f terminals
and fibers were found in Lissauer’s tract, lamina I and II, as well as on
the dorsal and ventral border o f the central canal. Very long stained
fibers w ere concentrated in the reticulated region o f lamina V. Some
fibers w ere sparsely distributed in other lamina o f the dorsal horn.
Stained cell bodies w ere found in the ventral horn o f the spinal cord
and in dorsal root ganglia. Small and medium sized dorsal root ganglia
w ere stained primarily as well as afferent fibers passing through the
ganglia. Ultrastructurally,
stained profiles included: (1) small
myelinated and (2) unmyelinated axons in the tract o f Lissauer and in
the superficial dorsal horn, and (3) terminals in lamina I and II
containing small clear vesicles, som e with dense core vesicles. Some o f
these labeled terminals synaptically contacted unstained dendrites. The
staining pattern o f the CGRP receptor was similar to that o f CGRP,
suggesting that at least som e o f these receptors are present in the
primary afferent terminals and may serve as autoreceptors in the
regulation o f CGRP release. (Supported by NIH grant N S32778).

The study was funded by the Swedish Medical Research Council (4499).
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CALCITONIN GENE-RELATED PEPTIDE RECEPTOR IMMUNOLOCALIZATION IN RAT BRAIN. Y. Lu*, S. Wimalawansa, K.
Westlund. Marine Biomedical Institute. University of Texas Medical
Branch, Galveston, TX 77555-1069.
Localization of receptor for calcitonin gene-related peptide (CGRP) in
normal Sprague-Dawley rat brains was assessed after immunohistochemical staining with a specific antibody (S. Wimalawansa: Ann. N.
Y. Acad Sci, 657:70-87,1992). The CGRP receptor was widely
distributed in discrete brain areas. A high density of staining was found in
cell bodies of the cuneate nucleus, gracile nucleus, nucleus of trapezoid
body, subcoeruleus nucleus, substantia nigra, mammillary nucleus, and the
tuberal region of the hypothalamus; a lower density of staining was found
in cells of the nucleus ambiguus, superior olive, deep cerebellar nuclei,
lateral reticular nucleus of the medulla, pontine reticular nucleus, medial
geniculate nucleus, amygdaloid nucleus, parafascicular nucleus of the
thalamus and nuclei of some cranial motor nerves (III, IV, V, VII, X and
XII). Fiber and terminal staining was found in the dorsal column,
trigeminal nucleus, commissural area of the solitary tract, ventral
parabrachial, lateral reticular nucleus of medulla, hypothalamus nucleus
and the external plexiform layer of the olfactory bulb. Labeled fibers were
also seen in the trigeminal and lateral olfactory tracts. Our studies suggest
that the distribution of CGRP receptors in the brain matches the
distribution of CGRP protein, message, and binding and is compatible
with its role in sensory, motor and limbic neuromodulation. (Supported by
NIH grant NS 32778).

PRO OPIOMELANOCORTIN DERIVED PEPTIDES IN THE CAT
BRAINSTEM R. Coveñas, M. de León, J.A. Narváez, J.A.
Aguirre*, G. Tramu and S. González-Barón. Departamento de
Fisiología. Facultad de Medicina. Universidad de Málaga. Spain.
W e have investigated the distribution of fibers and cell bodies
containing β -endorphin (1-27) [END], α -Melanocyte-stimulating
hormone [M SH| and Adrenocorticotropin [ACTH] in the cat
brainstem. Male adult cats were pretreated with colchicine i.c.v. and
perfused with 4% buffered paraformaldehyde under Ketamine
anaesthesia. Brainstem sections were obtained and processed by an
indirect immunoperoxidase method. END-immunoreactive cell bodies
were observed in the dorsal nucleus of the raphe and in the superior
central nucleus, but no MSH- or ACTH-immunoreactive cell bodies
were found in the sections studied. END-, MSH-, and ACTHimmunoreactive fibers were observed in several nuclei including the
periaqueductal gray, the central and lateral tegmental field, the
interpeduncular nucleus, the dorsal nucleus of the raphe, the inferior
colliculus, the superior central nucleus, the cuneiforme nucleus, the
dorsal nucleus of the lateral lemniscus, the marginal nucleus, the
inferior central nucleus, the postpyramidal nucleus of the raphe, the
dorsal motor nucleus of the vagus and the medial subnucleus of the
solitary tract. These results show a widespread distribution of Pro
opiomelanocortin derived peptides in the cat brainstem, more
pronounced that in other mamals. Furthermore, ACTH- and MSHimmunoreactive fibers could represent projections to the brainstem
nuclei from other areas, presumibly from the hypothalamus. This
work was supported by Spanish CICYT (PB93-0992).

56.17

56.18
SOMATOSTATIN DEPRESSES EXCITATORY NEUROTRANSMISSION
IN CA1 HIPPOCAMPAL NEURONS BY AN SST2 RECEPTOR-LINKED,
N-ETHYLMALEIMIDE-SENSITTVE G-PROTEIN. M Tallent*, S.G.
Madamba, and G.R. Siggins. Department of Neuropharmacology, The
Scnpps Research Institute, La Jolla, CA 92037
We previously reported (Soc. Neurosci. Abst. 22:1999, 1996) that the
neuropeptide somatostatin (SST) depresses excitatory but not inhibitory
neurotransmission in rat CA1 hippocampal pyramidal neurons (HPNs). We
now have examined the mechanisms involved in the inhibition of excitatory
postsynaptic currents (EPSCs) by SST. Pretreatment of hippocampal slices
with 150 μM N-ethylmaleimide (NEM) for 15-20 minutes blocked the
inhibition by 1 μM SST of both NMDA- and AMPA/kainate-EPSCs. NEM
also reduced the outward current induced by SST at holding potentials
slightly negative to rest. These results suggest that SST is acting through the
Gi/ G o family of G-proteins to inhibit EPSCs and to induce an outward current
in HPNs. Likewise, NEM treatment also greatly attenuated the inhibition of
EPSCs by the GABAB agonist baclofen, suggesting that a similar G-protein
mediates this action of baclofen. Use of 2 M CsCl in the recording electrode
blocked postsynaptic K+ currents, but did not affect SST inhibition of EPSCs.
Thus, the mechanism by which SST reduces EPSCs appears independent of
its postsynaptic actions on K+ currents. However, 2 mM BaCl2 in the bath
reduced the inhibition of EPSCs by SST, an effect that may involve
presynaptic K+ currents or Ca2+-dependent processes. Finally, the sst2
receptor agonist MK 678 robustly inhibited EPSCs at concentrations as low
as 5 nM. We saw little augmentation of the M-current by 50-100 nM
MK 678, suggesting that SST’s effects on postsynaptic K+ currents may not
involve the sst2 receptor subtype. These combined results suggest that SST
depresses EPSCs in HPNs via sst2 receptors linked to a Gi/ G o G-protein.

INTERNALIZATION OF SOMATOSTATIN IN RAT CORTICAL NEURONS IN
VITRO. T. Stroh*, A. Schonbrunn†, J.-P. Vincent‡ and A. Beaudet. Montreal Neuro
logical Institute, Montreal, PQ, Canada, H3A 2B4; † Dpt. Pharmacology, Univ. of
Texas, Houston, TX 77225, USA; ‡ C.N.R.S., 06560 Valbonne, France.
The neuropeptide somatostatin14 (SRIF) acts through a family of G protein-coupled
receptors, designated sst1-5. Peptide binding can result in a time and temperature de
pendent internalization of receptor-ligand complexes in a receptor subtype specific
manner (Nouel et al., 1997). Sst2A-mediated endocytosis is particularly efficient and
occurs with the same time course as receptor desensitization and phosphorylation
(Nouel et al., 1997; Hipkin et al., 1997). In the present study, we determined whether
neurons naturally expressing sst receptors also internalize bound SRIF. Experiments
were carried out in primary cultures o f rat cerebral cortex based on the expression, by
intemeurons in layers II and III, of high levels o f sst2 A immunoreactivity (Dournaud
et al., 1996). Cortices of E 19/20 rat fetuses were grown for 6-10 days in serum-free
DMEM at which time the cultures consisted o f approximately 15 % glial cells and 85
% neurons as assessed by GFAP and MAP-2 double staining. 31 % o f MAP-2 posi
tive cells expressed sst2A immunoreactivity. These cells were very small (≡ 10 μm),
thus resembling cortical interneurons. Incubation at 37°C with a Bodipy Red-conju
gated SRIF analog labelled a population o f similarly small cortical neurons. Confocal
microscopy revealed that the label was predominantly intracellular and confined to
the cytoplasm of the perikaryon and the proximal dendrites. This labelling was resis
tant to washing with hypertonic buffer at pH 4, confirming that the ligand had been
sequestered within the cells. The endocytosis inhibitor PAO blocked this internaliza
tion of fluorescent SRIF, suggesting that it is mediated through clathrin-coated pits,
The sst2,3,5-selective ligand SMS 201-995 at 1 μM displaced Bodipy-SRIF only from
a subpopulation of neurons, suggesting that other sst subtypes, in addition to sst2 A,
are involved in neuronal internalization o f SRIF. These results provide the first ex
perimental evidence for receptor-mediated endocytosis o f SRIF in neurons.

Supported by NIH grants MH44346 and AA07456.

56.19

56.20

IMMUNOREACTIVE GONADOTROPIN-RELEASING HORMONE IN THE
TERMINAL NERVE OF LIZARD SPECIES WITH A WELL-DEVELOPED
VOMERONASAL SYSTEM. G.J. Rosen*, J.M. Matter. D e p t . of
E.P.O. Biology, University of Colorado, Boulder, CO 80304
Unlike other vertebrates, the lizards Chamaeleo
chameleon, Anolis sagrei, and Anolis carolinensis have a
reduced vomeronasal system (VNS) and do not use pheromones
for courtship. To determine if lizard species with a welldeveloped VNS also have an extensive forebrain GnRHir
system, the GnRH neuronal systems were examined in the
broad-headed skink (Eumeces laticeps) and the eastern
fence lizard (Sceloporus undulatus) . Both species have a
well-developed VNS compared to anoles and chameleons, and
they both use pheromones in courtship. Using polyclonal
antisera that recognize multiple forms of GnRH (#GF-5, N.
M. Sherwood; #HU60, H.F. Urbanski), forebrain GnRHir
fibers were visualized in TN projections in the VNS and
in cells and fibers in the septo~preoptic area of both
species. In addition, both species had GnRHir fibers in
the median eminence. These results with Eumeces and
Sceloporus are the first indication of GnRHir in the TN of
any lizard species studied to date, and they suggest a
correlation between, lizard VNS and forebrain GnRHir
systems.
Supported by a Dean's Small Grant and an E.P.O.
Biology Department Grant, University of Colorado.

NOS IS REDUCED IN THE RAT URINARY BLADDER IN RESPONSE
TO XYLENE-INDUCED NEUROGENIC INFLAMMATION. A. Wang and
L. Kushner* Department of Urology, Long Island Jewish Medical Center,
New Hyde Park, NY 11040.
We have previously demonstrated that xylene instilled in the adult female
rat bladder results in release of substance P (SP) from bladder neurons,
plasma protein extravasation and upregulation of NK1 receptors as well as
induction of NK1 receptor gene transcription in this tissue. SP release has
been shown to cause inflammation mediated by NO generation. In order to
determine whether nitric oxide synthase (NOS) activity is part of the
inflammatory response to release of SP in the urinary bladder, we induced
inflammation by intravesical instillation of xylene. Bladders of anesthetized
adult female Sprague-Dawley rats were instilled with 0.3 ml 30% xylene in
silicone oil for 15 min. Bladders were collected at 0, 6 and 24 hrs following
treatment and flash-frozen in liquid N2 in OCT. 10 μM sections were cut,
slide-m ounted and post-fixed
in 2% paraform aldehyde.
Immunohistochemical detection of endothelial NOS (eNOS) indicated
expression restricted to the endothelium. Immediately following treatment,
eNOS expression was reduced, further reduced at 6 hrs and slightly
recovered at 24 hrs following xylene treatment. Western analysis following
SDS-PAGE revealed the same pattern of expression. Taken together these
data suggest that xylene-induced release of SP from urinary bladder neurons
result in reduced levels of eNOS in that tissue. (Supported by NIH grant
DK 49450.)
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EFFECT OF CALCITONIN GENE-RELATED PEPTIDE ON THE
LYMPHATIC VESSELS IN THE EXPERIMENTS IN VITRO.
N. Balashov*, V. Akopian. Sechenov Institute of Evolutionary Physiology
and Biochemistry, St.Petersburg, Russia, 194223.
The present study was undertaken to determine effect of CGRP (Calcitonin
Gene-Related Peptide) , which has been known to be a very potent blood
vessel vasodilator, on lymphatic vessels in vitro.
Earlier, we have investigated the CGRP action on the lymphatic
microvessels of the rat mesentery in vivo by the method of vital television
microscopy with the computer processing of videorecords of the experiments.
Application of CGRP (1μ M ) resulted in the activation and contraction of
the lymphatic microvessels.
In the present experiments we used the method of the isolated
lymphangions, which have been prepareted from the ductus thoracicus of the
rat, because the ductus thoracicus is quite a big lymphatic vessel, possesing a
regularly expressed contractility. Isolated lymphangions, filled with the lymph
under the normal pressure, were incubated for 30 min in the stable conditions
of the experiment: the preparation tension, running oxygenating termostating
(38 ° C) Creb’s solution. Then, spontaneous rythmic activity under the action
of CGRP (1 μ M ) and in the control experiments was measured.
Both in the experiments in vivo and in these experiments CGRP resulted in
the activation of the lymphangions: mean contraction duration was
increased by 20%, meanwhile mean pause duration was decreased by 40% ;
contraction rate was decreased by 20%. And the most remarkable thing is
that CGRP resulted in the vasoconstriction of the lymphangions again.
Perhaps, this discrepancy of the CGRP effect on blood and lymphatic
vessels can be connected with the qualitative and quantitative differences of
the structure of their smooth muscle tissue and with the different innervation
density.

OPIATE AND NOCICEPTIN/ ORPHANIN RECEPTORS DISTRIBUTION
57.1

57.2

DENDRITIC SPINES CONTAINING μ-OPIOID RECEPTORS
IN THE CA U D A TE-P UTA M EN NUCLEUS RECEIVE
ASYMMETRIC SYNAPSES FROM CORTICAL AFFERENTS.

NEURONS WITHIN THE CENTRAL AMYGDALOID NUCLEI TARGET
DENDRITES THAT CONTAIN μ-OPIOID RECEPTORS IN THE MEDIAL
NUCLEUS OF THE SOLITARY TRACT. E.E.O. Colago* and V.M. Pickel
Dept. of Neurology and Neuroscience, Cornell University Medical College,
New York, N.Y., 10010
Projections from the central nucleus of the amygdala (CeA) to the
medial nucleus of the solitary tract (mNTS) have been implicated in the
analgesic produced by environmental challenge and by opiates active at
μ-opioid receptors (μ-OR). To determine the potential cellular basis for
opioid modulation of this circuit in the mNTS, we examined the electron
microscopic immunogold localization of μ-OR in relation to axon terminals
that were anterogradely labeled following iontophoretic injections of
biotinylated dextran amine (BDA) into the CeA of adult rats.
Anterogradely labeled varicose axons were densely distributed within
portions of the mNTS that contained immunogold labeling for μ-OR, The
BDA labeled axons formed symmetric synapses on dendrites both with
and without detectable μ-OR. Many of these dendrites also received
convergent input from other unlabeled terminals. The immunogold
labeling for μ-OR in dendrites was located mainly at non-synaptic sites
along the plasma membrane. The μ-OR was also present in many small
axons and axon terminals, none of which contained BDA. These results
suggest that opiates active at μ-OR modulate the inhibitory postsynaptic
responses of mNTS neurons to amygdaloid afferents. In addition, they
indicate that μ-OR in the mNTS also play a major role in the presynaptic
release of neurotransmitters from axon terminals that are not derived
from the CeA. (Supported by grants MH00078; MH48776; and HL18974).

H. Wang* and V.M. Pickel. Department of Neurology and
Neuroscience, Cornell University Medical College, New York, NY
10021.
Morphine-induced oral stereotyped behaviors are thought to
involve activation of μ-opioid receptors (MORs) on corticostriatal
afferents and/or their targets in the patch compartments of the
caudate-putamen nucleus (CPN). To determine the potential cellular
basis for these actions, we examined the ultrastructural localization
of MOR-immunoreactivity (IR) in relation to axon terminals that were
anterogradely labeled by iontophoretic injection of biotinylated
dextran amine (BDA) in the prefrontal cortex of the rat brain. The
BDA-labeled neurons in layers V and VI of the dorsal part of the
anterior cingulate cortex and the medial agranular cortex projected to
MOR-IR enriched patches in the dorsomedial and dorsocentral CPN,
respectively. Immunoperoxidase labeling for BDA was located in
axons and axon terminals forming asymmetric synapses mainly with
dendritic spines. Immunogold-silver particles for MOR-IR were
occasionally seen in these axons, but were primarily detected in
spiny neurons. The dendritic spines, containing extrasynaptic
MOR-IR, received asymmetric synaptic input from terminals
showing BDA and/or MOR-IR. Our results provide the first
ultrastructural evidence suggesting that in the patch compartments of
the CPN, MORs are involved primarily in postsynaptic modulations
of the efficacy of axospinous excitatory corticostriatal transmission.
(Supported by grant NIDA DA 04600.)

57.3

57.4

EXPRESSION OF THE MU OPIOID RECEPTOR mRNA AND PROTEIN IN THE
DEVELOPING RAT BRAIN. S. J. Watson, Jr.*, C. R. Neal, Jr., R. C. Thompson
and D. M. V. Vázquez. Mental Health Research Institute. University of Michigan
Medical School. Ann Arbor, Michigan 48109-0720.
We know little concerning the influence of exogenous opiates and stress on the
normal development of neurochemical systems, in particular, on the developing
opioid receptor system. This study is undertaken to describe normal expression of
mu receptor mRNA and protein in the rat brain at various developmental stages.
Pregnant rats were perfused with Zamboni’s fixative, and embryos (E11-E14) or
fetal brains (E16-E22) post-fixed for 5 days (postnatal pups [P1-P21] were perfused
separately prior to post-fixative). Tissue was soaked in 10% sucrose for 24 hours,
fast frozen at -40°C and cut into 15μm sections. Sections were used for either
immunocytochemistry (antiserum directed against the C-terminal sequence of the rat
mu receptor protein), or in situ hybridization (fragment was 320 base pairs
corresponding to transmembrane regions III-VI of the rat mu receptor). Mu receptor
mRNA and protein were not detected at E 11 or E12. By E14 mu receptor was
detectable in the basal telencephalon and cortical plate. Distribution increased
markedly by E16, and by E22 mu receptor was detectable in many areas including
the accumbens, striatum, thalamus, habenula, cortex, preoptic area, hypothalamus,
amygdala, ventral tegmental area, periaqueductal gray and inferior colliculus. In the
striatum, patches are not present at E l7, but are obvious by E22. Immunostaining in
habenula, primarily medial in the adult, is mostly lateral during development.
Expression in the inferior colliculus is much more pronounced in E16 through P7
age group. Cortical-distribution is slightly increased in E17 through P7 age group.
The distribution of mu receptor mRNA and protein during development is similar to
that of the adult, but several areas of organization are evident. These may be regions
that are susceptible to exogenous influences during development. Supported by
NIMH Grant 2T32MH15794-17.

MU AND DELTA OPIOID RECEPTORS IN BRAIN STEM OF PIGLETS:
EFFECT OF AGE AND PRENATAL COCAINE EXPOSURE. I.R. Moss*,
A. Laferrière, D. Fung and V. Bank. Developmental Respiratory
Laboratory, Department of Pediatrics, McGill University & Montreal
Children’s Hospital Research Institute, Montréal, Québec H3H 1P3, Canada.
Young, as compared to older infants, exhibit relatively suppressed
ventilatory patterns and responses, and cocaine preexposure increases the
incidence of Sudden Infant Death (SID). To explore the possible role of
respiratory-related opioid systems on these findings, quantitative
autoradiography served to assess the density of mu and delta opioid receptors
with age and prenatal cocaine exposure in the brain stem of 1-10 (young) and
21-30 (older) day-old piglets. These age ranges display, respectively,
immature and relatively mature respiratory behaviors. Serial 16 μm sections
from fresh-frozen brains were incubated with 125I-DAGO or 125I-DPDPE to
bind mu or delta opioid receptors. Binding was quantified in reference to
standard scales (after background subtraction). Mean binding densities were
obtained from 4-6 brains per group. With postnatal age, mu opioid density
decreased, and delta opioid density increased.
Cocaine preexposure
enhanced the density of both mu and delta opioid receptors for each age
group, but sustained the differences between the ages. These findings
provide support for the hypothesis that the mu and delta opioid systems may
contribute differentially to the relative suppression of breathing in early
postnatal life, and may exaggerate this suppression in cocaine preexposed
infants, perhaps making them more vulnerable to SID.
This work was supported by NIH (HL36939, HD29608), MRC (MA-13764),
and by the Montreal Children’s Hospital Research Institute.
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CELLULAR SITES FOR δ-OPIOID RECEPTOR ACTIVATION IN THE
RAT NUCLEUS ACCUMBENS: SPATIAL RELATIONSHIP WITH MET5ENKEPHALIN NEURONS. Adena Svingos*, Cathy Clarke. Virginia Pickel.
Dept. of Neurol, and Neurosci., Cornell Univ. Med. Col., NY, NY, 10021.
The nucleus accumbens (Acb) is critically involved in the locomotor and
rewarding effects of 5-opioid receptor (DOR) agonists, including its putative
endogenous ligand, enkephalin. We examined the ultrastructural
immunocytochemical localization of an antipeptide DOR antiserum and an
antibody against Met5-enkephalin (Enk) to determine (1) the major cellular
sites for DOR activation, and (2) the spatial relationship between DOR and
Enk. Sixty percent of DOR-immunoreactive profiles were unmyelinated
axons and axon terminals, and the remainder were primarily dendrites and
dendritic spines. In axons and terminals, DOR labeling was distributed
along plasma and vesicular membranes. DOR-containing axon terminals
were either small with poorly defined junctions, or were large and mainly
formed symmetric inhibitory-type synapses on dendrites. Dual
immunoperoxidase and immunogold labeling showed that 35% of DORlabeled axons apposed other terminals that contained Enk. Additionally,
25% of the DOR-labeled terminals contained Enk. In contrast, DORlabeling in dendrites was prominently associated with asymmetric
excitatory-type postsynaptic densities that were formed by terminals
without Enk immunoreactivity. DOR-labeled spines sometimes however
were apposed to Enk-containing terminals. These results suggest that in
the Acb, DOR agonists are primarily involved in the presynaptic release of
neurotransmitters, including enkephalin, but may also modulate the
postsynaptic responses to excitatory afferents. (Supported by the Aaron
Diamond Foundation and NIDA grant DA04600)

123

57.6
T H E D E L T A -O P IO ID R E C E P T O R IS P R E S E N T IN P R E S Y N A P T IC A X O N
T E R M IN A L S IN T H E R A T L O C U S C O E R U L E U S:
R E L A T IO N S H IP S
W IT H M E T H IO N IN E 5-E N K E P H A L IN . E. V ezn ed aroelu *, K. C om m ons^, V.M.
P ick el#, and E J. Van B ock staele. D ept. of Path., Anat. & C ell B iol., Thom as
Jefferson Univ., Phila., PA 19107; ^ Lab. o f Neuro. and B ehav., Rockefeller Univ.,
N Y , N Y , #Dept. o f Neurol. & Neurosci, Cornell Med. C oll., N Y , N Y , 10021.
The three classes o f opioid receptors mu, delta and kappa are distributed within
the locus coeruleus (LC) o f the rat brain.
We have recently shown using
im m unoelectron m icroscopy that the m u-opioid receptor (|μOR) is prominently
localized to extrasynaptic sites on the plasm a membranes o f noradrenergic
perikarya and dendrites o f the LC. To further characterize the cellular distribution
o f other opioid receptors in this region, we exam ined, here, the ultrastructural
localization o f an anti-peptide sequence unique to the delta-opioid receptor
(8 0 R ) in sections which were also dually labeled for m ethionine-enkephalin (M ENK ), an opioid peptide known to be an endogenous ligand o f the δ0 R .
Imm unoperoxidase labeling for 5 0 R was localized primarily to the plasm a
membranes o f presynaptic axon terminals and was also associated with large
d ense core vesicles. The 50R -lab eled axon terminals formed both excitatory
(asym m etric) and inhibitory (sym m etric) type synaptic sp ecialization s with
unlabeled dendrites and were frequently apposed by astrocytic processes. Dual
labeling showed that o f 180 50R -lab eled axon term inals, 16% showed co
localization with M-ENK. T hese formed both types o f synaptic junctions.
Peroxidase labeling for 5 0 R was also occasion ally observed within dendrites,
unm yelinated axons and glial processes. The δ O R -labeled dendrites were usually
postsynaptic to unlabeled axon terminals which contained both small clear and
large dense core vesicles. T hese results provide the first ultrastrucutral ev id en ce
that, in the LC, 5 0 R may play a role in the presynaptic m odulation o f release of
both excitatory and inhibitory neurotransmitters. They also suggest involvem ent of
δOR in autoregulation o f M -EN K release from axon terminals in this region. Supp.
by N ID A R29 D A 09082, RO3 D A 10450, A H A 96002240, M H 40008 to E.J.V.B.

57.7

57.8

DELTA OPIOID RECEPTORS IN PERIPHERAL TISSUES: AN IMMUNOHISTOCHEMICAL STUDY. H.N. Wenk*, J.L. Hunt and C.N. Honda
Department of Cell Biology & Neuroanatomy and the Graduate Program in
Neuroscience, University of Minnesota, Minneapolis, MN, 55455.
Previous studies have demonstrated delta opioid receptor immunoreactivity
(DOR-ir) in somata, axons, and central terminals of primary sensory neurons.
We report here the presence of DOR-ir axons and terminals in the skin and
cornea of rats and primates. Paraformaldehyde-fixed skin and cornea from
Sprague-Dawley rats and macaque monkeys was frozen-sectioned then
immunohistochemically processed using polyclonal antisera raised against a
peptide corresponding to amino acids 3-17 of the cloned delta opioid receptor.
In hairy and glabrous skin, bundles of DOR-ir axons were present throughout
the reticular dermis and the subpapillary nerve plexus. Individual fibers
branched within the dermal papillae and terminated at the basement membrane.
Occasional DOR-ir fibers extended to the stratum lucidum. In the eyelid, DORir fibers were associated with ciliary follicles and the ascini of Meibomian
glands. In hairy skin of the lip, DOR-ir fibers were localized around the base of
hair follicles. In the cornea, DOR-ir fibers were observed in all levels of the
epithelium, including the basal leash bundles at the stromal-epithelial border.
In all instances, DOR-ir was restricted to small diameter varicose fibers that
terminated as free nerve endings. DOR-ir did not colocalize with neurofilament
polypeptide 200kD, suggesting that in the periphery, delta opioid receptors are
localized primarily to unmyelinated axons. Opioid receptors in peripheral nerve
terminals may contribute to the analgesia reported to result from peripheral
administration of opiate compounds to inflamed tissue.
Supported by NIH grants DA0964 (CNH and JLH) and DE07288 (HNW).

SYMPATHETIC POSTGANGLIONIC NEURONS CONTAIN KAPPA
OPIOID RECEPTOR mRNA BUT DO NOT CONTRIBUTE TO
PERIPHERAL ANTINOCICEPTIVE EFFECTS OF U 5 0 ,4 8 8 H . M.
Schafer* 1,3 , L. Zhou1,3,
C
S t e i n 1,3 , 1 preclin.

L.Carter1,3, X.B. Wang2,4, G.R .Uhl2’4,

Pharmacol., 2Mol. Neurobiol., DIR/NIDA/NIH, 3Dep. of
Anesth., 4Dep. of Neurosci., JHU, Baltimore, MD 21224.
Both opioid binding and functional studies provide evidence for mu-,
delta-, and kappa-opioid receptors on peripheral terminals of primary
afferent neurons (PAN). The presence of such receptors on sympathetic
postganglionic neurons (SPN) has been suggested by functional studies.
Here we examined whether kappa-opioid receptor (kOR) mRNA is
expressed in dorsal root ganglia and paravertrebal sympathetic ganglia,
and whether peripheral antinociceptive effects of U-50,488H are due to
activation of PAN and/or SPN at different time intervals of Freund’s
adjuvant inflammation of one hindpaw in rats. Using a ribonuclease
protection assay, kOR mRNA levels were detectable in both dorsal root
and paravertrebai sympathetic ganglia (2.62 and 1.41 % kOR/28S,
respectively). They did not change significantly up to 96 h of Freund’s
adjuvant inflammation. In contrast, antinociceptive effects of U-50,488H
increased linearly with the duration of the inflammation. Pretreatment with
capsaicin, but not with 6-hydroxydopamin significantly attenuated U50,488H-induced antinociceptive effects. Our results demonstrate, for the
first time, the presence of kOR mRNA in paravertrebai sympathetic
ganglia in addition to kOR mRNA in dorsal root ganglia. Similar to
peripheral muOR, kOR mRNA levels do not change during Freund’s
adjuvant inflammation, while k-mediated antinociceptive effects increase.
Although kOR are expressed in SPN, they do not seem to contribute
significantly to the peripheral antinociceptive effects of U-50,488H.
This work was funded in part by NIH/NINDS grant R01NS324466.

57.9
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LOCALIZATION AND FUNCTION OF NOCICEPTIN (ORPHANIN
FQ) AND ITS RECEPTOR IN THE INTESTINE, J.R. Serie1*,M.S.
Pampusch, H. Albasan, S. Poonyachoti, M.P. Murtaugh and D.R.
Brown. Dept. of Biology1, Macalester College and Dept. of Veterinary
PathoBiology, Univ. Minnesota, St. Paul, MN.
Nociceptin and its cognate receptor, a member of the opioid receptor
family, have recently been discovered in the central nervous system.
Opioid peptides and their receptors are present in the small intestine and
opioids are known to decrease field-stimulated smooth muscle
contractions and active ion transport in isolated intestinal preparations.
These studies were undertaken to assess the role of nociceptin in the
ileum of 5-8 week old, outbred pigs. Immunohistochemical analysis of
ileal sections revealed immunoreactivity for nociceptin and
prepronociceptin in the mucosal and myenteric plexuses and ganglia.
Using RT-PCR, message for prepronociceptin was not detectable;
however, positive signals for nociceptin receptor mRNA were obtained.
Autoradiographic studies for receptor localization are in progress.
Nociceptin (0.1 - 100 nM) inhibited, in a concentration-dependent
manner, atropine-sensitive isometric contractions of ileal muscle strips
oriented in the circular plane that were elicited by electrical field
stimulation (EFS; 10 Hz, 70 V, 1 ms, 100 sec trains). At a concentration
of 30 nM, nociceptin also produced a 46% inhibition of EFS-evoked (10
Hz, 30 V/cm2, 0.5 ms, 30 sec duration) short-circuit current, a measure
of chloride secretion, after its contraluminal application to sheets of ileal
mucosa with attached submucosa mounted in Ussing chambers. These
data indicate that nociceptin may play an inhibitory role in the
neuroregulation of motility and transepithelial transport. [Supported by
NIDA grants DA-10200, DA-08010 and DA-07239]

EVIDENCE FOR THE EXISTENCE OF OPIOID RECEPTORS IN
FROG SEMICIRCULAR CANALS. G.N. Andrianov* and I V.
Ryzhova. Lab. of Physiology of Reception, Pavlov Institute of
Physiology, Russian Academy of Sciences, St.Petersburg 199034, Russia.
We have used an electrophysiological approach to study whether
opioid receptors are present at the semicircular canals of the frog. With
the aid of multiunit extracellular recording from the semicircular nerve
and external perfusion techniques the actions of synthetic analog of leuenkephalin dalargin (DAL) (Tyr-D-Ala-Gly-Phe-Leu-Arg) and the
specific opiate antagonist naloxone (NAL) at the afferent synapses of the
isolated semicircular canals were studied. DAL at concentrations between
0.1-100 nM depresses the resting discharge frequency. NAL (1-100 μM)
antagonizes responses induced by DAL, which suggests a specific DAL
action. DAL inhibits the excitatory action of L-glutamate (L-GLU) The
data obtained speak in favour of the presence of opiate receptors and that
the neurotransmitter L-GLU is involved in opiate action at the peripheral
vestibular system of the frog. The results appear to demonstrate that
opioid peptides may act as a neuromodulator on afferent synaptic
transmission in this system.
Supported by the Russian Foundation of Basic Researches Grant No. 9604-48667.
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BLOCKADE
OF
ESTRADIOL-INDUCED
HYPOTHALAMIC
ENKEPHALIN EXPRESSION BY ANTISENSE OLIGONUCLEOTIDES
REDUCES LORDOSIS REFLEX IN FEMALE RATS. A. Nicot*1, S. Ogawa1,
Y. Berman2, K.D. Carr2 and D.W. Pfaff1. 1 Lab. Neurobiology and Behavior,
Rockefeller University, New York, NY 10021, 2 Dept Psychiatry, NYU Medical
Center, New York, NY 10016.
Previous studies have shown that estrogen in female rats increases
preproenkephalin (PPE) mRNA levels in the ventrolateral part of the ventromedial
nucleus of the hypothalamus (VMHVL). This area has been implicated in the
modulation of regulatory mechanisms controlling sexual behavior. In order to assess
the physiological role of hypothalamic opioid expression in lordosis behavior, 16mer phosphorothioated oligodeoxynucleotides (ODN) directed towards the PPE
mRNA were acutely microinjected near the VMH of estradiol-primed
ovariectomized rats. Estradiol-induced lordosis behavior was observed in response to
a stud male two days after. Antisense ODN injections near the VMHVL resulted in a
significant reduction in lordosis quotient compared to control (reverse sense) ODN
sequences treatment or to injections targeted anterior or posterior to the VMHVL.
To check whether opioid expression was affected, enkephalin iminunoreactive levels
were determined by radioimmunoassay in the preoptic area, a major terminal field of
the VMHVL. Antisense treatment prevents the estradiol-induced increase in
enkephalin levels compared to control groups. Using the in situ hybridization
technique, PPE mRNA levels in the VMHVL were also determined. A 1.5-2 fold
increase in PPE mRNA levels was observed in estradiol-treated rats compared to
ovariectomized rats as previously described. This increase was not affected by ODN
treatment, suggesting that the reduction of enkephalin expression by antisense ODN
was mainly due to physical blockade of PPE mRNA translation and not to its
degradation. Taken together, these data further support the behavioral role of PPE
expressing VMHVL neurons and highlight the in vivo potency of acute
administration of antisense ODNs in blocking neuronal target gene expression.

58.3
SEX DIFFERENCES IN ANTINOCICEPTION PRODUCED BY MORPHINE
MICROINJECTIONS IN THE ROSTRAL VENTROMEDIAL MEDULLA. J.S.
Boyer*, M.M. Morgan, R.M. Craft. Dept. of Psychology, Washington State Univ.,
Pullman, WA 99164 and Washington State Univ., Vancouver, WA 98686
Male rats tend to be more sensitive to the antinociceptive effects of morphine
than female rats following systemic or i.c.v. administration. Given that neurons in
the rostral ventromedial medulla (RVM) are involved in opioid antinociception,
the present study compared the antinociceptive effect of morphine microinjected
into the RVM of male and female rats. Male and female Sprague-Dawley rats
were implanted with a chronic indwelling cannula through which saline or
morphine (1, 3, or 10 μg/0.5μl) was injected into the RVM; each rat was tested in
all four conditions in a counterbalanced order and with a minimum of 3 days
between tests. Nociception was assessed using the tail withdrawal (52°C water
bath; 5, 15, 30, 60, and 90 min post-injection) and hot plate assays (52°C; 30 min
post-injection). Locomotor activity was assessed 15 min post-injection for 5 min.
Microinjection of morphine into the RVM elevated tail withdrawal and hot plate
response latencies in a dose-dependent manner, but to a greater extent in male
compared to female rats. This sex difference occurred at all three doses of
morphine on the tail withdrawal test, b ut occurred only at the high dose in the hot
plate test. Morphine also dose-dependently decreased locomotion in male rats but
not in female rats. These data demonstrate that microinjection of morphine into
the RVM produces greater antinociceptive and locomotor effects in male compared
to female rats. Moreover, this sex difference may underlie the difference in
antinociception in male and female rats following systemic or i.c.v. administration
of morphine.
Supported by DA 10284-01 from the National Institute on Drug Abuse (to R.C.).

SUNDAY AM
5 8 .2
OPIATE ANTAGONISTS AFFECT MATERNAL BEHAVIOR IN RATS:
IMPLICATIONS FOR THE PROLACTIN RESPONSE TO SUCKLING.
N- Campbell, P. Callahan, and J. Janik.* Miami Univ, Center
for Neuroscience, Dept of Zoology, Oxford, OH 45056.
We investigated the effect of specific opiate receptor antagonists on
maternal behavior in Sprague-Dawley rats between days 8-10
post-partum. The behaviors characterized were: 1) total time the
dams spent suckling; 2) total licking time (an index of non
suckling contact time) and 3) time to initiate physical contact with
the pups. Behavior was monitored and recorded at 30 second
intervals for a total observation time of 30 minutes.
Naltrindole (NAT; 10 nmol), the specific δ opiate receptor
antagonist, significantly reduced total licking and suckling times.
Although it took dams longer to initiate contact with their pups after
receiving NAT, this time was not significantly different from
controls. Pretreatment with10 nmol NAT also abolished the
prolactin secretory response to suckling, even though dams spent 13
minutes suckling at least 4 pups (vs 23 minutes for control),
β-funaltrexamine, a μ specific opiate antagonist and nor-binaltorphimine, a k specific antagonist also blocked the suckling-induced
prolactin increase (Baumann and Rabii, Br Res, 567:224-230,
1991). The effects of these drugs on maternal behavior are
currently being investigated. Opiate receptor antagonists may alter
maternal behavior(s) which influence(s) the the suckling-induced
prolactin secretory response. Supported by NIH HD 30375-01 to
JJ and PC.

5 8 .4
LOCAL OPIATE WITHDRAWAL IN LOCUS COERULEUS (LC)
NEURONS RECORDED INTRACELLULARLY IN VITRO.
Alexander Ivanov* and Gary Aston-Jones. Dept. Psychiatry, Allegheny
University-Hahnemann Campus, Philadelphia, PA 19102.
Effects of naloxone (1 μM) on the resting membrane potential (RMP) and
spontaneous discharge rate (SDR) of LC neurons were recorded
intracellularly in brain slices from 3 groups of rats: control (naive), acute
morphine, and morphine-dependent. Morphine-dependent rats received
either 5 pellets (75 mg morphine ea.) over 5 days, or 2 pellets over 4 days;
results were identical with these two treatments. SDR and RMP in LC
neurons from the control group were 1.0 ± 0.1/s and -60.4 ± 0.3 mV
(n=25). These parameters were not changed by naloxone (1 μM; n= 6
cells,. RMP in LC neurons from non-dependent animals after 1 - 4 h of
superfusion with morphine (5 μ M) was 72.9 + 1.0 mV (n=12).
Spontaneous discharge was blocked in all LC neurons tested. Naloxone
depolarized LC neurons in this group back to control levels (RMP in
naloxone was -60.6 ±0.1 mV; n=12) and restored SDR (1.3 ± 0.2/s; n=12).
RMP of LC neurons in morphine-dependent rats was -63.5 ± 0.6 mV
(n=23) in the presence 5 μM morphine in ACSF (to mimick blood levels in
dependent rats). Most of these cells were silent and about 30% exhibited
slow spontaneous firing. Naloxone evoked a small (~ 3 mV) depolarization
in 20/23 neurons and markedly increased discharge frequency (to 2.5 ±
0.3/s; n=23). Neither kynurenic acid (500 μ M) nor bicuculline (10 μ M)
prevented the hyperexcitation of LC neurons in dependent rats by
naloxone (n=12). TTX (1 μM) + Ba++ (2 mM) did not block the naloxoneinduced depolarization in LC neurons from morphine-dependent rats
when the membrane potential was artificially shifted to -85 mV in 5 mM K+
(n=8). These data indicate that a mechanism intrinsic to LC neurons is
involved in their hyperexcitation during morphine withdrawal. Supported
by PHS grant DA 06214.

58 .5

5 8 .6

REDUCED FIRING RATE OF SEROTONERGIC DORSAL RAPHE
NEURONS IN BRAIN SLICES FROM OPIATE DEPENDENT
RATS. T. Jolas* and G.K. Aghaianian. Depts. o f Psychiatry &
Pharmacology, Yale School of Medicine, New Haven, CT 06508.
As part of an investigation of the role of the dorsal raphe nucleus
(DRN) in opiate addiction, serotonergic (5-HT) neurons were recorded
from brain slices containing the DRN. Opiate dependence was induced
by implantation o f morphine pellets (75 mg/day. 2 days). In
extracellular experiments, the α1 agonist, phenylephrine (3 μ M) was
added to the bath to maintain the tonic activity of 5-HT neurons. Four
days after the start of morphine implantation, the firing rate of 5-HT
neurons in slices from dependent rats was significantly lower
(0.82±0.05 spikes/sec, n=69) than in controls (1.17±0.06 spikes/sec,
n=71). Addition of the GABAA antagonist bicuculline (30 μ M) restored
the firing rate of 5-HT neurons to a control level, indicating an increase
in GABAergic tone in treated rats. To assess the possible role o f an
upregulated cAMP pathway in mediating these changes, we tested the
effect of forskolin, an activator of adenylyl cyclase. 5-HT neurons were
recorded intracellularly with KC1 (2M) electrodes in presence o f LY
293558 (3 μ M) to block glutamatergic excitatory postsynaptic currents
(EPSCs). Forskolin (10 μ M) produced a greater increase in the number
of inhibitory PSCs (IPSCs) in morphine-dependent than in sham rats
(264±78%, n=7, vs 77±46% over baseline, n=5); the forskolininduced IPSCs were largely TTX resistant. We conclude that chronic
morphine treatment decreases the activity of 5-HT neurons in the DRN
because of increased activity of local GABAergic neurons projecting
onto 5-HT neurons; upregulation of the cAMP pathway in GABAergic
neurons may contribute to that effect. Supported by NIM H & NIDA.

A SINGLE DOSE OF KAINIC ACID ELEVATES THE LEVELS OF
ENKEPHALINS AND AP-1 TRANSCRIPTION FACTORS IN THE
HIPPOCAMPUS FOR UP TO ONE YEAR. G Bing*, B. Wilson. P.
Hudson, L. Jin, Z. Feng, W. Zhang R. Bing, and J. Hong.
Neuropharmacology Section, NlEHS/NIH, Research Triangle Park, NC
27709.

S o c ie ty f o r N e u r o s c ie n c e , V o lu m e

23,1997

Neuronal plasticity plays a very important role in brain
adaptations to environmental stimuli, disease and aging
processes. This study demonstrated that a single systemic
injection of kainic acid (7.25 mg/kg, s.c.) induces almost
permanent biochemical and morphological changes in the rat
hippocampus. Using Northern blot analysis, immunocytochemistry and Western blot analysis, we have found a loinglasting increase in the expression of the proconvulsive opioid
peptide, enkephalin (ENK), in the rat hippocampus. We have
also demonstrated that an activator protein 1 (AP-1) transcription
factor, the 35-kDa Fos-related antigen (FRA), can be induced
and elevated for at least 1 year after kainate treatment. The
present study demonstrated that a single injection of kainate
produces long-lasting increases in the expression of enkephalin
and an AP-1 transcription factor, the 35-kDa FRA, in the
hippocampus. It is likely that these two events are closely
associated, which may underlie the molecular mechanisms of
the induction of the long-lasting enhanced seizure susceptibility
in the kainate-induced seizure model.

SUNDAY AM
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OPIATE RECEPTORS REGULATE CALCIUM OSCILLATIONS IN CULTURED
HIPPOCAMPAL NEURONS. J. Netzeband*, K. Parsons, J. Caguioa, R.
Przewlocki, G. Siggins and D. Gruol. Dept. Neuropharmacology & Alcohol
Research Center, The Scripps Research Institute, La Jolla, CA 92037
Opiate receptors are known to regulate transmitter release,
membrane ion conductances and transmitter-activated channels in CNS
neurons. However, little is known about their effects on Ca2+ signaling
pathways in native neurons. To address this issue, we used fura-2 based
Ca2+ imaging to examine the effects of the p opiate receptor agonist
DAMGOonCa2+ signaling in cultured hippocampal neurons (8-29 days
in vitro). DAMGO (1 μ M; bath application) had no effect on baseline Ca2+
levels or NM D A-evoked Ca2+ signals, but significantly enhanced
spontaneous Ca2+ oscillations produced by network synaptic activity and
synchronized the Ca2+ oscillations of neurons over a microscopic field.
These effects of DAMGO were blocked by the opiate receptor antagonist
naloxone (1 μM). The GABA-A receptor antagonist bicucuiline (30 μM)
and the AMPA/kainate receptor antagonist DNQX (10 μM) increased
baseline Ca2+ oscillations in some neurons, but did not block the effects
of DAMGO. The metabotropic receptor antagonist MCPG had little or no
effect on baseline or DAMGO-enhanced Ca2+ oscillations. In contrast, the
NMDA receptor antagonist D-APV (50 μ M) significantly reduced
DAMGO's effects. APV had variable effects on baseline Ca2+ oscillations.
In current-clamp recordings from these neurons, DAM GO produced a small
increase in the amplitude of the spontaneous synaptic events and altered
the pattern of synaptic activity. However, these changes were relatively
minor compared to the pronounced change in Ca2+ oscillations. These
results suggest that opiate regulation of Ca2+ signaling could be an
important component of opiate effects in native neurons of the CNS.
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58 .8
ARE INTERNEURONS REQUIRED FOR OPIOID-INDUCED
SUPPRESSION OF GnRH RELEASE IN VITRO? Y. Fan*, N. Thompson,
and M.A. Ottinger. Department of Animal and Avian Sciences, University
of Maryland, College Park, MD 20742
Previous studies from our laboratory have shown a dose-related inhibition
of chicken gonadotropin-releasing hormone-J (cGnRH-I) release from
hypothalamic slices in vitro. Conversely, norepinephrine (NE) stimulates
cGnRH-I release. Blockage of adrenergic receptors did not completely
remove enkephalin (ENK) inhibition of cGnRH-I release. The purpose of
this research was to investigate the role of intemeurons in the opioid
peptide inhibition. Hypothalamic slices, taken from adult male Japanese
quail were placed into in vitro perifusion according to a previously
described protocol (Li, et al., 1994 Gen Comp Endocrinol 95, 13-24).
Slices were exposed to NE (10-7M), ENK (10-6M), and then a combination
of tetrodotoxin (Na+ channel blocker; TTX; 10-6M) and ENK with a final
KC1 challenge. There were 1 hr washes between treatments; media was
collected at 5 min intervals for later cGnRH-I assay by EIA.
Results showed that NE stimulated and ENK inhibited cGnRH-I release
similar to our previous data. Exposure to TTX in combination with ENK
blocked the inhibition of cGnRH-I release. In addition, TTX alone did not
appear to affect episodic release. The TTX blockage of ENK action
provides evidence that the effect of ENK is mediated via intemeurons.
Further, based on these and our previous data, ENK is likely to act via NE
and possibly other neurons in affecting cGnRH-I release.
Research supported by NRI Competitive Grant #92-37203-7742 (MAO).

(Supported by AA06420, DA03665, Fullbright Fellowship #18619)
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MORPHINE POTENTIATES TU R N IN G BUT N O T STRIATAL
DOPAMINE RELEASE INDUCED BY AMPHETAM INE IN THE
NIGRALLY-LESIONED RAT. H.L. Kimmel*, J.B. Justice, Jr., and
S.G. Holtzman. Depts. of Pharm acology and C hem istry, Emory
Univ. Sch. of Med., Atlanta, GA 30322.
Rats with a unilateral lesion of the n ig ro striatal tract tu rn
ipsilaterally in resp o n se to the in d irec t d o p am in e a g o n ist
amphetamine. The m u opioid agonist m orphine produces slight
ipsilateral turning and dose-dependently potentiates amphetamineinduced turning (Kimmel and H oltzman, J. Pharmacol. Exp. Ther., in
press). The purpose of this study w as to determ ine if m orphine
potentiates amphetamine-induced turning by potentiating the release
of dopamine, using in vivo microdialysis. The dialysis probe was
implanted into the intact striatum of nigrally-lesioned rats. Baseline
samples were collected every 15 m in for 1 h, the drugs were injected,
and then samples were collected for a further 4 h. HPLC was used
to detect dopam ine levels in each sam ple. A m phetam ine (1.0
mg/kg) produced a peak of 125 nM dopam ine 30 min after injection.
Neither 3.0 or 10 m g /k g of m orphine p ro d u ced an increase in
dopamine from baseline levels. The co-adm inistration of morphine
and amphetamine did not shift the dopam ine peak, b u t prolonged
the increase in striatal dopam ine levels. There w as no correlation
between rotational behavior and dopam ine levels in the striatum
after the adm inistration of the d ru g com bination. Supported by
NIH Grants DA00541, Research Scientist A w ard K05 DA00008,
and NRSA Predoctoral Fellowship F31 DA05692-01.

58.11

58.12

EFFECTS OF HEROIN ON M ESO LIM BIC M ODU LA TIO N OF
SYNAPTIC TRANSM ISSION IN TH E DENTATE GYRUS. S.J.
Henriksen, J.R. Criado* and S.C. Steffensen. The Scripps Research
Institute, La Jolla, CA 92037.
Electrophysiological evidence indicates that systemic administration of
heroin reverses the suppression of hippocampal-activated NAcc neurons
produced by local application of mojphine into the ventral tegmental area
(VTA).
To u n derstand fu rth er the n eu ro p h y sio lo g ical and
pharmacological mechanisms responsible for these effects, we sought to
characterize the effects of heroin on VTA modulation o f hippocampal
physiology in halothane-anesthetized Sprague-D aw ley rats. We
previously reported that stimulation o f the VTA produces a robust
facilitation of perforant path to hippocampal dentate population spike
(PS) amplitudes (Synapse, 17:84, 1994). Systemic heroin (0.6 mg/kg,
s.c.) decreased dentate PS amplitudes (20%); however, it markedly
increased VTA facilitation (65%). In contrast, a low er dose of heroin
(0.1 mg/kg, s.c.) significantly reduced V T A -facilitation (60% ).
Moreover, naloxone given systemically (5.0 mg/kg, i.p.), but not locally
into the dentate gyrus, markedly decreased baseline VTA facilitation
(80%). Interestingly, the same dose o f heroin that increased VTA
facilitation of dentate PS amplitudes was shown to reverse the inhibition
of hippocampal-activated NAcc neurons elicited by local morphine into
the VTA (J. N eurosci.,9:3538, 1989). These data suggest that
mesohippocampal projections may play a role in these effects of heroin.
In addition, these results dem onstrate the im portance o f opioid
mechanisms on subcortical m odulation o f hippocam pal function.
(Supported in part by DA-08301 to SJH and A A -10075 to SCS).

Society f o r N euroscience, V olum e

RESPONSIVENESS TO MORPHINE AND NALOXONE IN TESTS OF
ANTINOCICEPTION AND SACCHARIN INTAKE OF RATS SELECTIVELY
BRED FOR SACCHARIN INTAKE. K. F. Green* and N. K. Dess,
Psychology Depts., Cal. State Univ., Long Beach, CA 90840-0901 and
Occidental College, Los Angeles, CA 90041-3392.
Opioid responsiveness of female rats bred for high or low intake of
saccharin-flavored water (HiS and LoS) was examined. First, in tests
of antinociception, saccharin exposure during a 4-hour session was
found to produce cross tolerance to morphine (3.75 mg/kg) in HiS but
not LoS rats; the cross tolerance was found in the supraspinallymediated hot plate test but not in the spinally-mediated tail flick test.
Second, in tests of saccharin intake, as morphine dose increased from
0.0 to 1.0 mg/kg, HiS rats reached asymptote at 0.5 mg/kg whereas
LoS rats steadily increased; in contrast, as naloxone dose increased
from 0.0 to 1.0 mg/kg, both strains showed steady decreases.
Together these findings indicate that HiS rats have a more active opioid
system than LoS rats, and that the increased activity occurs at the
supraspinal level.

23,1997

NALOXONE AND FENTANYL EFFECTS ON MOTION SICKNESS IN
CATS J.B. Lucot*, Dept. Pharmacology, Wright State University,
Dayton, OH 45435.
Motion sickness was induced in female cats by a motorized device.
The measures were the number vomiting, symptoms reflecting activity
early in the final common pathway for vomiting and the duration of the
retch/vomiting sequence, which reflects activity late in the final common
pathway.
Doses of naloxone up to 1/100th of those necessary to elicit vomiting
produced an increase in the number of vomiting and the duration of the
retch/vomit sequence without changing the symptoms. Naloxone also
increase the number with multiple bouts of vomiting. Fentanyl
decreased the number vomiting with a nonsignificant trend to decrease
the duration without changing the symptoms. Naloxone produced a
complete reversal of fentanyl plus increased the number with multiple
bouts of vomiting.
Endogenous opioids appear to be part of the normal mechanism for
terminating motion sickness and further serves to produce a relatively
refractory period thereafter. Mu receptors are involved at some point in
the final common pathway downstream of where symptoms are
organized. A role for other opioid receptors is inferred.
NASA/Dept. Pharmacology
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SAMERIDINE: ASSESSMENT OF PHYSICAL DEPENDENCE
POTENTIAL IN MICE OF A NOVEL TYPE OPIOID W ITH
ANESTHETIC AND ANALGESIC EFFECTS. M. D. B. Swedbera*.,
I.-B. Hellberg, A.-L. Ask and A.-C. Ericson. Astra Pain Control,
Preclinical R & D, S-151 85 Södertälje, Sweden.
Sameridine is a novel type opioid with local anesthetic and
analgesic effects. Sameridine is approximately 268- and 131-fold
selective for μ over δ and k opioid receptors, respectively, and is a
weak partial agonist in the GTP[y]35S binding assay using 293S cells
expressing human p receptors (LaBarre et al., this meeting). The
physical dependence potential of sameridine and morphine was
compared in the Naloxone Induced Jumping assay. Mice were
injected subcutaneously with a near maximal tolerable dose of
sameridine (100.0 μmol/kg) or with a fully analgesic dose of morphine
(100.0 μmol/kg). Two hours later mice received subcutaneous
injections of saline or several doses of naloxone (1.0 - 100.0
μmol/kg), and the number of jumps induced were counted over 30
min. When treated with saline there were no jumps in either morphine
or sameridine pretreated mice. Naloxone produced a dose dependent
increase in the number of jumps by morphine pretreated mice,
reaching a maximum of around 40 jumps at 100 μmol/kg of naloxone.
However, when administered to sameridine pretreated mice,
naloxone caused a flat curve peaking at around 10 jumps. These
data suggest that sameridine may lack the physical dependence
liability typically seen with morphine.
Funded by Astra Pain Control.

CHANGES IN GABA-M EDIATED SYNAPTIC TRANSM ISSION
DURING OPIOID DEPENDENCE IN RA T PERIAQUEDUCTAL
GRAY NEURONS. S.L.Ingram*. C.W. V aughan and M.J. Christie.
D e p t. o f P harm acology, U niv ersity o f Sydney, N SW 2006
AUSTRALIA.
Physical dependence on m orphine in Sprague-D aw ley rats was
induced by a series of three morphine injections of a slow release
preparation on alternate days over a five-day period. Three different
doses were assessed (13, 25, and 50 m g/kg). W hole-cell patch-clamp
recordings were made from the periaqueductal gray (PAG) in slices from
vehicle controls and dependent anim als that w ere placed into
physiological saline plus morphine (5 μM) after slicing and during the
recording sessions. N aloxone (1 μ M) superfusion significantly
increased GABA-mediated evoked inhibitory synaptic currents at each
dose but did not significantly change the evoked currents in vehicletreated animals. Naloxone superfusion also increased the frequency of
miniature spontaneous GABA-mediated postsynaptic currents without
altering the amplitude of the currents in dependent animals suggesting a
presynaptic effect of naloxone. Slices from animals dosed with 50
mg/kg were also allowed to spontaneously withdraw for 2-8 hours in
normal physiological saline after slicing. M orphine inhibited GABAm ediated evoked currents by 34±4% (n=9) in slices from dependent
animals but only 12±7% (n=3) in slices from normal animals suggesting
a possible supersensitivity to m orphine in the PAG o f dependent
animals. (S.L.I. supported by a Human Frontiers Research Fellowship
and C.W.V. and M.J.C. by the NH&MRC Australia).

58.15
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M E C H A N ISM O F O P IO ID IN H IB IT IO N O F SY N A PT IC
TRANSMISSION IN RAT PERIAQUEDUCTAL GRAY NEURONS.
C .W . V au g h an . S .L .In g ram and M .J. C h ristie * . D ept. of
Pharmacology, University of Sydney, NSW 2006 AUSTRALIA.
W hole-cell recordings in brain slices from Sprague-Dawley rats were
used to exam ine the mechanism o f μ -opioid inhibition o f GABAmediated synaptic transmission. Met-enkephalin (ME, l 0μM) inhibited
evoked (elPSCs) and spontaneous miniature GABA-mediated inhibitory
post-synaptic currents (mIPSCs). The mIPSCs persisted in nominally
Ca2+-free, high Mg2+ (10 mM) solutions which also contained Cd2+
(100 μM), Ba2+ (10 mM), or TEA (10 mM). In contrast, the reduction
in mIPSC frequency and the inhibition of elPSCs was abolished by the
addition of 4-AP (1 mM) and α -dendrotoxin (100 nM ). The ME
inhibition of mIPSC frequency was not affected by the protein kinase A
activator, forskolin (10-30 μ M), nor the protein kinase C activator,
PDBu (1 μM). The nonselective kinase inhibitor, staurosporine (1 μM),
also had no effect The ME inhibition of mIPSC frequency was greatly
reduced by phospholipase A2 inhibitors, quinacrine (30 μM) and 4-BPB
(10 μ M ). The general lipoxygenase inhibitor, N DGA (10 μ M),
abolished the effects o f M E but the cyclo-oxygenase inhibitor,
indomethacin (3 μM), had no effect. In addition, the selective 12lipoxygenase inhibitor, baicalein (10 μ M), blocked the effects o f ME on
both mIPSCs and elPSCs while the 5-lipoxygenase inhibitor, AA861
(10 μ M), had no effect indicating that the 12-lipoxygenase pathway may
be a second m essenger pathway involved in the mechanism o f opioid
inhibition in the PAG. (C.W .V. and M .J.C. supported by the
NH&M RC o f A ustralia and S.L.I by a H um an Frontiers Science
Program Fellowship.)

SOCIAL DEFEAT STRESS INDUCES ENHANCED OPIOID
ANALGESIA AND NEUROCHEMICAL CHANGES IN RAT
PERIAQUEDUCTAL GREY. E.M. N ikulina*, J.E. Marchand,
K.A. Miczek and R.M. Kream Departments o f Anesthesiology and
Psychology, Tufts University, Boston and Medford, MA
The midbrain periaqueductal grey matter (PAG) is critically involved
in response to painful, threatening and stressful stimuli. Social defeat
stress was hypothesized to lead to altered expression o f
preproenkephalin (PPE), preprotachykinin (PPT), and mu opioid
receptor-encoding mRNAs in PAG o f rats. Social defeat stress
consisted o f a short confrontation with an aggressive resident rat
engendering submissive behavior and subsequent exposure to the
resident's threats in a protective cage. Pharmacological analyses have
demonstrated a statistically significant leftward shift o f the dose-effect
curve for morphine, DPDE, DAGO-induced analgesia in animals
undergoing defeat stress. Defeated rats were perfused at 1/2, 2, and 6
hours after stress. Social stress produced a gradual decline in the
expression o f PPE, and six hours after defeat PPE mRNA level was
50% o f control. In contrast to PPE, mu receptor mRNA was expressed
approximately five fold more during the same time course, with peak
induction at two hours after defeat. Two distinct populations of cells
expressing PPT were found in PAG. Defeat stress aid not affect PPT
mRNA expression in ventrolateral PAG, however, in dorsal PAG
expression o f PPT increased significantly at h alf hour after defeat, and
a high level o f expression remains at two and six hours later. Opposite
changes in opioid peptide and mu receptor expression, as well as
tachykinin peptide expression, may help explain the development of
acute and chronic opioid abstinence following defeat.
(Supported by DA04128 and DA02632).

58.18

58.17
PHYSIOLOGICAL REGULATION OF MET-ENKEPHALIN SYNTH ESIS AND
RELEASE FROM THE LAM B BRAIN. K.Pierzchala-K oziec* and M. DziedzickaW asylew ska1. Dept. Anim. Physiol. Agric. Univ. Cracow, Poland, 1Polish Acad.
Sci. Cracow, Poland.
M et-enkephalin derived from proenkephalin appears to be synthesized in several
brain areas and may be is released from these tissues in response to different
physiological or pathological situations.
The objective o f the present study was to investigate the effects o f stress on the
proenkephalin synthesis and Met-enkephalin release from the several areas o f ram
and ew e brains.
Animal studies were performed on 9 months old sheep divided into control and
stressed by 30 min o f isolation group. Brains were removed within 5 min, dissected
to obtain the blocks from hypothalamus, hippocampus, striatum, nucleus
accum bens, amygdala, cortex, cerebellum and pons. Small fragments o f the areas
were taken for radioimmunoassay o f ir-Met-enkephalin. The mRNA expression for
proenkephalin was measured by in situ hybridization according to Young et. al.
(1986). Tissue slices from hypothalamus and striatum prepared for opioid release
were superfused with Krebs-bicarbonate /O2 and the Met-enkephalin release was
analyzed in the presence o f 30mM K+, 100 nM o f dexamethazone or 100 mM o f
naltrexone. Met-enkephalin was assayed by RIA in the perfusates collected at 10 or
20 min intervals. O f considerable interest, isolation potentiated the synthesis o f
proenkephalin in all tested areas by 15% (hypothalam us) - 70% (striatum,
hippocampus) and altered the ir-Met-enkephalin concentration in several fragments.
U nexpectedly, stress attenuated the release o f opioid from striata and hypothalami.
In contrast to dexamethasone, naltrexone potentiated the Met-enkephalin release
from striata by 30-60% .The effect o f isolation was sexually dimorphic being more
pronounced in ew e than in ram. The results confirm and extend previous reports on
the role o f enkephalin system in the regulation o f stress response in lamb.
Supported by KBN No: P B 052/P 06/95/08.
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ACUTE MORPHINE ACTIONS ON ORTHO AND ANTIDROMICALLY EVOKED DRP OF THE FROG ARE SENSITIVE
TO SEASONAL VARIATIONS. R. Reyes1, A. Torres2, S.L. Cruz1, H.
González2 and F. Pellicer3*. Departamento de Farmacología
CINVESTAV-IPN1, Departamento de Física, Fac. Ciencias UNAM2.
Laboratorio de Neurofi siología, IM P3 México, D.F.
Several acute morphine inhibitory effects have been reported in the frog
spinal cord. However, some o f them assert contradictory results regarding
their actions on dorsal root potentials (DRP). We present evidence that in part
those different findings can be explained if seasonal variation in the acute
morphine effects are considered. We tested the effects o f morphine 10 μM
during 60 min. both on the DRP evoked by stimulation to an afferent pathway
(DR-DRP) and to a ventral root (VR-DRP), following this effect for a period
o f one year. Experiments were done in isolated frog spinal cords maintained
in a perfused cold bath with Ringer solution and oxygen (n=4-6). Morphine
has an inhibitory effect on the DR-DRP that exhibits a cyclical pattern, with
summer being the most effective period. For the VR-DRP, seasonal transition
is sharper and with an anticipated phase in respect to the DR-DRP cycle. The
effect is dose dependent and selectively mediated by an opioid receptor,
which is verified pharmacologically by means o f a battery o f agonists and
antagonists. It is suggested that morphine is acting mainly on the known
final common GABA-ergic interneuron o f these two presynaptic inhibitory
pathways. The morphine-GABA system may also be a modulatory
mechanism present in the frog spinal cord.
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58.20

MODULATION OF THE CALCIUM CHANNEL CURRENTS OF
ACUTELY DISSOCIATED RAT PERIAQUEDUCTAL GRAY
NEURONS. M.A. Connor* & M.J. Christie. Dept. of Pharmacology,
University of Sydney, NSW 2006 AUSTRALIA.
The PAG is a pivotal site for the integration of an animal's response to
threat, stress and pain. We have examined the regulation of the calcium
channels in PAG neurons by various neurotransmitters that modulate the
excitability of these cells in slices. Whole-cell voltage clamp recordings
of calcium channel currents (charge carrier, 4 mM Ba2+) were made
from neurons dissociated from PAG slices by trituration following a 3
rain papain treatment. Rats of both sexes from PN day 11 to PN day 37
were used. Steps from a holding potential of -90 mV to between -10 and
+10 mV resulted in the largest inward current in all neurons tested. Peak
calcium channel current density was similar in male (-253 pA/pF, n=99)
and female rats (-260 pA/pF, n=92). Calcium channel currents in all
PAG neurons tested were inhibited by nociceptin (n=59, EC50 10 nM,
maximum inhibition 55 %). The inhibition by nociceptin was voltage
dependent and characterized by a marked slowing of the activation of the
peak calcium channel currents. Nociceptin inhibited both N- and P/Qtype calcium channel currents. SRIF (30-300 nM) and baclofen (1-30
μM) also inhibited the calcium channel currents in most cells; results
consistent with our findings that nociceptin, baclofen and SRIF open K+
channels in most PAG neurons in slices. μ-Opioids (but not δ- or kreceptor agonists) inhibited the calcium channel currents in some
dissociated neurons (7 of 17), we are currently examining whether these
are the same neurons that project to the rostroventrolateral medulla which
are hyperpolarized by μ-opioids in slices. (M.A.C. supported by a R.E.
Lake Fellowship, M.J.C. by the NH&MRC of Australia)

MEMORY-TYPE T-CELLS INVOLVED IN THE CONTROL OF
INFLAMMATORY PAIN. Q . Zhang1’2, P. C abot1,2, S. Izenwasser1*,
C.Stein1,2,
1Preclin.
Pharmacol.
NIDA/IRP/NIH,
2Dept.
Anesthesiology, Johns Hopkins Univ., Baltimore, MD 21205, USA.
Peripheral inflammation induces the migration of memory-type Tcells from the circulation to the inflamed tissue while naive-type Tcells do not typically migrate to this site. Our previous studies showed
that inflammation increased the presence o f opioid-containing
immune cells within subcutaneous tissue and that these cells release
beta-endorphin to control inflammatory pain. The goal o f this study
was to assess the localization o f beta-endorphin in memory-type Tcells from animals with and without inflammation. We used an
immunofluorescence double staining method for beta-endorphin and
markers for T-helper cells (CD4) or naive T-cells (CD45RC),
respectively.
beta-endorphin-like
immunoreactivity
coexisted
abundantly with CD4 but rarely with CD45RC. Since CD4 cells
consist o f memory and naive cells, this suggests that beta-endorphin
is contained predominantly within memory-type T-cells. These results
indicate that opioid-containing memory cells migrate to inflamed
tissue in a site-directed manner to inhibit nociception. This may be
important for the understanding of pain in immunosuppressed
conditions like cancer or AIDS.
Supported by NIH/NINDS grant RO 1NS32466
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IDENTIFICATION OF A HUMAN 5-HT6 RECEPTOR VARIANT
PRODUCED BY ALTERNATIVE SPLICING. S.P. Nawoschik*, M .A.
Olsen, B.R. Schurman, M. Burno, D.L. Smith and L.E. Schechter CNS
Disorders, Wyeth-Ayerst Research, Princeton, NJ 08543, USA.
The rat 5-HT6 receptor was first cloned and reported by M onsm a and
coworkers in 1993 as another subfamily of 5-HT receptors that stimulate
adenylate cyclase activity. M ore recently, the human 5-HT6 receptor
was cloned (Kohen et al., 1996) and determined to be 89% hom ologous
to the rat sequence. Pharmacological studies indicate that psychotropic
drugs including a variety of antipsychotic agents have high affinity fo r
the 5-HT6 receptor suggesting a potential therapeutic target for
schizophrenia treatment. The localization of the 5-HT6 receptor as
determined by immunohistochemistry and in situ hybridization indicates
that expression is predom inately in the CNS.
Further m olecular
biological studies in our laboratory have determined that a splice variant
of the 5-HT6 receptor exists in the human brain. Experiments performed
using a degenerate PCR approach from human caudate cDNA revealed a
5-HT6 receptor clone with a 289 bp deletion of the region coding fo r
transmembrane IV through the third intracellular loop. This deletion
produces a frameshift creating a downstream stop codon which results in
a truncated protein containing 10 unique amino acids at its carboxyl
end. The variant transcript occurs as a result of alternative splicing using
an upstream donor site and the acceptor site from the first intron in the
5-HT6 receptor gene. The splicing pattern seen for this transcript was not
detected in rat or mouse whole brain cDNA by PCR, possibly due to low
levels or discretely localized expression. Expression of the variant 5HT6 transcript in human brain was observed in caudate and substantia
nigra. Expression of the variant is also seen in the pituitary; while the 5HT6 transcript was detected in all brain regions examined. The
significance of this truncated receptor is currently being investigated.

IDENTIFICATION OF A TRANSCRIBED
HUMAN
5-HT7
RECEPTOR PSEUDOGENE. M.A. Olsen*, S.P. Nawoschik, B.R.
Schurman, D.L. Smith, M. Burno and L.E. Schechter. CNS Disorders,
W yeth-Ayerst Research, Princeton, NJ 08543 USA.
The human 5-HT7 receptor was first cloned and reported by Bard and
coworkers in 1993 as another subfamily o f 5-HT receptors that
stimulate adenylate cyclase activity.
Further m olecular biological
studies in our laboratory have searched for subtypes of the 5-HT7
receptor and have determined the existence of a pseudogene.
Degenerate PCR from human substantia nigra cDNA identified a partial
clone, S771, with >87% homology at the nucleotide level to the hum an
5-HT7 receptor. Upon closer examination and further sequencing, a
single base deletion causing an in-frame stop codon was discovered in
the region coding for transm embrane V. This stop codon was verified
by amplifying and sequencing the area from genomic DNA. The high
degree of homology between the 5-HT7 receptor gene and S771 made
it possible to synthesize a 50mer specific for both genes. Subsequent
hybridization of the 50mer with a genomic southern blot revealed the
presence of two bands. Tissue distributon of S771 was investigated and
compared to that of the 5-HT7 receptor transcript. Specific primers for
each transcript were synthesized and used to amplify various cDNAs
from brain and peripheral tissue. Expression o f the 5-HT7 receptor and
S771 transcripts were detected in nearly all tissues. A separate study
using genomic DNA amplified from rat and rhesus monkey revealed
that S771 is conserved among species. Taken together, the data suggest
that S771 is a transcribed pseudogene of the 5-HT7 receptor gene. This
finding should be taken into consideration when designing probes fo r
mRNA localization studies.
Further studies are investigating the
physiological and/or pathological significance of the 5-HT7
pseudogene.

5 9.3

5 9 .4

DIFFERENTIAL EXPRESSION OF ALTERNATIVELY SPLICED
5-HT7 SEROTONIN RECEPTOR ISOFORMS IN HUMAN BRAIN
VERSUS SMOOTH MUSCLE. MW Hamblin* and DEA Heidmann.
Department o f Psychiatry and Behavioral Sciences, University of
Washington, and Veterans Affairs Puget Sound Health Care System,
GRECC, Seattle, WA 98108.
The 5-HT7 receptor is a mammalian Gs-coupled receptor found in
brain and smooth muscle. Alternative splicing o f pre-mRNA produces
at least four isoforms o f the 5-HT7 serotonin receptor which differ in
C-terminal sequence. We wished to determine if 5-HT7 pre-mRNA
splicing patterns differed between these two tissues. Because 5 -HT7
splicing patterns show large inter-species differences, these studies
were performed using human tissue. Splice variant cDNA's were
amplified by radiolabelled RT-PCR o f poly A + RNA from saphenous
vein and several brain regions. Amplification efficiency of different
5-HT7 isoforms were shown to be identical by competitive PCR.
Relative expression levels were quantified by phosphoimaging with
correction for GC content o f the individual products. The 5-HT7(b)
form was previously found to comprise a minority o f total 5-HT7
receptor CNS message in both rat (<20%) and human (<50%). In
contrast, we found that 5-HT7(b) message was the predominant form
(~80% total) in saphenous vein. These results suggest that the
5-HT7(b) isoform is a functionally important receptor in smooth
muscle and that functional specialization may parallel differences in
expression between the brain-predominant 5-HT7(a) and smooth
muscle-predominant 5-HT7(b) forms. Supported by the Department o f
Veterans Affairs.

PREDICTION OF DRUG AFFINITY AT RECOMBINANT 5HT7
RECEPTORS USING COMPARATIVE MOLECULAR FIELD
ANALYSIS. J. Jaworski*, B. C. Ginsburg,
J.E
Ragan, R. M. Eglen, D.
W. Bonhaus, J. D. Miller, R. E. Wilcox. Depts. of Pharmacology, Univ. of
Texas at Austin, 78712, and Texas Tech Univ. HSC, Lubbock, TX, 79430,
and Roche Biosciences, Palo Alto., CA, 94304.
The recent cloning and pharmacological characterization of the novel
serotonin 5HT7 receptor has suggested that at least a portion of the actions of
antipsychotic and antidepressant drugs may be mediated at these sites. Our
recent work has demonstrated that clonal cell lines expressing recombinant
receptors offer good models for drug-receptor interactions and quantitative
structure-activity relationships (QSAR). Comparative Molecular Field
Analysis (CoMFA) is an important modern QSAR procedure which relates the
steric and electrostatic fields of a set of aligned compounds to affinity. Here,
we utilized CoMFA to predict: (a) affinity for several sets of compounds at
the recombinant guinea pig 5HT7 receptor (measured using membrane binding
methods by Roche Biosciences); (b) 5HT2 affinity of several potential
antipsychotic compounds; and (c) 5HT7 affinity of the “5HT2” antagonists.
Preliminary CoMFA for “a” (compounds with a 5HT skeleton) yielded a
predictive R2 value of 0.5, a standard error of prediction of 0.933 with 5
principal components, a simple R2 value of 0.951, and a standard error of
estimate of 0.292 (p < 0.001). CoMFA for “b” yielded comparable values.
CoMFA for “c” suggested a clustering of high- and low-affinity compounds
which can be directly tested in cell culture experiments. (Supported by NIH
grants AG11084, RR08579, ES07784, MH54865.)
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EFFECT OF RING FLUORINATION ON THE PHARMACOLOGY OF
HALLUCINOGENIC TRYPTAMINES. D. Marona-Lewicka*. J.B. Blair, D.M.
Kurrasch, and D.E. Nichols.
Department of Medicinal Chemistry and
Molecular Pharmacology, Purdue University, West Lafayette, IN 47907
All hallucinogens possess high affinity for 5-HT2A/2c receptors. These are
not the only targets of the indolealkylamines however, which are somewhat
nonselective and display high affinity for other populations of 5-HT sites,
particularly the 5-HT1A receptor. DMT (N1N-dimethyltryptamine), DET (N,Ndiethyltryptamine), and 5-MeO-DMT (5-methoxy-N,N-dimethyltryptamine) are
short-acting hallucinogens which fully substitute for the hallucinogen LSD, in a
two-lever drug discrimination assay. In 1967, Szara reported that 6-fluoroDET was not hallucinogenic in humans. In the present work, a series of
fluorinated and difluorinated analogs of DMT, DET and 5-MeO-DMT were
synthesized and evaluated for their biological activity using drug discrimination
(DOI, LSD and LY 293284-trained rats), thermoregulation, induction of the 5HT syndrome (lower lip retraction (LLR), flat body posture, forepaw treading
and “wet dog" shakes), and radioligand binding at 5-HT2A and 5-HT1A sites.
None of compounds substituted for DOI, and only 6-fluoro-DMT substituted for
LSD, with an ED50 = 4.72 μmol/kg at 15 min post-injection. In 5-HT1Aagonisttrained rats, however, 4-fluoro-5-MeO-DMT fully mimicked the training drug
with a potency similar to 8-OH-DPAT. 4-F-5-MeO-DMT produced significant
hypothermia in rats with a shorter duration than 5-MeO-DMT and a potency
equal to 8-OH-DPAT in induction of LLR: On the other hand, none of the
other hallucinogenic tryptamines nor their fluorinated derivatives evoked LLR.
The data strongly correlate with radioligand competition studies at 5-HT1A
binding sites. Thus, fluorine substitution in the aromatic ring of
indolealkylamines reduces or abolishes hallucinogenic activity. Molecular
mechanisms responsible for these effects will be discussed.
Supported by NIDA grant DA 02189.

59.6
IDENTIFICATION OF SITES RESPONSIBLE FOR
DIFFERENTIAL LIGAND SPECIFICITY BETWEEN RAT 5HT2A AND 5-HT2C RECEPTORS. W. K. Kroeze*, M. S.
Choudhary, N. A Khan & B. L Roth. Departments of Biochemistry &
Psychiatry, Case Western Reserve University, School of Medicine,
Cleveland, OH 44106
The 5-HT2Aand 5-HT2c receptors, members of the G-protein coupled
receptor family; have the typical architecture of the family, i.e., seven
membrane-spanning domains. Despite 80% protein sequence identity
between the transmembrane (TM) domains of rat 5-HT2A and 5-HT2C
receptors, these receptors have vastly different affinities for various
ligands, including both agonists and antagonists. Several 5-HT2A/2c
chimeric receptors, and receptors having 2A→2C point mutations,
have been made in order to identify the sites responsible for the
differential ligand specificities of these two receptors. Our results
showed that a non-conserved threonine (T134) residue found near the
extracellular surface in TM2 of the 5-HT2A receptor, but not the 5HT2c receptor, was at least partially responsible for the preferentially
higher affinity for the antagonist haloperidol shown by the 5-HT2A
receptor over the 5-HT2c receptor. On the other hand, studies with
chimeric receptors showed that the differences between 5-HT2Aand 5HT2Creceptors in binding of the 5-HT2C-preferring agonist MK-212
most likely reside in the TM6 or TM7 domains of the receptor. Further
2A→2C point mutations are being made in these regions to determine
the residues responsible for the differential ligand specificities of these
two receptors. Supported by GM52213 and MH001366 to BLR.

5 9 .8

5 9.7
F U N C T IO N A L S IG N IFIC A N C E OF TH E S E R O T O N IN 5H T 2A H is452T yr
M U T A T IO N IN M A N . C. R eist*, C. M az zan ti1, D. T ra n , D. G o ld m an 1. D ept o f
P sychiatry, U C -Irvine, L ong B each, CA 90822. L ab o f N eurogenetics, N IA A A 1
The serotonin system is im plicated in the p athophysiology o f m any
psychiatric disorders including schizophrenia, affective disorders, anxiety
disorders, alcoholism , and im pulse control disorders. To date at least 14 serotonin
receptors belonging to 7 subfam ilies have been identified. T he 5H T 2A recep to r has
received p articular attention because in subjects w ith schizophrenia and depression,
receptor characteristics have been found to be altered. A lso drugs including
antidepressants, antipsychotics, and hallucinogens are know to have effects at this
receptor site.
Tw o naturally occurring and relatively abundant am ino acid substitutions
o f the 5H T 2A receptor h ave been identified (O zaki, 1996). The A la447V al has a
rare allele frequency o f 0.7% w hile the H is452T yr h as a rare allele frequency o f
9.3% (rare allele is listed second). S tudies o f the functional significance o f the
H is452T yr m utation have show n that it is associated w ith d ecreased intracellular
calcium m obilization in response to serotonin stim ulation (O zaki, in press).
In the present study the functional significance o f the H is452T yr m utation
w as further exam ined by using the fe nfluram ine n eu roendocrine challenge test.
F enfluram ine stim ulates the release o f prolactin through a m echanism involving the
5H T 2A receptor. N ine H is452/T yr452 heterozygotes and nine H is452/H is452
hom ozygotes w ere identified. 5H T 2A receptor signal transduction w as determ ined
b y observing intracellular calcium response to serotonin stim ulation in freshly
collected platelets. U sing standard procedures, the prolactin response to 30 m g o f
oral d-fenfluram ine w as m easured. The differences betw een groups and the
relationship o f prolactin response to calcium m obilization w ill be presented and
discussed.
S upported by N A R S A D

NOVEL TECHNIQUES FOR PROBING RECEPTOR-G-PROTEIN
INTERACTIONS: G-PROTEIN AFFINITY CHROMATOGRAPHY AND i3ELISA. E. G. Hyde1*, J. A Gray1, E. I. Gelber1, W. K. Kroeze1 and B.L.
Roth1,2 Departments of 1Biochem. and 2Psych., CWRU Med. Sch.,
Cleveland, OH 44106.
Identifying the precise molecular details responsible for receptor-Gprotein coupling remains an important area of research. Current results
from several laboratories suggest that helix Vl-induced changes in
intracellular loop 3 (i3) structure are involved in G-protein coupling and
activation. In order to physically map residues essential for receptor-Gprotein coupling, we devised two techniques that identify regions of
receptor-G-protein binding. The first, Gαq-affinity chromatography, allows
for characterization of functional receptor-G-protein interaction. Solubilized,
over-expressed 5-HT2A receptors bound to a Gαq-affinity column in a
magnesium-dependent manner. A mutant 5-HT2A receptor (F340L)
displayed defective Gαq binding. This result suggests that a mutation in
helix VI of the receptor is sufficient to disrupt receptor-G-protein coupling,
presumably by altering the conformation of i3. Interactions between Gαq
and the i3 loop were investigated using a modified ELISA technique using
immobilized GST-i3. In this assay, GST-Gαq bound to a GST-i3 fusion
protein in a magnesium-dependent manner. This technique allowed us to
directly probe receptor-G-protein interactions and to identify peptides that
interfere with receptor G-protein binding. A C-terminal i3 peptide interfered
with Gαq -i3 binding while an N-terminal i3 peptide had no effect on Gαq -i3
binding. These results suggest that i3 interacts with Gαq via the C-terminus
of i3. Supported by NIH Grants MH001366 and GM52213 to BLR.

59.10

5 9.9
STRUCTURE-ACTTVTTY RELATIONSHIPS AT THE HUMAN 5HT1A
RECEPTOR/G-PROTEIN INTERFACE. T.C. Ortiz*, K.M. Hayataka, P.M.
Braun, and K.K. Parker. Department of Pharmaceutical Sciences.
School of Pharmacy and Allied Health Sciences, The University of
Montana. Missoula, MT 59812-1075.
A 15 amino acid peptide (15MER) from the transmembrane segment 5
(TM5)/intracellular loop 3 (i3) region of the human 5HT1a receptor has
been shown to be biologically active (Soc. Neurosci. 22: 526.3,1996). This
15MER has been by altered at positions 6 and 7 from it's C-terminus by
substitution of an arginine to glycine (G) at position 6, and phenylalanine
to alanine (A) at position 7. The modified 15MER (15MER/GA) displays
non-competitive inhibition of agonist binding in membrane-bound
preparations, as well as in whole cells (Chinese Hamster Ovary, CHO)
transfected with the human 5HTla receptor (gift from Dr. John Raymond,
Duke University). The IC50 of the 15MER/GA, approximately 5X10-5 M,
is over one order of magnitude higher than the IC50 of the original
15MER with respect to agonist inhibition.
The lower activity of
15MER/GA relative to the 15MER lends to the possibility that positions 6
and 7 play critical roles in G-protein coupling to the receptor. cAMP
formation following treatment with the 15MER/GA has also been
characterized. Further alterations to the 15MER include additional
substitutions at positions 8 (arginine to glycine) and 9 (isoleucine to
alanine), termed 15MER/GAGA.
This peptide has also been
characterized. These studies will be useful in better understanding the
molecular determinants at the 5HTla receptor/G-protein interface.
Supported by NIH RR10169 and GM/OD54302-01.
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T H E R O L E O F T R Y P T O P H A N R E S ID U E S IN T H E 5 -H T 3 R E C E P T O R
B IN D IN G S IT E . A .D . S p ie r, J. C hu* an d S .C .R .L u m m is 1. M R C L ab o rato ry o f
M o lecu la r B iology, C am bridge, C B 2 2Q H , U K , *N IE H S, R T P, N C 27709, U S A
and 1D ept. Z oology, U niversity o f C am bridge, C B 2 3EJ, U K .
T he 5-H T 3 re cep to r is a m em b er o f the super-fam ily o f lig an d -g ated ion channels
w hich includes the n icotinic acetylcholine (nA C h), glycine and G A B A A
r eceptors. T o
id en tify critica l try p to p h an (W ) re sid u e s in the lig an d b in d in g site o f the 5 -H T 3
receptor, all o f these re sid u e s in the N -te rm in al ex tra ce llu lar dom ain w ere m utated.
T h e lig a n d -b in d in g p ro p e rtie s , e le c tro p h y s io lo g ic a l re s p o n s e s , an d re c e p to r
localisation o f the resulting m utants w ere analysed in transiently o r stably transfected
H EK 293 cells.
S ubstitu tio n o f W 95, 102, 121, 183, 195, & 214 w ith Y a n d /o r S all re su lte d in
re ceptors w hich lacked ra diolabelled ag o n ist and an ta g o n ist binding sites. T hey also
lacked functional responses. H ow ever, im m unoflorescence analysis revealed that the
receptors w ere expressed and targetted to the plasm a m em brane. M utations o f am ino
acids in adjacent positions and at W 60 produced w ild type-like receptors.
T h e W 90Y m utation re su lte d in a fu n c tio n a l re c e p to r w ith altered rad io lig an d
bin d in g p ro p e rties: Kds w ith [ 3H ]g ran iseiro n w ere 0 .2 8 ± 0 .0 ln M fo r W 90Y and
0.051 ± 0.003nM for W T; and Kds w ith [3H ]m eta-ch lo ro p h en y lb ig u an id e (m C PB G )
w ere 8.2 ± 0.7nM and 1.48 ± 0.08nM resp ectiv ely . E lec tro p h y sio lo g ica l properties
w ere also altered: E C 50 S for 5-H T w ere 8.0 ± 0.3μ M fo r W 90Y and 2.1 ± 0.4μ M for
W T , an d E C 50 S fo r m C P B G w ere 2.0 ± 0 .1 μ M an d 0.81 ± 0 .0 μ M respectively.
T he m utation W 90S resulted in loss o f function.
In co n c lu sio n , th ese d a ta su p p o rt the fu n c tio n a l in v o lv e m e n t o f W 90 in the
b in d in g o f 5 -H T 3 re c e p to r lig an d s. M u ta tio n s o f try p to p h a n re s id u e s from the
hom o lo g o u s b inding site loops to the n A C h R bin d in g site m o d el d id n o t re su lt in
subtle effec ts on ligand binding. T aken to g eth er w e su g g est these findings indicate
the divergence o f ligand binding dom ains has lead to the generation o f the nA C h and
5-H T 3 re ceptor fam ilies from an ancestoral receptor.
Supported by the M edical R esearch C ouncil (U K ) and W ellcom e Trust.
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IMPORTANCE OF F107 IN AGONIST RECOGNITION BY THE
5-HT3 LIGAND GATED ION CHANNEL RECEPTOR. L.J.
Steward*. †F.G. Boess, J.A. Steele, D. Liu , N. Wong & I.L. Martin.
Department of Pharmacology, University of Alberta, Edmonton, Alberta,
Canada, T6G 2H7; †F. Hoffmann-La Roche AG, Pharma Division,
Preclinical Research, P.O. Box CH-4070, Basel, Switzerland.
The recognition properties of the 5-HT3 receptor, a ligand-gated ion
channel, have been investigated using site-directed mutagenesis. F I07
of the 5 -HT3-AL cDNA isolated from NG108-15 cells, was mutated to
either tyrosine (F107Y) or asparagine (F107N). The mutants were
transiently expressed in HEK-293 cells and characterised using whole
cell patch clamp electrophysiology and radioligand binding.
The affinities (Kd) for both [3H]GR65630 and [3H]-(S)-zacopride
were unaltered for either mutant when compared to WT as were the Ki
and EC50 values o f mCPBG. However, when labelled with
[3HJGR65630 the affinity (mean±SEM, in nM (n)) of 5-HT (203±59(5))
for F107Y was decreased by 13-fold when compared to WT
(15.56±3.2(8)). In contrast, the affinity of 5-HT (1.62±0.41(0.41)) for
F107N was increased by 10-fold. Using whole-cell patch clamp, the
changes for 5-HT were similar in direction and magnitude. The EC50
values (mean (95% C.I.) in μM) being 1.2 (1.1-1.3) WT, 10.6 (9.112.3) F107Y and 0.2 (0.15-0.25) F107N. The EC50 of N -ω-methyl-5HT for F107Y was increased 7-fold where as for F107N it was
decreased 21-fold when compared to WT (0.96(0.82- 1.12)μM). F107
plays an important role in 5-HT recognition but not that of the specific
agonist mCPBG.
Supported by Glaxo Canada and the MRC Canada. LJS holds
Pfizer/MRC post-doctoral fellowship.

PALMITOYLATION OF THE HUMAN SEROTONIN 5-HT1D AND 5-HT1B
RECEPTORS. B.F. O' Dowd, Z. Xie, Y. Shen, C. Wallace*, S.R. George and G.Y.K. Ng.
Departments of Pharmacology, Medicine and Psychiatry, University of Toronto, Toronto,
ON, M5S 1A8 and Addiction Research Fdn, Toronto, ON M5S 2S1, Canada
Human serotonin 5-HT 1B and 5-HT 1D receptors are pharmacologically similar
showing an overall homology of 68% at the amino acid level. However, unlike the 5HT1B receptor and most GPCRs, the 5-HT1D receptor lacks a cysteine residue in the Ctail raising the possibility that it may not be subject to regulation by palmitoylation. Cmyc epitope tagged 5-HT1B and 5-HT1D receptors were transiently expressed in COS-7
cells. Expressed serotonin receptors were comprised of monomers and dimers.
Following whole cell metabolic labelling with [3H]palmitic acid, immunoprecipitated 5HT1B receptors were shown to be post-translationally palmitoylated. Surprisingly,
immunoprecipitated 5-HT1D receptors were shown to be subject to regulation by
palmitoylation as well. Identical results for the palmitoylation of these receptors were
obtained when the receptors were expressed in Sf9 cells. A cysteine residue is present in
the third intracellular loop of the 5-HT1D receptor and suggests that this may be an
alternate candidate palmitoylation site. A receptor in which the only cysteine residue in
the C-tail of the 5-HT1B receptor was mutated [Cys(388)Ala] was also palmitoylated.
However, unlike the 5-HT1D receptor, this receptor lacks any further cysteine residues
in the cytoplasmic domains. Hence, the palmitoylation of 5-HT1 B and 5-HT1D receptors
appears to involve sites other than cysteine residues and in positions other than in the Cterminal tail as previously suspected.
(Supported by the Medical Research Council of Canada)
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BINDING A S S A Y S U S IN G T H E A N T A G O N IS T [3H ]-G R 1 2 5 743
SHOW A L T E R E D D IS T R IB U T IO N B E T W E E N H IG H - A N D
LO W -A FFIN ITY
STATES
IN
M UTANT
HUMAN
5-H T1B
RECEPTORS
C. Grånäs*, J. G rönvall, D. La rhammar, D ept. of Medical
Pharmacology, U ppsala University, S-7 5 1 2 4 Uppsala, Sw eden.
Eight mutants of the human 5 -H T 1B receptor have been generated in
TM IV, V, VI and VII to characterize the molecular interactions involved
in ligand binding. W ild-type and mutant receptor genes w ere stably
expressed in CHO-K1 cells. Receptor binding studies w ere performed
in a buffer that favors the conversion of the receptors to the highaffinity conformation (i. e. in the presence of Mg2+ and absence of N a +),
using the agonist [3H ]-5-H T which labels receptors in the high-affinity
conformation. [3H ]-5-H T displayed Kd values ranging from 1.2 to 3.1
nM. Bmax values differed significantly betw een the mutants and to
evaluate if the variations in Bmax values depend on different
proportions of receptors adopting the high- or low-affinity conformation,
binding assays w ere performed using the antagonist [3H]-G R 125 743
which labels receptors in the high- and low-affinity conformation with
the same affinity. [3H ]-G R 125 743 displayed Kd values ranging from 0.2
to 1.9 nM. The same batch of membranes w as used to rule out any
differences in Bmax values due to cell passage. These data show that
the proportion of receptors adopting the high-affinity conformation is
reduced for some of the mutants as compared to the w ild-type
receptor, although the
value of [3H ]-5-H T binding to the high-affinity
state is not changed. These results show that some binding properties
of mutant receptors may remain undetected if only agonist radioligands
are used for receptor characterization.

EFFICACY OF α 2-ADRENERGIC RECEPTOR (AR) LIGANDS AT
RECOMBINANT HUMAN SEROTONIN 5-HT1A RECEPTORS. C. Chapu t, A.
Newma -Tancredi, L. Verrièle, M. Touzard, S. Gavaudan and M.J. Millan*.
IdR Servier, 125, Chemin de Ronde, 78290 Croissy (Paris), France.
Classical α 2-AR ligands, such as yohimbine, show partial agonist activity at rat (r)
5-HT1A receptors1 We investigated the efficacies of α2-AR ligands at cloned,
human (h), 5-HT1Areceptors by stimulation of [35S]-GTPγS binding2. Emax values
are expressed relative to 5-HT (= 100 %). Kis (nM) were determined with
[3H]-8-OH-DPAT (r5-HT1Aand h5-HT1A) and [3H]-RX 821,002 (rα2).
h5-HT1A
Ligand
Eraax
79
S 18616
Fluparoxan
75
64
Dexmedetomidine
63
Clonidine
Idazoxan
67
1-PP
54
45
UK 14,304
75
Yohimbine
86
Oxymetazoline
RX 821,002___________ 0

h5-HT1A
Ki
157
223
605
1372
100
414
941
56
1.0
25

r5-HT1A
Ki
376
779
1085
1940
100
1040
1370
132
2.7
48

rα2
Ki
0.16
0.48
0.79
33.6
1.9
40.1
54.3
29.4
9.2
0.30

r5-HT1A
/rα2
2350
1620
1370
58
53
26
25
4.5
0.3
161

Most compounds exhibited agonist activity at h5-HT1A receptors. In contrast,
RX 821,002 blocked 5-HT (100 nM)-stimulated [35S]-GTPγS binding with a Kb
of 130 nM. These data suggest that actions at 5-HTlA receptors may be involved
in the pharmacological and clinical actions of α2-AR ligands.
1 Arthur et al., Biochem. Pharmacol. 45: 2337-2341, 1993.
2 Newman-Tancrediet al., Eur. J. Pharmacol. 307: 107-111, 1996.
This work was supported by Servier Pharmaceuticals.
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PRELIMINARY IN VIVO CHARACTERIZATION OF EF-7412, A PRE- AND
POSTSYNAPTIC 5HT1A RECEPTOR ANTAGONIST Beneytez, M..E . 1 López
Rodríguez. M.L2. Morcillo, M .J2. Fernández. E . 2. Qrensanz L . 3. Fuentes, J.A 1 and
Manzanares. J.1. 1Department of Pharmacology, School of Pharmacy and Instituto
Pluridisciplinar, 2Department of Organic Chemistry, School of Chemistry, Complutense
University, and 3Department of Research, Ramón y Cajal Hospital, Madrid 28040,
SPAIN
The pharmacological activity of 2-[4-[4-m-(Ethylsulphonamidophenyl)piperazin-1yl]butyl]-l,3-dioxoperhydropyrrolo[l,2-c]imidazole (EF-7412) has been studied in
several biochemical and behavioral assays. Binding studies for 5HTIA, 5HT2, 5HT3 and
α1-adrenergic receptors were carried out in rat brain membranes. The activity of s.c.
administration of EF-7412 was measured by the following assays: hypothermia in mice,
serotonergic syndrome (lower lip retraction, LLR; flat body posture, FBP) and plasma
corticosterone levels in rat. The anxiolytic activity of EF-7412 was estimated by using
the light/dark box (LDB) test. The ability of EF-7412 to block 5-HT1A receptor
mediated activities was evaluated by measuring rectal temperature, LLR, FBP and
corticosterone levels in animals treated with 8-OH-DPAT.
Results showed that EF-7412 binds with high affinity to the 5HT1Areceptor (Ki=27.3
nM) and low affinity (Ki> 1000) to 5HT2, 5HT3 and α1-adrenergic receptors. EF-7412
did not affect rectal temperature, neither FBP, LLR or plasma corticosterone levels. In
addition, EF-7412 did not exhibit anxiolytic activity in the LDB test. By contrast, EF7412 blocked hypothermia, serotonergic syndrome (LLR and FBP) and the enhancement
of corticosterone secretion induced by 8-OH-DPAT.
Taken together, these results suggest that EF-7412 exhibits in vivo pre- and
postsynaptic 5HT1Areceptor antagonist activity.
This work was supported by Grant #960360 from CICYT, SPAIN.

EVALUATION OF p-[18F]MPPF, 5-HT1A ANTAGONIST, A POTENTIAL
RADIOPHARMACEUTICAL FOR PET: TISSUE DISTRIBUTION,
AUTORADIOGRAPHY AND METABOLISM IN RATS. A. Plenevaux, J. Aerts, C.
Lemaire, C. Brihaye, D. Le Bars, P. Mekhsian, D. Weissmann, J-F. Pujol, D. Comar
and A. Luxen*. Liege Univ. Cyclotron B30, B-4000 Liege, Belgium.
The study of the serotoninergic neurotransmission network with positron emission
tomography (PET) is a field of active researches. Although an important work was
devoted to, there was a lack of highly selective antagonist until the discovery of WAY
100635. p-MPPF is the para-fluorobenzoyl analog of WAY 100635. According to
literature, this molecule presents a close pharmacological profile compared to WAY
100635 itself. We have optimized the radiolabeling of this compound with fluorine-18,
positron emitter of choice (110 min half-life) for PET, and report in this paper the
evaluation in rats of p-MPPF as radiopharmaceutical candidate to study the 5-HT 1A
receptor family with PET. For the purpose, permanent cannulation of the posterior
vena cava (iv injections) and of the abdominal aorta (blood sampling) were realized in
Sprague Dawley male rats four days before the study. The experiments were conducted
in vigil (no anesthesia), free moving and unstressed animals. High specific activity p[18F]MPPF (0.8 - 1.5 Ci/μmol) was used for the study. Metabolism was followed for
blood and brain tissues with HPLC. The intracerebral tissue distribution showed a very
rapid uptake of p-[18F]MPPF by the brain followed by differential wash out rates
leading to hippocampus/cerebellum ratio of 3 (15 min), 4.2 (30 min), 3.2 (45 min)
and 2.9 (60 min). The metabolism was followed in plasma, cortex, striatum,
cerebellum and hippocampus. For cerebral tissues, 75-95% of the activity was due to
unchanged radioligand. The autoradiography studies realized in vivo at 30 min showed
massive labeling of the hippocampal formation, the entorhinal cortex, the amygdala,
lateral septum and raphe nucleus (pattern totally comparable to the one of [3H]8-OHDPAT). p-[18F]MPPF was completely displaced in vivo by WAY 100635.
Pretreatment with prazosin (α 1-adrenergic antagonist) and altanserin (5-HT2
antagonist) were without influence on the uptake of the radioligand. Pretreatment and
displacement with fluoxetine led to hippo/cereb ratio of 3.6 at 30 min. These
encouraging results obtained in vivo are good reasons to believe that p-MPPF is an
interesting reversible radioligand for the study of the 5-HTIA receptors with PET.
Supported by grants from INSERM/CGRI and FNRS.
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SELECTIVE VISUALIZATION OF RAT, MONKEY AND HUMAN BRAIN
5-HT2A RECEPTORS BY AUTORADIOGRAPHY WITH [3H]MDL 100,907.
J.F. López-Giménez1, M.T. Vilaró1, J.M. Palacios2*, and G.Mengod1. 1Dept.
Neurochemistry, IIBB/CSIC, 08034 Barcelona, Spain.
The recently developed 5-HT2A selective antagonist [3H]MDL100,907
((+ /)2,3-dimethoxyphenyl-1 -[2-(4-piperidine)-methanol]) has been
characterized as a radioligand for the autoradiographic visualization of
these receptors. [3H]MDL100,907 binding to brain tissue sections was
saturable, had sub-nanomolar affinity (average Kd values were: 0.25nM for
rat, 0.17nM for monkey and human), and presented a pharmacological
profile consistent with its binding to 5-HT2Areceptors (rank order of affinity
for [3H]MDL100,907-labeled receptors: MDL100,907 > spiperone >
ketanserine > mesulergine). The distribution of receptors labeled by
[3H]MDL100,907 was compared to the autoradiographical patterns
obtained with [3H]Ketanserine, [3H]Mesulergine, and [3H]RP62203 (N-[3-[4(4-fluorophenyl)piperazin-1-y1]propyl]-1,8-naphtalenesultam) and to the
distribution of 5-HT2A mRNA as determined by in situ hybridization. As
opposed to the other radioligands, [3H]MDL100,907 labeled a single
population of sites <5-HT2A receptors) and presented extremely low levels
of non-specific binding. The close similarity of the distributions of
[3H]MDL100,907-labeled receptors and 5-HT2AmRNA further supports the
selectivity of this radioligand for 5-HT2A receptors and suggests a
predominant somatodendritic localization of these receptors. The present
results point to [3H]MDL100,907 as the ligand of choice for the
autoradiographic visualization of 5-HT2A receptors.
2 Permanent address: Research Institute, Laboratorios Almirall, Barcelona.
Supported by CICYT grant number SAF96/0336
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IN VIVO IMAGING OF VOLATILE ANESTHETIC ACTION AT THE 5HT2A-

RECEPTOR (5HT2A-R) IN HUMANS: A QUANTITATIVE POSITRON EMISSION
TOMOGRAPHY (PET) STUDY. F. Gyulai*, L. Firestone, J. Price, P. Winter Dept. of
Anesthesiology/CCM and PET Facility, University of Pittsburgh, PA 15261
The mechanism of general anesthetics is believed to involve the disruption of synaptic
transmission in the central nervous system. For example, the modulation of serotonergic
transmission by the volatile anesthetic isoflurane has been shown in animal studies.
However, the molecular mechanism and clinical relevance of this interaction is still
unclear. Among the various serotonergic receptors the 5HT2A-R is a likely target due to
its association with antinociception, an important component of the anesthetic state.
Isoflurane could interfere with serotonergic transmission by affecting 5HT2A-R
conformation. To test this hypothesis under clinically relevant circumstances, we
undertook to measure the effect of an anesthetizing concentration of isoflurane on 5HT2AR ligand binding in 4 healthy human volunteers (IRB #960638) using PET and 18Faltanserin. Due to the high affinity of this radiotracer, it is unlikely that its binding is
confounded by endogenous serotonin permitting the assessment of conformational
changes of the 5HT2AR directly.
Tne distribution volume ratio (DVRATIO) of 18F-altanserin, a reflection of receptorspecific binding, was determined by fitting the PET measured 18F-altanserin brain
concentration curve to that derived from a 3-compartment model and normalization of
the obtained value to the DV of an area of negligible 5H T 2A-R density (Eur J Nucl Med
21:937, 1994). 18F-altanserin and 15O-water scans (to measure regional cerebral blood
flow [rCBF]) were obtained when awake, and subsequently, anesthetized with 1.2
volume% isoflurane on a Siemens 951R/31 scanner. Regions of interest included areas of
high (frontal, occipital, and parietal cortices) and negligible (cerebellum) receptor density.
Vital signs and rCBF did not differ significantly between the 2 experimental conditions
(P > 0.05, paired t test), indicating that 18F-altanserin DV was not confounded by altered
radioligand delivery. The DVRATIO values (mean±SEM) of 2.0±0.42, 1.9±0.41, and
1.98+0.43 in the frontal, occipital, and parietal areas, respectively, during awake
condition, were not significantly different from the corresponding values of 2.1+0.35,
2.0+0.05, and 2.0+0.28 during anesthetized condition (P > 0.05, paired t test). In
agreement with animal data, the results indicate that the effects of isoflurane anesthesia
on the serotonergic system are not mediated via conformational modulation of the 5HT2AR in the living human brain.
Support: FAER (FG); IARS (LF); GCRC#05M01-RR00056; UACCMF.
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L Y 333068: A
NEW
ORALLY
A C T IV E ,
S E L E C T IV E
S E R O T O N IN 1A
A N T A G O N IS T
W H IC H
A M E L IO R A T E S
S Y M PT O M S
OF
N IC O T IN E
W IT H D R A W A L . D.R . H elton*, K. R asm ussen, V .P. R occo and M .J. K allm an.
Lilly R esearch L aboratories, G reenfield L aboratories, Eli Lilly and C om pany,
G reenfield, IN 46140.
LY 333068 is an orally active 4-aryl substituted p iperidine w ith high selectivity and
nanom olar affinity for sero to n in 1A receptors. L Y 333068 has been show n to be a
serotinin1A antagonist and to be efficacious in anim al m odels o f anxiety (see R occo et
al. and K allm an et al., this m eeting). T o explore the potential efficacy o f L Y 333068
for the alleviation o f nicotine w ithdraw al sym ptom s o r as an aid in sm oking
cessation, the auditory startle reflex was exam ined in rats undergoing w ithdraw al
from chronic adm inistration o f nicotine. W e have pre viously described a m odel for
the evaluation o f nicotine w ithdraw al using the acoustic startle reflex in rats (H elton
et a l , Psychopharm acology, 113:205-212;1993). A nim als w ere exposed to nicotine
continuously for 12 days (6 m g/kg/day, subcutaneous) via osm otic m inipum ps. A fter
12 days the pum ps were rem oved and the anim als were allow ed to go through
spontaneous w ithdraw al. S ensorim otor reactivity was significantly increased on days
2 and 3 follow ing nicotine withdraw al. S ubcutaneous treatm ent w ith L Y 333068
(0.0001 - 0.1 m g/kg) produced a dose-dependent attenuation o f the enhanced
sensorim otor reactivity follow ing w ithdraw al o f chronic nicotine with an E D 50 of
0.0003 m g/kg. O ral treatm ent with L Y 333068 (0.03 - 1 m g/kg) also attenuated the
increase in startle responding with an E D 50 <0.03 m g/kg. L Y 333068 produced no
changes in acute basal startle re sponding at subcutaneous or oral doses up to 10
m g/kg. T he (+ )-enantiom er o f L Y 333068, L Y 333389, w hich is inactive as a
serotonin1A antagonist, had no effect on nicotine w ithdraw al at an oral dose o f 10
m g/kg. T hese data support a functional role for 5 -H T 1A antagonists in nicotine
withdraw al and suggest that com pounds in this series m ay be a clinically effective
treatm ent for nicotine w ithdraw al and/or sm oking cessation in m an.

L Y 3 3 3 0 6 8 : IN V IV O P R O PE R T IE S O F A N E W S E R O T O N IN 1A
A N T A G O N IS T W IT H A N X IO L Y T IC A C T IV IT Y .
M .J. Kallm an*, K.
R asm ussen, V.P. R occo and D .R . H elton. Lilly R esearch L aboratories,
G reenfield L aboratories, Eli Lilly and C om pany, G reenfield, IN 46140.
L Y 333068 is a highly selective, nanom olar potent sero to n in 1A antagonist
which has been show n to be reduce sym ptom s associated w ith nicotine
w ithdraw al in an anim al m odel (see H elton et al., this m eeting). L Y 333068
effectively antagonized (ED 50 = 0.01 m g/kg, s.c.) the hypotherm ic effect
produced by the subcutaneous adm inistration o f 0.3 m g/kg o f the 5 H T 1A
agonist 8-O H -D P A T indicating that L Y 333068 has 5 H T 1A antagonist
properties. T h e anxiolytic potential o f L Y 333068 w as tested in the fear
potentiated startle and elevated plus m aze m odels o f anxiety (0.03 to 1.0
m g/kg, sc). T he effects o f L Y 333068 in the fear potentiated startle and
elevated plus m aze m odels o f anxiety were com pared to the activity o f the
clinically efficacious anxiolytic buspirone in these sam e m odels.
B oth
L Y 333068 and buspirone produced significant anxiolytic activity in the fear
potentiated startle and elevated plus m aze. A n E D 50 value o f 0.1 m g/kg was
observed for L Y 333068 and 0.6 m g/kg for buspirone in the fear potentiated
startle m odel. L Y 333068 and b uspirone had anxiolytic activity on elevated
plus m aze perform ance w ithin the sam e dose range with E D 50s o f 0.3 and 0.2
m g/kg, respectively. D oses o f L Y 333068 w hich produced anxiolytic activity
in these m odels did not produce sedation, cause deficits in neurom uscular
coordination, alter sensorim otor reactivity, or interact with the C NS depressant
hexobarbital. T hus, L Y 333068 has an atypical anxiolytic profile in anim als
com parable to the anxiolytic activity produced by buspirone. Therefore,
serotonin1A antagonists o f this series may have anxiolytic potential in man at
doses that do not produce significant C N S side effects.
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NEUROPROTECTIVE
PATHWAYS INITIATED BY THE 5 -H T 1A
RECEPTOR. P. Baneriee*, T. Adayev and T. Sobocki. CDN and The Dept.
Chem., CUNY at The College of Staten Island, Staten Island, NY 10314.
Signaling cascades regulating the mitogenic action of G-protein coupled,
heptahelical receptors constitute a major focus in current research. In contrast,
a protective role has often been attributed only to the growth factor receptors
which are receptor tyrosine kinases. We have earlier established that the
serotonin 1A receptor (5-HT1A-R), which is a G j -coupled, heptahelical,
neuronal receptor, initiates signaling cascades that result in the protection of
hippocampal neurons in culture as well as a 5-HT1A-R-expressing, engineered
hippocampal cell line, HN2-5, both subjected to hypoxia. Using DNA laddering
and staining of apoptotic cell nuclei with HOECHST 33342, we have confirmed
that this hypoxia mediated cell death is through apoptosis. The 5-HT1A-R
initiated protective pathway involves a Pertussis Toxin-sensitive G-protein and
the mitogen activated kinase (MAPK) cascade which causes activation of ERK2. Inactivation of Ras and Raf-1 in the HN2-5 cells by transient transfection of
dominant negative mutants or inhibition of the ERK-2-activator, MEK, in both
HN2-5 cells and primary hippocampal neurons, by the inhibitor, PD098059,
caused abrogation of both ERK-2 activation and protection of these cells
during hypoxia. The 5-HT1A-R-triggered protection was eliminated also upon
inhibition of phosphoinositide-3 kinase (PI-3K) in the presence of 100 nM
wortmannin. This opens the possibility of involvement of Pl-3K upstream from
Ras. Subsequent to 5-HT1A-R activation, the released G-protein βγ complex
has been reported to bind to and recruit PI-3Kγ to the plasma membrane, thus
causing phosphorylation of membrane bound phosphoinositide phosphates.
Studies on Gβγ binding to PI-3Kγ and the downstream lipids and proteins
involved in feeding into the Ras-Raf-1 - ERK-2 pathway will be presented.
Grant support : PSC-CUNY667152.

P H O S P H O L IP ID -C O U P L E D R E C E P T O R -M E D IA T E D R E G U L A T IO N O F 5 -H T 1A
R E C E P T O R F U N C T IO N . K.J. E v an s* , K .A. B erg and W .P. C larke. D e p artm en t o f
P harm acology, U niversity o f T exas H ealth S cience C enter, San A ntonio, T X 78284.
It is know n that som e cells in brain co -ex p re ss the 5-H T 1A re c e p to r alo n g w ith
various receptors coupled to phospholipid signaling cascades (phospholipase C {PL C }-P I
and phospholipase A 2 -{P L A 2 )arachidonic acid{A A }). W e have previously reported (Soc
N eurosci. A bstr 22:1323, 1996) that w hile co-activation o f en d ogenous, phospholipidcoupled purinergic receptors w ith A TP did not appear to alter 5-H T 1A receptor function
in C H O cells transfected w ith the hum an 5-H T 1A recep to r (130 frnol/m g protein), the
5 -H T 1A receptor system was indeed altered by ATP. The lack o f apparent effect was due
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to a balance o f op p o sin g ac tio n s o f stim u lato ry ([C a 2 + ]i ) an d in h ib ito ry (A A and
possibly PK C ) factors on the 5 -H T 1A receptor system . H ere w e investigated further the
effects o f activation o f the endogenous purinergic receptor and o f a transfected hum an
5-H T 2C receptor (≈ 200 fm ol/m g protein) on 5-H T 1A re cep to r-m ed iated inhibition o f
forskolin (1 μ M )-stim ulated cA M P ac cum ulation (F S cA ) in C H O cells. A s we reported
before, co-application o f A T P (1 m M ) did not alter the inhibition o f F ScA by dp-5 -C T
(1 0 n M = E C 5 o ; 49% ± 0.5% vs. 40 ± 4% in h ib itio n o f F S cA , c o n tro l vs A TP,
respectively; n≈ 3). H ow ever, exposure o f cells to A TP for 5 m in, 5 m in p rio r to dp-5C T , reduced d p -5 -C T -m e d iated inhibition o f F S cA by 59% (20% ± 7% afte r A T P
treatm ent, n=3). This suggests that the effect o f the stim ulatory com p o n e n t o f A T P ’s
action (i.e. [C a2+]i) is reversible w ithin 5 m in, thereby revealing the m ore prolonged
inhibitory actions. In contrast to A TP, co-activation o f 5-H T 2C receptors w ith D O I (1
μM ) reduced 5 -H T 1A receptor function by 47% (43% ± 4% inhibition o f F S cA vs 23%
± 3% in the presence o f D O I, n=5), w hich was blocked by indom ethacin. A lthough both
A T P and D O I activate PLC and P L A 2 , the increase in [C a2+] j produced by D O I is m uch
sm aller, and the release o f A A greater, than that produced by A TP. This suggests that
the effect on 5-H T 1A receptor function produced by activation of a phospholipid-coupled
receptor depends upon the relative balance o f effector activity (PLC and P L A 2 ) produced.
(S upported by U SPH S grants D A 09094 and H D 26437).
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PROTEIN PHOSPHATASE IN V OLV EM ENT IN 5 -H T 1A RECEPTOR
SIGNALLING IN NEONATE RAT DORSAL COLUMNS. T. Sasaki, P. Tiwari
and W. Young*. Department of Neurosurgery, Physiology and Biophysics, New
York University Medical Center, New York, NY 10016
We report that the protein phosphatase inhibitor okadaic acid (OA) partially but
significantly blocks the depressive effects of a 5-H T1A agonist receptor on the
excitability of neonatal rat dorsal columns. To investigate the effect of OA on
this depression of axonal excitability, we studied isolated dorsal columns from 23
neonatal (five to nine days old) Long-Evan's hooded rats. Compound action
potentials were activated by supramaximal constant current electrical stimuli and
recorded with glass micropipettes. Addition of 8-OH-DPAT, a 5-HTIA receptor
specific agonist, decreased the compound action potential amplitude (mean±S.E.,
22.8±2.0%, p<0.001) and increased latency (17.2±3.8%, p<0.05). OA by itself
had no significant effect on action potentials. OA partially blocked the depressive
effects of 8-OH-DPAT. OA+8-OH-DPAT treated dorsal columns increased the
amplitudes (100 nM: 29.9±7.9%, p<0.02 and 500 nM: 43.0±8.3% , p<0.01,
respectively) compared to 8-OH-DPAT alone. 500 nM OA also reduced latency
by 64.0±3.7% (p<0.001) after 8-OH-DPAT addition. Neither H7 (100 nM ) nor
cyclosporin A (10 jiM) had any significant effect on 8-OH-DPAT induced
excitability changes; neither agent significantly effected amplitude or latency
when added in the absence of 8-OH-DPAT. These results suggest that an OAsensitive protein phosphatase influences in 5-H T1A receptor induced depression
of dorsal column excitability. Calcineurin, PKC, and PKA do not mediate 8-OHDPAT induced depression of excitability.

PH A R M A C O L O G IC A L C H A R A C T E R IST IC S O F 5 -H T 1A R E C EPTO R S
C O U PL E D TO P H O SPH O IN O SIT ID E PR O D U C T IO N V IA G αl6. D.A. C raig,
X. Y ang and J.A. S alon*. Synaptic Pharm aceutical C orporation, Param us, NJ
07652.
G αl6, a m em ber o f the G q/11 fam ily o f heterotrim eric G -proteins, has been shown
to link a variety o f G protein-coupled receptors from different signaling classes to
activation o f the PLC pathw ay. It is no t clear w hether the pharm acology o f
recep to r responses linked through such a prom iscuous co u p ler is the sam e as
receptor responses acting through native G α subunits. In the present investigation
w e have assessed the pharm acological characteristics o f 5-H T 1Areceptor-m ediated
production o f [3H ]-InsP using a variety o f 5 -H T receptor agonists.
C O S-7 cells were co-transfected transiently w ith cD N A for the hum an 5 -H T 1A
receptor and hum an G αl6and loaded overnight with [3H ]-m yoinositol. Follow ing
challenge with increasing concentrations o f 5-H T, 5-CT, 5-M eO T, 8-O H -D PA T,
α -M e-5-H T, R U 24969 and sum atriptan, cells w ere assayed for [3H]-IP3
form ation. A gonist rank order o f potency and intrinsic activities w ere com pared
to those generated using inhibition o f forskolin-stim ulated adenylyl cyclase
activity in Lm tk- cells expressing the hum an 5-H T 1A receptor and in hom ogenates
o f bovine cerebral cortex containing the 5 -H T 1A receptor. T h ese results indicate
th at th e overall agonist profile o f the 5 -H T 1A receptor is retained in the
G al6-coupled system. However, low er coupling efficiency m ay reflect a reduction
in the “receptor reserve” o f the system relative to the cyclase inhibitory pathw ay.
Supported by N IH G rant 1R 4 3 M H 5 5 9 1 1-01.
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RATIO OF KI VALUES FOR LOW AND HIGH AFFINITY STATES OF 5-HT1A RECEPTOR
SITES IS RELATED TO DRUG RELATIVE EFFICACY. B.J. Ebersole*1, W. Gonsiorekl ,
S. Hurt2 and S. Maayani1. 1Dept.of Anesthesiology, Mt. Sinai School of Medicine,
NY, NY, 2Dept.of Radiochemistry, DuPont NEN Products, Boston, MA.
Attempts to relate drug relative efficacy (DRE) to binding affinities associated with
high and low- affinity states of G-protein coupled receptors (KH and KL, respectively)
have been complicated by the lack of complete guanine nucleotide sensitivity of highaffinity agonist binding in homogenized membranes, leading to complex binding
curves inconsistent with a ternary complex model. We have developed a method to
measure both binding and inhibition of adenylate cyclase (AC) activity in a saponinpermeabilized preparation of HEK293 cells stably transfected with human 5-HTIA
receptor. High-affinity binding of agonist (0.6 nM [3H]-5-CT) was com pletely
abolished by guanine nucleotides. In contrast, binding of the antagonist [3H]-WAY100635 ([3HJ-WAY) was not affected by guanine nucleotides. Bmax values for [3H]WAY and [3HJ-5-CT binding were 1720 and 575 fmol/mg protein, respectively,
consistent with agonist labeling of high-affinity state only. Competition binding
curves for [3H]-5-CT-labeled sites had slope factors (n) not different from unity, and
were used to calculate KH values for unlabeled drugs. In contrast, agonist competition
binding curves for [3H]-WAY sites had n < < 1.0; in the presence of GppNHp,
however, [3H]-WAY competiton curves had n = 1.0 and were used to calculate KL.
Intrinsic activities (i.a.) were determined in AC assays. Full agonists had KL/KH
ratios much larger than those for partial agonists, and drugs devoid o f detectable
activity had ratios near unity. We propose that the KL/KH ratio for 5-HT1A receptor
sites is related to DRE in the AC assay (Supported by USPHS GM 34852)
i .a .
KL, nM
KH, nM
KL/K
5-HT
1
1750
5.6
313
5-CT
1
149
0.4
414

DUAL COUPLING OF NATIVE OPOSSUM 5-HT1B RECEPTORS EXPRESSED IN
OK CELLS TO INHIBITION OF cAMP LEVELS AND ELEVATION IN
INTRACELLULAR CALCIUM CONCENTRATIONS. J.M. Zgombick* and T.A.
Branchek. Synaptic Pharmaceutical Corporation, Paramus, NJ 07652.
The OK cell line has been shown previously to express an endogenous 5-HT1B
receptor which negatively couples to the inhibition of adenylate cyclase. Since other
Gi-linked receptors have been shown to couple to both adenylate cyclase inhibition and
intracellular calcium elevations, studies were initiated to determine whether opossum
5-HT1B receptors could also display dual coupling to these signal transduction
mechanisms. Saturation studies using [125I]iodocyanopindolol ( 125ICYP), in the
presence of 3 μM isoproterenol to mask ß -adrenergic receptors, yielded an equilibrium
dissociation constant (Kd) of 100 pM and binding site density (Bmax) of 80 fmol/mg
protein. Addition of 100 μM GTPγ S had little effect on these binding parameters,
suggesting that 125ICYP is a neutral antagonist. Exposure of intact OK cells to 5-HT or
cyanopindolol (CYP) produced dose-dependent inhibitions of forskolin (10 μ M)stimulated cAMP accumulation, with agonist potencies (EC50) of 1-2 nM and maximal
inhibitions (Emax) of 90-95%. The nonselective 5-HT receptor antagonist methiothepin
competitively antagonized the cAMP response, yielding an apparent Kb of 10 nM.
Likewise, both 5-HT and CYP elicited significant elevations in intracellular calcium
concentrations (150 nM increase above basal levels), with comparable agonist
potencies to those obtained with cAMP inhibition. Methiothepin (1 μM) completely
antagonized the response to a saturating concentration of 5-HT (100 nM). Both the 5HT-mediated inhibition of cAMP levels and elevation in intracellular calcium
concentrations in OK cells were completely abolished by pretreatment (18 hrs) with
pertussis toxin (100 ng/ml), indicating that both responses are mediated via Gi/o
proteins. The similar potencies of both 5-HT and CYP to inhibit forskolin-stimulated
cAMP production and to elevate intracellular calcium levels in OK cells indicate that
the 5-HT1B receptor coupling to the two signal transduction pathways represents
relevant cellular responses, rather than the result of promiscuous coupling of this
subtype to different effector systems.
This work was supported by Synaptic Pharmaceutical Corporation.

(±)DPAT
BMY7378
Buspirone
WAY100635
Spiperone

0.75
0.3
0.3
0
0

166
51
534
0.7
42

2.1
3.3
30
0.4
62

81
16
18
1.8
0.7
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THE FUNCTIONAL DISTRIBUTIO N O F TH E 5-H T1A R ECEPTO R IN RAT
BRAIN CORONAL SECTIO NS. A G TPγS35 STUDY. E.V. Cochrane, O.
Shirakawa*#, C.A. Tamminga and R.A. Lahti. Maryland Psychiatric Research
Center, Univ. of Maryland School of Medicine, Baltimore, M D 21228 and
#Dept. of Psychiatry, Kobe University, Kobe, Japan.
The distribution of the serotonin 5-H T1A receptor has been demonstrated
in rat brain sections using autoradiographic techniques and been shown to
be highly localized in the hippocampus and less so in the septum. Recently,
it has become possible to study the functional distribution of receptors in rat
brain slices by using agonist stimulated increases in GTPγS 35 incorporation,
and autoradiographic techniques (Sim et al 1996; Selley et al 1996). It was
the purpose of this study to determine if the distribution of the 5-H T1A
receptor as determined in a functional manner is similar to that determined
using receptor binding techniques.
The method used in this study has been described by others (Selley et al
1996, and Sim et al 1996). Rat brain coronal sections 2 0 μ M thick were
thaw mounted onto gelatin coated slides, dried under a stream of air, and
stored at -80°C until used. Sections were rinsed in assay buffer at 250C for
1 0 min, preincubated with 2 mM GDP in assay buffer at 25°C for 15 min,
then incubated with and without drugs and in the presence of 0.05 nM
GTPγS35 and 2 mM G DP for 2 hours at 25°C. Slides were then rinsed twice
in cold 50 mM TRIS, pH 7.4, then briefly rinsed in deionized water, air dried,
desiccated overnight and apposed to film for 3-5 days, along with C 14
standards. Images were analyzed using a Loats Image analysis system.
Results demonstrated that the distribution of the 5 -H T 1A receptor as
determined using 8 -O H-DPAT stimulation of GTPγS35 incorporation was
highest in the most areas of the hippocampus, especially the dentate gyrus,
followed by the septum. These findings are comparable to those obtained
using receptor binding techniques and are complimentary and confirmatory.

[35S]-GTPγS AUTORADIOGRAPHY REVEALS ANTAGONISM BY THE
NOVEL LIGAND, S 15535, OF CORTICOLIMBIC SEROTONIN 5-HT1A
RECEPTORS: A COMPARISON WITH [3H]-S 15535 AUTORADIOGRAPHY.
A. Newman-Tancredi*, C. C haput, M. Touzard, L. Verrièle and M.J. M illan.
IdR Servier, 125 Chemin de Ronde, 78290 Croissy (Paris), France.
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S 15535 is a novel, selective 5-HT1A receptor ligand1 with a mixed pre-synaptic
agonist, post-synaptic antagonist profile in rodent behavioural tests2. In the
present study, [35S]-GTPγS autoradiography was used to investigate the effects of
S 15535 and the 5-HT1A agonist, (+)8-OH-DPAT, on 5-HT1A receptor-mediated
G-protein activation. Brain sections were incubated (1 h, 37 °C) with Hepes (20
mM, pH 7.4), GDP (2 mM), NaCl (100 mM), MgCl2 (3 mM) and [35S]-GTPγ S
(0.2 nM). Results were compared with the autoradiographic labelling of 5-HT1A
receptors by [3H]-S 15535. For the latter, sections were incubated (1 hr, 22°C)
with [3H]-S 15535 (3 nM) in a buffer containing Tris-HCl (50 mM, pH 7.4),
CaCl2 (2 mM), ascorbic acid (0.1 % w/v) and pargyline (10 μM). Although [3H]S 15535 labelled 5-HT1A receptors in hippocampus, cortex and septum, S 15535
did not stimulate [35S]-GTPγS binding in these regions. In contrast, (+)8-OHDPAT (1 μM) increased [S ]-G T P γS binding in hippocampus by 2-3 fold,
relative to basal binding. This stimulation of binding by (+)8-OH-DPAT was
completely antagonised by the addition of S 15535 (10 μM). These data
demonstrate, at the molecular level, the antagonism of G-protein activation by
S 15535 at limbic 5-HT1a receptors.
1. Newman-Tancredi et al., Eur. J. Pharmacol. 307: 107-111, 1996.
2. M illan et al., J. Pharmacol. Exp. Ther. 268: 337-352, 1994.
This work was supported by Servier Pharmaceuticals.
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5 - H T 1A r e c e p t o r - a c t i v a t e d g - p r o t e i n s : e f f e c t s o f c h r o n i c
D RU G TREATM ENT O N RECEPTOR ACTIVITY IN RA T B R A IN . L.J. Sim*,

D.E. Selley, and S.R. Childers. Dept. Physiol./Pharmacol., Bowman
Gray Sch. Med., Wake Forest University, Winston-Salem, NC 27157.
Activation of G-proteins by the 5-HT1A agonist 8-OH-DPAT was
measured using stimulation of [35S]GTPγS binding in rat brain sections.
One group of rats was treated chronically with the 5-HT1A partial
agonist buspirone (5 mg/kg, 21 days), and 8-OH-DPAT-stimulated
[35S]GTPγS binding was measured autoradiographically. Decreased 5HTiA-stimulated [35S]GTPγS binding was measured in the dorsal raphe
nucleus after chronic buspirone treatment. However, no significant
change was detected in 5-HT1A-stimulated [35S]GTPγS binding in the
hippocampus or septum. A separate group of animals was treated
chronically with cocaine (30 mg/kg, 7 days), and 8-OH-DPATstimulated [35S]GTPγS binding was examined in brain sections. No
changes in 5-HT1A-stimulated [35S]GTPγS binding were found in any
region examined. A third group of animals received a 5% ethanol diet
for 4 weeks. In this case, a significant increase in 8-OH-DPATstimulated [35S]GTPγS binding was measured in the hippocampus, with
no significant changes found in other regions examined. These results
indicate that: 1) chronic drug treatment can affect 5-HT1A receptorcoupled G-protein activity; and 2) different drugs may differentially
affect pre- versus post-synaptic 5-HT1A receptors.
Supported by USPHS grants DA-00287 and DA-06634 from NIDA.
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CHARACTERIZATION OF 5-HT1A RECEPTOR-MEDIATED [35S]GTP-γ-S
BINDING IN RAT HIPPOCAMPAL MEMBRANES. R.H. Alper1,2* and D.L .
Nelson1. 1Neuroscience Research, Eli Lilly and Company, Indianapolis, IN 46285,
and 2Dept. of Pharmacol., Univ. of Kansas School of Med., Kansas City, KS 66160.
The G protein-linked 5-HT1Areceptor inhibits forskolin-stimulated adenylyl cyclase
and activates an inwardly rectifying K+current. To assess 5-HT1Areceptor function in
vitro, an assay was developed to measure binding of [35S]GTP-γ-S in hippocampal
membranes from male Sprague-Dawley rats. The optimized assay contained 30-50 μg
thawed membrane protein, 300 μM GDP and 0.07-0.2 nM [35S]GTP-γ-S. The full 5HT1A receptor agonist R(+)8 -hydroxydipropylaminotetralin (R-DPAT) stimulated
GTP-γ-S binding 68 ± 3% from a basal value of 27.1 ± 2.5 to an
axof 45.7 ± 4.2
m
E
fmol/mg protein with an EC50of 134 ± 25 nM. Increasing the protein concentration
did not affect the absolute difference between basal and maximal GTP-γ-S binding nor
the EC50, but decreased the relative stimulation above basal to only 53 ± 3% (85 μg
protein) and 36 ± 2% (200 μg protein). In another set of experiments the nonselective agonists 5-HT (EC50= 257 ± 73 nM) and 5-carboxamidotryptamine (EC50 =
41 ± 10 nM ) were 30-35% more efficacious than R-DPAT (EC50= 92 ± 13), whereas
the partial agonists buspirone (EC50, = 171 ± 35 nM) and S(-)8-OH-DPAT (EC50 = 79
± 16 nM) stimulated GTP-γ-S binding to 19 ± 1% and 43 ± 3%, respectively, of RDPAT. Neither the 5-HT2 receptor agonist DOI nor the 5-HT1Areceptor antagonist
WAY 100635 altered basal GTP-γ-S binding. WAY 100635 abolished the effect of
R-DPAT (estimated Ki of 0.8 ± 0.19 nM), but only reduced the effect of 5-HT by 8 8
± 3% (Ki ≈ 0.5 ± 0.06 nM). This residual “non-WAY sensitive” 5-HT-stimulated
GTP-γ-S binding (12 ± 2% of maximal) was observed consistently. Thus, we have
characterized a method to assess functional activity at 5-HT1Areceptors in frozen rat
hippocampal membranes by measuring agonist-induced [35S]GTP-γ-S binding.
[Supported by grants from the NIH and the Kansas Affiliate of the American Heart
Association (RHA) and by Eli Lilly and Company]
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S T IM U L A T IO N
OF
[ 35S ] G T P γS
B IN D IN G
BY
5 - H T 1D
R E C E P T O R S IN T H E S T R IA T U M : A L T E R A T IO N W IT H A G E
P. Fanning*, E . O 'Loinsigh, K. M. O'Boyle . Dept. Pharmacol., Univ. C ollege
Dublin, B elfield, Dublin 4, Ireland.
5-H T 1D receptors are located pre-synaptically on the terminals o f the
serotonergic neurons which project from the raphe nucleus to the basal ganglia. In
this study, a range o f agonists were investigated for their ab ility to stimulate
[35S ]G T P γS binding and 10 displace [3H ]5-H T binding from bovine caudate
membranes. In both studies the pharmacological profile was consistent with that
o f the 5-H T1D receptor. The potency order generated by both sets o f experiments
was : L -694,247 = 5-CT > RU 24969 > 5-H T >> 8 0 H DPA T > DOI, although
agonists were consistendy more potent in the binding experiments than in the
functional tests. Linear regression analysis o f the data sets revealed a significant
correlation (r = 0.976, p<0. 001).
Experiments performed on membranes from striata o f young (4 months) and old
(20-22 months) male Wistar rats showed the density o f the 5-H T 1B/1D receptor was
significantly decreased with age (Bina.x : 10.0 ± 1.6 vs 3.6 ± 0.5 pm ol/g wet wi,
a = 3-5, p<0.5, t-test). There was also a significant reduction in the potency o f 5HT to stimulate [35S]G T P γS binding (log EC50 : 5.7 ± 0.1 vs 4 .8 ± 0.2, n = 39, p<0.005, t-test). This is in contrast to D 2 dopamine receptors which showed a
50% reduction in receptor number with age (Bmax : 19.6 ± 1.5 vs 9.8 ± 0.7
pm ol/g wet wt, u = 3-6, p <0.05, t-test) w hile show ing no difference in the
potency o f dopamine to stimulate [;’5S]G TP γS binding.
In conclusion this may indicate the presence o f spare receptors for the D 2
dopamine receptors but not for the 5-H T 1D-like receptors.
This work was supported by the Health Research Board.

A [35S]GTPγS BINDING ASSAY FOR MEASURING ACTIVATION OF
THE CLONED HUMAN 5-HT1F RECEPTOR. D.L. Nelson*, K.W.
Johnson, L.A. Phebus, and D.B. Wainscott. Lilly Research Laboratories,
Eli Lilly and Company, Indianapolis, IN 46285.
In an effort to develop a convenient functional assay for activation of
the 5-HT1F receptor, agonist-stimulated [35S]GTPγS binding was
examined. After optimization of GDP, Mg++, and Na+ concentrations, it
was found th a t 5-HT increased [35S]GTPγS binding in membrane
homogenates containing the cloned human 5-HT1F receptor. The maximal
increase in agonist-induced [35S]GTPγS binding occurred by 30 min at
37°C. For serotonin this increase averaged 143 ± 13% above baseline
with an EC50 of 154 ± 7 nM. Examination of a series of agonists showed
good correlation between the potency of compounds to activate [36S]GTPγS
binding and their affinity constants a t the 5-HT1F receptor. For example,
comparison of the pKi values of six compounds (determined against the
binding of the 5-HT1F agonist ligand [3H]LY334370) and the pEC50 values
from the [35S]GTPγS binding assay yielded a correlation coefficient (R) of
0.978. A model of trigeminal nerve-stimulated dural extravasation in the
guinea pig has previously been proposed as an example of 5-HT1F receptor
activation in vivo (Johnson et al, Soc. Neuorsci. Abstr. Vol 22, P art 2,
p. 1330, 1996). Comparison of nine compounds for their pEC50 values at
the [35S]GTPγS binding assay versus their pID50 values for inhibiting
trigeminal nerve-stimulated dural extravasation revealed a significant
correlation (R = 0.931). Compounds developed to have activity in the
abortive treatm ent of migraine headache showed agonist activity at the
5-HT1F receptor with a range of potencies. These included sumatriptan,
L-694,247, rizatriptan (MK-462), naratriptan, zolmitriptan, and
CP-122,288.
In summary, agonist-stimulated [35S]GTPγS binding
provided a robust, reproducible assay of activation of the cloned human
5-HT1F receptor in a membrane preparation. (Funded by Eli Lilly and
Company)
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B INDING A N D SIGNAL T R ANSDUC TIO N PROPERTIES OF AL N ID IT A N AT
H U M A N 5H T 1B A N D 5H T 1D RECEPTORS E XPRESSED IN VAR IOU S
M AM M A LIAN CELL LINES. A.S. L esage§*, R. W outers§, P. Van G om pel§,
L. H eylen§, W.H.M .L. Luvten§, P. Vanhoenackero, G. H aegemano and J.E. L evsen§ .
§ Janssen Research Foundation, Beerse, Belgium ; oUniversity o f Gent, Belgium .
Alniditan, a novel migraine abortive agent, is a potent 5H T 1B/5H T 1D receptor (R)
agonist o f nM affinity. W e studied the binding and signal transduction properties o f
alniditan on the cloned human 5H T 1B R expressed in H EK 293 and L 929sA cells and
on the cloned human 5H T 1D R expressed in C6 gliom a cells. Sodium butyrate
treatment increased the expression level o f h5H T 1B R in HEK 293 cells and h5H T 1D R
in C6 gliom a cells approximately 3-fold, IFNß-treatment enhanced h5H T 1B R in
L 929sA cells approximately 10-fold. Binding affinity o f [3H ]5H T and [3H]alniditan
were unaffected by butyrate treatment. [3H]alniditan had a Kd-value o f 2 nM for the
h5H T 1B R and a Kd-value o f 1 nM for the h5H T 1D R. Alniditan inhibited [3H ]5HT
binding to h5H T1B and h5H T lD R with a Ki value o f 0.9 nM and 0.4 nM respectively.
Agonistic properties o f alniditan, sumatriptan and dihydroergotamine were evaluated
based on inhibition o f cAM P accumulation in the cells after stimulation o f adenylyl
cyclase with forskolin or isoproterenol. Alniditan, sumatriptan and dihydroergotamine
were full agonists at the h5H T 1B and h5HT1D R. A gonist potency o f alniditan and
sumatriptan at h5HT]B R increased slightly with receptor density from respectively
4 nM and 83 nM in non-induced L 929sA cells (B max 200 fm ol/m g protein) to 1 nM
and 23 nM in IFNß-induced L 929sA cells (B max 2300 fm ol/m g protein). The opposite
was seen for antagonists (ocaperidone, risperidone and ritanserin). Alniditan was
more potent than sumatriptan at the h5H T 1B R (at all receptor densities), and twice as
potent at the h5H T 1D R (1.3 versus 2.6 nM). Dihydroergotamine was a more potent
agonist at the h5H T1B R when expressed at high and low level in L 929sA cells (but
not in HEK 293 cells), and was less potent at the h5H T ]D R. The 5H T 1B/5H T 1D R
agonistic properties o f alniditan may underly its therapeutic action in migraine.
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THE HUMAN 5HT-2A RECEPTOR STABLY EXPRESSED IN L929 CELLS:
TESTS ON INOSITOL PHOSPHATE FORMATION AND ARACHIDONIC
ACID RELEASE. M. Jurzak*, G. Van Hecke, W. H. M. L. Luyten, P.
Vanhoenacker#, G. Haeaeman# and J. E. Leysen. Janssen Research
Foundation, 2340 Beerse, "University of Gent, 9000 Gent, Belgium.
Rat 5-hydroxytryptamine (5-HT) receptors of the 5-HT2 subtype (5-HT2A and
5-HT2C) expressed in NIH-3T3 cells have been shown to couple to
phospholipase C and phospholipase A2 activation.
In this study, the
pharmacology and second messenger coupling of the cloned human 5-HT2A
receptors expressed in L929 cells using the ß -interferon inducible pSP64MxpA
vector was investigated. Receptor expression was measured by antagonist
binding with [125l]5-iodo-R91150 in cell membrane preparations. Bmax values
were 3.8-5.4 pmol/mg protein with a KD of 0.14 nM. Receptor activation in
tansfected L929 cells was determined by measurement of 5-HT-induced
inositol phosphate (IP) formation and [3H]arachidonic acid (AA) release. The
pEC50-value of 5-HT was 7.16±0.03 for IP formation, which was comparable to
the pEC50 value of 7.44±0.04 obtained in tests on AA release. Maximal
stimulation in both tests was dependent on the content of serum-borne 5-HT in
the culture. The highest stimulation in the IP test was measured using
dialyzed serum in the culture medium, while AA release was highest in serumfree conditions. Several reference antagonists were used in binding and
functional tests to obtain a pharmacological profile of the receptor. Of the
ligands tested, methysergide behaved as a partial antagonist on the human
5-HT2A receptor in both signal transduction tests after stimulation with 300 nM
5-HT. The potency of compounds to antagonize the 5-HT-evoked signals was
comparable in both tests, with the exception of the 4-amino,5-halo,2methoxybenzamides, cisapride and 5-iodo-R91150, which were slightly less
potent in the AA release test.
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IN VIVO EEDQ INACTIVATES 5-HT2A/2C R E C E PT O R S BUT N O T PO ST
RECEPTOR COMPONENTS
IN
PH O SPH O LIPA SE
C
SIGNAL
TRANSDUCTION PATHWAY. L.J. Schütz*, A.Vicentic, W .Pinto, W. A. W olf and
G.Battaglia. Dept. of Pharmacology, Loyola University Chicago, Stritch School of
Medicine, Maywood, IL 60153; Hines VA Medical Center, IL 60141.
We have previously reported that EEDQ inactivates 5-HT2 receptors without
affecting receptor G-protein coupling (Battaglia et al. JPET, 1987). The objective of
the present study was to determine whether EEDQ administration in rats would
affect any receptor-mediated phospholipase C activity. Male rats (n=5) were
injected with maximal doses of EEDQ (10 mg/kg) and were killed four hours post
injection. The frontal cortex was removed and frozen until assayed. 5 - H T 2a /2 c
receptor number (Bmax) was determined using saturation radioligand binding with
3H-ketanserin. A 70% decrease in Bmax was observed in EEDQ treated rats (131.26
fm/mg protein) when compared to vehicle treated controls (399.78 fm/mg protein).
An optimized phospholipase C assay was used to determine the function of the
receptor-stimulated PLC activity (Wolf, J.Neurochem., 1997 in press). The non
receptor linked PLC activity was not affected by EEDQ treatment. Ca+2 stimulated
PLC activity was similar in both EEDQ and vehicle treated rats (231.7 versus 194.2
pmol/mg protein/min, respectively). Similar results were obtained for GTPγSstimulated PLC. On the other hand, 5HT-stimulated PLC activity was reduced by
85%; with a signal of 26.4 pmol/mg protein/m in for EEDQ treated and 178.8
pmol/mg protein/min for vehicle treated rats. These results show that in vivo EEDQ
treatment can be used as a tool to investigate the correlation between the
inactivation of 5-HT2 receptors and the reduction of agonist-mediated stimulation of
phospholipase C. Furthermore, the presence of spare receptors with respect to the
second messenger system in different brain regions could be examined utilizing this
technique. (Supported by NIDA, DA 07741)
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60.16
INVOLVEM ENT OF A TYROSINE KINASE PATHW AY
IN AGONIST-M EDIATED PH O SPHO RYLATION OF
5-H T 2C RECEPTORS J. R. Backstrom* and E. Sanders-Bush
Department of Pharmacology and Center for Molecular Neuroscience
Vanderbilt University School of Medicine, Nashville, TN 37232.
R at 5 -H T 2C recep to rs h ave a m ass o f 40 k D a in S D S -p o ly acry lam id e
gels w hen 3T 3/2C cells are grow n in the p resen ce o f tu n icam y cin to
p rev en t N -lin ked g ly co sy latio n (B ack stro m et al., 1995). T re atm en t o f cells
w ith ag o n ists (e.g. D O I), but no t an tag o n ists (e.g. clo zap in e), resu lted in
the app earan ce o f an alk alin e p h o sp h atase-sen sitiv e 41 k D a protein,
co n sisten t w ith p rev io u s results o f in creased [32P] in co rp o ratio n in
g ly co sy lated receptors (W estphal et al., 1995). P re -in cu b atio n o f cells with
inhibitors o f k in ase A, k in ase C, o r C a2+-calm o d u lin k in ase II befo re
treatm en t w ith D O I did not p rev en t th e app earan ce o f th e 41 k D a protein.
H ow ever, the ty ro sin e k in ase in h ib ito r g en istein , bu t not th e in activ e analog
d aid zein , p artially b lo ck ed D O I-m ed iated fo rm atio n o f the 41 kD a
protein. T hese results suggest th at a ty ro sin e k in ase path w ay is inv o lv ed in
early (<15 m in) ag o n ist-m e d ia te d p h o sp h o ry la tio n o f 5 -H T 2C recep to rs.
To m ap regions o f recep to r pho sp h o ry latio n , cells w ere treated w ith D O I
o r clo zap in e and then incu b ated w ith trypsin. Im m u n o b lo ts o f m em b ran e
fractio n s w ere p ro b ed w ith an tib o d ies ag ain st th e th ird in tra ce llu la r loop
(an ti-2 C -IC ) o r the carb o x y -term in u s (an ti-2 C -C T ). P relim in ary resu lts
su g g est th at ag o n ist-m ed iated p h o sp h o ry latio n occu rs in e ith e r th e first
in tra ce llu la r loop o r th e c a rb o x y -term in u s. E x p erim en ts in p ro g ress are
d esig n ed to identify these p h o sp h o ry lated am in o acids. T his w ill be
im p o rtan t fo r g e n eratin g an ti-(p h o sp h o )-p e p tid e an tib o d ies to v isu alize in
v ivo activ ated receptors. T h ese an tib o d ies will help e lu cid ate how the loss
o f 5 -H T 2C recep to rs resu lts in ep ilep tic-lik e seizu res (T eco tt et al., 1995).
(Supported by NIH research grants MH34007, DA05181, and training grant
MH19732, and the American Epilepsy Society with support from The Lennox Fund).
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DIFFERENTIAL SIGNALING PROPERTIES OF LYSERGIC ACID
DIETHYLAMIDE AT SEROTONIN 5-HT2C RECEPTORS.

INVERSE AGONIST EFFECTS OF SB206553 IN A LOW-EXPRESSING 5-HT2c
RECEPTOR CELL LINE. K.A. Berg*1, B. Stout1, S. M aavani2, W.P. C larke1.
Depts. of Pharmacology1, Univ. of Texas Health Science Center, San Antonio, TX
78284 and Anesthesiology2, Mount Sinai Medical Center, New York, NY 10029.
Inverse agonists are said to stabilize an inactive receptor state (R), shifting the equi
librium away from an active receptor state (R*), thereby reducing "basal'’ effector activ
ity. Typically, the effects of inverse agonists are best seen when R* is present in large
amounts (e.g., when receptors are overexpressed or are mutated). In such systems, sus
tained treatment (24h) with inverse agonists leads to receptor upregulation. Thus, con
stitutive receptor activity (R*) could produce partial constitutive receptor system desen
sitization. Here, we report that, in a system where receptors are not overexpressed, as
little as 4h exposure to an inverse agonist leads to enhanced responsiveness. In CHO
cells (1C19) expressing a moderate level of the human 5-HT2C receptor (200 fmol/mg;
no receptor reserve for 5-HT) we evaluated the effect of SB206553 by measuring PLCIP accumulation (IP) and PLA2-arachidonic acid (AA) release. SB206553 (300 nM, 100
x KB) reduced basal IP and AA release (81% and 26%) in a cell line (1C7) expressing
≈3 pmol/mg of the 5-HT2C receptor, but not in 1C19 cells. However, incubation of
1C 19 cells with SB206553 for 4h increased DOI (1 μM )-mediated IP by 39%±6%
(p<0.0005, n=3) which was blocked by the 5-HT receptor antagonist, 5-methoxygramine (100 μM). After 24h treatment, SB206553 increased the Emax for DOImediated IP by 110%±32% without effect on the EC50 (n=3). This effect appeared to
reverse within 4h after SB206553 washout (91%±13% vs 16%±10% above control,
before and after washout). Interestingly, 24h SB206553 treatment did not increase the
Emax for DOI-mediated AA release (n=3). Similar enhancing effects on DOI-mediated
IP were seen with mianserin (24h, 100 x KB), while 24h treatment with agonists LSD
and 5-HT (100 x K a ) decreased maximal DOI-mediated IP by 42%. These data suggest
that SB206553 may sensitize the 5-HT2C-PLC-PI pathway to activation by agonists.
Since sensitization was not seen for the PLA2-AA pathway, the effect is not likely to
be mediated by upregulation of 5-HT2C receptors. (Supported by USPHS grants DA
09094 and HD 26437).

M. S. Chang, H. Chu and E. S a n d e rs-B u sh * . D e p a rtm e n t o f
Pharmacology and C enter for M o le c u lar N e u ro sc ie n c e V a n d e rb ilt
University School of M edicine, N ash v ille, T N 37232.
Behavioral effects o f hallu cin o g en s such as ly serg ic acid d ieth y lam id e
(LSD) are hypothesized to be m ed iated by 5 -H T 2C an d /o r 5 -H T 2A
receptors. However, not all ag o n ists at these recep to rs e licit hallu cin o g en ic
responses. It is possible that differen ces in b e h av io ral resp o n se are du e to
differential receptor interactions. A ltern ativ ely , th e ag o n ists m ay
discriminate signaling respon se m ed iated by the recep to rs. O u r
observations provide evidence su g g estin g the latter. In fib ro b last cell line
expressing 5-HT2C receptors (3T 3/2C ), w e d efin ed th e e fficacy o f various
agonists [serotonin (5-H T ), 2 ,5 -d im e th o x y -4 -b ro m o a m p h e ta m in e (D O B ),
LSD, m -chlorophenylpiperazine (m C PP) and m -triflu o ro m e th y lp h e n y lpiperazine (TFM PP)] to stim u late accu m u latio n o f in o sito l m o n o 
phosphate in the presence o f lithium . T h e m ax im u m e ffe c t o f d ifferen t
agonists are com parable, w ith E C 50 values ran g in g fro m 1-10 nM . W e
also assessed the ability o f the ag o n ists to m o b ilize in tra ce llu la r calciu m
using Fura-2/AM and single cell calciu m im ag in g tech n iq u es. A g o n ists
were superfused at c oncentratio n s ap p ro x im ately 10-fo ld h ig h er th an the
EC50 determ ined in phosp h atid y lin o sito l h y d ro ly sis (PI) e x p erim en ts. 5HT, DOB, m CPP and T F M P P in d u ced rapid m o b ilizatio n o f in tracellu lar
calcium, consistent w ith th eir ability to activ ate p h o sp h o lip ase C. H ow ever,
LSD did not elicit a receptor-m ed iated c alciu m release. In cells tran sien tly
expressing 5-H T2C receptors, w e o b serv ed a large a m p lificatio n o f th e PI
signal stim ulated by 5-H T as e v id en ced by a 100-fold red u c tio n in the
EC50 of PI hydrolysis versus E C 50 o f b inding. T his a m p lificatio n is no t
observed with LSD . C ollectively, these results su g g est th at L S D has
different signaling properties at 5 -H T 2C recep to rs co m p a re d to o th er
agonists. (Supported by NIH research grants MH34007 and DA05181).
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DESENSITIZATION CH ARACTERISTICS OF THE 5-H T 2 c RECEPTORCOUPLED PLA2-ARACHIDONIC ACID PATHWAY. B.D. Stout1*, K.A. Berg1,
S. Maavani2, W.P. Clarke1. Dept. of Pharmacology1, Univ. of Texas Health Science
Center, San Antonio, TX 78284, Dept, of Anesthesiology2, Mount Sinai Medical
Center., CUNY, New York, NY 10029.
The 5-HT2C receptor activates phospholipase C (PLC) and phospholipase A2
(PLA2). Previously we demonstrated (Soc. Neurosci. Abstr. 22:1777, 1996) a rapid
(within 10 min) desensitization of agonist-activated 5-HT2C receptor-coupled PI
hydrolysis, which recovers partially (to 80% of control) within 15 min upon removal
of agonist. Here we investigated the desensitization characteristics of PLA2-mediated
arachidonic acid (AA) release coupled to the 5-HT2C receptor, in order to compare the
desensitization characteristics of the two pathways. These, as the previous experi
ments, were performed using CHO cells stably transfected with the human 5-HT2C
receptor (≈200 fmol/mg; 1C19 cell line). Cells were labeled for 4 hrs with 0.1 μCi/ml
[3H]-AA and pretreatment with 5-HT was performed in the presence of the [3H]-AA.
To assess activation of the PLA2 pathway, the amount of AA released over 10 min in
response to maximal 5-HT (10 μM) was measured. Pretreatment with 5-HT at maxi
mal concentrations induced desensitization of the AA response of 49±6% (n=6) within
15 min, as compared to a 70±1% (n=5) loss of the PI response within the same time
frame. Following the 15 min pretreatment, the 5-HT2C receptor system recovered
fully within 15-30 min upon agonist washout. When cells were pretreated with 5-HT
to produce 50% occupancy (30 nM) for up to lhr there was no apparent desensitiza
tion. This is in contrast to the effect of pretreatment with 30 nM 5-HT on the PI
pathway, where pretreatment with 30 nM 5-HT induced a desensitization of 60±2%
(n=4). Also ,as for the PI response, there appears to be no heterologous desensitization
between the 5-HT2C and the endogenous purinergic (P2Y) receptor systems. These
results suggest that agonist-induced desensitization of the 5-HT2C receptor system
may differ with respect to the effector pathway measured. We propose that drug-directed
trafficking of receptor-linked signal transduction may be altered by events associated
with receptor system modulation.(Supported by NIH grants DA09094 and HD26437).

USE OF THE CYTOSENSOR MICROPHYSIOMETER TO EVALUATE 5-HT1A
RECEPTOR FUNCTIONAL RESPONSE IN CELLS EXPRESSING THE HUMAN
5-HT 1A RECEPTOR
J. Dunlop*, Y. Zhang, D. Sm ith, S.P. Nawoschik, P.M . Pearsall, R. Ochalski and
L.E. Schechter. CNS Disorders, Wyeth-Ayerst Research, Princeton, NJ 08543, USA.
A series of 5-HT1A receptor ligands have been evaluated for 5-HT1A receptor
functional activity using the agonist stimulated increase in extracellular acidification
rate, measured with the microphysiometer, as a functional assay. 5-CT (1.2nM EC50)
and 8-OH-DPAT (7.8nM EC50) were potent agonists in stimulating an increase in
extracellular acidification rate in cells stably expressing the human 5-HT1A receptor
subtype. In -addition, a similar maximum response was observed with these two
agonists. Concentration dependent agonist effects were also observed in the presence of
buspirone (10.7nM EC50), ipsapirone (20.4nM), BMY 7378 (2.0nM), NAN 190
(1.3nM) and WAY100135 (7.8nM). Each of these compounds exhibited partial
agonist activity relative to the maximum response elicited in the presence of 5-CT or
8-OH-DPAT. The rank order of potency for a series of 5-HT1A receptor antagonists in
inhibiting the 8-OH-DPAT stimulated increase in extracellular acidification rate was
WAY 100635 (2.1nM IC50) > LY206130 (7.1nM) > (+) WAY100135 (12.6nM) >
(±) WAY 100135 (28.8nM) > pindolol (70.8nM) > (-)UH-301 (93.3nM). As a
comparison, 5-HT1A receptor functional activity was further evaluated using the
inhibition of forskolin stimulated adenylyl cyclase activity. Agonist potencies were
generally similar between the two assays and were in good agreement with the
estimated 5-HT1A receptor binding affinities. However, the relative efficacies
determined for the partial agonists in the cAMP assay were significantly greater than
those observed with the microphysiometer. Antagonist potencies estimated with the
microphysiometer were in gpod agreement with the corresponding 5-HT1A receptor
binding affinity, and compounds were generally weaker antagonists in the cAMP
assay.
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ANTAGONISM OF THE RATE-DECREASING EFFECTS OF 8-OHDPAT IN RATS BY 5-HT1ACOMPOUNDS VARYING IN INTRINSIC
ACTIVITY. S. J. Sukoff* and S. Rosenzweig-Lipson. W yeth-Ayerst
Research, CNS Disorders, Princeton, NJ 08543.
The ability of 5-HT1A compounds with differing levels of intrinsic
activity to antagonize the rate-decreasing effects of the high-5-H T1A
agonist 8-OH-DPAT was investigated in rats. Rats were trained to
respond under a FR30 schedule of food presentation. W hen adm ini
stered alone, 8-OH-DPAT produced dose-dependent decreases in
response rate with an ED50 value of 0.16 mg/kg. Pretreatment with the
silent 5-HT1A antagonist WAY 100635 (0.003 - 1 mg/kg), the very low
efficacy 5-H T1A agonist WAY 101363 (0.01 - 3 mg/kg), and the lowefficacy 5-HT,A agonists S(+)WAY 100135 (3 - 30 mg/kg) and pindolol
(0.3 - 30 mg/kg) produced dose-dependent rightward shifts of the 8-OHDPAT dose-effect curve, indicative of surmountable antagonism. Prereatment with the modest intrinsic activity 5-HT1A agonists buspirone
(0.1 -0.3 mg/kg) or NAN-190 (0.1 - 0.3 mg/kg) did not antagonize the
8-OH-DPAT dose-effect curve. The magnitude of the shifts produced
by the different 5-HT1A compounds depended on the level of intrinsic
activity. Following administration of 1.0 mg/kg WAY 100635, the ED50
for 8-OH-DPAT was increased >20-fold to 3.5 mg/kg. Administration of
either 1.0 or 3.0 mg/kg WAY 101363 produced a maximal shift of the 8OH-DPAT dose-effect curve with the ED50 value for 8-OH-DPAT
increasing 13-fold to 2.0 mg/kg. Following administration of 30 mg/kg
S(+)WAY 100135 or 30 mg/kg pindolol the ED 50 value for 8-OH-DPAT
increased 8-10-fold. Following administration of 0.3 mg/kg buspirone
or 0.3 mg/kg N AN -190, the ED50 for 8-OH-DPAT was increased <2-fold.
These results suggest that the level of intrinsic activity of 5-H T1A
compounds can be determined using in vivo procedures.

EFFECTS OF 5-HT1ACOMPOUNDS ON LOW DOSE 8-OH-DPAT
DRUG DISCRIMINATION IN RATS AND PIGEONS. R.
Brandsgaard*, M. Piesla, K. Marquis, and S. Rosenzweig-Lipson.
W yeth-Ayerst Research, CNS Disorders, Princeton, NJ 08543.
In the present study, rats and pigeons were trained to discriminate the
high efficacy 5-HT1A agonist, 8-OH-DPAT (0.1 mg/kg) from saline using
two-lever food reinforced drug discrimination procedures. 5-H T1A
compounds with differing levels of intrinsic activity were tested for their
ability to substitute or antagonize the discriminitive-stimulus of 8-OHDPAT. In both rats and pigeons, 8-OH-DPAT (0.003-0.3 mg/kg) and
the modest efficacy 5-HT1A agonist zalospirone (0.3-5.4 mg/kg) dose
dependently increased drag-lever responding with full substitution at 0.1
mg/kg of 8-OH-DPAT and 3.0-5.4 mg/kg of zalospirone. The modest
efficacy 5-H TIA agonist N A N -190 (0.54-3.0 mg/kg) partially substituted
in rats with maximal substitution of 50% at 1.7 mg/kg and did not
substitute in pigeons. The low efficacy 5-H T1a agonist pindolol (0.330.0 mg/kg) partially substituted in pigeons with maximal substitution of
40% at 10.0 mg/kg and did not substitute in rats. The low efficacy 5H T1A agonist S(+)WAY 100135 (0.1-5.6 mg/kg), partially substituted in
pigeons with maximal substitution of 75% at 5.6 mg/kg and did not
substitute in rats. The very low efficacy 5-HT1A agonist WAY 101363
(0.001-0.1 mg/kg) did not substitute in pigeons or rats. Pretreatment
with WAY 101363 (0.01-0.1 mg/kg), dose-dependently attenuated 8OH-DPAT in rats and pigeons. Pretreatment with the 5-H T1A antagonist
WAY 100635 (0.001-0.3 mg/kg) dose dependently attenuated 8-OHDPAT in pigeons with full attenuation at doses ≥ 0.01 mg/kg. The
present results suggest that low dose 8-OH-DPAT drug discrimination
may allow for the detection of agonist properties of low intrinsic activity
5-H T 1a agonists in both rats and pigeons.

60.23
EVALUATION OF THE EFFECTS OF GUANINE NUCLEOTIDES ON
AGONIST BINDING TO THE RAT 5-HT7RECEPTOR EXPRESSED IN
CHO-CELLS. S. Rosqvist and L. Unelius*.
Departm ent of M olecular Pharmacology, Preelinical R&D, Astra Arcus
AB, S-151 85 Södertälje, Sweden.
The serotonin7 (5-HT7) receptor is a member of the G-protein coupled
serotonin receptor family. It has been shown to couple positively to
adenylyl cyclase. In the CNS, the 5-HT7 receptor is mainly localized in
hypothalam us, hippocam pus, cerebral cortex, olfactory bulb and
olfactory tubercle. Due to the distribution and the pharm acology of the
5-HT7 receptor, it has been proposed to be involved in psychiatric
diseases and disturbances in circadian rhythm s. In this study the 5-HT7
receptor, stably expressed in Chinese ham ster ovary (CHO) cells (Ruat
et.al., 1993), was characterized by in vitro receptor binding using the
endogenous agonist 3H-5-HT as well as the antagonist 3H-lysergic acid
diethylamide (3H-LSD). Guanine nucleotides induced a much smaller
shift of agonist binding affinity than expected. However, we observed a
large increase of cAMP levels after agonist stimulation, showing that the
receptors couple effectively in these cells. We have also investigated the
effect of bacterial toxin treatm ent of the cells on receptor binding
characteristics and signal transduction. In conclusion, the 5-HT7 receptor
couples to the Gs-protein in a different m anner than previously studied
G-protein coupled receptors.
Ruat, M., Traiffort, E., Leurs, R., Tardivel-Lacombe, J., Diaz, J., Arrang,
J.-M, and Schwarz, J.-C. Proc. Natl. Acad. Sci. USA 90, 8547-8550,1993.
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BRAIN-SPECIFIC HIGH AFFINITY L-PROLINE TRANSPORTER:
PREFERENTIAL LOCALIZATION TO A SUBSET OF EXCITATORY
NERVE TERMINALS IN CULTURED RAT HIPPOCAMPAL NEURONS.
F. T. Crump1, A. M. Craig1, M. Kwatra2* and R. T.Fremeau. Jr.2 1Dept. of Cell
and Structural Biol., University of Illinois, Urbana, IL 61801, and 2Dept. of
Pharmacol, and Neurobiol., Duke Univ. Med. Ctr., Durham, NC 27710.
The expression of a high affinity Na+- (and Cl-)-dependent L-proline
transporter (PROT) in subpopulations of glutamatergic pathways in mammalian
brain suggests a physiological role for this carrier in excitatory neurotransmission
(Fremeau et al., Neuron 8:915-926,1992). Ultrastructural immunogold-silver
labeling and biochemical fractionation studies demonstrated that the PROT
protein is localized to a subset of excitatory nerve terminals in rat forebrain,
where it is unexpectedly enriched in synaptic vesicles. To assess further the
association of PROT with excitatory nerve terminals, we examined its
expression and distribution in low density cultures of embryonic rat hippocampal
neurons. PROT immunoreactivity was first detected at about 12 days in culture
exhibiting a highly punctate labeling pattern. Independent antibodies raised
against the amino- or carboxy-termini of PROT gave similar staining patterns.
PROT mRNA was expressed by ~60% of the neurons at two weeks in culture.
Double-labeling with the synaptic vesicle protein SV2 demonstrated that the
PROT-immunoreactive puncta correspond to a subset of synaptic terminals.
GABAergic terminals, identified by staining for glutamic acid decarboxylase,
lacked specific PROT immunoreactivity.
Glutamatergic synapses were
characterized by staining for the NMDA-type glutamate receptor subunit
NMDAR1 and the AMPA-type glutamate receptor subunit GluRl. PROT-labeled
terminals were apposed to some but not al1 NMDAR1 and GluRl labeled
postsynaptic sites. These findings warrant the consideration of a novel
presynaptic regulatory role for PROT in excitatory transmission in specific
glutamatergic nerve terminals. Supported by grants from the NINDS (R.T.F. and
A.M.C.) and the Markey Charitable Trust (A.M.C.)

MAMMALIAN BRAIN PROT IS TARGETED TO SMALL SYNAPTICLIKE MICROVESICLES WHEN EXPRESSED IN PC-12 CELLS. R. T.
Fremeau. Jr.1*, H. Varoaui2, and J. D. Erickson2. 1Dept. of Phannacol. and
Neurobiol., Duke Univ. Med. Ctr., Durham, NC 27710, and 2N euroscience
Center and Dept. of Phannacol., LSU Med. Ctr., New Orleans, LA 70112.
The mammalian, brain-specific, high affinity L-proline transporter (PROT)
is enriched on synaptic vesicles within a subpopulation of excitatory nerve
terminals in rat forebrain (Soc. Neurosci. Abstr., Vol. 21, part 3, p.2062, 1995;
Soc. Neurosci. Abstr., Vol. 22, part 1, p.731, 1996). To address further whether
the PROT protein contains within its primary amino acid sequence information
necessary for targeting to intracellular vesicles, we expressed PROT in PC-12
cells, a neuroendocrine cell line which contains both large dense core vesicles
(LDCVs) and small synaptic-like microvesicles (SSVs). The results were
compared with transfected PC-12 cells expressing the human vesicular
transporters, VMAT2 and VAChT, preferentially targeted to LDCVs and SSVs,
respectively (Soc. Neurosci. Abstr., Vol. 22, part 1, p.368, 1996).
Immunofiuorescent staining of NGF-treated, transfected PC-12 cells
revealed that PROT is localized intracellularly, with little staining of the
plasma membrane. Postnuclear homogenates from transfected PC-12 cells
were fractionated on sucrose density gradients and assayed by immunoblotting.
PROT immunoreactivity was found in light fractions which contain
synaptophysin (p38), VAChT and the transferrin receptor but not in heavy
fractions containing secretogranin II and VMATs. Targeting to SSVs was
examined further by sedimentation of a SSVs enriched homogenate on a
glycerol velocity gradient (Clift-O’Grady et al., JCB 110:1693-1703, 1990).
PROT, p38 and VAChT immunoreactivities were found in the middle of the
gradient in fractions devoid of tranferrin receptor. These results indicate that
PROT, like p38 and VAChT, contains structural information which specifically
targets it to SSVs. Supported by a grant from the NINDS.
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TRANSPORT PROPERTIES OF THE HIGH-AFFINITY L-PROLINE
TRANSPORTER (PROT) DETERMINED IN MEMBRANE VESICLES
PREPARED FROM HEK CELLS STABLY TRANSFECTED WITH rPROT
cDNA. JW Miller*, K Modiarrad, RT Fremeau. Jr., Depts. of Pharmacol. and
Neurobiol., Duke University Medical Center, Durham, NC 27710.
To investigate the mechanism of transport of the mammalian brain-specific,
high-affinity, L-proline transporter (PROT), we utilized membrane vesicles
prepared from human epithelial kidney (HEK) cells stably transfected with rPROT
cDNA. The advantage of membrane vesicles is that both internal and external ion
concentrations can be manipulated (Gu et al, JBC 271:6911,1996). Specific 3H-Lproline uptake into these membrane vesicles was time- and temperature-dependent,
and was saturable at low substrate concentrations. Eadie-Hofstee transformations
of substrate concentration dependence data were monophasic, consistent with a
single high-affinity interaction with an apparent Km of 7.1 μM and a Vniax of 272
pmol/mg • min. Furthermore, specific uptake was completely inhibited by 100
HM des-tyrosyl leucine enkephalin (GGFL), a specific competitive peptide
inhibitor of PROT. Inward gradients of Na+ and Cl- stimulated L-proline uptake,
and uptake was completely abolished when Na+ or Cl- was removed from the
external medium. The external requirement for Na+ was absolute; no other cations
tested supported transport. Anion replacements for Cl- supported transport to
various degrees with Br the most effective. In contrast, an outward K+ gradient
did not stimulate uptake, nor was internal K+ required. Valinomycin, however,
stimulated uptake in the presence of an outward K+ gradient indicating that
transport was electrogenic (net positive in). Assuming that L-proline is
transported in the zwitterionic form, this is consistent with a cotransport
stoichiometry for L-proline, Cl-, and Na+ of 1:1: >1, respectively. Preliminary
assessment of the Na+ and Cl- gradient dependencies of PROT-mediated transport
support this cotransport stoichiometry. PHS MH15177, NIH NS32501.

61.4

Cloning and Functional Expression of a Brain Peptide/Histidine Transporter. T.
Yamashita, S. Shimada, W. Guo, K. Sato*, M Tohvama. Dept of Anatomy and
Neuroscience, Osaka Univ. Med. School.
Here we report the cloning and functional characterization of a rat novel
peptide/histidine transporter (PHT1), which was expressed in the brain and the
retina. The cDNA encodes the predicted protein of 572-amino acid residues
with twelve putative membrane-spanning domains. The amino acid sequence
has moderate homology with a non-specific peptide transporter found in the
plant. When expressed in Xenopus laevis oocytes, PHT1 cRNA induced high
affinity proton-dependent histidine transport activity. This transport process was
inhibited by dipeptides and tripeptides. Dipeptide carnosine transport activity
was also confirmed by direct uptake measurement. By in situ hybridization
analysis, PHT1 mRNA was widely distributed throughout whole brain. Signals
were located in both the neuronal and small non-neuronal cells in these areas.
PHT1 protein could contribute to uptake of oligopeptides which function as
neuromodulators and clearance of degraded neuropeptides.

61.5

61.6

U L T R A ST R U C T U R A L L O C A L IZ A T IO N O F R X T 1 , A
N a + /C l - - D E P E N D E N T N E U R O N A L
"O RPH AN”
TR AN SPO R TER . J. M asson, M. Riad+, Z. A ï d ouni, L. Descarries+ ,
B. Giros, M. Hamon and S. El M estikaw y * , INSER M U 288, CHU
Pitié-Salpêtrière, 7 5 0 1 3 Paris, F R A N C E and + D ép artem en t de
pathologie et CRSN, Université de Montréal, Montréal, QC, C A N A DA .

ASTROCYTES, EPENDYMAL CELLS AND CERTAIN NEURONS
EXPRESS THE FACILITATED UREA TRANSPORTER UT3 IN THE
RAT NERVOUS SYSTEM. U.V. Berger*, H. Tsukaguchi, and M. A. Hediger,
Brigham and Women's Hospital, Harvard Medical School, Boston, MA 02115.
Recently, the facilitated urea transporter UT3 was shown to be expressed in rat
brain. However, the cellular localization of this transporter and its functional
significance in brain are unknown. We have employed non-radioactive in situ
hybridization to identify the neural cell types expressing UT3 in the rat nervous
system. The results show that UT3 mRNA is expressed by astrocytes
throughout the CNS as well as by Bergmann glia in cerebellum. Expression in
astrocytes was verified by double staining using an antibody against the
astrocytic marker GFAP. UT3 mRNA was also detected in ependymal cells
lining the cerebral ventricles and in retinal glial cells. Other types of glia
(oligodendrocytes, microglia or tanycytes), endothelial cells of blood vessels, or
epithelial cells of choroid plexus did not express the urea transporter. A
conspicuous subgroup of neurons in the inferior colliculus, as well as medium
sized neurons in the dorsal root ganglia, also expressed this transporter. UT3
mRNA levels in astrocytes are relatively low in normal brain, but increase
markedly when astrocytes are stimulated by an intrastriatal injection of the
glutamatergic neurotoxin quisqualic acid.
Urea transporter expression in
astrocytes may represent a mechanism to dispose of urea which is formed during
polyamine synthesis. Polyamines are known to be upregulated in response to
brain injury and are thought to be critical in cell healing. Expression of UT3 by
particular neuronal populations may signify that these cells produce high levels
of urea. Support by National Kidney Foundation Research Fellowship (to HT)
and by NIH grants DK 46289 and NS 32001.

Rxtl belongs to the family o f N a+/C l--dependent neurotransmitter
transporters, which includes the dopamine-, norepinephrine-, serotonineand GABA-transporters. H ow ever, its substrate has not yet been
identified, initial im m unocytochem ical in vestigations with specific
polyclonal antibodies have estab lish ed that R x tl is localized in
glutamatergic nerve endings in the cortex, striatum and hippocampus. In
the present study, P C -12 c e lls w ere transfected with either the D A
transporter or R xtl. Interestingly, im m u n oflu orescence experim ents
showed that the dopamine transporter was, as expected, addressed to the
cell membrane. This was never the case with R x tl, which w as targeted
to the same subcellular com partm ent as synaptophysin, a vesicular
protein. These results suggested that R xtl might be localized on synaptic
vesicles in the CNS. In subcellular fractionation experim ents on rat
striatal extracts, Rxtl was found to be substantially enriched in the highly
purified synaptic v e s ic le fraction. In C N S tissu e prepared for
immunogold im m unocytochem istry, the im m u n ogold -silver particles
were ex clu siv ely found over synap tic v e s ic le s . In co n clu sio n ,
unexpectedly R xtl is distributed a vesicular protein. These findings
should help to identify its function and transported substrate.

61.7

61.8

LACTATE TRANSPORTER EXPRESSION IN RODENT BRAIN. E.M.KoehlerStec*1, I.A.Simpson1, S.J.Vannucci2, K.T.Landschulz3, and W.H.Landschulz3.
1EDMNS/DB/NIDDK/NIH, Bethesda, MD,20892; 2Penn State Univ., Hershey Med.
Ctr., Hershey, PA,17033; 3Univ. TX, Southwestern Med. Ctr., Dallas, TX,75235-8591.
The brain can utilize monocarboxylic acids, i.e. lactate, pyruvate, and ketone bodies,
as alternative energy substrates to glucose. In most mammalian cells, lactate is
transported either into or out of the cell by a family of monocarboxylate transporters
(MCT), first cloned and sequenced in the hamster. We have recently cloned two MCT
isoforms (MCT1 & MCT2) from a mouse (strain 129) kidney cDNA library. Northern
blot analysis revealed that both MCT1 & MCT2 were expressed in a wide range of
tissues. MCT1 mRNA is ubiquitous and can be detected in most tissues at a relatively
constant level. MCT2 expression is more limited with high levels of expression
confined to testes, kidney, stomach, and liver, and lower levels in lung and brain. In
rodent (rat and mouse) brain, in situ hybridization using sense and antisense cRNA
probes was used to further delineate the expression of MCT 1 and MCT2 in the central
nervous system. Using antisense probes, both MCT1 & MCT2 mRNA were detected
in rat and mouse brain. Although each transporter demonstrated a unique distribution,
these patterns of transporter expression (MCT1 & MCT2) were comparable between
both species. MCT1 mRNA was found throughout the cortex with higher levels of
hybridization in hippocampus and cerebellum. MCT2 mRNA was detected in the
same areas but the pattern of expression was different suggesting a differential
expression at the cellular level. No hybridization signal was detected using the sense
riboprobe for either monocarboxylate transporter. The presence of these two
transporters in the central nervous system suggests that the brain is capable of
transporting and metabolizing monocarboxylates. Preliminary data suggests that the
expression of the transporters in brain may be altered during development or in
pathophysiological situations such as stroke. (Supported by NIGMS & NIDDK (EK-S,
IAS), NIH# HD31521 (SJV), and the Charles E.Culpeper Foundation (KTL & WHL))

RADIOLIGAND
BINDING
AND
FUNCTIONAL
CHARACTERIZATION OF THE ADENOSINE TRANSPORTER
EXPRESSED ON HUMAN U937 CELLS. S.E. Perschke* and A.
Rashid. NOVASCREEN® Division, Oceanix Biosciences Corp., Hanover,
MD 21076.
Screening the undifferentiated human promonocytic U937 cell line
through approximately 100 o f NOVASCREEN’s receptor binding assays
revealed substantial levels o f binding in the presence o f 1 nM [3H]nitrobenzylthioinosine (NBTI). An in depth characterization o f the
[3H]-NBTI binding revealed a linear response to protein concentration,
rapid equilibration, a KD o f 0.5 nM and a BMAX o f 30,000 binding
sites/cell or 200 fmol/106 cells. The pharmacological profile in U937
cells revealed a rank order o f potency similar to that reported for the
adenosine transporter in rat forebrain (NBTI > dipyridamole ≥
nitrobenzylthioguanosine » adenosine). Further studies measuring the
transport o f [3H]-adenosine into these cells indicate that these sites are
functional, inhibitor-sensitive adenosine transporter proteins. The
kinetic characteristics (KT ≡ 20 μM, Vmax ≡ 0.1 nmol/min/mg o f
protein; biphasic time course) are similar to those reported for cultured
human fetal astrocytes (J. G. Gu, et al. J. Neurochem. 1996).
This is believed to be the first characterization o f an adenosine
transporter on U937 cells, which are a readily obtainable human source
for the study o f adenosine transport.
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EVIDENCE FOR A Na+/Zn2+ ANTIPORTER IN RAT BRAIN. R.A. Colvin*
and N. Davis. Program in Neurobiology, Department of Biological Sciences,
Ohio University College of Osteopathic Medicine, Athens, OH 45701.
Zinc is an essential trace element required as a co-factor for several
metalloproteins (e.g., transcription factors, metalloenzymes).
Although
intracellular zinc concentrations are normally maintained within a narrow range,
very little is known about zinc transporters. One mammalian plasma membrane
transporter has been cloned (ZnT-1; EMBO J 14:639-649, 1995), but the
mechanism of zinc transport has not been determined. We now report studies of
zinc65 transport in plasma membrane vesicles purified from rat brain. In the
presence of a Na+ gradient, vesicles accumulated zinc rapidly. After 5 min.,
vesicular zinc content reached a stable plateau (10-15 nmole/mg). Zinc uptake
was stimulated by increasing extravesicular zinc; half maximal uptake was seen
at a zinc concentration of 50 μM. Exchange inhibitory peptide, which inhibits
brain Na+/Ca2+ exchange failed to inhibit Na+ coupled zinc transport.
Extravesicular Na+dependent zinc efflux was observed in vesicles preloaded with
zinc65 by Na+/Zn2+uptake. A Na+ independent zinc65 uptake was also observed in
plasma membrane vesicles. This zinc65 uptake was 10-20% of the Na+dependent
zinc uptake and was active in the same range of zinc concentrations as Na+
dependent zinc uptake. These data suggest that neuronal plasma membrane zinc
transport is mediated, at least in part, by a large capacity Na+/Zn2+antiporter with
an affinity for zinc well below normal intracellular concentrations. This suggests
that the Na7Zn2+ antiporter is very important for maintaining zinc homeostasis.
Similar to other antiporters, Zinc transport was reversible indicating that the
N a+/Zn2+ antiporter can contribute to both zinc efflux and influx. The Na+/Zn2+
antiporter seems to be unrelated to the Na+/Ca2+exchanger, but may be related to
the cloned zinc transporter, ZnT-1.
Supported by a grant from the Alzheimer’s Association

HUM AN BRAIN DOES NOT EXPRESS RAT BRAIN SODIUMCALCIUM EXCHANGER N CX2 HOM OLOG. L. Yu* and R. A. Colvin.
Program in Neurobiology, Department o f Biological Science, Ohio University
C ollege o f Osteopathic Medicine, Athens, OH 45701.
The sodium calcium exchanger is the key player for Ca2+ extrusion in
neurons and glia. NCX1, NCX2, and NCX3 are the three sodium-calcium
exchanger isoforms expressed in rat brain. These different gene products have
sequence identity around 70% between one and another at amino acid level.
NCX2 expression level was shown to be an order o f magnitude higher than
either NCX1 or NCX3 in rat brain. The present study was performed to
determine the exchanger isoform expression in human brain by RT-PCR and
genom ic DNA PCR. By using rat brain NCX1 and NCX3 specific primers,
N C X 1 and NCX3 were successfully amplified from human frontal cortex,
temporal cortex, cerebellum, and hippocampus. Sequencing analysis
confirmed the specificity o f amplification. Three pairs o f rat brain NCX2
specific primers were used in human brain RT-PCR reactions, but none o f
these resulted in amplification. The above results indicate that human brain
does not express rat brain NCX2 homolog. To determine if human genome
contains NCX2 gene, PCR was performed to amplify NCX2 gene from
human genomic DNA, by using rat brain NCX2 specific primers. No NCX2
specific amplification was achieved. It is therefore concluded that human
brain contains rat brain sodium-calcium exchanger NCX1 and NCX3, but not
N CX2 homologs, and the expression o f NCX 1 and NCX3 in human brain
does not have regional specificity.
Supported by a grant from the Alzheim er’s Association.

61.11

61.12

ACIDIC AMINO ACID ACCUMULATION BY RAT CHOROID PLEXUS
D URING DEVELOPMENT. H. Al-Sarraf*†, I.E. Preston†† & M.B. Segal.
Physiology Dept., UMDS, London SE1 7EH, UK. †Dept. physiology, Fac..
Medicine, Kuwait University. ††ACIOG, King's College, London.

ALTERATION OF A GLYCINE COTRANSPORTER KINETICS BY
OVEREXPRESSION. S. Supplisson*, L. Munier and M. Roux. Laboratoire
de Neurobiologie, Ecole Normale Supérieure, 75005 Paris, France.
W e expressed the glycine transporter G LYTIb in X e n o p u s oocytes
to study the kinetics of the glycine-evoked uptake current with
conventional two electrode voltage-clamp. Rapid bath application of
glycine elicited a large (up to 2μA) steady inward current which was
Na+- and Cl--dependent. The current-voltage relationship and the
transporter's kinetics were found to be dependent on the level of
GLYTIb expression. At a low level of expression (lmax<200nA), the
current-voltage relation measured with [Gly]=20μ M was quasi-linear
between -200 and +70mV. The dose-response curve was fitted by a
Michaelis-Menten equation with an apparent Km of 22μ M which was
voltage-independent between -150 and -50mV. In contrast, at high
levels of expression (lmax >300nA) we observed a significant deviation
from Michaelis-Menten kinetics: we found a 2- to 5-fold increase in the
apparent Km from -50 to -150mV. This voltage-dependent decrease in
the apparent glycine affinity produced an outward rectification of the
l-V relationship at negative voltages.
This alteration of GLYT1b kinetics in oocytes with high levels of
expression is interpreted as reflecting a local juxta-membrane glycine
depletion due to the transporter activity. This apparent reduction of the
GLYT1b transport rate extends our earlier observation that a
cotransporter can control the external concentration of its substrate in
a microenvironment in which diffusion is restricted. Supported in part by

Acidic amino acid uptake by the lateral ventricles choroid plexus was
studied using 1, 2,3 weeks old and adult rats. The uptake from both blood
and CSF sides of the choroid plexus was studied. The uptake from blood
side was studied using the bilateral in situ brain perfusion and timedependent uptake (2, 10, 20, and 30 m in) of 14C -labelled asp artate,
glutamate, and NMDA were measured. 3H-mannitol was also included in
perfusion fluid as a baseline for 14C-am ino acid uptake into choroidal
tissue. U ptake of aspartate and glutam ate declined w ith age, w hile
NMDA showed no significant uptake. After 20 min, m annitol uptake in
the 1 w eek neonatal rat w as significantly greater than the ad u lt
(p<0.05). The Kin for aspartate and glutam ate obtained from m ultiple
time uptake profiles also showed reduction w ith developm ent. A spartate
declining from 69.8±21.1 μl.min-1.g-1 to 40.6±4.0 μl.m in-1.g-1 from neonate
to adult (p<0.05), and glutam ate from 78.9±24.2 μl.m in -1.g-1 to 17.7±5.4
lil.m in-1.g-1 (p<0.01). Uptake of 14C-labelled aspartate and glutam ate
by the choroid plexus from CSF side was also m easured using ventriculocisternal perfusion. The uptake of both am ino acids from CSF side in the
ad u lt w as found to be 2 to 3 tim es greater than that in the neonate
(p<0.05). The uptake from either side w as found to be via saturable
carrier-m ediated tra n sp o rt system shared by both a s p artate and
glutam ate.
Supported by the Wellcome Trust.

61.13
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DYNAMICS OF ACTIVITY-EVOKED ALKALINE SHIFTS AND
INTRACELLULAR Ca AND Ba TRANSIENTS IN HIPPOCAMPUS.
S-E. Smith*, B.J. Amos & M. Chesler. D ept. P hysiol./N eurosci. & Dept.
Neurosurg., NYU Med. Ctr., 550 1st Ave., NY, NY 10016.

In hippocampal CA1, extracellular alkalinizations arise from
population activity and depend on the presence of external Ca2+ [1,2]
raising the hypothesis that they arise via Ca2+-H+ exchange on the Ca2+
ATPase [3]. Studying the divalent dependence of these pH shifts, we
noted that Ba2+ can support these responses although Ba2+ is not
thought to be extruded by this transporter. Herein we report no
difference in the initial rate of alkalinization evoked by field stimulation
in Ca2+ vs Ba2+-containing media (5 slices). Therefore, we studied the
dynamics of population [Ca2+] i and [B a2+] i signals in area CA1 using
Fura-2 loaded slices activated by antidromic or direct field stimulation.
Stimulation gave rise to population [Ca2+] i spikes which recovered with
a mean t1/2 of 10 s. By contrast, the [Ba2+] i transients decayed with a
t1/2 of 69s. Similar results were noted in cultured cerebellar granule
cells where 40 mM K+ induced Ca2+ and Ba2+ signals that decayed
with a mean t1/2 of 19 s and 267 s, respectively. These data show that
the rate of external alkalinization is similar in Ca2+ and Ba2+ media.
However, recovery of [Ba2+] i is markedly slower than that of [Ca2+] i,
consistent with poor extrusion of Ba2+ by the plasmalemmal Ca2+
ATPase. Our results do not support coupled H+ flux by this transporter
as a mechanism of the alkaline transients, [l] Paalasmaa et al. (1994) J.
Neurophysiol. 72:2031. [21 Smith et al. (1994) Neuroreport 5:2441. [3] Schwiening
et al. (1993) PRS Lond. B 253:285. Supported by NIH grant NS32123.
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ULTRASTRUCTURAL LOCALIZATION OF THE PUTATIVE ZINC TRANSPORTER
ZnT-3 TO SYNAPTIC VESICLE MEMBRANES WITHIN HIPPOCAMPAL MOSSY FIBER
BOUTONS IN THE NORMAL AND EPILEPTIC BRAIN. H.Jurgen Wenzel*1, Toby
B.Cole3, Donald E.Bom2, Richard D. Patmiter3 and Philip A.Schwartzkroin1. Dept. of
Neurological Surgery1 and Pathology2, and Howard Hughes Medical Institute and Dept. of
Biochemistry3, University of Washington, Seattle, WA 98195
The zinc transporter ZnT-3 is a membrane protein that is thought to transport zinc into
synaptic vesicles. ZnT-3 protein is present in cortical regions- including hippocampus- where
the histochemical Timm's reaction stains vesicular zinc most intensely. Light microscopical
studies have shown that mossy fibers- the axonal projection o f dentatte granule cells- reveal
similar intense reaction with both Timm's staining and antibodies against ZnT-3. In the
current study we asked the questions: (1) where is the ZnT-3 protein localized
ultrastucturally, and (2) what is the pattern o f ZnT-3 localization under chronic seizure
conditions known to induce mossy fiber reorganization. To address these questions we have
performed light- and electron microscopic (EM) immunocytochemistry for the ZnT-3 and
Timm-histochemistiy for zinc within the hippocampal mossy fiber system of normal mouse
and monkey and in human epileptic hippocampi resected for treatment of medically
intractable seizures. Examination of Timm-stained and ZnT-3-immunostained tissue at the
EM level showed that (1) Zinc was located within synaptic vesicles in hippocampal mossy
fiber boutons, but not in vesicles o f other types o f synapses. Most boutons showed a high
percentage o f vesicles filled with Timm reaction product. (2) All small round clear vesicles in
mossy fiber terminals showed membrane-associated staining with the ZnT-3 antibody. (3) The
pattern of Timm's staining and ZnT-3 immunoreactvity was identical in normal hippocampus.
The coincidence of ZnT-3 on the membranes of synaptic vesicles that accumulate zinc
suggests that ZnT-3 is responsible for the transport of zinc into synaptic vesicles, and hence
for the ability of these neurons to release zinc upon exitation. In epileptic human
hippocampus, aberrant mossy fiber sprouting into the molecular layer is seen with the Timm's
reaction and is paralled by ZnT-3 immunoreactivity in the sprouted mossy fibers. These
results demonstrate that ZnT-3 immunocytochemistry provides a sensitive and useful marker
for revealing zinc-containing projections in the normal brain and for detecting seizure-related
pathology. Support by NTH grants NS 18895, NS 01910, and GM 0 7270.
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ATP TRANSPORT INTO BRAIN SYNAPTIC VESICLES. A.E. Schivell'
and S.M. Baijalieh. Graduate Program in Neurobiology and Behavior and
Department of Pharmacology, University of Washington School of
Medicine, Seattle, WA 98195.
Adenosine triphosphate (ATP) has been hypothesized to act as a neurotransmitter in the central nervous system (CNS). However, despite studies
demonstrating ATP transport into (Luqmani 1981, Neurosci. 6), and storage
within (Carlson et. al. 1978, BiocJiem. 17), cholinergic vesicles from
Torpedo electric organ, there have been no reports of ATP transport and
storage in CNS synaptic vesicles. The uptake of catecholamines,

ROLE OF INTRACELLULAR pH IN MULTIPLE DRUG RESISTANCE
IN C6 GLIOMA CELLS. R.W. Putnam* and J.S. Waibel. Dept. of Physiol. &

acetylcholine, and amino acids is mediated by specific transporter proteins

which are driven_ by a proton electrochemical gradient across the vesicle
membrane. This gradient is produced by a proton-ATPase which is
sensitive to carbonyl cyanide m-chlorophenyl hydrazone (FCCP). To
determine whether ATP is transported into vesicles by a transporter with
, similar properties, we performed ATP uptake assays using synaptic vesicles
prepared from rat brain. We find that radiolabeled ATP is bound/
transported in a time-dependent and FCCP-sensitive manner. These results
suggest that CNS synaptic vesicles store ATP and that ATP uptake is
mediated by a transporter similar to other neurotransmitter transporters.
[Work supported by NIH grant IRSS GM/0D53010 and a grant from the
Sloan Foundation (5MB) and the Training in Molecular and Cellular
Biology grant 5 T32 GM07270-21 (AES).)

137

Biophys., Wright State Univ. Sch. of Med., Dayton, OH 45435.
A change of intracellular pH (pH;) has been proposed to play a role in the
expression of multiple drug resistance (MDR) in a variety of cells. To test this
possibility, we developed 4 drug resistant strains ofC6 glioma cells by growing
the cells in progressively higher concentrations of doxorubicin (S--control drug
sensitive cells; R0.01, R0. l, R0.5 and R 1.0--strains grown in 0.01, 0.1, 0.5 and 1.0
µg/ml of doxorubicin, respectively). These cells were shown to be multiply drug
resistant by measuring IC 5O values with a growth inhibition assay. IC 5O values for
doxorubicin in the various strains, compared to IC 50 value for the control S strain,
increased (5x, 13x, 77x and 166x for R0.01, RO.I, R0.5 and Rl.0, respectively).
A similar increase was observed for the IC 5O value for etoposide (3x, l 2x, 240x
and 354x for RO.OJ, RO.I, R0.5 and Rl.0, respectively). The resistance factor for
doxorubicin was decreased by 10 µM verapamil (an inhibitor of P-glycoprotein)
only for the lowest resistance strain (R0.0l). This suggests that an increase in Pglycoprotein expression only partially mediates MOR in these C6 strains. The
steady state pH, in the absence of CO2 (HEPES-buffered solution) in the control S
strain was 7.17±0.13 (mean±lSD; n=50). In the low resistance strains, R0.01 and
RO.!, steady state pH, was more acid, 7.09±0.11 (n-20) and 7.07±0.13 (n-20),
respectively. In the higher resistance strains, R0.5 and R 1.0, steady state pH, was
more alkaline, 7.21±0.14 (n-21) and 7.28±0.l l (n-46), respectively. In contrast,
in the presence of CO,IHCO,, steady state pH, was higher than in HEPES buffer
and did not differ among the various strains (overall mean 7.35±0.10, n=l08).
These data indicate that while MOR is mediated by at least two different
mechanisms in C6 glioma cell<;, a change in pH, does not appear to be required
for the development of multiple drug resistance. [Support by Dept. of P&B,WSU].

61.17
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IDENTIFICATION AND FUNCTIONAL ROLE OF HIGH-AFFINITY ANANDAMIDE
TRANSPORT. M. Beltramo N. Stella A. CaligoanJt~+ A Makrivannis+ Jl.lli!..J:L
~ The Neurosci. Inst. San Diego, CA 92121, #Sch.of Pharm. Univ. of Naples, Italy

EFFECT OF Mg'• ON Na'-DEPENDENT myo-lNOSITOL COTRANSPORT IN PRIMARY RAT ASTROCYTE CUL TURES. &f.,_
Isaacks. A.S. Bender, R.S. Dombro', and M.D. Norenberg. VA
MED, Ctr. & Univ. Miami Sch. Med., Miami, FL, 33125.
Cells require myo-inositol for the synthesis of membrane
phospholipids and for the maintenance of intracellular free-myoinositol levels as an osmolyte. myo-lnositol transport is Na• dependent and presumably driven by a Na• gradient. The
possibility that Na' is acting as an allosteric effector of the inositol
transporter or the possibility that the transporter has additional coion requirements has received little attention. Recent studies with
HL60 cells and cardiac sarcolemmal vesicles (Diabetes
41 :35, 1992; J Mo! Cell Cardiol 25:721, 1993) suggest that myoinositol transport may be dependent also upon the presence of
Mg'•, increasing the rate of transport and the affinity of the
transporter. We have evaluated the ability of Mg'• to alter myoinositol transport in rat astrocyte cultures. Initial rates were
determined at 0.05 and 5 mM of MgCI,. Vmaxs for myo-inositol
at 0.05 and 5.0 mM Mg'' were 17.2 ± 1.4 and 23.8 ± 1.5
nmoles/mg protein/hour with Kms of 89.9 ± 19.1 and 45.1 ±
9.0 µM, respectively. These data suggest that myo-inositol
transport in astrocytes is Mg'• -dependent and may contribute to
the pathophysiologic conditions associated with hypo- or hypermagnesemia.

80131, and. +sch. of Pharm. Univ. of Connecticut, Storrs, CT 06269.
Anandamide (arachidonylethanolamide, AEA) is an endogenous lipid that activates brain
cannabinoid receptors. Two pathways have been proposed for AEA inactivation: cellular uptake
and enzymatic degradation. Here, we identify and characterize pharmacologically a high
affinity AEA transport system in neurons and astrocytes. Exogenous [ 3 H]AEA is rapidly
cleared (t112:::4 minutes) from the media of neurons or astrocytes in culture through a saturable,
temperature-dependent and sodium-independent transport system. This transport displays high
affinity for [ 3 H]AEA (neurons: Km 1.2 µM; astrocytes: Km 0.32 µM). Competition
experiments with fatty acid derivatives, arachidonic acid, or palmitoylethanolamide suggest its
specificity. By screening a series of AEA analogs we identified a compound, N-(4hydroxyphenyl) arachidonylamide (AM404), which is potent and specific in inhibiting AEA
transport, but does not activate CBI cannabinoid receptors (CBI Rs) and does not inhibit AEA
degradation. In cultures of cortical neurons, concentrations of AEA higher than 0.3 µM are
necessary to activate CB I Rs and to inhibit forskolin-stimulated adenylyl cyclase activity. ln the
presence of AM404 (IO µM), the potency of AEA is increased IO-fold. By contrast, AM404
has no effect on adenylyl cyclase activity when applied alone (10 µM), and does not potentiate
adenylyl cyclase activity inhibition elicited by the CBlR agonist WIN-55212-2 (100 nM) or by
glutamate (3 µM). Intravenous (i.v) administration of AEA (20 mg/kg) induces a modest, but
significant, analgesia (assesed by the hot plate test) which disappears 60 minutes after the
injection of AEA and is prevented by the cannabinoid receptor antagonist SR-141716 (1 mg/kg,
Lp.). Administration of AM404 (10 mg/kg, i.v.) significantly enhances and prolongs AEAinduced analgesia. The discovery in neural cells of a high-affinity [3 H]AEA transport system
and the development of selective transport blockers should be instrumental to reveal the
physiological roles of the endogenous cannabinoid system, and may lead to novel approaches to
the-treatment of neuropsychiatric disorder.
Supported by Neurosciences Research Foundation. S.Y. L. and A. M. were supported by a
grant (DA-3801) from NIDA.

61.19
MODULATION OF THE SODIUM HYDROGEN EXCHANGER: EFFECT OF
DEVELOPMENT AND HYPOXIC STRESS, R. M. Douglas', Y. Xia D.
Biemesderfer 1 and G. G. Haddad Department of Pediatrics, Section of Respiratory
Medicine and 1Department oflntemal Medicine, Section ofNephrology, Yale
University School of Medicine, New Haven, CT 06520
Recent work in our laboratory (Ma and Haddad, 1997, in press) utilizing in- situ
hybridization has demonstrated that significant isoform - and region - specific Na:H
exchanger (NHE) mRNA exists throughout the neuraxis. Since this exchanger is
important for pH regulation, we wished to study its expression during development
and in response to stress such as hypoxia. Utilizing a monoclonal antibody specific to
the ubiquitous housekeeping NHE isoform (NHE!), we performed western blotting to
study the expression of the NHE 1 protein in the rat CNS. Rats were maintained in an
atmosphere of 10% 0 2 for varying periods beginning at P3; and removed and
processed for NHE I protein content, in comparison to age - matched controls, at
specified times thereafter (PS, PI3, P23 and P30). Densitometric analyses of the
imrnunoblots indicate that NHEl protein is low in the fetus (approximately 1/6 of the
adult level), increases almost 2 -fold from El6 to Pl, and continues to increase
postnatally in a nearly linear fashion. Cortical, cerebellar and subcortical structures
demonstrate parallel developmental patterns. Rats exposed to chronic hypoxia evince
a similar developmental pattern of increased NHEI; however there is a marked (30 60%) decrease in NHEI protein in hypoxic brains in comparison to controls.
Furthennore, younger animals demonstrate less of a decrement in cortical and
cerebellar protein expression when compared to adults. These results indicate that: 1,
There is significant developmentally regulated NHE 1 protein expression in the rat
CNS and 2, Chronic hypoxia induces a down - regulation of NHE I protein content.
Supported by NIH Grants: TG HL07778, PO! HD32573.
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EP3-RECEPTOR ANTISENSE ATTENUATES FEVER INDUCED
BY CENTRALLY ADMINISTERED PROSTAGLANDIN E2
(PGE2). L. Xin*, E. B. Geller, M. Bastepe, R. B. R affa, G. F. M ao,
B. Ashby and M. W . Adler. Department of Pharmacology, Temple
University School of Medicine, Philadelphia, PA 19140
Cytokine-induced fever is mediated via endogenous opioids and
PGE2 pathways that can interact with each other. High levels of PGE
EP3 receptor mRNA exist in the preoptic anterior hypothalamus, a
primary region for body temperature (Tb) regulation, suggesting that
the EP3 receptor may be of importance in the Tb effect induced by
PGE2. There is no antagonist available yet for the EP3 receptor and
isoforms of this receptor display promiscuous G-protein coupling
properties. Therefore, in this study, we used antisense
oligodeoxynucleotides (AS) directed against the EP3 receptor, as well
as pertussis toxin (PTX) and cholera toxin (CTX), to investigate the
possible involvement of the EP3 receptor in PGE2-induced fever.
Forty male S-D rats were injected with AS (25 μ g), missense (MS, 25
μ g) or saline into the lateral ventricle through an i.c.v. cannula 3 times
at 1-day intervals. On the 6th day, PGE2 (0.5 μ g) was injected i.c.v.
and Tb was measured rectally by a thermistor. PGE2 produced fever
in the rats pretreated with saline (∆Tb: 3.1±0.4 °C) or MS (∆Tb:
2.6±0.5 °C), but induced only a 0.4±0.3 °C Tb change in the rats
pretreated with AS. In other groups, PTX (0.5 μ g) or CTX (0.5 μg )
pretreatment attenuated PGE2-induced fever (1.6± 0.5 °C and
1.0± 0.4 °C, respectively). These results suggest that the EP3 receptor
in the brain is involved in the fever produced by central PGE2 and that
multiple G protein pathways might be involved. (Supported by NIH
grants DA 00376 and HL 48114)

Interleukin-lß and LPS fever in the rats: gender difference and estrous cycle
influence. A. Mouihate*, X. Chen, and O.J. Pittman Neurosciences Research
Group, Dept. o f Physiol & Biophysics, University o f Calgary, Calgary, Alberta,
Canada
Due to day to day change in ovarian activity in females, immune system
activation by exogenous pyrogens had been mostly studied in males. However,
evidence exists to support sex differences in terms o f differential immune
system activation by pyrogenic cytokines. As an indicator o f immune activity,
fever development was monitored (MiniMitter thermistor) to analyse the effect
o f i.p. administration of interleukin-1 ß (II -1 ß ; l μ g/kg) and LPS (E. coli;
1001μg/kg) on adult male and cycling female rats. Estrous status were assessed
by daily vaginal smears during at least two complete cycles. All pyrogens were
given at noon.
In age matched animals, male rats develop higher LPS-induced fever than do
females. Similarly, the fever induced by II-1ß is significantly greater in males
than in females at both proestrous and diestrous. This effect seems not to be
linked to the daily smearing and handling o f females, since handled males, in
comparable conditions, showed a similar pattern o f fever development to non
handled males, interestingly, females at the proestrous develop a significantly
higher Il-1ß-induced fever and delayed defervescence than at diestrous.
These data indicate that gonadal hormones can influence the fever
development, and raise questions on the possible differential antipyresis
systems between males and females and within females in regard to their
estrous cycle states.
Supported by MRC, Astra Canada and AHFMR
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FITC-LPS IS UNDETECTABLE IN LIVER AFTER ITS IP INJECTION IN
GUINEA PIGS. E. Sehic, S. Li, Y.Wang, A.L. Ungar, and C .M .

Reduction of PGE2 fever in near-term pregnancy: Correlations with
cardiovascular responses and vasopressin release in the ventral septal
area. T. Takahashi*, X. Chen, R. Landgraf and Q.J. Pittman
Neuroscience Research Group, University of Calgary, Calgary, Alberta,
Canada and Max Planck Institute of Psychiatry, Kraepelinstrasse 2, D80804 Munich, Germany
Central effects of PGE2 were examined in time-bred Sprague-Dawley
rats at day 16-17 and 19-20 pregnancy and day 1-2 post-partum.
Intracerebroventricular (icv) infusion of PGE2 results in a rise in rectal
temperature which is preceded by a concomitant increase in heart rate
and blood pressure. Fever is reduced in near-term pregnant rats, which
partially recovers in post-parturient rats. As previously reported in virgin
females, terminal release of vasopressin in the ventral septal area is
unchanged following PGE2 infusion in all groups. Icv injection of a Vla
antagonist (Manning compound) in conscious pregnant (day 20) rats did
not alter fever height or duration. The results suggest that fever reduction
at near-term pregnancy may not be associated with enhanced AVP
antipyresis. However, the reduction in fever is accompanied by reduced
cardiovascular (pressor and tachycardiac) responses. As fever is brought
about mainly by sympathetic activation, this suggests that the reduction
in fever at term may be but one manifestation of reduced sympathetic
drive or response at this time.
Supported by MRC (Canada), Volkswagon Foundation and NATO.

Blatteis*. Dept. of Physiol, and Biophys., Univ. of Tennessee,
Memphis, TN 38163.
The aim of the present study was to investigate the possible role
of Kupffer cells (Kc) in the initiation of the febrile response to an
intraperitoneal (ip) injection of lipopolysaccharide (LPS). Pyrogenic
doses of LPS injected iv cause fever within 20 min after administration,
whereas when administered ip they cause fever of similar amplitudes
after 60 min. We reported recently that fluorescein isothiocyanate
(FITC)-labeled LPS is detectable in liver sinusoids 15 min and in
hepatocytes 60 min after its iv administration into conscious guinea
pigs; no fluorescence was detected in control animals that received
fluorescein salt or LPS alone. Because circulating LPS is thought to be
cleared mainly by Kc, presumptively causing them to release pyrogenic
mediators, we anticipated that LPS administered ip would be
transported by lymph into the blood, eventually appearing in the liver.
Thus, if fever induction after LPS ip also involved its presence in
liver, a ca. 60-min delay in its appearance in liver would be consistent
with a 60-min fever onset latency. To test this hypothesis, we injected
FITC-LPS or fluorescein salt ip and, using confocal laser scanning
microscopy (10 |im-thick liver slices), searched for the label 15 and 60
min later. No fluorescence was detected at either time after FITC-LPS
or fluorescein salt ip administration. It would appear, therefore, that
LPS given ip may induce fever without binding to Kc. (Supported
by NIH grant NS-34857.)
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THERMOSENSITIVE MEMBRANE PROPERTIES OF NEURONS
IN THE RAT SUPRACHIASMATIC NUCLEUS. P.W. Burgoon*,
P.S. Derambure, and J.A. Boulant. Department of Physiology,
Ohio State University, Columbus OH 43210.
A previous study has demonstrated that neurons in the
suprachiasmatic nucleus (SCN) display a circadian rhythm of
temperature sensitivity in vitro, and this rhythm temporally matches the
in vivo body temperature rhythm seen in rats. To understand the
mechanisms of SCN theimosensitivity, whole-cell patch current-clamp
and voltage-clamp recordings were made in rat hypothalamic tissue
slices.
The characteristics of neurons in the preoptic-anterior
hypothalamus (PO/AH, a thermoregulatory region) were compared
with the characteristics of SCN neurons. In the SCN and PO/AH,
neuronal thermosensitivity was related to thermally-dependent changes
in hyperpolarizing after-potentials and depolarizing prepotentials. In
the SCN, however, neuronal thermosensitivity also correlated with
time-dependent inward rectification. Moreover, SCN neurons receive a
wealth of inhibitory input that modulates thermosensitivity. In some
cases, this synaptic activity enhances neuronal thermosensitivity, but in
other cases it reduces thermosensitivity. Therefore, while SCN and
PO/AH neurons share some common thermosensitive characteristics,
SCN neurons display additional cellular mechanisms that are related to
temperature sensitivity. (This research was supported by NIH grants
NS14644 and NS07291.)
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EFFECTS
OF TEMPERATURE
AND
REPRODUCTIVE
ENDOCRINES
ON RAT HYPOTHALAMIC
NEURONS.
M.L. Kaple and J.A. Boulant.*
Department of Physiology,
Ohio State University, Columbus, OH 43210.
Studies suggest interactions between the regulation of body
temperature and reproduction. Previous in vitro studies of rat preoptic
tissue slices indicate that a population of both thermosensitive neurons
and temperature insensitive neurons respond to either testosterone or
estradiol, but rarely do neurons respond to both steroids. The present
study employed horizontal slices through the entire hypothalamus of
male rats. Each neuron was tested for its response to applications of
three different hormones, i.e., 0.1 nM testosterone, 0.1 nM estradiol,
and 0.1 nM progesterone. About 30% of each neuronal type
responded to at least one of the endocrines, but no neurons were found
to respond to both estradiol and testosterone. On the other hand, of the
neurons that responded to estradiol and progesterone, about one-third
responded to both endocrines; and in some cases, additive effects were
observed. In addition, examples were found where hormones either
increased or decreased the thermosensitivity of neurons. For all three
hormones, many of the responsive neurons were located caudal to the
preoptic region, especially in the anterior & dorsomedial hypothalamus.
(Supported by NIH grant NS 14644.)
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THERMORESPONSIVENESS OF POSTERIOR
HYPOTHALAMIC
NEURONS TO LOCALIZED CUTANEOUS THERMAL STIMULATION Q
Li. andJ.A. Thornhill. Dept. of Physiology, University of Saskatchewan, Health
Sciences Building, 107 Wiggins Road, Saskatoon, Saskatchewan, Canada S7N
5E5
The thermoresponsiveness of posterior hypothalamic (PH) neurons to localized,
incremental thermal heating and cooling of the abdomen or scrotum was
determined in urethane anesthetized, male Sprague Dawley rats maintained
colonically at 37°C during testing. PH extracellular neuronal activity was
recorded along with gastrocnemius muscle EMG activity and temperature (TMs,
indicative of shivering thermogenesis), intrascapular brown adipose tissue
(Tibats, indicative of non-shivering thermogenesis), scrotal (Tsc), and abdominal
(Tab) temperatures. Seventy-five PH neurons were recorded with 20% classified
as warm responsive neurons (WRNs), 10% as cold responsive (CRNs), and 70%
as temperature nonresponsive neurons (TNRNs), based on their thermal
coefficients (TCs), from incremental heating and cooling of the scrotum and
abdomen with temperatures between 10 and 40°C. Mean TC for warm PH
neurons was significantly increased with scrotal stimulation as compared to the
TC following abdominal stimulation. Similarly, the thermal coefficient was
increased (i.e. was more negative) for the cold responsive PH neurons to scrotal
cooling as opposed to the TC of PH CRNs for abdominal cooling. No evidence
of shivering thermogenesis (no change in EMG activity from gastrocnemius
muscle) or non-shivering thermogenesis (no significant increase in IBAT
temperatures) was seen with either scrotal or abdominal cooling in these 21 °C
acclimatized rats. The results indicate that a small population of PH neurons
are thermally responsive to physiological changes in temperature of the scrotum
and abdomen with greater thermoresponsiveness shown of both warm and cold
PH neurons to scrotal versus abdominal thermal stimulation. Supported by MRC

62.9
EFFECTS OF AMBIENT TEMPERATURE ON CRF AND UROCORTININDUCED CHANGES IN CORE BODY TEMPERATURE IN THE RAT.
J.D. Gardner, N.J. Rothwell, J.E. Riviera†D.A. Lovejoy, and G.N. Luheshi
(SPON: Brain Research Association). School of Biological Sciences,
University of Manchester, Manchester M l3 9PT, UK. †The Salk Institute
for Biological Studies, La Jolla, CA 92037, USA.
Corticotrophin-releasing factor (CRF) is involved in various homeostatic
functions, including the regulation of core body temperature (Tc). Previous
studies describe thermogenic effects of CRF, although some contrasting
studies, including our own, have shown that CRF can be antipyretic and
hypothermic. Urocortin is a CRF-like neuropeptide, which can activate
CRF receptors in the brain. However, the effects of urocortin on Tc are as
yet uncharacterized. This study investigates the effects of CRF and
urocortin on Tc, over a range of ambient temperatures (Ta).
Rats were previously implanted intracerebroventricularly (icv) with
indwelling guide cannulae, and intraperitoneally (ip) with temperaturesensitive radiotransmitters. Animals were injected (icv) with CRF or
urocortin (3μg/rat) and housed at 22 or 28°C (Ta).
At 22°C, injection of CRF or urocortin produced hypothermia over a 4h
period, reaching a nadir (1°C below control) lh after injection. At 28°C,
both peptides produced marked hyperthermia (rising to 1-1.5°C above
control).
These data suggest that CRF and urocortin have similar actions on Tc, and
that their effects depend on the Ta. These varying effects on Tc may result
from the balance between the heat-production and heat-loss effects, induced
by CRF and urocortin.
This work was funded by MAFF

62.8
CENTRAL MONOAMINERGIC INNERVATION OF TAIL ARTERY
SYMPATHETIC PREGANGLIONIC NEURONS. J.E. Smith, A.S.P. Jansen, M.P.
Gilbev*, and A. D. Loewv. Department of Anatomy & Neurobiology, Washington
University School of Medicine, St. Louis, MO 63110 and Department of Physiology,
Royal Free Hospital School of Medicine, London, U.K.
The tail artery of the rat plays an important role in thermoregulation. Identifying
the localization and chemical nature of the neurons controlling this organ within the
CNS might give us a better understanding how the rat is able to maintain a constant
body temperature. Therefore, the retrograde transneuronal marker pseudorabies virus
(PRV) was injected into the wall of the tail artery of Sprague-Dawley rats after the
cauda equina was transected. This lesion prevented PRV from entering the CNS via
the somatosensory system. After a survival time of 4, 5 or 6 days, PRV labeled
neurons within the brain and spinal cord were analyzed. After 4 days, PRV labeled
sympathetic preganglionic neurons (SPNs) were observed in the autonomic areas of
the spinal segments T11 to L2, where the majority of the labeled SPNs was observed
in the L 1 segment. After 5 days, few PRV infected neurons were observed in the
brain. The majority of these neurons were localized at the ventral surface of the
medulla. After 6 days survival, PRV labeled neurons were found in the premotor
areas, including the rostral ventrolateral medulla, rostral ventromedial medulla,
caudal raphe nuclei, A5 area, lateral hypothalamus and paraventricular hypothalamic
nucleus. Around 20% of the neurons in the ventrolateral medulla, projecting to the
sympathetic outflow of the tail artery were part of the C1 adrenergic cell group.
Within the caudal raphe nuclei, around 23% of the infected neurons were
serotonergic. In the pons, 39% of the PRV labeled neurons in the A5 area were THimmunoreactive. Oxytocin-immunoreactive neurons within the paraventricular
hypothalamic nucleus also projected to tail artery SPNs, but this projection was
sparse (≈8%).
Supported by: British Heart Foundation grant FS/96009 (JES), the Wellcome Trust
(MPG), and NIH grant HL-25449 (ASPJ and ADL).

62.10
ANTERIOR HYPOTHALAMUS IS A SITE OF INTERLEUKIN-1β
PYROGENIC ACTION TO BACTERIAL-INDUCED INFECTION AND
INFLAMMATION IN RATS. A.V.Gourine, K.Rudolph, A.S.Korsak and
M.J.Kluger*. Lovelace Respiratory Research Institute, Albuquerque, NM 87108.
There is evidence that bacterial endotoxin induces fever by causing the release of
interleukin-1β (IL-1β) into the circulation or the brain. The objective of the present
study was to determine whether IL-1β in the anterior hypothalamus is involved in
fever during bacterial peritonitis caused by cecal ligation and puncture (CLP) and
localized bacterial-induced inflammation caused by injection into the tail base of
Freund’s Complete Adjuvant (FCA) containing 0.1% killed M. tuberculosis.
Polyclonal rabbit antibody against rat IL-1β (anti-IL-1β, Cytokine Sciences, Boston,
MA) or control rabbit IgG (2 μg in 1μ1 volume) was unilaterally microinjected via
implanted cannulae into the anterior hypothalamus (i.h.) of adult male SpragueDawley rats. Injections were made immediately after CLP or sham-CLP surgery and
FCA or Freund’s Incomplete Adjuvant (without bacteria) injections. Body temperature
was measured by biotelemetry. It was found: (i) CLP-induced fever was significantly
attenuated by i.h. microinjection of anti-IL-lβ. On the day after surgery average core
temperatures were: 38.09±0.08 for CLP/anti-IL-1β (n=7) vs 38.46±0.09 for CLP/IgG
(n=8), p=0.003; (ii) FCA-induced fever was also significantly attenuated by anti-IL-1β
application. During the dark period after injections average core temperatures were:
38.87±0.08 for FCA/anti-IL-lβ (n=8) vs 39.22±0.05 in FCA/IgG (n=7), p-0.046. On
the day after injections core temperatures were 38.02±0.08 for FCA/anti-IL-1β vs
38.50±0.08 for FCA/IgG group, p=0.017. In most cases injection of anti-IL-1β did not
cause complete suppression of fever.
These results suggest that IL-1β is involved in development of bacterial-induced
fevers and cytokine pyrogenic action is at the level of the anterior hypothalamus. The
origin of this hypothalamic IL-1β (i.e., from the brain or from the periphery) is not yet
known. (Supported by NIH grant AI-27556 and FIC, NIH grant 1 F05 TW05291-01)

62.11

62.12

SPINAL CONVERGENCE OF AFFERENT SIGNALS FROM
THERMO- AND MECHANORECEPTORS. V.N.Gourine, E.G.Dedula,
A.V.Gourine and V.A.Kulchitskv*. Institute of Physiology, Academy of
Sciences, 220072 Minsk, Belarus.
The aim of the present study was to document the evidence for the
existence of mechanisms of convergence of afferent pathways from thermoand mechanoreceptors at the segmental level of the central nervous system.
Twenty experiments in chloralose- and urethane-anesthetized and
artificially ventilated cats were carried out. Extracelluar activity of spinal
neurons was recorded using glass microelectrodes implanted in the spinal
cord at the L5-S1 level in the dorsoventral direction. Activity of 84 units was
recorded, 9 of which were in lamina I, 5 in lamina II, 16 in lamina III, 13 in
lamina IV, 9 in lamina V, 6 in lamina VI, 10 in lamina VII, and 16 in lamina
VIII and IX. During mechanical stimulation of gastronemius muscle
mechanoreceptors, a characteristic change in the firing pattern of lamina I at
the L5 level located ipsilaterally from the stimulus application was recorded:
a proportion of impulse-to-impulse interval 8 ms long decreased more than
by 50%. Specific changes in the discharge pattern in these neurons were
observed also during local cooling from 36°C to 30°C or warming to 39°C of
the dorsal spinal cord at L4-S2 level.
These results suggest than lamina I neurons specifically respond to stimuli
of different modalities, which can be accounted for only by convergence of
corresponding afferent pathways from thermo- and mechanoreceptors at the
segmental level of the central nervous system. (Supported by the Academy of
Sciences of Belarus).

EFFECTS OF BETA-BLOCKADE ON THE THERMOGENIC RESPONSE TO
COLD EXPOSURE IN WISTAR KYOTO (WKY) AND SPONTANEOUSLY
HYPERTENSIVE RATS (SHR). E. Perdomo, A.K. Johnson, R.F. Kirbv*.
Department of Psychology, University of Iowa, Iowa City, IA 52242.
Brown adipose tissue (BAT) is the primary mechanism for heat production in
newborn rats. BAT contains beta-adrenergic receptors and receives vast
innervation from the sympathetic nervous system. Recently, we demonstrated that
spontaneously hypertensive rat pups are less able to defend against cold exposure
than Wistar-Kyoto. This thermoregulatory impairment appears to be due to a
diminished ability of SHR pups to increase and maintain BAT activation.
Therefore, the present study examined the influence of beta-adrenergic receptor
blockade on 7 to 9 day old WKY and SHR pups. Thermocouples were attached in
the interscapular region (Tis) above BAT and on a non-heat producing portion of
the lower back (Tback) using collodion. Animals were allowed to acclimate to a
thermoneutral environment (35.25°C) for 45 minutes prior to testing, after which
pups were injected subcutaneously with either isotonic saline (2.5 μl/kg), the
selective beta1-adrenergic antagonist, atenolol (2.5 mg/kg), or the nonspecific betaadrenergic, propranolol (2.5 mg/kg). Fifteen minute baselines were collected before
air temperature (Tair) was decreased to 16°C. Tis, Tback, and Tair were taken
continuously for 60 minutes after the temperature drop. In the vehicle condition,
SHR and WKY pups increased heat production via BAT activation. Heat
production, however, was maintained for a greater duration in the WKY than SHR
pups as indicated by a greater Tis than Tback. Both atenolol and propranolol were
able to diminish this response. However, no difference was found between the
selective and nonselective beta-blockers. In addition, heat production was
diminished to a greater extent in the SHR than WKY following beta blockade.
These findings suggest that beta-adrenergic receptors provide a greater influence to
BAT thermogenesis in SHR than in WKY pups. Supported by NIH HL 48815.
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BRAIN DISTRIBUTION OF UNCOUPLING PROTEIN 2 IN MICE. D.
Richard, R. Rivest, Q. Huang, H. Bachelard*, and D. Ricquier, Dept,
of Physiol. Laval Univ., Québec, C anada and CNRS/CEREMOD,
Paris, France.
In situ hybridization h isto ch em istry w as u sed to localize th e
mRNA coding th e recently cloned uncoupling protein-2 (UCP2)
mRNA (Fleury, C. e t al. Nat.Genet., 15: 269-272, 1997) in the brain
of mice. The antisense 35S-labeled UCP2 cRNA probe was prepared
from a 945 bp fragment of a m urine UCP2 cDNA (courtesy of Dr. D.
Ricquier) subcloned in a pSEL-U2K3 s2 plasmid th a t was linearized
with Hind III. Intense hybridization signal was seen in the choroid
plex u s, th e s u p ra c h ia s m a tic n u c le u s, th e p a ra v e n tric u la r
hypothalam ic nucleus (parvocellular division), the ventrom edial
hy p o th alam ic n u c le u s, th e v en tro m ed ial th a la m ic n u c le u s
(subm edius nucleus), the arcuate nucleus, th e supram am m illary
nucleus, the area postrem a (AP), th e dorsal motor nucleus of the
vagus nerve (DMN), th e cerebellum cortex (Purkinje cells).
Moderate hybridization signal w as present in the diagonal ban d of
B roca, th e m edial p reotic a re a, th e g lobus p allid u m , th e
dorsomedial hypothalamic nucleus, the lateral hypothalam us, the
amygdala, the solitary tra c t nucleus. Two p attern s of distribution
of the silver grains were observable on emulsion-dipped slides: one
w as an agglomeration of the grains delineating individual cells
(ex.: DMN), the second w as an hom ogenous distrib u tio n of the
grains over one or several adjacent b rain areas (ex.:AP). The role
played by UCP2 in the brain has yet to be described. However, given
the involvem ent of th e p ro tein s from UCP’s fam ily in th e
production of heat, one can argue th a t UCP2 is participating to the
thermoregulation of the brain. Supported by the MRCC.
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DISTRIBUTION OF IONOTROPIC GLUTAMATE RECEPTOR SUBUNIT
mRNAs IN FEMALE RAT HYPOTHALAMUS. O.Evigor*,A.P. Centers and L.Jennes.
Dept Anatomy & Neurobiology, Univ Kentucky, Coll Medicine, Lexington,KY,40536.
Glutamate is known to be the major excitatory amino acid neurotransmitter in the
hypothalamus regulating many different neuroendocrine systems by binding to and
activating its ionotropic and/or metabotropic receptors. In this study we examined the
distribution of ionotropic glutamate receptor subunit mRNAs with in situ hybridization
followed by autoradiography. The analysis of emulsion dipped, counterstained sections
revealed an extensive heterogeneous distribution of different receptor subunit mRNAs
throughout the hypothalamus. The results are summarized in the following table:

TH E C H A R A C T E R IZ A T IO N OF AN m R N A SPEC IES
TRANSCRIBED FROM THE COMPLEMENTARY STRAND OF
THE V2R GENE. V.C. Foletta , N. L. O stro w s k i† and W. S.
Young III* Lab. of Cellular and Molecular Regulation, † Office of the
Dir., NIMH, NIH, Bethesda, MD 20892.
During in situ hybridization histochemical (ISHH) analysis of
vasopressin V2 receptor (V2R) gene expression, an unknow n
mRNA species transcribed from the complementary DNA strand of
the V2R gene was detected in the fetal rat central nervous system
(CNS). Northern analysis reveals an approxim ately 10.5 kb
transcript in fetal rat brain and in various adult tissues, with highest
expression in the thymus, spleen, retina, lung and brain. Further
ISHH analysis in the adult brain demonstrates this transcript to be
located prim arily in the granule cell layers of the cerebellum ,
olfactory bulb and dentate gyrus, and in the pyramidal cell layer of
the hippocampus. Moderate expression is also observed throughout
the cortex, hypothalamus, midbrain, pons and medulla. The sense
probe (which detects V2R mRNA) gives no apparent labeling. We
are interested in determining the role of this mRNA transcript and if it
functions to regulate the expression of neurohypophyseal hormone
receptors through antisense RNA regulatory m echanism s in
embryonic and adult rats.
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Abbreviations: DBB: diagonal band o f Broca, MPON: medial preoptic nucleus, AVPv: anteroventral
periventricular nucleus, LHA: lateral hypotalamic area, SCN: suprachiasmatic nucleus, PVN: paraventricular
nucleus, SON: supraoptic nucleus, AN: arcuate nucleus, VMH: vetromedial hypothalamic nucleus, DMN;
dorsomedial hypothalamic nucleus. Relative mRNA levels are rated as: nd= not detectable; += low, ++=
moderate; +++= strong; ++++= very strong.

The results of the present study show that ionotropic glutamate receptors are
present in all key areas involved with neuroendocrine regulation of the anterior and
posterior pituitary. The finding that many different glutamate receptor subunit
mRNAs are present in the same hypothalamic nuclei supports the view that glutamate
can exert multiple effects on the same targets by causing different receptor-activated
intracellular events. (Supported by NIH grants HD24697 and AG13444 to LJ)
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G E N E E X P R E S S IO N .

L .F .

W o n g * 1.

T.

H arding1, Z. Q i2, S,J. W aller2. J.B . U nev1 and D. M u rp h y 1,2. 'Department of Medicine,
University of Bristol, Bristol Royal Infirmary, Marlborough Street, Bristol BS2 8HW.
in stitu te of Molecular and Cell Biology, 10 Kent Ridge Crescent, Singapore 119260.
Vasopressin (VP) is expressed in the supraoptic (SON), paraventricular (PVN) and
suprachiasmatic (SCN) hypothalamic nuclei. Little is known about the intracellular factors
that mediate the specificity of VP gene expression and its physiological regulation. A
potential candidate is the class III POU domain transcription factor Brn-2/N-Oct3 which is
expressed in the SON and PVN but not the SCN. Brn-2 has been shown to be crucial in the
development of the SON and PVN but not the SCN of the mouse (1). In heterozygote mice
carrying a loss-of-function mutation in Brn-2, the level of VP expression in the
hypothalamus was half that of wild-type mice (2), suggesting a relationship between the
level of expression of Bm-2 to the level of VP expression. Transgene 3VCAT3, which
consists of the rat VP structural gene containing a chloramphenicol acetyltransferase
reporter sequence in exon III and flanked by 3 kilobases (kb) of upstream and 3 kb of
downstream sequences, is expressed in the SON and the PVN, but not the SCN, of host rats.
Thus we postulate that Bm-2 may play a role in mediating VP expression through sequences
within 3VCAT3. However heterologous cell transfection assays in human em bryonic
kidney cells revealed that cotransfection with N-Oct3 is not able to transactivate a 3VCAT3based reporter plasmid. To overcome the limitations of these in vitro assays, we have
developed a replication-deficient adenovirus that expresses the human N-Oct3 gene in
response to a tet-controlled transcriptional activator (TetON) and in a doxycyclineinducible manner. The N-Oct3 and TetON viruses were stereotaxically coinjected into the
SON, SCN and caudate putamen of 3VCAT3 transgenic rats. By assessing the levels of
3VCAT3 and N-Oct3 following adenoviral infection, we hope to study the effects of N-Oct3
overexpression on hypothalamic function and regulation.
1. Schonemann et al. 1995 Genes and Development 9, 3122 - 3135
2. Nakai et al. 1995 Genes and Development 9, 3109 - 3121
(Work supported by The Wellcome Trust)
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PRODUCTION AND PROCESSING OF VASOPRESSIN GENE-RELATED
PROTEINS BY NEUROENDOCRINE TUMORS. W.G. North*,J. Du, Dept, of
Physiol., Dartmouth Med. Sch., Lebanon, NH 03756.
We have discovered that vasopressin (VP) gene-related proteins are
most probably universal lineage markers for not only small-cell
carcinoma of the lung (SCCL), but also breast cancer. Unlike their
production by neurons, most (>90%) of these proteins are not
packaged into secretory vesicles by these tumor cells, but instead are
trafficked to the plasma membrane where they uniquely form surface
antigens (NRSA). RT-PCR, cloning, sequencing, immunocytochemistry, Western analysis, and flow cytometry, have allowed us to
reach the following conclusions about these tumor proteins:
• NRSA originates from of both normal and abnormal VP genes;
• VP gene expression is a likely feature of the carcinogenic process
that generates tumors such as SCCL and breast cancer;
• errors take place in transcription that probably lead to tumorspecific abnormal posttranslational processing;
• NRSA arises through both normal and abnormal
posttranscriptional processing;
• trafficking of NRSA to the cell surface is controlled by factors
additional to structural elements within the proteins translated;
• abnormal processing of proteins by tumors is not due to their
inability to express intravesicular processing enzymes;
• changes in tumor differentiation (or drug resistance) does not
affect the nature nor the degree of expression of NRSA..
• membrane models for NRSA require VP, neurophysin, and
glycopeptide elements to be extracellular.
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EFFECT OF RU486 ON THE PROGESTERONE (P) REGULATION
OF OXYTOCIN (OT) MESSENGER RIBONUCLEIC ACID
(MRNA). A. Thomas*, N.B. Kim, D.J. Hollingshead, and J.A. Amico.
Dept. of Med., Univ. of Pittsburgh and VA Med. Ctr., Pittsburgh, PA
15261.
Compared to early gestation, OT mRNA levels are increased in the
paraventricular and supraoptic nuclei (PVN and SON) of the late
parturient rat. This augmentation can be attenuated by preventing the
spontaneous prepartum decline in P. OT mRNA is also increased in
virgin ovariectomized (ovx) rats administered sequential estrogen (E)
and P for 2 wks followed by P withdrawal, a steroid regimen that
mimics the E and P exposure of pregnancy. If E is not given or P is not
withdrawn, OT mRNA levels do not increase. Since P receptors (PR)
are scarce or absent in the PVN and SON, the mechanism through
which P acts upon OT neurons is not understood. Perhaps P ’s
effects are mediated via the PR at sites distant from the PVN and
SON or by a mechanism independent of the PR. We set forth to
determine the role of the PR by pharmacologically causing P
withdrawal using RU486, a progesterone antagonist. Ovx SpragueDawley rats were implanted with empty- or E-filled silastic capsules
on day 1 and either empty- or P-filled capsules on day 3. On day
14, the P capsules were either removed and vehicle was injected or P
capsules were left in and RU486 (1.5 mg/100g) was injected twice
daily x 48 hrs to simulate P withdrawal. On day 16 all animals were
sacrificed. In situ hybridization for OT mRNA in the PVN was
significantly higher in the P withdrawn and RU486 groups compared to
the sham-treated group (p <0.0001, Kruskal-Wallis). Pharmacologically
induced P withdrawal via RU486 increases PVN OT mRNA in the Eprimed ovx rat. The data suggest that P effects on OT mRNA may be
mediated via the PR. Supported by funds from the VA and NIH.

THE EFFECT OF OXYTOCIN ON FOS IMMUNOREACTIVITY IN
THE DORSAL VAGAL COMPLEX. L.H. Calizo* and L.M.
Flanagan-Cato, Department of Psychology, Institute of Neurological
Sciences, University of Pennsylvania, Philadelphia, PA 19104
The dorsal vagal complex (DVC) has been implicated as a site of
steroid modulation of oxytocin-induced neuronal activation. For
example, in electrophysiological studies in brainstem slices from
ovariectomized rats, estrogen decreased the responsiveness of DVC
neurons to Thr4,Gly7-oxytocin, an oxytocin (OT) agonist (Tolchard
and Ingram, 1993). While these studies suggest steriod-dependent
changes in OT responsiveness in the DVC, it is not known whether a
biochemical marker would reflect this modulation. In this present
study, ovariectomized female rats were given subcutaneous estradiol
benzoate (EB) for 48 hr (10 ug/day) followed by progesterone (250
ug) 48 hr later. Four hours after progesterone treatment, 0.5 ug OT
(n=4) or 1 ul 0.9% NaCl (n=3) was administered into the third
ventricle by icv injection. Brainstem sections containing the DVC were
immunocytochemically stained for c-fos, and c-fos postitive cells were
counted under light microscopy. Results from DVC sections at the
level of obex displayed a mean of 25±10(mean±SE) and 8±3 fospositive cells for OT- and saline-treated rats respectively. These results
suggest an effect of OT on c-fos immunoreactivity in the DVC.
Further study is warranted to elucidate the role of steroid hormones in
this phenomenon. Supported by NIMH grant MH530711.

63.7
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DIFFERENT SUBDIVISIONS OF SPINALLY-PROJECTING NEURONS
wn HIN THE Rat PARAVENTRICULAR HYPOTHALAMUS EXPRESS
DYNORPHIN, ENKEPHALIN, OXYTOCIN AND VASOPRESSIN-MRNA
M, Hall'oeck*, D. Larhammar, M. Telkov, A, Blomqvist Dept Cell Biol,Uni
Linkoping,581 85 Linkoping and Dept Med Pharm,Uni Uppsala,751 24, Sweden
The paraventricular hypothalamic nucleus (PVH) is known to be an important
center for homeostatic regulation. Part of this regulation is exerted at the spinal
level. Since different subdivisions of PVH respond differently to stimuli, it is
important to clarify the peptidergic content within the various spinallyprojecting subdivisions. We have adressed this issue using retrograde tract
tracing combined with in situ hybridization for either dynorphin (DYN),
enkephalin (ENK), oxytocin (OT), or vasopressin (VP).
Rats were injected into the cervical spinal cord with the retrograde tracer
cholera toxin B, which was demonstrated by immunocytochemistry. In situ
hybridization was performed with 35S-labeled RNA probes complementary to
preproDYN (0.6 kb), preproENK (0.9 kb), preproOT (0.6 kb) and preproVP (0.6
kb), respectively. The sections were pretreated with proteinase K, hybridized
for 48 h at 59°C and then posthybridized under high stringency conditions,
followed by autoradiography.
The spinally-projecting neurons are primarily located to the lateral (lp), the
ventral part of the medial (mpv) and the dorsal (dp) parvocellular subdivisions
of PVH. An analysis of the proportion of
mpv
IP
dp
double-labeled neurons within these different
+
DYN ++
+++
subdivisions revealed a distinct pattern for
+
ENK ++
(+)
each analyzed peptide mRNA, as shown in the
+
+++
+++
OT
adjoining table.
VP
+++
+++
(+)
These findings show that the spinally-projecting neurons in PVH are parceled
into anatomically distinct cell groups that differ in their peptidergic phenotype,
suggesting that different parts of PVH exert different effects on spinal cord
neurons.
Supported by SMRC grant 7879.

CORRELATION OF HYPOTHALAMIC SOMATOSTATIN mRNA AND PEPTIDE
CONTENT WITH RELEASE: SEX DIFFERENCES AND DIFFERENTIAL
MODULATION BY GONADAL FACTORS. H. Murray. S. X. Simonian*, A. E.
Herbison1* and G. Gillies. Dept. Pharmacology, Charing Cross & Westminster Med.
School London and JLab of Neuroendocrinology, Babraham Institute, Cambridge, UK.
Direct evidence for the assumption that sex differences in hypothalamic somatostatin
(SOM) secretion accounts, at least in part, for the sexually dimorphic pattern in growth
hormone secretion is lacking. Therefore, a parallel study of SOM mRNA (in situ
hybridisation) and peptide content in hypothalamic periventricular nucleus punches
(PcN) and median eminence (ME) as well as release (acute incubations of PeN-ME
explants) was conducted on rat tissue. Male/female (intact): In agreement with
other reports (e.g. Chowen-Breed et al, 1989) the SOM mRNA content of PeN neurons
was lower (p<0.05) in intact females than males. Similarly, peptide content in PeN
and ME in females was less (p<0.05) than that in males. However, both basal and
56mM K+-stimulated release of SOM (reflecting neurotransmitter 'tone' and total
secretory capacity, respectively) was higher (p<0.01) in females. Gonadectomy (Gx
at 8 weeks of age for 2weeks): Gx in the female did not affect mRNA and peptide
levels or 56mM K+-stimulated secretion but basal release was reduced to that seen in
the male. In contrast, Gx in the male reduced SOM mRNA and peptide contents and
elevated 56mMK+-stimulated secretion (p<0.01) to levels seen in the intact female,
whereas basal release was unaffected. Further sexual dimorphism was apparent in the
response to bicuculline (10-5M), which stimulated SOM secretion from male but not
female or Gx male explants. Summary: i) Sex differences in SOM peptide content
in PeN-ME reflect differences in mRNA expression; both measures are dependent on
gonadal factors in the male but not the female, ii) SOM secretion from PeN-ME is
sexually dimorphic and dependent on gonadal factors in the male and female but iii)
differences in mRNA/peptide content do not predict differences in secretion and iv) the
dynamics of SOM secretion and the neural network regulating its release are
differentially modulated in males and females by gonadal factors.
Supported by Medical Research Council (UK) Grant G9409798N.

63.9

63.10

ATTENUATION OF MK-0677-INDUCED ARCUATE NUCLEUS ACTIVATION
BY GROWTH HORMONE-RELEASING HORMONE. A.R.T. Bailey. S.P.
Rohrer*f . R.G. Smithf, G. Leng. Dept. of Physiology, University Medical School,

A SIGNALING PATHWAY BETWEEN THE ARCUATE NUCLEUS AND
THE NEUROENDOCRINE THYROTROPIC (TRH) NEURONS IN FEMALE
RATS. S. Piano*, F. Naftolin, F, Goglia, V. Csernus and T.L. Horvath.

Edinburgh, EH8 9AG, U.K. and f Merck Research Laboratories, NJ 07065, U.S.
Growth hormone (GH) secretagogues, such as MK-0677, stimulate GH release by
acting directly at the pituitary gland and by increasing the activity of growth hormonereleasing hormone (GHRH) neurones in the arcuate nucleus. GH is thought to
regulate its own release by exerting a negative feedback action upon neurones in the
hypothalamus. Therefore, in this study we examined whether activation of arcuate
neurones by MK-0677 could be attenuated by prior administration of GHRH.
Conscious male rats with a jugular catheter implanted one day previously under
halothane anaesthesia (5% halothane in a O2/NO2 mixture), were injected
intravenously (i.v.) with either saline (0.2ml, n=10) or GHRH (2 pg, n=10). Ten
minutes later, rats were given an i.v. injection of either saline (0.2ml, n=10) or MK0677 (50pg, n=10). Ninety minutes later, rats were terminally anaesthetised with
sodium pentobarbitone (60mg/kg; i.v.) and perfused transcardially with heparinised
saline followed by 4% paraformaldehyde. Coronal forebrain sections (50 pm) were
then processed for the immunocytochemical detection of Fos protein. Animals
injected with Saline/saline had little Fos-like immunoreactivity (Fos-LI) in the arcuate
nucleus and this was not significantly different from that observed in animals given
GHRH/saline (1.1 ±0.3 cells/section). Compared to saline/saline treated animals there
was a significant increase in arcuate nucleus Fos-LI in animals injected with
saline/MK-0677 (1.6±0.3 vs. 18.4±1.8 cells/section, respectively). Injection of GHRH
prior to MK-0677 resulted in a significant decrease in arcuate nucleus Fos-LI
(1 l.l±0.9 cells/section) indicating that in the conscious male rat GHRH can attenuate
MK-0677-induced activation of arcuate nucleus neurones.
Supported by Merck Research Laboratories.
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Department of Ob/Gyn, Yale University, School of Medicine, New Haven CT, 06520.
Recent evidence suggestes that the negative feedback effect of thyroid hormones
on the production of TRH in the hypothalamic paraventricular nucleus is indirect,
mediated by other hypothalamic neural circuits. For example, it was found that the
arcuate nucleus and not the paraventricular nucleus contains the highest enzyme
activity of 5’-deiodinase type II, an enzyme that is critical for the production of
hypothalamic T3 and, hence, for the maintenance of the feedback axis between the
thyroid gland and the hypothalamus. Based on these observations, we hypothesized
that a monosynaptic pathway exists between the arcuate nucleus and those TRH cells
that are neuroendocrine, i.e., project to the external layer of the median eminence.
Experimental: The anterograde tracer, Phaseolus vulgaris leucoagglutinin (PHA-L),
was injected into the arcuate nucleus in parallel with the administration of the
retrograde tracer, fluorogold (FG), into either the external layer of the median
eminence or the general circulation. Light and electron microscopic double and triple
immunolabeling for PHA-L, FG and TRH were performed on vibratome sections of
colchicine-pretreated animals. Arcuate nucleus efferents were found to contact TRH
cells within the parvicellular region of the paraventricular nucleus. Populations of
these TRH cells receiving arcuate afferents were also retrogradely labeled from either
the median eminence or the general circulation indicating their direct role in the
regulation of thyrotropin secretion from the anterior pituitary. Most of the arcuate
input on TRH cells was found to establish symmetrical synaptic membrane
specializations. Conclusion: Our results provide morphological evidence for a
signaling pathway between the arcuate nucleus and paraventricular nucleus which
may underlie thyroid regulation of neuroendocrine TRH cells. (Supported by NIH
grant NS 36111 and a Fellowship from University of Naples).
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63.11
THE ARCUATE NUCLEUS IS A MAJOR SOURCE OF NPYFIBERS INNERVATING TRH NEURONS IN THE PVN. R. M.
Lechan* and G. Legradi. Division of Endocrinology, Diabetes,
Metabolism and Molecular Medicine, New England Medical Center,
Boston, MA 02111
Neuropeptide Y (NPY) immunoreactive (-ir) nerve fibers densely
innervate hypophysiotropic TRH perikarya and their proximal
dendrites in the hypothalamic paraventricular nucleus (PVN). To
evaluate the contribution of the arcuate nucleus (Arc) to this
innervation, the effect of Arc ablation by neonatal monosodium
glutamate (MSG) treatment on the density of NPY-fibers contacting
TRH neurons in the PVN was investigated. After the lesioned
animals and vehicle-treated controls reached adulthood, the number
of close contacts between NPY-ir boutons and TRH-ir perikarya in
the PVN was determined in double-immunostained sections. In
controls, numerous contacts between NPY-ir terminals and TRH
perikarya and dendrites were observed confirming earlier findings.
MSG treatment resulted in a marked reduction of the size of the Arc
and also the number of NPY-perikarya with a concomitant reduction
of 74.8 ± 2.0 % in the relative number of NPY terminals contacting
TRH perikarya in the medial parvocellular subdivision of the PVN.
These data demonstrate an anatomical relationship between NPYproducing neurons in the Arc and TRH neurons in the PVN. Since
central administration of NPY inhibits TSH secretion, the fastinginduced increase in NPY gene expression in the Arc may contribute
to downregulation of the hypothalamic-pituitary-thyroid axis during
fasting. Supported by NIH Grant RO1 DK-37021.

63.13
INCREASE OF UROCORTIN-LIKE IMMUNOREACTIVITY IN
THE SUPRAOPTIC NUCLEUS AFTER DEHYDRATION AND
SALT LOADING BUT NOT FOOD DEPRIVATION. Y. Ueta, ’Y.
Hara. T. Isse, N, K abas hi ma. I, Shibuya, ’Y. Hattori. 2K. Koizumi*.
and H. Yamashita. Dept. of Physiol., Univ. of Occup. Environ.
Health, Sch. of Med., Kitakyushu, 807, ’Dept. of Foods & Human
LifeSci., Notre Dame Seishin Univ., Okayama, 700, Japan, 2Dept. of
Physiol., SUNY Health Sci. Ctr. at Brooklyn, NY 11203, USA
Urocortin (Ucn) is thought to be a new potent corticotrophin-releasing
factor (CRF). Ucn is expressed not only in the Edinger-Westphal
nucleus in the midbrain, but also in several forebrain areas including the
hypothalamo-neurohypophysial system. We examined the effects of
water deprivation, salt loading and food deprivation on Ucn-like
immunoreactivity (LI) in the rat hypothalamo-neurohypophysial
system, using immunohistochemistry. Under euhydrated condition,
sporadic Ucn-LI neurons were observed throughout the supraoptic
nucleus (SON). Water deprivation for 48 h and chronic administration
of 2% saline for five days caused a marked increase of Ucn-LI
perikarya and fibers in the SON. Ucn-LI varicosities and fibers were
found in the internal zone of the median eminence (ME) and in the
posterior pituitary. However, food deprivation for 48 h caused a slight
decrease in the number of Ucn-LI cells in the SON. These result
suggest that Ucn in the hypothalamo-neurohypophysial system may be
involved in the regulation of body fluid and salt balance.

63.15
ANTEROVENTRAL THIRD VENTRICLE LESIONS (AV3VX) ALTER C- FOS
EXPRESSION INDUCED BY SALT LOADING M.J.A. Rocha, T.G. Beltz1,

R.C.M Domelles, C.R.Franci* and A.K. Johnson1. Dept. of Physiology, FMRP, USP,
14040-900, Ribeirao Preto, SP, Brazil and Depts of Psychology & Pharmacology
and the Cardiovascular Center1, University of Iowa, Iowa City, IA 52242, USA.
Previous work has demonstrated that although rats with AV3VX show impaired
vasopressin (VP) and oxitocin (OT) release, they do increase VP and OT mRNA
expression in magnocellular neurons (MCN) in response to hyperosmolality. It has
been hypothetized that AV3VX interrupt input from the lamina terminalis to MCN
but that VP and OT mRNA is activated by either other pathways or directly by the
hyperosmolality. The present study investigated the signal transduction cascade for
OT and VP synthesis by characterizing c-Fos expression in the MCN of AV3VX rats
in response to salt loading. Adult male rats received AV3VX or sham lesions
(SHAM). Three weeks later they were given either water or a 2% NaCl solution to
drink for three days. Five groups: a) SHAM + water; b) SHAM + NaCl c) SHAM +
NaCl restriction d) AV3VX + water e) AV3VX + NaCl were tested. At the end of the
experiment the rats were perfused and the brains were removed and processed for Fos
immunocytochemistry (Fos-ir). There was no difference in the amount of water drank
by AV3VX vs SHAM (134.75 ± 22.32 vs. 112 ± 6.24ml). There was a significant
difference (42.8 ± 10.63 vs 113.5 ± 17.40) in NaCl intake in AV3VX vs SHAM rats
with ad lib access to NaCl. The intake of SHAM-NaCl restricted rats was 36 ± 8.6 ml.
Both SHAM and AV3VX rats that drank water did not show Fos-ir in the MCN. Fosir was high in the MCN of SHAM rats that drank NaCl either ad lib or with
restriction, but in rats with AV3VX drinking NaCl, there was a significant reduction
of c-Fos expression in comparison to the other drinking NaCl. It is concluded that the
increase in VP and OT mRNA observed in AV3VX salt loaded rats is independent of
the signaling mechanisms mediating c-Fos expression. Supported by CNPq and
FAEPA; NIH HL 14388 and HL 57472.
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63.12
UROCORTIN-LIKE
IMMUNOREACTIVITY
IN
THE
HYPOTHALAMO-NEUROHYPOPHYSIAL SYSTEM. ’Y, Hara, Y,
Ueta, T, Isse. N. Kabashima. I. Shibuya, ’Y. Hattori* and H.
Yamashita. Dept. of Physiol., Univ. of Occup. Environ. Health, Sch.
of Med., Kitakyushu, 807, Japan, ’Dept. of Foods & Human Life Sci.,
Notre Dame Seishin Univ., Okayama, 700, Japan.
Urocortin (Ucn) is a newly identified neuropeptide that belongs to the
corticotrophin-releasing factor (CRF) peptide family. We examined the
existence of Ucn in the rat hypothalamo-neurohypophysial system,
using the immunohistochemical detection of Ucn by a specific
antiserum raised against rat synthetic Ucn (3-40). Intact adult male
Wistar rats and surgical hypophysectomized rats were used in the
present study. In intact rats a few Ucn-like immunoreactivity (LI)
neurons were observed scattered throughout the supraoptic nucleus
(SON) and a small number of Ucn-LI fibers were observed scattered in
the posterior pituitary. After hypophysectomy a marked increase in
Ucn-LI was observed in the paraventricular nucleus (PVN), the SON
and both the internal and the external zone of the median eminence
(ME). In the external zone of the ME portal vessels were often observed
to be surrounded by Ucn-LI fibers in the hypophysectomized rats.
These results suggest that Ucn in the hypothalamo-neurohypophysial
system may be involved in the regulation of body fluid balance, and
possibly in the stimulation of ACTH release from the anterior pituitary.

63.14
WATER DEPRIVATION INCREASE THE EXPRESSION OF PITUITARY
ADENYLATE CYCLASE-ACTIVATING POLYPEPTIDE GENE IN THE
RAT SUBFORNICAL ORGAN. M. Nomura1, Y. Ueta1*, P. J. Larsen2. J.
Hannibal3, R. Serino1, N. Kabashima1,1. Shibuya1 andH. Yamashita1.
'Dept. of Physiol., Sch. of Med., Univ. of Occnp. Environ. Health, Kitakyushu
807, Japan, 2Dept. of Anatomy, Univ. of Copenhagen, DK-2200 Copenhagen
N, Denmark and 3Dept. of Clinical Biochem., Bispebjerg Hospital, DK-2400
Copenhagen NV, Denmark.
The effect of water deprivation on the expression of pituitary adenylate
cyclase-activating polypeptide (PACAP) was examined in the rat subfornical
organ (SFO), using a combination of immunohistochemistry and in situ
hybridization histochemistry with a 35S-labelled oligodeoxynucleotide probe for

PACAPmRNA. In the euhydrated condition, the PACAP-iinmunoreactivity
(PACAP-IR) and the expression of PACAP gene were observed in the SFO.
Although water deprivation for 12 h did not cause any changes in PACAP
transcripts in the SFO, water deprivation for 24 h and 48 h caused a significant
increase in PACAP transcripts in the SFO, compared to euhydrated animals.
Additionally, water deprivation for 48 h caused an increase in PACAP-IR in the
SFO. This increase of PACAP-IR was demonstrated in both nerve fibers and cell
bodies. High correlation was found between the localization of PACAP-IR cell
bodies and PACAPmRNA synthesizing cell bodies in the peripheral part of the
SFO. These results suggest that PACAP in the SFO may play a role in the
humoral and neural changes associated with the regulation of body fluid balance
after water deprivation.

63.16
CHARACTERIZATION OF TRH RESPONSIVE CELLS TO NEURAL STIMULI
IN THE HYPOTHALAMIC PARAVENTRICULAR NUCLEUS. E. Sanchez, C.
Morales, R.M.Uribe, T.Zoeller+, J.L. Charli and P.Joseph-Bravo*, Inst, of
Biotechnology,UNAM, AP510-3 Cuernavaca MOR, Mexico 62271 and + Dept.
of Biology, U.Mass, Ahmerst, MA 01003.
Thyrotropin releasing hormone (TRH) synthesized in the paraventricular
nucleus (PVN), participates in the response to cold exposure (CE) in TSH
release and, suckling stimulus (SS) in prolactin (PRL). TRH mRNA levels
rise fast in both paradigms. Our goal is to determine whether separate
populations of TRH neurons within the PVN respond to a defined stimulus
measuring the genomic response and distribution. Dual label in situ
hybridization was performed on PVN slices using digoxigenin-TRH and cfos,
NGF1 or FRA-1 33P-c RNA probes from male rats exposed 60min to cold or,
lactating dams suckled for 30 min. After suckling neither cfos.NGFl or FRA-1
increased in TRH cells. However, as reported cfos increase was observed
after CE; we detected 30-40% of TRHergic neurons expressing cfos.
Influence of gender was determined in CE: cells number and TRH mRNA
levels were quantified through the whole PVN from rostral to caudal.
Autoradiographic analysis showed the highest response in the medial part of
female PVN (99±8 vs 140±15 uCi/mg ww) followed by the anterior (68±6 vs
86±17) and none in the posterior (96±26 vs 112±24). In contrast, males
response was more evident in the posterior part. Female controls presented
fewer number of TRH cells in anterior and medial PVN compared to males
(64 and 63±5 vs. 104±20 and 88±8). The distribution of cells was similar in
control or CE males but differed to females, specially in the medial zone. The
heterogeneity in the intracellular response upon the stimuli and in the
distribution of cells suggest the possibility of subpopulations of PVN TRHergic
cells. (DGAPA-206094, CONACYT-776, TZ.NSF).
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63.18

PROLACTIN RECEPTOR-LIKE IMMUNOREACTIVITY IN SUBDIVISIONS
OF Am AND An NEURONS IN OVARIAN STEROID REPLACED RATS: A
DOUBLE LABEL CONFOCAL MICROSCOPIC STUDY A. Lerant* and M.E.
Freeman Dept.of Biological Sci., Florida State University, Tallahassee, FI 32306-4075
Dopamine, which inhibits the spontaneously high secretory activity of pituitary
lactotrophs, arises from three hypothalamic neuron populations: (1) Periventricular
hypothalamic (PHDA, A)4) neurons, (2) tuberohypophysial (THDA, rostral A!2)
neurons and (3) tuberoinfundibular (TIDA, A!2) neurons. Prolactin (PRL), secreted
by lactotrophs, in turn can stimulate the activity of TIDA neurons through an ultrashort feedback loop. Prolactin receptor (PRL-R) mRNA has been found in the neurons
of the arcuate nucleus. The ligand binding domain (LB) of the PRL-R can separate
from the receptor and serve as a PRL binding protein. The aim of this study was to
identify the target cell populations for PRL feedback by demonstrating the relative
abundance of PRL-R and LB in PHDA, THDA and TIDA subpopulations by
immunocytochemistiy. Five-six month old female Sprague-Dawley rats were
ovariectomized and implanted with Silastic capsules containing estrogen and
progesterone. Two weeks after surgery the animals were sacrificed and double label
immunocytochemistry was performed on hypothalamic sections. Monoclonal
antibodies detecting the extracellular domain (EC) of the PRL-R or the LB domains
were used followed by CY2 conjugated anti-mouse IgG, while dopaminergic neurons
were identified by an anti-tyrosine-hydroxylase (TH) rabbit antibody and anti-rabbit
IgG conjugated with CY3. The sections were examined with a Zeiss laser scanning
microscope (LSM-410) in dual scan mode. The rostraX AJ2 (THDA) and the
dorsomedial portion of the middle A!2 (TIDA) neuronal subpopulations showed the
highest incidence of EC-TH double labeled neurons, while the ventrolateral and
caudal A}2 (TIDA) subpopulations were less abundant in double labeled neurons. The
A i4 neurons (PHDA) showed the lowest incidence of EC-TH double labeled neurons.
Although the distribution of LB immunoreactivity in TH neurons was similar to that
of EC immunoreactivity, a very intense LB immunoreactivity was detected in the
tanycytes lining the third ventricle and along their processes reaching the ventral
surface of the mediobasal hypothalamus. These data indicate that the primary target
cells for PRL feedback are the THDA-TIDA neurons. Furthermore, it suggests that
tanycytes may be involved in the uptake and/or transport of PRL from the median
eminence and/or the cerebrospinal fluid. Supported by NIH, DK43200 and HD 11669.

DISTRIBUTION OF GALANIN IMMUNOREACTIVITY IN FEMALE MOUSE
FOREBRAIN. G. V. Rajendren* and M. J. Gibson. Div. Endocrinology,
Mount Sinai School of Medicine, New York, NY 10029.
Galanin is believed to have multiple biological functions. It is present in
specific brain areas in several species including the rat. The present experiments were designed to investigate galanin immunoreactivity (IR) in female mouse forebrain. Adult cycling female mice (n = 10), 3-4 mos old, were
injected in the lateral cerebral ventricle with colchicine, and perfused the
following day. The brains were processed for galanin immunocytochemistry.
Overall, the pattern of staining was similar to that in rat; however, a few
differences were noted. Intense galanin fiber IR without any cell body staining was observed in the area between the island of Calleja and the diagonal
band, the lateral ventral septal nucleus, periventricular thalamic nucleus
and habenula. Intense fiber and cell body staining was present in the ventral and medial preoptic nuclei, and periventricular, paraventricular (magnocellular), supraoptic and the dorsomedial hypothalamic nuclei. Less dense
fiber staining along with scattered cell body staining was seen in the bed
nucleus of stria terminalis, medial and lateral preoptic area, anterior hypothalamus, arcuate nucleus and amygdala. Staining was very modest in the
diagonal band, anterior medial septum and the ventromedial hypothalamus
with no apparent cell body staining. Intense fiber staining was noticed in the
external zone of median eminence. Unlike in rats, no staining was seen in
the cerebral cortex and striatum, and cell bodies were virtually absent in the
septum and the amygdaloid complex, except for the medial nucleus. The
area of the hippocampus examined also did not exhibit any noticeable
galanin IR. The presence of an intense galanin immunoreactivity in the
hypothalamic areas suggests an important neuroendocrine role for galanin.
Supported by NIH 1RO1 HD19077 (to MJG)
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63.20

DIFFERENTIAL DISTRIBUTION OF LHRH ( ISOTYPES IN NERVUS
TERMINALIS GANGLIA OF THE BONNETHEAD SHARK AND ATLANTIC
STINGRAY. J. F. Moeller*, J. M. Myers and M. Meredith. Program In Neuroscience,
Florida State University, Tallahassee FL 32306.
In immunocytochemical studies on the nervus terminalis (NT) ganglia of
bonnethead shark and Atlantic stingray, two different LHRH antisera (gifts of Dr.
Nancy Sherwood) show dissimilar patterns of immunoreactivity. Antiserum GF-5,
raised against salmon LHRH, reacts with a broad spectrum of LHRH isotypes. GF-5
labels approximately half of the ganglion cells in bonnethead, a pattern similar to that
shown in previous studies. Intense immunoreactivity was also seen in the varicosities
of many neuronal fibers throughout the ganglion and nerve trunks.
Antiserum 7CR-10, raised against dogfish LHRH but with highest affinity towards
chicken (c)LHRH-II, shows a strikingly different labeling pattern compared to GF-5
or any previous antisera. Very few somata are lightly labeled in either the stingray or
bonnethead ganglia. Intense immunoreactivity occurs in the varicosities of a small
group of fibers throughout the ganglia of both elasmobranchs. Small immunoreactive
club-shaped structures are found scattered throughout the bonnethead ganglia but are
absent in the stingray ganglia. Using confocal microscopy, these structures appear to
terminate on blood vessels within the ganglion similar to the terminals of LHRH
fibers in the median eminence of rats. Preabsorption controls using four different
forms of LHRH support the conclusion that there at least two forms of LHRH that are
distributed differently in the NT ganglia.
These data suggest that the multiple isotypes of LHRH expressed in elasmobranch
NT ganglia may have different roles. This is supported by preliminary
radioimmunoassay evidence that a mammalian LHRH-like substance is released in
the brain but not in the ganglia with NT stimulation. Anatomical evidence suggests
that a different isotype, possibly cLHRH-II, might be released into the general blood
circulation from the ganglia. Supported by NIDCD 00471.

IMMUNOHISTOCHEMICAL DETECTION OF SOMATOSTATIN
RECEPTOR sstj IN THE HYPOTHALAMUS OF RAT BRAIN
L. HelboetA C.E. Stidsen1* and M. Mbller2. iNovo Nordisk A/S,
Mal0v and institute of Medical Anatomy, University of Copenhagen,
Blegdamsvej 3, 2200 Copenhagen N, Denmark.
The carboxy terminal part of the human somatostatin receptor sst j was
expressed as GST fusion protein and used for raising polyclonal
antibodies. In Western blot analysis the sstj antiserum was tested on
membrane preparations from cell lines transfected with somatostatin
receptor subtypes sst j to ssts, respectively. The antiserum did not show
cross reactivity with any of the other receptor subtypes and was found to
be selective for sstj. Frontal cryostat sections were prepared of
paraformaldehyde fixed rat brain and immunoreacted with sst] antiserum
by using the biotinylated tyramide signal amplification technique. A
strong staining was observed in the external layer of the median
eminence. The immunoreactivity was confined to nerve fibres endowed
with large swellings. They were primarily located around the portal
capillaries. Immunoreactive perikarya were observed in the ependymal
and subependymal layer covering the lower caudal part of the third
ventricle. In the rostral part of the third ventricle many strongly stained
neurons were located primarily in a subependymal periventricular
position. The localization of sstj in the external layer of the median
eminence indicates that this receptor subtype plays a role in the release of
neuropeptides from the nerve terminals of this area.
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THE ANTI-OBESITY EFFECTS OF BROMOCRIPTINE ARE ASSOCIATED WITH
ALTERED CIRCADIAN NEUROENDOCRINE RHYTHMS IN THE SYRIAN HAMSTER.

PROOPIOMELANOCORTIN (POMC) NEURONS IN THE
HYPOTHALAMUS OF THE MONKEY EXPRESS LEPTIN
RECEPTOR mRNA. P.D. Finn*, S.D, Karam, Y.Y. Chan, D.K.
Clifton. R.A, Steiner. Dept, PBio, Ob/Gvn, UW, Seattle. WA 98195
Leptin is a protein hormone that is secreted by adipocytes. It acts as a
satiety factor to regulate feeding and as a metabolic signal to the
reproductive system. Little is known about the role of leptin in
primates beyond the fact that, in humans, circulating levels of leptin are
correlated with body mass index, and leptin receptor (OB-R) is widely
expressed in many organs. The goal of this study was to determine the
targets of leptin's action in the primate brain by identifying the
anatomical regions and the neuronal phenotypes that express OB-R
mRNA. To do this, we performed single-label in situ hybridization
with a 33p.qa5eiecj c rn A probe on forebrain tissue obtained from
female macaques, Macaca nemestrina. OB-R mRNA was expressed
almost exclusively in the hypothalamus and was highest in the
retrochiasmatic, infundibular, ventromedial, dorsomedial, and lateral
areas. In the infundibular area, the distribution of OB-R mRNA
overlapped that of POMC mRNA-expressing neurons. To determine if
POMC neurons express OB-R mRNA, we simultaneously identified
POMC mRNA with a digoxigenin-labeled cRNA probe and OB-R
mRNA with a 33p_labeled cRNA probe. Preliminary results suggest
about 40% of the POMC neurons express OB-R mRNA. These results
suggest that the effects of leptin are mediated, at least in part, by
peptide products of POMC neurons, with plausible candidates
including p-endorphin and a-melanocyte-stimulating hormone, both of
which influence feeding and reproduction. NIH support: HD 12629-18
& HD07453.

S. Luo*, J, Luo, & A. H. Cincotta. Ergo Sci. Dev. Corp., Charlestown, MA 02129.
Bromocriptine (BC), a dopamine D2 agonist, inhibits seasonal fattening, suppresses
lipogenesis, and improves glucose intolerance in Syrian hamsters. Alterations in
circadian neuroendocrine activities are suggested to be involved in the regulation of
seasonal metabolic changes. We examined the association of metabolic responses to
BC with its effects on the daily rhythms of metabolic hormones and monoamine
profiles of hypothalamic suprachiasmatic nuclei (SCN), a primary circadian
pacemaker known to regulate metabolism, in Syrian hamsters. Obese glucose
intolerant male Syrian hamsters (BW 185+10g) held on 14 hr daily photoperiods
were treated at light onset with BC (800pg/animal) or vehicle for 2 weeks. Glucose
tolerance tests (GTT) were conducted before and after treatment. Different subsets of
animals (n=6) from each treatment group were sacrificed at 0/24, 5, 10, 15, or 20 hr
after light onset for analyses of SCN monoamines and plasma insulin, cortisol,
thyroxin (T4), triiodothyronine(T3), glucose, and free fatty acids (FFA). Compared
with control values, BC treatment for 2 weeks reduced weight gain (-2.4 vs 12.3g,
P<0.05) and the areas under the glucose and insulin GTT curves by 34% (P < 0.05)
and 38% (P<0.05), respectively, and substantially reduced the insulin concentration
throughout the day (mean daily level 2.9 vs 8.7ng/dl) without influencing plasma
glucose levels. BC reduced the daily peak in FFA by 26% during the late light
(P<0.05). BC shifted daily plasma cortisol peak from the early dark to the light
period, reduced the plasma T4 throughout the day (mean 1.6 vs 3.8pg/dl, p<0.01),
and selectively reduced T3 during the dark (p<0.01). Concurrently, BC treatment
significantly reduced SCN dopamine turnover during the light period and shifted
daily peaks of SCN serotonin content and turnover by 12 hrs from the light to the
dark period of the day. Thus, BC associated resetting of SCN neurotransmitter
circadian rhythms is associated with and may be functional in BC induced changes in
metabolism. Ergo Sci. Dev. Corp*
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LEPTIN RECEPTOR (Ob-R) IN CHEMICALLY DEFINED TARGET
NEURONS OF THE RAT HYPOTHALAMUS. M-L. Hakansson. H.
Brown and B. Meister*. Department of Neuroscience, Karolinska
Institute, S-171 77 Stockholm, Sweden.
Receptors for the body weight regulating hormone leptin (Ob
protein) were recently cloned. Leptin receptor mRNA has been detected
in brain, including hypothalamus. Using immunohistochemistry and an
antiserum to the intracellular portion of the Ob-receptor (Ob-R) that does
not discriminate between the short or long form of the receptor we have
studied the cellular localization of Ob-R in the rat hypothalamus. Ob-Rlike immunoreactivity (-LI) was detected in several hypothalamic nuclei,
including the supraoptic (SON), paraventricular (PVN, arcuate (Arc);
ventromedial nucleus, and in the lateral hypothalamic (LH) area, as well
as in choroid plexus and in the cerebral cortex and hippocampus. Within
individual neurons, Ob-R-LI was non-granular and present in the
periphery of the cytoplasm close to the plasma membrane. Direct doublelabeing revealed that Ob-R was present in many vasopressin and
oxytocin-containing neurons of the SON and magnocellular PVN,
neuropeptide Y (NPY)- and ACTH-containing neurons of the Arc, and
melanin-concentrating hormone (MCH)-containing neurons of the LH.
Few Ob-R-immunoreactive neurons in the ventrolateral Arc had GHRHand galanin-LI. There were only single cells in the periventricular nucleus
that had somatostatin-LI. LHRH-containing neurons in the OVLT and
medial preoptic nucleus had Ob-R-LI only in some cases. The results
show that Ob-R-LI is widely distributed in rat brain, with a strong
expression in hypothalamic nuclei/regions that are known to be involved
in regulation of food intake.

Supported by grants from the Swedish MRC 04X-10358.
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EFFECTS OF ARCUATE NUCLEUS LESIONS ON SEASONAL
CHANGES IN BODY WEIGHT, FEED INTAKE AND PELAGE IN MALE
SIBERIAN HAMSTERS. Owen J Arthurs, Anna S Cronin and Francis J P
Ebling*. Dept Anatomy, University of Cambridge, Cambridge CB23DY, UK
The Siberian hamster provides a valuable model to understand the neural
control of feed intake and body weight because exposure of these hamsters
to a short day (SD) photoperiod results in a profound decrease in both. This
study examined the role of the arcuate nucleus in the seasonal control of
feed intake and body weight because of the presence of NPYergic cells and
leptin receptors in this structure. Arcuate lesions were produced by treating
hamsters neonatally with monosodium glutamate (MSG: 4 mg/g BW, sc).
This procedure destroyed 73% of Nissl-stained cells, 75% of dopaminergic
cells and 74% of NPY mRNA in the arcuate. Vehicle-treated control males
(n=29) and MSG-treated males (n=22) were raised in long days (LD) for 8
weeks, then approximately half the pups in each group were transferred to
SD. Consistent with previous studies in non-photoperiodic rodents, the
initial growth rates in LD were reduced in the MSG-treated hamsters. The
vehicle-treated hamsters then showed a characteristic decline in body weight
when exposed to SD (28% loss), while those remaining in LD continued to
increase body weight. Feed intake decreased in parallel with the decline in
body weight in SD, and a complete molt to the white winter pelage occurred
by 16 weeks in SD. Body weight also declined in the MSG-treated hamsters
when exposed to SD, but increased in their lesioned litter mates remaining
in LD. Feed intake paralleled body weight changes in these groups, but the
molt to winter pelage was significantly retarded in MSG-treated hamsters.
Thus, despite initial effects on growth, the MSG-treated hamsters bearing
substantial lesions of the arcuate nucleus were able to show appropriate
responses to photoperiod, though not always of the same magnitude as the
unlesioned controls. We conclude that the arcuate nucleus is not the major
regulator of seasonal cycles of body weight, feed intake and pelage.

Funded by BBSRC (8IA01646), The Royal Society and The Wellcome Trust (VS/96)

64.5
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MODULATION OF ARCUATE NEURON ACTIVITY BY GHRP-6 AND LEPTIN
IN NORMAL AND FASTED RATS.
S.M. Luckman*, I. Rosenzweig1 and S.L. Dickson1. *Dept. Neurobiology, The
Babraham Institute, Cambridge, CB2 4 AT, U.K. and ’Dept. Physiology, University
of Cambridge, Downing Street, Cambridge, CB2 3EG, U.K.
Circulating leptin, the protein product of the obese gene, is thought to exert its
effects on feeding behaviour by acting via neuropeptide Y (NPY) neurons of the
hypothalamic arcuate nucleus (ARC). Leptin has been shown to reduce evoked
excitation of ARC neurons in vitro (Glaum et al.. 1996, Mol. Pharmacol. 50: 230).
We hypothesised that, if under normal, food-replete conditions ARC neurons are
tonically inhibited by leptin, that they should become more excitable following
fasting. Thus, we investigated the action of the growth hormone secretogogue,
GHRP-6, which is known to induce c-fos in NPY and GRF neurons of the ARC
(Dickson and Luckman, 1997, Endocrinology 138: 771), in fed or fasted (48 hour
food deprivation) conscious male rats. 15 min before a single i.v. injection of lOOpg
GHRP-6 or vehicle the animals were given recombinant mouse leptin (2.5pg/g body
weight, i.v.) or vehicle (n=5-9). GHRP-6 induced Fos immunoreactivity in
significantly more ARC neurons of fasted (7±2 and 177±25** Fos-positive profiles
per section in control and GHRP-treated groups; P<0.01) compared to fed rats (6±2
and 58+8***; PcO.OOl compared to control group or GHRP group in fasted rats).
Leptin alone caused an induction of Fos in a sub-population of ARC neurons in
fasted (31+14*; P<0.05 compared to control group) but not fed rats (6±1), however
it did not significantly affect the response to GHRP in either fasted (190±38 Fos
profiles in leptin+GHRP group) or fed animals (85±15). These data suggest that
fasting removes an inhibitory influence on ARC neurons as demonstrated by the
augmented response to GHRP. Though the dose of leptin given can act centrally,
since we show for the first time an induction of Fos in the ARC of rats following
its peripheral administration, it did not alter the effects of fasting.
Supported by the Biotechnology and Biological Sciences Research Council.

LATERALIZED ORGANIZATION AND FAT-PAD SPECIFIC
DIFFERENCES IN THE CENTRAL NERVOUS CONTROL OF

64.7

and Medicine2 Seattle, Washington 98195
White adipose tissue (WAT) is innervated by the autonomic nervous
system (ANS).
Neurally-induced lipolysis mediated by the
neurotransmitter norepinephrine occurs during a fast, and both central
(CNS) and peripheral nervous system manipulations can lead to
alterations of fasting induced lipolysis.
In the current study,
unilateral transection of the left brainstem at the level of the
superior colliculi, selectively attenuated fasting lipolysis in left
retroperitoneal and left epididymal white adipose depots (RWAT
and EWAT, respectively), and led to greater depot weights on the
left side following a 72-hour fast, as compared to right-side depot
weights. However, right side transection resulted in decreased
fasting lipolysis in both right- and left-side depots. These results are
consistent with the hypothesis that brainstem transection attenuates
neurally induced fasting lipolysis by functional denervation of
specific adipose depots, as a similar impairment is produced
following local denervation. A model is presented suggesting that
the right brainstem contains ascending fibers critical to the initiation
of fasting lipolysis, and propose that these fibers may be the
ascending fibers of the medial forebrain bundle. The current study
constitutes the first physiological evidence for lateralized nervous
control of lipolysis, and of CNS control of EWAT lipolysis. This work
was supported by National Institutes of Health Grant [DK 17844].

64.8

DETECTION OF CIRCULATING LEPTIN RECEPTOR IN
HUMAN SERA A.A^Welcher*. L, Bennett. M, Nicolson. R.A.

JOIIIUUCI Si .
i. nuran, i. oaruev. r . Rosenieia. R. racnici. t>.
Karbon, M.S. Chane. M. Mann. R. Toso. H.T. Chute. B. Guthrie. B.
Harpham.v J.-Croyse, A. Morawiecki. C. Bucher, N. Murakami. J.
Marasco, and R. Cupples. Amgen Inc., Thousand Oaks, CA 91320
Leptin is a 16 kDa protein
that affects
a variety
of
physiological
functions,
including
the regulation
of body
weight. Leptin causes its effects by interacting with the leptin
receptor. Previously, leptin-binding proteins were detected i n
human sera, however these proteins were not definitively
identified.
We have
generated
antisera
which
recognize
the
extracellular domain of mammalian-expressed,
glycosylated
human leptin receptor. These antisera recognize all known
isoforms of the human receptor, and function in a variety of
assays
including
ELISA,
western
blot
analysis,
immunocytochemistry, and immunoprecipitation. Analysis by
ELISA of a variety of human sera readily identified leptin
receptor
in the sera of both lean and obese individuals.
Western blot analysis
confirmed
the presence
of leptin
receptor in the human
sera. Reconstitution and depletion
experiments
demonstrated that circulating
leptin receptor
can bind leptin in human
sera. Our results indicate that
soluble receptor
constitutes
a significant
fraction
of the
circulating leptin-binding proteins. Supported by Amgen Inc.
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INCREASE IN PLASMA LEPTIN CONCENTRATIONS AND ob MRNA
LEVELS BY FOOD INTAKE IS DEPENDENT ON INSULIN. S.C. Hooi,*
H. Bharati and L.M. Kaplan/ Dept of Physiology, National
University of Singapore, Singapore 119260 and GI Unit,
Massachusetts General Hospital, Boston, MA 02114.
The obese (oh) gene encodes a 167-amino acid secreted
peptide, leptin, that has potent effects on appetite and
body weight. Ob gene expression is regulated by changes
in food intake. We studied the role of insulin in the
regulation of ob gene expression and leptin secretion by
food intake. Ob mRNA levels and plasma leptin
concentrations are regulated in parallel with changes in
plasma insulin concentrations. Fasted animals showed
significant reductions in ob gene expression and plasma
leptin concentrations in parallel with reduction in plasma
insulin concentrations. Feeding resulted in a increase of
plasma insulin, ob mRNA levels and plasma leptin
concentrations to either control levels or higher. In
streptozotocin-treated animals, the basal levels of
plasma insulin were low. This was associated with low ob
mRNA and plasma leptin concentrations. Changes in food
intake, whether fasting or feeding did not significantly
alter plasma insulin concentrations. Under these
circumstances, the ob mRNA levels and plasma leptin
concentrations also remained low. Our results demonstrate
that the decrease in ob mRNA and plasma leptin levels
with fasting and the increase with feeding are dependent
on changes in plasma insulin levels. Funding : N. U. S.
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ANTERIOR PITUITARY HORMONE GENE EXPRESSION IN ob/ob AND
LEAN MICE. J. F. Hyde*1, A. Cai1 and G. Howard2. 'Dept. of Anatomy and
Neurobiology, 2Div. of Pharmacology and Exp. Ther., Univ. of Kentucky Medical
Center, Lexington, KY 40536.
Leptin is involved in the regulation of energy balance and endocrine functions. In
a like manner, some of the pituitary hormones are closely related to energy
metabolism and homeostasis. Therefore, we hypothesized that the anterior pituitary
gland is an additional site of action for leptin. To determine how the lack of leptin
impacts the synthesis of pituitary hormones, we compared the gene expression of
different pituitary hormones in ob/ob, which have genetically mutated leptin, and
lean mice by reverse transcriptase-polymerase chain reaction (RT-PCR). Total RNA
from anterior pituitaries of both male and female mice were extracted and reverse
transcribed. The mRNA levels of growth hormone (GH), prolactin (PRL),
thyrotropin-stimulating hormone (TSH), proopiomelanocortin (POMC), luteinizing
hormone (LH), and galanin were measured by PCR at 20 cycles (30 cycles for
galanin). Histone 3.3 was used as an internal control to normalize the data. In male
ob/ob mice (n=8), we detected approximately 20%, 43% and 79% decreases in the
mRNA levels of GH, LH and galanin, respectively, and approximately 66% and
47% increases in TSH and POMC as compared with lean mice (n=6); PRL mRNA
remained unchanged. In contrast, preliminary data from female ob/ob mice (n=3)
indicated that PRL mRNA decreased approximately 39% as compared with lean
mice. Similarly galanin mRNA levels were decreased (83%). We conclude that the
anterior pituitary gland is an additional site of action for leptin, and that by
regulating pituitary hormone synthesis (and/or secretion) leptin carries out its role of
maintaining energy homeostasis. This work was supported by USPHS grant DK45981 to JFH and DK-49785 to GH.

THE EFFECTS OF MONOSODIUM GLUTAMATE (MSG) AND LEPTIN
TREATMENT ON BRAIN PEPTIDE AND CATECHOLAMINE LEVELS IN
SPRAGUE DAWLEY RATS. R. L. Martin*. B, Eppler. W. J. Millard, R. Dawson.
Jr. Department of Pharmacodynamics, University of Florida, 32610.
Leptin is the hormonal protein product of the obese (ob) gene. It is synthesized in
adipocytes and likely acts centrally, within the arcuate nucleus (ARC), to affect body
composition, appetite, and metabolism. Neonatal administration of MSG to rats
selectively lesions the ARC. MSG-treated rats exhibit obesity and growth retardation
due to both a metabolic inefficiency and hormonal imbalance. We have previously
shown that MSG treatment attenuates leptin's effects in female rats, and to a lesser
degree, in male rats. The current study was designed to test the effects of leptin and
MSG treatment on levels of neuropeptides (measured by RIA) and monoamines
(measured by HPLC electrochemistry) in the hypothalamus. MSG-treated male and
female rats were produced by subcutaneous (sc) administration of 4 mg/g MSG on
postnatal days 2 and 4. Control animals were administered saline, sc. Leptin
replacement was carried out via mini-pumps at an approximate dosage of 1 mg/kg/day
for a period of 14 days. Controls were given PBS via the mini pumps. Hypothalamic
tissue samples were collected by the Palkovits punch technique from brain slices from
male and female control and MSG-treated animals with or without leptin treatment. As
expected, MSG significantly reduced levels of neuropeptide Y (NPY) in ARC and
median eminence (ME) and decreased B-endorphin (B-END) in ARC in both sexes. In
male, but not female rats, MSG significantly decreased NE in the lateral hypothalamus
(LH) while increasing NE in the ventromedial hypothalamus (VMH). We observed a
trend for leptin to increase NPY in PVN and ARC and to decrease NPY in ME in both
sexes. Leptin also tended to increase B-END in the ARC of males but decrease B-END
in the ARC of females. We conclude that MSG treatment effectively ablates NPY and
B-END in the hypothalamus. Leptin does not appear to reduce any of the effects of
MSG treatment. Funded by a grant from Amgen, Inc.
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EXPRESSION AND CHARACTERIZATION OF A PUTATIVE HIGH
AFFINITY HUMAN SOLUBLE LEPTIN RECEPTOR. C. Liu, X.-J, Liu, G.

LEPTIN INDUCES INTERLEUKIN-lB GENE EXPRESSION IN
HYPOTHALAMIC GLIAL CULTURES. L.P. Kapcala*, .LR, He. Y. Gao.
C. Liu and E.B. DeSouza. Department of Physiology, University of
Maryland School of Medicine and Baltimore VAMC, Baltimore MD
21201 and Neurocrine Biosciences, Inc., San Diego, CA 92121.
Leptin is a protein which is produced in adipocytes and which is
believed to play a role in regulating appetite and body weight.
Although central signaling mechanisms are believed to be important, a
precise understanding of how leptin regulates appetite centrally
remains to be established. Considering that the leptin receptor belongs
to a cytokine family of receptors, that interleukin (IL)-lS is a potent
cytokine which inhibits appetite when administered centrally and can
be induced in many brain sites including hypothalamus, and that the
hypothalamus is an important site for appetite regulation, it is
possible that at least one mechanism by which leptin acts centrally
involves hypothalamic IL-lS, We tested the hypothesis that leptin
induces IL-IS gene expression in the hypothalamus by studying the
effect of human recombinant leptin on IL-lS mRNA in hypothalamic
glial cultures. Cultures derived from day 17 fetal rat hypothalamus were
studied on day 13 for effects of leptin (4 hr incubation) on the
concentration of IL-lS/cyclophilin mRNA quantified by RNase
protection assays. Leptin produced a potent, dose-dependent
stimulation of IL-lS mRNA concentration. Although a statistically
insignifcant increase (187 +. 25 %; mean +. SEM expressed as a % of
control cultures) occurred in response to the lowest concentration of
leptin (10 ng/ml= 0.6 nM). Increasing statistically significant
stimulation occurred with higher concentrations (2903 + 140 % after
100 ng/ml and 5723 + 664 % after 1000 ng/ml).
CONCLUSION: Induction of hypothalamic IL-lS by leptin could be an
important mechanism by which leptin inhibits appetite.
Sponsored by VA Merit Review Research Grant

Inc., San Diego, CA 92121
Leptin, a circulating 16 KDa protein secreted by adipocytes, decreases
body weight by reducing food intake and enhancing energy utilization.
Leptin receptors which share homology to the glycoprotein gpl30 have
been recently cloned. In the present study, we expressed the extracellular
domain of human leptin receptor in COS7 cells and identified a soluble
leptin receptor in the conditioned medium which binds human and mouse
leptin with high affinity comparable to the full length membrane receptor
(Kd=200pM). Data from cross-linking studies identified two specific bands
in the ^I-leptin/soluble leptin receptor complex with molecular masses of
~ 130 -150 KDa and - 300 KDa. The 130 - 150 KDa molecular mass was
confirmed in western blot analysis and Coomassie staining of the purified
soluble receptor and probably represents the glycosylated form of the
receptor. The 300 KDa band most likely represents a homodimer of the
soluble leptin receptor complex since HPLC gel filtration analysis of the
125i-)eptin/so]uble leptin receptor complex identified a single peak
corresponding to a molecular weight of -340 KDa. The soluble leptin
receptor antagonized ^51-leptin binding to the membrane receptor

suggesting its potential utility as a functional tool for determining the role
of endogenous leptin. The expression and charcterization of the soluble
leptin receptor also suggest that the leptin receptor is capable of binding
leptin at high affinity without addition of other accesory proteins.

64.13

64.14

INTRAVENOUS LEPTIN ACTIVATES NEURONS PROJECTING TO THE
PARAVENTRICULAR HYPOTHALAMIC NUCLEUS.
C. B. Saper*. C.
Bjorbaek, J.S. Flier, and J. K. Elmquist. Departments of Neurology and Medicine
and Division of Endocrinology, Beth Israel Deaconess Medical Center, Harvard
Medical School, Boston, MA 02115.
Leptin is critical in regulating energy balance and neuroendocrine function. The
effects of leptin are mediated via the brain, but the central pathways involved in
leptin signaling have not been determined. Intravenous leptin induces Fos-like
immunoreactivity (Fos-IR) in several nuclear groups in the rat brain thought to be
involved in regulation of energy homeostasis and neuroendocrine function. These
regions include the ventromedial hypothalamic nucleus (VMH), dorsomedial
hypothalamic nucleus (DMH), paraventricular hypothalamic nucleus (PVH). Leptin
receptors are found in the highest densities in the ventrobasal hypothalamus in
regions known to project to the PVH. Therefore it is plausible that leptin activation
of the PVH is due to innervation from leptin responsive neurons. Thus, we
investigated the distribution of leptin-activated projections to the PVH by injecting
cholera toxin-B (CTb) into the PVH followed by i.v. injections of leptin (1.0
mg/kg) 5-7 days later. Double-labeled neurons (Fos-IR and retrograde label) were
predominantly located in the posterior part of the DMH. We next compared the
distribution of hypothalamic leptin receptors with the patterns of leptin-activated
PVH-projecting neurons. We found that mRNA for the long-form of the leptin
receptor localized in a very similar pattern to the double-labeled cells in the DMH.
These results provide anatomic evidence of a leptin-sensitive projection from the
DMH to the PVH. We hypothesize circulating leptin activates neurons in the DMH
that contain leptin receptors and project to the PVH and engagement of this
projection may regulate some of the physiological responses elicited by circulating
leptin including thermoregulation, gastrointestinal motility, and cardiovascular
status. This work was supported in part by USPHS grants NS33987, NSO9474,
DK28082, DK46930, and MH10832 and A*HA grant 9630014N,
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LEPTIN REGULATES NPY AND MCH IMMUNOREACTIVITIES IN THE
MOUSE BRAIN. J. K. Elmquist*, C, Elias, J. Gillette. C. B, Saper, and E,
Maratos-Flier. Departments of Neurology and Medicine and Division of
Endocrinology, Beth Israel Deaconess Medical Center, Harvard Medical School and
The Joslin Diabetes Center, Harvard Medical School, Boston, MA 02115.
Leptin is critical in regulating energy balance, metabolism, and
neuroendocrine function. The effects of leptin are thought to be mediated via the
hypothalamus. One identified target of circulating leptin are neuropeptide-Y (NPY)
neurons in the arcuate nucleus of the hypothalamus as leptin administration acutely
downregulates NPY mRNA levels in the arcuate. Regulation of NPY in other
brain regions has not been described. We found that ob/ob mice had a striking
increase compared to ob/+ and +/+ mice in NPY immunoreactivity throughout the
brain. Increases were seen in regions including the nucleus of the solitary tract,
parabrachial nucleus, and the medial prefrontal, cingulate, and somatosensory
cerebral cortices. Immunoreactivity for melanin concentrating hormone (MCH),
another orexigenic peptide, was also increased in the brains of ob/ob mice.
Increases were observed in brain regions including the medial septal nucleus,
nucleus of the diagonal band, cingulate cortex; and the mammillary body.
Administration of recombinant murine leptin (1 (ig/g) twice a day for two days,
markedly decreased NPY immunoreactivity throughout the brain of ob/ob mice.
Leptin treatment did not noticeably alter NPY immunoreactivities in ob/+ mice.
Leptin treatment also decreased MCH immunoreactivities in ob/ob mice. Leptin
receptors are localized largely to hypothalamic regions and not in other regions
such as the cerebral cortex. Thus, we hypothesize that the global increases in NPY
immunoreactivity may be due to increased glucocorticoid levels seen in ob/ob
mice. These results suggest that leptin absence or resistance not only affects NPY
levels in the hypothalamus, but NPY levels throughout the brain. This work was
supported in part by USPHS grants NS33987, NSO9474, DK36836, MHI0832,
and AHA grant 9630014N.
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MODELING THE MECHANISMS OF BARORECEPTOR FUNCTION
K. D. Alfrey, J. Schild1, J. W. Clark*, Jr., M. Andresen1, and D. Kunze2
Dept. of Elec, and Computer Eng., Rice Univ. Houston, TX 77005
1 Dept. of Physiology and Pharmacology, Oregon Health Sciences Univ.,
Portland, OR 97201-3098
2 Rammelcamp Center, Metro Health Systems, Cleveland, OH 44109-1198
We have developed, using pressure-frequency data from rat aortic arch
baroreceptor preparations, a baroreceptor model which combines a mechanical model of the arterial wall with Hodgkin-Huxley-type models of the transducer and encoder sections of the neuron. The wall model utilizes rat aortic
pressure-radius data and Laplace’s law to describe wall displacement, as well
as a spring-dashpot model to characterize viscoelastic settling at the level of
wall-nerve coupling. Mechanotransduction is provided by a strain-sensitive
ion channel which is imbedded in the Hodgkin-Huxley transducer model. The
conductance of this channel is sigmoidally dependent upon applied strain.
Separation and testing of individual model components has yielded new
insight into the mechanisms underlying baroreceptor function. We present
an analysis of our baroreceptor model, focusing in particular on wall-nerve
coupling and mechanotransduction. Model-generated whole-cell current measurements and pressure-frequency plots agree with analogous experimental
results, suggesting that our descriptions of individual baroreceptor components are physiologically relevant. Modeling results suggest that wall-nerve
coupling provides the primary mechanism for many dynamic properties of
the baroreceptor, including initiation of post-excitatory depression.
K. D. Alfrey is a predoctoral fellow of the W. M. Keck Center for Computational Biology with support through the National Library of Medicine
Grant T15LM07093.

Evidence that the nucleus of the tractus solitarius (NTS) serves as a
comparator in the cardiovascular regulation. B.S. Zanutto12,E,T, Segura3. B.
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DESENSITIZATION IS NOT ESSENTIAL FOR USE DEPENDENT
DEPRESSION OF SENSORY SYNAPTIC TRANSMISSION IN MEDIAL
NUCLEUS TRACTUS SOLITARIUS fmNTS). J.H, Schild? M.W. Doyle. M.
Yang and M.C, Andresen. Dept. of Physiol. & Pharm., Oregon Health
Sciences Univ., Portland OR
AMPA receptors mediate sensory synaptic transmission in mNTS. A
robust feature of this synapse is a marked use-dependent depression in
throughput. Synaptic depression is often attributed to the rapid
desensitization (DES) of AMPA receptors. At this meeting we report that
using cyclothiazide (CTZ) to remove DES does not alter synaptic depression
in mNTS (Doyle et. al). However, multiple pre- and postsynaptic factors can
contribute to synaptic depression. Objective: To quantify the role of DES
relative to other mechanisms (e.g. release, reuptake, clearance, vesicle
mobilization) in producing synaptic depression. Methods: Our comprehensive model of this synapse (Schild et. al, J.Neurophys. 74,1995) is used to
study the effects of DES on fast EPSP dynamics and the time-course of
depression that develops over 60 s of synaptic activation. Results: A major
factor determining the impact of DES on synaptic efficacy is the aggregate
rate of removal of transmitter in the cleft ([T_c]) relative to the fastest rates
of DES. For ratios beyond ~50, DES has only modest effects on EPSP
dynamics or in developing synaptic depression. For ratios between 30-20,
[T_cJ clearance is delayed and DES can lessen both the magnitude and
decay rate of the EPSP and depress synaptic throughput at frequencies >
~20Hz. At ratios below —15, DES strongly influences EPSP dynamics and
synaptic depression. Conclusions: Our modeling and experimental studies
indicate that at primary afferent synapses in the mNTS: 1) [T_c] is cleared
before significant receptor DES occurs and 2) DES does not play a
significant role in frequency- and time-dependent depression. NIH HL09242
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CYCLOTHIAZIDE FAILS TO REMOVE FREQUENCY DEPENDENT
DEPRESSION OF PRIMARY SENSORY SYNAPTIC TRANSMISSION
IN RAT MEDIAL NUCLEUS TRACTUS SOLITARIUS (mNTS). M.W.
Doyle, J.H, ,Schild, M. Yang, and M.C, Andresen* Oregon Health
Sciences University, Portland, OR 97201
Visceral sensory afferents (e.g., baroceptors) travel in the solitary
tract (ST) to terminate in mNTS. Synaptic potentials evoked by ST
stimu-lation were recorded in an mNTS horizontal brain slice.
Stimulation trains of 1, 5, 20 and 100 Hz evoked short latency EPSPs
which were blocked by AMPA GluR antagonist NBQX. Unlike cortex
where EPSP amplitude summates with increasing stimulation
frequency, ST evoked EPSP amplitude decreases as frequency
increases. This frequency dependent roll off of EPSP amplitude is often
attributed to AMPA GluR desensitization (DES). Cyclothiazide (CTZ,
100pM) removes DES. CTZ increased EPSP amplitude to 129% of
control (N=6), activation time constants from 1.8 msec to 2.4 msec and
decay time constants from 7.5 msec to 10.2 msec. CTZ had no
significant effect on the frequency
dependent roll off. Although modest DES
appears to be present at these sensory
synapses, it does not importantly contribute
to frequency dependent depression. Our
accompanying modeling studies (Schild et
al. NS97) suggest that vesicle mobilization,
Glu release, clearance and recycling
dominate mNTS frequency dependent depression. HL-41119

65.6

METABOTROPIC GLUTAMATE (mGLU) RECEPTORS MODULATE NEURONAL
RESPONSES IN NUCLEUS OF THE SOLITARY TRACT (NTS) TO SYNAPTIC
AND POST-SYNAPTIC ACTIVATION OF IONOTROPIC GLU (iGLU)
RECEPTORS. Z.Liu, C-Y.Chen, C. Stebbins*, A.C.Bonham, Univ. CA, Davis, CA
95616
Activation of both pre- and post-synaptic mGlu receptors has been shown to
modulate visceral afferent transmission in the NTS in vitro. \Ne tested the
hypothesis that mGlu receptor activation in vivo could diminish NTS neuronal
responses to Glu released synaptically from vagal afferent fibers and enhance
responses to post-synaptic activation of iGlu receptors. We examined the effect
of an mGlu receptor agonist, (2S,TS,2'S) 2-(carboxycyclopropyl)-glycine (LCCG-l,20mM) and antagonist (RS)-a-CH3-4-phosphonophenyl glycine (MPPG,
30mM) on action potential responses of NTS neurons in anesthetized rabbits to
vagus nerve stimulation (50-120 stimuli, 0.7ms pulses, 1-10Hz) and to the iGlu
agonist, a-amino-3-OH-5-CH3-4-isoxazole propionic acid (AMPA, 20mM). The
ability of a cell to discharge action potentials to each of 2 stimuli delivered at
5ms intervals and with an onset latency that varied by <2ms was taken as
evidence for monosynaptic activation. L-CCG-I applied with currents that did
not alter basal activity decreased vagally-evoked responses in 70% of monosynaptically activated cells from 67±7 to 15±4% with recovery to 48±6% (n=11;
P<0.05). L-CCG-I enhanced AMPA responses in vagally-activated cells from a
peak of 51 ±8 to 81 ±15 spikes/10s (P <0.05). MPPG applied with currents that
did not alter basal activity, had no effect on the response rate to 1Hz vagal
stimulation, but increased the response rate in 80% of the cells from 45±9 to
68±11% (n=8;P<0.05) following vagal stimulation at 3-10Hz. MPPG reduced
AMPA responses from 35±7 to 21 ±5 spikes/10s (P<0.05). The data suggest
that mGlu agonists can depress low-frequency (1Hz) vagal transmission by
acting at pre-synaptic mGlu receptors and enhance iGlu receptor-evoked
responses by acting at post-synaptic mGlu receptors on NTS neurons.
Endogenously-released Glu may activate pre-synaptic mGlu receptors to
depress vagal transmission at higher frequencies (3-10Hz). Support: HL52165
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Cemuschi-Frias2, S. Schifftnan1*. ’Dept. of Psychology, Duke University, Durham,
NC 27708, USA. 2Fac. de Ingenierfa, Paseo Coldn 850, 1063 Buenos Aires,
Argentina. 3IBYME, Vuelta de Obligado 2490,1428 Buenos Aires, Argentina.
The cardiovascular nervous system circuit has a feedback loop closed by
cardiovascular receptors (baro-chemoreceptor and cardiopulmonary receptors). The
NTS is the only structure that receives information from its rostral nuclei and from
cardiovascular receptors, and sends efferents to nuclei that regulate the circulatory
variables. If the nervous system behaves as a linear system, the NTS will function
as a comparator if: a) lesion of the NTS would eliminate the cardiovascular
regulation; b) cutting the rostral afferents to the NTS, the feedback loop would still
respond normally to perturbations; cl) cardiovascular responses compensate much
faster to perturbations of structures with in the feedback loop, than to perturbations
in the rostral structures; c2) more than one structure on the feedback loop is
perturbed, the final responses would be the sum of the individual effects; c3) the
perturbation of a rostral structure could modify the set point, without changing the
shape of the response due to perturbations on the loop structure. Points a), b) and
cl), have been tested. We will show experimental data to support c2) and c3). Mean
arterial pressure was monitored in anesthetized male rats. During the pressure
response to a perturbation in a structure of the feedback loop (e.g. electrical
stimulation of the ventrolateral reticular formation VLRF, 50 ftA, 100 Hz, 1 ms
duration), another structure of the loop is stimulated (e.g. by bilateral carotid
occlusion), the final response is the sum of the two responses obtained by individual
stimulation. After the drift in blood pressure due to electrical stimulation of the
septum (200 pA), a nervous structure of the feedback loop is perturbed (e.g.
electrical stimulation of VLRF, 50 pA or bilateral carotid occlusion), the pressure
response has the same shape (amplitude and time to stabilization) than before the
stimulation in the rostral structure. These results suggest that the NTS has
properties of a comparator.
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NMDA RECEPTORS IN THE NTS MEDIATES BRADYCARDIC RESPONSES
TO L-GLUTAMATE (L-GLU) MICROINJECTION OR TO BAROREFLEX
ACTIVATION. B.H. Machado*, M. Frigero, L.G.H. Bonaeamba and R. Okamoto.
Department of Physiology, School of Medicine of Ribeirao Preto, University of Sao
Paulo, 14049-900, Ribeirao Preto, SP, Brazil.
Microinjection of L-GLU into the commissural NTS (0.8 mm lateral to the
midline) or baroreflex activation with phenylephrine infusion produces bradycardic
responses. In this study we evaluated the role of NMDA receptors in the NTS in the
processing of the bradycardic responses to both stimuli. Microinjection of L-GLU
(1 nmol/50 nl) into the NTS (0.8 mm lateral) was performed before and after
microinjection of increasing doses of phosphonovaleric acid (AP-5), a selective
NMDA antagonist, at the same site. The microinjection of AP-5 [0.5 (n=9), 2.0
(n=8) and 10.0 (n=7) nmoles/50nl] into the NTS (0.8 mm) produced a dosedependent blockade of the bradycardic response to L-GLU. The dose of 10.0
nmoles/50 nl almost abolished the bradycardic response (-171 ± 35 vs -10 ± 9 bpm)
to L-GLU. In another group, baroreflex activation was performed before and after
bilateral microinjection of AP-5 into the intermediate commissural NTS (0.5 mm
lateral to the midline). The dose of 10 nmoles/50 nl of AP-5 produced a significant
reduction in the baroreflex sensitivity 2 min after microinjection [gain = -1.7 ± 0.15
vs -0.38 ± 0.10 bpm/mmHg, (n=5)], which was reversible. The data show that me
bradycardic responses produced by microinjection of L-GLU into the NTS as well as
by baroreflex activation were blocked by AP-5 microinjected into the NTS,
indicating that the neurotransmission of the parasympathetic component of the
cardiovascular responses is mediated by NMDA receptors in the NTS.

Supported by FAPESP, CNPq and PR ONEX.
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INHIBITORY MODULATION OF AORTIC NERVE INPUTS TO NTS
NEURONS BY SELECTIVE DOPAMINE AGONISTS. J. Zhang* and S.
Mifflin. University of Texas Health Science Center, San Antonio, TX 78284.
Neurochemical and immunohistochemical studies have localized dopamine (DA)
containing treminals within the NTS, suggesting that this catecholamine may play a
role as a transmitter/modulator of baroreceptor afferent inputs to NTS neurons. The
modulation of baroreceptor inputs to NTS neurons by selective DA agonists was
investigated in pentobarbital anesthetized, paralyzed and artificially ventilated rats.
Two types of baroreflex-related NTS neurons were classified according to their
responses to aortic nerve (AN) stimulation, monosynaptic neurons (MSNs, second of
two stimuli separated by 5 ms evoked discharge) or polysynaptic neurons (PSNs).
Microiontophoretic dopamine, a non-selective DA agonist, inhibited AN evoked
responses of most MSNs (5/7) and PSNs (6/7) (P<0.05 for both groups). Unlike the
inhibitory influences of GABA agonists on AN inputs to NTS neurons (Mifflin and
Zhang, FASEB Journal, 10.A337), there was no difference in dopamine potency
between MSNs and PSNs (P=0.34). In addition, dopamine selectively modulated the
AN evoked responses of some NTS neurons but had no influence on their spontaneous
activity. Microiontophoretic SKF-38393 (selective DI agonist, n=13, 6 MSNs & 7
PSNs) and quinpirole (selective D2/D3 agonist, n=18, 4 MSNs & 14 PSNs)
mimicked the inhibitory influences of dopamine on both MSNs and PSNs (P<0.05
for all groups). Our results indicated that dopamine receptor activation can selectively
modulate baroreceptor afferent inputs to NTS neurons and both DI and D2 (or D3)
receptor subtypes may be involved in the modulation. Supported by HL41894.

MONOSYNAPTIC AORTIC NERVE (AN) INPUTS TO NTS NEURONS:
CORRELATION WITH NMDA RECEPTOR IMMUNOCYTOCHEMISTRY.

D. Scheuer*, M. Herrera-Rosales, S. Mifflin, University of Texas Health Science
Center, San Antonio, TX, 78284.
Previous results from this lab indicate that neurons in the NTS receiving
monosynaptic AN inputs have very weak or absent responses to iontophoretic
application of NMDA. This suggests that these neurons express low levels of
functional NMDA receptors or that iontophoretic application of NMDA was not
capable of activating the relevant receptors. To examine these questions, we
combined anterograde tracing of AN afferent fibers with immunocytochemistry for
the NMDAR1 receptor subunit. Monosynaptic aortic neurons were identified by
application of DiA (Molecular Probes), a retrograde fluorescent tracer, to the
aortic nerves of male Sprague-Dawley rats (n=6). Rats were anesthetized with
pentobarbital sodium (50 mg/kg, i.p.) and the aortic nerve exposed. DiA was
placed on a section of the nerve, the nerve was then covered with silicone gel,
and the rats were allowed to recover. A minimum of 1 week later, the rats were
again anesthetized with pentobarbital (70 mg/kg) and perfused transcardially with
4% paraformaldahyde. The NTS was immediately sectioned (60 pm) on a
vibrating microtome and incubated with a monoclonal antibody (Chemicon) to
NMDAR1. The primary antibody was visualized with an FITC conjugated goat
anti-mouse IgG. Stereological counting methods were used to ensure that labeled
cells which spanned 2 sections were not counted more than once. Brains which
exhibited retrogradely labeled cells (n=2) were excluded from this study. In 4 rats
a total of 256 NTS neurons (64±5 cells per animal) were determined to receive
monosynaptic AN inputs, determined by the presence of DiA containing
presumptive boutons on the soma and/or proximal dendrites. Of these neurons,
only 33 (8±1 per rat) exhibited immunoreactivity for the NMDAR1 receptor
subunit. Therefore, it would appear that the lack of response of NTS neurons
receiving monosynaptic AN inputs to exogenous application of NMDA is due to a
low level or absence of receptors in these cells. Supported by HL41894.
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ENHANCED RESPONSE TO MICROINJECTION OF GABAb AGONIST IN
NTS IS NOT ACCOMPANIED BY ENHANCED RESPONSE TO
MICROINJECTION OF GARAB ANTAGONIST. M. Vitela, R. Theilen* and
S. Mifflin, Univ. of Texas Health Science Center, San Antonio, Texas, 78284.

MORPHOLOGICAL COMPARISON OF NEURONS IN THE NTS
RECEIVING MONOSYNAPTIC
OR POLYSYNAPTIC
AORTIC
NERVE INPUTS. S, Mifflin* and J. Zhang. Univ. of Texas Health Science
Center, San Antonio, TX, 78284.
Previous results from this lab suggest differences in the physiological and
pharmacological responses of NTS neurons receiving monosynaptic compared to
polysynaptic aortic nerve inputs. These differences might have a basis in morphology,
however at present there are no data regarding the morphology of NTS neurons
receiving aortic nerve (AN) inputs. Therefore, intracellular recordings were obtained
from NTS neurons in anesthetized rats using electrodes filled with 1.5-4% Neurobiotin
in .05M Tris buffer. The AN was prepared for electrical stimulation and
monosynaptic (MS) inputs differentiated from polysynaptic (PS) inputs by the ability
of cells receiving MS inputs to respond to two stimuli separated by 5 ms. After this
characterization, Neurobiotin was injected into the cell using positive current. After
post-mortem fixation, 40 (im coronal sections were processed using a biotinylatedavidin kit with nickel intensification to stain the labelled cell. Image analysis
(Optimas, Neurolucida) was used to measure various morphological parameters. In
cells receiving MS (n=15) vs. PS (n=10) inputs, soma surface area (191±19 vs.
240±30 pm2) and perimeter (70+4 vs. 82±7 pm) were not different. The long;short
axes of MS cells were 22.7±1.4:12.2±.7pm and in PS cells 31.9±3.4;12.8±.7 with
the long axes of MS cells being less than PS cells (p=.01). More cells receiving MS
inputs were classified as spherical than PS cells (9/15 vs. 2/10) and the ratio of
long/short axis was significantly less in MS vs. PS cells (1.91±. 13 vs. 2.48±.23,
p=.03). In elongate cells the long axis was oriented in the medio-lateral plane. In MS
and PS neurons 1-4 processes exited the soma, branching of the processes typically
occurred within 20-50pm of the soma. These results suggest there are differences in
the somatic morphology of cells receiving MS vs. PS aortic nerve inputs with MS
cells being more spherical. Supported by HL41894.

Previous studies have demonstrated enhanced responses to NTS microinjections
of GABAB receptor agonists and antagonists in spontaneously hypertensive (HT)
rats suggesting an enhanced GABAb receptor function in these models of
hypertension. The present experiments were undertaken to determine if a similar
alteration in GABAB receptor function was present in a unilateral nephrectomy,
renal wrap model of hypertension. Experiments were performed in sham operated
or HT (mean arterial pressure-MAP > 130 mmHg) rats 4 weeks after surgery. Rats
were anesthetized with chloralose-urethane, paralyzed and artificially respired
and the left NTS was electrolytically ablated. After a 30 minute recovery, drugs
were injected via a glass pipette into the right NTS. In control, normotensive rats
(NT) microinjection of 40pmol of the GABAB agonist baclofen increased MAP
from 104 ± 2 mmHg to 122 ± mmHg (n=l 1; mean ± SE). Renal sympathetic
nerve activity was increased by 131±13% following baclofen injections. In HT
rats, identical injections of baclofen increased MAP from 136 ± 3 mmHg to 165
±4 mmHg (n=ll) (pc.05 ANOVA with Sheffe’s post-hoc). In NT rats
microinjection of lnmol of the GABAB antagonist CGP-55845A increased MAP
from 104 ± 2 mmHg to 122 ± mmHg (n=ll; mean ± SE). In HT rats, identical
injections increased MAP from 136 ± 3 mmHg to 165 ±4 mmHg (n=ll). The
absolute change in MAP during CGP-55845A microinjection was no different in
NT compared to HT rats as were responses to microinjection of muscimol,
nipecotic acid and glutamate. These results indicate an up-regulation of GABAb
receptor responses in the renal wrap model of hypertension similar to that reported
in other models of hypertension. However, in contrast to results in spontaneously
HT rats, the renal wrap model of hypertension does not appear to be associated
with an increased tonic activation of GAB AB receptors. CGP-55845A was kindly
provided by Ciba-Geigy. Supported by HL56637.
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INTEGRATION OF NITRIC OXIDE AND GLUTAMATE IN THE NUCLEUS
TRACTUS SOLITARII OF RATS. C. J. Tseng*, H. C. Lin, F, J. Wan, B. H. Kang
and C. S. Tung. Departments of Pharmacology, Physiology and Graduate Institute
of Life Sciences, National Defense Medical Center, Taipei, Taiwan, R.O.C.
Nitric oxide (NO) has been shown to be synthesized in the central nervous system
(CNS) and have been suggested to play an important role in autonomic control of
the cardiovascular system in nucleus tractus solitarii (NTS) neurons. NO
transducing system is supported to the activation of glutamate release-regulating
receptors as both an intraneuronal and an extraneuronal messenger. However, the
integration role of NO and glutamate in cardiovascular regulation in the CNS
remains unclear. The present study examined whether NO and glutamate interact
in the autonomic regulation of the cardiovascular system in the NTS in
anesthetized male Sprague-Dawley rats. Unilateral microinjection (60 nl) of
NMDA receptor antagonists, MK-801 (0.1 to 1 nmol) and AP5 (1-4 nmol), did not
evoke significant cardiovascular changes, but attenuated markedly L-arginine (10
nmol) and sodium nitroprusside (SNP, 0.2 nmol) induced depressor and
bradycardic effects in the NTS. Non-NMDA receptor antagonist, CNQX (0.1 to 1
nmol) also attenuated the L-arginine-induced depressor and bradycardic effects in
the NTS. On the other hand, asymmetric dimethylarginine (ADMA, 1-33 nmol),
and 7-nitroindazole (7-NI, 0.06-0.6 nmol), were applied in this study. These NOS
inhibitors can inhibit L-arginine-induced cardiovascular effects, ADMA and 7-NI
attenuated glutamate (0.1 nmol)-evoked depressor and bradycardic effects in the
NTS. These results suggested that activation of endogenous glutamate receptors are
linked to a NO system and the integration of NO and glutamate may be involved in
cardiovascular regulation in the NTS.
Supported by NSC 86-2314-B-075B-013, Taipei, Taiwan, R.O.C.
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ADENOSINE A2 RECEPTORS IN THE NUCLEUS TRACTUS
SOLITARIUS MEDIATE PRESSOR RESPONSES IN CONSCIOUS
RATS.
A, AbdeLRahman* aodLL» Map, Dept. of Pharmacology,
School of Medicine, East Carolina University, Greenville, NC 278584354, USA.
Our previous studies have delineated adenosine pressor and depressor
systems in the rostral and caudal nucleus tractus solitarii (NTS),
respectively, of anesthetized rats. This study investigated the relative
roles of At and A2 receptors in mediating these cardiovascular responses
in conscious freely moving rats. Unilateral microinjection of adenosine
(10 nmol) into rostral NTS (pressor system) produced a significant
increase in mean arterial pressure (19.7 ± 2.8 mm Hg). Contrary to the
situation in anesthetized rats, microinjection of adenosine into the caudal
NTS (depressor system) elicited a pressor response (15.8 ± 2.0 mm Hg).
Intra-NTS pretreatment with Aj receptor antagonist, DPCPX,
significantly attenuated the pressor effect of adenosine (3.9 ± 2.0 vs 18.7
±3.7 mm Hg; p < 0.01). In contrast, the A2 receptor antagonist DMPX
significantly enhanced the pressor effect of intra-NTS adenosine (29.3 ±
4.4 vs 14.8 ± 3.8 mm Hg; p < 0.05). These data suggest that: (i) the
adenosine pressor system is overactive and masks the function of the
depressor system in conscious rats; (ii) adenosine Ax receptors in the NTS
mediate the increase in blood pressure produced by adenosine; and (iii)
A2 receptor functions as a counterbalance to A r -controlled adenosine
pressor system in the NTS.
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MICROINJECTION OF HEME OXYGENASE INHIBITOR (ZnDPBG) INTO
THE NUCLEUS TRACTUS SOLITARII (NTS) BLOCKED THE BAROREFLEX
AND THE CARDIOVASCULAR RESPONSES INDUCED BY L-GLUTAMATE
IN CONSCIOUS RATS. 1A.S. Haibara*, 1C.C.S. Silva, 1V.A. Almeida, 2R.A.
Johnson and 1E. Colombari. ’Dept. Physiol., UNIFESP EPM, Sao Paulo, SP,
04023-060, Brazil; 2Dept. Pharmacol., NYMC, Valhalla, NY, 10595, USA.
The heme oxygenase (HO) product, carbon monoxide (CO), formed in
the NTS may contribute to the regulation of blood pressure. In this study we
investigated the effects of HO inhibition in the NTS on: a) baroreceptor reflex
and b) on the cardiovascular responses induced by microinjection of Lglutamate into the NTS. Bilateral or unilateral microinjections of ZnDPBG (zinc
deuteroporphyrin 2,4-bis-glycol, 4.5 nmoles/100 nl) were performed into the
NTS through guide cannulas previously implanted. The cardiovascular
responses induced by unilateral microinjection of L-glutamate (5 nmoles/100
nl) into the NTS was evaluated before and 10 minutes after ZnDPBG in the
same site (n=10). In another group of rats, we evaluated the reflex
bradycardia (induced by pressor doses of phenylephrine) and reflex
tachycardia (induced by depressor doses of sodium nitroprusside) before and
10 minutes after bilateral microinjections of ZnDPBG into the NTS (n=5). The
inhibition of HO in the NTS reduced the pressor (+36±5 vs. +7±3 mmHg) and
bradycardic (-103+9 vs. -26±6 bpm) responses induced by L-glutamate
microinjection into the NTS. In addition, bilateral microinjections of ZnDPBG
into the NTS reduced the reflex bradycardia (-65±6 vs. -10±6 bpm) and reflex
tachycardia (+142±25 vs. +77±21 bpm) 10 minutes after ZnDPBG
microinjections. Sixty minutes later the blockade was reversed. These data
suggest that the endogenous CO formed in the NTS by HO participates in the
glutamatergic neurotransmission at the NTS level and may play an important
role in the cardiovascular control. Supported by FAPESP (96/6075-5;
96/7687-4), CNPq (520059/96) and UNIFESP-EPM.

EFFECTS OF COMMISSURAL NUCLEUS OF THE SOLITARY TRACT
(commNTS) LESIONS ON THE CARDIOVASCULAR RESPONSES
PRODUCED BY BILATERAL COMMON CAROTID OCCLUSION (BCO) IN
CONSCIOUS RATS. 1M.A. Sato*; 2J.V. Menani; 1O.U. Lopes and 1E.
Colombari. 2Dept. of Physiology, FOA-UNESP, Araraquara, SP and JDept. of
Physiology, UNIFESP-EPM, Sao Paulo, SP, Brazil, 04023-060.
The BCO during 60 seconds produces a pressor response which ban be
divided in an early response (ER) that reach a peak during the first 20
seconds and a sustained late response (LR), smaller than ER. In this study
we sought to investigate the effects of commNTS lesions on the response
produced by BCO. One day before experiments, the rats (300-350g.) were
submitted to commNTS lesions (3 mA/10sec) or sham lesions, and pneumatic
cuffs were implanted on their carotid arteries. Enhanced pressor responses
produced by BCO in either ER or LR were observed in the commNTS
lesioned compared with sham rats (ER: 56±3 lesioned vs. 44±2 mmHg sham;
LR: 44±3 lesioned vs. 30±2 mmHg sham). The commNTS lesions abolished
the chemoreflex response induced by i.v. KCN (20pg/rat, AMAP= -5±5
lesioned vs. +47±7 mmHg sham; AHR= 0±6 lesioned vs. -59±16 bpm sham).
The reflex bradycardia induced by pressor doses of phenylephrine was not
altered by commNTS lesions (AMAP=+53±3 lesioned vs. +49±2 mmHg sham;
AHR=-71±19 lesioned vs. -98±12 bpm sham), but it was observed a
significant decrease on reflex tachycardia induced by sodium nitroprusside
(AMAP=-52±4 lesioned vs. -48±5 mmHg sham; AHR=+66±13 lesioned vs.
+123±7 bpm sham). The commNTS lesions abolished the carotid
chemoreflex, but enhanced the pressor responses produced by BCO. These
data suggest that the carotid chemoreflex is not involved with pressor
responses produced by BCO.
Supported by FAPESP (96/6075-5; 96/06512-6), CNPq(520059/96)
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MECHANISMS INVOLVED IN THE HYPERTENSION INDUCED BY
MICROINJECTION OF BACLOFEN INTO THE NTS IN CONSCIOUS RATS.
C.D.A.P Landulpho, A. C. R. Dias, and E. Colombari*. Department of
Physiology, UNIFESP-EPM, Sao Paulo, SP.Brazil, 04023-060.
In the present study we sought to determine the cardiovascular effects
elicited by microinjection of baclofen (GABAb agonist) into the nucleus tractus
solitarii (NTS) of conscious rats and to characterize the autonomic and
hormonal components involved. Increasing doses of baclofen (10, 50, 100
and 1000 pmol/100nL) were bilaterally microinjected into the NTS of male
Wistar rats, one group for each dose, showing an increase in mean arterial
pressure (MAP) (9±1, n=5; 18±3, n=7; 37±4, n=7 and 61 ±3, n=8, respectively)
in a dose-dependent manner. In order to study the mechanisms involved with
this hypertension we used two other groups. One of them received
microinjection 100 pmol/100nL of baclofen bilaterally into the NTS which
increased the MAP (102±8 to 155±6 mmHg). Fifteen minutes after the
microinjection, when MAP reached maximal pressor response, the rats were
treated with prazosin (1 mg/kg, i.v.) which reversed the pressor response
(155±6 to 91 ±7 mmHg). An additional treatment with vasopressin antagonist
(10 pg/kg, i.v.) did not change the MAP (90±8 to 85±6 mmHg, n=5). Using the
same protocol, the other group received microinjection of 1000 pmol/100 nL
into the NTS which increased MAP (110±8 to 170±9 mmHg), which was
reversed by prazosin i.v. (170±9 to 115±6 mmHg). After the treatment with
vasopressin antagonist an additional reduction on MAP was observed (115±6
to 73±5 mmHg, n=6). We conclude that the hypertension induced by GABAb
agonist microinjected into the NTS in conscious rats was produced by both
increase in sympathetic tonus and release of vasopressin. These data
suggest that NTS neurons have a tonic inhibitory influence on sympathetic
nervous system and vasopressin release. Support: FAPESP (96/6075-5,
96/9466-5) and CNPq (520059/96).

ACTIVATION OF A2a- AND P2X-PURINOCEPTORS IN THE SUBPOSTREMAL NUCLEUS TRACTUS SOLITARIUS (NTS)
EVOKES
DIFFERENTIAL RESPONSES IN ADRENAL (ASNA) VS. RENAL (RSNA)
SYMPATHETIC NERVE ACTIVITY. T.J. Scislo and D.S. O’Leary*. Department
of Physiology, Wayne State University School of Medicine, Detroit, MI 48201
Activation of A2a- and P2x-pur>noceptors in the subpostremal NTS via
microinjection of CGS21680 (CGS) and a, P-methylene ATP (MeATP)
respectively, elicits large dose dependent decreases in arterial pressure and heart
rate, differential regional vasodilation and differential inhibition of renal vs. lumbar
sympathetic activity (J. Autonom. Nerv. Sys. 59:113, 1996, and 62: 103, 1997).
With marked hypotensive hemorrhage ASNA increases and RSNA decreases. In
this setting, adenosine levels in the brainstem also increase. Therefore, we
investigated whether stimulation of specific purinoceptors in the NTS may evoke
differential sympathetic responses as observed during hemorrhage. ASNA and
RSNA were recorded simultaneously in chloralose/urethane anesthetized male
Sprague Dawley rats. Microinjection of MeATP (100 pmol) and CGS (20 pmol)
both caused pronounced decreases in arterial pressure and heart rate. MeATP
inhibited both nerves with a slightly smaller effect on ASNA; CGS inhibited only
RSNA whereas, ASNA increased markedly (see table; MAX- maximum % change,
/-integral of the change over the duration of the depressor response, * - P < 0.05).
Sinoaortic denervation and vagotomy did not markedly change neural responses to
CGS and tended to enhance the responses to MeATP. Glutamate (100 pmol in 50
nL) caused differential inhibition of both ASNA and RSNA (MAX A% = -34±3 and
-51±4 respectively, P<0.001). We conclude that activation of P2x_Pur*noceptors and
glutamate receptors in the subpostremal NTS evokes differential inhibition of
ASNA and RSNA whereas activation of A2a-purinoceptors evokes inhibition of
RSNA and excitation of ASNA. These results support the hypothesis that different
neurotransmitters/neuromodulators in the NTS may be related to specific functional

65.17

65.18

FACILITATION OF BAROREFLEX TRANSMISSION BY OPIOID
RECEPTORS IN THE DORSAL VAGAL COMPLEX (DVC). S-J. Li and G.
Kunos* Dept. Pharmacol. & Toxicol., Med. Coll, of VA, Richmond, VA
23298.
Proopiomelanocortin (POMC)-containing neurons projecting from arcuate
nucleus to the DVC are involved in depressor cardiovascular regulation.
Previous studies have shown that both POMC derived peptides, (3endorphin (1.25 pmol) and a-MSH (250 pmol) decrease blood pressure
when microinjected into DVC (Li et at, J. Neuroscience, 16:5182, 1996). A
further investigation was carried out in urethane-anesthetized rats to identify
the possible mechanisms.
The hypotensive effect of p-endorphin
microinjected into DVC (-16+2 mmHg) was reversed to a pressor effect
(17+2, mmHg) by barodenervation, while the depressor effect of a-MSH
remained unchanged (-17+2, mmHg). Both depressor and pressor effects
of p-endorphin were blocked by pretreatment with the ^-receptor antagonist
p-FNA (270 pmol). Since glutamate is a putative baroreflex transmitter at
DVC, the role of glutamate antagonists on the cardiovascular effect of pendorphin was also tested. Microinjection of NMDA or non-NMDA receptor
antagonists (AP-7, 0.1-1 nmol and CNQX, 0.025-1 nmol) prior to p-endorphin
also abolished the hypotensive effect of p-endorphin (8+2 and 5+3, mmHg).
These findings indicate that two POMC peptides regulate BP at the DVC by
different mechanisms. The depressor effect of p-endorphin may be due to
facilitation of baroreflex transmission, whereas a-MSH appears to act on
postsynaptic cardiovascular neurons directly.

Nitric oxide-cGMP Signalling Pathway in the Nucleus Tractus Solitarii is
Involved in the Central Cardiovascular Regulation. Hui-Ching Lin*. Fan-Jung.
Wan. Che-Se Tung. Ching-Jiunn Tseng. Graduate Institute of Life Sciences,
National Defense Medical Center, Teipei, Taiwan, R.O.C.
Nitric oxide (NO) synthesized from L-arginine is a remarkable regulatory
molecule and plays an important role in physiological functions including the
cardiovascular regulation. The purpose of this study was to examine the signal
tranduction mechanisms by which NO exerts its central cardiovascular effects
in the nucleus tractus solitarii (NTS) of rats. Anesthetized normotensive rats
were prepared for stereotaxic implantation of glass electrode into the NTS
Microinjection of different doses of L-arginine and NO-donor sodium
nitroprusside (SNP) into the NTS produced dose-related decrease in blood
pressure and heart rate. The cardiovascular effects of L-arginine were
abolished by the neuronal NO synthase inhibitor 7-nitroindazole (7-NI), but
those effects of SNP were not changed by 7-NI. 7-NI alone had no effect on
blood pressure but induced minor bradycardic response. LY83583, a guanylyl
cyclase inhibitor, and W-7, a calmodulin inhibitor, both evoked bradycardic
effects when injected alone and blocked the cardiovascular responses induced
by L-arginine. HA1004, an inhibitor of cGMP-dependent protein kinase,
significantly reduced depressor and bradycardic responses elicited by Larginine. H-7, an inhibitor of cAMP-dependent protein kinase and protein
kinase C, had no effect on the cardiovascular responses of L-arginine in the
NTS. These results demonstrated that L-arginine microinjected into the NTS
elicits depressor and bradycardic responses upon activation of NO-cGMP
signalling pathway. Neuronal NO synthase, intracellular calcium/calmodulin,
cyclic GMP and GMP-dependent protein kinase were the important factors
that modulate the central cardiovascular responses in the NTS.
Supported by NSC 86-2314-B-075B-013, Taiwan, R.O.C
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MAX (A%)
/ (A% x min)

me-ATP (P2x) (n=8)
ASNA
RSNA
-75.8±6.0
-90.3+4.3*
-137+21
-196+34*

CGS21680 (A2a) (n=9)
ASNA
RSNA
+63.2+13.8
-47.4+6.5*
+1070±243
-797+127*
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65.20

INHIBITORY AND EXCITATORY EFFECTS OF ADENOSINE ON
POSTSYNAPTIC CURRENTS IN THE NUCLEUS OF THE SOLITARY TRACT.
M. Appalsamy, D. Lovinger, and R. Mosqueda-Garcia*. Dept. of Pharmacology,
Vanderbilt University, Nashville, TN 37232.
We have demonstrated excitatory effects of adenosine when microinjected into the
nucleus tractus solitarii (NTS). Here we report the effects of adenosine on synaptic
currents of NTS neurons using the whole-cell voltage patch clamp technique. Horizontal
brainstem slices (300 pm) were obtained from Sprague-Dawley rats (2-4 weeks old) and
perfused with artificial cerebrospinal fluid. With the aid of a differential-interferencecontrast microscope-system, we recorded from NTS neurons at the area postrema
level. Neurons were selected if excitatory postsynaptic currents (EPSCs) were
evoked by tractus solitarii (TS) stimulation (0.75-1.5m Amps, 0.3 ms, 0.05 Hz). In
some experiments, after basal EPSCs, we studied the effects of adenosine (20 pM)
followed by recovery and then perfusion with an adenosine non-selective receptor
subtype antagonist (DPSPX, 500 nM) followed by perfusion of a mix solution
containing adenosine and DPSPX. In other experiments, we studied the effects of
DPCPX (an A,-receptor subtype antagonist; 200 nM) alone or in combination with
adenosine.
Initial results indicate the presence of a heterogenous population of NTS neurons
both anatomically and pharmacologically. We identified at least three types of cells
in which EPSCs were obtained after TS stimulation and which were affected by
adenosine. In spindle and oval shaped neurons, adenosine attenuated EPSCs by
82±21 pAmps (n=4); this effect was blocked by DPSPX. In round shaped neurons,
adenosine potentiated EPSCs in the presence of DPCPX by 28±1 pAmps (n=4).
These results indicate that purinergic stimulation in the NTS produces either
excitatory or inhibitory neuronal effects. Activation of non-A,-adenosine receptors
can potentially mediate an increase in EPSCs resulting in activation of
cardiovascular-sensitive NTS neurons.
Supported by an AHA Grant-in-Aid

NON-NMDA AND NMDA RECEPTORS MEDIATE AREA POSTREMA
ACTIVATION OF CELLS IN THE NUCLEUS OF THE SOLITARY TRACT
(NTS) THAT RECEIVE VISCERAL SENSORY AFFERENT INPUT.
M. L.
Aylwin, J. M. Horowitz, and A. C. Bonham*. Univ. of CA, Davis, CA 95616.
Area Postrema (AP) augments baroreflex and cardiopulmonary reflex
function, perhaps via projections to NTS cells that process baroreceptor or
cardiopulmonary C-fiber input (Bonham & Hasser, 1993). Neurotransmitters
and receptor subtypes mediating AP input to NTS cells have not been fully
identified. We used whole-cell patch clamp recordings in the dorsomedial NTS
of a transverse rat medullary slice to test the hypothesis that glutamatergic
receptors are part of the AP to NTS pathway. Slices (250 pm thick) were
superfused with (in mM) NaCl 125, KOI 2.5, MgCI21.0, NaH2PO41.25, NaHCO3
25, dextrose 10, CaCI2 2.0, gassed with 95% O2/5% CO2. Glass electrodes (3-6
MQ) contained either KOI or K-gluconate for current clamp or CsF for voltage
clamp. AP stimulation (1-20V.0.1 ms, 0.2-0.5Hz) evoked postsynaptic
potentials (PSPs) or action potentials with onset latencies of 5.7± 2.4 ms in 41
NTS cells that also received solitary tract input. In 5 cells, blockade of synaptic
transmission (CdCI2,200 pM) abolished AP-evoked action potentials. The nonNMDA
receptor
antagonist
6-nitro-2,3-dioxo-benzo(F)quinoxaline-7sulfonamide (NBQX, 10 pM) blocked AP-evoked action potentials by 93±14%
in 9 of 11 cells. AP-evoked excitatory postsynaptic currents (EPSCs) had two
components (n=5), a fast one that peaked at 8-12 ms and a slow component
blocked by the NMDA receptor antagonist, DL-2-amino-5-phosphonovaleric
acid (APV, 50 pM) from 39±13 to 6±4 pA (p<0.05) at 60 mV measured 20 ms
after the peak (n=4). The data suggest that non-NMDA receptors are required
for action potential generation, and that both non-NMDA and NMDA receptors
contribute to AP-evoked EPSCs in those NTS cells that process visceral
afferent information. Support: NIH HL52165, HL48584 & DK32907.

65.21

65.22

REGULATORY EFFECTS OF VASOPRESSIN ON NUCLEUS TRACTUS
SORITARIUS AND AREA POSTREMA. K. MIGITA1. N, HORL R2. SAITO1. K.
YAMAMOTO2, Y, TAKANO1*. H, KAMIYA1, ’Dept. of Pharmacol., Fac. of
Pharmaceut. Sci., Fukuoka Univ., Fukuoka 814-80, Japan, 2Dept. of Pharmacol., Fac.
of Dentist., Kyushu Univ., Fukuoka 812, Japan.
The area postrema (AP) and the nucleus tractus solitarius (NTS) play an important
role in cardiovascular regulation. The NTS is the first site making synapses with
afferent neurons from peripheral baroreceptors. Our previous studies have shown that
the injection of the arginine-vasopressin (AVP) VI antagonist into the AP modifies
decreases in blood pressure and heart rate indused by glutamate injected into the NTS.
This result suggested that AVP sensitive neurons in the AP might regulate central
baroreceptor reflex through the neuronal connections with the NTS neurons. However,
it is not clear about the functional relationship between the AP and the NTS. In the
present study, effects of AVP on neuronal activities of the AP neurons were
investigated by recording spontaneous single unit discharges. The coronal or semihorizontal slices (400pm thickness) containing the AP and the NTS were prepared
from male Wistar rats (about 250 g). Stimulating electrodes were set on the AP and /
or solitary tract (ST), and unit discharges were recorded from the NTS neurons and the
AP neurons. It was found that some of the NTS neurons received the neuronal inputs
from both the AP and the ST. AVP showed dual actions dose-dependently on the
spontaneous discharges of the AP neurons; inhibitory and excitatory effects. AVP
excited 14.7% of the AP neurons at 10'8 M, 25.0% at 10'7 M and 34.4% at 10-6 M. On
the other hand, AVP inhibited 32.4% at 10'8 M, 21.9% at IO’7 M and 18.8% at 10* M.
These results may suggest that there are two types of AVP sensitive neurons in the AP
and that the AP neurons responding to the endogenous AVP send the information into
the NTS neurons and modify arterial baroreceptor reflex.

MODULATION OF BAROREFLEX SENSITIVITY BY THE STATE OF PROTEIN

65.23

ALTERED EXTRACELLULAR CATECHOLAMINE AND
INDOLEAMINE TURNOVER IN THE NUCLEUS TRACTUS
SOLITARIUS OF THE RAT IN RESPONSE TO ATRIAL
NATRIURETIC PEPTIDE. B. R. Dev*, L. Philip and S. J,
John. Department of Physiology, Faculty of Medicine,
Kuwait University, PO Box 24923, Safat 13110, Kuwait.
The effect of locally perfused atrial natriuretic peptide
(ANP) into the nucleus tractus solitarius (NTS) was
studied by monitoring the changes in the extracellular
neurotransmitters and the cardiovascular functions in
urethane anesthetized Sprague-Dawley rats. Perfusion of
ANP was accomplished by using in vivo microdialysis
probe unilaterally and stereotaxically implanted into the
NTS area. ANP at a concentration of 4 x 10'12 M was
perfused at a constant flow rate of 1.5 pl/min. over a
period of one hour and the dialysate was assayed for both
catecholamines and indoleamine. Perfusion of ANP into
the NTS led to significant reduction in both blood
pressure and heart rate.
Serotonin turnover was
unaffected.
Both norepinephrine (NE)
and
methoxyhydroxyphenylglycol (MHPG) levels increased,
while the dihydroxyphenylacetic acid (DOPAC) level
decreased, indicating the possible interaction between
ANP and the catecholaminergic system of the NTS in
regulating the arterial blood pressure. Supported by Kuwait
University (Project No. MY 025).
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TYROSINE

PHOSPHORYLATION

IN

THE

BRAINSTEM

OF

THE

RAT. Y.T. Wang*. H.Y.Man. T.Erclik and L. Becker Department of Pathology,
Hospital for Sick Children, University of Toronto, Toronto, M5G 1X8, CANADA
Evidence accumulated recently suggests that protein tyrosine phosphorylation may
play an important role in regulating neuronal functions. In the present study, we
investigated the role of protein tyrosine phosphorylation of the brainstem in
modulating baroreflex sensitivity both in vitro and in vivo. Anti-phosphotyrosine
immunoblots of the extract of brainstem slices revealed that several phosphotyrosinecontaining proteins were present in the brainstem.
The level of tyrosine
phosphorylation on these proteins was decreased by treatment of the slices with
genistein (100 pM), a membrane-permeable inhibitor of protein tyrosine kinase
(PTKs), and increased by treatment with pervanadate(100 pM), a membranepermeable inhibitor of protein tyrosine phosphotases (PTPs), consistent with a basal
level of both endogenous PTK and PTP activities in the brainstem. In urethaneanaesthetized rats, we found that inhibiting PTK activity by topical application of
genistein to the dorsal surface of the medulla reduced the phenylephrine-induced
baroreflex bradycardiac response. Conversely, the baroreflex response was potentiated
by activiating endogeous PTK activity with insulin or by inhibiting PTP activity with
pervanadate.
Thus these results suggest that the state of cellular tyrosine
phosphorylation within the low medulla of the brainstem may regulate the baroreflex
control of heart rate, thereby providing the first evidence for a role of protein tyrosine
phosphorylation, the key process involved in diverse intracellular signalling pathways,
in modulating the baroreflex sensitivity.

65.24
TREATMENT OF ADULT RAT AND RABBIT WITH MONOSODIUM GLUTAMATE
BLUNTS BAROREFLEX RESPONSE TO VASOPRESSIN. A. Kashani*,
M.M. Abdel-Qader, and C. Phelix Division of Life Sciences,
Univ. of Texas at San Antonio, TX 78249
Vasopressin (AVP) augments cardiac baroreceptor reflex
in both rat and rabbit.
This modulation of baroreflex is
thought to be mediated by the area postrema (AP) and can be
prevented by complete ablation of the AP.
Systemic
administration of monosodium glutamate (MSG) to adult
animals selectively destroys AP neurons, both noradrenergic
and serotonergic (Phelix and Hartle, Brain Res 516, 1990 &
Neuroscie. Lett. 117, 1990). This non-surgical approach to
lesion the AP in rat and rabbit was used to produce partial
lesion of the AP.
Three animals of each species were
treated with MSG (9 mg/g body weight, sc) and another group
of each with hypertonic saline as a control.
Three days
later the animals were anesthetized with pentobarbital and
the femoral artery and vein were catheterized.
A MacLab
8/e was used to monitor direct arterial pressure, mean
arterial pressure (MAP), and heart rate (HR).
Intravenous
infusion of either phenylephrine (PE) or AVP were performed
with a Harvard Infusion Pump to ramp increase MAP at > 60
mmHg.
Baroreflex curves were generated as
linear
regression of change in HR for change in MAP.
The
regression coefficient was used as the slope and compared
using ANOVA with Student Newman Kuels post hoc for
significance set at p<0.05.
In both rat and rabbit the
slope for AVP decreased after MSG treatment where in the
rabbit there was no significant difference with reference
to PE; in the rat the slope of the AVP curve after MSG was
even less than PE.
These data indicate that lesion of AP
in rat like in rabbit can eliminate AVP augmentation of HR
response to pressor challenges.
The exact role of MSG
sensitive AP neurons is yet unkown.
Support: HL02914-03.
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5-HT3 RECEPTOR STIMULATION IN THE NUCLEUS TRACTUS
SOLITARIUS EXCITES ROSTROVENTROLATERAL VASOMOTOR NEURONS IN
RATS. C, S6voz-Couche, M. Hamon* and R. Laguzzi, INSERM U288, CHU
Piti6-Salp6trtere, 75634 Paris c6dex 13, France.
Previous studies have shown that the stimulation of serotonin3 (5HT3) receptors in the nucleus tractus solitarius (NTS) elicits an
increase in arterial pressure and sympathetic nerve activity, without
affecting the heart rate and the sympathetic component of the
baroreflex in rats. In order to determine which medullary pathway(s)
mediate(s) these NTS 5-HT3 receptor-evoked sympathoexcitatory
responses, we investigated the effects of the microinjections, into the
NTS, of a potent and selective 5-HT3 receptor agonist, 1-(mchlorophenyl)-biguanide (CPBG) upon the electrophysiological
activity of well defined vasomotor neurons in the rostroventrolatera,
medulla (RVLM) of pentobarbital-anaesthetized rats. Microinjections
of CPBG (2 nmol, 0.1 pi) evoked a marked increase (+90 %) in the
discharge rate of the slowest (n=10) and the intermediate (n=»10)
clonidine-sensitive neurons without affecting the more rapid
clonidine-insensitive vasomotor neurons (n=10). Previous intra-NTS
microinjections of ondansetron (300 pmol, n=10), a selective
antagonist at 5-HT3 receptors, prevented the excitatory effect of CPBG
on the clonidine sensitive neurons. These data show that the pressor
effects of 5-HT3 receptor stimulation in the NTS result from the
activation of a subpopulation of cardiovascular neurons in the RVLM.
INSERM
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PERIAQUEDUCTAL GRAY MATTER INPUT TO RAPHE MAGNUS
REGION: A MAJOR CNS SYMPATHETIC PATHWAY, Eszter Farkas. Arthur
S.P. Jansen, and Arthur D. Loewy, Dept. of Anatomy and Neurobiology,
Washington University School of Medicine, St. Louis, MO 63110 USA
The periaqueductal gray matter (PAG) functions as the midbrain link between
forebrain emotional processing systems and motor pathways used in the defense
reaction. Part of this response depends upon PAG activation of the sympathetic
nervous system, but little information exists on the central pathways involved.
Neuroanatomical tracing methods have been used here to study these central
autonomic pathways. First, the PAG regions involved in sympathetic regulation
were identified by the viral retrograde transneuronal tracing method; the lateral
and ventrolateral PAG as well as the Edinger-Westphal and precommissural
nuclei contained transneuronally labeled neurons. Second, the efferent
projections from these four PAG regions were studied with the axonal tracer
Phaseolus vulgaris leuco-agglutinin (PHA-L). Almost no axonal labeling was
observed in the intermediolateral cell column (IML), suggesting the PAG
modulates sympathetic functions by indirect pathways. Third, combined PHA-L
and viral tracing experiments were performed to identify the sympathetic
promoter neurons that receive a PAG or precommissural nucleus input. The
major region was to the raphe magnus (RMg) and gigantocellular reticular
nucleus, pars alpha (GiA), including an input to serotonin-containing RMg and
GiA projection neurons. These areas project directly to the IML. Weaker
projections were identified in the rostral ventrolateral medulla (including to Cl
adrenergic neurons), locus coeruleus, A5 cell group, paraventricular and lateral
hypothalamic nuclei. Thus, the PAG and precommissural nucleus affects
sympathetic functions via multiple pathways, and the major route is via an
indirect pathway that is relayed in the RMg and GiA. Supported by National
Institute of Heart, Lung and Blood (HL-25449 and HL-50527) of the NIH.

66.3

66.4

CAUDAL MIDLINE MEDULLA MEDIATES HYPOTENSION EVOKED
BY HAEMORRHAGE OR ACTIVATION OF THE VENTROLATERAL
PERIAQUEDUCTAL GRAY. L.A. Henderson*, K.A. Keav & R. Bandler
Dept of Anatomy & Histology, Institute for Biomedical Research, The
University of Sydney, 2006, Australia.
Hypotension is evoked by activation of the caudal midline medulla
(CMM) [1]. The ventrolateral periaqueductal gray (vlPAG) mediates
hypotension, projects to the CMM and is activated by haemorrhage or by a
range of deep noxious manipulations [2]. To investigate the role of the
CMM in mediating hypotension evoked by vlPAG activation, by
haemorrhage or by deep pain, injections (200-500nl) of the local anaesthetic
lignocaine (2%) or the synaptic blocking agent, cobalt chloride (5mM) were
made into the CMM of halothane (1.5%) anesthetised rats prior to: (i)
vlPAG excitation; (ii) 15% haemorrhage; or (iii) i.v. injection of 5-HT
(72pg/kg). Inactivation of the CMM had little effect on resting arterial
pressure, and no effect on the hypotension evoked by i.v. injection of 5-HT.
However, it dramatically attenuated, and in some cases abolished the
hypotension evoked by either vlPAG excitation or 15% haemorrhage.
These data suggest that the CMM: (i) does not contribute to the
maintenance of arterial pressure; (ii) is a critical site mediating the
hypotension evoked either by haemorrhage or by vlPAG activation.
[1] Henderson et al (1997) Proc. Aust. Soc. Neurosci. 8,89; [2] Bandler &
Keay (1997) Prog. Brain Res. 107,285-300.
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VENTROLATERAL PERIAQUEDUCTAL GRAY- MEDIATED
SYMPATHOINHIBITION IN THE RAT IS ACTIVATED BY P2X AND P2Y
RECEPTOR AGONISTS. K,A. Keay*, M.A, Hansen, L.A, Henderson, V.J,
Balcar and R. Bandler Dept of Anatomy & Histology, Institute for
Biomedical Research, The University of Sydney, 2006, Australia.
ATP-sensitive P2 receptors are found in high densities in the
ventrolateral periaqueductal gray (vlPAG) [1,2]. Neurons of the vlPAG
are activated by deep noxious stimuli and haemorrhage, and their
excitation with excitatory amino acids (EAA) evokes a passive emotional
coping reaction characterised by quiescence, hyporeactivity, hypotension
and bradycardia. A possible functional role of vlPAG P2 receptors was
evaluated by observing the effects on arterial pressure and heart rate of
microinjections (20-50nl) of the P2X receptor agonist a,b-methylene-ATP or
the P2Y receptor agonist 2-methylthio-ATP in the vlPAG of halothaneanesthetised rats. Injections of a,b-methylene-ATP and 2-methylthio-ATP
evoked decreases in arterial pressure of similar magnitude to those evoked
by EAA (upto -25%), although their latency to maximal fall was greater
(upto 3Xs). In contrast to EAA injections in the vlPAG, neither a,b-met
ATP nor, 2-methylthio-ATP injections evoked changes in heart rate. These
data suggest that P2 receptors play a role in vlPAG mediated hypotension,
but not bradycardia.
[1] Balcar VJ et al (1995) Br. J. Pharmacol. 115, 302-6; [2] Tuyau M et al
(1997) Neurochem. Int. 30,159-169; [3] Bandler R & Keay KA (1997) Prog.
Brain Res. 107,285-300.
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DIFFERENT "VASODEPRESSOR STIMULI" ACTIVATE DISTINCT
REGIONS OF THE VENTROLATERAL PERIAQUEDUCTAL GRAY OF
THE RAT. R. Bandler*, L.A. Henderson. C.I. Clement, W.M, Matar, +D.
Smith, FT. Day and K.A. Keav. Dept. of Anatomy & Histology, The
University of Sydney, 2006, FDept. of Physiology & Pharmacology, The
University of Queensland, 4072, Australia.
The ventrolateral periaqueductal gray (vlPAG) mediates a response
similar to the reaction of circulatory shock following traumatic injury or
haemorrhage. As a first step in determining whether haemorrhage and
deep noxious stimuli associated with injury activate the same population
of cells within the vlPAG, the immunohistochemical detection of Fos
protein was used to define the precise location of vlPAG neurons activated
by a range of 'vasodepressor stimuli' in unanaesthetised rats. Fosimmunoreactive cells were mapped in serial coronal sections (250pm
intervals) of the PAG following (i) 15, 25 or 30% haemorrhage; (ii) i.v.
injections of sodium nitroprusside or diazoxide (30-300 pg/kg); (iii) i.v.
injection of 5-HT (24-72pg/kg) or phenylbiguanide (20pg/kg); (iv) i.p.
acetic acid (0.5ml, 3.5%); (v) i.m. formalin (0.05ml, 5%) or carrageenan
(0.05ml, 2%). Noxious stimulation of deep somatic structures
preferentially activated neurons within the caudal vlPAG (A0.2-0.7);
noxious stimulation of cardiopulmonary vagal afferents or haemorrhage
preferentially activated neurons within the rostral vlPAG (Al.7-1.2); and
i.p. injection of acetic acid activated cells within both vlPAG regions.
Intravenous sodium nitroprusside activated smaller numbers of cells
along the rostrocaudal extent of the vlPAG. These data suggest that: (i)
distinct populations of vlPAG neurones are activated by different
vasodepressor manipulations; (ii) Fos expression in the vlPAG is not
simply secondary to vasodepression.

SUNDAY AM

CARDIOVASCULAR REGULATION: BRAINSTEM

151

66.5

66.6

HYDROXYLAMINE AND l-(2-TRIFLUOROMETHYLPHENYL)IMIDAZOLE
EFFECT THE PROPERTIES OF PERIAQUEDUCTAL GRAY NEURONS INVITRO . C.W. Hall*, M.M. Behbehani, and S.D. Chandler. Dept. of Molecular and
Cellular Physiology, Univ. of Cincinnati, Cincinnati OH, 45276-0576.
The periaqueductal gray region of the midbrain (PAG) is involved in analgesia and
cardiovascular regulation. Nitric oxide synthase (NOS) defines anatomical cell
columns in the dorsal and dorsolateral PAG. NO production in the PAG is associated
with depressive effects on mean arterial pressure. Hydroxylamine (HA) liberates NO
intracellularly in the presence of superoxidedismutase.
l-(2-trifluoromethyl)
imidazole (TRIM) is a NOS antagonist, specific for the neuronal isoform (nNOS).
The goal of this study was determine the effects of NO application and nNOS
inhibition on the electrical properties (i.e. firing rate, membrane voltage, membrane
resistance, and synaptic transmission) of PAG neurons. Both extracellular and
perforated patch clamp recording techniques were used to record from cells (n=67) in
PAG brain slices taken from adult male rats. Bath perfusion in 500 μM HA reduced
baseline firing rate by more than 50% in 62% of cells tested. 78% of cells tested
exhibited hyperpolarization in the presence of HA. In 38% of cells tested, HA
increased the number of inhibitory post synaptic events per unit time by at least 50%.
The basal rate of inhibitory synaptic events in 35% of these cells was sensitive to
naloxone (NAL), and in 48%, to bicuculline (BIC). Bath perfusion of 500 μM TRIM
affected baseline firing rate in 22% of cells tested, and membrane potential and
resistance in 34% of cells tested. Responses to TRIM were not as consistent as
responses to HA. Application of TRIM was found to block excitatory and/or
inhibitory synaptic events in 36% of cells tested. The difference in response rate
between HA and TRIM indicates that fewer cells produce NO tonically, than actually
respond to NO. Also, the inhibitory nature of the HA evoked response, and the
effects of NAL and BIC on these cells, indicates that the response to NO may involve
GABA and enkephalin. Supported by NIH grant NS20643.

CARDIOVASCULAR
RESPONSES
TO
STIMULATION
OF
DOPAMINERGIC NEURONS IN THE SUBSTANTIA NIGRA AND
VENTRAL TEGMENTAL AREA. G.J. Kirouac* and J. Ciriello. Department
of Physiology, University o f Western Ontario, London, ON, Canada, N6A 5C1.
Experiments were done in chloralose-anesthetized, paralyzed and
artificially ventilated rats to investigate the effect o f L-glutamate (Glu) injections
(0.25M;10 nl) into substantia nigra (SN) and the ventral tegmental area (VTA) on
arterial pressure (AP) and heart rate (HR). Glu injections into SN pars compacta
(SNC) elicited decreases in both mean AP (MAP; -21.3 ± 1.5 mmHg; n = 36) and
HR (-27.8 ± 1.8 beats/min; n = 37) at 93 % of the sites stimulated. Similar
decreases in MAP (-18.0 ± 3.0 mmHg; n = 20) and HR (-25.4 ± 3 .8 beats/min; n
= 17) were elicited at approximately 74% o f the sites stimulated in VTA.
Intravenous administration o f the dopamine D2 receptor antagonist raclopride
significantly attenuated the cardiovascular depressor responses elicited by
stimulation o f the SNC/VTA region. Intravenous administration o f the muscarinic
receptor blocker atropine methylbromide had no effect on the magnitude o f the
MAP and HR responses to stimulation o f the SNC/VTA, whereas, administration
o f the nicotinic receptor blocker hexamethonium bromide abolished both the
depressor and the bradycardic responses. These data suggest that dopaminergic
neurons o f the SNC/VTA exert cardiovascular depressor effects and that these
circulatory effects are mediated by the inhibition o f sympathetic vasoconstrictor
fibers to the vasculature and cardioacceleratory fibers to the heart. (Supported by
Heart and Stroke Foundation o f Ontario)
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CENTRAL PATHWAYS ACTIVATED BY CARDIAC AFFERENTS IN
THE CONSCIOUS RABBIT. E. Badoer*, V. Moguilevski, and B. McGrath.
Department of Medicine, Monash University, Clayton 3168, Vic. Australia.
Volume expansion (VE) elicits decreases in renal nerve activity, but the
contribution of cardiac afferents, and the central pathways involved in this
response have not been examined in detail in the conscious normal animal. In
the conscious normal rabbit, blood volume was expanded with Haemaccel
(1.9ml/min for 60 mins). This resulted in a 50% reduction in renal
sympathetic nerve activity (RSNA)(N=6). This effect was entirely reversed by
procaine (20mg) injected into the pericardial sac (N=3), but not by intravenous
procaine (N=3) This result indicates that afferents confined within the
pericardial sac are primarily responsible for the reflex renal sympathoinhibition induced by volume expansion. To determine which regions of the
brain were activated by these afferents, separate groups of rabbits were infused
with Haemaccel (N=9) or dextran (N=4) (a different plasma expander) and the
protein, Fos, was used to highlight activated neurons in the brain. Compared
to control (N=9), a marked increase in the number of activated neurons was
found in the caudal and intermediate nucleus tractus solitarius and in the
intermediate ventrolateral medulla oblongata of the volume expanded rabbits. In
the rostral ventrolateral medulla, there were few activated neurons and their
numbers did not significantly differ between the three groups. In the lamina
terminalis and the paraventricluar nucleus of the forebrain, there were
significant increases in the number of activated neurons in the Haemaccel
infused group but not in the dextran group compared to the controls. The
results suggest that volume expansion in the conscious normal rabbit elicits
renal sympatho-inhibition via cardiac afferents. The central pathways involved
include activation of neurons in the nucleus tractus solitarius and the
intermediate ventrolateral medulla.
Supported by the National Health and Medical Research Council of Australia
and the National Heart Foundation of Australia.

ACTIVATION AND EXPRESSION OF CORTICOTROPIN-RELEASING FACTOR
(CRF) IN LOCUS COERULEUS (LC) NEURONS AFTER ACUTE STRESS.
J.H . Jh am an d as*, D. MacTavish, and T.L. Krukoff. D epartm ents of
Medicine (Neurology) and Cell Biology & Anatomy, University of Alberta,
Edmonton, Alberta, Canada, T6G 2B7.
The LC has been implicated in the stress response and arousal functions.
CRF-positive fibres and cells have been d etected in th e LC. Acute and
chronic stress have been show n to increase CRF-like immunoreactivity in
the LC. To determine the influence of the chronic hypertension on CRF
expression in response to stress, adult spontaneously hypertensive rats
(SHRs) and tw o strains of norm otensive (NT) rats (n = 4 in each group) w ere
exposed to restraint stress consisting of tw o 1 hour periods of stress that
w ere followed by 1 hour rest period. Controls from each strain (n = 4) were
not stressed. Rats w ere prepared for combined fos immuno-histochemistry
and CRF in situ hybridization to identify activated neurons and cells
expressing CRF in the LC. Image analysis show ed th a t CRF mRNA levels
in the LC w ere not different betw een the SHRs and NT rats in the stressed
or non-stressed group. CRF mRNA levels in the LC were significantly
increased for stressed SHRs and NT rats com pared to non-stressed animals.
A significantly greater number of activated (Fos positive) LC neurons
expressed the CRF gene in stressed SHRs com pared to stressed NT rats.
These data indicate th at increased expression of CRF within the LC after
acute stress is observed irrespective of chronic blood pressure levels.
However, chronic hypertension appears to result in a heightened expression
of CRF in activated noradrenergic neurons of the LC.
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INCREASED NEURONAL ACTIVATION AND EXPRESSION OF CORTICOTROPIN-RELEASING FACTOR (CRF) IN THE PARAVENTRICULAR NUCLEUS
OF HYPERTENSIVE RATS IN RESPONSE TO ACUTE STRESS.
T.L. Krukoff*, D. M acTavish, and J.H. Jh am a n d as. Depts. of Cell Biology
& Anatomy, and Medicine, Univ. of Alberta, Edmonton, Canada T6G 2H7.
To determine if chronic hypertension is associated with altered
hypothalamic responses to stress, adult spontaneously hypertensive rats
(SHRs) and tw o strains of norm otensive (n.t.) rats (n = 5 in each group;
Wistar-Kyoto and Sprague Dawley rats) w ere exposed to restraint stress
according to the following protocol: 1 hour (h) stress, 1 h rest, 1 h stress,
1 h rest. Controls from each strain (n = 5) w ere not stressed but were
otherwise handled similarly. Brains w ere prepared for combined Fos
immunohistochemistry and CRF in situ hybridization to identify activated
neurons and cells expressing CRF in the hypothalam ic paraventricular
nucleus (PVN). Image analysis show ed th a t (1) overall CRF mRNA levels
in the PVN were not different among controls (unstressed) although SHRs
showed significantly greater levels of CRF mRNA in rostral divisions; (2)
CRF mRNA levels at all levels of the PVN w ere significantly greater in
stressed SHRs com pared to stressed n.t. rats; (3) significantly greater
numbers of PVN neurons w ere activated (Fos positive) in the rostral and
caudal PVN of stressed SHRs com pared to stressed n.t. rats; and (4)
significantly greater numbers of activated PVN neurons expressed the CRF
gene (double labeled) in the intermediate PVN of stressed SHRs com pared
to stressed n.t. rats. These data suggest th a t chronic elevation in
sympathetic activity, present in SHRs, is associated with hyper
responsiveness of the PVN and may have im portant implications for
response of the hypothalam o-pituitary-adrenal axis during stress.
Supported by the Heart and Stroke Foundation of Canada.
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Supported by the Heart and Stroke Foundation of Canada.
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ULTRASTRUCTURAL EVIDENCE FOR DIRECT PROJECTIONS FROM
NEURONS IN THE VENTRAL MEDULLA TO NORADRENERGIC
NEURONS IN THE RAT LOCUS COERULEUS (LC). E.J. Van Bockstaele*,
E.E.O. Colago, and S. Aicher#. Dept. of Path., Anal. & Cell Biol., Thomas
Jefferson Univ., Phila., PA 19107; #Dept. of Neurol. & Neurosci, Cornell Med.
Coll., NY, NY 10021.
Anatomical and physiological studies have shown that the nucleus
paragigantocellularis (PGi) in the rostral ventral medulla provides excitatory and
inhibitory afferents to the LC which underly the modulation of LC activity by a
variety of stimuli. To examine morphological characteristics of LC-projecting
neurons deriving from medial or lateral aspects of the PGi, biotinylated dextran
amine (BDA) was deposited into the ventral medulla and single tissue sections
were processed for peroxidase localization of BDA and gold-silver
immunolabeling of tyrosine hydroxylase (TH). When injections were placed into
the medial aspect of the ventral medulla, a medio-dorsal pathway to the LC was
observed; lateral injection placements yielded a fiber pathway which coursed
more laterally within the medullo-pontine reticular formation. These light
microscopic data suggested that neurons in the medial and lateral PGi use
distinct pathways to innervate the LC. However, electron microscopic analyses
of the LC region indicated that axon terminals deriving from either subregion
were equally likely to contact noradrenergic neurons in the LC. Approximately
57% and 62% of BDA-labeled terminals originating from the medial or lateral
aspects of the ventral medulla, respectively, were in direct contact with TH
dendrites. Axon terminals contained small clear and large dense core vesicles
and formed asymmetric and symmetric synapses with TH dendrites. The present
results indicate that medullary afferents prominently innervate noradrenergic
dendrites within the LC via excitatory- and inhibitory-type synapses. The
morphological differentiation of the synaptic contacts most likely reflects diverse
neurochemical phenotypes which are being presently investigated. Supp. by NIDA
R29 DA09082, R03 DA10450, AHA 96002240, MH 40008 to E.J.V.B.
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POTENTIAL ROLE OF THE BRAINSTEM IN COCAINE-RELATED
CARDIAC DEATH. D.A. Ruggiero* and S. Anwar. Dept. of Neurology and
Neuroscience, Cornell University Medical College, New York, N.Y., 10021
This study was designed to test the hypothesis that synergistic actions of
cocaine and exercise in the medulla oblongata may play a role in the etiology of
cocaine-related cardiac death in athletes. In freely-moving adult rats, the
immediate-early gene, c-fos was used to monitor central and peripheral
responses to intraperitoneal administration of l 0mg/kg of L- cocaine
hydrochloride dissolved in 0.9% saline, or to the forced swim test (two 5min
bouts, interrupted by an eight min. ‘rest’ interval) in animals previously
administered cocaine or 0.9% saline. Controls were administered equivalent
volumes of 0.9% saline (ip.); their extremities immersed in a shallow water bath
to control for pain and environmental stress. After 2 h, animals of each group
were anesthetized with pentobarbital ( l 00mg/kg, ip.) and perfused; the adrenal
gland, medulla, and thoracic spinal cord were removed and sectioned coronally
at 35um, and tissues processed immunocytochemically to label c-fos proteins
(Miller and Ruggiero, J. Neurosci. 14(2):871, 1994). Exercise stress induced cfos expression in zona glomerulosa of adrenal cortex; cardiorespiratory
subnuclei of caudal nucleus tractus solitarii, and their terminal domains: dorsalparasolitary and ventrolateral reticular cell columns of lateral tegmental field,
raphe, nucleus gigantocellularis pars ventralis; and thoracic spinal cord. In rats
administered cocaine and the stress test, densities of immunolabeled neurons
were dramatically higher in identical regions of medulla, spinal laminae: I, V,
VII, X, known to harbor sympathetic intemeurons and motoneurons, and the
adrenal cortex. Markedly lower densities were observed in these regions of
medulla and spinal cord in resting animals administered cocaine. The data
support our hypothesis that cocaine abuse in the face of stress may, via neural
and endocrine mechanisms, predispose to stroke and sudden cardiac death
(Support: NIH grants, HL18974 and R01 NS28200 awarded to DAR).
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PRESSOR RESPONSES TO TEMPOROMANDIBULAR JOINT (TMJ)
PAIN ARE MEDIATED BY CALCITONIN GENE-RELATED PEPTIDE
(CGRP) RECEPTORS IN THE LATERAL PARABRACHIAL NUCLEUS
(LPBN). A.P. Riley, L.F. Hayward, and R.B. Felder*. Department of
Internal Medicine and Cardiovascular Center, University of Iowa College
of Medicine, Iowa City, IA 52242.
Recent evidence suggests that the LPBN is an important site for central
integration of cardiovascular and noxious inputs. Preliminary data from
our laboratory have demonstrated that muscimol inhibition of LPBN
neurons attenuates the pressor response to TMJ pain in chloralose
anesthetized rats. CGRP, a neuropeptide prominently associated with
nociceptive fibers and central pain pathways, is found in substantial
quantities in LPBN. The present study was designed to determine whether
CGRP receptors in LPBN contribute to the nociceptive pressor response.
Twelve male Sprague Dawley rats were anesthetized with α -chloralose (50
mg/kg, supplemented with 25 mg/kg/hr) and mean arterial pressure (MAP)
and heart rate (HR) were recorded during noxious TMJ stimulation with
50 μl 20% mustard oil, alone or following microinjection of 3.2 nmol of
the CGRP antagonist, CGRP8-37, (100 nl) into ipsilateral LPBN. Two
minutes following mustard oil injection, MAP and HR increased 29±27
mmHg (mean±SD; n=6) and 52+27 bpm, respectively. After CGRP
receptor blockade in the ipsilateral LPBN, the pressor response to TMJ
stimulation was significantly (p<0.05) smaller: MAP increased 5±8 mmHg
and HR increased 14±13 bpm (n=6). These results suggest that the LPBN
plays a critical role in generating the nociceptive pressor response, and that
CGRP in the LPBN is an important neuromodulator. Supported by
AHA95014480 (LFH) and H L 14388 (RBF).
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CHEMICALLY IDENTIFIED INPUTS TO BAROSENSITIVE SYMPATHETIC
PREGANGLIONIC NEURONS. JB Minson*, LF Arnolda and IJ Llewellvn-Smith.
Cardiovascular Medicine, Flinders University, Adelaide, SA 5042, AUSTRALIA.
The activity of the barosensitive sympathetic preganglionic neurons (SPN) is likely
to depend largely on inputs from reticulospinal neurons in the rostral ventral
medulla, but the neurotransmitters involved in this pathway have not yet been
identified. We have previously used the expression of the immediate early gene c-fos
to detect barosensitive SPN in the rat after arterial baroreceptor unloading induced by
intravenous infusion of sodium nitroprusside and we have shown these SPN to be
mainly sympathoadrenal neurons located in the middle and lower thoracic spinal
cord. In this study we used immunohistochemistry to identify neurotransmitters in
varicose nerve fibres that closely apposed the somata of these barosensitive SPN in
thoracic segments T7 to T 11. Spinal cord sections were processed to reveal different
amine or neuropeptide neurotransmitters (or their markers) including phenylethanolamine-N-methyltransferase (PNMT), serotonin, neuropeptide Y (NPY),
substance P (SP), enkephalin (ENK) or galanin (GAL), together with the c-fos
product Fos and the SPN marker choline acetyltransferase. Light microscopic
analysis revealed that whilst there were variations in the numbers of appositions that
the Fos-positive SPN received, virtually all Fos-positive SPN were closely apposed by
varicose fibres that were immunoreactive for serotonin, NPY, SP or ENK. However,
PNMT and GAL inputs did not display this uniform pattern of innervation. In the
upper segments all Fos-positive SPN were closely apposed by PNMT-immunoreactive
varicosities, but in T10/T11 fewer Fos-positive SPN received these inputs. GALimmunoreactive fibres were identified in all the spinal cord segments, but only half
of the Fos-positive SPN in each segment were closely apposed by GALimmunoreactive varicosities. These results identify a complex array and organisation
of the neurotransmitters that might control the SPN that mediate the arterial
baroreceptor reflex.
Supported by the National Health and Medical Research Council of Australia.

MOST CHRONOTROPIC CARDIOINHI BITORY VAGAL NEURONS
RESIDE IN NUCLEUS AMBIGUUS IN RATS. R.-F. Chen, C.-H. Hsu* and C .T. Yen. Departments of Zoology and Psychology, National Taiwan University,
Taipei, Taiwan, R.O.C.
Glutamate microinjection and retrograde tracing methods were used to localize
chronotropic cardiac vagal neuron in the medulla. Adult Wistar rats were used.
They were anesthetized with a mixture of α -chloralose and urethane.
Sympathetic outflow to the heart was blocked by complete spinal transection at
C6 level. Respiration was controlled. 30 nl L-glutamate solution (Glu, 10 mM in
artificial CSF, pH=7 .4) was microinjected into the dorsal motor nucleus of vagus
(DMV) and the nucleus ambiguus (NA). The changes of heart rate, mean
arterial pressure and left ventricular pressure were monitored. The maximal rate
of rise of the rising limb of the left ventricular pressure curve (dP/dt) was used as
an index of ventricular contractility. Microinjection of Glu into the NA region
produced profound bradycardia (-63 ± 4%, n = 11). Bradycardia was also
observed when Glu was injected into the DMV but to a lesser extent (-30 ± 6%).
These responses were abolished by atropine (1 mg/kg, i.v.). Cardiac
preganglionic neurons were labelled by retrograde transportation of horseradish
peroxidase, cholera toxin conjugated HRP or wheat germ agglutinin conjugated
HRP injected into the heart tissue. Most labelled neurons were located within
and ventrolateral to the NA (68 ± 4%, n = 8) and the other neurons were found
in the DMV and the intermediate region between the two nuclei. The data
suggest th a t, in rats, chronotropic cardioinhibitory vagal preganglionic neurons
arise from both the NA and the DMV, with NA in dominance.
Supported by NSC grant # 86-231-B002-039.
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DORSAL MOTOR NUCLEUS OF THE VAGUS (DmnX) PROJECTIONS TO THE
RAT HEART. Z. Cheng*, T. L. Powley, J.S. Schwaber, and F.J. Doyle III. Purdue
University, West Lafayette, IN 47907.
Estimates of the extent and organization of the DmnX projections to the heart
based on retrograde tracing and physiological studies have been controversial. To
complement these strategies, we examined the DmnX innervation of cardiac
ganglia using anterograde tracing, confocal microscopy and stereological counting
methods. Male SD rats (n = 22) received unilateral injections of Dil in the DmnX
and systemic injections of Fluorogold to label the cardiac ganglia, DmnX, and
nucleus ambiguus (NA). Separate control groups consisted of animals that received
Dil injections plus ipsilateral intracranial dorsal rhizotomy (to eliminate afferents, n =
3 left, 4 right), or contralateral cervical vagotomy (to assure only efferents traveling
in the trunk ipsilateral to the injection were counted, n = 4 left, 5 right). For the
analyses, NA motorneurons of all animals were verified as unlabeled with Dil, thus
establishing that axonal labeling in the nerve originated in the DmnX. Our data
show that: (a) The two sides of the DmnX supplied significant numbers of fibers
(left, 68-96 axons; right, 67-115) to both atria. (b) DmnX axons formed complex
basket or calyx endings around principal neurons in cardiac ganglia. (c) 709±160
principal neurons were innervated by fibers in the left vagal trunk, and 493±113
principal neurons by those in the right vagus. (d) The average estimated
divergence was 1 DmnX axon to 10 principal neurons for the left vagus and 1:7 for
the right. (e) While the vagal preganglionics did not show significant laterality
differences in numbers of fibers or endings innervating cardiac ganglia, there was a
significant left-right brainstem representation of the different ganglia: Right DmnX
injections labeled significantly more fibers (41-75 versus 21-36) and innervated
significantly (p<0.02) more principal neurons in the SA than in the AV ganglion. (f)
DmnX efferents also ramified to innervate SIF cell clusters within the cardiac
ganglia. Collectively, these results indicate the DmnX supplies a substantial,
precise, and differentiated set of motor controls to the heart. NIH DK27627, NIMH
MH01023, and NSF BES9315738.

SY M PA TH O -IN H IBITO R Y N EU RO N ES IN TH E RO STRAL
VENTROLATERAL MEDULLA OBLONGATA (RVLM) OF THE
RAT: ELECTROPHYSIOLOGICAL AND ULTRASTRUCTURAL
C H A R A C T E R I S T I C S . A.Zagon*, K.Ishizuka, I. Rocha, and
K .M .S pyer Dept. of Physiology, Royal Free Hospital School of
Medicine, Rowland Hill Street, London NW3 2PF, U.K.

Society f o r N euroscience, Volum e
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In vivo intracellular recording and labelling were used to identify
putative sympatho-inhibitory neurones in the rat RVLM. Data were
obtained in anaesthetised (pentobarbitone sodium 60 mg/kg i.p.,
followed by chloralose, 30 mg/kg/h i.v.) and artificially ventilated rats.
Electrical stimulation of the aortic nerve evoked an excitatory
response with an average onset latency of 23 ± 1.9 ms and duration of
55 + 8.9 ms (n=25). In some cases, a transient depolarization in
response to an evoked increase in arterial blood pressure was also
observed. Six neurones were antidromically activated from the
thoracic spinal cord.
Many of these neurones exhibited fast action potentials with rapid
repolarization which were followed by a transient depolarization that
facilitated the discharge of short bursts in response to excitatory inputs.
Ongoing and often rhythmic EPSPs were observed in several cells.
All labelled cells had multipolar, fusiform somata and a sparse
dendritic tree. The cell body and dendritic shafts were surrounded
densely by boutons that formed synaptic contacts of mostly
asymmetrical type.
The presence of both spinally and non-spinally projecting
sympatho-inhibitory neurones within the RVLM further indicates an
integrative role of the RVLM in cardiovascular control.
Supported by the British Heart Foundation.
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OPTICAL IMAGING OF THE CAT VENTRAL MEDULLARY SURFACE TO
CYANIDE CHALLENGES DURING SLEEP-WAKING STATES. J.B. Boone J r.* ,
D. M. Rector, D. Spriggs & R.M. H arp er. B rain R esearch In stitu te and th e
Department of Neurobiology, UCLA School of Medicine, Los Angeles, CA
90095-1763.

E ffects of 3α -OH-DIHYDROPROGESTRONE (3α -OH-DHP) in the rostral
ventrolateral medulla (RVLM) OF female rats. CM Heesch*, JD Laiprasert,
RC Rogers & S G hosh, Dept Physiol, Ohio S tate Univ, Columbus, OH 43210
Intravenous administration of the primary metabolite of progesterone, 3αOH-DHP, attenuates arterial baroreflex (BX) sympathoexcitation and sensitizes neurons in the RVLM to endogenously released GABA. The current experiments determined if 3a-OH-DHP act s in the RVLM. BX curves were obtained in inactin (100 mg/kg, i.p.) anesthetized fem ale rats by recording efferent renal sympathetic nerve activity (NA, % baseline) during increases and
d ecreases in mean arterial pressure (MAP) [i.v. phenylephrine & nitroprusside infusion] before (control, C), 3 min, and 15 min after microinjection of
3α -OH-DHP or 3β-OH-DHP (100 nl, 2 (μM) into the RVLM. Mean ± SEM are
shown; P< 0.05; * compared to C; # com pared to 3 min; MdPt = BX midpoint.
3a-OH-DHP (n = 7)
3P-OH-DHP (n = 6)
C(a)
3 min.
15 min.
3 min. 15 min.
C(P)
MAP (mmHg) 11914.9 118±5.7 115± 6.8 110±4.7 110±4.4 104±5.0
NA range
104±13.1 88±7.2* 78±11.0* 90±12.6 87±9.0 88±12.1
MdPt(mmHg) 122±5.7 120±6.8
120±8.1 114±4.3 117±5.1 116±7.4
Min NA
42±6.4 49±3.8
44±5.6
44±8.1
42±9.5 37±9.0
Max NA
146±7.0 137±5.7 124±8.4*# 134±7.0 129±9.4 126±14.1
Max Slope
-1.4±.13 -1 .©±.17 -1.2±.16 -2.5±.48 -1.9±.35 -1.8±.46
Similar to results with i.v. administration, 3α-OH-DHP, but not the inactive
isomer 3β-OH-DHP, microinjected into the RVLM resulted in attenuated
sympathoexcitation (decreased NA range and Max NA). Local application of
3α -OH-DHP (<1nl, 4 μM) onto spinally projecting, arterial pressure sensitive
neurons recorded in the RVLM (n=7) resulted in a decrease in pressure
threshold (C =126±7.7; 3α =115±6.6 mmHg*) within 1.5 min. These results
are consistent with a nongenomic action of 3α -OH-DHP to potentiate responses to endogenous GABA in the RVLM. Supported by NIH-HL-36245.

Neural activity of the caudal ventral medullary surface (VMS) was examined
in response to cyanide challenges in freely-behaving adult cats within sleepwaking states, using optical imaging procedures. Cats were instrumented with
electrodes to monitor sleep physiology, heart rate and diaphragmatic activity, a
catheter to measure blood pressure, and a miniaturized video camera to record
light reflectance (760nm red light, for neural activity) coupled to a coherent fiber
probe and an illuminator. The probe was placed over a 7mm2caudal VMS area,
and 80 x 80 pixel images were acquired (12 bits, 100Hz). Cyanide was
administered (60μg IV bolus) during quiet wakefulness, quiet sleep, and rapid
eye movement sleep (REM). Respiratory rate and arterial blood pressure
significantly decreased (p<0.05) in response to cyanide in both quiet sleep and
REM, with the largest decrease in breathing rate (~25%), occurring during REM,
versus ~12% and ~7% during quiet wakefulness and quiet sleep, respectively.
Cyanide decreased VMS activity (increased red light reflectance) by 0.7%, 1.5%
and 3.7% in wakefulness, quiet sleep and REM, respectively. The enhanced
respiratory slowing and decline in VMS activity to cyanide challenges during
sleep suggest a state-related modulation of chemoreceptor afferent activity on
the VMS, which is especially apparent during REM sleep.
Supported by NIH HL 22418 and NIH HL22418-18A1S1
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THE PARABRACHIAL NUCLEUS MEDIATES THE DECREASED SENSITIVITY
OF THE CARDIAC BAROREFLEX OBSERVED FOLLOWING VAGUS NERVE
STIMULATION. Tarek M. Saleh* and Barrv J. Connell. Department of Anatomy and
Physiology, Atlantic Veterinary College, University of Prince Edward Island,
Charlottetown, P.E.I., Canada C 1A 4P3.
Previous investigations have provided evidence to show that the extracellular release of
glutamate into the parabrachial nucleus (PBN) is significantly enhanced following visceral
afferent activation. This period of enhanced glutamate release into the PBN corresponds
with a time during which the sensitivity of the baroreflex is significantly depressed.
Therefore, this study was done to examine the possibility of a corresponding increase in
sympathetic tone following termination of the vagal stimulation in mediating the depressed
baroreflex sensitivity as well as the source of the abnormal sympathetic response. Male
Sprague-Dawley rats were anaesthetized with sodium thiobutabarbitol and instrumented
to monitor blood pressure and heart rate and for the placement of a stimulating electrode
on the cervical vagus nerve. Femoral arterial blood samples were taken and assayed for
plasma catecholamines before, during and immediately after 2 hours of vagal stimulation.
The results show that plasma levels of norepinephrine, but not epinephrine, decrease
during, and are significantly elevated immediately following termination of the vagal
stimulation indicative of an elevated sympathetic outflow. Therefore, to determine if the
PBN is involved in mediating this increased sympathetic tone following vagal stimulation,
a second group of animals underwent an identical surgical preparation, stimulation and
blood sampling protocol with the addition of bilateral microinjections :nto the PBN of
either the reversible anaesthetic, lidocaine (5 %), or saline (0.9%, 300 nls). The results
indicate that reversible blockade of the PBN during the vagal stimulation was effective in
blocking both the elevation in plasma norepinephrine levels and depressed baroreflex
sensitivity which were previously observed following vagal stimulation. Therefore, these
results suggest that the PBN mediates the sympathoexcitation and consequent depression
in the baroreflex sensitivity observed following visceral afferent (vagal) activation.

INTEGRATION OF THE PELVIC NERVE ACTIVITY IN CARDIOVASCULARREACTIVE AREAS OF THE BRAINSTEM IN CATS. S.Y. Chen, H.C. Hung*
and C.Y.Chai. Graduate Institute of Life Sciences, National Defense Medical Center,
and Institute of Biomedical Sciences,Academia Sinica, Taipei, Taiwan 100, R.O.C.
The pelvic nerve sends parasympathetic outputs to integrate functions of pelvic
viscera including urinary bladder (UB). The pontine micturition center (PMC),
located in the locus ceruleus (LC) of the rostral brainstem, plays an essential role in
the neural integration of UB functions. The present experiment was an attempt to
study whether other cardiovascular areas in the brain stem besides LC contain
neurons to affect pelvic parasympathetic nerve activities (PNA). Twenty-five adult
cats of either sex anesthetized intraperitoneally with urethane (400 mg/kg) and α chloralose (40 mg/kg) were used. Changes of PNA and systemic arterial blood
pressure (SAP) were produced by microinjection of sodium L-glutamate (Glu, 0.1 M,
30 n L) into various cardiovascular-reactive areas of the brainstem. These included
the sympathetic pressor areas of LC, gigantocellular tegmental field (FTG), rostral
ventrolateral medulla (RVLM) and dorsomedial medulla (DM), and the vagal areas
of the dorsal motor nucleus of vagus (DMV) and ambiguus nucleus (AN) where
parasypathetic preganglionic fibers of vagus are derived. Stimulation of the pressor
areas produced changes of SAP and heart rate concomitant with facilitation or
inhibition of PNA, or absense of change in PNA. In general, in those points that
produced more active pressor responses, a slightly higher chance in increased PNA
was observed. Stimulation of the vagal DMV and AN by Glu produced mark
bradycardia and consistently associated with immediate PNA increased. These
findings suggest that neuronal mechanisms for integrating cardiovascular response
and PNA coexist in the sympathetic pressor areas of the brainstem, while the vagal
DMV and AN also send efferent outputs to the sacral parasympathetic division to
effect PNA. (This study was supported by the Institute of Biomedical Sciences,
Academia Sinica, and Shih-Chun Wang Memorial Fund, Taipei, Taiwan, R.O.C.)

66.21
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PROJECTIONS TO BRAINSTEM AUTONOMIC AREAS FROM THE
MEDULLARY DORSAL HORN (MDH) IN RODENTS. W.M. Panneton*, W.
Sun and P.F. McCulloch. Dept. of Anatomy and Neurobiology, Saint Louis
University School of Medicine, St. Louis MO, 63104.
Stimulation of the nasal mucosa induces a dramatic alteration of cardiorespiratory
behavior similar to the diving response. These behaviors can be blocked by
injections of lidocaine or kynurenate centered in ventrolateral aspects of the MDH
(Panneton & Yavari, Brain Res. 691:37. '95). The present study investigates the
trigeminal projections from this region to brainstem autonomic areas in rats and
muskrats. Iontophoretic injections of PHA-L or BDA were centered in superficial
laminae of the ventrolateral MDH. After a 7-10 day survival, the animals were
sacrificed and their brains processed for labeled fibers. After small injections, there
was evidence of projections to the caudal ventrolateral medulla just medial to the
MDH. Fibers continued through this area towards the nucleus tractus solitarii
where terminal-like label was seen ventrolateral and dorsolateral to the solitary
tract. Labeled fibers continued medially through the commissural subnucleus,
sometimes showing boutons, enroute to similar areas near the solitary tract on the
contralateral side. Labeled fibers ascended just medial to the ventral trigeminal
sensory complex. Some sent branches with boutons into the reticular neuropil of
the lateral aspect of the rostral ventrolateral medulla, especially near the compact
formation of the nucleus ambiguus. Others continued rostrally, sending numerous
terminal-like boutons over neurons near the lateral edge of the rostral facial
nucleus; such label continued over the dorsolateral edge of the superior olive where
it was near the A5 catecholamine cell group. Occasional fibers could be seen in the
same area contralaterally. Labelled fibers were found in the ipsilateral peribrachial
complex, especially ventrolaterally in the K6lliker-Fuse nucleus.
Future
physiological studies will test if these projections are important in the diving
response. Research supported by NIH Grant HL38471 awarded to WMP.
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CHARACTERIZATION OF [125I]β-ENDORPHIN BINDING SITES IN
THE A2 NORADRENERGIC NUCLEUS. M.M. D ’Souza and J.A. Carr*.
Dept. Biol. Sci., Texas Tech Univ., Lubbock, TX 79409
We used an in-vitro pharmacological approach to characterize the
specificity, affinity and number o f [125I]β-endorphin (βE) binding sites in
membranes prepared from the A2 area o f the caudal dorosmedial medulla
in rats. The selective μ-opioid ligand [3H]DAMGO and the selective δopioid agonist [3H]DPDPE were used to characterize μ- and δ-opioid
binding sites, respectively. Scatchard analysis o f saturation studies with
[125I]βE revealed a single population o f high affinity (Kd=0.3 nM) binding
sites with a Bmax o f 81 fmol/mg protein. Saturation analysis of
[3H]DAMGO binding revealed an identical Bmax, suggesting that all o f the
specific [125I]βE binding sites represent μ-opioid receptors. Specific
[3H]DPDPE binding was non-detectable. DAMGO was approximately
1000-fold more potent in displacing specific [125I]βE binding than DPDPE
or U50488. The rank order potency for displacement o f specific [125I]βE
binding was: βE 1_27 >DAMGO > naloxone > U50488 > N - a c e ty l-βE 1-31 >
DPDPE. Specific [125I]βE binding was inhibited in a concentrationdependent manner by N aCl and GTPγS. Our data suggest that βE binds
exclusively to μ-opioid receptors in the A2 nucleus. As in other brain areas
posttranslational modification o f βE dramatically affects its binding
characteristics.
Supported by a Grant-in-Aid from the American Heart Association.
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SUBCORTICAL TARGETS OF THE PRIMARY SOMATOSENSORY CORTEX
IN RATS. I. Kralj-Hans, F. O’Hagan, J.S. Baizer* and M. Glickstein, Anatomy
Department, University College London, Gower Street, London WC1E 6BT, UK
We studied the cells in the primary somatosensory cortex (SI) of rats that project to
the pons and superior colliculus (SC). We wished to establish whether there are
differences in areal or laminar distribution of cells which project to these two
structures and the extent to which individual cells project to both targets. We
focused on the posteromedial barrel subfield (PMBSF), which is easily
distinguished from the surrounding dysgranular zone (DZ) of SI.
Previous studies have shown that there are functional and anatomical differences
between these two parts of the SI. Dysgranular areas receive different input from
the thalamus (Akers and Killackey 1978), contralateral hemisphere (Ivy 1979) and
ipsilateral hemisphere (Jacobson 1972). Cells in the dysgranular areas have larger
receptive fields and higher thresholds than the cells in adjacent granular cortex
(Welker et al. 1984). We injected rhodamine and fluorescein labelled microspheres
to fill target areas in pons and superior colliculus. Forty eight to seventy two hours
following the injections the animals were perfused, the brains were processed to
reveal single and double labelled cells which were mapped and then photographed
using a confocal microscope. A parallel set of sections was processed for
cytochrome oxidase (CO) to reveal the barrel structure of the rat cortex.
Corticotectal and corticopontine cells were found in layer Vb. A few corticotectal
cells are placed in layer Va. These cells were never double labelled. At least 40%
of labelled layer Vb cells project to both targets. Forty percent is likely to be an
underestimate of the true value since target structures may not have been
completely labelled. The results suggest that both superior colliculus and
cerebellum receive similar whisker information at short latency, which is used for
rapid guidance of movement of the eyes, the head and the limbs.
This project was funded by the Medical Research Council (UK).

CONNECTIONS ALLOWING INTRATHALAMIC INTERACTIONS BETWEEN
FIRST ORDER AND HIGHER ORDER NUCLEI IN THE SOMATOSENSORY
THALAMUS OF THE RAT. J.W. Crabtree*, J.T.R. Isaac, and G.L. Collingridge.
Department of Anatomy, School of Medical Sciences, University of Bristol, U.K.
Cells in the cat’s thalamic reticular nucleus (TRN) that project to first order
(ventrobasal complex: VB) and/or higher order (medial division of the posterior
complex: POm) nuclei of the somatosensory thalamus occupy overlapping territories
[Crabtree, J.W., J. Comp. Neurol., 366: 207-222, 1996]. Such overlap suggests that
intrathalamic interactions between VB and POm are possible via disynaptic
pathways involving TRN. In the present study of the rat’s somatosensory thalamus,
injections of the tracer WGA-HRP were made into VB and POm and the resultant
retrograde labelling in TRN was analysed. Furthermore, an in vitro slice
preparation was developed to combine pressure-pulse, glutamate stimulation of cells
in VB (or POm) with whole-cell, voltage-clamp recordings in POm (or VB).
Tracer injections restricted to either VB or POm result in labelled cells that
occupy a discrete centroventral sector of TRN. Following large injections in VB or
POm, many cells across the entire thickness of TRN are labelled. Thus, cells in the
rat’s TRN that project to VB or POm occupy overlapping territories.
Glutamate stimulation and whole-cell recording in vitro reveal robust interactions
between VB and POm. Stimulation evokes inhibitory postsynaptic currents (IPSCs)
that are consistent with activating disynaptic pathways involving the GABAergic
cells of TRN. The addition of picrotoxin to the bath blocks the IPSCs, indicating
that they are mediated by GABAAreceptors.
The present results demonstrate that modality-related first order and higher order
thalamic nuclei are functionally linked through their connections with TRN. Thus,
cells in first order (or higher order) thalamic nuclei could modulate the transmission
of information through modality-related higher order (or first order) thalamic
nuclei. [Supported by the UK Medical Research Council and The Wellcome Trust]

67.3

67.4

MORPHOLOGY OF MACAQUE INTRATRIGEMINAL CELLS AND
AXONS. S.Warren1, D.L. Andrew*1,2 and P.J. Mav1,3. Depts. of Anatomy1,
Occupational Therapy2& Neurology3, U. of Miss. Med. Ctr., Jackson, MS 39216.
Trigeminal primary afferents have small receptive fields and discrete modalities, but second order neurons in the trigeminal sensory nuclei (VSn) often have
large receptive fields and complex multimodal responses. Modification of primary afferent characteristics is due, in part, to intratrigeminal connections. This
study revealed the morphological characteristics of the primate intratrigeminal
pathway by use of WGA-HRP and biotinylated dextran amine (BDA) injections
into the subnuclei of the VSn. Injections of pars caudalis labeled axons that terminated ipsilaterally throughout the more rostral levels of the VSn, as well as in
the parabrachial nuclei. Retrogradely labeled multipolar cells were common in
the ventral principal nucleus. Injections of pars interpolaris produced a similar
ipsilateral labeling pattern. In addition, labeling was obsevered contralaterally.
Fine axons with numerous en passant puncta and scattered multipolar neurons
were concentrated in the deeper portion of pars oralis and interpolaris. Terminal
arbors were also observed in the principal nucleus and the parabrachial nuclei,
but labeled neurons were only found in the ventral principal nucleus. Injections
of the principal nucleus, which included the ventrolateral comer of the parabrachial nuclei, labeled axons that terminated within all levels of both spinal nuclei,
but the contralateral terminal field was lighter. Labeled neurons were present
bilaterally in the spinal nucleus, but contralateral neurons were not apparent in
pars caudalis. The principal nucleus injections also produced terminal labeling
throughout the opposite principal nucleus and labeled neurons ventrally. Thus,
the primate VSn are richly interconnected and the two sides are tied together in
order to produce a complex analysis of facial stimuli. The crossed projections
may also be important for conjugate reflex movements such as blinks.

TRIGEMINOTHALAMIC AND INTRANUCLEAR PROJECTIONS FROM THE
SUBNUCLEUS INTERPOLARIS. N.F.Capra, R.M. Meszler*, and P.J.May§ Dept.
.
of OCBS, U. of MD. Dental School and Dept. of Anatomy, U. of MS. Med Ctr§.
Neurons with cutaneous, muscle, and deep receptive fields in the region around the
temporomandibular joint are located in the caudal and dorsal region of subnucleus
interpolaris (Vi) in cats. Extracellular recordings have shown that many of these
neurons respond to changes in speed and direction of jaw movements, project to the
ventro-posteromedial nucleus (VPM) of the thalamus (Ro and Capra, ’95), and may
contribute to orofacial kinesthesia. Central injections of biotinylated dextran amines
(BDA; 10%, 0.1 μl) were made in Vi to determine the morphological properties of
the axonal projections to VPM and to identify projections to other regions that may be
involved in processing kinesthetic information from orofacial structures. BDA
labeled fibers and terminals from an injection restricted to Vi produced a discrete
distribution of labeled axons scattered from middle to rostral VPM. The projections
were relatively restricted to the lateral part of VPM. Typically, single preterminal
axons branched profusely to form bouton-like varicosities that were densely
aggregated around small numbers of thalamic neurons. In addition to the thalamic
projections, anterogradely transported BDA revealed extensive projections to other
trigeminal sensory nuclei. These include a small. but consistent, set of fibers found in
close association with neurons of the trigeminal mesencephalic nucleus, suggesting
direct synaptic contact. This projection was more marked in more caudal Vi
injections that included the subjacent reticular formation. These results show that
axons from Vi make connections that are appropriate for perception of changes in jaw
position and may also modulate primary afferent neurons that provide proprioceptive
information to the CNS from the muscles of mastication and periodontal ligaments.
Support: NIH DE06027 (NFC), NEIEY09762 (PJM).

Supported by NIH grants NS27996 (SW) and EY09762 (PJM)
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DIENCEPHALIC PROJECTIONS OF THE RAT SPINAL TRIGEMINAL
NUCLEUS ORALIS STUDIED WITH THE PHA-L METHOD. R. Dallel,
I. De Chazeron, F. Sierralta and P. Raboisson*. Lab. de Physiologie
Orofaciale, Faculté de Chirurgie Dentaire, 63000 Clermont-Ferrand (France).
In recent years, we have accumulated electrophysiological evidence that
the spinal trigeminal nucleus oralis (Sp5O) is involved in the processing of
both nociceptive and non-nociceptive somatosensory information coming
from oral and perioral regions. This study examined the diencephalic
projections of the Sp50 by using the anterogradely transported Phaseolus
Vulgaris Leucoagglutinin (PHA-L).
Male Sprague-Dawley rats were anaesthetized with chloral hydrate and
PHA-L was electrophoretically injected into the Sp50. Two weeks later, the
rats were perfused transcardially, the brain and the spinal cord were removed
and cut in serial sections which were reacted with PHA-L antibody and
Avidin-Biotin HRP complex.
Dense labeling was observed contralaterally in the ventral posteromedial
thalamic nucleus (VPM), the posterior thalamic nuclei (PO) and the zona
incerta (ZI), with a certain organisation according to the dorso-ventral
location of the injection sites: the dorsal part of the Sp50 projected medially
into the VPM and caudally into the ZI while the ventral part projected
laterally into the VPM and rostrally into the ZI.
The present results indicate the existence of trigemino-diencephalic
pathways in which Sp50 neurons project directly to contralateral
diencephalic structures known to be involved in sensori-discriminative
functions. Thus, the nociceptive and/or non-nociceptive inputs reaching the
Sp50 could, at least partially, serve this function.

TOPOGRAPHIC PRECISION IN PrV VS. SpVi PROJECTIONS TO
THALAMIC BARRELOIDS IN RAT. J.J.A. Arends* and M.F. Jacquin.
Dept. of Neurology and the Center for the Study of Nervous System Injury,
Washington University School of Medicine, St. Louis, MO 63110.
The barreloid portion of VPM thalamus is a target of 1-whisker-sensitive
cells in V nucleus principalis (PrV) and multi-whisker-sensitive cells in
spinal V subnucleus interpolaris (SpVi). PrV imparts a whisker pattern and
principal-whisker receptive fields upon VPM; SpVi imparts multi-whisker
sensitivity upon VPM cells. To account for VPM cell receptive fields, a
detailed study of PrV and SpVi projection topography is required. We
hypothesize that PrV projections are point-to-point, wheras SpVi projections
are not. Single iontophoretic deposits of PHA-L or BDA spanned 60-200 μm
in SpVi (N = 50+ ) or PrV (25+), corresponding to 1 or parts of up to 4
(SpVi) or 6 (PrV) barrelettes in cross-section. PrV projections were to VPM
barreloids and they were robust and precisely topographic; i.e. in all but a
few cases, PrV terminals were only found in VPM barreloids representing
whiskers whose PrV barrelettes were included in the injection site. Labeled
PrV projections encompassed but a small portion of a VPM barreloid.
Conversely, the bulk of the SpVi projection to VPM was to its "shell"
region. The occasional SpVi projection to the VPM barreloid region
terminated most often in inter-barreloid septae, albeit very sparsely.
Moreover, SpVi terminals exhibited less precision in their topography than
terminals from PrV; i.e. a single SpVi barrelette injection often produced
terminal labeling in VPM regions representing whiskers whose barrelettes
were not included in the injection site. Thus, in the VPM barreloid region,
PrV inputs are robust and precisely topographic; SpVi inputs are neither.
Support: NIH DE07662, DE07734, NS17763, NS33939.
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CIRCUITS ENGAGED BY THALAMIC-PROJECTING CELLS IN
THE BARRELETTES OF V NUCLEUS PRINCIPALIS. J.A. DeMaro*,
T.M. Mosconi, J.J.A. Arends & M.F. Jacquin. Dept. of Neurology & the
Center for the Study of Nervous System Injury, Washington University
School of Medicine, St. Louis, MO 63110.
V nucleus principalis (PrV) is the brainstem link in the whisker-barrel
pathway. The predominant cell type in PrV is thalamic-projecting, bestresponsive to 1 whisker, and small with truncated dendrites restricted to 1
barrelette. Such cells lack recurrent axon collaterals. DeMaro et al., (Soc.
Neurosci. Abstr., ’95) have shown that most thalamic-projecting PrV cells
are glutamatergic, and that about half of PrV’s local circuit neurons are
GABAergic. Here, retrograde HRP transport from the VPM/PO thalamus,
confocal microscopy, postembedding immunogold double-labeling for
glutamate and GABA, and EM were used to assess circuits engaged by
thalamic-projecting PrV cells. Cells (n=10) with HRP-TMB label in
dendrites and located within barrelettes were studied in 3 rats. Retrogradely
labeled somata reconstructed from serial sections received a mean of 24
7
synapses from GABA+ terminals and 8 + 4 synapses from glutamate+
endings. Labeled dendritic profiles (i.e. in single sections) received 5 + 2
synapses from GABA+ terminals and 3 + 1 from glutamate+ endings. Large
scalloped terminals with many round synaptic vesicles and with asymmetric
synapses onto retrogradely labeled structures (likely primary afferents)
received in single sections 7 + 3 synapses from GABA+ terminals and 1 ±
1 from glutamate+ endings. PrV cells that were NOT retrogradely labeled
(likely local circuit neurons) received in single sections 9 ± 3 synapses from
GABA+ terminals and 2 + 1 from glutamate+ endings. Thus, excitatory and
inhibitory pre- and postsynaptic circuits are engaged by PrV projection and
local circuit neurons. NIH DE07662, DE07734, NS17763, NS 33939.

SPINAL PROJECTION TO THE CEREBELLUM IN GOLDFISH: AN
ANTEROGRADE STUDY USING DEXTRAN AMINES. G. Hanna,
A.B.Drakontides* and S. Sharma, Department of Ophthalmology/
Department of Cell Biology and Anatomy, New York Medical College,
Valhalla, NY 10595.
Very limited information exists regarding the spinocerebellar projection
in fish. We studied spinocerebellar projection in goldfish by means of
anterograde tract tracing method using biotinylated dextran amines (MW
3000) which was applied to the cut end of the transected spinal cord at the
level of the third vertebral segment. Labeled axons were seen in a thick
bundle passing between the Ementia granularis and the lobus caudalis
cerebelli. Majority of these axons went towards the corpus cerebelli where
they divided into a paramedian and a lateral population before ending in
small and large terminals respectively in the molecular, Purkinje and
granular layers of the corpus cerebelli. In addition, few axons were seen
ending in small arbors in the lobus caudalis cerebelli. Moreover, a few
axons also terminated in the valvula cerebelli. No labeled axons were seen
in the Ementia granularis. Relatively few axons terminated in the Torus
longituidinalis. We conclude that spinocerebellar fibers in goldfish project
to the corpus cerebelli,the lobus caudalis cerebelli,as well as to the valvula
cerebelli.
This work is supported by N.I.H. grant no. EY11295.

67.9
OUTPUT CONNECTION OF THE SACROCOCCYGEAL CORD OF THE
RAT. J.-C. Lee, K.-C. Liang* and C.-T. Yen. Departments of Zoology and
Psychology, National Taiwan University, Taipei, Taiwan, R.O.C.
Biotinylated dextran (BD) was used as anterograde transportation tracer
to map the output of the sacrococcygeal cord to the spinal cord and the brain.
Male adult Wistar rats were used. They were anesthetized with sodium
pentobarbital. BD (2%, 0.1 - 1 μl) was injected into the sacrococcygeal cord.
After a postoperative survival period of 45 to 60 days, frozen sections of the
brain and the spinal cord of the rat were processed histochemically with
avidin-biotin peroxidase complex. Numerous BD filled terminal boutons
were found in the deep laminae throughout the spinal cord. Dense terminals
were found in the gracilus nucleus, the 10th lobule of the cerebellum, and the
ventroposterior lateral nucleus of the thalamus. Within the reticular
formation, terminals were found in the ventromedial and ventrolateral parts
of the medulla and pons, and in the areas ventral and medial to the inferior
and superior colliculi. Terminals were also seen in the lateral cervical
nucleus, medullary raphe nuclei, periaqueductal gray, locus coeruleus,
parafascicular nucleus and hypothalamic nuclei. We concluded, therefore,
that there were topographically organized connection from the tail of the rat
through sacrococcygeal cord to gracilus nucleus, cerebellum and thalamus.
Supported by NSC grant # 85-2311-B002-028.
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INHIBITORY EFFECTS OF ELECTRICAL STIM ULATION OF
THE BRAIN STEM AREAS ON DORSAL HO RN NEURON
RESPONSES IN NEUROPATHIC RATS. J.W . Leem *, E.J. Choi,
Y.S. Gwak, T.S. Nam and K .S. Paik. D ept. o f Physiology, Yonsei
Univ. Col. M ed., Seoul, 120-752, Korea.
The aim o f the present study is to exam ine the brain stem sites
where the electric stimulation produces a suppression o f dorsal horn
neuron responses o f neuropathic rats.
An experimental neuropathy was induced by a unilateral ligation of
L5-L6 spinal nerves o f rats. Ten to 15 days after surgery, the spinal
cord was exposed and single-unit recording was made on wide dynamic
range (WDR) neurons in the dorsal horn. Neuronal responses to
mechanical stimuli applied to the receptive fields were examined if they
were modulated by electrical stimulation o f various brain stem sites.
Electrical stimulation o f periaqueductal gray (PAG), n. raphe
magnus (NRM) o r n. reticularis gigantocellularis (Gi) suppressed
significantly both responses o f WDR neurons to noxious and nonnoxious stimuli. Electrical stimulation o f other brain stem areas, such
as locus coeruleus and n. reticularis paragigantocellularis lateralis,
produced little or no suppression.
The results suggest that PAG, NRM and Gi are involved in the
descending inhibitory systems that act on dorsal horn neurons and thus
are effective in controlling neuropathic pain. (Supported by KOSEF 940403-150-02-3)

CORTICAL PROJECTIONS TO THE MEDULLARY SUBNUCLEUS
RETICULARIS DORSALIS (SRD) AND ADJACENT STRUCTURES: AN
ANATOMICAL SUBSTRATE FOR THE CORTICOFUGAL MODULATION OF
SOMATOSENSORY INFORMATION. C. Desbois, D. Le Bars and L. Villanueva*,
INSERM, U-161, 2 Rue d'Alésia, 75014 Paris, France.
SRD is a reticular region of the caudal medulla that processes both cutaneous and
visceral nociceptive signals from the whole body and is an important relay of both
spino-reticulo-spinal and spino-reticulo-thalamic systems. We examined the cortical
areas that project to SRD, and compared these to those projecting to the neighbouring
Cuneate (Cu) and trigeminal nucleus caudalis (Sp5C).
Retrograde and anterograde anatomical tracing techniques were used in two groups
of rats. In the first group, pressure injections of WGA-ApoHRP-Au were made in the
SRD, Cu and Sp5C in order to obtain a global view of the cortical regions containing
retrogradely labeled neurons. In the second group, Biotin-dextran (BD) was
electrophoretically injected in the cortical areas containing retrogradely labeled cells.
Following WGA-ApoHRP-Au injections in the SRD, labeled cells were observed in
parietal, insular and some areas of the frontal cortex. Cu injections labeled cells in
parietal and frontal cortex and only a few cells in the insular cortex. Sp5C injections
labelled cells only in parietal and insular cortex. Such cells were almost exclusively
contralateral and confined to layer V. Injections of BD in the same cortical areas
labeled descending axons travelling in the pyramidal tract and terminating in the
SRD, Cu and/or Sp5C.
This study provides anatomical evidence for the existence of afferent projections to
the SRD, the adjacent Cu and Sp5C from well-defined areas of the cerebral cortex
which are probably involved in the processing of sensory, motor and autonomic
functions. Moreover, these data suggest that distinct cortical areas could modulate, via
the SRD, both nociceptive inputs conveyed in the spino-reticulo-thalamic pathway
and some descending controls that modulate the spinal transmission of these inputs.
Supported by 1'Institut UPSA de la douleur.
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THE INFLUENCE OF TEMPORAL SUMMATION ON A C-FIBRE REFLEX IN
THE RAT: EFFECTS OF LESIONS IN THE ROSTRAL VENTROMEDIAL
MEDULLA (RVM). M. Gozariu, D. Bouhassira, J.C. Willer And D. Le Bars*. Lab.
Neurophysiologie, Hôpital Pitié-Salpétriêre, INSERM U-161, Paris, France.
In intact rats, an inhibitory mechanism counteracts the long-lasting increase in
excitability of a flexor reflex seen in spinal animals following high intensity,
repetitive stimulation of C-fibres. We tested the hypothesis that the rostral
ventromedial medulla (RVM) is involved in these processes, by comparing such
effects in RVM-lesioned and sham-operated rats.
Electromyographic responses elicited by single square-wave electrical shocks (2 ms,
0.16 Hz) applied within the territory of the sural nerve, were recorded from the
ipsilateral biceps femoris in halothane-anaesthetised (0.9%) rats. The signal was
digitised, full-wave rectified and responses related to C-fibres were integrated in a time
window 100-450 ms after the stimuli. There were no significant differences between
the C-fibre reflexes in the sham-operated and RVM-lesioned animals in terms of their
thresholds (T), latencies, durations or mean recruitment curves (1-7 x T range).
The excitability of the C-fibre reflex evoked at 1.5 times the threshold was tested
following 20 s of homotopic electrical conditioning stimuli (2 ms, 10 x T, 1 Hz).
Facilitations were observed during the conditioning period in both groups of animals
but these had different time-courses: in the sham-operated rats, the EMG responses
increased during the first 8 conditioning stimuli (the wind-up phenomenon) and then
decreased to values close to the baseline between the 9th and 20th stimuli; in the
RVM-lesioned rats, the responses increased during the first 6 conditioning stimuli
then plateaued with no subsequent decrease in the responses during conditioning. In
both groups, the facilitations of the EMG responses during conditioning were
followed by a long period of inhibition. However, such post-conditioning inhibitions
were very much smaller in the RVM-lesioned rats both in terms of their magnitudes
and their durations.
It is concluded that the RVM is involved in inhibitory feed-back mechanisms
elicited by temporal summation of C-fibre afferents which both counteract the windup phenomenon and trigger long periods of inhibition.

HYPERTENSION-PRODUCED DEPRESSION OF NOXIOUS EVOKED SPINAL
C-FOS EXPRESSION IS INHIBITED BY LESIONING THE CAUDAL VLM. D.
Lima,*? I. Tavares. ?A. Almeida. £A. Albino-Teixeira.§ and A. Coimbra.? Institute
of Histology and Embryology? and Institute of Pharmacology and Therapeutics^ of
the Faculty of Medicine of the University of Oporto, 4200 Porto, Portugal.
Hypoalgesia during hypertension results from inhibition of nociceptive responses
of spinal dorsal horn neurons. This study evaluates the involvement of the caudal
ventrolateral medulla (VLMc) by analysing the effect of local lesions on noxiousevoked spinal c-fos expression in rats turned hypertensive by occlusion of the renal
artery. Two groups of animals were subjected to sham operation of the renal artery
and injected 72 h later, under halothane anaesthesia, in the left VLMc with 0.3
of saline (n=6) or quinolinic acid (180 nmol/ (j.1; n=6). In another two experimental
groups (n=6 per group), the renal artery was occluded and the VLMc injected in the
same way. Blood pressure was measured daily using a photoelectric tail cuff
detector. Animals of the 4 groups were stimulated under chloral hydrate
anaesthesia 24 h after VLMc injection by pinching for 2 hours a well delimited area
of the skin of the left thigh. All animals were perfused with fixative immediately
after stimulation. Numbers of Fos-immunoreactive (Fos-IR) nuclei occurring in 10
coronal 40 (j.m sections of segment L2 were compared by the Tuckey HSD test.
After occlusion of the renal arteiy, blood pressure rised by 60 mmHg as compared
to sham operated rats. In hypertensive rats injected with saline, numbers of Fos-IR
nuclei were 66% lower than in normotensives. In hypertensive rats with a VLMc
lesion, numbers did not differ from those observed in normotensive animals. The
present results indicate that inhibition of spinal nociceptive neurons during
hypertension is dependent on the integrity of the VLMc. It is suggested that
activation of the VLMc by blood pressure increase triggers a descending
antinociceptive action occurring in parallel with its well documented
vasodepressive effect. (JNICT project PMC/SAU/1555/92).
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EFFECTS OF DIRECT ADMINISTRATION OF A GABA-A AGONIST
IN THE ROSTROVENTRAL MEDULLA ON MORPHINE-INDUCED
ANALGESIA IN RATS.
A.K. Gilbert* and K.B.J. Franklin. Dept. of Psychology, McGill
University, Montreal, Canada, H3A 1B1.
The rostroventral medulla (RVM) is the source of inhibitory inputs to
the spinal cord dorsal horn that mediate antinociceptive effects of
morphine. RVM neurons receive important GABAergic inputs. The
present study examined the effects of muscimol, a GABA-A agonist,
directly injected in the NRM on morphine-induced analgesia in the tail
immersion test, hot plate test and formalin test. Under pentobarbital
anesthesia, male Wistar rats (200-250g) were implanted with an
indwelling 23 ga guide canula aimed at the NRM. Muscimol was
administered in doses of 6.25, 12.5, 25, or 50 ng per 1 pi of 0.9% N a d
injected over 1 min. In all tests, muscimol was administered 15 min after
subcutaneous administration of 5mg/kg of moiphine and nociceptive
responses were first evaluated 5 min after muscimol administration.
Muscimol significantly reduced the antinociceptive effect of morphine in
a dose-related fashion in all 3 tests. Muscimol alone did not affect
nociceptive responses to 2% formalin. The present results indicate that
nociceptive responses in all 3 tests are similarly inhibited by the RVM
and that the RVM is subject to modulation by GABA-A receptors.
(Funded by the Canadian agencies MRC, NSERC and FCAR).

NOCICEPTIN INHIBITS EXCITABILITY OF NOCICEPTIVE NEURONS IN THE

68.7
EFFEC TS OF BACLOFEN ON

NUCLEUS GIGANTOCELLULARIS OF THE RAT.
1Dept. Anesthesiol., 2Dept. Neurosurg. and 3Dept.Physiol. Tokyo Women’s Medical
College, 8-1 Kawada-cho, Shinjuku-ku, Tokyo, 162, Japan
Tomonari Napata1, Asako Ueda2, Hidehiro Suzuki1, Yoriko Kawakami*3
Extracellular unit discharges dicited by noxious stimulation of the sciatic
nerve were recorded in the nucleus gigantocellularis (NGC). There were two groups of
unit discharges with different latencies. One group had a latency of 5 ms - 30 ms, the
other a late latency of 90 -140 ms. The stimulus intensity (1 ms duration and 8 m A)
elicited Aə andC fiber responses in compound action potentials recorded in the proximal
portion of the sciatic nerve at the end of the experiments. Nociceptin, a recently isolated
novel peptide, was injected intrathecally (100 μg) through a catheter inserted into the
foramen magnus. The discharge frequency decreased to 60 - 70 % of the control value
after nociceptin injection in both unit goups. This inhibition lasted more than 30 min.
We also observed the effects of morphine (50 μg) on the discharge elicited by peripheral
nocious stimulation in NGC.

68.8
E X C IT A B IL IT Y O F

N O C IC E P T IV E N E U R O N S IN T H E R A T N U C L E U S
G IG A N T O C E L L U L A R IS (N G C )
1Dept. Neurosurg.,2Dept. Anesthesiol. and 3Dept. Physiol.Tokyo
Women's Medical College, 8-1 Kawada-cho, Shinjuku-ku, Tokyo,
162, Japan
Asako Ueda*, Tomonari Nagata2, Takaomi Taira1, Kintomo
Takakura1, Yoriko Kawakami3
The GABAB agonist, baclofen, has been used for treatment of
poststroke central pain (Taira 1994). We reported inhibitory effects
of baclofen on nociceptive neurons in the rat spinal cord ( 1995
meeting of the Society o f Neuroscience). Clinical observation of
baclofen treated patients suggested, however, that baclofen affects
not only the spinal cord but also the central nervous system. We
investigated the inhibitory effects of baclofen on neuronal
excitability of NGC, in which morphine may have no effects on
nociceptive neurons. Baclofen inhibited neuronal discharges elicited
by noxious stimulation of the sciatic nerve
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EFFECTS OF pH ON THE STRUCTURAL CHANGES AND ANTINOCICEPTION
PRODUCED BY MICROINJECTING SUBSTANCE P NEAR THE TYROSINE
HYDROXYLASE IMMUNOREACTIVE DENDRITES OF THE A7 CATECHOLAMINE
CELL GROUP. B.A. Heidenreich*, K. Nuseir, and H.K. Proudfit, Dept. of
Pharmacology, Univ. of Illinois at Chicago, Chicago, IL 60612.
Tachykinin receptors on the neuronal cell surface are internalized in the presence of
substance P (SP; Mantyh et al., Science, 268,1629,1995). This internalization is
accompanied by dramatic structural changes in small dendrites which lose their
cylindrical shape and are transformed into a series of varicosities connected by very
thin segments. The internalization of SP receptors and the accompanying structural
changes may reduce the effectiveness of SP, consistent with a previous report that the
dose-response curve for antinociception produced bwmicroinjecting SP in the A7 cell
group is attenuated at high doses (Yeomans and Proudfit, Neurosci., 49, 681,1992).
The organization of cytoskeletal elements responsible for determining dendritic
shape, such as microtubules, is altered by different concentrations of H+. The present
studies were designed to determine the effects of pH on SP-induced structural
changes in the dendrites of A7 noradrenergic neurons and the antinociceptive effects
of this peptide. SP, in saline or PBS vehicles varying in pH, was microinjected in a
range of doses just dorsal to the A7 cell group in lightly anesthetized rats.
Antinociception was assessed using the tail flick test and structural changes in tyrosine
hydroxylase-immunoreactive (TH-ir) A7 neurons were assessed by light microscopy.
Microinjection of SP into the A7 cell group produced antinociception, but the
antinociceptive effect of 32.5 pmol was less than that of 3.25 pmol. The 32.5 pmol
dose of SP produced marked varicosities in the dendrites of TH-ir A7 neurons while
lower doses produced few or no varicosities in TH-ir dendrites. Decreasing the pH of
vehicles from 7.0 to 6.5 appeared to increase the number of varicosities induced by
SP. These results suggest that SP-induced receptor internalization and/or structural
changes in the dendrites of A7 neurons reduces their responsiveness to SP.
Moreover, H+ appears to enhance the morphological effects of SP, perhaps by the
entry of Ca++ through proton-gated ion channels.
Supported by PHS grant DA03980 from the National Institute on Drug Abuse.
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ANTERIOR PRETECTAL NUCLEUS PROJECTIONS TO PONTINE
CATECHOLAMINE CELL REGIONS, M.D. Christensen*, W.D. Willis,
and K.N. Westlund. Marine Biomedical Institute, University of Texas
Medical Branch, Galveston, TX 77555-1069.
The anterior pretectal nucleus (APN) is known to be involved in
somatosensory modulation. The aim of this study was to identify projections
of the APN to the pontine catecholamine cell regions, a region directly
impacting somatosensory sensation through descending spinal projections. A
small injection (0.2 μ1) of the retrograde tracer, FluoroGold, was made to
identify neurons of the APN in anesthetized male Sprague-Dawley rats.
Animals were positioned in a stereotaxic frame and injected through a
craniotomy at coordinates -0.2mm caudal to interaural zero, 2.0mm lateral to
midline, and at a depth of 7.0mm for the locus coeruleus, 8.0 mm for the
dorsal subcoeruleus, and 9.0mm for the ventral subcoeruleus nuclei. After a
one week survival, animals were reanesthetized and transcardially perfused
with warm saline followed by ice cold 4% paraformaldehyde. The brainstem
was dissected, embedded, and frozen after sucrose infiltration prior to
cryostat sectioning (15 μm). Clusters of labeled cells were found in the APN
after injections into the region of either the locus coeruleus, or the dorsal or
ventral subcoeruleus. The majority of the cells were localized to the side
ipsilateral to the injection. In conclusion, these studies have demonstrated that
the APN sends projections to the vicinity of each of the catecholamine cell
regions examined in the pons. A projection from the APN influencing the
descending catecholamine system would provide another route for APN
inhibition of nociception in addition to its connections with serotonergic
regions. (Supported by NIH grants NS 09743, NS 11255, and NS 32778).

A PHYSIOLOGICAL SURVEY OF PONTOMEDULLARY RAPHE
AND RETICULAR NEURONS IN THE ANESTHETIZED RAT.
Peggy Mason* and Cynthia G. Leung. Cmte. on Neurobiology and
the D ept. of Pharmacological & Physiological Sciences, U. of
Chicago, Chicago, IL 60637.
In order to provide a non-selective estimate of the relative distribution
and physiological properties of cells in raphe magnus (RM) and the
adjacent magnocellular reticular formation (NRMC), neurons were
recorded in the isoflurane-anesthetized rat. The background activity of
each isolated unit was recorded for 15 min prior to five trials of noxious
tail heat. SEROTONERGIC neurons, distinguished by their slow and
steady background discharge pattern as previously described, were
typically unaffected by noxious heat. REGULAR cells were
distinguished by their regular discharge at rates of > 9 Hz. Most
REGULAR neurons were unaffected by noxious heat but a few were
excited by this stimulus. The remaining cell types - ON, OFF and
NEUTRAL cells - had irregular discharge patterns of varying rates and
were classified by their responses to noxious heat. OFF cells were
consistently inhibited and ON cells were consistently excited by noxious
heat. NEUTRAL cells had either a weak excitatory or no consistent
response to noxious heat. Cells with intermediate physiological
characteristics were rare. Several cells did not fire prior to any heat
trials and could not be definitively classified. Analgesic doses of
morphine had no effect on SEROTONERGIC, REGULAR or NEUTRAL
cells, excited OFF cells and inhibited ON cells. Supported by NIH
grants NS33984 & DA07861 (PM) & 1F31DA05698 (CGL) and by
the Brain Research Foundation.
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68.12

BEHAVIORAL STATE-DEPENDENCE OF PONTOMEDULLARY
RAPHE NEURONAL ACTIVITY IN THE UNANESTHETIZED,
FREELY-MOVING RAT. Cynthia G. Leung* and Peggy Mason
Cmte. on Neurobiology and the Dept. of Pharmacological &
Physiological Sciences, University of Chicago, Chicago, IL 60637.
The descending modulatory system which contains the nucleus raphe
magnus (RM) and adjacent nucleus reticularis magnocellularis (NRMC)
may modulate afferent nociceptive input based on an animal's state of
arousal. In order to determine the influence of behavioral state on RM
and NRMC neuronal activity, the spontaneous and noxious heat evoked
activity of RM and NRMC neurons was recorded during the states of
waking (W), slow-wave sleep (S) and REM sleep (R) in
unanesthetized, freely moving rats. Neurons were divided into four
classes based on their responses to noxious thermal stimulation of the
tail and background activity patterns as described previously. ON cells
were excited, OFF cells were inhibited and NEUTRAL cells were weakly
affected or unaffected by noxious stimulation. REGULAR cells had a
regular discharge pattern and were usually unaffected by noxious
stimulation. The spontaneous discharge of > 90 % of the cells recorded
was state-dependent. The majority of ON cells were most active during
R or W and least active during S (W>>S or R>W >>S). In contrast,
most OFF cells were more active during S than during W (S>W). For
all cell types, the noxious heat evoked response never differed in
direction but often differed in magnitude between S and W states. In
the majority of cases, the magnitude of the ON and OFF cell responses
to noxious heat stimulation was greater during S than during W. This
research was supported by NIH grants DA07861 (PM) &
1F31DA05698 (CGL) and by the Brain Research Foundation.

PARTICIPATION OF RAPHE MAGNUS ON AND OFF CELLS IN
CARDIOVASCULAR MODULATION. K. Gao* and P. Mason.
D ept. of Pharmacological & Physiological Sciences and Cmte. on
Neurobiology, University of Chicago, Chicago, IL 60637.
Neurons in raphe magnus (RM) and the adjacent medial reticular
nuclei have been implicated in both nociceptive and cardiovascular
modulation. ON and OFF cells which have been hypothesized to
facilitate and inhibit nociceptive transmission respectively, exhibit a
bursting discharge pattern. Spectral analyses have revealed that blood
pressure and RM cell discharge share a slow frequency component with
a period of 7-15 min such that ON and OFF cells burst during periods of
low and high blood pressure, respectively. The responses of ON and
OFF cells to both noxious tail heat and to a 10 s clamping of the
abdominal aorta (AAC) were recorded in the lightly anesthetized rat. In
most animals, noxious tail heat evoked a small increase in blood
pressure and tachycardia at long latency whereas AAC evoked a shortlatency large pressor response and bradycardia. ON cells were excited
and OFF cells were inhibited by both noxious heat and AAC. The tail
heat-evoked responses of ON and OFF cells preceded the evoked
cardiovascular responses and occurred during trials when there was no
cardiovascular response. In contrast, the AAC stimulus inhibited OFF
cells and excited ON cells after the initial increase in blood pressure and
decrease in heart rate. These data suggest that ON and OFF cells may
modulate but not mediate the AAC-evoked bradycardia. Similarly, ON
and OFF cells are likely to modulate the cardiovascular responses to
noxious heat but are not sufficient to generate these responses.
Supported by NIH grant DA07861 and the Brain Research Foundation.

68.13
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PARTICIPATION OF PONTOMEDULLARY SEROTONERGIC
NEURONS IN CARDIOVASCULAR MODULATION. J.R.
Genzen*, K. Gao, P.O . Chen and P. Mason. D ept. of
Pharmacological & Physiological Sciences and Cmte. on
Neurobiology, U. of Chicago, Chicago, IL 60637
Anatomical and physiological studies examined the contribution of
SEROTONERGIC cells to cardiovascular modulation. SEROTONERGIC
neurons in raphe magnus (RM) and the adjacent magnocellular reticular
formation (NRMC) were distinguished by their slow and steady background discharge pattern in the lightly anesthetized rat. Brachial arterial
blood pressure, heart rate and SEROTONERGIC cell discharge were simultaneously recorded either in the absence of stimulation or after transient clamping of the abdominal aorta (AAC). Spectral analysis revealed that both blood pressure and SEROTONERGIC cell discharge had
slow oscillations with periods of 7-15 min with cell discharge increasing during periods of low blood pressure in most cases. Most
SEROTONERGIC cells were excited by AAC, a stimulus which elicited a
large increase in blood pressure and bradycardia. The onset of the cell
responses to AAC occurred after the initial pressor and bradycardia responses. Selected SEROTONERGIC cells were intracellularly labeled and
their dendritic and axonal anatomy reconstructed. SEROTONERGIC cell
dendritic arbors were small and never extended beyond RM or NRMC
to enter the ventrolateral medulla, a well-established cardiovascular
modulatory center. All SEROTONERGIC cells sent axonal projections to
the ventrolateral medulla at multiple rostrocaudal levels, from the superior olive to nucleus retroambiguus. Pontomedullary SEROTONERGIC
cells in RM / NRMC are likely to participate in autonomic modulation.
Supported by NIH grant NS33984 and the Brain Research Foundation.

SUBCELLULAR LOCALIZATION OF MU OPIOID RECEPTOR IN THE
RAT PERIAQUEDUCTAL GRAY AS DETERMINED BY
IMMUNOHISTOCHEMISTRY AND ELECTRON MICROSCOPY. K. G.
Commons* and D. W. Pfaff. Laboratory of Neurobiology and Behavior,
The Rockefeller University.
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The periaqueductal gray (PAG) coordinates a num ber of
responses necessary for survival, such as those to threatening or stressful
stimuli. It is also a region rich in axon terminals containing the opioid
peptide, enkephalin, some of which originate in the hypothalam us. These
afferents may function in modulating the perception of pain through the
endogenous opioid antinociceptive system of the PAG. To determine
potential subcellular sites of action of opioid ligands w ithin the lateral and
ventrolateral PAG of the female rat we studied the distribution of the m u
opioid receptor (MOR) using im munohistochemistry and electron
microscopy. Using the im m unoperoxidase m ethod, MOR labeling was
found at diverse subcellular sites, including dendrites, axons, and glial
processes. In neuronal dendrites, MOR labeling was found throughout
the plasm amembrane surface, and was not restricted to the postsynaptic
density. MOR labeling was also observed on sm ooth endoplasmic
reticulum w ithin dendrites. In axon terminals, MOR labeling was found
on the plasm amembrane surface, and w as commonly associated w ith
synaptic vesicles and some dense-core vesicles. MOR labeled axon
terminals formed both symmetric and asymm etric synapses. In addition,
intense labeling was found associated w ith glial m embranes. This
diversity of MOR labeled profiles illustrates that there are a num ber of
potential mechanisms through which opioid ligands can m odulate PAG
neurons.
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STIMULATION IN THE PERIAQUEDUCTAL GRAY (PAG) REDUCES LATERAL INHIBITION
IN THE SPINAL DORSAL HORN: A POSSIBLE MECHANISM FOR FACILITATION OF
NOCICEPTIVE RESPONSES. A.J. Waters and B.M. Lumb*. Dept. of Physiology, University
of Bristol, Bristol BS8 1TD, UK.
The majority of Class 2 spinal dorsal horn neurones have a strong excitatory C-fibre input,
and their nociceptive responses are inhibited by PAG stimulation. However, a minority have
weak/absent C-fibre inputs, and their pinch-evoked responses (which are presumably
mediated largely by Aδ afferents) are facilitated by PAG stimulation. This facilitation could be
direct, or secondary to a loss of lateral inhibition from surrounding neurones that are inhibited
by PAG stimulation. We have now examined the effects of PAG stimulation on the nociceptive
responses of dorsal horn neurones under conditions of normal and enhanced lateral inhibition.
Micropipettes containing DL-homocysteic acid (DLH, 50 mM) were inserted into the lateral
or ventrolateral PAG of anaesthetised rats. Extracellular single unit recordings were made
from ipsilateral Class 2 spinal dorsal horn neurones with hindpaw receptive fields. A pinch
stimulus was applied to the excitatory receptive field of the neurones to provide a nociceptive
drive, and noxious heat was applied to the adjacent inhibitory receptive field to provide
controlled lateral inhibition. PAG stimulation was achieved by injection of 50-70 nl DLH.
Results were obtained from six Class 2 neurones with varying degrees of C-fibre input.
When the pinch stimulus was applied to the excitatory receptive field, PAG stimulation
inhibited the responses of five neurones and facilitated the sixth. However when the pinch
stimulus was paired with noxious heat applied to the inhibitory receptive field, the effect of
PAG stimulation on the responses was shifted in the direction of facilitation: three neurones
were now facilitated, and the inhibitory effects on the remaining three were reduced. Analysis
of the results showed that in every case PAG stimulation had reduced the lateral inhibition
evoked by the heat stimulus.
The results show that PAG stimulation can enhance nociceptive responses through a
reduction in lateral inhibition, and this mechanism may operate to facilitate the Aδ-mediated
responses of a population of dorsal horn neurones.
Supported by the Wellcome Trust. A.J.W. is a MRC (UK) Scholar.

MODULATION OF NEURONAL ACTIVITY IN THE LATERAL
PERIAQUEDUCTAL GREY MATTER (PAG) BY SEROTONIN:
ELECTROPHYSIOLOGICAL AND MORPHOLOGICAL STUDIES.
D.M. Parry, V.V. Stezhka+, B.M. Lumb and T.A. Lovick+*. Depts. of
Physiology, Univ. of Bristol. U.K. and +Univ. of Birmingham, U.K.
The present study is designed to investigate the neuronal mechanisms which
underlie serotonergic modulation of the excitability of the aversive system in
the lateral PAG.
In coronal midbrain slices from 55-130g rats, 5-HT (150μM for 30 or 60s)
produced hyperpolarisation (4-19mV, n=7), depolarisation (4-16mV, n=5) or
no response (n=l) in neurones recorded intracellularly in the lateral PAG using
the whole-cell patch clamp configuration with l 0mM biocytin in the pipette
solution. Camera lucida reconstruction of 7 biocytin-filled cells revealed round,
triangular or fusiform somata, 10-20μm in diameter with 2-5 primary dendrites
which branched to form a dendritic tree of 350-550μm diameter. The axon
typically ran in a straight dorsolateral trajectory towards the perimeter of the
PAG, in 2 cases giving off a single collateral branch. 5 of the slices were
processed to reveal 5-HT immunoreactivity and 3 of these were further
prepared for electron microscopy. Labelled varicose axons and processes were
observed throughout the PAG. At the ultrastructural level close associations
could be discerned between biocytin-filled dendritic processes, previously
identified in the light microscope, and 5-HT-immunoreactive profiles.
These findings provide a morphological and electrophysiological basis for a
direct influence of 5-HT on the activity of output neurones in the lateral PAG.
Supported by the Medical Research Council (U.K.)

68.17

68.18

SR48692 IS. A SPECIFIC NEUROTENSIN ANTAGONIST IN THE
PERIAQUEDUCTAL GRAY (PAG). M.M. Behbehani*, C.W. Hall and S.D.
Chandler. Dept. of Mol. and Cellular Physiology. U. of Cincinnati. Cincinnati, OH
45267-0576
Two endogenous analgesic systems have been identified. One system is opioid
independent (OIS) and the other utilizes opioid receptors. The OIS can be activated
by injection of neurotensin into the PAG. Recently, several neurotensin receptor
antagonists have been synthesized. The goal of this study was to obtain the effects of
SR48692 (generously supplied by Dr. D. Gully, Sanofi Recherche) on the response of
PAG neurons to neurotensin and other major transmitters that operate within the
PAG. Studies were performed on PAG slices obtained from adult rats Perforated
patch clamp (n=26) as well as extracellular recordings were made (n=46). Bath
application of neurotensin at 1 μM produced depolarization of 3 to 15 mV, decreased
the membrane resistance and increased the firing rate by more than 30% in 71% of all
cells. SR48692 (SR) at concentration of 100 nM completely blocked the response to
neurotensin without affecting the membrane potential or the membrane resistance.
However, it decreased the frequency of the excitatory synaptic activities. At 1μM SR
by itself caused hyperpolarization and significantly reduced the spontaneous firing
rate and excitatory synaptic activities. SR at concentration of 100 nM had no effect
on excitatory responses produced by glutamic acid and by blocking the tonic activity
of the GABAergic system of the PAG. In addition, the inhibitory effects of GABA
were not affected by SR. SR had no significant effect on changes in the synaptic
activities and firing rate produced by nitric oxide donors or NOS inhibitors. It is
concluded that SR is a highly specific antagonist of neurotensin receptors in the PAG.
However, at higher concentrations it has hyperpolarizing effect on the membrane
potential. The observation that SR reduced the frequency of synaptic activities
suggests that there may be tonic neurotensinergic activities within the PAG.
Supported by NIH grant NS20643.

PROJECTIONS FROM THE VENTROLATERAL
PERIAQUEDUCTAL GRAY TO NORADRENERGIC CELLS IN
THE BRAINSTEM THAT ARE INVOLVED IN M ODULATING
NOCICEPTION. D.Bajic*, and H.K.Proudfit, D ept. o f
Pharmacology, Univ. o f Illinois at Chicago, Chicago, IL 60612.
The antinociception produced by stimulating neurons in the
periaqueductal gray region is mediated in part by descending
noradrenergic neurons. Anterograde tracing using biotinylated dextran
amine (BDA) combined with tyrosine hydroxylase-immunocytochemistry were used to determine whether neurons in the ventrolateral
periaqueductal gray project to noradrenergic neurons in the A7, A5,
and A6 (Locus Coeruleus) cell groups that play a role in the
modulation o f nociception.
Anterogradely-labeled terminals were more dense ipsilateral than
contralateral to the BDA deposit. Highly varicose terminals were
apposed to the somata and dendrites o f immunocytochemically labeled
noradrenergic neurons in the A7, A5, and A6, but the A7 and A6
groups received a more dense innervation than the A5 cell group.
These results indicate that the antinociception produced by stimulation
o f sites in the ventrolateral periaqueductal gray is mediated in part by
noradrenergic neurons that ascend from the A6 and descend from the
A7 group. This work was supported by USPHS grant DAO3980 from
the National Institute on Drug Abuse.
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PAIN INCREASES GLUTAMATE AND ARGININE IN THE
PERIACUEDUCTAL GRAY MATTER IN RATS. E. Silva, L .
Hernandez* and L . Teneud. Behavioral and Physiology
Laboratory. Medical School . Universidad de ios Andes.Merida
5101. Venezuela.
The periacueductal gray matter (PAG) is an important
center in the modulation of behavioral responses during
nociception and stress. In the present experiment a combination
of capillary electrophoresis with laser induced-fluorescence
(CZE-LIFD) and PAG microdialysis in freely moving rats was
used to m easure extracellular glutamate and arginine during the
formalin test. Rats were implanted with the microdialysis probe
in the ventrolateral PAG . Samples were collected every 30
seconds (24samples in total) for each rat (n=10) and then
derivatized with fluorescein isothyocianate and injected in a
laboratory made CZE-LIFD instrument. After a subcutaneous
injection of formalin in the hind paw, glutamate and arginine
increased and 2 min after the injection this increase was
significant (p<0.05) in relation to the basal levels (before the
formali n injection) and returned to its original level after 3 min.
In the control rats (n=6),(same manipulation without formalin
injection); glutam ate and arginine did not increase significantly.
Pain increases glutamate and arginine more than stress in the
ventrolateral PAG. (This research was supported by grant
CDCHT# M-566-96-03-B and CONICIT#BID-BTS-37)
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THE EFFECT OF GENERAL ANESTHETICS ON DYNORPHIN
mRNA EXPRESSION IN THE SPINAL DORSAL HORN NEURONS
AFTER NOXIOUS STIMULI
M. Tanimoto *' C. Tashiro' A. Tokunaga T. Fukuoka K Miki and
K.NQgu£hi. Dept. Anatomy & Neuroscience, 'Dept. Anesthesiology,
HyogoCollegeofMedicine, Nishinomiya, Hyogo 663, JAPAN
Persistent noxious stimuli are known to induce the change in gene
expression in spinal neurons and result in the prolonged alteration of
neuronal excitability. The pwpose of this study was to examine the effect
of general anesthetics on the dynorphin mRN A expression in spinal dorsal
horn neurons after noxious stimuli.
Male Sprague Dawley rats (300-400g) were used and divided into 3
groups of general anesthesia (1.5% halothane; 100 mg/Kg ketamine; 67%
nitrous oxide) and one control (no anesthesia) group. Thirty minutes after
induction of anesthesia, animals received an intraplantar injection of 150 µl
5% formalin into unilateral hindpaw. General anesthesia was kept for 8
hours, and the spinal cord was dissected out after decapitation and
processed for in situ hybridization with radiolabeled oligonucleotide probe
for dynorphin mRNA. The number of lA,5 dorsal horn neurons
expressing dynorphin mRNA was counted and compared among 3 general
anesthesia groups and control group. The degree of swelling was also
compared by measuring the volume of affected hindpaw.
There was no difference in the degree of swelling among three anesthesia
groups and control group. The nwnber of neurons in superficial dorsal
horn expressing dynorphin mRNA in halothane-anesthesia group did not
decrease significantly compared to control group. On the other hand, the
number of neurons in both ketamine and nitrous oxide groups decreased
significantly. These data suggest the general anesthetics affect
differentially on the dynorphin expression in spinal neurons by peripheral
noxious stimuli. (Supported by Hyogo College of Medicine)

69.2
INVOLVEMENT OF DORSAL COLUMN NUCLEI-THALAMIC
PATHWAY IN NEUROPATHICPAIN IN RATS WITH
EXPERIMENTAL MONONEUROPATHY
K. Miki* Y. Tsuboi 1 K. lwata 1 R. Sumino 1 and K. No~uchi Dept. Anal.
& Neurosci. Hyogo college of medicine Hyogo 663 Japan, Dept. Physiol.
Nihon univ. Sch. of dens1try Tokyo IOI Japan.
We have previously reported that gracile nucleus neurons show
hyperexcitabihty to mechanical and/or thermal stimulation of the receptive
fields in the rat with chronic constriction nen'e injury (CCI) (Soc.
Neurosci. abstract '96). This suggests that dorsal column nuclei (DCn)
neurons may send their excitability to the thalamic nuclei via medial
lemnicus system. The purpose of the present study is to clarify the
involvement of DCn-thalamic pathway in neuropathic pain produced by
peripheral nerve injuries. Single neuronal activities were recorded from the
ventro-postero-lateral nucleus of thalamus (VPL) in rats with CCI
anesthetized with pentobarbital sodium (50 mg/kg, ip), and the effects of
lesions of dorsal column (DC), gracile nucleus (GN) or spinothalamic
nucleus (STT) pathway on VPL neuronal activities were studied. A total of
seventy four neuronal activities were recorded from the VPL nucleus; 32
were from the ipsilateral side to CCI and 37 from the contralateral side, and
5 from naive animals. Fifty seven of 73 neurons were orthodromically
activated by DC stimulation (contralateral to the CCI: 7.9 ± 0.3, ipsilateral:
6.8 ± 0.3, naive: 6.0± 1.0 ms). Three different series of lesion experiments
were done; DC alone, DC+ GN and DC+ STT lesions, respectively. Most
VPL neurons decreased their spontaneous activities after lesions (DC alone:
27% reduction, DC + GN: 44% reduction, DC + STT: 41 % ). Also all of
them decreased firing frequencies following mechanical stimulation of the
receptive fields after lesions. These findings suggest that DCn-VPL
pathway would be involved in CCI-produced sensory abnormalities by
conveying their hyperexcitability to thalamic nuclei as \.Veil as STT
pathway. (Supported by the MESC of Japan and Hyogo Col. of Med.)

69.3
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SPINAL CORD LESION PRODUCES LONG-TERM ALTERATIONS OF
NEUROPHYSIOLOGICAL PROPERTIES OF PRIMATE THALAMIC NEURONS.
P.M. Dougherty 0, R.R. Weng, L.H. Rowland, A. Schwartz, C.J. Vierck, and F.A. Lenz,

THE EFFECT OF MICROINJECTION OF AMITRIPTYLINE INTO
THE
RAT
PARAVENTRICULAR NUCLEUS
OF
THE
HYPOTHALAMUS ON FORMALIN-INDUCED PAIN.
W.R.
Lariviere* L. Thivierge P A Hewitt R. Ayouby and R Melzack.
Dept. of Psychology, McGill University, Montreal, Quebec, Canada,

The Departments of Neurosurgery and Otolaryngology, The Johns Hopkins Medical

School, Baltimore, Maryland 21287-7509.

Spinal cord lesions involving the spinothalamic tract have been related to the
development of central pain syndromes. Thalamic neuronal activity was studied six
months following a unilateral T12 anterior-lateral cordotomy in three stump-tail
monkeys (Macaca nemestrina) and in three non-lesioned controls. Animals were

anesthetized (pentobarbital, 35.0 mg/kg intravenous bolus, followed by 5.0 mg/kg/hr

infusion), mounted in a stereotactic frame and a partial craniectomy performed. Cells in
and posterior to VPL and CM/Pf were surveyed. Two minutes of spontaneous activity,
the responses to a series of graded mechanical stimuli, electrical stimuli and the
responses to a series of heating and cooling stimuli were recorded from all cells
(N=209). Cells with receptive fields in the hindpaw contralateral to the lesion lacked
responses to noxious mechanical and heat stimuli. In contrast, one-third to one-half of
the cells in the non-deafferented representations of the thalamus showed responses to
these stimuli. There was a three-fold increase in the number of cool-responsive cells in
the deafferented regions of the thalamus compared to the intact regions. Furthermore,
there was an increase in the percentage of nociceptive neurons in the medial thalamic
nuclei of the spinal-lesioned animals as compared to the non-lesioned animals. Finally,
the patterns and rat~s of spontaneous activity of cells in both the lateral and medial
thalamic regions in the lesioned animals were significantly different than those in the
intact control animals. The cells in the deafferented regions of the thalamus showed an
increase in overall rate of spontaneous discharge with very characteristic burst firing
patterns. These burst patterns are the same as that the thalamus of humans with pain
following spinal injury and of sleeping animals. In summary, spinal lesion result in a
number of long-term changes in the physiological properties of thalamic neurons in the
monkey, some of which may be related to the generation of central pain. Supported in

H3A !Bl.

Amitriptyline (AMI) has been shown to produce analgesia in the
rat following acute administration.
Injection directly into the
paraventricular nucleus of the hypothalamus (PVN) was done to
examine the role of the PVN in AMI-induced analgesia.
Following recovery, 20 µg of AMI was injected via chronically
implanted canullae in male Sprague-Dawley rats. Rats were then
injected with formalin in the hind paw.
Mean pain scores were not significantly different (p > 0.05)
between groups receiving AMI in the contralateral PVN (n = 5) versus
neighbouring structures (n = 4). Data from ipsilateral PVN and saline
controls continues to be collected.
The PVN may not have an essential role in AMI-induced
analgesia, just as the PVN has been demonstrated to have a role in
stress-induced analgesia but not in the formalin test without stress.
The hippocampus will be investigated next.
This research is funded by the NSERC of Canada.

part by the NIH (POI-NS32386, project 2).

69.5

69.6

THE IDENTIFICATION OF ANATOMICAL SITES OF
CANNABINOID-INDUCED ANTINOCICEPTION. ~
M Balinsky P Coffin J M Walker* W J Martin Schrier Research
Laboratory, Department of Psychology, Brown University, Providence,
RI 02912.

THE FAKIR TEST, AN ETHOLOGICAL APPROACH TO THE BIOLOGY OF
PAIN: EVJDENCEFORANALGESIA FOLLOWING AMYGDALA LESIONS.
M.A Hebert" D. Ardid J.A. Henrie K. Tamashiro J. Yim A. Tringali J.N.
Nikulina DC. Blanchard and R.J. Blanchard. Bekesy Laboratory of Neurobiology,
Univ. of Hawaii, Honolulu, HI 96822.
The few acute pain tests using mechanical stimuli do not involve objects
important in the evolutionruy history of the animals. Spines arc common structural
defenses protecting plants and animals against consumption or predation and thus
constitute natural, mechanical pain stimuli. The present studies examined the
reaction to contact with such spines in the laboratory rat utilizing the FAKIR test,
a novel procedure which involved a floor board with protruding spikes located in
the middle of an alley. During the ten min tests, subjects showed voluntary contact
with the spikes followed by patterns of avoidance, risk assessment (stretch attend
and stretch approach), and freezing. Females were more active, displayed less
freezing, more risk assessment, and made more contacts with the spines than males.
In a second experiment, male subjects were given one of 4 doses of morphine (0,
.75, 1.5 or 3.0 mg/kg, s.c.). The lowest dose significantly increased both contacts
and time spent crossing the spikes, suggesting the utility of this procedure as a
naturalistic analgesiometric test, while higher doses attenuated all active behaviors.
The amygdala has recently been implicated in pain perception and in morphine
analgesia, although amygdala lesions have not been shown to produce analgesia in
other pain tests. Rats with electrolytic lesions of the centro-medial amygdala spent
more time on the spines than non-operated or sham-operated controls suggesting
an analgesic effect of the lesion to natural, mechanica1, pain stimuli.
Supported by NSF IBN95-l 1349 and NIH RR08125.

While there is evidence that cannabinoid-induced antinociception
is mediated both by spinal and supraspinal mechanisms. little is known
about the specific anatomical sites and the ascending/descending neural
circuitry responsible for such effects. Previous studies indicated that the

dorsolateral periaqueductal gray, dorsal raphe nucleus, and the thalamic

lateral posterior nucleus are involved in cannabinoid-mediated analgesia.
The current study aimed to further localize and map supraspinal
cannabinoid-analgesia sites. Specifically, supraspinal sites with increased
levels of cannabinoid receptors were microinjected with 5 ug of the

synthetic cannabinoid WIN55,212-2 or %60 DMSO vehicle, and

subsequently were tested for changes in pain sensitivity by using the tailflick latency test. Specific sites included were: the medial prefrontal
cortex, nucleus accwnbens, lateral hypothalamus, anterior pretectal nuclei,
superior colliculus. cuneifonn nucleus. AS noradrenergic. cell-body area,
raphe magnus, as well as the nucleus submedius, intralaminar,
parafasicular, posterior, ventral-medial, and the ventral-lateral nuclei of the

thalamus. Results demonstrated that 5 ug of WIN55,212-2 significantly

decreru.ed responding to nociceptive stimulus, evidenced by elevations in
tail-flick latencies. Post hoc comparisons indicated that significant
antinociception was observed only with injections into A5, raphe
magnus, superior coUiculus, and the thalamic nucleus submedius. These
results suggest novel anatomical substrates of cannabinoid-induced
antinociception.
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THE OPPOSING EFFECTS OF PROSTAGLANDIN E2
MICROINJECTED INTO THE PREOPTIC HYPOTHALAMUS AND
THE VENTROMEDIAL HYPOTHALAMUS ON NOCICEPTION IN
RATS. T. Oka, M. Hosoi, Y. Abe, K. Oka, T. Imanishi* and T. Hori.
Dept. of Physiology, Kyushu Univ. Fukuoka 812-82, Japan
To investigate the effect of prostaglandin E2 (PGE2) in the
hypothalamus on nociception, we microinjected PGE2 and its receptor
agonists (0.2 μ l) into the various sites in the hypothalamus of rats (300350 g) and observed the changes in the paw-withdrawal latency on a 50
°C hot-plate. 17-Phenyl-ω-trinor-PGE2 (17-PT-PGE2), butaprost or
M&B28767 was used as an EP1, EP2 or EP3 receptor agonist,
respectively. Among the three receptor agonists, the microinjection of
PGE2 (5-50 fg) and M&B28767 (0.05-5 fg) into the preoptic
hypothalam us (PO A ) reduced the paw -w ithdraw al latency 15 min after
injection. On the other hand, the microinjection of PGE2 (5-500 pg) and
17-PT-PGE2 (500 pg) into the ventromedial hypothalamus (VMH)
prolonged it 5-10 min after injection. PGE2 (500 pg)-induced prolonged
paw-withdrawal latency was blocked by the simultaneous injection of
SC19220 (an EP1 antagonist, 150 ng). These results suggest that PGE2
in the POA and the VMH has opposing effects on nociception, i.e.,
PGE2 in the POA induces hyperalgesia through EP3 receptor and that in
the VMH induces hypoalgesia through EP1 receptor in the rat.

E F F E C T S O F ST IM U L A T IN G SO M A T O SE N SO R Y CORTEX
ON FORM ALIN- IN D U C E D C -FO S IM M UNOREACTIVE
N E U R O N S IN THE RAT C A U D A L IS.
M. Takemura1*, A.
Tsujio1, T. Shimada1, K. Iwase1, Y. Shigenaga1 and R. Kuroda2, 1Dept.
Oral Anatomy II, Osaka Univ. Fac. D ent, Suita, Osaka 565 and 2Clinical
Pharmacy, Kinki Univ. Sch. Pharmacy, Higashi-Osaka 577, Japan.
Under urethane anesthesia (1.3 g/kg, ip), electrical stimulation (0.6
mA, 10 Hz) was applied to the left somatosensory cortex for an hour
from two hours after subcutaneous injection of 0.1 ml 5% formalin or
saline in the right mentum. Same surgical treatments without electrical
stimulation were done for the control animals.
All animals were
transcardially perfused and fixed three hours after the facial injection, and
sections of the brainstem were processed immunohistochemically to
visualize c-Fos. Every other five sections 1.2 mm caudal from the obex
were chosen and the labeled neurons were counted. Formalin injection
induced a greater number of c-Fos-positive neurons (230.1 ± 32.5; N =
5) in the right laminae I/II of dorsomedial caudalis, compared with the
contralateral sides (53.2 ± 10.5) and saline injected animals (12.2 ± 5.3;
ipsilateral and 6.8 ± 3.1; contralateral). The number of labeled neurons
in the right laminae III/IV were 11.0 ± 2.0. Electrical stimulation
decreased significantly the number of c-Fos-positive neurons in laminae
I/II of the right caudalis to 19.8 ± 8.0, while increased the number of cFos-positive neurons in the right laminae III/IV to 62.0 ± 24.9. These
results indicate that cortical stimulation suppresses the activity of
formalin-induced nociceptive neurons in laminae I/II and enhances
neurons in laminae III/IV layers of the caudalis.

6 9 .9
HAIR DEFLECTION EVOKES LOCALIZED NOCICEPTIVE-LIKE ACTIVATION
OF GLYCOGEN PHOSPHORYLASE IN THE SOMATOSENSORY CORTEX OF
INTRATHECAL STRYCHNINE-TREATED RATS. S. Sawler, H. Khandwala,
C. Harley* and C.W. Loomis. School of Pharmacy and Dept. of Psychology,
Memorial University, St. John's, NF, Canada, A1B 3V6.
Touch-evoked allodynia can be induced experimentally with intrathecal (i.t.)
strychnine (STR). Thus, hair deflection (HD) evokes nociceptive-like behavioral,
autonomic and neurochemical responses in STR-treated rats. To further
investigate the STR model, we compared the effect of HD (with STR) and
mustard oil (without STR) on glycogen phosphorylase (GP) histochemistry in the
somatosensory cortex of male, Sprague-Dawley rats. Animals, previously fitted
with i.t catheters, were lightly anesthetized with urethane. HD (2 min duration)
was applied at 5-min intervals after the i.t. injection of: a) saline; b) STR (40 μg);
or c) AP-7 (5 μg) 15 min before STR. A fourth group received s.c. mustard oil
into the hind paws (no STR or HD). Rats were killed 15 min after saline, STR or
mustard oil, the brains rapidly removed, and frozen in 2-methylbutane (-80°C).
GP histochemistry was performed on 30-um sections and optical density (OD)
was determined by computerized image analysis. HD, in the presence (but not
absence) of i.t. STR, evoked a significant increase in GP-OD comparable to that
evoked by mustard oil (without STR). This effect w as blocked by pretreatment
with i.t. AP-7. In a separate region of the somatosensory cortex receiving afferent
input from derm atom es unaffected by STR and HD, GP-OD remained
unchanged from control regardless of the treatment. The results indicate that: a)
cutaneous HD acquires nociceptive characteristics at the level of the cortex in
i.t. STR-treated rats; b) GP is a sensitive marker of localized cell activation in the
som atosensory cortex; and c) this acute anesthetized preparation is a valid
experimental model of allodynia. (Supported by the MRC of Canada)

6 9 .1 0
ANTINOCICEPTION AND DESCENDING INHIBITION FROM DOPAMINE IN
THE ROSTRAL AGRANULAR INSULAR CORTEX OF THE RAT Adam R.
Burkey1*, E. Carstens2 and Luc Jasmin1 1Georgetown University Medical Center,
Dept. of Neurosurgery, Washington DC 2Section Neurobiology, Physiology and
Behavior, UC Davis, Davis CA
The rostral agranular insular cortex (RAIC) has recently been shown to produce
descending inhibition and antinociception in response to local and systemic opioids.
We investigated the role of the mesolimbic dopamine system in the modulation of
nociceptive thresholds and descending inhibition from this region since it is welldocumented that mesolimbic dopamine mediates some aspects of opioid
antinociception. Unilateral microinjection of the selective dopamine reuptake
inhibitor GBR-12935 (8.2 nmol/400 nl) was shown to reduce nociceptive behavioral
scores in the formalin test both ipsilaterally (43%+/-4.4%) and contralaterally
(30%+/-5.7%). Electrophysiological recording of single nociresponsive units in the
lumbar dorsal horn demonstrated inhibition of single unit evoked responses to
noxious heat (50 C) applied to the plantar aspect of the hindpaw with contralateral
onsite injection of GBR-12935 (8.2 nmol/400 nl) in the RAIC. Significant
inhibition (max: 34%, P=0.26, N=6) occurred on average 12 minutes after injection
and was observed to last for greater than 40 minutes. This descending inhibitory
effect was reversed in some cases by local adminstration of the D1-selective
antagonist SCH23390 (12 nmol/400 nl) 20 minutes post-injection. Preliminary
behavioral data using a thermal paw withdrawal protocol (Hargreaves test) indicate
that microinjection of lower doses of SCH23390 into the RAIC decreases latencies
ipsilaterally, while higher doses produce this effect bilaterally. These data indicate
that tonic dopaminergic activity in the RAIC modulates nociceptive thresholds
through descending inhibition.
This work supported by the Howard Hughes Institute

6 9 .1 1
AMYGDALAR NUCLEI THAT INFLUENCE THE ROSTRAL
VENTROMEDIAL MEDULLA (RVM) VIA THE PERIAQUEDUCTAL GRAY
(PAG). S. McGaraughty* and M.M. Heinricher, Div. Neurosurgery, Oregon
Health Sciences University, Portland, OR 97201.
The amygdala is a critical nexus for integration of fear-motivated defensive
responses, which can include hypoalgesia. Although hypoalgesia triggered
by fear stimuli is known to require the PAG, it is generally thought that PAGmediated hypoalgesia occurs via a relay in the RVM, which has direct
projections to the dorsal horn. We recently showed that morphine microinjected into the basolateral nucleus of the amygdala (BLa) produces an
increase in tail flick (TF) latency and differentially affects the activity of three
physiologically defined classes of RVM neurons: OFF cell firing is
increased, ON cell firing is depressed, and NEUTRAL cells are not affected.
Microinjections in the medial (Me) or cortical (Co) nuclei have similar effects
on ongoing firing of RVM neurons, but produce no (Me) or only weak (Co)
hypoalgesia. The aim of the present study w as to determine w hether the
PAG was required for effects of morphine in these different nuclei of the
amygdala.
Bilateral electrolytic lesions were made in PAG. Activity of ON, OFF and
NEUTRAL cells was recorded before and after infusion of morphine into
different nuclei of the amygdala (10 μg in 0.4 μl, bilaterally). PAG lesions
attenuated or blocked the effects of morphine microinjected into both the
BLa and Me nuclei on RVM cell activity, and also interfered with the
antinociceptive effects of BLa infusions.
These results dem onstrate that the PAG plays a role in the link between
both BLa and Me nuclei of the amygdala and the RVM.
Supported by grants from NIDA, DA05608 (MMH) and INVEST (SM).

6 9 .1 2
CHARACTERISTICS OF ANTINOCICEPTION FOLLOW ING
ADM INISTRATION OF M U OPIOIDS IN THE BASOLATERAL
AMYGDALA. M.S. Shin* and F.J. Helmstetter. Department o f Psychology,
University o f Wisconsin-Milwaukee, Milwaukee, W I 53201.
Previous studies from our lab have shown that stimulation o f mu opioid
receptors in the basolateral amygdala (BLA) using DAMGO produces
inhibition o f the radiant heat tail flick reflex in barbiturate anesthetized rats.
This effect is blocked or attenuated by the injection o f lidocaine, CTAP or
Orphanin FQ into the PAG or RVM and thus represents the activation o f
descending antinociceptive systems by amygdala stimulation. While selective
agonists for non-mu opioid receptor types do not produce this effect [JPET
275:381], direct evidence supporting an interaction between DAMGO and
mu receptors in the amygdala is limited. In the present series o f experiments,
pretreatment o f BLA neurons with the mu antagonist CTAP at doses that are
effective in PAG and RVM failed to block the effects o f DAMGO in the
BLA. Intra-amygdala pretreatment with the novel peptide Orphanin FQ at a
range o f doses that we have shown will block mu-related antinociception in
RVM also had no effect on the ability o f DAMGO to modulate tail flick
latencies. However, bilateral pretreatment o f the BLA with pertussis toxin 3
days prior to testing significantly attenuated the antinociception produced by
DAMGO. While similar information is currently not available for the entire
effective range o f DAMGO doses with several antagonists, these results
suggest that this peptide may interact with a non-mu G-protein coupled
receptor in the BLA.
Supported by NIDA DA09429
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ROLE OF OPIOID AND GABA RECEPTORS IN THE AMYGDALA ON
ANTINOCICEPTION ON THE FORMALIN TEST. L. H. Poore* and F. J.
Helmstetter. Department of Psychology, University of Wisconsin - Milwaukee,
Milwaukee, W I53201.
The amygdala is a forebrain structure capable of controlling descending
antinociceptive systems. We have shown that lesions of the amygdala will block
conditional hypoalgesia as measured by the formalin test and that stimulation of
mu opioid receptors within the basolateral region of the amygdala (BLA) will
dramatically inhibit the radiant heat tail flick reflex in barbiturate anesthetized
rats. We have predicted that mu opioids produce this hypoalgesic effect by
interacting with GABAergic intemeurons within the amygdala and have shown
that blocking GABAa receptors in the central nucleus of the amygdala (CeA) will
also increase tail flick latencies. The purpose of the present set of experiments was
to better understand how opioid and GABAergic neurons in these nuclei interact to
affect formalin induced behavior. Male Long Evans rats were implanted with
bilateral cannulae into either the BLA or CeA. Ten minutes prior to the injection
of formalin into a hind paw they received bilateral injections of either the mu
agonist DAMGO, the GABAa antagonist bicuculline methiodide (BMI), or saline.
Rats were then observed for formalin behavior for 60 minutes. DAMGO injected
into either the BLA or CeA did not significantly attenuate formalin behavior
during either phase of the formalin test. However, injections of DAMGO into the
BLA did produce “wet-dog shake” seizures which may have interfered with the
measurement of nociception. BMI, on the other hand, when injected into the CeA
but not the BLA significantly blocked formalin induced behaviors. No seizure
activity was noted after BMI injections. These findings support the involvement of
GABAergic neurons within the amygdala in pain modulation.
Supported by NIDA grant - DA09429.

DEEP LESIONS OF THE FRONTAL POLE ELIMINATE
SHOCK-INDUCED HYPERALGESIA IN RATS. T.E.
King*, R,L. Joynes, D. E. Minke, H. Penland, M.W.
Meagher, J.W. Grau. Dept, of Psychology, Texas A&M
University, College Station, TX 77843.
Exposure to a few moderately intense (1 mA) tailshocks has
opposite effects on two measures of pain reactivity in rats (King
et al., J. Exp. Psychol: Anim. Beh. Proc., 22, 1996). Tail
withdrawal to radiant heat is inhibited (hypoalgesia) while
vocalization thresholds to both heat and shock are lowered
(hyperalgesia). Prior work indicates that hyperalgesia represents
an unconditioned response and enhances the acquisition of both
conditioned freezing and an avoidance response to thermal pain
(King et al., 1996).
The present experiment examines whether lesions of the
frontal pole affect the induction of shock-induced hyperalgesia.
Rats received either deep lesions of the frontal pole that extended
to the lateral septum, shallow lesions that were limited to the the
overlying cortex, or sham operations. A week later, they were
placed in restraining tubes. Half the rats received three 1-mA
(0.75-s) tailshocks. Tailshock induced hyperalgesia in both
sham operated and shallow lesioned subjects. Hyperalgesia
was not observed in deep lesioned rats. We also assessed the
impact of deep lesions on conditioned freezing. We found that
they eliminated the conditioned freezing elicited by reexposure to
the shock context 24 hrs later. Supported by MH54557 to
J.W.G.

69.15

SEX HORMONES AND FORMAL IN-INDUCED EFFECTS
FOS EXPRESSION IN DIFFERENT BRAIN AREAS
Aloisi*
and T.
Herdegen.
Inst.
of
Physiology, University of Siena, Siena,
and Inst, of Pharmacology, University of
Kiel, Germany

ON CA.M.
Human
Italy
Kiel,

Previously we described sex differences in hippocampal
c-Fos expression after formalin treatment. In the present
experiment we evaluated formalin-induced c-Fos expression
in different brain areas of intact and gonadectomized
(gdx) rats: paraventricular n. of the thalamus
(PV),
arcuate n. (ARC) and habenular n. (HAB) . Twenty-four males
and 24 females were anesthetized and then half were gdx
and half were sham-operated. Twenty days later they were
s.c. injected with formalin (50 µ l , 10%) or only pricked
with a syringe needle in the paw and tested in the holeboard for 60 min. The rats were then anesthetized and
prepared for perfusion. Gdx increased paw-jerk frequency
in males but decreased it in females,
and increased
flexing and licking duration in both sexes. All these
behavioral effects were present only the first phase of
the formalin test. In the PV, formalin decreased c-Fos
only in intact animals.
In the ARC,
gdx induced an
increase in both sexes, but formalin treatment reversed
it in females. In the HAB, there was a higher level of cFos expression in females than in males. These results
indicate
that,
depending
on
the
brain
area,
the
modulation of c-Fos expression by formalin treatment
depends on the presence of sex hormones. (This research
was supported by MUR3T and Vigoni Program, Italv)

PAIN MODULATION: PHARMACOLOGY—OPIATES I
70.1

7 0.2

P H A R M A C O L O G IC A L S T U D IE S O F A N A L G E S IC S IN T H E
AC U T E LY S P IN A L IZ E D R A T. T.J. N ess* and J. Crim aldi. Dept.
Anesthesiology, Univ. Alabama at Birmingham, B'ham, AL 35233

PHARMACOLOGICAL STUDIES ON A RAT MODEL OF TRIGEMINAL PAIN
J.J. Idӓnpӓӓn-Heikkilӓ and G. Guilbaud* U 161 INSERM, 2 rue d'Alésia, 75014
Paris, France
The trigeminal neuropathic pain model is based on a chronic constriction
injury to the infraorbital nerve (CCI-ION) of the rat. Beginning on post-operative
day 7-12, the rats with a CCI-ION display asymmetric face grooming directed to the
injured nerve territory and a hyperresponsiveness to mechanical stimulation of the
territory, which may be indicative of trigeminal paraesthesias / dysesthesias and
mechanical hyperalgesia (Vos et al., 1994, J. Neurosci.). We describe the effects of
various pharmacological treatments, some of which are currently used to treat
trigeminal neuralgia, in this animal model of peripheral and exclusively sensory
mononeuropathy.
The mechanical response thresholds (MRT, in grams) of the rats with a
CCI-ION were tested preoperatively (Mean MRT >12.5 g) and on postoperative days
(POD) 3-12 using a graded series of ten von Frey filaments. Both sides of the face,
ipsilateral and contralateral to the operated side, were stimulated beginning with the
filament producing the lowest force. The filaments were successively applied within
the ION territory, near the center of the vibrissal pad until the force (in g), inducing
a typical response (1. A brisk withdrawal of the head , often followed by an
uninterrupted series of at least three face wash strokes directed to the stimulated
facial area or 2. escape / attack) was reached. On POD 12, the Mean MRT of the
CCI-ION rats had decreased to 0.217 g. While saline had no effect, local injections
of alphacaine (1-4%), into the ION, dose-dependently restored the MRTs to the
preoperative level for up to 50 min. However, systemic injections of morphine (1
mg/kg i.v.), carbamazepine (5, 10 or 25 mg/kg i.p.), clomipramine (1.5 mg/kg s.c.)
or amitriptyline (0.5, 2.0 or 10 mg/kg s.c.) had no effect on the MRTs. Both single (5
mg/kg i.p.) and repeated injections (3 mg/kg i.p. x 5, the injection interval was 80
min, the half-life of the drug) of baclofen increased the MRTs, the latter being also
devoid of significant effects on motor coordination.

Neuropathic pain m ay be due to abnorm al excitatory inputs or the
removal of inhibitory inputs. To address the effect of the removal of
tonic supraspinal inhibitory inputs on the effect of analgesic agents,
pharmacological studies w ere performed in acutely spinalized rats and
compared with studies of "neuropathic pain" performed in intact rats.
Male Sprague-Daw ley rats w ere briefly anesthetized with halothane in
oxygen. Tracheal, carotid arterial and jugular venous cannulae w ere
placed. In som e rats, P E 10 tubing w as inserted into the intrathecal
space to allow for intrathecal drug administration. T h e upper cervical
spinal cord was injected with lidocaine, subsequently transected and the
brain m echanically pithed.
R ats w ere allow ed to recover and
characterized for responses to m echanical and therm al stimuli. After
demonstrating consistent and vigorous responses pharm acological
agents were administered i.v. or intrathecally in a cumulative fashion.
Acutely spinalized rats dem onstrated motor responses to mechanical
stimuli at low Von Frey fiber thresholds and demonstrated “allodynia-like"
responses (brush of tail produced motor responses). Intravenous
morphine, lidocaine, ketamine and phenytoin produced dose-dependent
responses. Intrathecal and i.v. AP 5 and L-NA M E had no effect at the
doses employed. Intrathecal and i.v. clonidine dem onstrated diminution
of response with repeat adm inistration of the drug. N eostigm ine
produced large responses only w hen the rat w as pretreated with
clonidine. Studies supported by departmental funds.
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OPTIMAL SCORING STRATEGY OF THE DOMESTIC
FOWL CHICK FORMALIN TEST.
J. T. Roach1*, G. S. Watson1, & K. J. Sufka1,2. Departments
of Psychology1 & Pharmacology2, The University of
Mississippi, Oxford, MS 38677.
The chick formalin test is a widely used nociceptive model
adapted from the formalin test of Dubuisson and Dennis
(1977). Watson, Sufka, & Coderre (1997) derived an optimal
composite pain score (CPS) in the rat formalin model using
multiple regression analyses. This same approach was used
to determine the optimal CPS in the chick formalin test. In
Experim ent 1, chicks (8 days post-hatch) received
intraplantar injections of dilute formalin (0.0, 0.10, 0.15, 0.25,
0.50, 1.0, 2.5%/ 50 µl) and were placed in observation
chambers for a 3 min test period. In Experiment 2, chicks
received a fixed concentration formalin with IM injections of
morphine (0.0, 1.25, 2.5, 5.0, 10.0, 15.0 mg/kg). In both
experiments, three nociceptive measures were recorded: (1) lift
frequency, (2) cumulative lift duration, and (3) peck frequency.
Formalin concentration or morphine dose was regressed on the
three behaviors to derive an optimal strategy for determining
a CPS. Regression weights obtained were applied to both data
sets. CPSs were calculated and correlated with each other
within each data set.

OPTIMAL SCORING
FORMALIN TEST.

SU N D A Y AM

STRATEGIES

FOR

THE

MOUSE

& E. Nothdurft1, G, S, Watson1, K, J, Sufka1,2*, and J. S. Magi]3.
Departments of Psychology1 & Pharmacology2, University of Mississippi,
Oxford, MS 38677, Department of Psychology3, University of Illinois,
Champaign, IL 61820.
Watson, Sufka, and Coderre (Pain, 1997), using multiple regression
analyses (MRA) derived an optimal composite pain score (CPS) strategy
on the rat formalin test. Recent work from this laboratory applied the
same MRA procedure to the mouse formalin test to derive an optimal
CPS strategy in this animal model. Outbred Swiss Webster mice of both
sexes (18-40 g) received intraplanter injections of dilute formalin (0.0,
0.5, 1.0, 5.0, 10.0%/25 ul; Exp. 1) or a fixed concentration of formalin
(5.0%) preceded by SC injections of morphine (0.0, 1.0, 2.5, 5.0, 10.0
mg/kg; Exp. 2) and were placed in 15-cm diameter Plexiglas observation
chambers for a 50 min test period. Five behavioral measures were
recorded: time in each of three behavioral categories: (1) favoring, (2)
lifting, and (3) biting or licking the injected paw; and frequency of (4)
rearing and (5) quadrant grid crossings (i.e., locomotion). ‘ Three
physiological measures associated with paw edema were measured:
dorso-ventral paw thickness, paw weight and cell histology. Formalin
concentration or morphine dose was regressed on the 5 behavioral
measures to derive an optimal strategy for scoring a CPS. Regression
weights obtained from each data set were applied to both data sets.
CPSs were calculated and correlated with each other within each data
set. In addition, physiological measures were correlated with formalin
concentration and the CPS derived from this data set. For the formalin
data set, the role of paw edema as a covariate with behavioral measures
was assessed through hierarchical MRA.
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MODERATE EFFECTS OF A NMDA RECEPTOR ANTAGONIST ON
MORPHINE TOLERANCE : A c-FOS STUDY IN THE SPINAL CORD OF THE
RAT. S. Le Guen, G. Catheline, M.-C. Lombard* and J.-M. Besson. INSERM U161
and EPHE, 2 Rue d’Alésia, 75014 Paris, France.
Several behavioural reports have described a reversal or an attenuation of morphine
tolerance following chronic treatment by various NMDA receptor antagonists. We
considered such an interaction at the level of the spinal cord dorsal horn, using the
expression of the c-Fos protein induced by intraplantar injection of carrageenin in the
rat posterior limb. This technique has the advantage to preferentially label the neurones
receiving nociceptive inputs in the superficial laminae (I and II) and deep dorsal horn
(V and VI) and has been shown to easily detect tolerance phenomenon (Honoré et
al.1996, Brain Res.).
In naive rats, acute i.v. administration of morphine (3mg/kg), 10 minutes before
carrageenin injection (6mg/150µl of saline), decreased by 50 to 55% the mean total
number per section of Fos-Like-Immunoreactive (FLI) neurones at L4-L5 level, 2h
after carrageenin.
As expected, in rats rendered tolerant by morphine during 4 days (10mg/kg/day s.c.
on day 1 and 2, 20mg/kg/day on day 3 and 4), acute injection of morphine (3mg/kg i.v.
on day 5) induced no significant effect (the mean total number of FLI neurones was
148±17 vs 163±13 in tolerant rats receiving acute morphine or saline respectively,
p=0.5177).
In tolerant rats, simultaneously treated with chronic injection of (+)-HA966, a
functional NMDA receptor antagonist at the glycine site (2.5mg/kg s.c. twice a day for
4 days), the tolerance was not reversed. An acute i.v. morphine injection slightly
decreased the mean total number of FLI (15±10% of decrease compared to tolerant
rats, p=0.3305), whereas saline injection induced no significant effect (161±13 and
163±13 in tolerant-(+)-HA966 treated rats vs tolerant rats).
These results contrast with those of many behavioural studies showing a strong
attenuation or reversal of morphine tolerance by various NMDA receptor antagonists.
Further experiments, using higher doses of chronic antagonists, in order to verify their
efficacy on morphine tolerance development, in our model, are necessary.

THE COMPETITIVE NMDA RECEPTOR ANTAGONIST LY235959
A TTE N U A TE S BU T DOES NOT REVERSE MORPHINE
TOLERANCE IN A RAT TAIL-WITHDRAWAL PROCEDURE.
Richard M. A llen 1, and Linda A. D v k stra * 2 . 1 Curriculum in
Neurobiology and 2Department of Psychology, University of North
Carolina, Chapel Hill, North Carolina 27599.
Research demonstrates that NMDA glutamate receptor antagonists
attenuate the developm ent o f morphine tolerance in rodent
antinociception assays. In addition, the chronic administration of
NM DA receptor antagonists and morphine can reverse pre-existing
morphine tolerance. This study extends these findings to a rat warmwater tail-withdrawal procedure. In this procedure, the lower 8 cm of
each rat's tail is placed in 40° and 55° C water and tail withdrawal
latency is measured. Male Sprague-Dawley rats (n=24) were used in
this experiment. When tested alone, morphine (s.c., 0.3-10.0 mg/kg)
dose-dependently increased tail-withdrawal latencies from the 55° C
water whereas LY235959 (s.c., 0.1-30.0 mg/kg) failed to increase tailwithdrawal latencies. Pretreatment with 3.0 mg/kg LY235959 did not
alter the morphine dose-effect curve. When rats were administered 10.0
mg/kg morphine and saline bid for 7 days the morphine dose-effect
curve shifted 4.2 fold to the right. In contrast, when rats received 10.0
mg/kg morphine and 3.0 mg/kg LY235959 bid for 7 days the morphine
curve was unchanged. Although 3.0 mg/kg LY235959 attenuated the
development of morphine tolerance, administration o f 10.0 mg/kg
morphine and 3.0 mg/kg LY235959 bid for 7 days following tolerance
induction did not reverse a 4.2 fold rightward shift in the moiphine doseeffect curve. Supported by NIDA grants DA00033, DA02749, and DA
07244.
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REDUCED DEVELOPMENT OF TOLERANCE TO MORPHINE AND
CLONIDINE ANALGESIA IN PKCy MUTANT MICE.
K.R. Petersen2 , A.B. Malmberg1* C. Chen3, S. Tonegawa3 and A J,
Basbaum1,2 , 1Depts. Anat., Physiol., 2Neurosci. Prog, and W.M. Keck
Fdn. Center for Integrative Neurosci., UCSF, San Francisco, CA 94143,
and 3HHMI, MIT, Cambridge, MA 02139.

ANALGESIC SYNERGY AND REDUCTION OF MORPHINE TOLERANCE
WITH INTRATHECAL MAGNESIUM AND MORPHINE IN THE RAT.
J.S. Kroin*, R.J. McCarthy, A.D. Ivankovich, R.D.Penn.
Depts. of Neurosurgery and Anesthesiology, Rush Medical College,
Chicago, IL 60612.
Magnesium is a non-competitiye NMDA antagonist and has been
shown to reduce postoperative morphine requirements. The present
study evaluates the synergistic effect on analgesia of combining
magnesium sulfate and morphine intrathecally. In addition, the role of
magnesium in attenuating morphine tolerance was examined. Normal
male Sprague-Dawley rats were implanted with intrathecal catheters,
and drugs were infused over 7 days with an osmotic minipump.
Magnesium sulfate (60 µg/hr) alone produced no analgesia in the tailflick test. However, when co-infused with morphine (1 nmol/hr), the
analgesic effect was greater than morphine alone for all 7 days. When
challenged with bolus intrathecal morphine doses 24 hr after the
termination of drug or saline infusion, the morphine EDeo (nmol) was
10.9 for saline, 10.9 for magnesium sulfate, 11.2 for magnesium
sulfate plus morphine and 109.7 for morphine, indicating that
magnesium had delayed morphine tolerance, similar to MK801.
Intrathecal magnesium sulfate (60 µg/hr) increased CSF magnesium ion
levels from 17.0 ± 1.0 µg/mL to 41.4 ± 23.6 µg/mL, but left serum
levels unchanged. The results suggest that magnesium, most likely
acting at the NMDA receptor, can potentiate morphine analgesia and
delay tolerance.

A variety of second messenger systems have been implicated in
the intracellular mechanisms of tolerance development to the analgesic
effect of morphine, a mu opioid, or clonidine, an alpha-2 adrenergic
receptor agonist. Here, we studied mice that carry a null mutation in the
gene encoding for the neuronal specific isoform PKCγ. We used the tail
flick test to construct dose-response curves before and 4 days after
chronic morphine (75 mg pellets, sc) or clonidine treatment (0.3 mg/kg,
sc, twice daily). Baseline tail flick latencies were similar in PKCγ mutant
and wild-type mice (3-4 sec). Both morphine and clonidine produced a
dose-dependent suppression of the tail flick response with an ED50 value
(2.0 mg/kg for morphine and 0.1 mg/kg for clonidine) that was similar
for naive mutant and wild-type mice. In contrast, mutant mice showed
significantly less shift in the dose-response curve to morphine (6-fold for
wild-type and 3-fold for mutant mice) or to clonidine (5-fold for wildtype and no shift for the mutant mice) after 4 days of continuous
delivery of morphine or clonidine. However, we did not observe cross
tolerance between morphine and clonidine. These results indicate that the
PKCγ contributes to the development of tolerance to the analgesic effects
of both morphine and clonidine but the lack of cross tolerance suggests
that the intracellular mechanisms through which the tolerance for these
different agents is generated does not converge downstream.
Supported by: DA 08377, NS 14627 and the PhRMA Foundation.
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TOLERANCE
TO
STRESS-INDUCED
ANALGESIA
FOLLOWING ETHANOL PRETREATM ENT. A.L. Vaccarino*,
R.L. Bell, R.D. Soignier & R.D. Olson. Department o f Psychology,
University o f New Orleans, LA 70148.
Recently we showed that ethanol pretreatment in rats does not result
in the development o f cross-tolerance to morphine-induced analgesia. In
the present study we examined the effects o f ethanol pretreatment on
subsequent opioid and nonopioid forms o f stress-induced analgesia (SIA)
in mice. Experiment 1: To examine the development o f tolerance
following environment-dependent/associative ethanol pretreatment, mice
were injected with ethanol (2.5 g/kg, ip) or an equal volume o f saline
once a day for 2 days. On day 3, the animals were tested for opioid SIA
(warm water swim) or nonopioid SIA (cold water swim) in the hotplate
test (52°C). Rats pretreated with ethanol showed tolerance to nonopioid
SIA, but not to opioid SIA. Experiment 2: To examine the development
of tolerance following environment-independent/nonassociative ethanol
pretreatment, mice were given an ethanol solution (10%) or tap water to
drink for 15 days. On day 16, all animals were given tap water to drink.
On day 17, the animals were tested for SIA. Rats that drank the ethanol
solution showed a trend towards tolerance to opioid SIA, but not to
nonopioid SIA. Thus, ethanol pretreatment can modify SIA responses in
mice. Further, the route o f ethanol administration determines whether
opioid or nonopioid forms o f SIA are affected.

INHIBITION
OF
CORTICOSTERONE
SYNTHESIS
PREVENTS THE BLOCKADE OF TOLERANCE TO
MORPHINE ANALGESIA BY FORM ALIN-INDUCED PAIN.
W.L. Nores*, R.D. Soignier & A.L. Vaccarino. Department of
Psychology, University o f New Orleans, LA 70148.
We previously reported that morphine fails to produce analgesic
tolerance when administered in the presence o f formalin-induced pain,
which may be related to activity o f the hypothalamic-pituitary-adrenal
axis. In the present study, we examined whether suppression of
corticosterone secretion during pain could prevent the blockade of
tolerance. Male Long-Evans rats were injected with morphine (20
mg/kg) or saline for four consecutive days in the presence or absence
o f formalin-induced pain. In addition, to suppress corticosterone
activity, some animals were injected daily with the corticosterone
synthesis inhibitor, metyrapone (100 mg/kg), 30 min before formalin
injections. The analgesic effect o f a test dose o f morphine (10 mg/kg)
was then measured in the tail-flick test 24 h after tolerance induction.
The presence o f pain during tolerance induction prevented the
development o f analgesic tolerance. Furthermore, inhibition of
corticosterone synthesis by metyrapone prevented the blockade of
tolerance by pain. These results suggest that the blockade o f tolerance
to morphine analgesia by formalin-induced pain is related to
corticosterone secretion.
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ANALYSIS OF TOLERANCE TO THE ANTINOCICEPTIVE EFFECT OF
REPEATED MICROINJECTION OF MORPHINE INTO THE VENTRO
LATERAL PAG OF THE RAT. V. Tortorici*, C.S. Robbins and M.M. Morgan.
Dept, of Psychology, Washington State University, Vancouver, WA 98686.
Although opioid administration is the most effective treatment for pain, opioid
efficacy is limited by the development of tolerance with repeated administration.
A better understanding of the brain regions and neural mechanisms underlying
opioid tolerance would allow the development of treatments that circumvent this
problem. In order to determine if the periaqueductal gray (PAG) is a brain region
involved in tolerance, the antinociceptive efficacy of repeated microinjection of
morphine (MOR) into the PAG was evaluated.
Male Sprague-Dawley rats were implanted with a guide cannula aimed at the
ventrolateral PAG. At least one week after surgery, MOR (5 µg/0.4 µl) or saline
(SAL) was microinjected into the PAG twice a day for 2 days. Antinociception
was evaluated with the hot plate (HP) test 20 min after each microinjection. The
following day, half of the rats that had been pretreated with MOR and half that
had been pretreated with SAL were tested following MOR microinjection into the
PAG. The other half were tested following SAL microinjection.
A progressive decrease in the antinociceptive effect of MOR administration
was evident with each subsequent injection. On the test day, rats that received
MOR on all subsequent tests had HP latencies similar to those in SAL treated rats
(i.e., SAL-SAL & MOR-SAL groups). Rats pretreated with SAL and tested with
MOR (SAL-MOR) had an elevated HP latency compared to the other groups.
These data demonstrate that the antinociceptive effect of MOR administered into
the ventrolateral PAG is attenuated with repeated microinjection. This reduction in
opioid efficacy could be the result of cellular changes in the PAG, changes in the
neurons receiving input from the PAG, and/or associative changes from repeated
pairing of the injection procedure and test situation.
Funded by Dept, of Psychology, WSU, Vancouver. VT was supported by
CONICIT, Venezuela.

OPIATE-INDUCED PAIN SENSITIZATION: ITS ROLE IN TOLERANCE TO
ANALGESIC EFFECTS. G. Simonnet, J.P. Laulin, A. Larcher, E. Celerier and
M. Le. Moal*. INSERM U. 259, rue Saint-Saens, 33077 Bordeaux, France.
Despite much research, it has not been conclusively demonstrated that changes
observed at opiate receptor level may account for the development of tolerance to
opiate analgesic effects. An alternative hypothesis is that opiate receptors are
maintained operating but the analgesic effect is progressively masked by the
development of compensatory or opponent processes to analgesia. We recently
reported that opiates simultaneously activate two opposing systems: one inducing
analgesia by inhibiting nociceptive transmission, the other facilitating
nociceptive transmission in a more lasting manner, via an NMDA receptordependent process, which masks analgesia as soon as the first opiate
administration. This led us to hypothetize that tolerance is in part the result of a
sensitization of such an opiate-activated pain facilitatory system and thus masks
more and more analgesia, even though the opiate effectiveness is maintained. To
test this hypothesis, we studied the variations of the rat nociceptive threshold
associated with daily injection of heroin (2.5 mg/kg, s.c.) for 12 days using
vocalization in response to progressively increasing paw pressure. We report here
that: i) repeated heroin injection induced a progressive and important decrease
(50% on day 12) of the nociceptive threshold value, ii) such a decrease was
prevented by daily co-administration of the NMDA receptor antagonist MK-801
(0.15 mg/kg, s.c.), iii) the effectiveness of heroin was maintained, whereas the
marked shift threshold gave the impresssion of a loss of analgesic efficacy. These
findings indicate that tolerance appears in the absence of detectable changes in
the analgesic effectiveness of heroin and it was associated to a progressive
increase of pain sensitivity. We conclude that tolerance stems from the
sensitization of an opiate-activated NMDA pain facilitatory system.
Supported by INSERM- Université Bordeaux II
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EXPERIMENTAL NEURITIS INDUCES SPINAL DYNORPHIN mRNA
EXPRESSION. E. Eliav1, K. Vii1, R.H. Gracely1, K. Malsnee1, L. MacAithur1,
U. Herzberg2 and M.A. Ruda*1. 1 National Institute of Dental Research and
2 National Institute of Neurological Disorders and Stroke, NIH, Bethesda, MD
20892
Recently we demonstrated that inflammation of the rat sciatic nerve with
minimal axonal damage produced abnormal sensations in the hind paw. This
form of neuropathic pain was called experimental neuritis (EN). To produce the
inflammation, rats were anesthetized with sodium pentobarbital, their sciatic
nerves were exposed at midthigh level and wrapped with hemostatic oxidized
cellulose (oxycel®) saturated with complete Freund's adjuvant (CFA). The rats
developed mechano-allodynia, mechano-hyperalgesia, heat-hyperalgesia and coldallodynia beginning at the second day and lasting up to the fifth day after the
surgery. The present study measured preprodynorphin (DYN) mRNA expression
in the neuritis rats and compared it with the chronic constriction injury model
(CCI), an established model for neuropathic pain, in which nerve damage occurs.
In the L4/L5 spinal segments in the neuritis model, DYN expression was
induced by day 1 (215%) peaked at day 3 (423% ±41.4) and was returning to
basal levels by day 5( 258%). This DYN mRNA peak induction correlated with
the timecourse of the pain behavior. In contrast, in the CCI rats the timecourse
of the DYN mRNA expression did not correlate with the pain behavior, DYN
mRNA expression peaked on day 3 (533.25%±25.5) when no pain or
pronounced axonal damage can be detected and was reduced on day 9
(322.5%±25.5) when the abnormal pain sensations are pronounced and the
axonal damage is detected. Moreover, when oxycel®, saturated with saline rather
then CFA, was applied to the nerve, DYN mRNA expression on day 3 was
elevated (258.3%±24.8) although neither pain behavior nor axonal damage could
be detected. These data suggest that elevation in DYN mRNA expression may
occur independent of detectable axonal damage and pain behavior. (Supported by
NIDR, Division of Intramural Research)

LESION OF THE DORSOLATERAL FUNICULUS (DLF) BLOCKS
ANTINOCICEPTION AND SUPPRESSION OF SPINAL FOS-LIKE
IMMUNOREACTIVITY (FLI) ELICITED BY
MEDULLARY MICRO
INJECTION OF [D-ALA2,GLU4JDELTORPHIN (DELT). C.J. Kovelowski*, M.H.
Ossipov, F. Porreca. Dept. Pharmacology, University of Arizona, Tucson, Az, 85724.
We have previously demonstrated that administration of opioid 6 receptor agonists in
the medullary reticular formation (MRF) suppress hind-paw formalin induced tonic
nociceptive input and expression of FOS-like immunoreactivity (FLI) in the lumbar spinal
cord. The present study explored the possible existence of a descending pain modulatory
pathway by determining the effects of MRF DELT on formalin-induced flinching and
expression of FLI in sham- or DLF-lesioned animals. Male, S.D. (200-250 g) rats were
implanted with 28 ga cannulas directed at the MRF. Seven days after cannula
implantation, a laminectomy was performed in anesthetized rats at vertebra Ts, the dura
was reflected and the DLF was crushed with jewelers forceps. Sham operated animals
received a laminectomy at vertebra T„ and dural reflection only. Animals received either
DELT (20 nmol in 1µl) or vehicle in the MRF followed by 2% formalin (50 µI) injected
into the dorsal surface of the right hind paw. Paw flinching was recorded in 5 min
intervals for a total of 50 min. Sham-operated animals receiving DELT demonstrated a
71 % and 84% decrease in first and second phase foot-flinch response, respectively, when
compared to sham animals receiving vehicle. However, DELT was ineffective in
blocking the foot-flinch response in DLF lesioned animals. DELT produced a 62%, 38%
and 34% reduction in FLI ipsilateral to the injected paw in laminae I-II, III-IV, and V of
the lumbar cord, respectively, when compared to sham animals receiving vehicle.
However, DELT did not decrease in FLI in any laminae when compared to DLF lesioned
rats receiving vehicle. These data suggest that opioid 6 receptors in the medulla may be
involved in activation of a descending inhibitory pathway via the DLF to modulate tonic
nociceptive input from the periphery at the spinal level. Supported by DA 08657, DA
06284 and DA 00185.
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ANTISERA TO DYNORPHIN A(l-13) PREVENTS FACILITATION OF THE
FLEXOR REFLEX IN L5/L6 NERVE INJURED, BUT NOT IN SHAMOPERATED, RATS. D. Bian *, S. Wegert, Z. Chengmin, M.H. Ossipov and F. Porreca.
Department of Pharmacology, University of Arizona HSC, Tucson AZ 85724.
Peripheral nerve injury is associated with hyperexcitability of spinal cord neurons,
termed central sensitization. Application of conditioning electrical stimuli in the
nociceptive range to peripheral nerves produces “wind-up”, indicative of spinal
hyperexcitation. Elevated levels of spinal dynorphin are known to occur after nerve
injury, and may underly the facilitation of the flexor reflex response. Five days after
L5/L6 nerve injury, or a sham procedure, the animals underwent spinal transection at Ts,
monopolar silver stimulating electrodes were placed around the sciatic nerve and
recording electrodes were implanted in the hamstring. Stimulation with single pulses, 2
msec in width, at 50x muscle twitch threshold were given at 5 min intervals, the EMG
was recorded for 2 min after each stimulus and the area of the rectified EMG was
calculated. The mean of 4 responses was taken as baseline. Wind-up was induced by a
10 sec train of 2 msec pulses at 2 Hz for 10 sec. The EMG of the first response after
windup was calculated as percent of baseline response. Antisera to dynorphin A(l13)(200 µg) was given i.th. and wind-up was repeated 20 min after injection. The mean
increases in EMG responses after wind-up were 51 ± 24.5 % and 49 ± 4.4 % from
baseline in sham-operated and ligated rats, respectively. After dynorphin antisera, the
mean increases in EMG responses after wind-up were 49 ± 20.4% and 12 ± 12.6 % in
sham-operated and ligated rats, respectively. These data suggest that facilitation of the
EMG response to sciatic nerve stimulation after a conditioning stimulus is inhibited by
decreasing availability of dynorphin only in nerve-injured rats. These data are supportive
of the possibility that elevated levels of spinal dynorphin seen after nerve injury may play
a role in the development and/or maintenance of central sensitization. Supported by DA
08657, DA 06284 and DA 00185.

ROLE OF CYTOKINES, IL-10 AND IL-1, IN DYNORPHIN-INDUCED
ALLODYNIA: A MODEL OF NEUROPATHIC PAIN. T. M
Laughlin*1, J. R. Bethea2 , R. P. Yezierski2 , G. L. Wilcox1,3. 1Dept of
Pharmacology and 3Graduate Program in Neuroscience, Univ. of
Minnesota, Minneapolis, MN 55455. 2Dept, of Neurological Surgery
and The Miami Project, Univ. of Miami, Miami, FL 33136.
Dynorphin A is an endogenous opioid peptide which we have
previously shown induces a long-lasting allodynic state following a
single, intrathecal injection. This dynorphin-induced allodynic state can
be used as a model of neuropathic pain. In this study, we examined the
involvement of cytokines in the development of dynorphin-induced
allodynia in mice.
Drugs were diluted in 0.9% saline and administered intrathecally (i.t.)
to male ICR mice. First, a 30 minute pretreatment with the protein
synthesis inhibitor, cycloheximide, dose-dependently reduced the
dynorphin-induced allodynia Second, a 30 minute pretreatment with the
IL-1 receptor antagonist, IL-lra (1 ng, i.t.), blocked the induction of the
dynorphin-induced allodynia. Third, a 30 minute pretreatment with 1 ng
IL-10 similarly blocked the induction of this allodynia. Finally, we
investigated the critical time after dynorphin administration when IL-10
may be protective; at one day after dynorphin, IL-10 had little effect on
allodynia.
We have shown that IL-10 and IL-lra have a neuroprotective role in
this model of neuropathic pain. Additionally, production of new proteins
is required for this chronic neuropathic pain. We speculate that IL-10
and cycloheximide interfere with an IL-1-initiated cascade, perhaps
involving NF-kB. Modulation of cytokine activity in the spinal cord may
prove to be an effective therapeutic strategy to treat chronic pain.
(Supported by NIDA/R01-DA-04274 to GLW, T32 DA07097 supports
TML)
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MET-ENKEPHALIN AND DYNORPHIN-A RELEASE FROM
LYMPHOCYTES AND CONTROL OF INFLAMM ATORY PAIN
P.J. Cabot*’1, L. Carter1*2, M. Schӓfer1,2 and C. Stein1,2. Preclin.
Pharmacol. IRP/NIDA/NIH1, Dep. Anesthesiology and Critical Care
Medicine, Johns Hopkins2, Baltimore, MD, 21205, USA.
M ethionine-Enkephalin (MET) and Dynorphin-A (DYN) are
endogenous opioids with selectivity for 5 - and K - o p io id receptors,
respectively. Both MET and DYN are produced and contained within
immune cells and are involved in peripheral analgesia. We have
previously shown that β-endorphin (END) is contained and released
from memory-type T-cells within inflamed tissue to control pain. The
goal o f this study was to determine the release characteristics o f MET
and DYN in a rat model o f localized hindpaw inflammation. Similar to
the in vitro release studies on END, corticotropin-releasing factor
(CRF) can stimulate the release o f both MET and DYN from
lymphocytes. This release is dose-dependent and reversible by the
selective CRF antagonist, α -helical-CRF. Furthermore, CRF produces
analgesia when injected into the inflamed paw, which is reversible by
direct coadministration o f antibodies to END and MET. Release and
lymphocyte content o f MET was similar to that o f END, whilst DYN
was 10 fold lower. Both END and DYN, but not MET are released by
interleukin-1(3 (IL-1). Consistently, IL-1 produces peripheral analgesic
effects which are not reversed by antibodies to MET. These results
indicate that both MET and DYN play a role in peripheral analgesia
but have different characteristics o f release.
This study was funded by NIH/NINDS grant R01NS32466.

Agmatine, a Potential Inhibitor of NOS, Attenuates Dynorphin-induced
Allodynia in Mice. K.L.Schreiber1, T.M.Laughlin2 , C.A.Fairhanks2 ,
G.L.Wilcox1,2*, 1Graduate Program in Neuroscience ,2 Department of
Pharmacology, U of Minnesota, Mpls, MN 55455
Agmatine, a decarboxylated analog of arginine, the precursor of nitric
oxide (NO), attenuates morphine tolerance, possibly through the inhibition of
nitric oxide synthase (NOS) (Kolesnikov, 1996, Fairbanks,Wilcox, JPET, in
press). Agmatine may bind to and inhibit either constitutive (nNOS) or
inducible (iNOS) NOS (Auguet, 1996, Galea, 1996). Using a chronic pain
model in which a single intrathecal injection of dynorphin A (1-17) induces
tenacious allodynia in mice through an action involving the NMDA receptor,
we observed that pretreatment with NOS inhibitors temporarily blocked signs
of allodynia. However, therapeutic attenuation of allodynia using common
NOS inhibitors appeared limited by toxic effects. We therefore chose to test
agmatine, an endogenous ligand (Li, 1994), for its ability to interfere with the
maintenance of this chronic pain state.
In the current study, we used a single post-treatment with agmatine in
this model to determine its ability to terminate allodynia. An intrathecal dose
of 0.3 nmol agmatine, administered 24 hours after dynorphin-induced
allodynia, ameliorated symptoms for up to 24 days. (Dynorphin-induced
allodynia otherwise persists for at least 90 days in mice.) In addition,
agmatine administration at this dose did not produce toxic effects. Therefore,
the inhibition of NOS and subsequent lowered NO levels may have halted the
processes underlying the allodynic state. It remains to be seen whether
agmatine works through inhibiting iNOS, nNOS, or both, or through another
pathway. The results of this study suggest the possibility that post-treatment
with agmatine or other NOS inhibitors may have therapeutic potential in
chronic neuropathic pain states in patients, (supported by NIDA grant R01DA-04274 to GLW, training grants NIDA#T32GM08471 for KS,
NIDA#T32DA07097 for TL, and NIDA#T32DA07234 for CF)
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COX-2 INHIBITION BY L-745,337 REDUCES NOCICEPTIVE
REFLEXES IN ANAESTHETISED RATS. K.J. Bradley and P.M. Headlev.
(SPON: Brain Research Association). Dept, of Physiology, School of
Medical Sciences, University Walk, Bristol BS8 1TD, UK.
Recent studies have shown that there are two forms of cyclooxygenase
(COX), a constitutive form, COX-1, and a form that is induced during
inflammation, COX-2. The relative importance of COX-1 and COX-2 in
central and peripheral nociception is unknown. Since both forms are known to
occur in the spinal cord, the aim of this study is to investigate whether a
selective COX-2 inhibitor, L-745,337 (gift from Merck Frosst) has central as
well as peripheral effects on nociceptive reflexes. Inflammation of one paw was
induced by either carrageenan (4-6 hours) or Freund’s Complete Adjuvant
(FCA, 3-5 days). In α-chloralose anaesthetised spinalised rats, single motor
unit activity was elicited by stimulation of the hindpaw with noxious pinch
within the receptive field, and by electrical stimulation outside the receptive
field. Drugs were administered systemically. With carrageenan inflammation
L-745,337 dose-dependently reduced pinch responses to <35% control at 4-16
mg/kg in half the animals tested; in the remainder, responses to pinch were
largely unaffected. Responses to electrical stimulation that bypassed peripheral
nociceptor endings were unaffected suggesting a predominantly peripheral
mode of action. With FCA inflammation there was a consistent depression of
responses to noxious pinch in all animals (<50% control at 4-16mg/kg) and
responses to electrical stimulation were again unaffected, supporting a
peripheral action. Wheii responses were depressed, they could be reversed to
control levels by naloxone (0.1-1 mg/kg i.v.) as reported for another NSAID,
flunixin (Herrero & Headley, Br. J. Pharmacol. 118. 968-972, 1996).
Supported by the Wellcome Trust (Grant 033838).

INTRATHECAL NON-STEROIDAL ANTI-INFLAMMATORY DRUGS (NSAIDS)
ATTENUATE INFLAMMATION-INDUCED NEUROPEPTIDE RELEASE FROM
RAT SPINAL CORD SLICES. M.D. Southall*, R.L, Michael and M.R. Vasko.
Dept, of Pharmacol and Toxicol, Indiana U Sch of Medicine, Indianapolis, IN 46202.
Inflammation enhances release of neuropeptides from sensory nerve terminals in
the spinal cord and this may contribute to the development of hyperalgesia To
ascertain whether this augmentation of release is mediated by prostaglandins (PG) at
the level of the spinal cord, we examinai whether thecal administration of PGsynthesis inhibitors (NSAIDs) could attenuate the effects of inflammation on
neuropeptide release.
Thecal cannulæ were attached to miniosmotic pumps to deliver saline, Ketorolac,
(S)-Ibuprofen or the inactive enantiomer (R)-Ibuprofen onto the spinal cord prior to
and during inflammation. Unilateral inflammation was induced by injecting 150 µl of
Complete Freunds Adjuvant (CFA) into one rear hindpaw of adult Sprague Dawley
rats. Five days after induction of inflammation, lumbar spinal cords were removed,
divided midsagitally, chopped, placed into perfusion chambers, and superfused with
Kreb’s buffer. Peptide release was evoked using 500 nM capsaicin and substance P
(SP) and calcitonin gene-related peptide (CGRP) measured by radioimmunoassay.
Capsaicin-evoked release of SP and CGRP from cord tissue was increased ~ 2-fold
ipsilateral to the inflammation compared to the non-inflamed side. Intrathecal
administration of a 10 nmol/µl solution of Ketorolac prior to and during
inflammation, blocked the enhanced release of both SP and CGRP induced by
peripheral inflammation without significantly altering release in cord tissue from the
non-inflamed side. Systemic administration of the same amount of Ketorolac did not
attenuate the effect of inflammation on peptide release. Thecal delivery of 16 nmol/µl
(S)-Ibupiofen also significantly attenuated the increase in evoked neuropeptide release
associated with inflammation, whereas (R)-Ibuprofen was ineffective.
These results suggest that inhibition of cyclooxygenase at the level of the spinal
cord attenuates the augmentation of neuropeptide release induced by peripheral
inflammation and provide further evidence for a sensitizing action of prostaglandins at
central terminals of sensory neurons. (Supported by NS 34159)
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INTRATHECAL DYPIRONE INDUCES BITING AND SCRATCHING
BEHAVIOR AND ANTINOCICEPTION PARTIALLY REVERSED BY
NALOXONE. P. L. Boscá n* nd N. L. Daló . Univ. Centroccidental Lisandro
Alvarado, P.O. Box 722, Barquisimeto, Venezuela.
The intrathecal administration of some NSAIDs exhibit antinociceptive
effect attributed to inhibition of prostanoids synthesis. In this study
intrathecal injection of dypirone (metamizol) was used to assess a possible
spinal cord activity of this NSAID. Two different algesic assays were used:
tail-flick assay (TFA) and the writhing assay (WA). Male albino mice were
injected intrathecally (it) with 5 µl of drug solutions or vehicle using a 50 µl
Hamilton syringe. The nociceptive activity was measured 10 min after drug
administration. Data indicates that dypirone had minimal effect when it was
evaluated using the TFA, and increased the TFA latencies in a doseindependent manner, significant only (p<0.01) at the highest dose of 250 µg.
On the contrary, dypirone produced a dose-dependent antinociception when
it was evaluated using the WA. A high correlation (r=0.92) was found
between the TFA latencies and the number of caudally directed biting and
scratching behavior (CDBSB) observed after dypirone injections. As it was
expected, an inverse correlation (r=0.96) was found between the number of
abdominal stretches in the WA and the CDBSB. The latter was presumably
due to an excitatory effect that is clearly evoked by NMDA, substance P and
various excitants, but it was also elicited by other NSAIDs (in µg/5 µl): 31.5
phenylbutazone, 15.12 diclofenac and 31.5 flunixin, but not 125 ketoprofen.
In order to verify that antinociceptive effect of dypirone was due to opioids
endogenous release, animals were pretreated by using naloxone, 2 mg/kg,
sc, 20 min before assays. A significant inhibition (p<0.05) of dypironeinduced antinociception was obtained in the WA and the highest dose in the
TFA, providing evidences to support our hypothesis. Funded by CDCHT of
Univ. Centrocc. Lisandro Alvarado.

71.5
NITRIC OXIDE SYNTHASE INHIBITOR INHIBITS PROSTAGLANDIN F2aINDUCED ALLODYNIA BUT NOT FOS EXPRESSION IN THE RAT SPINAL
DORSAL HORN..
Y.Saito, Y.Kirihara, K.Hara, T.Yanaeidani* and Y.Kosaka.
Dept, of Anesthesiol., Shimane Med.Univ., Izumo, Shimane 693 Japan
Intrathecal (i.t.) prostaglandin F 2 α (PGF2 α ) initiate long lasting allodynia and
increased c-Fos-like immunoreactivity (FLI) in the rat spinal dorsal horn (Neurosci.
Abst., 1996). The aim of this study is to examine the effects of nitric oxide synthase
inhibitor (NOSI) on FLI in the spinal neuron.
Male Sprague-Dawley rats were implantated i.t. catheter under pentobarbital
anesthesia. One of the following regimens was intrathecally administered; PGF2α(100 ng), saline, or PGF2 α pretreated with NG-monomethyl-L-arginine acetate (LNMMA)(1000µg). Agitation scores (ASs) to non-noxious mechanical stimuli
evaluated for 3hrs, and then rats were anesthetized and perfused with fixative.
Transverse 40 (im frozen sections of the spinal cord processed for FLI standard
immunohistochemical method.
I.t. administration of PGF2 α significantly increased ASs comparing with saline
group. PGF2 α did not altered ASs in rats pretreated with L-NMMA. However, the
FLI was significantly elevated after i.t. PGF 2 α in rats pretreated with L-NMMA
compared with that in saline injected rats. The mean number of FLI expressed
neurons following PGF2 α group and L-NMMA pretreated group were 32.2 ± 5.2
(SD) and 35.7 ± 6.3 in lamina I-II, 12.9 ± 4.6 and 11.2 ± 4.2 in III-IV, respectively.
These results indicate that PGF2 α is still capable of stimulating the intracellular
nociceptive processing in the spinal dorsal cord even if the PGF 2α -induced
allodynia is blocked by NOSI.
Supported by a grant-in-aid for scientific research from the Ministry of Education,
Science, and Culture in Japan.

7 1 .4
COMPARISON OF PERIPHERAL AND CENTRAL ANALGESIC ACTIONS OF
DIPYRONE AND INDOMETHACIN IN THE FORMALIN TEST. F.V. Abbott* &
K.C.G. Hellemans. Dept of Psychiatry, McGill Univ, Montreal, QC Canada H3A 1A1.
Dipyrone (DIP) has a wider therapeutic range for analgesic effects in acute pain in humans
than other NSAIDs. The antiinflammatory effects of DIP are weak relative to its analgesic
potency, and in the inflamed paw pressure test, its peripheral analgesic effects are not
dependent on inhibition of cyclooxygenase. Unlike indomethacin (INDO), systemic DIP
produces virtually complete suppression of formalin-induced paw lifting and licking induced
by 2.5% formalin at doses well below the toxic range (MPE50 50-75mg/kg).
Here we examined the effects of pretreatment with DIP or INDO, injected either locally
into the paw or intracerebroventricularly (ICV) before intraplantar injection of 1% formalin.
Pain behaviour (paw lifting and licking) for the first 10 min and the subsequent 40 min were
recorded. Local or ICV administration of DIP did not alter the first phase of the formalin
response but produced strong dose-dependent suppression of the second phase response at
doses between 5 and 20µg. ICV injection of DIP also produced suppression of the formalin
response in a similar dose range, but further increases in dose produced a U-shaped doseeffect relation, and at l 00µg, the formalin response was increased above those of controls.
INDO injected into the paw produced no effects at doses up to 10µg.
The data confirm previous observations of the efficacy of DIP in the formalin test, and
indicate that these effects reflect both central and peripheral actions. The lack of effect of
INDO implies that the acute pain following injury induced by formalin is, at best, only
weakly sensitive to inhibition of prostaglandin synthesis. This raises the question of whether
the formalin test gives a false negative in this case, or whether the primary effects of NSAIDs
on pain are seen after the immediate post-injury period. The data confirm that DIP has
analgesic actions that are not dependent on inhibition of prostaglandin synthesis, and indicate
that these effects are mediated at more than one level of the nervous system. The data imply
that DIP may have effects related to other classes of analgesic agents, and that it is
misclassified. Alternatively, DIP has a novel mechanism of action that may indicate
unrecognized approaches to design of analgesic agents.
Supported by NSERC

7 1 .6
INVOLVEMENT OF INTERLEUKIN l β (IL-lβ), NERVE GROWTH
FACTOR (NGF) AND PROSTAGLANDIN E2 (PGE2 ) IN ENDOTOXIN
(ET)-INDUCED HYPERALGESIA. S.A. Kanaan, B. Safieh-Garabedian, S.J.
Jabbur, and N.E. Saadé*. Fac. of Arts and Sci. and Fac. of M ed, American
Univ. of Beirut, Lebanon.
Intraplantar injection of ET (1.25µg) into the hind leg of rats resulted in a
localized inflammatory hyperalgesia, as assessed by paw pressure (PP), paw
immersion (PI), hot plate (HP) and tail flick (TF) tests (Kanaan et al. Pain,
1996, 66:373-379). In the present study we show that this hyperalgesia is
mediated by IL -lβ, NGF and PGE2 mechanisms.
In different group of rats ipL injection of ET was followed by removal of
skin tissues of the injected and non-injected legs at various time intervals
(2,3,4,6,9,24 h) and die levels of cytokine were determined by ELISA. ET
injections resulted in a significant elevation in the levels of IL-1β (600%) and
NGF (250%) in the injected foot as compared to the non-injected foot. IL]
receptor antagonist reversed both thermal and mechanical hyperalgesia
assessed by PP and PI test and showed significant reduction of hyperalgesia
assessed by HP and TF tests. Anti-NGF antiserum reversed mechanical
hyperalgesia (PP) but had little effects on thermal hyperalgesia (HP, TF and PI
tests). The tripeptide lys-D-proval, known to antagonize IL-lβ and PGE2,
reversed almost completely the hyperalgesia assessed by all pain tests.
Our results demonstrate a role for proinflammatory factors in the
development of ET-induced hyperalgesia and the possible existence of
different mechanisms underlying thermal and mechanical hyperalgesia.
(Supported by grants from Univ. Res. Board and DTS Foundation).

71.7
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NGF EN H A N C EM EN T O F C A R R A G E E N A N -E V O K E D M U SC LE
HYPERALGESIA IS TIM E- AND D OSE-D EPEN D EN T. L.J. K ehl*1,
T.M. Trem pe1, D.L. Shelton2 and K.M. H argreaves1, 1Dept. of Restor. Sci.,
U of MN, Minneapolis, M N and 2Genentech, Inc., S. San Francisco, CA.
Nerve growth factor (NGF) pretreatment predisposes muscle to enhanced
carrageenan-induced muscle hyperalgesia (Kehl et al., World Congr. Pain
Abstr. 231, 1996).
W e hypothesized that if this enhancem ent o f
hyperalgesia was due to an NGF-specific m echanism the effect would be
both time- and dose-dependent. Confirm ation of this hypothesis would
provide further support for a contribution by N GF in m ediating muscle
hyperalgesia.
Male Sprague Dawley rats (100-150g) were briefly anesthetized with
halothane and injected w ith eith er PBS (5 0 µ l,n = 8 -2 0 ) or N G F
(25µg/triceps,n=8-20) into the triceps muscles bilaterally at various times
pre- or post-carrageenan (4mg/50µl/triceps). Then each animal was tested
at intervals over the next several hours for its capacity to exert grip force
with the affected muscles. At a time of peak N GF-enhanced hyperalgesia
(2hr NGF pretreatm ent) an N GF dose-response curve was constructed.
From animals receiving no exogenous NGF, m uscle was collected 24hr
after carrageenan or PBS and analyzed for endogenous N GF using ELISA.
Data were analyzed by ANOVA or Student's t-test.
NGF's effect was time- and dose-related (12hr post-carra E D 50= 10µ g)
with enhanced hyperalgesia occurring with N GF pretreatm ent 2-12hr prior
to carrageenan. In contrast, 24hr NGF pretreatm ent and 4hr NGF post
treatment yielded slight antinociception. Levels of endogenous NGF in
muscle were increased 24hr post-carrageenan relative to controls. These
data support a role for NGF in the m odulation of carrageenan-induced
muscle hyperalgesia and suggest that drugs targeted at blocking this
contribution may have therapeutic utility for treating m uscle pain.
(Supported by DA00240 to LJK, DE9860 to KMH and Genentech).

INVOLVEMENT OF BRADYKININ AND ITS B2 RECEPTOR IN THERMAL
HYPERALGESIA FOLLOWING PARTIAL PERIPHERAL NERVE INJURY. DL_
Levy*and D.W. Zochodne, University of Calgary, Calgary, Alberta T2N 4N1
Traumatic partial injury to a peripheral nerve may result in a severe chronic
neuropathic pain. Local inflammation and release of algogenic mediators may
enhance nociception by reducing thresholds and enhancing pain sensations.
Bradykinin (BK), one of the most potent algesic inflammatory mediators activates
nociceptive primary afferents through its B2 receptor.
In this study we examined possible local BK release and the role of the B2
receptor in the development of thermal hyperalgesia evoked by partial peripheral
nerve injury in the rat. Partial injury was induced by placing four loose ligatures
around the right common sciatic nerve (CCI model of Bennett and Xie, 1988)The
left sciatic nerve underwent only a sham exposure. Changes in thermal
hyperalgesia were evaluated at 48 hr. and 14 days post-surgery using a radiant
heat source directed to the plantar side of each paw. Measurements were taken
prior to and following administration of the B2 receptor antagonist H OE-140
( lµM/kg ip) or its vehicle (Saline 0.9%). BK-like immunoreactivity was also
assessed by using a polyclonal anti-BK antibody. At both 48 hr. and 14d.
following CCI surgery rats developed thermal hyperalgesia ipsilateral to the
injured nerve. HOE-140 reversed the hyperalgesia at both times tested starting 30
min post-injection and lasting for approximately 2 hours. BK-IR was observed as
epineurial deposits in the vicinity of the constriction site at 48 hr. No BK-IR was
evident at the sham exposed contralateral nerve.
The results of this study suggests a role for BK acting on its B2 receptor in
the development of thermal hyperalgesia following partial peripheral nerve injury
in the rat. (Supported by MDAC).
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7 1.9
SUPPRESSION OF HYPERALGESIA BUT NOT SPONTANEOUS
ACTIVITY IN DORSAL ROOT GANGLION NEURONS W ITH
DEXAMETHASONE IN RATS WITH A CHRONIC CONSTRICTION
INJURY. A.T. H am a*, M.U. F areed , M.G. K ral, Z. Xiong, R.E. Study and G.
D a v a r. Anesthesia Res., Brigham & W om en's Hosp., Boston, MA 02115.
Experimental nerve injury pain may be initiated by the inflam m ation
that develops in response to nerve injury. A dditional factors, such as
abnormal excitability in prim ary afferent neurons, may sustain the p ain
once the inflamm ation has subsided. We hypothesized th at blockade of
inflamm ation in animals w ith experim ental nerve injury pain would reduce
both the behavioral signs of pain and the developm ent of abnorm al
prim ary afferent excitability. D examethasone (DEX) (1.5 m g/kg, ip) was
adm inistered prior to and for 10 days following a chronic constriction injury
(CCI) of the sciatic nerve during. Behavioral responses to a th e rm al
painful stimulus adm inistered to the ip silateral plantar hindpaw , and
spontaneous action potential activity in dissociated DRG neurons were
examined in separate groups of animals. In saline-treated animals, CCI
induced both a robust behavioral hyperalgesia and a brisk monocytic
infiltration at the site of injury. DEX treatm ent suppressed both th e
hyperalgesia and the monocytic response until 10 days after CCI, at w h ich
time the hyperalgesia returned. In contrast, DRG neuron spontaneous action
potential activity that developed in saline-treated anim als was
unaffected by DEX treatm ent. These findings suggest th at inflam m ation
contributes to the development of behavioral hyperalgesia that follows
CCI, but that other factors such as abnorm al prim ary afferent e x c itab ility
may underlie the maintenance of this hyperalgesia. Supported by N IH
grants NS10026, GM15904 and NS01497.

SU N D A Y AM

71.10
L-NMMA REVERSES PROSTAGLANDIN F2 α -INDUCED
INCREASES OF SPINAL DORSAL HORN NEURONAL
RESPONSES IN RATS.
M. Shinzawa, Y. Saito, Y. Yamamori*, H. Ishii, H. Iwakura,
Y. Kosaka. Department of Anesthesiology, Shimane Medical
University, Izumo, 693 Japan
Increase in the response to low intensity stim ulation caused by
prostaglandins initiate the long lasting hypersensitive state (Pain,
1996). We examined the effects o f L-NMMA, nitric oxide synthase
inh ib ito r, on PGF2α -induced increases o f spinal dorsal horn
neuronal responses.
Extracellular activity of single spinal dorsal horn neurons was
recorded in male decerebrate Sprague-Dawley rats (300-400g). The
size of low -threshold (LT) receptive field (RF) and responses to
brushing w ere determ ined. Follow ing determ ination o f neuronal
responses after intrathecal adm inistration o f P G F 2 α ( l 00n g /10µ 1),
evaluation was repeated after intrathecal adm inistration of L-NMMA

(1000µ g/ 10µ l ).
To date 7 LT neurons have been studied. All neurons showed
increase of RF size after P G F 2 α . The mean RF size increased by 28%
and 58% from the baseline level at 10 and 20 minutes after PGF2α .
The PGF2 α -induced increase of the RF size was reduced by 83% and
53% at 10 and 20 minutes after the administration o f L-NMMA. The
responses to brushing were variable.
These results suggest that nitric oxide may be involved in the
in itiatio n o f the hyp ersen sitiv e state induced by PGs through
changing the spinal input from the peripheral RF.

71.11

71.12

THE ISOPROSTANE, 8-iso PROSTAGLANDIN E 2, ENHANCES PEPTIDE
RELEASE FROM RAT SENSORY NEURONS. A.R. Evans.* G.D. Nieol. J.T.
Broome and M.R. Vasko. Dept, of Pharmacology and Toxicology, Indiana Univ.
School of Medicine, Indianapolis, IN 46202.
Isoprostanes are prostaglandin-like compounds th a t are formed
independently of cyclooxygenase by free radical-catalyzed peroxidation of
arachidonic acid. Since these compounds are produced during tissue injury
associated w ith oxidative damage, it is possible th a t they represent a novel
group of proinflam m atory agents. Consequently, we examined w hether
selected isoprostanes could m odulate peptide release from sensory neurons in
a m anner analogous to other proinflam m atory m ediators. Neurons were
dissociated from dorsal root ganglia of 15-17 day old r a t embryos and grown
in culture for 9-12 days. Release of im munoreactive substance P (iSP) and
calcitonin gene-related peptide (iCGRP) was evoked w ith 100 nM bradykinin
in the absence or presence of various concentrations (0.1-10 µM) of 8-iso
prostaglandin E 2 (8-isoPGE2) and 8-iso prostaglandin F 2α (8-isoPGF2α). In the
absence of isoprostanes, bradykinin stim ulated release by 3 to 5-fold over
resting values. Exposing cells to 10 µM 8-isoPGE2 resulted in a 2 to 3-fold
increase in basal peptide release. Conversely, p retreatm ent w ith 1 µM 8isoPGE2 did not alter resting release, but augm ented the bradykinin-evoked
release of iSP and iCGRP by - 2-fold. F urtherm ore, this sensitizing
concentration of 8-isoPGE2 significantly increased th e content of cAMP-like
im m unoreactivity in sensory neurons. In contrast to the effects of 8-isoPGE2
on peptide release, 8-isoPGF2α (0.1-10 µM) did not alter resting or stim ulated
release. These d ata dem onstrate th a t 8-isoPGE2 can sensitize sensory neurons
possibly through activation of the cAMP transduction cascade, and suggest
th a t isoprostanoids represent a novel group of compounds m ediating
neurogenic inflamm ation. Supported by NIH grants NS09733, NS30527 and
NS34159.

IMMUNE CELLS RELEASE FACTORS THAT MODULATE THE
EXCITABILITY OF NOCICEPTIVE SENSORY NEURONS IN APLYSIA.
A.L. Clatworthy*. E.F. Grose. Dept. of Integrative Biology, Univ. Texas
Medical School at Houston, TX 77225.
We have shown that the induction of a foreign body response near
sensory axons in Aplysia increases the excitability of nociceptive sensory
neurons (SNs) having axons close to responding immune cells (amebocytes)
(J. Neurosci 14:3263, 1994). We have developed an in vitro system to test
the hypothesis that amebocytes release factors that modulate SN
excitability. Left and right pedal/pleural ganglia were placed in
separate tubes containing culture medium and an equal quantity of blood
(hemolymph). Hemolymph was filtered on the control side and therefore
did not contain amebocytes. On the experimental side, hemolymph was
not filtered and therefore contained amebocytes. 24hr later, the
excitability of SNs on control and experimental sides was assessed. Cells
that were incubated in the presence of amebocytes were on average more
excitable than control cells as indexed by a smaller
afterhyperpolarization (AHP), longer duration and a larger number of
spikes in response to a standard depolarizing test pulse. However, the
differences were not significant. In a second series of experiments
amebocytes were activated by the addition of endotoxin (LPS, 0.lug/ml).
SNs that were incubated in the presence of amebocytes and LPS were
significantly more excitable than cells incubated in LPS alone as indexed
by a lower AHP (6.38 vs 7.52 ms; n=6 animals; 48 cell pairs; p<0.05), and a
larger number of spikes in response to a depolarizing pulse @ 1.25x and 2.5x
spike threshold (2.1 vs 1.67 spikes; 6.1 vs 3.8 spikes respectively). These
results suggest that activated amebocytes release factors that increase the
excitability of nociceptive SNs. (Supported by NIMH grant MH53559)

7 1.13

71.1 4

RADIATION-INDUCED CHANGES IN NOCICEPTIVE SENSORY
NEURON EXCITABILITY IN APLYSIA. F. Noel*, M. Cui, P.T. Tofilon, E.
Grose, A.L. Clatworthy. Dept, of Radiation Oncology, U.T. M.D. Anderson
Cancer Center, 1515 Holcombe, TX 77030, Dept, of Integrative Biology,
Univ. Texas Medical School at Houston, TX 77225
Reports of alterations in neuronal function in hippocampal slices exposed
to ionizing radiation suggest that radiation-induced pain and alterations in
cognition sometimes associated with radiation therapy may be mediated
in pai t by a direct effect on neurons and/or the neuronal microenvironment.
Here we explore the effects of radiation on the electrophysiological
properties of single neurons in a population of identified nociceptive sensory
neurons (SNs) in Aplysia. Pedal/pleural ganglia and associated pedal
nerves were exposed to a single dose of either 5 or lOGy ionizing radiation
using a 137cesium source at a dose rate of 3.9Gy/min. The excitability of
irradiated SNs was assessed 24 or 48 hr later and compared to non
irradiated SNs. 24 hr after 5Gy irradiation, spike duration recorded from
irradiated SNs was significantly longer compared to control cells (4.45 vs
3.72 msec; p<0.05; n=4 animals; 8 cell pairs/animal). lOGy produced a
significant elevation of spike threshold (0.72 vs 0.60 mA; n=5). 48 hr after
irradiation, SNs exposed to 5Gy fired significantly more spikes in response
to a standard depolarizing test pulse (1.97 vs 1.47 spikes; n=4). lOGy
produced a similar enhancement in excitability (2.06 vs 1.47 spikes; n=4)
and a significant lowering of spike threshold (0.56 vs 0.73 mA). The results
presented here demonstrate that relatively low doses of ionizing radiation
have complex effects on the electrophysiological properties of SNs that
are time and dose dependent. Furthermore, they indicate that radiation
may directly influence neurons and/or the neuronal microenvironment.
(Supported by NIMH grant MH53559). *

TNF BINDING PROTEIN ATTENUATES THERMAL HYPERALGESIA
BUT NOT GUARDING BEHAVIOR FOLLOWING LOOSE LIGATION
OF RAT SCIATIC NERVE. P.A. Illich,* D. Martin, G.A. Castro & A. L.
Clatworthy, Dept, of Integrative Biology, Univ. Texas Medical School at
Houston, Texas 77225, and Amgen Inc., Boulder, CO 80301.
Periaxonal inflammation associated with loose ligation of rat sciatic
nerve appears to be critical in the development of hyperalgesia in this
model of neuropathic pain (Clatworthy et al., Neurosci. Letts. 184: 5,
1995). Here, we test the hypothesis that the pro-inflammatory cytokine
TNFα plays a role in the development of hyperalgesia in the loose
ligation model of neuropathic pain. Animals received 2 days of baseline
testing of paw withdrawal to radiant heat. Paw posture and gait were
also recorded. Immediately after baseline testing, one group was given
TNF binding protein (TNFbp) (2 mg/kg). The control group received
vehicle injections. Injections were continued at 2 day intervals throughout
the study. Twenty-four hr after baseline testing, subjects were
anesthetized and 4 chromic gut sutures were tied around either the left or
right sciatic nerve. Sham surgery was performed on the contralateral leg.
Withdrawal latencies to radiant heat and guarding behavior were
assessed 2, 4, and 6 days after ligation. The experimenter performing the
behavioral testing was blind to which leg received the ligation and to
whether the animal received TNFbp. Control animals but not the TNFbp
treated animals exhibited thermal hyperalgesia 2 days following
ligation (p = 0.05). Both groups exhibited guarding following ligation.
These findings suggest that T N Fα associated with periaxonal
inflammation may play role in thermal hyperalgesia but not the guarding
behavior observed following loose ligation of the sciatic nerve.
(Supported by NIH 2PO! DK37260)
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71.15
CHARACTERIZATION OF PROSTANOID RECEPTORS ON RAT
SENSORY NEURONS. J. A. M. Smith* and K. R. Blev. Neurobiology
Unit, Roche Bioscience, 3401 Hillview Ave., Palo Alto, CA 94304.
Prostanoids either directly excite or sensitize sensory neurons to produce
pain and hyperalgesia. Through interaction with a family of G-protein
coupled receptors (DP, EP, FP, IP and TP), prostanoids activate a number
of second messenger pathways. To characterize the prostanoid receptor(s)
present on sensory neurons, primary cultures of adult rat dorsal root ganglia
(DRG) and rat isolated vagus nerve preparations were used. In DRG
cultures, the IP receptor agonists cicaprost (100 nM) and carbaprostacyclin
(1 µM) evoked a 2 to 3-fold increase in cAMP accumulation over basal. In
comparison, at 1 µM, PGE2 evoked a 1-fold increase, while PGD2, PGF2α
and cT xA2 had negligible effect on cAMP levels. Additionally, in primary
DRG cultures, cicaprost (100 nM), carbaprostacyclin (1 µM) and PGE2 (1
µM) stimulated [3H]inositol phosphates accumulation by 0.5 to 1-fold.
Forskolin, at a concentration (100 nM) which evoked a similar increase in
cAMP levels to the IP receptor agonists, had no effect on [3H]inositol
phosphates accumulation. During 'grease-gap’ recordings, prostanoids
depolarized the C-fiber rich, rat isolated vagus nerve with a rank order of
potency: PGI2 > carbaprostacyclin > PG E1 > cT xA2 > PGE2 = PGD2 >
PGF2α Forskolin (10 µM) and phorbol dibutyrate (1 µM) produced
responses similar in onset and amplitude to PGI2. Prior depolarization of
nerves with a combination of forskolin and phorbol dibutyrate virtually
eliminated the effect of PGI2 (10 µM). These findings are consistent with a
positive coupling of IP receptors on sensory neurons to both adenylyl
cyclase and phosphoinositide hydrolysis, and suggest a primary role for IP,
but not EP, receptors in the mediation of hyperalgesia.

71.16
A STABLE PROSTACYCLIN ANALOG ENHANCES ECTOPIC
DISCHARGES IN SENSORY AND DORSAL HORN NEURONS OF
NEUROPATHIC RATS. Omana-Zapata, I*, and Blev, K.R, Center for
Biological Research. Roche Bioscience. Palo Alto, CA, 94304, USA.
Prostanoids produce sensitization of sensory afferents during inflammatory
pain states. Their role in abnormal neuronal excitability of chronic pain states,
however, is unclear. We analyzed the actions of endogenous prostanoids and
cyclooxygenase (COX) inhibitors on the ectopic neuronal activity of dorsal root
ganglia (DRG) and dorsal horn (DH) spinal neurons of neuropathic rats.
Experiments used adult male Sprague-Dawley neuropathic rats anesthetized
(pentobarbital 60 mg/kg, i.v.), paralyzed (pancuronium bromide 1 mg/kg, i.v.)
and artificially ventilated. Laminectomies permitted simultaneous recordings in
DRG and DH neurons. Heart rate (HR) was also recorded. Carbaprostacyclin
(cPGI2; a stable prostacyclin analog), PGE2, PGD2, PGF^, cTXA2 (0.0001,
0.001, 0.01, 0.1, 1 and 5 mg/kg, i.v.) were dissolved in alcohol 10% and
administered at 5 or 10 min. intervals. cPGI2 significantly (p<0.01) and dosedependently increased the DRG and DH ectopic activity with ED50 values of
0.05 (0.01-0.96) and 0.69 (0.11-1.04) mg/kg, respectively. The other
prostanoids did not significantly increase neuronal activity, although they
reduced heart rate for up to 5 min. following administration. Time course
experiments were done with single dose of cPGI2or PGE2 (1 mg/kg, i.v.). The
increase in DRG discharge elicited by cPGI2 was robust from 3-17 min. post
dose. The effects of a single dose of a non-selective (indomethacin) or selective
(celecoxib and NS-398) COX inhibitor (6 mg/kg, s.c.) were also tested.
Indomethacin, but not celecoxib or NS-398, reduced both DRG and DH ectopic
activity. Our results indicate that prostacyclin excites DRG and DH neurons of
neuropathic rats, suggesting that IP, rather than EP, receptors may play a
important role in spontaneous pain episodes associated with neuropathic pain.
The inhibitory effects of indomethacin suggest that PGI2 may be tonically
produced following nerve injury.

71.17
BASAL AND EVOKED IN VITRO PGE2 RELEASE FROM RAT SPINAL
CORD ARE ELEVATED AFTER CHRONIC KNEE JOINT INFLAMMATION.
D.M. Dirig* and T.L. Yaksh. Depts. of Pharmacology and Anesthesiology, Univ.
of Calif., San Diego, CA 92103. Supported by NIH 02110(TLY) & 05726(DMD).
Peripheral eicosanoid-based mechanisms of nociception are well-accepted.
Additionally, current studies suggest that prostanoids may be involved in the spinal
processing of nociception associated with peripheral tissue injury and hyperalgesia.
Spinal cords were removed from halothane-anesthetized Sprague-Dawley rats, and
sliced dorsal quadrants were perfused with artificial CSF. PGE2 elaboration was
assessed (RIA) under resting conditions and after challenge with Substance P (SP) or
capsaicin. Resting and evoked release from naive animals' spinal tissue was
compared to release from animals' tissue that underwent knee joint inflammation
(KJI) induced by intra-articular kaolin/carrageenan 24 hours before spinal cord harvest.
SP evoked a modest, but significant, increase in PGE2 levels from tissue harvested
from naive animals. After KJI, resting levels were significantly elevated, and evoked
PGE2 levels were increased by SP in a dose-dependent manner (See Figure).
Capsaicin also increased PGE2 relative to resting levels in naive and KJI animals.
These data suggest that there
are changes in tonic spinal PGE2
release
that
accom pany
hyperalgesic states after tissue
injury. Increases in evoked
PGE2 suggest that increased
responsiveness of animals to a
noxious stimulus after injury
(hyperalgesia) may be based, in
IOiiM SP 100nM SP
l µM SP
part, on increased spinal PGE2.
Figure: Mean perfusate PGE2 concentration (n= 8 ± SEM) from naive (closed) and
KJI animals (open) is plotted under resting conditions (Basal) and in the presence of
increasing concentrations of SP. After KJI, resting PGE2 was increased (P<0.0001),
and SP increased PGE2 levels at l 00nM (KJI only) and l µM (naive and KJI).
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1

P e r ip h e r a l v e r s u s c e n t r a l e f f e c t s o f f l u r b ip r o f e n e n a n t io m e r s
CARRAGEENAN INFLAMMATION: SPINAL C-FOS PROTEIN STUDY J. Buritova*

J.-M. Besson. INSERM U. 161, 2 rue d'A1ésia, 75014 Paris, France.
Considering the ongoing discussion of peripheral versus central effects of NSAIDs,
we have investigated the effects of flurbiprofen on inflammatory nociceptive processes
in the awake rat. The effects of flurbiprofen racemic (F Rac) and its enantiomers S+ (F
S+) and R- (F R-) on carrageenan evoked peripheral oedema and associated spinal
expression of c-Fos protein were studied.
Three hours after intraplantar carrageenan (6mg in 150 µl of saline), c-Fosimmunoreactive (Fos-LI) neurons were essentially located in the superficial and deep
laminae of the dorsal horn of L4-L5 segments of the spinal cord. This localisation
corresponds to the spinal areas containing numerous nociceptive neurons. Systemic
administration of F Rac (0.3, 3 or 9 mg/kg i.v.), 25 minutes prior to intraplantar
carrageenan, dose relatedly reduced both the oedema and the expression of c-Fos (r=0.88
and r=0.84 respectively, P<0.00l for both). The dose of 9 mg/kg of F Rac produced a
significant reduction of the number of Fos-LI neurons in the superficial and deep
laminae (64±6% and 82±5% reduction of control number respectively, P<0.001 for
both), and a reduction of oedema (49±14% and 107±5% reduction of paw and ankle
swelling respectively, P<0.001 for both). F S+ (0.3, 3 or 9 mg/kg i.v ), an
enantiomer inhibiting prostaglandin synthesis, produced similar effects (dose related) to
that of F Rac. In contrast, the effects of same doses of F R, an enantiomer with less
inhibitory effect on prostaglandin synthesis, were less pronounced.
Intraplantar administration of F Rac, F S+ and F R- (1, 10 or 30 ng for all
substances) revealed peripheral effects (dose related) of F Rac and F S+ on the oedema
and the c-Fos expression, whereas F R- was without effect. The same doses of 30 ng
of F Rac or F S+ produced a similar reduction of the number of Fos-LI neurons in
superficial (49±5% and 54±4%, P<0.001 for both) and deep (57±5% and 54±3%,
P<0.001 for both) laminae, and oedema (36±5% and 44±5% reduction of paw
swelling, and same 64±7% reduction of ankle swelling for both; P<0.001 for all).
The peripheral versus central sites of action of flurbiprofen will be discussed.
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REVERSAL OF AN EXTINCTION-LIKE EFFECT IN A COMMISSURO
TOMY SUBJECT S. Pollmann* & E. Zaidel°. Max-Planck-lnstitute of
Cognitive Neuroscience, Leipzig, Germany; °Department of Psychology,
University of California, Los Angeles
We investigated covert orienting in commissurotomy subject L.B. with a
tachistoscopic visual search paradigm that had yielded an extinction-like
effect in normals (Neuropsychologia 1996, 34, 413-425). When the
search displays contained a low salience target in one visual hemifield
and a high salience distractor in the contralateral hemifield, the distractor
effect was stronger for right visual hemifield (RVF) distractors, i.e. the
LVF-target was 'extinguished'. The current study investigated whether this
contralateral distractor effect was present in a commissurotomy subject
and whether it followed the same lateral asymmetry.
L.B. was tested on two separate occasions. In both testing sessions he
showed a substantial slowing of response speed in the distractor condi
tion. Compared to normals, however, the distractor asymmetry was rever
sed, LVF-distractors being more effective than RVF-distractors in slowing
contralateral target' search. When target and distractor stimuli were
exchanged, so that pop-out targets were presented together with low
salience distractors, L.B.'s responses mirrored that of normals in that the
contralateral distractor effect was significant, but did not interact with
hemifield of target presentation.
This reversal of the contralateral distractor asymmetry in a
commissurotomy subject can be explained by disruption of splenial
transfer of ipsilateral visual input to the right hemisphere. Lack of
ipsilateral visual transfer leads to the asymmetry reversal between
normals and splits if 1) the RH is dominant for bilateral attentional
processing, 2) an activation gradient between contra- and ipsilateral input
is steeper in the LH and 3) the activation elicited by contralateral input is
higher in the RH.

ROLES OF NITRIC OXIDE SYNTHASE ISOFORMS IN
INFLAMMATION AND HYPERALGESIA. Zhi-Oiang Wang, Barnett
Pitzele*, Mark G. Currie and Daniela Salvemini. G.D. Searle, 800
N. Lindbergh BLVD, St Louis, Missouri 63167
The role of nitric oxide (NO) in nociception is poorly defined.
There are at least three isoforms of nitric oxide synthase (NOS),
the enzyme responsible for the generation of NO. Two of them,
endothelium and neuronal-derived are constitutively expressed
(eNOS and nNOS) whereas the third one is induced (iNOS)
during an inflammatory response. The roles of the NOS isoforms
in nociception are not known. In this study we have assessed
the roles of eNOS, nNOS and iNOS using the carrageenaninduced paw model of hyperalgesia. Using selective nNOS and
iNOS inhibitors we have found that release of NO from nNOS
accounts for the hyperalgesia observed at the early phases of
inflammation whereas induction of iNOS with subsequent
release of NO accounts for the pain response obtained at the
later stages of inflammation. We will present evidence that allow
u s to put forward the concept that anti-inflammatory NOS
inhibitors that display analgesic properties will be beneficial to
relieve pain usually associated with inflammatory tissue damage
such as in osteoarthritis and rheumatoid arthritis.
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HYPERTROPHY OF RETINAL GANGLION CELLS FOLLOWING
SELECTIVE CELL DEATH IN RAT RETINA, F. Ahmed, P. Chaudhary,
S. Sharma*, Departments of Ophthalmology and Cell Biology / Anatomy, New
York Medical College, Valhalla, NY 10595.
We studied the adaptive changes in adult neurons with respect to the changes in
their environment. Previous studies from our lab. have shown selective cell death
of retinal ganglion cells by increasing the intraocular pressure (IOP) in the eye. In
the present study retinal ganglion cells of both eyes were retrogradely labeled
with contralateral tectal injections of 2 µ1 of 5% Fluoro-Gold (Fluorochrome,
Inc). Three days after tectal injection intraocular pressure was elevated in one eye
and the remaining eye served as control for each animal. Animals were sacrificed
after 4, 6 and 8 weeks following IOP elevation. Retinal ganglion cells of both
eyes at each time point were counted in a flat mounted retina. RGC number and
soma diameter of normal eyes were compared with those of elevated IOP eyes.
There was a selective cell death in elevated IOP eyes in each time point. The soma
diameter of the remaining RGC’s in the elevated IOP eyes increased significantly.
In the normal eyes the mean soma diameter was 8.46 µm. In the experimental
eyes the mean soma diameter of the cells in the corresponding area of the retina
were 12.08 µm, 12.24 µm and 14.07 µm at 4, 6 and 8 weeks respectively. The
increase in soma size corresponded to the relative decrease in cell density and the
area vacated by dying cells. We assume that there may be corresponding increase
in the dendritic field of the remaining cells.
We further investigated the changes taking place at the molecular level in the
retina of eyes with elevated IOP. The level of c-Fos protein increased in the eyes
in which intraocular pressure was increased.
This work was supported by N.I.H. grant no. 5ROIEY11295.

EXPRESSION OF THE TARGET OF THE ANTIPROLIFERATIVE
ANTIBODY (rTAPA) IN THE RAT RETINA. K.J. Clarke and EE.
Geisert. Jr.*, Department of Anatomy and Neurobiology, University of
Tennessee, Memphis, 855 Monroe Ave., Memphis, TN 38163
The expression o f the glial membrane protein, the Target o f the
Antiproliferative Antibody (rTAPA ), was examined in adult rat retina.
rTAPA is a member of the tetramembrane spanning superfamily of
proteins and is involved in the regulation of mitotic activity and the
stabilization of cellular contacts. rTAPA is expressed in CNS glia, and
has been shown to play a role in reactive gliosis, the formation of a glial
scar following injury in the CNS. Immunoblots of normal retina probed
with the AMP1 antibody showed that rTAPA is expressed in normal retina
at higher levels than the levels of expression seen in normal brain.
Indirect immunohistochemistry reveals that rTAPA is found in all layers of
the retina with the exception of the photoreceptor layer. These data are
consistent with the potential expression of rTAPA by retinal glia, the
Müller cells which span the thickness of the retina, and astrocytes found in
the ganglion cell layer. However, additional experiments will be
necessary to demonstrate the retinal cells expressing this protein.
Immunohistochemical methods were used to compare the patterns of
expression of rTAPA in normal and injured retina. The most obvious
difference was the dramatic upregulation following retinal injury. This
upregulation suggests that rTAPA plays a role in retinal pathologies
similar to the roles it plays in CNS injury. We are currently investigating
the potential role of rTAPA in retinal injury. Supported by The Center for
Excellence in Neuroscience, University of Tennessee.
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INJURY-INDUCED GENE EXPRESSION OF bFGF AND CNTF
IN P OSTNATAL D EVELOPING RETINAS OF RCS RAT.
Cao, F. Li, Matthew M. LaVail , and Roy H. Steinberg. Depts. o f
Physiol., Ophthalmol, and Anatomy, UCSF, San Francisco, CA94143.
Mechnical injury to normal rat retina induces a survival-factor
response that increases with age during postnatal development (Cao, et
al., 1997). This increase generally parallels a developmental increase
in background level. However, needle injury to the Royal College of
Surgeons (RCS) rat retina early in postnatal development (day 22),
acts to protect photoreceptors from degeneration. We, therefore,
examined retinal gene expression in RCS rats of the principal survival
factors involved in the injury response as a function of postnatal age.
RCS rats or RCS-rdy+ wild-type animals were injured in one eye by
needle incision through the retina at P10, 22, 35, 60 and 90 days. The
other (uninjured) eye served as control. Retinas were taken 1 day post
injury. Northern blot analysis was performed to determine mRNA
expression o f five factors and their receptors: basic and acidic
fibroblast growth factors (bFGF and aFGF) and FGF receptor-1
(FGFR-1); ciliary neurotrophic factor (CNTF) and CNTF receptor
alpha (CNTFR-alpha); brain-derived neurotrophic factor (BDNF) and
its receptor trk B; and insulin-like growth factor-I (IGF-I) and IGF-I
receptor (IGF-IR). The results of this study show that the background
levels of bFGF and CNTF mRNAs in early postnatal development in
RCS rat retina is much lower in comparison with those of RCS rdy+
control animals. Despite this difference, mechanical injury induces a
substantial increase in the key survival factors in RCS rat retina. These
results may explain the prolongation o f photoreceptor survival in
response to injury or exogenous neurotrophic factors in this animal
model.
Supported by NIH grants EY01429, EY01919, and EY06842, and
the Foundation Fighting Blindness, RPB, and That Man May See, Inc.

FUNCTIONAL PROTECTION OF RAT RETINA FROM ISCHEMIC
INJURY BY BRIMONIDINE. D. Hasson, R. K. Lai*, T. Chun and L A.
Wheeler. Dept, of Biological Sciences, Allergan, INC., Irvine, CA 92612.
Brimonidine is a selective (α2 -adrenoceptor agonist approved for the
treatment of glaucoma. It has shown neuroprotective effects in a
mechanically injured optic nerve model and the hippocampal neuronal
culture.
Our objective was to functionally assess the effect of
brimonidine on ischemic injury in an acute retinal ischemia-reperfusion
model using electroretinography, ERG. Male Brown Norway rats were
pretreated with daily i.p. doses of brimonidine for three days prior to
experiments. Rats were anesthetized with isoflurane. One eye was
cannulated and connected to a saline reservoir with adjustable pressure.
Ischemia was induced by raising IOP to 110 mm Hg and maintained for
50 minutes followed by reperfusion. Throughout the experiment, rat
body temperature was monitored and maintained with a heating pad.
After seven days of recovery, ERG responses (a-wave and b-wave) were
measured from both the ischemic and contralateral non-ischemic eye.
By expressing the functional assessment as the percent recovery of b/a
wave ratio, we found that brimonidine treated animals were significantly
protected from retinal ischemia injury in a dose related manner when
compared with saline treated controls (recovery: 87% in 1 mg/kg, 59% in
0.5 mg/kg, 31% in 0.1 mg/kg vs. 15% in controls). The protective effect
can be inhibited by pretreatment with the (X2 -adrenoceptor antagonist,
yohimbine. These data suggest that brimonidine is protective against
ischemic injury in the retina through the activation of the ot2 adrenoceptor.
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FRACTAL STRUCTURES AND MODELED TRANSFER FUNCTIONS
OF NATIVE AND REGENERATED RETINAL GANGLION CELLS.
D.A. Cameron*1, H. Vafai2, and J.A. White2. Depts. Physiology1 and
Biomedical Engineering2, Boston University, Boston, MA 02118.
Using goldfish retinal ganglion cells (RGCs) as a model system, we
evaluated the hypotheses that (a) dendritic arbor complexity, measured as
fractal dimension (FD), may be correlated to modeled dendritic transfer
functions (TFs), and (b) regenerated RGCs have structural/functional
attributes different from native RGCs. RGCs were retrogradely labeled with
HRP (native RGCs, n = 20) or dil (regenerated RGCs, n = 8), and
visualized with light microscopy. Digitized images of labeled RGCs were
imported into software that calculated dendritic arbors’ FD using the “box
counting” method, and analyzed the images with a dynamic electrotonic
model that calculated dendritic TFs (FFT analysis of soma voltage as a
function of time, in response to current impulses at each dendrite branch
termination). FDs for native and regenerated RGCs were 1.31 ± 0.09 and
1.46 ± 0.10, respectively (mean ± SD; P = 0 .001, Student’s t-test). The
corresponding TF amplitudes at 0.1 kHz were 75.4 ± 4.3 and 86.6 ± 4.0
mV/nA (P= 0.008). For native RGCs, TF amplitude at 0.1 and 1.0 kHz was
linearly dependent upon FD (R = -0.71 and -0.50, respectively); the
corresponding linear dependence for regenerated RGCs (R = -0.52 and
-0.15) was not significant, likely due to the low sample size. At 10 kHz, TF
amplitude was independent of FD for both native and regenerated RGCs.
These preliminary results suggest that (a) linear correlation between goldfish
RGCs’ FD and TF amplitude occurs at frequencies less than 10 kHz, and
(b) although they have greater FDs and TFs, regenerated RGCs share similar
structural/functional attributes with native RGCs, implying that regenerated
RGCs may support “normal” neural integration of the visual scene.
Supported by NIH grants EY11160 (DAG) and NS34425 (JAW).

SUSCEPTIBILITY OF RETINAL GANGLION CELLS TO DEGENERATION
AFTER CEREBRAL HEMÏSPHERECTOMY IN MONKEYS. M. Herbin*.D.
Boire. H. Théoret and M. Ptito. Dépt. de Psychologie et Optométrie, Univ. de
Montréal, Qc, CAN.H3C 3J7
Vervet monkeys underwent the surgical removal of a whole cerebral hemisphere
at various post-natal ages (4 ,6 ,8 ,9 and 48 months). After a 4 year survival period,
retrograde transneuronal effects on the retinal ganglion cells (RGCs) were studied
with Nissl-stained whole-mounted retinae. The distribution and morphometric
analysis of RGCs were performed using a computer controlled image analysis
system. RGC counts were validated by studying Nissl-stained horizontal sections of
the retinae and with electron microscopy of the optic nerves. The degeneration of
RGCs was confined to the central region of the affected hemiretinae. The RGC loss
was found to be the same in the central 15 and 7.5 degrees of eccentricity. The
degeneration was greater in the young-1esioned monkeys (4 and 6 months; 70% and
60% respectively), than in adolescent- (8 and 9 months; 30% and 10% respectively)
and in adult-lesioned monkeys in which a slight loss of RGCs (<10%) was found
in comparison with normal monkey retina. The morphometric analysis done at
different eccentricities in young- and adolescent- lesioned monkeys didn't reveal any
differences in the RGC soma size distributions. Although we couldn't determine
from our Nissl-stained material wich classes of cells were more affected by the
cortical lesion, we nonetheless suggest that the X-cell type (Pβ) are those which
degenerate preferentially. In conclusion, our results indicate that the susceptibility
of RGCs to transneuronal degeneration following hemi spherectomy seems to be
greater during the first 6 months after birth.
* Supported by grants from NSERC (Canada), FCAR (Québec) and FRSQ
(Québec).
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CO-CULTURE WITH NORMAL RETINAL CELLS RESCUES ROD
PHOTORECEPTORS EXPRESSING M UTANT RHODOPSIN IN VITRO
L.C. Streichert* and T.A. Reh. Department of Biological Structure,
University of Washington, Seattle, WA 98195-7420.
We have previously shown that rod photoreceptors from transgenic mice
expressing a Pro23His mutant human rhodopsin gene degenerate in vitro,
as they do in vivo. These dissociated retinal cultures can be used as an
assay to screen for putative rod survival factors. In vivo, photoreceptor
degeneration is delayed in chimeras of wild-type and transgenic mice
(Huang et al., 1993, PNAS, 90: 8484-88). To determine if normal retinal
cells can slow rod degeneration in our in vitro system, we co-cultured
retinal cells from both wild-type and Pro23His rhodopsin transgenic mice
with normal rat retinal cells. Dissociated retinal cells from postnatal day 7
(P7) mice were grown on high density cultures of P0-P6 rat cells for 7
days. The percentage of mouse cells labelled with anti-opsin antibody (rho
4D2) was determined. When mouse cells are cultured alone, there is an
accelerated loss of rods in the transgenic cultures when compared to wildtype cultures. When co-cultured with rat cells, the percentage of transgenic
opsin+ cells was increased to approximately wild-type levels. These results
suggest that cellular interactions with the rat retinal cells rescued the rods.
To determine whether the normal rat retinal cells promote rod survival by a
contact-dependent mechanism, rat cells were grown on 0.4 µm membrane
filters inserted in wells with wild-type or transgenic mouse cells. The rat
cells grown on these membranes condition the medium, but have no direct
contact with the mouse cells. The percentage of transgenic mouse rods
grown in the presence of inserts with rat cells was significantly greater than
cultures grown with or without inserts alone. Thus, a diffusible factor
present in normal retinal cells promotes the survival of transgenic rods that
express mutant rhodopsin in vitro. (This work supported by the
Foundation Fighting Blindness).

CONSTRUCTION OF A BAC CONTIG IN ORDER TO IDENTIFY THE
GENE (USH1C) THAT CAUSES USHER SYNDROME TYPE I. M.M.
D eA neelis1,2, J. Doucet3, S. Drury2, Z. Den2, S. Sherry2,4, M.K. Pelias2, R.P.
Bobbin*1, P. Deininger1,3, B.J. K eats1,2,4 and M.A. Batzer1,2,4, Departments o f
Neuroscience Center1, Biometry and Genetics2, Biochemistry and Molecular
Biology3and Pathology4, LSU Medical Center, New Orleans, LA. 70112, USA
Usher Syndrome is a rare, autosomal recessive disorder characterized by
congenital sensorineural hearing loss followed by the onset o f retinitis
pigm entosa in childhood or adolescence. An unusually high incidence o f this
disease is found in the Acadian population o f southwestern Louisiana. The
overall goal o f our project is to identify the gene that causes Usher Syndrome
Type I in the Acadian population. The defect has been mapped to a small region
of chromosome 1 lp between the markers D l l S I 397 and D l l S I 888. This region
is approximately l 000kb and was defined using linkage and linkage
disequilibrium analysis with the existing markers and pedigrees. We are now
constructing a contig with bacterial artificial chromosomes (BACs) that are
positive for markers that span the region from D 11S I 397 to D 1 IS 1888. In order
to construct the BAC contig individual BACs are isolated and mapped for
overlaps utilizing EcoRl restriction fragment fingerprints. These overlaps are
then confirmed by southern blots and cross-screening with end-probes and PCR
with anchor sequence tagged sites (STS). Because this BAC contig includes the
flanking markers, it should contain the Usher gene. The BAC contig will be used
to search for candidate genes by exon trapping and screening cDNA libraries.
Possible candidate genes will be characterized and the sequence will be
examined for possible mutations that are responsible for Usher syndrome.
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CHARACTERIZATION OF A NOVEL RETINAL Pf^iOTraRBCEFimSPECIFIC cDNA. S.N.M. Reid* and D.B. Farber. Jules Stein Eye
Institute, UCLA School of Medicine, Los Angeles, CA 90095.
Visual responses originate in retinal photoreceptor cells of the
vertebrate eye. These cells are particularly vulnerable to degeneration
that can eventually lead to blindness. Identification and study of
photoreceptor-specific genes can advance our knowledge on the function
of photoreceptors and provide potential tools for the treatment of
degenerative retinal diseases. We have characterized a photoreceptorspecific cDNA, SR3.1, that was originally isolated by subtractive
hybridization of retinal cDNAs from normal mice and adult,
photoreceptor-less rd mice. This cDNA was used as a probe on
Northern blots containing retinal mRNA and mRNAs of several other
tissues. We found that SR3.1 hybridized a retinal mRNA o f about 5 Kb
and confirmed that it only hybridized mRNA isolated from retina, but not
from cerebral cortex, cerebellum, lung, heart, kidney, spleen or liver.
Furthermore, SR3.1 is photoreceptor-specific since it does not hybridized
retinal mRNA from rd mice. We have mapped SR3.1 to mouse
chromosome X using hamster-mouse somatic cell hybrids. We are
completing the sequence of SR3.1 which does not match to any known
sequence stored in GenBank. This novel photoreceptor-specific cDNA
could be a candidate for some of the X-chromosome linked retinal
diseases.
Supported by NIH grant 08285.

STRUCTURE OF D RO SO PH ILA RU G O SE MUTANT EYES AND
RETINOID BINDING PROTEIN LABELING. W.S.Stark*1, K.Shim1,
S.Thai1, D.-M.Chen1, C.F.Thomas2 , B.N.Wiggt 3 , S.D.Carlson* &
T.Venkatesh5, 1Biology, Saint Louis U, St. Louis, MO 63103,
integrated Micros. Resource, U Wisconsin, Madison, WI 53706, 3Nat'l
Eye Inst., Bethesda, MD 20892, 4Entomology, U Wisconsin, Madison,
WI 53706, 5Biology, City College, New York, NY 10031.
Rugose (rg) locus mutant Drosophila have rough compound eyes &
abnormal cone cell numbers due to cone cell specification defects
(Renfranz & Benzer, 1989, D ev.Biol.136, 411-429; Shamloula et al.,
submitted). SEMs show allele-dependent aberrant interfacetal hair
positions but normal nipples on compound eye & ocellar corneas.
Histology & pseudopupils show ommatidia to have essentially normal
receptor arrays; some were rotated, lacked receptors, or had large
rhabdomeres. Confocal microscopy o f autofluorescence & visual
pigment conversions in deep pseudopupils of live white-eyed flies
showed normal rhodopsin, substantiated by electroretinography (ERG)
& opsin immunofluorescence. Anti-RFABG (Retinoid & Fatty Acid
Binding Glycoprotein, Kutty et al., 1996 J.Biol.Chem,271, 2064120649) & FITC conjugated anti-IgG secondaries labels cone cells &
intraommatidial matrix (IOM) in fluorescence & confocal microscopes.
Variations below 4 cone cells per ommatidium were seen. Labeled vs
unlabeled IOM mosaics suggested that some facets lack all cone cells.
Overall normality suggests that cone cells may not be essential for
corneal & pseudocone development. Rhodopsin presence suggests that
RFABG's retinoid handling may not be involved in rhodopsin
synthesis. Support: NIH ROl EY07192 to WSS & DRR-570 to CFX. •
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TRANSDUCTION EFFICIENCY ENHANCED IN RD MICE COMPARED TO
NORMAL MICE USING AN ADENOVIRAL VECTOR IN RETINAL
EXPLANT CULTURES
J.C. Blanks. 1,2*M. Kido1, K.A. Rich1, E. Barrón1, D. Stevenson and M.D.
Trousdale1, 1Doheny Eye Inst, and Depts. Ophthalmol, an d 2Cell & Neurobiology,
USC School, of Medicine, Los Angeles, CA.
The retinal degenerative (rd) mouse has been widely used as an animal model of
the human retinal dystrophy, retinitis pigmentosa (RP). The rod photoreceptor
cells undergo rapid degeneration between postnatal day (P)12-16. Recently, the rd
mouse has been used to test possible methods of therapeutic gene delivery which
might be applicable to RP patients. Therefore, we have used a recombinant
adenoviral vector containing the lacZ reporter gene (Ad5.CMV) for its ability to
transduce retinal explants from rd mice compared to normal mice between the ages
of P9 to P I5. Retinal explants were infected with the viral vector for 18 hours, and
then cultured for an additional 4 days in vitro. Transduction efficiency was
quantified in retinal homogenates by assay of β-galactosidase activity. The data
showed that transduction efficiency was dose-dependent between 4 X 106 and 4
X 108 pfu/ml, and decreased with age in both groups of animals. In all cases, the
rd retina showed at least 30% more infectivity than the age-matched controls. In
conclusion, enhanced transduction efficiency of an adenoviral vector was observed
in rd mice compared to aged-matched controls. The higher efficiency was
apparently due to the lack of rod outer segments and /or degenerating
photoreceptor cells in the rd. (Supported by EY03040 and grants from the
Margaret Hoover Foundation and Research to Prevent Blindness).

72.12
A NEW MUTATION AFFECTING THE DROSOPHILA
PHOTOTRANSDUCTION PATHWAY
C h e n jia n Li*, C h ao x ian G en g , Y o u n g -S eo k H o n g , Lydia R a n d a ll,H
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Supported by NIH grant P01-DC000379 and the Foundation Fighting Blindness.

P u rd u e U niversity, W est Lafayette, IN 4 7 9 0 7

Objective . A D rosophila m u ta n t, inaF, w as iso la ted from P -elem en t
in sertio n al m u tag en esis. T his m u ta n t is bein g u s e d to clone a gene
en co d in g a p resu m p tiv e novel co m p o n en t of th e p h o to tra n s d u c tio n
p a th w a y a n d to e lu c id a te th e ro le of th e g en e p r o d u c t in th is
p ro cess. Methods and R esults. T he m u ta n t w as identified from its
e le c tro p h y s io lo g ic a l p h e n o ty p e , w h ic h sh o w e d t h a t th e lig h t
in d u c e d p h o to r e c e p to r re s p o n s e d e c a y s to b a s e lin e d u r in g
illu m in a tio n in s te a d of m a in ta in in g a s te a d y s ta te re s p o n s e .
C onfocal m icroscopy revealed th a t th e inaF m u ta n t re tin a develops
n o rm a lly b u t th e n u n d e rg o e s d e g e n e ra tio n in a d u lth o o d . T h e
genom ic DNA frag m en t co n tain in g th e in a F g ene w as iso la ted b y a
c o m b in a tio n o f th e follow ing a n a ly s e s : a) G en o m ic S o u th e r n
a n a ly s is a n d c h ro m o so m a l in s itu to lo c alize th e P -e le m e n t
in sertio n site, b) in d en tificatio n of a n eye-specific clone co-localizing
w ith th e P elem ent, a n d c) N o rth ern an a ly sis to identify a tra n s c rip t
w h ich is a b s e n t in in a F m u ta n t. T h is g enom ic DNA fra g m e n t is
b ein g u s e d a s p ro b e to iso la te a n d c h a ra c te riz e cDNA clo n es by
s ta n d a rd tech n iq u es. Conclusion. T he inaF g ene en co d es a p ro te in
w h ic h is a p u t a t i v e n o v e l c o m p o n e n t a f f e c tin g th e
p h o to tr a n s d u c tio n p ath w a y . T h e m u ta tio n in th is g en e c a u s e s
a b n o rm a l lig h t in d u c e d p h o to re c e p to r re s p o n s e a s w ell a s re tin a l
d eg en eratio n . (S u p p o rted by NIH G ra n t EY-00033)
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73.1
PAIRED-PULSE INTERACTIONS BETWEEN RETINA AND THALAMUS.
W. Martin Usreyf*, John B. Reppas, and R. Clay Reid. Department of
Neurobiology, Harvard Medical School, Boston, MA, 02115.
Within the visual system, response properties of neurons are dictated both by
their anatomical organization of inputs and by the temporal patterns of impulse
arrival. From intracellular studies, in vitro, much is known about how the timing
of presynaptic impulses can facilitate and/or depress a postsynaptic cell’s epsp.
Little is known, however, about the role of presynaptic timing at the level of the
postsynaptic cell’s spike train during sensory processing.
We performed experiments on the cat retino-geniculate pathway, in vivo, to
examine whether the temporal location of a presynaptic spike in its spike train
influenced the likelihood of evoking a postsynaptic action potential.
Simultaneous recordings were made from 209 pairs of retinal ganglion cells and
geniculate neurons which had complete or partial overlap in their receptive
fields. Only pairs which displayed “monosynaptic” peaks in their crosscorrelograms were used for second-order analysis of their spike trains. Our
results show that a spike’s location in the presynaptic spike train does indeed
influence the probability of evoking a postsynaptic action potential. When a pair
of presynaptic spikes arrive within ~25 msec of each other, the efficacy of the
second spike is greatly enhanced compared to that of the first. Further,
recordings irom two geniculate neurons which receive input from a common
simultaneously recorded ganglion cell indicate that these “privileged” spikes
play a major role in synchronizing the firing of multiple target neurons.
Supported by EY06604, EY10115, The Klingenstein Fund, The Harvard
Mahoney Neuroscience Institute, and The Howard Hughes Medical Institute.

7 3.3

7 3 .2
LONG-RANGE COMPETITION AMONG NEURONS PROJECTING TO THE
AVIAN RETINA. H. Uchivama*, S. Nakamura and T. Imazono. Dept, of
Information & Computer Science, Fac. of Engineering, Kagoshima Univ. and
PRESTO, Japan Science and Technology Corp., Kagoshima 890, Japan.
Birds have a well-developed centrifugal pathway from a midbrain nucleus, the
isthmo-optic nucleus, to the retina. In the present study, receptive field properties of
the isthmo-optic (IO) neurons and suppressive effect of remote stimuli far beyond the
"classical" receptive fields were examined electrophysiologically in the anesthetized
Japanese quail. Receptive fields emitting more than half of the maximal on-off
response to a small spot of light measured 4.3 ± 1.9 deg. (mean ± S.D.; n = 37) in
diameter. A stationary spot of light was presented at a remote point (>35 deg.) away
from the receptive field center, besides a stimulus for the receptive field center, with
various onset time difference. The onset time difference of the two spots was critical
for suppressive effect. When the peripheral spot was shown first, the on-off responses
to the center spot were suppressed. The peripheral spot, when turned on 50-100 ms
before the center spot, maximally suppressed the on response to the center spot. A
longer leading times caused weaker suppressive effects. In most of the IO neurons
examined (13 out of 15 units), even small remote stimuli (2-5 deg. in diameter)
significantly suppressed the on-off responses to the center stimulus. The suppression
ranged from 33% to 100% of control responses. The suppressive effects of remote
stimuli were seen to be extended to, at least, two-thirds of the entire visual field of a
singe eye, although the outer limit of the suppressive field has not yet been
determined. Such wide suppressive fields indicate that the IO neurons may compete
with each other for activity in a very long-range scale. Simulation using a simple
model based on three basic principles of processing illustrated in the quail centrifugal
visual pathway, topographical input, long-range competition and local gain
enhancement, suggests that this system could function as an autonomous mechanism
for attentional object selection.
Supported by grants from Japan Science and Technology Corp. and the Ministry of
Education, Science and Culture of Japan.

7 3.4

POTENTIATION OF SENSORY RESPONSES BY 8-BROMO-CYCLIC GMP IN
LATERAL GENICULATE NUCLEUS (LGN) OF THE RAT THALAMUS IN VIVO
AND IN VITRO. P.J. Shaw, S.L. Charles & T.E. Salt (SPON: Brain Research
Association). Inst. Ophthalmology, University College London, Bath Street,
London. EC1V9EL. U.K.
Previous work from this laboratory has indicated a role for nitric oxide (NO) in
the modulation of sensory transmission in the rat thalamus. The precursor of
NO, L-arginine, or NO-donor compounds cause potentiation of sensory
responses and excitatory amino acid (EAA) agonist responses. One possible
means of transduction for the effects of NO is via stimulation of guanylate
cyclase to increase production of the second messenger cyclic GMP.
The effects of the membrane permeable analogue of cyclic GMP, 8-bromocyclic GMP (8-Br-cGMP) were studied in vivo using single cell extracellular
recording and iontophoresis in LGN of urethane anaesthetised rats. Stimulation
was achieved by iontophoretic application of the EAA agonists NMDA and AMPA
and an LED flash stimulus. Responses to visual stimulation were increased
during 8-Br-cGMP ejection to 217±69% of control (p<0.01, n=8). Responses to
NMDA and AMPA were increased to 254±59% and 225±45% of control (p<0.01,
n=8) respectively. Application of 8-Br-cGMP (1 mM) to slices of LGN maintained
in vitro caused a fully reversible membrane potential depolarisation (5-8mV),
associated with a decrease in membrane resistance, similar to previous findings
by Pape & Mager (1992). During this response, EPSPs evoked by retinal afferent
stimuli were not directly potentiated.
These results suggest that elevated levels of cGMP in thalamic neurones have
an excitatory action similar to that of NO-donors and L-argiiiine. This supports
the hypothesis that NO in the thalamus could act at least in part via the guanylate
cyclase/cGMP system rather than by having a direct effect on EAA receptors.
Support: Medical Research Council and the Human Frontiers Science Program.

7 3.5

SPATIAL RECEPTIVE FIELD ORGANIZATION OF dLGN NEURONS IN CAT.
I. T. Field1, 0 , Ruksenas1,2, G. T. Einevoll3 and P. Heggelund*1. 1Dept. of Neurophysiology, Univ. of Oslo, Oslo, Norway, 2Dept. of Biochemistry & Biophysics,
Univ. of Vilnius, Vilnius, Lithuania, and 3ITF, Agricultural Univ. of Norway, As,
Norway.
Center-surround antagonism of the receptive field is stronger in relay cells in dor
sal lateral geniculate nucleus (dLGN) than in retinal ganglion cells, at least partly
due to inhibitory input at the geniculate level. The spatial characteristics of the genic
ulate inhibition are not fully understood. To study spatial changes in the receptive
field that occur in dLGN, we recorded action potentials (cell response) and S-potentials (retinal input) for 24 dLGNcells in anesthetized andparalysed cats during stim
ulation with circular flashing spots of varying size. The smallest spots covered only
a part of the receptive field center, the largest spots covered both center and surround
of the receptive field. For all spot sizes the cell response was weaker than the retin;d
input response, suggesting that geniculate inhibition was effective also across the
receptive field center. With increasing spot diameter, the difference between retinal
input and cell response increased up to a diameter that on average was about twice
the width erfthe receptive field center of the dLGN cell. With further increase of spot
diameter the difference decreased. This suggested that the inhibition had an antago
nistic center-surround organization, and that the center of the inhibitory field was
wider than the receptive field center of the retinal input. This may explain the pro
nounced suppression that occurs in proximal parts of the surround of dLGN cells.
Calculations showed that our data could be accounted for by a model assuming that
a relay cell, in addition to the excitatory retinal input, has feedforward inhibition
through an intemeuron with receptive field concentric to the field of the retinal input
and with a receptive field center width about twice the center width of the relay cell.
Supported by the Norwegian Research Council.

7 3.6

SACCADE-RELATED MODULATION OF GAIN IN THE LATERAL GENICULATE
NUCLEUS OF THE CAT. J. G. Malpeli* and D. Lee. Department of Psychology and
Neuroscience Program, University of Illinois, Champaign, IL 61820.
We examined the activity of single cells in the cat lateral geniculate nucleus during
saccades made in total darkness, and during saccades to small visual targets appearing
eight degrees from a central fixation point. In the latter condition, excitability was
probed during or shortly after saccades with 500-msec presentations of large, uniform
stimuli centered on the receptive field (light increment for On-center cells, decrement for
Off-center cells). For both conditions, activity in the interval from 500 to 1000 msec
after saccade offset was taken as the baseline for measuring effects of saccades.
For individual cells, effects of saccades in the dark were seldom obvious. However,
when averaged across all cells, a biphasic modulation of activity was revealed: a modest
suppression that was fully developed well before saccade onset, followed by a larger
enhancement that began at saccade offset and peaked 70-130 msec later.
Responses evoked by stimuli delivered during saccades to visual targets were complex,
and resulted in mean peak firing rates 6.5 times the mean rate in the dark. Nevertheless,
the effects of saccades on the gain of geniculate transmission tracked those in the dark
precisely, both in magnitude and time course. Thus these effects were probably unrelated
to the nature of the visual stimulus, or to the motivation for making the saccade. They
were, however, strongly dependent on saccade velocity: the enhancement peaked earlier
for faster saccades. The postsaccadic facilitation was substantially stronger for X cells
than for Y cells, although the presaccadic suppression (assessed only for saccades in the
dark) was identical for both types of cells. Effects of saccades did not vary with polarity
of receptive-field center, geniculate layer, or retinal eccentricity (range: 3-15 deg).
The swing from presaccadic suppression to postsaccadic facilitation amounted to a 32%
change in the gain of retinogeniculate transmission. This increase may promote the rapid
central registration of visual input by maximizing the temporal contrast between activity
evoked by one image near the end of one fixation and that evoked by the new image
immediately after a saccade. Supported by NIH grant EY02695.
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STATE-DEPENDENT CHANGES IN THE PATTERN OF BURSTING IN LGN
NEURONS OF THE SLEEPING AND WAKING CAT. T.G. Wevand*, M.
Boudreaux and W. Guido. Dept. Anatomy and Center for Neuroscience, LSU
Medical Center, New Orleans, LA 70112.
Thalamic neurons possess a powerful voltage-dependent Ca++
ionophore whose activation triggers "bursts" of action potentials. This
Ca++ conductance is enabled by hyperpolarization and triggered by
subsequent depolarization. Although common and rhythmically active
during slow-wave sleep, we have recently provided evidence using
extracellular criteria that this conductance is active in the awake state as
well (J. Neurophysiol., 74: 178 2-1 786, 1995). We have now extended
these observations by tracking the activity of single neurons in and around
the lateral geniculate nucleus (LGN) through sleep and waking cycles.
Bursting during sleep was common; it was rhythmic (1-4 Hz), episodic (1-10
sec) and appeared phase-locked to the cortical EEG. Wakefulness was
heralded by the sudden appearance of tonic activity that lasted 1 or 2 sec.
Bursting during wakefulness (desynchronous (EEG) was less common, never
rhythmic, but it was predictable. The majority of bursts occurred as the
initial response to visual stimuli presented in the neuron's receptive field and
following eye movements. Bursting associated with visual stimulation is
more prevalent when the stimulus is large, and when the stimulus is
presented between trials (under non-contingent "passive gaze"). These
results are consistent with a dual role for bursting. Their prevalence during
slow-wave sleep effectively reflects an LGN disconnected from the retina.
Bursts associated with the initial response to visual stimuli could serve as
a "wake-up call" to cortex, facilitating subsequent tonic activity that more
faithfully reflects stimulus attributes (Supported by EY11144).
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EFFICIENT INFORMATION CODING BY LGN BURSTS. P. Reinagel1,
D.W. Godwin2, S.M. Sherman2*, and C. Koch1. 1Sloan Center for Theoretical
Neuroscience, Caltech, Pasadena, CA 91125; 2Dept. Neurobiology, SUNY,
Stony Brook, NY 11794-5230.
LGN relay cells can switch between two distinct response modes based
on the activation state of a low threshold Ca2+ conductance. At depolarized
levels, this conductance is inactive, and the cell responds to visual stimuli in
the tonic mode with a steady stream of isolated action potentials at a rate
proportional to the stimulus amplitude; at more hyperpolarized levels, visual
activation produces a low threshold Ca2+ spike resulting in a transient burst
of action potentials, defining the burst mode. It has been reported that burst
mode is better than tonic mode for signal detection. M oreover, bursts may be
preferentially transmitted across the thalamocortical synapse, further
enhancing signal detection. However, the greater nonlinearity of burst firing
makes it worse at accurate reconstruction of the stimulus from its firing rate.
Thus LGN relay cells might switch response modes for different signal
processing tasks. The relative ability of each response mode to code visual
information has not been explored. To address this, we used the stimulus
reconstruction method to measure the information encoded by each response.
We find that despite the low variability in burst responses (corresponding to
a low entropy in information theoretical terms), burst and tonic firing convey
remarkably similar information (bits per action potential). Thus if burst and
tonic firing have differing advantages in other respects, either response mode
may be used depending on specific behavioral needs (e.g., detection vs.
analysis) without sacrificing total information flow. (Supported by USPHS
Grant EY03038 and The Sloan Foundation).

RE-EVALUATION OF THE RELATIVE DISTRIBUTION OF SYNAPSES IN
THE LGN OF THE CAT. S.C. Van Horn*, A. Erfor. and S.M. Sherman. Dept,
o f Neurobiology, SUNY, Stony Brook, NY 11794-5230.
Nearly all synapses in the cat LGN derive from 1 o f 3 terminal types: RLP
(from retina), RSD (from cortex and brainstem), and F (from local GABAergic
cells). Previous studies have reported finding the distribution o f these synapses
to be 15-20% RLP, 50-60% RSD, and 25-30% F. While these numbers are seen
consistently, there has been no documented control for possible sampling biases
that could affect the actual numbers seen. We reinvestigated this problem with
the electron microscope by estimating the relative probability o f sampling each
terminal type based on the number o f serial sections each synaptic contact spans
(Erişir et al., PNAS, 9 4 : 1517-1520, 1997). We serially reconstructed synapses
from terminals in the A-laminae (92 RLP, 117 RSD, and 57 F) and found indeed
that these synaptic zones were unequal in average size: RLP terminals formed
the largest contacts; F, intermediate in size; and RSD, the smallest. We then
applied these measures to our own sample o f 1159 terminals from the A-laminae
to correct for the oversampling o f larger synaptic zones. Our uncorrected sample
contained 17.9% synapses from RLP terminals, 52.9% from RSD, and 29.2%
from F, which is consistent with prior reports. However, after correction, we
estimate that the relative percentages o f synapses are 8.9% synapses from RLP
terminals, 67.7% from RSD, and 23.4% from F. Thus synapses from retina are
even fewer than previously thought, and those from cortex and brainstem more
numerous. Furthermore, we find as have others that RSD and F terminals rarely
produce more than 1 synapse, but RLP terminals commonly produce 5-10 or
more. This implies that retinal terminal boutons (as opposed to their derived
synaptic contacts) represent <5% o f terminals in LGN. (Supported by USPHS
Grant EY03038.)
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ACTIVATION OF METABOTROPIC GLUTAMATE RECEPTORS
ALTERS INHIBITORY INPUTS ONTO RELAY CELLS IN CAT LGN. C.L.
Cox, X.J. Zhan*, and S.M. Sherman. Dept. Neurobiology and Behavior,
SUNY, Stony Brook, NY 11794-5230.
As a complement to our anatomical studies indicating differential
localization of different mGluR subtypes within the LGN (J. Neurosci., 16:
8181-8192,1996), we have investigated the effects o f activating these different
subtypes in cat LGN relay cells. We obtained whole cell patch recordings from
an in vitro preparation with biocytin-filled electrodes, identifying relay cells
by physiological and morphological criteria. As previously demonstrated, the
general mGluR agonist, ACPD, produces robust, long-lasting depolarization
with an increased input resistance. During voltage clamp, ACPD produced an
inward current with a decreased membrane conductance having a reversal
potential near K+ equilibrium, indicative o f a Kleak current; this was also
associated with substantially increased baseline activity. With Cs+ added to the
electrodes to attenuate the Kleak reduction, ACPD produced a robust increase
in spontaneous IPSCs. This persisted in the presence o f TTX, indicating that
they did not result from activation o f inhibitory axons (i.e., from intemeurons
or TRN cells). DHPG, a selective group I mGluR (m G luR1 and/or mGluR5)
agonist, produced a similar increase in IPSCs, and the group I antagonist,
4CPG, attenuated this effect. Our results suggest that in addition to a direct
depolarization o f relay neurons, activation o f group I mGluRs can increase the
inhibitory input onto relay neurons. Our data do not perm it a distinction
between the two likely sources o f these IPSCs: axonal F I terminals o f TRN
cells or interneurons or dendritic F2 terminals o f intemeurons. However, our
anatomical data suggest the latter. In any case, these data indicate a significant
role of mGluRs in controlling local inhibitory inputs to relay cells, thus
affecting the LGN relay. (Supported by USPHS Grant EY03038.)

EXCITATORY AND INHIBITORY ACTIONS OF METABOTROPIC
GLUTAMATE RECEPTOR ACTIVATION IN RAT THALAMIC
RETICULAR NEURONS. S.M. Sherman and C.L. Cox*. Dept, o f
Neurobiology, SUNY, Stony Brook, NY 11794-5230.
The thalamic reticular nucleus (TRN) provides a major inhibitory input
to thalamic relay cells, thus affecting the thalamic relay. Our previous
anatomical data indicate that TRN cells exhibit both group I & II metabotropic
glutamate receptors (mGluRs). Activation o f mGluRs produces long-lasting
postsynaptic effects and may influence synaptic plasticity. Here, we
investigated the actions o f these multiple mGluRs on membrane properties o f
rat TRN neurons using an in vitro preparation with whole cell patch
recordings. ACPD, a general group I & II mGluR agonist, produced a robust,
long-lasting membrane depolarization with increased input resistance. With
voltage clamp recordings, ACPD produced an inward current and decreased
conductance with a reversal potential near the K+ equilibrium (EK), suggesting
a decreased Kleak conductance. Furthermore, the inward current was attenuated
when Cs+ was substituted for K+ in the recording pipette. In contrast, the
selective group II agonist, S-3C4H-PG produced a small (1-3 mV) but
consistent membrane hyperpolarization. With voltage clamp, S-3C4H-PG
elicited a small outward current associated with an increased membrane
conductance that reversed near EKand that was attenuated with Cs+. Our results
suggest that activation o f group I mGluRs produces a depolarization resulting
from a decreased Kleak, whereas activation o f group II mGluRs hyperpolarized
TRN neurons by increasing Kleak. The functional consequences o f these
opposing actions on TRN neurons will be strongly influenced by the
localization o f these receptor subtypes and the potential differential activation
by glutamatergic afferents from thalamocortical and corticothalamic axons.
(Supported by USPHS Grant EY03038.)
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THE HYPERPOLARIZATION-ACTIVATED INWARD CURRENT, (lh),
IN THALAMIC CELLS IS NOT REGULATED BY INTRACELLULAR
CALCIUM. T. Budde*, G. Biella, T. Munsch and H.-C. Pape. O-v-G Univ.,
Inst, of Physiol., D-39120 Magdeburg, Germany
One example o f oscillatory activity in thalamocortical networks are 7-14 Hz
spindle waves which depend on both, intrinsic and network mechanisms. One
key element for the oscillatory properties o f thalamocortical (TC) neurons is
Ih. Computer-based models of thalamic oscillations include the activitydependent upregulation o f Ih by intracellular calcium, which, in turn, will
result in termination o f a spindle wave. In order to investigate the regulation o f
the voltage dependent properties or conductance o f Ih by intracellular calcium,
we combined whole cell patch-clamp recordings and calcium imaging
techniques. Recordings were performed on rat ventrobasal TC cells in the slice
preparation. Spindling was mimicked under voltage-clamp conditions by
applying trains of depolarizing voltage steps (12 pulses o f 100 ms duration at
a frequency o f 8 Hz). Despite an accumulating increase o f [Ca2+]i during train
stimulation, the activation curve o f Ih was not different before (Vh = -86.4 ±
1.3 mV, n = 7) an following (Vh = -85.2 ± 2.9 mV, n = 12) application of
trains. Recordings with pre-defi n ed values o f free [Ca2+]i corrobarted these
findings ([Ca2+]i = 13.2 nM, Vh = -86.1 ± 4.4 mV, n = 8; [Ca2+]i = 10.02 nM,
Vh = -86.3 ± 6.8 mV, n = 6). No differences were found for the conductance
underlying Ih. By comparision, addition o f cAMP (50 μM) to the recording
solution resulted in a significant shift o f the activation curve (Vh = -79.1 ± 3.4
mV, n = 9), while the fully activted conductance was unchanged. From these
data we conclude that Ih is not directly modulated by intracellular calcium ions
under our experimental conditions.
This work was supported by the DFG (INK 15, TP A5) and the European Science
Foundation. T.B. was Helmholtzfellow.

UNIQUE DYNAMICAL PATTERNS
FEATURES OF VISUAL STIMULI

S o c ie ty f o r N e u ro s c ie n c e , V o lu m e

23,1997

REPRESENT

SPECIFIC

Rowshanak Hashemivoon* and John K. Chapin. Department of Neurobiology and
Anatomy, Allegheny University of the Health Sciences; Phila, PA 19129
In this investigation, we determined whether the interaction between retinally
derived fast oscillations in the subcortical visual system and light stimuli resulted in
unique oscillatory patterns correlating to specific features of the stimuli. Multiple single
units were simultaneously recorded from sodium pentobarbital anaesthetised adult rats
via chronically implanted arrays of micro-electrodes in the superior colliculus (SC) and
the lateral geniculate nucleus of the thalamus (LGN) while increasing frequencies of a
stationary light stimulus were presented to the contralateral eye. Joint peristimuius time
histograms (JPSTHs) were used to elucidate the patterns of interaction between
spontaneous oscillations and the timing of visual stimuli. At low frequencies of flash
stimuli, the patterns in the JPSTHs demarcated time periods when the joint neuronal
activities were highly influenced by stimulus locked events. Tonic iight-ON decreased
the amplitude and frequency of the oscillations while light-OFF (post stimulus) produced
phase resetting rebound oscillations. Sharp transitions between tonic light or dark states
induced either by light flash or high velocity movement produced distinct phase
boundaries leading to changed oscillatory regimes. Though the intrinsic oscillatory
phenomena exhibited clear resonance with harmonically compatible forcing stimuli, even
small deviations from the intrinsic frequency produced unique, distinct spatiotemporal
dynamical patterning. Certain frequencies of light stimulation induced frequency
bifurcations (usually from 20 to 40 Hz) which were robust and both temporally and
spatially circumscribed. Further data analysis indicated a dynamic linkage between the
intrinsic vs. the stimulus dependent components of this activity. Spatiotemporal patterns
of light stimulation are represented not just in the point-to-point transmission of pixel data
by the retina, but also in unique and highly structured large scale dynamical patterns in
the ascending retinofugal visual system.

Supported by grants NS23722 and ONR N 0 0 0 1 4-95-1-0246 to JKC.
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BLOCKAGE OF THE AFTER-HYPERPOLARIZATION INDUCES BURST FIRING
IN OPTIC LAYER NEURONS OF THE RAT SUPERIOR COLLICULUS.
F.-S. Lo*, R.J. Cork, & R.R. Mize. Anatomy Department and Neuroscience Center of
Excellence, LSU Medical Center, New Orleans, LA 70112.
We previously reported a high-frequency burst firing mode of neurons in the optic layer
of the rat superior colliculus (Soc. Neurosci. Abst., 21:655 [1995]). We now report further
on the synaptic properties and morphology of these cells, and how the burst mode is
generated. Intracellular recordings (N=78) were made from 400-500 μm thick parasagittal
brain slices, from adult Sprague-Dawley rats. All cells had similar membrane properties
to those reported earlier. Stimulation of optic tract fibers, at the level of the pretectum,
evoked anEPSP-IPSP sequence in all tested neurons (N=39). The EPSP was mediated by
both NMDA andnon-NMDA receptors. Continuously increasing stimulation intensity gave
rise to incremental increases in EPSP amplitude, suggesting that optic layer neurons have
multiple excitatory inputs from optic tract fibers. EPSP latencies varied little with
increasing stimulation intensity, suggesting that the optic tract inputs are monosynaptic.
The IPSP was mediated by GABAa receptors; it was not always large enough to
hyperpolarize the cell, and sometimes was only detected when bicuculline (10/uM)
prolonged the preceding EPSP.
We previously showed that the after-hyperpolarization had two components; the early
component (fAHP) was blocked by 1 raM TEA, indicating that it was mediated by BKCa
channels, while the late component (mAHP) was blocked by 200 nM Apamin, suggesting
that it was mediated by SKCachannels. Blockage of either of the components revealed an
after-depolarization Mowing the sodium spike, and changed the firing pattern of the cells
to the rhythmic bursts observed previously.
Some cells were filled with biocytin to determine their morphology. Of the cells that
could be identified, all but one (8/9) were wide- or narrow-field vertical cells, similar to the
majority of the calbindkipD28kcontaining cells in this layer. Supported by NIH grants, EY02973 & NS36000; andDoD agreement DAMD 17-93-V-3013.

ALTERATIONS IN VISUAL RECEPTIVE FIELDS INDUCED BY
BICUCULLINE IONTOPHORESIS IN THE CAT SUPERIOR
COLLICULUS. R.D. Penfield and K.L, Grasse*. Psychology,
Ctr.Vision Research, York University, North York, Ontario, Canada
M3J 1P3.
The pharmacological and physiological mechanisms involved in the
formation of receptive field (RF) properties in the superior colliculus
(SC) are not clearly understood. The present study investigated the
effects of iontophoretic application of bicuculline methiodide (BMI) on
the RF properties of visual cells in the superficial layers of the cat SC.
Changes in RF size were determined using a light spot stimulus which
was moved manually and under computer-control. Both manual and
computer-controlled assessments showed that, after BMI iontophoresis,
RF’s expanded on average by over three times control RF sizes. RF
area was also assessed using computer-controlled flashing stimuli
(presented at 49 locations covering approximately 60 deg2) which
showed that RF area increased substantially after BMI iontophoresis.
For direction selective SC cells, the magnitude of selectivity decreased
dramatically after BMI application. These results demonstrate the
importance of intrinsic GABA-ergic mechanisms in the organization of
RF properties in the SC. Possible pharmacological and physiological
models o f RFs in the superficial layers o f the SC are considered. This
research was supported by grants from the Natural Sciences and
Engineering Council of Canada and from the Institute for Space and
Terrestrial Science, Human Performance in Space Laboratory.

73.15
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GABAC RECEPTORS CONTRIBUTE TO INHIBITORY CIRCUITS IN THE RAT
SUBCORTICAL VISUAL SYSTEM. M. Schmidt*. Dept. Zoology & Neurobiology,
Ruhr-University, D-4478Q Bochum, Germany.
The distribution of GABACreceptors in rat subcortical visual nuclei was studied by
immunocytochemical localization of the GABAC receptor specific p subunits. Putative
sites of GABAc receptors appeared as punctate structures that frequently surrounded
unstained somata and primary dendrites. The highest density of GABAC receptor p
subunits was observed in the stratum griseum superficiale of the superior colliculus
(SC) that showed the strongest immunolabel in the entire midbrain. In deeper SC
layers, immunolabel was significantly less dense or practically absent. GABAc
receptors were also found in other subcortical visual nuclei including the lateral
geniculate nucleus (LGN), pretectal nuclear complex (PT), and all nuclei of the
accessory optic system (AOS). Within the LGN intense immunolabel in was found in
close vicinity to large cell bodies, indicating that LGN relay cells also express GABAC
receptors. In contrast, the adjacent lateral posterior thalamic nucleus remained
virtually unlabelled. In the AOS nuclei, the high density of anti-p immunoreactivity
allowed to clearly demarcate nuclear borders.
Particular attention was given to PT neurons that are involved in the generation of
optokinetic nystagmus, because they receive a GABAergic input from the medial
terminal nucleus of the AOS that can neither be blocked by GABA a nor by GABA b
receptor antagonists. As expected, such PT neurons identified by retrograde tracing
also expressed GABAC receptors.
The distribution of p subunits indicates that GABAC receptors are present in almost
all subcortical visual nuclei. GABAergic inhibition mediated by these receptors thus
must play an important role for information processing in the visual system. The high
density of GABAC receptors in structures characterized by motion sensitive and/or
directionally selective neurons may indicate a specific function for processing of
visual image motion.
Supported by Deutsche Forschungsgemeinschaft (Schm 734).

FOS IMMUNOREACTIVITY REVEALS RESPONSES OF RETINORECIPIENT
NEURONS OF THE MOUSE BRAIN TO STATIC AND DYNAMIC STIMULI.
Hossokawa. N. M. and Britto. L. R. G.*. Dept. Physiol. Biophys., Inst. Biomed.
Sci., Univ. of São Paulo, 05508-900, Brazil.
Several neural systems appear to be involved with the detection of static and
dynamic stimuli in the vertebrate brain. In the present study we analyzed
immunocytochemically the expression of the Fos protein in populations of visual
neurons in two strains of mice, one normal and the oilier with retinal degeneration
(rd gene). One group of mice was kept for 5 days in a box covered with a randomdot pattern that was later used for optokinetic stimulation in the horizontal and
vertical directions (1.0 /s). Another group of mice was kept in the dark for 5 days,
and were then placed in a general illumination setup of about 1500 lux. In both
bases, one eye was covered with a black lens and the other eye was stimulated for 1
hour. An antibody against the Fos protein (Oncogene) was used with avidin-biotinperoxidase methods to determine the cells activated by the different stimuli. In both
situations, Fos-positive cells were observed contralaterally to the stimulated eye in
the superior colliculus, dorsal and ventral lateral geniculate nucleus, nucleus of the
optic tract, intergeniculate nucleus, and the medial terminal nucleus. The most
important difference between the results in both situations of stimulation was
observed in the colliculus, with many more labeled neurons in the group subjected
to dynamic stimuli than in the group seeing static stimuli. The rd mouse visual
areas contained Fos-positive neurons with the same distribution, but in smaller
numbers. Our data suggest that the Fos expression might be a suitable method to
obtain an overall picture of the neurons responsive to specific visual stimuli.

73.17
ANATOMICAL EVIDENCE FOR PARALLEL PROCESSING WITHIN THE
AVIAN COLLOTHALAMIC VISUAL PATHWAY. S. Husband* and T. Shimizu.
Depts. of Psychology and Surgery, University of South Florida, Tampa, FL 33620.
We investigated efferent projections of the ectostriatum, the primary telencephalic
recipient of the collothalamic pathway in birds.
The circuitry of the avian
collothalamic pathway has been extensively studied at the subtelencephalic levels, but
little is known about the telencephalic level. The ectostriatum consists of a core
region (Ec) which receives projections from the thalamic nucleus rotundus (Rt), and
the peri-ectostriatal belt (Ep) which mediates forward projections of the ectostriatum.
We used tract-tracing methods using various tracers (e.g., BDA, PHA-L, CTb),
combined with immunohistochemical techniques. Injections of tracers into the
anterior Ec revealed retrograde-labeled cells restricted to the anterior Rt, which is
distinguishable from the posterior Rt by intense staining for a calcium-binding
protein, calbindin. The major efferent from the anterior Ep projected rostrally to a
fronto-lateral portion of the neostriatum. In contrast, injections of tracers into the
posterior Ec resulted in retrograde-labeled cells confined to the posterior Rt. The
efferent of the posterior Ep traveled caudally to a caudo-lateral portion of the
intermedial neostriatum. In addition, both the anterior and posterior Ep sent efferents
to, respectively, anterior and posterior parts of the dorso-lateral portion of the external
pallium.
Previous electrophysiological data reported functionally segregated
“channels” within the Rt (e.g., Wang et al., 1993), in which the anterior Rt contains
chromatic-senstive cells whereas the posterior Rt contains motion-senstive cells. The
present study suggests that such functional segregation within the avian collothalamic
pathway continues to higher telencephalic areas. This parallel processing pattern is
similar to that of the mammalian visual pathway, in which form/color and motion
properties are processed in distinct “channels” through the thalamic and telencephalic
levels, indicating that birds and mammals have similar processing mechanisms for
visual information. (Supported by NASA).

S o ciety

fo r

N e u r o s c ie n c e , V o lum e 2 3 , 1997

Supported by FAPESP, FINEP and CNPq (Brazil).

SUNDAY AM

VISUAL PSYCHOPHYSICS AND BEHAVIOR: MOTION AND COLOR PROCESSING

74.1
VISUAL EVOKED POTENTIAL EVIDENCE FOR DEFICIENT
MOTION PROCESSING IN DEVELOPMENTAL DYSLEXIA.
I.W. McKinnell1, J.B. Talcott1, P.C. Hansen1, J.L. W inter1. S.J.
Bacon2*& J.F. Stein1. 1University Laboratory of Physiology, Oxford,
Parks Rd. 0X1 3PT, U K .2 Departm ent of Pharmacology, Oxford
University, Mansfield Rd. 0X1 3QT, UK.
There is now much evidence suggesting th at many developmental
dyslexics have a selective abnormality in the visual magnocellular
pathway. In order to verify this hypothesis we investigated motiononset and pattern-reversal VEPs in dyslexics and controls at high
and low contrast. We recorded over MT (the area heavily involved
in processing motion and dominated by magnocellular input) and
01-02 (the primary visual cortex th at receives both magnocellular
and parvocellular input). Our results demonstrated an increased
latency and reduction of amplitude in the dyslexic subjects in
response to the motion-onset and pattern-reversal VEPs whilst
recording over both MT and 01-02. Our results confirm th at such
stimuli specifically stim ulate the magnocellular pathway.
Furthermore they support the hypothesis th at dyslexics have a
temporal processing deficit th at can be identified using visual
evoked potentials whilst recording over MT and 0 1-02.
Supported by funds from the Medical Research Council and the
Wellcome Trust.

74.2
TH E P E R C E PT IO N OF E C C E N T R IC H E A D IN G S FR O M O PTIC
FLOW IS RELATED TO ACTIVATIO N OF VISU AL AR EA S OF THE
CONTROLATERAL H EM ISPHERE. G. d'Avossaft*,E. Y a c o u b t †, D, Kersten††,
Z. Liu* and X. Hu† . Neuroscience Program, †Center for M R Research, and ††Dept. of
Psychology, University o f M in n e s o t a ,#N EC Research Institute.
The visual pathways are organized so that the information from the right and left
hemifields is mapped onto cortical areas o f the controlateral hemisphere. This has been
shown for a number o f local attributes o f the visual scene. However, little data are
available regarding the cortical mapping o f higher order spatial information, such as
heading from optic flow. Here we have addressed the specific issue whether there is a
hemispheric specialization for heading estimation. To this end we compared a) the
accuracy in estimating leftward vs. rightward headings and b) the cortical activation
during the perception o f rightward and leftward headings, as determined using fMRI.
In psychophysical experiments we asked subjects to estimate heading direction after
a 0.8s display o f optic flows simulating motion o f the observer toward a cloud o f
stationary dots in 61 possible directions. Subjects viewed the screen either with their
left or right eye. Optic flows spanning 45°, 32° or 22° o f visual angle were used. We
found that the variance in heading estimation was less for rightward than leftward
headings, regardless o f the eye used or the flow field size. In activation experiments
optic flows simulating heading straight ahead were paired with optic flows simulating
an eccentric heading (i.e. 3 ° to the left or right o f the fixation point). The optic flows
spanned 12° and were viewed binocularly. The areas differentially activated by
rightward and leftward headings were found to be located in occipital parietal areas
respectively o f the left and the right hemisphere. These results suggest the existence of
a hemisperic partitioning in the heading estimation, the left hemisphere being better
than the right hemispher at this task, and indicate furtherm ore that the brain may
utilize a topographic code for the representation o f heading direction.
Work supported by NIH (grants RR08079 and R01MH55345).

74.3

74.4

Comparison of Eye Pursuit Effects on Expanding and Rotating M otion
Patterns
MA Maxwell*, JA Crowell, DC Bradley, RA A ndersen, Division of Biology,
216-76 California Institute of Technology, Pasadena, CA 91125
A pursuit eye movement causes rigid motion o f the entire retinal image in the
opposite direction of the eye movement. When viewing an expanding or rotating
stimulus, this laminar motion caused by eye movement shifts the center of the
retinal motion pattern (the focus of expansion or rotation) in the direction of the
eye movement (expansions) or perpendicular to the eye m ovem ent (rotations).
Recent results (Bradley et al.,1996) indicate that expansion- and rotation-selective
neurons in extrastriate area M STd o f m acaque use an extra-retinal signal
(efference copy or proprioception) to compensate for the shift in the retinal
motion focus caused by pursuit eye m ovements. Here we compare human
abilities to compensate for the effects of eye movements using similar expanding
and rotating patterns of random dots. Displays were identical to those used by
Bradley et al. Perceptual errors in localizing motion foci were estimated using
two psychophysical procedures, a stepwise m ethod o f adjustment (n=5) and a
variant of the QUEST m aximum-likelihood estimator (n=3). Constant errors
were always in the appropriate direction (parallel to eye m ovem ent for
expansions, perpendicular for rotations). Inter-observer variability was high,
independent of procedure: the extent of compensation varied from 51-182%
(mean 105%) with expanding patterns and from 22-54%(mean 40%) with rotating
patterns. However, every observer demonstrated better performance-on average
by a factor of 2.6-with expansions than with rotations. This finding is interesting
in light of the finding of Bradley et al., that rotation-selective M STd cells
demonstrate a similar degree o f compensation to expansion-selective cells; we
speculate that the perceptual difference may reflect differences in the relative
numbers of expansion- and rotation-selective cells. A similar argument has been
made to explain the difference in perceived speed between comparable expanding
and rotating patterns (Geesaman & Qian, 1996). supported by NIH and HFSP

A M ODEL O F D IFFU SIN G M OTIO N IN FO RM A TIO N ALO N G A LINE:
DOES T H E VISUAL SY STEM USE A RELA X A TIO N CA LCU LA TIO N ?
M. O kada1*, N. M atsukaw a2, K. Fukushim a2 & M. K aw ato3. 1ER A TO , KDB,
J S T , Kyoto, 619-02. 2O saka Univ., Osaka. 3A T R H IP, Kyoto, J a p an .
T h e visual system has to solve m any problem s including optical flow,
tex tu re, shading an d so on. These problem s have been form ulated as op
tim ization problem s (Poggio et al., 1985). Theoretically, in order to solve
them w ithin th e locality condition, it is necessary to use a relaxation calcu
lation. Some of researchers, however, have naively guessed th a t th e visual
system uses one-shot algorithm s, believing th a t such types o f visual tasks are
usually solved im m ediately.
In order to answer th e question concerning th e use of a relaxation calcula
tion in the visual system , we discuss th e following psychological experim ents
(Ben-A v & Shiffrar, 1995): T h e direction of a m oving line beh in d an aper
tu re is am biguous if no tem poral correspondence cue like a term in ato r is seen.
However, if ano th er m oving line w ith a term in ato r can be seen in another
a p ertu re, and these lines are perceived as two p a rts of a line, th e am bigu
ity disappears. Note th a t they m easured th e perceived m otion direction of
th e am biguous line segm ent for various distances betw een th e a p ertu res and
various a p ertu re sizes.
We offer a com putational m odel to reproduce th eir experim ental d a ta
considering the relaxation tim e to estim ate th e optical flow. We have already
succeeded in finding an explanation using th e finiteness of th e allowed com pu
tatio n al tim e. This analysis also suggests th a t the direction of th e perceived
velocity changes in accordance w ith the allowed co m p u tatio n al tim e, if it can
be controlled by some experim ental m ethod. Assum ing the d u ratio n of pre
sen tatio n to be a good approxim ation to th e allowed co m p u tatio n al tim e, we
propose new psychological experim ents to answer w hether th e visual system
uses a relaxation calculation or not, and predict th e results.

74.5

Yoshikawa1. X.-L. Jin1, K. Tovama1*,A. Takemoto3, N. Goda3, Y. Eiima3, S.
Okamura4, S. Kaiihara4, Y. Yoshida4. and Y. Takanashi2. Depts Physiol.1 and
Neurol2. , Kyoto Pref. Sch., and Div. Cognitive Neurosci. Grad. Sch. Human and
Environmental Studies, Kyoto University3, and Technology Research Labora
tory, Shimadzu Co. Ltd4.
Biomagnetic brain imaging is a promising way to map the brain activities with
high temporal resolution. However, the spatial resolution of the current source
imaging was strongly hampered by the inverse problem to estimate the current
sources from the MEGs. The present work intended to overcome this problem by
using a spatial filter array (SFA) each element of which estimates from the MEGs
the current sources at the focused brain region. Simulation and phantom experi
ments confirmed that the spatial resolution of SFA was roughly comparable (half
width, 10 mm) with that for PET and fMRI. MEG recording was conducted on 5
male adult subjects using 3 x 43 channel three-dimensional magnetometers
(Shimadzu BTI-100). Visual stimuli were moving random dot patterns (MRD)
and checker board patterns produced by random dots moving in 2 orthogonal
directions (CRD). The two stimuli were presented to the right visual field o f the
experimental subjects in a pseudorandom order, and the MEGs were averaged
for each stimulation. Dipole analysis revealed current sources localized in V 1 at
100 ms and in V5 at 95 ms. The responses to the visual stimulation were studied
by transforming the MEGs into the currents by virtual sensors focused to the sites
of the current sources at V 1 and V5. Subtraction analysis revealed response en
hancement for CRD compared with MRD in the two components peaking at 100
and 160 ms in V 1 and 80 and 160 ms in V5, respectively. These observations
indicate that V5 respond to MRD as well as CRD as early as 80 ms and supports
the view that response enhancement in V1 at 100ms depends on the top-down
signals from V5.

S o c ie ty f o r N e u ro s c ie n c e , V o lu m e

(Supported by HFSP)
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3D MAGNETOMETER STUDY OF CONTOUR FROM MOTION PRO
CESSING : POSSIBLE TOP-DOWN SIGNALS FROM V5 TO V1. K.
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ABSENCE OF PERCEPTUAL EXTRAPOLATION OF MOTION IN AN
ALIGNMENT TASK M.V.C. Baldo1, J. Namba1, C. Timo-laria1*. and
Klein2. 1Dept. Physiol. Biophys., Inst. Biomed. Sci., Univ. São Paulo, SP,
BRAZIL, and 2School of Optometry, Univ. California at Berkeley, CA, USA.
If a pair of dots, diametrically opposed to each other, is flashed in perfect
alignment with another pair of dots rotating about a central dot (fixation
point), most observers perceive the rotating dots as being ahead of the
flashing dots. This psychophysical effect was initially interpreted as a
perceptual extrapolation of the position of the moving dots (Nijhawan,
Nature 370:256-257, 1994). However, the observed dependence of the
angle of misalignment on the location of the flashing (outer) dots called for
an explanation other than a perceptual extrapolation (Baldo & Klein, Nature
378:565-566, 1995). In order to further clarify this issue, we carried out a
series of psychophysical experiments in which a pair of (inner) dots,
diametrically opposed to each other and 2 deg apart in the visual field,
rotated at 36 r.p.m. about the fixation point, while another pair of (outer)
dots, also diametrically opposed to each other, remained on in the visual
field. At each presentation the outer dots were either 3.4 deg or 7.8 deg
apart from one another.The task, performed by 13 volunteers, was to report
the position of the moving dots in relation to the outer dots when the whole
set of dots was suddenly turned off. No misalignment was perceived by
most observers, and when present the moving dots were seen slightly
behind the outer dots, contrarily to the extrapolation hypothesis. These
results clearly indicate that no extrapolation mechanisms, operating at the
perceptual level, are responsible for the original psychophysical effect.
Other interpretations must be explored, particularly those involving either
time delays in attentional shifts or basic sensorial mechanisms.
Supported by grant 96/6618-9 from FAPESP (Brazil).
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HOW COLOR INFLUENCES MOTION PROCESSING:
IMAGE SEGMENTATION OR HUE CORRESPONDENCE?

COLOR ENHANCES SENSITIVITY TO RANDOM DOT MOTION VIA
SPATIAL ATTENTION. J.D. Roitm an'* and M.N. Shadlen2.
Program in
Neurobiology and Behavior1 and Dept, of Physiology and Biophysics2, Univ. of
Washington, Seattle, WA 98195.
Judicious use of color can enhance sensitivity to the direction of motion in a
dynamic random dot kinematogram. On this task, threshold judgments are based on
a small fraction of dots which are displaced in apparent motion for two (or at most
three) video frames. If these moving dots are colored, the performance of human
observers improves dramatically (Croner & Albright, 1997). It is possible that this
improvement is due to image segmentation by color prior to motion processing: the
colored segment of the image would contain only valid motion cues. Alternatively,
color may guide visual processing to salient parts of the display in the manner of
spatial attention. To test these possibilities, two human subjects performed a
discrimination task in which only the first or last appearance of moving dots was
assigned a distinct color. Color cued the location of moving dots, but nothing
colorful actually moved. Segmentation of this display according to color would
confer no benefit.
Nevertheless, we found that this manipulation improved
discrimination over stimuli lacking color cues. In a second experiment, all dots
were white, but a red spot (isoluminant with the background) cued the location of
moving dots. This cue also lowered discrimination threshold. We conclude that color
enhances sensitivity to motion by identifying the location of salient features in the
display (i.e., the moving dots). This form of spatial attention can be explained by
existing models (e.g. Crick, 1984 and Anderson & VanEssen, 1987). Our results
introduce an interesting constraint, in that color cues are only effective when they
appear within approximately 100 ms of the moving (cued) dot. This suggests that
the neural signals mediating this form of spatial attention share a common time
course with the directional signals that they serve to enhance.
Supported by E Y 11378, RR00166 and the McKnight Foundation

Lisa J. Croner* and Thomas D. Albright. Salk Institute, La Jolla, CA 92037.

When motion signal differs in hue from dynamic noise, human subjects better
discriminate signal direction (Croner & Albright, 1997, Vis. Res.). Two alternative
mechanisms could account for this effect. First, hue-based segmentation of signal and
noise may allow differential weighting of their inputs to motion detectors. Since signal
(target) popout depends on noise (distractor) homogeneity (Duncan & Humphreys,
1989, Psych. Rev.), performance should degrade if noise is heterogeneous in hue. Al
ternatively, the effect may be mediated by motion correspondence on the basis of hue.
If so, performance should be unaffected by heterogeneous noise, but should improve
further if different signal dot correspondence pairs differ in hue. We thus asked how
discrimination performance depends on heterogeneous signal or noise.
Subjects discriminated motion direction in dynamic displays of randomly positioned
bright dots, a variable fraction of which moved in the same direction at the same speed
(motion signal) while the remaining dots were randomly displaced (noise). There were
four stimulus conditions. In one, all dots were the same hue. In the second, signal dots
were a different hue from noise dots. In the third, each correspondence pair of signal
dots was one of two hues and noise dots a third hue. In the fourth, noise dots were each
one of two hues and signal dots a third hue. Dots had the same luminance, and their
hues were equidistant from each other in perceptual hue space.
When noise hue was homogeneous, performance was enhanced if signal dots differed
in hue from noise, and threshold was independent of signal heterogeneity. Performance
degraded, however, when noise was heterogeneous. Thus, performance depends on
grouping of the noise dots, but not on hue correspondence. These findings support the
view that hue-based image segmentation influences motion processing, and suggest that
segmentation allows suppression of noise input to motion detectors.
Supported by E Y 06530 and E Y 07605.
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COLOR VISION DISCRIMINATION LEARNING IN CEBUS MONKEYS.
V. F. Pessoa, M. C. H. Tavares, L. Aguiar, U. Gomes and C. Tomaz*.
Lab. Neurobiology, Primate Center, Univ. of Brasilia, DF, 70910-900 Brazil.
Primates display significant differences in color vision. Old World
monkeys seem evenly trichromatic, while the New World monkeys show
color vision polymorphism. Regarding to the capuchin monkeys (Cebus
apella) there are several inconsistencies in the outcomes of the experiments
on color vision. Thus, as a contribution to better understand this question,
we investigated the ability of capuchin monkeys in discriminating chromatic
and achromatic stimuli using a behavioral discrimination learning paradigm.
The subjects (two males and one female) were tested in a simplified version
of the Wisconsin General Test Apparatus in their home cage environment.
The color stimuli consisted of Munsell color chips and three protocols were
used: (1) a simple color discrimination test where the stimuli had different
hues but the same brightness and saturation; (2) a test pairing each hue
with achromatic chips of different values; (3) a test pairing different
achromatic chips. On any given trial, the subject was faced with a choice
between two discriminating color chips. The results indicated that all Cebus
monkeys tested were capable of discriminations along five major spectral
locations used (red, yellow, green, blue, purple). Furthermore, the subjects
had no problem discriminating the pairs of hues versus grays. These results
suggest that capuchin monkeys can be trichromats. These data are
discussed in terms of the hypotheses of male dichromatism in New World
monkeys, the role of color vision in adaptation to feeding ecology, as well as
to aspects regarding primate evolution.

C O LO R M EC H A N ISM S IN PA T IE N T S W ITH U N IL A T E R A L
LESIO N S D.I. Braun*, L. Rüttiger, K.R. Gegenfurtner, L.T. Sharpe & D.
Petersen, E. Gut & P. Schönle. Sektion Visuelle Sensorik, University Eye
Clinic, Neuroothalmology, Waldhörn lestr. 22, 72072 Tübingen, Germany.
Acquired color vision deficits have been reported following bilateral
cortical lesions that involve the fusiform and lingual gyri. Little is known,
however, about the effect of unilateral lesions. We examined the color
perception of 29 patients with defined unilateral lesions mainly located in
the parieto-temporo-occipital and parieto-frontal cortex with clinical tests
and some specially designed color vision tests. Our aim was to detect and
differentiate between possible deficits in central color processing. Each
patient’s monocular visual fields were examined with perimetry. Normal
cone receptor function was tested with the Ishihara plates and the MollonReffin test. Detection and orientation thresholds for isoluminant chromatic
and for luminance stimuli were measured to assess retinal and early cortical
functions. To examine the functions of higher cortical processing, we
tested color memory, color-object association and color constancy. In the
color constancy task, patients had to adjust on a computer monitor the hue
of a centrally viewed test field to a neutral gray. The test field was
displayed amid a set o f colored patches, whose reflectances were randomly
chosen from Munsell color chips. From the variation of neutral-gray
settings under different simulated illuminants we calculated a measure of
color constancy for each patient. Results were correlated with the location
and extension o f each lesion as determined by CT- or MRI-scans. A
general reduction in performance was present in most patients compared
with that o f a control group. 5 patients showed specific deficits in color
constancy and one in color detection. Of the patients with color constancy
deficits the lesion included area V 1 in one case, while for 3 other cases it
was restricted to the fronto-parieto-temporal cortex. These results indicate
that unilateral lesions can also cause disorders of central color processing.
Supported by f ortüne-program of Tüb. Univ. (F. 1222104) & DFG (Klin. Forschergruppe)
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BISECTION AND DISTANCE DISCRIMINATION THRESHOLDS
FOR COLOR STIMULI UNDER THE LUMINANT AND
ISOLUMINANT CONDITIONS. O.Ruksenas*, M. Jurkutaitis and
V.Petrauskas. Dep. Biochemistry-Biophysics, Vilnius University, Vilnius,
Lithuania, LT-2009.
To investigate the spatial mechanisms underlying precise location
assessment o f color stimuli the three targets bisection and two targets
distance discrimination thresholds were measured as a function o f spatial
separation. The targets were red squares on green background. The two
alternative forced choice method was used in both cases. The targets
were presented simultaneously in the bisection task and successively in
the distance discrimination task. The distance discrimination thresholds
are more than two times higher than the bisection thresholds at the same
outer points separation. The thresholds in both cases increase
approximately linearly with the increase in spatial separation 'by a
constant factor o f 0.016 for both luminant and isoluminant stimuli. The
bisection thresholds are higher by 10-15 arc sec at isoluminance if
compared to those at the luminant condition while the distance
discrimination thresholds do not differ significantly.

S o c ie ty f o r N e u ro s c ie n c e , V o lu m e
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ORIENTATION
DISCRIMINATION:
PSYCHOPHYSICAL
MEASUREMENTS IN HUMAN AND NON HUMAN PRIMATES.
P. Vázquez, C. Acuña*. Labs. Neurociencia y Computación Neuronal and
Complejo Hospitalario, Universidad de Santiago de Compostela. E -15705 Spain.
These experiments intend to study the neural cortical mechanisms involved in
orientation perception and discrimination. The experimental paradigm is a
modified 2AFC. With this psychophysical method we measure the capacities of
human (n=3) and non-human (n=l) primates to binoculary discriminate between
stationary orientations of a line segment 112 mm length, 0.56 mm thick,
subtending 5°36’ to the eye. Fourteen different base orientations were used.
Comparison lines, ten per base, are presented tilted clockwise or
counterclockwise in steps of 1o with respect to the base line. The maximum
separation between the two lines for a minimum rotation, is 1.95 mm, subtending
5.53 arcmin. Line and background luminance are 0.08 and 0.00 cd/m2 room
illuminance is 40 lux. The results of the discrimination are signaled by pressing,
with the right hand, one of two switches situated at hand reach.
Psychometric data was fitted to a sigmoidal curve, obtaining the Absolute
Limen (AL) and Difference Limen (DL) values. Signal Detection Theory analysis
was applied, obtaining sensitivities, bias and criterion used by the subjects. DL
and AL ranges from 0.3° to 1.3° and from 0.5° to - 1o for different base lines.
Reaction times were between 136 and 204 ms for a hit and from 182 to 390 ms
for a miss, and they are significantly different. Signal Detection Theory showed
that sensitivity is 5 times greater for horizontal and vertical than for intermediate
orientations. A clear oblique effect was observed. The similar performance of
both primates will allow neural comparisons. Supported by CI CYT PB93-0347,
PM96-0027 and XUGA 1996. Spain.

SUMMATION AND AVERAGING OF VISUAL INFLUENCES ON
VPEL MODELED BY POSTSYNAPTIC CONDUCTANCE CHANGE
IN ORIENTATION-SELECTIVE SYSTEM. L. Matin* and W. Li.
Dept, of Psychology, Columbia University. New York, NY. 10027
The elevation at which subjects set a visua1target to appear at eye level
(VPEL) changes linearly with the pitch of a complexly-structured, wellilluminated visual field (Vis Res'89). The influence is almost as large in
the presence of a single eccentric (25°), long (64°) line in darkness that is
either pitched-from-vertical (Vis Res‘94a) or lies obliquely in a
frontoparallel plane and stimulates the same retinal region (Perc‘96). We
account for the increase of influence with line length and from parallel
(Vis Res’94b) or nonparallel (ARVO‘92) lines separated by 50° by a
model whose 1st stage employs orientation-selective cortical units in V 1.
The 1st stage outputs are combined in a 2nd opponent stage. Zero-based
outputs of 2nd stage units from stimulation on both sides of the median
plane (both hemispheres) converge on a 3rd stage unit whose response
magnitude equals either the sum of magnitudes generated by individual
lines for short lines or the weighted average of influences from long
lines, in agreement with the experiments. The change in combination rule
is due to conductance change in postsynaptic membrane at the input of
the 3rd stage. Control by membrane conductance change is similar to the
change in retina that accounts for temporal processing (flicker, critical
duration) and intensity discrimination (Matin, JOSA’68); here the change
is in steady state VPEL and the conductance change is in a cortical unit.
We can not yet conclude on whether only two orientation-selective unit?
(peak sensitivities: 20° cw; 20° ccw; “2-unit model”) or a large number of
different orientation-selective units (“multichannel”) 'contribute to the 1st
stage.
Support: NEI/NIH EY 10534, AFOSR F49620
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DISTORTIONS O F PERSPECTIVE: O PTICAL ILLUSIONS W H E R E
PARALLEL LINES DO N O T A P PE AR PARALLEL. J.L. Kubie* and E. Harris.
Depts. of. Anat. & Cell Biol, and Physiol., S U N Y HSCB, Brooklyn, NY 11203
Linear perspective is a phenomenon in which parallel lines that lie on a
plane that is not normal to the optical axis create images of non-parallel lines
on the image plane. It is common knowledge that such lines are perceived as
parallel. We have found that, under appropriate circumstances, short parallel
lines on the floor of a room do not appear parallel: observers perceive that
extensions of these lines will converge in the distance, at a point well below
the horizon. W e call this The Linear Perspective Illusion.
The illusion is illustrated below. An observer standing at A perceives the
lines as not parallel, and lying on paths that will converge NE; while at B the
paths are perceived converging in the SW . W hen observers rotate one of the
lines until the two appear parallel, the mean error is 12 degrees.

DEVELOPMENT OF HIGH-LEVEL VISUAL OBJECT REPRESENTATIONS
BASED ON COMPLEX-CELL TYPE FEATURES. L. Shams1, C. von der
Malsburg1, D. L avond^*. Ctr. for Neural Engineering1, University of Southern
California, Los Angeles, CA 90089-2520 & NIBS2, University of Southern
California, Los Angeles, CA 90089-2520

Floor Plan of Room with line
segments

B

/

/

↑

A
Clearly, this illusion corresponds, roughly, with the image of the lines on
the retina. What is surprising is that these lines should be perceived as parallel,
but are not. The perceptual correction for linear perspective is ignored.
Several features are important in obtaining the illusion. The line segments
should be: 1) short; 2) far apart; and 3) oriented so that a direct parallel
displacement of one will not touch the other. The illusion has two dissociable
components. One depends on linear perspective (the lines must be on a
plane that is not normal to the optical axis). The second component exists
only when parallel lines are in the floor plane. It exists when the floor plane is
normal to the optical axis and, therefore, linear perspective is not a factor.

75.5
PERCEPTUAL LEARNING O F A FIG U R E -G R O U N D S E G M E N T A TIO N TASK:
TIME COURSE AND S P E C IFIC ITY S U G G E S T VISUAL C O R T E X P LASTICITY
G. Bertini*, C. Rev-Hipolito and L.G. Ungerleider.
Laboratory o f Brain and Cognition, NIMH, B ethesda M D 20892.

Training-dependent improvements in performance can be demonstrated for a
variety of simple visual tasks. The time course of learning and its specificity to basic
parameters of the stimulus (such as retinal location or orientation) can provide insights
into the neural basis of perceptual skill learning. We trained human subjects to
discriminate the shape of a target, defined by a patch of uniformly oriented random
line elements, embedded in a background texture of orthogonal line elements. Single
unit recording experiments in the awake monkey, using similar texture stimuli, have
demonstrated a neural basis for figure-ground segmentation in the primary visual
cortex (Zipser et al., J Neurosci 16:7376-89, 1996).
Subjects (n=7) were required to fixate a spot at the center of the computer screen,
while stimuli containing a target at 3-5° eccentricity were briefly presented. Stimuli
were followed, after a variable time interval (SOA), by a mask o f randomly oriented
elements. Performance was measured as a function of the threshold SOA correspond
ing to 80-85% correct responses. All subjects showed dramatic gains in performance
over the course of several days of practice. Improvements over a time scale of minutes
(fast learning) were observed during the first training session. Additional gains
occurred across subsequent sessions (slow learning), but no detectable improvements
were found within these sessions. Rotating target and background texture elements by
90°, or moving the targets to the opposite visual hemifield, caused a sudden drop in
performance. Further training on the new condition triggered new learning.
The demonstration of long-term, incremental improvements in a texture dis
crimination task suggests that neural mechanisms for figure-ground segmentation
undergo functional changes as a consequence of extended practice. The specificity of
the learning effects for the location of the targets and the orientation of the texture
elements supports the hypothesis that these changes occur at a level in the visual
system where retinotopy is retained and different orientations are processed by discrete
channels. Neurophysiological recording experiments will attempt to identify the locus
of such changes.

S o c ie ty f o r N e u r o s c ie n c e , V o lu m e

2 3 , 1997

We present an architecture for development of complex features
useful for invariant object recognition. Biederman and associates
(1987) have shown that the visual behavior of adult humans
implicates a recognition-by-part (RBC) mechanism in which objects
are represented based on their constituent 3-D volumetric structures
called Geons. While RBC has accounted for a large body of
psychophysical data on adult object recognition, there has been no
account of how such features may develop. We show that assuming
the initial representation of the objects is based on V 1 complex cell
type features, geon-like patterns can be learned using the two
biologically plausible operations of correlation and averaging. In our
model, we use complex-cell-type representation of a set of objects
which have been segemented and preprocessed, as objects stored in
the memory, and by matching such objects against each other, we
demonstrate the individual objects are decomposed into parts which
in turn participate in the formation of a generic geon-like model in the
memory. We show the development of a cone- and a cylinder pattern
as examples.
Such features can then serve as intermediate
representation of the objects which are often composed of such parts.
(Supported by Army Research Laboratory.)

7 5 .6
P A R A L L E L P R O C E S S IN G O F C O N J U N C T IO N S IN V IS U A L
S E A R C H . J. S. U. B u d d e * a n d M . F a h le . S e c tio n of V isu al
S c ie n c e , D ep t. N e u ro o p h th a lm o lo g y , U niv. E y e C linic,
T u e b in g e n , G e rm a n y , e -m a il: ju tta .b u d d e @ u n i-tu e b in g e n .d e
Visual search tasks in which the target differs from the distractors in a
conjunction of visual features usually lead to processing tim es that
increase linearly with the num ber of elem ents displayed, i. e., to serial
search. Only a few exceptions resulting in parallel search have been
reported. W e systematically tested conjunctions of elem entary visual
features to further investigate the ability of the visual system to process
conjunctions. The elem entary features tested w ere "movement", "color",
"contrast", "orientation", "spatial frequency", and "stereoscopic depth".
Target and distractors either differed in a single feature or else in a
conjunction of two of the features. The stimuli w ere G abor patches of
different orientation, color, etc., presented on a com puter monitor. The
results show that the single-feature tasks can be processed in parallel.
Surprisingly, after an extended practice period, search is parallel also for
most of the conjunctions, e. g. for color and contrast and for all
conjunctions containing m ovem ent. But som e of the conjunctions still
lead to serial search, even after practice, especially those containing
binocular disparity. It is unlikely that the visual system develops
selective detectors for all of the conjunctions processed in parallel.
Therefore, it is assum ed that a learning process takes place leading to
an improved search strategy that involves the grouping of elem ents.
The time course of this learning process is currently under investigation.
Supported by the G raduiertenkolleg N eurobiologie and Klinische
Forschergruppe Neuroophthalmologie (D FG ) Tuebingen
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FEATURE BINDING UNDER ISOLUMINANCE CONDITIONS

THE INFLUENCE OF AFTERIMAGES ON THE DETECTION OF
ILLUSORY GRATINGS Janies G. May. James M. Brown. Sharon Roberts
and J. Mark Ordy*. Department of Psychology. University of New Orleans,
LA 70148.
Illusory gratings are sometimes visible in a homogeneous inspection area,
above and below which, real vertical inducing gratings are displayed. Under
some conditions (dark or light inspection areas) the illusory gratings appear to
be in-phase with the inducing gratings (stationary phantoms) and under others
(gray inspection areas) the illusory gratings appear to be out-of-phase with the
inducing gratings (grating induction). It has recently been reported that pointby-point brightness matches reveal only out-of-phase illusory gratings, no
matter what the luminance of the inspection area. Since the brightness
matching technique might have lead to afterimages which mimic out-of-phase
illusory gratings, the present series of experiments was undertaken to
determine how such afterimages might bias illusory grating judgments. 'Ih e
same three subjects served in each of three experiments. Afterimages were
induced during fixation with brief flashes of inducing gratings within the
inspection area (Exp 1.), or by vertical shifts in the entire stimulus which
exposed the retina to real gratings prior to judgments within the inspection area
(Exp. 2). Exp. 2 was replicated with drifting induciug gratings (Exp. 3). The
subjects were asked to indicate whether illusory gratings appeared in- or outof-phase. The results of Exp. 1 & 2 indicate that afterimages can severely bias
judgments of illusory grating phase with stationary displays, but are not a
factor in moving displays. Thus, grating inductiou appears to be a case of
simultaneous brightness contrast which can be modified by successive
brightness contrast, while moving phantom visibility derives from other
mechanisms.
Unfunded Research

S Lehky* RIKEN, Wako, Saitama 351-01, Japan
The rate of illusory conjunctions was measured for sets of briefly flashed
colored letters on a white background as a function of the relative
luminances of the letters and background. This rate was found to be highest
during isoluminance. For each trial, 3 characters, each a different letter and
color, were flashed in a vertical array for 120 ms. The display was centered
randomly at one of 4 locations, at ±1.50 deg horizontal and ±0.75 deg
vertical. The task was to report the letter and color of the central character of
the three. The characters were 0.85 deg in size, and each letter and color
was chosen from among 4 possibilities. Background luminance was 16
cd/m2. Luminances of the characters were either dim (-0.15 log units),
isolum inant (0.00 log units), or bright (+0.15 log units) relative to
background, with 800 trials conducted for each condition. For the “dim”
condition, the results were 94% correct, 6% illusory conjunctions, and 0%
feature errors (features reported that did not appear in the stimulus). For the
“bright” condition, the results were 93% correct, 7% illusory conjunctions,
and 0% feature errors. For the “isoluminant” condition, the results were 78%
correct, 18% illusory conjunctions, and 4% feature errors. Subjectively, the
isoluminant characters appeared fuzzy, as if the colors were spreading past
the borders, while non-isoluminant characters appeared sharp. Since'dorsal
visual pathways receive attenuated input during isoluminance, the elevated
rate of illusory conjunctions observed under isolum inance raises the
possibility that during object recognition inputs from dorsal pathways make a
contribution to the binding of color and form at a particular spatial location.
Supported by FRP, Japanese Science and Technology Agency.
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H ippocam pal F unctional C on nectivity in V isual T extu re Percep tion
D u ring PET Im aging. L.L. B eason-H eld*, B. Horwitz. K.P. Purpura. S.I.
Rapoport. and M.B. Schapiro, National Institute on Aging, NIH, Bethesda, MD
We have shown that the hippocampus (HIP) is activated by extended exposure
to Even textures. To determine contributions o f the HIP to form perception in
humans, we measured regional cerebral blood flow (rCBF) using PET in 8 adults (4
F, 4 M; ages 20-37) during texture perception. Two types o f textures were used: 1)
Random textures in which the black and white pixels were arranged random ly: 2)
Even textures in which the colorings of pixels were correlated to produce extended
contours and rectangular blobs of black/white. Each subject underwent 8 PET scans:
4 scans while viewing Random textures, and 4 while viewing Even textures. To
assess temporal changes in the functional connectivity o f the HIP, interregional
correlation analyses were performed across subjects and within each condition. For
early scans (1+2) and late scans (3+4) of each condition, correlation coefficients were
calculated relative to a reference pixel located in the right HIP (p≤0.01). Next, the
difference in regional interactions between early and late scans was calculated (p≤0.05).
During Random stimulation, later scans demonstrated significant positive correlations
in posterior brain regions relative to early scans. Regions involved: middle occipital
gyrus, middle temporal regions, left parahippocampal gyrus, cuneus, cerebellum and
also the inferior frontal gyrus. During Even stimulation, later scans demonstrated
significant positive correlations in anterior brain regions. Regions involved: superior
frontal gyrus, basal forebrain, thalamus, putamen, and also the precuneus/posterior
cingulate region. These results indicate that a pronounced dichotomy in the regional
processing of distinct classes of visual textures occurs as a function of exposure time.
The anterior/posterior differences suggest that whereas the HIP is involved in perceptual
processing during the Random condition, a more conceptual level o f processing
involving the frontal lobe and basal forebrain occurs during the Even condition.
Supported by NIA IRP.

FORM DEPRIVATION MYOPIA: A ROLE FOR SCLERAL
CREEP. J. Phillips*, M. Khalai & N. McBrien.
Dept.
of
Optometry
and
Vision
Sciences,
University of Wales, Cardiff. CF1 3XF U.K.
Abnormal stretching of the sclera has long been
proposed as a mechanism for axial elongation of
the eye in myopia. We induced axial myopia
(monocularly, using translucent occluders) in
10 chicks (induced error, ΔK: -20.3D ± 1.0D,
mean ± SEM) and 10 tree shrews (-11.3D ± 1.80D)
and compared the creep properties of posterior
scleral samples from myopic and contralateral
(control) eyes in each animal. In both species,
mean creep strain (% extension, 5g load for 15
mins) of samples from myopic eyes was greater
(p < 0.01) than controls. For tree shrews, the
difference in creep strain (myopic - control)
of samples from individual animals correlated
with vitreous chamber elongation (ultrasound
measures) (r = 0.746) and myopia (r = 0.792).
No such associations were found in chick data.
These findings support the notion that in the
tree shrew the retinal mechanisms initiating
axial elongation of the eye in form deprivation
myopia act by altering the material properties
of the sclera in a controlled manner.
Supported by The Wellcome Trust.
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CONTOUR INTEGRATION IN ANISOMETROPIC AMBLYOPIA.

ENHANCED CONTOUR DETECTION IS NOT MEDIATED BY AP
PARENT CONTRAST. M.W. Pettet and P. Verghese*. Smith-Kettlewell Eye
Research Institute, San Francisco, CA. 94115.
Several short line segments are more visible among background noise when
they are coaligned to form a segmented contour than when they are randomly
oriented. Psychophysical studies examined whether changes in apparent contrast accompanied this enhanced visibility. A signal group of several Gabor
patches (Gaussian-windowed luminance gratings) arranged along a common
circular path was embedded in a dense cluster of background Gabor patches
having random positions and orientations. One member of the signal group,
designated the target, had fixed contrast (12%) and a fixed location at the center of the display. In one paradigm, observers judged the apparent contrast of
the target Gabor relative to an isolated reference Gabor of variable contrast. In
a second paradigm, observers indicated which of two otherwise identical signalplus-background configurations contained a higher contrast target. We compared psychometric functions from signal groups having coaligned elements to
those from signal groups with unaligned (i.e., randomly oriented) elements.
Orientational alignment affected neither the apparent contrast nor the contrast
increment thresholds of the target Gabors. Several physiological studies demonstrate how alignment modulates single unit responses in visual cortex. If
these response modulations mediate the enhanced visibility of aligned Gabors
in background noise, then the current results suggest that such modulations do
not affect apparent contrast. Supported by N EI EY06672-01 and NEI R01EY06644.

R .D em anins* a n d R.F.Hess. McGill Vision Research, Dept, of Ophthalmology,
McGill University, Montreal, Quebec, Canada, H3A 1A1.

We examined w hether anisometropic amblyopes can combine outputs of
different orientation selective neurons for extraction of a contour em bedded
in noise. Recent studies have shown that contour integration is anomalous in
am blyopia (Kovács, Polat and Norcia, ARVO 1996) and strabism ic
am blyopia (Hess, M cllhagga and Field, Vision Res., in press). H owever th e
former attributes the result to a failure of integration mechanisms per se
w hile the latter to elevated spatial uncertainty present w ithin th e
strabismic amblyopes' visual system. Given that anisom etropic amblyopes
as a group do not exhibit spatial uncertainty, we decided to explore w h e th e r
this group demonstrates normal or abnormal contour integration.
We compared the dom inant (DE) and amblyopic eyes (AE) in a group of six
anisometropic amblyopes. The subject's task was to determ ine w hich of two
presentations contained the "path stim ulus". A path stimulus consisted of a
set of oriented Gabor elements aligned along a common contour em bedded in a
background of randomly positioned and oriented elements (the "noise
field"). The "no-path stim ulus" consisted of just the noise field.
Results dem onstrate that 5 of 6 anisometropic subjects dem onstrate no
significant difference between their DE and AE, being able to detect th e
path em bedded in a noise field just as well w ith either eye. For the subject
who had anomalous results, we w ent on to dem onstrate that we can degrade
performance of her DE, equating it to the AE's previously measured
performance, by introducing an equivalent level of spatial uncertainty.
These results suggest that contour integration per se is normal in
anisometropic amblyopia since any loss of performance can be attributed to
the know n spatial uncertainty of the amblyopic eye.
(Supported by MRC of Canada fellowship to RD and MRC grant MT-10818 to RFH)
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SUPPRESSION D U R IN G B IN O C U L A R R IV A L R Y IS S E L E C T IV E .
J.Beusmans.* Nissan Cambridge Basic Research, 4 Cam bridge Center,
Cambridge, MA 02142, USA.
Suppression during binocular rivalry is comm only believed to be nonselective; i.e., once the stimulus to an eye is suppressed, other stimuli will
also remain invisible when presented to the suppressed eye. Here, I show
however that a copy of the dominant stimulus plus some disparity is not
suppressed but immediately leads to a depth percept.
The left eye and right eye stimuli each consisted of a small field (2.8 deg
diameter) of small red rectangles (20 ’ by 10'), randomly positioned with an
average separation of 20' on a dark background. In the left eye, rectangles
moved along the upper-left/lower-right diagonal at 20'/s; in the right eye,
they moved in an orthogonal direction. During each 60s trial, subjects
continually indicated which stimulus w as dom inant. Once a dominance
period had started, the suppressed stimulus w as replaced after some
random delay by a copy of the dominant stimulus plus 7' of disparity or by a
new array of rectangles with motion opposite to that in the dominant eye.
The duration of the change varied from 16ms to 500m s. The new arrays
were almost never detected regardless of duration, but the displaced
copies of the dominant stimulus w ere readily detected and perceived in
depth (50% detection at ~50m s duration, which is only 10ms longer than
detecting the same depth starting with identical stimuli in both eyes).
These results can be interpreted as the dominant stimulus establishing a
prediction for the suppressed eye, which w hen satisfied, im mediately
leads to a depth percept. Recent experiments by Logothetis et al. (Nature
380, 621, 1996) showing that rivalry is not disrupted when the dominant
stimulus is continually switched between the eyes, could be accounted for
by such prediction mechanisms operating at the striate level.

RECOGNITION OF VISUAL PATTERNS CODED INTO AUDITORY
INPUTS: AN EXAMPLE OF SENSORY SUBSTITUTION.
P. Arno. C.
Capelle. M.-C. Wanet. C. Veraart*. Neural Rehabilitation Engineering Lab.,
Université catholique de Louvain B-1200 Brussels, Belgium
In order to assess sensory substitution of vision by audition, recognition of
visual patterns coded into auditory inputs was investigated in 24 normal blindfolded
subjects. Images captured by a miniature TV camera are transmitted to a PC. The
resulting images are simplified and present a high central and a low peripheral
resolution levels, as in the real visual system. The visual-auditory coding consisted
in the association of a specific frequency with each pixel of the processed image,
resulting in a real time complex sound.
Half the subjects were trained to use the system and to learn the code during ten
one-hour training sessions. Learning consisted in subject’s active exploration of
images displayed in front of them, using the video camera attached onto ski
goggles. In order to assess the training effect, all the subjects were tested at four
different stages of training. Subjects had to recognize simple bi-dimensional visual
patterns taking advantage of the sounds they were hearing. Results exhibited
extremely successful training effects: performance o f the 12 trained subjects
significantly increased with practice compared to the control group. Subjects also
recognized new patterns, demonstrating a learning process generalization. The
negative correlation observed between scores and processing time showed that
subjects’ responses accuracy was related to their fastness.
In conclusion, visual pattern recognition is possible using a fairly natural
vision-to-audition coding scheme, thanks to the sensory-motor interactions
between the subject's head movements and the correlated sound changes.
Activation studies using positron emission tomography (PET) with normal, early
and late blind volunteers are in progress to investigate the effects o f sensory
substitution of vision by audition at a neurofunctional level. W ork partially
supported by grant # 2191 from the Walloon Region of Belgium.
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RESPONSE OF ZEBRA FISH TO C O M PLEX VISU A L STIM U LI. L.A.
Fetsko. M. I. Mote, and J.B .Sheffield*. Departm ent o f Biology, Tem ple
University, Philadelphia, PA 19122.
Our previous work has show n that zebrafish can be trained to
discriminate between various w avelengths o f light using an associative
learning paradigm with positive reinforcem ent. This sam e paradigm has
been applied to show that they are also able to discrim inate betw een
horizontal and vertical patterns o f bars to a statistically significant degree.
Additional experiments were done to determ ine the adult zebrafish's
response to complex paired stimuli. One set o f stimuli consisted o f a blue
light paired with a pattern of horizontal bars w h ile the other was an aqua
light paired with a pattern of vertical bars. The fish were conditioned to
choose the blue/horizontal bars pair. They w ere able to do this to a
significant level.. The next part o f the experim ent consisted o f rem oving
the patterns, leaving the colors behind, and continuing to condition to the
blue light. The fish were unable to m aster this task. This seem s to confirm
earlier results that the fish are unable to discrim inate betw een blue and aqua
light up - 1.000, 200 trials). How ever, we are not certain that is the only
explanation of the results. A subsequent study was perform ed using stimuli
to which they had previously been show n to discrim inate. A blue light was
paired with a horizontal bar pattern, and the opposing stim ulus consisted of
an orange light paired with a vertical bar pattern. Again, the fish w ere able
to choose the blue/horizontal bar stimuli but failed to discrim inate the blue
light from the orange light when the patterns were rem oved. This seem s to
indicate that for both experim ents, the zebrafish were attending to the
pattern stimulus and not the color stim ulus.
Further studies are in progress to confirm these findings.

AREA SPECIFIC DIFFERENCES IN CORTICAL POTENTIALS
WITH PULSE TRAINS VARYING IN SPATIAL FREQUENCY,
PATTERN, AND RATE OF PRESENTATION: PERCEPTUAL
CORRELATIONS. M.A. Malstrom, D.E. Fleming, B. Adams, K.
Huckeba, & E.D. Bigler* Cognitive Neuroscience Laboratory, Dept ,of
Psychology, Brigham Young University, Provo, UT 84602-543.
In a previous experiment it was observed that perceptual responses
elicited by stimulus trains differed when spatial frequency and rate of
presentation changed. Data showed support for the activation of an Mpathway (low spatial frequency and high rate of presentation) but were
less clear for a differentiation of a P-pathway. In the present study we
utilized the same protocol with the exception of electrode placement.
Electrodes were placed above areas corresponding to the middletemporal aspect of the parietal lobe (MT) and over the inferotemporal
lobe (IT). It was hypothesized that there would be a difference in the
waveforms of the potentials evoked by the stimulus trains depending on
stimulus parameters. There were clear differences in evoked potential
(EP) configuration from electrode placements corresponding to areas
MT and IT with different stimulus patterns. Square-wave and
checkerboard gratings readily differentiated EPs recorded from MT
and IT areas with varying inter-stimulus-intervals (ISIs) and low versus
high spatial frequencies. Sine-wave gratings also differentiated MT and
IT; however, ISI was not a significant variable with the EP recorded
from the MT area. (Funded by FHSS and the Office of Research and
Creative Activities at BYU)
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VISUAL EVOKED POTENTIALS IN IDENTICAL QUADRUPLETS,
L. J. Achor* and S. A. Curtis. Dept. of Psychology and Neuroscience,
Baylor Univ., Waco, TX 76798-7334
Flash evoked potentials were recorded in identical 22-year-old
female quadruplets and control subjects. It was hypothesized that the
quadruplets would show less variance due to their genetic similarity.
Light flashes were presented at 1/second for 100 trials. EEG
recordings obtained from the vertex using linked mastoids as
reference were amplified, filtered and averaged. The averaged data
was downloaded to a microcomputer for off-line analysis.
The morphology of the flash VEP was much more similar in the
quadruplets than in the controls. In particular, each of the
quadruplets had a prominent and unambiguous unimodal P2, but two
of the four control subjects had distinct bimodal peaks during the
same time frame. In one subject the bimodal peaks differed by 70
msec. In grand averages the bimodal peaks for the controls
disappeared and the waveforms for the quadruplets and controls
matched almost perfectly with no discernible differences in
amplitudes or latencies. The amplitudes of components P1, N 1, P2,
and N2 did not differ significantly between the quadruplets and
control subjects. However, the variance in amplitude for P2, the most
prominent peak, was significantly less in the quadruplets.
The high degree of similarity of waveform morphology in the
quadruplets and the low variance for the most prominent peak are
suggestive of a genetic contribution to waveform generation.

EFFECTS OF PATTERNED STIMULUS TRAINS ON PERCEIVED
NUMBER: EVOKED POTENTIAL CORRELATES. D.E. Fleming*,
M. Malstrom, B. Adams. K. Huckeba. & K. Johnson. Cognitive
Neuroscience Laboratory, Dept, of Psychology, Brigham Young Univ.
Provo, UT 84602-5543
The initial response of the visual system to a rapid presentation
of a train of photic pulses is typified by an absence of an electrical
potential evoked by photic pulses immediately trailing the first pulse.
Thereafter the response pattern regularizes and each photic pulse elicits
an evoked potential. Such is observable with both retinal and cortical
recordings in several species. In perceptual experiments observers
typically will underestimate the number of pulses in the light train. In
the current study stimulus trains of checkerboard, square-wave, and
sine-wave gratings were presented with inter-stimulus-intervals (ISIs) of
50 to 200 msec. Perceptual responses and visually evoked responses
(VERs) were recorded. With ISIs of 50 msec, subjects were unable to
correctly identify the number of flashes in the photic train; with ISIs of
200 msec, accuracy increased significantly. The type of the stimulus
made a difference in the veridicality of the perceived response; sinewave gratings led to a more correct estimation of number, although with
some overestimation; square-wave gratings were associated with the
least degree of accuracy. Stimulus pattern also made a difference in the
configuration of the VER. Spatial frequency and rate of stimulus
presentation contributed to both early- and late-wave configuration
differences in the VER.
(Supported by FHSS funding at BYU.)

Supported by a university sabbatical and University Research
Committee award to L. J. Achor from Baylor University.
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LOCALIZATION OF PERISACCADIC VISUAL PROBES WITH
VISIBLE SACCADE TARGETS, VISIBLE ANTI-SACCADE TARGETS, AND AUDITORY TARGETS. C.J. Bockisch and J.M. Miller.*
The Smith-Kettlewell Eye Research Institute, San Francisco, CA 91115.
Localization of visual objects around the time of saccadic eye movements involves both retinal and extraretinal mechanisms. Visible saccade targets influence localization non-homogeneously across the field,
although effects of attention and intention have not been separated
psychophysically. Extraretinal information also has non-homogeneous
effects on localization.
In a dark room, we used auditory stimuli to cue saccade direction,
thus isolating extraretinal information, and measured the time course
of relocalizing a brief visual probe by manual pointing. Relocalization
began roughly 50 msec before the saccade and had a duration 2-3 times
the saccade duration. These results are compared for the same task
with visible saccade targets, allowing comparison of extraretinal with
combined extraretinal and retinal mechanisms, and with visible antisaccade targets, allowing comparison with combined extraretinal and
intentional mechanisms.
Supported by R.C. Atkinson Fellowship for Eye Research Award.

NEURAL MOTOR OCULAR STRATEGIES ASSOCIATED WITH
THE DEVELOPMENT OF A PSEUDOFOVEA FOLLOWING LASER
FOVEAL DAMAGE AND ARTIFICIAL CENTRAL RETINAL
OCCLUSION. IS THE FOVEA REPLACEABLE? H. Zw ick*.J. W.
Ness. J.W. Molchany , B.E. Stuck & J. Loveday. USAMRD. Walter
Reed Army Institute of Research, San Antonio, TX 78235
The mechanisms of recovery of visual acuity from acute laser injury
were assessed in two accident patients and in subjects with
simulated foveal injury. Patients recovered to 20/15 visual acuity
within 3 months post exposure. Contrast sensitivity measurements
made under ophthalmoscopic visualization of the retina revealed a
preferred retinal location (PRL) superior/temporal to the damaged
fovea for targets requiring foveal resolution and a shift in maximum
focal contrast sensitivity to a spatial frequency of about 1
cycle/degree. A similar PRL site and contrast sensitivity losses were
obtained for subjects with simulated central retinal damage by using
a Purkinje Eye-Tracker to optically stabilize a small central scotoma
in the visual field. Measures of ocular accommodation obtained in
these simulation experiments suggest that a central scotoma may
induce an accommodative shift concomitant with the oculomotor shift
to a new PRL. The data suggest that the ocular accommodation
response of the visual system is adapting to altered neural visual
input from the photoreceptor matrix. The altered signal induces
changes in visual sensory cortical centers that in turn govern ocular
factors that optimize high spatial resolution. This process provides
the resolution required for the development of a pseudofovea.

76.3

76.4

S H IF T S O F S P A T IA L A T T E N T IO N B E F O R E A N D D U R IN G
S A C C A D E S . V. M a ljk o vic* and P .E . M artin i. 1st. N eu ro fisio lo g ia CN R ,

GENDER DIFFERENCES IN EYE MOVEMENT OF NORMAL SUBJECTS:

Pisa, IT A L Y .
W e exam ined the tim in g o f attention shift relativ e to saccade onset, by
studying a detection and d iscrim in atio n task b efo re an d d u rin g saccades.
O bservers m ade 20° rig h tw ard saccades to th e 2° w hite circle upon
detecting it. B efore, durin g or after saccade onset, the stim u lu s (3 bars 3.5°
w ide and 1.5° high; 0°, an d ± 2 .5° aro u n d th e h o rizontal m eridian) was
presented at 2°, 10°, or 18° o f eccen tricity fo r 8.3m sec. A 2A F C detection
(reporting presence or absence o f an o d d -co lo red bar) o r a discrim ination
task (w hether the odd-co lo r b ar c o n tain ed a th in , 0.2°, strip o f the
b ackground color) w as p erfo rm ed on th e stim ulus.
B e ginning at approxim ately 80m sec before saccade onset, accuracy in the
detection task increased to better than b aselin e (n o -saccade) p erform ance at
both m iddle and far eccen tricities, the latter sh o w in g a gradual im provem ent.
T he sam e tim e period in the d iscrim in atio n task, show ed an initially worse
responding at the m iddle eccen tricity , then g rad u ally im proved reaching
b aseline only at saccade onset; p erfo rm an ce at the far eccentricity im proved
over chance only w hen the eye m oved. A ccuracy for the 2° eccentric
stim ulus in both tasks w as u n ifo rm ly high p rio r to the eye m ovem ent.
A s perform ance is best at th e eye lo catio n both before and du rin g the
saccade, these results seem to su g g est a shift o f the cen ter o f attentional
locus, but not a dissociatio n betw een g aze and atten tio n .
Supported by HFSPO Long Term Fellowship to V. M aljkovic.

COMPARISON WITH SCHIZOPHRENIC PATIENTS. A. Miy ahira. K. Morita *. C,
Kinoshita. J Nakamura and H. Maeda. Depart, of Psychiatry, Kurume
Univ. Sch. of Med., Kurume, 8 3 0 , Japan.
The Eye m ovem ent have been proposed as a biogenic indicator of
visual inform ation processing. The present study was performed to
examine gender differences in 4 8 normal subjects and 6 0 schizophrenic
patients. The eye m ovem ent was recorded using eye-m ark recorder and
analysed in 4 elem entes such as the mean gazing tim e, to tal number of
gazing points, mean eye scannning length and to tal eye scanning length.
Inform ed consent was obtained from all subjects before start of study.
The mean gazing tim e of women was significantly longer than th a t of
men both in normal subjects and in schizophrenic patients. The total
num ber of gazing points of women was significantly less than th at of men
in both subjects. The to tal eye scanning length of women was
significantly longer than th at ofmen in both subjects. The results indicate
th a t th e differences in eye m ovem ent between women and men in both
normal and schizophrenic subjects is due to a functional difference of
visual information processing.

76.5

76.6

ENUCLEATION VS RETINAL ABLATION: EFFECTS ON THE VISUAL
FIELD OF PIGEONS. D. Musumeci. G. Cesaretti and C. Kusmic.
Dept. Of Physiology and Biochemistry, Univ. Of Pisa, via S. Zeno,
55126 Italy. (SPON: Eur. Brain Behav. Soc.).
Although a lot of data have been presented on the anatomical
and/or electrophysiological effects of enucleation and retinal ablation,
there are very few investigations on behavioral consequences of this
kind of manipulation. W e studied effects of retinal ablation and eye
enucleation on the pigeon’s frontal field by comparing behavioral
responses on a perimetric Go-Nogo experiment in free-moving
animals. Six control pigeons (tested in monocular reversible viewing
condition), four retinal ablated and four enucleated birds had to
discriminate and peck a small black spot randomly displayed in 21
positions on a VGA monitor. The limit of the contralateral frontal visual
field was calculated as the point at which the discrimination
performance dropped down the 25% of correct discriminations; this
measure was then converted in visual angel by taking into account
individual fixation distances.
Contralateral visual limit for the control group measured 18°,
whereas it was shrinked to 9° and 5° for retinal ablated and enucle
ated pigeons, respectively. Our conclusions are that results derived
from a disturbance of the vergence movements, and that vergence in
pigeons is controlled by at least two inputs: a retinal and a propriocettive one, coming from extraocular muscles stretch receptors.
This study has been supported by a M.U.R.S.T. (1995) grant.

M A N U A L PR E H E N S IO N IS S U P E R IO R IN T H E L O W E R
V ISU A L
H E M IF IE L D K .J. M urphy* and M .A . G o o d ale P sy c h o lo g y D ept., U n iv ersity
o f W estern O ntario, London, O N , C an ad a, N 6 A 5C2 & T h e R otm an
R esearch In stitu te o f B ay crest C entre, T o ro n to , O N , C an ad a, M 6 A 2E1.
W hen reach in g ou t to g rasp an o bject, w e ty p ic a lly o rien t ou r h ead and eyes
to w ard the o b ject and v iew o u r reach in g lim b in th e p e rip h e ry o f o u r low er
v isu al field. A low er v isu al field b ias h as b een found in th e rep resen tatio n o f
th e visual field in m acaq u e m id d le tem p o ral a rea (M T ) (M au n sell & Van
E ssen, 1987) -- an are a th at p ro jects h eav ily to th o se d o rsal stream structures
m ed iatin g v isu o m o to r a ctiv ities such as m an u al p reh en sio n . A lth o u g h no
such b iases h av e been found in ho m o lo g o u s c o rtical a reas in th e hum an
(T ootell et al., 1995), w e d ecid ed n e v erth eless to in v estig ate w h e th e r o r not
su b jects w ould pro d u ce m ore accu rate an d efficie n t m o v em en ts w hen they
reach ed into the low er as o p p osed to th e u p p er v isu al field. T w elv e righth an d ed su b jects reach ed ou t and g rasp ed rec ta n g u la r o b jects p resen ted in
c entral o r perip h eral locations in eith e r th e u p p er o r low er visu al field under
o p en -lo o p v iew in g co n d itio n s, in w h ich th e v iew o f th e o b ject and lim b w as
u n av ailab le d u rin g reach ex ecution. E ig h t o f th e su b jects a lso p erfo rm ed a
sim ila r e x p erim en t u n d er clo sed -lo o p v iew in g co n d itio n s in w h ich th ey had a
co n tin u o u s v iew o f b oth th e reach in g lim b an d th e o bject. T h e scalin g o f the
g rasp w as m ore accu rate w hen o b jects w ere v iew ed in the lo w er visual
p erip h ery as co m pared to the u p p er visu al p erip h ery . T h e reach its e lf w as
also m ore e fficien t in th e lo w er visual field and th is a d v an tag e w as m ore
e v id en t u n d er clo sed -lo o p co nditions. T h ese b eh av io ral d a ta m ay portend
fu tu re neu ro an ato m ical d isco v eries o f a lo w er field b ias in th e v isu al areas o f
th e brain th at m ed iate preh en sio n in h u m ans. (Support - NSERC grant A 6313)
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RESTRICTING H EA D M O V E M E N T S H A M P E R S R E A C H IN G U N D E R

THE EFFECT OF IMAGE EXPANSION ON A HUMAN TARGET-DIRECTED
LOCOMOTION TASK TESTED IN A VIRTUAL REALITY. H.-J. Sun* and B. J.
Frost. Dept. Psychol., Queen’s Univ., Kingston, Ontario, Canada, K7L 3N6.
Lee (1976) proposed that when an observer is approaching a target object, an optical
variable called τ can inform the observer about the "time-to-collision", which refers to
the time that will elapse before the observer collides with the object. The τ variable is
derived from the inverse o f the relative rate o f expansion o f the object's image on the
retina. Lee further argued that τ provides a reliable and rapidly available cue of
impending collision, and neither the object’s distance nor observer’s movement velocity
information is required. While several studies have shown that the τ strategy appears to
control naturalistic visual motor behaviours, in very few studies o f target-directed
movement has τ been manipulated independently from other cues, such as distance
information. In this study, we used a virtual environment, in combination with selective
manipulation o f image expansion information, to study visual control o f braking in
human subjects (Ss). Ss wore a helmet mounted display and rode a bicycle (stationary)
to move through a virtual world. Ss were required to ride the bicycle along a straight
path toward a virtual target barrier placed across the middle o f the path some distance
away. The task o f subjects was to ride the bicycle toward the barrier at a fast (yet still
comfortable) speed, and then apply the brakes to bring the bicycle to a complete stop
right in front o f the barrier. On practice and most o f the test trials, Ss rode the bicycle
toward a barrier of constant size. The size o f the barrier and riding distance was varied
from trial to trial. In some o f the test trials, the barrier was made to either expand or
contract (without changing position) during the Ss’ movement. These increases or
decreases in target size altered the relative rate o f retinal image expansion that occurred
during the observer's movement. The magnitude o f the change was designed to mimic
the retinal image expansion o f the same object o f constant size located either in front of
(for expanding trials) or behind (for contracting trials) the actual position o f the target.
It was found that expanding the size o f the target (decreasing the τ value) caused the Ss
to decelerate sooner than braking in front o f a target o f a constant size. Conversely,
contracting the target (increasing the τ value) led the Ss to decelerate later. The results
suggest the Ss used the τ strategy to control locomotion in this task. Supported by an
NSERC grant to BJF and an NSERC scholarship to HS.

MONOCULAR BU T N O T B IN O C U L A R V IE W IN G C O N D IT IO N S . J .J ,
Marotta* and M.A. G oodale. V ision and M o to r C ontrol L ab o rato ry , U n iv ersity
of Western Ontario, London, O ntario, C anada, N 6 A -5 C 2 .
Although binocular vision has been shown to be important for the programming
and control of reaching and grasping (Servos, G oodale, Jakobson, 1992), it rem ains
unclear as to which of the m any available m onocular depth cues hum ans use to
calibrate manual prehension w hen binocular inform ation is not available. Previous
work in our laboratory has shown that while enucleated patients generate larger and
faster head movements during the execution o f a reach -- possibly to take advantage
of retinal motion information -- subjects with normal vision do not use this learned
strategy when one eye is tem porarily covered (M arotta, Perrot, N icolle, Servos &
Goodale, 1995). O f course they still m ove show head m ovem ents w hen one eye is
covered and the question rem ains as to w hether these m ovem ents generate useful
monocular motion cues. To test this idea we prevented norm al observers (N=8)
from moving their head while reaching to target spheres under m onocular and
binocular viewing conditions. O bservers reached out in the dark to one o f 3
illuminated styrofoam spheres presented at different distances at eye-level. W hen
head movements were restricted, by use o f a bite-bar, their p erform ance deteriorated
-- but only under m onocular view ing conditions. This work has strengthened the
evidence that the visuomotor system “ prefers” to use binocular vision but when this
information is not available the system can fall back on other m onocular depth cues,
such as the information produced by the motion o f the object (and the scene) on the
retina. Supported by NSERC grant A6313.

INNER EAR AND LATERAL LINE: ANATOMY AND PHYSIOLOGY
77.1

77.2

HOW AFFERENT LABYRINTHINE ACTIVITY IS ORGANIZED TO GENERATE
STEADY STATE NYSTAGMUS DURING PITCHING WHILE ROTATING (PW R).
J. Maruta*. W. W aespe. T. Raphan & B. C oh en . Depts. N eurol. & CIS, M t. Sinai
Sch. of Med., NY 1 0 0 2 9 & Brooklyn C ollege CUNY & U niv. Z urich, Switz.
Single units were recorded in the vestibular n erve o f an alert rhesus m onkey
while it was sinusoidally pitched 2 0 - 4 0 ° ab out a spatial h orizontal axis w ith 5 &
16s periods and sim ultaneously rotated ab out a spatial vertical axis at 3 0 120° /s . The lateral canal plane w as h orizontal in space at zero pitch position.
Firing rates of otolith units w ere ap proxim ately in phase w ith pitch position, and
the addition of rotation about a vertical axis did not ch a n g e the response. Lateral
canal units did not have a steady state m odulation d u rin g pitch or constant v e
locity rotation. During PWR, they oscillated at tw ice the pitch frequency. This
corresponded to the frequency at w h ich the can al w as m axim ally activated as it
aligned with the plane o f rotation. The am plitude o f m od u lation increased p ro
portionally to rotational velocity, but the phase rem ained the sam e. These ch a r
acteristics were unchanged d u rin g roll w h ile rotating (RWR). Since RWR in 
duces little continuous nystagm us (Raphan et al. 1 9 8 3 ), input from lateral c a 
nals could not be significant in p rod u cin g the steady state response o f PWR. An
terior and posterior canal units w ere m axim ally excited near pitch velocity
maxima and m inim a, respectively, d u rin g pure pitch in g. D u rin g PWR, h ow ever,
the phases of both com ponents sim ultaneously shifted tow ard each other and
toward being in phase w ith otolith units. That is, the peak excitation tended to
ward a forward pitch position w h en the rotation w as to the ipsilateral side and
toward a backward pitch position w h en the rotation w as to the contralateral
side. With 1 2 0 °/s rotation at a 16 s pitch period , the p hase differen ce betw een
anterior and posterior canal units w as as sm all as 17°. C h angin g the pitch plane
altered the relationship betw een the an terior and p osterior can al and otolith afferents. We postulate that the correlation b etw een the phases o f vertical canal
and otolith units is the critical factor in gen eratin g con tin u ou s unidirectional
horizontal nystagmus d uring PWR.
SUPPORT: E Y 04I48, N S 0 0 2 9 4 , EY11 8 1 2 , NIDCD 0 3 2 8 4 and E Y 01867

ENCODING OF DIPOLE NEAR FIELDS BY THE GOLDFISH AUDITORY
SYSTEM. S. Coombs'. R.R. Fay. Parmly Hearing Institute, Loyola University
of Chicago, II. 60626.
The goldfish saccule is believed to be a specialized, sound-pressure receiver
by virtue of its mechanical connection to the anterior chamber of the gas-filled
swimbladder.
It is ideally suited for the detection of propagated sound
pressure waves from distant sources and is clearly capable of responding at
higher frequencies and much lower sound pressure levels than end organs
without this specialization. Yet little is known about how the goldfish saccular
end organ responds to nearby, low frequency vibratory sources like those
typically used to stimulate the lateral line. In this study we have measured the
responses of goldfish auditory (saccular) fibers to a small (3 mm radius),
sinusoidally-vbrating (50 Hz) sphere that slowly (4 mm/sec) changes its location
along the length of the fish at distances less than one fish body length away.
Saccular fibers responded maximally to the source at two locations - one just in
front of the swimbladder and the other, just behind. When the source was
directly opposite the swimbladder, the spike rate dropped to spontaneous levels
and the phase-locked response to the sinusoidal vibration shifted by 180°.
Response patterns of goldfish posterior lateral line nerve (PLLN) fibers to the
same source have been shown to differ from those of saccular fibers in that
responsiveness usually peaked for three, rather than two source locations and
that locations producing maximum responses differed widely among fibers.
Taken together, these results show that saccular response patterns are
consistent with those measured and predicted for a single pressure-receiver,
whereas PLLN response patterns are consistent with those predicted for
pressure-gradient receivers at different locations. These results confirm that the
goldfish saccule performs as a sensitive, low-frequency pressure-receiver even
in the near field of a dipole source (Funded by NIDCD and ONR).

77.3

7 7.4

MORPHOPHYSIOLOGICAL IDENTIFICATION OF LATERAL LINE INPUTS
TO THE MIDBRAIN IN A VOCAL FISH. M. S. Weeg* and A. H. Bass. Section
of Neurobiology & Behavior, Cornell University, Ithaca, NY 14853.
In teleost fish, the midbrain’s torus semicircularis is divided into an octavalrecipient nucleus centralis (NC) and a lateralis-recipient nucleus ventrolateralis
(NV). Neurobiotin was used to delineate the source of afferents to NV in a
vocalizing fish, the plainfin midshipman (Porichthys notatus), which has been
the focus of extensive neuroethological study (Am. Sci. 1996, 84:352). A
previous study reported NC afferents in midshipman (Neurosci. Abstr. 22:447,
1996). Neurophysiological identification of NV was followed by iontophoretic
injection of 5% neurobiotin in 3M KCI via glass micropipettes; retrograde
transport (survival times 0-12hr) revealed neurobiotin-filled neurons in three
medullary nuclei, primarily contralateral to the injection site. (1) A few cells
were present in nucleus caudalis (CA), a crescent-shaped cell group
immediately adjacent to, and target of, the lateral line nerves as they enter the
caudal medulla. (2) The largest input arose from a second lateral line recipient
target, nucleus medialis (MED), which begins caudally as a cell plate
dorsolateral to a Purkinje cell division of a secondary octaval nucleus (SO) and
then migrates ventromedially to replace SO along the fourth ventricle. Some
MED neurons have a Purkinje cell-like appearance and extend one dendrite
into the overlying cerebellar crest and a second dendrite into the fiber tract of
the anterior lateral line nerve (ALLn). (3) The final source of afferents to NV is
a heavy input from a separate group of Purkinje-like cells dorsolateral to a
previously unrecognized caudal division of the SO; these neurons also have
one dendrite extending into the cerebellar crest and a second dendrite
extending into the ALLn. This cell group begins at the rostral pole of the sonic
motor nucleus and is eventually replaced by a more rostral, spherical cell
division of SO. In conclusion, NV receives input from two lateral line recipient
nuclei (CA, MED) and a third nucleus as yet unreported as a part of the central
lateral line system. These afferent sources to NV appear to be distinct from
those to the octaval-recipient NC. Support from NIH and-NIMH.

BEHAVIORAL DISCIMINATION BY A TELEOST FISH AND NEURAL REPRESENTATION BY
THE PERIPHERAL LATERAL LINE OF DIRECTION AND SPEED OF MOVING SOURCES.
J. Mogdans*. D. Vogel and H. Bleckmann. Zoologisches Institut, Universität Bonn,
Poppelsdorfer Schloβ, D-53115 Bonn, Germany.
Fishes are able to detect weak water movements with the aid of the lateral line.
Natural hydrodynamic stimuli are often generated by moving sources like a swimming
conspecific, an approaching predator or a passing prey. Thus, it is important for fishes not only
to detect and discriminate between moving sources but also to determine the direction and
speed of object motion.
Here we present data from behavioral experiments on the ability of fishes to
discriminate between different directions and different speeds of a moving source with aid of the
lateral line. A small object was moved at constant speed (5 cm/sec) either from anterior to
posterior (AP) or from posterior to anterior (PA) along the side of a goldfish, Carassius auratus
(N=5). Gill movements were monitored with electrodes near the operculum. Animals initially
responded to the passing object with a reduction in breathing frequency. The breathing
response was then habituated by multiple stimulus presentations. After habituation, the
direction of object motion was reversed or the speed of the moving object was increased. All
fishes responded to a reversal of motion direction and to an increase of object speed by at least
1 cm/s with a reduction in breathing frequency, indicating that the animals were discriminating
between stimuli. When the lateral line was blocked with Co2+ (N=1), the breathing response
failed to occur indicating that the discrimination had been made with the aid of the lateral line.
In addition to the behavioral experiments, we wanted to know what information is
conveyed from the lateral line periphery to the central nervous system. Therefore, we recorded
the responses to moving objects of single posterior lateral line nerve fibers (n=88, N=10) using
high impedance (40-100 MΩ ) micropipettes. Responses consisted of a fairly uniform main
pattern of discharge which was characterized by excitation followed by inhibition or vice versa.
The pattern depended on the direction of object motion and was inverse when motion direction
was reversed. In many fibers, the main pattern of the response changed and response strength
increased with increasing object speed. The results demonstrate that AP and PA motion
direction are represented by the discharges of primary lateral line afferents. Currently, we are
investigating in which way the lateral line responds to an object that is moved towards a fish
from other than the AP and PA direction.
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77.5
SENSITIVITY OF MIDBRAIN LATERAL LINE UNITS OF THE GOLDFISH TO MOVING
OBJECTS. W. Wojtenek*. J. Mogdans and H, Bleckmann. Zoologisches Institut, Universität
Bonn, Poppelsdorfer Schloss, D- 53115 Bonn, Germany
In the present study we investigated the responses of lateral line units in the midbrain of the
Goldfish, Carassius auratus to transient hydrodynamic stimuli. Stimuli were generated by a
small object moving either from anterior to posterior (AP) or from posterior to anterior (PA)
along the side of the fish. Object speed ranged from 3 to 35 cm/sec and lateral distance bet
ween object and fish ranged from 1 to 13 cm. Objects were retancular and varied in size
between 5x5 and 40x40 mm cross-section. Activity of single and multi units was recorded
extracellularly with wood’s metal electrodes.
Recordings were made from 50 units in 23 animals. All units responded to the moving object
with increasing discharge rate. Fortyseven units (94%) responded with one or more peaks of
excitation. Three units responded with a peak of excitation which was preceeded by a period
of decreased neural activity. For most units (n=50) the temporal pattern of the response was
independent of motion direction. In one unit the temporal pattern of the response changed
when motion direction was reversed. This unit responded to one motion direction with a peak
of excitation which was preceeded by a period of decreased activity. The unit responded to
the opposite motion direction only with a broad peak of excitation. Twentynine out of 49 units
(59 %) responded significantly stronger to object motion in one direction compared to object
motion in the opposite direction (Kruskal-Wallies, p<0.05). Among these units six exhibited a
preference for AP object motion and 23 exhibited a preference for PA object motion. Sensitivi
ty to object speed was tested in 31 units. Discharge rates increased with increasing object
speed. In 18 units, discharge rates reached saturation within the range of tested speeds. The
dynamic ranges of the responses were between 2 and 18 dB. With decreasing lateral distance
between moving object and fish (n=12) and with increasing object size (n=13), discharge
rates increased. Within the tested range of object sizes maximum discharge rate increased by
less than 3 fold.
Responses of comparable strength could be elicited, for example, by an object of a given
size moving at close range with a low speed or moving at a distant range but with a high
speed. In this respect, midbrain unit responses were ambigious. The results indicate, that with
the exception of object direction, none of the tested stimulus parameters (speed, distance,
size) was encode unambigously by the discharges of midbrain lateral line units.

77.7
ENCODING OF ACOUSTIC PARTICLE MOTION BY SACCULAR GANGLION
CELLS OF A FISH: INTRACELLULAR RECORDING AND TRACING. Z. Lu*
and A. N. Popper. Department of Zoology, University of Maryland, College Park,
MD 20742.
It is well know that most terrestrial vertebrates use binaural cues (time and
intensity differences) to perform sound localization. However, the mechanisms by
which fish localize a sound source remains unclear. Previous studies showed that
acoustic directional information is encoded by fish auditory afferents (Fay 1984,
Science, 225: 951-954, Fay and Edds 1997, Hear. Res. in press). Lu et al. (1996,
Soc. Neurosci., Abst. 715.5) hypothesized that this directional encoding result from
the polarity of sensory hair cells innervated by auditory afferents. In this study, we
tested this hypothesis on the sleeper goby (Dormiator latif rons) using intracellular
recording and tracing techniques.
A stimulus control apparatus provided linear accelerations to mimic undertwater
particle motion. Intracellular recordings were made from 30 saccular ganglion cells
and Neurobiotin/Biocytin was injected into ten directionally-characterized ganglion
cells. Serial horizontal sections were reconstructed to show each labeled ganglion
cell including its peripheral terminals in the epithelium. For some fish, epithelium
whole mounts were prepared to show the location of peripheral terminals of labeled
ganglion cells. The general polarity of sensory hair cells located in the region that
each labeled ganglion cell innervates was determined from the orientation map of the
whole epithelium. We found that the response directionality of each identified
ganglion cell correlates closely with the polarity of hair cells innervated by the
ganglion cell, which is consistent with our previous study (Lu et al. 1996, Soc.
Neurosci., Abst. 715.5).
Supported by ONR and NIDCD.
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THE ZEBRAFISH SPUTNIK GENE IS REQUIRED TO PRODUCE HAIR CELL
MICROPHONICS. T. Nicolson1. A. Rüsch2. R. A. Eatock* and C. NüssleinVolhard1- 1Max-Planck-Inst. f. Entwicklungsbiologie, 2P hysiol. Inst., 72076
Tübingen, Germany; 3Otolaryngology, Baylor College of Med., Houston.
Zebrafish vestibular mutants were found in a large scale screen for motility
defects (Development 123:399, 1996). We chose to further characterize one such
mutant, sputnik. Mutant larvae can be distinguished from their siblings from stage
82h onwards as they swim in loops and fail to respond to vibrational stimuli.
At the light microscopic level, sputnik mutants possess normal ears and lateral
line neuromasts. Electron microscopic examinations of the vestibular/auditory
endorgans, including lateral line neuromasts, have revealed no apparent defects.
At the apical surface, the stereocilia appear normal and oblique connectors or tip
links are present. At the basal surface, sputnik hair cells make normal afferent and
efferent synaptic contacts with the eighth nerve.
To test for physiological defects, we stimulated lateral line neuromasts of wild
type and sputnik mutant larvae with a fluid jet (40 Hz, sine function). Extracellular
receptor potentials were recorded with glass microelectrodes placed on the apical
side next to the hair bundles. Microphonics of up to 15-20 μ V were recorded in
all of 10 wild type larvae. Their frequency was twice that of the stimulus, reflecting
contributions from the two opposing hair cell groups of the neuromast. The
microphonics were reversibly blocked by the ototoxic drugs amiloride and
streptomycin (1 mM). In contrast to wild type siblings, microphonic potentials
were completely absent in the neuromast hair cells of all nine sputnik larvae tested.
These results suggest that the sputnik mutation affects an essential component of
the mechanosensitive transduction apparatus of hair cells.
Supported by the Max Planck Society and Deutsche Forschungsgemeinschaft.

77.8
DOES FIRING ORDER OF RETICULOSPINAL NEURONS DETERMINE
ESCAPE TRAJECTORY PRECISION IN GOLDFISH? J .L Casagrand*.
A.L. Guzik and R.C. Eaton. Center for Neuroscience, Univ. of
Colorado, Boulder, CO 80303-0334 and Dept. of Anatomy &
Neurobiology, Medical College of Pennsylvania, Philadelphia, PA
19129.
The large, paired Mauthner neurons are responsible for
initiating escape behaviors away from aversive stimuli, including
acoustic stimuli. The Mauthner cell receptive field covers the
entire hemisphere on one side. When one cell fires, it determines
the initial left-or-right direction of the escape response. Other
reticulospinal (RS) escape neurons with narrower receptive
fields refine the trajectory (O ’Malley, Kao & Fetcho). To
understand the underlying neural processes, we compared the
synaptic responses of 9 Mauthner cells with a population of 12
other large RS neurons to the pressure and acceleration
components of sound. All cells gave phasic ‘on’ responses to sound
pressure and acceleration in the horizontal plane, and their PSP
latencies and amplitudes varied with stimulus intensity. But, for
both pressure and acceleration, Mauthner cells responded about
1ms faster than, the average of the 12 other RS cells. For the
entire
population
the
minimum
PSP
latencies
ranged
considerably, over 7-9ms. These findings support the model in
which the Mauthner cell quickly determines the rough trajectory;
other cells take more time to process inputs and refine the
direction. Supported by ONR.

77.9

77.10

PHYSIOLOGICAL EVIDENCE THAT RETICULOSPINAL
NEURONS DISCRIMINATE SOUND DIRECTION. A.L.
Guzik*. J.L. Casagrand and R.C. Eaton. Center for Neuroscience,
CB 334, University of Colorado, Boulder Co. 80309
Large reticulospinal (RS) neurons, such as the Mauthner cells, in
the goldfish brainstem control the escape response which can be
triggered by acoustic stimuli. The Mauthner cell and its homologs
receive direct input from the auditory nerve and send axons down
the spinal cord to contact motorneurons. We report physiological
evidence that some RS neurons process inputs consistent with the
phase model for localizing sound sources underwater (Schuijf,
1976; Eaton, et al, 1995). This model computes direction using a
comparison of the phases of pressure and acceleration. We recorded
intracellularly from acoustically sensitive RS neurons while
delivering independently controlled pressure pulses and horizontal
accelerations to anesthetized goldfish. Nine of 14 acoustically
sensitive RS neurons that could be stably recorded from under these
conditions produced differences in PSP shape that support a
discrimination between sound sources on the right and left.
Comparing responses to pressure and acceleration combinations
with responses of the two components given alone demonstrates the
existence of a process that is silent except for specific combinations
of pressure and acceleration that code for sound direction.

AUDITORY BRAINSTEM RESPONSE BRAINWAVES OF FISH
ARE SPECIES SPECIFIC. H. Y. Yan*. S. M. Rigdon and A. Dutschke.
School of Biological Sciences, University of Kentucky, KY 40506
Auditory brainstem responses (ABRs) are short latency microvolt
potentials evoked by acoustic stimuli. The waveforms of acoustically
evoked potentials are known to have specific peaks. Due to
topographical variations in fish auditory pathways, the present study
hypothesizes that acoustically evoked brainwaves should be species
specific. The ABR recording protocol is used to record acoustically
evoked brainwaves. Responses to air borne pure tone bursts of three
frequencies (200, 500, and 800 Hz) at 138 dB (re: 1 μPa) are recorded
and averaged (2000 sweeps per trial). A total of seven species
(bluntnose minnow, fathead minnow, goldfish, oscar, convict cichlid,
pearl gouramis, bluegill sunfish; four individuals per species) of
freshwater fish are used in this study. A total of eight traces for each
species are averaged. A similarity matrix is first calculated among
brainwaves of seven species. The similarity matrix data is then used in
cluster analysis to show Euclidean distance among species. The results
support the hypothesis that acoustically evoked brainwaves are species
specific. The cluster analysis shows degrees of similarity of brainwaves
among species in general matches well with known phylogenetic
relationships. (Supported by National Organization for Hearing
Research)

Supported by the ONR.
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77.11
COMPARISONS OF AUDITORY SENSITIVITIES AND SENSORY
HAIR CELL DENSITIES BETWEEN ADULT AND JUVENILE
BLUEGILL SUNFISH. S.M. Rigdon* and H.Y. Yan, School of
Biological Sciences, University of Kentucky, Lexington, KY 405060225.
Postembryonic proliferation of auditory sensory hair cells has been
demonstrated on several fish species. The differences in total number of
hair cells affecting hearing capacities for adult and juvenile fish have
not been investigated. Scanning electron microscopy (SEM) was used
to estimate sensory hair cell densities of four adults (99.7-138.3 g) and
four juveniles (3.3-4.1 g) bluegill sunfish (Lepomis machrochirus). The
auditory brainstem response (ABR), a far field, noninvasive recording
technique was used to analyze hearing thresholds of five pure tone burst
frequencies (200 Hz, 400 Hz, 600 Hz, 1200 Hz, and 1500 Hz) at
various sound pressure levels. The SEM results showed a difference in
sensory hair cell densities between the two sizes of fish. The ABR
results indicated a significant difference (p<0.05) for thresholds at 200
Hz. However, no significant differences were observed in ABR
recordings above 200 Hz. These findings indicated that difference in
total number of hair cells had impact on hearing abilities at low
frequency. (Supported by National Organization for Hearing
Research)

77.12
THE ROLE OF THE SUPRABRANCHIAL ORGAN IN AUDITORY
CAPACITIES OF THREE LABYRINTH FISH. A. E. Dutschke* and H.Y.
Yan. School of Biological Sciences, University of Kentucky, Lexington, KY
40506.
Fishes classified as hearing specialists exhibit enhanced hearing capabilities
due to the presence of anatomical structures that conduct sound pressure
changes to the inner ear. Several species of labyrinth (anabantoid) fishes
have been shown to have enhanced hearing capabilities characteristic of nonotophysine hearing specialists. Anabantoids possess a unique anatomical
structure used in respiration, the suprabranchial organ (SBO), which is
located beneath the saccule of the inner ear, making it a likely hearing
enhancing device. The auditory brainstem response (ABR) recording
protocol was used to determine hearing thresholds for three species of
gourami (Trichogaster trichopterus, Helostoma temminckii, and Colisa lalia)
while the SBO contained air. Air bubbles were then flushed out of the SBO
with a stream of water injected under the opercular flap and the hearing
thresholds were again determined. Thresholds increased significantly at all
frequencies for T. trichopterus, and at three of the six frequencies tested for
H. temminckii and C. lalia. Volumes of the SBO were determined for fish
from each species, and a positive relationship between SBO volume, standard
length, and body weight was found. Volumes of the SBO also related to the
changes in threshold seen after removal of air. The results indicate that the
presence of air inside the SBO is likely to have a role in enhancing the
hearing abilities of these fish.
(Supported by National Organization for Hearing Research)

77.13

77.14
The characteristics of electrosensitive cells in the paddlefish Polyodon
spathula. X Pei*, D.F. Russell, F Moss and L.A. Wilkens. Center for
Neurodynamics, Univ. ofMissouri-St. Louis, St. Louis, MO 63121.
On the elongated and flattened paddle shape rostrums of paddlefishes, which
are plankton feeders preying on small crustaceans including Daphnia sp.,
there are many electrosensitive ampullary receptor cells. Recordings on the
primary efferent fibers innervating the receptor cells showed that they exhibit
oscillatory behavior generating action potentials endogenously at high
frequency (range 25 to 85 Hz, depending on the temperature and individual
cell). The mean width (2 σ ) of the interval histograms is 5.6 ± 3ms (n=22).
The cells responded to electrical stimulation applied through a dipole
electrode connected to a current or a voltage source. Responses of cells were
determined as a function of distance between the area of the receptor and
dipole. The response characteristics of the cells are low-frequency band pass
(1 to 50 Hz), which overlap the frequencies of the electric fields produced by
the plankton, consistent with the hypothesis that the electrical sense is used to
detect and locate prey. The responses are approximately linear due to high
endogenous activities. The temporal patterns of spike trains evoked by
electrical stimulation will be discussed. Recording from the primary efferent
fibers and from cells in medulla showed also that the cells responded to low
frequency magnetic stimulation. This project is supported by DODURISP(ONR), UM Research Board and Whitehall Foundation grants.

PADDLEFISH ROSTRUM FUNCTIONS AS ELECTROSENSORY ANTENNA IN
PLANKTIVOROUS FEEDING. L. A. Wilkens*, D. F. Russell and X. Pei. Center
for Neurodynamics, Univ. o f Missouri-St. Louis, 8001 Natural Bridge Road, St.
Louis, MO 63121-4499,
The function of the elongated rostrum of the filter-feeding paddlefish is unknown.
We propose that the rostrum of this ancient fish evolved as a biological antenna for
detecting its planktonic food in muddy river environments. In behavioral
experiments conducted in the "dark" (under infrared illumination), paddlefish
efficiently captured adult brineshrimp introduced into a recirculating, experimental
flow tank at distances up to 80-90 mm from the rostral surface, as determined by
video analysis of over 5,000 feeding strikes. Similarly, paddlefish struck
aggressively, as if attempting to feed, at dipole electrodes delivering weak, lowfrequency electrical currents, again in the dark. Electrophysiological experiments
confirmed that the Lorenzinian
ampullae of paddlefish are sensitive to
weak, low-frequency electrical signals,
and demonstrated unequivocally that
Primary afferent firing rate
0
they respond to the small electrical
fields generated by their natural
Primary
afferent
spikes
zooplankton prey (Daphnia sp.), as seen
in recordings from primary afferents in
the anterior lateral line nerve (see
Figure; lower trace records AC signals
of Daphnia thoracic appendages). The
paddlefish rostrum represents a novel adaptation of the electrosense for
planktivorous feeding in conjunction with environmental conditions limiting the use
of vision. This project as supported in part by DOD-URISP (ONR), UM Research
Board and Whitehall Foundation grants.

77.15

FUNCTIONAL ORGANIZATION OF A MECHANOSENSORY ARRAY. L. C. Osborne* and J. P. Miller,
University of California at Berkeley, Berkeley, CA 94720 and
Center for Computational Biology, P.O. Box 173505, Montana
State University, Bozeman, MT 59717-3505.
Information about air-movement encoded by the cricket
cercal sensory system depends on the mechanical filtering
properties of individual hairs and the interaction between
closely spaced receptors. The pattern of hair placement on the
cercus was found to affect the stimulus filtering properties of
individual hairs. The fluid forces coupling receptor responses
depend on packing density and hair length. The filter-spectra
of longer hairs are narrowed by the presence of neighboring
hairs while filter-spectra of shorter hairs are broadened. The
mutual coherence between receptor pairs also depends on
hair length and position. The functional relationship between
receptors is therefore an emergent property of the entire
sensory array. The overlap in frequency responsiveness
between receptors of different lengths is substantially greater
than that of their innervating afferents. This work was
supported by NIH grant ROl DC00483 to J.M.
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78.2

SELECTIVE EXPRESSION OF NITRIC OXIDE SYNTHASE mRNA IN
THE RAT CENTRAL AUDITORY SYSTEM. R.L. Saint Marie* and L. Luo.
Neuroanatomy Department, House Ear Institute, Los Angeles, CA 90057.
Expression of the neuronal form of nitric oxide synthase mRNA was examined
in the adult rat central auditory system (cDNA clone provided by Bruce C. Kone,
UT-Houston). In the cochlear nucleus, expression was high in neurons o f the
octopus and multipolar cell areas o f the posteroventral and anteroventral nuclei.
W eak expression was found in neurons o f the superficial layer o f the dorsal
cochlear nucleus, and no expression was found in the spherical cell area o f the
anteroventral nucleus. In the superior olivary complex, expression was high in
neurons o f the medial nucleus o f the trapezoid body and in some neurons o f the
dorsal and anterior periolivary cell groups. No expression was found in the medial
or lateral superior olivary nuclei. In the lateral lemniscal nuclei, expression was
found in a few scattered neurons o f the ventral and intermediate nuclei, and in a
band o f neurons near the boundary o f the dorsal and intermediate nuclei. No
expression was found in the main body o f the dorsal nucleus. Expression was
high in the paralemniscal and subcollicular zones. In the inferior colliculus,
expression was high in neurons o f the lateral nucleus and the dorsal and caudal
cortex, but the numbers o f labeled neurons was conspicuously lower in the central
nucleus. Expression was also high in the interstitial nucleus o f the brachium o f
the inferior colliculus. In the medial geniculate body, some expression was found
in the medial and dorsal nuclei, but not in the ventral nucleus. In temporal cortex,
expression was highest in layers II and VI, and lowest in layer IV. This pattern o f
expression does not resemble that of any known central auditory transmitter, but
may be related to certain postsynaptic receptor/second messenger mechanisms.
Supported by the House Ear Institute and R01 D C -00726

COLOCALIZATION OF CALCIUM BINDING PROTEINS AND IONOTROPIC
GLUTAMATE RECEPTOR SUBUNITS GLUR1-4 IN GERBIL AUDITORY
BRAINSTEM NUCLEI. S. Korada & I.R. Schwartz*, Yale University School of
Medicine, New Haven, CT 06520-8041
To identify possible relationships between calcium binding proteins (CaBPs) and the
glutamate receptor subunits, especially GluR2 whose presence restricts calcium
permeability, we examined the localization of immunoreactivity (IR) to antibodies
(Abs) to calbindin (CB), parvalbumin (PV), calreticulin (CR), GluR1 (G1), GluR2
(G2), GluR2/3 (G2/3), & GluR4 (G4), in frozen and vibratome sections of mixed
aldehyde fixed young adult gerbil brains. Although intensity of IR varied across major
cell groups, there were reliable associations between different CaBPs and specific cell
types. All neurons that were G2 or G2/3-IR were also CB-IR. G2 intensely stained
glial cells in most but not all of nuclei studied, in striking contrast to the absence of
staining by G2/3, CB or any of the other Abs tested. CB strongly stained DCN
fusiform cells & dendrites; PV & G2/3 moderately stained fusiform cells; G2 strongly
stained DCN fusiform and cartwheel cells and neuropil of the molecular layer. EM
observations confirmed the colocalization of G2 and CB in DCN fusiform cells and
dendritic spines. In contrast PV stained octopus cells of the PVCN slightly more
intensely than CB and G2 but G4-IR was intense. The reciprocal staining patterns of
IC with CB in somata and dendrites in the external nuclei and PV in somata in the
central nucleus were paralleled with G2 and G2/3 in the external and G1 and G4 in
the central nucleus, although G4 stained somata and dendrites while G1 stained mainly
smaller somata. CR intensely stained small and marginal cells in LSO, which
preferentially localize G 1. The medial limb of LSO was more strongly stained than the
lateral with PV, CB, G2 and G2/3. The presence of colocalization of CB and G2 in
neurons, and the absence of such colocalization in glia may reflect differences in the
role of the signals generated by the G2 containing GluR receptors in glia and neurons.
Supported by NIDCD grant DC00132.

78.3

78.4

LOCALIZATION OF G IR K 1 AND GIRK2 IMMUNOREACTIVITY
IN THE RAT AUDITORY SYSTEM A. M amiya* and T.M. Perney
Center for Molecular and Behavioral Neuroscience, Rutgers, Newark.
NJ 07102.
A number of neurotransmitter receptors such as m2 muscarinic, μ
and δ opioid, somatostatin and type B γ-aminobutyric acid regulate
neuronal excitability by activating G-protein gated inward rectifier
potassium (GIRK) channels. Several of these G-protein linked
receptors, e.g., m2 muscarinic receptors, arc present in auditory
nuclei and are thought to play a role in descending control of auditory
function. We examined the localization of G irk 1 and Girk2 channels
in the cochlear nucleus (CN), superior olivary complex and inferior
colliculus (IC) by immunocytochemistry. We found Girk2 staining in
a limited population of neurons. Most notably in granule cells and a
subpopulation of stellate cells in the CN and in some lateral superior
olivary (LSO) neurons. Girk2 staining was also prominent in the
neuropil of the ventral nucleus of the trapezoid body. In contrast.
G irk1 staining had a much greater distribution and was very similar to
the immunostaining pattern seen with m2 muscarinic receptor
antibodies. Almost every neuron in the ventral CN. LSO and medial
nucleus of trapezoid body was stained by Girk 1 antibodies.
Subpopulations of neurons in the dorsal CN (all layers), IC and nuclei
of the lateral lemniscus were also immunopositive for Girk 1.
Staining for both G irk1 and Girk2 was patchy and largely confined to
the somatic and dendritic portion of neurons consistent with a role of
these channels in mediating the postsynaptic response of G-protein
coupled receptors. Supported by NIH DC0272H

DEVELOPMENT OF CALRETININ-LIKE IMMUNOREACTIVITY
IN THE TIME CODING PATHWAY OF THE BARN OWL (Tyto
alba) EMBRYO. B . Gauger1,M
.F .Kubke*,2, L. _Basu2, H. Wagner1
an d C.E. Carr2. 1Institut für Biologie II, RWTH Aachen, Germany
and 2Univ. Maryland, Dept. of Zoology, College Park, MD 20742.
In barn owls, the auditory nerve makes synapses on N .
Magnocellularis (NM) and N. Angularis (NA), the initial sites for time
and intensity processing, respectively. NM projects bilaterally to N .
Laminaris (NL) where ITDs are computed. NL projects to the core of
the central N. o f the inferior colliculus (ICCc) in the midbrain.
Calretinin labels the axons o f the time coding pathway in adult and
young owls. We have investigated the development of calretinin
immunoreactivity (CR-IR) in this pathway in the barn owl embryo.
Initially, NM, NA and NL are indistinguishable, forming a dorsal
mass of rounded cells. By E17 these 3 nuclei can be distinguished and
CR-IR cells first appear in the regions corresponding to higher best
frequencies in the adult (rostral in NM and NL, dorsal in NA). A
gradient of staining progresses towards lower frequency regions.
The IC develops from a ventral thickening underneath the
proliferating zone, and may first be differentiated by E l5. By E l8 the
first CR-IR terminals are sparsely distributed in the IC. By E22 the
staining in the ICCc has intensified, especially in more rostral regions.
From E22 to E26, CR-IR is mainly limited to the rostral part o f the
core.
Supported by NIH DCD00436 to CEC, DFG SFB 204 to HW. SV2
was a kind gift of K. Buckley.

78.5

78.6

DEVELOPMENT OF DYNORPHIN-IMMUNOREACTIVITY IN THE
CHICK COCHLEAR NUCLEUS. A.E. McDaniel and R.A. Code*. Dept. of
Biology, Texas Woman's University, Denton, TX 76204-3799.
Auditory nerve terminals in the chick cochlear nucleus magnocellularis (NM)
are immunoreactive for the opioid peptide dynorphin (DYN) (Code, 1996,
NeuroReport 7: 2917-2920). That was the first report of DYN-like
immunoreactivity (DYN-I) in auditory end-bulbs of Held in young posthatch
chicks. The purpose of the present study was to investigate the normal
development of DYN-I in NM from embryos through young adults. Auditory
brainstem tissue of White Leghorn chicks, from embryonic day 13 (E13) to
posthatch day 36 (P36) was examined. Standard immunohistochemical techniques
using an antibody to dynorphin-B, diluted 1:200, were followed. No DYN-I in
NM was observed at E13. DYN-I first appeared at E16 as short flattened structures,
reminiscent of pre-terminal endings, partially surrounding NM cell bodies. No
other changes were observed until about P1-2 when the DYN-I terminals appeared
more rounded in shape. DYN-I was most prominent at P6 when most NM neurons
were ringed by a calyceal-type of ending. By P10-13, fewer NM cells were
circumscribed by DYN-I terminals. There was very little DYN-I in NM by the
third posthatch week and none after P30. These results suggest that early in
development, auditory end-bulbs of Held contain DYN-I. Since DYN-I 1st appears
in NM when auditory nerve terminals are assuming their mature form, DYN may
be involved in their development. Because of an initial increase in DYN-I followed
by a progessive decrease after the 1st posthatch week, however, DYN is likely to
play an additional functional role in NM, perhaps as a neuromodulator at the
auditory nerve synapse.
The DYN-B antiserum was kindly provided by Dr. Stanley Watson, Univ. of
Michigan School of Medicine. We thank Ms. Judy Patman for technical assistance.
This work was supported by grants to R.A.C. from the National Institute on
Deafness and other Communication Disorders (R29 DC02633) and Texas Woman’s
University’s Research Enchancement Program.

NEURONAL MORPHOLOGY IN AUDITORY BRAINSTEM OF
ADULT AND LARVAL RANA CATESBEIANA. V. Kumaresan, C.
Garabedian, A. Chu and A.M. Simmons*, Depts. o f Neuroscience
and Psychology, Brown Univ., Providence R I 02912

S o c ie ty f o r N euroscience, V olum e
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Golgi impregnation and HRP filling of cells were used to describe neuronal
morphology in the auditory brainstem of both adult and developmental stages
(tadpoles and froglets) of bullfrogs, Rana catesbeiana. In the torus semicircularis
(TS) of the midbrain, morphology of neurons in the adult was similar to that
previously described by Feng (’83) in the leopard frog. The laminar nucleus (Tsl)
has spherical and ovoidal cells with a characteristic long ventral process, and
thin dorsal processes. Cell morphology differs in dorsal and ventral portions of
the principal nucleus (Tp). The dorsal Tp is populated mainly by spherical and
ovoidal cells. Cell types in the ventral Tp are similar to those found in the
magnocellular nucleus and include neurons with triangular soma, fusiform soma
with branching processes, and ovoidal soma with unipolar, bipolar or multipolar
processes. Differences in morphology are correlated with differences in
histochemical staining for acetylcholinesterase (Kumaresan et al., ’97) thereby
confirming previous suggestions that the ventral principal nucleus along with the
magnocellular nucleus might be better described as a ventral toral zone
(Wilczynski, ‘88). Developmental differences are seen in neuronal morphology.
Cells in the Golgi impregnated Dorsal medullary nucleus (DMN) of tadpoles
younger than Gosner stage 35 do not reveal any dendrites. Octopus-like cells are
seen medially at Gosner stage37/38. In older tadpoles (stage 45), DMN cells are
larger with a dendritic arborization typical of adult neurons. However, in the TS,
many neurons with adult-like morphology are seen even in mid prometamorphic
stages in the TS1 and ventral toral zone.
Supported by NS28565 to AMS and DC 00192-02 to VK.
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NEURONAL DEGENERATION IN THE GERBIL AUDITORY BRAIN STEM
IS ASSOCIATED WITH SPONGIFORM LESIONS. M. D. McGinn*. Dept.
of Otolaryngology, University of California, Davis, CA 95616.
Although spongiform lesions are associated with reduced numbers of
oligodendrocytes in the gerbil posterior ventral cochlear nucleus (PVCN)
(Faddis and McGinn, Exp Neurol, 1993;120:160-169), no associated loss
of neural elements has been reported. To address this question directly,
the amino-cupric-silver (ACS) technique was used to reveal any
degenerating neurons and fibers within gerbil PVCN.
Feral gerbils, offspring of wild-trapped gerbils that develop very few
spongiform lesions, were used for both positive and negative histologic
controls. In these animals, unilateral injections of kainic acid into the
PVCN resulted in reduced silver staining of degenerating neurons and
fibers and the formation of excitotoxic spongiform lesions in the injected
CN. In contrast, the non-injected PVCN of these animals showed no
silver staining and little evidence of spongiform lesions.
Domestic gerbils develop extensive spongiform lesions of the PVCN
by 10-12 months of age. In these animals, the ACS-stained PVCN
showed wide spread reduced-silver staining of degenerating neurons
and fibers that appeared very similar to that induced by kainic acid in
feral gerbils. As a within animal control, regions of the brainstem medial
to the PVCN in domestic gerbils showed little reduced-silver staining.

78.9

PUTAITVE IDENTIFICATION OF OLIVOCOCHLEAR NEURONS IN THE
HUMAN BRAIN STEM. J.K. Moore*, D.D. Simmons and Y.-L. Guan. Dept. of
Neuroanatomy, House Ear Institute, Los Angeles, CA 90057 and Dept. of
Physiological Science and the Brain Research Institute, UCLA, Los Angeles,
CA 90095.
The onset of human hearing occurs around the 28th gestational week. At 22
weeks gestation, a few neurofilament-positive axons run dorsomedially from
the superior olivary complex (SOC). By 26 weeks these fibers are numerous,
and their morphology suggests that they are efferent olivocochlear (OC)
axons. The anatomical organization and development of the OC system in man
have necessarily been inferred from animal studies. The present study is
designed to investigate the ontogeny of the human OC system directly, using
the antigen retrieval method of Shi et al. (1992) and choline acetyltransferase
(ChAT) immunocytochemistry.
Immunostaining has been carried out in nine postmortem brainstems ranging
in age from the 25th fetal week to six months postnatal. Two populations of
ChAT-immunopositive cells are present in the SOC. Small cells are scattered
throughout the dorsal, medial and lateral periolivary regions. Larger cells
form clusters at the margin of the lateral superior olive (LSO). To date, no
ChAT-positive cells have been immunostained within the LSO. Previous
studies in rodents and cats have identified three populations of OC neurons,
namely, medial OC cells, intrinsic lateral OC cells and lateral shell neurons.
Our results suggest that humans have at least two of the three populations of
efferent OC neurons. In an effort to establish homologies with other species, we
are carrying out further immunocytochemical studies with CGRP as a marker
for lateral OC neurons.
(Supported by the NIDCD, House Ear Institute and the UCLA Academic
Senate)

78 .1 0

MORPHOLOGY OF THE MEDIAL SUPERIOR OLIVE IN THE ADULT
CHINCHILLA. K.A. Hutson*, and C. Honaker. Dept. of Psychology, Univ. of
Toledo, Toledo, OH 43606.
One of the chief structures of the superior olivary complex is the medial superior
olive (MSO). Cells within MSO tend to be disc shaped with diametrically opposed
dendrites, and appear to be involved in binaural sound localization. Previous studies
of MSO neurons using the Golgi method found spiny elaborations along the soma and
proximal dendrites in young animals. These spiny elaborations may be related to
specific functional properties of MSO neurons. However, what role they may play in
processing acoustic information remains unknown. Given that the findings were
based on young, immature animals, it may be argued that the morphological
elaborations are simply natural growth processes which disappear with maturity. The
present study addressed this question by examining MSO neurons in adult chinchillas.
Subsequent to perfusion, three brains were cut into 5mm blocks and placed in Golgi
solution for 24 hours, moved to fresh Golgi solution for 48 hours, placed into 1%
silver nitrate for four days, then vibratome sectioned at 100μm. A fourth brain was
formalin fixed, and frozen sectioned at 50μm. Alternate sections were stained for cell
bodies, or for myelinated fibers. Sections were dehydrated, cleared, and coverslipped
with permount.
The primary result of this study is the demonstration of spiny elaborations on
dendrites of MSO neurons in the adult chinchilla. Furthermore, our Golgi material
revealed two types of principal cells within MSO. One type was the typically
described MSO neuron with long, diametrically opposed, smooth dendrites. The other
type had long, bilateral dendrites, but also possessed elaborate dendritic spines. Since
these were adult animals, we conclude that these elaborations are not merely
processes related to developmental growth. The existence of two types of
morphologically distinct neurons (smooth or spiny dendrites) throughout MSO
suggest each may process inputs differently, and therefore serve different roles within
the auditory system. Supported by the deArce Memorial Endowment Fund

ORGANIZATIONAL PATTERNS OF PROJECTIONS FROM THE MEDIAL
NUCLEUS OF THE TRAPEZOID BODY TO THE LATERAL SUPERIOR
OLIVARY NUCLEUS. M.L. Gabriele and C.K. Henkel*. Dept. Neurobiol. &
Anat., Wake Forest Univ., Bowman Gray Sch. of Med., Winston-Salem, NC 27157
The medial nucleus of the trapezoid body (MNTB) provides an important
inhibitory input from the contralateral ear to the lateral superior olivary nucleus
(LSO) in the initial binaural pathway for coding interaural intensity differences.
Retrograde tracers, including biotinylated-dextran and biocytin, were used in order
to define the organization of MNTB projections to the LSO in the adult ferret.
Focal injections in the LSO resulted in labeling within a long, thin column of cells
in the MNTB. In frontal sections through the MNTB, labeling was restricted to a
thin stack of cells that in serial reconstruction formed a longitudinal slab with a
slightly oblique tilt. The precise size of the injection sites with respect to the
medial-lateral dimension of the LSO did not correlate closely with differences in
thickness of the stack of labeled cells in MNTB, but the smallest injections were
likely to label fewer cells in the dorsal-ventral dimension of the MNTB to the extent
that a string of cells rather than a slab more closely fit the three-dimensional
conformation of the smallest groups. The orientation and location of labeled cells
was dependent on the medial-lateral, but not the rostral-caudal position of the
injection site. Columns of cells in the medial part of the MNTB projected to medial
regions in the LSO and progressively more lateral columns in the MNTB projected
to more lateral regions in the LSO. These findings confirmed previous studies
showing that the cochleotopic organization of the MNTB follows an orderly mediallateral topography of interconnections with the LSO, and extend this scheme to
include possibly a finer dorsal-ventral topography as well. While MNTB cells
receive singular calyx-like endings from globular bushy cells in the anteroventral
cochlear nucleus, their own axons diverge within the LSO where they make contact
with cells throughout an expansive rostrocaudal domain. Supported by NIH grant
DC00813

78.11
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IMMUNOHISTOCHEMICAL EVALUATION OF CHOLINERGIC NEURONS
IN THE RAT SUPERIOR OLIVARY COMPLEX. W. Yao* and D.A. Godfrey.
Dept. of Otolaryngol., Medical College of Ohio, Toledo, OH 43699.
The cholinergic system in the rat superior olivary complex (SOC) was
evaluated by immunohistochemistry for choline acetyltransferase (ChAT) and
vesicular acetylcholine transporter (VAChT) and histochemistry for
acetylcholinesterase (AChE). ChAT-positive somata were found mostly in the
lateral superior olive (LSO) and ventral nucleus of the trapezoid body (VNTB).
In the LSO, there were both rostral-caudal and medial-lateral gradients in
concentration of ChAT-positive somata; the highest concentration was in the
middle of the rostral-caudal extent and the most medial part. The estimated total
number of ChAT-positive neurons in the LSO was similar to previous estimates
of the total number of lateral olivocochlear neurons. Two groups of ChATpositive somata were found in the VNTB: a dorsolateral group of larger,
multipolar neurons is smaller in number and darker in labeling, whereas a
ventromedial group of smaller, oval neurons is 5 times as numerous and lighter in
labeling. There is a caudal-to-rostral increase in number of neurons in both
groups. VAChT immunoreactivity, predominantly localized in puncta, is seen in
LSO, VNTB, and LNTB, and, to a lesser extent, in other parts of the SOC.
VAChT-positive somata were also found in the VNTB and medial LSO. This
distribution pattern of VAChT is generally similar to that of ChAT. AChE
labeling had a similar appearance to ChAT labeling in the VNTB but differed in
the LSO, where AChE labeling was lighter and associated more with neuropil
than with somata.
(supported by NIH grant DC 00172)

CHANGES IN EXPRESSION OF NMDAR1 ISOFORMS IN RAT
SUPERIOR OLIVARY COMPLEX AFTER UNILATERAL
DEAFENING. H. Nakaeawa, K. Sato and R.A. Altschuler*, KHRI,
University of Michigan, Ann Arbor, MI 48109-0506
N-methy-D-asparatate (NMDA) receptor subunit expression has
been shown in the superior olivary complex (SOC) using in situ
hybridization (Sato et al., 1995) and immunocytochemistry (Schwartz
& Eager, 1995). Hunter et al. (1995) have shown diversity in
expression of NMDR1 isoforms in the cochlear nucleus We have
previously shown that NMDAR1 but not NMDAR2A-D expression
changes after unilateral deafness in several nuclei of the rat SOC (Sato
et al., 1996). In the present study we examined changes in NMDAR1
isoforms after unilateral deafening from cochlear ablation. Expression
was assessed in three SOC nuclei, the lateral and medial superior olives
(LSO, MSO) and the medial nucleus of the trapezoid body (MNTB) at
5 days after the deafening. S35 labeled oligoprobes were utilized with
in situ hybridization. The amount of silver grain labeling over principal
cells of each region was assessed using Metamorph image analysis
software. Counts were compared between ipsi- and contralateral sides
and to untreated animals. NMDAR1-a, 1-b, 1-1, 1-2 and 1-4 isoforms
were expressed in MSO, LSO and MNTB principal cells and all
showed deafness related changes. There were significant decreases in
expression in the ipsilateral LSO and contralateral MNTB with only a
small decrease in ipsilateral MSO. Results show that deafness induces
changes in NDMAR1 isoforms with decreases in expression correlating
with the loss of excitatory amino acid input.
supported by NIDCD grant DC00383
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AUDITORY
OLIVARY
NEURONS
IN
CONGENITALLY-INDUCED
HYPOTHYROID RATS R. Cantos, M. Beneyto*, M.L. Sala and J. Rueda.
Department of Histology, Institute of Neurosciences, University o f Alicante, 03080Alicante, Spain.
The efferent innervation of the rat’s auditory receptor originates from two
separated nuclei of the superior olivary complex (SOC): the lateral olivary nucleus
(LSO) that projects to the ipsilateral inner hair cells (IHCs), and the ventral nucleus
of the trapezoid body (VNTB), that projects bilaterally to the outer hair cells
(OHCs). Congenital hypothyroidism concurs with irreversible changes o f the
cochlear micromechanics, and a lack o f synaptogenesis between the OHCs and the
medial olivo-cochlear nerve supply. Although changes in the auditory receptor are
well stablished, less is known about the efferent system. The goal o f the present
work was to sudy the SOC neurons that project to the cochlea in hypothyroid rats.
Congenital hypothyroidism was induced by daily gastric administration of
propilthyouracil from 16th gestational day to the mothers, to the end o f lactation.
After two months, half o f the rats received, after anesthesia, a injection of either
fast blue (FB) or cholera toxin (CT) in the medial coil o f the rigth coclea. The other
h alf of the animals received a stereotatic injection o f biotinilated dextran amine
(BDA) either in LSO or VNTB.
In both experimental groups, FB and CT injections showed labeling of neuronal
bodies in ipsilateral LSO, and VNTB both ipsi- and contralaterally; the shell
neurons were also labeled. The number of FB-filled neurons was about 1000. CT
injections showed less labeled neurons. BDA injections in SOC nuclei showed
labeled axons in both cochleae. Yet, in hypothyroid anim als only a few fibers
crossed the tunel of Corti, and most of them remained at spiral lam ina or IHC area.
We can conclude that congenital hypothyroidism alters the axon projection in the
cochlea, which can be reorganized.
Supported by grants SAF97-0188 & FISS 94-1354 from the Spanish Government.

TOPOGRAPHIC REGENERATION OF AN INHIBITORY PROJECTION IN
ORGANOTYPIC SLICE CULTURE. C. Lohmann* and E. Friauf. Zentrum
der Physiologie, Universitä t Frankfurt, D-60590 Frankfurt, Germany.
We investigated the survival of axotomized glycinergic neurons in the
medial nucleus of the trapezoid body (MNTB) and their capacity to reinstall a
specific and topographic connection with their natural target, the lateral
superior olive (LSO). Slices of the ventral brainstem were prepared from 3 to
5 days old rats and the projection from the MNTB into LSO was cut. After
one week in static organotypic slice culture Nissl- and biocytin-labeling
revealed that MNTB neurons survived axotomy and retained their normal
somatodendritic morphology. Application of biocytin into the LSO labeled
MNTB neurons in all lesioned slices demonstrating that the newly
established projection is nucleus specific. Injection of biocytin into the lateral
part of the LSO specifically labeled neurons in the lateral part of the MNTB
suggesting that the projection is topographically ordered. Anterograde
tracing showed boutons en passant and boutons terminaux of reestablished
MNTB axons identically to those previously found in vivo with untreated
animals, indicating the formation of synapses by the newly grown axons.
Neither the blockade of electric spike activity with tetrodotoxin nor the
blockade of glycinergic synaptic transmission with strychnin changed the
survival or regenerating capability of axotomized MNTB neurons. We
conclude that cues guiding growing MNTB axons are preserved in the slice
preparation and that spiking or synaptic activity is not crucial for topographic
regeneration. Assuming that the mechanisms of axonal pathfinding during
development resemble those seen during regeneration we would expect that
in the developing animal, growing axons may also find their targets in an
activity-ihdependent manner. Supported by the DFG (SFB 269/B5) and the
Dr. Weill-Stiftung, Frankfurt.

7 8.1 5
LESION-INDUCED MODULATIONS OF GAP-43 EXPRESSION SUGGEST A
DOMINANT ROLE FOR THE SUPERIOR OLIVE IN AUDITORY BRAINSTEM
PLASTICITY. R.-B. Illing, Q.-L. Cao, C.R. Forster (SPON: European Neuroscience
Association). Neurobiol. Res. Lab., Dept. o f Otorhinolaryngol. Univ. o f Freiburg,
79106 Freiburg, Germany.
Following ablation o f the cochlea in the adult mammal, regressive changes like
fiber degeneration, reduction o f size o f brain nuclei and o f neuron diameter occur in
the cochlear nucleus, but changes o f this kind are not generally acknowledged as
signs of plasticity. We attempted to determine if true plastic responses occur in
mature rat auditory brainstem nuclei after cochlear ablation by studying changes in
occurrence and distribution of the growth and plasticity associated protein GAP-43,
looking for the expression of GAP-43 mRNA with in situ hybridization (ISH) as well
as the synthesis of GAP-43 as detected by immunoreactivity (IR).
In the cochlear nucleus (CN) ipsilateral to the lesion, GAP-43 IR emerged in presynaptic endings, reached impressive intensities about one week postoperatively, and
slowly faded thereafter. However, no immunopositive cell bodies were seen in CN.
Instead, a distinct population o f cell bodies in the ipsilateral lateral superior olive
(LSO) was found to increase both GAP-43 mRNA and protein levels after cochlear
ablation. Other olivary neurons normally containing GAP-43 mRNA, but virtually
no GAP-43 protein, reduced mRNA. Neurons in this nucleus are known to project to
the organ of Corti and, by way o f axon collaterals, into CN. Combining ISH with
retrograde axonal tracing, at least some o f the neurons increasing GAP-43 mRNA
synthesis proved to project into the cochlea. Remarkably, presynaptic profiles
containing GAP-43 IR in CN only emerged on specific cell types, but not, for
instance, on GABAergic cell bodies. The LSO projects bilaterally to the inferior
colliculus (IC). Cochlear ablation led to a decrease o f GAP-43 ISH in neurons of the
central nucleus of the contralateral IC, whereas GAP-43 IR increased ipsilaterally in
the neuropil. Immunopositive ceil bodies were not found in the IC.
We conclude that cochlear ablation invokes constructive processes possibly
governed by LSO to establish new, and perhaps compensatory, patterns o f synaptic
communication. Moreover, the regulation o f plasticity apparently includes a non
trivial relationship between appearance and translation o f GAP-43 mRNA.
Supported by Deutsche Forschungsgemeinschaft, Grant II 18/6-1.

7 8.16
ENRICHED AND DEPRIVED AUDITORY EXPERIENCE AFFECTS
POSTNATAL DEVELOPMENT OF MOUSE
INFERIOR
COLLICULAR NEURONS. L. Zhuang and P. H.-S. Jen*. Div. Biol.
Sci., Univ. of Missouri-Columbia, MO 65211.
This study was to determine the effect of early auditory experience on
postnatal development of inferior collicular neurons (IC) in the laboratory
mice, Mus domesticus. Experimental mice were raised in enriched or
deprived acoustic environment. The first group of juvenile mice were
monaurally plugged for 5,10, 20 and 45 days after the natural opening
of ear canal. One was binaurally plugged for 45 days. During the
plugging period, they were stimulated daily for 1 hour in a sound proof
room with a continuous tone of 3 kHz, 80 dB SPL. Four adult mice were
also monaurally plugged with or without sound stimulation for 1 and 3
months. The second group of juvenile mice were not aurally plugged
but they received the same daily sound stimulation as described
above. The control juvenile mice were raised in natural ambient
environment. Our results show that IC neurons in the experimental
mice that received daily sound stimulation were significantly larger than
IC neurons of the control mice (t-test, p<0.001). In all monaurally
plugged juvenile mice, IC neurons ipsilateral to the plugged ear were
significantly larger than those in contralateral IC (t-test, p<0.001). The
number and soma size of neurons were greatly reduced in both ICs of
binaurally plugged mouse. The number and soma size of neurons in
both ICs of monaurally plugged adult mice were comparable (t-test,
p>0.05). All these results suggest a postnatal sensitive period during
which alteration in natural acoustic environment can affect the
development of IC neurons. (Supported by Hugh Internship to L.
Zhuang and NSF to P. Jen)

78.17

78.18

REGULATION OF AMPA BINDING IN THE LATERAL LEMNISCUS
AND THE INFERIOR COLLICULUS
AFTER
COCHLEAR
ABLATION. S.K. Suneia*, S.J. Potashner and C.B. Benson. Department o f
Anatomy, University o f Connecticut Health Center, Farmington, CT 06030.
We determined if unilateral cochlear ablation in adult guinea pigs altered
AMPA receptor activity. Frozen transverse 15 μm-thick sections, containing the
ventral (VNLL), intermediate (INLL) and dorsal (DNLL) nuclei o f the lateral
lemniscus and the inferior colliculus (IC), were used to measure 3H-AMPA
specific binding for 145 postlesion days. Binding was quantified as pCi/mg wet
tissue from apposed film autoradiograms, using computerized image analysis.
In the ipsilateral VNLL, binding was deficient at 2 days, then remained near
the controls; contralaterally, binding exceeded the controls only at 145 days. In
the ipsilateral INLL, binding was deficient at 7 days, then recovered partially;
contralaterally, binding exceeded the controls only at 145 days. In the DNLL
bilaterally, binding exceeded the controls at 2 days, was deficient at 7 days, then
recovered to remain near the controls. In the ipsilateral IC-central nucleus,
binding was deficient at 28 days, exceeded the controls at 56 days, then returned
toward the controls; contralaterally, binding was deficient at 2 days, exceeded
the controls by 56 days, then returned toward the controls. In the IC-dorsal
cortex, the changes resembled those in the IC-central nucleus. In the IC-external
cortex, binding remained near the controls.
These findings suggest the transient up- and down-regulation o f AMPA
receptors in reaction to the sequelae that follow unilateral cochlear ablation.
They provide little support for sustained, long-term changes o f receptor activity.
(Supported by grant DC00199 from NIDCD)

EFFECTS OF AGE ON AMPA- AND METABOTROPIC RECEPTOR SUBUNITS
IN THE INFERIOR COLLICULUS OF FISCHER-344 RATS. T. J. Sommer1, L. F.
Hughes1,3, and R. H. Helfert1,2*. Depts. of 1Surgery and Pharmacology, and
3Alzheimer Center, Southern Illinois Univ. Sch. of Med., Springfield, IL 62794.
Glutamate and GABA are major neurotransmitters in the central auditory
system, including the inferior colliculus (IC). In the IC of Fischer-344 (F344) rats,
there are significant age-related losses of synaptic terminals containing these
transmitters. Several studies suggest that compensatory postsynaptic changes
occur in the IC subsequent to the loss of presynaptic GABA. The objective of
this research was to determine if similar changes occur in its population of
glutamate receptors. Western blotting methods were used to assess differences
in levels of AMPA and metabotropic glutamate receptor subunits in three age
groups (3-, 18-, and 27 month) of F344 rats. Rabbit antisera against GluR1,
GluR2, GluR2/3, GluR4, mGluR1, and mGluR2/3 were used. GluR2 and 4
antisera were provided by R. J. Wenthold; the rest were obtained commercially.
All six antisera labeled bands at molecular weights appropriate for their
respective antigens (GluR1-4, ~108 kD; mGluR1, ~140 kD; mGluR2/3, ~100 kD).
immunolabeling for GluR2 was intense relative to cerebellar values, while
labeling for the remainder of the subunits were lower than those measured in the
cerebellum. Age-related reductions in immunolabeling were detected for the
following three subunits: GluR2/3 (p=0.29), mGluRI (p=.007), and mGluR2/3 (p
=.059). While there was an age effect for GluR2/3, it was not consistent across
gels. For GluRs 1 and 2, there was a decreasing trend in protein expression with
age. Further experiments are required to determine if this trend is significant.
These results suggest that AMPA and metabotropic glutamate receptors are
present in the IC, and that their levels are altered with age. Such changes could
affect their functional properties.
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CHEMICAL LESIONS OF EXTERNAL CORTEX OF INFERIOR COLLICULUS
AFFECT SOUND-GUIDED NAVIGATION. M.C. Zrull*, J.L. Volker and R .E.
Bowman. Dept. of Psychology, Appalachian State University, Boone, NC 28608.
Distal sensory cues do not co-occur spatially with a goal location but can be
used to guide movement through an environment toward some location. While
locomotor tasks are often used to examine directional hearing behavior and its
neural control, the sound cues in these tasks are typically proximal (co-occurring
with a reward location). This study examined the role of the external cortex of
inferior colliculus (ECIC) in mediating spatial navigation ability guided by distal
sound cues. Adult, male hooded rats were trained to navigate through various,
modified Hebb-Williams mazes, which were altered twice per session, to obtain a
water reward. Sighted (V+A, N=13) and surgically blinded (AUD, N=13) rats
received sequential, spatially distinct noise burst pairs (2x125 ms, 2-16 kHz. 50 dB)
as cues to avoid blińd alleys. A sighted control group (VIS, N=13) had no distal cues
to guide navigation. After 16 sessions of 4 trials, 5 rats in each group were
anesthetized and bilateral ibotenate (IBO, 63 mM, 1.0 μL) lesions targeted at the
ECIC were made. A second series of 16 sessions was then conducted. AUD (+39%)
and V+A (+17%) rats with ECIC lesions ran more trials with errors than during
pre-lesion sessions, and all sham operated (±0% to -9%) and VIS (±0%) rats with
lesions showed little change in post- re pre-surgery trials with errors (p<.05). While
AUD (+205%), V+A (+75%) and VIS (+31%) rats with lesions averaged a greater
percentage of possible errors per trial after lesions (p<.05), all sham operated
controls made fewer errors during post-surgery testing. Cell counts from Nissl
sections indicate similar ECIC lesions in all groups receiving IBO injections with
40% to 50% cell loss relative to sham controls. The results suggest that the ECIC
may contribute to integration of spatially discrete sound cues into a useful neural
representation of the environment.
(Supported by NIDCD grant DC02476.)

SUBSTRATE FOR RAPID FEEDFORW ARD INHIBITION OF THE
AUDITORY FOREBRAIN. D.A. Stanforth*, E.M. Jubelier and R.L. Saint
Marie. Neuroanatomy Department, House Ear Institute, Los Angeles, CA 90057.
A previous study indicated that a sizeable, feedforward, GABA-immunoreactive (GABA-IR) projection exists from the inferior colliculus to the medial
geniculate body in cats (Winer, Saint Marie, Larue, and Oliver, PNAS, 93:800510, 1996). The present study compares the caliber o f GABA-IR and nonimmunoreactive myelinated axons in the brachium o f the inferior colliculus which
is the main fiber tract connecting the inferior colliculus to the medial geniculate
body. Over 2000 axon profiles were identified and measured from 0.5 μm plastic
sections o f the brachia from two cats. GABA-IR profiles averaged 8.4% (±2.5%)
o f the myelinated axons in 30 sampling frames. Results from dorsal, middle, and
ventral parts of the brachia were similar. The mean diameter for all axon profiles
was 0.86 μm. For the GABA-IR profiles it was 1.63 μm. Nearly all (85%) o f the
largest axon profiles (>4 μm, diam.) were GABA-IR. The remaining GABA-IR
axons made up a very small proportion (4%) o f the smallest profiles (<1.0 μm,
diam.), and progressively larger proportions o f medium-sized (12% o f 1.0-2.0
μm, diam.) and large profiles (43% o f 2.0-4.0 μm, diam.). We conclude from this
diversity o f sizes that the GABAergic component o f this tectothalamic projection
is likely to have multiple inhibitory effects on medial geniculate neurons. One
likely effect is the production o f rapid inhibitory prepotentials by GABAergic
axons which are very much larger than nearly all o f their non-GABAergic
counterparts. This latter conclusion is supported by recent findings from
stimulated explants o f the rat brachium and medial geniculate body (Bartlett and
Smith, Assoc. Res. Otolaryngol. Abstr., 20:190, 1997).
Supported by NIDCD/NIH Grant R01 D C -00726

78.21

78.22

AUDITORY THALAMOCORTICAL PROJECTION IN THE CAT: AREAL AND
LAMINAR DISTRIBUTION. C.L. Huang* and J.A. Winer. Department of
Molecular and Cell Biology, University of California, Berkeley, California
94720-3200.
We examined the projections of the medial geniculate body (MGB) to auditory
cortex after small thalamic deposits of biotinylated dextran amines. Our goals were
to determine which areas receive this input, to analyze their laminar distribution, and
to describe the structure of the axons.
Each MGB nucleus projects to a restricted set of areas. The ventral division output
was confined to AI. In contrast, dorsal division nuclei send axons to more than one
area: AII, Te, and EPI, while medial division nuclei projected to the auditory cortices
even more diffusely. The laminar distribution of labeling was also nucleus specific.
Ventral division axons ended in dense terminal clusters in layers III-IV of AI, while
the caudal dorsal nucleus axons formed a broad plexus in layer III; medial division
fibers end in the most superficial part of layer Ia. Axonal structure was likewise
specific and varied. Ventral division-AI axons had vertical and horizontal orientations
with many boutons in a beads-on-a-string array; those from the dorsal division
formed a plexus of thicker and corkscrewed branched axons with irregularly shaped
and sized boutons; medial division axons were also corkscrewed, but unbranched and
had fewer and larger, globular boutons.
The results suggest that each division of the MGB differs with regard to its cortical
targets, laminar terminations, and axonal structure. This is not unexpected in view
of the different types of neuron in each thalamic nucleus and the distinct roles of the
cortical fields in sound processing. It is consistent with the idea that the
thalamocoritcal system contains distinct functional channels.
Supported by United States Public Health Service grant R01 DC02319-17.

EFFECTS OF LOCAL ARTIFICIAL DISINHIBITION IN MONGOLIAN
GERBILS AUDITORY CORTEX CORRELATED WITH THE EXTENT OF ITS
ANATOMICAL PROJECTIONS. E. Budinger, K.Richter*, H.Scheich. Fed. Inst. of
Neurobiol., Brenneckestr.6, D- 39118 Magdeburg
The intra- and intercortical as well as the subcortical connections of the gerbils
primary auditory field (AI) were analyzed using the biocytin tracing technique. Strong
ipsilateral projections were seen to the other six auditory fields and to various
subcortical areas like medial geniculate body (MGB), supra- and subgeniculate (SG,
SubG), lateral amygdala (LA) and caudate putamen (CP). Homotopic and heterotopic
callosal projections were found to be substantial whereas ipsilateral connections to the
perirhinal, entorhinal, and prefrontal cortex as well as to other subcortical structures
(laterodorsal and lateral posterior thalamic nucleus, reticular thalamic nucleus, globus
pallidus, inferior and superior colliculus, lateral lemniscus) were relatively sparse.
The extent of the described projections was compared with effects of local blockade
of GABAA- dependent inhibition on a small population of AI- neurons by micro
injections of GABAA- receptor antagonists bicuculline methiodide and SR 95531 into
AI. To map the influence of the elicited electrical activity we used the 2- deoxyfluoroD- glucose method (FDG).
Both antagonists induced an increase of FDG accumulation in the entire ipsilateral
auditory cortex presumable as a result of a direct disinhibition of GABAA- receptor
expressing neurons and a following activation of neighbouring excitatory neurons
through axon collaterals. Long distance exitatory output from auditory cortex was
suggested by a massive FDG labelling of ipsilateral MGB, SG and SubG (via the
superior thalamic radiation) and LA. The strong effects in these projection areas are
consistent with the degree of anatomical connections and suggest that the output of
the majority of the relevant neurons is influenced by GABAA- dependent inhibition.
The lack of significant changes in FDG uptake in other ipsilateral cortical and
subcortical structures could be a result of the sparse AI- projections into these areas or
of a minor GABAA- dependent modulation of their electrical activity. The small effect
of ipsilateral disinhibition on metabolic activity on the contralateral side might be a
result of negligible GABAA- influence on callosal output.
Supported by a grant of the Land Sachsen- Anhalt FKZ 1798
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THE
STRUCTURE
OF
AUDITORY
CORTICOFUGAL
AXONS
TERMINATING IN THE PONTINE NUCLEI. M. Beneyto, J.J. Prieto*, J.A.
Merchán, and J.A. Winer. Department of Histology, University of Alicante,
03080-Alicante, Spain (M.B., J.J.P., J.A.M.) and Department of Molecular and Cell
Biology, University of California at Berkeley, Berkeley, CA 94720-3200 (J.A.W.).
The pontine nuclei receive auditory corticofugal projections from many areas and
they convey this information to the cerebellum. Using WGA-HRP, we found that
the cortical input to the pontine nuclei is distinct for each area. The goal of the
present study is to characterize the structure of these axons with biotinylated
dextran amines (BDA) injected in areas AI, AII, AAF, P, Ins, and SF/daz.
Each area injected projected to several subdivisions of the pontine nuclei. The
dorsolateral nucleus received the strongest input. Preterminal axons were 1-3 μm
thick, and single terminal fields had complex, focal projections with many boutons
en passant as well as terminal endings. The boutons ranged from large (5 μm long
by 2 μm wide) to very small (about 0.5 μm in diameter). Axons divided profusely
within discrete, territories 100-200 μm wide. In the peduncular nucleus, the axons
formed thin, narrow fascicles up to 600 μm long and only 15 μm wide. Boutons
concentrated in the neuropil with few perikaryal endings. Unlike corticothalamic
axons, whose structure was area- and target-specific, the form of corticopontine
axons was similar from each area.
Both WGA-HRP and BDA reveal that corticopontine auditory projections target
restricted pontine regions. The focal nature of this input could affect specific
postsynaptic populations in view of the dense plexus formed by terminal processes.
Corticofugal axons appear to terminate preferentially on dendrites, suggesting that
convergence from several areas onto a cell may occur.
Supported by DGICYT grant PB 93-0928 of the Spanish Government, United
States Public Health Service grant R01 DC02319-16, and a personal fellowship
from the Generalitat Valenciana to Monica Beneyto.

CELLULAR ORIGINS OF DESCENDING PROJECTIONS FROM AUDITORY
CORTEX TO THE INFERIOR COLLICULUS, SUPERIOR OLIVE, AND THE
COCHLEAR NUCLEUS IN RATS. J. R. Doucet and D. K. Ryugo*. Depts. of
Otolaryngology-HNS and Neuroscience, Johns Hopkins Univ. Sch. of Med.,
Baltimore, MD 21205.
Auditory cortex is the origin of descending projections that terminate in lower
auditory structures including the inferior colliculus (IC), superior olive (SO), and
cochlear nucleus (CN) (Feliciano et al., 1995). Pyramidal cells in layer V are known
to give rise to the projections to these subthalamic nuclei (e.g. Games and Winer,
1988; Weedman and Ryugo, 1996), although it is not known whether the projections
arise from a single class of layer V pyramidal neurons or multiple classes. We
addressed this question by injecting the fluorescent dyes Fast Blue (FB, 3% aqueous
solution) and Diamidino Yellow (DiY, 1-3% aqueous solution) into pairs of target
nuclei (e.g., FB in the CN and DiY in the IC) in individual rats and subsequently
examining the spatial extent and the degree of overlap of retrogradely-labeled cortical
neurons projecting to each nucleus.
Iirespective of the target nucleus injected (IC, SO, or CN), all retrogradely-labeled
pyramided neurons were confined to layer V of auditory cortex. Nearly all pyramidal
neurons labeled after injections in the CN and SO were found in primary auditory
cortex, whereas IC injections labeled neurons in both primary and secondary auditory
cortical areas. Pyramidal neurons projecting to the CN and/or to the SO resided in the
deepest regions of layer V, although an occasional projecting cell was found more
superficially in layer V. In contrast, pyramidal neurons projecting to the IC were
distributed throughout layer V with the highest concentration in the superficial and
middle regions. Labeled corticotectal neurons outnumbered labeled corticobulbar
neurons by a factor of 10-20. When different dyes were injected in target pairs (CNIC, CN-SO, IC-SO), fewer than 20% of the corticobulbar neurons were double
labeled. These results demonstrate that pyramidal cells in layer V of auditory cortex
comprise a heterogeneous population that are distinguishable by their laminar
distribution and projections to lower auditory structures. Supported by NIH grants
DC00232 and DC00979.

S o c iety f o r N euroscience, Volum e

23,1997

185

186

AUDITORY SYSTEMS: CENTRAL ANATOMY

SUNDAY AM

78.25

78.26

DESCENDING INPUTS TO COMBINATION-SENSITIVE NEURONS IN THE
INFERIOR COLLICULUS OF THE M USTACHED BAT. R. A. M arsh, D. H :
M ittm ann, C .D. Grose, J.J. Wenstrup* Dept. O f Neurobiology, Northeastern Ohio
Universities College of Medicine, Rootstown, OH 44272.
The central nucleus of the inferior colliculus (ICC) in the mustached bat contains
combination-sensitive neurons which respond to multiple spectral components in
sonar and social communication sounds. These neurons may originate in the ICC or
lower levels. Descending cortical influences on the ICC have been reported to modify
delay-tuned responses of sonar combination-sensitive neurons. This study examines
the descending inputs to these ICC neurons. We placed single, restricted deposits of
retrograde tracers (usually cholera toxin, subunit B or wheat germ agglutin conjugated
to horseradish peroxidase) at combination-sensitive recording sites in the ICC.
Labeling from different experiments was normalized and plotted onto a standard brain.
The first major result concerned the distribution of auditory cortical labeling after
deposits at combination-sensitive sites responding to frequency modulated (FM) sonar
components. This labeling was strongest dorsally, with moderate labeling extending
far ventrally. Labeling was evenly distributed along the caudal-to-rostral dimension.
These results suggest that neurons tuned to one FM harmonic receive input from
cortical neurons tuned to other FM harmonics. Moreover, ICC neurons tuned to a
specific best delay appear to receive input from cortical neurons tuned to a wide
range of best delays. In contrast, ICC neurons responding to constant frequency sonar
components receive input from two distinct cortical regions.
A second major finding concerned retrograde labeling in the Amygdala. We
observed strong, bilateral labeling, probably in the central nucleus of the Amygdala,
after tracer deposits in the ICC. This result suggests a potential pathway by which
information about the animal’s emotion state modulates the response of ICC neurons
specialized to respond to the animals’ vocalizations. (Supported by the National
Institute on Deafness and other Communication Disorders.)

AUDITORY CORTEX INNERVATION AND ACOUSTIC ACTIVATION OF THE
CAUDAL STRIATUM OF GERBILS W.Zuschratter*, E. Budinqer, B. Fauler,
K. Richter and H. Scheich Fed. Institute for Neurobiology, Magdeburg, FRG
Adult male gerbils (Meriones unguiculatus) were injected in the primary
auditory cortex (Al) with the anterograde tracer biocytin. 24h later they were
acoustically stimulated with frequency-modulated tones (1-2 kHz, 70 dB SPL,
15 min) and processed for biocytin detection. Subsequently, the distribution of
c-Fos expressing cells was mapped in combination with an
immunocytochemical characterization of neurons using antibodies against the
calcium-binding proteins parvalbumin (PV), calbindin D28K (CALB) and cairetinin
(CAR). Some sections were further processed for ultrastructural analysis using
a Mega scan camera (Gatan) in combination with a LEO 912 electron
microscope. Discrete biocytin injections into Al revealed prominent fiber staining
reaching the medio-caudal striatum and some labeled fibers running rostrally
through the medial striatum. C-Fos immunoreactive neurons were found in
patches or as single cells scattered between these biocytin labeled fibers in
the medio-caudal striatum and along the medial axis of the striatum.
Immunocytochemical characterization of the medio-caudal striatum by
antibodies against several calcium-binding proteins revealed no colocalization
between PV, CALB, CAR and c-Fos expressing cells. Ultrastructural analysis
of biocytin labeled synaptic contacts specified the lightmicroscopic findings,
i.e. cortico-striatal innervation of c-Fos, PV-IR and CALB-IR neurons. In
conlusion, this study clearly demonstrates that the medio-caudal striatum
represents a topographically defined region within the striatum that is innervated
by auditory cortico-striatal projections. Moreover, brief acoustic stimulation
leads to transcriptional activity in distinct striatal neurons that lack the calcium
binding proteins PV, CALB and CAR.
Supported by a grant of the Land Sachsen-Anhalt FKZ 1798
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PREFRONTAL CONNECTIONS OF THE AUDITORY PARABELT REGION IN
MACAQUE MONKEYS. T.A. Hackett*, I. Stepniewska, J.H. Kaas. Dept. of
Psychology, Vanderbilt University, Nashville, TN 37240.
In previous studies we have divided the auditory cortex of the macaque
monkey (Macaca mulatta, Macaca nemestrina) into a core of three primary-like areas,
a narrow belt of surrounding areas, and a lateral para belt of cortex along the upper half
o f the superior temporal gyrus. The purpose o f the present study was to determine the
pattern of prefrontal connections o f the auditory parabelt region. Multiple injections
of up to six different tracers (fluorescent dyes and WGA-HRP) were placed in the
parabelt cortex in 6 monkeys (4 Macaca mulatta, 2 Macaca nemestrina). After 7 to 12
days survival, the brains were flattened, fixed, and cut frozen parallel to the pial layer
at 40μ m. Patterns o f label were related to architectonic subdivisions delineated in
adjacent sections stained for Nissl, cytochrome oxidase, acetylcholinesterase, myelin,
and parvalbumin.
A topographic distribution of dense label was found in the rostral half of the
principal sulcus (area 46). Each rostrocaudal series o f injections in the parabelt
labeled a rostrocaudal sequence o f areas within the rostral half o f the principal sulcus.
Caudal parabelt injections labeled an additional group o f cells in the dorsomedial
prearcutate area 8a. Rostral parabelt injection labeled more cells in the dorsolateral
prefrontal convexity corresponding to area 12. Overlapping regions o f labeled cells
were found in area 10 and scattered throughout the orbitofrontal cortex. The results
suggest that the parabelt auditory cortex has topographic connections with specific
regions o f the prefrontal cortex, and that the rostral and caudal parabelt have unique
connections with functionally-distinct prefrontal areas.
(Supported by NS-16446 and F32 DC00249-01).

THE EFFECT OF TEMPORAL AND PARIETAL LOBE LESIONS ON
SPECTRAL AND SPATIAL AUDITORY SEGREGATION. D.W. Perrv*, P .L.
Divenvi & A.P. Aleazi, Speech and Hearing Research Facility, V.A. Northern
California Health Care System, Martinez, CA 94553.
In order to be distinguishable, two simultaneously occurring sounds must differ
significantly along at least two o f several possible dimensions, e.g. pitch and
spatial location, such that the correct value on one dimension can be associated
with that on the other. Patients with single, unilateral cortical lesions (N=5), and
normal listeners (N=8) were studied using an objective, psychophysical method
for determining the minimum necessary spatial separation in the frontal horizontal
half-plane at which one sound can be reliably recognized as being located to the
right (or left) o f another. The spatial position o f one sound was fixed at 45° to the
right (or left) o f midline, while the second varied adaptively, beginning at 90° to
the opposite side. Such azimuth DLs were obtained for single sounds, and for
simultaneously competing sounds differing in frequency from 1/6 to 1 octave. For
single sounds, normal listeners achieved average DLs o f <20°, as did most
patients. For simultaneous sound pairs, normal listeners achieved average DLs of
44-88°, depending on frequency separation. Across frequency separations,
performance was significantly better in the left hemifield (p<.03). Four o f the five
patients performed better when the fixed target was in the right hemifield (2 with
left, and 1 with right temporoparietal junction infarcts, and 1 with a left parietalonly infarct), and one when it was in the left (with a surgical removal from the
right superior and middle temporal gyri, including primary auditory cortex). Thus
4 patients displayed an advantage when the fixed target was presented in the
contralateral hemifield, and 1 in the ipsilateral hemifield. These results suggest
that damage to either posterior temporal or parietal cortex can selectively affect
segregation performance based on the integration o f spectral and spatial
information, while leaving simple auditory spatial acuity intact. [Supported by the
V.A. Medical Service and by NIH grants AG07998, NS21135, and PONS 17778.]
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DIFFERENTIAL EXPRESSION OF GLUTAMATE RECEPTOR SUBUNITS BY
CALRETININ-IMMUNOREACTIVE INTER-NEURONS IN HUMAN STRIATUM.
F. Cicchetti* and A. Parent. Centre de recherche Université Laval Robert-Giffard,
Beauport, Québec, Canada, G 1J 2G3.
We recently reported the existence of a new class of interneurons characterized by
their immunoreactivity for the calcium-binding protein calretinin (CR) in the human
striatum. This class is composed of numerous medium-sized bipolar neurons and a
smaller number of large multipolar neurons. Furthermore, observations in the striatum
of Huntington’s disease (HD) patients revealed the selective sparing of the medium, but
not the large, CR-positive striatal neurons in HD. In fact, only a small proportion of
large-sized CR-positive neurons appear unaffected in HD striatum. The exact mecha
nisms by which these two CR neuronal populations are differently affected are not yet
known. However, glutamate (GLU) receptor-mediated excitotoxicity is believed to be
involved in the preferential loss of striatal projection neurons, a cardinal pathologic
feature of HD. This observation has prompted us to compare the different types of GLU
receptor subunits expressed by the two subsets of striatal CR immunoreactive interneurons.
A double-antigen localization procedure was thus used to examined the expression of
GLU ionotropic receptor subunits (GluR1, GluR2/3, GluR4 and GluR5/6/7) by each
type of CR interneurons. Our results show that a significant proportion of the large-sized
CR neurons display immunoreactivity for GluR1 subunit, whereas only a small number
of them express GluR2/3 and GluR4 subunits. In contrast, only a small proportion of
medium-sized neurons were GluR1-immunopositive but the majority of them expressed
GluR2/3 and GluR4 subunits. The GluR5/6/7 subunit was expressed by a multitude of
striatal neurons, except CR interneurons. This raises the possibility that GluR5/6/7 is
mainly expressed by striatal projection neurons. Although there does not appear to be
a single ionotropic GLU receptor subunit that characterizes the CR neurons, our results
suggest that a differential expression of GLU receptors could significantly contribute to
the selective sparing of medium-sized CR striatal interneurons, due to the heterogeneity
in calcium permeability of these ionotropic receptors. [Supported by MRC, FRSQ and
Killam Foundation].

EX PR E SSIO N OF NM D A RECE PTO R SU BU N ITS IN STRIATAL
EFFER EN T NEUR O N S AFTER U N ILA T ER A L DO PA M IN E
DEPLETIO N . A. Ganguly*, E.B. Gaudaa, K.A. Keefe. Dept. of
Pharmacology & Toxicology, University of Utah, Salt Lake City, UT 84112,
Dept. of Pediatrics, Johns Hopkins Institute, Baltimore M D 21287a.
Striatal efferent neurons receive both dopamine- and glutamate-utilizing
afferents. NMDA receptor binding is elevatedin patients with Parkinson’s disease,
as well as in striata of animals with dopamine (DA) depletions. The purpose of
our study was to determine whether DA depletion alters the expression of NMDA
receptor subunits in striatum. Depletion of striatal DA was accomplished by
infusing 6-hydroxydopamine (6-OHDA, 8 μ g/2 μ L) unilaterally into the medial
forebrain bundle. Rats were sacrificed three weeks later, and the brains rapidly
removed and processed for in situ hybridization histochemistry using riboprobes
directed against the mRNAs o f the NR2a and NR2b subunits of the NMDA
receptor. All 6-OHDA-treatedanimals included in analysis had a greater than 90%
loss of tyrosine hydroxylase mRNA in the substantia nigra pars compacta.
Analysis of film autoradiograms revealed no change in the overall expression of
NMDA receptor subunits in striatum as a consequence of DA depletion, in both
drug-naive and apomorphine-pretreated rats. These data suggest that DA depletion
does not alter the expression of NMDA receptor subunits in striatum. However,
previous studies have shown that DA depletion increases gene expression in
striatopallidal neurons, while decreasing it in striatonigral neurons. Thus, DA
depletion may also oppositely affect expression of NMDA receptor subunits in
these two populations of striatal efferent neurons, thereby resulting in no net
change. Therefore, we currently are using double-label in situ hybridization
histochemistry to examine this hypothesis (Supported by USPHS grant NS 35579
and the College of Pharmacy at the University of Utah).
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MK-801 BLOCKS THE INCREASE IN EXTRACELLULAR GABA IN THE
SUBSTANTIA NIGRA INDUCED BY SKF 82958. K.A. K eefe and S.B.
Carroll, Dept. of Pharmacology and Toxicology, U niversity of U tah, S a lt
Lake City, UT 84112.
Medium spiny neurons of striatum receive a dopam ine (DA) projection
from substantia nigra and a glutam ate projection from cortex. These two
afferents make synaptic contact w ith common dendritic spines, suggesting
interactions between DA and glutam ate in the regulation of s tria ta l
efferent neuron function. Previous work indicates that stim ulation of D1
DA receptors in striatum increases γ-am ino-butyric acid (GABA) release in
substantia nigra pars reticulata. To determ ine w hether this D1-induced
increase in activity is dependent on glutam ate input, we examined th e
effect of N -m ethyl-D -aspartate
(NMDA) receptor blockade on
extracellular GABA in the substantia nigra pars reticulata using in vi vo
microdialysis in freely moving rats. GABA in dialysate samples was
quantified via HPLC-ECD. A dm inistration of the NMDA antagonist MK801 (0.01 mg/kg, i.p.) had little effect on the basal level of GABA in
dialysate. Administration of the D1 DA receptor agonist SKF 82958 (1
mg/kg, i.p.) increased the concentration of GABA by approxim ately 75%,
from a basal value of 11.8 ± 2.0 nM (mean ± SEM; n=6) to 20.6 ± 7.3 nM (n=6)
in the hour following injection of the drug. A dm inistration of MK-801 15
min prior to administration of SKF 82958 blocked the increase in GABA (p
< 0.01). Although the source of GABA release in the nigra and th e
location of the NMDA receptors involved (i.e. striatum , subthalam ic
nucleus, or substantia nigra) remains to determ ined, the data suggest t h a t
D1 DA receptor-induced activation of striatonigral output is dependent on
excitatory drive through NMDA receptors. (Supported by USPHS grant
NS35579 and the University of Utah).

79.5
ANTI-PARKINSONIAN EFFECT OF NR2B-SELECTIVE NM DA ANTAGONISTS
IN ANIMAL MODELS OF PARKINSON’S DISEASE: A STRIATAL
MECHANISM OF ACTION? J.E. Nash, S.H. Fox, B. Henry, M.P. Hil, C.J. Hille,
Y.P. Maneuf, D. Peggs, S. McGuire, A.R. Grossman and J.M. Brotchie, SPON: Brain
Research Association. Div. Neuroscience, School o f Biological Sciences, University of
Manchester, Manchester, M13 9PT.
The symptoms of Parkinson’s disease are due, impart, to overactive NMDAneurotransmission in the striatum of the basal ganglia. Blockade of transmission at
NMDA channels containing the NR2B subunit by systemic administration of the
polyamine site antagonist ifenprodil alleviated parkinsonian symptoms in rats and
primates (Fig 1).
Moreover, hyperkinesia was not observed subsequent to
administration of supra-optimal doses o f ifenprodil. Glutamate/glycine-stimulated
[3H]-MK-801 binding to striatal membranes in rodent
models of Parkinson’s disease suggested that increased
sensitivity o f NR2B-containing NMDA receptors to
glycine may be responsible for increased NMDA
neurotransmission. In a rat model of Parkinson’s disease,
intrastriatal injection o f glycine and polyamine site
NMDA antagonists caused a dose-dependent increase in
contraversive
rotational
behaviour
(150±50tums,
compared to vehicle 0±4, p<0.01). Additionally, there
Dm«rir*rr»4a(-^k«)
was a topographical variation in the effect o f these drugs.
Increased mobility of the rats was seen subsequent to intrastriatal injection into the
rostral, but not caudal striatum (150±50tums, compared to 5±7, p<0.01). The NMDA
antagonists had no effect when injected into the unlesioned striatum. We propose that
NMDA antagonists which selectively target NR2B-containing NMDA receptors in the
rostral striatum may act as potential anti-parkinsonian agents, by selectively reducing
activity of the ‘indirect’ pathway. Research funded by MRC.
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ROLE OF NM DA-NR2A AND -2B RECEPTO R SUBUNITS IN STRIATAL
IMM EDIATE EARLY GENE INDUCTION BY DOPAM INE D2 RECEPTOR
BLOCKADE. J.D. Wagstaff* and C.R. Gerfen. Laboratory of Systems Neurosci
ence, NIMH, Bethesda, MD 20892.
Blockade of D2 receptors induces immediate early genes (IEG) in striatopallidal
neurons. This IEG induction is mediated through glutamate NMDA receptors, as
this effect is reversed by concomitant treatment with MK-801, but only modestly
altered by AMPA blockade. The present experiments examined the role of NMDA
receptor subtypes by comparing effects of MK-801 with ifenprodil, a preferential
antagonist for NMDA receptors expressing the NR2B subunit, on eticlopride-induced
IEG expression in the striatum. Quantitative in situ hybridization was used to assess
alterations in striatal mRNA levels for two IE G ’s, c-fos and arc. IEG induction was
compared to the expression patterns of the primary striatal NMDA receptor subunits
NR2A and NR2B. In general, basal IEG expression showed an inverse relationship
to NR2A expression, and was blocked in a dose-dependent manner by MK-801, but
not ifenprodil. Blockade of D2 receptors by eticlopride induced IEG mRNA in a
gradient similar to that of NR2A expression, highest in the lateral striatum, lowest
in the medial regions. Eticlopride-induced IEG expression was dose-dependently
blocked by MK-801 with the medial striatum being more sensitive to NMDA
blockade than the lateral striatum. Ifenprodil reduced eticlopride-induced IEG
expression to a lesser extent than MK-801, but was as effective as MK-801 in
regions with low NR2A expression. Thus ifenprodil is most effective in regions that
express NMDA receptors with NR2B as the predominant subunit, and shows only
modest effects in regions with a high NR2A:2B subunit ratio. With both NMDA
antagonists, a subpopulation of scattered striatal neurons resistant to NMDA
blockade remain active, and appear to be a population of interneurons. Thus,
blocking NMDA receptors may have a dual effect of blocking enhanced glutamate
input to striatal projection neurons, while leaving interneuron activity intact.

7 9.6
A M P A A N D N M D A R E C E P T O R S M E D IA T E T H E R E S P O N S E O F V E N T R A L
P A L L ID A L N E U R O N S T O
E LE C T R IC A L A C T IV A T IO N
O F TH E
S U B T H A L A M IC N U C LE U S . M .S . T u rne r* and T.C . N apier. D e p t. o f
P ha rm a col., Loyola U niv. C hicago, S ch. o f M ed., M ayw ood, IL 60153.
N eurons in the su b th a la m ic n ucleus utilize e xcita to ry a m ino acids as
neuro tra nsm itte rs.
A n e ffe re n t pathw ay fro m th e su b th a la m ic nucleus
te rm in a te s in th e ve n tra l p allid um (VP ). The V P co n ta ins a -a m in o-3 -hydro xy5 -m e th yliso xa zo le -4 -p ro p io n ic acid (A M P A ) and N -m e th yl-D -a sp a rtic acid
(N M D A ) receptors. These o bserva tio n s suggest th a t th e V P m a y be u nder an
e xcita to ry am ino acid control th a t o rig in ates in th e su b th a la m ic nucleus. To
d ete rm in e the in vo lv e m e n t o f A M P A and N M D A recep tors in th e pathw ay
fro m th e su b th ala m ic nucleus to the VP, in vivo e lectrop h ysio log y and
m icro io n to p ho re tic te ch n iqu e s w ere used in a nesthetised rats.
Follow ing
e lectrical a ctiva tio n o f th e s u b th a la m ic nucleus, responses w ere e voked in
89% o f th e 67 V P n eurons tested. O f these, 65% e xh ibite d a sh o rt latency
(4.3±1.9 m s) e xcita to ry response (249% o f b aseline). T w e lve a dditional
neurons th a t exh ibite d a sh o rt latency e xcita tio n w ere e va lua te d fo r th e ir
s e n sitivity to A M P A o r N M D A . A M P A increased a c tiv ity in 6 o f 6 neurons
tested. In 4 o f 5 o f these cells, th is a c tiv ity w as atte n u ated by iontop h o re sis o f
th e A M P A anta go n ist C N Q X , but not in any o f th e 3 ce lls tested w ith the
N M D A anta go n ist A P -5. N M D A increased n euronal a c tiv ity 6 o f 6 neurons
tested. In each o f these, A P -5 a ttenuated th e increase, but C N Q X did not.
T o d e te rm in e if e xcita to ry a m ino acids m e dia te th e sh o rt late ncy e xcita ta tory
response o f VP neurons to su b th a la m ic n ucleu s stim u la tio n, and to dete rm in e
th e re cep tor subtypes in vo lv e d in th is response, A P -5 and C N Q X w ere
iontophoresed onto V P neurons during s u b th a la m ic stim u la tio n. Thus far,
A P -5 atte n u ated th e sh o rt late ncy e xcita tio n in 3 o f 5 neurons tested and
C N Q X a ttenuated th e response in 2 o f 2 neurons. T h is e vid en ce su p po rts the
h yp othe sis th a t V P neurons are e xcite d by s u b th a la m ic n ucleus activa tio n ,
and th a t th is e xcita tio n is m edia te d by A M P A and N M D A receptors.
S upported by U S P H S G # D A 05255 to TC N .
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NMDA RECEPTOR ANTAGONISM IN THE RAT’S LATERAL STRIATUM
BLOCKS DIRECTED GROOMING MOVEMENTS. M. Pisa* and S. Shankardass.
Dept. Biomed. Sci., McMaster Univ., Hamilton, Ont., Canada, L8N 3Z5.
The putative finding that lesions of the lateral striatum reduce more the late than
the early components of the characteristic rostrocaudal (forepaws/face to hindquarters)
grooming sequence in rats has been interpreted to indicate a crucial role of the striatum
in motor sequencing. The objective was to examine the effect o f microinfusions of the
NMDA receptor antagonist ± 3-(2-carboxypiperazine-4yl)propyl-l-phosphonic acid
(CPP), into the ventrolateral striatum (VLS) of male Wistar rats on grooming
movements. CPP dose (0.8,0.4 or 2 nmole/0.2 pi) was a between-factor (N=8), and
injection treatment (sham, drug or saline) and postinjection trials were within-factors.
After adaptation to the observation chambers, the rats were given the appropriate
injection treatment through intracerebral cannula guides, and placed in the chambers for
eight 5-min trials at 15 min intervals, after a brief bath in 30 °C water. Rostrocaudal
components of grooming, defined by the body parts being groomed, were: forepaw,
snout, head (skull, ears, cheeks), and hindquarters (flanks, abdomen, hindlegs).
Compared with sham and saline treatments, histologically verified CPP injections into
the VLS produced statistically significant, dose-dependent and time-dependent decreases
of overall grooming time, time spent in each component, and number of episodes and
duration of each component. There was a significant dose-response trend for grooming
movements of the mouth to be depressed more than grooming movements o f the paw, but
early-sequence mouth movements (forepaw grooming) were not less affected than late
sequence mouth movements (hindquarters grooming). Also, nondirected grooming
movements such as paw flailing were not significantly affected. The results indicate a
selective role of NMDA receptor activation o f the VLS in the execution of directed
grooming movements, but apparently not in sequencing of directed movements as such.
(supported by NSERC).

DISTRIBUTION OF GLUTAMATE RECEPTOR SUBUNITS AT IDENTIFIED
GLUTAMATERGIC SYNAPSES IN THE ENTOPEDUNCULAR NUCLEUS AND
SUBTHALAMIC NUCLEUS OF THE RAT. N. P. Clarke & J. P. Bolam* MRC
Anatomical Neuropharmacology Unit, Mansfield Road, Oxford, OX1 3TH, U.K.
Basal ganglia function is expressed by the output neurons o f the entopeduncular
nucleus (EP), which in turn are influenced by excitatory inputs from neurons of the
subthalamic nucleus (STN). The object o f this study was to determine the pattern of
glutamate receptor subunit expression in relation to the glutamatergic innervation of
EP and STN neurons.
Vibratome sections of the EP and STN o f perfuse-fixed rat brain were embedded in
Lowicryl using a freeze-substitution method and serially adjacent ultrathin sections
reacted to reveal immunoreactivity for GABA, glutamate, the NR1 subunit o f the
NMDA receptor and the GluR2/3 subunit of the AM PA receptor using the post
embedding immunogold method. The glutamate immunolabelling was quantified and
normalized with respect to identified GABAergic terminals. Immunolabelling for the
NR1 and GluR2/3 subunits was concentrated in the m em brane postsynaptic to
terminals forming asymmetrical synapses with spines, dendrites and perikarya. These
terminals were heterogeneous with respect to their glutamate content. The NR1 and
GluR2/3 subunits were expressed in the postsynaptic m embrane o f terminals with
elevated levels of glutamate and also postsynaptic to terminals with an index o f
glutamate immunoreactivity comparable to terminals forming symmetrical synapses.
In several cases the NR1 and GluR2/3 subunits were colocalized at single identified
glutamatergic synapses with heterogeneous levels o f glutamate.
These data demonstrate that the NR1 and GluR2/3 subunits are found in the
m embrane postsynaptic to boutons which differ in their enrichment in glutamate.
This heterogeneity may reflect differences in the origin of these terminals. The
colocalization o f NM DA and AM PA receptor subunits im plies that glutam ate
transmission in the EP and STN is mediated by a combination o f glutamate receptor
subtypes at the level of a single synapse.
Supported by the Medical Research Council, U.K.
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CO-LOCALISATION OF THE NR1 NM DA RECEPTOR SUBUNIT AND
GLUR2/3 AM PA RECEPTOR
SUBUNIT AT SYNAPSES
IN THE
NEOSTRIATUM AND GLOBUS PALLIDUS. V. Bernard and J.P. Bolam SPON:
Brain Research Association. M RC Anatomical Neurophannacology Unit, Oxford
University, Oxford, OX1 3TH, U.K.
The responses in the basal ganglia to excitatory stimulation involve both AMPA
and NM DA receptors. However, the possible cellular and the subcellular sites of
interaction between these receptors in the neostriatum (NS) and globus pallidus (GP)
are unknown. Using immunocytochemical means we have determined 1) the cellular,
subcellular and subsynaptic localisation o f the NR1 sub-unit o f the NM DA receptor
and 2) the respective synaptic localisation of NR1 and GluR2/3.
1) In NS, all neurons morphologically characterised as medium spiny projection
neurons, some large and medium intemeurons and many dendrites and spines woe
immunoreactive (IR) for N R 1. In the GP most perikarya and m any dendritic processes
were also IR for NR1. Immunogold methods revealed that NR1 was associated with
the internal surface of the plasma membrane and a high proportion of immunoparticles
were detected on the postsynaptic membrane o f asymmetrical synapses, although
extrasynaptic labelling was also present. 2) Double post-embedding immunogold
labelling on single or adjacent serial sections revealed that in NS, 80% of NR1positive axospinous and 36% o f N R 1-positive axodendritic synapses are also positive
for GluR2/3. In GP, most N R 1-positive axodendritic synapses were also positive for
GluR2/3. In both regions synapses labelled only for GluR2/3 were also detected.
These results together with our previous data (Bernard et al., 1997, J. Neurosci.
17,819-833) suggest that N R 1 and GluR2/3 are expressed by the same populations of
neostriatal and pallidal neurons and that NM DA and AM PA receptors are, at least in
part, co-localised at individual asymmetrical axospinous (NS) and axodendritic
synapses (NS and GP). The synaptic responses to excitatory amino acids in the NS and
GP are thus likely be the result o f co-operation between AM PA and NMDA receptors
at the level of individual synapses.

SYNAPTIC PRUN IN G A N D EFFECT OF MK-801 O N SYNAPSE
NUM BER D U RIN G STRIATAL DEVELOPMENT.
K. Ury u*, A.K. Butler and M-F. C h esselet
D e p a rtm e n t of P h a rm a c o lo g y a n d In stitu te of N eu ro lo g ic a l Sciences,
U n iv e rsity of P e n n sy lv a n ia , P h ila d e lp h ia , PA 19104

79.11
SELECTIVE VULNERABILITY OF STRIATAL NEURONS OF THE
MATRIX COMPARTMENT TO QUINOLINIC ACID-INDUCED DNA
DAMAGE. Y. B o rd e lo n * and M.-F C h e s se le t D e pts of P h a rm a co l., U. of
P enn., Phila., PA 19104 and of N eurology, UC LA, Los A ngeles, C A 90095.
C o ntrad icto ry data e xist regarding th e rela tive v u ln e ra b ility of neu ro ns of
th e strio s o m e s and th e s tria ta l m a trix in H u n tin g to n 's d is e a s e (H D ).
Intra stria ta l inje ction s of q u in o lin ic acid (Q A ), an N M D A re c e p to r ago n ist,
produce a loss of striatal neurons s im ila r to th a t o bserve d in HD. O ne w e ek
a fte r Q A injections, cell death is diffu se in the stria tu m , h ow ever, 10-12 hrs
post-su rg e ry, DN A stra n d b re a ks are p re se n t in o n ly a su b se t o f stria ta l
neurons, suggesting th a t som e striatal neurons are p re fe re n tia lly vuln era ble
to N M D A -re ce p to r m ediated to xicity. T o d e te rm in e w h e th e r th e se neurons
w ere d iffe re ntia lly located in the m atrix o r in th e strio so m e s, m ale S pragueD aw ley rats (250-300 gm s) received unilateral inje ction s of Q A (60 nm ol in
0.5 μ l ) o ve r 5 m in. into the striatum , a p ro ce d u re w h ich in du ce s a m assive
loss of stria ta l e ffe re n t n eurons 2 w e eks later, and w e re sa crifice d 12 hrs
a fte r surgery. S eria lly a dja ce n t stria ta l se ctio n s at th e level of Q A injection
w ere processed fo r detection of DN A strand breaks by in situ nick translation
(IS N T) and fo r 3 H -na lo xo ne b inding to iden tify strio so m e s. C a m era lucida
d ra w in g s w e re o ve rla id to d e te rm in e th e lo ca tio n of IS N T la b e le d c e lls
relative to strio so m e s. O n ly 1.6% of th e ce lls labeled w ith IS N T w e re in
strio s o m e s , w h ich c o rre s p o n d e d to 7 2 .4 ± 1 1 .7 la b e le d c e lls /m m 2 in
strio so m e s ve rsu s 2 2 1 .1±11.6 in m atrix (m ean+S E M , n=6, p=0 .0 0 01 ). The
la ck of labe le d n eu ro ns in strio so m e s w a s n ot due to ce ll d ea th in th is
co m p a rtm e n t. Th u s, stria ta l n eu ro ns w ith in th e m a trix c o m p a rtm e n t are
m uch m o re su s c e p tib le to Q A -in d u ce d D N A d a m a g e th a n c e lls in the
striosom es. As m atrix neurons contain the calciu m -b in din g protein calbindin,
th e results su p po rt recen t d ata su g ge sting th a t ca lb in d in m a y co n trib u te to
cell death rather than being neu ro pro te ctive. S up p o rted by M H -44 8 9 4 and
M H-10890

79.13
IMMUNOLESIONING OF AMPA-TYPE GLUTAMATE RECEPTORCONTAINING NEURONS IN THE RAT NEOSTRIATUM. K.H.H. Kwok.
R.N.S. Wong and K.K.L. Yung. (SPON: The Hong Kong Society of
Neurosciences). Dept. of Biology, Hong Kong Baptist Univ., Kowloon Tong,
Hong Kong.
The flow of information through the pathways of the basal ganglia is driven by
the neurotransmitter glutamate. This excitatory signal is mainly mediated by
different subtypes of glutamate receptors in the neostriatum. In order to investigate
the localization of a-amino-3-hydroxy-5-methyl-4-isoxazole-propionate (AMPA)type receptor and the physiological responses after inducing a “knockout”
experimental condition of the AMPA receptor-containing neurons in the
neostriatum, immunolesioning was performed. A ribosome-inactivating protein
(RIP), trichosanthin, was conjugated to a goat-anti-rabbit IgG antibody molecule.
The antibody-RIP complex was then pre-incubated with specific antibodies raised
in rabbits against AMPA receptor subunits (GluR1 and GluR4) in order to produce
a specific immunotoxin. Unilateral lesioning of the AMPA receptor-containing
neurons were performed by injecting the immunotoxin stereotaxically into either
the neostriatum or the lateral ventricle of rats whilst under anesthesia. After ten to
twelve
days
the
animals
were
sacrificed
by
perfuse-fixation.
Immunocytochemistry was performed on sections obtained from both the lesioned
and non-lesioned sides. Striatal injections of the immunotoxin resulted in a
depletion of immunoreactivity for GluR1 or GluR4 near the lesion sites in the
neostriatum. Ventricular injections of the immunotoxin resulted in a general
depletion of GluR1 or GluR4 immunoreactivity in the neighboring regions. These
results indicate that immunolesioning is an useful tool in selective cell killing
experiments and may provide physiological implications of the of AMPA-type
receptor functions in the basal ganglia.
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In th e striatu m , asy m m etric sy n ap ses are form ed betw een
g lu ta m ate rg ic in p u ts a n d th e d e n d ritic spines of s tr ia ta l efferen t neurons.
W e h a v e e x am in ed asy m m etric sy n ap se num ber b o th during n o rm al
d e v e lo p m e n t a n d a fte r a d m in istra tio n of MK-801, a n a n ta g o n ist of
g lu ta m ate rg ic N M D A recep to rs. The num ber of asy m m etric sy napses w as
m e a s u re d in th e d o rso la te ra l s triatu m of 14 ,1 8 a n d 25 d a y old ra t p ups a n d
a d u lt rats, a n d in th e s tria tu m of r a t p u p s tre a te d w ith e ith e r salin e or
MK-801 (0.25 m g /k g i.p.) d a ily from P18 to P20 a n d sacrificed on P21.
Sy n ap ses w ere counted b y th e p h y s ic a l d issecto r m eth o d in 3 rats from 3
d iffe re n t litte rs in each group. As p re v io u sly rep o rte d (H a tto ri a n d
M cGeer, 1973), the n u m b er of a sy m m etric sy n ap ses in creases d r a m a tic a lly
in th e ra t s tria tu m b e tw e en p o stn a ta l d a y 14 (P14) a n d P18. H o w ev er t h is
p e rio d of sy n ap to g en esis is follow ed b y a m ark e d d ecrease in the n u m b er of
asy m m etric sy n ap ses (- 49%) b etw een P18 a n d P25. T here w as no f u rth e r
decrease betw een P25 a n d a d u lt rats. T re atm en t w ith MK-801 induced a
precocious d ecrease in asy m m etric sy n ap se num ber co m p ared to s a lin e tre a te d rats (- 31%), w ith o u t affectin g th e num ber of sym m etric synapses.
T he d a ta rev e a l th a t pruning of asy m m etric sy n ap ses occurs in t h e
d e v e lo p in g stria tu m a n d suggests th a t m ain ten an ce of asy m m etric
sy n ap ses a t th e tim e of th e pruning is N M D A -d e p en d e n t. S u p p o rte d by
NS-29230 a n d NR SA M H-10794.

79.12
DIFFERENTIAL DISTRIBUTION OF METABOTROPIC GLUTAMATE
RECEPTORS (mGluRs) IN THE MONKEY STRIATUM. M. Pacniet* and
Y.Smith. Yerkes Regional Primate Research Center and Dept. of Neurology,
Emory Univ., Atlanta, GA 30322.
The G protein-coupled mGluRs are subdivided into three groups based on their
sequence in amino acids, signal transduction and pharmacology. Trans-1,3dicarboxylate (t-ACPD), a nonspecific mGluR agonist, modulates the synaptic
transmission of the striatum (Colwell and Levine, Neuroscience 61: 497, Stefani
et al., J. Neurosci. 14: 6734). The anatomical substrate that underlies those
physiological effects remains to be established. To better understand the role of
mGluRs in the control of striatal neuronal activities, we analysed the subcellular
and subsynaptic distribution of group I (mGluR1α & mGluRS) and group II
(mGluR2/3) mGluRs in the monkey striatum by means of light and electron
microscopic immunostaining. At the light microscopic level, the two different
groups of mGluRs showed a different pattern of labeling; whereas the neuropil was
relatively intense and largely composed of immunoreactive cell bodies and dendritic
processes with the group I receptor antibodies, the overall mGluR2/3
immunoreactivity (IR) was not as strong and included thinner labelled processes.
In the electron microscope, the mGluR1α and mGluR5 IR which, overall,
displayed a similar pattern of distribution, was associated preferentially with post
synaptic densities of axo-dendritic and axo-spinous asymmetric synapses but also
abounded in the cytoplam. Moreover, a small population of boutons with ovoid
vesicles displayed mGluR1α IR . On the other hand, the mGluR2/3
immunostaining was as frequent in pre- as in post-synaptic structures. In dendrites
and spines, the mGluR2/3 IR was mostly confined to post-synaptic densities of
asymmetric synapses. In addition, numerous small unmyelinated axons and a large
population of terminals packed with small round vesicles involved in asymmetric
synapses displayed IR. In conclusion, these findings suggest that group I and
group II mGluRs control the striatal neuronal activity via both pre- and post
synaptic mechanisms in primates. (Supported by Grant RR00165).

79.14

THE ROLE OF GLUTAMATE RECEPTOR SUBTYPES IN THE
DIFFERENTIAL RELEASE OF SOMATOSTATIN, NEUROPEPTIDE
Y AND SUBSTANCE P FROM PRIMARY SERUM-FREE CULTURES
OF STRIATAL NEURONS. M.F. Mazurek* and S. Garside.
Departments of Psychiatry and Medicine (Neurology), McMaster
University Medical Centre, Hamilton, ON L8N 3Z5.
The spiny and aspiny neuronal populations of the striatum display
differential vulnerability to the toxic effects of glutamatergic agonists.
Substance P-containing spiny neurons appear to be more vulnerable to
NMDA-receptor-mediated toxicity, and less susceptible to kainate
toxicity, than the somatostatin- and neuropeptide Y (NPY)-containing
aspiny population. We used primary cultures of striatal neurons to study
whether selective glutamatergic agonists might have similar differential
effects on neuropeptide release from the substance P- and
somatostatin/NPY-containing neuronal populations. 56mM potassium
chloride (KCl) and 100μM kainate provoked a selective release of
somatostatin and NPY, while substance P measured in the same samples
showed no response. By contrast, 100 μ M NMDA elicited a selective
release of substance P, without a similar increase of either somatostatin
or NPY. 100 μM quisqualate evoked comparable responses in the 3
peptides. These results indicate that the glutamatergic regulation of
somatostatin and NPY release from aspiny striatal neurons in primary
culture is preferentially mediated by the kainate receptor, while
substance P release is selectively mediated by the NMDA receptor.
These findings suggest a preferential expression of functional kainate
receptors on the aspiny somatostatin/NPY neurons, and of NMDA
receptors on the substance P-containing spiny neurons.
Supported by the Natural Science and Engineering Research Council
of Canada.
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79.15
ALTERATION OF VL THALAMIC NUCLEUS NEURON
ACTIVITY BY INTRASTRIATAL AND INTRANIGRAL
DRUG INFUSIONS. L. J. Ryan*Department of Psychology,
Oregon State University, Corvallis, OR 97331-5303
The influence of the basal ganglia on the output of the motor cortex is
controversial. Static models
basal ganglia organization predict that
activation of the neostriatum should lead to disinhibition of the thalamic
targets of the basal ganglia, resulting in excitation of their cortical targets.
Ryan and Sanders (
651: 241-251, 1994), however,
demonstrated that intrastriatal infusions of glutamate agonists decreased
motor cortex excitability. To investigate the possible disinhibition of
thalamic targets we recorded the spontaneous activity of V L neurons
antidromically-identified by activation from the vibrissal area of motor
cortex (Area Fr1) in ketamine anesthetized Long-Evans ratş .

of

Brain Research,

0.3 μL Drug Infusions
% Change in Firing Rate
Drug Infused
Infusion Site N neurons Min 0-3 3-6
6-9

0.03M Glutamate Ipsilateral NS
17
-7.4%
-8.1% -5.8%
0.1M GABA
Ipsilateral SN ret 16
-5.7%
-3.5% +0.22
Both excitatory and inhibitory responses were seen under both
conditions. After intrastriatal glutamate 5 cells increased rate by more than
5%, 9 decreased by more than 5% and 3 were unchanged; after intranigra1
GABA, 7 increased, 8 decreased and 1 was unchanged. These results are
consistent with our previous finding of decreased motor cortex excitability
and suggest that the simple static disinhibitory model does not well explain
the influence of basal ganglia outflow on thalamic and cortical targets.
Supported in part by the Whitehall Foundation grant # 398.

79.16
CONTRIBUTION
OF CALCIUM CONDUCTANCES TO DOPAMINE
MODULATION OF NMDA-INDUCED CURRENTS IN NEOSTRIATAL NEURONS.
C. Cepeda*, C.S. Colwell, I.N. Itri and M.S. Levine. Mental Retardation Research
Center, University of California, Los Angeles, CA 90024.
W e have previously demonstrated that dopamine (DA), acting through D,
receptors, enhances N-methyl-d-aspartate (NMDA)-induced voltages and currents
in neostriatal neurons. This study examined the relative contribution of intrinsic,
voltage- dependent membrane conductances to DA modulation. Whole-cell patchclamp recordings were used in conjunction with infrared videomicroscopy for cell
identification. All recordings were made from medium-sized neurons in the
neostriatum of rats (12-18 postnatal days of age). NMDA and DA were applied
iontophoretically. The D1receptor agonist SKF 38393 was bath applied. Blockade
of tetrodotoxin-sensitive Na+ and Cs+- and tetraethylammonium-sensitive K+
conductances did not alter the ability of DA to enhance NMDA currents. In
contrast, the Ca2+ channel antagonists methoxyverapamil (100μ M) or nifedipine
(10-20 μ M) significantly reduced the enhancement of NMDA currents by DA or by
SKF 38393. The effects of SKF 38393 on HVA Ba2+ currents were examined to
more directly assess modulation of Ca2+ conductances. In the presence of SKF
38393, average peak Ba2+ currents increased significantly (15 ±4%). In contrast,
in the presence of nifedipine (10μ M), SKF 38393 produced an average decrease
in peak Ba2+ currents. These results support previous studies (Surmeier et al.,
Neuron, 1995, 14:385-397) indicating that DA, via D1 receptors, enhances a
subclass of Ca2+ currents and suggest further that Ca2+ current modulation
contributes to DA enhancement of NMDA-induced responses. However, since
blocking Ca2+ conductances reduced but did not completely abolish the
enhancement of NMDA currents, other mechanisms may also be involved in this
modulation. Supported by USPHS NS 33533.

79.17

79.18

CHOLINERGIC MODULATION OF NEOSTRIATAL SYNAPTIC RESPONSES
MEDIATED BY ACTIVATION OF GLUTAMATE RECEPTORS. N.A. Buchwald*,
K.L. Altemus, C. Cepeda and M.S. Levine. Mental Retardation Research Center,
University of California, Los Angeles, CA 90024.
Cholinergic interneurons account for approximately 2% of the cells within the
neostriatum and are in a position to modulate responses of both the corticostriatal
glutamatergic afferents and the nigrostriatal dopaminergic afferents to the medium
spiny neurons. This study investigated cholinergic modulation of both N-methyl-daspartate (NMDA) and non-NMDA [α -amino-3-hydroxy-5-methyl-4-isoxazole
propionic acid (AMPA)/Kainate(KA)] receptor-mediated synaptic responses. Evoked
depolarizing postsynaptic potentials (DPSPs) were recorded intracellularly from
medium spiny neurons in the adult rat neostriatal slice. DPSPs were evoked by
local electrical stimulation of callosal fibers. Slices were bathed in artificial
cerebral spinal fluid (ACSF) with 10 μ M bicuculline (DPSPs primarily AMPA/KA
receptor-mediated) or in Mg2+-free ACSF with 5 μ CNQX and 10μ bicuculline
(DPSPs primarily NMDA receptor-mediated). Carbachol (a cholinergic agonist) was
applied in the bath at successively greater concentrations (0.1, 1, 10, or 100 μ M).
For some cells, only one concentration (0.1 or 10 μ M) was tested. At low
concentrations (<10 μM ), carbachol enhanced the NMDA-mediated DPSPs
(>30%), but had little effect on non-NMDA-mediated DPSPs (< 5 % increase).
Higher concentrations of carbachol (> 10 μM) depressed to an equivalent degree
(>40%) both the NMDA and the non-NMDA mediated DPSPs. Carbachol also
tended to increase input resistance, but had no consistent effect on other
membrane properties. These results suggest that cholinergic activation differentially
modulates NMDA and non-NMDA receptor-mediated responses in the
neostriatum. Supported by USPHS NS33533.

POSTNATAL MATURATION OF GLUTAMATE RECEPTOR SUBUNIT
EXPRESSION IN RAT NEOSTRIATUM. E.S. Jokel, E.A. Nansen, D. Birt* and M.S.
Levine. Mental Retardation Research Center, University of California, Los Angeles,
CA 90024
In the developing brain, glutamate receptors (Glu Rs) may influence cell survival
and synaptic formation as well as cell migration. This study investigated
developmental patterns of expression of Glu R subunits in the neostriatum of the
postnatal rat. Standard immunohistochemical techniques were performed on rats
at postnatal days (PNDs) 0 (birth), 1, 3, 5, 7, 14, 21 and adult (2-3 months). To
evaluate the changes, commercially available antibodies raised against NMDA R1,
NMDA R2A/B, Glu R1, Glu R2/3, and Glu R5/6/7 were used. The results revealed
staining patterns characteristic for each antibody that changed with age. Neostriatal
GluR immunoreactivity displayed a heterogeneous, patchy distribution at birth that
disappeared by PND 7 for a number of the subunits examined. For Glu R1,
immunoreactive cells originated in these darker staining regions at birth but during
development, their distribution became more homogeneous and they were found
scattered in the adult neuropil. Glu R2/3 and NMDA R1 immunoreactivity was also
heterogeneous at birth, but cellular profiles were not limited to the patch regions.
Density of immunoreactive cells was higher for these subunits than for Glu R1 at
all postnatal ages. The cross sectional area of labeled neurons was measured for the
different subunits and increased from PNDs 0-14. Cross-sectional areas also
differed among subunits at each age. These morphological changes in Glu R
subunit expression may underlie functional alterations in Glu R responses during
development. Supported by USPHS 33533.
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LONG-TERM PLASTICITY IN THE DOPAMINE D1A RECEPTOR DEFICIENT
MUTANT MOUSE. K.L. Altemus*, M. Zhang, Q . Yu, J.B. Watson, I. Drago1, D.R.
Sibley2and M.S. Levine. Mental Retardation Research Center, UCLA, Los Angeles,
CA.90024, 1Anat. Dept., Monash University, Clayton Victoria, Australia, 2Exptl.
Ther. Br., NINDS, Bethesda, MD 20892.
Long-term forms of plasticity can be generated following high frequency
tetanization in the rat neostriatum. Under conditions in which α -amino-3-hydroxy5-methyl-4-isoxazole propionic acid (AMPA)/kainate(KA) receptor activation is
maximized, long-term depression (LTD) is elicited. Under conditions in which Nmethyl-d-aspartate (NMDA) receptor activation is maximized, long-term
potentiation (LTP) has been reported. Neostriatal LTD has been proposed to be
dependent upon both dopamine (DA) D, and D2 receptor activation. In this study,
we used a genetic approach to investigate this hypothesis. Homologous
recombination previously was used to generate mutant mice lacking functional D 1A
DA receptors (Drago et al., PNAS, 1994, 91:12564-12568). Extracellular field
potentials were recorded from neostriatal slices of mutant mice and their littermate
wildtype controls. Slices were bathed in standard artificial cerebral spinal fluid
(ACSF)( to maximize AMPA/KA receptor activation) before and for 90 min after
tetanization (stimulation of callosal fibers, 3 trains of 100 Hz, each 3 sec duration).
Following tetanization, the magnitude of LTD did not differ significantly between
mutants and controls. Field potentials were depressed approximately 30-40%
immediately following tetanization and recovered to within 20-30% of control
amplitudes by 5-10 min. At 60-90 min post tetanization, field potentials for both
groups remained approximately 20% below pretetanization values. In both groups,
some responses were potentiated following tetanization. These results suggest that
DA D1A receptor activation is not a necessary condition for neostriatal LTD.
Supported by USPHS NS33533 (MSL) and NS32521 (JBW).
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ChAT AND GABA IN THE PALLIDO-THALAMIC
PATHWAY OF THE RAT. D.I. Finkelstein, H.T. Kha, D.V. Pow1
and M.K. Horne*. Department of Anatomy, Monash University, Clayton,
Victoria, Australia, 3168; 1VTHRC, Department of Physiology and
Pharmacology, The University of Queensland, Queensland, Australia,
4072.
The widely held “dual pathway” model of the basal ganglia requires the
pallido-thalamic connection to be inhibitory. This present study focuses
on the neurotransmitters of neurons projecting from the entopeduncular
(EP) nucleus to the thalamus. In particular, to the ventro-lateral (VL) and
ventro-medial (VM) nuclei of the thalamus. Adult male Wistar rats (280320 gm) were anaesthetised with sodium pentobarbitone (60 mg kg-1 i.p.)
and a fluorescent retrograde tracer, Fluoro-gold (10-20 nl), was injected
into VL/VM. After seven days, the rats were deeply anaesthetised with an
overdose of sodium pentobarbitone and perfused with fixative. Brain
sections were then immuno-labelled for choline acetyl transferase (ChAT),
GABA, glutamate and NPY. Three types of labels were observed within
the EP nucleus - retrogradely filled Fluoro-gold EP neurons, immunolabelled neurons against a neurotransmitter, and neurons double labelled
with both Fluoro-gold and the immuno-label. The results indicate that
ChAT and GABA are found in equal proportions. In addition, glutamate
and NPY were found to co-localise in the GABAergic neurons. The level
of glutamate detected from the EP is accounted for by the number of
GABAergic neurons and does not suggest the existence of cells containing
only glutamate as a neurotransmitter. It is concluded that both ChAT
and GABA containing neurons project from the EP to the VL/VM
thalamus. (Support by NH&MRC)
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CORRELATION OF ELECTROPHYSIO LOGICAL AND BEHAVIORAL OUTPUT
OF THE RAT BASAL GANGLIA AFTER INTRASTRIATAL INFUSION OF
DOPAMINE (DA) AGONISTS: A NEW APPROACH, NEW DATA. L.P. Martin*,
N.T. Boucher, H. Finlay, J.R. Stellar and B.L. Waszczak. Depts. of Pharmaceutical
Sciences and Psychology, Northeastern University, Boston, MA 02115.
As in our previous report (Soc. Neurosci. Abst. 22: 1089, 1996), we are testing
predictions of the current basal ganglia functional model: i.e. that DA, by acting on
striatal efferents, should inhibit output from the substantia nigra pars reticulata and
internal pallidal segment (SNr/GPi), thereby disinhibiting the thalamus to facilitate
movement. Our new approach has been to find conditions for striatal infusions of a
DA agonist that cause a robust motoric (behavioral) activation in the 30-60 min after
infusion, and then in parallel studies to examine changes in the single unit activity of
SNr neurons after identical drug infusions. We have now found a site in the ventrallateral striatum (VLS) from which we can reliably elicit intense behavioral responses
to bilateral infusions of d-amphetamine (AMPH; 20 μg/μl/side over 2 min). With an
onset from immediate to 20 min post-infusion, rats showed increases in locomotor
activity, followed by stereotypic oral movements, grooming and sniffing. Interest
ingly, unilateral AMPH (20 μg/μl) in VLS did not reliably elicit behavioral effects,
although one-sided facial grooming, contralateral to the infusion, was seen in 3 of 12
rats. In parallel electrophysiological studies, bilateral AMPH infusions in VLS did
alter firing of a subset of SNr neurons with an onset similar to behavioral effects.
However, the changes in firing were contrary to predictions of the model: 3 of 11
SNr cells showed dramatic (>400%) increases in rate 2-3 min after infusion, 4 cells
increased firing 15-20 min post-infusion, and the remainder showed variable changes
or slight decreases in firing. Bilateral saline infusions in VLS also caused modest
increases in firing of 2 of 6 SNr cells. Thus, behavioral activation elicited by striatal
DA is not correlated with the predicted inhibition of SNr firing, at least in unlesioned
rats. This data suggests a need for revision of the model. (Supported by NS 23541)
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CIRCADIAN PLASTICITY IN DOPAMINERGIC PARAMETERS IN THE
RAT SUBSTANTIA NIGRA. J.A. Whittaker*, T. Morcol and J.W. Patrickson.
Neuroscience Institute, Morehouse School o f Medicine, Atlanta, Georgia 30310.
Within the basal ganglia, dopamine (DA) plays a significant role in the
modulation o f locomotor behavior and extracellular levels o f this
neurotransmitter appear to follow a circadian pattern which is entrained to the
environmental light-dark cycle. In this study, we utilized immunohistochemical
techniques to investigate whether reported circadian changes in DA levels were
associated with changes in tyrosine hydroxylase (TH)-, dopamine transporter
(DAT)- and dopamine D2/3 receptor subtype expressions in the rat substantia
nigra. Polyclonal antibodies were utilized in sections obtained at six (6) time
points throughout the 24 hr period (0000-midnight, 0500 hr, 0700 hr, 1200 hr,
1700 hr and 1900 hr) from animals entrained to normal (12L: 12D) or reversed
(12D: 12L) lighting cycles. Our data indicate that immunoreactivity to TH was
significantly lower at 1700 hr than at 1900 hr in 12LA2D rats, and appears
generally lower in the afternoon (1200 - 1700; late light phase) than in the dark.
DAT immunoreactivity peaked prior to the onset o f dark (1700 hr). The late
afternoon peak in DAT corresponds to a period when TH immunoreactivity is
low. Peak responses in 12L.12D were phase-shifted by 2-5 hr in reversed cycle
animals. Dopamine D2/3 receptor subtype expression varied primarily at lightdark transition times and was greater at 0000 hr than at 1200 hr. These results
suggest that 24 hr plasticity in DAergic parameters occur in the adult rat brain
and could form a cellular basis for circadian modulation and/or entrainment of
locomotor rhythms. Support: NIH grants U54-NS34194, GM08248 and
RR03034.
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STRIATAL GABAA RECEPTORS ARE NOT INVOLVED IN DOPAMINE
AGONIST-INDUCED BEHAVIOR OR NEUROPEPTIDE GENE EXPRESSION.
E.A. Jones*, J.O. Wang. D.C. Mayer and J.F. McGinty. Dept. Anatomy & Cell
Biology, East Carolina University School of Medicine, Greenville, N.C. 278584354.
Systemic administration of the indirect dopamine agonist, amphetamine, or the
full D1 agonist, SKF-82958, induces behavioral activity and neuropeptide mRNAs
coding for preprodynorphin (PPD), substance P (SP) and preproenkephalin (PPE)
in medium spiny neurons of the dorsal striatum. These GABAergic striatonigral
and striatopallidal neurons innervate each other and express GABAA receptors.
We therefore investigated the role of GAB A in the regulation of basal and
dopamine-agonist stimulated behavior and striatal neuropeptide gene expression.
The GABAA receptor antagonist, bicuculline, was unilaterally microinjected into
the dorsal striatum of chronically cannulated Wistar rats. Three hours later the rats
were euthanized and the brains were processed for quantitative in situ
hybridization. Intrastriatal (i.s.) administration of bicuculline (0.1-0.5 μ g,)
produced motor dyskinesias and/or seizures. In rats that experienced seizures there
was a significant increase in striatal gene expression. However, bicuculline (0.1
μg, i.s.) did not alter the behavioral activation or gene expression induced by
amphetamine (2.5 mg/kg, i.p.). Lower doses of bicuculline (0.01-0.075 μg, i.s.) did
not alter behavior or striatal gene expression. When bicuculline (0.075 μg i.s.) was
administered before SKF-82958 (0.5 mg/kg, s.c.) there was no significant change
in either behavior or gene expression when compared to vehicle plus SKF-82958treated animals. These data indicate that striatal GABAA receptors present on
striatal medium spiny neurons are not involved in the regulation of basal or
dopamine agonist-stimulated PPD/SP mRNA expression in the rat striatum.
(Supported by DA03982)

BLOCKADE OF DOPAMINE D 1- OR D2-RECEPTORS IN THE GLOBUS
PALLIDUS INDUCES AKINESIA IN RATS. W. Hauber*, M. Hessel and S. Lutz.
Biologisches Institut, Abt. Tierphysiologie, Universität Stuttgart, Pfaffenwaldring
57, D-70550 Stuttgart, Germany.
The globus pallidus is an integral part o f the indirect pathway o f the basal ganglia.
This nucleus sends prominent projections to the entopeduncular nucleus and
substantia nigra pars reticulata and receives afferents from the neostriatum and
subthalamic nucleus. Furthermore, the globus pallidus receives a dopaminergic
innervation by collaterals from the nigrostriatal pathway. Little is known about the
functional significance o f dopamine D 1- and D2-receptors which are present in this
structure. To this end we investigated motor effects o f a bilateral dopamine D 1- or
D2-receptor blockade in the dorsal globus pallidus (AP: -0.9 mm; L: 2.9 mm; V: -6.5
mm) o f rats. Intra-pallidal infusion o f the dopamine D 1-receptor antagonist
SCH23390 in doses higher than 3.1 nmol in 0.25 μl (per side) produced significant
akinesia measured in the catalepsy test. Intra-pallidal infusion o f the selective
dopamine D2-receptor antagonist S(-)sulpiride also produced significant akinesia in
doses higher than 43.9 nmol in 0.25 μl (per side). These motor effects seem to be
associated by activity changes in the basal ganglia output structures as indicated by
examination o f fos-like-immunoreactivity.
The present study demonstrates that dopamine D 1- and D2-receptors in the dorsal
globus pallidus are critically involved in motor control. Defective dopaminergic
transmission in the dorsal globus pallidus may thus contribute to akinesia observed
after damage to the substantia nigra pars compacta, systemic dopamine depletion or
dopamine receptor blockade.
Supported by the Deutsche Forschungsgemeinschaft (Ha2340/1).
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NEUROBEHAVIORAL FUNCTIONS OF RESIDUAL STRIATAL DA
IN RATS TREATED WITH 6-OHDA AS WEANLINGS VS AS ADULTS
M. Sandstrom* and J.P. Bruno, Dept. o f Psychology/Neuroscience Program,
The Ohio State Univ., Columbus, OH 43210
Rats depleted o f striatal DA with 6-OHDA injections (8 μ g) into the
nigrostriatal bundle as adults exhibit long-lasting sensorimotor deficits. Over
the course o f several weeks-months, these rats partially recover from the
behavioral deficits. In vitro data suggest that this gradual recovery correlates
with a renewed ability o f DA, via D2 receptors, to inhibit striatal ACh release.
Rats comparably depleted o f DA as weanlings are either spared from these
deficits or exhibit only modest, transient (i.e. several days) impairments. While
the precise neuronal mechanisms underlying these age-dependent differences in
the behavioral effects o f striatal DA depletions are unclear, we now report that:
a) intrastriatal injections of 1-sulpiride induce adult-like sensorimotor deficits in
animals depleted o f DA as weanlings, indicating the necessity o f striatal DA
transmission in these rats and b) an in vivo microdialysis replication of the
correlation between behavioral recovery and D2 modulation o f striatal ACh
release in awake rats depleted o f DA as adults. This in vivo replication is
critical given it reflects endogenous neural activity and intact striatal afferents
and efferents. We will also present data on the D2 modulation o f striatal ACh
efflux in rats depleted of DA as weanlings as a function o f time post-lesion in
order to test the hypothesis that the D2-mediated inhibition o f ACh release in
these animals recovers more quickly after the lesion than seen in rats depleted of
DA as adults.
(Supported by Whitehall Foundation Grant S95-07 to J.P.B.)
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BEHAVIORAL SUPERSENSITIVITY TO D1 RECEPTOR STIMULATION
IN THE SUBTHALAMIC NUCLEUS AFTER UNILATERAL 6-OHDA
LESIONS OF THE SUBSTANTIA NIGRA PARS COMPACTA.
A.Y. Mehta and M-F. Chesselet*. Department of Neurology, UCLA School
of Medicine, Los Angeles, CA 90095.
Acute stimulation of the D1 receptors within the subthalamic
nucleus (STh) produced abnormal orofacial movements in rats (Parry et al.
‘94). The present study examined the regulation of this effect following
unilateral lesions of the substantia nigra pars compacta (SNc) to determine
whether the removal of endogenous dopamine affected the STh-mediated
behavioral response. Rats received a local infusion of 6-hydroxydopamine
(8μg/4μl) or vehicle into the SNc after desipramine (25mg/kg, i.p.)
pretreatment. Efficacy of dopamine depletion was confirmed by the
presence of robust contralateral turning following peripheral administration
of the non-selective dopamine agonist apomorphine (0.5mg/kg, s.c.) seven
days post-lesion. Indwelling cannulae were implanted twelve days post
lesion to guide local infusions into the STh ipsilateral to the lesioned SNc.
Repeated local administration of apomorphine (1μg/0.1μl) into the
subthalamic nucleus caused reproducible increases in orofacial movements
in the control rats throughout the nineteen day testing period. In contrast,
the apomorphine-induced orofacial response in the lesioned rats was
consistently potentiated over the control response throughout the testing
period, with increases in oral movements observed on day 17 (+78%), 21
(+83%), 25 (+50%), 29 (+85%) post-lesion. The behavioral supersensitivity
observed after unilateral dopamine depletion suggests that the subthalamic
D1 receptors involved in the control of movements are normally stimulated
by dopaminergic projections from the SNc. Furthermore, subthalamic D1
receptors may be involved in the development of tardive dyskinesia and the
hyperkinetic side-effects of chronic L-DOPA treatment observed in
Parkinson’s disease. Supported by PHS grant MH44894.
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DOPAMINERGIC MODULATION OF STRIATONIGRAL PATHWAYS
TRIGGERS A REMOTE CONTROL SYSTEM OF EPILEPSIES IN RATS WITH
GENETIC ABSENCE SEIZURES. C. Deransart, B.-T. Lê, C. Marescaux and A.
Depaulis*. INSERM U. 398, 67085 Strasbourg Cedex, France.
The striatum exerts a modulatory effect on the activity of the substantia nigra pars
reticulata (SNpr) neurons via a direct GABAergic striatonigral pathway and an indirect
striatonigral pathway which relays in the globus pallidus and in the subthalamic
nucleus. A segregation of dopamine receptors on striatal neurons has been reported
with D1 receptors localized on striatonigral neurons projecting directly to the SNpr,
and D2 receptors localized on striatal neurons of the indirect pathway. We have
previously shown that local pharmacological manipulations of either the SNpr, the
subthalamic nucleus or the globus pallidus, resulting in a decrease of SNpr neurons
activity, lead to antiepileptic effects. The purpose of the present study was to
investigate the effects of selective modulations of the direct or indirect striatonigral
pathways using intrastriatal injections of D 1 or D2 dopaminergic agonists and
antagonists, on the occurrence of absence-seizures. Bilateral injections in the ventral
striatum (close to the core of the nucleus accumbens) of D 1 (SKF-38393. 200
pmol/side) or D2 (Bromocriptine and LY-171,555, 200 pmol/side) agonists suppressed
absence-seizures. On the contrary, bilateral intrastriatal injections, at the same level, of
D1 (SCH23390, 2 and 4 nmol/side) or D2 (Haloperidol, 7 nmol/side and Sulpiride, 2
and 4 nmol/side) antagonists increased absence-seizure duration. No behavioral sideeffects were observed in these conditions. In animals with injection sites located in the
surrounding caudate-putamen, all these treatments suppressed absence-seizures.
However, rats injected in this dorsal zone of the striatum displayed transient chewing
movements, catalepsy and a long-lasting disrupted EEG with sleep-like activities.
These results suggest that dopaminergic striatal inputs modulate absence seizures
through both the direct and the indirect striatonigral pathways.
Supported by a grant from the French Education Ministry (C.D.) and INSERM.

BEHAVIOURAL EFFECTS OF 6-HYDROXYDOPAMINE LESIONS OF THE
PUTAMEN IN THE COMMON MARMOSET. R.E. Smyly, L.E. Annett and S.B.
Dunnett. (SPON: Brain Research Association) Department of Experimental
Psychology, University of Cambridge, Downing Street, Cambridge CB2 3EB, UK.
6-Hydroxydopamine (6-OHDA) lesions of the marmoset nigrostriatal bundle have
been used to study the effects of embryonic grafts and other treatments (Annett et al.
1994; Exp. Neurol. 125, 228-246). This study was undertaken to develop a more
discrete, progressive lesion of the putamen, which may provide a model for
investigating neuroprotective measures in this species. 6-OHDA.HBr (Sigma,
6mg/ml in ascorbate saline) was injected unilaterally at five sites in the putamen
(total volume injected 12μl) in 5 animals which were tested on a range of
behavioural measures over the subsequent 3 months. The tests included
spontaneous and drug-induced rotation, head position bias, reaching tasks and
measures of neglect. The most marked effect of the lesion was on head position,
producing a bias towards the side of the lesion, and on amphetamine-induced
rotation, which was also ipsilateral. Apomorphine did not induce contralateral
rotation in this model. Tests of reaching and neglect showed more individual
variation, with some animals showing clear neglect on a task which required them
to remove sticky labels from their feet. Ability to reach with the contralateral hand
was not strongly affected. Sham injections of saline alone (n=4) had no behavioural
effect. The deficits seen were stable over the three month period of testing.
Following perfusion, immunohistochemical staining for tyrosine hydroxylase
showed an extensive area of reduced staining in the post-commissural putamen,
with a smaller degree of denervation evident in the caudate nucleus, when compared
to the unlesioned side, with associated reduction in cell numbers in the substantia
nigra. As well as allowing testing of neuroprotection in the marmoset, this model
may be useful to further elucidate the roles of different areas of the striatum in the
deficits produced by dopaminergic lesions. Supported by the Wellcome Trust.
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DOPAMINE D1 RECEPTOR ACTIVATION IN THE RAT INCREASES
NEOSTRIATAL NEURONAL ACTIVITY ASSOCIATED WITH PATTERNS OF
SEQUENTIAL GROOMING MOVEMENTS. J.W. Aldridge* and K.C. Berridge.
Depts. of Neurology and Psychology, Univ. of Michigan, 1103 E. Huron, Ann Arbor,
MI 48104.
We investigated the effects of dopamine D 1 receptor activation on grooming
movement patterns (‘syntactic chains’) and neostriatal activity. Single unit activity was
recorded during spontaneous grooming in dorsolateral (n=81) or ventromedial (n=24)
neostriatum neurons in 24 Sprague-Dawley rats, after D1 agonist SKF 38393 (10
mg/kg, s.c.) administration or under control conditions. Behaviorally, D 1 receptor
activation potentiated sequential grooming. The rate of syntactic chains initiated
increased by 340% (p<0.001). The syntactic strength (proportion of completed
sequences) also increased after D1 activation (p<0.05). Neuronal activity was
preferentially related to grooming movements during syntactic chains (47% of neurons)
compared to nonchain grooming (18%), even though syntactic chains are
comparatively infrequent. D1 activation enhanced the activation of dorsolateral striatal
neurons. Even though there was no change in the overall proportion of neurons that
responded to syntactic chains, there was an enhancement of chain-related activity.
More neurons responded during later phases of grooming sequences and more
responded during 2 or more phases of the chain pattern. The overflow of neuronal
activity influenced nonchain grooming as well with twice as neurons activated after the
D1 agonist (18% to 36%), but only in dorsolateral striatum. This suggests that the D1
agonist may activate a population of neostriatal neurons during nonchain grooming in a
way that normally characterizes activity during syntactic grooming chains. This
neuronal activation is accompanied by a behavioral enhancement of the syntactic chain
pattern. Altered neostriatal activity and behavioral stereotypy under the influence of
D1 agonists may relate to dysfunction such as that observed in Tourette’s Syndrome.
Support: NIH grant NS31650 and Tourette Syndrome Association.
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ULTRASTRUCTURAL CHANGES IN DOPAMINERGIC NEURONS IN THE
SUBSTANTIA NIGRA PARS COMPACTA OF RATS TREATED
CHRONICALLY WITH HALOPERIDOL. J.J. Kellev, L. Kung*, and R.C.
Roberts. Maryland Psychiatric Research Center, Department of Psychiatry, University
ofMaryland School of Medicine, MD 21228.
A concurrent study from our laboratory has shown ultrastructural abnormalities in
the dopaminergic neurons of the substantia nigra (SN) in schizophrenics. The current
study in rat was conducted to determine whether such changes could result from
chronic treatment with neuroleptics. Thus, Sprague-Dawley rats were administered
either 1.5mg/kg/day of haloperidol in the treatment group (n=21) or water in the
control group (n=10) for a period of six months and then sacrificed on-drug. Brains,
fixed with 4% paraformaldehyde/0.2% glutaraldehyde, were sectioned with a
vibratome through the SN. Free floating sections containing the SN pars compacta
(SNc), processed for either the immunocytochemical localization of tyrosine
hydroxylase (1:1000) or unstained, were mounted for light microscopy or embedded
for electron microscopy. Aberrations in dopamine neurons were observed throughout
the SNc at both the light and electron microscopic levels. Nissl staining revealed
pyknotic neurons in the SNc of drug treated rats. At the electron microscopic level,
dopaminergic neurons were identified either by TH-immunoreactivity or by
morphological criteria. Dark degenerating neuronal somata, dendrites and myelinated
axons were observed at different degrees and frequencies of degeneration in all
haloperidol treated rats. Enlarged astrocytic processes often surrounded dark
degenerating profiles. Intact, unlabeled axon terminals formed synapses with normal
as well as degenerating profiles. Rough endoplasmic reticulum (rER) abnormalites
among treated rats included dilations in cistemae and segments of rER without
ribosomes. Stacks of rER and the Golgi complex exhibited abnormal structural
configurations. The variation in severity of ultrastructural abnormalities may be
related to neurolpetic-induced dyskinetic behaviors present in approximately 40% of
these rats. Moreover, these results indicate a pronounced morphological sequelae of
neuroleptic treatment and have clinical implications for psychiatric disorders requiring
antipsychotics. Supported by MH53494.
Society f o r N e u ro s c ie n c e , V o lu m e
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DOPAMINE RECEPTOR PRIMING SELECTIVELY AFFECTS PREPRODYNORPHIN mRNA LEVELS IN THE UNILATERALLY 6-OHDA
LESIONED RAT STRIATUM S.V. van de W it t e J.C.
1,2 Stoof2 and P. Voorn*1.
Res. Inst. Neurosci., Vrije Universiteit, Depts of Anatomy1 and Neurology2,
1081 BT Amsterdam, The Netherlands.
In rats with a unilateral 6-hydroxydopamine lesion of the nigrostriatal
dopamine pathway, a single pretreatment with a dopamine agonist leads to
potentiation of the behavioral response to a second dose of a dopamine
agonist. This phenomenon is known as ‘priming’. In the present study, we
investigated the effects of priming on the levels of neuropeptide mRNA in the
rat striatum. Rats lesioned 17 days before, were primed with L-DOPA (50
mg/kg, i.p.) and challenged 3 days later with the D1 receptor agonist SKF38393 (3 mg/kg, s.c.). Quantitative in situ hybridization was used to determine
mRNA levels. In drug-naive rats preprodynorphin (PPD) and preprotachykinin
(PPT) mRNA levels were decreased and preproenkephaiin (PPE) mRNA
levels were increased in the dopamine depleted striatum. A single primer
injection with L-DOPA 3 days before decapitation reversed PPD mRNA levels
to the values of the non-lesioned side, but left PPT and PPE mRNA
unaffected. In the lesioned striata of non-primed rats, administration of the D1
agonist raised PPD (+74 %, p < 0.001) and PPT (+ 65 %, p< 0.001) mRNA
levels above the levels of the non-lesioned side. Priming with L-DOPA further
enhanced the increase on the lesioned side in PPD (+ 99%, p< 0.001) mRNA
levels after the D1 challenge, but had no additional effect on PPT mRNA
levels. PPE mRNA was neither affected by the primer L-DOPA nor by the D1
challenge. The results show that in the present priming protocol changes in
neuropeptide mRNA levels are restricted to the ‘direct’ striatal output pathway.
Furthermore, this response is differentiated since only PPD mRNA, and not
PPT mRNA, was affected as a consequence of priming.
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A NETWORK MODEL OP DOPAMINE EFFECTS ON STRI
ATAL NEUROPEPTIDES AND CELL ACTIVATIONS DUR
ING LEVODOPA THERAPY IN PARKINSON’S DISEASE.

THE BASAL GANGLIA: A NEURAL ARCHITECTURE FOR CONFLICT
RESOLUTION P. Redgrav*, T.J. Prescott, and K. Gurney. Dept Psychol., Univ.
Sheffield, Sheffield S10 2TP, U.K.
The problem of conflict resolution arises whenever multiple command systems
are in competition for a limited set of effectors. At any time only one directing
system can be allowed control of a given set of motor outputs. A model is presented
in which selection processes in the basal ganglia (BG) (described by Mink, 1996) are
seen as the vertebrate solution to the conflict problem. Connectivity in the model is
inspired by relevant neuroanatomical and electrophysiological data.
Multiple, independent cortical and subcortical systems which can direct
movement (action generators) have collateralised excitatory connections with
cortical/brainstem movement generators and the striatum. The movement generators
are restrained by tonic inhibitory input from the BG. Dynamic ’winner-take-all’
computations (Wickens 1993) in the BG withdraw inhibition from movement
effectors accessed by 'winning' action generators and increase it on effectors
contacted by 'losers'. The heavy collateralisation of BG output—one branch
completes the cortico-BG-thalamocortical loop while others contact one or more
movement generators—suggests that selection in the BG may be at the level of
'actions' (e.g. feeding) rather than 'action components' (e.g. sequential hand, head
and mouth movements). Positive feedback provided by the return thalamocortical
loop can sustain activity in selected action generators relative to non-selected
channels.
Within this system the short latency dopamine response (Shultz et al 1995) can
be viewed as a 'global interrupt' which briefly suppresses activity in selected
channels thereby initiating re-prioritisation. Other signals related to positive and
negative outcome adjust the probabilities of context-specific selections between
competing channels. This model is under active investigation using computer
simulation, and ensures the effective resolution of conflict between multiple systems
competing for access to the final common motor path. (Supported by Wellcome
Trust)

J.L. Contreras-Vidal*, P. Poluha, H.L. Teulings, and G.E. Stelmach. Mo
tor Control Lab., Arizona State University, Tempe, AZ 85287-0404 and
Communication Sciences and Disorders, University of Wisconsin, Mil
waukee, WI 53211.
Differential changes in striatal cell activations and medium-term dy
namics of striatal neuropeptides in response to changes in dopamine levels
are modeled to provide a mechanistic account for the effects of levodopa
medication on motor performance (i.e., the pharmacodynamics). The
model is based on a neural network of the dynamics of the cortico-basal
ganglia circuits during normal and Parkinsonian movement (ContrerasVidal & Stelmach (1995) Biol. Cybern., 73:467-476). It is shown through
computer simulations th at the dissociation in the magnitude and timing of
peptide expression due to dopamine depletion causes an imbalance in the
opponently organized basal ganglia direct and indirect pathways which
result in Parkinsonian-like motor deficits. The model is validated with
handwriting data obtained from Parkinsonian subjects before and after
levodopa intake. The model predicts that Parkinsonian therapy should
aim not only to reduce the level of GPi (internal segment of the globus
pallidus) activity, but also to restore the range of striatal modulation of
GPi cells.
Supported by the F linn Foundation, NIH NS33173, and the Bryng
Bryngelson Fund.
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DOPAMINE RESPONSIVE M ESOPONTINE TEGM ENTAL CIRCUITS
IN NON-HUMAN PRIMATES. J.T. Daley, J.T. Perez, R.A.E. Bakay, and
D.B. R ye*. Dept, of N eurology and Program in Neurosciences, Em ory
Univ. Sch. of Med., Atlanta, GA 30322
Anterograde tracing studies identify a glutamatergic cell population
(midbrain extrapyramidal area (MEA) as opposed to the cholinergic
pedunculopontine nucleus (PPN)) in the pedunculopontine region as the
principal target of a convergent perisomatic synapses from the internal
segment of the globus pallidus (GPi) in rodent, non-hum an primate, and
human. This suggests a functional segregation of the MEA/PPN region
based upon differential outputs descending from the basal ganglia. We
further investigated this segregation employing nuclear c-fos expression as
functional "assay" of cellular activity in the MEA/PPN region. Specifically
we hypothesized that inactivation of the GPi output via systemic
dopam inomimetic would effect a disinhibition limited to the M EA as
manifest in upregulation of the c-fos protein. We investigated this effect in
non-human primates who were treated unilaterally with MPTP, an in vivo
model of dopam ine depletion. In the am phetamine treated subjects, c-fos
expression was restricted essentially to the MEA in the intact hemisphere,
while treatment with apornorphine showed an almost identical pattern on
the lesioned side in another group. Since there is no direct dopam inergic
innervation of the MEA, these findings com bined with anatomical data
suggest that basal ganglia output via the GPi is mediating this activation.
These results emphasize a specific role for the M EA in m odulating m otor
activity through its glutamatergic efferents and fast synaptic transmission.
Ongoing studies are attempting to further delineate the role of specific
basal ganglia subcircuits and dopam ine receptor subtypes in the
modulation of activity in the MEA. Supported by N S-35345 and NS31937.

MULTIPLE SINGLE-UNIT RECORDING IN THE STRIATUM OF FREELYMOVING RATS: EFFECTS OF 6-OHDA DOPAMINE DEPLETION AND
DOPAMINE AGONISTS. L. J. Kish. L.E. Adler. P.C. Bickford. K.A. Flach and
G.A. Gerhardt. Departments of Pharmacology and Psychiatry, and the Program in
Neuroscience, University of Colorado Health Sciences Center, Denver, CO 80262.
Chronic implantation of microwire arrays was used to study the single-unit
electrophysiology of striatal neurons in vivo under behaving conditions. We
recorded from ensembles of up to twenty neurons simultaneously to study effects of
subcutaneous d-amphetamine (5mgs/kg), apomorphine (.05mgs/kg), or saline
injections on unit activity in normal and unilaterally 6-OHDA-lesioned rats. A
significant increase in firing rates of between 70% and 80 % of neurons (n=31) in
striatal recordings from both untreated animals and on the unlesioned side of
unilaterally 6-OHDA-lesioned animals was observed. Less than 10% of neurons
showed a decrease in firing rate. These data are in agreement with previously
published studies of single-unit recordings in freely-moving rats. In contrast,
recordings taken simultaneously from the 6-OHDA-lesioned striata, showed that
only 33% (n=24) of the neurons increased firing rate while 42% decreased firing
rate following d-amphetamine.
While it has been historically difficult to
demonstrate dopamine agonists having anything but an inhibitory effect on striatal
neurons in anaesthetized animals, recordings during apomorphine-induced
rotational behavior of unilaterally 6-OHDA lesioned animals showed significant
increases in firing rate in two-thirds of neurons on the unlesioned side and one-third
of neurons on the lesioned side. Both chloral hydrate and urethane anesthetics
dramatically reduced basal levels of neuronal firing. Under these anesthetic
conditions, both apomorphine and d-amphetamine further diminished residual
neuronal firing in both striatal regions, in agreement with several previously
published studies. Taken together, these data indicate that anesthetics or a loss of
dopaminergic input can reverse the electrophysiological effects of dopaminergic
drugs on some striatal neurons. Supported by NS09199, MH50787, and HD07408.
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THE FIRING ACTIVITY OF THE PEDUNCULOPONTINE NUCLEUS
AND BASAL GANGLIA IN 6-OHDA LESIONED RATS. M.Ogura*, N.
N akao, E. N akai, K. N akai, T. Itakura. Dept, of Neurological Surgery,
W akayama Medical College, Wakayama, 640. Japan
The present study was designed to explore changes in the firing activity
of neurons o f the entopeduncular nucleus (EP), substantia nigra pars
reticulata (SNR), subthalamic nucleus (STN) and pedunculopontine
nucleus (PPN) in rats with unilateral nigrostriatal lesions. Nigrostriatal
lesions were made with 6-hydroxy dopamine (6-OHDA). Single cell
activities o f EP, SNR, STN and PPN were recorded in Ketam ine
hydrochloride ( 100mg/Kg) anesthetized Sprague-Dawley rats. M ean
firing rates and interspike intervals (ISIs) of individual cells recorded were
analyzed off-line.
A total of 84 neurons were recorded in 9 control rats (E P:17, SNR:27,
STN:12, PPN: 28) and 115 neurons in lesioned animals (EP: 32, SNR:
40, STN: 11, PPN: 31). EP and STN neurons in 6-OHDA treated rats
had a higher mean firing rate than those in control rats. M eanwhile, a
decrease in PPN firing rate was noted. There was no significant changes
in the firing rates of SNR cells. Based on the data on their ISIs, three
different types of firing patterns were defined as “burst”, “regular” and
“mixed” . In the EP o f lesioned rats, 72% of neurons exhibited “burst”
type (against 47% in control rats) and 21% “regular” type. In contrast,
71% of PPN neurons showed “regular” type and 25% “burst” type.
The results indicate that a unilateral nigrostriatal lesion induces an
increase in the firing activity of the EP and a decrease in the activity of
PPN. There was no significant difference in the SNR activity between
control and lesioned rats, that contradicts with previous studies. This
discrepancy is discussed based on the currently available anatomical data.

RELATIVE PROPERTIES OF SPIKE TRAINS IN THE SUBSTANTIA NIGRA PARS
RETICULATA (SNpr) AND SUBTHALAMIC NUCLEUS (STN) IN AN ANIMAL
MODEL OF PARKINSON’S DISEASE (PD). J.R.Walters, D. A. Bergstrom, D. N. Ruskin,
K. A. Allers, S. S. Rawji, M. J. Tweiy* and D. S. Kreiss. ETB, NIH, Bethesda, MD 20892.
STN single unit activity has been shown to be increased in various animal models of PD.
In locally-anesthetized, paralyzed rats, we found the mean firing rate of STN neuronal
activity recorded extracellularly is increased by 62% from 9.3 ± 0.8, n=55 to 15.1 ± 1.2 Hz,
n=57,6-10 weeks after 6-hydroxydopamine (6-OHDA)-induced lesion of the nigrostriatal
pathway1. These findings, together with evidence that pallidotomy is an effective treatment
for PD, have led to interest in how tonic alterations in STN activity affect activity in
downstream nuclei after DA cell loss. A major target of the STN is the SNpr. However,
data from this lab show no change in average firing rates of SNpr neurons 6 -1 0 weeks after
6-OHDA lesion (cont: 33 ± 2 Hz, n=65; les: 34 ± 2 Hz, n=43). To further explore effects
of increased STN activity on SNpr spike trains, burst analysis2was conducted. Either 1000
or 2000 interspike intervals (ISIs) were analyzed with density discharge bin widths of 1 and
2 x the mean ISI (mISI). At a bin width of 1,66% of STN cells from control rats showed
bursting, averaging 28.8 bursts/lOOOspikes and 7.1 spikes/burst. The coefficient of
variation (CV) was 1.24 ± 0.07 (n = 73). In lesioned rats, % STN cells showing bursting
decreased; 37% of cells showed bursts with a mean of 21.8 bursts/1000 spikes and 6.2
spikes/burst; CV was 1.07 ± 0.06 (n=70). In the SNpr, spike trains were characterized by
less variation (cont CV: 0.46 ± 0.07, n = 17; les: 0.56 ± 0.04, n = 35) and less than 5%
showed bursts with no significant difference between lesion and control. Thus, with respect
to mean firing rate and burstiness, no correspondence between characteristics of spike trains
from the two nuclei emerged in lesion vs control. However, additional analysis of SNpr
firing patterns3has shown prominent oscillatory patterns of long (6-50 sec) and short period
oscillations (0.6-1.8 sec) occur in the SNpr spike trains, and it remains possible that the
frequency and amplitude of these oscillations may be affected by lesion-induced changes in
STN activity. 1) Kreiss et al., Soc. Neurosci. Abst. 22, 895, 1996; 2) Kaneoke and Vitek,
J. Neurosci. Methods, 68,211,1996; 3) Twery et al., Soc. Neurosci. Abst. 22, 895, 1996.
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D1 RECEPTOR-MEDIATED ROTATION IN 6-OHDA-LESIONED RATS IS
NOT DEPENDENT ON RATE INHIBITIONS OF SUBSTANTIA NIGRA PARS
RETICULATA (SNPR) NEURONS. D.N. Ruskin,* D.A. Bergstrom, M.J. Twerv
and J.R. Walters. ETB, NINDS, NIH, Bethesda, MD, 20892.
Current models of the basal ganglia suggest that D1 agonist-mediated rotation in
rats with nigrostriatal lesions is associated with an inhibition of firing rate of SNPR
neurons, caused by activation of the inhibitory striatonigral pathway. The partial D1
agonist SKF 38393 does inhibit SNPR rate at high doses. However, in other
conditions (normal or reserpinized rats) behaviorally activating dopaminergic
treatments do not cause consistent decreases in SNPR firing rates. This study more
closely examines the effects of D 1 agonists on SNPR firing rate and rotational
behavior in rats with nigrostriatal lesions. SNPR extracellular unit activity was
investigated in locally-anesthetized rats. Separate rats were used for behavioral
experiments. All drugs were given i.v. High doses of the full D 1 agonists cAPB or
6-cPB (4.4 μmol/kg) had robust inhibitory effects on SNPR rate and also stimulated
rotation. However, a lower dose of these drugs (1.0 μmol/kg) or SKF 38393 (12
μ
nmol/kg) had mixed effects on SNPR rate. Even lower doses of cAPB (0.030.1 μmol/kg) and SKF 38393 (4.4 μmol/kg) actually increased SNPR rate by >20%
in -50% of neurons. These lower doses were still effective in causing contralateral
rotation. The results show that D 1 receptor effects on the SNPR of rats with
nigrostriatal lesions have a biphasic dose-response curve, with excitation at low
doses and inhibition at high doses. This pattern is shown both for SKF 38393 and
the full D1 agonists (which are more potent than SKF 38393), and suggests that at
low doses another input to the SNPR predominates over the inhibitory striatonigral
projection. The results also demonstrate that D1 agonist-induced rotation can occur
without a concomitant inhibition of SNPR rate, suggesting that the behavioral effect
of D1 receptors is mediated by other circuitry, or by some feature of SNPR activity
other than rate, such as pattern, or synchronization of interneuronal firing.

LOSS OF ASYMMETRIC SYNAPSES IN THE RAT NEOSTRIATUM AFTER
UNILATERAL DOPAMINE DENERVATION. S.MacMiilan,* C.A. Ingham, S.H.
Hood, P. Taggart, and G.W. Arbuthnott. University o f Edinburgh Centre for
Neuroscience, Dept. Preclinical Vet. Sciences, Edinburgh, UK, EH9 1QH.
In the 6-hydroxydopamine model o f Parkinson’s disease in the rat, there is a
significant reduction in the number o f dendritic spines on the principal projection
neurons in the neostriatum (Ingham, C.A. et al., Exp. Brain Res. 93 17-27). These
spines invariably receive input from terminals forming asymmetric synapses which
originate mainly from the cortex. The object o f the present study was to determine
the fate o f those terminals following the loss of dendritic spines. Unbiased
estimates o f synaptic density and absolute numbers o f synapses in a defined volume
o f the neostriatum were made using the ‘disector’ and Cavalieri techniques.
Numerical synaptic density o f asymmetric synaptic contacts was 17% lower in the
neostriatum deprived o f dopamine innervation and, in absolute terms, there were
3 billion (19%) fewer o f them. The numerical density o f a sub-population of
asymmetric contacts on dendritic spines which have complex (perforated) synaptic
specializations, and normally make up 9% o f the asymmetric population, was 44%
higher on the experimental side. Asymmetric synapses were found to be enriched
in glutamate using post-embedding immunogold labelling.
The present observations demons-trate that the loss o f spines previously reported
following 6-hydroxydopamine lesions is accompanied by a loss o f asymmetric
synapses rather than by the movement o f synapses from spines to other
postsynaptic targets. The study also demonstrates that there is an increase in
complex synaptic interactions which have been implicated in synaptic plasticity in
other regions o f the central nervous system after experimental manipulations.

81.12

81.11
BLOCKADE OF STRIATAL, BUT NOT CORTICAL, D2-CLASS DOPAM INE
RECEPTORS INCREASES CORTICALLY-DRIVEN FOS INDUCTION IN THE
STRIATUM. S. Berretta*, Z. Sachs and A.M. Gravbiel . Dept, o f Brain and Cognitive
Sciences, M.I.T., Cambridge, MA 02139.
Reciprocal interactions between dopaminergic pathaways and the glutamatergic
corticostriatal system are thought to generate long-term changes in basal ganglia
function. We have previously shown that epidural application o f the GABA-A
antagonist picrotoxin to motor cortex induces expression o f c-Fos in the striatum and
that systemic treatment with low doses o f the dopamine receptor antagonist haloperidol
significantly enhances this cortically-driven induction (Berretta et al., 1996, 1997). We
now show that intrastriatal, but not intracortical, blockade o f D2-class dopamine
receptors is at least partially responsible for this increase.
Awake freely m oving rats were treated with low-dose picrotoxin (0.03 mM)
epidurally over the motor cortex plus the D2 antagonist (-)sulpiride ( 1 ng) intrastriatally
(n=11). A significant c-Fos activation was found in the striatum compared to that
induced by the two treatments themselves (p≤0.025; non-parametric Kruskal-Wallis test
followed by comparison of treatments versus control). This increase was more than
would have resulted from simple additive effects. Negligible Fos induction was found in
the striatum following epidural application o f 0.03 mM picrotoxin alone or with
intrastriatal vehicle (n=6). Intrastriatal injection o f 1 ng (-)sulpiride (n=6) induced weak
c-Fos expression, and intrastriatal vehicle almost none (n=3). Epidural application of
0.03 mM of picrotoxin plus epidural 0.01 mM (n=6) or 0.1 mM (n=6) o f (-)sulpiride
did not increase cortically-driven c-Fos induction in the striatum.
Our results show that blockade o f striatal D2-class dopamine receptors increases
cortically-driven Fos induction in the striatum, potentially amplifying long-term effects
exerted by the cortex on striatal neurons. Our results support the hypothesis that this
amplification could be one of the mechanisms o f action o f neuroleptic drugs and point
to striatal D2-class receptors as an essential target o f these drugs. We suggest that
endogenous activation o f D2 receptors may act to shape the long-term effects exerted by
the cortex on striatal neurons. Funded by the Stanley Foundation and N IH Javits
Award R01 N25529.

FURTHER STUDIES ON THE GENETICS OF THE HALOPERIDOL INDUCED FOS RESPONSE. N. Patel*, E. Mahjubi, J. McCaughran Jr.. B.
Behavioral Sciences, SUNY at Stony Brook, NY 11794 and Research and
Psychiatry Services, VAMC, Northport, N Y 11768.
The C57BL/6J (B6) and the DBA/2J (D2) inbred mouse strains differ 10-fold
in their sensitivity to haloperidol-induced catalepsy (D2 > B6)(Kanes et al.
1993). In an attempt to localize the site or sites associated with the marked
difference in sensitivity, we examined the haloperidol-induced Fos response (the
number o f Fos -like immunoreactive neurons) within the basal ganglia (Patel et
al. 1996). Over a wide dose range (0.1 to 6 mg/kg), there was little or no
difference between the D2 and B6 strains in the input nuclei (striatum and nucleus
accumbens) or the intrinsic nuclei (globus pallidus, ventral pallidum, subthalamic
nucleus, substantia nigra pars compacta and ventral tegmental area). However,
the D2 strain showed a markedly greater response in the output nuclei
(entopeduncular nucleus and substantia nigra zona reticulata). To obtain
additional evidence that this difference in the output nuclei response is associated
with the genetic difference in behavior, we examined the Fos response in the
extremes o f D2 x B6 F2 progeny previously phenotyped for haloperidol-induced
catalepsy. The ED50s for haloperidol induced catalepsy in the extreme responders
and non-responders are 0.5 and 8.0 mg/kg. In response to a 1 mg/kg challenge, no
significant difference was detected within the basal ganglia in the Fos response
between the extreme phenotypes. These data suggest the presence o f sites outside
the basal ganglia which are important to the regulation o f haloperidol-induced
catalepsy. Supported in part by MH 51372 and the VA Merit Research Program.

81.14

81.13
D2 RECEPTOR-MEDIATED INHIBITION OF THE STRIATOPALLIDAL TRANSMISSION IN THE RAT. E. Querejeta, A.
Sierra, A. Delgado, R. Valdiosera and J. Aceves*. Depto.Fisiologia.
CINVESTAV-IPN. Apartado Postal 14-740. 07000, México, D.F.
Previously, we reported that D2 receptors inhibit the release o f GABA
from striatopallidal terminals (Floran et al., Soc. Neurosci. Abst. 432.3,
1996). From these results, it is inferred that these receptors may
modulate the striatopallidal transmission. Here, we have explored this
possibility, The experiments were done in ketamine anesthetized rats.
Tungsten unipolar electrodes were stereotaxically placed in the striatum
to stimulate the striatopallidal pathway.
Drugs were
I A i
applied through
EltiU l
A
cannulas placed
°1
in the globus
flO sec
.
pallidus .The
electrical activity o f the pallidal neurons was recorded using NaCl-filled
micropipettes. The stimulation (S in the figure) o f the striatum drastica
lly inhibited the spontaneous firing o f the neurons. Apomorphine (0.5
mM/ 200 nl) decreased the inhibition by about 50%, while quinpirole ( 10
mM/200 nl) practically abolished the inhibition (see figure).The data
indicate that, via D2 receptors, dopamine modulates (inhibits) GABA
transmission o f striatopallidal impulses.
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DEVELOPMENT
OF
EMBRYONIC
DOPAMINERGIC
NEURONS IMPLANTED ONTO IN VI TRO ORGANOTYPIC
STRIATAL SLICES.
H. Becq, JJ. Rodriguez (1), D.N. Abrous (1), A. Enjalbert* and J.P.
Herman. ICNE, UMR 6544 CNRS, Faculté de Médecine Nord,
13916 Marseille Cedex 20 and ( 1) INSERM U-259, Domaine de
Carreire, 33077 Bordeaux, France.
We have established an in vitro model o f the nigrostriatal
dopaminergic system which can be used to study its development in
a setting more amenable to the manipulation of experimental
conditions than the in vivo situation. Striatal slices (400 μ m thick)
are obtained from 0-4 days old rat pups using a Vibratome and
grown for three to five weeks on Millicell membranes. The
organization and cellular composition of these slices resemble that
o f the normal striatum. Embryonic mesencephali are obtained from
E12-13 rat or mouse embryos, dissociated and 20-40 nl of the cell
suspension, containing between 1 0 -20x10 3 cells, is implanted onto
the slice. Development o f the dopaminergic neurons within the
implanted population is followed using antibodies against tyrosinehydroxylase or dopamine. The implanted neurons innervate
selectively the striatal part o f the slices and the anatomical
characteristics of this innervation resemble those of the normal
system. Moreover, the implanted dopaminergic neurons can exert a
functional influence on striatal neurons, as shown by the marked
increase o f the expression o f c-fos following stimulation by
amphetamine. This latter effect, similar to that exerted by the
dopaminergic system in vivo, is linked to the stimulation of D 1
receptors. Thus, this model reproduces characteristics of the
nigrostriatal system in vivo and is currently used to study the
mechanisms of the development of this system.

193

BASAL GANGLIA: DOPAMINE

194

SUNDAY AM

81.15

81.16

CALBINDIN-IMMUNOREACTIVE CELLS ARE NOT SPARED IN
NEUROLEPTIC-INDUCED DOWNREGULATION OF MIDBRAIN
DOPAMINE NEURONS. A.J. Levinson*. S. Garside. P.I. Rosebush and
M.F. Mazurek. Departments of Psychiatry and Medicine (Neurology),
McMaster University Medical Centre, Hamilton, ON L8N 3Z5.
Previously we have shown that a brief course of the neuroleptic
haloperidol (HAL) produces persistent suppression of tyrosine
hydroxylase (TH) in dopaminergic neurons of the substantia nigra
(SN). Dopaminergic neurons containing the calcium binding protein
calbindin-D28k (CaBP) are selectively preserved in Parkinson’s disease
and MPTP toxicity. We studied whether the CaBP-containing
subpopulation of SN cells might be similarly resistant to neurolepticinduced downregulation.
Rats received daily intraperitoneal injections of saline (n = 9) or
HAL 2 mg/kg (n + 21) for 8 weeks and were killed at 2, 4 or 12 weeks
after the final injection. Sections of SN were processed for TH and .
CaBP immunohistochemistry. At 2 weeks withdrawal from HAL, TH+
cell counts were reduced by 34% and CaBP+ counts by 18%. At 4
weeks withdrawal the TH+ counts were reduced by 52% and CaBP+ cells
by 57%. By 12 weeks withdrawal, there was a non-significant reduction
of TH+ cells by 4% and of CaBP+ cells by 18%. There was a strong
correlation between TH- and CaBP-positive counts both for groups
(r = 0.89) and for individuals (r = 0.65, p < 0.001).
These results suggest that neuroleptic-induced downregulation of
TH+ neurons may involve a mechanism different from that of
Parkinson’s disease or MPTP toxicity.
Supported by the Ontario Mental Health Foundation.

HALOPERIDOL-INDUCED SUPPRESSION OF MIDBRAIN
DOPAMINE NEURONS IS MEDIATED BY DOPAMINE
RECEPTOR BLOCKADE RATHER THAN SIGMA RECEPTOR
BINDING. C. Krasnik, T. Seli, A.J. Levinson, S. Garside, P.I.
Rosebush* and M.F. Mazurek. Departments of Neurology,
Psychiatry and Biomedical Sciences, McMaster University Medical
Centre, Hamilton, ON L8N 3Z5.
We recently reported that an 8-week course of treatment with the
neuroleptic haloperidol (HAL) results in persistent downregulation of
dopaminergic neurons in the substantia nigra (SN). We studied
whether this effect is mediated by D2 receptor blockade or by the
action of HAL and its metabolite on sigma receptors. Rats were treated
for 8 weeks with one of the following: saline; HAL 2 mg/kg/day
(HIGH HAL) or 0.2 mg/kg/day (LOW HAL); the selective D2
receptor antagonist loxapine 7 mg/kg/day (HIGH LOX) or
1 mg/kg/day (LOW LOX); the sigma ligand pentazocine
10 mg/kg/day (HIGH PENT) or 1 mg/kg/day (LOW PENT).
Animals were sacri fi ced 3 weeks after the final injection and the brains
were processed for tyrosine hydroxylase (TH)
immunohistochemistry. The HIGH HAL, HIGH LOX and LOW
LOX groups all showed significant 32-36% reductions in the number
of TH-positive cells in SN, while the other 3 groups were comparable
to controls. These results indicate that the TH-suppressing effect is
mediated by its D2 dopamine receptor blocking action, with no
appreciable contribution from its sigma binding effect.
Supported by the Ontario Mental Health Foundation.
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82.2

PROJECTIONS FROM THE PEDUNCULOPONTINE TEGMENTAL NUCLEUS
TO THE THALAMOSTRIATAL NEURONES IN THE RAT. E.Erro1 , J.L.
Lanciego1 , J.M. Giménez-Amava1 ,2 *. (1) Dept. Anatomia. Univ. Navarra. 3 1008
Pamplona Spain. (2) Dept. Morfologia. Univ. Autónoma Madrid. 28029. Spain.
The peduneulopontine tegmental nucleus (PPTg) belongs to the reticular
activating system and participates in a variety of functions which have rhythmicity
in common such as locomotion and sleep-wake relationships. The strong anatomical
link between PPTg and the basal ganglia supports the idea that it plays a role in
motor functions. In the rat, PPTg receives afferent connections from the
entopeduncular nucleus, subthalamic nucleus and substantia nigra pars reticulata,
and, in turns, it sends projections to the thalamus. The purpose o f this study was to
determine whether peduneulopontine fibres terminate onto thalamoestri atal neurones.
Two tracers were iontophoretically injected, the anterograde biotinylated dextran
amine (BDA) in PPTg and the retrograde Fluorogold (FG) in the caudate-putamen
(Cpu) in 10 Wistar rats. After deposits of FG within the CPu, labelled neurones
were found in the following thalamic nuclei: parafascicular, paraventricular,
gustatory, intermediodorsal, posterior group, gelatinosus, rhomboid, mediodorsal,
central medial, centrolateral, paracentral, ventromedial and ventrolateral. A large
number o f BDA labelled fibres were abundantly found in the basal forebrain,
hipothalamus, subthalamic region (zona incerta) and pretectal area as well as in
several thalamic nuclei such as parafascicular, paraventricular, gustatory,
posteromedian,
intermediodorsal,
mediodorsal,
rhomboid,
reuniens,
interanteromedial, central medial, centrolateral, paracentral and ventrolateral.
Thalamostriatal labelled neurones and PPTg terminal fields were overlapped in the
following thalamic nuclei: parafascicular, paraventricular, intermediodorsal,
rhomboid, mediodorsal, central medial and ventrolateral. These findings are
suggestive of presumptive contactcs between both elements. The result of this
anatomical study supports the idea o f the existence of a feed-back circuit between the
basal ganglia and PPTg through the thalamus. Supported by FIS 96/0488 and
Universidad de Navarra (PIUNA).

ORGANIZATION OF STRIATAL AND CORTICAL PROJECTIONS FROM THE
VENTRAL THALAMIC ‘M OTOR’ NUCLEI IN THE PRIMATE. N.R. McFarland*
and S.N. Haber. Dept, of Neurobiology and Anatomy, University o f Rochester School
of Medicine and Dentistry, Rochester, New York, 14642
The thalamus provides the second largest source o f excitatory input to the
striatum. In primates, thalamostriatal projections arise primarily from the midline,
intralaminar and ventral thalamic ‘m otor’ nuclei. Thalamostriatal projections from the
ventral anterior and ventral lateral nuclei are particularly interesting since these nuclei
receive the bulk of basal ganglia output. Prominent striatal projections from these
thalamic nuclei suggest that the thalamus may provide a source of direct feedback to
the basal ganglia. As the ventral ‘motor’ nuclei are the major route for basal ganglia
output to the cortex, the organization of thalamocortical and thalamostriatal
projections from these nuclei may be key to understanding basal ganglia function.
Discrete injections of anterograde tracer were placed into different parts o f the
ventral anterior (VA) and ventral lateral (VL) thalamic nuclei in the macaque. Fiber
and terminal labeling was examined in both the striatum and cortex using
darkfield/light microscopy and charted with a drawing tube. Injection of tracer into the
rostral, lateral part of VA resulted in striatal labeling in the rostral dorsal putamen and
adjacent dorsolateral head of the caudate. In the cortex, there was labeling in area 24c
of the cingulate, which was continuous with labeling in the fundus and dorsal bank of
the cingulate sulcus. In addition, terminals were seen in the rostral, medial premotor
cortex (area 6mr). Tracer injection into the dorsolateral, pars oralis portion of VL
yielded terminal labeling in the postcommissural dorsolateral caudate and dorsomedial
putamen. Cortical labeling was found primarily in the dorsomedial premotor cortex
(area 6d), supplementary motor area, and fundus of the anterior cingulate cortex. These
findings are significant in that they provide the first anterograde evidence of direct
thalamic projections from the ventral thalamic ‘m otor’ nuclei. Furthermore, cortical
projections from VA/VL terminate in cortical areas that are known to project to the
corresponding thalamostriatal terminal region. Thus, the thalamus may also modulate
basal ganglia circuits via thalamocortico-striatal projections. (Supported by
M H 11661-01 (N.R.M.), NS22511 (S.N.H.), the Lucille Markey Charitable Trust.)

82.3

82.4

THE CORTICAL NEURONES FORMING THE SOMATOSENSORY
CORTICOSTRIATAL PROJECTIONS IN THE RAT. G .W .Arbuthnott* and
A.K. Wright. University of Edinburgh Centre for Neuroscience, Department of
Preclinical Veterinary Sciences, Summerhall, Edinburgh, EH9 1QH, U.K.
Anterograde tracing from the cortical ‘barrel field’, which receives input from
the facial whiskers in the rat, indicated that the neostriatum received two different
types of terminal networks. One group o f terminals were very fine and dispersed.
The other group, which form the main innervation from each whisker, have larger
boutons topographically arranged in neostriatum.
In order to identify the sources o f these two networks we have made small
injections o f the retrograde tracer cholera-toxin B subunit (CTB) by iontophoresis
(0.5-1 μA for 10 mins) into the area o f the neostriatum which receives input from
the barrel cortex. Staining of histological sections from the injected brains with
anti-CTB antibodies confirms that labeled neurons in the barrel field form a line of
cells in layer Va of somatosensory cortex ipsilaterally, while contralateral cortex
contains only a few cells. The contralateral cells avoid the centres o f the barrels,
just as do the cells which are known to form the callosal corticocortical
connections. There are no signs o f filled cortical cells in supragranular layers on
either side of brain, although labeled neurons have been seen in layer III of other
areas o f cortex after larger injections o f retrograde tracers.
Thus we must conclude that the two inputs to the neostriatum come from cortical
cells in layerV but that they may be differentiated by their physiology, or perhaps
in their other projections. One possibility is that corticocortical neurones between
the barrels project to both striata and form the finer network o f terminals. The
larger fibers and terminals may originate from ipsilateral cortex as collaterals of
the extensive corticothalamic and corticofugal systems characteristic o f
somatosensory cortical areas.
Supported by Wellcome Trust, UK. Grant No 049699

ANALYSIS
OF
FRONTAL
CORTICAL
INPUTS
TO
STRIATAL
CHOLINERGIC INTERNEURONS IN MONKEY. T.M. Thomas*, J.-F. Paré, Y.
Sm ith, S.M. Hersch. Dept, of Neurology and Yerkes Regional Primate Center,
Emory University, Atlanta, GA 30322, USA.
Because of their widespread distribution and dense axonal arborization, striatal
cholinergic interneurons are strategically positioned to modify information flow
through the whole striatum and, therefore, through the basal ganglia.
These
interneurons are thought to provide the main source of acetylcholine in the striatum.
It is a ls o k n o w n that a c e ty lc h o lin e p la y s a m a j o r r o le in s tria ta l f u n c tio n in g D e s p ite
this knowledge, the source o f extrinsic input to these neurons is, so far, poorly
defined and remains a controversial issue. For instance, physiological experiments
showed that stimulation o f frontal cortex in rat results in monosynaptic activation of
cholinergic interneurons (Wilson 90); however, recent attempts to demonstrate
synaptic connections between cortical terminals and striatal cholinergic interneurons
have not been successful (Lapper 92). An explanation for this controversy is that
markers previously used to visualize cholinergic neurons, ie. choline
acetyltransferase antibodies, did not give sufficient labelling of distal dendrites upon
which cortical terminals might synapse. We, therefore, re investigated this issue in
rhesus monkeys, using monoclonal antibodies to the m2 muscarinic acetylcholine
receptor as a specific marker o f striatal cholinergic intemeurons (Hersch 94, Rouse
97).
Robust labelling o f both proximal and distal dendrites of cholinergic
intemeurons was found using this antibody. When combined with the anterograde
transport o f biotinylated dextran amine (BDA) from different areas of frontal cortex
(areas 25, 14c, 32), dense fields of anterogradely labelled terminals in register with
m2 immunoreactive neurons were found in ventromedial caudate nucleus and
putamen. At the light microscopic level, appositions between BDA containing
varicosities and small caliber, m2 immunoreactive dendrites were visualized.
Electron microscopic analysis is currently in progress to determine whether such
appositions represent synaptic contacts. (Supported by NIMH: RR00165 and
N INDS: PO I NS31937)
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82.5
EVIDENCE OF THE COMPLEX ORGANIZATION OF THE CORTICAL
NEURONS PROJECTING TO THE CAUDATE NUCLEUS IN THE CAT. A.
Rosel11. S. de las Heras1*. E. Mengual2 and J.M. Gimenez-Amava1,2. 1 Departamento
de Morfología, Facultad de Medicina, U.A.M., 28029 Madrid and 2Departamento de
Anatomia, Facultad de Medicina, Universidad de Navarra, 31080 Pamplona, Spain.
A detailed study of the corticostriatal projections to the caudate nucleus (CN) of the
cat was carried out by means of single and double retrograde tracer techniques. In the
first set of experiments, the distribution of retrogradely labeled neurons in the
cerebral cortex was analyzed after single HRP-WGA or Fast Blue injections in CN.
Our findings indicate that: (a) the majority of the corticostriatal neurons were located
in cortical layer V and also located, in a much lesser extent, in layer III; (b) after each
single injection, retrogradely labeled neurons were detected in different cortical fields.
However, some of these fields displayed retrograde labeling after injections in
different territories of CN; (c) at the same time, each territory within CN had some
cortical fields showing a denser labeling, so that these cortical fields would be
preferentially innervating each of those territories within CN; (d) the highest
population of retrogradely labeled neurons within layer III was consistently found in
those preferential cortical fields; (e) in some cases, the arrangement of the
retrogradely labeled neurons within the cortex reminded a columnar-like ordering. In
the second set of experiments, Fast Blue and Diamidino Yellow were injected either
in distant or close regions of CN, in order to determine the collateralization of these
projections. Our findings illustrate that: (a) there were few double-labeled
corticostriatal cells after the distant injections in CN, whereas there were more
abundant labeled neurons after the close injections; (b) after distant injections in CN,
few overlapping cortical fields were detected and these were mainly present in the
cortical layer V; (c) after close injections in CN, the overlapping cortical fields were
larger than after the distant injections, and the two neuronal populations were
intermingled.
Supported by DGICYT PB88-0170, FIS 93/0337 and FIS 96/0488.

8 2.6

CORTICOSTRIATAL CONNECTIONS OF THE SUPERIOR TEMPORAL
AUDITORY REGION IN RHESUS MONKEYS. E.H. Yeterian* and D.N.
Pandya. Dept, of Psychology, Colby College, Waterville, ME 04901, and
Dept, of Anatomy and Neurobiology, Boston University School of
Medicine, Boston, MA 02118.
Corticostriatal connections of auditory areas within the supratemporal
plane and in rostral as well as caudal portions of the superior temporal
gyrus (STG) were studied in 14 rhesus monkeys using the
autoradiographic anterograde tracing technique. The results show that
the primary auditory cortex has limited projections to the caudoventral
putamen and to the tail of the caudate nucleus (TCN). In contrast, the
second auditory area within the circular sulcus has connections to the
rostral as well as to the caudal putamen, and to the body of the caudate
nucleus (BCN) as well as to TCN. The auditory association areas of the
STG collectively have widespread corticostriatal projections, albeit with
differential topographic distributions. The rostral STG projects to ventral
portions of the head of the caudate nucleus (HCN) and of BCN, as well as
to TCN. In addition, there are connections to rostroventral and
caudoventral portions of the putamen. The middle portion of the STG
projects to similar striatal regions, however the connections to HCN are
less extensive. Compared to the rostral and middle STG, the caudal STG
has little connectivity to TCN, projects more dorsally within HCN and BCN,
and also more dorsally within the caudal putamen. This connectional
organization may reflect functional differentiation at the cortical level
(Supported by Boston University School of Medicine, and the Audrey
and Sheldon Katz Research Fund of Colby College.)

82.7

82.8

SEGREGATION OF PRELIMBIC CORTICAL AFFERENTS TO STRIATAL
PATCHES IN NEONATAL MOUSE BRAIN. L.K. Nisenbaum*, J.J. LoTurco,
S. M. Webster and K. D. McQueeney. Department of Physiology & Neurobiology,
University of Connecticut, Storrs, CT 06269
The striatum can be segregated into two histochemically-defined compartments, the
patch (stri osome) and matrix regions. Cortical afferents to these two striatal
compartments vary as a function of cortical layer and region. Deep layer cortical cells,
particularly those in the prelimbic cortex, project primarily to patches and superficial
layer cells, particularly those in the somatosensory cortex, project primarily to the
matrix. Although these connections have been well characterized in the adult, very
little is known regarding the segregation of corticostriatal afferents during development.
To determine whether corticostriatal afferent segregation occurs during early postnatal
development, the fluorescent dye, Dil, was injected into the prelimbic cortex in mice
ranging in ages from embryonic day (E) 19 through postnatal day (P) 11. In the
neonate, striatal patches can be visualized using tyrosine hydroxylase immunocytochemistry. In the present study, cortical innervation of striatal patch regions was
determined by examining overlap between Dil-labeled fibers and tyrosine hydroxylase
immunoreactivity in double-labeled sections. Dil injections into prelimbic cortex of
E19 and P0 mouse resulted in relatively sparse, homogeneous labeling of the
dorsomedial and ventral striatum. By P1, injection of Dil produced two patterns of
innervation which varied as a function of the medial-lateral extent of the striatum. The
more medial pattern consisted of several broad stripes of Dil-labeled fibers running
perpendicular to the internal capsule bundles. More laterally, clusters of corticostriatal
fibers were detected. Double-labeling revealed partial overlap of dopamine patches with
the corticostriatal stripes and complete alignment with the more lateral corticostriata
clusters. Although the extent of innervation increased dramatically during the first twc
postnatal weeks, these same patterns were observed in animals ranging in age from PlP11. These data suggest that corticostriatal afferent segregation into the striatal patch
compartment occurs as early as P1 and continues throughout the period of cortico
striatal fiber proliferation. Supported by NSF grant IBN9629466

STRIATAL AND THALAMIC PROJECTIONS OF SINGLE CELLS FROM THE
PRELIMBIC CORTEX IN THE RAT. M. Levesque* and A. Parent. Centre de recherche
Université Laval Robert-Giffard, Beauport, Québec, Canada, G1J 2G3.
The axonal projections arising from the prelimbic cortex (CG3) in the rat were
mapped after labeling small pools (10-15 cells) of neurons with biocytin. Axons were
reconstructed from serial horizontal sections immunostained for calbindin-D28k to
delineate striatal patch/matrix compartments. Reconstruction of more than 40 axons
shows that all CG3 corticofugal fibers, including corticothalamic axons from layer VI,
course via the patch network. These axons branch principally, but not exclusively, in
striatal patches. The CG3 terminal field is restricted to the rostromedial sector of the
striatum and is thus segregated from that of the sensorimotor cortex (S2), which occupies
the dorsolateral portion of the striatum. Corticostriatal projections from CG3 come from
three types of neurons: 1) long-range corticofugal neurons whose main axon reach the
brainstem and/or spinal cord; 2) neurons that project to the contralateral hemisphere; and
3) neurons arborizing into both striatum and claustrum. As it is the case for S2 cortex,
layer VI neurons in CG3 do not project to the striatum but target exclusively the thalamus.
Furthermore, single CG3 send collaterals to several of the following limbic systemrelated structures: lateral septum, anterior and mediodorsal thalamic nuclei, dorsal
hypothalamus, nucleus basalis and striatal patches. This study has demonstrated that
CG3 gives rises to corticofugal axons that innervate both the striatum and the claustrum,
as well as highly collateralized axons arborizing within various subcortical limbic
structures. The latter projection may serve as a feedback to the prominent input that CG3
receives from the same limbic structures. Our findings also suggest that the compartmental
organization of the cortico-striatal inputs is much more dependent upon the
cytoarchitectonie area of origin rather than the laminar origin of neurons.
[This research was supported by the Medical Research Council of Canada].

82.9
CORTICOSTRIATAL PROJECTIONS FROM ONE CORTICAL COLUMN
K.D. Allowav*, J.J. Mutic and J.E. Hoover. Penn State University, Hershey,
PA, 17033 and Millersville University, Millersville, PA, 17551
Previous studies in primates and carnivores have shown that a local region
of cerebral cortex projects to multiple patches o f neostriatum. To determine
if a single cortical column has a divergent "one-to-many" corticostriatal
projection pattern, we reconstructed the neostriatal labeling pattern produced
by a small injection o f an anterogradely transported tracer into a single
vibrissal "barrel" or column o f rat somatosensory cortex.
Neuronal activity was recorded in cortex to locate a vibrissal barrel for an
injection of fluoro-ruby (FR) or biotinylated dextran amine (BDA). One
week after tracer injection the rat was perfused and the brain was sectioned
for histology. Alternate sections were labeled for cytochrome oxidase
activity to confirm the extent o f tracer diffusion with respect to the cortical
columns. A microscopic digital reconstruction system was used to plot the
distribution of FR or BDA-labeled corticostriatal terminal boutons.
The dorsolateral edge of the neostriatum was infiltrated by finely labeled
corticostriatal fibers with axonal varicosities that resembled terminal boutons.
Along the dorsolateral edge o f the neostriatum, the density o f terminal
boutons was uneven but it was rare to find regions o f neuropil in this area that
were devoid of labeled terminals and their varicosities. In some animals,
however, more medial parts o f the neostriatum contained small, dense
patches of labeled terminals and varicosities that were separated from the
larger strip o f labeling that occupied the dorsolateral edge o f the neostriatum.
Supported by NIH grant NS29363-06.
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ORGANIZING PRINCIPLES FOR CORTICAL INTEGRATION IN THE
RAT NEOSTRIATUM: THE BODY SURFACE MAP IS AN ORDERED
LATTICE OF LAMELLAE AND RADIAL PATCHY LINES. L.L. Brown.*,
D.M.Smith. L.M.Goldbloom, S.M. Feldman. Dept. Of Neurology, Albert
Einstein College of Medicine, Bronx NY 10461; Center for Neural
Science, NYU, NY NY 10003.
The anatomic, organizing principles underlying integrative functions in
the striatum are only partially understood. In this investigation, we used
the segregation of somatotopic representation in the cerebral cortex to
identify organizing principles of corticostriate system projections.
Somatosensory cortical cells receptive to light touch on the hindlimb,
forelimb or vibrissae were localized by extracellular recording.
Projections of the cells were labeled by iontophoretic injection of dextran
anterograde tracers. The results show that column-like groups of cells
in the somatosensory cortex project to the striatum in the form of
lamellae that parallel the curve of the external capsule. The vibrissae
somatosensory cortex projects most laterally, along the external
capsule. Just medial to the vibrissae projection, the major axonal
arborizations arising from hindlimb and forelimb somatosensory cortex
are organized within a common lamella, where they interdigitate and
overlap as well as remain separate. Most striking, the hindlimb and
forelimb cortex send small, patchy projections to the vibrissae lamella,
and vice versa, thus forming broken lines that radiate across the
lamellae. This lattice-like organization of somatosensory cortical inputs
reveals a new principle of organization in the striatum that is ideal for
distributing, combining, and integrating information for sensorimotor and
cognitive processing. Supported by NIH Grant NS 21356.
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82.11
D is t r ib u t io n o f s u b s t a n t ia n ig r a p a r s c o m p a c t a n e u r o n s w it h r e s p e c t t o t h e
SPATIAL ORGANIZATION OF PARS RETICULATA STRIATO-NIGRAL AFFERENCES: COMPUTER
ASSISTED THREE DIMENSIONAL RECONSTRUCTIONS.

Y. Maurin. B. Banrezes. P. Maillv. S. Charpier. D. Paupardin-Tritsch* and J.-M. Deniau
Institut Neurosciences, CNRS URA 1488, U. P.& M. Curie, 75005 Paris, France.
It has recently been demonstrated that the functional organization of the cerebral cortex
is maintained within the basal ganglia through functional parallel channels. One
anatomical substrate of this parallel architecture is the lamellar arrangement of striatal
projections in the substantia nigra pars reticulata (SNR) (1). The aim of the present study
was to analyze the distribution of nigro-striatal neurons of substantia nigra pars compacta
(SNC) with respect to the SNR lamellae. Wheat germ agglutinin conjugated to
horseradish peroxidase has been injected into various restricted and identified striatal
areas. Anterograde transport of the tracer allowed the identification of striatal afferences
in the SNR, while retrograde transport labelled SNC neurons projecting to the injection
site. We have taken advantage of a 3D-reconstruction software recently developed in our
laboratory (2) to undertake the study of the functional anatomy of nigro-striatal
relationships. Retrogradely labelled SNC neurons were distributed into three populations.
The first one was closely associated with striatal afferences in the SNR. Its size was not
correlated with the volume occupied by the afferences. The cells were always densely
packed. The second population, more distal, was not associated with afferences of the
SNR. It was observed in all injection cases, had a low density and was medially
distributed. The third population was located within the striatal afferences in the SNR. It
has been detected only in a few injection cases. The number of cells, as well as their
density, was variable. This precise anatomical organization suggests that the stri ato-nigral
parallel architecture might find its correspondence in parallel nigro-striatal channels. The
interconnection between these two systems remains to be explored.
1. Deniau, J.-M., Menetrey, A. & Chaipier, S., 1996, Neuroscience, 73,761-781.
2. Roesch, S., Mailly, P., Deniau, J.M. & Maurin, Y., 1997, J. Neurosci. Meth., 69,197-204.

82.13
THE NIGROSTRIATAL PATHWAY: A SINGLE AXON LABELING STUDY IN
RAT. A. Charara*, J. Gauthier, M. Levesque, M. Deschênes and A. Parent, Centre de
recherche Université Laval Robert-Giffard, Beauport, Québec, Canada, G 1J 2G3.
The axonal projections arising from the substantia nigra pars compacta (SNc) in the rat
were mapped after labeling small pools (10-15 cells) of neurons with biocytin or
biotinylated dextran amine (BDA). Injections were made under electrophysiological
guidance within different sectors of the substantia nigra/ventral tegmental area (SN/
VTA) complex, including the dorsal and ventral tiers of SNc. Immunostaining for the
enzyme tyrosine hydroxylase and the calcium-binding protein calbindin-D28k was used
as markers of dopaminergic SNc neurons and matrix striatal compartment, respectively.
Labeled axons were reconstructed from serial sagittal sections with a camera lucida and
a 3-D computerized image analysis system. Labeled SNc cells had medium- to largesized perikarya with several long, smooth and poorly branched dendrites. Dendrites of
labeled cells located in the ventral tier of SNc were mostly oriented dorsoventrally,
whereas those of neurons in the dorsal tier were aligned rostrocaudally or mediolaterally.
Labeled axons emerged from either the cell body or a primary dendrite of SNc neurons
and arborized according to two major patterns. Axons of the first type reached the
striatum rather directly by coursing through the globus pallidus. At striatal levels, these
axons branched frequently and their terminal field covered a very large sector of the
striatum. The terminal arborization of these axons was composed of very thin and
varicose fibers that formed typical round or oval clusters scattered throughout a large
portion of the striatum. In contrast, the second type of labeled axons arborized rather
poorly at striatal levels, but provided multiple axon collaterals to several basal gangliarelated structures, including the entopeduncular nucleus, the globus pallidus and the
centromedian/parafascicular thalamic complex. The pattern of arborization of the two
types of axon appeared independent of the patch/matrix organization of the striatum.
These results indicate that, in contrast to current beliefs, the nigrostriatal pathway is not
a monolithic entity in rodents. Instead, this major projection system appears to be
composed of at least two anatomically different subsystems, which allow SNc neurons
to influence differently striatal neurons and also to act directly upon other major
components of the basal ganglia, including its major output structures.
[This research was supported by the Parkinson Foundation of Canada].
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82.12

Nigro-striatal projection reconstructed in in vitro organotypic slice culture.
M. Sakurai*§, Y. Kotakeǂ, I. Kanazawa§
Dept of Neurol, Sch of Med, Univ of Tokyo, ǂ Fac of Pharm Sci, Univ of
Tokyo,
Nigro-striatal system is essentially involved in motor function and its
dysfunction manifests as distressing disease such as Parkinson’s syndrome
and dyskinesia. Slice cututre has an advantage over dissociated cell culture
preparation in that cytoarchitecture and cell properties observed in vivo are
preserved. It is superior to acute slice preparation in that chronic phenomena
can be studied. We attempted to reconstruct this system in in vitro
organotypic slice culture preparation.
Striatal slices were obtained from newborn rat (PO-2) and ventral midbrain
(vMB) slices were taken from rat embryo (E16-19). They were placed at the
gas-liquid interface and co-cultured in serum-free DMEM/F12 medium with N2
supplement for usually more than 10 days (up to 130 days). Dopaminergic
(cathecolaminergic) cells were visualized with immunohistochmeistry for
tyrosine hydroxylase. Tissue dopamine (DA) content was measured with
high-performance liquid chromatography.
Dopaminergic terminals in striatal slices were disappeared within 48 h when
they were culturerd alone. When cocultured with vMB, the striatum was
massively innervated by dopaminergic neurons. This innervation was specific
to the striatum. Dopaminergic terminals and tissue DA content were not or
barely detected in cocultured slices when vMB were cocultured with the
cerebellum or the hippocampus. This innervation spread into all over the
explant striatum in 5-7 days and survived at least until 130 days. This in vitro
system is expected to be useful prepatration for studying function,generation
and degeneration in nigrostriatal dopaminergic system.

82.14
A X O N A L PROJECTIONS OF SINGLE CELLS FROM THE EXTERNAL PALLIDUM
IN M O NK EYS. F. Sato, M. L evesque, Y. Nakamura* and A. Parent. Centre de
recherche Université Lavai Robert-Giffard, Beauport, Q uébec, Canada, G 1J 2G3.
The axonal projections arising from the external segm ent o f the globus pallidus
(GPe) in cynom olgus m onkeys (M acacafascicu laris) were mapped after labeling small
pools (10-15 cells) o f neurons with biocytin or biotinylated dextran amine (BDA).
M ultiple injections were made in different animals so as to cover the entire rostrocaudal
extent o f the GPe. More than 50 axons were reconstructed from serial sagittal sections
with a camera lucida and a 3-D computerized im age analysis system . Labeled GPe cells
displayed long, aspiny and poorly branched dendrites that arborized m ostly along the
sagittal plane. The axons arose from either the cell body or a proximal dendrite. In some
cases axons emitted short collaterals that arborized around the cell body. On the basis
o f their axonal targets, 4 distinct types o f GPe neurons have been disclosed: 1) neurons
projecting to the internal segm ent o f the globus pallidus (GPi), subthalamic nucleus
(ST N ) and substantia nigra pars reticulata (SNr); 2) neurons projecting to GPi and STN;
3) neurons projecting to STN and SNr; and 4) neurons projecting to the striatum.
Neurons branching to GPi, STN and SN abounded rostrally, whereas those arborizing
in STN and SN prevailed caudally in the GPe. Our previous studies involving large
injections o f anterograde tracer have yielded evid en ce for a GPe projection to the
reticular thalamic nucleus in squirrel m onkeys. H owever, no labeled axons were found
in the reticular nucleus o f macaques in the present single cell labeling investigation. The
results o f the present study are at odds with the current model o f the anatomical and
functional organization o f the basal ganglia in which the GPe is view ed as a simple relay
in the indirect pathway. Our data reveal that the primate GPe is, in fact, com posed of
several types o f neurons with highly collateralized axons. This pattern o f organization
allow s the GPe to convey multiple copies o f the same information to virtually all basal
ganglia com ponents, including the tw o major output structures, GPi and SNr. [This
research was supported by the MRC o f Canada].

82.15

82.16

SYNAPTIC TARGETS OF PHYSIOLOGICALLY, NEUROCHEM ICALLY A ND
M ORPHOLOGICALLY CHARACTERIZED N E URO NS OF THE RAT GLOBUS
PALLIDUS. M- D. B evan *1,2, S. A. Eaton1 and J. P. B ol am2. University Department
o f Pharmacology' & MRC Anatomical Neuropharm acology Unit2, Oxford, UK.
Individual G ABAergic neurons o f the globus pallidus (GP) perform a key role in
the basal ganglia by simultaneously influencing several target nuclei via multiple
axonal collaterals. T o determine the relationships between the firing patterns,
neurochemistry and synaptic targets of these neurons we applied the juxtacellular
recording and labelling technique in combination with immunocytochemistry for
parvalbumin (PV) in the recorded neuron and for PV, nitric oxide synthase (NOS)
and tyrosine hydroxylase (TH) in post-synaptic neurons.
Under ketamine and xylazine anaesthesia morphologically or neurochemically
distinct sub-classes o f GP neurons displayed a spectrum o f firing patterns including
tonic regular, tonic irregular and burst firing. All GP neurons gave rise to collaterals
within the GP, entopeduncular nucleus (EP), subthalamic nucleus (STN) and
substantia nigra (SN). A sub-group also projected to the neostriatum where they
preferentially targeted the PV+ and N OS+ interneurons. In the GP, EP and STN the
boutons o f single pallidal axons contacted PV+ and PV- neurons and in the SNr
contacted TH+, PV+ and PV- neurons. In one case the axon collateral in the SN
arborized exclusively in the p a rs com pacta. Single GP axons often innervated cells
that were separated by long distances in the rostrocaudal axis and made multiple
contacts with their proximal regions and also secondary and tertiary dendrites.
These data indicate that individual GP neurons may simultaneously and diversely
influence the computational properties o f functionally heterogeneous neurons in
many regions o f the basal ganglia through a range o f firing modes and by specific
patterns o f innervation o f target neurons.
M .D .B is supported by an Advanced Training Fellowship from the W ellcom e Trust
(0 4 6 6 13/Z/96/Z ).

POSITION OF THE SUBTHALAMIC NUCLEUS IN THE RAT PREFRONTAL
CORTEX-BASAL GANGLIA CIRCUIT.
N. Mauri ce*, J.M. Deniau, A. Menctrey. J. Glowinski and A.M. Thierry. U114
Collège de France. URA 1488. Université Paris VI, Paris, France.
The subthalamic nucleus (STN) plays a critical role in the regulation of the basal
ganglia output. By its cortical afferents and through the indirect striato-nigral
pathway, the STN provides an excitatory drive to the substantia nigra pars reticulata
(SNR), an influence opposite to that of direct inhibitory striato-nigral pathway.
Characterized in the sensorimotor-basal ganglia circuits, the STN position still
remains to be established in the prefrontal channels. Recently, we have shown that
the SNR is an output structure in the prefrontal channel which originates from the
prelimbic and medial orbital areas (PL/MO). Indeed, the core of the nucleus
accumbens receives an excitatory input from PL/MO areas and sends a direct
inhibitory pathway to the dorsomedial part of the SNR which projects to thalamic
nuclei related to the prefrontal cortex. In the present study, we have determined the
STN position in this PL/MO channel. Our anatomical and electrophysiological data
indicate that: 1) PL/MO areas exert a strong excitatory influence on the neurons
located in the medial part of the STN and which innervate the dorsomedial part of
the SNR. These neurons were identified by the antidromic activation method and
their morphological characteristics and axonal projections have been determined
using the juxtacellular injection of neurobiotine and 3D reconstruction of the labelled
cells. 2) the region of the ventral pallidum (VP1) which receives an inhibitory input
from the core of the nucleus accumbens exerts an inhibitory influence on the medial
STN neurons which project to the dorsomedial SNR.
In conclusion, the present study demonstrates that, in the PL/MO channel, the STN
is involved in an indirect striato-nigral pathway and that it can also be considered as
an input structure since subthalamo-nigral neurons receive direct excitatory afferents
from PL/MO areas. Therefore, the STN could be involved not only in motor but also
in limbic/cognitive functions of the basal ganglia.
Supported by INSERM.
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82.17
ANATOMICAL INVESTIGATION OF THE DOPAMINERGIC
INNERVATION OF THE RAT SUBTHALAMIC NUCLEUS. K.A. Allers*,
J.L. Juncos, and D.B. Rye. Dept, of Neurology, Emory University School of
Medicine, Atlanta, Georgia 30322.
The subthalamic nucleus (STN) is an important modulator of movement.
Excitatory, glutamatergic afferents from the cerebral cortex
and inhibitory, GABAergic inputs from the external globus pallidus play
a prominent role in modulating the STN. Converging lines of evidence suggest
that dopamine also acts as an excitatory neurotransmitter within the STN. The
source of this dopaminergic innervation, the cellular loci at which it acts, and its
potential import in modulating normal and pathological movement are poorly
understood. This study was undertaken to investigate the dopaminergic
innervation of the STN and its origin. Pressure injections of biotinylated dextran
(n=6) into the STN of rats revealed retrograde labeling within the substantia
nigra pars compact (SNc). Immunocytochemistry for tyrosine hydroxylase
demonstrated that 62% of these retrogradely labeled neurons in the SNc are
immunoreactive. The most abundant retrograde label was observed in cases in
which tracer deposit was to the most ventral and anterior portions of the STN.
While the density of dopaminergic innervation appears to vary within the STN,
the pattern of retrogradely labeled cells within the SNc was random. Rigorous
analysis of injections into the area surrounding the STN (zona incerta, thalamus,
cerebral peduncle) was utilized to establish the accuracy of these results. None of
these control injections resulted in retrograde label in the substantia nigra pars
compacta. These results suggest that the STN in rats receives a dopaminergic
innervation from the substantia nigra pars compacta.
NRSA #5-f31MHl1217-02

82.19
PROJECTIONS
FROM
THE
ENTOPEDUNCULAR
NUCLEUS TO THE MOTOR THALAMUS OF THE RAT.
H.T.Kha, D.I. Finkelstein, E.G. Butler* and M.K. Home. Department of
Anatomy, Monash University, Clayton, Victoria, Australia, 3168.
The output of the basal ganglia is through the entopeduncular nucleus
(EP) to the ventro-medial (VM), ventro-lateral (VL), centro-median (CM)
nuclei of the thalamus, to the pedunculopontine nucleus (PPN) in the
brainstem and to the lateral habenula (LHb) nucleus. This is a study o f
single axonal reconstructions o f collaterals and terminations o f EP
efferents. Microinjections o f the anterograde tracer, dextran-biotin were
made into the EP nucleus o f male Wistar rats (250-350 g) anaesthetised
with sodium pentobarbitone (60 mg kg i.p.). After a survival time o f 10
to 11 days, the brains were processed for DAB histochemistry and studied
under light microscopy. Labelled axons were traced (using 10x and 100x
oil objectives) through serial sections from the EP nucleus to their
terminations. Two groups o f axons were observed. One group consisted
of fibers which projected ventro-medially from the EP nucleus, cutting
across the thalamic reticular nucleus and ventrally to terminate within the
LHb nucleus. The site of termination is caudal to the injection site. Axoaxonal synapse were frequently observed along these axons as they passed
through the VM and CM nuclei. The second group o f axons had many
branches which terminated within the VL-VM nuclear complex.
Terminations were mainly ipsilateral to the injection site. Also, some
terminations were observed on the contralateral side. This study indicates
that the efferents from EP terminate in two distinct patterns.
(Supported by NH&MRC)

82.18
IDENTIFICATION OF THE ANTERIOR NUCLEUS OF THE ANSA
LENTICULARIS (ALa) IN BIRDS AS THE HOMOLOGUE OF THE
MAMMALIAN SUBTHALAMIC NUCLEUS. L. Medina*, A. Reiner, C.L.
Veenman & Luis Puelles. Dept. Anat. & Neurobiol., Univ. of Tennessee,
Memphis, TN 38163; and Dept. Morphol. Sci., Univ. of Murcia, Murcia
30100, Spain.
The subthalamic nucleus (STN) of the diencephalon is a glutamatergic
cell group in mammals that plays a critical role in basal ganglia functions by
means of its input from the lateral pallidum and its projection to the medial
pallidum. Although the basal ganglia in birds is well developed and consists
of the same major cell types as in mammals, the identity of an avian
subthalamic nucleus has been uncertain. We report here on embryological,
histochemical and hodological grounds that the ALa of the avian
diencephalon is the apparent homologue of the mammalian STN, based on
studies in pigeons and chickens. As true of mammalian STN, the avian ALa
develops within the based portion of the fourth prosomere of the forebrain, as
shown in closely staged sections through developing chicken forebrain.
Secondly, the neurons of ALa contain glutamate, as shown by
immunohistochemical staining in pigeons. Thirdly, ALa receives input from
the avian pallidum, as shown by anterograde labeling studies using BDA 10K
in pigeons. Fourthly, ALa projects back to the avian pallidum, as shown using
retrograde labeling with BDA 3K in pigeons. Fifthly, consistent with the
glutamatergic nature of this input and with findings in mammals, avian pallidal
neurons are specifically rich in GLUR4 type glutamate receptor subunits, as
shown by immunohistochemistry in pigeons. These findings suggest that
the functional circuitry of the basal ganglia is similar in birds and mammals.
Supported by NS-19620 (A.R.) and DGICYT-PB93-1137 (L.P.).

82.20
FUNCTIONAL DELINEATION OF THE COURSE OF THE ANSA
LENTICULARIS AND THE LENTICULAR FASCICULUS BASED ON GPI
EFFERENTS IN PRIMATES. M.S. Baron*, E. Shink, M. Sidibe, C. Mewes, J.L.
Vitek, Y. Smith, M.R. DeLong. Department of Neurology and Yerkes Regional
Primate Research Center, Emory Univ. School of Medicine, Atlanta, GA 30322.
Posterior internal pallidal (GPi) ablation (pallidotomy), which targets the
sensorimotor territory, has been demonstrated to be an effective treatment for
advanced Parkinson’s disease. It has been proposed that pallidal lesions should
include the fibers ventral to the posterior GPi, which are generally believed to
contribute to the ansa lenticulari s (AL) and to take origin from the lateral
(sensorimotor) portion of the GPi (Carpenter).
Under stereotaxic guidance, we injected biotinylated dextran amine (BDA) into
functionally segregated regions of the GPi (sensorimotor, associative, and limbic).
The confinement of the injections to the targeted segregated territories was
supported histologically by demonstrating retrograde labeling in corresponding
functional regions of the striatum and the subthalamic nucleus (STN) and
corresponding anterograde labeling in the thalamus. The main findings are that the
LF is mainly comprised of sensorimotor and associative pallidothalamic projections
while the AL is formed almost exclusively of limbic projections. Fibers from the
posterolateral sensorimotor and the dorsomedial associative territories of the GPi
project medially through the LF, across the ventral internal capsule to the VLo and
the VApc thalamus, respectively and do not enter the subpallidal white matter.
Fibers from the anteromedial limbic portion of the GPi form the bulk of the AL at
the ventral and anteromedial edge of the GPi and course medially, ventral to the
internal capsule.
These findings suggest that effective lesioning of pallidal output need not include
the subpallidal fiber system, which do not appear to contain sensorimotor output
fibers from GPi. The incidence o f damage to the nearby optic tract would be
reduced as a result of not targeting the subpallidal fibers. Supported by RR00165.
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CHARACTERIZATION OF Ca2+ CURRENTS IN ACUTELY
ISOLATED RAT SUBTHALAMIC NUCLEUS NEURONS,
W.-J. Song*, T. Otsuka, Y. Baba and F. Murakami. Lab. of
Neurosci., Div, of Biophys. Engn., Grad. Sch, of Engn, Sic.,
Osaka Univ., Toyonaka, Osaka 560, Japan.

ROLES OF SUBTHALAMIC STIMULATION AND IONTOPHORETIC
APPLICATION OF GABA, GLUTAMATE, ACETYLCHOLINE ON
VENTROMEDIAL THALAMIC NUCLEUS IN RATS. P.M . G ao, A.
Benazzouz, B. Piallat, K. Bressand, N._Cristina* an d A.L. Benabid.
Lab. Neurobiophysique, INSERM U.318, CHU, 38043 Grenoble - France
O ur experim ental and clinical studies showed that high frequency
stim ulation (HFS) of subthalam ic nucleus (STN) im proved the main
sym ptom s of Parkinson's disease. In o rder to investigate its functional
m ode, the effects of STN-HFS an d ionto p h o retic ap p licatio n of
different neurotransm itters on neuronal activities of the ventrom edial
thalam ic nucleus (VM) w ere investigated. Electrophysiological single
unit recordings w ere used in rats. W hen ap plied iontophoretically,
GABA (10-40 nA) completely inhibited the neuronal activity in 67 out
of 68 tested neurons. GABA a antagonist, bicuculine (20-40 nA) increased
the spontaneous firing rate from 3.08 ± 0.36 H z to 8.57 ± 1.04 Hz in 54 out
of 61 tested neurons. L-glu tamic acid and acetylcholine also enhanced
the firing rates of the same VM neurons. STN-HFS (130 Hz, 0.06 ms, 0.4
mA for 5 s) induced an excitatory response in 43 out ot 52 VM tested
neurons. The average firing rate enhanced from 2.20 ± 0.31 H z to 12.60 ±
1.40 H z (810.2 ± 148.4%, P<0.01). The effect of STN stim ulation was
frequency-dependent. The firing rate (r=0.95) and the response duration
(r=0.94) were positively correlated w ith stim ulation frequency. MK801
(15-30 nA, 40 s) suppressed the VM neuronal responses to STN-HFS for
several minutes. These results suggest that GABAergic, cholinergic and
glutamatergic input information converge in the same VM neurons and
that an increase in the delivery of glutam atergic neu ro tran sm itter
activities in the VM is involved in the process of STN-HFS.

The subthalamic nucleus (STN) is the only excitatory nucleus in the basal
ganglia; While the afferent and efferent connections of the nucleus have been
extensively studied, the intrinsic membrane properties of the STN neurons
remain poorly understood. As the first step towards understanding the
physiology of the neurons, we have studied Ca2+currents in acutely isolated rat
STN neurons.
The STN, visually identified in slices from 3- 4 week old rat, was dissected,
enzymatically treated, and dissociated. Whole-cell Ba2+currents through Ca2+
channels were recorded from 48 isolated STN neurons. The channels had an
activation threshold around -40 mV, a half-activation voltage of - 11 mV, and a
quasi-steady-state half-inactivation voltage of -35 mV. Currents evoked by a
long voltage pulse to 0 m V decayed with multiple time constants, suggesting
that several channel subtypes are involved. In line with this view. ~20% of the
current was blocked by nifedipine and -40% was blocked by co-conotoxin
GVIA. ω-agatoxin IVA had little effect at 20 nM and blocked ~ 10% of the
current at 100 nM. Close to 30% of the current was resistant to the concurrent
application of all these blockers.
These results suggest that Ca2+channels in rat STN neurons are primarily of
the high-threshold subtypes. The finding that a large proportion of the currents
in STN neurons was co-conotoxin GVIA-sensitive raises the possibility of
neuromodulatory regulation of Ca2+entry in these neurons. (Supported by
Japan MESC)

S ociety f o r N e u ro s c ie n c e , V o lu m e

23,1997

197

BASAL GANGLIA: SUBTHALAMIC NUCLEUS

198
83.3

INHIBITORY RESPONSE OF SUBSTANTIA NIGRA RETICULATA
NEURONS TO HIGH FREQUENCY STIMULATION OF THE
SUBTHALAMIC NUCLEUS IS INDEPENDENT OF GLOBUS
PALLIDUS ACTIVATION. A. Benazzouz*, P.M. Gao, B. Piallat, K.
Bressand and A.L. Benabid. Lab. de Neurobiophysique, INSERM U.318,
38043 Grenoble, France
High frequency stimulation (HFS) of subthalamic nucleus (STN)
reverses parkinsonian rigidity and akinesia in MPTP-treated monkeys
and parkinsonian patients. Concerning the mode of function, we have
shown, in rats, that STN-HFS induced a decrease of activity of substantia
nigra reticulata (SNr) neurons and an increase of globus pallidus (GP)
neuronal activity. It is known that STN sends glutamatergic projections to
these two structures and that GP exerts an inhibitory influence on SNr
neurons. In order to determine if the inhibitory response of SNr neurons
to STN-HFS is independent of GP activation, we have studied the effect
of this type of stimulation on SNr neuronal activity in normal and GP
lesioned rats. Extracellular single unit recordings were used in
anaesthetized rats in stereotaxic conditions. GP lesion was made by
microinjection of ibotenic acid at two sites (0.3 ml/site, 10 mg/ml). In
both groups of rats, bipolar STN-HFS (frequency: 130 Hz, intensity: 0.3
mA, pulse width: 0.06 ms) induced a significant decrease in activity of
94% SNr cells (n=46/49) in normal rats and 80% (n=31/39) in GP
lesioned rats. To determine the origin of these responses, we studied the
effect of STN-HFS on its own activity. 100% of STN tested cells (n=12)
showed a decrease of their spontaneous activity in response to HFS.
These results show that STN-HFS, used in the surgical therapy of
Parkinson's disease, exerts a deactivation of the basal ganglia output
structure, SNr. This effect is directly due to the inhibition of STN
neuronal activity independently of GP activation. This phenomenon can
be explained by a depolarization block of STN neurons.
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INVOLVEMENT OF THE SUBTHALAMIC NUCLEUS IN THE CONTROL
OF TEMPORAL LOBE EPILEPSY : PRELIMINARY STUDY BY HIGH
FREQUENCY STIMULATION IN RATS. K. Bressand, A. Benazzouz, B. Piallat,
P.M. Gao, C. Feuerstein* and A.L. Benabid. Lab. de Neurobiophysique, INSERM
U.318, 38043 Grenoble, France.
The subthalamic nucleus (STN) plays a crucial role as a regulator of basal
ganglia outflow by providing excitatory influence to the substancia nigra pars
reticulata (SNr) and the entopeduncular nucleus (EP). Study on Genetic Epilepsy
Rats from Strasbourg (GAERS) has shown that the STN is implicated in the
control of generalized epilepsy. The goal of the study is to test the implication of
STN in focal forms of epilepsy such as temporal lobe epilepsy which is the most
frequent form of human pharmacoresistant epilepsy. We used the model of limbic
seizures induced by kainic acid injection into the amygdala of freely moving rats
(Berger and al, Brain Research, 489, 1989, 261-272) and we tested the effects of
acute and chronic STN high frequency stimulation (HFS) on seizures. Kainic acid
(16ng/0.3μl) was infused unilaterally into the basolateral amygdala of awake,
behaving rats. Limbic seizures, with or without motor symptoms, occured 1 to 15
minutes after the injection. We followed behavior and cortical EEG during 60 to
90 minutes in each recording session. In a first step we applied STN-HFS
(frequency : 130Hz, pulse width : 60 μsec, train duration : 5 to 8sec, intensity was
chosen just below dyskinesia threshold) on every started seizure. We observed that
the average duration of motor seizures is reduced by 16 to 55.5%. In a second step
we applied chronic STN-HFS when the first motor seizure appeared and we
obtained either a decrease (60%) of the number of seizures occuring during
stimulation period or a total suppression of motor seizure onset. A few minutes
after stimulation arrest, epileptic activity returned to control level. These
preliminary results suggest that STN plays a role in the control of motor
symptoms of this type of temporal lobe epilepsy.
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REACTION TIME PERFORMANCE FOLLOWING UNILATERAL
STRIATAL DOPAMINE DEPLETION AND LESIONS OF THE
SUBTHALAMIC NUCLEUS
J.M. Phillips* and V.J. Brown School of Psychology, University of St. Andrews, St.
Andrews KY16 9JU, Scotland, UK
Data from patients with Parkinson’s disease and from experimental animals suggests
that inactivation of the subthalamic nucleus (STN) can ameliorate or reverse the
akinesia resulting from striatal dopamine depletion. It is not known how specific this
effect is: it is possible that the reversal is a genuine restoration of balance to the
system or, alternatively, new movement related deficits might be introduced which
mask the original impairments (e.g., hyperkinesia might replace hypokinesia).
Bilateral lesions of the STN in the rat have been shown to result in increase in
anticipatory responding and decreases in reaction time which negate the increase in
reaction time following striatal dopamine depletion (Baunez et al., 1995, J Neurosci
15:6531). In the present study, we employed a unilateral lesion in order to dissociate
generalized effects, such as hyperkinesia, from response specific initiation effects.
Rats were trained in a lateralized reaction time task and then assigned to four groups:
(a) striatal dopamine depletion; (b) cell body lesion of the STN; (c) combined striatal
dopamine depletion and STN lesion; (d) infosion of vehicle (control).
As expected, rats with striatal dopamine depletion exhibited slower reaction time
and a bias to respond to the ipsilateral side. The STN lesion resulted in no reaction
time change (in particular, there was no evidence of faster reaction times) but there
was an increase in anticipatory responding. The group with the combined striatal
dopamine depletion and STN lesion had no reaction time impairment and no
ipsilateral response bias. These data demonstrate that the effect of a lesion of the STN
is not merely to cancel the akinesia which follows striatal dopamine depletion by the
addition of a hyperkinetic impairment.
(Supported by The Wellcome Trust, project grant, # 040551/z/94)

DIFFERENTIAL CONTRIBUTIONS OF THE NIGROSTRIATAL DOPAMINERGIC
SYSTEM, GLUTAMATERGIC AND GABAERGIC INPUTS TO THE
SUBTHALAMIC NUCLEUS IN AN ATTENTIONAL TASK IN THE RAT.
Baunez C.* and Robbins T.W., Dept, of Experimental Psychology, Univ. Cambridge,CB2
3EB Cambridge,UK
We have previously shown that bilateral STN lesions induce multiple deficits in an
attentional task in rats (Baunez and Robbins, in press). To further investigate interactions
with the nigrostri atal pathway in the expression of those deficits, we examined the effects
of bilateral 6-OHDA striatal lesions in STN lesioned rats performing the same 5-choice
serial reaction time task. The rats had to detect and locate a brief visual stimulus, and then
move towards the location where it was presented. STN lesions induced deficit in
accuracy of stimulus detection, premature responding and perseverative behaviour. After a
subsequent lesion of the dopaminergic terminals in the striatum, only the premature
responding deficit was alleviated. Animals remained impaired in accuracy and showed
perseverative behaviour. These results suggest that those latter deficits are probably
mediated through non-dopaminergic mechanisms, which could involve other systems
related to the STN.
In a second experiment, we further analysed the contribution of the different inputs to
the STN, the excitatory influence from the cerebral cortex and the. thalamus, as well as the
inhibitory influence from the globus pallidus. Thus, the effects of bilateral infusion into
the STN of glutamatergic receptor antagonist (NMDA antagonist APV, 0.125-0.5 ug) and
the GAB A agonist (muscimol, 1-3 ng) were tested. The premature responding deficit was
found after intra-STN APV, but not muscimol. Both drugs impaired accuracy of responses
and induced perseverative responses, as previously observed after bilateral STN lesions.
Perseverative behaviour was however more sensitive to intra-STN muscimol, suggesting
that perseverative behaviour is probably a Consequence of the disruption induced in the
"indirect pathway", while the premature responses may partly result from a disruption of
cortical and thalamic inputs to the STN. The impaired accuracy may result from effects on
a combination of cortical and thalamic, as well as pallidal, influences on STN.
Supported by HFSP fellowship for CB and a Wellcome Trust Program Grant for TWR.
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MODIFICATIONS OF CEREBRAL METABOLISM AND MOTOR BEHAVIOUR
IN RATS WITH UNILATERAL LESION OF THE SUBTHALAMIC NUCLEUS
F. Blandini*1, F. Orzi2, E. Martignoni1, G. Conti2, R. Di Grezia2, V. Colangelo2 and G.
Nappi1
Neurological Institute “C. Mondino ”, Pavia1; INM Neuromed, Pozzilli2. Italy
The subthalamic nucleus (STN) plays a central role in the modulation of the net output
of the basal ganglia circuitry. In Parkinson’s disease (PD), the dopaminergic
denervation of the striatum, the main input nucleus of the circuit, leads to a
pathological increase of STN activity, which is thought to be central to the
development of PD motor symptoms. Modulation of STN activity has been suggested
as a novel approach for treatment of PD symptoms. However, the consequences of
STN inactivation on the neuronal activity of functionally-related brain areas are not
fully understood. To address this issue, we studied the changes in cerebral glucose
utilization and motor behaviour caused by unilateral ablation of the STN, in freely
moving rats. Male, Sprague-Dawley rats, were lesioned in the right STN by means of a
stereotaxic injection of 25 nmoles of N-methyl-D-aspartate; control rats received
saline. After surgery, animals were tested with systemic apomorphine. Cerebral
glucose utilization was then studied by means of 2-[l4C]deoxyglucose (2-DG)
autoradiography; the study was performed during systemic administration of
apomorphine or saline. Animals with unilateral STN lesion showed an ipsilateral
rotational response to apomorphine. In the rats with STN lesion that received saline
during the 2-DG study, glucose utilization was slightly reduced in the entopeduncular
nucleus and globus pallidus, ipsilaterally to the lesion. Apomorphine enhanced the
asymmetry of these nuclei and induced an asymmetry in the substantia nigra pars
reticulata. Control rats showed no metabolic or behavioural modifications. This study
confirms the importance of the STN in the modulation of basal ganglia output; it also
suggests that the substantia nigra pars reticulata may play a preferential role in the
behavioural modifications provoked by subthalamic lesion.
S o c ie ty f o r N e u ro s c ie n c e , V o lu m e

23,1997

EXPRESSION OF CALCIUM BINDING PROTEIN AND GAT-1 IN THE
HUMAN SUBTHALAMIC NUCLEUS. S.J. Augood1*, H. Waldvogei2, M.
Muenkle2, R.L.M. Fault2 and P.C. Emson1. 1Dept. Neurobiology,
Babraham Institute, Cambridge UK. 2Dept. Anatomy, School of
Medicine, University of Auckland, N2 .
The distribution of three calcium binding proteins, calbindin D28k
(CB), parvalbumin (PV) and calretinin (CR) was studied in the human
post-mortem subthalamic nucleus (STN) as was the expression of GAT1, a neuronally-expressed GABA transporter. Cellular sites of CB, PV,
CR and GAT-1 mRNA were localised using [35S]-oligonucleotides
whereas sites of protein expression were visualised using CB, PV and
CR specific antisera. Examination of STN sections processed for in situ
hybridisation revealed numerous PV mRNA- and CR-mRNA positive
cells but no CB mRNA positive cells. The distributions of PV mRNA- and
CR mRNA-positive cells were distinctive; PV cells were highly enriched
in the dorsal STN extending medio-laterally, CR cells were more
enriched ventrally although some degree of overlap was apparent.
Numerous GAT-1 mRNA positive cells were also seen. Analysis of the
cross-sectional somatic area of PV, CR and GAT-1 mRNA positive STN
neurones revealed them all to be approx. 300 μm2. The unique patterns
of mRNA expression were similarly reflected at the protein level; an
abundance of PV- and CR- immunopositive neurones were observed
whereas only occasional long CB-immunopositive fibres were seen.
These data suggest that STN neurones express a high-affinity

GABA uptake system and that dorsal “sensorimotor” cells are
enriched in PV and “associative” ventral cells are enriched in G R .
Supported by the UK Parkinson ’s Disease Society, (no. 3061)
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CHANGES IN MOTONEURONE SYNCHRONIZATION IN HUMAN WRIST
EXTENSOR MUSCLES DURING ISOMETRIC WRIST EXTENSION AND
HAND CLENCHING. H. Sturm , A. Schm ied, J.- P. Vedel, S. Pagni, J.
Lanoir*. C.N.R.S.-N.B.M., 13402 Marseille Cedex 20, France.
Synchronous activity of motor units let us know about the
motoneurone synaptic connectivity, in particular about the amount of
shared peripheral and central afferents. Since common inputs to
motoneurones are expected to differ according to various motor tasks of
a same muscle, we investigated the temporal coupling of 60 pairs of
single motor units in human extensor carpi radialis muscles by cross
correlation analysis. Motor unit synchronization during 5-6 minutes of
isometric wrist extension (where the extensor carpi radialis muscles act as
prime movers) were compared with synchronization during even-lasting
sequences of isometric hand clenching (where the extensor carpi radialis
muscles act in concert with wrist antagonist flexor muscles).
A preliminary evaluation reveals that indeed most of the
synchronization peaks changed from one motor task to the other. In one
third of the comparisons repeatable changes were consistently observed.
One half of the changes were increases of the synchronization peaks
which might reflect an enhancement of cortico-spinal inputs during hand
clenching. In the other half the synchronization peaks decreased during
hand clenching which suggests the involvement of other processes.
This work was supported by Grants from DRET-DGA and from the
Association Française contre les Myopathies

High Frequency Stimulation of Muscle Afferents Superimposed over
Maximal Voluntary Contractions. M.H. Trimble and T.S. Thomas. Dept,
of Physical Therapy, University of Florida, Gainesville, FL 32610-0154.
In relaxed subjects, the H-reflex is usually depressed with stimulation
rates greater than 0.1 Hz and complete depression of reflex responses
are commonly seen with stimulation rates greater than 10 Hz. Low
frequency depression (0.1-10HZ) of the H-reflex is reduced when
subjects volitionally activate the test muscle. We theorized that the
complete depression associated with high frequency (>10Hz) stimulation
may also be overcome when the muscle is activated. To test this
hypothesis, subjects (N=7) performed 5 s maximal voluntary isometric
contractions (MVlC) of the triceps surae when subjects were lying prone.
During the last 3 seconds, the tibial nerve was stimulated at 100 Hz with
current pulses which when give individually at rest produce a soleus (S)
H-reflex (without an M-wave) with an amplitude 20% of the max M-wave
(MVlC+tetany). The stimulus artifact was removed from the EMG and
the RMS EMG amplitude from the tetany, MVIC, and MVIC+tetany were
compared. EMG during the tetany was minimal, whereas, EMG during
the MVIC+tetany was on average 210% that of the MVlC (p<.0001). A
similar comparison was made between the RMS EMG with MVlCs
produce in standing vs. the RMS EMG with hopping ( N - 17 subjects). In
this case the EMG was 28% greater in the S and 43% in the lateral
gastrocnemius during hopping (p<.05). We conclude that peripheral
afferent feedback is gated during volitional activation so that afferent
feedback can contribute to the neural drive when the muscle is
eccentrically active.
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LIMITS TO TEMPORAL EFFECTS OF PRIOR STIMULATION
ON LATER BLOCKING OF SPINAL FIXATION IN RATS. MM
Patterson*, T Mullauer, J Suddarth, B Sipe and M House UHS College
of Osteopathic Med., 2105 Independence BI., Kansas City, MO 64124.

STRETCH REFLEX RESPONSES DURING UNEXPECTED FALLS IN MAN. A
Duncan. M.J.N. McDonagh and M.G. Llewellyn*. School of Sport and Exercise
Sciences, Univ. of Birmingham, Birmingham, B15 2TT and CHS, Farnborough,
GUM 6TD, England.
In landing, the relative contribution of reflex and programmed responses to the
electromyographic (EMG) activity, after foot impact, remains unresolved. We
investigated the contribution of short-latency spinal stretch reflexes to post-landing
muscle activity by using a collapsible landing stage. EMG and joint angle
recordings were taken from muscles (medial gastrocnemius (MG), soleus (SOL),
tibialis anterior (TA)) of the left leg of 10 subjects (aged 20-27) during 3 landing
conditions:-1) The subject fell to a real surface 45cm below. 2) The landing
surface at 45cm was false and the subject fell a further 25cm. 3) The subject fell to
a real landing surface 70cm below. The informed consent of all subjects was
obtained and approval was granted by the local ethical committee.
Comparison of the ‘false’ 45cm fall case with the 'real' 45cm fall case showed: 1) The onset times and amplitudes of the muscle activation before ground contact
were not significantly different (p>0.05, two-tailed t-test for paired values) for any of
the muscles. This indicates that the subjects believed the false platform to be solid
(the onset times are later if the visible surface is 70cm below). 2) In the false case
the muscle activity terminates (30.4ms (MG), 38.7ms (SOL)) after the expected
impact with the ground. 3) In the ‘real’ case, EMG activity (peaking at 61.2ms
(MG), 62.7ms (SOL), post-impact) is present at the time when it has terminated in
th e ‘false’ case. This is clearly a short-latency spinal stretch reflex. 4) In the TA
muscle, EMG activity in the ‘false’ case does not terminate, but at the equivalent
time, it is smaller than the EMG in the ‘real’ case.
In conclusion, under these conditions, post-landing EMG activity in the ankle
plantar flexors is of reflex origin.
Source of Support: Centre for Human Sciences, Min. Of Defence, UK.
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Stimulation of an anesthetized rat’s hind leg for over 35 minutes with an
electric stimulus can induce a long-term alteration in the spinal flexion reflex
known as spinal fixation. The altered excitability has been shown to last for
days, and is a central sensitization of the spinal reflex circuit. Recently, we
reported an effect which seems contradictory to the fixation paradigm
(Patterson, et.al. SNS Abstracts, 1995, 1996). Rats given a fairly low level of
stimulation on day 1, followed by a fixating stimulation on day 2 , 3, 4 or 6
showed less fixation after the second session than if they had been given only
the second session. This apparent blocking of the fixation effect by the first
session was seen over several stimulus parameters, and intervals.
These studies were designed to identify limits to the effects of prior
stimulation on later fixation in unspinalized animals. Animals were
anesthetized and received 40 min. of 1.5 ma. stimulation to the right hind leg.
The retained flexion averaged 21 g. after the first session. The animals were
allowed to awaken and 7 days later reanesthetized and given 40 min. of 2.5
ma. stimulation. Retained fixation was 26 g. A second group received the
same stimulation sessions separated by 9 days, with 17 g and 23 g fixation
respectively. However, another group received 2.5 ma. stimulation on both
days, separated by 7 days, with 23 g and 20 g of fixation. Thus, when the
initial stimulus was less intense, it appears that after 6 days, the blocking is
gone, but if the stimulus is more intense, the effect lasts somewhat longer.
Supported by the Am. Osteopathic Assn. Bureau of Research Grant 95-03-319

H REFLEXES AND STRETCH REFLEXES HAVE A DIFFERENT SENSITIVITY
TO PRESYNAPTIC INHIBITION OF IA AFFERENTS. H. Morita*1, L.O.D
Christensen2, N. Petersen2, T. Sinkjaer3 and J. Nielsen1. 1Physiol. Inst, der Univ. Kiel.
Kiel 24118 Germany. 2Dep. Med. Physiol. Panum Inst. Copenhagen N, 2200 Denmark.
3Centre of Sensori-Motor Interaction, Aalborg University, Aalborg, 9220 Denmark.
During co-contraction of antagonistic ankle muscles the soleus H-reflex is depressed
due to presynaptic inhibition of the Ia afferents which mediate the reflex (Nielsen &
Kagamihara, J Physiol 464: 575-593, 1993). Surprisingly, the short-latency soleus
stretch reflex is not similarly depressed (Nielsen et al. Exp Brain Res 102: 350-358,
1994). A discrepancy in the modulation of the two reflexes has also been observed
during walking (Sinkjær et al. J Neurophysiol 76: 1112-1120, 1996). The reason for
these discrepancies was investigated in the present study. With local ethics committee
approval the soleus H-reflex was presynaptically inhibited by a tap applied to the biceps
femoris tendon in 12 human subjects. On average, the tendon tap suppressed the Hreflex to 52 % of the control reflex value at an interval of 60 ms (p<0.001). In contrast,
the short-latency soleus stretch reflex was not depressed at all (p>0.1). The soleus Treflex elicited by an Achilles tendon tap was depressed to only 89 % of the control value.
Post stimulus time histogram peaks (n=53) elicited by an Achilles tendon tap had a
longer duration than peaks evoked by electrical stimulation of the tibial nerve (on
average 5.0 ms as compared 2.7 ms). All parts of the electrically evoked peaks were
depressed by the conditioning biceps femoris tendon tap (average 57 %, P<0 . 001). A
similar depression was observed for the initial 2ms of the peaks evoked by the Achilles
tendon tap (67 %, P<0 .001), but the last 2ms were not depressed. We suggest that the
different sensitivity of mechanically and electrically evoked reflexes to presynaptic
inhibition is due to a difference in the shape and composition of the EPSP underlying the
reflexes, which makes stretch-induced EPSPs less sensitive to presynaptic inhibition
than electrically induced EPSP.

S ociety f o r N e u ro s c ie n c e , V o lu m e

23,1997

EFFECT OF ß INNERVATION ON SPEED OF MOTOR RESPONSE, M. G.
Maltenfort *, J. He and T.M. Hamm. Div. of Neurobiology, Barrow Neurological
Inst., Phoenix, AZ 85013
Previously (Soc. Neurosci. Abst., 1996), we presented a simulation of a single
muscle working against an inertial load, regulated by multi-loop proprioceptive
feedback including ß innervation. Recurrent inhibition was shown to prevent phaselocking of the motoneurons to a perturbation at the load. This study was limited by
the spindle model’s inability to respond to beta input with physiological rapidity
(Emonet-Dénand and Laporte: Brain Res., 258:101-104, 1983).
We have modified the model by replacing the fractional power force-velocity
relationship for the intrafusal fiber (Hasan: J. Neurophysiol., 49: 989-1006,1983)
with a hyperbolic function similar to that for the extrafusal fibers (He et al, IEEE TAC 36:322-332, 1991.) The revised model shows comparable behavior over a wide
range of stretch velocities, as well as satisfactory response to fusimotor stimulation.
Using this revised model, we are investigating functional reasons why the proportion
of ß innervation in muscle spindles rises from 40-47% in proximal muscles to 70%
of muscle spindles in distal muscles (Scott, et al. : Neurosci. Lett., 190: 1-4, 1995),
while recurrent inhibition becomes less prominent in motor nuclei of distal muscles
(Hömer et al.: Neurosci. Lett., 122: 183-183, 1991; McCurdy and Hamm: J.
Neurophysiol., 67: 1359-66, 1992).
In the current study, we are examining how the ß and recurrent inhibitory feedback
loops affect the speed of the system response to pulse, ramp-and-hold and sinusoidal
perturbations, to either the motoneuron firing or to the load on the muscle. It has
been proposed (Illert et al.: in Alpha and Gamma Motor Systems, Plenum Press,
1996) that beta innervation will increase the response speed of the reflex system,
while recurrent inhibition will slow it.
Supported by USPHS grants NS 22454, NS 30013, NS 07309, NS10341 and a
Whitaker Foundation Biomedical Engineering Research Grant.

199

200

REFLEX FUNCTION I

84.7

STRENGTH TRAINING EFFECTS ON RECIPROCAL INHIBITION AND
NEURAL ACTIVATION OF THE SOLEUS MUSCLE IN THE ELDERLY.
J.R. Burke* & V.A. Hirth. University of South Carolina, Columbia, SC 29208.
Nine elderly females (72 ± 3.56 yrs) participated in a progressive resistance
strength training program consisting of four exercises: leg extensions, leg curls,
calf raises, and toe raises (8 wks, 3 days/wk). The goal of each training session
was to perform 3 sets of 8 repetitions of each exercise at 80% of one-repetition
maximum values (1-RM). Laboratoiy testing sessions at pre-, mid-, and posttraining time points were used to assess training adaptations in the soleus
muscle. Reciprocal inhibition using a paired H-reflex protocol, neural activation
using the interpolated twitch protocol, maximum voluntary contraction (MVC)
force, and preferred walking time over a 4.2 m path were measured during the
laboratory testing sessions. In addition, the 1-RM value for the calf raise
exercise was recorded at each laboratory testing time point. There was a
progressive increase in 1-RM values for the calf raise exercise (p < .05).
Significant improvements in reciprocal inhibition, neural activation, and MVC
force were observed from the pre-test to the mid-test (p < .05). Preferred
walking time improved from mid-testing to post-testing (p < .05). There were
significant linear treads from pre-testing to post-testing for MVC force and
preferred walking time (p < .05). Correlation coefficients for training adaptations
of preferred walking time with 1-RM, MVC force, reciprocal inhibition, and
neural activation were .83, .76, .50, and .62, respectively. Training adaptations
of MVC force were correlated with neural activation (r = .81) and reciprocal
inhibition (r = .57). These data provide evidence that neural adaptations
contribute to strength gains in the elderly. However, muscular adaptations may
be the predominant mechanism underlying improved gait function.

8 4.9
CROSSED INHIBITION BETWEEN QUADRICEPS MUSCLES
IN THE HUMAN LOWER LIMB
EVANS, P., HARRISON, P.J*., ROBERTS, A., Dept. of Physiolog, .
University College London, Gower Street, London WC1E 6BT, U.K.
Crossed reflex actions are likely to be integral to the coordination of
the lower limbs during standing and walking. Studies in cats have
revealed midlumbar and lower lumbar interneurones which project to
contralateral motoneurones and midlumbar interneurones which
receive bilateral input from group II afferents (see Bajwa et al. 1992
J.Physiol. 455, 205-217).
In the light of these findings we have been investigating crossed
reflexes in humans. Using electrical stimulation of a number of
peripheral nerves we have previously looked at the effects of
conditioning stimuli upon the contralateral H reflex of soleus. Most
recently we have examined the effects of conditioning the H reflex of
a more proximal muscle, quadriceps, via stimulation of the
contralateral femoral nerve. Preliminary studies reveal a powerful
inhibition at a latency which can only be explained by a pathway
involving fast conducting afferents in the group I range. This finding
is in keeping with results from other crossed reflexes we have
examined in humans including those between the posterior tibial
muscles (Harrison et al. 1994 J.Physiol 479, 28P), but is in contrast to
a number of animal studies in which strong group II crossed effects
have been revealed, but in which the group I crossed effects have
been weak or absent.
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DEMONSTRATION OF AXO-AXONIC CONTACTS ON THE
INTRASPINAL ARBORIZATION OF lb AFFERENT FIBERS B. Lamotte
d'lncamps1. J. Destombes1, D. Th.iess.on1, R. HeIlio2, X_Ja sserre1, N. KouchtirDevanne1, L. Jami1 and D. Zvtnicki*1 1URA CNRS 1448, UFR des SaintsPeres, 75006 Paris, France, 2 Service de microscopie confocale, Institut Pasteur,
75015 Paris, France
lb impulses arising from tendon organs during ankle muscle contractions are
filtered out by presynaptic inhibition shortly after their entry in the spinal cord
(1,2). However, the morphological substrate of presynaptic inhibition, i.e.,
GABAergic axo-axonic synapses, had not been demonstrated so far on lb
terminals in lumbo-sacral segments of the spinal cord. In the present study, a
single lb fiber from posterior biceps-semitendinosus muscle was labelled in an
anaesthetized cat by intra-axonal injection of a fluorescent dye (tetramethyl
rhodamin dextran) in the intraspinal portion of the fiber. Identification of the
fiber rested on two criteria: i) on stimulation of the muscle nerve, the fiber action
potential reached the spinal cord together with the slow component of group I
afferent volley, ii) the absence of collateral projection to lamina IX motor nuclei
was subsequently verified histologically. Spinal cord sections were processed for
demonstration of GABA immunoreactivity with steptavidin isothiocyanate
fluorescein and scanned using a dual beam laser confocal microscope to detect
the two fluorochroms. Axo-axonic contacts were identified by the presence of
both fluorochroms in the same pixel.
On two collaterals that were reconstructed in the intermediate zone, at least
69 axo-axonic contacts were present. 3D-reconstruction showed that most of the
contacts were distributed on, or close to, terminals. Our results suggest that a
very large number of axo-axonic synapses contact the intraspinal terminals of lb
fibers, allowing a powerful presynaptic control of afferent action potentials .
(1) Zytnicki et al. (1990) J. Neurophysiol. 64, 1380-1389
(2) Lafleur et al. (1992) J. Physiol. 445, 345-354
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PRESYNAPTIC INHIBITION IN HUMAN WRIST EXTENSOR MUSCLES:
DEPENDENCE ON MOTOR TASK. J-M. Aimonetti, A. Schmied, J-P.

Vedel*, S. Pagni. CNRS-NBM, 13402 Marseille cedex 20.
During voluntary contraction the la presynaptic inhibition is modulated
by supraspinal and peripheral afferents. Changes in the strength of
presynaptic inhibition induced by stimulation of the wrist flexor muscle
la afferents (conditioning stimuli) were assessed by the variations of the
H-reflex amplitude produced in the wrist extensor muscles by radial
nerve stimulation (test stimuli) when the subjects were asked to perform
either isometric wrist extension or hand clenching around a
manipulandum. Intervals between conditioning and test stimuli varied
from 0 to 50 ms by 10 ms steps. The reciprocal inhibition observed at 0
ms-interval decreased the H-reflex by about 40% without any difference
between both motor tasks. The level of the presynaptic inhibition
occurring at 20 ms-interval was also similar (H-reflex reduced by 40%) in
both tasks whereas at 30 to 50 ms-intervals it was strongly smaller during
hand clenching (H-reflex reduced by 5%) that during wrist extension (Hreflex reduced by 25%). Changes in H-reflex presynaptic inhibition was
then investigated during wrist extension while the skin of the internal side
of the finger tips was concurrently mechanically stimulated. In such a
condition both the reciprocal inhibition and the presynaptic inhibition
evoked at 20 ms-interval were significantly reduced with regards to the
previous observations, whereas at 30 to 50 ms-intervals the H-reflex
reached the same amplitude than during hand clenching. These data
support the hypothesis that by modulating the la presynaptic inhibition
the cutaneous afferents play a major role in the control of the reflex
loops involved in hand motor activities.
This research was supported by grants from DRÈT-DGA and from the
Association Française contre les Myopathies.

84.11

84.12

GASTROCNEMIUS MUSCLES PROVIDE A MAJOR SOURCE OF
INTERJO IN T FORCE FEEDBACK IN T H E CAT HINDLIMB.

PLASTICITY IN REFLEX PATHWAYS REINFORCING STANCE
PHASE ACTIVITY IN WALKING CATS. K.G.Pearson*, K.Fouad and
J.E.Misiaszek. Department of Physiology, University of Alberta,
Edmonton, Canada T6G 2H7
Recent studies in the walking system of the cat have established that a
substantial fraction of extensor burst activity is generated by afferent
feedback from proprioceptors in extensor muscles. Thus one expectation is
that the gains of the reflexes contributing to extensor burst generation can
be modified to match any changes in the biomechanical state of the
locomotor system, such as changes in the strength of the muscles and/or the
loads carried by the legs due to changes in the animal's weight. We tested
this hypothesis by comparing the gains of the stretch reflexes in the medial
gastrocnemius (MG) muscles of both hind legs 2 to 3 weeks after
transecting the nerve supplying the lateral gastrocnemius and soleus
muscles in one hind leg. This procedure led to a chronic increase in the load
carried by the MG muscle in the experimental leg. Animals were
decerebrated and mounted above a motor-driven treadmill in a manner that
allowed the isolated MG muscles of each hind leg to be stretched during
either rhythmic or tonic contractions. In response to stretch the reflex
contribution to the force increase usually increased more rapidly with
background force in the chronically loaded MG muscle. This increase in
gain of the stretch reflex in the loaded MG muscle may contribute to the
recovery of normal ankle movements a few days after cutting the LGS
nerve.
Supported by Canadian Medical Research Council

R.j.H. Wilmink*1, C.MJ.I Huvghues-Despointes2 and T.R. Nichols2
1Center for Sensory-Motor Interaction, Aalborg University, Denmark.
2Department of Physiology, Emory University, Adanta GA 30322, USA.
Previous studies have shown that heterogenic force dependent feedback
functionally link the muscles about the ankle and knee of the cat hindlimb
(Wilmink et al., Soc. Neurosd. Abstr. 22: 2042, 1996). In this study we have
expanded this view and set out to discover the most important sources o f force
feedback as well as to identify the rules and consequences o f summation o f
different autogenic and heterogenic reflex components. Our hypothesis is that
the heterogenic reflexes will combine in such a manner that creates links to
favor force distribution along the entire limb to improve its stability during
posture and locomotion. Four muscles or muscle groups (soleus, gastrocnemii,
vasti and rectus femoris) were each connected to a linear pulley system in series
with a strain-gauge to impose controlled length excursions and measure the
resultant forces produced in the decerebrate preparadon. The muscles were
physiologically activated by a crossed extension reflex. Several combinations of
muscles simultaneously underwent ramp and hold stretches during which the
force responses were measured. Our results agree with the hypothesis and
strikingly point to the gastrocnemii as the most important source of feedback,
linking the investigated muscle groups together in a functional whole. We also
found that although force dependent feedback summates fairly linearly from
different quadriceps muscles "to triceps surae, we found combinations of linear
as well as highly non-linear summation in the opposite direction.
(Supported by Danish National Research Foundation and N.I.H. NS 20855)
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REVERSAL OF CUTANEOUS REFLEXES IN THE ANTERIOR TIBIAL MUSCLE
DURING VOLUNTARY RAMP-AND-HOLD DORSIFLEXION IN MAN. L.O.D.
Christensen1, H. Morita2, N. Petersen2 and J. Nielsen*1. 1Div. Neurohysiol, Dept. Med.
Physiol. Univ. of Copenhagen, 2200 Copenhagen N, Denmark. Physiol. Inst. Kiel Univ.,
Olshausenstrasse 40, 24098 Kiel, Germany
Reversal of cutaneous reflexes in lower limb muscles during the gait cycle has been
demonstrated in both the cat and man and is thought to be an integrated part of the central
network generating the locomotor rhythm (Duysens et al., Exp. Brain Res., 82(2):3518, 1990; Forssberg et. al., Brain Res., 85(1): 103-7, Feb. 1975; Yang et al., J.
Neurophysiol., 63(5)1109-17, May 1990). In the present study we investigated whether
a similar reflex reversal may occur in the course of an internally generated voluntary
ankle dorsiflexion. With approval from the local ethics committee 8 subjects were seated
in an armchair with their right leg attached to a footplate and instructed to perform a
voluntary ramp-and-hold isometric dorsiflexion. During the ramp phase stimulation of
the superficial peroneal (SP) and sural (SU) nerves (3 shocks, 1 ms duration, 3 ms
interval; 2.0-2.5 x PT) evoked a depression of the voluntary rectified anterior tibial (TA)
EMG at a latency of 75-95 ms. However, during the hold phase the stimuli either had no
effect or evoked a facilitation at a similar latency. This facilitation has already been
shown to be caused by a transcortical reflex (Nielsen et al. 1997; J. Physiol, In Press). In
the present study it was further demonstrated that the two cutaneous stimuli effectively
depressed compound motor potentials in the TA EMG evoked by transcranial magnetic
stimulation, but had no effect on TA H-reflexes. Furthermore, the cutaneous stimuli
depressed the short-latency (presumed monosynaptic) facilitation of the TA H-reflex
evoked by transcranial magnetic stimulation, but had no effect on the short-latency
facilitation evoked by electrical brain stimulation in the two subjects that were tested this
way. These findings suggest that the cutaneous inhibition of the voluntary TA EMG
during the ramp phase of dorsiflexion is caused by an inhibition of the output from the
motor cortex. It is suggested that the reflex reversal from the ramp to the hold phase is
caused either by gating of the cutaneous input to the motor cortex or by a switch of
corticospinal pathways responsible for the activation of the muscle in the two phases.
Supported by the Danish Health Research Council and the Danish Council for Sports
Research.

84.14
AN ASYMMETRIC AGONIST/ANTAGONIST STRETCH REFLEX MODEL
T. Nikitina, R.E. Kearney*, and H.L. Galiana. Department of Biomedical
Engineering, McGill University, Montreal, Canada, H3A 2B4.
Stretch reflexes at the human ankle are strongly asymmetric; step displacements
generate quite different responses in the ankle plantarflexors and dorsiflexors.
Moreover, reflex gain is decreased by continuous perturbations and is modulated
according to the phase of cyclic movements. This study aimed to determine the
role of asymmetric agonist/antagonist reflex connections in this behavior.
Most models of the stretch reflex have regarded the joint’s agonist/antagonist
structure purely as a compensation for muscle’s ability to generate force only while
shortening. Consequently, the agonist/antagonist structure was often assumed to be
symmetric and represented by a single, equivalent, lumped pathway. Such models
cannot account for asymmetric reflex responses or the effects of movement.
Bilateral VOR models, which explicitly represent interactions between the two
sides of the brain, account for much more behavior than lumped single sided
models. Key elements are the bilateral structure, reciprocal commisural
connections, and feedback from neural low-pass filters. We have developed an
analogous stretch reflex model with an agonist/antagonist structure corresponding
to the VOR’s bilateral structure, the reciprocal la reflex connections correspond to
the commisural connections, and Renshaw cells provide the neural filtering.
Analysis of the model revealed a variety of parameter sets for which the model
produced “realistic” responses to step displacements. More importantly, with a
single “reasonable” parameter set, the model’s responses to a many inputs (e.g.
paired pulses, pulses of different widths, small amplitude random perturbations,
locomotor-like movements) correspond closely to those observed experimentally.
These results suggest that agonist-antagonist reflex interactions contribute
significantly to stretch reflex behavior.
Supported by grants from the Canadian Medical Research Council
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85.1
THE ROLE OF PROPRIOCEPTION AND ATTENTION IN A VISUOMOTOR
ADAPTATION TASK. H.A. Ingram*, P. van Donkelaar, J. Cole, J-L, Vercher,
G.M. Gauthier, R.C. Miall. University Laboratory of Physiology, Parks Road, Ox
ford OX1 3PT, United Kingdom.
We have investigated the role of proprioception and attention in a motor adapta
tion task requiring a change in amplitude of single-joint pointing movements to
wards visual targets. A deafferented subject (I.W.) and 6 control subjects were
tested for an after-effect following exposure trials where they were required to alter
their arm movement amplitude in relation to the visual input of the target. This
change in gain was introduced either gradually or on the first trial. Control subjects
were also tested under a cognitive load (counting backwards) during the exposure
trials to mimic the cognitive demand always on I.W. When the gain change was
introduced immediately, and hence a large initial error was present, I.W. adapted as
much as the controls (45%). Cognitively loading the controls significantly impaired
their adaptation (reduced to 24%). When the gain change was introduced gradually,
the control subjects adapted more than I.W. (66% compared to 33% adaptation).
We believe that this is due to the extra information they received from proprioceptive inputs. The controls were again impaired by a cognitive load, implying
that there was still some attentional component to the task. I.W.’s movements had a
higher peak velocity and acceleration than controls. As movement amplitude de
creased during the exposure phase, I.W. kept the temporal features of his move
ments near constant (movement duration, acceleration time, etc.). In contrast, the
controls modified both amplitude and temporal features, suggesting that different
movement adaptation strategies were used. These results imply that both proprio
ception and attention are involved in motor adaptation. Unlike other studies, we
suggest that proprioception is not necessary for adaptation to occur.
Supported by the Wellcome Trust and the British Council. H.A.I. is a Hackett
Scholar.

8 5.2
ADAPTATION TO REPEATED PERTURBATION OF ARM MOVEMENT
TRAJECTORY. D.J. Weber1, J. Heϯ*. and G.E. Stelmach. tChemical, Bio, &
Materials Engineering, Motor Control Laboratory, Arizona State University,
Tempe, AZ 85287
A pilot study was concluded to investigate the human motor system’s adaptation to
perturbations of arm movement. A 6 degree-of-freedom robotic arm was used to
present targets at 4 different positions and orientations in a 3-D workspace. Subjects
were to reach from a central start position to grasp a rotaiy switch held in the robot’s
gripper and to rotate it 30 degrees clockwise. Six consecutive trials to each target
were performed in each of 4 blocks (2 unperturbed/2 perturbed). In blocks 2 and 3, a
100 ms brake perturbation was applied 450-700 ms post movement initiation
through a retracted string attached to the subject’s wrist. Unperturbed trials were
performed in blocks 1 and 4 as pre-test and after-effect conditions, respectively. 3-D
kinematic data and 8 channels of EMG were collected for the torso and arm.
Movement times for the perturbed trials increased 18.3% in block 2 and 16.6% in
block 3 over the pre-test trials. Movement times for the block 4 (aftereffect) trials
decrease by 10% from the pre-test times. The pre-test trials exhibited characteristic
asymmetric, bell-shaped velocity profiles. Following the onset of the perturbation,
there were variations in the trajectory as the subject compensated for the disturbance.
These variations in the velocity profiles disappeared as subjects adapted to the
perturbed condition. In future trials, the motor system developed a compensatory
adjustment into the programmed movement to correct for the expected perturbation.
This is obvious in the aftereffect trials (block 4). Although no perturbation was
applied during these trials, there were large wrist accelerations during the early trials
where a perturbation was expected. As a result, the subject overshot their desired
trajectory, but these variations diminished by the 6th trial for each target as the
subject re-adapted to the unperturbed condition.
This work supported by the Whitaker Foundation and the Flinn Foundation.

85.3

8 5 .4

AN UNLEARNABLE HIGH FREQUENCY FORCE PERTURBATION FIELD CAN
PRESERVE AN INTERNAL MODEL. Y. Matsuoka, F. Gandolfo*, E. Bizzi, The Artificial Intelligence Lab and Brain & Cognitive Sciences, MIT, Cambridge, MA.
When force perturbations are applied, the nervous system builds a model to counterbalance them. This model acts like a local map which is spatially organized (Gandolfo,
et al. ’96) and can be expressed as a superposition of primitives whose effects decay smoothly with distance from the perturbed locations. Therefore, the size of the
primitives predicts what frequency of perturbation can be learned. When the spatial
frequency of the perturbing forces exceeds the size of the primitives, the field should
be unleamable as shown in our results implying that no model is built by the nervous
system. If this high frequency field (HFF) is filtered to a low enough frequency though,
subjects learned and developed an internal model of this filtered field. This model
is quickly erased with exposure to a null field or an unrelated HFF. However, with
exposure to the original HFF, the model is retained. Therefore, the HFF is perceived
as a related field to the previous model, and the model need not be erased. This is
remarkable because the HFF itself does not make any contribution to the model.
To obtain these data, the HFF was filtered to create a medium (MFF) and a low
frequency field (LFF). Subjects were asked to execute planar reaching movements
towards visually specified targets. After a baseline was established, one group of
subjects was exposed to the HFF for three blocks of trials. This experiment confirmed
that the HFF is not leamable and produced no aftereffects showing that the field
frequency has exceeded the size of the primitives. Another group of subjects was
exposed to the LFF, MFF and HFF in this order to determine if the HFF could be
learned or could produce aftereffects by an exposure to a related but lower frequency
field. This resulted in no learning with retention of the aftereffects. A third group was
exposed to the LFF, MFF and the opposite direction of the HFF (OHFF) to check if the
high frequency simply disturbed the washout process. The result showed no aftereffects
after exposure to the OHFF. Together, these data suggested that an unlearnable high
frequency field can affect the decision to keep or erase the internal model.

MOTOR ADAPTATION PERSISTS IN THE ABSENCE OF
KINEMATIC ERRORS R.A. Scheidt, M.A. Conditt, D. Reinkensmever*, F.

OMR gnant N00014 - 95 - 0445 and NIH grant MN481/85..
Society for N e u r o s c ien c e , V olume 2 3 ,1 9 9 7

Mussa-Ivaldi Northwestern Univ., Evanston, IL 60201, SMPP, Rehab. Inst, of
Chicago, Chicago, IL 60611.
When making any particular movement the CNS may adopt a variety of possible
motor commands. Is there a specific motor command strongly preferred by the
CNS, or is the choice of command modifiable by experience? Recent experiments
show that arm kinematics may be altered by the sudden application of a field of
perturbing forces and that subjects adapt to the novel field after a sufficiently long
period of practice. When the disturbing field was removed after adaptation, a short
lived after-effect was observed. Since the time course of disadaptation is much
shorter than the time course of adaptation, this suggests that the pattern of motor
commands normally used in the absence of perturbations is strongly preferred to
the patterns acquired during adaptation. The switch between patterns is apparently
driven by kinematic errors caused by application or removal of the field. What is
the CNS control preference in the absence of such kinematic errors? Subjects
adapted to a perturbing field that produced forces perpendicular to a desired straightline movement. After adaptation, movements were made in a mechanical channel
bounding the straight-line path between initial and final targets. In the channel,
subjects were forced to move along the same straight-line path whether or not their
motor command returned to the original (unperturbed) pattern. Surprisingly, we
found that adaptation to the original perturbing field was preserved during
prolonged exposure to the channel. This demonstrates that the learned control
pattern can be stable if there is no kinematic error. When two motor commands
achieve the same kinematic result, the CNS chooses one or the other according to
recent experience rather than by following some innate preference. Supported by
NIH NRSA (5-732-HD07418), (1-R01-NS35673), (1-F32-HD08067-01) and ONR
(N00014-95-1-0571).
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8 5 .5
VISUAL INFLUENCE ON LEARNING ARM DYNAMICS. M. A. Conditt*, R.
A. Scheidt, F. A. Mussa-Ivaldi. SMPP, Rehab. Inst. Of Chicago, Chicago, IL 60611.
Adaptation is the result of the motor control system attempting to minimize some
error signal, but what is the nature of that signal? Previous results by other investiga
tors suggest that visual feedback alone may be sufficient to induce adaptation: the
motor control system modifies the motor commands to reduce visual errors between
intended and actual movements. Other studies showed that adaptation of arm move
ments to an external force field may also occur without vision of the arm, implying
that kinesthetic information is sufficient to drive adaptation. What happens when kin
esthetic and visual information are mutually inconsistent? Can such a mismatch pre
vent the occurrence of adaptation?
To address this question we have developed an experimental paradigm in which
subjects received altered visual information while executing reaching hand move
ments with an instrumented manipulandum. Subjects moved their hand toward a set of
targets while the manipulandum generated a disturbing force perpendicular to the di
rection of motion. Initially, this perturbation induced a significant distortion in the
path followed by the hand. Under normal circumstances (with correct or no visual
feedback) subjects adapted to the force field and, after some practice, produced recti
linear reaching movements. Sudden removal of the force field after adaptation caused
a specular distortion of the movement (an aftereffect). This aftereffect disappeared
rapidly as the subjects disadapted to the field. In separate experiments we presented
the subjects with altered visual feedback by projecting the hand motion on a straight
line joining the start and target locations. Under this condition, subjects saw a straight
movement of their hand regardless of the degree of distortion in the actual movement,
thus creating minimal visual error. We found that the absence of visual error was suf
ficient to prevent the adaptation to the force field. However the same altered feedback
when presented after adaptation was not sufficient to prevent or to substantially delay
disadaptation.
Supported by NIH (1 -RO1-NS35673), ONR (N0001495-1-0571), NIMH (P50MH48185-0500), and NRSA (5-732-HD07418).

85.7
RATE OF LEARNING NOVEL LIMB DYNAMICS DEPENDS ON
THE NATURE OF FEEDBACK SIGNALS. N. Virji-Babul*, R.L.
Sainbura, H. Huana, C. Ghez. Ctr. for Neurobiol. & Behav., Columbia Univ.
and NYS Psych. Inst., New York, NY 10032; SUNY Buffalo, Buffalo, NY
The control of limb dynamics is known to be based on learned internal
models requiring proprioception. We now examine how visual feedback (FB)
in different reference frames influences the learning of novel inertial
interactions in deafferented patients and normal controls.
Subjects made horizontal out-and-back movements of their dominant
hand to 8 radial targets. The limb was supported by a frictionless system with
an outrigger to which weights could be attached. Inertial interactions were
perturbed by repositioning a mass on either side of the forearm (Sainburg
and Ghez, 1995). Subjects were trained with a medial mass and visual feed
back of the target and cursor on a computer screen. Adaptation to the lateral
mass was then examined with and without visual FB. Screen feed-back was
compared with veridical visual FB of hand position or of the whole arm in the
workspace. Without visual FB, normals adapted to the new inertial condition
by reducing reversal errors. Inertial errors in initial direction were less well
compensated. Visual FB reduced these directional errors and increased the
rate of adaptation. Without visual FB, patients did not adapt to the new mass,
but did in all visual FB conditions. Vision of the limb produced the largest
reductions in reversal and directional errors. Directional errors were smaller
with hand location displayed in the workspace compared to the screen.
We conclude that subjects can learn new internal models using
proprioceptive or visual information but that dynamic properties may be
represented incompletely. Learning rate and model adequacy vary with the
properties of the sensory channel and with concurrently available state and
configuration information (NS22715).

8 5.9
DECREASE IN JOINT STIFFNESS DURING MOTOR LEARNING
REVEALED FROM MEASURED EMG SIGNALS. R. Osu1*, H. Gomi2 ,K,
Domen3, T. YoshiokaL & M. Kawato*. 1ERATO, KDB, JST, Kyoto, 619-02.
2NTT Basic Res. Labs. Kanagawa. 3Keio Univ.,Tokyo. 4ATR HIP, Kyoto, Japan.
Humans empirically understand that, by practice, stiff and slow piovements
eventually become relaxed and fast movements, and this has been mentioned many
times (Bernstein, 1967; De Luca, 1985). This belief is also very attractive from the
computational viewpoint because, by the slowly decreasing stiffness and/or speed
from domains where the inverse dynamics is easy to solve, an internal model
enabling fast and relaxed movements can easily be learned (Sanger, 1994;
Katayama & Kawato, 1993, 1997). Because of technical difficulty, however, no one
has succeeded in directly measuring stiffness changes during learning although
several researchers have observed a decrease in EMG during learning (Milner &
Cloutier, 1993; Thoroughman & Shadmehr, 1996). Instead of making direct
measurements, we estimate relative changes in joint stiffness by means of a novel
method based on EMG. Subjects were asked to learn a planar 2-joint (shoulder and
elbow) reaching movement that included kinematic constraints. The EMG of six
muscles and trajectory data were recorded. Each muscle torque was reconstructed
from the EMG by using a linear model, which was previously estimated from EMG
and joint torques under isometric conditions. The joint stiffness index was defined as
the sum of absolute flexor muscle torque values and absolute extensor muscle
torque values, which were shown to be good approximations to the actual stiffness
values measured (Osu & Gomi, 1997). The joint torques were calculated from
trajectory data using 2-link inverse dynamics equations. As the learning proceeded,
the muscle activation decreased, and the stiffness index significantly decreased in
both the shoulder and elbow joints. In some cases, there was little change in the
joint torque profiles, and such observations were more frequent in the latter half of
the reaching movement. Therefore, learning improved the control especially in the
stopping phase, and enabled the subjects to achieve similar trajectories with lower
stiffness values. The results support the hypothesis that as learning proceeds the
internal model of the motor apparatus improves, and as a result, control with the
observed low stiffness (Gomi & Kawato, 1996) becomes possible.
(S u p p o rte d by HFSP)
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TIME COURSE AND TEMPORAL ORDER OF KINEMATIC CHANGES
OCCURRING DURING LEARNING OF A SIMPLE ARM MOVEMENT IN
HUMANS, D. Flament*, P. N. Huvnh, P.M.. Corcos. Dept. Physical
Medicine and Rehabilitation, Rush-Presbyterian-St.Luke’s Medical Center,
Chicago, IL 60612.
Motor learning is associated with a number of changes in reaction time
and movement kinematics: typically, reaction time decreases, peak velocity
increases, acceleration and deceleration become more symmetric,
movement accuracy improves, etc. The present study was undertaken to
determine whether these changes occur with the same time course in all
parameters, or whether some parameters plateau and reach a stable level
while others are still changing. The task consisted of having neurologically
normal subjects make quick and accurate elbow flexions of 50° amplitude to
a 3° target displayed on a video monitor. The visual display on the monitor
was reversed to further increase the difficulty of the task. The data were
collected in blocks of 10 movements, and 30-50 blocks were recorded in a
single experimental session. Ten subjects have been tested.
It was found that on average reaction time was the parameter which
reached a stable minimum first, after 4-5 blocks. Increases in peak velocity,
acceleration and deceleration plateaued in parallel, reaching a maximum
after about 8 blocks. Movement duration reached a stable value after about
12 blocks. An ANOVA was performed on the data set and showed that
there were significant differences between parameters (P<0.017).
The different temporal order of learning-related changes in movement
kinematics and reaction time suggests that different parameters may be
under the control of different motor centers (e.g. cerebellum, basal ganglia,
motor cortices).
Supported by grants from Rush-Presbyterian-St.Luke’s Medical Ctr.

8 5 .8
LEARNING A ROTATED REFERENCE FRAME REQUIRES MOVING IN
MULTIPLE DIRECTIONS AND DIFFERS WITH THE JOINT SYSTEM USED.
J.W.Krakauer, Z.M.Pine, M.F.Ghilardi, H.Huana, C.Ghez*. Dpt Neurology
Dept Rehab.Med., Ctr Neurobiol & Behav., Columbia Univ. New York., NY
In previous studies of human reaching we have shown that adaptation to a
display rotation remains local and does not generalize if training is limited to
a single target direction. We now examine the time course of learning and
the degree of generalization with training to multiple targets. Subjects made
out-and-back reaching movements from a central location to equidistant
targets on a digitizing tablet with their arm. In a separate experiment they
made pointing movements with their wrist. Targets and cursor were
displayed on a computer screen. In the control condition the upward screen
direction from the origin corresponded to straight ahead for the hand. In
training, the hand to screen mapping was rotated 30° CCW. Training to 2
targets separated by 90° did not extend the local learning that occurs with a
single target. For arm movements, generalization became apparent at 4
targets separated by 90° and full generalization was approached with 8
targets separated by 45°. For all target separations, directional biases
decreased progressively and data points were fitted with double
exponentials. The rate of learning in the first, steep, exponential decreased
as the number of training targets increased. The second, shallower,
exponential was similar across training conditions. Variability around both
increased with training target number. When movements were restricted to
the wrist, fuller generalization occurred.
We conclude that the creation of a new reference axis requires the
storage of error information from multiple directions. This is reflected in the
increased time course of learning as target number increases and the
greater generalization with more training directions. This may be easier at
the wrist because the joint system has an axis of symmetry that passes
through the origin of movement. (Grants: NS22715, HD01018 & NS07155)

8 5.10
DECREASE IN OPTIMAL PERFORMANCE INDICES FOR TRAJECTORY
PLANNING DURING MOTOR LEARNING. K Domen*1,3 , Osu2.T Yoshioka2,
& M Kawato1. 1ATR Human Info. Proc. Res. Labs., Kyoto 619-02. 2Kawato
Dynamic Brain Project, JST, Kyoto. 3Keio Univ. School of Medicine, Tokyo, Japan.
Various optimal criteria have been proposed to explain the trajectory planning of
spontaneously generated movements. As one acquires a motor skill in a relatively
difficult task, we empirically expect the same movement to become smoother with
practice, that is, the control of the movement becomes closer to 'optimal' as learning
proceeds. This process may lead to a reduction in the quantities being optimized, and
enable motor learning to be monitored by measuring these quantities. To confirm
this, we analyzed the values of four plausible optimal criteria during motor learning:
minimum hand-jerk (Flash & Hogan, 1995), minimum angle-jerk, minimum torquechange (Uno, Kawato, Suzuki, 1989) and minimum-motor-command-change
(Kawato, 1996).
Three subjects performed point-to-point reaching movements on a horizontal plane
with one via point whose position was on the opposite side of the natural path; this
made the task relatively difficult and necessitated motor learning for successful
execution. The subjects performed their tasks in blocks of 24 trials until 60
successful trials had been collected ( 7 - 9 blocks). Note that success was defined as
performing the task in the required duration and obtaining both the via point and end
point with the prescribed accuracy. Joint position data and EMG signals were
recorded. Hand-jerk, joint-angle-jerk and torque-change values were calculated from
kinematic data. Motor-command change values were calculated from low-pass filtered
EMG signals (Koike & Kawato, 1995).
The values of the four criteria significantly decreased in the successful trials for all
three subjects as learning proceeded. The reduction was most prominent in the first 2
blocks, followed by a gradual reduction to the last block. In some cases, however, the
gradual reduction contained distinct segments where the number of unsuccessful trials
increased and then the criteria were elevated. The minimum-motor-command-change
criterion was most sensitive to the success rate.
(Supported by HFSP)
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LEARNING TO STABILIZE UNSTABLE SYSTEMS: EXPERIMENT AND
PRELIMINARY MODELLING. P. Foo, J. A. S. Kelso*, G. C. de Guzman.
Program in Complex Systems and Brain Sciences. Center fo r Complex Systems,
Florida Atlantic University, Boca Raton. FL 33431.
How humans stabilize inherently unstable systems is a significant yet largely
unexplored problem. Using the prototypical system of human pole balancing, we
study the dynamics of functional stabilization and how it evolves through practice.
Three pole configurations (1 straight, 2 L-shaped) were balanced by human
subjects (18 males, 18 females) until a criterion of 3 out of 5 successful, 30-second
runs was achieved. Retention tests with the originally practiced poles followed one
week after initial acquisition/transfer sessions. Comparison of the trials to criterion
(Nc) showed that subjects performed better on the retention test compared to the
initial sessions (p<0.05). Balancing an L-shaped pole was improved by previous
practice with any pole type while performance with the straight pole showed a
ceiling effect, thus limiting the amount of improvement or transfer possible
(p<0.03). Positive transfer and retention effects were observed on the total balance
time, Tb. Significant gender differences in initial performance (Nc(males) < Nc(females))
disappeared in transfer/retention sessions. This interaction was not present in Tb
(p>0.05), identifying a gender-different performance that is attenuated by practice.
Detailed kinematic analysis of pole and hand motion suggests that a relational
quantity, τ -- the time to balance -- defined as the ratio of the pole inclination to
the angular velocity, is a key perceptual variable humans are attuned to when pole
balancing. An equation of motion for r is presented and compared with the
constant- r strategy found in visual control of breaking and catching experiments.
Our biologically based x model differs from typical neural network simulations cf
this task, and near balanced conditions reproduces the observed experimental data
quite well. (Supported by NSF Grant SBR 9511360, NIMH Dynamic Patterns
Grant MH42900, and NIMH Training Grant MH19116)

8 5.13
LEARNING OF NOVEL LIMB DYNAMICS TRANSFERS TO THE
CONTRALATERAL ARM. R.L. Sainbura*, K. Faran, M. Rossi, M. Alberoni,
M.F. Ghilardi. School of Health Related Professions, SUNY Buffalo, NY
14214. INB-CNR HS Raffaeli IRCSS D. GNOCCHI, Milan.
Accurate control of multijoint reaching movements requires that
muscle forces be combined with complex inertial interactions that occur
between the segments of the moving limb. We have previously shown
that when subjects learn to control novel inertial dynamics resulting from a
mass attached eccentric to the forearm (Sainburg & Ghez, 1995), this
control generalizes across a range of directions and is optimal for
movements that require similar joint excursions. We now examine whether
this learning can be generalized to the contralateral arm.
Subjects were trained to make rapid, out-and-back movements
along a single target line with the dominant arm. In two successive
sessions, they performed movements
with each of two mass
configurations. Following training, every fifth trial was performed either
unilaterally with the non-dominant arm, or bimanually. During these trials,
the position of the mass attached to the non-dominant arm was alternated.
Accuracy was compared between trials that were matched for mass
configuration, but differed according to training condition. The mass
configuration during training had a substantial and predictable effect on
movements performed with the contralateral arm. This effect was greatest
for movements performed bimanually. (In a separate set of experiments,
adaptation to distortions in the visual display during movements performed
without inertial loads showed similar patterns of generalization.) These
findings indicate that dynamic control strategies can be transferred to the
contralteral limb. (GRANTS: CNR, 1 K01 HD01186-01).

8 5.12

M O D E L R E FE R E N C E AD A PTIV E C O N T R O L M O D E LIN G O F
M O T O R LEA RN ING . M. Trvfonidis and C.-S. Poon.* Harvard-MIT
Division o f Health Sciences and Technology, M .I.T., Cambridge, MA
02139.
An important question regarding motor control is whether the brain
forms an internal model o f the environment in learning a novel motor
task. We propose a model reference adaptive control (MRAC) model of
voluntary arm movement and evaluate its performance using Lyapunov
control theory and computer simulation. The arm model has three links,
three joints, and seven degrees o f freedom. In contrast to previous
neural network models of motor learning, the proposed MRAC model
does not require acceleration feedback or prior knowledge o f arm
dynamics, or inversion o f arm dynamics. Adaptations to proprioceptive
feedbacks o f arm position and velocity and central feedforward
command o f desired arm trajectory are sufficient to provide robust
learning control o f the highly nonlinear arm dynamics during threedimensional trajectory tracking. We show that the MRAC learning
system is stable and adapts relatively rapidly to changes in arm payload.
The MRAC model suggests a testable hypothesis and provides a useful
neural computation paradigm regarding motor learning in humans.
(Supported by ONR grant N00014-95-1-0414 and NSF grant BCS9216419).

8 5.1 4
CHANGES IN MUSCLE RECRUITMENT PATTERNS DURING SKILL
ACQUISITION. S. Riek and R.G. Carson*. Department of Human Movement
Studies, The University of Queensland, Brisbane, Qld, 4072, Australia.
Most individuals exhibit spontaneous transitions to circular motion, as the
frequency of movement is increased in a task requiring rhythmic abduction-adduction
movements of the finger. As movement frequency is increased further, rotary motion
gives way to movements dominated by flexion-extension [Kelso et al., 1993, Phy.
Lett. A 179:364]. The purpose of the present study was to investigate the changes in
muscle recruitment that occur as subjects learn to maintain "pure" abductionadduction movements at the highest frequencies of movement.
Four subjects each participated in five experimental sessions. During each session
they completed 20 trials in which they were instructed to produce abductionadduction movements of the index finger about the metacarpal-phalangeal joint, in
time with an auditory metronome. During each trial (64 s), the metronome frequency
was increased in 8 steps (0.125 Hz) from an individually determined base frequency
(1.5 - 1.75 Hz). Fine wire electrodes were used to record EMG activity from first
dorsal interosseus (FDI), first volar interosseus (FVI), and the extrinsic flexor and
extensor muscles of the finger. Movement kinematics were recorded using an
optoelectronic system.
The resulting abduction-adduction movements were characterised by greater spatial
and temporal stability, and by larger amplitudes, than those generated during initial
performance of the task. In the initial stages of skill acquisition an alternating
pattern of activation in the interossei was maintained, even at the highest frequencies
of movement. In contrast, as the frequency of movement was increased, activity in
the extrinsic muscles was either tonic or highly intermittent. As the acquisition of
the motor skill proceeded, activity in the extrinsic muscles became highly phasic,
and closely phase-locked to the activity of the interossei. In some subjects the shift
to phasic patterns of activation during skill acquisition was reflected most
prominently in the extensor muscles: in other subjects the activity profile of the
flexor muscles changed more markedly.
Supported by the Australian Research Council
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M O TO R L E A R N IN G D ISO R D E R S IN G E N E -P O SIT IV E
B U T P R E -SY M PT O M A T IC H U N T IN G T O N ’S D ISE A SE

IN FL U E N C E OF A F T E R -E F F E C T S O N LE A R N IN G
OF A N IN T E R N A L M ODEL FO R R E A C H IN G M OVE
M E N T S KA Thoroughman* and R Shadmehr. D ept. of Biomedical

M Smith, R Shadmehr*, and J B randt. Depts. of Biomedical Engineer
ing and Psychiatry, Johns Hopkins University, Baltimore, MD 21205.
Huntington’s Disease is an inherited neuro-degenerative disease which
progresses to have catastrophic effects on the ability of affected individ
uals to control their motor system. We studied reaching arm movements
of HD patients and individuals who carry the HD gene mutation, but
who have yet to develop the disease clinically. We found th at while all
symptomatic HD patients made reaching movements with significantly
higher jerk than normal controls, the gene-positive but pre-symptomatic
subjects’ performance fell between the control and sympomatic groups.
The high jerk subjects were all able to reduce their movement jerk with
practice, but not to control levels. We further found th a t movement
jerk significantly correlated with each subjects’ Quantitative Neurologic
Exam score, a measure of overall neurologic impairment. Additionally,
we found th at while both HD groups showed a normal ability to learn
arm movements in a novel force field, they had a profound inability to
supress recent learning in trying to learn a second field. This indicates a
reduced ability to suppress a previously learned motor behavior in order
to learn a new internal model. In the pre-symptomatic group, we found
a significant correlation between this motor learning disorder and the es
timated time to disease onset, which is partly based on the repeat length
of the gene mutation. Supported by the NIH, ONR, and Whitaker Foundation.
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Engineering, Johns Hopkins University, Baltimore, MD 21205Human subjects were trained to make reaching movements in eight
directions while holding a robot that created a velocity-dependent force
field. W ith practice, movements converged to the straight line trajecto
ries recorded before introduction of the field. On random movements,
un-be-known to the subjects, the force field was turned off, resulting in
after-effects. In computational terms, an after-effect provides training
data that is counter to examples acquired from the field, resulting in
unlearning. As subjects practice movements, do after-effects result in
unlearning of the internal model? If so, is the unlearning local, or does it
generalize to neighboring movement directions? A group of 14 subjects
trained in a force field with a target set that contained a small number
of aftereffects. A second group of 17 subjects trained in the same field,
but with no aftereffects. We quantified how a single after-effect influ
enced performance in subsequent movements. We found that a profound
unlearning occurred for the direction where the field was unexpectedly
removed. Only after several movements in the field did the performance
return to pre-aftereffect levels. Furthermore, movements in a given di
rection in the field improved the internal model for that direction as well
as the neighboring directions. However, an after-effect resulted in un
learning which was localized about the specific direction for which the
field was unexpectedly removed. Supported by ONR and Whitaker Foundation.
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Neural network learning enhancements of human shoul-

der KINEMATICS IDENTIFICATION USING BIOLOGICAL EM G FILTERS
J.P. Draye*, M. Bourgeois, B. Dan, A. Bengoetxea, G. Cheron “Parallel Infor
mation Processing” Lab. Faculte Polytechnique de Mons, 7000 Mons, Belgium;
Lab. of Biomechanics, Free Univ. of Brussels, 1050 Brussels, Belgium.
Previous studies have shown that dynamic recurrent neural networks (DRNN)
are efficient to identify, in humans, the relationship between the muscle elec
tromyographic (EMG) activity and the arm kinematics during complex move
ments. This method of identification allows to clearly interpret the role of each
muscle in any particular movement. Our method succeeds whereas several oth
ers (estimating individual muscle forces by means of mathematical optimization
theory, study of the mechanical action of each muscle, ...) have failed or gave
poor results to solve this task. Nevertheless, it is possible to improve the quality
and the speed of the complex identification process by applying some treatments
to the input signals (i.e. the raw EMG signal). These treatments, applied on raw
EMG signals, help to get signals that are better reflections of muscle forces which
are the real actuators of the movements. The more interesting preprocessing con
sists of a muscle filter model based on two different complex filters which are used
in series : a static filter (divided in an active component (ATSF) and a passive
component (PTSF)) and a dynamic filter (DTF). The first one represents the
idealized tension-length relationship, the second one the idealized force-velocity
curve. The force is computed using : F = [(EMG x ATSF) + PTSF] x DTF.
The interpretation of this relation is quite simple : the raw EMG signal must, in
a first phase, be modulated by the active force-length relation (thus modulated
by the ATSF filter); this latter term must be increased by the passive PTSF
if the length of the muscle is greater than L q. When using this force as input
to the neural device, the RMS identification error is divided by a factor greater
than two. The performance of the identification also reinforces the idea that
the study of the relationship between EMG signals and kinematics will lead to
insight into the formation of the central motor pattern and in particular will
help to understand the internal models acquired by the brain through motor
learning. Supported by the FNRS of Belgium
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EFFECTS OF MEMORY, AND FOREPERIOD LENGTH ON HUMAN
REACTION TIME IN A PRE-CUED, DELAYED RESPONSE TASK.
J.G. Anson,*1 B.l. Hyland,2 J.R. Wickens,3 A.A. Mohaaheqhi,1 L. ParrBrownlie,2 1Schl. of Physical Education, 2 Dept. of Physiology 3 Dept, of
Anatomy & Structural Biology, & 1,2,3The Neuroscience Res. Centre, U.
Otago, Dunedin, New Zealand,
Recently we (Parr-Brownlie, et al., 1997) reported that human reaction
time (RT) in a pre-cued, delayed response task was faster when the precue
remained available until stimulus onset (Non Memory -(NM) condition) than
when the pre-cue was presented briefly (300 ms) at the beginning of a 7501050 ms foreperiod (Memory - (MM) condition). This result is opposite to
that reported for monkeys (Smyrnis et al., 1992) and humans (Labutta, et
al., 1994). Labutta et al., used much longer foreperiods (3, 5, 9 s). Perhaps
monkeys and humans are differentially sensitive to foreperiod (FP) length;
in humans, increased memorisation time may facilitate shorter RT. We
report here an attempt to replicate the effects observed by Labutta et al.,
and results for NM/MM conditions in which the foreperiod range is shorter
(1, 2, 3 s). Four subjects performed a wrist supination/pronation RT task to
one of two possible distances, 20° & 40° in each direction. Two blocks of
100 trials were administered in each of four conditions; MM/Short FP (1, 2,
3 s); MM/Long FP (3, 5, 9 s); NM/Short; NM/Long. There were no
substantial (> 5 ms) differences in RT between MM and NM conditions
within either the long or short FP condition. However, mean RT was 64 ms
faster for the short compared to the long FP condition. In our task, in
contrast to Smyrnis et al., RT for NM is either not different, or faster than
RT for MM conditions.
[Supported by U. Otago, Div. Sciences Research Grant]

85.1 9

MOVEMENT AMPLITUDE IS CONTROLLED BY A DISTRIB
UTED SYSTEM: EVIDENCE FROM AN ADAPTATION STUDY.
O. Bock* and M. Burghoff. Dept. Physiology, German Sports Univ.,
50927 Koln, Germany.
We investigated the constraints for visuomotor adaptation in
humans. 12 subjects pointed at stationary visual targets, while visual
feedback about their finger position was either absent (Pre and Post
period) or manipulated to require a gradual reduction of movement
amplitude. The magnitude of adaptation was quantified as difference
between Post and Pre responses.
We found that adaptation was present, and that it transferred to
untrained amplitudes. However, selective adaptation of one amplitude
but not another could also be achieved, if the paradigm explicitly asked
for it, and if the amplitudes differed by more than about 10 cm.
We conclude, that the adapted mechanism consists o f amplitudespecific elements, tuned to amplitude spans of some 10 cm.
Supported by the German Space Agency (DARA 50WB9547-ZA).

CIRCUITRY AND PATTERN GENERATION: NONMAMMALIAN VERTEBRATES
86.1
EARL Y SPONTANEOUS MOTOR BEHAVIORS AND SPINAL CORD
PATHW AYS IN THE ZEBRAF1SH EMBRYO. T.P. Hasaka, A. Shilman,
and P.Z. Myers*. Dept. of Biology, Temple University, Phila., PA. 19122.
The embryonic zebrafish develops a stereotyped behavior between 18-24
hours post fertilization (hpf). This behavior is characterized by a spontaneous
alternating contraction of axial musculature on both sides of the animal,
which causes the embryo to curl its tail to the left and right. Functionally, this
early crude behavior may play a developmental role in tuning the spinal cord
circuitry and possibly defending the embryo from parasitic invasion (see
Sipple and Myers, this meeting). A network composed of sensory neurons,
intemeurons, and primary motoneurons in the spinal cord is presumably
responsible for generating this behavior by driving the rhythmic pattern of
muscle contraction.
We have qualitatively and quantitatively investigated the development of
the earliest spontaneous motor behaviors of the embryonic zebrafish between
18 and 24 hpf, and implicated specific intemeurons in the production and/or
control of this behavior. We performed a qualitative dissection of behavior
during this time frame, and made an anatomical record of commissural spinal
intemeurons present during the development of this stereotyped behavior.
Coordinated muscle contraction in the 18 to 24 hour old zebrafish relies upon
alternating inhibition of contralateral motoneuron activity, mediated by
inhibitory spinal intemeurons with axons that cross the spinal cord. It is
shown that a population of commissural spinal intemeurons appears to
develop and differentiate in the cord at the same time as coordinated muscle
contractions begin to occur. This implicates a definitive, small population of
neurons is responsible for providing reliable control of alternating axial
musculature contraction in the zebrafish embryo.
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86.2
NON-INVASIVE PHOTOABLATION AS A TOOL FOR ELUCIDATING THE
ROLE OF NEURONS INVOLVED IN ESCAPE RESPONSES IN LARVAL
ZEBRAFISH. K.S. Liu and J.R. Fetcho*. Dept. Neurobiology and Behavior. SUNY
at Stony Brook, NY 11794.
Stimuli to the head of fish produce escape responses with a much sharper C-bend
than tail-elicited responses. Using calcium imaging with calcium green dextran
(CGD), this lab has previously shown that the Mauthner cell and its two homologues,
MiD2cm and MiD3cm, fire during head-elicited escapes, while only the Mauthner cell
fires during tail-elicited escapes. To establish a more causal link between neurons and
behavior, we have developed techniques for cell-specific photoablation in the intact
fish. Neurons were double-labeled with Texas Red and CGD such that cells could be
lesioned by excitation of the former and their status monitored with the latter. Cells
were targeted with the confocal laser until Texas Red fluorescence was reduced to
background levels. While these cells were still visible with CGD shortly following
the exposure, they were no longer visible 24 hours later. This suggests that the
absence of fluorescence was not due simply to photo-bleaching but to cell death.
Other indicators of cell death were large vacuoles in cell bodies shortly after exposure
and swollen, truncated axons leading to the original position of the cell body the next
day. Preliminary experiments in which all three Mauthner homologues were lesioned
resulted in animals that exhibited impaired escape responses to stimuli on the lesioned
side, which were detectable under "blind" observation. These initial recordings were
made at 30 frames/sec, a rate too slow for motion analysis. For motion analysis, we
analyzed escape behavior in intact animals using a high speed camera, capturing the
images at 1000 frames/sec. Escapes were elicited by a tap to the head or tail, delivered
by a piezoelectric device. Turns in response to head stimuli were clearly larger than
those to tail stimuli (avg. = 201 degrees vs. 123 degrees); the ranges of head vs. tail
turns were non-overlapping and their amplitudes were statistically different. This large
difference and the response consistency lead us to believe that potentially more subtle
changes resulting from single cell lesions should be detectable. We predict that
animals in which the two homologues have been lesioned will exhibit tail-type
responses to head-delivered stimuli. Supported by NIH NS26539.
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8 6 .4
EVIDENCE FOR DETERMINISTIC DYNAMICS IN LAMPREY
SPINAL CORD.
S. L esh er. P. E. L atham , and A. H. C ohen* D ept.
Z o o lo g y ,
Univ. M aryland, C ollege Park, MD 20742.
In the lam prey spinal cord, m otor roots along the
len g th of the cord g en erate reg u lar b u rsts o f action
p o te n tia ls
w h ich
in
th e
in ta c t
a n im a l
p ro d u c e
sw im m in g .
T h e se
b u rs ts
a re
r e la tiv e ly
s ta b le
oscillations w ith a fairly fixed period.
W e looked at
the variations cycle to cycle from a fixed period to see
w h eth er they w ere random (o u r nu ll h y p o th e sis) or
show ed evidence o f determ in istic dynam ics. The deltaep silo n m eth o d d e v e lo p ed by D. K ap lan lo o k s
for
ex c e p tio n a l ev e n ts. U sin g a m o d ific a tio n o f th is
m ethod,w e tested as null hy p o th esis an au to reg ressiv e
sto ch astic m odel A R (0): tn + i = tn + v n w here tn is the

INTRINSIC DYNAMICS IN C U LTURED NEURONAL
NETWORKS R E. Latham *, M .J. O ’D onovan, B.J. R ichm ond, V.
Dunlap and RG. Nelson. Lab. of Neuropsychology, NIMH, Lab. of
Neural Control, NINDS, and Lab. of D evelopm ental Neurobiology,
NICHD, Bethesda, MD 20892.
The functional architecture in neuronal networks affects in trin
sic dynamics, which in tu rn affects network com putation. Intrinsic
dynamics thus provides a window into bo th functional architecture
and network com putation. We are studying the intrinsic dynam ics
in a model system — networks of dissociated spinal cord neurons. A
general theoretical analysis predicts a strong relation between the
intrinsic dynamics of a network and the fraction of endogenously
active cells (cells th a t can fire w ithout input): W hen th e fraction
of endogenously active cells is high, networks should exhibit steady
firing at low average rate; when the fraction falls below some thresh
old, networks should either b u rst or becom e silent. E xperim ental
analysis of our cultured networks supports these predictions. Specif
ically, changing between growth and recording m edium changed the
fraction of endogenously active cells, and in parallel caused network
activity to switch between steady state and bursting.
Our present hypothesis is th a t the high firing ra te state observed
in bursting cultures is a precursor to the m ultiple a ttra c tin g states
that appear in a full Hopfield-like network after learning.
Support: IR P/N IM H , NINDS and NICHD.

period o f the t'th interval and V n , G aussian noise. This
m ethod looks fo r two p erio d s w hich are nearly the
sam e and then then asks w h eth er su b seq u en t periods
are also nearly the same: if Itj-tjcl is sm all, is Itj + i-tfc + il
sm aller than w hat is p red icted by the A R (0) m odel?
F o r a nu m b er o f p rep ara tio n s we co u ld re je c t the
A R (0) sto ch astic m odel null h y p o th esis at con fid en ce
levels from 90 to 99% , su g g estin g th at the in terb u rst
perio d s are reg u lated by d eterm in istic dynam ics
This work was supported by NIH grant MH 44809 to AHC.
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A COMPUTATIONAL AND EXPERIMENTAL ANALYSIS OF THE ROLE OF
CALCIUM DEPENDENT POTASSIUM CHANNELS FOR LOCOMOTOR
ACTIVITY IN THE LAMPREY SPINAL CORD
S. Grillner* and J. Teener. Dept. of Neuroscience, Karolinska Institutet, 171 77
Stockholm, SWEDEN
Modulation of intrinsic membrane properties such as calcium dependent potassium
(Kca) channels, changes the motor pattern in lamprey. The effects of apamin, which
reduces the conductance of the small conductance ( K c a) channels, is weaker on the
burst rate when fictive locomotion is induced by higher levels of NMDA (El Manira et
al. 1994). We show here that; (i) a separation of ( K c a) channels into ( K c 3ap) and
(KcaNMDA) channels in the simulation model can account for the differential effects that
apamin has on the burst rate. If apamin only reduces the (KcaAp) channels then their
role for burst termination decreases as the burst rate is increased by increasing levels of
NMDA since the (KcaNMDA) channels takes over; (ii) intracellular recording of the
afterhyperpolarization, induced by long current pulses in NMDA, showed that the
(KcaNMDA) channels were not sensitive for apamin, thus providing further support for
the above subdivision; (iii) computer simulations showed that an inhibition of the
(Kcsnmda) channels increases the burst rate in an NMDA driven network and (iv) a
reduction of the (KcaAp) channels could either decrease or increase the burst rate when
the simulated network was activated by AMPA/kainate. The increase of burst rate is
due to an increased level of intracellular calcium during the trough phase in the
simulation. This predicts that apamin will have a weaker effect in reducing the burst
rate when the network is driven by high levels of AMPA/kainate as compared to lower
levels.
Supported by grants from Swedish Medical Research and Science Councils (3026),
Swedish Board for Industrial and Technical Development, NUTEK (8425-5-03075)
and Swedish Natural Science Research Council (B-AA/BU03531).

IS THE INTERSEGMENTAL PHASE LAG IN THE ISOLATED SPINAL CORD
INDEPENDENT OF THE SWIMMING FREQUENCY ?
J. Teener*, P. Krieger and S. Grillner, Dept. of Neuroscience, Karolinska Institutet,
171 77 Stockholm, SWEDEN
An important characteristic of lamprey swimming is the head-to-tail propagation of
motor activity during locomotion. A measure that has been used to characterize this is
the “phase k g ” defined as the absolute delay of activity from one segment to another
divided by the cycle duration. We investigate here, experimentally in the isolated
lamprey spinal cord activated by N-methyl-D-aspartate (NMDA), whether the phase
lag is constant, thus, whether the segmental delay scales with cycle duration as the
locomotor activity increases. As a rule, eigth electrodes were placed along the spinal
cord in vitro preparations of adult lampreys (Petromyzon marinus and Ichthyomyzon
unicuspis) and the motor output from the ventral roots was recorded with burst rates
between 0.2-3 Hz. Recordings were sampled with high rates (10 kHz) allowing for a
cross correlation analysis of the intersegmental coordination. The phase lag was found
to increase with increasing burst rates. The hypothesis tested was that the phase lag is
constant, i.e that the regression coefficient or the correlation coefficient is zero. Linear
regression analysis of the phase lag versus the burst rate revealed that the regression
coefficient was significantly different from zero (p<0.0001). This was subsequently
supported by testing that also the correlation coefficient was significantly different
from zero (p<0.0001). Moreover, non parametric tests such as Spearman Rank tests
(p<0.0001) supported this conclusion. Finally, a residual analysis (parametric and non
parametric) showed that a linear regression analysis was applicable. Thus, we reject the
hypothesis that phase lag and burst rate are independent variables when fictive
locomotion is induced by NMDA. Supported by grants from Swedish Medical
Research and Sience Councils (3026), Swedish Board for Industrial and Technical
Development, NUTEK (8425-5-03075) and Swedish Natural Science Research
Council (B-AA/BU03531).
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COORDINATION OF LOCOMOTOR ACTIVITY IN THE LAMPREY SPINAL CORD: MECHANISMS FOR

CHEMICAL MICROSTIMULATION IN BRAIN LOCOMOTOR REGIONS IN LARVAL LAMPREY: N0N-

LONG DISTANCE COUPLING.

EXCITATORY AMINO ACIDS.

A. Hagevik* and A.D. McClellan. Div. of Biological

Sciences, Univ. of Missouri, Columbia, MO

P. Hinton and A.D. McClellan*. Div. of Biological

Sciences, Univ. of Missouri, Columbia, MO

65211

In the lamprey, oscillators for locomotion are distributed along the spinal

65211

In larval lamprey, brainstem locomotor regions have been mapped with chemical

cord and result in a rostrocaudal phase lag for ipsilateral burst activity.

microstimulation using excitatory amino acids or their agonists (Hagevik et al.,

Rostrocaudal phase lags might result from at least three mechanisms: <3 ) short

Neurosci. Abst. 22, 1372, 1996).

distance coupling between nearby oscillators; (b) long distance coupling; and

extended by mapping locomotor regions with carbachol, bicucultine, substance P,

(c) frequency gradients along the chain of oscillators (Hagevik and McClellan,

strychnine, phaclofen, dopamine, or serotonin.

Neurosci. Abst. 20,1592, 1994).

preparations (n = 36), effective brain stimulation sites were marked with a dye

In the present study, long distance coupling

In the present study, these results were
In in vitro brain/spinal cord

was examined in partitioned in vitro brain/spinal cord preparations from larval

to determine their relationships to descending brain neurons and the trigeminal

lamprey.

sensory tract, which were labeled with HRP prior to the experiment.

Locomotor activity was elicited by chemical microstimulation in brain

Diencephalon.

locomotor regions and was recorded from ventral roots.
In previous studies, using partitioned isolated spinal cord preparations from
adult lamprey in which locomotor activity was pharmacologically evoked, long
distance coupling did not appear to extend for more than about 15-20 segments
(Russell and Wallen, 1980; Cohen, 1987).

at least 33 segments with a low-calcium Ringers solution without disrupting 1:1
However, under these

and caudal spinal cord (n =

11).

conditions there was a slight decreasein rostrocaudal

phase lags between rostral and caudal burst activity.

while bicuculline was somewhat less reliable.
Mesencephalon.

Microstimulation with carbachol, substance P, or bicuculline

in the lateral mesencephalon as well as medially, near descending neurons in the

In contrast, in the present

experiments, locomotor activity could be blocked in the middle spinal cord for
coupling of burst activity in the rostral

Chemical stimulation with carbachol or substance P in both

medial and lateral areas of the diencephalon elicited spinal locomotor activity,

With locomotor activity

blocked in the middle spinal cord, results from application of strychnine to the

MRN cell group, elicited locomotor activity.
Rhombencephalon.

Chemical stimulation with substance P in the lateral

rhombencephalon, near the trigeminal sensory tract, as well as medially, near
descending neurons in the ARRN, MRRN, and PRRN, could elicit spinal locomotor
activity.

Carbachol or bicuculline produced somewhat less consistent effects.

In the lateral rhombencephalon, locomotor regions may correspond to neurons

rostral or caudal spinal cord suggest that neither descending nor ascending long

in sensory pathways that have inputs to brainstem locomotor centers.

distance coupling is dominant (n = 5).

regions in the mesencephalon and diencephalon appear to represent higher order

Perhaps brainstem activation of spinal

locomotor networks recruits

long

Lpcomotor

locomotor control centers, which probably receive inputs from sensory systems.

distance coupling neurons that are not active when the rhythm is initiated

Effective stimulation sites in the medial rhombencephalon were near

pharmacologicallyi

reticulospinal neurons, which are known to receive inputs from higher order

Alternatively, short ascending/long descending pathways via

the brain may contribute to coordination of spinal locomotor activity.
Supported by NIH Grant NS29043 and APA Grant MA1-9605 awarded to A.D.M.
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locomotor control centers and activate the spinal locomotor networks.
Cupported by NIH Grant NS 29043 and APA Grant MA1-9605 awarded to A.D.M.
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EFFECTS OF BRAIN-SPINAL CORD INTERACTION ON THE CPG
LOCOMOTOR RHYTHM IN THE LAMPREY. B. Losch and R. Jung/ University of
Kentucky Center for Biomedical Engineering, Lexington, KY 40506-0070
Fictive locomotion induced by excitatory amino acid (EAA) application has
previously been examined in in-vitro spinal cord (sc) or brain-sc preparations. We
compare the EAA induced swim rhythm obtained in intact lampreys before and after
spinalization and in in-vitro preparations. N-Methyl-DL-Aspartate (NMA,5mg/kg)
was injected into the gut of 5 Ichtyomyzon Unicuspis and 2 Petromyzon Marinus adult
lamprey. Left (L) and right (R) myotomal EMGs were recorded caudal to the gills and
just rostral to the dorsal fin, rectified, and averaged (τ= 100ms). NMA injection
induced a spontaneous swim rhythm which was episodic: 6-20 bursts followed by
short periods of silence. During episodic bursts, normal antiphasic L-R activity and
rostro-caudal phase lag were observed. Time-frequency analysis (TF) of the EMGs
indicated frequency modulation. At the onset of the episodic bursting, the frequency
was up-regulated, while just prior to the termination of the episode, the frequency was
down-regulated. Amplitude was similarly modulated during the episode. In 3 animals
after sc transection caudal to the gills, the swim rhythm became faster, maintained the
L-R and rostro-caudal coordination, but was no longer episodic. TF analysis indicated
that prior frequency modulation was greatly attenuated with a lesser attenuation of
amplitude modulation. In 4 animals, in-vitro preparations were obtained and fictive
locomotion induced by 0.5 mM D-Glutamate application. Ventral root activity
recorded en passant showed L-R and rostro-caudal coordination. While some residual
amplitude modulation was observable, no appreciable frequency modulation was
present. These results indicate that in intact animals the presence of the brain-sc
feedforward-feedback loops profoundly affects the EAA-induced spinal central pattern
generator (CPG) activity. In addition to tonic inhibition of the baseline swim rhythm
frequency, the brain-sc interaction results in a dynamic control of the rhythm and
intensity of swimming. Support: NSF [IBN-9601345] and The Whitaker Foundation.

THE ROLE OF CALCIUM IN MOTOR RELATED PLATEAU POTENTIALS IN
LAMPREY RETICULOSPINAL NEURONES. E. Pearlstein and R Dubuc*. Dép.
De Kinanthropologie, Univeristé du Québec à Montréal, H3C 3P8 and CRSN, Université
de Montréal, Québec, H3C 3J7 Canada.
Reticulospinal (RS) neurones play a key role in the neural control of locomotion. They
integrate sensory inputs and, in turn, control spinal locomotor networks. We have studied the
role of Ca2+in integration of skin mechanical stimulation by RS neurones. Experiments were
performed in larval lampreys (Petromyzon marinus) using an in vitro isolated brainstemspinal cord preparation. The skin covering the head of the animal was kept to allow
mechanical stimulation. Previous studies in this laboratoiy have shown that for low
intensities the stimulus-response relationship is linear in RS neurones. Stronger skin
stimulations elicited long depolarizing plateaus with locomotor activity. Activation of
NMDA receptors has been shown to play an important role in the initiation of plateau
potentials. These plateaus were also associated with large Ca2+responses. Both plateaus and
Ca2+ responses were markedly reduced by local applications of AP-5. To analyze the role
played by Ca2+ in the motor related plateaus we tried to reduce internal Ca2- concentration
([Ca2+]i) with BAPTA, a Ca2+ chelator. RS neurones were filled with BAPTA (100 mM,
diluted in KAc) by injection of a direct negative current for 40 min and more. A positive
control of decrease in [Ca2+]i was given by monitoring the spike afterhyperpolarisation
(AHP), wich is known to be due to Kca conductances. After injection of BAPTA the late
AHP was markedly reduced. As for the AP-5 application, chelation of intracellular Ca2+
induced a significant decrease of motor related plateau potentials. Under these conditions,
stronger stimulations were needed to elicit a plateau. Therefore, it appears that a decrease
in[Ca2+]i leads to an increase of the linear zone of the stimulus-response relationship curve.
However, even with stronger stimulations, the duration of the plateaus is always shorter than
in control conditions. We hypothesize that Ca2+ plays a major role in sustaining the
depolarizing plateau by activating cationic conductances, which have to be further
investigated. (Funded by the Canadian MRC and Min. Educ. Québec).

86.11
VESTIBULO-RETICULAR PATHWAYS AND THEIR TRANSMISSION IN
LAMPREYS. J-F, Pflieger* and R. Dubuc, Université du Québec á Montréal, H3C
3P8 and CRSN, Université de Montréal, Montréal, Québec, Canada, H3C 3J7.
Vestibular afferents in lampreys originate from the two branches (anterior and
posterior) of the vestibular nerve to innervate secondary neurones in the octavo lateralis
area. Some afferents show enlargements (“bulbs”), which are included in secondary
neurones and are the sites of numerous synaptic contacts. In the present study we have
looked at distribution of these bulbs by selective labeling of the vestibular branches
with fluorescein conjugated dextran-amines in Petromyzon marinus. After labeling of
the posterior branch, 98% of the bulbs were found in the nucleus octavomotorius
(n.om.) posterior and 2% in the n.om.intermediate. Labeling of the anterior branch
showed 22% of the bulbs in the n.om.intermediate and 78% in the n.om.anterior. We
have also examined the intracellular responses of reticulospinal neurones in isolated
brainstem-spinal cord in vitro preparations of lampreys, following electrical stimulation
of anterior or posterior branches. We found that the neurones ipsilateral to the
stimulated site showed EPSPs following anterior branch stimulation and IPSPs
following stimulation of the posterior branch. Neurones contralateral to the stimulated
branch showed a reverse pattern, confirming previous findings by Rovainen
(J.Neurophysiol. 42:745; 1979). The inputs were studied during fictive locomotion
elicited by dorsal column stimulation. At the beginning of cell depolarization, EPSPs
were maximal while IPSPs were minimal. When the cell hyperpolarized, EPSPs were
minimal while IPSPs were maximal, suggesting a pre-reticular effect. This modulation
of transmission may be of importance to adapt the response of reticulospinal neurones
to head movement during locomotion. (Funded by a Group grant from the Canadian
MRC and FCAR Québec. J-F.P. is supported by NSERC Canada and FCAR Québec.)

86.12
THE NEURAL CORRELATE OF FICTIVE FEEDING IN LAMPREYS.
D. Petropoulos*, J.P. Lund and R. Dubuc, Dép. de kinathropologie, Université du
Québec à Montréal, H3C 3P8 and CRSN, Université de Montréal, H3C 3J7 and
Faculty o f Dentistry, McGill University, Québec, Canada H3A 2B2
Feeding behavior in lampreys is controlled by the muscles innervated by the
trigeminal nerves. In this study, the cellular mechanisms controlling the output of
trigeminal motoneurones during feeding are described. We mechanically stimulated
the skin around the oral disk in a semi-intact decerebrate preparation and recorded a
rhythmic motor activity in muscles controlling the oral disk. Microstimulation of
rhombencephalic regions that project to the trigeminal motor nucleus were shown to
elicit excitatory synaptic responses in trigeminal motoneurones of in vitro isolated
brain stem preparations. Low intensity microstimulation of trigeminal afferents or of
nucleus sensibilis nervi trigemini elicited sustained rhythmical membrane potential
oscillations in 52% of the trigeminal motoneurones recorded intracellularly. This
rhythmical activity could not be reset by stimulation of the same region and could
not be triggered by several other premotor regions. Low and high frequency rhythms
were obtained. Low frequency oscillations (0.1-0.5Hz) consisted of a sharp
depolarization followed by slow repolarization (amplitude 10-17mV). The high
frequency oscillations (1.0-2.7Hz) were of a smaller amplitude (3-6mV).
Simultaneous recordings of fictive locomotion (rostral ventral roots) and fictive
breathing (vagal nerve) indicated that there is no clear correlation between these
rhythms and the two types of rhythmical trigeminal activity. Interestingly, the two
trigeminal rhythms match previously described feeding behaviors of lampreys
(Kawasaki and Rovainen, Brain Behav.Evol. 32:317; 1988). The slow rhythm has a
similar frequency to sucking while the fast oscillations may represent pumping
behavior. We believe this to be the first evidence of centrally generated rhythmic
activity that underlies feeding in lampreys. (Funded by a Group grant from the
Canadian MRC and FCAR Quebéc)

86.14

86.13

CHEMICAL MICROSTIMULATION OF THE BRAINSTEM EVOKES
LOCOMOTOR ACTIVITY IN THE ISOLATED CNS OF BULLFROG
LARVAE. A.R. Cooper and G.R. Davis. Jr,*
Dept, of Biology, Wofford College, Spartanburg, SC 29303.
Stimulation of locomotor initiation regions in the brainstem of fish, reptiles,
birds, and mammals results in locomotor activity. This work extends those
findings to amphibians. The CNS was removed from Rana catesbeiana larvae
(n=5, T&K Stage VIII to XIV) and maintained in oxygenated Mg++-free Ringer’s
solution. Locomotor activity (alternating bursts in ventral roots to axial swimming
muscles recorded with suction electrodes) occurred spontaneously. After
abolishing spontaneous locomotor activity by inclusion of 1.6mM Mg++ in the
Ringer’s, unilateral pressure ejection of glutamate (5mM) and aspartate (5mM)
into circumscribed regions of the mesencephalon and rhombencephalon evoked
bilateral locomotor activity that was not significantly different from spontaneous
locomotor activity with respect to burst proportion, phase, or cycle time. In
control experiments, injection of vehicle into regions from which locomotor
activity had been elicited with neurotransmitters failed to evoke activity . This
technique can be used to evaluate the effects of other neurotransmitters on the
initiation of locomotion and to study the development of limb coordination in
amphibians.
Support: Howard Hughes Medical Institute Grant to Wofford College.__________
Activity

cycles

Burst proportion

Phase

Cycle time

Spontaneous

342

0.40 ±0.12

0.50 ±0.12

0.38 ± 0.26

Evoked

497

0.43 ±0.13
0.49 ±0.15
0.70 ± 0.43
(values are mean ± st. dev., cycle time in seconds)
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LOCALIZATION OF RHYTHMOGENIC NETWORK CONTROLLING
BIPEDAL LOCOMOTION IN MUDPUPPY (.Necturus maculatus), K. Jovanovic*,
K. Yoshida, J. Cheng and R.B. Stein, Div. of Neuroscience, Univ. of Alberta,
Edmonton, AB, Canada T6G 2S2
Use of in vitro preparations in studying rhythmic movements, such as
locomotion, provides a useful tool for understanding functionally intact spinal
networks. In our previous work we used an in vitro spinal cord preparation with a
single limb attached to study mechanisms of locomotor rhythm generation in the
mudpuppy. The major finding was that only one segment of the spinal cord,
spanning ventral root C3, was required for providing the basic locomotor rhythm.
However, this study neglected the connections governing interlimb coordination. To
investigate whether this same segment is sufficient to provide correct coupling
between two limbs in addition to locomotor rhythmogenesis, we modified our
preparation by retaining both forelimbs. The preparation consisted of the first five
segments of the cervical spinal cord and both forelimbs attached by their brachial
nerves. During chemically induced locomotion rhythmic motor output (EMG) was
recorded bilaterally from elbow extensor and flexor muscles. To estimate the role of
sensory input and spinal cord segments outside of the critical segment in bipedal
locomotion, the spinal cord was first bilaterally deafferented. Following this all
ventral roots except root C3 were cut and spinal cord was sequentially reduced by
sectioning about the critical segment. Finally, the isolated C3 segment was
midsagitally sectioned to test if each hemisegment was capable of independently
generating rhythmic motor output. Preliminary results indicate that sections rostral
to C2 were not required to generate basic bipedal rhythmicity but helped maintain
the alternating pattern of interlimb coordination. Midsagittal sectioning of the
isolated segment abolished rhythmic activity in both disconnected sides indicating
the importance of midline structures in both rhythmogenesis and interlimb
coordination. This work is supported by MRC and NeuroScience NCE of Canada.
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86.15
LOCALIZATION, ACTIVATION, AND MODULATION OF NETWORKS FOR
WALKING IN MUDPUPPY SPINAL CORD Jianguo Cheng*, Richard B. Stein.
Ksenija Jovanovic and Ken Yoshida. Division of Neuroscience, University of Alberta,
Edmonton, AB, Canada, T6G 2S2.
Little is known about the neural networks for walking in vertebrates. We tested the
hypothesis that the flexor and extensor half centers for walking are collections of
interneurons localized in the vicinity of their motoneuron pools. Combining a battery
of techniques (retrograde labeling, microstimulation, surgical isolation, neurohistology
analysis, and resetting of walking rhythm), we localized the flexor half center in C2.3
region, the extensor half center in C3.4 region, and an overlap region at the C3 level.
Continuous stimulation of the flexor half center induced rhythmic flexion of the limb
and rhythmic flexor bursts independent of its antagonist and its counterpart in the
contralateral limb. Similarly, continuous stimulation of the extensor half center
produced rhythmic extension of the limb and rhythmic extensor bursts, again,
independent of its antagonist and its counterpart in the other limb. Independent
activation of the half centers was also induced by application of NMDA (60μM).
When part of the C2 region was surgically isolated from the rest of the spinal cord,
rhythmic flexion of the limb and flexor bursts were preserved while extensor bursts
were completely abolished. When the overlap region at C3 level was isolated, rhythmic
flexor and extensor alternations were seen. Histological analysis showed that about
3000 cells are active within this region during walking. The step cycle was modulated
phase-dependently by stimulation of dorsal roots, ventral roots, or each of the half
centers. The effects of ventral root stimulation were removed by deafferentation. These
results suggest that the neural networks for walking are localized in close apposition to
the motoneuron pools, that the two half centers can be activated independently even
though they have inhibitory interconnections, and that sensory input can modulate the
half centers’ activities phase-dependently, leading to reset of the ongoing walking
rhythm. Supporied by NCE and MRC. Technically assisted by Mrs Yingchun Han.

86.16
GLUTAMATE MICROINJECTION IN THE TURTLE SPINAL CORD REVEALS
THE RECIPROCAL ORGANIZATION OF HINDLIMB MOTOR NETWORKS.
S.N. Currie*, Dept. Neuroscience, Univ. of California, Riverside, CA 92521.
We pressure-ejected L-glutamate into specific regions of the spinal hindlimb
enlargement in low-spinal turtles in order to examine functional connections between
hip flexor (HF) and hip extensor (HE) circuit “modules” on the right and left sides that
may contribute to the production of fictive rostral scratch motor patterns (see Stein et
al. ‘95). HF (VP-HP nerve) motor neurons are clustered in a small area between the
D8 and D9 spinal roots in the anterior enlargement (Ruigrok and Crowe ‘84). HE
(HR-KF nerve) motor neurons are located more posteriorly, mainly in segments D10S2. Injection of 10-100 nL of L-glutamate (100 mM, pH 7.6) into the right
(ipsilateral) HF area of the ventral horn evoked strong, multisecond discharge in right
HF motor neurons, but no activation of right HE motor neurons; injections into the
right HF area during a right rostral scratch motor pattern prolonged HF bursts and
either reduced the amplitude or deleted HE bursts for one or more cycles. Injection
into the left (contralateral) HF area evoked multisecond discharge in right HE motor
neurons, but no activation of right HF motor neurons (Fig. 1A); injection into the left
HF area during a right rostral scratch increased the amplitude of right HE bursts for
one or more cycles and, in some cases, permanently reset the scratch rhythm (Fig. 1B).
FIG. 1 A
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Our results provide additional evidence for the wiring diagram suggested in Stein
et al. ‘95 (J. Neurosci. 15:4354), in which HF modules make crossed excitatory
connections with contralateral HE circuitry and crossed inhibitory connections with
contralateral HF circuitry. These reciprocal crossed pathways may mediate right-left
alternation during scratch reflex and other rhythmic behaviors, such as locomotion.
Supported by NSF Grant IBN93-08804 to S.N.C.

86.17
RECONSTRUCTION OF THE NORMAL PATTERN OF FICTIVE
ROSTRAL SCRATCHING BY TWO-SITE STIMULATION IN THE
SPINAL TURTLE WITH A TRANSVERSE SPINAL HEMISECTION.
Paul S.G. Stein*1, Margaret L. McCullough1, and Scott N. Currie2,
1Biology Department, Washington University, St. Louis, MO 63130, and
2Neuroscience Department, University of California, Riverside, CA 92521.
Fictive rostral scratching is produced in a spinal (D2-D3 complete transection),
immobilized turtle by unilateral stimulation in the rostral scratch receptive field on
the midbody shell bridge (J Neurophysiol 53: 1517, 1985). Rostral scratch motor
output ipsilateral (ipsi) to the stimulus site normally includes bursts of hip flexor
motor activity that rhythmically alternate with bursts of hip extensor motor activity;
knee extensor activity occurs during the latter portion of each hip flexor burst.
A change occurred in the rostral scratch pattern in response to ipsi stimulation
following a transverse contralateral (contra) hemisection of the spinal cord at the
D6-D7 border, one segment rostral to the hindlimb enlargement. Ipsi stimulation in
the rostral scratch receptive field evoked rhythmic bursts of hip flexor activity and no
hip extensor activity; knee extensor activity occurred during the latter portion of each
hip flexor burst. Hip extensor activity could be evoked (i) by contra stimulation
anterior to the hemisection in the rostral scratch receptive field; or (ii) by contra
stimulation posterior to the hemisection in the pocket or caudal scratch receptive
fields; or (iii) by ipsi stimulation in the caudal scratch receptive field. Two-site
stimulation of the ipsi rostral scratch site and one of the other sites described above
evoked reconstructed patterns of normal fictive rostral scratching. Reconstructed
rostral scratch patterns included the characteristic rhythmic alternation between hip
flexor activity and hip extensor activity; knee extensor activity occurred during the
latter portion of each hip flexor burst.
These results provide additional support for a "bilateral shared core" of hip
network modules that play a critical role in the generation of the normal pattern for
the rostral as well as the pocket and the caudal forms of fictive scratching (J Neurosci
15: 4343, 1995). Supported by NIH Grant NS-30786 to PSGS and by NSF Grant
IBN-9308804 to SNC.
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CONTRASTING CORTICAL AND SUB-CORTICAL PET ACTIVATIONS
PRODUCED BY REVERSAL LEARNING AND ATTENTIONAL-SET SHIFTING
IN HUMANS. R.D. Rogers*, T.C. Andrews, P.M. Grasby, D. Brooks & T.W.
Robbins. Dept. of Experimental Psychology, Univ. of Cambridge, Cambridge, U.K.
MRC Cyclotron Unit, Hammersmith Hospital, London, UK.
Much evidence suggests that lesions of the prefrontal cortex (PFC) produce marked
impairments in the performance of concept-formation tasks, exemplified by the
Wisconsin Card Sorting Test (WCST). However, studies with human and monkey
subjects have suggested that damage to different regions of PFC induce dissociable
impairments in particular cognitive sub-components of the WCST (i.e. attentional-set
shifting and reversal learning), with similar deficits also being apparent after damage
to basal ganglia structures, especially the caudate nucleus. In this study, we use the
same visual discrimination learning paradigm, and the H215O technique, to examine
rCBF changes associated with these sub-component processes of the WCST.
In three conditions, subjects were scanned while acquiring a visual discrimination
involving either (i) the same perceptual dimension as several immediately preceding
discriminations (an intra-dimensional shift); (ii) a different perceptual dimension
from several previous discriminations (an extra-dimensional shift) or (iii) the
reversal of the previously existing stimulus-response contingency ('reversal
learning'). Extra-dimensional shift learning, relative to both intra-dimensional and
reversal learning, produced significant increases in predominantly left PFC (e.g. BA
46), left putamen, and in the left inferior lobule of parietal cortex (BA 40). By
contrast, reversal learning, relative to both intra and extra-dimensional shift learning,
activated mostly right PFC, left caudate nucleus, and a region centred around the
right superior temporal gyrus (BA22). These results confirm that, in the context of
visual discrimination learning, overriding an acquired attentional bias or set, and the
control of previously reinforced S-R contingencies, activate distinct cortical and subcortical neural networks. Supported by a Programme Grant by the Wellcome Trust.

IMPAIRMENT OF EYEBLINK DISCRIMINATION REVERSAL LEARNING IN
AMNESIA. I. Daum*, C. Breitenstein, H. Ackermann and M. M. Schugens.

Society for N e u r o s c ie n c e , V olume 2 3 ,1 9 9 7

Faculty of Psychology, Ruhr-Univ. of Bochum and Dept. of Neurology,
Univ. of Tübingen, Germany.
The integrity of the hippocampus is not necessary for the acquisition of
eyeblink conditioning in a simple delay paradigm, but animal studies
indicate hippocampal involvements in more complex conditioning tasks.
This study investigated the role of the hippocampal system in a two-tone
discrimination reversal task in humans.
Nine patients with an amnesic syndrome due to damage to the
hippocampus or related diencephalic areas and nine matched control
subjects underwent an eyeblink conditioning procedure consisting of an
initial 50 trial two-tone discrimination phase followed by an unannounced
50 trial reversal phase.
The amnesics showed significant discrimination learning similar to the
control subjects. During reversal, the patients responded similarly to both
tones and therefore failed to reverse the learned contingencies. The control
subjects, on the other hand, showed significant reversal learning. A postexperimental interview indicated that the amnesics - unlike the controls - did
not become aware of stimulus contingencies. The amplitudes of eventrelated potentials (ERP) to the tones and in the tone-airpufF interval were
reduced in the amnesics relative to the controls in both phases of the task.
The conditioning results demonstrate an involvement of the hippocampus
and related structures in the mediation of more complex eyeblink
conditioning in humans. The reduced ERP amplitudes might be related to
awareness issues, their link to behavioral performance remains to be
clarified.
Supported by the German Research Society (DFG, Da 259/4-1).
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VISUAL DISCRIMINATION REVERSAL LEARNING IN PATIENTS
WITH PARKINSON'S DISEASE OR FRONTAL LOBE LESIONS.
R. Swainson* 1 RD. Rogers, B.J. Sahakian, B.A. Summers, CE. Polkey,
T.W. Robbins. Dept. of Expt. Psychology, Univ. of Cambridge, Cambridge,
England
Difficulty in shifting attentional 'set' has been demonstrated both in patients
with Parkinson's Disease (PD) and frontal lobe lesions (FLL). We examined

DISCRIMINATION
AND
DISCRIMINATION-REVERSAL
MEDIAL TEMPORAL LOBE AMNESICS. M.C. Carrillo'*.

the ability to reverse stimulus-reward associatiqns, which may rely on a
separate brain mechanism from that governing attentionaJ set-shifting. PD and
FLL patients were tested on two novel tasks involving the learning and

subsequent reversal of visual discriminations. The first task was a probabilistic
colour discrimination, where the ratio of correct:incorrect feedback given to a
correct choice was 80%:20%. This makes the discrimination more difficult to
learn, and reversal of reinforcement contingencies less obvious, than the usual
100%:0% ratio. Subjects were told to always choose the colour which was
usually correct, and that this might change at some point in the task. The
second t.ask involved concurrent learning of two colour discriminations. to
increase memory load. Only one of these discriminations was reversed once
the subject reached a learning criterion. &ch patient group was compaicd with
age- and IQ-matched controls. The PD group was divided into 3 sub-groups
depending on their medication status and clinical severity. The medicated PD
group with mild symptoms was impaired specifically at the reversal stage of
both tasks. This is in contrast to the unmeclicated PD and FLL patients who
were unimpaired, and the medicated PD group with severe symptoms who
showed more general lea.ming impairments. These results suggest a role for
dopamine(DA)-modulated fronto-striatal systems in reinforcement learning and
cognitive flexibility.
[Supported by the Medical Research Council and Wellcome Trust.]

IN

R.O.
Hopkins 2 J.D.E. Gabrieli3 R.P. Kesner4 R. McGlinchey-Berroth5 & J.F.
Disterhoft 1• 1Dept. of CM Biology, Northwestern Univ. Med. Sch., Chicago, IL.;
'Dept. of Hyperbaric Med., LDS Hosp., SLC, UT; 3Dept. of Psychology, Stanford
Univ. CA; Dept. of Psychology, 4 Univ. of Utah, SLC, UT; 5Memory Disorders
Research Center, Boston V AMC, MA
Studies of eyeblink conditioning in hippocampectomized rabbits have shown that
acquisition of a two tone discrimination is not hippocampally dependent. During
reversal, lesioned animals acquire conditioned responses to the new CS+ normally,
but show an inability to inhibit conditioned responses to the new CS- (old CS+).
The present study examined a 600-msec delay discrimination and discriminationreversal in 10 medial temporal lobe amnesics divided into two groups, moderate (n=6;
WMS-R Dly=74; M age=46. l) and severe (n=4; WMS-R Dly=59; M Age=43.5) who
experienced an hypoxic episode confirmed by MRis, and in demographically matched
controls.
Eyeblink conditioning involved the presentation of an 85 db, 1 or 5 kHz tone
(CS) of 700 msec duration which cotenninated with a 100 msec, corneal airpuff (US)
to the right eye. Conditioning sessions consisted of 60 trials of discrimination (30
CS+ and 30 CS- trials), and 60 of discrimination-reversal, during which the
significance of the tones was reversed. A significant group difference was observed for
the initial discrimination between CS+ and CS- due to the poor performance of the
severe amnesic group as compared to similar perfonnance between controls and
moderate amnesics. A significant group difference in the amount of discrimination
during discrimination-reversal was due to both a deficit in the ability of the moderate
amnesic group to inhibit conditioned responses to the CS- (old CS+) and to
continued poor performance in the severe amnesic group as compared to controls.
Supported by MH 47340 to JFD, GM 17223 to MCC.
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STEM COMPLETION PATTERNS. S. Pompeia* and O.F.A. Bueno.
Dep. de Psicobiologia, Universidade Federal de Sao Paulo
(UNIFESP), Brasil. CEP: 04023-062.
Stem completion tests are widely used measures of both implicit
and expliclt memory according to their instructions (direct, indirect).
They enable the assessment of mnemonic alterations in amnesic
disorders such as Alzeheimer and Korsakoff, as well as those
brought about by psychotropic drugs. Completion patterns of stems
which initiated at least 10 common words were obtained from 100
Portuguese speaking subjects. Forty-six stems presented
completions with one particular word by more than 25% ·of subjects
(high rate completion words, HRC). Using an indirect stem
completion task memory for these words was compared to that of
stimuli completed by 1-4% of subjects (low rate completion words,
LRC). Priming effects were observed for both HRC and LRC. LRCprimed words were completed less often than HRC-unprimed
stimuli, which in turn were so less than HRC-primed targets.
Percentage of increase in completion of LRC in comparison to
controls was very much superior than that for primed and unprimed
HRC stimuli. General use of words investigated does not seem to
account for this effect. Results suggest that completion-frequency
should be considered when balancing word lists apart from
frequency of use in language, word length, rank among other
completions, etc.

FUNCTIONAL MAPPING OF IMPLICIT MEMORY, A 3-D POSITRON
EMISSION TOMOGRAPHY STUDY. M Beauregard* .u, H. Chertkow ~ V. Whitehead
u. D. GoldJ.~4. 1 Centre de Recherche du Centre hospitalier C0te-des-Neiges;
:Department of R~diology_, University of Montreal; JLady Davis Research Institute;
Montreal Neurological Institute, Montreal, Quebec, Canada.
One reason that has been proposed to explain why it is seemingly difficult to demonstrate
hippocampal involvement in functional brain imaging studies of implicit memory
functions is that hippocampus is active during several cognitive tasks and processes. In
it has been claimed that implicit memory might implicate brain structures
this
other
the hippocampus. Yet, it is possible that there might be inhibition of
hippocampal activity during implicit encoding of information.We therefore hypothesized
decrease cerebral blood !low (rCBF) in the
that implicit encoding of words
In order to test
hypothesis, we carried out a HtO 3-D PET study
h1ppocampal
subjects whose age ranged between 18 and 25 years. Subjects were
on 5 norm:11
tested for
priming on a speeded category membership decision task. In this task,
members, and were then tested on a set of 40 word stimuli:
first studied IO
studied category members, IO were new category members
and 20 were category non-members. Word presentation consisted of a
ms)
masked exposure of the target words, an implicit encoding
to circumvent the contamination of priming by covert explicit
was presented "subliminally" ten times in succession. No subject
reliably report the words presented. Changes in rCBF were measured during: (l)
Implicit encoding: (2) Semantic category membership decision task; and (3) Baseline (mask
pattern in absence of words presented ten times in a row). Actual implicit encoding during
brief multiple ("subliminal") presentation of words was demonstrated by significant
priming on the semantic category membership decision task (priming effect of 42 ms, p <
0.05). Both the Semantic decision task minus Baseline and lhe Semantic dec1swn task
minus Implicit encoding subtractions revealed significant increases rCBF in brain regions
involved in semantics, mental imagery, and attention. However, only the Semantic
decision task minus Implicit encoding subtraction produced peaks of increased rCBF in
right and left hippocampi. These results suggest that implicit encoding of words is
associated with decreased rCBF in the hippocampa\ region. Consequently, the hippocampus
appears to play a role in implicit memory processes,
Supported by the Medical Research Council of Canada.

Financial support: AFIP, FAPESP, CNPq.
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EFFECTS OF CROSS-MODALITY MANIPULATIONS ON REPETITION
PRIMING, C.A. Joyce•t, K.A. Paller§, T.J. Schwartz 0 , & M. KutasH. Cognitive

Sciencet and Neurosciences:j:, Univ. of California at San Diego, La Jolla, CA 920930515; Psychology, Northwestern Univ.§; Veterans Hospital, Honolulu, HA 0 •
Visual word repetition in memory paradigms leads to savings with respect not to a
unitary reading process but to a multitude of processes, impinging on perceptual, motor, and semantic representations. Event-related brain potentials (ERPs) have been
shown to be sensitive to processing differences between first and second presentations
of a word, yielding an ERP repetition effect that is widespread across the scalp. Repetition with changes in various physical features of words leads to reduced
behavioral priming and also alters the ERP repetition effect. ERP correlates of these
perceptual manipulations arc small in amplitude, of short duration, and have an occipital focus. In general, larger physical changes yield larger ERP differences. In the
current study, presentation modality of initial word presentations was varied, based
on the hypothesis that changing modality would minimize savings of processing of
the physical features, which should reduce this aspect of the ERP repetition effect.
We found that ERP repetition effects were larger when words were presented visually
on both occasions compared to when modality changed from auditory to visual. The
ERP difference between exact and cross-modality repetitions was larger and less localized than that found previously for more subtle, within-modality manipulations.
This lends support to the notion that the amount of facilitation of a repeated item is a
function of the number of processing dimensions that overlap between study and test.
Funded by: A grant to M. Kutas from NIMH:#52893 and a fellowship to C.A. Joyce
from the McDonnell-Pew Center for Cognitive Neuroscience, San Diego.
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AN fMRI STUDY OF PERCEPTUAL AND NON-PERCEPTUAL
REPETITION PRIMING.
E Kang* 1 C J Vaidya1 , J E
Desmond 1•2 G H Glover2 and J D E. Gabrieli 1 Departments of
Psychology and Radiology, Stanford University, Stanford, CA
94305.
We used functional magnetic resonance imaging (fMRI) to visualize
the neural correlates of perceptual and non-perceptual processes
contributing to repetition priming on a picture naming task. Each
subject was scanned during two picture naming tasks, one following a
picture-naming study phase and the other following a word-reading
(picture names) study phase. Twelve horizontal slices (6 mm thick)
were acquired during 4 alternating cycles of studied and nonstudied
items on a GE 1.5 T magnet using a T2*- sensitive 2-D gradient echo
spiral pulse sequence (TR=l080, TE=40, Flip Angle=78 degree).
Priming effects following picture-naming (perceptual processes) were
observed as decreases in activation in middle occipital gyrus, lingual
gyrus, and middle temporal gyrus, in addition to cerebellum. Priming
effects following word-reading (non-perceptual processes) were
observed as decreases in activation in superior temporal gyrus. Thus,
dissociable brain regions mediate perceptual and non-perceptual
priming processes.
This study supported by NIH grants MH53673 and AG 12995.
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BEHAVIORAL TESTS AND A M O D EL O F R ESID U A L
ACTIVITY AS A M ECH A N ISM F O R SH O R T T E R M VISU A L
PRIMING. D. J. Parkhurst1,2, E. N iebur1* , and T. Van Zandt2.
Zanvyl Krieger Mind/Brain Institute1, and Department o f Psychology2,
Johns Hopkins University, Baltimore, MD 21218.
Priming is the change in processing o f a stimulus (target) due to having
previously processed a similar stimulus (prime). In particular, short term
priming involves primes presented very briefly before the presentation of
a target to which a response must be made. We develop a biologically
plausible model where residual neural activity from the prime affects
target processing. The model predicts how response probabilities for the
target will depend on the prime stimulus. This prediction was tested in an
orientation discrimination paradigm. Subjects fixated centrally and were
presented with a prime (30 ms) and a target (100 ms) at 5° in the
periphery. The stimuli used were oriented bars matched to receptive field
size. The subjects’ task was to decide if the target was “greater than 45°”
or “less than 45°”. Using a staircase method, target angle was varied and a
Point of Subjective Equality (PSE), the point that represents 45°, was
determined for each prime angle. The change in the PSE as a function of
prime angle was as predicted by the model. This result provides support
for the hypothesis that short term visual priming is due to residual neural
activity. Implications of this model for other priming paradigms will be
discussed. Supported by a grant from the Lucille P. M arkey Charitable
Trust and an Alfred P. Sloan Fellowship to EN.

FUNCTIONAL MRI OF FEAR CONDITIONING IN HUMANS, D.C. Knight1*,
C.N. Smith1, E.A. Stein2 & F.J. Helmstetter1,2. Department of Psychology1, University of
Wisconsin-Milwaukee and Department of Psychiatry2, Medical College of Wisconsin,
Milwaukee, WI 53201.
We have previously demonstrated that Pavlovian fear conditioning produces large,
learning-related changes in functional activation within the anterior cingulate,
retrosplenial, and visual cortices that varies with the type and amount of training human
subjects receive. For example, the amount of activated tissue in the anterior cingulate
and visual cortices increases with paired, but not unpaired light and shock presentations,
and the cross-correlation between the temporal pattern of visual stimulus presentations
and functional activity within the primary visual cortex decreases with unpaired, but not
paired training (Knight et al., 1996). The present study further explored these learning
related changes in neural activation during Pavlovian fear conditioning. Healthy
volunteers were exposed to a conditioning procedure in which lOsec presentations of
flashing light (CS+) coterminated with brief (0.5sec) electrical stimulation (UCS).
Control subjects received unpaired electrical stimulation 15sec after the visual CSterminated. Images were collected using a GE 1.5 Tesla Signa scanner. Eight contiguous
8mm axial slices were collected (TR=2sec, TE-40msec, FOV=24cm, Flip Angle=90°)
throughout 5 blocks of stimulus presentations. Activated regions were identified based
on cross-correlation with an ideal function representing the temporal pattern of visual
stimulation. In addition to the previously reported effects, differences between Paired and
Unpaired groups were observed in the insular cortex, superior and medial temporal gyri,
superior and middle frontal gyri, and pre and post-central gyri. Furthermore, subcortical
activation in the thalamus and basal ganglia was observed. Activation in these brain
regions appears to vary with the type and amount of training subjects receive. For
example, the size of the activated region in the insular cortex increases with paired, but
not unpaired training.
Supported by NIMH grant MH50864 (FJH) and NIDA grant DA09465 (EASY
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SUBCONSCIOUS DETECTION OF FEAR STIMULI IN A COGNITIVE
TASK. S. Windmann, O.W. Schonecke & D. Hellhammer*.
Universitätskliniken des Saarlandes, 66421 Homburg, Germany.
Neurobiological findings suggest that potential threat can be detected
on a preattentive stage of processing (amygdala) even before it can be
apprehended more precisely by neocortical processing. These results
correspond to recent methodological approaches in cognitive psychology
which characterize conscious processing as discriminative, conceptual,
and context-driven, while subconscious processing is described to be
less discriminative, more stereotyped, and stimulus-driven. Both
perspectives imply that preattentive detection of potential threat can lead
to involuntary responses (false alarms), which need to be modified by
more elaborated, conscious processing. It follows that subconscious
processing is represented in measures of response-bias while conscious
processing affects measures of discriminative sensitivity.
In the present study, threat and neutral stimuli were presented
tachistoscopically (28ms) to 30 healthy subjects and 30 patients with
anxiety (panic) disorder in a paradigm that involved an implicit memory
task (lexical decision) and a subsequent explicit recognition task. In line
with our predictions, results showed that subjects from both groups in
both memory tasks adopted an enhanced response-bias for threat
information. That is, subjects risked more „false alarms“ to threat stimuli
irrespective if they could discriminate or recognize them. Furthermore,
patients with panic disorder risked more false alarms than healthy
controls in both tasks. Results are taken as evidence that threat stimuli
can be detected preattentively even before the respective simuli can be
consciously identified. Information processing in patients with clinical
anxiety might be asssociated with a predominance of this preattentive
alarm system,

A MEMORY-ENIIANCING EMOTIONAL NARRATIVE ELEVATES BLOOD
GLUCOSE LEVELS IN COLLEGE STUDENTS. Marise R. Parent*1, Connie
Vamhagen', & Paul E. Gold2. 1Dept. of Psych., U. of Alberta, Edmonton, Alberta
T6G 2E9; 2Dept. of Psych., U. of Virginia, Charlottesville, VA 22903.
Arousal enhances memory of verbal material in human subjects and this
enhancing effect is prevented by beta-adrenergic antagonists (Cahill, et al, 1994;
Nielson & Jensen, 1994). These findings support the extensive evidence, in
rodents, indicating that arousal enhances memory via the release of peripheral
epinephrine. As epinephrine does not readily enter the brain, one way that
peripheral epinephrine may enhance memory is by increasing circulating blood
glucose levels. The present study investigated the possibility that an arousing
story leads to enhanced memory and to a concomitant elevation of blood glucose
levels. College student subjects were asked to fast overnight and were tested
between 7:00 and 9:00 A.M. the following morning. Blood glucose levels were
measured 15 min before, immediately before, immediately after, 15 min after, and
30 min after viewing a narrated slide show. All subjects viewed the same slide
show; however, the narrative in the middle portion of the slide show was varied to
provide either a neutral or an emotional component. In comparison with subjects
who heard the neutral narrative, subjects who heard the emotional narrative rated
the slide show as being more emotional, recalled more information, and had
significantly higher blood glucose levels following the slide show. Thus,
presentation of emotionally arousing information enhances recall and increases
blood glucose levels, supporting the idea that glucose may participate in the
memory-enhancing effects of arousal.
Supported by NIA AG07648 & NINDS NS32914 to PEG & NIA AG05658 &
NSERC OGPO194532 to MBP.

87.13
REGIONAL VARIATION IN DENDRITIC AND SPINE COMPLEXITY: A
QUANTITATIVE GOLGI ANALYSIS OF HUMAN CEREBRAL CORTEX.
M. Prather1, M. Treml1, L. Driscoll1, M. Schall2 , and B. Jacobs1* 1Laboratory
of Quantitative Neuromorphology, Psychology, The Colorado College, Colorado
Springs, CO 80903. 2P sychology, Tulane University, New Orleans, LA 70130.
Regional dendritic variation across primate neocortical areas has been
suggested by several quantitative analyses (Scheibel et al., 1985; Elston et al.,
1996). The present study extends this research by quantifying the basilar
dendritic/spine systems of supragranular pyramidal cells across eight regions of
human cerebral cortex. Tissue blocks from the left hemispheres of five
neurologically normal adults were selected to represent each level of Benson’s
(1994) hierarchical functional schema: primary cortex (Brodmann's area [BA] 4 &
3-1-2), unimodal cortex (BA 22 & 44), heteromodal cortex (BA 6 & 39), and
supramodal cortex (BA 10 & 11). Subsequently, primary and unimodal areas
were designated as less integrative regions (LOW); heteromodal arid supramodal
areas were designated as higher integrative regions (HIGH). Ten cells per block
(N=400) were prepared by a modified rapid Golgi technique (Scheibel & Scheibel,
1978) and quantified on a Neurolucida computer/microscope interface system
(Microbrightfield, Inc.). A nested analysis of variance revealed significant
differences across Brodmann’s areas and between HIGH and LOW integrative
zones for all dendritic and spine measures. As predicted, dendritic/spine systems
in HIGH integrative regions were more complex than those in LOW integrative
regions. The present findings indicate that the dendritic/spine sytems of cortical
areas involved in the initial stages of information processing are not as complex
as those involved later in the processing stream, and further underscore that
dendritic complexity is roughly associated with the functional demands placed on
cortical regions. (Tissue generously provided by Dr. D. Bowerman, El Paso
County Coroner, and Drs. E. Orsini and W. Tyson of Denver’s Children's
hospital.)
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88.1
SEEING, NAMING, AND KNOWING ABOUT COLORS: A PET STUDY
L.L. Chao*, JA Weisberg, C.L. Wiggs, and A Martin
Laboratory of Brain and Cognition, NIMH, Bethesda, MD 20892
Retrieving stored information about object color (color knowledge) selectively activates an
area in the ventral region of the temporal lobes (Martin et al., Science 270,1995). However,
it is not known whether retrieving color knowledge also activates areas that mediate color
perception. In the current study, we used positron emission tomography (PET) with H2150 to
identify the neural correlates of color perception, naming, and knowledge. Colored and
gray-scale Mondrians, colored objects embedded within colored Mondrians, and achromatic
objects embedded within gray-scale Mondrians served as stimuli. Subjects (n=12) were
scanned while they passively viewed Mondrians, named objects (colored and achromatic),
named the colors of colored objects, and generated color words associated with achromatic
objects (color knowledge condition).
Color perception (passively viewing colored
Mondrians and naming colored objects relative to passively viewing gray-scale Mondrians
and naming achromatic objects) was associated with activity in right lingual and left fusiform
gyri. Relative to naming achromatic objects, retrieving color knowledge activated left inferior
temporal, frontal, and posterior parietal cortex, replicating our previous results. Retrieving
color knowledge also activated occipital cortex when compared to a low-level visual
baseline (viewing gray-scale Mondrians). However, these occipital activations did not
overlap with regions active during color perception. Rather, they coincided with regions
identified in the current study and in previous studies associated with perception of object
form. In contrast, color naming (naming the color of colored objects relative to naming
colored objects) did activate areas associated with color perception (left lingual gyrus) and
with color knowledge retrieval (left inferior temporal gyrus). These results demonstrate that
while naming colors activates regions associated with color perception, retrieving stored
information about object color does not.
Supported by NIMH-IRP
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88.2
LATERALIZED AUDITORY SPATIAL PERCEPTION AND CORTICAL
PROCESSING CONTRA LATERALITY AS STUDIED WITH fMRI AND MEG.

MJG.Worldortf(1,3)*, C.Tempelmann(l,2), J.Fell(2), H.Hinrichs(2), C,Tegler(1),
B.Gaschlar( 1 ,2)/ H.J.Heinze(2), H.Schei c h (1) Inst. for Neurobiology, Magdeburg,

Germany, (2) Clin. Neurophys., Otto-von-Guericke University, Magdeburg, Germany,
(3) Research Imaging Center, UTHSCSA, San Antonio, USA
This study used fMRI and MEG to examine the contralaterality of auditory
cortical processing of monaural sounds and of laterally perceived binaural sounds.
Recordings were acquired while subjects (n=9) either rested or listened to mon
aural or binaural sequences of brief (20 ms), rapidly presented (~3 per sec), FM-sweep
tone bursts to detect infrequent (9%) slightly deviant sweeps. For tne binaural sounds,
input to one ear lagged the other ear by 2 ms, causing strong perceptual lateralization
to the leading ear. For the fMRI, 5 forward-tilting coronal slices through auditory
cortex were acquired with a conventional FLASH gradient-echo sequence. Intensityweighted volumes of significantly activated pixels (p<.01 in correlations relative to
rest) were calculated in regions of interest covering auditory cortex. From these values,
contralaterality indices (contra, activation divided by sum of contra, and ipsi. activ.)
were calculated. For the MEG, two 37-chan, dewars recorded evoked field responses
from the two hemispheres. Contralaterality indices were derived from field-amplitude
RMS across each hemisphere's channels, integrated across latency windows for the
major activity peaks (M50, M100, M200) believed to derive from auditory cortex.
In the fMRI responses, the monaural stimuli gave a clear, highly significant
(p<.005) contralaterality effect, with a mean contralaterality index across subjects of
.67. In sharp contrast, the perceptually lateralized onset-delay binaural tones did not
give significantly greater activation in contralateral auditory cortex. Similarly, the
MEG results indicated significant contralaterality of monaural stimulus processing
(p<.001) and no contralaterality for the laterally perceived binaurals. However, the
aegree of the monaural MEG contralaterality was less than the fMRI and decreased
over the response epoch (indices of .57, .55, and .53 for the M50, M100, M200 latency
ranges, respectively, and .55 for the entire 20-250 ms epoch).
CONCLUSIONS. The monaural fMRI and MEG results demonstrate a clear
contralaterality of auditory cortical processing in humans and provide different
measures of the degree of this contralaterality. The results for tne onset-delay
binaural stimuli indicate that the highly lateralized spatial perception of such stimuli
does not result from the contralateral predominance of auditory cortex activation but
arises instead from some other more subtle mechanism.
Supported by a grant from the German BMBF.
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EVENT RELATED BRAIN ACTIVATION AND POTENTIALS TO
ODDBALL AUDITORY TARGETS V. Menon*, J. M. Ford, K O. Lim, G. H.
Glover, A. Pfefferbaum. Departments of Psychiatry & Behavioral Sciences and
Radiology, Stanford University and VA Health Care System, Palo Alto, CA 94304.
In this study we combined the high spatial resolution of fMRI with the high
temporal resolution of EEG to investigate the generators of the P3 component of
scalp recorded event related potentials (ERPs) to infrequent targets during the
auditory oddball task. Eleven right-handed neurologically normal subjects
participated in the study. fMRI and EEG were recorded from the same subjects in
different sessions using the same paradigm. Functional images were acquired on a
conventional 1.5T scanner using a T2* weighted gradient echo spiral pulse sequence
with a temporal resolution of'2sec. Six axial slices (roughly 6 to 48 mm above
anterior commissure) were acquired with slice thickness of 7mm. Event related
brain activation (ERBA) and ERPs were computed by time locked averaging of
fMRI and EEG time series respectively during the auditory oddball task. Infrequent
targets elicited significantly greater ERBAs bilaterally in the supramarginal gyrus
(Talaraich coordinates: -60, -32, 30; 62, -34, 24), thalamus (-12, -12, 20) and
anterior cingulate (2, -6, 40) than frequent non-targets. Dipole sources derived from
the ERBAs were used to model the scalp distribution of the ERPs. The analysis
suggests that bilateral symmetrically placed sources in the supramarginal gyrus,
active during the interval 285-610 msec following infrequent targets, are the main
generators of the scalp recorded P3b component of the ERP. The results are in
excellent agreement with findings that lesions to the tempero-parietal junction
abolish P3b. The combination of ERBAs and ERPs provides a new multimodal
neuroimaging technique to investigate the spatio-temporal aspects of processes
underlying brain function. Supported by NIH (AA05965, MH30854, RR09784), DVA
and Norris Foundation.

THE NEURAL CORRELATES OF NON-VERBAL AUDITORY SEMANTICS
A. Engelien, E. Stern, N. Isenberg, W. Hermans, S. Emmerich, D. Eidelberg,
T. White, H. Blumberg, C. Frith, R. Frackowiak, D. Silbersweig*
Functional Neuroimaging Laboratory, Cornell Medical Center, New York, NY, USA
Wellcome Department of Cognitive Neurology, Institute of Neurology, London, UK
In aseries of H2150 Positron Emission Tomography (PET) experiments we
examined the neural correlates of non-verbal auditory semantic processing in
humans. We hypothesized that the perceptual analysis of complex sounds,
their automatic semantic recognition, and active semantic categorization
might be mediated by different and dissociable neural networks. We used
two kinds of acoustic stimuli: prototypical, meaningful environmental sounds
and a degenerated version of them. The latter sounds were kept acoustically
nearly identical (in frequency and amplitude) with a newly developed mathe
matical procedure, but had no attributable meaning. We found the percep
tual analysis of all complex sounds to be associated with widespread activa
tion of superior lateral temporal cortices in the right hemisphere, regardless
of being meaningful or not. All semantic processing of the non-verbal mean
ingful sounds was lateralized to the left hemisphere: The automatic recogni
tion of non-verbal semantics as demonstrated during passive listening was
mediated by sub- and archicortical systems including the head of caudate
nucleus and a region encompassing the midbrain and hippocampus. By con
trast, active semantic categorization was associated with activation of a neocortical network comprising dorsolateral prefrontal, inferior parietal and middle
temporal cortices.
A. E. was funded by the Boehringer Ingelheim Fonds. R.S.J.F. and C.F. are supported by the Well
come Trust. The support of the Human Frontiers Science Program and tie DeWitt Wallace Fund in
the New York Community Trust are also gratefully acknowledged.
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AN fMRI STUDY OF CEREBELLUM AND FRONTAL CORTEX DURING A
WORD STEM COMPLETION TASK. J.E. Desmond*, J.D.E. Gabrieli, M.
Stone, A.D. Wagner, and G.H. Glover. Depts. of Psychology and Radiology,
Stanford University, Stanford, CA 94305.
Prior functional imaging studies have revealed cerebellar activation during
performance of cognitive tasks. The present study addresses whether cerebellar
activation elicited during a verbal task may be related to motor preparation.
Using a word stem completion task, subjects received alternating blocks of 3letter stems (e.g., STO) for which there were either FEW or MANY possible
completions (18 stems/block, 8 blocks, 2.5 s/stem), and pressed a switch when
they thought of an appropriate word. Mean word frequency for possible stem
completions did not differ for the two sets of stems. Brain images were
collected in 7 oblique axial planes rotated 25° from AC-PC line to image
cerebellar and frontal structures. Functional MRI (fMRI) was obtained with a
T2*-weighted gradient echo spiral pulse sequence (1.5T, TR=630 ms, TE=40
ms, flip=66°, inplane reso!ution=2.35 mm, thickness=6 mm). A motor
preparation hypothesis predicts (a) comparable cerebellar activation for FEW
and MANY if preparing for pressing the switch, or (b) greater activation for
MANY if preparing for possible verbal responses. Results from 5 subjects show
greater activation for FEW in cerebellum (right superior HVIIA, HVIIB and
vermian VI) and greater activation for MANY in left middle frontal gyrus. The
results for the cerebellum are inconsistent with the predictions of both motor
preparation hypotheses. Further, these results discriminate between frontal and
cerebellar processes involved in cognitive performance. Supported by NIH
(F32NS09628), NIA (AG 12995), and NIAAA (AA10723).

THE NEURAL BASIS OF THE EGOCENTRIC REFERENCE IN HUMANS: A
FUNCTIONAL MAGNETIC RESONANCE STUDY. G. Vallar, G. Galati, E.
Lobel, D. Le Bihan, A. Berthoz, L. Pizzamiglio*, Dept. of Psychology,
University “La Sapienza”, Rome, Italy 00185.
The organisation of the process of spatial orientation involves coordinate
transformations from visual (retinotopic) representations to egocentric frames of
reference. One of the basic frames of reference is the mid-sagittal plane, which
divides the human body and the extra-personal space into two (left and right) sides.
We investigated the neural basis of the computation of this egocentric spatial
frame in seven normal male human subjects through functional magnetic resonance
imaging (fMRI).
A luminous vertical bar, continuously moving leftward and rightward, was
presented during the acquisition of functional images. Two tasks were alternated: in
the “straight-ahead” task, subjects pressed a button every time the bar intersected
the perceived mid-sagittal plane; in the control task, they responded every time the
bar changed direction.
Two main foci were significantly activated: a region inside the intraparietal
sulcus, extending into the angular gyrus (Ba 7/39), and a region inside the
precentral sulcus, extending into the inferior frontal gyrus (Ba 6/44). Both foci were
bilateral, but much larger in the right hemisphere.
Both neurophysiological studies in the monkey and experiments in brain
damaged human subjects suffering from left spatial hemineglect concur to suggest a
main role of the posterior parietal and lateral premotor frontal regions in the
computation of higher order egocentric frames of reference. Finally, the wider
pattern of activation on the right side is in line with neuropsychological evidence
indicating a main role of right hemisphere structures in these higher order spatial
processes.
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IMAGINED TRANSFORMATIONS OF THE BODY: AN FMRI STUDY
J. Zacks1, B. Rvpma* 1, J.D.E. G abrieli1, B, Tversky1, and G.H, Glover2.
Departments of Psychology1 and Radiology2, Stanford University, Stanford CA
94305.
Coordinating behavior for action and interaction requires computing the position
and orientation of the bodies of one’s self and others. We used fMRI to examine the
cortical systems involved in processing spatial transformations of bodies. In three
experiments, subjects viewed pictures of a human figure in various orientations
holding a black ball in one hand and a white ball in the other, and reported the
location (right or left) of the black ball. In the experimental (body transformation)
tasks, participants responded from the figure’s point of view, requiring a mental
transformation to take the figure’s perspective. In a control (no transformation) task,
participants responded from their own point of view. Pictures were presented at a
rate of 2.5 s per figure, and alternated in blocks of 16 trials between an experimental
and a control condition. Data were collected in a 1.5T scanner using a gradient spiral
sequence (TR = 1080, TE = 40, flip angle = 75°), in 12 axial planes. In the first
experiment, comparing the body transformation task to the control revealed left
parietal activation in the body transformation task. In the second experiment,
comparing judgments about upside-down figures to judgments about right-side-up
figures for the body transformation task led to bilateral parietal activation in the
upside-down condition. A third experiment, using only the no transformation task,
manipulated response compatibility and failed to show parietal activation. It is
therefore unlikely that parietal activations in the first two experiments were due to
processes involving inhibiting a dominant response. These results are consistent
with clinical and neuroimaging data implicating left parietal cortex in mental
transformations of body parts and right posterior (including parietal) areas in making
handedness judgments about upside-down figures.
Supported by NIH/NIA grant AG12995, NIH/NCRR grant RR09784, NSF, and the
Lucas Foundation.

SELF IMAGE IN THE VIDEO MONITOR IS CODED BY PARIETAL
NEURONS. A. Iriki1,2,*, M. Tanaka1 and Y. Iwamura1. 1Dept. Physiol., Toho Univ.
Sch. Med., 2PRESTO, Jpn. Sci. Technol. Corp., Tokyo 143, Japan.
Neurons in the anterior bank of the monkey intraparietal sulcus (a posterior
extension of SI) have visual receptive fields (RFs) which encompass their
somatosensory RFs. These bimodal neurons code the schema of the hand which can
be altered in accordance with psychological modification of the body image; that is,
when using a rake as a tool to extend the monkey’s reach, their visual RFs elongated
along the axis of the tool, as if the self image extended to the end of the tool (Iriki et
al., Neuroreport 7: 2325, 1996). This study was undertaken to find out if these
bimodal neurons can code the image of the hand in the video monitor as an extension
of the self. Under the virtual reality situations (such as when using a tele-existence
apparatus) we can control the manipulator through the video monitor as if it is a part
of, or an extension of ourself - our self image is projected into the sight on the video
monitor screen.
Two Japanese monkeys (Macaca fuscata) were trained to retrieve food by
watching their hand movement through a real-time video monitor instead of seeing it
directly. Single unit activities of bimodal neurons in the anterior bank of the
intraparietal sulcus were recorded from the contralateral cortex. RF properties of 21
neurons before training, and 51 neurons after training were analyzed. Before
training, no neuron responded to visual stimuli presented (using a chromakey-effect
technique) around the image of the hand in the monitor screen. After training, new
visual RFs were formed around the screen-image of the hand in 32 (63%) neurons.
The size and position of visual RFs were modified according to expansion,
compression, or change of the position of the visual image in the video monitor.
These changes were induced even if the posture or the position of the hand was not
actually altered during modification of the screen image. The results suggest that
these bimodal neurons code the self image, if exists in monkeys, projected to the
video screen as the result of training.
Supported by Japan Society for the Promotion of Science, and by the Ministry of
Education, Science and Culture o f Japan.
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COPING W ITH CONFLICTING VISUAL AND PROPRIO CEPTIV E
FEEDBACK 1G.R. Fink, 2P.W. Halligan, 2J.C. Marshall. 1C.D. Frith. 1R.S.J.
Frackowiak. 1R J. Dolan* 1Wellcome Dept. of Cognitive Neurology, Institute of
Neurology, London, WC IN 3BG. 2Neuropsychology Unit, Univ. Dept, of
Clinical Neurology, The Radcliffe Infirmary, Oxford 0X2 6HE
In order to achieve goals we continually modify our behaviour on the basis of
current experience. This flexibility is a central facet of higher order cognition.
Patients with frontal lobe damage have particular problems with the flexible
maintenance of appropriate behaviour. We measured brain activity in normal
volunteers in an experiment that required maintenance of paced hand movements in
the context of misleading visual information. The task required that the hands were
repetitively opened and closed, either in-phase or out-of-phase with each other; at
the same time the volunteers viewed their left hand. In one condition the visual
feedback was rendered non-veridical: the volunteers saw a mirror image of their right
hand replacing their left hand. This condition engendered conflict since the
volunteer’s intentions and proprioceptive feed-back indicated out-of-phase hand
movements while the visual feedback showed in-phase movements. Out-of-phase
movements (relative to in-phase movements) led to neural activations bilaterally in
the dorsolateral prefrontal cortex (DLPFC), lateral inferior posterior parietal cortex,
and the left cerebellar hemisphere. Distortion of visual feedback by the mirror
increased neural activity in the right superior posterior parietal cortex and DLPFC
only. The conflict condition provoked increased neural activity specifically in the
right DLPFC. A subsequent study demonstrated that the latter activation did not
depend on whichever hand was being looked at. Our findings suggest that right
DLPFC plays a key role in monitoring and maintaining behaviour when there is a
mismatch between intention and experience.
[Supported by The Wellcome Trust and the Medical Research Council]

DIRECT ANALYSIS OF BRAIN ACTIVITY IN PREFRONTAL CORTEX
RELATED TO EXTRADIMENSIONAL SHIFT S. Konishi1*, K. Nakaiima1,
M. Kamevama1, K. Sekihara2 and Y. Mivashita1,2,3 1Department of Physiology,
The University of Tokyo School of Medicine, Hongo, Tokyo 113. 2Japan
Science and Technology Corporation, Yushima, Tokyo 113. 3National Institute
for Physiological Sciences, Okazaki 444, Japan.
We detected the brain activity related to an extradimensional shift (EDS) in the
Wisconsin Card Sorting Test (WCST) using functional magnetic resonance
imaging (fMRI) in five human subjects. In our computerized WCST the subjects
were instructed to match a deck of target card stimuli to one of four reference
card stimuli which had three characteristics (color, form and number), and to
identify the characteristics (called dimensions in the WCST) by which they
could correctly sort the target card stimuli. After 10 to 12 successive correct
card sortings, the dimension was shifted to one of the other two dimensions (i.e.,
an EDS occurred) without warning, and the subjects had to identify the new
dimension. The temporal resolution of the fMRI was utilized to reveal the brain
activity time-locked to the EDS based on analysis of transient regions of interest
(transient ROIs)1. We compared the brain activity after the EDS with that prior
to the EDS, and searched for prefrontal areas in which transient brain activity
peaked within the time window of 5 to 9 s1 after the EDS. Analysis of the
transient ROIs revealed robust and reproducible brain activity in the inferior part
of the prefrontal cortex. The results suggest that the inferior prefrontal cortex
comprises important neural substrates used when subjects are subjected to an
EDS in the WCST.
1. Konishi S. et al., Neuroreport, 8-1, 19-23, 1996.
S. K. is supported by JSPS Research Fellowships for Young Scientists. This work was
supported by a Grant-in-Aid for Specially Promoted Research (07102006) to Y. M. from
the Japanese Ministry of Education, Science and Culture.

88.11
DISTINCT BRAIN LOCI IN DEDUCTIVE VERSUS PROBABILISTIC REASONING. D.
Osherson, D. Perani, S. Cappa*, T.Schnur, F. Grassi. and F. Fazio.
INB CNR, H S.Raffaele Scientific Institute, Milano, Universities of Milano and
Brescia, Italy
Two forms of human reasoning, deductive reasoning and the estimation of the
probability of events, have been distinguished by different theories. However, it is
unknown whether these two forms of reasoning engage similar cerebral loci.
Positron emission tomography was applied (GE-Advance, 3D mode, 35 transaxial
images, slice thickness 4.25 mm, axial field of view 15.2 cm), when subjects were
required to use deductive or probabilistic reasoning to solve a series of test problems
using identical stimuli across all scans. In a third condition (baseline), subjects
examined the same stimuli for anomalous content. Data were analyzed using
statistical parametric mapping (SPM-95, Wellcome Department of Cognitive
Neurology, London, UK). Only regional activations significant at p < 0.001 were
considered. Compared to the baseline task, both probabilistic and deductive
reasoning increased rCBF bilaterally in the mesial frontal region and in the
cerebellum. The direct comparison between reasoning tasks revealed increased
regional cerebral blood flow (rCBF) in left dorsolateral frontal regions for
probabilistic reasoning, whereas deductive reasoning enhanced rCBF in associative
occipital and parietal regions, with a right hemispheric prevalence. Studies on
patients with frontal lesions provide reasons suggesting that the pre-frontal cortex is
involved in some aspects of probabilistic thought (Shallice and Evans, 1978;
Smith and Milner, 1984; 1988). Both right hemispheric prevalence and the
suggested visual-spatial rather than symbolic nature of deductive reasoning are
predicted by the Mental Models theory (Johnson-Laird, 1995). These findings
suggest that reasoning about syllogisms engages distinct brain mechanisms,
depending on the intention to evaluate them deductively versus probabilistically.
Sources o f funding: C.N.R., Italy; HFSPO.
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A BRAIN CENTER FOR ARITHMETIC P.A. Costello, J.V. Pardo,* and
J.T. Lee. Cognitive Neuroimaging Unit, Psychiatry Service, V.A. Medical
Center; Division of Neuroscience Research, Department of Psychiatry,
University of Minnesota, Minneapolis, MN 55417
The memorization of arithmetic table facts during schooling enables
fast, automatic simple calculation. Studies of brain-lesioned patients
demonstrating acalculia suggest the presence of a cortical specialization for
arithmetic operations. However, the specific neural substrates mediating
retrieval of arithmetic table facts remains unclear. Using positron emission
tomography (PET), we aimed to identify whether the retrieval of arithmetic
facts from the four basic arithmetic tables involves a common neural
substrate. Nine healthy right-handed volunteers were scanned under three
task conditions: 1) saying aloud the answer to a two-digit arithmetic equation
(e.g., 9 x 3 = ); 2) saying aloud the number in an equation (e.g., 4 + _ = );
and 3) resting with eyes closed. The principal comparison of interest
contrasted the scans during the arithmetic tasks with those during number
naming. One region surfaced as shared during retrieval from all four
arithmetic table facts: the left anterior cingulate sulcus, Brodmann area 32.
This area of the cingulate is a component of the motor system, and is
hypothesized to facilitate the selection of appropriate motor responses as well
as suppressing inappropriate ones. Consistent with this hypothesis, it may
participate here in the selection of the motor program for die correct
numerical result, and in the inhibition of incorrect answers. These data
suggest that storage and retrieval of facts from arithmetic tables rely heavily
upon higher motor systems.
Supported by the Department of Veterans Affairs
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PREDICTION OF SEVERITY OF BRAIN DAMAGE
USING FACTOR ANALYTIC INDICES OF
INTELLIGENCE IN OLDER CHILDREN A. M.
Horton, J r * Psych Associates, Towson,
Maryland, 21204
This paper reports an attempt to
predict severity of brain damage based on
factor analytic indices (Verbal
Comprehension, Perceptual Organization,
Freedom from Distractibility) derived from
Wechsler Intelligence Scale for ChildrenRevised subtests. A sample of 20 normal
and heterogeneously brain damaged children
(12 males and 8 females) between the ages
of 9 and 14, who had been administered the
Halstead-Reitan Neuropsychological Test
Battery for Older Children and the
Wechsler Intelligence Scale for ChildrenRevised, were selected from case records.
The hit rate obtained for agreement on
level of severity and the Older
Children's Neuropsychological Deficit
Score was best for Perceptual Organization
(65%) and worst for Freedom from
Distractiblity (45%) and intermediate for
Verbal Comprehension (55%) .

SUNDAY AM

8 9.2
LEFTWARD ASYMMETRY OF THE CENTRAL SULCUS: A
PREDICTOR OF CHILDHOOD DEXTRALITY. M.A. Eckerta * & C .M .
Leonard13. Depts. o f Psychologya & Neuroscienceb Universtiy o f Florida,
Gainesville, FL, 32610.
Human hand preference is exhibited within the first years o f life. An
anatomical correlate for adult hand preference is central sulcus asymmetry
measured on MRI scans. However, no population asymmetry in the
central sulcus was found in a post-mortem study o f subjects with unknown
hand preference. There were two goals to this study: 1) determine if
children display a relationship between central sulcus asymmetry and hand
preference, and 2) determine if grouping participants based on hand
preference can explain the discrepancy between the post-mortem and MRI
data. The surface area o f the arm-hand region o f the central sulcus was
measured on volumetric MRI from 40 children, 6-13 years o f age. 1)
Dextral children (n=27) had a significantly greater leftward asymmetry of
the anterior (F=4.45, p<.05) and posterior banks (F=6.96, p<.05) o f the
central sulcus than adextral children (n=13). Adextral children had
symmetrical and a less variable surface area o f the central sulcus. 2)
Univariate analysis o f anterior bank asymmetry for the children was not
significant when handedness was ignored. These results suggest that
central sulcus asymmetry places a biological constraint on the expression of
hand preference. Supported in p a rt by MOD FY96-1021, NID CD-ROl
DC02922-01 a ndC N S T32MH15737.

8 9 .3

89 .4

CORPUS CALLOSUM MORPHOLOGY & COGNITIVE FUNCTIONING
IN NORMAL CHILDREN. L.A. Rowea*, J Kranzlera & C.M. Leonardb .
Depts. o f Foundation o f Educationa & N euroscienceb, University o f Florida,
Gainesville, FL 32610
This study investigates the relationship between the corpus callosum (CC)
o f the brain and cognitive ability in children. Studies in patients with epilepsy
have demonstrated a correlation between the size o f the splenium and the
verbal intelligence quotient. Modern MRI technology now makes it possible
to test this relation in normal children. The participants were 15 girls and 8
boys between the ages o f 6 and 12 years who were administered the
Wechsler Intelligence Scale for Children-3rd Edition (WISC-III). They also
received volumetric MRI scans (1.25 mm section thickness) from which the
midsagittal cross sectional surface areas o f the genu, isthmus, and splenium
were measured. Intelligence test scores were correlated to the midsagittal
surface area o f the genu, isthmus and splenium subregions o f the CC.
Results'. The midsagittal surface area o f the splenium correlated
significantly with the Information ( r = 0.49; p < 0.02), Similarities ( r =
0.61; p < 0.02), and Comprehension ( r = 0.49; p < 0.02) subtest scaled
scores o f the WISC-III. No significant correlations were found with the
performance subscales. This replication in children o f results in an adult
patient population demonstrates the robustness o f this brain/behavior
relationship. It appears that the number or size of the myelinated fibers
connecting the posterior visual association areas contribute to superior
performance on the verbal comprehension factor o f the WISC. Supported by
MOD FY96-1021 & NID CD-ROl DC02922-01.

HUMAN CORPUS CALLOSUM MEASURES FROM 3-D MRI: MORPHO
METRY, SEX DIFFERENCES, AND PROBABILITY MAPS. P. Bermudez, R.J.
Zatorre*, A.C. Evans. Montreal Neuro. Inst., McGill U., Montreal QC, Canada.
Despite many post-mortem and in-vivo investigations of the corpus callosum (CC),
the literature remains confused and contentious. Much of this stems from
methodological considerations, for instance, how to account for differences in total
brain volume and its relation to CC area. The aims of the present study were to
explore the effect of stereotaxic normalization on CC measures, to investigate the
presence of sex differences after stereotaxic transformation, and to derive a
probability map for the CC. The mid-saggital surface area of the CC was measured
in magnetic resonance images (acquired with T l, T2, and proton-density protocols)
of 53 normal right-handed volunteers (23 women, 30 men). Each MRI volume was
initially transformed into the stereotaxic space of Talairach using an automated
feature-matching algorithm. Measurements were performed using interactive 3-D
voxel-labelling software with manual delineation of the CC boundary on Tlweighted images, as well as white-matter masks of those images derived by an
automated segmentation algorithm using all three acquisition sequences. CC areas
were computed both in stereotaxic and native space. Results indicated that
significant sex differences in the native-space measures disappeared in the
Talairach-transformed measures, while others were persistent, if varying in degree.
Other effects depended on the particular callosal subdivisions chosen. These data
suggest that extreme caution must be exercised in the interpretation of relative
callosal areas as they are subject to the effects of different corrections for overall
brain size, criteria for callosal sub-divisions, and segmentation method. Finally, the
CC labels for all 53 subjects were superimposed to create a probability map of this
structure in stereotaxic space. This map may prove useful for lesion localization and
as a normative data base to examine the presence or absence of pathology.
Funding: MRC, McDonnell-Pew, Int. Consort. Brain Mapping.

8 9.5
INTER AND 1NTRAHEMISPHERIC ORGANIZATION IN HIGH-SCHOOL
STUDENT WITH HIGH AND LOW ACADEMIC ACHIEVEMENT. C. Arce.
Guevara. M.A.. del-Río-Portilla. Y., Ramos. J. and Corsi-Cabrera, M*. Facultad de
Psicología y Escuela Nacional Preparatoria, Plantel “Gabino Barreda”, Universidad
Nacional Autónoma de México, México, D.F. 04510, México.
Success or failure in high-school has been studied in relation to cognitive,
motivational, personality or didactic variables; however, there are very few studies
that have investigated the functional organization of the cerebral cortex in high-school
students with high and low academic achievement. Since there are evidences that
cortical activity is different in children with learning disabilities, we evaluated
cognitive abilities and recorded electroencephalographic (EEG) activity during resting
conditions and during performance of a cognitive task in 60 high-school students
between 17 and 19 years old with high (HAA) and low (LAA) academic achievement.
Spectral power and correlation between all pairs of derivations were obtained.
LAA males showed lower interhemispheric correlation between homologous
regions of left and right hemispheres than HAA males and LAA females in the alpha
band during resting condition, whereas HAA males showed higher interhemispheric
correlation particularly between frontals and lower intrahemispheric correlation
specially between centro-parietal regions of the right hemisphere in successful trials
while performing the cognitive task. These results indicate that temporal coupling
between left and right hemispheres is altered and that functional differentiation within
the right hemisphere is attenuated in LAA students. These EEG results may be related
to the significantly lower performance shown by LAA students in Picture Completion,
Picture Arrangement and Block Design subtests of the performance scales of the
Weschler Adult Intelligence Scale.

8 9.6
HEMISPHERIC DIFFERENCES IN GRAY MATTER VOLUME OF ADULT
HUMAN BRAIN. N. Kabani*, L. Collins, A. Evans. McConnell Brain Imaging
Center, Montreal Neurological Institute. Montreal, PQ H3A 2B4.
We used an automatic segmentation method on MR volumes of 33 normal, righthanded adults, 20 m/13 f (age 26±5) to calculate the gray matter volume of subregions of cerebral hemisphere. The MRI volume from one adult in stereotaxic
co-ordinate was manually segmented into 72 regions. Automatic segmentation was
achieved by computing the non-linear deformation, registering each subject with
target brain. Labels from the target brain were mapped through inverse 3D non
linear transformation to segment the 33 individual brains.
Cortical gray was 95% of the gray matter volume in each hemisphere. The total
hemispheric gray matter (THGM) volume difference was 13%(L>R). Volumes for
each cortical and non-cortical substructures were then normalized against THGM.
Reported below are significant (p <0.0001) and % differences between hemispheres.
1). Lobar gray matter volumes as proportion of THGM. Frontal: R > L by 15%;
Parietal: L > R by 5%, Temporal: R > L by 19%, Occipital: L > R by 3%.
2). Lateralized comparison of sub-structures, a). L > R : superior frontal
(10 %),lat. front-orbital
(10%); superior
parietal
(7%),
supramarginal
(25%),precuneus (23%), postcentral
(30%);med.occipito-temporal
(26%),
lat.occipito-temporal (17%);cingulate (24%),-lingual (33%);basal gang.(3%) b).
R > L : middle frontal (3%), inferior frontal (17%), precentral (4%); angular gyrus
(7%); middle temporal (37%), inferior temporal (7%); thalamus (8%).
In conclusion, there are significant hemispheric and cortical differences in the gray
matter volume with a trend of left hemisphere regions being significantly larger than
the right. This information is useful in creating a baseline for gray matter volume
to conduct future studies on diseased brains and perform functional correlations.
Research funded by International Consortium of Brain Mapping & Cand. MRC.

Partially financed by CONACYT and DGAPA
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89.7
AGE RELATED
CHANGES
OF
INSULAR
CORTEX AND
LATERAL
VENTRICLES:
CONVENTIONAL
MRI
VOLUMETRIC
MEASURES.
A .L .Foundas*,D .Zipin,C .Browning.Psychiatry and Neurology,
Tulane School of Medicine, New Orleans, LA 70112
Preliminary data suggest that the insula region may be
atrophied
in
patients
with Alzheimer's
disease
as
compared to healthy age-matched controls, therefore, we
were interested in learning whether the CSF-insula space
enlarges with age in healthy subjects,
and how age
related changes of insular cortex compare to changes in a
well-studied
area
like
the
bodies
ofthe
lateral
ventricles. CSF volume of the lateral ventricles and
insular cortical regions
were measured on T1 axial MRI
images (5mm thickness) in healthy subjects (n=94) 21 to
84 years. R O I 's were traced across consecutive images
using a computer guided cursor. Age-related changes were
found in the lateral ventricles (r=.3202, p<.0001), and
in the irlsular cortex (r=.1697, p < . 0 0 0 1 ) Increasing age
accounted for a significant amount of the variance for
the lateral ventricle (pc=.4478, p<.0001) but not for the
insula (pc=.1536, p=.144). Whereas there was a linear
increase in lateral ventricular volume with age, the CSF
insular space increased linearly until the fourth decade,
then plateaued until the seventh decade with a linear
increase thereafter. These data suggest that age-related
changes occur in the region of the insular cortex, but
differ
from
age
related
changes
of
the
lateral
ventricles. Supported in part NIH-NIDCD K08 DC00135-01.

8 9.10

89.9
GENETIC LOCI ASSOCIATED WITH AUDITORY EVENTRELATED BRAIN, POTENTIALS. H. B e qrleiter, B.
Porjesz, J. Blancrero*, and L. Almasy * D e p t . of
Psychiatry, SUNY HSCB, Brooklyn, NY.
*Southwest Foundation
San Antonio, Texas.

ESTIMATES OF CELL NUMBER IN TEMPORAL NEOCORTEX IN THE BRAIN
OF ALBERT EINSTEIN. D. L. Kigar* ,S. F. Witelson, 1.1. Glezer and T. Harvey.
Dept, of Psychiatry, McMaster Univ., Hamilton, ON.
The neurobiological basis of variation in cognitive abilities is not known. Study of
exceptional cases may serve to generate testable specific hypotheses. Microscopic
features have received less attention than study of gross anatomy in this respect. Since
different brain regions subserve different functions, one might expect differences in only
regions relevant to the cognitive function under consideration. We have reported on cell
number in the superior temporal gyrus (STG) in men having normal cognitive ability
(Witelson et al., JNSc, 1995). These baseline data provided us with the opportunity to
evaluate this region in Einstein's brain. Study of this region may be relevant for two
issues. (1) Einstein's extraordinary ability appears not to be based on auditory
processing. Thus one might expect no difference from control brains in the STG, a
finding which would provide some validity for any differences found in other regions.
(2) Although there is speculation that Einstein had delayed language development,
biographical data do not support any deficit, but at most reveal some unique features in
speech production. The STG is relevant for language, and results may be compared to
those for a man with developmental dyslexia (Witelson et al., Soc NSc Abstr, 1996). A
series of slides from each hemisphere of Einstein's brain were analyzed. Comparison
to the results from a group of 8 men of normal cognitive ability indicated no evidence
of a difference in cortical depth, in total number of neurons in a column through the
depth of the cortex, or in the resultant cell packing density. Even when age was
accounted for (Soc NSc Abstr, 1997), the results for Einstein's brain are w ithin normal
confidence limits. The proportion of glial cells to neurons was close to unity for
Einstein, which differs from controls. The present results will be compared to the two
other histological studies of other regions of Einstein's brain. Supported in part by
grants NS18954, MRC 10610 (SFW).

for Biomedical

Research,

We have collected auditory target and n o n 
target event related potentials (ERP) as well as
DNA in a large number of families. We have
conducted quantitative trait analysis using
Sequential Oligogenic Linkage Analysis Routines
(SOLAR)
on
105
full pedi g r e e s .
We
hav e
identified significant genetic loci for the
following
electrophysiologic
features
as
follows: N1 amplitudes for targets, non-targets,
P3 amplitudes for non-targets and for targets.
Nl latency for non-targets, for targets, and P3
latency for targets.
These data indicate that auditory E R P 's are
under genetic control.

QTL ANALYSIS OF VISUAL P3 COMPONENT OF THE ERP IN HUMANS
B. Porjesz1, H. Bealeiter1, J. Blanaero2, L. Almasv2, T. Reich3 , H.J.
Edenbera4,and H.L. Cohen1*. *SUNY HSCB, Brooklyn, NY. Southwest
Foundation for Biomedical Research, San Antonio, TX. Washington
University Medical Center, St. Louis, MO. Indiana University Medical Center,
Indianapolis, IN.
For the past twenty years our laboratory as well as several others has
repeatedly observed a significantly lower amplitude of the P3 component of
the Event-Related Potential (ERP) in both abstinent alcoholics and the
offspring of alcoholics. It has been demonstrated that this finding is not the
result of excessive alcohol abuse but is related to family density of
alcoholism. Recent data from the large national multi-site Collaborative Study
on the Genetics of Alcoholism (COGA) provide evidence for considering P3
amplitude as a phenotypic marker for the risk of alcoholism. Recently, the
COGA project has undertaken linkage analysis to identify the genetic bases
of ERPs. Sequential Oligogenic Linkage Analysis Routines (SOLAR), a
multipoint quantitative linkage package using variance components was
used. The genetic analyses were conducted on 994 individuals from 106
families using approximately 275 highly polymorphic DNA markers 15 cM
apart. Visual P3s were elicited to target, novel and nontarget stimuli.
"Hotspots" have been identified on a few chromosomes. Two-locus
quantitative trait analysis was implemented to allow for more complex forms
of oligogenic inheritance. These results suggest that the visual P3
amplitude provides a biological phenotypic marker that has genetic
underpinnings.

LEARNING AND MEMORY: PHARMACOLOGY I
90.1

9 0.2

AMNESIC PROPERTIES OF THE SELECTIVE Mi ANTAGONIST S-(->ET-126.
R. Matucci. C. Ghelardini. N. Galeotti. °E. Teodori. °F. Gualtieri and
A. Bartolini D epts o f Pharm acology and °P h a rm a c eu tica l Sci.,
University of Florence Italy, SPON: Eur. Brain Behav. Soc.*
S-(-)-ET-126 (S-(-)-α -(hydroxym ethyl)benzene-acetic acid 1methyl-4-piperidinyl ester) exhibits a pharmacological profile o f an Mi
competitive muscarinic antagonist. Functional studies showed selectivity
ratios of 8 and 178 for M1/M2 and M1/M3 respectively, indicating that S(-)-ET-126 is the most potent and selective available M 1 antagonist
(Ghelardini et al., 1996). The selectivity o f S-(-)-ET-126 for M i
receptors was confirm ed in the present work by [3H ]-Q N B binding
studies performed in the hippocampus (M i) and medulla oblongata (M2)
in which the drug exhibited pK o values o f 8.92±0.24 and 7.98±0.58
respectively. The hypofunctionality of the cholinergic system produces an
impairment of cognition. The M i receptors have been proposed, by using
the M1 antagonist pirenzepine, as the most prominent receptor subtype
involved in the modulation o f memory processes (Caufield et al., 1983).
We, therefore, thought it worthwhile to investigate the potential amnesic
properties of S-(-)-ET-126 in the mouse passive avoidance test. S-(-)-ET126 induced amnesia after i.c.v. administration at the dose o f 0.001 μ g
per mouse and, unlike pirenzepine, produced a dose-dependent (1-100
μg/kg) reduction in the latency to enter the dark compartment after i.p.
injection. In the amnesic dose-range, S-(-)-ET-126 did not impair mouse
motor coordination and spontaneous motility. S-(-)-ET-126, a more
selective M 1 antagonist than pirenzepine, confirmed the important role of
the M1 receptors in memory processes, suggesting it may be a useful tool
in the investigation o f the physiological role of M 1 receptors.

ATROPINE AND MEMORY MODULATION: A THRESHOLD MODEL. A,
M. Schneider*, E. Thomas,
.Salter, A. Wohlhueter, S. DuBois, K. Earley, Y.
B
Choy, R. Schultz and. M. Govgrnale. Depts. of Psychology, Swarthmore
College, Swarthmore, PA 19081, Bryn Mawr College, Bryn Mawr, PA 19010.
It is generally agreed that there are two systems involved in the formation of
recently-acquired memories: an information system, devoted to the content of
memory, and a modulatory system, regulating the strength of memory. Several
neurotransmitters have been implicated in the modulatory system, acetylcholine
among the more notable. Evidence for acetylcholine involvement comes from
studies that have shown that posttraining injections of cholinergic antagonists
such as atropine impair retention. The purpose of the present series of
experiments was to determine the extent to which atropine's effect on retention is
related to the level of shock during passive-avoidance training.
We gave rats (male, Long Evans) two types of passive-avoidance training. In
one procedure the animals were given a single training trial, and shock was set at
either 0.4 mA, 2 sec or 0.4 mA, 3 sec; in the other procedure the animals were
given 3 training trials, 1 trial per day, and shock was set at 0.4 mA, 1 sec on each
trial. In each procedure the animals were injected with saline or atropine sulfate
(10 mg/kg) immediately after the first trial.
We found that atropine impaired retention, and the effect indeed depended on the
level of shock: atropine had no effect at the lower level (0.4 mA, 1 sec), but it
did have an effect at the higher levels. To account for these results we propose
that the information and modulatory systems have different thresholds of
activation, and that each system will thus be responsive to a different level of
shock during training. When the level of shock is weak, retention is produced in
the absence of modulation, and thus atropine has no effect. On the other hand,
when the level of shock is high, retention is produced by the combined action of
modulation and information, and thus atropine has an effect.
Supported by a grant from the Howard Hughes Medical Institute.

This work was supported by grants from MURST.
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CO -A D M IN ISTR A TIO N OF G A LA N IN A N TA G O N IST M 40
W ITH A CHOLINESTERASE INHBITOR OR A MUSCARINIC
M l AGONIST ON DELAYED NON-M ATCHING TO POSITION
CHOICE ACCURACY IN 192IgG -SAPORIN-LESIONED RATS.
M. P. M cD onald*1, K. M. M iller1, G. G oldstein1, G. L. W enk2 , &
J. N. C raw ley1. 1S e c tio n on Behavioral Neuropharmacology, ETB,
NIM H, Bethesda, M D 20892, and 2D ivision of N eural Systems,
Memory and Aging, University of Arizona, Tucson, AZ 85724.
Galanin is a 29-amino acid neuropeptide that coexists with acetyl
choline (ACh) in the medial septum/diagonal band in the rat and in
hibits acetylcholine release in the septohippocampal pathway. Galanin
is overexpressed in the basal forebrain in Alzheimer’s disease (AD).
Galanin impairs performance on tests of learning and memory tasks,
including delayed non-m atching to position (DNM TP). M 40
(galanin[l-12]-Pro3-(Ala-Leu)2-Ala-NH2), a peptidergic galanin re
ceptor ligand, blocks galanin-induced im pairm ent on DNMTP.
Previous work in our lab showed that galanin further impairs DNMTP
choice accuracy in cholinergically-lesioned rats. M40 injected alone
did not improve performance in lesioned rats. The present exper
im ents evaluate the actions of M 40 com bined with cholinergic
replacement strategies in rats with cholinergic lesions induced by
192IgG-saporin. M 40 was co-administered with either tetrahydroaminoacridine (THA) or an inhibitor o f acetylcholinesterase, 3-(3~
S-n-pentyl-1,2,5-thiadiazol-4-yl)-1,2,5,6-tetrahydro-1-methylpyridine
(TZTP), a muscarinic M l agonist. Preliminary results suggest that
M 40 and TZTP in combination may improve choice accuracy on the
DNMTP task.

ANTISENSE OLIGONUCLEOTIDES AGAINST THE MUSCARINIC TYPE 2
ACETYLCHOLINE RECEPTOR ALTER RECEPTOR DENSITY AND
PERFORMANCE IN THE MORRIS WATER MAZE. R.L. Galli* , B.C. Thoroe2,
R.E. Fine1 ,& H.R. Lieberman2, Kenyon College, Gambier OH, 1Boston
University School of Medicine and Bedford V.A. Hospital, 2United States Army
Research Institute of Environmental Medicine, Natick, MA 01760.
One strategy for increasing cholinergic function involves blocking the
autoinhibitory action of muscarinic type 2 (M2) acetylcholine receptors, thereby
enhancing acetylcholine release.
Antisense oligonucleotides (OGNs)
complementary to M2 receptor mRNA were evaluated for their efficacy at
decreasing receptor density and reversing deficits in a cognitive task.
In vitro experiments with the NG108-15 hybrid cell line showed that 5 μM or
10 μM concentrations of three of the five antisense OGNs tested decreased
muscarinic acetylcholine receptor (mAChR) binding by 50-60%, compared to
vehicle treatment. Control OGN treatment was associated with 10-28%
decreases in mAChR binding. In vivo, either antisense or control OGN, or
vehicle alone, was continuously infused into the lateral cerebral ventricle of
young, Fisher 344 rats for 6 days at a rate of 0.5 μl/h and a daily dose of 72
μg. Behavior was tested on days 5 & 6 of treatment with a version of the
Morris water maze. Preliminary experiments determined that 0.2 mg/kg
scopolamine significantly impaired performance on several measures of
learning and spatial memory. The scopolamine-induced decrements were
partially or significantly reversed by two of the three antisense OGNs tested.
A mismatch control OGN improved performance on one of the behavioral
parameters; other controls did not. No changes in receptor binding were found
in hippocampal samples.
Supported by Department of Defense intramural funding.
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L ong-T erm E ffe c ts o f B IB N -9 9 , a M u sca r in ic M2 R e cep to r
Antagonist, in Reversing Cognitive D eficits in the Aged MemoryImpaired Rats

AN M2 MUSCARINIC ANTAGONIST IMPROVES MEMORY
AND AN M l ANTAGONIST DISRUPTS PERFORM ANCE IN
DELAYED NON-MATCHING TO POSITION TEST '
J. Aura, J. Sirviӧ, A.-P.J. Huovila* and P. Riekkinen Jr. Department
o f Neuroscience and Neurology, University o f Kuopio, P.O.Box
1627, FIN-70211 Kuopio, Finland
The present study was designed to investigate the effect o f I.C.V.
administration o f subtype non-selective (scopolamine 3 and 10 μg),
M l (pirenzepine 10 and 30 μg) and M2 (methoctramine 2, 5 and 20
μg) muscarinic receptor antagonists in rats on memory performance
in delayed non-matching to position test. Scopolamine delayindependently decreased % correct choices and reduced motor
activity. Pirenzepine also delay-independently decreased % correct
choices. On the contrary, methoctramine 2 μg, but not at 5 or 20 μg,
improved % correct performance delay-dependently. The present
data suggests that decreased activation of inhibitory M2 muscarinic
autoreceptors by methoctramine produces a specific improvement of
short-term memory at long forgetting delays. (Sponsors: Univ. of
Kuopio and Finnish Academy of Sciences)

WJB. Rowei*, G.M. Rose2, K. Kitaichi1, I . Richard1, H. Doods3, M. J. Meaney1,
R. Quirion1
1Dept, o f Neurol/Neurosurg., Douglas Hospital Res. Ctr., M cG ill Univ., Mtl,
Canada, H4H1R3. 2Dept, o f Pharmacol., Univ. o f Colorado, Hlth. Sci. Ctr, V A
Medical Ctr, Denver CO. 3Dept o f Pharmacol., K. Thomae GmbH, 7950 Biberach
1, Germany.
The degeneration of the forebrain cholinergic system still remains one of the
most salient neurochemical features of A lzheim er’s D isease (AD). To date,
cholinergic-based treatment strategies for AD have incorporated the use of
acetylcholine precursors (eg. lecithin or choline), blockers of acetylcholinesterase
(eg. tacrine) or non-selective muscarinic agonists (eg. bethanechol). Unfortunately,
these therapeutic strategies have met with only a limited amount of success. W e
believe that the activation of the purported presynaptically located M 2-muscarinic
autoreceptors may plav a more critical role in the regulation of acetylcholine (ACh)
release and should 6e taken into account when developing cholinergic-based
treatments. Increasing ACh half-life in the synaptic cleft or (Erectly stimulating
post-synaptic receptors by non-selective agonists may in fact lead to the subsequent
activation these negative muscarinic M2 autoreceptors and diminished ACh release,
the opposite of the desired effect. We have reported that increases in ACh release are
observed in the hippocampus and cortex if the presynaptically located autoreceptors
are blocked with a potent M2 antagonist. This increase in ACh release translates
into facilitated cogmtive_performance in aged, cognitively impaired (AI) Long-Evans
rats (Quirion et al., 1995, J. Neurosci. 15: 1455-1462). We now report that AI
(23-25 month old) animals significantly (P< 0.05) improved their ability to locate a
submerged platform in the Morris Water Maze task w hen they received a
subcutaneous injection of the muscarinic M2 receptor antagonist, BIBN-99, one
hour prior to testing in the Morris Water Maze (0.25 ana 0.5 m g/kg). M ore
importantly, this enhanced performance appears to be a long lasting effect.
Significant (P< 0.05) improvement in cognitive performance was still observed in
the AI animals 2 to 3 weeks after cessation of the BIBN-99 treatment, suggesting
the formation of a permanent memory trace. This long-term effect of the BIBN-99
in improving cognitive performance m aged rats underscores the potential usefulness
of selective muscarinic M2 antagonists m treatment strategies for AD. Supported
by MRCC, NIA and FRSQ.

90.7

EFFECT OF SCOPOLAMINE ON RATS IN AN ODOUR-GUIDED TEST
OF WORKING MEMORY. R.E. Brown* and B. Winters. Psychology
Dept, Dalhousie University, Halifax, N.S., Canada B3H 4J1
We used a continuous delayed match/non-match to sample go-left/go-right
task (CDM/NMS) to assess working memory in the rat using olfactory
stimuli. This task eliminates both the ambiguity of null responses inherent in
the go/no go olfactory learning paradigm and the problem of mediating
behaviours which plague other putative tests of working memory such as the
delayed matching-to-position task (Stanhope et al., 1995, Psychopharm.,
122,268-280). Rats were trained in an operant olfactometer with delays of 3,
30, 60, and 120 sec. between the sample and choice odours. The percent
correct decreased with increasing delay, indicating a working memory
function. When a stable baseline was reached, the effect of the central
muscarinic antagonist scopolamine hydrobromide (ScHBr) was assessed.
Although it has been proposed that scopolamine has a detrimental effect on
learning and memory processes (Smith, 1988, Brain Res. Rev., 13,103-118),
the effect of scopolamine may be due to something other than memory
impairment (Herremans et al., 1996, Brain Res., 711,102-111). We injected
rats i.p. 30 minutes before testing on different days with one of five
treatments: saline, 0.3 mg/kg scopolamine methylbromide (a peripherally
acting muscarinic antagonist), 0.03 mg/kg, 0.1 mg/kg or 0.3 mg/kg ScHBr.
There was a significant decrease in percent correct with increasing delays and
as the dose of ScHBr was increased, but no interaction between drug and
delay. The general decrease in percent correct indicates a non-mnemonic
effect of scopolamine which influences performance in the CDM/NMS
olfactory learning task. It is suggested that scopolamine induces a failure to
attend to relevant information.
Supported by NSERC of Canada and Wyeth Research.
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DIFFERENTIAL EFFECTS IN LEARNING AND MEMORY BY NBM
REVERSIBLE LESIONS M.I. Miranda, L. Ramirez-Lugo and F. BennudezRattoni*. Depto. Neurociencias, Instituto de Fisiologia Celular. UNAM, Mexico.
D.F. 04510.
The nucleus basalis magnocellularis (NBM) complex provides afferent
cholinergic innervation to the neocortex. A number of studies have implicated
these cholinergic neurons in the mediation of learning and memory processes.
However, the role of cortical cholinergic activity in information retrieval
mechanisms is less known. The aim of the present study is to evaluate the effects
of reversible inactivation of NBM by TTX during the acquisition and retrieval of
conditioning taste aversion (CTA). In addition, we examined acetylcholine (ACh)
release in the insular cortex (IC) - an area that has been related to the associative
processing of CTA - by means of the microdialysis technique in free-moving rats
during the CTA training procedure. Bilateral perfusion of TTX in the NBM was
performed, by microdialysis probe, 30 minutes before the presentation of aversive
stimulus in either the CTA acquisition trial or test trial. At the same time, levels of
extracellular ACh release were measured in the IC. The behavioral results showed
significant impairment in CTA acquisition when TTX was perfused in the NBM.
whereas retrieval was not affected when the drug was perfused during the test trial.
Preliminary biochemical results showed that TTX infusion into the NBM resulted
in a marked decrease in cortical extracellular ACh release as compared to controls
during consumption of LiCl (0.15M) in the acquisition trial. No changes in cortical
ACh levels were found during the test trial (reexposure to the conditioned
stimulus). These results suggest a cholinergic-dependent process during
acquisition, but not during memory retrieval. Our data are in agreement with
previous studies which indicated that cholinergic NBM cortical projection may
play an important role only in the early stages of learning. Supported by
CONACYT 3260P-N9608.
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THE EFFECTS ON OPERANT DELAYED NONMATCHING-TOPOSITION (DNMTP) OF MUSCARINIC RECEPTOR ANTAGONIST
SCOPOLAMINE MICROINJECTED INTO THE MEDIAL SEPTUM
J.B. Mao* and J.K. Robinson. Dept, of Psychology, S.U.N.Y. at
Stony Brook, Stony Brook, NY, 11794-2500.
Cholinergic inputs to the hippocampus from the medial septum
have been theorized to contribute to hippocampal information
processing. To study the involvement this cholinergic system to
discrimination and working memory processes mediated by the
hippocampus, the present studied employed a DNMTP paradigm
that assessed spatial stimulus detection, and distinguished it
from working memory performance. Rats were extensively
pretrained on DNMTP, then cannulated into the medial septum.
Following retraining, scopolamine (10, 20, or 40 μg/0.5 μI)
was administered. No reliable effects on DNMTP choice accuracy
were detected. However, a significant dose-dependent increase
in sample-phase spatial discrimination accuracy was observed.
No significant change in other performance parameters was
detected at any dose of scopolamine. These results suggest that
septo-hippocampal cholinergic projections may contribute to
the ability to orient or maintain attention to stimuli that will
need to be remembered. Supported by NIMH grant
1R03MH55290-01

90.10
LONG-TERM SCOPOLAMINE PRE-EXPOSURE INTERFERES WITH SPATIAL
ALTERNATION IN RATS: INCREASED SENSITIVITY TO REDUCTION OF
REINFORCEMENT? W. J. Wilson*, E. A. Hansen, & A. G. Leto.
Psychological Sciences, Indiana-Purdue Univ., Fort Wayne, IN 46805 USA
Twelve female Sprague-Dawley rats (85% ad-lib weight) received the
centrally-acting muscarinic antagonist scopolamine or peripherally-acting
methyl scopolamine (1.0 mg/kg i.p.) daily, starting 8 days prior to behavioral
training and following each session. Rats were continuously reinforced in a
phi-maze (automated T-maze with alleys leading back to the start/goal box;
Wilson, BRMIC, 1996) for returning to the start/goal box via either arm.
Criterion was 2 successive sessions of 40 trials, the second in less than 30
min. Seven rats (3 meth, 4 scop) reached this criterion; these two groups
did not differ at this point in terms of latencies to respond or speed of
running. Then rats were switched to a spatial alternation task. Froot Loop
reinforcers were delivered only when the rat used the arm not used on the
previous trial, and each session lasted until the rat received 40 reinforcers or
stopped running. Meth rats acquired spatial alternation readily but scop rats
stopped performing. Figure shows mean number of reinforcers received by
the two groups.
Similar performance of the groups
in Continuous Reinforcement argues
against motivational, motor, or
reference memory effects. Working
memory impairment would simply
have increased errors in Spatial
Alternation. The results suggest that
long-term scopolamine exposure
increases rats’ sensitivity to reduction
in reinforcement frequency.
Experiments to test this are
SESSION
underway.
[Support: IPFW Psychological Sciences & Neuroscience Underground]
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CHOLINERGIC INTERNEURONS IN THE NUCLEUS ACCUMBENS
AND HABITUATION LEARNING: NEUROCHEMICAL AND NEUROPHARMACOLOGICAL STUDIES C M . T h ie l* , S . S c h ild e in , I P . H u s to n
and R .K .W . Schwarting. Institute o f P hysiological P sychology, and C enter for

H ISTA M IN ER G IC -C H O LIN ER G IC A N D H IST A M IN E R G IC -D O PA M IN ER G IC
IN TER A C TIO N S IN U R ET H A N E -A N E ST H E T IZ E D R A TS: E V ID E N C E FR O M IN
VIVO M IC R O D IA LY SIS STU D IE S. H . C . D ringenherg, M . A . D e Souza-Silva, J . P.
H uston, and R. K . W. S chw arting. (SPON: E uropean B rain and B ehaviour Society).
Institute o f Physiological Psychology I, H einrich-H eine U niversity D üsseldorf, 40225
D üsseldorf, Germ any.
Previous studies have shown that system ic adm inistration o f the histam ine H I receptor
antagonist chlorpheniram ine can im prove perform ance o f rats in learning/m em ory tests
and has positive reinforcing effects. H ere w e exam ined som e neurochem ical effects o f
H I antagonist administration on extracellular levels o f acetylcholine (A Ch) and dopam ine
(D A ) in the brain o f adult m ale W istar rats anesthetized w ith u rethane (1.25 g/kg).
Transmitters were measured using in vivo m icrodialysis and H P L C w ith electrochem ical
detection.
Injections o f saline (i.p.) did not produce significant changes in the
extracellular levels o f ACh and DA. Adm inistration o f c hlorpheniram ine at doses know n
to have behavioral effects (5-20 m g/kg, i.p .) produced a dose-dependent increase of
A C h in the frontal cortex and hippocam pus (averages o f 433 % and 513% o f baseline,
re sp ectiv ely , during the first two hours after 20 m g/kg). Levels o f D A in the
neostriatum and nucleus accumbens also increased after chlorpheniram ine adm inistration
(161 % and 248% of baseline, respectively, after 20 m g/kg), w hile the D A m etabolites
D O P A C and H V A decreases! after chlorpheniram ine treatm ent. T he H I antagonist
pyrilamine (10 and 20 m g/kg, i.p .) also produced increases in D A and A C h levels, but
these effects w ere sm aller than those obtained w ith chlorpheniram ine.
T h e p re sen t results suggest that H I antagonists can increase ex tracellular levels o f
cortical and hippocam pal A C h and neostriatal and accum bens D A . It m ay b e that these
effects contribute to the behavioral actions (enhanced leam ing/m em oiy, reinforcing) o f
H I antagonists and have im plications for the clinical u se o f anti-histam inergic agents
(Supported by the D eutsche F orschungsgem einschaft).

Biological and Medical Research, U niversity o f D üsseldorf, 40225 D üsseldorf, Germ any

Acetylcholine (ACh) neurotransmission is considered to play a critical role in
mechanisms of learning, attention, behavioral activity, and motivation. With
respect to learning and memory, the cholinergic projections to hippocampus and
neocortex have intensively been studied, whereas the interneurons of the nucleus
accumbens (Nacc) have received little attention. To analyze the potential
contributions of these interneurons, we investigated habituation of open-field
behavior in the rat, a simple behavioral task, where the decrease of exploratory
activity during repeated exposure to the same environment is taken as an index
of memory. Using in vivo microdialysis, we monitored extracellular ACh levels
in the shell vs. core region of the Nacc during habituation learning. Our data
show that accumbal ACh release is increased during and after open-field
exposure, an effect which is more pronounced in the shell than the core sub
compartment. In an additional pharmacological study, we unilaterally injected
either the muscarinic antagonist scopolamine (0.1-10μg) or the AChesterase
inhibitor tacrine (0. l-10μg) into the NAcc immediately after 1st exposure to the
open-field (post-trial) and tested the behavioral effects during a test performed
24 hours later. These neuropharmacological data show that post-trial injections
of tacrine dose-dependently decreased rearing behavior during re-exposure.
Thus, ACh activity in the NAcc is apparently activated by factors related to
open-field exposure, and enhancement of this activation seems to promotive the
memorization or recall of this open-field experience.

90.13
THE CORRELATION BETWEEN THE SPATIAL COGNITION
DEFICITS
IN
8-ARM
RADIAL
MAZE
TASK
AND
ACETYLCHOLINE (ACh) RELEASE FROM THE VENTRAL
HIPPOCAMPUS IN SCOPOLAMINE-TREATED RATS. K. M ishim a,
M, Niwa*1 and M. Fujiwara. Depertment o f Physiology &
Pharmacology, Faculty of Pharmaceutical science, Fukuoka Univ.
Fukuoka, Japan. 1Department of Pharmacology 1, Nagasaki University
School of Medicine, Nagasaki, Japan.
To clarify the central cholinergic function in spatial cognition of the
rat, we investigated the effects of M l and M2 muscarinic receptor
antagonists on the scopolamine-induced disruption of spatial cognition
using 8-arm radial maze task. Moreover, the possible relationship
between spatial cognition and ACh release from the ventral
hippocampus (VH), dorsal hippocampus and frontal cortex using brain
microdialysis was investigated in scopolamine-treated rats. Scopolamine
(0.5 mg/kg, i.p. and 20 , μ
gi.c.v.) and pirenzepine (40 μ g, i.c.v.), but not
M2 antagonist AF-DX116 (40 μ g , i.c.v.) disrupted spatial cognition in
the radial maze task. Scopolamine significantly increased the ACh
release from all 3 regions, especially the VH. Therefore, the degree of
spatial cognition disruption was well co-related with the ACh release
from the VH. These results suggested that M l receptor blockade was
closely involved with the incidence of spatial cognition disruption and
the VH, especially in hippocampal area, might play an important role in
this behavioral change.
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LEAD-EXPOSED RATS ARE MORE SENSITIVE THAN CONTROLS TO THE
EFFECT OF SCOPOLAMINE ON LONG-TERM EXPLICIT MEMORY. L.L.
Driscoll*1, M.E. Gilbert2, & B.J. Strupp1. 1Dept. of Psychology & Division of
Nutritional Sciences, Cornell Univ., Ithaca, NY 14853, and 2National Research
Council, US EPA, Research Triangle Park, NC 27711.
Although recent reports provide evidence of altered hippocampal LTP in lead
(Pb)-exposed rats, there is no evidence to date that explicit memory function is
correspondingly impaired. However, it is possible that the tasks that have been used
to test this hypothesis have not been sufficiently demanding to reveal a subtle
alteration in this process. Expt. 1 was designed to assess declarative memory
function in rats chronically exposed to lead from birth, using a version of the radial
maze task in which varying retention intervals (0, 3,6, or 9 hrs) were imposed after
half of the arms of the maze had been traversed. The results revealed that chronic
postnatal lead exposure did not impair memory function; in fact, a tendency was
observed for recall to be superior in the Pb-exposed rats (n=17) relative to controls
(n=16). Because these results suggested an alteration in a memory modulatory
system, a second experiment was designed to test the hypothesis that hippocampal
cholinergic activity is altered by Pb exposure. The retention interval was held
constant at 6 hrs and varying doses of the muscarinic antagonist, scopolamine (0,
0.01,0.05,0.10 mg/kg) were injected SC prior to the first daily session. The Pbexposed rats were significantly more sensitive to the memory impairing effects of the
drug than controls. They were not, however, more sensitive to the effects of the drug
on the speed of choosing arms or attaining the food rewards. This pattern of effects
suggests that chronic post-natal Pb exposure alters the cholinergic system specifi
cally in regions involved in mnemonic and/or attentional function (i.e., hippocampus
or basal forebrain, respectively).
Supported by NIEHS grants ES07457 & ES05950.
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THE EFFECTS OF SCOPOLAMINE ON COGNITIVE PERFORMANCE IN
RHESUS MONKEYS. M.A. Taffe*, M. R. Weed, I. Polis and L. H. Gold.
Department of Neuropharmacology, The Scripps Research Institute, La Jolla, CA
92037
Rhesus monkeys (6) were trained on a bimanual motor skill task as well as
cognitive tests adapted from a human neuropsychological assessment battery
(CANTAB; CAmbridge Neuropsychological Test Automated Battery; Cambridge
Cognition, Cambridge, UK). The battery included tests of memory (delayed non
match to sample; DNMS), spatial working memory; SWM), motivation
(progressive ratio; PR) and sustained attention (5-choice reaction time; RT). The
animals were trained to asymptotic performance in all tasks and then were
administered two of the four CANTAB tasks on alternate weekdays (PR/SWM;
DNMS/RT). The motor skills task was administered on each weekday. The effect
of acute administration of scopolamine (.003- 024 mg/kg, i.m.) on performance was
then determined. Scopolamine increased the time required to complete the bimanual
motor task and increased response latency in the RT task at the highest doses. The
last completed ratio in the PR task was decreased in a dose-dependent fashion by
scopolamine. Although performance on DNMS was impaired at the highest doses of
scopolamine there was no interaction of dose with retention interval suggesting that
scopolamine does not increase the rate of forgetting. Scopolamine administration
also produced a decrement in SWM performance at the highest doses. The results
suggest that scopolamine impairs fine motor control, sustained attention,
motivation to respond and SWM accuracy, but do not support the hypothesis that
scopolamine interferes with recognition memory as measured by these tasks. The
findings also demonstrate that the CANTAB test battery is useful for distinguishing
the effects of neuropharmacological manipulation on various aspects of cognitive
performance in monkeys.
Supported by U.S.P.H.S. grants: MH 19185 and DA 09111.

NICOTINIC-NMDA INTERACTIONS WITH WORKING AND
REFERENCE MEMORY. E.D. Levin* and C. Bettegowda.
Neurobehavioral Research Laboratory, Psychiatry Department, Duke
University Medical Center., Durham, NC 27710, USA.
Both nicotinic cholinergic and NMDA glutaminergic systems arc
important for memory function. Nicotine has been found to improve
working memory performance, while the NMDA antagonist
dizocilpine (MK-801) has been found to impair it These two systems
are functionally related. Nicotine is potent at releasing many
transmitters including glutamate. The current study was conducted to
examine the interaction of nicotinic and NMDA systems with regard to
working and reference memory. Female Sprague-Dawley rats (N=12)
were trained on a working and reference memory procedure on a 16arm radial maze. After acquisition, the rats were administered (SC)
nicotine (0, 0.2 and 0.4 mg/kg) and dizocilpine (0, 0.1 and 0.2
mg/kg) alone or in combination in a repeated measures,
counterbalanced design. As seen previously, nicotine (0.2 mg/kg)
significantly (p<0.025) improved working but not reference memory
performance in the radial-arm maze. The 0.2 mg/kg dose of
dizocilpine made the rats nonresponsive on the maze so that choice
accuracy could not be assessed. Ttie 0.1 mg/kg dose of dizocilpine
significantly (p<0.01) impaired both working and reference memory.
Nicotine (0.4 mg/kg) significandy (p<0.025) attenuated the
dizocilpine-induced deficit in both working and reference memory.
These results are indicative of important interactions between nicotinic
and NMDA systems with regard to memory function.
(This research was supported by the Council for Tobacco Research.)

90.17

MEMORY IMPAIRMENT IN SPONTANEOUSLY HYPERTENSIVE RATS
(SHR): ROLE OF CENTRAL NICOTINIC RECEPTORS. M. Gattu*, A.V.
Terrv, Jr.. J R. Paulv and J.J. Buccafusco. Alzheimer’s Research Ctr. and Dept.
Pharmacol, and Tox., Medical Col. of GA, Col. of Pharmacy, Univ. of GA, Athens,
GA, and Col. of Pharmacy, Univ. of KY, Lexington, KY.
Hypertension in humans and in rat models has been associated with decrements
in cognitive function. The SHR exhibits decreased expression and function of
central nicotinic acetylcholine receptors (nAChRs), factors that could play a role in
impaired mnemonic function. The purpose of this study was to determine whether
deficits in memory and/or nAChRs directly relate to the hypertensive state. To
address this issue: 1) 4 wk old prehypertensive SHR, were tested in learning and re
learning phases of a water maze task and compared with 2 age-matched normotensivc strains, Wistar-Kyoto (WKY) and Wistar (WIS). SHR and WKY were
similar in their ability to learn the task, however, in a re-learning paradigm, only
SHR were impaired. SHR were also selectively impaired in their performance of
an inhibitory avoidance task. In autoradiographic studies, the density of high
affinity nAChRs was decreased in pre-hypertensive SHR compared to age-matched
controls in several brain regions, particularly the frontal cortex, posterior
subiculum, thalamus, and the interpeduncular nucleus. 2) Age matched SHR and
WKY were administered hydralazine in the drinking water beginning at 4 weeks of
age. Hydralazine prevented the development of hypertension in SHR, but not the
reduction of nAChRs, nor the impairment of memory. Also, synaptosomes derived
from the cortex of SHR continued to exhibit a reduction in the magnitude of
nicotine-stimulated Rb+efflux in vitro. Therefore, the hypertensive state does not
directly contribute to the reduced expression of nAChRs in SHR. SHR may thus
provide an important genetic model for the study of central nAChRs in cognitive
abnormalities. Supported by the American Heart Association (GA Affiliate).

9 0.19

A RAT MODEL FOR GULF WAR ILLNESS-RELATED SELECTIVE
MEMORY IMPAIRMENT AND THE LOSS OF HIPPOCAMPAL
NICOTINIC RECEPTORS. J.J. Buccafusco, M.A. Prendereast, J.R. Paulv2,
A.V. Terrv, Jr.1. B.D. Goldstein*, and L.C. Shuster. Alzheimer’s Res. Ctr. & Dept.
Pharmacol. & Toxicol. Medical College of Georgia, Dept. VA Medical Center,
Augusta GA 30912, 1U. Georgia, Athens, and 2U. Kentucky, School of Pharmacy.
Individuals suffering from Persian Gulf War Illness often present with subtle
impairment in cognition characterized by loss of concentration and forgetfulness.
The purpose of this study was to determine whether chronic exposure to the
organophosphorus cholinesterase inhibitor DFP using a regimen previously shown
not to produce overt signs of toxicity (0.25mg/kg/day/2weeks) would result in
protracted memory impairment. DFP-treated rats exhibited significantly impaired
learning in a spatial navigational (water maze) task up to 3 weeks after withdrawal
from DFP. When the rats were trained in the task prior to DFP, the degree of
impairment was much less severe. In a separate group of rats well trained in the
performance of a delayed stimulus discrimination task, the DFP regimen was also
less effective in impairing performance. The impairment in water maze learning
was correlated with a significant (up to 50%) reduction in the number of cortical,
striatal and hippocampal high affinity ([3H]epibatidine) nicotinic receptors
measured by quantitative autoradiography. Only hippocampal nicotinic receptor
density did not significantly recover by the 3 week time point after DFP withdrawal.
These results are consistent with the development of a protracted phase of learning
impairment to low-level DFP exposure which may involve the loss of hippocampal
nicotinic receptors. Supported by DAMD17-95-1-5036 & DVAMC.
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ANTTNOaCEPTIVEAND ANTIAMNESIC PROPERTIES OF THE NIOOIINIC
AGCNISTAG-4 V. M archese, C. G helardini, N. G aleotti, °C. Bellucci.
°D . M anetti °F. G ualtieri, ^P.A. Borea and A. Bartolini Depts of
Pharm acology, °Pharm aceutical Sci., Univ. of Florence and ^Inst. of
Pharmacology, Univ. of Ferrara, Italy, SPON: Eur. Brain Behav. Soc.
AG-4 (2-methyl-5-N,N-dimethylaminomethyl-cyclopentan- 1-one
m ethyl iodide) has been reported by G iannella et al. (1980) to be an
agonist selective for the nicotinic receptors since its equipotent molar ratio
compared to ACh is equal to 1.4 in the frog rectus abdomen and higher
than 1000 in the guinea-pig ileum. The present work further characterized
AG -4 as a nicotinic agonist by [3H ]-cytisine binding in rat cortex
membranes (Ki = 26±1.4 μM ) and in in vitro functional assays (guineapig ileum longitudinal muscle strips) and investigated its potential
antinociceptive and antiamnesic profile. The antinociceptive effect of AG4 was exam ined in mice and rats by using the hot-plate, abdominal
constriction and paw -pressure tests. In both species, AG-4 (25-150 μg
per m ouse i.c.v.; 100-150 μg per rat i.c.v.) produced significant
antinociception which was prevented by mecamylamine (2 mg kg-1 i.p.)
and pem pidine (3 mg kg-1 i.p.) but not by atropine (5 mg kg-1 i.p.),
naloxone (1 mg kg-1 i.p.) and CGP 35348 (100 mg kg-1 i.p.).
Furtherm ore, AG-4 (150 μg per mouse i.c.v.) improved the passive
avoidance performance in mice by preventing mecamylamine (20 mg kg*1
i.p.) induced amnesia. In the antinociceptive and antiamnesic dose-range,
AG-4 did not impair mouse motor coordination, spontaneous motility or
inspection activity. Our results dem onstrate the antinociceptive and
antiam nesic properties o f AG-4 which could represent a promising
^compound for the synthesis of new nicotinic agonists.
This work was supported by grants from MURST.

9 0.20
CNS NICOTINIC RECEPTOR AGONISTS PREVENT DISTRACTIBILITY IN
V/N-HUMAN PRIMATES. W.J. Jackson*, M.A. Prendergast, J.J. Buccafiisco., M.W.
Decker, and S.P. Americ. Medical College of Georgia, Alzheimers Research Center, Dept.
Physiol. Endo., Dept. Phami. Tox., and Dept. Vet. Aff. Med. Ctr., Augusta, GA.
1 hamiaceutical Products Division, Abbott Laboratories, Abbott Park, IL.
Increased distractibility is associated with clinical syndromes including Alzheimers
Disease (AD) and Attention-Deficit Disorder (ADD). The present studies examined the
c/.itractibility of both aged (>21 yrs) and non-aged (<13 yrs) macaques performing an
automated delayed matching-to-sample task. In Study 1, exposure to a task-relevant,
random visual pattem during delay intervals on 18% of all trials produced decrements in
recall on trials with the shortest delay intervals. Aged monkeys demonstrated a greater
sasceplibility to distraction than did non-aged monkeys in that their accuracy was impaired
by exposure to stimuli lasting 1 sec or 3 sec, whereas, non-aged monkeys were impaired
onK by exposure to stimuli lasting 3 sec . Methylphenidate (MPH; 0.46-3.7(umol/kg, i.m.)
di 1not reduce distractibility in aged monkeys but attenuated distractibility in non-aged
nvukeys. In Study 2, (-)-nicotine and two novel analogs which demonstrate selectivity for
brain nicotinic receptors (nAChRs), ABT-418 and ABT-089, were evaluated for their
a! ility to attenuate distractibility in non-aged monkeys. (-)-Nicotine (43.3 nmol/kg, i.m.)
provided for a 17.5% increase in accuracy on trials disrupted by exposure to the distractor
but did not alter performance on other trials. ABT-418(8.1 nmol/kg,i.m.) and ABT-089
(I:.;.4-32.8 nmol/kg,i.m.) produced increases in accuracy on impaired trials of 20-25%.
Both compounds also improved accuracy on trials during which distractors were not
presented (increases of 15% and 29% for ABT-418 and ABT-089, respectively). Thus,
these nAChR agonists demonstrate a markedly greater potency in preventing distractibility
tlv.n MPH. Further, ABT-418 and ABT-089 produced a more pervasive improvement in
recall than did (-)-nicotine and may, then, warrant consideration for use in attenuating
c' gnitive deficits observed in AD and ADD.
founded by Abbott Laboratories.
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SIM ULTANEOUS H IP P O C A M P A L M IC R O D IA L Y S IS
AND E L E C T R O P H Y S IO L O G IC A L M E A SU R E S F R O M
BEHAVING RA TS. J.D . Bronzino*, P. Kehoe, W. Church, V. Watson,
and Y. King. Dept. of Engineering and Neuroscience Program, Trinity College,
Hartford, CT 06106 USA
Since the original descriptions of long-term potentiation (LTP), much work has
focused on determining the mechanisms underlying the induction, maintenance, and
decay of LTP. However, most of this work has been performed in slice or
anesthetized preparations. To further such studies in freely moving animals, we have
recently developed surgical and recording procedures for the simultaneous acquisition
of neurochemical (microdialysis) and electrophysiological (evoked response) data
from the hippocampal formation of freely moving adult rats. This method provides
for continuous monitoring of the neurochemical milieu before, during, and after
electrophysiological manipulations such as tetanization. We have used this system
to simultaneously examine changes in hippocampal glutamate and norepinephrine
levels concurrent with the response of the dentate granule cell population resulting
from tetanization of the medial perforant pathway in freely moving adult rats. The
population spike amplitude measure showed initial enhancement of approximately
50% following tetanization and increased significantly above baseline for at least 48
hrs after tetanization. Microdialysis results indicate that hippocampal norepinephrine
levels increased maximally during the tetanization period and remained at least 50%
above baseline for the duration of the 48 hr recording period. Glutamate levels
increased 200% after tetanization and remained at this level throughout the 48 hr
recording session. These results indicate that reliable electrophysiological recordings
can be obtained simultaneous with microdialysate samples from the same brain area
over an extended period of time and that this procedure provides a powerful tool for
examination of the neurochemical correlates of hippocampal neuroplasticity.
Supported by NIH AREA Grant #R 15 NS/OD35287.

91.3
IS NMDA RECEPTOR-DEPENDENT LTP CRUCIAL FOR
LEARNING THE GENERAL STRATEGIES O F TH E WATER MAZE
TASK? T. Hoh*, J. Beiko, S. Weiss, P.P. Cain. Dept. Psychology and
Neuroscience Prog., U.Western Ontario, London, CANADA N6A5C2.
Successful acquisition of the water maze task (WM) requires that rats
learn the general strategies of the task (swimming away from the wall;
finding,climbing onto and remaining oil the platform). Rats given
nonspatial pretraining (NSP; Morris, 1989), which teaches them the general
strategies, learn the platform location as quickly as controls when NMDA
receptor-mediated hippocampal LTP is blocked (Saucier and Cain, 1995).
Since NSP is normally conducted without drug treatm ent, the present study
determined whether NMDA receptor-mediated hippocampal LTP is crucial
for acquisition of the general strategies. Hippocampal LTP was blocked in
rats that received the NMDA receptor antagonist CGS19755. Under
CGS19755, some of the rats were trained on a visible platform task
followed by a hidden platform task; others received these tasks in the
reverse order. Rats that received the visible task first performed better on
the hidden task than those that received the hidden task first, indicating
that despite blockage of LTP they acquired the general strategies during
the easier visible task training. They also demonstrated knowledge of the
hidden platform location. O ther rats received NSP under CGS19755, and
two days later received 3 refresher NSP trials and the hidden platform task
under CGS19755. This group also acquired the general strategies and
learned the platform location during spatial training as quickly as controls.
NMDA receptor-dependent LTP may not be required for learning the
general strategies of the WM. Supported by NSERC.

91.5
MULTI-SITE ACTIVATION OF THE GLYCINE AND POLYAMINE SITES
OF THE NMDA RECEPTOR ATTENUATES 14-UNIT T-MAZE LEARNING
DEFICITS IN RATS PRODUCED BY NMDA RECEPTOR BLOCKADE.
R.C. Meyer*, J. Knox, D.A. Purwin, N. Patel, E.L. Spangler, and D.K. Ingram.
Gerontology Research Center, NIH/NIA, Baltimore, MD 21224.
The involvement of glutamate in learning and memory has received much
attention, particularly with regard to the NMDA receptor and its role in agerelated cognitive decline and Alzheimer’s disease (Ingram et al. Perspec. Brain
Aging Res. 1:30, 1996). The glycine and polyamine modulatory sites on the
NMDA receptor have generated substantial interest, especially with the
development of novel agonists and antagonists for these sites that have provided
new approaches for investigating glutamatergic involvement in memory
formation. The present study examined the effects of both single and combined
activation of glycine and polyamine sites on impaired maze performance
induced by the competitive NMDA antagonist, (±)-3-(2-carboxypiperazine-4yl)-propyl-l-phosphonic acid (CPP). Young (3-4 mo) male rats were trained to
avoid shock in a straight runway and 24 hr later received training in a 14-unit Tmaze. 30 min before maze training, rats received ip injections of either saline,
saline plus CPF (9mg/kg), CPP plus the glycine agonist, D-cycloserine (DCS,
30 or 40 mg/kg), CPP plus the polyamine agonist, spermine (SPM, 2.5 or 5
mg/kg), or CPP plus DCS (7.5 mg/kg) and SPM (0.625 mg/kg). DCS and SPM,
in a dose-dependent manner, attenuated the CPP-induced maze learning
impairment. Moreover, a combined treatment of DCS and SPM reversed .the
learning impairment at doses 5-fold less than either drug given alone. Our
results substantiate the involvement of the glycine and polyamine modulatory
sites of the NMDA receptor in memory formation. The strong synergistic
interaction between these sites might offer new therapeutic approaches for
cognitive enhancement.

Society f o r N e u ro s c ie n c e , V olum e 2 3 ,1 9 9 7

217

91.2
EFFECTS OF COMBINED CHRONIC NIMODIPINE AND ACUTE
METRIFONATE TREATMENT ON SPATIAL AND AVOIDANCE
BEHAVIOR
S. Ikonen. M. Riekkinen, B. Schmidt2, P. Riekkinen Jr.* Dept, of Neuroscience
and Neurology, University of Kuopio, P.O.Box 1627, FIN-70211, Kuopio,
Finland, 2Bayer CNS Research, Troponwerke Gmbn & Co.KG, Koln, Germany.
The present experiment was designed to elucidate whether chronic dietary
treatment with nimodipine (3 months, 1000 ppm) stimulates water maze spatial
navigation, passive avoidance behavior and locomotor activity, and whether
such a treatment with nimodipine would interact with the therapeutic effect of
acute metrifonate treatment. In young medial septum-lesioned rats, nimodipine
had no effect by ist own on cognitive or motor behavior, and did not enhance the
water maze and passive avoidance behavior improving action of metrifonate (3
and 10 mg/kg, po). Nimodipine diet in aged rats did not markedly affect motor
defect. Single and combined nimodipine and metrifonate (3 and 10 mg/kg, po)
treatment of aged rats resulted in shorter escape distance values to the hidden
water maze escape platform compared to control aged rats. The passive
avoidance performance of aged rats was more effectively facilitated by a
combined nimodipine and metrifonate treatment than by either of the drugs on
their own. Following a washout period of 2.5 months the rats that were treated
previously with nimodipine were no more performing better than aged controls
in inclined plate or water maze tests. Furthermore, after the washout period
metrifonate 10 mg/kg was no more effective in improving water maze behavior
of the now 26-month-old rats irrespective of their chronic pretreatment. Taken
together, these findings indicate that chronic nimodipine and acute metrifonate
treatment may more effectively stimulate cognitive functioning than either of the
treatments on their own.

9 1 .4
HIPPOCAMPAL NMDA RECEPTOR FUNCTION : ROLE IN MEMORY OR
SENSORIMOTOR FUNCTION? R.G.M. Morris*, R. Steele, S.J. Martin & J.E. Bell1
Ctre. for Neurosci. and 1Dept. Neuropathology, Univ. Edinburgh, EH8 9LE, Scotland.
Cain et al (Behav. Neurosci., 1996, vol 110, 86-102) have suggested that apparent
impairments of learning in a watermaze induced by NMDA antagonists, such as DAP5, may be due to neuropathological and/or sensorimotor disturbances, rather than
direct effects on learning or memory. Three experiments tested these claims.
Expt. 1 was a near replication of Cain et al's expt., excepting our preferred use of
osmotic minipumps delivering D-AP5 (30 mM, 0.5 μl/hr) or aCSF chronically i.c.v. at
a rate 420 times slower than Cain et al. Half the rats were trained in a watermaze
during drug infusion, the rest 12 days after the minipumps stopped working. Only rats
trained during the drug infusions were impaired in learning, and on the spatial but not
the cue task. Thigmotaxis and swim speed were normal in AP5 'pumps-working'
animals initially, but sensorimotor disturbances developed later in training. No
vacuolisation was observed in hippocampal or posterior cingulate neurons. Expt. 2
used a spatial task involving two visible platforms of identical appearence, one rigid
and offering escape, the other floating. This task causes little if any sensorimotor
disturbance (monitored using a separate video system) but an AP5 deficit in spatial
learning still occurred. Expt. 3 used a novel delayed-matching-to-place task (4
trials/day, platform in new place each day, 9 days pretraining, 9 days drug testing).
Savings in escape latency were seen between trials 1 and 2. A delay-dependent AP5
deficit was observed: D-AP5 treated rats were unimpaired at a 15 sec ITI, but severely
impaired when ITI was increased to 20 min and 2 hr (within-subject). Sensorimotor
disturbances cannot explain delay-dependence (and barely occurred).
These findings are inconsistent with an account of NMDA receptor antagonists on
learning exclusively in terms of their potential neuropathological effects or induced
sensorimotor disturbances. The data strongly support the notion that NMDA
antagonists can interact directly with mechanisms of plasticity that play a causal role in
learning and memory.
Supported by a UK MRC Programme Grant.

9 1 .6
APV, AN NMDA RECEPTOR ANTAGONIST, BLOCKS RETENTION OF
CLASSICALLY CONDITIONED FLEXION REFLEX FACILITATION IN THE
SPINAL CAT. L.J. Prokowich and R.G. Durkovic* . Dept. Physiology,
SUNY Health Science Center, Syracuse, NY 13210.
In the spinal cat classically conditioned flexion reflex potentiation
occurs in spinal circuits activated by small myelinated (AS)
cutaneous fibers (Neurosci. Lett. 39:155). Such potentiation lasts for
hours (Behav. Neur. Biol. 43:12). The present study tested the role
of NMDA receptors in the formation and retention of this conditioned
reflex potentiation. Two hours following decerebration, T-10 spinal
transected cats were perfused intrathecally with artificial CSF or
artificial CSF containing 0.5 mM APV (3 ml/hr). Paired trains of
electrical pulses were then delivered to saphenous [S] and superficial
peroneal [SP] nerves (30 trials, 1 every 2 min.) producing flexion
reflex potentiation to A SS stimuli in both groups [S train (10 Hz for
1.5 sec) onset preceded SP train (30 Hz for 0.5 sec) onset by 1 sec].
This was followed by 30 additional S trains at 5 min intervals to test
for retention of this potentiation. Potentiation of the reflex response
to AS S inputs was maintained over the 2.5 hr retention period in cats
perfused with CSF. In contrast cats perfused with CSF containing APV
exhibited a decrement in AS reflex magnitude below preconditioning
baseline levels during retention, differing significantly from the CSF
group retention levels (p< 0.025). The results suggest that this type
of associative LTP (long-term potentiation) of spinal reflexes, like
LTP in hippocampal area CA1, requires NMDA receptor activation for
its maintenance. Supported by NSF Grant IBN 9220206.
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91.7
THE DIFFERENTIAL EFFECTS OF NMDA-ACTIVE LIGANDS ON A
BEHAVIORAL OPERANT TASK. C. B. Willmore, A. Yu. Bespalov, L.S. Harris*
and P.M.Beardsley. Dept. Pharmacology & Toxicology, MCV, Richmond, VA
23298.
The NMDA receptor is part of an ionotropic complex additionally composed of
other modulatory sites including a glycinergic co-agonist site, a channel receptor
site, polyamine modulatory binding sites, and others. Although the NMDA receptor
complex has been critically implicated in memory and learning processes, the
importance of its several modulatory sites to mnemonic processes has been
incompletely characterized. Since modulators of this receptor have potential
therapeutic applications, evaluation of NMDA active agents for effects upon
learning and memory is important. To study this aspect, a Fixed Consecutive
Number procedure (FCN8) was employed which requires Long-Evans hooded rats
to make 8 consecutive responses on one lever before presses at an alternate lever
resulted in food pellet delivery. Following stabilization of high-accuracy
performance, several drugs were evaluated for their effects on counting accuracy.
Drugs tested with this procedure include, phencyclidine (a noncompetitive
antagonist), MK801 (a noncompetitive antagonist), (+) HA966 (a glycinergic partial
agonist), and eliprodil (a subtype selective antagonist). Additionally, a number of
classic amnesties were tested for reference effects on accuracy. As an index of non
specific effects, overall lever pressing rates were measured. With the notable
exception of eliprodil, NMDA antagonists decreased accuracy on the counting lever
with noncompetitive antagonists displaying a more selective impairment of task
accuracy.
(Research supported by NIDA grants DA 01442 and DA 07027)

9 1.9
D-CYCLOSERINE ENHANCES RETENTION OF CONTEXT AND RESPONSE IN
PASSIVE AVOIDANCE. C. Land and D. C. Riccio*. Dept, of Psychology, Kent
State Univ., Kent, OH 44242.
D-cycloserine (DCS), a positive modulator of the NMDA receptor, has been shown
to enhance learning in several tasks, including passive avoidance. Prospectively, DCS
may act selectively upon different aspects of learning, inflating either retention of
responses, retention of context, or both. Experiment 1 attempted to define which of
these aspects of training is improved by DCS. Male albino Sprague - Dawley rats were
injected with 3 mg/kg DCS or saline prior to passive avoidance training. After
placement in the white side of 2-chambered black/white Plexiglas box, they were
allowed to cross to black, where they were shocked (3 sec, 175 V). They were tested
24 hrs later in either the same (S) or different (D) context. If DCS enhanced only
responses, the gain should transfer across contexts, and if context learning improved,
the context discrimination should be greater. Rats in the DCS-D condition performed
significantly better than those in Saline-D, indicating enhanced learning of responses.
The effect of DCS on long term retention of a learned response was measured in
Experiment 2. Rats were treated as in Exp. 1 except that testing occurred 7 days after
training. Saline - injected rats showed similar performance in both contexts, a finding
indicating forgetting of the training context. DCS animals demonstrated a steeper
response gradient, revealing the response only in the original context, indicating good
retention of the context. DCS improved performance in the S context, also.
Experiment 3 replicated Exp. 2 with a 14 day retention test instead. At this interval,
DCS afforded no protective effect on either response or context retention.
Thus, DCS enhances response performance at an immediate test, and both responses
and contextual retention at a 7 day delay. Neither performance measure is affected at a
14 day delay under the present training parameters. For the first time, DCS was
shown to enhance performance at some retention intervals.
Supported by NIMH 37535
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9 1.8
GLUTAMATE AND DOPAMINE RECEPTORS IN THE NUCLEUS
ACCUMBENS ARE INVOLVED IN DETECTION OF SPATIAL AND
NON -SPATIA L NOVELTY F.Sargolini1, W .Adriani1, P.Roullet2 ,
M.Ammassari-Teule3, A.Oliverio1,3 and A.Mele1* 1. Dip. Genetica e Biologia
Molecolare, Università di Roma "La Sapienza", Pie. Aldo Moto 5,00185 Roma,
Italy; 2. ATIPE Cognisciences, Institut des Neurosciences, CNRS, Paris, France;
3.1st. di Psicobiologia e Psicofarmacologia, C.N.R., Roma, Italy.
It has been suggested that glutamatergic and dopaminergic neural
systems interact within the nucleus accumbens (N. Acc.) to interface biologically
relevant informations with motor output. Purpose of this study was to
investigate the role of these two neurotransmitter systems in the capability of
mice to encode spatial and non spatial information. The task consists in placing
mice in an open field containing five objects and, after three sessions of
habituation, examining their reactivity to object displacement (spatial change) and
object substitution (non-spatial change).
We have recently shown that systemic administrations of NMDA
antagonist, at low doses, impaired selectively the reactivity of mice to spatial
change without affecting any other behavior but, at higher doses, decreased
reactivity to both spatial and non-spatial change as did dopaminergic antagonists.
The effect of intra-accumbens focal injections of the competitive NMDA
antagonists, AP5 (0.1 and 0.15 ng/side), resembled closely those of systemic
administrations of MK-801. On the contrary, focal injections of dopamine (2.5
jig/side) did not affect detection of spatial change. Taken together these results
indicate th.at NMDA receptors located in the N. Acc. can play a rather selective
role in spatial information encoding. Conversely, dopamine as high doses of
NMDA antagonists does not appear to exert any selective behavioural effect.
Rather, locomotor activity and object exploration scores recorded in mice with
such treatment indicate possible motivational or attentional deficits.
Supported by 40% MURST

9 1.10
AGE- AND DOSE-DEPENDENT FACILITATION OF ASSOCIATIVE
EYEBLINK CONDITIONING BY D-CYCLOSERINE. L.T. Thompson1'2* and
J.F. Disterhoft2. 1Cognition & Neuroscience Program, School of Human
Development, Univ. of Texas at Dallas, Richardson, TX 75083 and 2Dept. of Cell
& Molecular Biology, Northwestern University Medical School, Chicago, IL 60611.
Normal aging selectively impairs some forms of learning. For example, aging
rabbits require more than twice as many trials to acquire 500 ms trace eyeblink
conditioning than do young rabbits (Thompson et al., 1996, Neurobiol. Aging).
NMDA receptor antagonists selectively impair trace conditioning (Thompson &
Disterhoft, 1997, JPET), while NMDA receptor agonists facilitate trace conditioning
(Thompson et al., 1992, Nature). The purpose of the present study was to determine
whether NMDA agonists can facilitate learning in aging, since age-dependent
alterations in NMDA receptor density and function are widely reported.
The effects of daily D-cycloserine (DCS; a partial-agonist of the NMDA receptorglycine site) treatment were tested on young (3.7 mo) or aging (37.4 mo) rabbits,
using a conservative quantitative approach to assess learning facilitation in 500 ms
trace eyeblink conditioning. Trace conditioned (100 ms tone CS, 500 ms trace ISI,
150 ms airpuff US; 80 trials/day) and pseudoconditioned rabbits were matched for
number of stimulus presentations to assess non-associative effects of drug treatment
and of aging. Rabbits were trained to a criterion of 80% conditioned responses
(CRs), or for a maximum of 2000 trials.
DCS dose-dependently improved acquisition, maximally reducing trials to
criterion by ~ 50%. Dose-response curves were right-shifted by aging (twice the
dose was required to achieve the same enhancement as compared to controls).
DCS did not affect nonassociative performance, but sharpened CS tone intensity
discrimination. DCS thus can functionally modulate NMDA receptors in normal
aging, enhance associative learning at all ages, and reduce or reverse age-dependent
learning deficits. S u p p o r t e d b y 1 R01 DA07633 a n d 1 R01 AG08796.

91.11

91.12

DIZOCILPINE (MK801) FAILS TO DISRUPT ONE-TRIAL
DISCRIMINATIVE REWARD LEARNING IN THE RAT.
R.E. Plotner*, W.D. M o o n , L.K. B urling, K.E.
Miller. P. Olachea, R.E. Jenn i n g s , J.G.
Cummins, P. Negrete & D.H. M a l m . Univ. of
Houston-Clear Lake, Houston, TX 77058.
The NMDA antagonist dizocilpine (MK801) has
been shown to interfere with long term
potentiation, spatial memory and working
memory.
The present study determined whether
NMDA receptors are involved in a form of
rapidly acquired reference learning: one-trial
discriminative reward learning in a sunburst
maze.
Thirty 450-550 g male Sprague-Dawley
rats were deprived to approximately 82% free
feed weight.
Three equal groups of rats
received either 0.05 or 0.1 mg/kg i.p.
dizocilpine in saline or saline alone.
Thirty
min. post-injection, each rat was placed in a
maze with four blind alleys and one baited
ascending alley.
Each rat was scored for speed
(the reciprocal of latency to reward) and
errors (number of entries into blind alleys).
One day later each rat was placed in the maze
again and scored in the same manner.
Analysis
of variance revealed no significant differences
among groups in retention trial speed or
errors.
There were also no significant
differences in improvement in speed or errors
from training to retention trial.
It was not
feasible to test higher doses without causing
significant ataxia. (UH-CL Fac. Research Fund)

ASSESSMENT OF ACTIVITY AND EXCITABILITY AFTER
NEONATAL MK-801 TREATMENT.
G. Griesbach*, & A. Amsel. Dept. of Psychology & Inst, for
Neuroscience, University of Texas, Austin, TX 78712.
MK-801 neonatal treatment, over a critical period in development in
laboratory rats, has to be shown to lead to long lasting learning spatial
and nonspatial impairments. In addition to having an effect on learning,
MK-801 decreases body weight, increases reactivity to environment and
may also increase locomotor activity. In a previous study, rats that
received MK-801 isomer showed a nonspatial learning impairment but
failed to show any of the secondary effects associated with MK-801.
Therefore the present experiment observed the effects of neonatal MK801 treatment at different doses. Subjects were administered MK-801
from postnatal day 7 to 19 and evaluated on postnatal days 22 through
25 by employing a running wheel and a lat box. Activity in the lat box
was studied by counting comer crossings, rearing, grooming and biting.
Vocalizations, reactivity to noise and weight were also assessed. A clear
dose dependent effect was observed for weight. Rats treated with MK-801
showed a significant increase in corner crossings, reactivity to noise and
activity in running wheel. Supported by the University of Texas at
Austin.

S o c ie ty f o r N e u ro s c ie n c e , V olum e 2 3 ,1 9 9 7

SUNDAY AM

LEARNING AND MEMORY: PHARMACOLOGY II

91.13

91.14

COGNITIVE EFFECTS OF DIZOCILPINE (MK-801) IN THE MARMOSET J. A.
Harder*, A.A. Aboobaker and R. M. Ridlev. MRC Comparative Cognition Team,
Dept Exptal Psychology, Univ of Cambridge, CB3 2EB. U.K.
This study investigated the effects of dizocilpine (MK-801) on learning ability in a
non-human primate. Acquisition of visual object discrimination tasks and visuospatial discrimination tasks was assessed in marmosets using the Wisconsin General
Test Apparatus. As a control for confounding motor disability, motor effects woe
examined by observation of the marmosets in their home cages after treatment with
dizocilpine, using both an automated locomotor activity monitor and subjective
counting of the number of abnormal movements in a given time period.
Dizocilpine caused impairment on acquisition of difficult visual discrimination tasks
(using black painted objects) but not easier visual discrimination tasks using coloured
junk objects. The more difficult task involves increased perceptual demands, and thus
taxes the cortex to a greater extent. Dizocilpine also impaired the acquisition of visuospatial discrimination tasks. Such tasks are known to require an intact hippocampus.
Since glutamatergic pyramidal cells form cortico-cortical association loops and
cortical-hippocampal connections, it is likely that blockade of successful transmission
in these cells is responsible for the cognitive deficits seen.
Locomotor activity, assessed using the automated monitor, was not significantly
affected at any of the doses tested. Incoordination, assessed by human observation oi
abnormal movements, was observed only at double the dose which impaired
cognition.
We have therefore found a cognitive effect of dizocilpine at a dose which does not
cause significant motor side effects. This demonstration of a cognitive deficit
associated with glutamatergic blockade in a primate may be useful in understanding
the contribution of glutamatergic dysfunction to cognitive decline in neurodegenerative
disease, especially Alzheimer’s disease.
Wyeth-Ayerst sponsor JAH; Wellcome Vacation Scholarship grant for AAA.

COMPUTERISED
ASSESSMENT
OF
MARMOSET
(CALLITHRIX
JACCHUS) BEHAVIOR IN AN EXPLORATORY-BASED ONE-TRIAL TEST.
M.A. De Salvia, P. Borracci, G. Peoe, P. Corsi* and V. Cuomo. Dept.
Pharmacology and Human Physiology, Medical School, University of Bari,
70124 Bari, Italy
A pure working memory test with no reference memory component has
been previously developed (Ennaceur and Deiacour, Behav. Brain Res., 31:
47, 1988). This test, based on spontaneous differential exploration of familiar
and new object, is usually administered to rats and requires “hand testing”.
The aim of our study was: a) to devise the best experimental conditions for
testing marmosets subjected to this task and b) to evaluate their exploratory
behaviour using a computer-controlled motor activity device. The exploratory
activity of 12 marmosets of either sex was measured in four cages equipped
with eight sets of photocells placed in order to properly detect the
movements of the animals. After 1 hour-habituation, the animals were
allowed to explore a two dimensional, coloured object, placed in a
transparent box, secured on the cage floor, for 20, 30 or 40 min. The
exploration of a new or familiar object was then evaluated after different
delays. The results of the study indicate that marmosets show an higher
level of exploration of the new objects and that object recognition may be
measured by the difference between the exploratory activity period of new
and familiar object. This parameter is influenced by the time allowed for
marmosets to explore the object as well as by the length of the delay. These
preliminary data seem to suggest that this exploratory-based one-trial task,
which does not require training or reinforcements thus reducing motivational
or associative contributions to performance, can be a useful tool for the
evaluation of cognitive functions in these primates.
(Supported by MURST and Italian Ministry of Health grants 1995-96)

91.15

91.16

MEMORY EXPRESSION IS BLOCKED BY CNQX INFUSED INTO THE
POSTERIOR PARIETAL CCORTEX UP TO 90 DAYS AFTER
TRAINING. R. Roesler, M. Bianchin, C.W. Spanis*, M.S. Zanatta, T.
Mello-e-Souza, J. Ouevedo, P.K. Schmitz, E. Schaeffer, J.A. O uillfeldt, J.H.
Medina and I. Izquierdo. Centro de Memoria, Departamento de Bioquimica,
Instituto de Ciencias Basicas da Saude, UFRGS, 90046-900. Porto Alegre,
RS, Brazil.
The dorsal hippocampus and amygdala participate in the expression of
inhibitory avoidance memory 1 day, but not 31 days after training. The
enthorinal cortex is involved in memory expression 1, or 31 days, but not 60
days after training. In the present study we investigated the role of the
posterior parietal cortex (PPC) in the expression of inhibitory avoidance
memory, 1 31, 60 or 90 days after training. Rats were trained in a step-down
inhibitory avoidance task and tested for retention 1, 31, 60 or 90 days later.
Three to five days prior to the testing session, they were bilaterally
implanted with cannulae aimed in the PPC. Ten minutes prior to testing,

PHENOBARBITAL PRE-TREATMENT PREVENTS KAINIC
ACID-INDUCED IMPAIRMENTS IN LEARNING AND MEMORY P T
Radeckir L.M. Brown-Croyts*r P.W. Caton. Dept, of Pharmacology, Northeastern
Ohio Universities College of Medicine, Rootstown, OH 44272, USA
Phénobarbital (ph) is one of the most commonly used antiepileptic drugs. Human studies
report that phénobarbital induces behavioral and cognitive deficits (Meador et al., 1994 and
MacLeod et al., 1978). Phénobarbital has also been found to inhibit long term potentiation
(Lee et al., 1996), a candidate for the cellular basis of learning and memory, as well as block
the effects of the seizure inducing neurotoxin kainic acid (ka) (Frandsen et al., 1990, and
Sutula et al., 1992). This study was undertaken to examine the effects of phénobarbital on
kainic acid induced learning and memory deficits on the Morris water maze task.
Male Long-Evans rats (250g) were divided into five groups. The control group received
vehicle injections while the phénobarbital group received daily 20 mg/kg i.p. injections of
phénobarbital prior to water maze testing. The kainic acid groups received 9mg./kg. i.p.
injections of kainic acid 5 days prior to testing, while the combined ka/ph groups received
either phénobarbital 45 minutes prior to the kainic acid injection (ph+ka) or 2-3 hours post
kainic acid injection (ka+ph). Both groups then received daily phénobarbital injections prior to
water maze testing. Animals were then tested for both acquisition and retention of spatial
information on the Morris water maze.
Phénobarbital did not alter performance in either acquisition or retention testing, however,
kainic acid did produce deficits (increase in escape latency to the platform) in both of these
phases of spatial memory. Pre-treatment with phénobarbital attenuated kainic acid induced
deficits in acquisition and retention, while the administration of phénobarbital after the
generation of kainic acid induced seizures was not as effective in attenuating these deficits.
This data suggests that pretreatment with phénobarbital is more effective than post treatment
with phénobarbital. Presumably, once the seizure process begins with kainic acid, excitotoxic
disruptions in neuronal elements are also occurring.
This project was supported by the President’s Pioneer Award at NEOUCOM #1376

animals received a 0.5 μ L microinfusion of vehicle (20% dimethylsulfoxide
in saline)
or 0.5
μg of the AMPA receptor antagonist
cyanonitroquinoxalinedione (CNQX) dissolved in the vehicle. CNQX
blocked retention test performance in all the training-test intervals studied.
In a second test session carried out 90 min after the first, performance
returned to normal levels in all groups. The results show that PPC is
necessary for memory expression for up to at least 90 days after training.
This research supported by FAPERGS, PRONEX, CNPq.
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LOW-LEVEL ASPARTAME INGESTION FACILITATES
PLACE TASK LEARNING IN THE MORRIS WATER MAZE
B.F, Petrie* Department o f Psychology, M ew M exico Tech,
Socorro, NM, USA 87801
Long-Evans female rats were given either a single i.p. injection
of aspartame (1 mg/kg) or the equivalent volume o f saline. One
hour after the injections, these animals were then tested for
acquisition and retention o f the place task version in the Morris
water maze. All animals were swum for 8 days (4 trials per day;
60 seconds maximum per trial), with the platform remaining in the
center o f the SE quadrant o f the pool during the entire study.
Analysis o f the data indicated that, throughout the study, the
aspartame animals were significantly faster in finding the platform
than were the saline controls. Analysis o f the swim paths taken by
all rats indicated that the aspartame animals were more adept than
the controls in selecting a strategy that led to the finding o f the
most direct route to the platform. These results suggest that a low
dose o f aspartame facilitates learning and memory, possibly by
stimulating the glutaminergic pathways necessary for the initial
acquisition phase o f the task.
Supported by CIMD.

Society f o r Neuroscience, Volum e 2 3 ,1 9 9 7

219

NEURAL PLASTICITY I

220

SUNDAY AM

92 .1

9 2 .2

ROLE OF THE OCCIPITAL CORTEX DURING BRAILLE READING
(CROSSMODAL PLASTICITY) IN SUBJECTS WITH BLINDNESS
ACQUIRED LATE IN LIFE. L. G.. Cohen*, R. Weeks, P. Celnik, and M.
Hailett. Human Cortical Physiology Unit, Human Motor Control Section,
NINDS, NIH, Bethesda, MD 20892.
Braille reading activates occipital cortex in subjects with blindness acquired
early in life, and rTMS to occipital regions induces accuracy errors in Braille
reading. It is not known whether blindness during a n earlycritical age period is
necessary for this form of crossmodal plasticity to occur.
We have used H2 15O PET to identify cerebral regions activated by Braille
reading and repetitive transcranial magnetic stimulation (rTMS) to induce
transient disruption of cortical function during Braille reading. Seven fluent
Braille readers with blindness acquired after age 16 y.o. underwent PET scanning
(n=4) and rTMS (n=4). Three PET conditions (rest, discrimination of Braille
words from mostly non-words and discrimination of Braille non-words from
mostly words) were tested. We used subtraction methods of analysis using the
software SPM '95 and statistical thresholds of z > 3.09 with Corrections for
multiple comparisons. rTMS was delivered to different scalp positions during
the Braille reading task and accuracy errors in letter identification were
quantified.
When Braille reading was compared to rest, there was no occipital activation
even when the statistical threshold was reduced to an uncorrected Z > 1.76 level.
In fact, blind subjects showed highly significant deactivation of occipital cortex
during Braille reading, similar to what has been shown to occur in sighted
subjects during tactile discrimination tasks. rTMS to occipital regions did not
induce a significant difference in the number of accuracy errors in reference to
stimulation of other control positions. Therefore, blindness must occur early in
life to produce crossmodal plasticity in the occipital cortex.

PHANTOM LIMB PAIN MAY BE CAUSED BY CORTICAL
REORGANIZATION. N. Birbaumer*. H. Flor. Inst, o f Medical Psychology
and Beh. Neurobiology, Univ. of Tuebingen, D-72074 Tuebingen, Germany.
A series of four experiments are presented, confirming our earlier reports
that phantom limb pain in upper limb amputees is causally related to cortical
reorganization. The degree of cortical reorganization is defined in these
studies by the displacement o f the face area o f the primary somatosensory
cortex into the hand area measured with neuroelectric or neuromagnetic
source imaging, a. local anaesthesia of the stump changes cortical
reorganization if pain is reduced or eliminated, b. subjects with congenital
aplasia (prenatal or shortly postnatal nontraumatic upper limb deficiency)
exhibit no pain and no cortical reorganization, c. extensive tactile stimulation
o f the face over months reduces phantom pain in those patients who
demonstrate post-stimulation cortical reorganization, d. Transcranial
magnetic stimulation of motor cortex in phantom pain patients and pain free
amputees also reveal a displacement and extension of face-hand maps in
phantom pain only (as earlier reports by L. Cohen et al suggested). None of
the other psychological phenomena in amputated patients such as referred
sensations („remapping“), stump sensations or telescoping bear any
relationship with cortical reorganization.
These data strongly suggest a causal relationship, but the precise neuronal
mechanism behind nociception in phantom limb patients and cortical
reorganization remains obscure.
Supported by the German Research Society (DFG).
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FUNCTIONAL
SIGNIFICANCE
OF
CORTICAL
REORGANIZATION. H. Flor*, T. Elbert, N. Birbaumer
and E. Taub. Humboldt-University, Berlin, University o f
Konstanz, University o f Tübingen, FRG; University o f
Alabama at Birmingham, USA.
This paper addresses the role o f cortical reorganization for
sensory experience in humans. Using neuromagnetic and
neuroelectric source imaging, we found a nearly perfect
correlation between the amount o f phantom limb pain and
the magnitude o f cortical reorganization. The causal nature
o f this correlation received strong support from the finding
that the efficacy o f brachial plexus blockade in the
reduction o f phantom limb pain is mirrored in changes in
cortical reorganization. In chronic back pain patients, the
shift o f the cortical representation o f the back towards the
leg region is highly correlated with chronicity. Finally, in
tinnitus patients we observed a marked shift o f the
representation o f the tinnitus frequency in auditory cortex
into adjacent areas which was highly correlated with
subjective tinnitus strength. The implication o f the findings
for the treatment o f these disorders are discussed.
Supported by the Deutsche Forschungsgemeinschaft.
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LARGE-SCALE REORGANIZATION IN RECOVERY FROM MIDDLE
CEREBRAL ARTERY INFARCTION. R. I. Seitz*, P. Höflich, F. Binkofski,
U. Knorr, L. Tellmann, H. Herzog, H.-T. Freund. D epartm ent of N eurology,
Düsseldorf University; Inst, of Medicine, Research Center Jülich, Germany.
The mechanisms underlying recovery from cortical ischemia in hum ans are
not known. We used m easurem ents of regional cerebral blood flow (rCBF)
w ith [150]-butanoI and positron emission tom ography in seven am bulatory
patients aged 53 + /- 8 years for m apping of sensorim otor activity after
recovery (57%, p < 0.001) from m iddle cerebral artery infarction. Significant
rCBF increases com pared to rest (p < 0.05) were identified after statistical
param etric m apping as described earlier (Seitz et al. 1997, EJN 9: 378-389).
D uring sequential finger movements (1.0+ /-0.6 Hz) significant m ean rCBF
increases occurred in the ipsi- and contralesional prem otor cortex and
su pplem entary m otor area. D uring som atosensory discrim ination of
rectangular objects (5.6+ /-3.7/m in) there was no activation in ipsilesional
superior parietal cortex but in homologue areas of the non-affected cerebral
hem isphere. Corresponding magnetic resonance images revealed that the
ipsilesional, caudate, thalam us and dorsal p a rt of the precentral gyrus
w ere structurally intact in each patient. At the time of PET, transcranial
m agnetic stim ulation showed slightly affected m otor evoked potentials in
the contralesional first dorsal interosseus muscle, w hereas som atosensory
evoked potentials from the contralesional m edian nerve w ere significantly
reduced (p < 0.05). In contrast to striatocapsular infarctions (W eiller al.
1992, A nn N eurol 31: 463-472; W eder et al. 1994, Brain 117: 593-605), there
w as no rCBF increase in the sensorimotor cortex of the lesioned hemisphere.
Sensorimotor recovery after cortical infarction in m iddle cerebral artery
territory appears to rely on large-scale reorganization involving parallel
system s in prem otor cortical areas of both cerebral hem ispheres and
recruitment of homologue areas in contralesional parietal cortex.

S o c ie ty f o r N e u ro s c ie n c e , V olum e

ACTIVATION OF AUDITORY CORTEX IN A CONGENITALLY
DEAF ADULT BY VIBRATORY STIMULI. S. Levanen*, V. Jousm ӓki,
R. Hari. Brain Research Unit, Low Temperature Laboratory, Helsinki
University of Technology, P.O. Box 2200, FIN-02015 HUT, Finland.
We recorded whole-scalp magnetoencephalographic (MEG) signals
from a congenitally profoundly deaf adult and 6 healthy controls to
vibratory stimulation of the palm and fingers. The tactile stimuli were
produced by delivering 100-ms tones (standards 250 Hz, deviants 180
Hz, probabilities 0.85 and 0.15) through a bass reflex loudspeaker to a
plastic blind-end tube ( 0 38 mm) once every 1 s. During stimulation,
the subject held the left hand around the tube.
In all subjects, the contralateral primary somatosensory cortex (SI)
was activated at about 60 ms. In the deaf subject, the SI signals were
followed by a strong bilateral activation of the supratemporal auditory
cortex at about 200 ms; the deviants elicited clearly stronger responses
than standards, indicating discrimination of the two stimulus frequencies
in the auditory cortex. No discrimination responses were observed in the
control subjects. The activation of the auditory cortex by the vibratory
stimuli suggests functional reorganization, due to interm odal
competition, of the human auditory cortex following congenital
deafness.
Supported by the Academy of Finland.

23,1997

MODULATION OF CLONIC ELECTROMYOGRAPHIC (EMG) ACTIVITY
SECONDARY TO SPINAL CORD INJURY BY LOADING AND GAIT
TRAINING. S.J. Harkema*, U.K. Patel, B.H. Dobkin, and V.R. Edgerton.
University of California, Los Angeles, Los Angeles, CA. 90095.
Many spinal cord injured (SCI) subjects with no detectable sensorimotor function
below their lesion (ASIA A) can generate step-like efferent motor patterns conducive
to stepping when they are mechanically assisted to step on a moving treadmill belt
with partial body weight support (BWST). The generation of these bilateral,
rhythmic EMG patterns in ASIA A SCI subjects has been attributed to neural circuits
in the lumbosacral spinal cord that have been shown to respond to peripheral stimuli
such as weight bearing. The synchronization of this EMG activity to the step cycle in
SCI subjects has been shown to be similar to non-disabled subjects. Clonic EMG
(characterized by high amplitude and low frequency) is frequently detected in SCI
subjects and has been associated with high levels of spasticity. Several reports have
noted an overall decrease in daily spasticity during repetitive step training using
BWST; though, no specific cause has been identified. In this study, we sought to
discern whether the lumbosacral neural networks respond to the loading of the lower
limbs by modifying the efferent signals to the lower limbs by a means that is
evidenced by decreased clonic EMG. 3 ASIA A subjects and 3 ASIA C subjects
(partial motor function below the lesion preserved) were studied. All subjects
received manual assistance during stepping using BWST (0.45 m/s) with varying
levels of load. EMG, kinematic, and limb loading parameters were recorded. Four of
these subjects received a training regimen of repeated BWST over several months.
This training was followed by a similar data recording session. In the first series of
experiments, desynchronization of clonic EMG was observed at higher levels of
loading and during peak loading within a step. After training, clonic EMG was seen
less frequently and usually at only the lowest levels of loading. These results support
the notion that sensory input from limb load is detected by the lumbosacral neural
pathways which modifies the efferent activity. Weight bearing may result in
additional drive to interneuronal circuits to attenuate the formation of clonic EMG
activity. Additionally, the neural circuits of the human lumbosacral spinal cord may
be capable of a sufficient level of plasticity to respond to repetitive limb loading
induced by step training using BWST and this may contribute to the overall decrease
in daily spasticity. (Supported by NIH grants NS 16333, M01 RR00865
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EVIDENCE FOR PLASTIC REORGANIZATION
OF THE HUMAN
SOMATOSENSORY CORTEX (SI) IN HAND DYSTONIA. W. Bara-Jimenez, M.J.

WERE ATTENTION AND IDEATION NATURAL SELECTION FACTORS THAT
PROMOTED EVOLUTION OF THE PRIMATE BRAIN?
Stanley I.
Rapoport*,M. D. Lab. of Neurosciences, National Institute
on Aging, NIH, Bethesda, MD 20892
Brain evolution in primates involved selective expansion
of two neural systems including association neocortex and
phylogenically older non-neocortical regions, by the vertical process of "integrated phylogeny" (Rapoport SI.
Brain Res Revs 15, 267, 1990). I propose that integrated
phylogeny was promoted by heritable differences in neuronal, synaptic and network redundancy, allowing brains of
immature individuals in a primate species to vary in susceptibility to neuroplastic modulation by learning.
Imaging by positron emission tomography in humans and
brain recording in monkeys demonstrate that neural activity in association areas can be stimulated or positively
modulated by attention and ideation free of sensory or mo
tor input. As electrical activity in the immature brain
prior to synaptic pruning can help to elaborate and stabilize networks and synapses that otherwise would disappear,
using attention and ideation to learn to cope with a competitive cultural milieu during prolonged maturation could
"naturally select" individuals and groups whose elaborated
association systems best subserved adaptive cognition and
behavior. If the genes of these subjects dispersed to form
new lineages, further mutations or gene recombinations
could produce even more brain competent phenotypes suscep
tible to selection by learning, and so on to form a larger
brain species. Syntactic processing in the great apes, and
spoken language in hominids, likely accelerated this feed
back between learning and brain evolution.

Catalan. M. Hallett*. C. Gerloff. Human Motor Control Section, Medical Neurology
Branch, NINDS, National Institutes of Health, Bethesda, MD 20892, U.S.A.
Based on animal studies (Byl et al., Neurology 1996;47:508-20), it has recently
been speculated that abnormalities of finger representations in SI contribute to the
genesis of focal dystonia. However, it is unknown whether this type of sensory
abnormality occurs in patients with dystonia. The present study was designed to
evaluate this.
Somatosensory evoked potentials (SEPs) were recorded from 128 scalp electrodes
(sampling rate 5000 Hz, bandpass filter 1-1000 Hz) in 6 right-handed dystonia
patients and 6 age and sex-matched normal volunteers. We stimulated the right digits
(D) I, II, and V electrically (stimulus rate 1.7 Hz , duration 0.2 ms, intensity 3 x
perceptual threshold). Physiologic data were co-registered with real anatomy (3DMRI), and the N20 generators were reconstructed using realistic head volume
conductor models (Curry® software, Phillips).
N20 peak latencies were similar in patients and controls. N20 amplitudes were
generally higher in patients (means 1.76, 1.62, 1.25 μV for D I, II, and Y,
respectively) than in controls (means 1.33, 1.12, 0.93 (J.V). In normals, the electrical
N20 sources for the different digits were organized in a homuncular fashion, with D
I lateral, anterior, and inferior to D V. In patients, N20 source modelling revealed
degradation of the homuncular SI organization, with changes in the relative
positions of D I and V. The distances between digit representations were decreased,
or the normal lateral-to-medial topography was inverted (DI medial to D V).
The present study demonstrates reorganization of the somatosensory cortex in
hand dystonia. Extending previous results in monkeys, our data provide evidence
that degradation of finger representations in SI could play a significant role in the
genesis of dystonia in humans. Attempting to normalize the homuncular SI
organization, e.g., by tactile training, might be reasonable as a possible strategy in
the treatment of dystonia.
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SYNAPTIC POTENTIATION IN A FEAR-CONDITIONING CIRCUIT. M.G.
McKernan* and P.Shinnick- Gallagher. Dept. o f P h a rm a colo g y a nd
Toxicology, Univ. o f Texas Med. Branch, G alveston, TX 77555-1031
The medial geniculate nucleus (MGN) to lateral nucleus of the amygdala (LA)
pathway represents a key segment of the auditory fear conditioning circuit.
Rats were fear-conditioned to an auditory stimulus and tested with the fearpotentiated startle paradigm. Amygdala slices from fear-conditioned,
experimentally naive and unpaired control rats were then compared to analyze
the alterations in this synapse induced by emotional learning. Whole-cell
recordings of lateral amygdala neurons were used to construct input-output
curves for the three groups. The slopes of the curves for naive controls and
unpaired controls were not significantly different (p>.05). In contrast, the slope
of the fear-conditioned animal curve was significantly greater than that of the
unpaired control curve (p<.001), indicating an increase in synaptic efficacy in
the fear-conditioned animals. The isolated AMPA component of the EPSC
also exhibited significant potentiation in fear-conditioned animals; input-output
curves for the AMPA component recorded from fear-conditioned animals were
significantly (p<.001) steeper than those recorded from unpaired controls.
Paired-pulse facilitation (PPF) of AMPA-mediated transmission was
significantly decreased in fear-conditioned animals, suggesting presynaptic
mediation of the observed potentiation. At the inter-stimulus interval maximal
for PPF, 35 ms, fear-conditioned animals showed significantly less PPF than
naive (p<.001) and unpaired (p<.001) controls, whereas naive and unpaired
controls did not differ significantly (p>.05). These findings represent qne of
the first in vitro demonstrations of physiological plasticity resulting from whole
animal emotional learning. S upported b y John S ea ly Mem. E n d o w m e nt F und
forBiomed. Res., N iM H 1 F3 0 M H 1 1221-01 a nd P hR M A Med. Stud. Res.
Fellowship in P harm .-C linical Pharm.

NEURONAL CORRELATES OF PERCEPTUAL LEARNING IN ORIENTATION DISCRIMINATION.
Schoups A .*, Vogels R., Orban, G.A. KULeuven, Medical School, Lab. NeuroPsychofysiologie, B-3000 Leuven, Belgium.
A rhesus monkey was trained in an orientation discrimination task, using a right oblique
grating of 2.6 deg diameter and spat. freq. 2.2 cycl/deg, and positioned 3 degrees
peripherally. At the end of the training, the monkey's threshold was 0.6 degrees. After the
training, we recorded from 677 cells in V I, while the monkey fixated a spot. The grating was
shown centered on the cells' receptive field (RF). We recorded from three different
populations of cells with RFs on (1) the trained position (n -1 8 9 ); (2) a control position in
another quadrant of the monkey's visual field (n -25 2 ); and (3) a position partially overlapping
the trained position (n -2 3 6 ). Behaviorally, there was partial transfer of learning to the
overlapping position but not to the control position. We determined preferred orientation,
tuning width, response strength, and variance of these three populations of V I cells. No
difference in number of cells tuned to the trained orientation was observed between control
and trained position, but there was a tendency for more cells tuned to the orientations close
to the trained orientation, in the population of cells with RF at the border of the trained
position. Tuning widths for the cells tuned to orientations close to the trained orientation
were compared between the three populations of V1 cells: no significant differences could be
demonstrated, although they tended to be larger for the population of cells with RF at the
trained position and the overlapping position, compared to those cells with RF at an untrained
position. There was no interaction between RF position and preferred orientation for the
response strength and normalized variance.
In conclusion, when considering the individual tuning characteristics of cells in V I, the
effects of training in orientation discrimination, if existent, are small. The absence of an
effect at the trained position in terms of an increased number of neurons tuned to the trained
orientation, is consistent with the absence of any effect using the double-label-2deoxyglucose-method (Schoups et al., Soc. Neurosci. Abstr. 2 1 ,1 8 (1 9 9 5 )).
AS is supported by the Scientific Research Council (Belgium).
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INTERDEPENDENT CHANGES IN SYNAPSE SIZE AND NUMBER
ACROSS THE COURSE OF LEARNING. I.A. Kleim*. D. McNamee. E. I.
Biankstein. & W.T. G reenough. D epts. Psych., Cell & S truct. Biol.,
Neurosci. Prog, and Beckman Inst., Univ. Illinois, Urbana, IL. 61801.
Motor skill learning has been associated w ith changes in synapse num ber
within the m otor cortex and the present experim ent exam ined w hether
changes in synapse structure accompany these num erical changes. A dult
female rats w ere allocated to one of three training conditions: anim als in
the Acrobatic Condition (AC) were trained to complete a complex series of
elevated obstacles that required significant motor coordination to complete
while animals in the Motor Control (MC) condition w ere forced to traverse a
flat, obstacle free platform . Inactive C ondition (IC) anim als received no
motor training. Animals from each condition were then sacrificed at one of 5
time points during training. Within layer II/III of the motor cortex, electron
microscopy and unbiased stereological techniques w ere used to obtain
estimates of p o st-sy n ap tic d en sity (PSD) le n g th , th e n u m b e r of
synapses/neuron w ith perforated PSDs and the num ber of synapses/neuron
with multi-synaptic varicosities (MSVs). Results dem onstrate an overall
increase in PSD length that occurs prior to and again after the increase in
synapse number in the AC anim als only. AC animals also had significantly
more perforated synapses than both MC and IC animals and more MSVs
than IC animals. These data indicate changes in synapse size both preceded
and subsequently followed upon changes in synapse num ber. This suggests
that changes in synapse size and num ber are independently coordinated
forms of synaptic plasticity. S u pported by AG 10154 and NSERC
Scholarships.

N G F IS TR A N SIE N T LY INC R EA SED IN H IPPO C AM PUS
D UR IN G CO N SO LIDA TIO N O F C O N T E X T U A L M EM ORY
Amy M. Milov. Erik S. Schweitzer, and Nancy J. Woolf. *Depts. of
Psychology and Neurobiology, UCLA, Los Angeles, CA 90095-1563.

Society for N e u r o s c ien c e , V olum e

23,1997

A question that arises when studying memory is whether the levels of
various molecules change during memory consolidation. Neurotrophins,
such as NGF, mediate plastic changes in cholinergic afferents in the
cerebral cortex and hippocampus, making them candidates for change
during the consolidation o f contextual memory. In the present study, rats
were trained to pair shock and tone in a novel chamber and then tested 0,
1 ,2 or 4 weeks later. We waited 4 hours after testing before sacrificing
the animals to reduce effects due to testing. Naive controls were also
tested and sacrificed. Tissue homogenates of hippocampus and parietotemporal cortex were assessed by ELISA for the amount of NGF present.
At 1 week after training, the amount of NGF was significantly increased
in the hippocampus and significantly decreased in parietotemporal cortex
as compared to naive controls (p < 0.05). At all other times, the amount
of NGF did not significantly vary from that of naive control levels. These
results suggested that training or an interaction between training and testing was correlated with an increase of hippocampal NGF 1 week later. To
test for an interaction between training and testing we used a 2 X 2 design
and sacrificed those animals 1 week after training and within 1 hour after
testing. In this experiment, testing had a significant effect on hippocampal
NGF (p < 0.01), but there was no significant interaction between training
and testing showing these two variables are independent. We conclude
that the transient increase in NGF at 1 week is related to the training.
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SOMATOSENSORY RECEPTIVE FIELDS CROSS FINGERS AND SHOW
PLASTICITY IN LONG-TERM TACTILE TRAINING. R. Schweizer. M. Maier.
C. Braun. V. Braitenbera* and N. Birbaumer. Institute of Medical
Psychology and Behavioral Neurobiology, University Tuebingen, D-72074
Tuebingen, Germany.
Eight subjects were repeatedly tested in a tactile localization task. Using a
forced choice paradigm they were stimulated with a monofilament at
different points across the 5 fingers near the threshold for tactile
localization. The number of mislocalizations to fingers other than the
stimulated was analyzed and tested against the normal binomial
distribution. Results show that mislocalizations are not equally distributed
across the remaining 4 fingers, but are more often located on the first
neighboring finger(s) and less often on the most distant finger(s). This may
indicate that receptive fields (RF) cross to the adjacent finger(s), probably
because of simultaneous sensory input.
These RF can be influenced by specific tactile training. Subjects
underwent four weeks of simultaneous stimulation (1 hour daily; 5 days/
week) of the thumb (D1) and the little finger (D5) in a somatosensory
discrimination task. During this training period the tactile localization test
was applied once a week before the stimulation session. Analysis of the
number of mislocalization with stimulation of D1 and D5 revealed a change
in the course of training. The peak of mislocalization shifted from the first
and second neighboring finger towards the third and fourth neighboring
finger, the later representing the simultaneously stimulated finger in the
training. This might represent the formation of new RFs covering nonadjacent fingers caused by the simultaneous input during training.
Supported by the DFG (German Research Society)

EVIDENCE FOR A CHOLINERGIC INVOLVEMENT IN CORTICAL PLASTICITY
INDUCED BY ASSOCIATIVE LEARNING. M Maalonf. A.A. Myasnikov* and
R.W.Dykes. Université de Montréal, Montréal, Québec, H3C 3J7.
Previous work by Maalouf et al. (1996) has shown that the barrel cortex of
rats is a primary site of plasticity induced by whisker pairing, a sensory
conditioning paradigm consisting of repeatedly pairing two mystacial vibrissae. In
the present study, we offer evidence that acetylcholine (ACh) is involved in the
emergence of such plasticty. Evoked potentials were recorded from a cortical barrel
before, during and after a session of 50 pairings where stimulations of the principal
whisker (S2) served by that barrel were consistingly preceded, 150 ms earlier, by
those of a second whisker (SI). Conditioning was performed 30 min after an
intraperitoneal injection of either saline, atropine methyl nitrate (AMN, a
muscarinic antagonist that does not cross the blood-brain barrier; 100 mg/kg) or
atropine sulfate (AS; 100 mg/kg). To assess the effects of the various experimental
protocols on neural responsiveness, changes in the amplitude of the first component
of potentials evoked by SI were expressed relative to those calculated for potentials
evoked by S2. This procedure allowed to compensate for variations in overall
neuronal excitability. When whisker pairing was combined with saline or AMN,
responses to SI increased by 14.5 and 14.3% respectively. These results differed
significantly (t-test; p<0.05) from the decreases witnessed in the presence of AS (9.1%) or following an explicitely unpaired control paradigm (-7.2%) where
stimulations of the two whiskers were always seperated by more than 2.5 s. We
therefore conclude that the increases in cortical responsiveness to SI induced by
whisker pairing 1) were independant of changes in overall neuronal excitability, 2)
did not occur when the association between SI and S2 was disrupted, 3) were not
influenced by the effects of atropine on the peripheral nervous system and 4)
required the interaction of ACh with muscarinic receptors within the central
nervous system (Funded by the Medical Research Council of Canada).
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SYNNERGISTIC IN PU T TO PRIMATE NEOCORTEX: E X TE N T AN D
FLEXIBILITY. I Danielsson2*. RW Lmdsley1,M. Javachandra1. DC Javitf &
CE Schroedet1’2. 1Program in Cognitive Neuroscience &Schizophrenia, Nathan
Kline Institute, 2Department o f Neurology Albert Einstein College o f Med.
Earlier studies show that in squirrel monkeys: 1) the dorsal hand surface
provides a “nondominant” input to the glabrous surface representation in
somatosensory cortex and 2) After removal of the dominant input by median
nerve section, the nondominant input, conveyed by the radial nerve, gradually
assumes the characteristics of the dominant input. We have extended these
studies to awake intact macaques, investigating both the extent of corepresentation across higher cortices and its flexibility. Laminar current source
density and multiunit activity profiles, elicited by electrical stimulation of the
median, ulnar and radial nerves, were sampled with linear array multielectrodes
during penetrations in Areas 3b, 1, 2, 4, S2 and in areas within the intraparietal
sulcus. At most sites within the hand representation of each area, either median
or ulnar nerve provided a dominant input, typified by robust short latency
excitation and radial nerve provided a nondominant input. The latter appeared
modulatory, in that short latency activity was apparent in the CSD profile
(indicating net postsynaptic responses), but had either no action potential
correlate or an associated decrease in action potentials. Preliminary findings
suggest that short latency modulatory activity represents inhibition, since local
microinfusion of bicuculline methiodide results in a short latency excitatory
response to radial nerve stimulation. In addition, repetitive stimulation of radial
nerve during bicuculline-induced disinhibition produces short latency excitation
that outlasts the effects of bicuculline. These findings are consistent with the
view that potentiation of nondominant inputs contributes to cortical
reorganization after input removal.

EFFECT OF UNILATERAL STRIATAL DOPAMINE-DEPLETION
A N D BEHAVIOURAL EXPERIENCE ON THE DENDRITIC
ARBORIZATION OF NEURONS IN RAT SENSORIMOTOR
Psychology, University of Lethbridge, Lethbridge, Alberta, Canada,
T1K 3M4.
The goal of the current study was to examine the effect of DA
depletion upon both behaviour and dendritic morphology of cortical
neurons. Separate groups of rats were given 6-hydroxydopamine (6OHDA) lesions in the forebrain bundle. To quantify the motor
impairment an examination w as made of both "affected" and
"good" limb use in spontaneous and learned behaviour. For the
morphological study fifty rats have been sacrificed and their brains
stained with Golgi-Cox. Tissue was taken at day 7, one week, 3, 6, 8
or 24 months after the lesion. Five layer V pyramidal cells per
hemisphere were drawn from both fore-limb's representation in the
sensorimotor cortex areas of each rat. Dendritic branching was
quantified by the ring intersection method of Sholl. Spine density is
currently being measured. A dramatic time-dependent increase in the
complexity and extent of dendritic arborization in the motor cortex
ipsilateral to the "intact" striatum, which corresponds to a "good
limb", was found. The increase was greatest at 3 months
postoperative. These results show that overdependence on the
"good" limbs could result in an increase of dendritic arborization in a
corresponding motor cortex, which could possibly provide enhanced
information processing and motor control capacities. Supported by
AHFMR&MRC.
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ACUTE REVERSIBLE PLASTICITY IN ADULT RAT SI.

DIFFERENCES IN SYNAPSE RESTRUCTURING FOLLOWING
HIPPOCAMPAL LTP AND KINDLING: A POSSIBLE BASIS FOR
DIFFERENT DURATIONS OF THESE PHENOMENA. Y. Geinisman*.
L. deToledo-Morrell, F, Morrell, I. S. Persina and E. A. Van der Zee. Dept. of
CM Biol., Northwestern Univ. Med. Sch. and Dept, of Neurol. Sci., Rush
Med. Coll., Chicago, IL 60611.
Hippocampal LTP and kindling are models of synaptic plasticity
characterized by an enhancement of synaptic responsiveness in the
stimulated region which either lasts for weeks (LTP) or becomes virtually
permanent (kindling). This study tested the hypothesis that the differential
retention of LTP and kindling may be due to differences in synapse
restructuring in the stimulated synaptic field. Adult F344 rats were kindled
by medial perforant path stimulation and examined 4 weeks after reaching a
criterion of 5 generalized seizures. Stimulated but not kindled rats served as
coulombic controls. Synapses were quantified in the middle molecular layer
of the dentate gyrus using the double disector method. The results show
that only axospinous synapses with multiple transmission zones, but not
axodendritic asymmetrical synapses, are selectively and markedly increased
in numbers following kindling. Comparison of these results with those of our
earlier studies on LTP (Geinisman et at.. H ip p o c a m p u s , 1993, 3.:435;
J. C om p. N eurol., 1996, 368:413) demonstrates that the effect of kindling
on synaptic ultrastructure is very similar to that associated with the induction
phase of LTP. The maintenance phase of LTP, however, is accompanied
by a selective, though moderate, increase in the number of axodendritic
asymmetrical synapses which are probably remodeled from axospinous
ones with multiple transmission zones. These data suggest that it is the
stabilization of the latter, presumably most efficacious subtype of
axospinous junctions that makes kindling a virtually permanent form of
synaptic plasticity.
Supported by NIH (AG 08794) and NSF (BNS-891237) grants.

P. J.
Rousche*, C. Stafford, and J. Cronlv-Dillon. Department of Optometry and Visual
Sciences, UMIST, Manchester, M60 1QD - ENGLAND
We have investigated short-term plasticity changes in the whisker
representation of area SI (barrel cortex) in urethane-anaesthetised adult Lister
Hooded rats. Using a multiple-electrode array (Bionic Technologies Inc., Salt
Lake City, Utah, USA), we simultaneously recorded multiple unit clusters from
any of 16 out of 25 total sites equally distributed across a 2x2 mm region of S I.
We first recorded normal receptive fields of each active electrode by
mechanically activating individual whiskers with a custom-built hand-held
mechano-stimulator (stimulus was an up-down 2mm whisker deflection performed
at 10 Hz). Most electrodes responded with high specificity to stimulation of a
single particular whisker. After determining the normal SI ‘map’, we then
removed one single whisker from the face and re-mapped SI. Electrodes which
had previously represented the removed whisker could not be immediately
activated. However, we then performed ‘full-field’ automatic whisker deflection
(3 cm, up-down at 2 Hz) for up to one hour, stopping intermittently to re-map.
We found that the ‘silenced’ electrodes which previously responded only to the
removed whisker began to respond to stimulation of immediately neighboring
whiskers after only 15 minutes of full-field stimulation. Furthermore, these
electrodes could be ‘silenced’ again 15 minutes after removal of the full-field
stimuli. This result agrees with results in chronic monkey SI and AI showing that
cortical plasticity in adult mammals is use-dependent. We suggest that this
important property of the brain could have significant effects for researchers
developing a cortical neuroprosthetic system to aid the blind.
Supported by an NSF grant from the USA, and the UMIST ADRC and the
Scottish Blind Asylum and School in the UK.
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EARLY UNDERNUTRITION IN MICE INCREASES MOSSY
FIBER SIZE AND FACILITATES HABITUATION IN AN
OPEN FIELD. E. V. Beck* and Z. M. Nagy. Department of
Psychology, Bowling Green State University, OH
43403.
Following birth, mice were reared in litter sizes of
8 or 16 pups, providing normally nourished (N) or
undernourished (UN) conditions respectively, until
weaning at 25 days of age. After weaning, all mice
received food and water ad lib. At 4 months of age,
locomotor activity was recorded in an open-field 2
min/day for 10 consecutive days. After behavioral
testing, serial horizontal slices of hippocampal
mossy fibers at the midseptotemporal level were
Timm stained and the areas quantified. UN mice
exhibited larger intra- and infrapyramidal mossy
fiber (iip-MF) arms and displayed more rapid
habituation of locomotor activity in the open-field.
These results suggest that the larger iip-MFs areas
produced in the UN condition facilitate habituation
and/or modulate anxiety.

METRAZOLE INDUCED SEIZURES ALTER SYNELFIN LEVELS IN THE
HIPPOCAMPUS OF THE ADULT RAT. S.G. Ho, R.A. Swain, T.M. George, D.F.
Clayton, C.R. Swain*, & W.T. Greenough. Neurosc. Prog., Depts. of Psych.,
Biology, Cell and Struct. Bio., & Beckman Inst., Univ. of Illinois, Urbana, IL
61801.
A novel presynaptic protein has been identified independently in several
laboratories (synuclein, PNP-14, NACP, synelfin), and has been found to
increase during periods of developmental synaptogenesis in rats (ShibayamaImazu et al., 1993). Studies in songbirds showed that the protein's expression
is dynamically regulated during the critical period for song learning, suggesting
an involvement w ith the synaptic modifications that occur at this time (George
et al., 1995). In the present study, we used a cross-reactive antibody originally
raised against canary synelfin to examine w hether synelfin levels are altered in
the adult rat hippocam pus following seizure induction. Twenty male LongEvans hooded rats were injected intraperitoneally w ith M etrazole, a GABAa
antagonist, and were sacrificed 15, 30, 60, or 120 m inutes after seizure
induction.
An additional 5 animals served as no injection controls.
Immunolabelling of synelfin indicated that expression of this protein was
decreased w ithin 30 m inutes in all regions of the hippocampus. By 120
minutes, expression had returned to control levels. These results indicate that
synelfin expression is modulated by hippocam pal activity and suggests 1) that
the protein may be involved in the synaptic modifications which occur
following supramaximal hippocam pal stim ulation a n d /o r 2) that expression of
this protein is responsive to the hypoxia/cellular fatigue caused by prolonged
stimulation.

93.9
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TIME-DEPENDENT MODULATION OF GRANULE CELL DENDRITIC SPINE
DENSITY IN ADULT RAT HIPPOCAMPUS FOLLOWING PASSIVE
AVOIDANCE LEARNING. A. O’Malley. C. O'Connell, and C. M. Regan*.
Department of Pharmacology, University College, Belfield, Dublin 4, Ireland.
The entrainment of learning-associated neuroplastic change is likely to involve
synaptic rearrangement during the conversion of short-term to long-term memory
formation. Previous studies have shown that anti-NCAM, when injected at a defined
6h post-training time, induces amnesia at 48h, but not at earlier recall times (J.
Neurochem. 59 1992 1570). This delayed emergence of amnesia has been attributed to
an involvement of NCAM in the transient production of novel synapses which
competitively alter connectivity pattern during consolidation. We have identified
granule cells in the dorsal crest of the adult rat dentate gyrus which transiently
increase their dendritic spine density at 6h following passive avoidance learning
(Neuroscience 76 1997 55). We have now employed an unbiased stereological
counting probe, the disector, to determine if the increased spine expression was
transient following passive avoidance learning. Adult male Wistar rats were trained
to acquire a one-trial, step-through, light-dark passive avoidance paradigm.
Immediately alter recall, animals were terminally anaesthetised and perfused
transcardially with 4% paraformaldehyde/2% glutaraldhyde at pH7.4. A series of
disector-pairs were generated from ultrathin sections taken in the mid-molecular
layer at a point approximately -3.3mm with respect to Bregma. Spine density in the
mid-molecular layer of the dentate dorsal crest exhibited a time-dependent, learningspecific increase which was maximal at the 6h post-training time. The majority of
spines formed axospinous synapses and their density per unit volume was
approximately 2.5 fold greater with respect to the control animals. Increased spine
density persisted until the 24h post-training time and, thereafter, exhibited a timedependent decrease in their number and finally, reached the control value at the 72h
post-training time. These results confirm transient synapse formation to subserve
memory consolidation in a manner consistent with alteration in synapse connectivity
pattern. (Funded by Forbairt and EU Biotechnology Programme).

FOOD, SEX AND THE BRAIN: NO SEASONAL VARIATION IN THE SIZE OF
THE HIPPOCAMPUS IN THE GRAY SQUIRREL (SCIURUS CAROLINENSIS).
P. Lavenex (1)*, M.A. Steele (2). L.F. Jacobs (1). 1-Dept of Psychology, UC
Berkeley, CA. 2-Dept of Biology, Wilkes University, Wilkes-Barre, PA.
We investigated the influence of seasonal change in behavior on the structure
of the hippocampus in gray squirrels. Hippocampal size is positively correlated
with space use patterns (caching and mate searching) in both birds and
mammals. In chickadees, hippocampal size and neurogenesis increase in the
fall at the peak of caching behavior. Sexual differences in hippocampal size are
also positively correlated to sexual behavior in polygynous voles, with an
advantage for males during the breeding season. Voles, however, are short-lived.
The purpose of the present study was to measure seasonal patterns in the
hippocampal formation of a long-lived mammal, the gray squirrel, to determine
the relationship between seasonal patterns of cognitive demand and adult
hippocampal plasticity. The brains of male and female adult gray squirrels were
collected in October, at the peak of the caching behavior, and in January,
during the breeding season. These were compared to a series of adult male
brains collected during a previous summer, while the animals were neither
caching, nor breeding. The analyses revealed a decrease in brain size and an
increase in body size in January relative to October and June. There was no
difference in the size of the hippocampus between the different periods, after
correction for changes in brain size. There was no difference between males and
females in October or January. The present results show that changes in the
cognitive demands throughout the year, i.e., the memory for cache locations and
the increase of space-use for mating, were not associated with changes in the
size of the hippocampus in a mammalian species whose natural life span is
greater than one year. More detailed analyses of the hippocampus are underway
to detect other more subtle changes that might be linked to these variations in
cognitive demands. Supported by grants from the Swiss National Science
Foundation, NIMH and the Heilman Faculty Fund, UCB.
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OLFACTORY MEMORY FORMATION INVOLVES PLASTIC
CHANGES OF RECIPROCAL SYNAPSES OF MICE ACCESSORY
OLFACTORY BULB. M. Matsuoka1,2 ,H. Kaba3 , Y. Mori*2, and M.
Ichikawa1 1Tokyo Metoropoli. Inst, for Neurosci., Fuchu, Tokyo 183,
Japan, 2Univ. of Tokyo, Bunkyo-ku, Tokyo 113, Japan, 3Kagoshima
Univ., Kagoshima 890, Japan.
Pregnancy in female mice is maintained by formation o f an olfactory
memory of the pheromones of the partner male. The vaginal stimuli by
mating are indispensable to the formation o f this olfactory memory. The
reciprocal dendrodendritic synapses in the accessory olfactory bulb
(AOB) have been shown to play an important role in this memory
formation. The morphological changes on the reciprocal synapses were
examined in the AOB o f female mice which formed the olfactory
memory. The BALB/c female mice were divided to two groups: the
mating group which were made mating with the BALB/c male and were
exposed to the same male pheromones for subsequent 6 hours, and the
control group which were exposed to male pheromones for 6 hours
without mating. The females were perfused at 24 hours after mating.
The length o f synaptic active zones (SAZs: characterized by the
postsynaptic thickenings) were measured on the asymmetrical excitatory
synapses (mitral/tufted to granule cells) and the symmetrical inhibitory
synapses (granule to mitral/tufted cells) of the reciprocal synapses in
AOB. The length of SAZ of the asymmetrical synapse was significantly
longer in the mating group compared with the control group. However,
there was no statistically difference in the length o f SAZ o f the
symmetrical synapses. It is suggested that olfactory memory formation
is associated with a conformational change at the level o f synaptic
structure of the accessory olfactory bulb.

ESTROGEN-INDUCED GLIAL RETRACTION FROM OXYTOCIN NEURONS
IN THE ANTERIOR COMMISSURAL NUCLEUS H. Alan Wvatt and Arnold A.
Gerall*. Interdepartmental Neuroscience program and Dept. of Psychology, Tulane
University, New Orleans, LA 70118
Estrogen is involved in the retraction of glial processes interspersed among
paraventricular and supraoptic oxytocinergic (OT) neurons that participate in reflex
milk ejection (Montagnese et al., Brain Res Bull 20: 681-692). The current study
explores the effect of estrogen on the interrelationship between glial processes and
OT-neurons in the anterior commissural (ACN) and periventricular nuclei. ACN OTneurons have been implicated in the initiation of maternal behavior while
periventricular OT-neurons have no known role in maternal processes.
Sprague-Dawley rats in the experimental group were injected daily with 10 μg
estradiol benzoate (EB) and the control group with sesame oil for four days.
Fluorescently labled, 30 μm microtome sections were double-labeled for OT and glial
fibrillary acidic protein (GFAP).
Three dimensional image analysis was conducted using the Scanalytics
CELLScan image analysis system. A 63X oil immersion objective on a Ziess
Axioskop fixed-stage microscope and the Metamorph image analysis software
package were used for image aquisition and quantification. In 24 coronal sections,
80% of OT-neurons in the oil-injected and only 20% in the EB-injected groups
displayed associated glial processes (p<0.05). Thresholding analysis indicated that the
amount of observable GFAP fluorescence decreased in EB-treated animals by approx.
36% (p<0.005). No difference in glial coverage of OT-neurons between the oil- and
EB-treated groups was seen in the periventricular nucleus. These results support the
view that estrogen mediates some maternal processes by modifying glial-neuronal
structural interrelationships.
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PERIPHERALLY INJECTED EPINEPHRINE RETARDS LTP DECAY IN
FREELY MOVING RA TS. J.M. Lichtenvoort* D.L. Korol. and P.E. Gold. Dept.
Psych., U. Virginia, Charlottesville, VA 22903.

Peripheral administration of epinephrine (EPI) enhances learning and memory in
many tasks, in some cases also slowing the rate of forgetting. The present study
investigated the possibility that EPI would enhance hippocampal long-term
potentiation (LTP) in awake male Sprague-Dawley rats. Chronic bilateral stimulating
and recording electrodes were implanted in the medial perforant path and dentate
gyrus granule cell layer, respectively. For each rat, one hemisphere served as the
experimental pathway that later received high-frequency stimulation (HFS), while the
other hemisphere remained a control pathway and only received test pulses.

Following a 9-day recovery and handling period, EPSP slope, population spike (PS)

area, and PS latency were measured daily from awake, behaving animals. On the
seventh recording day, rats received injections (i.p.) of either saline or a memoryenhancing dose of EPI (0.1 mg/kg). Saline and EPI injections alone had no effect on
EPSP slope, PS area, or PS latency measured 30 min post-injection. For both salineand EPI-treated animals, HFS (10 x 10 pulses, baseline intensity, 400 Hz) delivered
65 min post-injection resulted in LTP in the experimental pathway as evidenced by an
increase in EPSP slope and PS area, a decrease in PS latency, and a leftward shift of
the input-output curve for all 3 measures. The control pathway exhibited no changes
in evoked potential measures. LTP was somewhat, but non-significantly, enhanced in
EPI-treated vs. saline-treated rats at early time points. The potentiation exhibited by
the saline-treated rats, apparent up to 6 hr post-HFS, decayed back to baseline levels
within 24 hr. In contrast, the potentiation exhibited by the EPI-treated rats remained
significantly above baseline levels for at least 96 hr post-HFS. These results are
consistent with the view that high circulating epinephrine levels, probably acting at
peripheral receptors, contribute to establishment of a brain milieu that enhances
information storage. Supported by NIA (AG07648) and NINDS (NS329I4).

93.14
ASTROCYTIC GFAP SURFACE DENSITY AND bFGF
EXPRESSION IN THE VENTRAL TEGMENTAL AREA (VTA) IN
RESPONSE TO CHANGES IN ESTROGEN LEVELS. C. Flores.*
N. Salmaso and J. Stewart. Center for Studies in Behavioral
Neurobiology. Concordia University, Montreal. Canada.
Behavioral and neurochemical studies have shown that estrogens
play a role in the modulation of midbrain dopaminergic (DA) activity.
Changes in estrogen levels influence basal levels of DA in striatum.
DA release from striatal tissue, and locomotor responses to repeated
exposure to amphetamine. Estrogen also affects astroglial function; the
density of astrocytic processes in several brain regions changes after
ovariectomy (OVX), after estrogen replacement, and across the
estrous cycle. We investigated whether changes itt ovarian hormones
might be associated with changes in the astrocytes within the cell body
region of midbrain DA neurons. Surface density (Sv) of glial fibrillary
acidic protein immunoreactive (GFAP-IR) astrocytes was assessed
after OVX in the VTA of rats that received either oil or 5 µg of
estradiol benzoate every four days for I month. Because basic
fibroblast growth factor (bFGF) is known to promote DA neuronal
survival and growth, and is associated with astrocytic function, we
also assessed bFGF-IR in the VTA. Higher levels of both GFAP-IR
Sv and bFGF-IR were found in the VTA of OVX animals without
estrogen replacement. Double labeled sections showed many cells
labeled with GFAP-IR and bFGF-IR. Thus it appears that GFAP-IR
Sv and bFGF expression increase in the cell body region of midbrain
DA neurons when ovarian hormones are removed. These findings
suggest that ovariectomy may provoke responses typically seen after
injury. Supported by NSERC. Canada, and FCAR, Quebec.
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REORGANIZATION OF THE UNCROSSED VISUAL PATHWAYS IN THE
RAT WITH MONOCULAR ENUCLEATION AT BIRTH: AN
IMMUNOHISTOCHEMICAL STUDY. F. Yagi!• M. Sakai2 F. Okutani3 S.

THE INSTRUCTIVE
SPACE MAP IN
TOPOGRAPHIC IN
Knudsen. Department of
Stanford, CA 94305.

Takahashi 3 and Y lkeda4 1Behav. Neurosci. Lab., 3 Dept. of Physiol., Kochi
Med. Sch, Nankoku, Kochi 783, Japan. 2 Neuropsychol. Lab., Saga Med.
Sch., Saga 849, Japan. 4 Dept. of Psycho!., Saga Univ., Saga 840, Japan
Our previous electrophysiological studies have demonstrated that monocular
enucleation in early postnatal days in rats results in an expansion of the
uncrossed visual pathways (UXVPs) to the visual centers ipsilateral to the
remaining eye, both via the dorsal lateral geniculate nucleus (LGNd) and via
the superior colliculus (SC)-the lateral posterior nucleus of the thalamus (LPT).
In the present experiment, patterned visual stimulation was used to
investigate the feasibility of stimulus-dependent induction of the immediate
early gene c-fos in neurons of the UXVPs both in rats with monocular
enucleation at birth (OEB) and in rats with one eye removal at maturity (OET).
The 50 um-thick coronal sections were incubated with the primary antiserum
raised in sheep against the Fos protein, and then with biotinylated rabbit antisheep secondary antibody, and with the avidin biotinylated horseradish
peroxidase complex. The DAB reaction was intensified with nickel ammonium
sulfate.
The Fas-like immunoreactive (FLI) cells were remarkably induced in the SC
and LPT of the expanded UXVPs of the OEB rat by moving and stationary
visual stimuli, whereas these visual stimuli induced only few FLI neurons in
the SC and LPT of the normal UXVPs of the OET rat.
Supported by a Grant-in-Aid for Scientific Research (C) [#08610089] from
The Ministry of Education, Science, Sports and Culture of Japan.
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SIGNAL WHICH ALIGNS THE AUDITORY
THE BARN OWL OPTIC TECTUM IS
NATURE. P. S. Hyde W. T. Newsome* and E. I.
Neurobiology, Stanford University School of Medicine,

Experiments in which barn owls are raised wearing prismatic spectacles that
optically displace the visual field have shown that the alignment of the auditory
space map in the optic tectum (OT) is maintained by a visually-based instructive
signal (IS). The current study is designed to elucidate the nature of this IS.
The IS could be based on a foveation~dependent visual assessment of the accuracy
of auditory orienting responses. Alternatively, the IS could be based on topographic,
point-by-point comparisons between auditory and visual space maps. These
alternative mechanisms for deriving the IS make different predictions regarding how
the auditory space map in the OT will adapt to manipulations of the visual field that
affect peripheral space and foveal space differently: A foveation-based IS would cause
the entire auditory space map in the OT to shift uniformly, in a manner consistent
with the optical displacement at the fovea, whereas a topographically-based IS would
cause the peripheral and foveal regions of the auditory space map to shift
independently, according to the local optical conditions.
We used extracellular recording methods to assess changes in the auditory space
map in the OT of barn owls fitted with sptctacles that subjected a peripheral region
of space and the foveal region of space to different amounts of optical displacement
Prdiminary results indicate that the p~ripheral and foveal regions of the auJitory
space map can be adjusted independently of one another, ir, a manner consistent with
the local optical conditions. This suggests that the IS is topographic in nature.
Supported by: NIMH 2 T32 MHl 7047-14 and NIH ROI DC0!55-l7
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DEVELOPMENT OF CENTRAL AUDITORY AND SPATIAL
PROCESSING SITES: THE EFFECTS OF EXPOSURE TO MUSIC.
J.E. Koch• and F. H. Rauscher. Department of Psychology, University of
Wisconsin Oshkosh, Oshkosh, WI 5490 I.
Recent research indicates that rats exposed to auditory enrichment (music) in
utero and continuing for 60 days after birth exhibit enhanced spatial
peiformance compared to rats exposed to silence. These findings support

earlier work showing similar enhancements in humans. In light of studies
indicating that environmental enrichment can cause neurogenesis in the rat

hippocampus, the current study attempts to detennine the neurophysiological
basis for the spatial enhancement found through music exposure. Male LongEvans hooded rats (n=90) were exposed to one of two auditory conditions:
Mozart's Sonata for Two Pianos, K. 448 or no music for 12 hours during the
dark portion of the 24 h cycle. Exposure began at birth and continued for
either 30, 60 or 90 days postnatally (n=l5 for each music condition for each
exposure length). On either day 30, 60 or 90, rats were perfused and brains
were removed for histological examination. Holmes' silver staining technique
was used to expose: I) degree of dendritic branching; 2) breadth of dendritic
trees; & 3) types of dendrites. Areas of examination include: I) hippocampus
and 2) primary auditory cortex. Work in progress supports the hypothesis that
music expos'Ure increases auditory processing depth and ability as reflected by
higher degrees of dendritic branching and increased size of dendritic trees.
These data suggest neurophysiological involvement in the enhanced behavioral
peiformance indnced by exposure to music. Work supported by Univ. WI
Oshkosh internal funding sources (003-1095).
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IN VIVO NEUROANATOMY OF THE CANARY BRAIN: APPLYING
MRI-AT7T.TJ DeVooi.d• SW Newman TV Smuldcrs J Van
Audekerke M Verhoye & A Van der Linden Dept. Psych, Uris Hall,
Cornell Univ. Ithaca. NY 14853; Bio Imaging Lab, RUCA, Univ. Antwerp,
Groenenborgerlaan 17!, B-2020, Antwerp, Belgium.
Volumes of song system nuclei in oscine birds vary with season, sex and
capacity for song learning. Using present techniques, volumes can only be
measured once for a particular bird--after histology. This study assesses
whether magnetic resonance imaging (MRI) could be used for qualitative
and quantitative analysis of brain morphology in oscine birds,
Canaries were anesthetized, held in a teflon stereotaxic apparatus and
placed in a custom-built radio frequency coil. MRI was perfonned on a 7
Tesla horizontal bore (8 cm width) MR system (Surrey Medical Imaging
Systems, UK), provided with shielded gradients (IOOmT/m). 3D coronal
and sagittal brain images were obtained using a 3D fast spin echo sequence
with an echo train length of 4. Volumes of approx. 20x20x20 mm were
scanned and generated an image matrix of 256x256xl28 voxels (i.e. a
theoretical resolution of 80 µm). The imaging procedure took about 70
minutes after which all birds recovered uneventfully. Images reconstructed
in the plane of the canary atlas of Stokes et al., (JCN, 1974) revealed the
ventricular system, and major fiber tracts including CoA, OM, and FA, as
well as less conspicuous laminae such as LH, LMD, and tectal subdivisions.
RA (a song system nucleus surrounded by a fiber tract) is visible; with
present procedures. other song system nuclei are not.
MRI microscopy is non-invasive and non-traumatic. While funher work
is needed on resolution and contrast, these data suggest that it may become
a poweiful tool for studying neural plasticity in birds. Its use may allow
experiments in which neuroanatomy of individuals is quantified both
before and after experimental treatments, as well as in rare species or in
animals that are part of a continuing study.

NEURAL PLASTICITY II

SUNDAY AM
93.19

93 .2 0

MYELIN BASIC PROTEIN EMERGES LATE IN THE
DEVELOPMENT OF THE SONG MOTOR PATHWAY IN THE
ZEBRA FINCH. S.M. Siepka*, T.M, Mittelmeier. and D.F. Clayton.
Dept. of Cell and Structural Biology, Univ. o f Illinois, Urbana 61801
Song production in the male zebra finch is dependent on the
establishment of a series o f connections between a set o f anatomically
distinct brain nuclei known collectively as the song circuit. During the
critical period, establishment o f the connection between two o f these
nuclei, HVC and RA, completes the motor pathway for song
production. Using the technique o f ddPCR, we sought to identify some
of the molecular components involved in the formation o f this
connection. Specifically, we identified transcripts differentially
expressed in nucleus RA as compared to the surrounding
archistriatum. One o f these ddPCR products corresponded to myelin
basic protein (MBP) mRNA. By in situ hybridization we demonstrate
that MBP transcripts are enriched in oligodendrocytes both in RA and
in the fiber tract leading from HVC to RA. By immunocytochemistry,
we show that the MBP protein is also enriched in the fiber tracts
leading from HVC to RA and in RA. This pattern o f MBP protein
expression is not observed in female birds or juvenile male birds. In
males, the MBP pattern emerges late in development o f the song
circuit, during the final stages o f song learning when song becomes
less plastic. We hypothesize that myelination o f the HVC to RA fiber
tract contributes to song crystallization.
Supported by NIMH NRSA F32 N S09815-01/02 to T.M.M. and NIH
grant ROI NS 25742.

THE ROLE OF NIFEDIPINE IN KINDLING AND KINDLINGINDUCED MOSSY FIBER SPROUTING. L. Vaccarella, B. Adams,
J M. Shedden*, M. Fahnestock+, R.J. Racine. Departments of
Psychology and Biomedical Sciences+, M cM aster University,
Hamilton, Ontario, Canada L8S 4K1
Nifedipine is a dihydropyridine calcium channel antagonist
which has been shown to act as an anticonvulsant in human epilepsy
and on hippocampal kindled seizures in rats. Recent research suggests
that calcium entry through voltage-gated calcium channels activates
calcium-dependent second messenger cascades which may contribute
to certain forms of long-lasting synaptic modification (Wurpel & Iyer,
1994). The purpose of this study was to investigate the effects of
nifedipine on kindling epileptogenesis and associated kindlinginduced mossy fiber sprouting. The development o f perforant path
kindling was significantly retarded in nifedipine-treated rats (5 mg/kg
in DMSO; injected 30 minutes prior to each kindling stimulation)
compared to DMSO-injected controls (p<0.05). Afterdischarge
durations, on the other hand, were significantly increased in the
nifedipine-treated kindled rats (p<0.05). M ossy fiber sprouting
analyses for both the CA3 and IML regions will be reported.
Research supported by Natural Sciences and Engineering Council of
Canada (NSERC) and Medical Research Council o f Canada (MRC).
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ACUTE HYPERCAPNIA AND HYPOCAPNIA ABOLISH IN VIVO
HIPPOCAMPAL LONG TERM POTENTIATION IN RATS. A.E.Zaiser*,
V. Miletic, and G.S.Mitchell. Dept. Comp. Biosci. and Environ. Tox.
Center, University o f Wisconsin, Madison, WI 53706.
Hypercapnia causes amnesia and decrements in psychomotor and
intellectual performance in humans and rats. We examined the effects o f
hypocapnia and hypercapnia on long term potentiation (LTP), a synaptic
mechanism thought to be necessary for learning and memory. Eight-week
old urethane-anesthetized Sprague-Dawley rats were intubated to allow for
controlled artificial ventilation at a constant rate and volume chosen to yield
an end-expired carbon dioxide pressure (P C 0 2) o f 20 mmHg. The endexpired PC 02 was returned to control levels (40 mmHg) by adding inspired
C02 (50% inspired oxygen). Rats were placed in a stereotaxic frame and a
craniotomy was made for stereotaxic insertion o f a bipolar stimulating
electrode in the CA3 region and recording electrode in the CA1 region o f
the hippocampus. Once a stable evoked potential was obtained, end-expired
PC02 was adjusted to hypocapnic (20 mmHg) or hypercapnic (80 mmHg)
conditions by adjusting the inspired C 0 2 level; control animals remained at
40 mmHg. Within 10 minutes, LTP was evoked under hypo- or hypercapnic conditions (one 400 ms train, 50 Hz) and recordings were made for
4 hours post-tetanus. Control animals showed a sustained increase in
population spike height (175%) showing LTP; however, hypocapnic and
hypercapnic rats showed no LTP after tetanus. Our data suggest that
respiration, and the resulting acid-base changes, may exert a degree of
control over synaptic plasticity in the hippocampus. (Supported by NIH NS
34870).

ON THE MECHANISMS THAT COULD DYNAMICALLY CONTROL THE COMPUTATIONAL PROPERTIES OF C A 1 NEURONS
M. Migliore* and M. Culotta, Inst. for Interdisciplinary Applications
of Physics - Natl. Res. Council, 90123 Palermo, Italy.
Simultaneous somatic and dendritic recordings in hippocampal pyramidal neurons from in vitro preparations, have shown that action potentials (APs) backpropagate from the axon into the soma and the dendritic tree, and that their amplitude is actively reduced during a train
and along the major apical trunk. The backpropagation of APs could be
deeply involved with several neuronal properties, from synaptic plasticity to the integrative and computational characteristics. However,
what controls these properties and how they are implemented in such
a way that an external input results in the coding of the appropriate
output is essentially unknown. We show that a mechanism involved
in the attenuation and/or failure of APs in the dendrites can act as
an active and energy efficient filter of synaptic input, and results in
an activity-dependent control of the properties o f individual neurons.
Thus, the activation or expression of these kind of mechanisms could
be an efficient way to selectively modulate the input/output processing properties of dendrites, and could be needed to limit or suppress
the onset of a number of pathological brain disorders. (Supported by
C .N .R.)
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TWO DYNAMIC PROCESSES FOR THE INDUCTION OF LTP IN
HIPPOCAMPAL CA1 NEURONS
T,Aihara*,K.Kobayashi, Y .kobayashi, H.M astuda, and M .Tsukada
Department of Information-Communication Engineering, Tamagawa
University, 6-1 -1 , Tamagawagakuen, Machida, Tokyo 194 Japan

Assembly o f an NMDA receptor multiprotein complex regulated by
development, Src fam ily and receptor activated PTPase: A m olecular
mechanism for synaptic metaplasticity. Seth G.N. Grant *, Shiaevuki
Nada and Lorna C. Webster Centre for Neuroscience & Centre for Genome
Research, University of Edinburgh, West Mains Road, Edinburgh EH9 3JQ
UK.
We explored NMDA receptor signaling and the involvement of tyrosine
kinases and phosphatases by biochemically isolating the NMDA receptor
and associated proteins and examining the regulation of tyrosine
phosphorylation. We characterise a complex of NMDA receptor subunits,
MAGUK proteins and several novel proteins in the mouse brain. Fyn is
required for phosphorylation of the NMDA receptor suggesting an
involvement of this kinase in NMDA receptor signaling. In addition to
phosphorylation of the NMDA receptor, Fyn regulates NMDA receptor
associated proteins indicating that the regulation of the ion-channel by the
kinase involves more than simply phosphorylation of the ion-channel
subunits. Importantly, the activation of the NMDA receptor leads to
dephosphorylation of this complex indicating feedback control of NMDA
receptor tyrosine phosphorylation. We observed a striking developmental
profile of assembly of the NMDA receptor with the associated proteins
which occurs at the age when adult forms of NMDA receptor-mediated
synaptic plasticity emerge. We propose that the core components of the
NMDA receptor signaling pathway is the assembly between NMDA
receptor, PSD95 and associated proteins and this is the substrate for
modulatory effects of Fyn and PTPases that may control the induction or
threshold of synaptic plasticity.
Supported by the Wellcome Trust.

This work sets out to investigate two dynamic processes, fast and
slow processes and how they effect the induction of long-term potentiation
(LTP). The two factors were studied by using temporally modulated
stimulus composed o f "bursts" and "long-interval patterns". The fast
process corresponds to several burst-spikes of ten ms in the hippocampus
and the slow process is a long-interval pattern on the order o f several
hundred ms which corresponds to the theta rhythm.
Results of the experiment indicate that LTP induction depended on
effects of both the burst-spikes and long-interval patterns. The burst
effect was clearly, distinguished from that o f a long-interval pattern.
This result suggests that there are two dynamic processes, fast and slow,
for the induction of LTP. The fast one, of several ten ms bursts, corresponds
to the spatial coincidence and to the short-term time window while the
slow process, o f several hundred ms, corresponds to the temporal
integration of a sequence of events dynamic. We have proposed a learning
rule by which these experimental results can be consistently interpreted.
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COMPLEX ENVIRONMENT REARING ENHANCES NCAM-PSA MEDIATED
NEUROPLASTICITY
Foley. A.G.* and Regarni. C.M. Department of Pharmacology, University College,
Belfield, Dublin 4, Ireland.
The neural cell adhesion molecule (NCAM) regulates neuroplastic events by
prevalence modulations and the addition of a2,8 linked polysialic add (PSA)
homopolymers. This plasticity is enhanced transiently in granule-like cells of the
hippocampal dentate gyrus following training in spatial or non-spatial tasks (J.
Neurochem. 65, 1995, 2796; ibid. 67, 1996, 1268). These changes may be expected to
be more dramatic with continuous exposure to diverse stimuli, as such procedures result
in more complex neuronal patterns and enhanced learning skills. To address this issue,
we have reared male rats from time of weaning to postnatal day 80 in complex
environment, social groups and isolation.
NCAM-PSA immunohistochemistry
revealed significantly increasing numbers of dentate polysialylated neurons in animals
raised in isolated, social and complex environments. Increased PSA expression was
correlated with faster acquisition of the Morris water maze task and was associated with
a transient activation of these polysialylated cells during consolidation. In passive
avoidance training however, their activation during consolidation suggested a saturation
of the response. Furthermore, in the latter task, administration of scopolamine at 6h
post-training, which normally results in amnesia (J. Neural Transm. 92, 1993, 33),
required a 2.5-fold dose increase to be effective in animals raised in the complex
environment. These results suggest complex environment rearing to result in a more
plastic neural structure as the observed increase in NCAM polysialylation correlates
with improved learning and resistance to amnesic agents. This work was supported by
the EU Biotechnology Programme, Forbairt and Health Research Board of Ireland.

TASTE ACTIVATES MAP KINASE IN TH E INSULAR CORTEX OF THE
BEHAVING RAT. D .E. B erm an*, R . S eger a n d Y . D u d a i. W eizm ann
In s titu te of Science, Rehovot 7 6 1 0 0 , I s r a e l .
W h en r a ts b eco m e fam iliar w ith a novel ta s te , m o lecu lar ca sca d es
a re trig g ered in th e in s u la r c o rte x (IC), w h ich c o n ta in s th e ta s te
co rtex . T h e c h a n g e s involve m o d u la tio n o f p ro te in ty ro s in e p h o s p h o ry la tio n a n d p ro te in s y n th e s is (R o sen b lu m e t al., B ehav. N eu ral
Biol. 59: 4 9 -5 6 , 1993; PNAS 92: 1 1 57-1161, 1995; J . N eurosci., 1997,
in press). T h ese exp erien ce-d ep en d en t m o difications pro b ab ly su b serv e
th e co n so lid atio n of s h o rt-te rm ta s te m em o ry in to a lo n g -term form.
C o n so lid atio n of s h o rt- in to lo n g -term m em o ry is ex p ected to involve
a n e tw o rk of ce ll-rem o d ellin g m o le c u la r c a sc a d e s . S u c h c a s c a d e s
o ften involve m ito g en ac tiv ated p ro te in k in a se s (MAPKs), in tra c e llu la r
k in a s e s w h ich a re ac tiv ated in re s p o n s e to g ro w th facto rs, m ito g en s
a n d n e u r o tr a n s m itte r s . We h a v e th e re fo re s e t o u t to in v e stig ate
w h e th e r activ atio n of MAPKs ta k e s p lace in th e r a t IC a fte r ex p o su re
to a n u n fa m ilia r ta s te in a n in c id en tal le arn in g s itu a tio n (ibid.). R ats
w ere p r e s e n te d fo r 10 m in w ith 10 m l o f 0 .1 % s a c c h a r in (the
u n fa m ilia r ta ste) a n d sacrificed a t v a rio u s tim es afterw a rd s. T he IC
w a s ex c ised , h o m o g e n ized a n d im m u n o b lo tte d w ith m o n o c lo n a l
a n tib o d ie s to th e d ip h o s p h o ry la te d , a c tiv a te d fo rm o f e x tra c e llu la r
sig n al-reg u lated k in a se s 1&2 (ERK-1&2), m e m b ers of th e MAPK family.
A sig n ifican t in c re a se in th e ac tiv ated fo rm of ERK-1&2 w as d etected
a t 10 m in , reac h in g a m a x im u m of 2 .3 + /-0 .3 fold in c re a se a t 3 0 m in
a n d s u b sid in g to b a s a l level w ith in 6 0 m in . In c o n tra s t, th e to ta l level
of MAPK w a s n o t affected (0 .9 7 + /-0 .1 of co n tro l a t 3 0 m in). T he effect
w a s observ ed only in th e IC a n d n o t in th e cereb ellu m , occipital lobe,
p iriform co rtex a n d olfactory b u lb s . We p ro p o se th a t MAPK activ atio n
is trig g ered b y ta s te ex p erien ce a n d is p a r t of th e n e u ro n a l c a sca d e
th a t su b se rv e s th e en coding of ta s te m em o ry in th e IC. (S u p p o rted by
th e G reen F o u n d atio n , W eizm an n In stitu te.)

9 4 .7

9 4 .8

REPETITIVE NEONATAL PAIN CAUSES BEHAVIORAL CHANGES AND
REDUCED CORTICAL FOS ACTIVATION FOLLOWING PAIN IN ADULT RATS
V. Coskun, C.B. Nemeroff. P.M. Plotsky*. K.J.S. Anand. Departments of Pediatrics &
Psychiatry, Emory University School of Medicine, 1639 Pierce Dr., Atlanta, GA 30322.
Human neonates are routinely subjected to repetitive pain during intensive care. We
proposed that exposure to repetitive neonatal pain may cause long-term behavioral
changes. An animal model was developed to evaluate this hypothesis. Rat pup paws
were stimulated 4 times a day from PO to P7 with either needle prick (N4) or cotton tip
(T4) with identical rearing during P0-P22 days. Pain thresholds were measured on P I6,
P22, P24, and P65 (hot plate test). Testing for defensive withdrawal, alcohol preference,
and social discrimination occurred after P60. Adult rats were exposed to a hot plate at
62°C, sacrificed and perfused at 0, 30, or 60 min after exposure. Fos expression in the
somatosensory cortex was measured by immunocytochemistry.
N4 group displayed decreased pain thresholds (5.0± 1.0 vs. 6.2± 1.4 sec on P16
[p<0.05]; 3.9±0.5 vs. 5.5±1.6 sec on P22 [p<0.005]) and increased preference for
alcohol (55± 8 vs. 32v21 %EtOH intake/24 hr [p=0.004], Mean+SD). Behaviorally,
the N4 group had increased latency for exploratory and defensive withdrawal behavior
(p<0.05) and a prolonged chemosensory memory in the social discrimination test
(p<0.05). No significant differences occurred in corticosterone and ACTH levels
following air-puff startle or in adult pain thresholds between N4 and T4 groups. Increased
Fos expression in the somatosensory cortex occurred in the T4 group vs. the N4 group
(114± 18 vs. 27±3 cells/cortical hemisphere, Mean±SEM, p<0.0001, repeated measures
ANOVA). Repetitive neonatal pain causes decreased pain thresholds during
development, leading to anxiety-like adult behavior. Changes in brain development may
lead to such behavioral differences, such as those observed in preterm neonates exposed
to repetitive pain during neonatal intensive care.
Supported by: NICHD (HD01123-01 Al), Emory-Egleston Children’s Research Center.

INVESTIGATION OF THE ROLE OF APOE AND APP IN LONG TERM
POTENTIATION IN FREELY MOVING RATS.
C.H.Large, A. Wong, J.Beesley and J.C.Bames (SPON: Brain Research Association)
Dept of Neuroscience, GlaxoWellcome Research and Development Ltd., Gunnels
Wood Road, Stevenage, Herts. SGI 2NY, UK.
Amyloid precursor protein (APP) and apolipoprotein E (apoE) have been implicated
in the aetiology of Alzheimer’s disease (AD). Much is known about the possible
pathology associated with these proteins, but very little is known about their normal
function in the brain. It has been suggested that both proteins might play a role in
synaptic plasticity, and that dysfunction of mechanisms of plasticity might underlie
some forms of AD. In order to address this question, we have studied the
expression of APP and apoE, as well as SNAP-25, CAMKII, and NCAM, in the
dentate gyrus of the hippocampus of freely moving rats following induction of long
term potentiation (LTP). Lister Hooded rats (male, 250g) were implanted with
stimulating electrodes in both medial perforant paths, and a recording electrode in
the hilus of the left dentate gyrus. After recovery (>2 weeks) animals were placed
in a recording chamber for 1 hour at the same time on each of four consecutive
days. Evoked field potentials were recorded for the final 30 minutes of each session
to establish a baseline response. At the end of the fourth session a high frequency
tetanus was applied to the left stimulating electrode (6 trains of 8 pulses at 400Hz,
twice test amplitude, at 0.1Hz; repeated 8 times at 1 minute intervals). Test
recordings were then continued for 30 minutes, and then for a further 30 minutes
2.5 hours after the tetanus. Brains were then taken for immunohistochemistry and
analysed using quantitative light microscopy. Preliminary results suggest that there
were no changes in levels of apoE or APP three hours after induction of LTP. We
are currently investigating expression of these proteins at later timepoints.
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EXTRACELLULAR GLUTAMATE AND OTHER FREE AMINO ACIDS IN
SENSORIMOTOR CORTEX IS RELATED TO FORELIMB USE DURING
EXPLORATORY BEHAVIOR. S. T. Bland*, M. S. Johnson, T. Schallert, &
R. A. Gonzales. Depts. of Psychology and Pharmacology and and Inst, for
Neuroscience, University of Texas at Austin, Austin, TX, 78712, USA.
Glutamate is increased in forebrain regions during limb use associated with rearing
behavior (Bland et al., 1997). Casting one forelimb causes asymmetries in
glucose utilization in motor regions of neocortex during spontaneous movement
(Kozlowski et al, 1996). In the present study, rats were either fitted with plaster
casts for one week, or were uncasted. Bilateral guide cannulae wore implanted
stereotaxically in lateral sensorimotor cortex. After one week of recovery,
microdialysis probes were inserted into the guide cannulae and rats were allowed to
habituate overnight to the microdialysis apparatus. Dialysate samples were
collected during behavioral quiescence and during spontaneous movement elicited
by placement in a novel glass cylinder. Dialysate samples were analyzed by liquid
chromatography and fluorescence detection following precolumn derivatization
with o-phthalaldehyde and β-mercaptoethanol. Aspartate, glutamate, serine and
taurine in the dialysate were quantified using standard curves and expressed as jjM
values. Dialysate glutamate concentrations were greater in the hemisphere
contralateral to the overused forelimb. Dialysate aspartate and taurine
concentrations were greater during spontaneous movement than during quiescence;
furthermore, the movement related increase of taurine was greater in the
hemisphere contralateral to the overused forelimb. Extracellular levels of
glutamate and other free amino acids appear to be use-related. Supported by a
grant by the Texas Advanced Research Project, NIH grant N23964, and NIAAA
grants AA07471, AA08484 andAA00147.

IN VITRO REINFORCEMENT OF CA1 NEURONS IN MOUSE
HIPPOCAMPUS BY DOPAMINE. B.G. Xue . J.D. B elluzzfend L. Stein.

S o c ie ty f o r N e u ro s c ie n c e , V olum e
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Department o f Pharmacology, College o f Medicine, University o f California,
Irvine, CA 92697
Our previous research on a cellular analog o f operant conditioning has
showed that CA1 bursting is reinforced by local micro pressure applications o f
dopamine in rat hippocampus (Stein & Belluzzi, Neurosci. & Biobehav. Rev. 13:
69-89, 1989). Here we report similar in vitro reinforcement in CD-I mouse
hippocampus. A single-barreled glass micropipette for simultaneous recording
and pressure injection was filled with dopamine (50, 100, 200 or 1000
in
saline) and aimed at spontaneously active pyramidal cells in the CA1 layer of
mouse hippocampal slices. During the reinforcement period, the pressure injector
was activated for 50 ms at 15 psi immediately after each burst to deliver an
approximately 10-^1 diameter droplet o f drug to the vicinity o f the cell body.
Burst frequency was significantly increased by the 100
dose compared to
saline (Fig; *p<0.05).
When
administered
15 -p
in d e p e n d e n tly
of
bursting, dopamine did
not increase the bursting
rate. These results are
similar to those found
previously in rat, but the
optimal
dose
of
dopamine in mouse was
10-fold lower than that in
rat. (Supported by NIDA
Dopamine Pipette Concentration (pM)
grant DA05107)
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INDUCED EXPRESSION OF CELL-CYCLE ASSOCIATED KINASES IN

CARBACHOL-INDUCED THETA-LIKE ACTIVITIES IN GUINEA PIG

PERSISTENT FORMS OF NEURONAL PLASTICITY.

HIPPOCAMPAL SLICES. K. Natsume*. K. Kometani, Kyushu Institute of

G. Kauselmann1 *. U. Konietzko1 , P. Wulff1 J. Scafidi2, U. Stӓubli 2. and D.

Technology, Iizuka, Fukuoka 820, Japan.

Kuhl1 ,1Center for Molecular Neurobiology (ZMNH), Hamburg University,

The effect of theta-like activities (TLAs) on paired-pulse depression (PPD) of
the population spike (PS) was studied at intervals shorter than 20 msec in the

Martinistr. 85, D-20246 Hamburg, Germany; 2Center for Neural Science, New
York University, New York 10003, USA.

dentate gyrus of guinea pig hippocampal slices. The extent of PPD was evaluated
by the paired-pulse index (PPI), the ratio of the test PS(tPS) to the conditioning

Activation of phosphorylation cascades is required for the induction of

PS(cPS). An application of 50 μM carbachol induced intermittent bursts of TLAs

synaptic plasticity. For an increase in synaptic strength to be maintained, the

and increased PPI. This increase was inhibited by a coapplication of atropine
sulphate, a muscarinic antagonist. PPI during TLAs was larger than that at the rest
period of TLAs. This difference was mainly resulted from the amplitude of tPS,
because no differences in cPS and in the test pEPSP slope were observed. An
application of bicuculline, a GABAa receptor blocker, increased PPI by
increasing the amplitude of tPS both at the period of and at the rest period of

activation of a program of gene expression must occur. Using a modified
differential display protocol, we identified several members of the cell-cycle
associated polo-like kinase family as a part of this program. Each of the
identified kinases is transcriptionally induced in response to synaptic activity that
brings about long-lasting changes. However, these kinases differ in their spatial

TLAs. The effect of bicuculline was larger at the rest period than during TLAs.

and temporal expression patterns and the threshold required for their induction. It

PPD can be mediated by inhibition of the granule cells by inhibitory intemeurons.

therefore appears that protein phosphorylation may not only be required for the

Thus the results here suggest that the disinhibition of the granule cells is induced

induction of plastic events, but also has a function in the consolidation of

by the activation of muscarinic receptors and the disinhibition is facilitated when

structural changes underlying synaptic enhancement. (Supported by BMBF).

TLAs are induced in the hippocampal neural circuit. This work was supported by
Sasagawa Scientific Research Grant (8-300) from the Japan Science Society.

94.13

94.14

MOTOR SKILL ACQUISITION STRENGTHENS HORIZONTAL
CONNECTIONS IN ADULT RAT M OTOR CORTEX D. Friedman. M.-S.
Rioult-Pedotti*. and J.P. Donoghue. Dept. of Neuroscience, Brown University,
Providence, R I02912.
Horizontal neocortical pathways may act as a substrate for long lasting
reorganization that occurs as a result of nerve lesions, sensory manipulations and
learning. We have previously shown that horizontal connections in primary motor
cortex (MI) have the capacity to undergo long term synaptic strength changes. Here we
have investigated plasticity of horizontal connections that occurs as a result of motor
skill acquisition.
Adult rats (N=7) were trained (5 days) to perform a reaching task with their right
forelimb. Subsequently, extracellular fieldpotentials of horizontal layer M il
connections were acquired simultaneously, 'blind' to the experimental conditions, in
coronal slices containing forelimb region of MI in both hemispheres. Similar
recordings were done in paired control animals (PC, N=7)).
In the 'trained' hemispheres of experimental animals (TR) responses to 60% maximal
relative stimulation intensity were significantly larger compared to the contralateral
hemispheres (p≤0.018), whereas no such interhemisphere difference was observed in
PC animals (p=0.639). Similarly, responses to increasing relative stimulation showed
a larger dynamic range on 'trained' hemispheres compared to all controls indicating that
the observed larger amplitudes were not due to stronger stimulation. LTP and LTD
have been suggested as mechanisms for naturally occuring plasticity.Synaptic
connections would be expected to be closer to saturation in the 'trained' side. Indeed,
TBS produced significantly less LTP in the trained hemisphere compared to the
'untrained' side in TR suggesting that motor skill learning shifts responses closer to
the saturation level. No interhemisphere difference in LTD, however, was observed
after training.
These data suggest that strengthening of horizontal connections within motor
cortical circuits occurs with acquisition of a new motor task, and thus indicates the
involvement of horizontal connections in motor skill learning. Supported by
NS22517.

SYNAPTIC MODIFICATIONS IN RAT MOTOR CORTEX RESULTING ROM TEMPORAL
INTERACTIONS AMONG LAYER I AND ll-lll HORIZONTAL PATHWAYS G. Hess* and J.P.
Donoghue. Jagiellonian University, Krakow, Poland and Brown University, Providence, RI,
USA
Horizontal connections within rat motor cortex (MI) are capable of activity-dependent long
term changes in synaptic efficacy. The induction of long-term potentiation (LTP) across the
horizontal pathway in layers ll-lll of Ml occurs when theta burst stimulation (TBS) is
simultaneously applied to the convergent, vertically ascending input (Hess et al., 1996). This
suggests that temporal interactions of intrinsic and ascending (perhaps thalamocortical)
fibers may facilitate synaptic modification in one or both of the participating pathways.
Whether cooperation among intrinsic pathways may permit LTP is unknown, although
stimulation of two sites in layers ll-lll fails to evoke LTP in Ml.
Cortical layer I provides another prominent horizontal input to layer ll-lll pyramidal neurons,
capable of LTP but only in conjunction with local, transient supression of synaptic inhibition
(Rioult-Pedotti and Donoghue, NS abstract 1996). In the present study we recorded field
potentials in slices of rat Ml from radially arranged sites in layers I and ll-lll. Horizontal
pathways contained within layer I and layer ll-lll were stimulated on the alternate sides of the
recording electrodes, each displaced by >0.5 mm In contrast to the lack of the marked
effects of TBS applied to one of these pathways, combined TBS of both inputs typically
resulted in long-lasting changes in response amplitude. The main effect of simultaneous
stimulation seen in layer ll-lll input was LTP (mean change: +35±9%), produced in 7 out of
12 slices. On the contrary, in the same set of slices the most frequent effect seen in layer I
input was long-term depression (-23±4%; 50% of cases), while LTP in layer I pathway
occurred in 25% of cases. These results indicate that the similar patterns of activity can
strenghten or weaken intercolumnar horizontal connections, depending on which particular
combination of local pathways is activated. The combined spatial and temporal interactions
of intracortical pathways yield a framework for adjusting the relationships among cortical
neurons that determine how information is processed and represented in cortex.
Supported by NIH-NS-22517, HHMI- 75195-543-101 and KBN-6P04C-053-08

94.15

94.16

JUVENILE RATS STRESSED AS INFANTS EXHIBIT DIFFERENTIAL
DOPAMINE AND ACTIVITY LEVELS FOLLOWING RESTRAINT.
P.Kehoe*, L. Triano, C. Glennon, A. Daigle, Neuroscience Program, Trinity
College, Hartford, CT. USA
Repeated isolation stress during neonatal life produces enduring
neurochemical and behavioral changes. Amphetamine causes a greater increase
in extracellular dopamine(DA) in juvenile rats stressed as neonates. In the
present study we explored the effects of this postnatal experience on
neurochemical and behavioral changes following acute restraint. Rat pups were
isolated from the mother and nest for 1 hr/day from Postnatal Day(PN) 2 to 9.
At PN 25, rats were weaned and a microdialysis cannula was surgically
implanted in the nucleus accumbens. A probe was inserted 24 hrs. after surgery
and baseline levels ascertained for 1.5 hrs. The animal was then placed in a
cloth restrainer that completely immobilized it from the neck down. Samples
were collected during the hour of restraint and continued for 1.5 hrs after
release. Nonhandled(NH) animals showed an increase in DA levels during
restraint. In contrast to NH rats, isolated animals expressed a significantly
lower level of extracellular DA. Handled only animals were intermediate
compared to NH and isolates. In a separate study, using the same restraint
paradigm juveniles were studied for locomotor behavior. Consistent with
extracellular DA levels, previously isolated rats manifested a reduced level of
activity. The data demonstrate that repeated isolation during the neonatal stage
alters an organism's response to an environmental stressor during the
postweaning period. Developing rats have a high degree of plasticity in the
CNS that can be seen behaviorally and by neurotransmitter responses when
rearing environment is altered.

CHANGES IN MRNA ABUNDANCE OF MICROTUBULE-ASSOCIATED
PROTEINS IN THE RAT BRAIN FOLLOWING ELECTROCONVULSIVE
SHOCK. O. Pei1 ,P.J.W. Burnet,2 and T.S.C. Zetterstrӧm1(SponBrain
Research Association) 1Oxford University-SmithKIine Beecham Centre for
Applied Neuropsychobiology, University Department of Clinical Pharmacology,
2University Department of Clinical Neurology, Radcliffe Infirmary, Woodstock
Road, Oxford OX2 6HE, UK.
Microtubulc-associatcd proteins (MAPs) have been shown to be involved in
the maintenance of mature neuronal morphology, ncurite outgrowth, and
neuronal plasticity. Using in situ hybridization histochemistry, we have studied
the expression of their encoding mRNA in the brains of rats treated with acute
and chronic electroconvulsive shock (ECS). The abundance of mRNA encoding
microtubule-associated protein 2 (MAP2), a dendritic microtubule-associated
protein and postsynaptic marker, was significantly increased by both acute and
chronic electroconvulsive shock in the dentate gyrus 6 and 24 h after the last
shock. This increase had returned to baseline level 48 h after the last shock.
The increase in MAP2 mRNA abundance was confined to the dentate gyrus and
no significant changes were observed in CA1 and CA3 of the hippocampus or
frontal-parietal cortex. In contrast, the mRNA abundance of tau, an axon
microtubulc-associatcd protein, and of MAP1B, an embryonic microtubuleassociated protein which has high abundance in the developing brain, was
unaltered by ECS. In addition, synaptophysin gene expression which is
correlated to pre-synaptic density, also remained unaltered.
Since the
alteration in MAP2 expression is important in the plasticity of neurones, these
data suggest that electroconvulsive shock may induce synaptic reorganization
and formation of new synaptic contacts, especially in the dendritic
compartment of neurones in the dentate gyrus. [Support: SmithKline
Bcecham]
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TIME COURSE FOR KINDLING-INDUCED INCREASES IN
HILAR AREA.
B. Adams+*, E. Ling+, L. Vaccarella+, M.
Fahnestock^ R.J. Racine+.
Departments o f Psychology+ and
Biomedical Sciences^, McMaster University, Hamilton, Ontario,
Canada L 8 S 4K1.
Kindling has been reported to induce a variety o f permanent
structural changes in the hippocampal region o f the brain, including
neuronal loss and sprouting o f the mossy fibers (i.e., axons o f the
dentate gyrus granule cells). Recent research has demonstrated that
kindling may also cause an increase in hilar area (Bertram & Lothman,
1993). The purpose o f this study was to investigate the time course
for these kindling-induced increases in hilar area following perforant
path kindling. Changes in hilar area were evaluated at 1 week, 1
month, and 2 months following the last kindling stimulation using an
MCID image analysis system. The results suggest that kindlinginduced increases in hilar area last for at least 2 months poststimulation (p<0.05). The time course for GFAP immunostaining in
the hilar region will also be reported. These findings indicate that
some o f the kindling-induced structural changes in the hilar area are
very long-lasting and may be permanent.
Research supported by Natural Sciences and Engineering
Council o f Canada (NSERC), Medical Research Council o f Canada
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FUNCTIONAL EXPRESSION OF ESTRADIOL-INDUCED HIPPOCAMPAL
SYNAPSES REQUIRES DISINHIBITION. C.S. Woolley,*D.J. Dluaosch and
P.A. Schwartzkroin. Neurosurg., Univ. of Washington, Seattle, WA 98195
Previous studies have shown that estradiol increases the density of
dendritic spines and synapses on hippocampal CA1 pyramidal cells in the
adult female rat. Further, this increase is associated with enhanced
sensitivity to NMDA receptor-mediated synaptic input. To test the functional
expression of estradiol-induced synapses, we compared LTP in hippocampal
slices from ovariectomized, estradiol treated animals (OVX+E) to that in
slices from ovariectomized, oil treated controls (OVX+O). The dendritic field
EPSP was recorded in CA1 str. radiatum and LTP was induced using 5
stimulus trains (100Hz, 200ms.) delivered at 0.1 Hz at an intensity that initially
evoked 50% maximal EPSP. Traces were analyzed at 10 min. time points
beginning 30 min. before the stimulus trains and at least 60 min. after. LTP
was not different in OVX+E versus OVX+O slices (n=5; 2 coded slices each).
However, given that estradiol has been shown by others to increase both
3H-muscimol binding and GAD mRNA levels in the CAI region, we
subsequently considered the possibility that an estradiol-induced increase in
GABAergic inhibition masks functional expression of estradiol-induced
synapses. To determine the effect of inhibition in modulating LTP in OVX+E
and OVX+O animals, we repeated the LTP-inducing paradigm in the
presence of 10μM bicuculline, a GABAa antagonist. Under these conditions,
a significant enhancement of LTP was observed in OVX+E compared to
OVX+O animals (ANOVA; p < 0.05; n=7, 2 coded slices each). Potentiation
averaged across all time points was 24.6% greater in slices from OVX+E
animals. These data demonstrate a functional correlate of the estradiolinduced increase in excitatory synapse density, but suggest that parallel
changes in the inhibitory system may mask increased excitability.
NS 18895 (PAS); American Epilepsy Society Fellowship (CSW)
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USE-DEPENDENT ENHANCEMENT OF FREQUENCY FACILITATION
AT L30 INHIBITORY SYNAPSES IN APLYSIA. S.A. Fisher*, S.W. Zucker
and T.J. Carew. Yale University, Departments of Psychology and Computer
Science, New Haven, CT 06520.
At the synapse between the inhibitory interneuron L30 and the excitatory
intemeuron L29 in the neural circuit for the siphon-withdrawal reflex (SWR) in
Aplysia, short-term plasticity induced by tactile stimulation of the tail provides a
mechanism for modulating the threshold of the reflex (Fischer and Carew, 1993;
1995). In addition to L30's activation from stimuli extrinsic to the SWR (such as
tail input), it is also activated by brief tactile siphon stimulation which directly
triggers the SWR.
Here we examine L30 plasticity in response to siphon
stimulation.
The inhibitory postsynaptic current (IPSC) from a single L30 neuron was
recorded in a single voltage-clamped L29 neuron. L30s typically respond to brief
siphon stimulation with 3 to 5 action potentials. Thus we simulated repeated
siphon stimulation by repeatedly activating an L30 (1 sec ISI) with a 300 msec
current step eliciting from 3 to 5 spikes (stimulus burst). Our initial analysis of the
synaptic current within and across bursts revealed three types of responses: (1)
depression of the second IPSC within a burst, (2) frequency facilitation (FF) of the
second IPSC within a burst, and (3) FF that increased in its rate of enhancement
across bursts. Further analysis of the third type of response revealed a significant
enhancement in FF from the first to second IPSC compared to an initial baseline
burst (post-burst 1, p < 0.002; post-burst 2, p < 0.008; N = 9). These data show
that FF can be significantly enhanced across bursts, and suggest that there is a
complex interaction between synaptic depression and facilitation that depends at least
in part upon the previous activation history of the synapse.
Current experiments are exploring the mechanisms underlying the usedependent enhancement of FF and how this form of plasticity contributes to the
complex dynamics exhibited by this synapse during reflex activation.
(This work was supported by NSF grant BNS8614961 to TJC and NIMH grant
1F31MH11358-01A1 to SAF)

LONG-TERM DEPRESSION OF THE ROOT-EVOKED PSP IN THE CRAYFISH
LATERAL GIANTS. S. C. Lee* & B. J. Park. Dept. of Physiology; Div. of
Neuroscience, EMRC, College of Medicine, Ewha Womans University, Seoul,
Republic of Korea.
Long term depression (LTD) is an activity-dependent decrease in synaptic
efficacy that is considered to be a cellular mechanism for learning and memory.
Previously, I have reported a behavioral long lasting depression of lateral giant (LG)
escape response of crayfish ( S.C. Lee, SFN Abst.:22, 1996). The present study
examined effects of strong-LFS, 5 Hz for 5 min long train at twice the intensity of
test shocks, on the intracellulary recorded postsynaptic potential (PSP) in the LGs
evoked by brief shocks of constant intensity delivered to an abdominal root that
carries primary afferents (PA).
This root-evoked compound PSP has a
monosynaptic ‘α ’ component reflecting electrical inputs from PAs and a larger
disynaptic ‘β’ component reflecting electrical inputs from sensory intemeurons that
receive chemical inputs from PAs (Krasne, J. Exp. Biol.:50, 1969). Strong LFS
depresses the amplitude of both ‘α ’ and ‘β’ components, which lasted longer than 60
min post-LFS. The decrease of ‘α ’ component suggests that root-evoked PSP was
depressed possibly due to the change in transmission between PAs and the LGs or in
the input impedance of the LGs. Next, we asked whether GABAergic inhibition
would influence the induction of LTD in the root-evoked PSP in LG. The ability of
picrotoxin (PTX), an antagonist of GABA, to block the induction of LTD was tested.
Strong-LFS in the presence of bath applied PTX (5 x 10-6M) partially reduced the
magnitude of LTD compare to the control.
The result suggests that enhanced activity of GABAergic inhibitory interneuron
may contribute to the LTD of root-evoked PSP following strong-LFS applied to the
same sensory root. (Supported by KOSEF grant 961-0701-015-2 to S.C. Lee).
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VIGABATRIN COUPLED WITH KINDLING AFTER
BRAIN DAMAGE: IMPACT ON BEHAVIORAL RECOVERY.
S. M ontañez*, T.A. Gasser, A.E. Kline, and T.D. H ernandez.
Dept. of Psychology, University of Colorado, Boulder, CO 80309.
Chronic administration of the anti-convulsants diazepam or
phénobarbital, but not vigabatrin, has been shown to be detrimental
to functional recovery after brain damage in rats.
Moreover,
phénobarbital in combination with subconvulsive kindled seizures
dramatically impedes recovery from somatosensory deficits, while
the seizures alone do not. The purpose of the present study was to
determine if vigabatrin administration coupled with subconvulsive
(Stage 0) kindled seizures also impedes recovery. Male Long-Evans
hooded rats sustained unilateral anteromedial cortex lesions and were
implanted with an electrode in the ipsilateral amygdala. Forty-eight
hours after surgery, a 7 day regimen of vigabatrin or saline was
initiated. Functional recovery was assessed with the bilateral tactile
stimulation tests. In agreement with our previous report, nonkindled
animals were not affected by vigabatrin treatment (i.e., their rate of
recovery was not different from saline-treated non-kindled or kindled
(Stage 0) controls). In contrast, administration of vigabatrin to
kindled animals severely impeded recovery through three months of
testing. Thus vigabatrin, like phénobarbital, coupled with
subconvulsive kindled seizures exerts a detrimental impact on
behavioral recovery. The potential mechanisms for and implications
of these findings in the treatment of brain injury will be discussed
[S upported by N IN D S G rant No. N S -3 0 5 9 5 , A lfred P. S loan

A COMPARISON OF THE EFFECTS OF ENRICHMENT AND MILD STRESS
ON RECOVERY OF MOTOR FUNCTION AFTER FRONTAL CORTICAL
LESIONS. S. Gosgnach, A. Chan, & C. Ellard*. Department of Psychology,
University of Waterloo, Waterloo, ON, CANADA, N2L 3G1.
Previous experiments have shown that environmental enrichment (EE) improves
performance on motor and cognitive tasks (Kolb & Gibb, 1991). Because most
forms of environmental enrichment are likely to produce increases in stress, we
compared the effects of stress and EE on recovery of motor function after motor
cortex lesions in gerbils. Gerbils were placed into one of two surgical groups
(sham and frontal lesion) and each group was further subdivided into 3 groups
based on postsurgical treatment (control, EE and stress). EE gerbils were placed
into large cages with “toys” and running wheels for 2 hours/day. Stressed animals
received a daily 2 hour exposure to unpredictable light and sound stressors. Motor
performance was assessed at several postsurgical intervals up to day 28, by
measuring the frequency of footfaults on a grid-walking test and the frequency
with which sunflower seeds were dropped. Frontal lesions produced significant
impairments in performance on these tasks, but there was no interaction between
lesion and treatment. Enrichment enhanced performance significantly in all
groups and stress produced moderate performance enhancement. These findings
suggest that EE probably acts in a similar manner in both lesioned and normal
animals and that some fraction of the enrichment effect may be produced by the
mild stresses associated with enrichment procedures.
This research was supported by a grant to CE from the Natural Sciences and
Engineering Research Council of Canada.

Fo undation (T D H ), H ow ard H ughes U n d e rg rad u a te R esearch Initiative
& H oechst M arion Roussel]

S o c ie ty f o r N e u ro s cie n c e , V olum e

23,1997

NEURAL PLASTICITY IV

SUNDAY AM
95.3

9 5 .4

MAGNESIUM CHLORIDE TEMPORARILY RESTORES FORELIMB
SENSORIMOTOR FUNCTION WHEN ADMINISTERED TWO WEEKS AFTER
LARGE LESIONS OF THE CORTEX IN RATS. J.Mishalanie, P.Stuntz, and T.M.
Barth*. Department of Psychology and Program in Neuroscience, Texas Christian
University, Ft. Worth, TX 76129.
Considerable research effort has been dedicated to the establishment of
treatments for stroke and closed-head injury. Much of this work has investigated the
effectiveness of drugs administered just prior to or immediately after the brain
damage. One aim of this research has been to reduce the amount of secondary damage
caused by edema, /ree radical production and excitotoxicity. An equally important
issue is the restoration of functions that are chronically impaired after brain injury.
The question may be asked whether chronic lesion-induced deficits can be alleviated
with treatment beginning relatively long after the initial insult. Such a treatment
would have profound impact on the population of brain and spinal cord injured
individuals. The present study utilized a chronic deficit model of sensorimotor
dysfunction and treatment with magnesium chloride administered relatively long after
a unilateral lesion in the rat sensorimotor cortex (SMC). Twelve male Long-Evans
rats were given large electrolytic lesions in the left SMC. Previous work has shown
this lesion produces chronic impairments in tactile placing reactions with the
forelimb conLralateral to the damage. Beginning fourteen days after the lesion, six
animals received daily injections of magnesium chloride (1 mmol/kg ip) for two
weeks. The remaining animals received saline injections. After eight days of
treatment, the rats receiving magnesium chloride showed partial recovery of tactile
placing, whereas saline-treated rats did not show a significant number of placing
reactions (p < .05 by ANOVA). Recovery was maintained for 18 days, after which
the placing deficits began to return in the magnesium chloride-treated animals. On
postoperative day 60, the rats were again given magnesium chloride. Once again the
treatment produced a restoration of function, whereas saline-treated rats failed to show
recovery. These data suggest that magnesium chloride may be an effective treatment
for brain damage even when given long after the initial injury. TCURF #5-23745

ASPARTAME ADMINISTRATION RETARDS RECOVERY FROM
SENSORIMOTOR DEFICITS FOLLOWING CORTICAL LESIONS
IN RATS.
C.L Hart*. G.W. Davis. C.E. Raad. & T.M. Barth. Department of
Psychology, Texas Christian University, Fort Worth, TX 76129.
The artificial sweetener, aspartame (L-aspartyl-L-phenylalanine methyl ester), is
used as a sugar substitute in many food and beverage products sold in the United
States. Aspartame is hydrolyzed into aspartate, phenylalanine, and methanol when
ingested. In high concentrations, each of these three chemicals is potentially
neurotoxic. In an intact animal, several protective mechanisms such as the bloodbrain barrio- and normal neuronal and glial uptake systems prevent aspartame or its
metabolites from reaching neurotoxic levels in the brain. However, previous studies
have demonstrated that aspartame can be neurotoxic in animals with weak bloodbrain barriers (Olney, 1976).
The present study was conducted in order to determine if aspartame has adverse
effects in rats with lesions in the neocortex. The creation of a cortical lesion causes a
temporary disruption and weakening of the blood brain barrier as well as alterations
in normal neuronal and glial functioning in areas around the site of the lesion. It was
expected that the disruption of these protective mechanisms in the brain might allow
aspartame’s metabolites to reach neurotoxic levels in tissue surrounding the site of
the lesion. Furthermore, it was predicted that aspartame’s neurotoxic effects in rats
with cortical lesions would result in greater behavioral impairments than those
produced by the lesion alone.
All rats received a small unilateral electrolytic lesion in the forelimb area of the
somatic sensorimotor cortex. Rats received daily injections of either aspartame (200
mg/kg) or saline for 14 days following surgery. The results of behavioral testing
were that rats receiving aspartame injections failed to recover while rats receiving
saline recovered completely. These data suggest that aspartame consumption could
be hazardous for people with recent brain injuries.
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FORCED DISUSE OF THE IMPAIRED FORELIMB BY RESTRAINT AFTER
SENSORIMOTOR CORTICAL INJURY INHIBITS EXPRESSION OF
ENDOGENOUS bFGF IN ASTROCYTES AND ADVERSELY AFFECTS
BEHAVIORAL FUNCTION. J. L. Humm1*, D.C. James1. R. Gibb2. B. Kolb2
&T. Schallert1. Psychology Dept., Univ. Texas, Austin, TX 787121 & Univ.
Lethbridge, Lethbridge, AB, Canada, T1K 3M42.
Neuroanatomical events associated with behavioral plasticity or
degeneration after unilateral lesions of the forelimb area of the sensorimotor
cortex (FLsmc) can be use-dependent (Jones & Schallert, J. N e uro sci, 1994;
Kozlowski et al., J. Neurosci., 1996). Use of the impaired forelimb of unilateral
FLsmc lesioned rats was restricted by casts for 7-10 days after injury. Basic
fibroblast growth factor (bFGF) reactivity in astrocytes surrounding the injury
and in the subventricular zone was suppressed in casted animals, relative to
noncasted controls. GFAP-reactive astrocytes were increased equally in
casted and uncasted groups. Recovery of contralateral forelimb function was
impaired and brain weight was reduced in the casted rats. Thus, expression of
neurotrophic factors following cortical injury may be both compensatory and
use-dependent. In a second study, after 7 days of forced disuse of the
impaired forelimb, the casts were removed and the intact forelimb was casted
to force delayed overuse of the impaired forelimb. This manipulation greatly
increased the size of the cortical lesion. Humm et al. (1997) found previously
that forced overuse of the impaired forelimb during the first, but not the
second post-operative week, caused exaggerated tissue loss following
FLsmc injury. The above new data suggest that forced disuse of the
impaired forelimb during the first post-operative week extends the period of
vulnerability of surviving tissue to excessive behavioral demand, perhaps in
part by suppressing bFGF expression. Supported by NS 23964 and Texas
Advanced Research Program.

(DA)
DA
M.F. Montaron*1. J.J. Rodriguez1 ,C. Aurrousseau1
M. Le Moal1 ,P. Barnéoud2 and D.N. Abrous1. 1INSERM 259, rue C. Saint-Saëns,
Bordeaux France.2Present address: Synthélabo, Reuil Malmaison, France.
A complete unilateral lesion of the nigrostriatal DA pathway in adult rats leads to
chronic deficits with little subsequent recovery of function The aim of the present
study was to examined the influence of post-lesion delay, training and DA
transplants on the recovery of ipsilateral postural bias induced by a complete
unilateral lesion of the nigrostriatal pathway made at adulthood. These effects were
compared to that observed following neonatal DA depletion since functional
recovery is a frequently observed phenomena following such neonatal lesions. The
lesion-induced latéralisation was measured by using two tasks: spontaneous
asymmetry was evaluated in the Y maze, whereas induced body bias was measured
by hanging the rat by its tail (tail hang test :THT). Recovery was assessed in adult
rats at three different delays following the lesion : short-term (few days), middle
term(few mouths) and long-term (lyear). In adult lesioned rats, destruction of DA
innerv ation of the neostriatum induced initially an ispilateral bias as measured by
the THT and the Y maze. Recovery was observed in the THT as ipsilateral bias
declined on repeated testing. Apart from this effect of training, there was a postlesion interval effect since the postural bias disappeared more rapidly on repeated
testing in the long-term lesioned rats. This spontaneous recovery was impaired by
intrastriatal DA grafts. Furthermore, no spontaneous recovery was observed in the
Y maze test. In contrast, a sparing effect of the neonatal lesion was observed by the
THT on repeated testing, indicated by the emergence of a contralateral bias. In the
Y maze, the initial ipsilateral bias disappeared on repeated testing. These
observations show that training can influence the long-term effects of damage to
the nigrostriatal DA system. This restitution of function depends on physiological
adaptative processes taking place in the neostriatum since spontaneous recovery is
impeded by DA grafts implanted in this structure.
BEHAVIOURAL RECOVERY AFTER U NILATERAL LESION OF THE DOPAMINERGIC

M ESOTELENCEPHALIC PATHW AY : EFFECT OF POST-LESION D ELA Y , TRA IN IN G,

grafts and neonatal lesion.
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TIME COURSE OF HIPPOCAMPAL SPROUTING AFTER PROGRESSIVE
LESIONS OF THE ENTORHINAL CORTEX IN RATS. J. J Ramirez*, K. Bulsara.
S. C. Moore, K. Ruch, and W. Abrams. Department of Psychology and Neuroscience
Program, Davidson College, Davidson, North Carolina 28036.
Unilateral, two-stage (progressive) lesions of the entorhinal cortex accelerate
sprouting by the crossed temporodentate pathway, the septodentate pathway, and the
commissural/associational fiber plexus in the dentate gyrus of rats. Recent work in
our laboratory has implicated the acceleration of crossed temporodentate sprouting in
the sparing of spatial memory on a learned alternation task after progressive unilateral
entorhinal lesions in rats. In the present study, we examined the changes in synaptic
efficacy of the crossed temporodentate projection after either one-stage or progressive
unilateral lesions of the entorhinal area to ascertain whether this lesion-induced
sprouting is functionally significant electrophysiologically. The dentate gyrus of rats
with one-stage or progressive entorhinal lesions was acutely implanted with a
recording electrode ipsilateral to the lesion and a stimulating electrode was implanted
into the intact contralateral entorhinal cortex. Recordings were made 4,6, or 8 days
after the second-stage of the progressive lesion or the one-stage entorhinal lesion.
Our results indicate that the synaptic efficacy of the crossed temporodentate pathway
in the progressive lesion group was significantly greater than that of the one-stage
group as early as 4 days after the lesion, but by 8 days postlesion the synaptic efficacy
of the two groups converged. Taken together, our electrophysiological,
neuroanatomical, and behavioral data indicate that sprouting by the crossed
temporodentate pathway is functionally significant. Thus, axonal sprouting may
provide a mechanism by which to account for recovery of function after CNS injury.
Supported by a grant from the N.I.N.D.S. (NS31740) to J. J. R.

THE IMPORTANCE OF LESION SIZE FOR THE PREOPERATIVE PRACTICE
EFFECT FOLLOWING UNILATERAL LESIONS IN THE RAT SOMATIC
SENSORIMOTOR CORTEX. G.W. Davis*, and T.M. Barth. Dept. of Psychology,
Texas Christian University, Ft. Worth, TX 76129.
The foot-fault grid task has been used to assess the recovery of locomotor placing
following unilateral lesions in the rat somatic sensorimotor cortex (SMC). In this
task, rats are placed on an elevated grid surface and allowed to locomote freely for
two minutes. Video analysis is used to count the number of times the rat makes a
foot-fault. A foot-fault is defined as the rat’s failure to accurately place the forepaw
on a grid rung for a foothold. Rats with SMC lesions make a significant number of
foot-faults on the grid task when compared to intact rats. Research from our
laboratory indicates that preoperative practice significantly improves this
postoperative deficit (Soc. Neurosci. Abs.. 1995; 21:73.1).
Previous research by R. Nudo and associates indicates that representational fields
in the cortex are capable of undergoing use-dependent changes in topography.
Therefore, it seems plausible that repetitive experience on a specific task may
enlarge the corresponding representational fields in the cortex. We hypothesized
that the surrounding cortical tissue that was left intact by the lesion was responsible
for the preoperative practice effect observed on the foot-fault grid task. The present
experiment tests the hypothesis that a larger lesion size will abolish the preoperative
practice effect. Rats were randomly assigned to four treatment groups: no
practice/small lesion, practice/small lesion, no practice/large lesion, and
practice/large lesion. Rats in the practice groups were given 7 days of preoperative
practice. The results indicated that the preoperative practice effect was observed in
both the large and small lesion groups. However, rats with large lesions were
significantly more impaired than rats with small lesions on the last day of
postoperative testing.
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FUNCTIONAL RECOVERY OF VISUAL HEMINEGLECT IN THE CAT.
S. Geeraerts and E. Vandenbussche*. Laboratorium voor Neuropsychologie,
K.U.Leuven, Gasthuisberg, B-3000 Leuven, Belgium.
Unilateral inactivation by means of local cooling of the posterior part of the
lateral suprasylvian cortex in the behaving cat results in neglect of stimuli
presented in the contralateral visual hemifield (Payne et al., Proc. Natl. Acad. Sci.
USA, 93:290, 1996). By using small cooling probes (size 8-9 x 3-3.5 mm) we are
able to make this neglect disappear spontaneously during cooling (after about 30
min on the first day of cooling). Moreover, when this region of cortex is cooled
over successive days, the duration of the neglect gradually decreases, the time
interval between the onset of cooling and the onset of the neglect increases, and the
cooling temperature needed to induce neglect has to be lowered. After several days,
no more cooling-induced effects can be found.
These results clearly show fast functional recovery in brain structures subserving
orienting behavior and considerable cumulative effects of this compensation over
cooling sessions on successive days.
Likewise, bilateral cooling of the posterior lateral suprasylvian cortex bears
evidence of compensatory mechanisms. Bilateral inactivation can result in a
restoration of the neglect deficit (Lomber & Payne, Vis. Neurosci., 13:1143, 1996),
but more often yields unilateral neglect comparable to the effect obtained by
unilateral cooling. Which side of the visual field is neglected depends on how much
cooling was performed during previous sessions and, consequently, on the degree of
recovery in the respective brain structures.
Summing up, brain structures involved in orienting behavior are shown to be
compensating continuously for imbalances between activation levels in both
hemispheres.

INCREASED LONG-TERM POTENTIATION (LTP) IN THE
SURROUND OF EXPERIM ENTALLY INDUCED FOCAL
CORTICAL INFARCTION G. Hagemann*, C. Redecker, T.
Neumann-Haefelin, H.-J. Freund and O.W. W itte Neurologische
Klinik, Heinrich-Heine-Universitӓt, Moorenstr. 5, 40225 Düsseldorf,
Germany
Functional recovery after stroke is partly due to substantial cortical
reorganization on a structural as well as functional level. Recent
investigations have shown that following a cortical lesion the
excitability of surrounding and remote brain areas is increased,
associated with a downregulation of GABA-receptor activity. This
indicates that focal brain injury might increase the susceptibility of the
cortex for adaptive changes.
W e investigated the propensity for the induction of LTP in the
surround of phothothrombotically induced focal cortical infarcts in rat
somatosensory cortex in vitro. Using standard LTP-paradigms LTP
induction was facilitated in slices of lesioned animals seven to ten days
after lesion induction. LTP was enhanced both in terms of slope as
well as o f amplitude o f field potentials.
As LTP is commonly associated with plasticity and learning, the
results provide further evidence for the lesion-induced amplification of
network plasticity as it is required for the reshaping o f cortical
circuitries by timely training procedures.
Supported by SFB 194/B2
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LIGHT DEPRIVATION AND APOMORPH1NE PRODUCE RECOVERY FROM
NEGLECT INDUCED BY MEDIAL AGRANULAR CORTEX LESIONS IN
AGED RATS. J. V. Corwin*, and K. J. Burcham. Psychology Dept., Northern
Illinois Univ., DeKalb, IL 60115
Previous studies have found that there are two manipulations which produce recovery
from severe neglect induced by unilateral medial agranular prefronta1 cortex (AGm)
lesions in rats. Administration of apomorphine produced acute dose-dependent
recoveiy, and an environmental manipulation, 48 hr of light deprivation (LD), produced
dramatic accelerated recovery. However, the effects of these manipulations have only
been examined in young adult rats, while the vast majority of cases of neglect in humans
are found in the sixth and seventh decades of life. Therefore, it is essential to examine
whether the effects of these manipulations will generalize and produce recovery from
neglect in aged subjects. The present study examined the effects of apomorphine and
LD on neglect in aged rats (>26 mo of age).
All subjects received a unilateral lesion of AGm. Testing for neglect was done by
rating the degree of orientation to visual, tactile, and auditory stimuli. Severe neglect
was defined as a ratio of ipsi to contralesional responsiveness of 3:1. The apomorphine
subjects received either apomoiphine (0.5 mg/kg) or the vehicle. The results indicated
that, as in young adult operates, apomorphine produced dramatic acute behavioral
recovery from severe neglect compared to the subject receiving the vehicle.
Subjects in the LD study were tested at 4 hr post-surgery. Immediately thereafter,
subjects received either 48 or 72 hr of LD. After LD, the subjects were tested 3
times/week for 3 weeks. The results of the LD study indicated that, unlike young adult
operates, 48 hr of LD did not have a therapeutic effect on neglect. However, 72 hr of
LD did produce immediate recoveiy which lasted for the duration of behavioral testing.
The results indicate that, as in young adult operates, apomorphine and LD produce
recovery from severe neglect in aged rats.
Supported by funds from the NIU Psychology Department.

LONG-TERM EFFECTS OF DISCONNECTION OF MEDIAL AGRANULAR AND
POSTERIOR PARIETAL CORTEX IN RATS. K. J. Burcham*. J. V. Corwin, and R.
L. Reep. Psychology Dept., Northern Illinois Univ., DeKalb, IL 60115; and Dept. of
Physiol. Sciences, Univ. of Florida, Gainesville, FL 32610
Unilateral lesions of the either the medial agranular prefrontal cortex (AGm) or the
posterior parietal cortex (PPC) produce multimodal neglect of the contralesional side
of space that is qualitatively similar to that observed in human neglect patients.
A recent study evaluated whether the AGm and PPC function as an integrated cortical
system for directed attention. The results indicated that disconnection of AGm from the
PPC via transverse knife-cuts produced severe multimodal neglect. However, neglect
was only assessed for three postoperative days. The present study evaluated the long
term effects of this disconnection.
Rats were randomly assigned to either an experimental knife-cut group, in which the
knife-cut transected cortical layers I-VI, or to a control group, in which only layers I-V
were transected. Behavioral testing for neglect was done by rating the degree of
orientation to visual, tactile, and auditoiy stimuli. Subjects were tested 3 times/week for
3 weeks. The results indicate that disconnecting AGm and PPC produces severe neglect
relative to control operates for the three weeks of behavioral testing (all p ’s<0.05).
Further, as found following lesions of AGm or PPC, there was no evidence of
spontaneous recovery over the three weeks of testing.
The results of this study indicate that transecting the connections between AGm and
PPC, without damaging either structure, produces neglect virtually identical to that
found following destruction of either area. The results further support the contention
that AGm and PPC function as components of an integrated cortical circuit mediating
directed attention.
Supported by funds from the NIU Psychology Department.
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ANTAGONISM OF "IRREVERSIBLE" NEONATAL 6-OHDA-INDUCED
REDUCTIONS IN ADULT RAT NEOSTRIATAL DA TRANSPORTER (DAT)
AND DA CONTENTS BY FIXED-RATIO DISCRIMINATION TRAINING
(FRDT). R.E. Tessel*,a, B. Levantb, X. Zhouc. S. Luntec, S.R. Schroedera,dand
P. S. Louped. The Univ. of Kan. (KU), Depts. of Pharm.+ Tox.a. Pharmaceut.
Chem.c, Hum. Dev.+ Family Lifed, Lawrence, KS 66045-2505, and
Pharmacol,b. KU Med. Center, Kansas City, KS 66160.
We have previously reported that 1-2 mo following cessation of 90 daily 30min FRDT sessions (5 sessions/wk) in adult, neonatal 6-OHDA-treated rats (a
model of Lesch-Nyhan Syndrome) essentially abolished the 6-OHDA-induced
neostriatal tissue-content depletions of DA and its major metabolites as measured
by HPLC with electrochemical detection (Tessel et al., Pharmacol. Biochem.
Behav. 51: 861-867, 1995; Stodgell et al., Brain Res. 7 13: 246-252, 1996). The
present study examined the effects of a shorter FRDT and post-training durations
(28 sessions; 14 days, respectively) on neostriatal content changes and DAT
density (3H-WIN 35,428 binding). Relative to those in adult, UNTRAINED
CONTROLS, neostriatal 3H-WIN binding and norepinephrine, DOPAC, DA,
HVA and 3-MT contents in adult, UNTRAINED 6-OHDA-treated rats were
depleted by 65%, 100%, 95%, 93%, 91 and 96%, respectively. However, the
magnitudes of each of these reductions were markedly reduced by training:
relative to those in FRDT CONTROLS, neostriatal WIN binding and
norepinephrine, DOPAC, DA, HVA and 3-MT contents in 6-OHDA- and
FRDT-treated rats were depleted by ONLY 30%, 71%, 82%, 80%, 63% and
50% respectively; no systematic FRDT-associated changes in these measures
occurred in controls. These data indicate that FRDT-induced reversal of
neonatal, 6-OHDA-induced neostriatal DA (and metabolite) content occurs
relatively quickly and may be associated with residual DA neuronal sprouting.
Supported by ROl HD33896-01A1.

EVIDENCE FOR DENERVATION-INDUCED SPROUTING OF GAP-43CONTAINING INTERNEURONS OF THE LP IN MATURE HAMSTERS. G.W. Su.
L.I. Benowitz and G.E. Schneider*. Dept. of Brain & Cognitive Sciences, M. I. T.,
Cambridge, MA 02139; Children’s Hospital, Harvard Med. School, Boston, MA
02138.
In normal adult Syrian hamsters, the levels of the growth-associated protein GAP-43
(B-50, F 1, pp46) are high in the lateral posterior nucleus (LP) of the thalamus,
whereas mature retinal axons and optic tract terminal areas express lower levels of this
protein. Evidence indicates that the GAP-43 is in local interneurons (Moya et al.'90).
Neonatal tectal lesions induce the sprouting of abnormal, dense patches of
retinofugal axon termination in the LP, with corresponding areas of reduced GAP-43
(Ibid.). A likely interpretation is that GAP-43-containing intemeurons of the LP are
out-competed by sprouting terminals of the optic tract.
In order to determine if the axons of GAP-43 intemeurons are plastic in the adult
brain, we subjected 14 one-day-old hamsters to bilateral tectal lesions to induce
bilateral sprouting of retinal projections in LP. After the animals reached the age of 45 months, we enucleated the right eye to induce sprouting of GAP positive axons in
the LP. After a 2-6 wk survival, immunocytochemical localization of GAP-43 was
performed (Benowitz et al, '88; Moya et al, '88).
In optimally stained cases, there was clear asymmetry of staining in the LP (also in
the pretectal area), characterized by a considerable filling-in of the GAP-43-negative
patches on the side opposite the eye removal and the presence of these patches on the
side ipsilateral to the eye removal.
These results suggest that the GAP-43 containing intemeurons are capable of
sprouting in mature animals, although the possibility that the effect is due to an upregulation of GAP-43 by a static population of intemeurons remains to be tested. An
important role for morphological plasticity of these intemeurons in learning and
memory is suggested. Support: NIH grants EY00126, EY02621, EY05690.
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MODIFICATION OF SYNAPTIC T R A N SM ISSIO N IN OLFACTORY
BULB FOLLOWING UNILATERAL OLFACTORY DEPRIVATION. Salin
P., Vinrent J.-D. and Lledo P.-M.. C.N.R.S., I.A.F., 91 198 G if/Y vette, France.
Unilateral naris occlusion is a classical model of sensory plasticity and
several studies have reported im portant changes in synaptic transm ission.
However, these studies were done in vivo, a preparation w here it is difficult to
isolate intrinsic from extrinsic synaptic reorganization in olfactory bulb. To
study the structural and functional changes related w ith plasticity in the
intrinsic network of the olfactory bulb, we have investigated synaptic
transmission in a slice preparation after postnatal olfactory deprivation. Rat
pups (4-days old) were unilaterally deprived of olfactory stim ulation by naris
occlusion (brief cauterization) during the first 3-5 postnatal weeks. A decrease
in tyrosine hydroxylase im m unoreactivity in glom erular layer w as used to
monitor the level of sensory deprivation. In all experiments, the contralateral
bulb was used as a control for changes observed in the ipsilateral bulb.
Intracellular recordings (sharp electrodes filled w ith 2 M K-acetate) were
obtained from cells located in the m itral cell body layer, some of which were
identified as mitral cells by biocytin staining. Field potentials were m easured,
using two recording electrodes positioned in the granule cell layer and in the
external plexiform layer during alternating stim ulation of the olfactory nerve
and lateral olfactory tract. Size of the population excitatory postsynaptic
potentials was plotted as a function of stim ulus intensity. Changes in the slope
of this curve induced by application of bicuculline m ethiodide (10 |iM) was
used to assess the level of synaptic inhibition. O ur results suggest that the
level of inhibition exerted by granule cells is low er in bulbs connected to
occluded nostrils. This functional change was correlated w ith a reduction in
the staining for glutam ate decarboxylase, the lim iting step for GABA
synthesis. The morpho-functional modifications that we report in the olfactory
bulb may concern one of the mechanisms which underly olfactory learning.

95.17

MANIPULATIONS OF NEONATAL GONADAL HORMONES ALTER RECOVERY
FROM FRONTAL CORTEX INJURY IN THE ADULT RAT. M.L. Foraie*. J.
Biernaskie, R. Kindt and B. Kolb. The University of Lethbridge,
Lethbridge, AB, Canada, T1K 3M4.
One of the variables that influences recovery from brain damage
sustained in adulthood is the sex of the animal. The present study
assessed the extent to which this sex difference can be attributed to
differential exposure of males and females to testosterone (T) in the
perinatal period. At birth, male pups were gonadectomized (GDX) or
sham-operated, and female pups were given T or oil injections. In
adulthood, all animals were GDX’ed or sham-operated. Three weeks
later, half the animals of each sex/hormone condition received
bilateral aspiration lesions of the medial frontal cortex whereas the
remaining animals received sham operations. Animals were tested on
both cognitive and motor tasks. Exposure of animals to T in the
perinatal period had modest effects on the behavioral outcome following
frontal injury that was dependent on the specific task. For example,
animals with frontal injury that were exposed to T at birth performed
better on the Morris water task than did animals not exposed to T at
birth, but these manipulations did not affect performance on a radial
arm maze task. These hormonal manipulations also had modest effects
on gross measures (e.g., brain weight) of anatomical recovery from
frontal damage. Ongoing analyses of cortical pyramidal cell
morphology are aimed at elucidating the cellular basis of the effects of
neonatal T on the recovery process. (Research supported by AHFMR
and NSERC).
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DEAFFERENTATION OF THE OLFACTORY SYSTEM CAUSES
DELAYED UP-REGULATION OF NADPHd ACTIVITY IN THE
CEREBRAL GANGLION OF THE SNAIL, HEI X
T. Teyke*, A. Friedrich & L. Hemadi+ Inst. Zoologie (III), Joh. Gutenberg-Univ.,
55099 Mainz, Germany. +Balaton Limnological Res. Inst., 8237 Tihany, Hungary.
The olfactory system of vertebrates and invertebrates is characterized
by a massive presence o f NOS. In snails, NO m ight play a role in
olfactory processing and olfactory learning. T o further study the role of
NOS in the olfactory system, we first removed the peripheral olfactory
system by lesioning one posterior tentacle and determ ined in the
cerebral ganglion the expression of N A D PH -diaphorase activity as an
assay for NOS activity.
Standard N A D PH -diaphorase histochem istry was co nducted on
cerebral ganglion whole mounts. Image analysis software (NIH Image)
was utilized for quantitative analysis o f staining density.
One day post lesion, the NADPHd expression pattern of the deprived
side was indistinguishable from the control side. First changes between
the two sides appeared one week after deafferentation. NADPHd positive
fibers which project from the olfactory nerve into the cerebral ganglion
had disappeared and part of the neuropil in the PC lobe region exhibited
increased staining. Interestingly, staining intensity o f the cell mass
region of the PC lobe rem ained largely unchanged, but the intensity of
the neuropil (Terminal M ass) increase by m ore than 100%. Follow ing
regeneration of the tentacle, control conditions were restored.
These experiments have shown that deafferentation itself does not
affect the expression of NADPHd, which suggests that olfactory input is
not required for m aintained expression o f NOS. The delayed upregulation of NADPHd occurs in tim e w ith the onset of regeneration,
which indicates a role for NOS in regenerative processes.

MOTOR SKILLS TRAINING EFFECTS ON CORTICAL STRUCTURAL
PLASTICITY AND BEHAVIORAL FUNCTION FOLLOWING UNILATERAL
SENSORIMOTOR CORTEX DAMAGE IN ADULT RATS. C. J. Chu. L. A.
Grande. A. Gregory. J. H. Kim and T. A. Jones*. Psychology Dept.,
University of Washington, Seattle, WA 98195.
Unilateral lesions of the forelimb area of the sensorimotor cortex
(FLsmc) result in impairments in the use of the forelimb contralateral to the
lesion and a compensatory reliance on the ipsilateral forelimb.
Neuroplastic and degenerative changes in the cortex of either hemisphere
have been found to be sensitive to manipulations of forelimb behavior
using limb restriction procedures (Jones & Schallert, 1994; Kozlowski et
al., 1996). The present study assessed the behavioral and cortical structural
effects of skills training intended to enhance post-injury compensatory
behavioral changes. Beginning 5 days after surgery, lesion or shamoperated rats received 24 days of training on a complex motor skills task,
the acrobatic task (Black et al., 1990) or simple exercise (motor controls).
In comparison to shams, rats with FLsmc lesions made significantly more
errors on the acrobatic task with the forelimb contralateral to the lesion, but
few er errors with the ipsilateral forelimb and either hindlimb. Sham- and
Lesion-acrobatic rats and Lesion-motor controls had increased cortical
volume and synapses in the motor cortex of the intact hemisphere in
comparison to Sham-motor controls. Preliminary data suggest increases in
layer V multiple synaptic boutons may be maximum in the Lesionacrobatic group. In the cortex immediately caudal to the lesions, containing
the cytoarchitecturally delineated hindlimb representation area, cortical
volume was reduced in Lesion-motor control rats but not in Lesionacrobatic rats in comparison to Shams. These data further support a link
between post-injury behavioral and structural changes and are consistent
with the possibility that adaptive neural plasticity may be enhanced using
behavioral training. Supported by MH55525 and MH52361.
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THE EFFECTS OF ENVIRONMENT ON ENHANCING FUNCTIONAL
PLASTICITY FOLLOWING CEREBRAL ISCHEMIA. T. Briones*.
B. Therrien. The University of Michigan, Ann Arbor, MI 48109-0482
Given the brain’s capacity to recover from injury, plasticity may be enhanced
following cerebral ischemia through environmental manipulation. Thus, the purpose
of this study was to: 1) determine the effects of early exposure to an enriched
environment following ischemia on functional plasticity; and 2) examine the
relationship between morphological and behavioral plasticity. Adult female rats
(n = 38) were divided into ischemia and control groups. Each group was further
randomized to either standard or enriched conditions. Global cerebral ischemia was
induced using the 4-vessel occlusion model. Duration of ischemia was 10 minutes
resulting in damage confined to the hippocampus as determined in a prior study.
Immediately following surgery, rats were exposed to differential environment. After
4 days of environmental exposure, rats were tested for 6 days in the water maze.
Control and ischemic rats exposed to enriched environment had increased total
dendritic length in apical (p ≤ .05) and basal (p ≤ .05) regions of CA3 neurons as
well as increased number of dendritic segments in the apical (p ≤ .05) region
compared to those housed in standard environment. Increased dendritic spine
density in apical (p ≤ .05) and basal (p ≤ .05) regions was also seen. Behavioral
testing showed that ischemic rats exposed to standard environment had greater swim
latencies (p ≤ .05) and directional heading error (p ≤ .05) than ischemic rats exposed
to enriched environment; the latter group performed as well as controls. A
significant positive linear relationship (p ≤ .05) was seen between behavioral
measures and increased spine density. It is concluded that enriched environment is a
potentially useful therapy in the recovery of spatial memory impairments seen
following ischemic insult.
(Funded in part by NIH, NINR #NR07085-02 and the American Heart Association.)

DIRECTIONAL HYPOKINESIA FOLLOWING UNILATERAL LESIONS OF
THE RAT SOMATIC SENSORIMOTOR CORTEX: THE EFFECT OF TACTILE
STIMULUS SIZE. C.E. Raad*, S. McDonald, and T.M. Barth. Department of
Psychology, Texas Christian University, Fort Worth, TX 76129
Previous work has shown that unilateral lesions in several different areas of
the rat somatic sensorimotor cortex (SMC) produce behavioral asymmetries on a
bilateral-tactile extinction test. Specifically, unilateral lesions of the caudal
forelimb area (CFL), the rostral forelimb area (RFL), dr anteromedial cortex
(AMC) produce a preference for contacting an adhesive patch placed on the
forelimb ipsilateral to the cortical lesion. A subsequent study demonstrated that,
unlike AMC-damaged rats, both CFL-damaged rats and RFL-damaged rats display
a contralateral deficit in responding to unilaterally presented stimuli. This finding
suggested that the asymmetries following lesions of the RFL or CFL are similar to
a contralateral directional hypokinesia or a unilateral alteration of somatosensory
thresholds. The present study attempted to distinguish between the asymmetries
following unilateral lesions of the CFL or RFL. The specific question asked was
whether reaction times to a unilaterally-placed patch is influenced by the size of
the stimulus. Rats were given either unilateral lesions of the CFL, RFL, or sham
lesions. During four test session blocks spanning two weeks, all subjects were
presented with unilateral adhesive patches of seven different sizes. All subjects
displayed shorter latencies to respond to larger patches than smaller patches. Both
CFL- and RFL-damaged rats displayed similar recovery rates across blocks for all
seven patch sizes. These findings suggest that although lesions of the CFL or RFL
impair responding to unilateral stimuli, neither lesion altered the pattern of
responding to varying sizes tactile patches displayed by shams. Supported by
TCURF #5-27345.
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SUBTRACTIVE HYBRIDIZATION REVEALS LOW ABUNDANT GENES
REGULATED BY SYNAPTIC ACTIVITY U. Konietzko*1 ,G. Kauselmann1 ,J.
Scafidi2. U. Stӓubli2 and D. Kuhl1. 1ZMNH. Martinistr. 52 20246 Hamburg,
Germany 2 Center for Neural Science NYU, New York 10003, USA
Long-lasting changes in synaptic efficacy are well known to require
RNA and protein synthesis. We and others have previously identified a number
of specific genes that are induced in neurons of the hippocampus by plasticity
inducing synaptic activity. Here we implemented a subtractive cloning protocol
to reveal activity dependent genes expressed at low abundance. The protocol
presented addresses the problems that 1) the rate constant of the hybridization
reaction will be small due to the high complexity of hippocampal RNA, 2) Rot
values of > 1000 have to be achieved to ensure kinetic termination of the
hybridization reaction for low abundant genes and 3) excess of 10 to 100 fold of
driver sequences commonly used in subtractive protocols is too large to enrich
for genes that are induced 2-5 fold. Among 90 clones from the subtractive library
tested for regulation by activity we detected known genes and describe an
induced transcript, which is identical to PIM1, a Ser/Thr kinase involved in
lymphomagenesis. Expression of this kinase has been thought to be restricted to
blood and testis. Using northern analysis and in situ hybridization we show that
PIM1, although undetectable in normal brains, is rapidly induced by plasticity
producing synaptic activity in discrete neuronal populations. Furthermore, we
cloned a novel homologue of PIM1 which shows more widespread expression in
the brain and is similarly induced following neuronal activity. The increased
expression of these kinases following enhanced activity suggests a new role in the
modulation of neuronal growth characteristic of brain plasticity.
Supported by the BMBF

NEUROTRYPSIN, A NOVEL M ULTIDOMAIN SERINE PROTEASE
EXPRESSED IN THE NERVOUS SYSTEM. T. P. Gschwend*, S. R
Knieyer, S. V. Kozlov, D. P. Wolfer and P. Sonderegger. Institute of
Biochemistry, University of Zurich, CH-8093 Zurich, Switzerland.
We have cloned a novel murine cDNA encoding a multidomain serine
protease, termed neurotrypsin, which exhibits an unprecedented domain
composition. The deduced amino acid sequence defines a mosaic protein of 761
amino acids consisting of a kringle domain, followed by three scavenger
receptor cysteine-rich repeats, and a serine protease domain. Based on
comparisons of the primary structure, the protease domain belongs to the
subfamily of trypsin-like serine proteases. In situ hybridization revealed that the
expression of neurotrypsin in the adult murine nervous system is confined to
distinct subsets of neurons. Most prominent expression was found in the
cerebral cortex, the hippocampus, and the amygdala, i.e. structures engaged in
the processing and storage of learned behaviors and memories. Together with
the recently obtained evidence for a role of extracellular serine proteases in
neural plasticity, this expression pattern suggests that the extracellular
proteolytic action of neurotrypsin subserves structural reorganizations
associated with learning and memory operations.

9 6 .3
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COINCIDENCE DETECTION IN THE DENTATE GYRUS: CO-ACTIVATION
OF LOCUS COERULEUS AND PERFORANT PATH INCREASES pCREB
IMMUNOSTAINING. R.A.M. Brown*. C.W. Harley, R.C. Farrell, and T.A.
Payne. Dept of Psych., Memorial Univ., St. John's, NF, A1B-3X9
Norepinephrine (NE) can induce long-term potentiation (LTP) of perforant
path (PP) evoked population spikes in the dentate gyrus. NE-LTP has been
reported in vitro and in vivo, with both exogenous NE and natural NE
release. NE-LTP is significantly attenuated by beta receptor antagonists,
implicating the cAMP cascade in the NE-LTP effect. Recent studies suggest
that tetanus-induced LTP is associated with phosphorylation of CREB in
several neural pathways. We have employed pCREB immunocytochemistry
to assess the role of CREB phosphorylation in NE-LTP.
Five groups of urethane anaesthetized rats were evaluated; NE + PP, NE
alone, PP alone, and 2 procedural control groups. NE was released via
ejection of glutamate in the locus coeruleus (LC). In groups with PP
stimulation, evoked field potentials were monitored at the granule cell body
layer for a minimum of 50 minutes. Thirty minutes after LC ejection the
animals were sacrificed, the brains were rapidly removed, and then frozen in
methyibutane at -70 C. Thirty pm cryostat sections were taken through the
dorsal hippocampus and reacted for pCREB. Sections from all 5 groups
were reacted in cohorts. pCREB immunostaining was consistently more
intense in the NE + PP group, which exhibited NE-LTP, then in any of the
control groups.
These data suggest pCREB may act as a molecular switch for NE-LTP in
dentate gyrus. Natural release of NE with concomitant low frequency activity
in glutamatergic pathways may utilize CREB phosphorylation to mediate long
term changes in neural circuitry.
This work was supported by NSERC grant # A9791 to C.W.H.

96 .5

9 6 .6

REGULATION OF SYNAPTOTAGMIN I mRNA IN THE RAT
HIPPOCAMPAL FORMATION DURING THE ESTROUS CYCLE.
M
Crispino, G. Tocco, D. Stone, I. Rozovsky, D. Arst*, C.E. Finch, and M. Baudry.
Neuroscience Program, Dept. Biological Sciences, and Andrus Gerontology
Center, Univ. Southern California, Los Angeles, CA90089.
The hippocampal CA1 region and the hypothalamic arcuate nucleus have been
shown to undergo transient synaptic remodeling during the 5-day estrous cycle of
the female rat. Synaptic density in these regions positively correlated with the
levels of ovarian steroids, and was lowest on estrus phase when estradiol levels
were the lowest. To investigate the molecular events underlying synaptic
remodeling during the estrous cycle, we examined the expression of a presynaptic
marker, synaptotagmin I, in the female adult rat brain. Synaptotagmin I is an
integral membrane protein of synaptic vesicles, which may serve as a calcium
sensor involved in vesicular trafficking and exocytosis. We performed in situ
hybridization using a synaptotagmin I oligonucleotide probe (nucleotides 359-393;
Vician et al. PNAS 92:2164-2168, 1995) on brain sections from animals sacrificed
in different phases of the estrous cycle: diestrus, proestrus (A.M. and P.M.), and
estrus. The hybridization signals were quantified in 3 different regions of the
hippocampal formation (CA1, CA3 and dentate gyrus) using a computer-aided
densitometer. Levels of synaptotagmin I mRNA in all hippocampal regions
decreased steadily during the 5-day cycle with the lowest values observed at the
estrus phase when estradiol levels are the lowest. These results suggest that
ovarian steroid hormones regulate the expression of critical components of
presynaptic terminals and/or that expression of these components is related to
synaptic density.
Supported by Grants AG 13499 to CEF and NS18422 to MB
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CHARACTERIZATION OF ARC INTERACTING
PROTEIN, A NOVEL PROTEIN THAT INTERACT WITH
ARC PRODUCT WHICH IS A IMMEDIATE EARLY GENE
SPECIFIC TO NEURON. Yasuyuki hie, Kanato
Yamagata#,Eunju Do and Naomasa Miki* .Department of
Pharmacology I, Osaka University School of Medicine,
#Department o f Molecular Neurobiology,Tokyo Metropolitan
Institute for Neuroscience Department of Molecular
Neurobiology
We have cloned a novel immediate early gene arc.The
expression o f this gene is specific to neuron and regulated by
synaptic activity. To investigate the function of arc gene
products we screened target protein of arc by two hybrid
screening system.A novel gene termed Arc Interacting Protein
(AIP) was confirmed to bind to arc products by co-precipitation
using anti-Arc antibody.
Aip gene products are 30kDa protein and has a high homology
with no known protein. Transfection of aip to cos-7 or NG108
cells revealed that this proteins are localized in nucleus and
involved in apoptosis.
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IN TR A H IP P O C A M P A L
A D M IN IS T R A T IO N
OF
A
C-FOS
A N T IS E N S E
O L IG O N U C L E O T ID E
A TTENUATES
THE
DEVELOPM ENT OF TOLERANCE TO PENTYLENETETRAZOLE
INDUCED SEIZURES IN RATS. I. Shamakina1, B.Söderpalm2, and J. A.
E ngel*2, 1Institute of Medico-Biological Problems of Addiction, Dept. of
Psychoparmacology, Moscow, Russia and 2Inst. of Physiology and Pharmacology,
Dept, of Pharmacology, Göteborg University, Medicinaregatan 7, S-413 90 Göteborg,
Sweden.
A subconvulsive dose of pentylenetetrazole (PTZ), a blocker of GABAA/benzodiazepine receptor function, has been demonstrated to induce c-fos expression in
the rat hippocampus and to produce tolerance to a convulsive, toxic dose of PTZ
administered 24 hours after the first injection.
In order to examine whether Fos protein expression in the hippocampus is involved
in the development of tolerance to the convulsive dose challenge, a c-fos antisense
oligonucleotide, a sense control or the vehicle was applied bilaterally in the
hippocampus 8 hours before the treatment with a subconvulsive dose (30 mg/kg,
i.p.) of PTZ or saline. Twenty-four hours later the animals were challenged with a
convulsive dose (50 mg/kg, i.p.) of PTZ and seizure scores and the duration of clonictonic seizures were determined. Pretreatment with the c-fos antisense oligo (4
nmol/side) prevented the PTZ-induced tolerance to a subsequent convulsive dose of the
drug, whereas the sense or vehicle pretreatment had no effect. The c-fos antisense
oligonucleotide did not influence the convulsions induced by an acute single injection
of PTZ. Inhibition of PTZ-induced Fos expression with the antisense-oligo but not
with the control sense-oligo or the vehicle was confirmed by immunohistochemistry.
Taken together, these results indicate that Fos expression in the hippocampus is
involved in the development of acute tolerance associated with the administration of a
subconvulsive dose of pentylenetetrazole and more generally may suggest that c-fos
induction is critically involved in the generation of various types of neuroadaptive
phenomena including tolerance and/or sensitization to drugs of abuse.
Supported by the Swedish MRC (grants no 4247 and 11583).
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FRAGILE X mRNA EXPRESSION IS ENRICHED IN HIGHLY
PLASTIC STRUCTURES OF THE DEVELOPING AND ADULT
RAT BRAIN. M, Cohen. S.S, Smith, IJ . Weiler. and W.T. Greenoueh*.
Medical Scholars- Neuroscience Program, Beckman Institute and Depts. of
Psychol., Cell and Struct. Biol., and Psychiatry, Univ. of Illinois, Urbana, IL
61801.
We have examined the Fragile X Mental Retardation Protein (FRAX) mRNA
expression in the developing rat using an 35S labeled cDNA probe (39-mer).
Autoradiography in the younger rats (5-9 days) showed extensive expression in
the thalamus, hypothalamus, septal areas, cortex and all regions of the
hippocampus incjuding the CA1-CA3 and dentate gyrus. The cortex at this age
shows a general expression gradient decreasing from anterior to posterior. The
next age group, rats aged 2-3 weeks, continued to show detectable levels of
FRAX mRNA in the aforementioned structures with higher levels appearing in
the late-developing structures, particularly the cerebellar cortex and the dentate
gyrus of the hippocampus. Within the cerebellum, signals are generally
localized to somatic and dendritic regions, while in the molecular layer of the
dentate gyrus and also in the stratum lacunosum moleculare of Cornu Ammonus
there is strong expression. Fragile X mRNA expression remains in the 1 yearold rat, albeit at low levels. However, relatively high levels remain in the
cerebellum, hippocampus and olfactory bulbs. In general, these data show
Fragile X mRNA is present in structures that undergo significant synaptic
modification during development and persists in structures shown to undergo
experience-dependent restructuring. This supports the idea that Fragile X protein
plays an important role in synaptic plasticity.
Supported by FRAXA Foundation, MacArthur Psychopathology o f
Development Network, MH35321, AG10154, and NARSAD.

SYN A PTIC A LLY -LO C A LIZED , D EV ELO PM EN TA LLY -R ELEV A N T
PROTEIN SYNTHESIS: EVIDENCE FOR TRANSLATION OF THE FRAGILEX MENTAL RETARDATION PROTEIN NEAR SYNAPSES.
Schol. Progs., Depts. of Psychol., Psychiat., and Cell & Struct. Bio., and
Beckman Inst., Univ. of Illinois, Urbana, IL 61801.
Synaptically-localized, activity-dependent protein synthesis is an
elegant mechanism for synaptic selection, stabilization, or addition in that it
provides an efficient means of producing plasticity-relevant proteins quickly at
the synapse regulated by synaptic activity. The mRNA for the FMR-1 gene has
p reviously been show n to associate w ith polyribosom al aggregates in
synaptoneurosom e preparations m ade from P14 rat cerebral cortices and
stim ulated w ith m etabotropic glutam ate receptor (m G luR l) agonists. A
m utation in this gene prevents expression of the Fragile-X M ental Retardation
Protein (FMRP), which is a leading genetic cause of m ental retardation in
hum ans. A salient feature of Fragile-X syndrom e is the relative absence of
m ature cortical dendritic spines and an increased prevalence of long and
im mature spines in both hum ans and Fragile-X knockout mice. In this study,
u nstim ulated synaptoneurosom e preparations exhibited slightly increased
FMRP expression over a period of m inutes. The synthesis of FMRP was
dram atically accelerated by stim ulation w ith DHPG, a specific m G luR l
agonist. This finding provides strong evidence for the translation of FMRP at
synapses u n d er the regulation of m G luR l stim ulation and suggests an
im portant link betw een synaptic activity, synaptic p rotein synthesis, and
morphological synaptic change. Supported by MH 35321, FRAXA Foundation,
M acArthur Psychopath. Dev. Netw., IL State Ment. Ret. Assn., and HD 07333.
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ABNORMAL DENDRITIC SPINE M ORPHOLOGY IN FRAGILE-X
SYNDROME: A ROLE FOR THE FRAGILE-X MENTAL RETARDATION
PROTEIN IN SPINE MATURATION AND PRUNING. T.A. Comery*, S.A.
Irwin, B.A. Patel, M.E. Gilbert, R.F. Kooy, P.T. Willems. B.A. Oostra, and W.T.
Greenough. Neurosci. and Med. Schol. Progs., Depts. of Psychol., Psychiat.,
Physio., and Cell & Struct. Bio., and Beckman Inst., Univ. of Illinois, Urbana,
IL 61801; D ept. of Med. Genet., Univ. of A ntwerp, Belgium.
Previous studies report im m ature dendritic spine morphologies in
adult Fragile-X patients, as w ell as m ore long spines and higher spine
density in Fmr1 KO mice. Patients and Fmr1 KO mice are not able to express
Fragile-X M ental R etardation Protein (FMRP), w hich is translated in
synaptoneurosom es in response to n eu ro tran sm itter stim ulation (see
adjoining abstract). We report here that cortical pyram idal cells in Fragile-X
patients have quantitatively m ore long dendritic spines,, and both patients
and Fmrl mice exhibit more spines w ith m orphologies similar to those seen
early in development. Also, Fragile-X patients examined have an elevated
spine density. In the Fmr1 mice we found no difference from wild-type (WT)
mice in dendritic field size of layer V pyram idal neurons in occipital cortex.
However, WT mice exhibit a slightly greater bifurcation probability at higher
order apical branches, possibly indicating a slight decrease in the complexity
of apical dendrites in Fmr1 KO mice. These data suggest that FMRP m ay be
translated at synapses in response to afferent activation as p art of synaptic
development. The lack of translation of FMRP at synapses m ay prevent both
the pruning of some dendritic spines and the structural m aturation of other
spines, both of which occur in developm ent and m ay occur in adult memory
storage. S upported by M H 35321, FRAXA F oundation, M acA rthur
Psychopath. Dev. Netw., IL State Ment. Ret. Assn., and HD 07333.

INDUCTION AND DESENSITIZATION OF FOS PROTEIN
RESPONSE TO SELF-STIMULATION OF THE MEDIAL
FOREBRAlN BUNDLE IN RAT BRAIN. D. Nakahara*1 , Y. Ishida2 ,
N. N akam ura1 and T. Nishimori3. 1Department of Psychology,
H amamatsu University School of Medicine, 3600 Handa-cho,
H amamatsu 431-31, Japan, Departments of 2Psychiatry and 3Biology,
Miyazaki Medical College, 5200 Kihara, Kiyotake-cho, Miyazaki-gun
889-16, Japan
Immimohistochemical visualization of Fos protein was used to map
brain areas in which cell bodies of neurons are directly activated by
rewarding stimulation of the medial forebrain bundle (MFB). In order
to make the delineation of the directly stimulated neurons clearer and
more reliable, transsynaptic activation of Fos expression was reduced
by repeated rewarding stimulation. A single, unilateral rewarding
stimulation of the MFB induced an asymmetry of Fos expression with
ipsilateral predominance in the AOT, AMY, m-CPU, LS, BST, VP, SI,
LPO, MPO, rostral LH and SN. However, only 7 of these regions
revealed a similar asymmetrical pattern of Fos staining in response to
repeated rewarding MFB stimulation; the m-CPU, VP, SI, LPO, MPO,
rostral LH and SN. Furthermore, in comparing the number of stained
neurons activated by acute and chronic stimulations for each structure,
a substantial reduction of Fos induction was observed in the m-CPU,
VP, SI, MPO and SN, h ut not in the LPO and rostral LH. The results
suggest th a t neurons in the LPO and rostral LH contribute mainly to
the first-order neurons of multisynaptic neuronal circuits th a t subserve
the rewarding effects of the MFB stimulation. Supported by a scientific
research grant from the Ministry of Education, Science and Culture of
Japan.
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CREB-1 GENE EXPRESSION IS NECESSARY AND SUFFICIENT FOR
THE INDUCTION OF LONG-TERM FACILITATION. D. Bartsch.
A. Casadio, K. Karl, P. Serodio*, and E.R. Kandel. Ctr. Neurobiol. & Behav.,
Columbia Univ., HHMI, NY, NY 10032.
CREB has been implicated in long-term memory storage in Drosophila, Aplysia,
and mice. However, CREB has different isoforms, and it has not yet been possible
to determine which of these are actually used by the cells involved in storing long
term memory. We have therefore cloned the Aplysia CREB-1 gene and analyzed
the expression and function in long-term facilitation of all the isoforms present in
the sensory neurons of the gill-withdrawal reflex. In the sensory neurons, the gene
for ApCREB-1 encodes three proteins (ApCREB-la, lb and lc), translated from
two differentially spliced mRNAs. ApCREB-la is a transcriptional activator
necessary and sufficient for LTF. Injection of both anti-apCREB-1 antibodies and
antisense oligonucleotides blocks the induction of LTF without interfering with
short-term facilitation. Moreover, the injection of recombinant ApCREB-la is
sufficient to induce LTF in the absence of any 5-HT treatment when that protein is
phosphorylated at S85. Conversely, ApCREB-la with a S85-A85 mutation acts as
a dominant-negative and inhibits L HF. Thus, the phosphorylation of ApCREB-la
at S85 is an early and critical step in establishing LTF. ApCRE-lb is a
transcriptional repressor that works in concert with ApCREB-la to regulate LTF.
Unlike CREB-2, CREB-lb has no phosphorylation sites and seem to not be
regulated posttranslationally. CREB-lc is a cytoplasmic peptide lacking the bZIP
domain. In its unphosphorylated form it can activate both LTF and STF, probably
by interfering with the activity of CaM kinases, which appear to be negative
regulators of PKA. Thus, CREB-1 gene encodes a regulatory complex consisting
of both activators and repressors which play a causal role in the induction of LTF.
Supported by NIMH MH45923 and NIH AG08702.

SYNAPSE-SPECIFIC, TRANSCRIPTION-DEPENDENT LONG-TERM
FACILITATION CAN BE RECONSTITUTED IN A NOVEL APLYSIA
SENSORY-MOTOR
NEURON
CULTURE
SYSTEM.
K.C. Martin,
A. Casadio, C.H. Bailey. M. Chen*. H. Zhu. and E.R. Kandel. Ctr. Neurobiol. &
Behav., Columbia Univ., HHMI, NY, NY 10032.
Each neuron makes thousands of synaptic connections on its various follower
cells. To maximize information storage in the brain, it is thought that subsets of
these synapses can be modulated independently of one another. Since long-lasting
forms of synaptic plasticity have been shown to require new gene expression, it
raises the question: Are products of gene expression targeted to alter transmitter
release at some synapses and not others? To address this question at a cellular and
ultimately molecular level, we have developed a novel culture system consisting of
a bifurcated presynaptic Aplysia sensory motor neuron making synaptic contact
with two spatially separated postsynaptic motor neurons. Local application of five
pulses of serotonin to the synapses made onto one motor neuron causes long-lasting
facilitation of that set of synaptic connections, but not of the synapses made by the
same presynaptic cell onto the second motor neuron. Microinjection of anti-CREB
antibodies into the sensory cell blocks this synapse-specific facilitation, indicating
that a single cell can undergo synapse-specific facilitation that is dependent on
CREB-mediated transcription. Imaging the synapses of carboxyfluoresceininjected sensory cells before and after synapse-specific facilitation indicates that the
sensory cell undergoes synapse-specific long-term growth. This new culture system
should allow us to characterize the cellular and molecular mechanisms underlying
this synapse-specific, transcription-dependent form of long-term facilitation.
Supported by HHMI, NIH grants AG08702, MH37134, and GM32099.
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THE INCREASE OF AHP AMPLITUDE DURING HABITUATION IS
POSITIVELY CORRELATED WITH A DEPRESSION OF THE SYNAPTIC
CONNECTION
BETWEEN
T
NEURONS
IN
THE
LEECH.
M. Bnmelli*. R. Mozzachiodi and R. Scuri, Dept. of Physiology and Biochemistry
“G. Moruzzi”, University of Pisa, Via S. Zeno 31, 56127 Pisa, Italy.
We have studied the modulation of synapse activity among T sensory neurons in
the segmental ganglia of the leech Hirudo medicinalis, by using the current-clamp
technique. T ipsilateral ceils are connected each other by chemical and electrical
synapses both in the same ganglion and in the adjacent ones. In these neurons, a
burst of action potentials elicited either by intracellular electrical stimulation or by
activation of their receptive fields, leads to an after-hyperpolarization (AHP). It has
been previously demonstrated that the AHP amplitude can be modulated: the
endogenous neurotransmitter serotonin reduces the AHP via cAMP by inhibiting the
Na+/K+ pump. On the other hand, low rate intracellular stimulation of T cells
produces a lasting increase of the AHP amplitude (habituation) through an
enhancement of the pump activity. This AHP potentation is triggered by calcium
influx, sustained by increase of cytosolic calcium level and mediated by metabolites
of arachidonic acid from the lipooxigenase pathway. In a T cell, a pattern of
repetitive intracellular stimulation which elicits AHP increase, induces a clear-cut
and long lasting decrease of the EPSP amplitude (50%) recorded from an ipsilateral
T neuron of the same ganglion. When the repetitive stimulation does not induce
enhancement of the AHP amplitude, no synaptic depression occurs. Furthermore
subthreshold stimulation of the pre-synaptic T cell does not produce any reduction of
the EPSP amplitude in the post-synaptic neuron. Experiments still in progress,
carried out in high Mg++condition, suggest that the synaptic depression is due to the
chemical component of the connection between T neurons. The data collected show
that in our model the weakening of the synapse connection might be consequence of
a conduction block along the neuritic tree driven by the increase of the AHP
amplitude: therefore the activity of a single neuron can modify the efficacy of its
whole synaptic field.

MOLECULAR MECHANISMS UNDERLYING SYNAPSE-SPECIFIC
LONG-TERM FACILITATION OF APLYSIA SENSORY TO MOTOR
SYNAPSES. A. Casadio, K.C. Martin. C.H. Bailey*. M. Chen. H. Zhu, and E.R.
Kandel. Ctr. Neurobiol. & Behav., Columbia Univ., HHMI, NY, NY 10032.
We have recently developed a culture system composed of a single sensory
neuron making synapses with two spatially separated motor neurons, and have
demonstrated that local application of repeated pulses of serotonin onto one
synapse causes transcription-dependent, synapse-specific long-term facilitation.
We are exploring two possible mechanisms to explain this phenomenon: The first
possibility is that synapse-specific plasticity is the result of synaptic “tagging” -i.e.,
that the products of gene expression are delivered throughout the cell but are only
incorporated at synapses tagged by previous activity. In support of this hypothesis,
we have found that, if immediately following application of five pulses of serotonin
to one set of synapses, one pulse of serotonin (which usually produces only short
term facilitation) is applied to the other set of synapses, long-lasting facilitation
now occurs at both synapses. This indicates that whatever “tags” the synapse for
long-term plasticity is generated by stimuli and second messenger cascades that
themselves produce only short-term facilitation. The second possibility is that there
is selective targeting of the products of gene expression to the synapse undergoing
facilitation. Although we have not yet tested this possibility, as a first step we
asked whether neurons are capable of undergoing branch-specific targeting. We
thus set up cultures with a single sensory neuron, a target, and a non-target motor
neuron, and examined the distribution of the sensory cell neuro-peptide sensorin at
various times after plating. Whereas sensorin immunoreacdvity was detected in
both sensory cell branches after one day in culture, it was restricted to the branch
contacting the target motor neuron after five days in culture. This indicates that
neurons can, in principle, undergo branch-specific protein targeting. We are now
determining whether such targeting occurs during synapse-specific long-term facili
tation. Supported by HHMI, NIH grants AG08702, MH37134, and GM32099.
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FUNCTIONAL MRI OF CORTICAL PLASTICITY DURING M OTOR
RECOVERY AFTER STROKE

A. Benallou , B. Busse~, A. Feydy~, R. Carlier~,A. Roby Brami
Fuchs~, M. Combeaud~, L. Pierot0 Y. Burnod , M. Dufossé*

S.

* Lab. creare de Neuroscience et Modélisation UPMC Paris France
0 NRDT Hôpital Foch Suresnes, - Hôpital Raymond Poincaré G arches
Our study aimed to investigate whether brain functional reorganization in
stroke patients enrolled in a neurorehabilitation cycle correlates with
motor function recovery. Five hemiplegic patients selected upon their
stroke location were asked to perform hand, wrist, shoulder movements
and motor imagery while undergoing functional M RI experiments; each
patients was able to do at least one of these motor tasks. All the patients
were examined twice: at T1 after their general condition stabilized, and at
T2 after at least 2 months of rehabilitation training. Comparison o f fMRI
activations between T1 and T2 showed large scale reorganization of
cortical activation. 1) Activity extends to cortical regions including
contralateral posterior parietal regions and ipsilateral motor areas 2) the
contralateral/ipsilatral patterns o f activity was not only related to the size
of the lesion, but also task-dependent. In particular, proxim al (elbow)
and distal movements (fingers) did not show the same patterns of re
organization.
These results suggest that re-shaping o f cortical activities
following stroke is dependent upon different functional cortical networks
responsible for different motor controls of joints, such as shoulder and
elbow controls for 3D space exploration and fingers controls in object
manipulation.

HOW PLASTICITY CAN PREVENT ADAPTATION: INDUCTION AND
REMEDIATION OF PERCEPTUAL CONSEQUENCES OF EARLY EXPERIENCE.
Adam G. Thomas* and James L. McClelland. Center for the Neural Basis of Cognition,
Carnegie Mellon University and University of Pittsburgh, Pittsburgh, PA 15213.
Adults exposed to a new language often fail to learn key aspects of the language, such
as its sounds and syntax (e.g., native Japanese adults cannot learn to discriminate
English R and L). This suggests a critical period; yet the brain maintains a remarkable
degree of plasticity throughout adulthood. Why then can such distinctions not be
learned? A related issue arises from research on children with language learning
impairment (LLI). These children have impaired speech discrimination abilities
previously thought to be quite fixed, yet they show large improvements as a result of a
training regime administered by Merzenich et al (Science, 1996, 271(5245):77-81) and
Tallal et al (Science, 1996, 271(5245):81-4). What is it about their procedures that
allows apparently fixed discrimination abilities to change? We suggest that these
phenomena reflect the Hebbian nature of learning in the brain. When a stimulus evokes
a pattern of neural activation corresponding to a percept, the connections among the
active neurons are strengthened, thereby reinforcing the tendency of the stimulus to
evoke this percept later. Given this, if the brain learns to produce the same percept in
response to different inputs, Hebbian learning tends to maintain the response. Thus,
critical-period like phenomena can be accounted for without a special biological
switch, but only the self-reinforcing action of the mechanisms of plasticity themselves.
The method of remediation is simple: artificial stimuli that exaggerate contrasts the
brain would not otherwise distinguish are used to induce discrimination. Hebbian
learning then reinforces the tendency to distinguish these stimuli. The tendency
generalizes to neighboring stimuli, so one can then work inward from the extremes to
achieve discrimination of natural contrasts. This is the procedure used by Merzenich et
al in their protocol for training LLI children. We have demonstrated these effects in a
modified Kohonen network (Biological Cybernetics, 1982, 43, 56-69). The network is
exposed to inputs derived from perceptual-category prototypes. Initial prototypes and
parameters can lead to categories that prevent the net from later distinguishing inputs
that it would have learned to distinguish from "birth", simulating the Japanese and LLI
cases. In both cases, discrimination can be induced by the Merzenich-Tallal method.
Supported by MH 47566, MH 00385, and the Center for the Neural Basis of Cognition.
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VISUAL EV O K E D P O T EN TIA LS A FT E R EX PER IM EN TA L
O PT IC N ERV E IN JU R Y IN RA TS A LTE R S T IM E DEPENDENT.

LONG-TERM SPONTANEOUS RECOVERY FROM HOMONYMOUS HEMIANOPIA OF THE LOWER VISUAL FIELD OBSERVED WITH COMPUTERBASED STATIC PERIMETRY: A SINGLE CASE STUDY. D. A. Poggel*,
E. Kasten, E. M. Muller-Oehring & B. A. Sabel. Institute of Medical Psychology,
Otto-von-Guericke University, Leipziger Str. 44, 39120 Magdeburg, Germany.
Reliable evaluation of training programs for visual field defects (VFD) depends on
the discrimination between effects of therapy and of spontaneous recovery after cerebral lesion. While Zihl & von Cramon (1986) found spontaneous remission of VFD
only in 12% of their patients within a period of six weeks, other authors reported
similar effects for a higher percentage of patients lasting for up to six months.
We present data from a patient with homonymous hemianopia of the lower visual
field caused by a gunshot wound in the left occipital lobe. After initial complete
cortical blindness, visual functions in large parts of the upper visual field came back
within six months following the incident. Only then, the patient was referred to our
institute where we have monitored the improvements of his VFD using highresolution computer-based perimetry for perception of white light, colours and forms.
In the course of almost one year, a 20% gain in light perception was observed in his
lower visual field, showing a systematic pattern of finger-like structures extending
into the blind area. In parallel with his improved perception of above-threshold stimuli, his visual field for colour and form stimuli expanded quantitatively as well as
qualitatively. Although the speed of recovery' slowed down during observation, the
findings indicate a remarkable neuronal plasticity that lasted for nearly one and a
half years.
Our data show that long-term spontaneous recovery of VFD can be observed at
least in single cases, suggesting that these changes should be monitored thoroughly
before including such patients in therapy studies. Possible mechanisms of sponta
neous recovery are discussed. (Supported by a grant from the State o f SachsenAnhalt and o f the Deutsche Forschungs Gemeinschaft)

C.K. V orw erk1*, P. H eiduschka2 , S. Thanos2 , B.A. Sabel1 ,and M .R.
K reutz 1 ; 1 O tto-von-G uericke-U niversity M agdeburg, Germ any;
Institute of M edical Psychology; 2University of Tübingen, D epartm ent of
O phthalmology, G erm any.
Controlled optic nerve crush is a model of partial and diffuse axonal trauma.
W e have investigated the impact of partial optic nerve injury on visual
evoked cortical potentials (VECP).
VECP measurements were performed in a Faraday cage. A computertriggered flashlight served as the optical stimulus, and data were collected by
an interface card after amplification of nerve signals by a factor of 1000 and
AD conversion. Four rod-like electrodes were coated with silver and
implanted into the visual cortex. A silver wire placed onto the skull beneath
the skin served as reference electrode, and the animal was grounded by a clip
fixed on the earlap.
VECPs differed slightly depending on the electrode at which they were
recorded. Amplitudes of waves were reduced markedly immediately after
optic nerve crush. After one week, the amplitudes were restored nearly
completely to their initial value, and some of them were even higher after one
month than in the beginning. Interestingly, no significant change of latencies
could be found. A functional recovery of VECP occurs after partial optic
nerve trauma. The observed time course of changes in the amplitude of
VECP is suggestive for alterations of synaptic efficacy in the visual system.
Supp.by BMBF Neurotrauma TPA2, BMBF 'Exogene Schädigung'
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EFFECTS OF MUSIC ON NEUROCHEMICAL PARAMETERS IN THE AVIAN

SPECIFIC LUMBAR MOTOR POOLS OF SPINAL TRANSECTED ADULT
CATS SHOW INCREASED GAD67 STAINING AFTER LOCOMOTOR OR
STAND TRAINING. N.J.K. Tillakaratne*
1 ,de Leon. R.D.1, M. M. Mouria1. N.B.
Ziv,1 , M. Hegde1, J.A. Hodgson1, R.R. Roy3 ,A.J. Tobin1-4 and V.R. Edgerton1-3.
Departments of 'Physiological Science and 2 Neurology, 3Brain Research Institute
and 4Molecular Biology Institute, UCLA, CA 90095-1527.
Spinally transected animals show a significant improvement in their ability to stand
(mainly extensor activation) or locomote on a treadmill (alternating extensor and
flexor activation) when trained for that task. Little is known, however, about how
these anatomically selective effects contribute to the execution of these tasks.
We have reported increased levels of GAD67 mRNA in feline lumbar spinal cord
after complete low thoracic (T12) spinal transection, suggesting an increased
inhibitory influence in the segments below the level of the lesion. Further, the relative
levels of GAD67 mRNA are dependent upon the type of postoperative training used.
In the present study, we examined the changes in GAD67and GAD65 polypeptides in
the lumbar cord of adult spinal cats that were trained to step on a treadmill or to stand
either bilaterally or unilaterally. Soma of motoneurons were labeled differentially for
GAD67 and GAD65: only GAD67 showed intense, punctate staining (axon terminals)
on specific motor pools. This staining pattern was observed bilaterally in the spinal
cords of the step-trained or bilaterally stand-trained cats, but restricted to a more
localized group of neurons on the ipsilateral side of the unilaterally stand-trained cats.
Although the topographical location of the motoneurons showing high levels of
GAD67 were well localized, it could not be determined whether this level of
localization reflected a motor pool specific response nor whether it was specific to the
flexor or extensor motor pools. These data, however, do indicate clearly that stand
training affects a more selective group of spinal pathways compared to those in
bilaterally step trained cats. Supported by grants to NJKT (NRSA, HD07416),
AJT ( NS 22256) and VRE (NS16333).

Dept, of Psychology, Bowling Green State University, Bowling Green, OH 43403

The consequences of music on neurochemical parameters remains
poorly studied. The present work on newborn chicks, evaluating long
term exposure to various auditory stimuli, has yielded profound changes
in central neurochemistries. Starting on the second day of life, groups of
domestic chicks were exposed to 20 hrs of instrumental music (at a
mean level of 86 db) using an Auditory Integration Training (AIT) type
of schedule commonly used for the treatment of autistic children, with
half an hour of music in the morning and half an hour in the afternoon
for ten successive day. One group received normal music, and another
received AIT-type modulated music (bass and treble being shifted
randomly by 40 db every several seconds). One control group listened
to a mixture of male and female human speech for the same duration,
and another control group received all aspects of the experiment except
for systematic exposure to sound.
One to two days following the end of treatment, whole-brain
neurochemical changes were markedly and similarly changed in
response to both forms of music. No clear changes were evident
following exposure to human voices. Following both forms of music,
significant elevations were seen in NE levels (-400%), MHPG levels
(-600%), dopamine levels (-200%), and HVA levels (-200%). There
was a marginal reduction of 5-HIAA levels, with no clear change in
brain levels of 5-HT, DOPAC, epinepherine, and using slightly
different experimental procedures, CGRP. Apparently, music can have
powerful neurochemical effects on the developing avian brain.
Supported by Wright-Patterson Grant F336019MJ146 & ONR, N 00014-96-1-0589.
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BASAL AND INDUCIBLE PHOSPHORYLATION OF THE
TRANSCRIPTION FACTOR EGR3
K. T. O'Donovan*. I. Song and T. M. B araban D epartm ent of
Neuroscience, Johns Hopkins U niversity School of M edicine,
725 N. Wolfe St., Baltimore, MD 21205
Members of the Egr family of transcription regulatory
factors are exquisitely sensitive to changes in synaptic
activity and are therefore im plicated in m ediating stimulusinduced neuronal plasticity. Since little is know n about Egr-3,
a family member that is expressed at high levels in brain, we
have begun to study its regulation in brain and found evidence
for both post-transcriptional (O'D onovan and Baraban, 1997)
and post-translational regulatory steps. To examine th e
potential role of phosphorylation in regulating Egr-3, we
have transiently expressed this protein in hEK-293 cells.
Under basal conditions, we found 32P incorporation into
expressed
Egr-3
isolated
by
im munoprécipitation.
Furthermore, treatm ent of hEK-293 cells expressing Egr-3
with either forskolin (l0uM) or PMA (200nM) for 15 minutes
stimulated 32P incorporation over basal levels.
Current
studies are aimed at using this heterologous expression
system to determine the sites of phosphorylation of Egr-3
under both basal and stim ulated conditions, as w ell as th e ir
effect on Egr-3 m ediated transcription. Supported by N ID A
and NIMH.
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DIFFERENTIAL EFFECTS OF INHIBITION OF mRNA SYNTHESIS AND
PROTEIN SYNTHESIS ON AN INTERMEDIATE PHASE OF ENHANCEMENT
IN HERMISSENDA. T. Crow*, J.J. Xue-Bian and V. Siddiai. Department of
Neurobiology and Anatomy, University of Texas Medical School, Houston, TX
77030
Long-term enhancement produced by one-trial conditioning shares a number of
characteristics with time-dependent aspects of memory. For example, short-and
long-term enhancement (STE and LTE) can be dissociated based upon their timedependencies, the role of protein and mRNA synthesis, and the activation of PKC.
ST and LTE are independent, parallel processes since down-regulation of PKC and
kinase inhibitors can block the induction of STE, but leave LTE intact. Here we
provide evidence for an intermediate phase of enhancement (ITE) that is dependent
upon protein synthesis, but not mRNA synthesis. Inhibition of mRNA synthesis by
the reversible inhibitor DRB (10-4M) or inhibition of protein synthesis by
anisomycin (10-5M) did not significantly affect STE examined 1 hr postconditioning. In contrast, animals conditioned in the presence of anisomycin (10'
5M) did not express enhancement when excitability was examined 1.5 -2 hr postconditioning as compared to unpaired controls (NS), animals conditioned in the
presence of DRB (10-4M or 10-7M) or normal conditioned animals (p<.05). The
DRB groups were not significantly different from the normal conditioned group,
although they were significantly different from the anisomycin group and unpaired
controls (p<.05). An analysis of phosphoproteins using 2D-PAGE showed that
anisomycin (10-5 M) inhibited phosphorylation of a 24 kDa phosphoprotein
previously shown to be increased 1-2 hrs after one-trial conditioning. These results
suggest that one-trial conditioning produces in addition to short- and long-term
memory stages, an intermediate phase of enhancement involving mechanisms
different from those supporting ST and LTE. Supported by grants from NIMH.
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MODULATION OF ZENK GENE EXPRESSION DURING THE
CRITICAL PERIOD FOR ZEBRA FINCH SONG LEARNING.
D.F. Clavton, H. Jin , R. Stripling, and J. George*. Neuroscience
Program, Univ. of Illinois & Beckman Institute, Urbana, IL, 61801.
Immediate Early Gene (IEG) expression is thought to have a
necessary role in memory consolidation. If so, then factors that
modulate IEG expression might contribute to the timing of
developmental “critical periods” for learning. For example, male
zebra finches learn to sing only during a critical period in
adolescence: are there changes in IEG expression at this time? To
test this, we used in situ hybridization to measure the expression of
the zenk gene (zif-268, egr-1, NGFI-A, Krox-24) in the brains of
male zebra finches from 20 days post-hatch (immediately prior to
song learning) to adulthood (after learning is complete). Previous
studies showed that zenk expression is induced in adults by taped
song playbacks (in the NCM region) and also during singing (in the
song control nuclei). Here, we detected no significant differences
between adults and juveniles (≥ 30 days o f age) in the patterns of
expression following either singing or song playbacks. However,
playback did not induce zen k at all in 20-day-old finches.
Furthermore, w e observed large age-related changes in basal
expression in quiescent, unstimulated birds: at times when song
learning was most active, basal zenk expression was almost as high
as the song-induced level in adults. Changes in IEG expression
may determine the boundaries o f the critical period for song
learning, (supported by NIH IR O l NS52086).
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INHIBITORS OF MEK 1 AND PKC BLOCK PROTEIN PHOSPHORYLATION
ASSOCIATED WITH SHORT- AND LONG-TERM ENHANCEMENT IN
HERMISSENDA. J.J. Xue-Bian*. V. Siddiai and T. Crow. Dept. of Neurobiology
and Anatomy, University of Texas Medical School, Houston, TX 77030
One-trial conditioning of Hermissenda produces short- and long-term changes in
excitability (short- and long-term enhancement; STE, LTE) of identified sensory
neurons of the CS pathway. Enhancement has been proposed as a mechanism for
the induction and expression of short- and long-term memory. Associated with
STE and LTE are time-dependent increases in protein phosphorylation detected at
different times following the conditioning trial. We previously reported that
activation of protein kinase C (PKC) is necessary for the induction of STE. Here
we report that inhibitors of PKC and the mitogen-activated protein kinase (MAPK)
cascade significantly inhibit the phosphorylation of phosphoproteins that are
increased following one-trial conditioning. Changes in the incorporation of 32P 0 4
into proteins were determined using 2D-PAGE, storage phosphor screen scanning
and computer quantitation. The phosphoproteins that were analyzed ranged in
apparent molecular mass from 55 to 22-kDa. Pre-treatment with the PKC inhibitors
Ro-31-8220 (5 μM) or GF109203X (5 μM) blocked the phosphorylation of the 44
kDa and 24 kDa phosphoproteins examined at different times post-conditioning
(p<.05). Treatment with the MEK 1 inhibitor PD98059 (50 μM) before
conditioning, resulted in a significant decrease in 32P04 incorporation compared
with controls for the 24 and 44-kDa(a) phosphoproteins (p<.01 and p<.001,
respectively).
In contrast, phosphorylation of the 55, 46, and 44-kDa(b)
phosphoproteins was not significantly affected by pre-treatment with PD98059.
These results suggest that the MAPK signaling pathway may contribute to the time
dependent development of short- and long-term memory in Hermissenda following
one-trial conditioning. Supported by grants from NIMH.
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THE RECEPTOR TYROSINE KINASE, REK7, AND ITS LIGAND,
AL1, ARE INVOLVED IN NEURAL PLASTICITY IN VIVO:
A
BEHAVIORAL AND ELECTROPHYSIOLOGICAL STUDY IN MICE.
R. Gerlai*. N. Shinsky, I. Caras, W.-O. Gao, H. S. Phillips and J. Winslow.
Genentech, Inc., Neuroscience Department, South San Francisco, CA 94080
REK7, an Eph-family receptor tyrosine kinase, and its GPI-linked ligand, AL1,
have been shown to be involved in axon bundling and growth cone collapse, findings
compatible with a developmental role in the CNS. However, both REK7 and AL1 are
expressed in the fully developed adult mammalian brain, e.g. in the cortex and
hippocampus. What is their function there? Recently, converging evidence suggests
that molecular mechanisms involved in CNS development may also be associated with
neural plasticity, learning, and memory perhaps via influencing synaptic remodelling,
stabilization or synaptogenesis. In this paper, we investigate such a possibility, and
analyze the behavior and hippocampal neurophysiological properties of mice in which
AL1 - REK7 signaling is either impaired or enhanced by administration of REK7-IgG
(antagonist) or ALl-IgG (agonist) immunoadhesin. Using osmotic minipumps, we
infused these fusion proteins or, as a control, CD4-IgG bilaterally into the
hippocampus of adult mice for a week and tested behavior in paradigms (T-maze
spontaneous alternation and context dependent fear conditioning) sensitive to reveal
hippocampal dysfunction. In addition, we also analyzed neurophysiological properties
of hippocampal slices of these mice. We show that REK7-IgG infusion leads to
significant impairment whereas ALl-IgG infusion leads to a significant improvement
in both behavioral tasks compared to control. The results suggest that neither the
impairment nor the improvement is due to performance factors such as modified motor
or sensory abilities, but rather, to altered higher neural processing (learning/memory).
This conclusion is supported by correlated alterations in neurophysiological processes
observed in the hippocampal slice. These findings represent the first pieces of
conclusive evidence for the involvement of an Eph receptor kinase in neural plasticity.

DETECTION OF PROTEINS BINDING TO THE DENDRITICALLY
LOCALIZED ARG3.1 mRNA USING THE TRI-HYBRID SYSTEM
U.Putz1. P.Skehel2 and D.Kuhl1* 1C enter for Molecular Neurobiology (ZMNH),
University of Hamburg, Martinistr. 52, D-20246 Hamburg, Germany and 2Division
of Neurophysiology, National Institute for Medical Research, London, NW7 1AA,
United Kingdom.
Interactions between RNAs and proteins are fundamental to many cellular
processes. A particularly fascinating example can be seen in the transport of RNA
to the dendrites. ARG3.1 (ARC) is an immediate early gene induced by synaptic
stimulation in the mammalian brain. The induced transcripts are localized to the
soma and dendrites of neurons. Although dendritic localization is believed to be
achieved by specific RNA-protein interactions, no such targeting proteins have yet
been identified. We have developed a method for the in vivo reconstruction of
specific RNA-protein interactions. Here we used the full length ARG3.1 transcript
fused to an RRE, to screen a library of cDNAs expressed as transcription activation
domain fusion proteins. The ARG3.1 mRNA was tethered to the DNA binding
domain of GAL4 via the interaction between a RevMIO fusion and the RRE
present on the recombinant RNA. Any polypeptide capable of interacting with the
ARG3.1 transcript will recruit the transcription activation domain into the
ribonuclear protein complex, and reconstitute GAL4 activity. Using this
methodology we identified several clones that specifically interact with the
ARG3.1 mRNA and not with non-dendritically localized control RNAs. The
primary structures of these ARG3.1 mRNA binding proteins have not been
reported previously, however, one of the polypeptides contains a repeated zincfinger motif found in other RNA-binding proteins. The structural requirements and
specificity of the identified RNA-protein interactions are analyzed further using the
same genetic system. (Supported by BMBF)
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THE NEUROCHIP: A SILICON DEVICE FOR STUDYING NEURONAL
NETWORKS. M. P. Maher* and L Pine D ivision of Biology, Caltech,
Pasadena, CA 91125.
We introduce a fully operational device for m aintaining long-term electrical
connections to individual m am m alian CNS neurons in vitro. The neurochip
allow s non-invasive, specific, and chronic recording and stim ulation of
individual neurons in a network.
Immature, freshly dissociated fetal rat hippocam pal neurons are placed into
an array of 25x25x15 μm3 wells etched into the surface of the chip; each well
has an integrated extracellular metal electrode. A silicon nitride canopy over
the well holds the soma next to the electrode w hile allow ing neurites to grow
normally. Cell morphology and survival are shown to be unaltered.
The close proximity of the soma to the electrode perm its detection of action
potentials (AP's) w ith high signal-to-noise ratio. Typically, AP recordings are
triphasic and 200-300 μV high w ith 5μ V RMS noise. AP's have stereotyped
shape and size for individual ceils, w ith som e variation betw een cells.
Electrical crosstalk between channels is negligible.
Passing current pulses through the w ell electrodes can elicit AP's in the
individual cells, as determined by simultaneous recordings of the fluorescence
signal of the voltage-sensitive dye RH237. The AP response shows a sharp
threshold as the stim ulus is increased, and the response is independent of
stim ulus strength above threshold. Cells can reliably be fired by applying a
biphasic 3μ A pulse, 3 msec per phase.
H ippocam pal neurons cultured in the neurochip form synapses on each
other w ithin days of being loaded into the w ells. Subthreshold synaptic
potentials in these cells were detected by firing the neuron in one well while
monitoring the RH237 fluorescence signal of another cell.
Support: NIH Neural Prosthesis Program and NIH grant 1F32 NS-09707.

RAPID DEVELOPMENT OF SENSITIZATION IN NIGRAL RATS.
P. B. SILVERMAN* and P. L. BONATE D ept. o f Psychiatry,
University o f Texas Health Sci. Ctr., Houston, TX 77030.
Repeated administration o f drugs, particularly stimulants, can result in
tolerance or behavioral sensitization. One variable thought to be important in
determining which phenomenon results from repeated drug administration tè
the interval between successive administrations. The consensus is that
administration o f drug at intervals o f a day or two (or longer) favors
development o f sensitization, while administration at shorter intervals favors
tolerance. The purpose o f the present experiments was to determine if the
duration o f the drug-free interval or the intermittency o f the presence o f drug
was critical in the development o f sensitization. Rats with a unilateral lesion
o f substantia nigra produced 2-3 weeks earlier were administered a small
(0.05 mg/kg) dose o f apomorphine. In rats that showed little or no
contralateral circling in response to the initial administration, dosing was
repeated at 2 or 4 hour intervals. Under these conditions, owing to the low
dose and abbreviated half-life o f apomorphine, drug presentation to CNS is at
short intervals, but is nonetheless intermittent. Most rats exhibited
sensitization to drug, with response in those that were ultimately responsive
increasing over 10-fold within 4 administrations. Once sensitized, rats
remained sensitized to drug for many weeks. The results show that
sensitization can develop within a few hours, limiting the possible neural
adaptations responsible for this form o f behavioral plasticity to those that
effectuate within this limited period o f time.
Supported by NIDA grant DA06269.
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A1 RECEPTOR OPERATED LATENT CONNECTION BETWEEN CA3
AND CA1 NEURONES IN RAT HIPPOCAM PUS. T.Tsintsadze*,
N.Lozovava.
A.Klishin.
and
O.Krishtal
Department
o f Cellular
Membranology, Bogomoletz Institute o f Physiology, Bogomoletz str. 4, Kiev24, 252024, Ukraine.
Transient block of A l adenosine receptors in rat hippocampus by 8Cyclopentyltheophylline (CPT, 100 nM) under increased external [Ca2+] to
[Mg2+] ratio (2.5 mM / 0.5 mM) leads to a dramatic and irreversible change in
the excitatory post-synaptic current (EPSC) recorded by in situ patch clamp in
CA1 pyramidal neurons. The relative contribution o f N-Methyl-d-aspartate
(NMDA) component into EPSC becomes more pronounced. New ratio o f
NMDA to nonNMDA components o f the EPSC remains increased after
removal o f CPT and no longer depends on the activity o f A l adenosine
receptors. When all functional NMDA receptors are previously blocked by
irreversible use-dependent blocker, Dizocilpine maleate (MK-801, 100 μM),
subsequent application o f CPT leads to a partial reappearance o f NMDA
receptor-mediated current indicating at the recruitment o f latent NMDA
receptors. Altogether, these findings indicate at the existence o f powerful
system of latent NMDA receptor- mediated contacts between hippocampal
CA3 and CA1 neurons with A l receptors serving as a switch. The action of
this switch depends on the concentrations o f external divalents (Ca2+ and
Mg2+).
This work supported by following international grants: INTAS(94-849),
International Research Scholars grant from Howard Hughes Medical Institute
(75195-548001)
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FORM ATION OF NEW CORTICORUBRAL SYNAPSES AFTER
CROSS-UNION OF NERVES INNERVATING DISTAL FORELIMB
M USCLES IN CATS. Y. FUJITO* and M. AOKI. Dept. Physiology,
Sapporo Medical Univ. Sch. of Med., Sapporo 060, Japan.
Cross-innervation of forelimb flexor and extensor muscles has been
demonstrated to induce sprouting and formation of new synapses from
corticofugal fibers on the proxim al portion o f the som a-dendritic
membrane of red nucleus (RN) neurons which innervate the upper
spinal segments (C-cells) in the cat. These newly formed corticorubral
synapses produce faster rising EPSPs than norm al dendritic
corticorubral synapses. It has been shown that activities of RN neurons
are closely related to voluntary distal forelimb movement in monkeys
and cats. W e dem onstrated selective m onosynaptic rubrospinal
projections to distal forelimb motoneurons in the cat. In this study, we
investigated w hether cross-innervation o f distal forelim b muscles
effectively induce formation of new corticorubral synapses. Cats were
anesthetized w ith N em butal, and intracellular recordings w ere
performed from RN neurons. Average time to peak of EPSPs induced
by stimulation o f cerebrorubral fibers in C-cells of cats in which all
distal forelimb muscles were cross-innervated was significantly shorter
than that of cats in which elbow extensor and flexor muscles were
cross-innervated (p<0.01), indicating that cross-innervation of distal
forelimb muscles is more effective to induce formation o f new synapses
in the RN than cross-innervation of elbow muscles. Thus formation of
new corticorubral synapses after cross-innervation of forelimb muscles
appears to be related to direct rubrospinal connections to distal forelimb
motoneurons and functional importance of RN neurons for performing
voluntary distal forelimb movement.
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SHORT INTERSTIMULUS INTERVALS MAY MASK LONGTERM DEPRESSION OR POTENTIATION. J.Th. Rick* &
N.W. Milqram. Division of Life Sciences, Scarborough
College, U n iv e rs ity of T o ro n to , 1 265 M ilita ry T ra il,
Scarborough, Ontario, Canada M1C 1A4.
Measuring the state of a neuronal population with repeated
spaced pulses m igh t its e lf m o d ify the p o p ula tio n . W e
investigated this possibility in urethane-anaesthetized adult
male hooded rats (N = 12) w ith stim ulating and recording
electrodes in the perforant path (PP) and dentate gyrus
(DG), respectively. Rats received 10 consecutive 15 min
sessions o f s in g le p u lse s; w ith in each se ssio n the
interstimulus interval (ISI) was fixed at either 10, 20 or 30
s. The population spike amplitude stabilized within 8-10 min
of changing the ISI; the mean response in the last third of
each session differe d by up to 25% from the previous
session. Changes in response magnitude were greater the
larger the change in ISI. In a second experim ent (N = 6)
using 12 min sessions of alternating reference (120 s) and
test (10, 20, 30, 60, 90 or 120 s) ISIs, changes of up to
30% were seen in the last third of each session, but not for
ISIs > 3 0s. Results indicate that effects lasting tens of
seconds can o ccu r fo llo w in g single pulses. Response
suppression w ith ISIs < 6 0 s raises im portant procedural
considerations in studies of neural plasticity. Testing with
short ISIs could reduce the observed magnitude of any long
term d e p re s s io n or p o te n tia tio n p ro d u c e d by p rio r
stimulation trains. (Supported by NSERC.)

E FFEC TS OF PER INA TA L H Y PO TH Y R O ID ISM ON THE
DEVELO PM ENT
OF H IP P O C A M P A L L O N G -T E R M
PO TE N T IA T IO N . Constantine P avlides1* , Sonoko O gaw a1 and
M arcello A. C aria2 . 1The R ockefeller University, New York, NY
10021 and 2Universita degli Studi di Sassari, Sassari, Italy.
Perinatal hypothyroidism produces both anatomical and biochemical
abnorm alities which lead to behavioral deficits. One of the brain
structures that is affected most severely is the hippocampus. Very little
is known about the changes in neurophysiology that may result from
perinatal hypothyroidism . In the present study we investigated the
effects of perinatal hypothyroidism on a number of electrophysiological
measures in the hippocampus, including changes in synaptic plasticity.
Pregnant female rats were given drinking water with or w ithout 6-npropyl-2-thiouracil (PTU; 0.02%, w/v), starting on the 5th day after
m ating, through post natal day (PND) 28. E lectrophysiological
experiments were performed in vitro on four age groups (PND 5-8; 912; 15-19 and 44-47) of both male and fem ale offsprings. Field
potentials were recorded in the CA1 hippocampal field with stimulation
of the Schaffer collaterals. PTU treatment produced typical hypothyroid
sym ptom s, including reduced body w eight, delayed eye opening,
abnormal body movements, etc. A significant number of slices from the
PTU treated rats show ed epileptic like bursting. Paired-pulse
facilitation/inhibition was also altered in the experim ental animals.
Further, there was a reduction in the degree of long-term potentiation
induced in the PTU treated animals, which persisted into adulthood.
These results provide clues that may explain the behavioral deficits.
(Supported by a grant from the American Thyroid Association to CP.)
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CARBACHOL-INDUCED OSCILLATIONS IN HIPPOCAMPAL
SLICES: THETA RHYTHM OR EPILEPSY? J. Brankack* and Y.
Verbny. Inst. o f Medicine, Res. Ctr. Jülich GmbH, Jülich, Germany
The muscarinergic agonist carbachol has been shown to induce
oscillations in hippocampal slices which have been considered as a
model o f theta rhythm. Previously we reported membrane
depolarizations o f astrocytes and positive sustained extracellular
potentials at the hippocampal fissure during carbachol-induced
oscillations whereas in running rats regularly negative sustained
potentials were seen during theta rhythm. In the present experiments
using transverse hippocampal slices we analysed the gross oscillatory
activity induced by carbachol in rat hippocampal slices. In 55% (18/33)
of slices with 10 μM carbachol epileptogenic spikes appeared during
33% of the recording time, in 9% (3/33) epileptic seizures show up
during 1% o f the time and in 6% (2/33) we found theta-like
oscillations during 0.02% o f the recording. W ith 50 μM carbachol,
75% (12/16) o f the slices displayed epileptogenic spikes during 36% of
the recording time, 56% (9/16) show epileptic seizures during 5% o f
the time (latency: 181±27 s) and in 25% (4/16) we found theta-like
oscillations during 0.73% o f the recording (latency: 184±29 s) which
appeared exclusive among seizures. Carbachol-induced oscillations in
hippocampal slices resemble epileptogenic activity in behaving rats
and less theta rhythm, probably due to missing medial septal
GABAergic inputs. Supported by the Research Center Jülich, GmbH.

NOOTROPIC (PIRACETAM) ADMINISTRATION ALTERS HOUSING
MEDIATED NEURAL AND BEHAVIOURAL PLASTICITY. Marcella
E . Campbell, S. Rees, K. Grattan, J. Quinn and Matti J .
Saari* . Neuroscience Research Unit, Nipissing
University, 100 College Dr., North Bay, ON, P1B 8L7.
This study examined the behavioural and neuroanatomical
effects of chronic piracetam (Sigma-Aldrich) in rats
housed in enriched or isolated
environments. The drug
was administered daily (75 mg/kg) in the water bottles
of the rats during
the 20 day housing manipulation.
Enriched housing
(EC) consisted of group housing (10
rats per group) in large stainless steel cages
(72 X
72 X 47 cm) scattered with various objects.
The EC rats
were also placed daily into an open field which was
scattered with various objects. The remaining rats were
housed in "isolated" conditions (20 individual metal
hanging cages, 21 X 21 X 28 cm in size, and totally
enclosed except for a wire mesh front). Behavioural
testing revealed a significant Housing by Drug by Day by
Trial effect in the place navigation task.
Although the
drug treatment did not alter the behaviour of the EC rats
the
IC
rats
that
had
received
piracetam
were
significantly poorer at the task than the control
isolated rats. Open field testing revealed a significant
Drug by Housing interaction suggesting that the drug
treatment
abolished housing
induced differences
in
activity.
Morphometry of the Nissl stained brains
revealed the expected housing effects in cortical density
and thickness with significant, area specific housing by
drug
interactions
in
the
cortex
and
hippocampus.
(Support: Nipissing University)
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cGMP-DEPENDENT PROTEIN KINASE FUNCTIONS IN THE
DROSOPHILA LARVAL NEUROMUSCULAR JUNCTION TO REGULATE
NEURONAL CONNECTIVITY AND SYNAPTIC TRANSMISSION.
John J. Renger*1, Marla B. Sokolowski2, and Chun-Fang Wu1
1 Biological Sciences Dept., Univ. of Iowa, Iowa City, IA, USA 52242
2 Biology Dept., York University, North York, Ontario, Canada, M3J 1P3
The fo ra g in g locus in D ro s o p h ila m e la n o g a s te r has been shown to
encode a cGMP-dependent protein kinase, PKG. Two naturally occurring
alleles of this gene confer two sharply distinctive strategies of food
searching behaviors, including the sitter (for(s)) phenotype, and rover
(for(r)) phenotype. A correlation in the level of activity of PKG has been
shown between the sitter (reduced kinase activity) and rover (higher kinase
activity) alleles. To understand the role of this kinase in modulating the
activity of the nervous system of the D ro s o p h ila , we have applied both
immunochemical and physiological techniques to the study of these two
naturally occurring alleles of PKG, as well as to mutants of the PKG gene
which significantly reduce the enzyme's activity and confer a sitter
phenotype onto a rover background. We have found that sitters and PKG
mutants demonstrate leg-shaking behavior under ether-anesthesia similar
to that previously observed in hyper-excitable mutants such as Shaker and
Hyperkinetic. Immunological staining of the larval neuromuscular junctions,
as well as the larval CNS, shows alterations in the connectivity of the
nervous system. Physiological recordings of synaptic currents demonstrate
that the for(s) allele and the sitter mutants show abnormal supernumerary
release following a single stimulus. Interestingly, these anatomical and
physiological phenotypes closely resemble those seen in mutants of
Frequinin, a calcium-binding protein that functions to regulate guanylyl
cyclase. This work is supported by NIH grants to C.-F.W. and NSRCC and
MRCC grants to M.B.S.

E a r l y p o s t n a t a l s o c ia l d e p r iv a t io n l e a d s t o c h a n g e s o f s iz e , m o r p h o l o g y
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A. K. Braun1. B. Michaelis2, A.
Herzog2. W. Schuetze2, J. Wang1. H. Scheich1* 1Federal Institute for Neurobiology,
POB 1860, 39118 Magdeburg, institute for Measurement and Electronics, Ottovon-Guericke-University Magdeburg, Germany
Since domestic chicks can be raised in complete isolation starting immediately
after birth they provide an excellent experimental model to study changes of
synaptic connectivities during and after early postnatal social deprivation. The
principal pathways such as the meso-telencephalic and meso-striatal systems are
strikingly similar in birds and mammals and synaptic changes in relation to juvenile
experience and learning may follow the same rules. Using a newly developed 3-D
image analysis system we analysed changes of size, shape and of the spatial
distribution along the dendrites of neurons in the avian prefrontal cortex analogue
(MNH). We compared 7d old socially isolated (chronic isolation starting from birth)
and in socially experienced age matched control animals. Retrogradely prelabelled
projection neurons (Type I) were intracellularly filled with Lucifer Yellow and
scanned with a confocal laserscan microscope (LEICA). The size, shape and spatial
distribution of spine synapses were quantified on the 3rd and 4th dendritic segments.
Since we found a continuum of spine shapes a classification was achieved by using
2x2 or 3x3 Kohonen maps. Spine volumes in isolated animals were smaller and
spine shapes were less complex compared to social controls, indicating immature
and/or less efficient synaptic connections in deprived animals. Inter-spine distances
showed an infrequent distribution along the dendrite in both animal groups. The
deprived group showed a tendency towards smaller distances, indicating a higher
spine frequency in deprived animals. Our data indicate that social isolation prevents
experience induced synaptic selection and maturation and thereby leads to the
maintenance of an immature network. Supported by the German Science
Foundation grant INKA15/A4 and the State o f Saxony-Anhalt grant 665B/0084.
AND SPATIAL DISTRIBUTION OF DENDRITIC SPINES.
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TYPE V ffl ADENYLYL CYCLASE:
PUTATIVE MOLECULAR
COINCIDENCE DETECTOR FOR IN VITRO (AND BEHAVIORAL)
REINFORCEMENT. L. Stein*, A.D. Lander, B.G.Xue and J.D. Belluzzi.
Department of Pharmacology, College of Medicine, University of California,
Irvine, CA 92697-4625.
The bursting rate of hippocampal CA1 neurons in brain slices may be
reinforced in vitro by locally applied, activity-contingent microinjections of
dopamine or other behaviorally-reinforcing agents. We conceptualize this
phenomenon as a cellular analog of operant conditioning, and assume that it is
based on a novel neuronal plasticity mechanism (termed IVR) that is distinct from
long-term potentiation (LTP). Although calcium-dependent signaling is involved
in both processes, IVR and LTP in the CA1 area apparently depend on different
types of Ca2+ channels-the NMDA channel is required for LTP, whereas the Ltype channel appears to be critical for IVR (Stein, L. J. Exp. Anal. Behav. 67:246253, 1997)*. Furthermore, distinctive “molecular coincidence detectors” seem to
be the key functional components of each plasticity process. In the case of LTP,
the NMDA receptor molecule serves this function, whereas type VIII adenylyl
cyclase is proposed to serve this function for IVR. Type VIII is the only member
of the adenylyl cyclase family that responds synergistically to the temporal
coincidence of elevated intracellular Ca2+ and dopamine D1/D5 activation (via
Gs), and it also exhibits the precise regional and subcellular localization in
hippocampal CA1 dendritic spines required for an IVR molecular coincidence
detector. These hypotheses, taken together, predict that selective deficits in IVR
(but not LTP) will be observed in type VIII gene “knock-out” mice and—viceversa—that selective deficits in LTP but not IVR will be observed in NMDA
receptor gene “knock-outs”. (Supported by NIDA grant DA05107 andNIHgrant
NS36049). *http://www.envmed.rochester.edu/wwwvgl/jeab_articles/jeab_articles.htm

E arly auditory filial learning in degus (Octodon degus): Behavioral and
14C-2-fluoro-deoxyglucose studies. G. Poeggel1. A. K. Braun2* 1Zool. Institute
University Leipzig, Talstr 33, 04103 Leipzig, 2Federal Institute for Neurobiology,
POB 1860, 39008 Magdeburg, FRG
The precocious degu is a model for studies of brain plasticity underlying juvenile
learning processes. Degu mothers utter specific calls to stimulate and reinforce
approach and suckling behavior. Behavioral investigations using open field and Ymaze tests indicate that the pups learn the meaning of the maternal calls during the
first two weeks of life. At the age of 8 and 14 days pups from normally vocalizing
mothers expressed a preference for the maternal call in discrimination tests, in
contrast to pups from surgically muted mothers. In open field tests pups from
normally vocalizing mothers displayed significantly less running activity and
distress vocalization during playback of the familiar and behaviorally meaningful
maternal call. Pups from normally vocalizing mothers showed a significantly higher
gain of body weight during the first two postnatal weeks compared to pups from
surgically muted mothers. Investigation of acoustically evoked brain activation
patterns using the (14C)-2-fluoro-deoxyglucose (2FDG) method revealed that 14 day
old pups from normal mothers display a significantly higher 2FDG uptake in
precentral medial, anterior cingulate cortex and a non-significant increase in the
prelimbic and agranular insular cortex upon presentation of the maternal call,
compared to pups from muted mothers. In cortical regions the difference is not
significant in 8 day old animals, at this age differences in subcortical areas are
detectable. The prefrontal cortical areas are known to be involved in the production
and recognition of conspecific vocalizations as well as in associative learning
processes and our data suggest that they may play a role in the association between
the maternal call and the positive, reinforcing emotional situation during nursing.
Supported by the German Science Foundation grant 522/Po2-l and by the state o f
Saxony-Anha.lt grant 1865A/0025.
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GLUTAMATE UPTAKE IN SELECTIVELY BRED WSP AND WSR
m ic e . J.F .Buckman*, A. Jano.ws.ky and C.K. Meshul. Dept. Behav.
Neurosci., Oregon Health Sci. Univ. and VAMC, Portland, OR 97201.
Withdrawal Seizure-Prone (WSP) and Withdrawal-Seizure Resistant
(WSR) mice were selectively bred, in replicate, to exhibit differences in
their sensitivity to handling-induced convulsions (HICs) during ethanol
(EtOH) withdrawal. Characterizing neurochemical differences that exist
between these lines may elucidate gene products associated with increased
risk for becoming drug dependent (measured by withdrawal) or with
increased susceptibility to convulsions. Both HICs and EtOH withdrawal
are associated with central nervous system hyperexcitability and may re
sult from excessive glutamatergic and/or insufficient GAB Aergic activity.
Evidence that EtOH- and HIC-naive WSP mice display a significantly
higher density of glutamate immunoreactivity within hippocampal nerve
terminals as compared to similarly naive WSR mice has been reported. In
addition, EtOH and convulsive activity have been reported to disrupt
glutamate uptake. Therefore, L-[3H]glutamate uptake was analyzed in
synaptosomes from the hippocampus and somatosensory cortex from
both replicate lines of EtOH- and convulsion-naive WSP and WSR mice.
No significant line differences in the estimates of maximal uptake and
affinity of glutamate for the transporter were observed. This is consistent
with the lack of spontaneous motor convulsions observed in WSP mice
and suggests that, in the naive state, the glutamate transporters function
properly. The vulnerability of synaptosomal L-[3H]glutamate uptake to
disruption by HICs and/or EtOH withdrawal is currently being
investigated in WSP and WSR mice. (Supported by Dept, of Veterans
Affairs and NIAAA Grant 5T32AA07468).

DEMONSTRATION OF SPATIAL LEARNING IN SIBERIAN HAMSTERS
AND OF A MALE/FEMALE DIFFERENCE Frank W. Farkas. Teresa H. Horton*,
and Fred W. Turek Department of Neurobiology and Physiology, Northwestern
University, Evanston, IL 60208
Siberian hamsters (Phodopus sungorus) are widely used to study mechanisms of
photoperiod controlled changes in physiology and reproductive behavior, but have
not been widely used in the study of learning and memory. Recent research with
voles and the garden dormouse indicate that spatial learning may change seasonally
and in response to photoperiod. Because of the central role of Siberian hamsters in
research on photoperiodism, we wish to examine the effects of photoperiod on
spatial learning in this species. However, several of the most common spatial
learning tests used in mice and rats do not work with Siberian hamsters. Since this
species extensively explores novel environments, we measured spatial memory by
quantifying changes in exploratory behavior after a spatial rearrangment of the
objects of a familiar environment. Adult hamsters housed in long photoperiod
(16L:8D) were repeatedly placed in a closed environment with various objects for 5
minutes at a time. The amount of exploratory behavior declined during a series of
three exposures during which the objects remained unchanged. After a spatial
rearrangment of the objects, exploratory behavior increased significantly in males
(p<0.004), suggesting that they detect the spatial changes of the environment.
Females failed to significantly alter their exploratory behavior (p>0.7), extending to
this species the widely reported male/female dichotomy in spatial learning. Further
tests are examining photoperiod-driven changes in spatial memory in both sexes.

98.13
TRANSFER AND RETENTION OF PERCEPTUAL LEARNING
IN TACTILE HYPERACUITY K. Sathian* & A. Zangaladze,

98.14
TACTILE PERCEPTION IN BUND BRAILLE READERS.
A.C. Grant*, M. Thiagarajah, S.J. Chevalier, K. Sathian.

Neurology Dept, Emory University School of Medicine, Atlanta, GA.

Neurology Dept, Emory University School of Medicine, Atlanta, GA.

In contrast to their location-specificity in vision, we found that
perceptual learning effects transfer readily between fingers in tactile
tasks (Sathian & Zangaladze, Percept. Psychophys. 59:119-128,
1997). One such task involved active scanning of the fingerpad
across gratings to discriminate them; another was a spatial acuitydependent discrimination of the orientation of gratings statically
indented into the fingerpad. In order to explore the generalizability of
our previous results, we used a hyperacuity task. Subjects lowered
the fingerpad onto a row of 3 embossed dots (0.2 mm diameter, 2.0
mm center-to-center spacing) aligned along the long axis of the
finger and had to detect the presence of an offset in the position of
the central dot. Ten healthy, right-handed subjects were tested in a
two-alternative forced-choice paradigm. The discrimination threshold
(corresponding to 75% correct performance) for previously naive
subjects, on the right index fingerpad, averaged a little over 0.5 mm
in the first session, dropping to about half this value over a few
training sessions. Learning effects transferred virtually completely to
the left index fingerpad, with initial thresholds at this site being
comparable to the lowest thresholds at the original site and little
further learning ensuing. Retention of learning effects after 6 months
varied between subjects and on average was quite small.

Compared to the sighted, the blind depend more heavily upon
tactile cues. Further, blind Braille readers have unique tactile
experience of a specific type. Yet, no consistent pattern of
differential tactile acuity in blind vs. sighted people has emerged.
We assessed discrimination thresholds in blind Braille readers as
compared to sighted subjects on three different tasks using twoalternative, forced-choice paradigms. One task assessed the ability
to discriminate actively scanned gratings differing in ridge width. In
a second task, which evaluated tactile hyperacuity, subjects lowered
the fingerpad onto a row of 3 embossed dots aligned along the long
axis of the finger and had to detect the presence of an offset in the
position of the central dot. On these two tasks blind subjects
performed within the normal range. In a third task, spatial acuity
was measured as the groove width required to discriminate the
orientation of gratings impressed statically into the immobilized
fingerpad. Blind subjects performed worse with either hand on this
task than sighted controls, perhaps due to a relative inability to use
visual imagery, which is implicated in this task (Sathian et al., Cog.
Neurosci. Abstr. 1997: 90:89). Their performance on this task was
better on the dominant than the non-dominant hand, possibly
reflecting greater use of the former in spatial perception.

(S u p p orte d in p a rt b y a g ra n t from the N IN D S .)

(S u p p orte d in p a rt b y a g ra n t from the N IN D S .)
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EVIDENCE FOR "BLINDSIGHT" IN PATIENTS WITH PARTIAL OPTIC
NERVE LESION AND HOMONYMOUS HEMIANOPIA, S. Wüst. E. Kasten and
B.A. Sabel*. Inst. of Med. Psych., Otto-von-Guericke University, Magdeburg, Germany.
Over the past few decades evidence has been obtained for non-conscious residual
capacaties in perimetricaJly "blind" areas of some patients with field defects. However,
several questions regarding this phenomenon are still unsolved and until now
"blindsight" has been examined only in patients with postchiasmatic lesion.
In the present study 8 patients with postchiasmatic lesion ("POST") and 8 participants
with a incomplete lesion of the optic nerve ("ON") were tested for residual unconscious
vision. We employed two forced-choice tasks (stimulus detection and localization) and a
test for spatial summation between intact and impaired areas of the visual field
(modification of a paradigm introduced by Marzi et al., Neuropsychologia 24: 749, 1986). In
the forced-choice tasks 9 locations in the perimetrically blind field were tested with a
total of 150 trials for each position. In the summation paradigm 3 sets of positions
where investigated with 450 trials per set. The eccentricity of the locations ranged from
10 to 46 degree (horizontal) and from 4 to 40 degree (vertical). All stimuli were
presented on a computer screen and fixation was controlled with a mirror-system.
One POST-patient (at 5 test locations) and 2 ON-patients (at 8 locations and 1
position respectively) showed a detection performance significant above chance. In the
localization task this was also the case for 4 POST-patients (6, 4, 4 locations and 1
location respectively) and 2 NO-patients (8 and 8 test positions). In the summation
paradigm a significant effect was observed in 2 POST-patients (both in 1 set of
positions) and 1 NO-patient (in 2 sets of positions).
These results are the first demonstration of blindsight capacities in patients with optic
nerve lesion. The data are discussed as a indication for the existance of more than one
pathway mediating non-conscious vision after partial damage of the visual system.
[Supported by agrantfrom the State of Sachsen-Anhalt; FKZ: 1882A/0025H]

COMPUTER-BASED VISUAL FIELD TRAINING IMPROVES THE
RECOGNITION OF COLORS AND SIMPLE PATTERNS IN
HEMIANOPIC PATIENTS
E. Kasten1*, W. Behrens-Baumann2 and B. A. Sabel1. Inst. of Med.
Psychology1 & Dept. of Ophthalmology2, Medical Faculty, Otto-vonGuericke University, Leipziger Str. 44, 39120 Magdeburg, Germany.
We recently initiated a double-blind, randomized placebo-controlled trial
with 24 carefully selected patients which had visual field defects. The
patients were randomly assigned to a treatment (restitution-training) or a
placebo group (fixation-training). The treatment consisted of daily hometraining on a computer for 1 hr. over a period of 6 months in which small
visual stimuli were presented on the computer monitor in a subsection of the
visual field extending 15° vertical and 25° horizontal eccentricity. While the
placebo-group experienced a slight decrease in the visual field size, the
treatment group displayed a reliable enlargement of visual field size as
revealed by a significant improvement in the detection of small light stimuli
(p<0.05). We now analyzed the influence of the visual field training on the
patients ability to recognize colors and simple forms. The treatment-group
experienced an 6.3% increase of correctly detected stimuli, a 5.0% increase
of pattern recognition and a 7.7% increase of color recognition in the
defective visual field. In contrast, the placebo group showed a mean decrease
of -2.6% of correctly detected stimuli, -1.4% decrease of pattern recognition
and a small increase of 0.60% of color perception. We conclude that
computer-based visual field training has a generalized effect on other visual
modalities such as color and pattern recognition.
[Supported by Kuratorium ZNS and DFG Sa 433/6-2]

98.17

98.18

CHRONIC VISUAL HALLUCINATIONS AND ILLUSIONS IN THE HEMI
ANOPIC FIELD AFTER CEREBAL DAMAGE - A SINGLE CASE STUDY.
E. M. Muller-Oehring*, E. Kasten, D. A. Poggel & B. A. Sabel. Institute of Med.
Psychology, Medical Faculty, Otto-von-Guericke-Uruversity, Leipziger Str. 44,
39120 Magdeburg, Germany.
Several hours or days after lesion of the visual system, approximately 10-50 % of
patients with homonymous hemianopia experience visual hallucinations and
illusions. These hallucinations last for some seconds or minutes and can be stopped
by eye movements. Usually, the positive spontaneous visual phenomena (PS VP)
disappear after some days or weeks. Although the exact mechanisms of PSVPs are
unknown, observations of patients have shown that some remnants of the visual
field defect seems to be necessary for these symptoms. We present data from a 56year-old male patient who experienced a partial infarction of the Arteriae
occipitalis lateralis and medialis, affecting basal parts of the left occipital and
temporal lobe. Consequently, the patient suffered from a homonymous hemianopia
of the right visual field. Nine months after infarction, the visual field defect had
recovered to a small scotoma. When measured with a Tuebinger automatic
perimeter the field defect reaches from 3° to 10° eccentricity in the upper right
quadrant. Only a very small scotoma of ca. 3° diameter can be observed in simple
light detection tasks with suprathreshold stimuli presented on a computer monitor.
The patient also suffered from simple moving visual hallucinations and complex
coloured illusions e.g. perseveration and polyopia in his upper right quadrant. In
contrast to previous case reports, the PVSPs of our patient have continued unabated
over a period of nine months after infarction. He was able to scan and to draw the
hallucinated images which did not vanish even during eye movements. The
relationship between visual field defects and the phenomenology of PVSPs and
their concurrent recovery are discussed. (Supported by a grant from the State o f
Sachsen-Anhalt; FKZ:820A/8283)

ROLE OF GLUTATHIONE IN MPP+ AND HgCl2 INDUCED TOXICITY IN
CHO CELLS. H. Duhart, S. Hussain*, B. Hass*, W. Slikker Jr and S.F. Ali.
Neurochemistry Laboratory, Division of Neurotoxicology, and +Division of
Reproductive and Developmental Toxicology, National Center for Toxicological
Research/FDA, Jefferson, AR 72079.
Glutathione (GSH), a ubiquitous sulfhydryl compound is known to play an
important role in protecting against the toxicity of various chemicals, drugs and
electrophilic alkalyting agents, radiation and oxidative stress. MPP+ is an active
metabolite of l-methyl-4-phenyl-l,2,3,6 tetrahydro-pyridine (MPTP), a potent
neurotoxicant known to cause selective degeneration of the nigrostriatal dopamine
system by producing reactive oxygen species (ROS) and inhibition of the electron
transport chain in mitochondria. Mercury is also known to cause neurotoxicity by
inducing ROS besides interacting with several key biochemical enzymes. In an effort
to investigate the role of GSH in MPP+ and mercury-induced neurotoxicity, a simple
in vitro model was applied by using a CHO cell line. The normal wild-type CHO cells
were treated with 10 ¿iM buthionine sulfoxamine (BSO) for 16 h to inhibit GSH
synthesis. The normal cells and BSO pretreated cells were treated with 250-1000 μM
MPP+ for 24 hours. The results show that 1 mM MPP+ reduced the viability about
95% in 24 hours. The survival of the cells was dose-dependent. However, GSH
inhibition by BSO did not alter the viability of cells in the presence of 250-1000 μM
MPP+. When GSH inhibited CHO cells were treated with HgCl2, cell survival was
considerably reduced when compared to mercury treatment alone. This indicates that
GSH is playing a role in mercury toxicity but not in MPP+ toxicity. In addition, CHO
cells that over-expressed amplified metallothionein (MT) genes were used to see if MT
(low molecular weight sulfhydryl protein) plays a role in protecting against MPP+.
There was no difference in the viability of MT over-expressed CHO cells compared to
wild type CHO cells. The data suggest that sulfhydryl containing compounds (GSH or
MT) are not protecting against the toxicity of MPP+ in CHO cells and may not be
involved in MPP+-induced neurodegeneration.

98.19
PRESERVED NEURON NUMBER IN THE HIPPOCAMPUS OF
CHRONIC PSYCHOSOCIALLY STRESSED TREE SHREWS.
G.K.Vollmann-Honsdorf, M .J. West and E. Fuchs (SPON: European
Brain and Behaviour Society) German Primate Center, 37077
Gottingen, Germany and University of Aarhus, DK-8000 Aarhus.
In recent years, increasing data have been accumulated showing that
experimental manipulations of circulating glucocorticoid hormones
may influence the survival of pyramidal neurons in the hippocampus
of the adult mammalian brain. In the present study, we investigated the
effect of repeated daily psychosocial stress on the number of
hippocampal neurons in male tree shrews (Tupaia belangeri). Male
tree shrews develop social hierarchies in which subordinates show
constantly elevated urinary glucocorticoid levels. Brain tissue from
subordinate animals exposed to 28 day (lhr/d) of social conflict was
compared with that from nonstressed controls. The unbiased
stereological method of the optical fractionator was used to determine
the mean total number of pyramidal neurons in the hippocampal
subregions CA1 and CA3, and of the granular neurons of the dentate
gyrus. No significant differences in the total number of pyramidal or
granular neurons of subordinate animals and unstressed controls could
be determined. These results suggest that the effects of a natural
stressor such as psychosocial conflict on hippocampal neurons are
different to those resulting from exposure to laboratory stressors (e.g.
restraint stress) or daily glucocorticoid treatment. Supported by the
DFG (Fu 174/10-1).
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TYROSINE HYDROXYLASE- AND AROMATIC L-A MINO A CID D ECARBOXYLASE-

A DAILY RHYTHM OF 5-HT RELEASE IN SYRIAN HAMSTER SCN.
J. David Glass*, Thomas E. Dudley, Gordan Srkalovic, Lisa A. DiNardo.
Dept. Biol. Sci., Kent State Univ., Kent, OH 44242.
Serotonin (5-HT) has been strongly implicated in the regulation of SCN
functions, including photic signaling and circadian clock phase. Despite this
information, little is known concerning the nature o f 5-HT release in the SCN.
Rhythmic daily changes in SCN 5-HT content and metabolite levels have been
reported, but the extent to which these parameters reflect changes in neuronal 5HT release is uncertain. The present study was undertaken to directly assess the
daily profile o f 5-HT output in the SCN of male hamsters using sensitive in vivo
brain microdialysis-HPLC procedures. In the first experiment, the 24 h profile of
5-HT release was characterized in freely-behaving animals under a 14L: 1OD
photoperiod with a microdialysis probe in the lateral margin of the SCN.
Consistent with the profile o f 5-hydroxyindoleacetic acid that we reported
previously, SCN 5-HT output was increased during the early portion o f the dark
phase, with the acrophase (126+13% o f the daily mean; p<0.05 [n=10]) occurring
within 1 h o f lights-off. This rise represented a 47% increase over the nadir
occurring 2 h previously. Output o f 5-HT decreased to day-time levels throughout
the remainder of the dark phase. To confirm the rhythmic nature of 5-HT release,
a second experiment was undertaken where microdialysis was performed over 2
consecutive 24 h light-dark cycles. These animals exhibited two cycles o f 5-HT
output, with each acrophase occurring within an hour of lights-out. There was no
diminution o f 5-HT output over the second 24 h sampling period. These results
confirm a daily rhythm in 5-HT release in the SCN region, with peak output
temporally associated with the light-dark transition. AFOSR F49620-93-0086 and
NIH NS35229 to JDG.

CONTAINING CELLS IN SUPERACHIASMATIC NUCLEUS OF THE SYRIAN
HAMSTER {MESOCRICETUS AURATUS). A n to n io A ., N u n e z * a n d C o lle e n M .

Novak. Department of Psychology and Neuroscience Program, Michigan State
University, East Lansing, MI 48824-1117.
The catecholamines, including dopamine (DA), have been shown to act
on the suprachiasmatic nucleus (SCN) of the hypothalamus and to affect
circadian rhythms. This study examined the distribution of dopaminergic cells
and their processes in the SCN of the male Syrian hamster. Coronal sections
containing the SCN were processed for immunocytochemistry for tyrosine
hydroxylase (TH), the rate-limiting enzyme in DA synthesis, and for aromatic Lamino acid decarboxylase (AADC), another enzyme in the DA synthesis
pathway. Double-label fluorescence immunocytochemistry was also performed
for these enzymes. Many TH-immunopositive (TH+) cell bodies were found
adjacent to the SCN, especially in the area between the two nuclei in the caudal
aspects of the nucleus; 91% of these cells were also immunopositive for AADC.
Some TH+ cells were seen within the SCN, together with many labeled small
caliber fibers. Cells positive for AADC, many of which were not TH+, were
found throughout the SCN, with the highest concentration found along the
ventral border of the nucleus. Cells containing AADC but lacking TH may
synthesize products other than DA, such as trace amines. The area of the SCN
containing more AADC-immunopositive (AADC+) cells also had the highest
concentration of TH+ fibers. These anatomical observations suggest that the
effects of DA on the SCN arid circadian rhythms may be mediated by local
dopmainergic systems, and that trace amines may play a role in SCN function.
(Supported by grants IBN 9514374 and MH 11232)

99.3
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CIRCADIAN DIFFERENCES IN WHEEL-RUNNING- INDUCED 5-HT
RELEASE IN THE SUPRACHIASMATIC NUCLEI. Thomas E. Dudley* and
J. David Glass. Dept. Biol. Sci., Kent State University, Kent, OH 44242.
Serotonin (5-HT) has been implicated in the regulation o f circadian clock phase
and photic entrainment. As behavioral state has been shown to be an important
determinant o f brain 5-HT release, the present study was undertaken to examine
the effects of wheel-running on 5-HT output in the suprachiasmatic nuclear region
(SCN). Microdialysis with HPLC-electrochemical detection was used to measure
in vivo release o f 5-HT in the SCN. Experiments were conducted on Syrian
hamsters entrained to a 14L:10D photoperiod. Output o f 5-HT was increased
(73+ 16%) by local application of KC1 and reduced by omission o f Ca2- from the
perfusate (50+ 10%) or i.p. injection of 5 mg/kg o f the 5-HT1A/7 receptor agonist 8OH-DPAT (62+ 10%;n=4-5/group), indicating that a large proportion of measured
5-HT was o f neuronal origin. Wheel-running experiments consisted o f a 1 h
baseline collection in the home cage, a 3 h collection during confinement to a 14"
running wheel (commencing at ZT 3 [light-phase; n=8] or ZT 19 [dark-phase;
n=7]) and 1 h post-run home cage collection. Microdialysis at ZT 19 was
conducted under total darkness. Running at ZT 3-6 caused a 48+ 16% increase in
5-HT release (p<0.05 vs. baseline) which was positively correlated with running
intensity (p<0.02). Conversely, running at ZT 19-22 caused a 16+4% suppression
o f 5-HT (p<0.05 vs. baseline). In a third experiment, 5-HT release was assessed
in animals that received i.p. injection of 5 mg/kg of the mixed 5-HT2Aautoreceptor
agonist BMY 7378 at ZT 3 or ZT 19. These treatments suppressed 5-HT release
by 22+9% and 46+ 7%, respectively. This difference in drug effect points to a
mechanism whereby the time-dependent effect o f running on 5-HT release in the
SCN may be due to changes in response o f raphe autoreceptors to increases in
central serotonergic tonus. AFOSR F49620-93-0086 and NIH NS35229 to JDG.

SEROTONIN ANTAGONISTS AND AGONISTS FAIL TO MODULATE
ACTIVITY-INDUCED PHASE SHIFTS OF CIRCADIAN RHYTHMS IN SYRIAN
HAMSTERS. M.C.Antle, E.G.Marchant P. Chubaty, L. McHattie, L. Neil. R.E.
Mistlberger*,Psychology, Simon Fraser University, Burnaby, BC V5A 1S6.
Several lines of evidence suggest that scheduled activity may shift circadian rhythms
in mammals in part by serotonin (5HT) afiferents to the suprachiasmatic (SCN)
pacemaker, possibly involving a 5HT7 receptor. To examine this, we attempted to
modulate activity-induced phase shifts with 5HT antagonists and agonists. Syrian
hamsters were subjected to 3 h of running in novel wheels at ZT6 (mid-rest phase).
Shifts were evaluated using an AschoffTypell protocol. Running induced phase
advance shifts of 152 + 13 min; these were not affected by pretreatment with saline
(161 ± 7 min) or the general 5HT antagonist metergoline (i.p., 2mg/kg; 151 + 9 min;
N=12). More specific antagonists with affinity for 5HT7 receptors also failed to
attenuate shifting; ritanserin was ineffective delivered either systemically (2,4 mg/kg)
or by intra-SCN cannula (0,1,2,8 nm/.5 μl), and NAN 190 was ineffective systemically
(5,10 mg/kg). No attenuation was evident in maximum shift size, in shifts at
intermediate running levels, or in the ratio of shift size:wheel revolutions. However, in
some groups, the correlation between running and shift size was weaker than observed
previously. Drug efficacy was demonstrated by modulation of light-induced phase
shifts. Consistent with other studies, NAN 190 potentiated these shifts. A novel
finding was that photic delay shifts were potentiated by intra-SCN ritanserin and
advance shifts were attenuated by systemic metergoline. Preliminary studies with 5HT
agonists demonstrate that systemic pretreatment with fluoxetine (8 mg/kg) or
tiyptophan (150 mg/kg), with or without chronic fluoxetine (8mg/kg/day, 14 days),
does not potentiate activity-induced shifts; no effects were evident in maximum shift
size or shifts at intermediate running levels. While evidence is strong that 5HT can
modulate pacemaker responses to light, the pharmacological to6ls utilized so far have
not revealed a role for 5HT in phase shifts produced by scheduled running. Supported
by NSERC grants to R.E.M.
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PINDOLOL AND PROPRANOLOL ATTENUATE LIGHT-INDUCED PHASE
SHIFTS OF THE CIRCADIAN ACTIVITY RHYTHM IN HAMSTER VIA A
PUTATIVE SEROTONERGIC MECHANISM. E.T. Weber*, RL. Gannon, M.A.
Cagle and M.A. Rea. Biological Rhythms and Integrative Neuroscience Research
Institute, Armstrong Laboratory (CFTO), Brooks AFB, Texas, USA.
In our preliminary studies addressing inhibition of photic phase shifts of hamster
circadian rhythms by 5-HT1 agonists, we found that pindolol, a beta-adrenergic
antagonist with demonstrated activity at 5-HTi receptors, inhibits light-induced
phase shifts of circadian wheel-running rhythms. To determine whether this effect
is a result of action at beta-adrenergic or 5-HT receptors, a screen of clinically
utilized beta-adrenergic antagonists (pindolol, propranolol, metoprolol, and
atenolol, and the experimental compound, ICI-118,551) with varying properties,
including interactions with 5-HT, receptors, sympathomimetic activity, and beta-1
versus beta-2 specificity, was performed as follows. Wheel-running activity was
monitored in male Syrian hamsters (Mesocricetus auratus) maintained under
constant darkness. Animals received i.p. injections of either vehicle or drug (5
mg/kg), 60 minutes prior to 10 minutes of 20 lux white light beginning at either
CT 14 or CT 19 (activity onset = CT 12), then returned to constant darkness.
Animals receiving vehicle injection prior to light stimulation at CT 19
demonstrated phase advances of 98 ± 18 mins (mean ± SEM, n=9). Phase
advances were significantly attenuated by pindolol (28 ± 7 mins, n=10) and
propranolol (45 ± 11 mins, n=7), but not by metoprolol (111 ± 13 mins, n=7),
atenolol (83 ± 15 mins, n=5), or ICI 118,551 (74 ± 12 mins, n=7). Pindolol also
inhibited light-induced phase delays at CT 14 (22 ± 9 mins, n=5 vs. controls, 99 ±
12 mins, n-5). Drugs had no effect when administered without light. From these
results, we assert that pindolol and propranolol attenuate photic phase shifts by
acting as partial agonists at 5-HT1 receptors. This work was supported by the
United States Air Force Office of Scientific Research (AFOSR) 2312CA (MAR).

SEROTONIN
SUPPRESSES GLUTAMATE-INDUCED CALCIUM
ELEVATIONS IN SUPRACHIASMATIC NEURONS JE Quintero and DG
McMahon* Dept. of Physiology, Univ. of Kentucky, Lexington, KY 40536
Two entraining inputs to the suprachiasmatic nucleus (SCN) of the
hypothalamus, the mammalian biological clock, are the glutamate-mediated
retinohypothalamic tract and the serotonin (5-HT)-mediated afferent from the
midbrain raphe nucleus. Previous studies from other laboratories have
demonstrated that serotonin and its agonists can attenuate light-induced
responses in the SCN. Using a dispersed cell culture model, we investigated the
interaction between these two inputs by examining 5HT’s ability to reduce the
glutamate activated calcium increases in individual SCN neurons. Dispersed
cultures were formed after removing the SCN from P3-P5 neonatal rats using
standard techniques. Prior to calcium imaging, we exchanged the growth media
to a HEPES-buffered extracellular solution containing 5μM fiira-2
acetoxymethyl ester and allowed the cultures to incubate for 45 minutes before
washing the solution with fura-2 free extracellular solution and imaging. After
obtaining a baseline level of fluorescence using a 340/380nm excitation ratio, a
bolus of 50μM glutamate was applied and 71/131 cells measured responded to
glutamate with a prolonged increase in the 340/380 fluorescence ratio,
indicating an increase in intracellular calcium concentration. While the cultures
were still in the presence of 50μM glutamate, 200pM 5-HT, lOOμM 8-OH-DPAT
(an agonist for the 5 HT7 and 5HT i a receptor), or 500fiM 8-Br-cAMP (a cAMP
analog) was added. The glutamate-induced elevation in intracellular calcium
concentration was suppressed in 24/57 cells exposed to 5-HT; 3/ 6 exposed to 8OH DP AT; and 5/8 exposed to 8-Br-cAMP. Delivery of vehicle did not reduce
the ratios. Serotonergic inhibition of glutamate responses in SCN neurons may
serve as a cellular mechanism by which raphe input can modulate retinal input
to the SCN. Supported by NIH AG 13426
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5HT RECEPTORS IN THE AGED SCN. J. D. Miller,* D. M. Edgar and M. A
Rea. Dept. of Pharmacology, Texas Tech University HSC, Lubbock, TX 79430,
Dept. of Psychiatry, Stanford University, Stanford, CA 94305 and Brain Research
Institute, Brooks AFB, San Antonio, TX 78235-5301.
Aging is associated with deterioration in behavioral circadian rhythms. Previous
work from our laboratory suggests that the amplitude of the intrinsic oscillator in the
SCN is little affected by aging. However, the phase shift or entrainment mechanism
may be sensitive to age, as has been shown for the photic zeitgeber. Our in vitro
studies have shown that 5HT agonists actually produce a larger phase shift in older
rats. In contrast, phase shifts produced by the second messenger associated with 5HT
in the SCN (cAMP) show no decrement with age. To examine age-related changes at
the 5HT receptors in the SCN, we performed autoradiography on SCN sections from
young (3 mo, n=3) and old (29 mo; n=5) male Wistar rats. Sections (20 μm) through
the SCN of each rat were exposed to 3 nM tritiated8-OH-DPAT alone (total binding),
in the presence of 1 μM 5HT (non-specific binding), 1 μM ritanserin (to mask 5HT7
receptors), or 1 μM pindolol (to mask 5HT1A receptors). Film was apposed to the
sections, exposed for four weeks, developed, and densitometrically quantitated. Under
these conditions, total DPAT binding was depressed by 21% in the old rats vs. the
young rats. The pindolol-sensitive component of total binding (putative 5HT1A
receptors) was 71% in the young and 59% in the old rats. The ritanserin-sensitive
component (putative 5HT7) was 44% in the young and 55% in the old rats. Thus, the
presumed reduction in 5ITl’ innervation in the aged SCN may be compensated by a net
increase in functional adenylate cyclase activity, mediated by a relative increase in
available 5HT receptors positively coupled to the cyclase (5HT7) and a decrease in
receptors negatively coupled to the cyclase (5HT1A). This in turn could explain
exaggerated 5HT phase shifts in the aged SCN in the absence of any change in the
phase shift produced by cAMP analogs. Supported by NIA AG 11084 and AFOSR
2312CA.

THE EFFECT OF AGING ON SEROTONIN1BRECEPTORS IN THE
SUPRACHIASMATIC NUCLEI AND OTHER BRAIN REGIONS.
M.J. Duncan*, C L . Crafton and D.L. Wheeler. Dept. o f Anatomy and
Neurobiology, Univ. o f Kentucky Medical School, Lexington, KY 40536.
Serotonergic agents can reset the circadian pacemaker and inhibit its
response to light. Aging diminishes these effects o f serotonin; the mechanisms
causing these deficits are as yet unknown. The circadian pacemaker in the
suprachiasmatic nuclei (SCN) contains several subtypes o f serotonin (5-HT)
receptors, including the 5-HT1Breceptors which constitute one o f the subtypes
mediating serotonergic inhibition o f light-induced circadian phase shifts. We
hypothesized that aging leads to a decrease in 5-HT1B receptors in the SCN. In
order to quantitate 5-HT1B receptors, autoradiography for [125I]-iodocyanopindolol (Offord et al, JPET 244:144, 1988) was conducted using coronal
tissue sections through the diencephalon o f young (Y, 3 mos, N =7) and middleaged (MA, 12 mos, N=7) male Syrian hamsters. The optical density o f the
autoradiograms was quantitated by image analysis. The results showed that
5-HT] b receptors were mcreased approximately 50% in the SCN o f the MA as
compared to Y hamsters (P<0.05). Statistically significant increases in 5-H T iB
receptors were also observed in the globus pallidus and cingulate cortex, but
not in the frontal cortex or zona incerta. Thus, the age-related loss in
sensitivity o f the circadian timing system to serotonin is not related to a
decrease in 5-HT1B receptors in the SCN. In view o f previous studies
demonstrating that selective destruction o f serotonin neurons increases 5-HT1B
receptors, the present results suggest the possibility that aging leads to
degeneration o f serotonin nerve terminals in the SCN and other regions, e.g.,
globus pallidus and cingulate cortex. (Supported by R01-AGI3418 to MJD.)
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ATP-SENSITIVE K+ CHANNELS AND GLUCOSE-SENSITIVITY IN
HAMSTER SCN NEURONS. A.C. Hall*, R.M. Hoffmaster, E.L. Stern, D. Bickar
and M.E. Harrington. Departments of Psychology and Biology, Smith College,
Northampton, MA 01063.
The suprachiasmatic nucleus in the hypothalamus serves as pacemaker for
mammalian circadian rhythms. Male golden hamsters were housed under a light:
dark cycle of 14:10 h with ZT12 arbitrarily defined as the time of lights off. In a
brain slice preparation we were able to record spontaneous activity from
suprachiasmatic nucleus (SCN) cells for up to four days in vitro, and verify a self
sustained rhythm in firing. The phase of this rhythm was altered by the
concentration of glucose in the bathing medium with time of peak firing advanced
fora 20mM glucose condition (ZT4.3 ± 0.3, n=21) relative to lOmM (ZT6.4 +
0.2, n=17). The advancing effect of 20mM glucose was not maintained during a
second day in vitro after changing the bathing medium to lOmM glucose, thus
indicating the effect was not a permanent phase shift of the underlying oscillation.
In patch-clamp experiments recording in the cell-attached configuration from
acutely dissociated SCN neurons of 7-14 day old hamsters, exchanging the bathing
medium from 20mM to OmM glucose increased K+-selective channel activity.
With inside-out membrane patches we recorded a glybenclamide sensitive K+
channel (190 pS) and a larger conductance (260 pS) Ca2+ -dependent K+ channel
that were both reversibly inhibited by 3mM ATP at the cytoplasmic surface.
In further recordings from the brain slice preparation, ImM TEA (non-selective
K+ channel blocker) was demonstrated to advance pe&k firing time (ZT3.0 ± 0.2,
n=3) in a similar manner to a high concentration of glucose (20mM). We interpret
these results to imply that suprachiasmatic nuclei are sensitive to glucose, most
probably via ATP modulation of potassium channel activity in these neurons.

GAD65 AND GAD67 GENE EXPRESSION IN THE SUPRA
CHIASMATIC NUCLEUS (SCN) OF SYRIAN HAMSTERS
HOUSED IN CONSTANT DARKNESS. K. L. Huhman*1 & H. F.

(This work was supported by NIH grant NS26496.)

Albers2. 2D epart. of Psych. & 2Lab. of Neuroendocrinology & Behavior,
Depts. of Biol. & Psych., Georgia State Univ., Atlanta, GA 30303.
We have previously reported that the relative levels o f mRNA
encoding one of the two isoforms of the synthetic enzyme for GABA,
glutamic acid decarboxylase (GAD65),exhibited a 24 hr rhythm, while
GAD67 mRNA levels did not vary over the light:dark cycle (J. Biol.
Rhythms. 11:311-316). In the present experiment, we measured GAD65
and GAD67 mRNA levels using in situ hybridization histochemistry in the
SCN of 36 adult male, Sprague-Dawley rats that had been housed in
constant darkness for 10 days. Rats exhibiting stable free-running
activity rhythms were killed at 4 hr intervals around the circadian cycle
(with c tl2 arbitrarily defined as the time when the rats began running).
The purpose of the present experiment was to determine if there is a
circadian rhythm in GAD65 and GAD67 mRNA levels in the SCN in
constant darkness. Computerized image analysis of signal density on film
revealed that neither GAD65 nor GAD67 mRNA exhibited a significant
variation (p > 0 .0 5 ) over the circadian cycle. These data suggest that the
rhythmicity in GAD mRNA levels previously reported is dependent on
afferent information about ambient lighting and is not driven by the
circadian pacemaker.
Supported by NS34896 & NS34586
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GABAa AND GABAb AGONISTS MICROINJECTED INTO THE
SUPRACHIASMATIC NUCLEUS (SCN) REDUCE LIGHT-INDUCED
EXPRESSION OF C-FOS. C.F. Gillespie1*, E.M. van der Beek2, and H.E.
Albers1. 1Lab of Neuroendocrinol. & Behav., Depts. of Biology &
Psychology., Georgia State Univ., Atlanta, GA 30303; 2Div. of Human &
Animal Physiology, Dept. Of Animal Science, Agricultural Univ., Haarweg
10, Wageningen 6709 PJ, Netherlands
Exposure to light during the early portion of subjective night induces
expression of the immediate-early gene c-fos in the SCN and causes phase
delays of locomotor rhythms. Previously reported data (Gillespie et al, 1996;
Gilespie et al, 1997) have shown that microinjection of GABAA or GABAB
agonists into the SCN reduces the phase-delaying effect of light on
locomotor rhythms. The present study examined the effects of GABAA and
GABAb agonists on light-induced expression of Fos-like immunoreactivity
within the SCN during early subjective night. Hamsters were implanted
unilaterally with guide cannulae aimed at the SCN region and housed in
constant darkness. Nine days later, hamsters were microinjected with one
of the following: GABAA agonist, muscimol (1.04//g in 100nl 2% DMSO;
Sigma), GABAB agonist, baclofen (1.0/^g in 100nl 2% DMSO; Sigma), or
vehicle (100nl 2% DMSO). Following injection, hamsters were immediately
exposed to a 15 minute pulse of light at an intensity of 120lux. Hamsters
were left in the dark for 45 minutes, killed, and 45/^m thick vibratome
sections of the brain were processed for Fos immunocytochemistry. Cells
were manually counted in each section through the rostro-caudal axis of the
contralateral SCN using a grid. Microinjection of muscimol (p<0.01; 3.91 ±
0.98) or baclofen (p<0.01; 13.7 ± 7.39) significantly reduced Fos expression
within the SCN compared to vehicle (73.2 ± 9.36). These data suggest that
activation of either GABAa or GABAB synapses reduces light-induced
expression of Fos within the SCN.
(Supported by NIH Grant NS34586)

EFFECTS OF GABA AND GABA-RECEPTOR ANTAGONISTS ON
NEURONAL DISCHARGE AND CIRCADIAN RHYTHMICITY IN THE RAT
SUPRACHIASMATIC NUCLEUS IN VITRO. V.K. GribkofF*1, R.L. Pieschl1,
T.A. Wisialowski1, and F.E. Dudek2. 1CNS Drug Discovery, Bristol-Myers Squibb
Pharm. Res. Inst., 5 Res. Parkway, Wallingford, CT 06492 and 2Dept. Anat. and
Neurobiol., Colorado State Univ., Fort Collins, CO 80523.
y-Amino butyric acid (GABA) is an important neurotransmitter in the rodent
suprachiasmatic nucleus (SCN), a primary neuronal substrate for the generation and
regulation of behavioral circadian rhythms. We have used a multi-unit recording
technique employing metal electrodes to simultaneously study the effects of GABA
agonists and antagonists on neuronal discharge rates and the timing of circadian
rhythms in slices of rat SCN. Application of GABA to the SCN during the
subjective night (CT 17.5-18.5) or subjective day (CT 5.5-6.5) produced
concentration-dependent inhibition which was maximal (70-80% of control) at
[GABA]>1.0 mM. The GABAa receptor agonist muscimol produced potent
inhibition, w ith maximal inhibition (=95% and 70%) obtained for both day and night
application at 10 μ.M, respectively; when applied during the day, muscimol (10 μM;
CT 5.5-6.5) had no effect on the timing of subsequent firing peaks. Application of the
GABAa antagonist bicuculline produced large increases in firing rates when applied
during both the day and the night; when applied at night, bicuculline (25 μM; CT
18-19) had no effect on circadian rhythm. Application of a combination of GABAa
(bicuculline), GABAb (phaclofen), and GABAa,c (picrotoxin) receptor antagonists (25
μM each at CT 18rl9) produced a phase advance in the firing peak on day 2 (=1.5 hr),
and large increases in discharge when applied during the day or night. When the
application of bicuculline or the combination of antagonists was maintained for 12-16
hr starting at night, rhythmic discharge was maintained. These data indicate that
GABA has similar effects on neuronal function in the SCN during both the subjective
day and night, and the effects of GABA antagonists confirm that tonic GABAergic
inhibition contributes both to the rate of cell firing and possibly to the timing of
circadian rhythms in the SCN.
FED2 was supported by the AFOSR.
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RYANODINE RECEPTORS MEDIATE GLUTAMATE-INDUCED PHASE
DELAYS OF CIRCADIAN RHYTHMS IN RAT SCN. J. M. Ding*, G. F.

mGluR MODULATION OF GLUTAMATE RESPONSES IN
SUPRACHIASMATIC NUCLEUS IN VITRO A N D IN VIVO

Buchanan, S. A. Tischkau, and M. U. Gillette. Depts. of Cell & Structural
Biology, Physiology, and Neurosci. Program, Univ. of Illinois, Urbana, IL 61801.
The suprachiasmatic nucleus (SCN) of the hypothalamus is the endogenous
circadian clock in the mammalian brain. Light synchronizes this clock to the
environment by daily adjustments in the phase of the circadian oscillation. The
direction and magnitude of the phase resetting depend upon the circadian time
of the light stimulus. Light is transmitted to the SCN by glutamate (Glu)
release from the retinohypothalamic tract Using a brain slice preparation, the
phase of the circadian rhythm can be determined by measuring the time-of-peak
of the neuronal activity of the SCN. We have previously established that direct
application of Glu to the SCN induces the biphasic, light-like phase shifts (Ding
et al., Science, 1994). We are investigating the cell signaling elements mediating
photic entrainment downstream of Glu. KT5823, a specific PKG inhibitor,
blocked the Glu-induced phase advances at CT 20, but did not prevent the Gluinduced phase delays at CT 14. In contrast, dantrolene and ruthenium red,
inhibitors of the intracellular calcium channel lyanodine receptor (RyR), each
blocked the Glu-induced phase delays at CT 14, but did not prevent the Gluinduced phase advances at CT 20. Caffeine, FK506, and rapamycin, activators
of the RyR, each induced phase delays at CT 14 in a dose dependent manner,
but had no effect on phase at CTs 6 or 20. In addition, the brain type RyR and
its modulator FKBP12 were both detected immunocytochemically in the rat
SCN. These data suggest that the diametric directions of circadian rtiythm
phase resetting by light are regulated by different signal transduction
mechanisms. In the late night, phase delay involves a PKG-dependent pathway,
whereas in the early night, phase advance is mediated via an intracellular
calcium channel RyR. (Supported by NIH NS33240).

L.L. Haak1*, E.M. Mintz2, H.C. Heller1, H.E. Albers2, A. N. van den Pol3
1Neurosciences Program, DeptBiological Sciences, Stanford Univ., Stanford,
CA, 94305,2Dept. Biology, Georgia State Univ., Atlanta, GA 30303, and
3Dept. Neurosurgery, Yale Med. School, New Haven CT 06520.
Glutamate is thought to transmit photic information from the retina to the
suprachiasmatic nucleus (SCN). While ionotropic glutamate receptors
(iGluRs) mediate the effects of light in SCN cells, metabotropic glutamate
receptors (mGluRs) may play a significant modulatory role. To investigate
mGluR modulation of SCN responses to glutamate, we used fura-2 digital
calcium imaging in SCN explant cultures and phase-shifting protocols in
Syrian hamsters. NMDA- and kainate-evoked calcium rises were inhibited
by the type I/II mGluR agonists t-ACPD and L-CCG-I. The transduction
pathway regulating calcium appears to involve mGluR inhibition of cAMP
levels and subsequent inhibition of L-type voltage-activated calcium
channels (VACCs). mGluR activation of PKC may modulate kainate-evoked
calcium responses independent of VACCs. To test w hether mGluRs
modulate the circadian system, we investigated the effects of the mGluR
agonist t-ACPD on light-evoked phase responses in Syrian hamsters at
three phase points: CT6, when light has no effect on the circadian timing
system; CT13.5, when light evokes the maximum phase delay; and CT19,
the maximum phase advance. We found that t-ACPD (1.5 mM) significantly
(p<0.01) modulated the light-evoked phase shift at CT13.5, and had no
effect at the other phase points tested. Together, these results indicate that
mGluRs modulate circadian clock responses to light and provide a potential
cellular transduction pathway for these effects. NIH MH17047-15, NS09927,
NS34586 and AFOSR.

99.15

99.16

THE CIRCADIAN . SYSTEM OF MICE LACKING THE
METABOTROPIC GLUTAMATE RECEPTOR 5 D, Walters and M.
R. Ralph*, Departments of Zoology and Psychology, University of
T oronto, T oronto, M5S 1A 1, Canada.
Current evidence indicates the primary neurotransmitter mediating
photic entrainment of circadian rhythms to environmental light cycles is
glutamate, acting via both ionotropic and metabotropic receptors in the
suprachiamatic nucleus (SCN). Immunocytochemical studies show the
presence of two metabotropic subtypes, mGluRl and mGluR5, within
the SCN. To investigate the potential role of one of these receptors,
mGluR5, we have examined circadian rhythms of locomotor activity in
a line of gene-targeted mice lacking the mGluR5 locus (-/-) as well as
wild-type (+/+) and heterozygous (+/-) control litter mates.
Mutants (-/-) demonstrated more stable (predictable) onset times,
more consolidated activity, more overall activity, and shorter freerunning periods in constant conditions compared with (+/+) and (+/-)
controls. In entrained conditions (LighfcDark 12hours:12hours), there
were no phase angle differences among the genotypes. However, (-/-)
animals again exhibited more consolidated activity and more overall
activity compared to (+/+) and (+/-) controls.
Two hypotheses are consistent with these results: (1) mGluR5 may
transduce modulatory influences on the clock or its output or (2) linked
genetic loci may participate in determining daily patterns of locomotor
activity. The second hypothesis is strengthened by the fact that the
behavioral patterns of -/- and +/+ animals are similar to those of the 129
and CD-I background strains, respectively. Supported by NSERC
(Canada).

EXCITOTOXIC INFUSIONS OF GLUTAMATE AGONISTS
DISRUPT CIRCADIAN RHYTHMICITY IN RATS. D. N. Bryant*
and M.-T. Romero. Psychology Dept. State University of New
York at Binghamton, Binghamton, NY. 13902

99.17
EFFECTS OF NMDA RECEPTOR BLOCKADE ON LIGHT-INDUCED AND
SPONTANEOUS CIRCADIAN EXPRESSION OF junB mRNA IN THE
SUPRACHIASMATIC NUCLEUS (SCN) OF HAMSTERS. M.E. Guido*, L. de
Guido, D. Goguen, H.A. Robertson and B. Rusak. Depts. of Psychology,
Pharmacology and Psychiatry, Dalhousie University, Halifax, NS, Canada B3H
4JI.
Expression of the immediate-early gene junB in the Syrian hamster SCN is
regulated by two separate mechanisms controlled by an endogenous circadian
clock. One is activated by a nocturnal light pulse and causes increased gene
expression throughout the SCN. The other is activated near subjective dawn in
constant darkness and induces gene expression primarily in the dorsomedial
SCN. To assess the role of NMDA receptor activation in both the light-evoked
and spontaneous expression of JunB, we treated hamsters with MK-801, a non
competitive NMDA receptor antagonist, and assessed levels of junB transcripts
by in situ hybridization. Animals maintained for 48 h in constant darkness were
injected with MK-801 (3 mg/kg, i.p.) or saline 10 min before the beginning of the
projected day; one group was exposed to a 30 min light pulse while another was
maintained in darkness. MK-801 blocked light-evoked expression of junB
mRNA in the ventral SCN but did not substantially alter either photic induction
or spontaneous expression in cells of the dorsal SCN. O ur findings indicate that
independent mechanisms regulate levels of junB mRNA in dorsal and ventral
portions of the SCN. Activation of NMDA receptors may be required to mediate
photic input to the ventral SCN, but it is not required for dorsal SCN cells to
show either photic regulation of gene expression or spontaneous circadian
oscillations of junB mRNA levels.
Supported by the MRC of Canada (MA8929; MT10644).
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Glutamate is the primary neurotransmitter of the retino
hypothalamic tract (Castel et al., European J. Neurosci., 5: 368,
1993) and glutamate receptor subtypes have been localized to the
suprachiasmatic nucleus (SCN) (Meeker et al., Endocrin., 134: 621,
1994). The purpose of this experiment was to determine whether
excitotoxic infusions of glutamate agonists into the SCN disrupt
entrainment and/or endogenous rhythmicity. Each of the following
glutamate receptor agonists: s-amino(3-hydroxy-5 methyl-4 yl)
propionic acid (AMPA), Ibotenic acid, n-methyl-D-aspartic acid
(NMDA), Quisqualate, and Quinolinic acid, in toxic doses, were infused
into the SCN of adult male rats and the long-term behavioral and
anatomical correlates were examined. Most of the agonists produced
temporary arrhythmicity, lasting 2-7 days. NMDA, Quinolinic acid,
and Quisqualate permanently disrupted endogenous rhythmicity in
some animals. NMDA and Ibotenic acid-lesioned animals exhibited
disinhibition of activity during the inactive phase of the LD and DD
cycle. Peptide immunocytochemical analysis revealed only partial
damage to the SCN in most cases. The SCN was completely ablated in
three arrhythmic animals by Quisqualate (n=1) and Quinolinate
(n=2). This study provides further evidence that glutamate receptors
are part of the endogenous timekeeping mechanism within the SCN.
Supported by a Clark Fellowship (DNB) and by the Research
Foundation of SUNY (MTR).

99.18
C O M PA RISON O F TH E DISTRIBUTION O F G LUTAM INE
SYNTHETASE AND G LIA L FIB R ILLA R Y A C IDIC PRO T EIN IN
TH E MOUSE SCN ASTROGLIA H. Shen*1, M. W atanabel & J. D. Glass*,
1D ept. o f Biological Sciences, Kent State Univ., Kent, OH 44242,2 Division
o f Pediatric Cardiology, Dept, o f Pediatrics, Rainbow Babies & Children
Hospital, Case Western Reserve Univ., Cleveland, OH 44106.
There is increasing evidence for a role o f astrocytes in the functioning o f
mammalian circadian clock located in the suprachiasmatic nuclei (SCN). The
present immunocytochemical analysis compared the distribution o f two
astrocytic markers, glutamine synthetase (GS; an astrocyte-specific enzyme for
glutamate degradation) and glial fibrillary acidic protein (GFAP) in the SCN
at the light and electron microscopic levels. At the light level, intense GFAP
immunolabeling was configured as asteroidal or irregular branches that were
primarily confined to the SCN. In contrast, GS labeling was widely distributed
in the SCN in a meshwork pattern which extended to the surrounding
hypothalamus. At the ultrastructural level, GFAP expression was associated
with glial filaments within astroglial somas and thick branches, In comparison,
GS expression was evident not only in astroglial somas and thick branches, but
also in fine astroglial processes which delineated tightly packed neuronal
somas and neuropil. GS-immunoreactive glial processes were also associated
with synaptic junctions. These results are cytochemical evidence for the
presence o f GS in fine glial processes that are in intimate association with
neuronal elements, including synaptic complexes. Thus, GS is a potentially
important marker for the study o f circadian related aspects o f SCN glial
elements involved in regulating glutamate turnover as well as cell-cell
communication. Supported by AFOSR grant F49620-93-0086 to J.D.G.
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EFFECTS OF 192 IgG-SAPORIN IMMUNOTOXIN AND BINOCULAR
ENUCLEATION ON p75 NEUROTROPHIN RECEPTOR- AND VIPIMMUNOREACTIVITY IN THE RAT SUPRACHIASMATIC NUCLEUS.
M. M. Moga*. Dept. Anatomy, Indiana Univ. School of Medicine,
Terre Haute, IN 47809
The suprachiasmatic nucleus (SCN) in the rat contains a dense
plexus of p75 neurotrophin receptor (p75NTR).jmmunoreactive
(-ir) cells and fibers (Sofroniew et al., 1989; Yan and Johnson,
1989; Pioro and Cuello, 1990; Talamini and Aloe, 1993). In the
SCN, p7 5 NTR is colocalized with vasoactive intestinal polypeptide
(VIP) (Kiss et al., 1993). In the present study,192 IgG-saporin
was injected into the third ventricle of rats to determine whether
this immunotoxin could selectively lesion the VIP-ir cell
population in the ventral SCN. 192 IgG-saporin abolished all of
the p75NTR-ir, but only part of the VIP-ir, in the SCN. The
pattern of VIP-ir remaining in the SCN was similar to that
reported after eye enucleation (Laemle, 1992), with the greatest
loss of VIP-ir cells occurring in the lateral part of the ventral
SCN. In a second series of experiments, rats received binocular
enucleations. 2-6 weeks following enucleation, p75NTR- and VIPimmunostaining in the SCN was largely intact. Six months post
enucleation, a complete loss of p7 5 NTR-ir in the SCN was
observed. Additional experiments will determine the timeframe of
p75NTR-ir loss in the SCN following enucleation. Supported by
Indiana Univ. School of Medicine.

NEUROETHOLOGY: SONG CONTROL SYSTEM
100.1

100.2

R IG HT-SID E H Y PO G L O SSA L D O M IN A N C E F O R V O CA L
PRO D U CTIO N IN A SPECIES O F ESTR IL D ID FINCH ES, THE
STAR FIN C H {NEOCHM IA RU FICAU D A). K. O kanova* D ept. o f
Cognitive & Info. Sci., Faculty o f Letters, Chiba University, Chiba 263
JAPAN.
The side o f dominance for the vocal control w as examined in the star
finch, an Australian estrildine species, by unilateral tracheosyringeal (ts)
nerve section. Cutting the right ts , nerve im mediately lowered
fundamental frequencies o f the vocalizations including distance calls and
songs by more than one octave. M ost song notes lost frequency
modullations seen pre-operatively. N arrow -banded notes usually
increased bandwidths. In addition, syntactical organization o f the song
changed after this operation. Cutting the left ts nerve did not cause
phonological deterioration, but the syntactical re-organization o f the song
occurred. Thus, while both sides o f ts nerve contribute equally for
conveying proprioceptive information, right side is dominant over the left
for the control o f phonation in this species. T he star finch is a unique
“right-hander” among songbirds besides the zebra finch. Since tw o o f the
Asian species o f Estrildid finches (the Bengalese finch and Rice Sparrow)
are known to be “left-handers”, the side o f dominance in hypoglossal
control may be related taxonomic grouping in Estrildid finches. Work
supported by PRESTO , Japan Science and Technology Corporation.

M U S C U L A R C O N T R O L A N D B IO M E C H A N IC S O F TH E S O N G 
B IR D SY R IN X . O .N . Larsen* and F. G o ller. Indiana U niversity School
o f M edicine, B lo o m ington, IN 47405, U SA
In songbirds the vocal organ, the syrinx, is co n tro lled by six bilateral
m uscles, th e fu nctional roles o f w h ich h ave b een studied indirectly, b ut
no t directly. W e film ed the syrinx w ith an en doscope w hile electrically
stim u latin g in d ividual in trinsic m uscles o n one side. C o ntraction o f m.
tra ch eo b ro n ch ia lis ventralis w ithdraw s the ipsilateral lateral labium
(LL) from th e bro n ch ial lum en and th erefo re increases syringeal aper
ture. U pon stim u latio n o f th e lateral portio n s o f the dorsal m uscles, LL
is m o v ed into the syringeal lu m en by ro tatio n o f th e th ird syringeal car
tilage. T he m edial lab iu m (M L) is also slightly draw n into th e bronchial
lum en, such th at at hig h stim u latio n intensity th e ipsilateral side o f the
syrinx is alm o st fully closed. S tim ulating the largest syringeal m uscle,
m. syrin g ea lis ventralis, does n o t affect the syringeal valve, b ut causes
slig h t m o v em en t o f M L alo n g th e ro stro cau d al ax is, w h ich is consistent
w ith its pro p o sed role o f reg u latin g th e ten sio n o f th e sound generating
structure. C o ntraction o f the m ed ial p o rtio n o f the dorsal m uscles
causes a slig h t ro tatio n o f M L w h ich d raw s it p artially into the syringeal
lu m en an d m ay also co ntribute to reg u latin g ten sio n o f vib ratin g stru c
tures. T h ese results largely co n firm th e p ro p o sed roles o f individual
syringeal m uscles from electrom yographic- studies and p rovide som e
n ew ev id en ce fo r a sig n ifican t role o f the m ed ial lab ia in the fine control
o f song production. (S u p p o rted by D N R F , A PA R T , N IH , and N SF )

100.3

100.4

VOCAL GESTURES OF SHARED SYLLABLE TYPES IN
CARDINALS. F. Goller* and R. A. Suthers. School of Medicine,
Indiana University, Bloomington, IN 47405, USA.
In songbirds, songs are learned by memorization and copying of
tutor song and such copies can be remarkably accurate. However, it
is not known whether acoustic similarity is generated by equally
similar vocal gestures. We studied syringeal and respiratory motor
patterns of syllable types shared by up to 6 individual cardinals
(Cardinalis cardinalis) by recording bilateral bronchial airflow,
subsyringeal air sac pressure, and acoustic output. The differential
contribution of the two sides of the syrinx to individual syllable types
(high frequency generated on the right, low frequency on the left) is
present in all cardinals. The most frequently shared syllable types are
generated predominantly in the left syrinx. Although the duration of
syllables may be somewhat variable, the patterns of air sac pressure
and bilateral airflow are remarkably similar between different
individuals. Small differences can be found in the presence or
duration of brief airflow through the right side of the syrinx. Less
accuracy in the acoustic copy is generally accompanied by lower
similarity in the motor patterns. These results suggest that copying
song syllables is achieved by precise copying of motor gestures.
They further indicate that physical limitations may put constraints on
the combination of motor gestures that can generate a given sound.
Supported by NIH, NSF, and APART.

INSPIRATORY MUSCLE ACTIVITY DURING SINGING IN ZEBRA
FINCHES AND COWBIRDS. L M . Wild* , F. Goller. and RA ..Suthe r s .
D e p t. o f A natom y, Univ. o f A uckland, N .Z ., and M edical Sciences
P rogram , Indiana U niv., B loom ington, IN 47405.
Singing is produced by an intricate coordination o f vocal (syringeal) and
resp irato ry muscles. E xp irato ry m uscle activity is associated w ith the
production o f notes and syllables, w hich are separated by silent intervals,
negative air sac pressure, and inspiratory air flow. In o rd er to study the
m uscular basis o f these m inibreaths, and th e pattern o f activity in
inspiratory m uscles during song, w e reco rd ed com binations o f EM G s
from M . scalenus, M . levatores costarum , and abdom inal expiratory
m u scles, to g e th er w ith air sac p ressu re and tracheal air flow during
singing. D uring quiet respiration small am plitude E M G s in M . scalenus
and the levator are correlated w ith inspirations and alternate w ith E M G s
in ex p irato ry m uscles. D uring song in b o th species th ere is a discrete,
high am plitude pulse in M . scalenus associated w ith each m inibreath, and
likew ise from th e lev ato r in cow bird, b u t neither m uscle is active during
ph o n atio n . This suggests th at th ese inspiratory m uscles in birds do not
brake expiration during song. In th e cow bird th ere w as also a ~ 1 .4 m sec
period o f slowly augm enting activity in M . scalenus and th e levator prior
to song, w hich w as correlated w ith th e initial part o f th e visual display
d u rin g w hich th e head and neck feathers are raised, b u t not w ith m ore
vigorous parts o f the display. Supported by N IH N S 2 9467 and N S F IB N
9411191 (R A S) and A PA R T (FG )
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MOTOR CONTROL OF CRYSTALLIZED SONG IS MODIFIED BY
SENSORY FEEDBACK. R. A. Suthers1*, F. Goller1 and J. M. Wild2,
1Sch. of Med., Prog, for Neuroscience and Center for the Integrative
Study of Animal Behavior, Indiana Univ., Bloomington, IN 47405;
2Dept. Anat, Univ. of Auckland Sch. of Med., Auckland, N. Z.
Song production requires precisely coordinated activity in the
respiratory and syringeal (vocal organ) muscles. Crystallized adult
song is characterized by acoustic and motor stereotypy which does not
require auditory feedback, suggesting it is represented by fixed central
motor programs. To determine if this adult motor pattern is modulated
by sensory feedback, we briefly increased the respiratory pressure by
injecting short (10 - 30 ms) puffs of air through a cannula into a
cranial thoracic air sac of singing, adult male cardinals (Cardinalis
cardinalis), while monitoring air sac pressure, the rate of airflow
through each bronchus and the electromyogram (EMG) of abdominal
expiratory muscles. Air injection during a syllable is accompanied by
a compensatory decrease in the amplitude of the expiratory EMG
during that syllable, unless the injection occurs late in the syllable.
Imposition of a positive air sac pressure during trilled phrases alters
airflow during the normally inspiratory intervals between syllables, but
does not affect the temporal respiratory rhythm or airflow during
phonation. Mechanoreceptive or auditory feedback during phonation
may stabilize the rate of syringeal airflow. Supported by NIH, NSF
& APART.
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100.6
STRUCTURE AND VARIABILITY OF BIRDSONG CHARACTERIZED USING
NOVEL SPECTRAL TECHNIQUES, C.E. Ho1, B. Pesaran1, M.S. Fee2, and P.P.
Mitra*1,2 , 1California Institute of Technology, Pasadena, CA 91125, 2Bell
Laboratories, Lucent Technologies, Murray Hill, NJ 07974
Acoustic waveforms constituting birdsong are normally characterized using a
moving spectrum which in turn is computed by a windowed Fourier transform. This
wo^ks well if the song elements are simple, e.g. whistled song. However, in cases
where the acoustic signal is spectrally complex and rapidly changing, for example in
zebra finch songs, a simple moving spectrum is not optimal. We use harmonic
analysis, in particular Thomson’s multitaper methods, to obtain mixed spectral
estimates where the spectrum is represented as a sum of continuous and discrete
components. We find that the acoustic structure of even ‘noisy’ song notes is well
described by a small number of discrete components. Thus, with this technique robust
spectral estimation can be done on considerably shorter segments of signal than
possible with conventional methods.
Furthermore, based on multitaper methods, we introduce a set of measures
that we find to be useful in studying the variability of song elements and their
automated segmentation and classification. These measures include a robust pitch
estimator, a measure of signal periodicity, a measure of spectral compactness of the
signal based on the Wiener entropy (i.e. the geometric mean of the spectrum divided
by the arithmetic mean), as well as derivatives of the spectrum. We show that some of
these spectral measures are considerably more reliable for song classification than
spectral shape. (Internal funding: Caltech and Lucent Technologies, C.E. Ho is
supported by a Powell Fellowship.)

100.7

100.8

DIRECT MEASUREMENT OF THE LINEAR AND NONLINEAR MECHANICAL
PROPERTIES OF THE SYRINX. M. S. F e e * 1, B. Pesaran2 , and P. P. Mitra12 ,
1Bell Laboratories, Lucent Technologies, Murray Hill, NJ 07974, and California
Institute of Technology, Pasadena, CA 91125.
In a larger program of understanding avian vocal motor control and learning,
it is essential to elucidate the basic mechanisms of sound production in the vocal
organ. Yet the simplest physical properties of the syrinx remain largely unknown. To
address this problem we have measured the frequency response of the labium internum
and the medial tympaniform membranes in the syringes of zebra finches and canaries.
The syrinx was excised and driven by a frequency swept acoustic pressure wave
through the trachea. Vibrations of the membrane were measured using a laser
interferometer with a -0.1 nm sensitivity. The sound pressure behind the medial
membranes was measured with a calibrated probe microphone placed through the
contralateral bronchus. The frequency response was measured at 10-20 different
positions, giving a detailed picture of the linear vibrational modes of these coupled
membranes. Nonlinear properties of the membranes were determined by measuring the
linear response at several superimposed static pressures. The relatively thick labium
internum shows a narrrow mechanical resonance at -1kHz, typical of the periodicity
of harmonic notes, and a series of higher vibrational modes. The medial tympaniform
membrane, in contrast, has a relatively flat frequency response, bringing into question
its importance in shaping the spectrum of the generated sounds, as has previously been
supposed. We thus propose that the heavier labium internum is a critical anatomical
structure determining the oscillatory state of the syrinx. We are currently developing a
detailed numerical model to test the idea that the coupling of the Bernoulli forces to
the lowest vibrational mode of this membrane produces the harmonic notes, while a
coupling of these driving forces to a higher vibrational mode produces the whistled
notes. Such a mechanism would allow the syrinx to make extremely rapid transitions
between harmonic notes and whistled notes, such as those observed in zebra finch
song. (Funded by Lucent Technologies, B.P. is supported by a Sloan Fellowship.)

INTERHEMISPHERIC SYNCHRONIZATION OF VOCAL PREMOTOR
ACTIVITY IN SONGBIRDS. Marc F. Schmidt.* Division of Biology,
California Institute of Technology, Pasadena, CA 91125.
Songbirds have evolved an elaborate set of song control nuclei to enable
them to sing complex learned vocalizations. These nuclei are bilaterally
symmetrical and show no obvious anatomical specialization between
hemispheres even though song production has been suggested to show
hemispheric dominance. While the role of such bilateral symmetry, and
possible lateralization, is not known, it is clear that song production requires
some degree o f bilateral coordination since individual sides o f the syrinx
(avian vocal organ) can produce distinct but coordinated sounds. To
investigate the relationship between vocal pre-motor activity in each
hemisphere, I have simultaneously recorded neural activity in HVc from both
hemispheres in awake singing adult male zebra finches. In all cases observed,
neural activity in HVc during singing (as well as calls and chirps) showed a
strong linear correlation between the left and right HVc implying that pre
motor control of vocalization always involves the simultaneous activation of
both hemispheres. A striking feature of these data was the precision of onset
and offset of pre-motor activity bursts suggesting a synchronization between
both hemispheres. Cross-correlations analyses confirmed this observation.
Neural activity between both hemispheres being significantly correlated with
a time lag of only 0.2 ± 0.7 msec. Because no known direct interhemispheric
connections exist between HVc, or any other forebrain song nucleus, this
short time lag suggests that the left and right HVc receive a common
synchronizing input. Potential sources for such input include bilateral
midbrain vocal areas. This work was supported by NIH grant R03D C 03041.

100.9

100.10

BILATERAL FEEDBACK PROJECTIONS TO THE FOREBRAIN IN THE
SONG PREM OTOR NETW ORK OF ZEBRA FINCHES. E. T. Vu*1 and G.
F. Striedter2. 1Div. o f Neurobiology, Barrow Neurological Inst., Phoenix, AZ
85013 & 2Dcpt. o f Psychobiology, Univ. o f California, Irvine, CA 92697.
A discrete neural circuit mediates the production o f learned vocalizations in
oscine songbirds. Although this circuit includes some bilateral pathways at
midbrain and medullary levels, the forebrain components o f the song control
network are not directly connected across the midline. There have been no
previous reports o f bilateral projections from medullary and midbrain vocal
control nuclei back to the forebrain song system, but the existence o f such
bilateral corollary discharge pathways was strongly suggested by the recent
observation that unilateral stimulation o f the High Vocal Center (HVC) in the
forebrain during singing leads to a rapid readjustment o f premotor activity in
the contralateral HVC (Vu et al., Soc. Neurosci. Abs. 22:151, 1996).
In the present study, we used neuroanatomical tracers to demonstrate bilateral
projections from (1) the dorsomedial intercollicular nucleus (DM), a midbrain
vocal control region, to nucleus uvaeformis (Uva), and (2) from the rostral
ventrolateral medulla (RVL), which may control respiratory aspects o f
vocalization, to Uva. Both DM and RVL receive descending projections from
the forebrain song nucleus robustus archistriatalis, and Uva projects directly to
the forebrain song nuclei interfacialis and HVC. W e propose that the bilateral
projections from DM and RVL to Uva function to coordinate the two
hemispheres during singing and to convey internal feedback o f prcmotor signals
to the forebrain in young birds that are learning to sing.
Supported by NIH MH57065 (EV), NSF IBN9604299 (GS), and Alfred P. Sloan
fellowships (GS & EV).

AUDITORY AND VOCALIZATION RELATED ACTIVITY IN THE VO
CAL CONTROL SYSTEM OF BUDGERIGARS. T. K. Plummer* and G. F.
Striedter. D ept. of Psychobiology, Univ. of Calif., Irvine, CA 92697.
A dult budgerigars provide a good model of vocal plasticity due to their
ability to im itate novel sounds. The frontal neostriatum (NF1) has been
identified as a potential region for auditory feedback that m ight facilitate
vocal learning. Anatomical studies show ed that NF1 receives afferents
from the auditory nucleus basalis (Bas), and that NF1 projects to nuclei
which synapse on vocal control centers. In this study w e provide physi
ological evidence for auditory and vocalization related activity in NF1.
Chronic recordings of neurons in NF1 exhibit different firing patterns when
the budgerigar is producing calls as opposed to passively listening. This
is true even w hen the auditory stim ulus is a playback of its ow n call.
W hen the bird receives auditory stimuli, neural activity in NF1 shows a
characteristic delay and falls to baseline w hen the stim ulus ends. H ow 
ever, w hen the bird vocalizes, a variety of unique neuronal patterns were
observed. These include increased activity preceding vocalization, post
vocalization inhibition, and prolonged post-inhibitory activity. These data
suggest that NF1 is a possible site of auditory and vocal m otor interac
tion, and thus may play a significant role in providing auditory feedback
to vocal control centers. Bilateral excitotoxic lesions of Bas indicate that
this nucleus is not required for the production or maintenance of vocal
izations already learned. W hether lesions of Bas or NF1 interfere w ith
the learning of new vocalizations is currently under investigation. Sup
ported by a training grant fellowship (#MH14599-21) to T.P., and a Sloan
fellowship and N IH grant (#DC03223) to G.S.
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100.11

100.12

AUDITORY RESPONSES IN SONGBIRD NUCLEUS HVc TO SONGS DELETED
DURING LEARNING. G. E. Hough 11* and S. F. Volman. Department of Zoology,
Ohio State University, Columbus, OH 43210.
Auditory neurons in the songbird nucleus HVc respond most strongly to a bird's
individual learned song (e.g., Margoliash '83, ‘86). This selectivity arises during the
"plastic" period of song learning, when juvenile birds match their vocalizations to
memorized tutor songs (Volman, ’93). The function of these responses in adult birds
is unknown: they may be involved in specialized aspects of song perception and/or in
maintaining stereotyped song production. White-crowned sparrows (Zonotrichia
leucophrys oriantha) often produce plastic versions of several different tutor songs,
but they ultimately crystallize only one of these (Nelson and Marler, ‘94). We have
recently observed, however, that these birds sometimes re-express deleted plastic
songs in a second singing season. To address hypotheses about both the development
and function of selective auditory responses in HVc, we wanted to know how HVc
neurons responded to previously sung material that was deleted during crystallization.
We recorded the responses to song playback from 136 HVc neurons in 12 adult
birds during either their first or second singing seasons. At each recording site we
tested 6 stimuli: crystallized bird’s own song (BOS), tutor version of BOS, plastic
BOS, deleted plastic song, unsung tutor song, and novel song. The responses were
normalized across stimuli, and the relative stimulus efficacy was compared by
ANOVA. Across all neurons, the strongest (and approximately equal) responses were
obtained with crystallized and tutor BOS. The other 4 stimuli produced significantly
smaller responses, which were statistically indistinguishable from each other. There
was no indication of preferential responsiveness to deleted plastic songs, which
suggests that previously sung material does not remain encoded as an auditory
“memory” in HVc, and that selective auditory responses are not required to initiate the
re-expression of a song in a second season.
Supported by NIH grant MH47330.

Reassessing Auditory Responses in the Bird Song System. A.S. Dave,
A.C. Yu. D. Margoliash*. Dept. Organ. Bio. & Anat., Univ. Chicago, Chicago, IL 60637.
Song selective auditory responses are found in HVc, RA, IMAN and Area X, and in
nXllts. Auditory activity in the forebrain nuclei may have functional importance during
song learning. The responses in nXllts have been interpreted as being involved in song
perception (Williams and Nottebohm, 1985, Science 229:279). Previous experiments
have typically utilized anesthetized birds, rendering behavioral significance hard to
directly assess. As a first step to address these limitations, we recorded single and
multiunit activity in HVc, RA and Area X from awake, behaving adult zebra finches.
In 26 single units (SU) and 11 multiunits (MU) in HVc of 6 birds, we found stronger
responses for the bird’s own song (BOS) relative to conspecific or reversed BOS stimuli
and no significant differences compared to data from urethane anesthetized birds.
However, in 31 SU and 28 MU from RA of 4 birds, we found absolutely no auditory
activity, under the same behavioral conditions that elicited auditory responses from
HVc units. In 21 SU and 6 MU from RA of 6 awake, restrained birds, only 3 SU from one
bird showed weak auditory activity (cf. Vicario and Yohay, 1993, J. Neurobiol. 24:448).
In 3 awake birds (1 chronic, 2 restrained) injected with urethane during recordings of RA
auditory activity, strong auditory responses developed only after the injection, even in
the same units (n=2) that showed no responses before injection. Chronic RA data from
11 SU and 3 MU from a single juvenile zebra finch (beginning at 48 days) did not reveal
auditory responses to the bird's own (plastic) song. Additionally, 10 SU from Area X of 2
adult birds had no auditory responses but were active during singing. Physiological
activity related to singing in Area X has not previously been reported.
Although there may be specific behavioral conditions under which auditory activity is
present in RA and Area X of awake animals, this result does not generally obtain, even
under conditions sufficient to stimulate HVc neurons. Our results are inconsistent with
the perceptual role posited for the descending motor pathway. Direct auditory influence
on the song system may be limited to HVc and its afferents. We note, however, that we
have yet to obtain chronic recordings from awake birds during the sensory acquisition
stage of learning, and that the Area X data set is relatively small.
Supported by the NIH (PHS 2 R01 NS25677-04).

100.13
SINGING-RELATED NEURAL ACTIVITY IN ANTERIOR
FOREBRAIN NUCLEI OF ADULT ZEBRA FINCH. Neal A. Hessler*
& Allison J. Doupe, Depts.of Physiology & Psychiatry, University of
California, San Francisco, CA 94143-0444.
The anterior forebrain (AF) nuclei LMAN and Area X are essential
during song learning, but their importance in adult songbirds is unclear. To
examine the role of the AF in adult song production, we have recorded
single- and multiple-unit activity at 11 sites in LMAN and 7 sites in Area X
from 9 awake zebra finches. Neurons in LMAN fired vigorously during
singing. Phasic patterns of activity tended to be associated with particular
song elements. Increased neural activity preceded song initiation by a time
interval varying from rendition to rendition (up to - 1 second before song),
and firing was markedly reduced for several seconds following song
conclusion. Area X activity was also modulated during singing. From steady
rapid baseline firing, some X neurons paused intermittently during singing,
while others increased their firing rate. Although AF neurons in
anesthetized birds have strong auditory responses to presentation of the
bird’s own song, we have seen no consistent responses to such playback in
awake birds.
These results support the idea that the AF circuit plays a role in adult
song production. AF activity during singing may represent an ’efference
copy’ of motor commands sent to this pathway by an afferent nucleus, HVc.
In addition, AF activity may consist in part of a sensory response as seen in
anesthetized birds - but present only when the bird sings. Experiments in
progress will attempt to sort out these possibilities by determining the
effects of modifying the bird's motor output or auditory feedback on singingrelated AF activity.

100.14

supported by N IH and the E J L B Foundation

INTRACELLULAR RECORDINGS OF SONG-SELECTIVE NEURONS IN A
FOREBRAIN NUCLEUS CRITICAL TO SONG LEARNING. M J. Rosen* and R.
Mooney. Department of Neurobiology, Duke University, Durham, NC 27710
Oscine birds learn to sing by using auditory feedback to match their own
vocalizations to a memorized model of a tutor song. The acquisition and production
of learned song are mediated by a collection of brain nuclei, including the anterior
forebrain nucleus LMAN, an especially intriguing area essential for normal song
development but not required for adult song production. Extracellular recordings
have revealed that these neurons have song-selective auditory responses (Doupe,
1997). We have used in vivo intracellular current clamp recordings in adult male
zebra finches to further study the auditory properties of these neurons. More than half
of the LMAN neurons that we studied displayed strikingly selective responses for the
bird's own song, responding weakly or not at all to reversed song, or to the songs of
other heterospecific or conspecific birds. Response profiles of LMAN neurons to any
given song were remarkably consistent from cell to cell in a given bird. This
consistent pattern of activity even held for cells that were refractory to firing, as
subthreshold responses peaked at the same point in the song as did suprathreshold
cells. In these instances, LMAN neurons appear to passively receive song-selective
inputs without directly contributing to downstream processing. In addition, LMAN
neurons that had higher than average baseline firing rates were less selective, but
could display increased song selectivity upon tonic hyperpolarization via the
recording electrode. This resultsuggests that modulation of resting membrane
potential could be critical for tuning song-selective responses. Finally, intracellular
staining revealed that song-selective LMAN neurons directly innervate both Area X
and the vocal premotor nucleus RA. Therefore, highly selective auditory information
is present in the part of the song system crucial to song development and could be
used to modulate the descending vocal control pathway during song learning
Supported by the McKnight Foundation and NIH R01 DC02524.

100.15

100.16

INDIVIDUAL HVc AXONS INNERVATE RA SUBDOMAINS THAT CONTROL
TEMPORAL AND SPECTRAL ELEMENTS OF LEARNED SONG.
J.M.
Kittelbereer and R. Moonev*. Dept. of Neurobiol., Duke Univ., Durham, NC 27710.
Learned song production in oscine birds requires precise coordination of both
syringeal and respiratory muscles, which control spectral and temporal features of
song, respectively. The telencephalic motor output nucleus RA has topographically
organized projections to brainstem nuclei involved in the control of these two muscle
groups: the dorsal region of RA projects ultimately to expiratory motor neurons
(MNs), while ventral RA innervates syringeal MNs (Wild 1993a, b; Vicario 1991, 1993).
Because RA neurons in different subregions innervate functionally distinct targets, the
question arises as to how temporal and spectral parameters of song are so seamlessly
integrated during singing. One hypothesis is that single axons from HVc, the source
of pre-motor input to RA, terminate in more than one RA subregion, thus enabling an
individual HVc neuron to control both expiratory and syringeal activity. To test this
hypothesis, we made intracellular neurobiotin fills of single RA-projecting HVc
neurons in acute slices of adult male zebra finches. RA-projecting neurons were
identified on the basis of a short latency antidromic spike elicited by stimulating the
fibers between HVc and RA. Single axon terminal arbors with putative synaptic
boutons ramified across all RA subregions. Furthermore, the branching pattern of the
terminal arbors appear to differ qualitatively in the different subregions. At the
dorsocaudal end of RA, HVc axonal processes branch frequently, while throughout
the ventrorostral portion of the nucleus processes branch infrequently, extending for
long distances in straight lines. These long processes run mainly along a rough
dorsocaudal to ventrorostral axis, but some fibers execute sudden turns to the
perpendicular orientation. Since a single HVc neuron contacts multiple functional
subdomains of RA, it could affect the movements of both syringeal and respiratory
muscles, and could therefore influence both the temporal and spectral properties of
learned song elements. Supported by an HHMI Pre-Doctoral Fellowship to JMK. and by the

DEVELOPMENTAL CHANGES IN SONG SYSTEM NEURON MORPHOLOGY
AS REVEALED BY INTRACELLULAR STAINING IN BRAIN SLICES. R. C.
Stacy, F. S. Livingston, J. E. Spiro* and R. Moonev. Department of Neurobiology,
Duke University School of Medicine, Durham, NC 27710.
A cellular aspect of song learing could involve changes in the morphology of song
system neurons. To further characterize these changes, we used intracellular
neurobiotin staining and camera lucida reconstruction to visualize neurons in two
song control nuclei (LMAN and RA) over the course of song development. As
analyzed through Sholl analysis, the dendritic arbors of RA projection neurons (PNs)
become significantly more complex between post-hatch day 50 and 100, although
dendritic spine density does not change over this same period. Axon collaterals
within RA also increase in complexity. These results suggest that an addition of
synapses from both extrinsic and intrinsic sources occurs within RA over the course
of development. LMAN neurons do not demonstrate age-related changes in
dendritic complexity, although their spine density decreases and axon collateral
complexity within LMAN increases with age. This suggests that both synapse
elimination and addition could typify the morphological changes that LMAN
neurons undergo. In addition, LMAN PNs have one main axon that branches within
140 pm of the soma, sending one branch to RA and one or more branches to area X.
As implicated by Vates et al. (1995), labelling of single LMAN axons reveals that
the X-projecting axon forms a localized terminal field within the target nucleus.
Even when collaterals from a single neuron diverge in projecting to area X, they
eventually terminate within the same restricted region. Also observed was a second
class of LMAN neurons that have thinner dendrites than PNs and also lack a
detectable axon. These putative intemeurons have higher absolute firing rates in
response to direct depolarization than do LMAN PNs. Structural characterizations
of other song system neurons might help to further differentiate neuronal sub-types.
Supported by the McKnight Foundation and NIH ROl DC02524

McKnight Foundation and NIH RO l DC02524 to RM
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HVC NEURONS OF THE ADULT ZEBRA FINCH: MEMBRANE
PROPERTIES AND SYNAPTIC INPUT FROM MAN.
P. Grabner, D. Otto and M. Gahr*, Max-Planck-Institut fur
Verhaltensphysiologie, D-82319 Seewiesen, Germany.
The generation of birdsong is subserved by a group of brain nuclei,
including HVc as one of the premotor areas. Towards a better
understanding of its role in this control, we have used intracellular
recording techniques in sagittal brain slices prepared from adult male
zebra finches. The HVc neurons were marked by injection of Lucifer
Yellow.
No background firing was observed in the cells. Resting potentials
were between -64 and -75 mV. Most neurons showed voltagedependent inward rectification with increasing hyperpolarization
beyond -70 mV, e.g. HVc neurones projecting to nucleus RA. In
other neurons a time-dependent inward rectification additionally
occurred. The results suggest that HVc neurons have different
electrical membrane properties.
Electrical stimulation of a fibre bundle travelling from nucleus mMAN to HVc drove excitatory responses in eight or an excitatory
with a following inhibitory response in two HVc neurons (12
neurons recorded). Stimulation of the lamina hyperstriatica
containing axons of the nucleus 1-MAN could evoke both excitatory
and inhibitory potentials of HVc neurons (9/20). These findings
support the idea of m-MAN involvement in the adult song control.
Furthermore, the data suggesting a physiological connection from 1MAN to HVc may extend the knowledge about the song system.

DISTINCT FUNCTIONAL PROPERTIES OF HVc NEURONS PROJECTING
TO AREA X AND TO RA IN THE ZEBRA FINCH. P. Dutar and D.J. Perkel*,
Dept. Neuroscience, Univ. of Pennsylvania, Philadelphia, PA 19104-6074.
Nucleus HVc in songbirds is a forebrain center that receives auditory input and
sends song motor commands to RA; HVc also sends auditory information to area X
as part of a pathway that is crucial for song learning. We have recorded
intracellularly from HVc neurons in slices to measure their intrinsic physiological
and pharmacological properties.
Three main types of HVc neurons were distinguished. Type I neurons (n=24)
had a resting potential near -65 mV, input resistance around 150 M il, and could
sustain high firing rates. Moreover, they were inhibited by the GABAB agonist
baclofen, 5-HT and the mGluR agonists lS,3R-trans-ACPD and L-CCG1. Highfrequency stimulation within HVc induced a slow hyperpolarization (SH; Perkel &
Schmidt, 1996). Type II neurons (n=18) had a very hyperpolarized resting
potential (-80 mV), low input resistance and strong accommodation. They were
also inhibited by baclofen and 5-HT, but were depolarized or unaffected by mGluR
agonists. They did not exhibit a SH after repetitive stimulation. Type III neurons,
(n=3), were able to produce very high-frequency firing (150 Hz) and had
pronounced time-dependent inward rectification. We used neurobiotin filled
electrodes to compare the morphology of the three cell types. Type I cell bodies
were larger than the type II somata, while the extent of spiny dendritic arborization
was comparable in the two populations. Close observation of the axonal course
showed that the axons of type I neurons project to area X (13/13), while the axons
of the type II neurons project to nucleus RA (7/7). Type III neurons had no
apparent axon leaving HVc, suggesting that they could be interneurons.
We conclude that HVc neurons projecting to different targets have different
intrinsic functional properties. Such differences may allow the populations to play
different functional roles in the song system.
Supported by NIH R03DC02477.

100.19
Tetraethylammonium (TEA) Elicits Different Plastic Changes in Male
Zebra Finch Forebrain Slices. A. Rollenhaaen and H.-J. Bischof*
Universität Bielefeld, Lehrstuhl Verhaltensforschung, PO-box 100131, 33501
Bielefeld, F.R.G.
Rearing conditions affect spine density (Rollenhagen and Bischof 1991,
1994) only in areas activated in arousing situations (Bischof and Herrmann
1986, 1988). Isolation between days 40 and 107 increases spine density
compared to socially reared birds within the medial neo- hyperstriatum
(MNH) and the lateral neo- hyperstriatum (LNH). Exposure to a female for 7
days subsequent to isolation decreases spine density to values also
observed in aviary reared birds. In contrast, within the hyperstriatum
accessorium (HA) and the archi- neostriatum caudale (ANC) spine density is
decreased by isolation and enhanced by subsequent exposure to a female.
To investigate whether these spine density changes are due to synaptic
potentiation, we applied the potassium channel blocker Tetraethylammonium
(TEA) inducing LTP associated with spine changes in hippocampus
(Hosokawa et al. 1995). Our experiments were performed on acute brain
slices from zebra finch males isolated between days 40 and 100. After
incubating the slices in standard ACSF or in "potentiation medium”
containing TEA spine density was measured in the Golgi stained slices.
Spine density is reduced within MNH and LNH and enhanced within HA
and ANC in slices incubated with "potentiation medium", the same effects as
occuring by exposure to a female. No spine density changes can be
observed in slices incubated in standard ACSF.
These results suggest that spine density changes by exposure to a female
are probably induced by synaptic potentiation. Whether processes like long
term depression also take place within the above areas is presently under
investigation. Supported by DFG (BI-245/11)
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101.1

101.2

ULTRASOUND DETECTION BY A TELEOST FISH, THE AMERICAN
SHAD. D. A Mann, Z. Lu, A. N. Popper*. Department of Zoology,
University of Maryland, College Park, MD 20742.
Until now, experimental evidence has suggested that fishes can only detect
sounds up to several thousand Hz. Recently researchers observed that blueback
herring swam away from echosounders, suggesting that clupeids may be able to
detect ultrasound (Nestler et al. (1992) N.Am.J.Fish.Mngmnt. 12:667-683).
Yet, it was not clear that the fish were responding to ultrasound, rather than
lower frequencies associated with the sounds. We used classical conditioning
methods to measure thresholds of sound detection of the American shad (Alosa
sapidissima) from 0.2 kHz to 180 kHz, and found they could indeed detect
ultrasound up to 180 kHz. There were two regions of sensitivity, one at sonic
frequencies typical of fish (0.2-0.8 kHz; average threshold of 125 dB re l μPa
rms), and one at ultrasonic frequencies (25 kHz to 130 kHz; average threshold of
145 dB re l μPa rms, with decreasing sensitivity at 180 kHz). There was a
region of low sensitivity from 3.2 to 12.8 kHz, where thresholds were >160 dB
re l μPa rms. The thresholds at sonic frequencies were likely masked by pump
noise, and thus do not represent absolute thresholds.
Clupeid fishes (herrings and shads) are among the main prey of echolocating
cetaceans. Shad could also detect simulated dolphin echolocation clicks at a
threshold of 170.8 dB re l μPa peak-peak. The echolocation clicks of the
bottlenose dolphin (Tursiops truncatus) are typically 190-220 dB re l μPa peakpeak source level. Assuming spherical spreading and an attenuation coefficient
of 0.02dB/m, American shad should be able to detect echolocating dolphins at
distances up to 187 m (for clicks 220 dB re l μPa p-p). The evolution of a
mechanism to detect predator ultrasound in fishes may parallel the evolution of a
mechanism by moths to detect their bat predators.
Supported by NSF, NIDCD, and ONR.

HEARING SENSITIVITY IN VOCALIZING ANABANTOID FISHES
MEASURED BY AUDITORY BRAINSTEM RESPONSE. F. Ladich* and
H.Y. Yan. Institute of Zoology, Univ. of Vienna, 1090 Vienna, Austria; T.
H. Morgan Sch. of Biol. Sciences., Univ. Kentucky, Lexington, KY 40506.
Several anabantoids produce broad-band sounds with high-pitched
dominant frequencies (0.8 - 2.5 kHz) which contrast with generally lowfrequency hearing abilities in (perciform) fishes. Auditory sensitivities of
Trichopsis vittata. T. pumila. Colisa lalia. Macropodus opercularis and
Trichoaaster trichopterus were determined and compared with sound
spectra. The auditory brainstem response (ABR) recording-technique recently adapted to fishes (Kenyon et al., submitted) - was utilized to
overcome lengthy training of fish and extra- or intracellular recording
techniques. Cutaneous electrodes were placed over the brainstem and
between nares, and responses to tone bursts of different frequencies and
amplitudes were recorded. All five species perceived sounds up to 5 kHz,
which qualifies this group as hearing specialists. They possessed a lowfrequency sensitivity maximum at 100 - 200 Hz, and a high-frequency
maximum between 800 and 1500 Hz. Lowest hearing thresholds were
found in T. trichopterus (76 dB re 1 jjPa at 800 Hz). Dominant frequencies
of sounds corresponded with the best hearing bandwidth in T. vittata (1 - 2
kHz) and C. lalia (0.8 - 1 kHz). In the smallest species, T. pumila.
dominant frequencies of acoustic signals (1.5 - 2.5 kHz) did not match
lowest thresholds, which were below 1.5 kHz. However, of all species
studied, T. pumila had the best hearing sensitivity at frequencies above 2
kHz. The association between high-pitched sounds and hearing is thought
to be caused by the suprabranchial airbreathing cavity, which, lying close
to the hearing and sonic organs, enhances both sound perception and
emission at its resonant frequency. (Austrian Science Fund FWF Grant
10295 to FL and Deafness Research Foundation Grant to HYY).

S ociety for N e u r o s c ien c e , V olum e 2 3 ,1 9 9 7

SUNDAY AM

NEUROETHOLOGY: ELECTRIC FISH, AUDITION, VISION— CHEMOSENSORY

101.3

101.4

EFFECTOFSENSORYPRESENTATIONRATE ONTHEDETECTABILITYOF NOVEL
STIMULI INWEAKLYELECTRICFISH L B. .Janson, G. J . Soott. and R. D.zelick*
Department of Biology, Portland State University, Portland Oregon. 97207
The South American pulse-type electric fish novelty response (NR) is a transient
acceleration in the electric organ discharge (EOD) rate. To determine the fish's ability to
recognize novel stimuli at different electrosensory update rates, curarized
Brachyhypopomus pinnicaudatus were presented a replacement electric field at rates
from 15 to 120Hz.
The spinal motor neuron command signed (CS) normally driving each EOD was
detected, and its rate change used as a measure of the fish's response to novel stimuli.
Trials were conducted at different S1 rates, with (1) light or electric stimuli lasting for a
predetermined number of replacement EODs, or (2) similar stimuli of predetermined
duration, and therefore a varying number of replacement EODs, or (3) moving objects.
The effect of varying the SI rate done, with no stimulus, showed a minimum effective
rate for stability of the CS: below an S1 rate of ~20Hz, the CS rate was unstable. This is
approximately the natural resting rate. CS stability returns at S1 rates below 10 Hz, or if
there was no S1 given.
In moving object trials, there was less response variation during habituation trials,
and the initial habituation rate was smoother and steeper when the S1 rate was fixed at
30 Hz, compared to experiments when the fish's CS controlled the S1 rate.
S1 rate had no significant effect on the response, or response habituation, for the
constant-number S1 trials. Constant-time trials showed a significant effect of rate on the
initial response magnitude (p0.05), but no effect on habituation. Thus the number of
S1s affected by a stimulus, rather than the real time or duration of the stimulus, was the
critical parameter influencing the fish's detection. Furthermore, there was an increase in
temporal resolution (the ability to discriminate long vs short duration stimuli) when the
S1 rate was increased.

COBALT BLOCKS MODULATION OF AMPULLARY AND MECHANOSENSORY LATERAL LINE UNITS BUT NOT TUBEROUS UNITS IN THE
WEAKLY ELECTRIC FISH APTERO N O TU S LEPTORHYNCHUS
M.A. Maclver, M.E. Nelson*, Neuroscience Program and the Beckman Insti
tute, University of Illinois, Urbana, IL 61801.
Three related octavolateral systems may potentially subserve prey capture
behavior in weakly electric fish in the absence of visual cues. To assess the rela
tive contributions of the tuberous (active) electrosensory, ampullary (passive)
electrosensory, and lateral line mechanosensory systems, we have developed
a cobalt treatm ent protocol th at selectively blocks sensory modulation of am
pullary and mechanosensory lateral line afferents in Apteronotus leptorhynchus.
Cobalt-treat6d fish were maintained in a calcium free, 0.1 mM Co++ bath so
lution for up to one week. Responses of electrosensory and mechanosensory
afferents were tested electrophysiologically after 24 hours and after 7 days of
cobalt exposure. Tuberous units were stimulated using sinusoidal amplitude
modulations (AMs) of the electric organ discharge signal, ampullary units us
ing non-AM (directly coupled) sinusoidal electrical stimuli, and mechanosen
sory units using vibratory stimuli. In cobalt-treated fish, the sensitivity and
frequency response characteristics of tuberous units were largely unaffected,
while the responsiveness of ampullary units (identified by spontaneous ISIH)
and mechanosensory units was completely blocked at all frequencies tested.
Preliminary observations of prey capture behavior using a 2-camera infrared
video system reveal th a t cobalt-treated fish are capable of non-contact detec
tion of live prey (Artemia) in the dark, suggesting th at the tuberous electrosen
sory system is sufficient for prey detection in the absence of visual cues.
(Supported by NIMH R29MH49242)

101.5
NEURONAL MORPHOLOGY IN THE MORMYRID ELECTROSENSORY LOBE.
V.Z. Han*, C. Bell, K. Grant and Y. Sueawara. R. S. Dow Neur. Sci. Inst., Portland,
OR
The mormyrid electrosensory lobe (ELL) is a good site for examining the effects of
plasticity and descending control on sensory processing, but ELL morphology is only
poorly understood. Accordingly, we have examined the morphology of seven different
cell types in ELL.The cells were injected with biocytin after physiological
characterization in slices.
We confirm the descriptions by Grant et al. (J. Comp. Neur., 1996) of two types of
efferent neurons in ELL, large ganglion cells and large fusiform cells. We also confirm
the descriptions by Meek et al. (J. Comp. Neur., 1996) of two types of Medium ganglion
cells (MG1 and MG2), cells which are GABAergic Purkinje-like interneurons. MG1
cells have basal dendrites in the plexiform layer (like large ganglion cells) and MG2
cells have basal dendrites in the granule layer (like large fusiform cells). Sensory input
is relayed to the basal dendrites of all these cells and the similarities in basal dendrite
morphology suggest that sensory stimuli may inhibit MG1 cells (as is known for large
ganglion cells ) and excite MG2 cells (as is known for large fusiform cells ). We found
that the axonal termination patterns of MG1 and MG2 cells are also different and
suggest that MG1 cells inhibit large fusiform cells whereas MG2 cells inhibit large
ganglion cells. Such a circuit would act like reciprocal inhibition between the two types
of efferent cells. We also confirm the descriptions by Meek et al. of the dendritic arbors
of deep fusiform cells, thick-smooth dendrite cells and horizontal cells. Our results
provide new information about the axons of these cells. Deep fusiform and thick-smooth
dendrite cells, with dendrites in the lower molecular, ganglion and plexiform layers,
have axons which branch widely in the deep granule and intermediate layers. Thus these
cells appear to return information from more superficial layers of ELL to the deeper
layers. The axon of the horizontal cell and a branch of the axon of the thick-smooth
dendrite cell enter the deep fiber layer of ELL. These axons may be responsible for the
known anatomical connections between ELL zones.
The results suggest some potentially important features of the functional circuitry of
ELL. Supported by NIMH (CCB).

101.6
IN

VIVO
WHOLE-CELL
RECORDING/LABELING
REVEALED
ANATOMICAL CONVERGENCE OF AMPLITUDE AND PHASE INFORMATION
IN THE AFRICAN WAVE-TYPE ELECTRIC FISH, Gymnarchus niloticus. h/L
Kawasaki*and Y.X. Guo.
Department of Biology, University of Virginia,
Charlottesville, VA 22903.
A behavioral study on the jamming avoidance response (JAR) of the
African wave-type electric fish, Gymnarchus niloticus (Kawasaki, 1993, J. Comp.
Physiol. 173:9-22), indicated that the JAR requires separate computation and
following convergence of amplitude and phase information.
In the present study, neurons that specifically respond to either amplitude or
phase modulations were identified in the electrosensory lateral line lobe (ELL)
with the in vivo whole-cell recording/labeling method. More than 25 neurons
were physiologically identified and anterogradely labeled to the axon terminals in
the midbrain. Neurons that are sensitive to amplitude modulations were found in
the medial and dorsal zones of the ELL. These neurons are often sensitive to
small amplitude modulation (<0.5%). Neurons that are sensitive to differential
phase (Kawasaki and Guo,1996, J. Neurosci, 16:380) were found exclusively in
the medial zone of the ELL. Both types of neurons responded to electrolocation
targets which were moved longitudinally along the body. Both types of neurons
are of pyramidal shape with an extensive dendritic arbor penetrating into the
surface layer of the ELL, the molecular layer. All labeled neurons were
projecting neurons an axon running into the lemniscal bundle. All amplitude
sensitive neurons bifurcated into the ipsi and contralateral branches before
projecting into the nucleus praeeminentialis and the torus semicircularis.
Neurons sensitive to differential phase modulation projected either
contralaterally or bilaterally to the praeeminentials and the torus. Axon terminals
of each of these neurons in the torus branched extensively and covered a large
part the torus. The projection areas both in the torus and the praeeminentials of
amplitude and phase sensitive neurons overlap, suggesting the convergence of
amplitude and phase information. Supported by NIMH R29 MH48115-01A1, and
K02 MH01256-02, and NSF IBN-9631785 to M.K.

101.7

101.8

EFFECTIVENESS OF SHUNTING CONDUCTANCES AS A GAIN CON
TROL MECHANISM IN MODELS OF ELECTROSENSORY PYRAMIDAL
NEURONS. J.R. Payne* and M.E. Nelson. Beckman Institute, University of
Illinois at Urbana Champaign, Urbana IL 61801
Models of pyramidal neurons in teleost electrosensory and mammalian vi
sual systems have suggested th at the regulation of membrane conductances
through background synaptic activity could lead to changes in the slope of a
neuron’s firing rate vs. current (f -I ) relationship. Such a mechanism could ac
count for physiological observations of adaptive gain control in these systems.
Our previous studies have explored this phenomenon in single compartment
models without explicit spike generating mechanisms. The work presented here
examines spatially extended models of pyramidal neurons in the electrosensory
lateral line lobe (ELL) of gymnotid weakly electric fish, and addresses interac
tions between spike generating mechanisms and shunting conductances.
Recent modeling studies of pyramidal neurons in visual cortex by other
investigators have demonstrated th a t interactions between shunting inhibition
and spike generating mechanisms can lead to a subtractive effect, rather than
a change in the slope of a neuron’s f - I relationship. We show th at in a model
of an ELL basilar pyramidal neuron, the relative spatial arrangement of the
spike initiation zone and the location of synaptic inputs with respect to re
gions of voltage-dependent and background synaptic conductances is critical
in this regard, and th at for certain biophysically plausible configurations, di
visive current shunting can be effective in regulating a neuron’s gain. Our
studies also show th a t sub-threshold dynamics during the inter-spike interval
play an im portant role in shaping a neuron’s sensitivity to changes in shunting
conductances.

DORSAL AND VENTRAL MOLECULAR LAYER INPUTS CONTRIBUTE TO
THE ADAPTIVE FILTER MECHANISM OF ELL PYRAMIDAL CELLS.
J. Bastian*. Dept of Zoology, University of Oklahoma, Norman, OK 73019.
Pyramidal cells, the principal efferent neurons of the electrosensory lateral line lobe
(ELL) of gymnotid weakly electric fish, show a remarkable ability to cancel reafferent
and other repetitive patterns of electrosensory input. “Negative image” inputs to the
cell’s apical dendrites develop which cancel reafferent patterns of primary afferent
input. Two separate descending pathways provide these dendritic inputs and both
participate in the generation of the negative image inputs. Direct electrical stimulation
was used to activate each pathway while extracellular or intracellular recordings were
made from single pyramidal cells. Continuous high frequency (> 8Hz) or repetitive
tetanic stimulation of one pathway, which terminates in the ventral molecular layer and
provides input to the proximal region of the apical dendrites, results in markedly
facilitating EPSPS. Similar stimuli applied to the second pathway, which terminates
in the dorsal molecular layer and projects to more distal regions of the apical dendrites,
evokes EPSPs which depress with continuous stimulation. Pairing stimulation of
either descending pathway with electrosensory stimuli which hyperpolarize or
depolarize pyramidal cells, or with hyper- or depolarizing intracellular current
injection, causes additional plastic changes of the facilitated or depressed synaptic
potentials. The synaptic plasticity resulting from the paired stimulation is
“antiHebbian”. Increased presynaptic activity paired with postsynaptic depolarization
reduces the net excitation provided by the descending pathways. Pairing increased
presynaptic activity with postsynaptic hyperpolarization increases the descending
excitation. These changes in the net synaptic input to the apical dendrites result in
cancellation of repetitive or reafferent patterns of ascending electrosensory afferent
input. Supported by NIH grant NS12337.

Supported by NIMH R29 MH 49242
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101.9

101.10

SECOND MESSENGERS AND SYNAPTIC PLASTICITY IN THE
ELECTROSENSORY LATERAL LINE LOBE OF AN ELECTRIC FISH
L. Maler* and D. Wang. Dept. Of Cellular and Molecular Mededne, University of
Ottawa, Ottawa, Ont. K1H8M5, Canada.
A.leptorhynchus is a gymnotiform fish with a constant high frequency electric
discharge. Its electroreceptors project topographically to die electrosensory lateral line
lobe (ELL), a laminated portion of the medulla Electroreceptor afferents terminate in
the deep layers of the E L L on interneurons and pyramidal (projection) cells.
Pyramidal cells and some intemeurons have apical dendrites which extend into the
molecular layer of the ELL, where they redeve excitatory feedback input. Pyramidal
cells exhibit several forms of plasticity, including post-tetanic potentiation (FTP) and
anti-Hebbian plasticity, both in vitro and to electrosensory input in vivo. We have
used Weston blots to demonstrate the presence in the FT.T. of protein kinases A and
C and Ca/calmodulin dependent kinase 2. Forskolin and phorbol ester binding was
used to demonstrate that adenylate cyclase and PKC were selectively enriched in the
ELL molecular layer. CaMK2a was confined to feedback fibers in the ventral
molecular layer. CaMK20X was enriched in the somata and apical dendrites of ETJ .
pyramidal cells and some intemeurons. Electrophysiological studies demonstrated
that PTP could be elicited by stimulation of both the ventral and dorsal molecular
layer. Application of KN62 (a CaMK2 antagonist) blocked PTP in the VML but not
in the DML; it had no effect on anti-Hebbian plasticity. Intracellular application of
KN62 or a CaMK2 inhibitory peptide had no effect on PTP. We conclude that: 1.
Plastidty in the ELL may be asssodated with feedback input; 2. Phenomenolgically
similar forms of short term synaptic plastidty may be mediated by different second
messenger systems. The molecular basis for PTP in the DML is unknown.
Supported by the Medical Research Coundl of Canada.

RESPONSES OF NEURONS IN THE DIENCEPHALON OF THE
WEAKLY ELECTRIC FISH STERNOPYGUS. R. L. Green* and G. J Rose.
Department of Biology, University of Utah, Salt Lake City, UT 84112.
Stemopygus spp. (Gymnotiformes) is unique among electric fish with wav
elike electric organ discharges (EODs) in that it does not exhibit a Jamming
Avoidance Response (JAR). Correct execution of a JAR requires assessment of
the sign of the frequency difference (DF) between the fish’s own EOD (SI) and a
neighbor's (S2). Cells have previously been found in the midbrain (torus semicircularis, optic tectum) and diencephalon (electrosensorius and prepacemaker
nuclei) of the gymnotiform Eigenmannia that respond selectively to positive or
negative DF. While sign-selectivity in midbrain neurons depends on the orienta
tion of the S2 field, this ambiguity is lessened in the nucleus electrosensorius and
absent in the prepacemaker, whose output determines the JAR.
Stemopygus is believed to be representative of ancestral gymnotiforms, per
haps predating the emergence of the JAR. However, Stemopygus has been found
to 1) possess DF sign-selective cells in its midbrain and 2) be capable of dis
criminating DF sign. Such traits may represent preadaptations for the evolution
of the JAR Assessing the extent of these preadaptations in Stemopygus may
eluddate the evolutionary process underlying this behavior and further clarify
gymnotiform phylogeny.
In this study, single-unit recordings from cells in the diencephalon of Sternopygus while presenting S1+S2 stimuli of alternating DF sign in various orien
tations revealed sign-selectivity values similar in magnitude to those of
toral/tectal cells. In most units sign-selectivity was strongly orientationdependent.
Supported by NIH NRSA #NS10102-02 to R.L.G. and NSF IBN-9421039 to
G.J.R.

101.11

101.12

MECHANISMS OF ADAPTATION FOR LOW-PASS FILTERING
OF SENSORY INFORMATION IN TORAL NEURONS, G.J.Rose*,
and E.S. Fortune. Dept. Biology, Univ. Utah, Salt Lake City, UT 84112
Low-pass filtering of p-type electrosensory information in the
torus semicircularis of the weakly electric fish Eigenmannia is a neural
correlate of the jamming avoidance response (JAR), a behavior where
the fish changes the frequency of its electric organ discharges (EODs)
to increase the frequency difference between its EODs and those of a
neighbor. Frequency differences (beat rates) of approximately 3-8 Hz
elicit largest JARs. Beat rates in this range elicit large EPSPs in spiny
toral neurons and EPSP amplitude decreases at higher beat rates. In
some of these neurons adaptation contributes to this decline.
We investigated whether adaptation occurs at the torus or at
levels presynaptic to the torus. We made whole-cell patch intracellular
recordings of neurons in the dorsal torus, in vivo. We presented
electrosensory bursts, directly stimulated the electrosensory afferents in
the lateral lemniscus, and injected current into the soma. At least two
types of sensory adaptation have been identified - rapid (< 100 ms) and
slow (> 250 ms). In some neurons adaptation was seen in response to
sensory stimuli but not to stimulation of lemniscal afferents. Current
injection shows that adaptation can be independent of passive
electrical filtering.
Supported by NSF grant IBN-9421039 and NIH fellowship
NS09779-02.

RESPONSES OF AUDITORY NEURONS IN THE TORUS
SEMICIRCULARIS TO SINUSOIDAL AND NATURAL
PATTERNS OF AMPLITUDE MODULATION.
T.B. Alder* and G.J. Rose Department o f Biology, Univ. Utah,
Salt Lake City, UT 84112.
The temporal structure of acoustic signals is important in the communication
of anuran amphibians. Behavioral studies have shown that anurans are able to
differentiate between calls that differ solely in their temporal structure. One
important temporal feature is the pattern of amplitude modulation, i.e. pulse
pattern. Anurans are able to discriminate between calls that differ in pulse
repetition rate and/or pulse shape.
A neural correlate of these behavioral findings is that neurons in die torus
semicircularis show selective tuning to particular rates of amplitude modulated
stimuli. In some cases neurons have been found that discriminate in their firing
rate between acoustic signals that differ in pulse shape.
In addition to pulse repetition rate and shape, many anuran calls are
differentiated in their duty cycle of modulation. This raises the question of
whether acoustic signals that have natural pulse shape and duty cycle might be
more effective than sinusoidal amplitude modulation in eliciting responses from
some toral neurons. We investigated this issue by presenting these stimuli to
northern leopard frogs (Rana pipiens) while recording from single neurons in the
torus.
In many cases, natural patterns of amplitude modulation were mere effective
stimuli than sinusoidally amplitude modulated signals.
Funding was provided by a grant from the National Organization for Hearing
Research.

101.13

101.14

POTASSIUM AND CALCIUM CURRENTS REGULATE FIRING
FREQUENCY OF PACEMAKER NUCLEUS NEURONS IN
APTERONOTUS LEPTORHYNCHUS. G . T . S m i t h * H .H. Z akon.
Department of Zoology, University of Texas, Austin, TX 78712.
Electric organ discharge (EOD) frequency in the weakly electric fish
Apteronotus leptorhynchus is sexually dimorphic and steroid-sensitive.
EOD frequency is determined by the firing rate of neurons in the
medullary pacemaker nucleus (PN). A possible mechanism by which
steroids may alter EOD frequency is by influencing ion currents of the PN
neurons that generate the EOD rhythm. W e used channel blockers to
identify ion currents that influence the firing frequency of PN neurons.
W e recorded the firing frequency of neurons in an in vitro PN
preparation (Dye, 1988). A low concentration (100 |J.M) o f 4aminopyridine (4-AP) reversibly caused a rapid (within 2 min.) increase of
-20% in firing frequency, followed by a cessation of firing. These results
are consistent with previous results of Dye (1991) and suggest that a
transient K+ current reduces PN firing rate and is also required for the
repetitive firing of PN neurons. Cesium (1-5 mM) did not significantly
affect firing rate, indicating that neither hyperpolarization-activated cation
currents (Ih) nor Cs+-sensitive K+ currents (e.g., inward or delayed rectifier
currents) regulate PN firing rate. High (500)iM), but not low (100)iM),
concentrations of N i2+ significantly lowered firing frequency; and this
effect was reversible. This suggests that a high-voltage activated (HVA)
C a2+ current may also regulate PN firing rate. W e will further characterize
this HVA Ca2+ current by using more specific Ca2+ channel blockers. The
identification of at least two currents (transient K+ and HVA Ca2+) that
regulate PN firing rate will enable us to focus on these currents in testing
the hypothesis that steroids affect EOD frequency by m odulating ion
currents in the PN. Supported by NIH N S 10150 and M H56535.

CHANGES IN APPARENT INPUT RESISTANCE IN PACEMAKER CELL
TYPES WITH DIFFERENT SYNAPTIC INPUTS, IN VIVO. J. Juranek*(1) and
W. Metzner (2). (1) Program in Neuroscience, Dept. of Psychology, UCR,
Riverside, CA 92521; (2) Dept of Biology, UCR, Riverside, CA 92521.
The pacemaker nucleus of wave-type electric fish contains two
morphologically distinct cell types, pacemaker cells and relay cells which
spike in a one-for-one manner with the electric organ discharge (EOD).
During the jamming avoidance response (JAR) and communication
behavior the EOD rate is modulated. The premotor inputs that mediate
each of these behaviors has been previously described in Eigenmannia
using pharmacological and histochemical techniques. However, differential
synaptic modulation of pacemaker and relay cell activity by each of the
premotor inputs has yet to be demonstrated physiologically. The goal of
this study was to compare changes in input resistance of pacemaker and
relay cells while the level of synaptic input from each of the three
prepacemaker nuclei in Eigenmannia was modulated in vivo. During
intracellular recordings from both cell types, brief (0.5ms) hyperpolarizing
constant current pulses were delivered through a low impedance (40 Mft)
intracellular glass pipette, lontophoretic application of L-glutamate to either
the medial (PPnG) or the lateral prepacemaker nucleus (PPnC) elicited
EOD frequency changes similar to those observed during the JAR and
communication behavior, respectively. In pacemaker cells, a significant
decrease in input resistance was observed during gradual EOD frequency
increases elicited by PPnG stimulation. In contrast, rapid EOD frequency
accelerations elicited by PPnC stimulation were not accompanied by any
significant changes in input resistance.
Support from UCR, Acad. Sen. Res. Grant
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101.15

101.16

TEMPERATURE AND ANDROGENS MODULATE EOD WAVEFORM IN
ELECTRIC FISH ACTING ON ELECTROCYTIC MEMBRANE
CONDUCTANCES. O.Macadar*, A.Silva, F.Sierra,
V.Comas and M.Galeano. Inst. Inv. Biol. C. Estable.
11600 Montevideo, Uruguay.
Daily variations of water temperature and standard
head-to-tail EODs from mature males and females
of B rachihypopom us p in n ic a u d a tu s were recorded in
breeding ponds. Same procedure was repeated in the
lab.
comparing
with
recordings
of
non
differentiated and testosterone-treated fish of the
same
size.
Two-electrodes
current-clamp
and
voltage-clamp recordings were obtained i n v i t r o
from caudal electrocytes of the same types of fish
with bath temperatures ranging from 20 to 30 °C.
Male EOD had slower late-negative (N) wave as
previously reported (C.Hopkins et al., 1990).
Higher temperatures induced rate increase and a
significant decrease in N wave amplitude in non
differentiated fish. Temperature had little effect
on N wave of mature males and females.
Intracellular recordings provided clues to
propose the mechanisms supporting the reported
changes in EOD : higher temperatures induced
a
significant decrease of the normally very small
resting input resistance of electrocytes ; blockade
of K+ currents by TEA, increased normal resistance
and diminished the effect of temperature.
(Supported by CONICYT, PEDECIBA and CSIC, Uruguay).

THE DIVERSITY OF ELECTRIC ORGAN DISCHARGES FOUND IN
EIG H T SPECIES OF C A M P Y L O M O R M Y R U S ELECTR IC FISH
(M ORM Y RIDA E). Lovell, P. V., C. D, Hopkins* and G. D. Harned. Section of
Neurobiology and Behavior, Cornell University, Ithaca, NY 14853.
The family Mormyridae includes over 200 species of African electric fish; these fish
use weak electric signals in social communication and in active electrosensory
location. In particular, the genus Campylomormyrus, with 14 nominal species from
Zaire, the congo, Cameroon, Angola, and the Niger river basin, is best known because
of their elephant trunk-like snouts. We examined the electric organ discharges (EODs)
for eight species of Campylomormyrus obtained through the aquarium trade. The
EODs were species specific and ranged in duration from 0.3 ms to 20 ms. Six were
biphasic and two were triphasic. The electric organs of the six species with biphasic
EODs had non-penetrating stalked electrocytes; those with triphasic EODs had
electrocytes with penetrating
Campylomormyrus sp. 5
stalks. Species identifications
are
based
upon
both
mormphometric and meristic
characters of the aquarium trade
specimens and of thirteen
holotypes, housed in Tervuren,
Belgium.
The
genus
Campylomormyrus
is
a
dramatic second example of
speciation that, like the genus
Brienomyrus, suggests a role
for the EOD in species
recognition and speciation.
Supported
by:
NIMH
MH37972 to CDH

101.17

101.18

HEXAVALENT AN D TRIVALENT CHROMIUM AFFECT SPECIFIC PHASES BUT
NOT RATE OF THE ELECTRIC ORGAN DISCHARGE IN A MORMYRID.
A. M. Parikh, j. L. Schwenkler, L. I. Perrotti, D. Ostfeld*, and R. E. Landsman.
Laboratory of Behavioral Ichthyology,' Academy for the Advancement of Science
and Technology, Hackensack, NJ 07601.
Lead affects the rate and waveform of the electric organ discharge (EOD) in
the weakly discharging electric fish, Cnathonemus petersii (Prabhakar &
Landsman, Soc. Neurosci. Abst. 22, #159.16, 1994), suggesting its potential use
in electrocommunication as a monitor for water quality. To further test this pos
sibility, the present study investigated the effects of tw o forms of another heavy
metal, toxic chromium (Cr+6) and non-toxic chromium (Cr+3) on the EOD in G.
petersii. Both Experiments 1 and 2 (EX 1 and 2) were run in 7 blocks and used
the same molar concentration of chromium (7.7e-6 M). In EX 1, subjects (N =
21) were randomly assigned to receive either potassium dichromate (Cr+6),
potassium chloride, or sodium chloride, and in EX 2 (N = 14) chromium sulphate
(Cr+1) or sodium sulphate. EOD rate and phase duration data were collected for
5-min baseline and 30-min chemical exposure periods. For both experiments, 5min subject and group means were computed for each EOD parameter. Twoway ANOVAs revealed significant CHEMICAL x TIME interactions for Phase 4
(P4) duration for EX1 [F(12, 108) = 10.87, p< 0.0001] and EX2 [F(6, 72) = 6.14,
p < 0.0001], and m ultiple comparisons indicated that the duration of P4 of the
EOD in only the chromium-exposed subjects decreased over time. Although
Cr+6 and C r+3 appeared to also cause drops in the duration of Phase 1 of the
EOD, no significant interactions for this phase were found. No changes were
observed in the durations of Phases 2 or 3, or EOD rate for any chemicals.
These findings both complement and contrast those found for lead and other
toxicants in electric fish, and suggest that specific phases of the EOD may be
used in the communication of information about water quality to conspecifics.
Funded by the Bergen County Technical Schools' Board of Education.

A NEGATIVE RELATIONSHIP BETWEEN FEMALE PREFERENCE FOR
UV-COLORATION AND THE PRESCENCE OF UV-PHOTORECEPTORS
IN TWO SPECIES OF POECILININIA (UMIA PERUGIA AND POEC1UA
RETICULATA). V. N. Rush*, and R. C. Sargent. Dept of Biological Sciences,
University of Kentucky, Lexington KY 40506. rush@ceeb.uky.edu.
In this study we examine the preference for structural coloration in two
closely related species of poeciliid Limia perugia and the guppy, Poecilia
reticulata and the presence of Ultraviolet(UV) photoreceptors in both species.
Sensory based models of female preference predict a positive relationship
between the dominant properties of the sensory system and the signal. For
example in frogs the dominant frequency of the call is positively correlated with
the most sensitive frequency of the ear. Extrapolations to other types of sensory
systems have been made but not clearly tested. Both species are sexual
dimorphic for body color. Males have bright coloration and the extent of the
colors differs between species. In L. perugia 75% of the males body is an
iridescent violet, while in guppies it comprises between 5-20% of the body. The
structural color or both species reflects extensively in the UV. L . perugia lives
in lakes and streams where UV can penetrate, while P. reticulata lives in a
forest shade and receives less light in the UV. We predicted that both species
would show a preference for structural colors and that both would have UVphotoreceptors. Female fish were given a choice of males behind a UVtransmissive partition or a UV-filtering partition. Female guppies showed no
preference while female L. perugia showed a strong preference for males behind
a UV-transmissive partition. Guppies have UV-photoreceptors while L. perugia
do not. This suggests that that UV-photoreceptors are not necessary for
detecting UV light and that they are not involved in mating behavior in guppies.

101.19

101.20

MODULATION OF TECTAL VISUAL EVOKED POTENTIALS VIA A
DESCENDING TELENCEPHALIC PATHWAY IN THE LARGEMOUTH BASS,
MICROPTERUS SALMOIDES. K.L. Woodson and J.G. New*. D
eP t , of Biology and
Parmly Hearing Inst, Loyola University Chicago, Chicago, IL 60626.
The midbrain optic tectum is the principal recipient of retinal afferent« in
anamniotic vertebrates and plays an important role in organizing visually guided
behaviors. The purpose of this study is to investigate whether a connection exists
descending from the contralateral telencephalon to the tectum and to determine the
possible modulatory influence of such a pathway upon visual responses in the optic
tectum.
Visual evoked potentials (VEPs) and responses to electrical stimulation of the
contralateral telencephalon were recorded from the tectum of juvenile largemouth
bass. Recordings were made in die deep tectum, where telencephalic evoked
potentials were maximum. VEP responses were examined under two experimental
conditions: 1) paired visual and telencephalic stimulation and 2) long trains of visual
stimuli alone followed by paired telencephalic and visual stimuli
Telencephalic stimulation did not alter the shape of the VEP waveform itself, but
stimulation of the central dorsal (Dc) region of the contralateral telencephalic lobe
with single electrical pulses resulted in significant increases in the amplitude of the
VEP wave. Increases in VEP amplitude were small when each visual stimulus was
preceded by a telencephalic shock. However, when telencephalic shock preceded a
visual stimulus after long trains (100-200 pulses) of visual stimuli alone, the
amplitude of the VEPs increased strongly by 23-53%. Telencephalic potentiation of
the VEP was short-lived, with a duration of <5 0ms following the telencephalic
evoked response.
The results of our studies in this highly visual predatory fish indicate that
descending telencephalic pathways potentiate visual responses, possibly modifying
them as the behavioral state of the animal changes.
Supported by NIH NS 30194 to JGN.

VISUAL CONSTRAINTS IN THE FEEDING BEHAVIOR OF
THE OSTEOGLOSSOMORPH FISH, Pantodon buchholzL
W.M. Saidel*, Dept. of Biology, Rutgers Univ., Camden, NJ 08102
The ecological niche occupied by Pantodon allows this fish to
simultaneously view in air and water. The view of the aerial hemisphere is
constrained by its geometric optics. Each eye consequently represents the
aerial hemisphere as a half oval aperture (Snell’s window) at the water
surface extending from the cornea to a distance of about one cm. Prey
capture occurs only within this aperture, which is viewed by the ventral
hemiretina. Because the image of the aerial hemisphere results from
refracted light rays, the retinal representation of the distal edge of this
aperture is disproportionate compared with other segments of the aerial
hemisphere. Video imaging reveals that prey capture depends upon
traversing this edge and that prey capture is exclusively monocular.
The diencephalic nucleus rostrolateralis (RL) is both directly retinorecipient and indirectly tecto-recipient concerning visual information in this
aperture. Cells within the nucleus are, by Golgi analysis, relatively
homogeneous, with the majority possessing a one or two branching apical
dendrites and a basal axon. Extracellular electrophysiological studies reveal
that the properties recorded in nucleus RL are consistent with a behavioral
description of feeding by this fish. This result suggests that nu RL is
directly involved with the sensory basis of feeding behavior.
Supported by Rutgers, the State University of New Jersey.
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101.21

101.22

DCTRAOCULAR PHOTORECEPTORS MEDIATE LIGHT-DEPENDENT
MAGNETORECEPTION IN THE EASTERN RED-SPOTTED NEWT,
NOTOPHTHALMUS VIRIDESCENS. M.E, PeulSChlaQdet*, J. B, philliPS,
and S.C. Borland. Biology, Indiana University, Bloomington, IN 47405.
Shoreward magnetic compass orientation in the newt has been shown
to be light-dependent. In particular, under long-wavelength light
(>500 nm), newts’ perception of the magnetic field is rotated 90° from
their perception of the field under full spectrum or short-wavelength
light (Nature 359:142). These results are consistent with theoretical
models that implicate specialized photoreceptors in magnetoreception.
Amphibians possess both ocular and extraocular (i.e., pineal)
photoreceptors. Pineal photoreceptors mediate orientation to polarized
light in salamanders (J . Comp. Physiol. 124:357) and, therefore may
also mediate orientation to other cues such as the geomagnetic field. To
determine if pineal photoreceptors are involved in the magnetic
compass response of the newt, wavelengths of light reaching the pineal
were selectively altered by attaching small, long-wavelength
transmitting gel filters (pineal caps) to the tops of the newts’ heads.
Controls had clear pineal caps attached to their heads. Newts were then
tested for shoreward magnetic compass orientation. Our results indicate
that newts with long-wavelength transmitting pineal caps perceived a
90° rotation in the direction of the magnetic field while controls with
clear pineal caps did not. These data provide support for the
involvement of extraocular photoreceptors (located in or around the
pineal) in the magnetic compass of the newt. Supported by a traineeship
to M.E.D. (NSF#DIR 94-13220) and NSF#IBN 95-07826 to J.B.P.

SIGNAL
TRANSDUCTION
IN
PYTHO N
IM AG E-FO RM IN G
INFRARED RECEPTORS IS DISTINCT FROM THAT IN V ISIBLE
LIGHT PHO TO R EC E PT O R S.
M. S. Grace*, Department of Biology,
University of Virginia, Charlottesville, V A 22903
Boid snakes (pythons and boas) and pitvipers possess sensitive image-fonning
radiant energy detectors that respond to infrared (IR) radiation. This IR-sensitive
system is sufficient to guide precise predatory or defensive strikes in the complete
absence of visible light. The signal transduction mechanism underlying infrared
detection in snakes is completely unknown, and it is unclear whether IR sensitivity is
based upon photic or thermal mechanisms. In this light microscopic study, antisera
against vertebrate retinal photoreceptor opsin proteins and antisera against calciumbinding proteins were used to characterize the relationship between visible light
photoreceptors in the retina and IR receptors in the pit organ of the boid snake Python
moluras bivitattus. Several different rod opsin- or cone opsin-specific antisera labeled
Python photoreceptor outer segments, but foiled to label IR receptor terminals. A
“phototransduction” anti serum that recognizes multiple components of the vertebrate
retinal phototransduction cascade labeled photoreceptor inner and outer segments and
some ganglion cells in the retina, and IR-sensitive terminals in the pit organ. An
antiserum against the calcium-binding protein calretinin labeled a subset of retinal
photoreceptors, but did not recognize IR-sensitive terminals. Anti-calmodulin and
anti-SlOO antisera both labeled IR terminals, but neither labeled photoreceptor outer
segments (although anti-SlOO did label inner segments). Anti-calbindin and antiparvalbumen labeled neither IR-sensitive terminals nor retinal photoreceptors. These
results show that Python image-forming infrared receptors are immunologically
distinct from retinal photoreceptors. If an opsin-like protein is involved in infrared
signal transduction, it must be significantly different from those found in retina.
These results also suggest that calcium may be involved in IR signal transduction,
particularly since the calcium-binding proteins immunolocalized to IR receptor
terminals are calcium-regulated rather than calcium-sequestering proteins.
Support: U.S .A.F. Office of Scientific Research grant F49620-96-1-0049 to MSG

101.23

CHEMOSENSORY FUNCTION OF THE VENTRAL SKIN IN
COLORADO RIVER TOADS. T. Nacai*1, H. Kovama2, K. vS. Hoff3 and S.
D. Hillvard3.. 1Dept. of Physiology, Teikyo Univ. Sch. of Med., Tokyo 173,
2Coll. of Nursing, Yokohama City Univ., Yokohama 236, 3Dept. of Biological
Sciences, Univ. of Nevada, Las Vegas, Nevada 89154.
Toads obtain water by absorption across their skin and can discriminate salt
solutions from fresh water in their environment by contact of their ventral skin
with these solutions (Hoff and Hiilyard, J. Exp. Biol.183:347-351.1993).
Anatomical and physiological bases for this discrimination were studied in the
Colorado River toad (Bufo atvarius). The toads placed on surfaces wetted
with 250 mM NaCl had their ventral skin in contact with that surface for only
65% of the time that was observed for toads placed cm water-saturated
surfaces. The time of contact with 250 mM NaCl was significantly increased
by adding 10 μM amiloride to 250 mM NaCl. The spinal nerves innervating
the ventral skin responded to NaCl, KC1 and citric acid solutions applied to the
skin. Exposing the ventral skin to 10 μM amiloride significantly suppressed
the neural response to 300 mM NaCl. The fluorescent dye, dil, was applied to
the spinal nerves to label the nerve fibers leading to the skin and, if present,
any target cells receiving innervation. Occasionally, epithelial cells in the skin
were trans-neuronally labeled. These cells and nerve terminals were located in
the deeper cell layer of the skin i.e., the stratum germinitivum. Labeled
epithelial cells, or possibly the nerve fibers themselves, may transduce Na+
flowing across the skin through amiloride-blockable channels. By this
mechanism, toads may detect and avoid hyperosmotic salt solutions.
[Supported by Ministry of Education, Science, Sports and Culture of Japan
08640872, and National Science Foundation IBN-9512053]
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102.1
Area Postrema Ablation Does Not Eliminate Detection of Calories in Food. E. M.
Knight,K. J. Spray, J. Holloman and N. J. Kennev*. Dept. of Psychology, Univ. of
Washington, Seattle, WA 98195.
Following ablation of the area postrema (APX), rats learn preferences for flavors
associated with nutrients if the flavor and nutrient are presented simultaneously
during conditioning. If the flavor and nutrient are temporally separated during
training, APX rats, unlike intact rats, fail to develop a preference for the flavor
which predicts nutrient availability. Preference learning in the latter procedure has
been shown to be more dependent upon the postingestive consequences of nutrient
consumption while learning in the simultaneous-presentation paradigm may
depend one either taste or postingestive cues. These results raised the question of
whether taste or calories would drive food selection of food-deprived APX rats.
The current studies were designed to address this question.
Beginning at least 44 days after surgeiy, APX and sham-lesioned (SHX) rats
were food restricted to 85% of their free-feeding body weights. The rats were
adapted to both a palatable but non-nutritive 0.2% saccharin solution (SAC) and a
non-palatable but nutritive solution of 8% glucose + 0.01% quinine (G+Q). Each
of these solutions was presented as the animals’ only fluid source on alternate days
for 4 days. Over the next 10 days, either the SAC or the G+Q solution was
presented.for 30 min on alternate days. On test days, rats were offered both
solutions in a 15-min, 2-bottle choice test. A preliminary study indicated that ad
lib-fed, intact rats prefer SAC, while food-restricted intact rats prefer G+Q.
When food-deprived, both SHX (62.8 ± 5.2%, p<05) and APX (77.5 ± 6.9%,
E<01) rats preferred G+Q to SAC during the test session. After re-feeding, G+Q
preference of SHX (17.8 ± 9.2%) and APX (33.6 ± 7.8%) rats decreased
dramatically. Thus, for both APX and intact rats, palatability drives food choice
when the animals are sated, but nutritional quality takes precedence over
palatability when the animals are hungry.
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102.2

VAGAL SENSORY PARTICIPATION IN DELAYED SATIETY
FOLLOWING NMDA RECEPTOR BLOCKADE: EVIDENCE FOR
A GLUTAMATERGIC SATIETY MECHANISM. G.A. Bums*, M.
Covasa and R.C. Ritter. College of Veterinary Medicine, Dept. of
VCAPP. Washington State University, Pullman, WA 99164-6520,
USA.
We previously demonstrated that intraperitoneal injection (IP) of
MK-801, a non-competitive antagonist of N-methyl-D-aspartate
(NMDA)-activated ion channels, increases food intake in rats by
interfering with satiation. Vagal sensory neurons are participants in
satiation. To determine whether vagal sensory neurons are necessary
for increased food intake following NMDA receptor blockade, we
examined the effect of MK-801 on food intake in rats treated with
capsaicin to destroy small unmyelinated sensory neurons, and in rats
with subdiaphragmatic surgical vagotomies. We found that MK-801 induced increase in meal size was significantly attenuated in capsaicin
treated rats and abolished in vagotomized rats. We also examined food
intake following MK-801 injected via cannulas aimed for the nucleus of
the solitary tract (NTS), in doses that were ineffective IP. Intra-NTS
injection of MK-801, at doses 2 orders below the effective IP dose,
significantly increased meal size, compared to vehicle injection or no
injection. Our results indicate that capsaicin-sensitive, vagal neurons
are necessary for MK-801-induced increase in meal size. They also
suggest that endogenous excitatory amino acids, acting at NMDA
receptors in or near the NTS, play a role in satiation for food.
Supported by PHS grant NS-20561.
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102.3

102.4

OLFACTION AND THE EXPRESSION OF SUCROSESWEETENED FOOD PREFERENCE IN MICE. Norman E.
Kinney*. Department of Psychology, Southeast Missouri State
University, Cape Girardeau, MO 63701.
Male albino mice (Mus musculus) were randomly assigned to
one of three groups: Home Cage Control (HC) Group, Sham
Surgery Control (SC) Group, or the Olfactory Nerve-Section
(NS) Group. NS Group mice were then bilaterally olfactory
nerve-sectioned. Seven days following surgery, all subjects
were given access to both sucrose-sweetened and plain food
mixtures in a preference test. Olfactory nerve-sectioned mice
(while anosmic) showed no first trial preference, while first trial
sugar-sweetened food preference was demonstrated by control
groups. It appears that expression of preference for sucrosesweetened foods in mice may require olfaction. This agrees
with earlier work reported by others that rats may be able to
discriminate sucrose solutions of differing sucrose
concentrations, prior to the first lick, on the basis of olfactory
cues. The results point to a necessary role for olfaction in the
expression of preference for sucrose-sweetened foods in mice.
Supported by GRFC grant, SE Missouri State University.

OBESITY AFTER UNILATERAL AMYGDALA LESIONS IN RATS: A
QUANTITATIVE ANATOMICAL ASSESSMENT. B. M. King*, J. T. Cook, K. N.
Rossiter, H, Sam. E, Arceneux, and G, F. Alheid1. Dept. Of Psychology, Univ. Of New
Orleans, New Orleans, La 70148, and 1Dept. Of Psychiatric Medicine, Univ. Of Virginia
Health Sci. Ctr., Charlottesville, Va 22908.
In contrast to other mammalian species, only recently have lesions targeting the
amygdala in the rat been found to result in obesity. In order to gain a detailed
understanding of the amygdaloid nuclei affected by these lesions we have prepared
female rats with unilateral and bilateral amygdaloid lesions with survival times ranging
from 1-3 days. Brains were frozen sectioned and series stained for Nissl substance and
for silver impregnation of degenerating axons and terminals. The impact on various
temporal lobe nuclei were quantitatively assessed by stereological methods for
estimating volumes; axon terminal degeneration was additionally examined on a
qualitative basis.
Unilateral lesions resulted in robust weight gain (11.5 gms/day) matching that of
bilaterally lesioned rats (12.2 gms/day). A preliminary linear regression analysis of
lesioned volumes predicting weight gain suggests that overeating resulted after
involvement of the intra-amygdaloid division of the bed nucleus of the stria terminals,
and did not appear to be strongly related to lesions in the posterodorsal medial amygdala,
which was the targeted nucleus. Ancillary/damage to the caudal central amygdaloid
nucleus was negatively correlated with weight gain. Dense terminal degeneration was
seen in the accumbens shell, bed nucleus of the stria terminalis, medial preoptic area,
anterior hypothalamus, ventromedial hypothalamic nucleus (and area), in the ventral
premammilary nucleus, and to a lesser extent, in the caudal ventral, lateral
hypothalamus, but not in the paraventricular hypothalamic n. Supported in part by NS
17743 (GFA).

102.5
EFFECTS OF A DUODENAL INFUSION OF SUCROSE OR LIPID ON
A RAT'S INITIAL PREFERENCE FOR SUCROSE OR LIPID.
L.A. Foster * Dept. Anat. & Physiol., Col. of Vet. Med.,
Kansas State Univ., Manhattan, KS 66506
To further investigate the question, can a nutrient in the
intestine affect an animal's preference for different types of food, a
duodenal infusion of either sucrose, lipid, saline or nothing was
initiated 5 or 10 min before 20 rats were offered sucrose and lipid
solutions (2 bottle presentation) to drink. Rats were equipped with
gastric fistulas (so that the ingested solution drained out of the rat)
and duodenal cannulas for the infusion. Rats were infused with
5mls of either: lipid (Intralipid, Pharmacia Inc., Clayton, NC., 0.5
kcals/ml), sucrose (.36M, 0.5 kcals/ml) or saline (.3M NaCI; 0
kcals/ml) at a rate of 0.5mls/min into the duodenum. The analysis
was done on the first 10 min of intake. When sucrose was infused
10 min before drink presentation, sucrose intake (5.8 mis) was less
than lipid intake (10.6 mis (p< 0.04). When lipid was infused 5
minutes before drink presentation, lipid intake (5.7 mis) was less
than sucrose intake (11.4 mis (p<0.04). There were no differences
between the combined intake of both drinks for any infusion type
(lipid, sucrose, saline, or nothing) or start times. There were no
other significant differences between drinks for any of the other
infusions, although the trend supported the hypothesis, whichever
nutrient was infused, the rats drank more of the other nutrient.
Supported by a KSU CVM Dean's Fund Grant.

102.7
AN ANIMAL MODEL OF OBESITY INDUCED BY ANTIPSYCHOTIC
DRUGS. Q. Contreras*, T. Baptista. A. LaCruz and L Hernández. Lab. of
Behavioral Physiology, Los Andes Univ. Sch. of Med, Mérída, 5101-A,
Venezuela.
Clarification of the mechanisms involved in the excessive body weight
gain observed during chronic administration of antipsychotic drugs (AP) has
been hampered by methodological and ethical factors, therefore an animal
model in rats has been developed. Typical and atypical AP induce obesity in
female but not in male rats. Further explorations have been conducted with
the AP Sulpiride (SUL, 20 mg/Kg/ip. for 21 days). The body weight gain
under SUL administration is dose-dependent and it tends to level off after 2
weeks of treatment; the weight gain is prevented if food intake is restricted
to pretreatment levels. A robust hyperprolactinemia is detected, and the
basal estradiol serum levels are preserved, however, as the weight of
utems/jgonads is decreased and a permanent diestrous occurs, the ovulatory
mechanisms are probably impaired. The high-density cholesterol is
significantly increased in the first week of treatment. Unexpectedly, when
challenged with a glucose overload, the serum insulin levels are significantly
lower than vehicle-treated rats, and serum glucose tended to be lower as
well. The effects of SUL on body weight and food intake were counteracted
by simultaneous administration of bromocriptine, 17-p-estradiol or
tamoxifen, but not by amantadine. When administered directly in the lateral
hypothalamus, SUL induced a strong food and water intake in satiated
animals; in addition, systemic SUL increases dopamine metabolites in that
brain area. Collectively, the results show that AP stimulate appetite
interacting directly with satiety-related neurons, and by inducing an
hypogonadic state which also promotes excessive adiposity. This model
may resemble the early effects of AP on body weight and endocrine profile
in women. Supported by the CDCH-T, grant M-573,96-7B.
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102.6

REPRODUCTIVE HORMONES DURING ANTIPSYCHOTIC TREATMENT:
RELATIONSHIP WITH BODY WEIGHT REGULATION. T. Baptista*, D.
Reves and L. Hernández. Lab. of Behavioral Physiology and Department of
Psychiatry, Los Andes Univ. Sch. of Med., Mérída, 5101-A, Venezuela.
Excessive body weight gain is an undesirable side effect of prolonged
administration of antipsychotic drugs (AP). Hyperprolactinemia-induced
endocrine and metabolic abnormalities, particularly in the gonadal steroids,
may be involved in the development of this type of obesity. To test this
hypothesis, reproductive hormones, cortisol, dehidroepiandrosterone-sulfate
(DHEA-S), thyroid hormones and body weight gain were assessed in
patients receiving AP, who were medication-free for at least three months
before the study (9 men, 9 women), and placebo-treated subjects (10 men,
17 women); in women, the hormones were evaluated in several phases of
the menstrual cycle. Data was analyzed by ANOVA and correlation analysis.
A significant weight gain was observed in men but not in women. Under AP
administration, women displayed significantly lower serum levels of estradiol
and progesterone (p < 0.01); in men, the levels of free testosterone and
DHEA-S were significantly lower than controls (p < 0.05). The functioning of
the hypothalamus-pituitary-gonads axis appeared to be preserved, because
the levels of follicle-stimulating hormone in women, and luteinizing hormone
in men were significantly elevated. This endocrine profile resembles that
observed in men with primary obesity.Obese women are hyperandrogenic at
expenses of increased levels of androgens, whereas AP-treated patients are
so because of decreased serum estradiol levels. These endocrine
abnormalities, along with increased appetite, hyperprolactinemia-induced
glucose intolerance, underactivity and deficient diet habits may underlie the
excessive weight gain observed after AP treatment. Supported by the
CDCHT (ULA), Grant 573-96-7B.

102.8
SLOW INTESTINAL INFUSIONS OF FAT SUPPRESS SHAM FEEDING IN THE
RAT. D. Greenberg*and A.J. Strohmaver. Dept. of Psychiatry, Cornell Univ.
Med. College, White Plains, NY 10605 and Dept, of Neurology, North Shore
Univ. Hospital-NYU Sch. of Medicine, Manhasset, NY 11030.
We have previously shown that duodenal infusions of Intralipid (IL)
administered at a rate of 0.44 ml/min suppress sham feeding. Recent
reports suggest that the gastric emptying rate for the lipid portion of
Intralipid is considerably slower (0.013ml/min; Friedman et al. 1996). We
show here that intestinal infusions at this putative physiological rate are
also able to significantly suppress sham feeding.
Rats (n = 12) were fitted with gastric cannulas and duodenal catheters to
allow duodenal infusions during sham feeding. For testing, overnight food
deprived rats sham fed for 90 min. Duodenal infusions (10ml) were
delivered at a rate of 0.013 ml/min (the rate of emptying of the lipid portion
of IL reported by Friedman et al.; 1996). Infusions began 12 min after
sham feeding and were of IL (5%) or 0.15M NaCI. We analyzed sham fed
intakes for the time before the infusions began, as well as during and
following the infusions. IL significantly decreased sham feeding both
during and following intestinal infusions (Table; * = p <0.005).
Sham Fed Intake (mean ± sem)
BEFORE
DURING
FQLUQWING
Intralipid
20.4 ± 1.4
20.6 ± 2.8*
28.9 ± 3.3*
0.15M NaCI
23.9 ± 1.2
33.9 ± 1.6
40.9 ± 2.6
Fat delivered to the duodenum at rates suggested to be more
physiological than those we have previously reported remained a potent
inhibitor of sham feeding. These results support our hypothesis that fat in
the intestine is an important satiating stimulus.
Supported by: DK-38757 (DG).
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102.9

102.10

A NEW BEHAVIORAL METHOD TO PROBE THE TIME COURSE OF
mCPP’s ANORECTIC ACTION. J.M. Kaplan*, A. Hernandez and H.J. Grill.
Dept. of Psychology, U. Pennsylvania, Philadelphia, PA 19104.
With the experimenter-initiated intraoral intake test, it is possible to probe the
ra t’s intake potential at scheduled times, even when the probability of
spontaneous ingestion is low (e.g., after delivery of anorectic agents, or after a
spontaneous meal). Here, we probe recovery of intake potential after delivery of
the S-HT2c,1B agonist, mCPP. A single intraoral infusion (37.5% glucose @ 1.0
ml/min) was initiated 20,80,140 or 200 min after drug (3.0 mg/kg, i.p.) or saline
vehicle injection. Twenty min after drug administration, intake was suppressed
by 70% relative to vehicle baseline. A linear recovery function was obtained such
that by 200 min after injection, drug and vehicle intakes were equivalent. A
second set of conditions was run to determine whether the duration of mCPP
action would differ when drug was administered in close temporal relation to a
preload. Two intake tests were delivered, with onset times separated by 60,120
or 180 min, and with mCPP administered 20 min before the first test. In contrast
to the single-meal test results, total intake after mCPP injection remained
suppressed relative to vehicle levels at all probe latencies. An additional
experiment showed that when mCPP was injected 10 min after the 1st test, 2nd
test intake was greatly suppressed 200 min after treatment. The intraoral intake
paradigm may be of general utility as a tool for evaluating the time course of
anorectic agents, particularly when, as was the case for mCPP, the intakeinhibitory effect of the drug combines synergistically with the satiety effect of
preload ingestion. NIH DK-42284.

THE REDUCTION OF SHAM FEEDING BY PIMOZIDE IS NOT ATTENUATED
BY GLUCOSE INFUSIONS. J.S. Bondar*, H.P. Weingarten. Dept. of Psychology,
McMaslcr University. Hamilton, Ont., Canada, L8S 4K1.
Shatn feeding is more sensitive to suppression by the dopamine antagonist
pimozide than is real feeding. Sham feeding reduces postingestive signals. Thus,
we hypothesized that postingestive cues in the real feeding animal, such as elevated
bkxxl glucose (BG). attenuated the suppressive effects of pimozide. We tested this
hypothesis by increasing or decreasing peripheral BG, or elevating ICV glucose in
sham feeding rats treated with pimozide. Peripheral BG was increased with an
infusion of 360 mg of glucose i.v. over the course of the 60 minute intake test while
BG was decreased with a 0.1U insulin s.c. injection. Separate tests verified that
(hose manipulations produced the intended effects on peripheral BG levels. Neither
i.v. glucose infusions, nor insulin injections had any effect on the reduction of
sucrose shatn feeding induced by 0.5 mg/kg of pimozide. Increases in systemic
glucose sue expected to increase brain glucose levels, so we tested whether ICV
infusions of glucose would counter the effects of pimozide on shiun feeding. Lateral
ventricular infusions of 1 mg (in 5 μl) of d-glucose or 1-glucose (the inactive
cnantioiner) were paired with 0.5 mg/kg injections of pimozide in sham feeding rats.
Infusions of d-glucose slightly increased the attenuation produced by pimozide,
however this difference was not statistically significant. Finally, we infused 1 mg (in
5jul) of (1- or 1-glucose into the thud ventricles of sham feeding rats treated with a
range of doses of pimozide. Sucrose sham intake was slightly elevated following a
d-glucose infusion when animals received 0.1 or 0.5 mg/kg of pimozide, however
these differences were not statistically significant. We concluded that elevations of
systemic or ICV glucose do not attenuate the inhibitory effects of pimozide in real
feeding versus sham feeding rats.
Funded by the Natural Sciences and Engineering Research Council of Canada

102.11

102.12

RELATIONSHIP BETWEEEN HEDONIC RESPONSIVENESS TO FOOD
STIMULI, PHASE OF THE MENSTRUAL CYCLE, AND PATTERNS OF
HABITUAL EATING. P. J.Geiselman*, C.F.Smith, D.A.
Williamson, R.A.Plum, C.M.Champagne, D.H.Ryan, and N.
Baker. Pennington Biomedical Research Center, LSU,
Baton Rouge, LA 70808-4124.
The present study was conducted to determine how hedon
ic responses to chocolate puddings varying in sugar and
fat content were related to phase of the menstrual cycle
in women. Subjects were regularly menstruating women be
tween the ages of 18 and 35. We used the Three-Factor
Eating Questionnaire to identify four groups according to
Disinhibition (tendency to lose control of food intake)
and Dietary Restraint(intention to control body weight by
restrictive eating): HD/HR (High Disinhibition/High Re
straint; HD/LR (High Disinhibition/Low Restraint); LD/HR
(Low Disinhibition/High Restraint); and LD/LR (Low Disin
hibition/Low Restraint). Subjects who were either in the
follicular or luteal phase of the menstrual cycle tasted
four chocolate puddings varying in sugar (high and low)
and fat (high and low)content and rated their hedonic re
sponses. During the luteal phase, HD/LR women hedonically
rated the high sugar/high fat pudding higher than did the
other three groups. The HD/LR group also liked the pudding
more during the luteal phase than they did during the fol
licular phase, but there was no difference between hedonic
ratings in the follicular vs. the luteal phase in the
other groups.
(Supported by Louisiana State Funds)

FEEDING IS ELICITED BY AMPA OR AMPA ANTAGONISTS MICRO
INJECTED INTO THE LATERAL HYPOTHALAMUS OF SATIATED
RATS. S.R. Hettes*, S.D. Perez, B.G. Stanley. D ept. o f Psychology &
Neuroscience, Univ. California - Riverside, Riverside, CA 92521.
Prior research in our lab has shown that AMPA microinjected specifically into
the lateral hypothalamus (LH) can elicit feeding in satiated rats (Stanley, et al.,
Brain Res. 1993, 613, 88-85 & 630, 41-49). Here we report the paradoxical
finding that AMPA receptor antagonists also elicit feeding when microinjected
in the LH. The potent, selective, competitive AMPA receptor antagonists,
NBQX (1, 10, 30 & 60 nmol in 0.3 μl or 0.6 μ1 o f aC SF/ H20 vehicle) or
CNQX (0.4, 4, 40 & 80 nmol/ 0.3 μl or 0.6 μl DMSO) were microinjected
through indwelling guide cannulas into the LH o f satiated adult male Sprague
Dawley rats and food intake was measured 0.5, 1, 2 & 4 hours postinjection. We
found that both NBQX and CNQX elicited intense, dose-dependent feeding
responses within 1 hour o f microinjection. Specifically, NBQX at 10, 30, & 60
nmol elicited mean 1 hour postinjection food intakes o f 5.2, 10.9, and 11.9 gm
respectively, while CNQX at 40 & 80 nmol elicited intakes o f 3.4 and 5.4 gm
respectively (both p< 0.05 by ANOVA). Microinjection o f AMPA in these
animals confirmed that a 1.0 nmol dose o f this receptor agonist likewise elicited
feeding (6.3 gm in 1 hour). These findings, demonstrating that feeding is elicited
by both AMPA and AMPA receptor antagonists, suggest that AMPA receptors
may reside on LH neurons, some o f which elicit feeding with AMPA receptor
activation and some o f which elicit feeding with AMPA receptor blockade.
This work was funded by NIH Grant NS24268.

102.13

102.14

FOS-LIKE IMMUNOREACTIVITY (FLI) INDUCED BY LATERAL HYPOTHA
LAMIC (LH) INJECTION OF /V-METHYL-D-ASPARTATE (NMDA).
B.G. Stanley*. A.M. Khan1, and E.R. Gillard. Departments of Neuroscience and
Psychology, and the Division of Biomedical Sciences1, University of California,
Riverside, CA 92521, USA.
We have recently shown that NMDA injected specifically into the LH of sati
ated rats markedly stimulates eating behavior and that a NMDA receptor an
tagonist can suppress natural eating (Stanley, B.G. et al., Brain Res. (1993),
613. 88; 630. 41; Am. J. Phvsiol. (1996), 270. R443). Moreover, we have re
cently identified LH afferents associated with NMDA-elicited feeding using re
verse dialysis of a retrograde tracer within this region (Tomkins et al., Soc.
Neurosci. Abstr. (1996), 22,1409).
To identify brain regions that are metabolically activated in association with
NMDA-elicited eating in the LH, we qualitatively determined the expression of
FLI following LH injection of NMDA. Specifically, adult male Sprague-Dawley
rats (n=5) with indwelling LH guide cannulas were injected with either NMDA (10
nmol), cerebrospinal fluid vehicle, or were mock-injected to control for the ef
fects on FLI of stress associated with the injection technique. Compared to
vehicle- or mock-injected animals, unilateral LH injection of NMDA induced bi
lateral FLI in intra- and extrahypothalamic sites, including the LH, ventromedial
hypothalamus, supraoptic nuclei, arcuate nuclei, bed nuclei of the stria terminalis
(intraamygdaloid region) and medial and central amygdaloid nuclei. More pos
teriorly, bilateral FLI was observed in the paranigral nuclei, substantia nigra, and
central gray. These results demonstrate that LH injection of NMDA can induce
reliable and consistent patterns of FLI in many brain regions, and further sug
gest that a number of intra- and extrahypothalamic sites may be active in asso
ciation with LH feeding.
(Supported by NIH grant NS 24268).

O N T O G EN Y O F B A SA L A N D D EPR IV A T IO N -IN D U C E D N PY
E X P R E S S IO N IN Z U C K E R R A T S . T .J. K o w alsk i. T .A . H oupt. JW . Jah n g , N . O kada+, S. C hua†, E. C o rp * , and G .P . Sm ith B ourne
Lab, C ornell U. M ed. C oll., W hite P lains, N Y 10605 and R o ck efeller
U. N Y , N Y 10021.
N PY increases food intake and decreases energy expenditure.
H ypothalam ic m essage and protein levels o f N P Y are higher in adult
Zucker fatty (fa/fa) rats than in lean litterm ates. P rev io u s w ork has
show n that N P Y peptide levels in the arcuate n. o f fa /fa rats are higher
than +/? on P 30, but not on P I 6 (Beck et al., J. N u tr. 123: 1168,
1993). W e recently reported that 24h deprivation increases arcuate n.
N PY m essage on P2, P9, and P 12 b u t n ot P 5, an d th at fa /fa p u p s begin
to overexpress N PY by P9 (K ow alski et a l., S S IB , 1997). W e now
extend those findings by m easuring arcuate n. N P Y expression u sing in
situ hybridization in rats aged P25 and P32. Rats w ere either fed or
deprived o f food and w ater fo r 24h. T w o litters o f 7 - 10 rats w ere used
at each age, and genotype w as determ ined u sing P C R analysis. Levels
o f N PY expression (relative optical density) w ere norm alized to fed +/fa
rats within each litter and pooled for analysis (2-factor A N O V A ).
N P Y expression in fa /fa rats w as higher than + /+ o r +tfa littermates
on P25 and P 32. D eprivation resulted in higher N P Y m R N A levels in
all genotypes at both ages tested. B ased upon o u r previous report and
these results, w e conclude that 1) basal levels o f N PY m essage in fa /fa
rats is not significantly higher than + /+ o r +/fa rats prio r to P 9, but
occurs before the reported increase in peptide levels, and 2) fo o d and
w ater deprivation increases N PY m R N A as early as P2 in all genotypes.
S up p o rted by N IH grants M H 18390, M H 15455, and D C 03198.
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MERCAPTOACETATE DECREASES p-HYDROXYBUTYRATE
AND GASTRIC EMPTYING IN RAT PUPS. S. E. Swithers*. Dept.
of Psychological Sciences, Purdue Univ., West Lafayette, IN 47907.
In 12- and 15-day-old pups, 100, 200 or 400 μ mol/kg doses of
mercaptoacetate (MA) enhance independent ingestion, while a dose of
800 fimol/kg MA suppresses intake. In pups 6 or 9 days of age, no
dose affects intake. In order to examine the mechanisms by which MA
affects intake in pups, levels of a ketone body, β-hydroxybutyrate
(βHBA) were examined in pups at 9, 12 or 15 days of age, one hour
following i.p. injection of 400 or 800 (μmol/kg, (100 p,mol/ml) MA or
0.135 M saline. The results demonstrate that doses of 400 and 800
μ mol/kg MA significantly decreased βHBA levels at 9, 12 and 15 days
of age. On the other hand, measurement of stomach contents showed
that gastric emptying was suppressed by a dose of 800 μ mol/kg MA
only in 12- and 15-day-old pups. There were no effects of MA on
gastric emptying in 9-day-olds. Thus, MA affects βHBA levels but
not ingestive behavior in 9-day-old pups, suggesting that a mechanism
for detecting changes in the utilization of fatty acids matures between
9 and 12 days of age. In addition, the intake-suppressing effects of a
dose of 800 jimol/kg MA in 12- and 15-day-old pups may result from
suppression of gastric emptying.
This research was supported by funds from Purdue University.

DIETARY
ADAPTATION
INCREASES
DIGESTIVE
CAPACITY AND DECREASES SATIETY RESPONSE TO
MACRONUTRIENTS. L A. Brenner*, M. Covasa and R.C. Ritter.
Department of VCAPP, Washington State University, Pullman, WA
99164-6520, USA.
Compared to rats maintained on a high carbohydrate diet, rats
adapted to high-fat diets have increased pancreatic acinar and duodenal
lipase levels, and enhanced lipase secretion by dissociated pancreatic
acini. However, rats adapted to high fat are less sensitive than low fat
adapted rats to the feeding-suppression by intraintestinal oleic acid.
Compared to high fat-adapted rats, high carbohydrate-adaptation
induced markedly higher acinar and intestinal amylase concentrations,
as well as higher CCK-stimulated amylase secretion by pancreatic acini,
indicating increased digestive capacity for starch. However, high
carbohydrate adapted rats were much less responsive than high fat
adapted rats to suppression of feeding by intestinal infusion of
maltotriose, a starch digestion product. These data and others suggest
that adaptation to high levels of specific macronutrients potentially
increases their assimilation, while decreasing their satietogenic
potential. Such changes could serve an adaptive function, when varied
energy sources are not abundent but, could also contribute to
overeating and obesity when food is readily available and the diet is
rich in particular macronutrients. Supported by NIH grant NS20561.

102.17

102.18

STRESS INDUCIBLE 70kDa HEAT SHOCK .PROTEIN (HSP72) EXPRESSION
IN GASTRIC MUCOSA OF AN ANIMAL MODEL OF ANOREXIA NERVOSA
AND GASTRIC STRESS ULCERS .K. Guhl. S. Muluceta, B. Tedeschi, S R.
Shenov. M-T Maa, N. Hawkins, J.J. Edwards. C-T Hsu. G.E. Goode* & P.F.
Aravich. Eastern Virginia Med. School, Norfolk, VA 23501; VAMC, Hampton,
VA 23667; Governor’s School for Sci. & Tech., Hampton, VA 23666; Hampton
Univ., Hampton, VA 23668.
Animals placed on a moderate food restriction schedule and given free access
to activity running wheels lose a profound amount of body weight compared to
animals placed on either treatment alone. This exercise-stress syndrome is used to
model the adverse effects of hyperactivity in anorexia nervosa. Animals subjected
to this syndrome also sustain so-called activity-stress ulcers (ASUs) when allowed
greater weight loss. The purpose of this experiment was to determine if HSP72
expression occurs in the gastric mucosa of animals subjected to the syndrome
without observable ASUs. For the purposes of comparison, mucosas from
animals subjected to the syndrome with chronic caffeine exposure were also
evaluated. We previously reported that caffeine, which is abused by a sub
population of anorexics, greatly increases rate of weight loss in the syndrome and
markedly increases the incidence of ASUs. The tissue was taken from subjects
(adult, female Sprague-Dawley rats) that participated in the previous experiment
(Placebo treatment; n=9. Caffeine treatment: 40 mg/kg daily, ip;7 days before and
during the exercise syndrome; n=8). All rats were subjected to the exercise-stress
syndrome. It was found that mucosal HSP72 expression occurred in 6/9 placebotreated rats and 7/8 caffeine-treated rats. It is concluded that the exercise-stress
syndrome can induce mucosal HSP72 expression even before the presentation of
observable ASUs. It is also concluded that the exercise-stress syndrome is a
novel model for the assessment of stress-inducible heat-shock proteins.

EFFECT OF NOVELTY IN ELICITING FOS EXPRESSION IN THE
RAT BRAIN FOLLOWING A GASTRIC LOAD. M.H. Emond*, G.J.
Schwartz and T.H. M oran. D ept. of Psychiatry. Johns Hopkins Univ.
Sch. of Med., Baltimore, MD 21205-2196.
Fos immunohistochemistry has been used with increasing frequency as
a marker for neural activation produced by meal associated stimuli. It is
not always clear whether the Fos-like immunoreactivity (FLI)'elicited by
these stimuli is associated with behavioural changes caused by the
stimulus or the novelty of the stimulus. The following experiment was
carried out in an effort to determine if some of the FLI seen following
certain experimental treatments (ex. gastric load, sham feeding) was due
to the novelty of the stimulation. During training, male rats were
overnight food deprived (17:00 to 9:00) and divided into two groups.
The first group (Experienced) was given a 10 ml intragastric load of
liquid diet (Ensure) through a feeding tube every morning, while the
Control group simply had the feeding tube inserted but received no
gastric load. After two weeks o f training, both sets of rats were overnight
deprived and given a gastric load of 10 ml of liquid diet. This load would
be a novel stimulation for the Control rats but not the Experienced group.
FLI was assessed by counting the number of Fos-labelled cells in brain
sites where gastric stimulation had elicited Fos expression in previous
studies (caudal, medial, rostral and extreme rostral levels of the NST and
in the PVN). Cell counts revealed that a gastric load increased FLI in the
caudal and medial NST and PVN but there was no significant difference
in Fos expression between the Experienced and Control groups in any
brain area examined. The results from this experiment provides some
evidence that the Fos expression seen after meal associated stimulations
cannot completely be attributed to the "newness" of the treatment.
Supported by D K 19302

102.19

102.20

EFFECTS OF 2-DEOXYGUJCOSE AND P-HYDROXYBUTYRATE ON IN VITRO
NOREPINEPHRINE RELEASE IN THE RAT HYPOTHALAMUS
B, M. Grossman*, J. L Burnell and R. J. M a rtin. Dept. of Foods and
Nutrition, University of Georgia, Athens, GA 30602
Previous research indicates that certain areas of the brain respond
to altered states of energy balance. Some of these areas are also
implicated in the regulation of food intake. Specific metabolites
generated during periods of altered energy balance may be a 'signal' fo r
altering food intake. Male Sprague-Dawley rats (n=24), weighing 215 gwere given chow and water ad libitum . At sacrifice, the basal
medial hypothalamus (BMH) was removed and placed in a perfusion
chamber (Brandel) and perfused (0.1 m l/m in) with Krebs Ringer
buffer (KRB) ("Basal"). Samples were collected every 10 minutes.
After 135 min, KRB containing 25 mM 2-deoxyglucose (2DG) reached
half of the tissues while the other half were perfused with KRB
containing 10 mM p-hydroxybutyrate (POHB). The treatments were
crossed over at 205 minutes, and KRB containing both treatments
perfused the tissues at 255 minutes. After 325 minutes, all samples
received 45 mM potassium. Each treatment lasted 10 minutes.
Norepinephrine from the collected perfusate was assessed by HPLC.
Results show a consistent increase in NE due to 2-DG induced
glucoprivation, while an inconsistent effect on NE release w ith
treatment of pOHB was observed.
Perfusion of both treatments
together markedly decreased NE release, with a significantly greater
decrease in those tissues firs t treated with 2DG. These data suggest
that increases in NE leading to an increase in food intake may be
induced by decreases in overall energy deficits rather than specific
glucoprivation. (Funded in part by NIH grant #HD22226).

y-AMINOBUTYRIC ACID (GABA) RECEPTORS IN ANTERIOR PIRIFORM
CORTEX (APC) MEDIATE FEEDING RESPONSES IN RATS. B.G. Truong and
D.W. Gietzen*. Dept. Anat. Physiol. & Cell Biol., Sch. Vet. Med. and Food Intake Lab.
Univ. Calif. Davis, Davis CA 95616.
In an aminoprivic feeding model, rats quickly and reliably reduce their food intake
after being prefed a low protein diet, when offered an amino acid-imbalanced diet
(IMB). To investigate if GABA might play a role in this feeding model, 3 experiments
were conducted using muscimol [MUS; GABAa receptor agonist], bicuculline [BIC;
GABAa receptor antagonist], or phaclofen [PHAC; GABAb receptor antagonist]. Male
Sprague Dawley rats (220-250g) were prefed a threonine basal diet (BAS) ad lib for >
2 weeks. Cannulas aimed at the APC were implanted. After 3 days of BAS baseline
(intake of BAS with aCSF = 100.0 ± 7.6%), on the experimental day, MUS, BIC,
PHAC, or artificial cerebrospinal fluid (aCSF) was administered directly into the APC,
0.5 jil/side; the rats were given either IMB or BAS at the onset of darkness.
% of BAS BASELINE CONTROL INTAKE (0-6h)
DRUG DOSE
BAS
IMB+aCSF IMB+DRUG
MUS
2.34 η mol 66.6 ±7.6* 41.3 ± 6.2
12.5 ±5.6*
1.05 η mol
41.3 ±6.2
24.2 ±5.6*
BIC
80.0 η l
84.0 ±4.5 33.1 ±4.5
47.5 ±4.5*
PHAC 62.0 ηg
28.5 ± 2.8
27.3 ± 2.8
31.0 ηg
69.8 ± 2.8# 28.5 ± 2.8
30.6 ±2.8
*=Differs from aCSF in that trial, #=differs from BAS baseline (P<0.05).
Results show that stimulation of GABAa receptors decreased food intake with both diets.
Inliibition of these receptors increased IMB intake selectively. Blockade of the GABAb
receptors affected only BAS intake. This suggests a role for the GABAa receptors in the
IMB feeding model. Supported by NIH DK35747 and USDA 94-37200-0655.
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IBOTENIC ACID LESIONS OF THE ANTERIOR PIRIFORM CORTEX
ACCELERATE ADAPTATION TO AMINO ACID IMBALANCE. S.M. Aja,
S.M.» Gospe. Jr.* and D.W. Gietzen. Vet. Med. Anat. Physiol. & Cell Biol.,
Food Intake Lab., and Dept. Neurol. Med., U. Calif., Davis, CA 95616.
Rats prefed low protein basal diets (BAS) significantly reduce their intake o f
imbalanced essential amino acid diets (IMB). Electrolytic lesions in the anterior
piriform cortex (APC) attenuate IMB-induced anorexia both initially and during
the later adaptation period. We investigated effects o f selective neuronal cell
body lesions o f APC on IMB intake. Rats were injected with buffered ibotenate
(0.5 nl, 10 fig/fil) into the APC bilaterally (n=15, IBO), or were sham-operated
(n=18, SHAM). After 10-15d for recovery and adaptation to BAS ad lib, BAS
intake was measured for 3d. Rats were then fed a threonine IMB, and IMB
intake was measured for 3d (ED 1,2,3). D ata were expressed as % BAS intake.
IBO and SHAM IMB intakes were not different on E D I, 2 or 3. However, 50%
o f IBO rats ate IMB above 80% BAS on ED3, and 20% ate IMB above 90%
BAS. Comparisons o f upper 50% (U50%) IBO vs U50% SHAM, and lower
50% (L50%) IBO vs L50% SHAM, were made for E D I, 2 and 3. U50% IBO
IMB intakes were significantly greater than U50% SHAM on ED3 (p=0.0035),
indicating more rapid adaptation to IMB in some IBO rats. Other comparisons
were not significant. APC neurons without glutamate receptors (glut-R), or
neurons not residing in the APC but with fibers passing through this area, may
be responsible for earlier anorectic responses to IMB. However, APC neurons
with glut-R appear to sustain normal anorectic responses during adaptation to
IMB. Supported by DK09271, NS33347 and DK35747.

6-HYDROXYDOPAMINE (6-OHDA)-INDUCED HYPERPHAGIA IS
ASSOCIATED WITH INCREASED NPY SIGNALING. M.G. Dube*, B. Xu.
S.P. Kalra and P.S. Kalra, Departments of Physiology and Neuroscience,
University of Florida College of Medicine, Gainesville, FL 32610
We have reported recently that although the hyperphagia in rats with
ventromedial hypothalamic lesions is associated with reduced
hypothalamic NPY mRNA levels, food intake in response to
intracerebroventricularly (icv) administered NPY is markedly increased in
these rats. Injection of 6-OHDA in the ventral noradrenergic bundle
(VNAB) also produces hyperphagia with an increased rate of body
weight gain. We have tested the possibility that this neurotoxin-induced
hyperphagia may also be due to altered dynamics in hypothalamic NPY.
Male Sprague Dawley rats received either 6-OHDA (12μ g) or vehicle
bilaterally in the VNAB. Unlike the VMH-lesioned rats, in 6-OHDAtreated rats food intake was increased selectively during the lights-off
period. Concurrent with this hyperphagia, hypothalamic NPY mRNA
levels, analyzed by the RNAse protection assay, were significantly
increased during the dark phase. In a second group of 6-OHDA-injected
rats killed 2 hrs after lights-off, NPY mRNA levels measured selectively
in the median eminence-arcuate nucleus of the hypothalamus were again
higher (p < 0.05 vs controls). On the other hand, food intake in
response to icv administration of NPY (29, 117 or 470 pmol) or
norepinephrine (10.7, 32 or 96 nmol) was not different in 6-OHDA- and
vehicle-injected rats. Therefore, in contrast to the VMH-lesioned rats,
in 6-OHDA-treated rats food intake is increased during the dark phase
only and is associated with elevated hypothalamic NPY signaling and not
increased sensitivity to NPY or NE. (Supported by NIH NS-32727)

102.23

102.24

GASTRIC VOLUME DETECTION AFTER SELECTIVE VAGOTOMIES IN RATS. R.
J. Phillips*, E. A. Baronowsky, M. J. Huntinfton. & T. L Powley. Purdue University,
West Lafayette, IN 47907.
Recently we showed that animals with their pyloric sphincters occluded reduced
their food intake after receiving intragastric infusions of 2.5, 5,7.5, or 10 ml of normal
saline. Even the smallest volume suppressed feeding, and there was a dosedependent increase in suppression across volumes (Am. J. Physiol. 271,1996). To
evaluate the contributions of the different subdiaphragmatic branches of the vagus to
this detection of gastric volume, five groups equipped with pyloric cuffs and indwelling
gastric catheters were tested. The groups consisted of animals with sham
vagotomies (n=9), only the gastric branches spared (n=9), only the celiac branches
spared (n=3+), only the hepatic branch spared (n=9), and complete vagotomies
(n=9). Liquid diet consumption during a short term (30 min) feeding bout was
measured after gastric infusions of 5 and 10 ml of normal saline on cuff-open and
cuff-closed trials. After completion of testing all animals were verified for proper cuff
placement and accuracy of vagotomy (Fluorogold; Am. J. Physiol. 253, 1987). As
would be predicted from earlier observations, sham animals with cuffs closed
exhibited dose-dependent suppression of food intake to the infusions, and completely
vagotomized animals did not inhibit feeding in response to the gastric loads. For the
selective vagotomy groups, the suppression of food intake exhibited was proportional
to the density of the afferent innervation the different branches supplied to the
stomach. Specifically, the gastrics-spared group exhibited only a nonsignificant
attenuation of suppression, whereas the hepatic-spared group’s inhibition of food
intake was significantly attenuated. In separate testing, the groups exhibited different
abilities to suppress the size of the first meal after surgery, and this inhibition also
correlated with the extent of afferent projections the individual branches supplied to
the stomach. These findings demonstrate a partitioning of roles for the different vagal
branches in the detection of the gastric volumes (and the distension produced by
these volumes) tested in this study. In addition, they support and extend our recent
finding of hepatic afferent innervation of the rat stomach (JCN, in press). NIH
DK27627 and NIMH MH01023.

RETENTION OF SHORT-TERM CONDITIONED TASTE
AVERSION MEMORY IS DOSE-DEPENDENT. T.A. Houpt* and
R.A. Berlin. E.W. Bourne Behavioral Research Lab., Dept.
Psychiatry, Cornell Univ. Medical College, White Plains, NY 10605.
We have recently reported (ISOT 97) that after an intraoral infusion
of sucrose is paired with varying doses of LiCl, rats express a
conditioned taste aversion (CTA) 15 min and 1 h after the pairing. The
CTA is retained for longer than 48 h after a high dose of LiCl, but is
forgotten within 6 h after lower doses. To determine more precisely
when a short-term CTA is forgotten after low doses of LiCl, we
measured intraoral intake of sucrose at intermediate times after pairing
sucrose with LiCl. Rats were implanted with intraoral catheters, and
17-h food (but not water) deprived. Rats received an intraoral infusion
of 5% sucrose (6 ml/6 min); 30 min later LiCl was injected at 3
different doses (76, 38 or 19 mg/kg i.p.). A second intraoral infusion
was administered 3 h or 4.5 h later to different rats in each group (n=5
at each time and dose). Sucrose intake was measured by weighing rats
immediately before and after the infusions. Baseline intake of 5%
sucrose was 4.5 ± 0.2 g. After 76 mg/kg LiCl, intake of sucrose was
near zero at 3 h (0.6 ± 0.5 g) and 4.5 h (0.3 ± 0.2 g). Sucrose intake
was reduced at 3 h after both 38 mg/kg (1.8 ± 0.4 g) and 19 mg/kg
LiCl (1.1 ± 0.5 g). At 4.5 h, intake was still reduced after 38 mg/kg
(1.7 ± 0.5 g) but not after 19 mg/kg (3.4 ± 0.9 g). We conclude that
retention of short-term CTA memory is dependent on the dose of LiCl
paired with sucrose during CTA acquisition.

102.25

102.26

DELAYED FEEDING PREVENTS HYPOTHALAMIC NOREPINEPHRINEINDUCED OVEREATING. C. Bishop1, P.J. Currie1 and D.V. Coscina1.2*.
Department of Psychology1 and Department of Psychiatry and Behavioral
Neurosciences2, Wayne State University, Detroit, MI, 48202.
Injection of norepinephrine (NE) into the paraventricular nucleus (PVN)
stimulates feeding in satiated rats that is most pronounced at the onset of the dark
portion of the day-night cycle. Some of this feeding effect has been linked to
altered utilization of body nutrients. If changes in metabolism are integral to such
enhanced feeding, they might persist despite delays in access to food following
PVN NE infusions. To test this possibility, we compared the feeding effects of
PVN NE injections either at the beginning of the dark phase (lights off 1700 h) or
following a 1 h food restriction (1700-1800 h). Satiated rats bearing unilateral
PVN cannulae were first injected with 20 nmol NE in 0.4 μl saline vs 0.4 μl
saline alone immediately prior to dark onset. Chow intakes were measured at 1
and 2 h postinjection. Rats were then retested for 1 h intake under both conditions
after access to chow was delayed for 1 h. In one final test, NE was injected
immediately after the 1 h delay and food intake was measured for the subsequent 1
h period. As anticipated, NE potentiated dark-onset feeding compared to saline
when food was immediately presented. However, food intake during the second
hour was no different between these conditions. When access to food was delayed,
subsequent 1 h intakes were not different between NE and saline. Finally, NE
administered after the 1 h feeding delay also did not potentiate food intake. These
findings suggest that PVN NE's ability to enhance eating is not additive to the
intake stimulated by brief food restriction at dark onset. To determine the
generality of these findings, work is in progress to compare these delayed feeding
effects with those of other neurochemical stimulants on both intake and metabolic
processes. Supported by funds from WSU.

EFFECTS OF COBALT MESOPORPHYRIN ON FEEDING AND WEIGHT GAIN
IN RATS AND DOGS. J.N. Wilev*, S.J. Johnson, and T.G. Heffner. Parke-Davis
Pharmaceutical Research, Division of Warner-Lambert Company, Ann Arbor, MI
48105.
Cobalt protoporphyrin has been reported to be a long-term suppressant of weight
gain after a single SC injection in rats by Galbraith and Kappas (Proc Natl Acad Sci,
86: 7653, 1989). We investigated a novel water-soluble cobalt porphyrin: cobalt
mesoporphyrin bisglycinate sodium (CoMPGS). After a single IM dose of 10
jamol/kg, male Sprague-Dawley rats lost weight and continued for 366 days to weigh
significantly less than vehicle-treated controls. Food intake was reduced by 50% or
more in the 24 hours after a single treatment of 1 (amol/kg IM, returning to normal
levels by 48-72 hours. With repeated weekly IM injections of 1 fxmol/kg for 10 weeks,
weight gain in CoMPGS-treated rats was significantly less than controls and this
persisted for up to 100 days after the last dose, despite food intake returning to control
levels within a week after the last dose. Rats pair-fed the amount of food eaten by
CoMPGS-treated rats quickly regained weight when treatments ended, while
CoMPGS-treated rats weighed significantly less than controls 9 weeks after the last
dose. Zucker obese (fa/fa) rats lost 15% of their starting weight over a 13 week period
of weekly IM injections of 1 fimol/kg of CoMPGS. The SC route was equally
efficacious in both S-D and Zucker rats but produced a dose related tissue irritation at
the injection site; 10 |imol/kg caused dermal necrosis. By the IM route, no overt tissue
irritation was seen at doses as high as 4 |umol/kg in rats. CoMPGS was not efficacious
by the oral route. Female beagle dogs injected weekly with CoMPGS, 1 μmol/kg IM,
lost 11% of their starting weight by the 10th week. Dogs regained their lost weight
within 1-2 months after ending the weekly injections. The increased weight loss seen
after raising the weekly dose in rats or dogs indicates lack of pharmacological
tolerance. These data suggest CoMPGS is a highly efficacious agent for producing
weight loss in rats and dog. Supported by Warner-Lambert.
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VOLUME IS THE ADEQUATE STIMULUS FOR GASTRIC INHIBITION OF
MEAL SIZE. S. Eisen, E. A. Rauhofer, J. P . Davis, and G. P. Smith*. Bourne
Behavioral Research Laboratory, Dept, o f Psychiatry, New York Hospital Cornell University Medical College, White Plains, NY 10605.
To investigate the hypothesis that volume, not nutrient content, is the adequate
stimulus for the gastric inhibitory control o f meal size (Phillips and Powley,
1996), we compared the inhibition of meal size in male, Sprague Dawley rats
produced by gastric infusions o f 3, 6, or 12 ml o f milk or 0.15M saline
administered through a chronic gastric catheter. Infusion began as soon as rats
had access to milk diet after 19 h o f food deprivation. The infusions and ingested
milk were retained in the stomach by closing a pyloric cuff prior to the tests. Each
rat underwent 5 intake tests without a preload followed by 5 tests with a preload.
The effect o f a preload was measured as the percent inhibition produced by the
mean intake of the 5 preload tests compared to the mean intake o f the 5 no
preload tests (see Table).

MODIFICATION OF THE BEHAVIORAL EFFECTS OF D-FENFLURAMINE AND MCPP BY SB 200646 IN RATS AND MONKEYS. S.
Rosenzweig-Lipson*, M.G. Kelly, S. Abrolt M. Finn, and S. J. SukoFf.
Wyeth-Ayerst Research, CNS Disorders, Princeton, NJ 08543.
The effects o f d-fenfluramine and M CPP were evaluated alone and
following pretreatment with the 5-HT2C antagonist SB200646 in rats and
squirrel monkeys. The effects of d-fenfluramine and M CPP were eval
uated in feeding studies conducted in fasted rats or satiated rats at the
start of the rats dark cycle. d-Fenfluramine (3-10 mg/kg, ip) and MCPP
(1-3 mg/kg, ip) produced dose-dependent decreases in 2hr food intake
under both conditions. The effects of d-fenfluramine, but not those of
MCPP were significantly antagonized by pretreatm ent with SB 200646
(30 - 100 mg/kg, po). The effects of d-fenfluramine and M CPP were
also evaluated in rats responding under a FR30 schedule of food
presentation. d-Fenfluramine (0,3-3 mg/kg, ip) and M CPP (0.1-1 mg/kg,
ip) produced dose-dependent decreases in response rate. Pretreatment
with SB 200646 (3-100 mg/kg,po) produced a dose-dependent rightward
shift of the d-fenfluramine dose-effect curve, indicative of surmountable
antagonism. Pretreatment with SB 200646 did not modify the MCPP
dose-effect curve in rats. The effects of d-fenfluramine and M CPP were
also evaluated in squirrel monkeys responding under a multiple FR10
schedule of food presentation and stimulus-shock termination, dFenfluramine (0.1-3 mg/kg, im) and M CPP (0.1-3 mg/kg,im) produced
dose-dependent decreases in responding maintained by food
presentation or stimulus-shock termination. Pretreatment with SB
200646 (10-30 mg/kg, po) produced dose-dependent rightward shifts of
the d-fenfluramine and M CPP dose-effect curves, indicative of sur
mountable antagonism. The present results suggest that 5~HT2C receptor
mechanisms contribute the behavioral effects of d-fenfluramine in rats
and monkeys.

PERCENT INHIBITION OF INTAKE
INFUSION
n
3 ml
6 ml
12 ml
Saline
(5-7)
-14.2
7.0*
73.0 *†
Milk
(6-7)
10.0
30.4*
60.4 *†
Note. Data are mean % inhibition; p<0.05, *compared to 3ml, †compared to 6ml.
The equivalent inhibition o f intake by gastric preloads o f milk and saline supports
the hypothesis that gastric volume, not nutrient content, is the adequate stimulus
for the gastric inhibitory control of meal size in rats.
Supported by NIH grants MH 15455, MH00149, and DK41563.
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A NITRIC OXIDE SYNTHASE INHIBITOR REDUCES STRESS-RELATED
FEEDING IN THE RAT TAIL-PINCH MODEL
D A. Czech*l, A.E.
Klosterman1 and K.T. LeSueur2 Depts. of Psychology, Marquette University,
Milwaukee, WI 53201 and 1Bennett College, Greensboro, NC, 27401.
Nitric oxide (NO) has been implicated in ingestive behaviors in several animal
species. We recently observed that the NO synthase (NOS) inhibitor L-N°-nitro
arginine (L-NOARG) reliably attenuated chlordiazepoxide-induced feeding and
feeding induced by glucoprivation in mice in a dose-related manner. The current
study probes an effect of NG-nitro-L-arginine methyl ester (l-NAME) on the
feeding stimulatory action of exposure to a mild stressor- tail pinch (TP).
Adult male Sprague-Dawley albino rats that had been screened for TP-induced
feeding were injected s.c. with three doses of L-NAME (10, 25 & 50 mg/kg) or
0.9% NaCl vehicle followed 45 min later by TP, or vehicle without TP (baseline
feeding control), in a within-subjects design. Amount of standard pelleted chow
consumed and latency to begin eating or gnawing were measured over a 10-min
videotaped test period, and evaluated with ANOVAs along with Dunnett's or with
Student's t-tests; alpha level was set at p<.05. A robust TP-induced hyperphagia
was attenuated in a dose-related manner, reaching statistical significance at both
25 and 50 mg/kg of L-NAME (p<.05 & p <.Ol, respectively). No food was
consumed in the absence of TP. Latencies to initiate food-directed oral behavior
were not significantiy affected by L-NAME.
Pretreatment with 500 mg/kg of the NO precursor, L-arginine, partially reversed
the attenuating effect of 25 mg/kg of l -NAME; however, the effect failed to reach
statistical significance (p>.05). Latency was unaffected.
These data are consistent with and extend previous research reporting inhibitory
action of NOS inhibitors on feeding behavior in several small animal models.

RESPONSES OF YOUNG AND MATURE RATS DURING
INTRACEREBROVENTRICULAR (ICV) INJECTIONS OF RAT LEPTIN
H. Qian, D. L. Hartzell, M. J. Azain, and C. A. Baile*. The University o f
Georgia, Athens, GA 30602.
The recently-discovered ob gene product, leptin has been proposed to be an
adipose-related satiety factor that reduces food intake and enhances energy
expenditure leading to reduction o f fat storage. Three (309 ± 7 g) or eight
(492 ± 9 g) month-old male Sprague-Dawley rats were treated with 5 ng rat
leptin ICV / d for 5 days to measure responses in ingestive behavior and organ
weights. Effect o f leptin on food intake was greater in young rats (22.0 vs.
5.7 g/d) than in the mature (17.4 vs. 9.3 g/d). Leptin results in body weight
loss (P < .001) o f rats in a similar pattern in young (6.8 vs. -58.3 g) and
mature rats (6.3 vs. -46.6 g). Water intake was reduced only in young
animals (P < .001). Leptin decreased (P < .001) carcass weight in both young
(22 %) and mature rats (9 %). Leptin greatly reduced retroperitoneal (.82 vs.
.11 g , P < .05) and epididymal fat weight (1.90 vs. 0.48 g, P < .003) in young
rats, however, mature rats were less responsive. Liver weight (15.4 vs. 12.0 g,
P < .01) was reduced by leptin in mature but not in young rats. No leptin
effect was observed on heart, kidney and soleus muscle o f young and mature
animals. In conclusion, young and mature rats respond differently to leptin
administration, i.e. food and water intakes and fat stores were reduced less in
mature vs. young rats whereas liver weight was reduced in only mature rats.

102.31

102.32

FENFLURAMINE/PHENTERMINE COMBINATION IN RATS:
BEHAVIORAL SPECIFICITY, EFFICACY, AND NEURAL
CORRELATES. J.D. Roth and N.E. Rowland*, Psycho
biology, Univ of Florida, Gainesville FL 32611.
The combination of dexfenfluramine (DFEN:
serotonergic) and phentermine (PHEN: adrenergic)
has been used clinically, but with very little
preclinical data. The present studies examine
the effects of single and combined doses of DFEN
(1-2.5 mg/kg) and PHEN (2.5-5 mg/kg, IP) on food
and water intake in rats. Acute administration
of the combination caused a profound reduction
of both food intake in a sweet milk "dessert"
test and water intake after water deprivation.
Other tests of behavioral selectivity are in
progress.
With chronic administration in the
dessert paradigm, the typical rapid tolerance to
the anorectic effect of DFEN was delayed by the
combination. At the end of 11 days' injections
of DFEN/PHEN (2 and 5 mg/kg) , frontal cortex was
removed and assayed for 3H-paroxetine binding as
a marker of 5HT uptake sites. At these doses,
no treatment caused a reduction in uptake sites
relative to vehicle-treated controls. However,
further work is needed (some in progress) before
the combination can be considered safe.
Work with DFEN has been supported by Servier.

HISTAMINERGIC H2 CONTROL OF INHIBITION OF FOOD INTAKE BY
INTRAGASTRIC NACL IN RATS. F.S. Kraly*, J.B. Katz and M.E.
Mikkelsen. Dept. of Psychology, Colgate Univ., Hamilton, NY 13346.
Water intake elicited by IG infusion of hypertonic NaCl can be inhibited by
systemic injection of antagonists for H1 or H3 histamine receptors (Kraly et
al., Physiol. Behav. 58:1137-1143; 1995). We investigated the involvement
of H1, H2 and H3 receptors in inhibition of food intake produced by IG
hypertonic NaCl in adult male Sprague-Dawley rats (n=30) not deprived of
food prior to eating vanilla wafer cookies without water available. IG 2 ml
900 or 1800 mOsm/kg NaCl, delivered through a surgically-implanted
chronic silastic gastric catheter, inhibited 45-min intake of cookies. The H1
antagonists dexbrompheniramine (1 mg/kg IP) and pyrilamine (4 mg/kg IP),
and the H3 antagonist thioperamide (10 mg/kg SC) failed to affect (p's>.05)
inhibition of food intake produced by IG NaCl. In contrast, the H2
antagonists cimetidine (16 mg/kg IP) and metiamide (16/mg/kg IP)
attenuated (p's<.02) the inhibition of food intake produced by IG NaCl. The
ICVT infusion of cimetidine (100 μ g), delivered through a surgicallyimplanted stainless-steel guide cannula aimed for a lateral ventricle, failed
to reproduce this effect of IP cimetidine. These findings support the role of
peripheral H2 histamine receptors in control of inhibition of food intake
produced by intragastric osmotic load in rats. These findings complement
the demonstration of peripheral and/or central H1 and H3 control of water
intake induced by intragastric osmotic load in rats. (Supported by NIH
grant NS19133.)
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CYCLIC ESTRADIOL REPLACEMENT IN OVARIECTOMIZED
RATS ELICITS CYCLIC CHANGES IN FOOD INTAKE WITHOUT
INCREASING THE SATIATING POTENCY OF CCK-8. L. Asarian
and N. Gearv*. NY Hosp-ComellMed. Ctr., White Plains, NY, 10605.
Ovariectomy (OVX) releases feeding from both tonic and phasic
inhibitory controls by estradiol (E) in rats, as indicated, respectively, by
increased food intake (FI) and body weight (BW) and by loss of the
cyclic decrease in FI during estrus. Part of the mechanism of E’s
inhibitory effects appears to be an increase in the satiating potency of
CCK. Demonstrations of this increase in CCK’s potency, however,
have used between-subjects designs that did not indicate whether CCK
contributes to E’s tonic or phasic inhibitory effects. To investigate this,
we developed a within-group design with a cyclic regimen of E
replacement. OVX Long-Evans hooded rats received 0.25 or 2 μ g E
benzoate, SC, on Tu and Wed. Following a 17 h deprivation period,
CCK-8 (0.5-2 μ g/kg) was injected IP prior to 45-min chow test meals
on Tu and Fri. This E regimen normalized BW. Further, BW and test
meal size were decreased on Fri (276 g vs. 272 g, p< 0.01; 5.0 g vs.
4.4 g, p<0.01), modeling changes during estrus. The satiating potency
of CCK-8, however, was identical on Tu and Fri. One μ g/kg CCK-8
reduced test meal size by 20% on Tu vs. 17% on Fri, when the rats
received 0.25 μ g E, and by 25% on Tu vs. 24% on Fri, when the rats
received 2 μ g E. These results suggest that an increase in the satiating
potency of CCK contributes to the tonic, rather than the phasic,
inhibitory effects of E on FI. Supported by NIH MH51135.

TREATMENT OF HYPOTHALAMIC OBESITY WITH OCTREOTIDE: ROLE OF
INSULIN AS ETIOLOGIC AGENT. R.H. Lustig , Div. of Pediatric Endocrinology, U.
Tennessee and St. Jude Children’s Research Hospital, Memphis, TN 38103
The cause of hypothalamic obesity (i.e. intractible weight gain after brain tumors
or cranial irradiation (XRT)) remains obscure. VMH lesions cause hyperphagia,
hyperinsulinism, and obesity; but which comes first, and can it be treated?
Insulin dynamics were assessed in four patients (1M, 3F; ages 10-18) with marked
obesity either after suprasellar lesions or XRT. Patients had gained 0.95 ± 0.09
kg/mo. and Body Mass Index (BMI) increased by 0.30 ± 0.03/mo. over the past year,
and none had lost weight in response to dietary restriction. Oral glucose tolerance
testing (OGTT) showed normal fasting glucoses but with mild biochemical glucose
intolerance, with 2 hr glucoses of 145 ± 17 mg/dl. Fasting insulin levels (IRI) were
slightly elevated (20.0 ± 5.1 μU/ml), and glucose-stimulated peak IRI were markedly
exaggerated (364.3 ± 32.0 μU/ml).
Patients received the drug octreotide, a somatostatin analog and inhibitor of CNSmediated insulin secretion, in increasing doses of 5-15 μ g/kg/d SQ + tid for 2-6
months, without dietary restriction. Pt #1 lost 14.0 kg in 6 months, Pt #2 lost 6.0 kg in
5 months, Pts #3 and #4 lost 2.0 and 1.6 kg in 2 months, for a mean weight loss of
1.30 ± 0.31 kg/mo. and BMI decrease of 0.57 ± 0.10/mo. Retrospective calorie counts
decreased by 491 ± 270 kcal/d. OGTT yielded slightly worsened biochemical glucose
intolerance, with 2 hr glucoses of 195 ± 32 mg/dl, but no clinical symptoms of
hyperglycemia were noted. Fasting IRI increased to 39.5 ± 16.5 fiU/ml, but glucosestimulated peak IRI was markedly decreased with octreotide (161.5 ± 34.5 μ U/ml).
HbAjC values were unchanged. Few complications were noted, and all pts reported
feeling much better, with less malaise and more energy.
These results show that pts with hypothalamic obesity have hyperstimulable insulin
secretion, which promotes glucose mobilization into fat. Their biochemical glucose
intolerance suggests only a mild insulin resistance. Treatment with octreotide
promoted weight loss and BMI reduction. Insulin resistance was not the cause of the
obesity, as pts' caloric intake decreased as their insulin secretion fell. These data
suggest that the CNS lesion causes the hyperinsulinism, which promotes caloric
intake with resultant obesity. Studies with octreotide in this syndrome are ongoing.
The author acknowledges the assistance of U.T. CRC, and Novartis Pharmaceuticals.

102.35

102.36

SIMULTANEOUS MEASUREMENT OF INGESTIVE BEHAVIOR AND
SATIETY IN MAN. P. Sodersten*, C. Bergh and M. Zandian. Clinical
Neuroscience, Karolinska Institute, Novum, S-141 57 Huddinge, Sweden.
It has been assumed that the perception of satiety is changed in patients with
eating disorders. To test this possibility a method for simultaneous recording of
eating rate and satiety was developed. Volunteers eat a meal from a plate placed on
a scale lowered into the surface of a table. The scale is connected to a computer
that records and stores the weight loss of the plate. This generates a curve of
eating rate. At regular intervals a scale from 1 to 10 appears on a monitor and the
person estimates her/his satiety by manipulating a mouse button. The computer
stores the estimates and generates a curve of satiety. This devise, Mandometer®,
thus allows simultaneous measurement of eating rate and the development of
satiety.
Men eat more than women but reach similar levels of satiety. While eating rate
is linear in most cases the development of satiety is positively accelerated in the
beginning and negatively accelerated at the end of the meal. This pattern of satiety
is unchanged if eating rate is artificially increased or decreased by asking the
volunteer to eat and a higher or lower rate than normally.
Anorexic patients eat less and develop a higher level of satiety than volunteers.
However, they experience an increase in satiety during a meal, i.e. the perception
of satiety increases as food enters the gastrointestinal tract. Mandometer® can be
used to treat anorexics by displaying curves for eating rate and satiety which are
steeper and less steep for eating rate and satiety, respectively, than those generated
by the patient.
Supported by the Swedish Council for Research in the Humanities and Social
Sciences and the Karolinska Institute.

HYPERPHAGIA EVOKED BY HYPOTHALAMIC INFUSION OF
PEPTIDE YY (PYY) IS ACCOMPANIED BY INCREASED
RELEASE OF ACETYLCHOLINE (ACh) IN THE HIPPOCAMPUS
(HPC). M,M, Hagan*, E, Castafleda, S.M. Fleming, J. Galloway and
D.E. Moss. Depts. of Psychology, Arizona State University and
University of Texas at El Paso, El Paso, Texas 79968-0553.
Hypothalamic injection of PYY in animals produces a powerful
orexigenic effect. To explore whether a functional connection exists
between putative feeding and limbic networks that involves PYY,
extracellular levels o f ACh were measured in the HPC using in vivo
microdialysis and HPLC/EC. Three baseline samples and 7 samples
following administration of PYY into the hypothalamic parvocellular
paraventricular nucleus (pPVN) of sated rats were collected in 20
minute intervals. Along with a significant increase in feeding and
drinking (800% and 950% of baseline, respectively), pPVNPYYinfusion produced a 400% increase in extracellular ACh within the
HPC. The evoked ingestive behaviors and ACh levels were observed
throughout the entire 140 minute test session following infusion of
PYY but not saline. We suggest that PYY released during conditions
of food-deprivation may mediate changes in HPCal cholinergic activity
related to emotional/conditioning aspects of ingestive behavior. These
effects may be significant to the pathophysiology of bulimia, in which
abnormal elevations of PYY have been shown. NINDS F31 N509881.

102.37
EFFECTS OF AC 187, IAPP8.37, and CGRP8.37 ON IAPP-INDUCED
ANOREXIA IN RATS. U. Amelo, J. Permert, L. Granqvist. T. E. Adrian. P.
Westermark, D. D. Smith and R. D. Reidelberger*. V.A. Med. Ctr. and Dept,
o f Biomed. Sei., Creighton Univ. Sch. o f Med., Omaha, N E 68105, Depts. o f
Surgery, Karolinska Inst., Huddinge Univ. Hosp., and Pathology, Univ. o f
Linköping, Sweden.
Our aim was to investigate the effects o f various IAPP antagonists on IAPPinduced anorexia. At the start o f the dark period, non-food deprived rats (n=1416) with jugular vein catheters received 4-h IV infusions o f AC 187 (500
pmol/kg-min), IAPPg37 (500 pmol/kg-min), CGRP 8.37 (50, 500, 5000 pmol/kgmin) or vehicle beginning 1 h before a 3-h IV infusion o f LAPP (5 pmol/kgmin) or vehicle. Meal patterns were recorded for 6 h. Table shows grams eaten
in 3 h. * p<0.05 vs. vehicle; * p<0.05 vs. IAPP ___________ ___________
IAPP
antagonist IAPP+ant
vehicle
3.3 ± .4
2.8 ± .5 *
3.2 ± .4
2.3 ± .3
CGRPg.37 (50)
4.6 ± .5
3.1 ± .3
CGRPs-37 (500)
4.5 ± .4
2 .9 ± .3 *
2.4 ± .4
CGRP8_37 (5000)
4.2 ± .5
2.7 ± .4 *
4 .1 + .4
IAPP8.37
4.5 ± .5
3.5 ± .4 *
4.8 ± .5
3.0 ± .4
AC 187
4.3 ± .6 f
4.3 ± .5
2.8 ± .5 *
5.7 ±.6*
IAPP suppressed feeding similarly in each study. A 100-fold higher molar dose
o f AC 187 reversed this effect partially, while the other antagonists had no
effect. AC 187 also stimulated feeding when given alone. These results suggest
that AC 187 is a specific antagonist o f IAPP-induced anorexia, and that
endogenous IAPP contributes to the production o f satiety. This study was
supported by the Dept. o f Veterans Affairs and the Swedish Cancer Society.
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COMPARISON OF GASTRIC AND HEPATIC BRANCH VAGOTOMY ON CFOS INDUCTION IN THE NUCLEUS TRACTUS SOLITARIUS AND ON FOOD
INTAKE FOLLOWING INTRAPERITONEAL (IP) CHOLECYSTOKININ (CCK).
R,D,..Holbauer, A,M, Marshall, E, R, Steve n s R,S, Daughters, G ,B Ban , b .k ,
Hartman, and P.L. Faris*. Div. of Neuroscience Research in Psychiatry, Univ. of
Minnesota, Mpls, MN 55455
The primary objective of the present study was to determine the effect of selective
branch vagotomy on c-fos induction by a satiating dose of IP CCK. Two separate
experiments analyzed the effects of either bilateral gastric or hepatic branch vagotomy
on food intake and subsequently on c-fos induction in the NTS. Eighteen rats were
used in each experiment, with half receiving either sham or selective branch vagotomy
(vag-X). For the behavioral studies, each animal received both 0 and 3μg/kg of CCK
on different test days according to a counterbalanced and blinded design. Food intake
(FI) of a liquid diet was measured. at 30 minute intervals following drug
administration. Three to five days following completion of the behavioral
experiments, rats (n=3) were injected IP with 0 or 3 μg/kg CCK followed one hour
later by fixation of neural tissue. Immunohistochemical visualization of c-fos was
accomplished using a commercially available antibody (Cambridge). Sections at three
levels of the NTS were digitally mapped for numerical quantification. In the gastric
vag-X experiment, sham operated animals displayed a 73% reduction in FI at 30 min
as compared to only a 37% reduction in the vag-X animals. The functional anatomy
data paralleled this finding, with total cell counts of 2645 cells in the sham animals
and a reduction to 736 cells in the gastric vag-X group. Behavioral data obtained in
the hepatic vag-X experiment from sham animals indicated a 76% reduction in food
intake. Hepatic Vag-X was associated with a 52 % reduction. In contrast to that
found in the gastric vag-X animals, hepatic vag-X was not associated with a reduction
in c-fos. Total cell counts were 2614 cells in the sham animals and 3279 cells in the
hepatic vag-X group. Supported by MH47189.
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NICOTINIC EFFECTS ON EXCITATORY NEURONAL ACTIVITY
IN THE PREFRONTAL CORTEX. S. Huitron-Resendiz*, J.L.
Giacchino. and S.J. Henriksen. Dept. of Neuropharmacology, The
Scripps Research Institute, La Jolla, CA 92037.
Tne prefrontal cortex (PFC) is a significant component of the
reinforcement pathways which contribute to development and
maintenance of addiction. The PFC supports cognitive functions such
as attention, memory and planning, which may be significantly
influenced not only by drugs of abuse, but also bv agincj. We have
previously reported tnat spontaneous and evoked activity of medial
PFC neurons and, their response to excitatory neurotransmitters are
modified by both systemic and electrophoretic administration of muselective opioid agonists. In the present study, the effects of nicotine
on the PFC have been investigated in terms of modifications of both
spontaneous and afferent driven activity. We have also begun to
evaluate age-related differences in PFC neuronal response to nicotine.
Extracellular recordings were made from medial PFC neurons in
halothane-anesthetized male Fischer 344 rats. Spontaneous and
evoked activity were examined in young adult (3-6 months) and aged
(24-27 months) rats following either systemic administration of
nicotine (1 mg/kg, i.p.) or local application (electrophoresis) of
nicotine (50 mM). Tne effects of nicotine on spontaneous firing,
stimulus/response curves and paired-pulse facilitation were
investigated. Electrophoresed nicotine was found to alter spontaneous
firing rates and patterns in approximately 30% of spontaneously
firing cells in the PFC. Electrical stimulation of the hippocampal
formation evoked population field responses and short latency
orthodromic single cell firing in the PFC.
Systemic nicotine
decreased evoked response amplitudes and increased paired-pulse
facilitation. Following adminstration of systemic nicotine, aged rats
exhibited marked potentiation of evoked single cell activity compared
to their control (pre-drug) response. This potentiation was not
consistently observed in young adult rats.
(Supported by SDAC #DA00201 and NIDA #DA08301)

THE NITRIC OXIDE SYNTHESIS INHIBITOR NITRO-LARGININE (L-NNA) ATTENTUATES NICOTINE
ABSTINENCE SYNDROME IN THE RAT. D.H. M alin, J.R.
Lake, M. Shenoi, T.P. Upchurch, W.E. Schweinle, S.C. Johnson
and O.B. Wilson*1. Univl of Houston-Clear Lake, Houston, TX
77058, and B aylor College of Medicine, Houston, TX 77030.
Nitric oxide synthesis contributes to opiate tolerance and
dependence. Nicotine dependence and abstinence syndrome in
the rat appear to involve opiate mechanisms. Therefore, it was
hypothesized that nitric oxide synthase (NOS) activity might be
essential for the expression of nicotine abstinence syndrome.
Twenty-one rats were rendered nicotine dependent by s.c
infusion of 9 mg/kg/day nicotine tartrate via Alzet osmotic
minipump. Rats were pretreated s.c. with vehicle alone or 18 or
30 mg/kg L-NNA (NOS inhibitor). Thirty minutes later, rats
were challenged by the nicotinic antagonist mecamylamine
(1 mg/kg s.c.) and observed for 30 additional minutes. Rats
pretreated with vehicle displayed 68.7 + 8.0 mecamylamineprecipitated abstinence signs (M ±. SEM), while those injected
with 18 or 30 mg/kg L-NNA had 12.7 + 2.0 and 5.1 + 1.7 signs,
respectively. All three groups differed significantly from one
another, according to Dunn’s post-hoc procedure. Pretreatm ent
with D-NNA or with L-NNA + L-Arg had significantly less
effect than L-NNA alone or L-NNA + D-Arg. These results
suggest that L-NNA acts, at least in part, by stereospecifically
blocking NOS.
(NIDA DA08260 and UH-CL Fac. Research Fund)

103.3

103.4

NICOTINE ABSTINENCE SYNDROME PRECIPITATED BY
THE COMPETITIVE NICOTINIC ANTAGONIST DIHYDRO-β ERYTHROIDINE (DHffE). J.R. Lake*, T.P. Upchurch, M. Shenoi.
N. Raian, W.E. Schweinle, S.C. Johnson and D.H. Malin. Univ.
of Houston-Clear Lake, Houston, TX 77058.
Rats infused subcutaneously with 9 mg/kg/day nicotine tartrate
for seven days exhibit behavioral abstinence signs following either
termination of nicotine infusion or injection of the noncompetitive
nicotinic antagonists mecamylamine (sc) or hexamethonium (icvj.
This study examined the abstinence precipitating effects of DHβ É,
a competitive nicotinic antagonist. Twenty-four nicotine dependent
rats were injected into the third ventricle with 10, 18 or 25 μg
DHβ E or saline alone and observed for 20 minutes. There was a
significant positive linear trend of overall signs as a function of
dose, p<.01, as well as significant linear trends for most categories
of abstinence signs (shakes/tremors, gasps/writhes, and chews/teeth
chatter). In non-dependent rats, the high dose of DHβ E (25 μg)
did not induce more abstinence-like signs than saline alone. In a
second experiment, 18 nicotine dependent rats were injected s.c.
with 1 or 6 mg/kg of the muscarinic antagonist scopolamine or
with saline alone. Few abstinence signs were observed in any
group. The results suggest that nicotine abstinence signs observed
m the rat are specific to reduced stimulation of previously
overstimulated nicotinic receptors.
(NIDA DA08260 and UH-CL Fac. Res. Fund)

ALTERATION OF RATS’ OPEN PLATFORM BEHAVIORS AND
SUBSEQUENT NOVEL OBJECT INTERACTION BY NICOTINE
R. A. Bevins* & J. Koznarova. Psychology Dept, Univ. of Nebraska-Lincoln,
Lincoln, NE 68588-0308.
Nicotinic acetylcholine receptors appear to play a role in processes required
for an animal to familiarize itself with a novel environment (activity, learning).
We first examined how the nicotinic receptor agonist (-)-nicotine di-d-tartrate
affected rats’ behaviors in a novel environment (open platform). On Days 1
and 2, each male rat was injected IP with nicotine (0.0,0.2,0.6, or 1.8 mg/kg,
based on salt form) 10 min before placement at one end of the platform. Rats
were removed after 2 min. The highest dose of nicotine decreased ‘intra
platform exploration’ (time to leave placement area and mid-line crosses). All
doses of nicotine decreased ‘extra-platform exploration’ (duration contacting
platform’s edge). On Days 3 and 4, we determined whether nicotine
administration during the familiarization phase altered rats’ behavior when a
novel feature (object) was added to the platform. The protocol was similar,
except all rats were injected with saline and a novel object was located at one
end of the platform; a second control group received its first exposure to the
platform. Platform behaviors were similar for the two control groups; the only
difference between the nicotine groups and controls was less mid-line crosses in
the 0.2 and 1.8 mg/kg nicotine group. Interestingly, the familiarized controls
spent more time interacting with the object than the non-familiarized controls.
The group previously treated with the highest nicotine dose was comparable to
the nonfamiliarized control. Thus, nicotine appears to alter the habituation
process if the dose is sufficient to interfere with intra-platform exploration.

103.2

UNL Research Council Grant to R.A.B. supported this work.

103.5

103.6

COGNITIVE ACTIVATION IN NICOTINE WITHDRAWAL M Ernst *.
JA Matochik, SJ Heishman, R Soria, PH Jons, T Zeffiro. ED London.
Brain Imaging Center, NIDA, NIH, Baltimore, MD 21224
Nicotine withdrawal is characterized by .cognitive deficits that undermine
smoking cessation. Using positron emission tomography and H2I50 , we
assessed regional cerebral blood flow (rCBF) activation during a working
memory task in abstinent (12 h) nicotine-dependent smokers, and non
dependent controls. Each subject participated in two sessions (after
administration of 4 mg nicotine gum or matched placebo gum) one week
apart. In controls (n = 3), nicotine facilitated activation o f regions that
mediate cognitive performance, i.e., left hippocampus, right prefrontal
cortex and left anterior cingulate (Cohen et al., 1994; Haxby et al., 1995;
Seeketal., 1995). In nicotine-dependent smokers (n = 4), memory
performance seemed to be mediated by different neural substrates than
those in controls, suggesting that chronic exposure to nicotine alters
cognitive strategies or neural systems subserving memory. During
nicotine withdrawal, performance of the working memory task failed to
induce significant rCBF changes. When the same subjects received
nicotine prior to engaging in the task, deactivation of right orbitofrontal,
left dorsoprefrontal and left anterior cingulate areas were observed. This
pattern was in contrast to the rCBF activation seen in controls, indicating
an adaptation to the drug. (The NIDA Brain Imaging Center is supported
in part by funding from the Office of National Drug Control Policy.)

NIMODIPINE BLOCKS ACUTE NICOTINE EFFECTS
WITHOUT AFFECTING BEHAVIORAL SENSITIZATION TO
NICOTINE C. Hart*, N.A. Kisro. and C. Ksir. Department of
Psychology and Neuroscience Program, University of Wyoming,
Laramie, WY 82071 and *Department of Psychiatry and SFVAMC, University of California, San Francisco, CA 94121
Two studies examined the effects of nimodipine (L-type
calcium channel blocker) on nicotine-induced locomotor
sensitization. In Experiments 1 and 2, for five consecutive days
rats were given daily pretreatment injections of nimodipine (10
mg/kg) or vehicle followed 30 minutes later by administration of
either nicotine (0.4 mg/kg) or saline. On Day 6 no drugs were
administered. In Experiment 1, on day 7, each rat was given an
injection of nicotine (0.4 mg/kg) and locomotor activity was
monitored for the hour. On the seventh day of Experiment 2,
before administration of nicotine and monitoring of locomotion,
each animal received pretreatment injections of either vehicle or
nimodipine, contingent upon which drug they had received on day
1 through day 5. The development of nicotine-induced locomotor
sensitization was not altered by nimodipine, but nimodipine
antagonized the acute effects of nicotine in both nicotine-sensitized
and nicotine-naive rats.
These findings indicate that the
development of nicotine-induced locomotor sensitization is
independent of neurotransmitter release through the L-type calcium
channel, while the acute locomotor stimulating effects of nicotine
are, at least in part, mediated via L-type calcium channels.
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CHRONIC CAFFEINE EXPOSURE SENSITIZES RATS TO THE
LOCOMOTOR ACTIVATING EFFECTS OF NICOTINE: IN VITRO
ASSESSMENT OF UNDERLYING DOPAMINERGIC MECHANISMS.

USE OF PROGRESSIVE RATIO SCHEDULES IN NICOTINE SELF
ADMINISTRATION, E . C . Penny, A . R. Caqglula*. M, M, Mteite.-S,

M. Shoaib, M. Gasior, S. Yasar, K. Sheehan , L.P. Dwoskin , S.R. G old b erg
Preclinical Pharmacology, Addiction Research Center, DIR, NIDA, Baltimore,
MD 21224, *College of Pharmacy, University of Kentucky, Lexington, KY 40536
O ur previous work examining behavioural interactions between nicotine and
caffeine support anecdotal reports that caffeine may be consumed by smokers to
enhance the reinforcing properties o f nicotine. This study was designed to
examine the interactions at both behavioural and neurochemical levels. Male
Sprague Dawley rats consuming caffeine (150 mg/kg/day) in their drinking water
for 7 days prior to behavioural testing showed enhanced responsiveness to
nicotine (0.2-0.4 mg/kg SC) in locomotor activity chambers resulting in an
upward shift of the dose-response curve. This sensitization waned when caffeine
was removed from the drinking water. In a separate group o f rats consuming
caffeine (65 mg/kg/day)in their drinking w ater (1.5 mg/ml) for 14 days, nicotine
(10 nM -1 0 uM) evoked a concentration-dependent increase in [3H]overflow from
[3H]dopamine preloaded striatal slices; however, no difference in response in vitro
was observed between the caffeine-treated group and the water-drinking control
rats. Thus, in contrast to the behavioural measure, caffeine exposure failed to
augment nicotine-induced dopamine release in striatum. Studies are underway to
assess the effect o f higher doses o f caffeine as used in the behavioural studies.
The results thus far suggest that striatal dopamine release may not be the
neurochemical basis to explain the behavioural interactions observed between
these two highly used licit substances. (Supported by NIDA/DIR)

Strong, C . Rose. T . M, Plosklna. K , S , Jacobs, C . P . Shupanko
University of Pittsburgh, Pittsburgh, PA. 15260
Recently, several laboratories, including our own (Donny et ai, 1995),
have reported models of IV nicotine self-administration in rats using
simple, usually fixed ratio (FR), schedules of reinforcement. Studies
using drugs such as cocaine and heroin, however, suggest that
progressive ratio (PR) schedules, in which the required number of
responses necessary to earn a single infusion is increased with each
infusion earned, may represent a significant improvement for
determining the reinforcing properties of a drug. In an attempt to further
characterize nicotine's reinforcing properties we have begun to employ
a PR schedule for nicotine self-administration. Breaking point was
defined as the highest response requirement completed prior to a 1 hr
period in wjiich no infusions were earned during a 6 hr session. When
nicotine (0.03 mg/kg/infusion, free base) was self-administered by male,
Sprague-Dawley rats, on a PR schedule, the range of breaking points
obtained was similar to that previously reported for low doses of heroin
(Hubner & Koob, 1990) and cocaine (Roberts & Richardson, 1992).
Individual differences emerged using a PR schedule which were not
apparent on a simple FR schedule. Furthermore, the effects of
manipulating nicotine dose and pharmacological blockade of nicotinic
receptors was determined. The results suggest that PR schedules of
reinforcement may be valuable in further characterizing nicotine
reinforcement and the factors which may influence it. Supported by
NIDA grants DA-07546, DA-08505 and DA-10464.

103.9
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TIME COURSE OF THE SELECTIVE PERIPHERAL ANTAGONISM
OF NICOTINE BY CHLORISONDAMINE S.E. Strong*, A.R. Caggiula.
S. Savior and T. M. Ploskina University o f Pittsburgh and Pittsburgh
Cancer Institute, Pittsburgh, PA 15260.
Chlorisondamine (CHLOR) is a potent nicotinic receptor blocker which
does not readily cross the blood brain barrier, at low doses, due to its
bisquarternary structure. However, CNS blockade can be achieved by
large, peripheral doses or CNS infusion. Clarke et al (1994) reported that
central doses of CHLOR produce a long lasting, “quasi-irreversible”
blockade of CNS nicotinic receptors. The present study determined
whether CHLOR’s peripheral, in vivo effects also exhibited long term
blockade. The dose of CHLOR used (0.1 mg/kg, s.c.) blocked a peripheral
effect of nicotine, (antinociception, as measured by tail-withdrawal from
a 55.5°F water bath), but not a CNS effect, (elevated ACTH), in male
Sprague-Dawley rats. The blockade of antinociception produced by a single
injection of CHLOR lasted 48 h, but not 72 h. More extended antagonism
was obtained after several combinations of the number of CHLOR
injections, and the time between the last injection and the nicotine test. For
example, when three injections of CHLOR were given over 5 days, partial
antagonism of nicotine's antinociceptive effects extended for at least an
additional 10 days. Results show that repeated administration of low doses
of CHLOR can produce long lasting antagonism of nicotine's peripheral
effects. Supported by NIDA grant 07546.

THE EXPRESSION
OF BEHAVIORAL SENSITIZATION
AND
DISINHIBITION AFTER REPEATED NICOTINE TREATMENT IS
BLOCKED BY CITA LO PRAM P. Olausson*, J.A. Engel and B. Soderpalm.
Institute of Physiology and Pharmacology, Deptartment of Pharmacology, Goteborg
University, Medicinaregatan 7, S-413 90 Goteborg, Sweden.
Drugs of abuse, including nicotine, activate the mesocorticolimbic dopamine (DA)
system, which is considered to be involved in drug reward. In experimental animals
this activation is associated with enhanced locomotor activity, and repeated exposure to
many addictive drugs, e.g. nicotine, cocaine and amphetamine, results in behavioral
sensitization to the drug-induced locomotor response.
The brain serotonin system modulates mesocorticolimbic DA activity and may
influence drug reward mechanisms. Therefore, the present study evaluated the effects of
the selective serotonin reuptake inhibitor citalopram on nicotine-induced hyperactivity,
behavioral sensitization and disinhibited behavior in male Sprague-Dawley rats.
Acutely, citalopram pretreatment (5.0 mg/kg sc, -lh) did not alter nicotine-induced
(1.0 mg/kg sc) hyperactivity. Repeated daily nicotine treatment (1.0 mg/kg sc, 15
days) behaviorally sensitized the rats to the nicotine-induced locomotor stimulation,
while animals receiving daily nicotine in combination with chronic citalopram (5.0
mg/kg sc bid.) did not appear to be sensitized to nicotine. However, after citalopram
withdrawal (24 h), also these animals displayed a sensitized response to nicotine.
Moreover, acute citalopram-pretreatment (5.0 mg/kg sc, -lh) reduced the nicotineinduced hyperactivity in nicotine-sensitized animals. In the elevated plus-maze,
evaluating disinhibited behavior, nicotine-sensitized rats spent a larger percentage of
the total arm time on open arms than did control animals, indicating an disinhibited
behavior in the nicotine-sensitized animals/interestingly, also this effect was blocked
by citalopram (5.0 mg/kg sc, - lh).
In summary, these results suggest that citalopram attenuates the expression, but not
the induction, of behavioral sensitization to nicotine in rats. Since these behavioral
alterations may be involved in the expression of addictive behavior, the present results
suggest that citalopram could prove useful in nicotine abuse treatment.
This study was supported by the Swedish MRC (grants no. 4247 and 11583).

103.11
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(±)CYCLAZOCINE BLOCKS THE DOPAMINE RESPONSE TO NICOTINE.
I.M. Maisonneuve*, K.A. Fritz and S.D. Glick. Department of Pharmacology

THE GLYONE/NMDA RECEPTOR ANTAGONIST 5FLUOROINDOLE-2-CARBOXYLIC
ACID
ENHANCES
SENSITIZATION TO NICOTINE-INDUCED LOCOMOTION,
N.A. Kisro* and C. Ksir. Department of Psychology and
Neuroscience Program, University of Wyoming, Laramie, WY
82071.

and Neuroscience, Albany Medical College, Albany, NY 12208.

(±)C; Jrzocine, synthesized by Archer in 1962 (Brit. Pat. 611,000), was
originally tested as a treatment for heroin addiction. (±)Cyclazocine is a mu
opioid antagonist and kappa opioid agonist, and because of these actions,
would be expected to modulate dopamine release in the nucleus
accumbens as well as the reinforcing effects of drugs of abuse. In a recent
study (Archer et al., Neurochem.Res. 21:1369-1373, 1996), (+)cyclazocine
was reported to decrease both morphine and cocaine self-administration in
rats. The aim of the present study was to determine whether (±)cyclazocine
would alter the dopaminergic effects of nicotine which are thought to
mediate the rewarding effects of nicotine. Using in vivo microdialysis in
awake and freely moving male Sprague Dawley rats, we investigated the
effect of (±)cyclazocine (0.5 mg/kg, i.p.) on the acute dopamine response to
nicotine (0.32 mg/kg, i.v. over a 5 min period, infused 30 minutes later) in the
nucleus accumbens. (±)Cyclazocine significantly attenuated the increase in
extracellular dopamine levels induced by the nicotine infusion (treatment
effect, F(18)= 21.2, p<0.0017) and enhanced nicotine-induced increases in
dopamine metabolites (DOPAC and HVA, p<0.02). Preliminary data
indicate that (±)cyclazocine alone did not significantly affect extracellular
dopamine levels, but increased dopamine metabolite levels. These results
suggest that (±)cyclazocine may decrease the rewarding effect of nicotine
and that it may be the prototype of a potentially novel treatment for
smoking. (Supported by Albany Molecular Research, Inc.)
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There is increasing evidence that excitatory amino acids and
the NMDA receptor play an important role in the effects of drugs of
abuse. Several studies report inhibition of nicotine-induced
locomotor sensitization when animals are pretreated with the non
competitive NMDA receptor antagonist MK-801. However, there
are no known studies examining the effects of pretreatment with
competitive glycine/NMDA receptor antagonists on this
sensitization.
The present study examined the effects of 5-fluoroindole-2carboxylic acid (5-FICA), a glycine/NMDA receptor antagonist, on
nicotine-induced locomotor sensitization. Animals chronically
pretreated with 1 mg/kg 5-FICA (versus vehicle) during the
development of nicotine sensitization showed a significant increase
in locomotion when challenged with 0.2 mg/kg nicotine on test day.
This effect does not appear to be due to any locomotor activation by
5-FICA itself. Therefore, it appears that long-term blockade of
glycine potentiation of the NMDA receptor does not lead to
blockade, but rather enhancement, of the sensitization to nicotineinduced locomotion.
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LOCALLY ADMINISTERED NICOTINE INTO THE VTA
ENHANCES THE CLEARANCE OF EXOGENOUSLY APPLIED
DOPAMINE IN THE RAT NUCLEUS ACCUMBENS, C.Ksir*
and N.A. Kisro. Department of Psychology and Neuroscience
Program, University of Wyoming, Laramie, WY 82071.

SEX AND GONADAL HORMONE EFFECTS ON NICOTINEINFLUENCED LOCOMOTOR ACTIVITY. I.F. Stolerman*, L. Kanifc
C.J. Chandler, J.D. Stephenson and S. Poeun. Institute of Psychiatry,
London, UK and Ege University Center for Brain Research, Izmir, Turkey.
The acute and chronic effects of nicotine (0.4 mg/kg sc) on locomotor
activity have been compared in male, female and ovariectomized (OVX)
hooded rats. In experiment 1, female rats displayed higher locomotion than
males in photocell cages (n=12); acutely, nicotine reduced locomotion and
this effect was slightly larger in females than males. Daily administration of
nicotine for 21 days produced a similar, gradual increase in activity in both
sexes. Tests then confirmed greater activity in females than males and as a
function of previous chronic exposure to nicotine (n=6); there was an
activating effect of nicotine challenge but no interaction of nicotine effects
with sex. In experiment 2, OVX rats were primed with 17-P-oestradiol (50
Hg/kg sc) and progesterone (2.5 mg/kg sc) or vehicle only. Acute admin
istration of nicotine reduced activity in both groups similarly (n=12). After
nicotine daily for 21 days, there was increased activity as a function of both
chronic nicotine and hormonal priming, and challenge with nicotine
increased activity (n=6). The effects of these challenges with nicotine were
also slightly greater as a function of previous nicotine exposure and priming.
As a whole, these experiments showed robust effects on locomotor activity
of acute and chronic nicotine administration, sex and hormonal priming;
neither sex nor gonadal hormones had marked influences on responses to
nicotine (supported by Medical Research Council and British Council).

The notion that many of the behavioral effects of nicotine arc
mediated by activation of the mesolimbic dopamine system has
received support from a wide variety of experiments over the past
two decades. There is still debate among researchers as to where in
the mesolimbic system nicotine is exerting its actions: at the cell
bodies located in the ventral tegmental area (VTA) or at the cell
terminals located in the nucleus accumbens (NAc).
In vivo voltammetry was used to estimate changes in the clearance
of exogenously applied dopamine into the NAc after acute, local
injection of 0.03^iM nicotine into the VTA of rats. The peak
dopamine concentration was significantly lower after nicotine
application when compared to those in the saline group, implying an
increase in the reuptake of dopamine. Previous work in this lab has
shown that similar effects are observed when nicotine is applied
directly into the NAc. Thus it appears that nicotine exerts its actions
in both areas: dopamine neuron cell bodies and cell terminals. By
stimulating either area, nicotine could cause an increase in the release
of dopamine, accompanied by a facilitation of the dopamine reuptake
process.

103.15
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PLASMA NICOTINE AND CORTICAL EEG AFTER SMOKING
THROUGH AN OCCLUSIVE FILTER, TAKE OUT®. W. B.
Pickworth*, R. V. Fant, L. M. Nuth. and R. A. Nelson. NIH,
NIDA, Addiction Research Center, Baltimore, MD 21224.
Although occlusive filtering methods to reduce nicotine and tar
exposure have been widely used as an aid to smoking cessation, their
physiologic consequences have not been systematically studied. A
com syrup-based product, Take Out®, has been recently marketed as
a smoking cessation product. In this study, the effects of treating
filter cigarettes (Marlboro®) with Take Out® were evaluated in 19
smokers (10 men). After 3 hr of self-reported tobacco abstinence, the
subjects smoked a Marlboro® that had been treated with 0, 1, 2 or 3
drops of the Take Out®. The order of the treatments were
randomized and run in a double-blind, crossover manner. EEG
samples were collected before smoking and 12 min after smoking.
Baseline plasma nicotine averaged 7.1 ng/ml and increased by 15.2,
12.1, 11.4 and 7.5 ng/ml after 0, 1, 2, and 3 drops, respectively.
Exhaled carbon monoxide levels decreased after the 3-drop condition,
indicating a reduction in smoke exposure. There were no significant
effects of gender on plasma nicotine levels. Although Take Out®
produced significant dose-related reductions in plasma nicotine, there
were no significant cortical EEG changes nor was there a significant
relationship between EEG changes and plasma nicotine. Occlusive
filtering methods may aid smoking cessation by reducing exposure to
nicotine and other components of tobacco smoke but the effects on
physiologic effects of smoking appear small.

DOPAMINE RECEPTORS MEDIATE THE LOCOMOTOR STIMULANT
EFFECTS OF CAFFEINE, BUT NOT TOLERANCE TO THESE EFFECTS.
K.R.Powell*. P. Michael Iuvone and Stephen G, Hoitzman, Dept. of Pharmacology,
Emory Univ. Sch. of Med., Atlanta, GA 30322.
This study shows that the dopamine (DA) receptor antagonist, haloperidol,
dose-dependently attenuates the locomotor stimulant effects of caffeine in rats.
Haloperidol does not, however, block the development of tolerance to caffeine’s
effects. Rats were exposed to caffeine using scheduled access to a caffeinated
drinking solution (1 mg/ml) and while simultaneously implanted with osmotic pumps
(Alzet Corp.) containing either haloperidol (.03 or 0.1 mg/kg/day infusion) or saline
for a period of 14 days. The effects of 30.0 mg/kg of caffeine on locomotor activity
were examined before, and every other day during and after exposure to chronic
caffeine. Although haloperidol did not block the development of tolerance to
caffeine’s effects, all rats infused with 0.1 mg/kg/day'of haloperidol showed
decreased locomotor activity compared to rats infused with saline. Interestingly, the
dose of 0.1 mg/kg of haloperidol did not alter locomotor activity when tested acutely.
Finally, a separate group of rats were exposed to caffeine under the same regimen of
scheduled access. After 14 days rats were sacrificed and [’H]SCH 23390 binding to
D1 dopamine receptors was assessed in the prefrontal cortex, nucleus accumbens and
striatum regions of their brains. Chronic caffeine intake (approx. 100 mg/kg/day) did
not alter the number or affinity of binding sites in any of these brain regions.
Therefore, dopamine receptors play a role in4he acute locomotor stimulant effects of
caffeine, but it is unclear what role they play in the development of tolerance to these
effects. (Supported by DA 03413 from the NIDA)

103.17
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AUGMENTED OPIOID NEUROPEPTIDE mRNA EXPRESSION IN THE
NEOSTRIATUM OF THE RAT IS ACCOMPANIED BY REDUCTIONS IN
OPIATE RECEPTOR LEVELS. Y. Zhang*. R. Baldeo, P. Delgado, P. Noailles, M.
Kraft, and J. A. Angulo. The Graduate School and Department of Biological
Sciences, The City University of New York, 695 Park Avenue, New York, NY
10021.
Since caffeine is classified as a psychomotor stimulant, and because psychomotor
stimulants have been reported to alter neuropeptide expression in the neostriatum,
we investigated the effect of chronic treatment with caffeine on striatal and accumbal
preproenkephalin (PPE), preprotachykinin A (PPT) and preprodynorphin (PPD)
mRNA expression by in situ hybridization histochemistry. We also assessed the
levels of fi opiate receptors by autoradiography. Male Sprague-Dawley rats were
injected intraperitoneally with caffeine (20,40 and 80 mg/kg of body weight) twice
daily for nine consecutive days. PPE mRNA levels were increased by chronic
caffeine in all subdivisions of the striatum at 80 mg/kg (dlCPu= +139%; dmCPu=
+42%; vlCPu= +102%; vmCPu= +20%; and aCPu= +75% relative to vehicleinjected controls that were normalized to 0% change). Similarly, PPD mRNA
expression was increased in all aspects of the striatum at 80 mg/kg (dl-, dm-, vl-, vmand aCPu= +98%, +25%, +104%, +9% and +85%, respectively). In contrast to PPE
mRNA, PPD mRNA was increased +117% above control in the nucleus accumbens
(NAc) at 20 mg/kg of caffeine. PPT-A mRNA expression was not significantly
affected by caffeine treatment in the CPu or NAc. Simultaneously, n opiate receptor
levels were decreased by as much as 50% below controls throughout the striatum at
80 mg/kg of caffeine. The data demonstrate that repeated exposure to caffeine
selectively increases opioid neuropeptide mRNA expression in the striatum and the
nucleus accumbens of the rat brain by a dopamine-independent mechanism and that
such increases are accompanied by simultaneous decreases in opiate receptor levels.

ELECTROENCEPHAI.CGRAPHIC (EEG; EFFECTS OF SMOKELESS
TOBACCO IN HUMANS. R. V. Fant, W. B. Pickworth, R. ANelspn, S. E. Henningfield, M. E. Abreu*. NIH, NIDA, Div. of
Intramural Research, Baltimore, MD 21224.
EEG alpha slowing and increases in the:a power are
electrophysiologic
m arkers
of
tobacco
w ithdrawal.
Immediate nicotine delivery by cigarette smoking has been
shown to reverse these EEG effects.
This study ¿eeks to
examine the EEG effects of nicotine delhery by moist snuff
in human subjects after short periods of tobacco abstinence
(> 3h).
Daily snuff users participated in 5 experimental
sessions in which they were given one of four moist snuff
products (2 g) or Oregon mint scuff (a non-tobacco product
which does not contain nicotine). They placed the products
in their mouths for 30 min. EEG measures were taken prior
to administration, and at 10 and 3G min after administration.
Preliminary examination of the data suggests that Oregon
mint snuff and Skoal Bandits (a low-nicotirie yield product)
produced little change in EEG measures. Copenhagen, Skoal
VVintergreen, and Skoal Longcut Cheriy snuffs, the three
products with higher nicotine yields, increased alpha
frequency and decreased theta power compared to baseline.
These preliminary data suggest that high nicotine yield
smokeless tobacco products may increase cortical EEG
arousal. This rewarding effect may contribute to their high
abuse potential.
NIH/ NIDA Intramural Funding
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MK-801 PREVENTS THE DEVELOPMENT AND EXPRESSION OF
ANTICIPATORY COCAINE BEHAVIOR. Ernest N. Damianoooulos* and
Robert J. Carey. Dept. of Psychiatry, S.U.N.Y. Health Science Center and
Research and Development (151), V.A. Medical Center, Syracuse, N.Y. 13210
Antagonism of the NMDA receptor site by the non-competitive
antagonist, dizocilpine (MK-801) can prevent the development of cocaine
induced sensitization and conditioning. We now report that MK-801 (0.1
mg/kg) can prevent the development of an anticipatory cocaine response. We
used two distinct open-field environments, E1 E2 and we paired drug/saline
injections with 10 min. tests in each environment. We examined the pattern of
locomotion behavior in the first environment to determine if the animals
developed anticipatoiy activity after repeated cocaine (10 mg/kg) treatments in
the second environment. Four groups o f rats (n=7) received one of the
following sets of sequential injections linked to the two environments: (a)
saline E1-saline E2 (b) saline E1-cocaine E2, (c) MK-801 E1-saline E2 and (d)
MK-801 E,-cocaine E 2. We found that over the course o f 5 repeated daily
treatments, the saline E1-cocaine E2 group developed an increase in locomotion
toward the end of the test session in E,. This anticipatory stimulant effect did
not develop in the other groups. The MK-801 E,-saline E2 treatment and MK801 E1-cocaine E2 treatment did not differ from the saline E1-saline E2
treatment in their behavior in E1. The MK-801 E1-cocaine E2 treatment blunted
the anticipatory rise in locomotion in the first environment but did not attenuate
the animals’ response to cocaine in the second environment. Thus, the findings
suggested that the MK-801 treatment impaired the development of a cocaine
anticipatory response. Such a result appears relevant to the development of
cocaine craving.
This research was supported by NIDA grant R01DA05366-11.

104.2
SMALL LESIONS OF THE PRELIMBIC PREFRONTAL CORTEX ONLY
AFFECT COCAINE- AND M K -8 0 1 B U T NOT MORPHINE- AND AMPHET
AMINE -INDUCED REWARD AND LOCOMOTION IN RATS. B. Zadow*, T.M
Tzschentke and W.J. Schmidt. Dept. Neuropharmacol., Univ. of Tuebingen, Zool.
Inst., 72074 Tuebingen, Germany.
As a part of the mesocorticolimbic system, the medial prefrontal cortex (mPFC) is
thought to participate in the regulation of locomotor activity, and of motivation and
reward. Previous lesion studies examining this region have usually employed
destruction of a relatively large area within the mPFC, without or with little
discrimination between the different subareas. Therefore, this study was designed to
selectively lesion the prelimbic area of the mPFC using a relatively low dose of
quinolinic acid. In a conditioned place preference (CPP) experiment lesioned and
control animals were treated with cocaine (15 mg/kg), amphetamine (4 mg/kg),
morphine (10 mg/kg) or MK-801 (0.3 mg/kg) to induce CPP. The lesion blocked the
development of CPP only in animals receiving cocaine, but not in animals receiving
amphetamine or morphine. MK-801 failed to produce a CPP in both lesioned and
unlesioned animals. In the same experiments the animals were tested for their acute
response to the different drugs. Only the response (in terms of locomotion and
rearing) to cocaine and MK-801 was reduced to a significant extend by the lesion,
while the response to amphetamine and morphine was not affected. Also, the lesions
were without effect on spontaneous activity. These results show that even small
lesions of the prelimbic part of the mPFC are sufficient to produce behavioural
effects, which, however, are apparent only when the animals are challenged with
cocaine or MK-801, but not with amphetamine or morphine, or when drug-free.
This corroborates other studies suggesting a special role of the PFC in the mediation
of behavioural effects of cocaine (and MK-801), but not of other drugs.
Supported by the BMBF (Suchtforschungsveibund Tuebingen). This abstract was
prepared while T.M.T. was a recipient of a DAAD scholarship.
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GLUTAMATE RECEPTOR SUBUNITS (GluRl AND NMDAR1)
INCREASE IN THE NUCLEUS ACCUMBENS OF RATS 3 WEEKS
AFTER REPEATED COCAINE EXPOSURE Lynn Churchill,*M.
Behnam Ghasemzadeh, and Peter W. Kalivas, Dept. of VCAPP,
Washington State University, Pullman, WA 99164-6520.
The excitatory neurotransmitter glutamate is believed to play an
important role in an enduring augmentation in behavioral activation that
occurs after repeated cocaine exposure called sensitization. Rats
sensitized to 1 week of daily cocaine injections demonstrated a greater
motor activity when microinjected into the nucleus accumbens (NA)
with the glutamate receptor agonist, AMPA (Pierce et al., 1996). The
present study tests the hypothesis that the expression of specific
glutamate receptor subunit proteins may be increased when rats are
exposed to repeated cocaine injections. Glutamate receptor subtypes
were evaluated in the NA and the caudate putamen (CP) using Western
blot analyses at 3 weeks after repeated daily cocaine injections for 1
week. A significant increase in GluRl and NMDAR1 was observed in
the NA without any change in GluR2/3. No change in any o f these
subunits was observed in the CP from these same rats. Also no changes
in the GluRl or NMDAR1 mRNA levels were observed in the NA of
another set of rats treated with the same paradigm. Since the GluRl and
NMDAR1 subunits were increased in the ventral tegmental area (VTA) 1
day after repeated exposures to drugs of abuse and unpredictable stress
(Fitzgerald et al., 1996), the GluRl subunit was evaluated in the VTA at
3 weeks after repeated cocaine exposure. Preliminary data suggest that
these changes in the VTA do not endure. These data suggest that the
expression of sensitization involves increases in specific glutamate
receptor subunits in the NA. (Supported by USPHS grants from NIDADA03906 and DA-00158 (PWK))

GLUTAMATE RECEPTOR mRNA EXPRESSION AFTER
BEHAVIORAL SENSITIZATION TO COCAINE.
M. Behnam Ghasemzadeh* ,Linda C. Nelson, Peter W. Kalivas. Dept.
o f VCAPP, Washington State University, Pullman, WA 99164-6520.
Recent evidence indicates that alteration in excitatory amino
acid transmission in nucleus accumbens (NA) contributes to the
expression o f behavioral sensitization to cocaine. Specifically,
microinjection o f the AMPA receptor blocker CNQX into NA
prevented the expression of behavioral sensitization to an acute
cocaine injection in cocaine sensitized rats and AMPA microinjection
into the NA elicited augmented motor activity only in cocaine
sensitized rats (Pierce et al., 1996). It was hypothesized that
modulation of glutamate receptors in NA plays an important role in
behavioral sensitization to cocaine. Rats were treated with cocaine for
one week (15 mg/kg x 2 days; 30 mg/kg x 5 days, ip) followed by 3
weeks of withdrawal. Rats were challenged with an injection of saline
or cocaine (15 mg/kg, ip) on day 21 o f the withdrawal period,
behaviorally monitored and sacrificed 24 hours after the challenge. Jn
situ hybridization (ISH) and/or quantitative RT-PCR techniques were
employed to assess the level of mRNA for GluRl, GluR2, GluR4,
NMDAR1 subunits and mGluR5 metabotropic glutamate receptor in
the NA. There was no change in mRNA level for GluRl, GluR2 and
mGluR5 receptor between rats chronically treated with cocaine or
saline as determined by both RT-PCR and ISH. Data obtained with
RT-PCR indicates a significant reduction in the GluR4 mRNA but no
change in NMDAR1 subunit mRNA level in NA of cocaine treated
rats. Taken together, these results indicate that the augmented
glutamate transmission in NA after behavioral sensitization to cocaine
may not be mediated by long term receptor transcription regulation.
Supported by USPHS grants MH-40817, DA-03906, DA-00158 and
DA-05589.
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NOVEL N-METHYL-D-ASPARTATE (NMDA)/GLYCINE
SITE
ANTAGONISTS BLOCK COCAINE-INDUCED TO X ICITY AND
BEHAVIORAL SENSITIZATION. E. Ramirez, R.R. Matsumoto1, R.
Brackett, A.G. Kanthasamy*, Neurology, Univ. of California, Irvine, CA
92697; lPharm. & Tox., U. of Oklah. Health Sci. Ctr., Oklahoma City, OK.
Cocaine is a major drug of abuse and there are no effective
pharmacotherapies to treat cocaine over dose and addiction. Since excitatory
amino acid mechanisms may be involved in cocaine toxicity and abuse, the
effectiveness of novel quinoxaline-2,3-dione derivatives (ACEA-1021,
ACEA-1328, ACEA-1022) that are selective antagonists at the strychnineinsensitive glycine site of NMDA receptors was characterized against cocaineinduced toxicity and behavioral sensitization. Pretreatment of Swiss Webster
mice with these novel compounds (0-60 mg/kg, i.p.) dose-dependently
attenuated cocaine-induced convulsions and lethality. Remarkably, posttreatment of 1021 either immediate prior to or after the occurrence of a seizure
significantly attenuated cocaine-induced lethality.
Structurally unrelated
NMDA/glycine site antagonist (R)-HA-966 showed enatioselectivity against
cocaine toxicity and structurally related compounds NBQX, and DCQX were
ineffective. At doses that did not alter spontaneous locomotor activity, these
compounds completely eliminated the development but not the expression of
locomotor sensitization to chronic cocaine treatment. The treatment was well
tolerated and these compounds are the first of their kind in showing protective
effects against cocaine-induced convulsions, lethality and behavioral
sensitization. The results indicate that these compounds offer a novel base
structure from which effective pharmacotherepies can be developed and
suggest that excitatory mechanisms play an important role in cocaine abuse
and toxicity.

COCAINE DECREASES GLUTAMATE IN THE NUCLEUS
ACCUMBENS. L. Teneud*, P. Rada, S. Tucci, J. Pѐrez Lu and L.
Hernández. Laboratory o f Behavioral Physiology, Faculty o f Medicine,
Universidad de los Andes. Apartado Postal 109, 5101-A, Mѐrida.
VENEZUELA.
The effects o f cocaine on dopaminergic and serotonergic
neurotransmission in the nucleus accumbens have been well
demostrated. Recently, a relationship between cocaine and excitatory
amino acid neurotransmission has been suggested. Other research in
our group reveals that drugs like morphine and amphetamine decrease
glutamatergic transmission in the nucleus accumbens. Extracellular
glutamate levels in the nucleus accumbens o f rats were monitored
using microdialysis coupled to capillary zone electrophoresis with
laser-induced fluorescence. Five samples were collected every 30
seconds before and immediately after one systemic injection o f cocaine
(10 mg/kp, i.p.). Five more samples were collected 20 and 40 minutes
after the injection. A significant decrease o f extracellular glutamate was
observed immediately after the injection and levels remained low for 40
minutes. This and previous experiments suggest that the decrease o f
glutamate levels in the nucleus accumbens might contribute to explain
the reinforcing properties o f drugs o f abuse. The present research was
supported by Grants M-546-95-07-A CDCHT-ULA and BTS-37 BIDCONICIT.
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THE
EFFECT
OF
GLUTAMATERGIC
DRUGS
ON
THE
MAINTENANCE AND REINSTATEM ENT OF COCAINE S E L F ADMINISTRATION BEHAVIOR. J.L . C ornish, P. Duffy* and P .W .
K alivas, Alcohol and Drug Abuse Program , W ashington S ta te
University, Pullm an, WA 99164.
Previous research (Pierce et al . 1996, Neuroscience 16(4): 1550-1560) has
demonstrated an increase in glutamate transmission in the rat nucleus accumbens (NA)
following the expression of behavioral sensitization to repeated systemic cocaine
administration. By employing the model of intravenous cocaine self-administration
(SA) in the rat, this study aimed to elucidate a role for glutamate transmission in the
NA in maintaining and reinstating cocaine seeking behavior. Rats trained to selfadminister cocaine (1 mg/kg/infusion, FR1 schedule, daily 2 hr session) were
bilaterally infused with either the AMPA receptor antagonist CNQX (0.1 nmol/side),
the NMDA receptor antagonist MK-801 (1 nmol/side), AMPA (0.4 nmol/side) or
vehicle into the NA, immediately prior to a cocaine SA session. Neither pretreaiment
with CNQX, MK-801 nor vehicle resulted in a significant change in reinforced
responding, however pretreatment with MK-801 significantly increased the number of
inactive lever presses. In contrast, the administration of AMPA into the NA
significantly reduced the number of cocaine reinforced responses. Following 5 further
sessions of cocaine SA (0.5 mg/kg/infusion), the reinforcing cue of the drug-paired
lever was extinguished by substituting saline for cocaine in 7 consecutive daily
sessions. Immediately prior to the 8th session, rats were pretreated with bilateral intraaccumbens infusions of AMPA (0.4 nmol/side) or vehicle and the number of nonreinforced responses at the drug-paired lever recorded. Pretreatment with intraaccumbens AMPA significantly increased responding at the drug-paired lever in
comparison to the vehicle pretreated rats. These results suggest that while AMPA
plays a facilitatory role within the NA in the rewarding effects of cocaine, it appears
that the maintenance of cocaine seeking behavior is not dependent on the activation of
either NMDA or AMPA receptors in this region. (NIH-DA03906, DA00153 (PWK)).

CO-ADMINISTRATION OF THE NMDA RECEPTOR ANTAGONIST MK801 WITH THE DOPAMINE D2 RECEPTOR AGONIST QUINPIROLE
REVERSES BEHAVIORAL SENSITIZATION TO COCAINE Y. Li*, M. E,
Wolf, and F. J. White, Department of Neuroscience, FUHS/The Chicago Medical
School, North Chicago, IL, 60064
Behavioral sensitization is a useful animal model for drug craving behavior in
humans. In this study, we sought to determine whether co-administration of MK801 (MK) with either SKF 81297 (dopamine D 1 receptor agonist) or quinpirole
(dopamine D 2 receptor agonist) would extinguish cocaine (Coc) sensitization. Rats
received repeated Coc (15mg/kg) for ten days. After 2 days of withdrawal (Day
13), their locomotor activity in response to a Coc challenge ( l0mg/kg) was tested
to establish sensitization. These rats were then divided and received further
treatments (Day 14 to Day 20) as follows: saline/saline, MK(0.1mg/kg)/saline,
saline/SKF(lmg/kg), saline/SKF(3mg/kg), MK/SKF(1 mg/kg), MK/SKF(3mg/kg),
saline/quinpirole(0.15mg/kg), and MK/quinpirole. Injections were given i.p. and
were separated by 30 minutes. Two days after the treatment (Day 23), rats were
again challenged with Coc. With the exception of the MK/quinpirole group, all
groups showed similar sensitized locomotor activity on Day 23, compared to their
Day 13 response. However, in the MK/quinpirole group, there was a dramatic
decrease in cocaine-induced locomotor activity on Day 23, compared to the Day 13
response of the same group. This reversal of cocaine sensitization was also present
when a separate MK/quinpirole group was tested two weeks later (Day 35). Thus,
co-administration of MK-801 with quinpirole extinguishes established Coc
sensitization, and this effect is long-lasting. These experiments provide evidence of
pharmacological extinction of cocaine sensitization and suggest potential
mechanisms by which cocaine craving might be reduced. (Supported by DA 04093
& 00207 to FJW, and DA 09621 to MEW.)

104.9

MODIFICATIONS OF GLUTAMATERGIC PRESYNAPSES IN THE
NUCLEUS ACCUMBENS DURING COCAINE WITHDRAWAL. Q.
Manzoni, D. Puialte, J. Blahos* and J.Bockaert. CNRS UPR 9023,
C.C.I.P.E., 141 rue de la Cardonille, 34094 Montpellier, France.
We search for adaptive changes in the regulation of transmitter release at
the excitatory afferents to the nucleus accumbens (NAc) following cocaine
(COC) withdrawal. The cAMP/PKA enhancement of both spontaneous and
evoked Glu release was upregulated during COC-withdrawal. In COCwithdrawn rats, the adenylate cyclase (AC) activator forskoline (FSK, IOµM)
augmented mEPSCs frequency to 364±86% of its basal value (n=5)
compared to 165±6% (n=5) in control rats. Similar results were obtained
with both the permeant cAMP analog CPT-cAMP and FSK on evoked
release. We observed a marked desensitization of the adenosine (ADO) A l
presynaptic inhibition of Glu release in rats withdrawn from COC. We found
and characterized a strong A l presynaptic inhibition using patch-clamp
recordings. Dose-response curves for ADO revealed a striking decrease of
the affinity for ADO in COC-treated rats: the EC50 for ADO was 32±4µM
(n =9) in control rats, 7 0 ± 9 μM (n = 9 ) after 1 day withdrawal and 166±3µM
(n=8) after 8 days withdrawal. In the same rats the ADO-induced depression
of fEPSPs was not modified in the CA1 region of the hippocampus. The
inhibitory action of ADO on miniature EPSCs (mEPSCs) was strongly
diminished: 50μM ADO reduced mEPSCs frequency to 35.9±5.8 % of its
basal value (n=7) in control rats compared to 68.7±7.1 % (n=8) in rats
withdrawn from COC. In contrast, the inhibition induced by COC, dopamine
and mGluRs were not modified.This first description of long-lasting changes
in excitatory transmission to the NAc following chronic COC intake may
indicate new therapeutical targets for drug-abuse treatment. This research
was supported by grants from the CNRS, CEE (BI02-CT93-0243, DRET
(95/075), Bayer Company and FRM.
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PRENATAL COCAINE EXPOSURE DOES NOT ALTER THE EFFECTS OF ONE-TRIAL
CONTEXTUAL FEAR CONDITIONING IN ADULT MALE RATS. D. H. Brunzell*, A. E. Coy. V.
L. Visaya, J. J.B. Ayres, and J. S. Meyer. Department of Psychology, Neuroscience and
Behavior Program, University of Massachusetts, Amherst, MA 01003.
Prenatal cocaine exposure affects the development of the hippocampus, a brain region
necessary for the expression of contextual fear conditioning. This study sought to determine
whether developmental effects of prenatal cocaine exposure are manifest in two measures of
contextual fear conditioning, freezing behavior and defecation. Sprague-Dawley dams were
subcutaneously injected with either 40 mg/kg cocaine (C40, n = 10) or saline (SAL, n = 9) from
gestational day (GD) 8 through GD 20. SAL animals were also pair-fed to cocaine dams to
control for the anorectic effects of cocaine. A second control group had ad lib access to food and
received no injections (UT, n = 10). All offspring were fostered on postnatal day (PD) 1.
Three adult male offspring (PD 90-95) from each litter participated in the study (n = 87).
Littermates were randomly assigned to the context-specific shock condition (S), or to one of two
control conditions: novekontext shock (VS), or no-shock (NS). S and NS animals were trained
in a square-shaped, Plexiglas chamber and VS animals were trained in a similar, V-shaped
chamber. Following 2 min of subject acclimation, a shock was delivered through a metal floor grid
to S and VS animals but not to NS animals. On the following day, all subjects were tested in the
square chamber for a 5-min period, during which no shock was administered. Fecal boli were
counted following the videotaped test session, and freezing behavior was scored at 2-sec
intervals with inter-observer reliability correlated at 94% accuracy.
The effects of prenatal treatment across the three context conditions were assessed using litter
as the unit of analysis (n = 29). Within-litter analysis of freezing revealed a main effect for
condition (p < 0.001), but no interaction between condition and prenatal treatment (p = 0.875).
The measure of fecal boli showed a main effect (p = 0.007) and a significant interaction between
condition and treatment (p = 0.004). Post-hoc analysis revealed that C40 and SAL animals
averaged more fecal boli (X = 4.6 and X = 5.0 respectively) than UT animals (X = 1.7) in the NS
condition. These results suggest that prenatal cocaine exposure does not result in changes in
contextual fear conditioning, but that stress of prenatal injection or food deprivation may lead to
a greater generalized fear response.
Supported by NIDA grants F31 DA-05759 and R01 DA-06495.

EFFECT OF PRENATAL COCAINE ON CENTRAL CHOLINERGIC
NEURONS. S.E. Robinson,* P.M. Kunko, M.J. Wallace, and J.R.
M aher. Dept. Pharmacology & Toxicology, Medical College of
Virginia, Virginia Commonwealth Univ., Richmond, VA 23298-0613.
Cocaine is known to increase the activity of hippocampal and cortical
cholinergic neurons as shown by acetylcholine (ACh) turnover in male
rats. Pregnant Sprague-Dawley rats were injected intravenously with
cocaine HC1 (C, 6 mg/kg) or saline (S) daily on gestational days 8-20 or
left unhandled. None of the treatments affected maternal weight gain.
Litters were culled to 10, with equal numbers of males and females, and
fostered to surrogate dams within 24 hr of birth. On postnatal day 21,
pups were injected i.p. with C (10 mg/kg) or S or left untreated. Eleven
min after injection, rats were infused via the tail vein with deuteriumlabeled phosphorylcholine (15 jimol/kg/min) for 9 min and euthanized
by microwave radiation focussed to the skull (7.5 kW, 0.75 sec).
Using a mass fragmentographic technique, relative incorporation of
deuterium into choline and ACh, and hence, the turnover rate o f ACh
(TRACh) were determined in the hippocampus, hypothalamus, frontal
cortex, parietal cortex, and striatum. Prenatal cocaine exposure had no
effect on ACh or Ch content or TRACh in any brain region studied.
Neither did it influence the response of cholinergic neurons to C or S
challenge. However, unlike the response observed in their male
littermates, TRACh did not increase in the parietal cortex or the
hippocampus in response to a C challenge in female weanling rats. This
is unexpected, as female rats have been demonstrated to be more
sensitive to the behavioral activating effects of cocaine. [NIDA grants
DA04746 and DA07027].
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PRENATAL COCAINE EXPOSURE ALTERS SUBSEQUENT COCAINE ENTRY
INTO THE BRAIN IN YOUNG RATS AS MONITORED BY IN VIVO
MICRODIALYSIS.

PRENATAL EXPOSURE TO COCAINE IMPAIRS ANTERIOR CINGULATE
CORTICAL NEURONAL ACTIVITY AND LEARNING IN RABBITS. C.
Taylor*, J. H. Freeman, Jr., W. H o lt, and M. Gabriel. Dept. of Psych. and
Beckman Institute, Univ. of Illinois, Urbana, IL 61801.
Twice daily injections of cocaine (4 mg/kg) administered to pregnant Dutchbelted rabbits on gestational days 8 - 2 9
altered the morphology and
biochemistry of neurons in the anterior cingulate cortex of the offspring (Levitt
et al., Trends in Neurosci. in press). Anterior cingulate cortical learning-related
neuronal activity was significantly attenuated in cocaine-exposed rabbits
compared to saline-exposed controls during discriminative avoidance training,
wherein rabbits learned to step in a large activity wheel in response to a 500
msec footshock-predictive tone (CS+) and they learned to ignore a different tone
(CS-), not predictive of shock (Taylor et al., Soc Neuroci Abstr. 22:1988, 1996).
Despite the neuronal decrement, exposure to cocaine did not affect
discriminative avoidance learning. Here, training involved use of a brief (200
msec) CS+. Rabbits exposed to cocaine made significantly fewer avoidance
responses on the first day of training (P<.03), yet the cocaine-exposed rabbits
reached the learning criterion as quickly as controls. The magnitude of the
training-induced anterior cingulate cortical neuronal response in cocaineexposed rabbits was significantly attenuated (P< .01). In contrast, the posterior
cingulate cortical training-induced neuronal response was enhanced in cocaineexposed rabbits (P< .01). These results suggested that the initial stage of
learning with a non-salient CS is critically dependent on coding processes of the
anterior cingulate cortex. It is proposed that the anterior cingulate cortical
neuronal coding deficit was responsible for the early learning impairment, but
enhanced coding in posterior cingulate cortex fostered a normal learning rate.
(Support: NIH NS26736, DAI 1164-01, NSF BIR-9504842).

R.W. Kelleir,Jr. * M.'T.Chen, A. Snyder-Kelle r*, J.N .Cariso n , S.D. Glick
Dept. of Pharmacol. and Neurosci., Albany Medical College, Albany, NY
and #Wadsworth Ctr., NYS Dept. Health, Albany, NY
Pregnant rats were given injections of saline or cocaine (COC,
10 mg/kg twice daily, SC) between gestational days 7-21. Offspring
were examined by microdialysis (2 mm probe, awake rats) to study the
effects of prenatal COC exposure on later cocaine penetration of the
brain. These studies were conducted in the striata of young rats (1625 d) and older rats (30-68 d). Samples were collected (10 min frac.)
and assayed for cocaine by HPLC separation coupled with UV detection
at 235 nm. Each rat was given an acute injection of COC (20 mg/kg,
IP) and dialysis samples were collected during the next 8 0 min. In each
case the initial cocaine level detected in the first 10-min sample was
the highest level detected and then fell over the following 70 min. In
younger rats prenatal COC exposure led to an approximate doubling of
initial cocaine levels, but cocaine levels converged on prenatal saline
control levels as time progressed. In older rats given an acute injection
of cocaine no difference due to prenatal treatment was detected. Older
rats also showed no difference in tissue levels of cocaine as a result of
prenatal treatment.
[Supported by DA-06199]

105.5

105.6

CHRONIC GESTATIONAL COCAINE TREATMENT DECREASES
OXYTOCIN LEVELS IN THE MPOA, VTA AND HIPPOCAMPUS
OF SPRAGUE DAWLEY RATS. J.H.Johns*, D.A.Lubin,
C.H.Walker, K.E.Meter and G.A.Mason. Depts. of
Psychiatry
and
Psychology,
Univ.
of
North
Carolina, Chapel Hill, N.C. 27599.
Gravid Sprague-Dawley rats (250-275g) received
s.c. injections b.i.d. throughout gestation of
either saline or 15 mg/kg of cocaine HCL (COC).
Females were killed on postpartum days (PPD) 1
or
2.The
ventral
tegmental
area
(VTA),
amygdala, hippocampus and medial preoptic area
(MP0A) were removed for an oxytocin (OXY) RIA.
0XY was significantly reduced in the MPOA on PPD
1 and in the VTA and hippocampus on PPD 2.
Levels
in
the MPOA
were
reduced
but
not
significantly on PPD 2.
OXY levels were not
reduced in the amygdala on either day.
We now
report that COC, which
disrupts the onset of
maternal behavior
(MB), reduces OXY
levels in
brain areas which are important forMB at time
points when OXY is necessary for the onset of MB
to occur. Preliminary data indicates that COC
may directly alter OXY in the MPOA and in the
VTA directly or
indirectly perhaps through a
neurotransmitter (Supported by NIH grant DA08456
and the MHCRC of Psychiatry).

DIFFERENTIAL SENSITIZING EFFECTS OF PRENATAL COCAINE ON AMPHETAMINE-INDUCED MOTOR BEHAVIOR.
S.J.GIatt*, C.A. Bolaftos, and D. Jackson. Psychology Dept., Northeastern Univ., Boston, MA 02115.

105.7

neurotransmitter release to assess potential changes in nigrostriatal dopamine transmission.
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PRENATAL COCAINE EXPOSURE: THE COGNITIVE PROFILE. H. Garavan.
R.E. Morgan, C.F. Mactutus, R.M. Booze, & B.J. Strupp*. Dept. of Psych. & Div.
of Nutri.Sci., Cornell Univ., Ithaca, NY & Dept. of Pharm., Coll. Med., Coll.
Pharm. & THRI, Univ. of Kentucky, Lexington, KY.
The present study examined the long-term effects of prenatal cocaine exposure,
using an IV route of administration that avoided both prenatal undemutrition and
skin lesions, confounding factors in many previous studies. Long Evans dams were
administered either cocaine or saline during gestational days 8-20. In adulthood,
the offspring (31 cocaine and 29 control) completed a series of tasks designed to tap
specific cognitive processes. The tasks, administered in automated testing chambers, included: olfactoiy discrimination and reversal tasks, visual attention tasks, a
redundant learning task, and a delayed spatial alternation task. In-depth analyses of
performance provided indices of selective and sustained attention, breadth of attention, flexibility, inhibitory control, associative ability, short- and long-term memoiy,
rule-learning, and susceptibility to proactive interference. Based on preliminary
analyses, the processes most affected by prenatal cocaine exposure are sustained
attention and the linking of stimuli and/or responses with affective consequences.
The specificity of the impairment is suggested by the various unaffected processes,
including: memory function (both long- and short-term), rule-based learning, and
inhibitory control. Ongoing analyses will shed light on the status (altered or intact)
of distractibility (selective attention) and susceptibility to proactive interference.
The poster will outline the cognitive profile, with a more in-depth presentation on
the most affected processes.
Supported by NIDA grants DA 07559 & DA 09160.
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Although behavioral sensitization in response to chronic psychomotor stimulants is a well-characterized
phenomenon in adult animals, studies attempting to elucidate sensitizing effects of a prenatal
psychomotor stimulant exposure have yielded contradictory results. Psychomotor stimulants produce
robust elevations in motor behavior in addition to having hedonic effects leading to a high abuse potential.
Previous research has indicated that prenatal cocaine (PC) exposure has sensitizing effects. However,
these findings are equivocal due to other research indicating that PC produces tolerance. In the present
study, we attempted to delineate the effects of PC exposure on the behavioral response to chronically
administered amphetamine in adult male rats. We hypothesize that an extensive examination of
amphetamine-induced behaviors over a chronic time interval will yield results in favor of behavioral
sensitizing effects of cocaine in rats exposed to cocaine in utero. Pregnant rats received subcutaneous
injections of saline (PS) or cocaine hydrochloride (20 mg/kg, bid) from ED15-21. Offspring were exposed
to a 7 day regimen of saline or amphetamine (0 .5,1 .5, or 5 mg/kg, ip) after two days of habituation to
the testing apparatus. Open-field activity boxes were used to measure locomotion and stereotypy
(rearing, sniffing, and grooming) was recorded over a time sampling procedure for one hour. Our results
indicated that PC rats had lower locomotor responses than PS rats after 0 .9 and 1.5 mg/kg amphetamine
on day one. On day 7, however PC rats had significantly increased locomotor activity compared to PS
rats. Thus, PC rats exhibited a greater degree of sensitization (day 1 vs day 7) than PS rats. PS rats
showed higher rates of rearing than PC rats on all testing days except for the 0.5 mg/kg dose on days
5 and 7. PC rats showed higher rates of sniffing(evidence of sensitization( at 0.5 mglkg. PC rats,
exposed to 5 mg/kg amphetamine, invariably died within 1 hr post-injection. There were no PS mortalities
at any amphetamine dose. Collectively, the results of this study support the hypothesis that prenatal
cocaine administration to male rats results in behavioral sensitization. We are currently investigating
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EFFECTS OF CHRONIC COCAINE EXPOSURE ON MOTOR
BEHAVIOURS IN PREGNANT RABBITS. J. S. Shumsky *. F.
Darvish-Sefat, K. Diven. M. Schumann, and E. H. Murphy, Dept. of
Neurobiology and Anatomy, Allegheny University o f the Health
Sciences, 3200 Henry Ave., Philadelphia, PA 19119.
Chronic intravenous cocaine exposure during gestation in rabbits
produced a dose-dependent increase in the overall frequency of
cocaine-elicited behaviour. Following repeated injection, sensitization
occurred for a number of stereotypic and altered motor behaviours,
whereas tolerance occurred for a number o f altered motor behaviours
associated with spasmodic twitch activity (STA). Tolerance developed
to all three classes o f STA: mild myoclonic twitch episodes, severe
myoclonic twitch episodes, and generalized tonic-clonic seizures. For
each of the three classes of STA, the mean number o f events per animal
was found to be dose-dependent such that the dose o f 2 mg/kg/inj
produced no STA, the dose of 3 mg/kg/inj produced minimal STA, and
the dose o f 4 mg/kg/inj produced substantial STA. We conclude that
the dose of 3 mg/kg/inj, while eliciting a wide range of altered motor
behaviours in the pregnant rabbit, produces minimal risk to the
developing fetus from cocaine-elicited seizures. In addition, the
concomitant development of sensitization and tolerance to cocaineelicited behaviours within the same animal suggests that these
behaviours are mediated by different underlying mechanisms.
Supported by NIDA PO1DA 06871.
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EFFECTS OF COCAINE-INDUCED SEIZURES
DURING
PREGNANCY IN THE RABBIT. E. H. Murphv*, J. Chon, F.
Daryish-Sefat. K. Diven. M. Schumann, and J. S. Shumsky . Dept. of
Neurobiology and Anatomy, Allegheny University o f the Health
Sciences, 3200 Henry Ave., Philadelphia, PA 19119.
The effects o f chronic administration o f cocaine to pregnant rabbits
on maternal seizures and on pregnancy outcome were studied. Cocaine
(2, 3 or 4 mg/kg/injection) or saline was administered, intravenously,
twice daily, from gestation day 8 (G8) to G29.
There were no
significant differences in maternal weight gain or pregnancy outcome
between saline control animals and animals given a cocaine dose of 2, 3
or 4 mg/kg/injection. Generalized tonic clonic seizures (GTCSs) were
occasionally elicited by the highest dose (4 mg/kg). There were
significant individual differences in vulnerability to cocaine-elicited
GTCSs in animals given 4 mg/kg/injection. 18% o f this group were
classified as having high vulnerability to seizures, and they experienced
a range from 3 to 27 GTCSs. Postnatal mortality o f their offspring was
significantly increased. The incidence and temporal patterns o f GTCSs
elicited by chronic, intravenously administered cocaine in rabbits, at the
doses used, are similar to those reported in human cocaine use. These
GTCSs may involve different mechanisms from seizures elicited in
other animal studies in which high doses o f cocaine are administered
intraperitoneally or subcutaneously. Nevertheless, in our animal model
the GTCSs elicited by prenatal cocaine exposure had no detectable
effects on pregnancy outcome (except in the highly vulnerable
subgroup). Supported by NIDA P01D A 06871.

CHICKEN EMBRYOS EXPOSED TO METYRAPONE (MET) PLUS COCAINE
(COC) HAVE ELEVATED SERUM CORTICOSTERONE AND APPARENTLY
REDUCED GLUCOCORTICOID RECEPTORS IN DIFFERENT BRAIN REGIONS
ON THE DAY OF HATCHING. L . Bordone* and S.B. Sparber. Department of
Pharmacology, University of Minnesota, Minneapolis, MN 55455.
This study determined if glucocorticoid receptors (GCR) in brain can be used as
a marker for studying the developmental effects of drugs of abuse, such as COC
HCI. Drugs can have direct and indirect actions upon the developing
neuroendocrine axis, which may lead to postnatal dysfunction. The use of the
domestic chicken embryo may be a good experimental subject for studying such
effects in the absence of confounding maternal factors. MET (250 mg/kg egg)
injected on E17 substantially reduced hatchability while COC (11.25 mg/kg egg x 5
every 1.5 hr) on E18 had no effect on hatchability. Neither of these treatments
significantly altered serum corticosterone (CORT) concentrations or GCR (fmol/mg
tissue, fmol/p.g DNA or fmol/mg cytosolic protein) in the optic tectum, cerebellum or
hippocampal-hyperstriatal-parahippocampai region (HHP), compared with control
chickens. The combination of MET and COC caused a significant increase in
serum [CORT] and reduction in GCR in the HHP of this group without affecting GCR
in the other brain regions. Since the small, additional reduction in hatchability due to
combined treatment may have been responsible for a "screening" effect, allowing
the embryos with higher [CORT] and lower [GCR] in their HHP to hatch, we
controlled for this possibility by removing the subjects with the lowest [GCR] in
their HHP for further statistical analyses and again compared the control group (N=6)
with the smaller MET+COC group (N=4). The outcome was the same, indicating
that a "screening" effect was unlikely. Experiments are underway to determine if the
developing neuroendocrine axis is a target for mediating the acute and/or congenital
functional toxicity of COC. Supported in part by USPHS grant DA 04979.
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EMBRYONIC COCAINE EXPOSURE ALTERS OPEN FIELD AND SICKNESS
BEHAVIORS IN THE YOUNG CHICKEN: EFFECT OF RITANSERIN
PRETREATMENT. L.M. Schrott*, M.E. Getty, and S.B. Sparber. Dept. of
Pharmacology, Univ. of Minnesota, Minneapolis, MN 55455.
Exposure to drugs of abuse during embryogenesis may affect nervous,
immune, and endocrine systems development. We examined effects of
embryonic cocaine (COC) exposure on activity measures and behaviors
sensitive to immune stimulation (sickness behavior) in the chick. Since some
of COC’s developmental effects may be mediated by serotonin (5HT)
receptors, we also determined if pretreatment with the 5HT2 receptor
antagonist ritanserin (RIT) could attenuate COC’s effects on these behaviors.
On embryonic day 17 (E17) eggs with viable embryos were injected with RIT
(0.4 mg/kg egg) or its vehicle (0.1 M tartaric acid, TA) and on E18 injected 5
times, at 1.5 hr intervals with 11.25 mg COC/kg egg or 0.85% NaCI (SAL).
COC increased the incidence and size of herniated umbilici, and RIT blocked
this effect. Open field activity and distress vocalizations were assessed on
day 3, and on day 10, following 24 hr of food deprivation, chicks were
injected with lipopolysaccharide (LPS; 5 mg/kg) and sickness behavior
assessed. In females, exposure decreased open field lines crossed (p<0.05)
and vocalizations (p<0.04). RIT alone had no effect, but blocked COC’s
effect on these measures such that RIT-COC females did not differ from
controls. E18 COC exposure also attenuated LPS-induced sickness
behavior in both males and females, increasing food consumption (p<0.008)
and time spent awake and active (p<0.009), and decreasing time spent
sleeping (p<0.006). RIT alone had no effect on the food consumed or time
spent active, although it increased time spent sleeping (p<0.03). RIT did not
block any of COC’s effects on these measures. Thus, E18 COC exposure
alters open field and sickness behaviors and 0.4 mg RIT/kg on E17 can block
the effects on activity, but not on LPS-induced sickness behavior.
Supported by USPHS grant DA04979, DA08131, and T32 DA07097.

DISTRIBUTION OF MU OPIOID RECEPTORS IN DAY 70 FETAL RHESUS
MONKEY: EFFECT OF CHRONIC COCAINE EXPOSURE. Y. Fang*, O. K.
RФnnekleiv. Dept. of Physiology and Pharmacology, Oregon Health
Sciences University, Portland, OR 97201, and Oregon Regional Primate
Research Center, Beaverton, OR 97006.
Our previous studies have found that chronic cocaine increases the densities
of dopamine D1- and D2-like receptors, and also increases the mRNA
expression of enkephalin and dynorphin in the fetal monkey brain. Presently,
we studied the distribution of p-receptors (μ-R) in day 70 fetal brain and the
effects of cocaine on p-R binding densities. Pregnant monkeys were treated
with cocaine (3 mg/kg) or saline (n=3 each) four times per day from days 20 to
70 of gestation, at which time the fetal brains were prepared for quantitative μ-R
autoradiography using [3H]DAMGO (4 nM, 48.9 Ci/mmol, NEN). The μ-R
binding sites were widely distributed in the fetal brain as follows: thalamus >
hypothalamus* midbrain > pons > amygdala > striatum * prefrontal cortex
(PFC), with μ-R binding sites observed in the deepest layers of the PFC only.
Within the striatum the p-R binding exhibited a characteristic patchy distribution
similar to that observed previously for dopamine D1- and D2-like receptors.
Although cocaine increased enkephalin mRNA, cocaine had no effect on μ-R
binding densities in the day 70 fetal brain. Collectively these findings suggest
that the increased expression of enkephalin mRNA in the PFC and the striatum
of cocaine-exposed fetuses is not accompanied by an alteration of μ-R binding
densities in the fetal rhesus monkey brain. Supported by DA07165, Medical
Research Foundation of Oregon, HD18185 and P51-00163.
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UTERINE POSITION DETERMINES THE EXTENT OF DOPAMINE
REDUCTION AFTER CHRONIC PRENATAL COCAINE EXPOSURE. J.W.
Liptpg1.2*,H . C .R o b i e 2 , T.O
.V
u2,D
.E,Weese-Mayer1 and P.M. Carve y2. Depts.
of 1Pediatrics and 2Neurological Sciences, Rush Children’s Hospital of Rush
University, Chicago, IL 60612.
Most studying the consequences of prenatal cocaine (COC) exposure employ
rodents or other multiparous organisms in their models. We have previously
shown that when pregnant Sprague-Dawley albino rats are administered a 30
mg/kg s.c. injection on embyronic day 15 (E15) fetal brain COC levels show a
proximal to dikal (in relation to the cervix) gradient that can vary by as much as
350%. The present study sought to determine whether this gradient translated into
a similar gradient in brain DA levels. Pregnant rats were administered COC or
SAL (30 mg/kg COC or lml/kg saline (SAL) b.i.d., E7-E19). On E20, dams
were anesthetized with halothane, the fetuses immediately removed, their brains
excised, frozen and subsequently processed for DA, DOPAC or HVA. HPLC
analysis revealed a proximal to distal gradient for DA in both COC and SALexposed fetuses. Average fetal DA levels per litter were significantly lower in
COC exposed litters (57.39±3.67 ng/hemibrain SAL; 48.29±3.87 ng/hemibrain
COC F7.1=11.66, p<0.05). The gradients for DA were in opposite directions such
that COC litters showed the lowest levels of DA in the most distal uterine
positions whereas SAL exposed litters showed the highest DA levels in the same
location. These date suggest that a gradient in brain dopamine normally exists for
fetuses based upon uterine position and that cocaine can have selectively greater
effects on this level as a function of fetal location. The common practice o f only
employing a single randomly selected pup per litter for study could cause
investigators to generate false negative results in their studies (if pups originated
from proximal positions, where little differences from controls are evident).
Therefore, caution should be exercised in concluding negative findings from
prenatal cocaine exposure in multiparous species until farther study of this issue
is completed. (Support: DA05730 (JWL) & the JCS SIDS Research Fund).

NEONATAL COCAINE AND/OR ETHANOL EXPOSURE EFFECTS ON
RESPONDING FOR SUCROSE REINFORCEMENT IN ADULT MALE
RATS. T. Segar*, J. Klebaur, S. Barron, and M. T. Bardo, Univ. of Kentucky,
Dept. of Psychology, Lexington, KY 40506.
Adult male rats neonatally exposed to cocaine and/or ethanol were tested for
altered sensitivity to the reinforcing effect of sucrose in an operant task. The
dopamine neurotransmitter system has been implicated in food reward and
previous research suggests that animals with prenatal cocaine exposure can
have altered dopamine systems. To further investigate this question with a
neonatal cocaine and ethanol exposure model, rat pups underwent a surgical
procedure on postnatal day (PND) 4 to implant a gastronomy tube through
which they were fed a milk diet. Pups were artificially reared (AR) until PND
11. The AR groups included an ethanol group (6 g/kg/day), a cocaine group
(60 mg/kg/day), an ethanol/cocaine group (6 g/kg/day and 60 mg/kg/day) and
an isocaloric AR control group. The drugs were given through the milk diet. A
suckled control (sham) was also included. From PND 83-92, rats kept at 80%
body weight were magazine trained and then trained to lever press for sucrose
reinforcement in a single lever operant chamber. Subjects began on a fixed
ratio (FR) 2 schedule of reinforcement and were gradually increased according
to a predetermined schedule to an FR 20. Response rate was measured the first
day subjects achieved the FR 20. Only subjects exposed to neonatal cocaine
had an increased response rate for sucrose reinforcement. This effect suggests
that sucrose was more rewarding in animals that were neonatally exposed to
cocaine. (This research was supported, in part, by AA09723 to SB and
DA05312 to MTB).
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105.16

PRENATAL IV COCAINE: fMRI OF ADULT OFFSPRING CHALLENGED
WITH COCAINE VS. COCAINE METHIODIDE. R.M. Booze*, M.A. Nicholls.
A. Andersen, M.A. Welch, BJ. Strupp, C.J. Avison, and C.F. Mactutus.. Univ. of
Kentucky, Depts. of Anatomy & Neurobiology, College of Medicine, Division of
Pharmacology, College of Pharmacy, THRI, Lexington, KY 40536, and Div.
Nutritional Sci and Dept. Psychology, Cornell Univ, Ithaca, NY 14853.
fMRI has been used to map sites of neural activation and deactivation in humans
and animals. The commonly used technique, BOLD fMRI, is sensitive to changes in
regional oxygen consumption, CBF, and CBV. The interpretation of fMRI studies of
cocaine's effects on the CNS may be complicated by peripherally mediated cardio
vascular effects. Accordingly, we compared the fMRI response to cocaine (COC, 3
mg/kg IV) with that of cocaine methiodide (CM, a quaternary derivative, an
equimolar dose - 3.9 mg/kg IV) which exhibits similar peripheral cardiovascular
effects, but does not readily enter the CNS. Beginning at 90 days of age, male
animals offspring of prenatal IV treated Long-Evans rats (saline or 3.0 mg/kg COC
HCL, lx/day-GD8-14, 2x/day-GD 15-20) were anesthetized (urethane), catheterized
with arterial (MAP and HR monitoring) and venous lines (drug delivery), and
mounted in a stereotaxic frame for fMRI study (4.7T Varian animal system). A
multiple gradient recalled echo sequence was used to monitor the BOLD responses by
direct mapping of R2*. The functional maps were coregistered with T1 and T2weighted anatomic images to identify structures showing a significant (Z>3.5)
response. In 7 animals, we consistently observed a far less pronounced fMRI
response to CM than to COC, despite similar increases in MAP in response to both
agents, suggesting that the fMRI responses elicited by COC administration may be
distinguishable into peripherally and centrally mediated drug effects. Preliminary
regional analyses suggest that COC (but not CM) increases activity in the ventral
thalamus or hypothalamus and suppresses activity in the amygdala.
(Support: U. KY MRISC Res. Fund, DA09160, DA07559, ES06259, & NS35080)

DOSE-RESPONSE EFFECTS OF PRENATAL IV COCAINE: ROBUST AND
PERSISTENT HYPERREACTIVITY IN AUDITORY STARTLE RESPONSE
(ASR). C.F. Mactutus*, M.A. Welch, B.J. Strupp, and R.M. Booze, Univ. of
Kentucky, Dept. of Anatomy & Neurobiol., Col. of Med., Div. Pharmacol., Col. of
Pharm., THRI, Lexington, KY 40536, and Div. Nutritional Sci. and Dept. Psychol.,
Cornell Univ, Ithaca, NY 14853.
The IV route of administration in rats, accessed via a SC implanted port, was
employed to examine the effects of prenatal cocaine on the ASR of the offspring.
Virgin Long-Evans female rats, implanted with an IV access port prior to breeding,
were administered saline, 0.5, 1.0, or 3.0 mg/kg of cocaine HCL (COC) from GD8-20
(lx/day-GD8-14, 2x/day-GD 15-20). COC produced a dose-dependent increase in
maternal weight gain but otherwise did not affect litter, offspring birth weight or
growth parameters. At PND 18-20, 1 M and 1 F were randomly selected from each
litter to assess the ASR (San Diego Instruments, 100 dB(A) white noise stimulus,
70dB(A) background, 5 min adaptation, 36 trials, and 10 sec ITI). Response
magnitude was increased >30% for M (1 mg/kg) and >30% for F (3 mg/kg). When
reassessed in adulthood (D90-100), a linear dose-response increase was noted in M
(30%, 50%, 115%, respectively) although a more shallow, noncontinuous function
was seen in F (15%, -8%, 30%). Testing the F in diestrus, as opposed to independent
of stage of the estrus cycle, did not alter the results. Neither variable of body weight
nor response latency could account for this marked and persistent effect. Assessment
of prepulse inhibition (ISI of 0, 8, 40, 80, 120, or 4000 msec, 6-trial blocks, Latin
square) found no effect of prenatal COC on inhibition, but did replicate the facilitated
ASR (i.e., 0 msec ISI) in both males (75%) females (37%). Contrary to the minor
and/or nondetectable effects of prenatal COC on the ASR when delivered by the SC
or PO route of administration, the use of a more clinically relevant route and dose
reveals prominent and persistent alterations suggestive of neurological dysfunction.
(Supported by DA09160, DA07559 & ES06259)

105.17

105.18
M ICROINJECTION OF COCAINE INTO THE MEDIAL PREOPTIC AREA
(MPOA) OR NUCLEUS ACCUMBENS (NA) TRANSIENTLY IM PAIRS
M ATERNAL BEHAVIOR IN THE RAT. E.M. Vemotica* T.S. Rosenblatt,
T.I.Morrell, Behav & N eural Sciences, Rutgers Univ., N ew ark, NJ 07102
W e determ ined if single site m icroinfusions of cocaine could support
cocaine-induced im p airm en t of m atern al b eh av io r seen after single
systemic injection (as w e previously dem onstrated)or if it's necessary for
cocaine to sim ultaneously effect m ultiple sites for these im pairm ents to
occur. Two regions supporting m aternal behavior, the medial preoptic area
and nucleus accumbens, and tw o control sites, hippocam pus and dorsal
striatum w ere tested. Rats received bilateral infusions of cocaine, 50 p.g/0.5
|il/s id e . Dams w ere tested for m aternal responsiveness and activity prior
to, during, and following cocaine infusion. Cocaine infused to the MPOA or
N A im pairs m aternal behavior; infusion to control sites does not. Retrieval
took 8.5-10.0 times longer following cocaine to MPOA o r NA com pared to
sam e fem ales tested cocaine-free o r controls; nestbuilding w as abolished;
crouching decreased 1.5-2.5-fold following cocaine to MPOA com pared to
same females cocaine-free, NA females, of contrOls.Results suggest cocaine
infused into the MPOA globally disorganizes m aternal behavior, while in
the N A, cocaine interferes w ith the m otoric com ponents of m aternal
behavior. Activity increased 3.5-8-fold following cocaine to the MPOA or
NA com pared to the same females cocaine-free o r controls. Cocaine-induced
activity profiles differed between the MPOA and NA, indicating maternal
deficits w ere not derivatives of increased activity. This is the first study
dem onstrating cocaine im pairm ent of m aternal behavior is m ediated by the
d ru g ’s action on particular, lim ited sites w ithin the CNS, ruling out the
alternative, that cocaine's actions are d u e to its effects on m ultiple sites
sim u ltan eo u sly .S u p p o rted by NIDA grant DA07513 t o JIM & JSR.

PRENATAL COCAINE EXPOSURE ALTERED THE RESPONSE
TO STRESS, NMDA ADMINISTRATION AND PAIN IN THE
RAT. J. Huber and K.F.A, Soliman*. College o f Pharmacy &
Pharmaceutical sciences, Florida A&M University, Tallahassee, FL
32307
Female pregnant Sprague-Dawley rats were injected (sc) once
daily with 40 mg/kg o f cocaine HC1 or .9% saline from gestational
day 12 (GDI2) to GD 21. One other group o f female pregnant rats
was used as a pairfed group and was injected with saline. From
postnatal day 21 (PND 21) to PND 60 both male and female offspring
were examined for stress response as determined by the cold water
stress test performed at PND 21, 30, 40 and 60. The prenatally
cocaine-treated male and female offspring were found to have
diminished tolerance to stress Prenatal exposure to cocaine was
associated with increased severity o f motor symptoms, (tail twitches,
wetdog shaking, convulsion and sometimes death) after NMDA
administration (35 mg/kg) compared to the control group. When
control, pairfed, or the cocaine exposed offspring were tested for pain
sensitivity using the tail flick method or the hot plate method, it was
found that prenatal cocaine exposure altered pain sensitivity in both
tests. These results indicate that gestational cocaine exposure is
associated with altered responses to NMDA, stress and pain
sensitivity in the rat offspring, (supported by NIH grants GM 0811 and
RR03020).

OPIOIDS: GLUTAMATERGIC MECHANISMS
106.1

106.2

SEXUAL DIMORPHISM IN THE RESPONSE TO COMPETITIVE AND NONCOMPETITIVE NMDA RECEPTOR ANTAGONISTS AND MORPHINE ON CFOS INDUCTION IN THE RAT BRAIN D. N. D’Souza*, R. E. Harlan, and M.
M. Garcia. Depts. of Anatomy and Otolaryngology and Neuroscience Training
Program, Tulane University School of Medicine, New Orleans, LA 70112.
It has been suggested that there are differences in various aspects of competitive
and non-competitive N-methyl-D-aspartate receptor (NMDAR) antagonists. Previous
studies have dealt with the ability of NMDAR antagonists to block the expression
and maintenance of morphine tolerance and dependence. However, studies of sex
differences in response to different NMDAR antagonists and morphine have not been
reported. Morphine (10 mg/kg, sc) increased c-Fos expression in the caudate putamen
(CPu), nucleus accumbens, cortex and intralaminar thalamic nuclei of rats, with a
greater induction in the central medial (CM) nucleus and CPu in males than in
females. Administration of the non-competitive NMDAR antagonist MK-801 (0.2
mg/kg; ip) caused a very robust induction of c-Fos in females, in the region of the
reuniens, rhomboid and CM nuclei of the thalamus. This induction was significantly
less in the males. These sex differences were not seen on treatment of rats with the
competitive NMDAR antagonist NPC 17742 (10 mg/kg ip) and NPC alone did not
induce c-Fos expression in either sex. In the dorsomedial CPu, we found that MK801 (30 mins before morphine) completely blocked the induction of c-Fos by
morphine in females, but this block was incomplete in males. Morphine-induced cFos expression was also significantly inhibited by NPC 17742 (30 mins before
morphine) in CPu, with no difference between males and females. These results
suggest that differences in the action of competitive and non-competitive antagonists
are related not only to the mechanism of the antagonists but also to the area of the
brain where they act and on the sex of the animal. Further studies will have to be
done to determine potential mechanisms of these sex differences.

E f f e c ts O f M o rp h in e a n d t h e C o m p e te tiv e NMDA A n ta g o n i s t
C PPene o n I n t r a c r a n i a l S e lf - S tim u la tio n . M. M. Schueens*, E.

Kӓppeler. N. Gerhard, and P.-A. Lӧschmann. Faculty of Psychology, RuhrUniv. of Bochum and Med. Psychology. Univ. of Tȕbingen, Germany.
The interaction of rewarding brain stimulation, drugs of abuse and excitatory amino acid antagonists is thought to be relevant for the study of brain
mechanisms underlying drug dependence. This study investigated the effects
of morphine and the competitive NMDA antagonist CPPene on intracranial
self-stimulation (ICSS) in the lateral hypothalamus (LH). Male Wistar rats
implanted with stimulation electrodes in the LH were trained to press a lever
for ICSS and thresholds for ICCS were measured using an FR-20 schedule
with a concurrent CRF schedule. After a 7 day baseline rats were injected
twice daily with morphine or morphine and CPPene for a week which was
followed by a 7 day withdrawal period. Rats with and without morphine experience were tested after administration of morphine or CPPene alone or
the combination of both. Morphine and CPPene and morphine both reduced
ICSS thresholds during the first 3 days of treatment. During withdrawal
both groups showed an increase in ICSS thresholds, the increase was
slightly smaller in the group with the combined treatment. The acute administration of CPPene alone led to a decrease in ICSS thresholds only in rats
with morphine experience. The combined administration led to a prolonged
decrease in ICSS thresholds in pretreated rats. The results indicate that
raised ICSS thresholds induced by morphine withdrawal cannot be prevented by simultaneous CPPene administration. The effects of the NMDA
antagonist on rats pretreated with morphine reveal a change in the
sensitivity of the brain reward system that can be influenced by CPPene.

Supported by LEQSF RD-A-29 to MMG.

Supported by the Gennan Ministry of Education and Science (BMBF).
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1 06.3
ACQUISITION OF ORAL PHENCYCLIDINE (PCP) SELF-ADMINISTRATION
IN RHESUS MONKEYS: EFFECTS OF DOSE AND AN ALTERNATIVE
NONDRUG REINFORCER. U. C. Campbell, S. S. Thompson and M. E. Carroll*,
Department of Psychiatry, University of Minnesota, Minneapolis, MN 55455.
The effects of drug dose and a nondrug alternative reinforcer on rates of acquisition
of oral PCP self-administration in drug naive rhesus monkeys were examined.
Acquisition was studied using 3 separate groups of 7 monkeys. One group received a
low PCP dose (0.0375 mg/delivery) and the other two groups received a high PCP
dose (0.15 mg/delivery). One of the high dose groups had concurrent access to a
saccharin solution (0.03% wt/vol) and water during the intersession (17.5-hr) period.
Food satiated monkeys were initially given access to water under a fixed-ratio (FR) 1
schedule during daily 3-hr sessions. Water was then replaced with PCP during the
session. The monkeys were then reduced to 85% of their free-feeding body weight and
were fed before the session, and the FR value was increased from 1 to 2, 4 and 8.
Food was then given post-session and water and PCP were available under concurrent
FR 8 schedules. Acquisition was considered to occur if PCP intake significantly
exceeded water intake. Monkeys receiving the low PCP dose maintained higher
response rates and lower drug intake per session than monkeys receiving the high PCP
dose. Monkeys receiving the high PCP dose maintained higher response rates and
drug intake than monkeys receiving the high PCP dose with saccharin during
intersession. When all 3 groups had concurrent access to PCP and water, PCP intake
was greater than water intake only in the group of monkeys receiving the high PCP
dose. PCP maintained higher response rates than water when saccharin was replaced by
water during intersession in the high PCP dose group. Within-group data revealed that
85.7% of monkeys acquired PCP reinforcement in the high PCP dose group while
only 42.8% acquired in the other two groups. These data suggest that drug dose and
presence of alternative nondrug reinforcers affect acquisition of drug self-administration
in rhesus monkeys. Supported by NIDA grant R0I DA 02486 to M.E.C.

106.4
NMDA-R1 ANTISENSE ATTENUATES MORPHINE WITHDRAWAL
BEHAVIORS. H. Zhu S. Oh* C-G. Jang and I. K. Ho. Dept. Pharmacology
& Toxicology, University of Mississippi Medical Center, Jackson, MS 39216.
NMDA receptors may be involved in the development of physical dependence on
morphine. It has been reported that NMDA receptor antagonists attenuate
morphine withdrawal symptoms. In the present study, we tested this hypothesis by
using an antisense-oligonucleotide strategy to selectively reduce the expression of
NMDA receptors. Antisense-oligonucleotide (15 nmol/5 ul) corresponding to the
nucleotides 4-21 ofratNMDA-Rl (Wahlestedt et al., 1993), sense-oligonucleotide,
or saline were injected into the lateral cerebral ventricle of rats every 12 hr for 6
days. On day 4, the rats were continuously intracerebroventricularly infused with
morphine (26 nmol/ul/hr) through osmotic minipumps. Rats then received
simultaneous treatment with morphine and oligonucleotide or saline for 3 days. On
day 7, the withdrawal signs precipitated by naloxone were observed. Antisense,
but not saline or sense-oligonucleotide significantly attenuated withdrawal signs
including escape behavior, rearing, stretching, teeth chattering and penis licking
(P<0.05). Treatment with antisense significantly reduced the Bmax of [3H]MK801
binding as compared with the saline group without significant changes in Kd. In
another experiment, using in situ hybridization, we found that the mRNA
expression of genes encoding NR1 subunit of NMDA receptor significantly
increased (about 30% above saline controls) in the locus coeruleus (LC) of
morphine dependent rats. These results indicate that the LC NMDA receptors play
an important role in morphine dependence. The study also suggests that the
treatment with antisense provides a tool to investigate the mechanisms of physical
dependence on opiates. (Supported by NIDA 5828)

106.5

106.6
ALTERATIONS IN ACTIVITY AND MOVEMENT PATTERNS IN RATS
TREATED WITH THE COMPETITIVE NMDA ANTAGONISTS SDZ 220-581
AND SDZ EAB-515. V. Lehmann-Masten*, V.P. Bakshi and M.A. Geyer. UCSD
Dept of Psychiatry, La Jolla, CA, 92093
The non-competitive NMDA antagonists phencyclidine and dizocilpine have been
reported to alter the quality of locomotion in rats differentially. Systemically
administered competitive NMDA antagonists SDZ 220-581 (SDZ) and SDZ
EAB-515 (EAB), which are purported to pass the blood-brain barrier, were compared in a Behavior Pattern Monitor (BPM). The monitor provided both quantitative measures of crossings, rearings, and holepokes and qualitative measures of the
spatial patterns of locomotion. Perseverative spatial patterns of locomotion are
quantified by the Spatial Coefficient of Variation (CV9). The BPM also provides
information about the geometrical patterns of the animal’s movements, quantified by
the spatial scaling exponent, d, describing the roughness or smoothness of the rat’s
path. Male Sprague-Dawley rats were treated with SDZ (0,2.5, or 5.0 mg/kg, sc) or
EAB (0, 3, 10, or 30 mg/kg, sc) and placed into the BPM for 60 minutes. As with
rats treated with phencyclidine and dizocilpine, SDZ and EAB increased the number
of crossings, decreased the number of holepokes and rearings, and changed the
overall geometrical movement patterns. Like the non-competitive NMDA antagonists phencyclidine and dizocilpine, both SDZ and EAB produced perseverative spatial patterns of locomotion (i.e. increased CV9). Unlike the non-competitive
NMDA antagonist dizocilpine, but similar to phencyclidine, the overall geometrical
path structure was characterized by increased straight, long distance-covering
movements (decreased d). These findings indicate that changes in patterns of activity induced by the competitive NMDA antagonists SDZ 220-581 and SDZ EAB-515
are more similar to phencyclidine than dizocilpine. Supported by NIH grants
R01DA02925 and K02MH01223 and Novartis.

SEROTONIN MODULATION OF
PCP-INDUCED
CHANGES
IN
LOCOMOTOR ACTIVITY K. Krebs-Thomson*, V.L. Masten, S. Naiem. M.A.
Geyer Dept. of Psychiatry, UCSD, La Jolla, CA 92093-0804
There is evidence that serotonergic manipulations can alter the expression of
PCP-induced behavior, either directly or through an interaction with other
neurotransmitter systems. In order to test the influence of 5-HT2 receptors on the
effects of PCP, we administered either saline, the NMDA antagonist PCP (0.75,
2.25, 6.75, or 10.125 mg/kg), the 5-HT2 agonist DOI (0.27 mg/kg), or a
combination thereof (n = 8-26) to rats and tested them in our Behavioral Pattern
Monitor, which measures amounts and patterns of locomotor activity. PCP
administration increased locomotor activity at the twq mid-range doses. DOI
pretreatment not only significantly enhanced the hyperactivity produced by these
doses of PCP, but also produced marked hyperactivity in rats treated with 10.125
mg/kg PCP, which did not produce hyperactivity on its own. It does not appear
that the interaction between DOI and PCP reflects a shift of the PCP doseresponse curve because the highest dose of PCP produced ataxia, and thus a
decrease in locomotor activity. If DOI pretreatment were simply potentiating the
effects of 6.75 mg/kg PCP, it would be expected that a shift of the dose-response
curve to the right would decrease activity. Additionally, there was no interaction
between DOI and the lowest dose of PCP. If DOI pretreatment were shifting the
dose-response curve of PCP to the right, it would be expected that the addition of
DOI to the behaviorally ineffective 0.75 mg/kg dose of PCP would increase
activity. The mechanism for this interaction is not known, but it is possible that
5 -HT2 agonism interacts with dopamine or the NMDA complex to alter the effect
of PCP. DOI has been reported to enhance dopamine release and the effects of
NMDA, either of which might change the behavior produced by PCP. Supported
by NIH DA02925.

106.7

106.8

INHIBITION OF REINFORCING EFFECTS OF MORPHINE AND
MORPHINE-WITHDRAWAL SYNDRQME BY NOVEL GLYCINE SITE AND
UNCOMPETITIVE NMDA RECEPTOR ANTAGONISTS
P. Pooik1. W. Danysz2,C. G. Parsons2, M. Saniewska3 and A . Pile1 * 1
institute
of Pharmacology, Polish Academy of Sciences, Kraktiw, Poland; 2Dept.
Pharmacology, Merz+Co. GmbH & CO, Frankfurt /M, Germany, 3Medical
Academy, cȯdz, Poland
The effects of the NMDA receptor antagonist acting at the glycine site:
MRZ 2/570 and uncompetitive NMDA antagonist MRZ 2/579 on the
motivational (reinforcing) impact of morphine as wed as on their potency to
inhibit morphine dependence/withdrawal were compared. Motivational effects
of morphine were studied using morphine-induced (1 mg/kg) conditioned
place preference (CPP) in rats. NMDA receptor antagonists were given either
before the testing phase (effects on the expression of CPP) or, before each of
the conditioning trials (effects on the acquisition of CPP). All NMDA receptor
antagonists tested inhibited the expression of morphine-induced CPP at doses
of 2.5-5.0 mg/kg and MRZ 2/570 inhibited also the acquisition of CPP. At
doses that blocked morphine-induced CPP, MRZ 2/570 and MRZ 2/579 did
not produce CPP on their own. Morphine withdrawal signs (jumping) were
studied in mice treated with morphine (30 mg/kg b.i.d.) followed by a
morphine-naloxone challenge (2 hr apart) 1-9 days later. At doses of 3-5
mg/kg NMDA receptor antagonists tested inhibited the expression (given
shortly before naloxone) and the maintenance of morphine dependence in
mice (given for 3 days proceeding naloxone). The data suggest the potential
of tested new Merz NMDA receptor antagonists in the treatment of opioid
abuse and point out to potential detoxification effect

INCREASED RELEASE OF EXCITATORY AMINO ACIDS IN RAT LOCUS
COERULEUS IN k-OPIOID AGONIST DEPENDENT RATS PRECIPITATED
BY NOR-BINALTORPHIMINE. Katsuji Hoshi1, Kazuo Ichihara1, Tangeng Ma2,
Seikwan Oh2, and Ing K. Ho2*. 1Department o f Pharmacology, Hokkaido College
of Pharmacy, 7-1 Katsuraoka-cho, Otaru 047-02, Japan. 2Department of
Pharmacology and Toxicology, University of Mississippi Medical Center 2500
North State Street, Jackson, MS 39216-4505, U.S.A.
Extracellular fluid levels of glutamate and aspartate in the locus coeruleus (LC)
during nor-binaltorphimine (nor-BNI)-precipitated withdrawal from butorphanol,
(5a,7a,8P)-(+)-N-methyl-N-[7-(l-pyrroIidinyl)-l-oxaspiro[4,5]dec-8-yl]benzene-acetamide (U-69,593), or morphine were measured in rats. When the
microdialysis probe was located in the core of the LC, increases of glutamate and
aspartate were noted after nor-BNI (48 nmol/50 μ1, LC)-precipitated withdrawal
in rats that had been intracerebroventricularly infused with butorphanol (26
nmol/1 μ /h) or U-69,593 (26 nmol/10 (μ/h) for 3 days. The glutamate and
aspartate levels in the LC markedly increased in the butorphanol- or U-69,593dependent rats within 60 min following administration of nor-BNI. However,
there was no significant increase in levels of glutamate, and only a slight increase
in levels of aspartate, after nor-BNI treatment of the morphine (26 nmol/1 μ /h)infused rats. Behavioral signs of withdrawal (teeth-chattering, wet-dog shakes,
etc.) were observed following nor-BNI challenge in the butorphanol- or U69,593-infused rats, with only minimal signs in the morphine-infused rats, and
none in the saline-infused controls. These results directly suggest that K-opioid
receptors and excitatory amino acids within the LC mediate withdrawal in animals
dependent on butorphanol- or U-69,593, but not on morphine. (NIDA 5828)
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106.9
MECHANISMS OF ASSOCIATIVE MORPHINE ANALGESIC
TOLERANCE AND HYPERALGESIA IN THE RAT. G.P. McNally* and
R.F. Westbrook, School of Psychology, University of New South Wales,
Sydney, 2052, Australia.
The present experiments examined the role of the NMDA receptor in the
expression of associative morphine analgesic tolerance and hyperalgesia
following pairings of a novel flavour with morphine. Rats were allocated to
one of three groups which differed only in morphine experience and the
contingent relations existing between a flavour and morphine administration.
Group Paired received three flavour-morphine pairings, Group Unpaired
received three injections of morphine explicitly unpaired with consumption of
the flavour, whereas group Naive received the flavour paired saline and were
never injected with morphine. In Experiment 1 the flavour paired with
morphine shifted to the right the dose-response function for morphine
analgesia and provoked hyperalgesia when tested with saline. The remaining
experiments investigated the effects of systemic, i.c.v. or i.t. administration of
an NMDA antagonist [i.p. MK801 (0.lmg/kg), i.c.v. AP5 (5μg) or i t. AP5
(5μg)] on the tests for flavour-mediated tolerance and hyperalgesia
The results showed that: 1) systemic MK801 blocked the expression of both
associative tolerance and hyperalgesia, 2) i.c.v. AP5 blocked the expression of
associatively-mediated hyperalgesia but not analgesic tolerance, 3) i.t. AP5
blocked the expression of both associative tolerance and hyperalgesia. The
results demonstrate an important role for spinal and supraspinal NMDA
receptors in the expression of associative morphine analgesic tolerance and
hyperalgesia.
Supported by an Australian Postgraduate Award to GPM and grants from
the Australian Research Council to RFW.
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EXPRESSION OF ALZHEIMER’S DISEASE RELATED GENES IN THREE
HUMAN ASTROCYTIC CELL LINES. C.E.Shepherd*, E.L.Calvert,
M.A.Cambray-Deakin, R.C.A.Pearson. Dept of Biomedical Science, University of
Sheffield, S10 2TN, UK
To date four genes have been implicated in the aetiology of Alzheimer’s
disease (AD). Mutations in three of these, Amyloid Precursor Protein (APP),
Presenilin 1 (PS1) and Presenilin 2 (PS2) are associated with an autosomal
dominant inherited form of AD. The fourth, Apolipoprotein E (ApoE), shows
allelic variation, with the E4 allele conferring increased susceptibility to the
disease. APP, PS1 and PS2 mutations may act by increasing the formation of P
Amyloid within the brain. ApoE4 is likely to confer disease susceptibility because
of its increased affinity for β Amyloid compared with the other variants. So far
most of the studies of expression of these AD related genes have been conducted in
neuronal cells. The aim of the present study was to characterise their expression in
one of the other major cell types in the human brain, the astrocyte.
Whilst individual cell lines can not be regarded as typical of astrocytes in
the adult human brain, patterns of expression which are common to all cell lines
are more likely to represent the pattern seen in astrocytes in vivo. We characterised
two human astrocytoma and a normal human foetal astrocytic cell line for
expression of APP, PS1, PS2 and ApoE using in-situ hybridisation,
immunocytochemistry, RT-PCR and Northern blot analysis.
We showed that human astrocytes express the KPI containing isoforms of
APP with little expression of APP695, they also express PS 1 but only low levels of
PS2. All express ApoE. Only one cell line expressed detectable levels of glial
fibrillary acidic protein (GFAP) characteristic of reactive astrocytes in AD brain.
For this reason and on better morphological criteria for astrocytes we feel that the
cell line CC2565 provides the best in vitro model for studying human astrocytes.
Supported by the Mental Health Foundation.

M OUSE A PL PI PROM OTER ACTIV ITY IS UPREGULATED BY SODIUM BUTY R A TE. S. Zhong*, K.
Wu. D. G. Schaar and I. B. Black Dept. Neurosci. and Cell
Biol., UMDNJ/Robert-Wood Johnson Med. Sch., Piscataway,
NJ 08854
The major component of senile plaques, B-amyloid protein, is
derived from larger amyloid precursor proteins (APPs). The gene
encoding APPs is a member of an evolutionarily conserved family,
of which the mouse amyloid precursor-like protein 1 (APLPI) gene
is specifically expressed in the brain. Previous studies from our lab
showed that the mAPLPI promoter does not contain typical TATA or
CCA AT boxes. However, the 340 bp of the 5 ’ flanking region of the
mAPLPl gene drives CAT reporter gene expression in a species- and
cell-type specific manner in cell lines.
We now desciibe regulation of the mouse APLPI promoter
activity, using a stably transfected Neuro-2A cell line. An APLPI
promoter-driven CAT reporter gene was transfected into Neuro-2A
cells. Treatment with dbcAMP or sodium butyrate for 72 hours
increased CAT expression by 4- and 2.5-fold, respectively, while
forskolin, 8-(4-Chlorophenylthio)-cAMP and 8-bromo-cAMP did
not increase expression. Furthermore, sodium hydroxy butyrate did
not alter CAT expression, indicating the specificity of sodium
butyrate. Our data suggest that sodium butyrate, a differentiating
agent that alters gene expression in multiple cell types, is able to upregulate mouse APLPI promoter activity.
(Supported by NIH grant HD 23315)

1 07.3

1 07.4

ALTERED EXPRESSION OF NEUROFILAMENT-M MESSAGE IN
SINGLE NEURONS OF ALZHEIMER’S DISEASE BRAIN.
N. Chow*, L. Callahan, J. Cheetham, L. Guo, P. Coleman. Dept. of
Neurobiology & Anatomy, Univ. of Rochester, Rochester, NY, 14642
Many changes have been described in Alzheimer’s disease (AD) brain,
including loss of large pyramidal cells, senile plaque (SP) and
neurofibrillary tangle (NFT) formation. Up to now, the molecular
mechanisms underlying these pathological changes are unclear. Northern
blot, dot-blot, and RT-PCR analyses have demonstrated reductions in
multiple RNA messages in neocoitex o f AD brain. Since not all cells are
equally affected by the disease within a micro-environment, these
methods obviously cannot study the changes in relation to disease
progression in individual cells.
We address molecular mechanisms of AD pathology by using in situ
hybridization (ISH) and aRNA profiling of single cells (Eberwine et al.,
PNAS 91, 10800-10804, 1992). Preliminaiy results from aRNA profiling
revealed a decrease in NF-M message in single cells from hippocampus
of AD brain, consistent with the changes found in neocortex by earlier
blotting studies. ISH was performed to validate the finding obtained by
the aRNA single cell approach. In addition, ISH combined with immunocytochemistry (ICC) using antibodies for NFT showed that the decline of
NF-M message is not limited to tangle-bearing neurons. However, the
reduction in NF-M message does not lead to a significant decrease in NF
protein, as revealed by ICC with antibodies to different NF subunits.
In summary, the strategy that we have taken using the aRNA single cell
approach to identify altered gene expression in postmortem AD brain,
followed by detailed ISH and ICC studies for genes of interest may be of
value in the study of the molecular mechanisms underlying AD
neuropathology. Supported by grants from NIA (LEAD AG09016, ROl
AG01121 and ADC AG08665), American Health Assistance Foundation,
and Markey Fund.

HUMAN FE65: GENOMIC STRUCTURE AND POLYMORPHISMS.
Q. Hu, W.A. Kukull, S.L. Bressler, M.D. Gray, J.A. Cam, E.B. Larson, G.M.
Martin*, and S.S. Deeb. Departments of Pathology, Medicine, Epidemiology
and Genetics, University of Washington. Seattle, WA 98195
We have recently described the full length cDNA for the chromosome 11
gene coding for FE65, a protein that interacts with the intracelluar domain of
the beta amyloid precursor protein (BPP) and which potentially participates in
the internalization of BPP (Hum Mol Genet 5:1589, 1996). As a prelude to
further investigations of the role of FE65 in the metabolism of BPP and in the
pathogenesis of dementias of the Alzheimer type (DAT), we have determined
its genomic structure and have discovered several polymorphisms. The human
FE65 cDNA appears to be interrupted by 13 introns giving rise to 14 exons.
Exons range in length between 6 and 735 bp and introns are between 83 bp to
up to more than 7 kb. The sequences of introns 3-13 have been determined. To
identify mutations and polymorphisms of the coding regions and intron/exon
junctions of FE65, we performed blinded analysis of 514 case and control
samples from a regional HMO study o f sporadic DAT. Screening was
performed by single strand conformation polymorphism and restriction enzyme
digestion, and confirmed by DNA sequencing. Five minor polymorphisms were
found in three exons, with frequencies of the minor alleles between 0.004 to
0.018; three of the five result in amino acid substitutions. An intronic
polymorphism may be much more informative, as the frequency of the less
common allele is approximately 0.42. Studies on the potential allelic
associations of the intronic and exonic polymorphisms with DAT are ongoing
(Supported bv NIH grants R35AG10917 and T32AG00057 to GMM;
U01AG06781 to EBL; ROlAG07584 to WAK).

S o c ie t y

for

N e u r o s c ie n c e , V o l u m e 2 3 , 1 9 9 7

SUNDAY AM

DEGENERATIVE DISEASE: ALZHEIMER'S—OTHER: MOLECULAR BIOLOGY

267

107.5
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ANALYSIS OF S100P BINDING PROTEINS USING
CHROMATOGRAPHIC TECHNIQUES. W.H.Yu*, H.B. Niznik
and P.E. Fraser. Centre for Research in Neurodegenerative Diseases.
University of Toronto, Toronto, ON, CANADA MSS 3H2.
An investigation of S I00β binding proteins in control and
Alzheimer’s disease temporal cortex brain samples was performed
using two methods. The first technique employed hydrophobic
interaction chromatography (HIC) to isolate binding proteins with
affinity to S100β in the presence of zinc. The second procedure was
based on immunoaffinity coupled SI 00β interaction. In both cases,
several high molecular weight proteins were found upon specific
elution with EDTA. These proteins corresponded tc molecular
weights ranging from 50 to 98 kD; with an additional protein band
representing the S 100β monomer. Western and sequence
identification and analysis of these proteins is in progress and may
yield valuable information regarding the interaction of S100β with
otner proteins m the neurodegenerative process of Alzheimer's
disease.

MOLECULAR CHARACTERIZATION OF THE PROTEASE INHIBITOR
A LPH A 1-ANTICHYMOTRYPSIN IN HUMAN HIPPOCAMPUS FROM
NORMAL AND ALZHEIMER'S DISEASE BRAINS. B. Steineckert,S
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(W.H.Yu was personally supported by the Alzheimer Society of Canada.)

107.7

ANALYSIS OF THE PROTEOLYSIS OF NACP, THE PRECURSOR OF A
NON-Aβ COMPONENT OF ALZHEIMER'S DISEASE (AD) AMYLOID
IN THE
MEGAKARYOCYTE AND PLATELETS SYSTEM
M
Hashimoto, L. Hsu, Y. Xia, M. Yoshimoto*, M. Sundsmo, and E. Masliah,
Neurosciences Dept, School of Medicine, UCSD, La Jolla, CA 92093-0624
NACP, a member of the synuclein family, is a presynaptic protein which
may play a critical role in the synaptic plasticity. Although NAC, consisting
of ~35 amino acids, was identified as a proteolytic product of NACP in the
AD amyloid plaques, little is known as to the molecular mechanism by
which NAC is produced from NACP during the pathological process of AD.
Here, we investigated the proteolysis of NACP using K562 megakaryocytic
cell lines and platelets. K562 cells were stably-transfected with PDGF
promoter-driven NACP cDNA (K562ST5 cells) and were induced to express
a large amount of NACP protein by TPA treatment, which was more than 10
times compared to the endogenous NACP induced in the parental cells. In
the TPA-treated K562ST5 cells, both immuno-blotting and immunoprecipitation analyses using c-terminal antibody recognized 15kD as a
specific immuno-reactive band in addition to the authentic 18kD NACP
band. The 18kD was considerably shifted to the 15kD when samples were
prepared without proteinase inhibitors, whereas the 15kD was not detectable
when cells were pre-treated with monensin, ammonium chloride and
leupeptin, indicating that the 15kD is a proteolytic product of the 18kD. Of
considerable interest is that, in platelets, the 18kD was released in proportion
to the concentration of thrombin, whereas the 15kD was released within a
more lower concentration. Our current results may provide a model system
to investigate the role of the processing of NACP during the amyloidogenic
process of AD. Supported by grants from NIH AG5131 and American
Health Assistance Foundation.

107.9

NACP/α-SYNUCLEIN GENE PROMOTER IS UP-REGULATED
BY INTRON 5 TC-RICH POLYMORPHIC SEQUENCES. Y.
Xia*, L. Hsu, M. Hashimoto, D. Kang, X. Chen, M. Sundsmo, L.
Thal, E. Masliah and fe. Katzman. Dept. of Neurosciences,
University of California at San Diego, La Jolla, CA92093-0624.
NACP (non-Aβ component precursor of Alzheimer’s disease
amyloid) /α -synuclein was found in presynaptic terminals in the
central nervous system. The intron 5 TC-rich polymorphism in
the NACP gene was identified in a previous study. PCR
amplification of this region showed four different alleles by
length (A0, A l, A2 and B) in a Caucasian population. The longest
allele (B allele) was correlated with protein levels in dose
dependent manner. Analysis of the sequence in this
polymorphism showed a cluster o f CT boxes, which has been
identified by other studies as the SP1 transcription factor binding
site. In the current study, the regulation of NACP transcription by
these polymorphic alleles was investigated. A gel mobility shift
experiment showed that a CT box and ah adjacent sequence in this
TC-rich region was specifically bound by a protein from brain
nuclear extraction. In reporter gene experiments, the NACP intron
5 TC-rich polymorphic alleles were inserted down stream of a
luciferase gene, which was driven by the NACP promoter region.
Hie results showed that the relative luciferase activity was upregulated two fold by A0 and A l alleles, three fold by A2 allele
and 3.6 fold by B allele. These and previous results suggest that
the NACP intron 5 TC-rich polymorphic region plays a role in
NACP gene regulation.
Supported by NIH grant 5131.
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of Calif., San Diego, La Jolla, CA. 92093-0822; + First Dept. of
Anatomy, Semmelweis Univ. Medical School, Budapest, Hungary.
Amyloid plaques in Alzheimer's Disease (AD) brains contain alpha-jantichymotrypsin-like (ACT) protein detected with anti-ACT antibodies
(Abraham et al., C ell 52, 487*501). Our studies have indicated
neuroendocrine-specific isoforms of bovine ACT cDNAs that possess
unique reactive site domains (Hwang et al., P /M S 91, 9579-9583;
Hwang et al., FEBS Lett. 368, 471-476), which are important for
interactions with target proteases. This finding prompted the question of
the identity of the human ACT-like protein in normal and AD brains.
Therefore, the molecular characterization of human hippocampal ACT in
this study was achieved. A single human ACT gene was indicated by
genomic blots, with expression in hippocampus and liver of 1.6-1.7 kb
ACT mRNA. Primer extension indicated identical transcriptional
initiation sites of the ACT gene in hippocampus and liver. RT-PCR
indicated that ACT cDNAs from normal and AD brains were identical in
nucleotide sequence to the human liver ACT cDNA. Deglycosylation of ACT
from hippocampus of normal and AD brains, and from liver, indicated
deglycosylated ACT of 45 kDa. Significantly, these results define the
primary structure of ACT expressed in hippocampus of normal and AD
brains. The determined reactive site loop domain of hippocampal ACT
will be important for defining target proteases that may interact with
ACT in AD brains, (supported by NINDS, NIH).

107.8
EXPRESSION AND DISTRIBUTION OF NACP/α -SYNUCLEIN IN
MURINE DEVELOPMENT.
L.J. Hsu, Y. Xia, M. Hashimoto, M. Mallory, I. Veinberes, A. Miller*, L. Thai,
E. Masliah. Department of Neuroscience, University of California at San
Diego, La Jolla, CA, 92093-0624
NACP(non Aβ -component precursor) /a-synuclein is an 18 kD protein
which contains a 35 amino acid peptide found in senile plaques of Alzheimer’s
Disease amyloid. Under physiological conditions, little is known about the basic
functional role that NACP assumes in the cell. Based on preliminary data and
structural analysis, it is suggested that NACP may be involved in the process of
synapse formation or vesicle fusion. In the present study, we examine
expression and distribution of NACP throughout the course of murine
development with the hypothesis that NACP levels mimic those of other
proteins which are important in the process of synaptogenesis.
Particulate and cytosolic fractions were obtained from mouse embryos
at various stages of development (E12, E15, E18, P7, adult). Western blot
analysis using antibodies to NACP, synaptophysin and actin were performed
and protein levels were quantitated using a Phosphorimager and Imagequant
software. It was found that NACP levels increase throughout development in a
nearly linear distribution with the highest level being found in adult brain. A
concomitant increase was also shown with synaptophysin, an integral
membrane synaptic vesicle protein. In addition, mRNA levels were also
measured by ribonuclease protection assay with Phosphorimager quantification.
Preliminary
results
from
in
situ
hybridization
and
immunohistochemistiy also suggest that NACP levels increase throughout
development. Furthermore, the cellular distribution is suggestive of a role in
synaptogenesis. (supported by NIH grant 5131)

1 07.10
SYNUCLEIN/NACP mRNA EXPRESSION IN RAT HIPPOCAMPUS AND
CEREBRAL CORTEX DURING DEVELOPMENT. K. Petersen, O F. Olesen,
J.K. Perreeaard*0 and J.D. Mikkelsen. Dept. of Neurobiology and °Dept. of
Medicinal Chemistry. H. Lundbeck A/S, Ottiliavej 9, 2500 Valby-Copenhagen.
NACP is a synaptic protein, which evoked attention in relation to Alzheimer’s
disease (AD) as it was shown that a fragment of this protein, the non-Ap
component of AD amyloid (NAC) was tightly bound to Ap in plaques. The rat
homologue of NACP exists in three isoforms termed synuclein 1, 2 and 3 that
are derived by alternative splicing. Using in situ hybridisation with specific 35s
labelled oligodeoxynucleotide probes complementary to pan-synuclein,
synuclein 1 and 2 mRNA we studied the level of these isoforms during
development (embryonic day (E) 21, postnatal day (P) 3, P14, P93 and 2 years).
In both hippocampus and cortex we found that the expression of synuclein 1
and 2 mRNA increased from E21 to P14. The mRNA levels in P93 rats are
lower compared to P14 and an additional decline in mRNA levels was observed
in 2 years old animals compared to P93. Pan-synuclein mRNA levels were
compared to mRNA levels of synaptophysin, a well-established molecular
marker for synaptic density. The expression of synaptophysin mRNA follows
the same developmental pattern as observed for synuclein mRNA, except that
there was no difference between P14 and P93 in hippocampus. The proportion
of synuclein/synaptophysin mRNA in both hippocampus and cortex was
significantly higher (doubled) in P3 and P14 rats compared to P93. There was
no significant difference between P93 and 2 years old rats, although a tendency
towards a higher ratio in the older rats was observed. Assumed that mRNA
levels reflects changes in protein levels, these results suggest that a higher
concentration of synuclein per synapse is required during early development
compared to adult rat brain.
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KDN—A NEW DRUG FOR TRAUMA AND VASCULAR DISEASE OF
NERVOUS SYSTEM. Lu Shoulong*, Liu Xin, Vang Jianlong
and Ying qi Department of Neurosurgery No.411 Naval
Hospital. Shanghai,200081.China
The authors developed a new drug (KDN)which was
prepared from medicinal herbs.It'smain indications
are: (1)convalescence of various kinds of brain
trauma; (2) recovry of cerebrovascular diseases; and
(3) encephalatrophy.
Animal experiments ( with
Mongolian rats) showed that KDN could increase the
toleratace for hypoxia and ischemia (p<0.01).It has
been applied clinically in 5,000 patients with a
total effective rate of 96% . The drug was taken
twice daily, with 10ml each time. One course of
treatment was 30 days.Usually, 1 to 2 courses were
needed.CT, TCD and r-CBF examinations were made in
part of the patients before and after taking the
medicine and the results were compared. No toxicity
and side effect of this drug were found.

DELAYED TREATMENT WITH PROGESTERONE IS EFFECTIVE
AT REDUCING EDEMA, DELAYED TREATMENT WITH
METHYLPREDNISOLONE IS NOT. J.A. Konen P.M. Sevmour.
M.E. Fritts, R.A. Powell , D.G.Steini1, & R.L. Roof*. Dept o f Psvch &
Neuroscience Program, Texas Christian Univ., Fort Worth TX 76129
& Dept of Neurology, Emory School of Medicine, Atlanta, GA.
In a series of studies over the past several years, Progesterone
(PROG) has been demonstrated to be neuroprotective during the period
of secondary injury following brain damage. Its beneficial effects
include reduced damage to the BBB, less secondary cell death, less lipid
peroxidation of membranes, and reduction of cerebral edema.
Other steroids, such as methylprednisolone (MP), are currently used
to treat central nervous system injury. However, they are associated
with a number of undesirable side effects. To demonstrate the potential
PROG has for the treatment of CNS injury in humans, we have
conducted a series of experiments in which we directly compared the
benefits of PROG and MP after contusion injury. We recently reported
that when compared in their ability to reduce cerebral edema, PROG
was significantly more effective than MP.
In the current study, we examined the effectiveness of both steroids at
reducing edema when treatment is delayed for 24 hours after injury.
Brain water content was assessed 72h after mediofrontal contusion in
both males and females given PROG, MP, or vehicle. PROG was
injected 6h(ip), 24h(sc), & 48h(sc) after injury (4 mg/kg), a regimen
previously shown to be effective, and MP was given (60 mg/kg at 6h,
ip), (30 mg/kg at 12, & 24h, ip) after cortical contusion.
PROG was significantly more effective than MP at reducing edema in
both males and females rats. In fact, MP was no more effective at
reducing edema than the vehicle alone. These findings further support
the potential of PROG as a treatment for head injury in humans. Funded
by CDC (R49/CCR412307).

108.3

108.4
IN TERLEU KIN -10 IM PROVES OUTCOM E AND SUPPRESSES
PROINFLAMM ATORY CYTOKINE EXPRESSION AFTER
TRAUMATIC BRAIN INJURY S. M. Knoblach* and A. I. Faden.
Georgetown Institute for Cognitive and Computational Sciences and Department of
Neurology, Georgetown Univ. Med. Ctr., Washington, DC 20007.
Tumor necrosis factor-alpha (TNF-α ) and interleukin-1 (IL-1) have been implicated
in proinflammatory cascades and secondary tissue damage initiated by traumatic brain
injury (TBI). Interleukin-10 (IL-10) limits inflammatory responses through several
mechanisms, including decreased production of TNF-a and IL-1, and suppression of
their activating effects on peripheral and resident CNS cells. We hypothesized that
IL-10 may improve neurological dysfunction after CNS injury, and that the
beneficial effect may be associated, at least in part, with reduction of injury-induced
expression of TNF-α and IL-1.
Three independent studies examined the effect of IL-10 administration in a rat
model of moderately severe (2.6 atm) lateral fluid-percussion head injury. Outcome
measures included evaluation of neurological function, histological quantitation of
hippocampal neurons 2 wk after injury, and assessment of cytokine expression via
ELISA. Intravenous administration of IL-10 (100 ug) 30 min before and 1 hr after
TBI improved neurological dysfunction and neuronal survival. IL-10 also prevented
elevations of IL-1 in the ipsilateral cortex and hippocampus, as well as the cortical
increase of TNF-α , observed 4 hr after TBI. TNF-α levels in the hippocampus were
not altered by TBI in. the presence or absence of IL-10. Subcutaneous administration
of IL-10 (100 ug) at 15 min, 1,3,6,9 and 12 hr after TBI also improved neurological
recovery and neuronal survival. In contrast*.intracerebroventricular administration of
IL-10 (1 or 6 ug) at 15 min, 2, 4, 6 and 8 hr after TBI did not improve outcome.
These data suggest that systemic administration of IL-10 may have therapeutic
benefit after TBI, possibly through attenuation of proinflammatory cytokine
synthesis. (CDC CCR306634, NCMRR T32HD07459, and Schering-Plough)

PREGNANOLONE MAY MEDIATE NEUROPROTECTIVE
EFFECTS OF PROGESTERONE AFTER BRAIN INJURY. M.E.
Fritts* & R. L. Roof. Dept of Psychology & Neuroscience Program,
Texas Christian University, Fort Worth TX 76129.
Progesterone’s (PROG) protection against secondary damage
following brain injury has been well described1. The best studied of its
effects is an amelioration of injury-induced cerebral edema, both when
given before, or up to 24h after injury. PROG also reduces BBB damage,
neuronal death, & cognitive deficits caused by brain injuiy.
The mechanism for its effects has not yet been established. There are,
however, several likely, but as of yet untested, possibilities. In the
current study, we tested the hypothesis that PROG’s protective effects
are due to the modulation of GABA and/or glutamate (GLUT) receptors
via one or more of its metabolites. Since GLUT-induced excitotoxicity
causes substantial cell death, inhibiting it would improve recovery. In
addition, due to interactions between the neurotransmitter systems,
either GABA facilitation or GLUT inhibition could produce this effect.
We assessed cerebral edema 72h after brain contusion in rats treated
with PROG, Pregnanolone (PREGa), or pregnenolone (PREGe)
(4mg/kg; 1,6, & 24h post-injury). These PROG metabolites differ in their
actions at GABA & GLUT receptors (PREGa: GABA agonist, GLUT
antagonist); (PREGe: GABA antagonist / no GLUT effect).
As with PROG, PREGa substantially reduced edema formation,
whereas PREGe did not. That PREGa was as effective as PROG
supports the idea that PROG’s edema reduction occurs secondary to its
conversion. The fact that GABA agonists (PROG & PREGa), and GLUT
antagonists (PREGa) reduced edema, but the GABA antagonist (PREGe)
did not, also suggests PROG’s neuroprotective actions involve these
receptor systems. JRoof et al, 96 Exp Neur 138:246.

108.5
EXPERIMENTAL SPINAL CORD INJURY: EFFECTS OF
PROINFLAMMATORY CYTOKINES. I. Klusman, D. Bartholdi* and M.E.
Schwab, Brain Research Institute, University o f Zurich, CH-8029 Zurich,
Switzerland.
Following injury to the spinal cord, secondary tissue damage leading to
massive additional tissue loss and inflammatory reactions as well as scar
formation takes place. The precise functions and effects o f the inflammatory
cells and their secreted factors are largely unclear. In situ hybridisation
demonstrated the upregulation o f mRNA for the pro-inflammatory
cytokines interleukin-lβ (IL -1β) and tumour necrosis factor a (TNFα ). To
investigate if exogenous administration o f pro-inflammatory cytokines can
influence these intrinsic processes a mixture o f murine recombinant IL-1 β,
IL-6 and TNFα was applied to the lesioned spinal cord o f adult C57B1/6J
mice. When administered one day post lesion these cytokines provoked an
increased recruitment and activation o f macrophages and microglial cells in
the lesion area. In contrast, when administered 4 days after the lesion,
recruitment o f macrophages and microglia was slightly decreased as
compared to controls. The amount o f tissue loss 7 days after trauma was
smaller in the animals receiving the cytokines, either as a mixture or
separately, than in the mice receiving Ringer control solution on day 4 after
lesion. Thus, the role o f the inflammatory response in spinal cord injury
seems to be complex and well regulated. Anti-inflammatory cytokines and
factors probably also contribute importantly to the outcome o f the damage
following injury to the spinal cord.
This work was supported by the Swiss National Foundation (31-45549.95).
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108.6
TH E
EFFECTS
OF
AMANTADINE
HYDROCHLORIDE
TREATM ENT ON FUNCTIONAL RECOVERY FOLLOWING
TRAUMATIC BRAIN INJURY IN RATS, X. Ma*, R.G. Griffith, B.
Wolfson, G. A. Stolz, B.J. Funari, M. Kraus, D. Marion, and C.E.Dixon, Univ.
of Pittsburgh Brain Trauma Research Ctr., Depts. Neurosurgery and Psychiatry,
Pittsburgh, PA 15213.
Amantadine, a dopaminergic agonist, has been reported to have positive
results in a series o f case studies of brain injured patients [Kraus and Maki, J.
Neuropsychiatry,9(2), 1-9,1997]. However, there are currently no published
laboratory reports on the use of amantadine to enhance functional recovery
following experimental TBI. We examined the effects of daily amantamine
treatment on functional recovery (motor and spatial memory performance)
following controlled cortical impact injury (4 m/sec, 3.0 mm tissue
deformation). Beginning one day after injury, animals were daily injected with
either amantadine (10 mg/kg, i.p., n=9) or saline (n=9). Sham rats (n=9) were
surgically prepared, but not injured. All rats were trained prior to injury and
retested on days 1-5 for motor (beam balance and beam walking) performance.
On days 14-18, animals were trained on the Morris water maze task. A daily
10 mg/kg dose of amantadine did not attenuate motor deficits after TBI.
However, during the five day water maze test, the amantamine-treated rats
improved (Day 1 vs. Day 5, p<0.01). Saline-treated rats did not improve their
swim latencies. Day five swim latency averages were 27.2±4.6, 38.5±3.4,
70.8±10.5 for the sham, amantamine, and saline groups, respectively. Daily
administration of amantadine enhanced recovery of spatial memory
performance deficits, but not motor deficits following TBI. Supported by CDCR49CCR-312296, NIH-R01NS33150, and NIH-R01NS21458.

269

TRAUMA I

SUNDAY AM
108.7
EFFECTS OF RILUZOLE AND MANNITOL ON CEREBRAL EDEMA AFTER
BRAIN INJURY IN RODENTS. J. Pratt, C.F. Archambaud, F. Barevre, F. Wahl and
J-M Stutzmann*. Neurodegenerative Diseases Group, Rhόne-Poulenc Rorer S. A.,
13, qual Jules Guesde, Vitry-sur-Seine', 94403, France.
Edema Is common In brain injury and provokes increased intra-cranial pressure,
ischemia and compression injury. Current clinical treatment is via administration of
hyper-osmolar solutions. Riluzole is a neuroprutective agent which has shown activity
in models of both spinal cord and brain injuries.
Study I: Cryogenic injury was caused in mate CDi mice, anesthetized with
halothane, by placing a cotton bud soaked in liquid nitrogen on the exposed surface of
the left parietal cranium for 5 sec. Compounds were administered ip 5 min and 4h
after the lesion. Animals were decapitated, brains removed and a 4 mm diameter
core of brain taken from the centre of the lesion and weighed wet. This core was dried
at 100°C for 24h and reweighed. From these data % excess water content was
calculated compared with controls. Edema was found to be at a maximum (4.0 ±
0.33% excess water) 24h post lesion. Riluzole at 16 mg/kg caused a significant (1.02
± 0.29% water, p<0.05) reduction in water content in the lesion. Hyperosmolar
mannitol at 1 and 3 mg/kg ip had no effect on brain edema under this protocol and
needs further study.
Study II): Fluid percussion-induced TBI in halothane anesthetized rats. At 6 or 48h
post-TBI, rats were decapitated and brains removed. A thick slice was cut and
dissected to remove hippocampus, injured cortex and cortex adjacent to injury site.
Water content was measured as above. Mannitol at 1 g/kg was administered at
15min, 2h and 4h post-TBI, and edema was measured at 6h. Riluzole was
administered at 4 and 8 mg/kg 15min (iv), and then 6,24 and 30h (sc) post-TBI, and
edema was measured at 48h. Mannitol significantly reduced hippocampal edema.
Riluzole at 4x4 mg/kg significantly reduced edema in the hippocampus, while at 4x8
mg/kg hippocampal and cortical reductions were significant. In conclusion, riluzole, a
novel neuroprutective, reduces cerebral edema in these models of brain damage.

108.8

HEAVY WATER DELAYS PROGRESSION OF ACQUIRED
HYDROCEPHALUS INDUCED BY KAOLIN IN MICE.
J. Hatta1 ,K. Moritake1 , M. Takamura1, K. Ono2*, T. Hatta2 and
H. Otani2. Depts. of 1 Neurosurgery and 2 Anatomy, Shimane Med.
Univ., Izumo, Shimane 693, JAPAN.
The effects of heavy water (deuterium oxide, D 20) were studied on
the pathological changes of artificially induced hydrocephalus. The
model used in this study was the hydrocephalus induced by the injection
of 5 μl of 2% kaolin solution into the cistema magna in JcliICR male
mice (10-11 weeks old) under anesthesia with ether or pentobarbital.
Thirty percent D2O (vol/vol) was administrated to mice as drinking
water from 10 days prior to kaolin injection to the day of sacrifice (D
group). H2O was given to mice (H group) as a control. Locomotion
was analyzed for 4 weeks and brains were examined histologically.
The H group showed, a lower activity of locomotion and more enlarged
cerebral ventricles as verified by imaging analysis and more obvious
fibrosis in the cistema magna compared to those in the D group. A
transmission electron microscopic study was performed to evaluate the
effects of deuterium oxide on fibrosis in the early phase of adhesion in
the subarachnoid space and revealed that enlarged cisterns of rER were
more characteristic in the D group than in the H group. These findings
suggest that D2O inhibits collagen secretion in meningeal fibroblasts and
reactive inflammatory adhesion of the subarachnoid space, which
delayed the development of hydrocephalus.
This work was supported by a Japanese Ministry of Health and Welfare
grant-in-aid for scientific research into intractable hydrocephalus.

108.9

108.10

AXONAL RESPONSE TO STRETCH-INJURY: A RANGE OF PATHOLOGY.
W.L.Maxwell* and D. I .Graham, Lab. of Human Anatomy, University of Glasgow,
Glasgow G12 8QQ. U.K. .
In order to test the, hypothesis that there is a spectrum of pathological change after
the application of tensile strain to central, myelinated nerve fibres in models of
human diffuse axonal injury we have carried out a quantitative analysis of axonal
cytoskeletal responses after stretch-injury to the optic nerve of adult guinea-pigs.
Adult 650-750 g guinea-pigs were anaesthetised with ketamine (50 mg kg-1) and
xylazine (3 mg kg-1) and stretch-injury applied over 19-21 ms to the right optic
nerve. Sham operated and 15 min, 2 ,4 and 24 hr survival animals were killed by
transcardiac perfusion fixation and processed for TEM. The optic nerve was divided
into three segments, SI close to the globe, S2 in the middle and S3 the
prechiasmatic portion.Quantitative morphometric analysis of changes in the axonal
cvtoskeleton within these segments of the stretch-injured nerve was carried out
using a Vidas kontron image analysis system.
Significant numbers (p < 0.05, Student’s "t"test) of abnormal nodes of Ranvier
with a 75% loss of microtubules in S2, but only 30% loss in SI and S3 occurred at
15 min. At nodes numbers of microtubules returned to control values at 4 h. In the
intemode there was a 60% (p < 0.05) loss of microtubules at 2 h, but only in axons
with a diameter < 2.0 μm in S2 at 4 h. There was compaction of neurofilaments at
nodes at 15 min and in the intemode of axons < 1.0
diameter at 4 h in S2. But
increased spacing or dispersion in larger axons in S2. There was not compaction in
S3 at either 4 or 24 h, rather there was dispersion with an 150% increase in spacing
between neurofilaments by 24 h. These results provide strong evidence that
different parts of injured axons in different regions of the optic nerve undergo
different pathological response to the application of tensile strain such as occurs in
human DAI.

KINETICS OF THE EVENTS CAUSED BY CRUSH IN THE RODENT
OPTIC NERVE: A CONFOCAL MICROSCOPE STUDY.
S. Chierzi, G.M. Ratto* and L. Maffei. Institute of Neurophysiology CNR.
Pisa, Italy.
The lesioned optic nerve has been extensively used as a model for the study
of degeneration and regeneration in the central nervous system. A detailed
knowledge of the timing of events caused by injury is a necessary background
for the understanding of the degenerative process induced by trauma and for
the development of strategies leading to successful regeneration.
Optic nerves were crashed intracranially nearby the foramen. Animals were
sacrificed at various times, ranging from a few hours to a few weeks after the
surgery. Immunohistochemistry and confocal microscopy were used to
characterise the reaction of the lesioned fibers and changes in optic nerve
cells in longitudinal sections that comprised both nerves, chiasm and part of
the optic tracts. In this way it was possible to study the entire length of the
lesioned nerve and of the control. Neurofilament accumulation at the lesion
site and fiber retraction started shortly after surgery. In the following few
days the nerve structure around the lesion is disrupted by the retreat of the
severed fibers, and a cavity is formed which is eventually surrounded by
astrocytes. Macrophages began to appear in the cavity after about four days.
In the following ten days activated microglia could be seen nearby the lesion
at first, and then it gradually invaded the entire length of the nerve and of the
portions of the optic tracts containing the degenerating fibers.
Partially supported by the International Institute for Paraplegia, grant P24
and by the EEC, grant BI04-CT96 0774.

108.11

108.12

DELAYED MOTOR AND COGNITIVE IMPAIRMENT FOLLOWING
CONTROLLED CORTICAL IMPACT IN A MUTANT MOUSE STRAIN
KNOWN TO EXHIBIT DELAYED WALLERIAN DEGENERATION. G.B. Fox*,
L. Fan and A.I. Faden, Georgetown Institute for Cognitive and Computational
Sciences, Georgetown University Medical Center, Washington, DC 20007.
Neuronal injury in the C57BL/Wlds mouse mutant results in prolonged axonal
survival compared to other laboratory mouse strains. In the present study, we
examined the effect of a unilateral controlled cortical impact (CCI) injury on motor
and cognitive performance in age-matched C57BL/6 and mutant C57BL/Wlds mice. A
pronounced flexion of the eontralateral forepaw was evident in injured C57BL/6 and
Wldsmiceup to 7 days following injury, being most pronounced at 1-2 days when
compared with sham-operated mice (p<0.0002). Performance on the beam-walking
task was markedly impaired in both injured groups when compared with sham
animals (p<0.0001). At 28 and 35 days post injury, C57BL/6 mice continued to
slowly improve whereas, in contrast, the Wlds injured mice showed a significant
increase in the number of footfaults (p<0.0001). In a watermaze place learning task,
injured Wlds mutant animals performed consistently better than control injured mice
when tested 7-10 days and 14-17 days following CCI (p < 0.0001). Injured Wlds
mutant mice also demonstrated improved working memory performance in a similar
task on days 21 and 22 (p=0.001) following CCI when compared with injured
C57BL/6 mice. This effect was lost, however, on days 23 and 24, and was not
evident in other animals tested in the same task at 28-31 days post-injury. Taken
together, this data identifies a marked delay in both motor and cognitive impairment
following CCI in Wlds mutant mice when compared with injured C57BL/6 controls.
This is consistent with previous work which has identified a delay in the temporal
evolution of neuronal degeneration in Wlds mice. Supported by CDC CCR 306634.
Wlds mice were generously supplied by Prof. Oswald Steward at the Departments o f
Neuroscience and Neurosurgery, University o f Virginia. A lso s u p p o r te d by

TEMPORAL EVOLUTION OF IN VIVO TRAUMATIC BRAIN INJURY (TBI)
USING MULTI-MODAL MRI.
B.C. Albensi*, S.M. Knoblach, B.G.M. Chew, A.I. Faden, and J.J. Pekar,
Georgetown Institute for Cognitive & Computational Sciences
Georgetown University Medical Center, Washington, DC 20007.
MRI provides important information about anatomy, macroscopic structure, and
biophysical and biochemical processes. The use of diffusion MRI, however, to predict
lesion characteristics at non-acute time points has not yet been studied in the TBI
model. Here we evaluate for the first time in vivo the temporal evolution of MRI
signal changes over early and extended time points using isotropic diffusion and highresolution imaging techniques in rats subjected to fluid-percussion induced TBI. Also,
the study compares MRI signal changes to histopathological and neurological data
obtained from TBI animals over two weeks.
Male Sprague-Dawley rats (n=6) were subjected to fluid-percussion brain injury as
previously described at an injury level of 2.0 ±0.1 atm. MRI scans were obtained at 5
time points: preinjury, and 1-2 hr, 3-4 hr, 24 hr, and 2 wks post-TBI. Imaging was
performed on a Bruker 7 T, 20 cm bore magnet. Images were obtained using spinecho and diffusion-weighted (DWI) pulse sequences. DWI scans were used to create
diffusion maps highlighting changes in molecular diffusion. Animals were sacrificed
at 2 wks post-TBI; their brains were frozen, cryostat sectioned (7-10 |im thick), and
then mounted for staining. Stained sections were then assessed with light microscopy.
High resolution scans revealed hyperintensities suggesting edema while hypointense
areas were thought due to hemorrhage and mechanical disruption of tissue.
Hyperintense regions in diffusion maps and high resolution scans showed further
increase as early as 24 hrs post TBI. Abnormal MR signal suggesting injury was seen
in ipsilateral cortex, hippocampus, thalamus, and caudate-putamen and was
particularly prominent at structural boundaries. Hyperintense changes were generally
in the hippocampal formation while hypointensity manifested itself primarily in
cortex and along corpus callosum. Neurological scoring showed initial deficit with
some recovery of function over two weeks. Sup. by DOD # DAMD17-93-V-3018
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108.14

108.13
CHARACTERIZATION OF A CONTROLLED CORTICAL IMPACT MODEL IN
THE MOUSE: SUSTAINED MOTOR DEFICITS AND PRONOUNCED
COGNITIVE IMPAIRMENT. L. Fan*, G.B. Fox, and A.I. Faden. Georgetown
Institute for Cognitive and Computational Sciences, Georgetown University Medical
Center, Washington, DC 20007.
We have demonstrated a controlled cortical impact (CCI) device in which both
amount of tissue deformation and velocity of impact can be precisely controlled in
mice. In the present study, we examined the effect of a moderate CCI injury on a
variety of motor and cognitive tasks in the C57BL/6 mouse. The left parietotemporal
cortex was subjected to CCI (6m/s velocity, 1mm deformation, 3.5mm diameter
impactor) or sham surgery. Injured mice exhibited significant forepaw contraflexion
up to 3 days following injury (p<0.01); performance on a Rotarod task was impaired
over the same period, reaching significance 1 day after injury (p<0.01). These deficits
were transient and no longer evident by 7 days. In contrast, when injured mice were
tested on a beam walking task, deficits were evident for at least 3 weeks compared to
sham operated animals (p<0.001). This test records the number of contralateral
hindlimb footfaults while the animals traverse a narrow wooden beam (6mm wide).
Place learning in a version of the Morris water maze was impaired in injured mice 710 days following CCI when compared with sham animals (p<0.001). Working
memory deficits in a similar water maze task were also observed in injured mice
when tested 21-24 days after CCI (p<0.05). In the Barnes circular maze, injured mice
exhibited a clear learning deficit, using random search patterns to locate an escape
tunnel, as compared with the spatial and/or serial patterns employed by sham operated
controls. These findings demonstrate sustained and reproducible motor and cognitive
deficits in the CCI-injured mouse, which may be useful for identifying new
pharmacological treatment strategies in traumatic head injury. Supported by CDC
CCR 306634. and DOD DAMD17-93-V-3018.

CORTICAL ABLATION INDUCES A C A LC IU M -D EPEN D EN T,
SECONDARY PATHOGENIC CASCADE NEAR THE SU R G ICA L
SITE W HICH CAN BE REDUCED BY CALPAIN INHIBITORS
E.-Y. Chen*1, R. T. Bartus2, G. Lynch3 and J. H. Kordower1, D ept. Neurological
Sciences, Rush Presbyterian Medical Center, Chicago, IL1, Alkermes, Inc.,
Cambridge, MA2,University of Calif, at Irvine3
Many forms of acute brain injury, including injury due to stroke or trauma, are
associated with a secondary, calcium-dependent pathogenic cascade which exacerbates
the final neuronal damage. Recent data implicates the calcium-dependent protease,
calpain, as playing an important pathogenic role. The present experiments tested:
(1) whether a similar secondary pathogenic phenomenon occurs following cortical
ablation that spreads beyond the original lesion site, and (2) whether the calciumdependent protease, calpain, {days an important role. One group of rats was
sacrificed at various time points following ablation of the visual cortex and calpaininduced, spectrin breakdown quantified via immunostaining (-ir). A time-dependent
increase in area of spectrin-ir was observed between 1 and 48 hr in the neocortex
outside and adjacent to the surgical field. In separate groups of rats, calpain
inhibitors (AK275 @ 200 uM and AK295 @ 1 mM) were applied directly into the
surgical site immediately following the ablation and rats were sacrificed 4 weeks
thereafter. A blinded analysis of the area of the LGN was performed to quantify the
amount of cortical neurons lost (since an earlier study demonstrated that area of
LGN reflected the extent of excitotoxic loss of visual cortical neurons). Hie area of
the LGN was rcbeed 45.0% in vehicle, 34.2% in AK275-treated and 29.6% in
AK295-treated rats (p<.05). These data demonstrate: (1) the induction of a secondary
pathogenic cascade following routine cortical ablation which, ova* time, increases
the extent of cortical damage, (2) an important role of calpain proteolysis in the
pathogenesis, and (3) that calpain inhibition at the surgical site can block the
pathogenic cascade and reduce the secondary neuronal loss.
(Supported by Alkermes inc.)

108.15

108.16

LONG-TERM RECOVERY OF SCIATIC NERVE FOLLOWING PROLONGED
ELECTRICAL STIMULATION. W.F. Agnew*, T.G.H. Yuen, D.B. McCreery, L.A.
Bullara, Neurological Research Department, Huntington Medical Research Institutes,
Pasadena, CA, USA.
This study concerns the long-term effects of continuous electrical stimulation of the cat’s
sciatic nerve using stimulus parameters (50 Hz or higher) and at moderately high pulse
amplitude for 8 hours which results in definite neural injury when the nerves are examined
at one week after stimulation. Nerves stimulated intermittently, or at 20 Hz, with the same
pulse amplitudes showed no damage. The objective is to determine the extent of
physiologic and morphologic recovery as demonstrated by changes in the recruitment
curve of the averaged evoked compound action potential and by light and TEM over a time
course of 1 week to 3 months. At 1-3 weeks marked neural injury was present in the form
of degenerating axons, edema and phagocytes. At 1-3 months after stimulation, there is a
marked resolution of axonal injury with rare phagocytes and a few fibers undergoing
remyelination. Studies are presently being conducted to quantitate the extent of both
axonal injury and remyelination using a computerized morphometric system. These
findings are of importance in establishing safe and effective guidelines for the use of
functional electrical stimulation in the neurologically handicapped. Supported by NIH
Contract #N01-NS-2-2323.

m-CALPAIN DEPENDENCE OF MEMBRANE SEALING IN
MAMMALIAN SPINAL CORD AXONS R. Shi*. T. Asano, N.C.
Vining and A.R. B light, Div. Neurosurgery, Univ. N. Carolina,
Chapel Hill, NC 27599.
Survival of a neuron, following transection of its axon, depends on
the ability of the damaged membrane to seal, which is a calciumdependent process. This presents a dilemma, since influx of calcium
also mediates intracellular damage and cell death. This study examined
the calcium dependence of axon sealing in isolated guinea pig spinal
cord white matter strips, using sucrose gap recording to monitor
membrane potential changes, and uptake of horseradish peroxidase
(HRP) to determine permeability to large molecules. Sealing, as
measured by recovery of the resting membrane potential following
transection, normally occurred with an exponential time course (τ =
20±5 mins) at 37°C, and 2mM extracellular calcium activity ([Ca2+]0).
Almost all axons excluded HRP by 1 hour following transection.
Sealing was effectively blocked by extracellular calcium concentrations
< 0.5 mM, and by calpain inhibitors, indicating a requirement for
millimolar (type II) calpain in the sealing process. Following
experimental spinal cord contusion injury, [Ca2+]0 falls immediately by
1-2 orders of magnitude and can remain depressed for hours. The
present results suggest that this fall in [Ca2+]0 is sufficient to prevent
membrane repair and may paradoxically contribute to axonal dieback,
retrograde cell death and "secondary" axonal disruption. This is
contrary to the usual expectations that lowered extracellular calcium and
inhibition of calpain would be beneficial following injury. Supported
by the Canadian Spinal Research Organization and grant NS-33687
from NIH/NINDS.

108.17
ALTERATIONS OF NEUROFILAMENT SIDEARMS AFTER TRAUMATIC AXONAL
INJURY. D.O. Okonkwo, E.H. Pettus and J.T. Povlishock*. Dept, of Anatomy, Medical
College of Virginia, Virginia Commonwealth University, Richmond, VA 23298.
Traumatic injury evokes two characteristic forms of axonal injury, one of which involves
focal perturbation of axolemmal permeability leading to rapid compaction of the underlying
axonal neurofilament (NF) lattice and microtubular loss. It has been posited that NF
compaction is mediated by the proteolytic cleavage of NF sidearms that would otherwise
maintain interfilament distance at the time of injury. We analysed the fate of NF sidearms
in traumatically injured axons using computer-assisted imaging analysis to generate high
magnification reconstructions of the neurofilament sidearms. Five adult male cats were
subjected to moderate/severe fluid percussion brain injury after intrathecal administration
of 50 mg horseradish peroxidase (HRP), a tracer normally excluded by the intact axolemma
which served as a marker for traumatically-induced axolemmal change. Brains were
processed for EM visualization of HRP. HRP-containing axons consistently displayed
evidence of traumatically-induced (NF) cytoskeletal collapse at LM level. Electron
micrographs of HRP-containing axons as well as internal control, non-HRP-containing
axons from the same fields were videographically captured, digitized, enlarged and analysed
fa- NF sidearm lengths and NF density. Routine ultrastructure revealed NF compaction, but,
interestingly, upon detailed computer-assisted analysis, NF sidearms were recognised to be
reduced in height while remaining otherwise intact. Typically, shortened, intact sidearms
could be identified arising from the NF rod domain in injured axons. These observations
were confirmed statistically: HRP-containing axons had increased NF density (p<0.01) and
reduced NF sidearm heights (p0 .0001) compared to internal controls. These observations
arc at variance with previous beliefs wherein complete proteolytic cleavage of sidearms was
posited. Based on these findings, we suggest NF compaction after traumatically-induced
axolemmal permeability changes may have its genesis in more subtle sidearm alterations,
perhaps involving phosphatase/kinase activity known to mediate sidearm extension. This
work is supported by grants NS20193 and NS07288.

108.18
LADDER BEAM AND CAMERA VIDEO RECORDING SYSTEM FOR
EVALUATING FOREUMB AND HINDUMB DEFICITS AFTER
SENSORIMOTOR CORTEX INJURY IN RATS. J.S. Soblosky*, L.L. Colgin,
D. Chomey-Lane, J.F.Davidson, and M E. Carey. Neurotrauma Research
Laboratory, Dept. Neurosurgery, L.S.U. Medical Center, New Orleans,
Louisiana, 70112.
Hindlimb and forelimb deficits in rats caused by sensorimotor cortex
lesions are frequently tested by using the narrow flat beam (hindlimb), the
narrow pegged beam (hindlimb and forelimb) or the grid-walking (forelimb)
tests. Although these are excellent tests the narrow flat beam generates
non-parametric data so that using more powerful parametric statistical
analyses are prohibited. All these tests can be difficult to score if the rat is
moving rapidly. Foot misplacements, especially on the grid-walking test, are
indicative of an ongoing deficit, but have not been reliably and accurately
described and quantified previously. We present an easy to construct and
use horizontal ladder-beam with a camera system on rails which can be used
to evaluate both hindlimb and forelimb deficits in a single test By slow
motion videotape playback we were able to quantify and demonstrate foot
misplacements which go beyond the recovery period usually seen using
more conventional measures (i.e. footslips and foot-faults). This convenient
system provides a rapid and reliable method for recording and evaluating rat
performance an any type of beam and may be useful for measuring
sensorimotor recovery following brain injury. Supported by U.S. Army
Contract DAMD17-93-3008.
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NEUROANATOMICAL CORRELATES OF VERBAL LEARNING AND
MEMORY FOLLOWING CLOSED HEAD INJURY IN CHILDREN.
G. Di Stefano, J. Bachevalier, H. S. Leyin*, J. Song, R. S. Scheibel, M. A. Lilly,
J. M. Fletcher. Cognitive Neuroscience Laboratory, Baylor College of Medicine,
Houston, TX 77030.
To investigate the neuroanatomical correlates of verbal learning and memory
in head injured children, we administered the California Verbal Learning Test
(CVLT) to 332 children who had sustained a closed head injury of varying severity at least three months earlier. All of the head injured children underwent
magnetic resonance imaging (MRI) for investigational purposes. Based on the
digitalized MRIs, a computer aided volumetric analysis of frontal and extrafrontal lesion size was performed. Additionally, in a subset of 50 head injured
children, an MRI based analysis of hippocampal volume was performed. Severity of injury, as defined by the lowest Glasgow Coma Scale (GCS) score, and
age at injury significantly affected performance on the CVLT. Bifrontal lesion
size incremented prediction of various quantitative and qualitative verbal learning and memory indices after entering the GCS score and age into a regression
model. Significant results were also obtained when entering left and right
frontal lesion size into separate regression models. In contrast, extrafrontal
lesion size proved not significant in predicting verbal learning and memory
performance. Surprisingly, the relationship between hippocampal volume
(corrected for brain size) and verbal learning and memory was weak. These
findings implicate the importance of prefrontal injury for verbal learning and
memory in head injured children. The role of developmental factors is also
discussed.
This study was supported by grant NS-21889.

108.20
REGIONAL EXPRESSION OF NEUROTROPHIC FACTORS AFTER
TRAUMATIC BRAIN INJURY. C.O. Evans. N.M. Ovesiku, R.S. Darrell, Z.L.
Fulop*, R.L. Roof, and D.G. Stein. Departments of Neurosurgery & Neurology,
Emory University School of Medicine, Atlanta, GA & Department of Psychology
Texas Christian University, Forth Worth, TX.
We have shown earlier that focal acute traumatic brain injury results in the
expression of NGF, BDNF, CNTF and their receptors in the whole rat brain. In the
present experiment we used northern blot analysis to study the levels of expression of
neurotrophic factors (NTFs): NGF, BDNF, CNTF and their receptors in the rat brain
tissue with similar lesions (a) in the region of the focal injury and (b) in the region
remote from the lesion. We report that NGF, BDNF and CNTF mRNAs are focally
upregulated within the lesion site at 12-24 hrs (5 fold), 12 hrs (8 fold) and 36 hrs (3
fold), respectively. Remote from the lesion site, NGF is upregulated at 24 hrs, BDNF
at 12-24 hrs while CNTF remained unchanged over time. There are no significant
differences between the regions except for changes in CNTF expression. At 36 hrs
the level of CNTF is significantly higher in the focal area than in the remote region
(p<.05). Our data show that NGF and BDNF begin to upregulate as early as 12 hrs m
both regions. NGF remains upregulated through 24 hrs and begins to drop by 36 hrs
while BDNF drops already by 24 hrs. CNTF, however, upregulates slowly to its
highest level at 36 hrs when both NGF and BDNF return to their respective control
levels. These data point toward the differences in the regulation of the messages of
NTFs, and indicate that the upregulation is not regional for NGF and BDNF.
Analysis of the expression of the receptors of NTFs is in progress. This work was
supported by a grant from the Department of Neurosurgery at the Emory University
School of Medicine to NMO and by a CDC Grant (No. R49/ CCR- 412307-02) to
DGS.

NEUROTOXICITY: DOPAMINERGIC AND ANTIDEPRESSANT AGENTS
109.1
OXIDATIVE . STRESS
CAUSED
BY
ANTIPSYCHOTIC
AND
ANTIDEPRESSANT DRUGS ON CLONAL HIPPOCAMPAL CELL. A. Post. Y.
Sagara°, E.D. Litwack0*, F. Holsboer and C. Behl. Max Planck Inst, of Psychiatry,
Munich, Germany and “The Salk Institute, La Lolla, CA 92037.
Antidepressants and antipsychotic drugs are often investigated for their
interactions with various neurotransmitter receptors and transporters. But their
effects on the cellular mechanism that may cause their untoward effects are
unknown. Some of these drugs can influence cell survival in vitro. For example,
haloperidol (HP), a frequently used antipsychotic drug, induces necrotic cell death
in which free radicals may play a major role. Likewise, some antidepressants such
as the tricyclic drugs amitriptyline (AP) and clomipramine (CP) and SSRIs like
fluoxetine (FX) and paroxetin (PX) are also highly toxic in vitro. This cytotoxicity
may account at least in part for side effects of these drugs. To elucidate the cellular
mechanism which are implicated in the therapeutic and side effects, we
characterized the toxicity of HP, AP, CP, FX, PX, the MAO-inhibitors deprenyl
(DP), and moclobemide (MB) on the clonal hippocampal cell line HT-22. HP, AT,
CP as well as the SSRIs were all toxic at concentrations between 10 nM and 100
|iM while DP and MB were non-toxic. HP, AT, and CP at subtoxic concentrations
all produced H202. Furthermore, levels of intracellular GSH decreased
significantly in the HT-22 cells treated with HP, AT, and CP but increased with the
MAO-inhibitors. To study the role of the intracellular H202 induced by the drugs,
the regulation of NF-kB, a transcription factor responsive to oxidative stress, was
determined. The activity level of NF-kB was increased in HT-22 cells by the
treatment with a subtoxic dose of HP, but unaffected by AM and FX, while
decreased by MB. These results indicate that some antidepressant and
antipsychotic drugs may cause oxidative stress and changes in the antioxidative
capacity, resulting in altered levels of NF-kB activity and, ultimately, cell death.
We speculate that this chain of events may explain the side effects caused by these
drugs. Grants: MPI Fellowship (AP); 1F32NS10032-02 (YS).

109.2
EFFECTS OF NEONATAL NEUROTOXINS TREATMENT ON THE α SUBUNITS
OF G-PROTEINS, Gs AND Go IN THE CEREBRAL CORTEX OF THE RAT.
M.S. Leung*., C.C. Lau and C.C. Wong. Dept, of Physiology, Faculty of Medicine,
The Chinese Univ. of Hong Kong, Shatin, N.T., Hong Kong
Stimulus deprivation produced by denervation on some monoaminergic pathways in the
CNS can result in an increase of the G protein-coupled receptors and turnover of
intracellular second messenger cascade accompanies with the effects of denervation
supersensitivity but the role of the G-proteins is still unknown. The changes in the
expression of the G-protein in response to denervation supersensitivity by two
neurotoxins, 5,7-dihydroxytryptamine (5,7-DHT) and 6-hydroxydopamine (6-OHDA)
were investigated. 5,7-DHT depletes serotonin (5-HT) and noradrenaline (NA) from
neurons while 6-OHDA depletes both NA and dopamine (DA). The NA uptake blocker,
desipramine (DMI) can protect the NA neuron from the toxic effect of both neurotoxins.
Neonatal SD rats of both sexes one day after birth were injected with 5,7-DHT or with
DMI prior to 5-DHT. Another groups were injected with 6-OHDA or with DMI prior to
6-OHDA. Sham-treated rats were injected with the vehicle Vit. C as the controls. The
rats were sacrificed at day 5, day 10 and day 15 by decapitation. The membrane-bound
G-proteins a-subunits Gs-1, Gs-s and Gol in cerebral cortices were quantified by
Western blotting. The results showed that 5,7-DHT + DMI treated day 5 male rats had
significant increase in Gas-1 content compared with sham-treated controls of the same
age. Significant age-dependent decrease in Gas-1 content from day 10 to 15 was
observed in 5,7-DHT and 5,7-DHT + DMI treated male rats as well as 6-OHDA treated
rats of both sexes. No significant differences of Gαs-s and G aol levels on both 5,7DHT,6-OHDA treated, and those together with DMI to the corresponding sham treated
controls among all age groups in both sexes. In conclusion, the present study indicates
that the up-regulation of Gαs-1 contents plays a transient role to compensate the
serotonergic denervation supersensitivity effects in neonatal rat while its long-term
effects seems to be absent. This suggests that the neurons have already developed other
compensatory mechanisms that contribute to this observed transient effect.

109.3

109.4

D OPAM INE PO TENTATES THE T O X IC ITY OF
M ITO C H O N D R IA L IN H IB IT IO N IN VITRO
B.A. McLaughlin*1 D. Nelson 2 M. Erecinska 2 and M.-F. Chesselet 2,3
institute o f Neurological Science and 2Department o f Pharmacology
University o f Pennsylvania, Philadelphia, PA 19104 3Department of
Neurology UCLA, Los Angeles, CA 90095
Intrastriatal injection o f malonate, a mitochondrial toxin, produces
selective cell death similar to that observed in Huntington's Disease. This
damage can be attenuated by the removal o f glutamatergic. inputs,
however it is not known whether dopamine, which is abundent in the
striatum, also modulates malonate toxicity. Primary striatal cultures were
exposed to dopamine in the presence or absence o f methylmalonate,
which is hydrolyzed to malonate intracellularly. Exposure to 125 μM and
250 μM dopamine for 24 hrs caused 47% and 82% cell death,
respectively compared to 17% cell death in control cultures (p < 0.05).
Cell death was predominately apoptotic as assessed by time lapse video
microscopy and the presence o f DN A laddering. Addition o f
antioxidants and free radical scavengers decreased the cell death caused
by 125 μM dopamine by 70% (p < 0.05). Six hour exposure to 250 μM
dopamine did not alter nucleotide levels or ATP/ADP ratios suggesting
that dopamine did not inhibit oxidative phosphorylation. Cell death was
markedly increased when cultures were simultaneously exposed to
subtoxic concentrations o f methylmalonate and dopamine. These results
suggest that dopamine can potentiate cell death caused by minimal
mitochondrial dysfunction, likely by increasing production o f free
radicals. Supported by NS 29230.
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DOPAMINE INDUCES APOPTOSIS THROUGH AN OXIDATION-INVOLVED
SAPK/JNK ACTIVATION PATHWAY. Y. Luo*, 1 H. Umegaki, 1 X. Wang.2 and
G. S. Roth1 . Molecular Physiology and Genetics Section; 2Gene Expression and
Aging Section; GRC, NIA/NIH, Baltimore, MD 21224.
With advancing age in a wide range of mammalian species, striatal dopamine
receptors are lost about 30 - 50%. Approximately half of this decrease is due to death
of receptor - containing neurons. This decline is thought to contribute to impaired
motor control in senescence. Recent evidence suggests that apoptotic cell death in
striatum is significantly increased with aging and dopamine (DA) may play a role in
triggering this age-related ’suicide’ program. Using both the 293 cell line and primary
neonatal rat postmitotic striatal neuron cultures, we have shown that DA induces
apoptosis in a time- and concentration-dependent manner. Concomitant with the
apoptosis, DA activates the JNK pathway including increases of JNK activity,
phosphorylation of c-Jun, and subsequent increase of c-Jun protein. This DA-induced
JNK activation precedes apoptosis and is persistently sustained during the process of
apoptosis. Transient expression of a dominant negative mutant SEK1(K-R), an
upstream kinase of JNK, prevents both DA-induced JNK activation and apoptosis. A
dominant negative c-Jun mutant FLAGΔ169 also reduces DA-induced apoptotic cell
death. Antioxidants N-acetyl-cysteine and catalase, which serve as scavengers of
reactive oxygen species generated by metabolic DA oxidation, effectively block DAinduced JNK activation and subsequent apoptosis. Thus, our data suggest that DA
triggers an apoptotic death program through an oxidative stress-involved JNK
activation signaling pathway. This may be involved in age-related striatal neuronal
cell loss and age-related dopaminergic neurodegenerative disorders, such as
Parkinson's disease.
We thank Drs. Y. Liu and N. J. Holbrook for helpful discussions; Drs. L. Zon and J.
Kyriakis for SEK1 (K-R) vector; Drs. L. Rubin and J. Ham for pCDFLAG A169 DNA.
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Effect of piribedil and its metabolite S584
on brain lipid peroxidation In vitro and In
vivo. M. T. Tacconi*, F. Calzi, R. Bellasio, G. Guiso, A.

SUNDAY AM

109.6
PRAMIPEXOLE PROTECTS DOPAMINERGIC CELL LINE MES 23.5
AGAINST DOPAMINE- AND LEVODOPA-INDUCED CYTOTOXICITY.
L.L. Zou, D.B. Rowe, W.J. Xie, J. Jankovic, S.H. Appel, W.D. Le*.
Department of Neurology, Baylor College of Medicine, Houston, TX 77030.

Erroi and S. Caccia. Istituto di Ricerche Farmacologiche
Mario Negri. Via Eritrea 62, 20157 Milano, Italia
We studied the effect of piribedil and its catechol
metabolite S584 on rat brain lipid peroxidation a) in vitro
in rat synaptosomes and cortical slices after induction of
an oxidative stress and b) in vivo in mouse brain after
short-term exposure (two and three 4-h cycles) to
O2/CO2 (95%-5%). The metabolite (10-4-10-5 M), but not
piribedil, prevented Fe3+-stimulated lipid peroxidation in
rat synaptosomes and in rat cortical slices incubated
with high oxygen concentrations. Piribedil (7.5 and 30
mg/kg, orally), counteracted the increase in
thiobarbituric reactive substances (TBARS) in the brain
of mice exposed to two or three cycles of a high oxygen
concentration. S584 (30 mg/kg, orally) reduced TBARS
in brain in mice exposed either to air (control) or to three
cycles of a high oxygen concentration. These results
suggest that piribedil has an antiperoxidative effect in
brain, which may be partly related to the in vivo
formation of the catechol metabolite S584.

Pramipexole is a new dopamine (DA) D2/D3 receptor agonist with well
characterized properties. In primary mesencephalic cell cultures, pramipexole
attenuates levodopa-induced neurotoxicity, indicative of a neuroprotective
action (Carvey, Abstract of 4th international congress of movement disorders.
M13, 1996). We demonstrate a significant protective effect using hybrid cell
line MES 23.5 which originates from rat embryonic mesencephalon cells and
the murine neuroblastoma-glioma cell line N18TG2. DA (range 0.1-1.0 mM)
and levodopa (range 0.2-1.0 mM) induced dose-dependent MES 23.5
cytotoxicity after 20 hours incubation, as evidenced by tetrazolium salt (MTT)
and trypan blue exclusion assays. TUNEL staining demonstrated apoptosis-like
cell death. Pretreatment of MES 23.5 cells with pramipexole significantly
attenuated this cytotoxicity. DA at 0.4 mM produced 70% cell death, and
pretreatment with pramipexole reduced the cell death to 30% (40% reduction,
P<0.05). Levodopa at 0.5 mM produced 60 % cell death, with a reduction to
20% by pretreatment with pramipexole (40% reduction, P<0.05). This indicates
a neuroprotective effect of pramipexole on DA- and levodopa-induced
cytotoxicity in MES 23.5 cells. The mechanisms of neuroprotection by
pramipexole are yet to be determined. As a direct DA agonist and protective
effect against DA- and levodopa-induced cytotoxicity, pramipexole has a
potential dual role in Parkinson’s disease therapy. (Supported by grants from
Pharmacia/Upjohn and ADRC)

109.7
HALOPERIDOL PROMOTES NEURONAL SURVIVAL IN RAT HIPPOCAMPAL
NEURONAL CELL CULTURE: R. Quirion* and S. Bastianetto. Douglas Hosp.
Res. Ctr., Dept Psychiatry, Me Gill Univ., Montrѐal, Quѐbec, Canada, H4H1R3.
Several reports have suggested that neuroleptic treatment in elderly schizophrenic
patients may significantly lower the occurrence of Alzheimer’s disease (AD)
neuropathology (e.g. Arnold et al., Neurobiol. Aging, 15, 299-303,1994).
Futhermore, haloperidol, an antipsychotic drug often used in the treatment of
schizophrenia, was shown to exert long-term protective effects against glutamateinduced neurotoxicity in the hippocampus, a brain area severely affected in AD
(Lesage et al., Synapse, 20, 156-164, 1995). Thus, the aim of the present study was
to investigate the possible neuroprotective effect of haloperidol, a dopamine D;
receptor antagonist which also exhibits high affinity for sigma (a) receptors, on
cultured hippocampal neurons. Hippocampal neurons were plated at a density of
about 5000 neurons per well and were grown under serum-free conditions in a
Neurobasal medium (Gibco BRL) supplemented with N1 (Sigma). Cell viability
assessed by the MTT and by neutral red colorimetric assays indicated that only about
10% of neurons were fully viable by the 7th day. A chronic treatment with
haloperidol (10'8-10 6 M) potently increased the number of surviving neurons (p <
0.01). Neither NE-100, a selective cr, antagonist, nor (+)-pentazocine, a purported
ct, agonist, promoted neuronal survival. However, (±)-sulpiride (lO'MO*6 M),
another D2 receptor antagonist devoid of affinity for a receptors, increased neuronal
survival (p < 0.01), strongly suggesting that the growth promoting effect of
haloperidol is due to an action on the D2-like receptor family (d2,d3.d4). If the
observed effects are relevant to the human brain,the long-term use of antipsychotics,
such as haloperidol, in the treatment of schizophrenic patients could relate to the
purported lower incidence of AD occuring in schizophrenia. (Supported by MRCC).

109.8
NEUROCHEMICAL EFFECTS OF EXPOSURE OF RAT STRIATAL SLICES
TO INDIVIDUAL PCB CONGENERS. R.F. Seegal*, R.J. Okoniewski and
K.O. Brosch. Wadsworth Center, New York State Dept. of Health and School
of Public Health, University at Albany, Albany, NY 12201.
Polychlorinated biphenyl (PCB) exposure is associated with behavioral
changes in humans and neurochemical (NC) and behavioral changes in
laboratory animals. To determine which PCB congeners directly affect NC
function we determined concentrations of dopamine (DA) and its metabolites
in adult rat striatal slices and media following ex -vivo exposure to individual
PCB congeners. This approach, using a neuronally complex tissue preparation,
allows us to determine the neurochemical effects of PCB congeners in the
absence of changes in CNS development and endocrine function. Striatal slices
(750 μm thick) from adult male rats were exposed to media containing
individual PCB congeners (40-200 μmolar) for six hours. Slice and media
concentrations of DA, DOPAC and HVA, were determined by HPLC. The
non-coplanar PCB congeners 2,3,6,2',5'; 2,5,2',5'; 2,4,5,2',4',5' and 2,4,4'
significantly reduced slice DA content at 100-200 pmolar concentrations but did
not alter slice DA metabolites, or media DA or DA metabolites. The di- and
tetra-orr/zo-substituted congeners 2,2' and 2,6,2',6' and the coplanar congener
3,4,3',4’ did not alter DA or DA metabolite concentrations in either slices or
media. These results support the hypothesis that non-coplanar PCBs diminish
DA synthesis. However, the lack of effect of 2,2' on DA synthesis— which is
similar to results seen following perinatal exposure to 2,2'— contrasts with the
significant'effects seen in both PC 12 and cerebellar granule cells suggesting that
the ex -vivo striatal slice model may be more predictive of in-vivo effects than
cellular-based in-vitro test systems. Supported in part by NIH grant #ES04913.

109 .9

109.10
A SINGLE DOSE MODEL OF METHAMPHETAMINE-INDUCED
NEUROTOXICITY IN RATS: EFFECTS ON BODY TEMPERATURE,
DOPAMINE, AND SEROTONIN IN NEOSTRIATUM. M. Fukumura*, G.D.
Cappon. C. Pu. H.W. Broening, and C.V. Vorhees. Division of
Developmental Biology, Children's Hospital Research Foundation and
Department of Pediatrics, University of Cincinnati, Cincinnati, OH 45229.
The neurotoxic effects of a single administration of methamphetamine (MA)
were studied under conditions conducive to MA-induced hyperthermia.
After a single dose of MA (10, 20, 30, or 40 mg/kg, s.c.) or saline (3 ml/kg) to
Sprague-Dawley CD rats, rectal temperatures were monitored for 9 hours in a
room with an ambient temperature of 22.0±0.5°C. Monoamines were
assayed 3 days post-treatment. MA induced significant dose-dependent
hyperthermia and monoamine reductions. In the MA 10, 20, 30, and 40
mg/kg groups, neostriatal DA was 109%, 71%, 49%, and 29%, and 5-HT
was 115%, 73%, 44%, and 19% of controls. Maximum rectal temperature of
the control, MA 10, 20, 30, and 40 mg/kg groups was 39.0°C, 40.6°C,
40.9°C, 41.3°C, and 42.0°C, respectively. These results demonstrate that a
single-dose of MA can be as effective as the widely used 5 or 10 mg/kg x 4
dosing regimen, provided that the dose and ambient temperature are
increased slightly. A single-dose model offers advantages for mechanistic
studies, especially those employing antagonists or other agents thought to
be neuroprotective. (Supported by NIH Grant DA06733 and Shiseido Ltd.)

ALTERATIONS IN CHOLINE ACETYLTRANSFERASE (CHAT) ACTIVITY,
BEHAVIOR, AND THYROID HORMONES IN 15 AND 30-DAY OLD RATS
EXPOSED TO 1.25 AND 12.5 PPM POLYCHLORINATED BIPHENYLS (PCB)
BEGINNING AT GESTATION. T. Provost, L.M. Juárez de Ku, C. Zender and
L.A. Meserve*. Department of Biological Sciences, Bowling Green State
University, Bowling Green, OH 43403
Polychlorinated biphenyls (PCB) are ubiquitous environmental contaminants.
Certain mixtures of PCB cause hypothyroidism, epidermal abnormalities, and
learning and memory deficits in experimental animals and humans. The present
study was an extension of our preliminary investigations indicating exposure to low
levels of PCB alters activity of choline acetyltransferase (ChAT) in the
hippocampus and basal forebrain, as well as behavior measures.
Fifteen-and thirty-day-old rats were exposed during gestation, lactation, and postweaning (for 30-day-old animals) to either 1.25 (LPCB) or 12.5 (HPCB) parts per
million (ppm) of Aroclor 1254®. ChAT activity was radiometrically determined in
the hippocampus and basal forebrain. Thyroid hormone concentrations were
determined using commercially available RIA kits. Preliminary learning studies
were conducted by subjecting 30-day-old rats to a total of 10 trials in a Morris water
maze.
Fifteen-day-old LPCB animals had significantly elevated ChAT activity in the
two brain areas as compared to same aged control and HPCB animals. Fifteen day
old HPCB animals showed a strong trend towards subnormal ChAT activity while
ChAT activity in 30-day-old LPCB and HPCB animals was significantly
subnormal. Thyroxine levels were not significantly different among groups.
Thirty-day-old HPCB animals took significantly longer to escape the Morris water
maze than either control or LPCB animals.
These results extend and support our previous findings that ChAT activity and
behavior are altered by PCB and that the alterations are dependent on length of
exposure and amount of PCB ingested. Future studies will attempt to investigate
the mechanisms involved.
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M ELATO NIN ATTENUATES M ETHAM PHETAM INEINDUCED TOXIC EFFECTS ON DOPAMINE AND
SEROTONIN TERMINALS.
H. Hirata*. M. Asanuma and
J. L. Cadet, Molecular Neuropsychiatry Section, NIDA/NIH,
Baltimore, MD 21224.
Methamphetamine (METH) is a drug of abuse that causes
deleterious effects to brain monoaminergic systems. These
toxic effects are thought to be due to oxidative stress. The
pineal hormone, melatonin, has been shown to have
neuroprotective effects against toxic quinones and oxidative
stress produced by catecholamines. The present study was
thus undertaken to assess possible protective effects of
melatonin against METH-induced neurotoxic effects on the
striatum and the nucleus accumbens by using
autoradiographic technique. Five dosages (5, 10, 20, 40 and
80 mg/kg) of melatonin were administered to mice
intraperitoneally 30 minutes prior to the injections of METH (4
x 5 mg/kg) given at 2 hours interval. The two lower doses of
melatonin (5 or 10 mg/kg) had no significant effects against
METH-induced toxicity. However, the higher doses (40 or 80
mg/kg) significantly attenuated METH-induced toxic effects on
both dopamine and serotonin systems. These data provide
further evidence for a role of oxidative stress in METH-induced
toxicity.

EFFECTS OF 2-DEOXY-D-GLUCOSE ON METHAMPHETAMINEINDUCED DOPAMINE AND SEROTONIN NEUROTOXICITY. R
Callahan, J. Yuan, G. Stover, G. Hatzidimitriou, G.A. Ricaurte*.
Department of Neurology, Johns Hopkins Medical Institutions, Baltimore,
MD 21224.
Findings with 2-deoxy-glucose (2-DG) have been used to support the
hypothesis that the neurotoxic action of methamphetamine (METH) and
similar compounds is related to metabolic compromise. Since in addition to
interfering with glucose metabolism, 2-DG can produce hypothermic effects,
the present study sought to further characterize the relation between the
neurochemical and thermoregulatory effects of 2-DG in rodents treated with
neurotoxic doses of METH. In both mice and rats, 2-DG produced
hypothermia, and attenuated METH-induced dopamine (DA) neurotoxicity.
Given previous findings with other agents that produce hypothermia and
protect against METH neurotoxicity, 2-DG’s DA neuroprotective effects are
likely to be related to its effects on temperature. 2-DG did not afford
protection against METH-induced serotonin (5-HT) neurotoxicity. Indeed,
in some brain regions (striatum), 5-HT axonal deficits were more severe in
rats receiving 2-DG along with METH. These findings suggest that different
mechanisms may underlie METH-induced DA and 5-HT neurotoxicity, and
raise the possibility that DA neurons may be more susceptible to temperature
influences, whereas 5-HT neurons may be more vulnerable to metabolic
compromise. [Support: DA00206 and DA06275]

109.13

109.14

REPEATED ADMINISTRATION OF METHAMPHETAMINE INDUCES
DEGENERATION AND DNA FRAGMENTATION OF SOMATOSENSORY
CORTICAL NEURONS A.J. Eisch* and J.F. Marshall, Department of
Psychobiology, University of California, Irvine, CA 92697-4550.
In addition to its well-characterized injurious influences on
monoaminergic projections, methamphetamine (m-AMPH) also damages
somatosensory cortical neurons. The latter is of particular interest because of its
unexpected areal and laminar specificity. We have previously characterized the
morphology and laminar pattern of m-AMPH-induced cortical damage using
Fluoro-Jade (F-J), an ex vivo fluorescent marker that labels degenerating neurons.
Here, we utilize both confocal microscopy of F-J-exposed sections and terminal
deoxynucleotidyl transferase-mediated biotin-dUTP nick end labeling (TUNEL), a
marker for DNA fragmentation, to examine the nature of the degenerative changes
in cortical cells after m-AMPH treatment. Rats were given four injections of
saline (SAL; I ml/kg) or m-AMPH (4 mg/kg, free base) two hours apart. One to
21 days later, striatal sections were examined for tyrosine hydroxylase
immunoreactivity (TH-IR), and parietal cortical sections were stained for F-J or
TUNEL. SAL-treated rats showed normal TH-IR and no F-J- or TUNEL-positive
neurons. In contrast, m-AMPH-treated rats showed loss of striatal TH-IR and the
presence of F-J- and TUNEL-positive neurons in the parietal cortex. Confocal
microscopy of some F-J-positive neurons revealed a morphological sequelae
indicative of neuronal degeneration: bud-like spheres on somal and dendritic
surfaces at early time points, and compromised somal membranes and disrupted
nuclei at later time points. Light microscopic analysis of TUNEL-positive neurons
revealed nuclear staining characteristic of DNA fragmentation. These data suggest
that certain neocortical neurons undergo apoptotic cell death after repeated
exposure to m-AMPH. Funding provided by NIDA DA05647 (AJE), PHS
DA08052 and DA 10249 (JFM).

DELTA
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OPIOID PEPTIDE DADLE BLOCKED AND REVERSED
METHAMPHETAMINE-INDUCED DOPAMINE TRANSPORTER LOSS IN
MOUSE BRAIN WITHOUT ANY APPARENT EFFECT ON DOPAMINE LEVEL.
L.-l. Tsao#,B. Ladenheim, A. Andrews1, J.L. Cadet and T.-P. Su. 1Lab. of
Clinical Sci., NIMH IRP, NIH, Bethesda, MD 20892 and Molecular
Neuropsychiatry Section, NIDA IRP, NIH, Baltimore, MD 21224.
Delta opioid peptide DADLE ([D-Ala2,D-leu5]enkephalin) can prolong organ
preservation and increase myocardial tolerance to ischemia. Because the
survival of organs depends largely on the oxidative state of tissue and
because it is known that neurotoxic effects of methamphetamine (METH)
involve reactive oxygen species, this study examined if DADLE might
attenuate METH-induced neurotoxic damage to dopaminergic (DA) terminals
in mouse brain. DADLE at 4 mg/kg (i.p.), given 30 min before each METH
administration (5 mg/kg or 10 mg/kg - 4 times in a day at 2 hr intervals),
blocked the METH-induced DA terminal damage as visualized via a DA
transporter (DAT) marker [126I]RTI-121. Naltrexone blocked this action of
DADLE in the striatum but not in the nucleus accumbens. METH-induced
increase in body temperature was not affected by DADLE. The METHinduced depletion of DA content in the striatum, however, was not
prevented by DADLE. METH, when given in a single injection (40 mg/kg,
i.p.), also caused loss of DAT in the brain. A post hoc injection of DADLE
(18 mg/kg, i.p.) restored the DAT density in a transient manner to about
50% of the controls. These results indicate that DADLE affects METHinduced DA neurotoxicity via opioid and nonopioid mechanisms and that the
deleterious effects of DA depletion and terminal membrane destruction
caused by METH might involve separate biochemical events. These results
also suggest that dysfunction of the endogenous opioid system might play
a role in nigrostriatal DA degenerative disease such as Parkinsonism.

109.15

109.16

CHANGES IN mRNA LEVELS FOR SECRETORY VESICLE
ASSOCIATED PROTEIN (SVAP) AND HEAT-SHOCK/STRESS
PROTEINS (HSP) AFTER AMPHETAMINE (AMPH) EXPOSURE. J.F.
Bowyer* Div. of Neurotoxicol., NCTR/FDA, Jefferson, AR 72079-9502.
Because severe hyperthermia and dopaminergic terminal damage can occur
after AMPH treatment, a profile of the changes in mRNA for a 34kDa SVAP
containing a cysteine string [GenBank # S81917; Neuropharmacology (1995)
34:1361-1369] as well as the inducible HSP70B, constitutive HSP70A, HSP27
and HSP 60 were determined using RT-PCR in striatum and substantia nigra
after neurotoxic doses of AMPH. The mRNA levels in these 2 regions were
monitored in 15 mo. old male rats between 1 day and 4 months after 4 doses of
3 mg/kg AMPH i.p. (2 hrs apart). In the substantia nigra there were minimal
changes in any of the HSP mRNA levels at 1 day post AMPH. However, the
mRNA levels for the SVAP decreased at 1 day (40%) and 3 days (60%) post
AMPH and then returned to control levels 14 days post AMPH. In the striatum
HSP70B mRNA increased 2 fold over control 1 day after AMPH, however,
these levels were still more than 100 fold less than HSP70A. Unlike the
substantia nigra, the mRNA levels for SVAP were not altered substantially in the
striatum after AMPH. In conclusion, the data indicate that SVAP mRNA levels
are transiently down-regulated in the substantia nigra (perhaps due to terminal
damage in the striatum) after AMPH but unaffected in striatum. HSP60 and
HSP70A mRNA levels were not affected in either brain region, and HSP70B
mRNA levels rose only slightly and transiently in striatum.
(Supported
by the USFDA/NCTR)

AMPHETAMINE- AND 1-METH YL-4-PHENYL-1,2,3,6-TETRAH YDROPYRIDINE (MPTP)-INDUCED DAMAGE TO DOPAMINERGIC NERVE TERMINALS RESULTS IN THE TRANSIENT EXPRESSION OF FOS-RELATED
ANTIGEN (FRA-2). J.P. O'Callaghan*, D.B. Miller.and H. I maj+. Centers for
Disease Control and Prevention-NIOSH, Morgantown, WV 26505 and National
Institute for Environmental Studies, Ibaraki, Japanf.
Prolonged expression of FRAs is associated with toxicant-, seizure- and ischemiainduced neuronal cell death (Pennypacker et al., TIPS 16: 317, 1995). We have
observed that the onset, degree and duration of this response parallel the glial reac
tion to injury. These findings suggest that FRA expression, like reactive gliosis, is
abbreviated in neuronal injury models that do not involve cell death. To examine
this possibility, we assessed the expression of FRA-2 (39 Kd) in the MPTP and sub
stituted amphetamine models of dopaminergic nerve terminal degeneration. MPTP
(1 x 12.5 mg/kg), methamphetamine (METH) (4 x 10 mg/kg) and methylene
dioxymethamphetamine (MDMA)(4 x 20 mg/kg) were administered s.c. to C57B16J
female mice. The non-neurotoxic amphetamine congener, dexfenfluramine
(DEX)(4 x 25 mg/kg), was used as a negative control. Brain homogenates were ana
lyzed for FRA-2 content (by quantitative immunoblots), gliosis (by GFAP ELISA)
and dopamine (by HPLC). MPTP, METH and MDMA caused large (3-fold)
increases in striatal FRA-2 coincident with peak increases in GFAP and maximal
decreases in dopamine; non-target regions were unaffected. Increments in FRA-2
and GFAP returned to control levels by 3-weeks post-dosing. Lowered ambient
temperature blocks amphetamine but not MPTP-induced neurotoxicity. A 7°C
decrease in ambient temperature abolished the METH- and MDMA-induced
increase in FRA-2 and GFAP and the decrease in dopamine. The MPTP-induced
changes in these indices were not affected by ambient temperature. DEX did not
affect FRA-2, GFAP or dopamine. Together, these data indicate that enhanced
expression of FRA-2 coincides with nerve terminal degeneration induced by dopam
inergic neurotoxicants that do not cause neuronal cell death.
This work was supported by intramural research funds.
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THE SELECTIVE CHANGES IN MITOCHONDRIAL MEMBRANE POTENTIALS
IN 1-METHYL-4-PHENYL1,2,3,6-TETRAHYDROPYRIDINE (MPTP)-TREATED
ASTROCYTES S.S. Senok and A. Stadlin (SPON: The Hong Kong Society of
Neurosciences). Dept. of Anatomy, The Chinese University of Hong Kong, Shatin,
N.T. Hong Kong.
It had been shown that MPTP increases the production of reactive oxygen species
(ROS) in cultured astrocytes. MPTP cytotoxicity is thus mediated, at least in part,
through oxidative stress. In this circumstance, mesencephalic astrocytes have been
shown to be more susceptible to MPTP-induced oxidative stress than striatal and
cortical astrocytes. ROS is toxic to cells and in particular to mitochondrial respiration.
The present study used the lipophilic dye 5,5\6,6’-tetrachloro-l,l\3,3’tetraethylbenzimidazolecarbocyanine iodide (JC-1) to examine the status of mitochondrial membrane potentials (Δψm) in MPTP-treated astrocytes cultured from the
mesencephalon, striatum and cortex. Primary cultures of astrocytes from the 3 brain
regions of neonatal C57BL/6 mice were treated with 500 μM MPTP for 4, 8, and 24
hrs. and subsequently incubated in 10 pM JC-1 for 15 minutes. JC-1 is selectively taken
up into mitochondria where it resides in' a monomeric form emitting at 527nm when
excited at 490nm. Depending on the membrane potential, the dye forms J-aggregates
associated with a large shift in emission (590nm). Using a confocal laser scanning
microscope, cells were scanned with the 488nm argon ion laser line while emmission
was simultaneously collected through a 522±35nm filter and a 585nm long pass filter
(for J-aggregate fluorescence). MPTP-treatment induced profound changes in
of
mesencephalic astrocytes which was progressive over the 3 time points studied. By 24
hrs over 90% of the mesencephalic astrocytes showed depolarization of
ψ
Δ
In
m
cortical and striatal astrocytes, depolarization was only seen after 24 hrs of MPTP
treatment. It is concluded that MPTP treatment depolarizes Δψmo f cultured astrocytes
and that mesencephalic astrocytes are more susceptible than cortical and striatal
astrocytes. (Supported by RGC Hong Kong)

MPTP-INDUCED DECREASES IN MOUSE BRAIN NAD+ AND ATP ARE
PREVENTED IN VIVO BY THE POLY(ADP-RIBOSE) POLYMERASE (PARP)
INHIBITOR, BENZAMIDE (BNZ). C. Cosi* and M. Marien, Neurobiology
Divisions I & II, Pierre Fabre Res. Ctr., Castres 81106, France.
Inhibitors of PARP, including BNZ, protect against MPTP-induced dopamine (DA)
toxicity in vivo (Cosi et al, Brain Res. 726: 264, 1996). In vitro, the activation of
PARP induced by free radical damaged DNA is correlated with a rapid drop in
cellular NAD+ levels (eg. Skidmore et al, Eur. J. Biochem. 101:135, 1979). Here, we
investigated in vivo whether MFTP caused regional changes in the levels of NAD+,
ATP and ADP in the C57B1/6 mouse brain, and whether such effects were modified
by treatments with neuroprotective doses of BNZ. Biochemical measures were made
by HPLC on mice killed by head-focused microwave irradiation. MPTP (1 x 30
mg/kg i.p.) significantly decreased striatal NAD+ and ATP levels by 9-10% at 3 h
after injection (p < 0.028); BNZ pretreatment (640 mg/kg i.p. at -30 min) prevented
these effects. In the same mice, striatal levels of the DA metabolite 3-methoxytyramine (3-MT), as an index of released DA, were increased by 640% at 30 min
after MPTP and returned to control levels at 3-5 h; BNZ pretreatment had no effect
on the MPTP-induced changes in 3-MT. In a second study, MPTP (4 x 20 mg/kg
i.p.) reduced striatal NAD+ and the ATP/ADP ratio by 11% and 10%, at 1 h after the
last MPTP injection; BNZ cotreatments (2 x 160 mg/kg i.p.) prevented these losses.
In the same mice, MPTP reduced ventral midbrain NAD+ levels by 13% without
affecting the ATP/ADP ratio. While frontocortical NAD+ levels did not change, the
ATP/ADP ratio was decreased by 32%, this effect being partially prevented by BNZ.
In the 3 brain regions examined, BNZ alone did not affect NAD+ levels or ATP/ADP
ratios. Results (1) confirm the MPTP-induced decrease in fronto-cortical and striatal
ATP reported previously (Chan et al., J. Neurochem. 57:348, 1991), (2) show that
MPTP causes regionally selective losses in NAD+, (3) indicate that BNZ can prevent
the changes in both ATP and NAD+ levels without interfering with MPTP-induced
increases in striatal DA release, and (4) provide further evidence to suggest an
involvement of PARP in MPTP-induced neurotoxicity in mice.

109.19
NEUROPROTECTIVE ACTIONS OF ESTROGEN (E2) IN THE 1-METHYL-4PHENYL-1,2,3,6-TETRAHYDROPYRIDINE
(MPTP)
MODEL
OF
DOPAMINERGIC NEUROTOXICITY. D.B. MILLER*1, S.C. LAWS2, J.P.
O’CALLAGHAN2, AND S.F. ALI3. 1HELD, CDC-NIOSH, Morgantowp,
WV26505 ,2 NCTR, Jefferson AR 72079,3 NHEERL, EPA, RTP, NC 27711.
The reproductive properties of E2 are well known but it is now evident that this
steroid hormone has substantial modulatory capabilities in other body systems. For
example E2 may be neuroprotective as Alzheimer’s disease progresses more slowly
in women receiving E2 hormone replacement and Parkinson’s disease affects more
men than women. To evaluate the putative neuroprotective effects of E2 in the
nigral-striatal pathway we examined the neurotoxic effects of MPTP in intact male
and female mice, in ovariectomized (OVX) mice, and in intact and OVX mice
given given E2 replacement (silastic implants -235 ug/ml sesame oil) 48 hrs prior
to a single dosage of MPTP (12.5 mg/kg as base - s.c.). Damage was assessed by
measuring striatal dopamine (DA), its metabolites and GFA as indices of
dopaminergic nerve terminal loss and subsequent astrogliosis, respectively. E2
replacement raised blood levels of E2 in OVX mice and was neuroprotective; OVX
retired breeders showed less DA and metabolite depletion (approx. 50%) as well
as a truncated GFA response (67% vs 167%). E2 supplementation in intact female
retired breeders was not-neuroprotective. MPTP was more neurotoxic in intact
male than female mice but there was no gender difference in the striatal level of
MPP+, the major active metabolite of MPTP, and preliminary data suggest the
neuroprotective actions of E2 in the MPTP model are not due to altered metabolism
o f MPTP. As E2 is believed to have antioxidant properties and oxidative stress
may be involved in the neurotoxic properties of a number of agents targeting the
striatum the ability of E2 to suppress MPTP- and methamphetamine-induced
generation of free radicals is under investigation.

109.20
“TACLO”, A PUTATIVE PROGRESSIVE DOPAMINERGIC NEUROTOXIN - A
FUNCTIONAL ASSESSMENT. A. Wilson, L. Opacka-Juffty, D. Bro oks, R.B
anti*,
S. Blunt. MRC Cyclotron Unit, Hammersmith Hospital, London W12 ONN. UK.
The synthetic halogenated tetrahydro-β-carboline “TaClo” has been suggested as a
putative progressively-acting dopaminergic neurotoxin. TaClo is structurally veiy
similar to MPTP and is believed to act via an effect on dopamine (DA) metabolism and
inhibition of the mitochondrial respiratory chain. The ability of TaClo to induce a
slow progressive degeneration of the nigrostriatal system in rats would allow the use of
this compound to effect the slow progression of Parkinson’s disease in the human
condition. The aim of the present study was to quantify DAergic effects during and
following subchronic dosing of TaClo. Functional assessment included in vivo
imaging of the DA transporter (DAT) using positron emission tomography (PET) and
locomotor activity (LMA) measurements, basal (b) or (+)amphetamine-induced (ai).
TaClo (0.2 mg/kg, n=6) or 10% ethanol vehicle (n=6) were administered (i.p.) daily for
7 weeks. Rats were scanned fortnightly commencing one week after the onset of TaClo
treatment and LMA was measured weekly. PET studies demonstrated the binding
potential (BP) of [11C]RTI-121 to the DAT to be unaffected by TaClo up to 9 weeks
and LMA scores showed no significant effect of TaClo up to 11 Weeks after the start of
treatment. These data suggest that up to 9 and 11 weeks following commencement of
TaClo treatment there was no functional alteration in the dopaminergic system as
measured by PET or behavioural LMA studies, respectively. Future PET and LMA
results and post-portem tyrosine hydroxylase staining in the substantia nigra and
striatum, autoradiography of the DAT with [125I]RTI-121 and catechol levels in the
striata will be presented.__________ ______ ____________ _________ _________
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E v a l u a t io n

o f t h e sa l ic y l a t e h y d r o x y l r a d ic a l t r a p p in g t e c h n iq u e f o r in -

STUDIES. E. Arning, K. Hyland, GF, Carl*, T. Bottiglieri.
Baylor University Medical Center, Institute of Metabolic Disease, Dallas, Texas
75226.
Salicyate trapping of hydroxyl radicals, which generates 2,3- and 2,5dihydroxybenzoic acids (DHBA) that are easily measured using HPLC with
electrochemical detection has been used in many studies involving in-vivo
microdialysis. Several problems may be inherant in combining the salicylate and invivo microdialysis (MD) techniques. In particular high concentrations of salicyate in
the perfusion fluid may interact with co-perfused drugs and metal components in the
MD system and give rise to erroneous increases in DHBA’s. In order to better
understand these pitfalls we performed a detailed in vivo microdialysis study in the
rat striatum. Perfusion of 5mM sodium salicyate through the MD system and probe
alone (in-vitro) resulted in some minor increases in 2,3- and 2,5-DHBA. Greater
increases were seen when the probe was placed in the rat striatum. MD perfusion in
the striatum perfrom 24 hours and 7 days after surgery for guide and probe
placement showed similar increases.
The addition of perchloric acid to
microdialysate samples (0.01M final concentration) resulted in a 7 to 10 fold
increase in both 2,3- and 2,5-DHBA. In-vitro (probe alone) co-perfusion of 5 mM
homocysteine with salicylate resulted in increased 2,3- and 2,5-DHBA (mean peak
levels n=4: 402 and 412 nM respecetively). In-vivo (striatum) co-perfusion of 5 mM
homocysteine with salicylate showed significantly greater increases in 2,3- and 2,5DHBA (mean peak levels n=4: 863 and 1134 nM respectively). Our studies show
that a careful assessment of background levels of 2,3- and 2,5-DHBA caused by the
MD system, sample handling or interaction of co-perfused drugs is neccessary in
order to obtain meaningful data.
v iv o m ic r o d ia l y s is

S o c ie t y
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Treatment LMA fb)
PET/BP LMA (aft PET/BP LMA (ai) LMA (b)
TaClo
2524±251 0.42±0.03 6754±501 0.63±0.05 3751±812 2342±116
Control 2667±291 0J8±0.Q4 7750+761 n sQ+n 04 5474+85(1. 2177+206.
Supported by an MRC grant. TaClo kindly donated by Professor B. Bringmann.
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INTRACRANIAL MICRODIALYSIS OF SALICYLIC ACID TO DETECT
HYDROXYL RADICAL GENERATION BY ANTIDEPRESSANT DRUGS IN
THE RAT. T. Obata* and Y. Yamanaka. Department of Pharmacology, Oita
Medical University, 1-1, Hasama-machi, Oita 879-55, Japan
We examined the effect of the antidepressant drugs nomifensine,
imlpramine or nortriptyline, on the generation of hydroxyl radicals (*OH) in rat
brain using striatal microdialysis. All these drugs inhibit MAO, particularly
MAO-B in vitro. However, the tricyclic antidepressant drugs (nortriptyline,
imipramine) were potent inhibitor of both forms of MAO compared to
noncyclic antidepressant drug (nomifensine). When the tricyclic
antidepressant drugs (1 mM; 1 μl/min) were directly infused in the rat brain
through a microdialysis probe for 60 min, the level of 3,4dihydroxyphenylacetic add (DOPAC) in the striatum gradually decreased in a
time-dependent manner. Salicylic acid in Ringer's solution (0.5 mM or 0.5 n
mol/μl/min) was infused through a microdialysis probe to detect the
generation of O H as reflected by the formation of dihydroxybenzoic acid
(DHBA) in the striatum. In addition, a marked transient elevation in the level
of 2,3- and 2,5-DHBA after treatment with these drugs was observed in the
brain dialysate. However, when the noncyclic antidepressant drug was used,
the elevation in DHBA was not obtained. The present results suggest that
accumulation of DA in the extracellular fluid by the tricyclic antidepressant
drugs via inhibition of MAO can be autooxidized, which in turn leads (possibly
by an indirect mechanism) to the formation of cytotoxic *OH free radicals.
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THE
NEUROTOXIC
TRY PTO PH A N
M ETABOLITE
3HYDROXYKYNURENINE IS A PO W ERFUL C O P P E R (II) AND
IR O N (III)
REDUCING
AGENT:
PO SSIBLE
RO LE
IN
FORM A TIO N O F FR EE RA DICA L OXYGEN S P E C IE S . L. E.

ISONIAZID-INDUCED SEIZURES ARE NOT RELATED TO ELEVATED
3-HYDROXYKYNURENINE. J. Browning*, P. Hicks, A. Pierce, S.
Peterson, R. Zavodny and M. Weir. Depts. of Psychiatry and Pediatrics,
Scott and White Memorial Hospital and Clinic, Temple 76508.
Concentrations of the endogenous tryptophan metabolites including
3-hydroxykynurenine (3-HK) are markedly elevated in vitamin Be (B6)deficient human beings or animals. Several kynurenines, including 3-HK
produce convulsions when injected peripherally. B6 can be used as an
emergency treatment for convulsions induced by an overdose of
isoniazid (INH). We, therefore, tested the hypotheses that overdose of
INH results in elevated brain levels of 3-HK, and that treatment with B6
would reverse this elevation. Groups of ten CD-1 mice (25-30g) treated
with INH (100-140 mg/kg), aminophylline (225-275 mg/kg), or vehicle.
These groups were further divided into groups treated with Be (250
mg/kg).
Utilizing HPLC with electrochemical detection, we found that INH
administration did not induce an elevation of 3-HK in the brain. However,
an as yet unidentified electrochemically active substance (which did not
correspond to INH or 3-HK) was markedly elevated in the brains of INHtreated animals. Administration of Be had no effect on the occurrence of
the peak. No metabolites of tryptophan or INH tested so far co-elute with
the unidentified peak. HPLC and mass spectroscopy studies are
ongoing to determine the identity of this substance.

Goldstein, X, Huang, C. O’Malley, C Atwood, M, A, Hartshorn, J.T. Lim. S.
Heckers.*R. Scarpa. R. E. Tanzi# and A. I. Bush. Genetics & Aging Unit and
Departments of Neurology# and Psychiatry, Harvard Medical School,
Massachusetts General Hospital, Charlestown, MA 02129
3-Hydroxykynurenine (3-HK) is a neurotoxic metabolite formed in the
catabolism of tryptophan through the kynurenine pathway. This compound is
elevated in several neurological disorders including Huntington’s Disease,
Parkinson’s Disease, HIV encephalopathy, and hepatic encephalopathy. In
addition, 3-HK at physiologically relevant concentrations is dose-dependently
neurotoxic to cultured striatal neurons (S. Okuda, et al., Proc. Natl. Acad. Sci.,
1996).
We have employed an in vitro metal reduction assay utilizing
bathocuproinedisulfonic acid and bathophenanthroline-disulfonic acid to
demonstrate that 3-HK powerfully reduces copper(II) and iron(IQ) in a dosedependent manner. Metal reduction is detectable at concentrations of 3-HK as
low as 10 nM. We have also demonstated in vitro that 3-HK produces the
hydroxyl radical in the 2-thiobarbituric acid assay. We were unable to detect
hydrogen peroxide production utilizing 3-HK at concentrations up to 10 uM.
These data suggest that the neurotoxicity of 3-HK may be due to its
ability to reduce redox active metals present in the brain. We hypothesize that
increasing the pool of reduced iron and/or copper could contribute to Fenton-type
reactions in tissues that are producing hydrogen peroxide.
Supported by NIH (1R29AG1268601), Alliance for Aging Research
(Paul Beeson Award), Alzheimer’s Association (ERG-94110), International Life
Sciences
Istitute,
and
the
Commonwealth
of
Massachusetts.
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CHEM IC A L
& B IO L O G IC A L
E V A L U A T IO N
OF
DIHYDROXYTETRAHYDROQUINOLINE DERIVATIVES
Russell J. Lewis, Robert Johnson, Charles Francis, Diana Hamilton,
Roland E. Lehr, C. LeRoy Blank*, Department of Chemistry &
Biochemistry, University of Oklahoma, Norman, OK, USA, 73019.

PRENATAL EXPOSURE TO PHENOBARBITAL INCREASES
BRAIN SEROTONIN AND DECREASES ACOUSTIC STARTLE
IN MALES BUT NOT FEMALES.
W. Pizzi*, R. Andrews, L. Saeid, and D. Baboorian, Northeastern
Illinois University. Chicago, EL 60625
Pregnant rats were administered phenobarbital (PHB, 60 mg/kg,
sc) on gestation days 8-21, while controls received saline. PHB-exposed
pups showed reduced body weights (p<0.05) and increased mortality
during the first 48 hrs after birth (p<0.01). Body weights equalized PND
10, and there were no differences in pup mortality from PND 2-30. As
adults PHB-exposed male rats (but not females) showed a reduced
acoustic startle response (p<0.01), with no alteration in habituation over
blocks o f trials. There were no differences in prepulse inhibition of
acoustic startle. Brain monoamines (MA) and metabolites were analyzed
in whole brain by HPLC-ED. No alterations in brain MA occurred in
females; however, PHB-exposed males showed significant increases in 5HT (27%), 5-HIAA (88%), and a smaller, but significant increase in NE
(13%). TTiere were no alterations in DA or its metabolites across groups.
These data support previous findings from our laboratory showing greater
vulnerability o f male offspring to neurotoxic effects o f PHB. Further, the
increased 5-HT levels support an inhibitory role for 5-HT in startle
behavior.

Examination of various quinoline derivatives exhibited substantial
serotonergic depletions in mouse brain, but with only moderate selectivity.
Neuronal destruction afforded by these toxins was measured as their
ability to induce long-term depletion of endogenous transmitters, i.e., NE,
DA, 5-HT, using LCEC. The interaction of these toxic agents with NE,
DA, and 5-HT transport sites appears to be competitive; however, the
affinities for these sites are only modest. Investigation of autoxidation
showed that oxidation rates of 6,7-dihydroxy analogs increased in the
presence of metal ions, while the 6,8-dihydroxy analog showed an overall
slower rate and no significant rate change upon addition of metal ions.
Examination of reactive oxygen species produced during autoxidation
showed the majority of oxygen consumed leads to production of hydrogen
peroxide, which generally decreased with an increase in metal ion
concentration. This decrease was paralleled by an increase in hydroxyl
radical production. Pathways leading to the production of superoxide
appeared to be negligible. Mitochondrial oxidative phosphorylation effects
of these toxins has been investigated; our results indicate an uncoupling of
oxidative phosphorylation by these agents While this class of compounds
is neurotoxic, there is a lack of correlation between an individual toxin’s
uptake blockade and/or ease of oxidation and its neurotoxic potency.
Research funded by U. of Oklahoma, Dept, of Chemistry & Biochemistry
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HIGH
DOSE, SHORT-COURSE
TREATMENT
WITH
METHYLENEDIOXYMETHAMPHETAMINE (MDMA) BUT NOT DEXFENFLURAMINE
(DFEN) ALTERS SUBSEQUENT BEHAVIORAL SENSITIVITY TO BOTH
DRUGS IN RHESUS MONKEYS. W. Slikker. Jr.1*. D.L. Frederick.1 ..s..,F., A ll1*___ M.P. g illa m 1. J . G o s se tt2__ .And - M.G,
Paule1.
1Div. of Neurotoxicol. and zR.O.W. Sciences,
National Center for Toxicological Research/FDA, Jefferson, AR 72079.
Dose-response curves for the acute behavioral effects
of MDMA and dFEN were determined before and after high
dose (10 or 5 mg/kg, for MDMA and dFEN, respectively),
short-course (2X/day X 4 days) i.m. injections.
Such
treatment with dFEN did not alter subjects' subsequent
sensitivity to either drug to disrupt performance of
tasks in the NCTR Operant Test Battery designed to model
several aspects of complex brain function. Conversely,
such treatment with MDMA rendered subjects less sensitive
(dose-response curves shifted to the right) to the
subsequent acute behavioral effects of both drugs. This
effect was seen more frequently for dFEN than for MDMA
and was OTB task dependent. These findings demonstrate an
apparent lack of residual behavioral effects for dFEN and
confirm the presence of such for MDMA. This finding of
differential behavioral alteration is noteworthy since
treatment
with
both
compounds
caused
similar
neurochemical effects 6 months after short-course, high
dose treatment (ca. 50% decreases in serotonin in frontal
cortex and hippocampus).

DEMONSTRATION AND LOCALIZATION OF D-FENFLURAMINE INDUCED
NEURONAL DEGENERATION IN THE RAT: A FLUORO-JADE STUDY.
L. Schmued*, W. Slikker, and J. Bowyer Div. of Neurotoxicology, National
Center for Toxicological Research /FDA, Jefferson AR, 72079.
D-fenfluramine (d-FEN), a substituted amphetamine and potent 5-HT
releaser has recently been approved by the FDA for use as an anti-obesity
drug.
However, researchers using indirect techniques (5-HT
immunocytochemistry, retrograde transport of Fluoro-Gold, and GFAP
immunocytochemistry) have raised concerns that d-FEN may be neurotoxic.
The purpose of this study is to apply a recently developed fluorescent dye,
Fluoro-Jade, to unequivocally resolve the existence and localization of
degenerating neurons following acute exposure to d-FEN. In a 26° C
environment, rats received either saline or 10 mg/kg of d-FEN i.p. and were
sacrificed 3-5 days later. Half of the dosed animals were allowed to become
hyperthermic (41.5° C), while another group was given 25 mg/kg in a 19°
C environment to prevent hyperthermia (< 39° C). No neuronal degeneration
was observed in either the control group or the cooled treated group. Of the
treated group which became significantly hyperthermic, over half the animals
contained degenerating neurons revealed by Fluoro-Jade labeling. No
neuronal degeneration was found within the 5-HT containing cells of the
raphe nuclei. However, neuronal degeneration was found in some of the
forebrain regions known to receive dense 5-HT positive afferents. Within
the thalamus, degenerating neurons could be found within the intralaminar
(central medial & central lateral) and midline (paraventricular) thalamus.
Cortical degeneration was confined mostly to layer ill cells of anterior (postgenual) frontal and cingulate cortex. In conclusion, this study represents the
first direct demonstration of d-FEN induced, hyperthermia mediated,
neuronal degeneration within thalamic and cortical regions. FDA supported.
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TR AN SC EN D IN G IN T R A C T A B L E PAIN & SU FFERIN G IN HINDU
PH ILO SO PH Y AN D M EDICINE. T . N. K . R a ju*, S. Pandva. Dept,
o f Ped., Univ. o f Illinois, Chicago, IL 60612, and Dept. Neurosurg,
K .E.M . Hospital, Bombay, India.
The Hindu legends decreed that physicians owed their allegiances to
A tharvan, son o f Brahma, who em bodies all medical knowledge and
wisdom o f the A tharva Veda, a source book o f ancient medicine. In
this, the etiology o f pain and agony were grouped as: 1.) Adhyatm ika —
natural causes akin to the current medical concepts; 2 ) Adibhutika —
external causes: other men, birds, snakes, beasts, and thorns'; and 3)
Adhidaivika — supernatural causes: planets, gods, ghosts, dem ons, and
spirits. Pain therapy was a three-pronged approach: the divine ther
apy, to appease the gods; scientific therapy with drugs and diet to
heal the b od y; and m ental control, to soothe the mind and soul. Oint
ments, fumigation, poultices, and incantations were com bined with spe
cific hymns for curing fractures, intractable b o d y pains, deep cuts, and
crush injuries. Som a, the eternal brew o f the gods— a ritualistically pre
pared concoction o f various herbs, grape, sugar cane, Cannabis Indica
a n d /or A m anita M uscarina — was a m ajor analgesic. T he Upanishads
and other Vedic texts taught that the body was mortal and the soul
imm ortal, and this knowledge helped relieve pain. Analgesics, such as
marijuana and morphine, prescribed in the Hindu pharm acopia are still
in vogue for intractable pain. Likewise, the use o f yoga for pain control,
health, and longevity also evolved from deep rooted concepts in Hindu
philosophy, culture, and tradition. I will present a summary o f these
concepts with contem porary examples.

ACHIEVEMENT IN THE MIDST OF ADVERSITY: CONTRIBUTIONS BY
NEUROSCIENTISTS OF COLOR. I. M. Pise Dunn* and M. Harris, Auditory
Neuroscience Lab., Northwestern Univ., Evanston, IL 60208, and The
American Psychological Association Minority Fellowship Program,
Washington, DC, 20001.
Only a few books discussing the contributions of minority neuroscientists
can be found in the nation’s libraries. People of color are omitted from
most of the literature where great achievements in neuroscience are delin
eated. Their names, their lives, their trials and triumphs are missing from
America’s historical archives. But their stories should be told to stimulate
meaningful dialogue about science and larger issues pertaining to the scien
tific community as a whole.
The contributions of ten minority neuroscientists are described. A short
biographical sketch and a bibliography of important works are presented for
each person. A list of books and other materials where additional informa
tion can be obtained is also provided. Black and white portraits are includ
ed to give visual impact.
While these individuals lived in different periods of history and worked in
various scientific specialties, they shared a common dedication and a com
mon goal: to advance knowledge in the field of neuroscience. The men and
women in this report managed to leave behind great legacies of scientific
achievement in spite of the many obstacles they faced. This documentation
can be used to help achieve a more diverse educational experience for all
students of neuroscience. Undergraduates and senior faculty alike will
enjoy learning about these historical and contemporary figures. And even
more importantly, their stories teach important lessons concerning the
power and resilience of the human spirit; lessons which are necessary and
encouraging for everyone trying to succeed in a scientific career.
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ALZHEIMER, AUTOPSIES, AND AMMONIA: SILVER METHODS IN
ALZHEIMER RESEARCH. B. Quinn*. Division of Neuropathology,
Northwestern University School of Medicine, Chicago IL 60611.
Silver and gold methods in histochemistry have been described as
"notoriously unreliable", yet such techniques have formed a staple of
diagnosis and research in Alzheimer pathology. The ammoniacal silver
bath of Bielschowsky (related to that used in Fontana-Masson staining of
melanin and the syphilis spirochete) has perplexed chemists and
frustrated histologists, yet as was discovered near the turn of the century,
this preparation has the truly remarkable property of staining both
amyloid plaque pathology and neurofibrillary tangle pathology in
Alzheimer's disease. We review hallmarks in the development of silver
techniques, including the Masson-Fontana and Bielschowsky methods,
the von Braunmuhl technique, and the 'modified' Bielschowsky for
paraffin sections. Some neurotechniques stain axons well (Bodian,
Naoumenko-Feigin) but are less optimal for AD pathology. Specialized
silver stains may accentuate plaque staining (Campbell-Switzer) or
neurofibrillary staining (Gallyas). Reportedly less expensive, equally
sensitive silver stain variants have appeared in the last decade. Most
recently, the Reusche stain (essentially a silver nuclear organizing
region/AgNOR stain) has been reported; tissues are incubated in a
droplet of silver/gelatin. The Reusche stain is applicable to both paraffin
sections and to floating sections, where it yields extraordinary beauty
and detail (Quinn & Conklin, Lab Invest 74:142A, 1996). Sponsored by
the CorText Institute.

RAFAEL LORENTE DE NO:
AN ICONOCLASTIC APPROACH TO
NEUROPHYSIOLOGY. G.W. Hesse* and K.A. Hesse. Department of Psychology,
Northeastern University and Geriatric Medicine, Beth Israel Deaconess Medical
Center, Boston, MA 02115.
Rafael Lorente de No (1902-1990) is well known today principally as a
neuroanatomist in the tradition of Cajal. However, he was also a major figure in the
development of neurophysiology. His single-authored papers accounted for 10% of
the total pages in the first volume of the Journal of Neurophysiology (1938), and one
of his early papers (J. Psychol. Neurol. 1934, 46:113) was still being cited 50 years
after its publication. His work in neurophysiology covered an unusually wide range
from axonology to analysis of neuronal networks. He was one of the first
neuroscientists to write about the possible importance of spatial and temporal
summation of synaptic activity in the CNS.
A compelling feature of this complex man is that some of his assertions were in
direct and flagrant contradiction to established knowledge in neurpphysiology. He
asserted his contrary views forcefully and persistently. Unfortunately, time has not
vindicated his scientific dissent. He was an early disbeliever in chemical synapses.
He proved to his own satisfaction that the myelin sheath was highly permeable to
all substances, and was not an insulator. He asserted that the notion of saltatory
conduction was false, and he suggested that the true function of the nodes of Ranvier
was to prevent myelin from oozing to the end of the neurons under the force of
gravity. He maintained that the Hodgkin-Huxley "sodium hypothesis" of axonal
conduction was simply wrong, and he purported to show that axonal membrane
conductance must be constant during action potentials.
Was Lorente de No fundamentally and inexplicably wrong on these issues, or was
there a kernel of truth in his contrary assertions?
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Influence of Temperature on Malignant Neoplasms and Head
Trauma: Cold, the Neglected Remedy.
Research of Temple S. Fay (1934 -1941)
Alfred R. Henderson1 and Dong Jiang2* 1 U.S. Department of
State (retired), 2 Molecular Neuropharmacology Section,
ETB/NINDS/NIH, Bethesda, MD 20892
The relationship of body neuro-segmental temperatures to
m alignant (embryonic) cell grow th revealed the relative
frequency in warm segments and scarcity in cool segments
(breast, head and neck, and pelvis vs. extremities). Experiments
on embryonic cells (eggs, seeds and tum or cell cultures)
confirmed the effect of temperature on growth and maturation.
These findings were applied to 126 cancer patients utilizing
local and generalized cooling. Thus, occurred the first
'breaking' of the thermal barrier in humans.
The coincidental findings of reduced edema, cell growth,
infection and pain led Fay to apply hypothermia in severe head
trauma and intracranially to reduce shock and residual tumor
growth (glioblastoma) post-craniotomy. Infection was also
markedly reduced.
Techniques and devices for local and general hypothermia
and case material data will be exhibited. The war years ended
the projects.

TECHNOLOGICAL BIAS IN NEUROPHYSIOLOGICAL
THINKING. L. D. Partridge and L. D. Partridge*Dept, o f Biomedical
Engineering, Univ. o f Memphis, Memphis, TN 38152 and Dept, o f
Neuroscience, Univ. o f New Mexico, Albuquerque, NM 87131
It is readily apparent that advances in technology have heralded
advances in measurements o f neurophysiological data. For example, it
was not until the construction o f the patch clamp amplifier, capable o f
measuring picoampre currents on a sub-millisecond time frame, that it
became possible to observe and study the details o f single channel
currents. It is a more subtle and perhaps more influential effect o f
technology, though, that we consider here. We hypothesize that in the
history o f neurophysiology, technology has affected not only the
measurements that have been made, but it has also had a significant
influence on the way that neurophysiologist think. We present four
specific examples o f technological advances in neurophysiological
research: the ability to directly stimulate reflex action, the ability to
apply and measure rapidly changing electrical events, the methods o f
measuring mechanical properties o f muscle, and the interpretation of
time as a parameter rather than as experimental data. We then
consider the changes in the approach to designing and interpreting
experiments that resulted from these technologies. Finally we raise the
issue o f the current effect that digital technologies are having on the
approach that neurophysiologists are taking to understanding the
analog nervous system.
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THE JOURNAL OF COMPARATIVE NEUROLOGY, 1891-1907: A PROJECT
OF AND PROBLEM FOR THE HERRICK BROTHERS. D.E. Haines/Dept. of
Anatomy, University o f Mississippi Medical Center, Jackson, MS 39216-4505
In 1891 Clarence Luther Herrick founded the Journal of Comparative
Neurology entirely on this own initiative and with out sponsorship or advice
from his colleagues. He served as editor and publisher until December of 1893
at which time he contracted pulmonary tuberculosis. In the spring of 1894 C. L.
Herrick left Denison University and eventually arrived in New Mexico as the
only treatment for his disease. With this move the entire responsibility for
J.Comp.Neurol. fell to Charles Judson Herrick, C.L.’s youngest brother.
Although quite young (25 years) and still working on his M.S. degree, C.J.
Herrick became the editor, publisher, and chief financial officer for the journal.
From the beginning, and until fall of 1907, the financial responsibility for
J.Comp.Neurol. rested on the Herrick family, first C.L.’s then C.J.’s. The
number of subscriptions, although increasing each year, were never adequate to
meet the total cost of the journal. Consequently, the annual deficits in the costs
of running the journal were made up out of the modest salaries of the Herrick
brothers. As the moving force behind the journal, C.J. Herrick made several
attempts to gamer support and/or sponsorship for the journal. For example, he
approached Oliver Strong at Columbia, but none of these overtures worked out.
In 1907 and after careful stewardship, he balanced the books and in early 1908
deeded J.Comp.Neurol. to the Wistar Institute. However, philosophical
differences as to how the journal should be administered caused C.J. Herrick
significant concern and by 1915 he regretted his decision. This poster reviews
the trials, tribulations, and successes of the early years of this well known and
influential journal.

BENJAMIN WINSLOW DUDLEY AND EARLY AMERICAN
TREPHINATION FOR POST-TRAUMATIC EPILEPSY. R. Jensen,
M.D.* and J.L. Stone, M.D. Dept. of Neurosurgery, Loyola University
Medical Center, Maywood, IL, Cook County Hospital, Chicago, IL
and Hektoen Institute for Medical Research, Chicago, IL.
Benjamin W. Dudley (1785-1870) was a Kentucky frontier surgeon
who received basic medical education in the United States and
extensive surgical training in Europe. He returned to Lexington to
become a dominant figure and the most prominent surgical teacher
in the Mississippi Valley. Written evidence of Dudley's operative
accomplishments are sparse but he appeared to have combined the
finest French (Larrey, Dupuytren) and British (Cline, Abernathy,
Cooper) surgical training with conservative and thoughtful patient
selection. His operative endeavors in the pre-antiseptic era included
trephination for post-traumatic epilepsy in six patients (1819-1832).
This was the largest recorded series of such cases, and stimulated
other American surgeons to trephine for relief of post-traumatic
seizures. Trephination for decompression and debridement was
undertaken at the site of original injury to remove the cause of
"cerebral excitement" and restore "corporeal and intellectual
function". Dudley considered this a safe operation in "cautious,
firm, and intelligent hands". He believed crowded urban hospitals
were unsafe and attributed his better surgical results to the clean,
rural Kentucky air. Dudley's achievement is contrasted with other
early American pre-antiseptic trephinations for post-traumatic
epilepsy.

110.10

110.9

SCOTOPHOBIN, 25 YEARS LATER.
L. N. Irwin. Dept. Biol. Sci., Univ. o f Texas at El Paso, TX 79968
The amino acid sequence o f Scotophobin, a pentadecapeptide alleged
to promote dark avoidance in rats, was published by Georges Ungar and
colleagues in 1972, three years prior to the discovery o f the structure o f
the enkephalins. Scotophobin shares the same first three N-terminal
amino acids with enkephalins and 40% sequence homology with
Substance P precursor. Despite the fact that it represented the first
chemically characterized, non-hormonal, neuroactive peptide with clear
behavioral effects, it was never widely accepted by the scientific
community, probably for two reasons: (1) in a highly unusual
publication practice, a vigorous critique o f Ungar’s methodology and
theory was published simultaneously with Ungar’s report; and (2)
interpretation o f Scotophobin’s action remained focused on its capacity
for inter-animal transfer o f acquired information (learning), rather than
on the neuromodulatory properties o f the substance. In retrospect,
Scotophobin anticipated the discovery o f the endorphins and other
neuroactive peptides, but the neuroscientific community was not
prepared to accept the evidence in the form in which it was presented.
Supported by an endowmentfrom J. Edward and Helen M. C. Stem.

NEUROSCIENCE IN ANTIQUARIAN CHILDREN’S BOOKS II. EDWARD
BLISS FOOTE’S SCIENCE IN STORY. R.A. Johnson*. Neuroscience History
Archives, Brain Research Institute, and Cataloging Department, Louise M. Darling
Biomedical Library, UCLA, Los Angeles, CA 90095 <rjohnson@library.ucla,edu>
Science in Story, or, Sammy Tubbs, the Boy Doctor, and "Sponsie," the Troublesome Monkey (1874-1881) was a well-received work by Dr. Edward Bliss Foote
(1829-1906), a New York physician trained at the eclectic Penn Medical University
and author of Medical Common Sense (1858), Plain Home Talk (1871) and Home
Cyclopedia (1902). Ostensibly a work for children, Science in Story embodied
Foote’s insistence on conveying scientific and medical information through easily
understood language, here in the form of a young man delivering public lectures
to a racially mixed audience of both sexes and all ages. Each volume "treats upon
some particular portion of the human body, and those who read the entire story,
will not only be greatly entertained and amused thereby, but will, by the time they
finish...fmd themselves possessed of a pretty good general knowledge of all the
functions of the human system." The fourth of five volumes was devoted to the
anatomy and physiology of the brain and nervous system. An account will be
made here of Foote’s influences (from his I860 medical thesis, Electricity in Relation to the Human Organism, to contemporary work in anatomy, physiology and
other sciences) and references which permeate the story (including the phrenology
of Franz Josef Gall, Johann Gaspar Spurzheim and George Combe; the physiognomy of Joseph Rodes Buchman; the animal magnetism of Robert A. Gunn; the
electrophysiology of Carlo MatteUcci, Antoine Becquerel and Guillame-Benjamin
Duchenne; and the neurophysiology of Emil Du Bois-Reymond and Charles
Edouard Brown SSquard) will be explored and explained. To fulfill this task, and
in keeping with Foote’s own spirit, "scientific knowledge, exciting incident and
drollery (will be) inextricably mixed for the amusement and instruction of the
younger ones and the entertainment and improvement of the older ones."

110.11

lio.12

THE DEVELOPMENT OF THE CEREBELLUM IN FRIEDRICH
TIEDEMANN’S "ANATOMIE UND BILDUNGSGESCHICHTE DES GEHIRNS
IM FOETUS DES MENSCHEN" (1816).
OlrvR(1), Martinoli M-G*(1). Goulet D (2)
(1) University of Quebec at Trois-Riviѐres, Canada, (2) University of
Sherbrooke, Canada.

ETHICS IN NEUROSCIENCE RESEARCH: HISTORICAL
VIGNETTES. A.M. Issa* Dept. o f Neurology & Neurosurgery,
McGill University, Montrѐal, Quѐb e c , Canada H3A 2B4
Advances in both basic and clinical neuroscience research have
spawned an increased awareness o f the ethical implications o f
experimentation and responsible use o f technology This is evident by
the increase o f media reports devoted to ethical controversies o f
research discoveries, as well as the rise in bioethics centers,
institutional review boards and governmental commissions set up to
assess research cases and policies. Yet the historical evolution o f the
neurosciences has been paralleled by debate on ethical questions. In
particular, research with human subjects, such as for example, for the
treatment o f mental disorders, has run the gamut o f attitudinal
extremes o f placing premium priority on obtaining scientific
knowledge to the protection o f persons as experimental subjects only.
A case study approach presenting examples from the literature will be
used to trace the evolution o f ethical thinking in the context o f
neuroscience research. A theoretical framework will be briefly
reviewed as a means o f grounding the issues in ethical analysis.
Knowledge o f the historical foundation o f bioethics is important for
understanding the current debates surrounding experimentation in
neuroscience.

Friedrich Tiedemann (1781-1861) is one of the most famous German
anatomists of the early nineteenth century. His book on the anatomy and
development of the brain (1816) is illustrated with fourteen engraved plates
by C. de Lasteyrie after drawings by Detorieux. This book, which contains
word for word (page 4 in the 1823 French translation) the famous Haeckel’s
lawformulated by his compatriot some decades later, is rightly regarded as a
landmark in the history of neuroembryology. The aim of this study was to
analyze Tiedemann's description of the embryology of the cerebellum.
During the first two months of development, the cerebellum is only a
«flabby and fluid substance.>>. At the end of the second month, two
rounded swellings constitute the rudiment of the cerebellum, and will unite
with each other behind the fourth ventricle during the third month of
development. Surprisingly, Tiedemann did not observe any cerebellar
fissure before the fifth month, although some of them are known to be
present at an earlier stage (Fissura prima and secunda, posterolateral and
prepyramidal fissures). Moreover, the first mention of a nodule is to be
found in the description of the sevent month of development. Both
superior and inferior medullary vela are also described, in the third and
seventh months, respectively. Finally, Tiedemann compared the
development of the human cerebellum to those of different species,
drawing a parallel between ontogenesis and phylogenesis.
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THE ORIGINS OF A SSO C IA T IO N S’ LEARNING IN A TWELFTH-CENTURY

THE HEBB-WILLIAMS MAZE: 50 YEARS OF RESEARCH (1946-1996).
R. E. Bro wn* and L. Stanford. Psychology Dept, Dalhousie University,
Halifax, N.S., Canada B3H 4J1 (REBrown@IS.DAL.CA)

ARABIC TEXT AND ITS IMPACT ON JOHN LOCKE. I. Steele Russell*; G.A. Russell,
Texas A&M University Health Science Center, College Station, T X , 77803-1114.
The notion of a Hebbian synapse provides a neural model for Pavlovian conditioning
for simple associative learning. Such learning has its origins via Pavlov in the British
School of Empiricism and specifically in John Locke‘s Essay on Human
Understanding.

How Locke first formulated his principle of association has always

been unclear. (It has, for example, no Aristotelian foundation.) The present paper
provides evidence of the influence on Locke of a twelfth-century Arabic work written
by a physician in Islamic Spain. The author gives a graphic exposition of associative
learning by describing the emergence of the mind of a child on a desert island solely by
sensory experience, association, and reason, without innate ideas. Translated into Latin
and entitled the Philosophus autodidactus. it was published at Oxford in 1671, and
summarized in the Transactions of the Royal Society. Although Locke’s Essay bears
the date of 1686, he had started on the “drafts” in 1671, shortly, in fact, after the
appearance of the ‘Philosophus autodidactus’. It will be shown that at the time of the
preparation of the “early drafts” Locke was not only familiar with this work, but also
intimately acquainted with the two figures who were responsible for its translation. The
‘philosophus autodidactus’ accounts for the emergence of Locke’s concept of sensory
association in the Essay which in turn gave rise to Associationist psychology.

The Hebb-Williams (H-W) maze was designed as a test of animal
intelligence and has been used since 1946 for the comparative study of
learning abilities in a wide variety of species including fish, cats, raccoons,
and cows, as well as mice and rats. The H-W maze consists of a closed field
with moveable barriers, a start box, and a goal box for food reward. Each
animal runs through a battery of six practise and twelve test mazes of
increasing difficulty, created with the movable barriers. Different barrier
patterns and scoring procedures have been used in some studies. When food
motivation levels may interfere with learning, the H-W maze can be filled with
water and used for escape learning. Over 200 studies have used the H-W maze
to study sex differences, the effects of environmental enrichment or
deprivation, and dietary influences on learning, as well as the effects of Xirradiation, specific brain lesions, hormones, and a variety of drugs on
learning. Currently, the H-W maze is used to study the genetic basis of
learning in transgenic mice, the effects of prenatal stress on learning, and the
neuropharmacology of learning. This presentation discusses the costs and
benefits of using the H-W closed field maze for studying advanced cognitive
tasks and its potential as a standardized procedure for studying reference and
working memory.
Supported by NSERC of Canada.

110.15

110.16

STUDIES OF EARTHWORM MUSCULAR AND NERVOUS
SYSTEM: A WINDOW THROUGH LIFE SCIENCE HISTORY. IL
Sturm, D. Cattaert*. C.N.R.S.-N.B.M ., 13402 Marseille Cedex 20,
France.
Earthworms are ubiquitously present in the soil and have aroused the
scientific curiosity throughout many centuries until today. In this short
historical overview we outline the research on earthworms with respect to
the nervous and muscular system.
The use of earthworms for medical applications dates back to the Greekroman time. Yet, the first comparative anatomy studies of earthworms
were performed in the 17th century. In the middle of the 18th century,
regeneration phenomena in earthworms attracted natural historians. A few
decades later electrophysiologists stimulated earthworm muscles
galvanically in order to prove whether their "irritability" (A. v. Haller)
represented a fundamental vital power. In the 19th century, taxonomists
classified earthworms on the basis of muscle and nerve structure. Muscle
and nerve histology were investigated using electromicroscopy around the
middle of the 20th century. Around 1900, the physiological questions
concerned mainly the coordination of crawling movement, whereas eighty
years later physiologists studied muscle contraction and its regulation at
the molecular level.
During the last 350 years, research on earthworms has been organized
around many questions: the muscle and nervous system of earthworm has
been placed within various contexts such as anatomy, embryology,
taxonomy, cytology, ecology and comparative physiology. Thus the
scientific observation of earthworm can be considered as a window
through time: by looking at one animal, the earthworm, one can encounter
the different approaches that biologists have used during the history of life
science.

A HISTORICAL AND ILLUSTRATIVE SURVEY IN NEUROSCIENCE
IN SEARCH FOR LOCATION OF THE SOUL.
S. S. Bedi* and Dr, L. H. M arshall. N euroscience History Archives, Brain
Research Institute, UCLA, Los Angeles, CA 90095.

110.17
THE FIRST GOLGI IMPREGNATION OF THE DEVELOPING
CEREBRAL CORTEX M. Bentivoelio1*, E. Pannese2, P. Mazzarello3. ‘Inst.
Anat. Histol., Univ. o f Verona, 2Inst. of Histology, Univ. o f Milan, 3Inst.
Genetics, CNR, Pavia, Italy .
Camillo Golgi reported the discovery o f the ‘black reaction’ in 1873, but for a
few years the technique was used only by Golgi himself and in his laboratory.
At the beginning of 1880s the scientific community became aware o f the
technique, and in the mid-1880s, the Golgi impregnation started to be used in a
few laboratories in Italy and in Europe. Santiago Ramon y Cajal first observed
in Spain Golgi-impregnated material in 1887. In the meantime, Giuseppe
Magini (1851-1916), assistant professor o f Histology and General Physiology
at the University o f Rome, had been working with Golgi impregnation on fetal
brains (from rabbit, guinea pig, dog and human infants), and had observed that
the black reaction was especially effective and sensitive in such material. In
September 1887, Magini communicated at a medical conference in Pavia the
findings he had observed in the developing brains and, in particular, in the
cerebral cortex. In a letter dated 22 May 1889 (which is kept in the Museum o f
History o f the University o f Pavia), Cajal, obviously aware o f M agini’s work,
wrote to Camillo Golgi inquiring how he could contact Magini. Cajal may,
therefore, have been inspired by Magini’s work for his subsequent
developmental studies. The detail with which Magini, by means o f Golgi
impregnation, described the developing cerebral cortex rivals the modem
drawings and descriptions.
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Over the centuries, the location o f the soul has been a enigmatic
concept and difficult to grasp. Its location throughout the centuries has
been im plicated in various portions o f the nervous system and other
regions of the body. Beginning with Plato, in the fourth century B.C. he
divided the soul into three com ponents, with the brain having the most
im portant component. Aristotle, a younger contemporary o f Plato argued
against a cephalocentric location for the soul, his theory suggested a
cardiocentric locus for the soul, for he had observed, through experiments
saw the heart developing prior to the nervous system. Next, Herophilus,
one o f the Alexandrian writers, considered the soul to be in the fourth
ventricle o f the brain. M uch later, in the sixteenth century, Ren6
D escartes, a m athem atician and philosopher, forged ahead with a new
location for the soul, the pineal gland. From the idea of the soul having
an exact location, a new concept in modem time emerged in which, Sir
John Eccles argued that the mind and the soul were the same. He also
argued that the mind had a existence that was autonomous of the brain.
The location o f the soul, if there is a location, is an enigmatic one.
W hether it exist in the brain, or the heart or specifically in the pineal gland
or somewhere beyond the constraints of the human form is an interesting
hypothesis that has been going on f o r centuries and will continue for
many more.

110.18
THE OTHER RUSSIANS: CONTRIBUTIONS OF SECHENOV AND
BEKHTEREV TO PSYCHOLOGY AND NEUROSCIENCE. S. R. Ginn.*
Department of Psychology, East Carolina University, Greenville, NC
27858-4353.
Most people have heard the name Pavlov. After all, the name
Pavlov “rings a bell.” Little is known, however, of the other Russian
physiologists and their contributions to theoretical determinants of
neurological and behavioral functioning. I. M. Sechenov is considered to
be the founder of Russian physiology. He studied with both Multer and
von Helmholtz before returning to Russia to teach. His early work was
concerned with the control of reflexive movements by the cerebral cortex.
Later he became interested in locating the physiological bases for socalled psychical processes. We can credit Sechenov with attempting to
show the connection between the mind and brain. He believed that the
mind is a function of the brain. Bekhterev was a contemporary and rival
of Pavlov’s. He discovered conditioning independently of Pavtov-Pavlov
is given the credit. But, Bekhterev was concerned with demonstrating that
associative reflexes, what Pavlov called conditioned responses, were not
the result of higher mental processes, but instead were simpler reflexes.
He was convinced that higher mental processes could be reduced to
simpler reflexive activity. Bekhterev proposed that a sufficient account of
human behavior could be had without resorting to subjective states, a
theory enthusiastically endorsed by the Behaviorists.
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THE WORK OF PIO DEL RIO HORTEGA AND THE CONSTITUTION OF THE
SPANISH GLIAL NETWORK (RED GLIAL ESPANOLA, RGE). B. Castellano*
and M. Nieto-Sampedro. Dept. of Cell Biology and Physiology, Faculty of Medicine.
Autonomous University of Barcelona and Instituto Cajal (CSIC), Madrid, Spain.
The wide work developed by Pio del Rio Hortega (1882-1945) in the neuroscience field
is generally unknown in part due its only publication in Spanish. Rio Hortega, in
addition to perform some studies on astrocytes completing the extensive observations
of Cajal on these glial cells, discovered microglial cells and oligodendrocytes thanks to
the development of specific staining techniques. Rio Hortega, who published more
than one hundred papers and reviews on microglia and oligodendroglia, was not only
interested in the morphology and distribution of these cells in the nervous tissue but
wanted to dig out in the putative role they could play in normal, experimental and
neuropathological conditions. It is amazing how this researcher, based on his
observations using single silver staining techniques, intuited many of the functions
that later have been attributed to these neuroglial cells using more sophisticated
methods. Rio Hortega pointed out the mechanic, trophic and myelinogenic role of
oligodendrocytes. Moreover, the discussed monocytic origin of microglia, their role in
the formation of senile plaques in Alzheimer disease and its functions in the normal
brain as active elements contributing to the homeostasis of extracellular environment,
were some of the topics already included in his publications. Now, 2 years after the
50th anniversary of his death, the Spanish Glial Network (Red Glial Espanola, RGE)
has been constituted crowding together the 30 groups that are developing research on
glial cells in our country. In addition to introducing the work of Rio Hortega, the main
objectives of the RGE are to plan and develop collaborative national and international
projects; to promote the transference of methods and techniques, to encourage mobility
of young researchers and to exploit the results by collaborating with farmaceutical
companies. With the imminent publication of the book entitled Understanding Glia
and our web located at http://blues.uab.es/redglial the RGE will show its research and
activities to the neuroscientific community.
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PREPARING EMERGING SCIENTISTS FOR EMPLOYMENT: AN
INTRODUCTION TO CAREER OPTIONS AND SURVIVAL SKILLS.
B.A. Fischer and M.J. Zigmond.* Survival Skills and Ethics Program,
University of Pittsburgh, Pittsburgh, PA 15260.
Graduate programs in the sciences have traditionally focused on
preparing students for employment in a tenure-stream position at a
research-oriented university. However, recent data indicate that less than
30% of recent PhD scientists are securing such positions. Thus, we sought
to develop an educational model that would better prepare graduate
students and postdoctoral fellows for the realities of the current job
market. Our program provides trainees with (1). an overview of the broad
range of employment options available to them, including positions in
industry, 4-year colleges, law, science journalism, and public policy; (2)
an introduction to many of the “survival skills” necessary for success in a
range of employment settings, including communicating effectively, both
orally and in writing; teaching and mentoring; hiring and supervising staff
and students; and obtaining financial support for one’s work; and (3)
formal training in responsible conduct, including discussions of both
major issues (e.g., falsification of data) and more subtle topics (e.g.,
authorship and duplicate publication). Throughout our program, specific
attention is paid to issues related to increasing accessibility for women,
underrepresented minorities, and the physically challenged. This program
was developed with funding from the NSF (SBR9620004), NIMH
(M H56194-01), and University of Pittsburgh.

MARINE NEUROBIOLOGY ON THE INTERNET. D.Fields. B. Albanna, I.
Carroll, D. Degraf, N. Lafave, M. Linderman, E. Sweeney. M. Fields D. H.
Colbem. Ph.D.* Sidwell Friends High School, WashingtonD.C. 20016
Students from Sidwell Friends School in Washington, D.C. collaborated
with BEEMNET, the Brain-Exchange Electronic Mentorship Network, a
research-oriented, educational organization that uses the World Wide Web to
link elementary school children and teachers with practicing neuroscientist.
This collaboration led to A Seaside Tour O f Neuroscience, a Website that is
being developed to provide support and mentorship activities between young
children, teachers, neuroscientists and the authors, high school science students.
Comparative neurobiology, intertidal ecology, circadian rhythm
studies,
behavior experiments, interviews with scientists and visits to aquariums and
universities are accessible to all students through the use of information
technology. Teachers and students from other schools can travel along with the
marine biology students from Sidwell, explore the intertidal regions with them
and experience field neurobiology. They can e-mail the Sidwell students and
the scientists promoting interaction and distance learning. The program
continues to develop and expand with the addition of new and interested
students at the school and with the help of Internet visitors. Students are
working with local schools, gaining experience teaching neurobiology and
marine science to younger students. Students continue to work on the program
and are preparing to participate in Brain Awareness Week sponsored by the
Society for Neuroscience. The poster represents the work done by the students.
The site can be found on the World Wide Web at http://www.beemnet.com.

111.3

111.4

EXPEDITION INTO NEUROBIOLOGY: FIELD STUDY APPROACH TO
NEUROSCIENCE. M.C. Fields. R.D. Fields*, Seaside Neuroscience Class,
Sidwell Friends High School, Washington, D C. 20016.
Traveling from Northern California to La Jolla, students are introduced to
comparative neuroanatomy, systems and cellular neurophysiology, and
neuroethology by studying the animals in their natural habitat that have been
instrumental in neuroscientific discoveries. Two weeks living in the field,
exploring tidepools, collecting organisms, performing experiments, and visiting
universities and marine labs, immerses students in biology. The full spectrum of
nervous system organization is represented by marine fauna: from the simple
nerve nets of jelly fish to the complex brain of fish and marine mammals.
Through studies of organisms that are classic models for neurobiological
research, difficult concepts like the molecular basis of learning and memory, the
electrophysiology of ion currents, and comparative neuroanatomy can be more
readily accessible to students. Through the use of simple “field-friendly”
histological techniques, the students study the evolution of vertebrate and
invertebrate nervous systems, neuroanatomy, and sensory receptors. These
techniques are safe, inexpensive and can be done by K-12 school teachers in
minimally equipped labs. A student-authored lab manual has been written that
includes the activities, materials list, background information, protocols,
glossary and bibliography. A Website has been developed that includes the trip
and lab activities (http://ebola.us.sidwell.edu/~seaside/). Students are preparing
to participate in the Brain Awareness Week sponsored by the Society for
Neuroscience. This poster represents the work done by the students, both in the
field and in the lab.

DEVELOPMENT OF AN INEXPENSIVE, TIME AND SPACE EFFICIENT
NEUROSCIENCE RESEARCH PROGRAM FOR HIGH SCHOOL AND
UNDERGRADUATE STUDENTS. R. E. Landsman* and L. I. Perrotti.
Laboratory of Behavioral Ichthyology, Academy for the Advancement of
Science and Technology, Hackensack, NJ 07 6 0 1 .
Commonly stated reasons for students not being provided with the
opportunity to conduct neuroscience research in a high school setting,
or as part of an undergraduate program, are that original studies are
considered to be prohibitively expensive, time consuming, and require
substantial laboratory space. Students at our high school conduct
affordable, time-conserving behavioral neuroscience experiments based
upon current literature searches, using standard technological
equipment readily obtainable in most academic settings. These experi
ments both afford students with the opportunity to perform, firsthand, all
aspects of the scientific method and engage them in scientific
exploration, providing them with the opportunity to add information to
current scientific knowledge in a number of neuroscience subdisci
plines. The subjects are common, inexpensive and easily maintained
tropical fish; the equipment required to perform the experiments are a
few small aquaria with self-contained aeration, controlled temperature
and lighting; and data collection and subsequent analyses are performed
with videocamera and VCR. The end points are behavioral and
morphological. By thoughtfully designing experiments which conform to
these criteria, we are able to engage our students in literature-relevant
neuroscience research studies within a high school setting.
Funded by the Bergen County Technical Schools' Board of Education.
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111.6

SCIENTISTS AND NEUROSCIENCE TEACHING FOR HIGH SCHOOL
STUDENTS. M. Reis1, C. A. Guimaráes*2 and P. S. Rodrigues3. 2 Instituto
de Biofísica Carlos Chagas Filho, UFRJ3
. D epartamento de Neurobiologia,
UFF. 1Departamento de Bioquímica Médica, ICB, UFRJ, 21941-590, RJ,
Brazil.
Scientists are aware that science education plays an important role in the
future of young people, and they have been increasingly involved in
developing educational programs. In Brazil, this is expressed by the growing
number of universities and research institutes engaged in science teaching
initiatives. Such is the case of the Department of Medical BiochemistryUFRJ that develops a number of research projects in science education,
alongside with its usual research activities in biochemistry. Among its
educational initiatives are one-week intensive bioscience courses offered to
secondary level students, during vacation months. Vacation courses are
expected to give students a chance to develop a closer view about the
scientific activity, and to develop theme related students’ conceptions.
During January/97 vacations students attended a course about the nervous
system. In order to determine the course effect on students’ conceptions
about the nervous system the same set of questions were administered to
each student at the begining and at the end of the course. Analysis of
students’ answers have shown that they improved their conceptions related
to segmentation, structure function relationships, multi system integration,
and the electrical nature of the nerve impulse. For most students attending
the course this was the first opportunity to engage in an experimental
approach activity related to the nervous system structure and function which
succesfully taught them basic neuroscience principles and increased their
interest to study the nervous system.

INTRODUCING NEUROSCIENCE TO INNER-CITY SECONDARY AND HIGH
SCHOOL STUDENTS: TECHNIQUES AND OBSERVATIONS. D A. Jen*.
Department of Environmental Health Sciences, School of Hyg. and Public Health,
Johns Hopkins University, Baltimore, MD 21205.
Many of our nation’s secondary and high schools serving populations within urban
environments do not have extensive science programs, primarily due to lack of
funding when compared to schools in more affluent areas. The absence of early
exposure to science during the academic development of these students may be one of
several factors that explain low recruitment of minorities from these school systems
into science careers. Due to the complexity, and even mystery associated with the
brain and brain function, an introduction to neuroscience is rarely included as part of
secondary and high school curricula. Moreover, many of the excellent teachers at these
schools do not have the expertise and training to include discussions of neuroscience
in the vast array of other subjects to be covered during these critical learning years. To
address these issues, I have participated in a continuing effort by Johns Hopkins
University to provide the expertise for science education in our surrounding
community. Presented is a description of the techniques and observations from two
one-hour lectures given to students at a secondary school and a high school in lowincome areas of downtown Baltimore. These experiences suggest that participation of
science professionals in the supplemental education of inner-city secondary and high
school students may help to develop and nurture budding scientific careers at their
earliest appearance. Furthermore, this may help to identify potential scientists from an
often overlooked segment of school-aged children and young adults.

1 1 1 .7
NEUROSCIENCE FOR HIGH-ABILITY SECONDARY SCHOOL STUDENTS.
M.K. Belmonte* <mkb4@Cornell.edu>, K.A. Thoroughman. <kurt@bme.jhu.edu>
Johns Hopkins University Center for Talented Youth.
http://www.slc.edu/pages/rn/mbelmont/CTY/Courses/cty_neuroscience.html
Much emphasis has been placed on the development of neuroscience curricula
aimed at undergraduates, but not as much effort has been aimed at talented
students at the pre-college level. This is unfortunate, because neuroscience’s
unique combination of interdisciplinary background, novelty, and practical
relevance create great interest for these students. We’ve constructed an
intensive (105-hour), three-week course in neuroscience tailored to talented
students of diverse backgrounds. The only prerequisites are Algebra I and one
year of any laboratory science. The course begins with an analysis of the
cellular and biochemical bases of neuroscience, and then follows a systems
approach; anatomical structures are covered as they arise in discussions of
function. Experimental design and critical thinking are emphasised in a seminar
format that gives students ample opportunity to construct hypotheses about the
subject material and to design experiments to test these hypotheses. The
laboratory component is closely integrated with the seminars, and includes
neuronal
simulation,
psychophysics,
perceptual
illusions,
hands-on
electroencephalography, collection of an MRI scan of one of the students, and
systems-oriented microscopic and gross anatomy using human brain slices. As a
term project, each student writes and orally defends a proposal for research on an
open question in neuroscience. This project is guided by independent study of
the primary literature and close consultation with the instructors. Students’
topics have included cortical plasticity, anatomy of the basal ganglia in Tourette
syndrome, brain anatomical correlates of sexual orientation, neurophysiology of
depression, neurophysiology of language, effect of a hallucinogen on visual
learning, effect of ethanol on metabotropic glutamate receptors, and many
others.

111.8
NEUROSCIENCE FOR KIDS:
A WORLD WIDE WEB TEACHING
RESOURCE FOR ELEMENTARY AND SECONDARY SCHOOL STUDENTS
AND TEACHERS.
E.H. Chudler*. D ept. of Anesthesiology,
Univ. of Washington, Seattle, WA 98195-6540.
National guidelines for science proficiency include
the study of the nervous system.
"Neuroscience for
Kids", a World Wide Web (WWW) resource, has been
developed to provide supplementary material for K-12
students and teachers who are interested in learning
about the nervous system.
Compared to other media, the
WWW is more flexible, less expensive, more hands-on and
has a wider scope.
The WWW neuroscience material has
been designed to integrate into existing curriculum, to
encourage cooperative learning and to be self-paced,
hands-on, interactive and entertaining.
On-line and
off-line experiments, games and activities that illustrate
neuroscience principles and included on the site.
An
on-line survey has also been used to obtain feedback from
readers.
To date, 360 on-line surveys have been received
and analyzed.
Future development of this site will
involve collaboration with other neuroscientists and
middle school science teachers.
These teachers will
provide critical support to insure that material is
developed with attention to ease of use, classroom
accessibility and integration with the existing science
curriculum.
(URL: h t t p ://weber.u .Washington.edu/^chudler/neurok.html)
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THE COLORADO COLLEGE ELEMENTARY SCHOOL OUTREACH
PROGRAM FOR NEUROSCIENCE EDUCATION:
WHAT THE
CHILDREN SAY. G. Kamm, S, Hovey,.M. Treml,, M, Prather, and B,
Jacobs.* Laboratory of Quantitative Neuromorphology, Psychology, The
Colorado College, Colorado Springs, CO 80903.
Since its inception in 1993, the Colorado College (CC) Elementary
School Outreach Program for Neuroscience Education has interacted with over
4,250 children in the Colorado Springs community. The program introduces
elementary school children (Grades 1-5) to basic neuroscience by providing
them with hands-on experience with human and non-human brain tissue. At
the end of a Neuroscience course, CC students visit local elementary schools in
pairs to present a variety of interactive exercises for the children, including
activities on comparative neuroanatomy (i.e., comparing the brains of different
species), functional neuroscience (i.e., the functions of different lobes), and
basic aspects of neurophannacology (i.e., how drugs affect the brain). CC
students also answer children’s questions about the brain. The program has
received overwhelming community support. Moreover, it has provided a
valuable "learning through teaching" experience for CC students, and a unique
learning opportunity for the elementary school children.
As a result of this program, we regularly receive thank-you letters
from the elementary school children. Because children often do say the most
amazing things, we present here excerpts from these letters, which are
sometimes serious, and often humorous. (Human brain tissue for this program
is generously provided by Dr. D. Bowerman, El Paso County Coroner.)

BRAINLINK®: A RESOURCE FOR BRINGING NEUROSCIENCE TO
CHILDREN AND THE COMMUNITY. J.H. Dresden*, N.P. Moreno and
B.Z. T h a rp . Baylor College of Medicine, Houston, TX 77030. Also H .
Doyle. U niversity of California, San Francisco; C. P h illip s . Boston
University School of Medicine; P. Trotter. U niversity of Kentucky,
Chandler Medical Center.
The BrainLink materials for teaching neuroscience concepts to elementary
and m iddle school children were developed by scientists and educators a tBaylor College of Medicine, w ith support from the N ational Institutes of
H ealth, Science Education Partnership A wards program. D issem ination
activities, also SEPA grant-supported, have included outreach programs
at three other m edical schools in diverse regions of the country.
BrainLink m aterials provide a unique vehicle for use by scientists in
outreach programs, as w ell as for enrichment of the science curriculum in
schools. Neuroscience content is presented in ways th at make it ea sily
accessible to children and lay adults. These ready-to-use m aterials are
designed to promote the fun and excitement of "doing" science. Topical
units include Brain Comparisons, Motor H ighw ays, Sensory Systems,
M emory & Learning and a newly-developed unit on Brain Chemistry. Each
unit contains three interrelated components: a guide to hands-on classroom
activities, an adventure storybook, and a mini-magazine th at can be used
with groups or at home for parent and community involvem ent
Representatives from the Baylor development group and the regional
dissemination centers will be present at the poster during the week to
discuss the project and answer questions about vising these m aterials in
various settings. Evaluation research findings will be provided, as w ill
samples of all materials including the newest, as yet unpublished, unit cn
Brain Chem istry.
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CHALLENGE FOR NEUROSCIENTISTS - COMMUNITY INVOLVEMENT IN
NEUROSCIENCE EDUCATION. R.E. Locke1.2, D.J. Creedon1 J.R. Sanes4, M.P.
Goldberg1,4* Depts. of 1Neurology, 2Biology, 3Molec. Biol. & Pharm., and 4Anatomy
& Neurobiology, Washington Univ. School of Medicine, St. Louis, MO 63110.
Brain Awareness Week is a public education campaign to increase understanding of
brain disorders and the importance of neuroscience research. To meet the critical need
for public science education to keep pace with neuroscience research, Washington U.
sponsored a weekend-long event featuring demonstrations by neuroscience laboratories and clinical programs, human brains, hourly talks by physicians, kids’ activities
and letter writing opportunities. We also tested a novel approach to neuroscience education: we selected 30 community organizations which provide services and advocacy
for persons with brain disorders, and invited them to develop and present interactive
exhibits about their respective disorders. The combined event spread over a 10,000
sq. ft. exhibit gallery provided by the St. Louis Science Center.
Community groups devised innovative teaching activities, including a wheelchair
obstacle course, a children’s show using puppets with disabilities, altered goggles and
one-handed exercises to simulate specific visual and neurological impairments, adaptive equipment, demonstration of seatbelt safely using eggs and model cars, live rats
land mice, interactive computer programs, neurosurgical tools and a large brain-map
'game. The event drew over 2000 visitors, generated 150 letters to elected officials and
received overwhelmingly positive public feedback. Critical to success were employment of a full-time project coordinator, financial support and media coverage.
In addition to providing excellent neuroscience education, the collaborative model
establishes critical links between neuroscientists, community groups, persons with
brain disorders and the general public. More information and photographs at
http://www.neuro.wustl.edu/brainweek/.

MAKING CONNECTIONS, MAKING CHOICES: A SCIENCE EDUCATION
PARTNERSHIP.
M.M. Kunselman, K . Mullicran* and S.L.
Cunnincham. School of Nursing, University of Washington,
Seattle, WA 98195.
Making Connections is a unique collaboration of
scientists, teachers and health care professionals made
possible through a Science Education Partnership Award
(SEPA) from the National Institutes of Health. It was
developed
in
response
to
the
need
for
q u a l i ty
neuroscience education in the Decade of the Brain.
The
program offers students of grades four to ten engaging
learning experiences. It offers educators the opportunity
to enhance teaching techniques utilizing the latest
research on the brain and national science education
standards.
This session will present the Making Connections'
innovative educational experiences and curricula such as
the Brain Power 30 interactive exhibits, a 12 lesson
curriculum for middle school and multi-media assembly
focusing on the brain. It will also present the model for
and curricula from the Making Connections, Celebrating
the Decade of the Brain summer institute for teachers,
and the Bioscientists in the Classroom and Community
outreach component. The poster will include evaluation
results, tools and key elements that contributed to the
program's success. The program team invites research
scientists, educators, education administrators, science
industry personnel, and members of groups who are seeking
involvement in outreach neuroscience education and public
science literacy to adapt and use the ideas and materials
presented in this poster.

Supported by BJC Health System, Dana Alliance for Brain Initiatives, McDonnell Center for Cellular
and Molecular Neurobiology, McDonnell Center for Higher Brain Function, WU Alzheimer’s Disease
Research Center, and unrestricted grants from Merck Inc. and Novartis Pharmaceuticals.
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UTILIZING TELEDISTANCE ENVIRONMENTS FOR NEUROSCIENCE
OUTREACH. L.M. Miller* and D.S. Kumari, Center for Technology in Teaching and
Learning, Rice University, Mail Stop 120, Houston, TX 77005.
One effective way of reaching pre-college students beyond the walls of a few
local schools is through teledistance environments. At Rice University we have
utilized a two-way full motion video/audio ATM network in conjunction with webbased materials to impact schools, both locally and in more remote parts of the
state. One unique application is Brain Awareness Week outreach. It has become a
tradition on OWLink (our video network) to hold interactive sessions among
students and Houston-area scientists highlighting brain research.
This poster session will cover the adaptations that need to be made for this
environment, the variety of presentation formats that have been utilized, and the
impact on students. The capabilities of the networked technology include
demonstrations using live specimens or models, video segments, computer
software, and web -based materials. For example, researchers were able to bring
in Aplysia to demonstrate how these animals were used in research on memory
and learning. Follow up communications through e-mail and web-site enhance
the real-time interactions.
Partial funding from Southwestern Bell.
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NEURAL CREATIVITY: FUSION OF SCIENCE & ART. A.C.
Hennessey*. L.B. Perkins & M .J. Keeliher. Psychology
Dept/Neuroscience, Smith College, Northampton, MA 01063
Successful scientists consistently tap their imaginations when
problem solving. Why not encourage students to use their creative
potential while learning neuroscience? A science program designed
to capture the interest o f female high school students takes a
nontraditional approach o f teaching neuroscience by integrating it
with art. Initially students learn the requisite components of a
neuron and then they craft a three dimensional model o f their own
version of a neuron. Students gain experience with histology and
thereafter draw as well as paint either coronal or sagittal sections
at whatever level o f the brain they find most appealing. Students
gain an appreciation o f hemispheric specialization by engaging in
tasks which differentially utilize the skills of each hemisphere. A
trip to two art museums are weaved into the course. These
outings stimulate discussion about perceptual differences in diverse
cultures and foster speculation about what such uniqueness may
mean about differential neural processing. Students also learn
about a putative connection between psychopathology and
creativity using a case study approach.
Smith Summer Science Program funds awarded to Ann Hennessey.
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U S I N G I N T E R N E T A R T T O F A C IL IT A T E N E U R O S C I E N C E
E D U C A T IO N
L. Boot and J.H . Schild* C arver C enter for A rts and
Technology, B altim ore, MD 21204. D ept, of Physiology & P harm .,
Oregon H ealth Sciences University, P o rtlan d O R 97201.
T he new d a ta presented each year a t this m eeting stan d as a testam en t to th e ever widening gap between the fundam ental principles of
neuroscience and th e practical relevance of this inform ation to our n atio n ’s youth. D rawing from a variety of disciplines w ithin th e neuroscience com munity, a set of basic concepts have been identified regarding
th e functional relationships between th e m ind, the brain and the body
th a t are useful to young adults. To help teenagers assim ilate these concepts a balance should exist between being educated on technical details
and being entertained during their dissem ination. This is accomplished
by utilizing aesthetic ideas from th e world of contem porary m edia a rt
in conjunction w ith m ainstream forms of m edia (i.e. th e Web, television, videos and interactive m edia). Challenging and off-center, this
”info-art” is designed to attitudinally counteract negative preconceptions
ab out th e brain and participation in intense m ental activity. C ontent of
th e work includes such general concepts as: brain grow th is dependent
upon environm ental stim uli (learning and developm ent), n u tritio n can
have b o th a bénéficiai and detrim ental effect on brain operation (brain
m etabolism ), pleasure centers can be stim ulated by involvement in m eaningful work (neurotropic rew ard mechanism s). T he overarching intent of
this work is to take central and meaningful ideas from neuroscience and
make them attain ab le by those who need them m ost. Exam ples of related
work th a t uses this educational strategy can be experienced on th e Web
(h ttp ://w w w .p lex u s.o rg /W eb F o rm /). Support has been provided by th e
NEA through P ittsb u rg h Film m akers Inc., th e MD S tate A rts Council,
T he C ontem porary M useum, and T he G oethe In stitu t.

THE NEUROSCIENCES, THE INTERNET/WWW, AND A PATIENT
EDUCATION PROJECT. R.M. Knebel* Philadelphia College Osteopathic
Medicine, Philadelphia, PA 19131.
Students were expected to combine their knowledge in clinical and basic
neuroscience with their Internet/WWW search, retrieval, and evaluative skills. In
addition to reinforcement of neuroscience and enhancing information technology'
skills, another objective of this exercise was to show students the level and
abundance of scientific and clinical neuroscience information potentially available to
their patients. The Internet reinforces the conception of students as active agents in
the process of learning, not as passive recipients of knowledge from teachers and
authoritative texts. Patients too are becoming active learners, and have a desire to
understand what is happening to them or a person close to them. Three patient
education projects (PEP) were assigned throughout the course; each dealing with a
specific area of the neurosciences and broadly related to the course content being
covered at that time, i.e., mental illness, pain, sleep or substance abuse. The
completed project was submitted via e-mail to a dedicated address. The students were
asked to imagine - you have a patient, technologically astute, and their significant
other(s) asking you, their physician, if there are any places on the Internet that could
provide them with more information, su p p ort, 0r help dealing with their particular
problem. Each PEP included the following format: an Inten et/ VWW address
(listserv, news group or specific homepage ); indication of the search protocol used to
locate the site (ALTAVISTA etc.); a paragraph indicating how the site is helpful in
understanding basic and clinical neuroscience and psychosocial issues related to the
problem; on a scale of 1-10 rate the authoritativeness of the site including a
statement how this was determined The results of a survey completed at the
conclusion of the project is shown. Most students recognized the exercise as a
positive experience. Interestingly, for a significant number of students in the class of
1999, this was their first experience with Inten et/ VWW information technology.
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BRAIN & MIND MAGAZINE: AN ON-LINE MULTIMEDIA RESOURCE
FOR DISSEMINATION AND EVALUATION OF KNOWLEDGE IN
NEUROSCIENCE. S.H. Cardoso, R.M.E. Sabbatinl, 1N. GarclaCairasco*. Center for Biomedical Informatics, State University of
Campinas, Campinas, and 1Physiology Department. Ribeirdo Preto
School of Medicine, University of Säo Paulo, Brazil.
We have developed for the WWW an interactive magazine on
neurosciences with the following aims: to disseminate neuroscientific
knowledge for non-specialists and students and to facilitate and to
improve the access to information by means of new interfaces and
better navigation tools. Additional goals are to evaluate its impact on
knowledge acquisition and education by exploring the role of
interactivity with the reader. The magazine has permanent sections on
the history of neurosciences, technology, fundamentals of brain
structure and functions and diseases of the brain and the mind. It
implements a given subject in the form of successive layers of
complexity, so that the reader can increase the depth of his knowledge
about the subject, including hypertext access to other resources in the
Internet and a searchable index to the literature. It has also
Neuroforum, a discussion section in the magazine, with opinion
articles, feedback from the readers, interviews with neuroscientists, as
well as the implementation of a world wide discussion list by e-mail
about brain/mind relationships, whose threads of discussion are
published permanently in the magazine. The magazine is published
simultaneously in English and Portuguese at the address
http://www.epub.org.br/cm.
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BRAINSURF: AN INTERACTIVE WEB SITE CREATED TO PROMOTE INTEREST IN
NEUROSCIENCE C.L. Miller*, P,K, Wirth, R. west. University of Texas Medical School,
Houston, Texas 77225.

Brainsurf was created to take advantage of the web’s potential for reaching individuals
through its mixture of education and entertainment. The site’s premiere was planned to
coincide with Brain Awareness Week 1997. Brainsurf is a multimedia web site that
introduces students and the general public to die field of neuroscience.
Brainsurf is a pilot project with the goals of: 1. Providing a venue to promote
neuroscience research and introduce neuroscience topics. 2. Reaching students who
might not normally be encouraged to show interest in science or medicine. Educational,
multimedia, and communication technologies now provide a means of reaching
previously underresourced diverse young adult groups. 3. Using a fun, interactive format
to keep the user entertained and curious to learn more. 4. Providing a collection of links
to other neuroscience sites.
Brainsurf topics include: an interactive quiz about Aplysia (
a
model
organism for learning and memory research), neuroscience fun facts, an interactive game
where users match animals to their respective brains, a look into the learning and
memory neuroscience laboratory of Dr. Edgar T. Walters, career opportunities in
neuroscience, and profiles of women and minorities in science.
Brain and central nervous system disorders are the nation’s leading cause of disability,
and account for more hospitalizations and prolonged care than almost all other diseases
combined. The continued tax dollar support through government agencies such as the
National Institute of Health (NIH) is essential in continuing neuroscience research.
Brainsurfs goal is to increase public support of neuroscience through education.
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’THE NERVOUS CONFERENCE’ - CONGRESS SIMULATION AS A
NEW LEARNING EXPERIENCE. M. Jarvilehto* and V.B.MeyerRochow- Dept. of Biol., Univ. of Oulu, Linnanmaa, 90571 Oulu, Finland.
Students generally experience the standard 2 hour lectures passively
and almost all the students study just to pass the exam. The aim of the
congress training is to create a real motif for learning as well as to increase
the capabilities for international communication in English, to improve the
skills in preparing posters and oral communications, to motivate students
to study particular topics, e.g. sensory- and neurobiology by playing ’a
conference game’, to improve the team-work in pairs or small groups.
Thus, the exam as the only motivation for learning is replaced by the goal
to become part of the scientific community. Ca. 20 students, 3 to 5 yrs in
biology and biochemistry, participated in the actual experiment. The topics
o f neurobiology and congress techniques were introduced in 10x2hrs
lectures, which consisted of an introductory lecture (lh ) followed by ca.
lh of various motivating techniques, e.g. presentation training, ’mind’mapping, ’triple what’-questioning, task lists, ’role’-games. An additional
32 h laboratory was supportive of the topics. All activities were done in
pairs. The students had the responsibility and leadership in all areas of the
conference organization. The general evaluation of the course revealed
that students had learned major points o f sensory physiology, language
and terminology, organizing a conference and presentation. In evaluation
90% of the students found the simulation effective and highly motivating.

UNDERGRADUATE PARTICIPATION AT THE SOCIETY FOR
NEUROSCIENCE CONFERENCE: THE STUDENTS AND THEIR
SPONSORS. D. Remmers-Roeber* and A.G. GlttIe . Neuroscience
Laboratory, Baldwln-Wallace College, Berea, OH
44017 and
Psychology Department, Westminster College, New Wilmington, PA
16172.
Faculty for Undergraduate Neuroscience, although not a formal
divisimi within the Society for Neuroscience, provides the Society with
a mechanism to enhance its efforts in educational matters. It provides
recognition for outstanding teachers in Neuroscience, provides a
travel award to support undergraduate presenters, publishes a
newsletter, maintains a web page and meets annually at the
conference.
As evidence of the role its membership plays in
integrating the scientific goals of the Society with the educational
process, highlighted in this presentation are the papers presented by
FUN members co-authored by undergraduates. Also included in the
presentation is a description of the history and activities of the
organization and examples of how FUN members have developed
innovative research and teaching programs to foster interest in
Neuroscience among undergraduates.
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THE WORLD-WIDE WEB UNDERGRADUATE BEHAVIORAL
NEUROSCIENCE RESOURCE SITE PROJECT IN YEAR 2: NEW
DIRECTIONS AND RESOURCES.

NEUROSCIENCE PUBLISHING AND TEACHING ON THE WEB USING
JAVA LANGUAGE. O. Algan* and P. Rakic. Yale Univ., Sch. of Med. Section of
Neurobiology, 333 Cedar St. SHM C303, New Haven, CT, 06510
The internet provides great opportunity to publish dynamic research data as well as
teaching graduate and medical students. Internet does not require time consuming
procedures involved in publishing information in the book form or other types of fixed
media. The teacher can change or update data to incorporate recent advances reducing
the cost of publication and increasing the availability of the updated information.
As an example of this form of publishing we wrote a Java applet, which runs under
any Java enabled WWW browser to illustrate basic developmental events, and
progression of basic cell-cell interactions during development of cerebral cortex (to be
demonstrated on site). The applet draws schematic animation of dividing and
migrating cells from the proliferative ventricular zone to the cortical plate (modified
from Rakic 1988, Science 241: 170). The gradual expansion of the cerebrum and
sequential formation of connections to the developing cortex has also been
implemented. The number of dividing cells and the rate of the neuronal migration can
be changed according to results from actual biological experiments. This helps the
user to better understand the effects of gene deletions, morphoregualtory molecules
and drug treatments on the rate of cell division and speed of neuronal migration (eg.
Algan and Rakic 1997, J Comp Neurol 381: 335; Komuro and Rakic 1993, Science:
260:95; 1997, Neuron 17:275).
Presently one drawback of the Internet publishing is the slow bandwidth for large
images and animations, which are crucial for training purposes. However Java
language is useful for publishing small active documents on the web, and to write
multiplatform programs that run on different operating systems. It can illustrate
dynamic (time and space) cellular events and demonstrate the power of the simple
programming language for publishing highly interactive fast applications on internet
The program is developed by using Microsoft Visual J++. Supported by US Public
Health Service.

E.P. Wiertelak*. D epartm ent of Psychology, Macalester College,
St. Paul, MN 55105.
The U ndergraduate Behavioral Neuroscience Resource Site Project
(UBNRP) was launched tw o years ago on the w orld-w ide web
(WWW) to offer authoritative, jargon-limited web resources on topics
related to the und erstan d in g of neuroscience. The goals of the
curricular program discussed here were: develop new and reliable
WWW sites to augm ent existing neuroscience web resources; enhance
learning outcomes in our neuroscience program via student involvement
in a cooperative, service-oriented project using the WWW.
F ollow ing exercises d e s ig n e d to p ro v id e tra in in g in w eb
programming (HTML) through creation of home pages and online
diaries, students worked in groups to produce topical resource sites for
u n d erg rad u ate-lev el s tu d e n t in q u irie s re la te d to b e h a v io ral
neuroscience. Year one of the project produced three resource sites:
Phantom Limb Pain, M onoamine Oxidase, and M yasthenia G ravis.
Discussed here are the four sites added in year two: Split Brain
Consciousness, New Findings in A lzh e im er’s D isease, C entral
Serotonin & and LSD effects, and Tourette's Syndrome. To date, our
experience is that UBNRP has successfully provided students w ith
insight into planning instructional m aterials as well as enhanced
learning outcomes, and has given others (who are interested in these
topics) WWW sites containing easily understood yet comprehensive
treatm ent of neuroscience-related topics.
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CREATING INTERACTIVE ONLINE NEUROANATOMY QUIZZES WITH
MICROSOFT OFFICE APPLICATIONS: GENERATING JAVASCRIPT WITH
VISUAL BASIC FOR APPLICATIONS. R.W. Sikes*, C M. Beckman, Department
of Physical Therapy, Northeastern University, Boston, MA, 02115.
Developing a class Web page is often a very useful adjunct to teaching. Class
announcements and supplementary lecture material can be accessed by the students
outside of the classroom, leaving more time for lecture and discussion. Particularly
useful are online practice quizzes, derived either from past exams or explicitly
designed tutorial quizzes. From these, the students gain insight into the professor’s
examination style and identify areas which need additional study. Furthermore, the
performance of the students on the practice quizzes can be monitored by the faculty
to help identify areas that need more work.
Although tools to develop HTML pages are available, most are designed to create
static web pages. Creating an interactive quiz with HTML editors is often tedious
and requires a significant investment of time in addition to the time that it takes to
develop the exam questions. CyberQuiz is a Visual Basic for Applications macro
template which allows one to use a familiar tool such as Microsoft Word to create a
quiz and converts the document into an interactive Web-based quiz. Since the
evaluation of student responses uses client-side Javascript functions generated by the
macro, no Web Server CGI programs are necessary. Optionally, student responses
may be submitted online to allow a professor to track each student’s progress.
Comments for correct and incorrect responses are easily added. If supplementary
lecture materials are available online, the quiz can link the student to the
information from which each question is derived. CyberQuiz works with any Web
browser that allows frames and Javascript. Neuroanatomy CyberQuiz examples can
be found at http://www.ptd.neu. edu/CyQuiz/

PROGRAMMED INSTRUCTION: A NEGLECTED INSTRUCTIONAL
TECHNONOLGY—REBIRTH ON THE WORLD WIDE WEB? J.T.
Cannon*. J.J. Quinn, R.S. Reid, & G.L. Baril, Department o f Psychology, and
Neuroscience Program University o f Scranton, Scranton, PA 18510-4596.
In his 1984 article, The Shame of American Education, B.F. Skinner asserted
that “most current [educational] problems could be solved if students learned twice
as much in the same time and with the same effort.” Skinner believed that clear
evidence had existed for some time that “teaching machines” generating
programmed instructional materials offered such an advancement. Having noted
that 264 years had elapsed between the discovery that citrus juice prevented scurvy
and the widespread application of that knowledge, Skinner was resigned to the
possibility that a considerable lag might also occur in the adoption of this new
educational technology.
This presentation will overview the methodology/technology of Programmed
Instruction (PI), as well as research related to its effectiveness. We will also
perform parallel analyses of the Personalized System of Instruction (PSI) first
described by Keller. The PSI method typically does not rely on technology, but
does have some strong parallels with PI. Research on PSI has demonstrated its
effectiveness across a variety of educational disciplines and settings. Its superiority
over traditional methods, however, does not approach the dramatic doubling of
effect envisioned by Skinner for PI.
Both PSI and PI emphasize the importance of learners moving at their own
pace combined with regular testing and immediate feedback, a more “natural”
educational environment than the standard classroom. With the rapid growth of
the World Wide Web, there is now an expanding library of excellent, and free,
educational materials. Although the Web appeared to provide a perfect medium
for PI, a review of Web materials, including our own, revealed that few
incorporated this approach. We will present new Web-based PI materials
including human- and sheep-brain neuroanatomy as well as basic statistical
concepts. Additionally, we now maintain a listing of PI materials at
http: /1academic, uofs. edu/department/psych/PI/
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PERSONALIZING A WEB SITE FOR
PHYSIOLOGICAL PSYCHOLOGY COURSES
Lockwood., Linda L.* & Morrison. Spencer K.
Department o f Psychology, M etropolitan State College o f
Denver, Denver, CO 80217
As technology for the delivery o f course material
advances, the instructor is faced with the difficulty o f
determining how to incorporate this technology into their
course. As sites on the W orld Wide Web (WWW)
dedicated to Neuroscience increase, the instructor o f
Behavioral Neuroscience and Physiological Psychology
courses can easily incorporate these sites as sources for
expanded learning in neuroscience. However, it is also
possible for the instructor to personalize a web site as a
support tool specifically for their course. This
presentation will demonstrate one such site currently
being used for an undergraduate Physiological Psychology
course. This site has incorporated concept flow charts,
vocabulary flash cards, quick quizzes, critical thinking
challenges, and graphics and animation demonstrations to
aid the Physiological Psychology student in their
understanding o f course material. This w ork was
supported by a Technology Initiative Grant from
M etropolitan State College o f Denver.

SENEX: OBJECT-ORIENTED PERIPHERAL BRAIN FOR MOLECULAR
NEUROPATHOLOGY. S.S. Ball and V.H. Mah* UCSF/Fresno, University
Medical Center, Dept of Medicine, Fresno CA 93702.
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NEUROASSIST: DIFFERENT USER GROUPS ACCESS KNOWLEDGE COLLECTED BY MULTIPLE AUTHORS IN THE FIELDS OF THEORETICAL AND
CLINICAL NEUROSCIENCE. A.R. Luft*, M. Uesbeck, M. Skalej, R. Kolb. A.K.
Wakhloo, U. Drews. K. Voigt. Neuroradiology, Univ. of Tbingen, 72076, Germany.
We developed a World-Wide-Web-based knowledge database able to integrate in
formation from different fields of neuroscience [neuroanatomy, -physiology, embryol
ogy (1), neurology, neuroradiology, neurosurgery] produced by different authors at
distant locations. The system was designed to meet the needs of user groups as differ
ent as patients, students, doctors, or researchers (2). Multiple access methods offer the
most appropriate way to reach data of vaiying detail - relevant for the individual user.
The system is built on an object-oriented database system (ObjectStore, Burlington,
MA). Authors can use different media (text, graphics, video, audio) to explain their
topic, download the files to our server, and check in the topic by defining its context
and cross links. Three kinds of topic-organizations are offered at this point:
‘Structured’ data, e.g. disease, diagnostic/therapeutic technique, or symptom, is
checked in through a form containing different items (e.g. pathophysiology in the
form disease). Items may be interconnected, e.g. links to symptom are defined in the
form disease. Thus, by accessing the disease, a list of symptoms is presented - click
ing on one symptom branches into the symptom form displaying further information.
Similar links can be established between disease - therapeutic technique or symptom
- diagnostic technique. Access to a disease form is gained via the knowledge tree. A
similar tree exists for information without preformed substructure (e.g. theoretical
knowledge). The third type of data comprises media collections (e.g. MR image sets).
Links are allowed between all three types of data. We think that our system offers a
sophisticated platform to integrate various information into a user-friendly whole.
(1) A.R. Luft, U. Drews: NeuroTutor. Thieme, Stuttgart, New York 1994, 1997
(2) A.R. Luft, M. Skalej, T. Grunert, U. Drews, JAMM 19(2),63 (1996)
This project was funded by the German ministry of education and research (BMBF).
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SENEX is an evolving com puter application/know ledge base which
serves: 1) to cross reference or correlate information from seminars and the
literature, 2) to organize materials for scientific presentations or publications,
3) as a tool for making predictions upon which laboratory experiments can be
based. SENEX contains information about small molecules, macromolecules,
molecular interactions, and diseases and presents this information
graphically, accompanied by supplem ental text and photographic images, in
an interactive mouse-oriented environment. The SENEX knowledge base
contains molecular data derived in part from four large databases: 1) ProSite
database of peptide motifs & electronic textbook of biochemistry, 2) SwissProt database of protein sequences, 3) the Enzyme database, 4) Mendelian
Inheritance in Man. The underlying knowledge base has been built by
customizing the behavior of an object-oriented com puter language to fit the
domain of molecular neuropathology. SENEX is customizable in that a user
has the capability of adding proprietary information to the application that
either modifies existing information or adds new information. When new
information is added, objects created to store that information inherit default
information or properties. This provides one of the means by which SENEX
displays intelligent behavior. Through a combination of object-oriented and
standard techniques, SENEX provides a facility for finding information about
a topic without being certain of w hat to look or ask for. SENEX maintains a
history of user interactions, so that responses are context sensitive. SENEX
currently runs on Macintosh computers and will be demonstrated.
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NEUROSCIENCE WEB SEARCH: A WORLD WIDE WEB SEARCH
SITE FOR NEUROSCIENTISTS. F. K. Lenherr*, New Salem Research, New
Salem, MA 01355, and the Applied Computing Systems Institute of
Massachusetts, Amherst, MA 01003.
A full-text database of more than 120,000 Web pages related to neuroscience
has been in operation since November, 1996. All of these pages were prequalified for relevance, and any search done at the site is therefore guaranteed to
find only Web pages specifically about neuroscience, broadly conceived to
include computational neuroscience and neural network research.
Unlike the general-purpose Web search sites, users need not be familiar with
query creation and modification techniques to achieve good results. At this
writing (April 1997), approximately 1000 queries per day are being received,
returning a daily total of 10,000 to 20,000 URL's (Uniform Resource Locators).
This amounts to about 6,000,000 URL's per year. The database is over 500 MB in
size, and allows access to well over 5 GB of text and images. The URL for the
site is http://www.acsiom.org/nsr/neuro.html.
The Neuroscience Web Search site also contains several other features of
interest to neuroscientists, including search hints, several bookmark files, and a
long list of sites which have links to it. Advanced information retrieval techniques
are employed, making queries in ordinary English highly successful in finding the
best references, listed in order of decreasing relevance to the query.

283

284

TEACHING OF NEUROSCIENCE

SUNDAY AM

1 1 1 .2 9

1 1 1 .3 0

VIRTUAL EXPERIMENTATION THROUGH THE USE OF AN ON-LINE
NEUROPHYSIOLOGICAL AND BEHAVIORAL DATABASE,

COMPARATIVE MAMMALIAN BRAIN COLLECTIONS WEB SITE: A
NEUROSCIENCE TEACHING RESOURCE J. I. Johnson*1, Wallv
Welker2, C, L. Dizack3, A. J. Fobbs4, A. Noe4.1 Anatomy Dept.
Michigan State Univ., East Lansing MI 48824;- 2Deptof
NeurophysioIogy,3Dept of Medical Illustration, Univ. of WisconsinMadison, Madison WI 53706; 4National Museum of Health & Medicine,
Armed Forces Institute of Pathology, Washington, D. C. 20306.
To provide wide accessibility to contents of the major brain collections at
the National Museum of Health and Medicine, Michigan State University,
and the University of Wisconsin, this Web Site on the Internet at
h ttp ://w w w .nearophys.w isc.eda/brain/ has been established. Here
visitors can view and download photographs of brains of over 100 different
species of mammals, representing 17 mammalian orders. Also available are
examples of stained sections from a variety of brains of special interest,
including those of chimpanzee, owl monkey, Florida manatee, porpoise
(bottle nose dolphin), rhesus monkey and California sea lion. Other features
include atlases of the bovine hypothalamus and of the manatee's cerebral
cortex, basal forebrain, thalamus, and brainstem (midbrain and medulla).
This Web Site also contains instructions for capture of high quality digital
images from stained sections, a complete listing of the contents of all the
specimens in the collections, descriptions of the locations of the collections,
and directions for making use of the actual specimens in the collections.
Together with information about comparative neuroanatomy and
paleoneurology. the diversity of images and information provided can prove
useful for teaching and learning about Neuroscience, particularly its
comparative and evolutionary aspects.
(Support: NSF-IBN95-00706,95-28326,95-28327.)

T.S. Grethe*, T.W. Berger, R.F. Thompson, M.A. Arbib
Neurosciences Program, Univ- of Southern California, Los Angeles, CA 90089-2520.
In order to address the problems associated w ith managing th e
increasingly large datasets of neurophysiological data collected in
laboratories around the world, a neurophysiological database has been
developed by the University of Southern California Brain Project (USCBP).
The USCBP neurophysiological database consists of two prim ary
components: 1) The database component, a novel extendible object-relational
database schema (J.S. Grethe et al. 1996; M.A. Arbib et al. 1996) that allow s
for the storage of experimental data, along w ith all the details regarding
the protocols used to generate this data; and 2) an on-line notebook t h a t
provides a laboratory independent "standard" for viewing, storing and
retrieving data across the internet.
Even though this database is designed prim arily to store and access data in
a laboratory setting, this technology can be used for educational purposes by
becoming a platform on w hich one can perform virtual experiments (i.e.
experiments w here the relevant data is collected from existing data sets
th at are stored in the database rather than from a new laborato ry
experiment). These virtual experiments can be used to allow students to
perform realistic experiments on a particular experim ental preparation and
collect actual data from this preparation through the database. They w ill
then be able to explore and analyze this data just as if they had performed
the actual experiment themselves.
The USCBP neurophysiological
database has been used to construct a tutorial through w hich v irtu a l
experiments can be run o n classical conditioning paradigm . O ther USCBP
resources allow students to link these data to com putational models.
On-line information regarding the USCBP can be found at http://www-hbp.usc.edu/
Supported in part by the Human Brain Project Consortium grant NIMH (MH52194) to
MAA, NSF (IBN9215069) to RFT, and NIMH (MH00343) to TWB.
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BRAIN LIBRARY: PRIMATE BRA IN S- PROTOTYPE OF A CD-ROM
FOR MAKING AVAILABLE IMAGES OF WHOLE BRAINS AND
STAINED SECTIONS FROM MUSEUM COLLECTIONS.R.C. Swilzer
III*1. J.I. Johnson2, A.J.Kurtz3 R.G.M cIncrow3, W. I.W elker4. &
A.J.Fobbs5, 1NeuroScience. Associates, 10915 Lake Ridge Dr.,
Knoxville, TN 37922; 2Anatomy D ept, C om m unications Technol. Lab.,
Michigan. State Univ., E. Lansing, MI 48824; 4Dept, of Neurophysiol.
Univ. of Wisconsin, Madison W I 53706; 5Nat'l.Mus. Health & M ed.
Armed Forces Inst. Pathology, W ashington, D.C. 20306.
To establish the feasibility of a digital archive of images of photographs
of whole brains, and of hundreds of stained sections through brains, we
have prepared this prototype disk which has been organized so as to be
accessible through a user-friendly interface. While the eventual CD-ROM
will carry images from representatives of all major families of primates,this
prototype disk has images from a prosimian, the Slow Loris Nycticebus
coucang, the Owl Monkey Aotus trivirgatus, and Human Homo sapiens.
The images were obtained from sections stained for cell bodies with
matching sections stained for myelin in the coronal, sagittal, and horizontal
planes, from theWisconsin and Yakovlev-Haleem Collections at the Univ.
of Wisconsin and the Nat'l Museum of Health and Medicine. Images of
individual sections can be accessed in several ways: by selecting from a
level of a whole brain photograph or of an image of a section in an
orthogonal plane, from an array of mini-views o f all the sections from a
particular specimen, from an index list of brain structures, or from a
continuous sequence through all of the sections from a given specimen.
Once a section is in view, its name can be tagged for exporting for use in
the creation of educational materials, or in research projects, or for many
other purposes.(Support: NIH-MH54366; NSF-IBN9500706,9528326,-7)

INTEGRATION OF A HUMAN BRAIN ATLAS IN NEUROSCIENCE
TEACHING. J.K. Mai1*. T.A. Vofi1 and G. Paxinos2. ‘Dept. Neuroanatomy, H.Heine University, Duesseldorf, F.R.G. and 2University of New South Wales,
Sydney 2052, Australia.
Based on the "Atlas of the Human Brain" (Mai, Assheuer, Paxinos, Academic
Press, 1997) we have produced an extended electronic version of this atlas which
contains the topography of the brain in situ, including the vasculature and cranial
nerves, its gross morphology in three different planes of sectioning and its detailed
structure in 69 coronal sections prepared perpendicular to the intercommissural
plane. As most information in this atlas is too detailed for neuroscience students
we have adapted the information contained in this atlas to a more basic level. This
atlas thus satisfies the requirements as an easily accessible and interactive means
for understanding the structure of the human brain and as a teaching tool for the
fundamental structures of the brain. Moreover, magnetic resonance images of
different modalities matching to the represented sections and three-dimensional
reconstructions are included. Relevant structures can be highlighted and it is
possible to link these structures interactively with information about anatomical
and functional interrelations, distributions of neuroactive substances and schematic
diagrams. Finally, to support interactive multimedia instruction the material is
suited to provide access to multiple volume images and to exchange comments
between instructors and students.

1 1 1 .3 3

1 1 1 .3 4

THE ANIMATED BRAIN: A MULTIMEDIA BIOPSYCHOLOGY TEXT. T.J.
Voneida*, Neurobiology Department, N.E. Ohio Universities College of Medicine,
Rootstown, OH 44272, and R. Vardaris, Psychology Department, Kent State
University, Kent, OH 44242.
This interactive, multimedia computer text has a strong biological basis. The
basic premise is that understanding central nervous system function (and
malfunction) depends on a solid foundation of neuroanatomy and basic
neurophysiology. We begin with a brief discussion of the history of biopsychology
and major research methods. This is followed by several chapters devoted to
neurocytology, neural transmission, and neural development from embryo to adult.
Discussion of each sensory system begins with an animated illustration of central
pathways from receptor to cortex. This is followed by a discussion of
perceptual/cognitive phenomena. Motor pathways are presented in the same
manner, emphasizing “direct” corticospinal, corticobulbar paths, and their
modulation by cerebellum and basal ganglia. Here again, anatomic illustrations are
integrated with fundamental psychological principles. Hypothalamic, limbic, and
autonomic anatomy is richly illustrated, with an accompanying discussion of the
roles of these structures in homeostasis and emotionally related behavior. The final
chapters are devoted to thalamus, cortex and the integrative nature of cortical
function. Modem theories of learning and memory are presented, along with
numerous illustrations of behavioral problems resulting from cortical damage.
These chapters also examine right, left hemispheric functions, and recent theories of
consciousness and the mind. The animated graphics are supplemented by audio
narration and written text. Chapter quizzes are included, and a running score
provided for self evaluation. The program allows complete flexibility of use; parts
can be easily extracted and inserted into a specific curriculum according to the needs
of the instructor.

AN INTEGRATED GUIDE TO THE VASCULAR TERRITORIES,
LOBAR DIVISIONS, AND FUNCTIONS OF THE BRAIN PRESENTED
IN A CHART FORMAT FOR TEACHING AND REFERENCE. K. H.
Taber*. L. A. Havman. Robin A. Hurlev. Baylor College of Medicine,
Houston, TX 77030
The goal of this project was to create a set of “user friendly"
schematics of the surface and sectional anatomy of the brain for
teaching the cortical and cerebellar vascular territories, lobar divisions
and functions utilizing the rules derived from information design theory.
[1,2] These charts are designed to enrich the teaching of neuroscience
by providing a link between the disciplines of neurology, psychiatry,
anatomy and radiology.
For the first chart three identical sets of drawings were created of the
medial, lateral and ventral surfaces of the cerebral and cerebellar
hemispheres. Two sets were color-coded to indicate the vascular and
lobar divisions, respectively. The third was labeled with functions. A
grid pattern was overlaid on all three of the surface drawings to show
the position of the sectional brain anatomy shown on the companion
chart. Thus these two charts present an integrated overview of surface
and sectional information on the vascular supply, lobar divisions and
functions of the brain. Use of this system enriches teaching by linking
functional brain anatomy with vascular territories. It also assures
accurate communication of lesion data and standardizes serial reports
on a single patient, even when generated by different clinicians.
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1. Tufte ER. Envisioning Information. Chesire, CT: Graphics Press,
1990.
2. Tufte ER. The Visual Display of Quantitative Information. Chesire,
CT: Graphics Press, 1983.
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DEVELOPMENT OF VIRTUAL BRAINS FOR AN
UNDERGRADUATE LABORATORY IN THE BEHAVIORAL
NEUROSCIENCES, G.M. Wenzincrer, D.M.Gilliam*,
Grant L. MQrri s, and Theodore R. gashore,
Psychology Department, University of Northern
Colorado, Greeley, CO, 80639.
This laboratory experience introduces students
to research in the neurosciences that spans basic
structural neuroanatomy to neurocognitive
processing. To achieve this end, students will
complete laboratory exercises that encompass
three domains: gross structural neuroanatomy and
cell morphology, single neuron electrophysiology
in simple invertebrate preparations, and human
cognitive psychophysiology. We will demonstrate a
computer-based graphics system (Neurolucida by
MicroBrightField) that is used to create virtual
brains. Brain structures are digitized from
serial sections. These images of these brain
slices are then used to construct computer
generated three-dimensional representations of
brains on a computer that can rotate and
manipulate selected structures and pathways to
facilitate the learning of spatial relationships
among neuroanatomical features.
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C O M P U T E R A S S IS T E D E D U C A T IO N : A P P L IC A T IO N ON TH E
TEACHING OF NEUROSCIENCE.
T,.Kling-Petersen* and M. Rvdmark,
MICE@ mednet, Göteborg University, Medicinaregatan 7b, 413 90 Göteborg,
SWEDEN.
At the medical faculty, Göteborg University, the department of Medicinal
Informatics and Computer assisted Education (MICE) is responsible for the
development and implementation of computer based learning. The efforts in the
field of Neuroscience are combined into the Brain-Project::
Brainlmages 2.0 - 2D brain atlas of frontal and horisontal slices of the human
brain. Animation using Morph technology enables a smooth travel through
the brain layers. Roll-over functions enable structural feed-back.
BrainRadiolbgv 2.0 - Clinical visualisation techniques like X-ray angiography,
CT and M RI are used to dem onstrate different anatomical features of the
human brain.
NeuroHistologv 2.0 - The cells of the human brain and the organisation into
structures and layers are highlighted in this software package. Images ranges
from light microscope down to electron microscopic levels. Interactive 3
dimensional reconstructions provides an insight into the anatomical structure
of neurons, cells and other submicroscopic structures. Roll-over functions
enable structural feed-back.
3D-Brain 2.0 - The anatomy of the human brain seen in 3D. The macroscopic
structures as fully interactive Virtual Reality objects.
MICE@ mednet is an organization consisting of scientists devoted to using the
com puter as a tool for education. The organisation spans several areas of
medicine, ranging from basic education to clinical specialist training.
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MODEL MAGIC FOR HANDS-ON MODEL CONSTRUCTION. P.B. Hernandez*
Biology Department. Abilene Christian University, Abilene, TX 79699.
This hands-on activity may be used in introductory neurobiology lecture or lab. The
objectives are to convey the 3 dimensional relationship of the: (1) brain stem, thalamus,
and cerebrum and (2) ventricles.
, Model Magic is a pliable clay that can be easily molded, colored, and marked for
detail. When left uncovered it will solidify. However, it can be reused if it is resealed
after a short amount of time (1 hour). Prior to its use in the classroom, it is pinched into
25 balls that are kept sealed. In class, each student receives a ball of Model Magic.
In introducing the 3 dimensional construct of the brain, each student uses an
appropriate amount of Model Magic to form the following parts:
1. a small piece is rolled into a brain stem; the ventral side will have an enlarged area
representing the pons; the medulla, pons, and midbrain are identified
2. a dumbbell piece is shaped to represent the thalamus with the massa intermedia
between the 2 sides, this is attached to the top of the brain stem
3. the preceding parts are capped by the cerebrum; a pen or pencil may be used to form
the sulci (the lateral fissure and central sulcus)
4. a cerebellum may be formed and placed on the dorsal side
In forming the ventricles, a large piece of clay is rolled and shaped into the third and
fourth ventricles, cerebral aqueduct, and a hole to represent the massa intermedia. Two
more pieces are rolled and formed into the lateral ventricles, which are attached to the
preceding piece. Upon completion, ask the students which structures border the various
ventricles.
After building each part together, ask them to reform the original ball and reconstruct
the parts. The students are actively engaged in learning structures and their anatomical
relationships, and have fun at the same time.
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COMPUTER-BASED LEARNING OF THE NERVOUS SYSTEM: THE
M OTOR SYSTEM. W. Hendelman*, J. W. Sundsten, and J. R. Bolles, Dept. of
Anatomy & Neurobiology, Faculty of Medicine, Univ. of Ottawa, Canada, K1H 8M5,
and Dept, of Biological Structure & Health Sciences Center for Educational Resources
(HSCER), Univ. of Washington, Seattle, WA, 98195-7420.
Understanding the pathways of the central nervous system (CNS) is one of the most
difficult challenges facing teachers and students in the medical (and other health science)
undergraduate curriculum. A computer-based programme with graphic images of the
brain and pathways and some explanatory text was considered to be a creative possible
solution to this learning/teaching dilemma. We selected the organization of the
MOTOR SYSTEM as a prototype module to work with in part because of its inherent
complexity and the confusion regarding its terminology.
The computer program concentrates on the pathways generally known as voluntary,
and is set within the context of a clinical scenario. Part A is an overview of the motor
areas of the cerebral cortex; Part B outlines 3 pathways: the Corticospinal; the
Corticoreticulospinal; and the Corticobulbar. The student is led through a sequential
view of the motor system, with minimal explanatory text, often using ‘frames’ (text
on one side and image on the other). The graphic images (labeled) are mostly from the
library of computer images of Dr. John Sundsten (Dept, of Biological Structure); Dr.
Walter Hendelman organized the instructional component under the technical
supervision of John Bolles (HSCER).
The programme was authored in HTML (with the assistance of an HTML scripter)
making it available cross-platform and on the WEB, with password protection. It has
been used in a preliminary manner by second year undergraduate medical students
during the six-week Nervous System Block at the University of Ottawa. Our
experience with this form of learning will be discussed with interested parties, as well
as the future of this format for education.
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COMPUTER ASSISTED TUTORIALS FOR MEDICAL AND ALLIED
HEALTH PROFESSION NEUROSCIENCE COURSES. P.A. Young*, P.H.
Young, S.L. McClain and J.C. Young, Department of Anatomy and
Neurobiology. Saint Louis University School of Medicine, St. Louis, MO
63104.
To overcome the difficulties in visualizing neuroanatomical pathways and
correlating the relationships of CNS structures with neurological disorders in
order to localize lesions, a series of interactive computer-assisted tutorials
were prepared as supplemental teaching aids for medical and allied health
profession students taking neuroscience courses. Ten tutorials cover the major
functional systems: somatosensory, visual, auditory, gustatory and olfactory,
lower motor neuron, pyramidal, basal ganglia, cerebellar, limbic, and cerebral
cortex. Each tutorial is constructed so that the students first review the
organization and relationships of the system by visualizing its anatomical
features in digitized images of intact, dissected, and sliced brain specimens,
as well as myelin-stained sections, magnetic resonance images, and
anatomical drawings. Once the anatomical organization of the system is
understood, its circuitry is visualized in motion through the use of animation
and graphics. Finally, common abnormalities associated with the circuitry in
each system are visualized and correlated with their clinical manifestations,
which are demonstrated by video captured simulations and by illustrations.
Interactive quizzes are included to test the student's ability to visualize and
understand the anatomical/clinical relationships.
The tutorials are only available to the students in a media center separate
from the medical and aIIie d health profession schools. The response to these
tutorials has been overwhelming. For example, the rating of the 1996 medical
neuroscience course by 128 students was 4.1 out of a possible 5.0. The
computer assisted tutorials were evaluated as the most effective component of
the course with a rating of 4.7, as compared to lectures (3.7), labs (3.3) and
clinical correlation conferences (4.1). Similar results have been reported to us
from other schools using these tutorials. (Supported in part by Practical
Anatomy and Surgical Technique Workshop of St. Louis, a non-profit
institution dedicated to innovative medical education.)

DEVELOPMENT AND EVALUATION OF VERTICALLY INTEGRATED
MEDICAL NEUROSCIENCE EDUCATIONAL SOFTWARE. I.C.Pearson*,G
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ciplinary Teaching Lab+., and Dept, of Neurologyǂ, Wright State Univ.,
School of Medicine, Dayton, O H 45435.
The vertically integrated Medical Neuroscience curriculum at Wright
State University places emphasis on early integration of basic and
clinical principles and development of clinical diagnostic reasoning skills.
To help with these tasks we have developed interactive software, Neuro
Video Clinic, designed to provide instruction in functional neuroanatomy,
clinical neuroscience, and fundamentals of clinical medicine. Media
consists of quick time movies of neurologic disorders, schematic
illustrations of neural pathways, and morphological images from
myelin-stained sections, magnetic resonance images, and gross specimens.
Video clips were digitized from the University of Washington's Motor
and Mentation videodiscs, and the Slice of Brain videodisc using Adobe
Premiere (42). Morphological images were acquired from our own
collection or the University of Washington's Interactive Brain Atlas (J.
Sundsten, ©1994) using Adobe Photoshop (4.0). Media was assembled in
Apple Media Tool (2.1) with hypertext links to video clips of neurologic
disorders. Video clips, schematics, and morphology illustrations may be
accessed in glossary or problem-solving formats. Evaluation of N euro
Video Clinic occurs during the four-week Medical Neuroscience course.
Evaluated data is composed of time spent using the software and student
responses to objective and subjective surveys. This work is funded by a
Basic Research Support Grant from the WSU School of Medicine.
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SIMPKIN, A SINGLE CHANNEL KINETICS SIMULATOR...OR HOW TO DO
PATCH CLAMP WITHOUT GETTING YOUR HANDS DIRTY!
R.J. Prince* and S.M. Sine, Receptor Biology Laboratory, Mayo Foundation,
Rochester MN 55905
The ever-decreasing cost of fast computer work-stations has made kinetic
analysis of single channel recordings an attractive technique for many investigators.
However, for students studying receptor biology or even experienced
electrophysiologists new to this technique, gaining an understanding of how
different kinetic models and their underlying parameters relate to dwell-time
distributions can be a slow process. To act as a “kinetics primer” we have
developed SimpKin (Simple Kinetics), a single channel simulation program for the
Macintosh and PowerMacintosh. SimpKin allows the user to enter any kinetic
scheme with up to 10 states and 20 transitions between the states. The agonist
dependency of individual transitions can also be defined. The program displays
open, closed and burst histograms at a user-defined filter frequency and burst
resolution. In addition, SimpKin calculates mean open and closed times and
channel open probability. The raw data can be exported to TACFIT for fitting, to
sums of exponentials. Running on a Power Macintosh 7300, using an 8 state
scheme to simulate the muscle acetylcholine receptor, SimpKin generates, bins and
displays 20000 events in under one second. We anticipate that as well as providing
an introduction to kinetic modeling, SimpKin may also be of use to experienced
investigators who wish to check the validity of kinetic schemes and the underlying
parameters generated by global scheme-fitting. SimpKin was written in C using
the EasyApp application framework (Jim Trudeau, Hayden Books). Supported by
NIH grant NS31774 to SMS and the Myasthenia Gravis Foundation (fellowship tó
RJP).

SIMULATOR FOR NEURAL NETWORKS AND ACTION POTENTIALS (SNNAP).
D.A. Baxter*, V.C. Patel and J.H. Bvme, Department of Neurobiology and Anatomy,
The University of Texas Medical School at Houston, Houston, TX 77030.
Computer simulations are useful tools for teaching neurophysiological principles as
well as for research. Previously, we developed a Simulator for Neural Networks and
Action Potentials (SNNAP, Ver. 1; Ziv et al. 1994). SNNAP incorporates an easy to
use graphical user-interface and is versatile. The electrical properties of neurons are
described with Hodgkin-Huxley type voltage- and time-dependent ionic conductances.
The connections among neurons can be electrical, chemical and/or modulatory
synapses. In addition, SNNAP incorporates equations for simulating different types of
second messengers, neuronal modulation and synaptic plasticity.
A new version of SNNAP (Ver. 2) is now available. Some of the new features
include: increasing the number of neurons that can be simulated in a network to 30;
incorporating a batch mode of operation that automatically reruns simulations while
systematically assigning new values to any given combination of parameters; and
equations that allow for interactions among intracellular ions and/or second
messengers (e.g., calcium-dependent enhancement of cAMP synthesis). In addition,
simulations have been developed that illustrate several general neurobiological
principles including the contribution of ionic currents to the unique firing properties of
an individual neuron; the modulation by second messengers of the
electrophysiological properties of a neuron; and the contribution of synaptic
connections among neurons to patterns of activity generated by small neural
networks.
SNNAP runs in a UNIX/X-windows environment. For additional information, visit the
SNNAP Web site at http://nba19.med.uth.tmc.edu/~snnap/. Supported by NIH grant
R01-RR11626.
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NEUROBIOLOGY LAB EXERCISES IN SOFTWARE. N.T. Camevale*1.3,
M.L. Hines2,3, and D.B. Jaffe4, Depts. of 1Psychology and 2Computer Science,
and 3Neuroengineering and Neuroscience Center, Yale Univ., New Haven, CT
06520, and 4Div. of Life Sciences, Univ. of Texas, San Antonio, TX 78429.
Computer simulations can be a useful adjunct to classroom lectures and
conventional laboratory experiments. By providing a means to illustrate and
explore the processes that underlie neuronal function, they can help students
visualize concepts, enhance correct intuition, and increase motivation. Therefore
we are creating a series of simulation exercises that are designed to reinforce
learning of basic concepts, promote creative thinking through problem-solving,
encourage productive interplay between simulation and experimentation, and
provide a launching point for students who wish to pursue independent research
projects. These exercises are based on a course that was developed at UTSA and
subsequently introduced at Yale. This project has three principal advantages over
existing “educational simulators”: to maximize the potential audience, the
exercises are keyed to several leading neuroscience textbooks; the exercises
address important topics that are not covered by present educational simulators;
the exercises run in NEURON [Hines 1993, 1994], a fully-programmable
research-quality simulation environment that is freely available for UNIX, Linux,
MS-Windows (3.1,95, NT), and Macintosh (PowerPC).
We have also set up an Advisory Panel of neuroscience educators from colleges
and universities across the country, some of whom have themselves developed
educational software, for the purpose of in-classroom testing and to obtain
helpful recommendations and feedback. To reach the wider neuroscience
community, additional information about this project is posted on the WWW at

PROJECT CRAWDAD: USING VIDEO TO TEACH DISSECTIONS
IN UNDERGRADUATE NEUROSCIENCE LABS.
R.A. Wyttenbach*, B.R. Johnson, and R.R. H oy,

http x//www.neuron.yale.edu/labman.html.

Supported by the Division o f Undergraduate Education at NSF

Neurobiology and Behavior, Cornell University, Ithaca, NY 14853-2702.
The “Crawdad Project” is a three-year program funded by the National
Science Foundation with the aim of promoting the use of invertebrates in
undergraduate physiology and neuroscience courses. The program will
culm inate in the production o f a laboratory m anual and instructional
videotape at the end of the three years. During each year o f the program, a
workshop for college faculty is being conducted at Cornell University. The
purpose of the workshop is twofold: first, to give faculty hands-on experience
with invertebrate preparations so they can incorporate them into classes and
second, to allow ongoing testing and evaluation of instructional materials in
the making. The second workshop took place this June.
Previous posters have covered the specific laboratory preparations under
development, including crayfish superficial flexor muscle and innervation,
crayfish stretch receptor, and snail brain.
At this poster, we will show video clips intended to teach undergraduates
(and their instructors) how to do some of the dissections used in these lab
exercises. The first segment will show how to expose the crayfish superficial
flexor muscle and its assocated nerve for physiological recording. The second
segment will show the procedure for making a cobalt backfill o f this motor
nerve. It is our hope that video clips such as these, on VHS tapes and/or CDROMS, will be a valuable supplement to written lab manuals for students and
instructors alike.
For more information or workshop application materials, visit the web site
at http://w w w .bio.cornell.edu/craw dacM iom e.htinl.
Supported by NSF grant 9555095.
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ODORANT-SPECIFIC SECOND MESSENGERS IN FROG OLFACTION:
AN UNDERGRADUATE INVESTIGATIVE LAB EXPERIMENT.
E.L Coates*. L.M. Lazore, and.S.D.Stocker, Department of Biology,
Allegheny College, Meadville, PA 16335
In 1956 Ottoson published the first thorough description of the
electrophysiology of frog olfactory receptor neurons. Despite major
advancements in our understanding of the vertebrate olfactory system, since
1956, there is still an ongoing debate on the mechanisms of olfactory
transduction. It is now well established that odorants bind to specific
membrane proteins located in the receptor cell cilia and that second
messenger pathways are involved in the transduction mechanism. However,
it is not yet clear which second messenger systems (e.g. cAMP, IP3,
NO/cGMP) are involved or whether specific odorants or classes of odorants
use specific second messenger pathways. Because of this current confusion
and the ease at which the frog olfactory system can be studied, we have
developed an undergraduate investigative laboratory for students enrolled in
"Cellular Neurobiology", a junior level course. Olfactory receptor potentials
are recorded from the surface of the olfactory epithelium with glass
electrodes (tip diameter = 20 μm). The ensemble receptor response to a
variety of odorants is recorded before and after topical administration of
specific inhibitors for the different second messenger pathways. These
experiments are easily performed within a three hour lab period and require
only a dissecting microscope, a course micromanipulator, DC amplifier, and
a recording device. Students state that they find these investigative
experiments more rewarding than typical "cookbook" experiments because
they are participating in "real" scientific inquiry. (Supported in part by NSF
grant # IBN 94-09236).

UNDERGRADUATE LABORATORY INVESTIGATIONS OF CELL
DEVELOPMENT USING RAT PHEOCHROMOCYTOMA CELLS. J. A.
Blundon* and E. M. Adler. Dept. Biology, Rhodes College, Memphis, TN, 38112
and Dept. Biology, Williams College, Williamstown, MA, 01267.
Undergraduates studying neuroscience at Rhodes College and Williams
College are using clonal lines of rat pheochromocytoma (PC 12) cells to investigate
the effects of environmental factors and intracellular second messengers on cell
proliferation, differentiation, and neurite extension. This inquiry-based lab
experience demonstrates concepts concerning cellular changes that occur during
development of the nervous system and also provides valuable experience in cell
culture techniques. When cultured in control medium, PC 12 cells adopt a round,
phase bright morphology and proliferate to a high density. When exposed to
trophic factors, glucocorticoids, or other chemicals, PC 12 cells display many of
the developmental plasticities observed in immature adrenal chromaffin cells or
sympatheticoblasts. Students expose* PC 12 cells to nerve growth factor (NGF) and
observe a decrease in cell proliferation, an increase in neurite extension, and an
increase in acetylcholinesterase activity. PC 12 cells exposed to dexamethasone, a
synthetic glucocorticoid, cease proliferation and instead develop dense core
granules similar to those of mature chromaffin cells. Students explore the role of
possible cytoplasmic signals, such as cyclic AMP, that occur during cell
differentiation by exposing PC 12 cells to agents such as forskotin, an activator of
adenylate cyclase. Students also create and implement a research plan that further
characterizes the processes of cell development. This year students tested the
effects on PC12 cell development of resveratrol, cytochalasin B, colchicine, and
substrate molecules. Another group is currently developing an NGF monoclonal
antibody to determine the location and distribution of NGF receptors. Lastly,
students communicate their findings in the form of a formal research manuscript
which is subject to peer review and final editorial approval. Some of this work
has been previously described by Adler (1996 Soc. Neuro. Abs.).
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TEACHING RESEARCH ABOUT WORKING MEMORY CAPACITY IN
HUMANS AND LAB RATS, USING RADIAL MAZES. R. B. Glassman*,
Dept. Psychol., Lake Forest College. Lake Forest, IL 60045.
One of the constants of the human mind is "the magical number 7±2H
items that can be held in working memory (WM). The demonstration of
this span is also a reliable constant of undergraduate teaching. In the
animal literature, results from the popular radial maze test suggest that
lab rats too have a WM capacity of about 7. Our finding that humans in
a radial maze perform at the same level as rats suggests that 7±2 is a
mammalian constant (Glassman, et al., Brain Res. Bull.. 1994,
Neuroscience Abstracts. 1992, 1993,1996). Our human radial maze is
a 15 m dia. figure painted in white lines on a lawn, with “arms" radiating
outward from a center circle 1.5 m dia. Subjects are instructed to visit
the end of each arm only once, choosing arms unsystematically. During
the past seven years, eight students have done behavioral projects
testing human subjects in mazes with varying numbers of arms, delay
conditions1 and a method for testing WM for sources of messages.
Undergraduates can acquire the basic skills for testing humans quickly,
often gathering data of publishable quality while actively learning basic
lessons about science, during a semester or 10-week summer research
session. To round out their education, most of the same students also
train rats in a standard 2 m dia. radial maze. This comparative
behavioral research program provides oppbrtunities to derive hypotheses
about human brain function in memory from the rich neuroscience
literature on animals.

TEACHING OF NEUROSCIENCE:
THE VISUAL SYSTEM.
B.H. Hallas*,
W.D. Maxwell and M.R. W e l l s , D e p t . of Neuroscience, New
York College of Osteopathic Medicine, Wheatley Road,
Old Westbury, N.Y. 11568
This poster will be designed to teach one aspect of
Neuroscience, namely the Visual System, to first year
medical students.
This session is predicated by the
assumption that all medical students have the basic
knowledge of the gross external and internal features of
the brain and spinal cord. With this in mind, the gross
and microscopic structure of the eye will be reviewed
followed by a discussion of the CNS pathways of the visual
system.
The laboratory portion of the visual system will
consist of viewing glass slides of the monkey eye to
demonstrate the gross anatomical features of the mammalian
eye (such as the lens, ciliary body, layers of the retina,
etc.).
This information will be reinforced by students
dissecting cow eyes and labelling (by use of colored pins)
the gross anatomical features and will conclude with the
students dissecting and labelling the CNS visual pathways
using human brains.
The last portion of the exercise will
involve a discussion of visual reflexes and defects.
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VERTICAL CURRICULAR INTEGRATION IN MEDICAL NEUROSCIENCE

CIRCADIAN
INFLUENCE
ON
THE LEARNING OF
NEUROSCIENCE. B. Barrera-M era, R. Guevara-Rodriguez, and G.
Diaz-Merino. Departamento de Fisiología, Facultad de Medicina,
UNAM. México, D. F. C.P. 04510, México.
Neurophysiology is studied at the beginning
o f the second year o f medical studies at the
University o f Mexico (UNAM). This course is
offered by neuroscientist during three months
a year. But judging by the result o f the
corresponding exams, the knowledge o f
neurophysiology is far from desired. Only a
58.99% o f the students approved the course.
The lack, o f students comprehension o f the
meaning o f some words like: tonic, adaptation,
habituation, accommodation decremental, generating, relay, transient,
etc., made difficult the understanding o f the right answer in their
corresponding exams. Besides other complex influences, the number
o f approved students per group is also depending on the hour o f the
day at which the class is given. Groups scheduled at the middle o f the
day showed a higher number o f approved students. Based on other
physiological parameters, the learning process o f neuroscience is also
modified by a circadian influence.

Dr. Joseph J. Warner* Dept. of Neuroscience, University of Florida College
of Medicine and the University of Florida Brain Institute, Gainesville, Florida
Traditionally, medical school curricula have been characterized by a two tier
organization which segregates courses in the basic and clinical sciences.
This vertical organization consists of (1) establishment of a foundation in the
basic sciences, followed by (2) application of the basic sciences in clinical
medicine, based upon the premise that knowledge of the basic sciences
must precede the achievement of an in-depth understanding of clinical
disciplines. Thus, basic science courses are generally presented over the
initial two years of the curriculum, segregated from related clinical fields. Two
interrelated problems identified by curriculum review and assessment of
student performance include: (1) marginal retention of basic science
information essential to subsequent clinical studies, and (2) failure to identify
the “relevance” of basic science information to professional goals. The
Medical Neuroscience course at our institution is a five week, full time
intensive schedule of lectures and laboratory work including human
neuroanatomy and systems organization with structure-function correlations.
In addition to the study of the normal C.N.S., we are introducing students to
clinical and pathologic cases selected to demonstrate anatomic relationships,
principles of systems organization, and functional correlates. Exemplary
cases are integrated in lectures and laboratory work, and are included in text
material prepared for this course. Cases range from brief clinical vignettes to
major case presentations which involve a comprehensive problem-solving
approach. The scope of neuropathologic analysis is limited to features which
illustrate and reinforce basic science objectives. Often, rare pathologic
entities may be more suitable for such analysis than more commonly
encountered clinical syndromes with complex or unclear pathophysiology.
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NEURAL NETWORKS: A CLUSTER COURSE APPROACH. A.G,
Gittis*, BJB. Cindric, Psychology and Mathematics/Computer Science
Departments, Westminster College, New Wilmington, PA 16172
Neuroscience is in many ways the epitome of interdisciplinary synthesis.
Synthetic cross-fostering of ideas is also deemed essential in liberal arts
education making neuroscience topics excellent focal points for liberal
arts programs. This presentation highlights a “cluster course” being
developed at Westminster College (PA) in which students study Neural
Networks by taking two courses in tandem, one offered by the
Mathematics/Computer Science department, the other by the Psychology
Department. It is part of a broader initiative at the college, supported by
the National Science Foundation*, in which the two departments work
cooperatively. The course is targeted at the general undergraduate
population to foster an understanding of the explanatory power of
neurocomputational modeling in a variety of psychological domains and
the societal impact of this modeling through computer science
applications. The psychology course will lead students from Hebb’s
original formulation of cell assemblies, through their evolution in neural
network models and their application in visual perception, development
and memory. The computer science course will show the use of neural
networks for solving practical real-world problems and Introduction to
programming concepts such as competitive learning and attractor
networks.

THE FAIRFIELD MODEL FOR A DEGREE GRANTING
UNDERGRADUATE NEUROSCIENCE PROGRAM. W. R. Salafia.*
Neuroscience Program, Fairfield University,
Fairfield, CT 06430-5195

*NSF: DUE-9651206 'Neural, Social and Electronic Networks: A Cluster
Course Approach- Sandra Webster, Alan Gittis, Thomas Kelliher, Blase
Cindric
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The past few years have witnessed a striking increase in the popular
ity of Neuroscience at the undergraduate level. In Septenber, 1996
Fairfield University, whose regular, day undergraduate population num
bers about 3000, accepted the first group of 14 students into its new
B.S. degree granting undergraduate Neuroscience Program. Because other
colleges and universities that are about Fairfield's size may be con
sidering a variety of options for setting up such programs, and because
there is no single "best way" to proceed, it seemed worthwhile to de
scribe the more important elements of our program.
First, primarily due to budgetary constraints, but also because it
made good academic sense, we chose to establish an inderdisciplinary
program rather than a separate department of neuroscience. Our program,
which required modest drifts (but very little increase) in university
resources, draws primarily from Biology and Psychology. After finishing
the core of basic Biology, Chemistry, Physics and Psychology courses,
two four-course track options are available. Those interested in
Cellular/Molecular Neuroscience take additional courses in Genetics,
Cell physiology, Molecular Biology and Cellular & Molecular Neuro
biology. Students in the Behavioral/Cognitive Neuroscience track take
courses such as Psychobiology Lab, Learning & Memory, Drugs & Behavior
and Cognitive Psychology. Independent research, both within and outside
the university, is strongly encouraged and supported. As the program
grows we intend to develop additional track options.
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R EA C TIO N S O F U N D ER G R A D U A TES TO M E N TO R ED SUM M ER
RESEA RCH EXPERIENCES. I.A. Czaia* D e p a rtm e n t of P sychology
a n d O ffice for the A d v an cem en t of S ch o larsh ip & T eaching, M iam i
U n iv ersity , O x fo rd , O H 45056.
M iam i U niversity is w o rk in g to d e v e lo p an ed u c atio n a l m o d e l that
elim inates th e perceived d ic h o to m y b etw een teaching a n d research.
T his is being d o n e by im p lem en tin g p ro g ram s th at focus on continuo u s
le arn in g a n d sh arin g of k n o w led g e as the fu n d a m e n ta l activities of all
s tu d e n ts, faculty, a n d staff. A n ex a m p le is th e U n d e rg ra d u a te
S u m m e r S cholars (USS) p ro g ram , in w hich 100 s tu d e n ts w o rk one-ono ne u n d e r the su p erv isio n of a faculty m e n to r on researc h projects for
10 s u m m e r w eeks. S tu d e n ts receive a s tip e n d , ac ad em ic cred it, a n d a
research allow ance. T he m e n to rs a d d itio n a lly receive a professional
d ev e lo p m en t allow ance.
T ra d itio n al classes te n d to stress th e p ro d u c ts of sch o la rsh ip - th e
facts a n d theories of a discipline. A ctive le arn in g o p p o rtu n itie s such
as th e USS p ro g ra m allo w p ractica l a p p lic a tio n of these p ro d u cts.
M ore im p o rtan tly , they p ro v id e stu d e n ts w ith a b etter u n d e rs ta n d in g
o f th e processes of sch o la rsh ip - th e w ays in w hich o ne asks questio n s,
collects a n d o rganizes in fo rm atio n , an d c o m m u n ic ates th e resu lts of
th a t sy n th esis to o thers. A goal of the USS p ro g ra m is to p ro v id e
s tu d e n ts effective strateg ies for life-long learning. C o m p a rativ e
m e asu rem en ts h ave been m a d e of stu d e n ts' general preferences for
v ario u s ty p es of le arn in g experiences a n d th e specific im p act of
m e n to re d research activities on 300 USS p articip an ts. D ata w ill be
p re se n te d on these effects. A d d itio n al d etails w ill be p resen ted on the
im p lem en tatio n , financing, a n d ev a lu atio n of m e n to red experiences.
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THE V ERSATILITY OF USING A CASE STUDY METHOD OF
TESTING IN A BEHAVIORAL NEUROSCIENCE COURSE AT A
COMMUNITY COLLEGE. C.A.Cohen*. Division of Liberal Arts and
Business, Massachusetts Bay Community College, 50 Oakland Street,
Wellesley Hills, MA 02181 USA.
For the past three years our community college has offered a course in
Behavioral Neuroscience to a broad range of students across the
disciplines. Their performance in examinations far exceeded our
expectations even when compared to four year private and four year
public institutions. Given the fact that many of our students are in the
Allied Health fields such as nursing and physical and occupational
therapy assistant programs, and potential clinical psychology students, we
wanted to devise a way of testing that would not only test their
knowledge of the material, but the application of the material as well.
Upon completion of their programs, they will be required to assess
clients based on the symptoms presented, therefore a case study method
of testing has been implemented in this course. Students were given
fictional case histories of one or more patients at a fictional emergency
room. Each "patient" usually had multiple problems that were tied into
the lecture material they had heard from the previous week. They were
also given unnecessary information that was meant to divert their
attention and make the task more difficult. Students were either given
the case in class or as a take home exam and were required to write up a
brief summary of the case, a potential diagnosis or diagnoses, and
possible treatments. On the whole students found this method of testing
challenging yet enjoyable, and they felt a greater sense of mastery of the
material. An added benefit to this method of testing is that students can
integrate their writing skills into a science based course. Samples of
students reports will be presented.
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USING W RITING TO TEACH NEURO SCIEN CE TO NON
SCIENCE MAJORS: LESSONS LEARNED FRO M STUDENT
WRITINGS. Peter A. Paw son*. D e p 't o f Biology, Utica College o f
Syracuse University, Utica, NY 13502.
Coming from a research background in the N eurosciences, I
recently began to teach Introductory Neuroscience to sophomore
non-science majors at a small liberal arts college (Soc. Neurosci.
Abstr. 22: 251). Students w ere asked to keep a writing log that
detailed their experiences with the term paper writing process, and
they w ere asked periodically to access the benefits and/or problems
associated with writing the paper. Students discuss overcoming their
trepidation regarding prim ary scientific literature and they profess a
greater understanding o f the academic research process. They clearly
learn and benefit from the peer review process. The writing logs
also indicate that students are frustrated while learning the rules and
the complex language o f the neuroscience discourse. They are
concerned about choosing the "right inform ation", i.e. dealing with
the sometimes conflicting data and theories found in the literature.
They are concerned about the time-consuming nature o f learning
complex material (is it worth the tim e spent?)-insightful students
state that the opportunity to do intense research on some aspect o f
the nervous system has given them a greater understanding o f overall
nervous system function. (Supported by a grant from Utica College).
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DEVELOPING GENDER-EQUITABLE NEUROSCIENCE ACTIVITIES FOR
GIRLS THROUGH UNIVERSITY-BASED SERVICE LEARNING. A. M.
Zardetto-Smith* and B. Marshall-Goodell, Creighton Univ., Depts. of Physical
and Occupational Therapy, Omaha NE, 68178 and the Univ, of Iowa Women in
Science and Engineering Program, Iowa City, IA 52242.
Studies have shown that extracurricular science programs, particularly those that
encourage parental involvement, may be the best option for maintaining a girl’s
interest in science through the transition from elementary to secondary school, a point
at which girls’ interests in math and science fall behind their abilities in those areas.
This project employs a synergistic mentoring approach in a team format utilizing the
concept of service learning to promote girls’ interests in neuroscience. Through
service learning, students learn and develop through active participation in
thoughtfully organized service activities that meet actual community needs. The
service learning team is comprised of several female undergrad and graduate science
students (led by a student team leader) with a female faculty member as the content
expert. Team participants design gender-equitable, hands-on neuroscience activities
for girls in a narrow age range (Grades K-l, 2-3, 4-6) that are presented in a smallgroup format in an extracurricular setting such as an after-school or community
program. The team participants have the opportunity to act as role models for the
younger girls, building their self-esteem, knowledge of content and principles of
gender-equitable teaching, and organizational and presentation skills. Girls doing the
activities learn principles of neuroscience while developing/maintaining positive
attitudes about science in general and their abilities to do science. Both the college
students and faculty develop/maintain positive attitudes about the value of
‘community service and informal science education. In addition, the resources of the
university are extended and transferred into the community while the visibility of
women neuroscientists within the community is increased. Supported by NSF HRD
96-31243.

1 1 1 .5 6
EVALUATION OF LEARNING THROUGH DISCUSSION USING TWO
NEUROSCIENCE BASED CASE STUDIES. C.B. Royee* and A. Zardetto-Smith,
Office of Assistant Dean for Research and Department of Occupational Therapy,
School of Pharmacy and Allied Health Professions, Creighton University, Omaha,
Nebraska, 68178
Teaching neuroscience in occupational therapy typically uses a traditional
lecture/laboratory instructional format. Yet, research suggests that alternative
instructional strategies may better assist students to integrate concepts, master
terminology and increase recall. Thus, pilot investigation of an instructional
strategy based upon W.H. Fawcett’s Learning Through Discussion (Rabor, Chamess,
Kipperman and Vasille, 1994) was implemented into the neuroscience courses using
first year occupational therapy doctoral students (OTD) to serve as discussion group
leaders with first year baccalaureate degree students in occupational therapy (BSOT).
The OTD students were oriented to LTD during their advanced neuroscience class,
and the BSOT students were oriented to the process of LTD during a brief class
overview in their separate neuroscience class. Subsequently, on two separate
occasions the BSOT students were assigned to discussion groups of 6-10 using
system random assignments. BSOT students were given the case and guiding
questions two weeks prior to the scheduled discussion period. The BSOT students
met with the OTD group leader for one hour sessions. Reactions of BSOT (n=38)
and OTD students (n=8) were separately evaluated at the completion of the pilot
study. Using a Likert type scaling format covering a variety of questions ranging
from content learned to reported satisfaction with the experience, both groups
responded very positively and recommended inclusion of this instructional method
into the traditional instructional curriculum. Based upon this pilot study, specific
curricular recommendations include (1) including three cases over the course of a
semester, selecting cases based upon their ability to highlight key neuroscience
concepts of clinical importance, and (3) expanding study of response to learning
through discussion to doctoral students in physical therapy.
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THE SYMBIOTIC NATURE OF ANIMAL RESEARCH. H. E. Heffaer.*
Dept. o f Psychology, Univ. o f Toledo, Toledo, OH 43606.
The symbiotic nature o f animal research should be addressed when
discussing the issue o f animals rights in the classroom.
Research animals, like other domestic animals, have formed a symbiotic
relationship with humans. The result is that laboratory animals, such as
mice and rats, have greatly increased in numbers and have become more
genetically diverse, developing into new subspecies. They are successful
because they have invaded a new ecological niche, the laboratory.
The argument that the lives o f laboratory animals are unnaturally short
is incorrect. In Nature, typical first-year mortality rates are 90%, due
primarily to starvation and disease. We protect laboratory animals from the
ravages o f Nature thereby creating a surplus which we use.
The claim that laboratory animals are degenerate because they need
humans to survive is spurious. All species depend on others for
survival— would anyone consider flowering plants degenerate because
their reproduction depends on insect pollination?
The animal rights movement is essentially an "antisymbiotic" movement
as it seeks to abolish all interactions between humans and animals. Because
laboratory animals need humans in order to survive, it follows that
abolishing the use o f animals in research would lead to their extinction.
The ethics o f promoting policies that lead to the extinction o f entire
populations would seem questionable, no matter how well-intentioned.
Additional points and a list o f recommended readings will be provided.

SUNDAY PM

SYMPOSIA

112
SYM POSIUM : OPTICAL IM AGING OF PRESYN A PTIC
FUNCTION. W.J. B etz. Univ. o f Colorado (Chairperson); Pietro De
C am illi, Yale Univ.; W att W. W ebb, Cornell Univ.; W olfhard A im ers,
M ax-Planck Inst. Heidelberg.
Until the late 1980’s, nearly all quantitative studies o f secretion from
living cells involved ejectrophysiological techniques - initially
postsynaptic recordings o f synaptic potentials and currents, and later
patch clam p capacitance and am perom etric recordings. D uring the past
decade, optical techniques have been developed, and have grow n rapidly
to be becom e im portant tools in the repertoire o f neurobiologists. In this
sym posium Bill Betz will review the use o f fluorescent dyes (especially
F M 1-43) to study exo- and endocytosis and vesicle recycling. Pietro De
Cam illi will describe the use o f light and electron microscopy and
m olecular techniques to exam ine mechanism s in synaptic vesicle
endocytosis and exocytosis. W att W ebb developed m ultiphoton
microscopy; he w ill discuss its application for im aging the intrinsic
fluorescence o f serotonin and related indolam ines in secretory granules,
reporting on oscillatory secretion dynam ics and distributions o f
indolamine stores in different cell types. W olfhard A im ers has com bined
evanescent wave fluorescence microscopy - w hich gives im ages at
near-ultrastructural depth resolution in living cells - w ith
electrophysiology to observe single secretory vesicles in neuroendocrine
cells, and to explore the last m inutes o f the secretory pathway.

113
SYMPOSIUM. FUNCTIONAL ROLE OF CANNABINOID RECEPTORS AND
ENDOGENOUS CANNABINOIDS. S.A. Deadwvler, Bowman Gray (Chairper
son); D. Piomelli, Neurosciences Inst.; K. Mackie, Univ. Washington; S.R. Childers,
Bowman Gray; J. M. Walker, Brown University.
The discovery and cloning of the cannabinoid receptor together with the identifica
tion of the putative endogenous ligand anandamide opened new avenues of research
aimed at understanding the role of endogenous cannabinoids in the CNS. Recent work
has shed light on the synthesis of anandamide from membrane-bound lipid precur
sors, especially N-acylphosphatidylethanolamine (NAPE). The synthesis of NAPE
in brain is under tight regulatory control providing effective mechanisms to regulate
the activity of endogenous cannabinoid systems (Piomelli). Advances have been
made in understanding the regulation of ion channels and second messenger systems
by cannabinoids. Cannabinoid receptors inhibit N and P/Q calcium channels. In ac
cordance with the role of these channels neurotransmitter release, the CB1 receptor
has an extensive presynaptic localization and cannabinoids inhibit neurotransmission
in several model systems. The CB1 receptor is rapidly internalized during cannabi
noid exposure (Mackie). The recent development of autoradiographic techniques to
localize receptor-G-protein coupling by agonist-stimulated [35S]GTPyS binding re
vealed sites at which cannabinoid agonists activate their signal transduction systems.
Prolonged stimulation of the receptor led to desensitization of cannabinoid-activated
G-proteins. (Childers) There have also been significant advances in our understand
ing of the role of cannabinoids in specific neural systems. Studies of neuronal activity,
immediate-early gene expression and behavior have revealed spinal and supraspinal
mechanisms of the analgesic effects of cannabinoids. Recent work also revealed nov
el mechanisms by which cannabinoid receptors in the basal ganglia regulate motor
function (Walker). A combination of neurophysiological and behavioral studies have
elucidated the molecular mechanisms of cannabinoid action in the hippocampal
formation which appear to account for the effects of cannabinoids on cognitive func
tion and memory (Deadwyler). These novel findings provide a foundation for under
standing the role of cannabinoid receptors and endogenous cannabinoids in the brain.

SERO TO N IN R EC E P T O R S: MOLECULAR BIOLOGY
1 1 6 .1

1 1 6 .2

REGULATION OF 5HT1AAUTORECEPTOR mRNA EXPRESSION BY ESTROGEN
(E) AND PROGESTERONE (P) IN RHESUS MACAQUES. M. Pecins-Thompson*,
C.L. Bethea Div of Repro Sci, Oregon Regional Primate Center, Beaverton, OR 97006
It is hypothesized that ovarian steroids act on serotonin neurons to modulate mood
and increase prolactin secretion in women. However, information is needed on the
molecular consequences of E and'P action in serotonin (5-HT) neurons. This study
examined the of E+P on the expression of mRNA for 5-HT1A autoreceptor in monkeys
using in situ hybridization and a 431 bp 5-H1 A probe generated with RT-PCR.
Monkeys were ovariectomized (OVX)-control (n=4), E treated (28 days, n=4) and E+P
treated (14 days E + 14 days E+P, n=4). Perfusion fixed midbrain sections containing
the dorsal raphe (DR) (lOμ) were hybridized at 60°C with 35S antisense cRNA. After
a final wash in 0.1X SSC at 70°, sections were apposed to β-max film for 2 days.
Adjacent sections were immunostained for serotonin to confirm the location of the DR.
Densitometric analysis of autoradiographs with graylevel thresholding was performed
at 5 levels of the DR. The number of pixels exceeding background in defined areas
was obtained (pixel number). In the E and the E+P treated groups compared to the
OVX group, there was a 38% and 43% decrease in 5-HT1A mRNA signal represented
by pixel number (ANOVA, p<0.05). Mean optical density for 5-HT1Awas significantly
decreased by E treatment (21%) and then further decreased with the addition of P
treatment (45%, p<0.05). Also there were significantly fewer 5-HT1A mRNA-positive
cells in the serotonergic neurons of the DR in E and E+P treated groups (p< 0.001).
Within positive cells, grain counts were also performed. There were significantly
lower single-cell levels of 5-HT1A mRNA in serotonergic neurons of the DR in the
E+P treated group only (p< 0.05). These results suggest that E reduces 5-HT1A gene
expression and that the addition of P further reduces of 5-HT1A gene expression in
nonhuman primates. Together these actions of E and P would increase serotonin
neurotransmission, thus elevating mood and/or prolactin secretion. Supported by
HD 17269, DK9098, RR00163.

C O N ST IT U T IV E A CTIVITY OF TH E 5 -H T 1A R ECEPTOR:
MEDIATION BY Ga . God2 AND G βγ SUBUNITS. Paul R. Albert* and
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CONSTITUTIVE AND INDUCIBLE KNOCKOUT OF THE 5-H T 1A
RECEPTOR. S. Ramboz*, R.S. Posting1, and R. Hen. Center for Neurobiology
and Behavior, Columbia University, New York, NY 10032, USA. ‘Solvay-Duphar
B.V., Weesp, The Netherlands.
The 5-HTIA receptor has been implicated in a number of physiological and
pathological responses such as anxiety, depression, and sexual activity. To better
understand the involvement of the 5-HTIA receptor in these behaviors, we created
two strains of 5-HT1A receptor knockout mice. In the first strain, the 5-HT1A gene
was disrupted by an insertion of the pGK-neo gene into the coding sequence. The
other was created by a deletion of the 5-HT1A gene. Both constructs woe
electroporated into embryonic stem cells and homologous recombination events woe
obtained with a low frequency. Chimeric mice transmitted the mutation to their
germlines and the resulting heterozygotes were bred to produce homozygotes. A
mendelian ratio was obtained, indicating a normal viability of the homozygote
mutants. The 5-HTIA knockout mice do not exhibit any obvious developmental
defects. The behavior of these mice is currently under investigation.
A major problem in the interpretation of experiments performed with knockout
mice is that the mutant phenotype may be due to developmental compensations
caused by an absence of the protein during development. To avoid this problem, we
have also generated an inducible 5HT1A knockout mouse utilizing the tetracycline
inducible system developed by Gossen and Bujard (P.N.A.S. 89, 1992). We created a
cassette containing the tTA gene (tetracycline transactivator), the pGK neo gene
flanked with lox P sites, and the tet-o sequence of the E.Coli TnlO tetracycline
resistance operon. This cassette was inserted into the 5’ untranslated end of the 5HT1A gene such that the tTA gene was expressed under the control of the
endogenous 5-HT 1A promoter. In the presence of doxycycline, an analogue of
tetracycline, tTA can not longer bind to the tet-o sequence and activate transcription
of the 5-HTIA gene. The behavior of these mice will be compared to that of the
constitutive knockouts.
(Supported by NIH grants: R01DA09862 and P01MH48125-06)
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M oham m ad H. G hahrem ani#, Neurosc. Res. Inst., Univ. of Ottawa,
Ottawa, C anada K1H-8M5 and #Dept. of Pharmacol., McGill, Montreal.
Constitutive activity has been dem onstrated for receptors th a t couple
to stim ulatory actions (eg. dopam ine-D l, 5-HT2C) b u t not for receptors
th a t couple to inhibitory processes (eg. 5-HT1 receptors). W hen
transfected into a variety of cells including HEK-293 kidney cells,
activation of the 5-HT 1A receptor in h ib its cAMP accum ulation.
However in HEK-293 cells cotransfected with 5-HT 1A receptor/adenylyl
cyclase type II (ACII) expression plasmids, receptor activation induced a
1.5-fold e n h an c e m e n t of cAMP a cc um ulation. A gonist-induced
stim ulation of cAMP w as blocked by overnight pretreatm ent w ith 50
ng /m l pertussis toxin (which inactivates Gi/Go) and by cotransfection
w ith Bark-CT (which s.quelches G(βγ su b u n it activity). Since ACII
requires coactivation of Gα s and G(βγ, this implies th a t the 5-HTIA
receptor can couple to Gi and Gs, although Gi appears dom inant
except in the presence of ACII. Cotransfection of G a il,2,3, and Go
plasm ids w ith 5-HTIA an d ACII dem o n strated a Gα -d e p e n d e n t,
agonist-independent increase in cAMP: G α i2, b u t not Gα il or Go
induced a 5- to 20-fold increase in cAMP, and G ai3 w as partially
effective. The Gαi2-m ediated increase in cAMP w as abolished in the
absence of 5-HTIA receptor or ACII, and w as completely inhibited by
p retreatm ent w ith pertu ssis toxin, and by cotransfection w ith BarkCT. Addition of agonist had no effect or slightly inhibited cAMP levels
in the presence of 5-HTIA, Gi2, and ACII. TTbis paradigm dem onstrates
th a t the 5-HT 1A receptor does possess agonist-independent activity
and provides a model in w hich to te st for the inverse agonist activity of
a variety of com pounds th a t target th is receptor. Furtherm ore, the
level of constitutive activity appears to depend on the abundance of
the specific G protein, Gi2. Supported toy the MRC, Canada.
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THE SEROTONIN 1A (5-HT1A) RECEPTOR IS ENCODED BY TWO mRNA
SPECIES IN FETAL AND ADULT HUMAN BRAIN.
PWJ Burnet*, SL Eastwood and PJ Harrison, University Dept. of Neuropathology,
Radcliffe Infirmary, Oxford OX2 6HE, UK
The rat brain serotonin 1A receptor (5-HT 1AR ) mRNA exists as major
bands of 3.9, 3.6 and 3.3 Kb on northern blots. The basis for the multiple transcripts
is unknown, though since the gene is single copy and intronless, likely mechanisms
include different polyadenylation or transcription start sites. In human fetal
peripheral tissues a single 5-HT1AR mRNA of 6.0Kb has been reported. Thus the
nature of the 5-HT1AR transcript(s) may differ between species, tissue and/or stages
of development. Resolving these issues may help to explain some of the unusual
pharmacological and regulatory aspects of the 5-HT1AR and clarify the molecular
details of its involvement in psychiatric disorders and their treatment. Here we report
on our attempts to identify and characterize the human 5-HT1AR transcripts).
Northern blot analysis of RNA isolated from the adult human hippocampus
showed two mRNAs of approximately 3.9 and 3.6. Similar results were seen if
poly(A)+ mRNA was used, and the same bands were detected in fetal human brain
(cerebral cortex and cerebellum). These data show that (a) the human brain
5-HT1AR mRNA occurs in two forms, which are of the same size as the major rat
mRNAs, and (b) the same pattern is seen in fetal human brain, and is clearly
different from that in fetal peripheral tissues.
Using 3’-rapid amplification of cDNA ends (RACE) and sequencing
techniques we have investigated whether multiple 5-HT,AR transcripts arise from
variation of the 3’-untranslated region (3’UTR). Analysis of the largest amplimer
generated by 3’- RACE from rat hippocampal RNA failed to reveal any concensus
polyadenylation signal. Further studies are underway, including additional analyses
of human brai.i and peripheral 5-HT1AR transcripts.
This work was supported by the Wellcome Trust.
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MOLECULAR ANALYSIS OF A KETANSERIN BINDING SITE TO HUMAN 5HT1D RECEPTORS USING A CHMAERIC RECEPTOR APPROACH. T.Wurch.
J.C.Martel*, F.C.Colpaert and P.J.Pauwels, Centre de Recherche Pierre FABRE, 17,
Av. Jean Moulin, 81106 Castres Cédex, FRANCE.
Human 5-HTIB and h5 -HTID receptors display almost a similar pharmacological
binding profile although they share a low (63%) overall amino acid identity.
Nevertheless, they can be differentiated by the 5-HT2 receptor antagonist ketanserin
(PIC50 : 6.91 to 7.37 for the h5-HTID receptor and <5 to 5.12 for the hS-HTIB
receptor). In order to identify a molecular correlate for this pharmacological
difference, chimaeric 5-HTIB/D receptors were constructed by a modified overlap
extension PCR method. The receptor expression was monitored in Cos-7 cells by
measuring inhibition of [3H] 5-CT and [3H] GR125,743 binding by 5-HT and
ketanserin. Replacement of transmembrane domain (TMD) I to TMD IV (139 to
R177) of the h5-HTID receptor by the equivalent amino acid region of the hS-HTIB
receptor did not modify the binding affinity of ketanserin and 5-HT. Exchanging
TMD I to TMD V (139 to G218) of h5-HTID by its h5-HTIB receptor counterpart
induced a low binding affinity for ketanserin (PIC50 : <5 to 5.09) without modifying
the affinity for 5-HT. Replacement of TMDs VI and VII including the third
intracellular loop (R219 to S377) of the h5-HTID receptor affected neither
ketanserin nor 5-HT binding. Exchanging the second extracellular loop (ECL) plus
TMD V (Q178 to G218) of the h5-HTID receptor yielded PIC50 values of <5 to 5.94
for ketanserin while the affinity for 5-HT was unaffected. High affinity for ketanserin
(PIC50 : 7.36 to 7.79) was measured with the chimaer exchanging the TMD V (1195
to G218) in the h5-HTlD receptor, whereas replacement of TMD V in the h5-HTlB
receptor yielded a chimaer with low affinity for ketanserin (pIC50 : 5.8 to 6.0).
Exchanging only the second ECL (Q178 to Q194) of the h5-HTID receptor induced
a binding affinity for ketanserin of 6 .1 to 6 .6 , without affecting the affinity for 5-HT.
These results point to the importance of the second ECL together with TMD V of the
h5-HTID receptor in the interaction of ketanserin with its binding site.

ROLE OF PROTEIN KINASES AND RGS PROTEINS IN
REGULATING 5-HT2A RECEPTOR ACTIVITY AND SURFACE
EXPRESSION IN VITRO, Brvan L. Roth*, Naseem Khan and Laith
Alsaveah, Departments of Psychiatry, Biochemistry and
Neurosciences, CWRU Med Sch, Cleveland, OH 44106.
5-HT2A receptor activity appears to be regulated by a number of
biochemical and cellular processes. We recently demonstrated that
agonists (Roth et al, JPET, 1995; Berry et al, Mol Pharmacol, 1996)
induce a rapid internalization and desensitization of 5-HT2A receptors in
vitro. We now report the potential involvement of protein kinases and RGS
proteins in these processes. For these studies, cells were exposed to
phort>ol-12,13-dibutryate (PDBu) or the biologically inactive phorbol ester
4-a-phorbol and the extent of internalization monitored by confocal
microscopy and a novel biotin-trap technique which selectively measures
internalized receptors. We discovered that PDBu but not 4-a-phorbol
induced a rapid internalization of S-HT2A receptors in the absence of
agonist. These results suggest that protein kinase C activation plays a
permissive role in 5-HT2Areceptor internalization. We are also evaluating
the role of RGS proteins in regulating5
Aactivity. For the
2
T
-H
initial studies, a his®-tagged RGS-4 protein was co-expressed with 5-HT^
receptors in the presence and absence of G^ in COS-7 cells. Studies
are currently underway evaluating the effect of over-expressed RGS-4 and
other RGS proteins on 5-HT2Amediated phosphoinositide hydrolysis and
desensitization kinetics in transiently expressed COS-7 cells. Supported
by MH01366 and GM52213 to BLR.
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PAIN BEHAVIOR IN 5HT3 RECEPTOR MUTANT MICE.
N.T.M. Guv1. A.B. Malmberg2, A,I, Basfaaum2, P . Julius1*,1D e p t of
Cellular and Molecular Pharmacology, 2Depts. Anatomy and Physiology
and W.M. Keck Foundation Center for Integrative Neuroscience, UCSF,
San Francisco, CA 94143.
H ie 5HT3 receptor (5HT3R), the sole ligand-gated ion channel
among the serotonin receptor family, is expressed in both the peripheral
and the central nervous systems.
To bring new insight to the
physiological functions of this receptor, we generated mice carrying a null
mutation in the gene encoding 5HT3R-A. Gene disruption was obtained
by deleting exons 6, 7, 8 encoding the putative transmembrane domain
2,3 and 4 of the protein. Correct targeting and disruption of the locus was
assessed by Southern blot analysis from tail DNA and Northern blot
analysis of mRNA from dorsal root ganglia. No gross developmental or
anatomical abnormalities have been observed thus far in the 5HT3Rdeficient (-/-) mice. Since 5HT3R are found in several regions related to
nociceptive processing, including the superficial layer of the dorsal horn
and the primary afferents nociceptors, we investigated the contribution of
5HT3R to injury-induced inflammation and pain. Acute pain indices did
not differ in 5HT3 receptor mutant mice compared to wild-type controls.
In addition, formalin-evoked paw edema was not different in mutant and
wild-type mice. In contrast, formalin-induced persistent pain behavior
was attenuated by 50% in the mutant mice. Similarly, paw licking
response to intraplantar 5-HT injection was reduced by 70%, but there was
no difference in paw edema. The behavioral and inflammatory response
to complete Freund’s adjuvant and nerve injury-evoked pain behavior
were not altered in mutant mice. These results indicate that the 5HT3R
contributes to the development of nociceptive pain behavior, but not
inflammatory response or edema. Supported by grants from the NIH,
NIMH, HFSPO and the PhRMA Foundation.

INDUCIBLE KNOCKOUT AND TISSUE-SPECIFIC RESCUE OF THE
5HT1B RECEPTOR. K.L.Stark, A. Ghavami, L. Segu*, M. MavforcL,E. Kandel,
and R. Hen. Center for Neurobiology and Behavior, Columbia University, New
York, N.Y. 10032.
Classical knockout approaches have been applied to delete serotonin receptors from
the mouse genome. A problem with this approach, however, has been the fact that
any altered behavior or phenotype may be due to developmental compensations
caused by an absence of the protein during development. To avoid such
developmental compensations, we are currently using a tetracycline inducible system
to create inducible knockout mice whose receptors can be turned off by the addition of
doxycycline, an analogue of tetracycline, to their diet.
A single cassette containing the tetracycline transactivator tTA, selection marker
neomycin, and the 5HT1B gene under the control of the tetO/minimal promoter, was
introduced into the 5HT1B locus through homologous recombination in embryonic
stem cells. The expression of tTA and thus the expression of the 5HT1B gene, is
under the control of the endogenous 5HT1B promoter and will be regulatable by
doxycycline.
We are also using another strategy, a tissue specific rescue, tQ study the function of
the 5HT1B receptor in specific brain regions. By crossing transgenic mice expressing
tTA under the control of an a-CAMKII promoter with transgenic lines expressing a
hemagglutinin (HA) tagged version of the 5HT1B receiptor under the control of the
tetO/minimal promoter, we were able to generate several Knes of mice with varying
patterns of expression as assessed by in situ hybridization. Some lines showed
striatal specific expression, whereas others had expression in striatum, hippocampus,
and cortex. Additionally, this expression was suppressed by the addition of
doxycycline (2mg/ml) into the drinking water of the mice. Breeding of these lines
with the classic 5HT1B knockout mouse has led to the generation of mice expressing
5HT1B receptors in limited areas. Future studies will assess the effects of these
receptors on various behaviors.
(Supported by NIH grant: R01DA09862)
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A GENE KNOCKOUT MODEL OF SEROTONIN 5-HT6 RECEPTOR
FUNCTION. T.J. Brennan* and L. H. Tecott, Dept, of Psychiatry, University
of California San Francisco, San Francisco, CA 94143
The. neurotransmitter serotonin (5-hydroxytryptamine; 5-HT) has been
implicated in the etiology and treatment of many neuropsychiatric
disorders. To understand the mechanisms through which serotonin
regulates CNS function, it will be necessary to examine the functional roles
of individual 5-HT receptor subtypes. These efforts are hindered by a
paucity of subtype selective agonists and antagonists. This is the case for
the 5-HT6 receptor, a recently discovered subtype, that is positively
coupled to cyclic AMP production. Previous studies have indicated that 5HT6 receptor mRNA is abundantly expressed in the CNS. Specifically, it is
found in the striatum, nucleus accumbens, olfactory tubercle,
hippocampus, hypothalamus, and the cerebral cortex. Moreover, the 5HT6 receptor has been shown to have a high affinity for a number of typical
and atypical antipsychotic agents, and antidepressants. For these
reasons, we have generated mice which contain a targeted deletion of the
5-HT6 receptor gene. Preliminary analyses of 5-HT6 receptor
homozygous mutant mice indicate that they are able to survive to at least 4
weeks of age and do not display overt developmental or behavioral
perturbations. This suggests that the 5-HT6 receptor is not essential for
embryonic viability. The phenotypic analysis of these mutants will provide
insight into the functional roles of the 5-HT6 receptor subtype.
Supported by grants from NARSAD (TJB) and NIDA (LHT).

CHARACTERIZATION OF A NOVEL GENE WHICH IS DIFFERENTIALLY
REGULATED IN MURINE ANOREXIA (ANX) BRAIN SHOWING
SEROTONERGIC HYPERINNERVATION. H.S. CHUN* B. CONTI, J.W. JAHNG,
T.H. JOH. S.J. KIM AND J.H. SON. Cornell University Medical College at The
W.M.Burke Medical Research Institute, White Plains NY, 10605.
The central serotonergic system modulates many important physiological functions
including appetite. The developmental and functional alterations in serotonergic systems
have been implicated in human eating disorders. During development the serotonergic
system matures postnatally and the target innervation density seems to depend on
unknown factors present in the mature target tissues.
Our previous work has
demonstrated that extensive serotonergic hyperinnervation in brain target field of an
anorexia (anx) mutant may lead to anorexic starvation, abnormal behavior and premature
death. Furthermore, serotonergic hyper innervation of the developing hypothalamic
arcuate nucleus appears to cause altered molecular hypothalamic regulation in feeding
behavior. In order to identify novel mRNAs which are specifically regulated by or
contribute to the serotonergic hyperinnervation in the brain of anx mutant, PCR
differential display was employed. Total RNAs from both hippocampus and cortex of
either anx mutant or normal littermate were isolated and used for RT-PCR at postnatal
day 16. By comparing the mRNAs from both anx and normal littermate brains, a novel
clone, ANX-2, was selected based upon their differential expression pattern in anx
brain determined by in situ hybridization. Our 2.7 kb cDNA isolated from the mouse
brain cDNA library was used for further characterization of this novel gene. The ANX2 transcripts are most abundant in the CA1 and CA3 of the hippocampus, dentate gyrus,
the molecular layer and Purkinje cells of the cerebellum and the medial habenula. The
differential expression of ANX-2 gene between normal and anx brain may provide
some clues regarding the molecular nature of serotonergic hyperinnervation in the brain
of anx mutant. Supported in part by NIH grant MH24285.
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ALTERNATIVE CLEAVAGE OF ALZHEIMER-ASSOCIATED
PRESENILIN 1 AND 2 BY AN APOPTOTIC PROTEASE WITH
PROPERTIES OF CPP32. T.-W. Kim*, W. P. Pettingell, R. E. Tanzi,
Genetics and Aging Unit, Massachusetts General Hospital, Harvard
Medical School, Charlestown, MA02129
The majority of early-onset familial Alzheimer’s disease (FAD) is
caused by mutations in the genes encoding the presenilin 1 (PS1) and
presenilin 2 (PS2) proteins, both of which undergo regulated
endoproteolytic processing to yield two stable N- and C-terminal
fragments. We found that both PS1 and PS2 were alternatively cleaved
at sites distal to their normal cleavage sites when apoptosis was induced
in human neuroglioma and neuroblastoma cell lines, or when these
genes were overexpressed. Alternative cleavage of PS 1 and PS2 could
be blocked by treatment with either zVAD (a broad spectrum caspase
inhibitor) or zDEVD (CPP32-like protease inhibitor), indicating that the
enzyme responsible is a CPP32-like protease. Apoptotic cleavage of
PS2 was blocked by individual substitution of the two Asp (D) residues
at consensus sites (DSYDS, a.a. 326-330) localized in the large
hydrophilic loop, encoded by exon 11 (formerly exon 10). In H4 cells
expressing PS2 containing the N141I FAD mutation, the ratio of
apoptoticinormal cleavage fragments was significantly elevated
compared to wild-type PS2-expressing cells (n=30; *p<.05).
Collectively, these findings strongly suggest that apoptosis-associated
endoproteolysis of the presenilins mediated by a CPP32-like protease
may play a role in the pathogenesis of FAD. We are currently
investigating potential role(s) of alternatively cleaved apoptotic
presenilin fragments in apoptotic cell death and AB42 generation.

A COMMON PATHWAY FOR PROCESSING OF PRESENILINS (PS1 AND
PS2). G. Thinakaran*.C, L. Harris, T. Ratovitski, J. Regard. C. M. L. Bouton, F.
Davenport. H. H. Slunt. D. L. Price. D. R. Borchlet.and.S. S Sisodia. Departments
of Pathology, Neurology and Neuroscience, and Neuropathology Laboratory, The
Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21205.
Mutations in two related genes, PS1 and PS2 account for the majority of earlyonset cases of FAD. PS1 and PS2 are homologous polytopic membrane proteins that
are endoproteolytically processed into two fragments. We examined the fate of
endogenous PS 1 and PS2 in mouse N2a neuroblastoma cell lines that overexpress
human PS1 or PS2, and in transgenic mice expressing human PS1. We document
that in N2a cells and in brains of transgenic mice overexpressing human PS1,
saturable accumulation of human PS1 derivatives is accompanied by a compensatory,
and highly selective, decrease in the levels of accumulated murine PS1 and PS2
derivatives. Similarly, overexpression of human PS2 in cultured cells compromised
the accumulation of murine PS1 derivatives. Compromised accumulation of murine
PS 1 and PS2 derivatives resulting from overexpression of human PS1 or PS2 was not
dependent on endoproteolysis of the full-length precursor. Our observations are
consistent with a model in which PS1 and PS2 utilize a common processing pathway
and that the stabilization of processed PS1/PS2 derivatives is governed by the
association of these fragments with limiting cellular factors.
The preponderant PSl-related species that accumulate in vivo are N-terminal -28
kDa and C-terminal -17 kDa derivatives. Using co-immuoprecipitation and crosslinking analyses, we demonstrate that PS 1/PS2 derivatives associate with each other
in vivo. However, we found no evidence for direct association between PS 1/PS 2 and
APP in stable N2a lines. Furthermore, overexpression of either PS1 or PS1 had no
influence on the maturation and secretion of APP. Our results document that, while
mutations in PS1 and PS2 cause AD by increasing the extracellular concentrations of
highly fibrillogenic Aβ42 peptides, these effects are not mediated by physical
association between PS1/PS2 and APP.
Supported by NIH, NCI, Alzheimer’s Association, Adler Foundation and the
Develbiss Fund.

Supported by grants from the NINDS, NIA and Metropolitan Life Foundation.
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PROCESSING AND TARGETING OF APP IN HIPPOCAMPAL NEURONS EXPRESSING
PRESENILINS THAT CONTAIN MUTATIONS INVOLVED IN ALZHEIMER'S DISEASE.

SUBCELLULAR LOCALIZATION OF FULL LENGTH PRESENILIN 1 (PSI)
AND ITS PROTEOLYTIC FRAGMENTS IN RAT BRAIN. N.K.Robakis*, E
Floor1, J. Shioi, W. Cui and S. Efthimiopoulos, Dept. Psych, and Fishberg Res
Cntr. for NeurobioL, Mount Sinai Sch. of Med. New York, N.Y., 10029; Dept.
Physiol and Cell Biol.1, Univ. of Kansas, Lawrence, Kansas.

Bart De Strooper1 Lvne Levesque2,Wim Annaert1, David Westawav2,
Veerle Baekelandt1*. Peter St Georae-Hvslop2, Fred Van Leuven1 and Paul
Fraser2 Experimental Genetics Group, CME, K.U.Leuven and Center for
Research in Neurodegenerative Diseases, University of Toronto.
Hippocampal neurons are isolated from transgenic mice that either
overexpress human presenilins with Alzheimer's Disease causing mutations
or that contain an inactivated PS1 gene. The subcellular distribution, the
effect of the clinical mutations on APP trafficking, the proteolytic processing
and the association of the presenilins with other proteins is investigated.
Our preliminary results indicate a surprisingly wide distribution of
endogenous mouse PS1 and transgenic human PS1 in cell bodies, axons and
dendrites of these neurons. The colocalization of BIP with part of the PS1
is demonstrated by confocal immunofluorescence microscopy and indicates
an endoplasmic reticulum localization of PS1. Whether the rest of PS1 is
located in the smooth endoplasmic reticulum or in other organelles of the
secretory/endocytic pathways is under Investigation. Extracts of
metabolically labeled neurons contain PS1 holoprotein and proteolytic
fragments, the presence of which seems to be developmentally regulated.
Using recombinant Semliki Forest Virus to express human wild type APP and
clinical mutants of APP, we find that mutations of the presenilins do not
affect significantly α - or β- secretase cleavage of APP. Further investigations
are undertaken to study the effect on y-secretase cleavage of APP
containing mutations that influence its subcellular sorting and/or y-secretase
susceptibility.Our study should help to delineate more precisely the
subcellular compartments in which the presenilins exert their biological and
pathological functions in neurons.

PSI is an integral transmembrane protein detected as a 48 kDa antigen in
brain tissue and neuronal cell lines. We have shown by immunocytochemistry that
in the brain PSI is expressed mostly in neurons (Elder et al., 1996, J. Neurosci. Res.
45 308-320). Immunoreactivity was prominent in apical dendrites and cell bodies
while axons were stained in midbrain and spinal cord. A fraction of the full length
PSI seems to be processed to N- and C-terminal peptides whose putative function
and subcellular localization is not known. It is possible that these fragments result
from a specific proteolytic cleavage of PS 1 and may have a function distinct from
that of the full length protein. To examine the localization of PSI and its proteolytic
fragments, we performed subcellular fractionation of rat brain homogenates and
prepared synaptosomes, small clear core vesicles and large dense core vesicles
(LDCVs). The distribution of full length PSI and its proteolytic fragments was then
studied using specific anti-PS 1 antibodies. The results demonstrate that the Cterminal fragment of PSI was significantly enriched in LDCVs whilst the Nterminal fragment was predominantly located in the synaptosomal fraction. In
contrast, fi.ilI length PSI was not enriched in any of the above described
synaptosomal fractions. The differential cellular distribution of these three peptides
suggests that the full length PS 1 and its N- and C-terminal fragments may perform
distinct biological functions. Furthermore, the enrichment of the N- and C-terminal
fragments in synaptic elements suggests that these proteolytic fragments may
perform a synapse-associated function. (Supported by NIH grant AG08200)

F.W.O., H.F.S.P., VIB
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CLEAVAGE PRODUCTS OF RAT PRESENILIN 1 COLOCALIZE AND
ASSOCIATE WITH SYNAPTIC VESICLES. D. Beher1. C. Elle1. J. Underwood2.
J. Davis3. R. Ward3, H Karran3 G, Roberts3, _CJL Masters2. J. Trotter4*.
K. Bevreuther1. G. Multhaup1. 1ZMBH Heidelberg, Univ. of Heidelberg, INF 282,
D-69120 Heidelberg; 2Dept. of Pathology, Univ. of Melbourne, Parkville, Viktoria,
3052, Australia; 3Neuroscience Research, SmithKline Beecham Pharmaceuticals,
New Frontiers Science Park, 3rd Avenue, Harlow, Essex CM 19 5AW, UK; 4Dept. of
Neurobiology, Univ. of Heidelberg, INF 364, D-69120 Heidelberg.
Previous studies have demonstrated the molecular linkage of three risk factors for
early-onset Alzheimer‘s disease, the presenilin 1 (PSI) gene on chromosome 14, the
presenilin 2 (PS2) gene on chromosome 1, and the amyloid precursor protein (APP)
gene on chromosome 21. In the present study we have investigated the distribution of
full-length PSI, the -20 kDa C-terminal and -30 kDa N-terminal fragments and APP
in rat brain compared with several marker proteins. The results demonstrate that in
the rat brain both fragments of PSI are detectable but not full-length PSI. The
fragments are colocalized in synaptic plasma membranes and small synaptic vesicles,
suggesting that they may play a role in neuronal function. The subcellular
distribution of PSI fragments and APP differed in that PSI fragments are observed
mainly in the small synaptic vesicle fraction. This suggests that PSI might influence
APP processing at an early stage of protein translocation into the ER / Golgi or on
the cell surface. Based on the association of PS 1 fragments during the enrichment
process, we hypothesize they might form a functional unit, or play different roles in
cells while remaining associated within the same organelles. The localization of PSI
polypeptides suggests an involvement in vesicular / membrane traffic and the
dynamics of synaptic function.
Th is work was supported by the Deutsche Forschungsgemeinschaft through SFB
317, National Health and Medical Research Council (Australia) and SmithKline
Beecham Pharmaceuticals, Harlow, UK.
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D e v e l o p m e n t a l R e g u l a t io n o f P r e s e n il in -1 C l ea v a g e in t h e
BRAIN Henrike Hartmann*1. Jorge Busciglio1. Zhuohua Zhang1 Karl-Heinz
Baumann2. Matthias Staufenbiel2, and Bruce A. Yankner1 'Dept, of Neurology,
Harvard Medical School and The Children’s Hospital, Boston, MA, 2Novartis Ltd.,
Basel, Switzerland.
The majority of cases of early-onset familial Alzheimer disease are caused by
mutations in the presenilin-1 (PSI) and presenilin-2 (PS2) genes. Full-length PSI is
subject to proteolytic cleavage resulting in the accumulation of N- and C-terminal
fragments. We investigated the pattern of PSI cleavage in the fetal (E l8), adult (3
months), and aged (24 months) rat brain. At all stages, we identified low levels of
full-length PSI and higher levels of a 30 kD N-terminal fragment and a -20 kD Cterminal fragment. In the adult rat brain, an additional 36 kD N-terminal fragment was
highly expressed that was present at only very low levels in fetal brain. An additional
C-terminal fragment at -14 kD showed the same developmental expression pattern,
indicating a major alternative cleavage of PS 1 in the mature rat brain. Alternative Nterminal fragments also appeared in the adult human brain, but were more
heterogenous than in the rat brain. This alternative cleavage of PSI was found to be
brain-specific, as it could not be detected in rat or human adult peripheral tissues. In
primary cultures of rat hippocampal neurons, the alternative PS 1 cleavage products
were absent in very young cultures, but appeared during neuronal differentiation. In
astrocyte cultures, the constitutive PSI cleavage products appeared, but the alternative
fragments were not detected, indicating neuronal specificity of the alternative cleavage
pathway. Furthermore, alternative PSI cleavage was detected in rat PC 12 cells and
human SHSY5Y neuroblastoma cells following induction of neuronal differentiation.
These findings suggest that PS 1 processing is regulated by neuronal differentiation and
raises the possibility that PSI may play a fundamental role in brain development.
Supported by grants from NIH, Alzheimer’s Association, and Novartis Ltd. to BAY
and by the Deutsche Forschungsgemeinschaft (HH).
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A NOVEL PROTEOLYTIC PROCESSING PATHWAY FOR PRESENILIN
PROTEINS. C Haass*1. J. Walter1. L. Hendriks2. C. Van Broeckhoven2. J. Hardv3.
K. Duff3. M. Citron4. D. Selkoe4. and J. Grunberg1. ‘Central Institute for Mental
Health, Department of Molecular Biology, J5, 68159 Mannheim, GERMANY;
2University of Antwerp, Universiteitsplein 1, 2610 Antwerp, BELGIUM; 3Mayo
Clinic Jacksonville, Florida 32224, USA; 4Harvard Medical School, Boston,
MA02115, USA.
It has been shown that PS-1 is proteolytically cleaved within the domain encoded by
exon 10 (Thinakaran et al., Neuron 17, 181,1996) which leads to the generation of a
20 kDa C-terminal fragment (CTF) and a 30 kDa NTF. A very similar observation
was made for PS-2 (Kim et al., J. Biol. Chem., in press; Tomita et al., Proc. Natl.
Acad. Sci. USA 94, 2025, 1996). We found a second proteolytic processing pathway
for PS-1. PS-1 can be efficiently cleaved C-terminal to the conventional cleavage site.
The cleavage generates a smaller C-terminal fragment of approximately 10 kDa and a
larger NTF of approximately 40 kDa. Generation of these fragments occurs
independent of exon 10, since the Aexon 10 mutation which abolishes formation of
the 20 kDa CTF and the 30 kDa NTF has no influence on the generation of the novel
fragments. The cleavage of these fragments occurs by a protease which is different to
that cleaving within the exon 10 domain. Two specific protease inhibitors efficiently
block the formation of the new fragments, whereas no influence on the formation of
the conventional fragments was observed. The novel fragments are generated
independent of the C-terminal tail of PS-1 since deletion of the domain C-terminal to
trans-membrane domain 7 does not influence fragment formation. The novel
proteolytic mechanism was observed in cultured cells, in human brains, and brains
from mice transgenic for human PS-1. Formation of these fragments is not regulated
since overexpression of PS-1 results in a robust increase of fragment formation. We
will present data on the identification of the protease and the cleavage site.
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AGE DEPENDENT PROTEOLYTIC PROCESSING OF PRESENILIN-1.
Thillni Koothan* and Roberto Malinow. Cold Spring Harbor Laboratory, Cold
Spring Harbor, NY 11724.
Alzheimer’s disease affects approximately 7% of individuals over the age of 65
years and possibly 45% individuals over the age of 85. Missense mutation of
presenilin-1 and 2 causes erly onset of familial Alzheimer’s disease. Presenilin-1
undergoes endoproteolysis into two major fragments with molecular weight of 31
kDa (NTF) and 21 kDa (CTF) fragments. Hippocampi from different embryonic (E)
and postnatal (P) aged rats (El 8, P-7, P-14, P-21, P-65 days, and P 3 years) were
lyzed and analyzed by immunoblot, using anti-PS-1L antibody. Several features
were notable. First, at embryonic and early postnatal ages, the predominant species
were the ~21 kDa and -30 kDa fragments, with little full length PS-1 protein. At P14 and older, the high Mr band corresponding to the full length protein appears and
becomes more prominent with further development. In association with the increase
in the amount of the full length protein, there is a diminution of the ~21 kDa band
and appearance of an additional band at -30 kDa. Reprobing the immunoblot with
anti-PS-IN retrieved the same -30 kDa band. These results suggest that during
development PS-1 processing changes, with less cleavage of PS-1 with increasing
age, leading to enhanced expression of the full length protein. Furthermore, the
cleavage site may shift slightly, so that some antigenic sites recognized by anti-PS1L form part of the -21 kDa fragment in early age processing, but at later ages form
part of the -30 kDa product. Preliminary data shows similar shift in CTF cleavage
in human samples. These changes indicate that the proteolytic processing of PS-1
changes with aging. Such changes may contribute to the pathogenesis of AD, and
explain the higher susceptibility of older individuals to AD.
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Effect of AD-linked Presenilin 1 Mutations and Overexpression of
Normal Presenilin 1 Fragments on its Processing.
M. Staufenbiel K. Baumann.,C. Sturchler-Pierrat, R. Cescato.,P. Frev,
B.A. Yankner” , P.A. Paoanetti*. B. Sommer, Predinical Research.
Novartis Pharma Inc., CH-4002 Basel, Switzerland, and ®Department
of Neurology, Harvard Medical School and The Childrens’s Hospital,
Boston, Massachusetts 02115, USA

Characterization of processing sites in presenilins

More than 30 mutations in the presenilin 1 (PS-1) gene are known
which lead to Alzheimer’s disease (AD). The PS-1 protein undergoes
proteolytic processing resulting in an accumulation of complementary
30 kDa amino- and 20 kDa carboxy-terminal fragments while little fulllength polypeptide can be detected. Using specific antibodies we
have identified additional proteolytic products. A set of the diseasecausing mutations in different locations of the coding region was
generated to study their effect on PS-1. We show that the mutations
alter the steady-state level of some of the PS-1 fragments after
transfection into different cultured cell tines. We also describe the
effect of overexpression of various PS-1 fragments on PS-1
processing. Our results indicate that AD-linked PS-1 mutations directly
or indirectly affect the metabolism of PS-1. The processing of wild-type
and mutated PS-1 in transgenic mice is currently under investigation.
(Supported by Novartis Pharma Inc.)

U. Deuschle, H. Loetscher, M. Brockhaus, P. Nelboeck, J.R.
Martin*, H. Doebeli, D. Reinhardt and H. Jacobsen. Pharma
Division, Predinical CNs Research, Gene Technology,
F. Hoffmann-La Roche Ltd, CH-4070 Basel, Switzerland
Mutations in the presenilin genes (PS1 and PS2) are
linked to early onset familial Alzheimer's disease (FAD).
Here we report our study on the expression and processing
of mouse PS2 and PS1. Mouse PS2, FLAG epitope tagged at
the C-terminus and expressed transiently in cultured
cells, is detected as a ca. 55 kDa full-length protein
that is processed into ca. 35 kDa N-terminal fragments and
two C-terminal fragments (CTF) of ca. 18 and 21 kDa. Both,
the 18 kDa and 21 kDa CTF's were detected in extracts of
stable cell lines constitutively or inducibly expressing
mouse or human PS2. We determined the unique N-termini of
the isolated smaller CTF's from mouse PS2 and PS1 that
were expressed on larger scale using the SFV expression
system. The N-terminal sequences we determined, toqether
with site-directed mutational analysis of mouse F$2 and
experiments using protease inhibitors, suggest the type
of protease responsible for the cleavage. The N-terminal
sequence of the 21 kDa CTF of PS2 is under investigation.
The functional consequence of presenilin processing and
possible effects on FAD are being studied.
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PHOSPHORYLATION OF THE PRESENILIN 1 HYDROPHILIC LOOP
BY ACTIVATION OF MUSCARINIC RECEPTORS. U. Langer*, H.
W iegmann, J. Velden, and R. M. N itsch, Center for M olecular
Neurobiology and A lzheim er’s Disease Research Group, U niversity o f
Hamburg, 20246 Hamburg, Germany.
In order to dem onstrate that the PS1 hydrophilic loop is a substrate
for receptor-mediated phosphorylation, we stimulated 293 cells stably
overexpressing distinct muscarinic acetylcholine receptor subtypes with
carbachol, and analyzed the PS1 loop by im m unoprécipitation o r
W estern blotting. Stimulation o f m l and m3 - but not m2 or m4 acetylcholine receptors reduced the im munoreactivity o f the 20kDa PS1
loop fragment on Western blots; In vitro dephosphorylation o f stimulated
protein extracts with calf intestine phosphatase fully recovered th e
im munoreactivity o f the PS1 loop. These results suggest that the PS1
loop is phosphorylated as a result o f muscarinic receptor activation.
These data also imply that the antisera used had a lower affinity for th e
phosphorylated PS1 loop as compared to the non-phosphorylated
polypeptide.
Receptor-mediated PS1 loop phosphorylation was blocked by th e
muscarinic antagonist atropine, and by protein kinase C (PKC) inhibitors
indicating receptor-specific, and PKC-dependent phosphorylation events.
Together with our previous findings that α -secretase processing o f A PP
can be influenced both by muscarinic receptors and by presenilin
mutations, these data raise the possibility that activity-dependent
phosphorylation o f the PS1 loop may be involved in coupling cell-surface
receptors to regulated secretory APP processing pathways.

PRESENILIN 1 C-TERMINAL FRAGMENT PHOSPHORYLATION IS
MEDIATED BY PROTEIN KINASE C. J. Velden, H. Wieemann, U. Langer,
J. H. Growdon* and R. M. Nitsch, Center for Molecular Neurobiology, and
Alzheimer’s Disease Research Group, University of Hamburg, Martinistr, 52,
20246 Hamburg, Germany, and Department of Neurology, Massachusetts General
Hospital, Boston, MA 02114.
A large portion of familial Alzheimer’s disease (AD) cases are caused by
presenilin 1 (PS1) gene mutations that lead to increased generation of A(3l-42
peptides along with pathological deposition of brain amyloid. The full-length PS1
protein is cleaved at residues 292-299 to generate a 30 kDa N-terminal, and a 20 kDa
C-terminal fragment. Here we show that the C-terminal fragment (PS 1-CTF) is a
substrate for phosphorylation following protein kinase C (PKC) activation.
Metabolic labeling with [32P]-orthophosphate of HEK-293 cells stably o.verexpressing
PS 1, immunoprécipitation, and autoradiography revealed two bands of 20 kDa and
24 kDa that represent two differentially phosphorylated PS 1-CTF species. Phorbol
myristate acetate (PMA)-induced activation of PKC in intact cells readily increased
the signal intensity of the 24 kDa band. These data suggest that the phosphorylated
PS 1-CTF migrates more slowly, resulting in a discontinuous upward shift of 4 kDa.
In protein immunoblotting assays with an antiserum specific for the 20 kDa band,
PMA reduced the PS 1-CTF immunoreactivity as compared to unstimulated controls.
This effect was blocked by pretreatment with PKC inhibitors, indicating that it was
mediated by PKC. In addition, in vit ro-dephosphorylation fully restored the PMAinduced decrease in PS 1-CTF immunoreactivity. These data imply that the antiserum
specifically recognized the non-phosphorylated PS 1-CTF. Hence, phosphorylationsensitive antibodies can be a useful tool for quantitating the degree of PS 1-CTF
phosphorylation.
Our results demonstrate that PKC-dependent signalling can increase the
phosphorylation of PS 1-CTF. In view of the known PKC-mediated stimulation of
α-secretase processing of APP, further experiments will focus on the possibility that
regulated phosphorylation of PS 1-CTF is involved in regulated APP metabolism.
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EVIDENCE FOR PHOSPHORYLATION AND OLIGOMERIC
ASSEMBLY OF PRESENILIN I. M. Seeger*1,2 C. Nordstedt3,
S. Peiancsska 1,2, D. Kovac.s4, P. Frasgg5, P. St Qeoree-Hystop5,
S. Sisodia6, G.Thiinakaian6 R JE aim 4, P.Greengard2 and S, Gandy ,
Comell Univ., NY, NY 100211, Rockefeller U., NY, NY 100212,
Karolinska Institute, Sweden3, Harvard U. Charlestown, MA 021294,
Univ. of Toronto, Canada5, Johns Hopkins Univ, Baltimore, MD 212056
Pathogenic mutations in presenilin 1 (PS1) underlie -50% of cases of
early-onset familial Alzheimer disease (FAD). PS1 is endoproteolytically
cleaved to yield a 30kD N-terminal fragment (NTF) and an 18kD Cterminal fragment (CTF). Using COS7 cells transfected with human PS1,
we found that phorbol-12, 13-dibutyrate and forskolin increased the state
of phosphorylation of serine residues of the human CTF.
Phosphorylation of the human CTF resulted in a shift in electrophoretic
mobility from a single major species of 18kD to a doublet of 20-23 kD.
This mobility shift was also observed for human PS1 which had been
transfected into mouse neuroblastoma cells. Treatment of the
phosphorylated CTF doublet with lambda protein phosphatase eliminated
the 20-23kD doublet while enhancing the 18kD species, consistent with
the interpretation that the electrophoretic mobility shift was due to the
addition of phosphate. The NTF and CTF co-eluted from a gel filtration
column at an estimated mass of over lOOkD, suggesting that these
fragments exist as an oligomerized species. Further investigations are
underway to elucidate the role(s) of PS1 phosphorylation and/or PS1
oligomerization in the pathogenesis of FAD.
Supported by grants AG 05689, AG09464, AG 13780
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STUDIES
ON THE
INVOLVEMENT O F
UBIQUITIN/
PROTEASOME-DEPENDENT
DEGRADATION
IN
APP
PROCESSING. Luisa Gregori* and Dmitrv Goldgaber, Department
of Psychiatry, SUNY-Stony Brook. Stony Brook, NY 11794-8101.
Ubiquitin/proteasome-dependent degradation is a well characterized
non-lysosomal proteolytic pathway. An increasing number of reports
suggest an association between ER-targeted aberrant proteins and
proteasome-mediated degradation in the cytoplasm.
We have
previously shown that mature full length A PP is not degraded by the
ubiquitin degradation pathway. In the present studies, we explored
the possibility that an immature form o f A PP may be degraded by the
proteolytic pathway. We used an in vitro ubiquitin/proteasome
degradation system to analyze the degradation o f radiolabeled APP
produced by in vitro transcription/translation. This cell-free system
lacks the enzymes responsible for post-translational modifications and
thus produces an immature form of APP.
The specificity of
degradation was assessed using ^inhibitors of the proteasome. The
rates of degradation of several Alp-associated A PP were compared to
that of the wild type APP.
Participation o f presenilin in the
mechanism of ubiquitin-dependerft degradation was investigated.
This work was supported by a rra n t from the Alzheimer’s Association
to D. G.

1 1 8 .2
PKC ISOENZYMES ARE DIFFERENTIALLY AFFECTED BY LOW CONCENTRATIONS OF
s o l u b l e P - a m y l o i d p r o t e i n in A l z h e i m e r ’ s d i s e a s e . A. Favit*. M. Grimaldi. T.J.
Nelson and D.L. Alkon. Lab. Adaptive Systems, NINDS, NIH, Bethesda, MD, 20892.
In Alzheimer’s disease (AD), functional PKC-mediated phosphorylation of the amyloid
precursor protein (APP) may contribute to the secretion of toxic (3-amyloid protein (PAP).
Previous data from our lab demonstrated that low concentrations (10 nM) of beta amyloid
protein (1-40) (βAP) can affect signal transduction. In this study, we investigated the
effects of the soluble fraction of βAP on different PKC isoenzymes of skin fibroblast lines
derived from 10 control (AC) and 10 AD patients. A concentration-dependent response
curve (1 nM to 1 μM) showed that PAP effects occurred in a range of concentrations
between 1 nM ana 50 μM. Western blot analyses showed a 75 % + 11.3 (P < 0.01)
decrease (n = 10 individuals) in PKCa immunoreactivity in AC fibroblasts treated with
10 nM βAP for 48 h as compared to their nontreated counterparts. Interestingly, the
treatment of AD cells with the same concentration of βAP did not produce any significant
change on PKCα immunoreactivity (n = 10). Conversely, a decrease on PKCγ
immunoreactivity was observed for treated AD fibroblasts (n = 10) but not in the AC (n
= 10) fibroblasts. Immunofluorescence studies confirmed that the treatment with βAP
abolished the perinuclear signal for PKCα in AC but not AD fibroblasts and that PKCγ
immunofluorescence was reduced in AD compared to the AC cells. Because previous
evidence indicated that phorbol esters can decrease PAP secretion in Azheimer's disease,
we incubated nontreated and treated fibroblasts from both AC and AD groups with 100
nM phorbol 12-myristate 13-acetate (βMA) for 24 hours. Phorbol ester treatment restored
the PKCα immunoreactive signal in βAP-treated AC fibroblasts, but did not reverse the
effects of βAP on PKCγ immunoreactivity in the AD fibroblasts (also confirmed by
immunofluorescence analysis). Preincubation of AC fibroblasts with 100 μM
cycloheximide (CHX) 30 min prior to the pAP exposure inhibited the effects of the
peptide on PKCa immunoreactivity, while no modification of the PKCγ signal occurred
in AD cells. CHX added to βAP-treated AC fibroblasts 30 min prior to exposure to PMA
counteracted the effects of phorbol ester treatment on PKCα immunoreactivity. No effects
were observed on PKCγ signals after CHX treatment in treated AD cells. These results
suggest that PAP differentially affects PKC levels in Alzheimer's disease. PAP affects
PKCα activity, but not PKCγ at the level of protein synthesis in AC fibroblasts, while
PKCγ alterations in AD patients may occur through different mechanisms. Phorbol ester
treatment may counteract the acute effects of βAP by restoring the altered PKCα levels
in non affected cells suggesting a possible protective effect against βAP toxicity.
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hFE65L MODULATES B-AMYLOID PRECURSOR PROTEIN
MATURATION AND PROCESSING.S
E
hadR
urnet*,JC
.G
Tanzi. Genetics and Aging Unit, Department of Neurology,
Massachusetts General Hospital, Charlestown, MA 02129.
hFE65L is a ubiquitously expressed human protein that can be coimmunoprecipitated with the B-amyloid precursor protein (8PP) from a
number of different cell lines. We have found that this protein/protein
interaction is mediated via the carboxy-terminal phosphotyrosine
interaction domain (PID) of hFE65L and the YENPTY sequence of the
BPP cytoplasmic domain. Deletion of the carboxy terminus or the
YENPTY sequence of BPP has been shown to increase BPPs secretion and
decrease AB production. Given that hFE65L binds the coated pitmediated internalization signal of BPP (YENPTY) we hypothesized that
the interaction of hFE65L with BPP would affect the intracellular
trafficking and processing of BPP. To address this question we established
a tetracycline-repressible H4 neuroglioma cell line that can be induced to
overexpress a hemaglutinin (HA)-tagged hFE65L fusion protein.
Pulse/chase, experiments were performed on H4 neuroglioma cells to
assess the effect of hFE65L overexpression on BPP processing. Our
results indicate that overexpression of hFE65L increases the rate of
maturation of BPP as evidenced by a more rapid accumulation of N'/O'
glycosylated forms of BPP. The faster rate of BPP maturation is associated
with an increase in the amount of BPPs recovered from the chase media of
cells overexpressing hFE65L. This is the first report of the modulation of
BPP trafficking and processing via a direct protein/protein interaction
involving BPP. Because it is well established that increased BPPs secretion
precludes AB secretion, we predict that H4 neuroglioma cells
overexpressing hFE65L will show a decrease in the amount of secreted
AB. Data supporting or excluding this hypothesis will be presented.

CLEAVAGE OF AMYLOID B-PEPTIDE AT AMINO ACID 42 OCCURS
WITHIN THE ENDOPLASMIC RETICULUM. A. Capell*1, C. Wild-Bode1 . T.
Yamazaki2. H. Steiner1. Y. Ihara2 and C. Haass1 1Central Institute of Mental
Health, Department of Molecular Biology, 68159 Mannheim, Germany,
2Department of Neuropathology, Inst, for Brain Research, University of Tokyo,
Japan
Amyloid 6-peptide (AB) is known to accumulate in senile plaques of Alzheimer’s
disease (AD) patients and is now widely believed to play a major role in the disease.
Two populations of peptides occur terminating either at amino acid 40 or at amino
acid 42 (AB1-40 and AB1-42). Alternative N-terminal cleavages produce additional
heterogeneity (ABx-40 and ABx-42). Peptides terminating at amino acid 42 arc
believed to be the major player in sporadic AD as well as familial AD (FAD).
Whereas the cellular mechanism for the generation of AB terminating at amino acid
40 is well understood, very little is known about the cleavage of AB after amino acid
42. By using a highly specific ELISA assay we demonstrate intracellular AB1-42 as
well as ABx-42 but less ABx-40 and AB1-40 in kidney 293 cells stably transfected
with wt 6BPP or the FAD associated V/G mutation. Moreover, retention of 8APP
within the endoplasmic reticulum (ER) by treatment with brefeldin A (BFA) does
not block the cleavage at amino acid 42 but results in an increased production of all
species of AB terminating at amino acid 42. This indicates that the cleavage after
amino acid 42 can occur within the ER. Treatment of cells with monensin which
blocks transport of 6-amyloid precursor protein (BAPP) within the Golgi causes a
marked accumulation of intracellular ABx-42 and ABx-40. Therefore these
experiments indicate that the y-secretase cleavage of A8 after amino acid 42 can
occur within the ER, whereas the cleavage at amino acid 40 can occur later within
the secretory pathway. Moreover inhibition of reintemalization by cytoplasmic
deletions of 6APP as well as inhibition of intracellular acidification by NH4C1 does
not block intracellular A61-42 or A6x-42 production..

Supported by the American Health Assistance Foundation.
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A β42 A m y l o id P e p t id e s a r e P ro d u c ed in N eu r o n s
in t h e E n d o pla sm ic R e t ic u l u m
T. Hartmann1. S. Bieeer2. B, Brühl3, P. Tienari4, N. Ida5, G. Roberts6. D.
Allsop6. C. Masters7. C. Potti8, K. Unsicker3* and K. Bcvreuther1*ZMBH
Heidelberg, Germany. 2Dalhousie Univ., Halifax, N.S., Canada.’Univ. Heidelberg,
Germany. Univ. Helsinki, Finnland.5Toray Industries, Japan.6SmithKline Beecham,
Harlow, UK. 7Univ. Melbourne, Australia. EMBL, Heidelberg, Germany.

The final step in the production o f β-amyloid peptide (A β40/A β42),
the major proteinaceous compound o f senile plaques characteristic of
Alzheimer’s disease (AD), is cleavage by γ-secretase. The subcellular
localization of the compartments for the generation o f amyloidogenic
peptides A β40 and A β42 is o f profound interest for understanding the
cellular events starting the disease process as well as for disease
prevention. Taking advantage o f monoclonal antibodies specific for
the C-terminus of A β40 and A β42, we have unexpectedly identified in
neurons the endoplasmic reticulum (ER) as the site for generation of
A β42, the trans Golgi network (TGN) as the site for A β40 generation.
No overlap in Aβ40 and Aβ42 signals was observed intracellularely.
Intracellular generation o f Aß seemed to be a unique property o f
neurons because we found that untreated nonneuronal cells produced
significant amounts of Aβ40 and Aβ42 only at the cell surface. Since
Aβ42 is more amyloidogenic and its production is increased in the
presence o f mutations linked to AD it appears to be the critical A β
isoform. Our finding of the generation o f intracellular Aβ42 in the ER
of neurons suggests that the Aβ42 of senile plaques may originate
from neurons, its aggregation could start intracellularly and interfere
with neuronal transport and synaptic function.
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M UTANT PRESENILINS INCREASE THE GENERATION OF THE
42-RESIDUE AM YLOID B PEPTIDE IN THE GOLGI APPARATUS.

W. Xia*. J. Zhang. B. Ostaszewski, P. Seubertt .†E.H. Koo and D.J. Selkoe,
Depts. Neurol. & Pathol., Harvard Med. Sch. & Ctr. Neurologic Diseases,
Brigham & Women's Hosp., Boston; tAthena Neurosciences, San Francisco.
Progressive cerebral deposition of the amyloid B-protein (AB) as senile
plaques is believed to play a pivotal role in the pathogenesis of Alzheimer's
disease. The highly amyloidogenic 42-residue form of AB (AB4 2 ) is the
first species to be deposited in both sporadic and familial AD. Mutations in
two familial AD-linked genes, presenilins 1 (PS1) and 2 (PS2), selectively
increase the production of AB4 2 in cultured cells and the brains of
transgenic mice, but the mechanism of this increase is unknown. To study
the subcellular localization of AB4 2 generation and the site of the
interaction of presenilin and APP molecules, cells transfected with wildtype
(wt) or mutant (M146L) PS1 and wt or mutant (N141I) PS2 were subjected
to subcellular fractionation on discontinuous sucrose gradients. Using
immunoprécipitation with PS1 or PS2 anti-bodies followed by Western
blotting with APP antibodies, we found that APP molecules, mainly Nglycosylated APP, formed complexes with PS1 or PS2 in both the
endoplasmic reticulum (ER) and Golgi fractions, with no difference between
wt and mutant PS detectable. Each fraction was further analyzed by
enzyme-linked immunosorbent assay (ELISA) to quantitate ABtotal and
AB4 2 . AB4 2 was found to be the major AB species in the ER. There was
more AB4 2 generation in the Golgi, and the levels of AB4 2 were consistently
higher in mutant than wt PS cells. Thè ratio of AB42/ABtotal in Golgi
fractions was ~2 fold higher in mutant than wt PS1 cells, and this ratio was
~4 fold higher in mutant than wt PS2 cells (for PSI, P <0.008; PS2,
p<0.013). Our results indicate PS and APP interact directly in ER and in
Golgi and that mutant PS alters APP processing in the Golgi to generate
more AB4 2 . (Supported by NIH AG06173 and AG05134)
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IN VIVO INTERACTION BETWEEN AMYLOID PRECURSOR
PROTEIN AND PRESENILINS. D. J. Selkoe*. W. Xia. J. Zhang, and
E. H. Koo. Departments of Neurology and Pathology, Harvard Medical
School and Center for Neurologic Diseases, Brigham and Women's
Hospital, Boston, MA 02115.
Mutations in the presenilin 1 (P S I ) and presenilin 2 (P S 2 ) genes
increase the production of the highly amyloidogenic 42-residue form of
amyloid B-protein (AB42 ) in a variety of cell lines and in PS1 transgenic
mice. To elucidate the molecular mechanism of the mutant presenilin
effect, wildtype (wt) or mutant PS1 and PS2 genes were stably transfected
into CHO cells expressing endogenous APP or stably overexpressing APP.
By immunoprecipitation-Westem blot analysis, APP was consistently found
to co-immunoprecipitate with PS1 or PS2 proteins. Several distinct PSI,
PS2 or APP antibodies precipitated PS-APP complexes which were
detectable by Western blotting with either APP or PS antibodies, and the
complex formation could also be seen at endogenous protein levels in
non-transfected cells. Full maturation of APP molecules was not required
for this interaction; most of the APP molecules complexed with PS were
solely N-glycosylated. Treatment of cells with Brefeldin A or incubation
at 20°C did not block the complex formation, suggesting that the endo
plasmic reticulum may be the main locus for association between APP and
presenilin. Wild-type and mutant PS1 and PS2 proteins underwent highly
similar complex formation with APP. Deletion of the APP cyto-plasmic
domain did not alter the interaction, indicating that it does not occur in the
cytoplasmic domains of the proteins. Our results demonstrate that wt and
mutant PS1 and PS2 proteins form complexes with APP in intact living
cells, strongly supporting the hypothesis that mutant PS interacts directly
with APP in a way that enhances the proteolysis of the latter by a
y-secretase cleaving at AB42 . (Supported by NIH AG06173)

Neuronal Expression of APP Alzheimer Mutations Causes Intracellular
Accumulation of a Carboxyl-terminal Fragment Containing both AP and
Cytoplasmaic Domains. D.L. McPhie*. R.K.K. Lee, C. Eckman, S.G. Younkin,
R.J. Wurtman. R.L. Neve. Department of Genetics, Harvard Medical School,
McLean Hospital, Belmont, MA, Department of Brain and Cognitive Sciences,
Massachusetts Institute of Technology, Cambridge, MA and Mayo Clinic
Jacksonville, Jacksonville, FL.
Five different Alzheimer mutations of the β-amyloid precursor protein (APP)-were
expressed in primary neuronal cultures via recombinant herpes simplex virus (HSV)
vectors, and the levels of APP metabolites were examined by immunoblot analysis.
The predominant intracellular accumulation product was a carboxyl-terminal (Cterminal) fragment of APP that co-migrated with the protein product of an HSV
recombinant expressing the C-terminal 100 amino acids (Cl 00) of APP, which is
known to cause neurodegeneration. A significant increase in this 12 kDa frament
in neurons was seen in HSV/FAD APP infected compared to controls. The 12kDa
fragment comigrated with HSV-C100 and cross-reacted with 6JE10, an antibody
directed against the amino terminus of the (3 amyloid protein (Aβ) (N-terminus;
amino acids 5-10). This suggests that the 12 kDa fragment is amyloidogenic,
generated via the beta secretase pathway. Biochemical fractionation of primary
neurons infected with HSV-SWE 751, HSV-I642/6 and HSV- C l00 indicated APPC100 expressed from an HSV vector was processed similarly to the 12 kDa
fragment generated from mutant APP’s. Conditioned media from a subset of the
neurons was assayed for Aβ 1-40 and Aβ 1-42. An increase in overall Aβ levels
was seen, although the ratio of 1-42 to 1-40 was not increased. We hypothesize that
FAD mutations of APP may have additional effects on APP metabolism in neurons
besides amyloid release. In the present work it is demonstrated that in neurons
these mutation cause an intracellular buildup of a Cl 00-like fragment. Supported
by NIA.
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LATE COMPARTMENTS OF APP TRANSPORT IN SY5Y CELLS ARE
INVOLVED IN B-AMYLOID SECRETION. G. C. Peraus1, J.B Davis*, C.
L. Masters2 and K. Beyreuther1 ’ZMBH, Center for Molecular Biology,
Univ. of Heidelberg, Germany, D ept, of Pathology, Univ. of Melbourne,
Parkville, Victoria 3052, Australia, *Neuroscience Research, SmithKline
Beecham Pharmaceuticals, Third Avenue, Harlow, UK.
Amyloid plaques composed mainly of the 39-43 amino acid BA4-peptide
are a characteristic feature of Alzheimer's disease. Generation of BA4 by
proteolytic processing of the amyloid precursor protein (APP) is thought to
occur in a pathway which includes the activity of two as yet unkown
proteases, with B-secretase cleaving at the N-terminus and y-secretase
releasing the C-terminus of BA4. Inhibition studies and the finding that cell
surface APP can serve as a direct precursor of BA4 (Koo and Squazzo, 1994)
suggest that the endosomal/lysosomal compartment is involved in the
proteolysis of APP into BA4.
In this study we targeted APP chimeric proteins directly into the
endosomal/lysosomal compartment. This decreased the amount of released
BA4 while the generation of the B-cleaved C-terminal stump continued. APP
proteins were also constructed which carried sorting signals responsible for
recycling between the TGN and the cell surface. These proteins were
processed into secreted BA4 at even higher levels than wild type APP695.
Moreover, retention of APP proteins in the ER did not lead to BA4 secretion
in human SH-SY5Y neuroblastoma cells.
These data suggest that a B-cleavage activity resides in a pre-lysosomal / late
endosomal compartment and that a y-cleavage occurs in early endosomes
during recycling of APP to the plasma membrane.
This work was supported by the DFG through SFB 317, BMFT grant
(0310666), Ema Struckmann Foundation and the Fonds of the chemical
industries of Germany.

EN D O PLA SM IC R ETIC U LU M R EG U LA T IO N OF A M Y LO ID
PRECU RSO R PRO TEIN AND PR ESEN ILIN M ETA B O LISM IN
H U M AN PRIM A RY N EURON C U LTU R ES. A.C. LeB lanc*. M.
Koutroumanis, P. Matthews, C . Goodver. Depts. Neurol. and Pediatrics,
McGill U., Harvard Medical School, M A and Lady Davis Inst, for Med.
Res. JGH. Montréal, PQ. H3T 1E2.
To assess the role of endoplasmic reticulum (ER) protein degradation
pathw ays in amyloid precursor protein (APP) and presenilin (PS)
processing, human primary neuron cultures were treated with various
agents know n to cause protein m isfolding and prevent post-ER
translocation for certain proteins. Brefeldin A (BFA) was used to assess
normal protein metabolism. Azetidine-2-carboxylic acid (AZT), deoxynojirim ycin (DJ) and castanosperm ine (CS) w ere used as proline
analogue and glucosidase I and II inhibitors, respectively. Sulfide bond
formation was inhibited with dithiothreitol (DTT). W e find that BFA, DJ,
CS and DTT inhibit maturation of cellular APP. BFA and DJ inhibit
processing of APP although prelim inary data suggest that degraded
fragments of amyloid 6 peptide (AB) are produced. AZT and CS do not
alter C-terminal fragment production, secretory processing, or Ap produc
tion. DTT drastically decreases levels of cellular APP. Present results
indicate little effect of any of these drugs on PSIL However, AZT, DJ, and
CS increase the amount of full length and processed forms of PSI.
These results indicate that ER degradation pathw ays are involved in
norm al PS but not in APP processing. Therefore, it is likely that
increased levels of Ap observed by others in PSI and II mutants is the
result of a post-ER event rather than a direct implication of ER in APP
metabolism. Supported by NIH NINCD, Alz. Soc. of Canada and FRSQ.
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ANALYSIS OF INTRACELLULAR AP40 AND AP42. S.G. Younkin' Y. Ohyagi'~

N. Clarke2, A. Tomlison2 , S. Naylor2 L.H. Younkin 1 : C~M. Prada 1 D. Yager 1 and
C.B. Eckman 1. Mayo Clinic, Jacksonville, FL 1 and Rochester, MN2 •
A common feature of mutations associated with Familial Alzheimer's
Disease (FAD) is to increase the extraceHular concentration of A(342. Recently we
have reported that there is substantial cellular A(3 in fetal brain cultures and that

much of this AP is AP42 (Ohyagi et al., Society for Neuroscience, 1996). This

finding immediately suggests that alterations in cellular A(342 may be the basis for
the deposition of AJ_\42 in plaques. This hypothesis is attractive as it may explain the
remarkable focal deposition of A(3 in plaques which would be expected if AP comes
out of solution, at least initially, in a cellular compartment where the concentration of

AP42 is high. The examination of cell-associated AP has previously been largely

overlooked due to the difficulty in detection of this pool. To determine the optimal
lysis conditions for detection of cell-associated AP, we examined a variety of
detergents and other extraction conditions. Remarkably, we found that the amount of
cellular AP detected was substantially increased as the concentration of SDS was
increased in the extraction protocol suggesting that ~etection of AP may normally be
masked by interactions with other proteins or with other AP molecules. To determine
the effect of the FAD-linked mutations on cell-associated AP concentration we
examined the effect of several presenilin 1 (PSl) mutations.
Preliminary
experiments have shown elevations in both the extracellular concentration of Al}42
as well as cell associated AP42 in HEK293 cells transfected with mutant PS I
cDNAs. Notably, the M deletion mutation, which has the greatest effect on
extracellular Aj.)42 elevation, also has the greatest effect on cell associated Af3,42
concentration. Remarkably, while this mutation caused an elevation of the
percentage of AP42 to 24.9% in the conditioned medium the relative amount of cell
associated AP42 was 54.5%.

118.12

INTERACTIONS BETWEEN ALZHEIMER GENE PRODUCTS
(APP AND PRESENILIN) AND NOVEL NEURONAL PROTEINS.
J. D. Buxbaum* and Y....Ll!Q. Laboratory of Molecular Neurology,
Department of Psychiatry, Mount Sinai School of Medicine, New
York, NY, 10029.
The function of the Alzheimer-related proteins APP and presenilin
have yet to be fully characterized. The structure of the APP family
members demonstrates clear structural domains of this protein. These
structural domains may mediate the interaction of APP with other
proteins. In addition, parts of APP correspond to short protein motifs
know11, to be involved in protein-protein interactions. Similarly, from
experimental and structural grounds, domains of the presenilins can be
identified which likely participate in protein-protein interactions.
For these reasons, we are making use of several molecular
methods to identify proteins which interact with particular domains of
APP and of presenilins. The methods include the two-hybrid method,
expression cloning in mammalian cells and phage display. From these
complementary approaches, we have been able to identify novel
interacting proteins which may regulate the localization, trafficking
and/or processing of APP and of the presenilins.
Supponed by a grant from the Alzheimer Association.

Supported by the NIH (SGY) and an ADCC Pilot (CBE).

DEGENERATIVE DISEASE: PARKINSON'S I
119.1
POLY(ADP-RJBOSE) POLYMERASE (PARS) KNOCK OUT MICE ARE
PROTECTED AGAINST NEUROTOXIC EFFECTS OF METIIYL-PHENYLTETRAHYDROPYRIDINE (MP'l'P).
AS. Mandir* S Przedborski' A.B
Naint MJL Eliasson A Pieoev Z-0 Wam;'' SH-SnyderYL Dawson T-M~ . Depts of Neurol & Neuoosci, Johns Hopkins Univ, Sch of Med, Bait.,
MD 21287; 'Dept. Neurol. ColuIJ1bia U, NY,NY 10032, •1 ARC Lyon, France.

Mechanisms· of MPTP neurotoxicity likely include the production of Nitric
Oxide (NO) and reactive oxygen species. Neuroprotection from MPTP toxicity
is demonstrated in vivo in genetically deficient neurona] NO synthase mice and
mice overexpressing super0xide dismutase. The production of toxic free
radicals including the potent agent peroxynitrite would lead to DNA damage.
DNA damage sternmin·g from a range of cellular insults activates the enzyme
PARS which UfiTlzes NAD substrate and thus is energy consuming. Ultimately
celtular demise may be related to catastrophjc energy depletion. PARS
involvement in MPTP neurotox.icity is suggested by in vivo protection afforded
by available non-specific PARS inhibitors and in vitro PARS activation in PC12
cells by MPTP. To better evaluate the specific contribution of PARS to MPTP
mechanisms of neurotox-icity we examined genetically engineered PARS

deficient (PARS KO) and age, sex-matched wild type mice.

MPTP was

administered l.P. at a regimen of 4 doses every two hours. High dose treatment

(40-80 mg/kg/dose) or more moderate treatments (20mg/kg/dose) were

administered. HPLC with electrodetection was used to determine striatal
dopamine, serotonin and metabolite concentration 7 days following MPTP
administration. We find that the KO mice are protected from both acute death
resulting from higher MPTP doses and dopaminergic depletion in this mouse
model of Parkinson's disease. These data implicate that PARS activation is
necessary in MPTP-induced cellular demise. Supported by the PDF. Some of
the authors own stock (T.M.D., S.H.S.) and are entitled to royalties (S.H.S., T.M.D.,
V.L.D.) from Guilford Phann Inc. which is developing technology related to the research
described in this abstract.

119.2
MAO B INHIBIDON IS TIIE PRIMARY MECHANISM BY WHICH 7-

NITROINDAZOLB PROTECTS AGAINST MPTP NEUROTOXICITY. l2....A.
Di Monte• J E Rovland K Castagnoli N Casta&flOli Jr aq;l I W Langston
The Parkinson's Institute, Sunnyvale, CA 94089 and Dept. of Chemistry,

Virginia Tech, Blacksburg, VA 24061.
Previous reportS have shown that 7-nitroindazole (7-NI), an inhibitor of
neuronal nittic oxide synthase (nNOS), protects against the neurotoxic effects of
MPTP, raising the possibility that excessive fonnation of nitric oxide (NO) may
play a role in nigroslrialal degeneration. Howevr.r, dala obtained in our
laboratories indicate that 7-NI is also an inlubitor of monoamine oxidase (MAO) B
which calalyzes the oxidation of MPTP to its toxic metabolite MPP+. The goal
of this study was to delennine the iespective roles of nNOS and MAO B
inlubitionin theneuroprotectiveelfectof7-NI against MPTP toxicity. In a first
set of experiments, mice were treated with 20 mg/kg MPTP alone (s.c.) or 20
mg/kg MPTP (s.c.) plus 7-NI (50 mg/kg, given i.p. immediately before MPTP

and every 8 hours for the following 4 days). MPTP-induced depletion of slrialal
dopamine was almost completely i-evented by 7-NL Howeve,, striatal levels of
MPP+ were also approximately 50% lower in animals treated with MPTPn-NI as
compared to MPTP alone. In other experiments, neurotoxicity was compared in
mice treated with 20 IJ1g/kg MPTP alone or 40 mg/kg MPTP plus 7-NI. These
treatments resulted in the formation of similar levels of Mf'P+ in the striatum
with only minimal protection of dopamine depletion by 7-NI. These results point
to MAO B inhibition as the primary mechanism of neuroprotectioo by 7-NI ,n1
suggest that NO oveq,roductioo is not a major factor in MPTP neurotoxicity.
They do not rule out, however, a possible involvement of NO in other models of
oigroslrialal degenemtion as well as in Pmtinson's disease.
This work was supported by The Parldnson's Institute.

119.3

119.4

PET IMAGING OF THE DOPAMINE TRANSPORTER IN
PARKINSONIAN MONKEYS: A WINDOW ON DOPAMINE
NEURON REGENERATION? BK Madras* I Brackett N. Alpert
A Bonab AJ Fischman Harvard Medical School, NERPRC,
Southborough, MA 01772, Massachusetts General Hospital, Boston,
MA02114.
The development ofneuroprotective and neuroregenerative agents for
dopamine neurons is viewed as a plausible objective for treating
Parkinson's disease. Brain imaging of the dopamine transporter,
localized almost exclusively on dopamine neurons, offers a potential
window on the effectiveness of these agents. In 5 adult cynomolgus
monkeys, PET imaging with the dopamine transporter probe [1'C]CFT
yielded a binding potential of approximately 2. After MPTP, (3 x 0.6
mg/kg), all animals showed profound signs of Parkinsonism and a
reduction of the binding potential to 0.1. Within 3 months, two
monkeys exhibited signs of recovery, including weight gain and
improvement in motor function. Most significantly, PET imaging of
the dopamine transporter reflected these changes, as the binding
potential of [11 C]CFT increased. These results may reflect synaptic
sprouting during the recovery phase. PET imaging of the transporter
may be useful for assessing the therapeutic efficacy of drugs designed
to prevent further degeneration of, or to promote regeneration of
dopamine neurons. Supported by NS30556, DA09462, RR00168.

PROLONGED TRANSGENE EXPRESSION FROM AN
ADENOVIRAL VECTOR INJECTED INTO PRIMATE STRIATUM.
M.C. Bohn*'·' DL Cltoi-L~'._M,s. Lywrence' c. Leranth4•
L ~ ' · B.L, Davidson' . M.K. O'Banjon ·• and D.E Redmond,
Jr. . 'Depts. of Neurobiology and Anatomy and 6Neurology, Univ. of
Rochester, Rochester, NY 14642, 2Dept. of Pediatrics, Northwestern
Univ., Chicago, IL 60614, 'Depts. of Psychiatry, 'Neurosurgery, and
40b/Gyn and 4 Sect.ofNeurobiol., Yale Univ., New Haven, CT. 06520
and 'Dept. of Medicine, Univ. of Iowa, Iowa City, IA 52242.
The application of gene therapy to neurodegenerative diseases will
require prolonged expression of a therapeutic transgene in human brain.
To begin to address this issue, several titers ranging from 7.5e7 to 3e9
pfus in various volumes (5-250 µI) of an adenoviral vector harboring
the 8-galactosidase gene with a nuclear localization sequence under
control of the RSV promoter were injected into the caudate nuclei of 17
African green monkeys,Cercopithecus aethiops sabaeus. B-gal
histochemistry combined with immunocytochemistry revealed transgene
expression in both astrocytes and neurons in the caudate. In addition,
some dopaminergic neurons in the substantia nigra expressed transgene,
suggesting retrograde transport of vector. Up to several thousand cells
expressing B-gal were observed around the injection site at I and 4
weeks in monkeys injected with low titers (7.5e7 or 9e8 pfu), but not in
those injected with a high titer (3e9 pfu). These results suggest that
prolonged expression of transgene from adenoviral vectors can be
obtained in the primate brain and that appropriate dosage may be crucial
to prolonged expression. Suppo11ed by the Axion Research Fdn., St. Kitts
Biomedical Research Fdn., the Carver Fdn. and NIH grants NS3!957 and NS33553.
DER is recipient of Research Scientist Award KOS-MH-00643.
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PROGRAMMED GENE EXPRESSION IN RETROGRADELY TARGETED
AREAS OF THE CNS BY VIRAL AND NON-VIRAL VECTORS.
P. Leone***. D. Young*. F.L. Sorgiv. L,H uangψD .P . .Youngψ. X. Fanψ'. H. Xieψ.
R. Sherwinψ'. and M.J. During*ψ'. ψYale University, CT, USA; ψUniversity of
Pittsburgh, PA, USA; *University of Auckland, New Zealand.
Current methods to transfer genes into cells in the mammalian brain include both
viral and non-viral vectors. A major limitation of these delivery methods is the
inherent toxicity of the viruses leading to inflammatory responses diminishing the
level of expression surrounding the injection site. In this study, we directly
compared two recently-characterised, presumed non-toxic delivery methods, the
defective human parvovirus, AAV, and a novel lipid-entrapped, polycation-condensed
DNA (LPD) complex. LPD/LacZ, recombinant AAVLacZ and Phosphate buffered saline
(PBS) were injected unilaterally into the neostriatum and hippocampus in separate
groups of Fisher 344 rats. Coronal cryostat sections of the brains of rats sacrified at 2
days, 1 week and 1,2, 3 months after gene delivery were assessed using X-Gal and
immuno- chytochemical (ICC) staining for β-galactosidase (β-gal), the neuronal and
glial markers (NSE; NF; GFAP), and for immunological markers including CD4 and
M H C Class I antigens. ICC showed stable expression of 0-gal in the proximal nuclei
surrounding the injection site and in multiple distal nuclei which project to the target
region. Variable loss of gene expression around the injection site was noted during
the first week post surgery for both vectors. Double-labelling ICC staining showed
that both vectors transfected neuronal as well as non-neuronal cell populations.
Moreover, AAV (titer Mf/ml) and LPD had equal in vivo transduction efficiency. All
injections (including PBS) resulted in short term CD4 antigen immunoreactive (IR)
cells and M H C class I antigen expression. This study demonstrates that both LPD as
well as AAV result in a transient immunological responses and persistent gene
expression. Moreover, both vectors are taken up by nerve terminals and retrogradely
transported. An antiparkinsonian strategy injecting LPD and AAV vectors expressing
dopamine survival genes into the striatum is in progress.
[Funding - Canavan Grant]

1 1 9 .7
RECOMBINANT AAV ENCODING RAT GDNF SPARES NIGRAL NEURONS IN
A PROGRESSIVE 6-OHDA DEGENERATION MODEL IN RATS. R.J. Mandel*.
R.O Snvder. D.G C_levenger, B.K. Kasoar, T.M. Jaret. M.M. Morton, D. Nagv. S.K.
Spratt. and S.E. Leff. Somatix Therapy, 850 Marina Vill. Pky, Alameda, CA 94501.
Glial cell-line derived neurotrophic factor (GDNF) has been identified to be a
potential CNS dopaminergic trophic factor. Sauer and Oertel, have recently described a
progressive 6-OHDA model (Neurosci. 59:401-415, 1994) that is responsive to nigral
GDNF injections (Sauer et al., PNAS 92:8935-8939, 1995). In order to provide chronic
GDNF in the least invasive manner, we have constructed recombinant AAV vectors
capable of infecting cells and expressing rat GDNF under the control of a potent CMV
immediate/early promoter (AAV-MD-rrGDNF, 1 X 1012 particles/ml as measured by
DNA dot blot). Thirteen rats received bilateral injections of fluorogold (FG) into one
site in each striatum (0.2 μl). One week later, all 13 rats received either MD-rrGDNF
virus (n = 6) or CMV-Lac-Z virus (n = 7) just rostral and dorsal to the substantia nigra
(SN). Two weeks later, rats received unilateral striatal 6-OHDA injections (4 μl of 5
μg/μl 6-OHDA) in the same hemisphere as the previous virus injection. Cell counts of
FG+ neurons in the SN (% survival = lesioned SN/intact SN x 100) revealed that
rAAV-MD-rrGDNF protected a significant number of cells when compared to cell
counts of rAAV-CMV-Lac-Z injected rats (94 % vs. 51% respectively, p < 0.001). In
contrast, 75% of TH+ cells remained in the nigral rAAV-MD-rrGDNF group versus
only 49% in the Lac-Z group. The discrepancy between the nigral FG cell counts and
the remaining TH+ cells in the rAAV-rrGDNF group may indicate neuronal protection
but not expression of the TH phenotype. These data indicate that the use of a noncytopathic viral vector such as AAV can promote successful delivery of functional
levels of GDNF as reported for comparable adenoviral vectors (Choi-Lundberg et al.,
Science., 275:838-841,1997). Therefore, AAV may provide a superior means of long
term, continuous delivery of therapeutic levels of GDNF since expression of potentially
immunogenic viral proteins does not occur with AAV vectors.

1 1 9 .9
PALLIDAL STIMULATION FOR THE TREATMENT OF PARKINSON’S
DISEASE. W.C. Low. J.H. Anderson*. T.J. Ebner, S.K. Eriksen. D.R. Kaiser.
T.H. Rockwood, P .P . Roman, P.M. Silverstein, N.P. Solomon, C.L. Truwit P.J.
Tuite, F. Zwiebel, and R.E. Maxwell, Pepts. of Neurosurgety, Communication
Disorders, Neurology, Otolaryngology, Physical Medicine and Rehabilitation,
Radiology, and the Institute of Health Services Research, University of Minnesota,
Minneapolis, MN 55455.
Previous studies have demonstrated an abnormal hyperactivity of neurons within
the internal pallidum of patients with Parkinson’s disease (PP).
This
hyperactivity, in turn, is thought to mediate the motor deficits associated with PP.
Pallidal lesions have been shown to be effective in treating many of the signs and
symptoms of PP. An alternative to pallidotomy is an approach where the activity
of nerve cells within the pallidum is controlled by chronic electrical stimulation.
In the present study we have assessed the efficacy of pallidal stimulation for the
treatment of PP. A 59 year old male PP patient previously received unilateral
pallidotomy in the right side of the brain for the treatment of his movement
disorder. The pallidotomy provided relief from his parkinsonian deficits on the left
side of his body, however, the right side of his body continued to exhibit “on/off”
fluctuations, dyskinesia, dystonia, muscle cramping, and pain.
Stimulating
electrodes were then implanted into the internal pallidum on the left side of the
brain. Following implantation the appropriate electrode configuration, and
electrical voltage and frequency were determined to produce an optimal effect
(electrode #2 negative, 1.5 V, 180 msec duration, 170 Hz). At 3 months follow up,
activation of the electrodes in conjunction with medication resulted in a reduction
in dyskinesia from 10 hr/day to less than one hr/day. The patient’s “on” time was
increased from about one hr/day to nearly 6 hr/day. Further, he was relieved of his
“on/ofi” fluctuations, dystonia, muscle cramps, and pain. The patient’s quality of
life was also dramatically improved. With the activation of the stimulator the
patient was again more independent, able to drive a car, participate in domestic
chores, and hunt and fish. These results suggest that pallidal stimulation can be
effective in treating Parkinson’s disease. (This work was supported in part by
SUPER and Medtronic.)
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INTRASTRIATAL INJECTION OF AN ADENOVIRUS-GDNF PREVENTS
DOPAMINERGIC NEURON DEGENERATION AND BEHAVIORAL
IMPAIRMENT IN A RAT MODEL OF PARKINSON'S DISEASE A. B ilan g Bleuel, F. R ev a h 1 P. Colin. I. Locquet+. T.T. Rob ert1. I. Mallet* and P. H orellou.
LGN-CNRS, H ôpital Pitié, 75013 Paris, tRhône-Poulenc, 94403 Vitry, France
Glial cell line-derived neurotrophic factor (GDNF) is a potent neurotrophic
factor for adult nigral dopam ine neurons in vivo. GDNF has both protective
and restorative effects cn the nigro-striatal dopaminergic (DA) system in
animal models of Parkinson's disease. A ppropriate adm inistration of th is
factor is essential for the success of its clinical application. Since it cannot
cross the blood-brain barrier, a gene transfer method may be appropriate for
delivery of the trophic factor to DA-cells. We have constructed a
recombinant adenovirus (Ad) encoding GDNF and injected it into rat striatum
so as to m ake use of its ability to infect neurons and to be retrogradely
transported by DA-neurons. The Ad-GDNF was found to drive production of
large amounts of GDNF as quantified by ELISA. The GDNF produced a fte r
gene transfer w as biologically active: it increased the survival and
differentiation of DA-neurons in vitro. To test the efficacy of the Admediated GDNF gene transfer in vivo , we used a progressive lesion model of
Parkinson's disease. Rats received u n ilaterally into their striatum injections
first of Ad, and 6 days later, of 6-hydroxy dopam ine. We found t h a t
mesencephalic nigral dopamine neurons of anim als treated w ith the AdGDNF were protected, whereas those of anim als treated w ith the 6galactosidase (fiGal) Ad were not. This protection was associated w ith a
difference in m otor function: am phetam ine-induced turning was much lower in
animals th at received the Ad-GDNF than the Ad-fiGal. This finding m ay
have implications for the developm ent of a treatm ent for Parkinson’s disease
based on the use of neurotrophic factors.

1 1 9 .8

FGF-2 PRODUCING FIBROBLASTS GRAFTED TO THE STRIATUM
PROTECT THE NlGROSTRIATAL DOPAMINERGIC SYSTEM FROM 6HYDROXYDOPAMINE. C.W. Shults*°+. A. Ejanda°. F.H. Gage#. °VA
Med. Ctr., San Diego, CA 92161, +Univ. Cal., San Diego, La Jolla, CA
92093, #Salk Inst, La Jolla, CA 92138.
Three groups of rats received either a burr hole (n = 5) or implantation of
fibroblasts genetically engineered to produce R-galactosidase (6-gal) (n =
8) or fibroblast growth factor-2 (FGF-2) (n = 8) at two sites in the right
striatum. Two weeks later, the animals received in injection of 25 fig of 6hydroxy-dopamine (6-OHDA) midway between the two implant sites. The
animals were then tested weekly for apomorphine-induced rotation and
amphetamine-induced rotation for three weeks. At weeks 2 and 3
following lesioping with 6-OHDA , the group that received FGF-2producing fibroblasts had significantly fewer apomorphine-induced
rotations than the group that received (3-gal-producing fibroblasts.
Amphetamine-induced rotation revealed a striking attenuation of
amphetamine-induced rotation in the FGF-2-treated group compared to
the other two groups. The density of striatal TH-IR fibers in the lesioned
striatum relative to the intact striatum was significantly greater in the FGF-2treated group (48.4% ± 13.6, mean ± SEM) than in the 6-gal-treated group
(5.8% ± 0.7). There was also preservation of TH-IR neurons on the
lesioned side relative to the unlesioned side in the FGF-2-treated group
(95.1% ± 3.2) compared to the 6-gal-treated group (76.9% ± 3.8). The
size of the grafts and the gliosis surrounding the injections sites did not
differ between the FGF-2 and 6-gal-producing fibroblasts groups.
Supported by grants from the VA Merit Review program, the Natl.
Parkinson Fndn. and AG08514 from NIH.
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Apomorphine-induced changes in Parkinson patients undergoing stereotaxic
neurosurgery: clinical scores and firing activity of internal globus pallidus.
A. Stefani *, P. Stanzione , A. Bassi, P. Mazzone and G. Bernardi,
IRCCS Ospedale S. Lucia, Clinica Neurologica Università Tor Vergata, Istituto di
Neurochirurgia Ospedale CTO, Rome, Italy.

The increase of the subthalamo-pallidal excitatory drive was demonstrated both in
MPTP-treated monkeys and parkinsonian patients (PD) (Albin et al., 1989; DeLong,
1990). The dysfunctional excitation of the internal pallidus (GPi) is thought to
render underactive the thalamus, leading to the development of hypokinetic
symptoms. Recently, the high-frequency stimulation-induced inactivation of
subthalamus and/or GPi in PD patients was successfully performed, supporting the
inference that the reduction of GPi hyperexcitability is crucial for the normalisation
of movement disorders (Limousin et al., 1995). Little, however, is known, about the
roles of dopamine in this scenario (Fillion et al., 1991).
We have analysed both the firing activity of the internal globus pallidus and the
levodopa-induced changes in three Parkinson's disease patients selected for deep
brain stimulation (DBS). All patients showed a severe rigid-akinetic syndrome
complicated by disabling levodopa induced dyskinesias (LIDs). Surgical procedures
and electrode implantation in GPi were done utilising the techniques originally
proposed by Benabid and coauthors (1991). GPi neurons were identified by by their
typical high-frequency, irregular pattern of discharge. This study was approved by
the local ethic committee and the patient gave written consent.
Apomorphine, intraoperatively administered at doses (1-2 mg) inducing a short but
clear clinical improvement without involuntary movements, reduced the pallidal
discharge rate by > 50% in all the examined patients. An higher apomorphine dose
(2.5 mg), tested in one patient, blocked the firing activity with a time course
independent from the occurrence of dyskinesias. These finding suggest that the
reduction of internal pallidus excitability is one of the mechanisms underlying the
efficacy of dopaminergic therapy, but also that changes in other basal ganglia
stations are likely to be involved in dyskinesias.
(supported by Ministero della Sanità, progetto Finalizzato to AS, PS and GB).
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LARGER LESIONS REDUCE OUTCOME VARIABILITY
IN PALLIDOTOMY PROCEDURES. R.C. Frysinger*, J. M.

Bronstein, D. Masterman, E. Behnke, T. Fields, K. Negoro and A. 0,
Salles. Depts. of Neurobiology, Neurology, Surgery and the Brain

Research Institute, UCLA Med. School, Los Angeles, CA 90095.

Destruction of a minimum volume of Globus Pallidus is presumed
responsible for remission of motor symptoms of Parkinson's disease
following posteroventral pallidotomy. As part of an ongoing study
relating outcome to proportional lesion volume broken down by
anatomical structure, we examined lesion volume (as estimated from
acute postoperative MR scans) in a selected subset of pallidotomy cases
with excellent outcomes (N= 15) and with minimal or no improvement
(N=12). We compared3 month post-op scores for UPDRS, H&Y and
S&E subtests as a function of lesion size. All patients with exacerbated
symptoms fell below the median value of lesion volumes (<.08 cc).
Smaller lesions were associated with significant (p<.05) increases in
outcome variability in rigidity, bradykinesia, motor fluctuations and the
H&Y "off" scores. Although the principal finding is increased outcome
variability, cases with small lesions also tended to show less
improvement in the UPDRS motor subtest (-2.31 vs. -8.3, p=.09) and
bradykinesia scores (-0.4 vs. -3.3, p=.06). These findings may reflect
the necessity of extremely accurate placement of small (<.08 cc) lesions
and the increased probability of obtaining adequate Globus Pallidus
volume destruction with larger lesions (.08 to .16 cc).
These
hypotheses are being tested by having all cases in this subset rescanned
for anatomical analysis of the lesion site at least 6 months after surgery.

Supported by NIH NSOJ597

119.13
FREE RADICAL SCAVENGING PROPERTIES AND
NEUROPROTECTIVE ACTIONS OF METALLOTHIONEIN ISOFORMS.
M Ebadi* M.V. Ramana Kumari and M. Hiramatsu. Dept. of Pharmacology,
Univ. of Neb. Coll. of Med., Omaha, NE 68198-6260 and Inst. of Life Support
Tech., Yamagata Technopolis FON., Yamagata, Japan.
In view of the fact that 6-hydroxydopamine or MPTP causes parkinsonism
by generating free radicals, and inducers of metallothionein (MT) isoforms
avert the said neurotoxicity,'we intended to learn whether MT isofonns were
capable of scavenging free radicals. By employing electron spin resonance
spectroscopy, we examined the scavenging effects of MT! and MTII isoforms
on four types of free radicals. Solutions of0.15 mM MT! and 0.3 mM MTII
scavenged the 1,1-diphenyl-2-picrylhydrazyl radicals completely.
Furthermore, they were able to scavenge hydroxyl radicals generated in a
Fenton reaction. Moreover, MT! scavenged almost 90% of the superoxide
generated by the hypoxanthine and xanthine oxidase system, while MTII could
only scavenge 40% of it. By using 2,2,6,6-tetramethyl-4-piperidone as a
"spin~trap" for the reactive oxygen species ( containing singlet oxygen,
superoxide and hydroxyl radicals) generated by photosensitized oxidation of
riboflavin and measuring the relative signal intensities of the resulting stable
nitroxide adduct, 2,2,6,6-tetramethyl-4-piperiodine-l-oxyl, we observed that
MT!! could scavenge 92%, while MT! could completely scavenge all the
reactive species generated. The results of this investigation are interpreted to
suggest that MT isoforms, whose synthesis in the brain is induced by stress,
cytokines and inflammatory processes, by being able to scavenge various free
radicals, are capable of attenuating oxidative stress and of providing
neuroprotection. (Supported in part by a grant from USPHS, NS34566).

119.12

DOPAMINE INHIBITS CELLULAR RESPIRATION IN RAT MIDBRAIN
CULTURES· PROTECTION BY ASCORBATE, BUT NOT BY DEPRENYL.
P. Werner T.M. Jamindar C.W. Olanow and C. Mytilineou•. Dept. of Neurology,
Mount Sinai Sch. of Med., New York, N.Y. 10029.

Deficiencies in mitochondrial respiration have been reported in Parkinson's

disease (PD) and other neurodegenerative diseases. We studied the effect of
dopamine (DA) on respiration in mesencephalic cultures. using a setup which
permits the measurement of respiratory activity in intact primary neuronal
cultures. It is based on the use of 12.5 cm' flasks to plate the cells and caption
of 14 C02 generated from 2- 14 C pyruvate oxidation. 14CO 2 production is inhibited
> 95 % by 1 µM rotenone, demonstrating that tt is the result of mttochondrial
respiration. Cultures were prepared from embryonic day 14 rats and treated at
6days in vitro with 10, 50 or 100 µM DA for48 h (one medium change). Cellular
respiration was assayed as rotenone-sensitive 14C02 generation and corrected for
protein content. Treatment with DA resulted in a dose dependent decrease of
respiration from 10.2 nmoles CO,Jmg protein/hour for control (C) to 6.3 nmoles
CO,/mg protein/ hour (61 % of C) for 50 µM DA and 4.6 nmoles CO/mg
protein/hour (45% of C) for cultures treated with 100 µM DA. Treatment with 10
µM DA resulted in a small, but insignificant respiration decrease. The decrease
in respiration was paralleled by increased cytotoxicity (assayed as LDH release).
LDH release was dose dependent; treatment with 100 µM DA resulted in a > 4
fold increase in extracellular LDH. 200 µM ascorbate fully protected against DA
toxicity (respiration and LDH release), while 50 µM (> 1000 x K,) of the MAO B
inhibitor and neuroprotectant deprenyl failed to prevent etther the respiration
decrease or the cytotoxicity evoked by DA. Our findings indicate that the DA
toxicity was due to oxidative stress resulting from DA autoxidation, which was
counteracted by ascorbate. In summary, DA in physiological concentrations can
decrease cellular respiration by > 50 % and this effect is prevented by ascorbate,
but not by deprenyl. Supported by NIH grant NS-34354.

119.14
A2A

ANTAGONISTS
ARE
ADENOSINE
RECEPTOR
ANTIPARKINSONIAN IN ANIMAL MODELS. Y Kuwana* S Shiozaki I

Kanda M Kurokawa K Koga M Ochi K Ikeda P Jenner#. Pharm. Res.

Labs., Kyowa Hakko Kogyo, 1188 Shimotogari, Sunto-gun, Shizuoka, 411,
Japan and #Biomedical Sciences Division, King's College London, SW3 6LX,

UK

Effects of KW-6002 on parkinsonian models were studied in rodents and
monkeys. KW-6002 showed a dose-dependent inhibition of various druginduced catalepsy models in mice. KW-6002 significantly inhibited the
catalepsy induced by haloperidol and reserpine. These anticataleptic effects
were exhibited dose dependently at 0.04-20mg,kg,p.o. and 0.160.63mg,kg,p.o. respectively. The intracerebroventricular injection of the
adnosine A2a receptor agonist CGS21680 also induced catalepsy in mice.
KW-6002(0.08-0.63mgA<g,p.o.) significantly ameliorated this cataleptic
responses. Moreover, A2a antagonists alter motor behavior in MPTP treated
common marmosets. The oral administration of KFl 7837(1-30mg,kg) or
KW-6002(0.5-50mglkg) had a little effect on locomotor activity but caused
a dose-dependent reduction in motor disability. Administration of KFl 7837
or KW-6002 did not induce dyskinesia. These experiments are the first
demonstration that A2a antagonists can exhibit antiparkinsonian activity
without provoking dyskinesias. The results indicate that A2a antagonists may
form a novel therapeutic treatment for Parkinson's disease.
Supported by KYOWA HAKKO KOGYO Co. Ltd.
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ORIGIN AND EARLY EVOLITTION OF TIIE NEURON: EXPERIMENTAL
RETRACEMENT. Sidney W. Fox• Randall Grubbs Aristotel Pappelis and Bi Yu.
University of Miami, Southern Illinois University, and University of South Alabama,
Mobile, AL 36688.
Experimental retracernent of molecular evolution to the first cell has indicated
Iha! the protocell was also a protoneuron (Fox et al, 1995). Thermal
polycondensation of amino acid mixtures containing dicarboxylic amino acids yields
thermal protein formed from selective interactions of each amino acid type with
others. On contact with water, alJ of the hundreds of thermal protein tested
aggregate into cells, in contrast to the absence of such morphogenic~ty in cellular
proteins. Cataloguing of the vital properties of such protocells has revealed all of, or
roots of all of, the attributes of modem living cells. These properties include
especially electrical signaling when stimulated by light etc, tendency to form
networks etc. The patterns of signaling and patterns of association are functions of
the amino acid composition. The processes thus constitute neuronal engineering.
The unlikelihood of nucleic acids as informational precursors to the protocell has
been asserted (ferris, 1993; Crick, 1994). The proposed origin of intelligence,
molecular discrimination, appeared in this evolution at about the time that
consciousness was generated by light-reactive double-layered membranes in the
protocells. The photoreactivity is largely or wholly due to flavins synthesized during
the heating of amino acids (Heinz et al, 1979).
Addition of thermal proteins to cultures of rat forebrain neurons (Hefti et al,
199"1) results in neural repair and prolonged survival, while intracerebroventricular
injection of such polymers into mice markedly enhances memoiy (Fox and Flood,
1992).
Aided by NASA, NIH, NSF, IBM, the National Parkinson Foundation, the Longevity
Foundation and others.
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BRAIN MARROW II: IN VIVO AND IN VITRO STUDIES OF
NEUROGENESIS IN THE ADULT HUMAN SUBEPENDYMAL ZONE

AND HIPPOCAMPUS. E. D. La,ywell V. G. Kukekov L. B. Thomas B.
Scheffler K- Davies T. F O'Brien M- Kusakabe and D A- Steindler*.

Depts. Anal. Neurobiol., Neurosurg., UT Memphis; Neuropath., Methodist
Hospitals Memphis; Neuropath, Univ. Bonn, Germany; RIKEN, Tsukuba.
It is now well accepted that neurogenesis occurs in the subependymal
zone of the adult mammalian brain. We have referred to this
pe(iventricular neurogenic region as "brain marrowu (Thomas et al., Glia
17:1, '96; Steindler et al., Prog. Brain Res. 108:349,'96), since it possesses
many attributes of the hematopoietic system (e.g. ECM, stem/progenitor
cells, mitosis, and apoptosis). In this study, we focus m the subependymal
rone of the adult human lateral ventricle, where markers of cell
proliferation (KI67) and ECM (tenascin) are present in an area of persistent
neurogenesis as seen in the adult mouse. We use a novel culture method that
was originally applied to generate neural precursms from the adult mouse
(see Kukekov et al., this volume). This method relies en the manipulation
of cell-cell and cell-substrate interactions to isolate and expand two types
of ontogenically continuous cellular spheres from temporal lobectomy
biopsy specimens of the adult human. Analysis with immunocytochemistry
and electron microscopy reveals that type I spheres consist of
homogeneous, small and tightly apposed cells surrounding a central core of
acellular material. Type I spheres appear to convert to Type II spheres
which are larger and less tightly apposed, and they can give rise to
GFAP+ and Jl-Jll tubulin+ glia and neurons. These data, taken together
with our findings from the mouse, lead us to conclude that type II spheres
are analogous to previously described neural stem/progenitor cells (Weiss
et al., TINS 19:387,'96), while type I spheres may represent a novel
precursor to this sphere. Supported by NIH/NINDS NS29225.
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EXPRESSION
OF NOTCH1
AND
ITS
PROTEOLYTIC
FRAGMENTS ON NEURONAL DENDRITES AND PERIKARYA
D.R. Foltz1. B. E. B e re c h id 1. M. -G. N u n zi2*. E. M u e n a in i2. and L
S. N v e1. 1 olec. Pharm.,
Pediatrics,
& 1.2Inst. N eu ro sci.,
Northwestern Univ. Medical School, Chicago, IL 60611
Members of the Notch/lin-12/glp-l family are central to c e ll
fate decisions
during
neurogenesis
and o rg a n o g e n e s is .
However, little is known about their roles in committed cells.
An affinity purified polycolonal antibody against a f r a g m e n t
of the extracellular domain of mouse N otchl was used to
characterize
its expression
in the adult brain.
N o tc h l
im munoreactivity is widely distributed within the adult b r a in ,
prim arily
in neurons.
Highest levels are seen in la r g e
neurons, notably the pyramidal cells o f the cerebellar c o rte x
and hippocampus, and the purkinje cells of the cerebellum.
On
the cell body, im m unoreactivity is found on the p la sm a le m m a
and
intracellular
membranes.
In
addition,
N o tc h l
im m unoreactivity is found at high levels along a p ro x im a l
segment of the dendritic tree in large neurons.
The p r im a r y
polypeptides identified by the N otchl antibody on immunoblots
of adult and embryonic brain extracts are apparent p ro te o ly tic
fragments. We observe marked regional variation o f both th e
relative ratio of protein fragments and their sizes. Studies a r e
underway to determ ine the structure of these fra g m e n ts .
Since proteolysis of Notch appears to p articipate in m e d ia tin g
the Notch signal, these data suggest a regional and te m p o ra l
variation in the quantity o f active signal in different neurons.
(Supported by the March of Dimes, HHMI, and NIH NS35566).

IN H IB IT IO N OF C O R T IC A L N EU R O G EN ESIS BUT NOT
GLIOGENESIS BY ACTIVATED NOTCH1 IN VIVO N icholas
G a ia n o 2-. Ying Pengl Gorfl Fishell2 D aniel T u rn b u ll2- and
Jeffrey S. Nve1-*. 1 M o lec.
P h a rm a c o l.
and
P e d ia tric s ,
N orthwestern Univ. Med. School, C hicago, IL 60611; Dev.
Genetics, Skirball Institute and Cell B iology2 and R adiology3,
NYU Medical Center, New York, NY 10016.
The N otch/lin-12/glp-l family of proteins mediate signals
that regulate cell fate decisions during development.
Notch
signals appear to play a
critical role in determ ining
the
number and type of cells that emerge from precursors.
In
vertebrates, excess Notch
signals suppress neurogenesis
in
mammalian EC cells, Xenopus embryos and the retina, while
reduced Notch signaling increases the number of neurons.
To
learn the role of Notch signals in cortical neurogenesis, we
have studied the progeny of cortical ventricular zone cells
following infection at E9.5 with retroviral vectors that deliver
the N otchl-intracellular domain (Notch 1-IC) along with either
alkaline phosphatase or tau-p-galactosidase. N otchl-IC inhibits
cells of the ventricular zone (VZ) from differentiating as
neurons.
Progeny of infected precursors remain in the VZ and
are highly proliferative.
In contrast, postnatal cortical subv e n tric u la r zone cells that d iffe re n tia te into g lia are
unnaffected by infection with N otchl-IC vectors.
Further
characterization of the developm ental fate o f N o tch l-IC
infected cells is in progress.
(Supported by March of Dimes,
HHMI Resources Award, and NIH NS32993 and NS35566).
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LINKING PROLIFERATION AND APOPTOSIS: DELAYED DEVELOPMENT
OF THE CEREBRAL CORTEX IN THE TRISOMY 16 MOUSE. T.F.Haydar*1.
R.S.Nowakowski3. B.K.Krueger1. and P.J.Yarowskv2. Depts. of 'Physiol., and
2Pharm. and Exp. Therap., Univ. of MD School of Med., Baltimore, MD 21201 and
d ep a rtm en t of Neuroscience and Cell Biology, UMDNJ-Robert Wood Johnson
Medical School, Piscataway, NJ 08854.

ASYMMETRIC DISTRIBUTION OF JUNCTIONAL COMPLEXES IN
MAMMALIAN NEUROGENESIS. A. Chenn*. B. Chang, and S. K. McConnell.
Dept. of Biological Sciences, Stanford University, Stanford, CA 94305.
Time-lapse microscopy of dividing cells in slices of developing cerebral cortex
has revealed that cortical progenitors can divide asymmetrically, and mitotic
cleavage orientation predicts the fate of the daughters. Here, we examine the
molecular mechanisms of asymmetric divisions in cerebral cortical precursors.
Neurons in the mammalian cerebral cortex are generated from a pseudostratified
epithelium of progenitor cells that line the lumen of the lateral ventricles. These
progenitors have a marked apical-basal polarity with a single cilium, an associated
centrosome, and zonula adherens junction at the apical surface. Previously, we
showed that Notchl immunoreactivity is localized asymmetrically to the basal pole
of dividing progenitors and is inherited selectively by the basal (neuronal) daughter
of horizontal divisions. To examine the possibility that other molecules are
distributed asymmetrically in cortical progenitors, we characterized the localization
of proteins that play roles in signal-transduction or cell-adhesion at cell-cell
junctions. We find that (J-catenin, y-catenin, desmoglein, paxillin, ppl20, and Factin immunoreactivities are enriched at the apical domains of progenitor cells. In
addition, phosphotyrosine immunoreactivity is enriched at apical junctional
complexes. In the ventricular zone, a horizontal cleavage may result in only one
daughter selectively inheriting the junctional complex and associated signalling
apparatus; in contrast, a vertical cleavage could distribute these factors to both
daughters. Regulation of cleavage orientation may thus provide a mechanism for
cortical precursors to exploit their intrinsic polarity to partition determinants
selectively between the two daughter cells. Supported by NIH MH51864 and Life
and Health Insurance Medical Research Fund.

Growth o f the cerebral cortex o f the Trisomy 16 (T sl6) mouse, a
model o f embryonic Down syndrome, is delayed during
neuronogenesis but attains normal thickness by embryonic day E18.
It is also known that cell cycle length in T sl6 is altered during this
period o f delayed cortical growth. To determine the degree to which
aberrant proliferation contributes to the T sl6 phenotype, changes in
T sl6 cell cycle duration, the fraction o f proliferating cells (growth
fraction), and the two indices o f proliferation (P) and quiescence (Q)
were incorporated into a mathematical model o f neuronogenesis. The
model accurately predicted both the growth kinetics o f control
littermate cortices and the observed delay in T sl6 cortical growth
from E14 to E16, but it incorrectly predicted that by E18 the size of
the T sl6 cortex would be 1.3-fold larger than controls. However,
TUNEL labeling only revealed an average o f 1 apoptotic cell/section
throughout neuronogenesis in normal cortices, but an increase o f 2 to
5-fold in the T sl6 . In addition and in distinct contrast to controls,
apoptotic cells were found within the T sl6 germinal ventricular zone.
These data indicate that from E15 to E18 increased apoptosis
compensates for an apparent increased production o f neurons in T sl6
cortex. The T sl6 mouse may therefore provide clues as to how cell
proliferation and cell death are both regulated and coordinated during
brain development. (Supported by NIH AG10686 (BKK) and NS33443
(RSN), NASA NAG2-950 (RSN), and Zeneca Pharmaceuticals (BKK). TFH
supported by NIH T32NS07375.)
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FEEDBACK INHIBITION OF NEUROGENESIS MEDIATED BY TGF-BETA
SUPERFAMILY MEMBERS. J. Shou*. P.C. Rim, and A.L. Calof. Dept. of
Anatomy & Neurobiology, Univ. Calif. School of Med., Irvine, CA 92697.
The mammalian olfactory epithelium (OE) is capable of continual
neurogenesis throughout life, and evidence suggests the process is
regulated by cell interactions: if surgical or chemical manipulations are used to
eliminate differentiated olfactory receptor neurons (ORNs), production of new
ORNs is transiently upregulated to restore the neuronal population. Its capacity
for continual neurogenesis suggests the presence of neuronal stem cell in the
OE, and we have developed a method to purify and culture OE neuronal
progenitor cells, in order to study their properties. When purified OE
progenitors are co-cultured on feeder layers of stromal cells, isolated from nasal
turbinates, a small fraction of them gives rise to morphologically-distinct
colonies, one of which continues to generate new neurons as late as 13 days
in vitro; these neuronal colony-forming cells may be the neuronal stem cells of
the OE. Interestingly, development of neuronal colonies is specifically
inhibited by the presence of a large excess of differentiated ORNs, suggesting
that a growth-inhibitory signal, produced by differentiated ORNs, feeds back to
inhibit neurogenesis in the OE system. Preliminary characterization indicated
that heat-labile macromolecule(s) mediated this signal, prompting us to
examine members of TGFβ superfamily. We found that BMPs 2 and 4,
members of the Decapentaplegic subfamily of TGFβs specifically inhibit
neuronal colony formation in our in vitro assay. In situ hybridization studies
demonstrated that bmp4, but not bmp2, is strongly expressed in mouse OE
both during development and in the adult. Experiments varying the time at
which BMP4 is added to progenitor cell cultures suggest that BMP4’s inhibitory
action may be exerted primarily on neuronal colony-forming progenitors.
Together, these data suggest that BMP4 may mediate feedback inhibition of
OE neurogenesis in vivo, a possibility we are testing. Supported by NIH grant

POTENTIAL AUTOCRINE ROLE FOR FGF8 IN REGULATING
NEUROGENESIS IN MAMMALIAN OLFACTORY EPITHELIUM. A.L. Calof, P.
lannuzzelli, P.C. Rim, C. MacArthur, I. Mason, and J. Shou, Dept. of Anatomy &
Neurobiology, Univ. Calif. School of Med., Irvine, CA 92697.
Olfactory receptor neurons (ORNs) are continuously produced in mammalian
olfactory epithelium (OE) in vivo. Previous studies in our lab have shown that
Fibroblast Growth Factors (FGFs) promote extended neurogenesis by cultured
ORN progenitor cells, in at least 2 ways: FGFs delay differentiation of a
committed neuronal transit amplifying cell (the Immediate Neuronal Precursor
(INP) of ORNs), and FGFs support proliferation or survival of a rare cell possibly a stem cell - that act as progenitor to INPs. Although such data
suggest that FGF8 expressed within the OE could be responsible for its
property of continual neurogenesis, no data were available to indicate which
member of the FGF family might serve such a role in vivo. We have performed
in situ hybridization experiments which indicate that fgf8, a recently cloned FGF
known to be important in limb and midbrain patterning, is likely to be important
in regulating neurogenesis in mouse OE. Fg18 is expressed in both embryonic
and adult OE. At embryonic day 14 (E14), fgf8-positive cells are found
scattered within the neuronal cell layer. In E14 OE explant cultures, fgf8 is
expressed in the majority of round migratory cells; these cells do not have
neurites, and double labeling with anti-NCAM antibodies indicates that fgf8expressing cells are NCAM-negative. In adult OE, fgf8-positive cells are found
primarily in the basal compartment of the epithelium. These data suggest that
fgf8 is expressed primarily by neuronal progenitor cells, and not by
differentiated ORNs. Taken together with our finding that recombinant FGF8
promotes neurogenesis in OE cultures, these findings suggest that FGF8 may
be an endogenous stimulatory factor that promotes continual neurogenesis in
the OE in vivo. In addition, these results that fgf8 expression may be the basis
of an autocrine loop in the OE, in which neuronal progenitors respond to a
growth factor that they themselves make. Supported by NIH grant NS32174 to

DC02180 to A.L.C.

A.L.C.
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CORTICAL ASTROCYTE PRECURSOR CELLS EXPRESS OPX-1, AN
OTX- AND PAX-RELATED HOMEOPROTEIN DEVELOPMENTALY
REGULATED IN THE FOREBRAIN. B. Perez-Villamil, M. McManus, P.
Schwartz and M. Vallejo*. Reproductive Endocrine Unit, Massachusetts
General Hospital, Boston, MA 02114.
The diverse and complex architecture of the brain is the result of an
elaborate clockwork of hierarchically organized genetic events that lead to
the differentiation of neurons and glia from proliferating precursor cells. To
gain insight into the nature of the molecular mechanisms underlying these
events, we developed a cortical cell line, RC2E10, from E l6 rat embryos
immortalized with a temperature-sensitive allele of the SV40 T-antigen
(Tag). When cultured in defined medium at the non-permissive temperature
(39° C), loss of Tag immunoreactivity and inhibition of proliferation occur.
Treatment with bFGF (20 ng/ml) reactivates proliferation. RC2E10 cells
express the intermediary neurofilament nestin, consistent with a neural
precursor phenotype. Treatment with different neurotrophins does not induce
significant changes. However, activation of specific kinase-dependent signal
transduction pathways results in astrocyte differentiation as assessed by
decreased nestin expression and proliferation rate, morphological changes
and increased GFAP expression. RC2E10 cells express forebrain-specific
homeodomain transcription factors including members of the Otx, Dlx and
Emx families. In addition, using RT-PCR/RACE analysis we identified a
novel Qrthodenticle- and Pax-related homeobox (Opx-1) gene expressed in
RC2E10 cells. In developing rats, expression of Opx-1 is mainly restricted to
the forebrain. Electrophoretic mobility shift assays using nuclear extracts of
RC2E10 cells in combination with a specific anti-Opx-1 antibody indicate
that Opx-1 binds two out of three putative homeodomain binding sites in the
promoter of the GFAP gene, perhaps in combination with other proteins in a
sequence-specific manner. Thus, Opx-1 may regulate GFAP gene expression
upon astrocyte differentiation. Supported by NIH and Whitehall Foundation.

C O G N ITIO N : A T T E N T IO N — SELE C T IV E A T T E N T IO N
121.1

121.2

T IM IN G A N D D ISTR IB U TIO N OF A T T E N T IO N EFFECTS ACROSS
AR EAS I N T H E MACAQUE VISUAL SYSTEM. AD Mehta2*. I I liberé.
RW Lindsley1& CE Schroedeif2. 1Program in Cognitive Neuroscience
&Schizophrenia, Nathan Kline Institute, 2Department o f Neuroscience Albert
Einstein College o f Mediciné and 3Hungarian Academy o f Sciences
Selective attention was studied in macaques, using a paradigm in which streams
of tones (binaural) and colored flashes (foveal-binocular) were presented
simultaneously. Subjects were required to discriminate (e.g., frequency or color)
and respond selectively to stimuli in one modality, while ignoring stimuli in the
other. Attended modality was alternated across trial blocks and discriminative
difficulty was equated across modalities. Laminar current source density (CSD)
and multiunit activity profiles sampled with linear array multicontact electrodes
during paired penetration« of LGN, VI, V2 and higher dorsal and ventral stream
areas. Attentional modulation of neural activity elicited was quantified using a
Modulation Index (MI), a ratio of the differential activity due to attention
(integrated CSD for attended minus ignored) to the total response amplitude
(integrated CSD for attended plus ignored). Mean Mis reveal that attentional
modulation increases over successive LEVELS (LGN=.00; Vl=.03; V 2=.ll;
V4=. 16). Attentional modulation was stronger across ventral stream (MI=. 15)
than across dorsal stream areas (MI=.06). Modulation begins at shorter latencies
in dorsal than ventral stream areas and at successively longer latencies in V2 and
VI. Thus, small phasic modulation of visual responses in dorsal stream areas
precedes and may contribute to much larger modulation in ventral stream areas.
The timing and laminar distribution of effects, particularly in VI, suggest
initiation of modulation in the lower cortical pathways by feedback from higher
levels of the visual system.

SELECTIVE ATTENTION MODULATES SENSORY ACTIVITY OF
PRIMARY VISUAL AREAS: ELECTROPHYSIOLOGICAL EVIDENCE IN
HUMANS. A. Zani* & A. M. Proverbio, Lab. of Cognitive Electrophysiol.,
Inst, of Psych., CNR, 00137 Rome, and Univ. of Trieste, 34123 Trieste, Italy.
M ultimodal neuroimaging techniques have provided converging evidence
that selectively attending a location of visual space enhances the processing
activity of visual cortex for stimuli falling at that location as early as 80-100
msec latency post-stim ulus. In the p resen t study, event-related brain
potentials (ERPs) w ere recorded from 30 scalp sites in order to investigate
early p atterns of brain activation d uring visual selection processes of
stim ulus features. Twelve right-handed young subjects partecipated in this
experiment. The task consisted in paying selective attention to a conjunction
of spatial frequency and location and respond to target stim uli by pressing a
b u tto n , w hile ignoring other com bination of features. S tim uli w ere
lum inance-modulated sinusoidal gratings flashed to the 2 quadrants of the
u p p er visual field. G ratings spatial frequencies were 1 an d 7 cycles per
degree (cpd). In different runs, subjects paid selectively attention to either 1
or 7 cpd at the relevant location while ignoring the other stimuli. Sensory
com ponents w ere analyzed by measuring m ean area am plitude of evoked
responses recorded at occipital sites w ithin the four latency ranges of 60-80,
80-100, 100-120 and 120-140 msec post-stim ulus. R esults show ed an
attention-related modulation of sensory-evoked brain activity for selection
of spatial location, spatial frequency, and the conjunction of both attributes.
In particular, attended stim uli elicited larger sensory-evoked C l responses
than unattended ones as early as 60-80 msec, a ränge that acknowledgedly
corresponds to sensory processing activity in the striate cortex. Supported
by a CNR grant to A. Z.

1 2 1 .3
VISUAL IMAGERY OF MOVING STIMULI ACTIVATES AREA MT/MST.
K.M.O'Craven1,2* and N.G.Kanwisher2,3 (1) The Rowland Institute for Science,
Cambridge, MA 02142 (2) MGH-NMR Center, Charlestown, MA (3) Harvard
University, Cambridge, MA. (email: kmo@nmr.mgh.harvard.edu)
What happens in the brain when a subject imagines a visual stimulus?
Several recent neuroimaging studies have reported activation in VI or V2 during
visual mental imagery. But to what extent does the neural machinety involved in
imagining a stimulus depend on the characteristics of the thing imagined? Are
structures responsible for more specific processing of visual information involved in
either analyzing or generating the visual image? In particular, are the neural
structures involved in processing visual motion more active when imagining
moving stimuli than when imagining stationary stimuli?
We used functional magnetic resonance imaging (fMRI) to examine neural
activity while subjects fixated and visually imagined a field of stationary dots and
the same dots in motion (alternating every 30 seconds). Prior to performing the
imageiy task, subjects were given exposure to real visual stimuli (stationary or
moving dots), to familiarize themselves with the stimuli to be imagined and to
provide an objective functional localization of MT/MST for each subject.
In both subjects who showed clear activation in Area MT/MST for real
moving versus stationary stimuli, MR signal intensity was significantly greater
when subjects imagined moving dots than when they imagined stationary dots.
Our results suggest that the brain regions involved in perceiving a particular
stimulus attribute are also engaged when that attribute is simply imagined.
(Supported by NIH grant MH56037 to NK)
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F A C E -SP E C IFIC A T T E N T IO N A L M O D U LA T IO N IN THE
HUM AN FUSIFORM FACE AREA: AN FMRI STUDY
E, Wojw M * 1-3 & N . Ka n wisher2-3. lUCLA Los Angeles, CA, 2Harvard
University, Cambridge, MA, 3M GH-NMR Center, Charlestown, MA
The fusiform face area (FFA) constitutes the best example of a highlevel functional and anatomical module (eg. Kanwisher et al, 97). It has
been proposed that the operation of functional modules in general and
face processing in particular is mandatory (Fodor 83, Farah et al, 95). We
used fMRI to determine whether attention to peripheral (Exp 1) and foveal
(Exp 2) faces can nonetheless modulate face-specific activity in the FFA.
The FFA was first identified individually in each subject as the
ventral region responding more strongly during passive viewing of faces
than mixed objects. It served as the region o f interest within which
attentional modulation of face processing was tested. In Exp 1, each
display consisted of 2 p eripheral faces, 2 peripheral houses, and a
fixation cross, all presented sim ultaneously. In Exp 2, 2 faces and 2
houses were presented foveally in rapid serial presentation. In both
experiments, subjects performed a matching task on either the faces or
the houses, while maintaining fixation. Images were obtained using a 15
T G E scanner with echo-planar imaging. Significantly stronger activation
was found in the FFA during face-matching than during house-matching
in both experim ents. These results show that i) covert attention to
peripheral faces and ii) temporal selection of foveal faces both modulate
FFA activity. Since the face and house m atching tasks both require
shape analysis, these results reflect face-specific attentional modulation.
The attentional effect observed in the FFA suggests that the operation of
this module is not strictly mandatory.
Supported by NIH MH56037 to NK
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121.5
EVENT-RELATED POTENTIALS REVEAL VISUAL SEARCH PROCESSING
DIFFERENCES IN ATTENTION DEFICIT HYPERACTIVITY DISORDER.
NJ-Lobauph*1. A.R. McIntosh2, and M J.T avlor1. xHosp. Sick Children, 2Rotman
Res. Inst. & Univ. Toronto, Toronto, ON, CANADA M5G 1X8.
Event-related potentials (ERP) techniques provide a neurobiological index o f where
and when in the brain stimuli are processed. In the present study, 7-8 yr. old children
with ADHD and controls completed two visual search tasks while ERPs were
recorded (27 electrodes). In the easy, parallel search, the target was a red bar, and
distractors were blue bars. In a serial search involving the conjunction o f two
features, the target was a large red square, and distractors shared size or colour
features. Behaviourally, there were no significant differences. A new analytical tool,
Partial Least Squares, was used to extract three distributed patterns o f activity
(simultaneously across time and electrode location, not based on single peaks) related
to the experimental design. The first pattern reflected task differences in the controls
that were revealed as smaller negative amplitudes in the serial task between 150200ms at occipital electrodes (likely N2), and higher positive amplitudes at central
and right frontal electrodes (Fpz, Fp2) at 200-400ms. The waveforms were not
different at these points in the ADHD children, suggesting equivalent processing of
the stimuli in the two tasks. However, the second pattern differentiated the tasks in
ADHD children (serial > parallel), and included early latencies (150-250ms) over left
temporal electrodes, and latencies >800ms at bilateral central/parietal sites. Controls
showed m uch smaller, but similar effects only in the later tim e periods. The third
pattern reflected differences between controls and ADHD in the serial task , and
showed striking differences that were restricted to anterior electrodes. A symmetrical
shift forward in time was seen at 150ms in the ADHD group, as well as a slower
return to baseline at 500-600ms. These patterns reflect both region- and time-specific
interactions in cortical utilization, suggesting the two groups o f children have
different strategies for these tasks. Supported by MRC M A I2081 to MJT.

SUNDAY PM

121.6
SHIFTING OR MAINTAINING ATTENTION WITHIN LEFT OR RIGHT
HEMIFIELD. R. VandenberqheH-^ . J. Duncan2.. K. Amell2.. N.
HerrodS. A. Ower#. P. MinhasS. G.A. Orbanl. 1Laboratorium voor
Neuro- en Psychofysiologie, KULeuven, Belgium; 2A p p lied
Psychology Unit and 3Wolfson Brain Imaging Centre, Cambridge, UK.
When we direct spatial attention to the left or to the right
hemifield, frontal or parietal activity changes depending on the
direction of attention. Previous studies (Corbetta et al., J Neurosci
13, 1202-1262, 1993; Vandenberghe et al., J Neurosci, in press)
led us to the hypothesis that such changes might occur mainly in
ipsilateral frontal cortex during maintained attention and in
contralateral parietal cortex during shifting.
6 subjects were
scanned in 2x6 conditions on a GE Advance PET. Two gratings were
shown in each hemifield at 4 and at 9 deg eccentricity for 500 ms. A
visual cue indicating which grating to attend was shown during the
1250 (± 250) ms interstimulus interval.
Subjects responded
manually when the relevant grating was oblique instead of cardinal.
The relevant grating was either on the left or the right; subjects
shifted attention between gratings within the same visual field either
in 20% or in 80% of trials. Regardless of the type of attention, the
left inferior and middle frontal gyrus were more active during
leftward attention and the right inferior frontal gyrus during
rightward attention.
In the right inferior parietal lobule, the
direction-effect differed significantly between maintaining and
shifting attention. To conclude, ipsilateral frontal activation during
lateralized attention occurs equally strongly regardless of the amount
of shifts within the attended hemifield. (supported by IUAP 22).

121.7

121.8

THE NEURAL SYSTEMS FOR DIRECTING SPATIAL AND TEMPORAL
ATTENTION COMPARED W ITH PET. * ~ AC Nobre*. ♦JT Coull. *MM Mesulam.
*CD Frith. ’ Dept, of Exp. Psychol., Oxford Univ., Oxford OX1 3UD, UK;
•Wellcome Dept. Cognitive Neurol., Queen Square, London WC1N 3BG, UK; *Dept.
Neurol., Northwestern Univ. Med. School; Chicago, IL 60611, USA.
Studies of patients with brain lesions as well as brain-imaging studies have
revealed the functional anatomy o f the neural system involved in directing selective
attention to extrapersonal space. Spatial attention is controlled by a distributed network
o f brain regions, containing three main cortical epicenters located in the posterior
parietal cortex, the frontal eye-fields in premotor cortex, and the anterior cingulate
gyrus. In contrast, the allocation o f attention to time has not yet been investigated,
despite the important role of temporal expectancies in many cognitive tasks. In this
study, we used PET to define and compare the neural systems involved in directing
attention to spatial locations and to temporal intervals. Spatial and temporal
expectancies were manipulated by central cues which indicated (80% probability) the
location or the timing of a subsequent peripheral target respectively using a factorial
design. Seven healthy right-handed male volunteers participated (aged 21-35).
Behavioral attentional benefits (i.e., faster reaction times) were observed for validly
cued targets to either the spatial or temporal dimension. Brain activation results
revealed that the three main epicenters involved in spatial attention were also involved
when attention was directed to temporal intervals. Both types of cueing activated the
posterior parietal cortex, frontal eye-fields and anterior cingulate gyrus. However, the
activations across spatial and temporal cueing were not coextensive. Overlying this
common functional anatomical infrastructure, there was differential involvement of
brain regions and there were differences in magnitude o f activations in common
regions. Spatial shifts were accompanied by preferential activation of the right
posterior lateral parietal cortex and selective activation o f medial parietal cortex.
Temporal shifts were accompanied by preferential activation o f the left posterior lateral
parietal cortex, medial premotor cortex, anterior cingulate cortex, bilateral ventrolateral
prefrontal cortex, and bilateral insular cortex. The results suggest that brain regions
with relative functional specialization for spatial and temporal features o f extrapersonal
events can interact with the epicenters of the attentional system to shift resources
across multiple attentional dimensions. (SL^^lheWeftxnETnEtandMd>ondM^lankM

EV ENT- RELA TE D PO TEN T IA LS DU RING FU NCTIO NA L N EURO
IM A GING O F AUDITORY A TTEN TIO N . J.L. Shucard*. R.H.B. Benedict. D.W.
Shucard. D.C. McCabe, and A.H. Lockwood. Department o f Neurology, SUNY @
Buffalo, 100 High St. (D-6), Buffalo, NY 14203.
Event Related Potentials (ERPs) and neuroimaging were used to obtain both unique
and complementary information regarding brain processes involved in three components
o f attention: sustained, focused, and divided. This presentation will address the
electrophysiological findings. The sustained attention condition consisted o f an
auditory Continuous Performance Task (A-CPT) during which subjects detected a target
syllable from an array o f syllables; for the focused attention condition subjects
performed the A-CPT while ignoring ongoing distracting stories; and for the divided
attention condition subjects attended to both the A-CPT and the content o f the stories.
The P300 component o f the ERP provided a means o f isolating the specific temporal
aspects o f neurocognitive processes such as target detection during the three different
attention tasks. The subjects were seven right-handed males between the ages o f 20 and
36 years. ERPs were obtained from 32 scalp sites by averaging the responses to the 40
targets during each condition and to 40 randomly selected nontarget stimuli. Amplitude
o f the P300 was sensitive to the varying attentional demands o f each condition. P300
amplitude to the targets was significantly lower for the divided attention condition as
compared to the sustained and focused attention conditions, particularly at the posterior
midline scalp site. Significant hemisphere differences in the amplitude o f the P300 to
the targets were present during sustained and focused attention, with higher amplitude
left hemisphere responses most prevalent at the temporal and parietal scalp sites. These
hemisphere differences were not present during divided attention. The results indicate
that the P300 is a sensitive measure o f the differing cognitive demands produced by
focused and divided attention, and is an electrophysiological index o f the allocation of
attention.
Supported by an Intramural Multidisciplinary Research Grant from SUNY @ Buffalo.

121.9

121.10

A THREE STAGE MODEL OF AWARENESS: FORMULATION & INITIAL
EXPERIMENTAL SUPPORT. JG Tavlor13. L Jaencke1. NJ Shah1, T Noesselt2. N
Schmitz2 & H-W M ueller-Gaertner1 (SPON: European Brain and Behaviour Society),
in stitu te of Medicine, Research Centre Juelich, 52425 Juelich, G erm any,2 Institute of
General Psychology, Heinrich-Heine-University Düsseldorf, Germany and 3 Centre for
Neural Networks, Department o f Mathematics, King’s College London, UK.
In the three-stage model of awareness the initial stage of preprocessing (without
awareness) leads to a second stage of so-called ‘passive awareness’ taking place in
specialised ‘slave’ posterior cortical modules of the working memory systems. Finally,
frontal lobe modules and further posterior areas are involved in the third stage
This model was tested in an auditory task performed under the three conditions of (1)
inattention (ignore), (2) passive listening (passive) and (3) attention (discriminate).
Subjects were scanned with eyes open with digitally recorded CV-syllables presented at
a rate of 1 Hz. During rest subjects listened to the scanner noise, which alternated with
periods of activation. The presentation of syllables activated perisylvian brain areas
comprising BA 41, 42, 21 and 22. Comparison across all the conditions showed that
m aximum activation levels were closely the same in the three conditions, being sited
roughly at the same position in primary auditory cortex (both L & R); this supported
the predicted activation levels across the three conditions in the three-stage model.
One of the basic predictions of the model is that activation levels in the three separate
stages will, to a first approximation, dissociate under the task conditions. The
difference between the ‘ignore’ and the ‘passive’ and ‘discrim inate’ conditions,
predicted to single out the modules at level 2 for creation of passive awareness, was
seen most clearly at the z-level of -4 on both the left and right sides (according to
Talairach & Toumoux co-ordinates). Finally the difference between discriminate and
passive shows up strong ventral prefrontal right-sided activations in BA 10, 44 and 45,
corresponding to the activation o f the modules of stage 3.
In conclusion the three-stage model for the emergence of awareness and its control by
attentional processors is supported by the data from the experiment.

Electrophysiological Attention Signals in Three Sense Modalities: A Topographical
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1 Brain Electrophysiology and Imaging Section, LCS, DICBR, NIAAA, NIH,
Bethesda, MD & 2Catholic University, W ashington, DC
Event-related potentials (ERPs) provide a sensitive index of the timecourse
o f attentional processes in the human brain. With appropriate spatial sampling
ERPs can also provide information regarding the local neocortical dynamics of
these attehtion related signals. Using 64 recording sites, we presented stimuli in the
auditory, visual, and tactile modalities in separate runs. A two channel oddball task
was used for each modality, which required subjects to attend to stimuli in one
channel and ignore competing stimuli in another channel. Subjects monitored the
attended channel for occurrences o f stimuli which deviated from the majority of
stimuli (80%) by increases in their intensity (i.e. louder, brighter, harder). ERPs
were computed for attended and nonattended stimuli which were otherwise
physically identical. Statistical analysis confirmed that ERPs elicited by attended
as compared to nonattended stimuli showed enhanced amplitudes as early as 40 ms
(tactile), lasting up to 600 ms (auditory) and having biphasic patterns o f amplitude
enhancement (visual). These different ERP patterns suggest that specific aspects of
attentional mechanisms differ across the senses.
ERPs were then interpolated across electrode sites using a spherical spline
and submitted to a Laplacian transform with the resulting topography mapped onto
an idealized sphere. These topographic maps reveal increases in the attention
signals in the corresponding sensory areas for the auditory, visual, and tactile
modalities (i.e. supratemporal plane, extrastriate cortex, postcentral gyrus).
Additionally, topographic maps were coregistered with structural MRI images in
select subjects in an attempt to account for variations in individual topographies.
Supported by the National Institutes o f Health
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121.11
ATTENTION FOR ACTION FOCUSED ON AUDITORY, TACTILE, OR VISUAL
STIMULI RESULTS IN CROSSMODAL SUPPRESSION OF BLOOD FLOW
P. G. Grossenbacher*y . R. A. Weeks, and M. Hallett. Human M otor Control
Section, Medical Neurology Branch, NINDS, NIH, Bethesda, MD 20892 U.S.A.
\|f SCEN, Laboratory of Brain and Cognition, NIMH, NIH
We sought to determine the patterns of cerebral deactivation during m otor and
non-motor tasks using visual, auditory, or somatosensory stimuli. W e used positron
emission tomography (PET) with H2,50 to measure rCBF, a marker of neuronal
firing, in 22 healthy volunteers. Stimuli were single or double impulses randomized
in a single m orality per condition. During movement scans, subjects moved 1 of 2
fingers on their right hand according to stimulus type. During control scans,
subjects distinguished single and double stimuli without responding. Data analysis
used conventional subtraction techniques, and modality-specific attention for action
was assessed by comparing conditions which share the same stimulus conditions.
When focused on auditory information, attention for action resulted in deactivation
in extrastriaial visual regions, right cingulate, frontal, and right somatosensory
cortex. Active visual attentioa caused deactivation o f right anterior temporal, right
cingulatè and parietal, and frontal cortex. Somatosensory attention for action caused
decreased rCBF in extrastriatal, right cingulate and parietal, frontal, and right anterior
temporal areas. Attention to one modality led to iCBF deactivation in cortical areas
affi/iated with other modalities. These same areas also showed deactivation during
exframodal control scans, compared to no stimulation, though to a lesser degree.
Crossmodal suppression of cortical activity may facilitate coordination between
Sensory inputs and voluntary movement. Extramodal cortical deactivation could also
arise from increased attention to the sensory discrimination when selection of a
motor program depends on a sensory decision. Lateralized deactivation in anterior
cingulate may reflect its participation in coordinating afferent and efferent signals.

VISUAL CORTEX: EXTRASTRIATE II
122.1

122.2

FMRI AND ERP STUDIES OF THE ORGANIZATION OF SPATIAL
SELECTIVE ATTENTION IN HUMAN EXTRASTRIATE VISUAL
CORTEX. A.P. Jh^h, M. Buonocore2, M. Girelli1.3, and G.R. Mangunl.
1Center for Neuroscience & Dept, of Psychology, and 2 Dept, of
Radiology University of California, Davis, USA; 3bept. of Neuro. & Vis.
Sciences, Univ. of Verona, Verona, Italy

COMBINED ERP AND FMRI RECORDINGS IN VISUAL SEARCH:
EVIDENCE FOR A FILTERING PROCESS IN EXTRASTRIATE VISUAL
c o rte x
M, Girelli15, M.,. Bupnwore2. A,P, Jha45, .S.J, Luck3, and Q,R,
Mangun*4,5 'Dept, o f Neurological and Visual Sciences, Univ. of Verona, ITALY,
2Dept. o f Radiology, UC Davis Med. Cntr., 3Dept. of Psychology, Univ. of Iowa,
4Dept. o f Psychology & ’Center for Neuroscience, UC Davis, USA.
In visual search paradigms target selection requires suppression o f distractor
information. Electrophysiological evidence o f such a filtering process has been
provided in event-related potential (ERP) recordings in humans by Luck & Hillyard
(1994). They found that a posterior negative component, contralateral to the
location o f the target in the visual scene, was visible between 180-280 ms
poststimulus. The neural source of this component, called “N2pc”, in humans is
not known due to the limited spatial resolution o f the ERP technique. Single unit
recordings in monkeys performing a visual search task (Chelazzi and Desimone, in
press), suggest that suppression o f distractors might take place in the extrastriate
visual cortex (areas V4 and IT). Here, we combined ERPs and fMRI in order to
provide evidence o f a neuroanatomical correlate of the N2pc component in
individual subjects. Their task was to discriminate the size of a tilted bar among
vertical bars in upper and lower field arrays. ERPs were recorded from 92-channels.
BOLD images were acquired in a 1.5T scanner using EPI sequences, and a high
resolution head coil. A reliable N2pc component was elicited over the hemisphere
contralateral to the targets for both upper and lower visual field stimulation. Blood
flow increased as a consequence of the presence of the target in the upper or the
lower visual field in extrastriate visual cortex and in parietal cortex, but not in
striate visual cortex (area V I). These results provide evidence for an extrastriate
locus for filtering in a visual search paradigm, that might be the source of the N2pc
component of the human ERP. (Supported by NINDS and NIMH, and School cf
Medicine, Univ. o f Verona, Italy)

In prior studies combining ERPs with PET imaging, we
investigated the time-course and anatomical loci of brain regions
involved in spatial selective attention and observed activations in the
extrastriate cortex (fusiform gyrus and middle occipital gyrus) at a
latency of 80 msec (Heinze et al., 1994 Nature: Mangunet al., in press,
Hum. Brain Mao. l Here, using 92-channel ERP recordings and fMRI
(BOLD signal), we extend those findings by comparing upper versus
lower visual field stimulation within subjects to investigate whether the
effects in ventral-lateral extrastriate cortex are generated in
retinotopically mapped visual areas. Subjects performed a sustained
visual attention task in which they were instructed to attend to one
hemifield for a 16 second block and then switch attention to the other
hemifield. Functional images were obtained using whole-brain echoplanar imaging in a 1.5T GE scanner with an insertable radio frequency
and local gradient head coil (Medical Advances, Inc.). fMRI revealed
highly similar patterns of activation in the contralateral posterior
fusiform gyrus and middle occipital gyrus during both upper and lower
visual field stimulation. Topographic mapping of ERPs using voltage
and current-density showed only small changes in the scalp foci of
attention effects to upper vs. lower field stimuli. Integrative modeling of
these attentional activations to models of the organization of human
extrastriate visual cortex will be discussed (Supported by NINDS, NIMH
and School of Medicine, University of Verona, Italy).

122.3

122.4

FMRI STUDIES OF VISUAL PERCEPTION AND RECOGNITION USING A
RANDOMIZED STIMULUS DESIGN. V.P. Clark*. J.Ma. Maisog. and J.V. Haxbv
National Institute of Mental Health, NIH, Bethesda, MD, 20892.
Email: vc@ hippo.nimh.nih.gov.
M ost previous studies using functional magnetic resonance imaging (fMRI) have
used trains of similar stimuli presented in repeated blocks. Responses to unpredictable
target stimuli cannot be examined with this method, and confounds may arise due to
subjects’ expectancies regarding upcoming stimuli and changes in subjects’ level of
arousal and attentional state between blocks. In the present study, cortical areas
associated with visual perception, face perception, and the detection o f a memorized
target face w o e identified in seven subjects using randomized interleaved stimulus
sequences with brief inter stimulus intervals (ISIs). A GE Signa 1.5 Tesla MRI
system was used to acquire whole-brain, echo-planar MRI data with blood oxygen
level dependent (BOLD) contrast (TR=2sec, TE=40ms, 27cm FOV, 6mm thick).
Stimuli were presented one at a time for 1900 ms each, with 100 ms ISI. Each run
consisted of 92 stimuli, of which 30% each were unrepeated presentations of novel
faces, repeated presentations of different scrambled faces, or a blank screen. The
remaining 10% of stimuli were repeated presentations of a single memorized target
face, to which subjects were trained before scanning to make a speeded button press.
For each run, 92 stimuli were presented one at a time for 1900 ms each, with 100 ms
ISI. Stimuli were presented in pseudo-random sequences designed to generate a BOLD
response for each stimulus type that was uncorrelated with the response to the other
stimulus types. Data w o e analyzed using m ultiple regression, with a different
regressor for each of the three stimulus types. Signal increases were found for all
stimuli in ventral posterior cortex, and faces activated more anterior locations of
occipitotemporal cortex than did scrambled faces. Responses to novel faces in
occipitotemporal cortex were medial to the responses to the target face. In addition,
target faces evoked responses in frontal and parietal cortex. These results show that
averaged fMRI responses to interleaved stimuli can be obtained using appropriate
stimulus sequences and data analysis methods.

A CHANGE IN M OTO R INTEN TION , W ITH O U T A SH IFT IN ATTENTION,
ACTIVATES PO STER IO R PARIETAL CORTEX IN M ON KEY
L.H. Snyder*. A.P. Batista. R.A. Andersen. Caltech, Pasadena, CA 91125.
Activity in the posterior parietal cortex o f monkey has been posited to reflect
specific motor intention. The lateral intraparietal area (LIP) and nearby parietal
reach region (PRR) are differentially active when eye or arm movements are
planned to previously memorized locations. However other studies have
suggested that parietal cortex may encode the spatial locus o f visual attention, or
may even be involved in shifting attention. We studied how a change in motor
intention, without a shift in attention, would affect LIP and PRR.
Animals fixated and pointed to a central target. A colored cue (150 ms) on
either side o f the fovea instructed the type (red=saccade, green=reach) and
direction o f an upcoming movement. Movement was delayed until fixation point
offset (2.5 s). On some trials, a second cue appeared 0.75 s after the first. The
second cue could be red or green, but critically, it was always at the same location
as the first cue. As a result, the second cue sometimes changed the m otor plan,
but never shifted the locus o f attention.
LIP responses were greater w hen a saccade was instructed (n=20), and PRR
responses were greater when a reach was instructed (n=17). Second cue responses
were also m otor specific, despite no shift in attention. Furthermore, an instruction
to change motor intention evoked a large response, provided that the change was
to a preferred m ovement (a saccade in LIP or a reach in PRR). In LIP, the largest
response to a second cue occurred when red followed green. Red following red
elicited a smaller response, and green after either red or green was also less
potent. In PRR, the largest response occurred w hen green followed red. These
results confirm that LIP is specifically involved in the intention to saccade, and
PRR is specifically involved in the intention to reach. Both areas m ay play a role
in shifting motor intention.
Support: Della Martin Foundation, Sloan Foundation, NEL
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122.5

122.6

INFLUENCE OF SPATIAL ATTENTION ON THE RESPONSES OF AREA MT
N E U R O N S .¿sidsmanQ* and WT Nswsomg- D ep t o f Neurobiology, Stanford
University, Stanford, CA 94305.
To test the influence of spatial attention on the responses o f MT neurons, we
trained two monkeys to perform a direction discrimination task. On each trial two
circular apertures o f random dot stimuli appeared simultaneously in two spatially
separated locations; the monkey was required to discriminate the direction o f motion o f
the stimulus that appeared in one spatial location and ignore the stimulus at the other
spatial location. Following fixation, stationary dots appeared briefly in one o f the two
apertures, indicating the location to be attended. The directions o f motion in the two
apertures as well as the attended location were varied randomly from trial to trial.
Following extensive training, we recorded the responses o f M T neurons in two
configurations: 1) both apertures were positioned "within" the neuron's receptive field
(RF), and 2) one aperture covered the RF while the other was presented at a "remote"
location. For each unit we compared the responses to identical stimulus displays while
the monkey attended to one or the other aperture.
Focusing particularly on conditions in which the dots moved in opposite directions
in the two apertures, we observed weak attentional modulations that were roughly equal,
on average, in the two spatial configurations. In the "within RF" configuration, the
average response was 6-10% stronger when the monkey attended the aperture containing
preferred direction motion. In the "remote" configuration, the response to preferred
direction motion in the RF was 7-10% stronger when the monkey attended to the RF
location.
Our findings contrast strikingly with the recent results o f Treue and Maunsell
(Nature, 382, ’96) which demonstrated strong attentional modulations in MT in a task
that shares many features with our task. This discrepancy could be explained if more
powerful attentional mechanisms are recruited when the monkey must track with
attention a particular moving object among distractors (as in Treue and Maunsell), as
opposed to attending simply to a motion signal at a particular location in space.
Additional experiments are necessary to test this hypothesis.
Supported by N.E.I. (EY 05603).

AN IMPAIRM ENT OF M OTOR CONTROL IN VISUAL NEGLECT PATIENTS
W ITH PARIETAL LESIONS. M. HUSAIN*. J. M ATTINGLEY. J. DRIVER, C.
RORDAN and C. KENNARD. Division o f Neuroscience, Imperial College School of
M edicine, Charing Cross Hospital, London. Dept, o f Psychology, University of
Cambridge. Dept, of Psychology, Birkbeck College, University o f London, U.K.
One recent model o f the primate visual system proposes that the role o f the dorsal
pathway is to direct action towards visual targtes (Milner & Goodale), and not simply
to represent their spatial locations. In monkey, evidence in favour of both visuomotor
and sensory spatial theories has recently been presented. We investigated whether
there is a m otor or ‘intentional’ impairment in patients with visual neglect.
Three subjects with left-sided visual neglect following right parietal lesions, and
three with right frontal lesions were asked to move their right hand to reach visual
targets which appeared either to the left or right o f the body midline. It was
anticipated that if their hands started from a central position, reaction times (RTs) of
reaches to left targtes would be longer than to those on the right. But this could result
from either a sensory or motor impairment, or both. In order to examine whether there
is a directional impairment o f motor control, we kept fixation and target location
constant (so that sensory information regarding target position was constant) and
varied the starting position of the hand. This manoeuvre allowed us to measure RTs
when the hand started from an extreme left position. In this condition, reaches to
targets both left and right o f the body midline required rightward movements. If left
neglect is associated with difficulty in initiating leftward movements, RTs o f reaches
to left and right targets should not be significantly different when only rightward
m ovements are required. We also examined reaches from an extreme right starting
position when reaches to both left and right targets required only leftward movements.
For parietal patients, there was an extra RT cost for making leftward movements
to targets left of fhe body midline, compared to rightward movements to the same
targets. For frontal patients, changes in hand starting position did not significantly
altef the longer RTs required to reach left targets, regardless o f the direction of
movement. These results suggest that parietal neglect in humans is associated with a
directional impairment in motor control. (Supported by the W ellcome Trust).

122.7

122.8

SH APE AND SPA TIAL SELECTIV E SEN SORY AND A TTEN T IO N A L
EFFECTS IN NEURONS IN THE MACAQUE ANTERIOR INFEROTEMPORAL
CORTEX (AIT). A.B. Sereno*
C.J. M cA dam s2, and J .H J ^ -M m m s e ll2.
'Neuroscience Center, Rutgers Univ, 197 University Ave, Newark, NJ 07102; 2Div
of Neuroscience, Baylor Coll Med, One Baylor Plaza S603, Houston, TX 77030.
We examined single-unit activity in AIT of two monkeys while they performed
featural and spatial attention (short-term memory) tasks. After the monkey fixated a
central spot, a sample shape was briefly presented in 1 o f 3 eccentric positions. The
sample was immediately followed by a brief pattern mask. After a short delay, 3 test
shapes appeared simultaneously. In the spatial attention task, the animal had to
make a saccade to the test position in which the preceding sample appeared regardless
of shape. In the featural attention task, the animal had to make a saccade to the test
shape that matched the sample shape regardless of where it now appeared. The only
difference between the two tasks was whether the animal was attending to shape or
location. Most units (112/144) showed significant differences in their responses to
different sample shapes. About a quarter of the units (34/144) showed significant
differences in delay period activity depending on the shape of the to-be-remembered
sample. The majority of data was collected with a pattern .mask following the
sample stimulus, suggesting that delay activity is not necessarily eliminated by an
intervening stimulus. More importantly, however, we found the sensory response of
many AIT units depended on which task the animal was performing. About a quarter
of the units (35/144) showed significant differences in their response to sample
stimuli depending on whether the animal was instructed to attend to the shape or
location of the sample. O f those units, most (32/35) gave stronger responses in the
shape task.
Support: NIH R01 EY05911 & F32 NS09476, NARSAD, M cDonnell-Pew, and
Busch Biomedical

RESPONSES OF V4 MACAQUE NEURONS DURING EYE
MOVEMENTS IN THE PRESENCE OF VISUAL STIMULI.
A. S. Tolias. T. Moore*. P. H. Schiller. Dept, of Brain and
Cognitive Sciences, MIT, MA 02139
The goal of this study is to characterize the relationship between
eye movements and the visual responses of neurons in area V4.
We recorded the extracellular activity of neurons within the
prelunate gyrus while monkeys performed a visually guided
saccade task. After the monkeys acquired fixation, a visual
stimulus (e.g. image of an apple) was flashed at various positions
relative to the receptive field. On some trials no visual stimulus
appeared at all. Following a delay of 350-700 msec, a saccade
target (a small spot) appeared at one of a number of potential
positions and the monkeys were rewarded for making a saccadic
eye movement to it. Similar to what has previously been reported
(Fischer and Boch 1981), we find that cells in V4 can shew
enhancement of their responses before the onset of* saccades. In
addition we observe that: a) the presaccadic enhancement depends
both on the presence and the position of the visual stimulus; b) the
presaccadic enhancement also depends on the vector of the
saccade. These results indicate that cells in V4 do not merely
respond to the retinal input but are influenced and/or influence eye
movement signals. This influence may also reflect the coupling of
attention and eye movements.
Supported by NIH EY00676 and NIH EY02621

122.9

122.10

ATTENTION AND CONTRAST HAVE SIMILAR EFFECTS ON COMPETITIVE
INTERACTIONS IN MACAQUE AREA V4. J.H.Revnolds* and R.Desimone.
Laboratory of Neuropsychology, NIMH, Bethesda MD, 20892.
We have previously shown that attention biases the competitive interactions that take
place among multiple stimuli within a cell’s receptive field (RF), which results in the
attended stimulus gaining control of the cell’s response. Recently, we found that directing
attention to a single stimulus within the RF of a V4 neuron causes the cell to respond as
though the stimulus contrast had increased (Reynolds et al, SN Abstracts, ’96). If, in the
absence of attention, stimuli of higher contrast within the RF have a competitive
advantage over stimuli of lower contrast, then a simple sensory mechanism could provide
the necessary cortical substrate for attention to control which of many stimuli is processed
within the RF.
To test this, we recorded the responses of 59 V4 neurons to two sinusoidal gratings
placed simultaneously within the RF. Grating orientations were selected so that one
grating (preferred stimulus) gave a strong response when presented alone, and the other
grating (poor stimulus) gave a weak response when alone. We first measured the effects of
varying the relative contrast ratio of the two gratings, with attention directed outside the
RF. We then repeated these measurements, but with attention directed to one or the other
competing stimulus within the RF.
In the absence of attention within the RF, responses to the pair of gratings were
determined primarily by the higher contrast stimulus. For example, when the poor
stimulus was higher contrast, the response of the cell to the pair was roughly equivalent to
the response to the poor stimulus alone, despite the presence of the preferred stimulus
within the RF. Across cells, 80% of the variance in the response to the pair was accounted
for by the higher contrast stimulus. Directing attention to the higher contrast stimulus
further increased its control, while directing attention to the lower contrast stimulus
reduced the dominance of the higher contrast stimulus. The magnitude of the attention
effect was roughly equivalent to increasing stimulus contrast by 50-100%. Attention and
contrast appeared to be interchangeable in their effects on competitive interactions,
supporting a simple biased competition model for attention. Supported by NIMH-IRP.

TH E R ID D O C H SYNDROM E: IN SIG H TS IN T O TH E N EU R O B IO L O G Y O F
C O N SC IO U S V ISIO N S. Zeki*. D .H . ffv tc h e W e llc o m e D e p a r tm e n t of
C o g n itiv e N e u ro lo g y , U n iv ersity C ollege L ondon.
W e s tu d ie d p a tie n t GY, re n d e re d h e m ia n o p ic fo llo w in g a lesio n affecting his
are a V I, w ith resp e c t to h is a b ility to d isc rim in ate c o n scio u sly v isu a l stim u li
p re s e n te d in h is b lin d field, u sin g p s y c h o p h y sic a l a n d im a g in g m eth o d s. O u r
re s u lts s h o w th a t (a) th e re is a c o rr e la tio n b e tw e e n G Y 's c a p a c ity to
d iscrim in ate stim u li p re se n te d in h is b lin d field a n d h is co n scio u s aw a re n ess of
th e sam e stim u li; (b) h is p e rfo rm a n c e o n so m e tas k s is c h a ra c te rise d b y a
m a rk e d v a ria b ility , b o th in te rm s of h is a w a re n e s s fo r a g iv e n lev e l of
disci im in a tio n a n d in h is d isc rim in atio n fo r a g iv en level o f a w a re n ess. These
o b se rv a tio n s a n d a c o m p a riso n o f h is cap acities w ith th a t of n o rm a ls, lea d s us
to d istin g u is h th re e in te r d e p e n d e n t sta te s re la tin g v isu a l d isc rim in a tio n to
a w a re n e s s , all of w h ic h w e c o n s id e r to b e m a n ife s ta tio n s of th e R id d o c h
S y n d ro m e . D isc rim in a tio n a n d co n scio u s a w a re n e s s are tig h tly c o u p le d in
n o rm a ls (gnos-opsia); th e effect of a V I lesion is to u n c o u p le th em , b u t only
slig h tly . T his u n c o u p lin g lea d s to tw o s y m m e tric a l d e p a rtu re s , o n th e one
h a n d to gnos-anopsia (aw a re n e ss w ith o u t d isc rim in atio n ) a n d o n th e o th e r to
agnos-opsia (d isc rim in a tio n w ith o u t aw aren ess). O u r fMRI stu d ie s sh o w th at
V5 is a lw a y s active w h e n m o v in g stim u li, w h e th e r slo w o r fast, are p re se n te d
to GY’s b lin d field. The d ifference in cereb ral a c tiv ity b e tw e e n all th re e states
is th a t in agnos-opsia th e ac tiv ity in V5 is less in te n s e a n d re q u ire s lo w e r
th re s h o ld s to d e m o n s tra te . D irect c o m p a ris o n o f th e b r a in a c tiv ity d u r in g
in d iv id u a l "aw are" a n d "unaw are" trials, co rre c te d fo r th e c o n fo u n d in g effects
of m o tio n , h a s also a llo w e d u s to titra te c o n scio u s a w a re n e s s a g a in s t b ra in
a c tiv ity a n d sh o w th a t th e re is a s tr a ig h tf o rw a r d r e la tio n s h ip b e tw e e n
aw a re n ess a n d activity in in d iv id u a l cortical areas, in th is case are a V5, a n d in
th e reticu lar activ atin g system .
This w o rk w a s su p p o rte d b y the W ellcom e T ru st
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N E U R A L C O R R E L A T E O F V ISU A L A W A R EN ESS IN P R E F R O N T A L
C O R T E X K.G. Thompson* and J.D. Schall V anderbilt V ision Research Center,
Dept, o f Psychology, V anderbilt University, N ashville TN 37240
It has been hypothesized that projections from extrastriate visual areas to
the prefrontal cortex may be critical for visual awareness (Crick and Koch,
N ature 375:121, 1995). To test this hypothesis we recorded from neurons in the
frontal eye field o f m onkeys trained to shift gaze to a visual target that was
rendered intermittently perceptible by backward m asking. A dim target stimulus
appeared at one o f 4 or 8 possible locations around a central fixation point. This
was immediately followed by a bright m ask stimulus consisting o f white squares
equal in size to the target appearing at all o f the possible target locations. The
time betw een the appearance o f the target and m ask was varied by a staircase
function that kept the visibility o f the target at threshold level. O n 25% to 50%
o f the trials no target appeared. W e correlated the responses o f neurons with the
presence or absence o f a target and w ith whether or n o t the target survived the
m ask as indexed by the m onkeys’ overt response. Nearly all visually responsive
neurons responded at short latencies to m asked targets that the m onkeys did not
detect. Accurate detection o f the m asked targets occurred w hen the initial
response elicited by the visually responsive neurons was slightly stronger. A
second phase o f elevated activity occurred in m any visuom ovem ent cells and in
all m ovem ent cells before the saccade to the detected target. W e propose that
stochastic sensory responses m ust achieve a threshold to trigger the secondary
growth o f selective neural activity. Being more prolonged and preceding the
movem ent, this second period o f activity is a potential correlate o f the transition
to awareness o f the m asked target in this experiment.
Supported by McDonnell-Pew Program in Cognitive Neuroscience and R01-EY08890

FUNCTIONAL
ANATOMICAL
OVERLAP
BETWEEN
VISUOSPATIAL
ATTENTION
AND
SACCADIC
EYE
MOVEMENTS IN HUMAN PARIETAL AND FRONTAL CORTEX.
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M. CodKtta*. E. Atoudak. T.E^ContutQ, HA.Prune» P.CL V an E sm LM.

Ollinger, A.Z. Snvder. S.E. Petersen. ME, RaicMg and Q,Lt.Shalman, W&h
Univ Sch of Med, Box 8111. Sl Louis, MO 63110.
The overlap of the functional anatomy for visuospatial attention and saccadic
eye movements to peripheral visual stimuli was examined by whole brain fMRI
time series optimized for blood oxygenation dependent level (BOLD) sensitivity
(TE=49 msec, TR=2.4 sec, 16 contiguous 8 mm slices with 3.125 mm square
voxels). Normal subjects (n=4) viewed a display of box outlines marking several
locations along the horizontal meridian, and detected 150 msec probes presented in
a foreknown sequence of locations in the left visual field. During attention.
subjects held fixation and covertly shifted attention on each trial to the upcoming
probe location, as inferred by faster reaction times for attended vs. unattended
locations. During saocade. subjects saccaded to the upcoming probe location.
During MR scanning, attention and saccade periods were either alternated with
fixation control periods (40 sec on/off design), or were directly compared.
Functional MRI time series were realigned, normalized, anatomically standardized,
and evaluated by a rank-sum Wilcoxon test
In all subjects, both attention and saccade activated regions near precentral
sulcus/gyrus in frontal cortex, and intraparietal and postcentral sulcus in parietal
cortex. The frontal region corresponds to the previously described ‘human FEF*.
The correspondence between eye movement and attention related regions was
confirmed in one subject by superimposing fMRI activity on a flattened cortical
map. This anatomical overlap implies a strong functional relationship between
visual attention and eye movements.
Supported by NIH grant HL13851, Charles A. Dana Foundation, and
McDonnell Centerfor Higher Brain Function.
NEUROTOXICITY

123.1
VIRTUAL HISTOLOGY: 3-DIMENSIONAL IMAGING OF EXCITOTOXIC
LESIONS IN WHOLE RAT BRAIN WITH MAGNETIC RESONANCE
MICROSCOPY (MRM). J.N. Johannessen*. G.A. Johnsont. G.N. McGreqorS.
R C. Lvon. R.T. EnaelhardtS. L. Schmued. and D.S. Lester FDA, 8301 Muirkirk
Rd., Laurel, MD 20708; tCenter for In Vivo Microscopy, Duke University
Medical Center, and §NCI Frederick Biomed. Supercomputing Center
Lesions caused by neurotoxic agents may be highly localized. Routine
histological analysis of a few sections at pre-selected levels can either miss
lesions or fail to detect subtle effects such as terminal degeneration. Extensive
analysis of sections throughout the brain using specialized stains provides a
more thorough analysis, but the techniques required are difficult and time
consuming. Recent advances in magnetic resonance microscopy (MRM) allow
the generation of 3-D proton images of whole tissues with high spatial
resolution (<40 n). Virtual slices generated from an intact brain can be viewed in
any plane. We are assessing the potential of MRM to detect neurotoxic lesions.
Formalin fixed brains from rats treated with domoic acid were imaged using
T2-weighted fast spin echo techniques. Virtual sections in the sagittal, coronal,
and horizontal plane were examined with VoxelView software to compare brains
from control and treated rats. Imaged brains were then sectioned and analyzed
for histological changes using several staining protocols.
Slices obtained with MRM show a striking homology to Nissl-stained
sections. Details such as the granule cell layer of the dentate gyrus and the
pyramidal cell layers of the hippocampus and pyriform cortex were visible.
Differences noted in the MRM images between brains from control and treated
animals were attributable to lesions confirmed histologically. Several types
lesions identified in stained histological sections were clearly visualized by
MRM, including cortical edema, focal areas of necrosis, and terminal
degeneration. 3-D reconstruction of lesions was made in relation to established
neuroanatomy and will be presented irkyideo format.
FDA & NIH Intramural Funds; Center for In Vivo Microscopy supported by NCRR

123.3
HYPERHOMOCYSTIENEMIA IS ASSOCIATED WITH ELEVATION OF EXCITOTOXIC SULFUR
AMINO ACIDS IN HUMAN CSF. T. Bottiglien. K. Hviand. J. Griener C. Oninn R
Maddux. E, Frflhman..B, Kamsn. Baylor University Medical Center, Institute o f
Metabolic Disease, Departments o f Pediatrics and Neurology, Univeristy o f Texas
South Western Medical Center, Dallas, Texas.
Hyperhomocysteinemia may be due to one or more genetic or non-genetic
disorders and is a strong independent risk factor for vascular disease including stoke
and carotid artery stenosis. In addition, Homocysteine (HCY) m ay be neurotoxic by
way o f its metabolism to the excitotoxic sulfur amino acids, homocysteine sulfinic
acid (HCSA), homocysteic acid (HCA), cysteine sulfinic acid (CSA) and cysteic
acid (CA), that are endogenous agonists o f the NM DA receptor. We here report
levels o f plasma and CSF homocysteine and CSF excitotoxic sulfur amino acids in a
13 year old female (KN) with T-cell lymphoblastic leukemia prior to any
antineoplastic chemoatherapy, and a 58 year old female (PY) with isolated CNS
vasculitis. Both had elevated total plasma HCY concentrations (KN, 22.5 fiM; PY,
52.8 nM; control range 3 - 14 *iM), elevated CSF HCY (KN, 1.9 jiM; PY, 1.8 *iM;
control range 0.28 - .0.66 (iM) and decreased CSF methyltetrahydrofolate (KN, 12
jiM; PY, 6 jiM; control range 40 - 150 }iM). Excitotoxic sulfur amino acids were
undetectable in CSF from 16 control subjects but present in large amounts in CSF
from the patients KN and PY, particularly HCA (154 and 172 jiM respectively) and
CSA (36 and 122 jxM respectively). These findings are in keeping w ith our previous
observations o f increased CSF HCY and excitotoxic sulfur amino acids in patients
with acute lymphoblastic leukemia treated with the antifolate methotrexate.
Increased excitotoxic sulfur amino acids in the central nervous system m ay play a
role in the neurological complications associated with hyperhomocysteinemia.

123.2
REDUCTIONS OF 5-HT TRANSPORTERS IN MDMA USERS
OBSERVED USING PET WITH [C-l l](+)McN5652. Z. Szabo*. U.
Scheffel. U. McCann. R.F. Dannals. H.T. Ravert, W,B, Mathews. J.L,
Musachlo. G. Ricaurte. Department of Radiology and Neurology, The
Johns Hopkins University, Baltimore, MD 21205.
The recreational drug, 3,4-methylenedioxymethamphetamine
(MDMA), produces long-lasting deficits of serotonin axonal markers in
animals, including primates. It is not known whether hum ans are also
susceptible to MDMA-induced serotonin injury. In the present study,
[C-ll](+)McN5652, a PET neuroligand selective for the serotonin
transporter (5-HTT), was used to assess the status of serotonin axonal
terminals in MDMA users.
Fourteen MDMA users (27+10y) who had not used MDMA for
greater than three weeks and eight MDMA-naive controls (38+19y)
were injected with 18+1 mCi high specific activity {C-ll](+)McN5652.
Sequential PET scans were acquired over 95 minutes and regional
time-activity curves were processed using metabolite corrected arterial
plasma activity as the input function. Compartmental parameters of
radioligand uptake (Kl), release (k2) and distribution volume
(DV=Kl/k2) were obtained by the Marquardt algorithm. In order to
achieve normal (Gaussian) distribution, the natural logarithm InDV
was used as a m easure of radioligand binding. Logarithmic
transformation across all regions and subjects resulted in a pooled
coefficient of variation of 32%. MDMA subjects had a clear reduction of
mean InDV in all brain regions compared to controls (MANOVA
F=4.64; p=0.02). The covariance effect of age was insignificant (F=2.43;
p=0.11).
These results provide the first PET evidence of reduced 5-HTT in
individuals with past history of MDMA use and suggest that hum ans
are susceptible to MDMA-induced serotonin neurotoxicity.
This work was supported by grants DA 10217 and DA 06275.

123.4
THE MECHANISM OF ACRYLAMIDE NEUROPATHY AND ITS
INHIBITION BY CALCIUM ANTAGONISTS IS LOCALIZED IN THE
AXON. E.B. George*. Dents, of Neurology, Wayne State Univ. and the
Detroit VA Med. Ctr., Detroit, MI 48201
We have previously reported a tissue culture model of axonal neuropathy
using low dose acrylamide to produce distal axonal degeneration in cultured
murine dorsal root ganglia. The axonal degeneration produced in this tissue
culture model is comparable to in vivo axonopathy and the progression of
the acrylamide-induced changes is delayed in cultures exposed to calcium
antagonists at doses which inhibit axotomy-induced axonal degeneration.
Cultures prepared using ganglia taken from C57BL/Wld mice, a Wallerian
deficient mutant strain, are less susceptible to acrylamide-induced axonal
toxicity than cultures prepared from normal (C57BL/6) mice.
To further localize the site of toxic activity, we have treated dorsal root
ganglion cultures with acrylamide and calcium antagonists in chambers
which permit exposure to be localized to either the distal axons or the
proximal axons and cell bodies. Exposure of only the distal axons to
acrylamide leads to distal degeneration with relative sparing of the
unexposed proximal axons. These circumstances enhance the axonal
toxicity, which appears quickly throughout the distal segments. Exposure of
the proximal axon and cell soma leads to axonal degeneration along the
entire axon, with the usual early appearance of toxicity in the distal axons.
Calcium antagonists can be used to inhibit the toxicity in either location.
These findings are consistent with our hypothesis of the role of axonal
transport in calcium-mediated axonal toxicity.
Supported by the Fund for Medical Research and Education, Wayne State Univ.
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ELECTRICAL STIMULATION OF THE CEREBELLAR FASTIGIAL NUCLEUS
PROTECTS AGAINST EXCITOTOXIC DEGENERATION OF STRIATAL
NEURONS. S.B. Glickstein*. B.A. Turner. E.V. Golanov. S. Reaunathan and
D.J. Reis. Dept, of Neurol. & Neurosci., Cornell Univ. Med. Coll., NY, NY 10021.
Electrical stimulation of the cerebellar fastigial nucleus (FN) in rat for 1h
reduces, by up to 50%, the volume of focal ischemic infarction, both immediately
and for up to 2 weeks following stimulation(Reis et at., 1991). We investigated
whether stimulation of FN will impair degeneration of striatal neurons produced
by local injection of the NMDA agonist ibotenic acid (IBO). In anesthetized
Sprague-Dawley rats, FN or dentate nucleus (DN) was stimulated(1s on/1s off,
0.5 ms, 50 Hz, 50-200 uA, 1h) or an electrode was inserted into FN but not
stimulated (sham). Striata were injected with IBO (23nM in 0.4 ul) unilateral to
stimulation and phosphate-buffered saline (PBS; 0.4 ul) contralaterally, either
immediately following stimulation or 72h, 10d or 30d later. Rats were killed 24h
after injection and lesions compared with those in matched control rats. Lesions
placed immediately following FN-stimulation were only 54% of sham-stimulated
controls (p<0.05; n/group=11), lesions placed 72h after FN-stimulation were only
18% of sham-stimulated rats(p<0.001; n=5/group) and lesions placed 10d after
stimulation were 46% of sham-stimulated rats (p<0.05; n=5/group). DN
stimulation had no protective effect at any of these times. Lesions placed 30d
after stimulation did not differ from sham- and DN-stimulated controls (p>0.05;
n=3/group). FN stimulation did not alter drug diffusion nor NMDA affinity for IBO
as assessed by MK801 binding assays. In summary: (a) site-specific stimulation
of the FN protects against excitotoxic death; (b) protection is long-lasting and
reversible; (c) protection is not mediated by evoked changes in NMDA receptor
binding. We conclude that stimulation of FN can offer immediate and conditioned
protection against excitotoxic neuronal death as well as ischemic lesions.
(Funding NIH 18974)

GENDER DIFFERENCE IN MOTOR SYMPTOM AND STRIATAL DAMAGE

123.7

123.8

INHIBITION OF TYROSINE PROTEIN KINASES EXACERBATES
NEURONAL INJURY BY AN ENDOTHELIAL-DERIVED TOXIC
FACTOR P. Grammas*. P. Moore, and P. H. Weigel. University of Oklahoma
Health Sciences Center, Oklahoma City, OK 73190.
Endothelial cells produce diverse messenger molecules and are critical to the
control of inflammatory responses in the brain. We have recently shown that
inhibition of endothelial cell protein kinase C results in the production of a
soluble mediator, which when added to neurons in culture, causes lethal injury
(Ann NY Acad. Sci. 826:1997, in press). The objective of this study was to
determine if neuronal signal pathways could affect the response of neurons to
this toxin. Application of the endothelial-derived mediator caused neuronal cell
death within 3 hours. Pretreatment (30 min) of 7-10 day primary neuronal
cultures with agonists and inhibitors of protein kinase C (bisindolylmaleimide
(1 nM), and phorbol myristate acetate (10 jaM), respectively, did not alter the
ability of the endothelial-derived mediator to produce neurotoxicity. Similarly,
stimulation of the adenyl cyclase pathway, through addition of dibutiyl cyclic
AMP (1 mM) or the phosphodiesterase inhibitor isobutyl methyl xanthine
(250 |aM), did not affect endothelial-mediated killing. In contrast, pre
incubation of neurons with the tyrosine kinase inhibitor genestein (40 jiM)
significantly (p<0.01)increased (35%) the toxic response. Genestein alone did
not affect neuronal viability. These results demonstrate that neurotoxicity in
vitro can be potentiated by tyrosine kinase inhibition, suggesting that the
viability of neurons exposed to toxins could be regulated by tyrosine
phosphorylation. (Supported by NIHNS 30457; Alzheimer’s Association).

D Y N A M IC GENE EXPRESSION AN ALYSIS O F AC UTE B R A IN
INJURY U SIN G C D N A M ICRO -A RRA YS. A. R. Brooks*. L. Y au. D .

123.9
iNOS INHIBITORS AND PEROXYNITRITE DECOMPOSITION
CATALYSTS PROTECT RAT HIPPOCAMPAL NEURONS FROM
CYTOKINE-MEDIATED NEUROTOXICITY. T. P. Misko*. R.K.
Rader, F, T, Manning»..M.G, ...Currie, P, Salycmini, and M .K,
Highkin.Discoverv Pharmacology, G.D.Searle R& D, St. Louis, MO
63167
Rodent models of ischemic stroke can be separated into an early
nNOS/NMDA-driven insult to neurons and a late phase characterized
by an elevation in cytokines such as TNFa and IL ip which appear to
induce nitric oxide synthase(NOS) in neurons and glia. Both early and
late phases of this injury process have an overproduction of
superoxide and nitric oxide accompanied by the lipid peroxidation and
tyrosine nitration attributable to peroxynitrite(PN) generation. An in
vitro culture system of rat hippocampal neurons and glia exposed to
cytokines over a 5-7d period was used to assess the efficacy of
selective iNOS inhibitors and PN decomposition catalysts. Using
trypan blue exclusion and neuron specific enolase release as markers,
profound protection(approximately 50%) from cytokine-mediated
neuronal injury was observed with two selective iNOS inhibitors.
Moreover, this protection correlated with a reduction in nitrite levels, a
result consistent with the inhibition of NOS activity. The PN
decomposition catalyst FeTMPS also prevented cell death while
inactive catalysts did not. Our studies provide evidence for the
potential therapeutic value of both selective iNOS inhibitors and PN
catalysts in CNS diseases characterized by an inflammatory response
and resulting in debilitating neurological deficits such as dementia.
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IN ACUTE INTOXICATION WITH

3-NITROPROPIONIC ACID.

A. Fnkiiria. K. Nakajima. M. Kumazaki and T. Sakurai.

H. Nishino*

Dept, of Physiol.,

Nagoya City Univ. Med. Sch., Nagoya467, Japan
Systemic injection o f 3-nitropropionic acid(3-NPA, mitochondrial toxin) induces
m otor symptoms and striatal lesions.

We have studied the gender dfference in

vulnerability to 3-NPA intoxication in rats.

The first shot of 3-NPA (20 mg/kg, s.c.)

induced no behavioral nor histological damages but the second shot on the second day
induced, within hours, m otor symptom (ataxic gait, paddling, rolling etc.) and striatal
lesions in about half of male rats.

Females were quite resistant.

Lesions were

located in the lateral striata and were characterized by i) astroglial necrotic cell death,
enhanced immunoreaction of factor VUI, striatal edema, extravasation of IgG and
striatal bleeding.

Castration had no effect but ovariectomy exacerbated the

motor/histological damages.
while that with
ovariectomizedrats.

Replacement with estradiol or tamoxifen reversed

testosterone enhanced

the motor/histological damages

Parallel in vitro study suggested

in

an extreme C a overload and

cell swelling may trigger 3-NPA-induced astrocytic cell death.

Data suggest that the

lateral striatal artery (endothelial cells, astroglias) is highly vulnerable to 3-NPA
intoxication in males thus leading to the disruption of the blood-brain barrier.

This

vulnerability may in part contribute to the pathogenesis of neurodegenerative
disorders, striatal bleeding etc. where gender differenceis often observed.

Chin, L Goodman. E- Zhukovsky, A- Lanahan#« pTWorley# and K,
N ik o lic h . Lynx T h e rap e u tic s Inc., H a y w a rd C A , a n d D e p t.
N eu ro scien ce a n d N e u ro lo g y , Jo h n s H o p k in s U niv., B altim ore, M D #.
A cute b rain in ju ry is k n o w n to resu lt in th e ra p id in d u ctio n of a num ber
of genes, in clu d in g im m e d ia te e a rly genes. To p e rfo rm a m ore e x te n siv e
tem p o ral an aly sis of g en e ex p ressio n ch an g es fo llo w in g injury w e h a v e
d e v e lo p e d a m ic ro -a rra y b a sed h y b rid iz a tio n a ssa y th a t a llo w s
sim u ltan eo u s m o n ito rin g of th e m R N A lev els of se v e ra l h u n d re d genes.
A su b tra c tio n clo n in g a p p ro a c h w a s u s e d to id en tify a su b -set of cD N A s
e n ric h e d for genes th a t a re u p -re g u la te d fo llo w in g a n in te n se n e u ro n a l
stim u la tio n . T hese cD N A s alo n g w ith a co llectio n of p re v io u s ly
ch a ra c te rize d gen es w e re th e n used to c reate m ic ro -a rra y s w h ic h w ere
h y b rid iz e d w ith lab e le d cD N A p re p a re d from r a t n e u ro n a l tissu e a t
v a rio u s tim es fo llo w in g an acu te b rain injury, or from p rim a ry cu ltu res
of ra t n eu ro n al cells tre a te d w ith v a rio u s n e u ro tra n s m itte r rec e p to r
agonists. M any of th e genes in d u ce d b y a n in ten se e le c tric al s tim u la tio n
of th e r a t b ra in w ere also induced by g lu ta m a te tre a tm e n t of p r im a ry
CN S c u ltu res. This an aly sis w ill h e lp to id en tify th e te m p o ra l p a tte r n
of genetic ch an g es th a t occur fo llo w in g acu te b ra in injury a n d m a y
su g g e st n o v el targ ets fo r in te rv en tio n . S u p p o rte d b y L ynx T h erap eu tics.

123.10
NITRIC OXIDE ACUTELY INHIBITS MITOCHONDRIAL FUNCTION AND
DEPLETES ATP IN CULTURED HIPPOCAMPAL NEURONS. J.R. Brorson*and
H. Zhang. Depts. o f Neurology and Neurosurgery, The University o f Chicago,
Chicago, IL 60637.
Exposure o f neurons to high levels o f nitric oxide (NO) produces excitotoxicity,
and we showed that this involves disruption o f the homeostasis o f intracellular Ca2+.
We have sought to define the mechanism o f the toxic actions o f NO in neurons.
The NO releasing agent S-nitrosocysteine (SNOC, 1000|aM) produced a rapid,
partially reversible depolarization o f mitochondrial membrane potential in cultured
hippocampal neurons, detected by an increase in cytoplasmic rhodamine-123
fluorescence. This was accompanied by a profound depletion o f cellular ATP
progressively over a 20 minute exposure, which was irreversible and proceeded to
subsequent delayed neuronal death. Intervention with inhibitors o f the Ca^+activated protease calpain or o f poly-(ADP ribose) synthetase allowed partial
recovery o f ATP stores and blocked a portion o f the delayed neuronal death. Other
NO-releasing agents at similar concentrations produced lesser degrees o f membrane
depolarization and ATP depletion, commensurate with their slower release o f NO. In
contrast, the mitochondrial protonophore CCCP (1-10^M ) produced a complete
depolarization o f mitochondrial membrane potential, but only partially depleted
neuronal ATP stores. Other inhibitors o f mitochondrial oxidative phosphorylation
(rotenone and 3-NP) produced lesser degrees o f mitochondrial depolarization and
ATP depletion.
These results show that NO has direct inhibitory actions on mitochondrial
metabolism in living neurons, but that the ATP-depleting effects o f NO exceed those
of inhibitors o f mitochondrial oxidative phosphorylation. Both direct effects on
mitochondrial enzyme complexes and actions at other cellular sites must be involved
in the toxic actions o f NO. Supported by NIH grant NS01630, the Schweppe
Foundation, and the Brain Research Foundation.
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123.11
MANGANESE NEUROTOXICITY IS MEDIATED THROUGH THE
SIGNAL TRANSDUCTION PATHWAYS OF NITRIC OXIDE. R. P
Lisak*,_M- TgnBrQeke, and K. M aiese, Neurology, Anatomy and Cell Biology,
Center for M olecular M edicine, W ayne State University School o f M edicine,
Detroit, MI, 48201
With more than 70,000 chemicals employed on a daily basis in industry,
interest in the neurodegenerative effects o f environm ental toxins, such as
manganese (Mn), continues to grow at a rapid pace. M anganese, an essential
transition metal, can promote not only neuronal function but also neuronal
degeneration. Since Mn is linked to free radical metabolism, we examined whether
the neurotoxicity of Mn was dependent on the signal transduction pathways of
nitric oxide (NO). In primary hippocampal neurons, neuronal injury was assessed
by using a 0.4% trypan blue dye exclusion method 24 hours following exposure to
Mn. The Griess reaction for spectrophotometric measurement of nitrite (NO 2 ')
production was employed to assess NO production. In a dose dependent manner,
Mn (O.OlmM-l.OmM) was directly toxic to the neuronal population and decreased
survival to a minimum of 22+5% (n=6, p<0.001). W ithin 1 hour following the
application o f Mn (O.OlmM-l.OmM), NO 2 ' production increased approximately
100% over baseline when compared to untreated controls (p<0.001). This increase
in NO 2 * gradually returned to untreated control levels over a 4 hour period. Further
evidence that Mn neurotoxicity is linked to NO production was demonstrated with
the co-administration of L-NAME, an inhibitor of nitric oxide synthase. Under
conditions when Mn application was toxic to approximately 75% of the neurons,
co-administration of L-NAME (100|xM and 300|iM) increased neuronal survival in
a dose dependent manner to a maximum of 66+2% (n=6, p<0.001) and decreased
the production of NO 2 ' by approximately 85% when compared to Mn only treated
neurons. We conclude that Mn is directly toxic to hippocampal neurons and that
the mechanism of neurodegeneration involves the direct modulation of the NO
pathway. Further investigation of the signal transduction m echanisms below the
level of NO generation may elucidate the specific cellular and molecular events that
are responsible for xenobiotic neurotoxicity.
Supported by the Alzheimer's Association, AHA (National), J&J Focused
Giving Award, NIH NINDS, and the United Cerebral Palsy Foundation.
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123.12
MOLECULAR ANALYSIS OF INFLAMMATORY CELL
RESPONSES IN BRAINS OF SCID MICE WITH HIV-1
ENCEPHALITIS.
Y. Persidskv. P. Bock. J. Limoges. R. McComb* and
H.E. Gendelman. Dept. Path ./Microbiol., Univ. Nebraska Med.
Ctr., Omaha, NE 68198-5215
Severe combined immunodeficiency mice (SCID) mice
stereotactically inoculated with HIV-1 infected monocytes into basal
ganglia/cortex develop pathological and behavioral features of HIV1 encephalitis seen in virus-infected humans. These include
astrogliosis, microglial nodule formation and activation, and
neuronal death; all in response to few numbers of virus-infected
immune activated macrophages. Cytokines and other immune
secretory factors produced by human and mouse macrophages
[human and mouse IL-ip, IL-6, IL-10, TNF-a, transforming
growth factor p (TGFp), vascular endothelial growth factor (VEGF),
and adhesion molecules (E-selectin, ICAM-1, and VCAM-1)] in
encephalitic brains were investigated by semi-quantitative RNAPCR assays. HIV-1 infected monocytes provoked a pronounced
inflammatory reaction in mouse brains. Human TNFa and mouse
TNFa, IL-6, VEGF, VCAM-1 and E-selectin were expressed at
higher levels mouse brains inoculated with virus-infected cells than
in ones received control monocytes. Similarities between human
brain tissue with HIV-1 encephalitis and that seen in the mouse
model were striking. This study further substantiates the validity of
the SCID model for the studies of HIV-1 neuropathogenesis and the
its utilization for therapeutic development. Supported by NIH
NS34239-02.

123.13
THE MECHANISM OF NEURONAL DYSFUNCTION IN HIV-1
ASSOCIATED DEMENTIA. J. Zheng*,.M , Thylin, Y, Persidsk\-A,
Ghorpade. and H.E. Gendelman. Lab. Viral Pathogenesis, Dept.
Path./Microbiol., Univ Nebraska Med Ctr, Omaha, NE 68198-5215.
Cognitive and motor abnormalities often follow HIV-1 infection. Although
virus invades the brain early during the course of the acute seroconversion
reaction, neurological deficits follow years later heralded by progressive
immunosuppression. The mechanisms for neuronal dysfunction remain unclear
but likely revolve around productive viral replication in cells of mononuclear
phagocyte origin (brain macrophages and microglia). To determine the
mechanisms of neuronal dysfunction in HIV-associated dementia, we studied
the biochemical and physiological responses of rat hippocampal and cortical
dissociated neurons to secretory products of HIV-1-infected monocytes.
Enzyme-linked immunoassays (ELISA), measurements of intracellular calcium
by fura-II, apoptosis by determinations of DNA fragmentation, and
immunjohistochemical analyses for cell type identity were utilized. Placement
of conditioned media from control uninfected human monocytes showed
enhancements in neuronal survival and differentiation. In contrast, media
obtained from monocytes infected with HIV-1ADA induced profound
neurotoxicity. This was confirmed by quantitative neurofilament and neuronal
enolase ELISA, by measurements of intracellular calcium and by apoptosis of
neurons. This neurotoxicity was partially blocked by the N-methyl-D-aspartate
(NMDA) receptor channel blocker MK 801. These data strongly support the
notion that neuronal dysfunction is caused by secretory products from HIV-1infected brain macrophages and microglia. The neurotoxic responses involve
both apoptosis and necrosis mechanisms. Supported by NIH NS34239-02.
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124.1
NORMAL FERRET
OCULAR
DOMINANCE
COLUMN
FORMATION AND MOUSE BARREL FIELD PLASTICITY AFTER
INHIBITION OF NITRIC OXIDE SYNTHASE. E. M. Finnev* and C.
J. Shatz. HHMI and Dept, of Molecular and Cell Biology, University of California,
Berkeley, CA 94720
We have examined the role of nitric oxide (NO) in the establishment of specific
patterns of connections in thalamus and cortex by blocking the synthesis of NO in
both ferrets and in mice deficient in either the endothelial or neuronal isoforms of
nitric oxide synthase (NOS. Ferrets were injected intraperitoneally with
nitroarginine, a potent inhibitor of NOS, from postnatal day (P) 21-57, ai,a r u'ar
dominance column formation was assessed by transneuronal transport of 3H-proiine
injected into one eye. Columns formed apparently normally in both nitroarginineinjected and saline-injected controls.
Neuronal NOS (nNOS) knockout mice and endothelial NOS (eNOS) knockout
mice were assayed for cortical barrels, barrel field plasticity induced by whisker
ablation, or the formation of the patch representing the ipsilateral retinal projection
to the LGN. Within 12 hours of birth, both genotypes also received nitroarginine
injections intraperitoneally to block the activity of the remaining isoforms of NOS.
Barrel fields were Visualized after P6 using cytochrome oxidase histochemistry.
Both nNOS and eNOS mice demonstrated normal barrel field formation and normal
barrel field plasticity following surgical ablation o f the C-row follicles on the day of
birth. Similarly, after unilateral eye injection of WGA-HRP, both nNOS and eNOS
mice displayed normal formation of the ipsilateral eye patch in the LGN.
In all cases, there was a 95% or greater reduction in NOS activity as assessed by
measuring the conversion of 3H-arginine to 3H-citrulline (after Bredt and Snyder,
1989). Thus, all these observations taken together suggest that NO is not likely to
play a controlling role in either the formation of initial patterns of thalamic or
cortical connections (layers, columns, barrels), or in the plasticity in mouse
somatosensory cortex following whisker ablation.
Supported by NIH EY02858 to CJS and a HHMI predoctoral fellowship to EMF
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124.2
NEUROTROPHIN AND ACTIVITY-MEDIATED PLASTICITY OF DENDRITES
AND SPINES IN DEVELOPING VISUAL CORTEX AS VISUALIZED BY TWOPHOTON MICROSCOPY OF NEURONS TRANSFECTED WITH GFP. H. Wilson
Horch*. and L.C. Katz. Howard Hughes Medical Inst, and Dept, of Neurobiol., Duke
Univ., Durham, NC 27710.
Most studies of dendritic development rely on examination of populations of neurons
at single time points. We directly examined the dendritic development of single
neurons in ferret visual cortex over extended times by transfecting individual neurons in
brain slices with green fluorescent protein (GFP), using particle mediated gene transfer,
and visualizing these cells with a 2-photon laser scanning microscope. GFP-transfected
cells were completely filled with the fluorescent protein allowing visualization of
individual dendritic spines and fine axon collaterals. With 2-photon microscopy, cells
could be repeatedly visualized in three dimensions with no detectable phototoxicity.
We examined the stability of dendritic form of individual neurons over 2-24 hour
periods before and after treatment with neurotrophins and glutamate receptor agonists.
The plasticity of "protospines” in young animals has been described, and these
structures are both transient and regulated by members of the neurotrophin family
(Dailey and Smith, 1996, and McAllister et al., 1995). In contrast, we found that
genuine dendritic spines in older animals (P25-35 ferrets) were very stable. Only small
changes in detectable spines were observed over a 24 hour period in control conditions,
or when exogenous BDNF was added or endogenous BDNF removed using Trk
receptor bodies. Likewise, enhancing NMDA receptor activity by treating slices with
agonists had no discernible effect on spine number or morphology, in contrast to
studies in which changing activity levels dramatically affected spine number. In
addition, while branch length and complexity are regulated by neurotrophins in these
older animals, the basic dendritic form is stable over the periods examined. We
conclude that spine morphology in the late developing visual cortex is surprisingly
stable and not obviously modulated by neurotrophins or activity. Supported by NIH
(NEI) EY11553 and the Human Frontiers Science Program. Neurotrophins and
receptor bodies were generously provided by Regenéren Pharmaceuticals.
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124.3
BDNF MODULATES SYNAPTIC PLASTICITY IN THE RAT PRIMARY
VISUAL CORTEX.
E. Sermasi*. D. Tropea and L. Domenici International School of Advanced
Studies (SISSA) - Neuroscience Program - Trieste, ITALY. Institute of
Neurophysiok>gy-CNR - Pisa, ITALY.
Synaptic plasticity has been inplicated in the mechanisms contributing to the
shaping of the cortical circuits responsible for the transmission of the signal
processing in the sensory cortices. However the degree of plasticity of the visual
cortex, and in particular of the genicolo-cortical system may change during
development perhaps reflecting the degree of stabilization of the circuitry
subserving it. We have choosen the ability of this synapse to be first depressed and
then repotenziated as an indicator of cortical plasticity. In this study we have
investigated how this parameter changes during development and the factors
controlling it Extracellular field potentials in cortical layers 2/3 were evoked by
stimulation of the white matter in primary visual cortex slices prepared either
from postnatal day 16-18 (P16-18) rats or P22-P29 animals. Low Frequency
Stimulation of the white matter was used to induce LTD whereas LTP was evoked
by Theta Burst Stimulation. At P17 having first induced and followed LTD for
about 40 min, LTP was reliably elicited in all cases ( 5/S). In contrast at later ages,
starting from P22, LTP was never observed following the induction of LTD (6/6).
We then went on in studying the possible role of BDNF on synaptic plasticity by
filling the recording electrode with a BDNF ( 100 ng/ml) solution. In these
experimental conditions at P23 it was always possible to induce LTP after LTD
(7/7). Moreover, BDNF action was blocked by 30 min superfusion of the slice with
K252a (200 nM) a known inhibitor of neurotrophin receptor tyrosine kinase
activity (2/2). These data suggest the presence of a narrow time window during
which the degree of plasticity of the genicolo-cortical system rapidly decreases.
BDNF application blocks this reduction which is probably activity dependent

SUNDAY PM

124.4
BDNF
CONTROLS
THE
DEVELOPMENT
OF
DOPAMINERGIC INNERVATION IN THE RODENT
RETINA. A. Cellerino*1. G-Pinzon Duarte1. P. Carroll2, and K.
Kohler1 Exp. Ophtalmology, Universiy Eye Hospital, Tübingen,
Germany 2 INSERM, IBDM Luminy, Marseille, France
Dopaminergic amacrine neurons of the rat retina were found to
contain TrkB immunoreactivity. The retinal dopaminergic system
was investigated in BDNF -/- mice at P20 by studying Tyrosine
Hydroxylase immunoreactivity (TH-IR). TH-IR cells were reduced
in number (-30%) and smaller (-20% in soma area) than in control
BDNF+/+ animals. The density of TH-IR boutons was reduced
(-60%).
BDNF was injected intraocularly in rats (on P16, P I8 and P20)
and TH-IR was analyzed at P22. After BDNF injection, TH-IR
cells became hypertrophic (+50% in soma area), their number was
not increased but a second population of weakly TH-IR cells
became visible. The laminar pattern of dopaminergic innervation
was perturbed by BDNF. In BDNF-treated animals, in addition to
the normal TH-IR plexus at the border between inner nuclear layer
and inner plexiform layer, a continous TH-IR band was observed
in the middle of the inner plexiform layer, probably as the result of
sprouting of dopaminergic fibers. Accordingly, the number of THpositive boutons increased (+50%)
Supported by the Human Capital Mobility programme of the
European Community

124.5

124.6

LOCAL CUES DIRECT THE LAYER-SPECIFIC DEVELOPMENT OF VISUAL
CORTICAL AXONAL ARBORS IN VITRO. J.L. Pantzker*. E.M. Callawav.
Systems Neuro. Lab., The Salk Institute for Biological Studies, P.O. Bx.
85800, San Diego, CA, 92186 & Dept, of Bio., Univ. of California, San Diego.
Layer-specificlocal connections within the primary visual cortex (striate
cortex) develop precisely from the outset. It has been hypothesized that this
specificity arises through activity-independent local cues (e.g. layer-specific
molecular markers). To test whether extrinsic influences or activity are
required for this specificity, we made organotypic slice cultures from the
striate cortex of ferrets prior to the formation of local axonal connections from
layer 6 pyramidal neurons (postnatal days14-15). We then allowed axons to
grow in isolated culture for 5-7 days. Thus, the developing axons were
unable to utilize potential cues from earlier-formed extrinsic connections to
and from thalamic nuclei and other cortical areas. Also, to test the importance
of activity, we allowed some cultures to develop in the presence of the
sodium channel blocker, tetrodotoxin. We then labeled neurons
intracellularly with biocytin and reconstructed their patterns of local axonal
connections. In the present study, we focused on 33 layer 6 pyramidal
neurons. Their axons must bypass an incorrect target, layer 5, before
specifically arborizing in their main local target, layer 4. To determine the
extent of arborization, we quantified the numbers of branches and collateral
terminations present in each cortical layer. We found that, like axons grown in
vivo, axonal arbors growing in vitro preferentially arborized in layers 4 and
2/3 vs. layer 5 (3 times more branches and 6 times more terminations).
Blocking Na+-dependent action potentials within the cortical slice did not
decrease this specificity. Because layers 2-4 are wider than layer 5, we also
compared a smaller depth of layer 4, immediately above the layer 5/4
border, that was equivalent to the entire depth of layer 5. Once again, there
were significantly more arbors in layer 4. Thus, cortical axons are able to
make precise interlaminar connections in the absence of Na+channeldependent activity or influences from outside areas, consistent with
regulation by local, layer-specific molecular cues. Supported by NIH grant EY10742 and NSF Graduate Research Fellowship to J.L.D.

CELLULAR MECHANISMS UNDERLYING RETINAL WAVES IN THE CHICK EMBRYO. JL
Semagor* and M.J. O’Donovan. Dept, o f Child Health, Medical School, University
of Newcastle, Newcastle upon Tyne NE2 4HH, U.K. and Lab. o f Neural Control,
NINDS, NIH, Bethesda, MD 20892, USA.
We used calcium imaging to investigate the cellular mechanisms of
spontaneously occurring retinal waves in the chick embryo (E l3-16). Ganglion cells
(GCs) were back-labeled through the optic nerve with Calcium Green Dextran. As in
mammals, waves of activity sweep across the retina. Many patterns were observed,
from simple forward propagation to complicated spiral waves. Although these waves
are believed to result from correlated activity between neighboring GCs, synchronized
activity was often observed between distant GCs. The number of GCs recruited varied
from wave to wave. Waves were recorded in 9 embryos, but we present detailed
measurements from a single animal for each pharmacological treatment. When
cholinergic activity was enhanced with the anticholinesterase neostigmine (lO^M ),
the wave frequency increased by 120%, and 76% more cells were recruited. The signal
duration increased by 39% and the activity propagation speed (measured in pairs of
cells separated by many cell diameters) decreased by 70%. I When the nicotinic
antagonist mecamylamine (20pM) was added, these effects were abolished (waves
disappeared in mecamylamine alone). When glutamatergic activity was blocked with
kynurenate (IOOji M), the wave frequency decreased by 47% and the number of cells
recruited declined by 72%. The propagation speed was slower, decreasing by 60%. The
waves disappeared in ImM kynurenate. When K+ channels were blocked with cesium
and TEA (50^M), the propagation sgeed decreased by 73%. When the concentration of
the blockers was doubled, the wave'frequency decreased by 26%, the duration of the
signals increased by 56%, and the number of cells recruited declined by 35%.
We conclude that both cholinergic and glutamatergic synaptic connections are
required for the generation and the propagation of retinal waves. K+, possibly released
during activity, primarily contributes to the speed of propagation of the waves,
perhaps by an effect on neuronal excitability. Supported by NATO CRG 960789.

124.7
B IO C H E M IC A L E V ID E N C E T H A T T H E B O T R Y S O M E IS A
S P E C IA L IZ E D F O R M O F IN T E R M E D IA T E C O M P A R T M E N T .
Peter C. Kind*. Richard Cameron (Med. Col. Georgia) and Susan Hockfield. Sect.
of Neurobiol., Yale Sch. Of Med., New Haven, CT. 06520-8001.
The botrysome is an intermediate compartment-like organelle present in neurons of
the 5 week, but not adult, cat visual cortex (Kind et al, J.Neurosci. 17:1471). The
botrysome can be identified with antibody Cat-307, which recognizes PLC-S1. To
determine whether the botrysome is a specialized form o f intermediate compartment,
we employed differential centrifugation and equilibrium centrifugation on sucrose
gradients to purify the vesicular components o f the botrysome. Cortices from 10week-old ferrets were lightly homogenized in imidazole buffer containing 250mM
sucrose. Nuclei and unbroken cells were sedimented by centrifugation and the
resulting supernatant was fractionated on a 400mM to 2M linear sucrose gradient by
centrifugation at 100,000 rpm for 18 hr. Western blot analysis demonstrated peak
PLC-B1 expression at sucrose concentrations of 450-700m. These fractions were
centrifuged at 30,000 rpm to pellet larger organelles. PLC-B1 immunoreactivty
partitioned with the small vesicular fraction indicating that the PLC-positive
fractions represent a low density vesicular component. Electron microscopic
analysis demonstrated that the vesicles ranged in size from 60-120|im. Biochemical
analysis demonstrated that markers of the intermediate compartment (B-COP and
P58) were cofractionated with the peak levels of PLC-B1 expression. Furthermore,
Gq/11, the heterotrimeric G protein responsible for activating PLC-B1 following
receptor stimulation, was also present at high levels in these fractions. Finally,
antibodies to BDNF demonstrated high levels of this growth factor in these
fractions. These data provide further evidence that the botrysome is a specialized
form of intermediate compartment and suggest that the botrysome may be involved
in regulated delivery o f growth factors and other proteins to dendrites in developing
neurons. Supported by EY06511(SH) and EY06606(PK).
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125.2

GSH TRANSPORT IN M OUSE BRAIN ENDOTHELIAL CELLS (MBEC) AND
EXPRESSION OF TRANSPORT IN mRNA-INJECTED OOCYTES. R.Kannan1*.

CALCIUM SIGNALING BETWEEN GLIAL AND ENDOTHELIAL CELLS IS
MEDIATED BY THE DIFFUSION OF INOSITOL TRISPHOSPHATE VIA GAP
JUNCTIONS. L... Lgyibasil^X. RaemsJeire and.
Sanderson- Department of
Physiology, University o f Massachusetts Medical Center, Worcester, MA 01655,
USA and laboratory o f Physiology, University Gent, B-9000 Gent, Belgium.
Interactions o f glial and endothelial cells are believed to play an important role in
the control o f blood-brain barrier permeability and transport. Glial and endothelial
cells respond to a variety o f stimuli with an increase o f intracellular free calcium
([Ca2+]j) that is propagated to adjacent cells as an intercellular Ca2+ wave. The
mechanism o f wave propagation is believed to be based on the intercellular diffusion
o f inositol trisphosphate (IP3) via gap junctions. We hypothesized that intercellular
Ca2+ signaling also occurs between glial and endothelial cells, and we investigated
this question in a glial-endothelial co-culture model using caged intracellular
messengers. Co-cultures were prepared from primary astrocytes and an immortalized
endothelial cell line. [Ca +]; was measured with fluo-3 epifluorescence
videomicroscopy. Intercellular Ca2+ waves induced by mechanical stimulation o f a
single cell propagated between astrocytes and endothelial cells. Intercellular Ca2+
waves could also be induced by flash photolysis o f pressure-injected caged-IP3, not
only by flashing the injected cell but, interestingly, also by flashing distant cells.
Flash photolysis-induced Ca2+ waves did not propagate from astrocytes to endothelial
cells, but did propagate in the inverse direction. Flashing cells loaded with caged Ca2+
(nitrophenyl-EGTA) caused an increase o f [Ca2+]j but did not initiate an intercellular
Ca2+ wave. These results indicate that the diffusion o f IP3,and not o f Ca2+, through
gap junctions, mediates intercellular Ca2+ wave propagation in astrocytes, endothelial
cells and also between the two cell types. We suggest that intercellular Ca2+ signaling
may be important in glial-endothelial interactions o f the blood-brain barrier.
(Research supported by NIH Grant HL49288, Small Grants Program UMMC and
Belgian NFWO).

Y. B ao*. T .T suruo2 and N .K ap lo w itz*. ^ e p t . o f Med., USC Sch. o f Med., Los
Angeles, CA 90033 and 2Inst. Appl. Microbiol, Univ. Tokyo, Tokyo.
GSH is transported across the BBB by a specific, saturable process. Previous
studies in brain capillary mRNA-injected oocytes showed the presence o f multiple
GSH transporters (Kannan et al. JBC 271:9754-9758,1996). In the present study, we
used mouse brain endothelial cell clone, MBEC-4, to confirm GSH transport and to
characterize the GSH transporter(s). MBE cells are rich in GSH (mM) and contain
gamma glutamyltranspeptidase (GGT). GSH uptake studies were performed for 30
min. under conditions of gamma glutamylcysteine (GCS) and G GT inhibition with 10
mM BSO and 1 mM acivicin pretreatment respectively. M olecular form of uptake by
HPLC was predominantly (>92%) as GSH with or without GGT inhibition. Cysteine
remained as cysteine (with insignificant conversion to GSH) in 30 min uptake studies
with 35s-cysteine. Net GSH uptake at 0.05 mM and 2 mM GSH was significantly
inhibited by rem oval of Na+ from incubation (0.028±0.002 and 1.37± 0.19
nmol/10^cells/30 min.in Na+-containing vs 0.012 ± 0.001 and 0.36 ± 0.02 in Na+free resp., p<0.01). X. laevis oocytes injected with MBEC mRNA (26ng/oocyte)
expressed maximal transport as intact GSH on day 4. U ptake at 3 GSH
concentrations was partially inhibited (>40-50% ) by rem oval o f sodium. Na+ dependency of uptake in MBEC mRNA-injected oocytes was validated by positive
and negative controls (Na+-dependent taurocholate uptake in NTCP-injected oocytes,
and Na+-independent GSH transport in HepG2 and Cos7 mRNA-injected oocytes). In
conclusion, M BEC-4 cells express N a+ -dependent and N a+ -independent GSH
transport. Since this cell line exhibits polarity (Tatsuta et al. JBC 267: 20383-20391,
1992) study of the asymmetry of GSH transport would be o f interest. Supported by
NIH-DK 48522.

125.3

125.4

ENDOCYTOSIS: A POTENTIAL ROLE IN THE TRANSPORT OF OPIOID
PEPTIDES ACROSS THE BLOOD-BRAIN BARRIER (BBB).
R.D. Eeleton*. V.J. Hrubv. T.P. Davis. Pharmacology, University of Arizona,
Tucson, AZ 85719.
P-penicillamine2»5! enkephalin (DPDPE) is a 6-opioid selective peptide analogue
of enkephalin, which has been shown to enter the brain via a saturable mechanism
(1996 J.Neurochem 66, 1289-1299). This transport can not be inhibited by leuenkephalin, 2-aminobicyclo 2,2,1-heptane-2-caiboxylic acid (a substrate for the large
neutral amino acid carrier), poly-L-lysine (an inhibitor for non-specific absoibitive
endocytosis) or insulin (1997, J.Pharm. Exp.Ther, (in press)). A further study has
shown that the internalization of some 5 and p opioid ligands, by receptor
transfected COS-7 cells, can be almost completely inhibited by phenylarsine oxide
(an endocytosis inhibitor) ( Gaudriault et al., 1997. J.Biol.Chem. 31,2880-2888.).
In this study, we have investigated the role of endocytosis in the uptake of
[3H]DPDPE across the BBB of rats. Adult rats were anaesthetised and heparinised,
the carotid arteries were cannulated, and the animal was perfused with oxygenated
ringers. The jugular veins were sectioned and [3H]DPDPE was then infused into
the perfusion medium At 20 minutes the rat was decapitated, brain and perfusate
samples taken for radioactive counting. The above experiments were repeated in the
presence of 100 pM phenylarsine oxide.
Results show that the addition of phenylarsine oxide significantly inhibits the
uptake of DPDPE by 45 % (p<0.014, using Students t test). This indicates that a
significant proportion of the transport of the 6-opioid peptide DPDPE across the
BBB is due to endocytosis.
This work support by NIDA grants # DA-06284 and ROl-DA-11271.

BLOOD-CNS BARRIER BREAKDOWN IN C HRONIC RELAPSING
EXPERIMENTAL ALLERGIC ENCEPHALOMYELITIS
C. Butter. A.
Chodobski*. Sherrington School of Physiology, St Thomas' Hospital
Medical School, Lambeth Palace Road, London SE1 7EH, UK.
The related phenomena of blood-brain barrier breakdown and
neuroinflammatory response have been demonstrated to precede clinical
presentation in experimental allergic encephalomyelitis (EAE) and to be
the basis of new lesions in Multiple Sclerosis. Magnetic resonance
imaging is widely used in the diagnosis of MS, usually in conjunction with
the contrast agent Gadolinium-DTPA, and the Gd-enhancing lesions
seen as a result are usually interpreted as sites of active inflammation.
Using the Biozzi mouse system of Chronic Relapsing Experimental
Allergic Encephalomyelitis we have shown leakage of 125l-Albumin and
trafficking of 5,Cr-lymphocytes to slightly precede, but.generally correlate
with, the clinical progression of disease. Furthermore, this blood-CNS
disruption closely follows the histological findings, in being largely
restricted to the spinal cord. However, when 153Gd-DTPA is used as a
measure of barrier leakage considerable involvement of the brain is
seen, in the absence of obvious histological lesions.
-This discrepancy is being further investigated with the use of
additional tracers and MRI using Gd-DTPA enhancement.
This work is supported by the Multiple Sclerosis Society.

125.5
RAPID INCREASE OF BLOOD-BRAIN BARRIER PERMEABILITY TO
ALBUMIN INDUCED BY VASCULAR ENDOTHELIAL GROWTH FACTOR.
A.W.Vorbrodt*. D.H. Dobrogowska and A.S. Lossinskv. NYS Institute for Basic
Research in Developmental Disabilities, Staten Island, NY 10314.
The early effects of intracerebrally infused vascular endothelial growth factor
(VEGF) on the blood-brain barrier (BBB) to endogenous albumin were studied using
a quantitative immunocytochemical procedure. The solution o f VEGF in saline (40
ng/10 nl) was infused into the parieto-occipital cortex o f mice, which were killed 10
min, 30 min, and 24 h afterwards. Untreated mice and mice that received infusion
of saline only were used as controls. Ultrathin sections of immersion-fixed brain
samples embedded in Lowicryl K4M were exposed to anti-albumin antiserum
followed by protein A-gold. The density of immunosignals (gold particles per jim 2)
was recorded over four compartments: vascular lumen, endothelium, subendothelial
space, and the adjacent neuropil. Morphometric and statistical analysis indicated that
as soon as 10 min after infusion of VEGF, 33% of vascular profiles were leaking
albumin, and this value increased at 30 min to 92%. This effect of VEGF seems to
be of rather short duration because after 24 h, only 27% of vascular profiles showed
signs of leakage. The results indicate that rapid increase of BBB permeability to
albumin induced by VEGF does not occur simultaneously with the formation of
fenestrations, observed previously by Roberts and Palade (J. Cell Sci. 108:2369,
1995) in the endothelia of non-barrier vasculature o f skin and skeletal muscles. Also,
recent observations of Kaya et al. (Exp. Neurol. 142: 6, 1996; Soc. Neurosci. 22: 53,
1996) suggest that the process o f transformation o f BBB-type continuous endothelium
into fenestrated endothelium is a rather long-lasting phenomenon. The exact cellular
mechanisms of the observed leakage, however, cannot be clearly defined in the
Lowicryl K4M-embedded brain samples. (Supported by the NIH/National Institute
on Aging, grant RO l-A G 10279-06).
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125.6
BLOOD-BRAIN BARRIER PROPERTIES, NO AND OXY-RADICAL META
BOLISM IN NEW LINES OF RAT BRAIN ENDOTHELIAL CELLS. I.E. Blasts*.
R. Blasie. A. Sporbert. H. Giese. M. Schroeter. W-E. Siems. M. Paul and R.F.
Haseloff. Inst. Mol. Pharmacol., 10315 Berlin; 'Freie Univ., 12200 Berlin; Germany.
To study the role o f NO and oxy-radicals in blood-brain barrier (BBB), differen
tiated and well proliferating brain capillary endothelial cells (BCEC) are necessary.
Therefore, lines o f rat BCEC (rBCEC) were developed by transfecting immortalizing
genes. The resulting lines exhibited endothelial characteristics (FVIII, ACE, high
release rats of PGI2/TXA 2) and BBB markers (y-GT, AP). Control line rBCEC2
(mock-transfected) was fibroblastoid with limited proliferation capacity. Lines
rBCEC4 (transfected with complete gene o f the large T antigen) and rBCEC6 (com
plete SV40 genome) retained epitheloid cell shape and high proliferation capacity
(>40 passages). In contrast to primary cultures, specific BBB markers were expressed
to a lower degree. However, these markers and the tightness o f the endothelial cell
monolayer (rBCEC on filter, BBB model) were increased by co-cultivation with
astrocytes indicating induction o f BBB properties. The permeability coefficient of
fluorescein (not permeable to the brain) was lower in rBCEC4 (6.5+0. lxlO ^/cm ) and
rBCEC6 (10.3+1.8) than in primary cells (24.1 +0.7). Inducible -NO-synthase (NOS)
was demonstrated in all lines after incubation with cytokines which enhanced release
of NO at least 10-fold; endothelial NOS was detectable at low activities (Ca2+
ionophore A 23187 increased NO liberation by approx. 50%). rBCEC4 and 6 showed
a powerful radical defense (Cu,Zn-SOD, Mn-SOD, catalase, GSH peroxidase, GSH)
and, hence, an effective control o f radical metabolism, sim ilar to primary cells.
Comparing the different lines a direct
correlation between NO-content and activity o f Mn-SOD (rs=0.829, p<0.05) was
found supporting the assumption o f an intracellular interaction between NO and
superoxide decomposed by SOD. In general, new lines o f imm ortalized BCEC form
ing BBB were developed and characterized with special respect to their radical
metabolism. Supported by BMBF BEO 021/0310015A/B and DFG SFB 507 A2.
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125.7
NEURON SELECTIVE TOXICITY OF AN ENDOTHELIAL-DERIVED
SOLUBLE MEDIATOR P. Moore. P. R Weigel. O. Hanson-Painton*. and
P. Grammas. University of Oklahoma Health Sciences Center, Oklahoma City,
OK 73190.
Brain endothelium is central to the regulation of the neuronal
microenvironment These highly specialized endothelial cells are important
both because of their role as the blood-brain banier as well as a source for
numerous soluble mediators. We have recently shown that inhibition of brain
endothelial cell protein kinase C results in the production of a soluble mediator
which causes lethal injury when added to neurons in culture (Ann NY Acad.
Sci, 826:1997, in press). The objective of the present study was to determine
the specificity of this toxic factor for neurons. Conditioned media was
collected alter 24 hours from confluent endothelial cultures treated with the
protein kinase C inhibitor bisindolylmaleimide (1 nM). This media was
centrifuged and added to 7-10 day primary neuronal cultures derived from fetal
rat brain. Lethal neuronal injury was measured by lactate dehydrogenase
release. Endothelial cell conditioned media caused 70-80% death of neuronal
cultures. In contrast, toxicity was not evoked when this conditioned media was
incubated with other cell types including: endothelial cells derived from the
aorta and heart, smooth muscle cells, fibroblasts, and glial cells. These data
demonstrate that endothelial cells can produce soluble factors) that specifically
cause neuronal cell death, and suggest that the cerebral microcirculation could
be source of neurotoxic molecules. (Supported by NIH NS 30457; Alzheimer’s
Association).

125.9
AN IN VIVO MODEL OF HUMAN CEREBRAL
ANGIOGENESIS. L.M. Dallasta. A.P. Mehta. J.L. Maguire.
M ^ ,,M lite.x.K.A,.RaqdalLgX ._Ackim ^ d C A,: Wiisy*- Division
of Neuropathology, University of Pittsburgh Medical Center,
Pittsburgh, PA 15213.
To study perturbations of the BBB and immune cell trafficking
into the CNS during pathologic conditions, we have developed a
novel experimental in vivo model of human cerebral angiogenesis.
This model utilizes human CNS grafts which are injected
intracerebrally into mice with severe combined immunodeficiency
syndrome. The grafts consist of aggregates of isolated human fetal
cerebral microvascular endothelial cells combined with human fetal
cerebral neuroglial cells which have the potential to differentiate into
astrocytes or neurons. In vivo tracking of the endothelial cells is
accomplished by labeling with Dil-acetylated low density lipoprotein
(Dil-Ac-LDL) prior to implantation. Histologic analysis of the grafts
as early as two weeks post-transplant demonstrates blood vessels
containing intraluminal red blood cells. These vessels are
immunoreactive for human-specific endothelial cell markers such as
PECAM-1, von Willebrand Factor, and Ulex europaeus /. By
providing an appropriate CNS milieu arid a human microvascular
bed, this in vivo model may permit analysis of neurovascular
interactions which contribute to the development of a variety of CNS
inflammatory disorders. (This work was supported by MH-95-003
to CLA).
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PERICYTE AND PERIENDOTHELIAL CELLS OF ALL
BRAIN VESSELS SHARE COMMON MARKERS.
B. PESSAC* T. RUTIN & F, ALLIOT CNRS UPR 9035,15 rue de l’Ecole
de Médecine, 75270 PARIS cédex 06, FRANCE
.We have previously reported (Soc. Neurosci. Abstr. Vol. 21, Part I, p.
324, 1995) that brain vessels are labelled by monoclonal antibodies
reactive to cells of the immune system. We have now determined, by
immunohistochemistry at the optical and EM levels that, in the brain
parenchyma, two of these antibodies, directed against aminopeptidase
A and aminopeptidase N, label all capillary pericytes and all
periendothelial cells of other vessels, but no other cell types. In
addition, nestin antibodies are also reactive to these same cell types as
well as to endothelial cells and clearly label the intermediate filament
nestin. While true capillary pericytes do not contain alpha smooth
muscle actin (aSMV), periendothelial cells of about half of the brain
vessels are immunoreactive to a specific aS M V antibody.
Aminopeptidase A and N are involved in the metabolism of various
peptides, including the angiotensin system. Preliminary resùlts suggest
that some brain vessels, essentially those larger than capillaries, are
immunoreactive to angiotensin II and III as well as to angiotensin
receptor 1 antisera .Taken together, these data show that all pericytic
and periendothelial cells share common phenotypic features and may
play an active role whether upstream or downstream the blood brain
barrier.

125.10
PUTRESCINE-MODIFIED NGF: BIOACTIVITY, PHARMACOKINETICS,
BLOOD-BRAIN/NERVE BARRIER PERMEABILITY, AND NERVOUS
SYSTEM BIODISTRIBUTION. .1. F. Poduslo*. G. L. Curran. .1. S. Gill, and
.1. J. Haggard. Molecular Neurobiol. Lab., Mayo Foundation, Rochester, MN 55905
Previous investigations from our laboratory have demonstrated that the covalent
modification of a variety of proteins, including antioxidant enzymes, with the
naturally occurring polyamines - putrescine (PUT), spermidine, and spermine dramatically increases their permeability coefficient-surface area (PS) product at the
BBB and BNB after parenteral administration. In the present study, we have
covalently modified NGF with PUT by targeting carboxylic groups for their graded
modification by controlling the ionization of these groups with pH. SDS-PAGE,
Western, and DEF analyses demonstrated conversion of NGF to its polyaminemodified deviatives at different pH values. While the immunoreactivity of PUTNGF determined by ELISA and Western decreased with decreasing pH, the
bioactivity of PUT-NGF was not affected at any pH as determined by survival and
neurite extension of DRG and PC12 cultures. Plasma pharmacokinetics after a
single i.v. bolus administration revealed intact PUT-NGF through 10 min and 7784% intact protein at 15 min. The PS value for PUT-NGF was maximized and the
residual plasma volume (Vp) of the protein in the blood vessels minimized when the
pH of the modification reaction was >6.4. The biodistribution of PUT-NGF at 15
min showed 22-33% intact protein in different brain regions, which represented 1.6
ng of PUT-NGF in the hippocampus, a physiological dose that is capable of eliciting
a bioresponse. The design of this polyamine modified NGF derivative that has
enhanced permeability at the BBB and BNB with retained bioactivity and a
physiological biodistribution may obviate the necessity to create small-molecule
mimics and may be applicable to neurotrophins, engineered, multifunctional
chimeric neurotrophins, antioxidant enzymes, and other therapeutic proteins with
specific clinical application to neurological diseases (R01-NS35074, Mayo Fdn.).
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126.1

126.2

PERMEATION AND GATING OF DRK1 K CHANNELS IS
DETERMINED BY SUBUNIT COMPOSITION.
Mark L. Chapman* and Antonius M.J. VanDongen
Dept, of Pharmacology, Duke Univ. Med. Center, Durham, NC 27707.
The mechanism(s) of ion permeation and single channel gating have been
extensively explored since the advent of the patch clamp technique.
Traditionally, these properties have been viewed as two distinct processes,
intrinsic to the ion channel. Recent studies, however, suggest a strong coupling
between gating and permeation. We have previously reported the occurrence
of activation-dependent sublevels in a pore variant of the drkl K channel
(drkl-L). Single channel recordings of drkl-L revealed 4 sublevels,
corresponding to 4 putative heteromeric pore conformations. We have extended
these studies by joining drkl-L in a tandem construct with a drkl voltage
sensor mutant (drkl-S). Drkl-S possesses an E05of +70 mV and a y of'9 pS,
while drkl-L has an Eo5 of 0 mV and a y of'28 pS. The tandem construct is
predicted to have a full conductance which is intermediate to the parent
channels and to be partially activated over a wide voltage range. Additionally,
the subunit-subconductance hypothesis predicts that these partially activated
channels should give rise to abundant sublevel behavior. Single channel
recordings revealed a channel of '18 pS with 2 sublevels of “4 pS and "10 pS,
equivalent to the 2 smallest sublevels of drkl-L. Analysis of conditional open
probabilities showed the 4 pS level to be short-lived and relatively voltageindependent between 0 and +40 mV, while the 10 pS level is longer-lived and
strongly voltage-dependent over the same voltage range. From these studies we
conclude that the 2 drkl-L subunits activate rapidly at all observed potentials
and the 2 drkl-S subunits are less likely to activate. Furthermore, the abundant
sublevel behavior is most likely due to 1 or 2 drkl-L subunits contributing to
permeation. Supported by NINDS grant (NS31557) to A.M.J. V.D.

THE ASPARTATE IN THE GYGD K CHANNEL SIGNATURE
SEQUENCE FORMS AN EXTERNAL K BINDING SITE.

S ociety for N euroscience , V olume 2 3 ,19 9 7

Howard s, Kroyetz* and Antonius M.J,. VanDongen,
Dept, of Pharmacology, Duke Univ. Med. Ctr., Durham, North Carolina.
The pore of potassium channels is lined by four identical, highly conserved
hairpin loops, symmetrically arranged around a central permeation pathway.
Replacement of isoleucine 379 in the drkl K channel with a cysteine
introduced a metal binding site in the external entry to the pore. The apparent
affinity of this site for cadmium (Cd2+) was found to dependent on the
composition of the external solution. External K+ and Rb+, but not Na+, Lf
and NMDG+, efficiently reduced the affinity of
for its binding site,
indicating the close proximity of an external K binding site. Using Cd2+as a
probe, we found that this K+ binding site is outside the electric field and
displays the selectivity profile K+>Rb+» N a +>Li\NMDG\ which is similar
but not identical to that of the channel. Altering the K:Rb conductance ratio
through a deep pore mutation changes the affinity of these ions for this
monovalent cation binding site, suggesting that the site is part of the
permeation pathway. In an attempt to localize the potassium binding site, a
series of pore mutations was made in conjunction with the introduced metal
binding site. The aspartate residue (D378) in the GYGD signature sequence
of the potassium channel forms the external K+binding site. K+binding at this
site displayed cooperativity. However, mutations that decrease the affinity of
this site for K+ do not render the channel non-selective for monovalent
cations. These results strongly suggest a role for the highly conserved
aspartate residues in the pore and illustrate that multiple monovalent cation
binding sites contribute to the selectivity of the channel.
Supported by Grant NS31557 from the NINDS to A.M.J.V.D.
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C L O N IN G O F NAB1, A PR O TEIN C O N T A IN IN G A POTASSIUM
C H A N N E L TETRA M ER IZA TIO N D O M A IN BUT N O TORE REGION

IN TER A C TIO N S O F TH E D R O S O P H IL A K C H A N N E L f* SU BUN IT,
H Y P E R K IN E TIC , W IT H M EMBERS O F TH E EA G SUFERFAM ILY. G.F.
W Uson^*, Z. W an g 2 S,W . C h o u in ard ^ -. L.C. G riffith ^ . & B. G a n e t/k y i ,
5Lab. o f G enetics, U niv. of W isconsin, M a d iso n , W I 53706, & -D e p t, of
Biology, B ran d eis U n iv ., W alth am , M A 02254.

W . I. Joiner*. Z. Z a n g 2 . L.K. K a c z m a re k 1 a n d T.M , P e rn e y 1*. 1 D ept.
P h a rm a c o lo g y , Yale School of M edicine, N ew H av en , CT 06520 an d
^C e n te r for M olecular a n d B ehavioral N eu ro scien ce, R u tg ers, N ew ark , Nj
07102.
T he am in o term in u s of vo lta g e sen sitiv e K + c h an n els co n tain s a region
term ed the NAB d o m a in w h ich is im p o rta n t for tetram e riz a tio n of K +
ch an n el a su b u n its. A search of G e n b a n k w ith th e NAB d o m ain rev ealed
a large n u m b e r of novel sequences co n ta in in g NA B-like d o m ain s. W e
o b tain e d a h u m a n EST clone (G en b an k #N27977). T he NA B-like d o m ain
w a s found w ith in a single o p e n rea d in g fram e c o d in g for 260 a m in o acids
Tw o m ajor tra n sc rip ts of ~1.8 a n d 1.2 kb w ere d etected on N o rth ern blots of
h u m a n b rain a n d placental R N A , b u t w ere ab sen t from m uscle, k idney,
pancreas, lu n g a n d liver m R N A s. The h u m an EST c lone w as used as a
pro b e to isolate the ra t h o m o lo g u e from an e m b ry o n ic b rain cD N A
library. A 1.5 kb poIyA cD N A clone, N a b l, co n tain ed an o p e n read in g
fram e p red ic tin g a 260 a m in o acid p ro te in w ith > 98% a m in o acid
id en tity w ith the h u m a n clone. N o rth ern (tw o m ajor b a n d s at -1 .8 a n d
1.2 kb a n d a m in o r b a n d a t 4.1 kb) a n d in situ h y b rid iz atio n an aly sis
sh o w e d h ig h est levels of N a b l e x p ressio n in th e h ip p o c a m p u s , cortex a n d
stria tu m w ith low to u n d e te c tab le levels in th e b rain stem , sp in al cord
an d cerebellum . N a b l ex p ressio n w as first d e te c ted in th e ra t b rain on
em bryonic d a y 14 a n d p e a k ed at p o stn a ta l d a y 1 a n d th en d eclin ed to low
levels in the a d u lt. T he p o ssib ility th a t N a b l p ro te in s in te rac t w ith ion
ch a n n el s u b u n its is n o w b e in g in v estig a te d . Supported by N IH GM48851
(LKK) and by a Busch Biomedical Grant (TM P).
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B iochem ical a n d ele c tro p h y sio lo g ic ai s tu d ie s of th e sp ecificity o f
th e in teractio n o f p subunit.; w ith K c h a n n el a s u b u n its h a v e fo cu sed o n a
s u b u n its o f the Shaker su p erfam ily . Hyperkinetic (H k ) e n c o d es a
Drosophila h o m o lo g u e of the m am m alia n B s u b u n its a n d , i t co ex p ressio n
stu d ie s, h a s b e e n sh o w n to alter th e a m p litu d e , v o lta g e -d e p e n d e n c e ,
a n d k in etics of activ atio n a n d in ac tiv a tio n of S h liA c u rre n ts. To
d e te rm in e w h e th e r H k c a n in te rac t w ith o th er a su b u n its, m em b e rs of
th e eag su p e i fam ily w ere e x p re sse d to g e th e r w ith H k in Xenopus
oocytes. T he level of id e n tity b e tw e en eag a n d Sh f a m ly m em b e rs ran g e s
fro m 10 to 20% a n d th e C -term in a l c y to p lasm ic d o m ain s of eag fam ily
m em b e rs are m uch lo n g er th a n th o se of Sh. In sp ile of th ese d ifferences,
co ex p ressio n w ith Hk in creased eag a n d m -eag c u rre n t a m p litu d e s b y ~ 2fold, p ro d u c t d a m o d est acceleratio n in a c tiv a tio n kin etics, a n d affected
th e m o d u la tio n of eag, b u t n o t m -eag cu rren ts. In a d d itio n , an ti-ea g
a n tib o d y co p re c ip ita te d EAG a n d HK from ex tracts of c o tran sfected
tsA 201 cells in d ic a tin g a p h y sic a l asso ciatio n b e tw e e n th e p ro te in s.
Together these resu lts su g g est th at (3 su b u n its m ay b e m o re p ro m iscu o u s in
th eir association w ith a s u b u n its than, p rev io u sly in d ic a te d . (S u p p o rte d
in p a rt b y g ran ts fro m th e W isco n sin A ffiliate of th e Am .1H e a rt Assoc,
a n d M D A to G.F.W .)

126.5
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IDENTIFICATION OF TWO NERVOUS SYSTEM SPECIFIC MEMBERS OF

THE RELATIONSHIP BETWEEN VOLTAGE AND CA2+ DEPENDENCE IN THE
GATING OF M SLO CA2+-ACTIVATED K CHANNELS STUDIED BY SITEDIRECTED MUTAGENESIS J. C u il D. H. Cox, and R. W. Aldrich. Dept, o f Mol.
and Cell. Physiol., HHMI, Stanford University School of Medicine, Stanford, CA
94305
The mslo large conductance Ca2+-activated K channel is gated by both voltage and
intracellular Ca2+. Previously (Cui et al. 1997, JGP 109: 647-674), we demonstrated
that Ca2+ and voltage dependent steps in mslo's gating are separate. Ca2+ modulates
voltage dependent steps during activation by changing the free energy difference between
open states and closed states to promote channel opening. Kinetic models developed
according to these results predict that the free energy provided by voltage and by Ca2+
binding are additive in the activation of mslo channels. A channel with reduced gating
charge should appear more sensitive to changes in [Ca2+] (It should respond to a given
change o f [Ca2+] with a greater shift of the P0-V curve along the voltage axis). We

THE ERG POTASSIUM CHANNEL GENE FAMILY. W. Shi. R. Wvmore. Z.
Pan. H.-S. Wanq. I.S. Cohen. D. McKinnon and J.E. Dixon*. Dept. Neurobiol.
& Behav., SUNY at Stony Brook, NY 11794.
We have identified two new potassium channel genes in rat, erg2and erg3,
that together with erg1 (HERG) form a sub-family within the eag-related family
of voltage activated potassium channels. Amino acid sequence identity
between erg1, erg2and erg3 is *60% compared to «40% with Drosophila
erg and «30% with eag and elk genes.
When expressed in Xenopus oocytes erg3 produces a large transient
current at positive potentials, that resembles an 'A current’ whereas the other
two channels are slowly activating delayed rectifiers.
Unlike erg1, mRNA for erg2&nd erg3 is not found in heart tissue and the
expression of the two genes is restricted to neural tissue. Erg2 is expressed
most abundantly in prevertebral sympathetic ganglia and NGF-treated PC12
cells, and to a lesser extent in retina, paravertebral sympathetic ganglia and
untreated PC12 cells. Erg3 is found in brain, sympathetic ganglia and retina.
Previous work has shown that erg 7 is strongly expressed in all these tissues.
These two new isoforms may compensate for the partial loss of erg 1function
in the nervous system of patients with the genetic cardiac defect, long QT
syndrome 2.

NS-29755, NS-01718 and HL-20558

have tested this prediction by investigating the effects o f site-directed mutagenesis in
the putative S4 and S4-S5 linker region on mslo's voltage and Ca2+ dependent gating.
Three mutations that alter the charge, of amino acids (R207Q, R213Q, and a double
mutant E219R & Q222R) reduced the apparent gating charge estimated from the G-V
relationship. Increasing [Ca2+] shifted their G-V relationship to the left on the voltage
axis. However, for a 10-fold change in [Ca2+] the half maximum activation voltage,
Vj/ 2 , o f mutants changed more than that o f W T channels. The change of V j /2 was
inversely proportional to the apparent gating charge for each type of channel. These
results are consistent with our prediction and suggest that a highly voltage-dependent
channel cannot be very Ca2+ dependent as dgfined by the P0-V curve shift. They also
suggest that these mutations may have only affected the molecular machinery
underlying the voltage dependence but not the Ca2+ dependence in mslo's gating, and
that a change in slope of the V j/ 2-[Ca2+] relationship is not a reasonable indication of a
change in Ca2+ affinity (Supported by NIH and HHMI).
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INACTIVATION OF THE Kv2.1 POTASSIUM CURRENT.
K, G. Klemic, G.-C. Shieh*. G. E. Kirsch*. and S. W. Jones*.
Dept. Physiology & Biophysics, and tRammelkamp Center for
Research, Case Western Reserve Univ., Cleveland, OH 44106.
We have found several unusual features of inactivation of the
rat Kv2.1 delayed rectifier potassium current, recorded with two
electrode voltage clamp from channels expressed in Xenopus
oocytes. The voltage dependence of inactivation was Ushaped, with maximal inactivation near 0 mV. Inactivation was
slow during a maintained depolarization: x = 4 s at 0 mV and 8 s
at +80 mV. In contrast, recovery from inactivation could be fast
(t = 0.2 s at -140 mV), and was strongly voltage-dependent
(e-fold for . 20 mV). Kv2.1 showed cumulative inactivation
during a train of brief depolarizations, even when inactivation
was not visible during an individual pulse. Inactivation could
be faster for repetitive pulses than for a single maintained
depolarization. These results can be explained by inactivation
from closed states. We propose an allosteric model, where
inactivation is favored by activation of voltage sensors, but the
open state of the channel is resistant to inactivation.
Supported by NIH grants NS 24471 to S. W. J. and NS 29473
to G. E. K., and an AHA (N. E. Ohio Affiliate) grant to C. C. S.

T H E P IT U IT A R Y S T R E S S A X IS R E G U L A T E S A L T E R N A T IV E
S P L IC IN G O F T H E S L O B K -T Y P E K C H A N N E L G E N E I N R A T
A D R E N A L M E D U L L A . J. Xie and P .P . M cCobb*. Section o f Neurobiology
and Behavior, Cornell University, Ithaca, NY 14853.
Several aspects of adrenal chromaffin cell phenotype are dynamically regulated
by steroid stress hormones secreted by the adrenal cortex under the positive regulatory
control o f pituitary ACTH. BK channels help define the intrinsic firing properties of
chromaffin cells, and the properties o f these channels are partially defined by exons
that can be spliced variously. To determine whether alternative splicing of Slo m ight
be regulated by stress hormones, we used RT-PCR to measure the relative amounts erf
C-terminal splice variants in adrenal medullary RNA from normal and
hypophysectomized rats. Amplification products spanning the second C-terminal
splice junction reveal three forms, the 0 form, one altering the last residue of the
preceding exon and inserting an additional 58 residues, and one inserting 61 residues.
Importantly, in hypophysectomized rats the relative abundance o f the two latter forms
is dramatically reduced relative to the 0 form. W e therefore refer to these two related
exons as STREX-59 and STREX-61 (for ST R ess axis-regulated EX ons). To further
test the role of stress hormones, we injected four hypophysectomized rats with ACTH
every two days for 14 days following surgery. Both STREX variants occurred at n e#
normal levels despite surgery. We conclude therefore that ACTH levels, presumably
acting through corticosterone, selectively control the production or stability o f Slo
mRNA isoforms in chromaffin cells. As described by Saito et al. (Soc. Neurosci.
Abstr. 1994), the STREX-59 variant expressed in Xenopus oocytes and studied with
patch clamp has greater calcium-sensitivity (or a negative-shifted G-V curve at a given
calcium concentration) than forms lacking the exon. STREX-61, which differs from
STREX-59 in four residues, also enhances calcium-sensitivity. The results raise the
possibility that stress regulated splicing events have functional consequences for
chromaffin cell excitability. Supported by The American Heart Association.
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126.9

126.10

MODULATION OF INACTIVATION GATING BY HETEROMULTIMERIC
K* CHANNEL ASSEMBLY OF Kv2.1 AND Kv5.1 a-SUBUNITS. J.W.
Kramer, M.A; Posit, A-M,„ Brgwn.,, an0„ G..E , KLrschV Department of
Physiology and Biophysics, Rammelkamp Research Center, MetroHealth
Campus, Case Western Reserve University, Cleveland, OH 44109.
Coexpression of Kv2.1 and electrically silent Kv5.1 (IK8) cRNA in
Xenopus oocytes resulted in channels with distinct biophysical
characteristics. In two microelectrode voltage clamp recordings, the time
course of recovery from inactivation at hyperpolarized potentials (-90mV)
was much faster in Kv2.1/5.1 heteromultimeric channels as compared to
Kv2.1 homomultimeric channels alone (time constant, 0.3 s versus 2.5 s in
Kv2.1). In contrast, the time course of development of inactivation during
prolonged depolarizing pulses (+40 ms) was nearly unchanged (time
constant, 6 s versus 5 s. in Kv2.1). These results suggest a selective
effect of Kv5.1 in controlling the rate of restoration of channels from
inactivated to resting states.
More subtle effects of Kv2.1/5.1
coexpression on activation gating also were observed, including a modest
slowing of the time course of both activation and deactivation at
intermediate test potentials. Support for the notion that the biophysical
changes arose from coassembly of a-subunits into heteromultimeric
channels was obtained using a yeast two-hybrid system 4o detect proteinprotein interactions. In this assay, the amino terminus of Kv5.1 was found
to interact with that of Kv2.1. Our results suggest that Kv5.1 a-subunits,
while electrically silent by themselves, are able to associate with the Kv2.1
a-subunits to form a new class of K* channels with altered inactivation
gating. Supported by NS 23877 (AMB) and NS29473 (GEK).

FUNCTIONAL MAPPING OF THE K+CHANNEL T1
ASSEMBLY DOMAIN. P.J. PfafTinger* and D. DeRubeis. Div. of
Neuroscience, Baylor College of Med., Houston, TX 77030.
The T1 domain drives the organized tetramerization of K+ channel
subunit proteins into functional ion channels. By itself, the T1 domain
forms a highly stable tetramer, with a half life of greater than 20 hours
at 4 °C. The tetramer stability is not affected by changes in pH from
5.0-12.0, or changes in salt from 20 mM to 5 M, but can be disrupted
in a concentration dependent manner by urea, guanidine, or certain de
tergents. These results suggest that hydrophobic interactions play an
important role in stabilization of the tetramer. Using a yeast 2-hybrid
genetic screen, assembly mutants have been identified in the A and B
subdomains of the T1 domain. Of 15 missence point mutants identi
fied thus far, all are in highly conserved residues, and but one are ei
ther hydrophobic to hydrophilic changes, or changes in Gly and Pro
residues. Complementation screening has identified new point muta
tions in a second T1 domain that rescue assembly with the mutant T1
domain proteins. Finally, antibody epitope mapping has identified two
antigenic loops that were not found in the mutant screens above, sug
gesting that they are not at assembly interfaces but rather are exposed
on the surface. These studies produce a Functional Map of the T1 do
main that has been applied to the T1 domain primary sequence, pro
viding a unique picture of the functional organization of the T1
domain that complements protein structural studies.
Supported by NINDS.

LONG-TERM POTENTIATION: PHARMACOLOGY I
127.1

127.2

ARE PHOSPHORYLATING MECHANISMS INVOLVED IN
2-DEOXYGLUCOSE (2-DG)-INDUCED LTP OF CA1 NEURONS?
K. Krntevtë» and S.Tekkok. Anaesthesia Research and Physiology Depts,
McGill University, Montréal, PQ H3G 1Y6 Canada
To investigate mechanisms underlying 2-DG-LTP of field EPSPs (in slices
at 32°C), we tested protein kinase (PK) inhibitors on LTP elicited either
tetanically (mean 1 110%) or by »15 min replacement o f glucose by 10 mM 2DG ( t *»70%; Tekkôk & Krqjevic, 1995 J Neurophysiol 74:2763). In contrast to
tetanic LTP, which was virtually abolished by all the drugs, 2-DG-LTP was
more resistan t It was clearly Sfil reduced by sphingosine (10 |iM; t 64 ±10%;
n = 8), trifluoperazine (10-50 |iM; ♦ 66±9.4%; n = 5 ), and KN-62 (1-5 nM; t
53 ±17%; in 4 /5 cells): therefore CaMKII probably plays no mqjor role.
Marked depression by chelerythrine (1 jiM; ♦ 25 ±20%; n= 7) and H-7 at 100
jiM ( f 1.9±16%; n = 3) - though not at 10 |*M (t 53±10%; n = 5) - but not by
sphingosine ( t 64 ±14%; n = 8) suggests some possible involvement of PKC.
Tyrosine kinase (TK) may also be involved in view of partial depression by
Herbimycin A (0.5 nM; t 35±11%; n=6); effects of genistein (20 pM) are in
keeping, but complicated by major reduction in afferent volley ( | 44±5.8%;
n = 7) that masks LTP. Similar problem arises with H-8 (5 or 20 jiM), which
either has no effect on 2-DG-LTP ( f 85 ±9.2%; n = 5 ) or fully suppresses it
( j 12±32%; n = 4) - apparent LTP is seen only when afferent volley is
depressed (J 28±6.7%; n = 4 ). In conclusion: 1) unlike tetanic LTP, 2-DG-LTP
is relatively insensitive to PK blockers; 2) any phosphorylation involved in 2DG-LTP is more likely to occur via TK - and perhaps PKC and PKA - than
CaMKII; 3) afferent volley should be monitored throughout such studies,
because it is sharply depressed by some inhibitors, especially in combination
with 2-DG. (Supported by MRC o f Canada and Hacettepe University, Ankara)

ULTRASTRUCTURAL CALCIUM CHANGES INDUCED BY 2-DEOXY-DGLUCOSE (2-DG) IN RAT HIPPOCAMPAL SLICES. T.A. Pivneva1. S.
TekkOk2. K. Kmlevic2 and M.E. Moms1*. 1Dept, of Pharmacology, University
of Ottawa ON K1H 8M5 and ^Depts. of Anaesthesia Research and
Physiology, McGill University, Montréal QC H3G 1Y6, Canada.
A new selective calcium precipitation technique (Buchs et al 1994, J
Neurosci Meth 54: 83) has been used to localize changes in Ca stores
following the block of glycolysis and LTP-like enhancement of EPSPs
induced by 2-DG (Tekkôk & Kmjeviô 1995, J Neurophysiol 74: 2763). Like
tetanic LTP, 2-DG LTP is NMDA receptor- and Ca-dependent, but is
suppressed by dantrolene (TekkOk & Kmjeviô 1996, J Neurophysiol 76:
2343). Control slices were superfused with carbogenated 10 mM glucosecontaining ACSF at 33.5°C for 60 (n=10) or 90 (n=6) min; others were
exposed to equimolar replacement of glucose by 10 mM 2-DG (15 min, with
30 min washout; n-10) or 10 mM sucrose (25 min, with 60 min washout;
n=6). They were then fixed in 3% glutaraldehyde/0.1 M phosphate buffer (pH
7.4) at 4°C, post-fixed in 1% 0 s0 4 / 1 .5 % (K3Cr(C20 4))3 and EPONembedded.
Ultrathin sections of CA1 (SR) were viewed with EM
magnification (6-18,000 X). In 2-DG-treated slices, electron-dense Ca
deposits were increased in mitochondria, endoplasmic reticulum, synaptic
clefts and vesicies; spine profiles showed presynaptic but no postsynaptic
increases. Such increases in Ca deposits were not seen in sucrose-treated
slices (which also show no LTP). In slices treated with 10 pM dantrolene
(n=16), Ca precipitates were rarely detected in controls or those exposed to
2-DG - and then only in vesicles of somç terminals. These results support
the hypothesis that 2-DG LTP is principally mediated by presynaptic Ca
increase and enhanced release of transmitter.
Supported by MRC of Canada, NCE Neuroscience
Network & Hacettepe University.

127.3

127.4

2-DEOXYGLUCOSE (2-DG) INCREASES [Ca2+] i IN RAT CA1 NEURONS.
St .TEttfflL« Jf Medina1, Y, f e n -M - S a d . K, KriUgytó. » Anaesthesia Research
and Physiology Departments, McGill University, Montreal H3G 1Y6, PQ,
Canada and % S E R M Unité 29, 122 bd de Port-Royal, 75014 Paris, France.
2-Deoxygiucose (2-DG) causes a reversible block of synaptic transmission,
that is regularly followed by a very sustained enhancement o f EPSPs. Such 2DG-LTP is prevented by dantrolene or NMDA antagonists, and is Ca2+dependent (Tekkok & Krqjevté 1996J Neurophysiol 2SÍ'- 2343). Glucose removal
has no comparable effect. To clarify the mechanism o f 2-DG LTP, in the
present study we monitored [Ca2+] j while replacing glucose with isosmolar 2DG or sucrose. Hippocampal slices were cut from brains of adult male Wistar
rats, and kept submerged in artificial cerebrospinal fluid at 30*C. To monitor
changes in [Ca2+]¡, pyramidal neurons were loaded with fluo-3 AM: the
fluorescence was measured with a confocal laser scanning microscope. Bath
applications of 10 mM 2-DG (replacing glucose, for 15 ± 0 3 8 min) led to a
rapid but reversible rise in fluorescence: peak increase was by 293 ± 54 %
(mean ± SEM, n= 25). Isosmolar sucrose (15-40 min) elicited a smaller but
significant increase in fluorescence (94 ± 14 %, n= 10). Aminophosphonovalerate (100 |xM) or dantrolene (10 piM) virtually abolished the effect of 2-DG
(reduced to 35 ± 15 % n= 16 and 23 ± 26 % n = 8 respectively). Adenosine
antagonists - which prevent the 2-DG-induced suppression of EPSPs but not
2-DG-LTP - had quite different effects: 10 |iM 8-SPT (but not 50 nM DPCPX)
abolished the rise in fluorescence (25 ± 29 %, n= 19). The discrepancies
between effects o f sucrose and 8-SPT on fluorescence changes on one hand,
and 2-DG-LTP on the other, suggest that 2-DG LTP is independent of the
observed increases in post-synaptic [Ca2+]¡. (Supported by Canadian Medical

CALMODULIN TRANSLOCATION TO THE NUCLEUS MEDIATES RAPID
SYNAPTIC CONTROL OF CREB PHOSPHORYLATION IN HIPPOCAMPAL
NEURONS. K. Deisseroth* and R.W. Tsien. Department of Molecular and Cellular
Physiology, Beckman Center for Molecular and Genetic Medicine, Stanford University
School o f Medicine, Stanford CA 94305-5426.
The synaptic control of CREB activation is likely to be a critical step in the formation
of long-term memory, and may play a role in synaptic plasticity. Previous work in
hippocampal neurons has implicated a nuclear Ca /CaM-dependent kinase in CREB
phosphorylation on Ser133. This pathway is initiated by synaptic activation x>f NMDA
receptors and L-type Ca2+channels, and is quite rapid (~1 min); however, it is unclear
how the synaptic signal reaches the nucleus. We found that synaptic activity in
hippocampal neurons causes a swift (-1 min) translocation of calmodulin to the
nucleus, assessed by tracking endogenous calmodulin immunocytochemically and by
live imaging of labelled exogenous calmodulin. That nuclear calmodulin can be a
limiting factor in CREB Ser phosphorylation was suggested by several findings.
First, initiation o f the calmodulin translocation had the appropriate properties for a
causative role in signalling to CREB, depending much more strongly on some Ca2+
entry pathways (L-type Ca2+channels and NMDA receptors) than others, accounting for
their privileged role in CREB phosphorylation. Second, we found a strong single-cell
correlation between the extent of calmodulin translocation and the extent o f CREB
phosphorylation (r=0.907, pcO.OOOl, n=201). Third, causality between nuclear
calmodulin and CREB phosphorylation was established by overexpression of a
specifically nuclear-localized calmodulin inhibitor. Taken together, these data provide a
nuclear messenger for the rapid synaptic control of CaM kinase-dependent CREB
phosphorylation and could resolve the long-standing puzzle o f the special role of the Ltype Ca2+channel in gene expression. Selective coupling of the L-type channel to
calmodulin mobilization may also help explain the dominant role of the L-type Ca2+
channel among the voltage-gated Ca2+ channels in the control of synaptic plasticity.
Supported by the NIMH and the Medical Scientist Training Program (NIH).
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LTP IN THE DENTATE GYRUS OF CALRETININ DEFICIENT
Schiffmann1*, S Schurmans2, H GurdenVM LemaireS H-P
Lipp6. TT Pochei*. (j A Bohme4 and M frarmentierV tferain Res. Unit,
2IRffiH]St, 3Lab. Histology, School Medicine, Free Univ. Brussels, Belgium.
«Dept. Electrophysiology, 5Dept Psychopharmacology, Rhdne-Poulenc
RorerS.A., Vitry/Seine, France, 6Inst. Anatomy, Univ. Zurich, Switzerland.
Calretinin (Cr) is a Ca2+binding protein present in various populations
of neurons distributed in the central nervous system. We have generated
calretinin-deficient (Cr / ) mice by gene targeting and have investigated the
associated phenotype. Cr'' mice were viable and in a large number of
morphological, biochemical and behavioral tests, no abnormalities could
be found in the central nervous system or peripheral organs. In the normal
mouse (Crw+) hippocampus, Cr is expressed in a widely distributed subset
of GABAergic intemeurons and in hilar mossy cells of the dentate gyrus.
Since both types of cells are part of local pathways innervating dentate
granule cells and/or pyramidal neurons, we have explored more precisely
in Cr 7' mice the synaptic transmission between the perforant pathway and
granule cells and at the Schaffer commissural input to CA1 pyramidal
neurons. CrAmice showed no alteration in basal synaptic transmission but
long-term potentiation (LTP) was impaired in the dentate gyrus. Normal
LTP could be restored in the presence of the GABAa receptor antagonist
bicuculline, suggesting that in Cr'7' dentate gyrus, an excess of GABA
release during tetanic stimulation interferes with LTP induction. Synaptic
transmission and LTP were normal in CA1 area, which contains only few
calretinin-positive GABAergic intemeurons; Cr'1' mice performed normally
in spatial memory task. These results suggest that expression of calretinin
is essential for controling synaptic plasticity in mouse dentate gyrus by
indirectly regulating the activity of GABAergic intemeurons, and that
dentate LTP induction does not play an essential role in spatial memory.
Supported by PAI, FMRE and FRSM (Belgium) and Boerhinger-Ingel.

127.6
PEROXIDIZED DIACYLGLYCEROL ENHANCES SPIKE
POTENTIATION IN THE CA1 AREA OF RAT HIPPOCAMPAL SLICES
VIA POSTSYNAPTIC MECHANISM. M. Nishiyama* 6, N. Hori2, K.
Watanabe3/ T. Shimizu4, Y. Yamamoto5and K. Kato : Dept, of Biology, UCSD,
La Jolla, CA 92093-0357/Dept, of Pharmacol., Kyushu Univ., Fac. ojf Dent.,
Fukuoka,3Dept. of PathoL, Sch. of Med., Tokai Univ., Isehara, 4Dept. of Biochem.,
Fac. of Med., and 5Res. Center of Adv. Sci. and Technol., Univ. of Tokyo,
6Mikoshiba CalcioSignal Net Project, ERATO, Tokyo, Japan
Phospholipase C (PLC) hydrolyses inositol lipid precursor and
phophatidylcholine stored in the plasma membrane into diacylglycerol
(DAG). DAG activate protein kinase C (PKC), which is involved in the
induction of long-term potentiation (LTP), kindling and delayed neuronal
death. To investigate the biological action of PLC products from cellular
membrane, we synthesized two isomers of peroxidized DAG. In an in
vitro assay for PKC activity, peroxidized 1-,2-DAG, which may be a
natural product in PLC pathway, showed a potency equivalent to a
phorbol ester in activating PKC and can stimulate PKC even in the
abscence of Ca2+ and phosphatidyl serine. While an inactive analogue,
peroxidized 1-,3-DAG possessed a very low potency to activate PKC.
In the rat hippocampus, spike potentiation induced by tetanic stimulation,
was remarkably augmented by pretreatment with 500 nM of the 1-,2isomer, but not by the 1-,3-isomer. The application of 1-,2-isomer led to
an about 25% reduction of membrane conductance as well as an
enhancement of the PKC-dependent phase of LTP. We suggest that
peroxidized 1-,2-DAG is a putative candidate to mediate the changes in
postsynaptic responsiveness, associated with seizure or ischemia.
* This work is supported by NIH grant NS22764

127.7

127.8

INHIBITION OF GANGLIONIC LTP DECREASES BLOOD PRESSURE IN
SPONTANEOUSLY HYPERTENSIVE RATS (SHR). Sameer Otoom2*» Yvonne
H. Hogan1. Felicia L. Tanner1 and Karim A. Alkadhi2 Department o f Biology,
Texas Southern Univeristy1 and Department o f Pharmacological and Pharmceutical
Sciences, University of Houston2, Houston, TX 77204-5515
Long-term potentiation (LTP) in sympathetic ganglia is an activity-dependent,
sustained increase in synaptic efficacy that requires activation o f 5-HT3 receptor
subtype. Although it is widely believed that LTP in the brain is related to learning
and memory, it is unclear what function LTP might serve in autonomic ganglia. We
hypothesize that this sustained increase in ganglionic transmission with LTP may
underlie a neurogenic component of some forms o f hypertension. To test this
hypothesis, we investigated the effects o f blocking 5-HT3 receptors on blood
pressure in spontaneously hypertensive rat (SHR). To minimize possible central
effects, we used a quatemized form o f the 5-HT3 receptor antagonist tropisetron (QICS). The SHR and the control normotensive W istar Kyoto (WKY) were treated
with Q-ICS (2.5mg/kg twice daily/10 days, i.p.). The systolic blood pressure o f rats
in both groups was measured by tail cuff plethysmography. During treatment with
Q-ICS, there was a 22.5% drop in the blood pressure o f SHR (mean±SD, n=5;
before drug: 237±2 mm Hg, after: 186±2 mm Hg, p<0.01) but not the WKY
(mean±SD, n=6; before drug: 107±2 mm Hg, after: 102±2 mm Hg, p>0.05).
Similar results were obtained when the tertiary form of the drug was used (ICS,
2.5mg/kg twice daily/10 days, i.p.). To confirm the presence o f LTP, ganglia
isolated from these rats were treated with the 5-HT3 antagonist MDL 72222 (50
nM). The drug inhibited basal transmission in ganglia from SHR but not in those
from WKY (action potential mean amplitude±SEM: SHR, 82±3, n=5; WKY, 99fc5,
n=7). These results strongly suggest that LTP plays a role in the expression of this
genetic form of hypertension. (Supported by NIGMS 1K14HL02478 and NIGMS
Bridge grant 2R25GM48988-02A1)

IN H IBITION OF GANGLIONIC LTP PREVENTS D EVELO PM EN T OF
PSYCHOSOCIAL STRESS HYPERTENSION IN RATS. Karim A. Alkadhi1*.
Yvonne H. Hogan2. Felicia L. Tannei3 and Sam eer O toom 1 Departm ent of
Pharm acological and Pharm aceutical Sciences, U niversity o f Houston2 and
Department of Biology, Texas Southern Univeristy1 Houston, TX 77204-5515.
Long-term potentiation (LTP) of sympathetic ganglia, manifested as sustained
increase in transmission, requires activation of 5-HT3 receptor. We hypothesize that
this increase in ganglionic transmission may be the cause o f psychosocial stress
hypertension. Stress perceived at the level o f the frontal lobe exerts its effect on the
cardiovascular centers which exert similar stimulatory effect on autonomic ganglia.
Thus, in the whole animal, excessive activity of the frontocortical-brain stem pathway
(as in psychosocial stress) may indirectly induce LTP in sympathetic ganglia resulting
in increased peripheral resistance and hypertension. To test this hypothesis, we
investigated the effects of a 5-HT3 antagonist on systolic blood pressure (BP) in rat
model of psychosocial hypertension. After a period o f acclimation, Wistar rats were
divided into 3 groups (control, stressed/treated and stressed/untreated 5-6 rats/cage)
and allowed to remain with the same cage mates for the duration o f the acclimation
period. Once a baseline value for BP was established, each rat in the group
“stressed/treated” was treated with the 5-HT3 antagonist, tropisetron (ICS, 2.5mg/kg,
i.p.; twice daily) for the next 20 days. Five days after the start of drug treatment, two
rats, randomly selected from each stressed group cage, were switched to the other
stressed group cage every day. This disrupts the social hierarchy, thus rats must
continuously adjust to new situations. BP was measured regularly every 2-5 days.
Within 4 days of stress, BP of the stressed/untreated group rose steadily reaching a
maximum of nearly 150 mm Hg in about 12 days of stress. However, the BP of rats
in the stressed/treated group was indistinguishable from that o f the unstressed control
group (mean BP±S.D.: control, 118±2;:stressed/treated, 120±7; stressed/untreated,
150±3 mm Hg) These results strongly suggest that LTP is the underlying mechanism
for the expression o f this form o f hypertension. (Supported by NIGMS
1K14HL02478 and NIGMS Bridge grant 2R25GM48988-02A1)
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127.9
ASSOCIATIVE LEARNING IN THE PANCREATIC p-CELL. A MODEL OF
NONNEURAL MEMORY SYSTEM. J.V. Sanchez-Andres*. E. Andreu and R.
Pomares. Dept. Fisiologia, Inst. Neurociencias, Univ. Alicante, Aptdo. 374, 03080Alicante, Spain. (e-mail:juanvi@ua.es).
Associative mechanisms are frequently present in neural systems. It is broadly
accepted that they can subserveieam ing and memory processes. Hypothetically, they
can be present in other systems providing the basis for sustained effects when two
specific inputs act properly correlated. We have tested on the existence of associative
mechanisms in a nonneural system: the pancreatic (5-cell. Pancreatic (3-cells secrete
insulin in response to glucose, and in a reflex manner under the effect o f vagal
(muscarinic) stimulation. It is generally assumed that this reflex constitutes the preabsorptive phase of insulin secretion, responsible for producing an increased level of
the hormone in blood just before food will be absorbed by the gut.
Intracellular recording allows to observe short depolarizing glucose-induced waves.
A temporal potentiation of sensitivity (TPS) o f this response appears after exposure to
the muscarinic agonist carbachol. TPS induction requires the simultaneous presence of
glucose and carbachol. We have characterized that this phenomena is associative and
parallels some properties of neural LTP (one of the inputs can be replaced by
depolarization-induced calcium loading; potentiation is impaired by membrane
hyperpolarization, in the presence of appropriate pairing). Furthermore, potentiation
is blocked by staurosporine, suggesting the participation of PKC. We propose that
TPS can be classified as a variety o f cellular associative mechanism. This finding
points to a generalization of associative mechanisms to nohneural systems, and allows
to propose that the pre-absorptive phase of digestion can be responsible for increasing
the sensitivity to nutrients after meals, while it would remain low and stationary
between meals.
Source of funding: FIS 96/2012 (Spain).
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126.11*
CELL SURFACE EXPRESSION OF GFP-TAGGED Kv CHANNEL
PROTEINS
D. Li. N. Vevna-Burke. J. Burke . K. TakimotcPand E.S. Levitan Dept, of
Pharmacology, Univ. of Pittsburgh, Pittsburgh, PA 15261
The efficiency of cell surface expression of ion channels is an important
factor influencing excitability of neurons and other excitable cells. To
analyze the molecular mechanisms underlying Kv channel cell surface
expression, EGFP-channel fusion cDNAs were constructed. Following
transfection into HEK293 cells, localization of the fusion protein was
examined by confocal microscopy. EGFP-Kvl. 4 was efficiently transported
to the cell surface. Deletion of the last 26 amino acids did not significantly
affect cell surface expression. In contrast, eliminating the last 40 amino
acids completely disrupted appearance of the fusion protein at the plasma
membrane. Instead, the fluorescence accumulated in round intracellular
compartments. Similar results were obtained with EGFP-Kvl .5 fusion
proteins: EGFP-Kvl .5 was found at the plasma membrane, whereas the
fusion protein without the last 28 amino acids localized in intracellular
compartments. Coexpression of p la or 02 with the large deletion mutant of
EGFP-Kvl.4 or EGFP-Kvl.5 shifted the distribution of the fluorescence to
the perinuclear sites, but not to the cell surface. These results suggest that
the small C-terminal region of a subunits is required cell surface targeting
of EGFP-tagged channels.
(Supported by NIH HL55312)

•Abstract 126.11 is the last abstract in session 126:
POTASSIUM CHANNEL: STRUCTURE, FUNCTION AND EXPRESSION I,
which appears on page 310.
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CIRCADIAN RHYTHMS AND SLEEP II

128.1
A NOVEL PINEAL NIGHT-SPECIFIC ATPASE ENCODED BY THE
WILSON'S DISEASE GENE
Jimo BQrjigin* *Michael
and SQtomoD-H^SQvdfif^ 3Johns Hopkins University School of Medicine, 1Departments of
Neuroscience, 2Pharmacology and Molecular Sciences, and
3Psychiatry and Behavioral Sciences, department of Neurology,
725 North Wolfe Street, Baltimore, Maryland 21205
The pineal gland exhibits dramatic diurnal variations in the
nightly secretion of the hormone melatonin and the expression of
the catalytic activity and mRNA of serotonin N-acetyltransferase
(NAT), the rate limiting enzyme in melatonin synthesis. Using
subtractive hybridization, we now report the identification of a
novel transcript expressed selectively at night encoding a jaineal
night-specific ATPase (PINA). PINA and NAT share identical
temporal expression patterns and tissue distributions. PINA is
generated from alternative splicing of the Wilson’s disease (WD)
gene. LEC rats, which possess the molecular genetic defect of
human WD, do not express PINA, thus providing a model to study
PINA function. LEC rats express low levels of NAT protein and
melatonin, revealing that PINA regulates the hormonal function of
the pineal gland, and suggesting a role for melatonin in the
pathophysiology of WD.

SUNDAY PM

128.2
DAILY AND CIRCADIAN REGULATION OF FEEDING ACTIVITY AND
VISUAL SENSITIVITY IN CHICKENS: EFFECTS OF PINEALECTOMY
J. M. Salter and V. M. Cassone* Department of Biology, Texas A&M University,
College Station, TX 77843-3258
The circadian and visual systems are closely linked in birds. The pineal gland
and its indoleamine hormone, melatonin, are major components of the avian
circadian system. The major sites of melatonin binding and melatonin receptors are
primary visual system structures suggesting that the circadian system is regulating
visual function. In this study, feeding activity and visual sensitivity were measured
over time of day in male white Leghorn chickens to determine whether these
parameters vary in a circadian fashion in sham and pinealectomized animals.
Feeding activity was found to be rhythmic in sham and pinealectomized birds in
LD and was used as a phase marker for the measurement of visual sensitivity.
Visual sensitivity, measured electroretinographically, was rhythmic in LD. Both awave and b-wave amplitudes in sham and pinealectomized birds were higher during
the day than during the night at high light intensities. No rhythm was detected at
low intensities. In DD, both groups remained rhythmic in their feeding activity
with a free-running period of 23 to 23.5 hours. However, after several days, this
rhythm was lost in some of the pinealectomized birds. Preliminary results indicate
that the electroretinographic visual sensitivity ihythm persists in DD in sham but not
in pinealectomized birds. The b-wave is higher during subjective day than during
subjective night at high stimulus intensities. This relationship is lost at low
intensities.
Acknowledgment: NIH ROl NS 35822-01

128.3

128.4

MELATONIN RECEPTOR mRNA EXPRESSION IN VIVO AND IN VITRO.

NICOTINIC AND MUSCARINIC RECEPTORS IN THE DEVELOPING AND
ADULT CIRCADIAN SYSTEM. B.F, O’Hara* P.M. Eddar S.W.Wiler V.H.Cao
D A. Cleqg J.D. Millet* H.C. Heller and T.S. Kilduff. Ctr. for Sleep & Circadian
Neuro., Depts. of Psych, and Biological Sciences, Stanford Univ., Stanford,
CA 94305. * Dept, of Pharm., Texas Tech Univ. HSC., Lubbock, TX 79430.
Considerable data supports a role for cholinergic influences on the circadian
system. The extent to which these influences are\mediated by nicotinic
acetylcholine receptors (nAChRs) has been controversial, as have the specific
actions of nicotine and acetylcholine ¡n the suprachiasmatic nucleus (SCN).
Both nicotinic and muscarinic agents cause phase shifts in the circadian
rhythm of neuronal firing in the SCN slice. Carbachol, a mixed nicotinic and
muscarinic agonist, causes phase shifts in vivo when injected into the third
ventricle. We have now shown that nicotine injected in a similar manner in rats
also appears to cause light-like phase shifts. However, in mice, systemic
injection of nicotine did not cause detectable phase shifts. We are also
examining the interaction of light plus nicotine in vivo and optic nerve
stimulation plus nicotine in vitro in addition to other nicotinic and muscarinic
agents. Nicotine alone appears to reduce the firing rate of many SCN
neurons. To address nicotinic vs. muscarinic effects in the SCN at the
molecular level, we have examined the expression of essentially all of the
nAChR subunit mRNAs and all of the muscarinic receptor mRNAs (M1-M5) in
the SCN. Several nAChR subunit mRNAs are present at moderate levels while
the muscarinic receptor mRNAs are expressed at low or undetectable levels.
Previously we found that the fetal but not adult SCN responds dramatically to
nicotine with increased expression of c-fos. Cocaine and dopamine D1
agonists also cause a similar response. Although nicotine is known to
augment dopamine release in some systems, pretreatment of dams with a D1
antagonist prior to nicotine treatment did not prevent c-fos activation whereas
mecamylamine did. We have also continued to document developmental
changes in nAChR subunit mRNAs which may account for the change in
sensitivity of SCN cells to nicotine. (Supported by NIH grant DA00187).

AK Natesan. EL Hansen. JM Salter. F Katz*, and VM Cassone. Department
of Biology, Texas A&M University, College Station, TX 77843-3258.
Melatonin is a hormone synthesized and secreted during the night by both the
pineal gland and the retina. Melatonin acts through Gj-coupled receptors to modulate
circadian rhythms and transduce circadian information. In order to understand the
molecular mechanism by which melatonin works, melatonin receptor localization and
function are being analyzed, both in vivo and in vitro. Recently, the genes for the
melatonin receptor were cloned, and three subtypes were discovered, two o f which,
M el-IA and M el-1C, have been found in chicken retina. We used digoxigenin in situ
hybridization to determine specifically which cells contain melatonin receptor
mRNA. Using double-labeling techniques, the cell-types showing hybridization for
these receptors has been demonstrated.
Furthermore, previous data suggested that melatonin receptors might be expressed
in glia (Reppert et al., 1995). We have shown that these cultured glia bind
iodomelatonin and that melatonin functionally interacts with these cells to affect
glucose uptake (Cassone et al., 1996). Diencephalon glia were extracted and cultured
from chick at embryonic day 17. Cells were then grown to confluence in 5% C 0 2 at
37°C in a medium (DMEM) containing fetal bovine serum. Once confluent, these
cells were either used directly for RNA extraction, or plated on slides at a lower
density in order to visualize single cells. Total RNA was extracted by lysing cells
directly into RNA-STAT 60 (Leedo Medical) followed by phenol-chloroform
extractions and ethanol precipitation. mRNA was then extracted from the total RNA
by hybridization to poly-T beads (Qiagen). Immunocytochemistry using an antibody
to GFAP (glial fibrillary acidic protein) was used to confirm these cultured cells as
astrocytes. Northern analysis and digoxygenin in situ hybridization indicate the
presence of both M el-IA and M el-lC receptor mRNA in culture. AFOSR 90-NL0244 and NIH ROl NS 35822-01.

128.5

128.6

EFFECTS OF PREGNANOLONE AND TRILOSTANE ON FETAL SPINAL
REFLEXES AND CORTICAL EVOKED POTENTIALS. M.B. Nicol. J.J. H irst
T.D. Aumann* and D.W. W alker. Dept o f Physiology, M onash University,
Clayton, VIC 3167.
We have proposed that high concentrations o f steroids in the circulation produce
a sedated behavioural state in the fetus by interaction with GABA a receptors. We
have examined the effects o f the 3p-hydroxysteroid dehydrogenase inhibitor
Trilostane, and the steroid metabolite pregnanolone, on the amplitudes o f hindlimb
spinal reflexes and cortical evoked responses (CERs) in fetal sheep. Surgery was
performed at 125 days gestation (GA) to implant stimulating and recording
electrodes. Experiments were performed at 130-140 days GA (term, 147 days). The
fetal peroneal nerve or skin o f the upper lip was stimulated and the resulting
muscle contractions or CERs, respectively, were averaged and recorded on a D-toA recorder. Sleep states were recorded continuously as episodes o f high (H) and
low (L) voltage electrocortical (ECoG) activity. In each study, a 2h control record
was followed by either Trilostane (50mg maternal) or pregnanolone (20mg/hr
fetal) i.v. infusion. For the spinal reflexes, the stimulus voltage required to produce
a 50% m aximal response was not changed by either treatment. The amplitude of
the CER during H ECoG activity increased (148% o f control) after Trilostane
treatment, and decreased (68.7% o f control) after the pregnanolone infusion. We
conclude that steroids influence cortical excitability in the fetus during non-rapid
eye movement sleep, but have no effect on excitability o f spinal reflexes. These
results are consistent with a role for steroids in suppressing wakefulness in the
fetus. Supported by NH&MRC.

BRAIN EX TRACELLULAR ADENOSINE LEVELS DURING SLEEP-W A KING
AND PROLO NGED WAKEFULNESS. Taria Porkka-Heiskanen*1. Robert E. Strecker.
Mahesh Thakkar. and Robert W. M cCarlev. Psychiatry, Harvard Med. Sch., Brockton
VAMC, Brockton, MA, USA, and ‘Inst. Biomed., Univ. Helsinki, Finland.
We have previously shown evidence that the increasing levels o f the neuromodulator
adenosine (AD), associated with prolonged periods o f wakefulness, promotes the
transition from wakefulness to sleep by inhibiting basal forebrain (BF) cholinergic
neurons. We now are beginning to test the hypothesis that AD promotes sleepiness
primarily via its effects on brain arousal centers, such as the BF and the serotonergic
dorsal raphe nucleus (DRN), rather than acting diffusely at cortical or thalamic sites.
Microdialysate samples were collected from male cats prepared for chronic sleep studies
(EEG, EOG, EMG, & PGO electrodes). Microdialysis probes were lowered through
guide cannulae into one o f the target areas (substantia innominata region o f the BF,
ventroanterior/ventrolateral nucleus o f the thalamus, cingulate cortex, DRN). Probes
were perfused with artificial CSF and samples assayed on a microbore HPLC system
with UV detection. Mean AD concentration in samples collected during spontaneous
wakefulness was significantly higher than during slow wave sleep for the BF, thalamus,
cortex and DRN. In the BF the mean AD concentrations increased steadily during 6 h of
continuous wakefulness produced by gentle handling/playing (pair t(5) = 3.8, p<0.05),
and declined slowly during a 3h recovery period, while AD levels in the thalamus did not
increase during prolonged wakefulness. In summary, during the sleep-wake cycle, AD
levels fluctuated similarly in the brain areas tested. However, prolonged wakefulness
steadily increased AD levels in the BF, but not in the thalamus, suggesting that during
prolonged waking AD levels may not be similarly elevated in all brain areas. These data,
taken together with our data on local perfusion with AD transport inhibitors, suggest that
AD is a physiological sleep factor and support the hypothesis that high CNS levels o f AD
promote drowsiness and the transition from wakefulness to sleep by acting on CNS
arousal centers. Research supported by NIM H grant M H 39683; Dept. Vet. Affairs.
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CIRCADIAN RHYTHMS AND SLEEP II

128.7
VASOPRESSIN ANTAGONISTS AND CIRCADIAN RHYTHMS
H. M. Murphy*. C. H. Wideman and G. R. Nadzam.
Departments of Psychology and Biology,
John Carroll University, Cleveland, OH 44118.
Previously, our laboratory demonstrated that vasopressin-deficient
(DI) rats adapt to a simulated jet lag experimental paradigm more
readily than vasopressin-containing, Long-Evans (LE) rats. We
postulated that vasopressin is significantly involved in circadian
rhythm disturbances, such as jet lag. To further substantiate our
hypothesis, we centrally administered (via Alzet osmotic pump) a VI
or V1V2 antagonist to LE animals and compared them with DI
animals. Telemetered body temperature (BT), heart rate (HR), and
activity (AC) data were collected in the animals prior to and following
the time change introduced in the jet lag paradigm. Before the shift,
the rats were exposed to a 12h/12h light/dark cycle and were
subjected to one feeding period which commenced at the second hour
of the light cycle. A 6h phase advancement of light was introduced
and feeding was shifted in synchrony. Animals that received the VI
antagonist showed BT and AC which resembled DI rats, while those
receiving the V1V2 antagonist demonstrated BT, HR, and AC
comparable to that of DI rats. Results demonstrate that vasopressin is
involved in the circadian rhythm disturbance noted in a simulated jet
lag paradigm. Results obtained are interpreted in terms of the
influence of vasopressin and the light entrainable oscillator on the
rest-activity cycle. (Supported by a Focused Giving Grant from
Johnson & Johnson.)

313

128.8
DIRECT MEASURES OF EXTRACELLULAR SEROTONIN CHANGE IN THE
HUM AN FOREBRAIN DURING WAKING, NON-REM SLEEP AND REM SLEEP. C L.
J. Engel. Jr.. N.T. Mairiment. Departments of Neurology, Psychiatry and Bicbehavioral

Sciences, Division of Neurosurgery and Brain Research Institute, UCLA Center for Health
Sciences, Los Angeles, CA 90095.
In a recent study, Rueter and Jacobs (Neuroreport, 1996, 7:1107-1 111) found increased
serotonin release in the amygdala and frontal cortex of the rat during the increased behavioral
activity which occurs following the transition from a period of light to a period of dark. This
finding implies that, since the human diurnal rhythm is the opposite of the rodenc, human
forebrain serotonin should be elevated during activity in the day, and reduced noctumal'y
daring sleep.
Diagnostic studies required for surgical treatment of medically intracu.b!e local seizures
sometimes require implantation of depth electrodes to localize the areas froir. which the
seizures arise. Patients requiring monitoring of spontaneous seizures were implanted with
depth electrodes containing a narrow lumen through which an 0.25mm cuprophan dialysis
membrane flowing at 1.2|il/min could be placed at the time of implantation. Mictodialysis
was carried out in amygdala (AM), hippocampus, orbital frontal (OF) and anterior cingulate
corticies for periods of 5 to 9 days. On the third and fourth nights after placement, samples of
dialysate were collected at 5 min intervals for 5 to 7 hours, frozen on dry ice, and analyzed
using HPLC-ECD for 5-HT, NE and DA. Periods of waking prior to sleep and after awaking
from sleep were compared to periods of non-REM and REM sleep. Sleep was staged at 30 sec
intervals on the basis of scalp EEG, EOG, EMG and video monitoring of the patient.
Dialysis sites for which successful recording, sleep staging, dialysate recovery, and HPLC
ana’ysis occurred were located in AM (3) and OF (1). Visual inspection of each night’s record
showed lowered dialysate 5-HT during sleep in both regions, with a dramatic drop during
periods of REM. Mann-Whitney tests indicated non-REM 5-HT was significantly lower than
waking 5-HT and REM 5-HT was significantly lower than non-REM 5-HT in both AM and
OF (p< .01 to p< .0001). The reduction in extracellular forebrain 5-HT during non-REM
sleep and further pronounced decrease during REM sleep is consistent with the reduced firing
rate of serotonergic dorsal raphe neurons during non-REM and virtual absence of raphe firing
during REM sleep (McGinty and Harper, 1976, 101:569-575). Further study of the 5-HT, NE
and DA systems in amygdala, hippocampus and other neocortical areas during sleep is in
progress. Supported by NIH grants NS02808 and NS33310.

128.9
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RAPID EYE-MOVEMENT SLEEP (REMS) DEPRIVATION DOES NOT AFFECT
[3H]MK801 BINDING TO NMD A RECEPTORS IN FRONTAL CORTEX OF
i m m a t u r e r a t s . RakilQgan*, James P, Shaffgry, lag A, Paul, Li Zizhuans, and
Howard P. Rioffwarg. Department of Psychiatry and Human Behavior, Univ
Mississippi Medical Center School of Medicine, Jackson, MS 39216-4505.
Alterations iiji the function of NMDA receptors have been observed in frontal cortex
of suicide victims that presumably suffered from major depression. One developmental
animal model that leads to adult behavior that resemble human depression is REMS
deprivation in neonates by systemic administration of the antidepressant clomipramine.
Therefore, we assessed the radioligand binding o f [3H]MK801 to NMDA receptors in
Long-Evans Hooded rats that were
REMS deprived by means of the
multiple-small-pedestals-over-water
method for 7 to 10 days (PN28 to
PN38; 12L/12D; food and water
available ad libitum, N = 7 ). This
group was compared to animals
housed in cages with large pedestals
that do not reduce REMS (N = 5 ), as
well as to animals housed standard
cages (N = 5 ). Animals were sedated,
b«.hx'
Ecso
em.i
EC50
em.x
decapitated, and frontal cortex
Glutamate
Giycine
removed. Homogenized cortex was
washed five times and frozen for three days before glutamate and glycine enhancement
of MK801 binding was determined at EC 50 and EMAX. There were no significant
differences in these measures across the three groups. MK801 binding at the NMDA
receptor does not appear to be affected by REMS deprivation in the rat. Research
supported by NIH/NINDS grant NS31720 to HPR and NIMH grant NS53228 to IAP.

RAPID EYE-M OVEM ENT SLEEP (REMS) DEPRIVATION REDUCES
[3H]FLUNTTRAZEPAM (FLU) BINDING TO GABAa RECEPTORS IN FRONTAL
CORTEX OF IMMATURE RATS. James P. .Shaffery* Pale Hogan, Ian A, Paul, Li
Zizhuang. and Howard P. Roflwarg. Department o f Psychiatry and Human Behavior,
Univ. Mississippi Medical Center School o f M edicine, Jackson, MS 39216-4505.
REMS is thought to participate in the normative development o f the immature
nervous system. REMS is characterized by cortical activity similar to the waking state
and is abundant in early life. REMS deprivation o f neonatal animals by systemic
administration o f the antidepressant clomipramine has been reported to lead to adult
behavior that resemble human depression. Alterations in GABAergic function have
been reported in both animal analogs o f human major depressive disorder and the
actions o f antidepressants. W e assessed the effects o f behavioral REMS deprivation
on radioligand binding o f FLU to benzodiazepine receptors in immature Long-Evans
H ooded rats ( N = 6 ). The animals were REMS deprived by means o f the multiplesmall-pedestals-over-water method for 7 to 10 days (PN28 to PN38 12L/12D; food
and water available ad lib.) and compared with controls. One control group ( N = 6 )
was housed in cages containing large pedestals (LPC) that do not reduce REMS. A
second control group (N = 4 ) was housed in their home cages (HCC). Animals were
sedated and decapitated. The brains were rapidly removed over ice and frontal cortex
was separated from underlying forebrain structures. Homogenized cortex was washed
five times before GABA enhancement o f FLU binding was determined at E C ^ and
Emax (values given in fmol/mg tissue). REMS deprived animals had lower (F ^13 =
3 .95, p < 0 .0 5 ) Emax values (3 2 1 .52± 78.29 SD) than either LPC (508.64± 169.43
SD) or HCC (359.28 ± 6 8 .5 5 SD) animals, which did not differ from each other.
These data suggest that reduced GABAa reSponsivity at early stages o f maturation is
implicated in the development o f depressive behavior in older animals as well as in
alterations o f brain development in early life. Research supported by NIH/NINDS
grant NS31720 to HPR and NIM H grant NS53228 to IAP.
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CHARACTERIZATION OF THE CIRCADIAN RESPONSE TO
M ICROINJECTION OF NM DA INTO THE SUPRACHIASMATIC (SCN)
REGION. E.M. Mintz*. C.L. Marvel, and H.E. Albers. Laboratory o f
Neuroendocrinology and Behavior, Departments o f Biology and Psychology, Georgia
State University, Atlanta, GA 30303.
There is considerable evidence that glutamate is the primary transducer o f photic
information to the circadian clock located in the suprachiasmatic nucleus (SCN).
Recently, we demonstrated that microinjection o f NM DA directly into the SCN region
induced phase delays during the early subjective night and advances in the late
subjective night. To further characterize this response, hamsters w ere surgically
implanted with guide cannula aimed at the SCN and placed in constant darkness in
cages equipped with running wheels. Hamsters received microinjections o f 10 mM
NM DA at times throughout the entire circadian cycle in order to generate a phase
response curve. In addition, a dose response curve was generated for the phase
shifting response at circadian time 13.5 by giving injections o f NM DA at lOmM,
5mM, ImM, and O.lmM concentrations. Finally, in order to assess the receptor
specificity o f the response to NM DA, NM DA was coinjected with the NM DA
antagonist AP5 and the non-NMDA antagonist NBQX to test whether NM DA was
acting selectively on NM DA receptors. The results demonstrate that microinjection o f
NMDA into the SCN region results in a phase response curve very similar to that
produced by brief pulses o f light, and that NM DA induces phase shifts in a dosedependent manner. Furthermore, the effects o f NM DA are blocked by AP5 but only
slightly attenuated by NBQX, indicating that the primary action o f the exogenous
NMDA is on NMDA receptors. These results demonstrate that activation o f NM DA
receptors is sufficient to induce light-like phase shifts o f circadian rhythms.
Supported by NIH NS34586 and NS09927

NMDA LESION IN THE VENTRAL MIDBRAIN INDUCES
INSOMNIA. Y X Lai*. T. Shalita. T. Hainik. J.P. Wu. J.S. Kuo.
L.G. Chia and J.M. Siegel. Dept Psychiat, Sch Med, UCLA and
VAMC, Sepulveda, CA 91343, Dept Med Res Edu, Taichung
Veterans Gen Hosp, Taiwan.
Although the dorsal midbrain has been shown to be a part of the
EEG activating system, the role of the ventral midbrain in sleep
remains unclear. This study used neurotoxic lesions to address this
question. NMDA (0.5 M/0.5 jil) was microinjected in 8 cats. Six
animals received NMDA in both sides, while another 2 received it in
one side of the ventral midbrain. Histology showed that the lesion
included the substantia nigra, ventral tegmental area, retrorubral
nucleus and the ventral mesencephalic reticular formation.
Behavioral hyperactivity with walking, circling and climbing were
found in all animals after the lesion. In animals which had bilateral
lesions in the ventral midbrain, deep slow wave (SWS) and REM '
sleep were reduced (baseline, SWS: 42.9±8.1%, REM: 14.7±3.8%; 1
month post-lesion, SWS: 23.1±6.7%, REM: 10.1±9.8%) to an extent
comparable to that produced by basal forebrain lesions. Insomnia
seen in our lesioned cat was similar to that in the Parkinsonian
patient. In contrast, sleep-wake organization was not changed in
those 2 cats which had unilateral ventral midbrain lesions. We
conclude that the ventral midbrain participates in sleep induction and
maintenance. Support: HL41370 and VA Medical Research Service.
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129.1
V O LU N T A R Y E X E R C IS E P O T E N T IA T E S W H E R E A S F O R C E D
E X E R C IS E S U P P R E S S E S A N T I-K L H R E S P O N S E S .
M Fleshner*1’2.A M oraska1. KT Nguven^ . RM M azzeo1 & P A R o th 1
l Dept Kines, ^Dept Psych, U CO, Boulder CO 80309, USA
Exercise decreases stress-related illness in humans & could be due to associated
changes in immune function. Human studies measure changes in pBLs which poorly
reflect immune system function. Animal studies better investigate immune function
through analysis of primary lymph tissues & specific immune responses. Most
animal exercise studies use forced treadmill exercise. This training regimen triggers
physiological responses indicative of stress, including immunosuppression, which
contradicts the human literature. Thus we investigated whether the type of exercise
regimen determines its immunological impact. Focusing on the dimension of control,
we tested whether voluntary exercise produces the same changes in immune function
as forced exercise. Adult male Sprague Dawley rats (10-12/grp) were assigned to either
forced treadmill exercise (TM) or voluntary freewheel exercise (FW). TM rats were
trained using a standard treadmill exercise regimen (5 days/wk for 8 wks). The FW rats
lived iri cages with attached running wheels & voluntarily chose to run. Two
sedentary groups controlled for both handling as well as living environment. All rats
were immunized with KLH (200^ig) on day 1 of exercise & boostered on day 49. Body
wt & tail vein blood samples were taken on days 7, 14, 21, 28, 35. Thymus,
adrenals, mesenteric lymphnodes (MLN) & spleen were dissected on day 56. MLN &
splenocytes were stimulated in culture with KLH or ConA. Body wt of exercised
groups were lower than sedentary controls but did not differ from each other. The antiKLH IgM & IgG responses were su p p ressed following TM but p o ten tiate d
following FW relative to control. TM resulted in a larger decrease in thymus wt/body
wt compared to FW. Adrenal hypertrophy & suppressed proliferative responses to
ConA & KLH were found in TM rats. These data suggest that forced treadmill
exercise is stressful & immunologically suppressive, whereas voluntary freewheel
exercise may optimize immune function. Supported in part by NIH MH45045.
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129.2
STRAIN DIFFERENCES IN MESOTELENCEPHALIC DOPAMINERGIC
NEURONAL REGULATION IN FISHER 344 AND LEWIS RATS. S. E.
Lindlev*. T. G. Bengoechea. A. F. Schatzberg and D.L. Wong. Department of
Psychiatry and Behavioral Sciences, Stanford University School of Medicine,
MSLS P104, Stanford, CA 94305-5485
Inbred Fisher 344 (F344) and Lewis rat strains reportedly differ in
endocrine and behavioral responses to stress, as well as in the expression of
regulatory proteins in dopamine (DA) neurons. The present study examined
basal and stress-induced differences in mesotelencephalic DA neurochemistry
in these strains. Basal levels of DA were higher in F344 striatum (ST) but
not significantly different in the medial prefrontal cortex (mPfx) or nucleus
accumbens (NA). The DA metabolite dihydroxyphenylacetic acid (DOPAC)
concentrations were similar in these regions. Basal rates of DA synthesis,
estimated by determining the accumulation of 3,4-dihydroxyphenylalanine
(DOPA) after administration of NSD1015, were significantly higher in the
F344 mPfx but not ST or NA. Restraint stress for 30 mins increased
DOPAC/DA in the mPfx and NA of both strains, but produced a significant^
greater increase in the F344 rats. In contrast, DOPA accumulation was
significantly increased in the mPfx and NA of Lewis but not F344 rats after
30 mins of restraint. To investigate the apparent discrepancy in stress-induced
changes in DA utilization vs. synthesis, basal DA autoreceptor inhibition of
DA synthesis was estimated by measuring DOPA accumulation after
inhibition of DA neuronal activity with gamma-butyrolactone (GBL). DOPA
accumulation showed a significantly greater increase in the F344 ST and NA
compared to Lewis rats. Taken together, these results suggest that F344
mesotelencephalic DA neurons are hyper-responsive to stress as compared to
Lewis rats, but the ST and NA may be subject to greater autoreceptor
inhibition of DA synthesis. (Research Supported by NIMH grant MH50604
and a NARSAD Young Investigator Award)

129.3

129.4

PLASMA MONOAMINES AND STRESS-INDUCED HYPERTHERMIA.
A BLOOD MICRODIALYSIS STUDY IN FREELY MOVING RATS. 2L
4B4 lr f l g a t o t o Lab. of Behavioral Physiology,
Universidad de los Andes, M&ida 5101, Venezuela.
The mechanism behind of stress-induced hyperthermia are still
unknown. We investigated the changes of plasma norepinephrine (NE) in
11 rats and plasma serotonin (5-HT) in 9 rats, during stress-induced
hyperthermia (SIH). Under ketamine anesthesia, a guide cannula was
implanted in the right ju g u la r vein, and a radiotransmitter was placed
intraperitoneally to measure the core temperature (Tc) by telemetry. The
microdialysis was carried out a week alter surgery. The removable
microdialysis venous probe was inserted through the guide tube and
Ringer solution was perfused at ljil/min. After 90mm, three basal level
30-min samples were collected during 90 additional mm. Then, the
animal was removed from its home cage and handled ana tray for 15 min.
At the end of this stress test; the rat was returned to its cage and four more
30-min samples were taken. NE and 5-HT in the dialysates were
measured by high pressure liquid chromatography with electrochemical
detection. NE increased significantly at 30,60 and 90 min after the stress
F(10,40)a 22310 p<0.001; 5-HT also increased, but only in the first post
stress sample F(8,32)~4.160 p<0.01. The peaks of NE and 5-HT rise were
simultaneous with a significant Tc elevation in both groups. These results
suggested that peripheral NE and 5-HT rise might contribute to increase
the heat production and heat conservation during SIH.
This wodk was supported by CDCH T- ULA, # M410-92-03-A and
CONICIT Sl-95001534.

BEHAVIORAL CHARACTERIZATION OF CORTICOTROPIN-RELEASING
HORMONE-DEFICIENT MICE. S. Weninger1* 3 L. Muriia4. C. W. Berridge5. A.
H, Swigrgfcl6 . At I .P w ufc -K,
I Mafcwfr’V D iv . o f Endocrinology,
Children’s Hospital, 2Program in Neuroscience, Harvard Med. School, to w a r d
Hughes Medical Institute, Boston, MA 02115. 4 D ept o f Pediatrics, Washington
Univ., S t Louis, MO 63110. sD ept o f Psychology, Univ. o f Wisconsin, Madison,
WI 53706. 6Dept. o f Pharmacology, Louisiana State Univ. Medical Center,
Shreveport, LA 71130. 7D ept o f Psychology, Tufts Univ., Medford, MA 02155.
Pharmacological evidence implicates corticotropin-releasing hormone (CRH)
within the CNS in a wide range o f physiological and behavioral processes involved
in coping with stressful events. We have exploited CRH knockout (KO) mice
generated in our laboratoiy to further characterize the role o f CRH in behavior.
The behavior o f CRH KO mice was not significantly different than that o f wildtype (WT) mice when tested in the multi-compartment chamber or the elevatedplus maze (EPM) under either basal conditions or following 30 minutes of
restraint CRH KO mice also demonstrated normal spatial learning in the Morris
water maze. In a different learning paradigm, CRH KO mice performed and
extinguished a food-reinforced operant task at the same rate as WT mice. In the
resident/intruder paradigm, CRH KO mice.did not behave significantly differently
from WT mice as intruders. In contrast o f animals that fought as residents (4/7
WT, 7/8 KO), CRH KO mice were slightly less aggressive as indicated by their
reduced bite frequency (42 ± 11 vs 19.4 ± 3 bites WT vs KO per 5 minute trial,
P<0.05). O f interest KO mice spent significantly more time grooming on the
EPM, in an open-field, and in the resident/intruder paradigms. Aside from these
differences, CRH KO mice display normal learning ability, as well as appropriate
anxiogenic behavior following exposure to restraint. If CRH is involved in these
pathways, these data suggest that WT mice may have redundant systems that
assume this function in CRH KO mice. Funded by grants from the NIH »nd privte foundation*.

129.5
TRANSCRIPTIONAL INDUCTION OF NOREPINEPHRINE BIOSYNTHETIC
ENZYMES IN LOCUS COERULEUS (LC) BY STRESS. E.L. Sabban*1. B.
Nankova1. L. Serova1. Z. Fena1,2. M. Rusnak3. R. Kvetnanskv3. J.S. Hono2B. Spieaelman4. and E. Saez4. 'New York Med Coll, Valhalla, NY 10595,
2Nat Inst Env Health Sci., Res. Triangle, NC 3lnst Exp Endocrin. Bratislava,
Slovak Republic 4Dana-Farber Can Inst & Harvard Med Sch, Boston, MA.
It has been shown that stress elevates tyrosine hydroxylase (TH) gene
expression in LC. Here we examined: 1. whether expression of other
enzymes involved in norepinephrine biosynthesis are also elevated; 2.
whether these effects are transcriptional. Rats were exposed to a single
immobilization (IMO), or repeated IMO on 4 consecutive days and mRNA
levels of TH, GTPCH, which catalyses the rate limiting step in biosynthesis
of tetrahydrobiopterin, the cofactor for TH, and dopamine S-hydroxylase
(DBH) were assessed. The mRNA levels were markedly elevated by a
single and repeated IMO in contrast to findings in PNS, in which repeated
IMO is required to increase TH and DBH mRNA levels. Antisera to DBH
showed enhanced immunoreactivity in the LC after repeated stress.
Nuclear run-on assay of transcription rate revealed that consistent with
the rise in mRNA levels, a single IMO leads to increased transcription of all
3 genes. Since AP-1 like factors binding to a regulatory element in the DBH
promoter increased with stress, we examined the effect of IMO on
brainstem DBH expression in c-fos knockout mice. While in wild type mice
DBH is increased in response to repeated IMO, in c-fos knockout mice
stress did not induce DBH, indicating that c-fos is indispensable for the
IMO-elicited elevation of DBH in the brainstem. These results reveal that
genes encoding several enzymes involved in norepinephrine biosynthesis
are transcriptionally induced in the LC by IMO and point to an crucial role
of c-fos. (Supported by NIH grants NS32166 and NS28869).
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129.6
DIFFERENTIAL REGULATION OF GENES CODING FOR TYROSINE
HYDROXYLASE (TH) AND PHENYLETHANOLAMINE
N-METHYL-TRANSFERASE (PNMT) IN RATS EXPOSED TO VARIOUS
STRESSORS. R. Kvetnanskv*. M. Rusnak. J. Jelokova. B. Nankova1. L.
Serova1, and E.L. Sabban1. Inst. Exp. Endocrin., Bratislava, Slovak
Republic; 11Dept. Biochem. & Mol. Biol., New York Med. Coll., Valhalla,
N.Y. 10595.
It is important to determine the specificity of different stressors. The aim
of this study was to compare the effects of: immobilization stress (IMO),
cold stress (4°C), administration of insulin 5IU (INS) or 2-deoxyglucose
500 mg/kg (2DG) which elicit glucoprivation stress, on TH and PNMT
mRNA, protein levels and enzymatic activities in the adrenal medulla (AM)
and for TH in locus coeruleus (LC) in rats. The stressors activated AM or
sympathetic nerves or both, based on the rise in plasma catecholamines.
In AM, a single exposure to IMO, COLD, and INS increased both TH and
PNMT mRNA levels whereas 2DG elevated TH but not PNMT gene
expression. Repeated exposure to all these stressors elevated not only the
mRNA but also the corresponding protein levels and enzymatic activities.
The different stressors regulate gene expression by different
mechanisms. For instance, the effect of COLD and INS, but not IMO, on
TH mRNA levels was blocked by adrenal denervation. IMO and 2*DG had
a central effect and greatly elevated TH mRNA levels in the LC, while INS
did not alter TH mRNA in the LC. The results reveal mechanistic
differences in stressor-elicited regulation of gene expression for
catecholamine biosynthetic enzymes. (Supported by Slovak Grant Agency
for Science 95/5305/043; 95/5305/272, NIH grant NS-32166, and
US-Slovak Project 93 024).
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NEONATAL STRESS DECREASES [“ SJ-TBPS BINDING IN THE HIPPOCAMPUS:
IMPROVEMENT BY CONCOMITANT NEUROSTEROID TREATMENT. V.K. Patchev 1,2 *.

EFFECTS OF ADRENALECTOMY AND CORTICOSTERONE (CORT)
ADMINISTRATION ON DOPAMINE TRANSPORTER BINDING IN THE RAT
BRAIN. Z. Sam vai1,2. C. R. M cKittrick3,^C. D. C onrad’. M. J, KreelC and B,_S.
M cEwen1. Lab. of Neuroendocrinology1 and Lab. of Biology of Addictive
D iseases2, Rockefeller University, New York, NY 10021 and CM BN^ Rutgers
University, Newark, NJ
Chronic stress, which is characterized by elevated plasma CORT levels, may
contribute in increased vulnerability to some psychiatric disorders, such as mood
disorders, schizophrenia and substance abuse. Brain dopaminergic systems have
been shown to be involved in the pathogenesis o f these conditions. Dopamine
transporter (DAT) plays a central role in the reuptake of dopamine (DA) from the
synapse and it is also the target for psychostimulant action. Therefore, we
hypothesized that stress, and elevated CORT levels, might influence increased
vulnerability to certain psychiatric disorders through the modulation o f DAT. Rats
were subjected to adrenalectomy (ADX) or SHAM surgery. ADX rats were treated
with CORT/EtOH vehicle (low: 40 M-g/ml; high: 400 |0.g/ml of CORT)or EtOH
alone (low: 0.25%; high: 2.5%) in the drinking water for 14 days in their home
environment. DAT binding was measured by quantitative receptor autoradiography
by using [125I]-RTI-121 in different DA-ergic brain regions. Chronic ADX (low and
high EtOH) resulted in a decrease (-3 0 %) in DAT binding selectively in the
shell o f the nucleus accumbens (ACB) compared to SHAM. CORT administration
(bothlow and high) reversed the effects of ADX on DAT binding in this region.
DAT binding was unaltered by either ADX or CORT administration in the core of
ACB, olfactory tubercle and in different subregions of the striatum. These results
indicate that the limbic portions o f the nucleus accumbens are particularly
important in the regulation of DAT by CORT. Alterations of DAT binding in the
limbic ventral striatum by CORT m ight be a mechanism for stress-induced
increased vulnerability to psychiatric disorders in humans. This work was
supported by the Arthur Vining Davis Foundation to Z S. and MH41256 from the
NIH/NIMH to BSM.

D. Rouskova2 and O.F.X. A lm eida2. 0 Medical Research Dept., Jenapharm GmbH
& Co. KG, 07745 Jena; 2) Dept. Neuroendocrinology, M ax Planck Institute of
Psychiatry, Clinical Institute, 80804 Munich, Germany.
In previous studies we have shown that exogenously administered neuroactive
steroids, such as allopregnanolone (THP) and allodeoxycorticosterone (THDOC)
can produce significant changes in the behavioural and endocrine responsiveness to
stress i^nd glucocorticoids, and interact with steroid hormone-regulated gene
transcription
in
the
brain
{Neuroscience
62:265'-271
1994,
Neuropsychopharmacology 15:533-540 1996). Further, we have shown that
neonatal administration of THDOC was able to counteract several symptoms of
beltavioural and neuroendocrine dysregulation that persist in adult anim als upon
exposure to chronic stress in early infancy (J Clin Invest 99:962-966 1997). In the
present studies, we used the paradigm o f chronic maternal separation during the
first 10 days of life in association with daily adm inistration of the neurosteroid
tetrahydrodeoxycorticosterone (THD Oè) to examine the effects o f neonatal stress
and neurosteroid treatment on the density of GABAa binding sites in the
hippocampus. As revealed by in v/iro-autoradiography, in which [ sS]-TBPS was
used as ligand, adult rats that experienced neonatal stress showed a persistent
decrease of GABAa binding sites in several subfields o f the hippocampus. Rats that
had received THDOC concomitantly with neonàtal stress displayed GABAa
receptor densities which were indistinguishable from those measured in intact
animals. These results complement previously documented alterations in
behavioural and neuroendocrine parameters, and strongly indicate that ring-Areduced neuroactivc steroids exert long-term effects on several CNS mechanisms
subserving the response to stress. The findings underline the potential of
neurosteroids in the prevention and therapy o f stress-related and affective disorders.
Supported by a Research Award of the Stanley Foundation.
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PET MEASUREMENT OF BRAIN CORRELATES OF
EXPOSURE TO TRAUMATIC MATERIAL IN
POSTTRAUMATIC STRESS DISORDER. J. D. Bremner*. L.H.
Staib. D. Kaloupek. S.M. Southwick. R. Soufer, D.S. Chamev.
Departments o f Psychiatry and Diagnostic Radiology, Yale
University School o f Medicine, New Haven, CT 06520
The purpose o f this study was to measure cerebral blood flow
correlates o f traumatic reminders in posttraumatic stress disorder
(PTSD). Cerebral blood flow was measured with positron emission
tomography (PET) and [150]H20 in Vietnam combat veterans with
(N=10) and without (N=10) combat-related PTSD during exposure
to neutral and combat-related slides and sounds. Data was analyzed
using statistical parametric mapping (SPM95). PTSD patients had a
relatively greater increase in blood flow with combat slides and
sounds compared to neutral slides and sounds than non-PTSD
patients in brain regions involved in memory and attention, including
parietal cortex, cerebellum, m otor cortex, posterior
parahippocampus (lingual gyrus), and mid-cingulate (z score>3.00;
pc.001). PTSD patients had a failure o f activation with combat
slides and sounds in orbitofrontal cortex relative to non-PTSD
subjects cingulate (z score>3.00; p<001). These findings suggest a
differential p a tte n o f activation in brain areas involved in memory
and attention with traumatic reminders in PTSD. Failure o f
activation o f orbitofrontal cortex (which is involved in inhibition o f
the amygdala) suggests a neuroanatomical correlate o f a failure o f
extinction in PTSD.
Support: Natl. Center for PTSD Grant & VA Career Devp. Award
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POSTNATAL DECREASE IN PROLIFERATION DENSITY OF
SUPPORTING CELLS IN THE OLFACTORY EPITHELIUM.
Elke Weiler and Albert I. Farbman*. Dept, of Neurobiology and
Physiology, Northwestern University, Evanston, Illinois 60208.
Olfactory epithelium is unique because sensory cells are
replaced throughout the lifetime of an animal even in mammals.
They are replaced by proliferation of basal cells, which show an
age-dependent decrease in proliferation density. However this is
not the only cell type proliferating in the olfactory epithelium.
Supporting cells also proliferate in the postnatal rat. BrdUinjections were used to define the proliferation density of the
supporting cells in undisturbed rats during postnatal develop
ment. Investigated ages ranged from P1 (day of birth) to P333.
The results show that proliferation density dramatically de
creases postnatally from 80 labeled cells per mm epithelial
length at P1 to 0.4 cells per mm at P333; moreover there is no
correlation between rates of basal and supporting cell pro
liferation. Supporting cell proliferation seems to be related to
growth only whereas basal cell proliferation serves for growth
and replacement. These data suggest that proliferation of the
two cell types is regulated by different mechanisms.
Supported by NIH grants # P01 DC00347 and R01 DC02126.

CELL CYCLE CONTROL MOLECULES IN OLFACTORY EPITHELIUM OF
ADULT MOUSE IN VIVO. A. Kastner(l), F. Jourdan(2), G. B run(l) and E.
Moyse*(2). l.Lab. Biol.Molec.&Cell., CNRS-Ecole Norm.Sup. Lyon, France;
2:Lab. Neuroscience&Syst.sensoriels, CNRS-Univ. L yonl, France.
Odor-receptive neurons o f mammalian olfactory epithelium are renewed throughout
adult's life by mitotic division o f intrinsic neuronal progenitors. Ablation o f the
synaptic target, the olfactory bulb, induces extensive degeneration o f mature
sensory neurons followed by stimulation o f progenitor proliferation. Both processes
concern large neuronal populations and occur sequentially, neuronal apoptosis and
proliferation peaking respectively 36 hours and 4-5 days post-lesion in adult mouse.
The molecular effectors o f cell cycle (Cyclin-Dependent Kinases, cyclins, CDK
Inhibitors) and the transcriptional regulators (pRb, E2F) have been assessed in this
experimental paradigm.
Im m unoblots were performed on crude protein extracts o f olfactory organs sampled
at various post-bulbectomy times in adult mice. The decay o f pilltubulin and the
rise o f PCNA levels, starting respectively 1 and 3 days post-lesion, provided the
kinetic frame o f neuronal dynamics. Cdc2, cdk2 and cyclin D l, detectable at low
levels in olfactory organ o f intact mice, rose up 3 days after bulbectomy, following
the same kinetics as PCNA. By contrast, levels o f cdk4 and cdk5 were initially high
and unaffected by lesion. Im m unoprécipitation o f cdk2 and cdk4 fractions o f
proteic extracts at the onset o f mitotic stimulation (3 days) versus control, followed
by cyclin Dl immunoblotting, revealed that the levels o f both cyclinDl/cdk2 and
cyclinDl/cdk4 functional complexes were dramatically increased after lesion. These
results indicate that cdk 2 and cdk4 activities are regulated respectively by genomic
expression and by complexation with cyclin D l. Im m unocytochem ical localization
o f the cell cycle control molecules were assessed on cryostat sections o f olfactory
organs sampled at the respective peaks o f expression.
Supported by Region Rhône-Alpes (H 09873-0811) and by ARC (n°1377).
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S H IFT IN G D ISTRIBUTIO N O F PR O L IFE R A T IV E CELLS IN TH E EA RLY
PO STNA TAL SU BVENTRICULA R Z O N E O F T H E M OU SE. J.R.L. Menezes*.
F. Dias. A.V.B. Garson and R. Lent. Depto. de Anatomia., Inst, de Ciencias
Biom&licas, UFRJ, Rio de Janeiro, 21941-590, Brazil.
Previous work of our group has shown that S-phase cells within the SVZ of
postnatal mice are distributed in a characteristic outside-in decreasing density
gradient. This pattern suggested the existence of two compartments w ithin the SVZ,
one for proliferation and another for migration. We have now tried to determine: (1)
If this peculiar distribution of S-phase cells changes during neurogenesis of
intemeurons of the olfactory bulb (P1-P14); and (2) If the internal compartment is
indeed related to the migration o f precursor cells. Single BrdU injections (IP) were
given to mice between P2 and P14. Younger animals (P2-P4) were allowed to
survive for long periods (4, 6, 8, 10, 12, 14, 18, 22, 24 and 48 hours), while older
animals survived for shorter periods o f 30-60 min. All anim als were killed by ether
inhalation and perfusion-fixed with warm HistoChoice. Brains were embedded in
paraffin and cut coronally or parasagittally at 5-6 ^m, then processed
immunohistochemically for BrdU and counterstained. The outside-in pattern o f Sphase cell distribution persisted up to P10, but became progressively less conspicuous
after that, disappearing completely by P14. Long post-injection survival experiments
have shown that labeled cells,m oved inward albeit very slowly, with complete
obliteration of the unlabeled core only after 24 hrs. After 48 hrs the labeled cells
were homogeneously distributed along the SVZ. Results suggest an asymmetric
behavior of daughter cells, since the outside-in gradient is never restored. These
shifting patterns of cell distribution may have to be taken into consideration when
attempts are made to study the cell kinetics of this region. In addition, the results
suggest that during neurogenesis o f olfactory bulb interneurons, S-phase cells are
segregated from those cells in process of m igration towards the bulb. Financial
support: CNPq, FINEP, FUJB

C E L L T Y PES A N D T H R E E -D IM E N S IO N A L A R C H IT E C T U R E
OF
THE
ADULT
M A M M A L IA N
G E R M IN A L
SU B V E N T R IC U L A R Z O N E . F. D o etsch * J.M . G a rc ia -V e rd u g o
and A . A lv arez-B u y lla. T h e R o c k e feller U n iv ersity , N ew Yonc,

NY, 'iBtel

-------

T h e S V Z in the lateral wall o f th e lateral v e n tricle o f a d u lt ro d en ts is
o rg an iz e d as an ex ten siv e tan g en tial n e tw o rk o f c h a in s fo r n e u ro n a l
m ig ratio n . N eu ro b lasts arise fro m p ro life ra tin g p re c u rso rs th r o u g h o u t
th e SV Z o f this wall and m ig rate to jo in th e ro stral m ig ra to ry stre a m
(R M S) w hich leads to th e o lfa c to ry b u lb w h ere th ey d iffe re n tia te in to
g ran u le and p e rig ld m e ru la r cells. T h e in vivo S V Z n e u ro n a l p re c u r s o r
cells h ave n o t been id en tified . H ere we u se d e le c tro n m ic ro sc o p y , p r e 
im b e d d in g im m u n o c y to c h e m istry w ith an ti-P S A -N C A M , T u J l, GFAP,
vim en tin an d nestin an tib o d ies and 3 H -th y m id in e a u to ra d io g ra p h y to
id en tify the d iffe re n t cell types in the ad u lt m o u se SV Z . W e sh o w th at
this lay er is c o m p o se d o f n eu ro b lasts, glial cells a n d a n o v e l p u tativ e
p rec u rso r cell. T h e to p o g ra p h ica l o rg an iz a tio n o f th ese cells su g g ests
h o w n e u ro g en esis an d the su b seq u e n t ex te n siv e tan g e n tia l m ig ratio n are
in teg rated in this reg io n . M ig ra tin g n e u ro b la sts (T y p e A cells) a re
arran g ed as ch ain s p arallel to th e w all o f th e v en tricle. T h e se c h a in s a re
en sh ea th e d by tw o u ltra stru ctu rally d istin c t a stro cy tes (T y p e B1 a n d
B2), iso latin g th em fro m the ep e n d y m a l lay e r an d a d ja c e n t striatu m .
Focal clu sters o f actively d iv id in g p u tativ e p rec u rso rs (T y p e C ) a b u tt
the c h ain s o f n eu ro b lasts s u g g e stin g th at th ey d e p o sit th e ir p r o g e n y
directly into th e m ig ra to ry n e tw o rk .
T h is a rc h ite c tu re was fo u n d
th ro u g h o u t th e SV Z, a lth o u g h T y p e C cells w ere n o t p rese n t in th e
RM S. W e p ro p o se a to p o g ra p h ica l m o d el o f th e S V Z a n d o u r resu lts
sh o u ld serve as the basis fo r th e in viv o id en tific atio n o f stem cells in
th e ad u lt m am m alian b rain. (N IH G ra n t H D 3 2 1 1 6 a n d N S 2 8 4 7 8 )
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T H E C O N T IN U O U S
P R O L IF E R A T IO N O F C E L L S
IN
TH E
S U B V E N T R IC U L A R Z O N E O F T H E A D U L T R A T B R A IN : E F F E C T
O F IN T R A V E N T R IC U L A R IN F U S IO N O F B D N F.
T . Z ig o v a* 1, N.
V a la d i1, N. C a i2, P. G e2, R .M . L in d say 2 , S .J. W ie g a n d 2 a n d M .B . L u s k in 1.
‘D ept, o f A n a t. & C ell Biol., E m o ry U niv. Sch. o f M ed ., A tla n ta , G A 30322
an d 2R e g e n e ro n P h a rm a c e u tic als, In c., T a rry to w n , N Y 10591.
O u r previous studies dem onstrated th a t the infusion o f BDNF into
the lateral ventricles of a dult rats leads to a substantial increase in the n u m ber
of new neurons w ithin the olfactory bulb th a t arise in the an terio r-m o st p a rt
of the subventricular zone (SVZ) (Zigova et al., Soc. NeuroscL Abstr., 1996).
H ere we exam ined the responsiveness o f p ro g en ito r cells in o th er SVZ regions
to the in trav en tricu lar adm inistration of BDNF for 4 o r 12 days. To label
dividing SVZ cells, the rats either received i.p. injections of B rdU on the 4th
day of BDNF infusion or the B rdU was added to th e osm otic m inipum p
delivering the BDNF. The anim als were perfused 4, 12 o r 28 days after the
onset of BDNF infusion and th eir b rain s were im m unostained to reveal the
distribution of BrdU(+) cells. To d eterm ine the phenotype o f B rdU(+) cells,
neurons were identified by antibodies to M AP-2 and a neuron-specific Ptubulin; astrocytes were recognized by anti-G FA P. In all cases we found
substantially m ore BrdU(+) cells th ro u g h o u t the SVZ on th e BDNF-infused
side com pared to the c o n tralateral hem isphere o r PBS-infused controls.
F u rtherm ore, num erous BrdU(+) cells w ere found in the paren ch y m a ad jacent
to the SVZ and m any of these cells expressed a neu ro n al phenotype. These
results suggest th a t BDNF increases th e p ro d u ctio n an d /o r survival o f neuronal
progenitor ceils w ithin the SVZ of the ad u lt r a t b rain . S u pported by NIDCD,
M arch of Dimes and Regeneron Pharm aceuticals, Inc.

A C O M P A R IT IV E A N A L Y SIS O F E G F IN D U C E D C E L L U L A R
P R O L IF E R A T IO N AND D IS T R IB U T IO N IN T H E A D U L T M O U S E
AND R A T CN S. C. Bjomson*, M. Dicay, B. Reynolds, M. Daadi. and P.
Poulin NeuroSpheres Ltd. Calgary, AB, T2N 4N1, Canada.
Studies in the adult mouse (Craig et al., 1996: J. Neurosci. 16:2649-2658) have
demonstrated that infusion of epidermal growth factor (EGF) into the lateral
ventricle (LV) caused the proliferation of neural precursor cells (NPC) and promoted
their migration into the normal brain parenchyma. However, the effects of EGF
infusion on the proliferation and migration of NPC were only studied in the rostral
LV while there has been little emphasis on other NPC populations in more caudal
regions. In addition, similar studies have not been published for the rat, an animal
extensively used for models of neurodegenerative disease.
In the present study we determined the pattern of proliferation and migration of
NPC in the adult mouse and rat brain following intracerebroventricular infusion of
EGF for 6 days (mouse) and 7 days (rat).
Bromodeoxyuridine (BrdU) was
administered over the last day (mouse) and over the last 5 days (rat) of growth factor
treatment. BrdU immunocytochemistry performed immediately following EGF
infusion demonstrated a dramatic increase in BrdU immunoreactive cells over that
seen in vehicle-infused rats, with substantial migration from the LV into adjacent
tissue. This was seen along most of the ependyma/olfactory ventricle caudally to
the ventral horn of the LV. We also observed a marked increase in BrdU
immunoreactive cells in the dentate gyrus-in EGF-treated rats. Tissue from rats that
survived 10 weeks post-infusion underwent double immunocytochemistry (with
either anti-NeuN or glial fibrillary acidic protein) to detect neurons or glia double
labelled with anti-BrdU. The results suggest that cells generated by EGF infusion
have the potential to differentiate into neurons and glia.
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S H O R T D A Y S IN D U C E B rd U L A B E L IN G IN T H E B R A IN O F A D U L T
G O L D E N H A M S T E R S . L. H u a n g a n d E. L. B ittm a n *. D ep a rtm e n t o f
B io lo g y and P ro g ra m in N e u ro sc ie n c e a n d B eh av io r, U n iv ersity o f
M assach u setts, A m herst, M A 0 1 003.
A lthough a n nual waves o f n e u ro g e n e sis hav e b een d e scrib ed in
son g b ird s, seasonal c h a n g es in ad u lt m am m als hav e b een d e scrib ed o n ly
in gro ss brain w eight and size. W e m ain tain e d ad u lt S y rian h am sters
(M esocricetus a u r a tu s ) in vario u s p h o to p e rio d ic reg im es b e fo re in je c tio n
w ith the cell birth m arker, 5 ’- b ro m o d e o x y u rid in e (B rd U ; 5 0 m g /k g bw
th re e tim es/1 w eek). H am sters w ere p e rfu se d 7 w k later and b rain s
pro ce sse d fo r im m u n o c y to c h e m istry u sin g a n tib o d ies to B rdU , N e u N (a
n e u ro n a l m ark e r) a n d /o r G F A P (a g lial m ark e r). H am sters tra n s fe rre d
fro m lo n g (1 4 L :1 0 D ) to sh o rt (1 0 L :1 4 D ) day s 10 w eeks p rio r to B rd U
in jectio n had m o re B rd U -im m u n o sta in ed cells in th e d en ta te gy ru s, th e
p e riv e n tric u la r z o n e at the level o f th e a n te rio r co m m issu re, th e c in g u la te
cortex, a nd the a n te rio r h y p o th ala m u s th an d id th o se k ep t in c o n tin u o u s
long days (p < 0 .0 5 ). B rd U -ir cell n u m b e r in cen tra l g ray was n o t a ffe c te d
by p h o to p erio d . T ra n sfe r fro m sh o rt to lo n g day s, o r fro m long to sh o rt
days, lOd b efo re B rdU injectio n p ro d u ce d n u m b ers o f B rd U lab eled cells
w hich w ere in te rm e d iate betw een g ro u p s h eld in co n tin u o u s long a n d
sh o rt days. M ost (> 80% ) B rd U -ir c ells in d e n ta te g y ru s and p e riv e n tric u la r
zone ex p ress N euN , b ut few if any co n ta in G F A P . S h o rt d ay s in creased the
n u m b e r o f do u b le lab eled (N e u N -ir a n d B rd U -ir) cells in th e
pe riv e n tricu la r
zone (/?<0.05). P h o to p e rio d did n o t in flu e n ce th e
p ro p o rtio n o f B rdU labeled n e u ro n s c o n ta in in g N eu N -ir. W e c o n c lu d e
th at the effe c t o f sh o rt d ay s is slow ly in itiated a n d rap id ly rev ersed , b u t
e x te n d s to m u ltip le p ro g e n ito r p o p u latio n s. D a y le n g th m ay reg u late th e
death, m ig ra tio n o r birth o f new cells, o r D N A re p a ir o f an e x istin g
p o p u latio n . S u p p o rte d by N IM H 4 4 1 3 2 and K 0 2 M H 0 0 9 1 4 to E .L .B .

NEU RO G EN ESIS IN TH E D ENTA TE GYRUS O F A D U L T PRIM ATES
C A N BE SUPPRESSED BY STRESS. E. G o u ld 1. P. T a n a p a t1. B.S.
M cEwen*2. G. Flugge3 a n d E. Fuchs3 d e p a r t m e n t of Psy ch o lo g y , P rin ceto n
U n iv ersity , P rin ceto n NJ 08544; 2The R ockefeller U n iv e rsity , N e w Y ork
NY 10021; 3The G e rm a n P rim ate C en ter, 37077 G o ttin g en , G erm an y .
T he p ro d u ctio n of g ran u le n e u ro n s in th e d e n ta te g y ru s of a d u lt rats a n d
tree sh re w s can b e in h ib ite d b y e x p o su re to stre ssfu l ev en ts. To d a te , n o
stu d ie s h a v e d e m o n stra te d n e u ro g e n e sis in th e a d u lt p rim a te b ra in o r
ex p lo re d its re g u la tio n b y ex p erience. To in v estig a te th is p o ssib ility , w e
in jected a d u lt (3 y r) m ale m a rm o se t m o n k ey s Callithrix jacchus w ith th e
D N A sy n th esis m ark e r b ro m o d e o x y u rid in e (BrdU) a n d e x a m in e d th e
b ra in s after a 3 w k su rv iv a l tim e. The m ajo rity of B rdU lab e le d cells
w e re lo cated in th e g ra n u le cell lay er, h a d th e m o rp h o lo g ic a l
ch aracteristics of g ran u le n e u ro n s a n d ex p re sse d th e n e u ro n a l m a rk e r
n e u ro n specific enolase. In a se p ara te ex p erim en t, a d u lt m o n k ey s w ere
e x p o sed to a re sid e n t-in tru d e r m o d el of stress. In d iv id u a l m o n k ey s w ere
p lac e d in to th e cage of a resid e n t m o n k ey ; th is re su lte d in the
esta b lish m en t of a n o b v io u s d o m in a n t/ su b o rd in a te re la tio n s h ip w ith th e
in tru d e r alw ay s assu m in g the s u b o rd in a te p o sitio n . A fter o n e h r, th e
s u b o rd in a te a n d u n stre sse d co n tro l m o n k ey s w ere injected w ith BrdU. A
single stressfu l exp erien ce resu lte d in a sig n ifican t d ecrease in th e n u m b e r
of B rdU lab eled cells in th e d e n ta te g y ru s. T hese resu lts d e m o n s tra te
th at n e u ro n s co n tin u e to b e p ro d u c e d in th e d e n ta te g y ru s of a d u lt
p rim a te s a n d th a t th e p ro d u c tio n of these cells can b e m o d u la te d b y
exp erien ce.
S u p p o rte d by N IM H g ran t MH52423 to EG a n d DFG g ran t Fu 174/10-1 to
EF.
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EGF STIM ULATES PR O LIFER A TIO N O F G R A N U LE CELL
PRECURSORS IN TH E D EN TA TE GYRUS O F A D U L T RATS. R
T a n a p a t a n d E. G ould*. D e p a rtm e n t of Psy ch o lo g y , P rin c e to n U n iv ersity ,
Princeton N J 08544.
In the d e n ta te g y ru s of a d u lt rats, d e g e n era tio n of th e m a tu re g ran u le
cell p o p u la tio n resu lts in a c o m p e n sa to ry in crease in th e ra te of cell
pro liferation. T hese n e w cells beco m e in co rp o rate d in to th e g ra n u le cell
lay er a n d ex p re ss n e u ro n a l m ark e rs. To d a te , th e facto rs th a t d ire c tly
m ed ia te th e pro life ra tio n of g ran u le cell p rec u rso rs rem a in u n k n o w n . To
d e te rm in e w h e th e r e p id e rm a l g ro w th facto r (EGF) a lte rs th e
p ro life ra tio n of g ran u le cell p rec u rso rs, w e p e rfo rm e d u n ila te ra l in fu sio n s
of EGF (400ng) into th e d e n ta te g y ru s in a v o lu m e (0.5|i.l saline) th a t d o es
n o t in d u ce g ran u le cell de a th . In fu sio n s of th e v eh icle a t th e sam e
vo lu m e w e re p e rfo rm e d on th e c o n tra la te ra l side. A fter rec o v e ry fro m
an e sth e sia , th e rats w e re e ith e r in jected w ith B rdU , a m a rk e r o f D N A
sy n th e sis th a t labels p ro life ra tin g cells a n d th eir p ro g e n y , a n d p e rfu s e d
2 h o u rs la te r o r d e c a p ita te d for in s itu h y b rid iz a tio n for h isto n e m R N A ,
a m a rk e r of S phase. Infu sio n of EGF in to th e d e n ta te g y ru s re s u lte d in
large increases in th e n u m b e rs of B rdU lab eled a n d h isto n e m R N A
labeled cells in th e s u b g ra n u la r z o n e c o m p a re d to th e sa lin e -in fu se d side.
T hese re su lts in d ic a te th a t EGF is cap ab le of stim u la tin g th e
p ro life ra tio n of g ra n u le cell p re c u rs o rs a n d p re s e n t th e p o ssib ility th a t
activ atio n of EGF rec e p to rs is d ire c tly resp o n sib le for th e in cre a se d rate
of g ra n u le cell p ro d u c tio n fo llo w in g g ra n u le cell d eath .
S u p p o rte d b y N IM H g ran t M H52423 to E.G.

C H R O N IC S U B O R D IN A T IO N STRESS IN H IB ITS N E U R O G E N ESIS
A N D DECREASES THE VO LU M E O F TH E G R A N U LE CELL LAYER. E,
Fychs*1, Q. Flug ge ^ .p.S , M cEw gn, P, T a n a p a t2.^
E. G o u ld 2 lrnhe G erm an
P rim ate C en ter, 37077 G o ttin g en , G erm an y ; d e p a r t m e n t of P sychology,
Prin ceto n U n iv ersity , P rin ceto n NJ 08544
W e h a v e sh o w n th a t n eu ro g e n e sis in th e d e n ta te g y ru s of th e a d u lt tree
sh re w Tupaia belangeri can b e su p p re s s e d b y a n a cu te e x p o su re to a
d o m in a n t tree sh rew . N o p re v io u s stu d ie s h a v e d e te rm in e d w h e th e r this
su p p re ssio n c o n tin u es to occur w ith rep e a ted stress a n d if so, w h e th e r
stress u ltim a tely lea d s to c h a n g es in th e size of th e g ra n u le cell layer.
To in v estig a te th ese po ssib ilities, w e e x p o sed a d u lt m ale tre e sh re w s to
28 d a y s of 1 h o u r e x p o su re to a d o m in a n t tree sh rew . This reg im en h as
b e e n sh o w n to ch ro n ically elev ate c o rtiso l levels. T w en ty -fo u r h o u rs
after th e last d a y of stress, th e su b o rd in a te tre e sh re w s w e re injected
w ith b ro m o d e o x y u rid in e (BrdU), a m a rk e r of D N A sy n th e sis, a n d
p e rfu se d . T hese a n im als w e re c o m p a re d to u n stre sse d tree sh re w s th a t
rec e iv ed B rdU injections w ith th e sam e s u rv iv a l tim e. S tereo lo g ical
an aly sis rev e a led th a t th e n u m b e r of B rdU lab e le d cells a n d th e o v e ra ll
v o lu m e of th e g ran u le cell lay er w e re sig n ifican tly lo w e r in th e
s u b o rd in a te g ro u p . T hese resu lts in d icate th a t su p p re s s io n of g ran u le cell
p ro d u c tio n can c o n tin u e for a p ro lo n g e d p e rio d of tim e a n d th a t th is
in h ib itio n can lea d to o v erall c h an g es in th e v o lu m e of th e g ra n u le cell
lay e r (~30% d ecrease). C ollectively, th ese fin d in g s su g g e st th a t ch ro n ic
stress d ecreases th e n u m b er of g ran u le n e u ro n s in th e a d u lt b y co n tin u o u s
in h ib itio n of g ran u le cell p ro d u ctio n .
S u p p o rte d b y N IM H g ra n t MH52423 to EG a n d DFG g ra n t F u 174/10-1 to
EF.

130.11
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C o r t ic o s t e r o n e m o d u l a t e s n e u r o g e n sis a n d ps a -n c a m e x pr e s sio n in t h e d e n 
t a t e g y r u s : im pl ic a t io n f o r a g e in g . J.J. Rodriguez1. S. Premier1. M.F. M onta

INFLUENCE OF GENETIC BACKGROUND AND EXPERIENCE ON HIPPO
CAMPAL NEUROGENESIS AND LEARNING AND MEMORY IN ADULT
MICE. G. Kempermann*. H. G! Kuhn, and F. H. Gage. Salk Institute for Biological
Studies, Laboratory o f Genetics, La Jolla, CA 92037, USA.
Function and regulation of hippocampal neurogenesis in adult animals are still
largely unknown. We here present results that m ight indicate a correlation between
hippocampal function and the production of new neurons in the dentate gyrus.
Young adult C57BL/6 mice, living in an enriched environment (i.e. a larger cage, a
larger group size, toys, tunnels, running wheels and extra food), were compared with
littermates in control cages. After 40 days, enriched living mice had a significantly
lower body weight than controls. Proliferating cells in the dentate gyrus were detected
by incorporation of bromodeoxyuridine (BrdU). Proliferation in the subgranular zone
was not influenced by the enriched environment. Four weeks later, enriched living
mice had by 57% more surviving BrdU-positive cells than controls. Immunofluorescent triple labeling revealed that «60% o f these cells had a neuronal phenotype. En
riched living mice had a (by volume) larger dentate gyrus and 40,000 more granule
cells than controls. Both groups were tested in a watermaze task to address spatial
learning as an indicator o f hippocampal function. Although both groups learnt the task
well, the enriched living mice showed a steeper learning curve and learnt faster.
Hippocampal neurogenesis was also analyzed in C57BL/6, BALB/c, CD 1(ICR) and
129/SvJ mice. On average the mice produced at least 1 new granule cell per 2000 ex
isting granule cells per day. However, significant strain differences, indicating the in
fluence of genetic background, could be found. When the four strains were tested on the
watermaze task, C57BL/6 which had the highest rate of hippocampal neurogenesis (= 1
per 1700), were the fastest learners, while 129/SvJ, which had the lowest rate (« 1 per
4000), learned slowest. The correlation coefficient for all strains was 0.79.
This correlation does not constitute a causal link between adult hippocampal neuro
genesis and learning, but can serve to hypothesize functional implications. Additional
studies, presently on their way, will investigate the influence of age and the duration of
exposure to the enriched environment on experience-induced plasticity o f neuronal cell
numbers in the hippocampus. Funded by NIA, NINDS, and DFG.

ron1, C. Aurrousseau1. M. M arinelli1. KG. Petrv . G. Roueon*. M. Le M oal1 and
D.N. Abrous*1 ‘INSERM 259. 'INSERM 394. Bordeaux France. JCNRS-UMR
9943, M arseille France.
Ageing is accompanied by a decline in the expression o f PSA-NCAM in the
dentate gyrus (DG), Abrous et al., 1997) which may reflect a decrease in
neurogenesis. Glucocorticoid hormones inhibit neurogenesis in the DG and are
excessively high during ageing. The aim o f this study was to examine whether
suppression of glucocorticoids by adrenalectomy (adx) in adult and aged rats
stimulates neurogenesis and PSA-NCAM expression in the DG.
Three experimental groups of rats were used (control, adx, adx+corticosterone
treatment) and surgery was performed in adult (2 months) or aged rats (22 months).
Neurogenesis was studied using bromodeoxyuridine and labelling was revealed by
immunohistochemistry. PSA-NCAM and NCAM expression was revealed by
immunohistochemistry and immunoblotting. In adult rats : 1) adx increased
neurogenesis and PSA-NCAM expression ; these effects were prevented by
substitutive treatments of corticosterone, 2) the restitution o f high levels of
corticosterone was necessary to prevent the alteration in PSA-NCAM induced by
adx whereas the restitution of low levels o f corticosterone was sufficient to
normalise neurogenesis, 3) the augmentation o f the expression o f PSA-NCAM in
the DG (within 3 days and for at least 1 month) was accompanied by an increase of
PSA-NCAM fibres in the CA3 region, the target area o f the mossy fibres. In
contrast, in aged rats, adx did not increase PSA-NCAM expression in the DG
whereas it Stimulated neurogenesis.
It is concluded that : 1) corticosterone modulates the expression o f PSA-NCAM and
neurogenesis in the DG of adult rats through different corticosteroid receptors
which have a different affinity for the hormone, 2) the lack o f PSA-NCAM in the
aged brain is most probably not due to the inability of precursor cells to re-enter the
cell cycle but is rather due to inability o f the progeny to survive, migrate, or
differentiate.

130.13

130.14

EVIDENCE FOR THE PRESENCE OF PROLIFERATING CELL NUCLEAR
ANTIGEN (PCNA) IN NEURONS OF THE VASOPRESSIN/OXYTOCIN
CONTAINING NUCLEUS (VON) IN THE ADOLESCENT PIG. R.D. McCurdv.
G.D. Partlow*. K.R.S. Fisher. Dept, o f Biomedical Sciences, University o f Guelph,
Guelph, Ont. CANADA N IG 2W1.
The porcine vasopressin/oxytocin containing nucleus (VON), a sexually
dimorphic nucleus in the hypothalamus, displays dramatic postnatal growth (increase
in neuron number and size) which peaks during puberty (20-30 weeks). This growth
has been hypothesized to occur in one o f three ways: cell migration, neurogenesis and
activation o f inactive (glial-like) neurons (van Eerdenberg and Swaab, 1991). The
nuclear protein proliferating cell nuclear antigen (PCNA) is essential for DNA
synthesis, present throughout the cell cycle, and thus a useful tool for studying new
cell growth. Hypothalamic sections (formalin-fixed, paraffin embedded, 5nm thick),
were made from 11 adolescent Yorkshire pig brains, 5 male, 6 female (2 1 -2 3 weeks).
Antigen unmasking was performed with a microwave citrate buffer (ph 6.0) treatment.
PCNA antibodies (Novocastra, clone PC 10,1:200 dilution) were then applied to these
sections. Nickel chloride enhanced diaminobenzidene tetrahydrochloride provided the
visible reaction product. Sections were counter-stained with M ayer’s Haematoxylin
for VON localization and cellular differentiation. All animals displayed cells with
PCNA positive nuclei in the VON region o f the hypothalamus, some within the VON
itself. In numerous instances, cells having a visibly identifiable neuronal morphology
(at 40 X magnification) contained PCNA positive nuclei. Although local PCNA over
expression has been reported in non-dividing cells within neoplastic tissue (Hall et al.,
1990), the above evidence may present a mechanism through which the VON growth
occurs. While the hypothesis o f neurogenesis in VON growth is supported, further
research using other markers for proliferation and cell lineage is indicated. (Supported
by OMAFRA).

NEUROGENESIS O F MOTONEURONS IN ADULT VERTEBRATE CNS
FOLLOW ING DEAFFERENTATION. J E Schaefer*. CB Doerinp. and H H
Zaknn. Dept, of Zoology. University o f Texas at Austin, 78712.
The electromotor circuit o f the weakly electric fish, Apteronotus leptorhynchus
is comprised o f pacemaker neurons and relay intemeurons, which project axons
the length of the spinal cord and make electrotonic synapses with electromotor
neurons (EMNs), the final cells in the circuit. We examined whether EMNs could
survive the loss o f their sole input (relay axons). A complete high spinal
transection caused total relay axon degeneration after 5 days, and caused an initial
doubling of EM N soma size. Apart from morphological changes, the number of
EMNs in each frozen cross-section did not change at 5 ,1 0 , or 20 days post
transection (DPT). Surprisingly, EMN numbers increased significantly at 30 DPT
and peaked at 60 DPT.
To test whether new EMNs appeared in the spinal cord, fish were given
injections o f BrdU (3 injections over 5 days) beginning at 9 DPT. The fish were
allowed to survive 2 weeks after the final injection before tail tissue was
processed for BrdU immunocytochemistry. The label incorporated into EMN
nuclei, non-neuronal cells, and ependymal cells o f the central canal. Meanwhile,
sham-operated fish showed no incorporation of BrdU (apart from skin nuclei). To
identitfy the EMN progenitor cells and time o f their proliferation, we used single
injections o f BrdU at 5,7,9 or 11 DPT, and collected tail tissue 3 hours later.
Although BrdU was incorporated at all four time points, it peaked significantly at
7 and 9 DPT within the ependymal cell region (central canal). Proliferation of
non-neuronal cells in other regions o f the spinal cord also peaked at 9 days. In fish
surviving 14 days after injection, labelled ependymal cells were often seen in
pairs, or chains extending from the central canal (where they originate). Anderson
and Waxmann found that Apteronotus ependyaml cells are capable o f becoming
mature EMNs following tail amputation. However, our data shows that
deafferentation alone is capable o f inducing motoneuron proliferation.
Research supported by an NIH developmental training grant
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NEUROGENESIS IN THE DEVELOPING LOBSTER CNS.

DISTRIBUTION OF PROLIFERATING CELLS IN THE BRAIN
OF ADULT TELEOSTS
Johnsson C-M. Forsell J. Ekstrttm P. Taraneer G-L. and Holmavist B.*

S, Haresch 0 , J ,-M iUgLJ, Benton, B P e t e * 0 University of Bielefeld, Dept, of
Neuroanatomy, 33615 Bielefeld, Germany, and W ellesley College, Dept. Biol.
Sci., Wellesley, Massachusetts 02181-8283
Neurogenesis was examined in laboratory reared embryonic (Helluy and Beltz,
1991, Biol. Bull. 180:355), larval, and adult A m erican lobsters H o m a r u s
americanus by the in vivo incorporation of BrdU (Harzsch and Dawirs, 1994,
Roux's Arch. Dev. Biol. 204:93; Harzsch and Dawirs, 1996, J. Neurobiol. 29:384).
Expression of engrailed (Patel et al., 1989, Development 107:201) was monitored
to study its potential as a crustacean neuroblast marker. Immunohistochemistry
against Drosophila synapsins (Klagges et al., 1996, J. Neurosci. 16:3154; Harzsch
et al., 1997, Int. J. Dev. Biol.:. In press) allowed visualization o f neuropil
form ation. In the thoracic ganglia, the ladderlike axonal scaffold has been
established by 20% embryonic development (E20%). A high level o f proliferative
activity among neuronal stem cells can be found in early and midstage embryos,
but, starting at about E70%, this mitotic action slows down towards hatching.
Thoracic neuroblasts do not resume their mitotic activity in the larvae. From E20%
to E70%, thoracic seglnents contain a set of 9 neuroblasts, none o f which is
engrailed positive. Thus, our data suggest that some aspects of neurogenesis in the
lobster embryo might be considerably different from insects (Doe and Skeath,
1996, Curr. Op. Neurobiol. 6:18). In the brain, 3 m ajor proliferative domains
consisting of clusters of labeled neuroblasts and ganglion mother cells can be
found: 1. at the anterior margin of the medial protocerebrum, 2. anterior to the
developing olfactory lobe (cluster 9/11, olfactory and accessory lobe interneurons),
3. posterior to the olfactory lobe (cluster 10, olfactory projection neurons and
accessory lobe interneurons). Proliferative activity in cluster 10 persists from
embryonic through larval stages into adult life. Neurogenesis within the olfactory
pathway was shown to be a common feature even in 7 years old lobsters indicating
an unexpected degree of plasticity in the adult lobster brain.
This study was supported by the DFG (Ha 2540/1-1) and NIH-NS (25915 BB).
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Dept of Zoology, Laid University, Sweden; Dept of Molecular Biology, Bogen Uiavasky, Dept Marine Research, Maße, Norway.

In the brain of teleosts, new cells are formed throughout life. These new cells may
participate in neuronal and glial reorganization during different life stages.
The distribution of mitotically active cells was investigated in the brains of adult
three-spined stickleback (Gasterosteus aculeatus), zebrafish (Danio rerio), Atlantic
herring (Clupea harengus) and Atlantic salmon (Salmo salar) by immunocytochemical
detection of proliferating cell nuclear antigen (PCNA) on histological sections of
methacam-fixed brains.
The PCNA immunoreactivity is confined to the cell nuclei, and its main distribution in
the adult brain conforms with the distribution of BrdUrd and 3H-thymidine incorporation
(Zupanc and Horsche 1995, J. Comp. Neurol. 353; Ekström and Ohlin, unpublished observations).

All studied species show a similar general pattern of distribution of mitotic cells;
however, there are also differences in distribution and relative numbers of labeled cells.
The majority of PCNA immunoreactive (PCNAir) cells are present along the ventricular
system in the ventral telencephalon, hypothalamus, dorsal and ventral thalamus,
posterior tuberculum, and optic tectum. In the optic tectum, PCNAir cells are
concentrated in dorsomedial and caudolateral bands that converge caudally. Large
numbers of PCNAir cells are located in the cerebellum. Relatively large numbers of cells
line the ventricle along preoptic nuclei and torus longitudinalis. Smaller numbers of
cells are located along the periphery of the dorsal telencephalon, and in periventricular
and reticular regions of the rhombencephalon, and are scattered in olfactory bulbs, the
optic tectum, tract and nerve, pineal organ, pituitary and saccus vasculosis.
Our data emphasize a common pattern of distribution of mitotically active cells in the
brain of adult teleosts. Interspecific differences in distribution and relative abundance of
PCNAir cells may reflect variations in reorganization of specific brain circuits, possibly
related to phylogenetic position, different life strategies and/or physiological
condition. Further studies are needed to elucidate the relation of PCNA expression,
survival and differentiation of newly generated neuronal and glial cells.
(Supported by the Norwegian and Swedish Researh Councils, and NORFA).

CELL LINEAGE AND DETERMINATION I
1 31.1

131.2

PROGENITOR CELLS FROM EMBRYONIC, POSTNATAL, AND ADULT
GENERATIVE ZONES DISPLAY DIFFERENT RESPONSES TO EGF AND
bFGF, AND TO THE BMPs. G. Zhu. M.F.Mehler. P C. Mabie. S. Crain.* and J.A.
Kessler Depts. Neurol. & Neurosci, Albert Einstein Coll. of Med., Bronx, NY 10461
Although multipotent progenitor cells are present in generative zones of
embryonic, postnatal, and adult brain, it has been unclear whether there are
developmental changes in their growth factor responsiveness or their lineage
potentialities. To address this issue, progenitor cells were generated as neurospheres
from E l 5, E17, PN2 and adult brain in the presence of either EGF or bFGF.
Embryonic cells formed more proliferative neurospheres in response to bFGF than
EGF, whereas the converse was true with postnatal and adult cells. Embryonic and
postnatal but not adult cells retained the ability to proliferate even after adherence to
a substratum. After plating on substrate, EGF-generated cells proliferated more
rapidly and migrated over greater distances than
bFGF-generated
ones.
Neurospheres generated in the presence of either bFGF or EGF gave rise at all stages
to neurons (N), astrocytes (A), and oligodendroglia (O) after plating on substrate.
However, most embryonic and postnatal EGF-generated cells remained
undifferentiated in the absence of other added factors, whereas adult cells
preferentially gave rise to astrocytes. By contrast, during development bFGFgenerated cells gave rise to predominantly differentiated species (N >A >0) even
without added factors. Treatment with bone morphogenetic protein (BMP)2, and to a
lesser extent with BMP7, enhanced astroglial differentiation of both EGF- and bFGFgenerated cells and inhibited both proliferation and migration. BMP7 but not BMP2
treatment induced nuclear translocation of SMAD1, a latent transcription factor
known to be activated by TGF|3 signaling pathways, suggesting that different
pathways are activated by members of different BMP subgroups. Thus while
progenitor cells retain multipotent capacity throughout development and in adult life,
they change their growth factor requirements and response properties, perhaps
reflecting differences in the requirements for generative versus regenerative events.

A Population of Stem Cells Which Remain Multipotential in
Differentiating Conditions

EGF-responsive neural stem cells isolated from the adult and embryonic
striatum propagated in vitro have the capacity to differentiate into both
neurons and glia. Previous experiments have indicated that upon the
removal of EGF and the addition of FBS these cultures will be induced to
differentiate into neurons, astrocytes, and oligodendrocytes. These
experiments assume that stem cells and progenitor cells terminally
differentiate in these conditions. We examined the possibility that a sub
population of stem cells in these conditions do not differentiate and can
continue to exist as multipotential cells, either as dormant cells or by
dividing asymmetrically. Neural stem cells isolated from embryonic mouse
striatum or ventral mesencephalon were cultured in defined media
containing either EGF or EGF and bFGF. These cultures grew in small
clusters that were passaged 1X/week. At passage 3 the cultures were
induced to differentiate by the removal of EGF and the addition of FBS or
FBS supplemented with a growth factor cocktail. After one week, these
differentiated cultures were returned to defined media with appropriate
mitogens (EGF or EGF /bFGF).^ A sub-population of cells from these
cultures resumed proliferation as small clusters which expanded at the
same rate as parallel parent cultures that had never been exposed to
differentiating conditions. In addition, the ability to generate spheres did
not appear affected by this treatment. Furthermore, upon differentiation,
these cultures continued to demonstrate the capacity to produce neurons,
astrocytes and oligodendrocytes. This population of cells may reflect a
quiescent or dormant stem cell population in the adult brain which retains
the capacity for self-renewal and multipotentiality in differentiating
conditions.

131.3
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DIFFERENTIAL ROLES OF EGF AND FGF2 IN PROLIFERATION MAY REFLECT
SEPARATE NEURAL STEM CELL SUBPOPULATIONS. V. Tropepe* and D. van der Kooy.

P75-RECEPTOR
EXPRESSION IS NECESSARY
FOR THE FULL
COM PLEM ENT OF EGF-RESPONSIVE STEM CELLS IN THE ADULT
MAMMALIAN FOREBRAIN.' C.M. Morshea<fand P. van der Koov. University of
Toronto, Department of Anatomy and Cell Biology, Toronto, Ontario
The adult mammalian forebrain contains a population of multipotential neural stem cells in
the subependyma of the lateral ventricles. In vivo the progeny of the relatively quiescent
stem cells are the constitutively proliferating (cp) cells. The cp population comprises up to
33% of the subependyma and proliferates rapidly (Tc-12.7 hours). Some of the cp cells
migrate to the olfactory bulb and differentiate into neurons however the vast majority of the
progeny undergo cell death. The low affinity nerve growth factory receptor (p75r) has been
shown to have a role in cell death. Given the enormous amount of cell death within the cp
population in adult brains we have examined p75r expression in the subependyma and utilized
p75r knock-out (p75r-/-) animals in order to address the possible role of p75r. A
subpopulation of subependymal cells express p75r. To address whether the stem cells and/or
the cp progenitor cells arc expressing the p75r we have isolated stem cells in vitro from
control and p75r-/- animals. When neural stem cells are isolated from adult p75r-/- animals in
the the presence of EGF there is a 50% reduction in the total number of EGF generated
spheres compared to control animals. Interestingly, the total number of spheres generated in
bFGF is unchanged from controls. These data suggest that p75r expression is necessary for
the full complement of EGF responsive stem cells. FGF-responsive stem cells appear earlier
in embryogenesis and may give rise to the later appearing EGF-responsive stem cells.
Examination of the numbers of stem cells from embryonic p75r-/- and control animals in
EGF and FGF will distinguish between the possibilities that the 50% reduction in EGF
spheres is due to a lack of their production during development or to an inability to maintain
the EGF-responsive stem cells in adult tissue. One hypothesis for our data suggests that p75r
facilitates the survival of EGF-responsive stem cells and thus few«- stem cells survive in the
p75r-/- mice. This hypothesis predicts that EGF receptor sensitive stem cells express p75r.
Another hypothesis is that p75r expression is a predictor of cell death and hence when no p75r
expression occurs during development there is no progenitor cell death and fewer stem cells
are necessary to give rise to the full complement of progeny. Alternatively, p75r expression
in adult brains may be related to the cp cells given that these are the major types of cells
undergoing cell death in the adult brain. To examine this possibility the number of
proliferating cells in the subependyma of control and p75r-/- mice will be compared. Any
change in the number of proliferating cells between the control and p75r-/- animals would
suggest that p75r expression regulates cell death of the cp population. No change in the
amount of proliferation would support the hypothesis that the p75r expression is a marker for
and functional in the neural stem cells. Supported by MRC Canada and Neurospheres Inc.

Neurobiology Research Group, Department of Anatomy & Cell Biology, University of Toronto,
Toronto, Canada M5S 1A8.
Epidermal growth factor (EGF) and fibroblast growth factor-2 (FGF2) independently elicit
the proliferation of self-renewing, multipotential neural stem cells from the murine embryonic
germinal zone. Although single neural stem cells isolated in vitro have been shown to
proliferate in the presence of EGF or FGF2, the proliferative behavior of neural stem cells
amongst a population of precursors, a situation more akin to the in vivo environment, is
poorly understood. We asked whether EGF and FGF2 have differential roles in embryonic
day 14 neural stem cell proliferation (neurosphere formation), and whether neural stem cell
proliferation is cell density-dependent. A dose-response analysis at high cell densities
revealed facilitative community effects on neural stem cell proliferation that are due to
unknown endogenous factors. At low densities and low concentrations, FGF2 was more
effective than EGF in generating neurospheres and FGF2 generated a higher maximal
number of neurospheres than EGF at higher concentrations. Furthermore, the number of
neurospheres generated in the combination of EGF and FGF2 was additive only at the lower
cell densities. These data reflect a differential sensitivity to EGF and FGF2 at low cell
densities that is obscured by community effects at high cell densities and suggest that there
may be separate neural stem cell populations that are differentially responsive to EGF and
FGF2 as mitogens. We are currently testing whether these differences in mitogens also
influence the proportion of neuronal and glial progeny, the descendants of stem cells.
Preliminary data show that the vast majority of the undifferentiated cells within a neurosphere
(generated in either EGF or FGF2) express both EGF-receptor and FGF-receptor1
suggesting that the neural stem cell progeny are capable of responding to both EGF and
FGF2. Furthermore, when progenitor cells within a low density-derived neurosphere are
exposed to serum to promote their differentiation, then the proportions of neurons, astrocytes
and oligodendrocytes did not vary regardless of whether the neurospheres were generated in
low or high concentrations of EGF and FGF2. These results suggest that although EGF and
FGF2 may have differential roles in neural stem cell proliferation, they do not affect the
multipotentiality of the neural stem cells. Supported by MRC and NCE Canada.
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J.P. Herman*, H. Becq and A. Enjalbert. ICNE, UMR 6544 CNRS,
Faculté de Médecine Nord, 13916 Marseille Cedex 20, France.
Neural cell lines are often used to study various aspects of neural
development. They could also be used for intracerebral
implantation to obtain reconstruction of neural circuitries or to
express foreign genes. A standard way of obtaining such lines is to
introduce into embryonic or early postnatal neuroepithelial cells a
transforming oncogene, such as the large T antigen of SV40 (Tag).
The permanent expression of the oncogene can, however, distort the
developmental potential of the transformed cells. Moreover, cell
lines expressing an oncogene can hardly be considered for clinical
applications. The use of a temperature-sensitive allele of the
oncogene can substantially reduce the expression of the oncogene,
without, however, stopping it completely at 37°C. We have explored
an alternative approach for the inactivation of the oncogene. The
coding sequence of Tag, together with a hybrid gene of HSV-rfc and
neoR permitting positive and a negative selection, were introduced
in a double-gene retroviral vector between two LoxP sequences.
The population immortalized by this vector is then transfected with
a modulatable vector expressing Cre, an enzyme which excises
DNA sequences located between two LoxP sequences. Thus, upon
induction of Cre, the oncogene can be inactivated, and cells in
which the excision have not occured can be killed using
gancyclovir. The feasibility of this approach will be documented
and results obtained by the immortalization of neuroepithelial cells
from E l2.5 rat mesencephalon will be shown.

C O N T IN U O U S
G E N E R A T IO N
OF
HUM AN
CATECHOLA M IN E R G IC N E U R O N S BY E M B R Y O N IC CN S S T E M C E L L S .
AtL,..y.escQyi .*•§,, M,. DaadiS, R, A$ham§. anti BA Reynold
§ NeuroSpheres
LTD, Calgary, AB, Canada and »National Neurological Institute C.Besta, Milan,
Italy.
A continuous source of normal human catecholaminergic neurons that
combines the plasticity of fetal tissue with the proliferative capacity of transformed
cells would be ideal for neural transplantation. We have established continuous stem
cell lines from the embryonic human CNS through epigenetic stimulation and have
expanded them for three years, achieving a 10^ fold increase in the total cell
number. These cells retain their capacity for differentiation into the three principle
neural cell types, namely, astrocytes, oligodendrocytes and neurons. Differentiation
is normally induced by growth factor removal, under serum-free conditions, so that
cells are allowed to differentiate according to a cell intrinsic program. However, the
majority of the neurons generated under these conditions take on a GABA-ergic
phenotype. By both RT-PCR and immunocytochemistry we now show that the
combination of growth factor and a medium conditioned by glial cells can bias the
default differentiation program of human stem cell progeny, inducing the generation
of neurons which express the catecholamine synthesizing enzyme tyrosine
hydroxylase (TH). This phenomenon is time dependent, with the percentage of THimmunoreactive (TH-IR) cells gradually increasing, peaking at 6.7% o f the total cell
number at day 6-7, and remaining at this level 9-10 days after the beginning of
differentiation. Additionally, more than 90% of the TH-IR expressed the neuronal
markers b-tubulin or MAP2. Experiments are underway to determine the functional
charactersitics of these human catecholaminergic neurons. This methodology allows
for the continuous generation of human catecholaminergic and may significantly
contribute to the advancement of clinical neural transplantation by providing a
plentiful, standardised source of tissue for dopaminergic cell replacement in
Parkinson’s disease.

131.7

131.8

IN VIVO M ANIPULATIO N OF THE CNS STEM
CELL PROGENY TO GENERATE TYROSINE
HYDROXYLASE EXPRESSING
NEURONS
IN
PARKINSONIAN ANIMAL M ODEL.
M. Daadi*; M Dicay; B. Reynolds andP Poulin. Neurospheres Ltd,
83 HM-3330 Hospital Dr. NW, Calgary, AB, CANADA, T2N 4N1.
CNS stem cells have the potential to produce neuronal and glial lineage
species, bothj n vitro and in vivo (Reynolds and Weiss, 1992; Craig et
al., 1996). We hypothesized that, following in vivo activation of stem
cell progeny by intracerebroventricular (i.c.v.) growth factor treatment,
new tyrosine hydroxylase (TH) expressing cells could be generated.
These experiments were conducted using both normal mice and
parkinsonian rat animal models. Normal adult mice received an i.c.v.
infusion of EGF and/or FGF2 and/or conditioned medium derived from
a glial cell line (CM), or vehicle, delivered via an Alzet osmotic pump
for a period of 6 days. After a 5 week post-treatment survival period,
the RT-PCR technique was used to detect the presence of TH transcripts
in the ventricular/subventricular zone (i.e. the source of the stem cell
progeny). When tested individually, none of these factors were able to
significantly increase the TH expression. However, when FGF2 was
combined with CM, the TH mRNA was upregulated indicating
expression of the gene. This corroborates an in vitro study where we
demonstrated that FGF2+CM stimulated TH gene expression in both
rodent and human stem cell derived neuronal progeny (see related
abstracts by Weiss et al. and Vescovi et al.). When the same
combination of growth factors was infused into the lateral ventricle of
rat parkinsonian animal models, an average of 200 TH-immunoreactive
cells were observed in the lesioned striata. Behavioral analysis of these
animals is currently being investigated.

INDUCTION OF TYROSINE HYDROXYLASE EXPRESSION IN
NEURONAL PRECURSORS OF TH E EM BRYONIC AND
ADULT CNS: CO-OPERATIVE ACTIONS OF basicFGF AND
GLIAL CELL-DERIVED ACTIVATORS. S. Weiss*. B. Reynolds1
and M. Daadi. Depts. of Anatomy and Pharamcology & Therapeutics,
University of Calgary and NeuroSpheres Ltd, Calgary, AB, CANADA.
Basic fibroblast growth factor (bFGF) is a mitogen for neuronal
precursors and a factor that co-operates with other activators in
inductive processes in early development. Expression of tyrosine
hydroxylase (TH) was induced in both proliferating and post-mitotic
embryonic day 14 striatal and cortical neuroblasts by 24 hour exposure
to bFGF. The actions of bFGF on striatal neuroblasts were potentiated
6- and 20-fold by co-administration of media conditioned (CM) by
striatal astrocytes and a glial cell line, respectively. The actions of
bFGF and CM required their adm inistration at plating.
Bromodeoxyuridine (BrdU) incorporation demonstrated that 10-15%
of the neurons that expressed TH, in response to bFGF and CM, were
newly generated. When neural precursors of the embryonic or adult
ventricular/sub-ventricular zone were labeled with BrdU in vivo, 4060% of the in vivo BrdU-labeled cells were induced to express TH in
vitro. bFGF and CM also induced TH expression in 10% of the
neuronal precursors derived from epidermal growth factor-responsive
stem cells, 65% of which were newly-generated during the 24 hour
inductive period. Thus, the co-operative actions of bFGF and glialderived activators may represent a novel approach to inducing TH in
proliferating neuronal precursor cells of the embryonic or adult
mammalian CNS.
Supported by the Medical Research Council of Canada.

131 .9
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REGION AL PLA STICITY OF M U LTIPO TEN T PRECU RSO RS FROM THE
DEVELOPING CNS. m
HazfiL-P,M, .EancbisiQiu R J a r i i m g i i . and. RJLG,
McKay*. Laboratory of Molecular Biology, NINDS, NIH, Bethesda, MD, 20892.
An early step in the formation o f the vertebrate CNS is the specification and
m aintenance o f positional identity, represented by regional patterns o f gene
expression. This process is carried out by the action o f diffusible factors, such as
Sonic Hedgehog and members o f the Bone M orphogenetic Protein (BMP) family.
Results from transplant experiments show that regional and cell type identity can be
m odified, indicating that cells within the developing CNS retain some degree o f
phenotypic plasticity relatively late in developm ent However, the mechanisms that
endow neural precursors with their inherent plasticity are unknown, as are the limits
of this plasticity. We have addressed this issue using multipotent stem cells that have
been isolated from the rat cortex at embryonic day 14 and expanded in vitro in the
presence o f bFGF. W ithdraw al o f m itogen from these cells induces their
differentiation into neurons, astrocytes, and oligodendrocytes, suggesting that an
intrinsic program regulates their differentiation. However, these lineage choices can
be regulated by single factors (Johe et al. 1996. Genes & Dev. 10:3129-3140). We
therefore sought to determine the response o f these cells to signals that direct regional
identity in the developing CNS.
W e show here that cortical stem cells treated with BMP4 adopt properties typical of
cells that arise in the dorsal neural tube at the time o f neural tube closure. These
properties include characteristic patterns o f gene expression and the capacity to
generate multipotent neural crest precursors which give rise to peripheral neurons,
smooth muscle, and glia. These results indicate that multipotent precursors o f the
developing CNS maintain significant plasticity with regard to their regional and cell
type identity throughout development, and can adopt new regional identities in
response to single inductive cues.
Supported by the NIH

TRANSCRIPTIONAL REGULATION OF BRAIN-FATTY ACID BINDING
PROTEIN IN THE DEVELOPING CENTRAL NERVOUS SYSTEM.
T. Müller1*. A. Zimmer*. R. D. G. McKav1. National Institutes of Health,
NINDS, ¿NIMH, Bethesda, MD 20892
Brain-fatty acid binding protein (B-FABP) is a brain-specific member of
the family of FABPs which bind to and possibly regulate the metabolism of
hydrophobic ligands like retinoids, eicosanoids, or fatty acids. In the embryonic
mouse brain, B-FABP is found in CNS precursor cells in the entire ventricular
zone. In vitro, the B-FABP gene is strongly expressed in multipotential
neuroepithelial stem ceils. Coinciding with differentiation, in vivo and in vitro,
B-FABP gene expression is down-regulated. These features make the BFABP gene an interesting model to study mechanisms of transcriptional
regulation involved in the transition from a proliferating neural precursor ceil to
a differentiated progenitor cell. To analyse the transcriptional regulation of the
B-FABP gene, we used a transgenic approach with p-galactosidase as marker
gene driven by B-FABP promotors carrying various deletions. Starting from a
4.5 kb 5'-flanldng region, we could identify a 120 bp region which was
necessary for promotor activity in the embryonic CNS. Within this region, at
least two necessary elements reside. One of them was identified as Pbx/Hoxbinding site. Deletion of this site abolishes promotor activity in spinal cord,
mid- and forebrain. Pbx1 and POU-domain transcription factors are both
binding to this site. Currently, we are analysing the mode of interaction,
structurally and functionally, between Pbx and POU-domain proteins. Since
nestin expression in the embryonic CNS Is also regulated by POU-proteins, a
common scheme of transcriptional regulation in CNS stem cells seems to
emerge. POU-domain proteins (in particular class III) are essential
transcriptional regulators in CNS stem cells.
Supported by the National Institutes of Health.
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NEURONALLY-DIFFERENTIATED MULTIPOTENT PROGENITOR
CELLS MAY INHIBIT THE NEURONAL DIFFERENTIATION OF
SURROUNDING
UNCOMMITTED,
CLONALLY-RELATED
MULTIPOTENT NEURAL PROGENITORS VIA MEMBRANEASSOCIATED FACTORS. S. Nissim, A. L. Peel, S. Liu*. C Yang J Flax,
E. Y. Snyder. Depts. of Neurology and Pediatrics, Enders Research 61dg.,
Children s Hospital, Harvard Medical School, Boston, MA 02115.
We sought to elucidate certain mechanisms by which multipotent neural
progenitors might decide between alternative cell-type fates. Observations
of a well-characterized clone of murine stem-like cells indicated an inverse
relationship between cell density and relative levels of neuronal
differentiation. To identify factors which might mediate this relationship,
the neural stem-like cells were engineered to express the green fluorescent
protein (GFP) driven by a neuron-specific enolase (NSE) promoter,
thereby allowing the quantification and isolation of neuronallydifferentiated cells based on GFP expression as determined by
fluorescence-activated cell sorting. This experimental system was
established to evaluate the influence of diffusible or membrane-associated
factors on neuronal differentiation. Employing this system, membraneassociated factors were implicated in the relationship between cell density
and differentiation. Specifically, membrane preparations from neuronallycommitted cells could inhibit clonally-related, uncommitted progenitors
from neuronal differentiation. Membranes from clonally-related cells not
neuronally-committed did not have this effect. This cell-cell interaction
parallels the lateral inhibition documented in invertebrate development.
The participation of Notch-like membrane-associated factors is being
investigated. Based on these observations, a model is proposed whereby
membrane-associated factors expressed by neuronally-differentiated stem
like cells may actively inhibit the neuronal differentiation of clonallyrelated stem-like cell.
(Funding: NS33952, NS34247, PVA, APA)

ERY TH R O PO IETIN
M EDIATES
IN CREA SED
NEUROGENESIS BY EMBRYONIC CNS STEM CELLS
FOLLOWING A MODEST HYPOXIC INSULT.
S.T. Sorokan* and S. Weiss. Departments of Anatomy and
Pharmacology & Therapeutics, University of Calgary, Faculty of
Medicine, Calgary, AB, Canada.
Epidermal growth factor (EGF)-responsive multipotent CNS stem
cells, isolated from the embryonic day 14 striatum, form spheres of
undifferentiated cells which can be renewed and expanded in the
continued presence of EGF. Twenty-four hours after dissociation, in
vitro-generated stem cells were exposed to a hypoxic insult (p02 of 3040 mm Hg for 4-8 hours). After return to normoxic conditions and one
week in the presence of EGF, clonal and population analyses found
that hypoxia had induced a two-fold increase in neurons within each
stem cell-derived sphere. The hypoxic insult induced a rapid upregulation of hypoxia-induced factor (HIF) in stem cell progeny. HIF
has been shown to mediate the increased expression of erythropoietin
(EPO) in non-neural tissues. Thus, we examined the actions of EPO
on stem cell neurogenesis. Exposure of stem cells (under normoxic
conditions) to human recombinant EPO resulted in a dose-dependent
two-fold increase in neurons. Preliminary experiments found that 4
hour hypoxia-induced increases in stem cell neurogenesis could be
blocked by the addition of an EPO-neutralizing antibody. Washout
experiments indicate that exogenous EPO instructs stem cells, prior to
their first cell division, to produce more neurons. These findings
suggest that the production and release of EPO, following a hypoxic
insult, may instruct neural stem cells to produce more neurons.
Supported by the Medical Research Council of Canada.
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CORRELATION
OF
NEUROTROPHIC
FACTOR
raRNAs
WITH
CYTOLOGICAL MARKERS IN CULTURED HUM AN FETAL BRAIN. R.L.
Hoffman*- M. Haak-Frendscho»0*. B. Ge° and W .E. Grever°
»Promega
Corporation, M adison, WI 53711 and °University o f Wisconsin-Madison, School
o f Veterinary Medicine, M adison, WI 57306.
The ability to culture and manipulate developing human CNS progenitor cells is
essential for the advancement o f transplant-based therapies for treatment o f several
neurologic diseases. In order to study their developmental and differentiation
potential, human fetal CNS progenitor cells were cultured as free floating
aggregates in either B104 conditioned media or media containing hrEGF. Total
RNA was extracted from fresh tissue and cultures at various time-points and
analyzed by RT-PCR. Messenger RNA for NGF, BDNF, NT-3 and the low
molecular weight NTF receptor p75 was detected at each time point and culture
condition. The presence o f these mRNAs over time in culture suggests an ongoing
responsiveness of the cells to NTFs. Immunocytochemistry was used to identify the
various cell phenotypes present in the aggregates over the course o f the study.
Initially, the aggregates contained exclusively small round cells without processes.
Greater than 95 % o f the cells were immuno-positive for PHI tubulin, a cytological
marker specific for neuronal-lineage cells. At later time points when the aggregates
contained process-baring cells, the number o f cells labeling positively for PHI
tubulin decreased whereas immunoreactivity for another neuronal marker (MAP2)
and glial specific markers (0 4 , O I, GFAP) increased. Taken together, the data
suggest the cells in this culture system undergo a progressive shift from tri
potential progenitors to cells committed to either a neuronal or glial lineage. This
characterization o f cultured human fetal CNS cells may provide valuable insight for
optimization o f in vitro growth factor manipulation prior to transplantation. All
studies were approved by the Human Subjects Committee o f the UW-Madison.
Co-support provided by Promega Corporation and the Myelin Project.

IS THERE A LINEAGE RELATIONSHIP BETWEEN bFGF- AND
EGF-RESPONSIVE STEM CELLS IN THE SPINAL CORD?
A. Represa*. M. Simmonds. T. Shimazaki and S. Weiss. Department of
Anatomy, University of Calgary, Faculty of Medicine, Calgary, AB
Multipotent neural stem cells, isolated from the embryonic or adult
mouse forebrain, will proliferate, expand and self-renew to form spheres,
in the presence of either EGF or bFGF+heparin. Neural stem cells
isolated from the adult spinal cord, however, proliferated in the presence
of bFGF+heparin, or EGF+bFGF (no heparin), but not with EGF alone.
We hypothesized that adult spinal cord stem cells respond to bFGF by
producing secondary stem cells that are EGF-responsive. This was
examined two ways. First, isolated adult spinal cord cells were exposed to
either bFGF or EGF for varying periods, followed by a washout, and then
exposed to the other growth factor. Only a sequential administration of
bFGF (for at least 48 hours) to EGF resulted in stem cell proliferation.
Second, primary spheres generated by bFGF+heparin could generate
secondary spheres in the presence of EGF alone. To determine whether
such a relationship may be related to cell histogenesis in vivo, we
examined the developing mouse spinal cord for bFGF- or EGFresponsive stem cells. At embryonic day 11 (E ll) no EGF receptor
mRNA was detected in spinal cord tissue and virtually no spheres were
generated with EGF - bFGFR mRNA was expressed and spheres could be
generated in the presence of bFGF+heparin. Between El 2-14, EGFR
mRNA was expressed in the spinal cord and significant numbers of EGFresponsive stem cells were indeed present. By post-natal day 2 virtually
no EGFR mRNA nor EGF-responsive stem cells could be found. These
data suggest that at least two types of stem cells, in a lineage relationship
and distinguished by their responses to EGF and bFGF, may be present
in the developing mammalian spinal cord.
Supported by the NeuroScience Network of Canada.
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LOCALIZATION AND IDENTIFICATION OF MITOTICALLY ACTIVE
CELLS IN THE ADULT MOUSE SPINAL CORD. L.E. Wallace. T. Riegel.
A,L.. Kyle, T,J,..O'Connor*, PA Reynolds^,P,. Poulin, NeuroSpheres
Ltd., Calgary, Alberta, Canada T2N 4N1.
Previous work has shown the presence of a population of neural
precursor cells in the subependymal zone of the lateral ventricles that
remained mitotically active into adulthood. Mitotically active cells have
also been seen in the adult spinal cord after injury. We asked whether
the normal adult spinal cord contains a proliferating population similar to
that of subependymal zone.
Adult mice were injected with the
proliferation
marker
bromodeoxyuridine (BrdU) i.p. for either 2 or 20 days and sacrificed either
immediately (day 0) or two months later. The tissue was processed for
BrdU immunocytochemistry and double-labeled with antibodies against
nestin (undifferentiated cells), NeuN (neurons), or glial fibrillary acidic
protein (GFAP; glia).
At day 0, BrdU-immunoreactive (IR) cells were found in the central canal
throughout the entire rostral-caudal extent of the spinal cord, with higher
numbers in the caudal thoracic area. Brightly labeled BrdU-IR cells
persisted in the central canal up to two months post-treatment,
suggesting ¡ 3 slow cell cycle time characteristic of stem cells. Nestin-IR
filaments were observed only along the central canal in association with
BrdU-IR cells. Two months after treatment, no BrdU/GFAP or BrdU/NeuN
colocalization was found around the central canal. These results support
recent in vitro observations (Weiss et al., J. Neurosci., 16:7599-7609,
1996) and suggest that the adult mouse spinal cord contains mitotically
active neural stem cells.

NEUROEPITHELIAL PRECURSOR CELLS FROM FETAL HUMAN
SPINAL CORD. S.M. Quinn1. W.M.Walters1. R.D.G. M cKav4. S.M. Onifer1-2.
and S.R, Whittemore*1'3. ‘The Miami Project and Departments of N eurological
Surgery and3Physiology & Biophysics, University o f Miami School o f Medicine,
Miami, FL 33136, and 4Laboratory o f Molecular Biology, NINDS/NIH,
Bethesda, MD 20892.
In the presence o f epidermal growth factor (EGF) and/or basic fibroblast
growth factor (FGF2), neuroepithelial precursor cells from dissociated fetal
hum an spinal cord áre mitotically-active and form free-floating spheres o f
undifferentiated cells. These neurospheres are immunoreactive for the
intermediate filament nestin and do not express neuronal or glial specific
markers. Early passage neurospheres are pluripotent and can differentiate into
neurons, astrocytes, and/or oligodendrocytes. Treatment with PDGF and BDNF
increased the number of neurons, while CNTF and serum increased the number
o f astrocytes. While the majority o f spheres from individual dissections stopped
proliferating at 3 to 5 passages, a few could be continually passaged and
expanded into cell lines. Currently, two expanding cell lines have been
maintained in culture over 7 months for over 20 passages. When differentiated,
long-term passaged spheres are nearly all GFAP immunoreactive, showing no
MAP2, ncurofilament, 0 4 , or GalC positive cells. These data suggest that
continued passage under these conditions preferentially selects for neuronal
precursors that differentiate along astrocytic linages. The lineage potential of
these cells in vivo following transplantation into the adult rat CNS is presently
under investigation. Supported by The Miami Project to Cure Paralysis, General
Reinsurance, The Paralysis Project, and NS26887.
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A common neural progenitor for the CNS and PNS
Mahendra S. Rao@*..Aniali Kalvani@ and M araot MaverProschel#. ©Department of Neurobiology and Anatomy,
#Huntsman Cancer Center, Univ. of Utah School, of Medicine.,
Salt Lake City, UT 84132.
Neuroepithelial (NEP) cells are multipotent self renewing CNS
stem cells that can differentiate into neurons, oligodendrocytes and
astrocytes (Kalyani et al 1997), while neural crest stem cells
(NCSC’s), are PNS stem cells that generate peripheral neurons,
schwann cells, and non-neural derivatives (reviewed by Anderson
1992). We show that NEP cells, like NCSC’s, can generate schwann
cells and smooth muscle under appropriate culture conditions. NEP
cell differentiation is preceded by the appearance of p75/nestin
immunoreactive
cells and complement killing
of the p75
immunoreactive cells prevents the generation of smooth muscle and
schwann cells. Clonal analysis shows that p75 immunoreactive cells
arise from a NEP progenitor that generates other restricted CNS
precursors. NEP derived p75/nestin immunoreactive cells are
similar to NCSC’s, undergo self renewal in defined medium, and
differentiate into multiple phenotypes characteristic of crest cell
derivatives. Thus, NEP cells are multipotent
stem cells that
differentiate into both CNS and PNS derivatives and differentiation
into PNS derivatives involves a transition from one stem cell to a
more restricted, but still multipotent NCSC’s. The relationship
between stem cells is discussed. MSR was supported by the MDA and a
NIH First award. MM-P was supported by the Huntsman Cancer
Center. AK was supported by a graduate training fellowship.

CELL DIFFERENTIATION AND MIGRATION: REGULATION OF MIGRATION

132.1
EXTRACELLULAR CALCIUM IS REQUIRED FOR G PROTEINMEDIATED INHIBITION OF NEURONAL MIGRATION.
Angela M. Horgan* & P.F. Copenhaver. Dept. Cell & Developmental
Biology, L215, Oregon Health Sciences U., Portland, OR. 97201.
During the formation of the enteric nervous system (ENS) of the moth
Manduca sexta, a group of neurons (the EP cells) migrates onto specific
muscle band pathways to form a plexus on the gut surface. Previously,
we showed that these neurons commence the expression of the guanyl
nucleotide binding protein Goa at the onset of migration. Using a semi
intact embryo culture preparation that allows access to the neurons and
their pathways during migration, we have manipulated G protein activity
in the EP cells to investigate whether this signaling molecule participates
in the regulation of EP cell migration. Our results have demonstrated
that stimulation of Go« in these cells caused the termination of EP cell
migration. In contrast, inhibition of G proteins had no obvious effect.
Since Goa is associated with the modulation of intracellular Ca2+ in
other systems, we have examined whether the effects of Go« on EP cell
migration involves a Ca2+-dependent process. While EP cell migration
proceeded normally in [0] Ca2+ saline, elevating intracellular Ca2+
caused an inhibition of migration. When compounds that stimulate Goa
were applied in [0] Ca2+ saline, their inhibitory effects on migration were
reversed. Imaging Ca2+ levels in migratory EP cells showed that
addition of aluminum fluoride (which stimulates G proteins) induced
large transient Ca2+ spikes, but only when external Ca2+ was present.
These results indicate that the regulatory effects of Go« on EP cell
motility is Ca2+ -dependent. Supported by NIH # NS35369

132.2
DEVELOPMENTAL EXPRESSION AND POSSIBLE ROLE OF
NITRIC OXIDE-SENSITIVE GUANYLATE CYCLASES IN A
POPULATION OF MIGRATORY ENTERIC NEURONS. P.F.
Copenhaver* and J. Wright. Cell and Developmental Biology L215,
Oregon Health Sciences U., Portland, OR 97201.
During the formation of the enteric nervous system (ENS) of the moth
Manduca sexta, a group of ~ 300 neurons (the EP cells) migrates onto
specific muscle band pathways on the gut surface. Only after migration,
the neurons extend axons and form mature synaptic terminals on the
visceral musculature. To investigate whether nitric oxide (NO)-mediated
signaling might regulate this developmental program, we examined
whether nitric oxide synthase (NOS; measured by diaphorase staining)
or NO-sensitive guanylate cyclase activity (measured with an anti-cGMP
antibody) could be detected in the developing ENS. When embryos
were immunostained for cGMP after treatment with nitroprusside, we
observed a dramatic increase in guanylate cyclase activity around
migration onset. In contrast, no diaphorase staining could be detected in
the ENS until after migration, and then appeared in a subset of visceral
muscle cells. Surprisingly, inhibitors of NOS, guanylate cyclase, and
cGMP analogs had no significant effect on either EP cell migration or
axonal elongation. However, application of cyclase inhibitors during the
maturation of the EP cells had a significant effect on synaptogenesis,
markedly reducing the number of mature synapses that formed on the
visceral muscles. These results indicated that while components of the
NOS/cGMP signaling pathway are expressed relatively early during EP
cell migration, they do not serve an essential role until the maturation of
these neurons, and may regulate the formation of mature synaptic
connections on the gut musculature. Supported by NIH # NS35369

132.3

132.4
BDNF AND NT-4/5 PROMOTE MIGRATION OF OLFACTORY
NEURON PRECURSORS IN VITRO H. Hu and U. Rutishauser*.
Dept, of Genetics and Neuroscience, Case Western Reserve Univ.
Sch. Of Med., Cleveland, OH. 44106
Precursors of olfactory interneurons, which migrate long distances
through the subventricular zone (SVZ), express high levels of trkB
receptors. To test whether trkB receptor-specific neurotrophic
factors might influence the ability of these cells to migrate, SVZ
explants were cultured in collagen gels with purified growth factors
and also with brain conditioned medium. Addition of recombinant
BDNF, NT-4/5 or brain conditioned medium, but not NT-3 and NGF,
increased the number of neurons that migrated into the collagen
gels. This effect was inhibited by K252a, a specific inhibitor of trk
tyrosine kinase activity. BDNF and NT-4/5 did not alter the rate of
migration, nor did they affect cell proliferation or survival over the
time course of these studies. However, both BDNF and NT-4/5
promoted process extension from SVZ cells. These results suggest
that the initiation or maintenance of neuronal migration of SVZ cells
can be regulated by neurotrophic factors that are present in the
brain. (Supported by NIH grants HD18369 and NS32779).

START AND STOP MOTILITY SIGNALS IN NEUROBLASTS
ARE MEDIATED VIA DIFFERENT SIGNALLING
MECHANISMS. T.N. Behar*. A.E. Schaffner. C.A. Scott. C.
O’Connell and J.L. Barker. Lab. of Neurophysiology, NINDS, NIH,
Bethesda, Md. 20892
We used a novel microdissection technique on rat embryonic
cortex (E l8) to effectively separate differentiated cortical plate (cp)
cells from immature ventricular zone cells (vz). The cp population
consisted of >90% neurons (TUJ1+) and included cells from the
subplate and upper intermediate zone. The vz population consisted
of approximately 60% precursors (nestin+ only) and included cells
from the lower intermediate zone and the sub ventricular zone. The
chemotropic responses of each population were analyzed in vitro
using a microchemotaxis assay. Micromolar GAB A (1-5 jiM)
stimulated the cp population to migrate, whereas fM GABA (500
fM) stimulated the vz population to migrate. Migration was blocked
by pertussis toxin, indicating that pro-migratory responses involve
G-protein activation. Higher concentrations of GABA
(lO^M) inhibited migration. Glutamate or elevated K+o in the
presence of chemotropic levels of GABA also blocked motility in a
dose-dependent manner. These results suggest that “start” motility
signals involve Gi/Go-protein activation, whereas “stop” signals
involve depolarization.
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132.5
ROLES OF BDNF AND NT-3 IN THE ONSET OF AVIAN NEURAL CREST (NC)
MIGRATION. C, KakhamlTJflelfom 31)4 Q, Ball- Dept, of Anat. and Cell Biol.Hebrew Univ. ofJerusalem-Hadassah Med. School-Jerusalem 91120- Israel
The hypothesis was tested that NT-3 and BDNF trigger the onset of NC cell
migration, based on our previous results that: 1) Neural tube-derived NT-3 promotes
the epithelial-mesenchymal conversion of dermatome progenitors to become dermis.
2) NT-3 and BDNF are synthesized in the neural tube prior and during segregation of
the NC from the CNS. 3) Premigratory NC cells have the ability to respond to locally
-produced NT-3, as they express TrkC, the most selective receptor for NT-3.
We report that treatment of neural tube explants containing pre-migratory NC with
either NT-3 or BDNF, accelerates the onset of NC cell migration. Conversely,
neutralization of the endogenous neurotrophins with specific antibodies or Trk fusion
proteins, results in impaired migration. In ovo neutralization of NT-3 until the
completion of NCcell migration, causes an abnormal accumulation of a subset of HNK1-positive cells in the dorsal aspect of the neural tube. Both in explants and in ovo, the
inability of some NC cells to migrate afield from the tube in the absence of the
neurotrophins is correlated with a higher number of premigratory NCcells that express
Slug transcription factor, and /or with anupregulationofSlugmRNA.. Moreover, in
embryos lacking either of the factors, Slug is detected at levels corresponding to about
ten somites rostral to the rostralmost limit of expression observed in controls.
These results suggests that NT-3 and BDNF, two multifunctional neurotrophins that
act during early NC development, also participate in the onset of migration of NC
precursors, perhaps via a Slug-mediated mechanism.
Supported by the Israel Acad. Sci., the CTRand by the Dysautonomia Foundation, Inc.
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NT-3 DECREASES THE SPEED OF CEREBELLAR
GRANULE CELL MIGRATION (A TIME-LAPSE
VIDEO MICROSCOPIC ANALYSIS).
S. Tanaka. Y. Sekino*and T,_Shiiao.
Department of Neurobiology and Behavior, Gunma University
School of Medicine, Maebashi, 371, Japan.
To investigate the effects .of neurotrophins on the speed of cell
migration, we have developed a reaggregation assay system for
detecting cell migration and examined the migration of cerebellar
granule cells. Distances of cell migration at 2 min intervals were
measured using time-lapse video microscopy. Speeds at 0 h, 12 h,
24 h, 30 h and 35 h were calculated. The cells migrated at a speed of
62.6 jim/h for 12 h. A reduction in speed of cell migration was
observed after 12 h (mean speeds were 44.7 jim/h at 24 h, 26.2
p.m/h at 30 h and 9.9 jim/h at 35 h). The same procedure was
performed in the culture medium including 20 ng/ml neurotrophins
(NGF, BDNF, NT-3 and NT-4). NT-3 significantly reduced the
speed of cell migration at 24 h and 30 h (mean speeds were 16.6
jim/h at 24 h and 6.9 jim/h at 30 h). Neurotrophins except for NT-3
had no significantly effects on the speed of cell migration. Neuronal
migration is influenced by NT-3 during development.
Supported by a Grant-in Aid (07279107) for Scientific Research
on Priority Areas from the Ministry of Education, Science, Sports
and Culture of Japan.

132.7

132.8

Role of glycine receptor activatio^ in neuronal migration in
cerebellum and neocortex. Xiaolin Liuf Alexander C. Flint, and Arnold
R. Kriegstein . Department of Neurology and The Center for
Neurobiology and Behavior, College of Physicians and Surgeons of
Columbia University, NY, NY 10025
We have recently found that low affinity glycine receptors are functional
on neurons of the developing neocortex and granule cells of the early
postnatal cerebellum. High levels of the glycine receptor agonist taurine
are found in developing neocortex and cerebellum. We have shown that
blockade of taurine reuptake causes strychnine-sensitive currents and
strychnine alone causes outward currents in cortical neurons, suggesting
that the high levels of stored taurine in cortex are released and activate
the low affinity cortical glycine receptors. Taurine depletion studies in
vivo have suggested an important role for this amino acid in neuronal
migration in neocortex and cerebellum. We have therefore begun to test
the hypothesis that released taurine acting on glycine receptors supports
migration in these regions by assaying migration of neocortical neurons
and cerebellar granule cells in organotypic slice cultures. Slices of
embryonic rat neocortex (El7-18) or postnatal cerebellum (P9) were pulse
labeled with BrDU and then maintained in culture for 3-6 days in the
presence or absence of strychnine (30 jxM). To control for the possibility
that strychnine might also antagonize GABAa receptors at this
concentration, strychnine and control conditions were also performed +/bicuculline (10 |iM). After incubation in culture for 3-6 days, slice cultures
were fixed and BrDU+ neurons visualized by immunostaining. Our
preliminary results suggest that strychnine, acting specifically on glycine
receptors, greatly reduces the extent of overall migration in the two
regions, suggesting that the migration-promoting effects of taurine may
take place via glycine receptor activation.
Supported by NIH/NINDS NS 21223-10.

THE 4C5 ANTIGEN IS INVOLVED IN CELL MIGRATION EVENTS DURING
DEVELOPMENT OF THE CENTRAL AND PERIPHERAL NERVOUS SYSTEM
E. Patsavoudi. E. Yfanti and S. Tzartos* Dept o f Biochemistry, Hellenic Pasteur
Institute, Athens 115 21, Greece.
Monoclonal antibody 4C5 recognises a cell surface neuron specific antigen, the
4C5 antigen, whose temporal and spatial distribution in the central nervous system
coincide with migration events (Thomaidou and Patsavoudi, Neuroscience 1993,53:
813-827). Moreover antibody perturbation experiments performed on postnatal day
8 rats have suggested that the 4C5 antigen is involved in granule cell migration
processes in vitro (Thomaidou et al. J. Neurochem 1995, 64: 1937-1944). In the
sciatic nerve the 4C5 antigen is localized in Schwann cells (Thomaidou et al., J.
Neurosci. Res. 1996, 46: 24-33). The temporal expression of the 4C5 antigen
during development and after injury o f the sciatic nerve, suggests that it may
participate in Schwann cell migrations that occur during such processes . In order
to further analyze the involvement of the 4C5 antigen in migration processes we
performed in vitro antibody perturbation experiments in the central and peripheral
nervous system. In particular we cultured cerebellar explants, derived from
postnatal day 3 rats, for 2 days in the presence and absence of the 4C5 antibody.
Our data showed a strong inhibition of granule cell migration in the cerebellar
explants cultured in the presence of the 4C5 antibody.These results suggest that the
4C5 antigen is involved in neuron-neuron dependant radial migrations in the
developing cerebellum. When sciatic nerves derived from neonatal rats were
cultured for 24h, Schwann cells, as identified by immunocytochemistry using the
antibody to the S100 protein, were observed migrating out o f the tissue. When the
above cultures were performed in the presence of the 4C5 antibody, the number of
Schwann cells migrating from the tissue was significantly reduced. Our data further
support the involvement o f the 4C5 antigen in migration events that take place
during development of the nervous system. Supported by BMH-CT941378.

132.9

132.10

NEUREGULIN AND erbB RECEPTORS PLAY A CRITICAL ROLE IN
NEURONAL MIGRATION. H.I. Rieff*. C. Rio, and G. Corfas. Div. o f
Neuroscience, Children’s Hospital, Harvard Medical School, Boston, M A 02115
The migration of neuronal precursors along radial glia fibers is a critical step in
the formation of the nervous system.We have studied the role o f the growth factor
Neuregulin (NRG) in the interactions between migrating cerebellar granule cells
and radial glial fibers. In the developing cerebellum, granule cells express NRG and
Bergmann radial glia express erbB4, a NRG receptor, during the period o f granule
cell migration. Similarly, in vitro granule cells express NRG, and cultured
cerebellar astroglia express erbB4. In astroglia, NRG induces the phosphorylation
of erbB receptors and the transcription factor CREB, showing that glia respond to
NRG.
Granule cells induce astroglia in vitro to adopt a radial morphology, and then
neurons migrate along the radial glial fibers. We show that when NRG signaling is
blocked by transfection of a dominant negative erbB4 receptor into the glia,
neurons fail to induce a radial glia morphology. Moreover, granule cells move
significantly less along radial glia expressing the dominant negative receptor. The
average speed of migration along control glial fibers was 27.5±1.8 Jim/hr (n=49),
but was significantly lower, 15.9±2.0 pm /hr (n=31), along glial fibers expressing
the dominant negative receptor (p<0.0001). In addition, we found that soluble
NRG is as effective as neuron - glia contact in the induction o f the radial glia
morphology. Treatment with 1 nM NRG for 24 hours caused a greater than two
fold increase in the percent o f radial glial cells, indicating that NRG is sufficient to
induce this change. These results suggest that NRG and erbB receptors play a
crucial role in several steps of the migration program: the induction o f a radial glial
morphology and the movement o f granule cells along these radial fibers.
(Supported by the Klingenstein and the Sloan Foundations (GC) and the NEI(HIR))

A NEW NETRIN RECEPTOR THAT IS CRITICAL FOR MOUSE

S ociety
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____. _^emphis.TN, 38163; 2The Jackson Laboratory, Bar Harbor,
ME 04609.
The rostral cerebellar malformation mutant mouse (gene
symbol=rcm) has been shown recently to be a mutation in a novel netrin
receptor, with homology to the C. elegans gene Unc-5 (Ackerman et
al.. Nature 386fl997]838-843). The cerebellum of this mouse is most
affected, with abnormal foliation and ectopic placement of Purkinje and
granule cells outside the confines of the cerebellar cortex. Purkinje and
granule cells can be found traversing the inferior colliculus, even going
as far as the midbrain/diencephalic border, as well as into the ventral
brainstem. Both of these cell types express the rcm molecule. We
sought to determine the cellular target of this novel receptor molecule
through an analysis of rcm <--> +/+ chimeric mice. Constitutive
expression of 6-galactosidase in ROSA26 mice was used as a cell
marker of wildtype neurons (Friedrich & Soriano, Genes Dev
5[199111513-1523). Purkinje cells were stained with an anti-calbindin
antibody and granule cells were visualized with neutral red.
In rcm <--> ROSA26(+/+) chimeric brains with a significant
contribution of rcm/rcm cells to the rostral cerebellum, there were clear
signs of abnormal cerebellar phenotypes with granule and Purkinje cells
placed ectopically within ana outside of the cerebellum. Purkinje cells in
ectopic positions were of either mutant or wildtype genotype.
Ectopically-placed granule cellsjiowever, were almost exclusively of
the mutant (rcm/rcm) genotype. These results indicate that the granule
cell is the critical target of rcm gene action, and suggest novel tropic
roles for granule cells in cerebellar development ana further suppiort a
role for tnis netrin receptor in neuronal migration. Supported in part by UT
College o f Medicine and Center for Neuroscience (DG) and NS 35900 (SA).
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NETRIN-1 GUIDES THE VENTRALLY-DIRECTED MIGRATION
OF HINDBRAIN NEURONS.

EXPRESSION OF THE NMDA-RECEPTOR SUBUNITS IN
NORMAL AND WEAVER GRANULE NEURONS IN VIVO
AND IN VITRO
Paivi Liesi*. and Jerrv Wriaht. LMCN, NIAAA, NIH,
12501 Washington Ave, Rockville,MD 20852

KT Yee*. HH Simon. R Stimac. M Tessier-Lavignet and PPM O'Leary.
Molecular Neurobiology Lab, The Salk Institute, La Jolla, CA and |Pept. of
Anatomy, Univ of Calif San Francisco, and Howard Hughes Medical
Institute.
The basilar pons functions as a multi-modal center of integration which
relays information to the cerebellum. Basilar pontine neurons are generated
in the lateral recess of the fourth ventricle and migrate from this dorsally
located neuroepithelium toward the ventral midline, where they aggregate to
form the nucleus. Several lines of evidence suggest that netrin-1 may guide
these migrating neurons. First, the basilar pons is missing in. mice deficient
for the axonal chemoattractant netrin-1, which is released by the floorplate,
a ventral midline structure. Second, in C. elegans, the netrin-1 homolog
UNC-6 has been implicated in ventrally directed cell migration. To
investigate the role of netrin-1 in the migration of pontine neurons, we
examined the distribution of netrin-1 and a putative netrin-1 receptor,
Peleted in Colorectal Cancer (PCC), assessed netrin-1 mutant mice for
defects in the ventral hindbrain, and cocultured the pontine migratory
stream with floorplate in collagen gels. We confirmed that the netrin-1
mutants lack the basilar pons. We find that netrin-1 is expressed in the
floorplate region at the level of the developing basilar pons and that PCC is
present on the cell bodies and the leading processes of migrating pontine
neurons. The coculture experiments show that cells migrate from explants
of the migratory stream toward the floorplate. These data suggest that a
netrin-1 gradient emanating from the floorplate not only plays a role in the
guidance of axons but also in the ventrally directed migration of hindbrain
neurons.
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We have previously shown that cultured weaver granule neurons fail
to express functional NMDA-receptors1. The NMDA-receptor protein
expression and function were here analyzed in detail using
immunocytochemistry, patch clamp experiments, and RT-pCR. We found
that in P7-10 cerebellum, R1(C1) and R2A (e1) subunits are expressed in
both normal and weaver cerebellum whereas the R2B (e2) subunit is
expressed in the normal but not in the weaver cerebellum. In cultures of
purified vermal granule neurons, normal neurons expressed all three
subunits whereas the weaver granule neurons failed to express the R2B
(e2) subunit. These results suggest that lack of R2B (e2) subunit may
prevent expression of functional NMDA receptors in the developing
weaver cerebellum. This work was supported by NIAAA
(LMCN-SE-15).
References:
1. Liesi and Wright (1996) J. Cell Biol. 134,477-486.

Supported by NS31249, NS10284, the Spinal Cord Research Foundation
and the Howard Hughes Medical Institute.

132.13
HORIZONTAL MIGRATION OF POSTM ITOTIC CELLS W ITHIN THE DEEP
ZONE OF CEREBELLAR EXTERNAL GRANULAR LAYER. H. Komuro* and P.
Rakic. Section of Neurobiology, Yale University School o f M edicine, New Haven,
CT 06510.
In the developing cerebellum, postmitotic granule cells initially become displaced
from the upper to the lower strata o f the external granular layer (EGL). W ithin the
next 20 hours, the granule cells extend two horizontal processes before developing a
third vertical process through which they subsequently translocate soma across the
molecular layer. Here we examined the behavior o f granule cells within the deep EGL
before they begin vertical migration. Transverse cerebellar slices from 10-day-old mice
(C D -I) were labeled with carbocyanine dye (D il, 4 pg/m l) solution and then
transferred to a m icro-incubator attached to the stage o f a laser-scanning confocal
microscope. Changes in morphology and position o f D il labeled granule cells in the
EGL were observed with a time-lapse recording system. We found that cells in the
deep EGL have an elongated bipolar cell body oriented parallel to the axis o f parallel
fibers. The majority of these cells develop two horizontal processes emanating from
opposite poles of their cell body. However, the processes were uneven: one process
was usually thin and 100-200 |xm long, while the other process was thick and
considerably shorter (20-70 pm), with a large filopodia at its tip. During the growth
of the horizontal processes, the cell body remains stationary, but once the extension
stops, the cell body moves quickly 10 to 50 pm within the thicker leading process.
Some o f the cells migrate laterally toward the edge o f the cerebellar hemisphere, while
the other cells migrate in the opposite direction, toward the midline. The overall rate
of cell m ovement, which ranged between 6 to 18 pm /hr with an average o f 12.3
pm/hr, was comparable to that reported for radially m igrating granule cells in the
molecular layer. These results demonstrate that many postmitotic granule cells change
their medio-lateral positions in the deep EGL prior to forming the third process. This
horizontal movement of granule cells in the deep EGL may be necessary to bring the
cell soma into proximity with the Bergmann glial fibers, which then induce formation
of the vertical process that is essential for their inward migration. (Supported by
NS14841)

132.14
POSTNATAL DEVELOPMENT OF RAT CEREBELLUM AFTER
6-OHDA NEUROTOXIC LESION
I. PODKLETNOVA1»2. H. ALHO3*. Int. School of Neurosci., Univ.
of Tampere, Tampere, Finland*; Institute of Higher Nervous Activity
and Neurophysiology, RAS, Moscow, Russia2; National Public Health
Institute, P.O.Box 350, 00101 Helsinki, Finland3.
The influence o f neonatal administration of 6-hydroxydopamine
(6-OHDA) on cell proliferation in cerebellum was studied usinjg 10-30
days-old rats. The neurotoxic elimination of noradrenergic terminals led
to a delay in granular cell migration. The secondary foliation in neo
cerebellum was absent. Immunolabelling of the glial glutamate
transporter protein GLAST revealed an alteration in the location of
Bergmann glial cells. Electron microscopy confirmed the observation
that after 6-OHDA treatment Bergmann glial cells did not form shields
around Purkinje cells. Compared to their “littermates” treated rats had
poor ability in searching, skills performance and orienting in a new
environment. Our findings indicate that without noradrenergic influence
neurons and glial cells do not proliferate normally, which could explain
the observed alterations in behavior.
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133.1
GRADEP ANP LAMINA-SPECIFIC PISTRIBUTIONS OF
TRANSMEMBRANE LIGANPS OF EPH RECEPTOR TYROSINE
KINASES IN THE PEVELOPING RETINOTECTAL SYSTEM.
IJE Braisted*. *T McLaughlin. 2HU Wang. 1GC Friedman. 2DJ Anderson
and 1PPM O'Learv. iSalk Institute, La Jolla CA 92037, 2HHMI, Caltech,
Pasadena, CA 91125.
The Eph family receptor tyrosine kinase, Mek4, and its ligands, ELF-1
and RAGS, have been implicated in the guidance of retinal axons along
the anterior-posterior axis of the chick optic tectum. Another Eph
receptor, Cek5, is expressed in a high ventral to low dorsal gradient in the
developing chick retina and is present on ganglion cell axons, suggesting
that it may be involved in the mapping of retinal axons along the
corresponding dorsal-ventral axis of the tectum. To address this issue, we
have determined the expression and distribution of Lerk2 and Lerk5,
ligands for Cek5, in the developing chick retinotectal system using cRNA
probes, immunocytochemistry and receptor affinity probes. Both Lerk2
and Lerk5 are expressed in a high dorsal to low ventral gradient in the
developing retina, complementary to the distribution of Cek5. Neither
Lerk2 nor Lerk5 proteins are found on ganglion cell axons, but both are
predominantly found in the developing plexiform layers, suggesting a role
in the development of intraretinal connections. In tectum, Lerk2 is
expressed in a high dorsal to low ventral gradient in the neuroepithelium
and the protein is concentrated on radial glial endfeet in the stratum
opticum, at the time retinal axons are growing through it. The distribution
of Lerk2 suggests that it may influence retinal axon mapping along the
dorsal-ventral tectal axis. In contrast, Lerk5 mRNA and protein are
localized to the deeper retinorecipient laminae in the tectum at the time a
subset of retinal axons begin to specifically arborize in them, suggesting
that this ligand may influence the laminar patterning of retinal axon
terminations. (Supported in part by EY07025).
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133.2
DEVELOPMENT OF THE RETINOTECTAL PROJECTION IS CONTROLLED
BY MEMBERS OF THE EPHRIN-FAMILY AND THEIR RECEPTORS.
M. R. Homberger1. B. Monschau1. C. Kremoser1, C. Handwerker1. S. Lang1. J.
Huf1, E . & PaSflU^g2*^ -F ,, ,BQnhoeflfer1, and_U, .C PSChtf, *Max Planck Inst, for
Dev. Biol., Dept. Phys. Biol. Spemannstr. 35/1, D-72076 Tübingen, Germany;
Burnham Inst., 10901 N. Torrey Pines Road, La Jolla CA 92037
Two glycosylphosphatidyl (GPI)-anchored ligands for Eph receptor tyrosine kinases
(Eph-RTKs), ephrm-A2/ELF-l and ephrin-A5/RAGS, have been implicated in the
establishment of the retinotectal projection with respect to the naso-temporal (N'T)
axis. Both molecules are expressed in overlapping gradients in the tectum, the target
area of retinal ganglion cell (RGC) axons. Ephrin-A2 and ephrin-A5 repel temporal
retinal axons in vitro in the stripe assay. Whereas ephrin-A5 repels both nasal and
temporal axons, the effect of ephrin-A2 is specific for temporal axons. At least three
receptors for these two ligands EphA3/Cek4, EphA4/Cek8, and EphA5/Cek7 are
expressed on RGC axons. EphA4 and EphA5 are evenly distributed along the NT
axis whereas EphA3 is present only on RGC axons o f the temporal half o f the retina.
Soluble forms of the ligands block completely the endogenous repulsive activity of
the posterior tectum already at nanomolar concentrations in the stripe assay. Similar
results were obtained with the soluble extracellular domain o f EphA3, but not
EphB3, which is a receptor for the transmembrane class of ephrins. These
competitive inhibition experiments show that the GPI-class of the Eph-receptor
system is not only sufficient, but also necessary for the guidance of retinal axon seen
in the stripe assay.
Using a dominant negative approach, chicken embryos were infected with a
replication-competent retrovirus expressing a truncated form of EphA3 lacking the
kinase domain. Preliminary data indicate that RGCs from infected embryos show a
reduction in repulsion of temporal axons by posterior tectal membranes in the stripe
assay, suggesting an important role of EphA3 in the establishment o f the retinotectal
projection.
This work was supported by the Max-Planck-GesellschafL
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EPH MOLECULES AND THE DEVELOPM ENT OF TOPOGRAPHIC
SPECIFICITY IN THE MOUSE VISUAL SYSTEM. P. Vanderhaeghen. D. A.
Eddhsim. Q. Lu, and J, Q, Flanagan!.. Dept of Cell Biology, Harvard Medical
School, Boston, Mas. 02115.
A fundamental mechanism that allows the accurate transfer of information
between different regions of the nervous system is the establishment o f topographic
maps, where neighboring neurons project to neighboring areas in their target. At the
molecular level, topographic specificity is thought likely to rely on complementary
cell-cell interaction molecules. However, the specific molecular identity of these
labels had long remained elusive. Recently, we and others have implicated members
of the Eph family of receptors tyrosine kinase and their ligands (the. ephrins) in
establishing the topographic map of neuronal connections in the chick visual
retinotectal projection. In this system, ELF-1 and RAGS/AL-1, ephrins in the optic
tectum, and their receptor Cek-4 in the retina, display complementary gradients of
expression and binding. Moreover, ELF-1 can act as a retinal axon repellent
molecule in a topographically specific way, both in vitro and in vivo.
In mammals, the development of specificity in neural connections is less well
understood. In this study, we have extended our previous observations in the chicken
to mammalian species. We have investigated the pattern of expression of Eph
molecules in the developing mouse visual system (between E14 and P I4) by RNA
in situ hybridization and receptor/ligand binding in situ.
We show that ELF-1 and RAGS/A1-1 are expressed in topographically appropriate
gradients in the developing superior colliculus. Comparison of ELF-1 and
RAGS/AL-1 shows that they display overlapping but distinct patterns of expression.
We also show that the corresponding Eph receptors are expressed in a
complementary gradient in the retina. The expression of ephrins in other parts of the
visual system is also under investigation.
These data strongly suggest the involvement of the Eph family of receptors and
ligands in the generation of topographic specificity in the mammalian visual system,
which is currently being tested in vitro and in vivo by functional analysis.
Supported by N.I.H. grants HD29417 and EY11559.

THE ROLE OF INHIBITORY DOMAINS DURING RETINAL AXON GROWTH IN
THE DEVELOPING VENTRAL DIENCEPHALON - IN VITRO TESTS.
r,C. Mflccu?*, 0 .A- Matthews, n.w. g a e, Q J . YengopauiQS anri.Q A Wasop.
Dept, of Pathology, Columbia University College of Physicians & Surgeons,
New York, NY 10032 and Regeneron Pharmaceuticals, Tarrytown, NY 10591.
In the optic chiasm, retinal axons are restricted from growing into basal (i.e.
posterior) regions of the ventral diencephalon. We tested whether cells in the
basal domain are inhibitory to retinal neurites in cocultures of E14 mouse retinal
explants with reaggregates prepared from E16 rat ventral diencephalic cells
(Cell 68:841). Reaggregates of E16 dorsal diencephalon, P4 mixed cerebellar
cells, or P4 cerebellar granule cells served as controls. After 24h in culture,
mouse retinal neurites were identified with the M6 antibody and the behavior
(crossing or avoidance) of retinal neurites with individual reaggregates scored.
In 67% of cases, retinal neurites avoided or extended few neurites on
reaggregates of ventral diencephalic cells. In comparison, retinal neurites
avoided reaggregates from dorsal diencephalic, mixed cerebellar, or purified
granule cells in only 15-25% of cases. Thus, retinal neurites are specifically
inhibited by reaggregates of ventral diencephalic cells.
A number of molecules are localized on ventral diencephalic cells, including
LeX (SSEA-1, FORSE1), CD44, and ligands of the Eph family of receptor
tyrosine kinases. To test whether Eph family members contribute to the
inhibitory.effect uncovered in this assay, retinal explants and ventral
diencephalic cells were cocultured in the presence of receptor-antibody fusion
proteins in order to block interactions between receptor-expressing retinal
neurites and ligand-expressing cells. Retinal neurite avoidance of ventral
diencephalic reaggregates was decreased from 67% to 30% in the presence
of 50 |ig/ml Ehk1-Fc. These results, along with our previous localization of
ligands in the ventral diencephalon, are consistent with a role for Eph-family
members in the formation of inhibitory domains in the developing embryo.
Supported by NRSA EY06510 (RCM) and NS27615, P01 NS30532 (CAM).
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RETINAL AXON GUIDANCE DEFECTS IN MICE LACKING EPHRINA5 (AL-1/RAGS). PA Yates**. T McLaughlin*. GC Friedman*. J
F r i s e n ^ . M B a r b a c id ^ PPM O’Leary*. *, The Salk Institute, La Jolla, CA;
^Dept of Molecular Oncology, Bristol-Meyers Squibb PRI, Princeton, NJ
Ephrin-A5, a ligand for the Eph receptor tyrosine kinase EphA3
(Mek4), is expressed in a caudal to rostral gradient in midbrain targets of
retinal axons and has been implicated in topographic mapping. To test its
requirement for retinal axon guidance, we examined epnrin-A5 mutant
mice generated by homologous recombination in ES cells (see abstract by
Frisen et al.'97). In wildtype mice, retinal axons extend caudally past their
correct termination zone in the superior colliculus (SC), with a small
number continuing into the inferior colliculus (IC). A topographic
termination of retinal axons confined to the SC emerges over the first
postnatal week by remodeling of the initial projection. Retinal Pil
injections in neonatal ephrin-A5 null mice show that an abnormally large
number of retinal axons extend beyond the caudal SC border ana grow
through the IC. Dil injections in caudal IC in neonates confirm this
finding: in wildtype mice retrogradely labeled ganglion cells are mainly
found in peripheral nasal retina, whereas in ejphrin-A5 null mice they are
distributed throughout the retina and their number is substantially
increased. Preliminary studies using localized Dil injections in the retina
or SC of ephrin-A5 null mice at later ages suggest that retinal axons
eventually form a normal topographic projection confined to SC. Thus
one role for ephrin-A5 may be to restrict growing retinal axons to the SC
by defining its caudal border. Two additional findings are consistent with
this interpretation. First, in situ hybridization shows that ephrin-A5 is
highly expressed in IC relative to SC. Second, retinal neurites grow more
robustly on membrane carpets made from the SC or IC of ephrm-A5 null
mice compared to wildtype, suggesting that ephrin-A5 innibits retinal
axon growth. These results indicate that ephrin-A5 is required for proper
retinal axon guidance, but that topographic order in the retinocollicular
projection can develop in its absence. (Supported in part by EY07025).

NEURAL TUBE DEFECTS IN MICE LACKING EPHRIN-A5
(AL-1/RAGS). I F risfo*1, PA_YafesL DQM.QX s m L am*
Barbacid3. Dept, of Neuroscience, Karolinska Institute, Stockholm,
Sweden. Molecular Neurobiology Laboratory2, The Salk Institute, La
Jolla, GA. Dept, of Molecular Oncology3, Bristol-Myers Squibb PRI,
Princeton, NJ.
Eph related tyrosine kinase receptors and their ephrin ligands have
recently been implicated in axonal pathfinding and regionalization of the
developing nervous system. We have generated mice lacking ephrin-A5
(AL-1/RAGS) by homologous recombination in ES cells. A
subpopulation (20%) of ephrin-A5 null mice display varying degrees of
craniofacial malformations. The most severely affected have an open
cranium with absence of brain (anencephaly) and cleft nose and palate
(cranioschisis), and die immediately after birth. The majority (92%) of
anencephalic ephrin-A5 (-/-) mice were female. Analysis of ephrin-A5
null embryos revealed that these defects are caused by incomplete
closure of the rostral neuropore at E8.5. Ephrin-A5, along with its
cognate receptor EphA7 (Ebk/Ehk3/Mdk 1), are transiently expressed at
the edges of the forebrain neural folds during neurulation. However, the
majority of ephrin-A5 null mice do not display neural tube defects and
they reach adulthood. In these mice, retinal axon guidance is defective
during development, although the retino-collicular projection eventually
becomes properly topographically ordered (see abstract by Yates et al.
1997). These data suggest tfiat ephrin-A5 may have dual functions and
participate in the adhesion of forebrain neural folds during neurulation
and inhibit retinal axon growth during the formation of the retino-tectal
projection.

133.7

133.8

EPHA3 (MEK-4) RECEPTOR EXPRESSION IN PERINATAL
RAT DIENCEPHALON. R.M. Cassidv*. and L.F. Kromer. Dept, of
Cell Biology & Interdisciplinary Program in Neuroscience, Georgetown
University Medical Center, Washington, DC 20007
Members of the Eph family of receptor tyrosine kinases and their
ligands are implicated in providing positional cues to growing axons
during CNS development. One member, Eph A3 (Mek-4) is implicated
in the development of topographic, retinotectal projections. To identify
if this receptor is involved in the development of other topographic
projections we investigated the expression of EphA3 in the perinatal
(E18-P14) rat diencephalon using in situ hybridization. During this
developmental period there is little expression of EphA3 in the
hypothalamus. In contrast, high expression levels are evident within
specific differentiating zones of the thalamus and epithalamus at E l8.
At P0, highest message levels are detected in specific primary thalamo
cortical relay centers (anterior, ventrobasal, medial geniculate and lateral
geniculate nuclei) followed by certain midline thalamic structures
(centromedial, centrolateral, mediodorsal and paraventricular nuclei)
and the medial, but not lateral, habenula. Regional EphA3 mRNA
expression is still evident at P3, but expression is relatively homogenous
within the diencephalon by P I4. These results indicate that EphA3
expression is not limited to the visual system, but is present in the dorsal
diencephalon during development. The presence of Eph A3 in specific
thalamo-cortical relay centers suggests that it may function in mediating
neuron-target interactions for thalamo-cortical projection neurons.
Supported by Amgen grant #942927 and NIH grant T32 HD07549

DIFFERENTIAL EXPRESSION OF MEK-4, AN EPHA3
TYROSINE KINASE RECEPTOR, IN THE DEVELOPING RAT
CNS. L.S. Janis* and L.F. Kromer. Department of Cell Biology,
Georgetown University Medical Center, Washington, DC 20007.
Members of the Eph family of receptor tyrosine kinases are thought
to regulate the specificity of axonal projections in the developing CNS.
In particular, the EphA3. (MEK-4) receptor is implicated in the
topographical development of the retinotectal system. In the present
study, we examined whether EphA3 receptors may be associated with
the development of other CNS systems by evaluating EphA3 protein
levels in various forebrain and hindbrain structures in perinatal (E14-P9)
rats. Protein levels were determined using immunoprécipitation and
Western blot analysis with an affinity purified anti-peptide antibody
directed against the EphA3 receptor (provided by R. Lindberg, Amgen,
Inc.). During perinatal development, highest levels of EphA3 protein
are detected in thalamus and tectum followed by hippocampus, cortex
and striatum. At E l4, EphA3 protein is seen primarily in telencephalon
and metencephalon. However, by E21 EphA3 is strongly expressed in
the thalamus and tectum while other diencephalic and mesencephalic
structures contain much lower protein levels. At P3 there still are large
variations in the regional expression of this receptor; however by P9,
EphA3 protein levels are decreasing in many regions (e.g. the thalamus).
These regionally distinct patterns of EphA3 receptor distribution during
development suggest that this receptor may play an important role in the
development of multiple CNS systems.
Supported by Amgen grant #942927 and NIH grant T32 HD07549
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EPH R IN S C O N TR IB U TE TO T H E FO R M A TIO N O F LA Y ER -SPECIFIC
C O R TIC A L CIRC UITS. V. Castellani*1. Y. Yue2. P.-P. Gao2. R. Zhou2 and
J.Bolz1 'INSERM U.371, Bron, France. 2Rutgers University, Piscataway, USA.
In the cerebral cortex, pyramidal neurons from different layers are connected by
axon collateral projections. We reported previously that during development, both
attractive and repulsive signals expressed in distinct layers regulate axonal growth
and branching of cortical neurons. However, the biochemical nature o f these wiring
molecules is not known. There is increasing evidence that Eph receptors and Ephinteracting proteins (Ephrins) may play a role in the elaboration o f neuronal
projections. By using in situ hybridization we found that GPI-enchored Ephrin-A5 is
selectively expressed in layer 6 and layer 4 o f the developing cortex. These layers
are targeted by axonal collaterals o f layer 6 neurons, whereas axon collaterals o f
layers 2/3 neurons arborize in layers 2/3 and layer 5. The close correlation between
Ephrin-A5 and the pattern of axonal projections o f layer 6 and layers 2/3 neurons
suggest that Ephrin-A5 might contribute to the formation o f local cortical circuits.
To address this issue, we cultured layer 6 and layers 2/3 explants on membrane
substrates from 3T3 cells transfected with a Ephrin-A5 expression plasmid or
transfected with the vector alone. We observed that axonal branching o f layer 6
neurons was increased by Ephrin-A5, but the branching o f layers 2/3 neurons was
not affected. In contrast, Ephrin-A5 inhibited axonal elongation o f layers 2/3 neurons
and did not affect axonal growth o f layer 6 neurons. In stripe assays, axons o f layers
2/3 neurons avoided the lanes containing Ephrin-A5. Under the same experimental
conditions, axons o f layer 6 neurons exhibited no preference. The effects o f EphrinA5 were abolished when membranes were treated with Pi-PLC. Our experiments
indicate that Ephrin-A5 exerts a differential effect on distinct populations o f cortical
axons and may thereby contribute to the construction o f layer-specific cortical
circuits. Moreover, our data provide evidence that Ephrin-A5 is a positive signal for
axonal branching, a novel role for Eph receptor and Ephrin family, (supported by
HFSP).

C O M P A R A T IV E A N A L Y SIS AND P U R IF IC A T IO N O F R G M , A
R E P U L S IV E G U ID A N C E M O L E C U L E . B.K. M ueller *. P. M acchi.
F. Bonhoeffer. M ax-Planck-lnstitut für Entwicklungsbiologie, Spemannstrasse
35, D-72076 Tübingen, Germany.
The axons of retinal ganglion cells form a precise topographic map in the optic
tectum and guidance o f retinal axons by tectal directional cues is crucial in this
process. Several in vitro systems have been developed in order to characterise the
molecular basis o f these tectal guidance cues. In the stripe assay temporal, but not
nasal, retinal axons avoid posterior tectal membranes and grow on anterior
membranes as a result o f glycosylphosphatidylinositol (GPI) anchored repellent
guidance activities, present at higher concentrations in posterior than in anterior
tectal membranes. Two guidance molecules of tectal membranes (RAGS and ELF1) have recently been cloned and analysed functionally. Both RAGS and ELF-1 are
members of the ligand family of Eph receptor tyrosine kinases. In stripe assays
RAGS guides both nasal and temporal retinal axons whereas ELF-1 is specific for
temporal axons.
A third candidate for a repulsive guidance molecule, RGM (33/35 kDa), is different
from RAGS and ELF-1 and was previously shown to be involved in temporal axon
guidance using an RGM - specific monoclonal antibody (F3D4) in combination
with chromophore-assisted laser inactivation (CALI). To characterise RGM at the
molecular level, it was necessary to isolate thousands o f E10 chick tecta and whole
brains. In comparative 2-dimensional gel electrophoresis o f GPI-anchored proteins
from anterior and posterior tectum and in affinity purification experiments, 3
proteins with molecular weights between 30 kDa and 35 kDa and with basic
isoelectrjc points were identified. M icrosequencing of these proteins is performed
by applying a sensitive technique of electrospray mass spectrometry. First peptide
sequences of one of these candidates point to a new protein not listed in any
database.

133.11

133.12

NETRIN-1 PROMOTES OUTGROWTH IN XENOPUS RETINAL NEURITE
CULTURES. J, R , de la Torre1, y, Hoepkw 2, M- Tessier-Lavi g n e ^ . A i
Hemmati-Brivanlou-* and C. Holt2. 1 H.H.M.I. and Department o f Anatomy,
UCSF, San Francisco CA 94143; 2 Department of Biology, UCSD, La Jolla CA
92093; ^ The Rockefeller University, 1230 York Avenue, New York NY 10021.
Netrin-1, a secreted diffusible protein known to direct axon m igrations in the
central nervous system, and two candidate netrin receptors are known to be expressed
in the developing visual system. We have identified a X enopus homologue of
Netrin-1. Netrin-1 transcripts are localized to the ventral retina adjacent to the
ventral choroidal fissure and to the optic stalk/nerve. Netrin-1 expression is
particularly strong at the optic nerve head at stages 28-35/36 when the first axons
are leaving the retina. Antibodies to Xenopus DCC, a candidate netrin receptor,
label retinal ganglion cell axons in the optic nerve head and the optic nerve. To test
whether netrin-1 can directly influence retinal axon growth, we have examined the
effects of recombinant chick netrin-1 protein on retinal neurite outgrowth in vitro.
In cultures of dissociated retinal neurons, netrin-1 strongly prom otes neurite
elongation. Time-lapse video analysis of growth cone motility shows that in the
presence of netrin-1, growth cones extend at approximately 1.5 times the rate of
controls. Furthermore, whereas the area o f the growth cone does not change
significantly, there are longer and more numerous filopodia in the presence of
netrin-1 than under control conditions. Although there was no observed effect on
the number of neurites initiated by individual cell bodies, there was a significant
increase in the number of branch points. We have also found that netrin-1 can
promote neurite growth when provided as a substrate together with laminin,
suggesting that it need not act as a diffusible molecule. Our data suggest that netrin
-1 provides a stimulating substrate for axon growth in a regionally distinct portion
of the retino-tectal pathway (the optic nerve head and optic stalk) and raise the
possibility that netrin-1 helps to steer axons out o f the developing retina in
Xenopus.
Supported by the N.I.H., H.H.M.I., Pew Scholars Award and Searle Foundation.

DC C
(D E L E T E D
IN £ O L O R E C T A L
C A R C IN O M A )
AND
N E T R IN IN C E R E B E L L A R D E V E L O P M E N T .
M.E. Morrison*.
G.A. Matthews, and C.A. Mason. Dept, of Pathology, Ctr. for Neurobiology
and Behavior, Columbia University, NY, NY 10032.
Previously, we demonstrated that granule neurons, the presynaptic afferents of
Purkinje cells, are potent regulators of Purkinje cell differentiation. To uncover
the molecules underlying this process, we investigated the expression of DCC, a
tumor suppressor proposed to control the transition from cell proliferation to
terminal differentiation in nonneuronal cells. DCC and its homologs have
recently been identified as receptors for netrin, a secreted molecule active in
axonal guidance and cell migrations that is conserved in nervous systems from
C. elegans to man. We performed double label immunohistochemistry on rat
brain sections using antibodies against calbindin, a Purkinje cell-specific marker
within the cerebellum, and DCC. Our results indicate that DCC protein is
expressed in the developing rat cerebellum: at E l 6, DCC is found with granule
cells outside the rhombic lip, while from P0-P10, DCC is in the external
granule cell layer, including the interface between granule cells and the dendritic
tips o f developing Purkinje cells. Granule neuron induction of Purkinje cell
differentiation occurs just after the granule neurons switch from proliferation to
migration and differentiation, and therefore DCC may be involved in this switch.
To address the mechanism of DCC action in the cerebellum, we are also
studying DCC expression in cultures of early postnatal cerebellar cells. DCC
protein is expressed in vitro, allowing tests of DCC activity during granulePurkinje cell interactions. These studies will reveal whether DCC mediates
granule neuron differentiation directly and Purkinje cell development only
indirectly, or whether DCC functions directly in the granule-Purkinje cell
communication that leads to Purkinje cell differentiation.
(Supported by NRSA NS09864 (MEM) and NIH N S 16951 (CAM).)

133.13

133.14

DISTRIBUTION OF DCC mRNA IN ADULT RAT BRAIN.
A. Volenec*, R.K. Bhoqal. J.M. Moorman, R.A. Leslie and T.P. Flanigan.
Oxford University SmithKline Beecham Centre for Applied Neuropsychobiology,
University Dept, of Clinical Pharmacology, Radcliffe Infirmary, Oxford OX2 6HE, U.K.
Deleted in Colorectal Cancer (DCC) is a member of the immunoglobulin
superfamily of cell adhesion molecules, with highest overall expression in the brain.
While DCC protein has been shown to play an important role in the development of
the nervous system from C. elegans and Drosophila to rat, its role in the adult is
unknown, although it may function as a tumour suppressor molecule.
The distribution of DCC in adult mammalian brain has not been investigated in
great detail. We have used in situ hybridization to examine DCC mRNA distribution
in adult rat brain. Two oligonucleotides designed to hybridize to different portions of
rat DCC mRNA resulted in identical patterns of distribution. Additionally, control
experiments utilizing sense probes, RNase A digestion prior to hybridization, or the
addition of excess unlabelled probe to the hybridization reaction with the labelled
antisense probes, confirmed the specificity of signals. Relatively high expression
levels of DCC mRNA were found in olfactory tubercle, striatum, hippocampus,
medial habenula, substantia nigra pars compacta and cerebellum. Lower levels of
transcript were detected throughout the cortex, in the hypothalamus, thalamus and
some brain stem nuclei. Furthermore, differential expression of the DCC transcript
was observed between cortical layers.
These results are consistent with a role for DCC in the normal function of the
adult brain, with possible involvement in cell signalling and/or adhesion processes.

EXPRESSION OF DELETED IN COLON CANCER (DCC) IN THE ADULT
RA T BRAIN. P.E. Swedlow. E.C. Cooper*. D.H. Lowenstein. Departm ent of
Neurology, University o f California, San Francisco CA 94131.
DCC is a transmembrane protein that shares structural homology with members
o f the immunoglobulin superfamily. Several members o f this family have been
shown to promote neurite outgrowth, axonal fasciculation and cell adhesion.
A lthough initially identified as a candidate tumor supressor gene in human
colorectal cancer, recent studies indicate that DCC is a receptor for netrin-1, a
diffusible chemotropic factor in the developing central nervous system (CNS). In
order to determine the expression pattern o f DCC in the brain, Northern analysis
was performed using regional dissections of adult and post-natal day 7 (P7) rat brain.
DCC mRNA is detected in the P7 cerebellum, hippocampus and cortex. In the
adult, DCC mRNA is detected in the hippocampus and cortex but is not detected in
cerebellum . W estern blots using both monoclonal and polyclonal antibodies
demonstrate a corresponding pattern o f protein expression.
Because the adult hippocampus exhibits a well-studied form o f axonal plasticity
which may be important for its normal function and for epileptogenesis, we have
investigated the expression o f DCC. in this region using immunohistochemistry and
in situ hybridization. Intense DCC-like immunoreactivity within the hippocampus
is localized to the strata oriens and radiatum. In situ hybridization results suggest
that DCC mRNA is expressed within the pyramidal and dentate granule cell layers.
Previous studies in neural tissues indicate a role for DCC in the process of axon
m igration during developm ent. In this study, we show that DCC is also
extensively expressed in the adult brain, and that this expression is spatially
regulated. The role o f DCC in the adult CNS remains to be characterized.
Supported by a Chiron Research Fellowship, a Pfizer Postdoctoral Fellowship, NIHNINDS and the March of Dimes Birth Defects Foundation.

The authors thank SmithKline Beecham Pharmaceuticals for financial support.
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NETRIN EXPRESSION IN THE ADULT MAMMALIAN BRAIN.
Michael A. Colicos%, Dannv Baranes%, Susana Aznar%, Ron
Shatzm iller%. Colleen Manitt%. Pamela Swedlow#. Marv Ellen
K ellv&. Dan C. Mclntvre&. Marc Tessier-Lavigne@, Daniel H.
Lowenstein#. Timothy E. Kennedv*%. Depts. of Anatomy@ and
Neurology# and Howard Hughes Medical institute®, University of
California, San Francisco, CA; Dept, of Psychology, Carleton
University, Ottawa, Canada*; Montreal Neurological Institute,
McGill University, Montreal, Canada*%.
The mechanisms that guide an axon to its target during development
are critical to establishing the synaptic networks of the mature nervous
system. Adult brain function depends on the maintenance and the
functional modification of these same networks. The netrin family of
proteins guide developing axons in the brain and spinal cord. In
addition to their role as chemoattractants and chemorepellents during
neural development, we have found that netrins are constitutively
expressed in a subset of neocortical, hippocampal, and thalamic
neurons in the adult mammalian brain, and that their expression is
upregulated following pilocarpine induced seizure in both the
hippocampus and neocortex. Seizures lead to the sprouting and
extension of adult axons and the formation of new synapses, raising
the possibility that netrins contribute to directing the growth of
sprouted axons to their post-seizure synaptic targets.
Supported by the Medical Research Council of Canada, the National
Institutes of Health, and the Howard Hughes Medical Institute.
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GENE EXPRESSION A N D CELLULAR LO CALIZATION OF
NEUR OTRO PHIC FACTORS IN ALZHEIM ER'S DISEASE. R.W. D orsey,
C.L. A chim . C.A. W ilev. R.L. H am ilto n * . V. S o o n to rn n iv o m k ij. Div. of
N e u ro p a th o lo g y , U niv. of P ittsb u rg h , P itts b u rg h , PA 15213.
To s tu d y gene e x p re s s io n a n d c e llu la r lo c a liz a tio n of n e u ro tro p h ic
factor (NTF) a n d rec e p to r p ro te in s in A lz h e im e r's d ise a se (AD), p o stm o rte m
sa m p le s of the h ip p o c a m p u s a n d fro n ta l c o rtex fro m A D a n d n o rm a l c o n tro l
p a tie n ts w e re e x a m in e d b y q u a n tita tiv e RT -PC R , im m u n o c y to c h e m is try
(ICC), a n d do u b le im m u n o flu o rescen t laser confocal m icroscopy. W e fo u n d no
s ig n ific a n t d iffe re n c e s in th e e x p re s s io n lev e ls of B D N F in th e A m m o n 's
h o rn reg io n of the h ip p o c a m p u s a n d in th e fro n ta l co rtex fro m fo u r A D a n d
th re e ag e m a tc h e d c o n tro l s a m p le s b y RT-PC R. IC C fo r B D N F in th e
h ip p o c a m p u s s h o w e d lo calizatio n in th e c y to p la sm of p y ra m id a l n e u ro n s of
th e CA1 a n d g ra n u le cells of th e d e n ta te g y ru s in a p u n c ta te p a tte rn in b o th
A D a n d c ontrols. C o m p a re d to n o rm a l b rain s, A D b ra in s s h o w e d n e u ro n a l
loss in th e p y ra m id a l cell lay e r of CA 1, as w e ll as astro cy tic a n d m icro g lial
p r o life r a tio n .
D o u b le im m u n o flu o r e s c e n t s ta in in g d e m o n s tr a te d co 
lo c a liz a tio n of B D N F w ith th e a s tro c y tic m a r k e r G F A P a n d w ith th e
m a c ro p h a g e /m ic ro g lia l m a rk e r CD68. In a d d itio n to BD NF, ex p re ssio n a n d
ce llu la r lo ca liz a tio n of G D N F, H G F, a n d N T -3 are c u rre n tly b e in g ex am in ed
a n d c o m p a re d to th e n e u ro tr o p h in re c e p to rs trk A , trkB , trk C , a n d p75.
B ased o n th ese p r e lim in a ry re s u lts , w e c o n c lu d e th a t a t le a s t so m e of th e
n e u ro tr o p h in s s tu d ie d (e.g. BD N F) b y s e n sitiv e a n d q u a n tita tiv e m e th o d s
(i.e. QRT-PCR), A D b ra in s d o n o t sh o w d e c re a se d levels of NTF. T his co u ld
b e e x p la in e d b y th e c o m p e n s a to ry ro le p la y e d b y lo c a liz e d (e.g. CA 1)
n e u ro g lia l (esp e c ia lly m ic ro g lia l) a c tiv a tio n th a t m a y b e c o m e a m ajo r
so u rce of NTF. (This w o rk w a s s u p p o rte d in p a rt b y a A D R C Pilot G ra n t to
CL A )

NEUROTROPHIN-3 PROHORM ONE IDENTIFICATION IN HUMAN
HIPPOCAMPUS. K. Huff*. M. Reinshaeen. I. Geerling. A. Patel. S. Soinila and J.
Lakshmanan. Departments o f Pediatrics, Medicine and Neurology, Haibor-UCLA
Medical Center, Torrance, CA, University o f Ulm, Germany and University of
Helsinki, Finland.
Neurotrophin-3 (NT3) is considered evolutionarily to be one o f the earliest among
the members o f the neurotrophin family. Little information is available on NT3
expression in human brain. We recently identified abundant presence o f NT3
prohormone (NT3- PH) in cell lines o f human origin and human tissue other than
brain (Lakshmanan et al., and Reinshagen et al., American Society for
Gastroenterology, 1997). This finding prompted us to examine the presence o f NT3PH in the human hippocampus, a known site of NT3 mRNA localization in rodent
brain. Sections o f human hippocampus obtained at autopsy from men aged 65-74
were homogenized (250mg/ml) using a tissuemizer in Tris-HCl buffer pH 8.8
containing NaCl (lOmM), EDTA (ImM), NP-40 (0.5%) and Na-deoxycholate. The
homogenates, diluted (1:5) with Laemmli’s electrophoretic sample buffer were
processed for Western analysis using an NT3-PH domain specific antibody (ProHormone Science, CA) and the imunoreactive bands were identified with
chemiluminescence using the ECL reagent. Two immunoreactive bands with
molecular masses o f 80 and 32kDa were consistently observed. O f these two, the
intensity o f 32kDa is far greater than the 80kDa band. The molecular mass of
80kDa is greater than the size predicted for NT3-PH and this suggests that the
prohormone undergoes extensive post translational modification similar to NGF-PH
expressed in human hippocampus (Huff et al., 1997 submitted). The presence of
NGF-PH and NT3-PH in hippocampus indicate that these prohormones are not
processed into mature neurotrophins immediately after their synthesis as is currently
believed (supported by Department o f Pediatrics, HUMC and DFG 789/2-2).

134.3

134.4

FIBROBLAST GROWTH FACTOR RECEPTOR-1 (FGFR-1) mRNA
EXPRESSION DECREASES IN THE HIPPOCAMPAL FORMATION OF
AGED RATS J.L. Bizonl* .R. Morrisotf. and CL M,..GaU^ Depts. of
1Psychobiology, and 2Anatomy & Neurobiology, Univ. of California, Irvine,
CA 92697 and 3Dept, of Neurological Surgery, Univ. of Washington, Seattle,
WA 98195.
There is an ongoing hypothesis that an age-related loss of trophic proteins,
or their cognate receptors, may contribute to the cellular pathology and
mnemonic dysfunction that accompany the aging process. Acidic and basic
fibroblast growth factors (FGF) are localized in brain and have been shown to
facilitate synaptic responses in the hippocampus. These ligands bind with
similar affinity to the tyrosine kinase receptor, FGFR-1, which is expressed at
high levels in hippocampal granule and pyramidal cell layers. To investigate
the possibility that FGF trophic systems are altered in aged hippocampus, we
used in situ hybridization to examine FGFR-1 mRNA levels in 3 month, 14
month, and 19-32 month old Long-Evans rats. Hippocampal FGFR-1 mRNA
expression decreased significantly with increasing age. The most dramatic
decline in FGFR-1 mRNA content was found in the stratum granulosum with
a 38.9 ±11.7% reduction by 14 months* and a 47.6 ± 5.3% reduction by 19-32
months*. FGFR-1 mRNA was also reliably reduced in the pyramidal cell
layer in regions CA2 and CA3. In CA3, expression was decreased by 24.8 ±
5.8% in 14 month* and 28.5 ± 8.2% in 19-32 month+ old rats. Hybridization
in CA2 was reduced by only 8.2 ± 2.3% at 14 months*, but by ,19-32 months*
had declined by 20.5 ± 2.7%. In CA1, expression was decreased by 14
months* (19.6 ± 2.3%) and did not continue to decline with increasing age.
These findings demonstrate that FGFR-1 mRNA expression decreases with
age and suggest that changes in FGF trophic signaling may contribute to the
age-related deficiencies associated with the hippocampal formation.
(*/><0.0005; tp< 0.005; *P<0.05; Student’s t-test)

DEAFFER ENTATIO N -IN D UC ED INCREASES IN IGF-1 mRNA
EXPRESSION ARE ATTENUATED IN AGED RATS
A. G. Woods*. K. M. Guthrie. M. A. Kurlawalla. and C. M. Gall.
Departments of Anatomy and Neurobiology, and Psychobiology,
University of California, Irvine, CA 92697.
Entorhinal cortex lesions deafferent the dentate gyrus outer
molecular layer (OML) and stimulate sprouting of remaining
hippocampal afferents into this field. In aged rats, sprouting is both
delayed and less extensive than in young adults. Neurotrophic
factors are thought to play a role in this growth response. We'have
previously shown that microglial expression of insulin-like growth
factor-1 (IGF-1) mRNA is increased within the OML just prior to the
onset of hippocampal sprouting in young adult rats. In the present
study, the influence of age on deafferentation-induced IGF-1 mRNA
expression was examined. In situ hybridization was used to evaluate
IGF-1 mRNA levels in the OML of Long-Evans hooded rats following
entorhinal lesion placement at 3, 12, 18 and 24 month of age. In 3
month old rats, IGF-1 mRNA was significantly increased above
control levels at 4 days post lesion (dpi) and had returned to control
values by 12dpl. In rats aged 12 months and older, deafferentation
did not significantly increase IGF-1 mRNA content although a trend
was evident at 4dpl in 12 month old rats. IGF-1 mRNA levels in the
olfactory bulb mitral cell layer did not change with age. These data
demonstrate that with increasing age there is a marked reduction in
the effect of deafferentation on IGF-1 expression and suggest that
the attenuation of this trophic response might contribute to reduced
axonal plasticity with age.
Supported by NIA grant AG 00538 and NIH predoctoral fellowship
F31 M H 11279-01.

Support: NLA grant AG 00538 & NIH predoctoral fellowship F31 M H 11142-02.
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INCREASED EXPRESSION OF GLIAL CELL LINE-DERIVED NEUROTROPHIC
FACTOR AFTER STRIATAL MECHANICAL INJURY. G.T. Liberatore*. J.Y.F.
Wong. M. Porritt. G.A. Donnan and D.W. Howells. Departments of Medicine and
Neurology, University of Melbourne, Austin and Repatriation Medical Centre,
Heidelberg, VIC. 3084, Australia.
We have previously shown that striatal injury causes activation of the nigro-striatal
dopamine system. This response is characterised by neuronal sprouting with increased
growth associated protein-43 expression and an increase in the number of silver
stained fibres. This sprouting response is accompanied by stimulation of pre-synaptic
dopamine activity with increased tyrosine hydroxylase activity and protein levels,
increased concentrations of dopamine and its metabolites and increased density of
pre-synaptic dopamine uptake sites. We are using in situ hybridisation to determine
whether expression glial cell line-derived neurotrophic factor (GDNF) changes
following striatal injury. GDNF itself has been shown to enhances survival of
dopaminergic neurons in culture and protects them from axotomy, 6-OHDA and
MPTP induced degeneration. The left striata of 5-6 weeks old C57/B6 mice are
lesioned (Coordinates; AP: 1.0, L: 2.0, DV: -3.0 from the surface of the skull) under
anaesthesia (Nembutal, 70mg/kg i.p.) using a Scouten wire knife. After recovery the
mice are kept from 6 hours to 5 months before sacrifice. 20jx coronal sections of snapfrozen brains are then cut and thaw-mounted on 3-amino-propyltriethoxy-silane
treated slides. In situ hybridisation was coupled with autoradiography and
densitometry to detect GDNF using [y-33P]ATP-labelled 50-mer oligonucleotide
probes. Basal GDNF expression is low in the adult striatum. However, GDNF
expression increased significantly 1 week after striatal injury and remained elevated
for at least 5 months post lesion. Experiments are currently underway to determine
whether neurons, glia or other cells are responsible for these changes of GDNF
expression.
Research funded by National Health & Medical Research Council of Australia.

NT-3 IS EXPRESSED IN RETINAL GANGLION CELLS. P. Kittlerovà*
P.M. Brav and A.J. Aguavo. Centre for Research in Neuroscience, McGill
University and Montreal General Hospital Research Institute, Montréal, Québec,
H3G 1A4.
In previous experiments, we have shown the effects o f NT-3 injections on die
intraretinal axonal growth and GAP-43 expression in axotomized retinal ganglion
cells (RGCs). Here we report on die expression o f endogenous NT-3 in intact and
injured retinas o f adult rats. Due to concern about homology among the members
o f the neurotrophin family, we checked the specificity o f the NT-3 antibody by
Western blotting o f purified BDNF, NT-4, NT-3 and NGF, as well as the NT-3
molecular probes on Northern blots o f embryonic brain, cerebellum, kidney and
gut, tissues known to be rich in NT-3 but not the other neurotrophins.
Both NT-3 antibodies (Chamooo) and oligonucleotide probes showed
similar patterns o f staining within the retina. The majority o f RGCs and displaced
amacrine cells were stained by the probes for NT-3 mRNA and protein. In addition,
the antibody intensively stained the RGC axonal bundles, as well as dendrites in the
inner plexiform layer. The inner nuclear layer, where amacrine cells, horizontal,
bipolar and somata o f Müller glia reside, also showed increased in situ
hybridization signal. Photoreceptors, on the other hand, were devoid o f anti-NT-3
staining. Two weeks after axotomy, the NT-3 labeling in the RGC layer was
reduced.
Taken together with our previous findings, it appears that axotomy may
alter neurotrophic support o f RGCs by decreasing endogenous expression o f NT-3,
trkC (Kittlcrovi et al., 1995) and trkB (unpublished observation) receptors. (Supported
by the Canadian NeuroScience Network).

134.7
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EXPRESSION OF aFGF mRNA IN CENTRAL AUDITORY NEURONS
AFTER COCHLEAR ABLATION IN NEONATAL AND ADULT RATS.
L. Luo*. J.K. Moore. A.F. Rvan. and R.L. Saint Marie. Neuroanatomy
Department, House Ear Institute, Los Angeles, CA 90057 and Department of
Surgery/Otolaryngology, University of California, San Diego CA 92093.
Previously we reported that levels of aFGF mRNA rose rapidly during the
onset of hearing (P10-P14) in neurons of the rat ventral cochlear nucleus (VCN)
and medial nucleus of the trapezoid body (MNTB), and then remained high into
adult life (Luo, Moore, Baird, and Ryan, Dev. Brain Res. 86:24-34, 1995). This
suggested that aFGF expression might be related to the functional maturation and
subsequent maintenance of these brainstem auditory neurons. To test this
hypothesis, aFGF expression was compared after unilateral cochlear destruction
in animals that were ablated either before or after the onset of hearing. In animals
ablated as adults, expression of aFGF in the VCN did not appear to change when
compared to the VCN on the unablated side, even after 6 mos. The MNTB also
showed no differences in expression when the two sides were compared. In
neonatally ablated animals (P0-P8), shrinkage of the ipsilateral VCN was severe,
presumably due to the loss of cochlear nerve fibers and shrinkage of the
constituent neurons. Nevertheless, aFGF expression remained high in these
neurons, with concentrations similar to those in the contralateral VCN into
adulthood. Concentrations also remained high, though somewhat diminished, in
neurons of the contralateral MNTB. The results suggest that although peak aFGF
expression may be timed to coincide with the onset of hearing, it is not dependent
on cochlear nerve innervation or synaptic activity and may be related to the
development of connections with higher auditory nuclei.

B D NF INCREASES IN LARGE DIAMETER DORSAL ROOT GANGLION
CELLS AND IN THEIR CENTRAL PROJECTIONS FOLLOWING
PERIPHERAL AXOTOM Y. S.Averill. G J.M ichael, PJ.Shortland* and
J.V.Priestlev. Dept. Anatomy, Queen M ary and W estfield College, London E l
4NS.
Chronic sciatic nerve transection elicits a transient increase in the levels of
BDNF mRNA and protein in L4/L5 DRG neurones. In this report we characterize
the phenotype of neurones which respond to transection using
immunocytochemistry and in situ hybridization.
Two days after axotomy a significant upregulation o f BDNF mRNA occured in
medium to large DRG neurons which stain for phosphorylated heavy chain
neurofilament. By serial section analysis, increased expression of BDNF was
observed in the trkB and trkC DRG subpopulations. A subpopulation of trkA cells
also showed BDNF expression. Increased numbers of BDNF immunoreactive
processes were observed in the ipsilateral gracile nucleus and in lamina III and IV
of the lumbar spinal cord at four and seven days following sciatic nerve axotomy.
B D NF could be colocalised in gracile nucleus projections with neuropeptides
upregulated in large DRG cells after axotomy.
Previous studies have shown that BDNF is synthesised by trkA expressing cells
in intact dorsal root ganglia. These results indicate that axotomy causes a change
in the profile of cells that express BDNF, with increased expression in large
diameter DRG cells and in their central terminations. This may underlie some of
the changes in sensory processing associated with peripheral neuropathies.
W e gratefully acknowledge provision o f BDNF antiserum by Dr Q Yan
(Amgen Inc) and financial support by the M edical Research Council (UK).
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AXOTOMY INCREASES NEUROTROPHIN AND NEUROTROPHIN
RECEPTOR mRNAs IN THE VAGUS NERVE OF THE RAT. H. Zhuo*.
J. Fedorowicz and C.J. Helke. Dept, of Pharmacology. Uniformed
Services University of the Health Sciences, Bethesda, MD 20814.
The peripheral nervous system displays an important regenerative
ability in response to injury. Neurotrophins and neurotrophin receptors
play a role in supporting neuronal survival and neurite growth in neuronal
regeneration. To investigate neurotrophins and Trk receptors in the
vagus nerve in response to injury, we used in situ hybridization
histochemistry with [^S]-labeled oligonucleotide probes to detect mRNAs
for the neurotrophins, NGF, BDNF, NT-3, and the neurotrophin
receptors, TrkA, TrkB, and TrkC in the intact and the axotomized vagus
nerve. Axotomy of the cervical vagus nerve resulted in expression of
mRNAs for each neurotrophin, and for TrkA, TrkB, and TrkC receptors
in non-neuronal cells at both the proximal and distal segments of the
transected nerve. The induction of each neurotrophin and Trk receptor
mRNA was apparent within 1 day after the axotomy and was sustained
at least 7 days. The increased neurotrophin and Trk receptor mRNAs in
the proximal segments was limited to a short distance from the site of
the transection, whereas in the distal segment the expression of these
mRNAs was also noted at a greater distance from the transection. The
expression of mRNAs for neurotrophins and Trk receptors in the nonneuronal cells of the transected vagus nerve returned to the normal
control level 45 days after axotomy. The expression of neurotrophins
and Trk receptors in the non-neuronal cells at or near the site of
transection suggests that neurotrophins and Trk receptors are involved
in the regeneration process of the vagus nerve after injury.

BDNF EXPRESSION IN TRANSECTED NERVES OF
C57BLAVLD* MICE. H. Hvman Friedman*. G.M. Bray, and A.J.
Aguavo. The Montreal General Hospital Research Institute, 1650
Cedar Ave., Montreal, P.Q., H3G 1A4.
Studies of the hypomyelinated sciatic nerve of Trembler (T r )
mice and the unmyelinated cervical sympathetic trunk (CST) of
rats suggested that BDNF up-regulation following nerve
transection was influenced by the acquisition of the myelinated
phenotype of Schwann cells (SCs) . (Hyman Friedman et al; J.
Neurosci. 16:5344-5350; 1996). To continue this analysis, we
measured BDNF expression in C57BL/Wlds (Ola) mice, in which
Wallerian degeneration is delayed and the majority of axons
remain intact up to 10 days after sciatic nerve transection. In
contrast, sciatic nerve transection of C57BL/6J mice results in a
70-fold up-regulation of BDNF mRNA. Thus, while non
myelinating SCs do not up-regulate BDNF following transection,
myelinating SCs only do so when transection is accompanied by
Wallerian degeneration and myelin breakdown' T lie role of BDNF
up-regulation following transection of peripheral nerves remains
unclear. (Supported by the Multiple Sclerosis Society of Canada
and the Canadian Neuroscience Network)
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CHANGES OF NGF LEVELS IN RAT DORSAL ROOT GANGLIA
AFTER SPINAL NERVE LIGATION. S. E. Lee*. H. Shen. K. Chung,
J. M. Chung. Marine Biomed. Inst., Depts. of Anat. & Neurosci. and
Physiol. & Biophys., Univ. Texas Med. Br., Galveston, TX 77555.
NGF is important in neuronal phenotypic expression and plasticity
of mature sensory neurons. To explore the role of NGF in neuronal
responses to injury, we examined the level of nerve growth factor
(NGF) in dorsal root ganglia (DRG) after peripheral nerve injury.
Under halothane anesthesia, the L4-L6 spinal nerves were tightly
ligated on one side in Sprague-Dawley rats. The animals were
sacrificed at 6, 12, 24, and 48 hours after surgery and NGF levels in the
DRG were determined by an ELISA method utilizing the Boehringer
Mannheim Corp. NGF EIA kit.
The amount of NGF in the DRG decreased to about 40% of normal
6 hours after spinal nerve ligation, presumably due to interruption of
retrograde transport of NGF from the periphery. NGF levels gradually
recovered thereafter, reaching close to normal values 48 hours post
ligation.
These results suggest that the DRG is capable of synthesizing NGF
when the peripheral source of NGF is blocked by tight ligation of the
spinal nerve. (Supported by NIH grants NS31680, NS35057 and
NS11255)

INCREASE OF NGF mRNA EXPRESSION IN THE RAT DORSAL
ROOT GANGLION AFTER SPINAL NERVE INJURY. H. Shen. J.
M. Chung and K. Chung*. Marine Biomed. Inst., Depts. of Anat. &
Neurosci. and Physiol. & Biophys., Univ. Texas Med. Br., Galveston,
TX 77555.
NGF is important in neuronal phenotypic expression and plasticity
of mature sensory neurons. To explore the role of NGF in neuronal
responses to injury, we examined the expression of NGF mRNA in rat
dorsal root ganglia (DRG) by Ribonuclease Protection Assay (RPA)
method after peripheral nerve injury.
At 6, 24, 72 hours, 1 week and 3 weeks after L4-L6 spinal nerve
ligations, the animals were scarified and the DRGs of both sides were
removed and processed by RPA.
The level of NGF mRNA in ipsilateral DRG began to increase at 6
hours after injury, peaked at 1 day, and gradually returned to the normal
level thereafter. However, the level was still significantly higher than
normal 3 weeks after the injury.
These results suggest that NGF is synthesized within the DRG
after peripheral nerve injury. This may support survival and
regeneration of sensory neurons. (Supported by NIH grants NS35057,
NS31680 and NS11255)

134.13

134.14

ALTERED EXPRESSION OF NERVE GROWTH FACTOR (NGF) IN BLADDER
FOLLOWING CHRONIC CYCLOPHOSPHAMIDE (CYP)-INDUCED BLADDER
INFLAMMATION OR CHRONIC SPINAL CORD INJURY (SCI). R.W. HamilL J.l. Bernstein.
and M.A. Vizzard. Univ. of Vermont, Depts. of Neurol. / Anat. and Neurobiol., Burlington, VT.
Previous studies have demonstrated an increase in neuronal nitric oxide synthaseimmunoreactivity (NOS-IR) in dye-identified bladder afferent neurons in the L1, L2, L6 and
S1 dorsal root ganglia following either chronic CYP-induced bladder irritation (75 mg/kg; i.p.
every 3rd day for 10 days) or chronic SCI (T8 spinal transection for 4-6 wk). Under these
paradigms, NOS-IR in bladder afferent neurons was plastic and upregulated by peripheral
target organ (bladder) dysfunction. The upregulation of NOS-IR in bladder afferent neurons
may be due to the removal of tonic inhibitory influences arising in the bladder. The
mechanisms underlying the neurochemical changes in bladder afferent neurons following
SCI may involve neurotrophic factors (eg., NGF) or neural activity arising in the bladder.
NGF levels in the bladder were measured using an NGF ELISA (Promega). Adult female
Wistar rats were killed by decapitation and bladders (n=6 control; n=3 CYP treated; n=3 SCI)
were dissected, weighed and frozen prior to extraction. Bladders were prepared for acid/salt
extraction and the samples were concentrated on Cis Sep*Pak cartridges. Recovery of

EXPRESSION OF NEUROTROPHIN RECEPTORS BY DENTAL
AFFERENT NEURONS IN ADULT RATS. M. Pan1. E. F. Wheeler2, and
J. Naftel*1. 1Dept. of Anatomy, Univ. Mississippi Medical Center, Jackson,
MS 39216; 2Div. of Life Sciences, Univ. Texas at San Antonio, San
Antonio, TX 78249.
The dental pulp is richly innervated by mostly peptidergic trigeminal
neurons. These neurons are of interest because they have unusually large
somas for nociceptive neurons and because their peripheral fields develop
postnatally, well after stabilization of trigeminal ganglion cell number has
occurred. In order to determine which neurotrophins influence pulpal
afferents, we examined these cells in the adult rat for expression of
neurotrophin (NT) receptors (the Trk and p75 proteins) and the
neurotrophin BDNF. Pulpal neurons in the trigeminal ganglion were
labeled by application of the retrograde tracer fluorogold (FG) to the pulp of
the maxillary first molar. Sections of paraffin embedded ganglia were then
hybridized with “ S-riboprobes for BDNF, and each of the NT receptors.
Autoradiographic grain densities in FG-labeled soma profiles were
measured using an image analysis system.
As expected, the majority of FG-labeled (pulpal) somas had intense
signals for trkA and p75. These included the full range of soma sizes. Few
cells had strong signals for full-length trkB, but weak signals were seen in
about 1/3 of cells. Expression of trkC was not seen in pulpal afferents,
indicating absence of an NT-3 responsive subpopulation. Most of the FGlabeled cells, but very few of their neighbors, had strong signals for BDNF.
This was a prominent and statistically significant response to the injury
associated with exposure of the pulp and application of FG.
Supported by NIH NIDR Grant DE09137.

125|.ngf from Sep-Pak cartridges was > 75%. Bladder weights increased significantly
(p<0.001) in the CYP-treated (240±.04 mg) and SCI (570±.11 mg) animals compared to
control (100+.01 mg). CYP-induced bladder inflammation and chronic SCI similarly affected
the levels of NGF in supernatants of homogenized bladders; however, the magnitude of the
changes differed. Total bladder NGF content decreased significantly in animals with CYPinduced inflammation (31-fold decrease) or SCI (2.5-fold decrease) compared to control
animals (5.7±.90 ng/bladder). These studies demonstrate that (1) bladder NGF content
changes with peripheral organ dysfunction (i.e., inflammation or SCI-induced functional
outlet obstruction); (2) bladder NGF content decreases despite CYP- or SCI-induced
bladder hypertrophy; and (3) bladder NGF levels may exert tonic inhibitory influences on
NOS expression in bladder afferent neurons which may be reduced significantly following
CYP-induced bladder inflammation or SCI resulting in the upregulation of NOS-IR. [Support:
PVA-SCRF (1461-01/02), APA (VB1-9402-1), ICA, NIDDK 1 R29 DK51369]

134.15
IM MUNE CELL LINES AS A M ODEL SYSTEM FO R STUDIES OF
NEUROTROPHIN PROHORM ONES J. Lakshmanan*. M Reinshagen. I
Geerline. J. Cho. C.K. Oh. K. Huff. S. Soinila. B. Eeeer. A. Patel. S .R Vivaia. R.
Venegas and V.E. Evsselein. Department o f Medicine, Pediatrics and Pathology,
Harbor-UCLA Medical Center, Torrance CA. Department o f Internal Medicine,
University o f Ulm and Department o f Neurology, University o f Helsinki, Finland.
By immunohistochemical analysis, we recently identified the expression o f NGF
prohormone (NGF-PH) and NT-3 prohormone (NT3-PH) in different cell types
including the immune cells localized at the sites o f active inflammation in different
animal models o f colitis and in human tissue from patients with ulcerative colitis
and Crohn's disease (Reinshagen et al. American Society for Gastroenterology,
1997). This observation prompted us to examine the established immune cell lines
for the expression o f both prohormones by immuno-histochemistry. Human T cell
line (Jurkat), murine T cell line (EL4) and murine macrophage cell line (RAW
264.7) cultured in normal growth medium were pelleted and fixed in zinc
formalin. Paraffin sections o f cell blocks were processed by ABC method.
Antisera specific to prepro-NGF domain (- 60 to -91) and prepro-NT3 domain (-72
to -111) (Pro-Hormone Science, CA) similarly immunostained the cytoplasmic
regions o f the cells.
The immunostaining observed with NGF and NT3
prohormone specific antisera together with our recent observations o f the
expression o f both prohormones in mast cell lines (Lakshmanan et al Endocrine
Society, 1997) suggest that immune cells have the potential to express more than
one member o f the neurotrophin prohormones. The ability o f immune cells to
express NGF-PH and NT3PH suggests that they could prevent target neuronal
death and support the repair and regeneration process during inflammation.
Immune modulator functions for neurotrophins during inflammatory processes are
also possible. (Supported by DFG 789/2-2 and CCFA 007637)
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MULTIPLE ROLES FOR BDNF DURING XENOPUS NERVOUS SYSTEM
DEVELOPMENT. S. Cohen-Corv*. A. Poon and E. Gruen. MRRC, Depts.
of Psychiatry and Neurobiology, University of California, Los Angeles, Los
Angeles, CA 90095, and Dept, of Biology, California Institute of
Technology, Pasadena, CA91125.
Recent studies on the spatial and temporal patterns of expression
of neurotrophins and of their specific receptors have raised the possibility
that neurotrophins regulate development not only at a distance, but also by
acting locally, at the sites where neurons are bom and differentiate, in
Xenopus, BDNF is expressed both in the retina and optic tectum at the
time that retinal ganglion ceils differentiate and send their projections to
their target optic tectum (Cohen-Cory and Fraser, Neuron 12; 742, 1994).
Target-derived roles for this neurotrophin during axon arborization have
been found (Cohen-Cory and Fraser, Nature 378,192,1995). To
investigate other potential local and target-derived roles for BDNF during
Xenopus nervous system development we have studied the cellular
patterns of BDNF and full-length TrkB message expression in the
developing tadpole by in situ hybridization. BDNF was found to be
expressed by discrete groups of neurons in the forebrain, midbrain,
hindbrain, retina, spinal cord, cranial, and dorsal root ganglia. In the spinal
cord, high BDNF expression was localized to developing Rohon-Beard
cells, motoneurons, as well as some interneurons. Spatial co-localization of
BDNF and TrkB expression to particular regions of the spinal cord as well
as subgroups of retinal ganglion cells support autocrine /paracrine
mechanisms of neurotrophic control. Work in progress is devoted to
investigate the potential autocrine/paracrine effects of BDNF during the in
vivo development of retinal ganglion cells.

EXPRESSION OF NEUROTROPHIN-3 IN THE DEVELOPING M OUSE CNS.
A.J. Vigers and K. R. Jones * MCDBiology, Univ. of Colorado, Boulder, CO
80309.
We have generated transgenic mice in which the neurotrophin-3 (NT-3) gene is
replaced by the gene for fi-galactosidase. This has enabled us to use a histochemical
assay with X-gal as a substrate to localize the production o f NT-3 in the CNS of
heterozygous mice. Cryostat slices (20|im) o f paraformaldehyde-fixed brains (animal
ages E17.5, P0, P4, P8, PI 1, P22, 8 weeks, 4.5 months and 15 months) were cut.
Slides were stained overnight in X-gal staining solution and either counterstained
with neutral red or immunocytochemistry was performed.
Patterns of NT-3 expression vary during development in different areas but
overall, maximal levels of NT-3 expression occur during the second postnatal week.
At this time there is intense staining in parts of the limbic cortex, (piriform,
entorhinal, retrosplenial, cingulate), hippocampus, septum, thalamus, cerebellum
and vestibular nuclei. The staining pattern decreases at different rates in different
areas, so that by adulthood most thalamic stain disappears, whereas dentate gyrus
granule cells retain NT-3 even in elderly mice. This staining pattern agrees with
previous NT-3 mRNA in situ experiments. The extensive NT-3 expression in
many components of the limbic system implies an important role for NT-3 in
limbic functions such as memory and emotional behaviour. In the cerebellum there
are 2 waves of expression; perinatally EGL cells express NT-3 while later IGL cells
produce NT-3. NT-3 expression is particularly intense in granule cells of the dentate
gyrus. These granule cells aquire their NT-3 after they have migrated to their final
positions , suggesting that NT-3 is involved in forming synaptic contacts and not in
cell migration.
In order to further characterize some of the NT-3-containing cells, we have
performed combined immuno/histochemistry and have identified cortical cells that
are double-labelled for parvalbumin or somatostatin and NT-3.

329

N IH g ra n t# 1 KOI NS01872-01A1

1 35.3

135.4

NT-3 EXPRESSION IN THE DEVELOPING MOUSE FOREBRAIN
S. Bichet, E.A. Koponen. J. Tuunanen*, G. Wong, and E. Castrdn. A.I.Virtanen
Institute, University of Kuopio, P.O.Box 1627, FIN-70211 Kuopio, Finland.
Neurotrophin-3 (NT-3) is a member o f the neurotrophin family which preferentially
binds to the trkC receptor tyrosine kinase . While it has been well characterized in
the peripheral nervous system, its role in the central nervous system is not yet clear.
NT-3 expression is largely restricted to hippocampus in adult brain and has been
shown to be temporally expressed in limbic cortex and thalamus during the first
week of age. We were interested in investigating more precisely the temporal and
spatial expression of NT-3 during fetal development o f the forebrain. To this end, we
used in situ hybridization on paraffin mouse brain sections.
NT-3 was expressed as early as embryonic day 11.5 (El 1.5) in the dorsal medial
diencephalon and mesencephalon. At E l 2.5, labelling was detected in (the)
telencephalic, mesencephalic and metencephalic ventricular zones. At E14.5 the
expression in the telencephalic areas was restricted to the limbic cortex (cingulate
and frontopolar). At E l 6.5, the cortical plate, the frontal cortex and the hippocampus
were labelled and at E l 8.5, the major part of the limbic cortex and the hippocampus
were labelled.
These results demonstrate that NT-3 is expressed early during fetal development
in precursor areas of the cortex (ventricular zones and cortical plate) and later more
specifically in the limbic cortex. This suggest that NT-3 might be an important factor
for the differentiation and the maturation of cortical cells.
This study was supported by the Sigrid Juselius Foundation and the Academy of
Finland.

BI^SJF PROTEIN I£V E I^N DEVELOPING HA^BTERVBUALS^SIEM. Y.-T.
Ma*l, T. Hsiehl, MR Rates2, JE Johnson? and D.O. Rost*. *Dept. of Phaim U erf
MDSdhofMBd.,BaltinncteMD21201 a n d o f NaiobidL and Anat. BowmanGay Sch of Mad., Wiretan-Sakm NC27157.
Retinal gpn$cn aefc (RGCs) respond to brairhderived nosotrophic factor (BDNF) in
vim. RGQ and neurons in theirt a i ^ express tikB, thehagJvaffinityrH^or for BDNF
in vivo. BDNF rrRNA is present in the devefcpirg retina and superior coffioius (SO.
Other studies have demcrstiated both anterogade and retrograde transport of
exogpious BDNF between these regjons by KQCs. Thus, BDNF may contribute to the
survival cr differentiation of RGCs cr tectal neurons.
We used an
dectiochsmlunninescence immunoassay for BDNF to investigate the distribution of
endogenous BDNFproteininthedevebpirghamster visual system BDNF levels in the
SC increase 4 fold fiwnabott 9 pgfagonerhyorfcday 14 (E14; E0=oorception) to
nearly40 pg/mgon postnatal day 12 (PI2; P0=E155=birth). BDNF levels inthe SC fall
toabcxt24pg/nrgi^P18(notagTificardy different fromadiit values). Retinal BDNF
ooncertrationis 1 pg/rrg cr less util PI 2, then rises to the^dult value of about 45
pg/mgby P18. Theefoi^, an important shift in the refative distribution of endogenous
BDNFoocus overP12-18 when levds fall by40%in the SC and iise4 fold in the retina.
The normal interval of ROC death cn P3-P9 oacuts prior to tHs transition period
Completion of the elaboration of RGC axcn teminal arbors is the dominant
developmental evert in the SC during the redistribution erf BDNF. The synthesis erf
BDNF rrRNA (in the visual cortex) is modulated by
exposure during this
developmental period in rats. Oir ecperiments on adult hamsteis show no significant
diurnal charges in BDNF protein levels in the SC. We are now investigatingthe role of
neural activity in determining the distribution of BDNF during devdoprrent Support
NH: MH49568 (DOF), EY11127 QEJ), NS07375 (VTM); SEE fromU of MD (DOR
Q. Yanforantibody.
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BDNF MESSENGER RNA IS EXPRESSED IN DEVELOPING
TASTE BUD-BEARING GUSTATORY PAPILLAE AND ADULT
TASTE BUDS OF HUMANS . K. Lundstromer: C.A. Nosrat*. L.
Olson. Department, of Neuroscience, Karolinska Institute, S-171 77
Stockholm, Sweden.
In prior studies, we have described the expression pattern of BDNF
mRNA in the developing taste bud-bearing tongue papillae and adult
taste buds in rodents. We have also shown that BDNF null-mutated
mice exhibit severe anatomical, histological and physiological deficits in
their gustatory system.
To determine whether these findings in rodents could be related to
humans, we have now studied the BDNF mRNA expression pattern in
the gustatory papillae and taste buds of humans. Aborted human fetal
tissues (gestational weeks 9, 10, 11) and tongue biopsies from healthy,
non-smoking volunteers were obtained. Procedures were approved by a
human ethical committee. Using in situ hybridization histochemistry, we
found distinct and specific patterns of BDNF mRNA expression in the
developing and adult gustatory papillae and taste buds. BDNF mRNA
was expressed in the superior surface epithelium of the developing
fungiform papillae, were taste buds are located later in life. In adult
fungiform papillae, BDNF mRNA labeling was found in taste buds.
Based on these findings, we suggest that BDNF is required for the ini
tiation and maintenance of the gustatory innervation also in humans.
Supported by the Faculty of Odontology, Karolinska Institute.

ONTOGENIC EXPRESSION OF TRK NEUROTROPHIN RECEPTORS IN THE
AUDITORY BRAINSTEM OF CHICK. S.L. Cochran. S. R. Akers. F. Lefcort.
and E.W Ruhel*. V.M. Bloedel Hearing Research Center, Dept, of Otolaryngology,
U. of Washington, Seattle, WA 98195.
Neurotrophins and their cognate receptors are critical to normal CNS development.
Here, we examine the ontogenic expression of the tyrosine kinase (Trk) neurotrophin
receptors, Trk A-C, in the chick auditory brainstem in order to further our
understanding of the temporal regulation of neurotrophin-mediated events during
development Trk receptors are high-affinity receptors for nerve-growth factor
(TrkA), brain-derived neurotrophic factor and neurotrophin-4/5 (TrkB), and
neurotrophin-3 (TrkC). In this study, Trk receptors were localized in bain sections
from white leghorn chicks from embryonic (E) day 5 to postnatal (P) day 7, using
affinity-purified antibodies and standard immunocytochemical methods.
The results show that TrkC receptors are the most abundant of the Trk receptors in
the chick auditory brainstem. TrkC immunoreactivity is evident in n.
magnocellularis (NM), n. laminaris (NL), and n. angularis (NA) at all times studied
(E5 - P7), although the staining may decrease slightly after ~ E18. Before E12,
TrkC receptor staining is apparent both within the postsynaptic cell soma and in the
neuropil surrounding NM, NL, or NA proper. After E12, staining is confined to the
cell soma of neurons within these nuclei. TrkB immunoreactivity is present in NM,
NL, and NA as well, but the staining is much reduced compared to that of TrkC, and
appears to be primarily seen in axons rather than the soma. TrkA immunoreactivity
is not apparent in any of the auditory nuclei at the times studied.
These results suggest that neurotrophin-3/ TrkC receptor combination in particular
has protracted effects on the ontogeny of this system. Further studies using the TrkC
antibody to functionally block the receptor during particular stages of development
may provide further clues to the role of neurotrophin-3 during this extended period.
Supported by NIH grant DC00395
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NEUROTROPHINIM M UNOREACTIVE NEURONS ARE PRESENT IN PONTO
M ESENCEPHALIC REGIONS IMPLICATED IN THE GENERATION OF REM
SLEEP. J. Yamuv*. S. Sampogna and M. H. Chase. Department o f Physiology and
the Brain Research Institute, UCLA School o f Medicine, Los Angeles, CA 90024.

EVIDENCE FOR EXPRESSION OF trkC mRNA IN RAT MUSCLE SPINDLE.
E. Bartotek-Suki and J. Kucera*. Department of Neurology, Boston University,
School of Medicine, Boston, MA 02118.
TrkC, one of the tyrosine receptor kinases, is the high affinity receptor for
neurotrophin-3 (NT-3). It is well established that both trkC and NT-3 are widely
expressed in the developing and adult nervous system. However, a recent
study has demonstrated that NT-3 mRNA is also expressed in late prenatal
and postnatal muscle spindles (Copray and Brouwer, Neuroscience, 63:
1125-35,1994). To further investigate the functions of NT-3 in non-neuronal
tissue, we have studied the presence of its signaling receptor, trkC, in
developing and adult rat skeletal muscles. In situ hybridization with a highly
specific S35-labeled cRNA full length probe was used for detection of trkC
mRNA in individual muscle cells. Our results show that before embryonic day
E18.5, the trkC-encoding transcripts are homogeneously distributed throughout
developing muscle. From age E18.5, when sensory innervation begins to be
established, the trkC signal becomes restricted to the first-formed intrafusal
myotube, the nuclear bag2 fiber. After birth, following the completion of muscle
spindle formation, high levels of trkC mRNA are present in the equatorial
region of the nuclear bag2 fiber, the same region where NT-3 mRNA resides.
This trkC expression persists into adulthood. However, trkC mRNA is not
expressed in intrafusal fibers other than bag2, regardless of the stage of
development. Thus, the NT-3/trkC complex may mediate the NT-3 trophic
effects on developing and adult spindles by a paracrine and/or autocrine
mechanism. Our results suggest that NT-3 is involved in the formation and
maintenance of muscle spindles through the high affinity trkC receptor
signaling.
Supported by NIH 5R01NS25796-04 and NSF 1042103547A1.

Whereas there has been a growing body o f data regarding the distribution of
neurotrophin-containing neurons in the central nervous system o f developing rodents
(Ernfors e ta l., Neuron 5: 511-26, 1990; for review, see Korsching, J. Neurosci. 13:
2739-48,1993), data are scarce regarding adult animals and particularly the adult feline
central nervous system. In light o f the finding that REM sleep can be induced with a
short latency by the microinjection o f nerve growth factor (NGF) and neurotrophin-3
(NT-3) into the rostrodorsal pontine tegmentum o f the fn^ly-behaving cat (Yamuy et
al., Neuroscience, 66:9-13,1995), we w ere interested in determining whether neurons
located in ponto-mesencephalic regions which are implicated in REM sleep generation
contain these neurotrophins.
Antibodies directed against NGF and NT-3 (Santa Cruz Biotechnology, CA) were
used to immunostain cells containing these neurotrophins in 6 |im-thick, paraffinembedded, coronal sections o f the brainstem o f adult cats.
NG F and NT-3
immunoreactivity was visualized by the avidin-biotin procedure using the anti-rabbit
ABC "Elite" kit. Immunolabeled neurons were visualized and photographed by brightfield microscopy and their distribution was drawn using a camera lucida attachment.
The analysis o f neurotrophin immunoreactivity was carried out at two levels o f the
ponto-mesencephalic junction (P -0.9 and P -3.0, according to Berman, Madison:
Univ. o f Wisconsin Press, 1968). NGF- and NT-3-immunoreactive neurons were
found in the following areas: 1) laterodorsal and pedunculopontine tegmental nuclei
(LDT and PPT, respectively), 2) medial and lateral portions o f the reticular formation,
3) central superior and dorsal raphe nuclei, 4) posterior interpeduncular nucleus, 5)
ventral nucleus o f the lateral lemniscus, 6) Mes-V, and 7) pontine gray.
The existence o f neurons that contain NGF and NT-3 in the LDT, PPT and pontine
reticular formation o f the adult cat, which are regions that have been implicated in the
control of REM sleep, supports our hypothesis that these neurotrophins may play a
modulatory role in the generation o f this state.
Supported by USPHS grants MH 43362, NS 23426 and NS 09999.
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THE EXPRESSION OF NEUROTROPHINS AND TH EIR RECEPTORS IN
’FA ST’ AND ’SLOW ’ M OTOR UNITS O F THE RAT. J.C .V .M . Coprav*.
I.J.M antinph-Otter. N. BrouWer and D.Kernell Dept, o f M edical Physiology,
University of Groningen, 9712 KZ Groningen, The Netherlands.
Based on differences in contraction speed and fatiguability, different muscle fiber
types can be discerned varying from slow, fatigue-resistent to fast, fatiguable.
Corresponding classifications may be made using histochemistry and fibers of one
m otor unit generally tend to have the same properties. The electrophysiological
properties of the motoneuron o f one m otor unit are matched to the contractile pro
perties of its muscle fibers. The mechanisms for creating and maintaining these
matches are largely unknown. Besides muscle and motoneuron activity patterns, an
terograde as well as retrograde molecular signalling are thought to be involved.
Candidates for such molecular messengers could be the neurotrophins. Neurotrophins
have been shown to be expressed in the adult rat skeletal muscles and spinal cord,
but no specific data are available regarding their presence within different moto
neuron populations. This study was set up to examine possible differences in the
expression of neurotrophins and their receptors between 'slow' and 'fast' m otor units.
Therefore, we have examined the m.extensor digitorum longus (EDL), which con
sists for over 80% of fast-type fibers and the m.soleus,which predominantly consists
o f slow-type fibers. The 'slow' motoneurons o f the soleus and the 'fast' motoneurons
of the EDL were identified in histological sections using retrograde tracing. On serial
sections the expression of the neurotrophins and their receptors were studied using
mRNA in-situ hybridization and immunocytochemistry. Our results show that, apart
from NGF, all neurotrophins are expressed in each spinal motoneuron; most o f them
express the trkA, trkB and trkC receptors, but only some the p75 receptor. There
appears to be a large variation in the level o f expression of the various neurotrophins
and their receptors among the spinal motoneurons. Sofar, we were unable to demon
strate a significant correlation between the expression patterns and the type ('slow' vs
'fast') of motoneuron. Apparently, they represent other parameters of motoneuronal
specialization not related to these traditional physiological types.

N eurotrophin R eceptor E xpression in T rigeminal N ociceptive S ystems
- C om parisons w ith S pinal S y stem s . T. Mosconi*. D. Molliver. R. Gerfen.
W.D. Snider. L. Reichardt'. S. Matsuo. T.A. Henderson, and M .E Jacauin.
Neurology, Center fo r the Study o f Nervous System Injury, Washington University
School o f Medicine, St. Louis, MO 63110; Neuroscience Unit, Howard Huges
Medical Center, UCSF, San Francisco, CA 94143
Sensory endings in the tooth pulp and cornea are considered to comprise unique,
pure nociceptor populations, with neurons residing in the trigeminal ganglion (VG).
Previously, we demonstrated near total elimination of dental innervation in trkA
knockout mice (Matsuo et al., SNS Abs., 22:756, ‘96), and in this study we
examined the expression of trkA in these populations in the VG of normal mice.
Retrograde transport o f FluoroGold (FG) from the pulp chambers o f , mandibular
incisors and from abraded corneas in adults, or from corneas in newborn mice,
selectively labeled the VG neurons projecting to those targets. FG+ cells were
confined to the mandibular division for tooth innervation or to the medial-most
region of the VG for corneal innervation. In situ hybridization analysis for trkA
mRNA identified a large proportion of the cells in the VG, however, fewer than 10%
of the FG+ neurons projecting to tooth pulp or cornea expressed trkA in adults.
Immunocytochemistry on FG-labeled VG using antibodies against trkA confirmed the
in situ results. In young mice, the proportion of FG+ cells expressing trkA was
-15-20% . These results differ considerably from reports in dorsal root ganglia (DRG)
(Molliver and Snider, J. Comp. Neurol., in press). Approximately 80% of the
nociceptors in young mouse DRG express trkA, decreasing to -40% in adults. In
addition, in adult DRG, most nociceptors that are trkA- express ret, forming 2 non
overlapping populations. In the adult VG, only -20% of the FG+ nociceptors from
tooth or cornea were ret+. These results may reflect the lack o f spinal homologues to
tooth and cornea.
NIH DE07734, DE07662, N S17763, NS33939
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CELLULAR DISTRIBUTION OF RNA ENCODING NEURTURIN AND A NOV
EL GDNFR-a-RELATED RECEPTOR DURING DEVELOPM ENT IN M OUSE
CENTRAL AND PERIPHERAL TISSUES. J. Widenfalk. C. Nosrat. A. Tomac. E.
Lindqvist*. H. W estphal*. B.Hoffert . L. Olson. Dept, o f Neuroscience, Karolinska
Institute, Stockholm, Sweden; ^Intramural Research Program, NICHHD, Bethesda,
MD; "^National Institute on Drug Abuse, NIH, Baltimore, MD 21224
Neurturin (NTN) is a newly discovered member o f the GDNF family reported to
support survival of sympathetic and sensory neurons. Using in situ hybridization we
have studied the cellular expression of NTN mRNA and compared this expression to
the expression of mRNA encoding a protein related to the GD NFR -a, which we have
termed R-p. Using two non-overlapping oligonucleotide probes for each gene, we
have not seen any marked NTN mRNA hybridization in the prenatal CNS. At post
natal day 7 (P7) NTN mRNA is found e.g. in the caudate nucleus and in septum. At
P14 NTN expression is still seen in the caudate#nd js also present in cingulum, entorhinal cortex and parietal cortex. In newborn mice NTN expression was also found in
salivary glands. In the adult, CNS signals for NTN appear confined to glial cells in
cluding such cells in corpus callosum. In the periphery, NTN mRNA hybridization
was detected in vibrissae, the nasal cavity epithelium, in hair follicles as well as in
the testis and oviduct. R-P was found in the prenatal mesencephalon, thalamus and
the pituitary gland. In newborn mice there were strong R-p signals in autonomic gan
glia, the hypothalamus, the superior colliculus, the mesencephalon and spinal cord
gray matter. Structures with strong expression in postnatal and adult mice include
zona incerta, the dentate gyrus, septum and cortex cerebri. In the periphery, dorsal
root ganglia, hair follicles, the GI tract, the lung, and testis were positive. Comparing
the anatomical distribution of NTN and R-P mRNA, it is possible that R-P m ight be
part of a receptor system for NTN, but it may well have other/additional functions.
NTN, but not R-P mRNA was seen in peripheral parts o f the E21-P0 kidney.
Supported by the Swedish MRC and USPHS grants.

A ROLE FOR NEURTURIN AND A PROTEIN RELATED TO GDNF RECEP
TO R -« IN REPRODUCTION. L. Olson*. J. Widenfalk. C. Nosrat. E. Lindqvist. H.
W estphal*. B. Hoffert . A. Tomac. Dept, o f Neuroscience, Karolinska Institute, S171 77 Stockholm, Sweden; ¿Intramural Research Program, NICHHD, Bethesda,
MD, ^National Institute on Drug Abuse, NIH, Baltimore, MD 21224
Neurotrophins and neurotrophin receptors are expressed in testis. Here, we have
used in situ hybridization to determine if neurturin (NTN), a newly discovered neurotrophic factor with homology to glial cell line-derived neurotrophic factor (GDNF),
is expressed in testis. We have also studied the possible presence of a protein which
is homologous to the GDNF-binding protein receptor-a (G D N FR-a). We found
NTN to be strongly expressed in the seminiferous tubules of the adult testis. The in
tensity appeared to vary somewhat among tubules, but was always located to the
lower half of the epithelium. The novel receptor related to G D N FR -a which we have
termed R-P was also found to be strongly expressed in the seminiferous tubules. The
pattern was mosaic with some tubules showing strong expression, while others had a
weaker signal, and still other tubules were negative. R-P expression was found also
at more apical levels o f the epithelium than NTN expression, suggesting, together
with its mosaic expression pattern, that it was expressed by the germ line cells. In the
female, NTN mRNA was strongly expressed in the epithelium o f the endometrium
and in the epithelium of the oviduct. R-P mRNA was not seen in these female
epithelia. By analogy with the GDNF-GDNFR-a system, it might be speculated that
R-P is a binding receptor for NTN. If so, the present findings suggest that the devel
oping sperms which express R-P, can bind and (presumably through Ret or a Ret-like
receptor) utilize NTN produced by the Sertoli cells. Similarly, it might be speculated
that sperm reaching the female reproductive organs m ight continue to utilize NTN
provided by the uterine and oviduct epithelium.
Supported by the Swedish MRC and USPHS.
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CLONING OF A CARP NEUROTROPHIN THAT SHARED
CLOSE HOMOLOGY TO NERVE GROWTH FACTOR AND
NEUROTROPHIN-6. K.O. Lai. W.Y. Fu. F.C.F. Ip. N.Y. Ip.

EX PRESSIO N OF NEUROTROPHINS BY BA SAL FOREBRAIN (BF)
OLIGODENDROCYTES X. Dai*»1. L.D. Lercher1. L. Y a n g ^ M . Shen2.

Departm ent o f Biology and Biotechnology Research Institute, The Hong Kong
University of Science and Technology, Clear W ater Bay, Hong Kong. (SPON:
The Hong Kong Society of Neurosciences).
The neurotrophin family consists o f four hom ologous m em bers in mammals:
NGF, BDNF, NT-3, and NT-4/5. A new mem ber, called NT-6, was recently
cloned from the platyfish Xiphophorus maculatus. This protein shared closer
structural relationship to NG F than the other neurotrophins, but contained a
characteristic insertion of twenty-two amino acids that constituted the heparinbinding domain. Here we report the cloning o f a novel neurotrophin from the fish
Cyprinus carpio (carp), which shared 66% amino acid identity to X iphophorus
N G F and N T-6. The neurotrophin, designated N N T (¿J.G F /N T -6 -lik e
fcLeuroIrophin), possessed structural characteristics comm on to all known
neurotrophins, such as the presence o f six conserved cysteine residues and the
flanking conserved sequences. In addition, there is an insertion of fifteen amino
acids at the position corresponding to that observed for N T-6. The neurotrophic
activity of NNT was demonstrated by its ability to promote neurite outgrowth and
neuronal survival of chick dorsal root ganglia. Phosphorylation assay o f various
Trk receptors overexpressed in fibroblasts demonstrated that NN T could slightly
activate TrkA but not TrkB or TrkC. Northern blot analysis revealed that NNT
was predominantly expressed in peripheral tissues, though weak expression was
also detected in the brain. Like NT-6, this novel neurotrophin m ight represent yet
another NGF-like neurotrophin in lower vertebrates. (Supported by the Research
Grants Council of Hong Kong HKUST 529/94M and Reseach Infrastructure Grant)

Robert W ood Johnson Medical School, Piscataway, NJ 08854. 2CABM, Dept,
of Pediatrics, UMDNJ / Robert Wood Johnson Medical School, Piscataway, NJ
08854
Our previous work indicated that neurotrophins are expressed by oligodendro
cyte lineage cells (OLCs) derived from the rat BF. In particular, in vivo and in
culture studies utilizing immunocytochemical methods demonstrated that BDNF,
NT-3 and NT-4 proteins are colocalized with A2B5, a marker for immature
oligodendrocytes, and with myelin basic protein (MBP), a marker for mature
cells. However, recent studies*indicating that brain neurons can take up neuro
trophins from extracellular sources suggest that neurotrophin-expressing oligo
dendrocytes may derive these molecules from neighboring non-OLCs. In vivo,
BF astrocytes and neurons are sources of neurotrophins. Our enriched cultures
contain more than 90% OLCs, but some contaminating astrocytes are present.
To determine whether oligodendrocytes express neurotrophins endogenously,
we employed an in situ hybridization method, utilizing digoxigenin-labeled riboprobes. This method was combined with immunocytochemistry to identify cells
in cultures that express neurotrophin genes. Initial studies defined expression of
NT-3 by both mature, MBP+, OLCs, and immature, MBP-, OLCs. This label
ing was specific, because no signal was observed with a control NT-3 sense
probe. Parallel studies suggest that NGF and BDNF mRNA are similarly ex
pressed by both immature and mature populations. Our data indicate that neuro
trophins are expressed by OLCs and may provide trophic support for cells of the
BF. (Supp: NICHD:HD23315)
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NEUROTROPHINS
DIFFERENTIALLY
MODULATE
NEURITE
OUTGROWTH AND PATTERN IN DEVELOPING RETINAL GANGLION
CELLS. A. Bosco* and R. Linden. Instituto de Biofísica Carlos Chagas Filho,
Universidade Federal do Rio de Janeiro, RJ 21949-900, Brazil.

R E T IN A L G A N G LIO N CELL SU R V IV A L A N D A X O N EL O N G A T IO N IN
C U L T U R E S O F EM B R Y O N IC R A T R E T IN A A R E N O T D E P E N D E N T
U P O N B R A IN -D E R IV E D N E U R O T R O P H IC FA C T O R . C R o san o ,
M .O udeea*and P.M. W ood.The M iam i Project to C ure Paralysis, University
o f M iami School of M edicine, M iami, F L 33136
N aturally occurring neuronal death in the central nervous system during
developm ent is thought to depend on trophic factors released by targ et cells. In
the rat visual system, 50-70% of the retinal ganglion cells (R G C s) die during
the first five days after birth; th e surviving R G C s are believed to be rescued by
trophic factors released by th e superior colliculus. B rain-derived neurotrophic
factor (BD N F) has been proposed to be one o f the factors involved in this
rescue. To test this hypothesis we studied th e effects of B D N F on axonal
elongation and long term R G C survival in cultures o f explants from em bryonic
rat retina. Explants from E15, E17 and E19 embryos were placed in collagen
coated aclar dishes; the cultures were fed with m edium containing M inimum
Essential M edium , 10% serum and glucose (300 m g% ). B D N F was tested at
concentrations o f 0, 5 ,1 0 and 50 ng/ml, with and w ithout forskolin (2uM ). T h e
longest tim e o f observation was 20 days in vitro. R G C s from E15 embryos
generated long, rapidly growing axons th at reached a maximum length o f 5 mm
after 6 days and then started to degenerate after 8 days in vitro. T h e loss of
axons coincided with a decrease in cell num ber in th e ganglia cell layer ..Retinal
explants from E17 and E19 embryos produced slower axonal growth and
degeneration started 2 days and 4 days earlier, respectively. B D N F had no
dem onstrable effect on the R G C survival, nor on the length o f their axons.
Furtherm ore, axonal degeneration started about th e sam e tim e as th at in the
control. Nevertheless, BD NF, at the concentration of 5ng/ml, increased the rate
of axonal growth during the first 4 days in vitro. W e conclude th at B D N F alone
can not rescue embryonic R G C s in the absence of target. F urtherm ore, our
results from E17 and E19 retinal explants suggest th at the onset o f axonal
fragm entation is controlled by som e intrinsic m echanism th at is n o t influenced
by th e presence o f BD NF. (Supported by the R uden Fou n d atio n and the
M iam i Project to Cure Paralysis. B D N F was generously supplied by R egeneron
Pharm aceutical, INC)

BDNF and NT-4 have similar specificity, potency, and affinity for TrkB
receptors in neurons, and therefore their biological effects are generally
assumed to be comparable. It is not clear to what extent the developing retinal
ganglion cells (RGCs), the survival of which is affected by both factors, as well
as by NT-3, modulate their pattern of morphological differentiation in response
to distinct neurotrophins. We have addressed this issue in short-term cultures
of dissociated cells from postnatal rat neuroretina, using fluorescent
microspheres as a retrograde marker for RGCs. Neurite outgrowth of RGCs
was selectively enhanced in the presence of BDNF, NT-3, and NT-4. Effects of
BDNF and NT-4 were prevented by competition with a soluble TrkBimmunoadhesin. Each neurotrophin induced distinct, albeit partially
overlapping patterns of neurite morphology in RGCs. BDNF led to polarized
and poorly arborized RGCs, whereas NT-4 induced branching of RGC
neurites, producing more complex arbors. In contrast, NT-3 promoted a
simplified morphology. Taken together, the results indicate that the divergent
neuritogenic actions on RGCs accomplished by BDNF and NT-4 operate via a
shared TrkB receptor. We suggest that BDNF and NT-4 control neuritic
outgrowth in immature ganglion cells, probably by controlling the switch from
an axogenesis-like to a dendritogenesis-like process downstream from TrkB.
The distinct neuritic patterns of RGCs promoted by two highly homologous
neurotrophins acting via a common TrkB receptor, represent a unique
regulatory model of neurotrophic function during neuronal differentiation.
(CONICET, SABRO, CNPq, FINEP, CEPG-UFRJ, FAPERJ)

136.4

136.3
A B S E N C E O F M O SS Y F IB E R S P R O U T IN G IN T R A N S G E N IC M IC E
O V E R E X P R E S S IN G B D N F IN T H E D E N T A T E G Y R U S X. Q iao*1. C.
Suri2. G.D. Yancopoulos2. J. L. N oebels3. and B. K nusel1 1.Gerontology Center,
Univ. o f Southern California, Los Angeles, CA 90089; 2.Regeneron
Pharmaceuticals, 777 Old Saw Mill River RD #10, Tarrytown, N Y 10591; 3.
Dept, o f Neurology, Baylor College o f M edicine, Houston, TX 77030.
Excessive neuronal activity and seizures have been clearly shown to upregulate
the expression o f various neurotrophins, and these molecules have been suggested
to mediate the induction o f aberrant mossy fiber sprouting in the inner molecular
layer (IM L) o f the dentate gyrus. In the stargazer mutant model o f M F sprouting,
we have found a selective increase in BD N F (~1.5- 2 fold), but not N G F or
neurotrophin 3 m RNA levels in the granule cells and CA3 pyram idal neurons o f
one month old m utants shortly after the appearance o f spontaneous seizures, but t h e '
increases were not evident in adult mice several months later, despite evidence o f
continued seizure activity and sprouting. These data suggest that B D N F may play
an early role in axon sprouting, but persistent upregulation o f BD N F expression
may not be required for collateral outgrowth.
To further dissect the potential role o f BD N F as a determinant o f mossy fiber
sprouting, the Timm ’s stain was used to analyze the m ossy fiber distribution in the
IML o f adult (2 and 6 months) mice with overexpression o f a BD N F transgene
driven by an actin promoter. Despite levels o f hippocampal BD N F m RNA that
were elevated 2-3 fold (by N orthern blot and in situ hybridization assay) in
m utants at both ages studied, no visible changes in Tim m ’s stain patterns were
observed in the IML. These data suggest that in the absence o f aberrant firing
patterns, congenital and persistent abnorm al elevations o f BD N F in granule cells
and their targets are not sufficient to elicit a strong mossy fiber sprouting response.
Supported by: NIA AG 10480, N IN D S N S22933, and N IH F32 N S09985 (XQ).
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NT-3 and NT-4/5 induce coordinated growth o f axons and dendrites in mature
hippocampal slice cultures and increase synaptic connectivity
R. A. McKinney*. F. A uf der M aur. B. H. Gahwiler and S. M. Thompson
Brain Research Institute, University o f Zurich, CH-8029 Zurich, Switzerland
Neurotrophins promote neuronal survival and neurite outgrowth during development
o f the nervous system. Although neurotrophins are expressed at high levels in the
adult, relatively little is known about their effects in the m ature CNS. Organotypic
hippocampal cultures (>14 days in vitro) were used to investigate the influence of
neurotrophins on synaptic structure and synaptic activity. Cultures were treated for
3-14 days with NT-3 or NT-4/5 (provided by Genentech, Inc.) before intracellular
injection with biocytin, to observe axonal arborization, or GAP-43
immunocytochemistry, to reveal newly sprouted axons. Changes in dendritic
branching and spines were investigated w ith injection o f Lucifer Yellow into CA1 or
CA3 pyramidal cells and confocal laser scanning microscopy. Axonal sprouting was
already detectable after 3 days treatment, including form ation o f long filopodia from
dendrites, perhaps newly form ing dendritic branches. Indeed, after 14 days treatment
the number o f dendritic branches was increased. The effects o f NT-4/5 were more
pronounced than those o f NT-3. There was also an increase in the number of
spontaneous IPSPs, as recorded from CA3 and CA1 pyram idal cells, after 14 days
treatment. These spontaneous IPSPs were blocked by NBQX, and were thus driven
by glutamatergic excitation of intemeurons. We conclude that NT-3 and NT-4/5
promote the coordinated growth o f pre- and postsynaptic neuronal elements, leading
to an increase in the strength o f synaptic connectivity w ithin the hippocampus.
Supported by the Swiss National Science Foundation (31-41829.94)
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3D TIME-LAPSE IMAGING OF HIPPOCAMPAL DENDRITIC
SPINE PLASTICITY USING 2-PHOTON MICROSCOPY
Steve M, Potter*. David B. Kantor. Adam N. Mamelak. Scott E. Fraser, and
Erin M. Schuman. Caltech Div. of Biology, Pasadena, CA 91125
Numerous studies have established that neurotrophins can promote
profound morphological changes during neuronal development. Our
recent work in area CA1 of the adult rat hippocampal slice has shown that
BDNF and NT-3 can dramatically enhance synaptic transmission, and this
enhancement depends on protein synthesis within the dendrites. Given
that mRNAs for cytoskeletal proteins and protein synthesis machinery are
present in or near dendritic spines, the question arises as to whether BDNF
and NT-3 can produce morphological changes in synaptic structures that are
visible by light microscopy.
Most attempts to correlate synaptic potentiation with morphological
changes have utilized fixed specimens, visualized by EM or light
microscopy. To investigate the dynamics of potential morphological
changes, we developed a 2-photon system for imaging dendritic spines in
living hippocampal slices. The greatly reduced phototoxicity and
photobleaching, and enhanced signal/noise afforded by two-photon laserscanning microscopy (TPLSM) allowed us to image three-dimensional
structures with submicron resolution, repeatedly for over 12 h. Slice health
was verified electrophysiologically before and after imaging, including the
ability to exhibit LTP. In preliminary experiments, we have observed rapid
(<30 min) changes in spine length and orientation in neurons labeled
extracellularly with the membrane dye, DiO, or intracellularly with fluoresceindextran. We will examine how these spine dynamics are affected by
exposure to neurotrophins.
Supported by NIH Fellowship NS 10257-01 and the Beckman Foundation
(SMP), and Amgen (EMS)
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EFFEC TS O F N G F ON SYNAPSES IN T H E DENTA TE GYRUS: A
QU A N TITA TIV E M O R PH O M E T R IC ANALYSIS. C. H. Homer*. E. S.
Housden and M. V. Sofroniew. Department o f Anatomy and MRC Cambridge
Centre for Brain Repair, University o f Cambridge, Cambridge U.K.
Neurotrophins such as nerve growth factor (NGF) are candidate signalling
molecules in the process o f synaptic plasticity. Rapid and lasting changes in
synaptic efficacy’ produced by neurotrophins have been recorded in the adult
nervous system. Longer-term regulation o f neuronal signalling via synaptic
plasticity may involve changes in morphological connectivity.
NGF can induce neurite sprouting o f adult septal cholinergic neurons. This
study investigates the possible role o f NGF in regulating synaptic terminals in the
dentate gyrus where these neurons have projections.
Levels o f NGF were increased in the hippocampus o f adult Sprague-Dawley
rats by direct infusion o f recombinant human NGF (rhNGF) (Genentech). NGF
bioactivity was confirmed in vitro on dorsal root ganglia, and raised levels o f NGF
in hippocampus were demonstrated by ELISA. Quantitative morphometric analysis
included a) estimation o f synapse and neuronal density using the “disector”
technique and b) asssessment o f the volume density o f presynaptic boutons and the
m itochondria in these boutons, by point counting. Data were collected from within
the proximal third o f the molecular layer. rhNGF-treated and non-treated anim als
showed no statistical differences (ANOVA) in any o f the values measured,
suggesting that NGF alone is not sufficient to cause change in the overall
population o f synapses. Since the density o f cholinergic fibres making synaptic
contact in the molecular layer may not form a large enough proportion of total
synapses to give rise to a significant change after NGF infusion, it is necessary to
expand these observations using cholinergic markers at the electron microscopic
level. Supported by the Wellcome Trust (046058/Z/95/WRE/MB/JAT).
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GROWTH OF SYMPATHETIC AXONS INTO THE OLFACTORYBULBS OF NGF OVER-PRODUCING TRANSGENIC
MICE. R. Doucette* and M.D. Kawaja. Anat. & Cell Biol.,
U. of S, S’toon, SK, and Queen’s Univ., Kingston, ON,
Can.

INDUCTION OF NEURITE OUTGROWTH FROM CHICKEN NEURAL
PLATE EXPLANTS BY NEUROTROPHIN-3. R. L i1. C. D. Stem2 airi

The objective of the present study was to determine
whether sympathetic axons are induced to sprout into the
olfactory bulb of transgenic mice in which the mouse betaNGF gene is driven by the GFAP promoter. In these mice,
aberrant sprouting of sympathetic axons occurs in the
hippocampus and cerebellum. Brain tissue was obtained
from adult wild-type and transgenic mice, as described in
Smale et al. (1996, Exper. Neurol., 137:225-233); the sections
were stained with an antibody to tyrosine hydroxylase (TH).
Conditioned media from olfactory bulb glial cell cultures
contained 3-4 fold higher levels of NGF than did comparable
cultures initiated from wild-type mice. In the brain sections,
dense plexuses of TH-positive axons left the leptomeninges
and grew into the bulbs of transgenic mice enroute to the
glomerular layer, but did not enter deeper laminae of the
bulb. We will be using these mice to explore why both
olfactory axons and sympathetic axons grow within this part
of the adult mammalian CNS but proceed no further than the
glomerular layer. (Supported by the NIDCD [to R.D.] and by
the MRC of Canada [M.D.K.])

P. Bernd3*. Departments o f Anatomy and Cell Biology1*3 and Otolaryngology3,
State University o f New York, Health Science Center, Brooklyn, NY 11203, and
Department o f Genetics and Development2, Columbia University, New York, NY
10032.
We have previously shown that mRNA for the full-length (catalytic)
neurotrophin-3 (NT-3) receptor, TrkC, is present in, and limited to, the avian
neural plate coincident with its formation. This study examined the effect of NT-3
on neurite outgrowth from explants o f the neural plate obtained from chicken
embryos at stages 6, 7 and 8, prior to neural tube formation. The neural plate was
isolated using fine needles and separated from the underlying endoderm and
mesoderm using dispase (1 mg/ml, 5 min). Explants were maintained in vitro on
a collagen gel under serum-free conditions in the presence or absencc of exogenous
NT-3 (10 to lOOng/ml, PeproTech) and/or an antibody to NT-3 (4 ng/m l,
Oncogene). In the absence o f exogenous NT-3, explants exhibited neurite
outgrowth after several days in vitro. This does not appear to be due to
endogenous NT-3, since the total number o f neurites was unchanged if explants
were exposed to an NT-3 antibody for the entire culture period. In the presence of
exogenous NT-3, neural plate explants exhibited a dose dependent statistically
significant increase in the total number o f neurites as compared to explants
maintained under control conditions/This effect o f NT-3 was blocked by an NT-3
antibody. In contrast, NT-3 had no effect on the length o f neurites. This data
demonstrates that a subpopulation o f neuroblasts in the neural plate elaborates
neurites in response to NT-3 and suggests that NT-3 may play a role during early
neural development in vivo.
Supported by a grant from the Dysautonomia Foundation.

136.9

136.10

BDNF REGULATES CEREBELLAR MOSSY FIBER EXTENSION
AND FASCICULATION. M.D. Bavnard.'S.A. Rabacchi*. C. Camev1.
J.R. Hoffman1. B. Kruk. D.H. Baird. Dept, of Neurobiology and Anatomy,
MCP♦Hahnemann School of Medicine, Allegheny University of the Health
Sciences, Philadelphia, PA 19129; !Dept. of Biology, Beaver College,
Glenside, PA 19038.
Cerebellar granule cells produce BDNF and are the targets of mossy
fibers. Cultured neurons from the rodent basilar pontine nuclei, a mossy
fiber source, respond to BDNF with increased survival and increased
numbers of long neurites (>0.9 -1 mm) on laminin. Two effects of BDNF
might contribute to the increased neurite outgrowth: 1) Higher growth
cone velocities were observed after 2.5 hr in BDNF medium (10 ng/ml).
Cultures without BDNF showed declining growth cone velocities
presumably due to neurotrophin deprivation and/or other stresses of the
culture method. The BDNF-induced increase in the rate of neurite
extension appeared transient, and was not observed after 18-24 hr. 2)
Preliminary data indicate that the diameter of fascicles in BDNF-treated
cultures was «mailer than in untreated cultures. We are currently
investigating if BDNF reduces fasciculation by affecting neurite-neurite
and/or neurite-substrate adhesion. Preliminary results indicate that
BDNF changes the amount and/or distribution of NCAM and the &i
integrin subunit. BDNF also increases polysialated NCAM
immunoreactivity, which might reduce neurite-neurite adhesion and cause
reduced fasciculation. In summary, BDNF may cause increased neurite
outgrowth via several mechanisms: increased neuron survival, accelerated
neurite outgrowth, and an apparent increase in numbers of neurites
resulting from reduced fasciculation. These mechanisms may be involved
when axons extend from fascicles onto BDNF-producing target cells, and
during BDNF-mediated synaptic plasticity. BDNF was kindly provided by
S. Meyer of Cephalon, Inc. Supported by NIH (NS33214 and HD07467).

REORGANIZATION OF THE CHOLINERGIC INPUT IN THE ADULT MURINE CNS
FOLLOWING A RESTRICTED UPREGULATION OF NERVE GROWTH FACTOR (NGF). A.I.
Brooks*. M.W. Halterman. M.A. Atkinson__and H.J, Federoff, Departments of
Microbiology, Immunology and Neurology: Division of Molecular Medicine & Gene
Therapy, University of Rochester School of Medicine, Rochester, NY 14642.
Previously, we demonstrated that a combined somatic & germline gene transfer approach
could be used to generate restricted somatic mosacism for NGF expression in the CNS
(Nature Biotechnology, 15:1, 1997). An inactive germline-transmitted transgene is
activated by the somatic delivery and expression of ere recombinase. The NGF excision
activated transgene (NGFXAT) is composed of the rat NSE promoter, an inactivating
cassette, a bicistronic transcription unit consisting of a NGF minigene and IRES initiated
reporter gene. Focal delivery of a herpes amplicon virus expressing ere recombinase results
in the excision of the inactivating cassette and subsequent juxtaposition of the NGF
minigene to the NSE promoter. This recombinational event is permanent and results in
anatomically restricted upregulation of NGF expression. We have demonstrated that the
levels of NGF at the site of recombination remain increased for periods greater than 6
months. In this study we examined the potential reorganization of the NGF responsive
cholinergic septal projection with respect to regional NGF mosacism in the hippocampus.
Adult NGFXAT mice were “activated” in the CA1 region of the hippocampus by infection
with HSVcrelac (expressing both ere recombinase & 6-gal). Six to eight months post
activation animals received an injection of fluorogold at the same coordinates to
retrogradely label projecting neurons. Cells in the basal forebrain both ipsilateral and
contralateral to the injection site were analyzed thereafter and compared to HSVlac
(expressing 6-gal) infected animals. We observed a 34% increase in the total number of
cholineacetyltransferase (ChAT) positive cells ipsilateral to the activation site (F=55.378,
d£=l,9, p=.0001); a 66% increase in the number of double labeled cells (Fluorogold +
ChAT) in the medial septum and VLDB. (F=169.804, df=l,9, p=.0001); and a concomitant
increase in somal size ipsilateral to the activation site. Double labeled cells showed a
15% increase in somal size compared to HSVlac infected animals (F=51.399, df=l,9,
p=.0001). ChAT positive cells ipsilateral to the activation site showed a 5% increase in
cell size (F=6.705, df=l,9, p=.0292). These observations demonstrate the reorganization of
the septohippocampal path as a direct consequence of focal increased NGF expression.
Currently, we are examining the time dependence of this reorganization. This work is
supported by NIH R01-MH57047-01 (to HJF).
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CORTICAL NEURONS INDUCE ENHANCED MORPHOLOGICAL FEATURES OF BFCNs IN
VITRO: LIKELY INVOLVEMENT OF THE NEUROTROPHINS. D.H. Ha*. R.T. Robertson,
and J.H. Weiss. Depts of Neurology and Anatomy/Neurobiology, U.C. Irvine, Irvine CA 92697.
Embryonic (E17) rat basal forebrain cholinergic neurons (BFCNs) co-cultured with cortical
cells for 2-3 weeks displayed markedly enhanced morphological features and increased
resistance to NGF deprivation in comparison to BFCNs grown alone (Ha et al., J. Comp.
Neurol., 1996). The survival enhancing effects of cortical neurons could be partially
reproduced by addition of other neurotrophins (NT-3, BDNF) during NGF deprivation. More
recent experiments have examined effects of cortical neurons on postnatal BFCNs (d 1-7).
When these BFCNs were plated and grown alone for 5-7 days, acetylcholinesterase (AChE)
staining revealed only a few small AChE(+) neurons, whereas when identically grown upon
previously plated cortical neurons, greater numbers of AChE(+) neurons were found and over
75% of them displayed enhanced soma size and axonal outgrowth.
Function-blocking antibodies to NGF, BDNF, and NT3 were used to test the hypothesis
that neurotrophins are involved in the enhancing effects of cortical cells. Treating co-cultures
with these antibodies from the time of plating, alone or in combination, did not significantly
reduce the total number of AChE(+) cells, as compared to untreated co-cultures. However,
combined treatment of co-cultures with all three antibodies resulted in a loss of 60-65% of the
morphologically enhanced AChE(+) cells and a corresponding increase in the number of non
enhanced AChE(+) cells; treatment with each of the antibodies alone had relatively little effect.
These findings suggest that NGF, BDNF, and NT3 work synergistically, perhaps in concert
with other cortical factors, to enhance morphological features of BFCNs. Further studies aim
to clarify conditions under which neurotrophins may mediate either survival or morphology
enhancing effects on BFCNs, and how they may interact with other potential cortically derived.
factors. Supported by NIH grant NS 30884 (JHW), NS 30109 (RTR).

BASAL FOREBRAIN CHOLINERGIC PROJECTIONS TO
NEOCORTEX AND HIPPOCAMPUS: NORMAL PATTERNS OF
INGROWTH IN SLICE CULTURES FROM NGF-KO MICE. L
Baratta*. D.H. Ha. J. Weiss. J. Yu. H.S. Phillips and R.T. Robertson.
University of California, Irvine, CA 92697, and Division of
Neurosciences, Genentech, South San Francisco, CA 94080.
Previous studies have demonstrated that basal forebrain cholinergic
neurons send their axons to hippocampus and neocortex in organotypic
patterns in slice cultures (Baratta et al., Neurosci. Abstr., 1995; 1996).
The present study examined patterns of cholinergic ingrowth in slice
cultures prepared from NGF knock-out mice and wild type controls.
Two types of slice cultures were prepared. In one set of experiments,
single slices of whole forebrain hemispheres were prepared from NGFko or wild type mice; in another set of experiments, slices of basal
forebrain (containing either septum or substantia innominata) were co
cultured with slices of hippocampus and neocortex. Some of the co
cultures were chimeric, with wild type basal forebrain cultured with
NGF-ko neocortex and hippocampus. All cultures were maintained on
membranes (Stoppini et al., 1991) in serum free medium. After 1- 2
weeks, cultures were fixed and processed for AChE histochemistry to
demonstrate growth of cholinergic axons. Cholinergic basal forebrain
neurons send profuse projections into neocortex in single slice
hemisphere cultures, with no detectable differences between wild-type
and NGF-ko mice. Cholinergic ingrowth into co-cultures of NGF-ko
hippocampus and neocortex appeared slightly less dense and displayed
slightly less of an organotypic pattern than did axonal growth into wildtype tissue. These data suggest that NGF does not, by itself, play an
essential role in basal forebrain cholinergic innervation of hippocampus
and neocortex. Supported by NIH grant NS 30109.

136.13

136.14

SPECIFICITY OF ATTACHMENT AND NEURITE OUTGROWTH OF
DISSOCIATED SEPTAL CHOLINERGIC NEURONS SEEDED ON
SLICES OF HIPPOCAMPUS. S.J. Haraldson, J. Baratta, J. Yu and R.T.
Robertson*. Departments of Anatomy and Neurobiology and of
Physical Medicine and Rehabilitation, College of Medicine, University of
California, Irvine, CA 92697.
We have recently adapted the cell adhesion assay Emerling and
Lander (Development, 1994) to study relatively long term patterns of cell
attachment and neurite outgrowth on organotypic slice cultures
(Robertson et al., Neuroscience, 1997). In the present project, we
investigated whether previously dissociated septal cholinergic neurons
show selective patterns of attachment and neurite outgrowth when seeded
onto cultured slices of hippocampus. Slices of hippocampus were
prepared from postnatal rats aged P4 to P7 and cultured on membranes.
Septal tissue was collected from E17 rat fetuses, dissociated in DMEM,
seeded onto the cultured hippocampal slices, and maintained on
membranes in serum based or serum-free media. After 6-14 days in
vitro, cultures were fixed in aldehydes and processed for AChE
histochemistry to reveal the cholinergic neurons. AChE labeled septal
neurons displayed morphological features of multipolar dendrites that
are similar to those of cholinergic cells in situ. These neurons attached
or survived with greater frequency on dentate gyrus than on the
hippocampal CA fields, and were seen more commonly over cell body
layers than dendritic layers. Septal neurons also survived when seeded
onto slices of neocortex, but did not survive on slices of cerebellum or
brainstem. Axonal outgrowth tended to follow along dentate granule cell
and hippocampal pyramidal cell layers. These data may indicate that
septal cholinergic cells attach, survive, or differentiate to a greater degree
along sources of neurotrophic factors.
Supported by NIH grant NS 30109.

BRAIN-DERIVED NEUROTROPHIC FACTOR STIMULATES
NEURITE OUTGROWTH IN A CALRETININ-ENRICHED NEU
RONAL CULTURE SYSTEM. K. Iwasaki1*2, K. R. Isaacs1, M.
Fujiwara2 and D. M. Jacobowitz1. ‘Lab. of Clincal Sci., National Insti
tute of Mental Health, Bethesda MD 20892, 2Dep.of Physiol. &
Pharmacol., Fac. of Pharmac. Sci., Fukuoka University, Fukuoka 81480, Japan.
A calretinin enriched cell culture system which comprised approxi
mately 40% of the total neuronal population of the E14 rat embryo was
established from the region of the thalamic eminence (TE) and the ef
fects of several neurotrophins on the neurite growth of calretinin-immunoreactive (CR-IR) neurons was investigated. A four-day treatment of
BDNF significantly increased the ratio of CR-IR to M AP2-immunoreactive neurons at concentrations between 50 and 250 ng/ml. IGF-I at 100
ng/ml and TGF-a at 250 ng/ml also increased this ratio. None of the
neurotrophins examined increased the number of-primary CR-IR
neurites. BDNF did, however, increase the number and length of sec
ondary CR-IR neurites. IGF-I elicited an increase in primary neurite
length, but did not affect either number or length of secondary neurites.
TGF- a had no effect on either number or length of the primary and
secondary neurites. These results indicate that the maturation and devel
opment of CR-IR neurites is specifically affected by BDNF. It is sug
gested that BDNF increases the CR concentration above the threshold of
detection by immunohistochemistry in cells and stimulates the sprouting
of secondary CR-IR fibers.

136.15

136.16

THE DEVELOPMENT OF TARGET INNERVATION BY DIFFERENT
SUBPOPULATIONS OF DRG NEURONS IN THE RAT AND THE EFFECT
OF FETAL ANTI-NGF TREATMENT. A. Jackman & M. Fitzgerald*. Dept.
Anatomy & Dev. Biology, University College London, London WC1 6BT, U.K.
The development o f A and C fibre innervation o f rat hindlimb skin and dorsal
horn was investigated using immunolabelling from E15-E21. PGP 9.5 and
GAP43 were used as pan-neuronal markers, RT97 as an A fibre marker and
CGRP and trkA for small A and C fibres. RT97+ve cells were found to be in the
largest diameter DRG cell population at E18. RT97 and trkA+ve fibres were
among the earliest to innervate the skin at E I5 but while RT97+ve fibres also
penetrate the dorsal horn at E l 5, trkA+ve fibres do not do this until E l 8. CGRP
mRNA expression begins in the DRG at E17 and the sudden appearance of
CGRP+ve fibres in the epidermis and dorsal horn at E19 suggests that this
peptide is expressed subsequent to target innervation. Quantitative analysis of
the epidermal innervation at different fetal ages shows considerable regional
and age related variations but all subpopulations grow transiently right to the
skin surface at E l 7-18 before retracting back into the epidermis.
Selective DRG cell loss was produced by treating fetuses with anti-NGF at
E15 and E18 (Ruit et al, 1992). DRG cell counts at E21, using the physical
dissector, showed a total cell loss of 44% restricted to the small cell population.
Anti-NGF treatment also resulted in total abolition o f epidermal innervation by
PGP9.5, RT97 and CGRP+ve fibres at E21. Subepidermal innervation was
relatively unchanged.
The results show that DRG subpopulations have a different developmental
patterns of target innervation but that anti-NGF treatment renders the epidermis
non-permissive to innervation by all fibre types.
Supported by the M RC

NGF-INDUCED ABERRANT GROWTH OF PERIPHERAL AXONS IN THE
ABSENCE OF p75™ EXPRESSION. G.E.A. Coome* and M.D. Kawaia. Dept.
Anatomy and Cell Biology, Queen’s University, Kingston, ON CANADA
K7L 3N6.
Collateral sprouting, a nerve growth factor (NGF)-mediated growth response o f
undamaged peripheral axons, can be divided into reparative and aberrant axonal
growth. We have previously shown that aberrant growth occurs in transgenic mice
overexpressing NGF centrally under the control o f the glial fibrillary acidic protein
promoter. Both tyrosine hydroxylase-immunoreactive sympathetic axons and
calcitonin gene-related peptide-immunoreactive sensory axons invade the
cerebellum o f post-natal transgenic mice; no such axons are seen in the age-matched
wild type cerebellum. Recent examination o f mice possessing a null mutation for
p75NTR has suggested that axon growth may be influenced by the functional
expression o f this receptor. To further address the potential role o f p75NTRin axon
growth, we have generated a new line o f hybrid mice overexpressing NGF but
lacking functional p75NTRexpression. Post-natal hybrid cerebellum possessed fewer
aberrant sensory and sympathetic fibers compared to their age-matched transgenic
counterparts. By adulthood, however, hybrid cerebellum displayed a robust plexus
o f axons stained immunohistochemically for calcitonin gene-related peptide and
tyrosine hydroxylase. No neuronal or non-neuronal localization o f p75NTRimmunoreactive elements was observed in hybrid cerebellum. Interestingly,
sympathetic axons within the hybrid cerebellum displayed a markedly reduced axon
density and staining intensity for NGF, suggesting a possible alteration in axonal
sequestration o f NGF. These results show that p75NTRis not vital for NGF-mediated
new growth o f aberrant sympathetic and sensory axons, and that
immunohistochemical detection o f NGF at sympathetic axons requires the
functional expression o f p75NTR. (supported by MRC o f Canada).

S ociety for N euroscience , V olume 2 3 ,19 9 7

333

334

BIOLOGIC EFFECTS 0 F NEUROTROPHINS : NEURITE AND AXONAL GROWTH-SPROUTING

SUNDAY PM

136.17

136.18

SYMPATHETIC AXONS FAIL TO FORM PERINEURONAL PLEXUSES IN
THE TRIGEMINAL GANGLIA OF NGF-TRANSGENIC MICE IN THE
ABSENCE OF p75NTOEXPRESSION. G.S. Walsh* and M.D. Kawaia. Dept, o f
Anatomy and Cell Biology, Queen’s University, Kingston, ON CANADA K7L
3N6.
We have previously reported the ingrowth o f sympathetic axons into the
trigeminal ganglia o f adult transgenic mice that overexpress the neurotrophin nerve
growth factor (NGF) under the control o f the promoter for glial fibrillary acidic
protein. Increased levels of NGF protein in these transgenic ganglia coincided with
the appearance o f plexuses o f tyrosine hydroxylase (TH)-immunoreactive
sympathetic axons surrounding a small population o f NGF-immunoreactive sensory
neurons. In this investigation, we sought to determine whether p75 neurotrophin
receptor (NTR) expression is a minimum requirement for the aberrant ingrowth and
plexus formation by NGF-sensitive sympathetic axons. Four lines o f geneticallydistinct mice were used in this investigation: wild type mice, NGF transgenic mice,
p75N™ knock-out mice, and hybrid mice having both an overexpression o f NGF and
a null mutation o f the p75NTR gene. Assessment o f the trigeminal ganglia o f these
mice revealed that wild type and knock-out mice lacked any ingrowth o f THimmunoreactive sympathetic axons. In agreement with our previous observations,
the trigeminal ganglia o f NGF transgenic mice possessed both the ingrowth o f
aberrant sympathetic axons into the fiber tracts and the formation o f a small number
o f perineuronal plexuses. Although sympathetic axons were seen invading the
trigeminal ganglia of the hybrid mice, no TH-immunoreactive perineuronal plexuses
were observed. These results suggest that while p75OTRexpression is not required
for NGF-induced aberrant ingrowth o f sympathetic fibers into the trigeminal
ganglia, it is needed for the formation o f sympathetic perineuronal plexuses
surrounding a select population o f sensory neurons. (Supported by MRC o f
Canada).

INCREASED INNERVATION OF DURAL BLOOD VESSELS REQUIRES
NERVE GROWTH FACTOR, BUT NOT p75NraEXPRESSION IN ADULT MICE.
M. D. Kawaja* and G.E.A. Coome. Dept. Anatomy and Cell Biology, Queen’s
University, Kingston, ON CANADA K7L 3N6.
The middle meningeal arteries and the venous sinuses o f the dura are innervated
by both nociceptive sensory and post-ganglionic sympathetic axons. Both
populations o f peripheral axons are capable o f collateral branching o f intact fibers
in response to increased levels o f target-derived nerve growth factor (NGF).
Recently, it has been suggested that p75vm expression by. sensory and sympathetic
neurons is required for the normal innervation o f peripheral targets, such as the skin
and pineal gland, respectively. This investigation was undertaken to determine
whether NGF is capable o f altering the patterns o f sensory and sympathetic
innervation o f the dural blood vessels in those animals which express or do not
express p75Nlli. ' To accomplish this goal, we examined the distribution o f
neurochemically-specific axons (calcitonin gene-related peptide for sensory axons
and tyrosine hydroxylase for sympathetic axons) in the dura o f adult mice from four
distinct genotypes: transgenic mice overexpressing NGF in the underlying brain,
knock-out mice lacking p75NTR, hybrid mice which overexpress NGF and lack
p75Kre, and wild type mice. Transgenic mice possessed an increased density o f both
sympathetic and sensory axons along dural vessels in comparison to wild type mice.
Knock-out mice displayed a striking lack o f both types o f axons along their dural
vessels. The hybrid mice, however, possessed a density o f peripheral axons on the
dural vessels greater than that seen in knock-out mice, but less than that seen in the
control and transgenic mice. These results provide direct evidence that although
normal innervation o f dural blood vessels is limited by a lack o f p75NTRexpression,
increased levels o f local NGF can enhance axon growth in the absence o f p75NTR
expression. (Supported by MRC o f Canada).

136.19
PLASTICITY OF CGRPIMMUN OREACTIVE AXONS IN THE
SUPERIOR CERVICAL GANGLION FOLLOWING
INTRACRANIAL INFUSION OF NGF. A.J. Shafer. R.G.
Sherman*. L.G. Isaacson. Center for Neurosci, Dept Zoology,
Miami Univ, Oxford, OH 45056.
A 2 wk intracerebroventricular infusion of nerve growth factor
(NGF; 15 jig) results in a robust response by axons in the superior
cervical ganglion (SCG) of the adult rat that stain immunopositive
for calcitonin gene related peptide (CGRP). Following intracranial
NQF, CGRP-immunoreactive baskets surrounding ganglionic cell
bodies as well as a dramatic increase in randomly organized CGRP
fibers in the SCG were observed. Few CGRP axons were seen in
VEH cases. Acute deafferentation (1 day) following NGF infusion
eliminated all CGRP baskets and most CGRP immunoreactivity,
suggesting that NGF responsive CGRP fibers originated from the
preganglionic trunk. This plasticity of CGRP preganglionic axons
suggests a local increase in the SCG of NGF originating from
intracranial infusion. Three wks after deafferentation (dVEH),
random CGRP varicosities were observed in the SCG and likely
originated from a second source. These CGRP fibers did not appear
responsive to intracranially infused NGF since no obvious change in
CGRP immunoreactivity was observed following 1 wk
deafferentation and subsequent 2 wk NGF infusion. Preganglionic
ChAT-positive baskets associated with SCG cell bodies were
observed in VEH and NGF cases, yet ChAT-positive axons were
absent in dVEH, excluding the possibility that CGRP preganglionics
reinnervated the SCG. (Supported by NIH NS32876 to LGI)

136.20
SYNAPTIC INNERVATION DENSITY IS REGULATED BY BD NF.C.G. Causing*.
A.Gloster. R.Alovz. S.X.Bamii. E-Chang. J.P.Faw cett. G.Kuchel#. and F.D .M iller
Centre For Neuronal Survival, Montreal Neurological Institute, and #Montreal
General Hospital, Montreal, Que. H2A 3B4 CANADA
We have postulated that alterations in neuronal brain-derived neurotrophic factor
(BDNF) synthesis regulates synaptic innervation density from afferent inputs.
Specifically, we have hypothesized that innervation o f sympathetic neurons by
preganglionic neurons is regulated by BDNF which is synthesized by the sympathetic
neurons. To test the hypothesis that sympathetic neuron-derived BDNF regulates
preganglionic input, transgenic mice were generated that overexpress BDNF from the
dopamine-fl'hydroxylase (DBH) promoter, which specifically targets gene expression
to noradrenergic and adrenergic cell populations, including sympathetic neurons. We
have demonstrated that i) preganglionic neurons normally express the full-length TrkB
receptor, ii) in the DBH:BDNF transgenic mice, preganglionic neurons and their
axons hypertrophy and hyperinnervate their target, the SCG, iii) the number of
preganglionic axons present in the cervical sympathetic trunk (CST) is not altered in
the DBH:BDNF mice, and iv) the hyperinnervation leads to an increase in SCG cell
sizes, without affecting cell number or sympathetic innervation to peripheral targets.
We are extending these studies by determining whether m odulations in the amount of
trophic factor ‘seen’ by the sympathetic neurons from their targets leads to alterations
in synthesis o f BDNF. Specifically, we are investigating whether target-derived nerve
growth factor (NGF) regulates synthesis o f sympathetic neuron-derived BDNF, and
whether alterations in the levels o f N (jF in the periphery lead to changes in BDNF
levels within innervating sympathetic ganglia, and/or changes in the preganglionic
innervation density. Together these studies address the possibility that information
initially derived from sympathetic neuron targets regulates the connectivity o f a
specific neural pathway through a cascade o f neurotrophin signalling. Funded by The
M acArthur Foundation and NeuroScience Network o f Canada

TROPHIC FACTOR RECEPTORS AND CELLULAR MECHANISMS: NGF I

137.1

137.2

EXPRESSION PATTERNS OF TrkA AND p75 NEUROTROPHIN
RECEPTORS IN SYMPATHETIC NEURONS. J. Kohn*. J. Toma. R.
Alovz. G. Kuchel#. and F.D. Miller. Centre for Neuronal Survival, Montreal
Neurological Institute and Montreal General Hospital#, Montreal, PQ,
Canada, H3A 2B4.
Biological responses of sympathetic neurons to NGF may be partially
regulated by the spatial distribution of TrkA and p75 receptors, and the
cellular ratio of these receptors may determine the signalling events mediated
by neurotrophin exposure. We have previously shown by
immunocytochemistry on cultured neonatal sympathetic neurons, that there
is a partial compartmentalization of these receptors. p75 is distributed
ubiquitously on the neuronal surface, while the density of TrkA is
approximately threefold higher on the cell body than on nerve terminals.
Biochemical and immunocytochemical analyses indicate that a similar
difference in receptor distribution occurs during sympathetic target
innervation in vivo. To determine whether this differential distribution affects
TrkA:p75 NTR (neurotrophin receptor) interactions, we have patched p75 on
cell bodies and neurites using MCI92 antibody, and we are currently
determining whether TrkA is copatched. Studies to address the biological
significance of TrkA/p75 interactions are also, currently in progress.
Supported by the Network of Centres of Excellence and FCAR-FRSQ Santé
Studentship.

FUNCTIONAL IMPLICATIONS OF THE STRUCTURE
CELLULAR DOMAIN AND ITS INTERACTING PEPTIDES
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LsopaldL, flag1»E, Lkpinsh2,.£- ,EQttenbgrggr>,.LwdgvigQ L, Bag3» MrFamzilhsr’i
J. Nfi-Ilag4. C. Eckerskom4. G. Otting2 and C.F, Itenez1. Departments of
’Neuroscience and 2Medical Biochemistry and Biophysics, Karolinska Institutet 171
77 Stockholm, Sweden; 3M orphoSys GmbH D-80807 M unich, Germany;
d e p a rtm e n t o f Mass Spectrometry, Max Planck Institute for Biochemistry D-82152
Martinsried, Germany.
The low-affinity nerve growth factor receptor, p75, binds all neurotrophins with
similar affinities. Recently, it was also shown to bind an invertebrate neurotrophic
factor named cystein-rich neurotrophic factor (CRNF). Structural studies on the p75
intracellular domain (ICD) have been prompted by research implying its involvement
in programmed cell death.
The nuclear magnetic resonance (NMR) structure o f the 145-residue p75 ICD has
been determined. The death domain (DD) of p75 ICD consists of two perpendicular
sets of three helices packed into a globular structure of about 30A across. The
polypeptide segment connecting the transmembrane region to the DD and the
serine/threonine rich carboxyl terminal are highly flexible. The flexible
juxtamembrane linker would be up to 200A long if fully extended. In addition, we
have observed that unlike the death domains o f p55 tumour necrocis factor receptor
(TNFR-1) and Fas, the p 7 5 ' ICD does not self-associate in solution. 111686
observations suggest a distinct signaling mechanism for p75.
In addition, using the Selectively-Infective Phage (SIP) method, a novel variation
of phage display, w e have selected for peptides that bind to p75 ICD from a peptide
library of randomized sequences. The sequences recovered in this screening suggest
potential p75 intracellular partners in signal transduction. Free peptide and peptidep75 complexes were characterized by NM R and mass spectrometry, identifying
binding sites in the p75 ICD. Supported by the BIOTECH Program o f the E. U.
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A SECOND DETERMINANT OF BINDING TO THE p75 NEUROTROPHIN
RECEPTOR REVEALED BY ALANINE-SCANNING M UTAGENESIS OF A
CONSERVED LOOP IN NERVE GROWTH FA CTO R M. Rvdén* and C. F.
Ibáñez. Laboratory of Molecular Neurobiology, Department o f Neuroscience,
Karolinska Institute, S-171 77 Stockholm, Sweden. A stretch of six amino acids
(from D72 to N77) in nerve growth factor (NGF) is highly conserved and forms an
exposed, hydrophilic loop region away from other known determinants of receptor
binding. We have investigated the functional importance o f this region in NGF
using alanine-scanning mutagenesis. Individual mutation o f D72, K74 or H75 into
alanine (mutants D72A, K74A and H75A, respectively) reduced the affinity of
binding to the p75 neurotrophin receptor by 4- to 10-fold. Only the D72A mutant
showed an additional impairment in binding to the TrkA receptor which was
accompanied by reduced biological activity in PC 12 cells, indicating a structural
and/or conformational effect of this mutation. Replacement o f S73 or N77 into
alanine (mutants S73A and N77A, respectively) had no measurable effects on
receptor binding. The triple mutant K74A+H75+N77A exhibited properties that
were consistent with the combined effects o f the individual mutations, namely
impaired binding to p75 without deficits in its interaction with TrkA. In contrast,
in the triple mutant D72A+S73A+K74A, the simultaneous replacement of D72
and K74 into alanine had a compensatory effect such that binding to both p75 and
TrkA was comparable to that of wild type NGF, despite the deficits seen in the
individual replacements. This molecule, however, was produced at low levels and
its biological activity in sympathetic ganglion explants was reduced, indicating a
reduced stability during prolonged culture conditions. Taken together, these data
reveal a second region of interaction with the p75 receptor in NG F with positively
charged residues K74 and H75 as candidate points of contact. In addition, D72
appears to be a structurally important side chain for stabilizing the conformation of
the loop through interactions with neighbouring residues.

CHANGES IN BIOCHEMICAL AND BIOLOGICAL FUNCTIONS OF
NGF INDUCED BY ZINC
Ross. G.M.. Shamovskv. I.L.. Weaver. D.F. and Riopelle R.J*.
Departments of Medicine and Chemistry, Queen’s University, Kingston,
Ontario, Canada.
A role for Zn2+ in a variety of neurological conditions such as stroke,
epilepsy and Alzheimer’s disease has been postulated. In many instances,
susceptible neurons are located in regions rich in Zn2+ where nerve growth
factor (NGF) levels rise as a result of insult. Molecular modelling studies
have suggested that zinc will change the activity of NGF by altering the
conformation of this protein (see accompanying abstract of I.L. Shamovsky
et al.). We have demonstrated that Zn2+ (100 fiM) alters the conformation
of NGF as measured by changes in chemical crosslinking and circular
dichroism spectroscopy, consistent with alterations in the amino terminus.
The change in conformation of NGF is accompanied by a loss in binding to
pTS"™ and trkA and the ability of NGF to induce phosphorylation of the
trkA receptor. In the presence of zinc, the biological activity of NGF, as
determined by neurite outgrowth in ED8 DRG neurons, is also lost. These
data are consistent with a zinc induced alteration in NGF conformation,
rendering it unable to bind to p75NTRor TrkA receptors, or to activate
signal transduction and biological outcomes normally induced by this
protein. These results may have in vivo significance with regard to several
neurological disorders where elevated zinc levels and elevated NGF levels
are observed.
These studies are supported by the NeuroScience Network.

137.5

THEORETICAL STUDIES ON A ZINC-INDUCED
CONFORMATIONAL TRANSITION WITHIN NGF
Shamovskv. I.L.. Ross. G.M.. Weaver. D.F.* and Riopelle. R.J.
Departments of Medicine and Chemistry, Queen’s University, Kingston,
Ontario, Canada K7L 2V7.
While the interaction of Zn2+ with NGF has previously been suggested,
the direct actions of the ion on NGF function have not been explored.
Molecular modelling studies predict that the binding of Zn2+ to NGF will
induce structural changes within domains of this neurotrophin which
participate in the recognition of TrkA and p75NTR. In the most stable
structure of the Zn2+-NGF complex obtained by molecular modelling, Zn2+
is chelated by a total of four residues from the two monomers and forms a
distorted square pyramidal coordination state with donor atoms Ne of His4, Ne of His-8, N6 of His-84 and both 5-oxygens of Asp-105. As a result
of this chelation, conformation of the amino terminus of NGF is
considerably changed. In the presence of Zn2+, the Ser-1 a-amine is
detached from the carboxyl terminus and forms an ionic hydrogen bond
(salt bridge) with the GIu-35 side-chain which further stabilizes the
structure. As the conformation of the amino and carboxyl terminal
residues are critical for NGF interaction with trkA (J. Am. Chem. Soc.
1996, 118, 9743-9749), it was predicted that the interaction of NGF with
zinc would inactivate this neurotrophin. As a result of this prediction, we
have characterized the effects of zinc on biochemical and biological effects
of NGF (see accompanying abstract of G.M. Ross et al.).
These studies are supported by the NeuroScience Network.

137.6
ABSENCE OF P75NTR CAUSES NEURONAL HYPERTROPHY AND
INCREASED TARGET INNERVATION OF BASAL FOREBRAIN
CHOLINERGIC NEURONS. T.T.Yeo»'1, T.Chua-Couzens2. T.S.Valletta2.
D.E.Bredesen3. W.C.Mobley2. F.MLongo1. ^ e p t.N e u ro lo g y ^ C S F /
VAMC,San Francisco/CA94121; 2Dept.Neurology,UCSF, San Francisco,
CA94143; 3Program on Aging, The Burnham Institute,La Jolla, CA92037.
Atrophy of basal forebrain cholinergic neurons and a marked
decrease in cholinergic target innervation occur during aging and in
neurodegenerative diseases. Neurotrophins have been shown to
positively regulate neurotrophic features of these neurons, including
neuronal hypertrophy, increased choline acetyltransferase (ChAT)
activity, and increased neurite sprouting. The role of the p75
neurotrophin receptor (p75NTR) in mediating these neurotrophic
features was investigated using transgenic mice heterozygous or null
for the p75NTR gene. Absence of p75NTR resulted in a significant
increase in ChAT activity in both basal forebrain and hippocampus and
a significant increase in hippocam pal cholinergic innervation.
Histological analysis using unbiased stereology revealed a highly
significant p75NTR gene dosage-dependent increase in the size of basal
forebrain cholinergic neurons. Absence of p75NTR also caused an
increase in the size of TrkA-positive neurons. The increase in trophic
status of cholinergic neurons was not associated with increased basal
forebrain or hippocampal NGF levels. These findings indicate that
p75NTR negatively regulates neurotrophic features of these neurons.
W hether these phenomena were due to an altered response to
neurotrophins is currently being investigated. [Grant support: NIAAG09873 and VA Merit ReView (FL), French Foundation for
Alzheimers Research (TY), NIH NS24054, AG10672, and McGowan
Charitable Trust (WM), American Health Assistance Foundation (DB).]

137.7

137.8

ULTRASTRUCTURAL DISTRIBUTION OF p75 NEUROTROPHIN RECEPTORIMMUNOREACTIVITY IN RAT DENTATE GYRUS. K.D. Dougherty* and T.A.
Milner. Dept, of Neurol. & Neurosci., Cornell Univ. Med. Coll., NY, NY 10021.
Previous light microscopic studies indicated that p75 neurotrophin receptorimmunoreactivity (p75NTR-l) in the hippocampal formation was located
presynaptically, presumably occurring within cholinergic axon terminals arising
from the septal complex. However, since visualization of hippocampal p75NTR-l
at the light microscope level is limited, the aim of this experiment was to more
precisely determine the location of p75NTR-l using electron microscopy. Thus,
p75NTR-l was localized in acrolein-fixed rat dentate gyrus using a previously
characterized p75NTB antibody (Chao & Hempstead, 1995), By electron
microscopy, the dentate hilar region and inner third of s. moleculare contained the
greatest numbers of profiles with p75NTR-l; lower numbers of p7SR -labeled
profiles were seen in s. granulosum and the outer two-thirds of s. moleculare.
Overall p75NTR-l (n = 400 profiles) was found in small, unmyelinated axons (58%),
axon tarminals (19%), dendritic shafts and spines (7%) and glia (16%). Dendrites
with p75NTR-l occurred exclusively in the outer two-thirds of s. moleculare. Axon
terminals with p75NTR*l (n = 74) ranged between 0.4-1.25 pm in diameter and
mostly contacted dendrites in the hilar region (60 out of 105 contacts). Throughout
the dentate gyrus, p75NTR-labeled terminals formed both symmetric and
asymmetric synapses primarily with dendritic shafts (67%); some of these
dendrites derived from granule cells. Few terminals with p75NTR-l were detected
in s. granulosum (n = 15); they formed contacts with both soma and dendrites.
Additional dual labeling experiments demonstrated that in the hilus, terminals with
p75NTR-l contacted dendrites containing parvalbumin-immunoreactivity. Thus,
p75VTR-l in the dentate gyrus: (1) is found mostly in the hilus; (2) primarily occurs
presynaptically; and (3) is found in terminals which contact mostly GABAergic
interneurons and to a lesser extent granule cells. [Supported by MH42834
(T.A-M.) and NIH 5T32NS07384-03 (K.D.D.)].

TrkA is enriched in caveolae-like domains in PC 12 cells.
Zhou. J.* Vey. M.. DeArmond. S.. and Mobley. W.C.
Department of Neurology and the Neuroscience Program,
University of California, San Francisco, Ca 94143.
Nerve growth factor (NGF) is required for the growth and
development of certain neuronal populations in CNS and
PNS. TrkA and p75 both serve as receptors for NGF. TrkA
mediates many of NGF’s neurotrophic responses. Upon
binding of NGF, TrkA is activated through
autophosphorylation and this intiates a complex signal
transduction cascade. To further our knowledge of TrkA
signaling, we examined the distribution of TikA in the plasma
membrane. Caveolae arc low density membrane domains that
are found at the surface of many cells. They are known to
contain ras and are a site for ras signalling. Although
caveolin, a marker for caveolae, has not been found in PC12
cells, it is known that these cells contain a caveolae-like
domain (CLD). In this work, CLDs were isolated in NGFtreated or untreated PC12 cells using a detergent-free method.
Immunoblots probed with anti-TrkA antibody showed that
the mature 140kD form of TrkA was most abundewnt in
caveolae. The concentration in CLDs was approximately 10fold that in total plasma membrane, indicating a high degree
of enrichment. TrkA was colocalized with ras in CLDs.
These results suggest that TrkA is found together with ras in
CLDs and they suggest that TikA signaling is initiated from
this site. Interestingly treatment of PC 12 cells with NGF did
not significandy alter the level of TrkA in CLDs.
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NGF ACTS THROUGH TRKA TO REDISTRIBUTE CLATHRIN
FROM THE CYTOSOL TO THE PLASMA MEMBRANE
E.C.Beattie and W.C.Mobley* Department of Neurology, University of
California, San Francisco, CA

M U T A T IO N S A FFEC T IN G T H E SE C O N D IM M U N O G LO B U L IN -L IK E
D O M A IN O F TR K A PR O M O T E R E C E PT O R D IM E R IZ A T IO N A N D
A C T IV A T IO N
L C ^ re y a la , P, L- Hempstead, M ,V , Chao*/ D- Martin-Zanca a n d ¡L.
P e r e z . I n s titu to d e M ic ro b io lo g ía B io q u ím ica , CSIC , U n iv e rs id a d d e
S a lam a n c a, 37007 S a lam a n c a, S p ain ; a n d D e p a rtm e n t o f C ell Biology &
A n a to m y , H e m a to lo g y /O n c o lo g y D iv isio n , C o rn e ll U n iv e rsity M edical
C ollege, N e w York, NY 10021 USA
N G F in itiates its biological effects b y p ro m o tin g th e d im e riz a tio n and
ac tiv a tio n o f the ty ro sin e k in ase rec e p to r TrkA . T he e x tra c ellu la r region
o f th e T rk A re c e p to r is d istin g u is h e d b y s e v e ra l s tr u c tu r a l fea tu re s,
in clu d in g leu cin e-rich rep e a ts, c lu ste rs of c y stein e-rich d o m a in s a n d tw o
im m u n o g lo b u lin -lik e (IgG) d o m ain s. W e h a v e p r e v io u s ly id en tified th e
tw o IgG d o m ain s as those in volved in N G F b in d in g , alth o u g h the sequences
re q u ire d for lig a n d b in d in g a n d d im e riz a tio n h a v e n o t b een id en tified .
M u ta tio n s th a t p ro m o te lig a n d - in d e p e n d e n t d im e riz a tio n o r cata ly tic
a c tiv a tio n o f T rk A re c e p to r h a v e b e e n d e s c rib e d , in c lu d in g a p a rtia l
d e le tio n o f th e second IgG-like d o m ain o r a p o in t m u ta tio n of a cysteine to
a serin e resid u e. To ex p lo re th e m ec h a n ism of d im e riz a tio n of th e TrkA
r e c e p to r, s e v e ra l p o in t m u ta tio n s in b o th IgG d o m a in s h a v e b een
g e n e ra ted . These m u ta tio n s c h a n g e a m in o acid resid u e s co n serv e d in all
the fam ily o f T rk rec e p to rs a n d are p ro b ab ly im p o rta n t for m ain ten an ce of
th e IgG stru c tu re . W e h a v e p e rfo rm e d N G F b in d in g assay s w ith m u ta n t
re c e p to rs s ta b ly tra n s fe c te d in to 293 cells a n d fo u n d m u ta tio n s w h ich
in crease, as w ell as d e c re a se , N G F b in d in g .
A n a ly sis o f th e rec e p to r
a c tiv a tio n a n d tra n s fo r m in g a c tiv ity in d ic a te d d iffe re n tia l re s p o n s e s
co u ld be o b serv ed in tran sfected Rat-1 cells b y g ro w th a n d focus form ation

TrkA is the receptor tyrosine kinase for nerve growth factor (NGF) . NGF
binding initiates signaling cascades that result in the growth, maintenance, and
differentiation of well defined neuonal populations in the peripheral and central
nervous systems. p75 (the low affinity neurotrophin receptor) also binds NGF and
elicits signaling, in part through sphingomyelin breakdown. Signaling through
p75 appears to moderate survival of certain cells.
In confocal studies investigating the endocytosis of TrkA we noted that NGF
caused a marked redistribution of clathrin. Clathrin is a protein found in both the
cytosol and on membranes. Through its presence in coated pits, clathrin has an
important role in the endocytosis of a number of receptors including the EGF-R,
LRP (the low density lipoprotein receptor-related protein) and TrkA itself.
M embrane traffic mediated by clathrin-coated pits may be important for the
initiation and the maintenance o f the response to NGF and other neurotrophins.
We have carried out studies on various cell lines expressing TrkA, p75, or both
receptors, in which confocal microscopy and biochemical methods were used to
measure the distribution of clathrin before and after NGF application. NGF causes
a marked redistribution of clathrin from the cytosol to the plasma membrane in
cells expressing TrkA and p75 or in cells expressing only TrkA. Clathrin
redistribution was not seen by confocal microscopy in cells with p75 alone. This
data suggests that NGF acts through TrkA to influence trafficking of clathrin and
the formation of clathrin-coated pits. The signifigance o f this aspect of NGF’s
actions is being investigated. (E.B. was supported by NIH T32 NS 07219.
W.C.M. acknowledges support by the NIH (NS 24054), the Adler Foundation, the
McGowen Charitable Trust, and the March of Dimes.)

in a g a r a n d b y ^ H -th y m id in e in co rp o ratio n .
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FUNCTIONAL INTERACTION BETWEEN TrkA AND p75 NGF
RECEPTORS. S. Maliartchouk. Wen-Hua Zhena* and H. U. Saraaovi.
Pharmacol. & Therap., McGill University, Montréal, Québec, CANADA.
NGF receptor-mediated trophic signaling was studied using
unnatural ligands of the TrkA or p75 receptors: (/) functional mAb
based ligands that discriminate between TrkA and p75 and (//) a
complex of NGF and anti-NGF mAbs. These ligands afford differential
binding and function compared with NGF. In cells expressing TrkA but
no p75, binding of TrkA leads to optimal trophic signals. In cells
expressing both TrkA and p75, binding of TrkA leads to significant but
suboptimal trophic signals; but optimal trophic signals are afforded
by concomitant binding of TrkA and p75. In these cells p75 binding
with mAb enhances the trophic effects of suboptimal (pM) NGF
concentrations. In contrast, in cells expressing p75 receptors singly,
binding of p75 with mAb or NGF causes very limited or no responses.
In PC 12 cells NGF/anti-NGF mAb complexes afford optimal trophic
response (compared to NGF) but no differentiation, suggesting that
these pathways can be dissociated at the level of ligand. Studies of
ligand affinity, receptor binding and internalization may explain the
dissociation of signals by NGF/anti-NGF mAb complexes versus NGF.
Taken together the data suggest that unbound p75 modulate TrkA
activation and trophic signals negatively. Importantly, the data also
demonstrates th a t for multireceptor complexes appropriate
combinations of anti-receptor mAbs can fully mimic the signals of a
polypeptide growth factor. The data suggest that certain modes of NGF
binding may result in discrimination between signaling pathways
leading to trophic responses or neuronal differentiation. (Work
supported by the Medical Research Council of Canada).

IMPAIRED Erk PHOSPHORYLATION DUE TO A SINGLE
MUTATION IN HUMAN Trk A TRANSMEMBRANE DOMAIN.
__Y.Katagici,— E-i— tasaroyici*-x
m .Monshipouri,
H .Jiang and G .Gurof f . Section on Growth
Factors, NICHD, Bethesda, MD 20892.
NIH
3T3
fibroblasts
were
stablytransfected with a pRc/CMV vector carrying
either wild type (Wtll) or mutated human Trk
A (Mut 18) . The Trk A mutation was prepared
by the replacement of valine (432) with
glutamic acid within the trk A transmembrane
domain.
Scatchard
analysis
of
the
transfectants resulted in K„= 8.5 x 10 10 M and
B B1I = 7.8 X 10 -12 M for Mut 18 and KD= 1.08
x 10 9 M and B MX = 6.9 x 10
M for Wt 11,
which suggests that the Trk A receptor
numbers and affinities are basically the same
for both transfectants. NGF treatment of Wt
11 and Mut 18 resulted in an enhancement of
tyrosine phosphorylation signal. However, in
contrast to Wt 11 transfectants, Mut 18
exhibited
very
low
basal
levels
of
phosphorylated Erk which could not be much
enhanced upon NGF stimulation. These findings
suggest that the alteration of the receptor
in the Mut 18 tranfectants interferes with
the coupling of the receptor to a major
signaling pathway in NGF-responsive cells.

137.13

137.14

NEUROTROPHIN-BINDING TO THE P75 NEUROTROPHIN RECEPTOR IS
REQUIRED BUT NOT SUFFICIENT TO MEDIATE NGF-EFFECTS ON APP
METABOLISM IN PC-12 CELLS
S. Rossner*. U. Ueberham. R. Schliebs. J.R. Perez-Polo. and V. Biel.
Dept. Neurochem., Paul Flechsig Inst, for Brain Res., 04109 Leipzig, Germany;
Dept. HBC&G, Univ. of Texas Med. Branch at Galveston, Galveston, TX, USA
Nerve growth factor (NGF) is a neurotrophic factor that regulates
developmental survival, differentiation and cholinergic activity o f basal forebrain
cholinergic neurons. Since these neurons undergo severe degeneration in the course
of Alzheimer's disease (AD), the therapeutic use o f NGF has been suggested to treat
AD patients. However, NGF does not only affect synthesis of cholinergic marker
enzymes but also elevates amyloid precursor protein (APP) synthesis and release.
To elucidate any interaction between neurotrophin signalling pathways and APP
processing in more detail, the pheochromocytoma cell line (PC-12) was used as a
model system. PC-12 cells express both TrkA and p75NTR receptors and also a
significant level of APP. Secretion of APP into culture medium was detected by
Western analysis following selective stimulation of p75, trkA or both receptors
using NGF, BDNF, NGF in the presence o f an excess o f BDNF, or NGF in the
presence of the monoclonal antibody 192IgG, to block p75NTR. NGF treatment
induced neunte outgrowth and increased APP secretion in a dose dependent
manner. This effect was not observed for BDNF, which binds to p75NTR but not to
TrkA receptors. When blocking NGF binding to the p75NTR receptor by either
192IgG or an excess of BDNF there was no effect of NGF on APP secretion or
neurite outgrowth. Similar effects of neurotrophin action on APP were observed on
mRNA levels using Northern blot analysis and quantitative PCR to detect APP
mRNA isoforms. These data suggest that neurotrophin binding to the p75
neurotrophin receptor is required but not sufficient to increase neurite outgrowth,
APP mRNA levels and APP secretion.
Supported by Schering AG and Bundesministerium für Bildung und Forschung no. 0310666
to V.B. Publication no. 79A supported by USPHS grant POl AG10514 awarded by NIA to
J.R.P-P.

EX PRESSIO N PA TTER NS O F TW O p75 N E U R O TR O PH IN RE C EPTO R S
AND TW O SPL IC E VARIANTS D U RIN G D E V ELO PM EN T O F XEN O PU S
L A E V IS . L.D. Hutson* and M.A. Bothwell. Departm ent of Physiology and
Biophysics and Program in Neurobiology and Behavior. University of
W ashington, Seattle, WA 98195.
Neurotrophins exert their effects on cells by binding to members of the trk
family of receptor tyrosine kinases and to p75 neurotrophin receptor (p 75 NTR).
While the trks appear to be sufficient to transduce the neurotrophin signal in
many cellular contexts, p75NTR may modulate this signal, as well as transduce a
signal independently of the trks. The characterization of mouse homozygous
knockouts has contributed greatly to our understanding of the functions of the
neurotrophins and their receptors. However, compensatory mechanisms may
obscure the normal functions of the knocked-out genes, and interactions between
molecules are difficult to analyze directly. We have chosen Xenopus laevis as an
alternative system for in vivo analysis o f p 75 NTR function during development.
Using RT-PCR we cloned partial sequences o f two unique p75NTRs from stage 23
(early tailbud) Xenopus embryo RNA that we have named p75mRa and p75NTR6.
We also screened a stage 28-30 (late tailbud) head cDNA library from which we
isolated cDNAs corresponding to two splice variants of p75NTRo. RNase
protection assay and in situ hybridization show that expression o f both p75NTRa
and p75NTRZ> begin around neurulation, and expression is highest in the neural
crest, dorsal root ganglia, and cranial ganglia. Studies are under way comparing
the expression patterns of the various forms o f Xenopus p75 NTR in more detail.
This work was supported by a National Science Foundation Predoctoral
Fellowship and by N IH R O l NS33200-03.
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A NEUROTROPHIN DEPENDENCE DOMAIN WITHIN
p75NTR. S. Rabizadeh. X. Ye. S. Sperandio, S. Fukuda,
D.E. Bredesen. Program on Aging, Burnham Institute, La
Jolla, CA 92037.
During development, there exists a critical phase in which
neurons become dependent on the availability of
neurotrophins for survival. There is no precedent for a
specific gene product that confers cellular dependence on a
ligand. The state of neurotrophin dependence is promoted by
the 75-kilodalton neurotrophin receptor p75NTR which
induces apoptosis in the absence of ligand. Recent results
from p75-null mice support a role for p75 in the mediation of
neuronal death in the presence of reduced concentrations of
NGF (Sauer et al., Soc. Neurosci. Abs., 1996). p75NTR has
also been shown to initiate a pro-apoptotic signal in the
presence of NGF, in at least some cells. The mechanism by
which p75NTR mediates cell death is unknown. We report a
region within the intracellular domain of p75NTR that is
sufficient to induce apoptosis. Synthetic peptides
representing this region are potently pro-apoptotic. Mutations
within these peptides destroy both the peptide effects on
apoptosis and the corresponding effects of p75NTR itself on
apoptosis. These results argue that p75NTR contains a novel
type of domain that confers neurotrophin dependence.
(Supported by NIH CA69381)

NERVE GROWTH FACTOR INDUCTION OF PROLIFERATION OR
CELL CYCLE ARREST IN NIH 3T3 CELLS EXPRESSING TRKA
MAY DEPEND ON INDUCTION OF NOS AND P21/WAF1. D A.
Bulseco*. W. Poluha. C.M. Schonhoff. P.J. Condon, and A.H. Ross.
Worcester Foundation for Biomedical Research, Shrewsbury, MA 01545.
The nerve growth factor receptor, TrkA (gpl40TrkA), expressed alone in
NIH 3T3 cells result in clonal cell lines that respond differently to nerve
growth factor (NGF). NGF was reported to be a mitogen for one TrkA
expressing NIH 3T3 clonal line (Cordon-Cardo et al, 1991, Cell. 66:173)
yet led to a block in cell proliferation in another clone (Decker, 1995, J.
Biol. Chem. 270:30841). We have discovered that these two cell lines
differ in the ability of NGF to induce increased expression of nitric oxide
synthase (NOS). Diaphorase staining showed that NOS is induced within
24 hours in NIH 3T3/TrkA expressing cells that cell cycle arrest in
response to NGF. In addition, western blots and immunocytochemistiy
showed an induction of iNOS and bNOS in these cells. NIH 3T3/TrkA
cells that proliferate in response to NGF did not display an increase in
NOS expression. The expression of p21/WAFl, an inhibitor of cyclindependent kinases, is also induced in differentiating cells and is not induced
in proliferative cells. These findings may provide some insight into the
signal transduction pathways by which NGF regulates cell proliferation.

137.17

137.18

PRESENCE AND MODULATION OF P75 LOW-AFFINITY
NEUROTROPHINS RECEPTOR IN A RAT M YOGENIC CELL LINE (L6)

INV O LV EM EN T OF TH E U P-R EG U LA T IO N A N D A C TIV A TIO N OF TR K A
IN LEUKEM IA D IFFE R EN TIA TIO N IN D U C E D BY SO D IU M BUTYRATE,
P M A A N D RETIN O IC A CID . P , Xie, F. S. L. C h a n , N . Y. Ip, a n d M. F. Leung.
H ong Kong U n iv e rsity of Science a n d T echnology, C le a r W a te r Bay, H ong
Kong.
W e h a v e p rev io u sly sh o w n th a t th e ex pression of trk A , th e h ig h a f f i n it y
recep to r for ne rv e g ro w th factor (NG F), w a s s ig n ific a n tly induced b y retin o ic
acid (RA) in leu k e m ia cell lines K562 a n d KG-1. In th e p re s e n t stu d y , w e
ex am in ed th e a b ility of se v era l o th er d iffe re n tia tio n inducers, in clu ding
sodium b u ty ra te ,
p h o rb o l
1 2 -m y ristate
1 3 -acetate
(PM A),
1-fi-Da ra b in o fu ra n o sy l cytosine (A ra-C ), v ita m in D3 a n d h e m in , to re g u la te t h e
expression of trk A in th ese leu k e m ia cells. W e found th a t th e expression of
trk A w a s d ram a tic a lly in d u c e d b y s o d iu m b u ty ra te a n d PM A , b u t no t induced
b y A ra-C a n d h e m in in K562 cells. In c o n trast, all th e d iffe re n tia tio n inducers
e x am in ed , in cluding sodium b u ty ra te , PM A , A ra-C a n d v ita m in D3, induced
trk A expression in KG-1 cells. F u rth e rm o re , RA in co m b in atio n w ith sodium
b u ty ra te or PM A s y n e rg istic ally induced c e llu la r d iffe re n tia tio n a n d tr k A
e x p ressio n in KG-1 cells. Since co n stitu tiv e ex p re ssio n of N G F m R N A w a s also
d e te c ted , th e u p -re g u la te d trk A a n d endogenous N G F m a y w o rk in a n
au to crin e m an n er in th ese leu k e m ia cells. To ex p lo re th e fu n ctio n al roles of
trk A in leu k e m ia d iffe re n tia tio n , w e ex am in ed th e effects of exogenous N G F
in co m b in atio n w ith v a rio u s d iffe re n tia tio n in d u ce rs. W e found th a t N G F in
com bination w ith sodium b u ty ra te o r PM A s y n e rg istic ally p ro m o ted t h e
m eg a k a ry o cy te d iffe re n tia tio n , w h ile N G F in com b in atio n w ith PM A or RA
in h ib ite d th e e ry th ro id d iffe re n tia tio n in K562 cells. T aken to g eth e r, our
fin d in g s suggested th a t N G F /T rk A sig n a lin g m ay be in v o lv e d in t h e
re g u la tio n of lin eag e specificity d u r in g leu k e m ia d iffe re n tia tio n .
A ck n o w led g em en t: This s tu d y w as s u p p o rte d b y RGC grant: H K U ST569/95M .

M.Rende* G.Sorci. E.Brizi, R.Bianchi, G.Stipaand C.Provenzano
Sect. Anatomy, Univ. of Perugia Sch. of Medicine., Italy
Neurotrophins are expressed in muscle cells both during development
and in adults. They do not express any of the specific high-affinity Trk
receptors but only the low-affmity receptor (p75) which binds all
neurotrophins. Only fragmentary and controversy information are available
regarding both the responsiveness of muscle cells to neurotrophins and the
importance of the low-affinity p75 receptor expression in the muscle
development. The present study investigates the regulation of p75
expression in a myogenic rat cell Hne (L6) according to different
developmental time-points and in response to different coating substrate,
as determined by immunoreactivity. We show that L6-myoblasts express
p75 only at very early developmental stages, then its levels of expression
are modulated by the nature of coating substrates. More the substrate is
suitable for the myoblast fusion into myotube, earlier the cells stop their
p76-immunoreactivity. Myotubes were always p75-negative.
We conclude that expression of p75 is regulated by the stages of
myoblast development and that p75 may play an important role for
myoblast fusion.
Support: Telethon-ltaly Grant #589.

137.19

137.20

DIABETES AND AXOTOMY-INDUCED DEFICITS IN RETROGRADE
AXONAL TRANSPORT OF NGF CORRELATE WITH REDUCED AXONAL
TRANSPORT AND EXPRESSION OF p75LNTR PROTEIN IN LUMBAR
DORSAL ROOT GANGLIA. J.-D. Dclcroix*. D.R. Tomlinson and P.
Fernvhough. Department of Pharmacology, St. Bartholomews’ and the Royal
London School of Mcdicine and Dentistry, QMW. University of London.
Previous work shows that NGF-dependcnt neurotrophic support o f sensory
neurones is sub-optimal in the strcptozocin-diabctic rat. In this study the effect of
sensory neurone axotomy on the level of retrograde axonal transport of NGF and
its cognate receptors was studied in the sciatic nerve of normal and 8 week
streptozocin-diabetic rats. In normal rats sciatic nerve crush induced a 41%
decrease in retrogradely transported NGF. Axotomy of sensory neurones of
diabetic rats, that prior to axotomy had reduced levels o f NGF transport compared
with normal rats, did not efTeet the levels of NGF retrograde axonal transport. The
relationship of the transported NGF to the level of axonal transport and sensory
neurone expression of the NGF receptor proteins was analysed. Western blots of
DRG homogenatcs revealed no eiTect of axotomy and/or diabetes on the levels of
the 145kd form of trkA. Similarly, anterograde and retrograde transport of trkA
within the sciatic nerve was unaffected. However, the expression of p75LNTR
protein in the intact DRG was reduced in diabetic compared with normal rats
(56%; p<0.01), and axotomy reduced the levels in the ipsilateral ganglia of normal
but not diabetic rats - as seen for NGF axonal transport. In normal rats nerve crush
induced a 50% decrease in p75LNTR anterograde and retrograde axonal transport.
In intact nerve diabetes decreased p75LNTR axonal transport in both directions, and
nerve crush did not reduce these levels further. W hether retrograde axonal
transport of NGF was reduced due to diabetes and/or axotomy, there was a direct
correlation with the levels of p75LNTR axonally transported and synthesised within
the lumbar DRG. (Supported by The Wellcome Trust)

BRAIN-DERIVED NEUROTROPHIC FACTOR STIMULATES
PHOSPHORYLATION OF STATHMIN IN CORTICAL NEURONS.
T.-R. Cardinaux! P. T. Magistretti and T.-L. Martin .
Institut de Physiologie, Université de Lausanne, Switzerland.
We have identified by two-dimensional polyacrylamide gel
electrophoresis the protein stathmin which is phosphorylated in a
time- and concentration-dependent manner by BDNF in primary
cultures of cortical neurons. Maximal induction of stathm in
phosphorylation was reached after 30 min and decreased slightly after
60 m in of exposure to BDNF. BDN F-induced stathm in
phosphorylation was already detected at a concentration as low as 1
n g /m l and reached maximal levels between 5 and 10 ng/m l.
Phosphorylation of stathmin by BDNF resulted in an increase in the
phosphorylation of forms PI, P2 and P3, as well as in migration shifts,
yielding mainly the forms 16i, 17i and 172. Detection of activated
MAPK w ith an antibody which specifically recognizes
phosphorylated p44 and p42 isoforms showed that MAPK was
strongly activated after exposure to BDNF. Accordingly, the MAPK
kinase inhibitor PD 098059, markedly reduced BDNF-stimulated
p h o sp h o ry latio n of stathm in, therefore indicating that
phosphorylation of stathmin is triggered by the activation of MAPK.
Phosphorylation of stathmin is specific for BDNF since nerve growth
factor does not stimulate MAPK and stathmin phosphorylation in
cultured cortical neurons. Taken together these results identify
stathmin as a new target protein of BDNF, possibly involved in the
development of cortical neurons.
Supported by Swiss National Science Foundation.
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138.1

138.2

PHARMACOKINETICS AND TISSUE DISTRIBUTION OF rhNGF IN MONKEYS
FOLLOWING ACUTE AND CHRONIC SUBCUTANEOUS ADMINISTRATION. £ J L
Nguyen*. E. Szonvi. J. L. Mendoza-Ramirez. V. G. Hale. S. A. Baughman and E.
Escandon. Department of Pharmacokinetics-Metabolism, Genentech, Inc., South
San Francisco, CA 94080.
Recent Phase II clinical studies using rhNGF administered subcutaneously in
the treatment of diabetic neuropathy demonstrated improvement in the function of
small fiber sensory nerves in the lower limbs. The objectives of this study were to
determine the plasma pharmacokinetics, excretion routes, metabolism, ar.d tissue
disposition of rhNGF following single and multiple subcutaneous administration to
male cynomologus monkeys. 2 mg/kg NGF was administered three times per
week for 4 weeks and a full pharmacokinetics profile was performed for doses 1
and 12. For the tissue distribution studies, 0.8 jxg/kg NGF was dosed. Histological
analysis of emulsion-autoradiography indicated that specific 126I-NGF labeling was
confined to sections of nerves, most frequently localized adjacent to large vessels
in sections of kidney, spleen, liver and salivary gland. A small percentage of large
neurons within the sympathetic ganglia were intensely labeled, as well ar large
neurons within the dorsal root ganglia. Specn'ic binding in the injection site was
localized to nerves and vessel walls. We found an increase disposition of 125I-NGF
in parts of the peripheral nervous system at 24 over 8 hours post-dose. This
indicates specific uptake in these target tissues known to express specific
receptors for NGF. We also identified changes in pharmacokinetic parameters
following single versus chronic subcutaneous administration. Between doses 1
and 12, the AUC increased from 14.5 to 35.6 ng*hr/ml and the terminal half-life
increased from 4.5 to 6.8 hours.

ACUTE GROWTH FACTOR RECEPTOR TYROSINE
REGULATION OF NEURONAL SODIUM CHANNELS.

138.3
V IA BILIT Y AND C H O L IN E R G IC RESPO N SES O F PC 12 C E LLS EX POSED
TO FR E E RADICALS: EFFEC TS O F VARIOU S P H A R M A C O L O G IC A L
AG EN TS. G, Zuin-Kommanh. S. Bataillé. I. Charon and M. Schorderet* Dept, o f
Pharmacology, University Medical Center, CH -1211 Geneva 4, Switzerland.
Free radicals ( OH) are thought to play a role in neurodegenerative diseases. Using
PC 12 cell line, we have evaluated cell survival (LDH assay), release of
choline/acetylcholine (by chemiluminescence), and the production o f ‘OH (resulting
from the hydroxylation in situ o f salicylic acid that leads to the generation o f 2',3'and 2',5'-dihydroxybenzoic acids assessed by LC-EC technique) in response to an
oxidative stress. We have found that H 2 O 2 (lm M , 30 m in) provokes *OH formation
as well as cellular death and stimulates the passive release o f choline/acetylcholine.
We have tested different pharmacological agents such as antioxidants or hormones
in order to evaluate their possible protective effects on this model. We have shown
that 1 to 10 mM glutathion (GSH) prevents cell death by apparently decreasing free
radicals production, whereas melatonine (up to 800 |iM ) as well as oestradiol (10
jjM ) decreased *OH formation without inhibiting cellular death.
We have applied an identical oxidative stress to PC12 cells pretreated with growth
factors such as NGF, bFGF, LIF and CNTF, alone or in combination. NGF or bFGF
were able to trigger differentiation and to increase cell viability. In combination
(both at 50 ng/ml), they prevented LDH and choline/acetylcholine releases. The
protective effect of NGF was more pronounced than that o f NGF associated with
bFGF. Interestingly, -OH formation was not reduced in NGF-treated cells. Thus, it
appears that in response to an oxidative stress, the behaviour o f differentiated cells
was not similar to that of naive cells. Furthermore, the duration o f NGF incubation is
important since a treatment shorter than 3 days did not influence the cell viability.
According to the present data, two distinct mechanisms o f protection seem to co
exist in PC12 cells: a direct one mediated by antioxidants such as GSH, and a late
one related to the state of differentiation of the cells. Supported by SNSF grant 3141780.94.

138.5
CH A R A CT ER IZA T IO N O F SIG N A LIN G M ECH A N ISM S O F THE P75
NEUROTROPHIN RECEPTOR IN CELLS W HICH ARE RESISTANT AND
APOPTOTIC IN RESPONSE TO NGF. B, P . Carter*, P, Casaccia-BfiMgfii, S, Q ,
Yoon and M .V. C hao. Dept. Cell. Biol, and A natom y, Cornell Univ. Med.
College, New York, NY 10021.
The neurotrophins bind to both a family of tyrosine kinase receptors, the trks, and a
non- catalytic receptor, p75. Activation o f p75, like many members of the TNF
receptor family, results in stimulation of the transcription factor NFkB and the
SAP/jun kinase (jnk) pathway, which has been proposed as a mechanism for
programmed cell death observed upon NGF binding to p75. However, we found that
activation of jnk is not sufficient to induce cell death in all cells. W e have assessed
p75 signaling in a variety of cells, including 293, 3T3, oligodendrocytes, Ltk- and
Schwannoma cells. Some cell types, such as 293, were completely nonresponsive.
In p75 expressing cells which did respond to NGF, both NFkB and jn k were
activated. NG F binding to p75 increased jn k activity and stimulated nuclear
m obilization o f NFkB in m ature cultured oligodendrocytes which apoptose in
response to this neurotrophin. However, both o f these pathways were also activated
in fibroblasts expressing p75, PCNA cells, and in rat Schwannoma cells, which did
not undergo programmed cell death upon NG F exposure based on M TT assays.
Interestingly, the kinetics o f jn k activation differed between these cells: while there
was prolonged activation of jnk in oligodendrocytes, the response in fibroblasts and
Schwannoma cells was dramatically reduced after 3 hrs o f treatment. Co-expression
of the receptor tyrosine kinase, trkA with p75 did not attenuate the NFkB signal,
however, it did block NG F induced apoptosis in oligodendrocytes. This is consistent
with the recently suggested role for NFkB as a survival promoting response. Thus,
trkA and p75 may function together to provide m axim um survival signals. In
summary* these results suggest that p75 signaling is cell type dependent, such that
some cells exhibit no signaling and those that do activate both jn k and NFkB
despite differential survival responses. This specificity may be m ediated by
intracellular signaling components such as NEUF, the p75 interactor we have
recently cloned (Neurosci. Abstr. 482.10,1996). Support: NIND S F32 NS10394-01
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M.D- Hilhom. R.R. Vaillancourt^. & S.G. Rane.* Dept, o f Biol. Sci., Purdue Univ.,
W. Lafayette, IN 47907. 1 Dept, o f Pharmacol, and Toxicol., Univ. o f Arizona,
Tucson, AZ.
The role of neurotrophins and their signaling pathways in the long-term regulation
o f neuronal differentiation and survival has been wejl established. However, the acute
actions o f neurotrophins on neuronal physiology, and their underlying cellular
mechanisms, are just beginning to be investigated. To address this issue, we used
PC 12 cells expressing exogenous wild-type or mutant PDGF receptors (PDGF-R).
Sodium channel expression was upregulated by growing cells in medium containing
N G F (100 ng/jnL). Growth medium was then replaced with recording solution and
PDGF (20 ng/mL) was acutely applied as a model neurotrophin. Application of
PDGF caused a rapid inhibition o f sodium channel current amplitude in cells
expressing wtPDGF-R. Additionally, this effect was occluded by acute pre-application
o f NG F (which also inhibited sodium current) suggesting a common signaling
mechanism for PDGF-R and trkA. To determine the signaling mechanisms involved
in this response, we acutely applied PDGF to cells expressing a mutant PDGF-R
defective in PLCy, PI3-K, Syp, and Ras-GAP signaling. These cells also showed an
inhibition o f sodium current in response to PDGF; however, PDGF failed to inhibit
sodium currents in cells expressing either one o f two PDGF-R mutants defective for
Src signaling only. Furthermore, acute application o f EGF (25 ng/mL) or bFGF (50
ng/mL) caused similar inhibition o f sodium channel currents, suggesting that this
effect may be shared by growth factor receptor tyrosine kinases coupled to the Src
signaling pathway.
(Support: Whitehall Foundation; Amer. Heart Assoc., Indiana Affiliate, Predoctoral
Fellowship to MDH.)

138.4
TRKA PREVENTS P75-MEDIATED APOPTOSIS IN CULTURED
OLIGODENDROCYTES. Yoon*. S.O.. Carter. B.D.. CassaciaBonnefil. P.. and Chao. M.V. 1997. Cornell Univ. Med. College.
New York, NY 10021
Recent evidence indicates that NGF can elicit apoptotic responses,
and this death signal is dependent on p75 action. Since most NGFresponsive neurons express both TrkA and p75 receptors in vivo, it
would be important to determine what effect TrkA has on the signaling
capacity of p75 by NGF. For this purpose, we introduced the fulllength human TrkA into oligodendrocyte cultures. Fully differentiated
oligodendrocytes express p75, and not TrkA, and upon NGF binding,
p75 induced apoptosis. A recombinant retrovirus carrying the cDNA
for TrkA was introduced to proliferative 02A precursors, and infected
02A cells were induced to differentiate into oligodendrocytes. In these
cultures, TrkA was efficiently expressed and tyrosine-phosphorylated
upon NGF treatment. When the TrkA-expressing culture was treated
with NGF for 4 hours, however, the number of Tunel-positive cells
was reduced 3 to 4 fold compared to cultures infected with the control
null virus. The rescue effect by Trk A correlated with the activation of
MAP kinase activity. At the same time, introduction of TrkA in these
cultures resulted in the suppression of Jun kinase activity, suggesting
that TrkA directly modulates the capacity of p75 to activate Jun kinase.
In keeping with the survival response by TrkA, p75-mediated
activation of NF-kB was not attenuated, indicating that the rescue effect
mediated by TrkA involves not only activation of survival signals but
also simultaneous suppression of death signals.

138.6
DEGENERATION OF AXOTOMIZED CHOLINERGIC BASAL
FOREBRAIN NEURONS IS ENHANCED IN ADULT
p75NGFR-DEFICIENT MICE. C.E.E.M. Van der Zee*. T. Hagg.
Dept. Anat. & Neurobiol., Dalhousie Univ., Halifax, B3H 4H7, Canada.
Nerve growth factor (NGF) promotes cell survival in the nervous
system primarily through activation of the high-affinity tyrosine kinase
receptor TrkA. The low-affinity NGF receptor (p75NGFR) has been shown
to be involved in ligand-binding specificity for NGF, enhancement of TrkA
function, and mediating retrograde transport of the neurotrophins. Recently,
we have shown that p75NGFR mediates apoptosis of developing cholinergic
striatal and basal forebrain neurons in the absence of TrkA (Science
274:1729). In this study we examined the role of p75NGFR in the
degeneration of cholinergic neurons following unilateral fimbria fornix
transection (4d, 7d, 28d) in adult mice. In control animals, the number of
choline acetyltransferase (ChAT) immunopositive neurons in the medial
septum on the lesioned side was reduced to 67% (4d), 57% (7d), 24% (28d)
of the contralateral side. At all time points following lesion TrkA
immunostaining showed a stronger reduction than ChAT and p75, indicating
that it disappears before ChAT and p75. In p75NGFR-deficient mice, the
number of ChAT positive neurons was reduced to 54%(4d), 33% (7d), 29%
(28d) of the contralateral side, suggesting that lack of p75 accelerated the
degeneration process (or loss of marker). Intraventricular infusion of NGF
from day 28 to 35 postlesion (1 jig/d) reversed the number of ChAT and TrkA
positive neurons back up to 71% in control mice, but not in p75NGFRdeficient mice where the number remained at 31% of the contralateral side.
These results suggest that in adult mice, p75NGFR is needed for NGFinduced regulation of the ChAT enzyme, or, contrary to its role during
postnatal development, is needed for cholinergic neuron survival.
Support: Network of Centres of Excellence, Canada.
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138.7

138.8

MODIFIED INJURY RESPONSE IN P75 KO MICE MAY BE
INFLUENCED BY ALTERED ABILITY TO BIND NGF.

THE P75 NEUROTROFHIN RECEPTOR MEDIATES NEURONAL
APOFTOSIS AND IS ESSENTIAL FOR NATURALLY-OCCURRING
SYMPATHETIC NEURON DEATH
S.Y.Bamfi*. M .M aidan . C.D.Pozniak. D J.B elliv eau * . R.Alovz. J.Kohn. C.G.
C-inisinp and F.D .M iller. Centre for Neuronal Survival, Montreal Neurological
Institute, McGill U niversity, M ontreal, Quebec, Canada, H3A 2B4. + Neurovir
Inc., 351-2125 East M all, Vancouver, B .C., Canada, V6T 1Z4.
To determine whether the p75 neurotrophin receptor (p75NTR) plays a role

L.A. Karchewski* and V.M.K. Verge Cameco MS/Neuroscience Research
Center, Univ of Saskatchewan, Saskatoon, Canada ,S7K 0M7
The phenotype ol intact p75 KO mice DRG neurons does not differ
dramatically from that of wildtype (WT)mice. Expression of mRNA for trkA and
corresponding phenotypic markers in the p75 KO is at levels & frequency
similar to those observed in WT. Sciatic nerve injury results in an extremely
rapid and robust shift in phenotype from intact to injured/regenerating state in
these mice as compared to WT. In vitro studies support a role for p75 in
increasing both the sensitivity & affinity of cells to NGF, we hypothesize that
the extremely rapid shift in DRG phenotype from intact to
injured/regenerating state in p75 KO mice maybe due to an inability of these
neurons to bind NGF with a high enough affinity (pM), a property which is
important when NGF is present at limited concentrations such as that
following injury. We examined the density & binding properties for NGF in
p75 KO vs. WT mice using receptor radioautography. Intact & injured lumbar
DRG & sciatic nerve tissue sections were incubated with 20-40 pM 12SIiabelled NGF in the presence of increasing concentrations of unlabelled NGF.
Results show markedly less binding over p75 KO DRG and nerve compared
to that of WT. In all instances, binding was displaceable. The density of
neuronal binding for both WT and p75 KO mice DRG decreased following
injury, with the latter reduced to virtually background. In contrast, specific
signal increased over non-neuronals (likely Schwann cells) of the WT
Wallerian degenerating distal nerve stump, while similar regions of the p75
KO displayed only near- detectable levels of binding. These findings suggest
that the presence of p75 may confer an enhanced ability for neurons to bind
NGF at pM concentrations. Supported by the Neuroscience NCEand MRC, Canada.

in naturally-occurring neuronal cell death, w e examined neonatal sympathetic
neurons that express both the TrkA/NGF receptor and p75NTR..

When

sympathetic neuron survival is maintained with low quantities o f NGF or KCL,
activation o f p75NTR with BDNF, one o f its ligands, causes neuronal apoptosis
and increased phosphorylation o f c-jun. In BDNF-/- mice, sympathetic neuron
number is increased relative to B D N F+ / + littermates, and in p75NTR-/- mice,
the normal period o f sympathetic neuron death does not occur, with neuronal
attrition occurring later in life. Together, these data indicate that p75NTR can
signal to mediate apoptosis, and that this mechanism is essential for naturallyoccurring sympathetic neuron death.
Supported by Medical Research Council o f Canada, Network for the Centres
o f Excellence, FCAR/FRSQ, Savoy Foundation

138.9

138.10

SEPTAL AND STRIATAL NEURONAL LOSS
AND BEHAVIORAL
IMPAIRMENT IN P75 DEFICIENT MICE. D.A. Peterson. H.A. Dickinson-Anson*.
J.T. Leppert. K-F. Lee, and F.H. Gage The Salk Institute, Laboratory of Genetics
and Clayton Foundation Laboratories for Peptide Biology, La Jolla, CA 92037
p75 is a low-affinity receptor which binds to neurotrophins. p75 null mutant mice
were generated and previously were shown to have sensory and sympathetic defects.
These mice were assessed for central cholinergic deficit using quantitative stereology to
estimate the total neuronal number in septum and striatum and for subpopulations
expressing the high-affinity trkA neurotrophin receptor and choline acetyltransferase
(ChAT). The mice also were tested on a behavioral battery to assess behavioral
performance. Adult p75 null mutant mice showed a significant reduction o f medial
septum volume by 25% and a corresponding significant loss o f 37% o f total septal
neurons. The septal population of ChAT-positive neurons significantly declined by
27% while the trkA-positive population did not change. Despite this loss of ChATpositive neurons, there is an apparent increase in their density as a result of the
significantly reduced septal volume in p75 null mice. Striatal volume did not differ
between p75 null mutants and wild type littermates, but the total number o f striatal
neurons was significantly reduced by 15%. The total number of ChAT- and trkApositive striatal neurons was not affected by p75 deficiency. p75 null mutant mice
were significantly impaired on water maze, inhibitory avoidance, and activity and
habituation tasks, although it was not clear if these deficits were due to cognitive
dysfunction or represented a more global impairment. These results demonstrate
vulnerability of central cholinergic neurons to the lack o f p75. The septal population
of ChAT-positive neurons was reduced to the level of the trkA-positive population
suggesting that the subpopulation of ChAT-positive neurons that did not express trkA
were selectively vulnerable in p75 null mutant mice. In addition, the large decline in
“non-cholinergic” central neurons in both septum and striatum suggests a role for p75
in cell survival by an as yet undetermined mechanism. Supported by P01 NS28121.

NGF DOES NOT MEDIATE APOPTOSIS OF CULTURED ADULT
HUMAN OLIGODENDROCYTES THAT EXPRESS P75NTR BUT
NOT TRKA. Christian Lachance*. Uma Ladiwala. Steven J.
Simoneavu
ami P h i l i p . A, Barter, Montreal Neurological
Institute, McGill University, Montreal, Quebec, Canada. H3A 2B4.
NGF promotes survival of specific neuronal populations through
interaction with the tyrosine kinase receptor, trkA. Recent reports
suggest that NGF may induce apoptosis through a signaling mechanism
involving the low affinity neurotrophin receptor, P75NTR. The
observation that NGF treatment results in apoptosis of neonatal rat
oligodendrocytes that express p75NTR but not trkA (Casaccia-Bonnefil
et al., 1996) has lead to the suggestion that apoptotic actions of NGF
are only manifest in cells that express p75NTR but lack trkA. We
examined the expression of the two NGF receptors in CNS derived
adult human oligodendrocytes in different culture conditions. In each
condition tested, P75NTR but not trkA was detected both by RT-PCR
and immunostaining. As previously reported, NGF did lead to a weak
activation (30% above control) of JNK at late time points but this was
not correlated with decreased cell survival; NGF treatment did not
produce significant increases in TUNEL positive cells at either 24 and
48 hours. Thus, in contrast to recent findings with neonatal rat
oligodendrocytes, our data show that P75NTR ligation by NGF does
not induce apoptosis of cultured adult human oligodendrocytes that
express p75NTR but not trkA. Supported by grants from, the Canadian
National Centres o f Excellence (to JPA and PAB) andfrom the Medical
Research Council o f Canada, (to JPA and PAB).

138.11

138.12

THE LOW AFFINITY NEUROTROPHIN RECEPTOR, P75, DOES
NOT ACTIVATE NF-KB IN SEVERAL IMMORTAL CELL LINES.
Asha Bhakar* and Philip A. Barker. Montreal Neurological Institute,
McGill University, Montreal, Quebec, Canada. H3A 2B4.
Members of the tumour necrosis receptor (TNFR) family of proteins
share structural homologies and overlapping cellular responses. In non
neuronal cells, signaling events regulated by these receptors include the
JNK/SAPK cascade, activation of the nuclear factor kappa B (NF-kB)
transcriptional complex and activation of the caspase cascade the
culminates in cellular apoptosis. Our studies have focused on
determining the signaling pathways that are induced by the low affinity
neurotrophin receptor, p75NTR. We have previously shown that
p75NTR is a weak inducer of jnk (Lachance et al. 1997) and in this
study examine the activation of NF-kB by p75NTR. To confirm earlier
results of Carter et al (1996), we first tested p75-mediated activation of
NF-kB in mouse L-cell derived PCNA cells using gel-shift assays;
under normal conditions, we found no evidence of p75-mediated NFkB activation in response to any of the four mammalian neurotrophins.
A number of immortal cells (293, 293T, HELA, MG87) expressing cell
surface p75NTR were also tested but these also did not show
neurotrophin-induced NF-kB activation; TNFa readily produced a NFkB response under these same conditions in each cell line. Thus, our
results indicate that in immortal cell lines studied under physiological
conditions, p75NTR ligation does not result in activation of NF-kB and
suggest that the p75NTR and the TNF receptor signaling mechanisms
are fundamentally different. Supported by a Rick Hansen Foundation
Studentship (to AB) and by grants from the Fond de la Recherché en
Santé du Quebec and from the MRC o f Canada (to PAB)

NEGATIVE REGULATION OF TRKA ACTIVATION BY P75NTR.
ton J, MagPliSS* ¿ad.JMip A„M s&.r. Montreal Neurological Institute,
McGill University, Montreal, Quebec, Canada. H3A 2B4.
We have examined whether the low affinity neurotrophin receptor
p75NTR regulates the activity of the trkA receptor via intracellular
signaling mechanisms by using ligands selective for either receptor. A
modified type of NGF (NGF3T) was used to selectively activate trkA
and BDNF was used to selectively activate p75NTR. In PC 12 cells,
BDNF treatment results in reduced trkA activity induced by low
concentrations (5-10 ng/ml) of NGF3T. C2~ceramide produced a
similar attenuation of NGF3T-mediated trkA signaling but
dihydrosphingosine had no effect on trkA activation. Phosphorylation
of intracellular serine or threonines attenuates signaling by a number of
receptor tyrosine kinases and we therefore tested if BDNF or C2ceramide treatment results in phosphorylation of the trkA intracellular
domain. 6/24 cells were labeled with 32P04, treated with NGF, BDNF
or C2-ceramide and immunoprecipitated trkA was analyzed by
phosphoamino acid analysis. Treatment with either BDNF or C2ceramide results in a very clear increase in the level of phosphoserine
but has no affect on phosphothreonine or phosphotyrosine levels. NGF
treatment increases levels of both phosphoserine and phosphotyrosine.
These results indicate that selective activation of a p75NTR-mediated
signaling cascade involving ceramide attenuates trkA signaling through
a mechanism involving selective phosphorylation of serine residues
within the trkA intracellular domain. Supported by a Medical Research
Council o f Canada Studentship (to IM) and by grants from the Fond de
la Recherché en Santé du Quebec and from the Medical Research
Council o f Canada (to PAB).
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NEUROTROPHIN ACTIVATION OF THE TRANSCRIPTION FACTOR NFk B IN P I 9 NEURONS. M.A. Burke* and M.A. Bothwell. Department of
Physiology and Biophysics, University of Washington, Seattle, WA 98195.
P19 embryonic carcinoma cells can be differentiated into neurons which
contain a variety of neurotransmitters as well as neuritic processes which develop
ultrastructural characteristics o f axons and dendrites, with synapses forming
between them. Results of RT-PCR indicate that P I 9 neurons express p75
neurotrophin receptor (p 75 NTR)>trkB, and trkC, but not trkA. Additionally, these
neurons do not express the message for any of the neurotrophins. We have found
that exposure of these neurons to BDNF leads to phosphorylation of MAP kinases
ERK1 and ERK2 and enhances tyrosine phosphorylation of a variety of proteins
as analyzed by Western blot. NGF, however, does not produce any detectable
phosphorylation of MAP kinases and does not induce protein tyrosine
phosphorylation. Activation of the transcription factor NF-kB is characterized by
its translocation to the nucleus. Using DNA shift assays with a 32P-labeled NFk B oligonucleotide probe, we conducted time-course analysis of NF-kB induction
in response to NGF, BDNF, NT-3, and NT-4 (100ng/ml) in P19 neurons. P19
neurons contain a basal level of constitutively active NF-kB.
Upon 3hr
stimulation with the phorbol ester PM A (50 ng/ml), NF-kB levels increased two
fold. A 4hr exposure to BDNF induced nuclear translocation of NF-kB, although
to a slightly lesser degree. Stimulation with NT-3 or NT-4 resulted in a biphasic
response with two-fold induction of the transcription factor following 8hr and
24hr incubation time points. NGF administration resulted in a two-fold increase
in NF-kB levels starting at 4hr of neurotrophin stimulation and continuing thru
8hrs. Since we were unable to detect trkA in 80 cycles of RT-PCR, nor
phosphorylation of tyrosines and MAP kinases in response to NGF exposure, we
conclude that NGF activation of NF-kB may be occurring via pTS*™. Supported
by NIH NRSA N S10261-02 and RO I NS33200-03.

NFkB MAY MEDIATE ANTT-APOPTOSIS NGF SIGNALING IN VIVO.
G.Taglialatela*. T.Toliver-Kinskv & J,R.Perez-Polo. Dept, of HBC&G,
UTMB Galveston, TX
The mechanism(s) underlying NGF-mediated rescue of neurons from
apoptosis is poorly understood The reports that 1) transfection of lowaffinity NGF receptor ^75™*) induces apoptosis; 2) p75NTObelongs to the
tumor necrosis factor a (TNFa) receptor (TNFR) receptor protein
superfamily; 3) nuclear factor kappa B (NFkB) transcription factor is
altered in the degenerating aged CNS; 4) NGF induces NFkB activity;
prompted us to determine whether NFkB, a signal element modulating
TNFa-induced apoptosis in lymphoid cells, could also mediate p75NTR
signal transduction and sustaining neurons in vivo . We recently reported
that inhibition of NFkB induces NGF-resistant apoptosis in PC12 cells, a
model cell line for NGF-responsive neurons. Here we report that in the rat
inhibition of NFkB function induced by i.c.v. injection with a proteasome
inhibitor (PSI) results in the appearance of fragmented DNA in discrete
CNS regions. Furthermore, NFkB inhibition affected ChAT activity in
PC12 cells as well as in CNS areas such as the hippocampus and basal
forebrain that are known to undergo neuronal degeneration during aging.
These results indicate that NFkB function may be essential for neurons
survival and for NGF rescue, consistent with the idea that p75NTR-mediated
signal transduction may regulate apoptosis.
Supported by: NIA 1R29 AG13945 (GT), UTMB Small Grant Program
(GT); This is publication No. 78A of the P01 AG 10514 awarded by NIA
(JRP-P).

138.15

138.16

NERVE GROWTH FACTOR-MEDIATED REDUCTION OF A2A
ADENOSINE RECEPTOR EXPRESSION IN PC 12, CELLS INVOLVES
NUCLEAR FACTOR kB. Z. Nie. Y. Mei. N.H. Lee. A. Marcuzzi. D.
Naritoku* and V. Ramkumar. Dept, of Pharmacology, Southern IL Univ. Sch.
of Med., Springfield, IL 62794.
Nerve growth factor (NGF) induced neurite outgrowth of rat
pheochromocytoma (PC 12) cells is an established model of neuronal
differentiation. Previously, we reported that differentiation of PC 12 cells by
NGF was associated with reduction in A2a adenosine receptor (A2aAR). In the
present study the mechanism(s) underlying this effect of NGF was determined.
NGF treatment (50 ng/ml) for 2 h led to activation of nuclear factor kB
(NFkB), as detected by the nuclear translocation of the p65 subunit of this
factor by Western blotting and electrophoretic mobility shift assays.
Incubation of PC 12 cells with pyrrolidinedithiocarbamate (an inhibitor of
NFkB) abrogated the response to NGF, providing direct support of a role of
NFkB in A2aAR regulation. Since NGF is known to increase nitric oxide
synthase (NOS) which is under control of NFkB, the role of nitric oxide in the
regulation of A2aAR was determined. Inhibition of NOS using N-nitro-1arginine methyl ester (1 mM) or N-monomethyl-l-arginine (1 mM) attenuated
the response of NGF on A2aAR expression, while the NO donor sodium
nitroprusside (150 |iM) mimicked the effect of NGF. These data suggest that
the expression of the A2aAR is regulated by NFkB, either directly or indirectly
via the nitric oxide pathway. Furthermore, regulation of the level of the A2aAR
may be important in NGF-induced differentiation of PC 12 cells into
sympathetic neurons.
Supported by HL56316 to VR.

DETECTION OF DISTINCT MOLECULAR SPECIES OF NGF PROHOR
MONE ISOFORMS IN HUMAN PLASMA. S. Soinila*, M. Reinshagen, K.
Huff, C. Song, A. Patel and J. Lakshmanan. Dept, of Neurology, Univ. Helsinki,
Finland, Dept, of Medicine, Univ. of Ulm, Germany, Dept, of Pediatrics, Harbor-UCLA Med. C tr, Torrance, CA.
Several investigations have utilized two-site immunoassays for NGF measu
rement in human circulation and indicated marked changes in association with
labor, lactation, psychological stress, autoimmune and allergic conditions. NGF
immunoreactivity, when examined by Western blot analysis in human tissue
extracts (e.g. colon and hippocampus) with polyclonal and monoclonal antibo
dies, however, represented distinct high molecular weight NGF prohormone
isoforms, suggesting that hum an serum /plasma NGF immunoreactivity detec
ted in two-site immunoassays may also represent partially or entirely the NGF
prohormone isoforms. In this study, aliquots of plasma collected with sodium
heparinate were mixed with L aemm li's electrophoretic sample buffer, heated in
a boiling water bath, cooled and centrifuged. The samples equivalent to 3 to 5
fil plasma (per lane) were subjected to electrophoresis, proteins were transferred
to Immobilon-P membrane and immunoreacted with rabbit polyclonal antisera
specific for NGF prohormone. The immunoreactive bands were identified by
I125 -labeled goat anti-rabbit IgG. Antisera to pre-proNGF domain sequences (144 to -163 and -60 to -91, Pro-Hormone Science, CA) identified two prohor
mone species with molecular masses of 48.5 and 32 kDa.Two other immuno
reactive bands with intermediate-molecular masses were consistently observed.
The presence of NGF prohormone isoforms in human plasma cautions investi
gators in interpreting the results of two-site immunoassays, since both the po
lyclonal and monoclonal antibodies immunoreact with NGF prohormone iso
forms. Supported by Ester Uotila Foundation (S.S.) and DFG Re 789/2-2 (M.R.)

138.17

138.18

A NOVEL FLUORESCENT NGF CONJUGATE FOR ANALYSIS OF
NEURONAL UPTAKE AND RETROGRADE TRANSPORT OF NGF.
K.P. Gatzinskv1*. C. Thrasivoulou2. R. Hauqland3 and T. Cowen2. 1Dept of
Anatomy, Göteborg Univ, Sweden; 2Dept of Anatomy and Developmental
Biology, Royal Free Hospital School of Medicine, London, UK; 3Molecular
Probes, Eugene, OR.
We have investigated the retrograde transport of a novel fluorescent 2.5S NGF50.000 MW dextran-Texas Red® conjugate (DTR-NGF) in sympathetic
neurons innervating the iris of 6w old male Sprague-Dawley rats. After
intraocular injection of 20-150 ng of labelled NGF, the animals were sacrificed
17h later and the superior cervical ganglia (SCG) were dissected out, fixed, de
sheathed and mounted for examination by confocal microscopy (Bio-Rad
MRC600). DTR-NGF uptake and retrograde transport was assessed by i)
counting all labelled neurons in the SCG using composite confocal images and
ii) measuring the mean fluorescence intensity in individual labelled cells using
densitometric irjiage analysis on single confocal optical slices. Specific uptake
of DTR-NGF was assessed first by comparing the uptake of the tracerconjugate with that of unconjugated dextran-TR. With an injection of 50ng DTRNGF, an average of 47 neurons per SCG was labelled, whilst unconjugated
DTR at equivalent concentrations showed no labelling. Second, neuron
labelling with DTR-NGF was significantly reduced when an excess (100x) of
native NGF was injected simultaneously with the DTR-NGF. DTR-NGF
promoted both the survival and neurite outgrowth of dissociated rat sympathetic
neurons in cell culture, showing that the biological activity of the labelled NGF
was preserved. The novel fluorescent conjugate provides a simple direct
approach for investigation of NGF uptake and axonal transport, with advantages
compared to the use of radiolabelled NGF. Supported by the Wellcome Trust
(TC) and Swedish MRC (KPG).

EARLY CH ANGES IN GENE EXPRESSION IN NG F STIMULATED PC-12
CELLS A.T.H. Brown. C. H utchings. I.F. Burke. L.V. M avne and P.C.
Hoffmann* Trafford Centre for M edical Research, U niversity o f Sussex,
Brighton, BN1 9RT, UK and ^Department o f Pharm acology and Physiology,
U niversity o f Chicago
N erv e grow th factor (NGF) induced neuronal differentiation of the rat
pheochrom ocytom a cell line, PC-12, w a s used a s a m odel system to optim ise
a n e w technique (Targeted Display) for the identification o f differentially
expressed genes. O ne identified upregulated gene show ed high hom ology
to previou sly cloned hum an p-78 and C. elegans par-1 sequences,
representing putative serine-threonine kinases im plicated in hum an tumours
and unequal m itotic cell d iv isio n s o f C. elegans early developm ent,
respectively. Expression o f this g ene is stim ulated b y both N G F and FGF in
PC-12 cells and retinoic acid in NTera-2 (NT-2) cells. This suggests a general
requirem ent in the induction o f the fully differentiated neuronal phenotype,
w h ich is the hypothesis under investigation.
Targeted D isplay utilises statistically design ed primers to a large
popu lation o f random ly selected m R N A s.
PCR am plifications using
com binations o f these primers were used to investigate the RN A expression
patterns in PC-12 cells exposed to short tim e courses o f NGF. Initial
sequence analysis of 32 individual clones revealed 20 know n genes and 12
no v el genes. N orthern blot analysis confirm ed the differential expression o f
18 o f these g en es (11 know n, 7 novel). Several of these genes have been
confirm ed in previou s stu dies to be regulated upon long-term exposure to
NG F, thereby validating this n e w approach.
Work supported by Trafford Renal Trust Grant to LVM.
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DIFFERENTIAL ROLE OF SPECIFIC PKC ISOFORMS IN DIFFERENTIATION
AND SURVIVAL OF PC -12 CELLS. C. Brodie12. G. Kazimirskv1. A. Tzukerman1. K.
Bogi2. P. Acs2 and P. M. Blumberg2*. ‘Department o f Life Sciences, Bar-IIan University,
Ramat-Gan Israel and 2MMTP, LCCTP, NCI, Betheda, MD 20892-4255
PKC is a family o f serine threonine kinases consisting o f eleven isoforms which differ
in their expression, substrate specificity, subcellular localization and their interaction
with other signaling molecules. In this study we examined the role o f specific PKC
isoforms in the response o f PC-12 cells to NGF and EGF. PC-12 express PK C a,02,y,8,e,
H and C,. Treatment o f the cells with either NGF or EGF induced activation o f PKC and
similar translocation o f PK Ca and 8. In contrast, NGF and EGF had different effects on
the translocation and activation o f PKCe and PKC£,. To study the role o f PKCe in the
differentiation o f PC-12 cells we overexpressed PKCe and the PKCe dominant negative
mutant in these cells and examined their response to NGF and EGF. In cells
overexpressing PKCe, NGF induced enhanced neurite outgrowth relative to control cells
and to cells overexpressing PKCa. Likewise, EGF induced neurite outgrowth in these
cells in marked contrast to its mitogenic effect on control cells. EGF also induced a
sustained increase in MAPK phsphorylation, similar to that obtained in NGF-treated cells
and unlike the transient response in control cells. In cells overexpressing PKC e
dominant negative, NGF induced a smaller effect on neurite outgrowth than in controls
and caused only a transient phosphorylation o f MAPK. PKCe did not seem to play a role
in the survival o f PC -12 cells, since overexpression o f neither PKCe nor PKCe dominant
negative altered the ability o f NGF or EGF to protect cells from apoptosis induced .by
serum deprivation. In contrast, a role for PKC£ for the survival effect o f NGF is
suggested since treatment o f cells with an antisense oligonucleotide directed against
PKCC, abolished the ability o f NGF to protect cells from apoptosis. Our results indicate
that different PKC isoforms are involved in the differentiation and survival o f PC -12
cells.

PHORBOL ESTER (PMA) ACTIVATION OF A MEK DEPENDENT
PATHWAY IS REQUIRED FOR NGF INDUCED NEURITE
OUTGROWTH IN PC12-N09 CELLS. R.W. B um ? Department of
Cell Biology Neurobiology & Anatomy, and the Neuroscience
Program, College of Medicine, Ohio State University, Columbus, OH.
Signaling of neurite outgrowth in wild type PC 12 cells requires
NGF, but phorbol ester (PMA) is not required. PMA can, however
potentate neurite outgrowth by NGF, but the mechanism of action is
not known. In mutant PC12-N09 cells, growth of long neurites is not
observed with NGF or PMA incubation alone. Growth of long neurites
is observed after a 1 hr PMA preincubation followed by NGF
incubation, but not when NGF incubation precedes PMA incubation.
PMA is known to activate PKC, and these results indicate that PKC
activation could replace part of the signaling normally controlled by
NGF in PC12-N09 cells. Incubation of wild type PC 12 cells with NGF
and a MEK inhibitor, PD 098G59, inhibits neurite outgrowth.
Incubation of PC12-N09 cells with PMA and NGF in the presence of
PD 098059, inhibits neurite outgrowth, indicating a MEK dependent
pathway is needed for PMA and NGF neurite outgrowth. Infecting
PC12-N09 cells with retrovirus containing a wild type p21ras construct
(PC12-N09rasWT cells) increases the levels of p21ras expressed and
restores the NGF induced neurite outgrowth, which is inhibited by PD
098059. These results show that PMA, in PC12-N09 cells, activates
the p21ras-MEK pathway, which is necessary for NGF to stimulate
neurite outgrowth.
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NEURONAL SPINE DENSITIES IN DEVELOPING RAT HYPOTHALAMUS.
Jessica A. M ong*1 and Margaret M. McCarthy2 Departments o f Pharmacology1 and
Physiology2, and the Center for Studies in Reproduction, University o f Maryland at
Baltimore, School of Medicine, Baltimore MD 21201
Previous work from our laboratory has demonstrated morphological differences in
astrocytes of the neonatal arcuate nucleus in response to hormonal manipulation.
Briefly, the presence of circulating testosterone increases glial differentiation and
removal of testosterone by gonadectomy results in a loss o f differentiation within 24
hrs. There is also a basic sex difference in glial morphology; males have glia with
longer processes and greater complexity (Horm Behav 30:553-562, ‘96). The
functional significance of these structural differences is unknown. We hypothesize
that glial morphology determines sexually dimorphic patterns of synaptogenesis.
Quantitative electron microscopy studies have demonstrated sexually dimorphic
synaptic patterns in adult rats, and these sexually differentiated patterns are sensitive
to hormonal manipulation early in life (Neuroendocrinology 42: 232-236, ‘86). The
differences in glial morphology in male and female arcuate suggests that glia may
determine synaptic patterning by guiding or blocking the path o f incoming neurites.
Using the Golgi-cox impregnation method we have investigated structural changes
in neurons due to differences in the horm onal m ilieu o f the developing
hypothalamus. We observe a high density o f spines on dendritic processes of
neurons in the arcuate and ventrai medial nucleus. These spine densities will be
compared among four hormonally different groups; 1) castrate males injected with oil
vehicle, 2) gonadally intact males injected with oil vehicle, 3) gonadally intact
females injected with testosterone propionate (TP, 50[ig), or 4) oil vehicle. All
gonadally intact animals received sham operations. The treatments were performed
on the day of birth (PN 0), and the animals were sacrificed on PN 1.
Based on observations of gonadal steroid effects on neuronal spine density in the
adult brain (Neuroendocrinology 51: 530-535, ‘90), we will test the prediction that
elevelated levels of circulating gonadal steroids and increased glial complexity will be
posivitely correlated with increased neuronal spine density in the developing
hypothalamus. Such correlative evidence would serve as the foundation for
establishing causal mechanisms which result in sexually dimorphic synaptic profiles
in the adult brain. Supported by N SF g ra n t 1B N -9 5 1 1328
to M MM .

TARGET SPECIFIC HORMONAL REGULATION OF SEXUALLY DIMORPHIC
PROJECTIONS FROM THE PRINCIPAL NUCLEUS OF THE BED NUCLEI OF
THE STRIA TERMINALIS G. B. Gu* and R. B. Simerlv. Division of Neuroscience,
Oregon Regional Primate Research Center, Beaverton, OR 97006
The principal nucleus of the bed nuclei of stria terminalis (BSTp) is an important
part of a sexually dimorphic pathway that conveys olfactory information to the
hypothalamus. Moreover, it has been shown to play a role in the regulation of
gonadotropin secretion, copulation and maternal behavior. Previous studies
showed that the major projections of the BSTp were to forebrain regions that are
sexually dimorphic. In order to compare the pattern of projections from the BSTp
in male rats with that of females P h a se o lu s vulgaris leucoagglutinin(PHA-L) was
injected iontophoretically into the BSTp and the distribution of labeled fibers
evaluated immunohistochemically. In males, the BSTp appears to send its
strongest projections to regions that contain high densities of neurons that
express receptors for sex steroid hormones. From the BSTp fibers pass rostrally
to innervate the medial preoptic nucleus, anteroventral periventricular nucleus
(AVPV), and the ventral part of the lateral septal nucleus; other fibers course
through the stria terminalis to provide a strong return projection to the medial
nucleus of the amygdala. In addition, a descending pathway passes through the
periventricular zone of the hypothalamus and forms dense terminal fields in the
periventricular and arcuate hypothalamic nuclei. Perhaps the strongest projection
passes caudally along the medial forebrain bundle and forms a dense terminal
field in the ventral premammillary nucleus. The projection pattern of the BSTp in
female rats is largely the same as that observed in males, with the notable
exception that the BSTp provides only a weak input to the AVPV. Postnatal
treatment of female rats with testosterone caused a sex reversal in the density of
BSTp inputs to the AVPV, yet had little effect on other terminal fields, suggesting
that sex steroid hormones exert a target specific influence on the development of
BSTp projections.(Support by NIH grant NS26723 and RR00163).

139.3

139.4

E N V IR O N M E N T A L EST R O G E N S IN F L U E N C E D E V E L O PIN G R A T
HYPOTHALAMIC DOPAMINERGIC NEURONES IN CULTURE. M. Christian.
H. M urray. C.W. Coen*1 and G. Gillies. Dept. Pharmacology, Charing Cross
Medical School, London, W6 8RF, and ‘Kings College, London, W C2R 2LS.
Estrogens potently modulate reproductive function via direct actions on peripheral
reproductive tissues and at the level of the anterior pituitary gland and hypothalamus.
M any chemicals with estrogenic bioactivity which persist in our environment have
been implicated in disturbances in reproductive function in wildlife and possibly man
(Birnbaum L.S. (1994) E m . Health Persp. 102: 676). These compounds m arkedly
affect reproductive organs, but to date, no direct evidence has been found for a central
site of action. W e have previously reported on the ability of 17|3-estradiol to influence
the functional development of hypothalamic dopaminergic (DA) neurones which are
implicated in the control of the hypothalamo-pituitary-gonadal axis (Murray H.E. &
Gillies G.E. (1993) J. Endocrinol. 139: 413). Now we report that the environmental
pollutant 4-octylphenol (OP) with potent estrogenic activity (White et al (1994)
Endocrinology 135: 175), has identical actions to 17(3-estradiol when tested on
hypothalamic DA neurones derived from embryonic day 18 rats, maintained in a
serum- and phenol red-free, chemically defined medium. Uptake and release of [^HJDA were taken as indices of neuronal function. Results: i) at day in vitro (DIV) 4 OP
had no significant effect; ii) by DIV 7 OP elicited a significant dose-dependent
increase (10 ll-10‘7M OP) in [3H]-DA uptake; iii) the total secretory capacity
(response to 56mM K+) also increased with time in culture over the concentration
range 10'U-10‘7M OP with a bell-shaped dose-response curve; iv) the use of sexspecific cultures reveals a significant increase in the functional activity of DA
neurones and responsiveness to estrogens in male as compared with female cultures
(PcO.OOl). We conclude that hypothalamic DA neurones are potential targets for
central actions of environmental estrogens in the developing fetus/neontate and could
thus influence neuroendocrine function in the adult.
We are grateful to the Wellcome Trust for supporting this work.

APOPTOSIS IN THE DEVELOPMENT OF SEX DIFFERENCES IN THE RAT
BRAIN. W. C. J. Chung. N. R. Carlson*. D. F. Swaab0 and G. J. DeVries.
Neuroscience and Behavior Program, Department o f Psychology, University of
M assachusetts, Amherst, MA 01003. N eth e rla n d s Institute for Brain Research
Amsterdam
Program m ed cell death may contribute to sexual differentiation o f the brain. For
example, more cells die in the central division o f the medial preoptic nucleus in male
th an in female rats during postnatal development (Davis e t al., 1996), whereas the
reverse is true for the anteroventral periventricular nucleus o f the hypothalamus
(N ishizuka et al., 1993). In the present study, the number o f apoptotic profiles were
counted in cresyl violet-stained sections o f both sexually dimorphic and non-sexually
dim orphic subnuclei o f the bed nucleus o f the stria term inalis in anim als sacrificed
from postnatal day 2 through postnatal day 12 (the day o f birth being postnatal day 1).
More apoptotic profiles have been found in the principal nucleus o f bed nucleus o f the
stria terminalis in females than in m ales on the fifth and sixth postnatal day, whereas
no differences were found in the lateral division o f the bed nucleus o f the stria
term inalis. Because both areas show pronounced sex differences in the number of
certain peptidergic neurons, the m echanism o f sexual differentiation may differ
betw een these regions. A similar analysis suggest that this may also be true for the
amygdala.
This research was supported by TerMeulen Fund, R oyal Netherlands Academ y o f Arts
and Sciences to WCJC and NIM H grant MH47538 to GJD.
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CELL DEATH IN THE DEVELOPING SEXUALLY DIMORPHIC DORSAL
PREOPTIC AREA/ANTERIOR HYPOTHALAMUS OF THE FERRET
J.-J. Park*. S.A. Tobet and M.J. Baum Department o f Biology, Boston University,
Boston, MA 02215 and Department o f Biomedical Sciences, The Shriver Center,
Waltham, MA 02254
The sexually dimorphic male nucleus (MN) is comprised o f a cluster o f large cells
(based on Nissl and Golgi stains) in the dorsal preoptic area/anterior hypothalamus
(dPOA/AH) o f male ferrets. The MN is formed in males by the action o f estrogen
derived from the local brain aromatization o f testosterone during the last quarter o f a
41-day gestation. Cells comprising the MN are primarily bom between embryonic days
(E) 20 and 28 coincident with the surrounding cells in the region (Park et al., 1996, J
Neurobiol, 30:315), and the nucleus becomes discernible around E37. Recent reports
have suggested that sex differences in cell death during development contribute to
emerging sex differences in morphology within the rat POA. To estimate the incidence
o f cell death in the POA/AH o f developing male and female ferrets on E34 and postnatal
days (P) 2 ,1 0 and 20, we counted both the number o f pyknotic cells and the number o f
cells with significant oligonucleosomal DNA fragmentation detected by in situ end
labeling (ISEL; Oncor ApopTag Kit). The total number o f cells which were ISEL+
and/or pyknotic was significantly higher (p<0.01) in the dPOA/AH on P2 and P10 than
on E34 and P20. Likewise, the density o f these dying cells was also significantly greater
(p<0.01) on P2 than all other ages. There was no indication o f a sex difference in the
dPOA/AH at any age. Surprisingly, there was a statistically significant sex difference
in the number or density o f ISEL+ cells in the ventral POA/AH which was due to
approximately 70% more labeled cells in males at E34. The MN is formed in males prior
to the perinatal peak in cell death (i.e., P2), which suggests that a mechanism involving
hormonal regulation o f cell death does not account for sexual differentiation o f the MN.
(Supported by HD21094; MH00392 and IBN94-21697)

ESTROGEN REGULATES NMDA RECEPTOR GENE EXPRESSION IN THE
LATERAL SEPTUM OF THE JUVENILE FEMALE RAT. F. Varoaueaux. G.B. Gu
and R.B. Simerlv*. Division of Neuroscience, Oregon Regional Primate Research
Center, Beaverton, OR 97006.
The lateral septum (LS) relays processed multimodal information from the
hippocampus to the hypothalamus and these connections are topographically
organized. The ventral part of the LS (LSv) is selectively innervated by the ventral
subiculum and sends strong projections to periventricular parts of the
hypothalamus involved in neuroendocrine regulation of pituitary hormone
secretion, and appears to provide inputs to gonadotropin-releasing hormone
(GnRH) neurons. Glutamate is known to regulate GnRH secretion during pubertal
development, but the neurological basis of this action remains unclear. Previous
studies demonstrated a selective hormonal regulation of AMPA receptor gene
expression in the anteroventral periventricular nucleus (AVPV) of the preoptic
region, which plays a critical role in the regulation of gonadotropin secretion [Gu,
GB, et al. (1996) Soc. Neurosci. Abstr. 22:1789]. In the present study we used
immunocytochemistry and in situ hybridization to evaluate the distribution and
hormonal regulation of ionotropic receptor subtypes in the LSv of juvenile female
rats. GluR1 and GluR2/3, but not GluR4, AMPA receptor subtypes are abundantly
expressed in the LSv, as are NMDA receptors. Treatment of ovariectomized
juvenile rats with estradiol did not produce significant changes in levels of AMPA
receptor subtype mRNAs, but did induce a two-fold increase in levels of NMDA-R1
mRNA. Treatment of estrogen-primed ovariectomized juvenile rats with injections
of progesterone failed to produce any significant changes in AMPA subtype or
NMDA-R1 mRNA levels at either 3 or 24 hrs after progesterone treatment. These
data suggest that estrogen may facilitate the sensitivity of LSv neurons to
glutamate by selectively inducing the expression of NMDA-R1. The heterogeneity
in the hormonal modulation of receptor subtype gene expression in different
estrogen-sensitive regions suggests that estrogen may utilize different cellular
mechanisms to regulate the activity of hormone-sensitive pathways that control
reproductive function. (Support by NIH grants NS26723 and RR00163).

139.7

139.8

ANDROGEN AND PROLACTIN WORK SYNERGISTICALLY TO
REGULATE EXPRESSION OF A LARYNGEAL SPECIFIC MYOSIN
IN THE XENOPUS LAEVIS LARYNX. C. J. Edwards and D. B.
K ellev*. Dept, of Biological Sciences, Columbia University,
New York, NY 10027
The rapid trills of male songs in Xenopus laevis are
produced by an entirely fast twitch laryngeal muscle.
We
have identified a laryngeal specific myosin heavy chain
gene, LM, expressed in all adult, male muscle fibers.
Sexuallydimorphic
expression of LM and muscle fiber
types is regulated by androgen secretion during postmetamorphic (PM) development; We used ribonuclease
protection assays to explore a possible role for prolactin, a
hormone secreted during late stages of metamorphosis, in
the onset of LM expression. LM expression is minimal

ESTROGEN LEVELS AND SYNAPTIC STRENGTH AT THE
LARYNGEAL NEUROMUSCULAR JUNCTION IN XENOPUS LAEVIS.
J. Tomasson. D. Kellev and M. Tobias*. Biol. Sci., Columbia
Univ., N.Y., N.Y. 10027
Synaptic strength at the vocal synapse is dramatically
lower in adult males than in adult females, and is low in
juveniles of both sexes.
Exogenous estrogen strengthens the
laryngeal synapse in juveniles.
Here, we examine the
relation between endogenous estrogen titers and synaptic
strength in developing and adult X enopus. Estrogen titers in
developing male and female frogs were measured using
radioimmunoassay.
Males have consistent and low estrogen
titers
(<40pg/m l) throughout post-m etam orphic
(PM)
development into adulthood.
At 9m PM mean levels in
females exceed those of males and continue to increase until
adult levels (>750pg/ml) are attained by 24m PM. Beginning
at 15m PM, estrogen levels are highly variable between
individuals.
Synaptic strength and estrogen titer were
measured in the same females from 15 to 28m PM. Synaptic
strength increases abruptly at 26m PM.
Younger females
can have high estrogen levels without high quantal contents
while older females witfi high estrogen levels have high
quantal contents. A cumulative history of increasing
estrogen levels, or exposure to brief pulses of high estrogen,
could account for the attainment of adult-like synaptic
strength at the female laryngeal synapse.
Supported by NS23684.

throughouttadpole development and sexually

dimorphic by

one week after the end of metamorphosis.
Animals which
had just completed metamorphosis received 0.5 mg
androgen pellets on day 1.
Larynges were removed and
assayed 1.5h after injection of 25ug bovine prolactin
on
day 2.
Levels of LM expression in larynges of
prolactin/androgen treated animals were ~ 5x those of
androgen alone treated animals.
Results support the
hypothesis that prolactin opens the sensitive period for
androgen induction of LM expression in X. laevis.
Supported by NS23684.
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BRAIN AROMATASE ACTIVITY IN DIFFERENT STRAINS OF
CASTRATED AND INTACT MALE RATS. L. Mathias. R.W. Rhees*. N.A.
Jacobson. D.R. Ladle. E.D. Lephart. Dept. Zool.-Cell. Biol. Div., Brigham
Young Univ., Provo, Utah 84602
The aromatase cytochrome P450 enzyme converts androgens to estrogens.
In the rat brain of certain neural structures, the local formation of estrogens
modulate neuroendocrine function and sexual behavior. There is increasing
evidence that androgens regulate brain aromatase in the hypothalamic but (in
general) not in the amygdala tissue site (reviewed: E.D. Lephart, Brain Res.
Rev., 22: 1-26, 1996). In this regard, a majority of investigative work has
been performed in albino rats. To test the hypothesis that androgens regulate
brain aromatase in different strains of rats, the present study examined brain
aromatase activity in castrated vs. intact Sprague-Dawley, Long-Evans,
Wistar, Fisher and Harvard Brown male rats. Male rats were castrated at 45
days of age and hypothalamic and amygdala tissue samples were collected at
70 days of age. Aromatase activity was determined by the tritiated water
release assay using a saturating concentration of [lp-3H]androstenedione and
expressed as fmol/hr (of incubation)/mg protein. To index androgen action,
body, ventral prostate weights, and LH levels were determined in each group
of animals. Ventral prostate weight significantly decreased in all castrated
animals, whereas, LH levels were significantly increased in castrated vs.
control rats. Brain aromatase levels significantly decreased in hypothalamic
(but not in amygdala) tissue only in Sprague-Dawley and Harvard Brown rats.
These results suggest that*in some strains of rats androgens regulate
hypothalamic brain aromatase while in others the activity is not significantly
altered. NSF grant IBN - 9507972
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CO-LOCALIZATION OF AROMATASE CYTOCHROME P450 AND
CALBINDIN-D28K AND ANDROGEN REGULATION OF CALBINDIND2gK DURING PERINATAL DEVELOPMENT. E.D. Lephart*. M.A.
Watson. L. Mathias. R.W. Rhees. S. Piano. T.L. Horvath. Dept. Zool.-Cell.
Biol. Div., Brigham Young Univ., Provo, UT 84602 and Dept. Obstet. &
Gynecol, and Ctr. for Res! in Reprod. Biol., Yale Medical School, New
Haven, CT 06520
During perinatal development, the local formation of estrogens from
androgens via the aromatase cytochrome P450 enzyme mediates the sexual
differentiation of neural structures, modulates neuroendocrine mechanisms
and regulates sexual behavior. Calbindin-D28Kis a calcium-binding protein
that plays an important role in mediating cell proliferation, programmed cell
death and neurotoxicity. Estrogens along with calbindin-D28K appear to
participate in modulating neuronal maturation and survival. It is intriguing
to postulate that the expression of sexually dimorphic neural structures may
be attributable to the presence of calbindin-D28K and aromatase within
certain brain structures. To test this hypothesis, the present study examined
the-developmental pattern of caIbindin-D28Kand aromatase in infantile rats
by immunocytochemistry. In a second study, the regulation of calbindinD28K was examined during prenatal development by blocking androgen
action with flutamide. At GD 20, male and female hypothalamic tissue was
collected and calbindin-D28K levels were determined by Western analysis.
The results suggest that calbindin-D28K and aromatase are co-localized in
specific hypothalamic brain regions in infantile rats. The present results
also suggest that androgens regulate calbindin-D28K during prenatal
development. NSF Grant No. IBN - 9507972.
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EFFECTS OF ANTISENSE OLIGODEOXYNUCLEOTIDE (AsODN) AGAINST
ESTROGEN RECEPTOR (ER) mRNA O N ESTROG EN RECEPTO R PROTEIN
LEVELS IN THE NEONATAL RAT BRAIN.
S R Jn a m d a r.
K.M.Evster.
S.B. W aller* and E.H.Schlenker. D e n t o f Physiology & Pharmacology. University
o f South Dakota. Vermillion. SD 57069.
Estrogen receptors (ER) have been implicated in both the organization and
activation o f the developing rat brain. In a previous study, central administration of
an AsODN to ER mRNA into neonatal rats has been shown to alter sexual, openfield, and locomotor behavior later on in life. Changes in brain structure such as
alterations in volume o f sexually dim oiphic nuclei have also been demonstrated
with central administration of AsODN. Presumably, these effects occur by blocking
the form ation of ER in the brain. In this study, we tested the hypothesis th at central
administration of an AsODN to ER mRNA decreases the am ount o f E R protein in
the neonatal rat brain. M ale and female 1-day-old rat pups were injected centrally
with vehicle (sesame oil), AsODN against the E R mRNA, or scrambled
oligodeoxynucleotide (ScrODN, control) in a volume o f 1 n l bilaterally. The
anim als were sacrificed 24h later and detergent solubilized protein samples o f
cortex, hypothalamus and brainstem collected, processed and stored at -70°. These
samples were then subjected to sodium dodecyl sulfate - polyacrylamide gel
electrophoresis and W estern blot analysis to determine the amount o f E R protein
present. The protein content o f the bands were measured by densitometric analysis.
Differences between the E R protein content o f the treated and the control groups
were evaluated by the W ilcoxon’s Signed-rank test.
The results indicate a
significant reduction in the E R protein content o f the AsODN-treated groups as
compared to the vehicle-treated groups. Moreover, no significant differences were
observed between the vehicle and the ScrODN-treated groups. Thus, AsODN
against the E R mRNA decreased ER protein levels in the cortex, hypothalamus and
brainstem o f the neonatal rat brain. Funded by HD30393. To EHS.

INCREASED EXPRESSION OF ESTROGEN RECEPTOR IN PC 12
CELLS: EFFECTS ON NEURITE OUTGROWTH L. Gollapudi and
M M. Ohlinger* Dept. Cell Biology and Anatomy, Chicago Medical
School, North Chicago, IL 60064
Gonadal steroid hormones such as estrogen have marked
biological effects on many cells, including some neurons. In the case
of estrogen, such effects arc mediated through a specific intracellular
receptor, the estrogen receptor (ER) which is activated after binding
estrogen and subsequently activates transcription of a number of genes
which possess an upstream estrogen response element
PC 12 cells, a cell line of neural crest origin, normally express
very low to zero levels of ER and its mRNA. These cells are well
known to respond to nerve growth factor (NGF) by shifting from a
proliferating phenotype to a differentiated sympathetic neuron-like cell.
We utilized PC 12 cells for our transfection studies and generated stable
transfectants using a full length ER cDNA. We isolated clonal lines that
express ER mRNA and ER protein at either high, medium or low levels.
Our initial studies have indicated that ER-expressing PC 12 cells exhibit
accelerated neurite outgrowth in response to NGF treatment.
The
effects of estrogen and NGF appear to be synergistic as estrogen alone
does not elicit neurite outgrowth. Results pertaining to the effects of
estrogen on specific target genes, differentiation and survival of ER
expressing PC 12 cells will be presented.

139.13
ESTROGEN UP-REGULATES EXPRESSION OF CYCLOOXYGENASE-1 IN
PC 12 CELLS. M. E. Maida*. M. D. Kaplan. P. D. Coleman. M. K. O ’Banion.
Departments of Neurobiology & Anatomy and Neurology, University o f Rochester
School of Medicine and Dentistry, Rochester, NY 14642.
Alzheimer’s Disease (AD) is a degenerative process characterized by area specific
neuropathology. In particular, basal forebrain cholinergics, responsive to both NGF
and Estrogen (E), appear to be highly vulnerable. Recent studies suggest that both
Estrogen Replacement Therapy and non-steroidal anti-inflammatory drugs (NSAID)
are beneficial in AD.
Cyclooxygenase (COX), the primary target of NSAID action, is the principal
enzyme involved in conversion of arachidonic acid to prostanoids. Two isoforms of
this enzyme exist: constitutively expressed COX-1, and COX-2, an inducible
isoform originally cloned in our laboratory. Both are found in brain; COX-2 is
prominently expressed in neurons and is regulated by increased synaptic activity.
Several recent studies suggest that selective COX-2 inhibitors provide neuronal
protection in models of stroke.
We investigated whether E or other hormones (thyroxine, T 3 ; dexamethasone,
Dex) had the potential to confer neuroprotection by interfering with COX-2 upregulation. PC 12 cells were differentiated into a neuronal phenotype by treatment
with NGF. E, Dex or T 3 was added and cells were assayed for COX message,
protein and activity. Undifferentiated PC12 were treated and assayed in parallel. We
report that PC 12 cells do not express COX-2, but show altered expression of COX1 after hormone treatment. Six hours following treatment with E, COX-1 mRNA
levels increased 2- to 3-fold over controls; (T 3 ) caused a 1 to 2-fold induction. No
change was noted with Dex. COX-1 protein levels increased 2-fold at 24 h for E,
but remained unchanged for T 3 and Dex. Hormone treatment elicited a similar
pattern of induction in naive cells. Our results indicate that COX-1 is regulated in
PC 12 cells treated with Estrogen. Further studies will examine the role of COX-1
in neuronal differentiation (see poster by M. D. Kaplan, et at). Supported by grants
from NIH (NS 33553, AG09016) and the Lucille Markey Charitable Trust.

139.15
INFLUENCE OF SEX STEROIDS ON EXPRESSION OF ESTROGEN RECEPTOR
mRNA IN EXPLANT CULTURES OF THE PRINCIPAL NUCLEUS OF THE BED
NUCLEI OF THE STRIA TERMINALIS. L.A. Hutton* and R.B. Simerlv. Div. of
Neuroscience, OR Reg. Primate Res. Center, Beaverton, OR 97006, and Dept, of Cell
and Developmental Biology, Oregon Health Sciences Univ., Portland, OR 97201.
In addition to modulating the activity of neural circuits in the limbic system and
hypothalamus, sex steroid hormones also influence the development of sexually
dimorphic connections. The principal nucleus of the bed nuclei of the stria terminalis
(BSTp) is larger in male rats, and contains a high density of neurons that express
receptors for sex steroid hormones. In males, the BSTp provides a massive projection
to the anteroventral periventricular nucleus of the hypothalamus (AVPV). Previously
we showed that the pathway from the BSTp to the AVPV is much more robust in
males and is established between postnatal days 9 and 10. In order to study cellular
mechanisms underlying the development of this pathway we established organotypic
explant cultures of the BSTp under defined conditions. As a first step toward
determining the actions of estradiol and testosterone on these explant cultures we
evaluated the hormonal regulation of estrogen (ER) and androgen (AR) receptor
mRNAs using in situ hybridization. BSTp explants derived from P0 male and female
rats were cultured for 10 days in the presence or absence of either estradiol or
testosterone (10‘9M). Our results demonstrate that BSTp explants derived from P0
female rats express high levels of ER mRNA in the absence of sex steroid hormones
and that estradiol suppresses expression of ER mRNA as it does in vivo. Testosterone
treatment was less effective, but also appeared to decrease ER mRNA expression.
In explant cultures derived from P0 male rats expression of ER mRNA was relatively
low in hormone free conditions, and addition of sex steroid honfiones to the media
appeared to further diminish levels of ER mRNA. These data indicate that sex steroid
hormones suppress expression of ER mRNA in explant cultures of the BSTp as they
do in vivo. Studies to determine the effects of sex steroids on expression of AR mRNA
using this in vitro model are currently underway. (NIH grants MH49236 and RR00163)
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Supported by NIH AG13338 to MMO

139.14
E S T R O G E N R E C E P T O R p (E R -P) m R N A IN D E V E L O P IN G R A T
F O R E B R A IN . L.L. DonCarlos*. Dept. Cell Biol., Neurobiol., & Anat.,
Loyola Univ. Stritch Sch. Medicine, Maywood, IL 60153
Exposure to the estrogcnic metabolites of testosterone permanently masculinizes
the developing rat brain. We have shown previously that mRNA for the wellcharacterized estrogen receptor, now designated ER -a, is expressed perinatally in
brain regions that undergo estrogen-dependent masculinization. Recently, mRNA
for a newly identified estrogen receptor (Kuipers et al. 1996 PNAS), designated ER(3, was shown to be present in the adult rat brain (Shughrue et al. 1996 Steroids).
To address the possibility that estrogen may exert developmental effects through
ER-P, we used in situ hybridization to detect ER-P mRNA expression in the
developing rat forebrain. Male and female rats were sacrificed by perfusion fixation
on embryonic day 20 (ED20) or postnatal days 0 ,4 , 10, 14, or 21 (PND; day of
birth is PND 0). ER-p mRNA was detected using a cocktail o f two 35S-labeled
cRNA probes, one complementary to bp 56-610 and the other to bp 1809-2094 of
the rat ER-P cDNA (generously provided by I. Merchenthaler and P. Shughrue,
Wyeth-Ayerst Research). ER-P mRNA was present at all ages in both males and
females, and consistently found in the same areas where it was previously found in
the adult brain; thus, the general adult pattern of ER-P mRNA expression is
established as early as ED 20. Moreover, subjective analysis across brain regions
suggested that, in the areas that consisently express ER-P mRNA, the rank order of
hybridization intensity from one area to the next is maintained throughout
development in the following order (listed from most to least intense): medial
amygdala, paraventriciular hypothalamic n., bed n. stria terminalis, medial tuberal
hypothalamic n., medial preoptic n., and anteroventral periventricular n. Lower
levels of ER-P mRNA were observed in additional regions, including the cerebral
cortex and hippocampal formation. Finally, as observed in the adult, the pattern of
forebrain ER-P mRNA expression in development differs qualitatively and
quantitatively from that o f ER a . Supported by NIMH 48794.

139.16
PROGESTIN RECEPTOR IMMUNORE ACTIVITY IN THE BRAINS OF MALE
AND FEMALE RATS DURING DEVELOPMENT. C.K. W arner*. C. J. Auger and
G.J. DeVries. Dept. Psychology, Univ. o f M assachusetts, Amherst, M A 01003.
Exposure to gonadal steroid hormones during perinatal life has dramatic
consequences on the development and sexual differentiation o f the brain, the most
well studied example being exposure o f male fetuses to their own testicular
testosterone. The role o f other gonadal steroids in early development is less well
understood. Presumably, fetuses and neonates are also exposed to progesterone from
the m aternal circulation, as steroid hormones readily cross the placenta and are
present in mother’s milk. It is not well understood when the developing brain first
becomes sensitive to progesterone. Therefore, the expression o f nuclear progestin
receptor immunoreactivity (PR-ir) in the brains o f neonatal male and female rats
was examined using a rabbit polyclonal antibody (DAKO) directed against a
synthetic peptide from the DNA binding dom ain o f hum an P R Nuclear PR-ir was
detected in neonatal brain on the day ofbirth in both males and females. Brain areas
containing PR-ir cells included the medial preoptic nucleus (MPN), the bed nucleus
o f th e stria terminalis, the posterior paraventricular nucleus, the ventromedial
nucleus o f the hypothalamus, the lateral hypothalamus, the central nucleus o f the
amygdala, the dentate gyrus o f the hippocampus and the floor plate o f developing
cortex. Preliminary results suggest that males may have a greater num ber of PR-ir
cells in MPN than females on postnatal days 1 and 2. These results demonstrate that
nuclear PR is expressed in developing brain at least as early as the day o fb irth and
may be transiently expressed in some brain regions during development.
Supported by N IM H grants M H57237 and M HS5562 to CK W a nd grants N SF
IB N 942J658 and NIM H M H 47538 to GJD.
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ORGANIZATIONAL AND ACTIVATIONAL EFFECTS OF ESTRADIOL ON
D2 AND 5-HT2 RECEPTORS. ¿.^m sans^E ^B ^JiL-D al& sto sw
1_Fli/onrio, and R. Reyes. Dept. Biol. Sci., Southeastern Oklahoma
State Univ., Durant OK 74701.
The objective of this study was to examine the interaction of the
activational effects of the gonadal steroids with organizational
effects in modulation of D2 and 5-HT2 receptors In the postpubertal rat. Jhree day old F-344 rats were used. Male pups were
castrated or sham operated and female pups were injected s.c. with
1 ng estradiol benzoate or vehicle.
At 60 days of age intact animals
were castrated in order to remove endogenous gonadal steroids.
Following a 2 week recovery and hormone wash-out period male and
female animals were injected s.c. in the morning every 2 days for
an 8 day period.
On the 8th day, animals were sacrificed.
Immediately following sacrifice the brain was removed and the
prefrontal cortex, striatum, and hippocampus were dissected out
over ice and stored at -80°C until used in membrane preparations.
Membrane preparations were used for D2 and 5-HT2 receptor
binding assays.
Estradiol treatment affected D2 and 5-HT2
receptors to a greater extent in the striatum than in the prefrontal
cortex and hippocampus. Differential effects of estradiol in these
brain regions may be a contributing factor to the lessened frequency
and severity of negative symptoms in female schizophrenics.
Funding provided by NIGMS grant number 1 R21 GM54420-01.

G O N A D A L S T E R O ID D E PE N D A N T O N T O G E N Y O F S E X U A L L Y
D IM O R P H IC S O M A T O S T A T IN raR N A E X P R E S S IO N IN R A T
H Y P O T H A L A M U S . S JC Simonian. J.E. Robinson*. H.E. M u rrav t G.E.
G illest. and A.E. Herbison. Lab. of Neuroendocrinology, The Babraham Institute,
Cambridge and fDept. of Pharmacology, Charing Cross and W estminster Medical
School, London, UK.
Gonadal steroid hormones are thought to play an important role in determining
age- and gender- related patterns of growth hormone secretion by acting, in part, on
somatostatin (SOM) neurons in the hypothalamic periventricular nucleus (PeN). The
present studies have examined the development of SOM mRNA sex differences in
these neurons and determined how gonadal steroids influence expression in the
perinatal period. Exp. 1; Brain sections from postnatal day 1 (PI), 5 (P5) ai.J 10
(P10) male and female rats were analysed for SOM mRNA expression by in situ
hybridization. The SOM mRNA content of PeN neurons increased from PI to P10
in both male and female rats (p<0.01) but was 24% (p<0.05) and 38% (p<0.01)
higher in males at P5 and P10, respectively. A subsequent experiment showed that
the SOM mRNA content of PeN neurons in P5 males gonadectomized (GDX) on PI
was the same as that of P5 females. Sham-operated P5 males exhibited significantly
(p<0.05) higher levels of SOM mRNA expression compared with either of the other
groups. Exp. 2; Male rats were GDX on PI and given either oil, estradiol benzoate
(EB) or dihydrotestosterone (DHT) from PI through to P5 and compared with shamoperated males. Silver grain analysis following in situ hybridization revealed that EB
increased cellular SOM mRNA content to intact male levels, while DHT and oil
treatments had no effect. Exp. 3; Brain sections from P5 male and female rats
underwent double-labelling immunostaining for SOM and either estrogen receptor
(ER) a or the androgen receptor (AR). SOM neurons in the PeN did not label for
E R a but expressed A R ’s in a sexually dimorphic manner. S u m m a ry A gonadal
steroid-dependent sex difference in SOM mRNA expression develops between PI to
P5 in the PeN. This male dominant sex difference appears to occur through an ERmediated mechanism even though SOM neurons in the PeN do not express El^a.
Supported by Medical Research Council (UK) Grant G9409798N.
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SEX DIFFERENCE IN GABA CONCENTRATION IN NEONATAL RAT BRAIN
Aline M. Davis*. Stephen C. W ard. M ichael gelm anpff, A l^ n E, HgrbisjQn1, and
M argaret M .M cCarthv. Dept, of Physiology, University o f M aryland School of
Medicine, Baltimore, MD 21201. *The Babraham Institute, Cambridge, UK
The amino acid neurotransm itter GABA is critically involved in sexually
dimorphic physiological responses and behaviors. M odulation o f GABAergic
neurotransmission by gonadal steroids underlies its role in regulating reproductive
function. We have been examining the ability o f steroid hormones to modify
GABAergic neurons during early development as a possible mechanism o f sexual
differentiation o f the brain. In contrast to its role in adulthood, during development
activation of GABA a receptors elevates internal calcium in hypothalamic cultures (J
Neurosci 15:5065, ‘95), and may influence neuronal migration and synaptogenesis.
We have previously reported a developmental sex difference for the rate limiting
enzyme in GABA synthesis, GAD. On postnatal day 1 (PN1), males have more
GAD mRNA than females in several hypothalamic areas (Horm Behav 30:538, ‘96).
Using HPLC we have measured GABA concentrations in tissue micropunches of
medial preoptic, dorsomedial (DMN), ventromedial (VMN), and arcuate nuclei of the
hypothalamus, the central amygdaloid nucleus, CA1 region o f hippocampus, and
cingulate cortex at postnatal days 1, 5, 10, and 20. On PN1, m ales have a
significantly higher concentration o f GABA in these regions (2-way ANOVA,
p<0.01). Furthermore, testosterone treatment on the day of birth (PN0) in castrate
males and females significantly increased GABA levels in the DMN and VMN over
vehicle-treated controls (3-way ANOVA, p<0.05). By PN5, males no longer have
higher levels, and there is a trend toward higher GABA levels in females (2-way
ANOVA, p=0.053). At PN10 and PN20 we observed no evidence for sex differences
in GABA levels in any regions. These data further support our hypothesis of
GABAergic involvement in masculinization. Supported by NIH grant R29MH52716
to MMM. AEII is a Lister Institute-Jenner Fellow.

Re g io n a l d if f e r e n c e s in c e l l u l a r d e v e l o p m e n t in
THE PREOPTIC AREA AND ANTERIOR HYPOTHALAMUS. S.A.
Tobet*. R.G. Henderson C.O. Directo & B.V. E>ver. Prog. Neurosci.,
The Shriver Center and Harvard Medical School, Waltham, MA 02254.
Sex differences in neural morphology have been noted within the
preoptic area/anterior hypothalamus (POA/AH) of many species.
However, confirmation of a sexually dimorphic medial preoptic nucleus
in selected mouse strains is lacking. We have been studying the neurons
of the POA/AH in mice using Nissl stains in adult and developing C57
mice. The data show a cell group in the medial POA/AH that corresponds
in position to the rat sexually dimorphic nucleus, becomes discernible at
E17, but does not appear sexually dimorphic. By contrast, cells located
more dorsally, and not within a “nucleus”, were reliably larger in females
than males in adulthood. The development of the dorsal POA/AH is also
being investigated using video microscopy to follow cell migration in
brain slices from embryonic mice. Cell migration in the dorsal POA/AH is
significantly different (more dorsal-ventrally oriented; DV) from cells in
locations more ventral in the POA/AH and more caudal in the AH (more
medial-lateral oriented; ML). The rate of migration was similar in both
POA/AH locations (16.1±1.8|im/hr), but significantly faster in cells in
more caudal slices (29.3±4.6}im/hr). The difference may relate to the
more complicated pattern of ML and D V oriented radial glia present in the
POA/AH. Changes in the position of BrdU-labeled cells in vivo and in
vitro reveal patterns and rates of cell migration that are complementary to
video microscopy studies. It is likely that cellular differentiation within
neighboring regions within the POA and AH follows distinctly different
developmental patterns that may, in part, be due to the influence of radial
glia. Supported by NSF-IBN-9421697.
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IS O L A T IO N
AND
T R A N S P L A N T A T IO N
OF
A C C E S S IB L E
MULTIPOTENTIAL NEURAL PROGENITOR CELLS FROM THE
OLFACTORY EPITHELIUM
Andrew G los ter*12, Mario A. Alonso-Vanesas2. Abbas F. Sadikot2. and Freda D.
M iller12. 'Centre for Neuronal Survival, and d e p a rtm e n t of Neurology and
Neurosurgery, Montreal Neurological Institute, McGill University, Montreal,
Canada.
We have isolated proliferating progenitor cells from the olfactory epithelium of
neonatal (Pl-9) mice and rats. After dissociation in EGF and B27 supplemented
media, these cells divide to form large floating balls o f cells, which we call
olfballs, and which are immunoreactive for nestin, a marker o f neural stem and
progenitor cells. The olfballs were induced to differentiate into cells with
astrocytic, oligodendritic, and neuronal phenotypes. Limiting dilution analysis
suggested that a single multipotential progenitor cell was responsible for giving
rise to individual olfballs. In addition, some o f the cells with neuronal phenotypes
were tyrosine-hydroxylase positive and dopamine /3-hydroxylase negative
suggesting that these cells were dopaminergic. These progenitors also generated
tyrosine-hydroxylase positive neurons when transplanted into the denervated adult
striatum. We have also demonstrated that these olfballs can be transfected using
adenovirus. These results demonstrate the isolation o f progenitor cells from the
olfactory epithelium, and suggests that these cells are multipotential, and not
restricted to becoming olfactory neurons, their normal in vivo fate. We suggest
that such progenitors may eventually provide an accessible source for autologous
transplantation in CNS disorders such as Parkinson’s disease. Supported by
Canadian Neuroscience Network, Medical Research' Council (Canada), and the
Parkinsons Foundation of Canada.

MIGRATION AND DIFFERENTIATION OF HUMAN NEURAL
PRECURSOR CELLS IN INTERSPECIES BRAIN CHIMERAS.
CLBrtistle*. K, Choudharv. K. Karram. A. Hüttner. K. Murray1. M. PuboisDalcq1. and R.D.G. McKay. Lab. of Molecular Biology, NINDS, NIH,
Bethesda, Maryland & 1Unité de Neurovirologie et Régénération du
Système Nerveux, Institut Pasteur, Paris.
Neuroepithelial precursor cells are promising tools for the study of nervous
system development, disease, and regeneration. While in vitro analyses are
successfully used to define the basic mechanisms of precursor cell
differentiation, more complex processes such as histogenesis, development
of disease-related pathological phenotypes, and tissue reconstruction can
only be addressed in the context of a nervous system. Thus, important
aspects of human neurobiology remain experimentally inaccessible. To
circumvent this obstacle, we have explored whether human neural
precursors can participate in the development of a xenogeneic host brain.
Human donor cells (8-10 weeks of gestation) were injected into the
telencephalic vesicle of E17-E18 rats and traced by DNA in situ hybridization
with a probe to the human alu repeat. A panel of human-specific antibodies
was used to further characterize the incorporated donor cells. One to 15
weeks after transplantation, hybridized cells were detected in the host tel-,
di-, and mesencephalon. Donor-derived neurons accumulated In
periventricular clusters and extended numerous axons into the host
parenchyma. Glial cells showed widespread incorporation throughout the
gray and white matter with large numbers of oligodendrocytes populating the
fiber tracts. Incorporation into the developing host brain was also observed
after transplantation of donor cells propagated for several weeks in defined
medium containing 10 ng/ml bFGF, an approach which will facilitate genetic
manipulation prior to transplantation. Generation of interspecies brain
chimeras by intrauterine transplantation represents an attractive strategy for
the study of human precursor cell biology in vivo.
Supported by the NINDS.
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HUMAN FETAL PRECURSOR CELLS ARE CAPABLE OF
SURVIVAL, NEURONAL DIFFERENTIATION, AND INTEGRATION
FOLLOWING TRANSPLANTATION INTO NEONATAL RAT BRAIN.
AE Rosser*. P Tvers. M.A. Caldwell. S.Karmiol. CN Svendsen and S.B
Durmett Cambridge Centre for Brain Repair, Forvie site, Robinson way,
Cambridge CB2 2PY UK and Clonetics Corperation, San Diego, CA, USA
The major difficulties o f using fresh fetal tissue in human transplantation
may be circumvented by using precursor cells which have been expanded in
culture. To date such cells survive poorly after transplantation into the'
adult brain and tend to differentiate along a glial lineage. In order to
understand the differentiation potential o f these cells we have transplanted
them into neonatal hosts in which developmental signals may still be
present. W e transplanted approximately 50,000 precursor cells, derived
from human fetal CNS and expanded with EGF and FGF, into the
hippocampus and striatum o f non-lesioned rats at P0. Identical cells
transplanted into lesioned adult hosts at this low density resulted in few
surviving natrons. Four weeks post grafting into neonates, populations cf
neurons labelling with human specific tau (H-tau) were seen in the
dorsomedial part o f the caudate, parts o f the neocortex, and distributed
throughout the hippocampus. Some neurons within the hippocampus
appeared to have integrated within the pyramidal cells layers. Analysis cf
the morphology, cell volume, and neurochemical phenotypes, revealed
differences according to location o f the transplanted cells. H-tau labelled
fibres were seen, particularly in the output pathways o f the hippocampus.
Human specific GFAP demonstrated the presence o f astrocytes in the same
regions as the transplanted neurons. This study demonstrates that expanded
human precursor cells are capable o f increased neuronal differentiation in the
presence o f the relevant developmental signals.
Research supported by the Medical Research Council o f Great Britain.

INCREASED NEURONAL DIFFERENTIATION OF TRANSPLANTED HiB-5
M U LT IPO TEN T N E U RA L PR ECU RSO RS LO CA L TO TH E SU BVENTRICULAR ZONE OF ADULT M URINE STRIATUM. L. A. Catapano*
and J. P . Macklis. Dept, o f Neurology & Prog, in Neuroscience, Harvard Medical
School; Division o f Neuroscience, Children’s Hospital, Boston, M A 02115
In the current experim ents, we address the em erging hypothesis that
transplanted neural precursor cells can respond to specific local m icro
environmental signals in the intact or perturbed post-developmental brain and
exhibit patterns o f differentiation which depend critically on the location within
and the molecular status o f the brain. Previous studies, in which cells from the
hippocampal-derived conditionally imm ortalized HiB-5 precursor cell line were
transplanted into intact adult neocortex and striatum, demonstrated that while
some precursors could differentiate into neurons, nearly all exhibited glial, not
neuronal, differentiation, consistent with the normal differentiation patterns of
endogenous post-developmental cells. The experiments presented here investigate
whether the proportion of transplanted HiB-5 precursors which undergo neuronal
differentiation depends m ore specifically on the location within the striatum.
HiB-5 cells were prelabeled with fluorescent m icrospheres, PKH and/or
[3H]thymidine; transplanted medially or laterally within the striatum o f 6 week
old C57BL6/J mice; and assessed for differentiation 4 weeks later by morphology
and immunocytochemistry. The percentage o f precursors exhibiting neuronal
differentiation varied dramatically with location in the striatum: as high as 35%
medially, and typically 0 to 8% laterally; glial differentiation was also greater
medially. The percentage of neuronally differentiated cells in the medial striatum
(injected within 200 um o f the lateral ventricle) was significantly different
(p<0.05) than for precursors injected further laterally. (600 um from the ventricle).
These results, that the subventricular zone and/or medial striatum permit increased
levels o f neuronal differentiation, support the concept that m icroenvironmental
signals can critically affect the differentiation fate o f neural precursors and the
potential to manipulate such signals in the adult brain. Supported by HD28478,
Alzheimer's Assoc. RG-1-96-045, MRRC HD18655, and the Rita Allen Foundation.
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ESTABLISHMENT OF THE GENETICALLY MODIFIED 3 -ENDORPHIN

DIFFERENTIATION OF LONG-TERM EGF PROCURED NEUROGLIAL
PRECURSORS IN VITRO AND IN VIVO Y.H. C hiane*U a n d F .C . Zhou?.
lNeurosurgery Section, Tri-Service General Hospital and National Defense Medical
Center, Taipei, Taiwan, 2Anatomy and M edical Neurobiology, Indiana Univ. Sch.
Med., Indianapolis, IN 46202, USA
We have isolated and procured neuroglial precursors from various embryonic rat
brain areas with chemically defined medium and epidermal growth factor (EGF) for
more than two years. These cells were shown to have neuroglial precursor properties
such as self-renewal and give rise to neurons and g lia In the presence o f EGF, there
was a 10,000 fold increase in number of cells during 34 days in culture and the number
continued to increase up to 70 days in vitro. After removal o f EGF, a 60% reduction
o f cell population in day 4 and 80% in day 10 were observed. Immunocytochemistry
indicated that neuroglial precursors expressed nestin, S-100 and vim entin in serum-free
medium during 7-day subculture. In the presence o f 10 fiM BrdU during the
subculture, a number of nestin cells were detected by BrdU indicating self-renewal of
neuroepithelial cells. Some neuroglial precursors continuously differentiated into
MAP-2 positive neurons during either culture and subculture period o f time.
Exogenous factors such as fetal calf serum (FCS), basic fibroblast growth factor
(bFGF), brain-derived neurotrophic factor (BDNF), and glial cell-line derived
neurotrophic factor (GDNF) were used to examine their effects on neuronal
differentiation. The number o f MAP-2 positive neurons was reduced by increasing the
concentration o f FCS. bFGF apparently increased the neurite length and supported the
proliferation o f neuroglial cells as indicated by BrdU labeling. In comparison with the
above groups, BDNF and GDNF did not support cell proliferation and neurite
outgrowth. However, when the cells_pre-labeled with BrdU were transplanted into
adult host brain for 3 weeks, surviving cells were identified by BrdU immunostaining.
Many surviving cells were GFAP and S-100 positive and some were labeled by both
MAP-2 and BrdU. Taken together, neuroglial precursors after being cultured over two
years not only proliferate but also give rise to neurons and glia. The differentiation of
neurons is affected by exogenous factors. The neuroglial precursors can survive in the
adult rat brains for at least 3 weeks after transplant.

PRODUCING P19 CELL LINE, M. Isono*. R. Inoue. K. Ishi, Y.
Wakabavashi. K. Asakuno. Y. Wada. T. Mori. S. Hori. Dept, of
Neurosurgery, Oita Medical University, Oita, Japan 879-55
For ideal neural transplantation using gene engineering, it might
be important to control expression of transfected gene extrinsically
as required. This strategy could be very useful for the treatment of
intractable pain susceptible to opioids. For this purpose we recently
established genetically modified embryonal carcinoma cell line (P19)
in which the expression of 3 -endorphin could be controlled by
addition of dexamethasone. To obtain extrinsic control, we
transfected the cells with pMAM neo containing mouse MMTV-LTR,
RSV-LTR and E.coli neo gene. cDNA of the pre-pro-sequence of NGF
and 3 -endorphin were inserted in the multicloning site below
MMTV-LTR sequence. MMTV-LTR could work as promoter with the
activation by dexamethasone. RX-PCR revealed the enhanced
translation of 7-endorphin gene after the addition of dexamathasone
into culture medium. Transplantation of these cells may provide a
new therapeutic approach for the treatment of intractable pain.
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EXPRESSION OF NEUROTRANSMITTER RECEPTOR AND
GRAFTING OF HUMAN NEURONS DERIVED FROM NT2 CELLS.

G R A F T IN G N E U R A L S T E M C E L L S IN T O PA R IE T A L C O R T E X
PR E V E N T S M ID D L E C E R E B R A L A R T E R Y O C C L U S IO N -IN D U C E D
N E O C O R T IC A L IN F A R C T IO N P . P . Liu*. Y. W a n e. J.N . W u 1 and S.Z.
Lin2. P ep artm en ts o f Pharm acology, P h ysiology1 an d S urgery2, N ational
P e fen se M edical Center, Taipei, T aiw an , R .O .C .
C erebral ischem ia is th e m ost com m on etiology th a t leads neuronal death and
infarction. In this study, we assessed the in farcted featu res a fte r neural stem
cells g raftin g into parietal cortex in m iddle cereb ral artery (M C A ) ischem iareperfusion model. U n ilateral M C A w as ligated w ith a 1 0 -0 suture and
bilateral com m on caro tid arteries w ere occluded w ith nontraum atic arterial
clips for 90 m inutes in chloral hy d rate anesthetized rats. Thereafter, the
ligature and clips w ere rem oved to reperfuse the ischem ic area. Tw enty-four
hours a fter reperfusion, anim als w ere sacrificed a n d p erfu sed transcardially
with saline. The infarcted size, evaluated b y th e exclusion o f tetrazolium
chloride (T T C ) staining, w as m easured by a com puterized im age analysis.
M C A ligation and reperfusion injury resulted in a ro b o t neocortical infarction
including barrel cortex. N eural stem cell suspensions from ra t ( E l 6) fetal
cortex w ere g rafted into barrel cortex 90 m inutes a fter ischem ia. W hile the
vehicle control did not alter infarcted area, the stem cells g raft prom inently
reduced o r eventually prevented the cerebral infarction under the sam e
ischem ia-reperfiision paradigm . In an o th er series o f experim ents, the stem
cells w ere labeled by brom odeoxyuridine (B rdU ) an d then g rafted into barrel
cortex fo r a longer period. The sensorim otor function a n d cell fate are under
investigation. (This experim ent is su pported b y N S C -8 6 -2 3 1 4 -B -0 1 6 -1 2 7 .
T aiw an. R .O .C .)

M.Mori and Y.Okada Depts of Neurosurgery and Physiology, Kobe
University School of Medicine Kobe 650 Japan
H u m a n te ra to c a rc in o m a c e ll line, N T 2 cells, w ere t re a te d b y retin o ic
a c id f o r five w eeks a n d d iffe re n tia te d in to n e u ro n s (N T 2 -N ceils). N T 2 -N
cells e la b o ra te d p ro c e sse s th a t d iffe re n tia te d in to a x o n s a n d d e n d rites.
B oth N T 2 a n d N T 2 -N cells w ere s tu d ie d in vitro b y w h o le -c e ll v o lta g e c la m p a n d sin g le c h a n n e l r e c o rd in g . N T 2 cells h a a a res p o n s e o n ly to P2y
p u r in o c e p to r a g o n ists. In c o n tra st, N T 2 -N cells e x h ib ite d v o lta g e d e p e n d e n t N a +c u rre n ts, w h ic h w ere n e u ro n -s p e c ific , a n d e x p re s s e d th e
g lu ta m a te re c e p to rs su c h as th e N M D A a n d A M P A /k a in a te rec e p to rs. T h e
G A B A a re c e p to r, a m a jo r in h ib ito ry n e u ro tra n s m itte r re c e p to r in th e
c e n tra l n e rv o u s system , w as a lso e x p re s s e d in N T 2 -N cells. T h e G A B A a
re c e p to r c h a n n els, w h ic h w as sen sitiv e to b icu c u llin , h a d a t least tw o k in d s
o f th e s lo p e c o n d u c ta n c e s. N o e v id e n c e h a s b e e n p ro v id e d f o r ex p re ssio n
o f th e G A B A a r e c e p to r in N T 2 -N cells. T h e resu lts p re s e n te d h e re
stro n g ly su g g e st th a t N T 2 -N cells c a n se rv e a s a n o rm a l n e u ro n a n d th at
th e g lu ta m a te re c e p to rs a n d G A B A re c e p to rs h a v e a s ig n ific a n t fu n ctio n al
ro le still e a rly in th e d e v e lo p m e n ta l stag e.
N T 2 -N cells w ere t h e n stu d ie d in vivo b y g r a f tin g in to n o rm a l ra t
striatum , w ith o r w ith o u t c o -g ra fts o f n o rm a l h u m a n a stro c y te s a t th e sam e
d e n sity . A n im als w ere im m u n o su rp re ss e d b y c y c lo s p o rin A . In n erv a tio n
o f h u m a n n e u ro n s in re la tio n w ith g u id a n c e o r a s tro c y te s w ere
h isto c h e m m ic a lly s tu d ie d a t 1, 2 a n d 4 w eek s p o sttran sp la n ta tio n .W e lld iffe re n tia te d h u m a n n e u ro n a l cells, b o th n e u ro n s a n d g lia cells w ere a b le
to survive a fte r g ra ftin g . In c o m p a ris o n o f p re v io u s stu d ies w ith h u m a n
fetal tissue, in n e rv a tio n a n d e x te n s io n o f n e u ro n a l a n d g lia l p ro ce sse s w ere
lim ited. F u rth e r stu d ie s f o r e ffic ie n t in te g ra tio n o f g ra fts w ith w elldiffe re n tia te d cells are n e c essa ry .
(T h is s tu d y was su p p o rte d b y th e U e h a ra M e m o ria l F o u n d a tio n
a nd th e G ra n t-in -a id f o r S c ien tific R e se a rc h (C ) 0 8 6 7 1 5 8 4 )
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TRANSPLANTATION OF HUMAN NEUROTE RAT OC ARCINOM A (hNT)
CELLS PRODUCES DOSE-DEPENDENT BEHAVIORAL RECOVERY IN
ISCHEMIC RATS. P.R. Sanberg*1. C.V. Borlonean3. J.O. Troiaiiovvski4. V-M.Y.
Lee4. S.G. Poulos1. A. I. Othberg1. S. Saporta2. 'D iv Neurol. Surg. and Neurosci.
Prog., 2Dept. Anat, Univ. South Florida Coll. Medicine, 12901 Bruce B. Downs
Blvd., Tampa, FL 33612; 3Dept. Anat. and Cell Biol., Unif. Svcs. Univ. Hltli. Sci.,
Bethesda, MD 20814, 4Dept. Path. Lab. Med., Univ. Pennsylvania Med. Sch.,
Pennsylvania, PA 19104.
The use of alternative neural graft sources, e.g. cell lines,
for treating
neurodegenerative disorders has shown encouraging laboratory results. O ur recent in
vivo experiments revealed that transplanted hum an embryonal teratocarcinoma cellline derived neurons (hNT cells) can restore behavioral functions in ischemic rats. In
the present study, we investigated the effective dose range o f transplanted hNT cells.
We introduced adult rats to ischemic embolism by occluding the middle cerebral
artery for 1 hour thereby producing a localized striatal damage. At 1 month postischemic surgery, animals that exhibited significant dysfunction in passive avoidance
and elevated body swing test were transplanted with 0, 5,000, 10,000, 20,000. and
40,000 hNT cells and treated daily with an immunosuppressant. At 1 m onth post
transplantation all animals that received 40,000 hNT cells showed significant
behavioral recovery which persisted up to 3 months post-transplantation. Some
animals that received 20,000 hNT cells also displayed some significant behavioral
recovery, but animals that received 0, 5000, or 10,000 hNT cells did not exhibit any
significant behavioral improvement. O f note, cryopreserved hNT cells were used in
these experiments, suggesting that storage o f these cells did not alter their efficacy on
promoting functional improvement.. These results provided further support to the
notion that clonal cell lines (e.g. hNT cells) may be exploited to develop cellular
therapies for CNS diseases.

TRANSPLAN TATIO N
OF
N E U RO TRO PH IN -3
(NT-3)
EX PRESSIN G
NEURAL STE M -LIK E CELLS IN TO H Y PO X IC -ISC H EM IC (HI) BRAIN
INJURY. KI Park12*. FE Jensen1. PE Stieg3. T Himes4. I Fischer4. EY Snvder12. Dept,
of Neurology1, Pediatrics2 & Neurosurgery3, Children’s Hosp, Boston, MA 02115.
Dept, of Anatomy & Neurobiology, Allegheny Univ. Phildelphia, PA 19129
We have explored the therapeutic potential of neurai stem-like cells transplanted
into the brains of P7 mice subjected to focal HI brain injury & tracked the response of
host & donor, progenitor cells to degeneration. NT-3 is known to play a role in
inducing neuronal differentiation. To increase the neuronal differentiation of
multipotent progenitors in Hi-injured brain, a retroviral vector encoding rat NT-3 was
transduced into the C17-2 clone of neural stem-like cells. The neuronal differentiation
of NT-3-producing progenitors (C17-2NT-3) was assessed in Hl-damaged brains. Cl 72 & C17-2NT-3 cells express the TrkC receptor; exogenous NT-3 induces tyrosine
phosphorylation of the TrkC receptor on C17-2 cells; K252a (a tyrosine kinase
inhibitor) blocks this effect. C17-2NT-3 cells express NT-3 in vitro & in vivo. In vitro,
similar to the parent C l7-2 cells, C17-2NT-3 cells differentiate into all 3 neural cell
types, but the % of cells which continue to express neuronal markers for prolonged
periods (>3 wks) is greater (-90% ). Cl7-2NT-3 cells were injected into the ischemic
right hemisphere & intact left intraventricular space 3 d after HI injury. Brains were
analyzed 2-4 wks later. >80% of donor-derived cells (compared with 5% seen with
untransduced C l 7-2 cells) appeared to differentiate into neurons in the penumbra.
They also differentiated into neurons in the left presumptively deafferented cortical
regions. Some donor-derived cells appeared to express calbindin & the
neurotransmitter-related molecules, vesicular acetylcholine transporter, GABA. &
glutamate. Donor-derived glia were rare. These findings suggest that, when
transplanted within the regions of HI injury, a greater % of multipotent neural
progenitors engineered ex vivo to express NT-3, appear to differentiate into
cholinergic, GABAergic, or glutamatergic neurons.

140.11
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CHARACTERIZATION AND INTRASPIN AL XENOGRAFTING OF
NEUROTROPHIN-3 (NT-3) EXPRESSING STEM-LIKE CELLS
Y,.Liu\ £, T, .Himss?,h„ S, Y-.C.how*, EY. SmdeilA. Tesslsrah and I, Fischer11*

EFFECT OF NEOCORTICAL TRANSPLANTATION AND ENVIRONMENTAL
ENRICHMENT ON SENSORIMOTOR BEHAVIORAL OUTCOME. J. Jones* and
A.J. C astro. Dept o f Cell Biol, Neurobiol & Anat, Loyola Univ, M aywood, IL
60153.
Plates of presumptive sensorimotor (homotopic) or occipital (heterotopic) neocortex
obtained from fetal rats 14-16 days of gestation were grafted into large lesion cavities
made immediately prior to grafting in the right sensorimotor cortex o f newborn rats.
Unoperated normal and lesion only groups served as controls. Postoperatively, half
the litters were raised in standard home cage conditions and the remaining litters were
raised in enriched conditions. At maturity, a standard bilateral stimulation test was
used to assess the asymmetry of forelimb use. Equal sized adhesive patches were
initially attached to the radial aspect of both forelimbs and the order and latency of
touching/removing them was recorded. Animals which showed an ipsilateral right
forelimb preference were utilized in somatosensory neutralization tests where the size
o f the adhesive patch on the left non-preferred forelimb was increased and the patch on
the right forelimb was decreased until a right preference no longer existed. The
magnitude o f asymmetry was then determined based on the size of patches required to
obtain neutralization (i.e., higher scores equal larger asymmetry). Animals were
sacrificed by anesthetic overdose and perfused with a 4.0% paraformaldehyde solution.
Adjacent Nissl and acetylcholinesterase-stained sections were used to confirm lesion
extent. Statistical analyses were made using ANOVA and Fisher post-hoc analysis (p
< 0.05). Homotopic enriched and lesion-only enriched groups were significantly less
impaired than the remaining groups. «
H om otopic
Le sion-only
HetsiQtQpic
Enriched Standard Enriched Standard Enriched Standard
# animals/group
n=9
n=8
n=12
n=12
n=7
n=6
Mean asymmetry
1.667*
2.375
1.750*
2.917
3.143
2.667
Standaid error
±.236
±.324
±.179
±.398
±.595
±.333
Supported by a grant from the American Physical Therapy Association

aDept. of Neurobiol. & Anat., Allegheny U. of the Health Sciences, Phila, PA 19129
bPhiladelphia VA Hospital, Phila, PA 19104 c Dept. Neurology, Children’s Hosp.,
Boston, MA 02115

The neuronal progenitor cell line (C-17-2) isolated from embryonic
mouse cerebellum has been shown to participate in the repair of various
CNS lesions (Snyder et alMNature 374:367, 1995). We used a retroviral
vector to genetically modify these cells to express NT-3 and studied their
characteristics in vitro and after transplantation into the intact spinal cord
of adult rats immunosuppressed with cyclosporin A. The cells were
prepared by infection with a retrovirus construct containing the NT-3
gene, the IRES sequence and the lacZ reporter gene, then cloned by
limiting dilution. Our in vitro results show that the genetically modified
cells continue to express both NT-3 and lacZ genes with a high co
expression ratio. The majority of the NT-3 expressing C-17-2 cells
differentiated into neurons and were identified by the neuronal markers
MAP-IB and MAP-2. A large number of the cells survive transplantation
into the spinal cord of adult rats, where they proliferate, differentiate,
migrate for long distances and continue to express the transgene, despite
the immune response. We conclude that genetically modified stem-like
cells can act as a source of physiologically active neurotrophins and have
the potential to participate in neural repair even as intraspinal xenografts.
This work was supported by NIH grant NS24707, NIH training grants
NS10090 and HD07467 and the Research Service of the VA.
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EFFECT OF NEOCORTICAL TRANSPLANTATION AND ENVIRONM ENTAL
ENRICHMENT ON LESION-INDUCED THALAMIC ATROPHY. A J . Castro* and
J. Jones. Dept of Cell Biol, Neurobiol, & Anat, Loyola Univ., Maywood, IL 60153.
Plates of presumptive sensorimotor (homotopic) or occipital (heterotopic) neocortex
obtained from fetal rats 14-16 days o f gestation were grafted into large lesion cavities
made immediately prior to grafting in the right sensorimotor cortex o f newborn rats.
Postoperatively, half the litters were raised in standard home cage conditions and the
rem aining litters were raised in enriched conditions. At m aturity, anim als were
sacrificed by anesthetic overdose and perfused with 4.0% paraformaldehyde solution.
Brains were post-fixed, frozen and stored at -70°C until serial sectioning at 30|X using
a cryostat. Thalamic area was measured on acetylcholinesterase-stained sections using
NIH Image software followed by ANOVA and Fisher post-hoc statistical analysis (p <
0.05). The results indicate that environmental enrichment can promote thalamic rescue
in host brains receiving homotopic but not heterotopic transplants.
Thalamic atrophy - area measurements at 3 levels expressed as % o f non-lesioned side
-4 .3 Breema
-2 .3 Breema
-3 .3 Bregma
A
Homotopic Tp
12 80.917%* (±1.855) 81.542%oo(±2.126)
81.783% (±2.066)
Enriched
Standard
10 76.700% (±3.798) 75.530% (±2.073) 73.256% (±8.393)
Lesion-Only
Enriched
8 71.162%# (±3.951) 74.225% (±3.032)
81.357% (±1.828)
Standard
80.583% (±2.162)
6 68.500% (±2.955) 72.633% (±3.036)
Heterotopic Tp
Enriched
9 68.600% (±3.112) 69.411% (±3.802) 77.244% (±3.415)
9 61.389% (±3.625) 74.878% (±2.092) 79.611% (±2.689)
Standard
♦Significantly different (p < 0.05) from both the lesion-only and heterotopic groups;
# from the heterotopic standard group; and °° from the heterotopic enriched group.
Supported by a grant from the American Physical Therapy Association.

DISTRIBUTION OF HOST CELLS PROJECTING TO RESPONSIVE CORTICAL
GRAFTS PLACED INTO VISUAL AREA Ocl IN ADULT RATS. F. P. Gaillard*. S.
V. Girman and A. Gaillard. UMR 6558, CNRS, 86022 Poitiers (France) and Lab.
Develop. Biol., RAS, 117334 Moscow (Russia).
The aim of this study was to determine the location of host afferents to responsive
grafts implanted into the primary visual cortex of adult rats. Pieces of presumptive
occipital cortex were harvested from E16 embryos and transferred into lesion sites
made into the occipital cortex of 18 adult rats. After a 3-6 months survival period,
field potential and single unit recordings were performed. Responsive grafts were then
injected iontophoretically with cholera toxin sub-unit B (CTB, List, 0.5%, 3 pA, 30
min duration). Four days later, the brains were cut at 40 Jim. The sections were
processed for classical CTB immunochemistry (avidin-biotin m ethod; DAB-Ni
reaction). All the experiments were done under chloral hydrate anesthesia (600mg/kg
i.p.). Visual responses were found in 11 of the 18 grafts. Neurons responded to brief
light flashes with short (» 30 msec) time latencies and had discrete receptive fields (=
20°) topically organized in space. Field potentials appeared triphasic in shape, had low
peak-to-peak amplitude (<. 100p.V) and never reversed. Labeled cells were found in
almost all the ipsilateral regions of the brain normally projecting to the occipital cortex
such as basal telencephalon, lateral hypothalamus, zona incerta, claustrum and various
cortical areas. The visual related cortical (Ocl and Oc2) and thalamic (LP, LD, DLG)
regions of the host brain provided the largest contingent (70-75%) of afferents to the
graft. Interestingly, 95% of the labeled cortical cells were found in layers V and VI
with a noticeable proportion (15-20%) in layer VIb. The number of labeled cells was
however highly variable between subjects depending very likely on the host-graft
integration. Our results show that embryonic cells transplanted into the brain of adult
rats may receive functionally active inputs either via partial restoration of normal
anatomical connections or via the development of new neuronal circuits.
Supported by grants from INTAS (# 94-4737) and from the Russian Foundation for
Fundamental Research (# 96-04-48506).
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IN T R A C E R E B R A L C O -T R A N S P L A N T A T IO N O F
T R A N S F O R M E D R P E C E L L S AND E M B R Y O N IC R E T IN A E
T.M.LitchfieId*, D.D.A.Lawson & R.D.Lund. Neural Transplant Program,
Institute o f Ophthalmology, 11-43 Bath St. London EC1V9EL, U.K.
Embryonic rodent retinae when transplanted to the mid-brain o f neonatal or adult
rats survive and connect to target neurons in the superior colliculus. Retinal
pigment epithelium (RPE) plays an active role in the development o f the retina
and subsequent support o f the photoreceptors. Transformed RPE cells are known
to prevent photoreceptor loss in the RCS rat. Here w e have examined the effect of
transformed RPE cells on viability and connectivity o f transplanted retinae.
Neonatal ( p i-2) and adult rats were given transplants to the mid-brain o f either
an embryonic retina, transformed RPE cells or both. The adult rats were treated
with oral cyclosporin for the duration o f the experim ent The animals were killed
4 to 12 weeks post-transplant and the brains processed lor histology . Coronal
sections were stained with cresyl violet or silver stain to assess viability and
connectivity. A separate group o f neonatal rats received grafts of transformed RPE
cells, labelled with a fluorescent dye (PKH-26) to determine their migratory
behaviour. These were killed 1 to 4 weeks post-transplant, their brains were
sectioned and the distance the cells migrated measured.
The transformed cell line did not improve the viability of the retinal grafts in
either neonatal or adult hosts nor was there any evidence to suggest that the cells
improved ganglion cell axonal outgrowth. The incidence o f rejection o f the retinal
grafts was higher when co-transplanted with the transformed cells than without.
The transformed cells, unlike freshly harvested RPE, migrated coasiderable
distances from the original graft site. The migrating cells appeared to have an
affinity for basal lamina membranes and were often found in association with
endothelial cells. The nature o f the affiliation o f the transformed cells and the
blood vessels will be analysed in detail at the EM level.
Funded by Foundation Fighting Blindness, U.S.A. and Action Research, U.K.

P O R C IN E F E T A L S E P T A L C E L L S IM P L A N T E D IN T O 192-IgG S A P O R IN -L E S IO N E D R A T B R A IN G R O W C H O L IN E R G IC AXONS
AND F O R M SY N A P SES IN S P E C IF IC H IP P O C A M P A L T A R G E T S .
T. Deacon1* C. LeBlanc1 J. Dinsmore2 L. L iny1 O. Isacson1 (1) Neuroregeneration
Laboratory, McLean Hospital / Program in Neuroscience, Harvard Medical School,
Belmont, M A 02178 (2) Diacrin Inc, Charlestown, MA 02129
Intraventricular injection o f an immunotoxin consisting o f saporin conjugated to
p75 low affinity NGF-receptor (NGFr) antibody provides a rat model o f cholinergic
denervation o f the hippocam pus for the study o f memory defects in aging and
neurodegenerative diseases. W e transplanted pig fetal septal cells (E35) into saporinlesioned rats to investigate the potential for cholinergic reinnervation and behavioral
recovery. Cell suspensions (100K cells/jxl) were injected in the dorsal and ventral
hippocampus and rats were immunosuppressed with lOmg/kg/day cyclosporine. After
6 m onths survival, brain sections w ere processed for the following markers:
cholinesterase histochemistry and choline acetyltransferase (ChAT) antibody to assess
extent o f lesion and reinnervation; pig-specific 70kD neurofilam ent and NGFr
antibodies to trace growth o f graft axons; and pig-specific synaptobrevin antibody to
detect the formation o f graft-derived synapses. W e found an average o f 958 ChAT+
and 160 NGFr+ graft cells per animal. ChAT+ and NGFr+ axons selectively grew
along the inner white matter layers o f field CA4, the dentate gyrus, and to a lesser
extent, fields CA1-3. Neurofilament staining showed more extensive axonal growth
than the cholinergic m arkers, including growth into the entorhinal cortex from
ventrally placed grafts. Graft axons were observed extending from the ventral tip of
the hippocampus to the dorsal dentate gyrus. Pig synaptobrevin+ synapses were
concentrated in the granule cell layer o f the dentate gyrus, were minimal in CA fields,
and were not observed in nearby hippocampal white matter, neocortex, or thalamus.
These data demonstrate target-appropriate axonal growth o f pig cholinergic axons and
th e p o ten tial form ation o f ch im eric synapses in the rat hippocam pus.
(McLean/MGH/Diacrin)

140.17
A L T E R A T IO N S IN M O N O A M IN E N E U R O N S IN M IC E L A C K IN G
G D N F: E V ID E N C E F R O M IN T A C T B R A IN
AN D
G R A F T IN G
E X P E R IM E N T S . A-Ch. Granholm*123. G.A. Gerhaidt2’3, S. Henry1. B.J. H offeri
G R. .Hogmigi M E, .Rgytond1, LA , Sanders', L-. She.n5, . N, Srjvastava1, and BWestphal5. Departments of 'Basic Science, 2Pharmacology and Neuroscience
Program, University of Colorado HSC, Denver, CO, 4National Institute on Drug
Abuse, Baltimore, MD, and N ational Institute of Child Health and Human
Development, Bethesda, MD.
Previous studies have shown that mice lacking glial cell line-derived neurotrophic
factor (GDNF) sustain significant impairments in the peripheral nervous system, and
die during postnatal day one. In the present study we have performed detailed studies of
brain morphology in mutant mice lacking a part o f the third exon that encodes the
GDNF protein. We found a 25% decrease in tyrosine hydroxylase (TH) stained neurons
in the brainstem nucleus locus coeruleus at E l 8, as well as a marked decrease in the
sympathetic innervation of craniofacial glands and mucous membranes. To determine
if continued development of dopaminergic neurons is altered by an early deficiency in
GDNF, we transplanted ventral mesencephalic tissue from E l 5 GDNF knockout,
heterozygous, or wildtype mice to striata of l-m ethyI-4-phenyl-l,2,3,6tetrahydropyridine (MPTP, 30 mg/kg IP x 3) lesioned parental strain mice. The fetal
tissues were genotyped by PCR, and two weeks following transplantation, the host
mice were anesthetized and perfused with 4% paraformaldehyde. Immunohistochemistry revealed that the transplants in all groups contained variable amounts
of TH-positive neurons with fiber outgrowth observed from the heterozygous and
wildtype grafts. In situ labeling o f fragmented DNA (TUNEL method) was utilized to
determine the degree of programmed cell death within the grafted tissues. Preliminary
observations suggest that cell death is greater in transplants of knockout and
heterozygous tissue, than in transplants from wildtype donor brains. The present study
demonstrates the feasibility o f cross-grafting between trophic factor knockouts and
parental strains for studies of continued maturation o f neurons in null-mutated animals
that die shortly after birth. Supported by USPHS grants MH49661, AG044I8, AG06434, and

140.18
2-PHOTON
TIME-LAPSE
IMAGING
OF TRANSPLANT
INTEGRATION IN CULTURED RAT HIPPOCAMPAL SLICES.
Scott E. Fraser*. Jerry Pine, and Steve M. Potter. Caltech Division of
Biology, Pasadena, CA 91125
Brain slices cultured on porous membranes provide an easily accessible
system to study the dynamics of developing neurons. We developed a
model for brain transplants in which cells dissociated from E18 rat
hippocampus are labeled in suspension with membrane dyes (DiO, Dil),
carefully washed, and seeded onto cultured hippocampal slices from
neonatal rats. Within one day, transplanted neurons migrated >100 jim into
the slices and extended numberous processes. We used two-photon
laser-scanning microscopy (TPLSM) to image the 3-dimensional dynamics
of the transplanted cells over time. Compared to confocal microscopy,
TPLSM exhibited negligible photobleaching and no phototoxicity in
sessions in which 250x250x40 jim volumes as deep as 150 nm within the
slice were imaged every 15 min for over 8 hrs. The 3D time-lapse movies
demonstrate the complex dynamics of growth cone extensions and
retractions and dendritic movements in a more realistic setting than
commonly used flat substrates. The enhanced signal/noise ratio of TPLSM
allows imaging of labeled neurons 2 weeks after transplantation, by which
time many have attained normal pyramidal neuron morphology.
Supported by the NIH Neural Prosthesis Program, a NIMH Silvio Conte
Center Award, and the Beckman Foundation.

AG12122.
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140.20

Puridnje Cell Transplants Into The Cerebellar Cortex Of Shaker Mutant Rats.

WILDTYPE CEREBELLAR GRAFTS INTO SPINOCEREBELLAR ATAXIA
TYPE-1 TRANSGENIC MICE SURVIVE AND IMPROVE MOTOR BEHAVIOR.
WJL Kaemmeref! .apdjy. c, Lo.w. Dept, of Neurosurgery, University
of Minnesota, Minneapolis, MN 55455.
Spinocerebellar Ataxia Type 1 (SCA1) is a hereditary and fatal
human ataxia caused by a trinucleotide repeat expansion in the gene
for ataxin-1. Affected persons experience cerebellar degeneration,
particularly affecting Purkinje cells, due to the gain of an unknown
pathogenic function by the abnormal protein. A transgenic mouse
harboring an expanded human gene for ataxin-1 develops an ataxic
phenotype by 12-15 weeks of age. To determine whether unaffected
Purkinje cells can survive and function in a SCA1 affected
cerebellum, E13-E15 embryonic cerebellar tissue from syngeneic
donors was transplanted into 12 SCA1 transgenic mice (6 males) 6 to
10 weeks of age. Ten littermates (5 males) underwent identical sham
operations. Longitudinal assessment of motor behavior was conducted
weekly for 18 weeks post-surgery. Transplanted mice were better
able to balance on a rotating rod apparatus, and maintained a more
narrow gait width during this follow-up period than their shamoperated littermates. Calbindin staining of transplanted cerebella
revealed Purkinje cells with the atrophic morphology typical of this
transgenic mouse in regions distal to the graft site, but Purkinje cells
with a robust dendritic arbor could be found in the grafted areas.
These data indicate that unaffected cerebellar cells are able to survive
and function within the SCA1 diseased cerebellum in sufficient
numbers to have behavioral effects, and suggest that the SCA1
pathogenic process does not have bystander effects against unaffected
cells. (Funded in part by the Bob Allison Ataxia Research Center.)

P , To teflg J L ftofrptfi ep4 BJL -Ckrfc Depts. o f Anatomy, Neurobiology and
Surgery, School of Medicine, Saint Louis University and Program in Physical
Therapy, School of Medicine, Washington University, S t Louis, MO 63104.
Adult onset degeneration o f Puridnje cells (PCs) is essentially complete in the
cerebellar anterior lobe of shaker mutants rats by 3 months o f age. As a first step in
determining if extrinsic (environmental) or intrinsic (genetic) factors regulate PC
death in shaker mutants, cerebellar cell suspensions were harvested from 12-13 day
old normal rat fetuses and injected into the anterior lobe in 3 month or older mutant
rats. Six weeks or later after transplantation, the presence o f donor Purkinje cells was
assessed using calbindin immunoreactivity. Transplanted PCs were observed in 5/6
implanted shaker rats. Small to medium-sized implants were localized to interlobular
fissures and many donor PCs invaded the host molecular layer. Donor PCs either
formed a monolayer at the pia-molecular boundary with dendrites extending inward
to the granule cell layer or were randomly scattered in the molecular layer with
dendrites extending outward toward the pia Regions o f the molecular layer occupied
by donor PCs were filled from the pia to the granule cell layer by calbindin
immunoreactive processes. Axons from the transplanted PCs did not appear to leave
the cortex. Large implants disrupted cortical architecture and spread onto the surface
o f the anterior lobe. Donor PCs were not organized in a monolayer in these large
transplants, but remained as large cellular aggregates surrounded by the host
cerebellum. It appeared as if some immunoreactive PC axons may have extended
from these transplant sites into the subcortical white matter. Findings that grafted
PCs survive in the anterior lobe, where host PCs had degenerated, infer that PC death
in shaker mutant rats is genetically regulated. Studies are ongoing to determine if
transplanted PCs can ameliorate the motor deficits seen in shaker mutant rats.
Supported by NIH grant NS33969.
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140.22

ANATOMIC FEATURES OF AGED RETINAE WHICH MATURED FOLLOWING
TRANSPLANTATION TO INTRACRANIAL LOCATIONS. J.D. Radel*. DeptS. of
Occupational Therapy Ed. and Physiology, University of Kansas Medical Center,
Kansas City, KS 64113-7602.
The majority of cell types and synaptic connections in normal rat retinae form
during the final week o f gestation and the first week after birth, producing a functional
retina by the time the eyes first open two weeks after birth. Prior work has shown that
embryonic rat retinae transplanted to intracranial locations in newborn host rats mature
to express most anatomic and functional features characteristic o f normal retinae, and
do so following the developmental time course of the donor (Radel, Das & Lund,
1992). The present study investigates the longer-term consequences of transplantation
for the integrity of retinae which have matured after placement within the host brain.
Donor retinae were collected at E l 3, as retinal ganglion cells begin to differentiate
but prior to extensive outgrowth of optic fibers from the eyecup. Donor retinae were
transplanted into the brain of newborn host rats, targeting the dorsal midbrain surface
or the dorsomedial surface of the posterior cortex. The brains of host rats o f selected
ages (including 3,6, 10 and 18 months after birth) were collected, then the transplanted
retinae identified and examined using light and electron microscopy. Eyes from the
same host rats were collected to provide age-matched control retinae.
The findings suggest that younger retinal transplants possess a greater degree of
integrity than their older counteiparts. This is most apparent in regions corresponding
to outer retinal layers, in transplants 6 months and older. While disorganization of
photoreceptor inner and outer segments is apparent at even the youngest ages studied,
these structures virtually are absent in the oldest transplants. Similar age-related
reductions in the width of the outer nuclear layer and in the density of ribbon synapses
in the outer plexiform layer indicate a progressive loss of photoreceptors occurs as
these transplants age. This effect appears, to some degree, related to the local
geography of the transplant. Photoreceptor inner and outer segments may be retained in
older transplants if they are located within the folds o f a photoreceptor rosette rather
than within sheet-like regions o f the same transplant. Age-related changes in those
portions of transplants corresponding to inner retinal layers are not apparent, provided
the transplant's location permitted formation of central connections by developing
retinal ganglion cells. Supported by NEI (EY 10603).

EVALUATION OF CRYOPROTECTANT TOXICITY ON
BRAIN TISSUE USING FLOW CYTOMETRY Harald G.
Foellmer*. Kenneth F. Baum. Tom Tavlor. Weiguo Jiang. D. Eugene
Redmond. Jr. Yale Univ. Sch. of Med., New Haven, CT 06510.
Necrosis and apoptosis may be induced in transplanted neural tissue
due to mechanical trauma, ischemia, and absence of critical growth or
survival factors during the collection, storage, and implantation
procedure resulting in a universally reported low percentage of cell
survival. Development of a successful slow freezing and or vitrification
cryopreservation protocol for brain tissue would be useful and may
also help to understand other factors necessary for long-term survival
after transplantation. As an initial step, we have evaluated existing
cool-storage and cryopreservation methods and cryoprotectants using
flow cytometry (FACS) in combination with specific markers for
viability and apoptosis. Propidium iodide may be a useful marker for
cell viability and annexin-V-FTTC a marker for apoptosis. In this
preliminary study, we have evaluated increasing concentrations of a
variety of cryoprotectants (DMSO, propanediol, butanediol,
formamide, and glycerol) for their toxic effects on cell suspensions of
brain tissue.
Our results indicate that this flow cytometric assay reliably describes
differences of cryoprotectant neurotoxicity which is quantitatively
consistent with the tissue damage or apoptosis observed using other
morphological and functional criteria. Many variables, however, will
have to be examined before concluding which cryoprotectant protocol
is the most effective for long-term use (supported by NS24032 RSA
K05M00643 to DER).

140.23
IMMUNOHISTOCHEMICAL
STUDIES
OF
A G E-R ELA TED
NORADRENERGIC
SPROUTING
IN THE HIPPO C A M PAL
FORMATION.
N,_ .Sriyastava1*. C.Backman1. A-Ch. Granholm12.
Departments of Basic Science1 and Pharmacology2, Univ. Colorado HSC,
Denver, CO 80262.
Intrinsic and extrinsic determinants of aging can best be investigated with
a model system such as grafting, where the age of the target and the age
of the neuron can be varied independently. Intraocular double grafts of
hippocampal tissue and brainstem locus coeruleus (LC) tissue of different
ages were utilized to determine if an aged target results in altered
noradrenergic sprouting. Fetal hippocampal (E18) or LC (E15) tissue was
grafted to young adult hosts, and when the single grafts were 22 months
old, they received an adjacent cograft of either hippocampal or LC tissue,
so that double grafts of old LC-young hippocampus and young LC-old
hippocampus were generated. The double grafts were maintained for an
additional 4-6 months, after which immunohistochemistry with tyrosine
hydroxylase (TH) antibodies was performed. TH-immunoreactive neurites
were found in hippocampal cografts in both groups, but were markedly
more dense in the old LC-young hippocampus group than in the young
LC-old hippocampus group. Thus, it appeared from these preliminary
experiments that the age of the target tissue was more important for the
sprouting ability of central noradrenergic neurons than the age of the
neuron itself. It is likely that target-derived growth factors, or lack thereof,
play a role in this target dependency of neuronal sprouting during aging.
Supported by USPHS grants MH49661 and AG 12122.
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AGE AND GENDER DIFFERENCES IN SIZE OF P75-NGF
RECEPTOR POSITIVE NEURONS IN THE MEDIAL SEPTUM
OF FISHER 344 RATS. L.M. Veng1. A-Ch. Granholm1’2. P.M.
Diamond2,3 & G.M. Rose*1,2,3, ^ e p t. of Pharmacology and
2Neuroscience Training Program, UCHSC and 3Medical Research
Service, VAMC, Denver, CO 80220
Nerve growth factor (NGF) supports the survival and function of
cholinergic basal forebrain neurons. Here, the size of NGF receptor
(NGFr) immunoreactive neurons in the medial septal nucleus of young
and aged male and female Fisher 344 rats was compared. The rats
were perfused and the brains extracted for processing. Sections
through the basal forebrain were stained using an antibody to the low
affinity (p75) NGFr. The size of NGFr immunoreactive neurons of the
medial septal nucleus was measured using an image analysis system.
NGFr immunoreactive neurons in the medial septum of young male
rats were found to be significantly larger than those in young female
rats (means ± s.e.m.: 146.0 ± 6.5 versus 116.9 ± 3 .7 |im2). The size of
NGFr positive neurons decreased with age in the male subjects (to
124.9 ± 5.5 |im2), but no significant decrease in cell size was found in
aged female rats (117.1 ± 3.5 |im2). Previous reports speculate that*
endogenous estrogen in female rats may affect the survival of septal
cholinergic neurons, and thus could contribute to the apparent absence
o f atrophy o f these neurons in aged female rats.

DIETS HIGH IN ANTIOXIDANT ACTIVITY PREVENT THE DELETERIOUS
EFFECTS OF OXIDATIVE STRESS ON SIGNAL TRANSDUCTION AND
NERVE GROWTH FACTOR (NGF) K. Chadman2, J.A. Joseph1, B. ShukittHale1, R. P r i o r G . Taglialatela3, and P. C. Bickford2 *. *USDA, Human Nutrition
Research Center on Aging at Tufts Univ., Boston, MA 0 2 1 1 1 ,2 Dept, o f Vet Affairs
Med Ctr. Denver CO 80262,3Univ. TX Med Branch, Galveston, TX 77555 .
Oxidative stress may be causative factor in CNS functional declines in aging and
age-related neurodegenerative diseases. In this regard, we have shown that exposure
o f rats to 100% 0 2 for 48 hrs. produced declines in several parameters that mimic
changes observed with aging: 1) oxotremorine (Ox) enhancement o f K+ - evoked
dopamine release (K+-ERDA) from striatal slices 2) ß-adrenergic receptor
augmentation o f GABA responses on cerebellar Purkinje neurons 3Reductions in
nerve growth factor (NGF) in several brain areas and 4) balance and motor
corrdination tasks. The present study examined the protective effects o f diets high
in antioxidants on these parameters. Control diets or those supplemented with
either Vitamin E (500 IU/kg), strawberry extracts (SE) (9.4 g/kg dried aqueous
e xtract, DAE), spinach (SPN) (6.7 g/kg DAE), or blueberry extracts (BL) (10
g/kg DAE) were fed to 6-8 mo F344 rats for 8 weeks prior to 0 2 exposure. Results
showed that Vitamin E, SE, BL, and SPN diets were all effective in preventing 0 2
- induced decreases in NGF in basal forebrain as well as striatal OX K+- ERDA ,
and ß-adrenergic receptor function in cerebellum. M otor behavioral results
indicated a trend toward prevention o f deficits in motor behavior. Results suggest •
that phytochemicals present in antioxidant rich foods that may be beneficial in
reducing or retarding the functional CNS deficits seen in aging or oxidative insult.
(Supported by USDA Intramural, VAMRS and USPHS grants AG04418, AG
00728, AG 13945)

Supported by NIA grant A G J 0755 and the VA M erit Review Program.
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141.4

INSULIN-LIKE GROWTH FACTOR-1 (IGF-1) REGULATES NMDAR1 IN
THE HIPPOCAMPUS OF AGED ANIMALS. S.ABennett X.Xu. C.D.Lvnch*.
W.E.Sonntag. Department of Physiology and Pharmacology, Bowman Gray
School afMedicine of Wake Forest University, Winston-Salem, NC 27157-1083.
N-methyl-D-aspartate (NMDA) receptors have an important role in synaptic
plasticity and neurodegeneration. Two major subtypes of these receptors are
present in brain, NMDAR1 and NMDAR2. Heterogeneity of these receptors define
specific functional responses of the NMDA receptor. Previous studies indicate that
receptors of excitatory amino acids (including NMDA receptors) decline in aged
animals and contribute to age-related changes in neuronal function. In this study,
we compared NMDAR1 and NMDAR2 levels in cortex and hippocampus of young
(4 months of age) and old (29 months of age) male Fisher 344xBN rats using RTPCR and western blot analysis. Our results indicate the presence of both NMDAR1
and NMDAR2 subtypes in both cortical and hippocampal areas. Hippocampal
levels ofNMDAR1 decreased with age in both analyses and administration of IGF1 (50ng/hr for 4 weeks) significantly reversed the age-related decline
(5965.4±345.5 vs. 6892.8±168.7, respectively, p<0.05). Similarly, protein levels
of NMDAR 2C were increased in response to IGF-1 but differences were not
statistically significant (p<0.068). These data imply that NMDA receptors in the
hippocampus of old animals can be regulated by IGF-1. Administration of IGF-1
to aged animals did not appear to alter either NMDAR1 or NMDAR2 mRNA or
protein in cortical areas. These data are consistent with decreases in NMDA
receptor density previously reported in aged animals and suggest that alterations
in receptor subtype heterogeneity may lead to functional changes in neurons in aged
animals. Supported by N1H grant AG11370.

EFFECTS OF AGING AND MODERATE CALORIC RESTRICTION ON
IGF-1 INDUCED PROTEIN KINASE C TRANSLOCATION IN CORTEX
X. Xu*. P.L. Thornton. S A Bennett. R.L. Ingram and L.C. McPhail. and W.E
Sonntag. Department of Internal Medicine, Department of Biochemistry, Department
of Physiology and Pharmacology, Bowman Gray School of Medicine of Wake Forest
University, Winston-Salem, North Carolina 25157.
We have previously reported that neuronal response to IGF-1 decreases with age,
but the mechanisms for this decline and the capacity of moderate caloric restriction
to reverse these deficits are unknown. The actions of IGF-1 are mediated, in part,
through protein kinase C (PKC). PKC activity, the expression of PKC isoforms and
membrane translocation of PKC in response to IGF-1 stimulation were studied in
cortical slices of ad lib fed and caloric restricted B6D2 mice (5,21 and 31 months).
In ad lib fed animals, basal levels of membrane bound PKCy and PKC6 increased
significantly from 5 to 31 months of age (p<0.05), whereas other PKC isoforms did
not change. Moderate caloric restriction prevented the increase in basal PKC6, but
did not alter the age-related increase in PKCy. Basal cytosolic PKCA. significantly
decreased with age, which was prevented by moderate caloric restriction. Basal
cytosolic and membrane Ca2+dependent PKC activities were not altered by age or
caloric restriction. In young animals, IGF-1 stimulated PKCy translocation,
however, IGF-1 stimulated PKCa and PKCp membrane translocation were impaired
in aged animals and ameliorated by moderate caloric restriction. The results of this
study demonstrate that (1) IGF-1 stimulates PKC membrane translocation in cortex,
(2) IGF-1 stimulated PKCa and PKCp decrease with age and are reversed by
moderate caloric restriction, and (3) basal Ca2+PKC activities do not change with
age or caloric restriction. The results suggest an impairment in IGF-1 signaling that
may contribute to brain aging. (Supported by NIH grants AG 11370 and AI22564).

141.5

141.6

INSULIN-LIKE GROWTH FACTOR-1 (IGF-1) PROTECTS PC-12 CELLS
FROM APOPTOSIS INDUCED BY HIGH CONCENTRATIONS OF
NERVE GROWTH FACTOR (NGF) W.E.Sonntag*. P.L.Thomton. X. Xu.
R-L.Ingram. S.ABennett. Department of Physiology and Pharmacology, Bowman
Gray School of Medicine of Wake Forest University, Winston-Salem, NC 27157.
High concentrations of NGF have previously been demonstrated to induce cell
death in PC-12 and neuroblastoma cells. Recent data suggest that the cause of this
cell death may be via apoptosis induced by activation of p75NGFR, the low
affinity receptor for NGF. Previous reports suggest that IGF-1 prevents osmoticstress induced apoptosis through upregulation of bcl-2 and bcl-xL. In the present
study, the interaction of IGF-1 and NGF was observed. PC-12 cells were plated
at a density of 6xl06 cells/well with varying concentrations of NGF (5ng/ml,
lOng/ml, 50ng/ml, or 250ng/ml) and either IGF-1 (50ng/ml) or media were added
to each well. After 96 hours, cells were photographed and protein was precipitated.
Protein (1 0 |ig ) was separated on 10% SDS-PAGE gels and assessed for content
of P-tubulin as a measure of neurite outgrowth. Results indicated that NGF
(250ng/ml) produced cell death within 96 hours. However, addition of IGF-1
prevented this effect (relative density of P-tubulin 0.14±0.05 vs 1.00±.07
respectively, p=0.00001). Interestingly, IGF-1 had no effect on cell growth/
neurite outgrowth alone or in the presence of NGF at concentrations of 5ng/ml,
1Ong/ml, or 50ng/ml. These data suggest that a critical interaction may exist in
which IGF-1 protects neuronal cells from apoptosis induced by NGF without
affecting the intrinsic neurotrophic activity of NGF. Supported by NIH grant
AG11370.

CHRONIC [D-ALA2]GHRH ADMINISTRATION PREVENTS THE
AGE- RELATED DECLINE IN CEREBRAL MICROVASULATURE IN
o f Physiology and Pharm acology, B ow m an G ray School o f M edicine o f W ake
F o rest U niversity, W inston-S alem , N C 2 7 157-1083.
C ereb ral blood flo w decreases w ith age and m ay co ntribute to
neu ro d eg en erativ e ch an g es found in ag in g a n im als and m an. W e have show n
a significant decrease in cerebral cortical v ascu latu re w ith age in rats. In recent
stu d ies, v ascu lar grow th in aged rats w as rein itiated in resp o n se to grow th
ho rm o n e rep lacem en t (0.25 fig grow th ho rm o n e (G H )/k g body w eig h t/d ay for
35 days). In the present study, w e investigated w hether m aintenance o f plasm a
G H levels via long term adm inistration o f [D -A la2]G row th H orm one R eleasing
H o rm o n e (G H R H ) prevents or d elays th e d ecrease in m icro v ascu lature
a sso ciated w ith age. R ats w ere injected w ith [D -A la2]G H R H (2 .1 n g /d ay)
b eg in n in g at 9 m onths o f age. M easu rem en ts o f v ascu lar d e n sity (n u m b er o f
v essels/co rtical su rface area) and an asto m o ses in F 344xB row n N o rw ay rats
w ere m ade at 9 (young) and 30 (o ld ) m o n th s o f age u sin g chronic cranial
ch am b ers th at allow ed view in g o f the co rtical su rface and its co rresponding
vasculature. The a rterio lar den sity o f th e old [D -A la2]G H R H injected anim als
w as 22% g reater than th e old saline injected control group . V enous density
decreased with age and [D -A la2]G H R H injected rats had a 34% g reater density
than th e age-m atched saline injected control group. T h ere w as no difference in
th e density o f arteriolar- a rterio lar o r v e n o u s-v en o u s an astom oses. T hese data
in d icate th at long term injection o f [D -A la2]G H R H p revents the age-related
decline in brain vasculature and m ay have an im pact on brain aging. Supported
by NIH grant AG 11370.

141.7

141.8

CELLULAR AND MOLECULAR CONSEQUENCES OF CORTICOSTERONE
LEVELS IN THE AGING HIPPOCAMPUS. L.W. Maines* A. Dugar. R. Polavarapu
and J.M. Lakoski. Departments o f Pharmacology and Anesthesia, The Pennsylvania
State University College of Medicine, Hershey, PA 17033.
The hippocampus is increasingly vulnerable with aging to perturbations o f neuronal
function produced by stress-related hormones including corticosterone (CORTS). To
further identify the cellular and molecular responses which may contribute to a loss o f
neuronal adaptation in this brain region, we examined responsiveness o f glial fibrillary
acidic protein (GFAP) and Gj protein levels, respectively, in the aging hippocampus.
Female Fischer 344 rats, ages 2,1 2 and 17 mo, were bilaterally adrenalectomized under
Nembutal anesthesia (40mg/kg, i.p.) and implanted with 21 day release CORTS pellets
(placebo, 200, or 600 mgs CORTS; s.c.). Three weeks following these treatments
immunohistochemical analysis o f GFAP expression was performed in coronal
hippocampal sections and cresyl violet staining was conducted to examine changes in cell
morphology and number. Similarly, the hippocampus and frontal cortex were dissected
for membrane bound protein extraction and Western blotting using specific Gj antibodies.
GFAP expression was increased, expression in young placebo groups compared to agematched CORTS groups; this change was not observed in the identical comparison old
groups. Similarly, differential regulation o f Gj protein levels was observed across aging
and as a function of hormone treatment. The changes in Gj protein expression and GFAP
expression may underlie neuroprotective mechanisms which are active under conditions
of excitotoxic stress with advancing age.

STREPTOZOTOCIN-INDUCED DIABETES CAUSES AGE-DEPENDENT
INCREASE IN SENSITIVITY OF CA1 NEURONS TO AGLYCEMIA.
AX. Padjen»1. S. TeldtSk2. J. Kriz1 and K. Krnjevic2. Pharmacology1 and
Anaesthesia Research^ Depts., McGill Univ., Montréal, PQ, H3G1Y6, Canada.
We have investigated synaptic function of hippocampal neurons during
different forms o f aglycemia. Hippocampal sliccs were cut from the brains of
streptozotocin (STZ)-treated male W istar rats at 6 (young) and 12 months
(older), as well as from age-matched control rats, and kept submerged in
ACSF at 33° C. Field EPSPs and population spikes, evoked by stimulation of
s t radiatum, were recorded simultaneously from st. radiatum and pyramidale.
Aglycemia was induced by substituting ACSF glucose with 10 mM sucrose, 5
mM 3-hydroxybutyric acid (30HBA) and 5 mM sucrose, or 10 mM 2-deoxy-Dglucose (2-DG). Sucrose (10 mM) blocked transm ission much more rapidly in
slices from young diabetic rats (14 ± 0,5 min) than in control slices (223 ± 1 3
min n= 3-5). Similarly, when 10 mM glucose in ASCF was replaced by 5 mM
30H B A and 5 mM sucrose, transm ission was blocked in 18 ± 0.9 min in
diabetic slices and 37 ± 1.1 min in controls (n = 3 ). By contrast, blocking times
in 2-DG did not differ significantly in young diabetic (15 ± 1.1 min) and
control slices (13 ± 0.53 min, n=3-15). In slices from older diabetic rats, times
for transmission block by 10 mM sucrose did not differ between diabetic and
control groups (15 ± 0.4 vs 12 ± 0.5 min, ft=4-6). Synaptic block times in 2-DG
were also sim ilar in both groups (12 ± 03 min vs 12 ± 0.5 min, n=6-9). In
conclusion, in slices from young STZ-induced diabetic rats, synaptic
transmission is more sensitive to lack of glucose and is not better preserved
by ketone body supplement (30H BA). This presumably reflects adaptation to
higher glucose levels in CNS o f diabetic rats, which may be impaired by aging.

Pub. No. 81A supported by U.S.P.H.S. Grant P O l AG10514

(Supported by Canadian MRC and Hacettepe University, Ankara).
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141.9

141.10

IN V IV O 3IP M A G N E T IC R E S O N A N C E S P E C T R O S C O P Y O F H IG H
E N E R G Y P H O S P H A T E M E T A B O L IT E S IN A G IN G H U M A N B R A IN
B .M . C ohen*. P.F. R enshaw . M .J. K aufm an. S.M . B abb M cL ean H ospital,
B elm ont, M A
M any o f the changes o b serv ed in b ra in w ith ag in g c o u ld b e e x p lain ed as
c oncom itants o f age-related alteratio n s in e n erg y m etabolism . P h o sphorus
M R S offers th e ability to estim ate th e c o n c en tratio n o f co m pounds w ith h ig h
energy p h o sp h a te bonds, no tab ly n u cleo sid e trip h o sp h ate s an d creatin e
phosphate, as w ell as oth er p h o sp h o ru s co n tain in g co m pounds in b rain in
h u m an su bjects during life. W e h a v e stu d ied 5 m id d le aged (36-43 yrs. old,
m ean 39) and 4 elderly (70-80 yrs. old, m ea n 75) h e a lth y adults using th e ISIS
spectroscopy tec h n iq u e to a cq u ire an axial b rain slic e (50 m m thick) w ith an
in fe rio r edge above th e fro n tal cortex. In d iv id u al m etab o lites w ere m easured
as th e m o le p e rc e n t o f total p h o sp h o ru s signal. In th is sam ple, th ere w as a
tre n d fo r reso n an ces rep resen tin g th e n u c le o tid e p h o sp h ates ( a , p and y
resonances, p= 0.05) as w ell as cre a tin e p h o sp h a te (p = 0.07) to b e greater in
o lder subjects. T h e re w as also a tre n d fo r th e reso n an ces rep resen tin g
p hosphom onoesters (PM E ) and p h o sp h o d iesters (PD E ) to b e lo w e r (p= .10) in
o ld e r subjects.
T h e se co m p ariso n s, i f c o n firm ed , d o n o t su g g est a
co m p ro m ise in energy stores in aging b rain . R ath er, as P M E an d P D E largely
rep re se n t m etabolites g e n erated b y m em b ran e lip id tu rn o v er asso ciated w ith
signal tran sd u ctio n a nd c ellu lar activity, th e resu lts are co n sisten t w ith a
g eneral red u c tio n in activ ity in th e b rain nc& seco n d ary to red u c e d en ergy
resources. T his w ork is su p p o rted by a p riv a te d o n a tio n fro m Irving and
B etty B rudnick.

AGE-DEPENDENT INCREASE IN OXIDATIVE DNA DAMAGE IN NIGROSTRIATAL SYSTEM IS ATTENUATED IN TRANSGENIC H-SOD1 MICE, t
Cardozo-Pslaez*. S. Sona. A. Parthasarathv. K. Naidu. CJ. Epstein . J.
Sannhez-Ramos Unh/. S. Florida, Tampa, J. Haley VA Hospital, Tampa and
¥U. Cal San Francisco, CA
Oxidative stress Is postulated to increase with age in the nigro-striatal
dopamine system. To determine whether increased endogenous anti-oxidative
capacity affects the age-dependent process of oxyradical-mediated DNA
damage, regional levels of a marker of DNA damage, 8-hydroxy-2'deoxyguanosine (oxo*dG), were measured at 3 and 18 months of age in
transgenic (tg) mice which overexpress human Cu/Zn superoxide dismutase
(h-SOD1) and non-transgenic littermates. Brainstems and striata from tg
hSOD1 and controls at 3 and 18 mos were dissected and kept at -70 °C until
assay of oxo8dG and SOD activities. Brainstem oxo8dG levels in the control
mice were increased significantly by 58%.’ Brainstem oxoBdG levels in the tg
hSOD1 mice were also increased to a lessser degree (by 21%) at 18 mos
compared to levels at 3 mos, suggesting that overexpression of Cu/Zn SOD
attenuated oxidative damage to DNA in brainstem. Striatal oxo8dG levels in
control mice were also 21% higher at 18 months compared to 3 months. In tg
mice, striatal oxo8dG levels were increased by only 7% at 18 months again
suggesting that overexpression ot Cu/Zn SOD attenuated oxidative damage to
DNA. Meauresment of total SOD activity in brainstem and striatum revealed
the expected increased antioxidant activity in the tg hSOD1 samples compared
to normal 3 mos samples. These results support the hypothesis that oxidative
stress increases with age in normal brainstem and to a lesser degree in
striatum and that overexpression of human Cu/Zn SOD can attenuate oxidative
damage to DNA. (Supported by VA Merit Review Grant)

141.11

141.12

PROTECTION FROM HYPEROXIA AND AGE-RELATED DEFICITS IN
CEREBELLAR p-ADRENERGIC FUNCTION IN A BREED OF HYPEROXIA
RESISTANT RATS. D. Holmes'*. T.J. Gould2. C. Beehler3 J. Repine3 & P C .
Bickford1’2. ‘Dept, o f Vet. Affairs Med. Ctr., Denver CO; 2Dept o f Pharm., 3Webb
Waring Inst. Biomed. Research, Univ. Colorado Health Sciences Center, Denver, CO
80262.
Aging results in a decline in cerebellar P-adrenergic receptor function. In aged rats
and normobaric hyperoxia-exposed young rats, the ability o f norepinephrine (NE) to
enhance GABAergic inhibition o f Purkinje cell firing is decreased. Oxidative stress
may contribute to this deficit. A strain o f Sprague Dawley rats has been bred at the
Webb Waring Institute for Biomedical Research that are resistant to the toxic effects
o f normobaric hyperoxia (Free Radical. Biology & Medicine, 15 (1993) 505). Many
o f the neurodegenerative effects o f aging are postulated to result from oxidative
stress. The aims o f this experiment were: 1) Identify if young hyperoxia resistant rats
were resistant to the neurodegenerative effects o f normobaric hyperoxia on cerebellar
p-adrenergic receptor physiology and 2) Identify if aged hyperoxia resistant rats were
resistant to age-related declines in cerebellar P-noradrenergic function. During
extracellular electrophysiology, GABA was iontophoretically applied to a cell and the
p-adrenergic agonist isoproterenol (ISO) was then co-applied to in an attempt to
modulate the GABAergic inhibition. After 48 hr exposure to normobaric hyperoxia,
ISO increased GABAergic inhibition in more Purkinje cells from the hyperoxia
resistant rats than control rats. In 18-month-old hyperoxia resistant rats ISO
increased GABAergic inhibition in more cells from the hyperoxia resistant rats than
age-matched control rats. Thus, cerebellar P-adrenergic receptor function was
protected from the damaging effects o f both hyperoxia and aging in this line o f
hyperoxia resistant rats. This work was supported by USPHS grants AG04418, grant
AG05686, AG00728, the VAMRS and WWIBR.

D N A D a m a g e A n d R e p a i r F o llo w in g O x id a tiv e S tre s s In H ip p o c a m p a l
C el! L in e s. U .R. Ezekiel 1, J. Xu*, S.W . C h an g 2 , E.M . E ves^, M .R.
R o sner3, P. Z assen h au s2 , C .Y . H su**. ^D ept. N eu ro lo g y , W ashington
U niv. Sch. M ed., St. L ouis, M O 6 3 110. ¿ D e p t M icro b io lo g y &
Im m u n o lo g y , St. L o u is U niv. Sch. M ed., St. L o u is, M O . ^B en M ay
In stitu te, U niv. C hicago, C h icago, IL 60637.
C u m u lativ e D N A d am ag e m ay lead to n euronal d eg en eratio n . To
elu cid ate th e d ifferen tial m ech an ism s o f D N A d am ag e and repair betw een
m ito tic and p o st-m ito tic neu ro n s, w e u tilized h ip p o cam p al cell lin es ( H I 9-7)
w ith o r w ith o u t c o n stitu tiv e B cl2 ex p ressio n . H I 9-7 h arb o rs th e ts large
tu m o r an tig en allo w in g m an ip u latio n o f the cells to be in eith e r m itotic o r
d ifferen tiated p o st-m ito tic states. F o llo w in g o x id ativ e stress (H 2 0 2 ,) cells
w ere a llo w ed to reco v er and D N A isolated to study rep air in m itochondrial
(m t) D N A . P o st-m ito tic cells are h ig h ly sen sitiv e to h ydrogen peroxide (0.1
m M ) co m p ared to m ito tic cells ( 1 m M ). U sin g a long PC R m ethod, w e
no ted D N A rep air fo llo w in g o x id ativ e d am ag e in m ito tic cells. R epair w as
not e v id en t im m ed iately o r 8 h r fo llo w in g H 2 0 2 ex p o su re. Full length
m tD N A w hich is in d icativ e o f c o m p le te repair b egan to appear at 24 hr.
Sev ere o x id ativ e stress caused ex ten siv e D N A frag m en tatio n and cell death.
B oth m ito tic and p o st-m ito tic H I 9-7 cells ex p ressin g B cl2 w ere m ore
resista n t to H 2 0 2 -in d u c e d death. Bcl2 a lso co n ferred a p ro tectiv e effect in
a ceram id e-m ed iated d eath p aradigm in m ito tic cells. R e su lts from th e
p resen t stu d ies ind icate th at m ito tic and p o st-m ito tic H I 9 -7 cells are
d iffe re n t in th eir v u ln erab ility to o x id ativ e stress. D N A rep air is detectable
fo llo w in g o x id ativ e stress in th ese cell lines. (S u p p o rted by N IH grants
N S 2 5 5 4 5 , N S 2 8 9 9 5 , N S 3 2 6 3 6 , O ff. N av al R es., an d A L Z R G 2090-094.)
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PREFERENTIAL AND STABLE TRANSFER OF SEVERAL GENES INTO
CORTICAL NEURONS USING A DEFECTIVE SINDBIS VIRUS. B. J.
Gwaa*'1, S J. Ha2. E.Y. Kim1. B,R. Rvu1. Y.J. Oh^ and
Y.C^ Suna^. iDept of Pharmacology. Aiou Univ Sch of Med
Suwon, zDept of Life Science, Pohang Univ of Science and
Technology, Kyungbuk, 3Dept of Biology, Yonsei Univ, Seoul,
Korea.
We have generated a recombinant defective Sindbis virus
expressing beta-galactosidase (Sind-lacZ) enhanced green
fluorescence protein (Sind-EGFP), or human bcl-2 (SindhBcl2). Mouse cortical cell cultures that
include
approximately 5X104 cortical neurons growing on confluent
astrocyte monolayer were used to infect the defective
viruses. A 12 hr infection of cortical cells (10 - 14 days
in vitro) with 104 - 106 plaque-forming units (PFU) of
Sind-lacZ showed expression of lacZ exclusively in neurons
1 d later. Astrocytes showed little infection with the
defective Sindbis construct. More than 90% of cortical
neurons infected with 105 PFU of Sind-lacZ expressed lacZ
mostly in nuclei, suggesting that multiplicity of infection
(moi) of the virus is approximately 2 PFU per neuron.
Cortical neurons infected with 10s PFU of Sind-EGFP for 12
hr showed gradual increase in EGFP signal through cell body
and processes over the next 2d. In mixed glial cultures
containing astrocytes and oligodendrocytes, EGFP was also
expressed in oligodendrocytes, suggesting that the Sindbis
virus can infect oligodendrocytes as well as neurons. Mixed
cultures of neurons and astrocytes infected with SindhBcl2, but not with Sind-lacZ, revealed preferential hBcl-2
expression in neurons, suggesting that the defective
Sindbis virus can be used to study neuronal function of
target genes in primary cultures. Supported by HMP grant
97-M-2-1046 (BJG).

C a tio n ic lip o so m e -m ed ia te d tra n s fe c tio n in th e C N S . K .D. M u rra v *$. A
M cO uillinS. L. S tew art%. C .J. Etheridee%. R .G . C ooper%. A .D . M iller% . and
H .M .D . G u rlin e.S SD epartm ent o f Psychiatry, U niversity College London,
W indeyer In stitu te o f M edical Sciences, 46 Cleveland S t., London W i P 6 D B
and % D epartm ent o f Chem istry, Im perial College o f Science, T echnology and
M edicine, L ondon S W 7 2BB.
Gene th erap y is an em erging technology for the treatm en t o f som atic
diseases. B ecause o f problem s w ith im m unity and cytotoxicity inherent in viral
b ased system s non-viral m ethods are gaining in prom inence. W e h ave been
developing novel cationic liposom e transfection agents (cytofectins) for specific
application to central nervous sytem (C N S ) diseases. A s an initial step we
h ave exam ined th e ability o f the cationic liposom e D C -C hol/D O P E , previously
ap p ro v ed fo r h um an clinical trials, to su ccessfully tran sfect neurons w ithin the
CN S. Initial experim ents utilized the N D 7 neuroblastom a-dorsal root ganglion
neuron h ybrid cell line. W e found, using optim ized transfection param eters,
th at g rea te r th an 40% o f N D 7 cells were successfully tran sfected as m easured
using a rep o rter plasm id expressing E .C o li PG alactosidase w ithout any
evidence o f cytotoxicity. T ran sfectio n efficiencies w ere a lso exam ined in N D 7
cells differentiated in serum free m edia. In co n trast to undifferentiated neurons,
tran sfectio n efficiencies in differentiated N D 7 only 1-2% o f cells were
successfully transfected using D C -C hol/D O PE .
In addition, the optim al
p aram eters fo r transfection varied in differentiated N D 7 neurons. W e also
exam ined transfection efficiencies in prim ary dorsal root ganglion cu ltu res and
found them to be sim ilar to differentiated N D 7 cells. T hese observations
illu strate the difficulty in transfecting post-m itotic C N S neurons and provide a
system fo r evaluating novel cytofectins suited fo r C N S neurons. Tliis w ork
w as su p p o rted b y the M R C and Special T ru stees to the M iddlesex H ospital.
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142.3

142.4

E L E C T R O P O R A T IO N F O R G E N E T R A N S F E C T IO N O F
P R IM A R Y N E U RO N S. L. Hester*. C.D. Ferris. A. Sawa. S. Doré, and S.H.
Snyder. The Johns Hopkins University School o f Medicine, Department of
Neuroscience, Baltimore MD 21205.
Primary cultures o f cortical, hippocampal and cerebellar neurons are important
model systems for studies o f neurotransmission and neurotoxicity. We have
previously used such cultures to determine the role o f nitric oxide (NO) in
glutamate mediated neurotoxicity (Dawson, V.L., et al., PNAS 88:6368-71. 1991)
and of GAPDH in programmed neuronal cell death (Sawa, A., et al., PNAS. in
press, 1997). Also we have modified standard culture techniques to eliminate non
neuronal cells (Doré, S., et al., Neurosci.. in press, 1997). Ca^+ phosphate
mediated transfection results in low efficiency (about 1%) and death o f up to 80% of
neurons. We wondered whether electroporation could result in transfection of
neurons with higher efficiency and better cell survival.
W e are interested in carbon monoxide (CO) and GAPDH roles in neurons.
We obtained mice with targeted genetic deletion o f heme oxygenase (HOI and 2)
which converts heme to biliverdin and CO. Thus, we applied electroporation of HO
or GAPDH cDNA into primary neurons from rat or mouse. Triturated primary
neurons, prior to initial plating, were electroporated at various voltages and
concentrations o f DNA. Conditions for transfection o f H 0 2 cDNA have been
established with maximal protein expression occuring with 150V and 10 jig of
plasmid DNA. We have found high levels o f expression by Western blot and
improved neuronal recovery (from 20-30% to 80%) compared to Ca^+ phosphate
transfection. To confirm the utility o f this technique, we are examining the
transfection efficiency of various size genes and using double label immunoflorescence with HA-tagged cDNAs and a neuron specific marker (MAP2).
Therefore, electroporation can be used for efficient transfection of different
genes directly into primary neurons in vitro for studies o f physiologic actions of
specific genes.

Expression o f protein following m icroinjection o f m RNA into identified
neurons o f Procambarus clarkii. R. E. Dearborn Jr.. W. C. Scott B. G. Szaro
and G. A. Lnenicka*. Department o f Biological Sciences, University at Albany,
SUNY, Albany, New York 12222.
Direct manipulation o f gene expression through microinjection o f mRNA is a
powerful tool for assaying and deciphering gene function. Exploiting this
methodology, we have developed a technique for expressing foreign mRNA in
vivo as well as in vitro in identified mature neurons o f Procambarus clarkii.
The fast flexor motor neurons o f the abdominal ganglia o f Procambarus clarkii are
especially amenable to this approach as they are accessible, identifiable and have
been well characterized both physiologically and morphologically.
After cooling juvenile crayfish to 4°C, individual abdominal ganglia were
exposed by making a small incision through the overlying cuticle. A small glass
hook was then used to lift the ganglia through the incision and position it for
injection. Expression vectors were designed by cloning the coding regions of
several different mRNAs into the Not I site o f a modified pGEM3z vector that
contained a fragment o f the 3' UTR o f rabbit (5-globin IV S2. A variety o f
mRNAs including those encoding Green Fluorescent Protein (GFP) and pgalactosidase (P-gal) were injected into the motor giant neuron and successfully
translated into protein. Protein was first detectable by 12-16 hours after injection,
peaked by 3-4 days and persisted for more than 7 days. Analysis o f mRNA
stability indicates that the mRNA persists for a minimum o f 2 -3 days. The
translation o f two distinct, foreign mRNAs into protein by crayfish neurons
suggests that this method could be applicable to a wide variety o f mRNAs. The
resolution and specificity to alter the gene expression, in vivo, o f fully
differentiated individual neurons in their normal milieu represents a novel
approach. This work supported by NSF grant IBN-9511558 and NIH grant
NS30682.

142 .5

142.6

CONSTRUCTION OF AN INTEGRATIVE AAV VECTOR WITH HIGH
TRANSDUCTION EFFICIENCY. L. Tenenbaum. F. Raias. E. Hooehe-Peeters. T.
Velu. M. Levivier*. Neurosurgery and IRIBHN, Univ. Libre de Bruxelles, B-1070
Brussels, and Pharmacology, Vrije Univ. Brussel, B-1090 Brussels, Belgium.
Currently used AAV vectors have very low transduction efficiency, which limits
their use for gene therapy in the CNS. Vectors carrying the viral rep gene integrate
at chromosome 19 but have low cloning capacity. Moreover, the Rep proteins inhibit
transcription from both viral and cellular promotors, lowering the transduction
efficiency. AAV vectors that lack the Rep-encoding sequence on the other hand do
not readily integrate into the cellular genome. A vector allowing both site-specific
integration and high transduction-efficiency therefore remains to be developped.
A recombinant AAV vector expressing a thermosensitive T antigen o f SV40
(tsA58) that only acts as oncogen at its permissive temperature was constructed.
This novel vector, called AAV/T, transduces proliferative and non proliferative cells
of the CNS. The transduction efficiency was 100-fold higher as measured by the
percentage of cells that express T antigen, than that o f purely AAV-derived vectors.
A A V /T was found to integrate in the cellular genome in absence of selection
pressure. Southern blots indicate that the hybrid vector integrates preferentially at a
specific site in the hum an genome. At non-permissive temperatures, tsA58 is
deficient for cell transformation and replication initiation, but retains the helicase
function and enhances transduction and integration o f the AAV vector, indicating
that the transforming and transducing functions of the T antigen are independent.
We have shown that SV40 early operon stimulates transduction efficiency and
integration of vectors that only contain the ITR-sequences o f AAV. A large number
of deletion mutants and point mutations suppress one or a subset of functions of T
antigen. Further identification of the m inimal coding sequences of the T antigen
necessary to increase transduction efficiency and to enhance site-specific integration
of vectors containg the AAV ITRs will ensure maximal capacity for the insertion of
therapeutic genes and regulatory sequences in AAV recombinant DNA.
Supported by Belgium National Foundation for Scientific Research.

HIGH LEVEL OF PROTEIN EXPRESSION ACHIEVED BY mRNA
TRANSFECTION IN CULTURED NEURONS AND IN BRAIN IN VIVO

142.7

142.8

P H O S P H O R O T H I O A T E O L IG O N U C L E O T I D E D I S T R I B U T I O N IN
R E A C T IV E C E L L S A F T E R IN T R A H IP P O C A M P A L IN JE C T IO N :
A N I M M U N O C Y T O C H E M I C A L C H A R A C T E R I Z A T I O N . K . Y u fu .
W . A . P u l s in e ll i * a n d T . S . N o w a k . J r . . D e p a r tm e n t o f N e u r o lo g y ,
U n iv e rs ity o f T e n n e s s e e , M e m p h is , T N 3 8 1 6 3 .
W e h a v e p r e v i o u s ly e v a lu a t e d th e d i s t r ib u t io n o f m ic r o in j e c t e d
p h o s p h o r o th io a te o lig o n u c le o tid e s ( o lig o ) in r a t h i p p o c a m p u s u s in g in
situ h y b r id iz a tio n w ith c o m p le m e n ta ry s e n s e p r o b e s . A f te r r a p i d u p ta k e
in to n e u r o n a l n u c le i, o lig o r e lo c a te s to a v e s ic u l a r c o m p a r tm e n t in a
p r e s u m e d g lia l c e ll ty p e b y 4 8 h . I n th is s tu d y w e c h a r a c te r i z e d g lia l
r e a c t io n s d u e to o l ig o a d m i n i s t r a t io n a n d a tt e m p t e d to d e f i n e th e
lo c a liz a tio n o f in je c te d o lig o s u s in g i m m u n o c y to c h e m is tr y a n d in s itu
h y b r id iz a tio n te c h n iq u e s . W is ta r r a ts r e c e iv e d 2 n m o l in tr a h ip p o c a m p a l
h s p 7 2 a n tis e n s e P S o lig o a n d w e r e p e r f u s e d w ith 4 % p a ra f o r m a ld e h y d e
at 1 -4 8 h . V ib r a to m e s e c tio n s w e r e p r o c e s s e d f o r in s itu h y b r id iz a tio n
u s in g f lu o r e s c e in - la b e le d p r o b e , a n ti- f l u o r e s c e in I g G , a n d p e r o x id a s e
d e te c tio n w ith in te n s if ie d d i a m in o b e n z id in e . A s tr o g lia w e r e v is u a liz e d
b y i m m u n o c y to c h e m is tr y o f g lia l f ib r illa r y a c id ic p r o te in ( G F A P ) w h ile
i s o l e c ti n - B 4 a n d 0 X 4 2 w e r e u s e d a s m ic r o g li a l m a r k e r s . R e s i d e n t
m ic r o g li a s h o w e d p r o m p t in c r e a s e s in 0 X 4 2 s ta i n in g in te n s it y a n d
a c tiv a te d m o r p h o lo g y b y 1 h a f t e r o l ig o i n je c tio n . B o t h 0 X 4 2 a n d
le c tin b in d in g w e r e p r o m in e n t in r a m if ie d a n d p h a g o c y tic c e ll ty p e s a t
4 8 h. G F A P s ta i n in g in te n s it y w a s u n c h a n g e d a t 1 h b u t a c ti v a te d
a s tr o c y te s w e r e p r o m in e n t a t 4 8 h . H o w e v e r, n e it h e r G F A P n o r le c tin
b in d in g c o lo c a liz e d w ith P S o lig o a t 4 8 h a n d th e n a tu r e o f t h e s e c e lls in
w h ic h o lig o b e c o m e s c o n c e n tr a te d r e m a in s u n d e r s tu d y .
S u p p o r te d in p a r t b y th e S e m m e s -M u r p h e y C h a ir o f E x c e lle n c e .

TETRACYCLINE REGULATED GREEN FLOURESCENT
PROTEIN (GFP) EXPRESSION IN YITRO USING ADENOASSOCIATED VIRUS (AAV) GENE TRANSFER.

S ociety for N euroscience , V olume 2 3 ,1 9 9 7

K, Kanto*. E,

Bam.alfrati, y ,.M,-Y, l <?9. Y, Rangel, P,

Langer. F, A,

W e ls h . Dept, of Neurosurgery, Univ. Pennsylvania Sch. Med.,
Philadelphia, PA 19104.
It is frequently desirable to express selected proteins transiently in
neuronal cells. To this end, we have significantly improved cationic
lipid-mediated mRNA transfection by optimizing key parameters
during complex formation. Human NT2N postmitotic neurons and rat
brain were employed for transfection with two types of reporter
encoding transcripts. The luciferase mRNA was capped, polyadenylated,
and contained the leader of tobacco etch viral RNA. The p-galactosidase
encoding mRNA was polycistronic with self-replicative capacity of the
Semliki Forest Virus. Under optimal conditions, transfection with 50
ng luciferase mRNA resulted in 5 pg of luciferase production (5x107
molecules) by 104 NT2N cells at 8 hr following the transfection. In a
similar experiment using p-galactosidase mRNA, 20-30% of the NT2N
cells could be stained for p-galactosidase activity at 24 hr, and for as
long as 7 days after transfection. Activity was not detected in control
transfections. Intracerebral injection of 25 ng luciferase mRNA into
striatum and cortex of rats resulted in 0.1 pg luciferase production at
the injection site, measured at 4.5 hr. Injection of 100 ng luciferase
mRNA under the dura produced 0.5 pg protein on the surface of the
ipsilateral cortex adjacent to the delivery site. Luciferase levels were
below detection (<0.02 pg) in all of the contralateral cortex. The
results demonstrate that transfection of mRNA is a promising approach
for gene transfer into cultured neural cells and into the brain.
Supported in part by NIH NS-29331.

R .P . H a b e rm a n .* D . A . S im p s o n , C . W a ls h , T .J . M c C o w n , a n d R J .
S a m u ls k i. P r o g ra m in N e u r o b io lo g y a n d G e n e T h e r a p y C e n te r,
U n iv e rs ity o f N o r th C a r o lin a , C h a p e l H ill, N C 2 7 5 9 9
A A V m e d ia te d g e n e tra n s fe r h a s b e e n s h o w n to p r o d u c e lo n g te rm
g e n e e x p re s s io n in th e b ra in ( M c C o w n e t a l., B r a in R e s . 7 1 3 :9 9 ). S in c e
th is v e c to r c a n a c h ie v e p e rs is te n t e x p re s s io n w ith o u t to x ic ity ,
re g u la tio n o f tra n s fe r r e d g e n e s b e c o m e s a n i m p o r ta n t c o n c e r n . W e h a v e
c re a te d a re c o m b in a n t A A V v e c to r th a t c o n ta in s G F P u n d e r th e c o n tro l
o f th e te tr a c y c lin e r e s p o n s iv e p r o m o te r. T h is v e c to r a ls o c o n ta in s th e
te tr a c y c lin e tra n s a c tiv a to r g e n e u n d e r th e c o n tr o l o f a s e c o n d , id e n tic a l
p r o m o te r, s u c h th a t th e e n tir e re g u la tio n s y s te m is c o n ta in e d w ith in o n e
v e c to r. V iru s in fe c te d H E K 2 9 3 c e lls e x p re s s G F P a n d . te tr a c y c lin e
p la c e d in th e m e d ia at c o n c e n tr a tio n s o f lO n M to l ji M d e c re a s e s
e x p re s s io n in a c o n c e n tr a tio n d e p e n d e n t m a n n e r. R e m o v a l o f
te tr a c y c lin e r e v e r s e s th e re p r e s s io n . W e te s te d a d d itio n a l re c o m b in a n t
A A V v e c to rs c o n ta in in g ta n d e m c a s s e tte s w ith C M V p r o m o te rs to
e x p re s s b o th G F P a n d a tr u n c a te d n e rv e g r o w th f a c to r r e c e p to r in
p r im a ry c o rtic a l c u ltu re s . E x p r e s s io n o f b o th g e n e s w a s o b s e rv e d
in d ic a tin g th a t ta n d e m c a s s e tte s m a y b e u s e d to e x p re s s a m a r k e r
p ro te in a n d a re g u la to r y p r o te in in p r im a ry C N S c u ltu r e s a n d p o s s ib ly
in v iv o . S u p p o r te d b y N IH g r a n t 5 - R 0 1 - H L 4 8 3 4 7 - 0 6 .
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FR A G M E N T S O F C A L R E T IN IN P R O M O T E R S U P P O R T S IM IL A R
R E P O R T E R A C n v m E S I N PR IM A R Y N E U R O N A L C U LTU R E A N D
PC 12 CELLS. L. W inskv*. K.R. Isaacs. T. K uznicki a n d P .M . Tacobowitz.
Lab. o f C linical Science, N IM H , B eth esd a, M D 20892-1266
T he se quence o f the p ro x im a l 1.5 k b o f th e C R p ro m o te r a n d p relim in a ry
p ro m o te r an a ly se s in b ra in cell c u ltu re s h a v e b een p u b lish e d (S trau ss e t al.,
M ol. B rain Res., in p ress). R esu lts o f th e p re v io u s r e p o rt in d ic a te d th a t th e
1.5 kb p ro m o te r d id n o t s u p p o rt re p o rte r sy n th e sis in PC12 cells th a t d o
n o t e x p re ss CR pro te in . H o w e v e r, m o re rec e n t s tu d ie s (K uznicki et al.,
BBA, 1996) h a v e iden tified PC12 cell s tra in s w h ic h e x p re ss CR. The
p re s e n t stu d ied ex am in ed a n d c o m p a re d th e ac tiv ity o f se v era l re p o rte r
co n stru c ts c o n ta in in g th e p ro x im a l 1.5 k b o r 5 ' d e le tio n s o f th e CR
p ro m o te r in b o th p rim a ry c u ltu re s o f r a t b ra in a n d in C R -ex p ressin g PC12
cells. P ro m o te r pieces w e re in se rte d in to a pGL3B lu ciferase v e c to r
(P rom ega) a n d tra n sfe c ted b y c alciu m p h o s p h a te p re c ip ita tio n (b rain cells)
o r lip o so m e in se rtio n (PC12 cells) alo n g w ith a co n tro l re p o rte r v ector.
L uciferase a c tivity w a s exa m in e d b y im m u n o h isto c h e m istry (b rain cell
c u ltu res) a n d a d u a l luciferase a ssa y (P rom ega). Im m u n o h isto c h em istry
con firm ed th e p ro m in e n t n e u ro n a l e x p re ssio n o f 1.5 k b to 373 b p re p o rte r
v e c to rs in r a t fo reb rain c u ltu res. L u ciferase a ssa y s rev e a led sim ila r relativ e
p ro m o te r activities in PC12 cells a n d p rim a ry c u ltu res. F o r b o th cell c u ltu re
system s, h ig h e r p ro m o te r ac tiv ity w a s fo u n d w ith a c o n stru c t c o n ta in in g
the pro x im al 373 b p o f th e CR p ro m o te r a n d lo w e st ac tiv ity w ith a 919 bp
pro x im a l p ro m o te r. T hese resu lts su g g e st th a t sim ila r e n h a n ce r a n d
silencer e le m e n ts a re active in p rim a ry b ra in cell c u ltu re s a n d PC12 cells
a n d in d ic a te th a t the la tte r m ay b e u se d to sc re e n for re le v a n t tra n sc rip tio n
factors.
(S u p p o rte d b y N IM H DIRP)

RAPID METHODS FOR THE PREPARATION OF GENOMIC
DNA. p , Btomberg*. J.M, Hurley, and R J, Hellwig- Research and
Development, 5 Prime -* 3 Prime, Inc., Boulder, CO 80303.
Rapid, efficient methods for preparing high purity genomic DNA
(gDNA) are necessary for many of the applications used in studies of
gene structure and function, including PCR and library construction. The
PFftFOTgDNA and P£J?FFC7gDNA-96 kits were developed for the
extraction of high quality gDNA in high yield from human whole blood
or cells. PERFECTgDNA utilizes a single tube format, whereas PERFECTgDNA-96 uses a 96-well microwell plate format for high-throughput
isolation. The methods are centrifuge driven, using a spin filter and
minimal manipulation format to extract gDNA from up to 96 samples in
1.5 hours or less. Yields range from 6-15 |ig gDNA per mL whole blood
(sample size of 200 |iL). This range reflects the variability in nucleated
cell number in different blood samples. Both systems utilize a "bindwash-elute" strategy wherein cells are lysed in a chaotropic salt solution,
gDNA is bound to a unique silica matrix, washed free of any contam
inants and then eluted in either TE or molecular biology grade water.
The resultant gDNA is highly intact (> 4 0 Kbp), extremely pure (A260/28o
ratios = 1.75-1.9), and ready-to-use in applications such as PCR and
restriction enzyme digestion. A wide range of input gDNA (1-1000 ng)
can be used in PCR of multi- and single-copy genes without diminution
of amplification signal. Funded by 5 Prime -►3 Prime, Inc.
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DINUCLEOTIDE REPEAT POLYMORPHISMS IN THE 5’
UPSTREAM REGION OF TRYPTOPHAN HYDROXYLASE
GENE. J.H. Chung 1 S. V. Yim1. S.J. Park1. J.C. June1. K.C. K o1. H.H. Baik2. S.H.

ID E N T IF IC A T IO N A N D F U N C T IO N A L C H A R A C T E R IZ A T IO N O F
C E L L -S P E C IF IC A N D G E N E R A L C IS -R E G U L A T O R Y E L E M E N T S
R E S ID IN G IN T H E 5 ’ P R O X IM A L R E G IO N O F T H E H U M A N
D O P A M IN E P -H Y D R O X Y L A S E (D B H ) G E N E
H .S. K im *, H. Seo and K .-S. K im D ept, o f N e u ro lo g y an d A n a to m y
& N e u ro b io lo g y , U n iv ersity of* T e n n essee, M em p h is, T O 3 8 1 6 3 .
T h e 5 ’ p ro x im al 2 6 0 bp reg io n o f th e hD B H g e n e c o n ta in s th re e
D N A -b in d in g sites resid in g at -58 b p to -4 0 b p (d o m ain I), at -8 0 bp to
-6 8 bp (d o m ain II), and at -1 3 4 b p to -1 0 2 b p (d o m a in III) in a d d itio n
to the co m p o site p ro m o te r site resid in g at -1 8 6 b p to -1 4 9 bp ( d o m a in
IV ) ( i :o et al., 1996, J. N eu ro sci., 1 6 :4 102-4112). W h ile d o m ain s I and
III co n tain p u tativ e S p l an d A P 2 sites, resp ectiv ely , d o m ain II do es n o t
show sig n ifican t h o m o lo g y to any k n o w n se q u en c e m o tifs. D o m ain II
and III in teract with n u c le a r p ro tein s p rep a re d fro m D B H -e x p re ssin g
S K -N -B E (2 )C cells, b u t no t with th o se fro m D B H -n o n e x p re ssin g H e L a
cells, su g g estin g the p o ssib ility th at th ese d o m ain s m ay rep re se n t cellsp ecific cis-reg u lato ry elem en ts. T h is p o ssib ility is fu rth e r su p p o rted by
fo o tp rin tin g analysis u sin g ad d itio n al n u c le a r e x tra c ts p rep a re d fro m
D B H -ex p ressin g C A T H .a an d n o n e x p re ssin g C 6 g lio m a cells.
In
co n trast, d o m ain I w as fo o tp rin ted by all n u c le a r e x tracts. C e ll-sp ecific
pattern o f D N A -p ro te in in teractio n s at th ese sites is fu rth e r a n a ly z e d
usin g th e e le c tro p h o re tic m o b ility .„shift assay (E M S A ).
A n tib o d y
c o in c u b a tio n ex p e rim e n ts and E M S A u sin g re c o m b in a n t p ro te in s show
th at the tra n scrip tio n facto r S p l an d A P 2 in teract w ith d o m ain I a n d III,
resp ectiv ely . T o test c ell-sp ecific p ro m o te r activities o f th ese elem en ts,
deletio n al and site-d irected m u ta tio n a l an aly ses w ere p e rfo rm e d .
M u ta t;on o f d o m ain I sig n ifican tly d ec re a se d the p ro m o te r activ ity in
b oth D B H -p o sitiv e and neg ativ e cells. In co n trast, m u ta tio n o f d o m a in
II o r III affe c te d the p ro m o te r activity o n ly in D B H -p o sitiv e cells, th u s
d e fin in g these m o tifs as n o rad re n e rg ic c e ll-sp ecific c is-rg g u la to ry
elem en ts.
(S u p p o rted by N IH g ran t M H 4 8 8 6 6 )

Chung3 and T.H. Jon4. 'Dept, o f Pharmacology, 2Dept. o f Biochemistry, College of
Medicine, 3College o f Pharmacy, KyungHee University, Seoul, Korea, 130-701.
4Comell University Medical College at the Burke Medical Research Institute, White
Plains, NY, 10605.
Altered regulation of serotonin (5-hydroxytryptamine, 5-HT) neurotransmission
plays an important role in the pathophysiology o f a variety o f psychoneurological
disorders, such as depression, schizophrenia, and anxiety disorders. Serotonin is also
thought to modulate many physiological functions including sleep, appetite, sexual
behavior, emesis, learning and memory. Tryptophan hydroxylase (TPH), the ratelimiting enzyme in serotonin biosynthesis, is primarily expressed in serotonergic
neurons o f the raphe nuclei and neuroendocrine cells o f the pineal gland.
Short tandem repeat polymorphisms, typically from one to four nucleotide long, is
tandemly repeated several times and often characterized by many alleles. Several
researcher have demonstrated the utility o f short repeated sequences as polymorphic
markers. These so-called microsatellites are more or less evenly distributed
throughout the genome, and are commonly found within the noncoding regions of
genes. The significance o f microsatellite is not clear. Recently, some researcher have
reported that the gene transcription is modulated by repetitive elements in its
upstream regulatory region.
In order to identify microsatellite markers in the human and murine TPH upstream
regions, we have used PCR and sequence analysis. Here, we report (AC)n and/or
(GT)n repeat sequences in the human and murine TPH upstream regions. These
microsatellites might be useful tools for "genetic analysis o f psychoneurological
dysfunctions. Supported by KyungHee University Foundation .

143.3
IN T E R A C T IO N B E T W E E N T H E H O M E O D O M A IN (H D )-B IN D IN G
S IT E A N D PH O X 2a, A P A IR E D -L IK E H D P R O T E IN , IS C R IT IC A L
F O R N O R A D R E N E R G IC C E L L -S P E C IF IC T R A N S C R IP T IO N O F T H E
H U M A N D O P A M IN E (3-H Y D R O X Y LA SE (D B H ) G E N E
C.Y. Y ang* J.-F. B ru n e t 1 and K .-S. K im
D ep t o f N e u ro lo g y a n d
A natom y & N e u ro b io lo g y , U niv. o f T en n essee, M em p h is, T N 3 8 1 6 3 ,
and 'L a b o ra to ire d e G e n e tiq u e et P h y sio lo g ie d u D é v e lo p p em e n t,
In stitu t de B iologie du D é v e lo p p em en t d e M a rseille, F ran ce.
W e have p rev io u sly id en tified a c o m p o site p ro m o te r reg io n (te rm e d
CRE/Y Y 1/A P1/H D ) resid in g at -185 bp to -1 4 9 b p u p stre a m o f th e
tra n sc rip tio n start site o f th e hD B H g ene, w hich in teracts w ith m u ltip le
pro te in facto rs in a cell-sp ecific m an n e r (S eo e t al., 1996, J. N e u ro sc i.
16: 4 1 0 2 -4 1 1 2 ). A t the 3 ’ side o f this p ro m o te r site are tw o c o re H D b in d in g m otifs (A T T A ) sep arated by six b ases. S p ecific D N A -p ro te in
co m p le x e s are form ed u sin g th e H D b in d in g site p ro b e (-171 b p to 149 bp) a nd n u c le a r e xtracts fro m e ith e r D B H -p o sitiv e c ell lin es o r
D B H -negative cell lines.
H ow ever, P h o x 2 a -sp e c ific
a n tib o d y
co in c u b a tio n ex p e rim e n ts reveal a su p e rsh ifte d c o m p le x sp ecific to
n o rad re n e rg ic cells, sug g estin g th at e n d o g e n o u s P h o x 2 a in teracts with
th at m odule o f the D B H p ro m o ter. S ite -d ire c te d m u ta tio n o f th e 3 ’ sid e
co re m otif, b ut not th at o f th e 5 ’ sid e one, c o m p le te ly ab o lish e s th e
fo rm a tio n o f specific D N A -p ro te in c o m p le x e s in e le c tro p h o re tic
m obility shift assay (E M S A ), th u s d efin in g th e seco n d c o re m o tif as th e
essential recognition site fo r H D p ro tein facto rs. S trik in g ly , m u tatio n o f
eith e r the C R E o r th e second H D b in d in g m o tif a b o lish e s 9 0 to 9 5% o f
the basal p ro m o te r activity o f th e in tact 1 . 0 k b u p stre a m reg io n o f th e
hD B H gene in S K -N -B E (2 )C cells, in d ic a tin g th a t th ese tw o m o tifs
critically reg u la te D B H tra n sc rip tio n by sy n e rg istic m e c h a n ism .
H ow ever, m utation o f the H D b in d in g site a p p e ars to h av e no e ffe c t o n
seco n d m essen g er-stim u lated in d u ctio n o f th e h D B H p ro m o te r a c tiv ity .
S u p p o rte d by N IH g ran t M H 4 8 8 6 6

S ociety for N euroscience , V olume 23,19 9 7

143.4
THE C R E AND C R E -2 MOTIFS ARE INVOLVED IN THE
SYNERGISTIC INDUCTION OF THE TYROSINE HYDROXYLASE
(TH) GENE BY ACIDIC FIBROBLAST GROWTH FACTOR AND
CO-ACTIVATORS. Z, GUO. X. DU. AND L. IACOVITTI* Dept of
Neurobiology and Anatomy. Allegheny University, Philadelphia, PA
19102
Previous studies from this laboratory have found that the gene for the catecholamine
(CA) biosynthetic enzyme tyrosine hydroxylase (TH) can be induced via the AP-1 site
in non-CA neurons o f the striatum following treatment with a d die fibroblast growth
factor (aFGF) and a number o f different co-activators (dopam ine, TPA,
IBMX/forskolin). In the present study, we sought to determine whether the CRE and
CRE-2 site o f TH gene also contribute to this novel gene expression. To do so,
neurons o f E14 rat striatum were grown one day in culture in defined medium prior to
treatment with aFGF (lOOng/ml) and dopamine, (20uM), TPA (200 nM), IBMX (0.25
mM), forskolin (50uM). Sixty minutes after stimulation, cultures were harvested,
nuclear extracts were prepared and analyzed by gel shift assay. We discovered that while
protein binding affinity to the CRE motif appeared the same in control and treated
cultures, the binding pattern to the CRE-2 site differed following aFGF and co
activator stimulation. To further investigate the composition o f these binding
complexes, supershift experiments using antibodies to specific transcription factors
were performed. We found that, in control conditions (media only), the CRE protein
complexes contained ATF-2, CREM-1, c-Jun, and Jun-D. Stimulation o f the cultures
by aFGF and co-activators resulted in the increased binding o f ATF-2 and CREM-1 to
the CRE site and CREM-1 at the CRE-2 site on the TH gene. However, the identity
of most o f the proteins binding to the CRE-2 site has not yet been determined. We
conclude that the CRE and CRE-2 motifs and their protein complexes, in particular,
specific members o f the Fos/Jun and CREB families (ATF-2, CREM-1, c-Jun, and
Jun-d) as well as other unknown transcription factors, play a critical role in TH gene
initiation by aFGF and co-activators. (Supported by NIH NS24204).
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CRUCIFORM EXTRUSION AFFECTS PROTEIN BINDING TO UPSTREAM
REGULATORY ELEMENT IN TYROSINE HYDROXYLASE GENE PROMOTER.
E.L. Kim. Hu Peng. F.M, Esparza,. S.Z. Maltchenko. and M.K. Stachowiak*,.
Laboratory of Molecular Neurobiology, Barrow Neurological Institute, Phoenix, Arizona
85013.
We identified a novel positive regulatory sequence formed by a dyad symmetry element1 (DSE1) in the upstream region (-352/-307 bp) o f the bovine tyrosine hydroxylase (TH)
gene promoter. Deletion of the entire DSE1 or its individual arms markedly reduced
expression of luciferase from the TH promoter in catecholamine cells o f bovine adrenal
medulla or human IMR-32. A RevL mutation that reversed orientation o f the left arm of
DSE1 also changed TH promoter activity demonstrating that mirror symmetry is an
essential feature of DSE1.
A characteristic feature of dyad symmetry sequences is their ability to adopt cruciformlike structures. Using electrophoretic mobility shift assay (EMSA) we found that in
supercoiled TH-Luciferase plasmid DSE1 interacts with cruciform specific 2D3 antibody.
SI nuclease-cleavage and O s0 4-modification assays have identified a cruciform structure
extruded by the DSE1 in supercoiled DNA. This structure was not extruded in relaxed
DNA indicating that DSE1 adopts cruciform conformation under torsional stress.
Deletions o f the individual DSE1 arms or RevL mutation abolished cruciform formation.
Thus, disruption of intrastrand base-pairing and cruciform formation may be responsible
for DSE1 inactivation in DSE1 mutants.
DNase I footprinting of supercoiled TH-Luciferase plasmid demonstrated that nuclear
proteins bind to DSE1 cruciform This binding was abolished by RevL mutation. Using
modified EMSA we found that the affinity o f nuclear protein(s) to DSE1 increases
markedly after the conversion o f linear DSE1 into cruciform.
The increase in protein binding may provide an efficient switch-mechanism for
converting inactive DSE1 into a cis-acting element and for activating the TH gene
promoter. Supported by N IH (HL49376) and N SF (IBN-9411226).

THE ROLE OF THE 3' UNTRANSLATED REGION IN THE CONTROL OF
TYROSINE HYDROXYLASE MRNA STABILITY. D.J. Foster and W.W. Morgan*.
Dept of Cellular and Structural Biology, University of Texas Health Science
Center, San Antonio, TX 78284.
The expression and activity of tyrosine hydroxylase (TH), the rate-limiting
enzyme in catecholamine biosynthesis, is controlled at multiple levels. Recent
work points to control of TH message stability as a potential mechanism for
modulating synthesis of TH protein. In particular, the binding of cytosolic
proteins to the TH 3' untranslated region (3a UTR) has been correlated with
changes in TH transcript stability during hypoxic conditions and in response
to activation of second messenger systems. We have utilized a deletional
mutagenesis approach to directly test the role of the TH 3' UTR in the
regulation of TH mRNA stability. The coding sequence of the rat TH gene was
recombinantly linked to either the full length rat TH 3' UTR, a truncated version
of this UTR, or an UTR composed of non-TH sequence. Each construct was
stably expressed in the human BE(2)C catecholaminergic cell line. To study
the stability of mRNAs generated from each construct, we have employed a
novel transcription system in which expression of each TH constructs is
negatively regulated by low, non-toxic levels of tetracycline (tet). Dose*
response studies have been performed which indicate that tet concentrations
in the range of 1-10 ng/ml completely suppress TH expression in our clonal
lines. Ongoing studies are comparing the relative decay rates of transcripts
generated from each construct following transcriptional blockade by tet to
determine if changes made to the TH 3’ UTR have altered mRNA stability. We
have also characterized the response of TH enzyme activity in BE(2)C cells to
second messengers, and are utilizing the tet-sensitive TH constructs to
determine if the TH 3' UTR is required to mediate the effects of second
messenger activation on TH transcript stability.
Support for these studies has been provided by a subgrant from the Nathan
Shock Aging Center (# IP30 AGG13319).

143.7

143.8

S IT E -D IR E C T E D M U T A G E N E S IS O N H U M A N M O N O A M IN E
O X ID A S E B. R. M . G eha* . K. C h en . J. C. Shih. D ep t. M o l. P h arm aco l
& T o x ic o l., S chool o f P h a rm a c y a n d D ep t, o f C ell a n d N e u ro b io lo g y ,
School o f M e dicine, U n iversity o f S o u th ern C a lifo rn ia , L o s A n g eles, C A
90033.
M o n o am in e o x idase (M A O ) e x ists in tw o iso fo rm s, A and B, h av in g a
7 0 % a m in o a c id id e n tity a n d d i s t in c t s u b s tr a te a n d i n h ib ito r
p re fe re n c e s . T h e o b je c tiv e o f th is stu d y is to id e n tify a m in o a c id
residues in the a ctiv e site o f th e e n z y m e a n d th at co u ld be resp o n sib le
fo r c o n fe rrin g this sp e cific ity . S ix p o in t m u ta n ts w e re c o n stru c te d on
M A O B u sin g o lig o n u c le o tid e -d ire c te d m u ta g e n e sis c h a n g in g resid u e s
that are c o n serv e d am o n g sp ecies b u t d iffe re n t b e tw e en M A O su btypes
to th e ir c o rr e s p o n d in g c o u n te r p a rts o n M A O A . E n z y m e k in e tic
p a ra m e te rs w e re d e te r m in e d fo llo w in g e x p re s s io n o f th e m u ta n t
e n z y m e s in S a c c h a ro m y c e s c e r e v is ia e . A 7 2 - » S , E 8 4 —>V, S 2 9 3 -» A ,
R 3 5 0 -» D , T 3 5 6 - » H and E 3 9 5 —»1 e x h ib ite d s im ila r k in etic p ro file s as
th e w ild ty p e fo rm o f th e e n z y m e . H o w e v e r th e d o u b le m u ta n t
A 7 2 S /E 8 4 V r e s u lte d in th e c o m p le te a b o litio n o f th e s u b s tra te
i n h ib ito ry e ffe c t o b s e rv e d in th e w ild ty p e f o rm , s u g g e s tin g an
in teraction o f these tw o resid u es w ith the sub strate.
M A O B is a c lass I m em b ran e -b o u n d en z y m e . It is a tta c h ed to the
o u te r m ito c h o n d ria l m e m b ra n e v ia a C - te r m in a l tra n s m e m b ra n e
d o m ain . In o rd e r to m ak e an a c tiv e fo rm o f th e e n z y m e th at is a lso
s o lu b le w e h a v e in tro d u c e d sto p c o d o n s n e a r th e C -te rm in u s th at
resu lte d in a 10, a 17, a 23, and a 29 C -te rm in a l am in o a c id d eletio n .
T h e la tte r tw o a re n o t tra n s lo c a te d to th e m ito c h o n d ria . F u rth e r
c h a ra c te riza tio n o f these e n zy m e fo rm s w ill be d iscu ssed . (S u p p o rted by
N IM H g ran ts R01 M H 3 7 0 2 0 , R 3 7 M H 3 9 0 8 5 (M E R IT A w a rd ), K 05
M H 0 0 7 9 6 (R e sea rc h S c ien tist A w a rd ), a n d th e B o y d an d E lsie W elin
P ro fe sso rsh ip ).

M O N O A M IN E O X ID A S E (M A O ) A A C T IV IT Y IS IN F L U E N C E D
B Y X -C H R O M O S O M E M E T H Y L A T IO N . K . C h en * . J. G rim sb v and
J. S h ih . D ept. M ol. P h arm aco l & T o x ic o l., S ch o o l o f P h arm acy and
D ep t, o f C ell an d N e u ro b io lo g y , S c h o o l o f M e d ic in e, U n iv e rsity o f
S o u th ern C alifo rn ia, L o s A n g eles, C A 9 0 033.
M o n o a m in e o x id ase (M A O ) is an m ito c h o n d ria l m em b ran e p ro te in
th at c a ta ly z e s th e o x id a tiv e d e a m in a tio n o f n e u ro tra n s m itte rs and
d ieta ry am in es. T h is e n z y m e ex ists as tw o iso z y m e s M A O A an d B
w ith o v e rla p p in g s u b s tra te s p e c ific ity . M A O A p re fe rs se ro to n in
(5 -H T ) as su b stra te h o w ev er, 5 -H T can a lso b e o x id iz e d by M A O B.
W e h av e m ad e M A O B k n o c k o u t m ice w h ich a llo w s us to d e te rm in e
u n e q u iv o c a lly th e M A O A ac tiv ity u sin g 14C-5-H T as su b strate. O u r
resu lts show th at M A O A sp ecific ac tiv ity is 3.87 ± 0 .5 9 an d 6 .3 4 ±
0 .2 2 n m o le s/2 0 m in / m g p ro te in (n = 5 ),in m ale a n d fem a le M A O B
k n o c k o u t m ice, resp e c tiv e ly . T h e fem a le m ic e h a s lo w e r M A O A
activ ity p e r X -c h ro m o so m e (3 .1 7 ± 0 .2 2 ). S im ila r resu lt w as o b tain ed
fro m w ild ty p e m ice. In th e p re s e n c e o f M A O B in h ib ito r d e p e n y l,
M A O A a c tiv ity is 4.41 ± 0 .5 8 a n d 6 .1 7 ± 0 .4 5 n m o le s/2 0 m in /m g
p ro te in (n = 5 ), in m ale and fem a le , re s p e c tiv e ly . T o e x a m in e if the
lo w er M A O A activ ity in fem ale is du e to X -c h ro m o so m e in activ atio n .
G e n o m ic D N A w as d ig este d w ith m eth y latio n s e n sitiv e H ap II and
S o u th e rn b lo t w as p ro b ed w ith 0 .9 k b p ro m o te r fra g m en t. P o sitiv e
b an d s a p p e ar o nly in m ale b u t n o t fem a le m ice. T h is resu lt su g g ests
th at th e tw o H ap II sites c lo se to S p l sites in M A O A p ro m o te r region
m ay be m eth y late d in fem a le w h ich in flu e n ce th e e n z y m a tic a c tiv ity ,
(su p p o rted by N IM H g ran ts R01 M H 3 7 0 2 0 , R 3 7 M H 3 9 0 8 5 (M E R IT
A w a rd ). R e se a rc h S c ie n tist A w a rd K 05 M H 0 0 7 9 6 , T h e B o y d a n d
E lsie W elin P ro fesso rsh ip ).

143.9

143.10

D IF F E R E N T IA L R E G U L A T IO N O F T H E 5 -H T 1A R E C E P T O R BY
D E X A M E TH A SO N E A N D 8 -O H -D PA T IN P R E - AN D P O S T - SY N A PTIC
N E U R O N A L C E L L M O D ELS. J o h n M. Storring. 1* C h ristin e M. Fo rg et 2 .
an d P a u l R. A lb e rt 2 . D ep t of P h arm acology!
M cGill U niversity, M ontreal
Quebec H 3G 1Y6 a n d N euroscience R esearch In stitu te , U n iv ersity of O ttaw a,
O ttaw a, O ntario, K1H 8M5 2.
W e h a v e e x a m in e d t h e a c tiv ity o f t h e p r o m o te r r e g io n o f t h e r a t
5-H T 1A r e c e p to r g e n e u s in g lu c if e r a s e r e p o r t e r a s s a y s i n n e u r o n a l c ell
l i n e s t h a t e n d o g e n o u s l y e x p r e s s 5 -H T 1 A . T h e m o u s e s e p t a l X
n e u r o b l a s to m a lin e S N -4 8 w a s u s e d to m o d e l p o s ts y n a p t ic 5 -H T 1 A
e x p re s s io n . 5 -H T 1 A t r a n s c r i p t i o n i n S N -4 8 c e lls is d r iv e n b y D N A
e le m e n ts b e tw e e n -426 a n d -1 2 3 b p o f t h e i n it ia l A T G co don. R e p o r te r
g e n e e x p r e s s io n i n t h e s e c e lls is s u p p r e s s e d 4 0% b y d e x a m e th a s o n e
p r e t r e a t m e n t (1 2 h , 25 n M ) . T h is s u p p r e s s io n r e q u i r e s t h e p r e s e n c e o f
D N A e le m e n ts lo c a te d b e tw e e n -1 1 7 4 a n d -426 b p fro m t h e in it ia l ATG.
5-H T 1A r e c e p to r a c tiv ity is a t t e n u a te d in S N -4 8 c e lls b y p r e t r e a t m e n t w ith
10 nM o f t h e specific 5-H T 1 A a g o n is t 8-O H -D PA T , b u t t ra n s c r ip tio n d riv e n
b y t h e 5-H T 1A g e n e p r o m o te r is n o t a ffe c te d b y 8 -O H -D P A T p r e tr e a tm e n t.
I n t h e r a t r a p h e c e ll lin e , R N 4 6 A , a p r e - s y n a p ti c m o d e l o f 5 -H T 1 A
e x p re s s io n , t ra n s c rip tio n fro m th e 5’ f la n k in g re g io n o f t h e 5 -H T 1 A r e c e p to r
g e n e r e q u ir e s e le m e n ts b e tw e e n -1 1 7 4 a n d -426 b p fro m t h e i n it ia l ATG.
T h is r e g i o n is i m p o r t a n t f o r a n o b s e r v e d 7 0% d o w n r e g u la t io n o f
t r a n s c r i p t i o n a l a c ti v it y i n l u c if e r a s e r e p o r t e r a s s a y s fo llo w in g 48 h
p r e t r e a t m e n t w ith 8-O H -D PA T. C o n v e rs e ly d e x a m e th a s o n e d o es n o t b lo ck
tra n s c rip tio n fro m t h e 5-H T 1 A p r o m o te r in R N 4 6 A cells. T h is is c o n s is te n t
w ith p r e v io u s w o rk s u g g e s tin g t h a t in v iv o p r e s y n a p tic 5 -H T 1 A r e c e p to rs
a r e m o re e x te n s i v e l y d o w n r e g u la t e d b y a g o n i s t s t i m u l a t i o n t h a n
p o s ts y n a p tic r e c e p to rs . T h e s e s tu d ie s s u g g e s t t h a t cell c o n te x t in flu e n c e s
th e d i f f e r e n t ia l r e g u l a ti o n o f 5 -H T 1 A r e c e p t o r e x p r e s s io n b y s te r o id
h o rm o n e s a n d 5-H T 1A a g o n is ts . Supported by the M RC-Canada

Generation of Transgenic Mice Using A Cholinergic (VAChT and
ChAT Genes) Regulatory Region Driven GFP Fusion Construct.
Gu, Y., L.B. Hersh and D.H. Wu* Department of Biochemistry,
Univ. of Kentucky, Lexington, KY 40536-0084

S ociety for Neuroscience , V olume 2 3 ,19 9 7

Choline acetyl transferase gene which encodes the biosynthetic
enzyme for the neurotransmitter acetylcholine (ACh) and the vesicular
ACh transporter gene which encodes the transporter for packaging the
cytosolic ACh into the synaptic vesicles reside on the same
chrornosomal locus from worm to man. This unique gene
organization is believed to provide a molecular mechanism (operon
like) of the coordinated expression of two functional relevant genes
for the biosynthesis and formation of the ACh synaptic vesicles in the
cholinergic neurons. We have constructed a VAChT/GFP (the Green
Fluorescent Protein) fusion gene and generated transgenic mice
expressing the gene. The usage of the VAChT/GFP construct should
provide a live marker for cholinergic neurons and thus allow us to
identify and purify these neurons and to establish a mammalian model
system to study the spatio-temporal expression patterns for the
cholinergic genes in normal and pathological conditions. Preliminary
studies using this construct indicated that the VAChT/GFP fusion
protein was expressed only in the mouse brain but not in the liver.
Results from further analysis of these transgenic animals will be
presented. This work was supported in part by Grant AG05144-12
from the National Institute on Aging.
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N E U R O N -R E S T R IC T IV E S IL E N C E R F A C T O R (R E ST )
REPRESSES
TRA N SCR IPTIO N OF NMDA R E C E P T O R
TYPE 1 GENE IN NONNEURONAL CELLS. S.-i. Okamoto.
K, Sherman, D. Krainc* and S. A, Lipton. Dept, of Neurology,
Children's Hospital; Program in Neuroscience, Harvard Medical School,
Boston, MA 02115
Expression of the NMDA receptor type 1 (NR1) gene is restricted to
neurons. The specificity of NR1 expression is determined by its
promoter region. The NR1 promoter contains several putative ciselements. We have shown that MEF2 and SP1 sites are important for
activation of the NR1 promoter. In addition to the MEF2 and SP1 sites,
the NR1 gene has a sequence closely related to neuron-specific silencer
factor (REST) site. REST is expressed in nonneuronal cells. Expression
of neuronal genes such as sodium channel and SCG10 is blocked in
nonneuronal cells by REST. We are studying the possible role of the
REST site of the NR1 gene in HeLa cells and retinoic-acid differentiated,
neuronal P19 cells. The NR1 promoter-linked luciferase reporter gene
was transfected in HeLa and neuronal P I9 cells. Mutations in the REST
site increased promoter activity 5-fold in HeLa, and less than 2-fold in
P I9 cells. Overexpression of REST suppressed promoter activity via the
REST site in P19 cells. These results suggest that the REST works as a
silencer in HeLa cells. Binding activity to the REST site was examined
by gel shift assays. Binding activity was detected in HeLa cells, but not
in P19 cells. This band was supershifted by anti-REST antibody,
indicating that REST is present and binds to the REST site in HeLa, but
is not present and thus does not bind in P19 cells. Our results
demonstrate that the NR1 expression is restricted to neurons by REST.
Funded by NIH grant P01 HD29587 (to S.A.L.).

CONTROL OF MUSCARINIC ACETYLCHOLINE RECEPTOR
GENE EXPRESSION.
Ian C.Wood. Stefania Pepitoni. Avtar Roopra. Mireia Garriga C an u lM o h in i
Mistrv and Noel J. Bucklev*. Wellcome laboratory for Molecular Pharmacology,
University College London, London WC1E 6BT, UK.
G-protein coupled receptors are encoded by a diverse gene family, accounting
for up to 1% of the mammalian genome. The muscarinic acetylcholine receptors
are members o f this gene superfamily and the five subtypes o f muscarinic receptor
have unique expression profiles within the nervous system. Cellular responses are
dependent on the receptors expressed on the cell surface and it is therefore
important that each neuron acquires the correct com plem ent o f cell surface
receptors. In order to ascertain how the correct spatio-temporal expression of these
receptor genes is brought about, we are studying the gene regulation of the
muscarinic receptors. The m l receptor is the most abundant o f the muscarinic
subtypes in the central and autonomic nervous systems. The m l gene has a
similar structure to the m4 gene, previously characterised in our laboratory, and
contains a 5' non-coding exon separated by a single coding exon by an intron o f
13.5kb. Several strategies have been utilised to examine the role of regions of the
m l promoter responsible for controlling gene expression both in vitro and in
vivo with the aim to thus identify those transcription factors important in
defining m l gene expression. Transgenic animal experim ents are aimed at
establishing the role played by this and other elem ents in regulating gene
expression in vivo.
This work is supported by the Wellcome Trust.

143.13
CLONING OF AN ANDROGEN RECEPTOR cDNA FROM GOLDFISH BRAIN.
M. Betka and G. V. Callard*. Department of Biology, Boston University,
Boston, MA 02215
The brain of teleost fish, including the goldfish (Carassius auratus), is
characterized by extraordinarily high levels of androgen receptor (AR) and
aromatase (P450arom) activities, key elements in direct and indirect pathways
of neural androgen action. AR and P450arom covary >5-fold during seasonal
reproduction, with a peak at spawning. To address molecular mechanisms of
high neural expression and physiological regulation, we previously
characterized a P450arom cDNA specific to neural tissues. Here we report
PCR cloning of a novel AR cDNA from goldfish brain. RNA was reverse
transcribed by random hexamer priming and amplified using degenerate
primers derived from highly conserved sequences of reported vertebrate
ARs. A 477 bp PCR product was isolated and sequenced. The deduced
goldfish peptide had 70-74% overall identity (82-84% similarity) when
compared to AR sequences from human prostate or bird or frog testis.
Although DNA and steroid binding domains were highly conserved (85-98%)
among species, the hinge region was more variable (57%, goldfish vs.
human). RT-PCR with sequence specific primers showed AR mRNA was much
more abundant in brain than in gonad, a result consistent with binding assays,
but high mRNA levels were also detected in retina and liver. Further studies
are required to determine if there are multiple mRNA variants corresponding to
the two functionally distinct AR species recently reported in fish. This is the
first report of a brain-derived AR cDNA.
Supported by NSF IBN89-16809 and 96-05053.

GENE STRUCTURE AND FUNCTION IV
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cDNA CLONING OF F41:
A NOVEL NUCLEAR PROTEIN EXPRESSED
EXCLUSIVELY IN VERTEBRATE NEURONS. C.R. Buck* and R.J. Mullen. Dept, of
Physiology, Emory Univ. Sch. o f Med., Atlanta, GA 30322, and Dept, o f Neurobiology
& Anatomy, Univ. of Utah Sch. o f Med., SLC UT 84132.
F41 is a protein recognized by a monoclonal antibody raised against mouse brain
cellular nuclei, that localizes to the nucleus o f all mouse neurons, excepting mitral cells of
the olfactory bulb and photoreceptor cells. Immunohistochemical analysis demonstrates
that mouse F41 appears early in postmitotic neurons only; e.g., in embryonic day 9.5
(E9.5) spinal cord motoneurons, and in the E l6.5 cortical plate. Expression is retained
thereafter. Immunoblot of mouse brain soluble nuclear protein detects three distinct bands
ranging from 57-64 KDa. Multiple bands may indicate a small family o f proteins with an
identical epitope or perhaps the products of alternative splicing in processing of the F41
transcript. In order to distinguish between these possibilities and to directly address the
function of this protein, F41 cDNA clones have been isolated. Several overlapping,
epitope-encoding cDNA clones were isolated from expression libraries and the cDNA
extended with additional overlapping hybridizing cDNAs and by rapid amplification of
cDNA ends (RACE) analysis. Various F41 cDNA probes used in RNA (northern) blot
analysis detect a 5Kb mRNA species in brain, but not liver, kidney, spleen, or thymus,
confirming the neuronal specificity of F41 expression.
The sequence of the F41 cDNA is novel. Comparison with sequence databases
indicates that F41 is homologous to a random expressed sequence tag (EST) from the
human genome project. Although this does not suggest function for F41, it indicates that
our cDNA corresponds to a bona fide brain mRNA from a conserved gene, further
supporting our suggestion that F41is a novel protein with a unique function in vertebrate
neurons. Present studies will directly address F41 function using the cloned cDNA.
Expression of F41 will be induced by transfection into cells that do not express
endogenous F41 protein, in order to address a possible contribution o f this protein to
neuronal phenotype. In addition, antisense oligonucleotides will be used to eliminate F41
expression in primary neuronal cultures. Supported by NIH NS31011.

RNA SPLICING VARIATION OF THE GENE ENCODING THE NEURON SPECIFIC
NUCLEAR PROTEIN NeuN. W.J.Gorman* and C.R. Buck. Department o f Physiology,
Emory University School o f Medicine, Atlanta, GA 30322.
The mouse protein NeuN (Neuronal Nuclear) is among the first neuron specific proteins
expressed following withdrawal from the cell cycle. The monoclonal antibody (MAb)
A60, that identifies NeuN, also recognizes neuronal nuclei in other vertebrates (rat and
human) but not invertebrates (Drosophila). NeuN binds specifically to genomic DNA in a
manner similar to known transcriptional regulatory proteins. Our working hypothesis is
that NeuN may be a neuron specific transcription regulatory protein and/or that it may be
involved in cell cycle exit or in maintaining the post-mitotic status of vertebrate neurons.
To further characterize NeuN, we have isolated a MAb A60 epitope expressing cDNA.
This partial-length clone was used to isolate additional overlapping cDNAs. The 5’ ends
o f several of the cDNAs are divergent, suggesting that the NeuN gene undergoes
alternative splicing. Indeed, high stringency 5’ rapid amplification o f cDNA ends
(RACE) reveals multiple cDNA species. Furthermore, immunoblot analysis of brain
nuclear protein detects three distinct bands that may correspond to the products of splice
variants. None of the NeuN cDNAs are represented in sequence databases suggesting that
this is a novel gene and that NeuN may have a unique function in neurons. RNA
(northern) blot analysis indicates that NeuN steady state mRNA levels are very low and
thus far have not provided evidence that mRNAs o f different size or tissue specificity
result from alternative splicing.
We continue to characterize the splice variants as well as a NeuN genomic DNA clone
in order to distinguish the mRNA(s) that encode the NeuN protein so that we may use the
cDNA clone to directly address the function o f this novel neuronal nuclear protein.
Planned functional experiments include NeuN gain of function by transfection of full
length cDNA into heterologous cell types as well as antisense oligonucleotide elimination
o f NeuN in primary neuronal cultures.
Supported by NIH NS 31011.
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CHARACTERIZATION OF ALTERNATIVELY SPLICED NEURON-SPECIFIC
VARIANTS OF NEURAL RESTRICTIVE SILENCER FACTOR (NRSF).

N.

Mori*, Y. Naruse andT. Kojima. Lab. Inher. Var., PRESTO/JST, Keihanna, Kyoto

NEURONAL CYCLIN-DEPENDENT KINASE 5 ACTIVATORS AND THEIR
DIFFERENTIAL EXPRESSION IN MOUSE BRAIN.
Nildén- F . Backstròm*. A„ Lilia. L and I. C. Bark. Department of Developmental
Neuroscience, Uppsala University, S-751 23 Uppsala, Sweden.

619-02, and Dept. Mol. G enet, Natl. Inst. Longev. Sci., Oobu, Aichi 474, JAPAN
It has previously been shown that the expression of a set o f neuron-specific genes
including SCG10, sodium channel type II and synapsin I are regulated by the neural
restrictive silencer (NRS) element. The core NRS is 21bp in size, and is bound by a
sequence-sped fie DNA-binding protdn, NRSF (also designated REST). The NRSF
has been detected in non-neuronal cells and was shown to repress transcription o f a set
of neuron-spedfic genes. We surveyed possible members o f the NRSF family and/or
structural variants in various cells and tissues. The authentic NRSF mRNA was
detected in non-neuronal cells and tissues which do not express SCG10, a
pan-neuronal marker. By using RT-PCR analysis, mRNA enooc&ng an NRSF
structural variant was detected in neuronal cell lines such as SY5Y, Neuro2a and
PC 12. Genomic and cDNA sequénce analyses revealed that the neuron-spedfic NRSF
variant is generated by alternative splidng, and contains only the N-terminal domain
and five Zn-fingers.

The

neural-sped fie

variants

of NRSF

(NRnV)

with

16bp-insertion was detected in rat dorsal root ganglia (DRG) and embryonic brain.
Transient transfection assay using a CAT-expression plasmid that is driven by an
NRS-containing SCG10 promote- as a reporter construct revealed that the neuronal

Neuronal cdc2-like kinase was originally purified from bovine brain and is a
heterodimer of CDK5 and neuronal-specific activating subunits. Two distinct subunit
types have been described so far, p35 and p39. The p35 protein consists o f 307 amino
acids and is conserved among mammals, while p39 is a slightly larger protein
comprised of 367 amino acid residues with 57% identity to p35. Both p35 and p39
display very limited homology with cyclins, the classical CDK activators, and it is
therefore likely that they are members of a new family of CDK5 partner proteins.
CDK5 has identified as being identical to tau protein kinase II and CDK5/p35 is
capable of phosphorylating the lys-ser-pro (KSP) motifs in neurofilament proteins.
CDK5 can bind to munc-18. Due to the identification of munc-18 as a putative
regulator of syntaxin one might propose a role for CDK5 in the regulation of
transmitter release events or assembly of the exocytotic machinery. Furthermore, the
CDK5/p35 kinase has been shown to have crucial functions during neuronal
differentiation, and the importance o f both CDK5 and p35 in the normal development
of the mammalian brain has been evaluated in transgenic experiments. In this study,
we describe the genes for isoforms belonging to the CDK5 activator protein family
and their temporal and spatial expression patterns within the central nervous system.
Supported by grants fro m the Swedish Natural Science Council, Axel and Signe
Lagermans Foundation and the Alzheimerfoundation Sweden to ICB.

variant did not have suffident silendng activity compared with the authentic NRSF.
These data suggest that NRnV is expressed in neurons spedfically, however its
potential role(s) in gene expression remain to be elusidated.

144.5

144.6

SCREENING AND INITIAL CHARACTERIZATION OF M OUSE NCK5AI
GENE. H. Xue*. C.W. ?hou. J.H. W ang and X.M. Dai. Department o f
Biochemistry, Hong Kong University o f Science and Technology, Hong Kong
The full length human cDNA encoding the 39-kDa neuronal cyclin-dependent
kinase 5 activator isoform (nck5ai) has been used as a probe in screening o f a
129/Sv mouse genomic library constructed in a large-insert X phage vector, APS.
Among the seven positive clones obtained from the primary screening, two of
them gave strong signals in plaque-hybridization and were further screened at
unusually high stringency. One o f the two remained to be strongly positive in highstringency hybridization, but not the other. These two clones were transformed into
BN132, an E. coli strain harboring Cre-recombinase gene. W ith the presence of
loxP sites flanking the insert, the linear DNA phage clones were circulized into
plasmid by the specific action o f Cre. Plasmids prepared from these two clones
were then transformed into E. coli D H 5a, a common cloning host without Cre
gene. Restriction maps of the DNA extracted from the strong positive phage clone
and its BN 132 and D H 5a subclones all contain a characteristic fragm ent strongly
hybridized to the probe, which is absent in the other phage clone and its subclones.
Initial restriction mapping, combined with relevant sequencing information,
suggests the strong positive clone contains the full length nckSai gene, while the
relatively weak positive clone containing the gene encoding p35, a homologue o f
nck5ai. The highly specific hybridization between human nck5ai cDNA and mouse
nck5ai genomic DNA demonstrate that the nck5ai coding sequence from human
bears high similarity to that from mouse, indicating a high degree of evolutionary
conservation for nck5ai in these two species. It also suggests that nck5ai gene
probablely contains no intron in its coding region, a situation resem ble that in p35.
The present work has laid a ground for nck5ai gene targeting in mice to elucidate
the role of the gene product in vivo.

R E G U L A T IO N O F P R O L IF E R A T IO N BY cG M PDEPENDENT PROTEIN KINASE I IN TRANSFECTED
PC12 CELLS. Bonnie L. Firestein* and David S. Bredt.
Department of Physiology, UCSF, San Francisco, CA 94143-0444.

144.7
REG U LA TIO N O F T H E SA RCO /ENDO PLA SM IC C a 2+-ATPA SE (SERCA) 2
GENE TR A N SCRIPT IN NEURO NA L CELLS. F Baba-Aissa1. L Van Den
Bosch1,, F. Wuytack 1, L. Raevmaekers 1. B. Roeister* and R. Casteels . Lab. o f
Physiology, K.U.Leuven, Campus Gasthuisberg, B3000 Leuven, Belgium. 2Service de
Physiologie et de Physiopathologie, Univ. Liège, B4020 Liège, Belgium.
In the brain, the organellar-type Ca2+-ATPases (SERCAs) that sequester Ca2+ into
the endoplasmic reticulum are almost exclusively transcribed from the SERCA2 gene.
At the 3’ end o f the SERCA2 pre-mRNA, two 5 ’ donor splice sites (5’D1 and 5 ’D2)
compete for the same acceptor splice site (3’A). While 5’D1 is preferentially used in
muscle giving rise to the class I mRNA, the 5 ’D2 is exclusively used in neuronal
cells, generating the class 4 mRNA. We have investigated the molecular basis o f this
neuronal splicing using the N2a neuroblastoma cell line as a model system. The cells
were stably transfected with a minigene containing the 3 ’ end o f the SERCA2 gene.
We have first established that the minigene contains all the cw-active elements
required for the neuronal splicing o f its transcripts in N2a. Mutational analysis shows
that a strong 3’A is crucial because exchanging it for a weak 3 ’A abolishes the
alternative splicing. Moreover, the selection o f the 5 ’ splice site appears to be
determined by at least two distinct negative c/s-acting elements located in a stretch o f
237 nt surrounding 3 ’A. The upstream element is involved in the repression o f the
neuronal splicing in non-neuronal cells, whereas the downstream one is responsible
for the suppression o f the muscle-specific splicing in neuronal cells. In addition, a
special feature o f the exon downstream o f the 3’A is implicated in the suppression o f
muscle-specific splicing in N2a cells. These results indicate that splicing is controlled
by multiple mechanisms. These mechanisms would involve the binding o f trans
acting factors to control 5 ’ splice site selection in a tissue-specific manner.
Supported by grant from the IUAP (Belgium) and FWO-Flanders (Belgium).

S ociety for N euroscience , V olume 2 3 ,19 9 7

Cyclic GMP has been implicated as a regulator of cellular
proliferation. In order to determine if this effect of cGMP is
mediated by cGMP-dependent protein kinase I (cGKI) , we have
studied the effects of Rp-8 -pCPT -cGMPS (Rp) and 8 -pCPT-cGMP
(8 -pCPT), a cGK inhibitor and activator, on transfected PC 12 cells.
PC 12 cells were transfected with plasmids encoding cGKIa and
zeosin resistance (PC12-cGKI) or zeosin resistance alone (PC 12Zeo), and clones were selected by exposure to zeosin. Cells were
plated and incubated in the presence of Rp, 8 -pCPT or both drugs
for 48 hours, and nuclei were counted. In PC12-cGKI, but not
PC12-Zeo cells, Rp decreased cell number by 38%, and this
decrease was reversed by co-incubation with 8 -pCPT. 8 -pCPT
alone had no effect on cell number. Furthermore, Rp inhibited
proliferation in the PC12-cGKI cells as witnessed by a 40%
decrease in BrdU incorporation and no change in trypan blue uptake
in treated versus untreated cells. These results suggest that cGKI
regulates proliferation of cells that express this enzyme. (Supported
by grants from NSF, NARSAD and an NIH NRS A)

144.8
OSCILLIN : L O C A L IZ A T IO N A N D M ETA BOLIC ROLE IN TH E BRAIN
H . W olosker*. A. C a m e ro n . S. B lackshaw a n d S.H. S n y d e r. D e p a rtm e n t
of N e u ro sc ie n c e , Jo h n s H o p k in s U n iv ersity , B altim ore, M D 21215.
C a ^ + p la y s a k e y ro le in se v e ra l c e llu la r e v e n ts. In e g g s, a s trik in g
in cre a se in cy to so lic C a^+ o ccu rs d u rin g fertiliz a tio n , o b se rv e d as w a v e s
a n d p e rio d ic C a ^ + o scillations. R ecently, a sp e rm -sp e c ific p ro te in te rm e d
o sc illin w a s p u r if ie d fro m s p e rm e x tra c ts a n d sh o w n to p ro m o te C a^ +
o sc illa tio n s in m a m m a lia n eg g s (P a rrin g to n e t al. N a tu re (1996) 379:364368). W e n o w r e p o r t c lo n in g b y RT-PC R o f a n o sc illin fro m h a m s te r
b r a in . T h e p r o te in d is p la y s 98% h o m o lo g y w ith s p e rm o sc illin a n d
n e a rly 50% h o m o lo g y w ith a g lu co sa m in e - 6 - p h o sp h a te d e a m in a se fro m
E. C o li. N o r th e r n b lo t a n a ly s is re v e a le d h ig h le v e ls o f o s c illin in
k id n e y , s p le e n , sm a ll in te s tin e a n d testis, a n d m o d e ra te lev els in b ra in ,
lu n g a n d h e a rt. Im m u n o b lo t a n a ly sis o f b ra in e x tra c ts w ith a p o ly clo n a l
a n tib o d y ra is e d a g a in s t re c o m b in a n t o scillin re v e a le d a cy to so lic p ro te in
w ith a n a p p a r e n t m o le c u la r m a s s o f 35 k D a. I m m u n o h is to c h e m ic a l
sta in in g a n d in s itu h y b rid iz a tio n o f r a t b ra in s h o w e d h ig h e s t lev els in
th e g ra n u le la y e r o f cere b e llu m , h ip p o c a m p u s a n d o lfa c to ry b u lb . H ig h
l e v e ls o f s t a i n in g w e r e f o u n d in s ite s t h a t d i s p l a y in te n s e
p o ly sa c c h a rid e m eta b o lism , su c h as th e b r u s h b o rd e r o f k id n e y p ro x im a l
tu b u le s a n d sm a ll in te s tin e e p ith e lia . In v itro , w e h a v e d e m o n s tra te d
th a t r e c o m b in a n t o sc illin c a ta ly se s th e d e a m in a tio n /is o m e r iz a tio n o f
g lu c o s a m in e - 6 - p h o s p h a te in to fru c to se - 6 -p h o s p h a te , w h ic h is th e last
s te p in t h e d e g r a d a t i o n o f N - a c e ty l g lu c o s a m i n e - c o n t a i n i n g
p o ly s a c c h a rid e s in th e cells. T h u s, th e e n z y m a tic a c tiv ity of o sc illin
w o u ld d iv e rt h ex o sam in es d e riv e d fro m p o ly sa c c h a rid e d e g ra d a tio n in to
th e g ly co ly tic p a th w a y . T h ese re s u lts s u g g e st th a t b e s id e s its p u ta tiv e
C a ^ + o s c illo g e n a c tiv ity , o s c illin m a y p la y a n im p o r ta n t r o le in
p o ly sa c c h a rid e m e ta b o lism in b ra in a n d se v era l o th e r tissu es.
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M O L E C U L A R C L O N IN G A N D F U N C T IO N A L E X P R E S S IO N O F A
N E W F O R M O F N A + , K + -A T P A S E a S U B U N IT IN D R O S O P H IL A
M E LA N O G A STE R . B. Sun and P. M. Salvaterra*. Division of Neurosciences,
Beckman Research Institute of the City of Hope, 1450 E. Duarte Rd., Duarte,
CA 91010

P O L Y A -C O N T A IN IN G H IS T O N E H4 m RN A V A R IA N T (H4.1):
IS O LA TIO N A N D S E Q U E N C E D E T E R M IN A T IO N FR O M
BO VIN E A DR E N A L MEDULLA. M. Dumont* N. Gendron. M .-F.
G aan6 and S. Lem aire. Department of Pharmacology, University
of Ottawa, Ottawa, C anada, K1H 8M 5.
Histogranin (H N), a peptide isolated from bovine adrenal
m edulla, was reported to modulate the activity of the excitatory
amino acid receptor NM DA. In our effort to clone and sequence
the gene encoding HN, w e have cloned a cD N A coding for a
histone H4 m RNA variant from a bovine adrenal medullary phage
library using a PC R method of detection. The H4 cD N A contains
in its 3' untranslated region (U TR ) the highly conserved
palindromic sequence followed by a purine rich sequence typical
of a cell-cycle dependent histone gene. Instead of ending after
the palindromic sequence the m RN A extends 1.2 kb and is
polyadenylated,
as are cell-cycle independent histone
replacement genes. A purine-rich sequence (GATAAA) is located
upstream of the poly(A) track at a distance corresponding to that
of a typical polyadenylation signal. Northern blot and R T-P C R
analyses in m RNA extracts of rat tissues indicate that the
transcript is mainly expressed in the spleen, liver, lung, kidney
and adrenal glands. Supported by the Medical Research Council
of C anada.

Drosophila Na+,K+-ATPase a subunit was originally cloned and characterized by
Lebovitz et al. (EMBO J. 8:193-202; 1989). RNase protection assays of adult mRNA
using a probe designed from this cDNA, however, failed to protect a band of the
predicted size. Screening a Drosophila head cDNA library resulted in isolation of a
new form of the a subunit cDNA clone which has a divergent sequence in the 5 ’ end
compared to the original clone but is otherwise identical. RNase protection assay
indicates that our new a cDNA clone is the form expressed in adult Drosophila. Co
expression of this new a subunit with Drosophila P subunits (NRV1 and NRV2, Sun
and Salvaterra, Proc. Natl. Acad. Sci. USA 92:5396-5400; 1995) in Xenopus oocytes
leads to expression of more Na+,K+-ATPase activity in the plasma membrane as
assessed by a ouabain binding assay and ouabain inhibitable 86Rb+ flux
measurements. We have also made transgenic Drosophila lines which express our
new form of a subunit clone under control of a heat shock promoter. Molecular
experiments have established that the transgene can be induced to over express after
heat treatment. The transgenic lines are being crossed into flies with a 2206 mutant
background which has been identified as a single P-element insertion in the a gene
which leads to normal-sized transcripts, but reduced levels of expression and results
in bang-sensitive paralysis (Schuiger, et al., Neuron 12:373-381; 1994). Preliminary
tests suggest that expression of our new wild type a transgene can rescue 2206
mutant phenotypes, (supported by NIH and Beckman Foundation)

144.11

A REGION-SPECIFIC GENE, M2, IS EXPRESSED AS A
CIRCULAR RNA. Y. Hatanaka*. Lab. for Neuronal Recognition
Molecules, The Institute of Physical and Chemical Research, RIKEN, 21 Hirosawa, Wako, Saitama 351-01, Japan
M2 is a cDNA fragment which we recently isolated by differential
display as a region-specific transcript in the rat embryonic brain. Its
expression is observed in localized parts of the medial cerebral wall, in
the dorsal diencephalon and in the zona limitans intrathalamica at early
developmental stages. For further characterization of the gene, M2 cDNA
clones were isolated from an oligo dT primed embryonic rat brain cDNA
library. Sequence analysis of the clones gave an unusual result. All the
isolated cDNA clones had an A rich region, but did not seem to have a
poly A+tail. Lengths of the cDNA clones corresponding to the M2
transcript, as determined by northern blotting, also suggested lack of a
poly A+tail. No significant open reading frame was found in the clones.
Furthermore, one of the clones which seemed to have the longest 5’
region showed identical 221 bp sequences at the 5’ end and 3’ end.
These results raise the possibility that the M2 transcript is a circular
RNA. To examine this possibility, the poly A+ rich RNA fraction was
hybridized with M2 specific oligonucleotides, then treated with RNaseH
which digests RNA-DNA hybrids. Resulting fragments in respect of
their number and length were coincident with the M2 RNA if it is
considered as a circular form. Primer pairs designed to recognize
opposite directions on the cDNA sequence also amplified M2 cDNA
fragments by PCR, indicating that the M2 transcript is circulart. These
results suggest that M2 gene is involved in regional brain development
through novel mechanisms. Supported by special postdoctoral research
program, RIKEN.
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DIFFERENTIAL EFFECTS OF TYPE II mGluR AGONIST, DCGIV
ON DSI OF GABAAergic IPSCs IN THE CA1 REGION OF RAT
HIPPOCAMPUS IN VITRO. W, Morishita* and B. E. Alger. Dept,
of Physiology, Univ. of Md. Sch. Med., Baltimore, MD 21201.

CONTRIBUTION OF N- AND L-TYPE Ca++ CHANNELS TO
INITIATION AND OPIOID MODULATION OF SECRETION IN
NEUROENDOCRINE NERVE TERMINALS.
K.I.Rusin*. D.R.Giovannucci. E.L.Stuenkel and H.C.Moises.
Department of Physiology, University of Michigan, Ann Arbor, Ml 481090622.
Whole cell patch clamp recordings were carried out together with timeresolved measurements of membrane capacitance (Cm) in nerve
terminals acutely dissociated from neurohypophysis of adult rats to
investigate modulation of Ca2+ currents and secretion by activation of
opioid receptors. Two components of Ca2+-dependent exocytotic release
were distinguished on the basis of their kinetics. Administration of the kopioid agonist U69.593 (1 (¿M) routinely suppressed inward currents
(33.7 ± 5.1%) and attenuated the associated immediate and slow Cm
responses by 25.2 ± 4.2% and 33.0 ± 3.5%, respectively. In the
presence of nicardipine (10 |xM) or co-CgTx GVIA (0.5 jxM) both
immediate and slow Cmresponses were reduced. However, reduction of
the immediate response was significantly greater after blockade of Nversus L-type channels. The inhibitory effect of U69.593 on Cm
responses was reduced after co-CgTx GVIA but increased in the
presence of nicardipine. These data suggest that N-type Ca2+ channels
may play a predominant role in the initiation and modulation by K-opioid
receptors of depolarization-evoked secretion in nerve terminals of the
neurohypophysis. (Supported by NSF 9410834 to ELS and DA 03365 to
HCM).

T he effects o f the type II m etab o tro p ic g lu tam ate rec e p to r (m G luR )
agonist, D C G IV (10 jjM ) w ere e x a m in e d o n D S I o f c arb ach o l-in d u ced
spontaneous IP S C s (sIP S C s) a n d ev o k ed IP S C s (elP S C s) arisin g fro m low
frequency stim ulation o f stratu m o rien s in w h o le cell v o ltag e clam p
reco rd in g s from CA1 pyram id al cells. In the p rese n c e o f A P V , C N Q X and
carbachol, D C G IV caused a rev e rsib le su p p re ssio n o f sIP S C s th at w ere
susceptible to D S I induced b y a b r ie f (1- o r 2-s) 7 0 -m V d ep o larizatio n o f
the pyram id al cell po stsy n ap tic m em b ran e.
W h e n D C G IV w as ex am in ed
on D S I o f e lP S C s in the p rese n c e o f A P V , C N Q X o r A P V , C N Q X and
carbachol, n e ith e r the am p litu d e, n o r D S I o f th e e lP S C s w ere sig n ificantly
affected. In addition, p aired -p u lse d e p re ssio n o f th e IP S C and m ag n itu d e o f
po stsy n a p tic voltag e-g ated C a2+ c u rren ts in th e p y ram id al cells w ere
m in im a lly affe c te d b y the agonist.
T hese resu lts co n firm th at ty p e II m G lu R a c tiv a tio n do es n o t in flu en ce all
form s o f D S I a nd in dicate th a t D S I o f e lP S C s a n d sIP S C s can b e
diffe re n tia lly m odulated. A s th ere is n o ev id e n c e su p p o rtin g th e ex isten ce o f
type II m G luR s in the CA1 reg io n o f th e h ip p o cam p u s, th e d a ta raise the
po ssib ility th at carb ach o l-in d u ced sIP S C s arise fro m in te m eu ro n s w hose
som ata lie o utside o f C A 1. S u p p o rted b y g ran ts N S 3 0219 an d 2 2010 to
BE A .
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DEVELOPMENT OF GFP AS AN IN VIVO MARKER FOR
DROSOPHILA SYNAPSES. P.S. Estes. G. Ho. D.J. Sandstrom*.
and M. Ramaswami. Dept, of Molecular and Cellular Biology and
ARL Div. of Neurobiology, Univ. of Arizona, Tucson, AZ 85721
When used as a marker, green fluorescent protein (GFP) makes
it possible to follow the dynamic redistribution and interaction
of the protein components of the synaptic vesicle cycle in living
neurons. In transgenic Drosophila, GFP expression can be
driven in a neuron-specific manner using the UAS-GAL4
system. We have constructed a neuronal synaptobrevin Cterminal GFP fusion (nsyb-GFP) to mark synaptic vesicles in
vivo. Nsyb-GFP was localized to nerve terminals in both the
larval CNS and neuromuscular junction (NMJ) in a manner
similar to synaptic vesicle-associated cysteine string protein. In
contrast, GFP alone also expressed via a UAS-GFP transgene,
was found throughout the CNS and peripheral nervous system
in a manner consistent with a freely diffusible cytoplasmic
marker. Interestingly, ectopic muscle-driven expression of
nsyb-GFP allows it to be used as a marker for the subsynaptic
reticulum, the specialized postsynaptic membrane of the NMJ.
We have begun to examine the redistribution of nsyb-GFP in
Drosophila carrying mutations that affect vesicle recycling and
axonal transport. Transgenic flies expressing nsyb-GFP should
permit us to study kinetics and spatial features of membrane
traffic in living nerve terminals.
Supported by NIH grant NS34889, HFSP, and UBRP.

R E L A T IO N S B E T W E E N SIN G L E N E U R O N A N D P O P U L A T IO N
A C T IV IT Y IN H IP P O C A M P A L SL IC E S. Ivan C o h en and R ich ard M iles*.
N eu ro b io lo g ie C ellulaire, In stitu t Pasteur, Paris , France.
It m ay b e d ifficu lt to d eterm ine h o w th e a c tiv ity o f sin g le neu ro n s relates
to th at o f larg er n euronal pop u latio n s. W e have b eg u n to ex am ine this
qu estio n in hip p o cam p al slices from g u in ea-p ig s usin g m u ltip le un in su lated
tu n g ste n electrodes to m ake ex tracellu lar records filtered to exam in e action
p o ten tials g en erated b y a p o p u latio n o f neurons.
T he size o f th is neu ro n al p o p u latio n w as estim ated b y c o m b in in g w hole
cell records from v isu alised p y ram id al cells and e x tracellu lar records. Cell
firin g w as detected b y a tu n g ste n electrode w ith in a radius o f a b o u t 80 [¿m,
w h ich co ntains in s. py ram id ale 2 0 0 -400 CA 3 cell som ata. R ecords from
CA 3 s. py ram id ale alw ays revealed su b stan tial sp o n tan eo u s a ctiv ity (in K 4,
M g 2 and C a 2m M ). In co n trast spo n tan eo u s firin g w as sparse o r ab sen t in
th e CA1 region, although it could be in d u ced b y e lev atin g K to 6 m M .
Sup p ressin g excitatory sy naptic tran sm issio n had su rp risin g ly little effect
on CA 3 activ ity - p o p u latio n firin g w as reduced b y 22% . B lo ck in g synaptic
in h ib itio n (w ith ex citatio n already suppressed) in creased p o p u latio n activity
by 85% .
F ast (excitatory and in h ib ito ry ) sy n ap tic tra n sm issio n thus
no rm ally acts to lim it in trin sically g en erated n eu ro n al firin g in th is region.
C om b in in g intra- and ex tra-cellu lar records let us ex am ine interactions
betw een one cell and its n eighbours. IP S P s recorded from C A 3 pyram idal
cells o ften follow ed u n it spikes at latencies co n sisten t w ith di-sy n ap tic
pathw ays. In v ersely firin g in d u ced in single p y ram id al cells co u ld induce
u n it discharges w ith m o n o -sy n ap tic latencies and pro b ab ilities.

145.5

145.6

MODULATION OF PRESYNAPTIC CALCIUM INFLUX BY ACTION
POTENTIAL DURATION AT CA3-CA1 SYNASPE O F RAT HIPPOCAMPUS.
J. Qian* and P. Saggau. Division of Neuroscience, Baylor College o f Medicine,
Houston, TX 77030
Presynaptic calcium influx ([Capd,) through voltage-dependent calcium channels
(VDCCs) triggers neurotransm itter release. Action potential dynamics play a
determinant role in the opening of these VDCCs. Many neuromodulators also directly
modulate VDCCs. W hether or not these two different types of m odulations of [Cap,*],
have the same effect in controlling transmitter release is unknown. In this study, the
[Caprelt was optically measured with a low affinity fluorescent Ca2* indicator
(Furaptra) selectively loaded into presynaptic terminals. 4-aminopyridine (4AP), a K+
channel blocker, was used to prolong the action potential. The effect of action
potential duration on [Ca^eL and synaptic transmission was investigated. Application
of 4AP (40 pM ) increased the calcium influx-induced fluorescence transient (AF/F)
and facilitated synaptic transmission. The possibility o f an increased recruitment of
axon terminals was tested by loading presynaptic terminals with low concentrations of
a high affinity Ca2+ indicator (Fura-2). W ith Fura-2, the amount of increase in AF/F
by 4AP was dependent on the indicator concentration within terminals. This suggests
that the increased AF/F as measured with Furaptra during application o f 4AP was due
to an increase in [Cap^lt rather than a recruitm ent of axon terminals. At this synapse,
transmitter release was found to be a close to 4th power function of [Cap«], (power
number m = 3.8). W hen a non-specific blocker of VDCCs (Cd2+) was used to decrease
[Caprelt, in the presence of 4AP, the measured apparent power numbers were reduced,
indicating that the synaptic vesicle release machinery was saturated by the increased
[Capre],. Moreover, 4AP was found to shift the synaptic transmission curve without
significantly changing its shape. Such a parallel shift of the synaptic transmission
curve suggests that a fraction of presynaptic calcium influx, as the result of prolonged
action potentials, does not contribute to transmitter release.
Supported by NIH NS-33147 to P. S.

M O D U LA TIO N O F SY N A PTIC P L A S T IC IT Y AT A
CEREBELLAR SYNAPSE BY cAMP Chinfei Chen and Wade
Regehr*. Department of Neurobiology, Harvard Medical School,
Boston, MA, 02115.
cAMP has previously been shown to enhance the strength of the
Purkinje cell to granule cell synapse. We examined the mechanisms
underlying this enhancement in rat cerebellar brain slices. Elevation of
cAMP levels by forskolin increased synaptic currents in a dosedependent manner. Fluorometric calcium measurements revealed that
forskolin did not affect presynaptic calcium influx or resting calcium
levels. The waveform of the presynaptic volley was also unaltered,
indicating that changes in the presynaptic action potential did not
contribute to synaptic enhancement. Forskolin did, however, enhance
the frequency but not the size of spontaneous EPSCs. There was a
one-to-one correspondence between increases of spontaneous and
evoked release. These results suggests that forskolin enhances release
at this synapse through presynaptic mechanisms tftat do not alter
calcium influx. A series of experiments was performed to assess the
relative contributions of changes in the probability of release (p) and
changes in the number of functional release sites (n) to this form of
enhancement. These experiments suggest that although most of the
enhancement is a result of increases in p, changes in n could account
for as much as 2 0 % of the enhancement.

145.7

145.8

GABAb RECEPTOR MEDIATED INHIBITION OF GABAERGIC
IPSPs IN RAT HISTAMINERGIC NEURONS IN VITRO. D.R.
Stevens*. A. Kuramasu and H.L. Haas. Physiology Inst.II, PF 101007,
Heinrich-Heine University, Düsseldorf, D-40001, Germany
Intracellular and whole-cell recordings from histaminergic neurons
of the tuberomammillary nucleus (TM), in hypothalamic slices,
revealed inhibitory postsynaptic potentials (IPSPs) which were blocked
by GABAa antagonists. IPSPs and responses to GABA activated a
conductance dependent on the chloride equilibrium potential. Evoked
IPSPs were blocked by addition of tetrodotoxin but spontaneously
occurmg IPSPs persisted. Application of baclofen (0.2 to 10 pM)
depressed or blocked completely evoked IPSPs and in some cases
appeared to reduce the incidence of spontaneous IPSPs. Responses to
GABA were insensitive to baclofen. Baclofen treatment increased
failures of transmission of evoked IPSPs. Amplitude of IPSPs was
strongly reduced following baclofen treatment but occasional, large
IPSPs did occur. Spontaneous IPSPs were never completely suppressed
by baclofen, nor was the amplitude distribution of spontaneous IPSPs
altered. Baclofen did not activate a potassium conductance on TM cells.
Baclofen appears to act presynaptically, likely by reducing calcium
entry into the presynaptic terminal directly through suppression of
calcium currents or by activation of a potassium conductance.
—Support by DFG HA-1525/1-3 to HLH

INVESTIGATIONS OF HISTAMINE H 3 HETERORECEPTORS IN
THE RAT DENTATE GYRUS. R. E. Brow n* a n d H.L. H a a s . Physiology

Society for N euroscience , V olume 23,19 9 7

This work was supported by a Howard Hughes Medical Institute
Physician Postdoctoral Fellowship, a grant from the Leffler
Foundation and NIH grant R01-NS32405-01.

II, Heinrich-Heine University, POB 101007, D-40001, Düsseldorf, FRG.
W e have previously show n (J.Physiol. 49 6 , 175-184, 1996) th a t presynaptic
h istam ine H 3 receptors located on p e rfo ra n t p a th term inals inhibit
glutam atergic synaptic transm ission in th e dentate g y ru s o f th e rat. H ere w e
focus on th e m echanism o f th is effect.
H ippocam pal slices w ere p rep ared according to sta n d a rd techniques using a
vibratom e. Picrotoxin (PT X , 50 fiM ) w as p rese n t in th e b a th to block
G A B A A-receptors. R ecordings o f tetro d o to x in (T T X )-in sen sitiv e m iniature
excitatory synaptic currents (m E P SC s) w ere m ade fro m g ran u le cells using
th e continuous single-electrode voltage-clam p (cS E V C ) technique. N o
difference w as seen in th e frequency o f th e m E P S C s in th e presence o f H A
(H A , 10 |iM ) in com parison w ith control (n = 4 ) indicating th a t a direct
action o f H 3 receptors on th e release m achinery its e lf is unlikely. H A (10 p M )
d epressed field excitatory postsy n ap tic potentials (fE P S P s) evoked by
stim ulation o f the m edial p erfo ran t p a th b y 25 .7 ± 1.5 % in control (n = 6 )
and b y 27 .4 ± 5 % in the presence o f th e a n tag o n ist o f N -ty p e calcium
channels, co-conotoxin G V IA (n = 6 , 0.5 o r 1 p M ), i.e. th e effect o f H A w as
no t occluded. Sim ilarly th e effect o f H A w as n o t occluded in the presence o f
L-2-am ino-4-phosphonobutyrate (L -A P4, 100 p M , n = 4), a n ag o n ist o f class
III m etabotropic glutam ate receptors, w hich inhibit tran sm issio n b y blocking
P /Q type calcium currents (T akahashi et al., Science 27 4 , 59 4 -5 9 7 , 1996).
T hus, by a process o f elim ination, th e m o st likely targ e t o f H A H 3 receptors
are presynaptic potassium currents.
Supported b y D F G H A 1525/1-3 to H .L .H .
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MODULATION OF Ca2+ INFLUX INTO MITRAL CELL PRE
SYNAPTIC TERMINALS IN THE FROG AMYGDALA S.J. Mulligan
& K.R. Delanev*. Biology, Simon Fraser Univ., Burnaby BC V5A1S6
We are studying the modulation of presynaptic Ca2+influx into mitral
cell (MC) terminals of the accessory olfactory bulb (AOB) terminating in
the amygdala (AMG). The accessory olfactory tract (AOT) consists
exclusively of MC axons that progress along the inner surface of the
lateral cortex as a well-defined tract making few synaptic contacts prior to
forming a diffuse termination in the AMG. MC terminals in the AMG are
filled by applying dextran-conjugated Ca2+-Green to the AOB in
anesthetized frogs. After 1-2 days of intra-axonal transport the brain
anterior to the tectum is removed and maintained in vitro. The AMG and
AOT are viewed from the ventricular surface of the lateral cortex. A
bipolar stimulating electrode is positioned on the fluorescently labeled
AOT 1-2 mm rostral to the AMG. Local field potential (LFP) and evoked
fluorescence transients to 20 pulses at 10 Hz are measured simultaneously
in the AMG or the AOT. The transients are purely presynaptic since they
are unaffected by CNQX (lOfxM) and APV (lOfytM). We see no change
in the amplitude of evoked Ca2+transients during application of [d-Ala2]met enkephalinamide (l-10jiM), glutamate (ImM), serotonin (l-3|iM),
isoproterenol (30-200flM), GAB A (300piM), or acetylcholine (1.5mM),
although post-synaptic components of the LFP are changed. (R)-(+)
-propranolol (10-2fyiM) in conjunction with CNQX and APV, but not
alone, produces a dramatic decrement in the amplitude of the transients
which is reversible upon washing (n=6 ). Transients resulting from stimuli
later in the train are suppressed more than those from the initial stimuli.
LFP recordings from the AOT suggest that suppression is due to
reduction of the action potential amplitude. Support: BCHRF & NSERC.

SYNAPTIC TRANSMISSION IN RAT HIPPOCAMPAL SLICES
BECOMES DEPENDENT ON GLYCOLYSIS AFTER SHORT DURATION
HIGH FREQUENCY STIMULATION. Peter Lipton* and luliette
P e te r se n . Department of Physiology and Center for
Neuroscience, Univ. of Wisconsin, Madison, WI. 53705
Synaptic transmission in CA1 of rat hippocam pal
slices is normally maintained by lactate in the presence of
iodoacetate(IAA), ind icatin g that it does not require
glycolysis if energy levels are adequate.
However, following a 100Hz 1 second tetanus (HFS)
transm ission became dependent upon glycolysis for a
prolonged period of time; lactate was unable to maintain
transmission in the presence of .2mM IAA Studies were done
to establish the properties of, and basis for, this Induced
Dependence On Glycolysis (IDOG).
HFS led to IDOG in the presence of MK-801 or MCPG or
Kynurenic acid at levels which co m p letely
block ed
transmission during HFS. Thus, a presynaptic event is
responsible for the induction of IDOG. The in d u c tio n
occurred in the presence of luM KN-62, indicating it is not
mediated by CaMKinasell.
Thus, a short burst of high frequency activity appears
to create an obligatory dependence of synaptic transmission
on glycolysis. There is a similar dependence in unstimulated
guinea-pig slices. The presynaptic locus of the induction
suggests that this dependence reflects a specific need for
glycolysis in normal transm itter release.(Supported by
grant-in-aid from Wisconsin Affiliate of AHA)

145.11

145.12

A PRESYNAPTIC SITE OF CYCLOTHIAZIDE-SENSITIVE PAIRED PULSE DEPRESSION
AT A CENTRAL MAMMALIAN GLUTAMATERGIC SYNAPSE. M.C. Bellingham* andB.
Walmsley. Neuroscience Group, University of Newcastle, Callaghan, NSW, 2305, Australia
When two stimuli are paired at short (<100 ms) intervals, the postsynaptic response evoked
by the second stimulus is often markedly lower in amplitude. This paired pulse depression
(PPD) is largest for closely paired stimuli and decreases as the interstimulus interval
increases. Neurons which show rapid desensitization of postsynaptic glutamate receptors
(GluRs) may exhibit marked PPD and the application of drugs which block GluR desensitization,
such as cyclothiazide, also block PPD, suggesting that postsynaptic desensitization of GluRs is
one cause of PPD. In sagittal thin brainstem slices from T2-21 day old Wistar rats
anesthetized with sodium pentobarbitone (20 mg/kg ip), whole cell patch clamp recordings
were made from 8 visualized spherical bushy cells in the anteroventral cochlear nucleus. These
neurons were identified by their fast rising (< 0.4 ms) and decaying (<1 ms) glutamatergic
excitatory postsynaptic currents (EPSCs) which arise from the large presynaptic terminals
(endbulbs of Held) of cochlear nerve fibres contacting the somata of these bushy cells. At -70
mV, local electrical stimulation evoked a large (> 1 nA) EPSC due to synchronous release of
glutamate, followed by enhanced asynchronous release (delayed release) of miniature EPSCs
(minis). Mini amplitude was measured from 5 to 200 ms after the onset of the evoked response;
amplitude histograms (10 ms bins) showed no significant decrease in mini amplitude after the
evoked response, as might be expected if postsynaptic desensitization was present following
the evoked response. Paired stimuli showed that PPD was present from 5 until 50-60 ms
after the first EPSC in all neurons tested. Adding strontium (2-6 mM) increased delayed
release, but did not reveal any depression of mini amplitude after the evoked response, while
PPD was increased in magnitude and duration. Adding cyclothiazide (50 fiM) with Sr2* further
increased the mini frequency without marked effects on the time course of delayed release or
mini amplitude, but increased the decay time constant of evoked and spontaneous EPSCs, and
relieved PPD. We also compared PPD for the fast (AMPA) and slow (NMDA) components of
the evoked EPSC at +50 mV, as AMPA receptors rapidly desensitize, in contrast to NMDA
receptors. Both components showed PPD which was relieved by cyclothiazide. These results
are consistent with a presynaptic mechanism for PPD, which is sensitive to cyclothiazide.
Supported by ARC, NH&MRC and Ramaciotti Foundation grants

L-AP4 SELECTIVELY DEPRESSES SCHAFFER COLLATERAL SYNAPSES ON
HIPPOCAMPAL INTERNEURONS. Massimo Scanziani*. Beat H. Gähwiler and
Serye Chamak. Laboratoire de Physiologie,
ESPCI,
Paris,
France;
Hirnforschungsinstitut der Universität Zürich, Switzerland.
The action o f the group 3 mGLUR agonist L-amino phosphonobutyric acid (L-AP4)
on excitatory synaptic transmission was studied in rat hippocampal slices by using
field and whole cell recording techniques. In about 70% o f the intemeurons located in
the stratum radiatum o f the CA1 region, bath application o f 10 - 50 nM o f L-AP4
reversibly depressed excitatory postsynaptic currents (EPSCs) evoked by local
stimulation o f Schaffer collaterals by 40%. No effect o f L-AP4 was observed on field
excitatory postsynaptic potentials simultaneously recorded in the stratum radiatum or
on evoked EPSCs recorded from CA1 pyramidal neurons. The depression o f the
EPSCs recorded from intemeurons resulted from a reduction in transmitter release
since L-AP4 perfusion also enhanced paired pulse facilitation, reduced NMDA and
AM PA receptor-mediated EPSCs to a similar extent, effects that were unaltered by
the presence o f 10 mM o f BAPTA in the recording pipette. To exclude the possibility
that the observed action o f L-AP4 was due to a presynaptic activation o f mGLURs on
axonal terminals other than the Shaffer collaterals, we directly activated CA3
pyramidal neurons by puffing KC1 on the CA3 stratum pyramidale in the presence of
the AMPA receptor antagonist NBQX to abolish polysynaptic interaction. L-AP4
reduced the total charge transfer o f the KC1 induced NM DA receptor-mediated EPSCs
recorded from CA1 intemeurons voltage clamped at +50 mV, showing that Schaffer
collaterals impinging on CA1 intemeurons are sensitive to L-AP4. Accordingly,
feedforward GABAergic inhibition recorded in CA1 pyramidal neurons and evoked
by CA3 stimulation was significantly reduced by the presence o f L-AP4. These results
indicate that Schaffer collaterals selectively express L-AP4 sensitive receptors at
synapses contacting intemeurons. (Supported by the ESPCI, the Fyssen Foundation
and die Swiss National Fund for Scientific Research.)

145.13

145.14

THE EFFECT OF STRONTIUM ON INHIBITORY POSTSYNAPTIC CURRENTS
IN CULTURED HIPPOCAMPAL NEURONS. K.S. Wilcox*1. M. Kaplan3. M .A
Dichter1,2,3. Depts o f Neurology1, Pharmacology2, and the David Mahoney Institute
o f Neurological Sciences3, University o f Pennsylvania, Philadelphia, PA 19104
Neurotransmission at excitatory synapses in cultured hippocampal neurons
consists o f two components: synchronous release, which is responsible for the large
EPSC, followed by asynchronous release, which is represented by a b rief increase in
frequency o f miniature EPSCs. However, one does not usually observe asynchronous
release at inhibitory synapses. This could be due in part to the very long decay o f the
EPSC. The present experiments were designed to determine if asynchronous release
contributes to synaptic transmission at these synapses by examining the effect o f
Sr2* on IPSCs. The effect o f Sr2^ on short term synaptic plasticity at inhibitory
synopses was also examined
Pairs of cultured hippocampal neurons were recorded using the whole cell patch
clamp technique. Substitution o f extracellular CaCl2 with SrCl2 significantly reduced
the mean peak amplitude o f the IPSCs by 41% + 2 1 %. (n=7 pairs). Consistent with
desynchronized vesicle release, risetimes o f the IPSCs were significantly increased
by 92%. The fast component o f the decay o f the IPSC was not affected by SrCl2,
although the slow component was often dramatically prolonged, and miniature
IPSCs could occasionally be observed during the decay erf the IPSC. Substitution o f
CaCl2 with SrCl2 greatly attenuated paired pulse depression (PPD) when the peaks o f
the IPSCs were measured When IPSCs were measured during the late phase o f the
decay, paired pulse facilitation was observed, but only during perfusion with SrCl2 .
Sim ilar to what has been observed at excitatory synapses, substitution o f CaCl2 with
SrCl2 revealed an asynchronous component o f the IPSC. In addition, the
asynchronous and synchronous components o f release demonstrated a discordance in
frequency dependent, short term synaptic plasticty Supported by NS24260 (M. A D .)

PRESYNAPTIC INHIBITION OF TRANSMITTER RELEASE IN RAT
SUBSTANTIA NIGRA PARS RETICULATA BY DOPAM INE. Takefimu
Miyazaki* and Michael G. Lacev. Dept, o f Pharmacology, The Medical School,
University o f Birmingham, BIRMINGHAM B15 2TT, U.K.
The presence o f dopamine receptors in the substantia nigra pars reticulata (SNr),
largely on the terminals o f descending fibres, indicates that dopamine may play a
role in regulating synaptic transmission within this region. Whole-cell patch clamp
recordings were made from SNr neurons in parasagittal slices o f 24-30 day old rat
midbrain. The action o f dopamine was studied on synaptic currents evoked by brief
single-shock electrical stimulation o f the cerebral peduncle rostral to the recording
site. The fast biphasic synaptic currents recorded at a holding potential o f -70 mV
contained both GABA and glutamate receptor-mediated components, which were
studied in isolation in the continued presence o f CNQX (20 |iM ) or picrotoxin (50
|jM ) respectively.
Dopamine (1 -1 0 0 nM) was without any clear effect on holding current or input
conductance, but depressed reversibly and concentration-dependently the amplitude
o f the GABA mediated IPSC by up to 100 % (in 100 pM dopamine). This effect
was probably due to presynaptic inhibition o f GABA release as the ratio o f IPSC
amplitudes evoked 30ms apart was increased from 1.51 ± 0.09 to 4.66 ± 1.63
(n—6) by dopamine (30 pM ). The amplitude o f the IPSC was also depressed (by
55.3 ± 2.9% , n = 6 ) by the D, receptor agonist SKF 38393 (10 pM ). The
glutamate-mediated EPSC was also depressed in amplitude by dopamine, but to a
lesser extent (by 26.6 ± 3.5% , n = 4 , in 100 pM dopamine).
These data suggest that dopamine, which can be released from the dendrites of
adjacent midbrain dopamine neurones, could indeed influence the activity o f SNr
neurones through modulation o f both GABA and glutamate released from
descending afferent fibres.
Funded by the Wellcome Trust (Grant no.046056)
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ASTROCYTES MODULATE EVOKED SYNAPTIC TRANSMISSION BETW EEN
CULTURED HIPPOCAMPAL NEURONS. A. Araque* and P. G. Havdon.
Laboratory of Cellular Signaling. Iowa State University, Ames IA 50011.
Elevations of internal calcium in astrocytes cause a glutamate-mediated increase of
neuronal intracellular calcium (Parpura et al, Nature, 1994, 369:744) and glutamatedependent currents in neurons (Araque et al, Soc Neurosci Abstr, 1996, 22:1733). W e
explored the effects of electrical or mechanical stimulation o f astrocytes on evoked
synaptic transmission in cultured rat hippocampal neurons (10-22 days in vitro).
Astrocyte stimulation reduced the amplitude of evoked excitatory postsynaptic
currents (EPSCs). This decrease lasted for tens of seconds and was usually
accompanied by an increase in the number of failures in synaptic transmission. The
amplitude of EPSCs was decreased by 32.8 ± 4.1% (n=18) and this reduction was
induced by 61.9 ± 8.9% of the stimulated astrocytes (4 experiments). The amplitude of
miniature EPSCs (recorded in 1 piM TTX) was significantly unchanged, suggesting
that astrocytes caused a presynaptic inhibition o f the excitatory transmitter release.
Astrocyte stimulation transiently decreased the amplitude of evoked inhibitory
postsynaptic currents (IPSCs). The IPSC amplitude was diminished by 30.2 ± 3.6%
(n=10) and was induced by 87.5 ± 12.5% o f the stimulated astrocytes (4 experiments).
This reduction was usually accompanied by an increase in the number o f failures, and
the amplitude of miniature IPSCs was significantly unmodified, again suggesting that
astrocytes caused a presynaptic inhibition of inhibitory transmitter release.
Presynaptic metabotropic glutamate receptors (mGluRs) are known to reduce both
EPSCs and IPSCs in hippocampal neurons. The proportion o f astrocytes that
modulated EPSCs was significantly decreased by MAP4 but unchanged by MCPG,
and the modulation of IPSCs was insensitive to MAP4 but antagonized by MCPG.
We conclude that stimulation of astrocytes induces mGluR-dependent presynaptic
depression of excitatory and inhibitory synaptic transmission in hippocampal neurons.
Supported by the NIH (NS26650, NS24233) to P.G.H. A.A. is a HFSP postdoctoral
fellow.

ASTROCYTES INCREASE THE FREQUENCY OF MINIATURE SYNAPTIC
CURRENTS BY ACTIVATION OF NMDA RECEPTORS IN CULTURED
HIPPOCAMPAL NEURONS. P. G. Havdon* and A. Araque. Laboratory o f Cellular
Signaling. Iowa State University, Ames IA 50011.
Stimulation of astrocytes evoked a tetanus toxin-insensitive glutamate-dependent
current in neurons and a transient increase in the frequency of miniature synaptic
currents (Araque et al., Soc. Neurosci. Abstr., 1996, 22:1733). We investigated the
effects of electrical or mechanical stimulation of astrocytes on spontaneous synaptic
transmission in cultured rat hippocampal neurons (10-22 days in vitro).
Astrocyte stimulation increased the frequency of both miniature excitatory and
inhibitory postsynaptic currents (mEPSCs and mIPSCs, respectively) recorded in the
presence of 1 nM TTX. The mPSC frequency increase was evoked by 43.8 ± 13.2 %
of the stimulated astrocytes (6 experiments). It reached a maximum between 1-5 s
after stimulation, and declined slowly, lasting several tens of seconds.
The frequency of mEPSCs was enhanced 26.8 ± 8.9 fold (n=15) with respect to the
mean frequency before stimulation, and the mIPSC frequency was increased 18.8 ±
9.1 fold (n=9). The astrocyte-induced increase in mPSC frequency was not associated
with significant changes in the mean amplitude o f mEPSCs (n=15) or mIPSCs (n=8).
To test whether NMDA receptors were involved in this frequency increase, we
analyzed the effects of astrocyte stimulation on the frequency of mIPSCs in the
presence of 10 pM CNQX and after removal of M g2+ and addition of 10 pM glycine.
The mIPSC frequency increase was evoked by 47.2 ± 2.8 % o f the stimulated
astrocytes (3 experiments). However, the NMDA receptor antagonist D-AP5 (50 pM)
blocked the astrocyte-induced changes in mIPSC frequency.
W e conclude that stimulation of astrocytes increases the frequency of mPSCs
through the activation of NMDA receptors, that might be present at presynaptic
terminals.
Supported by the NIH (NS26650, NS24233) to P.G.H. A.A. is a HFSP postdoctoral
fellow.

145.17

145.18

UNITARY INHIBITORY CURRENTS IN LAYER V PYRAMIDAL CELLS OF
RAT VISUAL CORTEX. Z. Xiane*. I. Paradau J. R. Hueuenard. and D. A. Prince.
Dept, o f Neurol. & Neurol.'Sci., Stanford Univ. Med. Center, Stanford, CA 94305.
Inhibitory interneurons in neocortical circuits vary widely in morphology, spike
firing properties, immunocytochemical reactivity and postsynaptic targets. For
example, the axons o f fast spiking (FS) (parvalbumin-containing) intemeurons in
layer V tend to distribute more horizontally (intralaminer) whereas low threshold
spike (LTS) intemeurons have more vertical axonal arborizations (intracolumnar).
To test the hypothesis that these different properties confer different functional
attributes, we investigated synaptic connectivity between these two classes o f
intemeurons and pyramidal cells using dual whole cell recording techniques in
conjunction with light and electron microscopy. Data were obtained from visuallyidentified layer V neurons in coronal visual cortical slices taken from 12-14 day-old
rat. Unitary inhibitory postsynaptic currents (IPSCs) or potentials (IPSPs) were
evoked in pyramidal cells by eliciting spikes in the presynaptic intemeuron.
12 o f 77 pairs were found to be synaptically connected. 7 presynaptic cells were
FS intemeurons, and 5 were LTS cells. The average unitary inhibitory synaptic
conductance range'd from 0.2 to 2.0 nS. The synaptic conductances evoked by
action potentials o f FS cells (1.08 ± 0.65 nS, n = 6) were larger than those elicited by
LTS cells (0.35 ± 0.08 nS, n = 5, P < 0.04). High frequency trains o f action
potentials in FS cells elicited by depolarizing current pulses could evoke an envelope
o f IPSPs in the postsynaptic cell, whereas similar depolarizing pulses in LTS cells
elicited trains o f low frequency action potentials that in turn evoked less powerful
IPSPs in the postsynaptic targets. Evoked inhibitory transmission was highly
variable for botn presynaptic cell types. The failure rate varied from 5.4% to 72.4%,
with mean values o f 33.8 ± 19.1% for FS cells and 35.5 ± 26.0% for LTS cells. The
amplitude o f IPSCs showed considerable variability with mean coefficient o f
variation values o f 50.1 ± 12.3 % (FS) and 35.0 ± 9.8 % (LTS). Light microscopy
revealed multiple potential contacts between intemeuronal axons and pyramidal cell
somata and dendrites in labeled cell pairs. Electron microscopy confirmed that these
potential contacts were synapses, some o f which had multiple release sites.
Results show that there is large variability in the potency o f inhibitory inputs from
individual intemeurons to pyramidal cells and suggest that different types o f
intemeurons may differentially regulate the input-output function o f pyramidal cells
and circuits in neocortex. (Supported by N IH -N S 12151 and NINDS-NS 07280-11).

DEVELO PM EN TAL INCR EASE IN FU N C T IO N A L C O N N E C T IV IT Y
BETW EEN H IPPO C A M P A L CA 3 A N D CA1 CELLS. A lb e rt Y. H s ia * .
R obert C. M a le n k a . a n d Roger A. N ic o ll. D ep ts. of C e llu la r & M o lecu lar
P h a rm a c o lo g y , P sy c h ia try , a n d P h y sio lo g y , U n iv e rs ity of C a lifo rn ia , S a n
Francisco, CA.
T he n u m b er of synapses m ad e b etw een sin g le CA 3 cells a n d CA1 cells is
critical, fo r it d e te rm in e s h o w m an y CA3 cells m u st b e a c tiv a te d to cause a
CA1 cell to fire. A n ato m ical s tu d ie s rev e a l th a t th e d e n s ity of sy n a p se s o n to
CA1 cells in creases o v er d e v e lo p m e n t, b u t w h e th e r th is o b serv atio n is
a cco m p an ied b y a n in crease in th e num ber of fu n ctio n al sy n ap ses b etw een
CA3-CA1 cell p a irs is n o t know n. W e a d d re s s e d th is issue b y com paring
spontaneous epscs reco rd ed from CA1 cells in th e presence a n d absence of
TTX: d iv id in g th e m ean a m p litu d e of TTX -sensitive e v en ts (due to
sp o n ta n e o u s actio n p o ten tials in CA3 cells) b y th e m ean a m p litu d e of TTXin sen sitiv e e v e n ts (m inis) y ield s a m e a su re of th e n u m b e r of release sites p e r
CA3 cell w h ic h s im u lta n e o u sly rele a se tra n s m itte r, a m easu re w e call t h e
" m u ltip lic ity ." In n e o n a ta l (4-13 d a y s) a n im a ls, no sig n ific a n t ch an g e in
sp o n ta n e o u s e v e n t a m p litu d e w a s o b serv ed w ith TTX a p p lic a tio n , d e sp ite a
tw o -fo ld d ecrease in e v e n t frequency. In c o n trast, in young a d u lts (2-3 m os.),
TTX d ra m a tic a lly d ec re a se d e v e n t a m p litu d e , w ith sim ila r d ecreases in
e v e n t frequency. T he m u ltip lic ity w a s found to in crease from 1.02 ± 0.12 in
n e o n a ta l an im als, to 2.12 ± 0.13 in y o u n g a d u lts. In a g e d (>2 yrs.) anim als, no
d ifferen ces from young a d u lts w ere o b served. S im ila r deg rees of p a ir e d p u lse facilitatio n w e re p re s e n t in n e o n a ta l a n d a d u lt rats, arg u in g a g a in st a
d e v e lo p m e n ta l in crease in th e p r o b a b ility of rele a se as th e cause for t h e
in crease in m u ltip lic ity . W e conclude th a t th e num ber of fu n ctio n al
co n n ectio n s b e tw e en CA3-CA1 cell p a irs in creases o v e r th e first tw o m o n ths
o f d e v e lo p m e n t, a n d re m a in s c o n s ta n t th ere a fte r. (Supported by the NIH.)

145.19
SUPPRESSION OF GABAA RECEPTOR MEDIATED INHIBITION
FOLLOWING EPILEPTIC BURST DISCHARGES IN CA1 PYRAMIDAL
CELLS. F E N. Le Beau* and B. E. Alger. Dept. Physiology, University of
Maryland Medical School. Baltimore, MD. 21201.
Depolarization of CA i pyramidal cells is followed by a reduction in
GABAergic inhibitory postsynaptic potentials (IPSPs). This is called
depolarization-induced suppression of inhibition (DSI) and is dependent on a
post-synaptic influx of Ca^+, although expression is via a presynaptic decrease in
GABA release. CAI neurons fire burst responses, which involve a Ca^+
dependent component, under both normal and epileptic conditions and m ight
exhibit DSI under these conditions.
To test this hypothesis intracellular recordings were made in the slice
preparation using 3M KC1 electrodes and epileptic burst responses were induced
using M g-+-frec saline. Burst responses, which were reduced by the NMDA
antagonist APV (50 j.iM). occurred within -1 5 minutes of washout o f M g^+ .
Carbachol (1 j.iM) was added to the bathing solution to increase IPSP frequency
and facilitate the study of DSI. Bicuculline (10 (iM) decreased synaptic activity
by 75% ± 10.6 (n=6) showing that most of the observed synaptic activity was due
to GA BA ^ IPSPs. Following a burst. IPSPs were reduced for —4-12 sec, with a
mean decrease of 29% ±5.8 (n=8). N-cthylmaleimide (NEM) 250|xM which
abolishes DSI by blocking presynaptic G proteins caused a 24% decrease in IPSP
suppression (n=3). Intracellular injection of 100 mM EGTA blocked IPSP
suppression following a single spontaneous burst (n=5), although some
suppression could still be observed with large depolarizing responses.
The data suggests that a DSI-like process is induced in CA I pyramidal c611s
by epileptiform burst responses.
Supported bv NS22010 and N S30219 to B E.A.
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SYNAPTOJANIN FORMS TWO SEPARATE COMPLEXES IN
THE NERVE TERMINAL: INTERACTIONS WITH ENDOPH LIN
AND AMPHIPHYSIN. K. D. Micheva*. B. K. Kav S. gad P. S.
M c P h e rso n . Dept Neurology and Neurosurgery, Montreal
Neurological Inst, Montreal, PQ H3A 2B4, and §Dept Biology, Univ
of North Carolina, Chapel Hill, NC 27599
Endophilin (SH3P4) is a recently discovered protein (Spa/k? et al,
Nature Biotech. 14:741-744), which is enriched in brain and is a major
binding partner for synaptojanin (de Heuveï et al., J.Biol.Ohem.
272:8710-8716). To further characterize endophilin, we generate-1 an
anti-peptidî antibody Immunofluorescence analysis of different rat
brain regions with this antibody revealed a high conccmrntion of
endophilin in synaptic terminals and a colocalization of eadopnilin and
synaptojanin. Using GSTrfusion proteins, we determined that
endophilin specifically bound, through its SH3 domain, to synapto
janin and dynamin, Since it is known that synaptojanin also interacts
with amphiphysin, we investigated the binding sites on synaptojanin
for these proteins. Endophilin, amphiphysin I and amphiphysin Ü
appear to bind to different sites on synaptojanin and. in vitro,
endophilin and amphiphysin I or II can be simultaneously bound to
synaptojanin. However, immunoprécipitation analysis indicate? that,
in situ, two separate complexes are formed: synaptoianin with
endophilin, and synaptojanin with amphiphysin I or II. These results
suggest the possibility of an activity-dependent switch in the binding of
synaptojanin, functioning in its recruitment to the site of endocytosis.
(Supported by MRC-Canada and the Alfred P. Sloan Foundation).

SH3 DOMAIN-DEPENDENT INTERACTIONS OF ENDOPHILIN
WITH AMPHIPHYSIN I AND II. P. S. McPherson*. A. R.
Ranftiattn,.Bi....Kt.Ka y L .^n4 K. D. Micheva. Dept Neurology and
Neurosurgery, Montreal Neurological Inst, Montreal, PQ H3A 2B4,
and §Dept Biology, Univ of North Carolina, Chapel Hill, NC 27599
Amphiphysin I and II are nerve terminal-enriched proteins which
function in synaptic vesicle endocytosis by targeting endocytic proteins
to clathrin-coated pits in an SH3 domain-dependent manner. In
addition to a C-terminal SH3 domain, amphiphysin I and II also
contain a highly conserved putative SH3 binding site for which no
binding partner has been identified. We now demonstrate that both
amphiphysin I and II interact with the SH3 domain of endophilin
(SH3P4), a recently identified protein (Sparks et al., Nature Biotech.
14:741-744) which is enriched in nerve terminals and is implicated in
synaptic vesicle endocytosis (de Heuvel et al., J. Biol. Chem.
272:8710-8716). The specificity of this interaction has been confirmed
by demonstrating that the two amphiphysin isoforms, while binding to
the SH3 domain of endophilin, do not bind to the SH3 domain of
amphiphysin I and bind only very weakly to the SH3 domain of
amphiphysin H The interaction of endophilin with the amphiphysins is
direct and an amphiphysin II construct which lacks a 48 amino acid
region containing the putative SH3 binding site does not bind to
endophilin, thus confirming the site of interaction. These data identify
endophilin as a new binding partner for amphiphysin I and II and
further support its role in synaptic vesicle endocytosis. (Supported by
MRC-Canada and the Alfred P. Sloan Foundation).

146.3

146.4

ID E N T IF IC A T IO N O F A 100 K D P E R IP H E R A L M E M B R A N E P R O T E IN
A S S O C IA T E D W IT H C A T E C H O L A M IN E R G IC V E SIC L E S IN PC 12 C E LLS.
C .-J. J e n g a n d E. S. S c h w e itz e r .* D e p t, o f N e u r o b io lo g y , U C L A
M edical School, L os A ngeles, C A 9 0095
We
have
id e n tifie d
an
a p p a re n tly
novel
com ponent
of
r e g u la te d s e c r e to r y v e s ic l e s w ith a m o n o c lo n a l a n tib o d y ( c lo n e
1 8 A 9 ) ra is e d a g a in s t v e s ic le m e m b r a n e s f ro m P C 12 c e lls .
T h is
antibody recognizes tw o pro tein s o f M r = 55 ,0 0 0 and 100,000.
I m m u n o f l u o r e s c e n c e s ta i n in g o f N G F - tr e a te d P C 1 2 c e ll s b y
18A 9
a n ti b o d y
show ed
a c o a rs e
p u n c ta te
s ta in in g
in
th e
p ro cesses
and
n e u rite
te rm in a ls , an d
fa in t
s ta in in g
in th e
p e r i n u c le a r r e g io n , c o n s is t e n t w ith o n e o r b o th o f th e 1 8 A 9
a n ti g e n s b e in g s e le c ti v e ly
a s s o c i a te d w ith s e c r e to r y v e s ic l e s .
B io c h e m ic a l a n a ly s is a n d s u b c e l l u la r f r a c ti o n a ti o n r e v e a le d th a t
th e 100 k D p r o te in is a p e rip h e ra l m e m b r a n e p r o te in w h ic h c o 
p u r if ie d w ith c a te c h o la m in e r g ic v e s ic l e s o n d e n s ity g r a d ie n ts ; it
a ls o c o - i m m u n o p r c c i p i ta tc d w ith a n ti b o d i e s a g a in s t t h e v e s ic le
p ro te in
SV 2.
The
18A 9
a n ti b o d y
w as
i ts e lf c a p a b le
of
im m u n o p r e c i p it a t i n g c a te c h o la m in e r g ic v e s ic l e s f ro m P C 1 2 c e ll
h o m o g e n a te s .
A n a ly s is o f ra t tis s u e s i n d ic a te d th a t th e 10 0 k D
protein is present only in neuronal and en d o crin e cells.
T h e s e d a ta s u g g e st th a t th e 100 k D p r o te in re c o g n iz e d b y 18A 9
is a n o v e l p e r i p h e r a l m e m b r a n e p r o te i n s e le c ti v e ly a s s o c ia te d
w ith t h e c y to p la s m ic s u r f a c e o f th e c a te c h o la m in e r g ic v e s ic le s
in P C I 2 c e lls .
B e c a u s e o f its c y to p la s m ic o r ie n ta tio n , th e 100 k D
m e m b r a n e p r o te i n m a y i n te r a c t w ith o t h e r c e l l u l a r e le m e n ts ,
and could play a ro le in vesicle d o cking, fusion, o r recycling.
S upported by N IH 2R01 N S23084-10A 2.

A L T E R A T IO N O F C a 2+ D E P E N D E N C E O F N E U R O T R A N S M IT T E R
RELEASE
BY
PER TU B A N CE
OF
C a 2+-C H A N N E L /S Y N T A X IN
IN T E R A C T IO N . C h ristia n H e in e m a n n , Jens R ettig , U ri A sh ery and
Erw in N eher*. D ept, o f M em b ran e B io p h y sics, M a x -P la n c k -In s titu te fo r
B io p h y sic a l C h e m istry , 37 0 7 7 G o ttin g e n , G e rm a n y
P resy n ap tic C a2+-ch an n els in te rac t w ith sy n ta x in a n d SN A P -2 5 th ro u g h
a binding site in th e in tra ce llu la r loop c o n n e ctin g d o m ain s II an d III o f
th e a ] subunit. T h is b in d in g reg io n (d ie sy n p rin t p e p tid e ) w as loaded in to
em b ry o n ic spinal n e u ro n s o f X en o p u s by early b lasto m e re in je c tio n .
Follo w in g cu lturing, sy n a p tic tra n sm issio n o f p e p tid e -lo a d e d and c o n tr o l
nm j's w ere co m p ared b y m ea su rin g p o stsy n a p tic resp o n ses u n d e r d iffe re n t
ex te rn a l C a 2+ co n c en tratio n s ([C a +]e). T h e rela tiv e tra n s m itte r rele a se o f
injected neu ro n s w as red u ced by 3 2% at 1.8 m M an d by 4 6 % a t 1.0 m M
[C a2*]e. W e described o u r d a ta w ith a sim p le m o d el assu m in g a fo u rth
p o w e r rela tio n sh ip betw een C a 2+ and tra n s m itte r release. R eleasable
vesicles in th e m odel can e ith e r be lin k ed to a C a 2+-ch a n n e l and
ex p e rie n ce a h igh [C a2+] o r be u n co u p led an d sen se a lo w er [C a 2+]. T h e
C a + d ep en d en ce o f th e s y n p rin t e ffe c t is p red ic te d by th is m o d el if it is
assum ed th a t 6 0 -8 0 % o f th e v esicles are u n co u p led fro m C a 2+-ch a n n e ls.
W e, also , m im ick ed th e s y n p rin t p ep tid e e ffe c t b y b lo ck in g a p o rtio n o f
th e N -ty p e C a 2+-ch an n els w ith ^co -co n o to x in G V IA . U n d e r c o n d itio n s
w h ere release is reduced by 70% a t 1.8 m M [C a2+]e, w e fo u n d a sim ilar
sh ift in th e C a 2+ d ep en d en ce o f release as fo r th e sy n p rin t p e p tid e. In
c o n clu sio n , o u r d a ta suggest th a t sev erin g th e p h y sic a l in te r a c tio n
b etw een p resy n a p tic C a 2+-ch an n els a n d sy n ap tic p ro tein s w ill n o t p r e v e n t
sy n a p tic tra n sm issio n , bu t m ak es it less e ffic ie n t by sh iftin g its C a 2+d e p en d en ce to h ig h er v alues.

146.5
PRODU CTS OF T H E D R O S O P H IL A S T O N E D LOCUS REGULATE T H E
SYNAPTIC V ESICLE CYCLE. D, StimSflD*.1, g,S.L Eslefi1, L.B. Kelly2, a n d
M . R a m a s w a m i1. XAR L Div. o f N e u ro b io lo g y a n d D e p t, o f M ol. a n d
C ell. Biology, U n iv e rsity o f A rizo n a , T u c so n 85721. 2D e p t. o f G e n e tic s,
U n iv e rs ity o f M e lb o u rn e , P a rk v ille , V ic to ria 3 0 5 2 , A u s tra lia .
T h e D r o s o p h i la s t o n e d (s t n ) lo c u s e n c o d e s tw o d is tin c t p r o te in s ,
ST N -A a n d STN -B . W h e re a s ST N -A is c o m p le te ly n o v e l, STN -B is
d i s t a n tl y r e l a te d t o n - a d a p t i n s , w h ic h p a r t i c i p a t e i n c la t h r i n m e d i a te d e n d o c y to s is .
W e a r e i n v e s t ig a t in g p o s s ib le s y n a p tic
f u n c t i o n s o f t h e ST N p r o te i n s v ia c o m b in e d p h y s io lo g ic a l a n d
m o rp h o lo g ic a l a n a ly s e s o f t h e la r v a l n e u r o m u s c u la r s y n a p s e s o f
v ia b le s t n m u ta n ts . O u r r e s u lts s h o w t h a t b o th STN -A a n d STN -B
m u ta n ts e x h ib it s tr ik in g c h a n g e s in s y n a p tic a c tiv ity w h ic h c a n n o t
b e a ttr ib u te d t o s u b tle a b e rr a tio n s w h ic h w e o b s e rv e in t h e o v e ra ll
a r c h ite c tu r e a n d s y n a p tic v e s ic le (SV ) c o n te n t o f s t n p r e s y n a p t ic
t e r m in a l s .
I n tr a c e l lu l a r r e c o r d in g s f ro m s t n m u ta n t s y n a p s e s
re v e a l e n h a n c e d f re q u e n c ie s o f s p o n ta n e o u s m in i a tu r e e x c ita to r y
ju n c t i o n a l • p o t e n t i a l s ( m e jp s ) , i n d ic a tin g t h a t S T N -A a n d STN -B
p r o b a b ly r e g u la te SV e x o c y to s is .
F u r th e r m o r e , ST N -A m u ta n t s
e x h ib it a r e d u c e d e x c ita to r y ju n c t i o n a l p o t e n t i a l ( E J P ) a m p litu d e
w h ic h c a n b e re s c u e d b y r a is in g e x tr a c e llu la r C a 2+, s u g g e stin g t h a t
STN -A m ay b e a c o m p o n e n t o f t h e C a2+- s e n s itiv e f u s io n m a c h in e ry .
F in a lly , p r e lim in a r y e x p e rim e n ts d e s ig n e d t o q u a n tif y p r e s y n a p tic
u p ta k e o f t h e a c tiv ity - d e p e n d e n t d y e F M 1 -4 3 i n d ic a te t h a t STN -B
m u ta n ts d o n o t m a in ta in a n e ffic ie n t r a t e o f SV e n d o c y to s is d u rin g
high, f re q u e n c y n e u ro n a l a c tiv ity . T h u s , o u r d a ta s h o w t h a t STN -A
a n d STN -B to g e th e r m a y r e g u la te s e e m in g ly d is p a r a te p a r t s o f th e
SV cycle, a n d p ro v id e e v id e n c e fo r f u n c tio n a l s ig n ific a n c e o f STN -B ’s
h o m o lo g y to ¿ i- a d a p tin s .
S u p p o rte d b y N IH g r a n t N S 3 4 8 8 9 a n d t h e F lin n F o u n d a tio n .
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146.6
PR E SY N A PT IC L O C A L IZ A T IO N O F A N E U R O N A L N a +-D E P E N D E N T
IN O R G A N IC P H O S P H A T E T R A N S P O R T E R . E. E. Bellocchio1. H. L. Hu1.
and Physiology, Univ. of CA, San Francisco, CA 94143, 2Depts. of Neurology and
Neuroscience, Cornell Univ. Medical College, New York, NY 10021.
The brain-specific expression of a Na+-dependent inorganic phosphate transporter
(rBNPI) raises the interesting possibility that this transporter plays a role in
neurotransmission. In situ hybridization suggests that the transcript localizes to
neurons (Ni et al., J Neurosci 15:5789-99, 1995), and Northern analysis shows that
the transporter is expressed primarily, if not exclusively, in brain (Ni et al., Proc Natl
Acad Sci 91:5607-11, 1994). To assess the biological role o f this neuronal
transporter, we have begun by examining its cellular localization. An antibody was
generated against bacterial fusion proteins containing the C-terminus o f rBNPI. This
antibody recognizes a protein with a mass of approximately 61kDa, as is predicted for
rBNPI, in transfected COS cells and rat brain tissue. Extraction studies imply that
rBNPI resides in membranes, as previously predicted from hydrophobicity plots, and
does not associate with the cytoskeleton. Immunostaining shows a distinctive pattern
o f reactivity suggestive o f nerve term inal staining w ithin the m olecular and
polymorphic layers of the hippocampus, the three molecular layers o f the dentate
gyrus, the cortex, the striatum, and the m olecular and granule cell layers o f the
cerebellum. Little or no staining appears in cell bodies. Immunofluorescent double
labeling with synaptophysin further supports that rBNPI localizes to nerve terminals.
To identify the localization of rBNPI on a subcellular level, we have examined the
striatum using immunogold electron microscopy. The results confirm that rBNPI
exists only in neurons, where the majority o f the imm unoreactivity localizes within
small axons and asymmetric (excitatory) synapses. Although its dependence on a Na+
gradient suggests a plasma membrane localization, the majority o f immunoreactivity
is found on vesicles within the small axons and in synaptic vesicles within the
asymmetric terminals. Thus, rBNPI appears to localize to vesicular clusters in small
axons and nerve terminals, where it may play a role in excitatory neurotransmission.
Supported by a Howard Hughes Predoctoral Fellowship and NIH.
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146.7

146.8

CLONING AND EXPRESSION OFTHECLATHRIN ASSEMBLY PROTEIN
(AP-4) IN RAT BRAIN H.-L Kim*, S. M. Lee, H. Chung#, and H.
Kim# Dept, of Biochemistry, Coll. of Med., Ewha Womans Univ. #
Dept of Anatomy, Coll. of Med., Korea Univ., Seoul, KOREA
Synaptic vesicle is clathrin-coated vesicles(CCV) of which
role is trafficking of neurotransmitters and proteins. Binding
of clathrin assembly protein to clathrin triskelia induces their
assembly into CCVin neurons. CCVcontains clathrin and one or
more of the assembly proteins(AP-l, AP-2, AP-3(formly API80,
or Fl-120)) that are believed to link receptors to the clathrin
network. The AP-1 and AP-2 are tetramer, whereas AP3 is
monomer and has so far been described only in neural tissues.
We isolated two cDNAs, encoding the novel clathrin assembly
protein (AP-4), that has 597 amino acids with estimated
molecular weight of 64 kD. when translated. The AP-4 was
similar to the CALM with 94% amino acid identity with deletion
of 50 amino acids, but was 73% similar to the AP-3. The Nterminal domain harbouring clathrin binding site is very
similar to that of AP-3, and the C-terminal domain is much more
different with that of AP-3. To study the expression pattern in
nervous system during the development, in situ hybridization
histochemistry was carried out in rat At birth expression of AP
-4 was high in the cerebral cortex, hippocampus, and olfactory
bulb. The expression was marked increased between the 1st and
2 nd week after birth, and gradually. decreased to low level with
aging. These results suggest that the AP-4 mediates the
assembly of clathrin and mediate the important role at the
period of synaptogenesis in rat nervous system.

MICROINJECTION OF THE CLATHRIN ASSEMBLY DOMAIN OF AP-3
ENHANCES SYNAPTIC TRANSMISSION AT THE SQUID CalANT SYNAPSE.
Eileen M^LafecTA MarvWomackAVXiaoiun Zhao~. Kondury Prasad'. and
George J, Augustine**. 'Dept, of Molecular Medicine/Institute of
Biotechnology, University of Texas Health Science Center at San Antonio, San
Antonio, TX., ADept. of Neurobiology, Duke University Medical Center, Durham,
NC., and +Marine Biological Laboratories, Woods Hole, MA.
Clathrin mediated endocytosis is important for synaptic vesicle recycling. In
order to address the function of the synapse-specific clathrin assembly protein
AP-3 in synaptic function, we have used the giant synapse of the squid Loligo
pealei. We first cloned the homologue of AP-3 from Loligo pealei, and found
that it showed an overall identity of 42% to the consensus sequence generated
by the alignment of five AP-3 homologues from several organisms. Amino acid
identity was strongest in the amino-terminal, inositol-lipid binding domain of the
protein, and weakest in the carboxy-terminal, clathrin assembly domain. We
found that both full-length squid AP-3, and the carboxy terminal 45kD domain of
squid AP-3, assembled bovine clathrin as efficiently as bovine AP-3. This
indicated that despite the divergence of primary sequence, enough tertiary
structure is conserved amongst the AP-3 homologues to maintain the function
of clathrin assembly. In electrophysiological studies, presynaptic microinjection
of the clathrin assembly domain of either mouse or squid AP-3 enhanced
synaptic transmission at the squid giant synapse. Average measured increases
in the rate of rise of the post-synaptic potential as a function of time were 22%
(n=7) for injections of the mouse protein and 41% (n=3) for injections of the
squid protein. Microinjection of control proteins, or domains of AP-3 that lacked
clathrin assembly activity, had no effect. This is the first demonstration that AP-3
can affect neurotransmission in vivo, supporting our hypothesis that this protein
is important for synaptic function. (Supported by grants from NIH, HHMI, MDA).

146.9

146.10

REGULATION OF M AP KINASE ACTIVITY AND PHOSPHORYLATION OF
SYNAPSIN I IN PRESYNAPTIC NERVE TERM INALS. J.N. Jovanovic**. T. S.

IMMUNOLOCALIZATION OF ENDOLYN-78 GLYCOPROTEIN IN ENDOSOMAL
COMPARTMENTS AND SYNAPTIC VESICLES OF RAT HIPPOCAMPAL
NEURONS. S,^iQhgfagir , M,Q, Rossnfeid1, S-R- .P/incs2 and T - A m m ?
’Dept, of Cell Biology New York Univ. School of Med., New York, NY 10016,
2Dept. of Neurol, and Neurosci., Cornell Univ. Med. Coll., New York, NY 10021
Synaptic vesicles (SVs) that fuse with the plasma membrane of presynaptic
terminals and release neurotransmitter are rapidly reclaimed by endocytic
mechanisms. In this recycling pathway, SVs may associate with and reform from
endosomal compartments within the terminals. To examine the role of the
endosomal compartment in the process of vesicle reformation, we have begun
to characterize the distribution of the endolyn-78 glycoprotein in neurons of the
rat hippocampus. Endolyn-78 is a membrane constituent of endosomes and
lysosomes including multivesicular bodies in a wide variety of cell types (Croze
et al., J. Cell Biol. 108:1597-1613,1989). In this study, the cellular distribution of
endolyn-78 in hippocampal neurons was determined using the previously
characterized anti-enodolyn-78 monoclonal antibody 2C5. By light microscopy,
endolyn-78 immunoreactivity was observed at low to moderate levels in neurons
throughout the hippocampal formation but was selectively present at high levels
in the mossy fiber terminals of granule cells of the dentate gyrus. At the
ultrastructural level, lysosomes, tubular endosomes and multivesicular bodies
in soma and dendrites of CA3 pyramidal cells were strongly immunolabeled.
Among presynaptic terminals only those of the mossy fibers were intensely
stained. In these terminals, endolyn-78 immunoreactivity was associated with
clear round and tubular SVs. These results suggest that endolyn-78 may
participate in recycling of SVs througfr the endosomal compartment of mossy
fiber terminals and show that this protein is a selective marker for these
terminals. Supported by MH42834, DA08259 and CM20277.

sihia2, O.

ShupliakQV3 . L,..-Bioriia3, P. G reen y ard 1 and A J , C zern ik 1. ^ h e
Rockefeller Univ., New York, NY, 10021-6399, ^ R o y a l Free Hospital Sch. Med.,
Univ. o f London, London NW3 2PF, U.K. and 3Karolinska Institute., Stockholm S17177, Sweden.
Neurotrophins exert rapid modulatory effects on synaptic transmission by an
undetermined m echanism that is believed to involve both pre- and post-synaptic
components. W e now demonstrate that a neurotrophin-sensitive MAP kinase signaling
cascade is operative within presynaptic terminals o f the adult CNS, and regulates the
state of phosphorylation of synapsin I at Ser-62, Ser-67 and Ser-549 (P-sites 4, 5 and
6, respectively). In rat cerebrocortical synaptosomes, a basal level of activity of the
MAP kinase isoforms, p44 and p42, was detected and a basal level o f phosphorylation
of synapsin I at MAP kinase-dependent sites was also observed. Quantitative analysis
with phospho-specific antibodies for P-sites 4/5 and P-site 6 indicated that the basal
level of phosphorylation represented a stoichiometry o f ~ 0 .1 at each o f these sites.
Preincubation of synaptosom es with 50 nM PD98059, an inhibitor o f M EK
activation, caused a substantial decrease in M A P kinase activity and the
phosphorylation state of synapsin I at P-sites 4/5 and 6. BDNF (100 ng/ml) increased
MAP kinase activity and the phosphorylation state o f synapsin I at P-sites 4/5 and 6
to a similar extent. Evidence for phosphorylation in vivo was obtained from lightlevel im m unohistochem ical studies em ploying the P-site 6 Ab. Punctate
immunostaining was observed at low levels in most regions of the adult rat CNS, and
was enriched in mossy fiber term inals in the hippocam pal CA3 region and in the
substantia gelatinosa of the dorsal horn in the spinal cord. In vitro, M AP kinasedependent phosphorylation significantly reduced the ability of synapsin I to interact
with G-and F-actin. Regulation o f the state of phosphorylation of synapsin I by a
Trk/M AP kinase signaling cascade in presynaptic terminals may contribute to the
mechanism by which neurotrophins modulate neurotransmitter release. Supported by
U.S.P.H.S. grant MH39327 and Swedish M RC 11287.

146.11

146.12

M O L E C U L A R A N D G E N E T IC C H A R A C T E R I Z A T IO N O F A
D R O S O P H IL A N E U R E X IN (D n rx ) M U T A N T . L. L. Y u a n & B.
G a n e tz k y *
N e u ro scien ce T ra in in g P ro g ra m , D e p a rtm e n t of G en etics,
Univ. W isconsin-M adison, M a d iso n , 53706

CHARACTERIZATION OF VAP33, A V AMP/S YN APTOB REV IN BINDING
PROTEIN FROM APLYSIA. P.A .Skehel*1. M .G hirardil D.Bartsch2. K.C.M artiir.
and E.R.Kandel'.1Division o f Neurophysiology, National Institute for Medical
Research, Mill Hill, London. 2Howard Hughes Medical Institute and Center for
Neurobiology and Behavior, College of Physicians and Surgeons of Columbia
University, New York, New York.
Regulation of the amount o f transmitter release from the pre-synaptic terminal is
one possible means o f modulating synaptic efficiency. Characterization of the
molecules required during synaptic vesicle exocytosis m ay therefore identify proteins
regulated by synaptic activity. Using a yeast two hybrid cloning scheme an integral
membrane protein, VAP33 (VAMP/synaptobrevin associated protein o f 33 kD), was
identified from Aplysia califomica, that specifically interacts with synaptobrevin. The
structural basis ol' this interaction was analysied using the two hybrid system and
GST-fusion binding assays. A carboxy terminal fragment of VAP33, predicted to fonn
a coiled-coil motif, is shown to mediate the interaction with synaptobrevin. A library
of random point mutations was generated and screened in the two hybrid system for
synaptobrevin interaction. In a reciprocal experiment a similar library of random
mutations in synaptobrevin was screened for interaction with VAP33. These studies
indicate that synaptobrevin binds to VAP33 via structural elements distinct from those
mediating its interaction with syntaxin.
Micro-injection o f VAP33-specific antibodies into the pre synaptic cell of Aplysia
sensory-motor neuron co-cultures reduce synaptic transmission by 50%, by a
mechanism independent o f homosynaptic depression. Miniature e.p.s.p.s were
examined at control and inhibited synapses. Cultures in which the evoked e.p.s.p was
inhibited by approximately 50% exhibited no change in the frequency or amplitude of
mini e.p.s.p.s when compared to controls. Similarly, the total number of synaptic
vesicles available for release seemed unaffected as the frequency, amplitude, and total
number of mini e.p.s.p.s produced by osmotic shock was the same for inhibited and
control cultures. These data suggest that VAP33 functions at a point specific to
regulated, rather than constitutive, exocytosis.
Supported by HHMI and MRC

N e u re x in i w e re o rig in a lly id en tifie d in m am m a ls as a fam ily of
neu ro n -sp e c ific p ro te in s lo ca liz e d o n th e e x tra c e llu la r s u rfa c e of n e rv e
term in a ls. A lth o u g h v a rio u s fu n c tio n s h a v e b e e n a s c rib e d to th e s e
pro te in s th eir biological activ ities in v iv o re m a in larg e ly u n k n o w n . W e
are u sin g a g e netic a p p ro a c h in D ro so p h ila to e lu c id a te th e fu n c tio n of
neurexin in the n e rv o u s system . A gen e e n c o d in g a n o v e l n e u re x in (D nrx)
w a s id e n tifie d o n th e b a s is o f a m u ta tio n c a u s in g a te m p e ra tu re sensitive p h e n o ty p e . T he w ild -ty p e 7.5kb D n rx tra n s c rip t is co m p le te ly
e lim in a te d in th e m u ta n t.
I n tr a c e llu la r r e c o r d in g s a t th e la r v a l
n e u ro m u sc u la r ju n ctio n (NM J) o f m u ta n ts rev e a l a n electro p h y sio lo g ical
defect th a t is c o n sisten t w ith th e b e h a v io ra l p h e n o ty p e : th e sy n a p tic
resp o n se is n o rm a l a t 25°C b u t fails w h e n th e te m p e ra tu re is e le v a ted to
38°C. S u rp risin g ly , a n a ly sis of th e e x p re ssio n of th e D n rx tra n s c rip t in
no rm a l flies rev e a led th a t it is fo u n d o n ly in a s u b s e t o f g lia l cells. O n e
p o s s ib le e x p la n a tio n is t h a t th is D n rx p r o te i n is in v o lv e d in
co m m unication b e tw e e n glia a n d n e u ro n s. C o n siste n t w ith th is id ea , th e
absence of a tra n sm e m b ra n e d o m a in in th e D n rx p ro te in s u g g e sts th a t it
is a s e c re te d p ro te in . F u tu re w o rk is a im e d a t c h a ra c te r iz in g th e
d is tr ib u tio n of th e D n rx p r o te in a n d u n d e r s ta n d in g h o w it affe c ts
n e u ro n a l m em b ran e excitability.
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146.13
S O D IU M -D E P E N D E N T
IN C R E A S E
OF
QUANTAL
S E C R E T IO N
IN D U C E D B Y B R E V E T O X IN -3 IS A S S O C IA T E D W IT H D E P L E T IO N O F
S Y N A P T IC
V E SIC L E S
AND
S W E L L IN G
OF
M OTOR
NERVE
T E R M IN A L S I N SITU . C. C o la s a n te U * . F.A . M e u n ie r1 an d J. M o lg ó 1. ^ a b .
N e u robiologie C ellulaire et M o lécu laire, C .N .R .S ., 91198 G if su r Y vette
C edex, F rance; ^ C entro de M icro sco p ía E lectró n ica, U niv. Los A ndes, M érida,
V enezuela.
N a n o m o la r concentratio n s o f B revetoxin-3 (P b T x -3 ) e n h an ced spo n tan eo u s
quantal acetylcholine release from isolated n eu ro m u scu lar ju n c tio n s b athed in a
calcium (C a2+ )-free m edium . The su stain ed in crease in m in iatu re en d-plate
p otential (M E P P ) frequen cy leads, after a b o u t 3 h, to an e x h au stio n o f
tra n sm itte r release. T his increase w as co m p letely p rev en ted b y tetro d o to x in
(T T x). PbTx-3 also increased M E P P freq u en cy from ju n c tio n s treated w ith
botulinum type-A toxin (B oT x-A ), bu t to a lesser extent. PbT x-3 e x p o su re fo r 2
h increased by 74% the 3 -d im en sio n al pro jected a rea o f n o rm al living m o to r
nerve term inals in situ, w h ile at B oT x-A p o iso n ed term in a ls th ere w as only
29% increase. U ltrastructu ral exam in atio n o f norm al n erv e term in als exposed
for 3 h to PbTx-3 revealed a m ark ed d ep letio n o f sy n ap tic v esicles and an
increase in coated vesicles an d a x o lem m al in foldings. In c o n trast, no such
changes w ere observed in B oT x-A po iso n ed term in als. W e c o n clu d e th at TTxsensitive sodium (N a+ ) entry into m o to r n erv e term in als induced b y PbTx-3
triggers C a2+ -independent asy n ch ro n o u s qu an tal tra n sm itte r release, blocks
synaptic v esicle recycling and induces sw ellin g o f th e term in a ls, su g g estin g
th ar N a + p e r se can activate th e a sy n ch ro n o u s tra n sm itte r rele a se process.
Supported by the Intern atio n al C o o p eratio n Program o f th e E uropean
C om m unity (C I 1 C T 94-0129).
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146.14
EGR Transcription Factors Effcct Synaptophysin Expression.

P. J. Jensen*1. P.A. Mack2. N.M. Millan2. and K.J. Mack 12. Departments of
Physiology , and Neurology2, University of Wisconsin-Madison, Madison, WI 53706
Synaptophysin is an important synaptic vesicle membrane protein
whose precise function is currently unresolved but is thought to
participate in vesicle release through association with other synaptic
proteins. Synaptophysin is commonly utilized as a marker for
synaptic plasticity, but the elements that regulate its expression have
not been ascertained. Previous data from this lab suggest that
synaptophysin may be a potential downstream target gene for the
EGR family of transcription factors. These include NGFI-A, NGFIC, Krox20, Egr3 and Wt-1. Alterations in synaptophysin levels were
found subsequent to changes in EGR family members following
tactile stimulation. These data illustrate a correlation b e tw e e n
synaptophysin and NGFI-A and NGFI-C in vivo. Analysis through
gel shift experiments illustrate that EGR members NGFI-A, NGFI-C,
Krox20, and Egr3 are all capable of binding to the synaptophysin
promoter in vitro. Further co-transfection analysis demonstrated that
all EGR family members transactivate a reporter construct containing
5' flanking sequence of the synaptophysin gene. We hypothesize that
EGR transcription factors are able to alter the expression levels of
synaptophysin. This may underlie.increases in synaptophysin
exhibited after LTP induction since there is a preceding elevation of
NGFI-A. Supported by NIH NS33913.
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MUNC13-1 IS A PHORBOL ESTER RECEPTOR THAT
INTERACTS WITH COMPONENTS OF THE SYNAPTIC
RELEASE MACHINERY

PROPERTIES OF THE SNARE COMPLEX IN GROWTH CONES. M. Iearashi*
and Y. Komiva. Dept. Molec. & Cell. Neurobiol., Gunma Univ. Sch. Med.,
Maebashi, Gunma 371, Japan.
The framework of the SNARE mechanism is currently applicable for other
intracellular vesicular trafficking events as well as neurotransmitter release.
Examination of whether the SNARE mechanism is working in growth cones is
important for the following two reasons. First, the SNARE mechanism in a growth
cone is involved in membrane expansion for axonal growth (Igarashi et al., J.C ell
Biol. 134: 205 [’96]). Second, the growth cone is understood as the precursor of
the presynaptic terminal. Since the growth cone gradually changes to the
presynaptic term inal after reaching and recognizing its appropriate target, the
SNARE mechanism for transmission must be present in the growth cone. We
characterized the biochemical properties of the SNARE complex in these using
growth cone particles (GCP), fractionated subcellularly from the developing rat
brains. Although we discovered that the SNARE complex is associated with the
growth cone vesicles, we also demonstrated that the SV-free GCPs are lacking in
several regulatory mechanisms inhibiting SNARE complex formation proposed in
SV fusion. The core proteins of the SNARE complex accumulated in GCPs earlier
than several SV m arker proteins such as synaptophysin. Biochemical properties of
the SNARE complex in growth cones suggest that the SNARE mechanism for
transm itter release is not fully functional before the appearance of synaptic vesicles,
but that the mechanism is working fof membrane expansion. We concluded that
regulation o f the SNARE complex in growth cones is different from that in mature
presynaptic terminals, and that this switching may be the key step in development
from the growth cone to the presynaptic terminal.

A. Betz and N. Brose*. M ax-P lanck-Institute for E xperim ental M edicine,
D epartm ent o f M olecular N eurobiology, H erm ann-Rein-StraB e 3, 37075
Gottingen, Germany.
Munc 13-1 is one of three closely related mammalian homologues of C. elegans
unc-13. Unc-13 mutations in C.elegans lead to a severe deficit in neurotransmitter
release that closely resembles the effect o f unc-18 mutations.
Munc 13-proteins contain C l- and C2-regulatory domains that are known in other
proteins to bind phorbol esters (C l domain) or Ca++ (C2 domain). We show that
M unc 13-1 binds phorbol esters at its C l domain. This binding is abolished by
mutating H i s ^ 6 7 to LyS j n the Zn-binding site. Ca++-binding of the C2 domain
could not be demonstrated so far.
In order to elucidate the role of Munc 13-1 in exocytotic events we looked for
interacting proteins. Using the yeast two-hybrid technology, immunoprécipitation
analysis, and cosedimentation, we found Munc 13-1 to interact with the N terminus
of syntaxin. Syntaxin is a member of the synaptic core complex and interacts with
several proteins participating in synaptic vesicle traffic. Besides M unc 13-1, only
Munc 18, another regulatory protein in neurotransm itter release, was found to
interact with the N terminus of syntaxin. The overlapping binding site of Munc 131 and Munc 18 in syntaxin and the phenotypes of unc-13 and unc-18 mutations in
C.elegans suggest a similar function of these proteins in regulated exocytosis. The
phenotype of unc-13 and unc-18 mutations in C.elegans may be caused by the
inability of the mutated gene products to bind to syntaxin.

Supported by the Max-Planck-Society and the Deutsche Forschungsgemeinschaft,
grant SFB 406/A 1.
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STRUCTURAL AND FUNCTIONAL ANALYSIS OF une-11: A C. elegans
PUTATIVE NEURONAL SPECIFIC ADAPTOR PROTEIN. A. Alfonso* (12). C. E.
H ollenhack(l). S.-H, C h a o (1). B. A. N orbeck(2). C. J. S erp e(2). J. M. Patterson(2). and
M. L. N onet(3). (1) Univ. of Iowa, Iowa City, IA 52240; (2) Univ. of IL at Chicago,
Chicago, IL 60607; (3) Washington Univ. Sch. of Med., St. Louis, MO 63110.
Our ultimate goal is to define the function of the gene unc-11 in synaptic vesicle
(SV) release and/or recycling, both essential processes for normal synaptic
transmission. We are using classical and molecular genetic approaches, and the soil
nematode Caenorhabditis elegans (C. elegans) for our studies, unc-11 mutants are
generally defective in neurotransmitter release. Based on the mutant phenotype we
have proposed that the gene product be involved in a step in the SV cycle, i.e.,
docking, fusion, or recycling of specific SV membranes and proteins.
Functional assays with physical mapping of mutants and a group of alternativelyspliced mRNAs allowed us to define the gene. The deduced protein isoforms all
share identical amino acids at both N- and C- termini but differ in the presence or
absence of an internal group of amino acids. The shared N-terminal 382 amino acids
show 60% identity to the N-terminus of the mammalian neuronal adaptor protein AP3
(a.k.a. API 80). AP3/AP180, which binds clathrin and promotes clathrin cage
formation in vitro, is exclusively found in the mammalian nervous system.
Our inmediate goal is to determine whether unc-11 encodes a neuronal clathrin
binding protein and functions in SV endocytosis and/or recycling. Interestingly, in
unc-11 mutants the SV protein synaptobrevin (VAMP) is abnormally localized to thé
plasma membrane. In contrast, other SV proteins are normally targeted to their
respective compartments. Thus, our analysis of unc-11 mutants has provided the first
evidence in vivo that AP3 might function in the targeting and/or recycling of a specific
SV component. Characterization of the mechanism(s) by which unc-11 functions, has
shown a genetic interaction with the syntaxin homologue, unc-64, and the Munc-13
homologue, unc-13 but not theMunc-18 homologue unc-18. [Supported by NIH R29
NS32449]

VESICULAR LOCALIZATION OF SYNTAXIN AND SNAP-25 AND
RELATION TO SYNAPTIC VESICLE TURNOVER. H.Zimmermann*
SJfretzschroar, M,Marxen _and_ W.Yolknandt. Biozentrum, GoetheUniversität, D-60439 Frankfurt am Main, Germany
Synaptic vesicle docking and calcium dependent exocytosis require
the specific interaction of vesicle proteins with their plasma membranelocated counterparts. On isolation of synaptic vesicles from rat brain by
glycerol velocity gradient centrifugation part of the presumptive
presynaptic plasma membrane proteins syntaxin and SNAP-25
cosediment with
synaptic vesicle
membrane
proteins.
An
immunoelectron microscopical analysis of synaptosomal profiles
revealed that syntaxin and SNAP-25 are associated with the plasma
membrane and to a large extent also with synaptic vesicle profiles.
Double labeling experiments show vesicular colocalization not only of
SNAP-25 and syntaxin but also of SNAP-25 with the synaptic vesicle
proteins SV2 and synaptotagmin. Furthermore syntaxin is colocalized
with synaptophysin. SNAP-25 is associated also with synaptic vesicles
in cultures of cerebellar granule cells and with PC12 cell granules. K+stimulation results in the formation of horseradish peroxidase-labeled
vacuoles and synaptic vesicles. Both carry synaptic vesicle proteins as
well as SNAP-25. At present it is unknown how intervesicular
interactions by t- and v-SNAREs are prevented. Our results suggest
that the synaptic vesicle-located t-SNAREs syntaxin and SNAP-25
may have a function in the synaptic vesicle life cycle additional to
vesicle docking and fusion. Supported by DFG (SFB 169, A10)
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CA2+-DEPENDENT REDISTRIBUTION OF SYNAPTIC VESICLES IN
SYNAPTOSOMES INDUCED BY SHORT DEPOLARIZATIONS
A.G.M. Leenders. F.H. Lopes da Silva and W .E J.M . GHUSEN*.
Institute o f Neurobiology, Faculty o f Biology, University o f Amsterdam, Kruislaan
320,1098 SM Amsterdam.The Netherlands.
In nerve terminals two morphologically distinct types o f vesicles are found : small
clear-cored vesicles (SCCV) and large dense-cored vesicles (LDCV). The SCCV
release the fast acting classical neurotransmitters at the active zone and the LDCV
release slower acting modulatory neuropeptides outside the active zone. Using a rapid
m ixing device we have previously shown that there is a difference in kinetics o f
transmitter release from these two vesicle types in rat cortex synaptosomes. There is a
fast (x < 50m sec) release o f glutam ate and GA BA from SC CV, w hereas
cholecystokinin release from LDCV requires seconds.
In the present study we investigated at the ultrastructural level using electron
microscopy, the changes in spatial distribution o f these different vesicle types in
synaptosomes upon depolarization. Synaptosomes were fixated (2% paraformaldehyde
and 2.5% glutaraldehyde) before or immediatly after a short K-induced depolarization.
Control synaptosomal sections had an average diam eter o f 0.55jiM and contained
about 55 SCCV. Short depolarizations did not change the total number o f SCCV per
synaptosom e section. H ow ever, the distribution o f the SCCV w ith in the
synaptosomes was changed. 100msec depolarization resulted in increased clustering
and docking of SCCV at their release site, the active zone. The amount of LDCV in
synaptosomes did not change during a 100msec depolarization, but was reduced to
50% upon a lsec depolarization. Both the redistribution o f the SCCV and the
reduction o f LDCV were not seen when depolarization was induced w ithout
extracellular Ca2+ or in the presence o f P-,Q- and N-type Ca2+-channel toxins. In
conclusion, these morphological data showed a depolarization induced, and Ca2+ channel dependent, fast recruitm ent o f SCCV towards the active zone and a slow
release of LDCV at remote sites.fAGAf L is supported by NW O grant # 903-42-016).
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147.2
EVIDENCE FOR THE COLOCALIZATION OF RELEASE-SITE AND
G PROTEINS IN THE PRESYNAPTIC NERVE TERMINAL OF THE
CHICK CILIARY CALYX SYNAPSE. R.R. Mirotznik*. Z.-H. Shene.
J.K. Northuo and E.F. Stanley. Synaptic Mechanisms Section, NINDS,
Bldg. 36 Rm. 5A25, NIH, Bethesda, MD 20892.
We recently reported that cleavage of syntaxin eliminates the G proteindependent modulation of presynaptic N-type calcium channels (Nature
385:340). This effect indicates that in the nerve terminal syntaxin may
play a role in maintaining the G proteins close to the calcium channels and
the release site. To examine this question we have used deconvolutionenhanced immunofluorescent microscopy to compare the location of
putative release-site proteins, syntaxin or SNAP-25, with that of Ga0.
Ciliary ganglia were removed from lS^embryonic day chicks and the
neurons were dissociated. The preparation was fixed, permeabilized, and
treated with monoclonal antibodies against syntaxin or SNAP-25 and
polyclonal antibodies against Ga0. Western blotting confirmed that the
polyclonal was directed against Ga0. Staining was imaged on a Zeiss
microscope using Cellscan (Scanalytics) deconvolution software.
Syntaxin and SNAP-25 staining was most evident on the release face of
the nerve terminal with clear clustering that probably corresponds to
release sites. In comparison, Ga 0 staining was more spotty. Super
imposition of syntaxin or SNAP-25 with Ga 0 staining demonstrated clear
colocalization, especially on the calyx membrane. These results support
the hypothesis that the release-site proteins and Ga 0 are part of a
multimolecular complex together with the calcium channel.
Supported by the Intramural program of NINDS.

147.3

147.4

SYNAPTIC PLASTICITY: STRUCTURAL CHANGES W ITH ALTERATION
IN GENE EXPRESSION OF DUNCE IN DROSOPHILA.
U. S. Cheung1. G. Boulianne1-2 and H L. Atwood1* 'D e p t of Physiology and Zoology
and Programme in Neuroscience, University o f Toronto, Toronto, ON Canada MSS
1A8 and 2Sick Children Hospital, Toronto, ON Canada M 5G 1X8
Cyclic adenosine 3,>5'-monophosphate (cAMP) and its phosphodiesterase (PDE)
are thought to play an important role in synaptic plasticity. The Drosophila learning
mutant, dunce, has a defective gene for Form D PDE and, therefore, has elevated
levels of cAMP. The dunce gene is expressed most strongly in the mushroom bodies
of the central nervous system; however, little is known about the regulation o f dunce
in larval motor neurons, even though morphological and physiological research is
commonly done on their junctional terminals.
The role o f the dunce in synaptic transmission within motor neurons was evaluated
by generating transgenic flies containing a dunce gene under the transcriptional
control o f the Upstream Activating Sequence, the binding site for the yeast
transcriptional activator, GAM. These transgenic flies were then crossed to the
GAL4 line D42 which allowed us to drive expression o f dunce within larval motor
neurons. Using in situ hybridization with digoxigenin-labeled dunce probe, we
successfully detected the expected pattern of RNA expression in the larval motor
neurons. Confocal images of neuromuscular junctions of ventral longitudinal
muscles 6 and 7 revealed that these hypermorphic transgenic flies possess fewer
nerve terminal varicosities. In contrast, dunce mutants generally show more terminal
growth than wild-type flies. Our results indicate that over-expression of dunce can
alter nerve terminal morphology in transgenic flies. Thus, the level of cAMP
appears to influence the morphology o f the neuromuscular junction. (Supported by
The Natural Sciences and Engineering Research Council o f Canada)

EFFECTS OF PHOSPHATASE AND KINASE INHIBITORS ON THE
INTEGRIN-MEDIATED MECHANICAL MODULATION OF TRANSMITTER
RELEASE FROM FROG MOTOR NERVE TERMINALS. B.-M. Chen and
A.D. Grinnell, Dept, of Physiology and Jerry Lewis Neuro
muscular Research Center, UCLA, Los Angeles, CA 90095.
Stretch modulation of neurotransmitter release from frog
motor nerve terminals has been shown to be mediated in
large part by tension on integrins (Chen and Grinnell,
Science 2 6 9 , 1578-1580, 1995). This potent modulation is
linear with length, has a negligible latency, and is
insensitive to temperature changes, implying that it is
purely mechanical in nature (Chen and Grinnell, J. Neuro
science 17, 904, 1997). However, the mechanism of modula
tion is unknown. We report here that t h ^ tphosphatase
inhibitor okadaic acid (OA), in a low Ca
Ringer, has only
a small effect on resting EPP quantal content but virtually
eliminated the stretch modulation of both evoked and
spontaneous release. A broad spectrum kinase inhibitor,
staurosporine, prevented this effect of OA without affect
ing resting EPP amplitude or mEPP frequency. This suggests
that at least one of the molecules connecting membranebound integrins to a critical component of the release
apparatus must be in the depTiosphorylated form for mechani
cal modulation of release. These findings may be related to
those of Henkel and Betz (J. Neurosci. 1 5 , 8246, 1995), who
found that OA caused vesicle dispersion and that staurospo
rine both prevented this and appeared to alter the vesicu
lar fusion process. (Supported by NASA, NAG5-3964.)

147.5

147.6

FO R SK O LIN EN HA NCES G LU TA M A TE R E LE A S E AND
PH O SPH O R Y LA TIO N O F S Y N A PTIC P R O T E IN S RA B PH IL IN -3A AND
R IM IN M OSSY F IB E R E N R IC H E D H IPPO C A M P A L SY NAPTOSO M ES. G.
Lonart**. K.M. Johnson* and T.C. Su d h o f. +Dept. o f M ol. Gen., UT Southwestern
Med. Sch., Dallas, TX 75235, and *Dept, o f Pharmacol, and Toxicol., UT Med.
Branch, Galveston, TX 77555.
Electrophysiological findings indicate that activation o f protein kinase A (PKA)
leads to enhanced release o f glutamate from hippocampal mossy fiber (mi) nerve
terminals. To identify the targets for PKA, we used rat hippocampal CA1 and m f
enriched synaptosomes. Release o f glutamate from supervised synaptosomes was
determined by HPLC w ith flourometric detection. Phosphorylation o f synaptic
proteins was quantitated by a phosphorimager, after immunoprécipitation of 32Plabelled synaptosomes.. We have found that activation o f the cAMP-PKA pathway by
forskolin (50 nM) enhanced potassium-evoked glutam ate release from m f enriched
synaptosomes but not from CA1 synaptosomes. Forskolin’s effect was reduced by 3
nM H-89, a protein kinase inhibitor. Dideoxy-forskolin, an inactive analogue of
forskolin, had no significant effect. Out o f eight synaptic proteins we have tested so
far forskolin enhanced the phosphorylation of three synaptic proteins; synapsins,
rabphilin-3a and RIM. However, forskolin’s effect was m f specific only for
rabphilin-3a and RIM, two putative effectors o f Rab3a. In contrast, forskolin
enhanced the phosphorylation o f synapsins in both CA I and m f synaptosomes.
Together, these data suggest that phosphoiylation o f rabphilin-3a and RIM are
important in PKA-dependent upregulation o f glutam ate release at the hippocampal
mossy fiber synapse.

PKA-MEDIATED MODULATION OF AN EARLY STEP IN THE
SECRETORY PROCESS IN HIPPOCAMPAL NERVE TERMINALS. L.-E.
Trudfiay*. Y. Fang anA - P A Haydon. Lab. of Cellular Signaling, Iowa
State University, Ames, IA 50011.
Activation of the cAMP-PKA pathway causes a presynaptic
facilitation of neurotransmitter release in hippocampal neurons
through an action on the secretory machinery (Trudeau et al., 1996;
Neuron 17 :789). In order to further pinpoint the site of modulation, we
used the neurotoxin Botulinum A (BontA) to cleave the synaptic protein
SNAP-25. Cleavage of this protein produces a rightward shift in the
relationship between external Ca2* and transmitter release and
increases the synaptic delay. However, it does not attenuate exocytosis
induced by the Ca2*-independent secretagogue ruthenium red (RR).
Because RR stimulates exocytosis at a late stage, downstream of the
Ca2* receptor, these data suggest that cleavage of SNAP-25 by BontA is
able to dissociate early and late steps in the Ca2*-dependent fusion
process. We tested whether SNAP-25 cleavage perturbs PKA-mediated
presynaptic facilitation. BontA prevents forskolin-induced facilitation of
RR-evoked secretion but does not impair forskolin-induced modulation
of action potential-evoked neurotransmitter release under conditions
where evoked release is rescued by elevating extracellular Ca2*. BontA
also does not impair forskolin-stimulated cAMP accumulation. Our data
suggest that (1) PKA modulates neurotransmitter release by acting at
an early step in the release process, and (2) while SNAP-25 is not
necessary for PKA-mediated modulation of Ca2*-dependent release per
se, it functionally interacts with the target(s) of PKA within the
secretory machinery. Funded in part by the HFSP, the MRC of Canada
(L.-E.T.) and the NIH (P.G.H.).
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CYSTEINE STRING PROTEINS REGULATE PRESYNAPTIC
CALCIUM CHANNELS IN DROSOPHILA. J.A. Umbach* & C.B.
Gundersen. Dept, of Molecular & Medical Pharmacology, UCLA School
of Medicine, Los Angeles, CA, 90095.
Cysteine-string proteins (csps) are a novel family of synaptic vesicle
proteins (Mastrogiacomo et al., 1994, Science 263:981). We showed
previously that the temperature-dependent block of synaptic transmission
in csp mutant Drosophila was due to a failure of nerve impulses to trigger
transmitter secretion (Umbach et al., 1994, Neuron 13:899). Here, we
use several different reagents to demonstrate that presynaptic calcium
(Ca) channels'underlie this failure of transmitter release. The first reagent
we tested was alatrotoxin which is known to produce a massive quantal
discharge of transmitter at many types of nerve terminals. Even when
nerve impulses no longer trigger transmitter release in csp mutants,
alatrotoxin produces a sustained outpouring of transmitter. Interestingly,
the calcium ionophore, ionomycin, also bypasses the secretory defect in
csp mutants and triggers quantal secretion. The success of these two
reagents in overcoming the secretory failure in csp mutants argues that
their presynaptic Ca channels fail to open or conduct properly at nonpermissive temperature. This conclusion is supported by the inability of
4-aminopyridine or solutions with elevated K or Ca ions to overcome the
secretory block in csp mutants (these treatments all require that Ca
channels be competent to open in the first place). These data indicate that
csps participate in a regulatory interaction between synaptic vesicles and
presynaptic Ca channels.

PEPTIDES THAT MIMIC THE CARBOXY-TERMINAL DOMAIN OF SNAP-25
BLOCK ACETYLCHOLINE RELEASE AT AN APLYSIA SYNAPSE. J.P.
AptepcC , J,A , Piser1. Mi-AdLer1_A,.v, Fs£r.errMgpiid!,JyL MQnt^l!, and.M.QFilbert*. ‘Neurotoxicology Branch, USAMRICD, Aberdeen Proving Ground, MD
21010-5425, and 2Dept. of Biology, UCSD, La Jolla, CA 92083-0366.
Botulinum neurotoxins serotypes A and E (BoNT-A and BoNT-E) block
neurotransmitter release, presumably by cleaving SNAP-25. A 20-amino acid peptide
called ESUP-A (for excitation-secretion uncoupling peptide) spans the cleavage site for
BoNT-A and mimics the carboxy-terminal domain of SNAP-25. This peptide recently
was shown by Gutierrez et al. (FEBS Lett. 372:39, 1995) to inhibit transmitter
release from permeabilized bovine chromaffin cells, apparently by blocking vesicle
docking (Gutierrez et al. , J. Biol. Chem. 272:2634, 1997). This peptide and a second
20-amino acid peptide called ESUP-E, which is similar to ESUP-A but spans the
cleavage site for BoNT-E, were tested for effects on acetylcholine (ACh) release at an
identified cholinergic synapse of Aplysia neurons.
Recordings were obtained from isolated buccal ganglia of Aplysia. The presynaptic
neuron was current-clamped and stimulated electrically at 0.1 Hz to elicit action
potentials. The postsynaptic neuron was voltage-clamped, and evoked inhibitoiy
postsynaptic currents (IPSCs) were recorded. ESUPs were pressure-injected into the
presynaptic neuron, and their effects on the amplitude of the IPSCs were studied.
ACh release from presynaptic cells, as measured by the amplitudes of IPSCs, was
gradually inhibited by the peptides. ESUP-A and ESUP-E appeared to be equally
effective in reducing evoked responses. Both peptides caused a 43% reduction in
IPSC amplitude in 2 hr. A random-sequence peptide of the same amino acid
composition as ESUP-A had no effect. These results suggest that ESUPs compete
with the intact SNAP-25 for binding with other fusion proteins, thus inhibiting
exocytosis of neurotransmitter. This effect may account, in part, for botulinum toxininduced inhibition of transmitter release.
Supported by DoD.

Supported by NIH (NS31934).

147.9

147.10

RATE
OF REPLENISHMENT
OF
THE
READILY
RELEASABLE POOL IS MODULATED BY SYNAPTIC
ACTIVITY. J.F. W esseling1>2*and C.F. Stevens.1»3 1The Salk Institute, La

M O B IL IT Y A N D R E L E A S E O F A N F -E G F P . N. A. V e y n a * , W . H an,
D. Li, K. T a k im o to , S. C. W atkins a n d E .S. L e v ita n . Department of

Jolla, CA, 2UC San Diego, La Jolla, CA, 3HHMI.
Recently, Stevens and Tsujimoto (PNAS 92:846-849), and Rosenmund and
Stevens (Neuron, 16:1197-1207) have characterized a pool o f readily releasable
quanta at central synapses. This pool (1) is typically emptied in a few seconds
during high frequency stimulation, (2) takes several seconds to recover, and (3)
is proportional in size to the maximal release rate of transm itter from the
presynaptic terminal. This readily releasable pool is emptied in a calcium
independent way when the synapses are presented w ith hypertonic solution, and
in a calcium dependent way during high frequency trains o f action potentials.
By combining hypertonic stimulation with electrical stimulation of
hippocampal neurons grown in culture, we demonstrate that the replenishment
rate can be modulated by synaptic activity. This rate more than doubles after a
short train of action potentials, and it does so in a calcium dependent fashion.
During periods of inactivity, the rate relaxes back to the resting value with a
time constant o f about 15 seconds. The replenishment rate reaches its
maximum value after only a few action potentials. We reason that low
frequencies of action potential firing must be physiologically relevant in order
for this modulation to have computational significance. Supported by NS12961
to C.F.S andHHM I.

Pharmacology, University of Pittsburgh, Pittsburgh, PA 15261
Neuroendocrine cells slowly release a fraction of stored
peptides in response to a variety of secretagouges. To visualize
intracellular peptide distribution, mobility and release, a green
fluorescent protein (GFP)-tagged prohormone was expressed in
PC12 cells. Rat pro-atrial natriuretic factor (ANF)-GFP localizes to
granules that accumulate in neurites of nerve growth factor (NGF)treated cells.
Radioimmune assay (RIA) and microfluorimetric
measurements demonstrate that the labeled peptide is released
over a period of minutes by depolarization in a calcium dependent
manner. Slow secretion is also triggered by a calcium ionophore,
dialysis with 100 pM calcium, or by extracellular ATP. Confocal
microscopy reveals that depolarization decreases peptide levels
throughout neurite endings indicating that granules can move a
significant distance before releasing their contents. Fluorescence
recovery after photobleaching (FRAP) experiments show that only
a fraction of granules can move freely and these diffuse slowly.
These data suggest that the size and kinetics of sustained
secretory responses are influenced by limited number of mobile
secretory granules and their slow rate of diffusion, (supported by
NIH grant NS32385).

147.11

147.12

INTRAGRANULE PEPTIDE HORMONE RESPONSE TO
SECRETORY STIMULI. Weiping Han, Panging Li, Amy Stout, Edwin
S Levitan*. Department of Pharmacology, University of Pittsburgh,
Pittsburgh, PA 15261
Neuropeptides are packaged in a condensed form in acidic
secretory granules. Here we report a physical change in a stored
hormone in response to secretagogues using enhanced green
fluorescent protein (EGFP)-tagged proANF (Atrial Natriuretic Factor).
We have shown previously using microfluorimetry that various
secretory stimuli cause a slow release of 20-30% of peptide content
from PC12 neurites over a period of a few minutes in a Ca2*dependent manner. Release elicited by Ca2* dialysis via a patch
pipette or a calcium ionophore could be described with a single
exponential function. However, release evoked by depolarization
with voltage steps, high external KCI, or ATP was not always
exponential, and sometimes was preceded by a delay or even a
small increase in fluorescence. GFP is known to be sensitive to pH.
Spectral analysis revealed that the fluorescence of the red-shifted
EGFP quickly and reversibly increased over 30% without spectral
shift when pH was increased from 5.5 to 7.3. Furthermore, the initial
increase or delay before the decrease was no longer observed when
the cells were treated with pH collapsing agents (FCCP, monensin or
nigericin) before high KCI application. The increase in fluorescence
evoked by high KCI was still evident when release was blocked by Nethylmaleimide. These data suggest that condensed peptides in
secretory granules undergo pH-dependent changes in response to
depolarizing stimuli. (Supported by NIH NS32385)

M E M B R A N E -P R O X IM A L A D R E N A L C H R O M A F F IN G R A N U L E
M O V E M E N T C A N B E M E A S U R E D U S IN G T O T A L IN T E R N A L
R E F L E C T IO N F L U O R E S C E N C E M IC R O S C O P Y . L .M . N elson8. D.
A xelrodb. E.S. L evitan0, and R .W . H olza*. D epartm ent o f Pharmacology®,
and B iophysics R esearch D ivision1*, th e U niversity o f M ichigan, Ann
A rbor, M I 48109.
D epartm ent o f Pharm acology0, U niversity o f
Pittsb u rg h , Pittsburgh, PA 15261.
H ere w e d em onstrate the ab ility to m onitor chrom affin granule
m ovem ent a t the plasm a m em brane using total internal reflection (TIR )
fluorescence m icroscopy. T his technique allow s selective excitation o f
fluorophores located w ithin app ro x im ately 100 nm o f th e p lasm a
m em brane. T he position an d distance o f fluorophores from th e m em brane
can be determ ined as function o f th e change in fluorescence intensity.
C hrom affin cells w ere tran sien tly tran sfected w ith cD N A encoding a
co n stru ct o f atrial n atriuretic peptide (A N P) fused w ith green fluorescent
protein (G FP). T his A N P -G F P co n stru ct is expressed in the chrom affin
granules, as detected by im m unocytochem ical colocalization w ith
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dopam ine P-hydroxylase, a m ark er fo r chrom affin granules. C hanges in
fluorescence o f the G F P m oiety indicates th a t chrom affin g ranules a t the
p lasm a m em brane are not stationary. T h e effects o f various stim uli on
gran u le m ovem ent are being investigated. S u pported b y N IH g ran t R O l
D K 27959.
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147.13

147.14

EVANESCENT W AVE MICROSCOPY REVEALS DYNAMICS OF
SINGLE DENSE-CORE GRANULES LABELED WITH GREEN
FLUORESCENT PROTEIN T. Lang. I. Wacker. J. Stever. I.
Wunderlich. T. Soldati. W. Aimers*. Max-Planck-lnstitute for Medical
Research, Jahnstr. 29, 69120 Heidelberg, Germany
PC12 cells were transfected with fusion proteins of green fluorescent
protein (GFP) with either human chromogranin B (hCgB) or human
pro-neuropeptide Y (hpNPY). On differentiation, cells displayed
punctate fluorescence in the cell body and, more predominantly, in the
neurites. Quantitative confocal microscopy showed that 65% of
fluorescent hCgB-GFP spots colocalized with the endogenous densecore granule marker dopamine-p-hydroxylase. Upon stimulation with
elevated potassium, 30% of hCgB-GFP fluorescence was lost from
neurites. Furthermore, in permeabilized cells, stimulation for 5 min with
17 ¿iM calcium led to a loss of up to 50 % of both hCgB-GFP and
hpNPY-GFP fluorescence. This suggests that GFP is targeted to the
regulated exocytic pathway and provides a novel tool to study
dynamics of granule docking and exocytosis.
To image dense-core granules in a subplasmalemmal layer of 300 nm
thickness we used evanescent wave microscopy. Up to 200 exposures
are possible without obvious photodamage, allowing single granules to
be tracked over extended periods of time. The majority of granules
were stationary, while others migrated. Sometimes migration stopped
abruptly, as if the granule were caught by a plasmalemmal binding
site. In permeabilized cells in the presence of calcium, the arrest of
some traveling granules was followed by their abrupt disappearance.
W e suggest that the abrupt stopping of migration represents docking
and abrupt disappearance exocytosis.
Supported by the Max-Planck Society

SY N A P T IC
T R A N S M IS S IO N
AND
P L A S T IC IT Y
IN
P A IR
R E C O R D IN G S FR O M H IP P O C A M P A L N E U R O N S.
P. Pav lid is* and
D. V. M adison. D ept, o f M o le c u lar and C ellu la r Phy sio lo g y , S tanford
U niversity School o f M ed icin e, S tanford, C A 94305.
W e are in v estig atin g the p ro p erties o f synaptic tran sm issio n an d plasticity
u sin g w hole cell recordings fro m pairs o f C A 3 p y ram id al cells in
o rganotypic culture. O u r p resen t w ork includes tw o lin es o f study. First, we
are an alyzing L T P betw een pairs, a ttem p tin g to id en tify reag en ts w hich
have effects on L T P w hen in jected in to th e p resy n ap tic cell o f a pair.
P relim in ary resu lts in d icate th at p resy n ap tic E G T A (10 m M ) does no t b lock
L TP. In ad dition, w e have found th at th e level o f plasticity in a p a ir depends
on the initial resp o n se size, w ith w eak c o n n ectio n s gen erally show ing
g reater p lasticity th an stro n g ones. T h is m ay reflect th e im p act o f p rio r
saturation o f L T P m echanism s at som e synapses. In a seco n d a rea o f study,
w e are e x p lo rin g the effects o f c alciu m c h elato rs on tran sm issio n . Injection
o f the calciu m ch elato r B A P T A (lO m M ) in to the p resy n ap tic cell alm ost
co m p letely blocks tran sm issio n , w hile E G T A has a m uch lesser and less
c o n sisten t effect. W e are e x ten d in g this stu d y to an an aly sis o f paired -p u lse
d ep ressio n (PPD ) and facilitatio n (PPF). In co n tro l p a ir reco rd in g s, eith e r
PP F or P P D can b e observed; if the E PS C in resp o n se to th e first action
p o ten tial o f a p a ir is relativ ely sm all, P P F m ay b e ob tain ed , w h ile P P D is
m ore com m only ob serv ed if th e first E P S C is large. W e are cu rren tly
exam in in g the effects o f c a lc iu m ch e la to r in jectio n on th is sh o rt-term
plasticity. S u pported by th e C o n te C e n te r F o r N eu ro scien ce R esearch
(M H 48108).

147.15
TARGET-SPECIFIC
SHORT-TERM
MODIFICATION
OF
SYNAPTIC POTENTIALS IN LAYER 2/3 NEURONS . A.D. Reves*
andB. Sakmann. Max-Planck-Institut fur Medizinische Forschung, D69028 Heidelberg, Germany
Postsynaptic potentials (PSPs) evoked successively in neurons either
depress or facilitate. To determine whether short-term modification of
PSPs depend on presynaptic or target neurons, we performed
simultaneous whole cell recordings (34°C) from 3 synaptically
connected and identified layer 2/3 neurons in slices of rat (PI4)
neocortex. The circuits consisted of: 1) two pyramidal neurons
convergently innervating a common target intemeuron (n= 1 2 ); or 2 ) one
pyramidal neuron divergently innervating two interneurons (n=19).
Short-term modification of PSPs was target specific. In convergent
circuits, the PSPs evoked in aspiny stellate cells by 10Hz stimulation of
pyramidal neurons depressed whereas those evoked in bitufted cells
facilitated. In divergent circuits, stimulation of pyramidal cells evoked
PSPs that facilitated in bitufted cells but simultaneously depressed in
aspiny stellate cells. Circuits which contained interneurons as
presynaptic cells indicate that short-term modification of GABA-ergic
PSPs was also target specific (n=20).
A presynaptic mechanism seems to underlie short-term modification of
PSPs. In divergent circuits, the failure rate for the 1st PSP evoked in
bitufted cells was high, but decreased with successive PSPs. The
converse occurred in aspiny stellate cells.
These data suggest that target neurons release a retrograde signal to
produce local changes in the release properties of presynaptic terminals.
Supported by the von Humboldt Foundation

147.16
MULTIPLE CALCIUM CHANNEL TYPES AT A GIANT TERMINAL IN THE
MAMMALIAN CNS. L.-G. Wu*. J.G.G. Borst and B. Sakmann. Dept, of Cell
Physiol., Max-Planck-Institute for Medical Research, Heidelberg, Germany
We studied pharmacologically the type o f calcium channels and their
efficacy in triggering release at single caliciform synapses of the medial nucleus of
the trapezoid body in rat brain stem slices. The calcium-sensitive indicator fura-2
was dialyzed into the terminal (calyx of Held) through a presynaptic patch pipette
and the volume-average calcium influx (Pre-Ca) was recorded with a photodiode.
Single presynaptic action potentials were evoked by extracellularly stimulating the
afferent axon with a bipolar electrode placed at the midline of the trapezoid body.
Transmitter release was monitored by voltage clamping the postsynaptic cell with a
separate electrode. Due to the large amplitude of the excitatory postsynaptic cunent
(EPSC), a reduction o f release to 0.1% o f the control could be reliably detected.
TheN -type calcium channel blocker co-Conotoxin-GVIA (1-3 (J.M) reduced
Pre-Ca to 73% and EPSC to 64%, indicating that the EPSC decreases
proportionally to Pre-Ca raised to a power o f 1.4. In contrast, the P/Q-type channel
blocker co-Agatoxin-IVA (100-200 nM) reduced Pre-Ca to 56% and EPSC to 3%,
yielding a power of 4. These results suggest that N-type and P/Q-type channels
control release with very different efficacies.
About 25% of Pre-Ca and 1% of EPSC remained after a combined
application o f high concentrations o f G)-Conotoxin-MVIIC, co-Conotoxin-GVIA and
co-Agatoxin-IVA. This resistant component was preferentially blocked by N iC l2.
The typical low-threshold T-type current was not detected at terminals during
voltage clamp experiments. L-type channel blockers had no effect on either Pre-Ca
or EPSC. These results suggest that calcium channels in addition to N- and P/Qtype, but not L- and T-type, trigger transmitter release. This resistant component
may correspond to the R-type channel.
L.G.W. was supported by Alexander von Humboldt fellowship.

147.17

147.18

E N H A N C E M E N T O F SY N A PTIC S T R E N G T H T H R O U G H A C T IV A T IO N
O F PR E SY N A PT IC G A BA -B R E C E P T O R S . S. Brenowitz and L. Trussell*.
Neuroscience Training Program and Dept, o f Neurophysiology. U o f W isconsin,
M adison, W I 53706.
The chick nucleus magnocellularis (NM ) receives VUIth nerve glutamatergic
inputs which activate postsynaptic A M PA receptors. In brain slices o f NM ,
voltage clamp studies show that repetitive activation o f the synapse results in acute
synaptic depression, a consequence o f pre- and post-synaptic factors related to the
large volume o f glutamate released by end-bulb synapses. Application o f the
GABA-B agonist baclofen (10-100 uM ) inhibits release in N M , typically reducing
the amplitude of the EPSC by 85-95 %. W e explored w hether reduction o f release
could minimize synaptic depression by comparing the absolute amplitude o f
synaptic currents evoked at different rates in normal and baclofen-inhibited release
conditions.
Stimulation o f presynaptic fibers with 10 shocks at 100 H z produced > 9 5 %
depression o f the EPSC. In baclofen, EPSCs initially showed slight facilitation,
sometimes followed by a comparatively small amount o f depression. Rem arkably,
the absolute amplitude o f EPSCs after 10 shocks was 4-10X larger in baclofen as
compared to control solutions. In other words, baclofen inhibited release o f the
first EPSC but potentiated the later EPSCs, relative to control. A similar effect
was obtained by critical reduction o f bath calcium.
Stimulation at lower
frequencies produced proportionately less depression; at < 20 H z the absolute
amplitude of later EPSCs in baclofen was always smaller than in control solution.
These data indicate that the effects o f GABA-B activation are context-dependent.
Under high, presumably physiological, rates o f synaptic stimulation, these receptors
enhance synaptic strength by minimizing depression.
Supported by NS28901.

REGULATION OF HIGH-FIDELITY SYNAPTIC TRANSMISSION BY A
PRESYNAPTIC POTASSIUM CHANNEL IN THE M OUSE AUDITORY
BRAINSTEM. L.-Y. W ane. I. D. Forsvthe* and L. K. Kaczmarek*. Dept, of
Pharmacol. Yale Univ. Sch. of Med., New Haven, CT 06520 and *Dept. of Cell
Physiol, and Pharmacol. Univ. o f Leicester, Leicester L E I 9HN, U.K.
High-fidelity synaptic transmission across the Calyx o f Held synapse in the medial
nucleus o f the trapezoid body (MNTB) plays an important role in sound
localization. Using whole-cell current- and voltage-clamp techniques, we have
characterized the electrophysiological properties o f the giant presynaptic terminal
and postsynaptic receptors in the mouse auditoiy brainstem. Synaptic transmission
at this synapse is glutamatergic and m ediated by both AMPA and NM DA receptors.
Presynaptic release was dependent on extracellular calcium with a power
relationship between [Ca2+]0 and EPSC amplitude o f ~1.5. In response to tetanic
stimulation lasting 100 ms, the EPSC amplitude exhibited significant depression at
frequencies between 100 and 300 Hz, and failures at frequencies above 300 Hz.
Lowering [Ca2+]0 from 2 mM to 1 or 0.5 mM reduced or elim inated synaptic
depression. Application of the potassium channel blocker TEA (1 mM) increased
the EPSC amplitude, caused a parallel shift o f the lCa2+]0 power relationship to the
left, and elevated the failure rate during high-frequency stimulation. Direct
recording from presynaptic calyces showed that these term inals were capable of
firing at frequencies up to 300 Hz. TEA increased the width and height o f action
potentials, thus markedly hampering presynaptic firing capacity. Voltage-clamp
experiments demonstrated that the presynaptic TEA-sensitive outward current
displayed biophysical characteristics of Shaw-like potassium channels. These results
strongly suggest that a TEA-sensitive potassium conductance is critical in shaping
the presynaptic action potential and m aintaining high-frequency synaptic
transmission. Supported by grants from NIH, Wellcome Trust, HFSP and Eppley
Foundation.
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147.19
PROPERTIES OF SYNAPTIC DEPRESSION AT THE CALYX OF
HELD. R. Schneggenburger*. S. Weis, H. von Gersdorff. and E. Neher
Max-Planck-Institute for Biophysical Chemistry, D-37077 Gottingen,
Germany.
The large calyceal nerve terminals (calyx of Held) in the medial
nucleus of the trapezoid body form a one-to-one glutamatergic synapse
onto the somata of principal neurons (Forsythe, 1994, J. Physiol.; Borst
et al., 1995 ibid). We have investigated the properties of short-term
plasticity at this synapse by recording AMPA- and NMDA-receptor
mediated excitatory postsynaptic currents (EPSC) under whole-cell
voltage-clamp conditions in brainstem slices from P8-11 rats. At a
holding potential of -80 mV and at 2 mM [Ca]0 and 1 mM [Mgj0, large
AMPA-EPSCs (range 2-12 nA) were recorded upon stimulation of
afferent fibres. With repetitive stimulation at frequencies of 0.5 - 10 Hz
(trains of 30 stimuli, waiting time > 30 s between trains), a strong
depression of AMPA-EPSCs was observed. The amplitude of the EPSCs
decayed exponentially from the first EPSC ("Io") to a new steady-state
value ("ISs")- At 1 and 10 Hz, Iss was 46 ± 3 % (n = 3 cells) and 25 ± 5 %
(n = 14 cells) of Io respectively. The time course of recovery from
depression after 10 Hz trains could be well fitted by a single exponential
function with a time constant of 4.2 sec (n = 5 cells). Iss/Io-values for
NMDA-EPSCs (recorded at +60 mV with 1 and 2 Hz trains) were similar
to the corresponding values for AMPA-EPSCs at -80 mV. These results
indicate that presynaptic mechanism(s) largely contribute to this form of
short-term depression at the calyx of Held synapse. Supported by Deutsche
Forschungsgemeinschaft (SFB 406) and HFSP (HvG)
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147.20
GABA
RECEPTOR-MEDIATED
MODULATION
OF
PRESYNAPTIC
CURRENTS AND EXCITATORY TRANSMISSION AT A FAST CENTRAL
SYNAPSE. J.S. Isaacson* Dept, of Physiology and Biophysics, University of
Washington, Seattle, WA 98195.
At many central synapses, GABA receptors modulate transmission by inhibitory
effects on nerve terminals. Based on studies o f somato-dendritic currents,
modulation of both calcium and potassium channels has been suggested to play an
important role in this inhibition. However, the actions of presynaptic receptors on
channels in nerve term inals are unclear. To address this question, I have studied the
modulation o f presynaptic channels in large, glutamatergic nerve terminals (calyces
o f Held) formed onto principal cells o f the rat auditory brainstem.
Visualized whole-cell and whole-terminal recordings were made in the medial
nucleus of the trapezoid body (MNTB) o f rat (8-17 days old) brainstem slices.
Excitatory postsynaptic currents (EPSCs) were evoked by extracellular stimulation in
the trapezoid body at the midline and recorded at -30 mV. Nerve term inal calcium
currents were recorded in the presence o f TTX using a Cs/TEA-based internal
solution. Calcium currents were elicited by brief depolarizing steps from -80 mV.
Single-fiber EPSCs in MNTB principal cells were large (—2 nA peak amplitude)
and abolished by the glutamate antagonists APV and DNQX. Evoked EPSCs were
reversibly reduced (90%, n=4) following the addition of the GAB AB agonist baclofen
(20-50 yM) to the superfusing solution. Presynaptic calcium currents were high
voltage-activated with a peak inward current at — 10 mV and a reversal potential of
about +60 mV. Baclofen markedly inhibited the presynaptic calcium current in all
calyces examined (n*=5). This reduction of the calcium current was accompanied by a
slowing of its activation kinetics. These results suggest that GABA b receptors can
inhibit synaptic transmission via direct modulation o f presynaptic calcium channels.
Supported by a Burroughs Wellcome Fund Career Award.
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148.1
MONTE CARLO SIMULATION OF RELEASE OF CONTENT OF INDIVIDUAL
VESICLES IN SECRETORY CELLS. Mladen I. Glavinovicu ‘ and Hamid R. Rabie3
Departments of Anaesthesia Research1, Physiology2 and Chemical Engineering3 McGill
University, Montreal PQ, CANADA
Time course of release of the content of individual vesicles can now be studied in a
variety of secretory cells using amperometric technique. While it is well established that
in chromaffin cells the release lasts much longer than in either central or peripheral
synapses it is less well understood what in general determines its duration although a
variety of factors are likely to influence it: vesicular size, fusion pore radius and length,
nature of the transmitter storage in the vesicle. In addition the diffusion in the cleft and
the electrolysis by amperometric electrode are also likely to shape recorded currents. We
tried to assess their importance by simulating the release using Monte Carlo method and
assumed the diffusion constant to be 600 cm2/s, the intravesicular concentration 0.5 M,
the length of the fusion pore 15 nm, the distance between the recording electrode and
secretory cell 100 nm, the diameter of the electrode 5 |xm. Vesicular diameters varied
from 5 to 300 nm, those of the fusion pore from 2.5 to 20 nm and the electrolysis level
from 10 to 100%. Diffusion in the cleft did not affect all currents equally. Those released
from small vesicles were more distorted, but the effect was small. The level of electrolysis
had surprisingly little effect and the time course of currents typically resembled that of
release very closely. The decay times of simulated currents can be as long as observed
experimentally for ‘reasonable’ but generally narrow pores, but in such a case the rise
times are always very short, all amplitudes essentially independent and decay times
strongly dependent on the vesicular (and quantal) size, all in clear contrast with
experimental findings. The amplitudes of simulated currents are correlated with vesicular
(and quantal) sizes only when diffusion pores are wide, but in such a case either a slower
diffusion in the vesicle or the release from the gel is necessary to assume to obtain the
slow decay times experimentally observed. These simulations support the idea that in
chromaffin cells catecholamines are stored on a gel matrix and provide a guidance how to
interpret recordings from other secretory cells.
Supported by MRC (Canada).

148.3
[’Hl-NOREPINEPHRINE RELEASE ENHANCEMENT IN VITRO BY ALPHA,
ANTAGONISTS:
CORRELATION
WITH
BINDING
AND
SIGNAL
TRANSDUCTION ON HUMAN ALPHA2 ADRENOCEPTOR SUBTYPES. M.H.M.
Bakker. A.S. Lesage. I. Lenaerts. M. Ercken. R.J. Fisher. L. Hevlen and J.E. Levsen*
Dept, of Biochemical Pharmacology, Janssen Research Foundation, Belgium.
AIpha2 adrenoceptors are believed to play a role as autoreceptors controlling
norepinephrine (NE) release. Due to their similar pharmacology, it is not yet clearly
established which of the three known receptor subtypes described, the a ^ , cc2b and a 2tadrenoceptors, is responsible for mediating this effect. The aim of the present study
was to determine the responsible receptor subtype. Sixteen a 2 adrenoceptor antagonists
were investigated for: (1) reversal of clonidine induced inhibition of [3H]-NE release
stimulated using pseudo-one-pulse stimulation in rabbit cerebral cortex slices; (2)
reversal of clonidine mediated inhibition of forskolin induced cAMP accumulation in
CHO cells expressing human (h )a2A and h a 2C receptors; (3) binding affinities for the
h a 2A, h a 2B and h a 2c receptors in membranes of transfected CHO cells were determined
in competition with [3H]-rauwolscine; and (4) binding affinity for rabbit cerebral cortex
membranes in competition with [3H]-clonidine.
The potencies with which the antagonists inhibited clonidine-induced reduction o f
[3H]-NE release significantly correlated with the potencies obtained in the cAMP test
and binding affinities for the ha2A adrenoceptor (r=0.58, p<0.05 and r=0.66, p<0.01
resp., Spearman rank order test). No correlation was found with second messenger
activation mediated by the h a 2c adrenoceptors (n=0.16) or binding affinities for the
h a 2e and h a 2c adrenoceptors (r=0.02 and r=0.22 resp.). Also a high correlation was
found between their potencies to reverse the inhibition of [3H]-NE release and binding
affinity for the rabbit cerebral cortex (r=0.85, p<0.01). Binding affinities of those
compounds for the h a 2A and h a 2C adrenoceptors corresponded to their potencies for
modulation of cAMP accumulation by the respective cell lines.
The present study shows that the a 2 adrenoceptor subtype responsible for the
autoinhibition of [3H]-NE release from rabbit cerebral cortex is o f the
subtype.
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148.2
‘WHOLE-TERMINAL’ RECORDINGS FROM SINGLE MOSSY
FIBER TERMINALS IN HIPPOCAMPAL CULTURES
J. Klingauf. E.T. Kavalali*. and R.W. Tsien. Department of Molecular & Cel
lular Physiology, Beckman Center, Stanford University School of Medicine,
Stanford, CA 94305
The study of neurotransmission in mammalian CNS at the level of single
synapses has long been hampered by the small size and limited accessibility of
most presynaptic structures. The recent reconstitution of mossy fiber synapses
in culture has opened up the possibility of finding conditions in which the
mossy fiber terminals (MFT) might grow to mature size and thereby allow in
tracellular recording.
Under appropriate culture conditions, we find that hippocampal granule cells
form MFT’s, 2 to 12 |j.m in diameter, preferentially located on proximal den
drites of CA3 pyramidal neurons. Single MFT’s are readily identified by their
ability to extend fine processes, like their in vivo counterparts. They support
K+-evoked exo-endocytotic recycling, as monitored by the fluorescent dye FM
1-43. MFT’s undergo FM 1-43 destaining upon exposure to 70 mM K+, 2 mM
Ca2+ solution in two phases, a fast phase (x~7 s) like other hippocampal termi
nals, and an equally large slow phase (x-100 s). We have recently succeeded in
obtaining ‘whole-terminal’ recordings from dye-stained MFT’s. The capaci
tance transient fast component is of appropriate size for the apparent area of
the dye-labeled MFT. Depolarizations clearly recruit voltage-gated Na+ and
Ca2+ channel activity in rough proportion to terminal area. These isolated ter
minals may allow high resolution capacitance measurements as an approach to
study presynaptic secretion independent of dendritic properties. Supported by
NIMH MH48108.

148.4
NICOTINIC ACETYLCHOLINE RECEPTOR MEDIATED RELEASE OF
GLUTAMATE IN RAT DENTATE GYRUS IN-VIVO. K.M. Mitchell. Center for
Neurobiology & Immunology Research, Univ. o f Kansas, Lawrence, KS 66047
Neuronal nicotinic acetylcholine receptors (nAChRs) have been shown to modulate
release in a number o f different neurotransmitter systems in the CNS yet the
physiological significance o f this nAChR function is not clear at present. Changes in •
nicotinic cholinergic systems are associated with nicotine abuse, Alzheimer’s
dementia and Parkinson’s disease. The objective o f these studies was to investigate
the potential modulation o f glutamatergic transmission by nAChRs in the dentate
gyrus. The hypothesis that nicotine modulates release o f glutamate in this brain
region is supported by anatomical, cognitive and behavioral effects o f nicotine use.
Changes in extracellular glutamate were measured in real time by an enzyme-based
electrochemical sensor in the dentate o f urethane-anesthetized male Sprague-Dawley
rats. Pharmacological agents were applied locally via pressure ejection from a multi
barrel micropipette adjacent (-5 0 pm) to the sensor. Glutamate release was evoked
by (-) nicotine (1 0,100 & 500pM) and ACh (100^M & ImM ) in a dose-dependent
manner. For example, 1OOpM nicotine applied for 2sec and 20psi evoked release
with a peak concentration o f 4.1 + 0.2 uM, SEM which decayed to basal level within
25 sec. Simultaneous administration o f 100 }iM nicotine and dihydro-P-erythroidine
(dfiE; 10 piM) under the same conditions inhibited peak release by 53.4 + 1.8%.
Elevated K+- evoked (100 m M , 2sec, 20psi) release o f glutamate (4.4 + 0.2 pM,
SEM) was not affected b y d/JE under similar conditions. These results suggest that
nAChRs are involved in modulation o f glutamate release in the dentate. The
particular nAChR subtypes involved remain to be elucidated.
Research supported by Amer. Heart Assn. KS-96-GB-5.
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148.5
MODULATION OF SYNAPTIC RELEASE AT THE CRAYFISH NMJ
BY ECDYSONE, A MOLT RELATED HORMONE.
R.L. Cooper. S. I. Cromarty1 A.E. Ditvatev2. and J. F. Zolman*3 Sch. of Biol.
Sci., Univ. of Kentucky, Lexington, KY; Dept, of Biol., Georgia State Univ.,
Atlanta, GA1; Molecular Neurobiol. Ctr., UKE, Univ. of Hamburg, Hamburg,
Germany 202462; Dept, of Physiol., Univ. of Kentucky, Lexington, KY3
The active form of ecdysone, 20-hydroxyecdysone, has previously
been shown to depress EJPs in the phasic abdominal musculature, while it
prevents depression/fatigue in the claw-opener musculature of intermolt
American lobsters (Cromarty and Kass-Simon, 1996). This correlates with the
observed escape responses and claw-opening displays in this molt stage.
We have followed up on these initial observations by assessing how
synaptic transmission is depressed within motor nerve terminals using the
crayfish as the model system. With focal, macro-patch recordings over
visualized terminals synaptic currents are readily recorded for quantal analysis.
We are currently measuring the quantal parameters: mean quantal content (m),
number of release sites («), and probability of release ip). These parameters
are being assessed in high- and low-output tonic terminals as well as the very
high output phasic terminals. The spectral analysis of amplitude distributions
and a deconvolution technique based on maximum likelihood estimator were
used. Initial observations indicate that both n and p are decreasing which
results in a lower m among the tonic terminals. Further examination of
depressed release being offset by the application of other neuromodulators is
being tested which would help to explain the changing behaviors observed
during the molt cycle, such as the rapid escape responses and the meral spread
displays. Supported by U.K. start-up funds (R.L.C.).

148.6
ASSESSING THE MECHANISMS OF SYNAPTIC DEPRESSION IN
PHASIC NEUROMUSCULAR JUNCTIONS OF THE CRAYFISH .
A.E. Ditvatev* and R.L. Cooper1. Molecular Neurobiology Ctr., UKE, Univ.
of Hamburg, Hamburg, Germany 20246; Sch. of Biol. Sci., Univ. of Kentucky,
Lexington, KY 405061.
Upon initial activation of a phasic motor neuron its terminals will
release large amounts of transmitter resulting in a large EJP. Whereas during
repetitive stimulation the EJPs will become smaller and synaptic depression
will result. The rate of depression is dependant on the particular type of phasic
motor neuron and on the rate of repetitive stimulation. The precise
mechanisms of synaptic depression are not well understood. For this reason
we are assessing quantal parameters of synaptic transmission in depressed
motor nerve terminals, trying to separate pre- and post-synaptic components.
With the use of vital dyes, a focal, macro-patch electrode was placed over
visualized terminals to record synaptic currents. The values of mean quantal
size and quantal variance were estimated to fit distributions of both
spontaneous miniature and evoked currents using maximum likelihood
estimator. Similarity in positions of peaks in distributions of miniature and
evoked currents during depression justifies this method. Simple and compound
binomial models provided a good fit to the experimental amplitude
distributions of evoked currents but Poisson model failed in some cases. The
estimated value of quantal size was just slightly changed during depression
that was accompanied by many fold decrease in the quantal content. Further
examination of depressed release being altered by the application of
neuromodulators are being tested which would help to explain particular
behaviors observed in these animals. Support: U.K. start-up funds (R.L.C.).

148.7
THE EFFECTS OF 5-HT AND OCTOPAMINE AS DUAL
NEUROMODULATORS AT THE CRAYFISH NEUROMUSCULAR
JUNCTION. M.E. Crider and R.L. Cooper*. School of Biological Sciences,
Section of Organismal & Integrative Biology, University of Kentucky,
Lexington, KY 40506-0225

148.8
EFFECTS
OF INDUCED LONG-TERM
NEURONAL
ADAPTATION ON PHASIC TO TONIC-LIKE MUSCLE FIBER
TRANSFORMATION AND ITS SENSITIVITY TO NEURO
MODULATORS. W.M. Warren. H.L. Ashbv. P.H. Bonner*. R.L. Cooper.
Nerve-Muscle Group, T.H. Morgan School of Biological Sciences. University
of Kentucky, Lexington, KY. 40506

It has been established that the neuromodulators serotonin (5-HT) and
octopamine are endogenous in crayfish hemolymph and have physiological
and behavioral relevance. Exogenous application of 5-HT has been shown to
increase neurotransmitter release at crustacean neuromuscular junctions and
thus increase synaptic efficacy (Dudel 1965, Naunvn-Schnmiedebergs Arch,
exp. Path, u. Pharmak., 249:515-528). Octopamine has also been found to
enhance synaptic transmission. When octopamine is applied to a preparation
that is being stimulated at low frequencies, facilitation-like enhancement has
been shown (Breen & Atwood 1983, Nature (London) 303:716-718). By
using various short term facilitation paradigms and by intracellular recording,
we investigated the effects of applying both 5-HT and octopamine to the
same preparation. The opener muscle preparation is innervated by a single
excitatory motoneuron that elicits high-output innervation in the proximal
region and low-output innervation in the central region. To assess regional
differences in neuromodulatory effects on high- and low-output terminals
along the same motoneuron, we used this preparation. We will present the
results of this dual modulation and frequency facilitation on the central and
proximal regions of the crayfish opener muscle. Supported by Univ. of KY
start-up funds to R.L.C.

Chronic stimulation of a phasic motor nerve results in transformation
of the synaptic response to tonic-like within one week. Like purely tonic
muscles, transformed muscles show smaller EJPs and greater fatigue
resistance. Transformation of synaptic properties makes it of interest to
determine if muscle proteins convert to tonic fiber isoforms and whether such
change occurs within the same one week time period or if there is a phase lag
in transformation. Two weeks of chronic conditioning is insufficient to
convert troponin I and T phasic isoforms to tonic. We are currently assessing
3 and 4 week conditioning periods. The preparation used is the well
established abdominal deep extensor muscle of the crayfish (Pamas and
Atwood, 1966. Comp. Biochem. Physiol. 18:701-723). In addition, since the
neural response shows transformation within one week of conditioning
(Lnenicka and Atwood, 1985. J. Neurobiol. 16: 97-110), we are testing the
synaptic responses to known neuromodulators of the transformed terminals to
determine if they behave more like tonic or phasic terminals. This is part of
a coordinated approach to assess possibleplasticity in neuromodulator-induced
second messenger signalling activity in nerve terminals. Supported by
University of Kentucky Research and Graduate Studies (R.L.C.) and Howard
Hughes undergraduate training fellowship (W.M.W.).

148.9

148.10

IMMUNOHISTOCHEMISTRY
IDENTIFICATION
AND
ASSESSMENT OF THE PHYSIOLOGICAL ROLE OF
SYNAPTIC VESICLE DOCKING RELATED PROTEINS, ySNAP AND a-SNAP AT THE CRAYFISH NMJ Ping He. S.W.
Whiteheart1. J.D. Porter* 2 and R.L. Cooper. Sch. of Biol. Sci.; Dept, of
Biochem.1; Dept, of Anatomy and Neurobiol.2, Univ. of Kentucky,
Lexington, KY. 40506
Synaptic vesicle transport, docking, and fusion to the presynaptic
nerve terminal are important regulated steps for synaptic transmission
at the NMJ. Numerous proteins involved in these processes have been
identified yet their functional roles are yet to be defined. We are
assessing the role that the two Soluble NSF Attachment Proteins (a- and
y-SNAP) play in synatpic transmission in the NMJ of the crawfish. By
immunoblot, we have shown that these 2 SNAPs are present in the CNS
and NMJ of crayfish but their molecular weights differ from their
mammalian counterparts. Whole mount immuno-cytohistochemistry
shows that the 2 SNAPs are concentrated in the neurons and
synaptosomal areas. We are currently injecting purified forms of a- and
y-SNAP into identified crayfish motoneurons to determine their
physiological role. Focal, macropatch synaptic current recordings are
being used to assess the effects on the quantal release parameters and
kinetics of vesicular release. Preliminary evidence indicates that both
SNAP proteins increase the efficiency of the neurotransmission process.
Supported by NIH and ACS (S.W.W.) & U. K.‘start-up funds (R.L.C.).

LO CA LIZED D ETECTIO N O F PR ESY N A PTIC C A LCIU M TRANSIEN TS IN
A CU LTU RED NEURO M USCULA R JU N CTIO N . D. DiGregorio. B-M. Chen*
and J. L. Vergara. IDP Neurosci. and Dept, o f Physiology, UCLA, Los Angeles, CA
It is currently believed that nerve terminal action potentials mediate exocytosis
through rapid intra-terminal [Ca2+] changes. To investigate the kinetic properties o f
this transduction process, we measured presynaptic Ca2+ transients and
neurotransmitter release elicited by single action potentials and voltage-clamp step
pulses in a cultured Xenopus neuromuscular junction. M otoneuron cell bodies were
loaded with 30-200 jxM o f a fluorescent Ca2+-indicator (Rhod-2, Fluo-3, Oregon
Green BAPTA (OGB) -2 , or OGB-5N) and stimulated using the whole-cell patch
clamp methodology. In several experiments, end-plate currents (EPCs) were
measured simultaneously with [Ca2+] increases by patch-clamping the innervated
myocyte. Ca2+ indicator redistribution, from soma to nerve terminal, was monitored
with a cooled CCD camera. Confocal detection o f epifluorescence Ca2+ transients was
performed using a .04 mm2 PIN photodiode centered on laser illumination spots
(diameters: 1.5 jam w/ lOOx objective; 2.5 fim w/ 60x objective) focused on nerve
terminals Localized sites o f detection, in nerve terminals adjacent to myocytes, were
chosen based on a maximal amplitude o f the fluorescence changes in response to
electrical stimulation o f the cell body. Action potential-induced Ca2+ transients
detected with the medium affinity indicators Rhod-2, Fluo-3, and OGB-2 depicted
rising phases peaking in 5-12 ms and decay phases with -4 0 0 ms time constants. In
contrast, transients recorded using the low affinity indicator OGB-5N, depicted a
significantly faster time to peak (1-2.5 ms) and shorter decay time constant (20-50
ms). Under voltage clamp conditions, while replacing internal K+ with C s \ 20 ms step
pulses (e.g. to +20mV) applied at the cell body produced large Ca2+ signals at the
nerve terminal prolonging for the duration o f the pulse. Larger depolarizations ( e.g.
to +90mV) generated responses o f reduced magnitude during the pulse, yet were
followed by a pronounced and rapid Ca2+ transient upon repolarization. Interestingly,
significant increases in [Ca2+] prior to the initiation o f EPCs were rarely detected
during voltage-clamp pulses. However a prominent [Ca2+] rise preceded
neurotransmitter release after repolarization. Supported by NS10197 and AR2520L

S ociety for N euroscience , V olume 2 3 ,1 9 9 7

367

MECHANISMS OF NEUROTRANSMITTER RELEASE II

368

SUNDAY PM

148.11

148.12

INHIBITORY POSTSYNAPTIC CURRENTS IN NEURONS
DISSOCIATED FROM RAT AMYGDALA. S. Koyama* and N.
Akaike D epartm ent of Physiology, Faculty of Medicine,
Kyushu University, Fukuoka 812-82, Japan
The rat amygdaloid complex is a group of related
n uclei in th e basal fo reb rain involved in em otions,
m em ory and epilepsy. Despite the clinical im portance of
am y g d ala, little is know n a b o u t th e in h ib ito ry
postsynaptic currents (IPSCs) in am ygdaloid n eurons. In
th e p resen t' study, th e re fo re , th e physiological an d
pharm acological p ro perties of spontaneous IPSCs were
investigated in th e acutely dissociated ra t am ygdaloid
neurons attached with synaptic boutons. The m em brane
cu rren ts were recorded by the nystatin perforated patch
and conventional whole-cell patch recording modes. To
study the functional properties of the spontaneous IPSCs,
th e effects of (1) b icuculline, (2) stry c h in in e , (3)
ryanodine, (4) ouabain, (5) ex tracellu lar K+ and Ca2+
concentrations, ( 6 ) selective Ca2+ channel blockers, and
(7) agonists an d a n tag o n ists of GABAb r e c e p to r on
spo n tan eo u s IPSCs w ere investigated. The reg u lato ry
m echanisms and functional roles of spontaneous IPSCs in
rat am ygdaloid neurons will be discussed.

C A L C I U M C H A N N E L S IN T H E G A B A E R G IC P R E S Y N A P T IC
N E R V E T E R M IN A L S P R O JE C T IN G T O R A T M EY N ER T
N E U R O N S . H . I s h ib a s h i* . J .S . R h e e a n d N. A k a ik e D e p a r tm e n t o f
P h y s io lo g y , F a c u lty o f M e d ic in e , K y u s h u U n iv e rs ity , F u k u o k a 8 1 2 8 2 , Jap an
T h e e ff e c ts o f s e le c tiv e C a 2+ c h a n n e l b lo c k e r s o n in h ib ito r y
p o s ts y n a p tic c u rr e n ts ( IP S C s ) w e r e s tu d ie d in th e th in s lic e s o f rat
n u c le u s b a sa lis o f M e y n e r t (n B M ) b y th e w h o le -c e ll p a tc h re c o rd in g ,
a n d in th e d is s o c ia te d ra t n B M n e u ro n s a tta c h e d w ith th e ir s y n a p tic
b o u to n s b y th e n y s ta tin - p e r f o r a te d p a tc h - c la m p c o n fig u r a tio n . T h e
e v o k e d I P S C s w e re in h ib ite d b y s e le c tiv e b lo c k a d e o f N - a n d Q -ty p e
C a 2+ c h a n n e l s w ith w - c o n o to x in - G V I A a n d < » -co n o to x in -M V IIC ,
re s p e c tiv e ly . N e ith e r L -ty p e C a 2+ c h a n n e l b lo c k e r s , d ih y d ro p y r id in e s
( D H P s ) , n o r a P - ty p e C a 2+ c h a n n e l b lo c k e r , w - a g a to x in -I V A , h a d
s ig n if ic a n t e ff e c ts o n th e e v o k e d I P S C s . T h e r e s u lts s u g g e s t th a t
p r e s y n a p tic N - a n d Q -ty p e C a 2+ c h a n n e ls p la y im p o r ta n t ro le s in th e
e v o k e d IP S C s . O n th e o th e r h a n d , c o -a g a to x in -IV A a n d co -co n o to x in M V I I C r e d u c e d th e f r e q u e n c y o f s p o n ta n e o u s G A B A e r g ic I P S C s
w ith o u t c h a n g in g th e a m p litu d e d is tr ib u tio n in th e 's y n a p tic b o u to n
p r e p a r a tio n ' o f a c u te ly d is s o c ia te d r a t n B M n e u ro n s , s u g g e s tin g th e
i n v o lv e m e n t o f P - a n d Q - ty p e C a 2+ c h a n n e ls in th e s p o n ta n e o u s
G A B A re le a se . w - C o n o to x in -G IV A h a d n o s ig n if ic a n t e ff e c t o n th e
s p o n ta n e o u s IP S C s . T h e s e r e s u lts s u g g e s t th a t th e p r e s y n a p tic C a 2+
c h a n n e ls re s p o n s ib le f o r n e rv e - e v o k e d G A B A re le a s e a re d i f f e r e n t
fro m th o s e m e d ia tin g s p o n ta n e o u s s y n a p tic t r a n s m is s io n in ra t n B M
n e u ro n s .

148.13

148.14

CAN DO PAM INE RELEASE BE INFLU EN CED BY T-TYPE VOLTAGE
SE N S IT IV E C A L C IU M C H A N N EL S OR BY M O B IL IS A T IO N OF
INTRACELLULAR CALCIUM STORES?
F.
Bergquist* and H. N issbrandt. D epartm ent o f Pharm acology, Goteborg
University, Medicinaregatan 7, S-413 90 Goteborg, Sweden.
In a previous study it was found that terminal dopamine (DA) release in the striatum
is substantially inhibited by local administration of N-, and P/Q-type voltage sensitive
calcium channel (VSCC) blockers. In contrast, the in vivo somatodendritic release of
DA in substantia nigra was not inhibited by L-, N- or P/Q-type VSCC blockers.
Evidence also indicated that somatodendritic DA release is less dependent on
extracellular calcium than is terminal release.
The objective of this study was to investigate: A) could the influence of intracellular
calcium stores explain the discrepancy betw een spontaneous term inal and
somatodendritic release? B) does the T-type VSCC influence the calcium dependent DA
release?
DA was measured with in vivo microdialysis in striatum or substantia nigra of the
rat. Thapsigargin, a blocker of calcium uptake to intracellular stores, or dantrolen, an
inhibitor of intracellular calcium m obilisation, was injected at the side of the
microdialysis probe. No significant effects of either drug were seen in substantia nigra
or striatum. When NiCl2 was perfused through the probes at concentrations inhibiting
T-type VSCC (40 or 80 pM), the DA concentration was increased by 48 ± 10% and
55 ± 3% respectively in the striatum and by 23 ± 15% and 52 ± 6% respectively in
substantia nigra (mean ± sem).
Conclusion: A) The results do not support a role for intracellular calcium stores in
the mechanism of somatodendritic or terminal DA release. B) T-type VSCCs influence
the DA release. Tentatively, the increase in DA elicited by NiCl 2 could be explained as
secondary to altered neuronal firing rates or firing patterns. The increase also indicates
that T-type VSCC do not directly contribute to the calcium influx that triggers release.
Supported by: Swedish Medical Research Council and Ahlen, Lundbeck and
Osterman Foundations.

C H A R A C T ER IZA T IO N A N D D E V ELO PM EN TA L C H A N G E S OF
A U TA PTIC CURRENTS RECORDED FROM CEREBELLAR
INTER NEU RO NS. C. Pouzat* a n d A. M a rty . A G 142, M PI fü r
b io p h y sik alisch e C h em ie, A m F assb erg , D-37077, G ö ttin g e n , G erm an y .
U sin g rat c e reb ellar slices a t v a rio u s d e v e lo p m e n ta l sta g e s a n d the
w hole-cell co n fig u ratio n of th e p a tch -clam p tech n iq u e, w e re c o rd e d fro m
m o le c u la r lay er in te rn eu ro n s, stellate a n d b a sk et cells. In 75% a n d 30% of
th e in te rn e u ro n s fro m rats in th eir seco n d a n d fifth to six th p o s tn a ta l w eeks
resp e c tiv e ly , w ith a p o tassiu m -c h lo rid e in tra c e llu la r so lu tio n a n d a
h o ld in g p o ten tial of -70 m V, u n c la m p e d s o d iu m actio n -c u rre n ts elicited by
sh o rt vo ltag e p u lse s w ere fo llo w ed b y a sh o rt laten cy in w a rd c u rre n t. The
k in etics of th ese in w a rd c u rre n ts w e re slig h tly slo w e r th a n th o se of th e
sp o n ta n e o u s in h ib ito ry p o stsy n a p tic c u rre n ts (IPSCs) in th e y o u n g a n im als
an d w ere id en tical to th o se of s p o n ta n e o u s IPSCs in th e o ld rats. T hese
a u ta p tic c u rre n ts w ere bicu cu llin e-sen sitiv e, a n d ex h ib ited a fast ru n d o w n
(w ith in 10 to 15 m in u tes) in the y o u n g an im als, b u t little o r n o r u n d o w n in
th e old. In th e y o u n g an im als, th e a v erag e c u rre n ts w e re larg e (100 to 400pA ), w ith o u t a p p a re n t failu res a n d s h o w e d p a ire d -p u ls e d e p re s s io n (w ith
10 to 30 m s in te r-stim u lu s in terv als). In th e o ld er rats, th e a v e ra g e c u rre n ts
w ere sm a lle r (5 to 30 pA ), ex h ib ited m an y failu res (50% o r m o re) a n d
sh o w e d p a ire d -p u lse facilitation. The slow ru n d o w n of th e c u rre n ts in the
o ld er an im als allo w e d th eir calcium d e p e n d en c y to b e stu d ie d . L o w erin g
th e c a lc iu m /m a g n e s iu m ratio of th e ex tra c ellu la r so lu tio n led to a n increase
of th e failu re rate a n d o f th e p a ire d -p u ls e facilitatio n . U sin g b io cy tin
stain in g , th e m o rp h o lo g ie s of th ree a u ta p tic in te rn e u ro n s w e re reco v ered
a n d p u ta tiv e ax o -d e n tritic c o n tacts w e re id en tifie d a t th e lig h t m icroscopic
le v e l.

148.15
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GABAb-MEDIATED PRESYNAPTIC INHIBITION AT HIPPOCAMPAL
CA3-CA1 SYNAPSES IS RELATED TO THE INITIAL LEVEL OF
RELEASE ACROSS DEVELOPMENT. T.C. Dumas* and T.C. Foster.
Dept, of Psychology, University of Virginia, Charlottesville, VA 22903.
Hippocampal CA3-CA1 synaptic transmission, measured in vitro, is
increased in young adult (postnatal day, P28-35) relative to juvnenile rats
(P15-21) due, in part, to an increase in transmitter release. GABAb
receptors have been shown to depress presynaptic function at CA3-CA1
contacts. We investigated a possible relationship between the development
of presynaptic function and the abifity to pharmacologically modify release
by measuring the effects of the GABAb agonist, baclofen, on paired-pulse
facilitation (PPF) recorded in the radiatum of area CA1. A two-way
ANOVA for age and dose revealed that PPF increased with increasing
dose (100-15,000 nM). Also, PPF was increased more in the young adults
than In the juveniles suggesting greater presynaptic depression with
increasing age. The ability of baclofen to increase PPF could be enhanced
in juvenile slices by pre-treatment with Ca2+ to increase transmitter release
suggesting a relationship between the initial level of release and the
magnitude of GABAb-mecBated presynaptic inhibition. The PKA inhibitor,
H8, did not affect PPF at either age suggesting that the GABAb dependent presynaptic inhibition was not mediated through PKA. These
data indicate that the ability to depress transmitter release through
activation of GABAb receptors increases with age and, in juveniles, is
related to the initial level of transmitter release suggesting a possible
relationship between the development of transmitter release and
presynaptic inhibition. Furthermore, the presynaptic depression observed
at both ages is not Rkely to be mediated through inhibition of PKA. This
study was supported by NIH grants NS31830 to TCF and IF31MH11005
to TCD.

T-588
BLOCKS
SYNAPTIC
FACILITATION
IN
CRUSTACEAN
NEUROMUSCULAR JUNCTION AND IN THE PARALLEL FIBER PURKINJE CELL
SYNAPSE IN MAMMALIAN CEREBELLUM. M. N akacaw ^'2. M.Sueimori1 & R.
LlinSs *. 1 Dept. Physiology & Neuroscience, New York Univ. Medical Center, New
York, NY 10016;2 Research Lab., Toyama Chem. Co. Ltd., Toyama 930 Japan.
Repetitive stimulation at 20Hz is known to produce powerful facilitation at the crustacean
neuromuscular junction (NMJ).
We also observed a similar phenomena concerning the
parallel fiber-Purkinie cell synapse studied in vitro. Bath application of compound T-588,
a neuroprotective substance markedly reduced both examples of synaptic facilitation in a
reversible manner.
The effects were noted at concentrations between 10'5 and 10“4 M
known to be the acute protective levels for this neuroprotective compound.
In both the
crustacean and cerebellar synapses, the experiments could be repeated many times in the
same preparation producing similar results every time. Presynaptic recordings from
crustacean NMJ demonstrated no significant effect of this substance on either the
amplitude or the threshold of the action potential. However, it produced a reduction in gK
resulting in a prolongation of presynaptic action potential.
Similar prolongation
produced by the application of TEA resulted in an increase in facilitation that was reduced
upon addition of T-588, indicating that the effect of this drug was not produced via its
effect on the potassium conductance, but rather on the facilitation process itself. As a
repetitive stimulation in the presence of T-588 could produce an actual reduction of
transmitter release rather than the expected facilitation without affecting single spike
transmission, we propose that the drug acts by diminishing vesicular availability rather
than by effecting the ionic conductance responsible for the release process or the synaptic
release mechanism itself.

Acknowledgment: Toyama Chem. Co. Ltd. and NIH/NINDS NS13742.
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N E U R O N A L R E L E A S E O F S O L U B L E N U C L E O T ID A S E S : A R O L E
IN N E U R O T R A N S M IT T E R IN A C T IV A T IO N
L.D . T o d o ro v . S .M ih a v lo v a -T o d o ro v a . T .D . W e stfa ll. P . S n e d d o n . C.
K e n n e d y . R .A . B iu r. K .D . K eef* a n d P .P . W e stfa ll. D e p t, o f P h a rm a c o l.,
U niv . o f N e v a d a S ch. o f M e d ., R e n o , N e v a d a 8 9 5 5 7 , U S A , D e p t, o f
P h y sio l. & P h a rm a c o l., U n iv . S tra th c ly d e , G la s g o w , G1 1 X W , U K .
E x tra c e llu la r a d e n o sin e 5 ’-trip h o s p h a te (A T P ) is h y d ro ly z e d to
a d e n o sin e b y e c to -n u c le o tid a s e s p re s e n t in m o s t tis s u e s a n d it h a s b e e n
a s su m e d th a t th e s e e n z y m e s te rm in a te th e n e u ro tra n s m itte r a c tio n o f A T P .
H e re , w e sh o w th a t sy m p a th e tic n e rv e stim u la tio n o f th e g u in e a -p ig v as
d e fe re n s re le a se s n o t o n ly n e u ro n a l A T P , b u t a lso s o lu b le n u c le o tid a s e s
w h ic h b re a k d o w n A T P to a d e n o sin e .
S u p e rfu sa te sa m p le s c o lle c te d d u rin g n e rv e s tim u la tio n (8 H z fo r 60 s)
e ffic ie n tly d e g ra d e d e x o g e n o u s A T P . E n z y m e r e le a s e w a s a b o lis h e d b y
T T X o r [C a2+]0 = 0. E n z y m e a c tiv ity w a s a b o lis h e d a t p H 4 o r b y h e a tin g
a t 80°C fo r 10 m in. O u a b a in (1 0 ¿iM ), o rth o v a n a d a te (5 0 0 jiM ), s o d iu m
a z id e (1 jiM ), o lig o m y c in (5 m g /m l) a n d N E M (0.1-1 m M ), h a d n o e ffe c t,
b u t in th e p re s e n c e o f the su ra m in (1 0 0 |j.M ) o r th e e c to -A T P a s e in h ib ito r
A R L 6 7 1 5 6 (1 0 0 |aM ), a lm o s t h a lf o f th e a d d e d A T P w a s re c o v e re d . T h u s,
u n lik e o th e r n e u ro tra n s m itte rs , in a c tiv a tio n o f A T P in v o lv e s th e n e u ro n a l
rele a se o f sp e cific m e ta b o lic e n z y m e . B e c a u s e th e e n z y m e r e le a se w a s
b lo c k e d b y T T X a n d C d a n d w a s C a 2+-d e p e n d e n t, th e re le a s e a p p e a r to b e
from a n e u ro n a l so u rc e .
(S u p p o rte d b y th e N IH , th e A H A , A s tra a n d th e W e llc o m e T ru st).
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HIGH-SPEED OPTICAL IMAGING OF HIPPOCAMPAL LONG-TERM
POTENTIATION. T. Hosokawa. M.Ohta. A Kovama. K. Saito and A. Fine* + .
Dept. Hygiene & Preventive Med.; Sch. Med., Hokkaido Univ., Sapporo 060 Japan;
+Dept. Physiol. & Biophysics, Dalhousie Univ., Halifax NS B3H 4H7 Canada.
Long-term potentiation (LTP) in the hippocampus has been widely studied as a model
o f learning and memory, but little is known about the spatiotemporal pattern o f
resulting changes in synaptic activation. To address this issue, we have used solidstate imaging arrays (128x128 pixels) in conjunction with voltage-sensitive dyes to
monitor propagating evoked activity in hippocampal slice preparations. 350-400nm
slices in the horizontal plane were cut by vibratome from 2-4wk mouse and rat brains.
Slices were superfused with physiological saline in a submersion chamber mounted,
together with micromanipulators, on the moveable stage o f an inverted microscope.
Test stimuli (0.05Hz) were delivered via bipolar electrodes SI and S2 at different sites
in CA1 or CA3 stratum radiatum, with intensity adjusted to produce half-maximal
field EPSPs recorded via NaCl-filled micropipette in CA1 stratum radiatum. The
voltage-sensitive dye NK3630, 0.5mg/ml, was added to the superfusate for lOmin, aftei
which transmitted-light (BP700/30; stabilized 1SOW tungsten-halogen source) image
sequences, -1600 frames/sec, were collected via x4 NA0.2 objective during application
o f test stimuli; shutters minimized bleaching between recording episodes. Intensity
changes followed known fibre trajectories, with synaptic responses in CA1 that were
blocked by 20\iM CNQX. Repeat imaging after tetanic stimulation (3x100Hz) o f SI
or S2 produced potentiation only o f the response to the tetanized pathway, detected by
electrical recording and manifest optically by increased intensity and extent o f the
synaptic response. Changes in an optical response, at the stimulation site, were also
seen after tetanic stimulation. This is currently under investigation. [Support: CASIO
Science Promotion Fndn; MESCC Japan 07457091; Japan Soc. for Promotion o f
Science; NSERC Canada]

CALCIUM LEVELS M ODULATE SYNAPTIC STRENGTH. R. J. Cormier* and
J. A. Connor. Lovelace Respiratory Research In st, Albuquerque, N M 87108.
Glutamate iontophoresis in hippocampal slices induces long-term potentiation
(ionto-LTP) that is similar, in a number o f respects, to tetanus induced LTP (Neuron,
1993, 10,907-919), including a requirement for Ca2* increases. To shed light on the
intracellular Ca2+ dynamics associated with ionto-LTP, w e studied the relationship
between the magnitude and duration o f Ca2+ elevation and changes in synaptic
strength produced by glutamate iontophoresis. Pyramidal cells in area CA1 o f
hippocampal slices were microinjected with fiira-2 (-2 5 0 |iM ) and Ca2+ changes
were measured by imaging the ratio fluorescence o f fiira-2 with an upright
microscope and cooled CCD camera system. Afferent axons were stimulated at 0.07
H z with a fine-tipped, m onopolar electrode positioned near the cell body layer in
CA2 stratum radiatum. Iontophoresis pipets (1 M glutamate, - 1 0 M Ohm ) were
positioned 10-50 |im from the primary apical dendrite o f the fbra-filled neuron. In
the induction protocol, glutamate w as ejected by five iontophoretic pulses (10 s, ~ 4
jiA eveiy 60 s). Afferent stimulation was discontinued for five m in before and after
iontophoresis to reduce the involvement o f presynaptic factors. Peak Ca2+ levels and
the response duration varied considerably in different neurons, possibly because o f
differences in exact electrode placement. Peak levels ranged from almost no change
to 1 ji M and returned to basal levels (< 100 nM ) over times ranging from 30 s to 6
min. Changes in synaptic strength ranged from depression (~ -50 % ) to potentiation
(~ 50 % ) and the sign o f change correlated with the m agnitude and duration o f Ca2+
elevation. High levels o f shorter duration were followed by potentiation, while
depression followed lower levels o f longer duration. The results suggested (1) that
both amplitude and duration o f the Ca2+ changes m ay be important in determining
the sign o f synaptic modification and (2) that efforts to induce LTP in hippocampal
slices by bath applications o f excitatory amino acids or photolysis o f caged glutamate
m ay be hindered by poor temporal control o f Ca2+ elevations. Supported by
NS35644 and NS09826 from the NIH.

149.3

149.4

M U S C A R IN IC
M O D U L A T IO N
OF
C A L C IU M -S IG N A L IN G
IN
H IP P O C A M P A L CA1 D E N D R IT E S A N D SPIN E S.
A.V. Egorov and
W. M üller* A G M o leku lare Z ellp h y sio lo g ie, In stitu t fü r Ph y sio lo g ie d er
Charité, T ucholskystr. 2, D - 10117 B erlin, G erm any
C a-d e p en d e n t sy n ap tic p lasticity , e.g. long-term p o ten tiatio n (L T P), is
facilitated by m uscarinic a c tiv atio n and is an attractiv e m odel fo r learn in g and
m em ory. W e have show n p rev io u sly th at m u scarin ic activ atio n p o ten tiates
dendritic C a -in c re ase s by p rev en tin g a c tiv atio n o f a C a-d ep en d en t K -current.
S trongest C a -in c re ase s in spines d u rin g sy n ap tic ac tiv ity as w ell as
convergence o f ch o lin erg ic an d g lu tam aterg ic inputs onto sin g le po stsy n ap tic
spines su g g e st a v e ry local in teractio n th at w e adress herë. In tra ce llu la r [C a2+]
signals w ere m o nitored by ratio -im ag in g w ith a C C D cam era after injection
o f F ura-2 into single cells u sin g sharp m icro electro d es. Focal a p p licatio n o f
the ch o lin erg ic a gonists carb ach o l (C C h) o r A C h (lO m M ) did no t ev o k e any
C a-increase by itself.
S tim u latio n o f Sch affer c o llaterals ev o k ed C a2+increases in spines and d en d rites w ith stro n g C a2+-in creases in single spines.
Bath a p p lication C C h (3 -1 0 |iM ) en h an ced th ese C a2+-in creases m o st
effectively in stro n g ly resp o n d in g spines. L ocal a p p licatio n o f C C h thro u g h
a m icro p ip ette up to 100 jim aw ay from a local C a-in crease en h an ced th e
local C a -in crease as w ell, in d icatin g c o n sid erab le intrad en d ritic spread o f
activity. T his is supported by blo ck ad e w ith focal a p p licatio n o n ly w hen
atropine w as a p plied to th e site o f C C h ap p licatio n . W e c o n clu d e th at
m uscarinic E nhancem ent o f C a-in creases req u ires stro n g local C a-in creases
but can a dress synaptic p lastic ity acro ss c o n sid erab le d en d ritic d istances. This
would fac ilitate asso ciativ e p lasticity on m u scarin icly activ ated den d ritic
segm ents.
This work was supported by the DFG (Mu 809/6-1 )

B ID IR E C TIO N A L PLA STICITY O F GABA a R E C E PT O R S D E PEN D S ON
T H E SO U R C E O F Ca2+ IN FLU X IN N E O N A TA L R A T HIPPO CA M PU S
O. Caillard. H A . M cLean. Y. Ben-Ari. A.T. Tan* and J.-L. G aiarsa
IN SER M U nite 29, 123 Bd de Port Royal, Paris 75014, France.
D uring the first postnatal week o f life, GA BA provides the m ain excitatory drive
in the CA3 region o f the rat hippocam pus. A t the sam e time, GA BA provides
sufficient m em brane depolarization for activation of N M D A receptors and
voltage-dependent calcium channels (VD CCs). W e have discovered that tetanic
stimuli (TS; 100 Hz, 1 s, 3 tim es) induce N M D A receptor-dependent LTD and
NM D A receptor-independent LTP of evoked m onosynaptic GABA a receptorm ediated potentials (LTD G A B A -A andLTPG ABA-A). In the presence of
CN QX (10 nM ), TS induced a sustained (> 6 0 m in) depression of the peak
am plitude and the initial slope o f m onosynaptic GABA a potentials. The same
TS in the presence of CN Q X (10 jiM ) and D -A P5 (50 JiM) induced a sustained
(> 6 0 m in) potentiation of the peak am plitude and the initial slope of
monosynaptic GABA a potentials. Both form s of synaptic plasticity are
hom osynaptic and require m em brane depolarization m ediated by GABA a
receptors during TS and an increase in intracellular calcium levels. The source
of calcium for LTD GA BA -A induction comes from N M D A channels and for
LTPGABA-A induction from V D CCs as D-A P5 (50 |iM ) during TS prevents
the induction of LTD GA BA -A and depolarizing steps (20 steps from -90 to 0
mv, 3 sec duration, 0.1 H z) induce LTPGABA-A. In conclusion, early in
developm ent, GABA a receptors play the role conferred on A M PA receptors
in adults i.e. they act in synergy with N M D A receptors and VDCCs, and induce
and express long term changes in synaptic efficacy. These forms of
activity-dependent synaptic plasticity m ay b e crucial for neonatal synaptogenesis
and neuronal netw ork m aturation.
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149.5

149.6

IN TR A D EN D RITIC CAi+ TR A N SIEN TS O F
H IP P O C A M P A L CA1
NEURONS INDUCED B Y LO C A L H IG H FR E Q U E N C Y STIM U LA TIO N .
T. Jaeer1. K.G. Revmann2 and T. Behnisch2* ’Fed. Inst, for Neurobiol., Dept. Neurophysio!., 2Res. Inst, of Applied Neurosci., POB I860, 39008 M agdeburg, Germany
The importance o f changes in the intracellular Ca2+ concentration ([Ca24]*) for the
induction of several forms of synaptic plasticity has been long established. However,
knowledge about the kinetics o f Ca2+ transients and the sources involved in response
to different tetanizations is very limited. Thus, we used a high-speed confocal
imaging system (Noran Odyssey XL) for acquisition o f intracellular Ca2+ changes,
induced by a set o f different tetanizations (100 H z tetanizations with several
durations and stimulation strengths, theta-bursts) to each o f 8 single cells. Neurons
were filled with the Ca2+ fluorescent indicator Calcium Green-1 (2 mM). Weak
tetanizations evoked small and short increases in [Ca2+], which decayed rapidly,
whereas strong tetanizations were responsible for a huge release o f Ca2+, and showed
a complex behavior, indicating the involvement o f different Ca2+ sources. In
comparison to a single 200 ms / 100 Hz tetanization, a triple 200 ms / 100 Hz
tetanization evoked a 8-fold increase o f the fluorescence m axim um which also
occured with tripple 400 ms and 1 s trains. A train duration o f 200 ms, 400 ms and 1
s using triple pulse width caused a prolonged fluorescence signal which reached
baseline level 2 s, 4 s and 6 s after tetanization, respectively. The area o f induced
fluorescent changes correlated with the depolarization area, which was recorded
simultaneously. Blocking Na+ spikes with the lidocaine derivate QX-314 (30 mM;
n=6) indirectly minimized the influx o f Ca2+ into the neuron through voltage
dependent calcium channels and unmasked Ca2+ signals from other sources. Thus we
were able to observe transients, consisting o f two peaks, where the latter was
probably mediated through internal Ca2+ stores.
We conclude, that the increases in [Ca2+]i in dendrites depend on the size and timecourse of the applied tetanization, and on the activated Ca2+ sources.
T h is'work was supported by the Deutsche Forschungsgemeinschaft (SFB 426).

CONFOCAL IMAGING OF SYNAPTIC CALCIUM TRANSIENTS IN
DENDRITIC SPINES OF ORGANOTYPIC HIPPOCAMPAL CULTURES.
N.J. Emptage*. T.V.P. Bliss and A. Fine*. Division of. Neurophysiology, National
Institute for Medical Research, Mill Hill, London NW7 1AA UK; +Dept. Physiol. &
Biophys., Daihousie Univ., Halifax NS B3H 4H7 Canada
Optical methods may be useful for studying mechanisms o f long-term potentiation
(LTP) and depression (LTD). Calcium indicators injected into postsynaptic cells
diffuse through the dendritic arbor, filling spines. Changes in fluorescence intensity
evoked by presynaptic stimulation could in principle permit identification o f stimulated
spines, in turn allowing direct monitoring o f quantal parameters at the level o f the
individual synapse. Here, we demonstrate the feasibility o f this approach. Slice
cultures, prepared from 8d male Wistar rats by the method o f Stoppini et al (J Neurosci
Meth 37.173-182,1991) and maintained for 2-4 weeks in vitro, provide good synaptic
visualization while retaining many features o f normal hippocampal architecture and
physiology. Cultured slices on their supporting membrane were superfused with
physiological saline at 30°C in a chamber placed, along with micromanipulators, on
the purpose-built moveable stage o f an upright MRC1000 confocal microscope, and
visualized with a x40 NA 0.75 water-immersion objective. Electrical responses o f CA1
pyramidal neurons were recorded with sharp potassium acetate-filled electrodes (1 OmM
CalciumGreen-I in tip) and bridge electrometer. Hyperpolarizing current (<1.0nA)
through this electrode rapidly filled the dendritic arbor with dye (488nm excitation).
Single stimuli (40nsec) were applied via a sharpened tungsten electrode in stratum
radiatum, typically 50-100|im from the postsynaptic cell; the intensity was adjusted to
elicit weak excitatory postsynaptic potentials. Activated synapses were identified by
rapidly imaging the dendritic arbor while stimulating; calcium transients synchronized
with the stimulus were associated with individual spines and the subjacent dendritic
shaft. Line scanning o f these spines revealed calcium transients [onset latency 410msec, peak in 2-4msec, decay x 100-300msec]~presumably reflecting single quantal
events-w ith uniform amplitude (not due to dye saturation) and intermittent failures.
During paired-pulse facilitation, evoked spine calcium transients had unchanged
amplitudes but decreased failure rates. [Support: MRC UK; NSERC Canada]

149.7
THE POSTSYNAPTIC INDUCTION OF NON-ASSOCIATIVE LTD IN CA1
OF RAT HIPPOCAMPUS IN VITRO IS NOT CORRELATED WITH THE
RISE IN [C a2+]j PRODUCED BY POSTSYNAPTIC FIRING M.F. Barry.
A.V. Nowickv. S R. Bolsover. K.W.T. Caddv* and L.J. Bindman. Dept, of
Physiology, UCL, Gower St., London WC1E 6 BT, U.K.
Non-associative long-term depression (LTD) of EPSPs recorded at
Schaffer collateral to CA1 synapses, can be induced by repeated intracellular
current conditioning pulses (CP) that elicit firing, under various experimental
conditions (Barry et al., 1996, Hippocampus 6 , 1-6). These results suggest that
lowering the calcium entry on depolarization facilitates the induction of nonassociative LTD.
We made [C a2+]j measurements using the ratiometric calcium indicator
FURA-2, and recorded EPSPs m CA1 pyramidal cells, to test the relationship
between activity-dependent increases in [C a2+]j and the induction of nonassociative LTD. The rise in somatic and dendritic [C a2+]j produced by CP in
normal ACSF (2 mM Ca2+; 1 mM Mg2+) was compared with that during a
5min exposure to a medium designed to reduce Ca2+ entry; either high Mg2+
ACSF (2 mM Ca2+, 25 mM Mg2+), or 0 Ca2+ ACSF (0 mM Ca2+; 15 mM
Mg2+) or in the presence of the AMPA receptor antagonist CNQX (10 pM).
Synaptic depression was not observed following CP in ACSF alone but a
significant LTD was observed following CP in 3 of 4 cells bathed in high Mg2+
ACSF, 1 of 2 cells bathed in 0 mM Ca2+ and in 1 cell bathed in CNQX. We
found no correlation between the magnitude of the synaptic depression produced
by CP in the various media and the rise in [C a2+]j in the apical dendrite (r2 =
0. 18 , n = 6 ), or the soma (r2 = 0.02, n = 5).
MFB is a MRC scholar; research funded by The Wellcome Trust.

149.9
ROLES OF CYTOSOLIC CALCIUM RELEASES IN LONG-TERM
DEPRESSION IN THE VISUAL CORTEX. N. Kato12-*. T. Tanaka2. Y.
Isomura2 JJapan Science and Technology Corporation (JSTC), 332
Saitama, and departm ent of Integrative Brain Science, Kyoto University
Graduate School of Medicine, 606-01 Kyoto, Japan.
Roles of calcium releases from calcium stores in induction of long
term depression were investigated in pyramidal neurons in visual
cortex slices. For this purpose, use was made of UV-photolysis of
caged IP3 loaded intracellularly from patch pipettes. Tetanic
stimulation to white matter adjacent to whole cell-clamped neurons
was combined with UV-photolysis of caged IP3. Long-term depression
of synaptic efficiency, as opposed to temporarily-lasting, short-term
depression, was observed more often by tetanic stimulation combined
with the UV-illumination than by tetanization alone. By using a
photomultiplier, intrasomatic calcium increases were measured at the
time LTD was attempted by tetanization. The calcium increases
induced by tetanization consisted of an early, slowly-arising phase
and a late, rapidly-arising one. Experiments with drugs that affect
intracellular calcium turnover showed the slowly-arising, late phase
to depend on calcium release from cytosolic calcium stores. This slow
calcium increase in the soma more often accompanied induction of
long-term depression than short-term depression. These findings
suggest that cytosolic calcium release may serve as a triggering signal
that would convert temporarily-lasting, shorttterm forms of synaptic
depression into long-term forms (Funded by JSTC and Monbusho).
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149.8
IN V O L V E M E N T O F P O S T S Y N A P T IC C a 2+ C H A N N E L S IN T H E
IN D U C T IO N O F L O N G -T E R M D E PR E S SIO N A T V ISU A L C O R T IC A L
IN H IB IT O R Y S Y N A P S E S . Y. K om atsu* and Y. Y o sh im u ra. D epartm ent
o f V isual N euroscience, R esearch Institute o f Environm ental M edicine,
N agoya U niversity, C h ik u sa-k u , N agoya 4 6 4-01, Japan.
H igh-frcquency activation o f excitatory synapses produces long-term
dep ressio n (L T D ) o f inhibitory sy naptic tran sm issio n in rat visual cortical
cells. In the p resen t stu d y , we exam ined the in v o lv em en t o f postsy n ap tic
C a 2+ ch an n els in the induction o f L T D in dev elo p in g rat visual cortical
slices. Inhibitory po stsy n ap tic p o ten tials (IP S P s) ev o k ed by layer IV
stim u latio n were recorded intraccllularly from layer V cells under a blockade
o f ionwtropic g lu tam ate receptors. T o activate C a 2+ channels, repetitive
firin g o f recorded cells w as elicited by a depo larizin g cu rren t injection (0.5-1
nA , 300 m s) th ro u g h recording glass m icroclectrodes filled w ith 3 M C sacetate 20-30 tim es at intervals o f 10 s. T h is stim u latio n p ro duced L T D o f
IPSP (74+ 16% o f co n tro l, n=8). A lthough the c u rre n t injection failed to
induce L T D w hen cells were reco rd ed w ith electrodes tille d w ith 2 M Km ethylsulfate, it pro d u ced L T D (75±7% o f control, n = 6 ) w hen cells w ere
p erfused w ith a so lu tio n c o n tain in g 2 p M B A Y K -8644, an L -type C a 2+
channel agonist. In ad dition, in c ells loaded w ith C a 2+ -lo ad ed N itr-5, flash
p h o to ly sis o f cag ed C a 2+ p ro d u ced L TD (65±7% o f control, n=4). These
resu lts su g g est th at po stsy n ap tic C a 2+ increases due to the activation o f Ltype C a 2+ ch an n els generate L T D o f inh ib ito ry sy n ap tic transm ission.
Sup p o rted by G ran t-in -A id for Scientific R cserach Projects 076 8 0 8 9 8 and
0 8 4 5 8 2 7 1 from the Japanese M inistry o f E ducation, S cience and C ulture.

149.10
SEROTONIN FACILITATES EITHER LTP OR LTD IN A PATCHY DISTRIBUTION
WITHIN KITTEN STRIATE CORTEX. L. Koiic. Q. Gu. R.M. Douglas. J. Matsubara and
M. Cvnader*. Dept, of Ophthalmology, Univ. of British Columbia, 2550 Willow St.,
Vancouver, B.C., Canada V5Z 3N9
Recent work has emphasized the important role of serotonin-2C (5-HT2c) receptors in the
developmental plasticity of the kitten visual cortex [I]. Serotonin increases synaptic
plasticity (both LTP and LTD) in kitten visual cortex and this is largely mediated via 5HT2C receptors. These receptors are transiently expressed in a patchy fashion in the cortex
of kittens between 30-80 days of age and these 5-HT2C rich patches are complementary to
those demonstrable by cytochrome C oxidase (CO) staining [2] and by those formed by
area 21a projecting neurons in area 17 [3J. To visualize these patches in living brain
slices,, a group of 45-55 day old kittens were injected in area 21a with a retrograde tracer
(CTX-gold or WGA-HRP) to label the projection neurons in layer II/III of area 17. This
enabled us to locate our electrodes in low or high density 5-HT2c receptor zones. Two
weeks after the injections, ipsilateral coronal slices of the visual cortex (400 jam) were
prepared for electrophysiology. Field potential responses to white matter stimulation were
recorded from layer IV using the low frequency stimulation protocol (1Hz, 15 min), which
reliably induced LTD or LTP in younger kittens (> 30 days of age). At 40-80 days, this
protocol almost never induced LTD or LTP in layer IV. In visual cortical slices taken
from injected kittens, bath application of serotonin markedly facilitated the induction of
both LTD and LTP. After recording the slices were processed to visualize the area 21 a
projecting neurons. The positions of the recording electrodes were correlated with the
patchy distribution of retrogradely labeled cells and 8 recordings fell within patch and
12 within interpatch zones. When anatomical and electrophysiological results were
compared we found that in 6 out of 8 patch locations serotonin application facilitated LTD
(2 with no effect), while LTP was not observed. By contrast in 5 out of 12 interpatch
locations serotonin application facilitated LTP (7 with no effect) and no LTD was
observed. We therefore suggest that the patchy distribution of 5-HT2c receptors, found
aft» the peak of the critical period, may have the effect of increasing the probability of
specific plastic changes within particular cortical compartments.
1. Wang, Y., Gu, Q., & Cynader, M. Exp. Brain Res. 114, 321-328 (1997)
2. Dyck, R. & Cynader, M. J. Neurosci 13, 4316-4338 (1993).
3. Conway, B., Boyd, J. & Matsubara, J.A. Soc. Neurosci Abstr. 22, 640 (1996).
Supported by Medical Research Council of Canada.
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LONG-TERM POTENTIATION OF THE SOMATOSENSORY, MOTO R AND
V ISU AL NEOCORTEX IN AWAKE BEHAVING RATS C,.C. Tcskcv*. J.E.
Hutchinson. J. K. Westlv and P.A. Valentine. Bchav. Ncurosci. Res. Grp., Dept, of
Psychology, Univ. o f Calgary, Calgary, AB, Canada T2N 1N4.
The neocortex of the awake, behaving, adult rat has been found to be highly resistant
to the induction of long-term potentiation (LTP). However, LTP o f the ncocortical
evoked response has been observed when several sessions of high frequency stimulation
(HFS) are applied to the corpus callosum over several days. It has also been shown that
modulatory systems, which project to the cerebral cortex, play a role in LTP. This study
was undertaken to examine the effects o f co-activation o f the ascending endogenous
modulatory systems and corpus callosum on LTP in a number o f different anatomical
locations in the neocortex.
M ale, Long-Evans hooded rats were chronically implanted with bipolar stimulating
electrodes in the corpus callosum and the region of the dorsomcdial-posterior
hypothalamus (DMPH), and recording electrodes in the somatosensory, motor or visual
neocortex. Following a two-week recovery, baseline input/output (I/O) response curves
were generated. These were based on the application o f rectangular 200 usee pulses at
11 intensities through the callosal electrodes. The potentials evoked in the neocortex
were analyzed for changes in the size (area) o f the negative component. This was
calculated by subtracting baseline field potentials from post-treatment field potentials.
Experimental animals received HFS trains to the callosum concurrent with DMPH
stimulation once a day for a total of five days. Post-treatment I/O's were recorded for
several weeks. We report potentiation o f a late component o f the somatosensory, motor
and visual neocortical evoked response to concurrent application o f HFS to the corpus
ftallnsiim and stimulation of the DMPH. Animals that received either HFS to the corpus
callosum alone or DMPH stimulation alone showed no change in the evoked response.
Supported by NSERC.

MODELING THE EFFECT OF CALCIUM SIGNALS ON CAMKINASE II AND
CALC1NEURIN ACTIVATION IN A DENDRITIC SPINE. W.R. Holmes*
Neurobiology Program, Dept, of Biological Sci., Ohio U., Athens, OH 45701.
CaMKinase II and calcineurin, two proteins found in high concentrations
at synapses in the brain, are thought to play important roles in learning and
memory. Both are activated by calmodulin following calcium entry into the
cell. What makes the timing and extent of their activation so difficult to
determine is that the presence of calmodulin binding proteins (such as
CaMKinase II and calcineurin) strongly enhances calcium binding to
calmodulin. Models were developed to explore the effect these proteins
have on calcium binding to calmodulin, calmodulin binding to calcineurin, and
binding and trapping of calmodulin by CaMKinase II.
Two models were compared. In the first model calcium binds sequentially
to calmodulin forming the complex CaMCa4 , and only CaMCa4 binds t0
CaMKinase II or calcineurin. In the second model calmodulin with 0-4 calcium
ions can bind to either CaMKinase II or calcineurin. The calcium signal used
was computed from a model of calcium influx through NMDA receptors at a
dentate granule cell spine during a strong 400 Hz 8 pulse tetanus to the cell.
Surprisingly, calcium concentration changes were similar in the two
models despite the different binding schemes. More binding of CaMCa4 to
CaMKinase II and more calmodulin trapping by CaMKinase II occurred in the
first model where calcium binding to calmodulin was not influenced by the
presence of calmodulin binding proteins. However, there was more binding
of CaMCa4 to calcineurin in the second model. The results suggest that the
enhancing effects of CaMKinase II and calcineurin on calcium binding to
calmodulin are subtle, although we cannot rule out the better documented
rate constants for calcium binding to calmodulin in the presence of calcineurin
as the reason for these findings. (Supported by NIMH grant MH-51081).

149.13

149.14

OVEREXPRESSION OF CALCINEURIN REVEALS MULTIPLE ROLES
OF PKA IN LTP, INCLUDING A NOVEL, INTERMEDIATE PHASE,
THAT ARE SELECTIVELY MODULATED BY DISTINCT cAM P SIGNAL
ING SYSTEMS. D.G. Winder*. I. Mansuv. and E.R. Kandel. Ctr. Neurobiol. &
Behav., Coll. of Physicians & Surgeons, Columbia Univ., HHMI, NY, NY 10032.
To investigate the roles of Ca2+-dependent phosphatases in synaptic plasticity, we
studied synaptic function at the Schaffer collateral (SC)-CAl synapse in mice over
expressing calcineurin. We find that PKA-independent forms o f LTP at the SCCA1 synapse are unimpaired by overexpression o f calcineurin, while PKA-dependent forms of LTP are reduced. This impairment does not reflect a direct effect on
the machinery of the late phase of LTP (L-LTP), but rather an impairment of a
novel, intermediate phase of LTP (I-LTP) that is distinguished from E-LTP and
L-LTP by being PKA-dependent but protein synthesis-independent. Studies in cal
cineurin overexpressing mice suggest that the PKA dependence of I-LTP involves
PKA suppression of the actions of calcineurin. Thus, PKA has at least two
independent roles in LTP; (1) direct phosphorylation o f effector proteins necessary
for L-LTP, and (2) suppression of phosphatase activity required for I-LTP. Parallel
behavioral studies indicate that I-LTP may have a role in intermediate memory
storage (Mansuy et al., 1997; Bourtchouladze et al., 1997, Soc. Neurosci. Abstr.).
Both D1/D5 dopamine receptors and ^-adrenergic receptors ((5-ARs) increase
cAMP levels in CA1.
Activation of D1/D5 receptors elicits a slow-onset
potentiation that is similar to tetanus-induced L-LTP. W e find that this slow-onset
potentiation is not altered by overexpression of calcineurin or pretreatment with
phosphatase inhibitors. However, a J5-AR agonist in wild-type slices does not elicit
slow-onset potentiation. By contrast, activation of P-ARs facilitates the formation
of LTP by prolonged low-frequency stimulation, and this effect of P-ARs is thought
to be mediated by inhibition o f phosphatases (Thomas et al., Neuron 17, 1996).
We find that this effect of P-ARs is indeed impaired by overexpression of
calcineurin, and is not mimicked by D1/D5 receptor activation. In total, these data
suggest that distinct neuromodulators can couple to distinct PKA-dependent phases
of LTP. Supported by HHMI and NIH.

IN V O L V E M E N T O F C a 2+/C A L M O D U L IN -D E P E N D E N T P R O T E IN

149.15
DYNAMIC NATURE OF DIFFERNTIATING LTP AND LTD: MODELING AND
ANALYSIS OF THE ACTIVATION OF CaMKII AND CALCINEURIN
K lchikawa *. H.Okamoto and I.Yamaauchi. Foundation R esearch Lab. Fuji Xerox Co.,
Ltd., 430 Sakai Nakaimachi Ashigarakamigun Kanagawa, 259-01 Ja p an
It is suggested that the large and m oderate rise in [Ca2+1 resulted in long-term
potentiation (LTP) and depression (LTD), respectively. Equilibrium state analysis of a
model for the phophorylation and dephosphorylation of CaMKII suggested a
differentiating m echanism of LTP and LTD (Lisman, Proc.Natl.Acad.Sci.USASe, 95749578, 1989). In the present study, w e constructed a model of chemical reactions for
CaMKII and calcineurin (CaN) assum ing difference in activities of CaMKII and CaN
would c a u se the differentiation of LTP and LTD, an d analyzed dynamics of the model.
The present schem e w as com posed of the rise in [C a* ) and the activation of
calmodulin (CaM), CaMKII and CaN. A model for the rise in [Ca2+1 w as the sa m e a s
before (Ichikawa, e t al., Soc.Neurosci.Abstr.21, 711.10, 1995). CaM w as activated by
the binding of four C a2+. CaMKII w as a ssu m e d to b e activated by the binding of
activated CaM (CaM*). CaN w as a ssu m e d to b e activated by the binding of CaM* and
four C a2+. Simulation showed that the p eak activity of CaMKII for the m oderate rise in
[Ca2! w as lower than CaN, while it w as higher than CaN for the large rise in [Ca2*].
This is consistent with the assum ption that m oderate and large rise in [Ca2+1 lead to
LTD and LTP, respectively. The analysis of th e model a t equilibrium, however, showed
always higher activity for CaN to CaMKII irrespectively of th e rise in [Ca2^ , an d showed
no crossover in the activity of CaMKII and CaN. On the contrary, dynamics of the
model show ed a transiently larger activity of CaMKII than CaN when the rise in [Ca2!
w as large. T h ese results suggested that the differentiation of LTP and LTD should be
attributed to the dynamic nature of activation in CaMKII and CaN.
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H IP P O C A M P U S . M . T O K U D A .* B . Y. A H M E D , a n d O. H A T A S E .
D ep t, o f P h y sio lo g y , K a g a w a M ed . U n iv ., K a g a w a 761-07, J a p a n
P r e v io u s s tu d i e s d o c u m e n t t h e i n v o lv e m e n t o f C a 2+/calm o d u lin d e p e n d e n t p r o te in k i n a s e (C a M K )-II in lo n g -te rm p o te n tia tio n (L T P),
w h ile p o ssib le ro le o f o t h e r m e m b e rs o f t h e C aM K s r e m a in s u n k n o w n .
H e re , w e e x a m in e tw o o t h e r m u ltif u n c tio n a l C aM K s, n a m e ly , C aM K -I
a n d C a M K -IV , in L T P o f r a t h ip p o c a m p u s . W e s te rn b lo t a n a ly s i s
d e m o n s tr a te d t h a t t h e a b u n d a n c e o f C aM K -I a n d C aM K -IV p r o te in
in c r e a s e d in t h e L T P slic e s b y 30% a n d 50%, re s p e c tiv e ly , a s c o m p a re d
to n o n -L T P slic e s.
to i n c r e a s e

in

C a M K -I a n d -IV p r o te in a b u n d a n c e w a s a ls o s e e n

L T P -in d u c e d h ip p o c a m p a l

im m u n o h is to c h e m is try .

s li c e s

E l e c t r o n m i c r o s c o p ic

a n a ly z e d

s tu d ie s

by

fu rth e r

d e m o n s tra te d t h a t t h e a b u n d a n c e o f b o th C aM K -I a n d -IV in c r e a s e d in
th e c y to p la s m a s w e ll a s in t h e c h ro m a tin o f L T P -in d u c e d h ip p o c a m p a l
C A l-n u c le i. B y t h e m e a s u r e m e n t o f a c tiv ity o f C a M K s, a s ig n if ic a n t
in c re a se o f a c tiv ity o f C aM K -I in th e n u c le a r f ra c tio n a n d C aM K -II a n d
-IV in t h e c y to so lic f ra c tio n o f L T P -in d u c e d slic e s w a s d e te c te d . T h e s e
d a ta i n d ic a te t h a t n o t o n ly C a M K -II b u t a ls o C aM K -I a n d IV m ig h t
s e rv e a s t a r g e ts fo r c y to p la s m ic a n d n u c le a r C a 2+ s ig n a lin g p a th w a y s
a n d p h o s p h o ry la te sp ecific p r o te in s in LTP .

149.16
INACTIVATION OF THE AUTONOMY SITE OF ACAMKII (T286A) LEADS
TO IMPAIRMENTS IN SYNAPTIC PLASTICITY AND LEARNING
N . B. Fedorov. K.P. G ieseandA . I. Silva* Cold Spring Harbor Laboratory; Cold
Spring Harbor, New york 11724.

The a-isoform of Ca2 +/calmodulin-dependent kinase II (aCaMKII) is
necessary for hippocampal long-term potentiation (LTP). The activity of
aCaMKII can be either Ca2+/calmodulin (CaM)-dependent, or autonomous.
It is unclear which activity state of the kinase is required for LTP. To address
this question, we introduced a point mutation (T286A) into the mouse
aCaMKII gene. This mutation did not affect the CaM-dependent state of the
enzyme, but it eliminated its autonomous state
Electrophysiological studies in vitro on hippocampal slices (CAlb
subregion) showed that the point mutation did not result in changes of basal
synaptic transmission, passive properties of neurons, and augmentation
(PTP). Paired-pulse and low-frequency (10HZ) facilitation were slightly
enhanced. Long-lasting potentiation induced by a weak (unsaturating) tetanus
(2 theta bursts) was abolished in the mutants. However, a strong (saturating)
tetanus (100HZ x Is) revealed a residual, non NMDA receptor-dependent,
LTP. This impairment of NMDA receptor-dependent LTP could not be
overcome by multiple saturating tetanization nor by strong postsynaptic
depolarization of neurons during low-frequency synaptic stimulation (pairing
LTP, 2 HZ, +20 mV).
Behavioral studies showed that the mutants were deficient in spatial
learning in the Morris water maze. Our results show that the autonomous
state of aCaMKII is the prominent function of the kinase for NMDA
dependent LTP and spatial learning.
Supported by N IH (ROl A G 13622) grant to A. J.S.
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149.18

EFF E C T O F GLUTA M IN ERG IC , C H O LIN ER G IC AND SER O TO N ER G IC
AN TA GON ISM
ON
N E O C O R TIC A L
EE G
AND
LO NG -TERM
PO TEN T IA TIO N IN AW AKE BEHAVING RATS P.A. Vrlcnliiio* and G.C.
Teskev. Behav. Neurosci. Res. Grp., Dept. of Psychology, Univ. of Calgary, Calgary, AB,
Canada T2N 1N4.
The neocortex of the awake, behaving, adult rat has been found to require multiple
sessions of stimulation to induce long-term potentiation (LTP). However, LTP of the
neocortical evoked response can be accelerated when several sessions o f high frequency
stimulation (HF&) are applied to the coipus callosum concurrent with activation of
modulatory systems through stimulation of the dorsomedial-posterior hypothalamus
(DMPH). This study was undertaken to examine the effects of glutaminergic, cholinergic
and serotonergic antagonism on the induction o f LTP in the somatosensory neocortex.
Male, Long-Evans hooded rats were chronically implanted with bipolar stimulating
electrodes in the corpus callosum and the region of the DMPH, and recording electrodes
in the neocortex. Following a two-week recovery, baseline input/outp1it (I/O) response
curves were generated. These were based on the application of rectangular 200 ^sec
pulses at 11 intensities through the callosal electrodes. The potentials evoked in the
neocortex were analyzed for changes in the size (area) of the negative component. This
was calculated by subtracting baseline field potentials from post-treatment field
potentials. Experimental animals received HFS trains to the callosum concurrent DMPH
stimulation, and either MK-801, scopolamine, or ketanserin, once a day for a total of five
days. Post-treatment I/O's were recorded for several weeks.
We report potentiation of a late component of the neocortical evoked response to
concurrent application of HFS to the corpus callosum and stimulation of the DMPH that
was blocked by glutaminergic antagonism but not cholinergic and/or serotonergic
antagonism. Supported by NSERC.

B L O C K A D E A N D D IS R U P T IO N O F N E O C O R T IC A L L O N G -T E R M
P O T E N T IA T IO N F O L L O W IN G E L E C T R O C O N V U L S IV E S H O C K IN
T H E F R E E L Y M O V IN G R A T .
C h risto p h e r T re p el* a n d R o n a ld J. R a c in e . D e p a rtm e n t o f P sy c h o lo g y ,
M c M a ster U n iv e rsity , H a m ilto n , O n tario , C a n a d a , L 8 S -4 K 1
A lthough th e n e o c o rte x h as b een c o n sid e red h ig h ly re sista n t to the
in d u ctio n o f lo n g -te rm p o te n tia tio n (L T P ), w e h a v e rec e n tly sh o w n th a t
sp a ce d a n d rep e a ted stim u la tio n o f w h ite m a tte r a ffe ren ts re lia b ly in d u ce s
neocortical L TP in th e freely m ov in g rat. T h e fo llo w in g stu d y e x a m in e d th e
effe c ts o f m ax im al e le c tro c o n v u lsiv e s h o c k (M E S ) stim u la tio n o n th e
induction o f L TP in th e chronically p rep a re d rat. S tim u la tin g a n d re c o rd in g
electrodes w e re im p la n te d in to th e co rp u s c a llo su m a n d a n te rio r n e o c o rte x
(P a rl/F r3 ), respectively. M ES stim u latio n w as ap p lie d at d iffe re n t in te rv als
fo llo w in g L T P -in d u c in g tra in s o v e r a 10 d ay p erio d .
L T P -in d u c in g
s tim u la tio n c o n sisted o f six ty 8 -p u lse, 2 4 m s tra in s (p u lse fre q u e n c y : 3 0 0
H z ; tra in fre q u e n c y : 0.1 H z). L T P -in d u c in g s tim u la tio n a lo n e resu lte d in
p o te n tia tio n o f th e early ( - 9 . 0 m s to p e a k ) an d late ( - 2 0 .0 m s to p e a k )
com ponents o f th e e v o k e d E PS P, as w ell as o f th e p o p u la tio n spikes. M E S
s tim u la tio n d e liv e re d im m e d ia te ly , o r 1 h o u r a fter, L T P -in d u c in g train s
p r e v e n te d th e in d u ctio n o f L TP . M E S stim u la tio n ap p lie d 6 h a fte r L T P inducing trains, h o w ev er, did n o t p re v e n t th e in d u c tio n o f L T P . T h e re th us
appears to be a w in d o w w ithin w h ic h M E S can b lo c k th e in d u c tio n o f LTP.
M E S stim u la tio n ap p lie d to a fu lly p o ten tiate d an im a l d isru p te d b o th the
p o p u latio n sp ik e a n d p o ly sy n a p tic p o ten tiatio n , th o u g h b o th rec o v e re d to
potentiated levels w ithin 24 hours. T his research w as s u p p o rte d b y N S E R C .

149.19
S e l e c t iv e l o s s o f l o n g - t e r m s y n a p t ic p o t e n t ia t i o n ,
DEPRESSION, FOLLOWING FLUID PERCUSSION INJURY

149.20
but

not

P.O. M a r i s . R. D ’A m b r o s i o . M .S . G r a d y * . H.R. W in n a n d D . J a n i g r o Dept, of
Neurosurgery, University of Washington, Seattle, W A 98104.
We used the in vitro hippocampal slice preparation to investigate the early effects
o f moderate fluid percussion injury (FPI), or sham-operation induced in vivo. Field
potential recordings were performed in the CA1 region in slices from post-FPI,
naïve, or sham-operated juvenile rats; in addition, immunocytochemical
visualization of synaptic proteins (synaptophysin), glial fibrillary acidic protein
(GFAP, an astrocytic marker), and inducible nitric oxide synthase (iNOS) was
performed. The following electrophysiological and morphological parameters were
affected 24-48 hrs following FPI: 1) Threshold for population spike generation was
increased while threshold stimuli to elicit fEPSP remained unchanged 2) Long
term potentiation (LTP) could not be induced in injured hippocampi 3) Both GFAP
immunoreactivity and iNOS expression were enhanced in slices from post-FPI
animals 4) Two days after injury, synaptophysin immunoreactivity was enhanced
in stratum radiatum. The effects o f FPI on synaptic plasticity were LTP-specific,
since long-term depression could be equally induced and maintained in post-FPI,
sham-operated and control slices. Sham-operated slices were characterized by
synaptic excitability indistinguishable from naïve controls but displayed decreased
ability for LTP production. These slices also expressed abnormally high levels o f
iNOS. We conclude that FPI causes a selective loss o f long-term potentiation,
possibly due to a previous potentiation induced by trauma and reflected by the
increased expression o f synaptic proteins. Sham surgical procedures were,
however, not without effects on long-term potentiation itself; the latter effects
appear to be mediated by an increased expression o f inducible, pathologic
production o f nitric oxide. Our study demonstrates for the first time that the in vitro
hippocampal slice can be used to investigate the electrophysiological correlates of
FPI induced in vivo. Supported by NIHLB 51614 and NS 33107.

LO W FR EQ U EN C Y STIM U LA TIO N RE V ER SES L T P IN T H E DEN TA TE
GY RU S I N VIVO W HEN GIV EN 2 M IN UTES A F T E R TET A N IZA TO N .
S.J. M artin and R.G.M. Mprris. SPON: European Brain and Behaviour Society.
Centre for Neurosci. and Dept, of Pharmacol., Univ. Edinburgh, Scotland.
Depotentiation, the reversal of tetanus-induced LTP with subsequent low
frequency stimulation, has been obtained in area CA1 in vivo (Barrionuevo et
al. (1980) Life Sci. 27: 2385-2391; Staubli and Lynch (1990) Brain Res. 513:
113-118). However, others have failed to induce depotentiation in either the
CA1 region or dentate gyrus under similar circumstances (Errington et al. (1995)
J. Neurophysiol. 74: 1793-1799). A possible explanation for these conflicting
results is provided by a recent demonstration that, at least in area CA1 in vitro,
the percentage reversal of LTP declines steeply as the interval between tetanus
and low frequency stimulation is increased: depotentiation is most effective
when 5 Hz stimulation is given in the first few minutes following tetanization
(Staubli and Chun (1996) J. Neurosci. 16: 853-860).
In the present study, depotentiation was investigated in the dentate gyrus of
urethane-anaesthetized rats. Low frequency stimulation was given 2 mins after a
high frequency tetanus, i.e. within the critical window described above. A 1 min
period of 5Hz stimulation resulted in a significant reduction in LTP measured 1
hour later, relative to non-depotentiated controls. However, only 2 of the 15
depotentiated rats showed less than 5% LTP. Extending the period of 5Hz
stimulation from 1 min to 10 mins resulted in a more effective reversal o f LTP:
only 5.6 ± 2.5% LTP remained after 1 hour, compared to 19.3 ±1.4% in nondepotentiated controls; 7 of the 12 depotentiated rats showed less than 5% LTP.
Preliminary data indicate that 5Hz stimulation is ineffective in reversing LTP
when given 30 minutes after tetanization. Work currently underway will
determine whether depotentiation in the dentate gyrus in vivo exhibits the sam e
time-dependent'properties as those found in CA1 in vitro.
This work was supported by the M RC and HFSP.
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150.2

A S T R O C Y T E -C O N D IT IO N E D M E D IU M IN D U C E S T O N IC C H L O R ID E
CH AN NEL
A C T IV IT IE S
IN
CU LTU RED
E M B R Y O N IC
RAT
H IP P O C A M P A L N E U R O N S. O .Y . Liu*. A .E . S ch affn er. Y . H. C h an g and
J. L. B a rk e r. L aboratory O f N euro p h y sio lo g y , N IN D S, N a tio n al In stitu tes o f
H ealth, B ethesda, M D 20892.
A stroglial cells p ro liferate and d ifferen tiate th ro u g h o u t th e C N S d u rin g the
late em bryonic/early postn atal p eriod. T h e se cells rele a se d iffu sib le
n eurotrophic an d /o r neu rite g ro w th -p ro m o tin g facto rs an d ex p ress
e x tracellu lar m atrix protein s, all o f w h ich c o u ld reg u la te neu ro n al
d ifferentiation. W e have p reviously show n th at e m b ry o n ic rat hip p o cam p al
n eurons grow n eith er on a m o n o lay er o f c o rtical astro cy tes o r in serum -free,
d efin ed m edium (M E M /N 3) co n d itio n fo r 24 h o u rs b y astro cy tes (A C M )
h ave larger surface m em brane areas and g reater am ino acid -ev o ked
responses. A ntagonism o f eith e r G A B A a , k a in ate o r N M D A recep to rs b locks
the differen tiatin g effects o f b o th astro cy tes and A C M su g g estin g the
involvem ent o f these am ino acid recep to rs. W e rep o rt h ere th at astro cy tes and
A C M induce a tonic c urren t sup erim p o sed w ith flu ctu atio n s in neu ro n s, both
o f w hich disappear after eith e r su p erfu sio n o r e x p o su re to b icu cu llin e, a
G A B A a recep to r antagonist. H ow ever, n o ise an aly sis rev eals estim ated
channel properties d ifferen t fro m th o se activ ated by m icro m o lar G A B A .
A C M induces a b icuculline-sen sitiv e cu rre n t th at is in sen sitiv e to C N Q X or
A P V and reverses p o larity at Eci. I-V cu rv es o f A C M -in d u ced cu rre n t are
m ostly linear in the -80 to + 40 m V range alth o u g h o u tw ard rectificatio n can
also be recorded: T he m ediato r(s) o f th ese A C M -activ ated ch an n els and th eir
im portance to neuronal differen tiatio n , if any, rem ain to b e estab lish ed .

A S T R O C Y T E -M E D IA T E D
RAT

H IP P O C A M P A L

SU BSTA N C ES

A C T IN G

D IF F E R E N T IA T IO N O F
NEURONS
V IA

IN V O L V E S

GABAa

AND

E M B R Y O N IC
D IF F U S IB L E
GLUTAM ATE

R E C E PT O R S. A .E. Schaffner*. O .-Y . Liu. Y. C h an g and J.L . B arker. Lab.
o f N eu ro physiology, N IN D S, N IH , B ethesda, M D 20892.
M an y aspects o f n e u ro n a l d ifferen tiatio n are th o u g h t to b e activitydependent.

W e h av e fo u n d th at h ippocam pal neu ro n s g ro w n directly on

astrocytes h av e significantly larg er m em brane su rface area (capacitance),
lo n g er and m ore n u m ero u s pro cesses and in creased G A B A A , glu tam ate
and gly cin e recep to r d ensities w hen co m p ared to cells g ro w n in serum -free
m ed iu m on poly-D -lysine.

T h ese effects can b e m im ick ed e n tirely by

a stro cy te-co n d itio n ed m ed iu m (A C M ), in d icatin g th e in v o lv em en t o f
d iffu sib le substances. W e fo u n d th at b icu cu llin e and p icrotoxin, antagonists
o f G A B A at G A B A a receptor/C l" chan n els, b u t not the G A B A b recep to r
an tag o n ist saclofen, as w ell as antagonists o f g lu tam ate at k ain ate and
N M D A type receptors, each b lo ck ed th e A C M effects o n cap acitan ce and
am in o acid -in d u ced cu rren t densities.

P rein cu b atio n o f astro cy tes w ith

10|xM B A P T A -A M elim in ated the d ifferen tiatin g effects o f A C M on the
neurons presu m ab ly b y b lo ck in g C a 2+-d ep en d en t sy n th esis/secretio n . W e
are cu rren tly reex am in in g th e ro le o f C a2+ in m o d u latin g A C M -in d u ced
d ifferen tiatio n , w h eth er specific

o r g en eral d e p o la riz in g sig n als

are

req u ired to m ediate th e neu ro n al d ifferen tiatio n signals a n d if k n o w n
tro p h ic factors eith er singly o r in com b in atio n are cap ab le o f m ed iatin g the
ob serv ed d ifferentiation o f surface area, m orp h o lo g y a n d cu rre n t densities.

S ociety for N euroscience , V olume 2 3 ,19 9 7
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150.3

150.4

TAURINE AND TAURINE DERIVATIVES SELECTIVELY MODULATES
INHIBITORY AND EXCITATORY CURRENTS IN NEURONAL PRIMARY
CULTURES. G. Puia*. D. Braghiroli. M. P i Bella and M. Baraldi. Dept, of
Pharmaceutical Sciences, University o f Modena, M odena 41100, Italy
Taurine (2-aminoethanesulfonic acid) is one o f the most abundant free aminoacid in
the mammalian brain, only exceeded in concentration by glutamate. Our studies
focused on the ongoing debate whether taurine, covering a broad spectrum of
biological functions (osmoregulator, antioxidant), could be considered a
neurotrasmitter, a neuromodulator or both. Therefore we analised the direct action o f
taurine and selected taurine-derivatives and their m odulatory activity on GABA-,
NMDA-, and kainate- evoked currents in neuronal primary cultures.
Taurine acts with low efficacy and low potency at the GABAa receptor complex
(ECjq Tau=3xl0 J M). Substitution at C l and\or C2 did not increase the efficacy of
taurine in evoking Cl' current. As diazepam, triazolam, R 05-4864, 3a-OH-DHP,
phenobarbital are modulators o f GABA-current we also tested the hypotesis that these
drugs should affect taurine induced current. C ! current elicited by the application o f
l|iM GABA was potentiated by taurine Im M (110±23%, mean±SE, n=12),
application of bicuculline methiodide and TAG (6-aminomethyl-3-methyl-4H-, 1,2,4benzothiadiazine- 1 , 1 -dioxide), but not flumazenil blocks this potentiation.
Substitution at the C2 in taurine molecule give rise to derivatives acting like negative
modulators o f GABAA receptors.
The current evoked by the application o f 100 JJ.M NMD A, in the presence o f 10 (J.M
glycine, was decreased by taurine 100 |o.M (-32±5 %, mean±SE, n=10), but
potentiated by ImM taurine (130±40 %, mean±SE, n= 8 ).
Kainic acidlOO (iM elicits a non desensitizing current that is potentiated by the
application o f 1 mM taurine (94±22%, mean±SE, n=12). Kainate-evoked current in
the presence o f GYKI52466, a selective AMPA receptor antagonist, is still enhanced
by taurine Im M (160±50%, mean±SE, n=9). and this potentiation was partially
abolished by TAG but not by bicuculline.

M ETH Y L M E R C U R Y (MeHg) BL O CK S y-A M IN O B U TY RIC A C ID (GABA)
CU R R EN T AND IND UCES A N O N -SPE C IF IC IN W A R D C U R R EN T IN RA T
CE R E B E L L A R GRA N U LE C E L L S. Y. F. Xu* a n d W . D. Atchison. Dept.
Pharmacol/Toxicol., & Neurosci. Prog., Mich. State Univ., E. Lansing, MI 48824
Effects of the neurotoxicant MeHg on GABA-activated current in rat cerebellar
granule cells were examined using whole-cell patch clamp techniques. GABAinduced inward current in cerebellar granule cells is composed o f rapidly and slowly
desensitizing components. At 1 pM, MeHg completely blocked GABA-activated
current and generated an inactivating inward current within 6-10 min o f starting
treatment. This inactivating inward current persisted when the extracellular solution
contained TTX, TEA and Cd2+. When the MeHg-induced non-specific inward
current reached its maximum, GABA no longer elicited an inward current but rather
a small outward current. This outward current elicited by GABA completely lost the
rapidly desensitizing component, but was blocked by 30 pM bicuculline and elicited
by 5 pM mucimol. The reversal potential for GABA-activated outward current after
treatment with MeHg was the same as that for GABA-activated inward current in
control. The time to onset for block by MeHg o f GABA-activated inward current
was concentration-dependent, whereas the amount of maximum block was not. Block
o f GABA-activated inward current took 15 min at 0.1 pM MeHg, but occurred
within 1-2 min at 10 pM MeHg. Similar results occurred in the presence o f HgCI2.
Removal o f Ca2+ from the extracellular solution and treatment with BAPTA, a Ca2+
chelator retarded block o f GABA-activated inward current and generation o f non
specific inward current by MeHg. Our previous work has shown M eHg increased
[Ca2+], in cerebellar granule cells. Therefore these results suggest that elevations in
[Ca2+]j induced by MeHg play a partial role in its effects on GABA a receptoractivated currents as well as generating a non-specific inward current in cerebellar
granule neurons. Supported by NIH grant ES03299.

150.5
Effect of triddoroethaiiol on recombinant acetylcholine receptor channels expressed
in HEK-293 cells. A. R*vmdran*; A. Gha/jrnfari and F . F . Weight. Lab. of Molecular

150.6
The s tru c tu ra l d e te rm in a n ts o f th e a n ta g o n ist p o tency of (+)tu b o c u ra rin e a t reco m b in an t 5-HT3 re c e p to r su b u n its. A.G. Hope. D.
Belelli. I.D. Mair, A.L. Muntoni*. J.A. Peters, and J.J .Lambert.
Neurosciences Institute, Dept, of Pharmacology, Dundee University,
Dundee. DD1 9SY. Scotland. UK.
The 5-HT3 receptor displays a marked species dependent pharmacology
which is clearly revealed by the non-selective antagonist (+)-tubocurarine
((+)Tc). Despite an 85% sequence identity, human (h) and mouse (m)
recombinant 5 -HT3R-AS subunits exhibit an 1800-fold difference in (+)Tc
antagonist potency (Belelli et al., Mol. Pharmacol., 48,1054.). Here, the
pharmacological profile of chimaeric and m utant 5 -HT3R-AS subunits
expressed in Xenopus laevis oocytes was assessed electrophysiologically.
Chimaeric receptors in which the N-terminal domains of m- and I1 5 -HT3RAs were interchanged indicated the amino acids determining the species
dependent potency of (+)Tc to reside extracellularly. Selected peptide
sequences of m5-HTaR-As, differing in 3-7 amino acids; were substituted by
homologous regions of h-5-HTsR-As, using site-directed mutagenesis.
These mutations significantly reduced the antagonist potency of (+)Tc at
m5-HT3R-As by a maximum of 160-fold.
By contrast, homologous
mutations of h5-HTsR-As increased the antagonist potency of (+)Tc by a
maximum of 53-fold. The point m utant producing the most significant
change in the potency of (+)Tc (10-fold) was m5-HT3R-As D206E. These
observations suggest that a micrisdomain of amino acids present within a
region of cloned 5 -HT3 receptor subunits, homologous to loop C of the
nicotinic acetylcholine receptor (Galzi et al., Methods EnzymoL, 204, 125),
strongly influences, but does not fully account for, the variable potency of
(+)Tc at 5 -HT3R-AS species homologues.
The work was supported by the Wellcome Trust.

& Cellular Neurobiology, NIAAA, NIH, Bethesda, MD 20892.
A number studies have shown that n-alcohols and some halogenated derivatives of
alcohols affect the function o f ligand-gated ion channels. However, the molecular
mechanism of alcohol action is not fully understood. The nicotinic acetylcholine
receptor (nAChR) of vertebrate skeletal muscle is perhaps the most thoroughly
investigated of all ligand-gated ion channels. In mammalian muscle there are two forms
of the nAChR, one that appears in embryonic or denervaled muscle composed of a 2Py 6
and another that is seen in adult endplates as well as in adult muscle in which an e
subunit replaces the y subunit. Ethanol has been shown to potentiate both forms o f the
nAChR (Ravindran et al., Soc. Neurosci. A bstr., 20: 1611, 1994; and 22:335, 1996).
hi our continuing effort to understand the cellular and molecular mechanisms of alcohol
action on ion channel function, we have studied the effects of the ethanol analogue,
trichloroethanol (TCE), on the adult form o f the nAChR. The effect o f TCE on
acetylcholine (ACh) induced current was studied in human embryonal kidney (HEK)
293 cells transfected with mouse a pefi nAChR subunit cDNAs. ACh-activated inward
current from cells expressing nAChR was recorded using the standard patch-clamp
techniques. ACh alone and in combination with TCE were applied to the recorded cell
and outside-out patch by a rapid perfusion system that enabled complete exchange of
solutions in 0.6-3 ms. ACh activated rapidly desensitizing inward currents with an EC ^
of 14 /uM. Co-application of TCE (1-16 mM) potentiated currents activated by 1-5 /¿M
ACh. The potentiation was between 25-145% o f the control response. However, with
higher concentrations of ACh, > 5 /xM, TCE significantly inhibited the peak current
amplitude. Moreover, TCE caused a significant increase in the rate o f desensitization
o f ACh-activated current. Further studies are underway to elucidate the molecular
mechanism of trichloroethanol modulation o f acetylcholine receptor channel function.
This work was supported by the intramural research program o f NIAAA/NIH.

150.7
INHIBITION OF 5-HT3 RECEPTOR-MEDIATED CURRENTS BY IFENPRODIL
USING A RAPID SOLUTION EXCHANGE SYSTEM ON EXCISED PATCHES
OF N1E-115 CELLS. M.Barann. H.Bonisch. B.W.Urban. M.Gothert*
Departments of Pharmacology and Anaesthesiology, University of Bonn,
D-53113 Bonn, Reuterstr. 2 B, Germany.
The aim of the present study was to investigate effects of ifenprodil on 5-HT3
receptor channels. A fast solution exchange system was used to study 5-HT3
receptor-mediated currents in outside-out patches of mouse neuroblastoma
cells of the clone N1E-115 in the voltage-clamp mode (-100 mV). The 5-HTinduced fast inward currents were characterized in detail in a previous study
[Barann et al. (1997), Neuropharmacology, in press], Ifenprodil inhibited peak
currents evoked by a submaximally effective 5-HT concentration (30 (iM). The
inhibition was dependent on the concentration and the time protocol of appli
cation of ifenprodil. The effects of ifenprodil were most pronounced when the
drug was applied continuously (for at least 45 s prior to 5-HT + during 5-HT
application: IC50 = 16 |iM, Hill coefficient = -1.3), and when the drug was
applied to the patches exclusively 45 s prior to 5-HT (pre-application: IC50 =
29 f.iM; Hill coefficient = -0.8). Using these time protocols, ifenprodil also
prolonged the current onset time constant (t 0n) in a concentration-dependent
manner (e.g. 10-fold at 30 jj.M ifenprodil). The inhibition of 5-HT-induced
currents by ifenprodil was least pronounced and no effects on the current-onset
time kinetics were seen when the drug was exclusively co-applied with 5-HT
(no pre-application: IC50 = 98 nM, Hill coefficient = -0.6). The effects of
ifenprodil (10 ^M) on currents evoked by 30 fiM 5-HT were not changed by
increasing the 5-HT concentration to 100 jiM. In conclusion, (1) the inhibition of
5-HT-induced peak currents appears to be independent of the agonist-induced
activation (gating) of the channel protein and (2) the retardation of the current
onset time by ifenprodil depends on the application (> 1 min) of the drug to the
patch prior to the agonist (5-HT).
Supported by a grant of the DFG.
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150.8
W E ST E R N B L O T A N A L Y SIS O F T H E 5 -H T 3 R E C E P T O R P U R IFIE D
F R O M P IG CEREBRAL CO RTEX
S. Fletcher* & N .M . B a rn e s. D e p a rtm e n t of P h a rm a c o lo g y , The M ed ical
School, U n iv e rsity of B irm in g h am , E d g b asto n , B irm in g h am B15 2TT U.K.
D e s p ite c o n s id e ra b le e v id e n c e fo r th e p re s e n c e o f in tra -s p e c ie s
su b ty p e s of 5 -H T 3 rec e p to r (e.g. H u ssy et al., 1994 / Physiol 481, 311-323),
to d a te o n ly o n e s u b u n it (p lu s a n a lte rn a tiv e ly sp lic e d v a ria n t) h a s been
id en tifie d (5 -H T 3 -A a n d 5 -H T 3 -AS su b u n its; M aricq e t al., 1991 Science 254,
432-437, H o p e e t al., 1993 Eur } Pharmacol 254, 187-192). In a n a tte m p t to
id en tify a d d itio n a l su b u n its, w e h a v e tak e n the b io ch em ical a p p ro a c h of
p u rify in g th e 5 -H T 3 rec e p to r ex p re sse d in p ig cere b ra l co rtex (Fletcher &
B arnes 1996 B rJ Pharmacol 1 1 8 ,30P).
SD S-PAGE an a ly sis of th e affin ity p u rifie d p ro te in in re d u c in g b u ffer
re s u lte d in 3-6 silv er sta in e d b a n d s at a p p a re n t m o le c u la r m asses ran g in g
fro m 37-71 kD a (n=12). In W e ste rn b lo ts, b a n d s a t 45, 50, 60 a n d 66 kD a
g a v e a p o s itiv e re a c tio n w ith a n a n tis e ru m sp ecific fo r th e 5 -H T 3 -A
rec e p to r s u b u n it (T u rto n et al., 1993 M ol Neuropharm 3,167-171), h o w e v e r
b a n d s a t 52, 57, 63 a n d 71 k D a co n sisten tly g av e n o reaction. These resu lts
c o n firm o u r p rev io u s fin d in g s u sin g a m o d ifie d d o t b lo t tech n iq u e, w h ich
a lso s u g g e ste d th e p re s e n c e o f a n o n 5 -H T 3 -A s u b u n it in th e 5 -H T 3
re c e p to r co m p lex p u rifie d fro m p ig b ra in (F letch er & B arnes 1996 Br }
Pharmacol 1 2 0 ,122P).
W e c o n clu d e th a t th e 5 -H T 3 rec e p to r p u rifie d fro m p ig cereb ral cortex
m ay c o n tain a n o n 5 -H T 3 -A protein(s).
S. F le tc h e r is re c ip ie n t of a n A.J. C la rk S tu d e n ts h ip fro m th e B ritish
P h arm aco lo g ical Society. W e th a n k R u th M cK ern an for th e g e n e ro u s gift
o f a n tib o d y .
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150.9

150.10

PROMISCUOUS COASSEMBLY OF SEROTONIN AND NICOTINIC RECEPTOR
SUBUNITS INTO Ca2+ PERMEABLE ION CHANNELS. J.A. van H ooft A.D.
Spier*. J.L. Yakel*. S.C.R. Lummis'*'* and H.P.M. Viivcrberg. Research Institute of
Toxicology, Utrecht University, NL-3508 TD Utrecht, The Netherlands, '‘'Division of
Neurobiology, M RC Laboratory o f M olecular Biology, Hills Road, Cambridge CB2
2QH, UK, *Laboratoiy o f Signal Transduction, NIEHS/NIH, RTP, NC 27709, and
^Department o f Zoology, Cambridge University, CB2 3EJ, UK.
Serotonin 5-HT3 ( 5 -HT 3R) and nicotinic ACh (nAChR) receptors are structurally
and functionally related proteins, yet distinct members o f the family o f ligand-gated
ion channels. 5-HT3 receptor subunits, cloned from various sources, are all homologs
o f the same 5 -HT 3R subunit and form homopentameric receptors. After pairwise
expression of the a 2 , a 3 , a 4 , a 7 , (32 and 04 nAChR subunits with the 5 -HT 3R
subunit, Xenopus oocytes were voltage-clamped and ion currents evoked by 5-HT
were recorded. Coexpression o f the a 4 nAChR and 5-HT3R subunits yields a biphasic
response at a holding potential o f -20 mV, whereas homomeric 5 -HT 3R always give
monophasic ion currents and oocytes expressing a 4 alone do not respond to 5-HT.
The ligand-gated ion channels in oocytes expressing 5-HT3R and a 4 subunits have a
pharmacological profile typical o f 5-HT3 receptors. The biphasic nature o f the
response disappears in the absence o f Ca2+ or Cl', demonstrating that the a 4 subunit
confers enhanced Ca2+ influx which activates endogenous Ca2+-dependent C1‘
channels in Xenopus oocytes. Formation o f heteromeric 5-HT3:cx4 receptor channels
was demonstrated by immunoprécipitation o f receptors from HEK293 cells transiently
expressing 5 -HT 3R and a 4 subunits using a monoclonal antibody to the <x4 subunit.
W estern blots revealed specific labeling o f the precipitated product by both a 4 and 5HT 3R specific antibodies. Thus, 5-HT3R and a 4 nAChR subunits coassemble into a
novel type of heteromeric ligand-gated ion channel w ith enhanced Ca2+ permeability.
Supported by R IT O X , W ellcome T ru st, M R C , R oyal Society, and N IH
in tra m u ra l p ro g ram

A T P M O D U L A T E S T H E A C T IV IT Y O F A C A P S A IC IN -A C T IV A T E D
IO N C H A N N E L A S A C O -F A C T O R . U. Oh*. J.Y. Kwak. S.W. Hwang. J.S.
Shin. J. Jung, and H.W . Cho. Seoul National University, College o f Pharmacy,
Kwanak, Shinlim San 56-1, Seoul 151-742, Korea.
The excitation o f sensory neurons by Capsaicin (CAP) is associated with
influxes o f cations. Recently, we identified a non-selective cation channel activated
specifically by CAP in cultured dorsal root ganglion neurons. Because the ligandbinding domain o f the channel is present in the intracellular side o f the membrane, it
is possible that ATP can modulate the function o f the CAP-activated ion channel. We
thus studied whether ATP applied in the cytosolic side modulate the activity o f the
channel.
To see if ATP modulates the channel activity, 1 - 4 mM ATP was added to the
bath along with CAP (1 yM). The addition o f 1 - 4 m M ATP significantly increased
the channel activity from 0.68 ± 0.17 to 1.24 ± 0.25 (n=16) without affecting
conductance o f the channel. Because kinases require M g2+ as a cofactor, ATP in
M g2+-free solution was added to bath in order to see if the increase in channel activity
was due to phosphorylation. However, ATP in M g2+-free solution did increase the
channel activity. Non-hydrolyzable ATP analogs, AMP-PNP (n=5) or ATPyS (n=5)
also increased the channel activity. In contrast, ADP decreased the channel activity
(n=6). Other nucleotides such as GTP, CTP, UTP, and ITP were not effective. When
H-7, a nonspecific protein kinase inhibitor was applied to patches together with ATP
and CAP, the increase o f channel activity by ATP was not blocked. Other kinase
inhibitors such as staurosporin, genestein and CAM kinase II inhibitor failed to
reverse the ATP effect. W hen ATP was applied to the bath in inside-out patches prior
to CAP application, the pre-treatm ent o f ATP did not augment the effect o f CAP on
the channel. Thus, these results clearly suggest that ATP increases the activity o f the
channel by acting as a cofactor but not as a donor o f phosphate group. Supported by
KOSEF-RCNDD in Korea

150.11
THE cAMP TRANSDUCTION CASCADE ENHANCES CAPSAICINELICITED CURRENTS IN RAT SENSORY NEURONS. J.C. Lopshire &
G.D. Nicol*. Medical Neurobiology Program and Dept of Pharmacology &
Toxicology, Indiana Univ. School of Medicine, Indianapolis, IN 46202.
Although prostaglandin E 2 (PGE2) sensitizes sensory neurons to the
excitation caused by the vanilloid, capsaicin, the signalling pathways
mediating this augmentation remain unknown. Therefore, we investigated
whether the cAMP pathway enhances the amplitude of the current elicited
by focally applied capsaicin. Sensory neurons were isolated from the dorsal
root ganglia of 15-17 day-old embryonic rats and grown in cell culture. In
whole-cell patch-clamp recordings, continuous exposure to the membranepermeant cAMP analog, 8-Br-cAMP (10 (iM to 1 mM), transiently increased
by 2-3 fold the amplitude of the current elicited by 100 nM capsaicin. The
duration of sensitization was related inversely to the concentration of 8-BrcAMP. Treatment with forskolin, a direct activator of adenylyl cyclase, also
transiently increased the capsaicin response by 2-3 fold, whereas dideoxyforskolin had no effect. To establish whether this enhancement results
from activation of protein kinase A (PKA), neurons were perfused internally
with 20 nM PKI, the peptide inhibitor of PKA. In the presence of PKI, both
the PGE2- and forskolin-induced sensitization of the capsaicin-elicited
currents were blocked. In the absence of sensitizing agents, the amplitude
of the capsaicin-evoked current was unaffected by PKI. Taken together, our
findings suggest that the PGE2-induced enhancement of capsaicin-gated
channel activity results from the elevation of the intracellular concentration
of cAMP and the subsequent activation of PKA. Supported by NIH grant
NS30527 (GDN) and the American Heart Association-Indiana Affiliate
(JCL).

150.12
INHIBITION OF ACh RECEPTOR- AND POTASSIUM-CHANNEL
CURRENTS BY GENERAL ANESTHETICS USING THE PATCH
CLAMP TECHNIQUE ON WHOLE CELL PATCHES OF SH-SY5Y
CELLS. A.Dvbek. P.Friederich. M.Barann. B.W.Urban*. Department of
Anesthesiology, University of Bonn, Sigmund-Freud-Str. 25, D-53105
Bonn, Germany.
The aim of the present study was to measure effects of the general
anesthetics thiopental, pentobarbital and propofol on ACh receptorand potassium-channels in the membrane of the same cell. The
neuronal nicotinic acetylcholine receptors (nAChRs) belong to the
superfamily of ligand gated ion channels. In comparison to voltage
gated ion-channels they are reported to be more sensitive against
general anesthetics. Both types of channels are expressed in human
neuroblastoma cells of the clone SH-SY5Y. In whole cell patches the
ACh (1mM) mediated currents and the K+-currents were compared
under identical electrolyte conditions. The anesthetics were applied by
a solution exchange system ( < 30ms). All drugs inhibited the evoked
currents in a concentration-dependent manner. The rank order of
potency for inhibition of K+-channel-mediated currents was propofol >
thiopental »
pentobarbital (IC50 values: 50, 180 and 1500 |jM
respectively). In contrast, all three anesthetic substances were nearly
equipotent in inhibiting nAChR-mediated currents (IC50 values of: 30,
20, 35 pM). The data reveal that the ACh-gated cation channel is more
sensitive against the barbiturates than the voltage gated K+-channel
and that both ion-channels were equisensitive against the phenol
propofol. Only the inhibition of potassium currents correlated with the
lipophilicity of the applied anesthetics. Supported by the DFG.

150.13

150.14

UGAND-GATED ION CHANNELS ON HUMAN NEURONS. Pereira. E.F.R.*1.

FU N CTIO N A L
CH A R A CT ERISA T IO N
OF
N IC O TIN IC
A C ET Y L C H O L IN E R E C EPTO R S IN A M O U SE EM BR Y O N IC
CA RC IN O M A C E L L LIN E. André Schrattenholz*. Shuli Xia and Alfred
Maelicke. Laboratory o f Molecular Neurobiology, Institute of Physiological
Chemistry and Pathobiochemistiy, 6 Duesbergweg, Johannes-Gutenberg
University Medical School. 55099 Mainz, Germany
The expression o f nicotinic acetylcholine receptors was studied in the course
of retinoic acid-induced neural differentiation of the mouse embryonic
carcinoma cell line PCC7-M zl. These cells cease to proliferate and express
typical stem cell markers upon incubation with the morphogen all-trans
retinoic acid (RA) and develop into typical derivatives of neuroectodermal
origin, i.e. neurons, astroglia, fibroblasts and endothelial cells. Starting from
day 3 after RA-induction the neurons form a network, which' is further
stabilized until the second week, when they acquire polarity and the ability to
conduct action potentials. Electrophysiological recordings from neuronal
derivatives o f PCC7-M zl cells revealed the presence o f nicotinic acetylcholine
receptors (nAChR) starting from day 12 through day 20 after RA-induced
differentiation. Large currents o f 3-5 nA were elicited by acetylcholine and
nicotine. The current voltage relationship, dose-response curves and the
blockade of agonist-induced responses by competitive antagonists like a bungarotoxin and methyllycaconitine were examined. The data demonstrate the
presence o f functional neuronal nAChR in derivatives o f a murine embryonic
carcinoma cell line after induction o f neural differentiation by retinoic acid.
This work was supported by grants (to A.M.) from the Deutsche
Forschungsgemeinschaft (Ma 599/11) and the Fonds der Chemischen Industrie.

Barbosa. Q.T.F,13, AlkondPP, M,1, . Rocha, E,S,13. Albuquerque, EJL'.L and

Bsenbera. H.M.2 ’Dept. Pharmacol. Exp. Ther. and 2Dept. Neurosurgery, Univ.
Maiyland Sch. Med., Baltimore, MD, 21201; 3Dept. Basic and Clin. Pharmacol.,
and Lab. Mol. Pharmacol. II, IBCCF, UFRJ, Rio de Janeiro, RJ 21944, Brazil.
In the present study, we describe a method for studying the characteristics of
ligand-gated channels present on living human neurons that were isolated
mechanically from lateral cortex removed during temporal lobectomy for
epilepsy. Using the patch-clamp technique, spontaneous postsynaptic currents
were recorded from neurons isolated from human brain slices, indicating that
these neurons bear functional synaptic terminals. Moreover, application of a
number of ligand-gated channel agonists to these neurons via a U-tube resulted
in activation of macroscopic currents. These neurons express at least two types
of NMDA receptors, as evidenced by the ability of the admixture of NMDA (50 pM)
plus glycine (10 pM) to elicit two types of currents: a slowly decaying current or
a current with a rapidly and a slowly decaying component. These cells also
express the kainate-type glutamate receptors, as evidenced by the ability of
kainate (50 pM) to elicit whole-cell currents. The majority of the neurons studied
responded to GABA with very large currents, whereas only a few neurons
responded to glycine, and the glycine-evoked currents were very small. Two
types of nicotinic currents were recorded from these neurons: a very rapidly
decaying current that resembles that mediated by a 7 nAChRs and a more slowly
decaying current. Our results suggest that neurons isolated from the human
brain without the aid of enzymes can become one of the powerful tools to study
the properties of the various ligand-gated receptor channels present on human
neurons and to investigate the effects of novel therapeutic compounds on these
receptors at the cellular level.
(Support: USPHS grants NS25296 & ES05730; CNPq & FINEP-Brazil)
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SPONTANEOUS SYNAPTIC TRANSMISSION BETW EEN EMBRYONIC
Drosophila NEURONS MEDIATED BY NICOTINIC ACETYLCHOLINE
RECEPTORS (nAChRs). D. Lee*. C.F. Preston and D.K. O ’Dowd. Depts of
Anatomy and Neurobiology; Dev. and Cell, UCI, Irvine, CA 92697.
The neuromuscular junction of Drosophila has proven to be an extremely
powerful model system to examine the molecular m echanism s underlying formation
and function of peripheral synapses. In this study we report a preparation in which it
is possible for the first time to examine similar questions regarding the functional
development of central synapses in Drosophila. Previous studies from our lab have
demonstrated the electrophysiological and morphological differentiation of
dissociated neurons in cultures prepared from m idgastrula stage Drosophila
embryos. Immunostaining experiments show that greater than 60% o f the embryonic
neurons are immunoactive for choline acetyltransferase, a m arker for cholinergic
neurons that is found throughout the Drosophila CNS. These data suggested that
synaptic transmission mediated by ACh may also develop between these cultured
neurons. Current clamp recordings revealed spontaneous synaptic potentials (PSPs)
in a subpopulation of neurons. These PSPs are excitatory based on their ability to
drive firing of action potentials (APs). Spontaneous synaptic currents recorded from
these cells are comprised of both miniature postsynaptic currents (mPSCs) and TTXsensitive AP mediated PSCs. The mPSCs have a mean peak amplitude of 40 pA,
exhibit fast rate of rise (120 pA/ms) and the decay is well fit by a single exponential
(?!= 2.8 ms), d-tubocurarine (0.1 fiM) reversibly abolishes the PSPs while high
concentrations of GABAa and glutamate receptor antagonists show no effect. These
results support the conclusion that the spontaneous synaptic connections formed
between developing embryonic neurons are mediated by nAChRs. The fact that
functional synapses are formed between Drosophila neurons makes feasible future
studies using lethal mutations to identify genes essential for development of central
synaptic transmission. (Supported by NIH grants NS27501 and NS01854)

A L TERNA TIVE SPLICING OF A PU TA T IV E N E W C L A SS OF
G LUT AM AT E-G A TE D
CH LO RIDE
CHANNEL
SU BU N IT.
&
Jaqannaihan*. D . L. Laughton. T. M . Skinner. G .G . Lunt and A J
W olstenholm e. School o f B iology and Biochemistry, University o f Bath,
Bath, B A 2 7A Y , U.K .
Glutamate-gated chloride channels (G lu-Cl) are found in a wide variety o f
invertebrates and have recently been identified as the probable site o f action
o f the avermectins, a fam ily o f potent anthelminthics and insecticides. T w o
classes o f G lu-Cl subunit ( a and p ) have been identified in the nematode
Caenorhabditis elegans. The properties o f recombinant a 0 receptors are
similar but not identical to the to vivo receptor. W e have used m olecular
cloning techniques to study the G lu-Cl o f the parasitic nematodes
Haemonchus contortus and Ascaris suum in addition to C. elegans and
have isolated cD N A s encoding what appears to be a new class o f Glu-Cl
subunit which shows 45-55% am ino-acid identity w ith G lu-Cl a and (5
subunits o f the same species. A partial gene duplication event in at least tw o
o f the species studied (C. elegans and H. contortus) has resulted in the
generation o f alternatively spliced gene products where different, though
closely related, channel-forming domains are attached to identical ligandbinding domains. These results m ay suggest that the com position o f the
nematode G lu-Cl subunit is similar to that o f the related G A B A a receptors
and consists o f a , {3 and y subunits.
Supported b y the W ellcom e Trust, the University o f Bath and a BB SR C C A SE award w ith M erck Sharp & Dohme.

150.17

150.18

GABA RECEPTORS IN CRAB PEPTIDERGIC SECRETORY NEURONS AND
TERMINALS, AND THEIR MODULATION BY Ca2+. M . R ogers . J.E .
Richm ond. P. S un*and I. C ooke. B6kesy L ab . o f N eurobiology, Pacific
Biom edical R esearch C enter, U niversity o f H aw aii, H onolulu, H I 96822.
T h e X -organ-sinus gland (X O SG ) is an alogous to the v ertebrate neuro
hypophysis, and both have G A B A receptors th at m ay reg u late horm one
secretion. X O neurons from C a rd iso m a ca rn ifex in prim ary cu ltu re and
isolated term inals from SG were exam ined by w hole-cell p atch clam p.
M em brane conductance w as increased d uring p ressu re ejection o f G A B A (1 0 '6
-1 0 '3M ) onto som a and term inals, b u t no t neurites o r grow th cones. R eversal
potentials (V r) changed according to the N e m st C l' potential w hen [C l'] w as
varied, but w ere unaffected by [K +]. P eak cu rren ts were -1 .9 ± 0 .2 n A (n= 58) at
Vft g reater than -40 m V from V r , and show ed little rundow n o r desensitization
during 0.07 H z stim ulation. G A B A a pharm acology includes activation by
m uscim ol (lO ^ M ), inhibition by picrotoxin (1-5x1 O'4), b u t inhibition by
bicuculline ( 1 - 5 x 1 0 * ^ ) w as variable and w eak.
T h e G A B A b agonist
baclofen w as ineffective. T h e reputed G A B A C an tag o n ist im idazole-4-acetic
acid (1-4A A , 2-5x1 O ^M ) w as a desensitizing agonist, confirm ing th at G A B A
receptors in c rustacea differ from vertebrate categories; P C R will be used to
identify G A B A receptor su bunits in the X O . G A B A responses w ere reduced
5-25% by depolarizing pulses evoking C a 2+ influx; responses recovered within
15-30 s and this effect w as sensitive to cytoplasm ic b u ffers, suggesting a local
effect on G A B A receptor function. A s G A B A is p resen t in hem olym ph, it m ay
produce tonic inhibition in the X O SG , and activity-dependent C a 2+ m odulation
m ay reduce this a nd explain the augm entation o f secretion with repeated
stim ulation. Supported by N IH g rant N S 15453 and the C ad es Fund.

PATCH-CLAMP ANALYSIS OF GABA- AND HISTAMINECURRENTS IN LOCUST OPTIC LOBE NEURONS. Manfred
Schmidt*. Zoologisches Institut und Museum, Neurophysiologie,
Universität Hamburg, 20148 Hamburg, Germany
To study the actions of neurotransmitters and neuromodulators in the
insect visual pathway, patch-clamp recordings in the whole-cell
configuration were performed on freshly dissociated somata of optic
lobe neurons of adult locusts (Schistocerca gregaria). Dissociation of
the somata by dabbing allowed to selectively obtain lamina or other
optic lobe neurons. To identify ligand-activated currents, short pulses of
GABA or histamine were applied to the recorded somata. In most optic
lobe neurons, but only in very few lamina neurons .GABA (0.1 or 1 mM)
elicited an inward current at negative holding potentials. Histamine (0.1
or 1 mM) elicited a similar current in ca. 50% of optic lobe and lamina
neurons. Both currents reversed close to the Cl" equilibrium potential,
and thus supposedly represent Cl" currents. Both currents did not
decline in amplitude with recording time, indicating their independence
of second messenger pathways. Bath application of picrotoxin (10 |iM)
almost completely (ca. 90%) and reversibly blocked the current elicited
by GABA, but reduced the current elicited by histamine only little (ca.
15%). These data support the assumption that GABA and histamine act
as inhibitory transmitters in neurons of the locust optic lobe, by directly
activating similar yet pharmacologically different Cl" channels in the
respective target neurons.
Supported by a DFG grant to M. Gewecke (Ge249/16-1).
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CENTRAL LOCALISATION AND FUNCTIONAL EXPRESSION OF P2X2
RECEPTOR SPLICE VARIANTS. E.J. Kidd. J. Simon'. F.M. Smith«. I.P. Chessell.
G. Hicks*. E.A. Bernard* and P.P.A. Humphrey. Glaxo Inst, o f Applied Pharmacol.,
’Dept, o f Pharmacol., Univ. o f Cambridge, Tennis Court Rd., Cambridge, CB2 1QJ;
'M olecular Neurobiol. Unit, Royal Free Hospital School o f Medicine, Rowland Hill
St., London, NW3 2PF U.K.
Seven P2X receptors have been identified with different pharmacological and
kinetic properties which do not, however, explain all the native phenotypes
suggesting that heteropolymerisation and/or alternative splicing may occur. We have
isolated three P2X2 receptor splice variants from neonatal rat cerebellum. One has a
207 bp deletion from the carboxy (C) terminus (P2X2(b)) and the other two involve
splicing at the same site in the first transmembrane domain, P2X2(c) having 18 bp
deleted and P2X2(d) having an additional 36 bp. These three isoforms were tested for
function in Xenopus oocytes with only P2X2(b) being functional. The only difference
between P2X2(a) and P2X2(b) receptors was the more rapid desensitisation o f the latter
(time constants 112.0 ± 10.7 and 27.5 ± 2.0 sec, respectively). This difference, which
was also seen in mammalian cells, may be due to the deletion o f proline/serine-rich
residues and/or phosphorylation motifs at the C terminal. We also examined the
distribution of mRNAs for the three variants by in situ hybridisation in SpragueDawley rats. In adult brain very low levels o f P2X2(b) and P2X2(c) receptor mRNAs
and no P2X2(d) receptor mRNA were found. In the 5 day rat brain, levels o f mRNA
for P2X2(b) and P2X2(c) receptors were higher than in the adult and, interestingly, the
distribution matched that we described previously for P2X2 receptor mRNA with few
quantitative differences. P2X2(d) receptor mRNA was again absent. P2X2(b) and P2X2(c)
receptor mRNAs were present in the superior cervical, dorsal root and nodose ganglia
with the highest levels in the latter, but low levels o f mRNA for P2X2(d) receptors
were found only in the nodose ganglia.
Supported by Glaxo Wellcome, U.K.

M E C H A N IS M S O F IN W A R D R E C T IF IC A T IO N IN P 2 X 2 A T P
R E C E P T O R C H A N N E L S. Z. Z hou* an d R. I. H um e. D ept, o f B iology,
U niv. o f M ich ig an , A nn A rbor, M I 4 8 109
W h en P 2 X 2 recep to rs are ex p ressed in X e n o p u s oo cy tes o r in H E K 293
cells, th e curren t-v o ltag e relatio n show s p ro fo u n d in w ard rectificatio n .
T o in v estig ate the m ech an ism s th at u n d erlie in w ard rec tifica tio n o f
P 2 X 2, o u tsid e-o u t p atch clam p reco rd in g s w ere do n e on p a tc h e s ex cised
fro m o ocytes ex p ressin g P 2 X 2 an d w h o le-cell p atch clam p reco rd in g s
w ere d one on H E K cells tran sfected w ith P 2 X 2. V o ltag e ju m p
ex p erim en ts w ere d o n e to e v alu ate th e v o ltag e-d ep en d en ce o f gating.
A fter fast voltage ju m p s, in stan tan eo u s cu rre n t ju m p s w ere fo llo w ed by
su b stan tial relax atio n s to steady states. T h e cu rre n t relax atio n s co u ld be
fitted by single ex p o n en tial fu n ctio n s. T h e tim e c o n stan ts o f the
relax atio n s w ere h ighly v o ltag e-d ep en d en t fro m -100 m V to -50 m V and
b ecam e voltag e-in d ep en d en t fro m -5 0 m V to + 1 0 0 m V . A lth o u g h the
in stan tan eo u s I-V relatio n w as less in w ard ly rectify in g than th e steady
state I-V relation, it w as n o t linear. Sin g le ch an n el reco rd in g ind icated
th at the app aren t single ch an n el c o n d u ctan ce o f P 2 X 2 becam e sm aller
w hen th e m em brane p o ten tial b ecam e m ore po sitiv e. T h e a p p aren t single
ch an n el c o n d u ctan ce at -100 m V is 26 pS, w h ile th e a p p aren t single
c hannel c o n d u ctan ce at + 1 0 0 m V is 9 pS. T h e c o m b in atio n o f voltaged ep en d en t gatin g and vo ltag e-d ep en d en t single ch an n el co n d u c ta n c e can
q u an titativ ely exp lain inw ard rectificatio n o f P 2 X 2. (S u p p o rted by NS
33965)
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CLONING AND EXPRESSION OF A P2X RECEPTOR FROM
THE CHICK EMBRYO. H. Liu* and R.l. Hume. Department of

MOLECULAR
CHARACTERIZATION
AND
PHARM ACOLOGICAL PROPERTIES OF THE hP2X 3
PURINOCEPTOR. F.Soto*. M. Garcia-Guzman and W, Stuhmer. MaxPlanck Institute for Experimental Medicine, Hermann-Rein Str. 3, 37075Gottingen, Germany.
Using PCR and library screening techniques, a cDNA encoding an ATPligand-gated channel has been isolated from human heart. The full-lenght
cDNA encodes a protein 397 amino acids long which shows high amino
acid identity with the rat P2 X3 purinoceptor (93%). By fluorescence in situ
hybridization, the human P2 X3 gene has been mapped to region q l 2 of
chromosome 11. Tissue distribution analysis of human P2 X3 receptor
mRNA shows a restricted expression pattern, i.e. transcripts are limited to
the spinal cord and heart. The expression of human P2 X3 in heart has been
further confirmed by Northern Blot analysis. This result contrasts with the
distribution of the rat P2 X3 receptor which was detected exclusively in
sensory neurons of trigeminal, dorsal root and nodose ganglia.
Heterologous expression of human P2 X3 cRNA in Xenopus oocytes
generates a fast desensitizing ATP-activated channel with pharmacological
properties ressembling the profile of the rat homologue receptor. Thus, the
order of agonist potency is 2MeSATP > ATP > a|3meATP > CTP >
PymeATP=ADP. Moreover, ATP-evoked currents on human P2 X3 receptor
are efficiently blocked in a reversible manner by the P2 antagonists
suramin and PPADS. In contrast to that it has been described for other P2X
receptors (rat P2 X2 , rat P2 X4 and human P2 X4 ) human P2 X3 affinity for
ATP is not increased by low micromolar concentration of extracellular
Zn2+. The structural determinants accounting for that difference are
currently under investigation.

Biology, University of Michigan, Ann Arbor, Ml 48109
P2X receptors are ATP-gated ion channels. A number of P2X
receptor subunits have been cloned from a variety of tissues,
including rat vas deferens, PC12 cells, rat dorsal root ganglia, and
rat brain. All the cloned P2X receptors contain two putative
transmembrane domains and therefore are distinct from other
ligand-gated ion channels such as the nicotinic acetylcholine
receptors and the ionotropic glutamate receptors. P2X receptors
have been suggested to function in fast synaptic transmission,
nociception, ATP-mediated cell lysis and programmed cell death.
ATP has a potent depolarizing action on embryonic chick
skeletal muscle, but has no effect on skeletal muscle in hatched
chicks. In search for the P2X receptor(s) responsible for the
depolarizing action of ATP on embryonic chick skeletal muscle,
we screened a 10 day chick embryo cDNA library with P2X1 as
the probe. We have tentatively named the first full length clone
from the screening as P2XCE. The full length P2XCE cDNA
contains an open-reading frame coding for 385 amino acids.
P2XCE has the highest sequence homology to P2 X 4 , sharing 75%
amino acid sequence identity with P2 X4 . HEK293 cells
transfected with P2XCE cDNA in the mammalian expression
plasmid pcDNA3 yielded slowly desensitizing inward currents
when 50 ^iM ATP was applied to cells clamped at -100 mV.
(Supported by NS33965)
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Membrane topology of the ATP-gated P2X2 receptor.
Rassendren. FA. Newbolt AJ, Surprenant, AM, North RA, and Buell, G*.
Geneva Biomedical Research Institute, Glaxo-Wellcome R&D 1228 Plan-lesOuates, Geneva, Switzerland.

EXPRESSION OF CONCATENATED CDNAS ENCODING P2X2
RECEPTOR SUBUNITS. R. Stoop*. S.L. Thomas. G. Buell and R.A.
North. Geneva Biomedical Research Institute, Glaxo Wellcome, Planles-Ouates, 1228 Geneva, Switzerland.
P2X receptor subunits are thought to contain two membrane-spanning
domains, a large extracellular loop and intracellular N and C termini.
We have concatenated two or three P2X2 receptor cDNAs, and
expressed the monomers, dimers or trimers in oocytes. One or more of
the cDNAs encoded a receptor with a point mutation (T336C). When
expressed as a monomer, this mutation had no apparent phenotype
except to confer sensitivity to the irreversible block of the ATP-induced
current by extracellular [2 -(trimethylammonium)ethyl] methanethio
sulfonate (MTSET).
Epitope tagging showed that the dimeric
constructs were expressed as proteins having twice the molecular
weight of the monomers. MTSET (1 mM) inhibited mutated (M) rather
than wild-type subunits (W) encoded by the injected construct. Thus,
the % remaining currents for W-W, M-W, W-M and M-M were 114 ±
26 (n=5), 63 ± 8 (6 ), 55 ± 10 (6 ) and 11 ± 3 (5). Trimeric constructs
also expressed well ( 1 - 7 piA), but sensitivity to MTSET was affected
more by the subunit at the N-terminus. The % remaining current for WW-W, W-W-M, W-M-W, M-W-W were 107 ± 28 (7), 80 ± 15 (7), 52 ±
6 (11) and 31 ± 5 (5), and for M-M-W, M-W-M, W-M-M, M-M-M
they were 13 ± 3 (7), 8 ± 2 ( 6 ), 34 ± 3 (12) and 12 ± 2 (4). The results
indicate that both N and C termini must be intracellular, and are more
consistent with a channel formed by two (or a multiple of two) subunits
rather than three (or a multiple of three) subunits. Longer concatemers
are currently being tested. Funding was private.

P2X receptors are a family of channels gated by ATP. Analysis of the
secondary structure of seven P2X receptor proteins revealed no signal
peptide, and showed two hydrophobic conserved regions that could
span the plasma membrane. This suggested that P2X subunits have two
transmembrane domains linked by a large extracellular loop. This
structure has partially been confirmed by the identification of three
glycosylated asparagine residues (N182, N239, N298) by electospray
mass spectrometry of baculovirus expressed P2X2 receptor. Here we
analyzed the exact membrane topology of the P2X2 receptor through
the engineering of artificial glycosylation sites at different locations in
the protein. The presence of glycosylation was revealed by gel shift
assay and western blot, using a C terminus epitope tag. Removal of the
three endogenous glycosylation sites induced a reduction of the
apparent molecular weight of the protein by approximately 5 kD. Three
glycosylation sites introduced before the first hydrophobic region were
not used, where as seven N-glycosylation sites introduced just outside
each of the two hydrophobic regions were glycosylated. The results
strongly support the interpretation that both hydrophobic domains are
membrane spanning.
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BACULOVIRUS EXPRESSION PROVIDES DIRECT
EVIDENCE FOR HETEROMERIC ASSEMBLY OF P2X 2
AND P2X 3 RECEPTORS.
K.M. Radford. C. Virginio, A. Surprenant, G. Grenningloh*, R.A.
North, and E. Kawashima.
Geneva Biomedical Research Institute, Geneva 1228, Switzerland.

THE CYTOLYTIC P2X 7 RECEPTOR: HOW RAPIDLY
DOES THE LARGE PORE FORM AND HOW BIG IS
IT? C.Vireinio. A. MacKenzie. R.A. North and A. Surprenant*.
Geneva Institute for Biomedical Research,Glaxo-Wellcome, Planles-Ouates, 1228 Geneva, Switzerland.
The P2X7 receptor is a unique ion channel in that its activation by
ATP opens a typical cationic channel and also induces the
formation of a large pore permeable to high molecular weight (>
600 Da) cations which can rapidly lead to cell lysis. This receptor
is highly expressed in brain microglia. Electrophysiological and
dye uptake (YOPRO, 629 Da) studies were used to examine the
large pore formation. Reversal potentials were measured at 2 s
intervals (using 500 ms duration voltage ramps) under bi-ionic
conditions during 1 min applications of BzATP (30 |iM). For
NMDG the reversal potential shifted from -88 mV to -22 mV over
an exponential time course ( t = 9.5 s); the time course of
permeability shift was strongly dependent on divalent cations (%=
30 s in 2 mM Ca++). Time constants increased as the size of the
external ion increased. Final pore size was estimated by measuring
YOPRO uptake in the presence of low concentrations of
polyethylene glycols (PEG) of different molecular weight.
YOPRO uptake was blocked by PEG6000 (5.4 nm diameter) but
not PEG 4000 (3.2 nm). Thus, the large pore dilates as a
continuous (or multi-multistep) process until it reaches a final
diameter of 3.5-5 nm.

P 2 X 2 and P2 X 3 are subunits of P2X receptors, cation channels
opened by binding extracellular ATP. cDNAs encoding P2 X 2 and
P2 X 3 receptor subunits, each with one of two C-terminal epitope
tags, were cloned into baculovirus. Virally infected insect cells
(Spodoptera frugiperda) expressed moderate to high levels of the
corresponding proteins, as detected by western blotting, by the
specific binding of [^^S] adenosine 5'-0-(3-thiotriphosphate), and
by whole-cell recordings of membrane current evoked by ATP or
methylene-ATP. In cells infected at the same time with two viruses,
encoding P2 X 2 and P2 X 3 receptors, the two proteins could be
cross-immunoprecipitated with antibodies specific for either of the
epitope tags; in whole-cell recordings from these cells ATP or
methylene-ATP evoked currents distinct from those observed when
P2 X 2 or P2 X 3 receptors were expressed alone. The results offer a
method to express large amounts of P2X receptor protein, and they
provide direct evidence that P2 X 2 and P2 X 3 subunits assemble to
form heteromeric channels having distinct properties from those
formed as homomers. Funding was private.
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IDENTIFICATION OF ENDOGENOUS P2Z (P2X7) RECEPTORS IN CHO-K1
CELLS. A.D. Michel. I. ChesselL A.D.Hibbel and P.P.Humphrev* GlaxoWellcome,
Dept Pharmacology, Cambridge University, Cambridge CB2 1QJ, UK.
ATP permeabilises a number o f cell types, including microglial cells, through
stimulation of a P2Z (P2X7) receptor (Surprenant et al., 1996; Science 272,735738). In this study CHO-K1 cells were examined for the presence o f a P2Z (P2X7)
receptor by m easuring cellular responses to the P2Z receptor agonist dibenzylATP
(DbATP). At 22°C, and in the absence of magnesium ions, DbATP (EC 50 ~ 39jxM)
evoked concentration-dependent non-desensitising inward currents which reversed
at ~0mV, suggesting activation of a non-selective cation channel. DbATP also
evoked influx of 45calcium C^Ca) and the DNA binding dye YO-PRO-1 (MW=375).
45Ca and YO-PRO-1 influx were inhibited by Na+ and K+ ions (ICso-lOmM) and
maximal influx was obtained in a Na+ free buffer containing 280mM sucrose.
DbATP-stimulated 45Ca influx was measurable within 10s o f agonist application and
was maximal after 30min whereas YO-PRO-1 influx was only detectable after 8min
and maximal after 60min. DbATP also caused LDH release, suggesting cell lysis,
but only after 60min. EC 50 values for DbATP in stimulating 45Ca and YO-PRO-1
influx and LDH release were sim ilar (3-4nM ). ATP and ATPyS also elicited 45Ca
and YO-PRO-1 influx, but only at concentrations in excess of 30 jiM, while UTP,
ADP and a^m eA T P were inactive at IOOjiM. DbATP-stimulated 45Ca influx was
inhibited by several purinoceptor antagonists including coomassie blue (IC5o=0.8|iM
vs 30|iM DbATP). These data are consistent with CHO-K1 cells expressing the P2Z
(P2X7) receptor. DbATP can activate this receptor to cause a rapid depolarisation
and 45Ca influx. Prolonged receptor activation results in a delayed increased
permeability to larger molecules such as YO-PRO 1 and ultimately leads to cell
lysis. The presence of an endogenous P2X7 receptor should be considered if CHOK1 cells are used for expressing recombinant P2X receptor subtypes.
(Supported by GlaxoWellcome).

D O M IN A N T N E G A T IV E P 2 X R E C E P T O R S U B U N I T S A S
DETECTORS
OF
H E T E R O M E R IC
A S S O C IA T IO N S
K. B a b in s k i1. M . P a o u e t1. C. W a h le s t e d t » 2 an d P. S & m S la 1. 1C e ll
B io lo g y o f E x cita b le T issu e G roup, M o n trea l N e u r o lo g ic a l In s titu te ,
D ep t. N eurology & N eurosurgery, M cG ill U n iv e r sity , M on treal Q uebec
C an ada H 3A 2B4; 2 K arolinsk a I n stitu te , 1 7177 S tock h olm , Sw ed en .
Ionotropic effects o f ex tra cellu la r A T P a re ex erted in m a m m a ls through
a fa m ily o f 7 P 2 X r e c e p to r -c h a n n e l s u b u n it s e x p r e s s e d w ith
o v e r la p p in g d istr ib u tio n s in C N S a n d in p e r ip h e ry . R eco m b in a n t
hom om eric P2X receptors can b e grouped fu n ctio n a lly according to th eir
s e n s itiv ity to th e a g o n ists af3mATP or bzA T P a n d to th e ir k in e tic s o f
d e s e n s itiz a tio n . To d e fin e th e s e t o f p o s s ib le s u b u n it c o m b in a tio n s
g e n e r a tin g P 2 X recep tors w ith hy b rid p h a r m a c o lo g ic a l a n d k in e tic
profiles, w e u sed a Xenopus oocyte-based e lectro p h y sio lo g ica l a s s a y to
d e te c t t h e h etero m eric a s so c ia tio n s b e tw e e n w ild -ty p e a n d m u ta n t
s u b u n its w ith d o m in a n t n e g a tiv e p r o p e r tie s. B y p e r fo r m in g s ite directed m u ta tio n s in th e p u ta tiv e pore region o f th e prototypical P2X 2
su b u n it, w e g en erated m u ta n ts th a t dra m a tica lly red u ce th e w h ole-cell
curren t (>90%) by in teraction w ith th e co-injected w ild -ty p e su b u n it. In
th e p r e sen ce o f th e s e d o m in a n t n e g a tiv e m u ta n ts , w e te s te d th e
fu n ctio n a l ex p ressio n o f a ll w ild -ty p e su b u n its th a t could b e rele v a n tly
a sso cia ted w ith P 2X 2, su ch a s th e a p m A T P -s e n s itiv e P 2X 3 s u b u n it
n a tu r a lly co -ex p ressed w ith P 2X 2 in se n so ry n eu r o n s (L ew is et al.,
N a tu r e 1995 377: 432-5). B a sed on th e ir c o n serv a tio n o f seq u en ce in
critical dom ains, th is stra teg y h a s th e p o ten tia l to id e n tify th e partners
o f a n y know n P2X su b u n it, a s a m ea n to b e tte r u n d ersta n d th e n a tiv e
co m p o sitio n a n d th e d iv e r s ity o f e x c ita to r y A T P -g a te d c h a n n e ls.
(Supported by M R C -C anada, Q uebec H ea r t a n d S tro k e F o u n d a tio n ,
A stra P harm a Inc., th e PMAC and S avoy Foun dation)
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C L O N IN G A N D E X P R E S S I O N O F A N A T U R A L L Y T R U N C A T E D
H U M A N P 2X R E C E P T O R S U B U N IT FR O M B R A IN A N D
IM M U N E S Y S T E M
M . P a a u e t . K .-T . L3. K. B a b in s k i a n d
P . S 6gu 61a*. C e ll B io lo g y o f E x c ita b le T is s u e G ro u p , M o n tre a l
N eu r o lo g ic a l I n s titu te , D e p a r tm en t o f N e u r o lo g y & N e u r o su r g e r y ,
M cG ill U n iversity, M ontreal Q uebec C an ada H 3A 2 B 4.
V ir tu a l sc re e n in g o f E S T d a ta b a se u s in g c lo n ed P 2 X se q u e n c e s a s
probes led to th e identification and m olecular c lo n in g o f a no v el hu m a n
P 2 X r e ce p to r s u b u n it. T h is P 2 X 5 -lik e s u b u n it p r e s e n ts a ll th e
characteristical fea tu res o f A T P -gated ch a n n els. H ow ever, a d om ain o f
2 2 con served am ino acid s is n a tu r a lly m is s in g a t th e border o f th e
p u ta tiv e ex tra cellu la r cy stein e-rich loop a n d T M D II. T h is tru n ca tio n
m a k e s th is su b u n it in s e n s itiv e to A T P in th e h o m o m eric form a fter
exp ression in Xenopus oocytes. F u ll-len g th tra n sla tio n o f th e predicted
prim ary structure con tain in g only one TM D h a s b e e n confirm ed by in
vitro tra n sla tio n and by d etectio n o f C -term inal e p ito p e-ta g g ed su b u n it
ex p r e sse d in H EK 293 ce lls u s in g im m u n o flu o re sc e n c e. Q u a n tita tiv e
R N A b lot from m u ltip le fe ta l an d a d u lt h u m a n tis s u e s re v ea le d th a t
t h e m R N A is m a in ly tra n scrib ed a t m o d e ra te le v e ls in w id esp rea d
ar e a s o f th e cen tral n erv o u s sy s te m a n d a t v e r y h ig h le v e ls in th e
im m u n e system . T h e gen era tio n o f h eterom eric receptors by asso cia tio n
o f th is P 2X 5-lik e su b u n it w ith other co -expressed P 2X su b u n its a s w ell
a s its con seq u en ces for P 2X r e sp o n se s in n e u r o n s a n d ly m p h o cy tes
r e m a in to b e i n v e s t ig a t e d . P h y s io lo g ic a l r e g u la t io n o f t h e
tran sm em brane topology o f A T P -gated ch a n n els by a lte r n a tiv e sp licin g
could b e an in te r e s tin g m e c h a n is m o f c o n tro l o f f a s t e x c ita to r y
p u rinergic sign allin g. (Supported b y M R C -C anada, Q u eb ec H ea rt and
Stroke Foundation and th e Savoy Foun dation)

INACTIVATION, RECOVERY, AND Ca2*-DEPENDENT MODULATION OF
ATP-GATED P2X RECEPTORS IN NOCICEPTORS. S.P. Cook and E.W.
McCleskev*. Vollum Institute, Oregon Health Sci. Univ., Portland, OR
97201
The presence of ATP-gated Ion channels (P2X receptors) in peripheral
nociceptive nerve endings supports the theory that these channels mediate
some forms of pain. Nociceptive P2X receptors may be comprised of
heteromeric and homomeric combinations of P2X receptor subunits.
Consistent with the diverse nature of P2X structure, electrophysiological
responses of nociceptors fall into two distinct classes based on inactivation
and recovery kinetics. Both classes reach current maxima within 50ms of
30*iM ATP application. Inactivation rates, however, differ over 100 fold.
“Transient" P2X current inactivates with a Tm = 32 ± 9 ms (±SEM, n=9),
while “persistent" current inactivates much more slowly T1/2 = 4000±320 ms
(n=17). Recovery from inactivation takes minutes:
- 0.7 ± 0.2 min for
persistent current, and T1/2 = 4 min for transient current. In most cells
having persistent current, recovery from inactivation Is accompanied by a
current “overshoot” that averaged approximately 3-fold magnitude prior to
inactivation. Comparison of ATP current in elevated Ca2*ext also revealed
differences in transient and persistent currents. In 2mM Ca2+ext buffers,
decrease of Na+ext results in an almost complete reduction of persistent
current while leaving the transient current largely unaffected. Subsequent
elevation of Ca2+e* greatly stimulates transient current and does not affect
persistent current. Mechanistic explanations for either the increase in
transient current magnitude by elevated Ca2%xt, or persistent current
recovery “overshoot" may reflect endogenous pathways for P2X receptor
modulation. (NRSA#F32DA05667, R01DA07415).
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DESENSITIZING PC 12 CELLS TO ATP STIMULATION AT TWO
DIFFERENT CALCIUM CONCENTRATIONS RESULTS IN DIFFERENT
RESPONSE PATTERNS J.R. Keath and E.W. Westheacf Department of
Biochemistry and Molecular Biology, University o f Massachusetts, Amherst,
M a 01003-4505.
A growing body of research suggests that an excitable cell should be viewed as
a collection of domains, each having its own number and variety o f ion channels
and ion concentrations. Studies comparing the degree of desensitization seen in
cells under different [Ca2+]ext give further credence to this view. When cells are

C H A R A C T E R IZ A T IO N O F C A 2 + IN F L U X O F R E C O M B IN A N T P2X
R E C E P T O R S IN C6-B U 1 C E L L S. Sh in v a U E N O and K azuhide Inoue. Div.
P h arm aco lo g y , N a tio n al In stitu te o f H ealth Sciences, 1-18-1 K am iyoga,
S etag ay a-k u , T okyo, JA P A N 158.

desensitized by repeated stimulation with ATP at normal (2.2 mM) [Ca2+]ext,
the degree o f desensitization is similar whether they are tested in normal or low
(0.5 mM) [Ca2+]ext. However, if cells are desensitized in low [Ca2+]ext, they
are much less desensitized when tested with high [Ca2+]ext than they are when
tested in low [Ca2+]ext- We can account for this if we postulate that there are
domains with different numbers of ion channels and that desensitization is Ca2+
dependent. If this is the case, then domains that have enough channels to allow
Ca2+ influx sufficient to trigger exocytosis at low [Ca2+]ext will also allow
Ca2+ influx sufficient to trigger desensitization in that domain. Those domains
with fewer channels will allow enough Ca2+ in to trigger secretion and
desensitization only at high [Ca2+]ext.

S ociety for N euroscience , V olume 2 3 ,19 9 7

P2x receptor is the ligand gated cation channel. These ATP-activated
channels showed the relatively high permeability to Ca2+ under voltage
clamp condition. We have found that C6-BU1 cells were suitable for a
P2x receptor expression system. We also investigated the effects of ATP
and a,p-methylene ATP (a,PmeATP) on C 6 -Bul cells transfected with
P2x2 or P2x3 subtype alone, or cotransfected with P2x2 and P2x3
subtypes, using fura-2 fluorescence recording and whole-cell recording
methods. Untransfected C 6 -Bul cells showed no intracellular Ca2+
([Ca2+]i) increase to depolarizing stimulation with high K+. There is no
current response to ATP under voltage-clamp condition in untransfected
C 6 -Bul cells. ATP can induce Ca2+ influx only from extracellular source
in C6 -Bul cells transfected with the P2x subtypes. ATP (more than
lOfiM) but not a,{3meATP (up to 100 fiM) evoked [Ca2+]i rise in C6 Bul cells with the P2x2 subtype. More than 30 ¡iM ATP was required to
observe [Ca2+]i increase for the P2x3 subtype. The responses of Ca2+
influx was rapidly desensitized. Heterogeneous expression of P2x2 and
P2x3 subtypes possessed the higher sensitivity to both ATP and
a,PmeATP and less desensitization than that of the P2x3 subtype
alone. These data suggest that heterogenous expression of P2x2 and
P2x3 acquire more efficient Ca2+ influx than that of each subtype alone.
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INHIBITION OF ATP-ACTIVATED INWARD ION
CURRENT BY ZINC IN SENSORY N EU R O N S.

IN H IB IT I O N O F N M D A -G A T E D I O N C H A N N E L S B Y T H E P2
P U R I N O C E P T O R A N T A G O N IS T S S U R A M IN A N D R E A C T IV E
B L U E 2. R .W . Peoples* an d C. Li. L ab o rato ry o f M o lecu lar an d C ellular
N eurobiology, N ational In stitu te on Alcohol A b u se and A lcoholism ,
N atio n al Institutes o f H ealth, B ethesda, M D 20892.
T h e antiprotozoal agent su ram in a n d th e dye reactive blue 2 a re widely
u sed experim entally a s antagonists o f A T P-selective P 2 p urinoceptors. W e
have found th at these agents also inhibit //-m eth y l-D -asp artate (N M D A )
receptor-channels in m ouse hippocam pal neurons in cu ltu re using whole-cell
p atch-clam p recording.
Suram in an d reactive b lue 2 inhibited current
activated b y 25 jiM N M D A w ith IC 50 values o f 68 an d 11 jiM , respectively.
Inhibition b y suram in an d reactive b lu e 2 w as no t use- o r voltage-dependent.
Suram in, 75 |iM , increased th e E C » o f N M D A from 13 to 35 fiM , and
d ecreased the N M D A Em« b y 18%. In addition, su ram in slow ed th e onset
rate o f N M D A -activ ated c u rren t w ithout altering its o ffset rate. R eactive
b lue 2, 25 jiM , decreased the Em« o f N M D A b y 5 9 % w ithout changing its
E C 50. N eith er agent ap p eared to in teract w ith the glycine co agonist site, as
b oth agents decreased th e glycine J w w ith o u t alterin g its E C » . Suram in
thus ap p ears to inhibit N M D A receptor-channels p rim arily by a com petitive
m echanism , and reactive blue 2 b y a noncom petitive m echanism . A s both
agents inhibit N M D A receptors a n d P2 p u rinoceptors a t sim ilar
concentrations, observations th at these agents b lock physiological responses
thought to involve P2 purinoceptors should b e interpreted w ith caution.
T his w ork w as su p p o rted b y the intram ural p ro g ram o f N IA A A , N IH .

C h a o v in g L i* . R o b e rt W . P e o p le s a n d F o r re s t F . W e ig h t.
L a b o ra to ry o f M o le c u la r a n d C e llu la r N e u r o b io lo g y , N a tio n a l
I n stitu te o n A lc o h o l A b u s e & A lc o h o lis m , N a tio n a l I n s titu te s o f
H e a lth , B e th e s d a , M D 2 0 8 9 2 - 8 1 1 5 .
W e s tu d ie d th e e ffe c t o f Z n 2+ o n A T P -g a te d io n c h a n n e ls in
b u llf ro g d o rs a l r o o t g a n g lio n n e u ro n s u s in g th e w h o le -c e ll p a tc h c la m p te c h n iq u e . Z n 2+ in h ib ite d c u rre n t a c tiv a te d b y 2 .5 fiM A T P
w ith a n I C 50 o f 61 ± 9 .8 jiM . T h e in h ib ito ry a c tio n o f Z n 2+ d id n o t
a p p e a r to b e d u e to a d e c re a s e in th e c o n c e n tra tio n o f o n e o r m o re
s p e c ie s o f A T P . Z n 2* in h ib itio n w a s v o lta g e -in d e p e n d e n t b e tw e e n
- 8 0 a n d + 4 0 m V , a n d d id n o t in v o lv e a s h ift in th e re v e r s a l p o te n tia l
o f th e c u rr e n t. Z n 2+, 1 0 0 |l M , s h ifte d th e A T P c o n c e n tra tio n re s p o n s e c u rv e to th e rig h t in a p a ra lle l m a n n e r, in c r e a s in g th e E C 50
f o r A T P f ro m 2 .5 ± 0 .5 jliM to 6 .3 ± 0 .5 jiM . Z n 2+ d e c re a s e d th e
tim e c o n s ta n t o f d e a c tiv a tio n o f A T P -g a te d io n c h a n n e ls w ith o u t
a ffe c tin g th e tim e c o n s ta n t o f a c tiv a tio n o r d e s e n s itiz a tio n .
D ith io th re ito l r e v e r s e d Z n 2+ in h ib itio n o f A T P -a c tiv a te d c u rr e n t.
T h e a g o n is t a n d a n ta g o n is t s e n sitiv ity p r o file o f th e r e c e p to r in
th e s e c e lls w a s th a t o f a P 2 X p u r in o c e p to r. T h e re s u lts s u g g e s t th a t
Z n 2+ c a n in h ib it P 2 X p u r in o c e p to r fu n c tio n b y d e c re a s in g th e
a ffin ity o f th e b in d in g s ite f o r A T P . T h e re c e p to r-c h a n n e l in th e s e
n e u ro n e s a p p e a rs to b e a n o v e l m e m b e r o f th e P 2 X p u r in o c e p to r
c la s s .
T h is w o r k w a s s u p p o rte d b y in tr a m u r a l N I A A A , N I H .

L I G A N D -G A T E D IO N C H A N N E L S : G L Y C IN E
1 5 2 .2
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F U N C T I O N A L P R O P E R T IE S A N D S IT E S O F E X P R E S S IO N O F
G L Y C IN E R E C E PT O R S. C O N T A I N I N G T H E <x4 S U B U N IT .
R. T. H a r v e y * . V . S c h m ie d e n , T. K ir s c h a n d H . B e tz . D e p a r t m e n t o f
N e u r o c h e m is tr y , M a x - P la n c k - I n s titu t f o r B r a in R e s e a rc h ,
D e u t s c h o r d e n s tr . 46, D -6 0 5 2 8 F r a n k f u r t, G e r m a n y
T h e in h ib i to r y g ly c in e r e c e p t o r (G ly R ) is a l ig a n d - g a t e d i o n c h a n n e l
p r o te i n t h a t o c c u rs in d if f e r e n t d e v e lo p m e n ta l ly r e g u l a te d is o f o r m s in
t h e m a m m a l ia n c e n tr a l n e r v o u s s y s te m . R e c e n tly , a p a r t i a l g e n e
s e q u e n c e f o r a n o v e l m u r i n e g l y c i n e r e c e p t o r s u b u n i t , 0C4 , w a s
c h a r a c te r i z e d ( M a t z e n b a c h et al.f }. B io l C hem . 2 6 9 , 2 6 0 7 -2 6 1 2 ). W e
h a v e is o la te d a fu ll-le n g th c D N A fo r th e m u r i n e G ly R 0C4 s u b u n it u s in g
r a p i d a m p l i f i c a t io n o f c D N A e n d s (R A C E ). T h e m a t u r e (X4 s u b u n i t
s e q u e n c e h a s a p r e d i c t e d m o le c u la r w e i g h t o f ~ 5 0 k d , a n d e x h ib its
7 9 % , 8 5 % a n d 82 % i d e n t i t y to t h e r a t a i , a 2 a n d « 3 s u b u n i t s
r e s p e c tiv e ly . T h e (X4 s u b u n i t c D N A r e a d i ly d i r e c ts t h e f o r m a ti o n o f
f u n c tio n a l g ly c in e r e c e p t o r s o n h e te r o lo g o u s e x p r e s s io n i n X e n o p u s
laevis o o c y te s , a n d t h e i m p l a n te d r e c e p t o r s e x h ib i t p h a r m a c o lo g i c a l
c h a r a c te r is tic s t h a t a r e s im ila r to t h a t o f h o m o m e r ic r e c e p t o r s f o r m e d
b y t h e G ly R a i s u b u n i t .
U s i n g R N A s e p r o t e c t i o n a n d in s itu
h y b r i d i z a t i o n , w e h a v e f o u n d t h a t u n l ik e t h e o t h e r k n o w n G ly R
s u b u n it s , t h e 04 s u b u n it g e n e is n o t h i g h ly t r a n s c r i b e d in a d u l t m o u s e
b r a i n s te m a n d s p in a l c o r d , b u t s h o w s a n e x tr e m e ly l im it e d p a t t e r n o f
e x p r e s s io n in b r a i n a n d , i n te r e s tin g ly , p e r i p h e r a l o r g a n s .

ID E N T IF IC A T IO N O F A M IN O A C ID R E S ID U E S IN V O L V E D IN
L IG A N D B IN D IN G IN T H E G L Y C IN E R E C E P T O R .
B. V afa K .D .
Pierce, R.J. V a n d en b erg , J.W . L y n ch an d P.R , S c h o fie ld *! T h e G arv an
In stitu te o f M ed ical R esearch, 38 4 V icto ria Street, D arlin g h u rst, NSW

2010 .
T h e g ly cin e rec e p to r is a m em b e r o f the lig a n d -g ate d ion c h a n n e l
(L G IC ) fam ily o f recep to rs. T h e a l su b u n it o f the g ly cin e rec e p to r b in d s
b oth a g o n ists and a n tag o n ists. A th re e -lo o p m o d el o f lig an d b in d in g has
b een p ro p o se d fo r the L G IC fam ily as h o m o lo g o u s d o m ain s o f the
d iffe re n t L G IC rec e p to r seq u en ces have been fo u n d to b e im p o rta n t f o r
lig an d b in d in g . In the first loop, the resid u es T y r9 3 o f th e n ico tin ic
a c ety lch o lin e rec e p to r an d H is 100 o f th e G A B A a re c e p to r are b o th
im p o rta n t fo r ligand bin d in g . M u tatio n o f H is 100 in th e G A B A a r e c e p to r
resu lts in a ltered b e n z o d ia z e p in e b in d in g .
B ased u p o n th is m odel, we
s o u g h t to d ete rm in e w h eth er the a n a lo g o u s resid u es in th is lo o p are also
im p o rtan t fo r lig an d b in d in g in th e g ly cin e recep to r. W e p e rfo rm e d sited ire c te d m u tag en esis on the hu m an g ly cin e rec e p to r a 1 su b u n it cD N A and
tran sien tly ex p re sse d th e m u ta ted cD N A s in H E K 293 cells.
M u ta n t
g ly cin e recep to rs w ere ch a ra c te rise d u sin g w h o le-cell p atch c la m p in g a n d
ra d io lig a n d b in d in g assays. T w elve resid u es lo cated betw een 193 a n d
K 1 0 4 , w ere m u tated and fo u r m u tan ts show ed sig n ific a n t d iffe re n c e s in
g ly cin e activ atio n w hen c o m p a re d to th e w ild ty p e rec e p to r. W h o le-cell
p atch cla m p in g m easu rem en ts d e m o n stra te d a 6 0 -fo ld in crease in th e E Q q
value o f th e N 1 0 2 A m u tan t whilst^ th e n e ig h b o u rin g m u tan t, A 1 0 1 H also
sh o w ed a 5 0 -fo ld increase. T h e m u tan ts I9 3 A and F 9 9 A ca u se d 2 8 -fo ld
an d 16-fold in creases in E C ^, resp ectiv ely . O u r d a ta d e m o n stra te s th e
p rese n c e o f lig a n d b in d in g resid u es in th e first d o m ain o f th e g ly cin e
recep to r, co n sisten t with the th re e -lo o p m o d el o f lig an d b in d in g fo r the
L G IC su p erfam ily . S u p p o rted by th e N atio n al H ealth & M ed ical R esearch
C o u n cil (N H M R C ), A u stralia an d an A u stralian P o stg ra d u a te A w ard
(A P A ).
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M O L E C U L A R C L O N IN G O F A N a 1 H O M O L O G O U S S U B U N IT O F
T H E G L Y C IN E R E C E P T O R O F T H E Z E B R A F IS H (.D a n io r e rio ) : A
N A T U R A L C H IM E R A ?
B .D a v id -W a tin e , C .G o b le t. M .I m b o d e n . P .B r e g e s to v s k i a n d H .K o m *
N e u ro b io l. C e llu la ire e t M o lé c u la ire , In s titu t P a s te u r , P a ris , F R A N C E
W e h a v e u n d e r ta k e n th e m o le c u la r c lo n in g o f th e g l y c in e r e c e p to r
( G ly R ) s u b u n its o f th e z e b r a fis h . A c D N A (2 .5 k b ) c o n ta in in g a f u ll

F U N C T IO N A L

C H A R A C T E R IZ A T IO N

OF

A

G L Y C IN E

R E C E P T O R a l S U B U N IT F R O M Z E B R A F IS H D a n io re rio .
P . B r e g e s to v s k i. D . D e S a in t J a n . J. S tin n a k r e * . C . G o b le t. B . D a v id W a tin e a n d H . K o r n N eu ro b io l. C ellul. M o lecu l., In stitu t P asteu r, Paris.
A re c e n tly c lo n e d a l s u b u n it o f th e z e b ra f is h (.D a n io r e r io ) g ly c in e
r e c e p to r ( G ly R ) w h e n e x p re s s e d in X e n o p u s o o c y te s f o rm s fu n c tio n a l

c o d in g s e q u e n c e w a s is o la te d f ro m a X g tl 1 c D N A lib r a ry o f a d u lt fis h
b ra in . N o r th e r n a n a ly s is re v e a le d a 9 .5 k b m R N A p r e s e n t o n ly in b ra in
a n d b ra in s te m to ta l R N A s . I n s itu h y b rid iz a tio n o f a d u lt a n d e m b r y o n ic
b r a in a n d s p in a l c o rd lo c a liz e d tra n s c rip ts p a rtic u la rly in r e tic u lo - s p in a l
n e u ro n s . E le c tr o p h y s io lo g ic a l s tu d y o f th e e x p r e s s io n o f th is c D N A ,

io n ic c h a n n e ls . T o e v a lu a te its p r o p e r tie s , c D N A o f a l G ly R ( 2 7 0 p g )
w a s in je c te d in th e n u c le u s o f X e n o p u s o o c y te s a n d tw o m ic r o e le c tr o d e
v o lta g e -c la m p w a s u s e d fo r re c o rd in g re c e p to r- a c tiv a te d io n ic c u rre n ts .
O o c y t e s e x p r e s s in g th e h o m o m e r ic G l y R r e s p o n d e d to g l y c i n e
( E C 5o = 6 1 ± 2 1 |i M (S D , n = 1 0 ) ), to ta u r in e ( E C 50= 2 2 1 ± 1 3 2 |l M ( n = 7 ))

n a m e d z e b r a a l , in X e n o p u s o o c y te s h a s s h o w n th a t it c o d e s f o r a
f u n c tio n a l h o m o m e r ic G ly R c h a n n e l w h ic h is a c tiv a te d b y g ly c in e a n d
in h ib ite d b y s try c h n in e . A n a ly s is o f th e p r im a ry s e q u e n c e r e v e a le d th a t

a n d to G A B A ( E C s o = 2 4 ± 1 6 m M (n = 8 )). M e a n m a x im a l a m p litu d e s o f
c u rr e n ts (Imax) a t -7 0 m V h o ld in g p o te n tia l w e r e Q iA ): 8 .7 ± 3 .9 ; 5 .1 ± 4
a n d 4 .3 ± 2 .4 f o r g l y c i n e , t a u r i n e a n d G A B A , r e s p e c ti v e ly . T h e
c o r r e s p o n d in g H ill c o e f f ic ie n ts ( n n ) w e r e 2 .8 ± 0 .6 , 2 .3 ± 0 .4 a n d 1 .7 ±
0 .3 . S im u lta n e o u s a p p lic a tio n o f g ly c in e a n d G A B A re v e a le d th a t th e s e
a g o n is ts a c tiv a te th e s a m e r e c e p to r - c h a n n e l c o m p le x e s . S tr y c h n in e
in h ib ite d c u rre n ts in d u c e d b y 4 0 o r 3 0 0 fiM o f g ly c in e w ith I C 5 o = l 1±4
n M (n = 5 ) a n d 1 6 2 ± 8 9 n M (n = 3 ), re s p e c tiv e ly . B ic u c u llin e , a s e le c tiv e
G A B A a n ta g o n is t in m a m m a lia n n e u ro n s , a ls o in h ib ite d r e s p o n s e s to
4 0 ^iM g l y c i n e w ith I C 5 o = 1 4 0 p.M . O u r r e s u l ts s h o w s t h a t t h e

th e e n c o d e d p ro te in is m o s t s im ila r (8 5 % id e n tity ) to th e a l is o f o r m o f
r a t, h u m a n a n d m o u s e . S e q u e n c e id e n tity r e a c h e s a m a x im u m in th e
M l -M 3 r e g io n (9 8 % ). I n te r e s tin g ly , s e q u e n c e s a re c o n s e r v e d
d if f e r e n tly in th e M 4 d o m a in ( 6 6 % w ith a l , 9 2 .5 % w ith a 2 ) , in th e
in tr a - c y to p la s m ic d o m a in ( 7 2 % w ith a l , 5 4 % w ith a l ) a n d in th e
e x tr a - c y t o p la s m ic d o m a in (9 3 % w ith a l ,

87%

w ith

a 2 ) . In th e

e x tr a - c y to p la s m ic a n d M 4 d o m a in s , n o n - c o n s e r v e d r e s id u e s w ith a l
a re fre q u e n tly r e p la c e d b y th e a m in o a c id f o u n d a t th e s a m e p o s itio n in
a 2 . T h u s , th e s e q u e n c e c h a ra c te r is tic s o f th is z e b r a f is h G ly R s u b u n it
p ro d u c e s fe a tu re s th a t c o u ld b e e x p e c te d in a n a tu ra l a l / a 2 c h im e ra .

S ociety for N euroscience , V olume 2 3 ,19 9 7

h o m o m e r ic a l G ly R c h a n n e l f ro m .z e b ra fis h h a s p r o p e r tie s s im ila r to
t h o s e d e s c r i b e d in n e u r o n s , s u c h a s its s e n s i t iv i ty to g l y c i n e a n d
s tr y c h n in e . O n th e o th e r h a n d , th e b in d in g s ite o f th is e v o lu tio n a r ily
m o re a n c ie n t re c e p to r is less s e le c tiv e in r e s p e c t to th e a c tio n o f G A B A
r e c e p to r a g o n is ts a n d a n ta g o n is ts .

SUNDAY PM

LIGAND-GATED ION CHANNELS: GLYCINE
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SPINAL CORD GLIAL CELLS EXPRESS GLYCINE RECEPTORS WITH A
NOVEL p SUBUNIT VARIANT.
A. Pastor*!. C. MuelhardtA2. K. Schmidt. C.-M. Becker^. H. Kettenmann and F. Kirchhoff*
Institute of Physiology, Humboldt University, Berlin, GermanyAl
University Erlangen, Department for Biochemistry, Erlangen, Germany A2
Max-Delbrueck-Center for Molecular Medicine, Berlin, Germany

STR Y C H N IN E INH IBITIO N O N G LYC INE RE SPO N SE S IN ISO LATED
C O NE-H O RIZO NTAL CELLS FR O M TH E CA TFISH R ETINA. Chanp-Snh
Tung Simg-Jong Lee. Sun-Ho BaL and Choun-Ki Joo**. Physics & Biophysics
Section, Department o f Natural Sciences, Catholic University Medical College,
Seoul 137-701, Korea and ^Department o f Ophthalmology, Catholic University
Medical College, Seoul 137-701, Korea.

The expression o f the inhibitory glycine receptor (GlyR) in glial cells from rat spinal
cord was investigated by the use o f the patch-clamp technique in combination with
single-cell RT-PCR. Subunit-specific transcript expression was analyzed in individual
glial cells o f rats aged 3 to 18 days. Employing the patch-clamp technique in the
whole-cell configuration, glial cells were identified by their membrane current
pattern. After recording o f glycine-evoked chloride currents, cytoplasm was
harvested followed by reverse transcription o f total mRNA. Subunit specific cDNA
fragments were amplified and analyzed by agarose gel electrophoresis, Southern
blotting and sequencing. In all glial cell types investigated, transcripts o f the a 1
subunit, but not o f a 2 or a 3 subunits, were detected. In addition, about h alf o f the
glial cells analyzed contained |3 subunit mRNA. These results illustrate that glial cells
of rat spinal cord express functional glycine receptors. Sequencing o f GlyRp
transcripts revealed a novel alternative splice variant o f the GlyRP subunit.
Electrophysiological properties o f this P+ subunit have been characterized in co
transfection experiments with the GlyR a l subunit in HEK293 cells. GlyR a l / p +
heteromeric channels were found to be functionally expressed in transfected HEK293
cells. P+ -mediated whole-cell currents had a different picrotoxin sensitivity than
G lyR al homomeric and G ly R a l/p heteromeric channels. In addition, a single
channel conductance different from G lyR al homomeric and G ly R a l/p heteromeric
channels was determined for G ly R a l/ P+ heteromeric channels.

The activation o f the glycine receptor ( GlyR ) is generally antagonized by
strychnine. There are several reports o f strychnine antagonism o f glycine responses
in retinal ganglion cells. We have studied the effects o f strychnine on GlyR in retinal
horizontal cells. Whole-cell current recordings were made from freshly dissociated
cone-driven horizontal cells o f the catfish ( Ictalurus punctatus ) retina Drags were
applied to the cells by rapid perfusion through a gravity-fed pipette. Responses to
glycine were dose dependent ( EC 50 ~ 142 pM ) and desensitized rapidly. Glycine
activated currents were inhibited by strychnine. The blocking effects o f strychnine on
glycine activated currents exhibited two different antagonisms. At the low
concentration o f strychnine ( 30 nM ), the amplitudes o f inward currents were
decreased without changing the shape o f the current response. Higher concentrations
o f strychnine ( > 200 nM ) eliminated the initial fast currents leaving a slow glycine
component In the presence o f 1 pM strychnine, the E C » o f the slow glycine
component was increased to about 400 pM. The time constant for recovery from
desensitization was much longer in the presence than in the absence o f 1 pM
strychnine. The results indicate that strychnine can be used to separate the GlyR
response into two types, which show different glycine affinities and different kinetics.
This implies the presence o f a differential expression o f GlyR subunits in single
retinal neurons.
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PHOSPHORYLATION OF GLYCINE RECEPTOR ISOFORMS BY
PROTEIN KINASE A. J. Bormann*, N. Flores-Herr and N.
Rundstrom. Max-Planck-lnstitut für Hirnforschung, D-6Û528
Frankfurt, Germany.
Protein kinases are known to phosphorylate the glycine
receptor (GlyR) at intracellular serine residues. Reports on the
functional aspects of GlyR phosphorylation by protein kinase A
(PKA) are conflicting, because both enhancement and reduction
of GlyR activity has been demonstrated. We have used the
patch-clamp technique to study the effects of PKA
phosphorylation on recombinant GlyR isoforms expressed in
HEK -293 cells. Whole-cell recordings from al-homooligomeric
GlyRs revealed a time-dependent increase of glycine responses
to 165% of control after 22 min. of recording. This effect was
significantly reduced when either cAMP or the catalytic subunit
of PKA was included in the pipette. Phosphatase, in contrast,
accelerated the increase of GlyR activity. Similar findings were
obtained with oc1(3-heterooligomeric GlyRs, with the exception
that phosphatase showed no effect. These data indicate that
GlyR isoforms containing the a1 isoform are down-regulated by
PKA, even though this subunit does not possess an established
intracellular consensus sequence for PKA. Furthermore, the
(3-subunit is likely to be phosphorylated by another protein
kinase, with functional consequences opposite to that of PKA
phosphorylation.

TIME-COURSE AND MODULATION O F INHIBITORY GLYCINERG1C
SYNAPTIC CURRENTS IN THE MEDIAL SUPERIOR OLIVE (MSO)
A.J. Smith & I.D. Forsvthe*. Ion Channel Group, Department o f Cell Physiology
& Pharmacology, Leicester University, Leicester. L E I 9HN. U.K.
The M SO is involved in detection o f interaural tim ing differences (TTD) in the
binaural auditory pathway. Both the medial and lateral superior olives receive an
inhibitory projection from the medial nucleus o f the trapezoid body (MNTB) (Smith,
J. Neurophysiology 73: 1653-1667 1995). Our aim here is to characterise the
inhibitory postsynapdc currents (IPSCs) generated by this MNTB projection.
Transverse brain stem slices (200^m thick) were prepared from 6-11 day old Lister
Hooded rats. W hole cell recordings were made at 25°C from visually identified M SO
neurones in the presence o f glutamate and GABAX receptor antagonists. The
recording site was confirmed by inclusion o f Lucifer Yellow in the patch pipette.
The neurones were voltage clamped at -70mV and multi-component synaptic currents
were evoked using a bipolar platinum stimulating electrode positioned over the
ipsilateral MNTB.
The IPSCs reversed at the chloride equilibrium potential and were blocked by ljiM
strychnine. The synaptic current decayed with a double exponential time-course. The
faster component showed some voltage dependence, such that an e-fold increase in
time-constant required a depolarisation o f 155±24mV (n=7). A t -70mV holding
potential, the mean decay time-constant o f the fast component was 10.2+4.lm s
(n=12), and for the slow component was 80.9±47.0m s (n=12). Bath application of
metabotropic glutamate receptors (mGluR) agonists or baclofen, an agonist at
GABAB receptors both depress transmission at this inhibitory synapse.
These data confirm that there is a functional MNTB/MSO synapse m ediated by the
inhibitory transmitter glycine.
Supported by the W ellcome T ru st
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153.1

153.2

A S T A T E -IN D E P E N D E N T IN T E R A C T IO N B E T W E E N L IG A N D A N D
T H E ¡3-ROLL O F C Y C L IC N U C L E O T ID E -G A T E D (C N G ) C H A N N E L S
G.R. Tibbs*. D. T. Liu. B.G. Levpold & S.A. Siegelbaum. Center for Neurobiology
& Behavior, Columbia University, NY, NY 10032.
A ctivation o f ligand-gated ch an n els in volves at least tw o d istin c t steps: a
recognition ev en t in w hich a lig an d bin d s to th e c h an n el and a
c o n fo rm atio n al c h ange that both op en s the c h a n n el an d in cre a se s the
a ffinity o f the binding site fo r an ag onist. H ere w e ask if all reg io n s o f the
c yclic n u cleo tid e bin d in g (C N B ) site o f C N G c h a n n els are altered upon
c hannel activ atio n and th ereb y c o n trib u te to th e in cre a se d a ffin ity o f the
open c hannel fo r agonist. W e focus u p o n an a rg in in e (R 5 5 9 in R E T ,
b ovine retinal subunit 1) th at is co n serv ed a m o n g all C N B p ro tein s. T his
residue lies w ithin the 8 stran d ed P~roll w here it m akes an io n ic interaction
w ith the cy c liz ed ph o sp h ate o f th e n u cleo tid e. B y c o n stru c tin g po in t
m utants that conserve, n eu tralize or rev erse th e ch a rg e on th is a rg in in e in
R E T , O L F (catfish o lfactory su b u n it 1) and a R E T -O L F c h im e ra R O O N S2, w e show that: 1. T he a p p aren t a ffin ity fo r ligand is p ro g ressiv ely
reduced (w ith up to a 99 0 0 fo ld in crease in K 1/2 - e q u iv a le n t to a
5.1 k C al/m o i d e sta b iliz atio n o f b in d in g - on in tro d u ctio n o f asp artate in
R O O N -S 2) c o n sisten t w ith th e d isru p tio n o f an ionic b o n d b etw een R 559
and cG M P. 2. D isruption o f this bond has little effe c t upo n the m axim al
o pen pro b ab ility o f the chan n el at satu ratin g lig an d c o n c en tratio n s. T h ese
d a ta reveal th at the bond b etw een R 5 5 9 and th e lig an d serv es alm o st
e x c lusively to locate the lig an d in th e p o ck et and c o n trib u te s little to the
infcreased a g onist a ffinity u p o n ch an n el a ctiv atio n . T h is e v id e n c e fo r a
lack o f a rearran g em en t betw een the lig an d and R 5 5 9 in th e p -ro ll
co n trasts w ith recent eviden ce w hich su g g ests th at the C -h elix - w hich lies
at the back o f th e binding p o ck et - m o v es rela tiv e to th e ag o n ist upon
activation. T his m ovem en t o f th e C -h elix a llo w s fo r th e fo rm a tio n o f
favorable contacts w ith the p u rin e rin g w hich serve to stab ilize the open
channel. (H H M I).

DISSECTION OF CYCLIC NUCLEOTIDE ACTIVATION STOICHIOMETRY IN
CYCLIC NUCLEOTIDE-GATED ION CHANNELS. D.T. Liu and S.A.
Siegelbaum*. Integrated Program in Cellular, Molecular, and Biophysical Studies,
Depts. Pharmacol., & Ctr. Neuro. & Behav., HHMI, Columbia University, NY, NY
10032
Cyclic nucleotide-gated (CNG) channels are composed o f four subunits, each
possessing a cyclic nucleotide binding domain in the carboxy terminus. Hill
coefficients o f CNG channel dose-response curves suggest that 2-4 cyclic nucleotides
may be required to maximally open the channel. To obtain more direct information
on cyclic nucleotide activation stoichiometry, we have studied CNG channels
composed o f a mixture o f subunits with functional and non-functional binding
domains. We engineered two point mutations, R559E and T560A, in the binding
domain o f the a subunit o f the bovine rod CNG channel (RET), yielding the clone
RET-RE/TA, whose affinity for cyclic nucleotides is reduced >30,000, rendering
tetrameric RET-RE/TA channels non-functional. We previously showed that subunits
o f RET (y =20 pS, +80mV, pH7.2) coassembled with those o f the chimeric channel
R0133 (RET with the catfish olfactory P region, y=60 pS), yielding functional
heteromultimers with intermediate conductances that are a fingerprint o f subunit
stoichiometry. Upon coexpression o f RET-RE/TA with R0133 we observed single
channels activated by cGMP with intermediate conductances, indicating that R0133
subunits can coassemble with mutant RET-RE/TA subunits. Channels with
intermediate conductances o f 30 pS, 40 pS, and 48 pS were observed, corresponding
to channels containing RET-RE/TA subunits and R0133 subunits in the ratio of 3:1,
2:2, and 1:3, respectively. The maximal open probability o f these channels increases
with the number o f functional binding sites (R0133 subunits) in the heteromultimers.
These results suggest that even the binding o f 1 ligand causes a substantial increase in
channel open probability. Subsequent binding events then cause further opening.
(HHMI, MSTP)
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IN T E R D O M A IN IN T E R A C T IO N S IN V O L V E D IN C Y C L IC
N U C L E O T ID E -G A T E D C H A N N E L A C T IV A T IO N . M D . V arn u m and
W . N. Z apotta* . D ept, o f P h ysiology and B io p h y sics and H o w ard H ughes
M edical Institute, U niversity o f W ash in g to n , S eattle, W A 98195.
C yclic nucleotide-gated (C N G ) ion ch an n els o f retin al p h o to recep to rs and
olfactory neurons are com posed o f fo u r ho m o lo g o u s subunits, each o f w hich
contains a single cyclic nucleo tid e-b in d in g site. C y clic n u cleo tid e binding
initiates conform ational chan g es th at lead to ch an n el o p ening. T o
investigate the role o f interdom ain interactions in C N G ch an n el activation,
w e have expressed various C N G ch an n el in tracellu lar d o m ain s as fusion
proteins in bacteria. W e observed a specific in teractio n in vitro b etw een the
rat olfactory C N G channel N -term inal do m ain (R olfN ) and th e C -term in al
dom ains o f the olfactory (R olfC ) o r b o vine rod (B rodC ) C N G ch an n els. N o
N -term inal to N -term inal do m ain interactions w ere d e tected u n d e r identical
conditions. Interaction o f R olfN w ith R o lfC o r B rodC w as b lo ck ed by
C a 27calm odulin but no t by calm o d u lin alone. L o calizatio n o f reg io n s
necessary for the interaction b etw een N and C term ini in d icated th at the
cG M P binding dom ain in the C term in u s w as su fficien t fo r th e interaction.
F urtherm ore, deletion o f am ino acids 61-91 o f R olfN , prev io u sly show n to
c onstitute part o f the calm odulin regulatory site (Liu et al., 1994), d isrupted
the interaction. O lfactory C N G ch annels lack in g am ino acids 61-91 were
e xpressed in X enopus oocytes. T h ese ch an n els w ere m o re po o rly activ ated
by cA M P and cG M P com pared to w ild type ch an n els, c o n sisten t w ith an
affect on the allosteric conform ational ch an g e asso ciated w ith ch an n el
activation. W e propose that the olfactory ch an n el N -term in al d o m ain
prom otes channel opening by d irect in teractio n w ith th e C -term in al gatin g
m achinery.
(Supported by the H ow ard H ughes M edical In stitu te and N IH )

SIMPLIFIED LIBRARIES OF FULL LENGTH TYPE 1 IP, RECEPTOR cDNA
REVEAL NATURALLY OCCURRING SPLICE VARIANTS IN MAMMALIAN
CEREBELLUM. M. R. Regan*. M £ . Emerick. and W. S. Agnew. Dept, of
Physiology, Johns Hopkin,s School o f Medicine, Baltimore, MD 21205.
Receptors for inositol 1,4,5-trisphosphate (IP3) are 1.2 MDa tetramer.s of -315
kDa subunits that form highly regulated intracellular Ca2* release channels. The
type 1 gene represents >5% o f the cerebellar Purkinje neuron membrane protein
and is subject to alternative m RNA splicing at three sites -4.5 kb apart within the
8.3 kb O R F : site I (± 1 insert, 45 nucleotides (nt)), site II (± 3 inserts, A=69 nt,
B=3 nt, C=48 nt), and site III (± 1 insert, 27 nt). In other studies, we have observed
functional differences between ST and SI splice variants expressed in mammalian
HEK 293 cells. The distance between splice sites has previously precluded
systematic identification of the naturally occurring uanscripts; mix and match
exon combinations mathematically could rise to n=25. Correcting for rotational
degeneracy, random hetero-oligomers of n subunits could form up to D=[(n(n-l)(n2)(n-3))/4 + 2n(n-l)2 + n] distinct tetramers. W e established a “long track” RTPCRVcloning strategy that allows for single step amplification and cloning of
multiple, full length IP, receptor cDNAs of 8.3 kb. This has been used to examine
Type I, II, and III receptors from rat and human. Preliminary analysis of 23 full
length type I clones from rat cerebellar RNA identified five distinct naturally
occurring splice variants. Immunocytochemical studies suggest that the large
majority of these likely originate from Purkinje neurons. Should these five
transcript species be expressed in a single cell, a maximal complexity of 195
different tetrameric assemblies could result, with correspondingly diverse
regulatory properties. Further studies may extend the list of cerebellar splice
variants. Single cell studies presently underway seek to determine the diversity of
transcripts in single neurons. Sequence of the SIII exon from rat cDNA reveals it
to be identical to the human amino acid sequence at 7/9 residues; the SIII form,
predominates in the cerebellar transcripts examined. This research was supported
by HL52307 to WSA.

153.5
FULL-LENGTH IP3 RECEPTOR cDNA LIBRARIES FROM NORMAL AND
FAILING HUMAN HEART. M. C. Emerick*. M. R. Regan and W. S. Agnew.
Dept, o f Physiology, Johns Hopkins School of Medicine, Baltimore, MD 21205.
Expression levels of the m ajor cellular Ca2+-signalling m olecules- including
dihydropyridine receptors, Ca2+ ATPases, ryanodine receptors and inositol 1,4,5trisphosphate receptors (IP3R)~ are independently altered during end-stage heart
failure. Evidence for expression o f all three IP 3R isoforms in heart has been
provided by Northern analysis, and the subcellular distribution o f the protein has
been observed with immunohistochemistry. IP3Rs are localized at sites of
communication between cardiac cells, suggesting they may play an important role
in modulating Conduction velocity and global contractile properties and that changes
in expression may underlie important changes in heart function that accompany
cardiac failure.
By means of “long-track” RT-PCR with isoform-specific primer pairs and highstringency reaction conditions we have amplified and isolated full-length cDNAs for
each of IP,R isoforms 1 (8.26 kb), 2 (8.12 kb) and 3 (8.02 kb) from poly-A* RNA
of normal and failing human heart tissue.
Thus we have demonstrated the
expression of all three isoforms by direct cloning o f cDNA for complete receptor
subunits. Each PCR reaction contains - 1 0 10 copies of transcripts of a single
receptor isoform derived from m ultiple original transcripts. A subcloning step
generates a full-length cDNA library representing the diversity o f splice variants
within the original tissue sample. We are examining the disUibution of known
type-1 splice variants. We are taking advantage of the multiplicity of the library to
search for new splice variants in all three isoforms and we are comparing the
libraries derived from normal and failing heart to examine in detail changes in
expression o f individual species. This research is supported by NIH-P50 HL5230703.
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BINDING OF AN ANTI-NEURONAL NICONTINIC RECEPTOR ANTIBODY
TO THE MOUSE NEUROMUSCULAR JUNCTION. P.A. Steen* and P.B.
Sargent. Depts. o f Stomatology and Physiology and the Neuroscience Graduate
Program, UCSF, San Francisco, CA 94143.
We examined the binding pattern o f monoclonal antibody (mAb) 313 (kindly
supplied by Dr. J. Lindstrom) at the mouse neuromuscular junction using laser
scanning confocal microscopy. MAb 313 has been shown to react with the a3
subunit o f mouse nicotinic acetylcholine receptors (AChRs). MAb 313 staining
has been detected at the neuromuscular junction (Tsuneki et al., Neurosci. Lett.,
196:13), but its detailed distribution has not yet been described. We used triple
labeled mouse diaphragm muscle to gain insight into the pattern o f mAb 313
binding. a-Bungarotoxin (a-BuTx) was used to visualize post-synaptic muscle
AChRs. Anti-SV2 mAb lOh (kindly supplied by Dr. S. Carlson) was used to
visualize presynaptic release sites. The staining patterns o f a-B uTx and anti-SV2
were distinct. a-B uTx displayed strong staining along the edges o f the endplate
branches and a banded pattern within. Anti-SV2 staining was localized to the
center o f the branches but did not have a banded pattern. MAb 313, like a-Bgt,
stains at the edges o f the endplate branches. Further experiments are planned to
investigate whether mAb 313 staining is pre- or postsynaptic.
Supported by grant #4571 from the Council for Tobacco Research

DISTRIBUTION OF EXTRAJUNCTIONAL ACETYLCHOLINE RECEPTORS
IN RAT SKELETAL MUSCLE AFTER INACTIVATION BY BOTULINUM
TOXIN. I. Rahhen. O. Bezdkovd and T. Ldmo* Department o f Neurophysiology,
University o f Oslo, 0317 Norway.
Muscle inactivity upregulates expression o f extrajunctional acetylcholine receptors
(AChRs) in skeletal muscles. But additional factors seem to be involved after
denervation since denervated muscles display faster and strong» upregulation than
muscles inactivated by block o f nerve impulse conduction. Disappearance o f trophic
factors from the nerve after denervation and appearance o f pathological factors after
nerve degeneration may explain the difference.
We have studied these factors in rat soleus muscles inactivated, for 4 days by
botulinum toxin type A (BoTX). BoTX was injected in vivo into the muscle, along
the nerve or along the nerve in combination with injection o f heat-inactivated BoTX
into the muscle. Extrajunctional AChR density and distribution on single muscle
fibers were studied in vitro by autoradiography. We found that the response of
skeletal muscle fibers to BoTX depends on die method by which the toxin is
applied. Injection o f BoTX outside the muscle resulted in lower extrajunctional
AChR density than intramuscular injection, even though both treatments resulted in
complete muscle paralysis. Injection o f BoTX outside the muscle combined with
intramuscular sham injection o f heat-inactivated BoTX induced as high
extrajunctional AChR density as intramuscular injection o f active BoTX. The sham
injection on its own did not paralyse the muscle. Furthermore, after all three BoTX
treatments, the density o f AChRs in the perijunctional region was much lower than
after denervation.
The results indicate that BoTX injected into the muscle elicits a higher density of
extrajunctional AChRs than inactivity alone. This additional density appears to be
caused by inflammation and not by disappearance o f putative trophic factors from
the nerve as proposed by others. The low perijunctional density o f AChRs in BoTX
treated muscles suggests the existence o f an endplate-dependent suppressive
influence on AChR expression in this region.
Supported by the Norwegian Research Council.
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DISTINCT STRUCTURAL DOMAINS WITHIN RAPSYN ARE INVOLVED IN
SELF ASSOCIATION AND NICOTINIC ACETYLCHOLINE RECEPTOR
CLUSTERING. M.K.Rflmaran and .IB. Cohen*. D e p t o f Neurobiology, Harvard
M edical School, Boston, MA-02115.
An essential feature of the vertebrate neuromuscular junction is the high density
clustering o f nicotinic acetylcholine receptors (nAChR) at the site of nerve contact.
Rapsyn (43kD protein), a ppst-synaptic peripheral membrane protein, is involved in
clustering of nAChRs. The strongest evidence comes from rapsyn knock-out studies
in which mice lacking rapsyn showed no detectable nAChR clusters on the muscle
fibers. When expressed in non-muscle cells, rapsyn clusters by itself and when
coexpressed with nAChR, it causes nAChRs to cluster with rapsyn. The primary
structure of rapsyn suggests the existence of different structural domains including
the myristoylated amino terminus (N-Myr), eight tetratricho peptide repeats (TPR),
and a C-terminal cysteine rich domain (RING-H2 motif)- To investigate the role of
these domains in rapsyn and/or nAChR targeting and clustering, we created chimeric
proteins with fragments of rapsyn of varying lengths fused to green fluorescent
protein (GFP). The chimeric and wild type mouse rapsyns were transiently
expressed in human embryonic kidney-293 cells along with nAChR and visualized
by fluorescence microscopy. Results establish that the N-terminal 1-15 amino acids
(aa) of rapsyn was sufficient to target GFP to the plasma membrane but failed to
form clusters. However, this sequence was not necessary to form membraneassociated clusters or to cluster nAChRs, as it could be replaced by other consensus
sequences for N-myristoylation or for S-palmitoylation. When the N-terminal 1-90
aa of rapsyn which contain two TPR domains was fused to GFP, the chimeric
protein formed distinct clusters but could not cluster nAChR. Further, a fusion
protein extending through TPR8 but lacking RING-H2 motif not only self
associated but also clustered nAChRs similar to wild type rapsyn. We are now
working on narrowing the domain of rapsyn necessary for clustering nAChR.
Supported in part by USPHS N S-19522

CYTOSKELETAL ANCHORING AND METABOLIC
STABILIZATION OF NEURONAL ACETYLCHOLINE
RECEPTORS BY RAPSYN. P.P. Kassner and D.K. Berg*.
Dept, of Biology, UC San Diego, La Jolla, CA 92093.
Functional synaptic connections require localization of
neurotransmitter receptors opposite sites of transmitter
release. Nicotinic acetylcholine receptors (AChRs) in muscle
are clustered, linked to the cytoskeleton, and stabilized
metabolically in the postsynaptic membrane due, in part, to
interactions with the 43kD protein rapsyn. Mechanisms
controlling the disposition of neuronal AChRs are unknown.
Here we report that chick ciliary ganglion (CG) neurons in
culture convert a portion of their AChRs containing a7
subunits into a species having an extended half-life and a
resistance to detergent solubilization. A fibroblast cell line
(QT-6) stably transfected with the chick a7 gene expresses
AChRs on the cell surface with the same size and
pharmacological properties as the CG AChRs but the QT-6
receptors are neither stable nor resistant to solubilization.
Co-transfecting QT-6 cells with a 7 and rapsyn cDNAs
produces a subpopulation of receptors' that mimic CG
AChRs with respect to extended metabolic life-time and
resistance to solubilization. Rapsyn had no effect on the
solubilization of pi integrin or biotinylated membrane
proteins analyzed as negative controls. The results suggest
that rapsyn or a closely related component may promote
cytoskeletal anchoring and stabilization of native AChRs on
neurons. (Supported by NIH grants NS 12601 & NS35469)

154.5

154.6

IS O L A T IO N O F FD 3, A P R O T E IN W H IC H
IN T E R A C T S W IT H SY N T R O PH IN J.R . Leeew ater-K im *.
A. Lanahan. P. Worlev. R.L. Hueanir HHMI. Department o f
Neuroscience, The Johns Hopkins University School o f Medicine,
Baltimore, M D 21205
The clustering of neurotransmitter receptors and a variety o f other
proteins in the post-synaptic cell is an important aspect o f
synaptogenesis. In the development o f the neuromuscular junction, for
example, nicotinic acetylcholine receptors (AChR) are recruited to the
m otor endplate. In addition to the AChR, rapsyn, a protein which appears
to participate in the clustering o f AChR, and the dystrophin-glycoprotein
complex (DGC), have been shown to be components o f these clusters and
are thought to play a role in synaptic structure. Syntrophin, a 58kD
protein in the DGC, is a peripheral membrane protein containing a
number of conserved motifs including two pleckstrin homology domains
and a PDZ (DHR) domain. Because PDZ domains have been implicated in
the clustering o f post-synaptic proteins in the CNS, we used the PDZ
domain o f syntrophin as a bait to screen a Torpedo electric organ library
in the yeast two-hybrid system. Using this method, we have isolated a
protein, FD3, which specifically interacts with syntrophin through its Cterminal amino acids. Similar to other proteins that interact with PDZ
domains, FD3 contains a tSXV m otif and several other protein-protein
interaction domains suggesting that it may be an adaptor protein to link
syntrophin to other proteins. Future studies are designed to examine the
function of FD3 at the neuromuscular junction.

ct7 N IC O T IN IC A C E T Y L C H O L IN E R E C E PT O R S (n A C h R s) A R E PR E 
SE N T IN T H E H U M A N A M Y G D A L A . Ch. K in d e rm a n n 1. V. Sturm 2, J.
V o g es2, A. S cu lp to rean u 3*. R. S chröder4, J. L in d stro m 5. S. N o w a c k i1, A.
W e v ers1. St. H erzig 6 and H. S c h rö d er1. D epts. o f 'A n a to m y , N e u r o s u rg e 
ry, 4P ath o lo g y and 6Ph arm aco lo g y , Univ. zu K öln, 50931 K öln, FR G ,
3L ady D avis Institute o f M edical R esearch, M cG ill U niv., M o n treal, C an a
da, 5Dept. N eu ro scien ce, School o f M edicine, Univ. o f Pen n sy lv an ia, P h ila
d elphia, PA , USA.
Several histo ch em ical and im m u n o cy to ch em ical stu d ies p erfo rm ed by
M esulam et al. (cf. Ann. N.Y. Acad. Sei. 757:189-179, 1995) p ro v id e sub
stantial ev id en ce fo r the o ccu rren ce o f c h o lin erg ic fibers in hum an lim bic
structures, in p articu lar in the am ygdala. By co n trast, o n ly few d ata are
availab le on c h o lin erg ic recep to r sites in the hum an am y g d ala. U p to now
only m u scarin ic recep to rs have been detected in this tele n c ep h a lic area.
By m eans o f no n -iso to p ic in situ hyb rid izatio n and ¡m jnunohi stochern istry we have screen ed th e hum an a m y g d ala for th e presen ce o f a l nA C hR
subunits, a l n A C h R tran scrip ts and protein w ere d istrib u ted to n u m erous
n eurons in a lm o st all subnuclei o f the hum an am ygdala. T h e p resen t fin 
din g s confirm th e e x isten ce o f clio lin o cep tiv e stru ctu res in th e hum an
am ygdala. T his fits into th e co n cep t o f Lynbic stru ctu res to pro cess em o tio 
nal and co g n itiv e in fo rm atio n s via c h o lin erg ic pathw ays.
S u p p o rte d b y the D eu tsch e F o rsch u n g sg em ein sch a ft (Sehr 283/18-1, 18-2),
the K ö ln F o rtu n e-P ro g ra m m a n d S c h e rin g

154.7

154.8

INFLUENCE OF nAChR a l SUBUNIT GENOTYPE ON LEVELS OF a l
RNA
AND or-BUNGAROTOXIN
BINDING IN BRAIN: AN
AUTORADIOGRAPHIC ANALYSIS. J.A. Stitzel*. N.P. Brooks and A.C.
Collins. University of Colorado, Boulder, CO 8 0 3 0 9 .
Inbred strains of mice differ in a brain region-dependant
fashion in their levels of a subtype of nicotinic acetylcholine receptor
(nAChR) that binds ff-bungarotoxin {aBTX) with high affinity. Strainspecific restriction fragment length polymorphism (rflp) have been
identified in some of these inbred lines (C3H/2lbg and DBA/2lbg) for
the nAChR a l subunit gene, the major nAChR subunit that binds
aBTX in mammals. Comparison of aBTX binding in grossly-dissected
brain regions with a l genotype has shown that the a l rflp cosegregates with levels of crBTX binding in F2 animals for. those brain
regions that differ in the parental strains (C3H/2lbg and DBA/2lbg).
To establish whether the a l rflp also co-segregates with levels of a l
RNA in specific brain regions, brains from F2 animals derived from a
cross between C3H/2lbg and DBA/21bg were sectioned and a l RNA
levels were measured by quantitative autoradiography following
hybridization of an [35S]-labelled mouse a l cRNA probe. In addition,
[125l]-aBTX binding was measured in adjacent sections to more
precisely define specific brain nuclei where the a l rflp co-segregates
with amounts of aBTX binding. Results will be presented. Supported
by D A -0 3 19 4 , D A -1 0 15 6 , and D A -0 0 19 7 .

CAPSAICIN-SENSITIVE TRIGEMINAL GANGLION NEURONS CONTAIN a l
AND 02 NnAChRs. G.-O. Chane*. L. Liu and S. A. Simon. Departments of
Neurobiology and Anesthesiology, Duke Univ. Sch. o f Med., Durham, NC 27710.
Sensory neurons in the trigeminal nerve respond to variety o f chemical stimuli
placed on facial epithelia. Nicotine and capsaicin are two chemicals that produce
irritation or pain when they activate neuronal nicotinic acetylcholine receptors
(NnAChRs) and capsaicin (vanilloid) receptors, respectively on trigeminal
ganglion (TG) neurons. Presently, there is little information as to the subtypes of
NnAChRs on particular types o f sensory TG neurons. Whole-cell patch clamp
studies on cultured TG neurons revealed that in a single neuron nicotinic agonists
could activate a variety o f distinct currents that markedly differ in their: activation
and desensitization kinetics, number o f inward currents activated (one or two),
current-voltage curves, percent inhibition by 0.2yM a-B n T x (range: 0-100%), and
relative activation by IOOjxM acetylcholine, nicotine, cytisine, and DMPP (
C>N>D>A, N>C>D>A (a7), C>N>A>D (a204), A>N>D>C (ot4p2), N>C>A>D,
A>N>C>D, D>C>N>A, N>D>C>A). Immunohistochemical studies on intact TG
revealed that almost all neurons exhibited a7-L I, and 85% had 02-LI. On cultured
TG neurons it was shown that capsaicin-sensitive neurons (CSNs) contained
a7 an d 02 subunits. CSNs with “C” type receptors were identified by Co++
precipitates and NnAChRs were identified with immunhistochemistry. We found
that 89% o f CSNs had 02-LI and 48% had a7-L I. In both cases 60-70% of these
CSNs had soma diameters ¿ 2 5 ^m. Moreover, intracellular Ca++ measurements
revealed subsets (17.5%) o f neurons that were activated by both capsaicin and
nicotine. It was concluded that: (1) There are m ultiple NnAChR subunits in rat TG
and several receptor subtypes may exist in a single neuron. (2) CSNs contain
multiple subtypes of NnAChRs including a l and 02. This work was supported by
grants from NIH DC-01065 and the Philip Morris Corp.
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EXPRESSION OF HIGH AND LOW AFFINITY NEURONAL NICOJINIC
RECEPTORS IN TISSUES OF NEURAL CREST ORIGIN. J Lodel. CR
Breese. KM Gillen. CE Adams. S Leonard. Department of Psychiatry,
University of Colorado Health Sciences Center, and V.A. Medical Center,
Denver, CO 80262.
Several neuronal nicotinic receptors are known to function in ganglia that
are derived from the neural crest. Various tissues, including those of neural
crest origin, were dissected from male and female rats, and examined by a
combination of reverse transcriptase-polymerase chain reaction (RT-PCR), in
situ hybridization, and a-bungarotoxin (a-BTX) receptor binding, to
investigate the possibility that subunits of the neuronal nicotinic receptors are
expressed in other cells of neural crest origin. Primers were prepared to the
cytoplasmic loop of a.2-7, «9, p2, and p4 neuronal and a1 muscle nicotinic
receptors. Examined tissues included the brain, spinal cord, various ganglia,
pituitary, intestine, lung, eye, adrenal, olfactory bulb, testicle, ovary, and skin
which contain cells of neural crest origin. Muscle, liver, and heart were
included as controls. Our results indicate that a2, a6, and a9 have a limited
expression in all tissues examined, with a2 found in brain, a6 in eye and
ganglia, and ot9 in pituitary and testis. a 1 was only expressed in skeletal
muscle and pituitary. a 3, a4, a5, a 7, p2, and p4 demonstrated expression in
a larger number of the tissues of neural crest origin, including brain, spinal
cord, eye, ganglia, adrenal and olfactory bulbs. In general, a5 and a 7 were
found in the largest number of these tissues. Liver did not express any of
these receptor subtypes. a-BTX binding, used to examine the expression of
the oc1, a7, and a9 receptors matched with mRNA expression in most tissues,
although in intestine, specific a-BTX binding was seen with no mRNA
expression. In the lung, only sparse cells were found with a-BTX binding. In
most neuronal tissues, including brain and spinal cord, <x-BTX binding was
found on both cell soma and processes. These results suggest that specific
subunits of the neuronal nicotinic receptors are present in peripheral tissues
of neural crest origin where they may be important to nicotinic receptor
activation. [Support provided by USPHS Grants DA09457, AA11164, and the VA
Medical Research Service]

EFFECTS OF NEURAL LESION UPON THE EXPRESSION OF
NICOTINIC ACETYLCHOLINE RECEPTOR SUBUNITS IN THE CHICK
NERVOUS SYSTEM. T.H.O. Lohmann1. A.S. TofrSo1. L.R.G. Britto1. D.
F. Ventura2*. J.M. Lindstrom3. and D.E Hamassaki-Britto
1lnst.
Biomedical Sciences and *lnst. Psychology, Univ. SSo Paulo, 05508-9C0
S3o Paulo, SP, Brazil; 3Univ. Pennsylvania, Philadelphia, PA 19104-6142.
Nicotinic acetylcholine receptor subunits (nAChRs) are present in
several areas of the chick brain. This study was undertaken to verify the
possibility that the expression of nAChRs could be modified in the visual
system and related structures after neural lesions. Non-radioactive in situ
hybridization and immunohistochemislry techniques were used to
evaluate the expression of the a 4 , a 7 , a 8 , and |32 subunits in the chick
brain after mechanical lesions of the retina and electrolytic lesions of the
nucleus semilunaris (SLu). The results showed that the gene expression
of a 7 , oc8 and (32 subunits decreased in retinorecipient areas 1-7 days
after retinal lesions. Immunoreactivity for these three subunits were not
changed in cell bodies after these lesions. In the isthmo-optic nuclt us,
both the gene expression and immunoreactivity for a 7 and p2 appeared
reduced. On the other hand, the nucleus spiriformis lateralis (SpL)
exhibited an increased expression of a 4 after SLu lesions. The results of
the retinal lesions were possibly produced by a diminished glutamatergic
retinal input or by some non-specific degenerative process. The latter
explanation applies to the reduction of expression in the isthmo-optic
nucleus. The increase of gene expression of a 4 in the SpL was probably
due to the removal of the main cholinergic input to the SpL, which
originates in the SLu.
Supported by: NIH, STRC, MDA, CTR (USA) and FAPESP, CNPq, and
FINEP (Brazil).
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2-[18F]FLUORO-5-(2(S)-AZETipiNYLMETHOXY)PYRIDINE, A RADIOLIGAND FOR IN VIVO
IMAGING OF CENTRAL NICOTINIC ACETYLCHOLINE RECEPTORS. A G. Horti1. A.O.
Koren1JJJ_Scheffel2. A.S. Kimes1. HXRavert2. W.B. Mathews2. J.L Musachio2. PA. Finley2.
Y. Zhan2, R.F. Dannals2. and E.D. London1*. 1Brain imaging Center, Natl. Inst. Drug Abuse,
Balto., MD 21224; 2Div. of Nuclear Med., Johns Hopkins Sch. Med., Balto., MD, 21205
Central nicotinic acetylcholine receptors (nAChRs) participate in variety of physiological
functions, such as learning and memory; and they have been implicated in behavioral
disorders such as Alzheimer’s disease and tobacco dependence. In vivo studies of nAChRs
have been limited by the availability of a suitable tracer. The feasibility of imaging nAChRs in
vivo with labeled analogs of epibatidine has been demonstrated, but potential use of such
tracers for human positron emission tomographic (PET) studies is restricted by profound
effects of these compounds on cardiorespiratory function and ganglionic synaptic
transmission.
We synthesized 2-fluoro-5-(2(S)-azetidinylmethoxy)pyridine, 1 a fluoroanalog of the
nicotinic ligand A-85380. This novel compound inhibits in vitro [3H]epibatidine binding to
nAChRs at high affinity (Kj = 0.6 nM in rat brain), and shows relatively low toxicity (LD^ > 7.3
pmol/kg, i.v., in mice).
We then synthesized radiolabeled 2-[18F]fluoro-5-(2(S)azetidinylmethoxy)-pyridine, [18F]-1 to determine its binding to nAChRs and to evaluate its
potency for labeling nAChRs in vivo. When [18F]-1 (15-16 jjCi, 0.7 nmol/kg, specific activity =
900 mCi/(jmol) was administered i.v. to mice, peak concentrations of the radiotracer occurred
at 30 min in nAChR-rich regions p.e. thalamus (THAL) and superior colliculus (SC)] (5.0% of
the injected dose (I.D.)/gram) while activity in the cerebellum (CB) was low (1.7% I.D./g at 30
min). THAUCB ratios reached 17 at 3 h. Pre-injection of nAChR agonists (nicotine, cytisine)
blocked [18F]-i binding, measured at 90 min post-injection in THAL and SC, with very little
effect in CB. In contrast, pre-injection of mecamylamine, a noncompetitive nAChR antagonist
was without effect Current studies focus on selectivity of [18F]-1 in binding to nAChRs in vivo.
These preliminary findings suggest that [18F]-1 labels nAChRs in vivo in the mouse brain.
Evidence of its high uptake in the brain, high ratios of accumulation in nAChR-rich vs. nAChRpoor areas and low toxicity, suggests that this radioligand is well-suited for PET imaging
studies of nAChR in the human brain. (The NIDA Brain Imaging Center is supported in part
by funding from Office of National Drug Control Policy.)

E P IB A T ID IN E A N A L O G S L A B E L S U B P O P U L A T IO N O F N E U R O N A L
N IC O T IN IC R E C E P T O R S .
D .C . P e r rv 1*. M .I. D a v ila -G a rc fa . J.L .
M u s a c h io 3 a n d K .J. K e lla ? D ep ts. P h a rm a c o lo g y ,1 G e o rg e W a sh in g to n
U n iv ., G e o r g e to w n U n iv e rsity , W a sh in g to n , D C , 2 0 0 3 7 & 2 0 0 0 7 a n d
3D iv isio n o f N u c le a r M e d ic in e , J o h n s H o p k in s, B a ltim o re , M D , 2 1 2 8 7 .
[ 125I]IP H is an a n a lo g o f e p ib a tid in e th a t lab e ls n e u ro n a l n ic o tin ic
rec e p to rs w ith h ig h affin ity a n d sp ecificity . C o m p a riso n o f [3H ]e p ib a tid in e
au to ra d io g ra p h y w ith th a t o f [3H ]c y tisin e rev e a led a n u m b e r o f reg io n s th a t
w e re lab e le d o n ly b y [3H ]e p ib a tid in e (P e rry & K e lla r, J P E T 2 7 5 :1 0 3 0 ,
19 9 5 ). T o fu rth e r c h a ra c te riz e th e p o p u la tio n o f site s la b e le d o n ly by
e p ib a tid in e , w e in cu b a te d s e ctio n s fro m ra t b rain a n d o th e r o rg a n s w ith
0.2 4 n M [ 125I]IPH , w ith o r w ith o u t n o n rad io a c tiv e c y tisin e a t 10, 6 0 o r 30 0
nM , o r w ith 3 0 0 ^ M n ico tin e to d e te rm in e n o n s p e c ific b in d in g . A n a ly s is
b y q u a n tita tiv e d e n s ito m e try s h o w e d th a t b in d in g to m o st b rain reg io n s,
in c lu d in g c o rte x , c a u d ate , th a la m u s , h ip p o c a m p u s , c e re b e llu m , a n d m o st
o f th e p o n s a n d m e d u lla, w a s re a d ily d isp la c e d b y c y tis in e . H o w e v e r, in
c e rta in b rain re g io n s a su b p o p u la tio n o f s ite s lab e le d b y [ 125I]IP H w a s
re la tiv e ly re s is ta n t to c y tis in e d isp la c e m e n t. T h e s e re g io n s in c lu d e d th e
o p tic c h ia sm a n d o p tic tra c ts , m e d ia l h a b e n u la , fa s c ic u lu s re tro fle x u s,
in te rp ed u n c u la r n u c le u s, s u p e rfic ia l g ra y o f th e s u p e rio r c o llic u lu s , d o rsa l
lateral g e n ic u la te , lateral reticu la r p a rv o c e llu la r nu c le u s a n d a re a p o strem a.
C y tis in e -re s is ta n t [ 1251]IPH b in d in g w a s a lso s e e n in p in e a l g la n d , a d re n a l
g lan d a n d su p e rio r ce rv ic al gan g lio n . [3H ]C y tisin e lab els p r e d o m in a n tly , if
n o t e x c lu s iv e ly , th e a 4 /p 2 re c e p to r s u b ty p e . T h u s, in a d d itio n to lab e lin g
th is s u b ty p e , [ l25I]IP H m ay a lso be la b e lin g o th e r re c e p to r su b ty p e s in
c e rta in b rain reg io n s a n d in o th e r tissu e s. S u p p o rte d b y D A Q 6486.
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IN VIVO PET STUDY OF NICOTINIC ACETYLCHOLINE RECEPTORS
(nAChR) W ITH [Br-76]-BROMOEPIBATIDINE: M. Bottlaender. C. Loc'h. M.
Kassiou. M. Ottaviani. C. Coulon. B. Tavitian*. E. London. J. Musachio. R.
Dannals. B. Mazière: Service Hospitalier Frédéric Joliot, CEA, 91406 Orsay,
France; The Johns Hopkins Medical Instit, Baltimore.
Epibatidine and analogues are potent and selective ligands for nAChR. The
present study tested the ability of the [Br-76]Bromoepibatidine ([Br-76]BrPH) for
in vivo labeling nAChR. In biodistribution and autoradiographic studies in rats, the
regional distribution paralleled the neuroanatomical localisation of nAChRs. Two
hours post injection, the highest concentration (4 % ID/g) in the brain was found in
thalamus (TH). The pharmacological specificity of the in vivo [Br-76]BrPH binding
was clearly nicotinic as it was inhibited by various nicotinic agonists (1-nicotine 5
mg/kg, cytisine 5 mg/kg, epibatidine 5[ig/kg). Radiometabolite analysis showed
that all radioactivity in the brain is unchanged [Br-76]BrPH. PET imaging of [Br76]BrPH in baboons demonstrated a rapid and high uptake in the brain. The
radioactivity distribution in the brain was heterogeneous with a strikingly high
uptake in the TH as compared to the rest of the brain and correlated with the
regional post-mortem nicotinic density. M aximum uptake, reached 40 min after
tracer injection, was 0.05 and 0.03 % ID/ml in TH and frontal cortex (CX)
respectively. In cerebellum (CB), the activity peaked at 2 min and decreased
rapidly. At 2 hours, the TH/CB and CX/CB ratios were 6.5 and 3 respectively. The
[Br-76]BrPH binding was saturable (all ratios decreased to 1.2-1.4) and
displaceable (60% in TH) in treated anim als by cytisine (3 and 1 mg/kg,
respectively). These results demonstrated that [Br-76]BrPH possesses prerequisite
pharmacological properties to be developed as a potential radiotracer for in vivo
studies of nAChR by PET

[18F]NORCHLORO-2-FLUOROEPIBATIDINE STUDIES OF
NICOTINIC ACETYLCHOLINE RECEPTORS (nAChR) IN LIVING
PRIMATE AND POSTMORTEM HUMAN BRAIN. Y.-S. Ding. J.S.

S ociety for N euroscience , V olume 2 3 ,19 9 7

Fowler. D. Bradv. S.J. Gatlev. N.D. Volkow. S.L. Dewev. F. Liang. M.J. Kuhar*.
F.I. Carroll. Chemistry and M edical Depts, BNL, Upton, NY 11973; Laboratory of
Neurosciences, NIA, Bethesda, M D 20892; Chemistry and Life Sciences, RTI,
NC27709; and Emory University, Atlanta, GA30322.
W e h av e d ev e lo p e d [ 18 F ]n o rc h lo ro flu o ro e p ib a tid in e ( [ 18 F ]N F E P ), a F18 lab e le d e p ib a tid in e d e riv a tiv e , to v isu a liz e n A C h R in viv o w ith P E T
(D in g e t al. S y n a p se 2 4 :4 0 3 -4 0 7 , 1996). O u r stu d ie s in b o th b ab o o n and
m o u se d em o n strate a h ig h b rain u p tak e o f [ 18 F ]N F E P , a n d h ig h sp ecificity
o f its b in d in g fo r n A C h R in vivo. T h e h ig h sp e cific ity fo r th e th alam u s
p ro v id e s an e x c e lle n t sig n al to n o ise ratio a n d su g g e sts th at [ 18 F ] N F E P
m ay b e a new scien tific tool to in v estig ate th e n A C h R sy ste m an d its ro le in
n e u ro d e g e n e ratio n and a d d ictio n . F u rth e r stu d ies h av e b een ca rrie d o u t in
ba b o o n in o rd er to assess its se n sitiv ity to c h an g es in A C h (by p retreatm en t
w ith p h y so stig m in e , an A C h e ste ra se in h ib ito r), a n d d u ratio n o f a ctio n o f
n ico tin e. T h e resu lts su g g e st th at n ico tin e h as a sh o rt d u ratio n o f b in d in g
a t n A C h R a n d th e se n sitiv ity o f [ 18 F ]N F E P to c h a n g es in A C h req u ires
fu rth e r in v estig a tio n . M o re rec e n tly , w e h a v e a lso e x a m in e d th e in vitro
b in d in g o f [ 18 F ]N F E P to th aw -m o u n ted se ctio n s o f h u m an b rain in o rd er
to d e te rm in e w h e th e r th e p ro n o u n c e d th ala m ic b in d in g se en in viv o by
P E T rep re se n ts h ete ro g e n eo u s b in d in g to th e v a rio u s su b th a la m ic n u c le i.
T h e resu lts in d ic a te th at n o n -se n so ry sp e cific th ala m ic are a s su ch as the
d o rso m e d ia l a n d v e n tro late ra l th ala m ic g ro u p s d isp la y e d th e h ig h est lev els
o f b in d in g . T h alam ic areas o f th e p u lv in a r a n d v e n tro b a sal g ro u p s sh o w ed
lo w e r lev els o f b in d in g , b u t still h ig h er th an seen in e ith e r a d ja c e n t w h ite
m a tte r o r in th e c e re b ra l c o rte x . S p e c ific ity o f b in d in g to n ic o tin ic
rec e p to rs w as d e m o n stra te d b y th e > 9 0% red u c tio n in b in d in g in sectio n s
in c u b a te d w ith e ith e r 1 |iM N F E P o r 3 0 p.M n ic o tin e . S u p p o rte d by
D O E /O H E R ; N IN D S ; N ID A a n d C T R 4502.
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O N T O G E N E T IC
E X P R E S S IO N
OF
NEURONAL
N IC O T IN IC
A C E T Y L C H O L IN E
RECEPTO R
SU B U N IT S
IN
RAT
LO CU S
C O E R U L E U S . K .A . G allard o » , U .H . W in z e r-S e rh a n . Y .C . C h en . F .M .
L eslie. D ept, o f P h a rm a c o lo g y , C o lleg e o f M ed icin e, U n iv e rsity o f
C a lifo rn ia , Irv in e , C A 926 9 7 .
P re n a ta l n ico tin e e x p o su re h as p ro fo u n d e ffe c ts o n th e d ev e lo p in g
c e n tra l n e rv o u s system , including th e n o rad re n e rg ic sy stem . H o w e v e r it
is n o t c le a r w h e th e r th is is a d ire c t o r in d ire ct e ffe c t. P h a rm a c o lo g ic a l
studies in th is lab h a v e d e te rm in e d th a t n e u ro n a l n ico tin ic a c e ty lc h o lin e
re c e p to rs (n A C h R ) are p re s e n t o n locus co e ru le u s (L C ) n e u ro n s a n d a re
fu n ctio n al ea rly in fetal d e v e lo p m e n t.
T o c h a ra c te riz e w h ich n e u ro n a l
n A C hR su bunit m R N A s are ex p ressed in d e v e lo p in g L C , w e h av e d o n e in

IM M U NO ELECTRO N M ICR O SC O PIC LO CA LIZA TIO N O F THE
ALPHA 7 NICOTINIC RECEPTO R SUBUN IT IN GUINEA PIG
PREFRONTAL CORTEX M. Lubin* and C. Aoki. Center For Neural Science,
New York University, New York, NY 10003.
The alpha 7 nicotinic receptor subunit is one o f 11 subunit genes cloned for
neuronal nicotinic receptors to date and has been shown to form functional homomeric
receptor channels when expressed in oocytes. Previous light m icroscopic
Immunocytochemical localization in rat cerebral cortex has demonstrated that the alpha
7 subunit distribution parallels high-affinity alpha-bungaratoxin binding sites, with
heavy labeling in somata and proximal dendrites o f layer 2-3/5 pyramidal cells and
m oderate labeling in nonpyramidal cells of various types throughout the cortical
layers. Since physiological evidence has indicated a possible presynaptic role for
nicotinic receptors in modulating synaptic transmission, and since axonal and terminal
lab elin g cannot be easily assessed by lig h t m icroscopy, we perform ed
imm unocytochemical experiments to investigate the distribution o f the alpha 7
subunit at the ultrastructural level. For this, we used a monoclonal antibody directed
against epitope 307, an intracellular portion o f the alpha 7 subunit. Electron
microscopic analysis revealed that the perikaryal labeling evident by light microscopy
was diffuse throughout the cytoplasm with some clustering over rough endoplasmic
reticulum. Labeling in some dendritic shafts was diffuse while in others, discretely
localized to points of synaptic contact. These synapses were seen to be both
asymmetric and symmetric. Numerous spines were also labeled at asymmetric
synaptic junctions. Terminal labeling was evident to a lesser degree; this labeling was
seen to occur at asymm etric synapses onto dendritic shafts and spines and at
appositions to other terminals. Labeling on both pre- and postsynaptic elements of a
single synapse was evident as was labeling in preterminal portions of axons. Taken
together, these results indicate the possibility o f both presynaptic and postsynaptic
roles for the alpha 7 nicotinic receptor in m odulating synaptic transmission.
Supported by NIMH Training Grant MH19524 and NIH-EY08055, NSF-RCD 9253750 & HFSP R G -16/93 to C.A.

s itu h y b rid iz atio n using [^^ S ]-lab eled rib o p ro b e s. A t th e ea rlie st tim e
p o in t e x a m in e d ( E l 8 ), th e h ig h est lev els o f e x p re ssio n w e re fo u n d fo r a 4
a nd 02 subunits, w ith m o d era te levels o f <x3, a 5 a n d 0 4 m R N A , an d low
o r und e te c tab le levels o f a 2 , a 6 , 03 an d a l n A C h R m R N A . B y birth, the
ex p re ssio n o f a 4 , 0 2 and a 5 m R N A s had d eclin ed slig h tly , w h ereas a 3
a nd 0 4 e x p re ssio n rem a in u n ch an g ed .
B y ad u lth o o d , a 5 m R N A
ex p re ssio n h ad v irtu a lly d isap p eared , w h ereas a .6 m R N A e x p re ssio n was
v e ry intense. T h e e x p re ssio n o f o th e r su b u n its in a d u lt L C w as sim ilar t o
th a t o f th e n e o n a te . T h e se d a ta suggest th a t L C cells e x p ress a n u m b er
o f n A C hR subunits du rin g d e v e lo p m e n t a n d in th e ad u lt, g iv in g rise to th e
p o ssib ility
of
several
d istin c t
nA C h R s.
Sev eral
subunits
are
d e v e lo p m e n ta lly regulated , w ith a sw itch in ex p re ssio n o f a 5 and a 6
d u rin g p o stnatal d e v elopm en t. S uch fin d in g s su g g e st fu n ctio n al ch a n g es in
LC nA C hR s during d ev e lo p m e n t. S u p p o rted b y P H S g r a n t N S 3 0 1 0 9 and
D A 10612.
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EX PRESSIO N O F N IC O TIN IC A C ETY LC H O LIN E R E C E PT O R SUBUNIT
mRNAS IN RAT FO REBRAIN AND M ESO PO N TIN E C H O LIN ER G IC
NEURONS. L. Azam. U. H. Winzer-Serhan*, F. M. Leslie. Department o f
Pharmacology , University o f California, Irvine, CA 92697.
Neuronal nicotinic acetylcholine receptors (nAChRs) are ligand gated ion
channels composed o f a and 0 subunits. Through molecular cloning, 8 a and 3 p
subunits have been identified thus far. Different combinations o f these subunits
contribute to the pharmacological heterogeneity o f nAChRs.
In addition to
postsynaptic receptors, nicotinic acetylcholine “autoreceptors” are found on
presynaptic terminals which mediate release o f acetylcholine.
In order to
characterize the possible subunit composition o f nAChR autoreceptors on
cholinergic neurons, we have used in situ hybridization to examine co-expression of
nAChR subunit mRNAs with ChAT in cells o f the forebrain, mesencephalon and
striatum. (32 subunit mRNA was found to be in all o f the cholinergic cell groups
examined. Almost all of the forebrain cholinergic projection neurons (medial
septum, vertical and horizontal diagonal band and nucleus basalis o f Meynert)
expressed a l mRNA. A lower percentage o f cholinergic cells in the laterodorsal
tegmentum expressed a l mRNA, whereas almost none of the cells in the
pedunculopontine nucleus or striatum expressed this subunit. Little expression o f
a2, a3, a 4 and (34 mRNAs was found in any o f the cholinergic cell groups, except
for the nucleus basalis where a 4 mRNA was more highly expressed than in other
regions. These results indicate that different cholinergic cell populations express
different combinations o f nAChR subunits. The functional significance o f (32
subunit requires further study, since the expression o f this subunit is not always
accompanied by concomitant expression o f an a subunit. The widespread expression
o f a l nAChRs in forebrain cholinergic neurons may serve to regulate neuronal
plasticity and short term transmitter release in cortical afferents. Supported by PHS
grant NS 30109.

GENE EXPRESSION AND RECEPTOR BINDING PROFILES OF NICOTINIC
CHOLINERGIC RECEPTORS IN THE RAT OLFACTORY BULB AND
TRIGEMINAL GANGLION. C. J. Keieer *‘ . M. B encherif2 and J. C. Walker 2 .
]UNC Craniofacial Center, School of Dentistry, University of North Carolina, Chapel
Hill, NC 27599 and 2R. J. Reynolds Tobacco Co., R&D, Winston-Salem, NC 27102.
Previous work from our laboratories has indicated a role of nicotinic cholinergic
receptors (nAChRs) in both initial signal transduction in the olfactory and trigeminal
periphery and in the processing of information by the olfactory bulb (OB) and
trigeminal ganglion (TG). We have combined RT-PCR studies of the mRNA
expression profiles of the different mammalian subunits with receptor binding
techniques as a first step in determining which nAChR subtypes may be involved in
mediating information processing in the adult rat OB and TG.
OB neurons express a2, a3, a4, a5, a l , 02 and 04 mRNAs in the ratios
4:1:2:1:4:3:2 whereas TG neurons express a2, a3, a4 , a5, a6 , a l , (32 and (34 mRNAs
in the ratios 1:2:1:1:1:2:2:2, respectively. The (33 nAChR subunit mRNA was
expressed only in a subset of rats in the OB and TG. Saturation and radioligand
binding studies using [3H]-nicotine, [3H]-epibatidine and [l25I]-a-bungarotoxin
indicate that: (1) OB and TG express high affinity nicotine binding sites; (2) a
population of high affinity a-bungarotoxin binding sites is present; and (3) at least two
populations of nAChRs bind epibatidine with apparent affinities of 5 pM and 120 pM,
both o f which are inconsistent with the reported affinity of epibatidine for the a l
nAChR subtype. These new mRNA and receptor binding data are both consistent with
the existence in OB and TG neurons o ( at least the oc4(32, a l and a3(34 subtypes of
functional nAChRs. Taken alone, the diverse mRNA profiles suggest that additional
nAChR subtypes may be present in the OB and TG.
This project was supported in part by the RJR-UNC Collaborative Olfactory
Research Program.

154.19
REGIONAL ALTERATIONS OF a4 0 2 NICOTINIC RECEPTORS IN
ALZHEIM ER’S DISEASE. L. Petrucelli1. C. Ladner2. M. J. Druse-M anteuffel1
and J. M. Lee3* . 1Mol. & Cell. Biochem, 2The N euroscience Program, & 3Dept.
o f Pathology, Loyola U. Chicago School o f Med., Maywood, IL 60153.
To determine the levels o f brain nicotinic acetylcholine receptors (nAChR) in
Alzheimer’s disease (AD), previous studies have used [3H]-nicotine; these studies
yielded mixed results due to the lipophilicity and nonselectivity to the multiple
receptor subtypes. Therefore, we have determined the receptor densities (Bmax)
o f the a402 nAChR subtype in control and AD human brain using a selective
nicotinic agonist [3H]-cytisine. Binding assays were performed in the visual
cortical system (Brodmann Area 17, Areas 19,37 and Areas 20,21) as well as in
the thalamus and the anterior hippocampus. Saturation isotherms were done using
[3H]-cytisine (0-4 nM) with nonspecific binding determined with 100 ^M (-)
nicotine. The Bmax values from Areas 20,21, the anterior hippocampus, and
thalamus were significantly decreased by 40%, 33%, and 46% respectively in AD
(Student’s t-test; p < 0.05) whereas they were unaffected in Areas 17 and 19,37.
These receptor changes do not directly correlate with the pathological changes in
AD since Areas 19,37 which have significant amyloid plaques and tangles showed
no change. In contrast, the thalamus which exhibits little pathology did show
significant decreases. Therefore, the expression o f the a4f32 nAChR could be
altered by loss o f the major presynaptic cholinergic inputs into these areas,
namely, those from the basal forebrain and the pontine-peduncular nucleus.
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C h a ra c te riz a tio n of R e c o m b in a n t H u m a n ha2(52 a n d hct3£2
N e u ro n a l N ic o tin ic A c e ty lc h o lin e R e c e p to rs (n A C h R s) T. A.
Kuntzweiler*. D. J. Anderson, J. E. Campbell, A. Manelli, B. Buissonl, D.
Bertrandt. S. P. Americ and P. Donnellv-Roberts. Neurological and
Urological Diseases Research (D47W), Abbott Laboratories, Abbott Park,
IL, 60064-3500 and fDept. of Physiology, Univ. of Geneva, CH-1211
Geneva 4 Switzerland
nAChRs are known to exist in numerous hetero- or homomeric
combinations. In order to elucidate their potential functional role within the
signal transmission pathway and in various disease states, this study examines
two combinations of subtypes utilizing tranfected HEK-293 cells stably
expressing h a 2 p l and ha3|32. (±)-Epibatidine (EPI) binds with high affinity to
both receptors with Kd and Bmax values of 28 pM and 756 fmol/mg for ha2(32
and 26 pM and 176 fmol/mg for ha3{32, respectively. Competition experiments
involving [3H]-EPI demonstrate that the rank order of ligand binding to the
ha2p2 receptor is: (-)cytisine (CYT) > (-)nicotine (NIC) » (-)lobeline (LOB);
whereas, the ha3P2 subtype displays a rank order of LOB > CYT » NIC with
all Ki values ranging from 1.5 to 23 nM. A cell based assay employing Fluo-3
to detect intracellular Ca2+ in conjunction with a Fluoresence Imaging Plate
Reader (FLIPR) was used to measure the functional activity of the ha3|32
subtype. The apparent EC50 values and (intrinsic activity relative to NIC) are:
LOB: 331 ^iM (45%) CYT: 478 |iM (68%), NIC: 2.6 \iM (100%), and ACh:
88.6 |xM (148%). Interestingly, 50 mM Ca2+ is required in the extracellular
buffer in order to observe these ligand stimulated Ca2+ dynamics associated with
the hoc3|32 subtype. A parallel electrophysiology study on the h a 3 p 2 cell line
shows that fast application of increasing ACh evokes current which rapidly
desensitizes and has an apparent EC50 value of 70 |iM . Thus, subtype specific
agonists and ion requirements are emerging which will aid in the dissection of
the unique role for each nAChR subtype. [Supported by Abbott Laboratories]

D IFFE R EN TIA L SELECTIVITY O F C O N O T O X IN S T H A T B IN D TO
T H E M USCLE N IC O T IN IC A C ETY C H O LIN E RECEPTO R. R. Tacobsen1.
I. Gross1. B. M, O l i v e r a 1. J. M. M c In to sh 1-2 a n d D. Y o s h ik a m i1*. ^ p t s . o f
B iology & 2P sy ch iatry , U niv. o f U ta h , Salt Lake C ity , U T 84112
C arn iv o ro u s m arin e snails o f th e g en u s Conns p ro d u ce tw o k n o w n classes o f
p e p tid e to x in s th a t a re c o m p e titiv e a n ta g o n ists of th e m uscle su b ty p e of
nico tin ic acetycholine rec e p to r (nAChR ): th e a - a n d a A - co n otoxins. T h e
a-co n o to x in s th a t ta rg e t th e m uscle su b ty p e of n A C h R stro n g ly p re fe r a
b in d in g site a t th e a / 8 subunit in te rfa c e of m ouse m uscle recep to rs. W e
used 8 a n d y subunit d e fic ie n t m ouse n A C hR s ex p ressed in oocytes to
in v e s tig a te th e se le c tiv ity of a n e w ly iso la te d m em ber of th e a A conotoxin fam ily .
In co n tra st to th e a-co n o to x in s, th is fam ily of
conotoxins b in d s w ith n e a rly e q u a l a ffin ity to b o th a / 8 (15 riM IC 50 fo r
block of A c h -g a te d currents) a n d a / y (11 nM IC ^ ) in te rfa c e s, a lth o u g h
th e kinetics of b lo ck o f th e tw o sites are d istin c t. W e constructed a n a lo g s
of a-co n o to x in M I, w h ic h e x h ib its a site s e le c tiv ity of >104, in o rd er to
id e n tify th e am in o a cid resid u es th a t co n trib u te to th e to x in 's a / 8
s e le c tiv ity . O u r resu lts in d ic a te th a t th e ty ro sin e a t p o s itio n 12 is t h e
sin g le m o st im p o rta n t d e te rm in a n t of a-M I b in d in g . W h e n th is resid u e is
rep la c ed b y a la n in e , toxin a ffin ity a t th e a / 8 b in d in g site d e creases b y
- 1 0 3. H o w e v e r, io d in a tio n of th is resid u e d ra m a tic a lly in creases t h e
to x in 's b in d in g to th e lo w a ffin ity a / y b in d in g site a n d causes
irre v e rsib le b in d in g a t th e h ig h a ffin ity b in d in g site. T h e k in etics of
asso ciatio n a n d d isso ciato n fo r e ach a -M I a n a lo g w e re m ea su red .
S u p p o rte d b y G M 48677 (N atio n al In stitu te o f G e n e ra l M ed ical Sciences)
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A NON-COMPETITIVE PEPTIDE INHIBITOR OF THE NICOTINIC
ACETYLCHOLINE RECEPTOR FROM CONUS PURPURASCENS
VENOM K. Shon 1 M. Grilley2, R, Jacobsen2, E. Cartier2, W. Gray2,
J. Rivier3, J. Torres3, D Yoshikami^, J. Imperial^*, and B. Olivera2.
Dept, cf Physiology and Biophysics, Case W estern Reserve Univ.,
Cleveland, OH, 44106;2 Dept., of Biology, Univ. of Utah, Salt Lake
City, UT, 84112; 3The Salk Institute, La Jolla, CA 92037.
A paralytic peptide, \|/-conotoxin P11IE has been purified and
characterized from Conus purpurascens venom. It represents the
second family of toxins targeting the nicotinic acetylcholine
receptor (nAChR) isolated from the venom, and is made of 24
amino acids containing three disulfide bridges. Based on
electrophysiological studies, the peptide inhibits the nAChR;
however, the peptide does not block the binding of a-bungarotoxin,
a competitive nAChR antagonist. These results are consistent with
a model in which \|/-conotoxin does not competitively inhibit the
nAChR by binding to a different site through a mechanism other
th an the acetylcholine binding. Given the homology of \y-conotoxin
with |i-conotoxin (voltage-gated Na+ channel blocker; sim ilar in size
and the same disulfide bridge connectivity), one attractive
hypothesis is that the site of \|/-conotoxin binding is the
extracellular end of the channel pore which is highly acidic
compare to the extremely basic nature of the y-conotoxin PIUE.
This mechanistic possibility is being explored by a more detailed
electrophysiological analysis as well as by structure studies of the
toxin free in aqueous solution as well as the receptor bound form.

a-CONOTOXIN Mil: STRUCTURE/ACTIVITY STUDIES OF A POTENT AND
SELECTIVE PEPTIDE ANTAGONIST OF THE tx3p2 SUBTYPE OF NEURONAL
NICOTINIC ACETYLCHOLINE RECEPTOR. G. E. Cartier.1 D. Yoshikam i.1 S.
L u o .1 R. Jacobsen.1 E. M. Hunter.1 K. Shon.3 B. M. Olivera1* and J. M.
M c In to sh .1,2 Depts. o f Biology1 and Psychiatry,2 Univ. o f Utah, Salt Lake
City, UT, 84112; Dept, o f Physiology and B iophysics,3 Case W estern
Reserve Univ., Cleveland, OH, 44106.
The m olecular diversity o f neuronal nicotinic acetylcholine receptors
(nAChRs) m akes investigation o f their in vivo function difficult.
How ever, availability o f subtype-selective ligands would facilitate
such studies. We are identifying C o n u s venom peptides which
selectively antagonize specific neuronal nAChR subtypes, a -c o n o to x in
M u , a potent competitive antagonist o f the a 3 P 2 nAChR, is a 16residue peptide with two disulfide bridges. M u analogs with alanine
substitutions for each residue (i.e., an alanine walk) were testedfor
their ability to block Ach-gated currents in voltage-clam ped X e n o p u s
oocytes expressing cloned rat a 3 and p 2 subunits to determ ine the
structural features which confer potency and selectivity.
M ost
su b stitu tio n s decreased M i l ’s potency 4-fold or less; notable
exceptions were G lu ll (~8-fold decrease), His9 (~ 50-fold decrease),
and H isl2 , which led to a >104-folff decrease in potency. The m agnitude
of the loss o f function observed suggests that His9 may be a contact
residue. The extreme loss o f function observed for His 12 may indicate
that the alanine substitution produced m ajor structural distortions in
the peptide. Other a-co n o to x in s that selectively target nAChRs have
been ch aracterized and chem ically sy n th esized , and stru ctu re/activ ity
studies o f these antagonists are in progress.
Grant support NIH GM48677 and MH53631.
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a-CONOTOXINS THAT TARGET a3(34 NICOTINIC ACETYLCHOLINE
RECEPTORS. S. Luo . 1 D. Y oshikam i . 1 G. E. Cartier . 1 R. Ja co b sen . 1
B. M. O livera 1 and J. M . M cIn tosh.12* D epartm ents o f B io lo g y 1
and P sy c h ia tr y , 2 U niv. o f U tah, Salt Lake C ity, U T , 8 4 1 1 2 .
N euronal n ic o tin ic a c e ty lc h o lin e recep to rs (n A C h R s) are
c o m p o se d o f a - and/or 0 subun its.
D iffe r e n t c o m b in a tio n s o f
th e se su b u n its form recep to rs w ith d is tin c tiv e
p h arm acological properties.
A t the presen t tim e there is a
p au city o f s e le c tiv e ligan d s for the m any su b ty p es o f
n ic o tin ic receptors.
To address this problem w e are u sin g an
e le c t r o p h y s io lo g ic a l a ssa y that e m p lo y s v o lta g e -c la m p e d
X e n o p u s o o c y te s e x p r e ssin g c lo n e d n ic o tin ic recep to rs to
screen the venotns o f the m arine sn a il C o n u s. T h is assay has
u n covered c om p on en ts in the v enom o f C onus au licu s w h ich
block the a 3 0 4 subun it co m b in a tio n o f n ic o tin ic recep tor.
R e v e r se d -p h a se H PLC o f the v en o m re v ea le d that th e a c tiv e
c om p on en ts w ere three p e p tid es, ea ch w ith 16 am in o a c id s.
T h ey have been design a ted as a - c o n o to x in s A u i a , A u lB and
A u ic .
T h e seq u en ces o f th ese pep tid es w ere co n firm ed by
m ass spectrom etry and total c h e m ic a l sy n th e sis .
S tru ctu ra lly ,
th ese p ep tid es resem b le a - c o n o to x in M u
w h ic h s e le c tiv e ly
targets a 3 0 2 nA C hR s. H ow ever, a - c o n o to x in s A u i a / b / c
p referen tially block the a 3 p 4 subtype o f nA C hR w ith IC50s o f
0.3 - 1.5 n M .
W e are in the p ro cess o f quantitating their
p o te n c ie s on other nA C hR su b ty p es.
Grant support N IH G M 4 8 6 7 7 and M H 5 3 6 3 1 .

CHARACTERIZATION
OF
THE
INHIBITORY
EFFECTS
OF
k-BUNGAROTOXIN AND a-CONOTOXIN IMI AND M il ON HUMAN
NICOTINIC RECEPTOR-MEDIATED CALCIUM RESPONSES AND IONIC
CURRENTS. J.H. Crona1. M.S. W ashburn1*. K.A. Stauderman*. L.E. ChavezNorriega’. J.M. McIntosh2. B.M. Olivera2. L-M. Zhou3. R.T. McCabe3. G.A. Grant4.
M. Haroold1 and J. Corev-Naeve1. ’SIBIA Neurosciences, Inc., La Jolla, CA 92037;
2University of Utah, Salt Lake City, UT 84112; 3Cognetix Inc., Salt Lake City, UT
84102; and 4Washington University School of Medicine, St. Louis, MO 63110.
The effects of k-BT x, a-CTx-IM I, and a-CTx-M II were tested on six different cell
lines expressing human nAChR subtypes by assaying agonist-induced changes in
intracellular free Ca2+ concentration ([Ca2+]t). k-BT x (300 nM, yeast recombinant)
inhibited agonist-induced increases in [Ca2+]j in cells expressing a3 p 2 receptors, but
not in those expressing a2|34, a3 04, a4(34, a4(32 neuronal or a ip i y 8 muscle
nicotinic receptors. A relatively high concentration of a-C Tx IMI (10 fiM) inhibited
nicotine-evoked increases in [Ca2+]j only in a3p2-expressing cells. Moreover, 10 |iM
a-C Tx M il produced >80% inhibition of agonist-stimulated elevation of [Ca2+]j in
a3p2- and a3|34-expressing cells, with full dose-response curves yielding IC5o values
of 3.2+1.2 nM (n=4) and 36+18 nM (n=3), respectively.
The rank order of inhibition for a-C Tx M il (1 jiM) was a3f}2 >> a3|54 » a 7 >
a2(32 > a4P4 ~ a2P4 « a4 p 2 using voltage-clamp recordings from Xenopus oocytes.
IC 50 values for a-C Tx M il at a3P2 and a3 p 4 receptors were 7.3+4.2 nM and
69.3+49.2 nM, respectively. The marked activity of a-C Tx M il on human a3P4
receptors was surprising, as we and others (Cartier et al., 1996) found that a-C Tx
M E was inactive on rat a3 p 4 receptors. The potency and selectivity of k -BT x and
a-C Tx M il indicate they may be useful probes to examine the function of native
nAChRs.
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[3h ]-EPIBATIDINE AFFINITY FOR NEURONAL NICOTINIC
RECEPTORS IS PRIMARILY DETERMINED BY P SUBUNITS.
M.J. Parker*. C.W. Luetie Department of Molecular and Cellular
Pharmacology, University of Miami, Miami FL, 33101.
Equilibrium binding assays were performed with [3H]-epibatidine in
membrane homogenates prepared from Xenopus oocytes expressing
various neuronal nicotinic receptor (nAChR) subunit combinations.
We have previously demonstrated (Parker and Luetje, Soc. Neurosci.
Abstr., 22:1271) that rat a4’p2 neuronal nAChRs expressed in oocytes
display an affinity for [3H]-cytisine similar to that of the high affinity
cytisine binding site in rat brain, shown by Flores et al. to be a4p2
(Molec. Pharmacol. 41:31-37). Saturation analysis of [3H]-epibatidine
binding for the six neuronal nicotinic receptors formed by pairwise
combination of a2, a3 or a4 with (32 or (34 revealed that epibatidine
affinity is primarily determined by the identity of the [3 subunit. The
Kd's for (32 containing receptors are: oc2p2 = 16.8 ± 5.3 pM;
a3|32 = 10.2 ± 2.3 pM; a4p2 = 22.3 ± 6.5 pM. Kd's for (34 containing
receptors are: a2p4 = 123.3 ± 20.0 pM; a3p4 = 184.0 ± 37.0 pM; and
a4p4 = 190.4 ±41.6 pM. Thus, while substitution of one a subunit for
another results in no more than a 2-fold change in Kd, substitution of
one (3 subunit for another results in a 7 to 18 fold change in Kd.
Competition analysis is currently being used to determine the affinity
of additional agonists and antagonists for these six neuronal nicotinic
receptor subunit combinations.

CHARACTERIZATION OF HUMAN «3 ACHRS
STABLY EXPRESSED IN tsa201 CELLS. F. Wang*

[Support: NTH DA-08102]

M. Nelson and J. Lindstrom. Dept of Neuroscience, Univ. of
Pennsylvania Med. Sch., ftiiladelphia, PA 19104-6074/
Human nAChR subtypes a3p2 and a3(34 were stably expressed in
tsa201 cells (derived from human embryonic kidney cells). Transfected
cell lines were identified using solid phase radioimmunoassay with [ H]
epibatidine on mAb210-coated microwells. Average expression levels
were 6xlCr and 6xl0r binding sites / cell for the a302 and a364 cell lines,
respectively. Equilibrium binding curves indicated that these AChRs
expressed in tsa201 cells had the same affinity for epibatidine as when
expressed in Xenopus oocytes. Sucrose gradient analysis showed similar
sizes for a3(32 ana a3p4 AChRs in tsa201 cells and the a3 AChRs from
human neuroblastoma cell line SH-SY5Y. The functional properties of
the a3p2 and a384 AChRs in tsa201 cells were characterized by whole
cell patch-clamp. Responses were more frequent and larger in a3|34 cells
compared to a3{32 cells. Maximum currents evoked by saturating
concentrations of acetylcholine were as large as 15 nA at -60 mV for
a3B4 cells, while the lamest currents for a3p2 cells were 0.5-1 nA. The
ECjoS for activation by ACh were 79.0 uM for a3B4 (n=4) and 4.2 |iM
for a302 (n=l).
Chronic exposure of tsa201-a3(32 cells to nicotine or carbarny1choline
resulted in an increase in AChR amount up to 20-fold. The up-regulation
was seen for both total AChRs (measured by [ H] epibatidine binding)
and surface AChRs (measured by I-mAb/10 binding). The nicotinic
antagonists, curare and DHfJE, could also up-regulate the a3|52 AChRs in
tsa201 cells, but only by 3-4 fold. Exposure of cells to mecamylamine
reduced the amount or a3p2 AChRs by 50% and inhibited the upregulation effect of nicotine. On the other hand, none of these ligands
affected the amount of a364 AChRs in tsa201 cells. [Funded by grants to
J.L. from NIH, MDA, STRC and a NRSA fellowship to M.N.]
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GENERATION AND CHARACTERIZATION OF A STABLY TRANSFECTED
CELL LINE EXPRESSING
RAT a 304 NEURONAL NICOTINIC
ACETYLCHOLINE RECEPTORS. Y. Xiao*. E. L. Mever. J. M. Thompson and
K. J. Kellar. Department o f Pharmacology, Georgetown University School o f
Medicine, Washington, D .C. 20007
Neuronal nicotinic acetylcholine receptors (nAChRs) are ligand-gated cationic
channels composed of a and P subunits. At least eight a and three P neuronal nAChR
subunit genes have been identified. Combinations o f these subunits can form different
subtypes o f neuronal nAChRs. Pharmacological and physiological properties o f each
o f the subtypes can be investigated by expressing the subunit genes in human
embryonal kidney cells (HEK 293 cell line), which do not endogenously express
neuronal nAChRs. We are constructing a library o f stably transfected cell lines
expressing different subtypes o f neuronal nAChRs. The present report characterizes
a newly established cell line, KXa3P4R2, which expresses a3P4 receptors, a potential
native ganglionic nAChR subtype. [3H]Epibatidine ([ 3H]EB) binds with high affinity
to membrane preparations o f KXa3P4R2 cells (Kd - 300 ± 50 pM). This cell line
expresses a vary high density of [3H]EB binding sites (8 ^ = 8,640 ± 1,040 fmol/mg
protein). Nicotinic dmgs compete for all o f the [3H]EB binding sites in this cell line
with a rank order o f potency: (± )E B > > A85380 > cytisine > (-)-nicotine >
acetylcholine > carbachol > curare > dihydro-P-erythroidine. Clear differences are
observed between this rank order and the rank orders o f these drugs competing for
nicotinic binding sites in rat forebrain and in several cell lines which express other
subtypes o f neuronal nAChRs. The major discriminating drugs are A85380, cytisine
and dihydro-P-erythroidine. In addition, the measured binding affinities (Kj) o f these
drugs vary markedly among the a3p4 receptors and other subtypes o f nicotinic
receptors expressed in other cell lines. The a3P4 receptors expressed in this cell line
are functional, as determined in “ Rb+ assay and patch clamp analysis (see Meyer et
al. and Zhang et al., this meeting). These results indicate that the KXa3P4R2 cell
line should be a useful tool to study a3P4 receptors. This study was supported by
NIH grants DA06486 and AG09973.

Electrophysiological properties o f Nicotinic current in stably transfected
HEK293 cell line expressing a 3 p4 receptors. J. Zhang. Y. Xiao. K.J. Kellar^ and
M. Morad Department o f Pharmacology, Georgetown University School o f
Medicine, Washington, D.C. 20007
Neuronal nicotinic receptors composed o f a and p subunits are differentially
expressed in the nervous system. HEK 293 cell line stably transfected with neuronal
nicotinic receptor a 3p4 (K X a3P4R2) were whole cell clamped. Cells were dialyzed
with solutions containing in mM (110 CsCl, 0-20 N a+, 20TEA, 5 Mg2+ ATP, 14
EGTA, 20 HEPES). Nicotine-activated currents (Injc) were measured at holding
potentials between -60 to -100 mV. 10 |iM Nicotine applied in <50ms activated
large inward currents (20-50 pA/pF) at -60 mV lasting 50 s or longer. Half-maximal
concentration for activation o f Injc were about 30 p.M. Decay o f Inic was both
concentration and voltage-dependent, figure. Inic decayed within ~2 s in 1 mM
nicotine, but desensitized much more slowly (-100 s) at 10 [iM nicotine. Inic was
rapidly and reversibly blocked by mecmylamine (1-10 (¿M), figure. The nicotinic
channel showed no monovalent cationic selectivity between Na+, L f , and K Twhen
activated with nicotinic concentration>100 ^M. Increasing the [Ca2+]0 from 2 to 20
mM did not alter the magnitude o f Inic, but did enhance the rate o f its decay at
voltages negative to -80 mV. a 3p4transfected cells showed inwardly rectifying I-V
relation as reported in Xenopus oocytes expressing the a 3p4 (Lindstrom, Ion
lÓOnM nicotine
Channels A , 1996) and for the receptor
10nM nicotine
in chromaffin cells (Callewaert, Johnson,
and Morad, AJP:20,1989). Our results suggest
that K X a3p4R2 cell line express functional
nicotinic receptor, with properties similar to a native
channel in neuronal/ganglionic cells.(supported by
NIHHL16152 & DA06486).
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PHARMACOLOGY OF THE FUNCTION AND REGULATION OF THE
o 3P4
NEURONAL NICOTINIC RECEPTOR SUBTYPE STABLY
EXPRESSED IN TRANSFECTED H EK 293 CELLS.
E. L. M ever*.
Y. Xiao, and K J. Kellar. Department o f Pharmacology, Georgetown
University School of M edicine, Washington, D. C. 20007.
The neuronal nicotinic acetylcholine receptor family consists o f several receptor
subtypes. These subtypes can be distinguished by the different combinations of
the a and p subunits .of which they are composed. It is believed that in some
cases two a subunits join with three p subunits to form a cation channel which
passes Na+, K+, and Ca**. Molecular biological techniques have revealed the
existence of at least eight a subunit genes (a2-a9) and three P subunit genes (P2P4) in vertebrate nervous system. Therefore, the number o f potential neuronal
nicotinic receptor subtypes is large. We have generated a library o f stably
transfected HEK 293 cell lines each expressing one combination o f a and P
subunits. Thus, each cell line represents one potential nicotinic receptor subtype.
The a3 and p4 subunits are highly expressed in vertebrate autonomic ganglia,
making the a3p4 a leading candidate for a receptor that mediates ganglionic
transmission. This study focuses on the a3p4 receptor subtype stably expressed
in HEK 293 cells. The new established cell line is referred to as KXa3p4R2.
86 Rb+ efflux measurements indicate that the order o f potency nicotinic agonists is
epibatidine » cytisine ^ nicotine. Both mecamylamine and curare block nicotine
stimulated 86Rb+ efflux, but mecamylamine is 100-times more potent (IC 50 *
IpM). When KXa3p4R2 a l l s were grown in the presence o f nicotine (0.1 (jM to
ImM) for five days, the number o f nicotinic receptor binding sites increased by
50% to 100% as measured by the binding o f [ HJepibatidine. However, the
function o f these cells as measured by 86 Rb+ efflux did not change except in cells
grown in the highest concentration o f nicotine (ImM ) where there appeared to be
a slight decrease in function. This study was supported by NIH grants DA06486
and DA05739.

E ffects o f subunit com position on nicotinic AChR inhib ition by
hexam ethonium and decamethonium :
dissociation o f sensitivity and
mechanism. Keith Sawh and Roger L. Papke*. Univ. of Florida, Department of
Pharmacology, Gainesville, Florida.
The effects of hexamethonium (C6) and decamethonium (Ci0) were examined in
Xenopus oocytes expressing muscle AChR or neuronal AChR containing either a4 or
a3 subunits in combination with the alternative beta subunits p2 or p4. As reported
by others (Cachelin and Rust 1995.Pflugers Arch. 429:449-451), we found these
compounds to be more potent inhibitors of a3p4 receptors than a3P2 receptors. We
report that this difference may be generalized to the beta subunit since similar potency
ratios are observed when a4(}2 and a4p4 receptors are compared. Although both these
compounds have detectable partial agonist activity on neuronal receptors, inhibition
appears to occur primarily through noncompetitive mechanisms. Consistent with
noncompetitive inhibition, IC50 values were reduced when either C6 or Ci0 was co
applied with higher agonist concentrations to a3P4 receptors. The inhibition of P4containing receptors was readily reversible and was not associated with effects on
response waveforms* measured as the ratios between peak responses and net charge
measurements. However, inhibition of P2-containing receptors by C6 (but not C ]0)
was associated a progressive build-up of inhibition throughout the time course of the
co-application responses. This gave the appearance of rapid peaks and enhanced
inhibition of the net charge. Inhibition of a3 P 2 receptors by C6 at high
concentrations was also associated residual inhibition that could be measured 5 minutes
after the co-application response. The dominant discriminatory effect between these
drugs at muscle-type receptors was associated with a significant (=20%) partial
agonism by C10, while C6 had negligible partial agonist effects on the muscle-type
receptors. C )0 was approximately 10-fold more potent as a partial agonist on a lp l5 e
receptors than al pi 5y receptor. Muscle-type receptors also showed somewhat more
potent inhibition by C 10 than by C6. C 10 also had significant effects on the response
waveform of aipiS y receptors, causing a slight but consistent decrease in the peak to
charge ratio. Chimeric neuronal receptors, in which 8 amino acids of the pi sequence
(located between TM2 and TM3), were substituted into p4, showed profoundly usedependent alterations in waveform in response to C 10 (but not C6), perhaps due to an
enhancement of the small effect observed with aipiSy receptors.
Supported by NIH R01 NS3288-OA2 to RLP and a McKnight Fellowship to KS.
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155.13

155.14

a4 BUT NOT ct3 SUBUNITS OF NEURONAL NICOTINIC RECEPTORS
EXPRESSED INXENOPUSOOCYYES ARE SUBSTRATES FOR CYCLIC AMPDEPENDENT PROTEIN KINASE. Y-Ü, Hsu*. .SÆ, Edwards,. and L.
Wecker. Dept. Pharmacol., Univ. South Florida Coll. Med., Tampa, FL
33612.
Studies in our laboratory have shown that sustained nicotine
exposure has a differential effect on a4p2 vs a302 neuronal nicotinic
receptors expressed in Xenopus oocytes; responses of a4{32 receptors
decreased by >80% following incubation with 1-50 nM nicotine,
whereas a3$2 receptors were relatively insensitive to nicotine. We
have shown that a4 subunits are substrates for cyclic AMP-dependent
protein kinase (PKA), and that nicotine increases receptor ph os
phorylation in parallel with inactivation. It is unknown whether a3
subunits are phosphorylated similarly. Thus, we determined whether
a3(52 receptors were phosphorylated by PKA and whether nicotine
affected phosphorylation. The cRNAs for the subunits were coinjected
into oocytes, and cells were incubated for 24 hrs in the absence o r
presence of 500 nM nicotine. Receptors were isolated using an affinity
column and immunoprecipitated with the p2 monoclonal antibody
mAb270 and protein G Sepharose. When receptors were incubated with
“ P-ATP and the catalytic subunit of PKA, separated by SDS-PAGE, and
visualized by autogradiography, no evidence for phosphorylation was
obtained, a result confirmed by preincubation with alkaline
phosphatase to remove any phosphates prior to assay for PKA. Results
indicate that a3|S2 receptors do not serve as substrates for PKA. Thus,
the differential effect of nicotine on a402 vs a3fJ2 receptors may be
attributed to differential phosphorylation of a4 vs a3 subunits.
(Supported by #0651 from the STRC, Inc.)

SUBTYPE-DEPENDENT CALCIUM REGULATION OF NEURONAL
NICOTINIC RECEPTORS EXPRESSED IN XENOPUS OOCYTES. C.P.
Fenster*, M.W. Quick and R.A.J. Lester. Department of Neurobiology,
Univ. of Alabama at Birmingham, Birmingham, AL 35294.
Calcium (Ca2+) has been shown to interact with neuronal nicotinic
receptors (nAChRs) and thus may play a role in the processes that
underlie nicotine addiction. We have expressed various nAChR subunit
combinations (064(32 , a4J34, 013(32, a3(34, a7) in oocytes to determine the
role of Ca2+on nicotine-induced activation and desensitization. Subtle Ca2+
effects were seen for all subunit combinations tested, with the largest effects
seen for a7 and a4(32 nAChRs. For a7 nAChRs, Ca2+ increased the
apparent nicotine affinity for activation ( E C ^ 90 JJ.M, Ca2+; 234 pM, Ca2+free) and desensitization (ICso= 1.3 |J.M, Ca2+; 6.2 |iM, Ca2+-free). Ca2+ also
increased the rate of onset of nicotine-induced desensitization (x^ = 0.54 ±
0.16 min; n = 3) compared to results obtained in Ca2>-free media (1.5 ±
0.5 min; n = 2). Like Ca2+, Ba2+ also increased the apparent affinities for
activation and desensitization. Unlike Ca2\ Ba2+ did not change the time
course of desensitization (xdes= 1.59 ± 0.3 min; n = 4). For a4p2 nAChRs,
the rate of recovery from nicotine-induced desensitization was increased in
the presence of Caz+. Ten minutes following a three minute application of
10 |iM nicotine, no recovery was evident in Ba2+ (-21.1 ± 6.5 %; n = 4)
or in Ca2+-free media (-1.3 ± 3.4 %; n = 5); in Ca2+, recovery was 15.8 ±
4.6 % (n = 3). These data suggest that Ca2+ has multiple actions on
nAChRs: one in which Ba2+can substitute for Ca2+(apparent affinity) and
one in which Ba2+ does not substitute for Ca (time course of
desensitization).

155.15

155.16

Ca2+ PERMEABILITY OF NICOTINIC ACETYLCHOLINE
RECEPTORS EXPRESSED IN HUMAN CELLS. D. Ragozzino,
B. Baiabino, S. Fucile, F. Grassi* and Fabrizio Eusebi. Dip Med.
Sper., University of Rome, Via delle Messi d’oro 156, 00158 Roma,
Italy.
Combinations Qf cDNAs encoding for nicotinic acetylcholine receptor
(nAChR) subunits were transiently tranfected in human BOSC 23 cclls
and the expressed receptors were studied using whole-cell patch clamp
technique and confocal fluorescence microscopy with Ca2+ indicator
dye Fluo-3. The Ca2* permeability of nAChRs was evaluated as the
ratio of nicotine-evoked fluorescence transient over total charge
entering the cell (F/Q ratio). It was found that the amount of current
driven by Ca2+ (fractional Ca2+ current, Pf), through the muscle a0y8
nAChR-channels (foelal) in physiological conditions was on average
2.1±0.3 % (mean+SEM, n=13) of the total current. The substitution of
e subunit (adult) for y resulted in a 2-fold higher Pf value. Within the
neuronal subunit combinations tested, OftjSU exhibited slightly higher
Ca2* permeability with respect to both a $ 4 and ouf^ nAChRs. It is
concluded that the muscle adult-type nAChR is more permeable to Ca2+
than the foetal-type, while ganglionic a 3p4 nAChR is more permeable
to Ca2+ than the examined central a $ i and Otfy nAChRs, with the
following Pf sequence: a 3p4 = ajk5 > a $ 2 = a $ 4 £ affyS.
Work supported by Ministero Università e Ricerca tecnologica (MURST).

OPEN-CHANNEL BLOCKERS WITH A MIXED NMD A AND
NICOTINIC PHARMACOLOGY. B. Buisson*and D. Bertrand.
Faculty of Medicine, University of Geneva, CH-1211 Geneva 4,
Switzerland.
Open-channel blockers are relatively small and positively
charged molecules which have the ability, in the presence of
an agonist, to enter and to block by steric hindrance the ionic
pore of a ligand-gated channel.
Their effects are usedependent and voltage-sensitive: the blocking efficacy
increases with an hyperpolarization of the membrane
potential. We have investigated the mode of action of
hexamethonium, amantadine, memantine, (+)-MK-801 and
TMB-8 at the human ct4f$2 neuronal nicotinic receptor
(nAChR). All compounds display ICso's in the micromolar
range at -100 mV with Hill coefficients inferior to unity.
Their blocking effect is strongly voltage dependent and can be
interpreted within the scheme of the Woodhull model. We
conclude that these molecules are efficient open-channel
blockers for the human a4{32 nAChR with the following
order of potency: amantadine > hexamethonium
memantine > (+)-MK-801 = TMB-8. The cell line was kindly
provided by Abbott Laboratories. This work was supported by
the Swiss National Foundation and OFES to DB."

Supported by NS 31669 and the W.M. Keck Foundation 931360

155.17

155.18

A MODEL FOR MECHANISMS OF POTENTIATION AND INHIBITION
OF NEURONAL NICOTINIC ACh RECEPTORS BY ATROPINE

IVERMECTIN POTENTIATES THE <x7 NEURONAL NICOTINIC
ACETHYLCHOLINE RECEPTOR. R.M. Krause. S. Bertrand. P.J.
Corringer. J.-L. Galzi. I .-P. .£Jiangfiux and P.. Bertrand* institut
Pasteur, 75734 Paris, France, Dept, of Physiology, University of
Geneva, 1 2 1 1 Switzerland
Neuronal nicotinic acetylcholine receptors (nAChRs) form a large
family of ligand-gated channels that are widely expressed in the central
nervous system. The specific reduction o f nAChRs in some
neurodegenerative disorders illustrates the relevance of these receptors
in normal brain function. In the search of molecules that can enhance
these receptor function we have examined the possible action of the
anthelmint drug ivermectin. Using as a model the chick or human
homomeric a7 nAChR reconstituted in Xenopus oocytes, we found that
ivermectin alone induces no current, nor reduces the acetylcholine
(ACh) evoked current when co-applied with the agonist. In contrast,
however, we observed that pre-application of ivermectin, in the fiM
range, strongly enhances the subsequent ACh-evoked current.
Concomitant to this current increase, the dose-response to ACh is
shifted to the left and displays a higher apparent cooperativity. From
these and other experiments we conclude that ivermectin acts as a
positive allosteric modulator on both the chick and human «7 nAChRs.
Given the importance of this modulation it can be suggested that
ivermectin or related compounds may be of clinical use in attempts to
compensate for the loss of function of nAChRs.
This work was supported by the Swiss National Foundation, OFES
and EEC

R. Zwart* and H.P.M. Viiverberq. Res. Inst. Toxicol., Utrecht University,
P.O. Box 80.176, NL-3508 TD Utrecht, The Netherlands.
Previously, we have found that the muscarinic ACh receptor
antagonist atropine inhibits ion currents mediated by neuronal nicotinic
ACh receptors (nAChRs) expressed in Xenopus oocytes and that at low
ACh concentration atropine also potentiates nAChR-mediated ion cur
rents (Neurosci. Abstr. 22, 1522). Now, we have investigated in detail
the potentiating and inhibiting effects of atropine on «4|i4 nAChRs by
systematic variation of ACh and atropine concentrations, and of mem
brane potential. Ion currents evoked by 100 jiM ACh and recorded at 80 mV are inhibited by atropine with an IC50 of 655 nM. At -80 mV, the
maximum ACh-induced current is reduced by 53% in the presence of 1
^iM atropine, but the EC50 of ACh is not greatly affected. The inhibition
is voltage dependent, indicating non-competitive open channel block as
the mechanism of inhibition. At low ACh concentrations, however, atro
pine potentiates a4j}4 nAChR-mediated ion currents. The potentiating
effect is surmounted by elevating the ACh concentration which indicates
a competitive interaction between ACh and atropine. In addition, the
potentiating effect of atropine is also reversed by increasing the concen
tration of atropine. To account for the effects observed, a model for
potentiation at the agonist binding site combined with open channel
block is presented. Currently, we are investigating whether the model
can be applied more generally to predict the effects of competitive
nAChR ligands on nAChRs. This work was supported by the Nether
lands Organization for Scientific Research (N.W.O. #903.42.011).
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DYNORFH1N INHIBITION OF NEURONAL NICOTINIC a7 RECEPTORMEDIATED CURRENTS IN XENOPUS OOCYTES. T.. Zhang*. K-M. Xiong. U.
Brauneis and F.F.Weight. Lab. Mol. Cellular Neurobiol. NIAAA, NIH, Bethesda,
MD 20892-8115
Dynorphin, an endogenous -opioid receptor agonist, has been reported to modulate
the function of NMDA receptors by a non-opioid mechanism in neurons and an oocyte
expression system (J. Physiol. 482:575, 1995; JPET 279:1063, 1996). In the
present study, we examined the effect erf dynorphin on the function of the nicotinic
acetylcholine (nACh) receptor type a 7 subunit. The experiments were performed in
Xenopus oocytes previously injected with the cRNA of the chick nACha7 subunit. In
Ringer’s solution with Ba2* substitution for Ca3*, dynorphin 1-8, 1-17 and 1-32 at
0.01 - 100 (iM inhibited nicotine-activated current of a7 receptors aid had the
following order of potency: 1-17 > 1-8 > 1-32. 1 jaM dynorphin 1-17, 1-8 and 1-32
inhibited nicotine-activated currents by 64 + 8 %, 34 + 5 %, 7 + 4 %, respectively.
The inhibition by dynorphin 1-17 was voltage-independent.

1

jiM dynorphin 6-17, a

non-opioid peptide, was found to inhibit nACh^ receptor-activated current by 70 + 3
% (n=7). The results suggest that dynorphin may modulate nACh a7 receptor function
through a non-opioid mechanism.

A CET Y CHOLINE RECEPTORS: NICOTINIC— STRUCTURE/FUNCTION

156.1
MEMBRANE TOPOLOGY OF THE NICOTINIC ALPHA7
ACETYLCHOLINE RECEPTOR.
M. Oortgiesen. H.M.A. VanDongen.. J, Grigston. T.A. Slotkin* and A.M.J,
VanDongen. Dept. Pharmacology, Duke University, Durham NC 27710.
All ligand-gated ion channels share a similar hydrophobicity profile in which
three closely spaced domains (Ml-M3) are separated from a fourth (M4) by
a long hydrophobic linker. A previous topology model in which all Msegments transverse the membrane once as alpha-helixes was recently
challenged for the family of ionotropic glutamate receptors. In the new
topology, the pore forming M2 loops into the membrane as a hairpin and
subsequently the orientation of the M3-M4 linker and C-terminus is reversed.
Therefore, the membrane topology of the neuronal nicotinic receptor was re
examined. We studied the extracellular and cytoplasmic localization of
different regions of the nicotinic subunit by mutagenesis of the amino acids
flanking the M1-M4 transmembrane regions. Glycosylation consensus
sequences and cysteines were introduced in the rat alpha7 subunit. Nicotinic
receptors were expressed by mRNA injection in Xenopus oocytes.
Glycosylation status was examined by western analysis. The effects of cysteine
mutations were examined by exposure to the thiol agent DTNB. Exposure of
the alpha7 WT to DTNB during ACh stimulation did not significantly affect
the nicotinic response, while pre-exposure to DTNB increased the amplitude
of the ACh-induced inward current by 10-30% without an effect on the time
course. Cysteine mutations in the M2-M3 linker greatly affected nicotinic
receptor function. Some mutations reduced the expression of nAChR to nondetectable levels, while others altered the ACh-induced time course.
Implications of the mutations on the membrane topology of the alpha7
nicotinic receptor will be discussed.

156.2
EXPRESSION AND IN ITIA L C H A R A CT ERIZA T IO N O F A 66 AM INO ACID
FR A G M EN T O F T H E N ICO TIN IC A C ETY LCH O LIN E R E C E PT O R <x7
SUBUNIT BINDING SITE.
L. Moise. A.L. Zimmerman* and E. Hawrot.
Department o f Molecular Pharmacology, Physiology, and Biotechnology, Brown
University, Providence, RI 02912.
Molecular interactions between the nicotinic acetylcholine receptor and the a neurotoxins that specifically bind it have been extensively investigated using
biochemical techniques. These studies have provided little direct evidence to explain
the structural determinants o f binding specificity. To study the three-dimensional
structure o f the neuronal nicotinic receptor a-bungarotoxin binding site, we constructed
and recombinantly expressed a synthetic gene encoding a 66 amino acid fragment of the
a l subunit’s N-terminal extracellular region (rat a l 143-208).
The gene was
synthesized using two pairs o f mutually priming oligonucleotides and cloned into a
thioredoxin fusion construct that promotes soluble expression. A thrombin consensus
cleavage site was engineered between thioredoxin and the a 7 66 mer and a polyhistidine
tag appended to the C-terminus o f the a 7 66 mer. Once the construct was introduced
into E. coli cells, thioredoxin a 7 66 mer fusion protein was inducibly overexpressed.
The fusion protein was initially recovered in the soluble fraction o f the cell lysate by
ultracentrifugation and further purified by 30% ammonium sulfate precipitation, a l
66 m er was liberated from thioredoxin by treating the fusion protein with thrombin.
Size exclusion chromatography under denaturing and reducing conditions separated the
a 7 66 mer from other thrombin reaction products, yielding about 7 mg o f a 7 66 mer per
liter o f bacterial growth culture. Solid phase binding experiments showed that abungarotoxin binds the a 7 66 mer with high affinity (1C50 = 58 nM) in competition
studies using 125I-a-bungarotoxin (5 nM). We expect that this active receptor fragment
will facilitate further efforts at structural analysis.
Supported by the Smokeless Tobacco Research Council.

Supported by Smokeless Tobacco Research Council grant # 0556 to AMJVD

156.3

156.4

COVALENT MODIFICATION OF ENGINEERED CYSTEINES IN THE BINDING
DOMAIN OF THE cx-SUBUNIT OF THE NICOTINIC ACETYLCHOLINE
RECEPTOR INHIBITS cx-BUNGAROTOXIN BINDING. A. Spura. N. Freedman and
E. Hawrot*. Dept, o f M olecular Pharmacology, Physiology and Biotechnology,
Division o f Biology and Medicine, Brown University, Providence, RI 02912
The proposed binding site for nicotinic ligands is thought to be composed o f four
discontinuous regions on the nicotinic acetylcholine receptor (nAChR), three o f which
are located on the a-subunit. As a-B ungarotoxin (Bgtx) is a competitive antagonist,
its binding site is thought to overlap with that o f agonists.
In order to elucidate residues involved in Bgtx-binding, we constructed a series o f
mouse muscle nAChR mutants between positions 183 and 198, wherein individual
amino acid residues were replaced by a cysteine. M utant a-subunits were transiently
expressed together with the (3, y and 5- subunits in TSA 100 cells after lipofection and
,2SI-Bgtx binding was assessed. We tested whether covalent modification o f the
cysteines by various thiol-specific reagents could interfere with ,25I-Bgtx binding. The
positively charged reagents Bromoacetylcholine (BrACh) and [2-(Trimethylammonium)ethyl]methanethiosulfonate (MTSET) caused a 50% reduction o f ,2SI-Bgtx
binding for mutant aF I 89C and a 30% reduction with a W l 87C. The neutral reagent
Methylmethanethiosulfonate (MTMTS) and the negatively charged (2-Sulfonatoethyl)
methanethiosulfonate (MTSES), in contrast, did not reduce Bgtx affinity for either
o f these mutants, indicating that a positively charged residue on Bgtx may interact
with an electron-rich site at or near positions 187 and 189 on the a-subunit. Previous
studies on the agonist binding site [McLaughlin, J.T. et al., Biochem. J., 1995] suggest
the involvement o f H I 86 and V I 88 in ACh responsiveness, but fail to demonstrate
a comparable role for W187 and F I 89. Hence, potential agonist and antagonist
subsites may be shown to be distinct by this approach. (Supported by NIHGM32629).

IDENTIFICATION OF NEW RESIDUES CONTRIBUTING TO THE BINDING
SITE OF THE NEURONAL NICOTINIC a 7 HOMOOLIGOMERIC RECEPTOR. Lz
B. Le Pichon. J. W. Patrick*. Div. Neurosc., Baylor College of Medicine, Houston, TX
77030
The a 7 neuronal nicotinic receptor when expressed in Xenopus oocytes, forms func
tional homooligomeric receptors. The binding sites of this receptor are thought to be at
the interface between two subunits by homology to their non-neuronal counterpart; thus
a single subunit must contain the characteristics o f the binding site normally conferred
by two different subunits. Residues contributing to the binding site of the muscle and
Torpedo nicotinic receptor have been identified. We have studied the functional effects
of mutating homologous residues in the a 7 subunit. The mutations made were a7W57F, a7-W 151F, a7-D166N, a7-D166Q, a7-E175Q, a7-E175D, a7-D 177N and a l C192S. W57, D166, E l 75 and D177 are in regions homologous to 8 and y regions
known to contribute to the muscle receptor binding site. W151 and C l92 are homolo
gous to a l amino acids shown to be essential to the muscle receptor binding site. The
mutated receptors were expressed in Xenopus oocytes and studied electrophysiologically. D166N introduces a potential glycosylation site. This mutated receptor when
expressed alone shows a 30 fold increase in the EC 50 for nicotine. E175D, E175Q and
C192S when expressed alone do not show detectable agonist induced currents. How
ever, when either El75Q or C192S are coexpressed with wild type a l the EC 50 for nic
otine is increased twenty and six fold respectively. W57F, D166Q and D177N do not
show any significant changes when compared to the wild type receptor. W151F shift the
nicotine dose response curve of the receptor significantly, with a 27 fold increase in the
EC 5q. These results provide additional evidence for residues homologous to both the a
and the 8 component of the binding site of the muscle receptor contributing to the bind
ing site of the homooligomeric a l receptor. Suported by N S 13546 and DA04077.
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156.6

IDENTIFICATION OF 7 RESIDUES ON THE NEURONAL
NICOTINIC RECEPTOR <x3 SUBUNIT THAT DETERMINE
NEURONAL BUNGAROTOXIN SENSITIVITY. C.W. Luetje*. F.N.
Maddox. C. Xu. S.C. Harvev. Department of Molecular and Cellular
Pharmacology, University of Miami, Miami, FL 33101.
Neuronal bungarotoxin (NBT) antagonizes a3p2 (but not a2p2)
neuronal nAChRs in a slowly reversible manner. On the a3 subunit,
the entire contribution to NBT sensitivity lies between residues 84215. We have demonstrated this by constructing a chimeric a subunit,
in which residues 84-215 of a3 replace the analogous residues of a2
(a2-84-a3-215-a2). This chimeric subunit forms receptors in Xenopus
oocytes with a NBT sensitivity indistinguishable from that of cc3p2.
Within segment 84-215, the a3 and a2 'subunits differ at 41 positions.
We constructed a series of mutant a3 subunits in which each of these
residues was changed, from what occurs in a3, to what occurs in a2.
All mutant subunits were capable of forming functional receptors,
upon expression in combination with (32. Mutations at seven residues
were found to cause significant loss of NBT sensitivity: T143K
(threonine at position 143 of a3, lysine in a2), Y184T, K185Y,
H186N, I188K, Q198P, and S203Y. The contribution of T143 to NBT
sensitivity appears to be due to participation in a glycosylation
consensus sequence. Residues 141-143 of a3 are NCT, while in a2
they are NCK. Thus, a3 should be glycosylated at N141, while <x2
should not. Changing asparagine 141 of a3 to alanine (N141A), thus
precluding the possibility of glycosylation at this site, results in an
approximately 1000-fold loss of NBT sensitivity.

PH A R M A C O L O G Y O F T H E a 7 N E U R O N A L N IC O T IN IC
R E C E P T O R : ID E N T IF IC A T IO N O F R E S ID U E S T H A T C O N F E R
H IG H A F F IN IT Y F O R A N T A G O N IS T S P.A. Ouiram* and S.M. Sine.
Dept, of Physiology and Biophysics, Mayo Foundation, Rochester, MN 55905
The a 7 subunit of the neuronal nicotinic receptor can form a homopentamer,
unlike the a subunits of muscle and some neuronal receptors which require no n -a
subunits. Because only a 7 subunits form the subunit interface containing the
transmitter binding site, one can study the traditional a and n on-a contributions to
the site by mutagenesis of a single gene. Here we construct a lfa l chimeric
subunits to identify residues that confer selectivity for the antagonists
methyllycaconitine
(MLA)
and conotoxin Im l for the a 7
relative to the a l subunit.
To enhance expression, we
joined
the
extracellular
domain of each chimera to
the M l junction of the 5HTLog[mla]
3 receptor> We transfected

[Support: NIH DA08102]

each construct into 293 HEK cells, and measured conotoxin Im l and MLA binding
by competition against [ 125I]-a-bungarotoxin binding. Introducing a l sequence
between positions 55 and 103 o f a 7 diminishes affinity to that o f the a l construct
for both conotoxin Im l and MLA (see figure). Furthermore, the point mutant
a7W 55R decreases MLA affinity, accounting for about half o f the a 7 / a l
selectivity. Thus the pair W55/R55 and additional residues between 55 and 103
confer MLA selectivity o f al relative to a l binding sites. W ork in progress aims
to identify additional residues that confer a 7 / a t selectivity for MLA and conotoxin
Im 1. Supported by NIH Grant N S31744

156.7

1 56.8

CHOLINE AS AN AGONIST OF WILD TYPE AND MUTANT
ACETYLCHOLINE RECPTOR CHANNELS. M. Zhou*, J. Chen.
G. Akk. S. M. Sine', A. G. Engel' and A. Auerbach. Dept, of Physiology

ARSENYLATION BLOCKS NICOTINIC RECEPTOR FUNCTION IN ISOLATED
CILIARY NEURONS, BUT NOT IN INTACT GANGLIA. R.H.Lorine*. X.G.Zhane.
& T.McHueh. Dept. Pharmaceutical Sciences, Northeastern Univ., Boston, MA
02115.
Adjacent cysteine residues are part o f the agonist binding site o f every known
nicotinic a-subunit. We previously demonstrated (e.g. Loring et al., Mol. Brain Res.
15:113,1992) that trivalent aromatic arsenicals, which recognize paired but not
single thiols, will covalently bond to reduced nicotinic receptors and block binding of
competitive ligands, such as a-bungarotoxin (ABT). Arsenylation protects reduced
nicotinic receptors against irreversible alkylation by the affinity agent, bromoacetylcholine (BAC), and arsenic removal by the antiarsenical, dimercaptopropanesulfonate
(DMPS, 1 mM) restores function and 125I-ABT binding. Therefore, we were surprised
that reduction and treatment w ith either biotinyl-p-aminophenyl arsonous acid (BioAPA, 10 jxM) or p-aminophenyl arsonous acid (APA, 10 (jM) blocked only about
50% of compound action potential amplitudes in intact chick ciliary ganglia when
stimulating via the preganglionic nerve. We tested whether arsenicals can react with
reduced receptors in intact ganglia and found that arsenylation prevents irreversible
alkylation by BAC (30 jiM). Arsenylation does not block depolarizations in intact
ciliary ganglia induced by the selective nicotinic agonist dimethylphenylpiperazinium
(DMPP, 300 fiM, 2 sec). This is in stark contrast to the chick retina, in which
arsenylation completely blocks DMPP-induced depolarizations. Next we tested
whether arsenylation blocks activation o f nicotinic receptors in freshly dissociated
ciliary neurons. Arsenylation blocks nicotinic receptor function to the same extent as
BAC alkylation when DMPP is applied..yia a puffer. We are currently testing whether
arsenylation of dissociated neurons will block receptor function activated by rapid
perfusion with DMPP. An alternative hypothesis is that the intact ganglia provides a
factor that facilitates DMPP activation o f arsenylated receptors. Supported by NIH
NS22472 and the Smokeless Tobacco Research Council.

and Biophysics, State Univ. tif New York at Buffalo, Buffalo, NY 14214. 'Receptor
Biology Lab, ‘Muscle Research Lab., Mayo Foundation, Rochester, MN 55905
Choline (Ch), a degradation product of acetylcholine (ACh), is present at high
concentrations at the neuromuscular junction and other cholinergic synapses. We
have examined single channel currents elicited by [Ch]>lm M in mouse
recombinant a 2p 8e AChR expressed in HEK cells. W ith Ch the opening rate
constant (p) of wild type AChR is - 5 0 s'1, which is >1000x slower than ACh and
>50x slower than with the five other quaternary amine agonists we have examined
(CCh, 4KPTMA, ATCh, TMA, muscarine). The channel closing rate constant of
wild type AChR with Ch is ~ 2 5 0 0 s\ which is similar to all other agonists we have
examined. The effects of Ch on three mutant AChRs that cause congenital
myasthenic slow channel syndrome (CMSCS) were also examined. In all three
mutants (aG153S, aN217K , eT264P) P with Ch was faster (> 1000s'1) than in wild
type AChR. We also examined Ch activated AChRs with m utations of putative
binding site residues (aY198F,T,S, aY190F,T,S, aY93F,T,S, aY151F). In none
of these was p significantly faster than in the wild type AChR. In another receptor,
with an M2 mutation (aL257F), p was reduced ~10x with ACh (~ 6000s1) but was
slightly increased with Ch (~100s_1). We also measured P for cholorocholine and
bromocholine; with these agonists P was faster than with Ch on wild type,
aG153S and aN 217K AChR. We are investigating the possibilities that: (1) the
prolonged end plate current in CMSCS patients is, in part, due to the continued
activation of receptors by residual Ch, and (2) a hydrogen bond between the AChR
and the choline hydroxyl stabilizes the closed conformation of the wild type
channel. (Supported by NIH NS23513 to A.A., NS31744 to S.M.S., NS62777 to
A.G.E..)
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156.10

IDENTIFICATION OF ACETYLCHOLINE RECEPTOR CHANNEL-LINING
RESIDUES IN THE M l SEGMENT OF THE p SUBUNIT. H. Zhang and A.
Karlin*. Center for Molecular Recognition, Columbia University, New York, NY
10032.
The substituted-cysteine-accessibility method (SCAM) was applied to investigate
whether pM l contributes to the lining o f the channel. Each residue from R219 to
P247 was mutated to Cys, and the mutant p subunits were expressed together with
wild-type a , y, and 8 in Xenopus oocytes. The accessibility of the engineered Cys to
the methanethiosulfonate (MTS) derivatives, MTSethylammonium (MTSEA),
MTSethyltrimethylammonium (MTSET), and MTSethylsulfonate (MTSES), added
extracellularly, was inferred from their irreversible effects on the ACh induced
current. Four of the twenty-nine mutants, PF224C, PY225C, pL226C, and PV229C,
were susceptible to the MTS reagents as follows:
ET+ACh
ES
ES+ACh
EA+ACh
ET
EA
Yes
Yes
Yes
F224C
Yes
Yes
Yes
Yes
Yes
No
Y225C
No
Yes
No
No
L226C
Yes •
Yes
No
No
No .
Yes
No
V229C
No
In addition, the doubly charged (2-aminoethyl)-2-aminoethanethiosulfonate
(AEAETS) also reacted in the presence of ACh with PV229C, the deepest exposed
residue, and the rate constant was dependent on membrane potential (VM). The
reaction of the neutral 2-hydroxyethylMTS in the presence of ACh with pV229C,
however, was independent o f VM. Thus, the voltage-dependence of the AEAETS
reaction implies that pV229C is in the ion-conducting pathway. Like a M l, the Nterminal third of PM l lines the channel and undergoes structural changes during
gating. Supported by NS07065, MDA, and the McKnight Foundation.

ELECTROSTATIC POTENTIAL IN THE OPEN AND CLOSED
CHANNEL OF THE ACETYLCHOLINE RECEPTOR.
Juan M. Pascual* and Arthur Karlin. Center for Molecular Recognition.
Columbia University, New York, NY 10032.
The Cys substituted for Thr244 in the aM 2 segment of the ACh
receptor channel is accessible to extracellularly applied thiosulfonate
derivatives in both the open and closed states. We have determined the
rates of reaction of charged and neutral thiosulfonates with aT244C in
voltage-clamped oocytes. The reactions of the methanethiosulfonates
(MTS),
MTS-ethylammonium
(MTSEA+)
and
MTS
ethyltrimethylammonium (MTSET+), and of 2-ammonioethyl, 2ammonioethanethlosulfonate (AEAETS2+) were faster in the open state
than in the closed state, whereas the reaction of the neutral 2 hydroxyethyl-MTS was independent of channel state. The rates of
reactions of MTSET+ and of AEAETS2* with the open channel varied
with membrane potential as if the Cys was at an electrical distance from
the extracellular side of 0.45. Only one of the two charges on
AEAETS2+, separated by as much as 10 A, experiences the electric
field in the open channel. AEAETS2+ reacted independently of voltage
in the closed channel, as if the Cys, which is extracellular to the gate,
were at the extracellular potential.
Supported by NINDS, Muscular Dystrophy Association, and McKnight
Endowment Fund for Neuroscience.
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NEURONAL NICOTINIC L247T a 7 MUTANT RECEPTORS
SHOW DIFFERENT GATING KINETICS WHEN ACTIVATED
BY ACh OR BY THE NONCOMPETITIVE AGONIST 5HYDROXYTRYPTAMINE. E* Palma . L* Maggi. R Eusebi* and IL
Miledi. Dept. Exp. Med. Rome Univ., Via delle Messi d' Oro 156
100158 Roma and Lab. Cell. & Mol. Neurobiol., Univ.of California
Irvine, CA 92717-4550.
Injection of cDNA encoding the neuronal a j subunit into Xenopus
oocytes yields homomeric nicotinic receptors which are inhibited by 5hydroxytryptamine (5HT). Threonine-for-leucine 247 substitution
(L247T 0C7 ) in the channel domain changes 5HT from antagonist to
agonist, slows the rate of desensitization, renders the I-V relation linear
and increases the affinity for ACh. We performed single channel
recordings in Xenopus oocytes injected with cDNA encoding L247T
0C
7 nicotinic receptors. It was found that ACh-activated channels had a
slope conductance that ranged from 35 to 72 pS (55.7±3.5 pS; n=ll;
mean ± s.e.m.); and a mean open-time of 12.0±1.4 ms at -50 mV
membrane
potential,
which
increased
with
membrane
hyperpolarization. Channels activated by 5HT showed a similar
conductance (50.9±2.2 pS; n=12; student’s t test, P>2.5). However,
their open-time was significantly longer (17.6±2.1 ms; student's t test,
P<0.01) at the same membrane potential, and it became shorter with
membrane hyperpolarization. It is concluded that the kinetics of 0C7
mutant receptor are different when the channel is activated by the
natural transmitter or by the noncompetitive agonist 5HT.

THE “DESENSITIZED OPEN” nAChR a7 MUTANT
EXPRESSED IN OOCYTES IS BLOCKED BY THE
LIDOCAINE ANALOGUE QX-314. D.A. Guriev*. S. Luhowskvi.

156.13

156.14

MUTATIONS IN THE M2 MEMBRANE SPANNING REGION OF
THE NICOTINIC ACETYLCHOLINE RECEPTOR ALTER ITS
AFFINITY
FOR
THE
NON-COMPETITIVE
INHIBITOR
PHENCYCLIDINE. M.J. Eaton1*. C.G. Labarca2 and V.A. Eterovic1.
'Center for Molecular and Behavioral Neuroscience, Department of
Biochemistry, Universidad Central del Caribe, Bayamon, PR 00960 and
2Division of Biology, Caltech, Pasedena, CA 91125.
Phencyclidine (PCP) is a non-competitive inhibitor of the nicotinic
acetylcholine receptor (nAChR). We propose that PCP forms polar bonds
with amino acids at position 6 ' and hydrophobic bonds with amino acids at
position 10' of the M2 transmembrane segments of the receptor. In order
to test this hypothesis, we examined the ability of PCP to inhibit
acetylcholine-induced current from wild-type nAChR and nAChR in which
amino acid substitutions were made in these positions. Fetal mouse
nAChR from BC3H-I cells were expressed in Xenopus laevis oocytes and
studied using the two-electrode voltage clamp technique. The results of
this study reveal that the potency of PCP is increased when the 6 ' "‘polar”
site is made more polar (P subunit F 6 ' S) or the 10' “hydrophobic” site is
made more hydrophobic (P subunit T 10 ' A). The IC50 values for wildtype nAChR, p F 6 ' S, and p T 10' A are 31.1 ±1.1 pM (mean ± SD;
n=5), 2.4 ± 1.0 pM (n=10) and 3.7 ± 0.9 pM (n=8 ), respectively. The
increased potency of PCP at these mutant receptors suggests that this non
competitive inhibitor does, in fact, interact with amino acids at the 6 ' and
10' positions of the M2 transmembrane domain. Supported by NIH-RCMI
Grant G12RR01035, NIH S06GM50695 and NIH R01GM52277.

PHYSIOLOGICAL EFFECTS OF MUTATIONS OF THE a 4
NEURONAL NICOTINIC ACETYLCHOLINE RECEPTOR
ASSOCIATED WITH EPILEPSY. S. Bertrand*. S. Weiland. O.
Steinlein and D. Bertrand. Institute for Human Genetics, University of
Bonn, Germany, Dept, of Physiology, Medical Faculty, 1211 Geneva,
Switzerland
The linkage between one form of autosomal dominant nocturnal
frontal lobe epilepsy (ADNFLE) and mutations in the gene coding for
the a4 subunit of the neuronal nicotinic acetylcholine receptor (nAChR)
illustrates that alteration of these receptors might induce brain disorders.
The two mutations identified so far are within the second
transmembrane domain of the protein. To examine the putative
influences of these mutations on the nAChR function, reconstitution
experiments in Xenopus oocytes were performed. Electrophysiologieal
investigations revealed that the serine mutation (S248F) profoundly
affects the receptor desensitization and maximal amplitude of the
acetylcholine (ACh) evoked response. On the opposite, no significant
modification of the response to ACh was observed in the case of the
leucine insertion. Comparison of the pharmacological profile displayed
between these two mutants and the control receptor illustrate the
differences induced by the mutation of a single amino acid residue.
This work was supported by the Swiss National Science Foundation
and the PNR38 to D. B. and the Deutsche Forschungsgemeinschaft
(SFB400/B5) to O. S.
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MUTATION
ASSOCIATED
WITH
AUTOSOMAL
DOMINANT NOCTURNAL FRONTAL LOBE EPILEPSY
ALTERS Ca++ PERMEABILITY, CONDUCTANCE, AND
GATING OF THE HUMAN a4p2 NICOTINIC RECEPTOR.

GAIN O F FUNCTION MUTATION O F HUMAN a 7 nAChR: DISTINCT
PHARMACOLOGY OF H -a7V274T. D.G. McKenna. L.M. Monteggia. E.
Tonma- M. Gopalakrishnan. T.-M. Roch. S.P. Americ. J.P. Sullivan & C.A.
Briggs*. Neurological Diseases Research, Abbott Labs, Abbott Park, IL 60064
Elegant studies o f chick a l nicotinic acetylcholine receptor (nAChR) by Bertrand
& Changeux (Sem. Neurosci. 2 l 75, 1995) demonstrate that single-point mutation
o f TM 2 confers distinct biophysical and pharmacological properties compared to
wild-type a l nAChR. The present study extends these studies using the analogous
human variant h-a7V 274T. H -a7V 274T was > 100-fold more sensitive to
acetylcholine (ACh) and (-)-nicotine (EC S0 values = 1.0 and 0.9 pM , respectively)
than wild-type h -a7 , as would be expected from the homologous chick variant ca7V 251T. Additionally, GTS-21 and ABT-089, weak partial agonists at h -a7 (<
10% at 1000 |iM ), were markedly more potent and efficacious at the h-a7V274T
with EC 50 values o f 4,3 and 28 pM and efficacies of 96% and 40%, respectively.
Apparent species differences emerged from other studies, however. W hile the
antagonist dihydro-P-erythroidine (DHPE) had been found to be a strong partial
agonist at c-a7V 251T (66 % at 10 pM ), it was much weaker at h-a7V 274T (4% at
10 pM). Indeed, DHPE and d-tubocurarine were stronger antagonists at h-a7V 274T
than at wild-type h -a7 . Furthermore, while inward current rectification had been
found to be lost in c-a7V 251T, h-a7V 274T rectified as well as the human and the
chick a 7 wild-type nAChRs.
These results are consistent with the evidence developed from chick a l that
specific mutations in TM2 can elicit a l nAChR variants with ion channels that
conduct in the receptor-desensitized state and generate a signal in response to partial
agonists and antagonists that stabilize the desensitized state. On the other hand,
differences between chick and human variants in DHpE action and in current
rectification point to possible species differences in a l nAChRs and the effect of
TM2 mutations. [Supported by Abbott Laboratories]

A. Kurvatov. V. Gerzanich. M. Nelson. F. Olale and J. Lindstrom*. Department of
Neuroscience, University o f Pennsylvania Med. Sch., Philadelphia, PA 19104-6074.

A mutation in the a4 nicotinic acetylcholine receptor (AChR) subunit
has been genetically linked to autosomal dominant nocturnal frontal lobe
epilepsy (ADNFLE) (Steinlein et al. (1995) Nature Genetics 11:201). The
mutation (S247F) in the channel lining domain (M2) has been reported to
increase desensitization of the cloned a4p2 AChRs (Weiland et al. (1996)
FEBS Lett. 398: 91).
cDNAs for both the human cx4 wild-type and S247F mutant were
obtained by PCR. Mutant and wild-type human a4p2 AChRs expressed in
Xenopus oocytes had similar expression levels and ECjoS for acetylcholine
and nicotine. Mutant AChR responses showed faster desensitization, slower
recovery from desensitization, less inward rectification, and virtually no Ca~
permeability compared to wild-type a4p2 AChRs. Addition of the a5
subunit restored Ca~ permeability to the mutant a4p2ot5 AChRs. At -80
mV, wild-type a4p2 AChR single channel currents exhibited two
conductances, each with two mean open times (Yr=17pS, xx- 3 J ms and
x2=23.4 ms; y2=28 pS, x,=1.9 ms and t 2=8.1 ms). In contrast, mutant
AChRs exhibited only one conductance of llpS with x,=1.9 ms and x2= 4.1
ms. The net effect of the mutation is to reduce AChR function. This could
result in the hyperexcitability characteristic of epilepsy if the mutant AChRs
were part of an inhibitory circuit, e.g. presynaptically regulating the release
of GABA. In a minority of the AChRs containing the a5 subunit, the overall
functionality of the AChRs could be maintained in spite of the mutation in
the a4 subunit.
Funded by grants to J.L. from NIH, MDA, STRC and a NRSA fellowship to M.N.
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and T. Lanthom. Astra Arcus USA, Rochester, N.Y. 14623.
A substitution (leucine 247 to threonine) in the M2 segment of
the nAChR a7 from chick alters desensitization and
pharmacological properties such as sensitivity to agonists and the
open channel blocker QX-222 (Revah et al., Nature 353,846849(1991)). The corresponding mutation was made in the rat a l
subunit (L270T). Rat a7(L270T) expressed in Xenopus oocytes
desensitized ~ 10 0 -fold slower than w.t. (half decay time of
17.0±1.0 sec with 3mM ACh compared to 0.125± .005 sec for
w.t.). The EC50 to ACh was 1.3|iM for the mutant (194|iM for
w.t.); EC50 to (-)-nicotine was 0.8|iM for the mutant (36|iM for
w.t.). Sensitivity to QX-314, a close analog of QX-222, was
tested. Surprisingly, QX-314 was found to block rat a7(L270T)
(IC5o=35|iM at Vhoid=-80mV) in a non-competitive, voltagedependent manner. No species difference of block by QX-314
was observed;
QX-314 similarly blocked chick a7(L247T)
(IC50=40|iM at Vhoid= -80mV). For chick a7(L247T), block of
ACh (30]uM) current by QX-314 (lOOjuM) was less than 10% at
Vhoid between 0 and -30mV; block was 90-95% at Vhoid<-100mV.
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Role of a5 subunit in determ ining relationship of peak to late>phase
cu rren t in l\gman a3(32a5 neuronal nicotinic acetylcholine receptors.
M.M. Francis2. K.S. Clark1 and R.L. Papke1’2. Departments o f Pharm acology, and
^Neuroscience, Univ. of Florida Coll. o f Med., J.H.M.H.S.C. Gainesville, FL 32610.
Peripheral or ganglionic nicotinic acetylcholine receptors (nAChRs) have the
potential to play different functional roles based upon subunit composition. The a5
subunit has been the subject o f much investigation as a potential m odulator of
ganglionic receptor function. We have investigated the role o f a5 in determining
response kinetics of human a3|32a5 nAChRs expressed in Xenopus oocytes. Based on
peak responses our measures o f potency and efficacy o f ACh on a3p2a5 receptors are
in very close agreement with those of W ang et al., 1996. However, when response is
measured as the integrated charge over a time course of 3 minutes, the relative efficacy
of ACh continues to increase at concentrations for which measures o f efficacy based on
peak response alone plateau. The maximum response o f a3j32a5 receptors as
measured by integrated charge is 140% o f the maximum response calculated from peak
currents. This effect is not observed in the concentration-response relationship of
a3P2 receptors. Underlying this effect is a change in the response waveform o f
cc3(}2a5 receptors such that the response is protracted and current at the time of peak
represents a relatively sm aller portion o f the total current. This effect can be
quantitated by calculating the ratio of current measured at the peak o f the response to
current measured at t = 90 seconds after the peak. At comparably efficacious ACh
concentration, this ratio is decreased selectively in a 3 p 2 a5 receptors (a3P2 = 52;
a3p2a5 = 3.9; unpaired t-test, p<.05). The effect of nicotine on the relationship of
peak to late-phase current was investigated. Nicotine produced a substantial late-phase
current even in a3P2 receptors. The effect o f nicotine on the ratio o f late-phase to
peak current is further enhanced in a5-containing receptors such that nicotine's effect
and the a5 subunit effect appear to be additive (with 10 (J.M nicotine the peak:90s
ratios for a3P2 and a3p2a5 were 14.2 and 1.7, respectively). Although the effect o f
nicotine on late-phase current is likely to be associated with channel block, the a5
effect may be associated with an alteration in channel kinetics.
Supported by NIH R01 NS3288 to RLP and NIMH NRSA M H 11258 to MMF.
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M O LECU LA R D E TERM INA NTS O F SURFACE R E C E PT O R EX PRESSIO N
Kellv T. Dinelev* and James W. Patrick Division of Neuroscience, Baylor College of
Medicine, Houston TX 77030.
In order to study the biochemical and physiological properties o f ligand-gated ion
channels, transient and permanent mammalian expression systems for these proteins
have been in development for some time. The a l neuronal nicotinic acetylcholine
receptor (nAChR) has been expressed in this manner with one significant drawback:
the a l nAChR protein is expressed on the cell surface at levels that make it difficult
to measure physiologically and biochemically. As detected by 125I-alpha-Bungarotoxin binding, the al nAChR expresses approximately 2000 toxin binding sites per
transfected cell. This number is dramatically increased when a chimeric receptor sub
unit is expressed in which the four transmembrane domains and the cytoplasmic loop
of the a l nAChR subunit are replaced with homologous sequence from the 5HT3
receptor subunit (Elsele et al., Nature, 366, 1993). This chimeric receptor expresses
on the order of 100,000 surface alpha-Bungarotoxin binding sites per transfected cell.
We have investigated the molecular basis for the change in surface expression by
constructing a series of a7-5HT3 chimeric subunits. 125I-alpha-Bungarotoxin binding
on cells transfected with the chimeric subunit cDNA has identified the domain within
these subunits that determines the level of surface receptor expression. Point muta
tions within this domain precisely define the determinants of surface receptor expres
sion for these proteins.
Supported by F 31 DA05694 and NS 13546.

FUNCTIONAL
EXPRESSION
OF
THE
NICOTINIC
ACETYLCHOLINE RECEPTOR (AChR) IN BACULOVIRUSINFECTED INSECT CELLS. Z.-Z. Wang*. O.-Y. Liu. A. Mathias.
J. L. Barker and Z. W. Hall. Lab. of Cellular and Molecular Regulation,
NIMH, and Lab. of Neurophysiology, NINDS, National Institutes of
Health, Bethesda, MD 20892.
We have cloned cDNAs encoding the a, f3, 8 and £ subunits of
mouse muscle AChR into baculovirus, AcMNPV, under control of the
polyhedrin promoter. When infected with a recombinant virus carrying
cDNA for the a subunit alone, Sf9 insect cells expressed abundant
intracellular 125I-a-bungarotoxin (BuTx)-binding activity (70 jig/g wet
weight cells), but very little was on the surface. The internal toxinbinding activity sedimented as a monomer (5S) on a sucrose gradient,
and was associated with a 42 kDa glycosylated polypeptide. In contrast,
cells infected with recombinant viruses containing cDNAs for all four
subunits (a, p, 6 and e) expressed ca. 40% of the total toxin-binding
activity on their surface. The surface AChRs showed high affinity
binding for the cholinergic agonist, carbamylcholine, as well as for the
antagonists, d-tubocurarine and a-conotoxin Ml. The receptor complex
migrated at 9S on a sucrose gradient, and was fully functional as
demonstrated by whole-cell and single channel patch-clamp recording.
Our results suggest that baculovirus-infected insect cells express
pentameric surface AChR, whose pharmacological and physiological
properties resemble those of the receptor produced in mammalian cells.
The functional receptor proteins are being purified and characterized for
future structural study. (Supported by intramural research programs of
National Institutes of Health).

157.3

157.4

ROLE OF GLYCOSYLATION OF THE DELTA SUBUNIT IN
ASSEMBLY OF THE NICOTINIC ACETYLCHOLINE RECEPTOR.
V.K. Ramanathan. Z.Z. Wang and Z.W. Hall*. Laboratory of Cellular
and Molecular Regulation, National Institute of Mental Health, NIH,
Bethesda, MD 20892.
The adult muscle nicotinic acetylcholine receptor (AChR) is a
pentamer of four glycosylated subunits whose stoichiometry is a2|35£.
Glycosylation of the alpha subunit occurs at a single site and is required
for efficient folding and assembly. The delta subunit, in contrast, has
three sites of glycosylation, at positions 76, 143 and 169, respectively.
We have used site-directed mutagenesis and expression in COS cells to
determine the role of each of the delta subunit glycosylation sites in
assembly of the AChR. Following disruption of each of the sites, the
expressed subunit showed a shift in mobility on SDS gels consistent with
a loss of glycosylation. Each was co-expressed with alpha, beta and
epsilon subunits and the level of surface AChR measured by [ ^ 5 j] .a .
bungarotoxin binding. Loss of glycosylation at position 169 had no
effect, whereas loss at positions 76 and 143 resulted in greater than 70%
loss of surface AChR. Following co-expression of each of the mutated
subunits with the alpha subunit, transfected COS cell extracts were
immunoprecipitated with a delta subunit-specific antibody to determine
the extent of the formation of an assembly intermediate, the alpha-delta
heterodimer. In each case, alpha-delta heterodimer formation mirrored
surface expression. We conclude that glycosylation at position 169 of
the delta subunt is not required for efficient folding and AChR assembly,
and that loss of glycosylation at the two other sites results in defective
folding or stability of the subunit, or in an inability to assemble
properly. Experiments are underway to characterize the N-linked sugars
at each site and to investigate these possibilities further. (Supported by
intramural research programs of the National Institutes of Health.)

FOLDING, ASSEMBLY AND FUNCTIONAL PROPERTIES OF
NEURONAL NICOTINIC ACETYLCHOLINE RECEPTORS
EXAMINED IN TRANSFECTED CELL LINES.
S. T. Cooper. P. C. Harkness. S. J. Lansdell. T. M. Lewis. I. J. Parsons.
P. Colouhoun and N. S. Millar »
Wellcome Laboratory of Molecular Pharmacology, Dept Pharmacology,
University College London, Gower Street, London, WC1E 6 BT, UK.
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The folding, subunit assembly and functional properties of cloned
rat neuronal nicotinic acetylcholine receptor (nAChR) subunits has been
examined by their expression in a variety of transfected cell lines.
Comparisons with cloned neuronal nAChRs expressed in Xenopus
oocytes and with native neuronal nAChRs expressed in cultured
neuronal cell lines have led us to conclude that these properties can be
influenced by the nature of the host cell. Cell-specific misfolding of
some subunits has been demonstrated by a combination of radioligand
binding, immunoprécipitation with conformationally-sensitive and
-insensitive antibodies, sucrose gradient centrifugation and
immunofluorescent confocal microscopy. The functional properties of
expressed neuronal nAChRs has been examined by electrophysiological
recordings (both whole-cell and single-cell). Our data indicate that the
functional properties of recombinant channels expressed in cultured
mammalian cell lines resemble more closely native nAChR channels (e.g
those expressed in the rat superior cervical ganglion) than do
recombinant channels expressed in Xenopus oocytes.
Supported by the W ellcome Trust.
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Assembly and Ca* Regulation of Neuronal NBcodnic Receptors Inducing the a l and
cx5 Subunits. G. Crabtree, J. Rarnrez-Latorre and LW. Role*. Or. for Neurobd., Cdumbe

STABLE EXPRESSION AND CHARACTERIZATION OF THE HUMAN tx3p2a5
NICOTINIC ACETYLCHOLINE RECEPTOR. A. Gillespie. B. O’Neil Claens I
Crona. J. Jones. K. Elliott. L, E. Chavez-Noriega. E. C. Johnson. K. Stauderman. J.
Corev-Naeve*. SIBIA Neurosciences, Inc., La Jolla, CA 92037.
Neuronal nicotinic acetylcholine receptors (nAChRs) containing a 3 , (32 and a 5
subunits have been described in chick ciliary ganglia (Conroy et al., (1996), J. Biol.
Chem. 270:4424-4431), and the human neuroblastoma cell line SH-SY5Y (Wang et
al., (1996) J. Biol. Chem. 271:17656-17665). When co-expressed in Xenopus
oocytes, a3 , p2 and a 5 subunits form receptors with a sensitivity to acetylcholine
(ACh) distinct from a3 p 2 receptors. (Wang et. a l). We have stably transfected
HEK293 cells with cDNAs encoding human a 3 , P2 and a 5 subunits. Cells expressing
functional receptors were identified by measuring (+)epibatidine-stimulated [Ca2+]j
responses. Cell line 83-19-15 generates a functional response to agonist that is stable
for at least 30 passages. Expression o f a 3 , a 5 and P2 mRNA and protein was
confirmed by northern and western analysis. Whole-cell patch-clamp recordings (Vh
= -lOOmV) also demonstrated the presence o f functional nicotinic receptors in 83-1915 with ACh-induced currents o f up to 10 nA.
Dose-dependent ACh-induced [Ca2+]j signals examined in 83-19-15 cells revealed
two populations o f receptors with significantly different sensitivities to ACh. One
population has an ACh potency (ECJ0 = 102 (43, 244) pM ) which correlates well
with the a3p2-expressing stable cell line, A3B2, (ECJ0 = 113 (51, 254) pM) and
suggests a population o f a3 p 2 receptors in 83-19-15. The other population has a
significantly greater sensitivity to ACh with an ECJ0 o f 0.09 (0.033, 0.231) pM. This
increase in ACh potency is similar to that reported in Xenopus oocytes expressing
a3 p 2 a 5 receptors. Whole cell patch-clamp recordings o f ACh-elicited responses also
show increased sensitivity to ACh in cell line 83-19-15 when compared to A3B2.
These data suggest we have generated a cell line that expresses a 3 a 5 p 2 receptors
that are pharmacologically distinct from a3P2 receptors. This represents the first
report o f a three-subunit nAChR combination stably expressed in mammalian cells.

Unr/eisity, 722W168TSt NewYork, NY 10032
Recent woric from our laboratory and others ( Ramirezef aL, Nature, 380,347(1996), Wang et
ci, JBQ 271(30), 17656 (1996) and Svüotti et d , }. FhpcL, 5001,123-138 (1997)) have
established that the a5 subunit can form functional, heteromeric channels gatBd by nicotine
We have pursued studies of tiie assembly of a5 with other subunits, as well as the role of
internal Ca2* in controlling cx5 nAGhR channel function Although a5 does not appear
capable of assembling with cû,a4 or (52 subunits abre^ ooexpression of a5 with a l and
either (32 or P4 yields functional, heteiomeric complexes. The indusian of a5 in a5a7P(x)
oamplexes is ocnfirmed by expression of a7a5p2 or a7a5(34 mRNA suburrits in oocytes, and
introduction of cysteine residues within the putative a5-M 2 domain, to assay for the
sensitivity to M IS reagents (SCAM, Kariin & Akabos, Nawon, 15,12231(1995)). Preliminary
experiments reveal niootne-induced macroscopic currents obtained following co-expression
of a7+o<5(M2S247|Qt-(p2 or (34) aie strongly inhibited by MlShT. Single channel raoording^
and sensitivity to a l specific antagonists fblbwing the injection of a l mRNA alone vs coexpression of (a7+a5+<P2 or P4))triplets in oocytes aie underway. Of particular interest is the
modulation of such complexes by changes in Ca* at the internal face of the channels inview
of our previous findings that alterations in cytoplasmic Ca^O-lOOpM) increases the
probability of opening Po of die «4(32 type The participation of a5 (ie in cx5a4p2 complexes)
dramatically alters the chaiadaistics of [Ca+2J,t modulation; increases in [Ca+2Jint from 0 to
lOOfoMprofoundly decrease the opening probability of a5a4(52 type leaeptois. We postulate
that the M1-M2 loop of both a4 and a5 are critical in determining whether alterations of
[Ca*2] at the internal face will result in activation vs. inactivation of the particular nAQiR
complex (Supp. by NSS22061 to LWR).
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CHARACTERIZATION OF LIGAND BINDING TO CELL LINES STABLY
EXPRESSING
HUMAN
RECOMBINANT
NEURONAL
NICOTINIC
ACETYLCHOLINE RECEPTOR (NAChR) SUBUNITS IN PAIRWISE
COMBINATIONS. P.B. Adams, R.T. Reid. J. Corev-Naeve. G.K. Lloyd and T.S.
Rao*. SIBIA Neurosciences, Inc., La Jolla, CA 92037.
NAChRs are pentameric receptors composed of a and p subunits. At least 11
different gene products (a2-a9and P2-P4) have been identifed, and the subunits
show unique regional distributions in rodent brain. Electrophysiological studies in
Xenopus oocytes demonstrated unique pharmacology for pairwise combinations of
a and p subunits. In vitro studies also demonstrated differences in native receptor
subtypes mediating hippocampal norepinephrine and striatal dopamine release. In
this study, we used [3H]-epibatidine (EPI) binding to characterize HEK cell lines
stably expressing hum an recombinant NAChRs, cx2p4 (A2B4 cell line), a3 p 4
(A3B4 cell line) and a4 p 4 (A4B4 cell line). The Kd values for EPI binding in the
three cell lines were (mean±SEM [n=3-6] = 42±9.9, 152±18 and 187±29pM,
respectively). The rank order of potency for the displacement of EPI binding in the
A2B4 cell line was epibatidine>cytisine>nicotine>SIB-1765F >DMPP>lobeline.
For the A3B4.1 cell line, the rank order was epibatidine>lobeline»D M PP>
nicotine>cytisine >SIB-1765F. The corresponding rank order for the A4B4 cell
line was epibatidine>cytisine>nicotine=lobeline>SIB-1765F>DMPP. These results
indicate that different a subunits, when co-expressed with the P4 subunit,
significantly effect the pharmacology of NAChRs. More importantly, the
pharmacological differences of known NAChR ligands in these cell lines indicate
their potential utility in the design and evaluation of compounds with subtype
selectivity. Ligands with unique subtype-selective profiles will be useful in
defining the physiological roles of NAChRs in cellular function.

GENE TARGETING OF THE a l AND p2 SUBUNITS AND THE p4, a3, AND a5
CLUSTER OF NEURONAL NICOTINIC ACETYLCHOLINE RECEPTORS.
W .Xu1,3. C. B. Sutcliffe1.1. Lorenzo13. L. Goldberg13. H. Dang*2. J. Patrick2. A. L.
Beaudet13. and A. Orr-Urtreger4. 'Dept. Molecular and Human Genetics, 2Division
o f Neuroscience, 3Howard Hughes Medical Institute, Baylor College o f Medicine,
Houston, Texas; 4Tel-Aviv Sourasky Medical Center, Tel-Aviv, Israel.
Genes encoding the a (a2-a9) and P (P2-P4) neuronal nicotinic acetylcholine receptor
(nAChR) subunits are expressed extensively and differentially in the central and
peripheral nervous system where their products form pentameric ligand-gated ion
channels. While structural, biochemical and electrophysiological properties o f these
proteins have been studied extensively, less is known about their normal function and
possible involvement in neurobehavioraldisorders. There is evidence that nAChRs may
be involved in disorders including seizures and schizophrenia and that one o f their
ligands (nicotine) can improve attention, rapid information processing, and working
memory. Since many combinations o f receptors are possible, we are preparing mice
with homozygous null mutations in one, two and three subunit genes. These mice will
significantly enhance our ability to study the normal roles o f receptor subunits and their
possible involvement in diseases. We have generated mice with a homozygous null
mutation for the P2 or a l subunits. The L247T missense mutation for a l has also been
transmitted to the germline. Since a genomic complex o f three tandemly arranged
nAChR subunits (P4, a3, and a5) is conserved in human, rat, mouse and chicken, we
also produced null mutants in single (P4, a3 and a5 ) subunits and in double (P4+a5)
subunits. Additional double (a3+a5) and triple (P4+a3+a5) mutations are at advanced
stages o f preparation. Breeding between mice with different null mutations (e.g., p2
and p4) will generate mutants that will be useful for understanding o f the functional
complexity o f this gene family. The mutant mice are being evaluated for any
pathological, electrophysiological, neurological and behavioral abnormalities, and
results o f these analyses will be presented.

157.9

157.10

GENOMIC STRUCTURE OF THE HUMAN a 7 NEURONAL
NICOTINIC ACETYLCHOLINE RECEPTOR SUBUNIT. S Leonard*, J
Gault. J Loqel. C Drebinq. R Berger, M Robinson, J Hopkins. T
Moore. EJ Kim. A Davis. M Barnhart. J Merriwether, CR Breese. R
Freedman. Department of Psychiatry, University of Colorado Health
Sciences Center, and V.A. Medical Center, Denver, CO, 80262.
Genomic clones for the human a.7 neuronal nicotinic receptor were
isolated from both YAC and PAC libraries. DNA sequencing was used
to determine the exon/intron borders, promoter, and 3'-UT sequence.
The exonic structure is similar to that published for the chick a 7 gene;
there are 10 exons. Exon 7 codes for the acetylcholine binding site
and putative membrane spanning region I. The promoter region is
very G/C rich and there is no consensus TATA box. Binding sites for
several transcription factors are present, including clusters of SP1,
AP2, and NFKB. A polymorphic repeat was found in both YAC and
PAC a 7 clones, and has been registered with the Genome DataBase
(GDB: D15S1360). Additionally, there are Alu repeat sequences in
both intron 4 of the a 7 gene and in sequence downstream of the
polyadenylation signal. [Support provided by USPHS Grants
MH44212, DA09457, AA11164, the VA Medical Research Service,
and Colorado Associates]
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A 15-BASE P A IR SEQ U EN C E H A R B O R IN G A PU T A T IV E E T S -B IN D IN G
SIT E C O N FE R S P R O T E IN -T Y R O S IN E P H O S P H A T A S E , N E U R E G U L IN
A N D R A S -D E P E N D E N T R E G U L A T IO N O F T H E N I C O T I N I C
A C E T Y L C H O L IN E R E C E P T O R 6 -S U B U N IT G E N E . M. S ap ru » . S.K.
Florence. C. K irk' a n d D. G o ld m a n . D ept, o f Biol. C h em ., M H R I., U niv. of
M ichigan, A n n A rbor, M I 48105 a n d C a m b rid g e N eurosciences', M A 02139
A t th e n e u ro m u s c u la r s y n a p se , in n e rv a tio n in d u c e s e n d p la te -sp e c ific
e x p re s s io n o f a d u lt- ty p e n ico tin ic a c e ty lc h o lin e re c e p to rs (n A C h R ) by
se le c tiv e in d u c tio n o f th e ir s u b u n it-e n c o d in g g e n e s (a2 P e5 ) in e n d p la te a sso c ia te d m y o n u cle i. T h e se g e n e s a re sp ecifically r e g u la te d b y p ro te in ty ro s in e p h o s p h a ta s e (PTPase) ac tiv ity . In a d d itio n , n e u re g u lin /A R IA , a
n e rv e -d e riv e d facto r th a t s tim u la te s nA C h R sy n th e sis, in d u c e s a d u lt-ty p e
sp ecific E - s u b u n it g e n e e x p re s s io n v ia a c tiv a tio n o f a R a s /M A P k in ase
p a th w a y . H o w e v e r, th e D N A re g u la to ry e le m e n ts m e d ia tin g P T P ase a n d
n e u re g u lin -d e p e n d e n t g e n e e x p re ssio n rem a in u n k n o w n . H e re w e re p o rt
id e n tific a tio n o f a 15-bp s e q u en c e in th e r a t e -s u b u n it p ro m o te r th a t is
e s se n tia l fo r P T P ase, n e u re g u lin a n d R a s - d e p e n d e n t g e n e e x p re ssio n .
W ith in th is reg io n , s ite -d ire c te d m u ta g e n e sis o f a p u ta tiv e Ets b in d in g site c a u se d a p a rtial loss o f th is reg u la tio n . In te restin g ly , th is sam e 15-bp
se q u en c e a p p e a rs to be n e c e ssa ry for lo w e -s u b u n it g e n e e x p re s s io n in
ex traju ctio n al reg io n s o f th e m u sc le fiber. T o g eth er, th ese resu lts su g g e st a
c ru c ia l ro le fo r th e 15-bp e le m e n t in d e te r m in in g s y n a p se -sp e c ific a n d
n e u re g u lin -m ed ia te d m o to r n e u ro n c o n tro l o f e -su b u n it g en e ex p ressio n a n d
p ro v id e a p ro b e for id en tify in g tra n s c rip tio n factor(s) m e d ia tin g sy n a p se
-specific g e n e e x p ressio n . G ra n t s u p p o rt N IH N IN D S R O l NS25153-10
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TRANSCRIPTIONAL CONTROL OF THE ACETYLCHOLINE
RECEPTOR ard SUBUNIT GENE. J. G. Mar H. Luof P .P . Ma
and T. Schmidt-Gl enewinkel*. Pepartment of Biological
Sciences, Hunter College and Graduate Center of CUNY,
NewYork, NY 10021
The ard gene encodes a non-a-like subunit of one of the two
subtypes of neuronal nicotinic acetylcholine receptors from
Drosophila. We have previously shown that a 325 bp fusion
construct of the 5'- flanking sequence of the ard gene was sufficient
to direct J3-galactosidase expression in the nervous tissue during
development with a pattern very similar to the distribution of
transcripts of the ard gene. To precisely locate the essential regulatory
sequences required for ard expression, we have carried out PNase I
footprinting and methylation interference assays. Sequence motifs
identified in these experiments were mutagenized in the pgalactosidase fusion constructs and tested for in vivo expression by Pelement mediated transformation. Protein factors binding to these
sequence elements were identified using the one-hybrid system.
Supported by PSC-CUNY Grant 667178 and RCMI Award RR03037, NIH.

AN EXTENSIVE NICOTINIC ACETYLCHOLINE RECEPTOR GENE FAMILY IN
C a e n o r h a b d it is ELEGANS. Nieel Monean, Howard Bavlis and David
Sattelle SPON: Brain Research Association. The Babraham Institute, Lab. o f Molecular
Signalling, D ep t o f Zoology, University o f Cambridge, CB2 3EJ, UK.
Although the nicotinic acetylcholine receptors (nAChRs) are the best characterized
ionotropic neurotransmitter receptors, the extent o f the molecular diversity o f the nAChR
gene family is not known for a single organism. Caenorhabditis elegans, with its well
characterized nervous system and the sequencing o f its genome nearing completion,
provides an unequaled opportunity to address this question. A number o f C. elegans
nAChR a subunit genes have been identified previously [unc-38, deg-3, Ce-21]. nAChR
a subunits may be distinguished from all other ionotropic receptor subunits by the
presence o f adjacent cysteines at positions equivalent to 192,193 in the Torpedo a
subunit. RT-PCR was used to confirm the transcription of 8 novel putative a subunits
predicted by computer analysis [GENEFINDER] o f the genome sequence. Five of the
C. elegans a subunits now identified have a modification in loop C o f the ACh binding
m otif in which the tyrosine residue, commonly separated by a single residue from the
vicinal cysteines m otif (Y-x-C-C), is displaced by an additional residue (Y-x-x-C-C).
This may underlie aspects o f the distinct pharmacology, including lophotoxin
insensitivity, exhibited by certain native nematode nAChRs. At least four sub-families
o f C. elegans a subunits can be recognized: one containing subunits most similar to
known hetero-oligomer forming subunits; two sub-families which are extremely
divergent from vertebrate nAChR subunits (containing subunits with unusual sequences
in the region o f M2) and one other family o f both a and non-or subunits most
homologous to a 7 o f vertebrates. Using RACE-PCR we have isolated a full length cDNA
encoding a putative homo-oligomer forming subunit, T09A5.3 and are investigating its
functional characteristics.
Supported by the E.U. TMR Program and the U.K. BBSRC.

157.13
NICOTINIC ACETYLCHOLINE RECEPTOR SUBUNITS FROM MANDUCA
SEXTA. J.L. Eastlake*. A.W.Tearle. S.Wonnacott. S.E.Reynolds, G.G.Lunt
A.J.W olstenholme.. Sch. of Biol. & Biochem., Univ. of Bath, Bath. BA2 7 AY, UK.
The larval stages of the tobacco hornworm, M anduca sexta, feed almost exclusively
on tobacco leaves and other solanacious plants that contain normally toxic alkaloids
including nicotine. Insects utilize a cholinergic neurosecretory system with the
nicotinic acetylcholine receptor (nAChR) being the major excitatory receptor
mediating synaptic transmission. The nAChR is potentially useful for structurefunction comparisons as well as being a potential target for pest control. We have
previously isolated and sequenced an a-subunit cDNA from M anduca sexta, M aral
(Neuroscience Abstract 504.10 1996).
Using a combination o f RT-PCR and PCR on both cDNA and genomic DNA we
have isolated a putative p-nAChR subunit cDNA from three day old M anduca eggs
which lacks the canonical vicinal cysteine residues found in other nAChR alpha
subunits. This subunit, referred to as M arb l, has 83% sequence identity with the
Drosophila ARD P-subunit (Sawruk et al. Febbs Lett 235:40-46, 1988), in contrast to
M aral which is quite divergent from other published insect a subunits. Compared to
other p~subunits the only significant difference in the am ino acid sequence of M arbl
is the possession of an extra long intracellular loop. Southern blot analysis and
degenerately primed PCR experiments have so far failed to produce any evidence of
additional nAChR a or p subunit genes in Manduca.
In situ hybridization studies using biotinylated riboprobes to the intracellular loop
of M arbl and the C-terminus o f M aral show that both subunits are expressed in the
nerve cells of the abdominal ganglia o f 3rd instar larvae.
Supported by a project grant from the BBSRC (UK).

PEPTIDE RECEPTORS: STRUCTURE AND FUNCTION I
158.1
A TIME-RESOLVEP FLUOROMETRIC ASSAY SYSTEM FOR
NEUROPEPTIDE GALANIN RECEPTOR. J. Liu. M. Gallagher.
R. Horlick. J. Wess* and M. Webb. Pharmacopeia Inc., Princeton,
NJ 08540, NIH-NIPPK, Bethesda, M P 20892.
The neuropeptide galanin regulates hormone secretion, and
ingestive and sexiial behaviors by acting on the GalRl receptor in the
brain. To study the interaction of galanin and its receptor, we have
developed a new assay system utilizing time-resolved fluorometry
technology. The galanin peptide was labeled with a europium
chelate. Ligand binding was performed on GalRl-expressing
293EBNA or P98/Raji cells which were grown as monolayers in 96well plates. The bound ligand was quantitated by dissociationenhanced time-resolved fluorometry. Eu-galanin bound to GalRl in
a saturable manper with a Kd value of 3 nM, which is similar to that
observed with 125I-galanin in a whole cell assay. The binding of Eugalanin could be displaced by galantide, galanin-spantide, and other
peptide antagonists. In 293EBNA cells expressing GalRl, Eugalanin, similar to unlabeled galanin, stimulated a biphasic increase
in the intracellular Ca2+ concentration, indicating that Eu-labelling
does not affect the functional activity of galanin. This new assay
system has a very high sensitivity, comparable to that of 125I-galanin.
The advantages of this assay include elimination of radioactivity, low
cost, speed and amenability for HTS automation.
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158.2
PHARMACOLOGICAL CHARACTERIZATION OF A
RECOMBINANT HUMAN GALANIN RECEPTORj (GALR1) IN
HEK293 CELLS. Jl Patterson. D. Conklin, K. Murphy^ R, H arlicfcU i
L. Largent and L.W. Fitzgerald*. CNS Diseases Research, and 2Applied
Biotechnology, The DuPont Merck Research Laboratories, Wilmington,
DE 19880.
Galanin is a 29 amino acid peptide that is widely distributed
throughout the gut and nervous system. To better understand its role in
neuronal function, die human GALR1 receptor was stably expressed in
HEK293E cells. Saturation isotherms using [125I]h-galanin revealed two
distinct populations of receptor affinity states. The high affinity site had
an apparent Kd of 35 pM and a Bmax of 294 fmol/mg protein, whereas
the low affinity site had an apparent Kd of 5.5 nM and Bmax of 774
fmol/mg proteia Competition binding assays for galanin, galanin
fragments, and chimeric peptides produced the following rank-ordered
affimties:M35=>p-Gal=h-Gal=galantide>C7=M40=Gal (1-16)»NPY.
A scintillation proximity assay was developed using WGA-coated PVT
beads to kinetically analyze the interaction of h-galanin with the high
affinity state of the GALR1 receptor. [125I]h-galanin binding reached
equilibrium by 2 hr (@ RT), and yielded association and dissociation
rate constants of 1.2 x 10« M-i min*1 and 7.4 x 10-3 min-i, respectively.
Functional activity of these peptides was assessed by measuring the
inhibition of forskolin-stimulated cAMP production, as well as agoniststimulated [35S]GTPyS binding. P-Gal and h-Gal inhibited forskolinstimulated cAMP production by 80% and stimulated GTPyS binding by
30%, whereas the chimeric peptides (C4, M40, galantide, M35) were as
efficacious in vitro as p- and h-Gal. Barring any profound receptor
reserve effects in vitro, these observations are inconsistent with die
notion that the antagonistic effects of chimeric galanin peptides in vivo
are mediated via the GALR1 receptor.
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158.4

Molecular cloning and pharmacological characterization o f a new galanin
receptor subtype Tanaz Hgshemi. Chaoyane He. Catherine Strader*.
Marvin Bavne and Suke Wang From the Schering-Plough Research
Institute, 2015 Galloping Hill Road, Kenilworth, NJ 07033 USA

AGONIST PROPERTIES OF CHIMERIC GALANIN PEPTIDES.
J. Yu. D.G. Harden. T.A. Pitler*. and D.W. Gallager. Neurogen Corp.,
Branford, CT 06405.
The galanin receptor (GAL) is a G-protein coupled receptor which is widely
distributed in the mammalian CNS. Studies on the functional role of Galanin
as a neurotransmitter in the CNS have been impeded by conflicting informa
tion about the agonist/antagonist properties of several Galanin chimeric pep
tides. In the present studies, we have assessed the functional properties of a
series of Galanin chimeric peptides including: C7, M15 (ga Iantide), M35 and
M40. We have evaluated the GTP shift in binding of Galanin in the presence
and absence of 200 fiM GTP in rat hypothalamic membranes and in mem
branes from CHO cells stably expressing human GAL receptor protein. In
both the endogenously expressed receptor from rat brain and in reconstituted
h-GAL receptor in CHO cells, we have observed a decrease in affinity for bind
ing in the presence of GTP for the full agonists h-GAL, r-GAL and p-GAL as
well as the chimeric fragments C7, M15, M35 and M40. When GTPyS binding
was used as a measure of functional coupling, h-GAL, r-GAL and p-GAL as
well as the chimeric fragments C7, M15, M35 and M40 activated the receptor
as measured by an increase in GTPyS binding in a dose-dependent manner.
When evaluated electrophysiologically in reconstituted systems with h-GAL
co-expressed with a coupled potassium channel (GIRK1) in Xenopus oocytes,
the full length peptides and chimeric peptide fragments all produced similar
increases in potassium conductance. Taken together, these data suggest that
the chimeric peptide fragments C7, M15, M35 and M40 behave as agonists in
both endogenously expressed Galanin receptors from rat hypothalamus and
in reconstituted systems expressing the human Galanin receptor.

Galanin, a 29-30 amino acid neuropeptide, is widely distributed in central
and peripheral systems and mediates variety o f physiological functions.
Pharmacological studies have suggested existence o f multiple receptor
subtypes but only type I (G alR l) galanin receptor has been cloned. Now
we report the cloning by a combination o f sib selection and rapid
amplification of cDNA ends of a cDNA encoding a new galanin receptor
(GalR2) from rat hypothalamus. The receptor is 372 amino acids in length
and shares only 40% homology with the rat G alRl receptor. It contains
seven putative transmembrane domains with the N- and C-termini being
least identical to G alR l. Northern blot analyses revealed a 2-kb mRNA
species distributed in several tissues, suggesting a broader functional
spectrum than G alR l. ^ I- h u m a n galanin binding to rat GalR2 receptor
expressed in COS-1 cells was saturable (Kd=0.59 nM) and could be
displaced by galanin, several galanin fragments and chimeric peptides. The
pharmacological profiles of GalRl and GalR2 receptors were
distinguishable by galanin fragment(2-29), which bound the cloned GalR2
receptor with markedly higher affinity than G alRl receptor. Activation of
the cloned receptor by galanin led to inhibition o f forskolin-stimulated
intracellular cAMP production. The cloning of this new receptor subtype
should provide further insights into the mechanisms by which galanin
mediates its diverse physiological functions. The identification of
galanin(2-29) as a receptor-specific ligand should enhance the understanding
of specificity of galanin-receptor interactions.

158.5
THE GALANIN RECEPTOR GALR 1 MEDIATES CELLSPECIFIC MAP KINASE ACTIVATION VIA A Gißy-MEDIATED
SIGNALING PATHWAY. B.E, Hawes. E.M. Parker. M. Guzzi.
$ , Wang, R A W f y * r a p d R ,E , Barney. Dept, of CNS and
Cardiovascular Research, Schering Plough Research Institute,
Kenilworth, NJ 07033.
Human Bowes melanoma cells, rat Rin m5F cells and CHO cells
stably transfected with rat GALR1 receptor (CHO-GALR1) were
stimulated with galanin, and mitogen activated protein (MAP) kinase
activation was measured. Although both Rin m5F cells and Bowes
cells endogenously express GALR1 receptor, galanin elicited an
increase in MAP kinase activation in Bowes cells (2-3 fold), but not
in Rin m5F cells. Galanin also stimulated MAP kinase activation to a
similar extent in CHO-GALR1 cells, but not in control CHO cells.
This activation was inhibited by cellular prtetreatment with pertussis
toxin which blocks Gi/Go protein activation. In addition, galaninstimulated MAP kinase activation was attenuated by expression of the
specific Gßy inhibitor, ßARKct, and by the phosphatidylinositol 3kinase (PI-3K) inhibitors LY294002 and wortmannin. Inhibition of
PKC activity by cellular depletion of protein kinase C (PKC) or the
specific PKC inhibitor, bisindolylmaleimide I, did not significantly
affect galanin stimulated MAP kinase activation. These results
demonstrate that galanin interacts with GALR1 to stimulate the Gi
signaling pathway leading to MAP kinase activation. This pathway
employs the ßy subunit of Gi and PI-3K, and is independent of
PKC. Since no galanin-stimulated MAP kinse activation is observed
in Rin m5F cells, it appears that these cells lack an essential
component of the GALR1-MAP kinase signaling pathway.

158.8

158.7
CLONING OF A NOVEL GALANIN
SUBTYPE (GALR2) FROM RAT BRAIN.

RECEPTOR
Z ahra F ath i.

Lawrence G. Jben,. Peter ...B, -Battaglipft,.. Sally A, -Waal

and Ildiko Antal Zim anvi*.
Bristol M yers-S quibb
Com pany, 5 research Parkw ay, W allingford, CT 06492
The neuropeptide galanin mediates a diverse spectrum of biological
activities by interacting with specific G protein-coupled receptors.
Through expression cloning, human and rat GALR1 receptor cDNA
clones have previously been isolated and characterized. We have
used homology screening to isolate a rat brain cDNA clone encoding
a second galanin receptor subtype, the G ALR2 receptor. The isolated
cDNA encodes a 372 amino acid G protein-coupled receptor that
shares 38% overall amino acid identity with the rat GALR1 receptor.
The pharmacological profile of the rat GALR2 receptor is similar to
that of the rat GALR1 receptor. The rat GALR2 receptor binds
galanin, amino-terminal galanin fragments, and the putative galanin
receptor antagonists galantide, C7, M35 and M40 with high affinity
but it does not bind carboxy-terminal galanin fragments. Galanin
increases intracellular inositol phosphate levels in HEK 293 cells
expressing the rat G ALR2 receptor via a pertussis toxin-insensitive G
protein. The rat GALR2 receptor is highly expressed in the GH3
pituitary cell line, anterior pituitary, whole brain, hypothalamus, gut
tissues, and to a lower extent in spleen, lung, skeletal muscle, heart,
kidney, liver and testes. These results suggest that GALR2 receptor
could mediate galanin’s regulation of pituitary hormone secretion and
possibly food intake.
(Research Supported by Bristol-Myers Squibb Company)
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158.6
C L O N IN G A N D C H A R A C T E R IZ A T IO N O F T H E H U M A N G A L A N IN
G A L R 2 RE C EPTO R . B. Borowskv*. K.E. Sm ith. J.A . Bard. M .W . W alker. L.-Y.
H u a a ^ T A . B ran g h sk a n d C, G erald. Synaptic P h arm aceutical C orporation,
Param us, N J 07652.
T h e neu ro p ep tid e galanin, as well as h igh affinity galanin b in d in g sites are
w id ely distributed in both the C N S and peripheral tissues. G alanin has been
p ro p o sed to h av e a n u m b er o f physiological roles, in cluding effects on food
intake, analgesia, insulin secretion and cognition. Pharm acological studies using
fragm ents and analogues o f galanin h ave suggested the existen ce o f m ultiple
g alan in recep to r subtypes. B oth h um an and rat G a lR l genes h ave been cloned.
In addition, w e have isolated the cD N A encoding a rat G alR 2 receptor from a rat
hypothalam ic library by expression cloning (see K .E. Sm ith et al., this volum e).
W e now report the cloning o f th e hum an G alR 2 recep to r h o m olog from a
hum an heart cD N A library. T h e deduced am ino acid sequence predicts a p rotein
o f 387 am ino acids, m aking it 15 am ino acids longer than the rat G alR 2 receptor
in the C O O H term inus. T h e d educed am ino acid sequence o f the h u m an G alR 2
recep to r shares 85% identity to th e rat G alR 2 receptor, and 39% identity to the
hu m an G a lR l receptor. H um an G alR 2 receptors ex pressed in transiently
transfected C O S-7 cells displayed high affinity, saturable bin d in g to po rcin e , 25Igalanin, with an apparent B max o f 420 0 fm ol/m g m em brane protein and a
K d o f 0.9 7 nM . T h e pharm acologic profile o f th e h um an G alR 2 recep tor is
sim ilar to that o f the rat G alR 2 receptor. Interestingly, [D -T rp2]galanin has a
significantly higher affinity for the rat and hum an G alR 2 receptors than for the rat
G alR l receptor. Pharm acologic analysis and anatom ic localization o f the hum an
G alR 2 m R N A in both the C N S and peripheral tissues w ill b e presented.
T his w ork was supported by Synaptic Pharm aceutical C orporation.

CH ARACTERIZATIO N O F A NO VEL N EU RO TEN SIN RECEPTO R IN
PC12

CELLS:
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EX TREM ELY

LO W -A FFIN IT Y

T. 1. Park. H. D. C hae and K. T. Kim*.

of M olecular N europhysiology,

Dept,

of Life

Science,

Pohang

U n iv ersity of Science and Technology, Republic of Korea.
The

effect

of

neu ro ten sin

(N T )

w as

in v estig a te d

in

ra t

pheochrom ocytom a (PC12) cells. W hen PC12 cells w ere tre a te d w ith
m icrom olar 'c o n ce n tra tio n s

of N T,

[3H ]norepinephrine

([3H]NE)

w as

secreted in a concentration d ependent m an n e r w ith an EC 50 of ~ 5 0
liM,

w hich

is

m uch

h ig h er

th an

th a t

of

p reviously

reported

hig h -a ffin ity N T recep to rs (N T R s). N T also in creased th e cytosolic
free Ca2+ concentration ([Ca2 ]i) in a co n cen tratio n -d ep en d en t m anner
w ith a sim ilar EC 50 ( ~ 5 0 UM). B oth inositol 1,4,5 -trisp h o sp h ate (IP 3)
g e n eratio n

and

in tracellu lar calcium

release

w ere

also

d etected

at

m icrom olar co n cen tratio n s of N T . Surp risin g ly , sev eral N T frag m en ts
such a s N T -(8 -1 3 ), acety l-N T -(8 ~ 1 3 ), and N T -(9 -1 3 ) and neurom edin
N, all of w hich a re know n to a c tiv ate p reviously k now n h ig h -affin ity
N T R s, did no t elicit a [Ca2‘], rise. Only x enopsin induced [Ca2‘], rise.
In addition, SR48692 and levocabastine, an ta g o n ists of N T R s, did not
block th e N T effect. T h e d a ta su g g e st th a t ex trem ely lo w -affin ity
N T R s are ex p re sse d and coupled to phospholipase C in PC12 cells
although th e N T R s are entirely different from h ig h -a ffin ity N T R s in
th eir pharm acological ch aracteristics.
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M OLECULAR C L O N IN G A N D C H A R A C T E R IZ A T IO N O F A N E W
H U M A N N E U R O T E N S IN B IN D IN G SITE T H A T R E C O G N IZ E S
LEV O C A BA STIN E. V ita. N .. C h alo n , P. D o n at. F.. B achv, A.. K agh a d .
M.. G uillem ot. M .. T h u m e v sse n . O.. B onnin. T.. D elp ech . B.. Soubrié. P..
Le F u r G*.. C a p u t D. a n d F errara. P.
Sanofi R echerche, L abège In n o p o le, BP 137,31676 L ab èg e France.
W e h a v e clo n ed a n e w h u m a n n e u ro te n s in rec e p to r (hNT-2R)
from a b rain cD N A lib ra ry u sin g as a p ro b e th e r a t cD N A seq u en ce th a t
w e recently d e scrib ed . T he hN T -2R is h o m o lo g o u s (85%) to th e rNT-2R.
C h a ra cte riz a tio n of th e hN T -2R e x p re sse d in C H O cells sh o w e d th a t it
b in d s N T w ith a sim ilar affinity to h N T -lR b u t, lev o cab astin e (at n M
co ncentration) c a n disp la c e rad io lab e le d N T o n ly fro m hNT-2R.
hN T R -2 also rec o g n iz es o th e r p e p tid e s (n eu ro m e d in N , xenin, xen o p sin )
a n d n o n -p e p tid e c o m p o u n d s (SR48692, SR142948A).
C lassical ag o n ist m olecules (n eu ro ten sin , n e u ro m e d in N , x e n o p sin o r
xe n in ) w e re n o t a ble to elicit a n y c ellu lar re sp o n se classically lin k e d to
h N T -lR a c tiv a tio n in C H O -hN T -2R cell lin es o r in C O S cells tra n sie n tly
transfected w ith hN T -2R . H o w ev er, so m e of th e a n ta g o n ists d e scrib ed for
the h N T -lR b e h a v e as ago n ists o n th e hNT-2R . T hese ag o n istic resp o n ses
(Ca2+
m o b ilizatio n ,
p h o sp h o in o sitid e
tu rn o v e r,
ex tracellu lar
acidification) w e re specific since th ey w ere n o t o b se rv e d e ith e r o n C H O h N T -lR o r o n n o n -tra n sfo rm e d C H O cells a n d w a s c o m p letely in h ib ite d
b y n e u ro te n sin .
In conclusion, w e describ e h e re th e m o le c u la r c lo n in g of a n e w G -co u p led
rec e p to r p re s e n t in h u m a n b ra in fo r w h ic h n e u ro te n s in d o es n o t p re s e n t
agonistic p ro p e rtie s, a t least w h e n hN T-2R 2 is e x p re sse d in rec o m b in a n t
cell lines.
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158.10
A NEUROTENSIN RECEPTOR THAT SELECTIVELY CAUSES
HYPOTHERMIA. B. M. Tvler*. B. Cusack. E. Richelson. Mayo
Foundation for Medical and Educational Research, Jacksonville, FL
32224.
Neurotensin is a neurotransmitter that elicits potent effects including
hypothermia and antinociception. To date, two neurotensin receptors
(NTR) have been molecularly cloned in the rat. Several lines of
evidence suggest the presence of additional NTR subtypes. We have
identified a six amino acid NT analog, NT 27, that selectively causes
only the hypothermic response in vivo when microinjected into the
periaqueductal grey of rats. A dose of 36 nmol of NT or NT 27 caused
a body temperature lowering of 2.0 and 1.3°C, respectively. This
same dose of NT or NT 27 yielded a hotplate percent maximum
physiological effect of 75% and 18%, respectively. Interestingly,
despite the large KD (620 nM) at the cloned NTR-1, NT 27 was
capable of exerting a potent hypothermic effect even at very low dose
(0.6 nmol). Equally intriguing, is that NT 24, a sterioisomer of NT27,
which has a much higher affinity (KD= 0.5 nM) at NTR-1, did not
selectively induce hypothermia.
This work is supported by the Mayo Foundation and U.S.P.H.S.
MH27692.

158.11

158.12

ELECTRON MICROSCOPIC IMMUNOCYTOCHEMICAL LOCALIZATION
OF THE NEUROTENSIN RECEPTOR IN THE SHELL AND CORE OF THE
NUCLEUS ACCUMBENS. J. Chan . K.T. Delle-Donne1. H. Boudin.

C H A R A C T E R IS A T IO N
OF A
F U N C T IO N A L
A N G IO T E N SIN
R E C E P T O R IN R A T P A N C R E A T O M A A R 4-2J C E L L S W.T.Cheune.
A.K.L Yiu. S.Y.Yeung S.K.S. Luk. D.C.C. Wan, and W.K.K. Ho. (SPOM: The
Hong Kong Society o f Neurosciences). Department o f Biochemistry, The
Chinese University of Hong Kong. Shatin, Hong Kong.
Angiotensin stimulated release of amylase in pancreatoma AR4-2J cells.
Although the amplitude o f stimulated amylase release was similar at lO^M,
stimulatory potency o f angiotensin II was 30 fold and 1000 fold higher than that
o f angiontensin III and angiotensin I, respectively. In contrast to AR4-2J cells,
pancreas did not display any angiotensin response in an in vitro perfusion study.
In AR4-2J cells pre-labelled with 3H-inositol, angiotensin stimulated lithium amplified accumulation of inositol phosphates in a dose-dependent manner.
Separation of different inositol phosphates by HPLC indicated significant
increase in cellular 1,3,4-trisphosphate, and a slight increase in IP 2 and IP4.
The angiotensin response can be completely abolished by the presence of
losartan, a non-peptide antagonist which is specific for AT] angiotensin receptor.
With the use of primers specific for AT)a and ATib angiotensin receptor, result of
RT-PCR suggested that AR4-2J cells expressed predominately the ATU subtype.
In conclusion, pancreatoma AR4-2J cells expressed a functional ATla
angiotensin receptor, of which stimulation induced phosphatidylinositol turnover
and release of amylase. However, factors that control the expression of
angiotensin receptor in AR4-2J cells are yet to be determined.

W.H. Rostene2. and V.M. Pickef 1 Dept, of Neurology and Neuroscience,
Cornell University Medical College, New York, N Y. and 2INSERM U.339,
75012 Hospital Saint-Antoine, Paris France.
The shell and core of the nucleus accumbens (NAc) are differentially
involved in the neuroleptic and motor functions ascribed to activation of
neurotensin receptors. To determine the functional sites for neurotensin
receptor activation in these regions, we examined the electron microscopic
immunocytochemical localization of an antipeptide antiserum against the
receptor in rat brain.
In both regions, neurotensin receptor-like
immunoreactivity (NR-LI) was most often detected in small unmyelinated
axons and axon terminals. While many of these terminals lacked synapses,
others formed symmetric or asymmetric junctions typically associated with
inhibitory and excitatory neurotransmitters. The labeling in axons was
mainly associated with the plasma membrane and the membranes of nearby
small synaptic vesicles. In NAc shell and core, NR-LI was also localized to
plasma membranes and subsurface organelles within dendrites and dendritic
spines, and to endosomal-like organelles in the cytoplasm of both spiny and
aspiny neurons. Plasma membranes of astrocytic processes were also
labeled in both regions. Our results suggest that the neuroleptic and motor
functions of neurotensin in the NAc are attributed primarily to activation of
presynaptic NR receptors. The presynaptic modulation may be augmented
or opposed by activation of NR on postsynaptic neurons and/or astrocytes.
(Supported by grants MH00078; MH40342; FRSQ and INSERM).

158.13

158.14

M U T A T IO N A L A N A L Y SIS O F T H E A N G IO T E N S IN TYPE 2 RECEPTOR:
C O N T R IB U T IO N O F CO N SE R V E D A M IN O A C ID S T. N . H e e rd in g * . D .
IC Y e e , M, Z .K r ic h a v s k y ^ S , L. Tacobs. a n d S. I. F l u h a r t y . D e p a rtm e n ts of
P h a rm a c o lo g y a n d A n im a l B io lo g y , S chools o f M e d ic in e a n d V e te rn a ry
M edicine, U n iv e rs ity of P e n n s y lv a n ia , P h i l a d e l p h i a , P A 19104.
T h e a c tions of a n g io te n sin II (A n g ll) a re m e d ia te d by tw o rec e p to r
su b ty p e s re fe rre d to as t h e T y p e I (A Tj) a n d T y p e 2 (A Tj) recep to rs. D e s p ite
id e n tic a l a f f in itie s fo r A n g ll, t h e rec e p to rs e x h ib it o n ly 34% ho m o lo gy .
M utagenesis h a s id e n tifie d resid u e s im p o rta n t fo r A n g ll b in d in g to t h e AT,
rec e p to r, but no such w o rk h a s been re p o rte d fo r t h e AT 2 rec e p to r.
A ccordingly, p o in t m u ta tio n s in conserved resid u e s of t h e A T 2 re c e p to r w ere
g e n e ra te d corresponding to th o se i m p lic a te d in A n g ll b in d in g to th e ATi
rec e p to r. In tra n sm e m b ra n e d o m ain 6 , m u ta tio n of A T i t r y p to p h a n 253 to
a la n in e re s u lte d in a 7 -fo ld de c re a se in Ang II a f f in ity . H o w e v e r, m u ta tio n
of t h e corresponding A T 2 try p to p h a n to a n a la n in e re s u lte d in a rec e p to r
w h ic h r e ta in e d w ild ty p e bin d in g . In th e A T Xrec e p to r, m u ta tio n o f ty ro s in e
92 in e x tr a c e llu la r loop 1 (ECL1) to a la n in e p ro d u ced a rec e p to r w i t h a
d r a m a ti c a ll y d e c re a se d a f f i n it y fo r A n g ll (>3000 fo ld ). In t h e AT 2
rec e p to r, our m u ta tio n of t h e conserved ty ro s in e to a n a la n in e re s u lte d in a
rec e p to r w i t h w ild ty p e a f f in ity fo r A n g ll. In t h e A T Xrec e p to r, m u ta tio n of
arg in in e 167 in ECL2 to a n a l anine a b o lis h e d b in d in g of A n g ll a n d m u ta tio n
of a s p a r t a t e 281 in ECL3 to a la n in e d e c re a se d b in d in g by 1 7 -fo ld . M u ta tio n
of e it h e r of th e s e conserved resid u e s to a la n in e in t h e A T 2 rec e p to r
m a r k e d ly im p a ire d A n g ll bin d in g (>100nM ). T a k e n to g e th e r, th e s e re s u lts
d e m o n s tra te s im ila r itie s as w e ll a s d iffe re n c e s b e tw e en rec e p to r su b ty p e s in
th e contributions to A n g ll b in d in g o f conserved am in o a c id s .
S u p p o rte d by A m erican H e a r t A sso c ia tio n ( N a tio n a l a n d SE P A a f f i l i a t e ) .

CONTRIBUTION OF THE ANGIOTENSIN TYPE 2 (AT2) RECEPTOR AMINO
TERMINUS IN HIGH AFFINITY BINDING OF ANGIOTENSIN II. D.K. Yee*. J.N.
Heerding. M.Z. Krichavskv. and S. J. Fluharty. Depts. o f Animal Biology, Psychology,
Pharmacology, and Institute of Neurological Sciences. Univ. o f PA, Phila., PA 19104.
The two angiotensin II (Angll) receptor subtypes, AT, and AT2, possess identical
affinities for A ngll and yet only exhibit 34% homology. The AT, amino terminus is
critical for Angll binding; some mutations of this protein domain reduced Angll affinity
by more than 5000-fold. Because key residues identified by these AT, studies are not
conserved on the AT 2 amino terminus, its role in ligand binding for this subtype
remains to be established. Accordingly, we have constructed and characterized an AT 2
amino terminal deletion as well as amino term inal exchange chimeras between the two
receptor subtypes. When expressed in COS-1 cells, amino term inal deletion o f the AT 2
receptor produced a mutant that bound 125I-AngII, albeit with m uch lower affinity (Kd
> 100 nM). In addition, affinities of the chimeric receptors for 125I-AngII were identical
to that of the wild type receptors. These data suggest that: (i) like the AT, receptor, the
AT 2 am ino terminus is also important in the binding o f A ngll and (ii) although
sequence dissimilarities signify that the two subtypes must employ differing residues to
interact with the ligand, these alternate binding m echanism(s) can compensate for each
other, probably by interacting with a similar portion o f the A ngll molecule. Thus, these
observations argue that Angll is situated in the binding pocket o f both subtype receptors
in a sim ilar general orientation despite the low relative homology. In addition,
pharm acological analyses have demonstrated that the replacement o f the AT 2 amino
terminus with that o f the AT, did not affect the specificity o f AT 2 selective compounds
CGP42112A and PD123319, indicating that specific epitopes that are responsible for
AT 2 selective binding o f these compounds do not reside in the AT 2 amino terminus.
Ongoing studies using additional deletion and chimeric receptor constructs will more
precisely determine the role of this protein domain in ligand binding. Supported by the
American Heart Association (National and SE PA Affiliate).
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EVIDENCE FOR THE EXISTENCE OF SPECIFIC [ 125I]ADRENOMEDULLIN
RECEPTORS IN THE RAT BRAIN: COMPARISON WITH [125I]CGRP AND
[125I]ADRENOMEDULLIN(22-50) BINDING SITES. Yvan Dumont*. Danielle
Jacques. Julie Rémillard and Rémi Ouirion. Douglas Hospital Research Center and
Depts. of Psychiatry, and Pharmacology, McGill University, 6875 Boul. LaSalle,
Verdun, QC, Canada, H4H 1R3.
Calcitonin gene-related peptide (CGRP), amylin and adrenomedullin (ADM)
belong to the same peptide family. They share sequence homology including a ring
structure linked by a disulfide bridge. ADM induces vasodilatation and reduces
feeding behavior likely by acting on CGRP-like receptors (Entzeroth et al., Life Sci.,
56:PL19-25, 1995; Taylor et al., Endocrinology 137:3260-3264, 1996). In contrast,
the cloning o f an ADM receptor support the existence of a distinct receptor (Kapas et
al., J. Biol. Chem., 270: 25344-25347, 1995) We have investigated here the
respective binding profile o f [125I]rADM, [ I]rADM 22-5o (a purported ADM
antagonist) and [ ijhCGRPoc in the rat brain. M embrane binding assays revealed
that [, 25I]ADM and [125I]CGRP bind with low pM -nM affinities but with different
maximal binding caipacities to proteins expressed in the rat brain. Additionally.
[, 25I|rA D M 22-5o labeled only a fraction of the total binding capacity of ( 12SI]rADM.
Similar results were also obtained in rat lung homogenates. Competition binding
assays against [m I]rADM, ['^IJrA DM ^.so and [, 25I]CGRP using several ADM,
CGRP and amylin analogues and fragments revealed different pharmacological
profiles with rADM » > hADM 22.52 > hCG RPa = [Cys(Et )2 7]CGRP > CGRP8-37
for specific [l2SI]rADM binding sites; rADM > hCG RPa = hADM^.v> >
[Cys(Et)2,7]CGRP > hCGRP 8.37 for [, 25I]rADM 22.50 binding sites and hCGRPa =
rADM = [Cys(Et)2,7]CGRP > CGRP 8.37 » hADM 22.52 for [ 125IJhCGRP. labelling
Hence, the rat brain is enriched with distinct populations of ADM and CGRP
receptors. Moreover, the purported ADM antagonist, hADM 22-52- recognizes only a
small proportion of the site labeled by its parent peptide suggesting further
heterogeneity. Supported by an MRCC Industry/University Grant jointly with Karl
Thomae GmbH/Bio-Mega.

CALCITONIN GENE RELATED PEPTIDE (CGRP) BINDING IN THE
RAT UTERUS. R.L. Shew*. S.M. Shin. L.G. Abrahams and R.H. Goertz.
Department of Cell Biology & Neuroanatomy, University o f M innesota and
Children's Health Care-St. Paul, Minneapolis-St. Paul, M N
CGRP immunoreactivity has been localized in sensory nerves in the rat uterus
and inhibits uterine contraction.
The present study was undertaken to
characterize the binding o f CGRP in the rat uterus. Female Sprague-Dawley
rats (200-225 g) were treated with DES and anesthetized 14-16 hours later,
perfused with PBS and uterine horns and brain removed. In order to obtain
homogenous samples o f tissue with a large surface area the uterine horns were
minced and frozen in embedding molds. Ciyostat sections (10 jam) of minced
tissue were used for the characterization o f ligand binding. Human 125IPCGRP-1-37 (specific activity 2000 Ci/nmol) was used in ligand binding
studies and incubated for 2 Vi hours. Scatchard analysis was determined using
0.02 nM l 25I-f3CGRP in the presence o f vaiying concentrations o f unlabeled rat
aCG RP (0 .0 0 1- 10 0 nM). Dissociation constants (Kd) and binding capacity
(Bmax) were estimated by Scatchard analysis using LIGAND. The ability of
PTHrP (1-5000 nM) and CGRP-8-37 (0.001-5000 nM) to compete with 125IPCGRP was done to characterize the selectivity o f the ligand. Cyclic AMP was
measured by EIA in response to 100 nM CGRP in isolated uterine tissue in
vitro. Binding of , 25I-PCGRP to sections o f m inced uterine horns was specific
and occurred with high affinity. The high affinity binding site had a Kd of
0.054 ± .003 nM and a Bmax o f 10.4 ± .80 fmol/mg protein. PTHrP failed to
compete with 125I-pCGRP, while CGRP-8-37 displaced the total binding curve
to the right. Treatment with 100 nM CGRP increased cAMP 4 fold in isolated
rat uterine tissue in vitro. These data demonstrate that there are high affinity
CGRP binding sites in rat uterine tissue and this appears specific.
(Supported by NIH R 01-H D 30817-03)

158.17

158.18

EXPRESSION OF CALCITONIN GENE-RELATED PEPTIDE (CGRP) TYPE I
RECEPTORS IN H UM AN BR AIN VESSELS AND M ICROVASCULAR CELLS
IN CULTURE. M.J. Moreno, M.A. Moran*, D. Stanimirovic1 and E. Hamel,

Developmental Pattern of Vasopressin and Oxytocin Receptor mRNA
Expression in Rat Cerebral Cortex and Hippocampus. O. Chen*. S. S.
Schreiber and R. D. Brinton Department o f M olecular Pharmacology &
Toxicology, Pharmaceutical Sciences Center, University o f Southern
California, Los Angeles, CA90033.
Our earlier work has documented a neurotrophic effect o f vasopressin in the
hippocampus (Brinton et al. 1994) and, more recently, in the cerebral cortex
(Chen et al. 1996). Results o f these studies conducted with embryonic
cultured neurons, suggested to us that A VP m ight play a role in embryonic
brain development. To pursue this postulate, we have investigated the
developmental expression of A VP and oxytocin receptor o f mRNA using
semi-quantitative RT-PCR and Southern blot hybridization. Results o f these
analysis showed that both vasopressin receptor subtypes V ia and V 2 mRNAs
were present throughout the developmental tim e frame investigated, from
embryonic day 12 to day 20. Expression levels for both vasopressin subtypes
were increased on day 13 and differed slightly from embryonic day 13 to day
20. Actin mRNA expression was used as a semi-quantitative control and
Lolium Perenne mRNA as a negative control. Oxytocin receptor mRNA
expression was present through embiyonic day 12 to day 20 as well, but
expression levels for oxytocin receptor mRNAs from day 12 to day 20 varied
largely. Timing patterns o f vasopressin and oxytocin receptor gene
expression may implicate tim ing patterns o f vasopressin- and oxytocinmediated activities during rat cerebral cortical and hippocampal
development.
(Supported by a grant fro m NSF, 1BN9601248 to RDB,)

Montreal Neurological Institute, Montréal, Canada, H3 A 2B4, *Universidad
Autonoma, Madrid, Spain and 1NRC of Canada, Ottawa, Canada.
CGRP is one of the most potent vasodilatoiy agent in the human
cerebrovascular bed. It has been implicated in the regulation of cerebral blood
flow and in the vascular neurogenic inflammation possibly associated with
migraine headache. Large cerebral arteries and brain intraparenchymal
arterioles dilate in response to CGRP primarily, if not exclusively, through a
smooth muscle receptor. Pharmacological studies in isolated cerebral arteries
suggest that a receptor sensitive to the CGRP1 receptor antagonist CGRP 8-37,
is involved in the dilatory response. Based on the recent cloning of the human
CGRP type 1 receptor gene, we studied its expression in human cerebral
arteries, isolated intracortical microvessels and capillaries, cultures of cortical
microvascular endothelial (subcloned from 2 0 ^m capillaries) and smooth
muscle (primaiy cultures from 112 and 350 ¿im microvessels) cells, as well as
in cultures of fetal human brain astrocytes. Reverse-transcriptase-polymerase
chain reaction (RT-PCR) was used to detect receptor expression in the above
vascular tissues. The presence of functional receptors was assessed by
evaluating the ability of CGRP to activate adenylate cyclase in cell cultures. The
results show that PCR products of the expected size for CGRP1 receptors are
expressed in human brain isolated microvascular tissues, smooth muscle and
endothelial cells in culture. In addition, a very weak signal was occasionally
detected in astrocytes. Sequence analysis confirmed the identity of the PCR
products. CGRP potently increased (¿50 fold) cAMP production in a dosedependent (10 nM-ljiM) manner in both smooth muscle and endothelial cells.
Supported by a grant (EH) from the MRC of Canada/Dr. Karl Thomae GmbH,
and a fellowship (MJM) from the FRSQ.

158.19
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VASOPRESSIN-INDUCED CA LC IU M CH A N N EL A C TIV A TIO N IN
CU LTU RED C O R TIC A L NEURONS.
M.C. Son* and R.D. Brinton.
Department of Molecular Pharmacology and Toxicology, University o f Southern
California, Pharmaceutical Sciences Center, 1985 Zonal Ave., Los Angeles, CA.
90033.
Our recent studies to determine the cellular localization o f V ia vasopressin
receptor (VIaR) mRNA have demonstrated expression in cultured cortical neurons
which were found to be widely distributed throughout the cerebral cortex (Yamazaki
et al. Mol. Brain Res. 45(1): 138-140, 1997).
O ur previous studies have
demonstrated V laR activation induced calcium signaling in cultured cortical
neurons (Son et al. Neurosci. Abstr. 724.7, 1995). The rapid induction of
vasopressin-induced calcium influx (5 sec) and the sustained rise in intracellular
free calcium (~7 min; period o f observation) suggested involvement o f calcium
channels such as the L-type calcium channel. Based on these findings, we are
investigating vasopressin activation o f L-type calcium channels which would
account for V ia vasopressin receptor activated induction o f calcium influx and
sustained rise in intracellular free calcium in cultured cortical neurons. Three day
old cultures of cortical neurons were exposed to 250 nM Vi agonist in the absence
or presence o f 10 |xM nifedipine, a L-type calcium channel blocker, for 5 seconds in
the presence of 45Ca2+. Results of these analyses indicate that Vj agonist alone
induced a 25.6% increase in calcium influx above basal which was blocked by
preincubation with 10 jaM nifedipine. Future studies will further investigate the
impact o f other L-type channel blockers on V ia agonist-induced rise in intracellular
calcium. In addition, we will investigate the involvement o f other classes calcium
channels such as N-, P-, Q-, R-, and T-types. Furthermore, once vasopressininduced calcium channel activation has been established, the mechanism of
vasopressin-induced calcium channel activation will be investigated.
This work is supported by N SF grant 1BN-9511423 to R.B.D.

DETECTION OF CHANGES IN NEUROTROPHIN mRNA EXPRESSION IN
VASOPRESSIN-TREATED RAT CORTICAL ASTROGLIA BY RT-PCR.
RS.Yamflzaki*. S.S. Schreiber. R.D.Brinton.
Dept o f Molecular
Pharmacology & Toxicology, & Dept o f Neurology, University o f Southern
California, Pharmaceutical Sciences Center, 1985 Zonal Ave., Los Angeles,
CA 90033
Based on our previous research documenting the expression o f mRNA for the
V ia subtype of vasopressin (AVP) receptor in astroglia o f rat cerebral cortex
(Yamazaki et al., Molec. Brain Research, vol. 45/1, pp 138-140, 1997) we
hypothesized that activation of vasopressin receptors would induce astroglia to
release factor(s) which would promote neuronal growth.
To test this
hypothesis, we conducted experiments in which rat cortical neurons were
incubated with AVP-treated astroglial conditioned media in vitro, and showed
significant growth in neurite length and number o f branches in these neurons
compared to controls (Yamazaki et al., Neuroscience Abstract #790.5, 1996).
To elucidate further the nature o f the factor(s) released by the AVP-treated
cortical astroglia, we employed the RT-PCR method to determine mRNA
expression levels o f NGF, BDNF, and NT3 in AVP-treated cortical astroglia
derived from the E 18 Sprague-Dawley rat. By using three 20mer prim er pairs
we amplified a 300 base-pair sequence o f the rat NGF, a 200 base-pair
sequence o f rat BDNF, and a 200 base-pair sequence o f rat NT3 from the total
RNA o f AVP-treated, and non-treated, astroglia. These studies will determine
whether A VP induces changes in mRNA expression o f select neurotrophins.
Supported by N SF grant 1BN-9511423 (RDB) & N1A Training Grant
Fellowship AG -00093-15
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D IM E R IZ A T IO N O F T H E 8 -O P IO ID R E C E P T O R . S. C veiic. E. L e w *
a n d L.A. D e v i. D e p t, o f P h a rm a c o lo g y , N Y U M e d ic a l C e n te r, N ew
Y ork, N Y 10016.

AGONIST EFFICACIES AT THE CLONED HUMAN 8 OPIOID
RECEPTOR. R J. Knapp*. Y. Hosohata. R.M. Quock. T.H. Burkev. E.
M alatvnska. K.C. Rice. X Zhang. H. Nagase. V.J. Hrubv. F. Porreca.
W.R Roeske & H.I. Y am am ura. Pharmacol. Dept., U. of AZ Coll.
Med., Tucson, AZ 85724.
Agonist potency is dependent on the agonist properties of receptor
binding affinity and intrinsic efficacy. Both properties can v a ry
independently yet both depend on the structure of the agonistreceptor complex. Agonist binding affinity further depends on the
conditions under which it is measured. Conditions prom oting Gprotein coupling to receptors using this second messenger system
perm it high affinity binding while those th a t do not give low
affinity binding. We examined the relationship between agonist
binding affinity and efficacy a t the cloned hum an 8 opioid receptor
for three compounds: the peptide [4'-ClPhe4 lDPDPE and the
heterocyclics SNC80 and TAN-67. All m easurem ents were
performed a t physiological sodium and m agnesium c oncentrations
with 50 |iM GDP. Marked differences in binding affinities (Ki) were
seen: TAN-67 » SNC80 * [4'-ClPhe4 ]DPDPE. However, s im ila r
potencies for the stim ulation of [35S]GTPyS binding were observed
(TAN-67 « SNC80 « [4’-ClPhe4 ]DPDPE) and all three agonists
produced the same maximum response. Efficacies calculated on the
relationship between receptor occupation relative to response
showed th a t [4'-ClPhe4 ]DPDPE and SNC80 have sim ilar efficacies
and are both much more efficacious th a n TAN-67. Since these
m easurem ents were made at equilibrium (i.e. steady state) we
concluded th a t the agonist receptor complex of SNC80 and
I4'-ClPhe4 lDPDPE is more efficient at inducing G -protein
activation th a t of TAN-67. Supported by NIDA and ADCRC grants.

Dimerization of G-protein coupled receptors has been increasingly
noted in the regulation of their biological activity. However, its
involvement in agonist induced receptor internalization is not well
understood. In this study, we examined the ability of mouse 5-opioid
receptor to dimerize, and the role of receptor dimerization in agonist
induced internalization. Using differentially (flag and c-Myc) epitope
tagged receptors we find th at the 8-opioid receptors exist as dimers.
The level of dim erization is agonist dependent; increasing
concentrations of agonists reduce the level of dimer with corresponding
increase in the levels of monomer. Interestingly, morphine does not
affect the levels of either form. It has been shown th a t morphine,
unlike other opioid agonists, does not induce receptor internalization.
This suggests a relationship between the ability of an agonist to
reduce the levels of dimer and induce receptor internalization. The
time course of the agonist induced decrease of 5-opioid receptor dimers
is faster then the time course of internalization, suggesting th a t the
monomerization precedes the agonist induced internalization of the
receptor. Furthermore, we find th a t a m utant 5-opioid receptor, with
a 15 residue C-terminal deletion, does not exhibit dimerization. This
m utant receptor has been shown to lack the ability to undergo agonist
induced internalization. These results suggest th a t interconversion
between dimeric and monomeric form may play role in opioid receptor
internalization.
This work is supported by grants DA08863 and NS01788 (to
L.A.D.).

159.3
AN
HYDROGEN-BONDING
NETWORK
BETWEEN
TRANSMENBRANE DOMAINS CONTRIBUTES TO THE ACTIVE
CONFORMATION OF THE 5-OPIOID RECEPTOR. M. Valiauette. H.K.
Vu, S.Y. Yue. E. Roberts. P. Walker* and M.C. Pepin. Astra Research Centre
Montreal, St-Laurent, Qc, H4S 1Z9, Canada.
Conformational search for interactions between transmembrane helices
(TM) in the human 5-opioid receptor led to the hypothesis that two distinct
hydrogen-bonds contribute to maintain the proper conformation of the
receptor for ligand binding. The potential interacting sites are between Asp95 in TM2 and Asn-314 in TM7 as well as between Asp-128 in TM3 and
Tyr-308 in TM7. Side chain of these residues being in close proximity are
proposed to interact by hydrogen-bonding. Experimental studies showed that
single mutations of these residues in hDOR significantly affect the binding of
ligands. Indeed, point mutations D95N, N314D, D128Y and Y308D
decreased from 3 to 300 fold the affinity for SNC-80 and deltorphin II.
Interestingly, the double mutations where the residues are interchanged,
D95N+N314D or D128Y+Y308D, restored the binding of the tested ligands
to a level comparable to the wild-type receptor. These results suggest that the
hydrogen bonds linking Asp-95 with Asn-314 as well as Asp-128 with Tyr308 are crucial deteiminants for the conformation of the hDOR binding
pocket formed by the TMs. Furthermore, the TM2-Asp/TM7-Asn couple is
conserved in 97% of the G protein-coupled receptors listed in Swissprot
database while the other 3% bear the reciprocal couple (TM2-Asn/TM7-Asp).
In addition, the TM3-Asp/TM7-Tyr is conserved in approximately 50% of
these receptors. This study and the high prevalence of these two amino acid
couples strongly suggest the importance of the hydrogen-bonding network in
the structure of the binding pore.

159.5
THE PHARMACOLOGICAL AND FUNCTIONAL CHARACTERIZATION
OF THE HUMAN DELTA OPIOID RECEPTOR EXPRESSED IN CHO
CELLS. D. K. Bryce*, J. M. Lewis and S. McLean. Department of
Neuroscience, Pfizer Central Research, Groton, C T 06340.
A human 5 opioid receptor (hDOR) expressed in Chinese hamster ovary
(CHO) cells, provided by Henry Yamamura CNeuroreport 6 , 613-616, 1995),
was characterized. [3H]-naltrindole, a radioligand selective for the 5 receptor,
bound to a single class of high affinity binding sites with a Kd o f 0.167nM
and Bmax of 944 fmol/mg protein. In competition binding assays the
antagonist compounds naltrindole and naltriben were the most potent
inhibitors of [?H]-naltrindole with Ki values equal to 0.069nM and 0.085nM
respectively, while BNTX had a Ki value o f 4.47nM. The opioid agonists
DSLET, DADLE, pCl-DPDPE, deltorphin-II, TAN-67, and SNC-80 also
displayed high affinity for the hDOR with Ki values ranging from InM to
5nM. Agonist-induced increases in [35S]-GTP-y-S binding were used as a
measure of functional activity at the hDOR. pCl-DPDPE, DSLET, deltorphinII, and other peptide agonists increased binding by as much as 400% of
baseline levels, with EC 50 values consistent with those obtained in competition
binding assays. The effect of lOnM pCl-DPDPE was inhibited by the opioid
receptor antagonists nalmefene, naloxone, and naltrindole. In forskolinstimulated cAMP accumulation studies, pCl-DPDPE and deltorphin II
inhibited up to 95% of the forskolin effect with E C » values of 0.14nM and
0.30nM.
The 5-selective opioid antagonists naltrindole and naltriben
completely reversed the effect of 0.3nM pCl-DPDPE. This cell line provides
a useful system by which the pharmacological and functional properties of the
hDOR may be examincjir
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159.4
S PE C IFIC D E L T A O P IO ID R E C E PT O R B IN D IN G O F [125I]-H K 08144.
C.
P o u ', K.S.
L ee2. H.
K a v a k iril K.
R ice* 3, and K.
P a v z a 1.
'D e p a rtm en t o f Ph arm aco lo g y , A stra R esearch C en tre M o n tréal, 7171
Fréd érick -B an tin g , St-L aurent, Q uébec H 4S 1Z9,
C anada.
2NEMH
N eu ro scien ce C e n te r at St. E lizab eth s, W ash in g to n , D .C ., ^Laboratory o f
M edicinal C h em istry , N IH , N ID D K , B ethesda, M D , 20892.
W e in v estig ated the recep to r bin d in g ch aracteristics o f an SN C 80 analog
that carries an iodine in p lace o f the 3-m ethoxy group: (+ )-4 -[(a R )-a ((2 5 ,5/?)-4-allyl-2,5-dim ethyl- l-p ip e ra z in y l)-3 -io d o ( 125I)benzyl]-./V,J/Vdieth y lb en zam id e, [ 125I]-H K 08144.
T h e rad io lig an d w as p rep ared by
peracetic acid io d in atio n o f the 3 -tributylstannyl precu rsor and pu rified to
hom o g en eity (2 2 0 0 C i/m m ole) by H P L C .
A t rat b rain m em branes,
sp ecific [ 125I]-H K 0 8 1 4 4 b in d in g was d isp laced p o ten tly by d elta ligands
(SN C 80, D elto rp h in II, D P D PE ) b u t w eakly by m u (D A M G O , M orphine)
o r k ap p a (U 6 9 5 9 3 ) ligands. A t the c lo n ed hum an d elta op io id recep to r
(hD O R ), [l25I]-H K 0 8 1 4 4 had a h ig h er affin ity (0.1 nM K D) than [ 125I]D elto rp h in II (K D = 0.93 nM ). T h e o rd er o f co m p e tito r p otency at hD O R
w as S N C 8 0 = M et-en k ep h alin > D elto rp h in II > 3 -en d o rp h in > D P D PE »
D A M G O = M o rp h in e » U 69593. T h e L o g [IC 5o] values o b tained w ith
[125I]-H K 0 8 1 4 4 w ere highly correlated o v ith th o se u sin g [ 125I]-D eltorphin II
at both h u m an an d rat b rain d e lta recep to rs. A t hD O R , [125I]-H K 08144
b in d in g w as in h ib ited by G ppN H p; this effect w as en h an ced by N aC l.
[ 125I]-H K 0 8 1 4 4 is an in terestin g ligand fo r inv estig atio n al u se at delta
opioid recep to rs as it is a stable, non p ep tid ic rad io lig an d w ith high
affinity and sp ecific activity.

159.6
NTI4F: A NON-PEPTIDE FLUORESCENT PROBE FOR THE DELTA
OPIOID RECEPTOR. AH Nakano1*. T Kshirsagar2. P-Y Law3. R
Elde1. and PS Portoghese2. Departments of Cell Biology and
Neuroanatomy, 2Medicinal Chemistry, and 3Pharmacology, University of
Minnesota, Minneapolis, MN 55455, USA.
The previously reported fluorescent probes for the delta ( 8 ) opioid
receptors using opioid ligands have either been peptidic in nature, have
had low quantal efficiency fluorophores, or have lacked selectivity,
thereby limiting their utility. A non-peptide fluorescent probe, NTI4F,
has been developed for the 8 opioid receptor. The probe is a potent 8 antagonist in the mouse vas deferens smooth muscle assay and binds to
the 0 opioid receptor with high affinity ( K i = 1 nM) and selectivity.
Confocal microscopy indicates that the probe binds to Madin-Darby
Canine Kidney (MDCK) cells transfected with the cDNA for the cloned
mouse 8 opioid receptor. The probe fluorescence coincides with the 8
opioid receptor immunoreactivity. The binding of the probe to the 8
opioid receptor can be blocked by the 8 -antagonist naltrindole, but not by
morphine or ethylketazocine which are mu (ji.)- and kappa (K)-selective
ligands, respectively. This fluorescent probe should prove useful in the in
vivo correlation of the pharmacological function of. 8 -antagonists with
receptor binding and receptor distribution.
Financial support was provided by NIDA.
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IN VIVO LABELING OF DELTA OPIOID RECEPTORS IN MOUSE

D E LTA O P IO ID R ECEPTO RS IN A M PH IB IA N SM O O TH MUSCLE:
CO NTRACTILITY A N D EN KEPH ALIN -LIKE IM M U N O R E A C n V IT Y .
M. Rubio-D£vila. I. Cruz-Jov£. R.E. Blanco, and G . Escalona de M otta*.
University o f Puerto Rico, D epartm ent o f Biology and Institute of
Neurobiology, 201 Blvd. del Valle, San Juan, P.R. 00901.

BRAIN BY [3HJNALTRIBEN. John R. Lever* and Ursula Scheffel.
Departments of Environmental Health Sciences and Radiology, The
Johns Hopkins University, Baltimore, MD 21205.
Naltriben (NTB), the benzofuran analogue of naltrindole (NTT), is a
selective antagonist for the putative delta2 (iz) opioid receptor. We have
determined the regional kinetics and pharmacological profile of
[3H]NTB in vivo in CD1 mouse brain. After i.v. administration,
[3HJNTB uptake and retention were highest in striatum, cortical regions
and olfactory tubercles, and lowest in superior colliculi and cerebellum.
Spearman rank order correlation (rs = 0.91) was found between the
regional distribution and 5 site densities known from prior in vitro
studies. Excellent correlation (rs = 0.99) also was observed with prior
data from in vivo studies of N 1'-([ 1lC]methyl)NTI in mouse brain.
Poorer correlation (rs = 0.75) was noted with prior in vivo data for
[3H]benzylidenenaltrexone ([3H]BNTX), a 5i selective antagonist.
In all brain regions, [3HJNTB uptake was saturable by NTB, and
was blocked by NTI (5.0 |imol / kg). A 5.0 jimol / kg dosage of the p.
antagonist cyprodime, or the k agonist U50,488H, did not inhibit
radioligand binding in any region. High levels (70-80%) of specific
binding were detected in striatum, cortical regions and olfactory
tubercles, while a low level (20%) was detected in cerebellum. BNTX
(ED50 = 0.25 jimol / kg) was less potent than NTB (ED50 = 0.027
jimol / kg) in blocking striatal specific binding of [3H]NTB. Thus,
[3H]NTB labels central 8 opioid receptors in vivo with a profile that is
consistent with, but not conclusive for, a 62 assignment of the sites.
This research was supported by National Institute on Drug Abuse
grants DA 08870 and DA 08816.

159.9
SELECTIVE VOLATILE ANESTHETIC ANTAGONISM OF DELTORPHIN IIINDUCED ANALGESIA. G.l. Elmer* and J.O. Pieper. Behav. Pharmacol.
Genetics. IRP, NIDA, NIH, 5500 Nathan Shock Dr., Balt., MD, 21224
The volatile anesthetics methoxyflurane and isoflurane are
commonly used to induce general anesthesia for surgical procedures.
The mechanism by which volatile anesthetics produce loss of
consciousness and pain perception is unclear.
It is not known
whether all volatile anesthetics act at a common site or whether there
are significant opiate-receptor specific interactions. The purpose of
this study was to determine if volatile anesthetics affect opiatemediated analgesia and if the interactions were consistent across
volatile anesthetics. In order to address these questions, the volatile
anesthetics methoxyflurane and isoflurane were administered (1 min
exposure in drop jar) immediately prior to i.c.v. administration of
increasing doses of DPDPE or deltorphin II (61 and 62 agonists,
respectively) in eight inbred mouse strains. DPDPE and deltorphin
II produced dose-related increases in analgesia as determined by the
hot-plate assay (55°C). Prior administration of methoxyflurane or
isoflurane did not affect the analgesic potency of DPDPE in any of the
eight inbred strains tested. However, prior administration of
isoflurane (but not methoxyflurane) decreased deltorphin ll-induced
analgesia in a genotype-dependent manner. Isoflurane completely
eliminated the analgesic effects of deltorphin II (1-56 nmole) in
C3H/HeJ and CBA/J mice. The selective and receptor specific effects
of isoflurane in these genotypes may help to elucidate the molecular
mechanisms of anesthetic action and further distinguish differences
between Ô-opiate receptor subtypes. (NIH Intramural Funding)
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Opiates are known as modulators of contractility in mammalian enteric
muscles. In our studies of the phasic, spontaneous contractions shown by
the frog (Rana pipiens) gastric muscle, we described both a cholinergic
and an adrenergic modulation in this muscle. This work examines the
influence of enkephalin opiates on the contractions of the frog muscularis
externa muscle strips. Met-enkephalin (Met-Enk) was the most potent of
the delta opiate receptor agonists used, increasing by more than 50% the
amplitude of the contractions while reducing their frequency to half the
control value. Leu-enkephalin produced similar effects, but of lower
intensity, particularly on the force of contraction. [D-Ala2, D-Leu5}
enkephalin also reduced by nearly 30% the contraction frequency.
Histochemical observations revealed enkephalin-like immunoreactivities
in muscle frozen sections and whole-mount preparations. Varicose fibers
showing Met-Enk-like immunoreactivity were seen running along the two
layers of the muscularis externa. These pharmacologic and histologic
observations point to a modulatory role for delta receptor opioids in the
contractile activity of amphibian gastric smooth muscle. (This work was
supported by NIH grants GM08102 and MH48190 to G.E.M; in part, by
NIH grants GM08224 and NS07464 to R.E.B.; and by DoD
Instrumentation Grant N00014-93-1380 (ONR))

159.10
1-[(A/(Ai-DIMETHYLAMINO)METHYL]-2-(3l4-DICHLOROPHENYLACETAMIDE)-1l2,3,4TETRAHYDROISOQUINOLINE BINDING TO k OPIOID RECEFJOR SUBTYPES. G.R. Hill1. M.
Kassiou2. L-l Tsao1. T-P. Su1. R.F. Dannals3 L Sharpe* and E.D. London1, intramural
Research Program, NIDA, Balto., MD; 21224; 2PET Dept., Royal Prince Alfred Hosp., Sydney,
Australia, and 3Div. Nucl. Med., Johns Hopkins Sch. Med., Balto., MD 21205.
Following development of potent k opioid receptor ligands, such as BRL 52537 and BRL
52656, from U-50488, further modifications led to tetrahydroisoquinolines, of which the I- isomer
of 1-[(A/,/V-dimethylamino)-methyl]-2-(3,4-dichlorophenylacetamide)-1,2,3,4-tetrahydroisoquinoline (DD-THIQ) showed selectivity for k over p and 5 receptors (V. Vecchietti et al., J.
Med.Chem. 1991,34:2624). The present study tested selectivity of DD-THIQ stereoisomers for
Kf vs. k2 receptors, with an eye toward developing a C-11-labeled radioligand. /- DD-THIQ can
be labeled with C-11 methyl iodide in the final step of radiosynthesis, affording a more rapid
synthesis than those possible for other k ligands that have been labeled with C-11. We also
reasoned that if the d- isomer were inactive, labeled d-DD-THIQ might be useful for estimating
nonspecific binding of the /- isomer.
Competition assays were performed with d- and I- stereoisomers of DD-THIQ against [3H]U69,593 (47.5 Ci/mmol) in guinea pig brain to assess affinity at k< receptors, and against
[3H]ethylketocyclazocine ([3H]EKC) (18.1 Ci/mmol) in rat brain to assess potency at K2 sites.
Incubations were run in 100 mM Tris-HCI buffer (pH 7.4) at 25° C, and nonspecific binding was
defined with naloxone (1 mM in guinea pig brain and 10 jjM in rat brain).
[3H]U-69,593 bound with high affinity to k i receptors in the guinea pig brain (Kj = 3.67 ± 0.57
nM;
104 ± 9.48 fmol/mg protein). Competition assays yielded Kj = 212 ± 30.7 nM for dDD-THIQ and Kj=36.7 ± 11.8 nM for /-DD-THIQ, indicating that the /- isomer was almost 10-fold
more active at k j receptors than the d- isomer. [3H]EKC bound with high affinity in rat brain (K,,
= 6.64 ± 1.49 nM, B ^ 363 ± 39.2 fmol/mg protein). Competition assays with d-DD-THIQ
yielded K, = 5.46 ± 2.29 pM, and competition with /-DD-THIQ gave Ki = 68.7 ± 12.6 nM,
indicating that the /- isomer of DD-THIQ is far more potent than the d- isomer at K2 receptors.
The findings show no remarkable selectivity of /-DD-THIQ for k i vs. k 2 receptors, but indicate
adequate affinity of the I- isomer for in vivo imaging of k opioid receptors. (The NIDA Brain
Imaging Ctr. is supported in part by funding from the Office of Natl. Drug Control Policy.)

159.11

159.12

M O L E C U L A R S IM U L A T IO N O F D Y N O R P H IN A (l-1 0 ) B IN D 
I N G T O E X T R A C E L L U L A R L O O P 2 O F T H E /c -O P IO ID R E C E P 
T O R . A M O D E L F O R R E C E P T O R A C T I V A T IO N . M. G. P a te r Uni*,
P. S. Portoghese and D. M. Ferguson. D epartm ent of M edicinal Chem istry,
U niversity of M innesota, 308 H arvard Str. SE, M inneapolis, MN 55455.
T he stru c tu re of th e second extracellular loop region (EL2) of th e K-opioid
receptor has been m odeled to u n d erstan d th e stru c tu ra l basis for dynorphin A
binding a nd selectivity. A pplication of secondary stru c tu re prediction m eth 
ods and hom ology m odeling resulted in a turn-helix m o tif for th e N -term inal
region of /c-EL2. A sim ilar m otif was not predicted for EL2 of eith er th e S of
fj, opioid receptors. T he EL2 helix was fu rth er shown to be am phiphilic and
com plem entary to the helical com ponent of dynorphin A. Using a m odel of th e
«-receptor (M etzger e t al. Neurochem. Res. 1 9 96, 21, 1287) j including th e
newly predicted EL2 turn-helix dom ain, a binding m ode is proposed based on
helix-helix interactions between hydrophobic residues of EL2 an d th e helical
com ponent of dynorphin A (l-10). M olecular sim ulations of th e receptor-ligand
complex yielded stru ctu res in which th e tyram ine m oiety or opioid “m essage”
of dynorphin is bound w ithin a conserved arom atic pocket in th e tran sm em 
b rane dom ain while th e helical po rtio n contacted residues in EL2 and in th e
extracellular end of transm em brane helices 6 and 7. T h e m odel is in gen
eral agreem ent w ith site-directed m utagenesis d a ta and chim era studies th a t
have identified binding dom ains in b o th th e EL2 an d transm em brane regions
to dynorphin A. T he results confirm th e im portance of th e opioid “message”
displayed by m any opioid ligands b u t also suggest a p o ten tial m echanism of
receptor activation th a t m ay be m ediated by EL2 th ro u g h interactions w ith
th e “address” com ponent of dynorphin A. Supported by N IH /N ID A research
g rants and NIDA training gran t T32DA07234.

k-O PIO ID TRANSIENTLY MOBILIZES C a2+ FROM IP3-SENSITIVE STO RES
IN T H E K -RECEPTOR-EX PRESSED CH O CELLS. M. Ikeda1. H. Shinagaw a1.
K. Hirosaw a*2. D. K. Grandv3. and T. Y oshioka1 1Advanced Research Center for
Human Sciences and Dept, o f M olecular Neurobiol., Waseda Univ., 2Inst, o f Medical
Science, Tokyo Univ., 3Vollum Inst, o f Oregon Health Sciences Univ. OR 97201-3098
The mechanisms of intracellular signal transduction via k opioid receptor is not
fully understood. Thus, we examined a fura-2 based imaging of intracellular calcium
concentration ([Ca2+]j) in the K-receptor-expressed CHO cells. The application of k
agonist, U50488 (lnM-500|xM) dose-dependently increased the population of cells
which elevated [Ca 2+]j, In addition, similar response was found by the 5pM U69593,
the other k agonist. Interestingly, the time course o f these response was transient (<30
sec) regardless of dose and type of agonists. The pretreatment of lpM naloxone or norBNI (k antagonist) significantly reduced the response. The [Ca2+]j mobilization was
survived under, the perfusion o f Ca2+ free saline containing 20[J.M EGTA, while no
response was found after exhaustion o f Ca2+ store by the 3jxM thapsigardin. In addition,
the PLC inhibitor U73122 (3jxM) completely suppressed the response. These results
suggest that the [Ca2+]; elevation may be caused by the IP3 induced Ca2+ release from
internal store. Since similar result is known for the 6 opioid receptor, the PI cascade
seems to be a common intracellular signaling pathway among variable opioid subtypes.

S ociety f o r N euroscience, Volume 2 3 ,19 9 7

398

OPIATE RECEPTORS: DELTA KAPPA

SUNDAY PM

159.13

159.14

MELATONIN INHIBITS MEDIAL PERFORANT PATH-GRANULE CELL LONG
TERM POTENTIATION THROUGH A PUTATIVE k OPIOID RECEPTOR
M ECHANISM. R.B. Gonzales* and D.L. Armstrong. Div. of Life Sciences,
University of Texas at San Antonio, San Antonio, TX 78249.
We have previously shown that the pineal hormone, melatonin (MLT: 0.5 mM), has
inhibitory properties at hippocampal synapses. Effects of the hormone at medial
perforant path-granule cell synapses include a depression of the evoked field excitatory
postsynaptic potential (fEPSP) response, as well as inhibition o f long-term potentiation
following high-frequency tetanic stimulation (control LTP = 24.57 ± 3.92%; M LT LTP
= -0.94 ± 4.25%: data represented as mean ± SEM% fEPSP change from baseline 30
min posttetanus). In order to determine M LT’s site(s) of action regarding its inhibition
o f synaptic plasticity, evoked fEPSPs were obtained from hippocampal slice
preparations. Mature male Sprague Dawley rats, housed under a 12:12 Light:Dark
cycle, were used, with hippocampal slices prepared approximately 2 hr prior to the dark
phase.
The actions of M LT in this, and other brain regions, are similar to those of k opioid
receptor agonists, and both MLT and k opioid peptides activate receptors linked to
similar second messenger systems. Therefore, both the general opioid receptor
antagonist, naloxone (NLX: 5 |iM), as well as the selective k receptor antagonist, norbinaltorphamine (NBNI: 1 jjM) were tested for their ability to block M LT’s inhibition
o f LTP. Results demonstrated that both NLX (NLX+MLT LTP = 27.89 ± 4.62%) and
NBNI (NBNI+MLT LTP = 27.61 ± 3.88%) block the MLT-mediated inhibition of LTP
at this synapse. The specific p receptor antagonist, CTOP (10 nM), was also coapplied
with M LT to determine M LT’s specificity for the k receptor system. CTOP had no
effect on the MLT-mediated inhibition of LTP (CTOP+MLT = -1.13 ± 2.83%). These
results indicate that the actions of MLT on LTP induction are mediated through
increased opioid receptor activity, with MLT specifically targeting the k opioid receptor
system. Supported by UTSA Doctoral Fellowship

INVOLVEMENT OF SPINAL, BUT NOT SUPRASPINAL, Gia2 PROTEIN M
ANTINOCICEPTION INDUCED BY SUPRASPINALLY ADMINISTERED k1OPIOID AGONIST IN THE MOUSE. C. Suqanuma1. M. Narita1. H. Mizoquchi1.
M. Narita1. R. M. Quock2* and L.F. Tseng1. 1Dept. of Anesthesiology, Medical
College of Wisconsin, Milwaukee, Wl 53226, 2Dept. of Biomedical Sciences,
University of Illinois College of Medicine, Rockford, IL 61107.
G proteins which are composed of multiple a subunits and frydimers may play
important roles in mediating opioid-induced antinociception. Present study
was designed to investigate the role of Gkx2 protein in the spinal cord and the
brain in descending pain control system stimulated by k1-opioid receptor
agonist given supraspinally. The effects of the pretreatment with antisense
oligodeoxynucleotide
(AS)
targeting
Gkx2
protein
given
intracerebroventricularly (i.c.v.) and intrathecally (i.t.) on antinociception
induced by i.c.v.-administered U50.488H were studied in male ICR mouse.
Antinociception was determined by the tail-flick test. The tail-flick inhibition
induced by i.c.v.-administered U50.488H was completely antagonized by
i.c.v.-pretreatment with a k1-antagonist nor-BNI, but not a ^-antagonist p-FNA
or a S-antagonist NTI, indicating that the effect is selectively mediated by the
stimulation of supraspinal k1-opioid receptors. A single i.c.v. pretreatment with
Gia2 AS (5 to 20 ng/mouse) 48 hr prior to U50.488H injection did not affect the
inhibition of the tail-flick response to i.c.v.-administered U50.488H. However, a
single i.t. pretreatment with Gia2 AS attenuated dose-dependently the tail-flick
inhibition induced by i.c.v.-administered U50.488H. These results suggest
that supraspinal k1-opioid receptors may not be coupled to Gia2 proteins for
producing antinociception. Furthermore, Gia2 proteins in the spinal cord play a
role in mediating the descending pain control system activated by the
stimulation of supraspinal k1-receptors in the mouse (Supported by NIH grant,
DA 03811).

OPIOIDS: KAPPA
160.1
KAPPA OPIOID AGONISTS INHIBIT HIGH VOLTAGE-ACTIVATED
CALCIUM CURRENTS IN RAT COLON SENSORY NEURONS FROM SI
DORSAL ROOT GANGLIA. X. Su. R.E. Wachtel* and G.F. Gebhart. Depts
Pharmacol and Anesthesia, College o f Med, Univ o f Iowa, Iowa City, IA 52242.
Acutely dissociated cells from SI dorsal root ganglia (DRG) were used to record
high voltage activated (HVA) Ca2+ currents from colon sensory neurons. Cells were
labeled with Di-I that had been injected into the descending colon 1-2 weeks
previously. Cells were held at -60 m V and HVA currents were elicited by stepping
to -10 m V for 240 msec. The k opioid receptor-agonists U50,488H (ki),
bremazocine ( k 2) and nalBzoH ( k 3) attenuated HVA Ca2+ currents to 62.2 ± 9.6 %
(n=9), 70.7 ± 9.2 % (n=5) and 70.6 ± 8.9 % (n=7) o f control at 10^M. Inhibition by
k receptor agonists was reversed by naloxone (10'5M), a nonselective opioid receptor
antagonist. HVA Ca2+ currents were not attenuated by the \x agonist m orphine
(1 0 ^ 1 ) or the 8 agonist DPDPE (10'7M). These findings are consistent with our
previous work in vivo showing that the k agonists U50.488H, bremazocine and
nalBzoH attenuated afferent fiber responses to noxious colorectal distension, while
the n agonists morphine and fentanyl and the § agonists DPDPE and SNC-80 did
not affect the afferent responses/ 1,2‘ Our results suggest that k opioid receptors may
be coupled to HVA Ca2+ channels in colonic S I sensory neurons and that these
channels may play a physiological role in modulating responses to noxious visceral
stimuli.
1) Sengupta, Su and Gebhart. k , but not \i or 8, opioids attenuate responses to
distention o f afferent fibers innervating the rat colon. Gastroenterol 111: 968-980,
1996.
2) Su, Sengupta and Gebhart. Effects o f kappa opioid receptor-selective agonists on
responses o f pelvic nerve afferents to noxious colorectal distension. J Neurophysiol,
In press, 1997.
Supported by NIH NS-19912 and Dept of Veterans Affairs

160.3
«-OPIOID RECEPTOR AGONISTS REDUCE NMDA-EVOKED
Ca2+ TRANSIENTS IN ACUTELY ISOLATED NEURONS FROM
THE SPINAL DORSAL HORN. G. Gerber. S.D. Hocherman*. and
M, Randil. Dept, of Vet. Physiol, and Pharmacol., Iowa State
University, Ames, IA 50011.
The spinal cord dorsal horn (DH) is an important site for the
production of antinociception by opioids. To further explore the
cellular and molecular mechanisms of opioid action in spinal pain
modulation, we examined the effects of «-opioid receptor agonists,
dynoiphin A M7 and U-69,593, on the increase in [Ca2+]; produced
by NMDA in acutely isolated rat DH neurons (LI-III) using fura-2based microfluorimetry. Co-application of dynorphin A,.,7 (0.110/*M), or U-69,593 (0.1-10/xM), and NMDA (30/xM) resulted in a
decrease of the NMDA-induced Ca2+ transients in a majority of the
examined cells. The inhibitory action of dynorphin A M7 was
attenuated, by a selective /¿-opioid receptor antagonist, CTAP (100200nM) and the /^-opioid receptor antagonist norbinaltorphimine (norBNI, lpM). These data suggest that dynorphin A M7 may activate ¡xand/or «-opioid receptors to reduce the NMDA-evoked Ca2+
transients. The pretreatment of DH cells with nor-BNI markedly
reduced the inhibition of NMDA effects by U-69,593. These effects
may contribute to the ability of «-receptor-preferring ligands to
produce antinociception. Supported by the USPHS grant NS-26352

and NSF Grant IBN-9604654.
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160.2
THE KAPPA RECEPTOR AGONIST ENHANCES THE
HYPERPOLARIZATION-ACTIVATED CURRENT (Ih) IN RAT
BRAINSTEM NEURONS IN VITRO. Z. Z. Pan* & H. L. Fields.
Departments of Neurology & Physiology and the Keck Center for
Integrative Neuroscience, UCSF, San Francisco, CA 94143.
Previously we demonstrated that kappa opioid agonists hyperpolarize a
group of medullary neurons by increasing a potassium conductance. In
addition to this hyperpolarization, kappa agonists enhance the
hyperpolarization-activated current (Ih). In this study, we characterized the
effect of kappa agonists on the Ih using the visualized whole-cell patch
clamp recording technique in medullary slice preparations. In these
neurons, hyperpolarizing steps activated an inward current which had
characteristics similar to those of the Ih described elsewhere in the brain,
including slow activation, voltage dependence (threshold at between -60
and -70 mV), enhancement by raising external k+ concentration,
insensitivity to Ba++ (200jxM) and sensitivity to Cs+ (2mM). The kappa
receptor agonist U69593 (300nM) more than doubled the Ih amplitude
measured at -120 mV. Estimates from the Boltzmann equation showed
that U69593 increased the maximum current without changing its voltage
dependence. Caffeine (lOmM), which releases intracellular Ca++, similarly
enhanced the Ih in these neurons. In contrast, thapsigargin (3}iM), which
interferes with the intracellular Ca++ releasing process, reduced the
amplitude of the Ih- In the presence of either caffeine or thapsigargin, the
enhancing effect of U69593 on the Ih was significantly reduced. These
findings suggest that the Ih in these neurons is modulated by intracellular
Ca++ and that activation of kappa opioid receptors which opens K+
channels through G proteins, also enhances the Ih possibly through
mobilization of intracellular calcium. Supported by the USPHS grant
DA1949 and the National Headache Foundation.

160.4
KAPPA-SELECTIVE AND TEST-SPECIFIC ANALGESIC
RESPONSES ELICITED FROM THE AMYGDALA AND ITS
RELATIONSHIP WITH THE PERIAQUEDUCTAL GRAY IN RATS.
Z.W. Pavlovic* and R.J. Bodnar. Neuropsychology Doctoral Program,
Queens College, CUNY, Flushing, NY 11367.
The selective kappa, opioid agonist, U50488H produces analgesia on
the tail-flick test following intracerebroventricular administration, but not
in such supraspinal sites as the periaqueductal gray (PAG), rostral
ventromedial medulla, locus coeruleus and amygdala. Microinjections of
either morphine or beta-endorphin in the amygdala produces analgesia on
the tail-flick and jump tests which are mediated by delta^ and to a lesser
degree, mu opioid receptors in the PAG. Further, synergistic interactions
occur for morphine and beta-endorphin analgesia between the amygdala
and PAG. The present study evaluated whether the kappa, opioid agonist,
U50488H produced analgesia on the tail-flick and jump tests following
microinjections in the amygdala. Amygdaloid injections of U50488H (1-5
ug) significantly increased jump thresholds, but not tail-flick latencies,
and this test-specific analgesia was blocked by pretreatment with the
kappat opioid antagonist, nor-binaltorphamine (1-4 ug) in the amygdala.
Further, naltrexone (1-5 ug) pretreatment in the PAG dose-dependently
blocked U50488H-mediated analgesia on the jump test from the amyg
dala, indicating that a mesencephalic opioid synapse mediates this testspecific analgesia induced by this kappa, agonist. Supported by
PSC/CUNY Grants 666237 and 667248.
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160.5

160.6

ULTRASTRUCTURAL CHANGES IN DYNORPHINERGIC TERMINALS OF
NUCLEUS ACCUMBENS IN RATS THAT DISPLAY NEUROLEPTIC-INDUCED
VACUOUS CHEWING MOVEMENTS. G.E. M ereditht*. M.F. Ecan¥. G.
U ppeart. M I,. W onct. T. Hvde¥. fD ep t o f Anatomy, Royal College o f Surgeons
in Ireland, Dublin 2, Ireland. VNIMH Neuroscience Research Center at St.
Elizabeths, 2700 M L . King Ave, SJE., Washington, D.C. 20032.
A subgroup o f rats treated long-term with neuroleptic drugs, develop vacuous
chewing movements (VCMs) and can be used as models for tardive dyskinesia in
bumans. In this study, 60 male, Sprague-Dawley rats were treated every three
weeks fa* 36 weeks with the depot drug, haloperidol decanoate, or vehicle and
then withdrawn for 19 weeks. One subgroup (n=14) demonstrated marked VCMs
(VCM+) that persisted through the withdrawal period, while a second subgroup
(n=14) displayed very few VCMs (VCM-). Four animals from each subgroup and
four vehicle-treated rats were deeply anesthetized and perfused with fixative.
Using commercially available anti sera to dynorphin A, sections through nucleus
accumbens were immunoreacted and further processed for ultrastructural study.
Blocksprepared for the electron microscope were cut from the shell o f nucleus
accumbens, the only region where light microscopic differences in the density of
immunoreaction product between treated animals and controls were observed.
Blocks were also coded so that the observer was blind to the treatment and VCM
category. Dynorphin-imm unoreactive (dyn-IR) synaptic boutons were
photographed and analyzed for size, shape, synaptic length and target. Dyn-IR
terminals form primarily symmetrical, axodendritic contacts. No changes in their
size, active zone or target could be attributed to haloperidol treatment alone.
However, dyn-IR terminals o f VCM+ rats were significantly increased in size and
number o f synaptic perforations, and in their axospinous contacts over those o f
either VCM- or control animals. These data suggest that the development o f motor
disturbances that accompany chronic neuroleptic treatment may be mediated
through morphological changes in Dl-mediated, dynorphinergic neurons in the
shell of nucleus accumbens. Supported by a RCSI research grant (to GEM & GT).

O P IO ID
AND
N O N -O P IO ID
FR A G M EN TS
OF
D Y N O R PH IN
M O D U L A T E T H E A C T IV IT Y O F M E S O S T R IA T A L D O P A M IN E
N E U R O N S . A . K . P an i. J. A . M a to ch ik * . and T. S. S h ip p en b erg . In teg rative
N e u ro sc ie n c e U n it, N ID A /N IH , In tram u ral R esearch P ro g ram , 5 500 N athan
S h o c k D riv e, B a ltim o re , M D 21224.
D y n o rp h in 2.i 7 is a p e p tid e d e riv ed from p ro d y n o rp h in a n d lacks th e N term in u s o f d y n o rp h in (D Y N ) th a t is essen tial fo r o p io id activ ity . E v idence
su g g e sts th a t D Y N 2.i7, as w ell as o th er p ro d y n o rp h in p e p tid e s can m o d u late
th e effe c ts p sy ch o stim u lan ts. T h e p rese n t m icro d ialy sis stu d y ev alu ated the
in flu e n ce o f D Y N 2.i7> a n d o th er D Y N p e p tid e frag m en ts o n d o p am in e (D A )
o v e rflo w in striatu m .
M ale S p rag u e-D aw ley rats receiv ed intrastriatal
in fu sio n s o f D Y N p e p tid es, a n d D A lev els w ere q u an tified in v ivo u sin g
H P L C /E C d e tectio n . P e rfu sio n (1 0 -1 0 0 |im ) o f th e D Y N 2.17 fra g m en t c aused
a d o se d ep e n d en t, sta tistic a lly sig n ific a n t d ec re a se in D A co n cen tratio n . A
m ax im u m d e c re a se o f 9 1 % w a s o b serv ed fo r 100 n m D Y N 2.17. S im ilar
d e c re a se in D A lev els h as b e e n rep o rted fo r D Y N M7, th e p o stu lated
en d o g e n o u s lig an d fo r th e K -opioid recep to r. In co n trast, 100 n m DYN*.,,,
p e rfu se d th ro u g h th e m ic ro d ia ly sis p ro b e failed to m o d ify d ialy sate D A
co n cen tratio n . T h e p rese n t resu lts are co n sisten t w ith th e m o d u la to ry ro le o f
d y n o ip h in s o n D A n e u ro tran sm issio n an d d e m o n strate a sim ila r ro le fo r the
n o n -o p io id p e p tid e, D Y N 2.17. F u rth erm o re, th ey d e m o n strate th at a m in o acids
in p o sitio n 2 -9 o f th e D Y N p e p tid e are essen tial fo r th is effect. F uture
stu d ie s w ill asse ss th e e ffe c t o f D Y N ,.,7 an d D Y N ,.13 o n D A efflu x from
striatu m and th e actio n o f K -opioid rec e p to r a n tag o n ists o n th e d o p am ine
in h ib itin g e ffe c t o f d y n o rp h in .

160.7
COMPARISON OF KAPPA OPIOID AGONISTS IN ENADOLINETREATED PIGEONS DISCRIMINATING NALTREXONE AND SALINE.
S. Lelas and C.P. France*. Department of Pharmacology,
Louisiana State University Medical Center, New
Orleans, LA 70112.
The present study was undertaken to assess the range of efficacy of
opioid kappa ligands. Seven white Cameaux pigeons were treated
daily with 0.32 mg/kg of the selective kappa agonist enadoline i.m. 20
minutes before session and trained to discriminate between 0.56
mg/kg i.m. naltrexone and saline on the fixed-ratio 20 schedule of
food delivery. Naltrexone dose-dependently increased responding on
the drug key to more than 90%. When given following enadoline
pretreatment, MR2266 and nalorphine dose-dependently increased
responding on the naltrexone key; nalorphine produced 100%,
whereas MR2266 produced 67% naltrexone-key responding at the
highest doses. When the enadoline injection was omitted, pigeons
responded on the naltrexone key. Enadoline and U-69,593 dosedependently reversed naltrexone-key responding and decreased
response rates, whereas MR2266 and nalorphine reduced naltrexonekey responding to 50% and 71%, respectively. Naltrexone, in doses of
0.1, 0.32 and 0.56 mg/kg, shifted the enadoline dose-e£fect curve to
the right for both the discriminative-stimulus and rate-decreasing
effects. Ketamine did not affect saline- or naltrexone-key responding
following enadoline pretreatment or omission of the daily enadoline
injection, respectively. These data suggest that MR2266 appears to
have low efficacy kappa agonist effects, as does nalorphine, whereas
enadoline and U-69,593 appear to have relatively high efficacy at the
kappa receptor. Supported by USPHS grant #DA05018.

K A P P A O P IO ID M E D IA T E D B E H A V IO R A L S E N SIT IZ A T IO N IN T H E
P R E W E A N L IN G R A T: R E L A T IO N S H IP T O FO S IR. R.L. C ollins. V .Y .
Ingersoll. A .R . Zavala» P.E. K arp er. S.A. M cD o u g all. a n d C .A . C raw fo rd*.
D ep artm en t o f P sychology, C alifo rn ia State U niv ersity , San B ernardino, CA.
W h en g iv en acutely, k ap p a o p io id a g o n ists (e.g., U -5 0 ,4 8 8 ) decrease the
lo co m o to r activ ity o f ad u lt rats, w h ile th ey increase th e activ ity o f
p rew ean lin g a n d fetal rats.
T h e p u rp o se o f th e p rese n t study w as to
d eterm in e w h eth er chro n ic treatm en t w ith U -50,488 w o u ld sensitize the
lo co m o to r activ ity o f p rew ean lin g anim als. In tw o experim ents, rats (5 o r 11
days old at in itial in jectio n ) w e re in je c te d o n fiv e co n secu tiv e days w ith
salin e o r U -50,488 (5.0 m g/kg, SC ) a n d lo co m o to r activ ity w as assessed for
60 m in. A final test day o ccu rred eith er 2 o r 8 days later, w ith rats receiv ing
a ch allenge in je c tio n o f U -50,488 or saline. B eh avio r w as a sse sse d for 60
m in a n d rats w ere sacrificed 1 h late r fo r an aly sis o f F o s IR. C o m pared to
acu tely tre a te d co n tro ls, p rew ean lin g rats (at b o th ages) treated ch ro n ically
w ith U -50,488 sh o w ed en h an ced lo co m o to r activ ity a fter a challenge
in je c tio n o f U -50,488. In terestin g ly , th e sen sitized resp o n se w as only evident
w h e n beh av io r w a s assessed 2 days, b u t n o t 8 days, a fte r cessatio n o f d rug
treatm en t. U -5 0 ,4 8 8 e n h an ced F o s IR in v a rio u s b rain reg io n s o f the
p rew ean lin g ra t (e.g., m ed ial striatum , septal area, o lfacto ry tubercles, and
habenula). R elativ e to a c u tely treated rats, sen sitized rats sh ow ed red u ced
lev els o f F o s IR in th e m ed ia l' striatu m , p e rh a p s in d icatin g th at th is b rain
reg io n is im p o rtan t fo r th e e x p ressio n o f th e sen sitized response. W hen
co n sid ered to g eth er, th ese resu lts sh o w th at th e k ap p a o p io id agonist U 5 0,488 is ab le to in d u ce short-term , b u t n o t long-term , b ehavioral
sen sitizatio n in p rew ean lin g rats.
T h e o ccu rren ce o f U -50,488-induced
b eh av io ral sen sitizatio n co rrelates w ith d ecreased F o s ex p ressio n in the
m ed ial striatum .

160.9
1MMUNOCYTOCHEMICAL ANALYSIS OF THE CELLULAR AND SUBCELLULAR
DISTRIBUTION OF THE CLONED KAPPA OPIOID RECEPTOR IN THE HYPOTHALAMONEUROHYPOPHYSIAL SYSTEM: COMPARISON WITH DYNORPHIN AND THE NEURO
HYPOPHYSIAL h o r m o n e s . SJShustgiM.Rjgd]*, &.U. L.Vulchanpvft. and R.Elds, Dept,
of Cell Biology and Neuroanatomy, Univ. of Minnesota, Minneapolis, MN 55455, USA
The cloned kappa opioid receptor (KOR1) and dynorphin are present in the
magnocellular neurons of the paraventricular (PVN) and supraoptic (SON) nuclei,
which make up the hypothalamo-neurohypophysial system. The relationship between
KOR1 and dynorphin positive neurons within these nuclei has not been directly
examined. We studied the distribution o f KOR1, dynorphin and the neurohypophysial
hormones using immunohistochemistry at a cellular and subcellular level.
In rat and guinea pig brain, KOR1 immunoreactivity (-ir) and preprodynorphin-ir
(ppDYN) showed a high degree of colocalization in the magnocellular cell bodies of
both PVN and SON. In rat, both a subset of vasopressin-neurophysin (VPNP) and
oxytocin-neurophysin (OXNP) positive neurons were found to have both KOR1- and
ppDYN-ir. However, in guinea pig, only a subset o f VPNP positive neurons were
both KOR1- and ppDYN-ir. In addition, in the rat median eminence and posterior
pituitary, KOR1 and dynorphin A 1-8 positive fibers were shown to coiocalize with
both VPNP- and OXNP-ir.
Electron microscopic studies o f the posterior pituitary in both species showed
K O R l-ir often associated with neurosecretory granules and, to a lesser extent, the
plasma membrane. In addition, K O R l-ir was observed in pituicytes. Double
immunogold labeling of Epon embedded thin sections of rat posterior pituitary
confirmed the coexistence of K O R l-ir in both VPNP and OXNP positive terminals.
In summary, these results suggest that KOR1 may be acting as an autoreceptor in
the hypothalamo-neurohypophysial system. Moreover, in the rat, KOR1 is poised to
modulate the release of both oxytocin and vasopressin, while in the guinea pig
KOR1 likely modulates the release of vasppressin. Supported by grants from NIDA
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IN VIVO HYDROXYL RADICAL DETECTION DURING INFUSION OF 6HYDROXYDOPAMINE INTO RAT STRIATUM - PERGOLIDE EFFECTS
J,QpaQXariu£fry*'.A,W, W ilgon .and-S.,B^Blunt, M RC Cyclotron Unit, Hammersmith
Hospital, London W12 OHS, U.K.
Intracerebral administration of 6 -hydroxydopamine ( 6 -OHDA) is widely used to effect
experimental models of Parkinson’s disease. It is known that 6 -OHDA easily forms free
radicals and causes dopaminergic lesions associated with increased oxidative stress.
However, the primary events involved in 6 -OHDA neurotoxicity are not clear.
Microdialysis probes were implanted in the striatum of anaesthetised rats and perfused
with 5 mM salicylic acid in Ringer solution (lp-L/min) to measure 2,3dihydroxybenzoic acid (2,3-DHBA) as an index of hydroxyl radical formation. The
average baseline levels of 2,3-DHBA and dopamine (DA) were -0 .2 and 0.060 pmol/20
min, respectively. Infusion of 6 -OHDA (2 - 20 mM) in 0.1% ascorbic acid via the
dialysis probe for 15 min was followed by an immediate and striking increase in the
extracellular levels of 2,3-DHBA and DA, and this effect was dose-dependent. An
infusion of 10 mM 6 -OHDA, equivalent to a direct injection o f - 4 \ig free base,
resulted in DA overflow with a maximum approx. 200-fold above the baseline (n=7).
The amounts of DA and 2,3-DHBA recovered in the dialysate were 1 3 + 3 pmol and 43
± 10 pmol, respectively, when expressed as a total/2 hrs. Approx. 35% of this amount
of 2,3-DHBA was caused by ascorbate alone, but it was associated with much smaller
DA effect (-1.5 pmol/2hrs). Thus, massive overflow of toxic amounts of DA, much
greater than expected for DA reuptake inhibition and likely to effect an insult to the
synaptic function, seems to be the earliest response of DA neurones to 6 -OHDA.
When 10 mM 6 -OHDA infusion was performed in rats treated with pergolide
mesylate (7 days 0.4mg/kg/day, i.p.), there was a tendency to decrease 2,3-DHBA, and
the ratio of extracellular 2,3-DHBA/DA was -20% lower than that in the control
(p<0.01; n=5). This suggests that pergolide treatment leads to an increased ability of
DA neurones to scavenge hydroxyl radicals in vivo.
Partly supported by Lilly Industries, Hampshire, U.K.

E F F E C T S O F A M IN O A C ID D E F IC IE N C Y O N M O N O A M IN E S IN
A N T E R IO R PIR IF O R M C O R T E X O F R A T S. C .X . W an e* . L.F. E recius. J.L.
Beverlv 8 and D.W . Gietzen. D ept. A nat. Physiol. Cell, Sch. Vet. M ed., U C D avis,
D avis C A 95616; aAn. Sci. D ept. U. Chicago, U rbana, IL 61801.
P re v io u sly , we have show n th at norepinephrine (N E ) in hom ogenates o f the
an te rio r piriform cortex (A PC ) decreased a fte r rats w ere fed a threonine (Thr)imbalanced diet (IMB). T o establish dynamic changes fo r m onoam ines in the A PC
after feeding IM B , we collected m icrodialysates from the vicinity o f layers II and
III o f the A P C . D ialysates w ere analyzed usin g H P L C w ith electrochem ical
detection. Using intragastric injection (2g/rat), the control gp (n=3) w as given a T hr
basal diet, and the IM B gp (n=2) w as fed IM B . In vitro recovery w as 30.6±5.1,
2 8 .6 ± 2 .6 , 2 7 .1 ± 2 .7 % (m ean ±S E ) fo r M H P G (3-m ethoxy-4-hydroxy-phenyl
glycol), a m etabolite o f N E , D O P A C (3,4-dihydroxyphenylacetic acid) and H V A
(hom ovanillic acid), m etabolites o f dopam ine (D A ), respectively.
In vivo
experim ents showed th at before feeding, the baseline concentations o f M H PG ,
DO PAC, 5-HLAA (5-hydroxyindole acetic acid), a m etabolite o f serotonin (5-H T),
and H V A w ere 2 .6 ±0.8, 11.4±5.8, 18.9±5.8, 12.7±5.3 p g /n l, respectively. The
concentrations o f NE, D A and 5 -H T w ere below m inim um detection lim its. In the
control gp, M H P G levels w ere unchanged over the 3h postfeeding period. In the
IM B g p , M H P G w as increased from lh to a m axim um a t 1.5-2.5h. The
c o n cen tratio n s o f D O PA C and H V A w ere also higher in the IM B g p th an in the
b asal gp from 1.5 to over 2.5h. 5-H IA A w as slightly increased only a t 20 and
40min after feeding. D O PA C , H V A and 5-H IA A ap p eared to decrease slightly in
the basal gp from lOmin after the m eal. T his stu d y su p p o rts the hypothesis that
IM B induces release o f m onoam ine neurotransm itters in the A P C . S upported by
U S D A 94-37200-0655 and N IH N S 3 3 3 4 7 .

161.3

161.4

EFFECTS OF TOLCAPONE, A NOVEL CATECHOL-O-METHYL
TRANSFERASE INHIBITOR, ON STRIATAL EXTRACELLULAR
DOPAMINE LEVEL IN RATS UNDER THE BLOCKADE OF
DOPAMINE UPTAKE E.A.Budvgin. R.R.Gainetdinov. P.T.Mannisto,
K.S.Ravevskv*. Institute of Pharmacology, Russian Acad. Med. Sci.,
Moscow, Russia,; Dept, of . Pharmacology and Toxicology, University of
Kuopio, Finland.
In vivo brain microdialysis was used to assess the effects of tolcapone, a
novel inhibitor of catechol-O-methyltransferase (COMT), on
extracellular levels of dopamine (DA) and its metabolites
dihydroxyphenylacetic acid (DOPAC) and homovanillic acids (HVA) in
striatum of awake, freely moving rats injected with blocker of DA uptake
GBR 12909. Tolcapone (30 mg/kg, i.p.) as was reported earlier [S.
Kaakkola, A. Gordin and P. Mannisto, 1994] failed to change DA output
but elicited a marked and long-lasting decrease of the extracellular levels
of HVA and increase of DOPAC. In contrast, intrastriatal (5xlO'6 M) or
i.p., 20 mg/kg, administration of DA uptake inhibitor GBR 12909
resulted in increased extracellular level of DA but had no significant
effect on metabolites. The co-administration of tolcapone (30 mg/kg,
i.p.) and GBR (5xl0'6M or i.p., 20 mg/kg) further increased of DA
extracellular level, while those of HVA and DOPAC remained at the same
level as they were after tolcapone alone. These results of this study are
consistent to the data obtained earlier with nomifensine as DA uptake
blocker [S.Kaakkola and R.J. Wurtman, 1992]. Behavioral observations
showed that GBR 12909-induced locomotor hyperactivity and stereotypy
in rats were potentiated by tolcapone. These findings suggested that in rat
striatum under the conditions of normal nerve activity DA uptake
mechanism blocks the expected elevation of striatal DA extracellular
level produced by tolcapone (30 mg/kg, i.p.) via COMT inhibition. The
combinations of COMT inhibitors and DA uptake blockers may have a
clinical interest.

IM ID A Z O L IN E R E C E P T O R L IG A N D S
S23229
AND
S23230
E N H A N C E E X T R A C E L L U L A R D O P A M IN E L E V E L S IN T H E R A T
N U C L E U S A C C U M B E N S . M . B arrot*. M .C . R ettori. B. G uardiolaLem aitre. M . Le M oal and P.V. Piazza. IN S E R M U 259, Univ. B ordeaux
II, 3 3 077 B ordeaux C edex, France. In stitu t de R echerches Internationales
Servier, 92415 C ourbevoie Cedex, France.
W e studied the effect o f tw o new im idazoline receptor ligands, S 23229
and S 2 3230, on the ex tracellu lar levels o f dopam ine in th e nucleus
accum bens o f Sprague-D aw ley rats. U sing the technique o f m icrodialysis in
aw ake freely-m oving rats, w e com pared th e effects o f these im idazoline
ligands to those o f the psychostim ulant cocaine. D opam ine extracellular
levels w ere m onitored in th e nucleus accum bens a fte r intra-peritoneal
injection o f either vehicle, S23 2 2 9 (doses: 5, 7.5, 10, 20, 30 and 40 m g/kg),
S23 2 3 0 (doses: 5, 10, 20, 30 and 40 m g/kg), o r cocaine (doses: 15 and 30
m g/kg). T h e injection o f S 23229 o r S 23230 induced a dose-dependent
increase in ex tracellu lar dopam ine levels in the nucleus accum bens and in
locom otor activity. T he increase in ex tracellu lar dopam ine levels w ere m ore
im portant fo r the S23 2 2 9 (m axim al increase o f 2 1 0 0 % above dopam ine
baseline over 2 0 min. sam ples) th an for S 23230 (m axim al increase o f
286% ). T he enhancem ent o f extracellu lar dopam ine levels induced by
S 23229 w as not statistically different fro m the one induced b y cocaine
(30m g/kg). T hese results sugger th at im idazoline receptors exert an
im portant m odulatory influence on ex tracellu lar concentrations o f
dopam ine.

161.5
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SIM ULTANEOUS DA AND C C K O V ER FLO W IN PO S T E R IO R NUCLEUS
ACCUM BENS: I N VIVO M IC RO DIALY SIS IN A N ESTH ETIZED RATS.
M.E. Hamilton. J.L. Redondo and A.S. Freeman*. Dept, of Pharmacology, Texas
Tech University Health Sciences Center, Lubbock, TX 79430.
DA and CCK are colocalized in a midbrain projection to the posterior nuc.
accumbens (pNAc). DA and CCK overflow were measured in response to drug
treatments in male S-D rats anesthetized with chloral hydrate. An in-house
concentric microdialysis probe with a 2 -mm membrane-enclosed tip was inserted
into the pNAc at a 10° angle. The probe was perfused (1.5 (xl/min) with an aCSF
solution throughout the experiment. An equilibration period of 2-hr followed
insertion of the probe into the pNAc. Two 30-min baseline samples (45 |xl) were
then collected. For DA determination, 5 jxl of each sample were injected
immediately onto an HPLC with a microbore column and radial flow glassy carbon
working electrode (BAS). The remainder of each sample was frozen for RIA for
CCK. After baseline acquisition, rats (N=4-9 per group) were injected s.c. with one
of: 0.9% saline (1 ml/kg); haloperidol (HAL, 0.5 mg/kg); morphine sulfate (5
mg/kg); d-amphttamine sulfate (dAMP, 1 mg/kg); TCP hydrochloride (5 mg/kg).
Samples were collected at 30-min intervals for 2-hr and treated as described above.
Peak increases in DA overflow were: HAL (69%), morphine (81%), dAMP
(309%), TCP (57%). HAL slightly diminished CCK overflow. Morphine increased
CCK by about 50% over baseline. dAMP and TCP produced 20-30% increases in
CCK overflow but responses were highly variable. Thus, CCK overflow is
enhanced by drugs that indirectly increase DA cell firing (morphine, TCP) and
directly increase DA release (dAMP). Although HAL increases DA cell firing, its
blockade of DA autoreceptors may inhibit CCK release as has been reported for
neurotensin. Changes in DA/CCK cotransmission may be important for the effects
of DA-enhancing and DA-blocking drugs in areas of DA/CCK colocalization such
asthepN A c. (Supported by MH42136.)

COMPARISON OF THE REGULATION OF MESOCORTICAL AND
NIGROSTRIATAL DOPAMINE RELEASE BY D1 AND D2 RECEPTORS. E.A.
Pehek* and M.A. Schaldach. Dept. Psychiatry, Case Western Reserve Univ. and
Cleveland VAMC, Brecksville, OH 44141
Compared to the striatum, the medial prefrontal cortex (mPFC) has a relatively low
density o f D2 receptors. Corresponding to this, systemic or locally administered D2
antagonists increase in vivo cortical DA release only slightly. D1 receptors are
abundant in the mPFC but, relative to the striatum, much less is known about their
role in the regulation o f cortical DA release. In order to address this issue, the
present study examined and compared the respective roles o f D1 and D2 receptors
localized in the mPFC or caudate-putamen (CP). In vivo microdialysis in the rat
was employed to measure extracellular levels o f DA in response to local
administration o f the D1 antagonist SCH 23390 or the D2 antagonist (-)sulpiride.
The intact preparation was chosen because the effects o f these antagonists may be
mediated by neuronal feedback loops (e.g. to the ventral tegmental area). These
drugs were infused into the mPFC or CP by reverse dialysis.
SCH 23390 infusions increased DA release in both the mPFC and CP to a similar
degree (maximum effect o f 100 |iM concentration: mPFC: 343% o f pre-drug
baseline DA levels; CP: 396%). In contrast, similar infusions o f 100 (aM sulpiride
produced a greater increase in striatal (293%), relative to cortical (139%), DA.
These effects were concentration-dependent.
Removal o f calcium from the
perfusion medium decreased basal DA levels in the mPFC and CP and attenuated
the ability o f 100 fuM SCH 23390 to increase DA release.
These results indicate that, similar to the striatum, cortical D1 receptors may play
a prominent role in the regulation o f cortical DA release. Work by others indicates
that cortical D 1 receptors are localized postsynaptically on pyramidal or
GABAergic neurons. Thus the present D1 effects are most likely mediated by a
multisynaptic circuit. Supported by NIH MH52220 to EAP.
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ZIPRASIDONE, A NEW ANTIPSYjCHOTIC, PRODUCES A
PREFERENTIAL INCREASE IN EXTRACELLULAR DOPAMINE
(DA) UTILIZATION IN THE MEDIAL PREFRONTAL CORTEX
(mPFC). T Ichikawa* and H.Y. Melfrer. Dept. Psychiatry, Vanderbilt Univ. Sch.

R ( + ) - 8 -OH-DPAT,
A 5-HT1a
RECEPTOR
AGONIST,
POTENTIATED S(-)-SULPIRIDE (SUL)-INDUCED DA RELEASE IN
RAT MEDIAL PREFRONTAL CORTEX (mPFC). H.Y. Meltzer* andJ.

Med., Nashville, TN 37212
The ability to preferentially increase extracellular DA levels in the m PFC compared
to the nucleus accumbens (NAC) may be related to the ability o f clozapine and other
5-H T2a /E>2 antagonist antipsychotics to im prove negative sym ptom s without
worsening positive symptoms in schizophrenic patients (Kuroki et al., this lab.
submitted). Ziprasidone is a novel antipsychotic drug, with an unique collection of
high affinity receptor interactions (5-HT2a , D2, 5-HT2c , 5-HT jd and 5-H T ia), that
produces low extrapyramidal symptoms (EPS) at clinically effective doses. We have
examined the effect of ziprasidone on extracellular DA levels in the m PFC and NAC
of awake rats (N=6 - 8 ), using a dual probe microdialysis method. Ziprasidone (0,0.1,
0.3 and 1 mg/kg, SC) increased extracellular DA levels in the mPFC (max increase of
pre-drug basal levels: 133±5%, 187±24%*, 171±14%* and 208±17%*, respectively)
and in the NAC (110±6%, 123±3%, 112±5% and 176±9%*, respectively) (*p<0.05
vs 0 mg/kg). The same conclusion was obtained from the analysis o f % net-area
under the curve. These results indicate that ziprasidone, like clozapine, has a greater
effect on prefrontal extracellular DA utilization than on the NAC. Ziprasidone and
clozapine are both 5-H TJA agonists. 5 -H T ja agonists are reported to selectively
increase prefrontal extracellular DA levels (Ichikawa et al., 1995; Kuroki et al, this
lab., 1996). The contribution o f the 5-HTi a agonist component o f ziprasidone to its
effect on extracellular DA utilization in the mPFC and NAC is under investigation.
Combination of 5-HT2 a /D 2 antagonism and 5-HT ja agonism, as is the case with
ziprasidone, may produce greater improvement o f negative symptoms, anxiety and
depression together with minimal EPS and amelioration of psychosis.

Ichikawa. Dept. Psychiatry, Vanderbilt Univ. Sch. Med., Nashville, TN 37212
5-HT 2a /D 2 antagonist antipsychotics such as clozapine (CLOZ), amperazide
(APZ), olanzapine, risperidone, and ziprasidone selectively increase prefrontal DA
utilization (this lab., submitted). Ritanserin, a 5-HT2A/2c antagonist, potentiates the
effect o f raclopride, a D 2/3 antagonist, to increase prefrontal, but not striatal, DA
release. CLOZ has also been reported to be a partial 5-H T iA agonist. 5-HT2A
antagonists and 5-H T1A agonists have similar effects on a variety o f activity. We
postulated that 5 -H T ia agonists also potentiate the effect o f D 2 antagonists to
increase prefrontal DA release. Therefore, we have examined the effect of pretreatment
with the selective 5-HTi a receptor agonist R(+)-8 -OH-DPAT ( 8 -OHDPAT, 50 |ig/kg
SC) on the effect o f the D 2/3 antagonist SUL (25 mg/kg, SC) to increase DA release
in rat mPFC, using in vivo microdialysis (N=6-9). The SUL-induced DA release in
the mPFC (max % increase of pre-drug basal levels: 157±3%) was further augmented
by SC 8 -OHDPAT pretreatment (241+13%). 8-OHDPAT alone increased prefrontal
DA release (14G±4% vs vehicle controls 108±2%). These results indicate that 5H T ia agonism may potentiate prefrontal DA utilization produced by blockade of D 2
autoreceptors. We have previously reported that the same dose o f 8 -OHDPAT had no
effect on SUL-induced DA release in either the striatum or NAC, but inhibited the
ability o f CLOZ and APZ to increase DA release in both regions (Ichikawa et al.,
1995). Thus, 5-H T ja agonism, when combined with D 2 and/or 5-HT2A antagonism,
could have important modulatory effects on antipsychotic and side effect profile of
these agents. 5 -H T ia agonism m ay lead to more effective control o f positive,
negative and depressive symptoms as well as fewer extrapyramidal symptoms.

161 .9
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ACUTE SYSTEMIC ADMINISTRATION
OF TYROSINE AND
CLOZAPINE AUGMENTS DOPAMINE RELEASE IN THE MEDIAL
PREFRONTAL CORTEX OF THE RAT K.A. Collins, G.E. Jaskiw*. B.K.

ESTROGEN DIFFERENTIALLY MODULATES NICOTINEEVOKED DOPAMINE RELEASE FROM THE STRIATUM OF
MALE AND FEMALE RATS. D. E. Dluzen* and L. I. Anderson.
Dept. Anatomy, NEOUCOM, Rootstown, OH 44272.
The corpus striatum (CS) o f gonadectomized male and female rats
treated or not with an estradiol pellet were subjected to ^2 vitro
superfusion to compare the effects of nicotine (NIC -1 0/jM ) infusion
upon dopamine (DA) release. NIC-evoked DA release (pg/mg/mm)
was increased in females treated with estradiol (48.6 ± 19.2, N = 8
vs. 27.5 ± 7.6, N=7) and decreased in males treated with estradiol
(12.6 ± 2.5, N = 8 vs. 34.6 ± 12.3, N= 6 ). DA release rates between
estradiol treated female and male rats were significantly different
(p<.04). Following NIC infusion all preparations were challenged
with an infusion o f potassium chloride (30 mM). Prior NIC infusion
completely abolished the ability o f potassium chloride to evoke DA
release in all four treatment conditions. These results demonstrate
an interactive effect of NIC upon DA release from the nigrostriatal
dopaminergic system as a function o f the sex o f the animal and the
capacity for NIC to suppress potassium chloride stimulated release.
This work was supported by funds from NEOUCOM and the NIH.

Yamamoto and E.A Pehek. Cleveland VAMC, and Dept, of Psychiatry,
Case Western Reserve University, Cleveland, OH, 44141.
Some data suggest that dopamine (DA) release in the prefrontal cortex
(RFC) may be deficient in schizophrenia.
If so, then selective
augmentation of PFC DA transmission could prove therapeutic. Under
baseline conditions, DA synthesis and release are tightly regulated and
pharmacologically induced increases in DA release are usually short-lived.
However in highly electrophysiologically active DA neurons, the regulation
of DA synthesis becomes precursor-dependent. Under such conditions,
the availability of the DA precursor, tyrosine (TYR), may determine DA
release.
Since the atypical antipsychotic drug, clozapine (CLZ),
preferentially activates PFC DA neurons and increases DA release within
the PFC, it was posited that administration of TYR to a CLZ-pretreated rat,
would produce an augmented and sustained increase of DA release in the
medial PFC (mPFC) but not in the striatum. Extracellular DA levels were
measured .using in vivo microdialysis. As expected, CLZ (10 mg/kg)
significantly enhanced mPFC DA release. Given alone, TYR at doses up
to 50 mg/kg IP did not affect extracellular DA release from mPFC or
striatum. However, when given 30 min after injection of CLZ (10 mg/kg
IP), TYR (50 mg/kg IP) significantly augmented CLZ-induced DA release.
There was no effect in the striatum. These data provide preliminary
evidence that exogenous TYR, coadministered with a drug that activates
mPFC DA neurons, may influence the synthesis and release of mPFC DA.
These data may lead to the development of both probes for and treatment
of schizophrenia. (Supported by VA General Post Fund)

161.11
REGION SPECIFIC MODULATION OF DOPAMINE NEUROTRANSMITTER
ACTIVITY BY TYPICAL AND ATYPICAL ANTIPSYCHOTIC DRUGS
L.W. Cooke*. A.P. Acharva. and M.D. Davis. Neurosciences Therapeutics, ParkeDavis Research, Division of Warner-Lambert, 2800 Plymouth Rd., Ann Arbor, Ml
48105.
Several new neuroleptic drugs of the atypical class have recently been
introduced into the clinic. A primary difference between typical neuroleptic drugs
such as haloperidol and atypical drugs such as clozapine is the reduced liability
for extrapyramidal side effects (EPS) observed with atypical drug administration. A
possible reason for this improved profile may be the differences in receptor
preference, most notable involving dopamine (DA) D2 and D4, and 5HT2 sites.
Previous reports have noted a preferential increase of DA release in the prefrontal
cortex by clozapine compared to haloperidol which preferentially activates striatal
DA release. Here we compare a number of typical and atypical agents for their
ability to modulate DA overflow in cortical and striatal regions using intracerebral
microdialysis in anesthetized rats. Sprague Dawley rats were anesthetized with
urethane, implanted with 4mm microdialysis probes, and were injected with either
saline or one of several neuroleptic drugs, then monitored for changes in
neurotransmitter overflow. Haloperidol (0.1 m/k i.p.) increased extracellular DA
59±2% above baseline levels in the striatum while DA overflow in the MPFC was
basically unchanged. Clozapine (10m/k s.c.) produced a different pattern, raising
DA levels 90±20% in the MPFC while only increasing DA by 19±5% in the
striatum. Changes in the DA metabolite, DOPAC, also differed in that haloperidol
elevated, but clozapine had minimal effect on DOPAC overflow. Other typical
antipsychotics such as chlorpromazine and fluphenazine, and atypical compounds
like olanzapine, risperidone and remoxipride were tested and produced
intermediate responses with a tendency for the atypicals to produce more robust
effects in the cortex. These data may partially explain why the atypical class of
neuroleptic drugs have more limited liability for producing EPS activity compared
to typical antipsychotic compounds.
Supported by Warner- Lambert
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FAST SCAN CYCLIC VOLTAMMETRY USED TO MONITOR
DOPAMINE RELEASE IN THE CAUDATE-PUTAMEN OF MICE
FOLLOWING MEDIAL FOREBRAIN BUNDLE STIMULATION. D.J.
Michael. M.G. Caron. R.M. Wiqhtman*. Dept, of Chemistry and
Curriculum in Neurobiology, Univ. of N. Carolina, Chapel Hill, NC

27599.
Fast scan cyclic voltammetry was used to examine release and
uptake of dopamine in the caudate-putamen of mice. Studies were
modeled after similar experiments previously performed in rats.
Those studies led to the direct determination of the rates of release
and uptake of dopamine. The present extension of this protocol is
necessary to lay the groundwork for studies in genetically altered
mice. For example, a strain of mice lacking the dopamine transporter
has recently been reported. Experiments in brain slices showed that
compared to the wildtype animal, both the heterozygote and
homozygote recessive had significantly decreased levels of
dopamine release following local stimulation. Additionally, the rate of
uptake is decreased in the heterozygote and essentially zero in the
homozygote recessive.
In this work, dopamine release in the
striatum was evoked by medial forebrain bundle stimulation.
Dopamine release was only evoked when the stimulating electrode
was correctly positioned. These results establish that dopamine
dynamics can be monitored in real time in the mouse brain. (Support
provided by the National Institute of Drug Abuse.)
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DIFFERENTIAL AUTORECEPTOR CONTROL OF SOMATODENDRITIC
AND AXON TERMINAL DOPAMINE RELEASE IN SUBSTANTIA NIGRA,
VENTRAL TEGMENTAL AREA AND STRIATUM S. J. Craaa* and S. A.
Greenfield. University Department of Pharmacology, Oxford, 0X1 3QT, UK
Dopamine (DA) is released from somatodendritic sites of neurons in the
substantia nigra pars compacta (SNc) and ventral tegmental area (VTA),
where it has neuromodulatory effects. We examined the role of D2
autoreceptor inhibition in the regulation of somatodendritic release in both of
these regions. Furthermore, we compared the role of D2 regulation of
somatodendritic release with axon terminal release in caudate-putamen
(CPu) and nucleus accumbens (NAc). Fast-scan cyclic voltammetry at
carbon-fibre microelectrodes was used to measure electrically evoked DA
release in guinea-pig in vitro. Evoked DA release was TTX-sensitive.
There was significant D2 autoinhibition of DA release in SNc, however, this
mechanism was 2- to 3-fold less powerful compared to axon terminal
release in CPu. In contrast to SNc, somatodendritic release in VTA was not
under significant D2 receptor control, whereas release in the respective axon
terminal region (NAc) is strongly controlled by autoinhibition.
Thus, these data indicate that firstly, autoinhibition via D2 receptors
consistently plays a less significant role in the control of somatodendritic
than axon terminal DA release, and secondly, at the level of
somatodendrites themselves, D2 autoinhibition displays marked regional
variation. In conjunction with our previous data indicating that DA uptake
processes are also less active in somatodendritic than axon terminal
regions, these results illustrate that DA transmission is regulated in an
altogether different manner in somatodendritic zones compared to axon
terminals, and may thus have different functional consequences.
SJC was supported by an E. P. Abraham Junior Research Fellowship (St.
Cross College, Oxford) and a Goodger Scholarship (Oxford Medical School).

E FF E C T S O F F E N T A N Y L O N E X T R A C E L L U L A R D O PA M IN E : IN V IV O
M IC R O D IA L Y S IS A N D P E T ST U D IE S. Jan et M . Finlav. V e ro n ica L. Nfiff.
Brian J. Lopresti. Gw enn S, Sm ith, and C het A. M athis*. Depts. o f N euroscience
R adiology, and Psychiatry, U niversity o f Pittsburgh, P ittsburgh, PA
A lthough am phetam ine (A M PH ) m arkedly increases extracellular DA , positron
em issio n tom ography (PE T ) studies report m odest effects o f th e d rug on D 2
rec e p to r binding. It m ay be th at A M P H fails to increase D A in the sam e
com partm ent as the binding sites for the radiotracer, for exam ple at the site o f DA
release. As determ ined by in vivo m icrodialysis, the opiate fentanyl (0.05 m g/kg,
s.c.) increased D A in prefrontal cortex o f the rat (+ 1 14±25% ; n= 5) and this effect
was blocked by local application o f 1 p M tetrodotoxin o r perfusion o f probe with
0 C a2+ aC SF (n=4), suggesting that fentanyl increases action potential-dependent,
presum ably synaptic, D A concentrations. U sing PET , we evaluated the effects o f
fentanyl on "C -raclopride binding in baboons un d er isoflurane an esth esia (n=2).
Fentanyl was adm inistered i.v. at a dose o f 50 ug/kg delivered 45 min prio r to the
rad io tracer o r 15 ug/kg delivered 5 m in prio r to the radiotracer. In both cases,
d istrib u tio n volum es derived by th e Logan graphical analysis m ethod indicated
th at w hereas fentanyl increased radiotracer b in d in g in the striatum (16.2% &
0.3% , respectively) and cerebellum (18.6% & 1.3%, respectively), in neither case
was the ratio o f specific to non-specific binding altered in excess o f the test-retest
variability (~ 10%) for "C -raclo p rid e in the anesthetized baboon. T hese d ata are
consistent with our m ost recent m icrodialysis d ata indicating that fentanyl fails to
a ffect ex tracellu lar D A u nder conditions o f isoflurane-induced anesthesia.
Su b seq u en t studies will determ ine w h eth er fen tanyl-induced changes in
radiotracer binding can be detected in the u n anesthetized hum an. [S u p p o rted by
N A RSAD , U SP H S g ra n ts M H 45156, M H 4 9 8 1 5 ]
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INSIGHTS FROM EXPERIMENTAL AND THEORETICAL COMPARISONS
OF STRIATAL DOPAMINE LEVELS MEASURED BY VOLTAMMETRY AND
MICRODIALYSIS. A.C. Michael* and J.L. Peters. Dept, o f Chemistry, University
o f Pittsburgh, Pittsburgh, PA 15260.
Voltammetry and microdialysis continue to serve as valuable techniques for
monitoring dopamine levels in the extracellular fluid o f brain. Nevertheless, the
quantitative interpretation o f results has been a challenge because the factors that
determine the outcome o f in vivo experiments are not easy to account for. An
additional complication stems from the fact that results must often be interpreted
without independent information about ongoing neurochemical events. To address
this issue, voltammetry and microdialysis were used together under identical in vivo
experimental conditions to monitor dopamine in the striatal extracellular fluid of
anesthetized rats during electrical stimulation o f the medial forebrain bundle.
Stimulation responses were obtained before and after the administration o f
nomifensine (20 mg/kg i.p.). The results lead to the conclusion that uptake
inhibition increases the microdialysis recovery o f endogenous dopamine from the
extracellular space. This conclusion, which contradicts several previous reports that
uptake inhibition decreases recovery, is supported by a numerical model that
considers the combined effects o f diffusion and uptake kinetics on the outcome of
voltammetry and microdialysis experiments. The model allows the seemingly
contradictory conclusions to be rationalized if endogneous dopamine and
exogenous dopamine introduced via the perfusate are modeled separately. The
validity o f this approach stems from the superposition principle, which is frequently
employed in obtaining the mathematical solution to diffusion equations. The model
provides a new approach to investigating the relationship between experimental
results and in vivo neurochemical events. Financial support: The University o f
Pittsburgh and NIH (N S31442).

LOW EXTRACELLULAR DOPAMINE LEVELS ARE MAINTAINED DURING
ANOXIA IN THE TURTLE BRAIN. S.L.Milton, P.L.Lutz*.
Dept.of Biology, Florida Atlantic University, Boca Raton,
FL 33431.
An uncontrolled increase in extracellular dopamine (DA)
has been implicated in the pathogenesis of hypoxic/ischemic
damage in the mammalian brain. But unlike the harmful rele
ase of the excitatory neurotransmitters, glutamate and as
partate, which occurs upon brain depolarization, excessive
extracellular DA levels are seen even with mild hypoxia in
the mammalian brain. The purpose of this study was to deter
mine if hypoxia/anoxia provokes a similar increase in the
anoxic tolerant turtle (Trachemis scripta) brain.
Extracellular DA was measured in the striatum of the turtle
using microdialysis followed by HPLC analysis. Results show
that extracellular DA was held at normoxic levels during 3
hr. anoxia. Treatment with the specific DA transportblocker
GBR 12909 during anoxia resulted in a significant increase
in DA to 236% over basal levels. The ability to maintain
low striatal extracellular DA may be an important adaptati
on for anoxic survival in the turtle brain, a contributing
factor is the continued functioning of DA uptake mechanisms
during anoxia.
Research supported by NSF: IBN:9507961
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STUDIES OF ACUTE MICRODIALYSIS PROBE IMPLANTATION: I.
EFFECTS OF GAMMABUTYROLACTONE (GBL) AND HALOPERIDOL
(HAL). B, Gough*. R,A. Gazzara and R.R, Holson. Div. of Reprod. &
Develop. Toxicol., National Center for Toxicol. Research/FDA, Jefferson, AR
72079.
We have recently shown that drug-induced dopamine release declines as a
function of time post-probe implantation (Gough et al., Soc. Neurosci, 22,
1578,1996). These studies assessed changes after stable basal
microdialysis levels of DOPAC and dopamine (DA) were achieved, more
than 2 hr after microdialysis probe implantation. Here we assess changes
occurring within minutes of probe implantation. To do so, 6-minute samples
were collected from striatal probes, and assayed for content of monoamines
and their major metabolites. At the time of probe implantation, dialysis levels
of both DA and serotonin (5HT) were very high. These levels declined
precipitously over the next 20 min, to levels as low as 1/100 of the initial
level. Conversely, DOPAC and 5-HIAA levels were quite low in the first
sample, then climbed rapidly to reach stable levels 20 times their initial
values at 2 hrs post-implantation. Since changes in DOPAC/5-HIAA levels
are generally relatively slow, these findings suggest that true physiological
levels of extracellular striatal DOPAC are substantially lower than those seen
in most microdialysis “baselines”. In two subsequent experiments, animals
were given either HAL or GBL prior to probe implantation. In both cases,
initial DOPAC levels at time of probe implantation were increased in
magnitude to about the same degree as the increase caused by these
compounds some 2 hr after implantation. These findings suggest that probe
implantation causes a rapid increase in DOPAC, and that the stable DOPAC
levels used in most microdialysis experiments are greater than physiological
levels. Supported by NCTR/FDA/DHHS.

STUDIES OF ACUTE MICRODIALYSIS PROBE IMPLANTATION: II. EFFECTS
OF SEQUENTIAL IMPLANTATION OF ADJACENT PROBES. R.A. Gazzara*.
B. Gouoh and R.R. Holson. Div. Reprod. & Devel. Toxicol., National Center for
Toxicological Research/FDA, Jefferson, AR 72079.
We have reported (Holson, et al., Brain Res. 739. 301, 1996; Gough, et al.,
Soc. Neurosci. Abtr. 22, 1578, 1996) that drug-induced neostriatal dopamine
(DA) release declines over time after probe implantation. To study the effects
of acute probe implantation, urethane-anesthetized rats were implanted in the
neostriatum with a guide cannula specially constructed to allow the placement
of two adjacent probes. DA and DOPAC in the perfused dialysate (10-min
samples) from the first probe only were assessed by microbore HPLC; the
second probe was not perfused. The first probe was implanted and, after DA
and DOPAC levels reached a stable baseline (2 hr), the second probe was
implanted in a position either posterior to (N=5) or anterior to (N=4) the first
probe. Whether the second probe was implanted either posteriorly or
anteriorly, DA levels showed a transient increase that returned to baseline (no
significant difference). However, posterior placement resulted in an immediate
rise in DOPAC levels that continued for at least 2 hr, while anterior placement
caused an immediate drop in DOPAC levels that returned to baseline after 2
hr (significant difference from 10-110 min post-implantation, t-test, p<.05).
These results are best explained by hypothesizing that the transient rise in DA
following probe implantation is due to release caused by injury and/or
spreading depression. The long-lasting rise in DOPAC may be due to an
increase in DA synthesis resulting from partial deafferentation that is caused
by the interruption of the ascending DA fibers by the implantation of the
microdialysis probe. The latter hypothesis is supported by the fact that only the
implantation of an adjacent posterior probe resulted in a rise in DOPAC levels;
while the anterior implantation did not. Supported by NCTR/FDA/DHHS.
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REPEATED HALOPERIDOL TREATMENT REDUCES BASAL
DOPAMINE EFFLUX IN STRIATUM AND THE NUMBER OF
SPONTANEOUSLY-FIRING DOPAMINE CELLS IN THE SUBSTANTIA
NIGRA C.L. Todd*. H. Moore and A.A. Grace. Depts. o f Neuroscience &

ENDOTHELIN STIMULATES DOPAMINE RELEASE IN STRIATUM.
M van den Buuse*. J.N. Pennefather^ and K.M. Webber. Baker Medical
Research Institute, Prahran, Vic. 3181 and (1) Department of Pharmacology,
Monash University, Clayton, Vic. 3048, Australia.
We observed ipsilateral turning behaviour after microinjection of
endothelin- 1 into the intact ventral striatum of conscious rats with unilateral
6 -hydroxydopamine (6 -OHDA) lesions of the nigrostriatal pathway (Webber &
Van den Buuse, Brain Res. 724, 1996). The aim of the present study was to
characterise dopamine release in the striatum in response to endothelin
treatment. Injection of 10 pmol of endothelin-1 into the ventral striatum of
urethane-anaesthetised rats caused a rapid increase of 8 pM in the local
extracellular concentration of dopamine as measured by chronoamperometry.
Injection of the endothelin ETb receptor agonist fAlai,3 ll l5]endothelin-l
similarly increased extracellular dopamine concentration. After unilateral
6 -OHDA lesions of the nigrostriatal pathway, the endothelin-1 response was
inhibited by 73% in the lesioned side. In binding studies, addition of the ETb
receptor antagonist BQ788 displaced [125I]endothelin-l with a K, of 120 nM,
whereas the endothelin ETa receptor antagonist BQ123 produced only a 25%
displacement at 10 pM. In rats with unilateral 6 -OHDA lesions of the
nigrostriatal system, the Bn«« of [125I]endothelin-l binding was reduced by 43%
in lesioned striatum with no difference in the K^. These data suggest that
endothelin directly stimulates dopamine release in the rat striatum via an action
on a homogenous population of ETb receptors. Furthennore, a significant
proportion of these endothelin receptors is located presynaptically on
dopaminergic neurons.
Supported by a block institute grant of the NH&MRC of Australia

Psychiatry, Univ. Pittsburgh, Pittsburgh, PA 15260.
Previous studies have shown that repeated systemic administration (> 2 1 days) of
typical antipsychotic drugs reduces the number of spontaneously active dopamine (DA)
cells in the substantia nigra (SN) in rats, an effect shown to be due to depolarization
blockade (DB) of action potential initiation. While several studies have attempted to
measure the effects of repeated haloperidol (HAL) treatment on indices o f terminal
DA release, the results have been inconsistent. We showed previously that this
variability in the neurochemical results is likely due to a reversal o f HAL-induced DA
cell DB secondary to implantation o f the microdialysis probe. In this study we
measured striatal DA efflux in repeated-H AHreated rats in which the presence o f DA
cell DB in the SN was confirmed electrophysiologically. Rats were given HAL in
thei'- drinking water (0.5-0.7 mg/kg/day) for 27-32 days. A guide cannula was
implanted in the striatum 5-7 days prior to completion of HAL treatment. During the
test session, striatal DA efflux was sampled with microdialysis while DA cell activity
in the ipsilateral SN was simultaneously measured with extracellular single-unit
recording in the anesthetized rat. Compared to untreated control rats, HAL-treated
rats showed a significant reduction in the number o f spontaneously active DA cells in
the SN and a significant reduction in basal striatal DA efflux. However, basal DA
efflux did not correlate with the number o f active DA cells, indicating that
extracellular levels of DA in the striatum are influenced by factors that act
independently o f DA cell electrophysiological activity. Supported by USPHS M H
45156 and 01055 (A.A.G.), a NRSA (H.M.), and a Mellon predoctoral fellowship
(C.L.T.).
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ESTROGEN PRETREATMENT ENHANCES THE RAPID EFFECT
OF
ESTROGEN
AND
PROGESTERO NE
ON
S TR IA TA L
DOPAMINE: A MICRODIALYSIS STUDY. J. B. Becker*. C. N. Rudick.
A. G. Anderson, and P. A. Mataverde. Dept Psychology, Reproductive
Sciences and Neuroscience Programs, Univ Michigan, Ann Arbor, M! 48109.
There are estrous cycle-dependent effects on amphetamine (AMPH)induced behaviors and striatal dopamine (DA) release. Female rats exhibit a
greater behavioral response to AMPH on estrus than on diestrus.
Ovariectomy (OVX) attenuates these behaviors, and the striatal DA response
to AMPH in vitro. A single treatment with estrogen induces a rapid increase
in AMPH-induced behavior and striatal DA in dialysate (Neurosci. Lett.,
118:169,1990). The relations between the acute effect of estradiol and the
effect of repeated exposure to estrogen was investigated here.
OVX female rats were treated with 5 pg estradiol benzoate (EB) or oil,
daily for 3 days. Dialysis probes were inserted into dorsolateral striatum 12 to
18 hours prior to dialysis. Basal DA release was determined, then animals
received EB, progesterone (500 pg) or oil: EB/EB, EB/OIL, OIL/EB, OIL/OIL,
EB/P & OIL/P. Thirty min later all animals received AMPH (2.5 mg/kg). DA in
dialysate was assayed by HPLC-EC. Behavior was videotaped, and
stereotypy ratings were scored from the tapes (stereotyped head/forelimb
and sniffing plus general ’stereotypy' were rated at 7.5 min intervals).
Prior treatment with EB resulted in a significant enhancement in the
effect of acute EB or P on AMPH-induced striatal DA release. Both the peak
response and the duration of the response were greater in the EB/EB and
EB/P groups than OIL primed groups. Either prior treatment with estrogen
(EB/OIL) or a single acute injection with EB (Olt/EB) resulted in an enhanced
peak response to AMPH relative to OIL alone, but had no effect on the
duration of AMPH-induced striatal DA release. The incidence of head &
forelimb movements was enhanced in groups with greater DA release.
[Supported by NSF grant IBN 95-14888 to JBB]

STEROID-SPECIFIC EFFECTS OF ESTROGEN AGONISTS AND
ANTIGONISTS ON AMPHETAMINE-INDUCED DOPAMINE
RELEASE FROM SUPERFUSED STRIATAL TISSUE. *Li Xiao1'2
and Jill B. Becker 12 3. Dept, of Psychology1, Reproductive Sciences
Program2, Neuroscience Program3, The Univ. of Michigan, Ann Arbor,
MI 48109
The ovarian steroid hormone estrogen can rapidly modulate
nigrostriatal dopamine (DA) neurotransmission and associated
behaviors. Estrogen appears to act directly in the striatum via a specific
membrane receptor-mediated mechanism distinct from intracellular
estrogen receptors. To specify some of the pharmacological properties
of the putative estrogen binding site, the steroidal antiestrogen ICI
182,780 (ICI), the classic antiestrogen tamoxifen, and the non-steroidal
estrogen analog diethylstilbestrol (DES) were examined for their relative
potency on amphetamine (AMPH)-induced striatal DA release in vitro ,
using superfusion methods, in tissue from ovariectomized female rats.
ICI at an equimolar concentration to 100 pg/ml E2 significantly
inhibited the effect of E2, but had no estrogenic effect when administered
in the absence of E2 . In contrast, tamoxifen at the equimolar
concentration did not show significant effects on AMPH-stimulated
striatal DA release either in the absence of, or in the presence of E2 .
DES, a potent agonist at the intracellular estrogen receptor, did not
display an estrogenic effect at any dose in this system. The results
indicate that the estrogen binding site in the striatum is steroidal specific,
and pharmacologically distinct from the intracellular estrogen receptor.
This research was supported by grant NSF#BNS9021900 to JBB, and
training grant NICHD5T32HD07048 to LX.
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A L T E R N A T IV E
S P L IC IN G
OF
THE
M OU SE
S E R O T O N IN
TR A N SPO R TER GENE. B.I. H o ffm a n . E S a n th a a n d M . G lass*. Lab. of
C e llu la r a n d M o le c u lar R eg u latio n , N IM H , N IH , B e th esd a, M D 20892.
A lte ra tio n s in se ro to n in tra n s p o rte r (5-H TT) fu n c tio n a n d ac tiv ity h a v e
b e e n lin k e d to p sy chiatric d iso rd e rs. In o rd e r to ex p lo re th e s tru c tu ra l basis
fo r tra n s c rip tio n a l re g u la tio n of th e s e ro to n in tra n s p o rte r g en e, w e h a v e
firs t d e lin e a te d th e 5 ' u n tra n s la te d re g io n of th e 5-H T T m R N A . P rim e r
ex te n sio n a n d 5'R A C E e x p e rim e n ts u s in g m o u se b ra in m R N A rev e a led tw o
m ajo r p ro d u c ts w h ic h a p p e a re d to b e a lte rn a tiv e ly sp lic e d w h e n c o m p a re d
to the h u m a n 5-H TT a n d to o u r ra t 5-H TT cD N A s. The m ajo r p ro d u c ts w ere
co m p rise d of (1) th e p re v io u s ly id en tifie d n o n -c o d in g ex o n (1A) (L esch et
al., 1994) p lu s a seco n d 97 b p n o n -co d in g ex o n (IB) a n d (2) ex o n 1 A only. To
v e rify th a t th ese re su lts ac cu ra te ly reflec te d th e g e n e s tru c tu re , w e iso la te d
a n d c h a ra c te riz e d c lones for th e m o u se 5-H T T g e n e fro m c o sm id a n d P I
a rtific ia l c h o rm o so m e lib ra rie s. T h re e o v e rla p p in g c o s m id c lo n e s a n d a
sin g le P I clone w e re id en tifie d . M a p p in g of th e g en e s tru c tu re b y p rim e r
extension rev ealed 13 co d in g exons in a g re e m en t w ith p rev io u s rep o rts. Exon
1A w a s id en tifie d a p p ro x im a te ly 16 k b u p s tre a m of ex o n IB w ith ex o n 2
lo cated 750 b p d o w n s tre a m of ex o n IB. T hese d a ta raise th e p o ssib ility th a t
th e 5-H TT m R N A m a y be a lte rn a tiv e ly sp lic e d a n d th a t 5-H T T re g u la tio n
m ay be m ore com plex th a n p rev io u sly a p p re c iate d .

SO D IU M IN D E PE N D E N T UPTAK E O F S E R O T O N IN BY A RA T
SE R O T O N IN TRAN SPO R TER M U T A N T. C. S u r1' 2. H. B e tz 1. R.
M cK em an 2 * a n d P. S h lo s s 1. 1- D ept, of N e u ro c h e m istry , M a x -P la n c k
In stitu te fo r B rain R esearch , D-60528 F ra n k fu rt am M ain, G erm an y , 2M erck S h a rp & D o h m e R esearch L a b o rato rie s, N euroscience R e s e a rc h
C en tre, H a rlo w , CM 20 2QR, U.K.
T he serotonin tra n s p o rte r (SERT) is a m em ber of th e N a + /C l*
d e p e n d e n t n e u ro tra n s m itte r tra n s p o rte r fam ily a n d m e d ia te s th e r e 
u p ta k e of serotonin (5-HT) from th e sy n a p tic en v iro n m en t. It possesses
b in d in g sites for tricyclic a n d non -tricy clic a n tid e p re s s a n ts a n d a
strin g en t N a + re q u irem e n t for 5-H T tra n slo c a tio n . In th e p re s e n t stu d y ,
se v era l serin e resid u es of th e ra t SERT w ere m o d ifie d b y s ite -d ir e c te d
m u tag en esis. T h e tra n s p o rt a c tiv ity a n d th e p h a rm a c o lo g y of t h e
resu ltin g m u ta n ts w e re a n a ly se d u p o n tra n sie n t tra n sfectio n of HE K -293
cells. S u b stitu tio n of a sin g le se rin e resid u e b y a la n in e in tra n sm e m b ra n e
d o m ain 11 w as found to a lte r th e catio n d ep en d en ce of 5-H T u p ta k e .
[3H ]5-H T tra n s p o rt w a s sim ila r in N aC l a n d LiCl m ed ia b u t a b o lis h e d
upon rep la c em e n t of N a + or Li+ b y ch o lin e or N - m e th y l-D -g lu c a m in e .
C o n co m itan tly , th is serin e m u ta n t sh o w e d an in cre a se d m a x im a l
velo city o f [^H ]5-H T w ith o u t m o d ific a tio n o f 5-H T b in d in g a ffin ity . In
th e m u ta te d SERT, [^H Jim ip ram in e id en tifie s tw ice as m an y b in d in g
sites as [^ H lc ita lo p ra m . T he K d for [^ H ]c ita lo p ra m is unch an g ed
w h e re a s th e Kd for [^H Jim ip ram in e is reduced 5-fold. O u r resu lts
rev e a l th a t a single serin e resid u e of th e ra t SERT is e sse n tia l for t h e
N a + d e p e n d en c e of 5-H T u p ta k e a n d h ig h a ffin ity im ip ra m in e b in d in g
an d suggest th a t th e p e rm e a tio n p a th w a y is not se le c tiv e for sodium
ions.
S u p p o rte d by: SFB 269, B iom ed (BM H1-CT93-1110) a n d EMBO.
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AMINO ACID RESIDUES RESPONSIBLE FOR LOW-pH POTENTIATION OF
THE TRANSPORT-ASSOCIATED CURRENT IN TWO MAMMALIAN
SEROTONIN TRANSPORTERS. Y-W. Cao, S. Mager, C.A. Doupnik* and H.A.
Lester. Division of Biology 156-29, Caltech, Pasadena, CA 91125.
Mammalian serotonin transporters (SERT) expressed in Xenopus oocytes display
at least two currents uncoupled from substrate flux: the leakage current in the
absence of 5-HT and the transport-associated current in the presence o f 5-HT.
Both currents are due to “channel-like” behaviors in serotonin transporters. We
previously reported that acidic pH strongly potentiates the transport-associated
current in rat SERT (rSERT) but not in human SERT (hSERT). To understand the
mechanism o f this lo\V pH potentiation and its possible relevance to channel gating,
we performed domain-swap analysis between rSERT and hSERT, followed by sitedirected mutagenesis. We found that a single amino acid difference at position 490
(threonine in rSERT and lysine in hSERT, in the extracellular loop between TM9
and TM10) is responsible for the difference in response to low pH. However, since
threonine is predominantly protonated already at neutral pH, we propose that the
low-pH potentiation o f the transport-associated current is due to the protonation o f
the two neighboring glutamate residues (at position 493 and 494). The positively
charged lysine in hSERT would prevent the protonation o f these two glutamate
residues and thus abolish the low-pH potentiation in hSERT. Consistent with this
model, mutations at these two glutamate residues in rSERT also abolished the lowpH potentiation. These results indicate that one or both o f the negatively charged
glutamate residues may play an important role in a gating process at the serotonin
transporter.

Fun ctional im portance o f ty ro sin e 3 85 o f th e rat brain se ro to n in
tran sp orter a s d em o n str a te d by th e r e su lts o f m eth a n e th io su lfo n a te
m o d ifica tio n . M.M Stephan* and K.M.Y. Penado. Department of
Pharmacology, Yale University School of Medicine, New Haven, CT.
In the course of random site-directed mutagenesis, four residues in the
predicted seventh transmembrane span of the rat brain serotonin transporter
were mutated to cysteine. One mutant, S372C, was nonfunctional. Mutants
F373C and Y385C had full wild type (WT) activity, while mutant F380C had
22 ± 8% W T activity. W e tested the sensitivity of the three functional
mutants to the membrane impermeant methanethiosulfonate (MTS)
reagents MTSET and MTSES. Mutants were transiently expressed in HeLa.
cells and tested for their ability to take up [3H]-serotonin with or without MTS
pretreatment. Y385C, which is predicted to lie close to the extracellular end
of span 7, was highly sensitive to MTSET (6 ± 3% activity remaining) and
somewhat sensitive to MTSES (40 ± 2% activity remaining). In contrast,
F380C, which is predicted to lie one helix turn further into the membrane,
was insensitive to both reagents. F373C, which is predicted to lie about
halfway into the membrane, was slightly inhibited by both reagents.
However, similar inhibition was also observed in F373V, suggesting that
mutations at this position may increase sensitivity by making structural
changes which expose one or more native cysteines. The sensitivity of
Y385C to these external reagents supports the predicted position of this
residue near the extracellular face of the membrane and suggests that it
plays an important role in transporter function. The insensitivity of F373C
and F380C may indicate that these residues lie buried in the membrane as
predicted by the hydropathy model.

Supported by NIDA, NINDS, and an NRSA.

Supported by PHS grants to M.M.Stephan and G. Rudnick.
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TH E TH IR D TRANSM EM BRA NE DOM AIN O F TH E SER OTO NIN
TR A N SPO R TER CO NTA INS RESID UES ASSOCIA TED W IT H SUBSTRATE
AND CO CA IN E BINDING. G. R udnick*.. A. Sachpatzidis and J.-G. Chen.
Department o f Pharmacology, Yale University School o f Medicine, 333 Cedar Street,
New Haven, CT 06510-8066
Cysteine-scanning mutagenesis was used to determine which residues in the third
transmembrane domain (TM 3) o f the serotonin transporter (SERT) were exposed to
the external medium and important for ligand binding or transport. Twenty residues in
TM 3 o f SERT were mutated, one at a time, to cysteine. Almost all o f these mutants
were fully active for serotonin (5-HT) transport and insensitive to inactivation by the
positively charged cysteine reagent [2 -(trimethylammonium)ethyl]methanethiosulfonate (MTSET). This highly water soluble reagent reacts only with cysteine residues
exposed to the external medium. Two active mutants, I172C and I179C, were sensitive
to rapid inactivation by MTSET but were relatively insensitive to the negatively
charged reagent (2-sulfon&toethyl)methanethiosulfonate (MTSES). Inactivation o f
I172C was blocked by 5-HT and cocaine, but I179C was not similarly protected.
Replacement o f Tyri75 with cysteine resulted in a mutant with low transport activity
and at the neighboring Tyrl76, cysteine replacement completely blocked transport.
The Y175C and Y176C mutants were expressed on the cell surface at 84% and 69%,
respectively o f wild type (C109A) SERT. Mutants Y175C and Y176C had lower
cocaine affinity than C l 09 A, as measured by displacement o f the high affinity cocaine
analog 2 (3-carbomethoxy-3 P-(4-[ 125I] iodophenyi)tropane ((3-CIT). For Y176C, 5-HT
affinity also was decreased. MTSET inactivated P-CIT binding to I172C and Y176C,
but only slightly inhibited binding to I179C and C109A. The MTSET sensitivity o f
cysteine replacements at positions 172, 176, and 179 was not observed when these
positions were replaced with alanine, serine, or methionine. The results suggest that
lie 172, Tyrl76 and lie 179 are on one face o f an a-helical transmembrane element, and
that I172 and Y176 are in or near the binding site for 5-HT and cocaine.
Supported by grants from the National Institute on Drug Abuse.

CORRELATION BETWEEN CURRENT, VOLTAGE AND 5 HT UPTAKE IN
dSERT-INJECTED XENOPUS OOCYTES. C.I. Petersen. S.E. Maver* and L.J.
DeFelice. Dept, o f Pharmacology, Vanderbilt University, Nashville, TN 37232
Neurotransmitter transporters play an essential role in clearance of
neurotransmitters from the synapse. The Drosophila serotonin transporter (dSERT)
current measured in Xenopus oocytes consists o f at least three components: a 5HTdependent inward current, a 5HT-independent (leak) current, and a component carried
by 5HT itself. The contribution o f each o f these currents at positive potentials is
unknown. When uptake in a particular oocyte is plotted against steady-state current,
there is a correlation at -140 mV, with greater current in oocytes that display greater
5HT uptake. The correlation is less pronounced at potentials more depolarized than 100 mV. dSERT expressed in Xenopus oocytes, displays voltage dependence of
serotonin uptake, with larger uptake occurring at more negative membrane potentials.
However, certain batches o f dSERT injected oocytes do not show an increase in 5HT
uptake at negative potentials. We have observed at least two classes o f 5HT-induced
currents across dSERT-injected Oocyte batches. One class comprises a current that
approaches zero at positive potentials. The other class consists o f an inward current
minimizing at -40 to -60 mV and increasing at positive potentials. The maximal
currents o f these classes also differ (-50 to -120 nA vs. -5 to -60 nA at -140 mV,
respectively). This has led us to propose that there are different classes o f currentgenerating dSERTs expressed in Xenopus oocytes and the relative contributions of
each class is responsible for the variability we see in the effects o f voltage on uptake.
We propose three different mechanisms to explain this difference: 1) some dSERT
expressing oocytes possess a larger outward leak component at positive potentials 2 )
5HT uptake from the media used for incubation o f the dSERT -injected oocytes
reduces the 5HT concentration gradient 3) some dSERT expressing oocytes display a
larger 5HT-induced inward current at more depolarized potentials. We are currently
testing these three possibilities. Supported by NIH-NS 34075 & NARSAD.

162.7

162.8

STRUCTURAL ANALYSIS OF THE SEROTONIN
TRANSPORTER SERT1 U. less. A. v. Holst*. P, Schloss
an d H. Betz Dept, of N eurochem istry, Max-PlanckIn stitute for Brain Research, D eutschordenstr. 46,
60528 Frankfurt, Germany
T erm in atio n of se ro to n in e rg ic tra n sm issio n is
m e d ia te d by th e ra p id re -u p ta k e o f th e
n e u ro tra n s m itte r in to the n erv e term in a l. T his
process is d riv en by the se ro to n in tra n s p o rte r
SERT1, an integral m em brane protein of the family
of Na+/C l"-dependent neurotransm itter transporters.
To gain insight into the oligom erization state of this
p o ly p e p tid e we e x p re ss e d SERT1 in h u m a n
em bryonic kidney cells and perform ed crosslinking
an d h y d ro d y n am ic stu d ies on the reco m b in an t
protein. Size exclusion chrom atography an d sucrose
density centrifugation indicate th at native SERT1 is
o lig o m eric. Im m u n o b lo ttin g w ith a sp e cific
antiserum revealed a different m igration behaviour
o f the p ro tein u n d er reducing an d non-reducing
conditions. Our d ata are consistent with sulfhydryl
oxidizing agents stabilizing the assem bly of SERT1
m onom ers to hom o-dim eric an d hom o-tetram eric
adducts.

A N T A G O N IST A N D SUBSTRATE RECOGNITION BY THE
SERO TONIN TRANSPORTER PROBED BY SPECIES-SCANNING
M U T A G EN E SIS. E.M. A d k in s. E.L. B arker. M .A . G ray . H.B. N iz n ik a n d
R.D. Blakely*. D ept, o f P h arm aco lo g y a n d C tr. fo r M ol. N eu ro scien ce,
V a n d e rb ilt U niv. Sch. of M ed ., N a sh v ille , T N 37232-6600 a n d C lark e
Inst, of Psy ch iatry , T o ro n to , O N M 5T 1R8, C a n a d a
Sero to n in tra n s p o rte r (SERT)-selective a n ta g o n is ts e x h ib it d iffe re n tia l
p o ten cies acro ss clo n ed SERT species v a ria n ts e x p re sse d in tra n sfe c ted
cells. R ecently, w e h a v e d e scrib ed th e s u b s tra te a n d a n ta g o n ist
se n sitiv ity of th e Drosophila melanogaster SERT (dSERT), a v a ria n t
w h o se sig n ifican t ev o lu tio n ary d iv erg e n c e p ro v id e s o p p o rtu n itie s to
id en tify re sid u e s th a t d icta te lig a n d in teractio n s. T h ro u g h th e u se of
h u m a n a n d fly ch im eras, m ajo r d e te rm in a n ts of po ten cies of tw o
tra n s p o rte r an ta g o n ists, c ita lo p ra m a n d m az in d o l, as w ell as 5H T
deriv ativ es, h a v e b e e n tra c k e d to a d iscrete reg io n e n c o m p a ssed b y
tra n sm e m b ra n e d o m ain s (TM D s)l a n d 2 . T he e ig h t a m in o a cid s th at
diffe re d b e tw e en th e tw o species w ere m u ta te d in hSERT to th e
co rre sp o n d in g resid u e in dSERT, a n d th e resu ltin g effects o n an ta g o n ist
p o ten c y ex a m in e d in 5 H T u p ta k e assays. M o st re s id u e sw itc h e s failed to
a lte r p o ten c y o f m az in d o l a n d c italo p ram . H o w e v e r, o n e m u ta tio n in
TM D 1, Y95F, sh ifted b o th c ita lo p ra m a n d m az in d o l fro m hSERT to
dSERT-like p o ten cies. S tu d ies are u n d e r w a y to ex p lo re w h a t featu res of
th ese a n ta g o n ists a re in v o lv e d in se n sin g s tru c tu ra l m o d ific a tio n s in th e
tra n s p o rte r a n d h o w sero to n in a n d try p ta m in e an a lo g s e n sitiv ity is
m o d u la ted . (This w o rk su p p o rte d b y N IH g ran ts DA07390 a n d DA05679.)
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DISCRETE PLA SM A M EM BRANE EXPRESSION O F
N E U R O TR A N SM ITTE R TR ANSPOR TERS. S. Schroeter* a n d R .P , B lakely.
D ept, of P h arm aco lo g y a n d C e n te r fo r M o lecu lar N e u ro scien ce, V a n d e rb ilt
U niv. Sch. of M ed., N a sh v ille , T N 37232-6600.
To term in a te the a c tions o f biogenic am in es, p re sy n a p tic tra n s p o rte rs
resp o n sib le for clearance sh o u ld b e lo calized a t o r n e a r rele a se sites.
Im m unoelectron m icroscopic stu d ies o n d o p a m in e tra n sp o rte r pro te in s
(N ire n b e rg e t al., 1996, J. N eu ro sci. 16:436) a n d o u r p re lim in a ry s tu d ie s on
s e ro to n in tra n s p o rte r (SERT) lo ca liz a tio n s h o w th a t tra n s p o rte r
im m u n o re a c tiv ity is localized n e a r sy n a p tic site s b u t is a b s e n t fro m so m al
p lasm a m em b ran es. A p o la riz e d ex p re ssio n of tra n s p o rte rs is also e v id e n t in
tra n sfe c ted e p ith e lia l cells a n d raises q u e stio n s as to h o w p o la rity is
e sta b lish e d a n d m ain tain e d , a n d w h e th e r co rrect ta rg e tin g a n d fu n ctio n are
d u e in p a rt to in teractions of tra n s p o rte rs w ith o th er m e m b ra n e o r
c y to sk eletal p ro te in s. P re v io u sly w e h a v e s h o w n th a t SERT
im m u n o re a c tiv ity in th e ro d e n t a d re n a l g lan d is restric te d to su b p o p u la tio n s
of m e d u lla ry c hrom affin cells e x p re ssin g 5H T a n d th e cate c h o la m in e
b io sy n th e tic e n z y m e PN M T . R em ark ab ly , SERT, as w e ll as th e t-SN A R E
p ro te in s SN AP-25 a n d syn tax in , a re p re s e n t a t m em b ran e s ad jo in in g o th er
ch rom affin cells b u t are a b sen t fro m p lasm a m em b ran e s th a t b o rd e r th e
a d re n a l cortex o r v a scu la r sin u so id s. In co n tra st, N a,K A T Pase a n d N C A M
a re fo u n d a lo n g th e e n tire p e rim e te r of each ch ro m a ffin cell. O n g o in g stu d ie s
a t th e lig h t a n d electro n m icro sco p ic level se ek to id e n tify a d d itio n a l
m o le c u la r co rrelates of p o la riz e d SERT e x p re ssio n in the a d re n a l g la n d arid
in M D C K cells a n d h o w p o la rity is e sta b lish e d .
S u p p o rte d by PhR M A F o u n d a tio n fello w sh ip to SS, N IH DA07390 to RDB.

DISTRIBUTION O F SEROTONIN TRANSPORTERS IN TH E HUMAN LOCUS
CO ERU LEU S AND SURROUNDING REGION S. V. Klimek». G.A. Roberson.
S.N. Luker. and G.A. Ordwav. Department o f Psychiatry & Human Behavior,
University o f Mississippi Medical Center, Jackson, MS 39216.
The serotonin transporter (SERT) is a site o f action for tricyclic antidepressant drugs,
as well as for the newer selective serotonin reuptake inhibitors. SERTs located in the
noradrenergic locus coeruleus presumably occur on serotonergic terminals o f neurons
whose soma are located in the pericoerulear area and the dorsal raphe nuclei. Growing
interest in the putative role o f SERTs in psychiatric diseases and accumulating
evidence o f pathobiology o f brainstem monoamine groups in major depression
underscores the importance o f a detailed description o f the quantitative distribution of
SERTs in the normal human brainstem. In this study, the specific binding of
[ 3H]paroxetine to SERTs was measured autoradiographically in tissue sections cut
transversely at multiple levels along the rosto-caudal extent o f the locus coeruleus from
5 normal human subjects. In sections cut through the rostral aspect o f the locus
coeruleus, the binding o f [3H]paroxetine to SERTs displayed a distinct distribution.
Highest levels o f binding were found in the caudal nucleus o f the dorsal raphe.
Intermediate levels o f binding were observed in the central gray, median raphe and the
locus coeruleus, and very low levels o f binding were observed in the dorsal tegmental
nucleus. In marked contrast to the distribution o f norepinephrine transporters
described previously, the distribution o f [3H]paroxetine binding to SERTS was evenly
distributed along the rostro-caudal axis o f the locus coeruleus and did not correlate
with the number o f noradrenergic neurons at any particular level. These data imply
that the innervation o f the human locus coeruleus by serotonergic neurons is diffuse
and not proportional to the number noradrenergic neurons.
(Supported by NIMH 46692.)
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SEROTONIN TRANSPORTER IS DISTRIBUTED ON THE PLASMA
MEMBRANE ALONG THE AXON BUT NOT THE SOMA OR
DENDRITE IN THE RAT BRAIN. J.-H. Tao-Cheng*. and F. C. Zhou.
Dept, of Anatomy, Indiana Univ. Sch. of Med., Indianapolis, IN 46202
and *NINDS EM Facility, Lab. of Neurobiology, Bethesda, MD 20892.
The serotonin (5-HT) system modulates emotion, mood, cognition, and
motor and other functions. The 5-HT transporters (5-HTT) take up
released 5-HT, thus terminate and/or modulate the synaptic transmission,
and may play a role in conserving 5-HT. The present study uses an
antibody against the first 71 amino acid N-terminal fusion protein of 5HTT to study its distribution in the rat brain, especially in the midbrain
raphe nucleus region, by pre-embedding EM immunocytochemistry.
The 5-HTT staining matched with known distribution of 5-HT fibers
and intensely outlined the vast arborization of axons. EM examination
further confirmed that the plasma membrane of the axons were distinctly
stained by 5-HTT while that of the soma and dendrites were relatively
negative. The silver enhanced immunograins were specifically localized
on the cytoplasmic side of the axolemma, starting from the initial
segment of the axon and distributed along the axon to the synaptic
terminals. In the soma and primary dendrites, there were specific
staining on the rough endoplasmic reticulum, heavy staining on Golgi
complex, and staining on some tubular vesicular structures. These
immunostainings probably indicate the sites of 5-HTT synthesis,
glycosylation and transportation to or from the plasma membrane.
The plasma membrane of 5-HT neuron is highly polarized in the
distribution of 5-HTT, and the high density of 5-HTTs along the full
length of axons may explain why 5-HT ligands and neurotoxins enter
these axons with ease, (supported by NIH)

DISTRIBUTION OF SEROTONIN TRANSPORTER IN TH E BRAIN
F. C. Zhou*, and J.-H. Tao-Cheng Dept, o f Anatomy, Indiana Univ. Sch. o f Med.,
Indianapolis, IN 46202 and NINDS EM Facility, Lab. o f Neurobiology, Bethesda,
M D 20892.
The serotonin transporter (5-HTT) terminates 5-HT transmission through 5HT high affinity uptake of the synaptic junction, and regulates the magnitude and
duration of 5-HT transmission to the postsynaptic neurons. W e examined the
distribution of 5-HTT with our 5-HTT-N antibodies against a fusion protein
containing 71-amino a d d s ( Zhou et al., 1997). The 5-HTT-N-positive staining (5HTT-im) begins at the axonal bundle in the raphe nucleus and extends along the
medial forebrain bundle, striae terminalis, cingulum bundle, and fimbria-fornix fibers
to reach the cortical and subcortical regions o f 5-HT distribution. No 5-HTT-im was
seen on the somal or dendritic membrane, however, 5-HT somal cytoplasm was 5HTT-im. There was no 5-HTT-im seen on Nigral dopaminergic, locus ceruleus
norepinephrinergic, and GABAergic neurons.
5-HTT-im fibers are distributed throughout a great num ber o f brain areas
which include all cortices, olfactory bulbs, hypothalamus, basal ganglia, limbic
structures (hippocampus, amygdala), and brainstem, each with their own characteristic
pattern reminiscent of 5-HT fibers. Electron microscopy reveals that 5-HT-im
outlines 5-HT axonlemma along the length of the 5-HT fibers and extends to the
terminal areas of the 5-HT axons. The observations that (a) 5-HTT is distributed
along the 5-HT axons and terminals in vast brain areas, and (b) that 5-HTT is absent
from the membrane o f cell bodies and dendrites, suggest that three different kinds of
high affinity uptake occur on 5-HT neurons: (a) low uptake on 5-HT cell bodies and
dendrites, (b) high along the axons, and (c) high in the terminal regions. Our
observations also suggest the existence o f a very large scale high affinity axonal
uptake in the brain (R 03 MH 50602 to FCZ and NIH intramural funding).
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Q U A N T IT A T IV E A U T O R A D IO G R A P H Y O F T H E D O P A M IN E
T R A N S P O R T E R , S E R O T O N IN T R A N S P O R T E R A N D A N O V E L

EFFECTS OF CHRONIC PHENCYCLIDINE
ADMINISTRATION ON SEROTONIN TRANSPORTERS
IN RAT BRAIN. ’
T. Hon*. S. Abe. A. Baba . T. Suzuki and H. Shiraishi. Dept of
Psychiatry, The Univ. of Tsukuba, Ibaraki 305, Japan
Phencyclidine (PCP) has been known to have psychotomimetic
effects in man. PCP produces stereotyped behaviors mediated by
dopaminergic and by serotonergic neurons. We previously
reported that PCP and its metabolites inhibited serotonin (5-HT)
uptake in vitro. In this study, we investigated that effects of chronic
PCP administration on 5-HT transporters.
Male Wistar rats received a daily injection of PCP for 2 weeks
(7.5 mg/kg, i.p.). Stereotyped behaviors were assessed by
observational rating scales. Rats were sacrificed on day 15, and their
brains, cerebellum and brain stems were removed and membranes
were prepared.
PCP induced 5-HT mediated behaviors such as head weaving,
head twitch and back pedalling. Scatchard plots of PH] paroxetine
binding revealed that PCP significantly decrease Kd value whereas
no change in Bmax. These results may suggest that chronic
treatment of PCP increase sensitivity of 5-HT transporters.
Supported by a Grant-in-Aid for Encouragement of Young
Scientists from the Ministry of Education, Science and Culture.

[ 1 2 5 U R T I-55 (S E R T site 2 ) IN H U M A N F R O N T A L C O R T E X C . M.
O h u o h a * . 1. S. P a rtilla . T. M. H y d e , I. E. K le in m a n , R. B. R o th m a n .
C linical P s y c h o p h a rm a c o lo g y S ectio n D IR, N I D A /N I H B a ltim o re M D
21224 a n d N e u ro p a th o lo g y Section CBDB, IRP N I M H /N I H W ash in g to n
DC 20032.
R e d u c tio n o f 5 H T -re u p ta k e s ite in p re fro n ta l co rte x o f s c h iz o p h ren ic s
a n d su ic id e s a re tw o o f th e m o re re p lic a b le f in d in g s in p o s tm o rte m
p sy c h ia tric s tu d ie s (L a ru e lle e t al 1993, O h u o h a e t al 1996). S tu d ie s in
th e o th e r are a s o f th e fro n ta l co rtex h a v e n o t fo u n d su ch red u c tio n s. In a n
effo rt to d e te rm in e th e sign ifican ce o f su c h reg io n a l d ifferen ces, b in d in g
to th e classic s e ro to n in tra n s p o rte r (SERT), th e d o p a m in e tra n s p o rte r
(DAT) a n d a no v e l [^^ 1 ] RTI-55 b in d in g site (SERTsite 2) w e re stu d ie d in
p o s t-m o rte m fro n ta l co rtex o f sc h iz o p h ren ic s (SCH , n = 6 ), su ic id e s (SUI,
n=7), c o n tro ls (n=7) a n d n e u ro le p tic -tre a te d co n tro ls (N T C , n=7). In th is
s tu d y , [ 1 2 5 I]R T I-55 b i n d in g w a s c o n d u c te d u n d e r f o u r "b lo ck ed "
c o n d itio n s: 1) lOOnM GBR1295 (SERT), 2) 50nM p a ro x e te n e (D A T), 3)
lOOnM GBR1295 p lu s 50nM p a ro x e te n e (SERTsite2), 4) IjiM in d a n tro le n e
(nonspecific). T here w a s a 50% re d u c tio n in SERT b in d in g site in su icid es
w h e n c o m p a re d to co n tro ls T h ere w e re n o sig n ifican t d ifferen ces b e tw e en
n o rm a l c o n tro ls, sc h iz o p h ren ic s, a n d n e u ro le p tic tre a te d c o n tro ls. Such
re d u c tio n s w e re n o t seen w ith SERTsite2 o r D A T s u g g e stin g th a t SERTsite
2 is d istin c tiv e ly d iffe re n t fro m th e SERT. (S u p p o rte d b y N IH )
D E M O G R A PH IC D A TA
Variable
Control
SCH
SUI
NTC
A ge (years, M±SD) 42±15
45+18
48±16
48±12
PM I (H ours, M±SD) 24±15
23±12
22±10
26±13

S ociety for N eu r o s c ie n c e , V olume 23,19 9 7

409

406

TRANSPORTERS: SEROTONIN

SUNDAY PM

162.15

162.16

ALTE R ED E X PR E SSIO N O F TH E
SE R O T O N IN T R A N SP O R T E R
GENE
BY
IN T R A C E R E B R A L
M IC R O IN J E C T IO N
OF
R E CO M BINA NT SE N SE OR A N TISE N SE PLASM ID.

EN H A N C E M E N T OF SSR I EFFECTS BY 5-H T 1A A U TO R EC E PTO R
BLOCKADE. BEHAVIORAL EFFECT AND CORTICOSTERONE SECRETION

V. Fabre. N. Hanoun. B. Pemeneix ±. C.M. Fattaecini. B. Giros. M. Hamon
and M.P. Martres INSERM U288, CHU Pitié-Salpêtrière, 75013 PARIS,
and; +CNRS URA 90, Museum National d'Histoire Naturelle, 75005 Paris,
FRANCE.
With the aim of specifying the implication of the serotonin transporter
(5-HTT) in the regulation of serotonin (5-HT) neurotransmission and
investigating further the mechanism(s) of the antidepressant action of 5HT reuptake inhibitors, experiments were performed to transiently alter the
5-HTT gene expression in the rat brain. For this purpose, a recombinant
plasmid containing either the entire coding sequence or a partial antisense
sequence of the 5-HTT gene was administered directly into the dorsal
raphe nucleus were are located the majority of the 5-HT cell bodies. Each
plasmid included a strong and universal promoter (CMV) and was
complexed with a cationic polymer, poiyethylenimine (PEI).
Three days after the administration of the sense plasmid complexed with
3 PEI charge equivalents, a significant increase (15-20%) was observed in
both pHJparoxetine binding to raphe membranes and PHJ5-HT
synaptosomal uptake in the hippocampus, the striatum, the hypothalamus
and the anterior cortex. On the contrary, a decrease (15-35%) in these
parameters was found 7 days after the administration of the PEI
complexed antisense DNA.
These first series of data showed that the direct intracerebral
administration of recombinant plasmids is efficient to affect in either
direction the 5-HTT gene expression in 5-HT cell bodies and the 5-HTT
activity in corresponding nerve terminals. The possible functional and
behavioural consequences of these changes are under investigation.

DRED 92-372^2 -BIO CIS UR AC NRS i°843. F ac .^ h a m a c ic, Univ. Paris-Sud, 92296
Chatenay-Malabry, France.
Rcccntly, we (Malagie et al., Naunyn-Schmiedeberg Arch Pharmacol 354:785,
1996) and others have shown that 5-HT,A receptors antagonists potentiated increases
in extracellular serotonin levels (5-HTcxt) induced by selective 5-HT reuptake inhibitor
(SSRI), by preventing a negative feedback mechanism exerted by endogenous 5-HT at
somatodendritic level. Here, we examined whether 5-HT,Arcccptors antagonists could
also enhance the fluoxelinc-induccd changes in functional cffccts o f 5-H T neurons:
decreases in food intake and increases in plasma corticosteronc levels (Cp, T h r e e
sets o f experiments were performed following the same dose and drug administration:
fluoxetine (Fix, 5 mg/kg i.p.) was injected 1 hour prior to the administration of the 5H T ,A receptor antagonists, WAY 100635 (0.5 mg/kg i.v.) or (-)5-Me-8-OH-DPAT (3
mg/kg, i.v.). In the first one, using in vivo microdialysis, the maximal increase in
5-H Tcxl induced by Fix, was to 208% of the basal value in the ventral hippocampus
(VHPC). WAY 100635 or (-)5-Me-8-OH-DPAT, potentiated the Fix-induced rise in
extracellular 5-HT in the VHPC (area under the curves (AUC for 0 to 180 rnin)
increased by +58% and +54% , respectively, P<0.05, when com pared to Fix
adminisired alone). Second, all rals were food deprived for 24 hrs and the experiment
started at 16:00 hr (i.e., at the onset of the dark cycle). After each injection, rats were
provided with a known amount of lab chow. The amount o f food ingested was
measured 1, 2, 3, 4 and 24 hours after Fix injection. Fix-induced anorexia was
potentiated when either WAY 100635 or (-)5-Mc-8-OH-DPAT was administered.
Third, elevation o f Cp,«™, measured as functional cffcct o f 5-HT neurons, was greater
in rats treated with fluoxetine plus a 5-HT1A receptor antagonist than in those treated
with the SSRI alone. These results indicate that 5-H T1Areceptor antagonists potentiate
the functional output of hypothalamic and hippocampal 5-HT pathways mobilized by
an acute administration of SSRI.

162.17
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EFFECTS OF ACUTE I.P. ADMINISTRATIONS OF MONOAMINE UPTAKE
INHIBITORS ON SPONTANEOUS FIRING EVENTS OF DORSAL
HIPPOCAMPUS CA1 PYRAMIDAL NEURONS IN FREE-MOVING RATS. K,
Kasamo*. K. Tada. T. Suzuki. N. Ueda. O. Sueiura. E. Matsuda. K. Yamavoshi. T.
Koiim a. Dept, of Neuropsychiatry, Nihon Univ. Sch. O f Med., Tokyo, 173 Japan.
Recently, we have shown that systemic administrations o f several serotonin (5HT)1A receptor agonists suppress spontaneous firing events o f the dorsal hippocampus
CA1 pyramidal neurons through activating post-synaptic 5-HT 1A receptors in freely
moving rats. The aim of the present study was examining whether an increase in
endogenous 5-HT in the hippocampus induced by acute i.p. administrations of
selective 5-HT uptake inhibitors (SSRIs) mimics the suppressant effect of 5-HT1A
receptor agonists. Male adult Wistar rats were anesthetized with pentobarbital. Two
tungsten electrodes fixed to a microdrive were inserted into the hippocampus. One
week after the surgery, the animals were subjected to drug administrations and to the
firing event recording under a freely moving condition. The firing frequency was dose*
dependently reduced by SSRIs fluvoxamine (1-10 mg/kg) and sertraline (0.1-10
mg/kg), but surprisingly, to a lesser extent by paroxetine (0.03-10 mg/kg). A
selective norepinephrine (NE) reuptake inhibitor desipramine (1-10 mg/kg) did not
affect the firing frequency. These data indicate that the rank order of potency of the
SSRIs in the suppressant effect is inconsistent with that in the 5-HT uptake
inhibition. It is also suggested that an increase in the NE level has little effects on the
firing frequency. Since these SSRIs have a negligible affinity for receptors of several
neurotransmiuers, direct interactions o f the SSRIs with such receptors might not
ascribable to the inconsistency. Precise explanations for the underlying mechanism in
the inconsistency are unavailable at present. Further experiments are required to
elucidate it. Supported by Pharmacopsychiatry Research Foundation.

SEROTONIN TRANSPORTER IMMUNOREACTIVITY IN THE AGING
H IPPO CA M PU S
FOLLOW ING
5,7-DIHYDROXYTRYPTAM INE
ADMINISTRATION. A. Dugar* and J.M. Lakoski. Depts. of Pharmacology &
Anesthesia, The Pennsylvania State University College of Medicine, Hershey, PA 17033.
Physiological studies have shown that upon neurotoxic insult, the aging hippocampus
demonstrates an inability to recover from serotonergic inhibition, in part due to a loss of
function o f the serotonin transporter (5-HTT). However, age-dependent differences in
the distribution o f 5-HTT immunoreactivity in the aging hippocampus have not been
evaluated. In this study, 5,7-DHT was used to selectively denervate the hippocampal
serotonergic system »id subsequent adaptive changes in 5-HTT localization were
evaluated with respect to aging.
Under Nembutal anesthesia and pretreatment with nomifensine, female Fischer 344
rats (ages 2 and 17 mo) were bilaterally injected with 5,7-DHT or Vehicle (0.1%
ascorbic saline) into the funbria-fomix and cingulum bundle. Three weeks later,
following transcardial perfusion with phosphate buffered saline and 4%
paraformaldehyde, hippocampal coronal sections (30 Jim) were prepared and 5-HTT
immunoreactivity was determined using a rabbit polyclonal antibody directed against 5HTT (1:20,000) as visualized with diaminobeittadine. A marked decrease in 5-HTT
expression was observed in the 18 mo 5,7-DHT group compared to the 18 mo Vehicle,
3 mo 5,7-DHT and 3 mo Vehicle groups. These data supports electrophysioiogical
results demonstrating a prolonged peripd o f recovery following serotonin application.
The inability o f older animals to compensate for a neurotoxic insult suggests that the
serotonergic system is differentially regulated in young versus old animals.
Pub. No. 80A supported by POl AG 10514 (JML).
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MEASURING 5-HYDROXYTRYPTAMINE RELEASE AND UPTAKE
RATES IN DISCRETE REGIONS OFTHE RAT BRAIN, M. A. Bunin*
and R. M. Wiahtman. Dept, of Chemistry, Univ. of North Carolina,
Chapel Nill, NC 27599.
Fast scan cyclic voltammetry (FSCV) was used to measure
electrically stimulated release and clearance of 5-hydroxytryptamine
(5-HT) in the substantia nigra reticulata (SNr) and the dorsal raphe
nucleus (DRN) of 400 ym thick rat brain slices. In contrast with
previous voltammetric approaches to 5-HT detection, the procedure
employed allowed 5-HT concentrations to be followed in real time.
Release and uptake rates (Vmax) were determined using locally
written software to simulate the responses based on MichaelisMenten kinetics. Both release and uptake were lower in the SN than
the DR. When the values for Vmax were normalized with the literature
values for Bmax in these regions, the resulting turnover number was
the same in each region, about 6 s'1. This turnover number is the
same as that obtained for dopamine uptake in the caudate putamen
and nucleus accumbens. This implies that a similar mechanism is
involved in substrate transport for the dopamine transporter (DAT)
and the 5-HT transporter (5-HTT). This result is consistent with the
degree of homology between 5-HTT and DAT, particularly in the first
eight transmembrane domains, which contain the region proposed to
be responsible for uptake mechanisms. Research was supported by
NIH.

AMITRIPTYLINE INCREASES SEROTONIN TRANSPORTER BINDING SITES IN
THE HIPPOCAMPUS OF AGED RATS. T.LW.Yau*. PAT.Kellyl . T .O lW . T.Noble
andT.R.Secld. Depts. Medicine &Clinical Neurosciences \ Western General Hospital,
Edinburgh and UmeSUniv^ Sweden.
Disordered serotoninergic (5-HT) action/neurotransmission has been implicated
in depressive Illness. Uptake and/or transport sites of 5-HT have been reported to be
reduced in platelets of patients suffering from depression and in post-mortem brain
samples of depressed patients. Manyantidepressant drugs act upon the 5-HT systems.
In the present study, we examined the long-term regulation of 5-HT transporter sites
([3H]-paroxetine binding) and 5-HT receptor subtype mRNA expression in the
hippocampus of 10 months and 24 months old rats following daily administration of
amitriptyline (lOmg/kg, i.p) or saline. pH]-paroxetine binding to transporter sites was
decreased with ageing in the hippocampus of saline treated rats (38% decrease in
dentate gyrus and CA4 ; p<0.01 and p<0.05, respectively). Amitriptyline had no
significant effect on pH]-paroxetine binding in 10 months old rats but increased
binding sites in aged rats in all hippocampal subregions (greatest increase of 109%in
CA1, p < 0.001 compared to saline controls). There were no significant effects ofage
or antidepressant treatment on 5-HT1A, 5-HT2A, 5-HT2C or 5-HT7 receptor mRNA
expression in any hippocampal subregioa These data indicate decreased serotonergic
activity and a difference in amitriptyline regulation of transporter sites in the
hippocampus with ageing. The observed increase in transporter sites together with
unaltered postsynaptic 5-HT receptor gene expression are likely to be part of adaptive
neuronal changes that occur after chronic antidepressant administration and may
contribute to the increase in antidepressant sensitivity with ageing. Whether the
changes in 5-HT reuptake sites and their responses to antidepressants reflect neuronal
loss and/or altered transcription/translation remains to be determined. (Supported by
the Wellcome Trust)
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METHANETHIOSULFONATE DERIVATIVES REACT WITH MULTIPLE
ENDOGENOUS CYSTEINE RESIDUES IN THE DOPAMINE TRANSPORTER
TO AFFECT INHIBITOR BINDING. J. Ferrer*. J. Cheri. and J. A. Javitch. Center
for Molecular Recognition, Department of Psychiatry and Pharmacology, Columbia
University & the New York State Psychiatric Institute, NY, NY 10032.
A water-accessible channel or transport pathway must exist within the
membrane-spanning segments of the dopamine transporter (DAT). Thus, the
substituted-cysteine accessibility method, which we have used to map the bindingsite crevice in the dopamine D2 receptor, can be used to identify the residues which
line the substrate and inhibitor binding sites and the transport pathway of the DAT.
In wild-type DAT, both binding and uptake are blocked irreversibly by
methanethiosulfonate (MTS) derivatives. Therefore, before applying the substitutedcysteine accessibility method, we needed to identify the accessible cysteine(s). We
mutated 11 of 13 cysteine residues in human DAT, one at a time and in different
combinations. The mutant DATs were expressed in HEK 293 cells. The effects of the
reaction of positively and negatively charged MTS derivatives were determined. We
have identified five endogenous cysteine residues that react with the MTS reagents to
affect antagonist binding. Reaction with Cysl35, Cys319 and Cys342 inhibited
[JH]CFT and (3H]mazindol binding, while reaction with Cys90 and Cys306
potentiated the binding of both ligands. Cys306 is in a putative extracellular loop;
Cys90 and Cys319 are in putative membrane-spanning segments Ml and M6,
respectively; Cysl35 and Cys342 are in putative cytoplasmic loops. The dopamine
transporter with these five cysteines substituted by other residues binds inhibitors
and transports dopamine in a near-normal fashion. Unlike wild-type transporter,
however, ligand binding to and uptake by this construct is insensitive to our panel of
polar sulfhydryl reagents. This mutant transporter can now be used as the
background for further cysteine substitution to map the binding sites and transport
pathway. Supported by a Grant-in-Aid fro m the Am erican H eart Association.

CYSTEINE RESIDUES IN THE HUMAN DOPAMINE TRANSPORTER AND
[3H]W1N 35,428 BINDING. Y. P. Saleh. L. L. Coffey, and M. E. A. Reith*,
Department of Biomed. and Therapeutic Sciences, Box 1649, University of
Illinois College of Medicine, Peoria, IL 61656.
Previously, we examined cysteine residues in the dopamine transporter
(DAT) as a target for N-ethylmaleimide. Now we report on replacing them by
serine or alanine with site-directed mutagenesis. The 3.5 kb hDAT fragment
(gift of Eshleman et al., JPET 274, 276, 1995) was subcloned into pcDNA3.1,
resulting in pcDNA3.1::hDAT, and the orientation of the hDAT-insert was
confirmed by BamHI-restriction digestion analysis followed by partial
sequencing using T7 and BGH-reverse primers. We verified the mutations by
DNA sequence analysis and stably expressed the transporters in HEK-293
cells. The externally facing binding domain for cocaine-like compounds was
studied by binding of [3H]WIN 35,428 to intact cells. Wild type, C342S,
C523S, and C523A displayed significantly different K<, values for the highaffinity component of 30, 81, 39, and 117 nM, respectively; their average Bmax
values ranged from 12 to 49 pmol/mg of protein without statistical differences.
C180S showed only the low-affinity component seen in all cells with a
in
the high micromolar range (40-22,000 |iM), and did not show high-affinity
binding indicating loss of transporter function and/or membrane expression.
Cys342 or Cys523 do not appear crucial in cocaine-like recognition in the hDAT
with Ala being a slightly detrimental substitute as compared with Ser. Based
on Northern hybridization with the 3.5 kb hDAT EcoRI-fragment as a probe, all
of the mutants produced a single 4 kb mRNA whereas the wild type
transfectant produced two mRNA species, 4 and 2.8 kb. Neither nontransfectant HEK-293 nor the transfectant with pcDNA3.1 only produced
hDAT-specific mRNA.
Supported by NIDA 08379.
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D opam ine T ra n sp o rter S tructure-Function Relationships: Pharm acological
C haracterization O f M utants W ith A ltered B inding o r U ptake Function.
D.E. D a r^ n d G.R. Uhl. Mol. Neurobiol. B ranch, N ID A-IR P, N IH ; Depts.
Neurol & Neurosci., JH U SM , Baltim ore, M D 21224.
The d opam ine tra n sp o rte r (DAT) is the principle site for cocaine induced
rew ard and euphoria. It is also a targ e t fo r v ariety o f inhibitors including
am phetam ine, m ethylphenidate, nom ifensine, m azindol, GBR12909 and for
benzropine, a surprisingly-dopam ine-selective tra n s p o rt inhibitor. The exact
n a tu re and relationship of ligand binding and dopam ine u p tak e processes
im portant for each of these classes of com pounds a re not clearly defined. Site
directed m utagenesis studies have indicated th a t the acidic side chain of
asp artate 79 in the DAT tra n sm em b ran e (TM ) dom ain 1 m ight form am inecarboxylic ion pairs with the dopam ine and cocaine nitrogen atom s an d th at
serine residues of TM 7 (356,359) m ight in te rac t with dopam ine hydroxyls.
Tyrosine residues of TM 4 (251) and 5 (273) m ight c reate an hydrophobic
pocket reciprocal to the phenyl ring o f cocaine an d /o r its analog
carboxyflurotropane (CFT). To test these ideas, tra n s p o rte r m u tan ts with these
asp artate , serine and tyrosine residues m utated to alanine were transfected to
COS7 cells and tested for pharm acological functions. Hill coefficients lower
then one w ere dem onstrated for C F T binding to the wild type DAT, b u t each
tested m utant displayed Hill coefficients o f one. Benztropine inhibition o f
dopam ine uptake was sim ilar in the wild type DAT, TM1 a sp a rta te m u ta n t and
TM 7 serine m utant, but different in th e TM 4 and TM 5 tyrosine m utants. This
results m ay indicate the site where benztropine phenyl rings in te rac t with a
DAT hydrophobic pocket. C haracterizatio n o f m u tated dopam ine tra n sp o rte rs
provides new clues to elucidating drug-specific DAT functional sites.

DOPAMINE TRANSPORTERS FORM DIMERS UNDER NON-REDUCING
CONDITIONS. C. Xu*. R. A. Vaughan and M. E. A. Reith. Department of
Biomed. and Therapeutic Sciences, Box 1649, University of Illinois College of
Medicine, Peoria, IL 61656, and Neuroscience Branch, NIDA ARC, P.O. Box
5180, Baltimore, MD 21224.
Indirect evidence suggests the existence of dopamine transporter (DAT)
oligomers (Milner et al., BBA 1190, 185, 1994; Berger et al., Mol Pharm 46,
726, 1994; Lee et al., JBC 271, 20885, 1996). Here we report more direct
support. Rat striatal membranes were photoaffinity-labeled with the GBR
12935 congener [125I]DEEP, solubilized, and subjected to immunoprecipitation
(IPP) with a rabbit antibody against amino acid 42-59 in the rat DAT primary
sequence (Vaughan, Mol. Pharm. 47, 956, 1995). When the resulting
samples were subjected to SDS-PAGE in the presence of the reducers
dithiothreitol (DTT) or p-mercaptoethanol (P-ME), the photolabeled
immunoprecipitated protein migrated at ~ 80 kDa, the same position as the
photolabeled DAT band in the crude membranes. However, when SDSPAGE was performed in the absence of reducing agent, the final sample
displayed a molecular mass of ~ 160 kDa and little or no photolabeled protein
was seen at 80 kDa. No photolabeled proteins of any mass were precipitated
with non-immune or preimmune serum, indicating that the formation of high
molecular mass material in the absence of reducer may represent a specific
effect. Control experiments showed that the altered migration was not due to
artifacts induced by overloading the gel with IgG, and molecular weight
standards migrated with the same Rf value in gels with and without reducers.
The data suggest that the DAT can exist in dimers with intermolecular
disulfide bridges sensitive to DTT or p-ME, although they do not provide
information on the in situ occurrence of DAT oligomers.
Supported, in part, by NIDA 08379.

Supported by NID A-IRP, NIH.

163.6

163.5
SUBSTITUTION OF CARBOXYL TAIL OF BOVINE DOPAMINE
TRANSPORTER FOR HUMAN DOPAMINE TRANSPORTER
ATTENUATES SUBSTRATE TRANSPORT AND COCAINE
BINDING IN HUMAN DOPAMINE TRANSPORTER. S.H.Lee.
S.S.Kang. H.R.Chin*. and Y.S.Lee. Dept, of Biochemistry. College of
Medicine. Hanvang University 17 Haendang-dong. Sunedong-ku.
Seoul. 133-791. Korea.
The chimeric human dopamine transporter (hDAT) cDNA,
encoding
hDAT protein in which intracellular carboxyl-terminal tail
was replaced by that of bovine dopamine transporter (bDAT), has been
constructed. The chimeric hDAT cDNA was expressed in COS-7
cells, and the
[3H]Dopamine, [3H]MPP+ transporting, and
[3H]CFT binding capacities were accessed. The substrate transports
and ligand binding of hDAT were reduced by 20-50 % by
substitution o f carboxyl tail in hDAT, suggesting that the functional
characteristics of bDAT (paucity of MPP+ transport and cocaine
binding, and relative lower DA transporting capacity than hDAT)
would come from the difference of carboxyl tail between human and
bovine DAT, and that the sequences encoded within the carboxyl
terminal of DAT would be one of the important determinants for its
functions.
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N.S. Vrindavanam*. J.X. Ma. J.M. Johnson. S.A. Hamamdzic
and F.R. Sallee. Dept of Psychiatry. MUSC. Charleston. SC
29425.
The human dopamine transporter (hDAT) is postulated to
have two leucine zipper motifs, one in the second transmembrane
region and the other in the ninth transmembrane region, as per
analysis of its cDNA sequence. The significance of these motifs in
hDAT have so far not been studied. Leucine zipper motifs are in
general found in intranuclear regulatory proteins although several
protein kinases and a few non nuclear proteins have also been
shown to possess these structures. Here, we report the effect of a
mutation of the third leucine of the ninth transmembrane leucine
zipper motif to an alanine on the hDAT. Pharmacological analysis
of the mutant transiently expressed in COS-7 cells shows a highly
significant increase in its specific binding to cocaine analogues and
in its ability for substrate uptake. Specific [3H]WIN 35,428
binding to DAT and [3H]DA uptake by this mutant is increased.
The translocation kinetics of this mutant for pH]DA uptake is also
increased. The fact that a single amino acid change in a
hydrophobic transmembrane region can effect such a variation in
hDAT function is significant. These results suggest an important
role for the 9TML motif in hDAT function and regulation. This
mutant also holds potential as a possible therapeutic agent.
Source of funding: NIDA Grant# 5-RO1-DA06881
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163.8

SIMPLE MODIFICATIONS CONVERT SUBSTRATES OF THE
HUMAN DOPAMINE TRANSPORTER INTO COCAINE-LIKE
BLOCKERS. M. S. Sonders and S. G. Amara* HHM I&Vollum
Institute, Oregon Health Sciences University, Portland OR 97201
The human dopamine transporter (hDAT) is a plasma membrane
Na/Cl/substrate cotransporter which serves as the principal means of
terminating DA signals in neural tissue. We have previously described*
two steady-state ionic currents associated with hDAT expression in
Xenopus oocytes: 1) a transport-associated current that is elicited only
by substrates (e.g. DA, amphetamines) and that is dependent upon
external Na+ and C l\ and 2) a constitutive proton-selective leak current
that is inhibited both by substrates and non-substrate translocation
inhibitors (e.g. cocaine). Here we report an asymmetric transient current
that is also inhibited by all DAT ligands and which may reflect the
binding of Na+ to hDAT. Accordingly, blockade of the Na+-dependent
transient and the tonic leak currents by DAT ligands serve as functional
indicators of transporter occupancy.
In order to better understand the substrate translocation process and the
actions of psychostimulants, we have initiated a structure-activity survey ,
using electrophysiological assays with hDAT expressing oocytes.
Assessing a variety of DA congeners, we find that certain simple modi
fications of the amino moiety convert substrates into molecules which
behave electrically and biochemically like non-substrate translocation
inhibitors. Even so, these "N-modified substrates" can be distinguished
from several cocaine-like inhibitors by their kinetics and ionic depen
dence. These functional data help discriminate distinct pharmacophores
for cocaine, substrates, and N-modified substrates on hDAT.

GLYCINE SUBSTITUTION OF SELECTED DOPAMINE TRANSPORTER (DAT)
PROLINE RESIDUES PREDICTED FOR TRANSMEMBRANE DOMAINS: EFFECTS ON
DOPAMINE UPTAKE AND AFFINITIES FOR COCAINE ANALOGS AND OTHER DAT
LIGANDS. T. Kopaitic1. C. Rucker2. B. K.£eidlecka. C. J. Blaschak2 and C. K.
Surratt1*. 10ffice of the Director and2 Mol. Neurobiology Section, Intramural
Research Program, National Institute on Drug Abuse, NIH, Balt., MD 21224.
A survey of integral membrane proteins has noted that the confirmed or
predicted transmembrane (TM) domains of transport proteins are unusually rich in
proline amino acid residues (Brandi and Deber (1986) Proc. Natl, Acad. Sci., 83,
917). The very large majority of such TM domains are confirmed or putative ahelices; paradoxically, proline is well-documented as an a-helix breaker, although
disruption of the helix may be less severe in a lipid milieu. The proline-induced kink
in the TM a-helix may facilitate TM domain packing, as well as cation binding or
“gating” by protruding and especially basic amide carbonyl groups of the
polypeptide backbone. A role for TM prolines in mediating ion or substrate
transport via cis-trans isomerization of the Xaa-Pro bond, driving in turn a
conformational change in the protein, has also been postulated. Because
mutations at proline residues are particularly severe in altering protein globular
structure, glycine (another a-helix breaker) was substituted for each of several
putative TM proline residues of DAT, one mutation per protein - the relatively
conservative glycine substitution also more directly addressed detection of an
isomerization event. Proline residues within one a-helical turn of a putative TM
border were studied as well, as these sites could also influence TM geometry.
COS-7 cells expressing the DAT point mutants typically incorporated [3H]dopamine (DA) at levels well below that of the wildtype DAT control. DAT
mutants including P87G (TM 1) displayed no detectable DA uptake relative to
“vector alone”-transfected COS cells. Specific binding of structurally-dissimilar
DAT ligands including cocaine, mazindol, BTCP and trihexyphenidyl was assessed
with DAT proline mutants toward detecting drug-specific DAT regions.

$ J.Neurosci. 17:960 (1997) This work was supported by grant DA07595 and HHMI.

163.9
COOPER ATIVITY OF UPTAKE BY THE CLONED HUMAN
DOPAMINE TRANSPORTER, N.C. Tozman. F^McConkev. F.J.S. Lee.
Z.B Pristupa* and H.B. Niznik. Dept.of Pharmacology and Psychiatry, University of
Toronto and the Lab of Molecular Neurobiology, Clarke Institute of Psychiatry,

Toronto, Ontario, M5TIR8.

The dopamine transporter (DAT) regulates the availability of synaptic dopamine
(DA) and participates in the actions of neurotoxins, antidepressants, and drugs of abuse.
The human DAT, when stably expressed in human embryonic kidney [HEK-293] cells
displayed sigmoidal saturation curves for [3H]DA or [3H]NE uptake (Hill coefficient
~1.5), indicating positive cooperativity. [3H]DA uptake [20nM] was potentiated
~2-fold, in a concentration-dependent manner, by numerous agents such as DA, NE,
epinephrine and 6,7-ADTN, but not by amphetamine, MPP* or uptake blockers.
Similar observations were made with transiently expressing cells. Moreover, the
estimated K* values for the inhibition of [3H]DA uptake by a wide array of inhibitors
(including cocaine, mazindol, MPP\ methylphenidate, and mazindol) was ~10-fold
lower than observed for hDAT in COS-7 cells. Pretreatment of cells with
activators/inhibitors of PKA, PKC and TK-dependent pathways as well as cytoskeletal
modifying agents did not alter the kinetics or magnitude of the observed cooperativity
of the DA translocation process. Treatment of cells with protein cross-linking reagents
completely abolished DAT cooperativity and increased the affinity of all compounds for
inhibiting DA uptake. In contrast to the effects on [3H]DA uptake, the estimated K,
values of all substrates and inhibitors for whole cell [3H]CFT binding were of high
affinity ('•10-fold lower IQs vs uptake) irrespective of treatment and further attests to
the complete dissociation of the DAT ligand binding domain from the DA
translocation process. While the molecular mechanism is still unknown, the apparent
cooperative nature of DA uptake suggests a distinct activation mechanism or state
which may modulate DAT function possibly by inducing the formation of oligomeric
complexes or DAT trafficking. We are currently investigating whether one or both of
these events are responsible for the observed cooperative actions. In any event, this
cell line offers a means to directly test the concept and utility of "cocaine antagonism".
[Supported by MRC PG-11121 and the Clarke Institute of Psychiatry]

163.10
ANALYSIS OF MPP+ TOXICITY IN RELATION TO DOPAMINE
TRANSPORTER FUNCTION IN MPP+ UPTAKE AND RELEASE
C.

M itsu h a ta 1*, S .K ita y a m a 1, K. M o rita 1, S. Davis2 , J.-B . W ang2 , G.R.

U h l 2 a n d T. D o h ji
1 D ept. o f P h a rm a c o lo g y ,

H iro sh im a U n iv ersity

Sch o o l

o f D entistry,

K asum i 1-2-3, M in am i-k u , H iro sh im a 7 3 4 , JA PA N , 2 M ol. N e u ro b io l.
B ranch, IR P/N ID A /N IH , P.O . B o x 5 1 8 0 , B altim o re, M a ry la n d 2 1 2 2 4 ,
U .S.A .
T h e p a rk in so n ism -in d u c in g n e u ro to x in 1 -m e th y l-4 -p h e n y lp y rid in iu m
(M P P+) cau ses sp ecific cell d e a th o f d o p a m in e rg ic n eu ro n s a fte r
accu m u latio n th ro u g h th e d o p a m in e tra n sp o rte r (D A T). W e have
d e m o n stra te d th a t C O S cells, a n o n n e u ro n a l cell lin e insensitive to low
d o se o f M PP+, becam e sensitive to M PP+ w hen tra n sfe c ted w ith th e rat
D A T cD N A . In th e p rese n t stu d y , w e h av e a n a ly z e d th e b i-d ire c tio n a l
tra n sp o rt o f MPP+- and its to x ic ity in several cell lin es ex p re ssin g the
w ild -ty p e a n d m u ta n t DA Ts. MPP+- e x p o su re o f C O S cells ex p re ssin g th e
w ild -ty p e D A T cau sed cell d e a th in a d o se -d e p e n d e n t fashion. In creased
D A T e x p re ssio n ac co m p a n ie d th e g reater sen sitiv ity to M PP+ to x icity in
C O S cells a n d H eL a cells. A lth o u g h several m u ta n t D A T s revealed m o re
u p tak e o f M PP+ th an w ild -ty p e D A T, th ey d isp la y e d sim ila r o r re d u c e d
sen sitiv ity to M P P + to x ic ity as c o m p a re d to w ild -ty p e D A T. E fflu x o f
p relo a d e d [3 H ]M P P + th ro u g h D A T was fac ilitate d in C O S cells ex p re ssin g
so m e o f m u ta n t D A T s th at sh o w ed less se n sitiv ity to MPP*- toxicity. T a k e n
to g eth er, re-d istrib u tio n o f M P P + resu ltin g fro m in flu x /e fflu x tu rn o v e r
th ro u g h th e tra n sp o rte r m ay b e im p o rta n t fo r M PP+ to x icity .
S u p p o rte d b y G ra n t-in -A id fo r S c ien tific R esearch o n P rio rity areas
fro m th e M in istry o f E d u catio n , S cien ce a n d C u ltu re, Jap an (S K ).

163.11

163.12

HIGH CONSERVATION OF DOPAMINE TRANSPORTER
SEQUENCES AMONG HUMAN INDIVIDUALS. D.J. Vandenbergh1.
M. Thompson2. E. Cook3. J. Schaeffer4». S. George2. E. Bendahhou1.
J.T. You1. M. Hazama.1 P. Comings5. B. O’Dowd2 and G.R. Uhl1’6. ’Mol.

ASSOCIATION STUDY OF TOURETTE SYNDROME AND ALCOHOLISM
WITH NOVEL POLYMORPHISMS OF THE DOPAMINE TRANSPORTER.
M, Thom pson. D.J. Vandenbergh. G. Remington*. D.E. Comings. . S. R. George.
G.R. Uhl. and B. F. O ’Dowd. Department o f Pharmacology, University o f Toronto,
Toronto Ontario. M5S 2S1, Canada; Addiction Research Fdn: Clarke Inst, o f
Psychiatry, Ontario, Canada; Department o f Medical Genetics, City o f Hope
Medical Center, DurateCA; Departments o f Neurology and Neuroscience, Johns
Hopkins U. Sch. o f Med, Baltimore, MD.
We have screened the 15 exons o f the human dopamine transporter (DAT1) gene
for genetic variability among Tourette syndrome, alcoholic and matched control
populations using the method o f single stranded conformational polymorphism
(SSCP) analysis. Three common polymorphisms, in exons 2, 9 and 15, were used to
conduct the association study. The patient population consisted o f 115 unrelated
individuals diagnosed with Tourette syndrome (TS) and 72 individuals diagnosed as
chronic alcoholics. The frequency o f the polymorphisms in the 115 northern and
western European TS patients was compared with 115 matched controls o f identical
ethnic origin. The frequency o f the polymorphisms in the population o f 72 northern
and western European alcoholics was compared to a similar contol group. Chisquare analysis indicated that the frequency o f the three common polymorphisms
was consistent between patient and control populations. The frequency o f the exon 2
polymorphism was 5-10% and the frequency o f the exon 9 and 15 polymorphisms
was 20-23%. This study indicates no significant association exists between TS and
the novel polymorphisms o f DAT 1. Strong linkage disequilibrium between the exon
15 polymorphism and the 3 ’ VNTR was discovered by chi-square analysis
suggesting that the exon 15 point mutation may facilitate association studies o f
disorders having a possible dopaminergic etiology (SN abs: 703.7, v.22, 1996).
Supported by the Medical Research Council o f Canada.

Neurob. Branch, NIDA-IRP, NIH; 2Dep. Pharm.; U. Toronto, Canada; 3Dept. Psych., U.
Chicago, 4Dep. Chem., Cal. St. U., Northridge; sDep. Med. Genet, City of Hope Med
Center, and 6Depts. Neurol. & Neurosci., JHUSM, Balt., MD 21224

Altered dopamine transporter (DAT) sequences could contribute to
interindividual differences in vulnerability to neuropsychiatric
disorders. We sought DAT polymorphisms by scanning each of the 15
DAT gene exons from more than 200 unrelated individuals by gels
detecting single strand conformation polymorphism and/or direct
sequencing. No common polymorphisms were found that change DAT
amino acids or DNA sequences for RNA splice donor/acceptor sites. No
disease-associated polymorphisms were found in individuals with
attention deficit hyperactivity disorder with (n=35) or without (n=24)
Tourette’s syndrome comorbidity by City of Hope criteria, or drug
abuse ( n=16). Rare conservative amino acid substitution variants in
exons 2 and 8 (both Val/Ala) were identified but not disease>associated.
Genetic associations between DAT polymorphisms and neuropsychiatric
disorders are thus more likely to arise from DAT promotor variants
that alter levels of expression, possibly including those in linkage
disequilibrium with the exon 15 variable number tandem repeat marker
that has been associated with attention deficit and variant
psychostimulant responses.
Supported by NIDA, & NIMH, NIH; Med. Res. Coun., Canada.; & Shaw Foundation
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164.2

RECEPTOR PROTEIN TYROSINE PHOSPHATASE KAPPA IN A
TRANSGENIC MOUSE. P. Shen P.P. Canoll. J. Sap, and I i L
Musacchio*. Department of Pharmacology, New York University
Medical Center., NY, NY 10016.
In a transgenic mouse model (Skames et al., 1995, PNAS, 92:6592),
the truncated RPTP-kappa / LacZ fusion protein was detected in the
brain by immunocytochemistry. RPTP-kappa-like immunoreactivity
was observed in several brain regions, predominantly in the cerebral
cortex, hypothalamus, amygdaloid and mesencephalic nuclei, which
replicates the distribution observed using beta-galactosidase as a
marker enzyme. The RPTP-kappa immunoreactivity, visible as
punctate labeling, was localized to the cell bodies, surrounding the
nucleus, and appeared to be absent in the proximal dendrites.
Paradoxically, using the same antibody, we did not find
immunoreactivity in these same brain regions in the wild-type mouse
brain, presumably because RPTP-kappa is found at low levels.
However, the presence of RPTP-kappa in the wild-type brain was
confirmed by northern and western analyses. These findings indicate
that, in the transgenic animals, the fusion protein was found at high
levels and accumulated in the cell bodies. This pattern may be
produced either by improper targeting, overproduction or decreased
turnover.
Supported by USPHS grant IROl MH1634 and RSA MH17785.

Dynamic Regulation of C-Jun N-terminal Kinase Activity
in Mouse Brain by Environmental Stimuli

164 .3
p42/p44 M APK IS DIRECTED TO DIVERSE FUNCTIONAL
TARGETS IN BRAIN. K M. Walton*. T.M. Engber. J.P. Finn. E. Kourv.

P C. Contreras. M.S. Miller. C.A. Dionne and R.V. Bhat. Depts. of Cell
Biology and Pharmacology, Cephalon, Inc., West Chester, PA 19380.
In vitro studies indicate that p42/p44MAPK phosphorylate both nuclear and
cytoplasmic proteins. However, the functional targets of p42/p44MAPK
activation in vivo remain unclear. To address this question, we localized
activated p42/p44MAPK in hippocampus and cortex and determined its
signaling effects after electroconvulsive shock treatment (ECT) in rats. In
response to ECT, phosphorylated p42/p44MAPK increased in the cytoplasm of
hippocampal neurons. Consistent with this cytoplasmic localization, inhibition
of ECT-induced p42/p44MAPK activation by the MEK1 inhibitor, PD098059,
blocked phosphorylation of the cytoplasmic protein MAP2c, but failed to
inhibit the induction of the nuclear protein c-Fos in response to ECT. In
contrast to hippocampal neurons, cortical neurons exhibited an increase in
phosphorylated p42/p44MAPKboth in the nucleus and cytoplasm after ECT. In
support of this differential nuclear localization of p42/p44MAPK, ECT induced
phosphorylation of the transcription factor Elk-1 (a target of p42/p44MAPK) in
cortex but not hippocampus. Accordingly, PD098059 blocked c-Fos induction
in the nuclei of cortical neurons as well as MAP2c phosphorylation in the
cytoplasm. Our data indicate that both nuclear and cytoplasmic substrates can
be activated by p42/p44MAPK in vivo. However, the functional targets of
p42/p44MAPK signaling depends on its precise location within different
subcellular compartments of brain regions. These results emphasize the
complexity of p42/p44MAPKmediated signaling in neuronal function in vivo.

164.5
GLUTAMATERGIC ACTIVATION OF THE SAPK/JNK PATHWAY IN
STRIATAL CULTURES DEPENDS UPON EXTRACELLULAR SODIUM,
NOT CALCIUM. M.A. Meyers. M.A. Schwarzschild*, and S. E. Hvman.
Department of Neurology, Laboratory of Molecular Neurobiology,
Massachusetts General Hospital, Charlestown, MA 02129.
We have previously demonstrated that glutamate, in a NMDA receptor
dependent manner, stimulates stress-activated protein kinase (SAPK), also
referred to as Jun N-terminal kinase (JNK). SAPK/JNK, a member of the
mitogen-activated protein kinase (MAPK) family, may play an integral
role in regulating AP-1 mediated gene expression in the striatum.
Interestingly, we found that unlike the glutamatergic activation of ERK
(another MAP kinase) SAPK/JNK activation by glutamate is dependent
upon extracellular sodium, and not calcium. We explored the ion dependence
of the SAPK/JNK pathway by monitoring SAPK/JNK activity and its
downstream targets in primary cultures of E-18 rat striatal neurons.
SAPK/JNK and ERK activity were measured in vitro by immune-complex
kinase assays using c-Jun (1-135) or myelin basic protein as substrates,
respectively. Levels of phosphorylated c-Jun were measured by Western
blot analysis using anti-(ser 73) phospho-c-Jun antibody. The removal of
extracellular calcium (by exclusion from the medium or chelation with
EGTA) had no effect on the glutamatergic activation of SAPK/JNK, despite
blocking the glutamatergic activation of ERK. Conversely, the replacement
of sodium chloride (with choline chloride) blocked the glutamatergic
activation of SAPK/JNK, despite having no effect on the glutamatergic
activation of ERK. Furthermore, calcium removal prevented the
glutamatergic induction of phospho-c-Jun in these cultures. Together these
data suggest that glutamatergic activation of the SAPK/JNK pathway in
cultured striatal neurons involves sodium rather than calcium influx.
Supported by PHS grants DA07496, NS01729, DA07134, and DA00257.
S ociety for N e u r o s c ien c e , V olume 2 3 ,19 9 7

Xiao Xu . Jacob Raber. Daseng Yang. Katherine Pains* Bin Su#
and Lennart Mucke Gladstone Molecular Neurobiology Program and
Department of Neurology, University of California, San Francisco,
CA 94141. # Department of Immunology, University of Texas, MD
Anderson Cancer Center, Houston, Texas 77030, USA
Activation of the recently identified c-Jun N-terminal kinases (JNKs)
typically results in programmed cell death (apoptosis) in neurons and
other cell types grown in culture. However, the effects of JNK
activation in the central nervous system (CNS) in vivo are unknown.
At baseline, we found JNK activity to be on average 17-fold higher in
brain than in peripheral organs, whereas JNK protein levels were
similar. In brain, JNK was expressed primarily in neurons.
Restraining mice or allowing them to explore a novel environment
rapidly increased JNK activity 3- to 15-fold in various brain regions.
In contrast, these manipulations did not increase brain activity of the
extracellular signal-regulated kinase (ERK). Because environmental
stimuli that do not induce neurodegeneration elicited prominent
increases in JNK activity in the brain, we conclude that acute
activation of the JNK cascade in CNS neurons does not result in
neuronal apoptosis in vivo. In contrast, the high baseline activity of
JNK in the brain and the activation of the JNK cascade by
environmental stimuli suggest that this kinase may play an important
physiological role in neuronal function. This work was suported by
NIH grant AG 11385.

164.4

ACTIVATION OF DISTINCT INTRACELLULAR SIGNALING
PATHWAYS BY PATTERNED ACTION POTENTIAL FIRING IN
DRG NEURON S. F. Eshete, R.D. Fields* and B. Stevens.
LDN, NICHD, NIH, Bethesda, MD 20892
Expression of the immediate early gene, c-fos is differentially
sensitive to patterns of action potentials. The stimulus patternspecificity is achieved by temporal fluctuations in intracellular
calcium transients (Ca2+). In the present study, we provide further
evidence that changes in the interval between Ca2+ transients induced
by different patterns of action potentials can specifically activate
different molecules in intracellular signaling pathways. Cultured
dorsal root ganglion (DRG) neurons were stimulated electrically to
elicit patterned impulse firing that generated Ca2+ transients
segregated in time. Using these stimuli we show that the activation of
MAP kinase andCREB were dependent on the interval between bursts
of action potentials. Action potential bursts repeated at 1-3 min
interv als were effect ive in activating MAP kinase. Pulses repeated at
5 min intervals failed to activate the enzyme or induce the expression
of c-fos. Kinetic measurements over the 30 min stimulation period
showed a progressive increase in MAP kinase activation for pulses
repeated at 1 but not 5 min intervals. In contrast, trains of pulses
repeated at 1 or 5 min intervals resulted in temporal summation of
the levels of nuclear phospo-CREB. These observations suggest that
the interval between pulses, and the associated temporal dynamics in
Ca2+ transients, target specific signaling mechanisms to control genes.
This mechanism of gene regulation may provide a way to regulate
nervous system function and development by the activity of neurons.
Funded by the NICHD.

164.6

ONTOGENIC AND REGIONAL DIFFERENCES IN STRIATAL
DOPAMINE
D1
RECEPTOR
COUPLLNG
TO
CREB
ACTTVATION, J. Demotes-Mainard*. J. Arsaut and E. Amauld.
INSERM U-394, F-33077 Bordeaux, France
The coupling of striatal dopamine D 1 receptors to c-fos
transcription exhibit all-or-none regional and ontogenic differences :
the D1 agonist SKF 38393 fails to induce c-fos expression in the
striatum, except during the early postnatal period in the striosomes
(Amauld et al., Mol. Brain Res. 1995, 30:223-232), or in the caudal
extremity of the striatum in adult animals (Amauld et al., Mol. Brain
Res. 1993, 18:339-342). In an attempt to better delineate the
mechanism responsible for interrupting or enabling this conditional
coupling of D1 receptors to c-fos transcription, we have examined the
activation of the cyclic AMP-response element binding protein
(CREB) transcription factor in response to the D 1 agonist. Gel shift
assays were performed on nuclear protein extracts from either the
rostral or the caudal part of striatal tissue of neonatal (P5) or adult
(P90) mice, at different times after (±)SKF 38393 (15 mg/kg)
injection. In adult animals, CREB binding response to D1 receptor
activation culminated 45 minutes after injection, with a significantly
greater amplitude in the caudal striatum (+86.7% above basal levels)
that in its rostral part (+31.5%). In the rostral striatum of postnatal
mice (P5), the CREB binding response differed from the adult pattern
not only by its amplitude (+70.8%), but also by its time course since it
culminated 10 minutes after the D1 agonist injection. These regional
and ontogenic quantitative differences in D1 receptor coupling to
CREB activation may therefore account for the parallel all-or-none
differences in the c-fos response.
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164.7
INHIBITION OF SERUM RESPONSE ELEMENT-MEDIATED
GENE EXPRESSION BY THE cAMP/PKA PATHWAY
S. W. Poser* and S. D. Impey. M. D. Mark and D. R. Storm Dept, of
Pharmacology, Neurobiology Training Program, Univ. of Washington,
Seattle, WA 98195
Recent work suggests a role for cAMP-regulated gene expression in
differentiation and neuroplasticity. In particular, regulation of immediate
early genes (lEGs) may facilitate the conversion of transient environmental
cues into long term adaptive changes within cells. The serum response
element (SRE) is a cis-acting element found in the promoters of many lEGs,
including c-fos and egr-1. Although previous work has focused on the
activation of transcription by PKA, we provide evidence that SRE-mediated
gene expression is specifically inhibited by the cAMP/PKA pathway in
neurons. Forskolin decreases agonist-stimulated expression of SREregulated reporters in PC12 cells and cortical neurons. Both inhibitors of
PKA and dominant negative PKA relieve this inhibition. Preliminary
evidence derived from the expression of dominant interfering Elk-1 and a
mutant SRE (deficient in TCF formation) suggest that the cAMP/PKA
pathway inhibits the trans-activation potential of TCF, not SRF. Further, we
show a novel pathway leads to the activation of SRE-mediated gene
expression in neuronal cell lines independent of p38 and Erk activation.
This may provide a molecular mechanism by which cAMP modulates cell
proliferation, differentiation as well as synaptic plasticity. In support of this,
we found that inhibition of SRE-meditated gene expression by dominant
negative SRE or Elk-1 promotes neurite outgrowth and differentiates PC12
cells. This mechanism could confer specificity in the regulation of gene
expression by multiple signal transduction pathways. This research was
supported by the National Institute of Health grant NS20498.

164.9
SE A R C H F O R AP-1 T A R G E T G E N E S O F T H E C H R O N IC FR A S,
ST A B L E V A R IA N TS O F A FOSB : ST U D IE S IN C O N S T IT U T IV E
AND IN D U C IB L E T R A N S G E N IC M IC E . M.B. Kelz*. J.S. Chen. N. Hiroi.
G.Q . Zeng, -C, SteffenJyLELi^QgiQila, S,E, HymanA, arid EJ, Nestter, Laboratory
of Molecular Psychiatry, Yale University School of Medicine, New Haven, CT 06508
ANational Institute of Mental Health, Bethesda, MD 20892
Previous research has demonstrated a temporal and spatial correlation in the
mesolimbic dopamine system between the appearance of post-translationally modified
isoforms of AFosB, also known as chronic FRAs, and long-lasting biochemical,
electrophysiological, and behavioral changes in rats given chronic cocaine or
morphine. To establish a functional role for AFosB in drug addiction, we have used
the tetracycline-inducible gene expression system to generate transgenic mice over
expressing this protein in a tissue-specific, inducible manner (see also Chen et. al.,
this volume). During our investigations, we identified one line of mice which
constitutively overexpresses AFosB, a result which is presumably secondary to the
insertion site o f our TetOp-AFosB construct in the mouse genome. Specific areas of
brain found to have high levels of AFosB in this mouse line include striatum, cortex,
hippocampus, and cerebellum. The use of in vitro promoter assays in cell culture, in
parallel to in vivo studies in our mice, will provide a powerful system to identify
physiological target genes for AP-1 complexes composed of AFosB isoforms.
Preliminary findings in mice which constitutively overexpress AFosB have identified
several genes that are upregulated or downregulated in striatum or cortex by AFosB
overexpression. W ork is underway to confirm these results in the tissue-specific
inducible mice and also in cell culture promoter assays. One protein whose expression
is modulated by AFosB is dynorphin. In cell culture CAT reporter assays,
overexpression of AFosB, but not of full-length FosB, reduced the activity of a 2.0 kb
prodynorphin promotor but not of a proenkephalin promoter. We have now generated
transgenic mice carrying the 2.0 kb prodynorphin promoter fused to LacZ. By mating
these dynorphin-LacZ mice with the inducible AFosB mice we will have created a
trigenic animal which will serve as an in vivo reporter mouse for AFosB induced
changes in dynorphin promoter activity. (Supported by DA08227 and DA07359).
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164.8
IN D U C IB L E , T IS S U E -S P E C I F I C E X P R E S S IO N O F C H R O N IC
F R A s, ST A B L E V A R IA N T S O F AFosB , IN T R A N S G E N IC M IC E .
J.S. Chen*. M.B. Kelz. G.O. Zeng. R.S. Duman. M. Picciotto, and E.J. Nestler.
Lab. of Molecular Psychiatry, Yale Univ. Sch. of Medicine, New Haven, CT 06508.
Previous studies have shown that repeated adm inistration o f cocaine,
amphetamine, or morphine induces several long-lasting Fos-related antigens (FRAs)
in striatum (caudate-putamen and nucleus accumbens), brain regions known to
mediate important behavioral effects of these drugs o f abuse. We have recently
identified the chronic FRAs as stable protein products of AFosB (Chen et al, J
Neurosci, in press 1997). A major goal of current research is to characterize the
effects o f these proteins on transcription o f other gene products and ultimately on
behaviors related to drug abuse. In the present study we developed 10 lines of
transgenic m ice carrying the AFosB gene under the control o f the tetracyclineregulated promoter (Tetop). One of these lines shows constitutive expression of
AFosB, presumably based on its point of insertion into the genome, and is described
elsewhere (see Kelz et al, this volume). The other lines are in the process of being
crossed to mice carrying the tTA gene (tTA activates the Tetop) under the control of a
1.8
kb neuron-specific enolase (NSE) promoter with the goal o f obtaining neuronspecific, inducible expression of AFosB. As a first step in analyzing the tissuespecific expression pattern of the NSE-tTA mice, we crossbred 3 lines with a
transgenic mouse line carrying Tetop-luciferase. One bigenic line shows high levels
o f luciferase expression in cerebellum and striatum, another more selectively in
striatum, the third more selectively in cerebellum. Luciferase expression could be
almost completely inhibited by including doxycycline in the diet and could be induced
>20-fold upon removing doxycycline. Recently, we have obtained bigenic NSE-tTA
x Tetop-AFosB mice that show very high levels of AFosB expression in striatum and
cerebellum. The development of transgenic mice in which expression of AFosB can
be induced relatively selectively in striatal regions of adult animals will greatly
facilitate studies aimed at characterizing the role of these novel transcription factors in
mediating the long-term actions of drugs of abuse. Supported by DA08227.

164.10
DEVELOPMENT OF INDUCIBLE, TISSUE SPECIFIC CREB AND
DOMINANT NEGATIVE CREB TRANSGENIC MICE. R.S. Duman*. J.S.
Chen, Z.W. Li. M.B. Kelz. G.Q, Zeng. M.R. Picciotto. and E.J. Nestler.
Laboratory of Molecular Psychiatry, Yale University School of Medicine,
CMHC, 34 Park St., New Haven, CT 06508.
Previous studies have demonstrated that the expression of CREB is
regulated in a region specific manner by psychotropic drugs. Moreover,
adaptations of this transcription factor contribute to the long-term actions of
chronic drug treatments and other important brain functions. A role for CREB
in brain function is supported by studies of CREB knockout mice. However,
interpretation of studies in these mice is complicated by developmental
adaptations. The aim of the current project is to develop inducible and tissue
specific expression of CREB and dominant negative CREB (CREBm), in
transgenic mice. CREB and CREBm have been cloned into the tetracyclineregulated promoter construct (tetop). Functional expression of CREB and
CREBm constructs was tested by cotransfection of cultured cells with tTA
(tTA activates tetop), which is under the control of a 1.8 kb neuron-specific
enolase promoter (NSE). Cotransfection of tetop-CREB and NSE-tTA resulted
in a 5-fold induction of CREB function, determined by measuring CRE-CAT
activity. Cotransfection of tetop-CREBm and NSE-tTA did not influence basal
levels of CRE-CAT activity, but completely blocked the function of tetopCREB. Having confirmed the functional integrity of these constructs we
injected them into mouse oocytes. We have currently identified 9 CREB and 2
CREBm positive lines of mice. These lines are currently being crossed with
NSE-tTA lines already developed by our group (see Chen et al., this volume)
to obtain inducible, tissue specific expression of CREB and CREBm. These lines
will be used to study the role of CREB in the actions of psychotropic drugs and
complex behaviors. Supported by MH25624 and DA08227.

164.11

164.12

A S R C - L IK E
K IN A S E IS I N V O L V E D IN F O R S K O L I N ST IM U L A T E D P R O E N K E P H A L IN G E N E E X P R E S S IO N
LA ,. Kflbietski*' A,E. Wong, P, BpfSQQk, S, E, Hyman, Anesthesiology and
Critical Care, Mass. Gen. Hospital, Boston M A 02114; National Institute of
Mental Health, Rockville, MD 20857.
Transcriptional induction of the proenkephalin gene by intracellular signaling
pathways has been localized to an inducible enhancer composed o f several
cooperatively-acting DNA elements. One o f these elem ents CRE2, plays a
critical role in the transcriptional activation o f proenkephalin by cAM Pdependent pathways and binds the transcription factor CREB. Phosphorylation
of CREB at serine 133 by protein kinase A (PKA) appears to induce CREB
activity by promoting its association with the phospho-CREB binding protein
CBP. However recent studies have suggested that CREB phosphorylation at
serine 133 may not be sufficient to induce CREB:CBP interactions and that
additional PKA-dependent signals are involved. Studying proenkephalin gene
expression in cortical primary astrocyte cultures we find that a PKA inhibitor OH89) and a src kinase inhibitor (herbimycin A) can each inhibit forskolinstimulated increases in proenkephalin RNA. However unlike H-89, herbimycin
A has no effect on forskolin-stimulated increases in CREB phosphorylation at
serine 133. To more specfically address the role o f src-like kinases in forskolininduced gene expression we have transiently transfected astrocytes with
enkephalin or somatostatin promoter constructs in combination with plasmids
that constitutively express a dom inant-negative src protein or v-src. Forskolin
induction of enkephalin and somatostatin constructs was blocked by dominantnegative src and mimicked by v-src. Further studies are being done to identify
the target of src in this pathway. Supported by NIDA grant DA 10160.

INVOLVEMENT OF CALCIUM OSCILLATIONS IN REGULATION
OF POMC GENE EXPRESSION IN XENOPUS LAEVIS
MELANOTROPE CELLS. C.H. Potman. W.J.H. Koooman. P.M.J.M.
Cruiisen. B.G. Jenks and E.W. Roubos. (SPON: European Neuroscience
Association). Department of Cellular Animal Physiology, Institute of
Cellular Signalling, University of Nijmegen,, Toemooiveld 1, 6525 ED
Nijmegen, The Netherlands.
The Xenopus laevis intermediate pituitary melanotrope cell functions as
a neuroendocrine transducer cell. Isolated melanotrope cells cultured in
vitro show a high level of proopiomelanocortin (POMC) gene expression
and biosynthesis. Cultured cells also display spontaneous fluctuations in
the intracellular calcium concentration, calcium oscillations, which are
thought to drive secretion of POMC-derived peptides. To investigate a
possible relation between calcium oscillations and POMC gene
expression, the relative calcium level was determined in individual cells
by Confocal Laser Scanning Microscopy using the calcium probe Fura
Red. After fixation, quantitative in situ hybridization was performed with
a digoxigenin-labeled probe to determine the POMC mRNA level in the
same cells. It was found that cells that show calcium oscillations with a
high relative amplitude have a higher level of POMC gene expression
than cells characterized by calcium oscillations with a low relative
amplitude. This indicates that in melanotrope cells, calcium oscillations
are involved in regulating transcriptional activity of the cell.
This work is supported by the Netherlands Organization for Scientific
Research (NWO).
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164.13
LPS INDUCES CREM/ICER EXPRESSION AND CREB
PHOSPHORYLATION IN THE PVN OF THE HYPOTHALAMUS
O. Smirnova. A. Wong. S. E. Lewis*. L. A. Kobierski. D. Borsook.
Anesthesiology and Critical Care, Mass. Gen. Hospital, Boston M A 02114
The bacterial endotoxin lipopolysaccharide (LPS) has a num ber of
physiological effects on the central nervous system and the hypothalamic
neuroendocrine system which in some cases involve changes in gene expression.
Effects on gene expression in the hypothalamus are of particular interest due to
its role in m aintaining key homeostatic processes. In earlier studies we have
shown that the proenkephalin gene is a useful model o f gene regulation in the
hypothalamic periventricular nucleus (PVN). Proenkephalin gene expression is
induced via an enhancer that binds the transciption factor CREB as well as other
CR EB-related proteins. CREB acts as a transcriptional activator when
phosphorylated at serine 133 (P-CREB). Other CREB-related proteins like
CREM and ICER can act as negative regulators of gene expression. P-CREB is
rapidly induced within in the PVN following a single i.p. injection of LPS
(0.4mg/kg) and remains elevated for up to 8 hours. Using RNase protection
assays and in situ hybridization we find that CREM and ICER mRNAs are
upregulated in the PVN within l-2hrs o f LPS injection; some are quickly
downregulated (ICER) while others rem ain elevated (C R E M a .p .y ). In
preliminary western blot experiments we also find increases in C R E M a.P.y
protein. Proenkephalin mRNA levels begin to rise within l-2hrs. These results
describe the temporal relationship between changes in proenkephalin gene
expression and potential positive and negative regulators o f gene expression.
The mechanism of LPS-induced proenkephalin gene expression in the PVN is
not yet defined, but may in part involve a balance between postively-acting and
negatively-acting transcription factors like CREB, CREM and ICER proteins.
Supported by NIDA grants DA 10160 and DA 09565.

164.15
INHIBITION OF JNK - c-JUN PATHWAY BY CEP-1347 IN BRAIN.
R.V. Bhat*. B.A. Bartlett. P.C. Contreras. M.S. Miller. N. Neff. C.A.
Dionne, and K.M. Walton. Cephalon Inc., West Chester, PA 19380
Transcription factors such as c-Jun and ATF-2 are activated by stress
signals and cytokines. A key step in the activation of c-Jun is its
phosphorylation by c-jun N-terminal kinase (JNK). To activate this pathway
in hippocampus, we used electroconvulsive shock treatment (ECT) in adult
rats, a method previously shown to result in a robust activation of the
p42/p44MAPK pathway. Within 4 min after ECT, an increase in
phosphorylation of JNK was observed in hippocampus. Immunolocalization
of the phosphorylated JNK revealed prominent staining in the dendrites of the
dentate granule neurons and mossy fiber axons. CEP-1347, an
indolocarbazole with neurotrophic properties, inhibits JNK activation as well
as cell death in vitro. To test whether the JNK - c-jun pathway can be
inhibited in viv o , we administered CEP-1347 (0.1, 1 and 10 mg/kg, s.c.) 4 h
prior to ECT. All doses of CEP-1347 significantly reduced the
phosphorylation of a JNK isoform in hippocampus. CEP-1347 did not affect
the phosphorylation of a second JNK isoform or p42/p44MAPK. After ECT,
a robust increase in c-jun mRNA (6-7 fold) was observed within 30 min in
hippocampus. Consistent with the inhibition of JNK phosphorylation by CEP1347, PCR studies indicated that CEP-1347 inhibited ECT-induced
transcription of c-jun mRNA by 40%. Our results indicate that CEP-1347
administered via s.c. route can inhibit a JNK - c-jun pathway in brain.

164.17
C-FO S A N D
IL-2 G E N E E X PR ES SIO N IN T H E
R A T BR AIN
A F T E R N O N A N T IG E N IC ST IM U L I A P P L IC A T IO N .
E .A .K om eva* S.V .B arabanova.
N .S.N ovikova.
M .A .N osov
and
T .B .K azakova.
D ept.G eneral Pathology
and
Pathophysiology, Inst. Experim ental
M edicine, St.-Petersburg, Russia.
As it h as been shown, stress causes th e elevation o f IL-1, IL-2 a n d others
cytokines level in th e b lo o d a n d b rain . It dem onstrates t h a t no t only CN S
influence on im m une functions after antigene application, b u t nonspecific
signals like stressors also can tak e p a rt in neuro-im m une interaction.
Im m ediate (c-fos) a n d early (IL-2) genes expression in th e b rain have been
investigated after 20 m kl p lan t oil o r 5% m u sta rd oil (M O ) injections into
the m edial gastrocnem ius m uscle o f ad u lt m ale W istar rats. IL-2 o r c-fos
m R N A were analyzed by in situ hybridization with D ig-labeled c-fos o r IL2 cD N A ; c-Fos- like proteins - b y im m uno-peroxidase m ethod. C-fos
m R N A , c*fos - like protein a n d IL-2 m R N A expression d a ta were obtained
fo r th e hypothalam ic structure only. M O injection cause the m ost
intensive
synthesis o f th e c-fos m R N A in c o n tralateral side o f
parav en tricu lar nucleus (PVN), lateral h y p othalam ic a rea (LH A ) o f the
b rain in 30-40 m in which can be tested during 3-4 h (with no differences
betw een ipsi- a nd c o ntralateral sides). Synthesis o f c-Fos-like proteins were
show n iit 2 h only after M O injection in th e sam e p a rts o f th e b rain as
the c-fos m R N A . M oreover, th e IL-2 m R N A can b e tested in PVN and
L H A only in 3 h after M O injection. The study dem onstrates th at
nonantigenic periferical stim uli (M O injection) induced the subsequent
expression o f the c-fos a nd IL-2 genes in definite structures o f the brain.
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164.14
IMMUNOLOCALIZATION OF MEK1, MAPK, MEK4 AND JNK1 IN
RAT CNS. D.G. Flood*. K.M. Walton. P.C. Contreras. C.A. Dionne.
M.S. Miller and R.V. Bhat. Cephalon Inc., West Chester, PA 19380.
Cell survival, death and stress signals are propagated from the
membrane to the cytoplasm and nucleus via a cascade of phosphorylation
events involving the mitogen-activated protein kinase (MAPK) family. We
immunolocalized in the adult rat CNS, p42MAPK and its upstream activator
MEK1, proteins involved in transduction of growth and differentiation
signals, and compared them with the distribution of JNK1 and its upstream
activator MEK4, proteins involved in transduction of stress and death signals.
The kinases were widely but differentially distributed in most brain regions.
The regional localization of MEK1 and p42MAPK was similar and exhibited
prominent immunostaining in the cytoplasm and dendrites of neurons. In
addition to neurons, MAPK was localized in oligodendroglia in the brain. The
localization of MEK1 and p42MAPK proteins only partially overlapped with
those of MEK4 and JNK1. This suggests that the growth / differentiation and
death / stress pathways affected by these kinases may not necessarily act to
counter balance each other in response to extracellular stimuli. The
immunostaining of MEK4 and JNK1 proteins also appeared to be
cytoplasmic. While MEK4 was ubiquitously distributed, JNK1 was more
selective. With the exception of JNK1, the other kinases were localized to
white matter glia in the spinal cord. The distribution of MAPK and JNK1 in
dendrites suggests a role for these kinases in phosphorylation and regulation
of cytoplasmic targets. The differential distribution of these kinases may
control the specificity of neuronal function to extracellular signals.

164.16
ACnVIN REGULATES VIP GENE EXPRESSION THROUGH THE SAME
PROMOTER ELEMENT AS THE NEUROPOIETIC CYTOKINES.
Jam es Coulombs. Jill Conover. Ksenija Kos. Tom Cote* and Aviva Symes
Graduate Program in Neuroscience, Uniformed Services University of the Health
Sciences, Bethesda Maryland 20814
Activin is a dimeric protein that affects neuropeptide expression in avian
parasympathetic and rat sympathetic neurons. To study the molecular mechanisms
through which activin induces neuropeptide expression we examined VIP gene
expression in a human neuroblastoma cell line, NBFL. These cells express mRNA
for activin type II receptors, and the addition of activin A to NBFL cultures results in
an increase in VIP mRNA. To ascertain whether this induction was transcriptional
we transfected a VIP promoter-luciferase rep a te r plasmid into NBFL cells and found
that 1929bp of the VIP promoter is sufficient to mediate this induction. By
transfecting a deletion series o f VIP promoter-luciferase re p a te r plasmids into NBFL
cells, we found that 1330bp of VIP promoter sequence was sufficent for induction of
ludferase activity by activin. With a shorter 1150bp promoter sequence the
induction was absent Thus the region between 1330 and 1150bp upstream o f the
VIP transcription start site appears to be necessary for activin’s induction of VIP
gene expression. To determine whether the promoter region between 1330 and
1150bp is sufficient to mediate activin induction o f gene expression we transfected a
plasmid with this 180bp region upstream of a heterologuous pomoter driving
transcription of the luciferase gene. After a 36 hour treatment, activin induced an
approximately 5 fold increase in ludferase activity from this plasmid. Therefore this
180bp region is both necessary and suffident to mediate activin’s induction o f VIP
gene expression. This region is identical to that previously shown to be necessary
and suffident for induction o f theV IP by the neuropoietic cytokines-CNTF and LIF,
and has been termed the cytokine response element (CyRE). The observation that
activin and CNTF induce VEP gene expression through an identical region of
promoter sequence implies that these two distinct signaling molecules m ay share
mechanisms to induce gene expression. Suppcrtedby NSFIBN-9309932 end USUHS.
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165.1

165.2

INTERACTION BETWEEN DOPAMINERGIC AND
SEROTONERGIC SYSTEMS AFTER NEONATAL 6 -OHDA
LESIONS. S, .M » Allen.*, W , M .-Davis. and J. N, Freeman- Dept of
Pharmacology and Psychology, Univ. of MS, University, MS 38677.
Newborn rat pups were randomly assigned to five groups. At three days of
age, rat pups in groups two through five were treated with 200 jxg of 6 hydroxydopamine hydrobromide, administered via intracistemal injection;
control animals in group one received intracistemal injections of saline.
Groups four and five also received intraventricular infusions of 75 jig/kg 5,7dihyroxytryptamine (5,7-DHT) into each lateral ventricle at 60-80 days of
age. Beginning at day 94, animals were injected with either 3.0 mg/kg i.p.
SKF-38393 or 3.0 mg/kg i.p. m-chlorophenylpiperazirie (M-cpp) to produce
behaviors such as self-biting, chewing, head-nodding:, paw-treading, and selfmutilation. Self-mutilation, and paw-treading were only observed in animals
receiving SKF-38393. Adult 5,7-DHT treatment effectively eliminated the
sensitivity to SKF-38393 treatment, and increased sensitivity to /n-cpp.
Following baseline determination, the antagonistic qualities of SCH-23390
( 1.0 mg/kg, i.p.) and mianserin ( 1.0 mg/kg, i.p.) were tested against both
SKF-38393 and m-cpp. SCH-23390 effectively antagonized high levels of
activity, self-biting, self-mutilation, chewing, head-nodding and paw-treading
in SKF-38393 treated animals, but not in m-cpp treated animals. Mianserin
was effective in attenuating chewing, self-biting, and self-mutilation in both
m-cpp and SKF-38393 injected animals. Mianserin also reduced headnodding and activity count in 6 -OHDA + 5,7-DHT treated animals receiving
m-cpp.

G EN D ER-RELA TED D IFFE R E N C E S IN T H E E FF E C T S O F CA LCIU M
CHANNEL BLO C K ER S ON NEU R O LEPT IC -IN D U C ED CA TALEPSY .
J.G.P. Pires*. S.C. Amorim. C.A.A. Ribeiro. S.R. Silva & H. A. Futuro Neto. Dept.
Ciencias Fisiológicas, Centro Biomédico, UFES, Vitoria, ES-29040-090, Brazil.

165.3
N O V E L A N T IP S Y C H Q T IC S IN R A T T A R D IV E D Y S K IN E S IA
H. R osengarten* and A.J.FriedhofF, M illhauser Laboratories, D epartm ent o f
Psychiatry, N Y U School o f M edicine N ew York, N Y 10016
Orofacial dyskinesias are a severe side effects o f p rolonged treatm ent w ith
antipsychotic drugs. In rodents increased repetitive ja w m ovem ents (R JM ) can
be elicited b y D1 agonists SK F38393 and A 68930 and 5H T 2C agonist m -C PP
(l,2 ) .I t w as dem onstrated th at disruption o f the b alance betw een D1 and D2
receptors in favor o f the D1 resu lts in an increase o f R JM (3,4). Typical
antipsychotics, potent D 2 antagonists are kn o w n to induce T D in hum ans and
dyskinetic ja w movem ents in m onkeys and rodents (5 , 6 ).W e dem onstrated that
D1 agonist SKF38393 and 5HT2C agonist m -C PP are capable o f inducing RJM
in a dose dependent m anna- and that both are additive. T he R JM induced by the
D1 agonist SK F38393 can b e inhibited by D1 antagonist SC H 23390 and
clo zap in e b u t not risperidone. The 5H T 2C agonist induced R JM can be
inhibited by both antipsychotics, clozapine and risperidone an d 5HT2C
antagonist m ianserin. It w as dem onstrated th at antipsychotics w h ich do no t
im pair the balance betw een D1 and D2 receptors are n o t TD liable w hereas
potent D 2 antagonist risperidone, despite potent 5H T 2C receptor blockade,
increases th e risk o f rat TD. It is conclude th at b o th p o ten t 5H T2C receptor
antagonism and D 2 antagonism w eaker th an 50% are req u ired to decrease the
risk o f drug induced TD in rats.
This research w as supported b y G rant N O S.M H 35976 and M H 08618, both
from N IM H

165.5

PHARMACOLOGICAL EVALUATION OF ATYPICAL
NEUROLEPTICS IN THE 6 -OHDA RAT MODEL OF LESCHNYHAN SYNDROME. W. M. Davis*. S. M. Allen, an J. N.
Freeman. Dept of Pharmacology and Psychology, Univ. of MS,
University, MS 38677.
At three days of age, rat pups were treated with 200 jig o f 6 -hydroxydopamine
hydrobromide (6 -OHDA), administered via injection into the cistema
cerebellomedullaris. Beginning at 30 days o f age, all animals received weekly
injections o f SKF-38393 (3.0 mg/kg, i.p.) for four weeks to prime D, receptors. At
day 94, animals were injected with SKF-38393 to produce behaviors such as selfbiting, chewing, head-nodding, paw-treading, and self-mutilation. SCH-23390 (0.5
mg/kg i.p.) and mianserin (1.0 m g/kg, i.p.) were evaluated under SKF-38393
challenge to provide baseline comparison to atypical neuroleptic antagonism..
Following baseline determination, dose-response curves were obtained for the
antagonistic qualities of the atypical neuroleptics risperidone (0.1, 0 .5, and 1.0
mg/kg i.p.), seroquel (1.0, 5.0, 10.0, 20.0, and 40.0 m g/kg, i.p .), olanzapine (1.0,
2.0, 4.0, 8.0, and 16.0 mg/kg, i.p .), and zisprasidone (1.0, 5.0, 10.0, 20.0, and
40.0 mg/kg, i.p.) in response to SKF-38393 treatment. The atypical neuroleptics,
with the exception of seroquel, were successful at antagonizing self-mutilation, selfbiting, head-nodding, and chewing behaviors at low doses. Paw-treading and
increased activity counts were attenuated by these agents at higher doses. Compared
to the data obtained with SCH-23390 and mianserin antagonism, the antagonism of
behaviors in this model by atypical neuroleptics seems indicative o f both
dopaminergic and serotonergic blockade. These data provide evidence that 5-HT2c
receptors are intrinsically involved in the modulation o f self-mutilation in the 6 OHDA model of Lesch-Nyhan syndrome.
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Some calcium channel blockers are reported to affect extrapyramidal
motor behavior in mammals. Since sex related differences are a common feature in
the pharmacological properties o f several centrally active drugs, we decided to
investigate the effects o f verapamil (V), flunarizine (F) and nimodipine (N), three
pharmacologically different Ca2+ channel blockers, on neuroleptic-induced
catalepsy (NIC) in male and female mice. Adult albino mice, 26-36 g, n = 9 per
group, were used. Catalepsy was induced with haloperidol (H; 0.75 m g/kg i.p.) and
measured at 30-min intervals by means o f a bar test. Drugs (or appropriate vehicle,
for the controls) were injected i.p. 20 min before H, with each animal being used
only once. Dunnett’s /-test was used for statistical comparisons o f means, with the
level of significance set at p < 0.05. Results were: (1) V 10 mg/kg did not
significantly affect NIC in male mice. In female mice, however, NIC was
significantly attenuated (at 150 min: 49 ± 8 s vs. 104 ± 15 s in the control); (2) F, 1
or 5 mg/kg, did not significantly affect NIC in male mice, while a significant
attenuation was found in females (1 mg/kg, at 120 min: 39 ± 6 s vs. 77 ± 1 1 s); (3)
N 10 mg/kg caused a significant potentiation o f catalepsy in male mice (at 150
min: 170 ± 25 s vs. 75 ± 6 s in the control); however, no significant difference was
found in females. These results demonstrate the existence of sex-related differences
in the extrapyramidal effects of Ca2+ channel blockers in mice. Further, this sexrelated effect may depend on the particular Ca2+ channel involved.
Supported by. CNPq, CAPES and FCAA.

165.4
CHLORPROMAZINE AS A DISCRIMINATIVE STIMULUS IN
RATS: GENERALIZATION TO ATYPICAL AND TYPICAL ANTI
PSYCHOTICS. H.E. Covington. Ill, m
Po rter. ? ,A. VarvftL
T.A. Warren, and N. Naraslmhachari*. P sychology Department,
Virginia Commonwealth University, Richmond, VA 23184.
Drug discrimination has been used extensively to study the discriminative
stimulus properties of the atypical antipsychotic clozapine (e.g., Kelley &
Porter, PBB, 1997). It is usually very difficult, if not impossible, to use typical
antipsychotics as the training drug; however, there is one report of
chlorpromazine (2.0 mg/kg, p.o.) being successfully trained as the
discriminative cue and that it generalized to clozapine (Goas & Boston, PBB,
1978). In the present study rats were trained to discriminate chlorpromazine
(1.0 mg/kg, i.p.) from vehicle in a two-lever drug discrimination procedure and
generalization tests were conducted with both typical and atypical
antipsychotic drugs.
Two-lever drug discrimination training with 1.0 mg/kg (i.p.) chlorpromazine
resulted in 6 of 10 rats successfully acquiring the two-lever discrimination and
generalization testing (0.0625-2.0 mg/kg) yielded an EDso of 0.31 mg/kg
(95% C.l. = 0.20-0.46 mg/kg). Olanzapine (0.125-1.0 mg/kg; EDso = 0.20,
C.l. = 0.08-0.52 mg/kg), clozapine (0.156-10.0 mg/kg; EDso = 0.26, C.l. =
0.05-1.42 mg/kg), and thioridazine (1.25-10.0 mg/kg; EDso = 3.10, C.l. =
1.99-4.83 mg/kg) fully substituted (>80% drug lever responding) for
chlorpromazine at one or more of the doses tested. Haloperidol (0.0125-0.1
mg/kg) produced only partial substitution for chlorpromazine at the highest
dose tested (54.1% DLR). These results demonstrate that chlorpromazine
has discriminative stimulus properties similar to both atypical (olanzapine and
clozapine) and typical (thioridazine) antipsychotic drugs.

165.6
OLANZAPINE IN THE PAW TEST: A COMPARISON WITH
CLOZAPINE, HALOPERIDOL, AND THIORIDAZINE. J.H .
Porter*. S.A. Varvel. S.E. Strong. & C.L. Floyd. P sychology
Dept., Virginia Commonwealth University, Richmond, VA
23184.
Olanzapine (Lilly & Co.) is the newest atypical antipsychotic available for the
treatment of schizophrenia. Both preclinical behavioral and pharmacological
testing and clinical trials have revealed a profile very similar to the atypical
antipsychotic clozapine. The Paw Test (Ellenbroek, 1993) is a preclinical test
that distinguishes between atypical and typical antipsychotic drugs on the
basis of forelimb (FRT) and hindlimb (HRT) retraction times when rats are
placed on a platform with their legs lowered through holes. Using both
Between and Within Subject designs, olanzapine (OLZ) was compared to
clozapine (CLZ), haloperidol (HAL), and thioridazine (THD) in the Paw Test.
In the Between Subjects study (N=8/group), HAL (1.0 & 2.0 mg/kg) signifi
cantly increased both FRT and HRT; whereas, OLZ (3.0 mg/kg), CLZ (10.0 &
20.0 mg/kg), and THD (10.0 & 20.0 mg/kg) only produced increases in HRT.
In the Within Subjects study, the rats from the Vehicle group in the first study
were tested with HAL (0.625-4.0 mg/kg), OLZ (0.25-4.0 mg/kg), and THD
(1.25-20.0.mg/kg). Again, HAL produced significant increases in both FRT
and HRT at comparable doses (min. effective dose = 0.25 mg/kg). In contrast
to the first study, 2.0 and 4.0 mg/kg OLZ produced significant increases in
both FRT and HRT; however, THD (10.0 & 20.0 mg/kg doses) still produced
significant increases only in HRT . These results demonstrate that OLZ is
similar to CLZ and THD in the PAW Test with a Between Subjects design (i.e.,
producing changes only in HRT), but that a FRT effect for OLZ (similar to HAL)
is evident when a Within Subjects design is used.
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THE EFFECTS OF TYPICAL AND ATYPICAL NEUROLEPTICS IN
THE PAW TEST USING A WITHIN SUBJECTS DESIGN. S .A .
Varvgl*. J.H. Porter. R.E. Vann, anti L,S, Hurfry. P sychology
Dept., Virginia Commonwealth Univ., Richmond, VA 23184.

165.8

The Paw Test is an animal model of neuroleptic action that differentiates a
drug’s Parkinsonian side-effect liability from its antipsychotic efficacy. Typical
antipsychotic drugs (e.g., haloperidol) produce significant increases in both
forelimb (FRT) and hindlimb (HRT) retraction times at similar doses when rats
are placed on a platform with their legs lowered through holes; whereas,
atypical antipsychotic drugs (e.g., clozapine) selectively increase HRT without
producing changes in FRT (Ellenbroek, 1993). This model has been
extensively validated in the rat using a Between Subjects design (i.e.,
different rats are used for every dose of every drug), but no attempts to
validate this model using a Within Subjects design have been reported. In
the present study, a limited Within Subjects design was used in which four
separate groups of rats (N=10) were tested with either haloperidol (HAL),
chlorpromazine (CPZ), clozapine (CLZ), or olanzapine (OLZ) to obtain dose
response curves.
HAL (0.0625-1.0 mg/kg) and CPZ (1.25-20.0 mg/kg) produced significant
increases in both FRT and HRT at similar doses. In contrast, CLZ (2.5-40.0
mg/kg) and OLZ (0.25-8.0 mg/kg) produced selective increases in HRT.
These results confirm previous findings that typical antipsychotic drugs (i.e.,
HAL and CPZ) produce increases in both FRT and HRT at similar doses, while
atypical antipsychotic drugs (i.e., CLZ and OLZ) selectively increase HRT.
These results also demonstrate that the Paw Test can be used successfully
with a Within Subjects design to differentiate between typical and atypical
antipsychotic drugs.

BLOCKADE OF THE LOCOMOTOR ACTIVITY RESPONSE TO
APOMORPHINE: A PROPOSED IN VIVO BEHAVIORAL ASSAY TO
DETECT DOPAMINE D4 RECEPTOR ANTAGONISTS. M.J. Maichrzak*.
S.H. Zorn, M.A. Sanner. & P.A. Seymour. Central Research Division, Dept,
of Neuroscience, Pfizer Inc, Groton, CT 06340
Apomorphine (APO) is a non-selective dopamine receptor agonist that
produces hyperactivity and stereotypy in rats. Previous studies showed that
typical antipsychotics (e.g. haloperidol) produced a leftward shift in the time
course of the hyperactivity response ("temporal shift"), without attenuation of
its magnitude (Majchrzak et al, 1994). Atypical antipsychotics (e.g.
clozapine) antagonize the hyperactivity response without a temporal shift or
antagonism of stereotypy. Since clozapine has some selectivity for the D4
vs the D2 receptor, the present studies were undertaken to evaluate the
contribution of D4 antagonist activity in this response. To this end, the trans
azabicyclic, CP-293019, a D4 receptor antagonist (Ki = 3.4 nM) with
moderate 5HT1A and 5HT2 affinity (IC50 180-500 nM) and PNU-101387, a
D4 antagonist (Ki = 29.1 nM) that is devoid of 5HT1A and 5HT2 affinity (Ki >
1000 nM) were tested in this model. Each compound significantly
attenuated the APO-induced response without a temporal shift, antagonism
of stereotypy or induction of sedation. Additional studies evaluated the role
of 5HT1A and 5HT2 receptor activities in the APO response. The 5HT1A
agonist, 80H-DPAT, the partial 5HT1A agonist, buspirone, and the 5HT1A
antagonist, WAY-100635, failed to attenuate the APO response, suggesting
limited involvement of 5HT1A activity in this response. The 5HT2
antagonists, ritanserin and MDL-100151, also had no effect on the APO
response. The lack of activity with 5HT1A and 5HT2-selective agents,
coupled with the efficacy of selective and structurally distinct D4 antagonists,
suggests that the stimulant effect of APO is at least partly due to D4
receptor agonism and that antagonism of this effect can be accomplished
using D4 selective antagonists.

165 .9
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LOW-LEVEL LEAD (Pb) EXPOSURE PRODUCES AN ALTERED
RESPONSE TO THE DOPAMINE AGONISTS QUINPIROLE AND SKF
82958 ON A WAITING FOR REWARD BEHAVIORAL PARADIGM B J*
Brockcl* . A. Shrivastava. and D A. Corv-Slechta. Department of Neurobiology
and Anatomy. University o f Rochester, Rochester. NY 14642.
Lead (Pb) associated behavioral deficits are estimated to affect 1 in 6 children in
the U.S. Clinical and experimental data indicate that one o f the deficits produced
by low-level Pb exposure is an inability to refrain from inappropriate responding.
To study the effects of Pb on a reinforced wait paradigm, groups of 12 rats each
were exposed chronically from weaning to levels ofO, 50, or 150 ppm Pb acetate
in drinking water. These exposures produced mean blood-Pb levels of <5, 10.75,
and 28.50 (ig/dl. respectively. After 40 days o f exposure, rats were trained on a
fixed ratio (FR) - wait behavioral baseline. A total of 50 responses (FR 50) on an
operant lever produced a 45 mg food pellet. After earning an FR p ellet “free’
pellets could be obtained until another lever response was emitted which
reinitiated the FR component. “Free” pellets were delivered at increasing time
intervals (i.e.. 2 s. 4 s, 6 s, ...). Once behavior stabilized, acute dose-effect curves
were determined for quinpirole (0.0 - 0.2 mg/kg), SKF 82958 (0.0 - 0.8 mg/kg).
SCH 23390 (0.0 - 0.2 mg/kg), and eticlopride (0.0 - 0.2 mg/kg). Pb-exposed rats
had increased baseline FR response rates and a higher num ber of responses per
reinforcement. Rats in the high Pb-concentration group reset the FR component
more often and waited less than controls, suggesting an inability to refrain from
responding or to tolerate delay of reinforcement. Both dopamine agonists and
antagonists decreased overall response rates and this effect was not differentially
afTcctcd by Pb. Both SKF 82958 and low doses o f quinpirole increased the number
of responses per reinforcement and this effect was attenuated by Pb. These results
arc consistent with autoradiographic studies from our laboratory which show a
down regulation of D 1 and D2 dopamine binding in the nucleus accumbens and
could indicate a mesolimbic basis o f these effects. Supported by ES05727.
ES05017. ES05903. ES01247.

A DRUG DISCRIMINATION ANALYSIS OF THE PHARMACOLOGICAL
PROPERTIES OF THE PUTATIVELY D3 DOPAMINE RECEPTORPREFERRING AGONIST 7-OH-DPAT. C L. Zuch* and D A. Corv-Slechta
Departments o f Environmental Medicine and Neurobiology and Anatomy,
University o f Rochester School o f Medicine and Dentistry, Rochester, NY 14642.
The specificity of various pharmacological compounds for the D3 subtype cf
dopamine (DA) receptor has been assessed primarily with in vitro assays which
merely approximate the in vivo functioning o f dopaminergic systems. In addition,
while the D3 receptor has been shown to be expressed mainly in limbic regions of
the brain, the pre- vs. post-synaptic nature of this expression has not been
definitively demonstrated. To address these issues in vivo, twelve adult male rats
were trained to discriminate the D3 receptor-preferring agonist 7-OH-DPAT (OHD)
(0 .10 mg/kg, i.p.) from saline in a two-lever, food-reinforced operant drug
discrimination paradigm.
Upon acquisition o f the discrimination, several
dopaminergic compounds were tested for their generalization to the stimulus
properties of OHD. Manipulations designed to mimic autoreceptor stimulation,
i.e. reduced synaptic DA, such as D1 receptor antagonism w ith SCH 23390 (0.010.10 mg/kg) and DA depletion w ith a-methyl-para-tyrosine (25-75 mg/kg) only
partially substituted for the stimulus properties of OHD, although doses of the
D2/D3 agonist quinpirole previously demonstrated to be autoreceptor specific
(0.02-0.05 mg/kg) (Widzowski and Coiy-Slechta, 1993) substituted fully for
OHD. However, apomorphine (0.50-1.0 mg/kg) also substituted for the OHD
stimulus, suggesting some postsynaptic activity.
The D2-like antagonists
spiperone and eticlopride completely antagonized the stimulus properties of OHD
at doses of 0.02 mg/kg and 0 .10v-mg/kg, respectively, while the putatively D3
receptor-specific compounds AJ76 (8.0-16.0 mg/kg) and UH232 (1.0-10.0 mg/kg)
produced only partial antagonism. These data suggest not only that a high degree
of overlap in specificity may exist between D2-like pharmacological compounds,
but also that the D3 receptor may be located both pre- and post-synaptically in
limbic areas. ES07026, ES05017, ES05903.
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INVOLVEMENT IN SLEEP REGULATION OF DOPAMINE D3
RECEPTORS LOCATED IN THE CEREBELLUM. S Barik. R de
Beaurepaire*. Lab. Pharmacologie, INSERM 11.320, 14032 Caen,
France.
The lobules 9 and 10 of the cerebellum contain high densities of
dopamine D3 receptors and are devoid of D2 receptors. We have
previously shown that the D3 receptors in the cerebellum are involved
in the regulation of locomotor activity in the rat (Barik and de
Beaurepaire, Brain Res 1996). In the present work we looked for an
involvement of these receptors in the regulation of sleep. An
involvement of dopaminergic systems in the regulation of sleep has
been reported by several authors (dopamine agonist decrease sleep,
and dopamine antagonists increase sleep). Female Sprague-Dawley
rats were implanted with electrodes for chronic EEG recordings, and
with a cannula directed into the lobules 9 and 10 of the cerebellum (n
= 8 ). All animals were injected twice, once with amisulpride and once
with the solvent (distilled water) according to a counterbalanced
schedule. A high (1 j4g in 0.2 //l) or a low (I, 10 and 100 ng in 0.2
//l) dose of a dopamine antagonist, amisulpride, was microinjected in
the lobules 9 and 10 of the cerebellum. Amisulpride has a high affinity
for the dopamine D3 receptors, and has biphasic effects (low doses
increase, and high doses decrease locomotor activity). The animals
were recorded for 3 hours after the injection. The results show that
10 0 ng of amisulpride decrease sleep the second hour after the
injection. Other doses had no effects. These results are in line with
those obtained with the locomotor activity testing, which showed that
low doses of amisulpride have psychostimulant actions.

BEHAVIORAL SENSITIZATION TO AMPHETAMINE IS NOT
ACCOMPANIED BY A CHANGE IN THE NUMBER OF C-FOS
CONTAINING CELLS IN THE STRIATUM. S.M. Turgeon* and J.E.
Blum. Department of Psychology and Neuroscience Program, Amherst
College, Amherst, MA 01002.
The expression of c-Fos-like immunoreactivity (FLI) was assessed in male
rat striatum following two different chronic amphetamine (AMPH)
paradigms, both of which were found to induce behavioral sensitization. In
an immediate challenge paradigm, animals were treated for four days with
AMPH (5 mg/kg) or vehicle and challenged with either AMPH or vehicle on
the fifth day. In a delayed challenge paradigm, animals were treated for five
days with AMPH or vehicle and challenged with either AMPH or vehicle on
the twelfth day. In both paradigms, animals pretreated and challenged with
AMPH (A-A) displayed behavioral sensitization as compared to animals
pretreated with vehicle and challenged with AMPH (V-A). Likewise, the
number of FLI positive cells in the striatum was enhanced in the V-A groups
as compared to control (V-V) groups in both paradigms. The number of FLI
positive cells in the A-A groups was not significantly different from the V-A
groups in either the immediate or delayed challenge paradigm. This finding
does not appear to be due to antibody cross-reactivity with chronicallyinduced Fos-related antigens in the A-A groups because chronic control
groups (A-V) did not display high levels of FLI. These results suggest that
behavioral sensitization to AMPH is not accompanied by a change in the
number of striatal cells expressing c-Fos.
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APOMORPHINE-INDUCED CONDITIONED SENSITIZATION DOES NOT RESULT
FROM A FAILURE TO HABITUATE TO ENVIRONMENTAL NOVELTY. E. Tirelli* & Ch.
Heidbreder¥. University of Liège, Biological Psychology & Pharmacopsychology, B4000 Liège, Belgium - ¥lnstitute of Toxicology, Behavioral Biology & Functional
Toxicology, CH-8603 Schwerzenbach, Switzerland.
Contextual sensitization refers to the fact that when neutral environmental stimuli
are repeatedly associated with the pharmacological effects of a drug, the
exteroceptive cues of the environment eventually acquire the ability to induce
behavioral and physiological effects similar to those produced by the drug itself. The
mechanism involved in this phenomenon is a Pavlovian classical conditioning
process. Recently, however, the validity of the classical conditioning hypothesis has
been sharply challenged. For example, the habituation hypothesis states that
conditioned drug effects may result from drug-induced alterations in the ability of rats
to habituate to the testing context. In the present study, we designed experiments to
study the conditioning aspects of contextual sensitization to apomorphine-induced
climbing. To obtain sensitization, mice from an outbred strain (OF-1) received
repeated, intermittent injections of 0.4 mg/kg apomorphine (APO) over 9 daily
sessions. They were then tested for either conditioned (experiment 1) or contextual
(experiment 2) sensitization 24 hours after the last of these pre-exposure sessions.
A third experiment determined whether manipulation of the amount of pre-exposure to
the testing context would alter both the development and expression of contextual
sensitization to APO-induced climbing. Whether sensitization developed as a
function of a state-dependent learning effect (i.e. APO alters retention of habituation
to the testing device) was assessed in a fourth experiment. The results of the
present study demonstrate that (1) pre-exposure to APO in the testing context leads
to higher climbing scores and shorter latencies to climb in response to a saline
challenge performed in the testing context; (2) pre-exposure to APO in the testing
context not only enhances, but is also necessary, for contextual sensitization to
APO-induced climbing to develop; (3) the rate of extinction of both the climbing
performance and climbing latency does not parallel the rate of habituation; (4) pre
exposure to the testing context up to completion of habituation impairs neither the
development of sensitization nor the expression of its conditioning, and (5)
spontaneous recovery of the initial level of climbing activity occurs only after a 14 to
19 day cessation of exposure to both APO and the testing context.

BEHAVIORAL EFFECTS OF INTRANASAL DOPAMINERGIC
AGONISTS IN 6 -HYDROXYDOPAMINE (6 -OHDA)-LESIONED RATS.
Wu. T.H.*f Locke. K.W.. Loar. S.B. and Maher, T.J. Div. Pharmaceut. Sci.,
Mass. Coll. Pharm. and AHS, Boston, MA 02115 & Intemeuron Pharm.
Inc., Lexington, MA 02173.
The intranasal (IN) route of administration may provide for a more
rapid and improved delivery of certain pharmaceutical agents to the central
nervous system. Peripherally-mediated side effects may also be minimized
or eliminated by utilizing the IN route. We determined the ability of two
dopaminergic agonists, apomorphine (APO) and dihydrexidine (DHX), to
influence behavior in the 6 -OHDA lesioned rat model following IN
administration. Male Sprague-Dawley rats were lesioned with 6 -OHDA
using stereotactic techniques. Following a three week recovery period, rats
were tested for degree of lesioning by determining the number of
contralateral rotations following APO (0.05 mg/kg s.c.). Adequately
lesioned rats were then administered 0.2-0.6 mg APO or 0.35-1.4mg DHX,
IN (20 ul/nostril) and the number of rotations in 60 min determined. APO
produced an almost immediate (15-60 sec) onset of contralateral rotation
that was dose-dependent (31.3-45.8 rotations/10 min). Similarly, IN DHX
produced a dose-dependent (27.5-63.8 rotations/10 min) increase in
contralateral rotations with an onset of 2-5 min. This study demonstrates
the ability of APO and DHX administered via the IN route to influence
dopaminergic function in an animal model. The potential utility of
dopaminergic agonists administered by the IN route should be explored in
human disorders such as Parkinson's disease.
Supported by a grant from Intemeuron Pharmaceuticals, Inc.
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DOPAMINE D1 RECEPTOR KNOCKOUT MICE ARE LESS SENSITIVE TO THE
LOCOMOTOR EFFECTS OF ALCOHOL AND AMPHETAMINE. M. El-Ghundi. P.
J. Fletcher. J. Draeo. P. Ashby*. B.F. O ’Dowd and S.R. George. Addiction Research
Foundation., Clarke Institute Psychiatry, Department o f Pharmacology, University o f
Toronto, Toronto, ONT, M5S 1A 8, Canada, Department o f Anatomy, Monash University,
Australia.
The dopaminergic system modulates m any functions including m otor activity. The
locom otor stimulant effects o f ethanol and amphetamine have been proposed to be
correlated with their rewarding effects. Studies using dopamine antagonists have
established that dopamine D l receptor may have a role in alcohol and amphetamine
locomotor stimulant effects. We used mice lacking D1 receptors ( D l-/- ) to investigate
the role of the receptor in the locomotor stimulant effects induced by a range o f doses o f
ethanol and amphetamine. Ambulation and rearing o f D l-/- mice and normal wild-type
(D1+/+) mice were assessed, using activity monitor chambers, every 5 min. for 60 min.
Before each drug treatment, basal activity after saline was established. Although rearing
was reduced in D l-/- mice, basal spontaneous locomotor activity was indistinguishable
from the D1+/+ mice. At a low dose, ethanol did not induce any motor stimulatory effect
inD l-/- or D1+/+ mice. At a moderate to high dose, ethanol produced a dose-dependent
reduction in locomotor activity in D1+/+ mice but had no effects on D l-/- mice although
rearing was reduced. A low dose o f amphetamine markedly increased the locomotor
activity in D1+/+ mice but had no effect on D l-/- mice. A high dose o f amphetamine
increased activity in all mice. Following repeated exposure to a low dose, amphetamine
induced a marked locomotor sensitization in D 1 +/+ mice but not in D l -/- mice. Thus
the D l receptor plays a significant role in mediating the locomotor effects o f ethanol and
amphetamine. The fact that D l-/- mice were less affected by these drugs and showed no
sensitization to amphetamine might predict reduced rewarding effects o f these drugs in
D l receptor deficient mice.
(Supported by the Medical Research Council o f Canada).

DOPAMINE D3 AGONISTS INCREASE RESPONSE RATE UNDER A
FDCED-INTERVAL SCHEDULE IN SQUIRREL MONKEYS. R.D.
Spealman*. Harvard Medical School, New England Regional Primate
Research Center, Southborough, MA 01772-9102.
Dopamine (DA) agonists with reported selectivity for the D3 subtype of
Dr like receptors were compared with reference D2 agonists for their
effects on schedule-controlled behavior in squirrel monkeys. Monkeys
were trained to respond under a fixed-interval schedule of stimulus-shock
termination shown previously to be sensitive to the stimulant effects of
traditional D2 agonists as well as indirect DA agonists such as cocaine and
amphetamine. In the majority of monkeys tested, the D3 agonists PD
128,907, R-(+)-7-OH-DPAT, quinelorane, and quinpirole produced doserelated increases in response rate, with maximal effects comparable to
those produced by the reference D2 agonists R-(-)-NPA and N-0434. The
relative potencies of the D3 agonists for increasing response rate
approximated their relative potencies reported in functional (stimulation of
[3H] thymidine incorporation) and, to a lesser extent, radioligand binding
assays (inhibition of [123I] iodosulpiride binding) in transfected cells
expressing hD} receptors. In contrast, the relative potencies of the
reference D2 agonists [R-(-)-NPA about 50 times more potent than N0434] approximated the relative potencies of these drugs reported in
[l2SI]iodosulpiride binding assays in transfected cells expressing hD2, but
not hD}, receptors. The results suggest a role for both the D2 and D3
receptor subtypes in mediating the rate-increasing effects of DA agonists.
Supported by DA00499, DA03774, DA06303, MH07658, and RR00168.

165.17

165.18

PHARMACOLOGICAL CHARACTERIZATION O F BETA ADRENERGIC
RECEPTOR AGONISTS IN A TW O-CHOICE DISCRIMINATION IN RATS.
Malath M akhav* and James M. O'Donnell. Dept, o f Pharmacology &
Therapeutics, Louisiana State University M edical Center, 1501 Kings Highway,
Shreveport, LA 71130-3932.
The discriminative stimulus effects o f beta adrenergic agonists were examined in
rats trained either to discriminate 0.03 mg/kg clenbuterol and vehicle or 5.6 mg/kg
dobutamine and vehicle using a fixed-ratio 10 (FR 10) schedule with water
reinforcement The beta-2 selective adrenergic agonist clenbuterol produced an
orderly dose-response relationship and its discriminative stimulus effects were
antagonized by the beta adrenergic antagonist propanolol. Generalization tests were
carried out to determine whether antidepressant drugs substituted for clenbuterol in
the discrimination task. It was found that the effects o f tricyclic antidepressant
drugs and selective norepinephrine uptake inhibitors did not generalize to the
discriminative stimulus effects o f clenbuterol, with the exception o f high doses o f
protriptyline. Moreover, compounds from other drug classes, specfically fluoxetine,
chlorpromazine, and phenelzine did not substitute for clenbuterol. Rats were
trained to discriminate 5.6 mg/kg dobutamine and vehicle to examine the
discriminative stimulus effects o f a purported beta - 1 adrenergic agonist.
Pharmacological examination of the dobutamine cue revealed an orderly dose
response relationship and antagonism by propanolol, suggesting mediation by beta
adrenergic receptors. The DD effects o f dobutamine pesisted after down-regulation
of beta-2 adrenergic receptors, suggesting mediation by the beta-1 subtype. The
results o f substitution tests revealed that the effects o f both the beta - 1 selective
adrenergic agonist prenalterol and the beta -2 selective adrenergic agonist clenbuterol
generalized to the discriminative stimulus effects of dobutamine. Desipramine and
protriptyline, when examined in rats trained to discriminate 5.6 mg/kg dobutamine
and vehicle, failed to produce generalization above the 50% level. Supported by
grants from the National Institute on Mental Health

ALPHA -2-AD REN OCEPTO R ANTAGONISTS PO TENTIA TE ANTI-PARKINSONIAN EFFECTS OF LEV OD OPA AND APOM ORPHINE AND REDUCE
DOPAMINERGIC ADVERSE EFFECTS
T. Leino. A. Haapalinna* & E. Heinonen. Orion Corporation, Orion Pharma, P.O. Box
425, FIN-20101, Turku, Finland
In addition to degeneration of dopaminergic system, also noradrenergic system is
affected in Parkinson’s disease (PD). This may contribute to the autonomic nervous
system (ANS) dysfunctions in PD, but may also be involved in motor symptoms. Most
of the motor symptoms in PD are alleviated by dopaminergic drugs like 1-dopa and
apomorphine (APO), which may, however, worsen the symptoms caused by ANS
degeneration like orthostatic hypotension. <X2 -Adrenoceptor antagonists, atipamezole
(ATI), yohimbine (YOH) and idazoxan (IDA) have been shown to enhance ipsilateral
turnings caused by amphetamine in the unilaterally substantia nigra (SN) lesioned rats.
The aim of the experiments was to evaluate the effects of a 2 -antagonists when com
bined with direct dopamine (DA) agonists in vivo. We investigated [1] what effects OC2 antagonists have on the lesion side of the brain, i.e. on contralateral turning behaviour
induced by DA agonists, in unilaterally SN lesioned rats and [2] evaluated the effects of
ATI (0.3 mg/kg s.c.) and IDA (1 mg/kg s.c.) on APO-induced hypotension and sedation
in conscious, nonlesioned, rats with a telemetry transmitter. In lesioned rats, ATI (0.3
mg/kg s.c.) potentiated (+ 30 %) contralateral turning behaviour induced by 1-dopa (5
mg/kg i.p.) or APO (50 ^ig/kg s.c.). Accordingly, at doses blocking equally central <*2 receptor (antagonism of <X2 *agonist induced mydriasis), ATI (0.3 mg/kg s.c.), IDA (1
mg/kg s.c.) and YOH (3 mg/kg s.c.) potentiated the effect o f APO. In nonlesioned rats,
APO (50 Jig/kg s.c.) decreased mean blood pressure (BP) in home cage and decreased
BP and exploratory behaviour (sedation) in an open field test. Neither ATI nor IDA had
effects on BP when given alone, but both reversed APO -induced decrease in BP.
Atipamezole also diminished APO-induced sedation in the open field test.
In conclusion, <X2 -antagonists enhanced the efficacy of 1-dopa and APO and reduced
dopaminergic adverse effects. These results suggests that it would be worthwhile to
investigate the effects of a 2 -antagonists in PD patients.
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THE ANTIEMETIC EFFECTS OF THE R- AND S-ENANTIOMERS OF
CISAPRIDE AND NORCISAPRIDE AGAINST CISPLATIN-INDUCED
EMESIS IN THE FERRET. R.H. Wone*. A. Carter. G. Havnes. P.P. Thut R.L
Wvnn. J.R. McCullough, and T.P. Jerussi. RW Associates, Bethesda, MD 20817,
Department of Pharmacology, Dental School, University of Maryland, Baltimore,
MD 21201, and Sepracor, Inc., Marlborough, MA 01752.
In our previous antiemetic studies, chirality has been shown to confer
pharmacological differences between the racemate and the constituent
enantiomeric chemical pairs. In this study the antiemetic effects of cisapride, its
metabolite, norcisapride, mid their enantiomers were evaluated for their protection
against cispladn-induced emesis. Forets (n=5/dose/compound) were anesthetized
and then administered i.v. cisplatin (10 mg/kg). After 30 minutes, the animals
were administered i.v. cisapride, norcisapride, or their enantiomers. Doseresponse relationships for cisapride and its enantiomers were linear (r=0.95-0.98)
and all compounds were equi-efficacious. However, each enantiomer was
approximately 6 -fold more potent than racemic cisapride (EDjqS3 ! .5,1.5, and 9.3
mg/kg for (+)-, (-)-, and racemic cisapride, respectively). Racemic norcisapride
and its (+)-enantiomer had linear (n>0.98) dose-response relationships and similar
ED50s (approximately 0.40 mg/kg). In contrast, a dose-response relationship
could not be determined for (-)-norcisapride. These results indicate that both
enantiomers of cisapride are more potent antiemetics than cisapride itself, and that
potency is increased nearly an additional 4-fold with the metabolites of cisapride.
Moreover, the potencies of the racemates cannot be predicted from the potencies
of the individual enantiomers; they are not simply additive. Support provided by
Sepracor, Incorporated.
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GnRH NEURONS IN LONG-TERM THYROIDECTOMISED MALE
STARLINGS (STU RNU S VU LG ARIS) APPEAR TO BE UNRESPONSIVE
TO CHANGES IN PHOTOPERIOD. G.E. Bent lev*. A.R. Goldsmith and A.
Dawson#. School of Biological Sciences, University of Bristol, Bristol, UK and
#ITE M onk’s Wood, Abbot’s Ripton, Huntingdon, Cambridgeshire, UK.
Starlings undergo an annual breeding cycle that is controlled by photoperiod.
Exposure to long day lengths initially causes reproductive maturation and full
breeding condition, but eventually causes photorefractoriness. GnRH cell bodies
and fibres emanating from these to the median eminence show a marked decrease
in immunocytochemical staining, peripheral gonadotrophin concentrations
decrease to a minimum, and the gonads regress. Starlings remain in this
photorefractory condition indefinitely unless a period of short days is experienced
or they are thyroidectomised. Thyroidectomy progressively renders the
reproductive system of starlings unresponsive to changes in day length, ain
observation that questions the outcome of some experiments involving the use
of thyroidectomy. This investigation was conducted to determine whether or not,
in the absence of gonadal responsiveness, the GnRH system o f thyroidectomised
starlings responds to changes in day length. Thyroidectomised male starlings
were transferred from short days (8L:16D) to long days (18L:6D) for four weeks,
after which one group (TxLD) was kept on long days and the other (TxSD) was
returned to short days. Their brains were compared to those of two groups of
intact starlings, one of them photorefractory (IPR) and the other photosensitive
(IPS). Group IPR had lower numbers of GnRH-stained cells than groups TxLD,
TxSD and IPS. None of the latter three groups (littered in this respect. Similar
differences were observed for GnRH cell size in the POA and for density of
staining of GnRH fibres in the median eminence. Testicular volume increased in
TxLD and TxSD after transfer to long days, but did not decrease in TxSD
following transfer to short days. These results confirm and extend previous
observations on the long-term effects of thyroidectomy.
Supported by BBSRC, AFRC, NERC.

REPRODUCTIVE FLEXIBILITY AND BRAIN GNRH PLASTICITY IN
SONGBIRDS. T. P. Hahn*. P. J. Deviche. R. Crain. R. N. Cho. S. A. MacDougallShackleton, and G. F. Ball. Dept, of Ecol. Evol. Biol., Princeton Univ., Princeton, NJ
08544; Inst. Arctic Biol., Univ. of Alaska, Fairbanks, AK 99775; Dept, of Psychol.,
Johns Hopkins Univ., Baltimore, MD 21218.
Most seasonally breeding birds show annual cycles of photosensitivity and photore
fractoriness. These cycles correlate with dramatic changes in immunoreactivity for
gonadotropin-releasing hormone (GnRH) in the preoptic area, septum, and hypo
thalamus in almost all species studied to date. However, all of these species are rela
tively rigid seasonal breeders. We used immunocytochemistry to compare seasonal
patterns of brain GnRH immunoreactivity in two closely related songbird species that
differ in reproductive flexibility. House finches (Carpodacus mexicanus) breed sea
sonally and become absolutely photorefractory at the end of breeding. White-winged
crossbills (Loxia leucoptera) breed opportunistically, and may never become abso
lutely photorefractory. We collected brains from free-living male house finches in
May (breeding) and October (refractory), and from male crossbills held in captivity on
a natural seasonal photocycle in May, October, and January. Refractory house finches
(October) had dramatically lower GnRH immunoreactivity than breeding individuals
(May). This is consistent with linkage of absolute refractoriness in songbirds to
profound down-regulation of hypophysiotropic GnRH in the brain. There was a trend
toward reduced GnRH immunoreactivity in pulatively refractory crossbill brains
(October) compared with photosensitive (January) or photostimulated (May) birds, but
this trend was much less dramatic than in house finches. This is consistent with
reproductive flexibility of crossbills being facilitated by tonic GnRH production in the
brain throughout the year. Thus, closely related species may differ in the details of
neuroendocrine mechanisms underlying their reproductive cycles, and these
differences may relate to reproductive strategy.
Supported by NSFIBN-951425 to GFB and NIMH NRSA M H -10499 to TPH.
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EFFECTS OF DEHYDRATION ON GONADAL SIZE AND HYPOTHALAMIC
GnRH IN ZEBRA FINCHES. E. C. Salvi* and G. F. Ball. Dept, o f Psychology,
Behavioral Neuroendocrinology Group, Johns Hopkins Univ., Baltimore M D 21218
In many seasonally breeding avian species the tim ing o f breeding is regulated by
changes in photoperiod and seasonal variation in reproductive activity is associated
with marked variation in the hypothalamic content o f gonadotropin-releasing
hormone (GnRH). In other species, such as the zebra finch (Taeniopygia guttata), a
native o f arid areas o f Australia, breeding appears to occur opportunistically and
reproductive activity is regulated by changes in other cues besides photoperiod, such
as the availability of water. Comparative studies o f GnRH plasticity in the avian
brain suggest that in species that breed w ith a more flexible schedule, such as zebra
finches, GnRH is regulated via inhibition o f release rather than via changes in the
brain content o f the peptide. In this study we investigated whether variation in
reproductive activity in zebra finches is associated with variation in hypothalamic
GnRH. Finches were either housed as pairs or males were individually housed and
both paired birds and individual males were water restricted for five weeks. W ater
restriction resulted in a significant regression in gonadal size in both m ales and
female paired birds as compared to paired controls that received water ad lib.
Individually housed males exhibited a reduction in testis size that was statistically
non-significant. GnRH immunoreactive perikarya and fibers were localized in the
preoptic area and the hypothalamus via immunocytochemistry. Preliminary results
suggest that the number o f immunoreactive cells and fibers do not change in
association with gonadal regression resulting from dehydration. This is consistent
with the hypothesis that opportunistic species such as the zebra finch, in contrast to
photoperiodic seasonally breeding avian species, m aintain substantial levels of
hypothalamic GnRH even when their gonads are regressed. Supported by NSF IBN
951425.

RAPID INCREASES IN PITUITARY FOLLICLE-STIM ULATING HORMONE
LEVELS FOLLOWING LONG-DAY TRANSFER IN SIBERIAN HAMSTERS D I
Bernard*. FW Turek. Neurobio. & Physio., Northwestern Univ., Evanston IL
When reproductively quiescent Siberian hamsters (Phodopus sungorus) are
transferred from short to long photoperiods serum FSH levels increase after 3 to 5
long days. This increase is dependent upon hypothalamic GnRH secretion, whose
mRNA levels increase transiently on the morning o f the second long day. Because
increases in GnRH production precede the observed increases in circulating FSH,
changes in GnRH secretion may occur within the first few long days to increase
FSH production prior to its increased release. As an initial test of this hypothesis,
we measured pituitary and serum FSH content shortly after long-day transfer. Male
and female Siberian hamsters born into long days (LD 16:8) were moved to short
photoperiods (LD 6:18) at 18 days of age or maintained on long days (LD controls)
After four weeks, hamsters were transferred back to long days (Experimentáis) oi
were maintained On short days (SD controls). On the morning of the second long
day, Experimentáis and age-matched LD and SD controls were euthanized, blood
samples collected, and pituitaries extracted. Serum and pituitary FSH levels, as
measured by RIA, were significantly higher in LD than SD controls in both sexes.
In addition, pituitary, but not serum, FSH levels were increased in Experimentáis
relative to SD controls. To understand more fully the mechanisms through which
FSH levels are increased, we have begun to investigate regulation o f the FSHJ3
subunit in hamster pituitaries. First, we used reverse transcriptase-polymerase chain
reaction (RT-PCR) to amplify a partial cDNA for the FSHp subunit from Siberian
hamster pituitary total RNA pools. PCR prim ers were designed from highly
conserved sequences in the coding region of the rat and mouse FSH|3 cDNAs. The
RT-PCR yielded a single product of 381-bp which when sequenced was determined
to share 90% nucleotide sequence identity with both the rat and mouse cDNAs.
Next, we m odified the RT-PCR procedure to m easure relative levels o f FSHp
mRNA in a semi-quantitative assay. Preliminary results indicate FSH ^ mRNA
levels are higher in LD than SD controls. Ongoing studies examine the time course
of changes in pituitary FSH(3 mRNA levels and FSH content to characterize more
precisely when changes ir. GnRH secretion may occur following transfer to long
days. Supported by NIH Grants F32M H11493, P30 HD28048, and P01-HD21921.
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NOREPINEPHRINE LEVELS FOLLOW ING INCREASED DOPAM INERGIC
TONE IN SIBERIAN HAMSTERS. John J. Panos.

SUNDAY PM

Kristen A. Buechi, Kara A.

PHOTOPERIODIC INFLUENCES ON INHIBITORY NEUROTRANSM ITTER
LEVELS IN THE MPOA OF SIBERIAN HAMSTERS. Amanda M. Illig*. Kara A.
W oods. Kristen A. Buechi. Jo h n J. Panos. and, L ori L. B ad u ra. Behavioral

and Biology Department, SUNY at Buffalo, Buffalo, NY .
In Siberian hamsters, the neuroendocrine axis underlying reproductive function is

Neuroscience, SUNY at Buffalo, Buffalo, NY .
In hamsters, the neuroendocrine axis that underlies reproductive function is altered

altered by changes in daylength. Exposure to a short day photoperiod induces gonadal
regression, and decreases in a variety of pituitary hormones, including prolactin

by changes in daylength. Exposure to a long-day photoperiod activates the HPG axis,

(PRL). The declines in PRL are largely induced by increases in the activity of the

while exposure to shorter daylengths for several weeks induces gonadal involution and
a decline in circulating steroid levels. Although photoperiod does not appear to directly

TDDA neurons in the arcuate nucleus. However, PRL also appears to be influenced by

alter the number of active GnRH neurons present within the mPOA of this species, it

unidentified prolactin-releasing factors within the PVN of the hypothalamus which are
further modulated by photoperiod-dependent neurochemical inputs to this region.

rem ains possible that the activity of GnRH neurons is depressed under short day
exposure, thus explaining the declines in circulating levels of both FSH and LH that

The putative role of one of these inputs, norepinephrine (NE), was evaluated in the
current study in animals in which the TIDA inhibitory system had been maximally

precede the precipitous drop in gonadal steroid levels. The present study evaluated the
levels o f inhibitory neurotransmitters within this region under different photoperiod

activated via administration of the dopaminergic agonist, C B 154.

conditions in an effort to identify potential candidates for m odulating the GnRH

photoperiod (16L:8D) at 45 days of age, and received either CB154 via the drinking

system, and thus reproductive status in general.
Siberian hamsters were placed under long (16L:8D) or short (10L:14D) photoperiod

water or control solution. Animals were decapitated at 1, 3, and 5 weeks of treatment

conditions at 45 days of age. Animals were sacrificed at 1, 3, or 5 weeks post

and the brains removed and frozen until sectioning. The PVN region was bilaterally

photoperiod assignment via decapitation, the brains removed, and stored frozen until

microdissected and prepared for neurochemical assay of NE and MHPG via HPLC-

sectioning. The mPOA region was bilaterally microdissected and prepared for assay of

Hamsters were transferred to short-days (10L:14D), or left within a long-day

EC. Regardless of photoperiod, CB154 animals showed a significant decrease in NE

GABA and dopamine levels via HPLC-EC. Evaluation of the early stages of short

content and an increase in M HPG/NE ratios over time. These data suggest that
activation of the inhibitory system results in compensatory increases in NE activity

photoperiod exposure allowed us to identify changes in neurotransmitter levels that

within the PVN that may partially account for photoperiodic effects on PRL release.

GABA and dopamine in the modulation of this system will be discussed:

166.7
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PH OTOPERIOD-DEPENDENT FLUCTUATIONS
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N O R E P IN E P H R IN E

FOLLOW ING DO PAM INE BLOCKADE IN SIBERIAN HAMSTERS. Kara A.
Woods. Kristen A. Buechi. Amanda M. Illig. Lori L. B adura. and Kathleen M K Boje*
Behavioral Neuroscience and Pharmacy Department*, SUNY at Buffalo, Buffalo, NY
Exposure to a short photoperiod results in decreased secretion o f prolactin (PRL),
and induces changes in hypothalamic neurochem istry which underlies seasonal
hormone fluctuations. Increased activity of TIDA neurons leads to a decline in PRL,
whereas decreases in DAergic tone are permissive for elevations in PRL. However,
other photoperiod-sensitive neurochemical inputs to the PVN of the hypothalamus also
appear to modulate this system. The current study investigated levels of one putative
neuromodulatory factor, norepinephrine (NE), during the early stages of short-day
exposure in anim als whose inhibitory arm o f the regulatory system had been
inactivated via administration of the potent D2 receptor antagonist, pimozide (PIM).
Hamsters were transferred to short-days (10L:14D), or left within a long-day
photoperiod (16L:8D) at 45 days of age. Animals were decapitated at

1, 3, and 5

weeks of treatment and the brains removed and frozen. Serum was assayed for PRL
levels via RIA. Brains were sectioned and the PVN region bilaterally microdissected
and prepared for neurochemical assay of NE via HPLC-EC. The data revealed the
expected stimulation of circulating PRL in the PIM -treated animals regardless of
photoperiod. However, regardless of drug group, 16L animals showed a steady
increase in NE over time, whereas 10L animals showed a marked decrease. These
data will be discussed in the context of photoperiod-dependent interactions o f the

may precede the declines in circulating gonadal steroid levels. The putative role of

LUTEINIZING HORMONE-RELEASING HORMONE IMMUNOREACTIVITY IN
PREPUBERTAL AND ADULT MALE GOLDEN HAMSTERS. H.N. Richardson*.
R.D. Romeo, and C.L. Sisk. Dept, of Psych., Neuroscience Program, Michigan State
University, East Lansing, MI 48824.
The decapeptide luteinizing hormone-releasing hormone (LHRH) plays an
important role in the regulation o f the reproductive system via the hypothalamicpituitary-gonadal axis. LHRH released into the m edian eminence signals the
anterior pituitary to release gonadotropins, which regulate spermatogenesis and
testosterone production in males. The onset o f puberty is associated with an increase
in plasma LH levels, presumed to be caused by an increase in LHRH secretion. We
used immunohistochemistry to investigate populations o f LHRH neurons involved in
pubertal m aturation of the reproductive system. A low concentration (1.40,000) of
the Benoit LR-1 antibody was used to assess LHRH-immunoreactive (LHRH-ir) cell
number in prepubertal (28 days of age) and adult (49 days o f age) intact male golden
hamsters. We predicted that intracellular levels of LHRH in cells involved in the
pubertal increase in LHRH release would fall below the level o f detectability,
resulting in a reduced number of visible immunoreactive cells in adult as compared
to prepubertal males. Our results revealed a pubertal decrease in the mean number
o f LHRH-ir cells/section in sections anterior to the preoptic area ( prepubertal=10.6 ±
0.6 vs adult=6.7 ± 0.9, P < 0.05). No difference in mean number o f LHRH-ir
cells/section was found in sections caudal to this region. The pubertal decrease in
LHRH-ir cell number likely reflects a reduction in cell body stores of LHRH that is
secondary to increased LHRH release from cells in rostral brain regions in adult
males. Thus, these data suggest that rostral populations of LHRH cells are important
in the increased release of LHRH presum ed to be characteristic of adult males.
(Supported by HD26483)

inhibitory and stimulatory arms which underly seasonal fluctuations in PRL release.
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AFFERENT INPUTS TO THE ANTERIOR HYPOTHALAMIC AREA/PREOPTIC
AREA (AHA/POA) OF THE EWE: POTENTIAL IMPLICATIONS FOR NEURAL
REGULATION OF SEASONAL REPRODUCTION. S.M. Hileman, H.T. Jansen1,
L.S. Lubbers2, D.E. Kuehl, M.N. Lehman1, G.L. Jackson*. Dept. Vet. Biosci.,
University of Illinois, Urbana, IL 6 1 8 0 1 ;1Dept. Cell Biology, Neurobiol., & Anatomy,
University of Cincinnati, Cincinnati, OH 45267; 2Dept. Biol., University of
Massachusetts, Amherst, MA 01003.
In the ewe, bilateral lesions of the AHA/POA delay cessation of estrous cycles caused by
inhibitory long-day photoperiods (Hileman et al., 1995; Endocrinology 135:1816) leading
to the hypothesis that this area is a component in the control of seasonal reproduction. It
is likely that these lesions not only destroyed neurons but also disrupted afferent input to
this area; therefore, we sought to identify the sources of neural input to the AHA/POA of
the ewe. Four ewes received unilateral injections (200 nl) of the retrograde tracer cholera
toxin-b subunit (CTb) to the AHA/POA. Animals were sacrificed and perfused 72 hours
later and sections processed for CTb immunocytochemistry.
Injection sites were
consistent among animals and corresponded to the area of lesion placement in our prior
study. Sources of afferent input to the AHA/POA included (ipsilateral): 1) telencephalon lateral septum, bed nucleus of stria terminalis, and medial amygdala, 2 ) diencephalon lateral preoptic area, paraventricualar thalamic nucleus, suprachiasmatic nucleus, lateral
and periventricular hypothalamic areas, ventromedial, dorsomedial, arcuate,
premammilary, and supramammilaiy nuclei and a few scattered cells within the median
eminence, 3) mesencephalon - lateral mammilary nucleus, peripeduncular nucleus,
subparafascicular thalamic nucleus, interpeduncular nucleus, ventral tegmental area, and
periaqueductal gray, 4) metencephalon - dorsal and median raphe nuclei, locus coeruleus,
and adjacent lateral parabrachial nucleus. These findings, similar to those made in rodents,
may provide additional anatomical substrates for the seasonal control of reproduction in
the sheep. Supported by NIH-HD27453.

Insulin Treatm ent Inhibits Lordosis and Affects Neural Estrogen
Receptor in Syrian Hamsters. A.K. PANICKER and G.N.WADE*
Neuroscience and Behavior program, University of Massachusetts,
Amherst, MA 01003.
Female mammals are sensitive to the availability of oxidizable
metabolic fuels for normal reproductive performance. Nutritional
infertility can result when food intake is not increased to compensate
for the repartitioning of calories during voluntary exercise, cold
exposure, or insulin administration. Previous research from this lab
showed that when female Syrian hamsters are injected with insulin
every 12 hours for 48 hours and were allowed to eat only 110 % of their
base line food intake, they became anestrus and showed suppression of
lordosis behavior. It has also been shown previously from this lab that
48 hours of food deprivation in female Syrian hamsters cause a
decrease in the number of estrogen receptor immunoreactive (ERIR)
cells in the ventromedial hypothalamus (VMH) and an increase in the
medial preoptic area (mPOA). In the present study we determined
whether insulin administration has similar effects on ERIR in these
regions. We found that insulin treated animals which were not allowed
to overeat exhibited decreased lordosis behavior and an increase in the
number of ERIR cells in the mPOA and a decrease in the VMH. These
findings show that insulin-induced repartitioning of metabolic fuels
inhibits estrous behavior and alters neural ERIR as long as the animals
are unable to increase their food intake.
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SYSTEMIC INJECTIONS OF MONO-SODIUM GLUTAMATE (MSG) BLOCK
DELAYED ESTROUS CYCLES CAUSED BY ACUTE FOOD DEPRIVATION IN
FEMALE RATS, BUT DID NOT DELAY THE ONSET OF PUBERTY. F.H.
Griffin. A.T. Paters, H. FAnson*. Biology Department, W ashington & Lee University,
Lexington, VA 24450
The area postrema (AP) has been shown to provide a link between metabolic fuel
availability and reproductive activity (Br. Res. 661:70-74,1994).
Since systemic
injections o f MSG damages glutamate-sensitive neurons in the AP (Br. Res. 516:335340,1990), we wished to determine if such neurons detect energy availability. Our
approach was to administer MSG to weanling rats and to monitor (1) timing o f puberty,
and (2) ability of acute food deprivation to delay estrous cycles in the adult female. If
glutamate-sensitive neurons in the AP monitor energy levels and relay this information
to the reproductive axis, then MSG-lesioned rats should not exhibit a delayed estrous
cycle following acute food deprivation. In addition, if such AP neurons m onitor energy
levels during development, then puberty should be delayed in MSG-lesioned rats.
Prepubertal female rats (23 days) were injected with MSG (sc, 6 mg/g, n=4, or 4mg/g,
n=5), or isosmotic saline (n=5). The age o f puberty did not differ between the MSGtreated and saline-treated rats (MSG: 6 mg/g: 33.5±1.1 days; 4mg/g 33.4±1.5 days;
saline: 33.0±0.6 days). At 69.2±1.1 days rats were food deprived (48 h) beginning on
1st estrus. The saline-treated rats tended to have a longer cycle after food deprivation
compared to previous cycles (4.5±0.2 vs. 5.6±0.4 days, p=.07), while no delay occured
in MSG-treated rats (6 mg/g: 4.3±0.2 vs. 4.8±0.5, p=.5; 4mg/g: 4.6±0.1 vs. 5.4±0.7,
p=.3). Nissl staining showed neuron damage in the AP o f MSG-treated rats. These
results suggest that glutamate-sensitive neurons play a role in monitoring metabolic
fuel availability in the female rat. While these glutamate-sensitive neurons are not
involved in the timing of puberty, they are crucial for the ability o f the AP to relay
energy information to the reproductive axis in the adult female. Sponsored by
Washington & Lee University.

TH E G nR H C L EA V A G E PR O D U C T G n R H (l-5 ) B IN D IN G TO TH E
HYPOTHALAM IC NM DA RECEPTOR: A PUBERTAL ANALYSIS. B indiva
M w rjani*. M arcJ^G)ucksman_& J-am fiS L , Roberts, Fishberg Research Center for
Neurobiology, Mount Sinai Medical School, New York, NY 10029.
Gonadotropin releasing hormone (GnRH) release from neuro-terminals in the median
eminence (ME) is stimulated by glutamate acting via the NM DA receptor. GnRH is
cleaved by a metalloendopeptidase E.C.3.4.24.15 (EP 24.15) at the Tyr^-G ly^ amino
acid bond. The N-terminal fragment o f this cleavage, GnRH(l-5), has been reported to
function as a competitive antagonist at the NMDA receptor, thus suppressing receptormediated stimulation of GnRH release. W hereas the sensitivity o f GnRH neurons to
glutamatergic inputs changes during pubertal development, we hypothesized that there
might be a change in binding properties o f the NMDA receptor to agonists/antagonists
through peri-pubertal time points.
To test this, NMDA receptor binding assays were conducted on membranes extracted
from medial basal hypothalamus (MBH)-ME o f juvenile, pubertal and post-pubertal
female Sprague Dawley rats.^H ) L-glutamate (200 nM) was used as the labeled ligand
and binding was competed using glutamate and GnRH(l-5). We found that 80-85% of
(3H) L-glutamate binding was competed by G nR H (l-5). The binding o f (^H ) l _
glutamate was not competed by GnR H (l-3) or b-endorphin. Furthermore CNQX, a
non-NMDA glutamate receptor antagonist did not alter the displacement o f (^H) l glutam ate by G nR H (l-5) or glutamate, suggesting the specificity o f only NMDA
receptor involvement.
We conclude that GnRH(l-5) can displace the binding of (3H) L-glutamate from MBHME and cortical membranes. Competition curves suggest no significant difference in
GnRH(l-5) binding to the NMDA receptor across puberty.

166.13
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INVOLVEMENT OF EPIDERMAL GROWTH FACTOR RECEPTOR (EGFR)
RELATED RECEPTORS IN THE CONTROL OF FEMALE PUBERTY. Y^L
Ma*>
Costa and S.R, Qieda. Div. Neuroscience, Oregon
Regional Primate Research Center, Beaverton, OR 97006.
Astroglial cells facilitate the secretion of LHRH, the neuropeptide that
controls the onset of puberty, via the juxtacrine activation of glial EGFR by
transforming growth factor alpha (TGFa). As a result of this activation,
astrocytes release prostaglandin E2, which stimulates LHRH release. Neu
differentiation factor (NDF), a TGFa relative produced in glial cells, is
recognized by a heterodimeric complex formed by the association of either
HER-3 or HER-4 (two members of the EGFR family) with the auxiliary receptor
HER-2. NDF stimulates glial release of PGE2 on its own and facilitates the
effect of TGFa on LHRH release. The biological activity of NDF is related to
the presence of HER-2 and HER-4 in hypothalamic astrocytes. Cortical
astrocytes, which lack HER-4, do not respond to NDF with HER-2
phosphorylation. Transfer of the HER-4 gene to these cells makes them
responsive to NDF. Hypothalamic content of HER-4 mRNA begins to increase
during later juvenile development (and then more pronouncedly during the
onset of puberty), reaching maximum levels on the day of first proestrus.
HER-2 mRNA levels increase mostly on the day of first proestrus. While the
juvenile increase in HER-4 gene expression appears to be gonadalindependent, the peripubertal change in both HER-4 and HER-2 mRNA levels
is, at least in part, caused by ovarian steroids, as it can be reproduced by the
sequential administration of estradiol and progesterone to ovariectomized
immature rats. The results indicate that, in addition to the TGFa-EGFR
complex, the onset of female puberty is preceded and accompanied by the
activation of an NDF-HER-2/HER-4-mediated signaling pathway in
hypothalamic astrocytes. Supported by NIH Grants HD25123 and RR00163.

T H E SU R G E M O D E O F L H S E C R E T IO N IS S E N S IT IV E T O EN E R G Y
A V A IL A B IL IT Y . EJLHsdina1,2. SJMagatani1, L A , Hading1» ILC.'-BucboJla1,
H. Tsukamura6. K-I. M aeda6. and D.L. Foster* 1 4 5. ‘Reproductive Sciences Program,
2Unit for Laboratory Animal M edicine, D epartm ents o f ^Physiology, 4Biology,
5Obstetrics and Gynecology, University o f Michigan, Ann Arbor MI 48109, USA.;
^Laboratory of Animal Reproduction, Nagoya Univ., Nagoya 464-01, Japan.
Adequate nutrition is essential for the onset of and maintenance of reproductive
activity. In the female, when energy is inadequate, mechanisms timing ovulation fail.
Under such conditions, tonic luteinizing hormone (LH) secretion is impaired, and
follicular development is compromised. Experimentally, in the sheep, reduction of
glucose availability by administration o f insulin (Clarke et al., Endo. 127:1470, 1990)
or a glucose antagonist (Bucholtz et al., Endo. 137:601, 1996) depresses LH pulse
frequency. It is not clear whether the surge mode of LH secretion is also sensitive to
glucose availability. We tested the possibility that an acute energetic challenge could
modify the surge system by monitoring the estradiol-induced LH surge in ovariec
tomized sheep (n=5) made hypoglycemic by insulin. The dose used was capable o f
producing moderate prolonged hypoglycemia and depressing pulsatile LH secretion.
Experiment 1, determined that this treatment is two insulin injections iv (5 IU/kg)4h
apart (decreased tonic LH secretion from 5.0+0.32 pulses/4h before to 2.5±0.34
pulses/4h after insulin treatment, p<0.05). Using this paradigm, Experiment 2 deter
mined that insulin-induced hypoglycemia modified the timing of the LH surge, and
that this effect was reversed by simultaneous administration of glucose. The 5 sheep
each experienced 5 treatments. During euglycemia, estradiol (four 30-mm sc capsules
at H 0) produced an LH surge with a latency period of 12.4±0.5 h. When insulin was
administered either shortly before (H - 4 and 0) or shortly after the estradiol stimulus
(H 4 and 8; or H 12 and 16), the onset of the LH surge was delayed (mean latency =
29.0±2.4 h, p<0.05; n=15). Infusing glucose during a period of insulin-induced hypo
glycemia (H 12 through 16) restored the normal timing o f the LH surge (latency =
15.4±0.93 h after estradiol stimulus, p>0.05; n=5). These findings reveal that not only
is the tonic mode of LH secretion is modified by glucose availability, but the surge
mode is as well. (Supported bv NIH-HD-18394. )

166.15
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LEPTIN, METABOLIC FUELS AND REPRODUCTION IN SYRIAN
HAMSTERS. J. E, Schneider*. M vla D. Goldman. Shuo Tang, and Barry Bean.
Department o f Biological Sciences, Lehigh University, Bethlehem, PA 18015.
In Syrian hamsters, ovulation and estrous behavior occur during the evening of
Day 4 of the estrous cycle. Over days 1-3, there is a decrease in aggressive behavior
toward males and a significant increase in vaginal marking (p < 0.05), a behavior
that may serve To attract males. Food deprivation (FD) on Days 1 and 2 o f the cycle
delays ovulation and estrous behavior, and this effect can be mimicked by treatment
with i.p injection o f 2-deoxy-D-glucose (2DG, 1750 m g/kg) or intragastric treatment
with methyl palinoxirate (MP, 10 mg/kg), drugs that block the utilization o f
glucose or fatty acids respectively. Four groups o f hamsters were FD for Days 1 and
2 of the cycle and injected i.p. with either murine leptin (Peproteeh) at 1.6, 3.2 or 5
mg/kg, or the vehicle every 12 h during FD, Leptin treatment resulted in dosedependent increases in the number o f hamsters that showed normal 4-day cycles (p <
0.01) and number of vaginal marks (p <0.05), and dose-dependent decreases in
estrous cycle length (p < 0.0001) and aggressive behaviors (p < 0.02). 2DG-induced
anestrus (1750 mg/kg) was reversed by 5 mg/kg leptin twice a day given by i.p.
injection (p < 0.05), and this effect o f leptin was prevented in hamsters treated with
even higher doses o f 2DG (2000 mg/kg). In FD hamsters, no reproductive
improvements were observed when 5 mg/kg leptin treatment was accompanied by
treatment with the inhibitor o f fatty acid oxidation, M P at 10 mg/kg, the lowest
dose currently known to inhibit fatly acid oxidation in this species. One hypothesis
consistent with these data is that exogenous leptin treatment reverses FD-induced
anestrus via increases in circulating oxidizable m etabolic fuels, particularly fatty
acids. Supported by K02MH01096-03 from NIMH and R01DK53402 from NIDDK.

Food A vailability D ifferentially Affects O nset o f O v u lato ry Cycles and Estrous
B ehavior in Syrian H am sters. R. M. Frisbee* and G.N. Wade. Neuroscience and
Behavior Program, University o f Massachusetts, Amherst, MA 01003.
The onset o f puberty in female mammals is regulated by numerous environmental
factors, including food intake. Food restriction delays puberty in numerous female
mammals, while increased availability o f food can advance the onset o f puberty.
However, the onset o f estrous behavior may not always coincide with estrous
cyclicity in pubertal mammals. In adult Syrian hamsters ovulation can be blocked by
glucoprivation, but disturbances in sexual behavior require both glucoprivation and
lipoprivation, indicating that different metabolic cues affect ovulation and sexual
behavior. We tested the hypothesis that animals with an excess amount o f food
would be more likely to display sexual behavior concurrent with the onset o f
ovulation than animals with less easy access to food. Twenty-five female Syrian
hamsters, 2 1 days o f age, were fed either powdered chow or pelleted chow o f the
same nutritional composition. Hamsters were weighed and checked for vaginal
discharge daily. After the first appearance o f vaginal discharge, hamsters were
tested for sexual receptivity at the next expected estrus, three evenings later. Ham
sters were considered sexually mature if the first vaginal discharge was followed by
a positive test for sexual receptivity and by vaginal discharge the morning after the
behavior test. If estrous cyclicity was exhibited without sexual receptivity, hamsters
were tested for sexual receptivity the evening o f the next expected estrus until sexual
receptivity was observed. Powder-fed hamsters gained significantly more weight
and began showing estrous cycles at a significantly earlier age than pellet-fed
hamsters. In addition, ten o f the thirteen powder-fed hamsters showed sexual
receptivity concurrent with the onset o f estrous cyclicity, while only three o f the
twelve pellet-fed hamsters showed concurrent onset o f ovulation and sexual recep
tivity. These findings suggest that the neural mechanisms which underlie ovulation
and estrous behavior may be regulated by different metabolic cues. (Supported by
NS 10873, and MH00321)
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LEPTIN RECEPTOR mRNA IN ENDOCRINE TISSUES.
R.C. Thompson* and T. M Young. Reproductive Sciences Program,
University of Michigan, Ann Arbor, MI 48109-0404.
Leptin, a fat tissue hormone, has been shown to be a key hormone
involved in the regulation of feeding patterns, as well as other endocrine
systems including stress and reproduction. Leptin transduces its signal
by interacting with a membrane receptor recently cloned and
characterized as a distant member of the class I cytokine receptor family.
Multiple receptor mRNA splice variants have been identified suggesting
that leptin may act via diverse mechanisms. While previous studies have
clearly documented that leptin can act via brain sites, we were interested
in examining the potential role of leptin on endocrine tissues, especially
those directly influenced by brain neuroendocrine peptides. Using
reverse transcriptase polymerase chain reactions (RT-PCR) with leptin
receptor specific primers, we have replicated previous evidence that both
the ovary and testis express leptin receptor RNAs. Using this same RTPCR approach we now report that the rat pituitary expresses OR-b leptin
receptor mRNA. To identify the precise sites of leptin receptor mRNA
synthesis in these endocrine tissues, we have performed in situ
hybridization studies. The anatomical mRNA studies in pituitary
suggest that leptin receptor mRNA is found within both the intermediate
and anterior lobes of this gland. Ovary and testis in situ hybridization
studies are currently being evaluated. TTris data suggest that leptin acting
via leptin receptors may be positioned to directly modify the activity of
the stress, reproductive, growth, and metabolic axes in the pituitary as
well as the reproductive axis at the level of the ovary and testis. This
work is supported by the Office of the Vice President, Small Grants
Program (to R.C.T.), University of Michigan.
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DEHYDROEPIANDROSTERONE
SULFATE
(DHEAS)
COUNTERACTS
THE
DECREMENTAL
EFFECTS
OF
CORTICOSTERONE ON DENTATE GYRUS LTP. M. Kaminska.
J. Harris*, and B. Dubrovsky. McGill University, Montreal, Quebec,
Canada H3A 1A1.
Previous work in our laboratory has revealed that high levels of
circulating corticosterone (B) produces a decrease in the amplitude of the
EPSP and PS components of dentate gyrus LTP in the rat (Dubrovsky,
et.al. 1990). We have also shown that DHEAS enhanced LTP in a dose
dependent manner in the same experimental setting (Dubrovsky, et.al.
1995). We therefore speculate that DHEAS could counteract the
depressant effects of corticosterone (B) on LTP.
Further, should hypercortisolemia be part of the physiopathological
mechanism of clinical depression, as previously hypothesized (Dubrovsky,
et.al. 1990, 1993, 1997), counteracting its effects with DHEAS could
produce beneficial effects on depression.
The data collected to date are consistent with this hypothesis: DHEAS
(50 mg/kg) injected (IV) simultaneously with corticosterone (B) (IV)
counteracted the decrease in LTP caused by corticosterone (B) when
injected in large doses (2 -4 mg/kg or higher).
In light of the fact that some steroids can have counteracting effects on
each other in terms of brain processes such as LTP, it is of interest that
fluoxetine, a selective serotonin reuptake inhibitor antidepressant, has the
capacity to induce THProg independent of its serotonin effects.
Supported by the George Stairs Foundation.

INTRACEREBROVENTRICULAR INJECTIONS OF OXYTOCIN
EXCITE VTA DOPAMINE NEURONS IN MALE RATS. G.Z. Yu*,
Z.N. Stowe and T.R. Insel. Department of Psychiatry and Behavioral
Sciences, Emory University School of Medicine, Atlanta, GA 30322.
Oxytocin (OT) has been found to affect complex social behaviors
such as maternal care, sexual behavior, social communication, and
grooming in rodents. Although the specific brain regions in which OT
acts on these behaviors are still unclear, several studies have implicated
dopamine (DA) neurons in the ventral tegmental area (VTA). In the
present study we examined the electrophysiological responses of VTA
DA neurons to OT (1-100 ng., icv) in male Sprague-Dawley rats under
urethane anesthesia. Extracellular single unit recording from
spontaneously active DA neurons (n=35) demonstrated an increase in
firing rate in most neurons (n=30). The changes appeared dose
dependent, with a significant increase detected at 3 ng, a maximal
increase (459% over basal firing rate) at 10 ng., and a latency of
responses between 30 -120s post injection. At a dose of lOng OT, the
increase in firing rate was sustained for at least 2 0 minutes post
injection. The mechanism for OT’s activation of DA neurons remains
unclear as microiontophoresis of d(CH 2) 5[Tyr(Me)2,Tyr-NH 29]OVT, a
selective OT receptor antagonist in the VTA did not attenuate the
response to icv administration of OT. Our data demonstrate that OT
can influence VTA DA neuron activity, but this activation may be
indirect. Studies using microiontophoresis of OT and an OT antagonist
on VTA DA neuron are in progress, (supported by NIMH 56539)

167.3

167.4

PROSTAGLANDIN E2 EXCITES RAT SUPRAOPTIC NEURONS
BY DIRECTLY ACTIVATING POSTSYNAPTIC CATION
CHANNELS. H. Yamashita*, S. Setiadji, I. Shibuya, N. Kabashima,
K. Tanaka, N. Harayama & Y. Ueta Dept, of Physiol., Univ. Occup.
& Environ. Health, Kitakyushu 807, Japan

CLOSE CORRELATION BETWEEN THE CYTOSOLIC Ca2+
CONCENTRATION AND ACTION POTENTIAL DISCHARGE IN
RAT HYPOTHALAMIC SUPRAOPTIC NEURONS. I. Shibuya*,
N. Kabashima, K. Tanaka, N. Harayama, Y. Ueta, & H. Yamashita
Dept, of Physiol., Univ. Occup. & Environ. Health, Kitakyushu 807,
Japan

It has been reported that prostaglandin (PG)E 2 administrated
intracerebroventrically increased vasopressin and oxytocin release and
PGE2-like immunoreactivity was found in the supraoptic nucleus
(SON). In the present study, we investigated effects of PGE 2 and
other PG-receptor agonists on SON neurons to clarify the rde and the
mechanism of action of PGs in the neuroendocrine system. PGE 2 at
lO-9 - 1 0 '6 M excited magnocellular neurons in SON slice preparations
in a dose-dependent manner and the effect was mimicked by PGF2a
and by the FP receptor agonist, fluprostenol. PGD2 and the selective
EP or TP agonists were much less effective than PGE 2 or PGF 2 a .
The selective EPj antagonist, SC-51322, did not inhibit the effect of
PGE2. Patch-damp analysis in dissociated SON neurons revealed that
PGE2, also in a dose-dependent manner, induced inward currents with
a reversal potential of -30 to -35 mV, which was not affected by the Cl"
concentration in the pipette. Moreover, PGE 2 and fluprostenol
increased the cytosolic Ca2+ concentration in dissociated SON
neurons. These results suggest that PGE 2 excites magnocellular
neurons of the SON by acting directly on postsynaptic FP-like
receptors and activating non-selective cation channels.
S o ciety for N e u r o s c ien c e , V olume 2 3 ,19 9 7

We combined Ca2+ imaging and slice-patch-clamp techniques
to study the interplay between the cytosolic Ca2+ concentration
([Ca2 +]i) and the electrical activity of magnocellular neurons of the
supraoptic nucleus (SON). After making a whole-cell access, fura-2, a
Ca2+-sensing fluorescence probe, was introduced into the cytosol of
SON neurons through the patch pipette, and [Ca2+]i was continuously
monitored together with the membrane currents or the membrane
potentials. In the current-clamp mode, a [Ca2+]i increase in parallel
with an increase in the firing rate was observed. In neurons showing
phasic bursts, spontaneous Ca2+ oscillations synchronized with the
bursts were observed. The amplitude of Ca2+ oscillations was larger
in SON neurons showing a high firing rate. By contrast, continuously
firing SON neurons had relatively stable [Ca2 +]i. In the voltage-clamp
mode, [Ca2+li increased in response to depolarizing voltage steps and
Ni (1-3 mM), a Ca2+-channel blocker, abolished the [Ca2+li increase.
These results suggest that there is a close correlation between the
[Ca2+li and the electrical activity in SON magnocellular neurons.
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ANALYSIS OF AMPA AND NMDA SYNAPTIC CURRENTS IN
MAGNOCELLULAR CELLS (MNCs) O F THE RA T SUPRAOPTIC NUCLEUS
(SON) . J.E. Stem* S. Hestrio and W.E. Armstrong. Dept o f Anat. & Neurobiol.,
Univ. Tenn., Memphis, TN 38163.
The electrical activity o f oxytocin and vasopressin neurons, and hence
neuropeptide release from neurohypophysial terminals, is influenced by intrinsic
ionic conductances as well as synaptic inputs. Numerous studies indicate that the
excitatory amino-acid glutamate, acting at AMPA and NMDA postsynaptic receptors,
plays an important role in the synaptic regulation o f MNCs. In the present study, we
examined the properties of miniature AMPA and NMDA receptor-mediated excitatory
synaptic currents (mEPSCs) o f SON MNCs. W hole cell recordings (20-25 °C ) were
m ade from visually identified MNCs in coronal hypothalamic slices obtained from
adult female rats.
AMPA mediated mEPSCs, were analysed at a holding potential o f -70 mV, in the
presence of bicuculline (20 jiM) and TTX (0.5 }iM). They were observed in all tested
neurons, and were blocked by DNQX (20 p.M). AM PA mEPSCs were characterized
by a fast rise tim e (0.39 ± 0.01 ms) and a fast decay tim e, described by a
m onoexponential function ( t = 1.38 ± 0 .1 ms). NM DA mediated mEPSCs were
analysed at +60 mV, in the presence of DNQX (20 |iM ), bicuculline (20 jiM ) and
TTX (0.5 |iM ). They were observed in 90.5% o f the recorded neurons, and were
blocked by ±APV (100 JiM). NMDA mEPSCs were characterized by a relatively fast
rise time (2.8 ± 0.3 ms) and a slow decay time, described by a monoexponential
function ( t= 76.7 ± 12.1 ms). In order to study whether AMPA and NMDA
receptors are co-localized at single synapses, we performed preliminary experiments
in which mEPSCs were recorded at +60mV before and during DNQX. In all but one
case, mEPSCs recorded in the absence of DNQX had a relatively fast rise time and a
slow decay. On average, DNQX significantly decreased the mEPSCs’ amplitude
(p< 0.05) w ithout affecting their rate o f decay. These results indicate that most
MNCs in the SON express both AMPA and NMDA receptors, which might be co
localized at individual synapses. Supported by NIH Grant R01HD32152 (WEA)

CESIUM BLOCKS DEPOLARIZING AFTERPOTENTIALS AND PHASIC
ACTIVITY IN RAT SUPRAOPTIC NEURONS. M. Ghamari Lanproudi* and
c W Boumue. Department of Physiology and Centre for Research in
Neuroscience, McGill University, Montreal, Canada H3G 1A3.
Magnocellular neurosecretory cells (MNC's) in the rat maximize vasopres
sin release from their terminals by adopting phasic firing (10's of seconds
on/off). Individual bursts are believed to be generated by summation of Ca2*dependent depolarizing after potentials (DAP’s) which follow action potentials
in these cells. Modulation of DAP’s, therefore, may regulate the firing pattern
of MNC’s. Here, we provide support for this hypothesis by showing that Cs*
is a blocker of the DAP and that bath application of this cation inhibits phasic
firing. Intracellular recordings with sharp electrodes were made from
supraoptic MNC’s in superfused rat hypothalamic explants at 31-32°C. Bath
application of Cs* promptly and reversibly inhibited DAP’s following trains
comprising a fixed number of spikes triggered from a constant membrane
potential, with an ICWof ~1mM (range tested 0.03-30 mM; n=12). Application
of 3-5 mM Cs+ (n=9) did not affect spike dutation at half amplitude or the
post-spike hyperpolarizing afterpotential, suggesting that Cs* blockade of the
DAP occurs at a point distal to Ca2* influx. The effects of Cs* on the DAP
were presumably not mediated by blockade of the hyperpolarizationactivated cation current lhsince this current only activated <-75 mV whereas
the current underlying the DAP activated only >-75 mV. When applied to
cells displaying spontaneous phasic activity, Cs* (3-5 mM; n=4) abolished the
cell's ability to fire in bursts, yielding only continuous or slow irregular firing
when the membrane potential was adjusted to near-threshold potentials by
current injection. This study identifies Cs* as a blocker of the conductance
underlying DAPs in MNC’s and provides direct support for their role in the
generation of phasic firing. (Supported by the MRC of Canada).

167.7
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POTASSIUM CURRENT INVOLVEMENT IN FREQUENCY-DEPENDENT SPIKE
BROADENING IN GUINEA PIG SUPRAOPTIC NEURONS. M.D. Hlubek* and
P. Cobbett. Dept, of Pharmacology and Toxicology and the Neuroscience
Program, Michigan State University, East Lansing, Ml 48824.
Oxytocinergic and vasopressinergic magnocellular neurosecretory cells
(MNCs) of the mammalian supraoptic nucleus exhibit prominent frequencydependent spike broadening which is represented by a progressive increase
in duration of each successive action potential at the onset of burst firing.
We have previously identified four different components of outward K current
in MNCs acutely isolated from the SON of the adult guinea pig. Here, we
have examined the involvement of each I<* current component in frequencydependent spike broadening in these neurons. Voltage-damp experiments
revealed that lA was reduced following repetitive (10 Hz), short-lasting
depolarizing voltage steps. The other components of outward K* current
were relatively unaffected by this procedure. Current-clamp experiments
revealed that pharmacological block of iA abolished the progressive spike
broadening observed during a sequence of action potentials elicited by
repetitive (10 Hz) injections of suprathreshofd depolarizing current.
Pharmacological block of the other components of outward K* current did not
prevent the occurrence of spike broadening but did affect both the time
course and extent of broadening. These experiments suggest that frequencydependent spike broadening largely results from a reduction of lA during
repetitive firing and that the other components of outward lC current may
play a role in controlling the rate and extent of spike broadening. Supported
by NIH (NS28206 and NS07279).

DIFFERENT A-TYPE K* CURRENT DENSITY INFLUENCES EXCITABILITY OF
RAT OXYTOCIN (OT) AND VASOPRESSIN (VP) NEURONS. T.E. Fisher. D.L.
Voisin & C-W. Bourque* Centre for Research in Neuroscience, McGill University,
Montreal, Canada, H3G 1A4.
Differences in firing patterns between VP and OT releasing magnocellular
neurosecretory cells (MNCs) may be due in part to differences in properties or
densities of ion channels in their somata. The transient K* current, lA, is a
prominent component of the voltage-gated outward current expressed in MNCs at
near threshold voltages and may be important in the control of excitability. IA was
therefore characterized in immunochemically identified OT (n=18) and VP (n=52)
MNCs acutely isolated from adult rats. Although no differences were observed in
the voltage dependence of activation or inactivation, peak current density of lAwas
26% smaller in OT neurons (360±20 pA/pF vs 480±20 pA/pF in VP neurons;
mean ± S.E.M). The inactivation of lAdisplayed two kinetic components in both cell
types (t,==10 ms and
40 ms). Although amplitudes of the rapid component were
not different (280±10 versus 270±20 pA/pF, respectively), the stow component
was markedly smaller in OT neurons (180±20 vs 330±20 pA/pF). To assess
the importance of lA density in shaping responsiveness, unidentified MNCs
were examined before and after addition of 0.5 mM 4-aminopyridine. This
concentration, which reduced lA amplitude by a proportion similar to the
difference in density between OT and VP neurons (29%), decreased the time
to first spike in MNCs following release from voltage clamp at hyperpolarized
potentials. Furthermore, a comparison,pf spike latencies in identified OT and
VP neurons revealed a shorter voltage-sensitive lag in OT neurons,
suggesting that differences in lAdensity contribute to differences in electrical
responsiveness in OT and VP neurons. Supported by Fellowship Awards from
the F.R.S.Q. and le Programme Lavoisier (M.A.E. France), and by Scientist
and Operating Awards from the M.R.C. of Canada.

167 .9
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ELECTROPH YSIOLO GICA L PROPERTIES O F PARVOCELLULAR
NEURONS O F THE HY POTHA LAM IC PARA VENTRICULAR NUCLEUS.
S.S. Daftarv* and J.G. Tasker. Molecular and Cellular Biology Graduate Program
and Dept, o f Cell and Molecular Biology, Tulane University, New Orleans, LA
70118.
Type II, or putative parvocellular, neurons o f the hypothalamic
paraventricular nucleus (PVN) display heterogeneous electrogenic properties that
may correlate to different subtypes o f peptidergic cells. We performed conventional
intracellular and whole-cell patch-clamp recordings in hypothalamic slices to study
the voltage-dependent potentials o f parvocellular neurons using current-clamp
protocols. We have identified six electrophysiologically distinct populations o f
neurons, referred to as types A, B, C, D, E and F respectively, on the basis o f
their differential expression o f several voltage-gated conductances. The most
distinct electrophysiological characteristic was the variable expression o f a lowthreshold, Ca2+-dependent spike (LTS). Types A and B parvocellular neurons
did not generate a LTS, while types C, D, E and F generated LTSs o f increasing
amplitudes (< 5 mV, 5-10 mV, 11-20 mV and > 20 mV respectively). The
number o f action potentials elicited by the different LTSs in these neurons ranged
from a single spike to a buret o f 3 - 4 spikes. Current-voltage (I-V) relations
also differed among the six subtypes. Type A cells had linear I-V relations, type
B cells exhibited strong inward rectification negative to -70 mV, and types C, D,
E and F showed varying degrees o f inward rectification at membrane potentials
more negative than -90 mV. Types A, C and D neurons exhibited a two-part
hyperpolarizing afterpotential (HAP), i.e., a fast HAP (HAP,) followed by a
slower HAP (HAP2), while types B, E and F exhibited single HAPs. Thus,
different parvocellular neuronal subtypes o f the PVN may be distinguishable on
the basis o f their electrophysiological properties.
This work was supported by the American Heart Association and the NINDS.

TH E LO W -TH R ESH O L D SPIK E IN NEURONS O F TH E H Y POTHA LAM IC
PA RAV ENTRICULAR NU CLEUS IS M ED IA TED BY A T-TYPE CA LCIUM
CU RRENT. J.A. Luther and J.G. Tasker*. Neuroscience Training Program and
Dept, o f Ceil and Molecular Biology, Tulane University, New Orleans, LA 70118.
A low-threshold, calcium-dependent spike (LTS) has been described in type II, or
putative parvocellular, neurons o f the paraventricular nucleus o f the hypothalamus
(Tasker and Dudek J. Physiol. 434:271, 1991; Hoffman et.al. J. Comp. Neurol.
307:405, 1991). The variability in the size o f the LTS is related to the capacity o f the
cell to generate bursts o f action potentials. In order to study the conductances
underlying this depolarization, whole-cell patch-clamp recordings were conducted in
coronal slices o f rat hypothalamus. Specific pharmacological manipulations and
voltage- and current-clamp protocols were used to identify membrane conductances
that contribute to the LTS. The LTS in parvocellular neurons is activated in currentclamp recordings when the cell is depolarized to -50 to -60 mV from a membrane
potential more negative than -85 mV.
This depolarization is not affected by
tetrodotoxin (1 5 |iM), but is reversibly blocked by low concentrations o f nickel (100
fiM). When the amplifier is switched to voltage-clamp mode quickly inactivating
inward current is revealed that disappears coincidentally with block o f the LTS in
nickel. In some neurons, a transient outward current is observed when the cell is
stepped from -90 mV to potentials more positive than -50 mV, a voltage range that
overlaps that for the transient inward current. This conductance is masked in currentclamp recordings by the LTS. The transient outward current is blocked by 4aminopyridine (4-6 mM). These studies indicate that the LTS is caused by a current
that resembles a T-type calcium current in its voltage and pharmacological sensitivities
Additionally a transient outward current is present in some cells that can oppose the
depolarization caused by the T-like current. It is the interplay o f the transient inward
and outward currents that determine the size o f the LTS and therefore the propensity o f
the cell to fire bursts o f action potentials. This work was supported by the Louisiana
Education Quality Support Fund.
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WHOLE- CELL PATCH-CLAMP RECORDINGS OF SPONTANEOUS
SYNAPTIC CURRENTS IN RAT HYPOTHALAMIC PARAVENTRICULAR
NUCLEUS NEURONS.
S. Mivahara*. K. Nose. H. Kannan and S.
W akisaka. D epartm ents of Neurosurgery and Physiology, Miyazaki
Medical College, Miyazaki 889-16, Japan
Excitatory and inhibitory amino acids have been shown to mediate
electrically evoked synaptic responses in the hypothalamic paraventricular
nucleus. To test the hypothesis th at amino acid transm itters mediate all
spontaneous 'synaptic currents in paraventricular nucleus neurons, the
present investigation used whole-cell patch-clamp recordings in slices (200
/xm) from immature rats to examine the pharmacology and development
of sp o n tan e o u s sy n ap tic c u rre n ts in m icroscopically and
electrophysiologically identified paraventricular nucleus neurons. These
currents, particular the spontaneous EPSCs, were observed in recordings
from anim als 20-30 days of age. W ith tetrodotoxin (0.5 Mg/ml) in
perfusion solution, spontaneous synaptic currents were still clearly
distinguished from background noise, indicating th a t m iniature
spontaneous synaptic currents were detected. In 6,7-dinitroquinoxaline2,3 dione (DNQX 20 n M ) no EPSCs were seen. The decay phase of
averaged spontaneous EPSCs could be well fitted by single exponential
with time constants ranging from 4.1-12.9 msec (n=5). These results
suggest th at in paraventricular nucleus neurons, glutamate or related
excitatory amino acids mediate all the spontaneous EPSCs by acting
primarily on non-NMDA receptors at resting membrane potential.

167.12
POSTNATAL

CHANGES

IN

MEMBRANE

PROPERTIES

OF

THE

HYPOTHALAMIC PARAVENTRICULAR NUCLEUS NEURONS IN THE RAT.
K. Nose1,

S. Miyahara2, S. Wakisaka2 and H. Kannan1* Depts. Physiol . 1 and

Neurosurg .2 Miyazaki Medical College, Miyazaki, 889-16 Japan.
Electrophysiological properties of the rat paraventricular nucleus (PVN) neurons
were studied during the first 25 postnatal days (PND), using the whole cell patch
clamp method with current clamp mode in brain slices. Neurons were classified based
on the low-threshold depolarizing potentials which were totally absent in Type I
neurons, present but variable in Type II neurons (Dudek, 1991). Action potentials
(APs) of the neurons in PND 1-5 had smaller amplitude (54.5 ± 9 .6 mV, mean ±
SD, N=57) and longer duration

(6.3 ± 3.0 msec, measured at the half-maximal

amplitude) than those in PND 21-25 (67.3 ± 8.8 mV and 2.7 ± 0.7 msec,
respectively, N=25). And the neurons in PND 1-5 had

less negative resting

membrane potential (RMP) (-50.8 ±11.1 mV) and longer time constant (58.5 ± 14.1
msec) than those in PND 21-25 (-67.8 ± 1 1 .3 mV and 39.0 ± 9.5 msec,
respectively). AP parameters matured more rapidly than RM P and time constant.
Type I neurons had larger input resistance and deeper afterhyperpolarization than Type
II neurons. Type I and Type II neurons developed similarly in AP parameters, RMP
and time constant. The present finding provides a basis for further study of
developmental process in the PVN.

167.13

167.14

HISTA M IN E ENHANCES D EPO LA RIZIN G A FTER PO TEN TIA LS IN RAT
SU PRA OPTIC NUCLEUS NEURONS VIA ACTIV A TIN G IN TR A CE LLU L A R
PH OSPH OLIPA SE C. G.I. Hatton*. S. Mivata and Z. Li. Dept, o f Neuroscience,
University o f California, Riverside, CA 92521.
Histamine (HA), a putative neuromodulator and neurotransmitter in the supraoptic
nucleus (SON), can depolarize SON neurons and enhance depolarizing afterpotentials
(DAPs). Our previous experiments have shown that HA-induced depolarizations are
mediated by activation of a signal transduction pathway, including membrane H,
receptors, G-proteins and cytosolic protein kinases. In this study, we investigated
intracellular signal transduction involved in HA-induced enhancement o f DAPs.
Whole-cell voltage clamp recordings were obtained from SON neurons in horizontal
brain slices from adult male rats. Slow inward currents underlying the DAP (IDAP)
were evoked by brief depolarizing voltage pulses. Bath perifusion o f SON cells with
HA (1-2.5 jiM) enhanced the IDAP in all cells tested, but a higher dose o f HA (10 nM)
often reduced the IDAP. When electrodes filled with a solution containing neomycin
(0.5-1 mM), an inhibitor o f phospholipase C (PLC) activation, were used to patch the
cells, HA (1-2.5 (aM) was seen either to suppress or not affect, rather than enhance,
the IDAP. Following direct diffusion o f H 7 (0.3-0.5 mM), a protein kinase C (PKC)
inhibitor, into SON neurons from the electrodes, HA suppressed or had no effects on
IDAP in 67% o f cells tested. HA-induced enhancement o f IDAP was observed in the
remaining cells. Since immunocytochemical studies revealed abundant inositol 1,4,5trisphosphate (IP3) receptors in SON neurons, HA influences were also examined after
antagonizing IP 3 receptors by diffusion o f heparin (2-3 mg/ml) into the cells. HA was
found to enhance the IDAP in 43% o f these cells, and in the rest o f cells the IDAP was
either inhibited or not affected. These results suggest that HA-induced enhancement
o f DAPs involves PLC activation, and both Ca2+ release from internal IP3-sensitive
stores and activity o f PKC participate in mediating this action o f HA in SON neurons.
Supported by NINDS grant NS16942 and NS09140.

DYE C O U PL IN G A M O N G S U P R A O P T IC NUCLEUS
O X Y T O C IN N E U R O N S IN P E R IP A R T U M
R A TS:
RELATION TO CONNEXIN 32 EXPRESSION
K. Kumamoto*. O.Z. Yang and G.I, Hatton. Dept, of Neuroscience,
University of California, Riverside, CA 92521
Expression of mRNA for the gap junction (gj) protein, connexin-32, in
the supraoptic nucleus has been shown to increase over nonpregnant
controls by the last day of pregnancy, to decline on postpartum day 1 , at
a time when lactation has not yet begun, and then to increase again
during lactation. Since synchronous bursting among oxytocin (OX)
cells, which is thought to involve gjs, only occurs during milk ejection
and not prepartum, we investigated neuronal coupling at this time and
on day 1 of lactation (postpartum day 2). 58 putative OX cells were
recorded and injected (1cell/nucleus) with Lucifer Yellow in horizontal
slices of hypothalamus taken from females. Incidence of dye coupling
among OX cells was low and similar in proestrous virgin, pregnancy
day 22 prepartum and day 1 postpartum rats: Dye Coupling Index (no.
of dye coupled cells/total no. of dye filled cells), DCI = 0.2, 0.24 and
0.21, respectively. In contrast, DCIs for day 1 and days 9-10 lactating
rats were 0.6 and 0.57, respectively. Of 18 injections in non-putative
OX cells, only 1 coupled pair resulted. These results suggest that even
though the connexons may be in place prior to parturition, junctional
conductances among OX cells are not sufficiently large to support dye
coupling or synchronous bursting. Further, dye coupling incidence on
day 1 of suckling the pups is as extensive as it is during the middle
period of lactation.
Supported by NINDS grant NS09140.
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REDUCED OUTW ARD K + CO NDUCTANCES G EN ER A TE D E PO LA RIZIN G
A F TERPO TEN TIA LS IN SU PRA O PTIC NEURONS Z. Li* and G.I. Hatton. Dept,
o f Neuroscience, University o f California, Riverside, CA 92521.
Among the most important elements known to contribute to the generation o f phasic
firing in SON neurons is a slow depolarization following the action potential, the socalled depolarizing after-potential (DAP). Our previous experiments have shown that
an elevation in intracellular Ca2+ concentration ([Ca 2+]j), due to Ca2+ influx during
action potentials and Ca2+ release from internal stores, is essential for the formation
o f DAPs. In this study, whole-cell patch clamp recordings were obtained from rat
supraoptic nucleus (SON) neurons in brain slices to investigate ionic mechanisms
underlying depolarizing after-potentials (DAPs).
When SON cells were voltage-clamped around -58 mV, slow inward currents
mediating DAPs (IDAP), evoked by three brief depolarizing pulses, had a peak o f 16.5
± 1.3 (mean ± s .e .m .) pA and lasted for 2.8 ± 0 .1 s. The IDAP decayed exponentially
with a time constant o f 1.50 ± 0.07 s. In the range from -70 mV to -50 mV, IDAP
amplitudes and durations increased as the membrane became more depolarized, with
an activation threshold o f -65.7 ± 0.7 mV. IDAP with normal amplitude and duration
could be evoked during the decay o f a prior IDAP. A reduction in membrane
conductance during the IDAP was observed in all SON neurons tested, and small
hyperpolarizing pulses used to measure membrane conductances appeared not to
disturb major ionic mechanisms underlying IDAP. The IDAP had a mean reversal
potential o f -87.4 ± 1.6 mV, which is close to K+ equilibrium potential. An elevation
in [K +]0 reduced or abolished the IDAP, and shifted its reversal potential toward more
positive levels. Perifusion o f SON neurons with 7.5-10 mM TEA, a K+ channel
blocker, reversibly suppressed the IDAP. The present evidence supports the hypothesis
that the generation o f DAPs in SON neurons involves a reduction in outward K+
current(s), which probably has little or no inactivation and can be inhibited by [Ca2+]j
transients. Supported by NINDS grant N S16942 and NS09140

CONNEXIN 32 PROTEIN IN MAGNOCELLULAR NEURONS
OF THE RAT HYPOTHALAMUS: LIGHT AND ELECTRON
MICROSCOPIC IMMUNOHISTOCHEMISTRY
S. Mivata* and G.I Hatton Department of Neuroscience, University of
California, Riverside, CA 92521.
Immunohistochemical methods were employed to investigate the
cellular ultrastructural localization of a gap junction protein, connexin
32 (Cx32) in the supraoptic nucleus (SON) and paraventricular nucleus
(PVN) of the rat hypothalamus. A polyclonal antibody directed against
the cytoplasmic loop of Cx32 was used to detect labeled gap junctions
in liver cells as well as in hypothalamic magnocellular neurons. The
punctate Cx32 immunoreactivity was observed in magnocellular
neurons of both the SON and PVN. Dual immunolabeling for Cx32
and either oxytocin (OXT) and vasopressin (AVP) showed that
intensity of Cx32 immunoreactivity in OXT magnocellular neurons
was stronger than that in AVP neurons. By electron microscopic
immunohistochemistry with DAB and 1 nm gold methods, electron
dense depositions of Cx32-immunoreactive products were observed in
trans—Golgi networks in these neurons. Such depositions were also
found at some membrane appositions between dendro-dendritic
junctions. This junctional labeling in dendrites was usually associated
with a vesicular structure. These results suggest that Cx32 participates
in dendro-dendritic gap junction-like structures in hypothalamic
magnocellular neurons. Supported by NINDS grant NS09140.
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NITRIC OXIDE INCREASES DYE COUPLING AMONG NEURONS OF THE
SUPRAOPTIC NUCLEUS IN RATS. O. Z. Yang* and G. I. Hatton.
Department o f Neuroscience, University o f California Riverside, CA 92521
Studies of the distribution o f neuronal nitric oxide synthase (NOS) have
revealed the presence of a large number of NOS-containing m agnocellular
neurons in the paraventricular nucleus and supraoptic nucleus (SON), which
also express the peptides vasopressin or oxytocin. Nitric oxide (NO) is a
membrane-soluble neuronal messenger produced by activation of NOS. This
molecule activates guanylyl cyclase (GC) in its target cell, resulting in increased
levels of cGMP. Both NOS and the subunits o f NO receptor (i.e. soluble GC) are
present in the SON. Our previous experiments indicated that bathing slices in a
membrane permeant cGMP analog, 8 -Bromo-cGMP, increased dye coupling
among SON neurons. To examine the hypothesis that NO modulate gap
junctional conductance, we investigated the effect of NO on dye coupling among
SON neurons in slices of rat hypothalamus. Intracellular injections o f Lucifer
Yellow (LY) were made in SON neurons (total of 115) in hypothalamic slices
taken from male, virgin female and lactating rats. In slices taken from virgin
females and bathed in control medium, LY injections resulted in 13 single and 4
coupled cells, whereas in medium containing with 10 0 ¿iM NO donor sodium
nitroprusside, LY injections yielded 7 single and 12 coupled cells, a threefold
increase over control in the number o f coupled cells per injection (P<0.02).
Bathing slices taken from male and lactating rats in medium containing NO
donor yielded about a twofold increase over control in number of coupled cells
per injection (P<0.05). This effect was prevented by NOS inhibitor, N“-nitro-Larginine methylester (L-NAME; 20 |iM) and also was blocked by bathing slices
in a GC inhibitor, LY83583 (10 fiM). These results suggest that nitric oxide may
modulate gap junctions in the SON via increases in the levels of cGMP
Supported by NINDS grant NS 09140.

INHIBITORY
ACTION
OF
OPIOIDS
ON
SYNAPTIC
TRANSMISSION IN SUPRAOPTIC NEURONS OF MOUSE
HYPOTHALAMIC SLICE PREPARATIONS. K. Inenaya*.E. Honda.
S. Nakamura and T. Hirakawa. Dept, of Physiology, Kyushu Dental Coll.,
Kokurakitaku, Kitakyushu 803 Japan.
Release of vasopressin and oxytocin from the neurohypophysis is
regulated by opioid peptides. To examine the action of opioid peptides
on supraoptic neurosecretory cells of the hypothalamus, synaptic currents
were recorded using blind patch clamp technique in brain slices of mice.
The k , m and 6 subtype opioid receptor agonists, Dyn, DAGO, and DPPE
decreased the amplitude of evoked excitatory and inhibitory postsynaptic
currents. At the same concentration, DAGO clearly reduced the frequency
of spontaneous miniature postsynaptic currents in all neurons tested. On
the other hand, Dyn reduced the frequency only in a few neurons, and
DPPE did not effect any appreciable change. Previously, we reported
different mechanisms between evoked and miniature postsynaptic currents
in supraoptic neurons. The amplitude of the evoked postsynaptic currents
was dependent on influx of extracellular Ca2+, but both the amplitude and
the event number of the miniature postsynaptic currents appeared to be
independent of this factor. The different actions of the opioid agonists in
this study may be due to different mechanisms in these two types of
synaptic currents. We further studied the inhibitory action of DAGO on
postsynaptic currents, using a patch-pipette containing GsQ. DAGO still
decreased the amplitude of evoked postsynaptic currents and the
frequency of miniature synaptic currents. During perifusion of the brain
slices with a nominal Ca2+-free solution, DAGO also decreased the
frequency of miniature synaptic currents. These results suggest that
DAGO inhibits transmitter release presynaptically in supraoptic neurons
of mouse hypothalamus.
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EFFECTS OF CHRONIC K-OPIOID
RECEPTOR ACTIVATION
ON
SUPRAOPTIC NUCLEUS VASOPRESSIN NEURONES. C.H. Brown* & G. Lena.
Department o f Physiology, University Medical School, Edinburgh, EH 8 9AG, U. K.
Supraoptic nucleus (SON) vasopressin (VP) neurones exhibit a phasic activity
pattern. The endogenous K -o p io id agonist, dynorphin, is co-localized within VP
neurosecretory granules and is presumably co-secreted within the SON upon dendritic
release o f VP. This dynorphin may feedback to inhibit VP neurones through K-opioid
receptors which are present in the SON since VP cells are inhibited by the K-agonist,
U50,488. Here, we investigated the effects o f chronic unilateral infusion o f U50,488
into the SON (2.5 |ig h ' 1 at 0.5 jil h ' 1 in Ringer's solution over 5 days) on VP cells
using in vivo extracellular electrophysiology in urethane-anaesthetized rats. Five VP
neurones were recorded from U50,488-infused SONs; one from each o f five rats.
These neurones did not display the robust phasic firing pattern normally associated
with VP neurones, firing more slowly and irregularly than untreated VP neurones
(activity quotient [time active/total time]: 0.52 ± 0.17; intra-burst firing rate: 1.6 ± 0.2
spikes s'1). Intravenous (i.v.) U50,488 (10, 100 and 1000 ng kg ') did not inhibit the
activity o f these neurones (activity quotients: 0.74 ± 0 .1 5 , 0.72 ± 0.11 and 0.73 ± 0.11
and intra-burst firing rates: 1.6 ± 0.2, 1.6 ± 0.3 and 1.8 ± 0.6 spikes s'1, respectively)
indicating tolerance to the effects o f U50,488. Subsequent administration o f the kantagonist, «or-binaltorphamine (10 0 and 200 ng kg ', i.v.), increased the activity o f
these neurones (activity quotients: 0.97 ± 0.02 and 0.94 ± 0.07 and intra-burst firing
rates: 2.9 ± 0.8 and 3.8 ± 1.1 spikes s'1, respectively), consistent with withdrawal
excitation and thus U50,488 dependence. Finally, i.v. naloxone (general opioid
antagonist, 5000 \ig kg'1, i.v.) caused no further increase in the activity o f the neurones
(activity quotient: 0.88 ± 0.12 and intra-burst firing rate: 4.1 ± 1.5 spikes s'1),
indicating that the excitation following «or-binaltorphamine was mediated by k receptors. Supported by the Medical Research Council.
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DEPENDENCE OF OXYTOCIN (OT) NEURONES ON MORPHINE DEVELOPS
IN VIVO WITHIN THE SUPRAOPTIC NUCLEUS (SON) IN THE RAT. J.A.

Russell, C.H, ..Brown, M. Ludwig, LJE,. Johnstone, C.L. Vujjst, and CL_.Leng ,
(SPON: Brain Research Association). Department o f Physiology, University
Medical School, Edinburgh EH 8 9AG, U.K.
OT neurones develop tolerance and dependence upon morphine following chronic
intracerebroventricular (ICV) administration (1). Here we investigated in
anaesthetised rats whether morphine dependence develops (and is expressed by
naloxone-induced withdrawal excitation) at the level o f the OT neurones themselves
within the SON. Immunohistochemistry for Fos protein was used as a marker for
neuronal activation. Retro-microdialysis for local drug administration was combined
with in vivo extracellular single cell recording o f identified OT neurones in the
SON. After ICV morphine infusion (via an osmotic mini-pump, 10-50 ¿i^/h at 1
jil/h) over 5 days, retro-microdialysis o f the opioid antagonist naloxone (10" M) into
the SON increased intranuclear OT release (p<0.05 vs. control) and Fos protein
expression (p<0.05, vs. contralateral SON and vehicle infused nuclei) and increased
the firing rate o f oxytocin neurones by 3.1 ± 0.5 spikes/s (p<0.05 vs. basal firing
rate, n=3).
In naive rats, naloxone has none o f these effects. Thus, morphine
withdrawal excitation o f OT neurones does not require Withdrawal excitation of
distant afferent input neurones. Morphine (0.25 |ig/h at 0.5 |il/h) was infused
directly into the SON over 5 days; in these rats intraperitoneal naloxone (5 mg/kg)
increased Fos protein expression in the morphine-infiised SON (p<0.05, vs. vehicle
infused and vs. contralateral SON), and not elsewhere indicating that morphine
dependence o f OT neurones develops at the level o f the SON. Furthermore, prior
microinjection o f pertussis toxin (250 ng) into the SON attenuated Fos expression
after naloxone in dependent rats. Taken together, these results show that OT
neurones develop morphine dependence and express withdrawal excitation directly
rather than simply following any excitation o f their input neurones by naloxone.
(1) J.A. Russell, G. Leng and R.J. Bicknell (1995). Exp. Physiol. 80, 307-340.
(Supported by a BBSRC Project Grant and Studentship [LEJ] and a DFG Research
Fellowship [ML]).
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ELECTROPHYSIOLOGICAL EFFECTS OF NOCICEPTIN/ORPHANIN-FQ
ON
SUPRAOPTIC NUCLEUS
OXYTOCIN
AND
VASOPRESSIN
NEURONES.
N. Doi. M.B. Dutia and J.A. Russell*. Department o f
Physiology, University o f Edinburgh Medical School, Teviot Place, Edinburgh
EH 8 9AG, UK.
The G-protem linked ORL1 receptor is expressed in the supraoptic nucleus
(SON) (1) which contains the cell bodies o f magnocellular oxytocin (OT) and
vasopressin (VP) neurones. Nociceptin (orphanin FQ), a heptadecapeptide, is an
endogenous ligand for ORL1, and is present in the hypothalamus (2). In this
study, we investigated the electrophysiological effects o f nociceptin on SON
neurones in vitro, with whole-cell patch clamp recording in superfused rat brain
slices. OT and VP neurones were distinguished by their different responses to
hyperpolarizing pulses when current clamped initially at membrane potential +
lOmV (3). Nociceptin inhibited the firing-rate o f both OT and VP neurones
similarly.
The inhibitory effects o f nociceptin were dose-related (100%
inhibition with ca 300nM) and insensitive to the opioid antagonist naloxone
(lO^M ), unlike inhibition by morphine or U50488 (mu-, kappa-agonists) o f the
same neurones.
Nociceptin was still effective with synaptic transmission
blocked by low Ca +/Co + fhedium.
The inhibition o f firing-rate was
accompanied by a decrease in cell input resistance, and membrane
hyperpolarisation in some cells. Inclusion o f EGTA (lOmM) in the electrode did
not prevent the inhibitory effects. [des-Phe1] nociceptin ( I jaM ) was ineffective.
Thus, nociceptin acts like opioids to inhibit SON neurones directly, but not via
opioid receptors, and may have a functional role in regulating OT and VP
secretion.
ND is supported by Kaken Pharmaceutical Co., Japan.
1. Wick, M.J. et al. (1994) Molecular Brain Research 27, 37-44.
2. Nothacker, H.-P. et al. (1996) Proc. Natl. Acad. Sci. USA 93, 8677-8682.
3. Stem, J.E. and Armstrong, W.E. (1995) Journal o f Physiology 488, 701-708.

NOCICEPTIN-ORPHANIN FQ HYPERPOLARIZES GUINEA PIG
SUPRAOPTIC VASOPRESSIN NEURONS. R.M. SLIJGG*. D.K.
GRANDY.-Q.K, R0NNEKLEIV. and M.J. KELLY. Dept, of Physiology &
Pharmacology and Vollum Institute, Oregon Health Sciences U., Portland, OR
97201
Nociceptin-Orphanin FQ (OFQ) is an endogenous 17 AA ligand for the orphan
opioid-like receptor, LC132/ORL1. This receptor is expressed in high
concentrations in hypothalamic areas including the arcuate nucleus (ARC) and
the supraoptic nucleus (SON). We have demonstrated that OFQ hyperpolarizes
ARC neurons via activation of an inwardly-rectifying K+ conductance (IKjr).
Presently, we sought to determine if a similar coupling occurred in SON
neurons. Intracellular recordings were made in hypothalamic slices prepared
from ovariectomized female guinea pigs. Thirteen out of 24 neurons were
identified by immunocytochemistry as vasopressin (VP) positive. OFQ [1-1000
nM] induced a pronounced hyperpolarization in 12 out of 13 VP cells with a
V ^ of-11.6 ± 1.4 mV and an EC50of 23,3 ±5.1 nM. I/V plots demonstrated
that the reversal potential for the OFQ response was at EK, and this conductance
exhibited inward rectification which is consistent with activation of IKir.
Baclofen [100 /¿M], coadministered with a maximal dose of OFQ, induced a
further hyperpolarization (2.2±0.3. mV) through activation of IKir in 6 out of
6 cells. However in 9 out of 13 VP neurons, there was an additional
hyperpolarization that was associated with a decrease in a yet undetermined
conductance. Therefore, we have found that OFQ inhibits SON VP neurons
through multiple mechanisms, including IKir. (Supported by DA05158,
DA00192, DA08562)
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ELECTROPHYSIOLOGICAL
EFFECTS
OF
CAL'CIUM
RECEPTOR
ACTIVATION IN SUBFORNICAL ORGAN NEURONS.
David L.S. Washburn* and Alastair V. Ferguson. Department o f Physiology,
Queen’s University, Kingston, ON CANADA, K7L 3N6.
The subfornical organ (SFO) is a circumventricular organ located at the dorsal
surface of the third ventricle. Since tliis structure lacks a blood-brain-barrier, the
SFO is susceptible to modulation by circulating factors not normally accessible to
the brain, such as peptides and charged molccules. The SFO has been implicated in
the regulation of autonomic function, in particular fluid and mineral homeostasis.
The localization of the calcium sensing receptor (CaR) mRNA in the SFO suggests
a possible role in sensation and regulation of plasma Ca2+ levels.
This study was undertaken to determine the electrophysiological consequences o f
CaR activation in SFO neurons, using the conventional whole cell patch clamp
technique. Recordings were made from dissociated SFO neurons obtained from
adult male Sprague Dawley rats. Slow depolarizing voltage ramps (12mV/s) were
performed in the presence o f 500 nM NPS R-467 (n= 8 ), an organic allosteric
agonist of the CaR, or 500 nM NPS S-467 (n=3), the less active enantiomer. NPS
R-467, but not S-467, increased conductance in the hyperpolarized voltage range,
with peak inward currents of approximately 300pA. In current clamp recordings
from a holding potential of -65m V , hyperpolarizing current pulses caused voltage
deflections with inward rectification. Following NPS R-467, the rectification was
increased, suggesting activation of a hyperpolarization-activated inward current
(Ih). Hyperpolarizing voltage steps from a holding potential o f -40m V activated
an inward current, activating near -60m V , with half-maximal activation at
approximately -80mV. These results suggest that activation o f the CaR may play a
significant role in controlling the excitability o f SFO neurons. These data, in
combination with recent studies showing SFO to be a CNS target for circulating
calcitonin, suggest a significant role for this circumventricular organ in the central
regulation of plasma calcium levels through as yet undetermined mechanisms.
Supported by the Medical Research Council o f Canada.
DLSW is supported by NPS Pharmaceuticals. Inc.

TEMPORAL AND SPATIAL CHARACTERISTICS OF ACTION POTENTIAL
INDUCED CALCIUM CHANGES IN NEUROHYPOPHYSIAL TERMINALS.
W.E.Armstrong* and J.C. Callawav. Dept, o f Anatomy & Neurobiology, University
of Tennessee., Memphis, TN 38163.
Neurohypophysial hormone release is facilitated during higher firing rates and
correlated with enhanced calcium entry into the axon terminals. The temporal and
spatial aspects o f this response were examined in slices o f neural lobes from adult
female rats using electrophysiological recording and calcium imaging. Whole cell
recordings were made from axonal swellings (5-10 pm) with electrodes containing fura2 and biocytin. Sustained depolarizations did not evoke repetitive firing, but multiple
spike-initiating zones were sometimes observed with strong depolarization.
Examination of filled axons after recording revealed that axonal branching was
infrequent and usually restricted to a particular location along the axon. Many terminals
exhibited spike depolarizing afterpotentials, which when repetitively activated with
brief pulses produced a slow depolarization o f the terminal membrane from 5-10 mV.
We measured A[Ca+ + ]j every 25 ms from multiple varicosities simultaneously.
When evoking trains in a single axon, most swellings showed a frequency dependent,
non-linear increase in A[Ca+ + ]j which was near maximal at 20 Hz, but which
continued to increase to 50 Hz. Spike failures in the recorded terminal were seldom
observed < 50 Hz. During a 20 Hz spike train (4 s), A[Ca+ + ]j rapidly reached 90% of
maximum by 1 s and was followed by a plateau. The rapid response was striking in the
smaller remote varicosities, where near maximal changes were achieved in 0.5 s.
Variability was evident in the responses of swellings along a single axon, but typically
could be explained by volume differences, e.g., the rate o f rise of smaller terminals was
faster than for larger terminals, and the changes achieved somewhat larger. Facilitation
of calcium entry thus occurs over a rapid time course, and spike trains are very efficient
at elevating [Ca+ + ]j along the axon. Ongoing studies are aimed at determining whether
oxytocin and vasopressin axons behave similarly. Supported by NIH NS23941 (WEA).
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MODELING SYNCHRONIZED CALCIUM OSCILLATIONS IN PITUITARY
CELLS COUPLED THROUGH GAP JUNCTIONS
Yue-Xian Li* Dept of Mathematics and Dept of Zoology, University of British
Columbia, Vancouver, B.C.. V6T 1Z4, Canada.

REGULATION OF THE DOPAMINE-ACTIVATED K+ CURRENT IN
LACTOTROPES DURING THE ESTROUS CYCLE.
K.A. Greqerson*
Depts. of Pediatrics and Physiol., Univ. of Maryland, Baltimore, MD 21201.
Dopamine (DA) is a physiological regulator of prolactin (PRL) secretion.
We have previously characterized an inward-rectifier K+ channel in rat
lactotropos derived from proestrous rats which is activated by physiological
concentrations of DA (KdA) and underlies DA-induced membrane hyperpolarization of lactotropes (J Neurosci 11:3727,1991). We now report that
the ability of DA to elicit hyperpolarization in primary lactotropes changes
dramatically during the estrous cycle. Pituitary cells were isolated from
cycling female rats on the mornings of proestrus or diestrus, subjected to
reverse hemolytic plaque assay for identification of PRL-secreting cells and
maintained in culture for 1-3 days until used in patch clamp studies. In whole
cell current clamp, DA (1|.iM) elicited a robust membrane hyperpolarization in
the majority of proestrous lactotropes (24/27; 19.2 +/- 3.2 mV) In contrast,
very few lactotropes derived from diestrous rats responded to DA with
membrane hyperpolarization (2/25; 3.3 mV). Both types of cells were
exposed to identical buffers and media and showed no difference in resting
membrane potential. We have previously demonstrated in proestrous cells
that the DA-induced hyperpolarization plays a critical role in both inhibition of
PRL release and the PRL secretory rebound which occurs following DA
withdrawal (AJP 267.E781, 1994). Using a perifusion system, we found that
application and withdrawal of DA (100nM) produced a robust rebound
secretion of PRL from proestrous cells but negligible rebound from diestrous
cells. However, diestrous cells were still sensitive to the inhibitory effect of
DA. These data are consistent with multiple DA effectors in lactotropes and
we suggest that KDA is a critical component governing the unique secretory
profile of PRL observed in proestrus animals. Supported by DK-40336.

167.27

EFFECTS OF EXTERNAL CALCIUM ON ELECTRICAL
BURSTING AND INTRACELLULAR AND LUMINAL CALCIUM
OSCILLATIONS IN INSULIN SECRETING PANCREATIC 13CELLS ACCORDING TO A STORE-OPERATED MODEL Teresa
Ree Chav* Dept. Biol. Sci., Univ. Pittsburgh, Pittsburgh, PA 15260
USA.
The (3-cell in the islet of Langerhans is a model system in which one
can learn why some neurons burst.
The external calcium
concentration, [Ca2+]0, has interesting effects on bursting of pancreatic
(3-cells. With a medium containing a moderate amount of glucose, an
increase in [Ca2+]0 lowers the repolarization potential, raises the plateau
potential, and shortens the spike amplitude and plateau lengths. When
[Ca2+]0 is depleted in a perifusion medium, the cell depolarizes while
the intracellular Ca2+ concentration, [Ca2+]j, decreases to the lowest
level. The mechanism involved in the [Ca2+]0 effect is not known. By
incorporating a low-threshold transient inward current to the storeoperated bursting model of Chay (Biol. Cybem. 75:419-431), we
elucidate the role of [Ca2+]0 in influencing electrical activity, [Ca2+]j,
and the luminal Ca2+ concentration, [Ca2+]ium, in the intracellular Ca2+
store. The possibility that this inward current is a carbachol and TTXinsensitive Na+ current discovered by others is discussed. In addition,
we explain how these three variables respond when various
pharmacological agents are applied to the store-operated model.
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Action potential (AP)-driven [Ca2+]j transients have been ob
served in pituitary endocrine cells that are isolated from other cells
and in acute slices where local connections with neighboring cells are
preserved. Recent discovery of the synchrony of such [Ca2+]i tran
sients between neighboring somatotrophs coupled via gap junctions
in slice preparations (Guérineau et ai, 1996 Soci. Neurosci. Abstr.
22:1347) revives the interest in studying the role of membrane ex
citability in pituitary cells coupled electrotonically. To gain insights
into the conditions of synchrony between coupled pituitary cells, we
use a recently developed mechanistic model of AP-driven [Ca2+]i
transients and agonist-induced [Ca2+]* oscillations in gonadotrophs
(Li et al., 1997 Biophys. J. 72:1080) to study how gap junctional
coupling causes synchrony between neighboring cells. In particular,
we study how agonist-induced mobilization of Ca2+ from intracel
lular stores influences the synchrony by acting on Ca2+-sensitive
K+ channels on the plasma membrane. This study demonstrates
that gap-junctional coupling not only can synchronize the sponta
neous, AP-driven [Ca2+]i transients but also the agonist-induced,
large-amplitude [Ca2+]i oscillations.
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MEDIAL PREFRONTAL CORTEX DEPRESSOR REGION: EFFECTS OF
STIMULATION ON FOS-LIKE IMMUNOREACTIVITY IN THE RAT
MEDULLA OBLONGATA. A.T.M. Verbeme*, D. Sartor and N.C. Owens.
Univ. of Melbourne, Clinical Pharmacology & Therapeutics Unit, Dept, of
Medicine, Austin & Repatriation Medical Centre, Heidelberg 3084, Australia.
Electrical stimulation of the medial prefrontal cortex (MPFC) elicits changes
in blood pressure, heart rate and gastric motility which may be mediated by
connections with the solitary tract nucleus (Sol) and/or the ventrolateral
medulla (VLM). We examined the effect of stimulation of the MPFC on the
neuronal expression of Fos, the protein product of the immediate early gene,
c-fos. Male Sprague-Dawley rats were anaesthetized (~1.5% halothane/100%
O2) and depressor responses (>10 mmHg) produced by MPFC stimulation (50
Hz, 1 ms, 50-100 (xA, lOs/min) were elicited for 1 h (Stim group, n=10). A
Sham group (n=10) was treated identically except that no current was applied.
Neurons exhibiting Fos-like-immunoreactivity (FLI) were abundant at the
stimulation site which included the infralimbic area (73.6 ± 22.2) and dorsal
peduncular cortex (21.6 ± 6.5). Sparse FLI was observed in the contralateral
MPFC of the Stim group and on both sides of the MPFC in the Sham group. In
the Stim group, FLI in the ipsilateral Sol (8.4 ± 2.5, p < 0.05) and ipsilateral
caudal VLM (7.9 ± 2.0, p < 0.05) was found to be significantly elevated when
compared to the contralateral side (4.0 ± 1.3 & 2.3 ± 0.7, respectively), and to
the corresponding structures on both sides in the sham group (p < 0.05). FLI in
the rostral VLM was not altered by MPFC stimulation. FLI in the commissural
Sol of the Stim group (0.8 ± 0.2) was found to be significantly greater than the
sham group (0.4 ± 0.1, p < 0.01). No significant differences between Stim and
Sham were detected in structures contralateral to the side of stimulation.
These data suggest that MPFC stimulation activates an excitatory projection to
the Sol. This work was supported by the NH&MRC of Australia.

RECIPROCAL CONNECTIONS BETWEEN INSULAR CORTEX AND
THALAMIC BARORECEPTIVE AND NOCICEPTIVE CONVERGENT
NEURONS IN THE RAT. Z.H. Zhana* and S.M. Qppenheimer Laboratory of
Neurocardiology, Johns Hopkins University School of Medicine, Baltimore, MD
21287.
Previous neuroanatomical studies have demonstrated connectivity between
the rat insular cortex and the VPLpc. We investigated baroreceptive and
nociceptive convergence in the thalamus with extracellular recording, and
thalamic connectivity to the insular cortex with antidromic and orthodromic
activation. We investigated 60 cells within the thalamus in 15 urethaneanesthetized male Sprague-Dawley rats. Single unit activity, blood pressure,
ECG and respiration were digitized and recorded electrically using the
BRAINWAVE system. Unit activity was analyzed using DATAWIEWER.
Monopolar electrodes were used to stimulate the right posterior insular cortex.
According to their responses to phenylephrine (PE), sodium nitroprusside
(SNP) and nociceptive stimuli (graded pinch), four types of cells were
identified: 40/60 (66%) baroreceptive and nociceptive convergent units;
13/60 (22%) pure nociceptive; 4/60 (7%) Null units and 3/60 (5%) pure
baroreceptvie units. Most of these cells were situated in the VPL and VPLpc
and had wide bilateral receptive fields including face, forepaw, hindlimb and
tail. 6 convergent and 1 nociceptive unit were antidromically activated by
insular microstimulation with mean threshold 132.4 ± 12.1 pA and onset
latency 1.4 ± 0.1 ms. 17 (12 convergent, 4 Null and 1baroreceptive) units
were orthodromically excited by insular stimulation with mean threshold 147.2
± 15.8 pA and latency 138.7 ± 22.6 ms. All the stimulating sites were located
in the right posterior insular cortex. These data provides electrophysiological
evidence that thalamic convergent neurons project to the insula and receive
afferents from the posterior insula.
Supported by the NIH and the EL Wiegand Foundation.
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CONVERGENCE OF BARORECEPTIVE AND NOCICEPTIVE NEURONS IN
THE MONKEY INSULAR CORTEX. S.M. Qppenheimer*. Z.H. Zhang and
P.M. Dougherty. Laboratory of Neurocardiology, Johns Hopkins University
School of Medicine, Baltimore, MD 21287.
Convergence of nociceptive and cardiovascular afferents onto the same cell
might indicate a direct mechanism of stress-induced blood pressure and heart
rate effects. At the cortical level such interactions could be imbued with
emotional significance which (in the human) can precipitate lethal cardiac
arrhythmias. We investigated 151 cells in 15 male, pentobarbital-anesthetised,
ventilated monkeys (macaca facicularis) for responses to nociceptive stimuli
and baroreceptor challenge. Single unit activity, blood pressure, and ECG
were digitized and recorded electronically using the BRAINWAVE system.
Unit activity was analysed using DATAVIEWER. 47 units responded to blood
pressure manipulations, 38/47 being situated within the insular cortex
(p<0.001). There were more baroreceptor-related units within the right insula
(28/38) than the left (10/38)(p=0.015), 37 units responded to nociceptive
stimuli (graded pinch). These cells had wide bilateral receptive fields including
head, forepaw, hindlimb and tail. Most of these cells (29/37) were situated
within the insula. 20/37 cells responded both to baroreceptive and nociceptive
stimuli (convergent neurons). More convergent neurons were located in the
right insular (14/20) than left (2/20) (p=0.007). This finding suggests that
convergent neurons may be identified within the insula, and provides a
possible physiological substratum for the convergence of limbic,
cardiovascular and nociceptive afferents.
Supported by the NIH and the EL Wiegand Foundation.

B A S A L F O R E B R A IN C H O L IN E R G IC N E U R O N S R E G U L A T E T H E
C A R D IO V A SC U L A R C O R R E L A T E S O F T H E A N X IO G E N IC EFFECTS OF
F G -7142 IN A SA FE T Y SIG N A L W IT H D R A W A L PA R A D IG M . J.R. Stowell.
M . Sarter. and G .G. B em tson*. D ept, o f Psychology, T he O hio State University,
C o lu m b u s, O H 43210.
W e h ave p rev io u sly show n th at th e b en z o d ia z e p in e recep to r (B ZR ) partial
in v erse agonist, an d p u tativ e an x io g en ic agent, FG -7 1 4 2 enhances the
card io v ascu lar defensive resp o n se to a non -sig n al acoustic stim ulus (Q uigley et
al. 1994). T h is ap p e are d to b e rela te d to th e ac tio n o f b asal forebrain cortical
cholinergic projections as this effect w as a) m im ick ed by intracerebroventricular
(IC V ) adm inistration o f carbachol, b ) b lo ck ed b y IC V atropine, and c) prevented
b y 192-IgG S a p o rin -in d u ced lesio n s o f ch o lin erg ic basal fo reb rain neurons
(B e m tso n et al. 1997). F u rth erm o re, the a v a ilab le d ata su g g est th at the
an x io g en ic effects o f F G -7142 m an ifest in situ atio n s w h ich involve the
p ro cessin g o f fear-and anxiety-associated stim uli and associations but cannot be
d e m o n strated in p arad ig m s ch aracterized b y sp o n tan eo u s, autom atic responses
to stressors o r punishm ent (B em tson et al. 1997). T h e p resent study w as intended
to fu rth e r assess th is h y p o th esis b y testin g th e effe c ts o f B Z R ag o n ists and
inverse agonists on the p erform ance and card io v ascu lar reactivity o f rats trained
in an o p eran t c o n flict p arad ig m (T h ieb o t et al. 1991). M oreover, anim als
rec e iv ed lesio n s o f th e b asal fo reb rain c h o lin erg ic sy stem b y infusions o f 192
IgG -saporin. T h e data from th ese e x p erim en ts su p p o rt th e h y p o th esis th at the
au to n o m ic co rrelates o f the anx io g en ic e ffects o f F G 7142 depend on the
req u irem en ts on stim u lu s p ro cessin g m ed iated v ia co rtical ch o lin erg ic inputs.
S u p p o rted b y PH S G ran ts H L 54428 and MHO 1072
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THE INJECTION OF ACETYLCHOLINE INTO THE CINGULATE CORTEX
CAUSES VASODILATION IN THE HINDQUARTER OF RATS. 1G.E.Crippa,
2A.K.Johnson, 3S.J.Lewis, 4E.M.Krieger and 1F.M. A Correa* -; 2Dept.
Psychology, University of Iowa; 3Dept. Pharmacology, University of Iowa,
4Unit of Hypertension-INCOR, USP, 1Dept. Pharmacology, FMRP-USP
14049-900.
The injection of acetylcholine (ACh) into the cingulate cortex (Cg3) caused
dose-dependent hypotensive responses and no change in the heart rate, in
the rat. The aim of the present study was to investigate the peripheral
mechanisms involved in this response. No changes in the sympathetic
nerve activity (renal nerve) were observed concomitantly to the hypotensive
response (-23,7±1,8 mmHg, n=4). No change in cardiac debit was found
during the hypotensive response when using fluxometry probes from
Transonic Co.(CD= 40 ml/min). Reductions in the peripheral resistance
were recorded in the hindquarter (-32 ± 7,22 %, n=8) by Doppler fluxometry.
The chronic unilateral lumbar sympathectomy blocked the vasodilation in the
ipsilateral hindlimb and reduced the hypotensive response. The
vasodilatation in the hindquarter and the hypotensive response were totally
blocked by pretreatment with homatropine methylbromide (1 mg/kg, i.v.).
These results suggest that the hypotensive response to the injection of ACh
into the cingulate cortex is mediated by a vasodilator system in the
hindquarter.
Acknowledgements: I.B. Aguiar, I.A C. Fortunato (FMRP-USP), E. Moreira
(INCOR-FMUSP), T.Beltz. and R.Shaffer.
Grants from FAPESP (96/4305-3) and CNPq (52.2453/95-3). G.E.C. is a
fellow from FAPESP (95/4351-2).

IDENTIFICATION OF BRAINSTEM AFFERENTS MEDIATING
BAROREFLEX ACTIVATION OF THE DIAGONAL BAND OF BROCA.
R.J. Grindstaff. A. Sawani. J.W. Baker. M.J. Sullivan and J.T. Cunningham *.
Dalton Cardiovascular Research Center and Department o f Physiology, University
o f Missouri, Columbia, MO 65211.
The diagonal band of Broca (DBB) is involved in baroreflex inhibition of
magnocellular vasopressinergic neurons via a multisynaptic pathway. W hile some
studies indicate that the afferent synapse to the DBB is noradrenergic, the source of
this input has not been identified. In this study, several potential brainstem
afferents o f the DBB, including the nucleus tractus solitarius (NTS), caudal
ventrolateral medulla (cVLM), parabrachial nucleus (PBN), and locus coeruleus
(LC), were examined for functional baroreflex related activity and connection to
the DBB. Male Sprague-Dawley rats were injected in the DBB with rhodaminelabeled fluorescent beads to retrogradely label neurons projecting to the DBB.
Arterial and venous femoral catheters were surgically implanted to allow for blood
pressure recording and drug infusion respectively. After 48-72 hours, rats were
infused with either isotonic saline or phenylephrine ( 10 (ig/kg/min) to raise mean
arterial pressure approximately 40mm Hg for 2 hours. Following
paraformaldehyde fixation and cryoprotection, the brains were then sectioned and
processed for dopamine beta hydroxylase (DBH) immunoreactivity (mouse antiDBH, Chemicon) and fos-like immunoreactivity (rabbit anti-fos, Oncogene), a
marker for neuronal activation. Histological examination o f both saline control and
phenylephrine groups revealed that while the NTS, cVLM, PBN, and LC all
expressed increased fos in response to phenylephrine infusion, only the LC
contained fos-positive cells that were retrogradely labeled from the DBB.
Furthermore, these double-labeled LC cells were positive for DBH activity. These
results suggest that catecholaminergic cells within the LC may be responsible for
baroreflex activation o f the DBB. (Supported by R29 HL55692)
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INJECTION OF BICUCULLINE METHIODIDE INTO THE MEDIODORSAL
THALAMUS LEADS TO INCREASES IN HEART RATE AND BLOOD
PRESSURE. E. H. Stotz-Potter* and E. E. Benarroch. Department o f Neurology,
Mayo Clinic, Rochester, MN 55905.
The human disorder, fatal familial insomnia (FFI), is characterized by progressive
insomnia as well as an increase in sympathetic nervous system (SNS) activity
(tachycardia, hypertension, and hyperthermia) and is caused by a severe degeneration
of the mediodorsal (MDT) and anteroventral (AVT) thalamic nuclei. Thus, the
clinical data suggests that the MDT or AVT may play a role in the regulation o f the
SNS. MDT was studied as it has known connections with the amygdala and prefrontal
cortex, two areas known to regulate the autonomic nervous system. Urethane
anesthetized rats were instrumented for continuous monitoring o f heart rate (HR) and
blood pressure (BP) and were placed in a stereotaxic apparatus. Each rat received an
injection o f the GABA a antagonist, bicuculline methiodide (BMI, 200 pmol) and
saline vehicle (100 nl) into the MDT while HR and BP were measured. The change
in HR and BP from baseline values were averaged over the 10 minutes immediately
following the injection. All injection sites were histologically verified. Vehicle,
injected into the medial and central portion o f the MDT, caused little to no change in
HR and BP (6.3 + 8.1 bpm and 2.0 + 0.9 mmHg, respectively). Injections o f BMI
into the same site elicited increases in both HR and BP (42.3 + 4.4 bpm and 16.7 +
7.6 mmHg). Injection sites that fell outside o f the MDT were also investigated.
Injections o f BMI dorsal to the MDT elicited smaller increases in HR (17.7 + 7.6
bpm) and no change in BP (0.3 + 2.6 mmHg), while injections into the lateral portion
o f the MDT failed to alter HR or BP ( 6.8 + 3.9 bpm and 5.0 + 3.0 mmHg). These
data show that activation of the medial and central portion o f the MDT leads to an
activation of the SNS, thus supporting a potential role for the MDT in the regulation
of the SNS. Work was supported by NIH (POl NS32352) and Mayo funds.

SEROTONIN1A r e c e p t o r s i n t h e d o r s a l h i p p o c a m p a l d e n t a t e
GYRUS DECREASE ARTERIAL PRESSURE IN RATS.
G.H. Liu*. H.
Chen. M.J. Wavner and C.F. Phelix.
Div. Life Sci.,
University of Texas at San Antonio, San Antonio TX 78249
The serotonin
(5HT)1A receptor agonist 80HDPAT has
central effects to lower blood pressure and heart rate.
The sites of action are not know. The hippocampus is known
to.have cardiovascular functions. Glutamate injection into
the dorsal hippocampus decreases mean arterial pressure
(MAP) and heart rate (HR). Dynorphin A (1-8) also lowers
MAP and HR by activation of the a receptor presumably in the
CA3 region. Because stimulation of the dorsal raphe nucleus
both increases MAP/HR and serotonin (5HT) levels in the
hippocampus, we injected 5HT or 80HDPAT into the dorsal
hippocampus to determine a role in this cardiovascular
effect.
Anesthetized Sprague Dawley rats (pentobarbital
50mg/kg,
i.p.) with femoral artery catheters received
stereotaxic intrahippocampal injections.
Direct arterial
pressure, MAP and HR were monitored by a MacLab/8e system.
Up to 300 nl of vehicle, 5HT, or DPAT were injected at 20
nl/min with continuous
monitoring.
Verification of
injection sites was performed.
With 2 ng, 4 ng, or 10 ng
of 5HT, both MAP and HR decreased when injected into the
dentate gyrus (DG). A dose relationship was produced with
only the 4 and 10 ng doses producing significant changes
from baseline (p<0.001), [2 ng: AMAP -0.15 ±0.48; 4 ng:
AMAP -10.22 ±1.51; 10 n g : AMAP -17.74 +4.09 at 15 m inutes].
A HR was -28.49 ±11.54 at 15 min (p<0.05) with 10 ng.
Similar dose responses were observed with 50, 100, and 150
ng of 80HDPAT.
These results indicate that 5-HT1A receptor
in the DG decreases MAP and HR.
Since DG granule cells
produce/release DynAl-8 within the dorsal hippocampus(CA3),
5HT might release DynAl-8 which results in the responses
observed in our study.
Supported by UTSA and HL02 914-03.
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ROLE OF DORSOMEDIAL HYPOTHALAMIC NUCLEUS IN MEDIATING
CARDIOVASCULAR RESPONSES TO CARBACHOL

Respon ses
of
A u t o n o m ic
neurons
in
the
h y p o t h a l a m ic
PARAVENTRICULAR NUCLEUS (PV N )
TO CENTRAL HYPEROSMOTIC
STIMULATION. G.M. Toney.* Department of Physiology, University o f Texas
Health Science Center, San Antonio, TX 78284-7756.
Autonomic neurons in the PVN participate in the regulation o f body fluid
osmolality through effects on postganglionic renal sympathetic nerve activity
(RSNA).
In this study, changes in PVN neuronal discharge were recorded
extracellularly in chloralose/urethane anesthetized rats following stimulation of
osmosensitive regions in the forebrain. Central osmotic stimulation was produced by
slowly (30-60 s) infusing 50 p.1 of a 450 mM NaCl solution through the occipital
branch of the internal carotid artery (ICA). ICA NaCl increased MAP from 97.2 ±
7.0 to 111.1 ± 8.4 mmHg, HR was unchanged (baseline: 390 ± 10.5 BPM) and
RSNA increased by 18.1 ± 3.1% . Among cells classified as autonomic neurons, the
tonic discharge of 8 was correlated with RSNA. Six o f these were included in a
group o f 15 that were antidromically activated by spinal cord (T2-3) stimulation.
Antidromically activated neurons had either short (7.8 ± 1.3 ms; n= 6 ) or long (58.2
± 16.2 ms; n=9) onset latencies. Cells with short latency antidromic responses had
conduction velocities averaging - 8 .1 m/s, indicating myelinated spinal axons.
Conduction velocity for cells with long latency responses averaged ~1.1 m/s,
suggesting unmyelinated axons. ICA NaCl increased basal discharge of neurons
with fast conducting axons from 4.9 ± 1.8 to 10.6 ± 6.2 spikes/sec. Discharge in
these cells was reduced by baroreceptor activation (phenylephrine: 1.0 \x% i.v.) and
by brief (5-10 s) vagus nerve stimulation (500 jxA, 1 ms, 5 0 Hz). Cells with slowly
conducting axons reduced their discharge from 3.3 ± 2 .1 to 1.0 ± 0.8 spikes/sec
following ICA NaCl. The firing rate of these cells was inhibited by vagal
stimulation, but not baroreceptor activation. J t is concluded that autonomic PVN
neurons can be divided into two distinct functional groups.
Cells with fast
conducting spinal efferents may subserve vasomotor function, whereas those with
slowly conducting axons are likely involved in non-vasomotor renal sympathetic
effects, possibly those regulating sodium excretion and/or renin release, (supported
by UTHSCSA-HHMI award)

Tqhir.IeJJ[io&.iii'.Regzftq AtervFUiz Om *,
Dept, of Pharmacology, Marmara Univ. Sch. o f Med.,
Haydarpasa, 81326, Istanbul, Turkey.
A considerable body of research has implicated acetylcholine (ACh) as
an important neurotransmitter in central regulation of cardiovascular
function. Stimulation of central cholinergic neurons by cholinesterase
inhibitors or muscarinic agonists results in marked pressor responses
primarily mediated via an increase in sympathetic tone. Sites responsive
to microinjection of cholinomimetics in terms of blood pressure elevation
include the posterior hypothalamus, ventrolateral medulla and lateral
septum.The purpose of this study was to determine whether the
dorsomedial hypothalamic nucleus (DMH) plays a role in mediating the
cardiovascular responses to carbachol. All experiments were
performed in conscious male Spraque-Dawley rats instrumented with
intrahypothalamic guide cannulas for drug administration and iliac
arterial catheters for direct measurement o f arterial pressure (MAP) and
heart rate (HR). Administration of 1.6 nmol carbachol (in 150 nl) into the
DMH elicited marked increase in MAP (13.3 ± 2.1 mm Hg). On the other
hand, injection of carbachol (1.6 nmol in 150 nl) into the posterior
hypothalamic nucleus elicited minimal changes in MAP (8.1 ± 4.5 mm
Hg). Slight elevations of HR were observed following injection into the
DMH and the posterior hypothalamus (35±14 bpm and 61± 36 bpm,
respectively). The results of the present study suggest the DMH as a
potential site of action for microinjecied carbachol.
Supported by Marmara Univ. Sch. of Med. Research Foundation
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STIMULATION OF THE HYPOTHALAMIC PARAVENTRICULAR
NUCLEUS MODULATES FIRING OF BAROSENSITIVE NEURONS
IN THE NUCLEUS OF THE SOLITARY TRACT IN RABBITS.
Y.-F. Duan*. I.J. Kopin. D.S. Goldstein. Clinical Neuroscience Branch,
National Institute of* Neurological Disorders and Stroke, National
Institutes of Health, Bethesda, Maryland, USA

CALCIUM
CURRENTS ARE RESPONSIBLE FOR POSTINHIBITORY
REBOUND IN CAUDAL HYPOTHALAMIC NEURONS IN VITRO. Y. FAN*
AND T.G. WALDROP. Department of M olecular and Integrative Physiology,
University of Illinois, Urbana, IL 61801
The caudal hypothalamus (CH) is known to be involved in various functions
including cardiorespiratory regulation, locomotion and modulation of hippocampal
theta activity. Despite the importance of this region, ionic currents active in these
neurons have not been determined. The purpose of the present study was to analyze
membrane properties of CH neurons using whole-cell patch recordings in brain
slices (400 (Am thick) from 3-4 week old Sprague-Dawley rats. Standard
electrophysiological protocols revealed the following basic properties of CH neurons
(n=50): resting membrane potential = -58.0 ± 1.1 mV; input resistance = 319.3
± 16.6 M£2; t 0 = 22.80 ± 1.25 ms; action potential (AP) amplitude = 63.7
± 1.9 mV; AP duration measured at h alf maximal amplitude = 0.42 ± 0 .0 2 ms;
rheobase = 42.6 ± 4 .6 pA. Most neurons showed spike frequency adaptation.
Postinhibitory rebound (PIR) occurred in 56% of CH neurons following injection of
hyperpolarizing pulses. The major type of PIR observed in these neurons was
tetrodotoxin (TTX) insensitive but was blocked by perfusion of Ca2+- free solution
or application of Ni 2+(0.3 - 0.5 mM) or nifedipine (10 nM). However, amiloride (1
mM) did not block PIR. Inward rectification occurred in neurons showing PIR. In
contrast, a few neurons displayed PIR which was TTX-sensitive. These findings
provide a biophysical characterization o f caudal hypothalamic neurons and show
that a majority o f these neurons have a PIR mediated by a calcium current. This
PIR may be related to the inherent rhythm present in vivo in these neurons.
(Supported by NIH HL 38726).

Hypothalamic paraventricular nucleus (PVN) stimulation in
rabbits inhibits the arterial baroreceptor-heart rate reflex. The present
study assessed whether the baroreflex inhibition elicited by PVN
stimulation involves altered neural activity in the nucleus of the solitary
tract (NTS). Extracellular unit recordings were made in 107 neurons
from the NTS in anesthetized rabbits. Intravenous phenylephrine
injection was used to activate the arterial baroreflex. Of the neurons that
responded to intravenous phenylephrine injection, about two-thirds were
excited and one-third inhibited. Electrical stimulation of the PVN
inhibited about 70% of the phenylephrine-responsive NTS neurons,
with or without concurrent baroreceptor stimulation.
When
phenylephrine iv injection was coupled with PVN stimulation, more
NTS neuronal inhibition and less excitation occurred than with
phenylephrine injection alone. The most common interaction pattern
was that PVN stimulation inhibited NTS neurons that were excited by
phenylephrine injection. In a less common interaction,
PVN
stimulation excited NTS neurons that were inhibited by phenylephrine
injection. Hie findings indicate baroreflex inhibition elicited by PVN
stimulation involves altered neuronal firing in the NTS, consistent with
the view that the PVN alters baroreflex function during the defense
reaction by altering firing of NTS neurons. Supported by NINDS.
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CHRONIC TREADMILL EXERCISE IS ASSOCIATED WITH A REDUCTION IN
SYSTOLIC PRESSURE AND AN INCREASE IN GAD inRNA IN THE CAUDAL
HYPOTHALAMUS OF SPONTANEOUSLY HYPERTENSIVE RATS. H. R. Little.
T. J. Hughes. G. A. Iwamoto*. and T. G. Waldrop. Department o f M olecular and
Integrative Physiology. University o f Illinois, Uibana, IL 61801.
Previous studies in this laboratory have demonstrated that a deficit in the
GABAergic system o f the caudal hypothalamus (CH) contributes to the hypertension
o f the spontaneously hypertensive rat (SHR). Since chronic exercise is known to
lower resting arterial pressure in hypertensive humans as well as in SHRs, the purpose
o f this study was to evaluate the possible involvement o f the CH GABAergic system
in this exercise-associated hypotension. Six-week-old male SHRs were assigned
either to a trained (T) or a non-trained (NT) group. The T group was exercised on a
treadmill (final exercise intensity = 24m/min for 1 hour at a 5% grade, 5 days per
week) for a period of eight weeks while N T animals were placed on a mock treadmill
for the same amount of time, without being exercised. Tailcuff plethysmographic
measurements o f resting systolic blood pressure (SBP) were performed on each rat
once per week. At the conclusion o f the eighth week o f training, total RNA was
isolated from CH of each rat, and Northern blot analyses o f both the T and NT groups
were performed. Glutamic acid decarboxylase (GAD), the rate-limiting synthetic
enzyme for GABA, was probed with 32 P radiolabeled oligonucleotides specific to
each GAD isoform mRNA. The T group had significantly lower SBP than the NT
group at the end o f the eight weeks o f training (T = 185.6 mm Hg, NT = 216.1 mm
Hg). Moreover, analysis o f the phosphorimage data showed a 66 % increase in the
levels o f GADfis mRNA, as well as a 24% increase in the levels o f GAD 67 mRNA in
the CH of the T group compared to the NT group. Thus, an increase in the mRNA
levels for both isoforms o f GAD occurred in the caudal hypothalamus of SHRs after a
chronic exercise regime. This suggests that an upregulation o f the GABAergic
activity o f this area may be involved in the attenuation o f hypertension seen as a
result o f chronic exercise in this animal model. (Supported by NIH HL06296)

NEURONAL ACTIVITY IN THE RAT MESENCEPHALIC LOCOMOTOR
REGION IS ALTERED DURING STATIC CONTRACTION OF HINDLIMB
MUSCLES. E. D. Plowev and T. G. Waldrop*. Department of Molecular and
Integrative Physiology, University o f Illinois, Urbana, IL 61801.
Activation of muscle mechano- and chemo-sensitive receptors and descending
central command are responsible for evoking cardiorespiratory responses to
exercise. The integration o f sensory inputs from working muscles with central
command is thought to occur at various sites in the central nervous system to
produce appropriate levels o f efferent cardiorespiratory drive. The objective o f this
study was to determine if the mesencephalic locomotor region (MLR), a well
characterized locomotor area, is a potential integrative site of these
cardiorespiratory drives during exercise. Extracellular single unit activity of MLR
neurons was recorded during muscular contraction in anesthetized (a-chloraloseurethane) Sprague-Dawley rats. Static contraction of hindlimb muscles was
induced by electrical stimulation o f the tibial nerve (2 X MT, 40 Hz, for 30 sec).
Induction o f muscle contraction resulted in a decrease in mean arterial pressure and
increases in heart rate and respiratory (diaphragmatic) activity. An increase or
decrease in firing frequency was observed in 64% o f the neurons recorded in the
MLR. Many o f the neurons that responded to muscle contraction exhibited basal
discharge rhythms that were related to the cardiac cycle. Electrical stimulation of
the MLR (20 jiA, 50 Hz) in anesthetized rats resulted in increases in arterial
pressure, heart rate and diaphragmatic activity. The data indicate that activation of
muscle receptors during contraction results in an alteration of MLR activity. Since
activation of M LR neurons is known to evoke locomotor and cardiorespiratory
responses, these results suggest that the M LR functions as a site at which
integration o f muscle afferent activity modulates central cardiorespiratory drive
during exercise. (Supported by NIH HL06296).
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SEROTONIN
INCREASES WHILE ETHANOL DECREASES ARTERIAL
PRESSURE AND HEART RATE WHEN INFUSED INTO RAT LATERAL
HYPOTHALAMUS. H. Chen*, Q.H. Liu, M.J. Wavner. and C.F.
Phelix.
Div. Life Sci, Univ.TX-San Antonio, TX 78249
Electrical stimulation of dorsal raphe nucleus increases
mean arterial pressure (MAP) and heart rate (HR) that can
be blocked with serotonin (5HT)2 antagonists into lateral
hypothalamus (LH). Also 5HT causes angiotensin II (All)
release. Our research group has reported that electrical
stimulation and infusion of ethanol into LH of anesthetized
rats inhibit induction of long term potentiation (LTP) in
the hippocampal dentate gyrus (DG) that is prevented by
direct injection or by systemic injection of All antagonist
as pretreatment, and duplicated by direct injection of All
into the dorsal hippocampus.
We also have shown that All
injection^into the DG increases MAP and HR. In the present
study, we infused 100 nmoles 5HT or 5, 10, 20, or 30 mM
ethanol into the LH expecting a similar effect on MAP and
HR. Male Sprague Dawley rats were anesthetized with
pentobarbital (50 mg/kg, i.p.) and the femoral artery was
catheterized.
A MacLab/8e was used to monitor arterial
pressure, MAP, and HR. Microinfusion was performed with a
26 gauge cannula that was placed stereotaxically into the
LH.
5HT, ethanol, or vehicle (aCSF)was infused bolus or
at 7ptl/30 min.
5HT increased MAP by 10.71 +3.73 and HR by
6.75 +1.64 within 15 seconds. Ethanol infusion decreased
the MAP and HR maximally at 15 minutes, which then
recovered by 15 minutes. The maximum AMAP was -11.39 +1.25
mmHg and AHR was -10.40 +7.24 BPM.
The vehicle control
group had no cardiovascular changes.
This finding shows
that both serotonin and ethanol have direct effects on LH
neurons with a cardiovascular function.
How ethanol
produces this depressor/bradycardic effect remains to be
elucidated.
Support: HL02 914-03 and Life Sci. Div.-UTSA.

FU N C T IO N A L M A G N ET IC R ESO N A N C E IM A G IN G OF
H IP PO C A M PA L AND C E R E B E L L A R A C T IV A T IO N TO
PRESSOR CHALLENGES. R.M . H arper*. R. B andler. J. A lger. K.H.J.

168.17

GENETIC DIFFERENCE OF CRF mRNA IN PARAVENTRI
CULAR HYPOTHALAMIC NUCLEUS (PVN) OF WKY vs. SHR
RATS, AND AN AGE-RELATED REDUCTION OF CRF mRNA
IN THE PVN OF SHR, BUT NOT WKY RATS.
Bang H.
H a a n g ^ -E, Kimkler and At o H, Shah- Dept, of Anatomy,
Indiana Univ. Sch., of Med., Indianapolis, IN 46202.
The CRF is a stress hormone which has been speculated to be
involved in the development of hypertension. But it is unclear how
the CRF mRNA is associated with the genetic hypertension. The
PVN is one of the major brain structures that produce CRF. Thus,
the CRF mRNA in the PVN of spontaneously hypertensive (SHR)
and Wistar-Kyoto (WKY) rats was studied with in situ hybridization.
In addition, the norepinephrine (NE) function was evaluated by [*H]tomoxetine binding. Male WKY and SHR rats at 4-week and 16week stages were used. Quantitative autoradiography indicated that
there was a genetic difference of CRF mRNA in the PVN between
WKY and SHR rats with a significantly higher level in SHR rats.
Furthermore, a reduction of CRF mRNA was observed in the PVN of
SHR rats at 16 weeks of age as compared with that of 4-week-old
SHR rats, but not in WKY rats. This down-regulation of CRF
mRNA in SHR rats was not likely to be mediated through the NE
function, since the tomoxetine binding was significantly increased in
SHR rats along with ages. However, there were significant higher
bindings of [}H]-tomoxetine in SHR rats than in WKY rats at both
ages. Collectively, data suggest that NE transporters, but not CRF
mRNA are closely associated with genetic hypertension (Supported in
part by PHS NS25087 & an IUPUI faculty development grant).
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Bockhorst. J. Mintorovitch. and D. Spriggs. Depts. of Neurobiology and Radiology, UCLA,
Los Angeles, CA 90095; Dept, of Anal and Histology, Univ. of Sydney, NSW, 2006.

A number of midline structures activate, to pressor challenges, as
revealed by functional magnetic resonance imaging (/MRI) (Harper et
al.y Soc. Neurosci. Abs., 22:955, 1996). Activity changes in morelateral brain areas have now been examined following challenges
which elevated blood pressure and altered heart rate by >15%. iMRI,
using echo-planar sequences designed to rapidly assess changes in
brain tissue microcirculation, was performed in 1 1 healthy volunteers
(22-52 yrs) using a Siemens 1.5 Tesla scanner (time of relaxation
(TR): 3.5 sec; time of excitation (TE): 44.5 msec; slice thickness: 6
mm; flip angle: 90°; field of view (FOV): 31 cm). Twenty slices were
collected 30 times under each condition, with a total acquisition time
of 105 sec. Images were collected during unilateral hand immersion
in cold water, following a cold compress to the forehead, during a
Valsalva maneuver, and during intervening baseline conditions.
Images were averaged, values from experimental conditions were
subtracted from baseline, and pixel-by-pixel elements were subjected
to t-tests with Bonferroni correction. Marked activation emerged in
the hippocampus and nearby temporal cortex, the amygdala, and
portions of the lateral cerebellum. The findings support animal
electrophysiological studies that indicate a role for these structures in
mediating cardiovascular challenges. (Supported by HD-22695).

168.18
A-4 MICROINJECTION TO CENTRAL NUCLEUS OF AMYGDALA MODIFIES
THE
PRESSOR
AND
BRADYCARDIC
EFFECTS
OF
CENTRALLY
ADMINISTERED NEOSTIGMINE. T.Coskun and U.Ozkutlu* M arm ara University
Medical School, Department of Physiology. istanbul-Turkey
Cholinomimetic agents elevate blood pressure and heart rate via central muscarinic
receptors. The central nucleus o f the amygdala (CNA) plays an important role in
cardiovascular responses to cholinergic stimulation. The amygdaloid complex has rich
neuron connections, believed to have important roles in cardiovascular regulation.
Pressor effects of icv injection of carbachol were significantly attenuated by electrolytic
ablation of the CNA but heart rate changes were not altered in conscious rats (Ozkutlu
et al., Brain Res. Bull. 37:569,1994). The 4-methyl piperidine analog (A-4) of
hemicholinium-3, like hemicholinium-3 inhibits sodium dependent, high-affinity
choline transport and lowers blood pressure in spontaneously hypertensive rats
(Ozkutlu,et.al.,JPET,277:1352,1996).The present study aimed to show the
cardiovascular effects of ACh synthase inhibition in CNA o f conscious rats. The basal
arterial pressure and heart rate values were 103±2.8 mmHg and 389±23 bpm.
respectively. The change in arterial pressure (26 ± 5.1 mmHg; p<0.01), and heart rate
(-114 ± 28 bpm: p<0.05) was obtained following icv administration of neostigmine (3
mnol/rat). Microinjections of saline to CNA 5 minutes prior to neostigmine did not
modify the pressor (27.7±3.7 mmHg; p<0.01) and bradycardic (-94±22 bpm;
p<0.05)responses to neostigmine. However microinjections of A-4 (3nmol/rat) to CNA
prior to neostigmine decreased the pressor (12±3.6 mmHg; p<0.01)and bradycardic (48±33.4 bpm) responses to neostigmine. Sham injections o f A-4 had no effect on
pressor responses which were observed during CNA injections. In conclusion, like in
electrolytic ablation of CNA, the pressor effects o f icv neostigmine was significantly
reduced by previous injections o f A-4 into CNA. These results indicate that CNA has
an important role in the pressor responses produced by central cholinomimetic
stimulation. T h is work was supported by Eczaciba^i Scientific Research and Award Fund
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HYPOTHALAMIC ADMINISTRATION OF NPY ANTAGONIST INCREASES
BLOOD PRESSURE IN FOOD RESTRICTED HYPERTENSIVE RATS.
J.M. VanNess*. R.M. Casto. M.A. Jones. J. Hackmever and J.M. Overton.
Dept, of Nut., Food & Mvmnt. Sci. Florida St. Univ., Tallahassee, FL. 32306.
Negative energy balance increases the activity of NPYergic projections
from the arcuate nuclei to the paraventricular nuclei (PVN). Microinjections
of NPY into the PVN decrease sympathetic activity (VanDijk et al. Brain Res
660;96, 1994); therefore, we tested the hypothesis that increased
hypothalamic NPY activity produces reductions in blood pressure (BP)
during food restriction. Hypertension was induced in male Sprague-Dawtey
rats (n=25) by suprarenal aortic coarctation (AC). They were assigned to ad
libitum feeding (AL) or food restriction (FR; 60% of AL consumption) for
three weeks. Rats were instrumented with bilateral PVN cannulae and
carotid catheters one week prior to data collection. The NPY fragment DTyr2736D-Thr32-NPY(27-36) (3.3 ^g/200 nL), which blocks fasting- and NPYinduced feeding in the PVN (Myers et al. Brain Res Bull. 37:237, 1995), or
saline (200 nL) was injected into the PVN of conscious AC hypertensive rats.
The FR rats were then refed for 3 days and the protocol repeated. Saline

THE DISTRIBUTION OF RENIN mRNA AND RENIN IMMUNOREACTIVITY
IN THE BRAIN OF THE (mRen2)-27 TRANSGENIC RAT. P.P. Friedman**. S.
Vinsant* T.S. Hiason. P.E. Gallaaher. R.M. Anderson. D. Ganten. and C.M.
Ferrario. Department of Physiology and Pharmacology* and the Hypertension
Center, Bowman Gray Medical School, Winston-Salem, NC 27012
The location of the cells within the CNS that produce renin, the characteristic
enzyme of the renin-angiotensin system (RAS), is not known. To address this
question, we used in situ hybridization (ISH), RT-PCR, and immunocytochemical
(ICC) methods to reveal the distributions of mouse and rat renin mRNA and renin
immunoreactivity (IR) in the diencephalon of the (mRen2)-27 transgenic rat
(TGR). The TGR model features a mouse renin transgene that is over expressed
the tissues involved with the RAS. For ISH studies, animals were deeply
anesthetized, perfused with saline, and sectioned for ISH. [35S]-labeled UTP was
incorporated into one riboprobe complementary to the mouse renin mREN2 gene
and into another complementary to the rat renin gene. Tissue for RT-PCR
analysis was taken from anesthetized, unperfused brains. For ICC studies,
animals were deeply anesthetized, perfused with saline followed by aldehydes,
and the brains prepared for ICC using a rabbit polyclonal antibody.
Immunoreactive renin was located in neurons in the paraventricular (PVH),
supraoptic (SON) and arcuate nuclei of the hypothalamus, and around the
subfornical organ (SFO) and choroid plexus (CP). Lightly labeled neurons were
also found in the hippocampus and cerebral cortex. ISH revealed mouse renin
mRNA exclusively in the SFO and CP. RT-PCR, however, detected mouse renin
mRNA not only in these regions, but in the brainstem, and cerebral cortex as well.
These findings suggest that renin mRNA is distributed widely throughout the
CNS, but in varying amounts. Immunoreactive renin was easily detected in the
hypothalamus and choroid plexus, was less abundant in the few labeled cortical
neurons, and could not be detected in the brainstem.

Pre
BP
Post
Post
Pre
HR
AL (n=11)
158 + 3
160 ± 3
361 ± 7
355 ± 7
FR (n=14)
129 ± 4t
145 ± 5t*
329 ± 7t
338 + 7t
Refed (n=11) 157 ± 4
158 ± 3
361 +8
358 ± 9
tP<0.05 vs. AL, * P<0.05 vs. Pre
These results suggest that NPY may be involved in the reduction of BP
produced by food restriction in AC hypertension.
Supported by Grant-in-Aid (#9601436) American Heart Assoc. FI. Affiliate.
JMV is a Graduate Research Fellow, American Heart Assoc. FI. Affiliate.
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BEHAVIORAL AND CENTRAL CARDIOVASCULAR EFFECTS OF COCAINE.
E. S. Onaivi*. A. Chakrabarti and I. Biaggioni. Dept, o f Pharmacology, Psychiatry
and Medicine, Vanderbilt University, Nashville, TN 37232 and NRI, Antioch, TN.
37013.
Central dopaminergic mechanisms are important in the behavioral and reinforcing
properties of cocaine but the mechanisms o f the central cardiovascular actions of
cocaine and whether or not dopaminergic mechanisms are involved is not
completely known. We are continuing studies on the molecular correlates o f changes
in the cardiovascular and behavioral effects o f cocaine.
Following the
administration o f cocaine 1 and 10 mg/kg, ip daily for 30 days, the blood pressure
was obtained using the blood pressure analyzer, that is linked to the cuff pump for
dilating the rat tail and set at 200 mmHg. Six rats can be monitored simultaneously
using a manual scanner. The animals were placed in a heating chamber o f constant
temperature provided by the heating fan designed to circulate warm air. The
locomotor activities o f the animals were evaluated using activity monitors. Once a
week on alternate days the behavioral or cardiovascular parameters were measured.
At the end of the experiments, the animals were sacrificed and dopamine DAI and
DA2A receptor transcript pool size in cocaine treated rat brain stem and heart
preparations was undertaken by semi-quantitative reverse transcriptase (RT-PCR)
using constructed mimics as internal standard. The differential display polymerase
chain reaction (DDPCR) technique is also been utilized to determine whether similar
genes are activated or inhibited in the heart and brain stem preparations. Cocaine
induced motor activation was demonstrated by the significant increase in locomotor
activity and stereotype behavior as the dose was increased. It is not yet known if the
increase in DAI and DA2A receptor gene expression will be duplicated in the heart.
Although a neuro-cardiac pathway has previously been demonstrated for cocaine,
the role (if any) of dopamine in the central cardiovascular effects o f cocaine remains
to be determined. Supported by NHLBI KOI HL03319.

HEPATIC DENERVATION ABOLISHES THE RESPONSE OF ATRIAL
NATRIURETIC PEPTIDE (ANP) TO INTRAGASTRIC HYPERTONIC SALINE IN
CONSCIOUS WISTAR-KYOTO RATS (WKY). S.H. Carlson*. L.L. Tooalof and J. M.
Wvss. Departments of Hypertension Research and Cell Biology, University of Alabama
at Birmingham, Birmingham, AL, 35294.
A number of studies suggest that peripheral osmoreceptors respond to the ingestion of
sodium chloride by stimulating the release of arginine vasopressin (A VP) and reducing
renal sympathetic nerve activity in the rat. The resulting antidiuresis and natriuresis may
prevent corresponding changes in plasma osmolality, thereby acutely maintaining
homeostatic conditions. However, it is unknown whether peripheral osmoreceptors
modify the response o f other natriuretic or diuretic hormones to dietary NaCl.
Experiments were conducted to examine the response o f circulating atrial natriuretic
peptide (ANP) to an intragastric sodium load in Wistar-Kyoto rats (WKY). Furthermore,
we examined the effect of hepatic denervation on the ANP response. Sham and hepatic
denervated WKY were chronically instrumented with arterial and gastric catheters and
allowed a three-day recovery period. A control blood sample was taken and the volume
immediately replaced with an equal volume of donor blood. Each rat received an
intragastric infusion (0.57 ml/min for 5 min.) o f hypertonic saline (550 mOsm/L), and
ten minutes after infusion a second blood sample was taken. Additionally, mean arterial
pressure (MAP) and heart rate (HR) were continuously monitored throughout the
experiment In sham rats, intragastric hypertonic saline resulted in a significant decrease
in plasma ANP (449.6 ± 37.8 to 268.4 ± 17.9 pg/ml). In contrast, the intragastric
sodium load did not affect plasma ANP in denervated rats (511.2 ± 33.5 to 480.8 ± 66.0
pg/ml). MAP and HR were unaffected by the infusion in either group. These results
suggest that peripheral osmoreceptors exert an inhibitory control on the release o f ANP
in response to acute sodium loads, which may serve to enhance the antidiuretic effects
ofAVP.
Supported by NIH Grant #52-4146

169.3
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PKC ACTIVITY IN THE BRAIN AND PERIPHERAL TISSUES OF THE
SPONTANEOUSLY HYPERTENSIVE RATS. Y. Fernandez. V.E. Garcia a n d A.
Rathinavelu* Dept, of Pharmaceutical Sci., College o f Pharmacy, Nova Southeastern
University, 3200 South University Drive, FT. Lauderdale, FL-3326.

EFFECT OF RILMENIDINE ON CARDIOVASCULAR RESPONSES TO
STRESS IN THE CONSCIOUS RABBIT. G.A.Head. S.L.B urkeand K.Shep_pard*.
Baker Medical Research Institute, Commercial Road, Prahran, Victoria, 3181,
Australia.
Environmental stress can cause an increase in sympathetic nerve activity both in
humans and animals. While centrally acting antihypertensive drugs such as
rilmenidine are known to reduce sympathetic tone, it is not clear whether they also
influence the cardiovascular responses to acute stress. In the present study we
examined the effects of systemic treatment with rilmenidine on the sympathetic and
haemodynamic responses to airjet or noise stress. Twelve conscious rabbits
previously implanted with a renal nerve recording electrode were subjected to 10
minutes of airjet stress in which a stream of air was directed at the rabbit’s face, or
10 minutes of noise stress in which white noise at approximately 90dB was delivered
to the animal. Both airjet and noise stress elicited increases in renal sympathetic
nerve activity (RSNA) which were greatest in the first minute (+57 ± 10% and +40 ±
6% respectively), but which quickly reached a stable level over the 10 minutes (+25
±7% and +9 ±5% respectively). This was accompanied by a small increase in heart
rate (HR) and mean arterial pressure (MAP). Intravenous rilmenidine (273 P-g/kg)
reduced MAP from 84.5 ± 3 .0 mmHg to 67.6 ± 2.0 mmHg and HR from 203 ± 10
b/min to 188 ± 10 b/min and lowered basal RSNA by 53%. Rilmenidine reduced the
increase in RSNA seen during the first minute of airjet stress by 35% and reduced
the average increase over 10 minutes by 61%. However rilmenidine had little effect
on either the initial or average RSNA responses to noise stress. Saline treatment did
not alter the RSNA responses to either airjet or noise stress. The results show that
centrally acting antihypertensive agents not only lower basal renal sympathetic nerve
activity, but can differentially influence environmentally induced sympathetic
responses. In addition, the differential effect of rilmenidine on noise and airjet stress
suggests that they may involve quite different central processing.
Supported by NH&MRC, Australia and I.R.l.Servier, France.

We analyzed the PKC (protein kinase C) activity in the liver, kidney, lung and
aortic tissues as well as in a few selected brain regions o f the spontaneously
hypertensive rats (SHR). In our experiments the PKC activity in the aorta o f SHR rats
was found to be significantly elevated (147%) compared to the age matched wistar
kyoto young (WKY) rat controls. This observation is veiy sim ilar to some o f the
previous reports that had indicated an increased activity o f PKC in the SHR aortic
strips. In addition to a significant increase in the aorta, the PKC activity was found
elevated in the lung (47%) and kidney (36%) tissues also and no significant changes
in PKC activity was observed in the liver tissues o f the SHR rats. Very interestingly
the maximum increases of PKC activity was m easured in the hippocampus (251%)
and in the midbrain (167%) regions o f the hypertensive rats compared to their
respective controls. In the SHR cortex the activity was only 60% higher than the
activity seen in the control cortex and surprisingly in the cerebellum no significant
alteration in the PKC activity was detected compared to their age matched controls.
Our observations suggest that a significant increase o f PKC activity may be occurring
in specific regions of the SHR brain which may also be linked to their hypertensive
status. There is already sufficient evidence in the literature to implicate PKC in
maintaining the tonic contractile activity o f vascular smooth muscle through
phosphorylation of myosin light chain kinase (MLCK) activating proteins and also
through activation of calcium channels. The highly significant elevations o f PKC
activities detected in specific regions o f the SHR brain during our experiments further
suggests that this enzyme may also abnormally regulate the cardiovascular functions
from the brain of hypertensive rats. Supported by Research Grant o f the Health
Professions Division, Nova Southeastern University.
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SODIUM INTAKE IS ENHANCED DURING 24 H HINDLIMB
UNWEIGHTING. M. J. Sullivan*. J. W. Baker. J. A. Moffitt and E. M.
Hasser. Dalton Cardiovascular Research Center, Dept, of Physiology and
Dept, of Veterinary Biomedical Sciences, University of Missouri, Columbia,
MO 65211
Hindlimb unweighting (HLU) is a model of bedrest and microgravity. HLU
results in a shift of body fluid to the thoracic cavity, an increase in central
venous pressure, diuresis and natriuresis. We hypothesized that, in
addition to diuresis and natriuresis, rats would suppress water intake and
sodium intake during 24 h of HLU. Furthermore, we anticipated that the
rats would consume water and saline immediately following a return to
normal posture to replace excreted fluid. Male Sprague-Dawley rats were
trained for a minimum of three days. The training sessions involve one
hour of suspension with the hindlimbs elevated above heart level. Twenty
four hour intake of distilled water and 0.9% saline were recorded prior to
training, during training, during a twenty four hour period of HLU and
following return to normal posture. Food, water and saline were available
ad libitum. As expected, water intake was suppressed during HLU
(22.0+3.0 ml vs 28.5+ 19. ml during a 24 h period preceding HLU).
However, rather than a suppression, enhanced Intake of 0.9% saline was
observed during HLU (18.2 + 4.3 ml vs. 7.8 + 3.4 ml during control period).
Neither water intake nor saline intake increased above basal levels during
the initial 8 hrs following a return to normal posture. The data suggest that
the change in volume in response to HLU was not sufficient to induce
drinking behavior or salt appetite. The 24 hr water and saline intakes were
not different from control values. Thus, during HLU, rats exhibited a
supression of water intake as previously reported but demonstrate
increases in saline intake in the face of a reported natriuresis. (Supported
by HL55306)

FALL IN EAR BLOOD FLOW DURING ALERTING RESPONSES
IN RABBITS IS NEURALLY MEDIATED W W Blessing*, a n d Y.-H.
Y u . C e n tre fo r N euro scien ce, F lin d ers U n iv ersity , SA 5042, A u stralia.
In co n scio u s rab b its, ale rtin g resp o n se s to no v el, n o n -n o x io u s stim u li are
a sso c ia te d w ith s u d d e n v aso co n stric tio n s in th e e a r a rte ry (1). W e h a v e
c o m p a re d flo w p a tte r n s in b o th e a rs d u r in g a le r tin g re s p o n s e s , a n d
d e te rm in e d a n e sth e tiz in g th e b a se o f o n e e a r a lte rs th e a le rtin g -re la te d
v a so c o n stric tio n . U n d e r h a lo th a n e a n e sth e sia , D o p p le r u ltra so n ic flow
p ro b e s w e re ch ro n ic a lly im p la n te d a ro u n d th e c e n tra l e a r a rte ry in rig h t
a n d left e a rs of N e w Z e a la n d W h ite rab b its. W e u s e d n o v e l n o n -n o x io u s
s tim u li to in d u c e a le rtin g resp o n se s. D u rin g th e ale rtin g -v aso c o n strictio n
ep iso d e s c o rre la tio n b e tw e e n th e tw o p h a sic sig n a ls (Fig) ra n g e d fro m 0.97
to 0.99 (N = 5 rab b its). P h asic flo w w a s a v e ra g e d o v e r a 1 s p e rio d a n d
a v e ra g e sig n a ls fro m ea ch e a r c o rre la te d o v e r 1 h o u r. C o rrela tio n ra n g e d
fro m 0.94 to 0.98 (N =5 rab b its). A fter
o n e e a r b a se w a s a n e sth e tiz e d ( 1 m l
o f 2 % lig n o cain e), flo w d e c re a se d to
15+6% o f b aselin e, c o m p a re d w ith a
p r e - a n e s t h e t i c f a l l to 4 ± l% o f
b a s e lin e d u r in g a le rtin g resp o n se s.
A n e s th e s ia in c r e a s e d th e tim e to
m in im u m flow fro m 2.7±0.1 to 7.2±0.5
s (P < 0 .0 1 , N = 6 ). T h e r e s u l ts
e m p h a s is e th e sp e c ific ity o f C N S
re g u la tio n o f e a r b lo o d flo w d u rin g ale rtin g resp o n ses.
1. Yu, Y.H. a n d B lessing, W .W . A m . J. P hysiol. 272 R208-R216, 1997.
S u p p o rte d b y N H & M R C a n d N H F of A u stra lia
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THE ROLE OF CENTRAL AND PERIPHERAL TISSUE RENIN
ANGIOTENSIN SYSTEM IN COLD INDUCED HYPERTENSION
J.-F. Peng, M. J. Fregly and M. I. Phillip* Departm ent o f Physiology, Box
100274, College of Medicine, University o f Florida, Gainesville, FL 32610

CENTRAL LEPTIN ADMINISTRATION INCREASES BLOOD PRESSURE
IN NORMOTENSIVE RATS. R.M. Casto* V. McGehee. J.M. VanNess.
M.A. Jones. J. Hackmever and J.M. Overton. Department of Nutrition, Food
and Movement Sciences, Florida State University, Tallahassee, FL 32306.
Leptin is produced by adipocytes and provides a humoral signal of energy
stores to the CNS. In addition to decreasing food intake, peripheral leptin
administration increases metabolic rate and sympathetic activity to both
BAT and the kidney (Haynes et al., FASEB J. 11: 22, 1997). We tested the
hypothesis that central administration of leptin would increase mean arterial
pressure (MAP) in fed and fasted normotensive rats. Sprague-Dawley rats
were instrumented with ICV (lateral ventricle) cannulae for leptin
administration and carotid catheters for blood pressure measurement.
Following several days of recovery from surgery, the HR and MAP
response to central administration of leptin and vehicle were determined in
groups of rats that were either fed ad libitum (AL; n=9) or deprived of food
for 48 hours (F; n=10). Vehicle (5 nL saline; ICV) infusions had no effect
on either MAP or HR in either AL or F rats. A low dose of leptin (0.3 ^g;
ICV) had no effect on MAP or HR in AL rats. Leptin (3 ng; ICV) transiently
increased blood pressure in AL rats (113±6 vs. 121±6 mmHg). However, in
fasted rats leptin significantly increased MAP (8-15 mmHg) for the entire
measurement period (90 min). Leptin (3 ng; ICV) significantly increased
HR in fasted rats (350±18 vs. 422±19 bpm) while having no effect on HR in
the AL group. These results suggest that leptin may modulate blood
pressure through central mechanisms and may do so to a greater extent in
fasted animals.
Supported by Grant-In-Aid (#9601436), Am. Heart Assoc., FL Affiliate.
JMV is a Graduate Research Fellow, Am. Heart Assoc., FL Affiliate.

Rats exposed chronically to mild cold (5 °C/41 °F) develop hypertension. This
cold induced hypertension (CIH) is a non-genetic model for studying
hypertension in rats. The blood renin angiotensin system (RAS) has been
demonstrated to play a role in both initiating and m aintaining high blood
pressure in CIH. The mechanism also appears to involve both central and
peripheral tissue RAS as there is an increased dipsogenic response to acute
administration of A ll in rats exposed to cold. Additionally, the role o f central and
peripheral tissue RAS has been demonstrated in SHR. In the present study we
evaluated the role of central and peripheral tissue RAS in CIH. Sprague Dawley
adult male rats were used, 24 rats were kept in cold room at 5 °C while the other
24 were maintained at 25°C as warm control. Systolic blood pressure(SBP) was
recorded by tail cuff. The SBP was elevated in cold-treated rats at 1 week o f cold
exposure. The increase in SBP was significant at 3 weeks,
reached a
maximum(20%) at 5 weeks of cold exposure (n= 8 , P<0.01). Three subgroups of
the cold-treated and the warm-acclimated rats were sacrificed at 1, 3, and 5
weeks (8 rats each). Tissues were removed either for RT-PCR to measure
messenger RNA(mRNA) or for autoradiography to measure ATI receptor
binding. The mRNA for AO and/or ATI receptor, and ATI receptor binding
significantly increased in brain and peripheral tissues(including aorta, kidney
and adrenal glands) in cold-treated rats at I week o f cold exposure, reached a
m aximum at 3 weeks, and were maintained throughout the time o f cold exposure
(n=4, P O .O l). These results provide important information about the tirnecourse of activation of the central and peripheral tissue RAS during cold
exposure, and also demonstrate that central and peripheral tissue RAS plays a
role in both initiating and m aintaining the high blood pressure in CIH besides
blood RAS mechanisms.
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E X P R E S S IO N O F N M D A R1 M RN A IN T H E A D R E N A L M E D U L L A
O F R E N A L W R A P H Y P E R T E N S IV E RA TS. J.R. Havwood*. V. Durgam.
D. Scheuer. R. Strong, and S. Mifflin. University of Texas Health Science Center,
San Antonio, TX 78284
In established one-kidney, figure -8 renal wrap hypertension, norepinephrine turnover
is increased in the adrenal gland, and adrenal medullectomy reverses the elevated arterial
pressure. Recently glutamate binding has been demonstrated in intact adrenal glands.
In addition, the NMDAR1 receptor subunit mRNA and protein have been identified in
PC 12 cells. The goal of the present study was to determine if mRNA for the
NMDAR1 subunit of the NMDA receptor is present in the rat adrenal medulla and if it
is expressed differentially in hypertensive rats. Sprague-Dawley rats were subjected to
renal wrap or sham operation. Four weeks later, rats were prepared with femoral artery
catheters for measurement of resting arterial pressure. Arterial pressure was 133+9
(n=4) in the hypertensive rats and 114±3 (n=3) in the sham rats. The adrenal medullae
were removed and total RNA isolated. The expression of the NMDAR1 and GABAaocl subunits was determined with quantitative competitive RT-PCR using an internal
standard of a short length (by about 60-100 bp) o f the same sequence of target
message, which was 304 bp of the GABAA- a l and 368 bp of the NMDAR1. The
difference in the expression of mRNAs was measured as a mass ratio between the
target message to that of internal standard. Both receptor subunit were abundantly
expressed in the adrenal medulla o f the rat. NMDAR1 expression was significantly
higher in the hypertensive animals compared to the sham operated rats (0.75±0.29 vs.
0.15±0.10 ratio, p=.016). In contrast, expression of GABAA- a l subunit was not
different in hypertensive compared to normotensive rats (1.09±0.09 vs. 1.63±0.37).
In conclusion, mRNAs for the NMDAR1 and GABAA- a l subunits are expressed in
the rat adrenal medulla. These data suggest NMDA receptors may play a role in the
changes in adrenal function associated with the hypertensive process. (Supported by
HL41894 & HL36080).

BRAIN ANGIOTENSIN II (ANG II) AND PROSTAGLANDINS MEDIATE THE
PRESSOR RESPONSE AFTER CENTRAL BLOCKADE OF NITRIC OXIDE
SYNTHASE (NOS). H. Liu. M.L. Terrell. J.Y. Summv-Longa. M. Kadekaro*.
Div. o f Neurosurgery, Univ. of Texas Medical Branch, Galveston, TX, aDept. O f
Pharmacology, Penn. State University, Hershey, PA.
The objectives of the present study were two-fold: 1) to investigate the
lowest effective dose o f intracerebroventricular (icv) injection of NG-nitro-Larginine (L-NAME), an inhibitor of NOS, that induces a cardiovascular response;
and 2) to clarify interactions among ANG II, prostaglandins and the sympathetic
nervous system that are modulated by NO to maintain resting arterial blood
pressure (BP). Adult male Sprague-Dawley rats were used. Icv administration of
L-NAME at a dose o f 150 (j.g/5 |xl, but not 50 jj.g/5 ^1 nor 100 p.g/5 |d, produced a
biphasic pressor response characterized by an initial transient increase within 5
min and a delayed response starting between 60-90 min. The responses were
stereospecific, as D-NAME (250 |j.g/5 |d) did not modify the resting arterial BP.
L-arginine (323 ng/5 p.1) was also ineffective, indicating the substrate for NOS is
not rate-limiting. Icv pretreatment with losartan (25 ng/5 jil), a non-peptide
antagonist of the ANG II ATI receptor subtype, or indomethacin (100 ng/5 jil), a
blocker of cyclooxygenase, prevented the initial increase in BP without affecting
the delayed response. In contrast, intravenous (iv) losartan (10 mg/kg) was
ineffective in altering either of the pressor responses. Pretreatment with prazosin,
an a , adrenergic receptor antagonist, at a dose of 5 f.ig/5 jil (icv) or 0.3 ng/kg (iv)
was also ineffective in abolishing the pressor responses. These results indicate that
centrally produced NO maintains resting arterial BP in conscious rats through
modulation of the brain angiotensin system and prostaglandins. Supported by NS
R 0 1-23055 (MK and JSL).
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ROLE OF CARDIOPULMONARY AFFERENTS AND RENAL NERVES ON
CARDIOVASCULAR RESPONSES TO VOLUME LOAD. D.S.A. Colombari*. E.
Colombari. O.U. Lopes and S.L.. Cravo. Department of Physiology, UNIFESP-EPM,
Sao Paulo, SP 04023-060, Brazil.
Increases in extracellular volume produce several cardiovascular adjustments
including hypertension and renal vasodilation. However the neural pathways involved
in this responses remain largely unknown. We demonstrated, in a previous study, that
renal vasodilation but not the hypertension induced by volume load (VL) is reduced
after glutamatergic blockade in the nucleus tractus solitarii or after baroreceptor
denervation. In tlie present study we analyzed the effects of either bilateral vagotomy
or unilateral renal denervation on the cardiovascular responses induced by VL (4%
Ficoll®, 1% bw, 0.4 mL/min, iv) in urethane (1.2 g/kg, iv) anesthetized rats. Mean
arterial pressure (MAP) and renal blood flow (RBF) were recorded. Renal vascular
conductance (RVC) was calculated as the ratio (RBF/MAP) and expressed as
percentage of baseline. In control animals (N= 8 ) 20 min after VL, MAP increased by
23±4 mmHg, and RBF and RVC increased 176±23 and 139±16%, respectively. While
MAP gradually returned to basal levels, RBF and RVC remained elevated Up to 60
min (193±28 and 184±26%). Bilateral vagotomy (N= 8 ) was not effective to modify
MAP responses to VL. Furthermore, the increases in RBF and RVC observed 20
(147±12 and 134±15%) or 60 min (173±19 and 175±25%) after VL were not affected
by bilateral vagotomy. After unilateral renal denervation (N= 8 ), MAP responses to
VL were maintained. Development of vasodilation in the denervated kidney was
delayed: the RVC increase after 20 min was abolished (1 10±6%) and at 60 min was
lower (138±6%) than that observed in control animals. We conclude that in rats,
cardiopulmonary afferents do not contribute to cardiovascular adjustments induced by
volume load, whereas renal nerves are involved in the observed increase in renal
vascular conductance.
Financial Support: FAPESP (96/05444-7)

HYPOTHERMIA INCREASES [TRH] IN SPINAL CORD
DIALYSATES: STUDIES IN PCPA-TREATED RATS. A.M. Passerin
and W-N. Henlev*. Dpt. of Biol. Sci., Ohio U., Athens, OH 45701.
We have previously reported increases in serotonin (5HT) synthesis
&/or metabolism in spinal cord following l-96hr of cold exposure (3°C).
To further these investigations, microdialysates were obtained from spinal
cords of urethane-anesthetized, adult, male rats (T12 - IML region; CSF,
1.2|il/min), and were analyzed for [5HT] using HPLC-EC and [TRH]
using RIA. Blood pressure (BP) and heart rate (HR) were also
measured. Rats had been pretreated with either pCPA (300mg/kg, i.p.),
to deplete 5HT (>83%depletion), or vehicle 3 or 4d prior. During
hypothermia (37°C-30°C), significant (p<0.05) elevations in BP and drops
in HR were noted, and these changes were independent of pretreatment
with pCPA. pCPA caused significant depletion of [5HT] in dialysates.
[5HT] did not increase during hypothermia. pCPA caused non-significant
decreases in [TRH], Hypothermia elicited significant increases in [TRH],
primarily noted in vehicle-treated controls. These findings provide clear
evidence that 5HT is not a critical agent in mediating the cardiovascular
response that occurs with hypothermia. The co-occurence of increased
[TRH] and pressor responses to hypothermia suggests an
interrelationship. However, a pressor response in pCPA-treated rats
with little or no TRH response suggests that the responses are not
critically linked. Supported by Sigma Xi.

169.13
ENDOGENOUS PITUITARY ADENYLATE CYCLASE ACTIVATING POLYPEP
TIDE (PACAP) REGULATES GUINEA PIG CARDIAC NEURON EXCITABILITY
THROUGH PACAP,-SELECTIVE RECEPTORS. J. C. Hardwick*. K. M. Braas.
S. A. Harakall. V. Mav and R. L. Parsons. Department of Anatomy and
Neurobiology, University of Vermont College of Medicine, Burlington, VT 05405.
Postganglionic parasympathetic neurons of vertebrate cardiac ganglia are
cholinergic, and also employ other transmitters and neuropeptides as chemical
messengers. In evaluating the regulation of guinea pig cardiac ganglia neurons,
we have established PACAP and PACAP,-selective receptor expression and
functions in the parasympathetic neurons. Reverse transcription PCR of total
RNA from guinea pig atrial cardiac ganglia whole mount preparations identified
both endogenous proPACAP and PACAP, receptor mRNA expression. Isoforms
of the PACAP, receptor, produced by alternative splicing of the HIP and/or HOP
cassettes in the transcript, exhibit different patterns of coupling to intracellular
signaling pathways. The predominant molecular form of PACAP, receptor mRNA
in the cardiac ganglia was the variant with neither cassette. Immunocytochemical
studies revealed PACAP38 immunoréactivity in a subpopulation of MAP-2 positive
neurons, and in interganglionic fiber tracts. Parallel studies using antisera specific
to the PACAP, receptor resulted in labeling of most of the cardiac ganglia
neurons. Consistent with the receptor distribution pattern, PACAP application
elicited responses in a majority of the cardiac neurons. Application of 0.1 to 100
nM PACAP27 to cardiac ganglia elicited a concentration-dependent depolarization
and increased neuronal membrane excitability. Most guinea pig cardiac ganglia
neurons are phasic; in the presence of 100 nM PACAP, however, long
depolarizing current pulses generated multiple action potentials. In accord with
the pharmaco-logical profile at PACAP, receptors, 100 nM VIP failed to elicit
responses. These results suggest that PACAP immunoreactive neurons in guinea
pig cardiac ganglia may be excitatory intemeurons that modulate postganglionic
neuronal function through activation of the PACAP, receptors. Supported by NS23978 (RLP), HD-27468 & NS-01636 (VM) and AHA 94015540 (KB).
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DIFFERENCES BETWEEN THE FIRING PATTERN OF NEURONS
LOCATED IN THE MEDIAL PORTION AND LATERAL PORTION OF THE
RAT DORSAL MOTOR NUCLEUS OF THE VAGUS (DMV).
M. Bertolino*. X. D. Wang. S. Vicing and R. A. Gillis Departments of
Pharmacology and fPhysiology and Biophysics, Georgetown University School of
Medicine, Washington DC 20007.
There is evidence that the medial portion o f the DMV regulates
preferentially the stomach while the lateral portion regulates the intestine,
specifically the cecum, thus, raising the question o f whether differences might exist
in the electrophysiological behavior o f the neurons. Repetitive firing o f vagal
neurons was studied in thin (200 |am) coronal slices o f rat brainstem using the
whole-cell configuration o f the patch clamp technique. Membrane and firing
properties o f vagal neurons in the medial and lateral portion o f the DMV were
studied by injecting hyperpolarizing and depolarizing current pulses o f 2 sec
duration and increasing amplitude in cells held at a membrane potential o f about
-60 mV. The statistically significant firing properties were: maximal steady firing
frequency (medial, 10 ± 2.2 Hz; lateral, 5 ± 0.5 Hz); action potential duration
(medial, 7 ± 0.4 ms; lateral, 11 ± 0.7 ms); minimal current to induce firing (medial,
59 ± 5.6 pA; lateral, 88 ± 1 1 pA); and afierhyperpolarization (AHP) amplitude
(medial, 14 ± 0.9 mV; lateral, 19 ± 1 mV). The ionic mechanisms responsible for
these differences between medial and lateral cells may be a different distribution of
Ca2+-activated K+ channels responsible for the different components o f the AHP
and for the reduction o f membrane excitability. Moreover, there is, probably, a
stronger calcium conductance and/or a smaller potassium conductance in lateral
cells contributing to the prolonged spike duration. The significant differences
among these data suggest that not only the location, but also the intrinsic firing
properties o f vagal neurons depend upon whether they project to the stomach or to
the cecum. Supported by NIH grant AM29975,

CODISTRIBUTION OF NEUROKININ l RECEPTOR AND NADPHDIAPHORASE ACTIVITY IN RAT DORSAL VAGAL COMPLEX.
M.K. Dixon N.A.Nathan and P J. Hombv* Dept, of Pharmacology,
LSU Medical School, New Orleans, LA..
Substance P (SP) in the dorsal vagal complex (DVC) inhibits gastric
motor function (Brain Res. 385:371-374,1986), most likely through
NKi tachykinin receptors. Nitric oxide synthase (NOS) also mediates
gastric relaxation in DVC and is noted in preganglionic vagal neurons
innervating the gut {J.Comp.Neurol. 377:49-69,1997). Our purpose
was to localize NKi receptor-immunoreactive (ir) staining in relationship
to nitrergic cells in the DVC. Sections were immunocytochemically
stained using antiserum to NKI (kindly provided by DnN.W.Bunnett,
UCSF) combined with NADPH-diaphorase histochemistry. In the
nucleus tractus solitarius, NKi -ir staining was prevalent in the medial
subnucleus, but not visualized in the centralis or gelatinosus subnuclei,
where NOS activity stained intensely. In the dorsal motor nucleus of the
vagus, NKi -ir staining in cell bodies and fibers was present throughout
with the highest density in a lateral column. There was complete overlap
of NOS activity and NKi -ir stain; however, the stains were rarely
colocalized within the same vagal motor neurons. NKi -ir fibers were
also dense in the nucleus ambiguus compact zone, innervating the
pharynx and larynx. Seven days after ipsilateral vagotomy, NKi-ir
staining in vagal motor neurons was almost completely abolished. We
conclude that, in the DVC, NKi is synthesized in vagal motor neurons
which are in close anatomical proximity to nitrergic vagal preganglionic
neurons, but in the nucleus tractus solitarius the two stains are not
codistributed in subnuclei mediating gastric and esophageal control.
Supported by PHS grant #DK42714 .
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SUBDIVISIONS OF THE SALIVATORY NUCLEUS PROJECTING TO THE
LACRIMAL AND PAROTID GLANDS AS REVEALED BY TRANSSYNAPTIC
TRACING. IE. Toth R.R. Miselis 2. Zs. Boldogkoi \ I. M edveczkv 4. M. Yang :*
and M. Palkovits1. 1 Joint Res. Lab. Neuromorph., Semmelweis Univ. Med. &
Hungarian Acad. Sci., Budapest, H-1450; 2 Dept. Animal Biol., Univ. Penn, Phi la..
PA.; 3 InsL Biochem. Protein Res., Agric. Biotechnol. Ctr. Godollo Hungary; and
4 Dept. Microbiol. Infect. Disease, Univ. Vet. Sci., Budapest, Hungary.
The Bartha strain of pseudorabies virus was injected into the extraorbital
lacrimal or parotid glands of rats to study the topographical distribution of
salivatory (SA, pre-ganglionic parasym pathetic) neurons in the brainstem by
transneuronal tracing. After 20, 45, 72, and 90 hrs of survival time brain and spinal
cord sections and the appropriate peripheral ganglia were stained using routine
immunoperoxidase staining with a rabbit polyclonal antiviral antibody to reveal
labeled neurons. No infected neurons were detected after 20 hrs of survival time.
The Gasserian and superior cervical ganglia were ipsilaterally labeled after 45 hrs.;
the ipsilateral IML was labeled in thoracic segments 1-2 of the spinal cord
following 72 hrs of survival time. Compact groups of cells, the superior and inferior
SA nuclei, in the medullary reticular formation were ipsilaterally labeled after 72
hrs., and bilaterally labeled at 90 hrs of survival time. In addition other known
neurons of autonomic pathways were labeled. Following viral injections into the
lacrimal gland labeled neurons were distributed in the ventrolateral pontomedullary area dorsal to the noradrenergic neurons of the As area (corresponding
to the superior SA). More caudally, in the territory of the parvicellular medullary
reticular formation (corresponding to the inferior SA nucleus) a group of neurons
was labeled following viral injection into the parotid gland. By applying
transsynaptic labeling, spinal and supraspinal neuronal inputs to the lacrimal and
parotid glands were labeled. Furthermore, there was no cross labeling between the
superior and inferior SA with respect to the lacrimal and parotic gland injections.
Supported by Hungarian grants: OTKA T-5028, MKM 447, 4E007B; and USPHS
GM27739.

METHIOTHEPIN ATTENUATES TRH EFFECTS AT THE DVC IN VITRO.
S. Varanasi. J. Chi. R.L. Stephens. Jr.*. RC Rogers Dept, of Physiology, The Ohio
State University, Columbus, OH 43201
Ample evidence exists to show that caudal raphe derived thyrotrophin releasing
hormone (TRH) in the dorsal vagal complex (DVC) mediates changes in gastric
function via vagal cholinergic mechanisms. Coinjection of serotonin (5-HT) with
TRH in the DVC augments gastric acid secretion (GAS) as compared to DVC-TRH
microinjcction alone. Intracistcrnal pretreatment with methiothepin (MT; 5-HT1/2
antagonist) attenuates the 5-HT augmentation response as well as the TRH analogue
response in a dose dependent fashion (1). It was also demonstrated that the DVC was
a site of action of MT to antagonize the TRH analog response (1). Extracellular
single unit recordings from DMN neurons in brain stem slices (normal Kreb’s
media) revealed that MT (10 (iM-10 pM) coperfusion with TRH (0.1 |iM) prevents
the TRH stimulated firing rate. The studies were conducted with the following
protocol: Basal firing rate (5 mins) + Drug perfusion (5 mins) + Post perfusion (5
mins)
Treatment description
_n
% basal durine % basal nost
Derfusion
nerfusion
TRH 0.1 nM
4
410.0
404.0
TRH 0.1 nM + MT 10 nM
7
80.4
105.4
TRH 0.1 nM + MT 10 nM
3
83.5
119.5
TRH 0.1 uM + M T ln M
3
82.2
92.0
TRH 0.1 n M + M T 10 pM
3
76.6
120.0
The data reveals that MT antagonizes the excitatory effect of TRH on DMN
neurons. Future studies Hill explore the property of MT responsible for its inhibition
of the TRH analog response and the site of action of MT in the DVC.
Reference: (1) Gastroenterology, 112 (4): 1997.
Supported by NIH grant DK 730037

170.5

170.6

A N A T O M IC A L E V ID E N C E F O R M O D U L A T IO N O F D IS T A L C O L O N
A C T I V I T Y B Y C O R T I C O T R O P I N - R E L E A S I N G F A C T O R (C R F )
N E U R O N S O F B A R R IN G T O N ’S N U C L E U S .
R .R . M is e lis * M .
Y a n g . L .A . P a v c o v ic h # a n d R .J. V a le n tin o # . D e p t, o f A n im al B io lo g y ,
S c h o o l o f V e t M e d ., U n iv . o f P e n n s y lv a n ia P h ila d e lp h ia , P A 1 9104 a n d
# D e p t. o f P sy c h ia try , A lleg h e n y U n iv e rsity , P h ila d e lp h ia , P A 19102.
S u b stan tia l fin d in g s in d ic a te th at B a frin g to n 's n u c le u s, a p o n tin e n u c le u s
w hich p ro jects to the lu m bo sacral p ara sy m p ath e tic co lu m n o f p reg an g lio n ic
n e u ro n s (L S P C ), re g u la te s th e m ic tu ritio n reflex . T h e s e p ro je c tio n s co u ld
a ls o im p lic a te B a r rin g to n 's n u c le u s in th e m o d u la tio n o f o th e r p e lv ic
v isc e ra l fu n c tio n s. B e c a u s e n u m e ro u s B a rrin g to n 's n e u ro n s a re C R F im m u n o r e a c tiv e a n d C R F in c r e a s e s d is ta l c o lo n m o tility , it w a s
h y p o th e siz e d th at B a rrin g to n 's C R F -c o n ta in in g n e u ro n s a lso affe c t activ ity
o f th e d ista l c o lo n . T h e p r e s e n t s tu d y u s e d tra n s s y n a p tic tra n s p o rt o f
p s e u d o r a b i e s v i r u s ( P R V ) f r o m t h e d i s t a l c o lo n a n d C R F im m u n o h is to c h e m is try to d e te r m in e if B a r r in g to n ’s C R F - c o n ta in in g
n e u ro n s p ro je c t to c o lo n -p ro je c tin g p re g a n g lio n ic n e u ro n s o f th e L S P C . A t
e a rly su rv iv a l tim e s (7 2 h ) o n ly r e s tric te d L S P C n e u ro n s w e re P R V la b e le d . A t la te r tim e s (8 2 -1 1 5 h) n u m e ro u s B a r rin g to n ’s n e u ro n s w ere
tra n ssy n ap tica lly la b e le d fro m th e co lo n . S p e c ificity w a s su p p o rte d by the
re s tric te d L S P C la b e lin g a n d little to n o la b e lin g in th e d o rsa l m o to r vagal
n u c le u s . In c o lc h ic in e - p re tre a te d r a ts , P R V la b e lin g in B a rrin g to n 's
n u c le u s w a s still ro b u st a n d se v era l n e u ro n s /s e c tio n w e re b o th P R V - an d
C R F -im m u n o re a c tiv e . T a k e n w ith p h y sio lo g ic a l e v id e n c e fo r an in flu e n ce
o f B a rrin g to n 's L S P C p ro je c tio n s o n d ista l c o lo n a c tiv ity (P a v co v ic h an d
V a le n tin o , 1 9 9 7 ), th e p r e s e n t r e s u l ts s u p p o r t th e h y p o th e s is th a t
'B a rrin g to n 's n u c le u s m o d u la te s d ista l c o lo n a c tiv ity th ro u g h its s a cra l
sp in a l p ro je c tio n s a n d C R F m ay be an im p o rta n t n e u ro m o d u la to r in this
effe c t. S u p p o rte d by P H S G ra n ts M H 4 0 0 0 8 , M H 0 0 8 4 0 and G M 2 7 7 3 9 .

EVIDENCE FOR A NOVEL ROLE OF BARRINGTON'S NUCLEUS:
REGULATION OF DISTAL COLON ACTIVITY. L. A. Pavcovich* and R.
J. Valentino. Dept. Psychiatry, Allegheny University of the Health Sciences.
Philadelphia, PA 19102.
Barrington's nucleus has long been considered solely as a pontine micturition
center. This is based on studies demonstrating that lesions of Barrington's
nucleus interfere with the micturition reflex and conversely, that stimulation
elicits bladder contraction. Barrington's projections to sacral parasympathetic
neurons are the anatomical substrate of this response. Evidence presented
here suggest a new function of this system; regulation of distal colon activity.
Selective chemical activation of Barrington's nucleus by microinfusion of
glutamate (10mM, 15-60 nl) elicited increases in distal colonic intraluminal
pressure in halothane-anesthetized rats. These effects were regionally specific
and were topographically similar to glutamate-evoked bladder contractions.
Convergent findings suggest that Barrington's-evoked colon responses were
mediated by its projections to the lumbosacral parasympathetic neurons. First,
colon responses to Barrington’s stimulation were eliminated by systemic
administration of scopolamine (0.3 mg/kg, s.c.). Secondly, colon responses to
Barrington's stimulation were reversibly antagonized by intrathecal lidocaine
(2%, 10 ^l) injection but were not altered by the same volume of ACSF. Finally,
bilateral subdiaphragmatic vagotomy produced an attenuation of Barrington'selicited colon responses that could be overcome by increasing the volume of
glutamate injected. These results are the first evidence for an impact ot
Barrington's nucleus on the distal colon and suggest that the functions of
Barrington's nucleus are more diverse than previously believed; that it may
serve to regulate distal colon function, as well as bladder function through its
projections to the lumbosacral spinal cord.
Supported by PHS Grants MH*42796, MH 40008 and MH 00840.
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EX C IT A T O R Y G A ST R IC M O T O R A N D C A R D IO V A S C U L A R E FFEC TS
O F N O C IC E P T IN IN T H E D O R S A L V A G A L C O M P L E X O F T H E RA T.
Z.K . K row icki*. D.R. K apusta. N .A. N athan an d P.J. H o m b v . Dept, o f
Pharm acology, LSU M edical C enter, N ew O rleans, LA 70112.
N ociceptin (N O C ) is the endogenous, o p io id receptor-like 1 (O R L -1 ) ligand.
T he p resence o f O R L-1 m R N A (J. C om p. N eurol., 368 :2 2 9 ) and nociceptin
precursor (B iochem . Biophys. Res. C om m un., 2 1 9 :7 1 4 ) in the dorsal vagal
com plex (D V C ) o f the rat suggests th at N O C m ay be inv o lv ed in th e brain
regulation o f gastric m o to r and cardiovascular function. T o test this
hypothesis, vehicle and N O C (6 and 60 p m o l) w ere m icroinjected into the
D V C o f a -c h lo ra lo se anesthetized rats, w hile m o n ito rin g gastric m o to r
activity, heart rate, and b lo o d pressure. C hanges in intragastric pressure are
expressed as peak responses (PR IP; cm H 20 ) and areas o f the response (A R IP;
cm 2). C hanges in pyloric (PC A ) and greater curvature (G C C A ) contractile
activity are quantified as m in u te m otility index. C hanges in b lo o d pressure are

FUNCTIONAL IDENTIFICATION OF VAGAL PREGANGLIONIC INPUT TO
ENTERIC NEURONS USING ELECTRICAL STIMULATION AND FOS-IMMUNOCYTOCHEMISTRY. H.-R. Berthoud* L.M. Patterson, and H. Zhena. Pennington
Biomedical Res. Ctr., Louisiana State Univ., Baton Rouge, LA 70808, USA.
Although the ENS can regulate most of the basic functions of the Gl-tract independent
from central control, extrinsic innervation through the vagal and spinal systems is
extensive and allows gut and brain to behave in a coordinated fashion to guarantee overall
homeostasis and appropriate defense of toxic invasion. Based on the relatively small
number of vagal preganglionic fibers vis-a-vis the large number of enteric neurons,
Langley (1922) suggested that only a few select enteric neurons (the "mother cells”) would
receive direct vagal input. However recent morphological (Berthoud et al., JCN 301: 65;
Holst et al., JCN 380:1) and electrophysiological analyses revealed that, at least in the rat
stomach, a majority, if not all neurons of the myenteric plexus are contacted by varicose
vagal axons. Because anatomical contacts inspected at the light microscopic level do not
unequivocally indicate the presence of functional synapses, we have developed a new
method consisting of electrical stimulation of the vagi and detection of activated neurons
with Fos immunohistochemistry (IHC). This approach is feasible because antidromic
stimulation of vagal- afferents stimulates Fos in less than 2% of neurons, inhibitory
synaptic potentials are rare, and most neurons can express Fos, but spontaneous
expression is negligible. Results have shown that in esophagus and stomach the majority,
but not all neurons on the stimulated side show Fos expression. Large differences in Fos
staining intensity were observed and may indicate different strengths of synaptic input. In
the intestines, generally less than half of the neurons in the myenteric plexus and even
fewer in the submucosal plexus showed vagally induced Fos. By carrying out double-IHC
with antibodies against peptides, transmitters and their receptors, we have started to
identify the neurochemical phenotypes of those enteric neurons receiving functional vagal
inputs. In the duodenum, large numbers of vagally addressed neurons contain calretinin,
and fewer contain VIP, and GAL.
Supported by NIH grant DK47348.

^Treatment

PRIP

ARIP

PCA

GCCA

MAP^

0.3 1 0 .3
0.0 ± 0.0
0.3 ± 0 .2
0.0 ± 0 .0
8 +4
I
0.8 ± 0.6
3.2 ± 0.8*
0.5 ±0.3
3.2 ±0.2*
13 ± 4 * j
1.5 ±0.4*
3.5 ± 1.0*
1.8 ± 0 .6 *
6.7 ± 1.0*
*P<0.05 vs. corresponding vehicle by ANOVA with subsequent Student-NewmanKeuls test. Data are means ± SE for 3-6 animals.
W e conclude that N O C acts in the D V C to increase intragastric pressure,
gastfic sm ooth m uscle contractile activity, and arterial b lo o d pressure.
Supported by LSU N euroscience C enter o f Excellence (Z K K ) as well as PH S
grants D K 43337 (D R K ), and D K 4 2 7 1 4 (PJH ).
Vehicle
NOC 6 pmol
NOC 60 pmol
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DISCRETE LOCALIZATION OF NOS-IR iN BRAINSTEM NEURONS AND
THEIR SELECTIVE GASTRIC PROJECTIONS
Trgyggji R A \ ZhepgZ.L,1, Herman n ^ .E.
and Rogers.R £ .2
West Virginia University1 and Ohio State University2, Departments of
Physiology,
Nitric oxide (NO) has been proposed to act as an intercellular
messenger in central brainstem circuits(ab). A series of experiments were
designed to identify neural circuits presumably involved in vago-vagal reflexes
using NO as a neurotransmitter. Retrograde tracers were injected into the
stomach wall (rhodamine beads) or painted on the anterior gastric branch of
the vagus (Dil) in rats of either sex; the brainstems were subsequently
processed for NOS-IR. The specific pattern of NOS-IR within the DMV was
confirmed (b) i.e. in the medial caudal DMV and in the lateral rostral DMV. Also,
NOS-JR seemed to be present more consistently in the left side of the
brainstem. Of the 283 Dil labeled neurons, 11 (4%; N=2 rats) were colocalized
with NOS-IR. Neurons labeled following injection of rhodamine beads in the
antrum (N=59 neurons, 2 rats) or in the corpus (N=63 neurons, 2 rats) were
never colocalized with NOS-IR, whereas 19 of the 154 neurons (12%; N=4)
labeled following injection in the fundus were colocalized with NOS-IR. Our
data provide evidence for a discrete chemical phenotype of DMV neurons that
project to the gastric fundus, and suggest that these neurons may be involved
in the receptive relaxation reflex. These results are discussed in light of new
data concerning the brainstem pathways involved in esophageal distention and
gastroinhibition (see Rogers etal. Neurosci. Abs. 1997).
a) Travagli, R.A. and Gillis, R.A. Am.J.Physiol. 266:G154-G160, 1994.
b) Krowicki, Z.K. etal. J.Comp.Neurol. 377:49-69, 1997.
Supported by a WVU-School of Medicine Research Grant to A.Travagli

ESO PH A G EA L
D IS T E N T IO N :
C E N TR A L
PA T H W A Y S
FO R
G A S T R IC R E C E PT IV E R E LA X A T IO N IN A R A T M O D E L
R C R o gers*1, G E H e rm a n n 1 a n d R A T ra v a g li2. O h io Stale U n iv e rsity 1
a n d U n iv ersity o f W est V irginia 2 D ep a rtm e n ts o f Physiology
T he recep tiv e relax atio n reflex is ev o k ed by e so p h ag e a l d iste n tio n a n d
p ro d u c e s a sig n ifican t red u c tio n in g astric m otility a n d to n e to
ac co m m o d ate in g esta. E arly s tu d ie s sh o w e d th a t this reflex h a d tw o
co m p o n en ts: i) w ith d ra w a l o f vagal cholin erg ic ex citatio n from th e
sto m a c h a n d ii) ac tiv a tio n o f a vagal n o n -ad ren erg ic, non-cholinergic
g a stric in h ib ito ry p a th w a y .
W e hav e recen tly e sta b lish e d a m o d el o f this reflex in th e ra t w h ich will
p ro v e u sefu l in in v estig a tin g o th e r p h ysiological a n d p ath o p h y sio lo g ical
ev e n ts p ro d u c in g g astric stasis. W e fo u n d th at m ax im al gastric m otility
p ro d u c e d by TR H (2nM , ICV) is com p letely s u p p re s s e d by th e inflation o f
a 0.5 m l tu b u la r balkx>n in se rte d p e r ds in to th e th o racic e s o p h ag u s
(N=10). The sa m e e so p h ag e a l stim u la tio n p a ra m e te rs in cre a se d b y 500%
th e firing ra te o f n e u ro n s in th e p o ste rio r NTS cen tra lis (NTSc; N=30).
B iocytin injections o n to resp o n siv e cells in NTSc rev e a led m o re
s u b sta n tia l term in a l p ro jectio n s th ro u g h o u t th e D M N th an w ith in th e
n u c le u s am b ig u u s. D M N n e u ro n a l resp o n se s to eso p h ag e a l d iste n tio n a re
o f tw o types: i) co m p le te in h ib itio n o f a n te rio r D M N n e u ro n s firin g rate
a n d , ii) 300 % firin g ra te increase o f D M N n e u ro a s p o s te rio r to calam u s.
O u r d a ta p ro v id e ev id e n c e for a d iscrete reg io n o f NTS«; th a t p ro jects to
DM V a n d su g g e st th a t th e n e u ro n e s w ith in th is reg io n are in v o lv e d in th e
rec e p tiv e relax atio n reflex. These resu lts are d isc u sse d in light o f n e w d a ta
co n cern in g th e lo calizatio n o f N O S positive? n e u ro n s in th e DVC.
S u p p o rte d by N ID D K G ra n t DK 52142 to RCR.
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TH Y R O ID
HORMONE
RECEPTOR
a1
m RNA
IN
TR H IMMUNOREACTIVE NEURONS IN THE RAT CAUDAL RAPHE NUCLEI.
P.Q. Yuan . Y. Taché and H. Yana*CURE. VA Medical Center, Brain
Research Institute and Dept, of Medicine, UCLA. Los Angeles, CA
9 0 0 7 3 . U.S.A.
Hypothyroidism is associated with abnormal autonomic function.
Medullary TRH plays a important role in the central regulation of
autonomic nervous system. TRH gene expression in the raphe pallidus
(Rpa) and raphe obscurus (Rob) increases in hypothyroid state,
indicating that the negative feedback regulation of thyroid hormone on
medullary TRH action is one of the mechanisms through which
abnormal autonomic activity induced by altered thyroid states.To test
the hypothesis that thyroid hormone directly regulates TRH-containing
neurons in the caudal raphe nuclei, the specific immunohistochemistry
for pro-TRH and in situ hybridization for thyroid hormone receptor a1
(TRa1) mRNA were performed in adjacent coronal sections (14//m) in
the rat caudal medulla. The pro-TRH antibody was 1: 2 0 0 0 diluted and
the ABC method was used for immunohistochemistry. The templates
generating cRNA probe was prepared by linerizing the rat TRa1 cDNAs
with Xhol digestion and the probe was labeled with Digoxigenin-UTP.
In the caudal medulla, pro-TRH immunoreactive cell bodies were
distributed in the Rpa, Rob and the ventral parapyramidal region. TRc/1
mRNA hybridization signals were observed in the Rpa and Rob. There
were some neurons which were both pro-TRH and TRa1 positive. The
results indicate that thyroid hormone directly or closely influence the
TRH-containing neurons in the rat Rpa and Rob, supporting the
feedback regulatory role of thyroid hormone on medullary TRH
function.
This work is supported by NIH grants D K 50255 (HY) and
D K 3 0 1 10(YT).

VAGAL AND SPINAL AFFERENTS IN THE MUSCLE LAYERS OF THE
RAT GASTROINTESTINAL TRACT. W.L. Neuhuber*1. M. Kressell. N.
Weithausl. and H.R. Berthoud2. 1 Anatomy Inst., Univ. Erlangen-Nurnberg,
D-91054 Erlangen, and 2Pennington Biomed. Res. Ctr, Baton Rouge, LA
70808
Vagal and spinal muscular afferents in the gastrointestinal tract are
conventionally referred to as free nerve endings without apparent
morphological differences. On the other hand, significant differences in
electrophysiological properties between vagal and spinal, and within each
system of afferents have been described (cf Sengupta et al. J Neurophysiol.
61:1001; Sengupta et al. J Neurophysiol. 64:796). The aim of this study was
to compare morphological features of anterogradely bulk labeled vagal and
spinal afferents in the rat esophagus. For comparison, pelvic and lumbar
afferents in the rectum were studied. Injections of WGA-HRP or Dil into
nodose or spinal ganglia were performed under hypnorm®/valium®
anesthesia. Labeled fibers were studied using conventional light and
confocal laser scanning microscopy. Two types of vagal muscular afferent
terminals were found: Intra Ganglionic Laminar Endings (IGLEs) distributed
to virtually every myenteric ganglion, and highly branched intramuscular
arrays which were prominent at the level of the lower esophageal sphincter
(LES) but scarce in the body of the esophagus. Spinal afferents could be
traced in low numbers and neither showed significant branching nor IGLEs.
Pelvic afferents in the rectum were densely distributed to the inner anal
sphincter similar to vagal afferents in the LES but never developed IGLEs.
Lumbar afferents in the rectum were rare and mostly unbranched. These
results suggest that differing electrophysiological characteristics of vagal
and spinal gastrointestinal muscular afferents, e.g., low and high threshold
behaviour, may be related to different branching patterns. (Supported by
DFG/SFB 353/B9)
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REGENERATING VAGAL AFFERENTS REINNERVATE Gl TRACT SMOOTH
MUSCLE OF THE RAT. T. L. Powley*. E. A. Baronowsky. W. J. Wollmann. & R. J.

FATAL JE JU N O -IL E IT IS FO LLO W IN G ABLATION OF
EN TE R IC GLIA IN ADULT T RA N SG EN IC M IC E JJ3 .
Bush 1 .2*. T. C. Savidge3. T. C. Freeman! E. A. Campbell4. H. J.
Cox1. L. Mucke5. M.H. Johnson2 and M.V. Sofroniew1 ’2

Phillips. Purdue University, West Lafayette, IN 47907.
Previous research has demonstrated that peripheral axons of the vagus nerve
regenerate after complete subdiaphragmatic vagotomy, but it is unclear whether
the regenerating fibers are sensory, motor, or both. Additionally, these studies
also failed to demonstrate whether or not these regrowing fibers reinnervate their
original target organs. To address these questions and also to ascertain if
regenerating vagal afferents differentiate into normal terminal specializations in the
appropriate location upon reinnervating the target organ, male Sprague-Dawley
rats were given complete subdiaphragmatic vagotomies, allowed to recover for 18
weeks, and then injected with 3 |jl of 4% wheat germ agglutinin-horseradish
peroxidase (WGA-HRP) in the left nodose ganglion. To provide a comparison
group with normal innervation of peripheral targets by the left nodose ganglion, a
group of rats which had not received a vagotomy was given WGA-HRP injections
in the left nodose ganglion. All animals also received Fluorogold injections (ip) to
verify the vagotomies. The esophagus, entire stomach, first 8 cm of the
duodenum, and liver were prepared as wholemounts and processed with
tetramethyl benzidine (TMB). Vagal bundles (2 or more axons), individual axons,
and terminate (IGLEs and IMAs) in the stomach were counted and mapped with a
sampling grid. Regenerating vagal afferents were found to have reinnervated the
esophagus, stomach, duodenum, and liver. Both control and vagotomized animals
had a lateralized pattern of innervation (or reinnervation) of the stomach muscle
wall, with ~90% of the left nodose fibers projecting to the ventral side.
Furthermore, by 18 weeks post-vagotomy, the stomach and duodenum were
innervated by both typical and aberrant endings. These findings demonstrate that
the Gl tract and liver can undergo dramatic afferent reinnervation after vagotomy.
The presence of normal afferent specializations at 18 weeks suggests that some
afferent function(s) may be restored, whereas the population of aberrant endings
might complicate restoration of function. NIH DK27627 and NIMH MH01023.
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*MRC Cambridge Centre for Brain Repair and departm ent of Anatomy, University of
Cambridge, Forvie Site, Robinson Way, Cambridge, UK; 3The Babraham Institute,
Cambridge, CB2 4AT, UK; 4The Sanger Centre, Cambridge CB10 IRQ, UK ^Gladstone
Molecular Neurobiology Program and Department of Neurology, University of California,
San Francisco, PO Box 419100, CA 94141-9100, USA.

Transgenic mice have been generated that express HSV-thymidine
kinase (HSV-tk) from the mouse GFAP promoter (Soc. Neuro. Abs
22: 128.8). Transgenic astrocytes were vulnerable to ganciclovir
(GCV, 2|iM) in vitro and following cortical stab injury in vivo.
However, long term, continuous GCV administration was uniformly
fatal to transgenic animals. No increase in longevity occurred in the
absence of injury to the CNS. Potentially lethal brain pathology was
not observed in these animals. RT-PCR analysis showed widespread
peripheral sites of both GFAP and HSV-tk expression.
Histopathological examination revealed that GCV treatment caused a
highly selective inflammation and necrosis of the ileum and jejunum.
Immunohistochemistry confirmed that HSV-tk and GFAP were co
expressed in enteric glial cells and these cells were ablated selectively
by GCV treatment of transgenic mice. Intralumenal haemorrhage and
systemic infection was the most probable cause of death. These
findings indicate that loss or dysfunction of enteric glia leads rapidly
to inflammation and haemorrhagic necrosis of the small intestine and
may provide a useful model for inflammatory bowel disease.
S u pported by the W ellcom e T rust, M R C , B B S R C and A ction R esearch.
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DAMAGE AND COMPENSATORY GROWTH OF THE ENTERIC NERVOUS
SYSTEM IN INFLAMED RAT INTESTINE M.G. Blennerhassett*. S. Sanovic and
D.P.Lamb. Intestinal Disease Research Program, McMaster University, Ontario, Canada.
Altered intestinal motility is present in both human colitis and experimentally-induced
colitis in rodents. Impaired neural function is implicated, but little is known about
structural changes to the enteric nervous system. Therefore, we examined the neuronal
content and density o f innervation o f the smooth muscle layers o f the rat colon during
dinitrobenzene-sulphonic acid (DNBS)-induced colitis. Male Sprague-Dawley rats
received either 0.25 ml o f normal saline, 50% ethanol (vehicle control) or DNBS (29
mg/0.25 ml 50% EtOH) per rectum, with sacrifice on Days 6,1 6 or 35 (n=3-4). The pan
neuronal marker PGP 9.5 was used to identify ganglionic neurons and axon profiles.
Innervation density was calculated as the ratio o f the
number o f axons to smooth muscle cells in longitudinal or
circular muscle layers.
Colitis caused significant and irreversible loss o f
myenteric neurons (Figure), with a nearly 50% decrease
during the severe inflammation o f Day 6 . This was due to
events o f inflammation, rather than direct toxicity o f the
short-acting-DNBS, since there was further decrease by
Day 16. There was no recovery by Day 35, when the
colon was grossly normal. The decrease in neuron
Salina Day 6 Day 1» Day 35
number was localized to the affected area, with control
values seen in uninflamed adjacent regions. Surprisingly, no significant changes in
innervation density o f longitudinal or circular muscle layers occurred, with a general
trend towards increased density on Days 16 and 35, despite the significant proliferation
o f smooth muscle that accompanies colitis. This is evidence for rapid and extensive
axonal proliferation by the surviving neurons. We conclude that loss o f myenteric plexus
neurons is an unsuspected aspect o f colitis, contributing to the long-term alterations in
intestinal motility o f IBD. (Supported by MRC o f Canada and the CCFC).

TACHYKININS ACTING THROUGH NK1 RECEPTORS MEDIATE ATROPINERESISTANT, APAMIN-INDUCED COLONIC PROPULSION IN GUINEA-PIGS. A. Leoci.
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D IS T R IB U T IO N O F 5-H T 3 R E C E PT O R IM M U N O R E A C T IV IT Y IN T H E
GUT AND
PA NCREAS SU PPO R TS
R O L E S IN
SEN SO RY
T R A N S D U C T I O N A N D E N T E R O P A N C R E A T IC R E FL E X E S.
A,

MORPHOLOGY, HISTOCHEMISTRY, AND ELECTROPHYSIOLOGY OF ADULT
RABBIT PANCREATIC NEURONS IN PRIMARY CULTURE. J.A. Love* and K.
Szebeni. Dept, of Pharmacology & Toxicology, Univ. of Mississippi Med. Center,
Jackson, MS 39216.
Pancreatic neurons provide the majority of the innervation to pancreatic acini, ducts,
islets of Langerhans, and other pancreatic neurons and are an important site of integration
of synaptic input from the vagal, celiac, myenteric, and dorsal root neurons. To study
their electrical properties and synaptic potentials in isolation from extrinsic nerves we
have developed the first cultures of adult pancreatic neurons. Rabbits were sacrificed
with an overdose of pentobarbital, the pancreas digested with collagenase, and handpicked ganglia were then dispersed to form a mixture of aggregates and single cells. In
medium supplemented with NGF, neurons extended varicose processes after 3-4 days in
culture and appeared to form synaptic contacts with other neurons. Cultures remained
viable for up to 4 weeks. All neurons were cholinesterase-positive and the majority of
neurons and their varicose processes were positive for VIP, and/or NOS and NADPHdiaphorase. Neurons from 3-14 day cultures had a mean RMP of -52 ± 6 mVand
exhibited action potentials in response to intracellular depolarizing currents. Prolonged
depolarizations evoked 1-4 action potentials before rapid accommodation resulted in a
phasic firing pattern. Two populations of neurons were distinguished by their afterspike
hyperpolarizations (ASH). One group was characterized by low amplitudes (6-10 mV)
and a biphasic repolarization and the other by larger (12-18 mV) amplitudes and a
monophasic repolarization. The ASH limited firing frequency in response to intracellular
stimulus trains to 20-30 Hz in the first group and to 5-10 Hz in the latter group. Thus,
cultured adult pancreatic neurons retain their characteristic neurochemical and electrical
properties and will provide a useful model in which to study the ionic currents of their
cell somas as well as the processes regulating synaptic transmission between pairs of
neurons. Supported by D K 44169.

T

III

A n a t . l C ell Biol., C o lu m b ia P&S., NY, N Y 10032~and CU RE, U C LA , Los
A ngeles, CA.
5 -H T 3 receptors have been postulated to be involved in activation of extrinsic
sensory nerves and ganglionic neurotransm ission. Antibodies to the C-terminal
domain of the rat 5 -HT 3 receptor were used to locate sites of 5 -HT 3 expression in the
gut and pancreas of the rat and guinea pig. 5 -HT 3 receptor immunoreactivity was
strikingly abundant in the mucosa, where it was found both on 5-HT-immunoreactive
EC cells and subepithelial nerve fibers around gastric glands and intestinal crypts.
This distribution supports the hypothesis that 5 -HT 3 receptors are involved in enteric
sensory transduction. The mucosa and the circular muscle, especially of the colon
were also found to contain 5-HT-immunoreactive axons, which terminated close to
punctate sites of 5 -HT 3 receptor immunoreactivity. A similar relationship was found
between 5-HT-immunoreactive axons and sites of 5 -HT 3 receptor immunoreactivity in
ganglia of the submucosal and myenteric plexuses. 5 -HT 3 receptor-immunoreactive
perikarya and neurites were observed in all regions of the bowel (most abundantly in
the colon). 5-HT-immunoreactive myenteric neurons were encircled by accumulations
of 5 -HT 3 immunoreactivity. In contrast, these neurons were not immunostained by
mAB35, which recognizes nicotinic receptors. Since serotonergic neurons are
descending myenteric interneurons that innervate one another, these data suggest that
fast neurotransmission between these cells may be 5 -HT 3 -mediated. Pancreatic 5 -HT 3
receptor immunoreactivity was found only on glucagon- or insulin-immunoreactive
islet cells, in the rat and guinea pig, respectively. Drugs designed to interact with 5HT 3 receptors may thus be expected to affect enteric and endocrine enteropancreatic
reflexes. Supported by NIH grants NS01582, NS27645, N S 12969, and DK41301.

M. Tramontana. S. GiOtiani. R. De Giorgio1 and C A Maaai*. Pharmacol. Res. Dept.
Menarini Ricerche, Firenze, and 1 Policlinico S. Orsola, Bologna, Italy.
Tachykinins and acetylcholine are considered as the most important excitatory
neuroeffectors along the mammalian gastro-intestinal tract. This evidence is
supported by many in vitro studies showing that atropine reduces intestinal peristalsis
and tachykinin antagonists decrease or abolish atropine-resistant peristalsis. So far
no evidence has shown a role of tachykinin receptors in colonic propulsion in vivo.
Colonic propulsion was determined by means of a balloon-catheter device inserted
through the rectum for 7.5 cm in urethane-anaesthetized guinea-pigs. The device was
connected to a pressure transducer for intracolonic pressure recordings. In control
animals neither the NK1 receptor antagonist SR 140,333 (1 ^mol/kg i.v.), nor the NK2
receptor antagonist MEN 10,627 (1 |j.mol/kg, i.v.), alone or in combination, modified
colonic propulsion or the amplitude of colonic contractions. In contrast, atropine (6
(imol/kg, i.v. plus infusion of 1.8 nmol/300 fj.l/h) or hexamethonium (55 nmol/kg i.v. plus
infusion of 17 jimol/300 jxl/h) abolished propulsion (-81% and -87%, respectively) and
decreased the amplitude of contraction (-68% for both treatments). In atropine-treated
animals, apamin (30 nmol/kg, i.v.) resumed colonic propulsion (+416%) and increased
the amplitude of contractions (+367%) as compared to atropine alone. The apaminevoked, atropine-resistant colonic propulsion was inhibited (-68%) by SR 140,333 or
by the combined administration of SR 140,333 and MEN 10,627 (-90%). These two
treatments (SR 140,333 alone or SR 140,333 plus MEN 10,627) also reduced the
amplitude of colonic contractions by 48% and 52%, respectively. MEN 10,627 alone
did not significantly reduce colonic propulsion or the amplitude of contractions. SR
140,603 (1 jimol/kg, i.v.), the less potent enantiomer of SR 140,333, was not active.
Hexamethonium abolished the apamin-evoked, atropine-resistant colonic propulsion (97%) and reduced the amplitude of contractions (-52%). In controls, apamin enhanced
colonic propulsion (+84%) and increased the amplitude of contractions (+68%), as
compared to vehicle alone. Hexamethonium inhibited the propulsion (-86%) and
decreased the amplitude of contractions (-49%). SR 140,333, MEN 10,627, or the
coadministration of both compounds had no effect.
We concluded that, in
anaesthetized guinea pigs, endogenous tachykinins, mainly acting through NK-|
receptors, promote atropine-resistant propulsion in the distal colon.
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IDENTIFICATION OF CCK-LEPTIN RESPONSIVE GASTRIC VAGAL
AFFERENT (GVA) TERMINALS IN AN IN VITRO MICE GASTRIC VAGUSSTOMACH PREPARATION. YH Warm. Y Taché. MD Barrachina. V
Martinez. AB Scheiber. VLW Go and JY Wei. Dept, of Med., CURE Digest.
Dis. Res. Cent, and BRI, UCLA Sch. of Med., Los Angeles, CA 90095.
We have reported two types of leptin responsive GVAs in rats. A
newly developed mouse in vitro gastric vagus-stomach preparation enables
us to extend the study in overnight fasted C57BL/6 lean ( + / + ) mice.
After euthanasia, the lower-thorax esophagus, stomach and duodenum
(0.5 cm) was isolated and put into an organ bath. The left gastric artery
was cannulated for vehicle {50 //I), 1st leptin (175 pmol), CCK-8 (5 pmol),
and 2nd leptin intra-arterial (ia) injection at > 3 0 min time intervals. The
GVA unit activities were recorded from thin GVA nerve strands. A
quotient (Q) was used to quantify the response magnitude of 19 units
from 8 experiments (Q = the 5 min spike count after/before a treatment).
Due to no blood supply in the preparation, vehicle ia injection elevated the
ia pressure and excited 15/19 units with Qv > 1. Hence, a unit responding
to a treatment with Q >Qv will be considered to be activated. CCK-8
activated 16/19 units with Qc = 4.00 ± 1.04 (mean ± SEM). Eleven units
were activated by the 1st leptin with QI1 =2.59 ± 0.59 (compare to 2nd
leptin QI2 = 2.23 ± 0.34, two-tailed p > 0 .0 5 paired t-test). Among the
remaining 8 units, 6 were activated only by the 2nd leptin after CCK-8
with QI2 = 1.68 ± 0.52 (vs QI1 =1.41 ± 0.47, p< 0.05). These results
indicate that in mice, there are two types of leptin responsive GVAs. Type
1 responded directly to leptin ia, whereas Type 2 needed to be pre-treated
by CCK-8. The identification of mice CCK-8 responsive GVA validates the
broad application of this new preparation in murine mutants. (Supported
by NIH grants DK48476 & DK30110. Thank Amgen Inc. for leptin supply)

CENTRAL INTEGRATION OF AUTONOMIC FUNCTION VIA
A NEURAL C O N N E C TIO N BETWEEN EYE A N D
AUTONOMIC NEURAXES. B.H. Lee*. E.A. Kim. K.T. Cho. WS.

S ociety for N e u r o s c ien c e , V o lume 2 3 ,19 9 7

C hoi. S.R. O jeda 1 D ept, o f A natom y, S ch ool o f M ed icin e,
Gyeongsang Nat'l Univ., 660-280 Korea and !Div. Neurosci., OR
Reg.
Prim ate
Res.
Ctr.,
B ea v erto n ,
OR
97006
Central a u ton om ic reg u la tio n is a c h ie v e d th rou gh
interrelated neuronal cell groups located in the brain. And the
environm ental ligh t plays an im portant role in regulating
hypothalamic-autonomic function in the adult mammals. Yet,
the relationship betw een the central retinal projection and
a u ton om ic projection m ed ia tin g the effects h as n ot been
identified. We have now used a viral transneuronal tracing
technique combined with a conventional retrograde labeling to
d em onstrate the existence of a neural con n ection betw een
central pathways of the eye and the central autonomic neurons.
The result provides the morphological evidence that SCN and
several cell groups are the sites of synaptic connection between
the eye and the several organs innervated by autonomic nerve.
In conclusion, this neural connection is likely to provide a direct
transsynaptic mechanism by which the autonomic function is
influenced by the light stimulus in mammals.
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DISTRIBUTION OF NADPH-DIAPHORASE-POSITIVE NEURONS
IN THE ENTERIC NERVOUS SYSTEM OF THE NORMAL HUMAN
JEJUNUM. tC.L. Hef^S.M. Miller, *L. Sha,* G. Farrugia, *M.G. Sarr,
fy.H. Szurszewski. ^Depts. of Physiology and Biophysics and Surgery,
Div. of Gastroenterology, Mayo Clinic, Rochester, MN 55905.
Although the distribution of nitric oxide synthase (NOS) in the enteric
nervous system has been studied in many different animal species, its
distribution in normal adult human small intestine is less defined. Jejunal
tissue obtained from normal obese subjects (n=5) undergoing surgery for
weight control was fixed in 4% paraformaldehyde. NO-containing
structures were localized using NADPHd histochemistry. Positive
neurons and nerve fibers were found in primary, secondary and tertiary
nerve strands of the myenteric plexus. Neurons (10.5%) in the myenteric
plexus were NADPHd positive. Most were Dogiel type I neurons with
lamellar processes while some had a stellate shape. The circular and
longitudinal muscular layers were densely innervated with NADPHd
positive nerve fibers. A few (0.55%) neurons in the submucosal ganglia
were NADPHd positive. NADPHd positive nerve fibers went through and
around more than half the submucosal ganglia observed. The results
suggest a broad distribution of NADPHd positive neuronal structures in
human jejunum. The presence of NADPHd positive neurons in the
myenteric plexus and the abundant NADPHd positive nerve fibers in the
muscular layers suggest that NADPHd positive neurons may play a major
role in regulating smooth muscle of the human jejunum. A surprising
finding was the presence of solitary spindle-shaped NADPHd positive
cells in the circular muscle layer. Additional experiments are needed to
clarify the identity of these positive cells. (NIH grant DK 17632.)

RESPIRATORY REGULATION: 0 2 AND C 0 2
171 .1

171.2

NITRIC OXIDE MODULATION OF CAROTID CHEMOSENSORY
RESPONSES. *R. Iturriaga* and 2J . Alcavaga. Labs, o f Neurobiology,
*Fac. Biol. Sci. Catholic Univ. o f Chile and 2 Fac. Sciences. Univ. o f Chile.
L-arginine and nitric oxide (NO) donors, such as sodium nitroprusside (SNP)
reduced carotid chemosensory responses to hypoxia. It has been proposed that
NO may reduce the hypoxic chemosensory responses by increasing the blood
flow through the carotid body (CB) or by inhibiting the glomus cell activity. We
tested this hypothesis by studying the effects o f N O synthase inhibitor, Na>-nitroL-arginine methyl ester (L-NAME) and SNP on carotid chemosensory responses
to NaCN, dopamine (DA) and brief 100% N 2 and 100% 0 2 tests in paralyzed
and artificially ventilated anesthetized cats, and on the responses to NaCN and
nicotine in the CB superfused in vitro, where vascular effects are absent. We
also studied the effects of SNP on carotid sinus nerve (CSN) discharges elicited
by acetylcholine (ACh), applied to the isolated petrosal ganglion (PG) superfused
in vitro.
In situ, L-NAME slightly potentiated the response to hypoxia and NaCN.
SNP (1-2 mg/kg iv) reduced the excitatory chemosensory responses to hypoxia
and NaCN and the transient inhibitory response elicited by DA, but not the
inhibition induced by hyperoxia. In the superfused CB preparation, SNP (1-5
mg/1) reduced the chemosensory responses to NaCN and nicotine. In the isolated
PG preparation, SNP reduced the sensitivity o f the CSN responses evoked by
ACh in 40% o f the experiments, whereas the withdrawal o f SNP always
increased the sensitivity (reduced ED ») o f the response to ACh.
Present results suggest that NO may modulate the CB blood flow or the
glomus cell activity, but also NO may modulate the activity o f the sensory nerve
endings of the chemosensory PG neurons.
Supported by FO N D E C YT1950997, DATA Foundation and IBRO travel grant

ACETYLCHOLINE EXCITES CULTURED CAT PETROSAL
GANGLION NEURONS. M. Shirahata*. J.S.K. Sham. and R J i
Fitzgerald. Departments of Environmental Health Sciences & Medicine,
The Johns Hopkins Medical Institutions, Baltimore, MD 21205
Our previous study localized a7-subunit of nicotinic Acetylcholine
(ACh) receptors in nerve fibers within the carotid body (CB) and carotid
sinus nerve, and cell bodies of petrosal ganglion (PG) neurons of the cat.
The function of these receptors in CB chemotransduction is not known,
but many studies suggest that ACh is involved in excitatory process of
the CB in the cat. In this study we examined the effects of ACh on
membrane potential (MP) and intracellular calcium concentration (Ca/)
of PG neurons. PGs were harvested from anesthetized adult cats, and
cultured for 1-2 weeks. During the experiments cells were continuously
superfused with Krebs equilibrated with 5% CO /air or 5% CO/16% O?
ACh (10 //M-l mM) or high K+ was applied topically or superfused in
Krebs. Changes in MP: Patch clamp technique was used. Approximately
30% of tested PG neurons were depolarized by ACh. Prolonged
application evoked action potentials in these cells. Changes in Ca/.
Microfluorometric technique with Indo-1 was applied. High K+
increased in Cai of all cells tested, and 30 % o f them increased in Ca/ in
response to ACh. These results support the notion that ACh may act an
excitatory neurotransmitter on carotid sinus afFerents.
Supported by HL 47044, HL 50712, and HL 52652.
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BENZODIAZEPINES DEPRESS THE CAROTID CHEMORECEPTOR
RESPONSE TO HYPOXIA IN THE CAT. A.Igarashitt*. M.I.Rudisilt.
S.Amagasaf. H.Horikawaf, M.Shirahataf.lEnvironmental Health
Sciences, The Johns Hopkins Medical Institutions, Baltimore, MD.,
21205, f Department of Anesthesiology and Critical Care Medicine,
Yamagata school of medicine, Yamagata, Japan.
GABA agonists such as benzodiazepine are known to suppress
respiratory reflexes, but it is not clear if the peripheral chemoreceptor is
involved. Present study aimed to examine the effects of benzodiazepine on
the carotid chemoreceptor response to hypoxia. Further, GABA receptors
were immunocytochemically localized in the carotid body (CB) and the
petrosal ganglion (PG) of the cat. Methods: CBs with the carotid sinus
nerve were obtained from anesthetized cats. Carotid sinus nerve activity
was recorded in vitro from whole nerve with bipolar Ag-AgCl electrodes,
while CB was perfused with modified Krebs solution. The control CB
response to hypoxia was obtained by switching normoxic Krebs
equilibrated with 5% CO2 /air to hypoxic perfusate equilibrated with and
5% C0 2 /9 5 % N2 . Then CB was perfused with 3 3 /*M midazolam (MDZ)
or 10 to 20 fiM diazepam (DZ), and the CB response to hypoxia was
tested in the same manner. The effect of GABA receptor blocker was
examined by perfusing CB with 10 yM bicuculline (BCL) containing 3 3
juM MDZ or 20 piM DZ. Contralateral CB and PG were fixed with
paraformaldehyde, and indirect immunocytochemistry was applied to the
frozen sections. Results: MDZ 3 3 jiM decreased the CB response to
hypoxia significantly, and DZ 10 /*M showed a tendency to suppress i t
BCL 10 jmM blocked the depression by benzodiazepines.
Immunocytochemistry indicated the presence of GABA a receptor in CB
and PG. Supported by HL 47044 and HL 50712.

EFFECTS OF C 0 2 ON SEVERAL CLONED INWARD RECTIFYING K+
CHANNELS. C. X. Liu. G. Zhu. H. X. Xu. W. W. Walthall* & C. Jiang. Dept. Biol.,
Georgia State Univ., Atlanta, GA 30303-4010.
We have previously shown that high C 0 2 increases neuronal membrane
excitability, and this is likely mediated by inhibition o f K+ channels. Recent studies in
other groups indicate that certain inward rectifying K+ channels are inhibited by low
pH. Since C 0 2 can induce intra- and extracellular acidification, it is possible that the
inward rectifying K+ channels that may play an important role in regulating membrane
excitability are also modulated by C 0 2. To test this hypothesis, we performed
experiments on several cloned inward rectifying K+ channels. The cRNA encoding
these K+ channels was synthesized using in vitro transcription and then injected into
Xenopus oocytes. Membrane ionic currents were studied 2-6 days after the injection
using two-electrode voltage clamp. The oocytes were positioned 100-200|im beneath
the surface o f the extracellular solution in a semi-covered recording chamber. C 0 2
(15% mixed with air) was moisturized and then constantly flowed over the surface of
the extracellular solution during test. Exposure o f the oocytes to C 0 2 for 4-5 min
produced a reversible inhibition o f ROM Kl currents by 32±5% (mean±SD, n=6 ) and
had very little effect on IRK1 and uK ATp currents. The native currents of oocytes
studied after water injection did not show any evident change with C 0 2. C 0 2 also
lowered the intracellular pH from 7.15 ±0.06 to 6.5810.13 (n= 6 ) measured with ionselective micro-electrodes. When the oocytes were placed 1-2 mm below the surface,
C 0 2 reduced the intracellular pH from 7.18 ± 0.06 to 7.16 ±0.06 (n=3). At this deep
location, the inhibition o f C 0 2 on ROM Kl current was reduced to only 1±1% (n= 3),
although the change in extracellular pH during C 0 2 exposure (from 7.4 to 6.12±0.11,
n= 6 ) was the same at these two depths. Thus, our data indicate that 1) C 0 2 selectively
suppresses some inward rectifying K+ channels but not others, and 2 ) this inhibitory
effect seems to be mediated by a reduction o f the intracellular pH.
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INHIBITION OF K+ CURRENTS BY C 0 2 IN SNAIL LYMNAEA STAGNALIS
NEURON. C. Jiang*1. G. Y. Zhu1. F. Havashi2. and G. G. Haddad2. ‘Dept. Biol.,
Georgia State Univ., Atlanta, GA 30303-4010, and 2Dept. Pediatrics, Yale Univ. Sch.
Med., New Haven, CT 06520.
To understand the ionic basis underlying die effect o f hypercapnia on neuronal
membrane excitability, experiments were performed on identified snail (Lymnaea
Stagnate) neurons in-vitro. Superfusion of these neurons with a gas mixture containing
5, 10 or 15% of C 0 2 produces a concentration-dependent depolarization, increases in
input resistance and expansion of action potentials. Simultaneous removal o f both
extracellular Na+ and Ca*4 abolishes neuronal firing activity and post-synaptic potentials
but has no effect on the C 0 2-induced depolarization. Both intracellular and extracellular
pH decreases when neurons are exposed to hypercapnia. Perfusing these cells with
acidified solution mimicked the effect o f C 0 2, suggesting that this effect is mediated by
the change in intra- and/or extracellular pH. The C 0 2-induced depolarization is markedly
suppressed when cells are exposed to extracellular TEA+ or Cs+. Intracellular
administration o f Cs+ through recording electrodes has a similar effect However, specific
K+ channel blockers such as 4-aminopyridine, apamin and charybdotoxin do not have
any effect. Whole-cell K+ currents studied using two-electrode voltage clamp are
reversibly inhibited during C 0 2 exposure. These C 0 2-inhibited currents are voltageindependent without an evident rectification. Na+, Ca** and Cl' do not seem to play a
major role in the C0 2 -induced change in membrane excitability. The effect of
hypercapnia on membrane excitability is not limited to snail neurons but also can be seen
in rat neocortical and hypoglossal neurons. We conclude that 1 ) high C 0 2 increases
membrane excitability in snail neurons, 2 ) this effect is independent o f synaptic
transmission, 3) inhibition of voltage-independent and pH-sensitive K+ channels seems to
be the biologic basis, and 4) the C 0 2-sensing mechanisms are widely present in a variety
neurons in both the vertebrate and the invertebrate.

HYPOXIA INHIBITS THE SYNTHESIS OF PHOSPHOINOSmDES IN THE RABBIT
CAROTID BODY. C. Gonzalez*. R. Ripiial M T G. Cachero and A. Rocher Depart.
Biochem. Biol. Mol. and Physiol., School of Medicine. University of Valladolid. 47005
Valladolid. SPAIN.
Hypoxic chemoreception in the carotid body (CB) chemoreceptor cells is modulated by
several messenger systems including cyclic nucleotides and prostaglandins. However, the
possible significance of the phospholipase C (PLC) system of second messengers in hypoxic
chemoreception remains unexplored. PLC system participates in the transduction cascade
o f natural stimuli in other chemoreceptors (olfactory and taste), and it is also involved in the
action of neurotransmitters via receptors (o^-adrenergic and muscarinic) present in the
chemoreceptor cells of the CB. Therefore, it is conceivable that PLC system might modulate
CB arterial chemoreception. The aim of the present work has been to investigate the
turnover of phosphoinositides (Pis) in the CB and its relation to natural hypoxic
stimulation. Using an in vitro preparation of the rabbit CB we have measured the turnover
of Pis using three different protocols: a) accumulation of ^-inositolphosphates (IPs) in
CBs whose Pis have previously been labeled with 3H-myoinositol; b) IP3 mass, and; c) rate
of synthesis of ^ - P I s in tissues incubated with ^-m yoinositol. Measurements were made
while incubating in normoxic and in hypoxic solutions, and rat superior cervical ganglia
(SCG) were used as control tissues to assess the specificity of the responses
It was found that short-term (10-20min) hypoxia does not modify the production of
3H-IPs in tissues pre-labeled with 3H-myoinositol nor the IP3 mass, but decreased the
accumulation o f 3H-IPs when it was applied during the labeling period with 3Hmyoinositol. Consistent with that, hypoxia inhibited the synthesis o f 3H-PIs from
exogenous 3H-myoinositol. The response was specific to the CB. It is concluded PLC
system is not involved in the transduction o f acute hypoxia nor in the action of the
neurotransmitters released by chemoreceptor cells. It is proposed that PLC system
might contribute to the genesis o f the CB hyper-reactivity seen in long term hypoxia
Supported by Spanish DGICYT grant PB92 0267.
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INHIBITORY DOPAMINERGIC MECHANISMS ARE FUNCTIONAL IN
ARTERIAL CHEMODENERVATED GOATS. K.D. O ’Halloran*. P.L. Janssen.
J. Pizarro & G.E. Biseard. Department of Comparative Biosciences, University of
Wisconsin, M adison W I 53706-1102, USA.
Dopamine (DA) inhibits carotid body (CB) function and depresses carotid sinus
nerve activity and ventilation. Furthermore, peripheral DA D 2 receptor blockade by
domperidone (DOM) stimulates CB neural activity and ventilation. The present study
sought to determine if inhibitory dopaminergic m echanisms are functional in arterial
chemodenervated animals. In 10 anesthetized (a-chloralose iv), vagotomized,
paralyzed, artificially ventilated goats (39±3kg) a C 6 phrenic nerve root was prepared
for neural recording. Nerve activity was amplified, filtered, rectified and integrated to
obtain a moving average of peak phrenic nerve activity (PNA).
DA bolus injections (0.1-50ng/kg iv) or slow infusions (5 & 50^ig/kg/min iv) caused
dose-dependent inhibition of PNA (frequency x amplitude) before and after CB
denervation (CBD). Values (mean±SEM) expressed as a percent of pre-trial control
activity (intact vs CBD) were, 81±5% vs 94±2% for O.lptg/kg, 68±5% vs 83±4% for
l|ig/kg, 48±8% vs 71±4% for 5jig/kg, 33±9% vs 66±5% for lOjag/kg and 26±7% vs
46±6% for 50ng/kg DA bolus injections. For DA infusions, values were 43±11% vs
72±8% for 5ng/kg/m in and 7±7% vs S4±9% for 50^ig/kg/min. Responses were
significantly (Student’s t-test, p< 0.05) attenuated but persisted after CBD. In animals
with intact CB, inhibitory dopaminergic mechanisms were functional in hyperoxia
(PaO2>300mmHg) and responses were not significantly different from normoxic
responses. In all CBD animals, DA trials were repeated following D 2 receptor
blockade with DOM (lm g/kg iv). DOM abolished the inhibitory effect of DA bolus
injections and infusions. W e conclude that inhibitory dopaminergic m echanisms are
functional in arterial chemodenervated goats. The results demonstrate the
involvement o f D 2 receptors in m ediating the inhibitory responses of DA but their
location remains speculative. Supported by NIH grants HL 15473 & HL 53969.

UP-REGULATION OF VASCULAR ENDOTHELIAL GROWTH
FACTOR (VEGF) AND VEGF RECEPTOR (FLK-1) IN CHRONICALLY
HYPOXIC RAT CAROTID BODY. J. Chen, B. Dinger*. R. Jvune* L.
Stensaas and S. Fidone. Dept, of Physiol., Sch. of Med., Univ. of Utah, Salt
Lake City, UT 84108 and +Dept. of Otorhinolaryngology, Temple Univ.,
Sch. of Med., Philadelphia, PA 19140
Chronic hypoxia elicits a marked hypertrophy and hyperplasia in the
mammalian carotid body (CB). Principal amongst these changes is a >10fold increase in the blood capillary volume accounting for nearly half of the
multi-fold enlargement of the CB observed during sustained exposure to
low 0 2. In the present study, we have used immunocytochemical and
competitive RT-PCR techniques to assess VEGF expression in normoxic
and chronically hypoxic (2 wk exposure @ 380 Torr) rat CBs. A high
level of VEGF immunostaining was localized to the cytoplasm of
chemosensory type I cells in normoxic and hypoxic CB; however, in
hypoxic tissue, the staining was relatively diffuse suggesting additional
VEGF localization in extracellular matrix. VEGF transcript was increased
15-fold in hypoxic CB. Flk-1 immunostaining was undetectable in
normoxic CB, but prevalent in chronically hypoxic chemosensory organs
where it was localized in numerous cells adjacent to dense capillary
networks. Changes in the VEGF transcript were correlated with a 21-fold
increase in Flk-1 expression. Our findings suggest that hypoxia induces a
dramatic up-regulationof VEGF and Flk-1 expression in the CB which may
initiate neo-vascularization during chronic low-02 stimulation. Supported
by USPHS grants NS12636 and NS07938.
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RESPIRATORY EFFECTS OF GLIAL DISRUPTION
IN THE
RETROTRAPEZOID NUCLEUS (RTN) B Y FLUOROCITRATE
Joseph S. Erlichman*. A ihua Li and Eugene E. Nattie. Departm ent of Physiology,
Dartmouth Medical School, Lebanon, NH 03756-0001
The functional role of glia in the brainstem is uncertain, however recent evidence
suggests glia may be involved in extracellular pH (pHo) regulation. Here we examine
the respiratory and pHo effects o f glial disruption by focally inhibiting glial function
with fluorocitrate (FC) in the RTN o f chloralose-urethane anesthetized rats (n= 6 ).
Unilateral application of FC (Im M ) using a diffusion pipette for 45 m in. resulted in
an increased J phrenic nerve amplitude (PNA) by 25±3 (SEM) % o f initial baseline at
15 min, 40±6% of initial baseline at 30 min and 41± 5% of initial baseline at 45 min.
Following FC administration PNA returned toward baseline, however steady-state
PNA remained elevated compared to initial control values (6±5% at 60 min). The
application of FC also resulted in a decreased pHo that tracked the increases in PNA.
The application of FC decreased pHo 70±48% o f m axim um at 15 m in, 68 ±6 % of
maximum at 30 min and 78±10% o f maximum at 45 m in. (n=3). The maximum
decrease in pHo was determined by increasing end-tidal C 0 2 from 4 to 9%.
Following FC removal, pHo returned toward baseline values, however steady-state
pHo remained relatively acidic as compared to the initial control values. The tissue
distribution of dead/dying cells resulting from FC application was measured using
the fluorescent, nucleic acid m arker, DEAD RED™. Cells labeled with DEAD
RED™ were small, having an average nuclear diam eter of 5.1±3.8|xm. W e conclude:
1) disruption of glial function in the RTN results in an acid shift in pHo and
increased J PNA , 2) the time course of changes in pHo and J PNA were similar.
(Supported by HL 28066, Parker B. Francis Foundation).

RESPIRATORY INHIBITION AND RETROTRAPEZOID
NUCLEUS (RTN) LESION SIZE MEASURED BY BINDING
IBOTENATE TO FLUORESCENT BEADS OR BY DEAD RED™
M m a U .iQ-^ph-S,-JSrHghman and *EHge.pg E, Nattis- Department of
Physiology, Dartmouth Medical School, Lebanon, NH 03756-0001
We produced unilateral RTN lesions in two groups of chloraloseurethane anesthetized rats by injection of: 1) 50 nl of ibotenic acid (IA)
bound covalently to carboxylated fluorescein labeled microbeads, or 2 )
50 nl, 100 mM IA mixed in artificial cerebrospinal fluid. The mixed IA
decreased / phrenic nerve amplitude (PNA) by 80 ± 13 (SEM) % of
initial baseline at 60 min; by 75 ± 18% at 120 min with 3/6 cases having
apnea. The bound IA initially increased J PNA by 30 ± 31% at 90 min
followed by a progressive decrease to -53 ± 18% at 270 min. In the
bound IA group, the effective IA tissue distribution was measured as
the region of fluorescein bead distribution: 46 ± 5.0 nl (N=3). In the
mixed IA group, the effective IA tissue distribution was measured by
labeling of dying neurons using DEAD RED™, a fluorescent dye that
crosses dying cell membranes and binds to DNA. This volume was 140
± 39 nl (N=6 ). We conclude: 1) greater RTN destruction results in
greater J PNA inhibition, 2) DEAD RED ™ is a useful method to
quantify cell damage produced by neurotoxin injections, 3) IA
covalently bound to microbeads is effective in the RTN.
(Supported by HL 28066)
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MICROINJECTION OF GLUTAMATE RECEPTOR ANTAGONISTS
IN THE ROSTRAL VENTROLATERAL MEDULLA ABOLISHES
HYPERCAPNIC-INDUCED AIRWAY CONSTRICTION.
P. J. Mueller. E.J. Zuperku. J.B. Buckwalter. and P.S. Clifford*.
Departments of Anesthesiology and Physiology, Medical College of
Wisconsin and VA Medical Center, Milwaukee, W I53295.
Accumulating evidence suggests that the rostral ventrolateral medulla
(RVLM) contains parasympathetic preganglionic neurons projecting to
the airways. The purpose of this study was to determine if glutamate
receptors in the RVLM are involved in the reflex increase in airway tone
during hypercapnia. Mongrel dogs (18-22 kg) were maintained under
alpha chloralose and urethane and mechanically ventilated with room
air. Blood gases were monitored and pH was maintained with i.v.
sodium bicarbonate. Tracheal smooth muscle tone was assessed by
pressure changes in the saline-filled cuff of the endotracheal tube. A
multibarreled glass micropipette was advanced from the dorsal surface
of the medulla to a discrete site in the RVLM where glutamate (lOOnl,
lOOmM) increased tracheal tone (A20 ± 6 mmHg). Subsequently, airway
tone was elevated (A27 ± 8 mmHg) by increasing inspired CO 2 .
Microinjection of the excitatory amino acid antagonist, kynurenic acid
(lOOmM), but not its inactive analog, xanthurenic acid (lOOmM),
abolished the C 0 2 -elevated airway tone (Al ± 2 mmHg) with no further
changes after i.v. atropine. Similar results were observed with the nonNMDA antagonist, NBQX (lOmM), but only minor effects were
observed with the NMD A antagonist, AP-5 (lOmM). These experiments
suggest that non-NMDA receptors in the RVLM are involved in reflex
increases in parasympathetic outflow to the airways under conditions of
hypercapnia. (Supported by NHLBI and VA Medical Research Service).

CH A R A CTERIZA TIO N O F INTR ACELLULAR pH R EG U LA TIO N O F
NEURONS IN CH EM OSENSITIVE AND N O N-CH EM OSENSITIVE AREAS
O F TH E M EDULLA. N.A. Ritucci. J.B. Dean* and R.W. Putnam. Dept. Phys. &
Biophys., Wright State Univ. Sch. o f Med., Dayton, OH 45435.
We have previously found that neurons in two chemosensitive (nucleus tractus
solitarius, NTS and ventrolateral medulla, VLM) and two non-chemosensitive
(hypoglossal nucleus, Hyp and inferior olive, IO) areas o f the medulla recover from
intracellular acidification solely through N a7H + exchange. We also found that the
N a7H + exchanger is much more sensitive to inhibition by decreased pH 0 in NTS and
VLM neurons than in Hyp and IO neurons (Ritucci et al., Am. J. Physiol., 1997, in
Press). Given these two observations, we hypothesized that pH; should depend more
closely on pH 0 in neurons from chemosensitive areas than in neurons from nonchemosensitive areas. pH 0 was changed (pH values ranging from 7.15 to 7.90; all
experiments done at 37°C) by either varying C 0 2 at constant [H C 0 3']0 or varying
[H C 0 3 ]0 at constant C 0 2 while pH] was followed using a fluorescence imaging
technique (Ritucci et al., J. Neurosci. Meth. 68:149-163, 1996). The slope o f the pHj
versus pH 0 line produced by changing C 0 2 at constant [H C 0 3']0 was 0.56 in the NTS,
0.41 in the VLM, 0.16 in the Hyp and 0.25 in the IO. The slope o f the pHj versus pH 0
line produced by changing [H C 0 3']0 at constant C 0 2 was 0.84 in the NTS, 0.69 in the
VLM, 0.26 in the Hyp and 0.38 in the IO. To further characterize pHj regulation,
extracellular Cl' was removed during steady-state conditions and pHj was followed.
The pHj o f neurons from the VLM, Hyp and IO increased while the pHj o f neurons
from the NTS remained unchanged. The above alkalinizations were DIDS inhibitable.
These data indicate: 1) pH; is more sensitive to pH 0 in NTS and VLM neurons than in
Hyp and IO neurons and 2) the C1'/HC03' exchanger seems to be present in VLM,
Hyp and IO neurons but not in NTS neurons. [Supported by NIH Grant HL46308, an
AHA (Ohio Affilitate) Research Grant-in-Aid, and the Wright State Univ. BMS Ph.D.
Program.]
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EVIDENCE FOR A CRITICAL PERIOD FOR REGULATION OF CHEMOAFFERENT TRANSMITTER PHENOTYPE BY NEURONAL ACTIVITY.
J.T. Erickson1*. L. Ling2. E.B. Olson3. E.H. Vidruk3. G.S. Mitchell 2 and P.M . K atz'.
'Department of Neurosciences, Case Western Reserve School o f Medicine, Cleve
land OH 44106 and departm en ts o f Comparative Biosciences and Preventive
Medicine, University o f Wisconsin, Madison, WI 53706
Transmitter expression in developing chemoafferent neurons is highly regulated
by depolarizing stimuli in culture (Hertzberg, et al., NeuroReport 7:233.1995), indi
cating that neuronal activity may influence neurochemical maturation in vivo. To
address this possibility, we examined the effects o f perinatal hyperoxia, a condition
that suppresses chemoafferent activity, on expression o f tyrosine hydroxylase (TH),
a selective marker o f dopaminergic chemoafferent neurons in the rat petrosal gan
glion (PG). Compared to normoxic controls, chronic hyperoxia (60% 0 2 for 1 week
from birth) resulted in a 32% decrease in the number o f TH+ PG neurons (p<.02),
with no change in cell survival. This decrease was specific to the PG since TH cell
numbers in the control nodose ganglion were unchanged by the hyperoxic exposure.
Moreover, returning animals to normoxia for 3 weeks following hyperoxic exposure
did not reverse this inhibition o f TH expression in the PG, indicating that neuronal
activity is normally required for postnatal maturation o f this trait. In contrast, TH
expression was unchanged in rats exposed to one week o f hyperoxia from 21-28
days o f age, indicating that activity is required only during the early postnatal pe
riod. Thus, transmitter development in chemoafferent neurons is highly plastic after
birth and subject to regulation by environmental oxygen levels in vivo. Changes in
chemoafferent transmitter expression may contribute to the attenuation o f acute hy
poxic ventilatory responses observed following chronic perinatal hyperoxia (Ling et
al., J. Physiol. 495:561. 1996). Supported by HL-42131 (DMK), the Francis Fami
lies Foundation (JTE), and HL-53319 (GSM).

EFFECT OF ISOCAPNIC ACIDOSIS AND ISOHYDRIC HYPERCAPNEA ON
FIRING RATE AND PH; OF CHEMOSENSITIVE MEDULLARY NEURONS. W,
Wang*. J. Zhao. W.F. Boron and G.B. Richerson . Departm ents o f Neurology and
Cell. & Mol. Physiology, Yale University School o f Medicine, New Haven, CT
06520 and VA Medical Centei , West Haven, CT 06516.
We have recently identified a group o f highly chemosensitive neurons in the rat
medullary raphe. The current experiments were undertaken to determine whether
the prim ary stimulus for these neurons is C 0 2, intracellular pH (pH,), or
extracellular pH (pHo). Perforated patch-clamp recordings were made from
ventromedial medullary neurons in prim ary dissociated culture. Changes in firing
rate were measured in response to a variety o f acid/base stimuli. All neurons
responsive to respiratory acid/base changes also responded to metabolic acidosis.
Thus, 19 o f 78 neurons were stimulated, and 16 of 78 neurons were inhibited, by
both respiratory acidosis and metabolic acidosis. The rem ainder were not responsive
to either stimulus. Seven o f the 19 neurons stimulated by acidosis were also exposed
to an increase in C 0 2 from 5% to 9%, with pH* m aintained constant at 7.4 by
increasing N aH C 03. All seven o f these neurons were also stimulated by this
isohydric hypercapnea. The opposite response was seen in stimulated neurons in
response to isohydric hypocapnea. Thus, isocapnic acidosis and isohydric
hypercapnea had the same effect as respiratory acidosis in these neurons. The pH
sensitive fluorescent dye BCECF was used to m easure changes in pH, o f cultured
raphe neurons in response to these game stimuli. We found that metabolic acidosis,
respiratory acidosis, and isohydric hypercapnea each induced intracellular acidosis
in all neurons in culture. Thus, changes in firing rate in these neurons correlated
most closely with changes in pH„ but not uniquely with C 0 2 or pHo. Our data
suggest that the prim ary stimulus for chemosensitive raphe neurons is pHi, but do
not rule out a coexisting contribution from C 0 2, HCO 3', and/or pHo.
This work was supported by VAMC and NIH HL-52539.
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VENTROMEDIAL MEDULLARY NEURONS HAVE A HIGH DEGREE OF
INTRINSIC CHEMOSENSITIVTTY. G.B. R icherso* and W. W ang. Departm ent of
Neurology, Yale University School o f M edicine, New Haven, CT 06510 and VA
M edical Center, West Haven, CT 06516.
We have previously identified two types o f chemosensitive neuron in the rat
m edullary raphe in brain slices that have opposite responses to respiratory acidosis.
To determine whether chemosensitivity is intrinsic to this region, we have isolated
the ventromedial medulla (VMM) from other putative chemoreceptor sites using
microdissection, and have maintained cells in prim ary dissociated tissue culture.
Perforated patch-clamp recordings were used to characterize baseline firing
patterns, and chemosensitivity. One type o f chemosensitive neuron responded to
respiratory acidosis with an increase in firing rate (n=27/152 neurons). These
“stimulated” neurons had a mean increase in firing rate to 259% o f control when
pH was decreased from 7.40 to 7.22. A second type o f chemosensitive neuron
(“inhibited” neurons; n=47/152) responded to respiratory alkalosis with a mean
increase in firing rate to 398% o f control when pH increased from 7.39 to 7.59.
This degree of chemosensitivity to physiological acid/base changes is sim ilar to that
reported for the respiratory network in vivo. The two types o f chemosensitive
neuron were morphologically distinct, and had different baseline firing patterns.
Stimulated neurons had large, multipolar somata, and were more likely to fire
action potentials at a highly regular rate, with a low coefficient o f variation o f the
interspike interval (CV o f ISI). Inhibited neurons had a small fusiform somata, and
were more likely to have a high CV o f ISI. These findings indicate that a high
degree o f chemosensitivity is a functional specialization o f two specific neuronal
phenotypes. Due to the extensive projections o f the medullary raphe, and the
presence in this region of neurotransm itters with widespread effects, these neurons
may modulate respiration and/or other neural systems sensitive to changes in
systemic acid/base status. This work was supported by VAMC and NIH HL-52539.

EFFECTIVE CONNECTIVITY CHANGES AND RECURRING PATTERNS
OF BRAIN STEM NEURAL ASSEMBLY SYNCHRONY DURING CAROTID
CHEMO-RECEPTOR INDUCED LONG-TERM ENHANCEMENT OF
RESPIRATORY ACTIVITY. K. F. Morris*. Z. Li. D. M. Baekev. R. Shannon
and B. G. Lindsev. Physiology & Biophysics, Neuroscience Program, Col.
Med., University of South Florida, Tampa, FL 33612.
Repeated stimulation of carotid chemoreceptors induces long term
enhancement (LTÉ) of phrenic nerve amplitude and frequency. We
analyzed spike trains of neurons in raphe obscurus, the nucleus tractus
solitarius and the region of the ventral respiratory group of 11 anesthetized
or decerebrated, vagotomized, paralyzed cats. The neurons were
characterized with respiratory and cardiac cycle-triggered histograms, and
spike triggered average histograms of phrenic multiunit activity.
Detectability indices (Dis) of correlogram features from equal time
segments at the beginning and end of a control period and after induction of
LTE were compared. "Spark* plots of gravity analysis were examined (Soc.
Neurosci. Abst. 22:644.5,1996). The per cent change in Dis from control to
during LTE was greater than from the beginning to the end of control,
significantly more often (sign test, p < 0.05). Patterns of synchrony that
appeared more often than chance were detected in neuron assemblies
containing neurons that changed rate along with neurons that did not
change rate during or after stimulation. These results support the
hypotheses that changes in effective connectivity of medullary neural
networks contribute to the expression of LTE and that part of the processing
of sensory information for the control of motor output and memory induction
involves recurring patterns of synchrony of distributed brain stem neural
network assemblies not necessarily related to changes in neuron spike rate.
Supported by N.I.H. grant NS19814.
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CENTRAL NERVOUS SYSTEM (CNS) INTEGRATION OF
ARTERIAL
CHEMORECEPTOR
INPUT
IS
ALTERED
FOLLOWING CHRONIC HYPOXIA IN RATS. M R. Dwinell and F L
Powell*. Dept, of Medicine, Univ. of California San Diego, La Jolla, CA
92093-0623.
Arterial chemoreceptor stimulation by hypoxia results in a reflex increase
in ventilation As the hypoxic exposure is prolonged, ventilation continues
to increase in a time-dependent manner. We undertook the present study
to determine whether CNS processing of arterial chemoreceptor input is
affected by prolonged hypoxic exposure in anesthetized, vagotomized rats.
The ventilator was adjusted so PETC02 was 3 Torr above the phrenic
apneic threshold in two groups: normoxic (n=7; PET002 = 31.6) and
hypoxic (n=7; 7 days, 380 Torr, PETC02 = 27.8 Torr). One carotid sinus
nerve was stimulated at different frequencies (0.5-20 Hz, 0.2 msec
duration) while recording phrenic nerve activity. Phrenic burst frequency
(f, bursts/min) and peak amplitude of integrated phrenic activity (fPhr as
% baseline) were significantly higher in the hypoxic group at carotid sinus
nerve stimulation frequencies between 5-20 Hz. Minute phrenic activity
(JPhr x f ) was significantly greater in the hypoxic group at stimulation
frequencies greater than 5 Hz. These results show that prolonged hypoxia
alters the CNS integration of afferent input from arterial chemoreceptors
and may contribute to a time-dependent increase in ventilation. Supported
byNIHHL17731 and 07212.

LOCALIZATION OF C-FOS POSITIVE REACTION
PRODUCT FOLLOWING 0 2 DEPRIVATION AND
VENTRAL BRAINSTEM CYANIDE APPLICATION.

435

Sexcius. L .M *1. Trouth. C.O.1. and James. S.D.2 department o f
Physiology and Biophysics, Howard University College o f
Medicine and 2Department o f Biology, Howard University,
Washington, D.C. 20059.
The caudal ventrolateral medullary surface (cVMS) has been
implicated in central cardiorespiratory C 0 2 chemosensory control
mechanisms, however, the effect o f central hypoxia in
respiratory chemosensory regulation has not been clearly
established In this experiment, the expression o f c-fos was
examined following CN' (topical, unilateral application to the
cVMS; 20 mg/ml) and 0 2 (12% in air) challenge.
Immunocytochemical studies revealed the distribution o f the
immediate early gene c-fos positive reaction product along the
VMS, in the nucleus tractus solitarius, in the A l/C l areas
bilaterally and other subcortical areas. These results indicate that
central hypoxia and local cVMS histotoxic hypoxia stimulates
cells in brainstem cardiovascular control sites as well as
chemosensitive sites at the ventral medullary surface.
(Source o f Support: ONR Grant No. N 00014-94-1 -0523)
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INSPIRED C0 2 INDUCES EXPRESSION OF C-FOS PROTEIN IN
RESPIRATORY, CARDIOVASCULAR AND ENDOCRINE NEURONS
P. KC*and C. O. Trouth, Department of Physiology and Biophysics, Howard
University, College of Medicine, Washington, D.C. 20059.
The ventrolateral medullary surface (VMS) has been known as the site of
central cardiorespiratory C0 2-chemosensitivity. Multiple chemosensitive sites
within the brainstem have been proposed by Nattie et. al., (1991-1994) and
Bernard et. al., (1994/96). In the present investigation, the proto-oncogene
product, c-fos protein, was used as a metabolic marker to identify the distribution
of C02/pH respiratory chemoreceptor elements in chloralose-urethane
anesthetized rats in response to inhalation of 5% C02. c-fos positive cells were
identified by immunocytochemistry in the following regions, caudal medulla:
VMS, lateral reticular nucleus (LRN), raphe pallidus (RP), inferior olives (IO),
Al vasodepressor region, nucleus tractus solitarius (NTS), area postrema (AP);
rostral medulla: VMS, nucleus of trapezoid body (Tz), retrotrapezoid nucleus
(RTN), motor nucleus of NVII, nucleus paragigantocellularis lateralis (PGCL),
A5 noradrenergic cells, hypoglossal nucleus; pons and midbrain: nucleus
parabrachialis lateralis (PBL), periaqueductal grey (PAG), dorsal raphe (DR),
pontine nuclei (Pn), Edinger-Westphal nucleus (EW); hypothalamus: supraoptic
nucleus (SON), paraventricular nucleus (PVN), dorsomedial nucleus (DM) and
arcuate nucleus (Arc). Some of these nuclear groups (AP, SON and PVN) are
osmoregulators. Thus, inhalation of 5% C0 2 induces c-fos expression in several
cardiorespiratory regions, and may also influence neuroendocrine function.
Supported by ONR Grant Nr. N0014-94-1-053

PERINATAL HYPEROXIA SUPPRESSES HYPOXIC PHRENIC
RESPONSES IN ADULT RATS: CRITICAL PERIOD AND
SPONTANEOUS RECOVERY. L. Ling3. E.B. Olson. Jr.b E.H. Vidrukb
R. Kinkead3* and G.S. Mitchell3. Dept. Comp. Biosci.3 & Prev. Med.\
Univ. of Wisconsin, Madison, WI 53706.
Both ventilatory (awake) and phrenic (anesthetized) responses to
hypoxia are greatly attenuated in adult rats previously exposed to 4-weeks
of moderate (60% 0 2) perinatal hyperoxia (p e r in a ta l tr e a te d ra ts ), but not
in rats exposed to hyperoxia as adults (2 -mon after hyperoxic exposures;
a d u lt tre a te d ra ts). The present study tested the hypotheses that: 1) 1-week
of perinatal hyperoxia causes similar attenuation; and 2 ) the functional
impairment slowly recovers with advancing age in p e r in a ta l tre a te d rats.
Integrated phrenic responses to isocapnic hypoxia were recorded in
urethane-anesthetized, vagotomized, paralyzed and ventilated rats. At 50
mmHg Pa0 2, the increase in minute phrenic activity was similarly
attenuated in 1-week (145 ± 34% of baseline; n = 3) and 4-week p e r in a ta l
tre a te d ra ts (150 ± 19%; n = 11), relative to control (279 ± 34%; n = 7)
and a d u lt tre a te d ra ts (279 ± 59%; n = 4). At 50 mmHg Pa0 2, the
increase in minute phrenic activity was similarly attenuated in younger
(166 ± 28%; 3-5 mon of age; n = 7) and older (130 ± 25%; 5-6 mon; n =
4) 4-week p e r in a ta l tre a te d ra ts. However, at 40 mmHg Pa0 2, it was
attenuated in younger (154 ± 39%), but not older (232 ± 33%) p e r in a ta l
tre a te d ra ts.
Thus, 1 week of perinatal hyperoxia cause functional
impairment similar to that seen after 4 week exposures, and partial
recovery may occur in older p e r in a ta l tre a te d ra ts. (NIH HL 53319).
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c-yctf-identified activation o f cerebellar neurons during
hypercapnia in rat.
Z. Zhang. F. Xu. C. Lu. D. F. Speck* and

THE VENTILATORY RESPONSE TO CNS HYPOXIA IN SLEEPING
DOGS. A.K. Curran. C.A. Smith. K.S. Henderson. P.R. Eastwood.
T.C.T. Yin* and J.A. Dempsey. The John Rankin Laboratory of
Pulmonary Medicine, Department of Preventive Medicine, University
of Wisconsin at Madison, Madison W I 53705.
The purpose of the present study was to compare the response to
systemic (i.e. CNS and systemic except carotid sinus) and whole
body (i.e. CNS and systemic including carotid sinus) hypoxia in
female dogs during NREM sleep. Dogs were prepared surgically for
extracorporeal perfusion of an isolated carotid sinus region. On the
dogs’ right side the sinus region was prepared to allow retrograde
perfusion with an extracorporeal perfusion system such that the
carotid body could be isolated, and maintained normoxic &
normocapnic, from the rest of the systemic arterial circulation. During
the same surgery the left sinus region was stripped and denervated
while leaving all arteries intact to maintain adequate brain perfusion.
During experiments the animal breathed various hypoxic gas
mixtures via a facemask connected to a pneumotachograph for
measurement of ventilatory variables. The response to hypoxia
under these conditions was compared to whole body hypoxic
responses. The ventilatory response to systemic hypoxia alone was
reduced but not abolished compared to whole body hypoxia. Also,
during severe hypoxia for up to 30 minutes, there was no evidence of
‘roll-off’ in ventilation. W e conclude that systemic hypoxia per se
does not produce a depression of ventilation in NREM sleeping dogs.
Supported by NHLBI & NH&MRC (Australia).

D. T. Frazier. Dept, of Physiol. Univ. ofKY, Lexington, KY 40536
Recent observations suggest that the cerebellum is involved in shaping
the respiratory response to chemical perturbations. Immunoreactivity of
c-fos protein activated by hypercapnia was utilized to identify possible
cerebellar interactive sites. Morphine free and pretreated (10 mg/kg sc)
conscious S-D rats (age 9 w) were exposed to air or a hypercapnic gas
mixture for 2-3 h and sacrificed. Cerebellum and brain stem were cut in
40 n sections and immunostained for c-fos protein. In control rats, the
deep nuclei showed only slight c-fos expression whereas cortical
Purkinje neurons were quite clearly stained. In C 0 2 exposed rats, there
was a significant increase of staining in dorsolateral protuberance of the
fastigial nucleus (FN), rostral and lateral FN, medial part of the anterior
interposed nucleus and dentate nucleus with few Purkinje neurons
detectable. In both conditions, there were clearly labeled small cells in
the granule layer and some scattered in the molecular layer. Labeled
cells in medullary respiration-related nuclei were markedly increased
following CO 2 exposure, c-fos expression was not affected by presence
or absence of morphine. The results suggest that cerebellar neurons in
the cortex and deep nuclei, particularly FN, are involved in neuronal
networks responsible for activation of the C 0 2 chemoreceptor-mediated
respiratory reflex. (NIH POl 40369)
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SUPPLEMENTARY CREATINE ENHANCES HYPOXIC AUGMENTATION IN
VIVO BY PREVENTING ATP DEPLETION
B. Wilken*. JM Ramirez. F Hanefeld. DW Richter. Dept. Physiology, Univ
Gottingen, Humboldtallee 23, 37073 Gottingen, FRG
Sufficient ATP levels are important for protection of neuronal tissue from
hypoxic damage. With decreasing concentration o f oxygen, ATP synthesis relies
increasingly on the presence o f phosphocreatine (PCr) to stabilize the cellular
energy level. Therefore we analyzed the effects o f application o f creatine on the
hypoxic response o f in vivo mice and in vitro brainstem slices
In vivo experiments were performed in 32 anaesthetized neonatal animals (P2/P4)
after feeding mother animals with Creatine (Cr) 10 mg over 21 days. Neonates
from mothers without creatine supplementation served as controls. Mice were
transferred into a recording chamber which was isolated from room air and
temperature controlled Respiratory movements were measured by an extra thin
rubber tubing. Mild hypoxia (O 2 5-10%) was induced over a period o f 4 min. ATP
and PCr was measured in brainstem tissue from Cr-treated and untreated animals
under normoxic and hypoxic conditions (n -1 0 each group).
The max. amplitude of respiratory movements during hypoxia was significantly
enhanced by 51% (P4) / 27% (P2) compared with 22% (P4) / 8% (P2) in controls.
Frequency of respiratory movements was not affected. The concentration o f ATP
was in the same range in Cr treated and control animals (9.7/9.4 junol/g). Crsupplementation o f pregnant mice led to an increased PCr concentration compared
to non Cr-treated animals (1.9/1.1 ¿unol/g). Following anoxia over a period o f 30
min ATP (9.0/5.1 nmol/g) as well as PCr (1.7 /0.1 junol/g) remained at a
significant (p=0.04) higher level in nervous tissue pretreated with Cr.
The activity o f the central respiratory network within the brainstem is dependent on
a sufficient supply of ATP and PCr. Supplementation with Cr can improve hypoxic
augmentation by sustaining higher ATP levels. The data indicate that exogenous
application o f Cr can be used for neuroprotection o f the respiratory network.

CALCIUM CURRENT IS NOT RESPONSIBLE FOR CAUDAL
HYPOTHALAMIC NEURONAL RESPONSES TO HYPOXIA IN THE RAT.
E. M. Horn* and T. G. Waldrop. Neuroscience Program, Dept, of Molecular
and Integrative Physiology, University of Illinois, Urbana, IL 61803.
Neurons in the caudal hypothalamus of adult rats are stimulated by hypoxia
both in vivo and in vitro. Our previous results have demonstrated excitation by
hypoxia is not dependent upon synaptic input but results partially from an
inward sodium current. The goal of the present study was to examine the
possibility that calcium currents are involved in the response of hypothalamic
neurons to hypoxia. Utilizing a brain slice preparation (500 M-m), caudal
hypothalamic neurons from juvenile rats were whole-cell patch clamped under
voltage-clamp conditions and exposed to hypoxia (5% C 0 2/95% N2). A large
majority of the cells responded with an inward current that was sustained
throughout the period o f hypoxia. All responsive cells were tested for the
influence of synaptic input on the response by perfusing with a synaptic
blockade media (11.4 mM Mg2+/ 0.2 mM Ca2+) during the bout of hypoxia.
Only those cells that maintained the response during synaptic blockade were
further tested for the influence of sodium or calcium current. Most of the
neurons tested maintained their response during synaptic blockade, although
the average current response was decreased. The inward current response to
hypoxia after addition of the general calcium channel blocker cobalt chloride (2
mM) was unchanged.
In contrast, the response was almost completely
abolished after subsequent addition of the Na+ channel blocker, tetrodotoxin
(TTX, 1-2 ^M) in the perfusion solution. These results indicate the inward
current response to hypoxia of caudal hypothalamic neurons does not require
synaptic input or calcium current but is mostly due to TTX-sensitive sodium
current (Supported by NIH 38726 and USPHS T32-GM07143).

171.25
CHARACTERISATION OF SPINAL PROJECTING NEURONS IN THE
PONS WHICH EXPRESS FOS IMMUNOREACTIVITY DURING HYPOXIA
IN FETAL SHEEP. L Nitsos. R. Raian* and D. W. Walker. Department of
Physiology, Monash University, Clayton 3168, Victoria, Australia.
Hypoxia inhibits breathing movements before birth in sheep. Neurons In the
parabrachial complex of the pons of fetal sheep are activated by hypoxia. To
determine if these cells project to the region of the phrenic motoneurons, the
retrograde tracer CTB-gold (7 nm particles) was injected (1-2 |jl) into the ventral
horn of C5-C7 spinal cord of 5 fetal sheep at 110 days of gestation (term=146 days)
using aseptic techniques. Then, at 135 days each ewe was made isocapnically
hypoxic with a mixture of air/N2/C02 for 2 h so that fetal carotid artery PO2 decreased
from 22-25 to 11-14 mmHg. The ewe then breathed room air for a further 1 h to allow
for the accumulation of FOS protein. Both the ewe and fetus were then given an
overdose of pentobarbitone (130 mg/kg, i.v) and the fetus perfused using 4%
paraformaldehyde. Serial transverse pontine sections (40 pm) were cut on a
freezing microtome. Retrogradely transported CTB-gold was visualised by silver
Intensification; FOS protein, ChAT and GABA (polyclonal rabbit) and TH (monoclonal
mouse) were visualised immunohistochemically using the avidln-biotin peroxidase
complex. No co-labelling of ChAT and GABA with FOS was observed. Neurons
immunoreactive for both TH and FOS were found in the locus coeruleus (LC) and
subcoeruleus (SCo), medial parabrachial nucleus (MPN) and in the region of the
Kolliker-Fuse (KF) nucleus; doubled labelled neurons also retrogradely labelled with
CTB-gold were found in the LC, SCo and KF, but not MPN. Therefore, neurons that
respond to hypoxia as shown by FOS induction in these areas of the pons, project
directly to the spinal cord and are immunoreactive for the catecholaminergic enzyme
TH. Supported by National SIDS Council and NHMRC of Australia.
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NEURONAL CELL DEATH IN THE SPINAL DORSAL HORN
INDUCED BY NERVE INJURY. L. Jasmin*. A. R. Burkev. J. P.
Dvm.. and P. T. Ohara. Dept, of Neurosurgery and Cell Biology,
Georgetown University Medical Center, Washington, DC, and Dept, of
Anatomy, UCSF, San Francisco, CA.
Peripheral axotomy induces cell death in motorneurons and primary
sensory neurons in adult animals. We have examined whether nerve
lesion also induces cell death trans-synaptically in the spinal cord.
Section of the sciatic nerve, a mixed sensory-motor nerve, were done in
adult (300 g) male rats, and their lumbar spinal cords were examined at
18, 24, 30, 36, 42, and 48 hours following nerve injury. Using the
TUNEL technique, which labels apoptotic DNA breaks in situ, and
transmission electron microscopy, we found evidence of cell death as
early as 18 hours. The number of labeled cells reached a maximum at
24 hours post injury. TUNEL positive cells were present in superficial
dorsal horn ipsilaterally to the injured nerve. Ultrastructural data
confirmed that the dying cells are neurons since they are synaptically
contacted by axonal terminals.
Despite their abundance, no
degenerating terminals were seen to synapse on neurons undergoing
cell death. Our results suggest that early cell death is involved in the
restructuring of the dorsal horn after nerve injury. The mode and
functional consequences of this phenomenon remain to be determined.
Supported by NIH ROl DK47523-01.

Q U A N T IT A T IV E A N A L Y SIS O F D O R S A L H O R N SO M A T O T O PY
F O L L O W IN G
P E R IP H E R A L
NERVE
T R A N S E C T IO N
AND
R E G E N E R A T IO N . H .R. Koerber*. K. M im ics. R. B runo. S. Stephens. R.J.
M ille c c h ia and P.B. B ro w n . D ept, o f N eu ro b io l., U niv. o f Pittsburgh,
Pittsb u rg h , PA , 15261 and D ept, o f P h y sio l., W est V irg in ia Univ.
M o rg an to w n , W V , 26506.
P revious studies have docum ented plasticity in th e dorsal horn in response to
p erip h eral n erv e tran sectio n an d reg en eratio n. F o r e x am p le, im m ediately
follow ing regeneration dorsal h orn cell recep tiv e field s (R F s) are quite large,
how ever, w ith tim e RFs shrink significantly in size (K o erb er and M im ics ‘96).
It is w ell know n th at RF p ro p erties (i.e. area, geo m etry , location on th e lim b)
v a ry as a fu nction o f th e c e ll’s lo catio n w ith in th e so m ato to p ic m ap. Thus,
w hile direct statistical co m p ariso n s o f th e m ean s co u ld reveal ro b u st changes
in R F p roperties, m ore subtle reo rg an izatio n o f R F s co u ld be overlooked.
Therefore, w e have em p lo y ed a statistical m eth o d d e v ised by O dom et a l.‘96
w hich allow s for th e v isualization o f sig n ifican t d ifferen ces o f cell properties
w ith in so m ato to p ic m aps. D orsal h orn cells w ere iso lated an d /o r im paled in
a -ch lo ralo se anesthetized cats 6 , 9 and 1 2 m o. fo llo w in g tran sectio n and self
union o f the tibial and sural nerves. The RFs o f 193 cells w ere divided into two
g ro u p s (6 m o. n = 63; 9-12 m o. n= 130) and u sed to c o n stru ct surfaces (for
each m easu rem en t) rep resen tin g th e orig in al m ap s from w h ich th e d ata w ere
sam pled. T h ese su rfaces w ere th en c o m p ared to c o n tro l surfaces constructed
from sim ilar d ata from 500 cells. Statistical c o m p ariso n s betw een control and
th e 6 m o. g roup rev ealed sig n ifican t d ifferen ces b etw een R F area, geom etry
an d positio n on th e lim b. C o m p ariso n s betw een co n tro ls and th e 9-12 mo.
group revealed a significant d ifferen ces o n ly fo r area. T h ese resu lts suggests
th a t in a d d itio n to th e red u ctio n in R F size fo llo w in g rein n erv atio n o ther RF
p roperties apparently reorganize, returning to p re-lesio n values. S upported by
N S 2 3 7 2 5 (H R K ); N S 2 9 9 9 7 (PB B ).
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REORGANIZATION OF THE RACCOON CUNEATE NUCLEUS
AFTER PERIPHERAL DEAFFERENTATION. P .P . Rasmusson*
and S.A. Northgrave. Pept. of Physiology & Biophysics, Oalhousie
University, Halifax, NS, Canada B3H 4H7
Plasticity in the cuneate nucleus was studied using single unit
recordings in 25 adult raccoons; 7 of these were studied 2-5 months
after amputation of the 4th digit. We found changes in the cuneate
nucleus that were strikingly similar to those seen in ventrobasal
thalamus and primary somatosensory cortex, with adjacent digits
"taking over” the denervated region. In control animals mechanical
receptive fields were small and had low thresholds. Electrical
stimulation of adjacent digits activated 65% of the neurons, but only
at intensities that were twice as large as with stimulation of the digit
containing the cell's receptive field. Following amputation, 53 neurons
were studied in the region denervated by the amputation. All of these
neurons responded to stimulation of digit 3 or 5 and 72% responded to
both. These neurons all had larger than normal receptive fields to
mechanical stimulation and low thresholds to electrical stimulation.
These changes in RF properties indicate that connections within the
cuneate nucleus reorganize following peripheral nerve injury. The
similar results obtained at the 3 major levels of the somatosensory
system suggest that most of the changes seen at the higher centers are
the result of plasticity at the level of the dorsal column nuclei.
Supported by the Medical Research Council of Canada

QUANTITATIVE ELECTRON MICROSCOPIC STUDY O F LESION-INDUCED
CHANGES IN EXCITATORY AND INHIBITORY SYNAPSES IN RAT SPINAL
TRIGEMINAL NUCLEUS. P.S. Irish*. M.A. Henrv. and L E . Westrum.
Department o f Neurological Surgery, University o f W ashington, Box 356470,
Seattle, W A 98195
Reorganization o f synaptic connections following deafferentation may play a role
in allodynia, pain due to a stimulus which does not normally provoke pain. Synaptic
reorganization following primary deafferentation o f the trigeminal nucleus may be
associated with remodeling o f neurotransmitter patterns within the central nervous
system (CNS). W e report here progress in quantitative electron microscopic analysis
o f injury-induced changes in the neurotransmitters o f excitatory and inhibitory
synapses in lamina II o f rat spinal trigeminal subnucleus (pars caudalis), the relay
site o f trigeminal primary afferent fibers involved in nociception. The lesion model is
a percutaneous, radiofrequency lesion to the mandibular branch of the trigeminal
nerve o f deeply-anesthetized Sprague-Dawley female rats, 8 weeks old. The lesion is
obtained using a thermister probe, inserted through the cheek and through the
foramen ovale, into the mandibular nerve. The thermal denervation procedure is 30
seconds at80°C. Analgesia is provided with buprenorphine. Two days following the
lesion, the rats are perfused with 2 % formaldehyde (from freshly depolymerized
paraformaldehyde), 2% glutaraldehyde, and 0.1% picric acid in 0.1 M phosphate
buffer, pH 7.4. The brainstem from the obex to the 3rd cervical segment is processed
for electron microscopy, using both osmicated and unosmicated tissue for
postembedding immunogold labeling. We examined the immunoreactivities of
glutamate (Glu) and gamma aminobutyric acid (GAB A), excitatory and inhibitory
neurotransmitters, respectively. A systematic, random sampling design is employed
to obtain the number o f excitatory and inhibitory synapses, the Glu and GAB A
immunoreactivities o f these synapses, and the changes following lesion.
Supported by NIH/NINDS grants NS30305 (LEW) and NS01802 (PSI).
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NORM AL FUNCTIONAL ORGANIZATION IN PRIM ATE CUNEATE NUCLEUS
AND ITS RELATION TO PRESYNAPTIC ANATOM ICAL TERMINATION
PATTERNS OF HAND AFFERENTS. J.T . Wall* and J. Xu. Department o f
Neurobiology & Anatomy, Medical College o f Ohio, Toledo, OH 43699.
Anatomically extensive, but functionally latent connectivity is thought to contribute
to rapid central reorganization after nerve injury; however, the central location(s) of
such substrates are poorly understood. This study evaluated whether brainstem
terminations o f primary afferents from hands o f normal squirrel monkeys are more
extensive than their functional representation. This was done in the main cuneate
nucleus (CN) by comparing functional representations o f hand afferents, as assessed
by physiological mapping, to anatomical termination patterns o f hand afferents, as
assessed by transganglionic transport o f horseradish peroxidase from wrist-level
injections of the radial nerve. At levels where the CN approaches its larger
transverse extents, cutaneous afferents activate neurons across about 90% o f the CN
area, with hand afferents activating neurons in central locations.
The hand
representation is organized somatotopically and, with some variability, arranged with
inputs from digits (distal hand) located dorsally-dorsolaterally, palm and back of palm
(proximal hand) ventrally-ventromedially, ulnar hand (little finger side) dorsallydorsomedially, and radial hand (thumb side) ventrally-ventrolaterally.
The
representation of the hairy hand is smaller than the glabrous representation, and
typically occupies discontinuous medial and lateral locations. M ost o f the hairy hand
is innervated by the radial nerve. Comparisons o f the functional representations of
the hairy hand to the termination patterns o f radial nerve afferents indicate both
typically occupy separated medial and lateral locations; however, the mean CN
transverse area occupied by terminations (30.9% ) is larger than the mean area of
functional representations (14.8% ). This more extensive brainstem presynaptic
connectivity may serve as one substrate for observed rapid enlargements in CN
representations o f radial nerve afferents after injury o f other hand nerves. Supported
by NIH Grant NS21105.

RAPID FUNCTIONAL REORGANIZATION IN PRIM ATE CUNEATE NUCLEUS
AND ITS POTENTIAL ANATOMICAL SUBSTRATES. J. Xu* and J.T . W all.
Department o f Neurobiology & Anatomy, Medical College of Ohio, Toledo, OH
43699.
The main cuneate nucleus (CN) o f normal squirrel monkeys contains a somatotopic
representation o f the hand. The present study used: (1) physiological mapping to
evaluate how normal CN functional representations o f hairy hand afferents from the
radial nerve change after acute, wrist-level section o f the other hand nerves (median
+ ulnar), and (2 ) transganglionic transport o f horseradish peroxidase from wrist-level
injections o f the radial nerve to compare normal CN anatomical termination patterns
o f radial nerve hand afferents to the above postinjury functional representations. At
levels where the CN approaches its larger transverse extents, the functional
representation o f hairy hand skin is normally small and discontinuously distributed
medial and lateral to the glabrous hand representation. In contrast, over the first
minutes to hours after injury, the hairy hand representation enlarges (normal mean =
14.8% vs. postinjury mean = 34.2% o f CN transverse area), and becomes more
continuous across locations normally representing glabrous, (median + ulnar nerve)
afferents; in addition, the mean CN area that is not responsive to cutaneous inputs
enlarges (9.6% vs. 30.2% ). At similar CN levels, normal anatomical terminations
o f radial nerve afferents are distributed in medial and lateral locations that together
occupy a mean o f 30.9% o f the CN transverse area.
Postinjury functional
representations o f radial nerve inputs occupy locations around these normal medial
and lateral terminations but, in addition, occupy intervening locations. Thus, within
minutes-hours after injury functional representations o f radial nerve afferents enlarge
across locations involving both presynaptic substrates o f radial nerve terminations, and
postsynaptic substrates outside these'term inations. Postsynaptic substrates may
involve, for example, CN neurons that are outside termination zones but that have
dendritic extensions into termination zones, and CN intemeurons with axon extensions
and synapses outside termination zones. Supported by NIH Grant N S21105.
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A HO T SPOT OF THALAM IC PLASTICITY. J.L. Parker**. Wood*.M. L.
and J.O. Dostrovsky* Departm ent o f Physiology* and M edical Imaging*,
University o f Toronto, Ontario, Canada. M 5S-1A8.
W e asked whether die volume o f shoulder and forepaw somatotopic maps in
the VPL o f the thalamus increased following the rem oval o f hindlimb input
with nucleus gracilis lesions. Second, we asked w hether o r not there was a
characteristic topological change m ediating such volumetric expansion. Four
groups o f adult rats were used: intact controls (n = 8 ); acute lesions (n = 6 ); 1 w eek post-lesion (n = 8 ) and 1-month post-lesion (n = 8 ).
M ultiunit
recordings w ere m ade with glass coated tungsten m icroelectrodes. All body
regions investigated were stimulated with brush stimuli. Electrode penetrations
along the anterior-posterior, m edial-lateral and dorsal-ventral axes w ere m ade
in 200 |im increments. This generated a three dimensional reconstruction o f
a functional sensory m ap corresponding to the stim ulation o f a given body
region. The shoulder sensory m ap contracted in volume at an acute time
interval, followed by a significant increase at 1 -week and 1 -month post-lesion
relative to controls.
Planar analysis revealed that the entirety o f the
volum etric increase was restricted to a 200-300 |im thick coronal slice,
towards the rostral pole o f the VPL. Further, the expansion o f the shoulder
progressed medially, overlapping the forepaw representation. Expansion was
uniform in the axial plane. Hindlimb input loss occurred in alm ost all areas o f
the VPL. Somatotopic changcs precipitated by neural traum a occurred within
a focal zone o f the VPL. The results suggest that thalam ic sensory maps are
not spatially homogeneous with respect to plasticity.

TH E EFFECTS O F A D U LT PER IPH ER A L NERV E IN JU R Y AT TH REE
LEV ELS ALON G T H E RA T SO M A TOSENSO RY PATHW A Y. T .H . Bowlus*.
R .D . Lane and R .W . R hoades. Dept, o f Anatomy and N eurobiology, M edical
College o f Ohio, Toledo, Ohio 43699.
Com plete analysis o f experience-induced som atosensory reorganization requires
evaluation at m ultiple levels in the neuraxis. In this study we com pared the long
term effects o f forelim b am putation in adult rats at three levels; dorsal root
ganglia, cuneate nucleus, and prim ary som atosensory cortex. Single units (n = 5 0 )
w ere recorded from the brachial dorsal ro o t ganglia (C4- T,) 2-4 m onths after
forelim b rem oval and com pared with sim ilar recordings (n = 5 7 ) from normal adult
rats. In the norm al rats, 98.2% (n = 5 6 ) o f the cells recorded responded to
innocuous stim ulation o f the forelim b; 1 . 8 % ( n = l ) o f the cells were
unresponsive. In the rats that sustained forelim b rem ovals, the respective values
were 52.0% ( n = 2 6 for responsivity to the forelim b stump) and 48% ( n = 2 4 were
unresponsive) ( p < 0 .0 5 ) . Sim ilar recordings from the cuneate nuclei o f normal
rats produced 97.9% (n = 4 7 ) cells responsive to forelim b stimulation; 2.1 % ( n = 1 )
o f the cells w ere unresponsive. In the m anipulated rats, the respective values
were 6 8 . 6 % ( n = 4 8 for responsivity to the forelim b stum p) and 31.4% ( n = 2 2
were unresponsive) ( p = < 0 .0 5 ) .
M ultiunit recordings from prim ary
somatosensory cortex o f lesioned anim als revealed stum p representations sim ilar
in position and shape to that o f norm al forelim b. In contrast to subcortical levels,
no unresponsive sites were apparent w ithin the stum p representation o f 8
m anipulated animals. H ow ever, the area o f stum p representation was significantly
( p < .05) sm aller (43.2% ) than the forelim b representation o f normal rats. These
results indicate that loss o f sensory input is expressed differently at individual
levels o f the neuraxis. Supported by NS 2888 and DE 07734.

Supported by NIH and NSERC.
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RECEPTIV E FIELD S O F TH A LA M IC V ENTR O PO STER IO R LA TERA L (VPL)
NU CLEUS N EURO NS IN RATS TH A T SU STAINED NEO N A TA L FO RELIM B
REM O VA L. A .S. Stoiic. R .D . Lane. R .S. Crissman* and R .W . Rhoades. Dept,
o f Anatomy and N eurobiology, M edical College o f Ohio, Toledo, Ohio 43699.
Previous experim ents from this laboratory showed that neonatal forelim b
rem oval in rats results in invasion o f the cuneate nucleus by sciatic nerve prim ary
afferents and the developm ent o f a large percentage o f cuneate neurons (41% )
with receptive fields that include both hindlim b (HL) and forelim b (FL) stump
(Proc. Natl. Acad. Sci. 92: 4264-4269, 1995). H ow ever, few changes were
detected at the level o f prim ary som atosensory cortex (S-I) in these animals. Only
5.3% o f the S-I stump recording sites were responsive to H L stimulation. In this
study, we examined the possibility that receptive field properties observed in S-I
may reflect subcortical suppression o f the abnorm al cuneate input to the thalamus.
Single unit recording techniques were used to characterize the receptive field
properties o f V PL neurons from norm al and neonatally amputated adult rats. In
recordings from 10 am putated rats, 19.0% o f V PL neurons (N = 6 3 ) had dual
receptive fields (H L and FL), as com pared to none in 7 norm al rats (n = 54 VPL
neurons). The percentage o f V PL neurons with dual fields was significantly lower
than that for cuneate cells ( p < 0 .0 5 ) . This suggests that m echanism s in the
thalamus may be in part responsible for suppressing the cupeate reorganization
that is largely unexpressed in the cortex. Supported by NS 28888 and DE 07734.

ABNORMAL RESPONSES OF DORSAL HORN NEURONS IN RATS WITH CHRONIC
ALLODYNIA PRODUCED BY ISCHEMIC SPINAL CORD INJURY. R.C. Kupers. J.-X.
Hao. X.-J. Xu. Z. W iesenfeld-Hallin and J.K.E. Persson*. Karolinska Institute,
Dept. Clin. Neurophysiol., Huddinge Hospital, S-141 86 Huddinge, Sweden.
Spinal cord injury (SCI) often leads to abnorm al pain sensations. The
mechanisms of this pain are poorly understood. Therefore, we studied the neuronal
activity of spinal dorsal horn neurons in rats with chronic mechanical and cold
allodynia after SCI.
A photochemically induced SCI was produced in the lower lumbar cord of adult
rats. TTiis procedure leads to an acute transient allodynia which is followed, after a
variable time, by a chronic allodynia. Neuronal activity was extracellularly recorded
in the lumbar and thoracic dorsal horn of 11 chronic allodynic (59 units) and 9
control (61 units) rats under urethane anesthesia. Several abnormalities were found
in the discharge patterns of dorsal horn units in chronic allodynic animals. 17% of
the units recorded in allodynic rats (vs. 0 % in the controls) had no receptive field.
Most of these units were located at the level of the lesion or 1 segment more rostral.
Allodynic rats showed a change in the relative proportion of low threshold (LT),
wide dynamic range (WDR) and high threshold (HT) neurons, the proportion being
16, 63 and 21% in allodynic vs. 43, 36 and 21% in control rats. HT neurons in the
chronic allodynic group had a significantly higher spontaneous activity (9.0±2.9 Hz
vs. 2.2±0.7 Hz in controls). The percentage o f W DR and HT neurons showing
afterdischarges to noxious stimulation (pinching) increased from resp. 13 and 33%
in normal rats up to 36 and 56% in allodynic rats. The responses to innocuous
mechanical stimuli were assessed with von Frey hairs. Higher discharge frequencies
to von Frey stimulation were found in the allodynic rats. Cold allodynia was tested
with ethyl chloride spray. In allodynic rats, a higher proportion of W DR and HT
units responded to cold spray (resp. 91 and 63% in the allodynic vs. 53 and 63% in
the control rats). These results show that after SCI, rats develop a chronic neuronal
hyperexcitability which correlates with the behavioral manifestations of allodynia.
Supported by the Swedish MRC and the EC.

172.11
EX C ITO TO X IC SPINAL C O R D IN JU R Y IN D U C E S D IE N C E PH A L IC
C H A N G ES IN G E N E E X PRESSIO N . KL Brewer. R P Yezierski* and JR Bethea.
The M iami Project to Cure Paralysis, University of M iami School of M edicine,
M iami FL 33136.
Ischemic or traum atic spinal cord injury (SCI) in rats is known to cause
anato m ic a l, physiological, and m olecular changes within the cord. These changes
have been suggested to account for behavioral syndrom es th at appear following
injury, e.g. m echanical allodynia therm al hyperalgesia and autonom y . The
possibility exists, however, that these behaviors result from modifications of
neuronal substrates at supraspinal levels in response to injury. For example,
neurons in thalamic nuclei of spinal injured patients exhibit abnorm al functional
properties. T herefore, the present study was designed to address the question of
w hether injury to the spinal cord affects gene expression in the diencephalon. To
this end, male, Long-Evans rats underw ent excitotoxic spinal cord injury via
intraspinal injection of quisqualic acid. Following survival tim es of 25-44 days
animals were decapitated and the thalam us and surrounding diencephalic tissue
was removed. D iencephalic tissue was also taken from an uninjured anim al to
serve as control. R N A was isolated, RT-PC R was perform ed on the extracted
RN A and a comparison of gene expression in norm al versus injured animals was
m ade using differential display. Twelve candidate genes w ere identified,
ream plified using the same prim ers as the initial R T-PC R, cloned and sequenced.
To date, 3 genes which were present in the norm al but not in the injured animal
have been identified: (a) an analog of the kainate receptor alpha subunit; (b)
nonerythroid alpha-spectrin, and (c) cytochrome P450 . In conclusion, this study
is the first to dem onstrate an effect on gene expression at diencephalic sites
following SCI thus creating a novel m echanism by which spinal injuiy impacts the
CNS. Supported by the State of Florida, D epartm ent of Defense and The Miami
Project.
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ACUTE PLASTICITY IN THE HUMAN SOMATOSENSORY CORTEX
FOLLOWING AMPUTATION
D. Borsook. L. R. Becerra. S. Fishman. A. Edwards. M. Stoianovic. D.G. Cole*.
V.S. Ramachandran. R. G. Gonzalez. H. Breiter. Anesthesiology and Critical Care,
Neuroradiology, NMR Center, Mass. Gen. Hospital, Boston MA 02114 and
Department of Psychology, La Jolla CA 92093 Univeristy of California
The somatosensory cortex of primates has complete maps of the entire body
surface. Following partial denervation, the representation of an adjacent body part
may ’expand’ over time into the deafferented area. For example, after deafferentation of
the hand, there is striking remapping of the face after weeks on to the hand region of
the map in SI (3b); either through actual anatomical sprouting or by reactivation of
dormant, non-functional pathways. In contrast, for animals as well as humans, acute
sensory deprivation can induce an immediate and reversible change of the somatotopic
representation in the thalamus. However, the perceptual correlates of such immediate
changes have not been explored, and the mechanisms ( ‘unmasking’ vs. ‘remapping’),
and implications of these findings for phantom limb sensations remains unknown.
Following amputation, somatotopic representation of the phantom limb can be
activated by stimulation of other body areas including the face. Since this
phenomena has been described in patients, usually many weeks or years after
amputation, it does not allow us to distinguish between anatomical remapping and
unmasking of preexisting connections. In 4 patients, stimuli (digit pressure, von
Frey hair, pin-prick, or brush) applied to different regions of the body produced
localized sensations in the phantom-hand or foot 6-24 hours after amputation of the
arm or leg, suggesting "unmasking" is involved. These sensations could not be
reproduced during self-stimulation by the patients. Subsequent functional magnetic
resonance imaging (fMRI) in one subject showed a correspondence between
perceptually mislocalized sensations and activation in the post-central gyrus, the
supplementary motor area and the posterior cingulate gyrus. Future fMRI
investigation of phantom sensation has the potential to reveal mechanisms mediating
anatomical remapping vs. ’unmasking’.
Supported by NIDA DA 00265-02 (HB), DA 09565 (DB) and NARSAD (HB)

POPULATION t-MAPS OF BRAIN ACTIVATION DURING PAINFUL
THERMAL STIMULI, MOTOR AND VIBROTACTILE TASKS IN HUMANS,
USING MULTI-SLICE fMRI.
P.V. Avvagari*1. P.A. Gelnar1. B. Krauss1. J.
Tiscione1. N.M. Szeverenvi2. and A.V. Apkarian1. Departments of Neurosurgery 1
and Radiology2, SUNY Health Science Center, Syracuse, NY, 13210.
Earlier we reported fMRI activation maps for individual subjects, across pain
touch, and motor tasks. Here, population activation maps are generated and
compared to the individual subject analysis. The latter analysis allows direct
comparison of fMRI data to PET studies of similar tasks.
A 1.5 Tesla MRI system with an echo planar acquisition, a single surface coil,
and voxel size of 1.6 X 1.6 X 6.0 mm were used for coronal fMRI scans of the
middle third of the brain (8 slices), to examine the parietal cortex contralateral to
the stimulated hand. All subjects performed all 3 tasks. Painful thermal (45-48°C,
control = warm), motor (digit apposition, control = rest), and vibrotactile (50 Hz
vibrating surface applied to the digits, control = rest) stimuli were applied.
Unpaired t-tests were performed, the results (t-maps) registered into coordinates of
the Talairach Atlas, and population averages were compared to individual t-maps.
The population t-maps indicate significant activation at the Talairach Atlas
coordinates corresponding to: SI, MI, and posterior area 24 (mid cingulate gyrus)
for the painful stimulation, and the highest activity was in SI. No significant
activity was noted in the population t-map in SII, an area that showed large and
robust activity in the individual analysis. Moreover, cingulate activity was more
diffuse in the individual studies compared to the population study.
Thus the location of activity in SII seems more variable across subjects than the
activity in SI. Population t-maps for motor and vibrotactile tasks will be presented,
allowing subtractive comparison between the tasks.
Supported by NS35115 NINDS and Dept, of Neurosurgery, SUNY HSC,
Syracuse.
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SY M PA TH ETICA LLY M AINTAINED C H R O N IC PA IN (RSD) IS A
H Y PER FRO N TA L CO N D ITIO N . B.R. Krauss*. A.V. Apkarian. P.S. Thomas1
& N.M. Szeverenvi2.
Departments of Neurosurgery, Anesthesiology1 &
Radiology2, SUNY Health Science Center, Syracuse, NY 13210.
Functional MRI was utilized to study parietal and frontal cortical activity to a
painful heat stimulus in RSD patients and normal subjects. Brain activations were
compared between pre and post blocking of chronic pain (RSD patients) and to
normal subjects activations with and without sympathetic blocks.
A 1.5 Tesla MRI echo planar imaging system, and a surface coil were used for
brain imaging. 16 coronal slices were examined from 45 mm rostral to anterior
commissure to caudal 45 mm. Subjects were catheterized, placed in the scanner,
and fMR images were acquired pre and post sympathetic blocks. The affected hand
in RSD patients, and one hand in normals, was stimulated with painful heat (35s),
followed by warm control (35s), repeated 6 times. Skin temperature, heat and
vibrotactile thresholds were measured pre and post block.
The summed activation index (AI = t-values X number of pixels) of significant
fMRI changes in the parietal and frontal brains were calculated per subject. The
parietal brain AIs were not different in pre and post block states for RSD patients,
or normals with block, or between these two groups. In the frontal brain of RSD
patients the preblock responses were greater than postblock (t-test p<0.005). The
preblock state was also greater for the RSD patients than the normals with block
(p<0.008) and unblocked normals (p<0.009).
Chronic RSD patients exhibit hyperfrontal activations which reverse to levels seen
in normals when their chronic pain is temporarily blocked.
Supported by N S35115 from NINDS, and Dept, of Neurosurgery , SUNY HSC,
Syracuse.

fM R I A C T IV A T IO N BY N O X IO U S H E A T
L. R. Becerra. M. Stoianovic, H. C. Breiter, S. Fishman. A. Edwards, I-W. Chang.
J. D. Berke. R. G. Gonzalez. D. Borsook*. MGH Pain Center, Anesthesiology and
Critical Care, and NMR Center, Mass. Gen. Hospital, Boston MA 02114,
Using functional magnetic resonance imaging (fMRI) we studied regional brain
activity during neuronal activation by noxious (46°C) and non-noxious (41°C)
thermal stimuli. fMRI activation was measured in 2 groups (n=6/group) of human
male volunteers using an alternating epoch paradigm (25 sec at 46°C alternating with
30 sec at 35°C). Noxious thermal stimuli produced positive signal changes for the
first group in areas previously reported to be activated in PET studies of thermal heat,
including: bilateral middle frontal gyri, contralateral somatosensory (SI) cortex,
contralateral somatosensory (SII) cortex, contralateral anterior cingulate cortex,
ipsilateral posterior cingulate gyrus, bilateral insula, contralateral thalamus,
supplementary motor area, putamen and cerebellum. Positive activation was also
seen in the nucleus accumbens. Negative signal changes were seen in the amygdala
and the hypothalamus following the 46°C stimulus. All regions activated by 46°C
were also activated by 41 °C. A rapid attenuation of signal changes was observed by
the third heat epoch for the 46°C but not for a 41 °C stimulus. These findings were
replicated in a second group of 6 subjects. Finally, we compared a painful thermal
stimulus with a mechanical stimulus (von Frey hair) of the hand, thumb and foot for
somatotopic activation. Regions activated included the 'somatotopic specific’ areas of
the postcentral gyrus (SI) and the thalamus following a 46°C stimulus applied to the
hand, thumb and dorsal foot. Our results demonstrate that a controlled thermal
stimulus can produce highly reproducible and specific activation of brain regions
involved in motor, affective, and autonomic processing.
Supported by NIDA DA 00265-02 (HB), DA 09565 (DB) and NARSAD (HB)
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PET ACTIVATION STUDIES OF TONIC HEAT PAIN: CORRELATION
ANALYSIS WITH PAIN THRESHOLD AND PAIN INTENSITY T.R. Telle*. T.
Siessmayera. T. Kaufmanna, A. Berthelea, F. Munzb. S. Lautenbacher0. W.
Zieglgansberger*^, M. Schwaiger°. B. Conrada and P. Bartenstein^. aDept. of Neurology and
^Nuclear Medicine, Technical University, Munich, cDept. Psychiatry., University Marburg,
^Max-Planck-Inst. of Psychiatry, Clin. Inst., Munich, Germany
Brain imaging with PET has examined some principal structures involved in
human pain processing. Individual correlation analyses were performed to detect
anatomical specializiation o f cerebral regions depending on the pain threshold and
pain intensity.
12 healthy male volunteers were stimulated with contact heat against the right
forearm for 5 min (37°C (neutral) or heat pulses 1°C below (warm) or above
(noxious heat) the individual pain threshold). In all subjects repeated (4 scans per
condition) rCBF measurements (H20-bolus, 3D-mode) were obtained during the last
min o f stimulation. Differences were averaged within and accross subjects and
expressed in z-scores. The correlation analysis was performed on a pixelwise basis
(Pearson correlation, Fischer transformation).
All subjects rated the noxious heat stimulus as painful (VAS =6.4) and the warm
stimulus as not painful (VAS=0.2). Statistic parametric mapping showed a painspecific activation in the left thalamus, putamen, cingulate, insula, hippocampus,
parietal postcentral gyrus, anterior temporal gyrus (BA 22) and right frontal inferior
gyrus (BA 47). The correlation analysis revealed a significant inverse correlation o f
the thalamic activation (r=-0.92; p<0.0001) to the pain threshold. The cingulate
(r=0.74;p< 0.01) and the right inferior frontal gyrus (r=0.69;p<0.05) were positively
correlated with the intensity o f the subjective pain sensation.
The results are consistent with the hypothesis o f a gateway function o f the thalamus
for the central processing o f pain and emphasize the importance o f cingulate and
orbitofrontal structures for affective aspects o f the subjective pain sensation.
(Supported by SFB 391)
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D IS T R IB U T E D R E P R E S E N T A T IO N O F P A IN F U L S T IM U L U S
IN T E N SIT Y IN T H E H U M AN BR AIN R.C. C oghill*. C.N. Sang. J.M a.
M aisogl. M.J. Iadarola PNMB, NIDR & 1LBC, NIMH, NIH, Bethesda, MD 20892
Distinct CNS structures are classically thought to subserve processing of sensorydiscriminative and affective components of the pain experience. Indirect evidence,
however, suggests that brain areas thought to be involved in the processing of pain
affect likely receive detailed information about the intensity of noxious stimuli, a
critical component o f the sensory-discriminative dimension. In order to directly
determine which brain areas receive precise information about stimulus intensity, 12
subjects underwent positron emission tomography (PET) scans of brain activation
during rest and during graded thermal stimulation (35°, 46°, 48°, 50° C) of the upper
right arm. Subjects’ ratings of pain intensity and unpleasantness increased
monotonically with increasing stimulus temperature (ANOVA, p<0.0001), such
that statistically reliable differences were detected between ratings of all painful
temperatures (ANOVA, p < 0.05). A voxel-by-voxel multiple regression analysis
of PET data reveals that a wide spectrum of brain areas exhibited increases in
activity which were reliably related to increasing psychophysical ratings of pain
(p<0.05). Regions displaying increasing activation as pain ratings increased
included areas likely important in A) sensory processing - thalamus and posterior
insula; B) affective/attentional processing - anterior cingulate cortex, anterior insula,
and medial regions of the temporal cortex; and C) motor processing - cerebellum,
putamen, globus pallidus, and the supplementary motor cortex. These data indicate
that most brain areas involved in the processing of pain exhibit graded responses to
increasingly intense painful stimuli, regardless of their involvement in sensorydiscriminative, affective/attentional, or motor processes. This wide-spread, supra
spinal distribution of information about noxious stimulus intensity may explain the
resilience of pain to focal cerebral cortical or sub-cortical damage.
Supported by the National Institute of Dental Research

173.8
LASER EVOKED POTENTIALS RECORDED FROM THE HUMAN
CINGULATE AND PARASYLVIAN CORTEX.
M.Rios. F.A.Lenz*. D.Cho. G.Krauss. T.A.Zirh. S.Breiter. R.Lesser.
Departments of Neurology, Neurosurgery, Biomed. Eng. and Neurorad.,
Johns Hopkins Hospital, Baltimore, Maryland USA.
Imaging and surgical studies predict that the human cingulate and
parasylvian cortex might display pain related activity as demonstrated by the
present results.
Patients had subdural grids of electrodes implanted over the
interhemispheric and parasylvian cortex for investigation of medically
intractable seizures. During extra-operative monitoring painful (VAS 3-4)
heat pulses from a C 02 laser (13 Watts, 20ms pulsewidth over a circle of
diameter 6mm) were applied over 5 second intervals at closely spaced but
separate sites on the dorsum the forearm and hand or on the face (VjA/a
distribution). The positions of electrodes were estimated by combining 3D
data sets of the preoperative MRI and postoperative CT scan. Evoked
potentials from 50 applications of this stimulus were recorded referenced
against a distant electrode. Potentials with a negative wave at 242 ms and
a positive wave at 375 ms were recorded from many interhemispheric
electrodes. Position of sensorimotor cortex was determined by the
ascending limb of the cingulate gyrus on the MRI and confirmed by
stimulation mapping. Potentials were largest at electrodes over the cingulate
gyrus and suclus 3 to 6cm anterior to the central suclus as identified by
radiology and stimulation mapping. Similar potentials were recorded over the
parasylvian cortex with maxima just above the sylvian sulcus and posterior to
the central sulcus. These results are consistent with recent imaging studies
and suggest that anterior cingulate gyrus (Brodman's area 24) and second
somatosensory cortex receive significant short latency nociceptive input.
(Supported by the NIH - P01 NS32386-Proj. 1).
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PAIN THRESHOLD ELEVATIONS ASSOCIATED W ITH LESIONS O F THE
PARASYLVIAN CEREBRAL CORTEX: A MULTIPLE LESION ANALYSIS
J. D. Greenspan*1. R. R. Lee2, and F. A. Lenz3. ‘D e p t o f Oral & Craniofacial
Biological Sciences, University o f M aryland Dental School, Baltimore, M D 21201;
2Dept. o f Radiology and 3Dept. o f Neurosurgery, Johns Hopkins University Medical
School, Baltimore, MD 21287.
Several lines o f evidence from anim al and hum an investigations have suggested
that the parietal opercular and insular regions o f the parasylvian cortex have a role
in pain perception. This study examines w hether these regions mediate the
discriminative aspects o f pain. Six patients w ith structural lesions involving the
parasylvian cortex were psychophysically evaluated for their pain thresholds using
contact heat (all six) and sharp probes that evoke pin-prick pain (4/6). Without
knowledge o f the sensory status o f the individuals, two o f the authors evaluated the
patients’ MRIs, and determined which o f the following areas were involved by the
lesion: anterior insula, posterior insula, retroinsula, and parietal operculum,
including the 2° somatosensory cortex (SII). Three individuals demonstrated
significantly elevated pain thresholds on the hand contralateral to the lesion. The
consistent feature in these cases was the involvement o f the parietal operculum and
posterior insula. The three others showed no evidence o f abnormal pain
discrimination. The common feature o f these cases was the sparing o f the parietal
operculum. The patient with the smallest lesion still involving the parietal
operculum showed a significantly elevated pin prick pain threshold (well beyond the
95th percentile o f normative values), but a normal heat pain threshold (at the 30th
percentile).
This series o f cases demonstrates the significance o f the parietal operculum
(including SII), but not the insula for the discriminative aspects o f pain. W ithin the
parietal operculum, there may be separate areas signaling cutaneous therm al and
cutaneous mechanical pain. (Supported by NIH grant NS-28559).

CORTICAL MU RHYTHM REACTS WITH RIGHT-HEMISPHERE
PREPONDERANCE TO PAINFUL C 0 2 STIMULATION OF THE
NASAL MUCOSA. K. Portin*. B. Kettenmann. R. Salmelin. G.
Kobal. and R. Hari. Brain Research Unit, Low Temp. Lab., Helsinki
Univ. Techn., FIN-02015 HUT, Finland, and Dept. Exp. Clin.
Pharmacol., Univ. Erlangen-Nürnberg, 91054 Erlangen, Germany
We recorded whole-scalp (Neuromag-122™) cerebral magnetic
fields from 7 healthy adults to painful CO 2 pulses (duration 200 ms,
concentration 65-90%), embedded in a continuous airflow (140 ml/s,
36.5°C, humidity 80%). The stimuli were led to the left or right nostril
in successive experiments, once every 20 or 30 s. The subjects were
trained to breathe through the mouth to avoid respiratory air flow in
the nasal cavity. The recording passband was 0.03-90 Hz and 16-18
stimuli were applied per run. Five out of the 7 subjects showed 10-Hz
rhythmic activity over the rolandic regions and were included in the
further analysis. The rhythms originated in the somatosensory hand
area, with minor contribution from the closeby face area. About 500
ms after stimulus onset the 10-Hz rhythms were dampened, on
average, by 9% with respect to the pre-stimulus baseline level, and
they recovered 500 ms later; in the right hemisphere the rhythms
showed a 12% rebound above the base level (p<0.005). Thus, our
results show a right-hemisphere preponderance in the reactivity of the
somatosensory mu rhythm to painful CO 2 stimuli, similar to that
observed for the time-locked averaged evoked responses from the SII
cortex (Hari et al., Soc. Neurosci. Abstr., 383.9, 1996).
Financially supported by the Academy of Finland, the Sigrid
Juselius foundation, EC's HCM Programme, and DFG Ko 812/5-1.
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TOUCH,
PAIN
AND .
TEMPERATURE
PERCEPTION
IN
HEM3SPHERECTOMIZED PATIENTS. J. Bernier. M.C. Bushnell*. M. Ptito. A. Ptito
and S. Marchand. Univ. Montréal, McGill Univ. and UQAT, Québec, Canada.
Most cortical somatosensory representation is contralateral, but various data suggest
some ipsilateral representation. We studied the role o f the ipsilateral cortex in touch,
pain and temperature perception by testing hemispherectomized patients.
Two patients who had undergone right hemispherectomies as young adults performed
psychophysical tests involving tactile and thermal stimuli on the arms and face. Tests
included a forced choice tactile detection task with graded von Frey filaments (2.366.65gr), VAS ratings of heat, cold, pain and tingling during randomized series o f
cutaneous thermal stimuli (2-50°C;l-cm 2 contact thermode), and thermal discrimination
testing in which subjects adjusted the thermode temperature to match a sample.
Tactile detection was reduced on the arm and face contralateral to the lesion relative to
the ipsilateral side (P<0.01). Nevertheless, both patients could detect at least 50% o f
contralateral stimuli >4.56gr, suggesting some preservation o f innocuous touch. The
patients also perceived heat and cold pain on the contralateral side, with some reduction
in pain intensity on the face (P<0.01), but not the arm. In contrast, thermal perception
was disrupted; warm and cool were clearly distinguished on the ipsilateral side, but
confused on the contralateral side. Thermal discrimination was not different between
the contralateral and ipsilateral sides (P>0.20), with both patients matching stimuli to
within 1°C for noxious and innocuous heat. One patient was able to match the stimuli
even when she reported no sensation, suggesting the possibility o f a «blind» thermal
perception. Ratings o f pain intensity and unpleasantness did not differ on either side,
indicating that both dimensions o f pain are represented in the ipsilateral hemisphere.
The results suggest that ipsilateral somatosensory cortical input can be used to
perceive painful and nonpainful somatosensory stimuli. However, nociceptive
information appears to be more completely represented ipsilaterally than tactile or
thermal information. Supported by Québec FCAR7FRSQ and Canadian MRC.

Comparison o f Forebrain Activation During Early and Late Phase Formalin
Pain: An Imaging Study Using Regional Cerebral Blood Flow (rCBF).
T. J. Morrow*123. P. E. Paulson13. an d K . L. Casev123.. Depts. of Neurology1,
Physiology2, University o f M ichigan and VAMC3, Ann Arbor, MI.
B A CK GROUND: The formalin test is extensively used to study mechanisms
of acute (early phase) and tonic inflammatory (late phase) pain, as well as to
assess the efficacy of analgesic drugs. Although several studies have examined
spinal and brainstem mechanisms of formalin pain, little is know about the
involvement o f forebrain structures. Previously we showed that several
forebrain structures were activated during the early phase following, formalin.
Accordingly we compared the forebrain activation patterns induced by noxious
formalin stimulation produced during the acute pain phase w ith that produced
during late tonic pain phase. M ETH O D S: Subjects were placed in a soft
restraint and a 24ga catheter placed in the tail vein of male Sprague Dawley
rats. Regional cerebral blood flow was measured at 2 minutes and 20 minutes
respectively after subcutaneous injection o f dilute formalin (2 .5%, 0.05 ml) into
one hindfoot, using an autoradiographic brain imaging technique developed in
this lab. RESULTS: During late phase formalin, the habenular complex,
interpeduncular and paraventricular nuclei and periaqueductal gray showed the
largest increases in rCBF as compared to control. The anterior dorsal nucleus,
hindlimb and retrosplenial cortex were also activated. W ith the exception of
one forebrain structure, all structures showed the greatest activation during the
late phase as compared to the early phase. CO NCLUSION : During both the
early and late phase, noxious formalin stimulation activates prim arily limbic
forebrain structures. Further, there is a progressive increase in the activation of
limbic structures over time, not seen in hindlimb cortex.
Supported by grants from Dept. O f Veteran Affairs and NIH.

173.13

173.14

MAPPING OF CORTICAL FIELD POTENTIALS EVOKED BY
ELECTRICAL, MECHANICAL AND LASER HEAT STIMULATION OF THE
RAT TAIL. F.-Z. Shaw. R.-F. Chen. E. H.-Y. Lee*. H.-W. Tsao. and C.-T. Yen.
Departments of Electrical Engineering and Zoology, National Taiwan
University, Institute of Biomedical Sciences, Academia Sinica, Taipei, Taiwan,
R.Q.C.
Functional mapping o f evoked potentials plays an important role in
understanding of information processing o f the brain. Ten-to-sixteen stainless
steel screws implanted in die skull were used as electrodes to record
electrocorticogram of different cortical areas in the rat. Electrical, mechanical
and laser pulses applied to the tail o f the rat were used to induce evoked field
potential. These evoked responses were compared before and after pentobarbital
anesthesia (i.p., 50 mg/kg). In electrical and m echanical evoked potential (EEP
and MEP) studies, two major peaks were found in conscious animal. The later
component was abolished after pentobarbital an esthesia.. In laser evoked
potential (LEP) study, two distinct negative peaks were found. Both components
were abolished after pentobarbital anesthesia. Calculating the conduction
velocity by the conduction distance and latency between the peak of the
waveform and stimulation, we found that the first peak of EEP and MEP
corresponded to the activation o f the A-beta fiber, the second peak o f EEP, MEP
and the first peak of LEP corresponded to A-delta fiber activation, and the
second peak of LEP corresponded to C fiber. From spatial m apping with
laplacian derivation, concentric source was observed in primary somatosensory
cortex only after activation o f the A-beta fiber. Larger responsive areas were
found for A-delta and C fiber responses. We concluded, therefore, that different
cortical areas are involved for the processing o f A- and C-fiber afferent inputs.
Supported by NSC grant # 85-2311-B002-031

COMPARATIVE ANATOMY OF THE ROSTRAL AGRANULAR INSULAR
CORTEX OF THE RAT WITH FOREBRAIN STRUCTURES IMPLICATED IN
CENTRAL PAIN Jinwen Tang*. Adam R. Burkey. and Luc Jasm in Georgetown
University Medical Center, Dept, o f Neurosurgery, Washington DC 20007.
We have investigated the anatomy o f the rostral agranular insular cortex (RAIC) of
the rat in order to compare its connectivity with homologous structures in the primate
which have been implicated in hemispheric post-stroke pain. Disruption of rostral
insular output to the ventrocaudal mediodorsal nucleus of the primate thalamus has
been proposed to lead to disinhibition o f this nucleus; this disinhibition, which is
experienced as central pain, would result from activation o f Brodmann’s area 24 o f the
anterior cingulate cortex via a direct projection. We have demonstrated efferents from
the RAIC to the anterior submedius nucleus o f the thalamus which would correspond
to rostral insular efferents to the ventrocaudal mediodorsal nucleus o f the primate
thalamus. The anterior submedius, in turn, was found to project to the infralimbic
cortex of the rat, which corresponds to Brodmann’s area 24 o f the primate anterior
cingulate cortex.
The rostral insula o f the primate receives spinal lamina I nociceptive input via a
relay in the posterior ventromedial nucleus o f the thalamus which is proposed to drive
its output to the ventrocaudal mediodorsal nucleus. The RAIC was found to project to
the ventroposterior parvicellular nucleus o f the rat, which is considered the primordial
precursor of the ventromedial posterior nucleus. The ventroposterior parvicellular
nucleus projects most heavily onto the rostral dysgranular insula with a small
contingent to the RAIC. Our evidence also suggests that the ventroposterior
parvicellular also receives lamina I input from the trigeminal nucleus caudalis and
perhaps the spinal cord. These anatomic relationships defined in the rat could allow
further research into post-stroke pain, and perhaps central pain in general.
This work supported by the Howard Hughes Institute
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N O C IC E P T IV E RESPO N SES O F A N TER IO R C IN G U L A TE TO
T H E R M A L STIM U LI IN FR EELY M O V IN G RA TS. M -M Backonia*
D epartm ent o f N eurology, U niversity o f W isconsin, M adison, W I 53792
A nterior cingulate (AC) has been a consistent area o f activation in the pain
neuroim aging studies. Electrophysiological studies in anesthetized rats and
conditioned rabbits revealed that a high proportion o f A C neurons is
activated with noxious stimulation.
In this study an array o f 6 wire electrodes was chronically im planted in
A C in four rats. Follow ing recovery from surgery, recordings w ere
perform ed in freely m oving rats during radiant heat stim ulation (approx.
45°C) o f a paw or tail. Control was a w arm innocuous stim ulation (approx.
35°C). Units w ere identified using com m ercially available data acquisition
and analysis softw are. A large pro p o rtio n o f units, approxim ately 80% ,
responded to radiant noxious heat w ith an increase in firing rate. Innocuous
control stim ulation did not produce such an increase. System ic m orphine
adm inistration resulted in analgesia as m anifested with an increase o f
withdraw al latency. System ic m orphine also suppressed the increase o f AC
units firing rate. These m orphine effects were reversed with naloxone.
In conclusion, this study with freely behaving rats confirm s findings from
previous studies with anesthetized and conditioned m odels that a num ber o f
A C neurons participate in nociceptive processes. A dditional studies are
necessary to further define the role o f these neurons, especially in
relationship to other functions such as m otor activity and attention.
Funded by NIH K08N S01365
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173.16
Increased expression of mRNA for myocyte-specific enhancer binding
factor (MEF) 2C in the cerebral cortex of the itching mouse.
C. Toh(fe1. K. Komatsu1 and Y. Kuraishi2 . 1Anal. Res. Center for
Ethnomedicines, Res. Inst. For Wakan-yaku, and 2Dept. of Applied Pharmacol.,
Fac. of Pharm. Sci., Toyama Med. and Pharm. Univ.,
Toyama 930-01, Japan.

To elucidate factors which might be involved in the sensation or
perception of itch, we examined itch-related behaviors and neuronal gene
expression of NC mice which show severe dermatitis and atopic dermatitis
like changes in inflammatory cells. Some NC mice spontaneously began to
scratch their bodies and showed skin lesions, such as eczema, bleeding and
alopecia at 2-6 months after birth. The mice with skin lesions scratched
mainly the face, ears and the rostral part of body by the hind paws all day
long. An average of scratching frequency was 126.7 ± 36.8 (n = 4) and 5.3 ±
4.7 (n ~ 3) per hour in skin-lesioned and non-lesioned control mice,
respectively. A differential display analysis of gene expressions in several
regions in central and peripheral nervous systems was performed between
these scratching and control groups. One of fragments which were
expressed at higher level in a scratching group than in control group was
3’-non-coding region of myocyte-specific enhancer factor (MEF) 2C in the
cerebral cortex. RT-PCR analysis of MEF2C mRNA in NC mice revealed
that the expression level of this mRNA in the cerebral cortex was about 20
times as high in scratching mice (n = 3) as control ones (n = 3). Knockdown
of MEF2C in the cerebral cortex by antisense oligo inhibited the frequency
of scratching in NC mice. These results suggest that MEF2C may be
involved in the sensation or perception of itch in the cerebral cortex.
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174.1
A LONG TERM INCREASE IN SPINAL A-p AND C-FIBRE EVOKED
RESPONSES AFTER PAINFUL STIMULATION.
F. Svendsen*. A. Tjalsen. K. Hole
Department o f Physiology, University o f Bergen, Arstadveien 19, N-5009
Bergen, Norway.
The present study shows that long term excitation may be induced in
single wide dynamic range (WDR) neurons in urethane anaesthetised intact
rats after pain-inducing tetanic stimulation. Extracellular recordings were
done and the firing responses o f WDR neurons after a single stimulus to the
peripheral nerve were recorded every 4 min. After the tetanic conditioning
stimulus (20 trains o f 2 s duration, 100 Hz 0.5 ms rectangular pulses, 10 s
intervals between trains) to the ipsilateral ischiadic nerve, the A-p and the
C-fibre responses were increased (p<0.01 and p<0.0001 respectively)
compared to the baseline responses and compared to control animals for a 6
h observation period.
There were no significant peripheral changes after the tetanic
conditioning stimulus. Thresholds for A-P, C-fibre and von Frey hair
responses were stable during the entire experiment, and no significant
changes in receptive fields for stimulation with von Frey hair No. 10 and 15,
and pinch with anatomical forceps, were seen after tetanus.
Minimal afferent input before and after the conditioning stimulus is
probably important to avoid both central and peripheral sensitisation when
such excitatory changes are investigated. Long term potentiation (LTP) is
often studied as a model o f learning and memory. It seems possible that
plasticity in the pain control systems, and chronic pain, may be due to
mechanisms similar to learning.

174.2
Newly induced nitric oxide synthase (NOS) in the injuried primary
afferent neurons m ay m ediate the non-im pulsive signal transm ission
in the pain p ^ h w a y .
Takashi HONDA and Yasuo SUGIURA
Dept, of Anatomy, School of Medicine,
Nagoya Univ. 65 Tsurumai-Cho, Shohwa-Ku, Nagoya 466 Japan
Current studies have provided that peripheral nerve injury produced brairi type nitric
oxide synthase (bNOS) in primary afferent neurons. It is well established that NOS has an
important role on a signal transmission in the several tissues. The present study was
designed to clarify a role of the newly produced NOS in the injured primary afferents by
using c-fos oncoprotein (Fos) expression in the spinal cord as an indicator of pain
transmission following noxious stimuli. Thirty female Wistar rats were used in this
experiment.
Twelve rats were pretreated with intraperitoneal injection of L-NAME (100 mg/kg), a
specific NOS inhibitor. Bilateral sciatic nerves of 24 rats including 6 rats treated with L
NAMH were exposed and desheathed just distal to the gracilis muscle. Small collagen-gel
sponge soaked with TTX (1 nM, 10//1) solution was put on the desheathed part of the left
sciatic nerve. The right sciatic nerve was treated with saline instead of TTX. After 10 min
of TTX treatment, the left sciatic nerve of 12 rats including 6 L-NAME rats was transected at
distal to the TTX-treated site. Bradykinin (BK, 1 mM, 10 p\) or histamine ( HIS, 1 mg/ml,
10 fi\) was applied to bilateral foot pads of other six rats. The left sciatic nerve was
transected in 6 rats without pretreatment of L-NAME. After 2 hrs of the painful stimulation,
Fos-expression was immunohistochemically examined in the lumbar spinal cord.
Compound action potentials on the left sciatic nerve disappeared just after TTX treatment,
by which the electrical conduction of the sciatic nerve was completely blocked. Although
TTX markedly reduced the number of Fos-positive cells induced by BK or HIS in the dorsal
horn, Fos expression induced by nerve-transection could not be inhibited by TTXtreatment. Only combination of TTX "and L-NAME treatment prevented TTX-resistant Fos
expression. An application of L-NAME only was not enough to inhibit Fos-expression.
Our present results strongly suggested that harmful information was conducted to the
spinal cord by not only the electrical discharge of the primary neurons, but also the newly
produced NOS in the injured primary afferent neurons. This non-impulsive signal
transmission between the primary and the secondary neurons is important in the pain
pathway.

174.3

174.4

NITRIC OXIDE SYNTHASE EXPRESSION IN RAT DORSAL HORN
NEURONES RESPONDS DIFFERENTIALLY TO ELECTRICAL STIMULATION
OF VARIOUS AFFERENT FIBRE POPULATIONS. A. Kaske. A. Reinert. U.
Hoheisel and S. Mense*. Institut für Anatomie und Zellbiologie III, Im Neuenheimer
Feld 307, Universität Heidelberg, D-69120 Heidelberg, Germany.
One possible explanation for the differences in spinal nitric oxide synthase
immunoreactivity (NOS-IR) described in the literature following various peripheral
lesions is that different activity patterns are induced in the afferent fibres. We applied
defined electrical stimuli to the left sciatic nerve o f male Sprague-Dawley rats at Ap-,
A5 - and C-fibre intensity for 2h and 8h (additionally for 4h at C-fibre intensity) to
explore systematically the effect o f activation o f different populations o f the afferent
fibres. The experiments were performed under Inactin anaesthesia; the animals were
killed with an overdose o f Inactin and perfused with 4% paraformaldehyde. The left
and right dorsal horns o f the lumbar segments L3 and L5 were evaluated for NOS-IR
and diaphorase staining. AP- and A5-fibre stimulation led to a significant increase in
the number o f NOS-immunoreactive (ir) cells after 2h o f stimulation which returned
to control levels after 8h o f stimulation. C-fibre stimulation evoked a bidirectional
response, namely an initial increase in NOS-ir cell numbers after 2h which was
followed by a ’Significant decrease below the control level after 4h and 8h. Diaphorase
staining revealed no changes in the number o f labeled cells after Ap- and AS-fibre
stimulation, whereas C-fibre stimulation evoked bidirectional changes in the number
o f diaphorase cells that paralleled those o f the NOS-IR. A comparison o f the effects
obtained in the segments L3 and L5 indicated that activation o f A5-afferents might
suppress the Ap-fibre-induced increase after 2h in L3. Additionally, in L3 effects o f
C-fibre stimulation were restricted to the ipsilateral side, whereas in L5 bilateral
changes occurred. Collectively, these data show that NOS-IR as well as diaphorase
staining depend critically on the pattern and duration o f the activity in the different
populations o f afferent fibres.
This work was supported by the Deutsche Forschungsgemeinschaft.

P E R S IS T E N T IN C R E A S E O F IM M U N O R E A C T IV E P R O T E IN K IN A SE
C -y (PK C y-ir) IN R A T S P IN A L C O R D A F T E R T IS S U E IN JU R Y .
W .J. M a rtin *, H . L iu , A. B. M a lm b e rg a n d A .I. B a sb a u m . D epts. o f
A n a to m y an d P h y sio lo g y a n d th e W .M . K e c k C e n te r fo r In teg rativ e
N eu ro scien ce, U C S F , San F ran cisco , C A 94 1 4 3 .
A c tiv atio n o f vario u s seco n d m esse n g e rs co n trib u te s to lo n g -te rm
c h a n g es in th e ex c ita b ility o f d o rsal h o rn n e u ro n s a n d to p ersisten t p a in
co n d itio n s p ro d u c e d b y in ju ry . H ere, w e c o m p a re d th e tim e c o u rse o f
m ec h a n ica l allo d y n ia (in creased p a in sen sitiv ity ) a n d th e d e n sity o f PK Cyir in th e d o rsal h o rn after in je c tio n s o f c o m p le te F re u n d ’s ad ju v a n t (CFA )
in th e p lan ta r su rface o f th e ra t h in d p aw . C F A s ig n ific a n tly in cre a se d paw
d iam e te r an d m ec h a n ica l sen sitiv ity ip silateral to th e tissu e in ju ry . T h e
ch a n g es p e a k ed o n e d ay p o st in ju ry , b u t e n d u re d a t lea st 2 w eeks. In these
rats, w e rec o rd e d a 5 0 -6 0 % in cre a se in P K C y -ir in th e ip silateral
su p e rfic ia l d o rsal h o rn o f th e L 4 -L 5 seg m en ts at all tim e p o in ts. E M
rev e a led th at th e u p re g u la tio n w as asso c ia te d w ith a sig n ific a n t
tra n slo c a tio n o f P K C y -ir fro m cy to p la sm to p lasm a m em b ran e . In d o u b le
lab el cy to c h e m ic a l studies, w e fo u n d th at a b o u t 20% o f th e PK C y-ir
neu ro n s, w h ich are c o n c en trate d in in n e r la m in a II, co n ta in G A D 6 7
m R N A , bu t n o n e stain fo r p a rv a lb u m in o r nN O S . T h e se resu lts in d ic a te
th at p e rsiste n t ch a n g es in P K C y-ir p arallel th e tim e c o u rse o f m ec h a n ica l
allo d y n ia an d su g g e st th at P K C y c o n trib u te s to th e m a in ten a n c e o f th e
in ju ry -in d u c e d b eh av io ral c h an g es. T h e m in im al e x p re ssio n o f P K C y in
p resu m e d in h ib ito ry n e u ro n s su g g ests th at P K C y -m e d iate d reg u la tio n o f
ex c ita to ry in te m e u ro n s u n d e rlies th e c h a n g es p ro d u c e d b y tissu e in ju ry .
O n g o in g stu d ies are e x a m in in g e le c tro p h y sio lo g ic al p ro p ertie s o f d o rsa l
h o rn n e u ro n s in n o rm al m ice a n d in m ice w ith a ta rg e te d d e le tio n o f th e
g e n e th a t e n co d es PK Cy.
S u p p o rte d by: N S 14627 a n d 21 4 4 5 .
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DISTRIBUTION OF ZINC AND METALLOTHIONEIN III mRNA
EXPRESSION IN THE RAT SPINAL CORD AND DORSAL ROOT
GANGLIA: POSSIBLE ROLE OF THIS CATION IN NOCICEPTION.
R. A. Velazquez*. S. L. Giovengo. Y. Cai. O. Shi and A. A. Larson.
Neuroscience Graduate Program, University of Minnesota, St. Paul, MN
Z inc ions h av e b een fo u n d to p lay an im p o rta n t ro le in sy n ap tic
tra n sm issio n in the h ip p o ca m p u s w h ere it in h ib its N -m eth y l-D -a sp a rta te
rec e p to rs and po ten tiate s k a in a te -in d u c e d n e u ro to x ic ity .
Z inc is
se q u este re d b y n e u ro n s th at ex p ress m e ta llo th io n e in III (M T -III) and is
released in a reg u la te d fash io n fro m these n e u ro n s. O u r la b o ra to ry has
fo u n d a m o d u la to ry ro le o f zin c in n o c ic e p tio n su ch th at in trath ecal
in je c tio n s o f zinc are an tin o c ic e p tiv e in th e w rith in g assay and ch e la tio n o f
z inc by so d iu m -ca lc iu m -E D T A is h y p e ra lg c sic in th e tail flick assay. T h e
p u rp o se o f this study was to d e te rm in e th e d istrib u tio n o f h isto lo g ic a lly
rea c tiv e z inc and M T -III m R N A c o n te n t in the sp in al c o rd an d d o rsal ro o t
ga n g lia (D R G ) o f the rat. O ne h o u r a fte r an in tra p crito n e a l in je c tio n o f 2 0
m g /k g o f sodium selenite, w h ich is used to v isu a liz e v e sic u lar zinc in
ne u ro p il, zinc se le n ite p rec ip ita te is p rim a rily lo ca liz e d in lam in a III o f the
do rsa l h o rn and in the area o f th e c e n tra l canal, two areas k n o w n to b e
involved in no c ic e p tiv e p ro ce ssin g . W h en e x a m in e d at 2 4 h o u rs after an
in tra th e c a l in je c tio n o f 150 |ig o f so d iu m selen ite, a tim e th at allows
tra n sp o rt o f prec ip ita te to cell b o d ies, in d iv id u a l cells in the D R G were
fo u n d to be stained. Z in c -p o sitiv e c ells are o f sm all d ia m e te r and are
lo ca liz e d p rim a rily in the cen tral reg io n s o f th e D R G w h ere a x o n a l
e le m e n ts are abundan t. P a rallel stu d ies, u sin g R T -P C R , in d icate th at M T -III
m R N A is p rese n t in th o ra c ic and lu m b a r D R G as w ell as in the sp in al c o rd .
T h e se d a ta su p p o rt the p o ssib ility o f a ro le fo r z in c in n o cicep tiv e
p ro ce ssin g at the sp in al c o rd level. [S u p p o rte d by N a tio n a l R esearch
Se rv ic e A w ard N S 0 9 8 8 2 (R A V ) and N IH G ra n t D A 0 4 0 9 0 (A A L )].

S U B S T A N C E P N -T E R M IN A L M E T A B O L IT E S E N H A N C E EX PR ES
S IO N O F N E U R O K IN IN -1 m R N A IN T H E R A T S P IN A L CORD:
IM P L IC A T IO N S IN N O C IC E P T IO N . A .A . L a rso n * , K .E. M c C a rso n 1, Y.
Cai and R .A . V e la zq u e z . N e u ro sc ie n c e P ro g , U o f M inn, St. Paul, MN
5 5 1 0 8 . and ‘D ep t o f P h arm T o x ico l T h crap , U o f K S M ed Ctr, KS, 66160.
N e u ro k in in -1 recep to rs (N K -1 R ) are fo u n d p rim a rily in the superficial
lay ers o f the spinal c o rd d o rsal h o rn and h ave b e e n p ro p o se d to be
in v o lv ed in n o c ic e p tiv e tran sm issio n . S u b slan c c P (SP), and its C -term inal
m etab o lites, are released in resp o n se to n o x io u s stim u la tio n and have a
h ig h a ffin ity fo r N K -1 R .
N -term in a l fra g m en ts o f SP are active in
b eh a v io ra l n o c ic c p tiv e assays b u t b in d w ith h ig h affin ity to a spinal site
d istin ct from the tac h y k in in p o rtio n o f SP.
A lth o u g h SP N -term inal
frag m en ts do n o t a p p e ar to in teract w ith N K -1 R sites, th ey play a role in SP
b e h a v io ra l d esen sitiz a tio n a cu tely and d o w n rc g u la te [3H ]S P b in d in g in the
m o u se sp in al co rd as lo n g as 6 h r a fte r in je c tio n i.t. T h e p u rp o se o f this
stu d y w as to e x a m in e th e e ffe c t o f ex o g e n o u s ad m in istratio n o f SP Nterm in a l frag m en ts o n the e x p re ssio n o f N K -1 m R N A . R ats w ere injected
in tra th e c a lly w ith 100 n m o l S P1-7 6 h r p rev io u s to tissue collectio n. NK1R g en e ex p re ssio n was m ea su red u sin g so lu tio n h y b rid iz atio n -n u c lea se
p ro te c tio n assays. N K -1 R m R N A levels w ere in cre a se d in the lu m b a r
sp in al co rd w hen c o m p a re d to salin e in jected c o n tro l anim als.
T he
c h a n g es in N K -1 R m R N A levels w ere lo ca liz e d to d istal reg io n s o f the
sp in al co rd as th o ra c ic and cerv ic al reg io n s d id n o t d iffe r from control. In
ad d itio n , p re p ro ta c h y k in in m R N A m ea su red in th o ra c ic and lu m b a r DRG
sam p les was u n altered . N K -1 R g en e e x p re ssio n m ea su red u sin g RT-PCR
24 h r a fte r in je c tio n o f 5 |im o l S P 1 -7 was also in creased in lu m b a r spinal
co rd tissue. T h ese data su g g est a ro le fo r e n d o g e n o u s SP N -term inal
m eta b o lite s in the m o d u la tio n o f SP resp o n se s at th e N K -1 recep tor. T he
ab ility o f SP 1 -7 to in cre a se N K -1 R g en e e x p re ssio n yet d ecrease [3H ]SP
b in d in g p resen ts an in te restin g p a ra d o x . [S u p p o rte d by W hitehall FA 9606 (K M cC ), N R S A N S 0 9 8 8 2 (R A V ) and N IH G ra n l D A 0 4 0 9 0 (A A L)].
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THE EFFECT OF AP5 ON WIND-UP IN SPINAL WDR NEURONS THE IMPORTANCE OF THE WIND-UP CALCULATION METHODS.
A. Tiolsen*. F. Svendsen. L.J. Rvgh. J. Gierstad. K. Hole. Department o f
Physiology, University o f Bergen, Arstadveien 19, N-5009 Bergen,
Norway.
This study shows that the NMDA receptor antagonist AP5 increases
wind-up (WU) o f wide-dynamic range (WDR) cells in the intermediate and
deep dorsal horn in the rat. All previously published methods for the
calculation o f WU we know o f gave a wind-up increase (p<0.0001).
To search for possible methodological sources o f conflicting results in
the literature, stimulation o f the tibial nerve was compared with cutaneous
stimulation. Using “absolute WU”, there was no difference between groups
in the WU change after AP5 application onto the cord. However, using
“relative WU” there was a significant difference with a larger WU increase
in nerve stimulated animals after AP5 application.
Urethane and halothane anaesthesia were also compared with regard to
the WU change after AP5 application. Using the “relative WU”, there was
no difference between groups. However, when the groups were compared
using “absolute WU”, there was a significant difference with a larger WU
increase in halothane anaesthetised animals.
These results emphasize the need for taking into account and reporting
the WU formula used when the change in WU is calculated. It is also
necessary to compare baseline measurements with regard to the “Input” and
the “Total response” between groups before describing wind-up differences
between groups.

PLATEAU POTENTIALS-DEPENDENT W INDUP IN D E EP DORSAL HORN
N E U R O N S O F THE RAT SPINAL C O RD . V. M o risset a n d F. N agy*.
INSERM U. 378, Inst. F. M agendie, 3 3077 B ordeaux C ed ex , F ran ce.
In th e rat spinal cord, d e e p d o rsal horn n e u ro n s (DHNs) a re involved in a
sim ple form of sen sitizatio n , called w indup, which c o n s is ts of a p ro g re ssiv e
e n h a n c e m e n t of their d isc h a rg e during repetitive C -fiber stim ulation. W indup
is c o n s id e re d to b e m ainly d u e to th e ac tiv a tio n of NMDA re c e p to rs .
Interestingly, a b o u t 28% of lam ina V DHNs in th e rat a lso p ro d u ce calcium m ed ia te d p late a u p o ten tials, which p a rticip ate in th e control of th eir firing
p attern , allowing a c ce le ra tin g d isc h a rg e s a n d long-lasting a fte r-d isc h a rg e s
(M o risset a n d N agy, J. N eu ro p h y sio l., 7 6 , 2 7 9 4 -2 7 9 8 , 1 9 96). In low er
v e rte b ra te s, sim ilar p ro p ertie s p articip ate in sh o rt term p lasticity involving
DHNs (R u sso a n d H o u n sg aard , N eu ro scien ce, 61: 191-197, 1994). W e have
th erefo re te s te d their implication in the p h e n o m e n o n of windup in th e rat.
W e u se d a tra n sv e rse spinal cord slice p rep aratio n of 3 w e e k s old rats. Part
of th e lam ina V DHNs producing p lateau potentials w ere w ide dynam ic range
n e u ro n s (WDR). They sh o w ed windup in re s p o n s e to low freq u en cy (0.3-0.5
Hz) stim ulation of C fibers in th e d o rsal root. This p h e n o m e n o n w a s highly
v o lta g e-d ep en d en t, an d th e prolonged a fte rd isc h arg e s p ro d u ce d after several
stimuli w ere interrupted, like th e p lateau p otentials, by intracellular injection of
a brief p u lse of hyperpolarizing current. T h e synaptically-induced w indup w as
still p rese n t, although red u ced , w h en NMDA rec e p to rs w e re b locked by 50
^iM AP-5. M oreover, it w as m im icked by repetitive injection of brief p u lse s of
depolarizing current. This intracellularly in d u ced w indup w a s m ain tained in
th e p r e s e n c e of 50 ^iM A P-5, or of 1 ^M TTX, a n d w a s blo ck ed by 1 (iM
Nifedipine. Finally, it w a s stro n g ly e n h a n c e d by m G lu R s a c tiv ation with
1 S, 3R - ACPD. T aken altogether, our resu lts sh o w that, b e s id e s activation of
NMDA recep to rs, ex p ressio n of calcium -m ediated p late a u p o ten tials is a key
co m p o n en t of windup in WDR of th e rat spinal cord.
Su p p o rte d by g ran ts from: D.R.E.T. 95-148, C onseil R égional d'A quitaine
950301216, a n d Institut UPSA d e la Douleur
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H E T ER O SY N A PT IC LO NG -TERM PO T E N T IA T IO N O R D EPR ESSIO N OF
SPINAL C-FIB ER -E V O K ED FIELD PO T EN T IA LS IN T H E RAT. M. Zimmerm ann*, X.-G. Liu, J .J . Azkue, C .R. M orton and J. Sandkiihler. II. Physiologi.sches T> stitut, Univ. Heidelberg, D-69120 Heidelberg, Germany.
Brief tetanic stim ulation of the sciatic nerve a t C-fiber stren g th can ind;:-e
long-term potentiation (LTP) of afferent C-fiber-evoked spinal field potentials
( Neurosci. Lett., 191, 1995, 43). We tested whether conditioning stim uli of Afibers may also m odify the field potentials. In urethane anesthetized ad u lt rats
stim ulation of the sciatic nerve (7-20 V, 0.5 ms pulses given a t 60 s intervals)
evoked late field potentials (latency: 90-120 m s) with a negative focus in the
superficial spinal dorsal horn. T he potentials were recorded w ith tu ngsten m i
croelectrodes (5 Mi2) from th e spinal cord. T he negative peak of the potentials
was used as a m easure of synaptic strength. In rats with in ta c t spinal cord,
conditioning high frequency stim ulation of the sciatic nerve a t A6-fiber strength
(10 V, 0.1 ms pulses at 100 Hz for 1 s given 90 tim es at 10 s intervals) produced
long-term depression (LTD) to 59 ± 11 % (S.E.M .) of controls (n = 6 ) for at least
6 h. The sam e A6-fiber stim ulation also produced dep o ten tiatio n of established
LTP in five rats tested. W hen these tetan i were given only four tim es, LTD was
induced in five out of nine rats tested and in rem aining rats sh o rt-term depres
sion (10-40 m in) was produced. In spinal rats, however, the sam e sciatic A<5-fiber
stim ulation (90 tetani) induced LTP of C-fiber-evoked p o ten tials (to 187±19% of
control, 4 h after stim ulation). Stim ulation of A/?-fibers was ineffective in m odi
fying C-riber-evoked potentials. Induction of b o th LTD and LTP was blocked by
spinal superfusion w ith NMDA receptor an tag o n ist D-APV (100 /iM ). Thus, in
anim als w ith intact spinal cord conditioning stim ulation of A6-fibers may result
in heterosynaptic LTD of synaptic stren g th in C-fibers while LTP results when
tonic descending inhibition is removed by spinal transection. S u pported by grand
Sa 435 from the DFG and by E. Jau rl.(B F T 9 5 . 017).

IN D UCTIO N O F LO NG -TERM PO TE N T IA T IO N O F SPINA L C-FIBER -EV O KED FIELD PO T EN T IA LS IS BLOCK ED BY SU PRA SPIN A L DESCENDING
SYSTEM S. X.-G. Liu and J.S andkühler* II. Physiologisches In stitu t, Univ. Hei
delberg, D-69120 Heidelberg, Germany.
Spinal nociception is subject to tonic descending inhibition from supraspinal
regions. Here, we assessed the im pact of descending pathw ays on long-lasting
plastic changes in C-fiber-m ediated synaptic transm ission in spinal cord. In ure
th an e anesthetized ad u lt rats electrical stim ulation of the sciatic nerve (7-20 V,
0.5 m s) evoked late field potentials w ith a negative focus in superficial lam i
nae of lum bar spinal cord by Spinal transection at the th ird cervical segment
following lidocaine (2%, 0.1 ml) injection significantly increased am plitudes of
C-fiber-evoked field potentials (to 268±50% of control). In rats with spinal cord
in tact, intense noxious heating of the glabrous skin at the ipsilateral hindpaw
induced skin inflam m ation b u t failed to affect the field p otentials. In spinalized
rats, however, the same noxious heating induced long-term p o ten tiatio n (LTP) of
the field potentials (to 194±26.3% of control). Spinal superfusions at recording
segm ents w ith N -m ethyl-D -aspartic acid (NM DA, n = 6 ), substance P (SP, n= 5)
or neurokinin A (NKA, n = 3 ) at different concentrations (1 /iM, 10 /iM and 100
/iM) or a m ixture (n = 4 ) of NMDA (100 /iM ), SP (10 /¿M) and NKA (10 /zM)
never induced LTP in rats with spinal cord in tact. In spinalized rats, however,
LTP was induced by either NMDA (at 10 /iM, to 206 ± 14% of control, n= 5),
SP (at 10 /iM, to 184 ± 21%, n = 5 ) or by NKA (at 1 /zM, to 189 ± 26%, n= 5).
The induction of LTP by NMDA was blocked by system ic ad m in istration of its
receptor antagonist MK 801 (0.5 m g/kg, n = 3 ). System ic application of NK1or NK 2-receptor antagonists R P 67580 (2 m g /k g , n = 4 ) or SR 48968 (0.2 m g/kg,
n = 3 ) prevented the induction of LTP by spinal superfusion with SP or NKA
respectively. Thus, tonic descending inhibition may prevent plastic changes in
neurotransm ission in afferent C-fibers. Supported by a g ran t from the DFG.
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C H A R A C T E R IZ A T IO N O F S L O W D E P O L A R IZ A T IO N E V O K E D B Y
R E P E T IT IV E S T IM U L A T IO N IN R A T S P IN A L C O R D SL IC E S.
K. M iz u k a m i , S, K o u n o m i , S. K a n e k o a n d M . S a to h \ D e p ts . o f *Mol.
P harm acol, and N e u ropharm aco l., F acu l. o f Ph arm . S ci., K y o to U n iv ., K yoto
606-01, Japan.
In this study, w e in v estig a te d th e c h a n g es in e x c ita to ry tra n sm issio n in th e
do rsal horn o f rat spinal co rd by rep e titiv e stim u latio n o f p rim ary affe ren ts in
vitro. T ransverse slices (500 |im -th ic k ) w ith dorsal ro o t a ttach ed w ere prep ared
fro m spinal cord (L 5-L 6) o f m ale ad u lt S p rag u e-D aw ley rats. B lin d w h o le cell
patch-clam p recordings w ere done from substantia gelatin o sa neurons in currentcla m p m ode. F ast E P S P resp o n ses to sin g le stim u latio n s o f A -fib e rs (2 V , 100
jisec) and C -fibers (5 V, 4 00 fisec) w ere inh ib ited by co-conotoxin G V IA and 6 cyano-7-nitroquinoxaline-2,3 -d io n e (C N Q X ) b u t n o t by co-agatoxin IV A and 2am ino-5-phosphonovaleric acid (A P5), in d icatin g th at th e fast E P S P is resu lted
from activation o f non-N M D A recep to rs by g lu tam ate released a fter activ atin g
o f N -type C a2+ channels. O n th e o th er hand, rep etitiv e stim ulation applied to the
C -fibers, bu t not A -fibers o f dorsal roots (10 trains o f 2 0 stim uli at 100 H z/train,
2 sec train interval) and evoked slow depolarization. The response w as suppressed
by co-agatoxin IV A and co-conotoxin G V IA , bu t n o t by A P 5 and C N Q X . T hese
results suggest that both N- and P -type C a2+ channels are involved in the induction
o f slow d e p o la riz a tio n and th at su ch a resp o n se is clo se ly re la te d to w in d -u p
phenom enon independent o f glutam ate.
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Electrophysiological Properties of Neurons in the L6 - S1 Lateral Spinal
Nucleus of Rat Spinal Cord. Minchun Jiang*. Lei Liu and G.F. Gebhart.
Department of Pharmacology, University of Iowa, Iowa City, IA 52242.
Previous studies of the lateral spinal nucleus (LSN) suggested that it
relays peripheral input to supraspinal sites and that neurons in the LSN
contain neurokinin receptors, indicating a role in nociceptive processing.
In this study, we investigated the intrinsic cellular properties and synaptic
responses of LSN neurons.
Conventional intracellular recording was performed in vitro from
transverse spinal cord slices (400 -500 pm) with attached dorsal root
from Sprague-Dawley rats (10 - 15 days old). The recording electrode
was filled with potassium acetate (approximately 110 MO impedance)
and was guided into the LSN with the aid of an inverted microscope. A
concentric stimulating electrode was placed on the dorsal root to generate
synaptic input.
Twenty three neurons were studied. Action potentials (AP) were
generated by a depolarizing pulse; the average AP magnitude was 74 ±
8.1 mV and average width was 0.68 ± 0 .1 9 ms at half magnitude of the
AP. The average membrane resistance of these neurons was 89.4 ± 41.8
M ii and the time constant (t) was 12.85 ± 5.6 ms. Current - voltage (l-V)
relationships were studied in eight neurons and showed a simple linear
response. Spike frequency adaptation in eight neurons was studied, in *
which six had tonic firing and two had phasic discharges in response to
positive current injections. Polysynaptic responses were produced in all
six neurons tested by electrical stimulation of the dorsal root. Bath
application of substance P (10 1 M to 10 5 M) depolarized the membrane
potential and increased tonic firing in three neurons tested. A short period
of oscillation occurred frequently in these three neurons after application
of substance P. Supported by DA 02879.
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ELECTR O N M ICRO SCO PY O F SY N A PTIC REM O D ELIN G IN RAT
SPINAL
T R IG E M IN A L N U C L E U S F O L L O W IN G IN JU R Y TO
TRIGEM INAL GANGLIA. N, Y, KraroarevsKy. N, L. Anderson, P, S, Irish,
and L. E. W estrum*. Dept, of Neurological Surgery, University o f Washington,
Seattle, W A 98195.
Lesions to the trigeminal ganglion cause degeneration o f nociceptive fibers
which synapse in the spinal trigeminal nucleus (STN) and may be related to
unexplained orofacial pain. We are studying layer II o f pars caudalis with
conventional electron m icroscopy (EM ) and especially postem bedding
immunogold - EM using antisera against the neurotransmitters glycine (Gly) and
gamm a aminobutyric acid (GABA), 2-14 days following lesions o f trigeminal
ganglia. GABA is inhibitory and Gly may be either inhibitory or excitatory.
Results show: 1) Normal intrinsic terminals containing pleom orphic synaptic
vesicles (P) are reactive for Gly and/or GABA and form symmetric contacts
with dendrites or other terminals including prim ary afferents; 2) By 2 days,
dense, degenerating primary afferents form asymmetric synaptic contacts onto
dendrites and are postsynaptic to P term inals. These degenerated prim ary
afferent terminals, normally glutamatergic, now show reactivity for Gly; 3) In
14 day survival, P terminals that are immunoreactive for Gly are in contact with
asymmetric postsynaptic receptor sites presum ably vacated by the degenerated
prim ary afferent terminals. Thus, lesion-induced degeneration in the STN
causes changes o f imm unoreactivity in degenerating prim ary afferents, and
subsequently, intrinsic Gly reactive P term inals form asymm etric "excitatory
contacts" with dendrites. These findings could imply that Gly may be involved
in the spontaneous neuronal hyperactivity in STN following injury to the
trigeminal nerve/ganglion. (Supported by NIH grant NS30305 to L.E.W. and a
MSRTP grant/fellowship to N.K.).

DIVERSITY OF RESPONSES TO IRRITANT AND THERMAL STIMULI IN RAT
SPINALTRIGEMINAL NUCLEI. D.F. Bossut. R.P. Erickson*, and S.A. Simon.
Dept, of Neurobiology, Duke Univ. Med. Ctr., Durham, NC 27710.
To further characterize the selectivity of the trigeminal (TG) system to
chemical and thermal stimuli, the activity of 59 individual TG secondary
neurons were measured. Single electrodes were lowered into the superficial
layers of nucleus caudalis and interpolaris with receptive fields from either the
tongue or the cornea. The stimuli were warm (30°C), hot (49°C), and cold
(12°C) water, 50 mM capsaicin, acidic acid (pH 2), and bitter tasting alkaloids
(10 mM nicotine, 10 mM quinine, 10mM strychnine, 10 mM yohimbine, and 50
mM caffeine). The chemical stimuli were delivered at room temperature,
without flow interruption between stimulation and wash cycles by a computerbased valve system. Overall, the corneal responses were more sensitive and
more readily desensitized to chemical stimuli than lingual responses. Although
most neurons responded with an increase of activity to chemical and/or
thermal stimuli, some neurons were inhibited. The type of response could be
very selective with respect to the chemical presented. When capsaicin,
nicotine, or acid were administered a second and third time, several neurons
showed desensitization to one compound, usually without cross
desensitization, suggesting that these three chemicals activate distinct
receptors on the primary neurons. The responses, however, could be
restored after sufficient time elapsed. Capsaicin, nicotine, or acetic acid could
markedly alter the thermal response of these secondary neurons. For
instance, some neurons initially responding to both hot and capsaicin
subsequently responded also to cold or cooling (following hot). This study
provides some insight on the myriad of possible responses presented by TG
secondary neurons from the corneS and the tongue. This variability may result
from central inhibition and/or facilitation. In summary, we found that a diversity
of irritants and bitter tasting compounds can selectively activate the TG system
and thus contribute to the general perception of chemical stimuli. Supported
by NIH grant DC-01065 and the Philip Morris Corporation.
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PLASTICITY AT THE RAT TRIGEMINAL EXCITATORY SYNAPSE.

AGING EFFECTS ON NOCICEPTIVE MECHANISMS IN THE RAT SPINAL CORD:

K. Onodera1. M. Hamba* and T. Takahashi1*. ‘Department o f Neurophysiology,

IMMUNOHISTOCHEMICAL, ELECTROPHYSIOLOGICAL AND BEHAVIORAL

Faculty of M edicine, University of Tokyo, Hongo, Tokyo, 113 and 2Departm ent of
Central Nervous System, Tokyo Metropol. Inst, of Gerontology, Tokyo 173, Japan; 2Dept.
Physiology, School of Dentistry, Showa University, Shinagawa, Tokyo, 142, Japan.
Activity-dependent synaptic plasticity was studied at the pain-processing synapse
in the trigeminal nucleus o f neonatal rat using a brain stem slice preparation
attached with m andibular nerve. Whole-cell voltage-clamp recordings were m ade
from neurons in caudal nucleus under visual control and excitatory postsynaptic
currents (EPSCs) were evoked by stimulating the mandibular nerve at -6 0 mV in the
presence of strychnine and bicuculline.

The EPSCs had m onosynaptic and

polysynaptic components and could be blocked by CNQX and APV, indicating that
it was glutamatergic.

After a tetanic stimulation (10 stimuli at 100 Hz repeated 10

times at Is interval), EPSCs were potentiated, in particular at the polysynaptic
component, for m ore than one hour.

This potentiation could be induced even in the

presence of APV during tetanus. W e suggest that long-term potentiation o f EPSCs
can be induced at this synapse w ithout an involvement of NMDA receptor.

S ociety for N e u r o s c ien c e , V olume 23 ,19 9 7

of Physiol. Nihon Univ. Sch. of Dentistry; 3Div. of Pathophysiol., Dental Res. Center,
Nihon Univ. Sch. of Dentistry, Tokyo 101, Japan.
Although functional and morphological changes in the nervous system with
advacing age have been studied extensively, little is known about alterations in pain
pathway in the central nervous system. C-fos expression in the spinal dorsal horn (DH)
neurons, electrophysiological properties of DH neurons and escape behavior elicited
by noxious thermal stimulation to the hind paw were analyzed in male Fischer rats.
The number of c-fos like immunoreactive cells, which were found mainly in the
superficial laminae of the L4-6 segments, was significantly less in the aged (29-32
months old) rats than in the young (7-9 months old) and middle aged (10-13 months
old) rats. The spatial distribution of these c-fos positive neurons was narrower in the
aged rats compared to that in the younger rats. Most of the DH neurons in the aged
animals showed high background activity with burst discharges. Nociceptive neurons
in aged rats often responded to both heating and cooling of the receptive field. These
responses to thermal stimulation were rarely seen in young rats, and thus seem to
characterize aged DH neurons. Results on behavioral tests were somewhat controver
sial. Escape latency was shorter for the aged group than for the younger groups. On
the other hand, licking behavior was less frequently observed in the aged rats than in
the younger rats, which appeared to conform to the finding that the response of spinal
nociceptive neurons to noxious stimulation was weaker in the aged rats. The findings
suggest that aging do not spare the spinal nociceptive pathways change.
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CENTRAL NERVOUS SYSTEM INTEGRATION OF ANTIDROMIC
MEDIATED CUTANEOUS VASODILATION DUE TO DORSAL COLUMN
STIMULATION (DCS) J.E. Croom*C.A. Rav1. K.W. Barron. M.J. Chandler
and R.D. Foreman. Dept, of Physiology, Univ. of Oklahoma HSC 73190 and
1Dept. of Chemistry and Biology, Lamar Univ. Beaumont TX 77710.
We have previously shown that electrical stimulation of the dorsal
surface of the spinal cord produces antidromically mediated cutaneous
vasodilation. Our goal was to determine if DCS-induced vasodilation requires
spinal cord integration. Male, Sprague-Dawley rats were anesthetized with
pentobarbital and mean arterial pressure was measured. Blood flow was
assessed in the hindpaw footpad with a laser Doppler flowsystem during 1
min of DCS (0.2mA/50Hz/0.2msec pulse duration). After laminectomy, a
DCS electrode was placed on the dorsal spinal cord surface at the 12/13
spinal level. Control hemodynamic effects of DCS were established, and
then the spinal cord was transected at either the T10 (n-7) or L1 spinal level
(n-6). T10 transection reduced the DCS-induced blood flow increases to
62±11% of control but did not reduce the fall in vascular resistance. L1 cord
transection eliminated all circulatory effects of DCS. These data showed that
essential neuronal connections for DCS were located between the T10 and
L1 spinal segments, rostral to the site of stimulation. To further assess the
role of spinal cord integration, DCS was examined before and after neuronal
function in the spinal cord was inhibited by placing a pledget soaked with
2mM muscimol on the dorsal spinal cord surface. Muscimol reduced the
DCS-induced increase in flow and the decrease in vascular resistance to
27±5% & 45±5% of the respective control responses (n=6). We conclude
that DCS-induced vasodilation is dependent on spinal cord integration but
does not require supraspinal connections. Support: HL52986, NS35471 and
the OUHSC Provost Research Grant.
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SUPPRESSION O F FORMALIN-INDUCED SPINAL FOS EXPRESSION BY
INTRAVENOUS ANESTHETICS IN THE RAT. I. Gilron123, T.J. Coderre2*
and R. Quirion3. 1Dept. of Neurology & Neurosurgery, McGill University, 2Pain
Mechanisms Laboratory, Clinical Research Institute of Montreal (H2W 1R7) and
3Douglas Hospital Research Centre, Montreal (H4H 1R3), CANADA.
Spinal expression of both c-fos mRNA and FOS protein has been demonstrated
after tissue injury and may be an indicator of neuroplasticity to noxious
stimulation. This study evaluates the suppression o f formalin-induced spinal FOS
expression by intravenous anesthetics (IVA’s) in the rat. Rats (n=4/group)
received either IV saline or an IVA (pentobarbital 2 0 m g/kg [barbiturate],
propofol 10 mg/kg [GABAergic anesthetic], alphaxalone 1.5 m g/kg [steroid
anesthetic] and high-dose alfentanil 170/*g/kg [synthetic /¿-opioid]) followed by
SC hindpaw formalin (1.5%) injection. Follow ing perfusion (2 h post-formalin)
spinal cords were dissected, sliced at 30 ft m and processed by immunoperoxidase
staining with an antibody against the FOS protein. Quantification and laminar
distribution of FOS labelled nuclei Was performed at the L4/5 spinal level
ipsilateral to formalin injection. Compared to IV saline, pretreatment with
pentobarbital failed to suppress FO S. However, reductions of FOS labelled
neurons were observed with propofol (63%), alphaxalone (30%) and alfentanil
(60%). Furthermore, FOS suppression was observed predominantly in laminae I
and II o f the dorsal horn in all these 3 groups (pcO.Ol, 2-way ANOVA). Failure
to suppress FOS by pentobarbital may be due to use o f a subhypnotic dose of 20
mg/kg. The above results demonstrate that the GABAergic anesthetics propofol
and alphaxalone and high-dose opioid anesthesia w ith alfentanil suppress noxious
stimulus-induced spinal FOS expression. These data provide anatomical evidence
for a spinal site of action of these agents, previously shown to have
antinociceptive effects in behavioural studies1. 1 Anesthesiology 1996; 84:572.
Supported by M RCC grants to I.G ., T.J.C. & R.Q.

SYSTEM IC LIDOCAINE INDUCES EXPANSION OF THE RECEPTIVE
FIELD OF DORSAL HORN NEURONS IN RATS. J.-X. Hao*. R.C. Kupers.
X .-J. Xu and Z. W iesenfeld-H allin. K arolinska Institute, Dept. Clin.
Neurophysiol., Huddinge Hospital, S -141 86 Huddinge, Sweden.
Systemic local anesthetics exert complex effects on CNS function which are
unrelated ot their local anesthetic action (Wagman et al. Anesthesiology, 28,
155). While systemic local anesthetics predominantly exert an inhibitory effect on
spinal nociceptive mechanisms (W oolf and W iesenfeld-Hallin, Pain, 23, 361),
some recent studies suggest possible excitatory effects (Biella et al. Neurosci.
Lett. 157, 207). In the present study, we examined the effects o f various doses of
i.v. lidocaine on the activity of dorsal horn neurons in intact, anesthetized rats.
The activity of 18 neurons was recorded extracellularly from lumbar spinal
cord in rats anesthetized with urathane. Lidocaine was administered i.v. (1, 3 or 5
m g/kg) and receptive field characteristics, as well as neuronal responses to
mechanical stimulation, were studied before and after lidocaine administration.
Intravenous lidocaine produced variable effects on the responses o f dorsal
horn neurons to mechanical stimuli, depending on the dose used and the type of
neurons studied. Following an intial inhibition, the receptive field was expanded
after i.v. lidocaine. Thus, 2 out of 5, 6 out o f 7 and 5 out o f 6 neurons had
increased receptive fields after 1, 3 and 5 mg/kg lidocaine respectively. The
average increase in receptive field size was 195 % (range 50 - 400 %) and the
increase induced by lidocaine was reversible.
Previous studies have shown that the size o f the receptive field o f dorsal
horn neurons is plastic and can increase upon intense nociceptive input,
inflammation or application of blockers of inhibitory transmitters. The present
findings indicate that low to moderate doses o f i.v. lidocaine also induce a
consistent expansion of the receptive field o f dorsal horn neurons. Such effects
may be related to an inhibition of spinal inhibitory systems
Supported by the Swedish MRC, Astra Pain Control and EC.
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N O CICEPTIV E N E U R O N S IN T H E TR IG EM IN A L G A N G L IA O F RATS
ARE IM M UNOREACTTVE FO R TH E 5-HY DRO XY TRY PTAM INE2A (5H T 2 a ) R E C E P T O R . M ,P- G ra h e k a n d M ,W, W essendorf*. D ep t, of C ell
B iology a n d N e u ro a n a to m y , U niv. of M in n eso ta, M in n eap o lis, M N 55455.
S erotonin receptors h a v e b e e n p ro p o se d to m o d u la te n o ciception. T he 5H T 2 A rec e p to r h a s b e e n o b se rv e d in p rim a ry afferen t g a n g lio n cells b y
m ea n s of electrophysiological stu d ie s a n d m R N A d etectio n , b u t to d a te it
h a s n o t b e e n sh o w n th a t th e cells e x p re ssin g th e rec e p to r a re n o cicep tiv e.
It h a s b e e n r e p o rte d th a t m o st o r all c o m e a l afferen ts a re n o cicep tiv e;
th u s, in th e p re s e n t stu d ie s w e lo o k ed fo r ev id en ce of 5-H T2a rec e p to rs in
trig e m in a l ga n g lio n n e u ro n s retro g ra d e ly lab eled fro m th e co rnea. FluoroG o ld (FG) w a s injected io n to p h o re tic ally in to th e a n te rio r su rfa c e of th e
eye in fo u r m ale S p ra g u e-D aw le y rats to id e n tify n o c ic e p tiv e trig e m in a l
g a n glion n e u ro n s. A nim als w ere sacrificed a n d Rb(x5HT2A rec e p to r
(INCSTAR) sta in in g w a s a lte rn a te d w ith a b s o rp tio n co n tro ls o n ad jacen t
5fim cryostat sections. Im ages w ere c a p tu re d u s in g a C o h u ccd cam era a n d
the in te n sity of im m unofluo rescen ce w a s m e a s u re d o v e r a g iv en FG -labeled
cell u s in g N IH Im age. T his in te n sity w a s c o m p a re d to th a t o b se rv e d o v er
the sam e cell in a n a djacent a b so rp tio n c o n tro l section. In e v e ry case (n=50
cells), m e a n pixel in te n sity o v e r c o m e a l affe ren ts w a s h ig h e r in th e
n o rm a lly sta in e d sections th a n in th e ad ja c e n t a b s o rp tio n c o n tro ls. This
d ifference w a s statistic a lly sig n ific a n t (pc.0001, W ilco x o n test). W e
co n c lu d e th a t n o cicep tiv e p rim a ry affe ren ts in r a t trig e m in a l g a n g lia
ex p ress 5-H T2A rec e p to rs w h ic h m a y m o d u la te nocicep tio n .
S u p p o rte d b y DA05466.

fi-A N D 3-O PIO ID RECEPTO R m R N A ’s ARE EXPRESSED IN SPINALLY
P R O JE C T IN G R V M N E U R O N S . H . W a n g *1 . P. L a w 2 a n d M . W.
W e s s e n d o r f 1. D e p t, o f C ell B io lo g y & N e u r o a n a to m y 1 a n d D e p t, of
P h a rm a c o lo g y 2, U niv. of M in n eso ta Sch. of M ed., M in n eap o lis, M N 55455.
T he ro stra l v e n tro m e d ia l m e d u lla (RVM) is a n im p o rta n t m e d ia to r of
th e s u p ra s p in a l c o m p o n e n t of o p io id -p ro d u c e d a n tin o cicep tio n . P rev io u s
stu d ie s h a v e s u g g e ste d th a t th e c lo n e d fx-and 3 -o p io id rec e p to rs, (M O R I
a n d DOR1 resp ectiv ely ), are in v o lv e d in th e a n tin o c ic e p tio n m e d ia te d b y
s p in a lly p ro je c tin g RV M n e u ro n s . H o w e v e r, m R N A e n c o d in g o p io id
re c e p to rs h a s n o t b e e n lo ca liz e d to b u lb o sp in a l n e u ro n s . In th e p re s e n t
stu d y , w e in v estig a te d th e e x p re ssio n of m R N A e n c o d in g e ith e r th e |i- or
3 -o p io id re c e p to r in th e RVM o f rats. In a d d itio n , w e e x a m in e d th e
e x p re s s io n o f th o se m R N A s in s p in a lly p r o je c tin g n e u r o n s u s in g
q u a n tita tiv e in situ h y b r id iz a tio n a n d re tr o g ra d e tra c t-tra c in g . B rain
s te m n e u ro n s w e re lab e le d in 3 m ale S p ra g u e-D aw le y ra ts b y a p p ly in g
F lu o ro -G o ld (FG) to p ically to th e d o rsa l su rface of th e lu m b a r sp in a l cord.
Fiv e |im c ry o s ta t se c tio n s w e re c u t a n d in situ h y b r id iz a tio n w a s
p e rfo rm e d u sin g fu ll-len g th cR N A p ro b es lab eled w ith 35 S-UTP. N u m b e rs
o f a u to ra d io g ra p h ic g ra in s w e re c o u n te d o v e r r e tro g ra d e ly lab e le d cells
u s in g N IH -im a g e ; th e m e a n g ra in d e n s ity in th e m ic ro sc o p ic field
c o n ta in in g th e c ells w a s u s e d as th e b a c k g ro u n d d e n s ity . O f 161
r e tro g ra d e ly lab e le d cells in th e RVM , 52% e x p re s s e d lev els of M O R I
m R N A sig n ifican tly (Pc.0001, ch i-sq u are test) a b o v e th e b a c k g ro u n d . In a
se co n d se t of 112 FG lab e le d cells fro m sectio n s th a t w e re h y b rid iz e d for
DOR1 m R N A , 80% h a d g ra in d e n sitie s sig n ific a n tly (Pc.0001) ab o v e the
b ac k g ro u n d . W e c o n clu d e th a t th e m ajo rity o f b u lb o sp in a l n e u ro n s in the
RV M e x p re ss DO R1 m R N A , a n d a t le a s t h a lf e x p re s s M O R I m R N A .
S u p p o rte d b y DA05466 & DA07339
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THE ROLE OF CHOLECYSTOK IN IN IN THE M EDIA TIO N OF SPINAL
EX CITABILITY IN NORM AL RATS AND AFTER PERIPHERAL NERVE
INJURY. G.A. Lucas*. X.-J. Xu and Z. W iesenfeld-Hallin. Karolinska Institute,
Division of Clinical Neurophysiology, Huddinge, Sweden.
Peripheral axotomy induces long-lasting changes in the expression o f peptides and
peptide receptors in primary afferents which may have an important role in the
developm ent and m aintainance of chronic pain. C holecystokinin (CCK) is an
important messenger associated with pain modulation which is not present in primary
afferents in rats under normal circumstances but after peripheral nerve injury CCK
mRNA and CCK-B receptor are upregulated in dorsal Toot ganglion cells. However,
the physiological consequences of the changes in CCK and CCK receptors following
axotomy are not well understood. The present study was undertaken to analyze the
involvement of CCKergic neurons in the modulation of the nociceptive flexion reflex
in unlesioned and chronically axotomized rats.
The flexor reflex was evoked by single ( 1 /min) electric shocks applied to the sural
nerve at an intensity that activated unm yelinated C afferents (1 ms, 5 mA) in
decerebrate, spinalized, unanesthetized rats with intact nerves or 2-3 weeks after
unilateral section o f the sciatic nerve. Sulphated CC K (26-33) was injected
intrathecally (i.t.) in various concentrations (lOng, lOOng, l|ig ). In addition we
analysed the effect of CI988 (0.1-10 mg/kg, i.v.), a CCK-B receptor antagonist, on
windup and subsequent reflex sensitization with a C-fiber conditioning stimulus (CS)
train (20 shocks at 1 Hz).
In controls, i.t. CCK increased the facilitation of the reflex in a concentrationdependent manner, which was not increased in axotom ized rats. CI988 did not
influence the magnitude of windup and subsequent reflex facilitation induced by Cfiber CS in either groups. These results suggest that CCK is probably not released
from primary afferents and does not mediate windup and reflex sensitization in
normal or axotomized rats. Furthermore, CCK has a similar excitatory effect in the
dorsal horn of normal and axotomized rats despite an upregulation of CCK receptors.
Supported by the Swedish MRC, the European Commission, and a fellowship from
the Brazilian Ministry o f Education (CAPES Foundation) to G.A.Lucas.
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RESPONSES TO NMDA AND AMPA RECORDED FROM BIOPHYSICALLY
CLASSIFIED RAT DORSAL HORN NEURONES IN VITRO. J. A. LopezGarcia. Department of Physiology, University of Alcala, 28871 Madrid, Spain.
SPON: European Neuroscience Association.
The responses of biophysically identified dorsal horn neurones to application
of NMDA and AMPA were studied with intracellular recordings in the rat in vitro
hemisected cord preparation in order to investigate a possible relationship
between biophysical properties and responsiveness to excitatory amino acids.
Dorsal horn neurones were classified as ‘Tonic’ (n = 18), ‘Phasic’ (n = 25) or
‘Rebound’ (n = 7) according to: i) their continuous or adaptive firing pattern
during the application of direct depolarising current pulses (up to ± 1 nA and
700 ms) and ii) the presence or absence of a rebound excitation at the end of
hyperpolarising pulses.
NMDA applications evoked larger depolarisations in tonic neurones (11.9 ±
1.6
mV) than in phasic (8.3 ± 1 .3 mV) and rebound cells (3.7 ± 1 .9 mV) (p ^
0.05). Applications of AMPA induced similar depolarisations in tonic (13.6 ± 3.1
mV) and phasic neurones (11.6 ± 1.3 mV) and smaller depolarisations in
rebound neurones (9.4 ± 4.1 mV) (p £ 0.01). Phasic neurones failed to
produce repetitive spiking to either NMDA or AMPA applications even when
depolarising responses reached well over spiking threshold. Tonic and
rebound neurones showed spike discharges when NMDA or AMPA were
applied.
These results suggest that tonic neurones (putative multireceptive neurones)
are more sensitive to NMDA than any other group, that phasic neurones
(putative specific neurones) are more sensitive to AMPA than to NMDA and
that rebound neurones (putative inhibitory neurones) have little sensitivity for
both NMDA and AMPA.
(Supported by DGICYT (Spain) and University of Alcala (037/96).
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Descending serotonergic projections from the rostral ventromedial
medulla (RVM) including raphe nuclei and nuclei reticularis gigantocellularis and
gigantocellularis pars a biphasically modulate nociceptive transmission in the
spinal cord.
In particular, activation o f RVM could facilitate nociceptive
transmission as well as nociceptive reflexes. However, cellular mechanisms for
descending facilitatory modulation are still unknown. Using a combination of
whole-cell patch clamp recordings and biocytin labeling, we investigate possible
pre- and postsynaptic mechanisms of facilitation in dorsal horn neurons recorded
from lam inae I-III. In slices from P2-11 rats, synaptic contacts containing pure
NMDA receptors were found (n=31/51; 60.8%). Application o f serotonin (5-HT)
caused activation of ‘silent’ AMPA receptors (n=6/12; from 0 pA to 31.8±8.0 pA).
Pairing presynaptic activity (5 Hz for 10 sec) and postsynaptic depolarization
(holding at +10 mV) produced similar effects (n=8/18; from 0 pA to 26.2±4.2 pA).
However, pairing training produced further facilitation after 5-HT application
(n=3; to 143.1±10.7%), suggesting that they may activate different mechanisms.
In slices from P 12-15 rats, less or no pure NMDA receptors based synaptic
contacts were found (n=0/5); but 5-HT still induced facilitation o f AMPA currents
(n=3; 144.9±3.7%). These findings indicate that 5-HT induced-facilitation during
P12-15 may not require activation o f ‘silent’ AMPA receptors. The results suggest
that ‘silent’ AMPA receptors may play an important role during early development
(P2-11) of spinal dorsal horn neurons and facilitation induced by 5-HT in adult
rats may contain both pre- and post-synaptic m echanisms (Supported by
DA10833).

DIFFERENTIAL DISTRIBUTION OF ALPHA-2A AND ALPHA-2C RECEPTOR
IMMUNOREACTIVITY IN THE RODENT SPINAL CORD. L S . Stone*3. M.
Riedl3. C. Broberger4, L. Vulchanova1*3. G.L. W ilcox1'2. T. Hokfelt and R. Ekte 1 \
‘Graduate Program in Neuroscience, Departments of 2Pharmacology and Cell Biology
and Neuroanatomy, University of Minnesota, Minneapolis, M N 55455. “Department
of Neuroscience, Karolinska Institutet, 17177 Stockholm, Sweden.
Alpha -2 adrenergic receptors (c^ARs) mediate a number of physiological responses
including spinal analgesia. Three subtypes of a 2ARs have been cloned in human and
rat, corresponding to the pharmacological subtypes, (X2 a> a 2B> and 0C2 c> respectively.
Determination of the relative contributions of the three a 2AR subtypes to adrenergic
analgesia has been difficult due to the lack of subtype-selective pharmacological
agents. In situ hybridization studies have localized mRNA for both the (X2aA R and
a 2cA R subtypes in dorsal root ganglion (DRG) neurons. Thus, one or both subtypes
may mediate spinal analgesia at a presynaptic site on primary afferent fibers. We have
developed subtype-selective antisera against the carboxy-terminus of the oi^aAR and
0C2cARs to investigate the relative distribution of each subtypes in the rat spinal cord.
The specificity of the antisera was determined using both transfected cells and
tissue sections. Immunoreactivity (-ir) for both receptors was observed in the
superficial layers o f the dorsal horn of the spinal cord. Following dorsal rhizotomy,
both oc2aAR and (X2cAR-ir decreased ipsilateral to the severed roots, suggesting that
both receptors are synthesized in DRG neurons and trafficked centrally.
Immunoreactivity for both subtypes accumulated at the site of sciatic nerve ligation,
indicating that both o^AR subtypes are also trafficked to the periphery.
Double-labeling experiments indicated that the o^aA R and (X2 cA R -ir fibers in the
dorsal horn do not co-localize, suggesting the subtypes are synthesized by different
populations of primary afferents. Furthermore, a high degree of co-localization was
observed between substance P-ir (SP-ir) and ot2AAR-ir positive fibers, and not between
SP-ir and c^cA R -ir fibers. In animals treated with capsaicin, both <X2AAR-ir and SPir was decreased, while no change was observed in a 2cAR-ir. Finally, preliminary
results suggest that while the intensity o f 0C2cA R -ir is unaffected by sciatic nerve
transections, 0C2 AAR-ir is reduced ipsilateral to the axotomy. These results suggest
that the 0E2 aA R and a 2cA R subtypes may subserve different functions in the rat
spinal cord, with the former more likely to be involved in nociception. (Supported by
R01-DA-01933 to GLW, DA-06299 to RE and Swedish M RC 04X-2887 to TH)
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RELATIONSHIP OF NOCICEPTION-INDUCED FOS-POSITIVE
NEURONS AND NEUROPEPTIDE, OPIOID AND SEROTONIN
CONTAINING AXON TERMINALS IN SUBNUCLEUS CAUDALIS
G.V. Allen* and M J. Esser. Departments o f Anatomy & Neurobiology and
Pharmacology, Dalhousie University, Halifax, N .S ., Canada, B3H 4H7.
We investigated the anatomical relationship o f nociception-induced Fos-positive
neurons and neurotransmitter-like substances known to be involved in mediation
or modulation o f nociception in the superficial laminae o f the subnucleus caudalis.
Following electrical stimulation (2 mA, 10 Hz, 2 ms, 1 sec on - 9 sec off, 60 min)
o f the mandibular incisor in the anesthetized rat and a 90 min poststimulus period,
the animals were tnmscardially perfused and the brains were sectioned (frozen
sections, 30 pm). Sections were processed for the immunocytochemical detection
o f Fos-protein, substance P (SP), calcitonin gene-related peptide (CGRP),
neuropeptide Y
(NPY),
methionine-enkephalin (Met-ENK)
and
5hydroxytryptamine (5-HT) using diaminobenzidine (DAB), DAB enhanced with
nickel ammonium sulfate or rhodamine labeled secondary antibody. Fos-positive
neurons were localized primarily in laminae I and II o f the dorsomedial subnucleus
caudalis. A small population o f the Fos-positive neurons were also observed
extending into the adjacent dorsal medullary reticular field. SP, CGRP and NPY
immunostained terminal varicosities were observed in close proximity to Fospositive neurons in laminae I and II. Met-ENK and 5-HT immunostained terminal
varicosities were observed in close proximity to Fos-positive neurons in lamina II.
The results suggest that nociception-induced Fos-positive neurons in the superficial
laminae o f subnucleus caudalis are postsynaptic to axon terminals containing
neurotransmitter substances that are thought to be involved in mediation (SP and
CGRP) and modulation (NPY, Met-ENK and 5-HT) o f pain transmission.
Supported by the New Brunswick Heart and Stroke Foundation.

PR IM A R Y A FFEREN T SY NAPTIC RESPON SES ARE M OD IFIED BY
SER O TO N IN AND CO N D ITIO N IN G STIM ULA TION IN DEEP DORSAL
H O RN NEURONS. S.M. Garraway* & S. Hochman. Dept, o f Physiology, University
o f Manitoba, Winnipeg, MB., CANADA, R3E 0W3.

Synaptic mechanisms contributing to serotonin-induced
nociception in dorsal horn neurons of the spinal cord

facilitation

of

M in Zhuo* and Li Ping. Dept, of Anesthesiol., W ashington Univ., St. Louis,
M 063110

S ociety for N eu r os c ien c e , V olume 23,19 9 7

Plasticity o f primary afferent synapses (LTP/LTD) in deep dorsal horn (DDH) neurons
(Garraway et al 1996; Soc. Neurosci. Abst.) may be involved in prolonged alterations
in nociception. Since serotonin (5HT), a descending neuromodulatory transmitter with
analgesic properties, can potently depress primary afferent transmission, the effects of
5HT and evoked synaptic plasticity were compared. Patch clamp recordings from
neurons in laminae III-VI in slices o f neonatal rat lumbar spinal cord (P3-P13) were
used to record primary afferent synaptic effects. Dorsal root stimulation evoked EPSPs
or EPSCs at strengths ranging from 100 fiA, 100 (as to 2 mA, 2 ms. Stable synaptic
responses were collected for at least 10-15 minute periods before and following
conditioning stimulation (100 Hz) and bath application o f 5-HT (10 |aM). The sample
population consisted o f 17 cells.
In 8 cells, the effect o f 5HT was assessed prior to conditioning stimulation-induced
plasticity. 5HT depressed the synaptic responses o f 6 o f these cells to 39±10% of
control values which returned to original values (100±36%). Following conditioning
stimulation, 4 o f these cells underwent LTD and 2 underwent LTP. Two cells
conditioned in the presence o f 5HT underwent LTD. Interestingly, following removal
o f 5HT, one response was converted from LTD to LTP (compared to the pre-drug
baseline response). In 9 cells, the effect o f 5HT was assessed following conditioningevoked synaptic plasticity, in which 5 cells resulted in LTD and 3 in LTP. In all cells,
the synaptic responses were depressed by 5HT to 50±26% o f post-conditioning
control values which returned to 73±20% after drug washout.
We conclude that the 5HT-evoked depression and the form o f plasticity observed at
primary afferent synapses are unrelated. Supported by the Manitoba Medical Services
Foundation.
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SCIATIC NERVE SECTION INDUCES CHANGES IN CCKB AND 5HT3
RECEPTORS IN THE RAT SPINAL CORD.
Laporte A.M.. Pohl M.. Lanfumev L.* and Hamon M.
INSERM U.288, Paris, France, F-75013.
Extensive studies have shown that 5-HT is involved in the control of
nociceptive inputs at the spinal level. Furthermore, modifications in 5HT
innervation in the superficial layers of the dorsal horn have been reported
after rhizotomy, in rats. In the present study we further investigated whether
5HTia, 5-HTib and 5 HT3 receptors could be altered within the superficial
layers of the dorsal horn after sciatic nerve section, which constitutes a
model of chronic neuropathic pain in rats. We also examined whether the
receptors for neuropeptides involved in the transfert and/or control of
nociceptive signals, Substance P, CGRP and CCK, exhibit changes after the
same lesion.
For each receptor type, the density of specific radioligand binding sites
was measured by quantitative autoradiography 15 days after the sciatic
nerve section. A significant reduction (-20%) in the density of 5 HT3
receptors (selectively labelled by (3H]Szacopride) was noted in the
ipsilateral side of the lesion, whereas no modifications in 5HTia and 5HTib
receptors were detected in any layer of the spinal cord in lesioned rats.
In addition, the density of CCKb receptors (but not those of substance P
and CGRP receptors) was found to be dramatically increased (260%) within
the superficial layer of the dorsal horn on the lesioned side. These data
support the idea that chronic pain due to sciatic nerve section is associated
with marked changes in the activity of both 5-HTergic and CCKergic systems
in the dorsal horn of the spinal cord.

OPIOID INHIBITION OF TRACT OF LISSAUER STIMULATIONEVOKED LONG-TERM POTENTIATION IN THE RAT SPINAL CORD
SLICE. G.W. Terman*. and C. ChavkinA. Depts. of Anesthesiology*
and PharmacologyA, University of Washington, Seattle, WA. 98195.
In vitro studies in the spinal cord slice, particularly those involving
presum ed pain circuitry, have suffered from the inability to
preferentially stimulate small fibers (i.e., those fibers most likely to
carry nociceptive information) with spinal dorsal root (DR) electrical
stimulation. Lissauer's tract (LT) is known to contain primarily small
afferents and is likely to transm it nociception. We have reported that
electrical stimulation of LT and DR in a spinal cord slice produce AMPA
receptor mediated field potentials in the dorsal horn. Only LT evoked
field potentials are significantly inhibited by the mu opioid receptor
agonist DAMGO; an inhibition which is reversed by naloxone. The
present studies compare the potentiating effects of high frequency DR
and LT stimulation on evoked field potentials and EPSCs.
Transverse slices were made from the lumbar spinal cord of 14-21
day old rats and perfused with 02-bubbled aCSF containing bicuculline
(10 |iM) and strychnine (1|J.M). Field potentials were recorded in
ipsilateral Lamina V with a 3M NaCl filled glass micropipette. EPSCs
were measured in the whole cell voltage clamp configuration using
infrared microscopic guidance. The LT evoked field potentials, but not
the DR evoked potentials were significantly potentiated 30 min after
repeated stimulation of LT (12, 1 sec trains of 10 Hz 0.3 ms high
intensity pulses, given 1 train/10 sec). Neither LT nor DR evoked
potentials were significantly potentiated 30 min after repeated
stim ulation of DR. Perfusion w ith either the NMDA receptor
antagonist APV (50 fiM) or the mu opioid receptor agonist DAMGO
(ljxM) significantly inhibited long-term potentiation of LT evoked
potentials. Supported by DA00266.
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EFFECTS OF SOMATOSTATIN ON THE RESPONSES OF DORSAL HORN
NEURONS TO THE NOXIOUS PERIPHERAL STIMULATION. S. J. Jung,
S. J. Kim. D. W. Seo and J. Kim*. Department of Physiology, Seoul National
University College of Medicine, Seoul 110-799, Korea
Somatostatin (SOM) is one of the major neuropeptides in dorsal root ganglion
cells, but its role in spinal nociceptive process has not been well known. In
present study we aimed to investigate the effect of SOM on the response of
dorsal horn neurons to the vaiying types of peripheral nociceptive stimuli in
cats.
Using carbon-filament microelectrode, the single cell activities of wide
dynamic range neurons were recorded from the lumbosacral enlargement after
noxious mechanical (squeeze), thermal (heat lamp) and cold (dry ice)
stimulation to the receptive field. Sciatic nerve was stimulated electrically to
evoke A 5 - and C-nociceptive responses. SOM (20 ue) was applied
intravenously and the results were compared with those of morphine (2 mg/kg).
Naloxone (0.1 nig/kg), a non-sclcctive opioid antagonist, was administered
intravenously to reverse the effects of morphine and SOM.
SOM decreased the cellular responses to noxious heat stimulation, but
increased those to cold stimulation. A 8 -nociceptive response was increased by
SOM, while C-nociceptive response was decreased. On the other hand morphine
inhibited the dorsal horn cell response to both mechanical and heat stimulation.
Naloxone completely reverse the morphine effect, but not the SOM effect.
From the above results it was concluded that SOM suppresses the transmission
of nociceptive heat stimuli, especially via C-fiber, while it facilitates those of
nociceptive mechanical and cold stimuli via A d -fiber, and the mechanism of
SOM is not dependent upon opioid analgesic system.
This study was supported by M inistry of Health and Welfare Grant #HMP-96M-2-1041.

A NOVEL NEURONAL CELL GROUP ON THE MIDLINE OF THE DORSAL
COLUMN WHITE MATTER OF THE SPINAL CORD. Allan I. Basbaum and
Catherine Abbadie*. Depts. Anatomy and Physiology and W.M. Keck
Foundation Center for Integrative Neuroscience, UCSF, San Francisco.
With the exception of the lateral cervical and lateral spinal nuclei
(located in the dorsolateral white matter of the spinal cord) spinal cord
neurons are found in grey matter. Using immunocytochemistry we have
discovered a novel neuronal cell group that lies on the midline of the dorsal
columns, at all levels of the cord, iti several species (mice, rats, cats, monkeys
and birds). The neurons stain positively for neural (MAP-2), but not glial
(GFAP) markers. We recorded up to 25 cell bodies in a mm2 area of a 30 }im
thick midsagittal section of the L4 segment. What distinguishes the neurons,
however, is their profuse and planar dendritic tree, which arborizes
rostrocaudally and dorsoventrally (up to the cord surface), but only on the
midline. Individual dendrites could be followed up to 800 |im. All neurons are
neurokinin-1 receptor (NK-1R) positive; about 20% are NOS positive. They
do not stain for serotonin, substance P, or for the mu opioid or NMDA R1
receptors. We have not succeeded in retrogradely labelling the neurons,
however, they are extensively contacted by synaptophysin-positive profiles,
over 80% of which stain for a GABAergic marker, the vesicle-transporter.
Noxious stimulation does not induce Fos in these neurons, but intrathecal
injection of bicuculline, which induces a spinal seizure, does, suggesting that
the neurons are under tonic GABAergic control. Finally, intrathecal injection
of SP induces NK-1R internalization in ~30% of the neurons raising the
possibility that the neurons respond to neuroactive compounds in the CSF.
Given the midline location of the neurons we suggest that this group of neurons
be referred to as nucleus raphe spinalis.
Supported by INSERM (France), NS 14627, NS21445 and DE23671.
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PHARMACOLOGICAL REGULATION OF NOXIOUS STIMULUSEVOKED INTERNALIZATION OF THE NEUROKININ-1 RECEPTOR
IN THE DORSAL HORN OF THE RAT SPINAL CORD. C. Abbadie.
I.A. Trafton. S. Marchand. H. Wang*. P.W. Mantvh and A.I. Basbaum.
Dept, of Anatomy, UCSF, San Francisco CA; VAMC, Minneapolis MN.
We previously reported that morphine does not block noxious stimulusevoked neurokinin-1 receptor (NK-1R) internalization, a marker of
neurons acted upon by substance P (SP). Here we studied the effects of
GR 205171, a selective NK-1R antagonist (provided by Glaxo Wellcome
R&D), alone or in combination with morphine. GR 205171 at 10 m g/kg
s.c. reduced a 15 sec. pinch evoked NK-1R internalization by 77.5% in
lamina I neurons of the L4 segment. A 1 mg/kg s.c. dose had no significant
effect (8% decrease). However, 10 m g/kg morphine plus 1 m g/kg GR
205171 reduced internalization by 45.6%. When we double-labelled
neurons for c-Fos and the NK-1R, to monitor postsynaptic activity, we
found that morphine, by itself/reduced pinch-evoked c-Fos expression in
NK-1R negative cells by 59%, but only reduced expression by 37% in the
NK-lR-positive neurons. GR 205171 (10 m g/kg) was without effecton
Fos expression.
We conclude that noxious stimulus-evoked dorsal horn activity not
mediated by SP is the most susceptible to inhibition by morphine and
that SP produces significant postsynaptic effects in the setting of
morphine analgesia. Only when the postsynaptic effects of SP were
reduced by an antagonist was there evidence that morphine reduces SP
release.
Supported by INSERM (France), NS21445, DE23671 and the NSF.

INTERNALIZATION OF THE MU OPIOID RECEPTOR (MOR) IN SPINAL
CORD NEURONS OF THE RAT IN VIVO.
Jodie A. Trafton. Catherine
Abbadie. Hantao Liu*. Allan I. Basbaum. Dept, o f Anatomy, UCSF, San
Francisco, CA.
We have demonstrated that the neurokinin 1 receptor (NK-1R) internalizes in
spinal cord neurons after intrathecal (i.t.) injection o f substance P(SP) or noxious
stimulation of the hindpaw, providing a marker of neurons activated by SP. As
recent studies in vitro and in enteric neurons in vivo provide evidence that the
MOR also internalizes in the presence of opioid agonists, we evaluated MOR
localization in dorsal horn neurons in response to agonists and somatic stimuli.
We found that the selective mu opioid peptide DAM GO (1 |lg, i.t.) evoked
profound MOR internalization in interneurons o f lamina Hi. Although systemic
rem ifentanil was also effective, neither acute nor chronic adm inistration o f
morphine induced internalization. To compare the analgesic efficacy o f DAMGO
with the magnitude of internalization it induces, we measured behavior in the hot
plate test and number of endosomes internalized per neuron in the L4/5 segments
o f the cord. We found that rats showing little analgesia (<10 sec increase in
latency to hindpaw licking on a 52.5 degree hot plate) had few er than 12
endosomes/cell but all rats showing maximal analgesia (>60 sec latency) had over
25 endosomes/cell. To assess the effect of stimuli that evoke local enkephalin
release, we evaluated the effect o f noxious stimulation o f the hindpaw. We found
that two minute pinch, 52°C heat, capsaicin or 5% formalin, which induce NK-1R
internalization in lamina I cells, did not induce M OR internalization. Direct
electrical stimulation of the sciatic nerve and i.t. NMDA were also ineffective. Our
results indicate that MOR internalization occurs in the setting of exogenous opioid
analgesia, but that different stimulus paradigms may be required to observe
endogenous opioid induced MOR internalization.
Supported by DA08377 and the NSF.
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175.17

175.18

GABA-B BU T NOT GABA-A RECEPTORS INHIBIT NOXIOUS STIMULUSEVOKED INTERNALIZATION OF THE NEUROKININ-1 (NK-1) RECEPTO R
IN RA T SPINAL CORD. K C ^ K ils ^ C LoflJP.W. Maatyh and A.I. Basbaum.
Dept, o f Anatomy, UCSF, San Francisco, CA 94143 and *VA Med. Cntr., M ips.,
M N 55417.
Previous studies have shown that noxious b u t not innocuous stimulation o f the rat
hindpaw induces internalization o f the NK-1 receptor in cell bodies of lamina I o f the
lumbar spinal cord. This correlates well with the pattern o f release o f the tachykinin,
substance P, from small diameter primary afferent neurons under similar stimulus
conditions. Suprisingly, morphine was w ithout effect on NK-1 internalization
produced by noxious stimulation. Here we studied the effect of spinatty administered
m uscimol or R(+)baclofen hydrochloride,, selective agonists for GABA-A and
GABA-B receptors after acute noxious stimulation o f the rat hindpaw. All drugs (5
or 10fig/20jil 0.9% saline) or vehicle were injected directly into the intrathecal space
underhalothane(5% ) approximately 25 minutes prior to hindpaw stimulation. The
animals were allowed to recover from the anesthesia to assess the presence of any
hindlimb muscle weakness. Under subsequent pentobarbital (50mg/kg) anesthesia we
applied either a noxious mechanical (15 sec; lateral compression) or thermal (2 min;
50°C waterbath) stimulus and perfused the rats 5 minutes later. Lamina I neurons
positive for the NK-1 receptor were identified by an immunofluorescence protocol and
the per cent occurrence of internalized celLbodies determined. R(+)-baclofen (5 or
10|ig) significantly reduced NK-1 internalization by at least 50% after noxious
mechanical and thermal stimuli; muscimol (5 o r 10^g) was without effect Our
results provide evidence for a selective GABA-B receptor-mediated presynaptic
control of nociceptors containing substance P. Antagonist studies are under way to
determine to what extent such a GABA-Bergic influence is exerted tonically in
normal animals and after the development of peripheral inflamm atioa
Supported by the Wellcome Trust and NS 21445 and 14627.

TH E M ECH AN ISM S UNDERLY IN G T H E IN H IB ITIO N O F SYNAPTIC
TRANSM ISSION O F D EEP DO RSA L H O RN NEURONS BY A ^-O PIO ID . Y.
Yaiiri1* and L.-Y.M. Huang 1,2 Marine Biomedical Institute 1 and Dept. Physiology
and Biophysics2, University of Texas Medical Branch, Galveston, Texas 775551069.
Opioids are known to inhibit synaptic transmission of dorsal horn neurons in deep
laminae (IV/V). We have determined the mechanisms of this inhibition by studying
the effects o f the (i-opioid agonist, DAMGO, on excitatory postsynaptic currents
(EPSCs) in deep dorsal horn neurons in rat spinal cord slices. Synaptic currents
were elicited by placing a stimulating electrode on dorsal roots (root stimulation);
whole-cell currents were recorded with patch electrodes. In > 90% of the cells tested,
DAMGO, at 1-3 |aM, produced a large reduction in the amplitude o f polysynaptic
EPSCs. In contrast, DAMGO had little effect on the monosynaptic EPSCs evoked by
root stimulation. We then studied the action of DAMGO on substantia gelatinosa
(SG) (i.e., lamina II) neurons and found that DAMGO activated inward rectifying
K+ currents in these cells. Under current clamp conditions, DAMGO readily
abolished depolarization-induced action potentials in SG neurons because of the
hyperpolarization and reduction of input resistance resulted from the activation of
K+ channels. We also determined the effects of DAMGO on miniature EPSCs. In the
presence of 3 |a.M TTX, DAMGO decreased the frequency but not the amplitude of
the m iniature EPSCs, suggesting that the ^-opioid also blocks glutamate released
from terminals o f interneurons, presynaptic to laminae IV/V neurons. All of the
DAMGO effects could be reversed by the opioid receptor antagonist, naloxone. We
therefore conclude that (¿-opioid receptors are located on the soma/dendrites and
axon terminals o f interneurons in superficial laminae. DAMGO blocks the synaptic
transmission of deep.dorsal horn cells not by its direct action on primary afferent
fibers, but by reducing the excitability of interneurons and by inhibiting glutamate
release from synaptic terminals of these cells. (Supported by NIH NS30045).

175.19
SUPPRESSION OF CAPSAICIN-EVOKED FOS-LABELING IN SPINAL
DORSAL HORN BY A CANNABINOID RECEPTOR AGONIST (WIN 55,
212-2). J. Li1*. A.K. Roche2. D.A. Simone1 and K.C. Kaiander3. Depts. of
Psychiatry, 2Pharmacology and 3Oral Sci. and Cell Biol, and Neuroanat.,
Univ. of Minnesota, Minneapolis, MN 55455.
Immunocytochemical labeling for Fos-protein increases in the spinal cord
following noxious stimulation, including intradermal (i.d.) injection of
capsaicin (CAP) into the plantar surface of the hindpaw. Cannabinoids produce
antinociception in behavioral studies and decrease noxious-evoked activity of
neurons in spinal dorsal horn and in ventral posterior lateral nucleus of
thalamus. In the present study, we examined if a cannabinoid receptor agonist
suppressed induction of Fos-labeling in spinal cord by i.d. injection of CAP. In
rats, the cannabinoid receptor agonist WIN 55,212-2 (50, 100 ng/kg), or
vehicle, was injected intravenously. Five min later, animals received an i.d.
injection of CAP (10 fjg in 10 p,l ). One hour after CAP, rats were deeply
anesthetized and perfused transcardialy with saline followed by 4%
paraformaldehyde. Spinal segments L4-L5 were removed, post-fixed, and
cryoprotected. Spinal sections were processed using a Fos-protein antibody.
Sections were evaluated and drawn using light microscope, and labeled nuclei
were counted off the drawings. Compared to vehicle, pretreatment with doses
of 50 or 100 ng/kg of WIN 55, 212-2 reduced Fos-labeling 46.27% and
65.30% in superficial dorsal horn and 41.46% and 39.37% in deep dorsal hom.
These results show that WIN 55, 212-2 attenuated expression of Fos-protein
evoked by i.d. CAP and are consistent with behavioral studies that
demonstrated antinociceptive properties of cannabinoids. Supported by
DE07288, NS31223 andNS33908.

175.20
T H E C A N N A BIN O ID R E C E P T O R A G O N IS T W IN 55,212-2 B L O C K S
SEN SITIZA TIO N O F RA T SPINA L D O RSA L H O R N NEURO NS PR O D U C ED
BY C A PSA IC IN . D.A. Simone*. R.S. Daughters and J. Li. Dept, o f Psychiatry,
Univ. o f M innesota, M inneapolis, M N 55455.
Recent studies suggest that antinociceptive properties o f cannabinoids occur, at
least in part, by decreasing noxious-evoked activity o f spinal dorsal hom (DH )
neurons. In rats, intradermal (i.d.) injection o f capsaicin (CAP) into the plantar
hindpaw produces pain (nocifensive behavior) and hyperalgesia to m echanical and
heat stimuli. Excitation and sensitization o f spinal D H neurons contributes to
CA P-evoked pain and hyperalgesia. W e have recently shown that the cannabinoid
receptor agonist W IN 55,212-2 attenuated pain and hyperalgesia produced by
CAP. In these correlative studies, we determined whether W IN 55,212-2 attenuated
both CAP-evoked responses and sensitization o f DH neurons. Extracellular recordings
were made from single lumbar DH neurons classified as wide dynamic range or high
threshold with receptive fields on the plantar surface o f the hindpaw. Responses
evoked by mechanical stimuli (von Frey monofilament applied for duration o f 2 s) and
heat (32-50° C heat ram p applied at a rate o f 1 ° C/s) were obtained 15 min before
and at 5 min after i.d. injection of 10 ¿ug CAP. W IN 55,212-2 (100 ¡u.g/kg) or vehicle
(V EH ) was administered intraveneously. 5 min before CAP. In anim als pretreated
w ith V E H alone, responses to mechanical and heat stimuli increased after CAP
approximately 150% and 50% , respectively. Enhanced responses to mechanical and
h eat stimuli after CAP did not occur in animals pretreated with W IN 55,212-2. In
addition, W IN 55,212-2 decreased responses evoked by the CAP injection by
approximately 70%. These studies suggest that cannabinoids block the development
o f CAP-induced hyperalgesia by attenuating excitation and sensitization o f spinal DH
neurons. Supported by NS31223 and DE07288.

RETINAL AND PHOTORECEPTORS: SYNAPTIC PHYSIOLOGY—NITRIC OXIDE
176.1

176.2

CALCIUM ACTION POTENTIALS IN RETINAL BIPOLAR NEURONS. D*
Zenisek and G. M atthews.* Dept, o f Neurobiology and Behavior, State University
of New York-Stony Brook, Stony Brook, NY 11794-5230.
Fluorescent calcium imaging and the whole cell patch clamp were used to
investigate the active membrane properties of large-terminal bipolar cells isolated
from goldfish retina. Solitary bipolar cells, loaded with membrane permeant
calcium indicators, exhibit oscillations in synaptic-terminal calcium concentration
in the absence o f any external stimulus. These oscillations in calcium concentration
can be blocked by the L-type calcium channel blocker nitrendipine, by external
cadmium, and by the neurotransmitters GABA and glutamate. Perforated patch
recordings show that the changes in calcium concentration are coincident with
spontaneous depolarizations resembling calcium action potentials, which can be
inhibited by the injection of a negative holding current. Under current clamp these
cells exhibit a highly nonlinear voltage response to current injection, which could
be blocked by the L-type calcium channel blockers nitrendipine and cadmium.
Together, these results indicate that bipolar cells of this class exhibit active
membrane responses to depolarization, due to the high density o f rapidly activating,
voltage-gated calcium channels in the synaptic terminal. This runs contrary to the
traditional view that bipolar neurons act as a passive relay o f photoreceptor signals.
Because o f their unique morphology, and the direction o f their glutamate response,
these bipolar cells most likely belong to the class of rod-dominant bipolar cells that
depolarize in response to dim illumination. Therefore, the calcium action potentials
may be an important amplification mechanism for the processing of photic signals
at low light levels. Supported by NIH grant EY03821.

CALCIUM CURRENTS IN RAT ROD BIPOLAR CELLS OCCUR IN THE
PRESYNAPTIC TERMINALS. D.A. Protti* and I. Llano. Ag 142, MaxPlanck-Institut fur biophysikalische Chemie , Gottingen, FRG .
Rod bipolar cells are retinal intemeurones that make synaptic contacts in
the inner plexiform layer (IPL) with both amacrine and ganglion cells.
Bipolar cells do not produce Na-based action potentials and incoming
dendritic voltage signals spread electrotonically to the terminals, inducing
graded transmitter release. Calcium currents were studied from bipolar cells
located in the outer part of the inner nuclear layer in rat retinal slices.
Whole cell recordings were obtained from the somata and from presynaptic
boutons in the outer part of the IPL. Cells were identified either by using
Lucifer yellow in the pipette, or by staining with neurobiotin. TTX-resistant
inward currents were elicited in response to membrane depolarization. Ca2+
currents activated maximally between -20 and -10 mV ([Ca2+ ]0=2 mM), were
enhanced by BayK 8644, and were partially or completely blocked by
isradipine or nifedipine. Peak amplitude and time to peak were -30±13 pA
and 3.4 ms (n=9) respectively with somatic recording, whilst these values
were -32±11 pA and 3.7 ms in recordings obtained directly from terminals
(n=5). Their magnitude was increased when Ba2+ was used as charge carrier.
During sustained depolarization, Ca2+ currents showed partial inactivation
which was abolished by replacement of external Ca2+ by Ba2+. Kinetic and
pharmacological properties of the Ca2+ fluxes were identical for recordings
obtained from both the soma and the presynaptic terminals. The sites of
origin of Ca2+ influx were investigated by imaging bipolar cells and
monitoring fluorescence intensity changes in Calcium Green 5-N loaded cells.
Increase in intracellular calcium concentration was dependent on the duration
of the depolarizing pulse and most of the fluorescence signal change occurred
in the presynaptic terminals, with almost negligible changes observed in the
soma, dendrites and axon. D.A.P holds an A. von Humboldt fellowship.
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176.4

P R O P E R T IE S O F L O W -V O L T A G E -A C T IV A T E D C A L C IU M

VOLTAGE-DEPENDENT
MODULATION
OF
THE
LIGHT-INDUCED
MEMBRANE CURRENT RECORDED FROM CONE HORIZONTAL CELLS IN
THE CATFISH RETINAL SLICE. L.J. Giblin and B.N. Christensen*. Dept.
Physiology & Biophysics, University of Texas Medical Branch, Galveston, TX
77555.
This study investigates the role of ligand-gated and voltage-dependent channels
in photoreceptor to horizontal cell (HC) neurotransmission. We used the whole-cell
configuration of the patch clamp technique to voltage clamp HCs in a catfish retinal
slice preparation and measured membrane currents elicited by voltage steps and
light flashes. Under conditions in which the HCs should be uncoupled (light
adapted), voltage-sensitive membrane currents could be recorded. These currents
were similar, in every respect, to Na+ and Ca2+ currents measured from isolated
cells.
In the presence of a dopamine antagonist, these currents reversibly
disappeared and increased cell coupling was observed.
In the presence of
bicuculline, full-field light flashes (500 msec) produced a triphasic membrane
current in HCs. During light application inward current was reduced. W hen the
light was turned off a delay, followed by a rapid inward current, was recorded. The
rapid inward current subsequently returned to the initial dark-adapted level. The
delay, measured from light cessation to the maximum inward current, was voltage
dependent over the range of -80 to - 1 0 mV. The delay was about 500 msec when
measured at -65 mV and about 700 msec When measured at -1 0 mV. This voltagedependent modulation of the light response is consistent with inhibitory feedback to
the photoreceptors, as proposed by Verweij et al. (Vision Res. 36, 1996) in the
goldfish retina. In this model, the feedback is mediated by an increase in Ca2+dependent chloride conductance in the cones. This would lead to hyperpolarization
of the cones and a reduction in neurotransmission. Supported by grant NEI-01897.

C U R R E N T S IN R E T IN A L G A N G L I O N C E L L S F R O M T I G E R
S A L A M A N D E R , A M B Y S T O M A T IG R IN U M . D . H e n d e rso n * , and
R . F. M ille r . G ra d u a te P r o g ra m in N e u r o s c ie n c e , U n iv e rs ity o f
M in n e s o ta , M in n e a p o lis , M N 5 5 1 0 8 .
W e u s e d w h o le -c e ll a n d p e rf o r a te d p a tc h re c o r d in g
te c h n iq u e s to s tu d y ra p id ly -in a c tiv a tin g , l o w - v o lta g e - a c tiv a te d
c a lc iu m c u rr e n ts in r e tin a l g a n g lio n c e ils fro m tig e r s a la m a n d e r .
R e c o r d in g s w e re m a d e f ro m b o th slic e a n d d is s o c ia te d c e ll
p re p a ra tio n * , A c tiv a tio n c u rv e s g e n e ra te d f ro m ta il c u rr e n t a n a ly s e s
in d ic a te d th a t L V A c u rr e n ts a c tiv a te n e a r -5 0 m V , w ith a V 1/2 fo r
a c tiv a tio n o f a p p ro x im a te ly -4 0 m V . S te a d y - s ta te in a c tiv a tio n w a s
h a lf m a x im a l a t h o ld in g p o te n tia ls o f - 7 0 m V , a n d n e a rly c o m p le te
a t -4 0 m V .

U n lik e c la s s ic a l T - ty p e c a lc iu m c u rr e n ts , th e L V A s in

th e s e c e lls w e re re la tiv e ly in s e n s itiv e to n ic k e l. A ls o , e q u im o la r
su b s titu tio n o f s tr o n tiu m fo r c a lc iu m d id n o t e n h a n c e L V A c u rr e n t
a m p litu d e s , a n d in s o m e c a s e s r e s u lte d in a re d u c tio n o f c u rr e n t
a m p litu d e . S im ila r r e s u lts w e re o b ta in e d w ith e q u im o la r b a riu m
s u b s titu tio n e x p e rim e n ts . K n o w le d g e o f th e b io p h y s ic a l a n d
p h a rm a c o lo g ic a l p r o p e r tie s o f T - ty p e c h a n n e ls p e rm its u s to m o re
fu lly e v a lu a te th e ir ro le in r e tin a l g a n g lio n c e ll fu n c tio n a n d
e x c ita b ility . W o rk w a s s u p p o rte d b y N IH g r a n t E Y 0 3 0 1 4 to R .F .M .
a n d b y N E I g ra n t T 3 2 E Y 0 7 1 3 3 to D .H .

176.5
R E LEA SE O F EN D O G EN O U S GAB A FR O M Z E B R A FISH R E T IN A L SLICE
Q ,S, A yQUb, * J L . Q rvn s is
S imkQ, D ep t, o f B io lo g y , W e stm o n t
C o lle g e , S a n ta B a rb a ra , C A 93 1 0 8
W e h e re r e p o rt u s e o f a flu o r e s c e n c e -b a s e d , e n z y m a tic a s sa y
to d e te c t th e re le a se o f e n d o g e n o u s G A B A fro m th e z e b ra fis h
re tin a l slice.
T h is a ssa y is se le c tiv e fo r G A B A , a n d c a n d e te c t
p h y s io lo g ic a l le v e ls o f re le a s e o f th is in h ib ito r y
n e u ro tra n s m itte r.
T o d e te rm in e th e p a tte rn s o f e n d o g e n o u s G A B A re le a s e
w ith in th e z e b ra fis h re tin a , r e tin a l s lic e s o f 125 p,m th ic k n e s s
w e re p re p a re d u s in g th e p ro c e d u re d e s c r ib e d b y W u (1 9 8 7 ).
T h e s lic e s w e re m a in ta in e d in an o x y g e n a te d s a lin e s o lu tio n
a n d v is u a liz e d u n d e r red lig h t u s in g N o m a rs k i in te r f e r e n c e
o p tic s.
P h o to g ra p h s o f th e slic e s w ere m ad e u s in g a S B IG 61
c o o le d C C D c a m e ra, and w e re sa v ed to th e c o m p u te r d isk .
An
a s sa y s o lu tio n c o n ta in in g G A B A se w as in tro d u c e d to th e
c h a m b e r.
In th e p re s e n c e o f G A B A , N A D P in th e s o lu tio n w as
c a ta ly z e d to N A D P H , a n d th e flu o re sc e n c e o f N A D P H w as
lo c a liz e d w ith in th e s lic e u s in g th e C C D c a m e ra .
W e o b s e rv e d
an in te n s e la y e r o f flu o r e s c e n c e in th e o u te r p le x if o rm la y e r
o f th e r e tin a l s lic e , c o n s is te n t w ith a la rg e re le a s e o f
e n d o g e n o u s G A B A fro m h o riz o n ta l c e lls .
A d d itio n a lly , s e v e ra l
b a n d s o f flu o r e s c e n c e w e re p r e s e n t in th e in n e r p le x if o rm
la y e r, lik e ly d u e to a m a c rin e c e ll r e le a se .
F u r th e r
e n h a n c e m e n t o f th is te c h n iq u e w ill e n a b le lo c a liz a tio n o f
e n d o g e n o u s G A B A r e le a s e site s.
S u p p o rte d by g ran ts fro m th e N IH a n d th e H F S P (G S A ).

176.6
GLYCINERGIC SYNAPSES ON BIPOLAR CELLS IN THE SALAMANDER RETINA.

B.R. Maple* and S.M. Wu. Cullen Eye Institute, Baylor College of Medicine,
Houston,
7^036.
Electrophysiological methods were used to study the distribution of
gtycinergic synapses on retinal bipolar cells and to identify the glycinergic
neurons making these synapses. Bipolar cells were voltage clamped in slices
of salamander retina. The distribution of glycine receptors on bipolar cells was
studied by focal application of glycine to different regions of the cells. Glycine
activated chloride conductances both at the dendrites and the axonal
telodendria of most bipolar cells. A nonstationary analysis of the current
variance associated with the glycine responses indicated that multiple glycineactivated channels were present. In some cells two types of channels with
different currerrt-voltage relationships were present at both the dendrites and
the telodendria in identical proportions. In other bipolar cells a third, larger
conductance glycine-activated channel was present only at the telodendria.
Strychnine-sensitive, chloride-mediated IPSCs were elicited by depolarizing
presynaptic neurons with focal application of glutamate. The IPSCs were best
elicited by application of glutamate at the IPL, suggesting that they were
generated by glycinergic amacrine cells or interplexiform cells. To distinguish
between these two possibilities, this experiment was repeated in a calcium-free
bath with simultaneous focal application of calcium to different regions of the
slice in order to locally enable synaptic transmssion. IPSCs were observed
only when calcium was applied very close to the sites of the glycinergic
synapses. Both dendritic IPSCs (generated by interplexiform cells) and
telodendritic IPSCs (most likely generated by amacrine cells) were identified.
The telodendritic IPSCs most often were best elicited by glutamate stimuli near
the level of the IPL at which the telodendrfe ramified, indicating that glycinergic
amacrine ceH inputs are usually antagonistic to the photoreceptor inputs the
bipolar cells receive. The dendritic IPSCs, on the other hand, were best elicited
by glutamate stimuli at the distal IPL (the OFF sublamina), suggesting that the
glycinergic interplexiform cells receive excitatory inputs from OFF-center bipolar
cells. Supported by NIH EY04446, RRF (Houston), and RPB Inc.

176.7

176.8

D EPO LA RIZA TIO N BY G LUTA M ATE UPTAK E IS EN HA NCED BY
IN TRACELLULAR B L O CK O F K + CHANNELS IN TU RTLE M U LL ER
CELLS E. Solessio. D. M. Linn. K. Rapp. I. Perlman, and E. M. Lasater*. Moran
Eye Center, University of Utah; LSU Eye Center, Louisiana State University;
Technion and the Rappaport Institute, Haifa, Israel.
Introduction: Muller cells are the predominant glial cell type in the retina. They
play an important role maintaining K+ and glutamate homeostasis in the retina
during synaptic transmission.
We studied the block the K+ channels by
intracellular barium and its effects on cell function. M ethods: Isolated turtle
Muller cells were voltage-clamped. The blocking effects of intracellular barium
were determined from the I-Vs as the ratio o f the currents recorded from cells with
intracellular barium to those recorded under control conditions, at 0 mV (IBa/ Icu)Results: With 10 mM intracellular barium and a holding potential of HP=-100
mV, IBa/ I d is ~ 10%. Under these conditions, changes in extracellular K*
induced crossover effects, and the resting potential closely followed EK+.
Application of 30 |iM glutamate induced, by way of a glutamate transporter, an
inward current • that affected the resting potential only marginally.
The
effectiveness of the block improved when the HP was depolarized. IBa/ Icti was 1 %
with the HP=-80 mV and dropped further to 0.5% with HP=-40 mV. Under these
blocking conditions, the leak conductance predominated and changes in
extracellular K+ did not induce significant changes in the I-V. However, given the
increased block (and input resistance), the current induced by 30 |iM glutamate
(which is independent of K+ channel block) depolarized the cell by 50 to 70 mV.
Conclusions: K+ channels in Muller cells are blocked by intracellular barium. The
effectiveness of block is voltage-dependent. The impact o f glutamate-induced
currents increases with increased levels of K+ channel block, and depolarization by
glutamate uptake is enhanced.
Supported by NIH Grant EY05972 and Research to Prevent Blindness

PHARMACOLOGY AND KINETICS OF GLUTAMATE-GATED
CURRENTS IN WHOLE CELLS AND OUTSIDE-OUT PATCHES
FROM POSTNATAL CAT RETINAL GANGLION CELLS. L.C.
Liets, V. Kumari* & L.M. Chalupa. Sect. of Neurobiology,
Physiology & Behavior, University of California, Davis 95616.
We have investigated the pharmacological and kinetic properties of
glutamate-gated responses in ganglion cells dissociated from the
postnatal cat retina. In virtually every cell tested, glutamate and its
analogs AMPA, KA, and NMDA activated inward currents.
Sustained inward currents were induced by KA in both whole cells
and outside-out patches, while AMPA and glutamate induced inward
currents which were highly transient in nature. NMDA currents in
whole-cell recordings were inward and non-desensitizing. Outside
out patches yielded NMDA peak currents with activation and
desensitization kinetics slower than those of glutamate and AMPA
receptors. To determine the role of AMPA-receptor mediated
desensitization in the decay phase of postsynaptic currents,
desensitization and deactivation kinetics of glutamate induced currents
were compared to the decay phase of the average sEPSC. The decay
of the sEPSC was very rapid and resembled the deactivation rate of
glutamate-induced currents. On the other hand, the rate of
desensitization was several times slower, suggesting that termination
of these postsynaptic currents is determined by glutamate receptor
deactivation rather than desensitization. An unexpected outcome of
this study is that isolated ganglion cells, largely devoid of normal
dendritic processes, are capable of yielding typical glutamate-gated
responses. (Supported by NIH and NSF.)
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GABA RELEASE INDUCED BY EXCITATORY AMINO ACID AGONISTS IN
THE RETINA OF THE MONKEY Cebus apeUa. B.L.S Andrade da Costa. J.N.
Hokoc*. and F.G. DeMello. UFPE; Pernambuco; UFRJ, Rio de Janeiro, Brazil.
Under physiological conditions, glutamate stimulates GABA release from
retinal neurons. To characterize the giutamatergic receptor involved in this
process, retinas of Cebus monkey were treated in vitro with 50 nM KA, 5 mM
L-glutamate or 100jiM NMDA (in a Mg2* free solution added with 2 mM
glycine), for 30 min at 37°C. We approached the effects of the excitatoty
amino acids detecting the remaining GABA by immunocytochemistry after
stimulation. The retinas were fixed, washed, sectioned and immunoreacted for
GABA (GABA-IR). L-glutamate and KA, but not NMDA, reduced the number
of GABA-IR perikarya by 60% and 80%, respectively, when compared to
controls. Cell processes in the inner plexiform layer were restricted only to 3
bands as opposed to 5 in the control tissue. The effect of KA was inhibited by
100 iiM CNQX or NNC, or when Na* was replaced by choline. The release of
GABA was Ca2+ -independent, suggesting the mobilization of a cytoplasmic
pool of the neurotransmitter. Double label experiments showed 3 subsets of
amacrine cells (AC) that remained GABA-IR after stimulation. Two co
localized either with GAD-65 or TH. The third AC population was negative for
GAD. After stimulation, no GABA-IR AC were found to co-localize with GAD67 or NOS, indicating that these cells released GABA by reversal of its
transporter. Our results suggest that non-NMDA and NMDA receptors might
be associated with different mechanisms of GABA release in AC: GAD-67 AC
release cytoplasmic GABA via its transporter and AC exclusively with GAD-65
release the neurotransmitter possibly from the vesicular pool.
Supported by: FINEP, CNPq, CAPES, CEPEG/UFRJ and FAPERJ.
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176.10
INCREASES IN cGMP-LIKE IMMUNOREACTMTY DURING LIGHT
STIMULUS FOLLOWING DARK ADAPTATION IN TURTLE RETINA.
W.D. Eldred* and R.T. Marino Jr.. Department of Biology, Boston
University, Boston, MA 02215.
In the retina, light stimuli have been shown to decrease the coupling
between horizontal cells through mechanisms involving dopamine and
cAMP. In the turtle retina, intracellular injection of cGMP or the precursor
of nitric oxide can also decrease the coupling between horizontal cells.
The present study was designed to test the effects of light stimulation on
cGMP levels in dark adapted retinas. Turtle eyecups were dark adapted
for 45-60 minutes in Ringer containing IBMX. The eyecups were then
illuminated with white light for 1-20 minutes before being processed for
ELISA assay of cGMP or being processed for immunocytochemistry.
Cryostat sections were stained using an antibody against cGMP. In dark
adapted retinas, there was faint immunoreactivity in some amacrine cells
and some somata in the ganglion cell layer. After 1-5 minutes of light
stimulation there were select bipolar, amacrine and horizontal cells and two
bands in the inner plexiform layer with increased levels of cGMP-like
immunoreactivity (cGMP-LI). After 10-15 minutes of light stimulation, the
levels of cGMP-LI were dramatically reduced in all retinal cell types.
Rretreatment of the eyecups with nitric oxide synthase (NOS) inhibitors
blocked these light stimulated increases in cGMP-LI. These results
indicate that light stimulation of dark adapted retinas releases nitric oxide
that in turn increases levels of cGMP in several retinal cells types. Our
previous localization of NOS in photoreceptors, amacrine cells and
ganglion cells in turtle retina raises several possibilities, including the
prospect that photoreceptors may release nitric oxide as a transmitter.
This research supported by EY04785 to W.D.E.

176.12

DIFFERENTIAL
ACTION
OF
THE
NITRIC
OXIDE
DONOR
SNITROSOCYSTEINE ON CALCIUM CHANNELS IN CONE VERSUS ROD
PHOTORECEPTORS. D.E. Kurennvi1. W.H. Baldridge2.*! Hart1. F. Mahmud 1 and S.
Barnes \ 'Neuroscience Research Group, University o f Calgary, Calgary, Alberta,
Canada T 2 N 4 N 1 ,2School of Optometry, University of Waterloo, Waterloo, Ontario,
Canada N2L3G1.
The salamander outer retina contains several putative sites for nitric oxide (NO)
production: both rod and cone photoreceptor ellipsoids, bipolar cell Landolt clubs, and
retinal glia (Müller cells). Previous work showed that the NO donor S-nitrosocysteine
(SNC) shifted rod Ca channel activation to more negative potentials, producing an
increase in calcium current in the physiological range of potentials. Whereas NO
donors increase Ca channel activity in salamander rod photoreceptors, we now show
that in cones from this same species, an NO donor suppresses Ca channel activity.
In whole-cell patch clamp recordings, SNC suppressed Ca channel current in
salamander cones at lower concentrations than those at which enhancement of rod Ca
channel activity was previously seea The inhibitory effect was due to both suppression
of the maximum whole-cell Ca channel conductance (76+-12 %, n=4) and a shift of the
Ca channel activation curve to positive potentials (5+-2 mV, n= 4 ). Assessed with nonratiometric fluo-3 calcium imaging during stimulation with low concentrations of
extracellular potassium (8 mM vs. 1 mM control [K4] in the bath), the NO donor altered
the mild depolarization-induced increase in the calcium signal in the cells, which was
dihydropyridine-sensitive. The fluorescence response was suppressed by 5.6 + 0.8 % (1
mM SNC, n=24) in oones, whereas it was increased by 2.6 + 0.3 % (2 mM SNC, n= 2 1 )
in rods. These data indicate that transduction o f NO signals in rods and cones is
different, and suggest that NO may function as a “switch” mechanism during light-dark
adaptatioa
Supported by the Medical Research Council o f Canada and the Alberta Heritage
Foundation fo r Medical Research.

REGULATION OF INWARD RECTIFIER POTASSIUM CHANNELS BY NITRIC
OXIDE IN SALAMANDER RETINAL MÜLLER CELLS. M.F. Wilkinson1. SC.
Stotz1. M.E.M. Kelly2 and S. Barnes*1. 'Neuroscience Research Group, University of
Calgary, Calgary, Alberta, Canada T2N 4N1, 2Dept. of Pharmacology, Dalhousie
University, Halifax, Nova Scotia, Canada B3H 4H7.
M üller cells are the principle glial constituents o f the retina and have an
important function in regulating the external K+ environment. Evidence for the
presence o f nitric oxide (NO) synthase w ithin M üller cells and in neighboring
neurons suggests that NO could modulate cell excitability in the retina via the K+
environm ent To this end, we sought to determine whether NO has a regulatory
action on the inwardly rectifying K+ current (Km) o f M üller cells. Km channel
provides the m ajor K+ conductance o f M üller cells; a key feature underlying retinal
[K^o homeostasis. Isolated M üller cells were obtained from papain-treated retinas
o f larval tiger salamanders. Voltage clam p recordings were performed in the
ruptured-patch whole cell mode using a 100 mM KC1 internal solution and a 2.5
mM KC1, 5 mM TEA external solution. Currents were identified as Km by their
inwardly rectifying I-V relation, sensitivity to barium block (100 jiM) and
increased current amplitude and V™ shift from around -70 m V in 2.5 mM external
K+ to about -30 m V in 30 mM external K+. Suppression o f endogenous NO
production in the isolated cells with L-NAME (50 jiM) decreased Km conductance
by 33 ± 4 % (mean ± SEM, n = 16) but this effect was reduced to a decrease of
only 9 ± 5% (n = 7) in the presence o f L-Arg (10 mM) (p<0.005). In contrast, the
NO donor SNAP increased the Km conductance by 6 ± 12% (n = 4) and 40 ± 26%
(n = 9) at 50 and 500 nM, respectively. These results suggest a m arked effect of
NO on the activity o f M üller cell Km channels and imply a role for NO in the
regulation o f the K+ environment in the vertebrate retina. Supported by the Medical
Research Council o f Canada, the Alberta Heritage Foundation fo r Medical Research
and the Natural Science and Engineering Research Council.
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NITRIC OXIDE APPLICATION CHANGES DISCHARGE
PATTERNS OF FERRET RETINAL GANGLION CELLS FROM
SUSTAINED TO TRANSIENT. G-Y Wang* and L. M. Chalupa.
Neurobiology, Physiology & Behavior, UC Davis, CA 95616.
Patch-clamp recordings were made from intact ferret retinas to
assess the influence of nitric oxide on the firing patterns of ganglion
cells to maintained depolarizing currents. Neurons were filled with
Lucifer yellow to allow differentiation of different cell classes. We
have shown previously (Wang et al., 1996) that mature ganglion cells
respond to injected currents in a sustained manner and that spike
frequency typically increases as a function of current amplitude. Here
we show that the addition of nitric oxide donors (sodium nitroprusside
or s-nitrosocysteine) to the bath solution causes a pronounced change
in such firing patterns. In the presence of nitric oxide generating
agents, about 50% of the ganglion cells changed from a sustained to a
transient response pattern, and this was observed over a wide range of
stimulus intensities. The manifestation of rapidly adapting responses
was evident in all morphologically-defined cell classes. Since nitric
oxide has been localized to the mammalian retina, our finding indicate
that this gas could significantly alter the responses of ganglion cells to
depolarizing stimuli. It remains to be established how the nitric oxide
sensitive cells relate to ON/OFF subclasses of retinal ganglion cells.
(Supported by NIH & NSF)

CYCLIC
NUCLEOTIDE-GATED
CHANNELS
IN
TERMINALS OF RETINAL CONES MEDIATE
MODULATION OF NEUROTRANSMITTER RELEASE
OXIDE. A. Savtchenko and R.H. Kramer*. Dept, of Mol. & Cell.

S ociety for N e u r o s c ie n c e , V olume 2 3 ,19 9 7

SYNAPTIC
FEEDBACK
BY NITRIC
Pharm., Univ.

of Miami Sch. of Med., Miami, FL 33101

During phototransduction, cyclic nucleotide-gated (CNG) channels in outer
segments of vertebrate photoreceptors generate electrical signals in response to
changes in cGMP concentration. CNG channels also allow influx of Ca2+,
essential for photoreceptor adaptation. In cones, cGMP triggers an increase in
membrane capacitance indicative of exocytosis, suggesting that CNG channels
also play a role in synaptic function. Here we investigate whether CNG
channels reside in presynaptic terminals of cones and whether these channels
regulate transmitter release, specifically in response to nitric oxide (NO), a
retrograde transmitter that increases cGMP synthesis and enhances transmitter
release in other regions of the CNS. By exploiting the unique advantages of
giant presynaptic terminals of lizard cones, we show directly that CNG
channels are present and occur in clusters. We show that S-nitrosocysteine
(SNC), an NO-donor, indirectly activates these CNG channels. Furthermore,
both SNC and pCPT-cGMP, a membrane-permeant cGMP analog, trigger
transmitter release from the cone terminals, as determined from recordings
from horizontal cells, used as biosensors of glutamate release. The NO-induced
transmitter release is suppressed by the guanylate cyclase inhibitor LY-83583
and prevented by activation of CNG channels with pCPT-cGMP, indicating
that activation of CNG channels is required for N O to elicit transmitter
release. These results expand our view of CNG channel function to include
regulation of synaptic transmission and mediation of the presynaptic effects of
NO. Supported by NIH NS-30695 and AHA-FL 9502002.
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REC IPR O C A L SY NAPTIC TR A N SM ISSIO N BE TW EE N ROD
BIPO LA R CELLS AND A M A CR IN E CELLS IN TH E RAT RETINA.
E. Ilartvcit*. Department o f Neurophysiology, University of Oslo, Norway.
In the mammalian retina, the synaptic contacts o f rod bipolar cell axon terminals
typically occur as a dyad where the bipolar terminal is simultaneously presynaptic to
two postsynaptic processes from amacrine cells, AI (from an A 17 amacrine cell) and
All (from an A ll amacrine cell). One process (AI) provides a reciprocal synapse onto
the bipolar cell axon terminal. There is evidence that the feedforward and feedback
connections at this synapse use glutamate and GABA as transmitters, respectively, but
the functioned characteristics of these connections are unknown. Whole-cell recordings
(int: CsCl, TEA; ext: strychnine, 2.5 mM Ca^+; E q +1.5 mV) were obtained from
visually identified rod bipolar cells in slices o f rat retina. W hen held at -70 mV, de
polarizing voltage steps evoked a sustained inward current with a threshold between -50
and -45 mV. It was blocked by Co^+, identifying it as a voltage-gated Ca^+-current.
Upon repolarization to -70 mV, a marked increase in the frequency of discrete, inward
postsynaptic currents (PSCs) was observed, as well as a long-lasting inward tail current
(most likely a Ca2+-activated chloride current). The threshold was identical to that for
the Ca2+-current. The PSCs had a reversal potential close to 0 m V (~Eq ). When Eq
was shifted to -46 mV, depolarization to 0 mV evoked outward PSCs, suggesting that
Efgv followed Eq . The depolarization-evoked PSCs could be reversibly blocked by the
GABA a receptor antagonist bicuculline and/or the GAB A c receptor antagonist
3-APMPA and irreversibly by the GABA a /GABA c antagonist picrotoxin, identifying
them as GABAergic IPSCs. The evoked IPSCs were also reversibly blocked by the
non-NMDA receptor antagonist CNQX. TTX did not block the GABAergic feedback
response. For axotomized rod bipolar cells, no voltage-gated Ca2+-current or
depolarization-evoked GABAergic feedback response was observed. These results
suggest that depolarization-evoked Ca2+-influx located at a rod bipolar axon terminal
evokes a feedforward non-NMDA receptor-mediated response in the A 17 amacrine cell.
In turn, vesicular release of GABA from the A 17 amacrine cell evokes a feedback
response in the same rod bipolar cell, activating synaptically located GABA a and
GAB A c receptors. (Norwegian Research Council 101085/310).

LIG AN D-G A TED CURRENTS OF A ll AM A CR IN E CELLS IN THE
RAT RETINA AND TH EIR M O D ULATIO N BY DO PAM INE. M. L.
Veruki* and E. Ilartveit. Dept of Neurophysiology, University o f Oslo, Norway.
The All amacrine cell is an essential element in the rod pathway o f the mammalian
retina, relaying signals from rod bipolar cells to ganglion cells via electrical and
chemical output synapses to ON- and OFF-cone bipolar cells, respectively. In addition
to glutamatergic input from rod bipolar cells, A ll amacrine cells receive inhibitory
(GABAergic, glycinergic) input from other amacrine cells. Dopaminergic processes
synapse onto the somata of A ll amacrine cells and dopamine is known to close gap
junctions between adjacent All amacrine cells via activation o f D1-like receptors
(Hampson et al. 1992). The question arises whether activation o f dopamine receptors
also can modulate the efficacy o f excitatory and inhibitory synaptic input to AH
amacrine cells. We have investigated the effects o f dopamine and the dopamine Dl-like
receptor antagonist SCH 23390 on visually identified A ll amacrine cells with whole
cell voltage clamp recordings in vertical slices of the rat retina. Whole-cell currents
were elicited by pressure application o f NMDA, kainate, AMPA, GABA and glycine.
Responses to NMDA were characterized by voltage-dependent block, outward
rectification and a reversal potential close to 0 mV. NMDA responses were blocked by
the specific antagonist CPP and ran down rapidly (within 5-10 min). Responses to
kainate showed no rectification (in the presence o f 0.1 mM spermine intracellularly),
reversed close to 0 mV and were blocked by the specific non-NMDA receptor
antagonist CNQX. The dopamine D l-like receptor antagonist SCH 23390 decreased
currents evoked by GABA and glycine, suggesting antagonism o f endogenously
released dopamine. Modulation of kainate and AMPA responses by SCH 23390 or
dopamine has not been observed. These results suggest that dopamine may act to shift
die balance between excitatory and inhibitory input to A n amacrine cells.
Supported by Reberg's Research Fund, The Norwegian Parkinson Society and the
Norwegian Research Council (101085/3100).

176.17

ACTIVITY-DEPENDENT REGULATION OF NEUROCHEMICALS
RELATED TO ENERGY METABOLISM (CYTOCHROME OXIDASE
AND NA+K+ATPASE) AND TO GLUTAMATERGIC SYNAPSES
(NMDA RECEPTORS AND NITRIC OXIDE SYNTHASE) IN THE
ADULT MONKEY RETINA. M. Wong-Rilev*. Z. Huang. W. Liebl.
H. Xu and C. Zhang. Dept, of Cellular Biology & Anatomy, Medical
College of Wisconsin, Milwaukee, WI 53226
The present study aimed at examining the relationship between
neurochemicals involved in glutamatergic synapses (NMDA receptor
subunit 1 [NMDAR1] and nitric oxide synthase [NOS]) and enzymes of
energy generation and usage (cytochrome oxidase [C.O.] and
Na+K+ATPase, respectively) in normal and impulse-blocked macaque
retinae. Adult monkeys were monocularly injected with tetrodotoxin and
survived for 1-2 weeks. After perfusion, retinae were frozen sectioned
and reacted immunohistochemically for Na+K+ATPase, NOS and
NMDAR1, and histochemically for C.O. In addition, CO. subunit
mRNAs were localized by in situ hybridization. Results showed that, in
non-treated retinae, C.O. and Na+K+ATPase exhibited similar though not
identical patterns of protein distribution, labeling photoreceptor inner
segments, the plexiform layers, and selected cells. C.O. mRNAs,
however, were localized to cell bodies only, with the ganglion cell layer
being the darkest. NOS and NMDAR1 highlighted the plexiform layers,
some amacrine cells and some ganglion cells. Monocular TTX induced a
down-regulation of all four neurochemicals, primarily in the ganglion cell
layer. Thus, NOS and NMDAR1 are likely to be involved in excitatory
neurotransmission that require energy of oxidative metabolism, and the
regulation of all four neurochemicals is activity-dependent in the adult
macaque retina. (Supported by NIH grant EY05439)
SUB CORTICAL VISUAL PATHWAYS II
177.1

177.2

RESPONSE SPECIFICITY OF LATERAL GENICULATE NUCLEUS
NEURONS. S. Tzonev*, S. Rebrik and K.D. Miller. Keck Center for Integrative
Neuroscience, Univ. o f California, San Francisco, CA, 94143-0444.
We are using tetrode recording to study the response properties o f neurons in the
Lateral Geniculate Nucleus (LGN) o f anesthetized cats. The tetrode (four-wire
electrode) allows reliable isolation o f several cells’ spike trains at a single recording
location. We are studying responses to pseudorandom binary (M-sequence) stimuli
and sinusoidal gratings o f varying contrasts at 50 cd/m2 mean luminance. For Msequences, the stimulus signal covers uniformly the space o f all binary sequences o f
fixed length (up to 115 ms for monitor frame duration o f 8.3 ms). Preliminary
results are as follows. First, responses to full-field M-sequences are strongly
deterministic down to 2 ms time resolution. We have analyzed die distribution o f
spikes in time following each binary sequence o f fiill-field luminance stimuli at a
given contrast. If responses are regarded as a mixture o f a deterministic process and
a random Poisson process, we find that the random component contributes only
about 5-10% o f the spikes across contrasts o f 20-80%. Stated alternatively, if
responses are regarded as a random (renewal) process that generates interspike
intervals (ISIs) randomly and independently from a given ISI distribution, and CV is
the standard deviation/mean o f die ISI distribution, then the renewal process has a
CV o f 0.2-0.3, compared to 0 for a fully deterministic process and 1 for a Poisson
process. Second, luminance changes can strongly influence LGN responses at long
times after the spike generation process has been launched. As expected, a light/dark
transition o f appropriate sign initiates the process that leads to a spike response
about 30-35 ms later. However, subsequent luminance patterns strongly influence
the strength or even presence o f the response up to about 20 ms after the process has
started, i.e., about 15 ms before the response itsdf.
Supported by R01-NS33787 from NINDS and by grants from the Sloan Foundation,
the Searle Scholars' Program, the Lucille P. Markey Charitable Trust

RELATIONSHIP OF RESPONSE LATENCY AND
MAGNITUDE IN THE LGN OF MACAQUE MONKEY. M.W,
Oram*. T.J. Gawne and B.J. Richmond. NIMH, Bethesda, MD,
School of Optometry, UAB, Birmingham, AL.
Recently Gawne et al. (J. Neurophysiol. 1996) showed that
stimulus contrast and configuration (orientation) have largely
independent effects on VI complex cell response latency and
response strength. Response latency was increased by up to 40 ms
when contrast was reduced to near threshold while having little
effect on response strength. Conversely, changes in orientation
greatly effected response strength but had little effect on response
latency. Recordings from single neurons in the LGN of Rhesus
macaques were made while the animal performed a fixation task.
Dots and bars of different contrasts (14-89%), sizes (0.4°-3°) and
orientations (0°-135°) were presented during the fixation period.
Results (8 cells, receptive fields 8°-25° from fovea) indicate that
response latency increases by up to 40 ms with decreasing stimulus
contrast. Both excitatory and inhibitory responses showed contrastdependent latency changes. The change from baseline firing rate
(rather than the absolute firing rate) and the response latency covary
for these stimuli. At fixed contrast levels different stimulus
configurations produced different combinations of response
latencies and magnitudes. With the stimulus set used thus far
response latency and magnitude covary more strongly in LGN
neurons than in complex cells of striate cortex. Support: IRP/NIMH,
MacDonald Pew Foundation 633543.
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D E V E L O P M E N T O F R E S P O N S E T I M IN G I N C A T L A T E R A L
G E N IC U L A T E N U C L E U S . A.B. S au l* . D e p t, o f N e u ro b io lo g y , U n iv . o f
P itts b u rg h Sch. o f M ed., P ittsb u rg h PA 15 2 6 1 .
T h a lam ic cells v a ry am o n g th em selv es in w h e n th e y re sp o n d to stim uli,
a n d th is v a ria tio n provides a m ean s for c o rtical n e u ro n s to re sp o n d
selectively. In p a rticu la r, resp o n se tim in g d ifferen ces a m o n g late ra l
g enic u la te n u cleus (L G N ) cells a p p e a r to be u sed to g e n e ra te d ire c tio n
selectiv ity in visual cortex.
H o w does th is v a ria tio n develop? W h e n do es th e p o p u la tio n d iv id e in to
recognizable g ro u p s o f lagged a n d n o n lag g ed cells? L G N cells fro m 4 -1 2
w eek o ld k itte n s w ere te s te d w ith tem p o ra lly -m o d u la te d stim u li to
d e te rm in e h o w resp o n se late n c y a n d p h a se c h an g e d u rin g d e v e lo p m e n t.
In y o u n g k itte n s, m an y cells are n o t clearly id en tifia b le as lagged o r
n o nlagged b ecause th e y te n d to have long laten cies, like lagged cells, b u t
p hase leads a t low frequen cies like no n lag g ed cells. By a b o u t 8 w eeks,
lagged a n d n o nlagged cells begin to be m o re clearly d e lin e a te d . L atencies
decrease d ram a tic a lly b etw een 4-7 w eeks, a n d in h ib itio n in lagged cells
stre n g th e n s .
K itte n s y o u n g e r th a n 6 w eeks have a v e ry b ro ad d is trib u tio n o f tim in g in
th e LG N . M a tu ra tio n narro w s th is ran g e, b u t sp lits th e p o p u la tio n in to
lagged a n d nonlagged gro u p s. T h e im p lic a tio n fo r d ire c tio n se le c tiv ity is
t h a t cortical cells in y o u n g k itte n s h ave access to a w id e v a ria tio n in tim in g ,
a n d th e re b y te n d to e x h ib it d ire c tio n selectiv ity . As tim in g b eco m es m o re
u n ifo rm , cortical cells m u s t m a in ta in th e ir d ire c tio n sele c tiv ity th ro u g h
specific c o n n e ctio n s to d iffe re n t k in d s (e.g., lagged a n d n o n lag g ed ) o f cells.
Supported by E Y -1 0 8 2 6 and E Y -0 8 0 9 8 .

RESPONSES OF THALAMO-CORTICAL NEURONS IN THE
PULVINAR TO PUTATIVE NEUROTRANSMITTERS .
J. E. Monckton*1 and D.A. McCormick2. 'Dept, of Psychology, Yale
University and 2Section of Neurobiology, Yale University School of
Medicine, New Haven, CT 06510.
Previous investigations of neurotrahsmitters in the thalamus have
focused on the responses of thalamocortical and interneurons in the
LGNd and of the GABAergic neurons of the thalamic reticular and
perigeniculate nuclei. Here we examined the generality of these results
by examining the responses of thalamocortical neurons in the pulvinar
to these same modulatory neurotransmitters.
The application of NE and trans- (lS,3R)-amino-cyclopentanedicarboxylic acid to thalamocortical neurons maintained in slices of the
pulvinar in vitro resulted in a slow depolarization of the membrane
potential, while the application of the muscarinic agonist acetyl-pmethyl-choline resulted in a hyperpolarization followed by a slow
depolarization. In contrast, the application of serotonin resulted in
either a strong hyperpolarization that was associated with an outward
conductance that reversed around EK or barrages of inhibitory
postsynaptic potentials.
In comparison to previous results, the
responses of pulvinar neurons to NE and ACPD were similar to those
of thalamocortical cells in the ferret LGNd, although the responses to
5-HT were markedly different.
These results imply that the
pharmacological properties of thalamocortical cells vary between
different nuclei. Sponsored by NIH.

177.5

177.6

CALBINDIN-D28K AND CALRETININ IN THE MOUSE SUPERIOR
COLLICULUS: DISTRIBUTION AND EFFECT OF EYE ENUCLEATION.
H.-W. Yang and C.-J. Jeon*. Department of Biology, Kyungpook National
University, Taegu, 702-701, S. Korea.
Calcium plays a key role in signal transduction and many of its actions
involve interactions with calcium binding proteins. We have localized two
calcium binding proteins calbindin-D28k and calretinin and studied the
distribution and effect of eye enucleation in the superior colliculus (SC) of
the mouse. Calcium binding proteins have been localized with antibody
immunocytochemistry. .
Anti-calbindin-D28k labeled neurons were concentrated in two layers:
one within the upper superficial gray layer, and a second within the optic
and intermediate gray layers. Scattered calbindin labeled neurons also
were found in the deep layers. However, the majority of calbindin labeled
cells in the deep layers were located in the medial portion of the deep
gray layer.
A dense plexus of anti-calretinin labeled fibers was found within the
superficial layers. By contrast, calretinin labeled cells were widely
distributed through the intermediate and deep layers, but without a
specific laminar pattern. Two-color immunofluorescence revealed that
some of the deep layer cells express both calbindin and calretinin
immunoreactivities.
Unilateral eye enucleation produced an almost complete reduction of
calretinin immnuoreactive fibers in the superficial layers of the
contralateral SC. Instead, many calretinin labeled cells were appeared in
the contralateral SC. Calretinin labeled fibers in both sides of the SC
were almost completely reduced following bilateral eye enucleation. In
bilateral eye enucleation, calretinin labeled cells were appeared in both
sides of the SC. Eye enucleation appeared to have had no effect on the
calretinin labeled cells in the intermediate and deep layers. There also
was no change of anti-calbindin immunoreactivity after eye enucleation.

CALRETININ IMMUNOREACTIVITY IN THE SUPERIOR
COLLICULUS OF THE HAMSTER AND ITS REDUCTION BY EYE
ENUCLEATION. C.-J. Jeon1. A.-K. Juna1. & T.-A. Kim2* 1Dept. of
Biology, Kyungpook Natl. Univ., Taegu, 702-701, S. Korea & 2Dept. of
Hematology & Oncology, Bl-Deaconess Hosp., Harvard Med. Sch.,
Boston, MA 02115, USA.
In the present study, we examined the distribution and effect of eye
enuculation on the immunoreactivity of calretinin in the superior
colliculus (SC) of the hamster Calretinin was localized using antibody
immunocytochemistry.
Anti-calretinin immunoreactive fibers were found within the superficial
layers. These fibers were small diameter fibers with some varicosties.
They were distributed through the medial-lateral and rostral-caudal
extent of the SC. A few palely labeled calretinin immunoreactive cells
were localized in this dense band of fibers. By contrast, calretinin
immunoreactive cells were widely distributed through the intermediate
and deep layers, but without a specific laminar pattern. These cells had
varied sizes and morphologies. Double-immunostaining for calretinin
and another calcium binding protein calbindin-D28k revealed that
some of the deep layer cells express both proteins.
Almost complete depletion of calretinin immnuoreactive fibers in the
superficial layers of the contralateral SC were found following unilateral
eye enucleation. In this contralateral SC, many calretinin
immunoreactive cells were appeared. Eye enucleation appeared to
have had no effect on the calretinin immunoreactive cells in the
intermediate and deep layers. Anti-calbindin-D28k immunoreactive
cells also were not reduced by eye enucleation.
The present results show that the calretinin has a unique neuronal
sublaminar organization in the hamster SC and the retinal projection
may control the activity of calretinin but not calbindin-D28k.
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177.8

STIMULUS-DEPENDENT OSCILLATIONS IN VISUAL
RESPONSES OF NEURONS IN THE SUPERFICIAL AND
DEEPER LAYERS OF THE SUPERIOR COLLICULUS OF CATS.
A. Chabli*. D. Guitton and S. Molotchnikoff. Département de sciences
biologiques, Université de Montréal, C.P. 6128, succursale Centreville, Montréal, Québec H3C 3J7, Canada.
It is known that the discharges of neurons in the superficial (SLSC)
and intermediate (ILSC) layers of the superior colliculus (SC) may
exhibit oscillatory patterns (Mandl, 1993; Brecht et al. 1996). We
analysed this behaviour in more detail. To this end, with two
electrodes simultaneously in the SLSC and ILSC respectively, we
computed auto-correlation histograms of both responses. (We will
report on the cross-correlation histograms in a subsequent abstract.)
The fast Fourier transform analysis of the histograms permitted us to
quantify frequencies and strengths of oscillations. We frequently
observed epochs of significant oscillatory events in nulti-unit and
single-unit activity in both SLSC and ILSC. Oscillations were in the
range of 6-30 Hz. In addition, the frequencies and the magnitude of
oscillations were stimulus-dependent, being dependent, for example on
the speed of a moving bar used as the visual stimulus. In general, the
stimulus-dependent oscillations were in a lower frequency range when
compared with reported values in visual cortex. Experiments are in
progress to verify how superficial stimulus-dependent oscillations are
echoed in SC output cells.

A FACTORIAL APPROACH TO MODELING MULTISENSORY INTEGRATION
IN THE SUPERIOR COLLICULUS (SC) G. Nozawa. T. R. Stanford*. J.W.
Vaughan. S. Quessv. D.C. Kadunce. and B.E. Stein. Bowman Gray School o f
Medicine, Winston Salem, NC 27157.
A fundamental aim o f experimental neuroscience is to determine the input/output
functions o f the brain’s processing elements (e.g. neurons, neural circuits) in order to
learn what operation a processing unit performs. For multisensory neurons o f the SC,
output is a function o f the way in which inputs from independent sources are
integrated. We have tested 2 models for their ability to predict the responses o f
multisensory neurons to multimodal stimulation. A neuron was modeled by the
Boolean operators AND & OR, logical approximations to coincidence detection and
mathematical integration, respectively. Using the factorial experimental method and
the statistical procedures described, we show that it is possible to distinguish between
these models without direct measures o f each o f the input spike trains to the neuron.
Rather, by statistical proof, we show that the models make differential predictions
about the relationship between the multisensory neuron’s output for 4 different
stimulus configurations (2 modalities x 2 intensity levels). Briefly, spike histograms
for each o f the 4 conditions are converted into functions that reflect the probability of
spike occurrence as a function o f time relative to stimulus onset. For the AND
model, the relationship between probabilities o f spike occurrence for the 4 stimulus
configurations is expressed as (X'22) = ( X'2,) x (X‘, 2)/ (X \ ,) where (X'nn) reflects the
probability o f a spike under the specified experimental condition (X 'modalit), intensity) at
the i* interval o f time. On the other hand, the OR model predicts the following holds
true (X'2i2) = ( X 2,)+ (X‘, 2)-( X‘2,) x (X‘, 2). Statistical tests were used to evaluate the
predictions relative to the obtained multisensory responses.
(Supported by NIH ROI NS22543 and ONR N000 1495C 0097)
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RAPID RESPONSE OF NADPH-D EXPRESSING CELLS IN THE SUPERIOR
COLLICULUS (SC) FOLLOW ING EYE REM OVAL IN ADULT RAT. A,
Vercelli*. S. Biasiol & S. Jhaveri*. Dept. Anatomy, Pharm. & Forensic Med. .Torino,
Italy & +Dept. Brain & Cognitive Sciences, MIT, Cambridge, MA 02139.
Ail cell types in the rodent SC express nitric oxide synthase (Vercelli & Cracco,
1994). These cells are highly sensitive to the effects o f deafferentation and activityrelated manipulations of retinal afferents in young as well as mature animals (Vercelli
et al., 1995; Mendez-Otero et al., 1996). Here, we have examined the time course o f
changes seen in mature SC neurons in response to contralateral enucleation.
Adult rats were anesthetized, and the left eye removed. Animals were perfused 4, 7,
10,15 and 60 days post-enucleation, their brains cut, and tissues processed
histochemically for visualizing NADPH-d according to Vincent and Kimura (1992).
Sections were analyzed quantitatively with regard to the size, density, morphological
classification, and branching and orientation o f the dendrites o f tectal neurons
expressing NADPH-d. The side ipsilateral to the eye removal served as a withinanimal control. Results document that changes in diaphorase-positive celIs are
initiated within one week after eye removal. Maximal effects on alterations in
dendritic fields o f the deafferented neurons are detected by the end o f two weeks, and
these changes are maintained thereafter, even though further decreases in the volume
o f the tectal neuropil as well as in the area of collicular cells continue to occur over the
next few weeks. Corresponding changes are seen in the dorsal lateral geniculate body
(LGB), but very little alteration is detected in the cells o f the ventral LGB. Our results
complement the report by Zhang et al. (1996) on enucleation-related decreases in
overall diaphorase expression in the adult rat visual system.
Ongoing studies involving TTX injections in the eyes o f adult rats should reveal.
whether the observed changes are specific to retinal deafferentation o f tectal neurons,
or whether they derive from altered activation o f these cells.
Support: MURST Grants and NIH Grant # EY05504.

GALANIN EXERTS POSTS YNAPTIC EFFECTS O N NEURONS IN
SUPERFICIAL LAMINAE OF SUPERIOR COLLICULUS. W.Ma*. R.W.
Rhoades and R.D. M oonev. D ep t o f Anatomy and Neurobiology. Medical College
o f Ohio, Toledo, OH 43699
Both pre- and postsynaptic actions for galanin have been described in the
central nervous system. Since galanin-containing axons and receptors for this
peptide are present in rodent superior colliculus (SC), w e evaluated its effects on
retinotectal transmission and neuronal membrane properties in an in vitro
preparation from hamster SC. O f 82 neurons, 50% hyperpolarized an average o f
-3.4 ± 2.7 mV; had a reduction in input resistance o f 10.0 ± 20.1 Mi2; and a
wholecell outward current o f 65.0 ± 43.8 pA when held at resting potential (-62.2
± 6.5 mV). The average reversal potential (N=8) was -81.6 ± 9.8 m V and this
shifted positive 12.8 m V when [K*]^ was doubled. The outward current was
blocked by 4-aminopyridine. Galanin depolarized 34% o f the neurons by an
average o f 3.7 ± 3.0 mV. In 7 such neurons held at -61.3 ± 4.3 m V the inward
current was -32.9 ± 10.7 pA and was reversed in 2 cells at -38 m V, suggesting
involvement o f multiple ion species. In both groups o f neurons and those without
membrane potential change (16%), there were no statistically significant
alterations in optic tract-stimulation evokecj EPSP amplitudes. The effects o f the
galanin 1-16 fragment appeared identical to those o f the parent peptide and both
were blocked by antagonists M32, M 35 and more variably by M40. These results
suggest that galanin may modulate postsynaptic membrane potential in SC by
altering conductances to K+ and one or more unidentified ions. It appears unlikely
that galanin exerts any presynaptic effect on retinotectal transmission.
Supported by N S 32540

177.11

177.12

OPTICAL IMAGING OF THE SEGREGATION OF CORTICOTECTAL
EFFERENTS IN THE OPTIC TECTUM OF BARN OWL, Tyto alba.
John D. Pettigrew* and Kerstin Fritsches. Vision Touch and Hearing
Research Centre, University of Queensland 4072, AUSTRALIA.
There is a zone of the anterior optic tectum of owls that subserves the
region of binocular overlap. The posterior half of this zone receives
corticotectal fibres originating from both hemispheres. Retrograde labelling
studies show that this region is bilaterally-innervated by two separate
populations of cortical neurons, one in each hemisphere. Since few
corticotectal neurons are double-labelled after injections of rhodamine and
fluorescein beads in corresponding regions of each tectum, fibres
representing each hemisphere must be segregated in the bilaterallyinnervated region. The pattern of segregation is revealed by anterograde
tracing studies of the corticotectal efferents as stripe-like bands. The bands
resemble the ocular dominance bands of primate visual cortex but here
represent hemisphere of origin, rather than eye of origin.
Optical imaging of the intrinsic signal in optic tectum confirmes the
stripe-like pattern of segregation of the corticotectal efferents when
stimulation is alternately delivered to each hemisphere by restricting visual
input to the appropriate hemifield. In hatchling bam owls, most
corticotectal neurons are double labelled from both tecta, indicating that
segregation occurs postnatally and may be activity-dependent. The paper
will present this interesting model system, its possible role in the visual
system of the owl, and the results of our study of its functional
organisation using optical imaging.

BINOCULAR CIRCUITS IN THE OPOSSUM NUCLEUS OF THE OPTIC TRACT
A. Pereira Jr., E. Volchan*, C.D. Vargas, L.S.J. Penetra, A.G. Oliveira and C.E.
Rocha-Miranda. Laboratory o f Neurobiology II, Institute o f Biophysics CCFo, Fed.
Univ. o f Rio de Janeiro, Rio de Janeiro 21949-900, Brazil.
The nucleus o f the optic tract (NOT) is the sensorymotor link for the optokinetic
reflex in mammals. Single unit recording in the NOT o f several species has revealed
a variable degree o f binocularity, although the retinal afferents are almost exclusively
from contralateral origin. Studies in carnivores and primates have suggested that an
ipsilateral cortical projection is responsible for this binocularity. In the present study,
we focused on the relative contributions o f cortical and subcortical projections in
providing the ipsilateral eye response in the opossum’s NOT. In two animals, the
visual cortex was electrically stimulated while orthodromic potencials were recorded
in the ipsilateral NOT. In another animal, the beta subunit o f cholera toxin (CTB,
0.5% solution) was injected (0.3-0.5 |xl) in cortical sites whose electrical stimulation
had resulted in smaller latencies in the NOT. In 2 other animals, we have checked
for the effects o f an extensive ablation o f the striate and prestriate cortex on the NOT
binocularity. In three animals we stimulated electrically one NOT while recording
orthodromic potentials in the opposite nucleus. The long latencies obtained in the
NOT after cortical stimulation suggest that this connection is indirect. Analysis of
the distribution o f labeled term inals in the pretectal region revealed their presence
only in the anterior and posterior pretectal nuclei. In all cases, the cortical ablation
did not abolish binocularity in the NOT. Ajstrong inhibition was evoked in the NOT
by electrical stimulation o f the opposite nucleus, corroborating our previous claim for
an inhibitory commissural connection relaying ipsilateral eye information to the
NOT. Thus, in the opossum, the cortex is not necessary for binocular processing in
the NOT. The absence o f a cortical pathway and the powerful connection o f the
contralalateral NOT are indicative o f a crucial role played by subcortical interactions
in the functionning o f this nucleus. (Financial support: CP EG, CNPq, FINEP)

Supported by the National Health and Medical Research Council o f Australia

177.13
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NMDA REDUCES ASYMMETRY OF HORIZONTAL OPTOKINETIC
NYSTAGMUS IN FROGS. Elizabeth P. Bauer and Stephen A. George*
Neuroscience Program, Amherst College, Amherst, MA 01002.

AMPA-TYPE GLUTAMATE RECEPTOR SUBUNITS IN THE CHICK OPTIC
TECTUM: EFFECTS OF RETINAL LESIONS. R.S. Pires . C.A.B. Toledo* and
L.R.G. Britto. Lab. of Cellular Neurobiology, Dept. Physiology and Biophysics,
Institute o f Biomedical Sciences, University o f S3o Paulo, S3o Paulo (SP), 05508900, Brazil.
Since four AMPA-type excitatory amino acid receptor subunits (GluRs) have been
cloned and sequenced recently, it is now possible to localize and study the regulation
of these important molecules in the nervous system. This study aimed at
characterizing the effects o f retinal lesions on the expression o f AMPA-type
glutamate receptor subunits in the visual system. Chicks were anesthetized with
ketamine^and xylazine and submitted to unilateral retinal lesions. After survival
times o f 1, 2 , 7, and 15 days, these anim als were deeply anesthetized and perfused
with buffered saline and paraformaldehyde. Sections obtained from brains o f chicks
were incubated with antisera against the GluRl, GluR2/3, and GluR4 (Chemicou).
Immunoperoxidase techniques were employed to reveal the distribution of these
subunits in the optic tectum. After short survival times (1-2 days), the G luRl subunit
was reduced in perikarya and neuropil of the deafferented optic tectum (layers 2, 3,
and 5). GluR2/3 and GluR4 immunoreactivities were unchanged in the deafferented
optic tectum (layer 13). After longer survival times (7-15 days), there was a marked
increase in perikarya and neuropil staining for G luRl in layers 2, 3, and 5 of the
deafferented optic tectum and for GluR2/3 immunoreactivity in layer 13 o f the same
structure. GluR4 immunoreactivity did not change appreciably in neurons of the
layer 13 of the optic tectum. These results indicate that retinal lesions may induce a
down-regulation of the GluRl subunit over the first 2 days, and an up-regulation of
GluRl and GluR2/3 subunits after the longer survival times. These effects are
probably due to the removal of the glutamatergic input from the retinal ganglion
cells.

Frogs display asymmetric horizontal optokinetic nystagmus (hOKN)
under monocular viewing conditions, reacting much more to temporonasal (T-N) visual field movement than to nasal-temporal (N-T)
movement. Prolonged monocular deprivation decreases this asymmetry
by inducing a N-T component of nystagmus. Administration of NMDA
antagonists during the period of deprivation prevents this plasticity.
In this study, NMDA was administered systemically to frogs (Rana
pipiens) for 8 days at 1.0 pL/day via an osmotic pump. Frogs were
exposed to moving vertical stripes in a variable-speed rotating drum to
evoke hOKN. The OKN gain was assessed using a search coil attached
to the frog’s head. The difference between the gain for T-N hOKN and
the gain for N-T hOKN provided an index of asymmetry.
Frogs exposed to 8 days of NMDA showed T-N hOKN comparable
to controls, but substantially more N-T hOKN than controls. At low
drum speeds (approx. 2°/sec), the asymmetry in experimental frogs
(0.060 ± .039, mean ± SE) was lower than in controls (0.674 ± .093;
p<.001). Similar results were seen at higher speeds, and when using
maximum rather than average gain to assess asymmetry. These results
suggest that direct activation of NMDA receiptors is sufficient to cause
plastic changes in monocular hOKN.

Supported by FAPESP, CNPq and FINEP (Brazil).
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E FF E C T S O F N U C L E U S R O T U N D U S L E S IO N S O N M O T IO N A N D
C O L O R D IS C R IM IN A T IO N S IN P IG E O N S . A. V. L a v e rg h e tta * a n d T.
S h im iz u. D ep artm en ts o f P s y c h o lo g y and S u rg ery , U n iv ersity o f S o u th
FToricTa, T am pa, F L 33620.
T he nucleus ro tu n d u s is th e th alam ic c o m p o n e n t o f th e c o llo th ala m ic
visual pathw ay in birds. T h e ro tu n d u s p lay s an im p o rta n t ro le in m an y
visual tasks, inclu d in g
color, p attern, a n d
size
d isc rim in atio n s.
P h y sio lo g ica l evidence show s th at som e n e u ro n s o f th e ro tu n d u s re s p o n d
selectively to a dire c tio n o f m o v in g stim uli (e.g ., W an g et al., 1 9 9 3 ).
H ow ever, few behavioral tests h ave b een c o n d u c te d to e x a m in e th e ro le o f
the ro tu n d u s in m o tion p ro ce ssin g . In th e p rese n t study, p ig eo n s w ere
train ed to disc rim in ate betw een d iffe re n t d ire c tio n s a n d betw een d iffe re n t
colors in successive d iscrim in atio n tasks. B o th d ire c tio n and c o lo r stim uli
w ere c o n sisted o f 40 sm all sq u ares in an 8x5 m atrix a rra n g e m e n t p rese n ted
on a c o m p u te r m o n ito r screen in an o p e ra n t c h a m b e r. In th e d ire c tio n
task, birds w ere train ed to successively d isc rim in ate b etw een d ire c tio n s o f
ho riz o n tally m oving v/hite squares.
In th e c o lo r task, th e b ird s were
req u ired to d iscrim in ate betw een red and g reen statio n ary sq u ares. A fte r
the pigeons reach ed the p e rfo rm a n c e c riterio n in b o th tasks, the ro tu n d u s
was d e stro y e d and the po st-o p e ra tiv e p e rfo rm a n c e was c o m p a re d to th e
p re-o p e rativ e one. T h e ro tu n d u s lesio n s c a u se d sig n ific a n t d e ficits in th e
co lo r disc rim in atio n task. In co n trast, th e sam e lesio n s p ro d u ce d o n ly
n eg lig ib le effects on the d ire c tio n d isc rim in atio n task.
T h e se resu lts
in dicate th at a sim ple d ire c tio n d isc rim in atio n in b ird s can b e
a c co m p lish e d with o r w ith o u t the ro tu n d u s fu n ctio n .
(S u p p o rte d b y
N A SA ).

E F F E C T S O F T H A L A M IC A N D T E L E N C E P H A L IC L E S IO N S O N
V IS U A L T E X T U R E D IS C R IM IN A T IO N S IN B IR D S. T. S h im iz u * 1, J.
S. Katz*, and R. G. C o o k 2. ‘D e p artm en ts o f P sy c h o lo g y an d S u rg ery ,
U niversity o f S o u th Florida, T am p a, F L 33 6 2 0 .
D ep a rtm e n t o f
Psy ch o lo g y , T u fts U n iv ersity , M ed fo rd , M A 02155.
T w o e x p erim en ts e x am in ed the n e u ral m ech an ism s o f visual c o g n itio n
in pig eo n s. W e used a tex tu re d iscrim in atio n task to ex a m in e the effects
o f th alam ic and telen cep h alic lesio n s on visual d isc rim in atio n
p e rfo rm a n c e . In this task, stim uli w ere p resen ted on a c o m p u te riz e d
to u ch -screen in an o p e ra n t c h am b er. T h e bird s w ere re q u ired to locate
and peck at a od d targ et reg io n , co n sistin g o f sm all g ro u p o f id en tical
elem ents, em b e d d e d w ithin a larg e r re c ta n g u la r array o f c o n tra stin g
d istrac to r elem en ts. T ex tu re d isp lay s w ere fo rm e d fro m ra n d o m iz e d
p airw ise c o m b in atio n s o f elem en ts m ade fro m 12 sh ap e and c o lo r values.
V ario u s aspects o f visu al p erfo rm an ce, in clu d in g d im e n sio n a l p ro c e ssin g
and w ith in -sessio n learn in g effects, w ere e x p lo re d .
A fter ex ten siv e
train in g in the task, tw o n eu ral stru ctu res w ere targ eted as ele c tro ly tic
lesion sites: 1) th e th alam ic nu cleu s ro tu n d u s, w hich sends visual in p u t
fro m th e op tic tectu m to the d o rsal v en tricu lar rid g e o f th e
telen cep h alo n ; and 2) the p o ste rio r W ulst in th e d o rsal tele n c ep h a lo n ,
part o f w hich receiv es visual in p u t fro m th e retin o re c ip ie n t n u clei in th e
d o rsal th alam u s. Follo w in g lesions in th e ro tu n d u s, b ird s sh o w ed targ e t
lo calizatio n d eficits in b o th c o lo r an d shape d iscrim in atio n s. In contrast,
the W ulst lesions cau sed no sig n ifican t d eficits in these d isc rim in atio n s.
H ow ever, th e W ulst lesions did p ro d u ce a d isru p tio n in th e b e n e fic ia l
effe c t o f rep e a tin g specific d isp lay s values acro ss trials w ithin a session.
T h e results su g g est th at the W u lst m ay b e in v o lv ed in th e acq u isitio n a n d
sh o rt-term reten tio n o f ele m e n t-sp ec ific d im e n sio n a l in fo rm a tio n .
(S u p p o rted by N A S A and N S F).

177.17
RESPONSES OF TIME-TO-COLLISION NEURONS IN THE NUCLEUS
ROTUNDUS OF THE PIQEON TO ACCELERATING AND DECELERATING
STIMULI. B. J. Frost* and H.-J. Sun. Visual and Auditory Neuroscience Lab,
Department o f Psychology, Queen's University, Kingston, Ontario, Canada, K7L 3N6.
Recent theoretical analyses and behavioural studies demonstrate that when an object
moves toward an observer or an observer approaches an object, an optic variable called
x can be utilized to control the observer's responses to the impending collision, x
specifies the time that will elapse before the object collides with the observer, namely
time-to-collision, if the velocity o f the relative movement between object and observer
is constant. Behavioural studies have shown that even when the movement is not at a
constant velocity, animals still use x to estimate time-to-collision to control their visuomotor behaviour. Previous studies from our lab demonstrated that some cells in the
dorsal nucleus rotundus (nRt) o f pigeons respond selectively to objects moving on a
collision course toward the bird. Morever, the neuron’s response always started at a
constant time before collision, regardless o f the value o f the ob jects velocity, as long as
the velocity is held constant during approach. In this study, we examined the response
o f this type o f neuron when the object’s velocity was not constant during movement.
Visual stimuli were generated by a graphics computer and projected onto a wide tangent
screen in front o f the pigeon by a high resolution projector. Object motion was
simulated by an object moving against a stationary background. The movement was
presented either at constant velocity, constant deceleration, or constant acceleration.
Standard extracellular recording techniques were used. Neurons in dorsal nRt that were
found to specifically respond to objects moving on a direct collision course toward the
bird were identified. Among these looming detectors, some neurons responded at a
constant time before collision when tested with a looming object approaching at a
constant velocity. When the same object was decelerated or accelerated, the timing o f
the onset o f the response o f these neurons matched what would be predicted if the
neuron responds to the same x value, as revealed in the constant velocity situation.
These results confirm that these neurons are indeed computing x, and thus signal
accurately the time-to-collision when the movement velocity is constant, and provide a
first-order estimate o f time-to-collision when the movement velocity is not constant.
Supported by an NSERC grant to BJF and an NSERC scholarship to HS.

VISUAL CORTEX: STRIATE II
178.1

178.2

HEBB1AN MECHANISMS M AY EXPLAIN ALTERED S-T RECEPTIVE
FIELD STRUCTURE IN SIMPLE CELLS INDUCED BY STROBE REARING.
AJL. Humphrey*. A.B. Saul & J.C. Feidler. D ept o f Neurobiology, Univ. o f
Pittsburgh School of Medicine, Pittsburgh, PA 15261
Strobe rearing virtually eliminates direction selectivity (DS) in simple cells o f cat
area 17, and this largely reflects a loss of spatiotemporally (S-T) inseparable receptive
field (RF) structure (Humphrey & Saul, Soc.Neurosci.Abs.’95). From analysis of
response timings in RFs we propose a mechanism for the altered RF structure. In
normal cats single cells display a range o f absolute phase and latency values in their
RFs and these timing variations underlie S-T inseparability. Across the population
an even wider range of timings is observed, from absolute phase leads to lags and
latencies from about 50 to 200 msec. This range is also present in the LGN. Strobe
rearing does not affect the population timing ranges in either LGN or cortex.
However, single simple cells display only a narrow range o f timings in their RFs, and
this underlies their S-T separable, non-DS receptive-field structure. Thus despite a
potentially wide range of geniculocortical and intracortical timings, during strobe
rearing single simple cells become linked only to inputs with nearly identical timings.
We suggest that the timing compression reflects a Hebb-type competition among
inputs whose activity comes in abbreviated responses during strobe rearing. LGN
timings are unaffected by strobe rearing, which implies that a normal range o f timings
exists in the geniculocortical pathway during strobe development. However,
preliminary data indicate that strobe-elicited discharges in kitten LGN cells are more
transient than normal. Thus, under a Hebb-type mechanism in which correlated firing
determines connectivity, strobe stimulation will reduce the temporal overlap o f
discharges in a potential set o f afferents to a cortical cell, and only inputs with very
similar timings will become connected. This mechanism similarly would restrict the
timings of inputs from other cortical cells. The result o f this competition will be S-T
separable, non-DS receptive fields. We are pursuing this idea in further experiments
and modeling.

A S P A T IA L P O O L IN G M E C H A N IS M U N D E R L IE S T H E S E C O N D O R D E R S T R U C T U R E O F V I C O M P L E X C E L L R E C E P T IV E
FIE L D S: A C O M P U T A T IO N A L A N A L Y S IS .
K. Sakai* and S. Tanaka. Lab. for Neural Modeling, FRP, Institute of Physical
and Chemical Research (RIKEN), Wako, Saitama 351-01, Japan
We investigated a computational mechanism which gives rise to the spatial
nonlinearity of the complex cell response properties. One of the most important
characteristics of the complex cells is their nonlinear responses to multiple bar
presentation, i.e. their responses to the simultaneous presentation of two bars fail
to follow the simple sum of the responses to the two bars presented individually.
This nonlinearity is described by the second-order Wiener kernel. Physiological
experiments have revealed that the second-order Wiener-like kernels Consist of a
central augmented region and flanking suppressed regions along the preferred
orientation o f the cell (Szulborski and Palmer, Vision Res., 30, 1990). We
carried out network simulations to estimate the second-order Wiener-like kernels
for several models with different transfer functions and pooling mechanisms, and
compared the results with the physiologically estimated kernels. Models with
spatial pooling of simple-cell-like units reproduced the physiologically obtained
kernels regardless of their specific form of transfer functions such as half-wave
rectification, squaring, and taking local maximum, while models without a
pooling mechanism failed to reproduce the kernel. These results suggest that a
spatial pooling mechanism is crucial for the spatial nonlinearity of complex cell
response properties. The results presented support a hierarchical model of
complex cells consisting of simple cells followed by a spatial pooling
mechanism.

Supported by EY06459, EY10826 and EY08098
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SENSITIVITY OF AREA VI NEURONS TO APPARENT BRIGHTNESS IN AWAKE
BEHAVING MACAQUE MONKEYS. J.A. Mazer*, D.C. Somers and E.H. Adel son.
Dept, of Brain and Cognitive Sciences, M.I.T, Cambridge, M A 02139.
Gray regions, when viewed against a dark background appear brighter than when
viewed against a light background. The region’s apparent brightness can be further en
hanced by incorporating inducer elements into the figure which generate X-junctions
consistent with object transparency or layering (Somers and Adelson, 1997). We stud
ied the sensitivity of 19 V I neurons to the apparent brightness of stimuli in an awake
behaving monkey. The response of each neuron to a probe stimulus positioned against
a solid light or dark background was compared to the response of the same neuron
when the probe and background contained the ellipitical inducer elements. The probe
stimulus was a stationary bar of optimal orientation and size located at the center of
each neuron’s classical receptive field. The background consisted of four alternating
light/dark bands (each subtending 6.4°x 25.6°), with the probe centered vertically in
the middle of one band. Dark and light hemi-elliptical patches were positioned along
band boundaries in X-junction configurations which make the bands appear transpar
ent. Probe stimuli were presented for 6 0 0 -1000ms while the monkey maintained fix
ation. 11/19 (58%) neurons exhibited sustained firing rate modulations inversely cor
related with the perceived brightness of the probe stimulus; this decrease in firing rate
developed with a latency of about 100ms. O f the remaining neurons, three (16%)
showed a sustained increase in response to the inducer elements, two (11 %) a transient
decrease followed by a transient increase and in three (16%) the inducer elements
caused no change in response. In all, 84% of the neurons exhibited some degree of fir
ing rate modulation positively or negatively correlated with the perceived brightness of
the probe stimulus, independent of the photometric contrast o f the elements contained
within borders of the classical receptive field.
Supported by NIH grants EY00676-61567 and EY066-80.

POSSIBLE ROLE OF LATENCY VARIATIONS IN NEURAL PROCESSING IN
PRIMARY VISUAL CORTEX. T. J. Gawne*. Dept, o f Physiological Optics,
U.A.B., Birmingham, AL 35294
Varying the contrast o f a visual stimulus can change the response latency of
primary visual cortical complex cells by 50 ms without corresponding changes in
response strength (Gawne et al., 1996). It is possible that having different response
latencies for edges o f different contrasts could help the nervous system partition the
neuronal responses to different objects. However, no specific mechanism for how
these latency differences could be used, has been proposed.
The rapidity o f visual perception has led to the idea that networks relying on
feedback loops would take too long to settle to a stable result, and that therefore
visual perception is mediated by feedforward connections (Thorpe and Imbert,
1989). Alternatively, it has been proposed that feedforward loops are insufficiently
flexible to account for visual perception (Grossberg, 1994). However, if feedback
loops are important for visual perception, there should be specific mechanisms for
increasing the rate o f convergence.
Presented here is a simplified model o f primary visual cortex where neurons tuned
to different orientations at the same location inhibit each other, and neurons tuned to
similar orientations at different locations reinforce. Presenting multiple edges of
different contrasts can result in substantial processing delays. The model was
modified to duplicate the latency effects o f real complex cells by using LGN
afferents with pulsatile and sustained response components that are different
functions o f stimulus contrast, consistent with results seen previously (McClurkin et
al., 1991). Preliminary results show that this modification can significantly increase
the speed o f convergence o f the network. At least in principle, the latency effects
seen in complex cells could be part o f an adaptation that speeds up the convergence
o f feedback loops. Supported in part by the M cDonnell-Pew Foundation, #633543.
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Driven responses and undriven activity interact in striate cortex.
N. Schiff, K. Purpura, F. Plum*, and J. Victor Department of Neurology and
Neuroscience Cornell University M edical College 1300 York Ave NY NY

E V ID E N C E F O R A N E W PH Y SIO L O G IC A L C L A SS IN PR IM A R Y
V ISU A L C O R T E X O F A L E R T M O N K E Y S. D. M ax Snodderlv* and

10021

M oshe G u r1. Schepens E. R. I., Boston MA, 02114; 'Technion, Haifa 32000, Israel.

Standard quantitative methods such as peri-stimulus histograms and Fourier
analysis use stimulus-locked averaging to enhance detection o f driven neural
responses. However, neural activity also includes bursts, oscillations, elevated
m aintained discharges and other episodic events which standard averaging methods
overlook. Phase-locked spectral analysis (PLSA) is a m ethod which isolates both
driven responses and alterations in background activity which are elicited by (but not
necessarily synchronized to) sensory stimulation. Previously, application of PLSA
demonstrated the existence of stimulus-dependent undriven activity in the local field
potential of VI in macaque (Victor, et al. 1993). In the present study, single-unit
responses from parafoveal VI in anesthetized macaque monkey are'exam ined with
the PLSA technique.
Recordings were made from four single neurons in macaque V I. Following
assessment o f orientation tuning, spatial frequency tuning, and contrast sensitivity,
we applied the PLSA method to drifting gratings in the preferred direction and a
non-preferred (orthogonal) direction. Temporal frequency was fixed at 1 Hz to allow
for the isolation of undriven activity which might wax and wane with the stimulus
cycle. For preferred stimuli, all cells demonstrated broadband (1-10 Hz) undriven
activity that waxed and waned w ith the stimulus cycle, suggesting that changes in
the background activity are routinely introduced by visual stimulation. In response to
gratings in the orthogonal orientation,one o f the four cells demonstrated a stimulusinduced modulation o f the background, even though there was no driven response.
This modulation o f background activity without a significant change in firing rate
may reflect a novel aspect o f cross-orientation interactions. Support: Winston
Foundation (NS), EY7977(JV), NS01677(KP)

Sim ple (S) and C om plex (C x) cortical cells are distinguished by both spatial
and tem poral response properties. S cells have spatially sep arated increm ent
and decrem ent activating regions (A R s) bu t C x cells do not. C x cells show ono f f responses to flashing stim uli, and elevated dc responses to drifting
sinusoids, w hereas S cells do not. W e have evaluated th e app licab ility o f this
descriptive schem e for alert m onkeys. W e recorded from 79 cells in all V I
layers with controls to m inimize effects o f fixational eye m ovem ents. A R s
w ere defined w ith m oving increm ental and decrem ental b ars o f near-optim al
orientation, color, and dimensions. In 9/79 cells the A R s fo r increm ents and
decrem ents w ere spatially separated as expected fo r S cells. M o st cells (70/79)
had spatially coincident A R s for increm ent and decrem ent stim uli as expected
fo r C x cells. Some o f the Cx-like cells w ere also stim ulated w ith flashing bars
o r drifting sinusoidal gratings. Only 3/17 cells w ith sp atially coincident ARs
gave o n /o ff responses to a flashing b a r while 14/17 g ave p u re on responses.
W ith drifting sinusoidal gratings no cells w ith coincident A R s (n=16) showed
the dc response expected o f C x cells. These and o th er results to be presented
suggest th at m ost neurons in V I o f alert m onkeys, w hich w e will call Duplex
cells, do not correspond to the S and C x classes distinguished in the cat. W e
propose th at Duplex cells be considered a sep arate physiological class,
probably dom inated by the parvocellular pathw ay.
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CONTRAST ADAPTATION PRODUCED BY NULL DIRECTION AND CROSS
ORIENTATION STIMULATION OF NEURONS IN CAT VISUAL CORTEX.
J.D. Allison* and K.A.C. Martin. Inst, o f Neuroinformatics, ETH/UNIZH,
Gloriastrasse 32, CH-8006, Zurich.
The spatial selectivity of contrast adaptation is unclear, so we investigated the
adaptive effects o f stimuli with different spatial characteristics. Using approved
procedures, four cats were surgically prepared for recording under anesthesia. The
baseline contrast response function (CRF) o f 23 (11 Simple; 12 complex) neurons
was measured by monocular stimulation with spatio-temporally optimized drifting
gratings o f 4 s duration around an adapting contrast. A 10 s “adapt.” period filled
with a blank (0% contrast) screen at the mean luminance was interleaved between
each test contrast. We re-measured each neuron’s CRF after filling the adapt, period
with a grating at the adapting contrast either spatio-temporally optimized (OPT),
drifting in the null direction (ND), or orthogonal to the optimal orientation (XOR).
Adapting with an OPT grating significantly depressed (ANCOVA; p < 0.01) the
CRF of 20 neurons. The response to the mean contrast test grating was reduced, on
average, by 56%. An adapting grating drifting in the ND significantly reduced the
CRF of 12 neurons, including 6 directionally selective neurons that exhibited no
response to the adapting grating drifting in the ND, and 5 neurons with strong
direction preference. Their response to the mean contrast was reduced by 48%. An
XOR grating significantly reduced the CRF o f only 2 neurons, and reduced the
response at the adapting contrast by 63%. These results support evidence that
spiking by a neuron is unnecessary for inducing contrast adaptation.
More
importantly, they suggest that contrast adaptation results from the activity of neurons
with similar orientation preferences located within a spatially localized cortical
column while neurons in more distant orientation columns do not adapt.
Supported by the Swiss National Science Foundation and HFSP.

T H E C O D I N G O F F IG U R E S IZ E IN T H E M A C A Q U E S T R IA T E
C O R T E X ( V I ) . H . K o m a ts u * a n d M . K in o s h ita . L a b . o f N e u ra l
C o n tr o l, N a tio n a l. In st, fo r P h y s io l.S c i., O k a z a k i, A ic h i, 4 4 4 J a p a n .
W e h a v e s tu d ie d th e fig u re s iz e -re s p o n s e r e la tio n s h ip s o f th e m a c a q u e
V 1 n e u ro n s . S in g le c e lls w e re r e c o r d e d fro m re g io n s in V I
re p re s e n tin g e ith e r fo v ea l o r n e a r-p e rip h e ra l v isu a l fie ld s in ale rt
m o n k e y s p e rf o r m in g a v isu a l f ix a tio n ta sk . W e first d e te rm in e d th e
re c e p tiv e fie ld (R F ) o f a n e u ro n u s in g a sm a ll s q u a re stim u lu s . T h e n
u n ifo r m ly c o lo re d (u su a lly w h ite ) s q u a re f ig u re s o f v a rio u s s iz e s w e re
p r e s e n te d c e n te r e d o n th e R F a n d th e r e s p o n s e s w e re re c o rd e d . T h e
fig u re siz e s r a n g e d fro m th o s e s m a lle r th a n th e R F s iz e to th o se la rg e r
th a n th e R F . W e fo u n d th a t in m o s t o f th e n e u ro n s te s te d , th e
re s p o n s e in c re a se d u p to a c e rta in fig u re s iz e in d ic a tin g s p a tia l
s u m m a tio n o f th e in p u t s ig n a ls a n d th e n d e c lin e d . In th e re s t o f th e
n e u ro n s , re s p o n s e s sa tu ra te d a t a c e rta in fig u re s iz e a n d d id n o t d e c lin e
to la r g e r fig u re s. T h e o p tim u m s iz e d iff e re d fro m c e ll to c e ll, b u t
u s u a lly d id n o t e x c e e d th e R F s iz e m e a s u r e d in a w a y d e s c rib e d
a b o v e . N e u r o n s tu n e d to a v e ry s m a ll fig u r e w e r e f o u n d b o th in th e
fo v e a l a n d n e a r-p e rip h e ra l re p r e s e n ta tio n s , b u t n e u ro n s tu n e d to la rg e r
fig u re s w e r e fo u n d in th e m o re p e rip h e ra l r e p re s e n ta tio n . W e su g g e st
a p o s s ib ility o f a p o p u la tio n c o d in g o f fig u re siz e , in w h ic h e n s e m b le
o f th e r e s p o n s e s o f n e u ro n s w ith d iff e re n t s iz e tu n in g s e n c o d e s th e
s iz e o f a f ig u re p re s e n te d at a c e rta in p o s itio n in th e v isu a l field . In
s u c h c o d in g , tra d e -o f f m a y e x is t b e tw e e n th e la rg e s t fig u re s iz e th at
c a n b e e n c o d e d a n d th e s p a tia l lo c a liz a tio n o f th e fig u re , b o th o f w h ic h
are r e s tra in e d b y th e R F s iz e s o f th e n e u ro n s w ith in th e p o p u la tio n .
S u p p o r te d b y H F S P R G 3 1 , J S P S - R F T F 9 6 L 0 0 2 0 2 a n d G ra n t
0 8 2 7 9 1 0 2 f ro m M in . o f E d u c .
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SPATIOTEMPORAL PATTERNS OF SPONTANEOUS ACTIVITY IN CA T
AREA 17. D. J. Warren*. E. M. Mavnard. R. A. Normann. John A. Moran Lab. in
Applied Vision & Neural Sciences, University o f Utah, Salt Lake City, UT 84112.
In recent work, Arieli and coworkers compared the spontaneous firing of a single
unit in primary visual cortex to the activity in the surrounding cortex as measured
with voltage sensitive optical dyes (A. Arieli, et al. (95) J. Neurophysiol. 73(5)). The
authors found a significant correlation between the timing of a spike and the optical
signal for a large region of cortex surrounding the unit, indicating activity in large
regions of cortex varies simultaneously. Using multielectrode arrays, we also have
observed wide ranging correlated activity. We describe here the spatiotemporal pattern
o f this activity, including relative spike timing, and postulate as to its function.
Both single and multi-unit neural activity were simultaneously m onitored on 16
electrodes from a 100 electrode array implanted in Area 17 of cat. All results are from
dark adapted animals held under stable anesthetic levels for more than 8 hours.
In the absence of stimulation, most units fired in bursts o f 3 or more spikes with 2
to 5 msec between spikes. The interburst period varied widely (20 and 120 msec) with
no period predominant. Both the interburst period and the firing rate slowly varied
(less than 1 Hertz) with no prevailing frequency. The variation in firing rate occurred
simultaneously across multiple units, even units separated by 4 mm. Correlation
analysis suggests no spatiotemporal pattern of activity exists that would indicate
waves of activity or that strength o f correlation depends on separation. Analysis of the
timing of spikes indicates that most pairs o f units exhibit broadly correlated firing
(significant to 20 msec delay). The strength o f the correlation was not predictable from
the separation but the range o f strength possible decreases with separation. Comparison
o f the pattern of correlated activity and the receptive field characteristics is in progress.
The data indicates that although the activity level varies concurrently across wide
regions o f V I, synchrony of spikes only occurs locally. Due to the lack of widespread
synchrony, gamma frequencies do not appear in the aggregate measurement of activity.
While the function o f this behavior is unclear, it may serve as a refresh signal used to
maintain the strength o f synaptic connections when no stimulus is present. This work
is supported by the Whitaker Foundation and NSF Grant IBN 94-24509.

SPATIO-TEMPORAL INTEGRATION O F MOTION INFORMATION BY
SPECIAL COMPLEX CELLS IN CAT AREA 17. M.J.M. I^nkheet. A.W.
Przybvszewski* and I. Vajda. Dept. Comparative Physiology and Helmholtz
Instituut, Universiteit Utrecht, 3584 CH Utrecht, The Netherlands.
Special complex cells in cat striate cortex respond directionally selective to moving
random pixel arrays (RPAs), thus constituting a first stage of motion sensitivity in
visual processing. We investigated the spatial and temporal requirements for
integration of motion information at this first stage. To this end we recorded from
single, directionally selective complex cells, and we measured the responses to
spatial and temporal alternations of RPAs moving in the preferred and non-preferred
direction. The two moving patterns (50% dot density) were shown in alternating bars
of equal width, drifting slowly accross the receptive field. Spatial integration of
motion information was measured by changing the bar-width, while keeping the
temporal frequency constant, temporal integration by varying the drift rate at a fixed
bar-width. Responses were characterized by the mean spike rate, and by the spike
rate modulation amplitude at the frequency corresponding to the drift rate.
Spike rate amplitudes decline with decreasing bar-width and with increasing
temporal frequency. The minimum resolvable bar-width was always several times
smaller than the size of the receptive field. For still narrower bars (appearing as
transparent motion to us) the cell’s mean spike rate remained well above
spontaneous activity, indicating incomplete suppression by the non-preferred
direction. The maximum resolvable temporal alternation of motion direction was
about 8 Hz. Higher frequencies do not elicit a modulated response, but may still
cause an increased mean spike rate, corresponding to temporal motion transparency.
We did not find a clear reduction of the response at an intermediate bar width or
alternation frequency, that might have indicated tuning of the motion correlator for
a particular step size or step-delay, respectively,
support: Royal Dutch Academy of Sciences (KNAW)
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AN EGO-CEN TRIC VIEW OF SPACE AND TIM E IN VISUAL CORTICAL
NEURONS. F. Chavane, L. Glaeser. V. Bringuier. C. Monier. L. Borg-Graham. J.
Lorenceau and Y. Frdgnac*. Institut Alfred Fessard, 91198 Gif-sur-Yvette, France.
A total of 64 simple and complex cells in area 17 of anaesthetized cats was
recorded using sharp intracellular and whole-cell patch electrodes. In order to
characterize spatiotemporal properties of the synaptic integration field, five different
types of visual stimulation of the minimal discharge field (MDF) and its periphery
were used: moving or flashed bars or gratings, and pseudo white noise consisting of
small dark and light bars flashed randomly every 50 ms. In the latter case we applied
the reverse correlation (RC) method to the membrane potential record. The occurrence
times o f local extrema were used to form independent series of events o f a given
amplitude and polarity (depolarizing, hyperpolarizing, spike). Subthreshold maps
established by RC show both excitatory and inhibitory regions ranging from 1.5 to 60
times the area of the MDF. All excitatory profiles were consistent with stimuluslocked waveform averages. Moreover, the RC technique revealed inhibitory regions,
undetected using stimulus-locked averaging, which could be either within, surrounding
or distinct from the MDF.
Independently of the stimuli used, we observed subthreshold responses were
smaller (in terms o f amplitude and integral (<r2>=0.671)) and had longer latencies
(<r2>=0.747) as the stimulus eccentricity increased (up to 10°) with respect to the peak
firing locus within the MDF. Taking into account the cortical magnification factor, an
"apparent speed o f propagation" (ASP) was computed as the ratio of the distance in the
cortical projection map divided by the difference in response latency between the
central and peripheral loci o f stimulation. The calculated ASPs, which ranged from
0.02 to 0.95 m/s, are compatible with the conduction velocity along horizontal
intracortical axons, which is much slower than that of X- or Y- thalamocortical axons
or o f feedback projections from higher order visual cortical areas.
F.C. and L.G. are supported by MENESR, V.B. by Fondation Fouassier. This work
was funded by grants to Y.F. from the GIS-Cognisciences and HFSP (RG/69-93B).

SPATIAL SUMMATION PROPERTIES OF MACAQUE STRIATE NEURONS.
J.B. Levitt* and J.S. Lund. Inst. Ophthal., Univ. College London, EC1V 9EL, UK.
We studied the extent o f visual space from which V I neuron responses can be
driven or modified, and related that to known measures o f cortical space and
connectivity. We recorded from single units in all cortical layers from the parafoveal
representation o f paralyzed, opiate-anesthetized macaque monkeys. Minimum
response fields (MRF), measured by placing small patches o f an optimal grating
stimulus in different locations, averaged 1.3 deg diam; we then centered a large (13
deg diam) stimulus over the RF, and varied the diameter o f a central blank region to
determine the asymptotic diameter beyond which responses no longer decreased.
Typically these measures agreed closely, although in a few cases the function
asymptoted over a larger diameter than the M RF, or the maximal response was
elicited when a small central region o f the RF was blanked out, indicating strong
inhibition arising from within the RF. We also measured length/width summation
functions for each neuron using an optimal stimulus centered over the RF. On
average, peak responses were evoked by stimuli similar in size to measured MRF
sizes, although many V I neurons gave optimal responses to stimuli smaller or several
degrees larger than the MRF. Similarly, the stimulus size at which responses
asymptoted was also frequently very much larger than that predicted by the size of
the M RF, often exceeding 10 deg in diameter (even in layer 4C). The spatial extent
o f modulatory surrounds, measured either by increasing the outer diameter o f the
maximally suppressive or facilitative surround, or by introducing a blank annulus
between the M RF and a large (13 deg diam) surround, extended on average 3 deg
in diameter from the edge o f the M RF (but could extend up to 13deg total diameter).
These results suggest that many neurons in visual cortex integrate visual signals over
a distance commensurate with the spread o f lateral connectivity, but that a substantial
proportion cannot be accounted for by the monosynaptic spread (6-8mm) o f intrinsic
interlaminar or horizontal connections. Supported by M RC G9408137.
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TEM PO R A L AND SPATIAL ANALYSIS O F IN TR IN SIC SIGNALS FROM
CAT VISUAL CO RTEX . M. S te tte r1, T . O tto 1, T . M üller1, F. Sengpiel2 *,
M. Hiibener2, T . Bonhoeffer2 and K. O berm ayer1.
I n fo rm a tik , Technische U niversität Berlin, G erm any; 2M PI für Psychiatrie,
M artinsried, Germ any
O ptical im aging m ethods of cortical activity record sm all changes in re
flectance of the cortical tissue, which are related to local- neural activation
(Blasdel and Salam a, 1986; Bonhoeffer and Grinvald, 1996). However, corti
cal reflectance is also subject to stim ulus-independent variations w ith m ostly
low spatial frequencies (referred to as low-frequency noise). We tested a
tw o-param etric Linear Model (LM) for its ability to sep arate signal and lowfrequency noise com ponents in im age tim e series obtained from th e visual cor
tex of cats. Two types of m odel functions were used, nam ely a ram p /ste p com bination and principal com ponents of th e pixel tim e series. For d a ta sets
w ith tim e-independent low-frequency noise, th e LM was observed to work well
w ith the ram p/step-com bin atio n . For records w ith m ore com plicated tim edependent low-frequency noise, PC A extracted correct signal and noise m odel
functions autom atically leading again to a successful source sep aratio n w ith th e
LM. Proceeding from these results, we analyzed th e ex tracted stim ulus-induced
signals in order to characterize aspects of th e functional cortical architecture.
Zero-crossings of difference images were taken to be th e statistically nonsignif
icant regions of the images. Typical wavelengths were determ ined from th e
m axim um of the complex power spectrum . Singularities in orien tatio n m aps
were extracted both from intersections of 0-90 and 45-135 deg zero-crossings
and by detection of the vector field ro tatio n . S tatistical significance of all re
sults was tested by a com parison to surrogate d a ta obtained by random izing
the phase Fourier spectra of th e images while leaving th e am p litu d e sp ectra
unchanged. R esults using preprocessed signals showed a significantly increased
signal to low-frequency-noise ratio rendering th e tw o-param etric linear m odel
a successful m ethod for optical im aging signal extraction.
S upported by M PG and DFG g ran t Ob 102/2-1

A MODEL OF THE MODULATION OF TEMPORAL INTER-ACTIONS
IN MULTIPLE CORTICAL MODULES. P.F.MJ. Verschuld 2and P. König3.
1 Institute of Neuroinformatics, ETH-UZ, Zürich, Switzerland. 2 The Salk
Institute, La Jolla,. 3The Neurosciences Institute, SanDiego,.
The dynamics of neuronal interactions in the visual system are determined
not only by the structure of the cortical network, but also by subcortical
modulatory influences. Here we explore the properties of a model incorporating
a modulatory system, which affects the interactions within the network. The
individual units aFe simulated as leaky integrate and fire neurons with one
dynamic compartment. The modulatory units - similar to cholinergic afferents
from subcortical structures - influence their electrotonic length and, thus,
determine the properties of dendritic integration. This in turn determines the
synchronization pattern and the segmentation in the network.
Investigating a system of modules representing different feature domains
we found that: First, within each module, the global distribution of input
features determines the significance of local feature variations and, thus, the
segmentation on the local scale. Second, the binding of moving stimuli is
accelerated and, due to the subthreshold input by tangential connections, already
the first spike of each newly activated units is synchronized. Third, in a
system with multiple modules, the flexible use of cues in different feature
domains is demonstrated. A set of stimuli which are homogeneous in one or
several feature dimensions can be segmented using the information of other
modules. In contrast to previous studies, no majority vote is necessary.
In conclusion, this study contributes to the evidence that dendritic processing
forms an integral part of the function of neurons. Moreover subcortical structures
can modify dendritic integration in cortical neurons and thus influence their
degree of synchronization and the segmentation of visual stimuli. Supported
by Neurosciences Research Foundation.
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THE PHYSIOLOGICAL EFFECTS OF AGING ON
TEMPORAL PROCESSING IN THE RAT VISUAL CORTEX. E
F. Wells and J. R. Mendelson* Division of Life Sciences, University
of Toronto at Scarborough, Scarborough, Ont. MIC 1A4
It is well known that many elderly people experience a
deterioration in visual abilities even in the absence of any optical
pathology. One behavior that appears to decline with age is the ability
to accurately process visual motion. It has been suggested that this
decline may be due in part to slowing down of temporal processing in
the aging visual system. One technique that enables us to explore this
is critical flicker fusion (CFF), or the frequency of flickering light
(Hz) that is required to produce an appearance of steady light to an
observer. Changes in the ability to perceive or respond to discrete
flashes of a given frequency provides an index of the efficacy of the
visual system's temporal processing abilities. Given that little is
known about the neural mechanisms underlying the effects of aging on
temporal processing in the visual system, we attempted to explore this
by recording the extracellular responses of neurons in the visual cortex
of young (2-5 months) and old (22-24 months) Long Evans Hooded
rats. We hypothesized that cells recorded from young rats would have
a higher CFF threshold than those from old animals. The results
support our hypothesis. This study provides one of the first
indications of a difference in temporal processing speed in the aging
visual system.
This research is supported by a grants from NSERC.

THE 'INDEPENDENT COM PONENTS' OF NATURAL SCENES ARE EDGE
FILTERS. A nthony J. Bellf Terrence J. Sejnowski and M am i Stewart-Bartlett
The Salk Institute, C om putational N eurobiology Lab, La Jolla, CA 92037.
Field (1994) has suggested that neurons w ith line "and ed g e selectivities
found in primary visual cortex of cats and m onkeys form a sparse, distributed
representaton o f natural scenes, and Barlow (1989) has reasoned that such re
sponses should em erge from an unsupervised learning algorithm that attem pts
to find a factorial code of independent visu al features. We sh o w here that a
n e w unsupervised learning algorithm based on inform ation m axim isation, a
non-linear 'infom ax' netw ork (Bell & Sejnowski, 1995), w h en applied to an en
sem ble o f natural scenes produces sets o f visu al filters that are localised and
oriented. Som e o f these filters are Gabor-like and resem ble those produced by
the sparseness-m axim isation netw ork of O lshausen & Field (1996). In addi
tion, the outputs o f these filters are as independent as possible, since this info
m ax netw ork perform s Independent C om ponents A n alysis or ICA, for sparse
(super-Gaussian) com ponent distributions. We com pare the resulting ICA fil
ters and their associated basis functions, w ith other decorrelating filters pro
duced b y Principal C om ponents A nalysis (PCA) and zero-phase w hitening fil
ters (ZCA). The ICA filters have m ore sparsely distributed (kurtotic) outputs on
natural scenes. They also resem ble the receptive fields of sim ple cells in visual
cortex, w h ich suggests that these neurons form a natural, inform ation-theoretic
co-ordinate system for natural im ages.
Supported b y the H ow ard H ughes M edical Institute and the Office of
N aval Research.
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COINCIDENCE DETECTOR VS. TEMPORAL INTEGRATOR: A STUDY OF
THE CONTINUUM OF OPERATING MODES. M. A. Kislev* & G. L. Gerstein.
Department of Neuroscience, University of Pennsylvania, Philadelphia, PA 19104.
The basic operating mode of cortical neurons is currently being debated
(reviewed by König et al., 1996, TINS, 19: 130-7).
W hether they act as
"coincidence detectors" or "temporal integrators" has implications for whether
cortical neurons encode information by precise tim ing of action potentials or simply
by average firing rate. The present theoretical study demonstrates a broad
continuum o f basic operating modes and corresponding potential coding-schemes.
We attempt to characterize the class o f multi-synaptic input pattern that reliably
causes a neuron to fire. As a template for the input patterns we use ’Gaussian
events’: N excitatory synaptic inputs scattered around a mean input time with a
given standard deviation, SD. These events are particularly well-suited to this
investigation because a zero-SD event corresponds to perfectly coincident input, a
high-SD event must be integrated over several milliseconds, and inputs with
intermediate values of SD lie along a spectrum o f varying degrees o f synchrony.
Computational simulations performed with a simple four-state-variable passivemembrane model neuron show that output spikes are generated reliably (>90%) for
a large range of N ’s and SD’s. W ithin this range the output spike latency with
respect to the input event depends upon both N and SD as follows: high N and/or
low SD will cause an output spike with a shorter latency than low N and/or high
SD. The standard deviation of this latency (the "jitter" of the output spike) depends
primarily on, and is proportional to SD. Also, the slope of the membrane potential
for the 0.5-1 msec preceding an output spike is found to be exquisitely sensitive to
SD, suggesting that it could be used as a predictor for the temporal jitter of both the
input pattern and the output spike. This implies that intracellular recordings from
single cortical neurons could help resolve the debate regarding the basic operating
mode of cortical neurons.
[NIH MH 46428; NIH DC 01249]

A N A L Y SIS O F D IR E C T IO N S E L E C T IV IT Y A R IS IN G F R O M
K E C V R R E N T C O R T U ’A L IN T E R A C T IO N S .
P M in eiro ar.fi 33. Z ipser*, D e p a rtm e n t oi C ognitive' S c i o n s .
U n iv e rsity o f C a lifo rn ia . S a n D iego. La. .Joila. C A 0200:i-0->l r>.
T h e rela tiv e c o n trib u tio n s o f fe e d f o r w a rd 'a u d re c u rre n t
co n n e c tiv ity to th e d ire c tio n wjuciiive jehpont.es o f cell;- hi
!aver IV H o f p rim a rv v isu al c o rte x is c u rre n tly ih e s u b je c t
o f d e b a te in th e n eu ro scien ce e o m m u n itv . R ec e n tly biopli csicallv d e ta ile d .sim u latio n s hav e show n rea listic d ire c tio n s e 
lectiv e resp o n se s can be ach iev ed v ia -re c u rre n t c o rtic a l in te ra c tio n s b etw een ceils w ith n o u -d ite c n o n se le c tiv e fee d fo rw a rd
input- (S u a re z , K o cn k D o u g la s, 1905: M i.ex X: O r b a n . 1900).
U n fo rtu n a te ly th e co m p le x ity o f th e s e m o d els, w hile d e sira b le
for d e ta ile d c o m p a riso n w ith biology, a re difficult to a n a ly s e
in a th ^ in a tic a lly . U sing a rela tiv e ly p im p le c o rtic a l d \n a m ical m o d e 1, th e e m e rg e n ce o f d ire c tio n se le c tiv e resp o n se s via
lu cu rreril in te ra c tio n s is a n a ly z e d . C o m p a ris o n bet w ren «
m o d el b ased on o u r a n a ly sis 'ind p h ysiological d a l a is p,<'senWL. T h e a p p ro a c h a lso allow s a n a ly sis o f t He r e c u n v n tr,
pro p .'& ated ^ifciia-l. rev ealin g th e p red ic tiv e uat u re o f t he im 
p le m e n ta tio n .
S u p p o rte d b \ VRF M in o rity G r a d u a te F ellow ship to P M .
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POPULATION RECEPTIVE FIELDS (PRFs) DERIVED FROM MOVING
STIMULI RECORDED IN CAT VISUAL CORTEX SHOW REDUCED
LATENCIES COMPARED TO THE STATIONARY CONDITION. D. Jancke*.
W. Erlhagen. G. Schöner1. H.R. Dinse. Inst, für Neuroinformatik, Ruhr-Universität,
D-44780 Bochum, Germany; 'Centre de Recherche en Neurosciences Cognitives,
CNRS, Marseille, France.
For stationary flashed stimulation the application of a dynamic population coding
technique revealed the evolution and decay of transient, but spatially localized
activity peaks within a so-called 'population receptive field' - PRF. When the same
stimuli were moved, we were able to reconstruct the neural representation of the
motion trajectory in terms of moving activity peaks across the PRF (Jancke D. et al.
(1996) Soc. Neurose. 22 (1): 646.). Assuming that the activity peaks obtained for
the stationary condition reflects the cooperative interactions among a large number
of neurons, we address the question, in how far these spatio-temporal characteristics
of the dynamic population responses are modified by the introduction of motion.
The PRF was constructed from 178 single units recorded in the foveal
representation of area 17. Adult cats were anaesthetized with N20 (70/30) and
Nembutal (i.v. lmg/kg*h). A square of light (0.4°) was presented under two
different conditions: 1.) moving horizontally with different velocities (4.3°/sec,
8.8°/sec, j5°/sec, 39J/sec, in two opposite directions); 2.) stationary flashed at
different positions for 25 ms. In contrast to the stationary condition, we observed a
reduced latency comparing the spatial relation between peak maxima in the PRF and
stimulus position. Analyzing stimuli that moved naso-temporally or vjee versa
revealed a direction dependent asymmetry of the PRF. We interpret these findings
a indication for contributions of neural cooperativity depending on stimulus
context. For a theoretical treatment a neural field model is introduced. Using the
same set of parameters our model can predict the observed effects for both
paradigms.
Deutsche Forschungsgemeinschaft, Nos. Di 334/5 -1, /5 - 3 and Scho 336/4-2

EFFECT OF VISUAL CORTEX LESIONS ON THE USE OF OPTIC
FLOW
DURING
LOCOMOTION
IN
THE
MONGOLIAN
GERBIL
( M e r io n e s u n g u i c u l a t u s ) . S. Shankar* and
C. G. Ellard.
Dept, of Psychology, Univ. of
Waterloo, Waterloo,
Ontario, Canada, N2L 3G1.
We investigated the effect of visual cortex lesions
on use of optic flow information by the Mongolian
gerbil during locomotion using an automated runway.
Gerbils were trained to run toward a circular target on
a computer monitor at the end of the runway.
We used
an array of infrared beams and detectors to measure the
animals' velocity and to manipulate target size as the
gerbils ran toward the screen. On som6 randomly chosen
trials,
the
target expanded or
contracted as
the
gerbils ran towards it.
We hypothesized that if the
animals were using optic flow information, they would
decelerate
during
expanding
target
trials
and
accelerate
during
contracting
target
trials,
as
compared to trials when the target was static. As with
earlier findings by Sun, Carey, and Goodale (1982),
results were in accord with these predictions. In a
second study, animals with visual cortical lesions were
compared with sham operates. Results suggested that the
influence of optic flow information on locomotion was
attenuated considerably in the visual cortical animals.
We conclude that gerbils use optic flow information to
guide locomotion and that this ability is, at least in
part, dependent on cortical mechanisms. Supported by a
grant to CGE from the Natural Sciences and Engineering
Research Council of Canada.
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DOMAINS OF DIRECTION SELECTIVITY IN CAT AREA 17
J. Sharma*. S.C. Rao and M. Sur. Dept, of Brain and Cognitive Sciences,
MIT, Cambridge, MA 02139

A FUNCTIONAL MAGNETIC RESONANCE IMAGING INVESTIGATION OF
APPARENT BRIGHTNESS PERCEPTION. D.C. Somers*, A.M. D ale',
J.D. M endolat, E.H. Adelson, R.B.H. T o o te d , Dept, of Brain & Cognitive
Sciences MIT, Cambridge, MA. M GH-NM R Center^, Charlestown, MA.
A gray patch viewed on a dark background appears brighter than the same
patch viewed on a bright background. This brightness illusion is generally thought
to result from local edge contrast polarity. We (Adelson ’93; Somers & Adelson ’97)
have developed stimuli which generate much stronger apparent brightness effects
without altering local border contrasts. Each stimulus consists of a central disk
(3° diam.) surrounded by 2 annuli (6°, 9° outer diam.) with hemi-ellipses aligned
in X-junction configurations along the border between the annuli. Experimental
and control stimuli had identical luminance configurations within the central disk
and inner annulus. Luminance values of the hemi-ellipses in the outer annulus were
modulated to create X-junctions that were consistent with transparency (experiment)
or opacity (control). Experimental stimuli generated a strong apparent brightness
modulation of the central disk as compared to the control stimuli. Subjects viewed
these stimuli during echo-planar imaging at 1.5T or 3T (GE Signa). Retinotopy
of visual areas V I, V2, V3, VP, V3A, V4v was identified by previously described
methods (Sereno et al., ’95). In one subject scanned at 3T we observed strong
decreased activation at the central retinotopic representation in V I and V2. Small
patterns of increased activation were also observed at eccentricities corresponding
to the outer annulus. At 1.5T a similar, but weaker pattern of activation and
deactivation was observed in a second subject. Decreased activation in the cortical
representation of the central disk correlates with decreased single-unit responses
recorded in macaque V 1 using similar apparent brightness stimuli (Mazer et al. ’97).
Decreased responses may reflect the effects of scission on edge detectors positioned
within the region of the transparent surface or may reflect contrast polarity-specific
effects of X-junctions.

We have examined the representation of direction selectivity in area 17 of
cats, using optical imaging o f intrinsic signals in response to drifting gratings
and random dots. The imaging data were correlated with single unit
responses at selected recording sites. In both adult cats and kittens, we find
patches of cortex that show high direction magnitude, denoting a nonuniform distribution of neurons that show strong directional responses. The
patches, which have a mean area 0.15 ± 0.04 mm2, each represent an optimal
direction with neurons tuned in a narrow range around the optimal (average
s.d. around the mean direction, 28.4°); we term these patches direction
domains. Both gratings and random-dot stimuli lead to similar direction
domains. Cortical regions outside these domains have a lower direction
magnitude and show poor direction tuning. Each direction domain overlies
cortex containing neurons tuned to many different orientations. The full
range of stimulus directions is represented in a widely distributed manner
over a large expanse of cortex, rather than in a continuous manner with a
close relationship to orientation preference (Weliky et al., 1996; Shmuel and
Grinvald, 1996). Such domains of direction preference suggest the
possibility that direction selectivity is represented in a fundamentally
different way than orientation selectivity, at least in cat area 17.
Supported by EY 07023
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RESPONSES IN MACAQUE AREA V3a TO MOVING RANDOM
DOT PATTERNS. P. X. Joris*. S.E. Raieuel D.K. Xiao. G.A. Orban.
Laboratorium voor Neuro- en Psychofysiologie, K.U. Leuven, Medical
School, B-3000 Leuven, Belgium.

179.2
SYNCHRONOUS LOCKING OF AREA MT NEURONS TO RAPIDLY
CHANGING STIMULI.
G. B u ra& s* . A. Zddor. M . DeW eese. and T.
A lbright. V C L, M N L , and Sloan C enter, S alk Institute, P .O .B o x 85800, San
D iego, C A 92186.

Human functional imaging studies reveal differential activation of many cortical
regions to moving random dot patterns. Besides activation of the homologue of area
MT/V5, there is a consistent and prominent focus in the cuneus, posterior and
superior to MT. Based on retinotopy, Tootell et al. (1996) suggested that this region
is the homologue to area V3a in the monkey, and pointed out that this is discrepant
with the poor motion selectivity to sinusoidal gratings in V3a reported in macaque
(Gaska et al., 1988). We tested motion selectivity to random dot patterns in
paralyzed, opiate-anesthetized cynomolgus monkeys. Stimuli were identical to
those of a previous study of retinal motion sensitivity in MT (Xiao et al., 1995).
Demarcation of cortical areas was on the basis of retinotopy (presence of upper field
responses in particular) and various histological markers. A clear increase in
responsivity marked the transition from V4 to V3a, on the anterior bank of the
lunate, as well as from V3a to V3, near the transition from annectant gyrus to the
fundus of the lunate sulcus. Motion summation curves showed strong surround
inhibition in most V3a cells. Directional selectivity was tested with stimuli
restricted to the center of the receptive field at 3 speeds spanning an 8-fold
increase. Clear directional tuning was found in V3 but was rare in V3a. Responses
to the moving dots were generally weak and variable and tended to have long
latencies.
Overall, these data are consistent to those obtained with gratings and reinforce
the discrepancy between V3a in monkey and its presumed homologue in man. The
irregularity and long latencies of the responses may reflect extraretinal influences
on V3a (Galletti et al., 1990). Supported by GOA 95-6.

We have previously shown (G. Buraias et al, Soc. Neurosci. Abs., 1996)
that area MT neurons, when driven by stimuli varying at ecologically relevant
time scales (of order 30 msec), can produce spikes with high reliability and
timing precision as good as 5 msec. How is the reliability of spikes from an
individual neuron affected by ongoing activity in the surrounding neuronal
tissue? We have explored the relationship between individual spikes and
population response by simultaneously recording action potentials and local
field potential (LFP). We compared the response to rapidly varying stimuli (a
Gabor patch whose direction of motion reversed randomly with a probability
chosen to maximize the mutual information between the stimulus and spike
train) with the response to fixed-speed stimuli moving in the preferred
direction of the monitored neuron. In most cases the spikes tended to align
with the negative strokes of the LFP that are believed to reflect the
synchronous synaptic input to surrounding neurons. This alignment was
observed for both fixed-speed and variable stimuli, suggesting that area MT
neurons exhibit synchronous activity regardless of stimulus condition.
However, only LFP responses to the variable stimulus were time-locked to
stimulus, while the LFP responses to the fixed-speed stimulus showed high
trial-to-trial variability. These experiments shed new light on the transfer of
sensory information about stimuli varying at ecologically relevant time scales.

179.3

179.4

GRADIENTS OF ATTENTION IN THE HUMAN VISUAL MOTION
PROCESSING SYSTEM M. S. Beauchamp*. R.W. Cox and E. A. DeYoe
*Graduate Program in Neurosciences, University of California, San Diego and
Medical College of Wisconsin, Milwaukee, W I53226 (mbeaucha@mcw.edu)
We performed three Functional MRI experiments to study human cortical
areas involved in a visual motion task and their modulation by attention. Subjects
discriminated between different point speeds in each half of an annulus defined by
coherent motion within a dynamic random dot field. In the first experiment, the
activity produced by the speed discrimination task relative to a baseline fixation
point task was measured. Many visual areas, including VI, responded to the task. In
the second experiment, the activity produced by the speed discrimination task was
compared with the activity produced by viewing dynamic random dots with no
motion-defined figure. A network of motion processing areas in lateral occipital and
parietal cortex selectively responded to the coherent points in the motion-defined
figure and performance of the motion task. In the third experiment, we examined
the effects of visual attention on different components of the motion task network.
When subjects viewed the motion-defined annulus but performed a luminance
discrimination task that directed their spatial and featural attention away from the
annulus, the amplitude of response in motion task areas fell to an average of 38% of
their motion task intensity. In order to map the effects of attention, the attentional
modulation in different network components was derived. Different areas showed
markedly different attentional modulation. The greatest attentional modulation was
found in superior parietal cortex and left and right human area MT and associated
motion processing areas (attenuation to 36% of motion response). The least
attentional modulation was found in superior occipital and ventral occipital regions
(average attenuation 69% of motion response). The powerful influence of spatial and
featural attention on activation in the motion-processing network, and the differing
effects of attention on different components of the network, suggests that the visual
stimulus and the visual task play complementary roles in determining visual system
response. Supported by an HHMI Fellowship to MSB, NIH EY10244 and
MH51358.

SPEED OF RESPONSE TO VISUAL STIMULI IN APPARENT
MOTION IN HUMAN VISUAL MOTION AREA. Y. Kaneoke*. M.
Bundou. R. Kakiei. Dept. Integr. Physiol., Natl. Inst. Physiol. Sci.
Myodaiji, Okazaki 444, Japan.
Stimuli in apparent motion evokes magnetic response from human
visual motion area (human homologue of MT/V5). We have found its
response latency was dependent of spatial separation of the apparent
motion stimulus (Neuroreport 8,677-82, 1997). To clarify this property
in detail, we measured its response latency with varied spatial separation
(0.05,0.1,0.2, 1.0, 3.0, or 5.0° in visual angle).
Three right-handed men participated in this study. Our visual stimulus
to evoke apparent motion consisted of two frames each of which has a
small line with one of six spatial separation each other. These frames
were presented in turns every 2 to 3 seconds at random and the observer
perceived motion the line when the frame changed. While each observer
looked at the stimulus in his left visual field, magnetic field response
from the right hemisphere was recorded with 37 ch BTi
neuromagnetometer. Single component of the magnetic response was
recorded from all subjects and for all separations. The origin of the
response was estimated to be in the vicinity of human visual motion area
for all subjects and separations. The peak latency was inversely related
to the spatial separation for all subjects with striking difference between
maximal and minimal latency (up to 90 ms). The results will be
discussed with studies in psychophysics.
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SPEED SENSITIVITY IN HUMAN AREA MT/V5 AS DETERMINED BY
fMRL S.P. Dukelow* J.F.X. DeSouza. A. Bhanii. J.S. Gati. R.S. Menon and T.
Vilis. Neuroscience Program, Departments of Physiology and Ophthalmology,
Robarts Research Institute, University of Western Ontario, London, Ontario,
Canada N6A5C1.
This study examined the relationship between fMRI signal intensity within human
extrastriate cortex during a motion paradigm. To examine the relationship between
speed and fMRI signal, stimulus speeds of 0,8,16,32 and 64°/s were presented to 4
subjects. Stimuli moved either leftward or rightward in the frontoparallel plane and
consisted of various sized (2°-4°) white rectangles on a black background.
Responses were measured using BOLD contrast imaging on a 4 Tesla Varian fMRI
unit Primary visual cortex displayed a steadily increasing fMRI signal with
increasing stimulus speed while the signal within area MT/V5 increased only
slightly with stimulus speed across all movement conditions. In fact, MT/V5
displayed a significant decrease in signal (p<0.05) at 167s as compared to 8 and
32 °/s. We propose that this signal “dip” occurs as a result of interaction between
changing spatial and temporal frequencies. Objects moving faster across a receptive
field produce shorter, but more frequent bursts of activity.
In an effort to determine the effects of changing only temporal frequency, we
developed a modified “shutter” stimulus consisting of a single edge moving
rightward once every second at either 0,8 or 16 °/s. This stimulus was tested on 6
subjects and again revealed an area MT/V5 fMRI signal, which was significantly
less (p<0.05) at 16 °/s than 8 °/s. Because of the unique spatial and temporal
filtering processes of the fMRI signal, its relationship to stimulus parameters are
frequently different from that found in single unit studies.
Supported by the MRC of Canada, NSERC and Human Frontiers in Science.

MICROSTIMULATION OF MACAQUE VISUAL AREA MT DURING A
HEADING DISCRIMINATION TASK. K.L. Nace* and K.H. Britten Center for
Neuroscience, University o f California at Davis, Davis, CA 95616.
Neurons in the medial superior temporal area (MST) o f macaque extrastriate cortex
respond selectively to optic flow patterns. In psychophysical studies, heading
judgments can be based upon such flow patterns. Microstimulation of MST in
monkeys has been shown to bias heading judgments in favor o f the direction of
heading preferred by the neurons near the stimulating electrode (Britten, Soc. Neurosci.
Abstr., 22:1692). The aim o f the present study was to investigate whether
microstimulation o f the middle temporal area (MT) - a region sensitive to linear
motion and a major source o f feedforward input into MST - would also bias
performance on a heading task.
In this M T microstimulation study, we used the same experimental paradigm as in
the M ST study. The monkey was required to maintain fixation or to perform
horizontal pursuit while a 3-D cloud o f points was presented on a CRT monitor. The
expanding images simulated a range of headings along the horizontal meridian, and on
each trial the monkey indicated whether the simulated heading was to the left or right
of head-centered zero by making a saccade to a target on that side.
Using both linear motion and heading stimuli, we mapped multiunit activity in area
MT. Heading preference was predictably related to linear direction selectivity (e.g.,
left linear direction selectivity corresponded with right heading preference). A region
was considered suitable for microstimulation if it demonstrated a continuous heading
preference over at least a 250 fim patch. An electrode connected to a constant-current
stimulator was placed in the center of the patch, and microstimulation (20 (iA, 200
Hz) was delivered concurrently with stimulus presentation on half o f all trials.
Preliminary results from two monkeys show that microstimulation of MT can
significantly influence judgments on our heading task. These effects can be as large as
those seen in MST despite the fact that the stimulated region in M T represents a much
smaller part o f the visual stimulus.
(Supported by NEI grant E Y 10562)
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PET ASSESSMENT O F BRAIN ACTIV A TIO N IN M A C A Q U E MONKEYS
PERFORM IN G A VISUAL DIRECTION D ISC RIM IN A TIO N TASK. A.
M ikam i. I. A ndo. M. Inoue. H. T su k a d a . G.C. D eA ngelis. W.T. N e w so m e .
a n d S.E. P etersen, PET C enter, C en tral Res.Lab., H a m a m a tsu Ph o to n ics., 5000
H irak u ch i, H a m a k ita , 434 Japan.
To id entify brain are a s activ ated d u rin g a d ire c tio n d isc rim in atio n task, w e
m ea su red regional cerebral b lo o d flow (rCBF) w ith 1 5 0 -la b e le d H 2 0 a n d
po sitro n em ission to m o g ra p h y (PET) in 2 rh esu s m o n k ey s u n d e r 4
b e h avioral conditions: 1) a visu al fixation task (F) in w h ich fixation w as
m ain tain e d o n a visual targ et, 2) a p assiv e m o tio n ta sk (P) in w h ic h m o v in g
d o ts w ere p rese n ted w hile th e m o n k ey s fixated a targ e t, 3) a m o tio n
d iscrim in atio n task (D) in w h ich th e m o n k ey s rep o rte d th e d ire c tio n of
p erceived m o tio n in a ra n d o m d o t stim u lu s b y m ak in g a saccad e a t th e e n d
of the fixation p e rio d , a n d 4) a saccade task (S) in w h ich m o n k ey s m ad e eye
m o v em e n ts to w a rd sm all visual targ ets.
In the D +P-F su btraction, w hich sh o u ld e m p h a size v isu a l effects of th e
m o v in g dots, w e found a c tiv atio n in VI a n d in a larg e ex p a n se o f e x trastriate
visual cortex in clu d in g the lu n ate, in ferio r occipital, parieto -o ccip ital a n d
su p e rio r tem poral sulci. In the D-P su b tractio n , activ atio n o f V I w as red u c e d
su b sta n tia lly , b u t significant a c tiv atio n rem a in e d in e x tra stria te reg io n s
p ro b ab ly co rre sp o n d in g to a reas V 2 /V 3 , P O a n d M T /M S T . In a d d itio n ,
ac tivation w as o b served in th e frontal e y e fields, LIP, th e a n te rio r Sylvian
sulcus a n d p o rtio n s of the th alam u s, b rain ste m a n d cerebellum . A ctivation
in the FEF, LIP, th ala m u s a n d b rain ste m d isa p p e a re d in the D-S su b tractio n ,
w hich sh o u ld control for m o to r activ ity ev o k ed b y saccades. T hese resu lts
su g g est th at som e extra stria te a re a s a n d p o rtio n s of th e a n te rio r S ylvian
su lcu s a n d cerebellum m ay c o n trib u te im p o rta n tly to h ig h er p ro cesses
associated w ith psychophy sical d ecisio n s. S u p p o rte d b y HFSP.

DIRECTION CUEING IN A MOTION COHERENCE TASK
STUDIED WITH FMRI. OX. Shulman, S.El Petersen. E,Akbudak, U L
Conturo. A.Z. Snvder. J.J.Neil*. J.M. Ollineer. M.E. Raichle and M. Corbetta.
Washington University, School of Medicine, Box 8111, St. Louis, MO 63110.
Attentional modulation of visual motion processing in human extrastriate
cortex was evaluated with fMRI. In a sensory condition, subjects viewed a random
dot array that was either moving or stationary. The motion condition produced
activations in an area previously identified as ‘human MT’ as well as a more
anterior area near the junction of the superior temporal and supramarginal gyrus.
The same subjects also completed a motion coherence task. Dots were
replotted incoherently between successive frames (33 msec/frame), producing
flicker, for a 500-2000 msec interval. During a brief interval, a small percentage
of dots were replotted coherently on successive frames. Prior to the onset of
flicker, subjects were shown an arrow indicating the direction of the upcoming
coherent motion (valid), or a plus sign, which provided no advance information
(neutral). The arrow cue improved behavioral performance (fast» reaction times,
greater accuracy). Three fMRI scanning conditions were conducted with the
following parameters: ASE sequence, TE=49 msec, TR=2.4 sec, 16 contiguous 8
mm slices with 3.125 mm square voxels. On valid and neutral scans, periods
involving arrow cues or plus-sign cues respectively were contrasted with passive
presentation of the same stimuli. On valid vs. neutral scans, periods involving
arrow cues were contrasted with periods involving plus-sign cues.
Both the neutral and valid cueing conditions enhanced activations in ‘human
MT’ and the more anterior motion area relative to the passive condition.
Differences between the valid and neutral condition were observed in posterior
parietal cortex. These results may reflect a response modulation to the coherent
motion stimulus, or a tonic set for motion.
Supported by N IH grants HL13851, NS06833, NS32979, Charles A. Dana
Foundation, and McDonnell Center fo r Higher Brain Function.
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PATHW AYS FOR PURSUIT EYE MOVEMENTS: MODULAR PROJECTIONS
FROM PRIMATE AREA MT. R.T.Bom .Y. Zhang and V.K. Berezovskii* Dept, of
Neurobiology, Harvard Medical School, Boston, MA 02115.
Visual area MT in the owl monkey is columnarly organized with respect to both
preferred direction of motion and different types of center-surround interaction. The
latter organization consists of slab-like clusters o f cells whose receptive fields have
motion opponent surrounds (interbands) interdigitated with clusters o f cells whose
receptive fields have additive surrounds {bands).
These subdivisions can be
distinguished using 2-deoxyglucose (2dg) while the animal views a large-field motion
display. Cells with additive surrounds in the band regions respond well to such a
stimulus, and, therefore, take up 2dg; cells in the interbands do not.
W e were interested to know if and to what extent the information in the bands and
interbands remained segregated further along the visual pathway. To study this, we
made injections o f retrograde tracers into visual structures to which area MT projects,
then labelled the band-interband organization with 2dg. In a complementary set of
experiments, we injected anterograde tracers into regions of MT which we had
previously mapped physiologically. Injections o f both FSTD and the ventral part of
M ST labelled patches o f cell bodies in area MT that were confined to the bands.
Injections into the dorsolateral pontine nucleus (DLPN) produced very little label in
area MT, but a large amount in a dorsal subregioh of area MST. This same subregion
o f area MST was labelled when an anterograde tracer was injected into the interband
regions of area MT but not when it was injected into band regions..
These results support the idea that area M T is a modular structure with different
subregions making different connections. They also provide reason to subdivide owl
monkey area MST into dorsal and ventral areas. Finally, visual motion information
provided to the DLPN, a premotor nucleus for pursuit eye movements, originates
largely within the interbands o f area M T and passes through dorsal MST.
Supported by NIH R01 EY11379 and the Klingenstein Foundation

RECOVERING THE DIRECTIONS OF VISUAL MOTION IN TRANSPARENT
PATTERNS. H. J. Räuber*. S. Treue. Cognititve Neuroscience Laboratory, Dept, of
Neurology, University of Tübingen, Germany.
When the direction of two transparently m oving random dot patterns form an
acute angle, their motion does not seem to be encoded as two seperable peaks in the
population activity of direction-selective neurons in primate visual cortex (see Treue
& Hol, this volume). We hypothesize, that given this absence of two peaks the
visual system uses the width of the activity curve to recover the directional components.
Such an approach would make the system susceptible to metamers, i. e. physically
different stimuli that are physiologically or perceptually indistinguishable. With the
aid of a simple model that can account for our physiological findings we constructed
such stimuli by combining either 2, 3, or 5 directions of motion. The 2-pattern
directions moved at -40° and +40°, the 3-pattern directions at -50°, 0°, and +50°,
and the 5-pattern directions moved at -50°, -30°, 0°, +30°, and +50°. All stimuli had
the same total number of dots and the number of dots per direction were chosen
such that in the model an almost identical single-peaked activity would result. With
eccentric fixation, subjects had to report the number of perceived directions. In a
second experiment the subjects had to report the directions in the moving patterns.
Our results show, that m etameric stimuli indeed exist and that subjects always
perceive them as containing only the 2 directions of motion present in the metameric
2-pattern stimulus. This finding strongly suggests that the brain creates the perception
of the smallest number of directions that would evoke the population activity rather
than being able to recover the physical directions even when the individual physical
directions are as far as 50° apart.
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D IRE CTIO N -SELECT IV E RESPON SES IN TH E SU PER IO R TEM PO R A L
SULCUS TO T R A N S PA R EN T PA TTERNS M O V IN G A T A C U TE ANGLES.
K. Hoi and S. Treue* Cognitive Neuroscience Laboratory, Dept, of Neurology,
University of Tübingen, Germany
We recorded direction-selective single- and m ulti-unit activity from the middle
temporal area (MT) and from adjacent areas in the superior temporal sulcus of a
macaque monkey performing a fixation task. Random dot patterns moving at the
cells’ preferred speeds were presented in the receptive field. The patterns consisted
either of one group of dots (ID S) moving in the same direction or of two groups of
dots moving at an angle of 30, 60, 90, or 120° to each other (2DS). We determined
the tuning curves 10*these stimuli. The tuning width for the IDS averaged about 90°,
in line with previous studies. We found broader and shallower tuning to the 2DS.
Those 2DS response profiles were with few exceptions single-lobed as long as the
angle between the two directions did not exceed the bandwidth of the tuning to the
IDS. The absence of double-peaks for angles as big as 60-90° can be accounted for
by a simple model that predicts the response of a direction-selective neuron to a 2DS
from the summed response to the individual components. It is thus impossible to
recover the component directions in 2DS made from acute angles from distinct peaks
in the population activity, rather it requires a computation that takes the width of the
activity profile into account. The visual system is faced with the problem that the
broad activity profiles we observed for 2DS could have been evoked by various
patterns with different numbers of direction components. This suggests that it should
be unable to distinguish between such metameric patterns, a hypothesis we address in
the accompanying abstract (Räuber & Treue, this volume). We also found that for
two-peaked activity profiles the peak-to-peak separation frequently exceeded the
separation between the stimulus directions, suggesting a neural basis for the wellknown over-estimation effect when judging the acute angle formed by two directions
of transparent motion.
Supported by the MWF, Baden-Württemberg, Germany

MODELING THE ROLE PLAYED BY MACAQUE M T NEURONS IN
RECOVERING SURFACE ORIENTATION IN DEPTH SPECIFIED BY MOTION.
Marc M. Van Hulle Laboratorium voor Neuro- en Psychofysiologie, K.U.Leuven,
Faculteit Geneeskunde, Campus Gasthuisberg, Herestraat, B-3000 Leuven, Belgium.
Recent experimental recordings have revealed that the majority of receptive
fields in macaque area M T display an antagonistic (suppressive) surround, which
envelopes the classical receptive field (CRF), and that a sizeable portion of these
surrounds are non-uniform. We have addressed the role of these surrounds by
training a three-layered, recurrent neural network to represent 9 slant/tilt
combinations (orientation in depth) of a translating flat surface. The input image
represents the retinal motion field and is uniformly discretized using 13 x 13 input
units; it spans a window 15.5 x 15.5 deg of visual angle. The 49 hidden units of the
network possess speed-tuning characteristics and model MT neurons having
surrounds. The hidden units are toroidally interconnected. Their C R Fs are
initialized with elliptical Gaussians centered at slightly different retinal positions
and develop further during supervised learning. The shapes and characteristics of
the C R Fs and surrounds obtained resemble those found experimentally: 1) the
surrounds are predominantly antagonistic and reveal their presence only by the
effect on the CRF response; 2) the surround shapes may be radially symmetric (18
%), bilaterally symmetric (29 %), and asymmetric (53 %); 3) the axis of the
bilaterally symmetric surrounds is orthogonal to the long axis of the ellipticallyshaped CRF; and 4) the surround inhibition is speed-tuned. Interestingly, when the
C R Fs were initialized with circular-symmetrical Gaussians then the CRF shapes
obtained are mostly symmetrical but, more importantly, only asymmetric surrounds
develop. Furthermore, when the C R Fs were initialized with elliptical Gaussians, all
centered at the same retinal position, then no bilaterally symmetric surrounds
develop. Finally, we conjecture that populations of MT cells code linearly for slant
and tilt of translating surfaces.
The author is a research associate of the Fund for Scientific Research - Flanders
(Belgium) and is supported by research grants received from the Research Fund of
the K.U.Leuven (F/95/138), the Fund for Scientific Research - Flanders
(G.0185.96) and the European Commission (ECVnet EP8212).
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A C T I V A T IO N D Y N A M IC S A N D E A R L Y R E C O V E R Y F O L 
L O W I N G F O C A L C O R T I C A L L E S IO N , n. J. S ober. J. M. S ta rk .
D. S. Yamasaki* and W . W . L ytton D epts. Neurology a n d Anatom y, Univ.
W isconsin, M iddleton VA Hosp., M adison, W I 53706
W ith cortical dam age, dram atic changes are observed in th e receptive field
(RF) properties of surviving neurons. A sim ple neural netw ork was used to
'model physiological d a ta from cells surviving an experim entally induced le
sion of m iddle tem poral a rea (M T) o f m acaque visual cortex. Im m ediate
changes observed experim entally included R F expansions a n d contractions,
as well as a lterations in peak firing rates. C hanges in R F sp atial selectivity
on a population level paralleled behavioral deficit and recovery, b o th im 
m ediately following insult an d in th e first few weeks postlesion. Im m ediate
postlesion changes could largely be explained by th e activation dynam ics of
the neural netw ork model, as loss of th e a b lated u n its a ltered excitability,
changing the size of receptive fields. T h e ability of th e m odel to reproduce
th e R F contraction seen was dependent on th e inclusion of a ring of inhibitory
intem euron loss, a finding observed histologically. O u r m odel suggests th a t
rapid synaptic plasticity producing netw ork rem odeling would no t be neces
sary to produce the m ajor receptive field a n d firing rate changes observed in
th e first few days postlesion. These alte ra tio n s would, however, be expected
to determ ine th e p a tte rn of subsequent p lastic changes. A nim al m odels of
stroke sup p o rt the notion of a m ulti-phase recovery process, an d suggest th a t
different phases of recovery m ight be based on th e distinguishable m echa
nism s of dynam ics and synaptic plasticity. In addition to th e contributions
of dynam ics, the effects of different form s of H ebbian plasticity on late r R F
changes will be discussed.
Supported by NINDS, NIA an d VA.

EN COD ING O F SPATIAL IN FO RM A TIO N IN M ON KEY VISUAL
C O RTICA L AREAS M T AND M ST. F.Bremmer*. A.Thiele and K.-P.Hoffmann.
Dept.Zoology & Neurobiology, Ruhr-University, D-44801 BOCHUM, GERMANY
Interaction with the environment requires multiple signal processing stages in order
to link the incoming sensory information with the outgoing motor commands. Visual
information is initially encoded in retinal coordinates and passed on in this format to
the primary visual cortex. Recent studies have shown two areas of the dorsal stream of
the macaque visual cortical system (areas V6A and VIP) to contain neurons which
compensate for the displacement of the retinal image caused by eye movements and
form an explicit description of spatial locations in a nonretinal frame of reference.
Also area MST can be considered a potential candidate for an explicit nonretinal
space representation. As in area VIP, some neurons are bimodal, i.e. they respond to
visual and vestibular stimulation, suggesting that sensory information might be
encoded in a common frame of reference.
In the present study we thus investigated in the awake behaving monkey how single
neurons in areas MST and MT encode visual information by measuring their
receptive fields (RFs) while the animal performed a fixation task. The visual
stimulation area covered most often the central 70°x70° of the visual field divided
into a virtual square grid of 49 pixels. Stimulus presentation (10°xl0° random dot
pattern moving into the neuron's preferred direction) lasted 100 ms and was followed
by a 200 ms period without visual stimulation. Stimulus location was varied in
random order in the course of a single fixation trial. The fixation location also varied
randomly from one trial to the next leading to a total of either five or nine different
RF maps emerging from a single experiment.
All neurons in areas MT and fylST revealed eye-centered RFs shifting always at
about the same amount in the same direction as the eye. Neuronal discharge often was
influenced by eye position. Our results thus suggest that areas MT and MST lack an
explicit spatial encoding in a supraretinal frame of reference. Instead the location of
an object relative to the head might be encoded implicitly by a population of neurons
combining retinal signals with extra-retinal information about eye-position.
Supported by the DFG (La 9 5 2 / 1-1)
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ACTIVITY SYNCHRONIZATION IN EXTRASTRIATE CORTEX OF
MONKEYS PERFORMING A DIRECTION DISCRIMINATION TASK.
S. Cardoso de Oliveira*. A. Thiele and K.-P. Hoffmann. Allg. Zool. & Neurobiol.
Ruhr-University Bochum, 44780 Bochum, FRG.
We examined temporal correlation between simultaneously recorded pairs of
neurons in extrastriate visual cortex of two awake behaving monkeys (Macaca
mulatta) performing a visual direction discrimination task. Stimuli consisted of
white bar patterns moving into one o f the four cardinal directions over a
structured background pattern. The monkeys had been trained to detect the
direction of motion by touching one of four touch bars. Out o f 353 cell pairs, we
found significant temporal correlation between 127 pairs (36 %) o f neurons,
which were situated in several extrastriate areas including areas MT and MST. In
most cases, correlograms showed single peaks straddling the origin. Correlation
peaks varied in position between +24 and -17 ms (median: 1 ms) and had half
widths of between 0.5 and 36 ms (median: 7.5 ms). We found that whenever
activity synchronization existed in a given cell pair, it always was present before
stimulus onset while the monkey was expecting the stimulus to appear. Activity
synchronization also occurred without the structured background pattern and in
absence of any residual eye movements inside of the fixation window. In none of
the 226 cell pairs (64 %) not temporally correlated during the expectation phase
did we observe an induction of synchronization by the stimulus. In the correlated
cell pairs, correlation strength decreased upon stimulus onset in a contrastdependent way to about 60% o f its value in the expectation period. Activity
correlations decreased to the same level for all stimulus directions, suggesting that
temporal correlation does not convey a direction-specific signal under the
conditions studied. Rather, the synchronization observed before appearance of a
visual stimulus could be related to attentive expectation.
Supported by the German Science Foundation DFG (SFB 509, KOGNET).

POPULATION RESPONSE TO WHOLE FIELD M OTION VS. ACTIVE PURSUIT
IN AREA MT AND M ST OF THE AWAKE MONKEY W. Kruse* K.-P. Hoffmann.
Allgemeine Zoologie & Neurobiologie, Ruhr-Universität Bochum, D - 44780 Bochum
The activity o f 226 cells in area MT and M ST o f an awake monkey was recorded
during a fixation task. During the fixation time (3500 ms), a random dot pattern was
moved on a circular pathway in front of the animal. In a randomized block design,
five circular movements (0.3 cyc/s) in clockwise and counterclockwise direction were
presented (|vpattem|=217s). The majority o f cells (164/226 = 73%) showed a statistically
significant preferred direction. The response o f the directionally tuned cells was used
to calculate a population vector every 13.3 ms for both stimulus conditions. The
change in the length of the population vector began ca. 100 ms after onset of stimulus
movement. The direction of the population vector followed the direction of the dot
field motion, but showed on average a centrifugal deviation according to the response
latency.
During the recordings of a subset of 98 cells, additionally to the fixation task the
monkey had to actively pursue a small dot moving on a sim ilar circular path across a
stationary random dot pattern. Again, the activity during five repetitions of clockwise
and counterclockwise pursuit along one circle was recorded. The activity of 69
directionally tuned cells was used to calculate a population vector every 13 .3 ms. This
allowed us to directly compare the population response o f the same cells to a moving
dot field with the activation elicited during active pursuit on a stationary background.
While the direction o f the population vector during the fixation task was trailing the
stimulus direction by 51.5 ms, during the pursuit task the population vector was
leading the retinal slip direction o f the background stimulus by 51.8 ms. This supports
the notion that during pursuit area MST receives extraretinal information to
compensate for the visual latency to allow the background motion to be seen in
opposite direction to the pursuit.
(Supported by a Helmholtz stipend to W. Kruse and by DFG SFB Neurovision)
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PET ASSESSMENT O F BRAIN A C TIV A TIO N IN M A C A Q U E M ONKEYS
PERFORM IN G A VISUAL D IRECTION D ISC RIM IN A TIO N TASK.
A. M ikam i. I. A nd o . M. Inoue. H . T su k a d a . G.C. D eA ngelis. F.M. M iezin,
W .T. N ew som e*, a n d S.E. P etersen . PET C en ter, C e n tra l Res.Lab.,
H a m a m a tsu Photonics., 5000 H irak u ch i, H a m a k ita , 434 Japan.
To iden tify b rain a re a s a c tiv ated d u rin g a d ire c tio n d isc rim in atio n task, w e
m ea su red regional cerebral blo o d flow (rCBF) w ith 1 5 0 -lab eIed H 2 0 an d
p o sitro n e m ission to m o g ra p h y (PET) in 2 rh e s u s m o n k ey s u n d e r 4
b e h avioral conditions: 1) a visual fixation task (F) in w h ic h fix atio n w a s
m ain tain e d o n a v isual targ et, 2) a p assiv e m o tio n ta s k (P) in w h ic h m o v in g
d o ts w ere p rese n ted w h ile th e m o n k ey s fixated a targ et, 3) a m o tio n
d iscrim in atio n task (D) in w h ich th e m o n k ey s rep o rte d th e d ire c tio n of
perceived m o tio n in a ra n d o m d o t stim u lu s b y m ak in g a saccad e a t th e en d
of the fixation p e rio d , a n d 4) a saccade task (S) in w h ich m o n k ey s m a d e eye
m o v em e n ts to w a rd sm all v isu al targ ets.
In the D+P-F subtraction, w h ich sh o u ld e m p h a size v isu al effects of th e
m o v in g d o ts, w e fo u n d activ atio n in V I a n d in a larg e e x p a n se o f ex tra stria te
v isual cortex in clu d in g th e lu n ate , in ferio r o ccipital, parieto -o ccip ital a n d
su p e rio r tem p o ral sulci. In th e D -P su b tractio n , ac tiv a tio n of V I w a s re d u c e d
su b stantially, b u t significant activ atio n re m a in e d in ex tra stria te reg io n s
p ro b ab ly co rre sp o n d in g to are a s V 2 /V 3 , P O a n d M T /M S T . In a d d itio n ,
a c tivation w a s o b served in th e fro n tal eye fields, LIP, th e a n te rio r Sylvian
su lc u s a n d p o rtio n s of the th alam u s, b rain ste m a n d cerebellum . A ctivation
in th e FEF, LIP, th ala m u s a n d b ra in ste m d isa p p e a re d in th e D-S su b tractio n ,
w hich sh o u ld control for m o to r a ctiv ity e v o k ed b y saccades. T hese resu lts
su g g e st th at som e e xtra stria te a re a s a n d p o rtio n s o f th e a n te rio r Sylvian
s ulcus a n d cerebellum m ay c o n trib u te im p o rta n tly to h ig h er p ro cesses
associated w ith psychophysical decisions. S u p p o rte d b y HFSP.

MT/MST ACTIVATION DEPENDS ON THE INTERPRETATION OF STIMUU: A
FUNCTIONAL MRI STUDY OF THE PERCEPTION OF PLAIDS. M. Casteta-Branco.
R. Goebel. S. Neuenschwander*. H. Lanfermann. F.E. Zanella and W. Sinaer. MaxPlanck-lnstitute for Brain Research, Deutschondenstraße 46, 60528 Frankfurt a. M.,
German/, Klinikum der Johann Wolfgang Goethe- Universität Neuroradiologische
Abteilung, 60528 Frankfurt, Germany.
Superimposed moving gratings (plaid stimuli) may be perceived either as sliding
transparently in different directions (component motion) or as a single pattern moving
only in one direction (pattem motion). The luminance of grating intersections influences
the perception of either pattern or component motion, according to the physical
constraints of transparency (Stoner et al., 1990). In this fMRI study we adjusted the
intersection luminance so that subjects (n=5) perceived in one condition only pattern
motion and in a second condition mostly component motion. Subjects' task was to fixate
a cross in the center of the plaid stimulus durina different blocks with pattern or
component motion stimuli. The fMRI study (GE EPI sequence, 1.5 Tesla Siemens
Magnetom Vision, 15 slices, voxel size = 1.6 x 1.6 x 4 mm) revealed that area MT/MST
shewed a much higher response strength during perception of component motion than
during perception of pattern motion (p < 0.01). A similar activation pattern was also found
in dorsal area V2/V3 and inthe intraparietal sulcus (presumed area VIP).
We investigated the role of attentional modulation in plaid perception by using
ambiguous plaid stimuli which could be either seen as component or pattern motion.
Although the same physical stimulus was used subjects were able to hold component
(pattern) perception for several seconds and then switch to pattern (component)
perception after a briefly presented visual cue. Although the stimulus did not change
during} the different epochs, the perception of component motion still resulted in a
significantly higher MT/MST activation than the perception of pattern motion.
Interestingly, the differential activation of the eariy V2/V3 areas was now moreprominent
The main difference to the first experiment was a remarkable increase of activity in
higher areas of the dorsal pathway and in several prefrontal areas, which was found for
both self-induced peroBpts. We propose that the increased activity during component
motion in area MT/MST is due to the representation of two segregated assemblies
coding for objects moving in different directions whereas only one object is represented
during the perception of pattern motion.
Supportedby the Max-Planck-Gesellschaft

179.19
CASE OF AN EXTRASTRIATE CORTEX LESION SELECTIVELY
IMPAIRING THE PROCESSING OF SELF-INDUCED VISUAL MO
TION. P. Thier*1. T. Haarmeier1. D. Petersen2. Sekt. f. Vis. Sensomotorik, Neurolo
gische Universitätsklinik1; Neurorad. Universitätsklinik2. 72076 Tübingen, Germany.
In order to maintain a sense of visuo-spatial stability the visual system has to dis
criminate self-motion from motion in the environment. Specifically, the retinal slip of
the image of a stationary background resulting from ego-motion such as smooth pur
suit eye movements has to be related to the eye movement being executed in order not
to be misinterpreted as motion in the external world. Psychophysical studies demon
strate that our perception of a stationary world during smooth pursuit eye movements
is adequate but not perfect. Usually, slight illusionary background motion is perceived
(Filehne illusion, FI). Since the magnitude of the FI does not exceed 10-20% of eye
velocity, it does not disturb spatial stability in normal, healthy subjects. Here we de
scribe the case of a 35-year-old man (R.W.) with bilateral lesions o f the occipitoparieto-temporal junction suffering from vertigo and nausea as a consequence of a
dramatically increased FI. Vertigo in this patient occurs either with the eyes tracking
moving objects (e.g. watching his children on a carousel) or with the eyes holding
fixation of a stationary object during translational ego-motion. It promptly disappears
when the eyes are closed. On examination, there were no indications o f vestibular or
oculomotor dysfunction. A careful analysis of motion perception during stationary
fixation (e.g. detection of coherent motion in a random dot display, motion defined
letter test) did not reveal any deficiency. During smooth pursuit eye movements, how
ever, huge FIs were observed, i.e. the patient perceived substantial illusionary back
ground motion which was increased up to tenfold as compared to normal controls. We
hypothesize that a selective loss of discrimination between self and externally induced
visual motion causes vertigo in this patient. Supported by the DFG ‘Klinische For
schergruppe: Neuroophthalmologie ’.

179.20
PU RSU IT-RELATED NEURONS IN AREA M ST, BUT NO T IN AREA M T,
AR E ACTIVATED BY PU RSU IT O F IM A GINA RY TA RGETS. Uwe J. lie*
a n d P eter T h ier. Sektion fü r Visuelle Sensom otorik, Neurologische
U niversitätsklinik, D-72076 Tübingen, G erm any.
Unlike many pursuit-related neurons (visual-tracking (=VT)-neurons) in area MST,
those in area M T stop discharging during maintained smooth pursuit eye movements
(SPEM), if foveal retinal image slip is temporarily removed by either switching off the
target or by electronically stabilizing the target on the retina. These observations have
been taken as evidence for the visual nature o f the responses of pursuit neurons in area
MT and, on the other hand, for the existence of a non-retinal signal related to eye
velocity influencing VT-neurons in area M ST (Newsome et al., 1988, J. Neurophysiol.
60). However, neither of these two conclusions is compelling. First, the continuous
discharge of MST VT-neurons might result from the ability of the underlying visual
mechanism to bridge the temporal removal of image slip. Second, the drop in pursuitrelated activity observed in M T neurons might reflect the inevitable decrease in eye
velocity, resulting from removal of image slip. Imaginary targets, defined by
peripheral visual cues (e.g. the void center of an hour glass-like figure), are able to
elicit high-gain SPEM without any concomitant foveal image slip. We have therefore
used pursuit of such imaginary targets in order to settle the question of a non-retinal,
eye-velocity related signal contributing to pursuit-related responses in areas MT and
MST. Out of 274 neurons recorded from the STS of two rhesus monkeys, 40 neurons
showed sustained responses during pursuit of imaginary targets. They were without
exception localized in area MST. Controls ensured that these responses in no case
resulted from visual stimulation of the peripheral retina. On the other hand, none of
the neurons recorded from neighboring area MT, activated by a conventional (dot)
pursuit target were driven by pursuit of imaginary targets. These results emphasize the
qualitatively different roles of areas M T and M ST in SPEM generation. Supported by
DFG SFB 307 A l and EU Human Capital and Mobility Program.
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DISTRIBUTION OF OPTIC FLOW SELECTIVmES IN THE ANTERIOR
SUPERIOR TEMPORAL POLYSENSORY AREA (STPa) IN THE BEHAVING
MACAQUE. K.C. Anderson* and R.M. Siegel. Center for Molecular and
Behavioral Neuroscience, Rutgers University, Newark, NJ 07102.
Neurons in STPa are selective for different types of motion in the absence of form
cues (Anderson & Siegel, 1995). STPa receives a direct projection from MST
(Boussaoud et al., 1990) which has cells that have been shown to represent optic
flow patterns along a continuum of motion types (Graziano et al., 1994). STPa
also receives a projection from area 7a (Andersen et al., 1990), an area that contains
discrete populations of cells which code for particular subsets of optic flow (Siegel
& Read, 1997). We now report on the type of distribution of neuronal selectivities
for optic flow in STPa cells. We Jested the response of 266 visual cells in three
hemispheres of two behaving monkeys to 3 classes of optic flow stimuli: rotation
(CW & CCW), radial (EXP & COM) and spiral (CWE, CCWE, CWC, CCWC).
The animal was trained to fixate a .3° square and respond to a change in the fraction
of structure of the optic flow. A two-way ANOVA was used to determine the
sensitivity and selectivity to motion for each neuron based on 500 msec averages of
activity before and after the onset of the displays. 165 neurons responded
significantly to the onset of the displays. 78 (47%) of these responded differentially
to at least one of the eight stimuli. These selective cells were further analyzed using
a sinusoidal regression model to determine the dependence of the response on the
radial and rotational components of the display. 39 (50%) of these cells were found
to be fit significantly (p of R2 < 0.05) by this model. The best-fit regression
curves to the distribution of responses of these neurons suggest that optic flow
selectivity in STPa occurs along a continuum of optic flow components similar to
that found in MST rather than in discrete populations of cells selective for particular
subsets of motion as in 7a. We found the following distribution of motion
selectivities for the onset of structured motion for neurons in STPa: 23 were
maximally responsive to radial expansion while the rest were distributed across the
other flow types. The preponderance of cells selective for expansion suggests that
this area may be involved in the processing of ego-motion, looming stimuli, and/or
in calculating time to contact for collision.
Supported by NIH EY9223 and ONR N00014-93-1*0034.

DISPARITY SENSITIVITY OF MONKEY EXTRASTRIATE AREA MST1
NEURONS. S. Eifuku and R. H. Wurtz* Laboratory of Sensorimotor Research,
National Eye Institute, NIH, Bethesda, Md. 20892-4435
The response of neurons in the lateral-ventral region of the medial superior
temporal area (MST1) to stimuli moving in the RF center are modulated by surround
stimuli, either stationary or moving (Eifuku and Wurtz, 1996). This modulation
could facilitate the segmentation of a moving object from its background. Another
mechanism that would facilitate such a segmentation would be sensitivity to
binocular disparity in the center and surround regions of the receptive fields of these
neurons. We have therefore investigated the sensitivity of these MST1 neurons to
disparity ranging from three degrees crossed disparity (near) to three degrees
uncrossed disparity (far) applied to both moving stimuli in the center of the RF and
to stationary stimuli in the surround.
The MST1 neurons studied were directionally selective for motion in the RF center
and responded as well or better to moving random dot patterns as to moving spots.
Many neurons showed clear disparity sensitivity to stimulus motion in the RF center.
There were a variety of patterns in the disparity responses ranging from a tuned
response at zero, near, or far disparities, to a graded increase in response across a
series of disparities, to a multi-peaked pattern with stronger responses to several
separate disparities. The responses to motion in the RF center were enhanced when
a stationary surround was added, and this enhancement was sometimes altered when
the disparity of the stationary surround was altered. The predominance of neurons
with near and far disparity and the reversal of preferred directions at different
disparities observed in MSTd (Roy et al., 1992) were not found in the MST1 neurons.
We conclude that the sensitivity of these neurons to disparity and the effect of a
surround stimulus on this response is consistent with a possible role for MST1 in
object motion since both disparity and the center-surround organization would
contribute to the separation of an object from the background. Supported by NEI.
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RECEPTOR POTENTIALS IN TYPE I AND TYPE II HAIR CELLS OF
THE MOUSE UTRICLE. J,R, Holt*1, Pi». C W Jffd
’Dept,
o f Neurobiology, Harvard Medical School, Boston, MA 02114. 2Dept. of
Otolaryngology, Baylor College of Medicine, Houston, TX 77030.
Sensory epithelia of vestibular organs in mammals, birds and reptiles
contain two morphologically distinct classes of sensory hair cells: type II and,
the evolutionarily younger, type I. The advantage these two cell types impart
to vestibular function is not clear. To investigate their physiological role, we
recorded receptor potentials (RP) from individual type I and type II hair cells
of the intact mouse utricle using the patch-clamp technique in current-clamp
mode. Hair bundles were deflected by a fluid jet under fast pressure-clamp
control. Stimuli were sinusoids ranging in frequency from 200 to 0.1 Hz.
RPs of both cell types have AC and DC components. For type II cells, RPs
were as large as 20 mV. The AC component was tuned between 1 and 10 Hz.
The roll-off of the AC component at the high frequency end reflects the cell’s
input resistance and membrane capacitance. At the low frequency end, the roll
off results from activation of K+ currents and adaptation of the transducer
current, which we recorded from the same cell in voltage-clamp mode.
Transducer currents of type I hair cells adapt more slowly and to a lesser
extent than type II cells. This difference is expected to extend the AC response
at the low frequency end. Type I cells also have a large K+ conductance that
is active at the resting potential. The lower input resistance that results is likely
to reduce the RP amplitude and to extend the AC response at the high frequency
end. Preliminary recordings of RPs in type I hair cells are consistent with these
predictions. Supported by NIDCD grant DC02290, Caroline Wiess Law
(RAE) and HHMI (DPC).

F A S T V O L T A G E D E P E N D E N C E O F G A P JU N C T IO N S IN C O C H L E A R
S U P P O R T IN G C E L L S. H. B. Zhao and J. S an to s-S acch i* . Dept, o f Surgery,
Y ale U niversity M edical School, N ew Haven, C T 06510.
T h e cochlear supporting cells, in vivo, are coupled together by gap junctions
and m ay function to help sink K + in the inner ear. In the present study, the
voltage dependence o f gap ju n ctio n s o f isolated cell p airs w as exam ined with a
double voltage clam p or by m easuring input cap acitan ce via a single pipette
voltage clam p. The input cap acitan ce o f supporting cell pairs reflects the
degree o f junctional coupling (Santos-Sacchi, 1991). M easures were made
u sing nonjunctional m em brane ionic channel blockers to lim it interference.
Junctional coupling o f H ensen cells show ed a clear voltage dependence.
D epolarization induced a decrease in transjunctional conductance and input
capacitance. T h e decrease o f transjunctional conductance a t the beginning o f
step potentials is nonlinear and could be described w ith a B oltzm ann function.
S uch nonlinear transjunctional conductance changes were found to be fast and
occurred at least as early as 5 ms after voltage step onset. T his fast
transjunctional conductance change evidenced a reduction o f 2 5% as m em brane
potential ranged from -150 to 70 mV. T ransjunctional conductance appeared to
be insensitive to transjunctional voltage. M odeling w ork fo r this fast voltage
dependence o f transjunctional conductance fu rth er suggests th at the
transjunctional conductance depends on m em brane potential changes. The fast
voltage dependent transjunctional conductance in cochlear supporting cells m ay
reflect a requirem ent fo r norm al sensory processing in the peripheral auditory
system .
S u pported by N ID C D g ran t # 00273 to JSS.

180.3
SINGLE-CHANNEL CHARACTERIZATION OF
DIHYDROPYRIDINE-SENSmVE Ca2+ CHANNELS IN
VERTEBRATE HAIR CELLS. E.N. Yamoah and P.G. Gillespie*.

180.4

Departments of Physiology and Neuroscience, Johns Hopkins School of
Medicine, Baltimore MD 21205.
By permitting Ca2+ entry into hair cells, voltage-gated Ca2+ channels
trigger neurotransmitter release and activate K+ conductances to regulate
frequency tuning. Here we describe the kinetics and pharmacology of
single L-type Ca2+ channels in hair cells isolated from the bullfrog
sacculus and chicken basilar papilla. Single Ca2+ channel events were
recorded with tight-seal electrodes in the cell-attached configuration; we
used high K+, TEA, and 4-AP to block outward currents. Both Ca2+ and
Ba2+ were used as charge carriers.
In 65 mM Ba2+, single-channel conductances of frog (28.7 ± 0.8 pS;
n = 5; for example, see figure) and chick (29.3 ± 1 . 3 pS; n = 3) Ca2+
channels were similar. Ca2+ channels were
sensitive to bath applied nimodipine (0 . 1 -1 0
Voltage (mV)
i ■ 1 ' " I 1 1 1 • 1 ■ —1— 1 \iM) and Bay K 8644 (0.1-10 jiM); with
-50
-40
-30 -20 -10
Bay K 8644, we observed the characteristic
- 0 .5 increase in mode 2 openings. As previously
described, hair-cell L-type Ca2+ channels
Y * 28.2 pS
,10.
were noninactivating. Although most our
patches contained solitary Ca2+ channels, we
observed occasional patches that contained
multiple channel openings.
- 2 .0 Supported by the NIH and the Pew
■r
-2 .5 Current (pA)
Foundation.

INWARD CURRENTS IN ADULT INNER HAIR CELLS OF THE ISOLATED
GERBIL COCHLEA P.G. Zeddies and J.H. Siegel*. Hugh Knowles Center,
Northwestern University, Evanston, IL 60208
Recent progress on sustaining the isolated adult cochlea in vitro has allowed us to
obtain patch-clamp recordings on inner hair cells (IHC). Gramicidin perforated
patch recordings (see figure) and whole-cell recordings are similar to those reported
for isolated guinea pig IHCs (Kros & Crawford, J. Physiol. 421:263-291, 1990) in
that they show large outward currents carried by potassium, one that activates
rapidly and one more slowly. However, our results differ in showing a sag (open
arrow) during long pulses at depolarized potentials. Were it not for the large inward
tail currents that develop after long (60 ms) pulses (filled arrow), that do not appear
after shorter (3 ms) pulses (see figure), the sag would be interpreted as inactivation
o f the potassium channels. In this two pulse protocol the cell holding potential is -70
mV and steps are made from -85 to +80
mV (not corrected for series resistance) in
increments o f 15 mV. The tail currents
following the short pulses are very small
even though the potassium currents are
nearly fully activated by the pulse.
These results suggest that the large
inward tail currents following the longer
pulses result from the activation o f a
separate current. The size o f these tail
currents at -70 mV suggests that it is not
carried primarily by Ca2+. Thëlmost likely
candidates are Na+ or Cl'.
'
This work was supported by The American Hearing Research Foundation and
Northwestern University

180.5

180.6

INVOLVEMENT OF G PROTEIN IN THE RAPID CLOSURE OF IACH IN
THE OUTER HAIR CELL. Y.. Kakazu*. S.. Kakehata. K., Yamamoto & N.,
Akaike. Dept. Physiol., Fac. Med. Kyushu Univ. Fukuoka, 812-82, Japan.
Outer hair cell (OHC) is reported to contain a 9 nicotinic ACh receptor
subunit, and the function of OHC as a cochlea amplifier is m odulated by ACh
released by the efferent nerve terminal from the olive nuclei. The Ca2+ influx
through this channel induces the K+ current activated by an increase of

T O N O TO PIC O R G A N IZ A T IO N O F PO TA SSIU M CU R R EN T EX PRES
SIO N IN TH E TURTLE BASILAR PA PILLA. G. P. Lekovic a n d T. T. A rt* .
D e p a rtm e n t of A n a to m y & C ell Biology, U n iv e rs ity of Illin o is C ollege of
M edicine, C hicago, IL 60612.
U sing w h o le -c e ll v o lta g e -c la m p recordings in th e in ta c t e p ith e liu m , w e
h a v e e x am in ed th e c h a ra c te ristic frequency, sp e ed of th e d o m in a n t cur
ren ts, a n d th e d istrib u tio n of th re e v o lta g e - a n d c a lc iu m -a c tiv a te d p o ta s 
siu m co n d u ctan ces (K(V), K(IR) & K(Ca)). T he fre q u e n c y of e le c tric al reso 
n ance in tu rtle a u d ito ry h a ir cells is c o rre la te d w ith th e k in etics of t h e
cell's K c u rren t. P rev io u s stu d ie s d e m o n stra te d th a t ionic currents u n d e rly 
ing reso n an t b e h a v io r v a ry sy s te m a tic a lly w ith lo w frequency cells e m 
p lo y in g a n ensem ble of K currents d istin c t from th a t used in cells tu n ed to
g rea te r th a n 50 H z. The region of th e b a s ila r p a p illa s u p p o rte d on t h e
flex ib le b a s ila r m em brane consists of ro u g h ly 80 row s of h a ir cells, w i t h
row s h a v in g as few as four or fiv e cells a t h ig h frequencies, a n d u p to 16
cells at lo w frequencies. O u r reco rd in g s su p p o rt prev io u s m icro electro d e a n d
a n a to m ic a l m easu rem en ts in th e in ta c t e a r w h ic h suggested th a t a t 25 °C
th e c h a ra c te ristic frequencies of h a ir cells cn th e b a s ila r m em brane sp a n
th e ran g e fro m 20 to g rea te r th a n 500 H z, w ith a le n g th co n stan t of 285 pm
for a n e-fold c h an g e in frequency. In a d d itio n to th e ex p e cte d lo n g itu d in a l
to n o to p ic m ap , a n a d d itio n a l g ra d ie n t of ch a n n el ex p ressio n could be d e m 
o n s tra te d across th e w id th of th e p a p illa. In th e lo w frequency h a lf of t h e
e p ith e liu m , cells ex pressing K (Ca) ten d to be m ore a b n e u ra l, w h ils t th o se
e x p ressin g KV a n d KIR te n d to b e n e a re r th e n e u ra l lim b. T h ese resu lts sug
gest th a t th e re m ay ex ist a fu n ctio n al d ich o to m y b e tw e en o u ter a n d in n er
h a ir cells th a t p re d a te s th e ev o lu tio n of classes of h a ir cells as m o rp h o 
logically d istin c t as th o se fo u n d in th e m a m m a lia n cochlea.
S u p p o rt: U I - C ollege of M edicine (GPL) & U I - C a m p u s Res. Bd. OJA).

intracellular Ca2+ (^K.Ca)' The ACh-induced iK.Ca OACh) disappears widiin
several 10 msec after the end of ACh application. Such a rapid return of I ACh
to the base line could not be explained by a slow decrease of intracellular Ca2+
in second order. The additional intracellular closure system of C a2+-activated
K+ channel driven by unbind ACh receptor m ight be involved in the rapid
disappearance of IAChfa ct> die intracellular perfusion of OHC with
0.2mM GTP-y S dramatically delayed the return of the IACh to the base line
level after removing ACh, suggesting that G protein is implicated in the rapid
disappearance of lACh- I*1 the OHC, therefore, G protein might take part in the
regulation of opening and closing of ACh-operated channels as reported in the
cultured vascular endothelial cell.
Rapid closure of this channel may be functionally necessary for responding
to the inputs with a high frequency in the auditory system.

S ociety for N e u r o s c ie n c e , V olume 2 3 ,19 9 7
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TWO COMPONENTS OF DELAYED-RECTIFIER \C CURRENT IN
VESTIBULAR HAIR CELLS. W. Marootti*. G. Russo and I. Prtaioni.
Institute of General Physiology, University of Pavia, 1-27100 Pavia, Italy.

CALCIUM PERMEATION OF THE HAIR CELL’S TRANSDUCER
CHANNEL AND THE RELATION TO THE COMPOSITION OF
ENDOLYMPH. A. J. Ricci* and R. Fettiplace Dep’t. of
Neurophysiology, University of Wisconsin, Madison Wl 53706.
Adaptation of the hair cell’s mechano-electric transducer
channel is driven by calcium entry into the stereocilia. In order to
quantify the relation between Ca2+ entry and adaptation,
fluorometric techniques have been used to measure Ca2+ flux into
the hair bundle, under a variety of ionic conditions. The
fluorescent response was calibrated by simultaneously recording
the transducer current and the fluorescence change induced by a
saturating mechanical stimulus in an external solution containing
Ca2+ and an impermeant cation (Tris). In the presence of Na, the
fractional Ca2+ current was about 60% in 2.8 mM Ca2+ and 15% in
50 m-M Ca2+, a concentration similar to endolymph, the solution

Delayed rectifier K+ current

( I k)

represents the main conductance in hair cells

o f frog semicircular canals. The present study was undertaken to better define its
distinctive properties. Experiments were performed on thin slices o f crista
neuroepithelium by using the whole-cell patch-clamp technique. IK, in hair cells
o f the central region of the crista, was isolated from the total outward K+ current
by blocking, pharmacologically, the only other current expressed by hair cells o f
this region, the Ca-activated K+ current (IKca). By using blocking agents such as
Ba2* and capsaicin, it was possible to separate Ik into two distinct components.
The component blocked by 50

capsaicin (Ik,) was recruited at a potential

more positive than -60 mV and showed a slow activation (x8 was 10-35 ms). This
current inactivated with two voltage independent time constants (x} and x2 were
300 ms and 4 s respectively) and the steady-state inactivation curve revealed that
at the cell resting potential, less than 20% o f the channels were in a non
inactivated state. The component blocked by 5 mM Ba^ (Iiy) was recruited at a
potential close to -60 mV and activated rapidly (ta was 1-4 ms). Ikj at variance
with Ik. did not inactivate. The present results indicate that IK in semicircular
canal hair cells consists of two components that are probably used in different
ways to repolarize sensory cells. In particular, Irî will play a major role when hair
cells are depolarized from the resting potential, while Ik* will be recruited at more
negative potentials.
This work was supported by MURST, Italy.

normally bathing me

hair bundles. These fractions were

dependent on the monovalent ion present and were larger with K+
and smaller with T ris \ suggesting that the transducer channel is a
multi-ion pore. Over a range of ionic conditions which altered Ca2+
entry, both the rate of adaptation and shifts in the currentdisplacement function were predictable from the changes in Ca2+
influx.
These results demonstrate that endolymph containing high K+,
50 nM Ca2+ maximizes the magnitude of the transducer current
while still allowing for sufficient Ca2+ flux to drive adaptation.
This work was supported by grant 5R01 DC 01362 to RF.

180.9

180.10

CHOLESTEROL
PARTITIONING
WITHIN
THE
LATERAL
WALL
MEMBRANES OF THE GUINEA PIG OUTER HAIR CELL. J.S. Qghalai. T.
Nakagawa. W.E. Brownell*. Bobby R. Alford Dept, o f Otolaryngology & Comm.
Sci., Baylor College o f Medicine, Houston, TX 77030
Cochlear outer hair cell (OHC) electromotility is necessary for the exquisite
sensitivity o f mammalian hearing. The lateral wall o f the OHC has been established
as the origin o f electromotility, and its lipid composition may be important for
accurate transfer of electromotile force to the basilar membrane. The lateral wall
contains two membranous components: the plasma membrane (PM) and the
subsurface cistemae (SSC). We have previously shown that the micropipette
aspiration technique can physically separate the PM from the SSC, and that both can
be visualized with fluorescence labeling. Using this technique, with either bathapplied or focal labeling procedures, we now report on cholesterol partitioning within
the lateral wall. Bath-applied staining with NBD-cholesterol, followed by rinsing,
labeled the SSC but not the lateral wall PM. This also occurred with bath-applied
NBD-C6-ceramide staining. This demonstrates that within the lateral wall, cholesterol
and ceramide localize to the SSC. Additional experiments were performed where the
label was placed in the micropipette, allowing its application with a point-source,
infinite reservoir. NBD-cholesterol labeled only the SSC, while NBD-C6-ceramide
labeled both the SSC and the lateral wall PM. After 2 minutes, the NBD-cholesterol
labeled the SSC over a greater distance from the pipette as compared to the NBD-C6ceramide. These observations show that both cholesterol and ceramide enter the cell
through the lateral wall PM. However, while both partition into the SSC, the PM is
unsuited to accommodating cholesterol. These results demonstrate different physical
properties o f the two membranous components o f the OHC lateral wall.

A MODEL OF COCHLEA OUTER HAIR CELL FORCE GENERATION. &
Hallworth* and R. Nowakowski. Department o f Otolaryngology-H.N.S., University o f
Texas Health Science Center, San Antonio, TX 78284 and Department o f Computer
Science, University o f Texas, Austin TX 78712.
The cochlea outer hair cell (OHC) is a sensory cell that generates force against a
load when electrically stimulated. As the load stiffness increases, the length change
decreases and the force increases to an asymptotic limit. A simple model o f OHC
force generation that explains this finding consists o f an ideal inelastic voltage-driven
extension generator in series with an elastic internal stiffness.
An anatomically more realistic computational model o f the OHC has been developed
using Genesis (Caltech). The model consists o f a thin cylindrical pressurized
membrane shell in which are embedded molecular motors. The motors change
conformation both axially and circumferentially as a function o f membrane potential.
The motor state is modifiable by internal pressure. The passive mechanical properties
o f the membrane are described by an area deformation modulus and a shear
deformation modulus. A load stiffness is provided by an elastic fiber whose tip is
attached to the cell apex, the cell base being maintained in position by a stiff restraint.
Arbitrary stimulus time waveforms may be delivered either to the base o f the load
fiber or to the membrane via a simulated voltage clamp. The cell extension, force,
axial and circumferential membrane tensions and intracellular pressure are calculated
at each time step. Axial compliance is determined from the motion o f the fiber tip as
the fiber base is deflected a known amount.
The model axial compliance is an increasing function o f cell length, as is observed in
vitro. The constant-voltage force against a constant load increases with cell length.
As the load stiffness increases, the length change decreases and the force increases to
an asymptotic limit, the isometric force, that is independent o f cell length but
dependent on the mechanical properties o f the membrane. The more realistic model is
therefore fully able to reproduce the known properties o f OHC force generation.
Supported by NIH NIDCD.

(Project supported by research grants from the Deafness Research Foundation and
DC00354, DC02510 from NIDCD)

180.11
ELECTROPHYSIOLOGICAL ANALYSIS OF MECHANOSENSORY
RESPONSES IN WILD-TYPE AND MUTANT DROSOPHILA.
R. G. Walker* and C. S. Zuker. Department of Biology and Howard
Hughes Medical Institute, University of California, San Diego. La Jolla,
CA 92093-0649.
A great deal of biophysical experimentation has been performed
on mechanically sensitive cells, however very little molecular information
has been forthcoming concerning the molecules of mechanoelectrical
transduction. Several proteins important in mechanosensory signaling in
C. elegans have been identified in genetic and behavioral screens. A
screen for mechanosensory mutants in Drosophila
melanogaster
[Kernan et al. (1994) Neuron 12:1195] represents the first step in the
ability to couple a powerful genetic approach with equally powerful
biophysical experimentation. Through electrophysiological recording
from Drosophila mechanosensory bristles, we characterized in detail the
voltage responses of the mechanoreceptors (see figure). These
mechanoreceptors exhibited many properties similar to hair cells: they
adapted to protracted stimuli by shifting their range of responsiveness,
the latency of the response was <1 ms, the cells were sensitive to stimuli
of a few tens of nanometers. To examine the ionic currents that underlie
the voltage responses, we constructed a transepithelial voltage-clamp
aparatus. The resultant ~ 100-pA transduction current
closely resembles that of vertebrate hair cells.
Several mechanosensory mutant lines were
electrophysiologically characterized and found to
have responses ranging from virtually wild-type to
rrnm -win a
completely absent.
tiy y W
Supported by NIH DC03160-01 and ACS PF-4470.
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180.12
TOMOGRAPHIC RECONSTRUCTION OF VESICLE FUSION
SITES AND SYNAPTIC BODY TOPOLOGY AT THE HAIR CELL
AFFERENT SYNAPSE. D. Lenzi*1. J.W. Runveon1. J. Crum2. V. Edelman2.
M.H. Ellisman2. and W.M. Roberts1. 1. Inst, of Neuroscience, Univ. Oregon,
Eugene OR 97403 and 2. Natl. Ctr. for Microscopy and Imaging Research, Univ.
California San Diego, La Jolla CA 92093.
Hair cells, the mechanoreceptors of the inner ears and lateral line systems of
vertebrates, relay receptor potentials to afferent fibers via chemical synapses. These
synapses belong to the class of ribbon synapses, characterized by an electron-dense
presynaptic organelle, the synaptic body (SB), o f unknown function. We have
mapped the three dimensional ultrastructure of afferent synapses from saccular hair
cells of Rana pipiens using electron tomography. Images of glutaraldehyde-fixed
synapses in half-micron sections were acquired at 400 KV in 2° tilt increments
between ±60°, digitized, and aligned. A three dimensional volume was reconstructed
by simple back projection, which allowed the mapping of the SB, 40 nm clear-core
vesicles, and pre- and post-synaptic plasma membranes with 3 nm z-axis resolution,
unachievable by conventional serial-section electron microscopy. In four partiallyreconstructed synapses, the SB was approximately spherical, and covered in a shell of
several hundred vesicles tethered to it by thin filaments. Several vesicles lay docked at
the plasma membrane in the space, the breadth of one vesicle, between the SB and the
plasma membrane. A total of two putative sites of vesicle fusion with the plasma
membrane were observed here, revealed by omega-shaped invaginations of the plasma
membrane, still tethered to the SB. Additional tethered vesicles lay docked at the
active zone along the perimeter of the SB. A possible site of membrane retrieval was
mapped 90 nm from the SB, characterized by a vesicle joined to the plasma
membrane by a thin stalk' but not tethered to the SB. Supported by NIH grants
NS27142 to WMR, PHS RR04050 to MHE, and a DRF grant and MDA postdoctoral
fellowship to DL.
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CO M PARATIVE SEM O F XEN O P U S LA E V IS AUDITORY H A IR CELL
STEREOCILIARY BUNDLES. V.L. L 6p ez-A n av a a n d E.E. Serrano*. Biology
D e p a rtm e n t, N e w M exico State U niversity, Las C ruces, N M 88003.
O u r lab o ra to ry is in te reste d in h a ir cell d iffe re n tia tio n d u rin g fo rm a tio n of
the sensory e n d o rg a n s in th e X. laevis in n er ear. P rev io u sly w e e x am in ed th e
d istrib u tio n a n d n u m b e r o f h a ir cell b u n d le ty p es d u rin g d e v e lo p m e n t of
the X. laevis sacculus (Diaz et a l, 1995, Hear. Res. 91:33-42). W e a re in itiatin g
sim ilar q u a n titativ e stu d ie s o f th e d e v e lo p m e n t o f th e sen so ry e p ith elia o f
tw o X. laevis a u d ito ry end o rg a n s, th e a m p h ib ia n p a p illa (AP) a n d th e b asilar
p a p illa (BP). H e re w e p re s e n t resu lts fro m u ltra stru c tu ra l an aly sis o f
stereociliary b u n d le s from these e n d o rg a n s in p o st-m eta m o rp h ic m ale X.
laevis. A s p a rt of this research, w e c o m p a re d fixation a n d tissu e p ro cessin g
protocols w h ic h u tiliz e d eith e r c h em ical o r critical p o in t d ry in g techniques.
U n d e r SEM th e a u d ito ry e n d o rg a n s d iffered in th e n u m b e r o f h a ir cell
bu n d les, a s w ell as in the m o rp h o lo g y a n d o rie n tatio n o f th e stereociliary
b u n d les w ith in e ach senso ry m acula. T he b u n d le s (~100) in th e BP fo rm a
n a rro w strip 3-5 ro w s w id e . T he stereocilia are o rie n ted to w a rd th e p o ste rio r
e n d of th e p a p illa a n d pro ject rad ia lly in to th e o v erlay in g tecto rial m ass.
Som e BP h a ir cells a p p e a r to lack kinocilia. T he A P sen so ry m ac u la is o f the
" U " o r "h o rsesh o e" type, w ith stereo ciliary b u n d le s (~700) o rie n ted in
several d iffe re n t directions. A P h a ir cells h a d lo n g er stereocilia th a n BP h a ir
cells, a n d th eir b u n d les c o n tain a sin g le k in o ciliu m w h ic h in p e rip h e ra l
b u n d le s is tw ice the h e ig h t o f the stereo ciliary b u n d le. Like th e sacculus, th e
sensory fields of the A P a n d BP c o n tain cen tra l a n d p e rip h e ra l regions, each
w ith ch aracteristic b u n d le s types. In fu tu re s tu d ie s w e w ill ex am ine th e
d e v e lo p m e n t of th e X. laevis A P a n d BP sen so ry ep ith elia.
S u p p o rte d by g ra n ts fro m N IG M S (MBRS) S06-GM 08136-22 a n d th e
W hitehall F o u n d a tio n to EES.

RESPONSES OF AUDITORY NERVE FIBERS TO WHISPERED SPEECH
H . F.. S tevens and R. F.. W irk e s h e rg *. Neuroscience Program and Dept, of
Psychology, Univ. of Illinois at Urbana-Champaign, Champaign, IL 61820
Spoken language can contain acoustic variabilities that do not alter its
meaning. In the processing of normal and whispered speech, acoustically
distinct sounds are placed into the same perceptual categories. W hispered
speech is understandable despite a lack of voicing and frequency cues.
Temporal information encoded by auditory nerve fibers may allow for the
similar classification of normal and whispered sounds.
Responses to speech sounds were recorded from 80 single auditory nerve
fibers in 14 ketamine anesthetized chinchillas. Stimuli were the naturallyproduced syllables [da] and [ta], which differ in the length of their voice
onset time, presented in whispered and normal voicing. Each syllable was
presented 50 times at several intensities. Responses were recorded as spike
times, which were used to calculate peri-stimulus time (PST) histograms.
The results were analyzed by creating a grand average PST histogram for
each syllable using the responses recorded at a fixed intensity from all
auditory nerve fibers in all animals. The grand average PSTs clearly showed
the encoding of temporal information and that different syllables produced
unique responses. Histograms for the whispered speech sounds did not
display the synchronization to vowels observed in the responses to the
voiced syllables. The pattern of peaks in the grand average PST was distinct
for each word-initial consonant. However, that pattern was the same for
both normal and whispered speech.
(Supported bv the University of Illinois Research Board)

180.15
RATE ENCODING OF SPECTRALLY COM PLEX STIM ULI BY AUDITORY
NERVE FIBERS. p ,M ,. g rih puiL R.L, M ilt e r ,J .C, W Qn g , p ,A,.FuQhs*_^ n d .E J l
Young. Depts. of Biomed. Eng. and Otolaryngology-HNS and Center for Hearing
Sciences, Johns Hopkins University, Baltimore, M D 21205.
A first approximation for determining the response o f an auditory nerve fiber to
a complex stimulus is to consider only the stimulus energy at the fiber's threshold
best frequency (BF). However, responses to tones at levels well above threshold
suggest that this assumption may not be valid, in that response areas widen with
intensity and the frequency at which response rate is maximum may decrease with
intensity. This raises questions about how responses to environmentally realistic
stim uli vary with intensity, and which frequencies play a dom inant role in
determining the response. With low frequency stimuli, phase-locking can be used to
show that fibers respond to large stimulus components at frequencies below BF, as
for the first formant frequency of a vowel. We are developing a rate-based method
so that a similar analysis can be performed at high frequencies.
We show that it is possible to determine an effective BF at different intensities
by presenting a series of complex stimuli with spectra that take on pseudo-random
values in successive logarithmically spaced bands (ranging from 1/16 - 1/2 octave
wide) and recording the response rate o f auditory nerve fibers. Experiments were
done in sodium-pentobarbital anesthetized cats. Rate is plotted against stimulus level
in the frequency bands within one or two octaves of BF. The correlation coefficient
o f the rate curves is a measure of how strongly the fiber's response depends upon the
energy in each frequency band. At threshold, the dominant band is usually at, or
near, the threshold best frequency of the fiber. While there is often a decrease in the
frequency most influential in determining the response to a complex stimulus as level
is raised, the decrease is not as large as would be expected from reported data on
responses to pure tones.
(Supported by NIDCD grants R01-D C 00115 and F32-DC00202)
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MODELING TIME-SERIES HISTOGRAMS WITH A MODIFIED GAMMA
DISTRIBUTION. M.S. LeDoux*1. and D.C. Hurst2. Dept, of Neurology’, Univ.
of Tennessee Coll. of Medicine, Memphis, TN 38163; Depts. of Biostatistics
and Mathematics 2, Univ. of Alabama at Birmingham, Birmingham, AL 35294.
The comparison of interspike interval (ISO histograms between treatment
groups or between individuals within a group is typically limited to visual
descriptions of histogram shapes. A method of curve fitting with modified
single and double gamma distributions has been developed to permit rigorous
comparison of ISI histograms. In addition, determination of the increment in
squared correlation coefficients for single (partial model) and double (full
model) gamma distribution curve fits allows for statistical testing of modality
hypotheses. For the modified single gamma distribution

The oscillatory feedback circuitry between subthalam ic
nucleus and globus pallidus as a putative generator for resting
trem o r. D. Plenz*. M. H errera-M arschitzt and S.T. Kitai. Departm ent of

- (ir the A parameter is a scaling factor, M is the temporal location of the
function's global rrtaximum, and C is the shape parameter. The magnitude
of C will be smaller for leptokurtic and larger for platykurtic distributions. For
the modified double gamma distribution

m, J f __ £__ i f i V i r v * , f _p-tt .V-Lif-L)-*
the P parameter determines the proportion of the entire distribution
determined by each individual gamma component. M1 and M2 are the local
maxima while C1 and C2 are the shape parameters for the first and second
gamma components of the distribution, respectively. (Supported by NIH K08
NS01593-01)

S o ciety f o r N e u r o s c ien c e , V olume 2 3 ,19 9 7

Anatomy and N eurobiology, University o f Tennessee, College o f M edicine,
Memphis, TN 38163. tKarolinska Institute, Stockholm, Sweden.
In the MPTP-treated monkey (a model for Parkinson’s Disease), resting tremor is
correlated with oscillatory burst discharge at tremor frequency in the subthalamic nucleus
(STN; Bergman et al., 1994). We tested whether a recurrent feedback loop between the
STN and the globus pallidus is responsible for such oscillatory activity in the STN.
Slices from cortex, STN and GP were taken from rats postnatal day 0 - 2 and were
cultured for 5 - 6 weeks in vitro. The morphology and single cell electrophysiology of
STN and GP neurons were analyzed using intracellular sharp electrodes filled with
Neurobiotin. Furthermore, the correlation between burst discharge in STN and GP
neurons was studied with simultaneous intra- and extracellular recordings.
STN neurons displayed high-frequency, non-adapting firing upon depolarizing current
injection, a prominent IH during hyperpolarization and strong rebound bursts. The
intrinsically bursting GP neurons displayed strong transient rectification which
terminated burst discharge during depolarizing current injections. During spontaneous
activity, oscillatory bursts at low frequencies were present in STN and GP neurons. Bursts
in GP cells preceded a hyperpolarization in STN cells which in turn was followed by a
strong rebound excitation. This rebound burst in STN neurons was terminated by a burst
in GP cells. Similar patterns of oscillatory burst discharge were evoked following
cortical stimulation.
We suggest that a recurrent feedback loop, which consists of intrinsically bursting STN
and GP neurons, generates low-frequency oscillatory burst discharge in the STN. This
system may be responsible for the generation of resting tremor in Parkinson’s disease.
Supported by USPHS grants NS20702 and NS26473 and by the Swedish MRC 113001
and 11364.
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SPATIOTEMPORAL ENCODING OF REACTION-TIME PERFORMANCE IN THE
CORTICO-BASAL GANGLIA SYSTEM.
M ark Laubach^* and Donald I
W oodward1. ’Dept, of Physiology and Pharmacology, Bowman Gray School of
M edicine, Wake Forest University, W inston-Salem, NC 27 1 5 7 , 2Dept. of
Neurobiology, Duke University, D urham , NC 27710.
The goal of this study was to examine the role of the cortico-basal ganglia
system in the control of reaction-tim e performance. Ensembles of neurons
were studied in the rodent striatum and medial agranular cortex during a
tone-cued, simple reaction-tim e task, in w hich rats m aintained a nosepoke
response over a variable foreperiod. We reported previously that wavelet
discrim inant analysis (WDA) showed that tem poral patterns w ithin spike
trains of >50% of neurons in striatum and medial agranular cortex that are
active prior to movement, ~20% of the population, discrim inate between trials
with short and long reaction-times (SFN Abstract 4 31.7, 1996). Recent
analyses found that ~50% of neurons that predicted variations in reactiontimes fired at reduced rates on trials with prem ature responses (i.e., before the
trigger stimulus). These data suggest that responses from m any neurons that
encode information about reaction-tim e performance are dependent on the
occurrence of external stimuli that control movement execution. Recent
analyses that used principal components analysis (PCA: Nicolelis et al. 1995)
found that dynamic, tem poral interactions occurred between neurons located
in widely spaced regions of the striatum , in different hemispheres, and in
cortex and striatum. WDA of population vectors identified with PCA showed
that specific population vectors were predictive of variations in reaction-tim es
or of prem ature responding.
The population vectors provided more
information about variations in reaction-tim e perform ance than was expected
from the responses of individual neurons in the. ensembles. These data suggest
that information critical for reaction-tim e perform ance is encoded collectively
in the cortico-basal ganglia system and is dependent on tem porally convergent
activity distributed across widespread regions of the striatum . Supported b y
N IH grants A A 05396 andN S 0 7 3 7 0 to M L & ndD A02338 to DJW.

CHANGES IN NEURONAL ACTIVITIES IN MONKEY CAUDATE BY REWARD
EXPECTATION. Y. Takikawa*. R. Kawaaoe.aocLaHikosaka.
Dept, of Physiol., Juntendo Univ. Sch. of Med., Tokyo, 113. Japan
The relationship of the basal ganglia with motivation or reinforcement has
been indicated recently. We now report that visual responses of neurons in
the monkey caudate nucleus are heavily dependent on the expectation of
reward. In a memory-guided saccade task the target cue was presented
randomly out of four directions and the monkey had to make a saccade to the
remembered location of the target cue to obtain a liquid reward (all-directions
rewarded condition, ADR). Many caudate neurons responded to the target
cue, as previously described (Hikosaka et al, J Neurophysiol 61:799,1989).
Their visual receptive fields were large, usually centered on a location in the
contralateral hemifield. We then modified the task such that the reward was
given for only one of the four directions; the rewarded direction was fixed in a
block of trials (one-direction rewarded condition, 1DR). The monkey had to
make a correct saccade (indicated by a sound signal) even for a non-rewarded
trial to proceed to the next trial.
We found that the visual responses were greatly modified in 1DR
compared with ADR. There were two types of response modification. In the
first type, the visual responses to the preferred direction (assessed in ADR)
remained present in 1DR only when the target cue indicated future reward
(reward-conditional). In the second type, the visual response in 1DR was
greatest for the rewarded direction, even though the neuron showed little
response to the same direction in ADR (reward-dependent).
In addition to the visual response, some caudate neurons showed
sustained activities before or after the target cue. Such sustained activities
were also modified by reward expectation. These results suggest that the
basal ganglia play an important role in conditioning sensory-motor processes
based on reward expectation.
Supported by CREST of Japan Science and Technology Corporation

181.5

181.6

EFFECTS OF TH E NUM BER O F CONSECUTIVELY REW A RD ED TRIALS
ON SUBSEQUENT M OVEM ENT-RELATED ACTIVITY O F NEGSTRIA TA L
AND SEN SOR IM O TOR CO RTICA L NEURONS. R.J. Nelson*. I. Opris and J.M.
Denton. Department of Anatomy and Neurobiology, College of Medicine, University
of Tennessee, Memphis, 875 Monroe Avenue, Memphis, TN 38163.
The activity of neostriatal (NS) and sensorimotor cortical (SM) neurons often
changes significantly between the presentation of go-cues and movements that they
trigger. We tested if premovement activity and movement kinematics varied with the
number of consecutively rewarded trials, involving the same movement, that preceded
a given trial. Monkeys made vibratory or visually-cued ballistic wrist flexions and
extensions after holding a steady position for 0.5-2.0s against a light load opposing
flexion movements. Rewards for correct performance were withheld pseudorandomly
25% of the time. Animals were cared for in accordance with NIH guidelines.
To date, 142 NS and 238 SM neurons have been studied because their firing rates
changed significantly between go-cues and movement onsets. Single trial reaction
times (RTs) and activity onsets relative to movement onsets (R2) were calculated.
Multivariant analyses of position, velocity, acceleration with neuronal activity yielded
coefficients of determination (cD). Times of occurrence o f best cDs (cT) and rise
times (R 2-cT) were computed. Immediately after withheld rewards, cDs were
significantly higher in flexion but not extension trials; rise times and RTs were shorter
and R2s were nearer movement onsets. As consecutively rewarded trials increased,
cDs gradually decreased and rise times, RTs and R2s increased. Premovement activity
magnitudes varied, but not consistently with increases in consecutively rewarded trials.
For visually cued trials, only variations in RTs related to consecutively rewarded trials
approached significance. R2s and cTs for NS neurons preceded those for SM neurons.
These observations suggest that NS and SM neuronal activity is better correlated
with movements immediately after rewards are withheld. Coupling of premovement
activity to upcoming movements gradually lessens as consecutively rewarded trials
accumulate. This suggests that the degree of correlation between neuronal activity and
movement kinematics may be inversely related to the strength of the linkage between
cues, responses to them, and rewards. Supported by N IH G rs NS26473 an d N S36860.

BEHAVIOR-RELATED ENSEMBLE ACTIVITY OF NEURONS IN RAT
STRIATUM. M .SJog1. Y.Kubota*1. C.Connollv2. D.Ivengar1 and A.M.Gravbiel1.
‘Dept, of Brain & Cognitive Sciences, M.I.T., Cambridge, MA 02139. 2SRI
International, 333 Ravenswood Ave, Menlo Park, CA 9 4 0 2 5 .'
Ensemble activity was recorded from the dorsolateral caudoputamen of freely
behaving rats with six independently mobile tetrodes during spontaneous delayed
alternation and walking on a T-maze. Activity from four tetrodes was analyzed
during successive recording sessions over a period of 15 days, with behavioral
training given during the latter seven days. Each tetrode had between 8 to 12
well-separated units.
Pairwise cross-eorrelograms were made for all possible combinations of units
for every tetrode. Positive and negative correlations were identified for a subset
of neuronal pairs recorded with each tetrode. Positive peaks in correlations, when
present, tended to occur at a latency of ca. 10 msec. The proportion of pairs
showing these correlations gradually increased from 15% prior to training to 40%
after training in 2 out of the 4 tetrodes. In addition, the peaks in these
correlograms tended to narrow with training, suggesting a learning-related
strengthening of the relationship between the neuronal pairs. *
During spontaneous alternation, an average of 20% of units recorded on 3 of
the 4 tetrodes had significantly greater firing associated with whole body turning
than with straight walk. These turning-related units showed directional specificity
for either right or left turns.
Results from these experiments suggest that correlated activity of ensem bles
of striatal neurons can be modified with behavioral training. Regional specificity
of function is indicated by an increase in irembers of correlated pairs in some but
not all tetrodes. Turn-related activity suggests that the dorsolateral striatum has
high-level representational maps of complex movements in addition to simple
body-part specific motor maps. Supported by NIH Javits Award R0I NS25529,
MRC o f Canada, Royal College o f Physicians and Surgeons o f Canada, the
McDonnell-Pew Foundation and SRI International.

181.7
EXPRESSION OF BEHAVIORALLY CONDITIONED RESPONSES
OF TONICALLY ACTIVE STRIATAL NEURONS DEPENDS ON
THALAMIC INPUT FROM THE CM-Pf COMPLEX. N. Matsumoto. T.
Minaroimptp, A M , Qraybiel*, and M Kimurau Fac. Health S. Sci., Osaka
Univ., Osaka, 560, Japan, and Dept. Brain Cog. Sci., MIT, Cambridge, MA,
02139.
The centromedian-parafascicular complex (CM-Pf) is a major thalamic
satellite of the basal ganglia, receiving strong input from the pallidum and
projecting strongly to the striatum (caudate nucleus and putamen). We
recorded single unit activity in the CMrPf and striatum in a monkey trained in
a sensory-motor conditioning task. We then tested for the effect of muscimol
inactivation of the CM-Pf on the conditioned responsiveness of tonically
active neurons (TANs) in the striatum. In the behavioral task, the monkey
was presented with clicks, beeps and LED flashes, and he learned that a water
reward was associated only with the clicks. As reported previously, many
TANs (59 of 121, 49%) responded to the reward-associated sensory stimuli
(clicks) with a pause, but few TANs (14 of 60, 23%) responded to the neutral
stimuli. By contrast, all of 43 CM-Pf neurons with responses to the sensory
stimuli expressed responses regardless of their reward association. In 8
experiments, microinjection of muscimol (3p.g/3p.l/15min) into CM-Pf
produced a marked reduction in the pause response of striatal TANs: only 7
of 49 (14%) responded to the reward-associated clicks. No change appeared
in the spontaneous activity of the TANs. We conclude that the CM-Pf
complex of the thalamus is required for the expression of sensory
responsiveness acquired by TANs through behavioral conditioning.
Supported by 96L00201 and Javits NIH NS 25529.

181.8
TONICALLY
ACTIVE
STRIATE
NEURONS
EXPRESS
BEHAVIORALLY LEARNED ACTIVITY THROUGH DOPAMINE
AND GABA RECEPTOR-MEDIATED MECHANISMS.
K, Watanabe* and M. Kimura. Faculty of Health and Sport Sciences,
Osaka University, Toyonaka, Osaka, 560 Japan.
We have previously shown that a class of neurons in the primate
striatum, tonically active neurons (TANs), acquire responses to sensory
stimuli which are predictive of reward through behavioral learning. Two
monkeys (Macaca fuscata) learned visually guided push button task for
a liquid reward, »and 55% (60 out of 108) of TANs became responsive
to visual or auditory cues which were predictive of reward. Selective
dopamine receptor antagonists and GABAa receptor antagonist were
applied either by iontophoresis (<50nA) or micropressure (<1^.1) while
recording activity of TANs during task performance. SCH23390 and
cis-flupenthixol were used as D1 -class antagonists, (-)sulpiride was
used as D2-class antagonist. Bicuculline was used as GABAa antagonist.
Application, of D1-class antagonist (10 out of 45 TANs examined, 22%),
D2-class antagonist (30 out of 51, 59%) and GABAa antagonist (16 out
of 22, 72%) significantly suppressed the acquired conditioned
responses of TANs to sensory cue. Out of 29 neurons in which both
Dl-class and D2-class antagonists were applied, 24% of TANs were
sensitive to both antagonists, and 66% were sensitive to only D2-class
antagonists, and 10% were sensitive to only Dl-class antagonists. The
present study has revealed that TANs acquire new activity through
dopamine and GABA receptor-mediated mechanisms during behavioral
learning. Supported by grant 96L00201.
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C O N T R A S T IN G P R O P E R T IE S O F A C T IV IT Y O F P R IM A T E P U T A M E N
A N D PR IM A R Y M O T O R C O R T E X N E U R O N S D U R IN G S E Q U E N T IA L
M O T O R B E H A V IO R
Y. U e d a a n d M . K im u ra * F acu lty o f H ealth a n d S p o rt. Sci., O sa k a U niv.,
T o y o n a k a O saka, 5 6 0 , J a p an .
In o r d e r to know sp e cific ro le s o f th e b asal g a n g lia a n d c o rtica l m o to r areas
in m o to r m echanism s, w e c o m p a re d n e u ro n a l activity o f p u ta m e n w ith th at
o f p rim a ry m o to r c o rte x (M I) o f m o n k e y s p e rfo rm in g le a rn e d se q u en tial
m o to r tasks. Two m o n k e y s (m a c a c a fu s c a ta ) w ere tra in ed to p e rfo rm two
d iffe re n t m o v em e n ts s e q u en tially , w hich w ere c o m p o s e d o f lever tu rn a n d
b u tto n p u sh . T h e m o n k e y s w ere re q u ire d to p e rfo rm th e task s b y e ith e r
d ire c t g u id a n c e o f visual stim u li o r s h o rt term m e m o ry . N e u ro n s in M I arm
area, id en tifie d b y m ic ro stim u latio n , sh o w e d b u rst d isc h a rg e s w h e n m o n k e y
m a d e lever tu rn an d /o r b u tto n p u sh . M o st n e u ro n s sh o w e d sim ila r activities
tim e -lo c k e d to p a rtic u la r m o v e m e n t p e rfo rm e d in d iffe re n t s e q u en c e s. N o
sig n ific a n t d iffe re n c e w as o b se rv e d b etw een th e activities o f m o st n e u ro n s
d u r in g visually g u id e d a n d m e m o ry g u id e d task. By c o n tra st, m a jo rity o f
n e u ro n s re c o rd e d in a c e n tra l m ic ro e x c ita b le p a rt o f p u ta m e n , w hich is
s u p p o s e d to receive stro n g p ro je c tio n s fro m M I, w ere a c tiv ated sp e cific a lly
eith e r d u rin g visually g u id e d o r m e m o ry g u id e d task. V ast m ajo rity o f
p u ta m e n n e u ro n s w ere selectiv e to th e se q u en c e o f m o v em e n ts. A g ro u p o f
n e u ro n s in th e p u ta m e n a n d in M I sh o w ed to n ic activity at d e la y p e rio d
w h e n the m o n k e y w as m e m o riz in g a n d p re p a rin g fo r p a rtic u la r se q u e n c e o
m o v e m e n ts after b rie fly p re s e n te d visual in stru ctio n . T h e p re s e n t
o b se rv a tio n s revealed c o n tra s tin g p ro p e rtie s o f activity b e tw e en th e p u ta m e n
a n d M I n e u ro n s d u rin g le a rn e d s e q u en tial m o to r tasks. T h e ta s k -d e p e n d e n t
(m e m o ry o r visual), s e q u e n c e sp e cific p ro p e rtie s in th e p u ta m e n in d ic a te d
p a rtic ip a tio n o f basal g a n g lia in th e p ro ce sse s c o m p o s in g a n d s e q u e n c in g
m u ltip le m o v em e n ts, w hich is c o n tra s tin g to in v o lv e m en t o f M I in m o stly
ex e c u tio n o f c o m p o n e n t o f se rie s o f m o v em en ts. S u p p o rte d b y g ra n t
9 6 L 0 0 2 0 1 a n d JSPS R eserch Fellow .

A NEW TECHNIQUE FOR COMBINED PET NEUROIMAGING AND
ELECTROPHYSIOLOGIC INVESTIGATION OF THE PRIMATE BASAL
GANGLIA. J. W. Mink*, T. 0 . Videen, and J.S. Perlmutter. Depts. o f Neurology,
Anatomy & Neurobiology, and Radiology, Wash. Univ. Sch. o f Med., St. Louis, MO
63110
In order to better understand the circuitry o f the basal ganglia and effect o f specific
pharmacologic agents on the activity o f those circuits, we have developed a technique
that combines the use o f chronic extracellular electrophysiology and measurement o f
regional cerebral blood flow (rCBF) with positron emission tomography (PET).
Stainless steel cannulae with attached pairs o f fine wire microelectrodes were
implanted stereotaxically into the putamen (PUT), subthalamic nucleus (STN), and
globus pallidus pars interna (GPi) in one hemisphere o f a monkey (Macaca
nemestrina) under isoflurane and N20 anesthesia. The targets were determined with
stereotaxic MRI localization and confirmed by recording neuronal discharge
characteristics. Connectivity o f the PUT and GPi was further demonstrated by
stimulating PUT with trains o f 11-22 pulses at 40-150 yA, 0.3 ms, 330 Hz and
recording inhibition o f GPi discharge. Cannula placement was further confirmed by
loading 0 .1 1¿1 o f H "C 0 3 ' into the distal tip o f a cannula and performing PET scans
after loading each cannula. The tip o f each cannula was further localized by infusing
"C-acetate at 0.2 jil/min and subtracting the pre-infusion from the end-of-infusion
images. Locations o f PET regions were identified on a co-registered MRI.
As an initial test o f the technique, rCBF was determined with PET after i.v. bolus
injection o f H2I50 during electrical stimulation o f PUT that produced inhibition o f
GPi lasting for 500 ms after each pulse train. Stimulus trains w ere delivered once a
second for 1 min preceding and throughout a 40 s scan. Preliminary data suggest that
there are increases in rCBF in posterior cingulate and decreases in pallidum.
Additional data are needed to confirm these results.
These methods provide the means to combine two powerful techniques that may
further our understanding o f the mechanism o f flow-neuronal activity coupling and
basal ganglia function.
Supported by NIH grants NS31001, NS32318, NS01808, the APDA, the Dana
Foundation, and the McDonnell Center for the Study o f Higher Brain Function.
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INCREASED BLOOD FLOW IN BASAL GANGLIA, BUT NOT FRONTAL
CORTEX, WHEN USING SPATIAL CUES. L. Koski*. T. Paus. N. Hofle. M.
Petrides & A.C. Evans. Montreal Neurological Institute, M cGill University, Montreal,
Quebec, Canada, H3A 2B4.
We used positron emission tomography (PET) to investigate the brain regions in
volved in responding to a visual target when its spatial location is cued in advance.
Ten participants maintained gaze fixation in the center of a computer screen and, for
a series of 80 trials, pressed a key in response to a visual target appearing at 11.5° to
the left or right of fixation. On “informative” trials, an arrow indicating the location
of the target appeared at the central fixation point 500-700ms before the target onset
On “neutral” trials, an uninformative plus-sign (+) was used instead o f the arrows.
Six PET scans were acquired during performance o f this task, with the ratio of infor
mative to neutral trials varying (0%, 20%, 40%, 60%, 80% and 100%) across scans.
Manual reaction times (RTs) acquired during the scans indicate that the informative
cues were successful in speeding reaction time to the target. The PET images were co
registered with each subject’s MRI, transferred to standardized stereotaxic space and
normalized for global differences in brain counts. After covarying out the effect of
subject differences, linear regression was conducted on the CBF residuals using informative-cue ratio as a regressor. Contrary to our expectations, activity in left puta
men, but not prefrontal cortex, was correlated with the proportion o f informative cues
provided. Furthermore, activity in the left caudate was correlated with faster RTs in
the informative trials, but not with faster RTs in neutral trials. We looked for regions
of co-activation with these regions to test the hypothesis that a fronto-striatal circuit
was implicated in the use of informative cues. No significant areas o f frontal co
activation were seen. While we did not find evidence o f prefrontal contributions to the
use of spatial cues, we conclude that striatal regions play an important role in prepar
ing a response to a visual target whose location is cued in advance. Funded by
McDonnell-Pew Program in Cognitive Neuroscience & M R C (Canada)

SEPARATE NEURAL LOCI WITHIN THE BASAL GANGLIA FOR CONTEXTDEPENDENT PLANNING AND MOTOR EXECUTION IDENTIFIED BY PET.
E. Hazeltine1. S. T. Grafton2, and R. B. Ivrv*1. 'Departm ent of Psychology,
University of California, Berkeley, CA 94720. d e p a rtm e n t o f Neurology, School of
Medicine, Emory University, Atlanta, GA 30327.
Positron emission tomography (PET) revealed separate neural foci involved in the
planning and the execution o f simple finger movements. A series o f centrally
presented letter cues instructed nine hum an participants to prepare simple finger
movements for performance at the onset o f a go signal. Three cues were used: (M:
prepare right index finger movement; W: prepare left index finger movement; X:
prepare no movement). After Is, the white letter cues changed color indicating that
responses should be performed (go-signal) or withheld (no-go). By independently
manipulating the proportion of plan cues (M and W) and go-signals, motor
planning was dissociated from execution. In the plan condition (PC), participants
received 25 plan cues but only 8 go-signals. In the execute condition (EC), the cues
were identical but there were 20 go-signals. In the active condition (AC), there
were 40 plan cues and 20 go-signals. In all conditions the stimulus presentation
rate was the same (l/2.2s), and the number of right and left movements were
equivalent. Brain regions showing greater activation (p < .005) in the AC than in
the EC were considered to be involved in context-dependent planning. Foci
identified by this comparison include bilateral rostral putamen and the posterior
cerebellum. Greater activation in the EC than in the PC were considered to be
related in motor execution. Foci included the posterior putamen and globus pallidus
(GPe). Activation in premotor areas was primarily related to execution.
The results are unique in showing a distinct contribution by rostral putamen and
cerebellum for planning relevant movements. This supports a role for the putamen
in context specific motor planning, i.e. integrating stimuli with internal goals.

181.13
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A BIOPHYSICAL M O D EL O F SEQ UEN CE G E N ER A TIO N IN THE
NEOSTRIATUM .
T. R. G obbel*. D e p a rtm e n t o f C o g n itiv e Science, U C San D iego, La Jolla, CA
92093-0515.
M odels o f the m e d iu m s p in y striata l p ro jectio n n e u ro n a n d tonically
active striata l cholinergic n e u ro n w e re c o n stru c te d u s in g th e GENESIS sim u 
latio n system . B oth cell ty p e s w ere m o d ele d u s in g c o m p a rtm e n ta l m o d elin g
tec h n iq u e s a n d H o d g k in -H u x ley m o d els o f v o lta g e -g a te d co n d u ctan ces. The
m e d iu m s p in y cell m o d el in clu d e s a fast so d iu m c h a n n el, fo u r v o ltage-sensi
tive p o tassiu m ch an n els, a n d g lu ta m ate rg ic , G A BA ergic, cholinergic, a n d
d o p a m in e rg ic synapses. The ch o lin erg ic cell m o d el in clu d e s fast so d iu m a n d
d e la y e d rectifier p o ta s s iu m co n d u c ta n c e s, a n d a c a lciu m -activ ated p o tassiu m
co n d u ctan ce. C holinergic a n d d o p a m in e rg ic in p u ts to b o th cell ty p es m o d u 
late th e a c tivity of th e volta g e -g a te d ch an n els, b a s e d o n d a ta fro m voltagecla m p studies.
T he m e d iu m s p in y cell a n d ch o lin erg ic cell ty p e s w e re co m b in e d in to a
hierarchical n e tw o rk m o d el o f th e s tria tu m , w ith o th e r p o rtio n s o f th e basal
g anglia, th ala m u s, a n d cortex re p re se n te d schem atically. T h e m o d el is ab le to
d riv e a sim u la te d m o to r cortex th ro u g h se q u en c e s w h ic h in clu d e n o n -u n iq u e
in te rm e d ia te p o in ts, o n w h ic h P a rk in s o n 's d ise a se p a tie n ts h a v e b een fo u n d
to b e g rea tly im p a ire d . L esio n in g th e m o d el b y lo w e rin g th e o v erall level of
d o p a m in e p ro d u c e s deficits in seq u en ce ex e cu tio n w h ic h m im ic th e deficits
seen in p a rk in so n ia n p atien ts: th e n e tw o rk is im p a ire d in in itia tin g execution
o f all sequences, u n im p a ire d in e x e cu tin g seq u en ces h a v in g o n ly u n iq u e
in te rm e d ia te p o in ts, b u t sev erely im p a ire d o n se q u en c e s w ith n o n -u n iq u e
in te rm e d iate p oints.
Supported by an N SF training grant to the UCSD Department o f Cognitive Sci
ence and the UC SD M cDonnell-Pew Center.

BASAL G A NG LIA A R E NO T D IFFE R EN TIA LLY A C TIV A TED DURING
M EM O R Y -G U ID ED VERSUS E X TER N A LL Y -TR IG G ER E D SEQ UEN CES
O F A R M M O V EM EN TS J, Johnson, V. Menon. K. O. Lim. G. H. Glover. A.
Pfefferbaum*. Departments of Psychiatry & Behavioral Sciences and Radiology
Stanford University and VA Palo Alto Health Care System, Palo Alto, CA 94304.
In a previous fMRI study we showed localized activation in the putamen, caudate
and globus pallidus nuclei of the basal ganglia during externally-triggered sequences
o f arm movements when compared to rest (Menon et al., Human Brain Mapping
Abs. 1997). In this study we investigated which brain regions showed greater
activation to memory-guided compared to externally-triggered sequences o f arm
movements. Eleven right-handed subjects performed an experiment consisting of 12
alternating 40sec epochs of two conditions. In both conditions, subjects heard three
numbers between 1 and 4, and made arm movements to corresponding locations on
a key pad. In vthe externally-triggered condition, subjects responded immediately
upon hearing each number. In the memory-guided condition, subjects had to
memorize the numbers and respond after a 5sec delay. The number o f movements
and auditory stimuli were balanced across conditions. Functional images were
acquired on a conventional 1.5T scanner using a T2* weighted gradient echo spiral
pulse sequence with a temporal resolution of 4sec. Twelve axial slices (-20 to 52
mm above anterior commissure) were acquired with slice thickness o f 6mm.
M ultisubject averaging revealed significantly greater activation, during memory
guided movements, only in the left (Talairach coordinates= -36, 40, 32) and right
(32, 46, 26) dorsolateral prefrontal cortex, an area implicated in working memory.
No activation was detected in any of the basal ganglia nuclei in either single subject
or group data despite increased requirements for working memory, planning and
sequencing in the memory-guided condition. Supported by NIH (AA05965,
MH30854, RR09784), DVA and Norris Foundation.
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181.15

181.16

TA SK-RELATED CH AN GES IN NEURA L AC TIV ITY IN T H E GLOBUS
PALLIDUS O F M ONKEYS DURING SEQ UEN CE M O T O R TA SKS
R.C. Eaton*. J.A. Buford, and M. E. Anderson. Regional Primate Res. Cntr. & Depts.
o f Rehab. Med. and Physiol. & Biophys., Univ. o f Washington, Seattle, WA. 98195
Stride and colleagues (1995) have shown that output from different portions o f both
the internal and external globus pallidus (GPi and GPe) is directed to different
cortical areas. These separate channels, in turn, may be associated with different
aspects o f behavior. While output directed to primary and premotor areas o f cortex
from ventral GPi and GPe may influence specific m otor parameters, output directed
from dorsal GPi and GPe, to supplementary and prefrontal areas o f cortex, may be
associated with higher order aspects o f m otor behavior.
Pallidal neuron activity was examined during 3 conditions in which monkeys had to
make sequences of arm movements to remembered target locations. Task 1: subjects
moved sequentially from home to 3 peripheral targets that were all lit simultaneously,
and the sequence was learned by trial and error (ALL). Task 2: movements were
made to a series o f targets, each o f which was briefly precued visually, 1-3 seconds
prior to a “GO” tone (PRE). Task 3: movements were made to a sequence o f 3 out o f
8 possible circles* in a sequence learned during the prior precued block (ALL8).
The present study examined cell activity in globus pallidus during m otor sequence
tasks that employed visually-guided (FIXED) and memory-guided (ALL, PRE, &
ALL8) strategies. Baseline, pre-movement, firing rate o f some cells was decreased
during all three memory-guided sequence tasks when compared with the visuallyguided task. Furthermore, the observed decrease was greater during phase 2 and/or 3
o f the motor sequence. The cells that demonstrated this change in activity were
located in the dorsal region o f both GPi and GPe. The location o f these cells is
consistent with both GPi and GPe projections to supplementary and prefrontal areas
o f cortex associated with movement made under memory-contingent conditions.

M O D ELIN G TH E ROLE O F BA SAL G A N G LIA A N D SU PPLEM EN TARY
M O TO R AREA IN SEQ U EN TIA L ARM M OV EM ENTS. A. Bischoff* a n d
M. A. A rb ib . U n iv e rsity of S o u th ern C a lifo rn ia , Los A n g eles, C A 900892520.
The s u p p le m e n ta ry m o to r a re a (SMA) h a s lo n g be e n h y p o th e s iz e d to p l a y
a role in th e c o o rd in atio n of s e q u en tial b e h a v io r.
G iven th e strong
projections of b a sal g a n g lia (BG) to SM A v ia th a la m u s , w e h y p o th e s iz e
th a t th e BG also p la y a role in sequencing. P ark in so n 's d ise a se p a tie n ts
o ccasionally ex h ib it p a u s e s b e tw e en m ovem ents w ith in a sequence (B e n n e tt
e t al. 1995). A co m p u ta tio n a l m o d el h a s been d e v e lo p e d w h ic h r e p lic a te s
b o th n o rm a l a n d P ark in so n 's d isease b e h a v io r in th e p e rfo rm a n c e of a t h r e e
sequence a rm m ovem ent using a sim u la te d th re e -jo in te d arm .
In i ts
p a rk in so n ia n m ode, th e m odel is slo w er th a n its n o rm a l c o u n te rp a rt,
ex h ib itin g trem or a n d p au ses b etw een sequences. T he m o d el suggests t h e
occasional p au ses seen in P a rk in so n 's p a tie n ts is caused b y tw o d iffe re n t
a sp ects o f BG activity: 1) th e in cre a se d in h ib itio n o f m o to r th a la m u s b y t h e
in te rn al se g m e n t of g lo b u s p a llid u s (GPi), a n d 2) th e o sc illa to ry b e h a v io r of
th e su b th a la m ic n u c le u s (STN), G Pi, a n d th a la m u s . It is p ro p o sed th a t BG
pro v id e s sta te in fo rm a tio n to SM A, such th a t th e SM A m ay commence
p re p a ra tio n s of th e n ex t p h a se of th e seq u en ce w h ile the c u rre n t o n e is being
p erfo rm ed . In creased in h ib itio n upon th a la m u s w o u ld th ere fo re cause t h e
SM A to begin p re p a ra tio n s la te r, producing a p a u se b etw een p h a s e s if t h e
m otor p ro g ram w ere no t a v a ila b le a t th e a p p ro p r ia te tim e. STN bursts
a p p e a r to coincide w ith th e ascending p h a s e of trem o r in A frican green
m o n k ey s (B ergm an e t al. 1994). The m o d el tre a ts th is as a "lo ck ed s ta te ,"
d u rin g w h ich m o v em e n t in itia tio n is less likely.
S u p p o rte d b y N IH g ra n t MH52194-03.

Supported byNS15017, RR00166, NS07395, andNS01767.

181.17
MODELING CORTICO-BASAL GANGLIA-THALAMIC INTERPLAY FOR
FLEXIBLE EXECUTION OF MOTOR SEQUENCES. T. Fukai* . Dept, of
Electronics, Tokai Univ., ' Hiratsuka, Kanagawa259-12,
Japan & Lab.
for Neural Modeling, FRP, Institute
of Physical and Chemical
Research (RIKEN), Wako, Saitama 350-01,
Japan.
In the voluntary movement, motor sequences can be executed with
rather arbitrary
paces. To study how this occurs, a cortico-basal
ganglia-thalamic
neural
network
is modeled based on recent
anatomical findings.
In the model, the
basal ganglia and thalamus
form parallel loops each of which is responsible for execution of a
movement. The cortical short-term
memory (STM) stores a temporal
order (a plan) of sequential movements by coincident
gammaoscillatory discharges of pyramidal cells nested in theta rhythm, and
"activates” the basal ganglia-thalamic loops in the serial order
specified by the motor plan. A key feature of the model is that the
transition to the next movement is externally signaled to the basal
ganglia via subthalamic input. Thus the pace of motor behaviors is
not explicitly
coded in the STM, but determined flexibly during the
execution. This model gives striatal projection neurons which show
movement-related and movement-preparatory
activities as observed
experimentally.
Also this model suggests that temporal and rate codes
possibly cooperate in information
processing by the brain.
Supported
by Grant-in-Aid
for Scientific
Research on Priority
Areas No.
08279242

181.18
IN PHASE NEURONAL OSCILLATIONS IN THE BASAL GANGLIA OF
TREMOLOUS MPTP-TREATED VERVET MONKEYS A. Raz. A. Fiengold. E.
Vaadia. M. Abeles and H. Bergman*. Dept. Physiol., Hebrew Univ. - Hadassah
Med. Sch., Jerusalem, ISRAEL
To test the hypothesis that parkinsonian tremor is related to synchronized
oscillatory neuronal activity in the basal ganglia, we analyzed the simultaneously
recorded activity of 2-8 single pallidal neurons of two vervet monkeys before and
after they were treated with systemic MPTP. Following M PTP the monkeys
developed typical parkinsonian symptoms including akinesia, postural instability
and rigidity. The monkeys had many prolonged episodes o f 5-6 Hz tremor, and in
addition episodes of 10-14 Hz tremor.
Before MPTP, the cross-correlation histograms of almost all pallidal pairs were
flat for most behavioral epochs. Correlation study of pallidal neurons following
MPTP treatment revealed significant oscillations with bimodal distribution of
oscillation frequencies (5.6±2.0 and 13.8±1.0 Hz), similar to previous results from
MPTP-treated non-tremolous rhesus monkey.
Interestingly, auto-correlations
tended to be dominated by the lower frequencies, and cross-correlations by the
higher frequencies. In many correlograms there were significant oscillations in
both frequency ranges.
The phase shift distribution of the oscillatory cross-correlograms o f pallidal pairs
were clustered around 0° phase shift, unlike the oscillatory correlograms in the
rhesus monkey that were widely distributed between 0° and 180° degrees.
Preliminary analysis revealed complex dynamics of the oscillations and phase
shifts, and suggest a relation to the trerfior.
These results support the view that dopamine depletion in Parkinson’s disease
causes synchronized oscillatory neuronal activity in the basal ganglia, and that zero
phase locking of these oscillations is correlated with the parkinsonian low
frequency tremor. Supported by grants from the Is. Acad. Sci. and the US Is. BSF.
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182.1
TIME-COURSE OF TYROSINE HYDROXYLASE IMMUNOREACTIVITY
AND NEURODEGENERATION OF DOPAMINERGIC NIGRAL CELLS ON
RA TS SU B M IT T E D TO U N IL A T E R A L IN T R A S T R IA T A L 6HYDROXYDOPAMINE INJECTION. B. P ia lla t. A. Benazzouz. K. Bressand.
P.M . Gao and A. L. Benabid*. Lab. o f Neurobiophysique, INSERM U.318,
38043 Grenoble, France.
The main neuropathologic feature o f Parkinson's disease responsible for its
motor impairement is a progressive degeneration of dopaminergic neurons in the
substantia nigra pars compacta (SNc). In order to valid a rat model displaying a
progressive dopaminergic cell loss in the SNc, we unilaterally injected 20 (ig of
6-hydroxydopamine (6-OHDA) into the striatum. During the study rats exhibited
a progressive contralateral apomorphine-induced circling behavior. Animals were
sacrificed at several times (4 hours, 3, 5, 15 and 30 days). We quantified the loss
of dopam inergic function o f nigral cells, by m easurem ent o f tyrosine
hydroxylase immunoreactivity (TH-IR) and the survival cell rate, by cresyl violet
staining. We observed an immediately strong but stable loss o f TH-IR around
35%, compared to the contralateral side, from 4 hours to 5 days which progressed
to 55% at 15 days and 64% at 30 days. However the loss of cresyl violet stained
nigral cells was 5% at 4 hours, 12% at 3 days, 13% at 5 days, 44% at 15 days
and 61% at 30 days. Cresyl violet staining showed a moderate progressive cell
death in the ipsilateral SNc. This demonstrated a proportion of surviving
ipsilateral cells that did not express TH -IR after 6-OH DA injection.
Apomorphine induced rotations correlated to the percentage of TH-IR loss in the
ipsilateral SNc to the lesion. This study suggests that intrastriatal 6-OHDA
injection provides a progressive degenerative model characterized by an inhibition
of TH-IR SNc cells followed by delayed cell death. These observations provide a
model for further studies of neuroprolective therapies.
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182.2
STR IA TA L C Y C L IC A M P U P REG U LA TES A F T E R C O R T IC A L INJURY.

J.M. Vargo* and R.A. Grachek. Department of Surgery, Hennepin County
Medical Center and Department of Neurosurgery, University of Minnesota,
Minneapolis, MN 55415.
Unilateral aspiration o f the medial agranular portion o f frontal cortex (AGm) in
rats produces hemi-inattention (neglect) o f stimuli on the opposite body side.
Spontaneous behavioral recovery occurs over several weeks. Dopaminergic
mechanisms have been implicated in neglect and its recovery since recovered
AGm-ablated rats show an increased functional dependence on dopaminergic
stimulation. Also, striatal amphetamine-induced c-fos expression is reduced in the
lesioned hemisphere in rats showing neglect, but normalized in those recovered.
This study examined striatal cyclic AMP (cAMP) levels 5 or 21+ days after
unilateral AGm ablation. Male, Long Evans hooded rats received either unilateral
ablation injury to left AGm or incision o f the scalp only. Testing for neglect began
on day 2 post-injury and was conducted 3 times/week. Head turns towards visual,
tactile, or auditory stimuli presented unilaterally were scored. Animals were
sacrificed on 5 days or 3 weeks post-injury. Tissue punches o f dorsolateral
caudate-putamen were homogenized and processed through a double-antibody
radioimmunoassay for levels o f basal cAMP. In both short- (n = 5) and long-term
(n = 8) surviving AGm-ablated rats, cAM P was increased 20% in the ipsilateral
dorsolateral caudate-putamen compared to unlesioned controls (n = 9) (p = 0.041)
or to the intact hemisphere (p = 0.002). H ie cAMP second messenger system may
link dopaminergic and glutamatergic influences on striatal medium spiny neurons.
Increased basal striatal cAMP after partial glutamatergic deafferentation o f the
striatum may produce altered striatal response to dopaminergic stimulation. Since
the same 20% increases in striatal cAMP were seen 5 days or 3 weeks after
cortical injury, cAMP upregulation may play an early role in the recovery process.
Supported by Minneapolis Medical Research Foundation
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182.3

182.4

QUANTITATIVE CYTOCHROM E OXIDASE HISTOCHEM ISTRY:
REGIONAL
ALTERATIONS IN NEURONAL ACTIVITY IN DYSTONIC HAM STER ( d f z) BRAINS.
A. Richter*1. J.N. Nobrega2. D. Jiwa2. R. Raymond2 and W. Löscher1. *Dept. of Pharmaco
logy, Toxicology & Pharmacy, School of Veterinary Medicine, 30559 Hannover, Germany;
2Clarke Institute of Psychiatry, Toronto, Ontario M5T 1R8, Canada
The neural mechanisms underlying idiopathic dystonia are currently unknown. Genetic animal
models, such as the d f z hamster, a model of idiopathic paroxysmal dystonia, may be helpful to
providing insights into the pathophysiology of this movement disorder. Recent studies in d f l
hamsters, using 2-DG autoradiography, demonstrated changes in motor areas such as the red
nucleus, ventral thalamic nuclei, striatum and deep cerebellar nuclei during dystonic attacks.
The 2-DG method reflects acute alterations of synaptic activity, whereas analysis of cyto
chrome oxidase (CO) is a method of choice to examine sustained baseline changes in neuronal
activity. Therefore, in the present study, quantitative CO histochemistry was used to identify
chronic regional alterations, i.e. in the absence of dystonic attacks in d f z hamsters. For com
parison to recent 2-DG studies CO was also determined during a dystonic attack, which was
induced by mild stress. CO was analysed in 109 brain regions of d f l hamsters and non-dystonic
control hamsters. In the absence of a dystonic attack, a tendency to decreased CO activity was
found in most of the brain regions examined, possibly due to retarded development in mutant
animals. Significant decreases became evident in motor areas and limbic structures, such as
substantia nigra p. reticulata (12%), globus pallidus (11%), fundus striatum (11%), interpositus
nucl. of the cerebellum (8%), ventral pallidum (10%), mediodorsal nucl. of the thalamus
(13%), piriform cortex (10%), olfactory tubercle (10%) and hippocampus (CA1; 7%). After
external stimulation leading to dystonic attacks in mutant hamsters, the trend of decreased CO
activity disappeared. Although the significant alterations of CO activity under basal condition,
i.e. in the absence of dystonia, were moderate, the data are in line with previous findings in d f l
hamsters, indicating that dysfunctions of the basal ganglia seem to be involved. Altered neural
activity in limbic structures, related to basal ganglia function, found in the absence of dystonia
in d f z hamsters, may contribute to the susceptibility to stress-inducible dystonia.

THE SPONTANEOUS FIRING RATE OF DORSOMEDIAL BUT NOT VENTRO
MEDIAL STRIATAL NEURONS IS ELEVATED IN DYSTONIC HAMSTERS.
M. Gemert. A. Richter. W. Löscher (SPON: European Neuroscience Association).
Dept, o f Pharmacology, Toxicology, and Pharmacy, School o f Veterinary Medicine,
Bünteweg 17, D-30559 Hannover, Germany
Idiopathic dystonia, characterized by sustained twisting movements and postures,
is regarded as a basal ganglia disorder. However, the pathophysiology of this
common neurological syndrome in humans is still unknown. The d f z hamster, a
genetic animal model for paroxysmal dystonia, may contribute to the understanding
of the underlying pathomechanisms. In this mutant, the attacks occur in response to
mild stress and in the absence of pathomorphological alterations. Previous autoradio
graphic studies in the hamster revealed a decreased dopamine Di and D2 receptor
binding and an increased [3H]-2-deoxyglucose uptake in the dorsomedial (dm)
caudate-putamen (CPu), a region supposed to be critically involved in dystonia.
Therefore, we were interested whether the spontaneous firing rate o f dm striatal
neurons is altered in comparison to non-dystonic control hamsters. Using standard
techniques, we recorded extracellular single unit activity of the dm and the
ventromedial (vm) CPu o f fentanyl anesthetized animals. The firing rate was
determined for at least 10 min, respectively. The neurons in dystonic as well as in
non-dystonic hamsters exhibited biphasic action potentials with a duration o f about
2.0 ms. The spontaneous firing rate in the dm CPu o f the mutants was significantly
higher than in controls (2.41 ±0.24 Hz vs. 0.97±0.10 Hz) but not in the vm part
(2.00±0.49 Hz vs. 1.20±0.36 Hz). We conclude that a dysfunction within the dm
CPu is critically involved in the pathophysiology , o f the dystonic syndrome. Recent
studies of single unit activity of striatal projection areas, e.g. reticular substantia
nigra, revealed no alterations in spontaneous firing rate o f nigral GABAergic
neurons in d f z hamsters but a different pharmacological responsiveness when
compared to non-dystonic controls. Investigations o f pallidal GABAergic neurons
are under way.
Supported by the DFG (Lo 274/4-3)

Supported by the D FG (Lo 271/4-2/3) and Dystonia M edical Research Foundation

182.5

182.6

FOS
EXPRESSION
IN
THE
BASAL
GANGLIA
FOLLOWING
PHARMACOLOGICAL INACTIVATION OF THE GLOBUS PALLIDUS. David
Wirtshafter* Dept. Psychology., Univ. III. at Chicago, Chicago, IL 60607-7137.
Data from anatomical and physiological studies suggest that the globus pallidus
tonically inhibits cells in the entopeduncular nucleus (EPN), the substantia nigra
(SN) and the subthalamic nucleus (STN). Suppression o f pallidal activity would
thus be expected to disinhibit cells in these regions. We report here that
microinjections o f the inhibitory GABA agonist muscimol (6.25-50ng) into the
globus pallidus o f behaving rats induces a pronounced, dose dependent, unilateral
expression o f Fos-like-immunoreactivity (FLI) in the STN, EPN and SN, a type o f
effect which often reflects neuronal excitation. Similar effects were not seen
following injections o f m uscimol into structures adjacent to the GP or following
intrapallidal injections o f morphine (lOug) or kainic acid (20ng). Intrapallidal
muscimol also induced Fos expression in a few cells in the reticular nucleus o f the
thalamus and the pedunculopontine nucleus, two additional recipients o f pallidal
efferents. Studies using multiple labeling techniques indicated that none o f the
nigral neurons expressing FLI were dopaminergic; m any o f them, however, were
immunoreactive for the calcium binding protein parvalbumin. Studies employing
retrograde tracing combined with Fos immunocytochemistry indicated that a
substantial proportion o f nigral cells projecting to the superior colliculus, the
pedunculopontine nucleus and the ventromedial thalam us expressed FLI in
response to intrapallidal muscimol infusions. Finally, nigral Fos expression was
unaffected by systemic treatm ent with high doses o f the excitatory amino acid
antagonist MK-801 suggesting that the observed responses were not dependent on
activation o f NM DA receptors in the nigra.
These findings are generally
compatible with current models o f basal ganglia organization and demonstrate the
utility o f examining Fos expression as a tool for studying the organization o f basal
ganglia circuitry. Supported by NS-33992.

CANNABINOIDS DECREASE D2 RECEPTOR-MEDIATED ALLEVIATION OF
AKINESIA IN THE RESERPINE-TREATED RAT MODEL OF PARKINSON’S
DISEASE.
Y.P. Maneuf. T.R. Ivanov* and J.M. Brotchie. Division of Neuroscience, School of
Biological Sciences, University of Manchester, M anchester M l3 9PT, UK.
The effects of the synthetic cannabinoid receptor agonist WIN 55,212-2 on
dopamine receptor-mediated alleviation of akinesia were evaluated in the reserpinetreated rat model of Parkinson’s disease. The dopamine D2 receptor agonist
quinpirole (0.1 mg/kg, ip.) caused a significant alleviation of the akinesia. This
effect was significantly reduced by co-administration with the cannabinoid receptor
agonist WIN 55,212-2 (0.1 and 0.3 mg/kg, 45.2% and 63.1 % respectively). The
cannabinoid receptor antagonist SR 141716A (3mg/kg, ip.) blocked the effect of
WIN 55,212-2 on D2-induced alleviation of akinesia. SR 141716A (3-30 mg/kg)
was without anti-akinetic effect on its own. The selective dopamine D] agonist
chloro-APB (0.1 mg/kg) alleviated akinesia in a significant manner. WIN 55-212-2
(0.1-1 mg/kg, ip.) did not affect the anti-akinetic effect o f the dopamine agonist.
Combined injection of both Di and D2 dopamine receptor agonists (0.1 mg/kg or
0.02mg/kg) agonists resulted in a marked potentiation of the anti-akinetic effect.
WIN 55,212-2 (0.1-1 mg/kg) significantly reduced the anti-akinetic effect of
combined injections of quinpirole and chloro-APB at both 0.1 mg/kg and
0.02mg/kg. The effect of 0.3 mg/kg WIN 55,212-2 on combined D, and D2 agonistinduced locomotion (0.02mg/kg) was blocked by SR 141716A (3 mg/kg). WIN
55,212-2 alone (O.lmg/kg and 0.3 mg/kg) had no anti-parkinsonian effect. It thus
appears that cannabinoids act to attenuate dopaminergic effects mediated via the
“indirect” striatal ouput pathway and therefore might prove useful in the
development of new therapeutic approaches for the treatment of hyperkinetic
movement disorders such as dopamine agonist-induced dyskinesias.
This work was supported by the Medical Research Council.

182.7

182.8

TARGETED EXPRESSION OF A TOXIN GENE TO STRIATAL
NEURONS. P Padungchaichot. D 1. Finkelstein*. A J. Lawrence.
Q-Binmore, SJbi, Sumarsono, M LaKso, H Wegtphal, 1 Kola and J

Elucidation o f functional circuits o f m otor and po stu ral control in the
basal ganglia; Application o f antisense oligonucleotides M .O. HEBB*
an d H.A. RO BERTSO N L ab. Mol. N eurobiol.. Dept, of Pharm acology.
Dalhousie U niversity. Halifax. N.S.. C an ad a B3H 4H7. Striatal
suppression o f the immediate early genes (IEGs), c-fos and/or ngfi-a, using
antisense oligonucleotides (ODNs) results in a postural asymmetry which
manifests as intense rotational behavior upon dopaminergic stimulation.
Associated with this suppression is the marked upregulation o f IEGs in the
ipsilateral globus pallidus. In this study, we have investigated the role o f
the globus pallidus in the mediation o f antisense-induced rotational
behavior in adult rats. Because ocular deviance and visual neglect have
been previously reported as consequences o f altering tectal activity, we
have also investigated the possibility that the superior colliculus may be a
remote effector nuclei o f the basal ganglia imbalance elicited by unilateral
c-fos suppression. Ablation o f the globus pallidus or intrapallidal infusions
o f anti-c-/<w ODNs markedly potentiated die rotational response elicited by
striatal c-fos suppression. Furthermore, in animals demonstrating robust
circling behavior in response to an amphetamine challenge, c-Fos
immunoreactivity in the ipsilateral superior colliculus showed a striking
upregulation in IEG expression in the intermediate gray and reduction in
the intermediate white strata. These results suggest that the activation o f the
globus pallidus, in response to an ipsilateral reduction o f striatal activity,
serves as a physiological balance which, in this model, is overpowered by
the contralateral striatonigral system. Also, the marked imbalance seen
bilaterally between layers o f the superior colliculi suggests that this
structure may be a component o f the final common pathway for eliciting
the postural deviance seen in these animals.[Supported by the Huntington
Society o f Canada and the MRC.]

Drago. Department of Anatomy, Monash University, Clayton
Victoria, Australia, 3168.
Loss of striatal neurons is the pathological hallmark linking a
number of extrapyramidal neurodegenerative diseases and may
also occur in a substantial proportion of clinically diagnosed
cases of idiopathic Parkinsons disease. The contribution this
cell loss makes to the overall clinical picture and the possible
compensatory changes in the nervous system is poorly
understood. The aim of this work was to create a murine model
of extrapyramidal disease by the targeted expression of a toxin
gene to the developing striatum. The attenuated diphtheria toxin
A chain gene has been inserted into the D1 dopamine receptor
locus by homologous recombination and heterozygous animals
made in which the toxin gene is in a dormant state. The toxin
gene was activated by mating the heterozygous mice with
transgenic mice homozygous for the Adenovirus E11a/Cre
recombinase.
Recombinase enzyme produced in doubly
transgenic mice removed DNA which maintains the toxin gene in
a dormant state. Activated progeny usually die in the first post
natal week and have some Parkinsonian features including
bradykinesia and dystonia but surprisingly have falls due to
myoclonic jerks and in addition show periodic breathing.
(Suported by DVA, Australia)
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182.9

182.10

A SUBTLE UNILATERAL 6-OHDA LESION OF THE A9 CHANGED
NIGROSTRIATAL AND MESOLIMBIC MOTOR PROGRAMMING IN TWO
TYPES OF WISTAR RAT. R.V. van Oosten. S.V. van de Witte. P. Voom ,
H.J. Groeneweeen. J.C . Stoof. and A.R. Cools*. Psychoneuropharmacology,
Univ. o f Nijmegen, P .0.910 1 , 6500HB, Nijmegen, The Netherlands.
We hypothesized that a partial loss o f nigrostriatal, A9 dopaminergic neurons
can elicit changes in activity o f the remaining mesolimbic, A 10 dopaminergic
neurons. We investigated the effects o f a 6-OHDA lesion (1 and 5/xg//xl) in the
right A9 on the motor programming function o f the A9 and A 10 in male W istar
rats. Since effects of 6-OHDA vary across rat strains, we used two types o f rat
that have a differential reactivity o f dopaminergic neurons, viz. the Nijmegen
high (HR) and low (LR) responder to novelty. For, this difference depends on the
dopaminergic make-up and reactivity of nigrostriatal and mesolimbic neurons.
Behavioural tests chosen for their known ability to detect changes in nigrostriatal
and mesolimbic motor programming were performed over a 28 day period. (1)
Even the smallest lesion (1/ig) significantly altered the behaviour o f LR and HR
in the paw test. (2) In LR, but not in HR, this lesion produced a shift in the
functional A9/A10 balance in favour o f the A 10 as revealed in the open field test.
(3) In LR, but not in HR, the larger lesion (5fig) showed significant
supersensitivity of the dopaminergic receptors at the lesioned side as revealed by
apomorphine-induced rotation. This implies that LR are more sensitive to the
neurotoxic effects of 6-OHDA than HR. It is concluded that even a small lesion
o f a subset o f A9 neurons produces significant changes in the m otor programming
function of the A9 and A10, o f which the nature depends on individual-specific
reactivity of these neurons. This study confirms our hypothesis that partial lesion
of the A9 enhances the functional activity o f A10 neurons. It is suggested that this
effect underlies the ability o f patients with Parkinson’s disease to compensate
their reduced ability to use internally generated strategies, a function o f the A9,
by assessing externally directed strategies, a function o f the A10.

SINGLE-UNIT ACTIVITY IN THE SUBSTANTIA NIGRA PARS
RETICULATA OF FREELY MOVING RATS: EFFECTS OF
INTRASTRIATAL AMPHETAMINE. J. M. Gulley* and G. V.
Rebec. Program in Neural Science and Department of Psychology,
Indiana University, Bloomington, IN 47405.
Motor-related neurons, which account for about 80% of the neuronal
population of the striatum, are activated either by systemic or
intrastriatal administration of amphetamine (Haracz et al., Neurosci.
Biobehav. Rev., 17:1, 1993; Wang & Rebec, Brain Res., 627:79,
1993). To the extent that the striatum exerts direct inhibitory control
over neurons in the substantia nigra pars reticulata (SNr),
amphetamine-induced increases in striatal activity should inhibit SNr
neurons. To test this hypothesis, we infused ¿/-amphetamine (20 fxg/jxl
at a rate of 0.5 ^il/min for either 6, 8 or 10 min) into the striatum of
ambulant rats and recorded SNr neural activity. During the pre
infusion period when animals were resting quietly, SNr neurons
discharged at relatively rapid rates (20-60 impulses/sec). The level of
activity declined significantly (30-60% of baseline) within 4-6 min after
infusion onset. Shortly thereafter, increases in sniffing, head
movements, rearing and locomotion occurred. Both the neuronal and
behavioral changes persisted well after infusion offset. Our results are
consistent with the activation of an inhibitory striatonigral pathway
during the amphetamine behavioral response.
Supported by NIDA (DA-02451)
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ANIMAL MODELS OF PARKINSONIAN SYMPTOMS: EFFECTS OF TYPICAL
AND
ATYPICAL
ANTIPSYCHOTICS
ON
TESTS
RELATED
TO
.'EXTRAPYRAMIDAL MOTOR FUNCTION IN RATS. G. Gianutsos*. J. Trevitt.
A. Nawab and J.D . Salamone. Depts. o f Psychology and Pharmaceutical Sciences,
U. o f Connecticut, Storrs, CT 06269-1020.
Clozapine is an antipsychotic drug with a unique biochemical and behavioral
profile, and there is considerable interest in developing novel drugs that have
behavioral effects similar to clozapine. Previous research has demonstrated that
clozapine can suppress cholinomimetic-induced tremulous jaw movements. Because
tremulous jaw movements in rats have been suggested as a possible model o f
extrapyramidal motor function in general, and parkinsonian trem or in particular, the
present work was undertaken to investigate the effects o f typical and atypical
antipsychotic drugs on tremulous jaw movements. In order to determine the relative
potency for reductions in jaw movements compared to other behavioral effects o f the
antipsychotic drugs, suppression o f lever pressing also was studied. Clozapine and
olanzapine suppressed tremulous jaw movements at doses that were lower than those
required for suppression o f lever pressing. Risperidone and thioridazine also were
able to reduce tacrine-induced tremulous jaw movements at relatively low doses.
The phenothiazine fluphenazine suppressed tacrine-induced jaw movements, but at
doses that were higher than those required for reductions in lever pressing.
Haloperidol failed to suppress tacrine-induced jaw movements at any dose tested.
These data suggest that suppression o f cholinomimetic-induced tremulous jaw
movements at relatively low doses could be a marker for reduced extrapyramidal
symptom liability.
(Research supported by a grant from NINDS)

ANIMAL MODELS OF PARKINSONIAN SYMPTOMS:
AGENTS THAT
MODULATE VENTROLATERAL STRIATAL CYCLIC-AM P AFFECT
TREM ULOUS JAW MOVEMENTS IN RATS. A.J. M avorga*. M .S. Cousins. A.
Conlan. G. Gianutsos and J.D . Salamone. Depts. o f Pharmaceutical Sciences and
Psychology, U. o f Connecticut, Storrs, CT 06269-1020 USA.
In this study, agents that modulate cyclic-AMP levels in vivo were tested to
determine their effects on tremulous jaw movements induced by acute administration
o f the muscarinic agonist pilocarpine.
Four selective muscarinic antagonists
administered ICV all suppressed jaw movements induced by pilocarpine (4.0 mg/kg
IP). Their rank order o f potency (scopolamine > telenzepine> methoctramine>
pirenzepine) was consistent with their known affinity for the pharmacologically
defined M4 receptors, which are negatively coupled to cyclic-AMP production. The
selective D1 agonist SKF 82958 (0.5-2.0 mg/kg IP), a full agonist in stimulating rat
striatal cyclic-AMP production, suppressed jaw movements produced by pilocaipine
(4.0 mg/kg IP). Injection o f the cyclic-AMP analog, 8-bromo-cyclic-AMP (2.5-10.0
ug/side), directly into the ventrolateral striatum also suppressed jaw movements
produced by 4.0 mg/kg pilocarpine. These data suggest that pilocarpine may be
inducing tremulous jaw movements by inhibiting cyclic-AMP production. It is
possible that tremulous jaw movements are regulated by an interaction between m4
and D1 receptors that have opposite effects on cyclic-AMP production and are
colocalized on striatonigral neurons. Studies o f the role o f ventrolateral striatal
cyclic-AMP in the generation o f tremulous jaw movements may be useful for the
development o f more specific agents for the treatment o f parkinsonian tremor.
(Research supported by a grant from the NINDS)
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ANIMAL MODELS OF PARKINSONIAN SYMPTOMS: THE ROLE OF
SUBSTANTIA NIGRA PARS RETICULATA AM INO ACID MECHANISMS IN
TH E GENERATION OF TREM ULOUS JAW M OVEMENTS IN RATS, h
Trevitt*. A. Conlan. M. Finn, and J.D . Salamone. Depts. o f Psychology and
Pharmaceutical Sciences, U. o f Connecticut, Storrs, CT 06269-1020.
Previous research has shown that the anticholinesterase tacrine induces tremulous
jaw movements, which have many o f the temporal and pharmacological
characteristics o f parkinsonian tremor. Injections o f the GABA A agonist muscimol
(6.25 - 25.0 ng) directly into the central portion o f the anterior substantia nigra pars
reticulata completely blocked the jaw movements induced by 5.0 mg/kg tacrine.
These results suggested that the substantia nigra pars reticulata is a m ajor striatal
output nucleus for the generation o f tremulous movements. In addition, these data
are consistent with the notion that hyperactivity o f neurons in substantia nigra pars
reticulata was associated with the generation o f tremulous movements. Thus, it was
hypothesized that injections o f the excitatory amino acid glutamate directly into the
substantia nigra pars reticulata should induce tremulous jaw movements. Groups of
rats received injections o f glutamate (1.0, 2.0, 4 .0 and 8.0 ug) directly into the
substantia nigra pars reticulata. For those animals with bilateral placements in the
reticulata, there was a significant dose-related increase in tremulous jaw movements
induced by glutamate. Behavioral activation was observed in animals that had
injection sites that were too medial or dorsal (i.e., in the VTA or the substantia nigra
pars compacta). These data are consistent with the notion that activation o f neurons
in the substantia nigra pars reticulata can result in tremulous movements. It is
possible that parkinsonian tremor is generated because changes in neostriatal
neurochemistry result in enhanced activity o f reticulata projection neurons, which in
turn leads to rhythmic motor activities.
(Research supported by a grant from NINDS)

CANNABINOID CONTROL OF MOVEMENT IN THE BASAL GAN
GLIA IN AN ANIMAL MODEL OF PARKINSON’S DISEASE. M. Clara
Sanudo-Pena. Saundv Patrick. Robert Patrick and J. Michael Walker.
Schrier Research Laboratory, Departments of Psychology and Neurosci
ence, Brown University, Providence, R I02912 USA.
CB1 receptors are concentrated in brain areas that control
movement.
In studies of motor behavior in rats, we previously observed a modulatory
action of cannabinoids in the striatum and its output nuclei, the globus pallidus and the substantia nigra. An interaction of cannabinoids with the dopa
minergic system was also demonstrated. The aim of this work was to extend
the study of the role of the cannabinergic system in the basal ganglia control
of motor behavior to animals with 6-OHDA lesions of the medial forebrain
bundle. Lesioned rats were implanted with cannulae in the striatum, globus
pallidus and substantia nigra. The effect on turning behavior of unilateral in
fusion of the cannabinoid agonist CP55,940 was studied for each structure.
As previously observed in intact animals, the cannabinoid agonist induced
marked contralateral rotation when injected in the striatum or the substantia
nigra. The turning produced by cannabinoids administered in the dopamine
depleted striatum was similar to that induced in nonlesioned rats. In contrast,
the turning induced by the cannabinoid agonist in the substantia nigra pars
reticulata of lesioned animals was greatly increased relative to intact rats.
The inhibitory motor effects of intrapallidal CP55,940 were similar for intact
and lesioned animals compared to vehicle-treated rats.
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WHAT CAN THE KAINIC ACID MODEL TELL ABOUT STRIATAL FUNCTION.
M. Giordano*. M.-C. Meiia-Viqqiarro. Centro de Neurobiologia, Campus
UNAM-UAQ Junquilla, Qro. 76001, Mexico.

T H E E F F E C T S O F S T R IA T A L L E S IO N S O N P E R F O R M A N C E IN
A W A T E R M A Z E : E V ID E N C E O F IN V O L V E M E N T O F T H E
S T R IA T U M IN P R O C E D U R A L L E A R N IN G . P . .1. C h o n g * a n d M .F .
M a z u r e k . D e p ts. o f B io m e d ic a l S cien ces, N eu ro lo g y a n d P s y c h ia try ,
M c M a s te r U n iv e rs ity M e d ic a l C e n tre , H a m ilto n , O n t. L 8 N 3 Z 5 .
W h ile th e s tr ia tu m is rec o g n iz ed to b e in v o lv e d in m o to r c o n tro l, its
r o le in c o g n itio n is less well e s ta b lis h e d . S tu d ie s o f p a tie n ts w ith
H u n tin g to n ’s d ise a se (H D ) a n d P a r k in s o n ’s d ise a s e (PD ) su g g e st th a t
th e s tr ia tu m m a y foe in v o lv ed in p ro c e d u r a l m e m o ry . W e stu d ie d this
issu e in r a ts w ith b ila te r a l lesio n s o f th e m e d ia l s tr ia tu m a n d s h a m
c o n tro ls . T h e a n im a ls w e re tra in e d in a w a te r m a z e u n til c rite rio n
levels o f p e rf o r m a n c e w e re re a c h e d a n d th e n te ste d in a se co n d pool
c o m p a r a b le size a n d d iffic u lty . In a s e co n d e x p e rim e n t r a t s w e re
t ra in e d to c rite r io n p e rf o r m a n c e in th e f ir s t p ool b e fo re b e in g lesioned
a n d th en teste d in a seco n d p o o l. In e x p e rim e n t 1, lesio n ed a n im a ls
w e re im p a ire d in a c q u is itio n o f th e w a te r m a z e ta s k in P o o l 1.
A n im a ls th a t h a d re a c h e d c o n tro l levels o f p e rf o r m a n c e in P o o l 1
s u b s e q u e n tly sh o w e d no im p a irm e n ts in a c q u is itio n o f th e w a te r m az e
t a s k in P o o l 2 . In e x p e rim e n t 2 , a n im a ls lesio n e d a fte r su c ce ssfu l
a c q u is itio n o f th e ta s k in P o o l 1 sh o w e d im p a ire d p e rf o r m a n c e in P o ol
2 . T h e se re s u lts in d ic a te th a t s tr ia ta l lesio n s s p a r e a c q u is itio n a n d
u tiliz a tio n o f v isu o s p a tia l c u e s, b u t im p lic a te th e s tr ia tu m in th e
p r o c e d u r a l a sp ec ts o f s p a tia l le a r n in g . A n in ta c t s tr ia tu m a lso
a p p e a r s to b e n e c essa ry fo r th e t r a n s f e r o f le a rn e d b e h a v io u r.
S u p p o r te d by N S E R C

The caudate-putamen or striatum is a subcortical nucleus which participates
in the control of several kinds of behavior, from learning to motor function (c.f.
Alexander and Crutcher, 1990). Striatal kainic acid lesions have been found to
disrupt spontaneous and drug-induced locomotor activity as well as learning
(e.g. Fibiger, 1978 ; Deckel et al., 1983 ; Giordano et al., 1988 ; Sanberg et al.,
1986 Divac et al., 1978). In the present study bilateral kainic acid lesions to
the striatum were used to test the striatal involvement in the response to
GABAergic, glutamatergic and dopaminergic drugs and to indirectly assess if
the behavioral consequences of striatal lesions can be ascribed to the loss of
inhibitory control over its output structures. Female and male Wistar rats with
bilateral striatal kainic acid lesions (0.0, 1.25 and 2.5 nmoles/|¿l) were recorded
under spontaneous and drug-induced conditions. Spontaneous locomotor
activity was recorded during the dark phase of the cycle for 2 hour-periods from
7 to 60 days post lesion. Between recording sessions, the response to sodium
valproate (400 mg/kg), MK-801 (0.25 mg/kg), amphetamine (1 mg/kg) and
haloperidol (1 mg/kg) were evaluated. Female lesioned animals showed
transient increases in total distance traveled 15 days post lesion and a longer
lasting increase in rearing behavior. With regard to drug challenges, valproate
did not reduce locomotor activity in lesioned animals, MK-801 resulted in
increased locomotor activity in lesioned animals but significantly less than in
sham-lesioned animals, while lesioned animals were no different from shamlesioned in their response to amphetamine. These results indicate that the
striatum is necessary for the expression of GABAergic-induced inhibition of
locomotor behavior, and that it participates in the behavioral activation induced
by non-competitive glutamate antagonists.
Sources of support: UNAM DGAPA Project IN200295.

182.17

182.18

DISTORTIONS IN EGOCENTRIC RESPONSE SPACE FOLLOWING
UNILATERAL EXCITOTOXIC LESIONS OF THE DORSAL
STRIATUM IN RATS. P.J. Brasted'. T. Humbv. S.B. Dunnett and T.W.
Robbins. MRC Cambridge Centre for Brain Repair, and Department of
Experimental Psychology, University o f Cambridge, UK.
Unilateral lesions of the dorsal striatum impair the initiation, but not the
execution, o f movement made to the side contralateral to the lesion. Rats
were trained in a specially designed, multi-choice operant chamber on a
visual choice reaction time task designed to assess performance on each
side o f the rat’s body. The task required anim als to sustain a nose-poke in
a central hole, until a brief light stimulus was presented in either o f two
holes which were located on the same side o f the box. Once the rats were
trained to perform the task to both sides independently they received
unilateral injections o f quinolinic acid into the dorsal striatum. Postoperatively, lesioned anim als were impaired when performing the task on
the side contralateral to the lesion. The tim e taken to initiate contralateral
responses was increased. Contralateral responses were also exclusively
biased towards the nearer of the two response locations, regardless o f the
location of the stimulus. This was interpreted as a specific impairm ent in
generating responses in contralateral space. In contrast, no comparable
deficit was seen when the anim als performed the task on the side
ipsilateral to the lesion. Additional post-operative challenges, in which
response options were presented bilaterally, showed this response deficit to
be defined in egocentric co-ordinates, with the severest response deficits
for the most contralateral locations.
(Supported by the Medical Research Council, UK)

THE EFFECT OF NEURAL TRANSPLANTATION ON UNILATERAL
DORSAL STRIATAL LESIONED RATS AS MEASURED BY A
REACTION AND MOVEMENT TIM E TASK. M.D. Dobrossv* and S.B.
Dunnett. MRC Cambridge Centre for Brain Repair and Department of
Experimental Psychology, University of C am bridge, England.
Homotopic neural grafts have been shown to ameliorate striatal lesion
induced behavioural impairments as tested in a lateralised reaction time
task in the 9-Hole box apparatus. Data from a pilot study using a Skinner
box adaptation of the task showed that unilateral dorso-striatal lesion
induces an increase in the number of error trials and changes in other
behavioural indices. The lesioned anim als showed a bias to respond towards
their ipsilateral side, a decline in accuracy to their contralateral side, and an
increase of the movement time towards the contralateral stimuli. The
current study was designed to investigate the effects of homotopic E15
embryonic striatal or cortical grafts on the lesion induced deficits. The
anim als were tested at 3 and 6 months following the surgery. The graft
prevented the development of disparity between the ipsilateral and the
contralateral sides. This was apparent more so in the group that received
the striatal graft then in the cortical graft group. The striatal graft conferred
its greatest benefit with respect to abolishing the differences in the
movement times between the ipsilateral and the contralateral sides.
Supported by the European Neuroscience Programme and the Medical
Research Council.
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VISUAL DISCRIMINATION DEFICITS IN RATS FOLLOW ING NEGLECTPR ODU CING UNILATERAL LESIO N S IN TH E E N T O PE D U N C U LA R
NUCLEUS. P , W rese*. M, Eads, and R. McMahanD ept of Psychology, Hampden-Sydney College, Hampden-Sydney, VA 23943.
Neglect-producing unilateral lesions in the lateral hypothalamus, striatum, and
globus pallidus produce a pattern o f deficits on lateralized visual discrimination tasks
that has been characterized as an impairment in initiating responses contralateral to
the lesion, or “intentional neglect.” Sensorimotor asymmetries and the disruption
o f lever pressing also follow lesions in the entopeduncular nucleus (EP). We
examined the effects of lesions in this m ajor output nucleus o f the basal ganglia
using similar lateralized visual discrimination tasks. Nose pokes by a rat into the
center hole of a small chamber illuminated an LED to either the left or right of the
its head. The Turn Towards group was rewarded for responses detected at the hole on
the same side as the visual stimulus. The Turn Away group was trained to respond
in the hole on the opposite side to where the visual stimulus occurred. All rats were
also tested for orientation, turning, limb reflexes, and bilateral patch removal. After
m astering its task, a rat received a unilateral electrolytic lesion in the EP. The
lesions produced contralateral neglect as demonstrated by deficits in orientation and
turning contralateral to the lesion. M easures o f discrim ination performance (%
correct, errors o f commission, intertrial responses) decreased for trials on which
responses contralateral to the lesion were correct, regardless o f whether the visual
stimulus was also contralateral (Turn Towards group) or was ipsilateral (Turn Away
group). Although these results are consistent with previous findings, lesions in the
entopeduncular nucleus produced an increase in the time to execute responses directed
contralateral to the lesion, but no difference in the time to initiate a response in
either direction. These data suggest that the sensorimotor asymm etries following
EP lesions may be characterized as bradykinesia.
(Supported by Elloitt Professorship research funds, H-SC to D.W.)

VITAMIN E REDUCES THE ORO FACIAL DYSKINESIAS INDUCED BY
CHRONIC ANTIPSYCHOTIC DRUG TREATMENT IN RATS. P. M . F isch er.

S ociety for N euroscience , V olume 2 3 ,19 9 7

A, Shekhar. Q, OsuntQkeu, I,A , Rifihtag. D ep t, o f P sy c h ia try , P h arm acol.
& T o x ico lo g y , In d ian a U niv. M ed . C e n te r, In d ian ap o lis, In d ian a 46202.
C hronic treatm ent w ith typical an tip sy ch o tic d ru g s results in tardive
o ro -facial d y sk in esias in rats sim ilar to tard iv e d y sk in esia (T D ) seen in
h u m an s. T h e p rese n t study w as c o n d u cted to test if conco m itant treatm en t
w ith h ig h d ose v itam in E (d -alp h a-to co p h ero l) w o u ld p ro te c t against the
d e v e lo p m e n t o f such m o v em en t d iso rd e rs.
T w o g ro u p s o f rats w ere
ran d o m ized to e ith e r reg u la r food p ellets o r p ellets fo rtified w ith vitam in E
(5 m g o f vit E /k g ). A fter a w eek , th eir b aselin e o ro -facial an d loco m o to r
m ovem ents w ere videotaped. The baseline m ovem ent frequency w as sim ilar
in b o th g ro u p s. E ach anim al w as th en g iv en flu p h en azin e decan o ate (10
m g /k g s .c .) biw eekly fo r 6 m onths. T h e oro-facial m ovem ent reco rd in g w as
o n c e ag a in m ad e ju s t b e fo re th e n ex t flu p h en azin e tre a tm e n t at 2 , 4 and 6
m o n th s. A t the en d o f 6 m o n th s, th e rats g iv en reg u la r food show ed
significantly g reater in creases in o ro -facial m o v em en ts an d the dev elo p m en t
o f v acu o u s c h ew in g m o v em en ts co m p a re d to th e rats g iv en vit E enrich ed
fo o d . T h e rats w ere sacrificed a n d striatal levels o f d o p am in e (D A ), D A
uptake, tyrosine hydroxylase (TH ) and the G A B A synthetic enzym e glutam ic
a c id d ecarb o x y lase (G A D ) w e re d eterm in ed . T h e re w e re no significant
differences betw een the tw o gro u p s in D A , D A u ptake o r T H activity, bu t the
G A D activ ity w as sig n ifican tly red u c e d in the g ro u p g iv en reg u la r d iet
co m p a re d to the vit E sup p lem en ted g ro u p . These; resu lts su g g est th at high
d o se vit E m ay p ro te c t ag ain st the d ev elo p m en t o f T D follow ing lo n g -term
an tip sy ch o tic treatm en ts. (S u p p o rted b y A A M H R E , Indianapolis)
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ACCURACY DEMAND INFLU EN CES M O V EM EN T SM OO THN ESS IN
PA RK IN SO N ’S PA TIENTS.
M.K. Rand*. G.E. Stelmach. J.R. Bloedel
Motor Control Laboratory., Arizona State Univ., Tempe, AZ, 85287; Barrow
Neurological Institute, Phoenix, AZ, 85013.
We previously reported that Parkinson’s patients become disproportionally
slower when target accuracy was constrained. This experiment demonstrates
another abnormal feature of target-directed movements in these subjects, namely
the irregular time course of the velocity and acceleration profiles compared with
normal subjects. Each subject made single stroke movements away from the body
from a home position toward a target. In the “target” condition the subjects
attempted to move from the home position to a 3cm x 3cm target 25 cm away. In
the “no-target” condition the subjects were asked to move through the target and
not to stop when the target was reached. For analysis, we recorded each time the
acceleration curve of movement changed from negative to positive. The control
subjects displayed smooth velocity and acceleration profiles. In contrast,
Parkinson’s patients displayed a large number of zero crossings in the acceleration
plots. This demonstrates that the movements of the Parkinson’s patients were less
smooth. In addition, the number of zero crossings increased when the target
accuracy was constrained. The time and distance from home position to the first
zero crossing was also recorded. The first zero crossing occurred much earlier and
after a shorter distance in the patients compared to the controls. When target
accuracy was constrained, there was a further decrease in the time of the first
crossing as well as the distance traveled. These data show that PD patients move
in a rather segmented fashion, even when performing this simple arm movements.
This abnormality is accentuated when target accuracy was constrained. These
findings could reflect altered signals in motor pathways generating the movement
or the use of an error correction strategy.
Supported by the Flinn Foundation and NINDS-NS 17421.

SEQUENCES OF MEMORY-GUIDED SACCADES IN PARKINSON'S DISEASE
T.L. Hodgson. L. Henderson. W. Dittrich and C Kennard*
Division of
Neuroscience, Imperial College Sch. of Med., Charing Cross Hospital, London, W6
8RF, UK.
Previous studies using a sequential memory-guided saccade task have suggested
that memory for .chronological sequence o f target events may be impaired in
Parkinson's disease (PDs). However, disruption in motor as well as memory
processes may contribute to deficits in this task. The present study examines motor
sequence coordination as well as spatial working memory in 7 mild to moderate PDs
and 7 age-matched controls. A 4 step target sequence was presented followed by a 2
second delay interval. The subject then indicated the recalled sequence with a series
of memory-guided saccades. Sequence recall was either cued, in which the target
lights were simultaneously re-illuminated after the delay; or uncued, where both the
location and order of presentation had to be remembered. Uncued recall was
performed either in a dark room, completely without visual cues, or with visual
markers, indicating all possible target locations. PDs were found to show significant
hypometria and increased m ulti-stepping o f saccades relative to controls when
executing sequences in the dark (mean primary saccade gain for all saccades in
sequence, controls: 1.14±0.12; PDs:0.75±0.11,p<0.01). In contrast, reflexive and
cued sequence gains were normal. Final eye position also showed no difference
between subject groups. Latencies o f sequence initiation were significantly elevated
for PDs (controls:276ms±36;PDs:403ms±27,p<0.02), while reflexive and single
memoiy-guided latencies did not differ to controls. PDs did not show an increase in
overt errors in recall of the sequence or locations of targets. The results suggest that
the coordination of sequential saccadic movements is impaired in PDs. However, the
data do not offer strong support for the existence o f a spatial working memory deficit
in PDs. Supported by the Wellcome Trust.
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183.4
CHRONIC ELECTRICAL STIMULATION OF THE PRELEflNISCAL RADIA
TIONS SUPPRESS TREI»I0R AND RIDIGTY OF PARKINSONIAN PATIENTS.
F.Velasco? M.Velasco, A.L.Velasco, F.Oimenez, J.L.Gordillo
and B.Rojas. Functional Neurosurgery, General Hospital and
Neurophysiology, National Medical Center, IMSS, Mexico City
This work was performed on Parkinsonian patients uith unil£
teral tremor, and rigidity in uhom multicontac, platinum
iridium electrodes were chronically implanted in the Prelemniscal Radiations (Raprl) contralateral to the symptoms
and prior stereotaxic ablative surgery.
Chronic electrical stimulation of Rapl (120/s, 450 us and
200-400 uA) applied daily (12 hs/day) during the uaking
state suppress completly the tremor and rigidity of these
patients during the stimulation period. These effect uas
observed from 10-15. days after initation of stimulation and
lasted for 3 months when stimulation uas discontinued. Bloc
kage of tremor and spasticity uas accompanied by signifi
cant amplitude reduction of the tonic and phasic (4.3/sec)
EMG activities evaluated by planimetry during sitting doun,
standing up and marching situations, uith no alteration of
other electrophysiological and behavioral tests related to
bradikynesia (auditory and visual reaction times, alternant
movements and postural failures).
Partially supported by contracs C0NACYT F348A9301 and 0029P
M9506.

CHANGING THE M AGNITUDE OF THE M OTOR RESPONSE
ELIMINATES M OTOR FLUCTUATIONS IN PARKINSON’S DISEASE
(PD): A N EW PATHOPHYSIOLOGICAL CONCEPT. G.Linazasoro. MC
y neurocirugia funcional, San Sebastian, Spain.
W e have studied the changes in the dopaminergic (DA) response to
apomorphine (0.25-6 mg,sc) and levodopa-carbidopa (100-400 mg, p.o.) in 10
patients with PD before and after surgical treatment (bilateral deep brain
stimulation o f the globus pallidum (n=5) or subthalamic nucleus (n=5). The
duration, magnitude and latency o f the response were measured by monitoring
the motor state (Unified Parkinson Disease Rating Scale) and tapping tests o f
the upper limbs. After surgery the basal motor score was reduced by 60%. The
magnitude o f the response decreased by 60% (p<0.001). The duration increased
by 43% and 22% respectively for apomorphine (p<0.01) and levodqpa
(p=0.09). The latency was unchanged. Turning “off” the stimulator increased
the baseline motor scores and reverted the characteristics o f the
pharmacological response to the preoperatively pattern. These findings indicate
that pallidal or subthalamic stimulation modifies the characteristic o f die DA
response from a fluctuating to a more stable pattern. This occurs without acting
on the nigrostriatal DA system and mainly by changing the magnitude o f the
response casting doubt onto the prevailing understandingC'storing hypothesis”)
upon the origin o f motor fluctuations.

183.5

183.6

A COMPARISON OF DISCHARGE PATTERN OF INTERNAL
SEGMENT NEURONS OF THE GLOBUS PAUJDUS (GPi) IN
AKINETIC AND TREMOR PARKINSONIAN PATIENTS (PD). V,
Chockkan. K. Mewes*. J.Y. Zhang. P. Starr. R.A.E. Bakav. M. DeLong
and J.L. Vitek. Dept, of Neurology, Emory Univ., Atlanta, GA 30322

CHARACTERISTICS OF NEURONAL ACTIVITY IN THE SUBTHALAMIC
NUCLEUS (STN) ANDSUBSTANTIA NIGRA PARS RETICULATA (SNr) IN
PARKINSON’S DISEASE (PD). MCRodriguez, A. Gorospe, A. Mozo,J.Guridi, E.
Ramos, G.Linazasoro, JA Obeso,Centro de N eurología y N eurocirugia Funcional,
San Sebastian,Spain,
V. Chockkan, K. Mewes, J. Vitek, and M. DeLong*, Emory University School of
Medicine,Atlanta, GA.

N e u ro n a l a c tiv ity in G P i is c o n s id e re d to p la y a n im p o r ta n t ro le in th e
d e v e lo p m e n t of P a r k in s o n i a n m o to r s ig n s .
H ow th e c h a n g e s in th e
p a tte rn of n e u ro n a l d is c h a r g e c o n trib u te th e s ig n s a n d sy m p to m s is n o t
c le a r. To a d d re s s th is q u e s tio n w e re c o rd e d t h e a c tiv ity o f n e u ro n s in th e
s e n s o r im o to r p o rtio n o f G P i in 26 P a r k in s o n i a n p a tie n ts u n d e r g o i n g
m ic ro e le c tro d e -g u id e d p a llid o to m y . 66 n e u ro n s w e re d e riv e d fro m 16
p a tie n ts w hose p r e d o m in a n t sy m p to m w a s a k in e s i a a n d 64 n e u r o n s
fro m 10 tre m o r p r e d o m in a n t p a tie n ts . T h e m e a n d is c h a r g e r a te o f th e
G P i n e u ro n s w a s s ig n if ic a n tly (p< 0.001) h ig h e r in a k in e tic p a tie n ts
(89.4 H z) c o m p a re d to tre m o r p r e d o m in a n t p a tie n ts (73.0 H z).
In
a d d itio n , p a t t e r n a n a ly s is o f n e u ro n a l d is c h a rg e u s in g d is p e r s io n o f th e
in te r s p ik e i n te r v a l to a s s e s th e r e g u l a r i t y o f d is c h a r g e (SD ^ of IS Is /
m e a n IS I) re v e a le d s ig n if ic a n t d iffe re n c e s b e tw e en th e tw o p a tie n t
g ro u p s (tre m o r p a tie n ts : 19.4 ± 17.4; a k in e tic p a tie n ts : 9.8± 10). S p e c tra l
a n a ly s is of a u to c o r re la g ra m s sh o w e d s ig n if ic a n t o s c illa tio n s i n
n e u ro n a l firin g in 30% in t h e tre m o r p a tie n ts (p < 0.001; L o m b m e th o d ) a t
a n a v e ra g e p e a k f re q u e n c y of 4.9 H z. I n th e a k in e tic g ro u p , 10% o f
n e u ro n s d e m o n s tra te d o s c illa tio n s a t a n a v e ra g e fre q u e n c y o f 6.0 H z .
T h u s , a k in e tic
a n d tre m o r p r e d o m in a n t' p a tie n ts h a v e d i s t in c t
d iffe re n c e s in the p a tte rn a n d r a te of n e u r o n a l a c tiv ity in G P i. T h e s e
d a ta s u g g e st th a t the d iff e re n tia l e x p re s s io n o f P a r k i n s o n i a n m o to r
s ig n s m a y be d u e to th e p a r tic u la r c o m b in a tio n o f c h a n g e s in t h e r a t e a n d
p a tt e r n o f n e u r a l a c tiv ity in G P i.
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Neuronal activity in the STN is increased in animal models o f PD. We
performed single unit recording from the STN (n=350 cells) and SNr (n=22
cells) as part o f a surgical procedure in 14 patients with PD. The mean discharge rate
and firing pattern was assessed " o f f line using standard digitization techniques and a
commercial software program (Labview). The sensorimotor responses o f neurons was
determined by recording the neuronal response to passive manipulations and active
movements o f the limbs and face. In the STN 80% o f neurons with sensorimotor
responses were found in the dorsolateral region. The arm representation was lateral to
the leg and the face was ventral. The mean discharge frequency o f STN neurons was
35 Hz (9-117). Three firing patterns were identified each with a different mean
discharge frequency: 1) tonic (49Hz), 2) pausing (30Hz) and bursting (25Hz). In the
SNr the mean discharge frequency was 106Hz (76-146). All neurons in the SNr
showed a tonic firing pattern. Sensorimotor responses occurred in 18 % o f neurons
and were found to eye and face movements and abdominal palpation. We have
defined the sensorimotor territory, somatotopic organization and firing pattern of
neurons in the STN and SNr in patients with PD. These results, which are similar to
those found in primates and primate models o f PD are relevant to improving our
understanding o f the pathophysiology underlying the development o f parkinsonian
motor signs and development o f newer therapeutic approaches for the treatment of
patients with PD.

BASAL GANGLIA: HUMAN STUDIES

SUNDAY PM
183.7

183.8

ALTERED ACTIVITY OF GLOBUS PALLIDUS (GP) NEURONS IN DYSTONIA
W.D. Hutchison*, R.E. Gross, A.E. Lang, A.M. Lozano. Div. Neurosurgery, Dept, o f
Surgery and Medicine, The Toronto Hospital, Toronto, Ontario, Canada,, M5T 2S8.
Dystonia can be defined as a disorder dominated by sustained muscle contractions
which frequently cause twisting and repetitive movements or abnormal postures.
Current models of basal ganglia dysfunction propose that hyperkinetic disorders such
as dystonia are associated with decreased neuronal activity in GP intemus (GPi) (Albin
et al., TINS 12:366,1989; Wichmann and DeLong, Curr.Opm.Neurobiol. 6: 75L 1996).
During stereotactic procedures, the pallida o f 2 dystonic patients were explored with
microelectrodes and compared to pooled data from 20 parkinsonian patients off
medication. Patient KW (age 45) received bilateral deep brain stimulation (DBS) and
patient IB (age 9), a bilateral pallidotomy. Firing rate histograms were constructed for
well-isolated single units in GPi, and responses to limb movements were examined.
Recording sites were estimated from stereotactic co-ordinates and the position o f the
optic tract and internal capsule determined by responses to microstimulation.
Patient KW: The right GPi had an average neuronal firing rate o f 35 Hz (s.e.m. 6.2,
n = 18), which was lower than the left GPi at 58 Hz (s.e.m. 6.1, n = 45) (Student’s twotailed /-test, p < 0.05). Patient IB: The mean firing rate o f the right GPi was 21 Hz
(s.e.m. 2.4, n = 26) and the left was 31 Hz (s.e.m. 2.8, n = 32). Both patients had more
pronounced dystonia on the side contralateral to the GPi with lower neuronal activity.
Characteristic neurons were recorded in these patients with slow changes in firing rate
interposed by prolonged pauses in activity. The average GPi firing rate for parkinsonian
patients was higher 74 Hz (s.e.m. 1.2, n = 362) than the dystonia average o f 39 Hz
(s.e.m. 2.9, n = 121) ip < 0.05) and neurons with prolonged pauses were not found.
The demonstration o f decreased GPi neuronal activity in dystonic patients supports
the current model of basal ganglia dysfunction in the pathophysiology of hyperkinetic
disorders.
Supported by The Parkinson Foundation o f Canada & Medtronic Canada.

APOMORPHINE EFFECTS ON HUMAN GLOBUS PALLIDUS (GP) NEURONS
R. Lew. W.D. Hutchison. A.M. Lozano. A.E. Lang and J.O. Dostrovskv*. Depts. of
Surgery, Medicine, and Physiology, Univ. of Toronto, Ontario, Canada M5S 1A8.
Current hypotheses o f basal ganglia dysfunction in Parkinson's disease (PD)
propose that a loss o f dopaminergic nigrostriatal neurons gives rise to neuronal
hypoactivity in the globus pallidus extemus (GPe), and hyperactivity in the output
nuclei, the external and internal portions of the globus pallidus intemus (GPi,e and
G P i,i, respectively), which results in the cardinal symptoms o f PD. In order to
directly test this theory, the non-selective D,, D2 dopamine receptor agonist
apomorphine (APO, 30 - 100 jttg/kg, s.c.) was administered to 14 levodoparesponsive parkinsonian patients who were off medication (OFF state) while
recording neurons in GP. For 15 neurons, it was possible to continuously monitor
the firing rate as the effect o f APO was observed. In GPe, 3/3 neurons increased, and
in GPi 10/12 neurons decreased their firing rates after APO. In addition, the average
firing rates o f many different neurons were determined from single unit histograms
before (n = 312) and after (n = 196) the injection o f the drug. The average firing
rates before APO were: GPe, 45 Hz (s.d. 15, n = 85); GPi,e, 67 Hz (s.d. 14, n =
125); and G Pi,i, 85 Hz (s.d. 19, n = 75). At 25 - 35 mins after APO, the mean
firing rate o f GPe neurons had increased to 72 Hz (s.d. 18, n = 7), the rate of
GPi,e neurons had decreased to 39 Hz (s.d. 15, n = 15) and in GPi,i the mean rate
decreased to 34 Hz (s.d. 22, n = 18). After 80 mins post APO the mean firing rates
returned to values similar to those determined before APO. This study supports
current models o f basal ganglia dysfunction in PD, which propose that GPe neuronal
activity is hypoactive and the output o f GPi is excessive. The therapeutic effect of
APO appears to result from a normalization o f the imbalance o f neuronal activity in
the direct and indirect pathways o f the basal ganglia.
Supported by The Parkinson Foundation of Canada.
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OCULOMOTOR SYSTEM: VESTIBULO-OCULAR REFLEX
184.1

184.2

PRIMATE
VESTIBULO-OCULAR
RESPONSES
TO
STEADY-STATE
SINUSOIDAL LINEAR MOTION. M.O. McHenry*. B.J.M. Hess and D.E. Angelaki
Dept, of Anatomy and Surgery (Otolaryngology), University o f Mississippi Medical
Center, Jackson MS; Dept, o f Neurology, Univ. o f Zürich, Zürich, Switzerland.
The dynamics of the linear vestibulo-ocular reflex and the influence o f target
distance and eccentricity on binocular three-dimensional eye movements were studied
in rhesus monkeys during steady-state sinusoidal linear motion along the interaural
axis. Animals were sinusoidally oscillated either in complete darkness (0.16-30 Hz) or
in the presence o f a target LED at different distances and horizontal/vertical
eccentricities that they were required to fixate (4-30 Hz, 0.4g).
During interaural motion in complete darkness robust horizontal slow phase eye
velocity modulation was evoked with response gains (re linear head velocity) that
increased with frequency up to approximately 8 Hz and remained relatively flat up to
20 Hz. At frequencies higher than 20 Hz, small gain decreases and large phase lags (as
large as 150-180° at 30 Hz) were observed. In addition to horizontal responses,
torsional modulations in slow phase eye velocity were also observed at all tested
frequencies. Interestingly, torsional slow phase eye velocity did not exhibit low-pass
filter characteristics as previously suggested (Paige and Tomko 1991).
During interaural motion while fixating a target light, animals elicited robust
horizontal and small vertical (when fixating targets at nonzero elevation) eye velocity
responses in the frequency range examined. Gains (now expressed relative to the ideal
response required to maintain fixation at the particular target) were less than unity
(typically between 0.2-0.6) and relatively independent o f target distance and target
eccentricity. In addition, torsional slow phase velocity components were consistently
evoked at all frequencies, particularly for targets at large vertical elevations as
expected based on the kinematic requirements o f Listing’s law while fixating near
targets at different elevations.
Supported by E Y 10851, AFQRS-F49620 and NAGW4377.

PRIMATE VESTIBULO-OCULAR RESPONSES TO TRANSIENT LINEAR
MOTION. D.E. Angelaki* and M.O. McHenry. Dept, o f Surgery (Otolaryngology)
and Anatomy, University o f Mississippi Medical Center, Jackson MS.
Binocular three-dimensional eye movements were recorded in rhesus monkeys
during transient lateral linear motion consisting o f rapid changes in linear head
velocity (50-150 ms) to a peak o f 10-40 cm/s at a constant acceleration o f 0.4 g. Prior
to the movement, animals were required to fixate on one o f several LEDs at different
distances (10-40cm) and different horizontal and vertical eccentricities (±35°). After
successful fixation for a variable period (300-700ms), the target light was turned off
and the motion profile commenced with a delay o f 2-30 ms. During the first 400 ms of
motion, the absence o f fast eye movements was enforced by a behavioural window
based on eye acceleration. Animals, all previously trained to maintain fixation for up
to Is after targets were turned off, were successful in maintaining vergence (within a
tolerance error o f 10%) for the first 400 ms o f the motion that analyses were focused.
During the motion and after a delay o f approximately 10-12 ms from the start o f the
stimulus (a 3d linear accelerometer mounted close to the animal’s head), horizontal
slow phase eye velocity rose to a peak level that was roughly proportional to, albeit
consistently less than, the ideal eye movement that would be required to maintain
fixation on the target. As soon as linear acceleration returned to zero levels and
constant linear velocity was maintained, horizontal responses decreased to nearly zero
levels with a time constant o f approximately 50-80 ms. In addition to the horizontal
response, torsional and vertical components were also consistently present during the
early part o f the response even for fixation targets with nearly zero vertical elevation.
The short-lasting responses observed during transient linear motion are consistent with
results from the steady-state sinusoidal analyses suggesting low and high comer
frequencies o f approximately 3 and 30 Hz, respectively, for the bandwidth o f the
vestibulo-ocular reflexes during interaural linear motion.
Supported by EY10851, AFORS-F4962Q and NAGW4377.

184.3

184.4

VESTIBULAR INFLUENCE ON TRANSPARENT M OTION RESPONSES IN THE
RABBIT. A.L M athoera . M.A. Frens and J. van der Steen. (SPON : European
Neuroscience A ssociation). Dept, o f Physiology; Erasm us U niversity, POBox 1738,
NL 3000 DR Rotterdam, The Netherlands.
We studied horizontal eye movements elicited by two transparent visual patterns; one
static pattern and one moving sinusoidally about the vertical axis, at ten different
relative light intensities of the two patterns. Relative Light Intensity (RLI) was
defined as:
(intensity moving - intensity static) / (intensity m oving + intensity
static). RLI dependency of the optokinetic reflex (OKR) gain was demonstrated; the
OKR gain increased from zero to maximum as RLI increased. The mid point o f the
transitional zone was defined as the point o f transition (PT).
To assess the effect of concurrent vestibular stimulation, the rabbit was rotated
sinusoidally with the same frequency, amplitude, phase and in the same axis as the
moving component of the transparent visual stimulus. Thus, the visual stimulus
relative to the head was identical to the stimulation above. Pure visual stimulation as
well as combined visual and vestibular stimulation were presented in three
frequencies (0.2 ,0 .1 ,0 .0 5 Hz) w ith a peak Velocity o f 3°/sec.
The vestibular-optokinetic reflex (VOKR) gain increased in a sim ilar way as the OKR
gain as RLI increased. Yet the PT occurred at a significantly lower RLI, with a mean
difference o f ~ 0.3 (n = 7 rabbits, 14 eyes). This difference in PT was even larger for
higher stimulation frequencies.
Based on the results, we conclude that when vestibular stimulation occurs
simultaneously with transparent motion, the tendency o f the oculomotor system to
follow the visual pattern corresponding with vestibular stimulation is increased.

OCULOMOTOR RESPONSE
TO
ROTATIONAL
PODOK3NETIC
(PK)
STIMULATION & ITS INTERACTION WITH CONCURRENT VOR IN NORMAL
AND PK-ADAPTED STATES. KD Weber. WA Fletcher. G Melvill Jones*. E Block.
D ep t o f ClinicalNeurosciences, University o f Calgary, Alberta, Canada, T2N 4N1.

Supported by the EU R (AM, MF, JS) andN W O grant S L W 805.33.17I p (AM).

Due to its high pass filtering characteristic the vestibular system is inappropriate for
controlling slow, low frequency changes o f direction during normal locomotion. In a
previous communication we described an alternative control system acting through
“Podokinetic" (PK) reference of body orientation to the stance foot This system could be
adaptively remodelled by prolonged stepping-in-place on the centre o f a rotating disc.
After adaptation blindfold subjects could not “step-in-place” (Hi the ground without
turning involuntarily at up to 2 0 7 s. We tam e d this adapted response PodoKinetic After
Rotation : PKAR (Weber et al, 1995, Soc Neurosci, p. 2085). The present study
investigates vestibular-PK interactions in 5 subjects by recording, in darkness, the
oculomotor response to step stimuli of approximately 1 5 7s, generated by a) passively
imposed rotation, b) voluntary stepping around in the normal state and c) involuntary
stepping around in the adapted state (PKAR). Results: While a) produced the normal,
exponentially decaying VOR, b) produced an additional constant oculomotor response (at
l/3rd gain), thus emulating the low-pass characteristic of Mergner et al’s corresponding
perceptual model (1993). c) After adaptation and during PKAR the PK-induced
oculomotor response component disappeared, leaving the normal VOR intact
Conclusions: The results confirm Bles’s observation (1986) that PK stimulation can
generate compensatory eye movement In addition they show 1) that this response is
maintained constant for at least two min, 2) that PK adaptation remodels the PK-induced
oculomotor response, but that 3) this adaptive remodelling does not invade the normal
VOR.
Funding: T. Rosza Foundation; Canadian MRC grant MT-5630
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D ifferential C ontrol of P rimary E ye P osition during Linear
T ranslation and off - vertical axis rotation in R hesus M onkeys . B.J.M.
Hess* and D.E. Angelaki. Dept, o f Neurology, University Hospital Zürich, CH8091, Switzerland and Dept, o f Surgery (Otolaryngology), University o f
Mississippi Medical Center, Jackson MS.
Rotation relative to gravity alters systematically the orientation o f displacement
planes (DP) of saccades and fast phases o f the vestibulo-ocular reflex (VOR).
This gravity-induced spatial modulation can be shown to correspond to a
modulation o f primary eye position. We have previously hypothesised that
dynamic modulation o f primary position during constant-velocity off-vertical
axis yaw rotations is generated by the sinusoidal shear forces directed alternately
along the interaural and naso-occipital axes. To test this hypothesis, we have now
compared the spatial modulation o f VOR fast phase displacement planes in
rhesus monkeys in response to: (a) constant-velocity yaw rotations (± 1807s =
0.5 Hz rotation cycle) about a 23° -tilted axis (re earth-vertical) resulting in a
rotating shear force vector at 0.4 g in the yaw plane and (b) sinusoidal
translations at 0.5 Hz, 0.4g peak acceleration along the interaural or nasooccipital axis, generating a sinusoidally modulated shear force vector along the
respective axis (peak apparent tilt o f 23°). Results show that inertial acceleration
during interaural linear motion induces minor torsional modulations o f fast phase
displacement planes (DP “thickness” < 2°) compared to off-vertical axis yaw
rotation (DP “thickness” > 2°). Accordingly, there is no or only a minor shear
force-induced modulation o f primary eye position during pure linear motion.
This suggests that the otolith-dependent control o f primary eye position is
discriminative with respect to shear forces generated by rotational (re gravity)
versus linear motion.
Supported by SNF 31-47287.96, EY-10851, AFORS-49620 and NAGW4377.

V IE W IN G D ISTA N C E R E L A T E D CH A N G ES IN T H E R E SPO N SE S O F
C E N TR A L V E STIBU LA R NEURO NS T O A N GU LAR R O T A T IO N IN TH E
PLA NE O F T H E H O R IZO N TA L SEM IC IR C U LA R CANAL
Robert A. McCrea* and Chi.iu Chen-Huang, Comm, on Neurobiology, University of
Chicago, Chicago 111. 60637
The effects o f viewing distance on the responses o f central, horizontal canal related
vestibular neurons was studied in squirrel monkeys trained to fixate earth stationary
targets at different distances (10 cm and 150 cm) from the eyes. The monkeys were
seated on a turntable with their head restrained in the plane of the horizontal
semicircular canals. Most vestibular units responded at monosynaptic latencies
following electrical stimulation o f the vestibular nerve. The units grouped into
conventional classes on the basis of their firing behavior during smooth pursuit eye
movements, saccades and VOR cancellation. Two major classes o f vestibular units
that have been shown to project to either the abducens nucleus or to the medial rectus
subdivision of the oculomotor nucleus, position-vestibular-pause (PVP) units and
eye-head-vestibular (EHV) units were the prim ary focus o f this study.
The
rotational sensitivity (0.7 Hz, 207s) o f most PVP and EHV units increased during
near target viewing. On average PVP unit gain re angular head velocity increased
=20% (comparable to the change in VOR eye movement gain), while the response
gain of EHV units increased by »40%. Both unit and eye movement near target
responses phase lagged head velocity and decreased in gain at higher stimulus
frequencies (1.9 and 4.0 Hz). Subtraction of static eye position signals produced a
phase lag in both PVP and EHV unit responses, but the gain change produced by
changing viewing distance was not significantly affected. Even the relative phase
lag produced in unit responses during near target viewing was unaffected by
subtraction of static eye position signals. On the other hand, viewing distance related
gain changes were linearly related to eye position sensitivity; particularly in EHV
units. The results suggest that the signals produced by direct VOR pathways are
sufficient to produce the viewing distance related changes in the angular VOR, but
that vergence multiplied eye position signals from the central velocity-position
integrator are significant inputs to these pathways. Work supported by EY 08041.

184.7
SIM ULA TING M ULTIPLICATIVE N EU RA L PR OCESSES IN N O NOR TH O G O N A L CO OR DINA TE SYSTEM S. A 3-D T E N SO R M O D EL OF THE
VOR. M. A. Sm ith*1, and J. D. Crawford2. Depts. o f Psychology1 and Biology2,
York University, 4700 Keele St., N orth York, Ontario, M 3J 1P1, Canada.
To ideally stabilize the retinal image in 3-D , the vestibuloocular reflex (VOR)
requires an internal multiplicative interaction betw een eye position and velocity
(Tweed & Vilis, 1987; Crawford & Vilis, 1991). W e sim ulated this process within
realistic non-orthogonal coordinate systems (Robinson, 1982) using both the
standard and linear 3-D plant models. W e found that the standard form ula for
vector multiplication did not work in these coordinates, leading to incorrect visual
stabilization and sometimes post-V O R drift (depending on the eye plant used). To
correct this, it was necessary to compute a general tensor form ula for m ultiplicative
operations within the brainstem ’s coordinate system. Simulations with this new
model showed the correct V O R response, regardless o f the plant used, including
perfect stabilization o f eye-in-space, and position dependent violations o f Listing’s
law that held their final position (Craw ford & Vilis, 1991). Next, we simulated
muscle and canal damage for which the model calculated a new brainstem m atrix
(Robinson, 1982). Again, the models did not respond correctly until a new tensor
definition was computed to reflect the changes induced in the brainstem coordinates.
W e conclude that any neural system which must compute multiplicative vector
operations within non-orthogonal coordinates (i.e., during development or recovery
from injury) must in effect compute the correct tensor for operations within its
internal cpordinates. Thus, coordinate transform ations affect not only projections
between nuclei, but also the internal organization o f netw ork computations within
nuclei. Supported b y a Canadian N SE R C grant. J. D. C raw ford is an A lfred P.
Sloan fello w a nd a Canadian M R C scholar.

184.9

VISUAL ENHANCEMENT OF THE VOR CANNOT BE DUE TO
LINEAR SUPERPOSITION OF VOR AND SMOOTH PURSUIT AT
HIGH FREQUENCIES OF HEAD ROTATION V.E. Das. J.S. Stahl and
R.J. Leigh*. Ocular Motor Lab., VA Medical Center and Case Western
Reserve Univ., Cleveland OH 44106
It is often assumed that linear superposition of smooth-pursuit (SP) and
the VOR accounts for gaze stability during head rotation while viewing an
earth-fixed target. However, if the gain and phase shift of smooth-pursuit
eye movements during tracking of targets moving at frequencies above 2.0
Hz are considered, it might be predicted that they would detract rather than
enhance the VOR. Thus, visually mediated eye movements seem to improve
the performance of the VOR at frequencies above their own operating
range. We tested the linear superposition model employing an experimental
strategy to increase demands made of visually mediated eye movements, and
the analytic technique of parameter estimation. We compared SP
performance as predicted by the linear model with experimentally observed
data. Results: In a typical subject, the linear model predicts a tracking gain
of 0.84 and phase lag of 4.15 deg for 2.0 Hz head perturbations. The same
subject showed tracking gain of 0.72 and phase lag of 22.5 deg during
experimental trials. Thus, the superposition hypothesis could not account for
the observed stability of gaze during high-frequency head rotations, unless
the properties of smooth-pursuit eye movements changed according to test
conditions.. Further, we present supplementary evidence which makes such
a change in the properties of visually mediated eye movements unlikely.
Supported by NIH EY06717, Veterans Affairs, and Armington Fund.
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184.8

CHANGES IN OCULAR TORSION DURING AND AFTER
SPACEFLIGHT ON THE MIR STATION. C.H. Markham*,
S.G. Diamond. Department of Neurology, UCLA School of
Medicine, Los Angeles, CA 90095-1769.
To determine the effect of long-term hypogravity on ocular torsion
(OT), a reflex governed by the gravity-responsive otolith organs of the
inner ear, three astronauts were examined with video-oculography.
Spontaneous OT in the upright position was studied preflight, inflight
and postflight, and ocular counterrolling (OCR) in response to 30°
bilateral tilt was recorded pre- and postflight.
Results showed a substantial offset of OT in all subjects for the
duration of their flights. In the two astronauts examined binocularly,
a marked torsional disconjugacy was also evidenced. The offset and
disconjugacy persisted for several days after return to Earth. The
astronaut who underwent a 30-day mission had reduced OCR postflight, whereas the two astronauts who flew 180-day missions
showed increased OCR. In all three, OCR approached but did not
achieve preflight values by 13 days postflight.
The independent behavior of the two eyes in space and postflight
may be related to (1) the polysynaptic pathway from otoliths to eye
torters may be fragile and changes in gravitational state may lead to a
partial decoupling, or (2) the fact that the otolith-OT reflex is open
loop, relatively unaffected by vision.
(Supported by NASA contract C NAS 9-19400.)

SUNDAY PM

OCULOMOTOR SYSTEM: CORTEX

473

185.1

185.2

DEFICITS IN SMOOTH PURSUIT EYE M OVEMENTS FROM MUSCIM OL
INJECTION IN THE PRIM ATE FRONTAL EYE FIELD. D. Shi*. H. R.
Friedman, and C. J. Bruce. Section o f Neurobiology, Yale Univ. Sch. of Med.,
New Haven, CT 06520-8001.
To further evaluate smooth pursuit (SP) function in the primate frontal eye field
(FEF), small neighborhoods of FEF were reversibly deactivated with muscimol, a
GABA agonist. In two monkeys, 1.0-1.3 jjlI (0.5 mg/ml) were slowly injected
(~5 min.) at sites identified as being in FEF's SP representation, either by
neuronal responses during SP (Gottlieb et al., J. N eu ro p h ysio l., 1994) or by

PROPERTIES OF NEURONS ENCODING VESTIBULAR RELATED
SIGNALS IN AND NEAR THE FRONTAL EYE FIELDS OF ALERT
MONKEYS. K Fukushima* , J. Fukushima and C.R.S. Kaneko.
Dept, of Physiol., Hokkaido Univ. Sch. of Med., Sapporo, 060 Japan and
Dept, of Physiol. & Biophysics Regional Primate Res. Ctr., Univ. of
Washington, Seattle, WA 98195
Recently, we reported the existence of vestibular signals in the
vicinity of the frontal eye fields (FEF) of alert monkeys (Fukushima and
Fukushima, Neurosci Res Suppl, in press). To further understand the role
of these signals in voluntary eye movements during head rotation, we
examined their properties using combined vestibular stimulation and
visual tracking tasks. Two head-stabilized Japanese monkeys were trained
to track a smoothly moving target spot during sinusoidal whole-body
rotation in either the pitch or yaw plane. The activity of the majority of
pursuit-related cells was similar when the monkeys tracked a visual target
(smooth pursuit) or when they suppressed the vestibulo-ocular reflex
(VOR) by fixating a target that rotated with them. Neuronal responses
were not significantly altered when the target was briefly extinguished and
the activity of the majority of tested cells was not modulated by visual
inputs alone when the monkeys fixated a stationary spot projected onto a
sinusoidally moving visual pattern, suggesting the absence of a visual
component in these cells. When the monkeys fixated an earth-stationary
target during the VOR, responses were less than during VOR suppression
and no modulation was observed for some cells. The majority of pursuitrelated cells showed phase reversal during VOR enhancement; when the
monkeys tracked a spot that moved 180° out of phase with their rotation,
they discharged in antiphase compared to their responses during VOR
suppression. These results suggest that the signals carried by many pursuit
cells in and near the FEF are similar to gaze or eye/head velocity cells in
the brainstem and cerebellum. Supported in part by CREST of the JST,
Mama Cosmetics, and PHS grants EY06558 (NEI) and RR00166(NIH).

electrically evoked smooth eye movements (ibid., 1993). Immediately after the
injection at such SP sites the m onkey’s pursuit was severely impaired, and
remained so for several hours, recovering by the next day. SP was affected most
drastically in directions near the elicited movement's direction, or*near the optimal
direction for the neural responses; however, SP in all directions was significantly
diminished. For example, at one site the peak SP velocity for ipsilateral motion
(the direction of the elicited movement) at 25°/s was reduced to 14% of its pre
injection value, and 37-48% for 7 other dhrections. Control sites in the saccadic
part of FEF were also injected. Only small impairm ents in visually guided
saccades were seen; however, 30-60 min. after these injections a clear decrement of
SP velocity usually occurred. At one saccade site, SP velocity 1 hr after the
injection was reduced to 40-86% of its pre-injection value across the 8 directions
tested at 25°/s. Altogether, these tem porary deficits produced by muscimol
injection in FEF are similar to the chronic deficits that we found following large
aspiration lesions that invade the SP region of FEF (MacAvoy et al., Cereb.
Cortex, 1990). The severity of the pursuit deficits indicates that, although FEF’s
SP region is much smaller than its saccadic region, FEF may be relatively more
critical for SP behavior. Supported by PHS grants EY04740 & MH44866.

185.3

185.4

ELECTROPHYSIOLOGIC CORRELATES OF THE GAP EFFECT IN HUMAN
SUBJECTS: EVENT-RELATED POTENTIALS IN AN OCULOMOTOR GAP
AND ANTI-GAP PARADIGM.
P. Krappmann. S. Everline*. C. Spannhuth. A. Spantekow. H. Flohr. Brain
Research Institute, University of Bremen, 28334 Bremen, Germany
When the fixation point (FP) is extinguished prior to the onset of a visual stimulus,
reductions in saccadic reaction times (SRTs) can be observed. This effect of FP offset
on oculomotor performance is called the gap effect. Two processes may be involved
in the generation of the gap effect: (1) oculomotor preparation and/or (2)
disengagement o f ocular fixation and attention, respectively. In the present study, we
investigated event-related potentials during gap and overlap conditions in order to
identify cortical processes that lead to a general reduction of saccadic reaction times.
Subjects were instructed to perform either pro- or antisaccades.
The analysis of SRTs showed that the FP offset produced a significant reduction of
SRTs for pro- and antisaccades. During the gap condition both, pro- and
antisaccades, were preceded by a negative shift with a maximum at frontal and
central recording sites. This negative shift was absent in the overlap tasks.
Furthermore, the latency of the N1 component was significantly by FP offset in the
prosaccade condition. There was no such difference in the antisaccade paradigm.
The results of these experiments suggest that the fronto-central negative shift in the
gap condition reflects oculomotor preparation processes which may correspond to an
activation of the frontal eye fields and supplementary eye fields. It may be speculated
that the reduced latency o f the N1 component in the prosaccade task is an
electrophysiologic correlate for the early shift o f visuo-spatial attention that precedes
the generation of prosaccades in the gap condition. (Supported by the Deutsche
Forschungsgemeinschaft SFB 517)

PROPERTIES OF NEURONAL ACTIVITY IN THE PERI ARCUATE PURSUIT
AREA OF MONKEY. M. Tanaka*. K. Fukushima. Department of Physiology,
Hokkaido University School of Medicine, Sapporo 060, Japan.
The periarcuate cortical area contains cells that respond to smooth pursuit eye
movement. To examine properties of these cells further, single unit activity was
recorded from four hemispheres of two Japanese monkeys (Macaca fuscata) when they
performed a step-ramp pursuit task.
Among over 130 task-related cells, 75 cells responded to smooth pursuit with strong
directional preference. Most of them (=¿70%) discharged preceding to the initiation of
pursuit.
Visual sensitivity of pursuit-related cells was analyzed by briefly extinguishing a
target (100-200ms) or stabilizing a target image on the retina (200-400ms) when the
monkeys were pursuing a target. The change of neuronal activity after extinction o f a
target or stabilization of a target image was within 30% of the control values in most
cells, indicating that these cells receive extraretinal inputs. Responses to the change of
pursuit d recti on were examined in 20 pursuit-related cells using a ramp-step-ramp
paradigm. In this paradigm, a taiget moved in the direction opposite to the cell’s
preferred direction and returned to that direction immediately after a target step. The
majority of these cells discharged when the eyes accelerated to their preferred direction
despite that eye velocity still remained in the opposite cirection. Only three cells
showed a change of activity when eye velocity crossed zero. This suggests that most
pursuit-related cells participate in the change of pursuit velocity in this paradigm.
About 40% of pursuit-related cells gradually increased their activity during the fixation
period before the onset of targetm otion. This buildup activity did not change when the
direction o f subsequent target motion was fully randomized, suggesting that their
activity reflects partly the attentionai state onto the fixation point rather than
anticipation o f upcoming target m otion in their preferred direction.
Supported partly by CREST of JST and Mama Cosmetics.

185.5

185.6

CORTICAL ACTIVATION DURING EXECUTION AND SUPPRESSION OF
VISUALLY GUIDED SACCADES: AN MEG STUDY. K.R. KesslerT J. Volkmann. F.
Schmitz. O.W. Witte. H.-J. Freund. Dept, o f Neurology, Univ. o f Duesseldorf, F.R.G.
Cortical areas involved in the control o f saccadic eye movements have recently been
evaluated in several neuroimaging studies using PET and fMRI in the living human
brain. The present study intends to add the temporal dynamics to the functional
anatomy o f brain activation related to saccadic eye movements by means o f
magnetoencephalographic recordings (MEG).
6 healthy volunteers were seated in a dark room facing a translucent screen on which
the visual display was rear-projected. A central fixation point (F; white circle) changed
color to either green (GO condition) or red (NO-GO condition) and was switched off.
Simultaneously, a horizontally displaced (5°) target appeared to either the left or right
o f F. Ss. had to make a saccade to T or to suppress any eye movement. Neuromagnetic
activity was recorded (D C-160 Hz, 512 Hz sample rate) using a 122-channel wholehead MEG system (Neuromag™). Eye movements and neck muscle activity were
recorded by means o f DC-EOG and neck muscle surface EMG resp. A time-varying
multi-dipole model was fit to the neuromagnetic signals. All sources were anatomically
verified by superimposition onto the individual high-resolution MRJ scans.
Following the GO stimulus source modeling suggested striate and extrastriate visual
cortex activation, which was also apparent following the target stimulus. Appr. 200 ms
following the GO cue a dipolar source in the dorsolateral premotor cortex gradually
developed and peaked appr. 150 ms before the onset o f the saccade. During and
following the saccade additional sources were located in the posterior parietal cortex
and the cerebellar vermis. In contrast, in the NO-GO condition except for the striate,
and extra-striate visual cortex activation no other consistent source activities could be
identified.
This study demonstrates for the first time the activation o f occipital, frontal and
parietal areas in the control o f visually-guided saccades using MEG. The activation
sequences correspond to cell recordings in animals which have shown the frontal eye
field to initiate saccadic eye movements whereas the primarily postsaccadic parietal
activity may be related to the remapping o f the extrapersonal space.
(supported by the Deutsche Forschungsgemeinschaft, SFB 194, Z2)

QUASI-VISUAL CELLS IN THE FRONTAL EYE FIELD OF
MACAQUE MONKEYS ANALYZED WITH A TRIPLE-STEP
PARADIGM . J.-R. Tian*. J. Schlag and M. Schlag-Rey. BRI and
Dept, of Neurobiology, UCLA, Los Angeles, CA 90095-1763.
Quasi-visual (QV) cells were originally found to fire when the first
saccade in a double-step task brought the location of the second target
into the cell's receptive field (RF). However, the classical double-step
task cannot tell whether the activity represents a change in a dynamic
sensory map or corresponds to the preparation of a movement toward
the RF. The triple-step paradigm was designed to further test the QV
cells in the frontal eye field (FEF) by requiring monkeys to direct the
second saccade either toward or away from the remembered target
location within the RF.
Quasi-visual (QV) cells were basically visual or.visuomotor cells as
determined by a delayed saccade task. A large majority of QV cells
(type I) in the FEF were activated between the first and second saccades
no matter whether the second saccade was made toward the RF or not,
as long as one of the last two targets has been brought into the RF after
the first saccade. Under these circumstances, the sequence of the
saccades to the second and third targets and the direction of the third
saccade were not critical. -QV cells never discharged in a control triple
step task in which none of the three targets have ever been brought into
the RF. These results suggest that the majority of QV cells in the FEF
are involved in a dynamic mapping of possibly several visual target
locations, rather than encoding a movement in a particular direction.
Only a few QV (type II) cells discharge only if the next movement was
directed toward the RF.
Supported by USPHS grant EY02305 and 05879
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DIFFERENTIAL ACTIVITY IN THE MONKEY SUPPLEMENTARY
EYE FIELD (SEF) DURING FIXATION OF THE INSTRUCTION
CUE FOR ANTISACCADES AND PROSACCADES.
N. Amador. M.Schlag-Rev* & J.Schlag. Brain Research Institute and
Dept of Neurobiology, UCLA, Los Angeles, Ca. 90095-1763.
Visual and movement neurons in the SEF were previously shown to
fire more before correct antisaccades than before prosaccades, correct
or mistaken. Such differential activity occurs when anti- and pro- trials
are interleaved, and when the instruction to make an anti- or a
prosaccade is conveyed by the shape of the initial fixation point, before
a subsequent peripheral stimulus (combined with the prior instruction)
tells the monkey where to move the eyes.
Concerned with the source of the antisaccade-related increased firing,
we examined two questions: (1) does an explicit neuronal signal, in the
SEF, encodes the antisaccade instruction in advance of directional
cues? (2)could a relative increase of firing during fixation account for
the relative increase of firing observed before antisaccade execution?
(1)
Among 44 cells tonically activated during the fixation of the
instruction cue, 66% of visual and visuomovement cells (n=30) and 0%
of movement cells (n=14) discharged significantly more with the
antisaccade than with the prosaccade instruction (square <1° vs. dot).
This differential activity attests to the capability of SEF cells to transmit
non spatial pattern discrimination signals. (2) Some cells showed an
extremely significant (Pc.001) differential activity for anti- and
prosaccades, both during the instruction period and during the actual
saccade preparation. However, for other cells, such differential activity
appeared only at the instruction stage or at the execution stage of the
saccade, ruling out an indiscriminate arousal effect throughout the trial.

SUPPLEM ENTARY EYE FIELD STUDIED W ITH THE COUNTERMANDING
PARADIGM. W.F. Patterson. II & J.D. Schall*. V andeibilt Vision Research Center,
Department o f Psychology, V andeibilt University, Nashville TN 37240
The countermanding paradigm probes monkeys’ ability to withhold planned
movements and estimates the tim e needed to cancel a planned movement. Using the
countermanding paradigm we have found that saccades are produced if and only if
movement-related activity in frontal eye field (FEF) reaches a fixed threshold so that
the variability in saccade latency arises from stochastic variability in the rate of
growth of movement activation to the threshold (Hanes & Schall, 1996, Science
274:427) and cells with movement-related activity but not visual cells generated a
signal sufficient to cancel the production of planned saceades (Schall & Hanes, 1996,
Soc Neurosci Abstr 22:418). We have now recorded neural activity in the supple
mentary eye field (SEF) in monkeys performing the countermanding paradigm. The
general finding was that the nature o f the gaze control signals observed in SEF were
markedly different from what was observed in FEF. First, the relation of the level
and timecourse o f movement-related activity in SEF to saccade latency was only
partially consistent with what was observed in FEF. Second, in SEF, unlike in FEF,
we found a virtual absence o f cells w ith movement-related activity that generated a
signal to cancel planned saccades. Most SEF neurons exhibited the same timecourse
and level o f activity in trials when saccades were produced as in trials when planned
saccades were canceled. Some SEF cells exhibit«! differential activation in relation
to canceled as compared to produced saccades, but the difference in activity arose
after the movement had been canceled. Third, a signal w as observed in SEF that
registered the successful cancellation of the movement. In some cells this signal was
evident as early as the visual response but most often arose after the movement had
been canceled and tended to be more clear when the likelihood of cancelling the
movement was lower. These findings indicate fundamentally different roles for FEF
and SEF in eye movement production. (Supported by R01-MH55806)
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185.10

THE EFFECTS OF SACCADE PREPARATION ON THE FIXATION
OFFSET EFFECT IN PATIENTS WITH FRONTAL EYE FIELD
LESIONS. L. Machado and R. D. Rafal*. University of California,
Davis, CA 95616 and Veterans Administration, Martinez, CA 94553.
Offset of a fixation point prior to or simultaneous with the onset of a
peripheral target reduces saccade latency (the fixation offset effect, or
FOE). Fixation offset is associated with the termination of activity in
"fixation neurons" in the rostral pole of the superior colliculus (Munoz
& Wurtz, 1992) and with the discharge of neurons in the frontal eye
field (FEF; Dias & Bruce, 1994). In normal subjects, providing a
central precue that permits preparation of an eye movement prior to the
appearance of a peripheral visual target modulates the magnitude of the
FOE—reducing it for prosaccades and increasing it for anti-saccades.
We measured the effect of saccade preparation on the FOE for
prosaccades and anti-saccades in patients with chronic, unilateral
lesions involving an FEF. Results showed 1) a reversed Sprague effect-a loss of reflexive saccades toward ipsilesional visual targets (Henik,
Rafal, & Rhodes, 1994), 2) alleviation of the deficit in making antisaccades by prior saccade preparation, 3) a reduction in the FOE by
saccade preparation for anti-saccades, in contrast to normal subjects,
and 4) a reduction in the FOE by saccade preparation for prosaccades,
similar to that seen in normal subjects. We conclude that the human
FEF is critical for voluntary control of midbrain visuomotor reflexes.
Supported by grant ROl MH41544.

CONNECTIONS OF THE CLAUSTRUM TO FU N C T IO N A LLY ID EN TIFIED
SUBREGIONS OF THE FRONTAL EYE FIELD A N D THE SUPPLEM EN TAL
EYE FIELD OF CEBUS M ONKEYS J.C. Lvnch*1J.-R. Tian2. Departm ents o f
Anatomy and O phthalmology, University o f Mississippi M edical C en te r', Jackson,
M S 39216; and the Brain R esearch Institute and Departm ent o f N eurobiology,
U C LA 2, Los Angeles, CA 90095.
The claustrum is heavily connected to m any sensory and m otor areas o f the
cerebral cortex. W e have studied its efferent projections to physiologicallyidentified eye movement regions o f the cerebral cortex in 5 Cebus apella monkeys.
Standard low-threshold electrical m icrostim ulation w as used to identify and
localize the saccadic eye m ovem ent subregion o f the frontal eye field (FEFsac), the
sm ooth eye m ovem ent subregion o f the frontal eye field (FEFsem ), and the
supplem entary eye field (SEF). R etrogradely-transported fluorescent dyes were
then injected into these areas. The distributions o f the neurons labeled by the 3
tracer placem ents were distinct and overlapped only slightly. N eurons labeled by
the FEFsac injections were generally located in the ventral h a lf o f the claustrum ,
and extended from the anterior end o f the claustrum to its posterior limit. N eurons
labeled by the FEFsem injections w ere located in a tight cluster that was usually
imm ediately dorsal to the FEFsac neurons, although at som e anterior/posterior
levels it was imbedded within the FEFsac distribution. Neurons labeled by the SEF
injection occupied m uch o f the dorsal h a lf o f the claustrum from its anterior to its
posterior extremes. Thus, the individual distributions o f claustrum neurons that
project to the FEFsac, FEFsem , and SEF Qccupy, collectively, alm ost the entire
dorsal/ventral and anterior/posterior extent o f the nucleus and overlap extensively
with the distributions o f claustral neurons that other studies have shown to project
to the visual, somatosensory, m otor and prem otor cortices.
Supported by USPHS EY-04159 an d the Joe W einberg R esearch F und

185.11

185.12

ORIGIN OF THE CORTICAL PROJECTIONS TO NOT-DTN AND DLPN IN
MACAQUES. C. Distler*!. K.-P. H offm ann! m . M u s t a r i ^ Allg. Zool. &
Neurobiol., Ruhr-Univ. Bochum, ^Anat. & N eurosci., Univ. o f Texas, Calveston
Both the nucleus of the optic tract together with the dorsal terminal
nucleus of the accessory optic system (NOT-DTN) and the dorsolateral pontine
nucleus (DLPN) are involved in slow eye movements, the latter mainly in smooth
pursuit, the first chiefly in the optokinetic reflex. All o f these subcortical nuclei
are known to receive direct cortical input.
To determine if this cortical input is derived from the same cortical areas
or even from the same cortical projection neurons we performed multiple tracer
injections under physiological control. In two anaesthetized cynomolgous monkeys
(Macaca fascicularis) tracer injections (choleratoxin B, W GA-HRP, Granular Blue,
Diamidino Yellow, rhodamine-dextrane) were placed in the NOT-DTN, DLPN,
and superior colliculus (SC). After a survival time o f 4-10 days the animals were
sacrificed, and the brains processed with standard techniques. The whole cortices
were analyzed at 1mm interval for single, double and triple labelled cells.
In both animals, the area with the most significant overlap o f NOT-DTN
and DLPN projection neurons was associated with the superior temporal sulcus,
especially areas M T and MST where neurons retrogradely labelled from the NOTDTN and the DLPN were lying intermingled and in close neighbourhood to each
other. However, only rarely did we find double labelled cells, indicating that these
neurons projected to both targets. No triple labelled cells were found. Only a few
cortical neurons were double labelled after injection in the NOT-DTN and SC.
These results indicate that the NOT-DTN and the DLPN both receive
cortical input from areas M T and MST. However, this cortical input originates
from mostly separate populations o f projection neurons. Our findings emphasize
the importance of parallel processing underlying optokinetic and smooth pursuit
eye movements.
Supported by DFG SFB 509 and a Lise-Meitner stipend to C. Distler

P E R I-A R C U A T E FR O N T A L L E S IO N S A L T E R H E A D A N D EY E
COMPONENTS O F GAZE SHIFTS. E.G. Keating*, S. Chopra, T. Tu. Dept, of
Anatomy & Cell Biology, SUNY- Health Sci. Cntr., Syracuse, NY 13210.
Most recent studies o f the primate frontal eye field (FEF) have focussed on its
control of eye movements. Few have explored if this area o f cortex controls gaze in a
more general way (as in cats) by also commanding head movements that accompany
natural shifts o f gaze. Early FEF stimulation studies in unrestrained primates typically
evoked head (and torso) movements along with eye saccades.
Three “head-free” monkeys were trained to shift gaze to stationary lights and to track
moving targets. Head and gaze position were m easured with search coils. Only
accuracy of gaze was rewarded. However, to encourage head movements the stationary
targets had a gaze eccentricity o f up to 75° from primary gaze and the moving targets a
speed o f up to 80°/s.
After training, the monkeys received sequential bilateral ablations o f the frontal eye
field. To remove the saccadic and pursuit portions o f the FEF, the lesions included
both banks of the arcuate sulcus. Thus they extended beyond the traditional definition
o f the saccadic frontal eye field. Data analysis is completed in two subjects.
For stationary targets bilateral surgery had two effects. On 25% o f the trials it
causcd a neglect, the monkeys failing to shift gaze toward the targets. On the
remaining trials the monkeys oriented in the correct direction but gaze amplitude fell
short of the targets. In one monkey reduced head movements accounted for most o f the
postoperative gaze change. In the other, both eye and head amplitudes were reduced
from normal. For m oving targets surgery slow ed both head and eye tracking
significantly. The monkeys showed considerable recovery after 1 month, but some
deficit persisted for up to two months in one subject.
These data offer preliminary evidence that the arcuate sulcus in the primate also
commands head movement, either directly or by issuing a signal related to gaze.
(NSFIBN9319280).
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EYE MOVEMENT IMPAIRMENTS AFTER LESIONS OF THE ANTERIOR' VS
POSTERIOR
LIMB
OF
THE
INTERNAL
CAPSULE:
SELECTIVE
INVOLVEMENT OF FRONTAL VS PARIETAL OCULOMOTOR EFFERENCES.
B. Gavmard*. C.J. Ploner. S. Rivaud. C. Pierrot-Deseillignv. INSERM 289. Hopital
de la Salpetriere. F-75651 Paris. France.
Two saccade paradigms were recorded in patients with an infarct involving the
anterior (AL) or the posterior limb (PL) of the internal capsule, and in a control
group. In both tasks, saccades were elicited by a 25° lateral target that appeared with
an unpredictable timing. The only difference between the two tasks was that, in the
RAND task, the jarget appeared randomly on the right or on the left side, whereas
in the PRED task, subjects were informed that the target would always appear on the
same side, either right or left. In the PL group (n = 5). contralateral saccade gain
was decreased in the RAND task, but normal in the PRED task and in a memoryguided saccade paradigm tested in two patients. In the AL group (n = 2).
contralateral saccade gain was decreased in all tasks. Comparison between the two
groups suggests that the efferent pathways of the parietal lobe (damaged in the PL
group) are mainly involved in rapid orienting eye movements made toward
unpredictable targets. Conversely, when the location of the target is predictable, thus
allowing a mental image of the location of the target to be used, efferent pathways
from the frontal lobe, traveling through the AL. are more crucial. Comparison with
previous studies of patients with parietal or frontal cortical lesions suggests that, in
predictive or memory-guided saccades. visual information is processed in the
parietal lobe then sent to the frontal lobe for memorization and execution, and is
thus consistent with a parieto-frontal flow’ of visuospatial processing.

185.15
REPRESENTATION OF ETERNALLY REFERENCED VISUAL TARGETS IN
THE PRIMATE FRONTAL EYE FIELD H. MUSHIAKE*»2, N. FUJ1I1 and J.
TANJI11Department of physiology Tohoku University School of
Medicine Sendai, 980, Japan, 2 PRESTO, JST, Japan
The frontal eye field (FEF) is one of the cortical oculomotor areas
and has been reported to represent saccade vectors. We trained two
monkeys to perform a fixation task. Intracortical microstimulation
(ICMS: 330Hz, 10-50 negative pulses, 0.2ms duration, 10-50/¿A)
was applied to the monkey FEF while monkeys were fixating one of 5
fixation LEDs. When ICMS was delivered, the fixation LED was turned
off for 150-350ms (gap period). The ICMS was applied in two
Afferent manners. In the single stimulus condition, ICMS was
delivered to either right or left FEF. In the paired stimulus concfition,
bilateral FEF were successively stimulated with an interval of 30250ms. The single stimulus elicited contraversive saccades. As
repotted previously, these saccades were not affected by initial eye
positions (constant vector saccades). In contrast, the paired stimulus
elicited double-step saccades. The first of the paired stimulus
elicited constant vector saccades, but the second of the paired
stimulus evoked saccades whose vector varied cyeatly dependng on
their initial position. These second saccades converged to the endpoint
of the saccades elicited by the single stimulus of the same FEF site.
The constancy of endpoints of second saccades were not altered by
the gap period or the interval of the paired stimulus. Here we propose
a novel hypothesis that the cfirection and amplitude of the saccade
target with reference to a point of interest is represented in the FEF.

185.17
MONKEY FRONTAL EYE FIELD INVOLVEMENT IN THE TIMING OF
SACCADES. E.C. Dias* and M.A. Segraves. Dept, o f Neurobiology and Physiology,
Institute for Neuroscience, Northwestern University, Evanston, IL, 60208.
The latency o f a visually-guided saccade depends on the oculomotor task used to elicit
the saccade. When the target appears at the same time the fixation disappears (coincident
task) the latency for monkeys is around 200 msec. If a temporal gap is introduced
between the disappearance o f the fixation spot and the onset o f the target (gap task) the
mean o f the saccade latencies is reduced to around 150 msec. If there is a temporal
overlap o f the target and the fixation spot (overlap task), and the monkey is instructed
to wait until the disappearance o f the fixation spot before initiating a saccade, latencies
are increased to around 240 msec. These two latter tasks alter the state o f fixation o f the
monkey when the saccade is triggered: in the gap task fixation is disengaged and in the
overlap task fixation is presumably hyper-engaged, suppressing a saccade to the target.
We studied the latencies o f saccades made in these three visually-guided saccade tasks
while we acutely and reversibly inactivated small regions o f the FEF o f a macaque
monkey with muscimol, a GABA agonist. We found that after the muscimol injection
the latencies o f saccades in all three tasks significantly increased. This increase in
latency became more pronounced with time and was present only for saccades with
vectors similar to the one represented at the injection site. Interestingly, even after the
injection o f muscimol, the saccadic latencies in the gap task were still consistently
shorter than in the coincident task, even though in both cases the saccadic latencies were
substantially increased. Also, saccadic latencies in the overlap task were still
consistently longer than in the coincident task and this difference was usually even
larger than before the inactivation.
These results demonstrate that inactivation o f the FEF interferes with the normal
triggering o f saccades. Maybe the removal o f FEF input to the brainstem pause neurons
requires compensation from other regions in order for a saccade to be initiated and thus
the system is less efficient and requires more time. The observation that the gap task
still reduces saccade latencies and that the overlap task still increases latencies suggests
that othewegions are also involved in maintenance and disengagement o f fixation.
Supported by N IH Grants EY08212 and EY06716
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185.14
TRANSCRANIAL MAGNETIC STIMULATION (TMS) DURING DOUBLE STEP
SACCADES. EFFECT ON EFFERENCE COPY ? P. Tobler . C.W. Hess. R.M.
M uri*. Dep. of Neurology, Univ. o f Bern, Inselspital, CH-3010 Bern, Switzerland.
In a double step saccade paradigm, two consecutive visual targets were briefly
presented in the two horizontal hem ¡fields, and both targets disappeared before the
subject performed the first saccade. The second saccade cannot be simply calculated
by retinal coding and requires computation o f a saccade vector on the bases o f the two
retinal positions. Since the frontal eye field (FEF) o f one side generates contralateral
saccades, the question arises how computation o f a double step saccade is achieved. A
reasonable assumption is that the FEF generating the second step saccade is being
informed o f the first step vector by a copy o f the oculo-motor command from the
contralateral FEF (so-called efference copy). The aim o f this study was to examine
influences on double step programming by TMS early after visual presentation o f the
targets (approved by the local ethical comm ittee). Nine healthy subjects were
examined. The first and second targets successively flashed during 140 ms and
100 ms respectively. Single pulses o f TMS were applied over the right FEF ju st after
the presentation o f the second target. Percentage o f error in amplitude (PEA) o f first
and second saccade with and without FEF stimulation was calculated and compared.
A significant increase o f PEA after TMS o f the right FEF was found for the saccades
to the left only when being second step saccade (median o f PEA: 33% with
stimulation versus 25% without stimulation; p < 0.0152; M ann-W hitney U Test),
but not when being the first step saccade (median: 25% with stimulation versus 19%
without stimulation). The control experiment consisted o f TMS at the same time
interval over the region o f the supplementary motor area (SMA). This had no
significant influence on the second step saccades o f either side. These results suggest
that TMS specifically interferes with the processing o f double step saccades. The
dissociation o f the TMS effect on the second versus first saccades to the left side
makes a simple extinction effect unlikely. A more plausible explanation is that TMS
over the right FEF disturbs the incoming transcallosally transmitted efference copy of
the eye position signal o f the impending first, right-sided saccade resulting in an
erroneous calculation o f the second, left-sided saccade amplitude.

185.16
THE TEMPORAL ELECTRICAL ACTIVATION OF THE PREFRONTAL AND
PARIETAL CORTICAL AREAS DURING MEMORY-GUIDED SACCADES. A,
C. Hill*. T. Baldewee. C. Kennard. Division o f Neuroscience, Imperial College Sch.
o f Med., Charing Cross Hospital, London W6 8RF, UK
Aim : It has been shown that the prefrontal and parietal cortex are activated during
memory-guided saccades, and that these areas are associated with spatial memory
and motor preparation. This experiment separates the memory phase from the motor
preparation phase to study the temporal mechanisms o f memory-guided saccades in
humans. M ethod: Fourteen subjects (age range 19-36 years, 6 male) were studied
using non-invasive electroencephalographic (EEG) recording (28 channels and
EOG). The paradigms used were variants o f the memory-guided saccade task with
both spatial memory and non-spatial memory conditions, and go or no-go trials
depending on a cue halfway through the trial. This design split each trial into two
phases, a memory phase before the cue and a m otor preparation phase after the cue.
Results: Spatial memory was associated with increased activity (negative EEG shifts)
in the occipito-temporal regions, followed by activity in the dorsal lateral prefrontal
cortex (DLPFC), which was dominant in the right DLPFC, but there was also
evidence of latéralisation (contralateral to target presentation). M otor preparation
was associated with increased transient activation over the supplementary motor area
(vertex). In addition there was lateralised activity (contralateral to target
presentation) anterior to the vertex, which was sustained until the movement.
Sustained activity also occured in the posterior parietal cortex from cue presentation
until movement, which was more m arked in the left. Conclusion: Using this
technique the temporal time course o f cortical activation during a memory-guided
saccade can be determined. It is also possible to separate the memory from the motor
processes and any lateralised effects.
Supported by the Charing Cross Special Trustees and the Wellcome Trust

185.18
INVOLVEMENT OF <x2-ADRENERGIC RECEPTORS IN VISUOSPATIAL
WORKING MEMORY: LOCAL INJECTION OF NORADRENERGIC
ANTAGONISTS IN THE MONKEY PREFRONTAL CORTEX.
T. Sawaguchi* and Y. Kikuchi. Dept, of Psychology, Hokkaido Univ., N10 W7,
Kita-ku, Sapporo 060, Japan.
To examine the role of noradrenergic receptors in visuospatial working
memory mediated by the prefrontal cortex (PFC), selective antagonists for
noradrenergic receptors (yohimbine for a2, prazosin for a1, and propranolol
for p receptors) were locally injected (usually, 8 pg/pl, 3 pi) into the
dorsolateral PFC of a rhesus monkey which performed an oculomotor
delayed-response (ODR) task. In the ODR task, the monkey made a
memory-guided saccade to a target location (one of 16 possible locations; i.e.,
8 directions 10° and 20° in eccentricity) which had been cued prior to a brief
delay period (2-6s, usually 4 s). The subject also performed a visually guided
saccade task as a control task. The local injection of yohimbine, but not
propranolol or prazosin, induced reversible deficits for a few specific target
locations, which varied with the injection site, in ODR performance at a total of
19 sites, whereas no impairments occurred in the visually guided saccade
task in the same sessions in which ODR performance was impaired by
yohimbine. The deficit in the ODR task was characterized by a decrease in
accuracy of the memory-guided saccade: the discrepancy between the end
point of the saccade and the to-be-remembered target location significantly
increased after the injection of yohimbine. The onset latency or velocity of the
memory-guided saccade was not affected. Furthermore, this deficit was
sensitive to the duration of the delay, and longer delays were associated with
larger increases in the discrepancy. In addition, this deficit was dosedependent: lower doses of yohimbine produced smaller increases in the
discrepancy. These findings indicate that the activation of a2-adrenergic
receptors is critical for visuospatial working memory processes mediated by
the dorsolateral PFC.
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186.1
ENTRAINMENT OF A SLOW NEURONAL OSCILLATOR THROUGH
INTERACTION WITH A FAST ONE, F. Nadim.*-1 Y. M anor.1 S. Epstein.2
N. Kopell.3 and E. M arder.1 'Volen Center., Brandeis University, Waltham, MA 02254
^ ep t. of Math. Sciences, Rensselaer Polytech. Inst., Troy, NY 12180 3Dept, of Mathematics,
Boston University, Boston, MA 02215.
The gastric mill (GM) rhythm (cycle period 7-15 s) o f the crab Cancer borealis is
elicited by activation o f the projection neuron MCN1 (Coleman et al., Nature 1995).
MCN1 excites gastric mill network neurons Inti and LG, which make reciprocally
inhibitory connections. Using a computational model that closely mimics the biological
behavior o f the biological network, we have shown that the periodic inhibition that Inti
receives from the pacemaker o f the faster (1 Hz) pyloric rhythm has a prominent
influence on the model GM oscillations. The model GM period is extremely sensitive
to the strength o f the pyloric rhythm, and is always an
integer multiple of the pyloric period. The predictions of
the model have been supported by subsequent experiments
(Bartos and Nusbaum, this meeting).
mcni
There are 3 distinct time scales that underlie the output o f
the MCNl-elicited model GM rhythm: the time constant of
the rise and decay o f the MCNI excitation o f LG (4-8 s);
the time constant o f the pyloric inhibition o f Inti (-1 0 0 ms); and the time constant o f
the LG and Inti reciprocal inhibition (~5 ms). By utilizing the multiple time scales of
the model, we have built redu c'd 1-dimensional models o f the LG and Inti neurons
that capture the essence o f the influence o f the fast oscillator's inhibition on the slow
oscillator. In particular, the reduced model explains the piecewise-linear increase of the
GM period when the pyloric period is increased.
Research supported by NS17813, MH46742, and the Alfred P. Sloan Center for
Theoretical Neurobiology at Brandeis University.
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186.2
FREQUENCY REGULATION OF A SLOW RHYTHM BY PERIODIC INPUTS
FROM A FAST RHYTHM IN THE CRAB STOMATOGASTRIC GANGLION.
M. Bartos* & M.P. Nusbaum. Department of Neuroscience, University of
Pennsylvania School of Medicine, Philadelphia, PA, 19104.
Overlapping neural circuits in the stomatogastric ganglion (STG)
generate the gastric mill and pyloric rhythms. In the crab Cancer borealis,
these rhythms cycle at -0.1 Hz & ~1Hz, respectively. Activation of the
modulatory projection neuron MCN1 elicits these rhythms (Coleman et al.,
Nature 378:502, 1995; Bartos & Nusbaum, JNeurosci 17:2247, 1997).
Previously we showed that rhythmic presynaptic inhibition of MCN1
allows the MCN1-elicited gastric mill motor pattern to rhythmically control
the state of the pyloric motor pattern. Here we show that, as predicted
by a computational model (Nadim et al., this volume), the activity level of
the pyloric rhythm influences the cycle frequency of the MCN1 -elicited
gastric mill rhythm. The pyloric circuit has access to the gastric mill
circuit via an inhibitory synapse from the pyloric pacemaker neuron AB to
In ti, a gastric mill circuit neuron. By controlling the AB membrane
potential, we found that slow pyloric rhythms slow down the MCNlelicited gastric mill rhythm and fast pyloric rhythms speed it up. When the
pyloric rhythm is experimentally suppressed, MCN1 stimulation can still
elicit a gastric mill rhythm, but this rhythm tends to be slower than the
normal range of these rhythms. During these slower than normal gastric
mill rhythms, pyloric-like hyperpolarizing current pulses injected into Inti
speed up the gastric mill rhythm, apparently by speeding up the transition
in the gastric mill half-center oscillator, from Inti to LG activity. Thus,
despite operating at different speeds, the pyloric rhythm strongly
influences the cycling of the gastric mill rhythm.
Supported by NINDS NS-29436, HFSP (MPN) and DFG (MB).

186.3

186.4

Activity-dependent regulation of ionic currents in the Stomatogastric Ganglion of the
crab, Cancer borealis. Jorge Golowasch*. Eve M arder & L.F. Abbott. Brandeis
University, Volen Center for Complex Systems, Waltham, MA 02254.
The intrinsic properties of neurons depend on the number, kind and state of the ion
channels in their membrane. Recent theoretical and experimental work suggests that
activity regulates the balance of currents that gives cells their electrical properties.
We present empirical evidence that suggests that individual neurons within a network
indeed regulate the amplitude of their ionic currents in an activity dependent fashion.
We have recorded the 3 outward K + currents that the Inferior Cardiac neuron (IC)
of the crab Stomatogastric Ganglion expresses before
and after stimulating the neurons for several hours
with depolarizing currents at a frequency close to the ,._j
pyloric natural frequency (1 Hz). We observe that the
2 groups of outward currents that can be readily
distinguished without pharmacology (i d + i K(Ca) and
iA) express significant changes in maximum conduc
tance: i d + i K(Ca) amplitude drops by -30% and \
amplitude increases by -30-50% in about 60min.
These effects reverse in around 60min and are de
pendent on intracellular [Ca++]. Other cell types are
not sensitive to the same stimulation protocol (i.e.
activity). These results suggest that the mechanism for
activity dependent regulation of cellular and network
activity may be in part mediated by intracellular Ca++ dependent processes although
other biochemical pathways may also be activated and a number of regulatory
molecules may be involved. Finally, these results suggest that different cell types
may be sensitive to different activity patterns. Supported by m h 46742, the Mcknight

Activity-dependent regulation of network activity: theoretical and experimental
approach. Michael Casev . Jorge Golowasch. L.F. Abbott & Eve M arder. Brandeis
University, Volen Center for Complex Systems, Waltham, MA 02254.
The intrinsic properties of neurons depend on the number, kind and state of the ion
channels in their membrane. Recent theoretical and experimental work suggests that
activity regulates the balance of currents that gives
. . . .
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cells their electrical properties. We present theoreti¿<>ntrol
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cal and experimental evidence suggesting that indi~
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vidual neurons are not the only level at which this
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phenomenon occurs, but that also network level
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activity may be regulated in an activity dependent .....B!°c“ a*",. - >.
fashion. The pyloric rhythm o f the Stomatogastric
Ganglion depends on modulatory inputs that travel -------------- ------------------------ip
in the stomatogastric nerve (stn). When stn action
~
------ potential conduction is blocked, the pyloric rhythm * ,rrt ’m
stops for several hours. However, the rhythm recov.* ”
ers after ~1 day in organ culture (normal saline).
We built a model of the STG’s pyloric network with activity dependent regulation of
ionic currents. This regulation works by using the intracellular Ca++ concentration
[Ca++]in as an activity monitor and modifies the maximal conductance o f the C a^ and
K+ currents (iCa increases and i K decreases wjien [Ca ++] in drops below some preset
equilibrium value and vice versa). The model reproduces the organ culture results,
and suggests that if pyloric activity is depressed by another means before stn block,
the time needed for the rhythm to recover after stn block should be shortened. We
have tested this prediction by depressing the pyloric rhythm of the crab Cancer
borealis in low Ca++ saline before the stn was blocked. Preliminary STG organ
culture experiments support the prediction from the model. Supported by m h 46742, the

Foundation, and the Sloan Center for Theoretical Neurobiology.

186.5
DISTINCT FUNCTIONS FOR COTRANSMITTERS MEDIATING MOTOR
PATTERN SELECTION BY A MODULATORY PROJECTION NEURON. P.M .
Blitz* and M.P. Nusbaum. Department of Neuroscience, University of
Pennsylvania School of Medicine, Philadelphia, PA 19104.
Overlapping subsets of neurons in the stomatogastric ganglion (STG)
network of the crab Cancer borealis produce many variations of the pyloric and
gastric mill motor patterns. This is due in part to activity in projection neurons
whose somata are located in the esophageal and commissural (CoGs) ganglia
of the stomatogastric nervous system. One such neuron is the modulatory
proctolin neuron (MPN: Nusbaum & Marder, JNeurosci 9:1600, 1989). MPN
contains the peptide transmitter proctolin as well as GABA. Its activity selects
a motor pattern in which the pyloric rhythm is excited and the gastric mill
rhythm is inhibited. Nusbaum & Marder (1989) demonstrated that proctolin
superfusion mimics MPN excitation of the pyloric rhythm in the STG. MPN
inhibits the gastric mill rhythm via inhibition of two CoG projection neurons,
MCN1 & CPN2, which elicit this rhythm (Blitz & Nusbaum, JNeurosci 17:ln
Press, 1997). We demonstrated previously that proctolin does not mimic MPN
inhibition in the CoGs. In fact, proctolin excites MCN1 & CPN2, which in turn
elicit a gastric mill rhythm (Blitz & Nusbaum, Soc Neurosci Abstr 21:629, 1995).
Recently, we have found that MPN inhibition of MCN1 & CPN2 in the CoGs
is mediated by GABA. Focal application of GABA to the CoG neuropil, with
transmitter release suppressed, mimics MPN inhibition of MCN1 & CPN2.
Also, picrotoxin dO^M) blocks the MPN- and GABA inhibition of MCN1 &
CPN2. Furthermore, there does not appear to be any MPN-mediated proctolin
influence on these neurons. Thus, MPN selects a motor pattern from the STG
network using predominantly its peptide transmitter to excite the pyloric circuit
in the STG, while it uses its small molecule transmitter to inactivate the gastric
mill circuit via its inhibition of projection neurons in the CoGs.
Supported by: NSF IBN94-96264; NINDS NS-29436; NIMH MH-17168; HFSP.
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McKnight Foundation, and the Sloan Center for Theoretical Neurobiology.

186.6
A NEUROM ODULATORY ROLE FOR CANCER BO REALIS TACHYKININRELATED PEPTIDE IA IN THE CRAB STOMATOGASTRIC GANGLION. AE
Christie*. DE Wood & MP Nusbaum . Department o f Neuroscience, University o f
Pennsylvania School o f M edicine, Philadelphia, PA 19104.
Cancer borealis tachykinin-related peptide la (CabTRP la; APSGFLGM R-NH2)
is present in the stomatogastric nervous system o f the crab Cancer borealis,
including the neuropil o f the stomatogastric ganglion (STG; Christie et al., Soc.
Neurosci. Abstr. 22:1375, 1996). The CabTRP la in the STG is localized to the
terminals o f a paired projection neuron called modulatory commissural neuron 1
(M C N 1). M C N 1 contains proctolin and GABA as cotransmitters. Activation o f
M CNI elicits the pyloric and gastric mill rhythms in the STG.
CabTRP la application to the isolated STG routinely excites the pyloric rhythm in
a dose dependent manner. In preparations with ongoing pyloric rhythms, CabTRP
la (10‘6 M) increases the speed o f the pyloric m otor pattern and the activity level o f
several pyloric neurons, including the lateral pyloric (LP), inferior cardiac (IC),
ventricular dilator (VD) and lateral posterior gastric (LPG) neurons. In preparations
with no ongoing motor pattern, CabTRP la initiates a pyloric rhythm. Application
o f this peptide does not elicit a gastric mill rhythm from the isolated STG. It does
elicit rhythmic bursting in the lateral gastric (LG) neuron, but this bursting is slower
and weaker than during an M CNl-elicited gastric mill rhythm. Neither proctolin nor
GABA excite the VD or LPG neurons, nor do they elicit bursting in LG. Although
M CNI activity elicits rhythmic bursting in the dorsal gastric (DG) neuron, this
neuron is not activated by any o f the known M CNI transmitters, alone or in
combination, suggesting the presence o f a fourth cotransmitter. We are continuing
to characterize the effects o f CabTRP la, alone and in combination with its
cotransmitters, in an attempt to reconstruct the effects o f MCN 1 on the STG system.
Supported by F32-NS09718 (AEC), IBN94-96264 & HFSP (MPN).
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186.7

186.8

EX T R A G A N G L IO N IC N E U R O P IL -C O N T R O L O F PR O JE C T IO N
N E U R O N S O R N E U R O H E M A L O R G A N ? V .L . K ilm an* and E. M a rd e r.
V olen C enter for C om plex S ystem s, B ran d eis U n iv ersity , W altham , M A
02254.
W e have a n ato m ically c h a racterized a neural in teg ratio n site in th e m ajo r
axonal pathw ay betw een m o d u lato ry inputs and th eir targ ets in a pattern
g e nerating netw ork. T he sto m ato g astric gan g lio n (S T G ) o f cru stacea
contains the central pattern g en erato r fo r rh y th m ic m o v em en ts o f th e foregut.
Sensory inputs and m o d ulato ry p ro jectio n neu ro n s from th e brain and
esophageal and com m issural g a n g lia m o d u late ac tiv ity in th e STG. It is
know n th at the a n terio r stn (sto m ato g astric nerve, w here all m od u lato ry
p rojection neuron fibers m eet on th e w ay to th e ST G ) co ntains
im m unoreactive v arico sities rem in iscen t o f n eu ro p il, as show n by flu o rescen t
im m unostaining fo r m od u lato ry n eu ro tran sm itters in cluding SD R N - and
T N R N -F L R F Nh2, red p igm en t c o n cen tratin g ho rm o n e, a llato statin 3, and
others. E lectron m icroscop y o f th e a n terio r stn rev eals a species difference.
In C. borealis (Jonah crab), this region c o n tain s large fibers w ith sm all
p atches o f neuropil (chem ical sy n ap tic a p p o sitio n s w ith both clear and dense
c ore vesicle-co n tain in g pro files). P. interru p tu s and H. a m erica n u s (lobsters)
show no c hem ical synapses here, desp ite th e sim ila rity o f light level
im m u nostaining in all th ree species. In stead , lo b sters h ave a nearly
c o n tinuous line o f n e u rohem al-lik e v aric o sitie s in the sheath, no t in th e stn
fib e r itself. T he position o f th e stn n europil in C. b o rea lis su ggests it m ay
control the patterns o f a ctiv ity in m o d u lato ry input fibers to the STG.
S u p p o rte d by N S 1 7813.

P H A S E M A IN T E N A N C E O F T H E P Y L O R IC D IL A T O R M U S C L E S AS
P A T T E R N C Y C L E P E R IO D C H A N G E S. L G M o rris * & S L H o o p e r .
N eu ro b io lo g y Pro g ram , D ept. B iol. Sci., O h io U niv., A th en s, O H 45701
T h e lo b ste r (P a n u liru s in te rru p tu s) p y lo ric n eu ra l n e tw o rk m ain tains
p h ase o v e r a fo u r-fo ld c y cle p e rio d ran g e. H ow ever, a x o n al c o n d u c ta n c e
and e x c ita tio n -c o n tra c tio n (e-c) c o u p lin g d elays, and the d iffe rin g
co n tractio n p ro p erties o b serv ed in p y lo ric m u scles c o u ld a lte r the relative
tim in g o f m u scle resp o n se to n eu ral activity. T hus, w h eth er p y lo ric
m u scle p h ase is m ain tain ed as p attern p erio d ch an g es is unk n o w n .
W e e x a m in e d this issue u sin g th e d o rsal and ventral p y lo ric d ila to r
m u scles o f th e lo b ster stom ach. B oth m u scles are in n erv a te d b y the sam e
n e u ro n s b u t have very d iffe re n t c o n tra c tio n p ro p ertie s. D orsal d ila to r
co n tractio n is ch ara c te rize d by a stro n g to n ic c o m p o n e n t th at varies with
ch a n g in g cy cle perio d , w hereas ventral d ila to r c o n tra c tio n is c o m p le te ly
p h asic, b u t show s large, cy cle p e rio d -d ep e n d e n t in te r-b u rst facilitatio n .
Iso to n ic m u scle co n tractio n s w ere in d u ced by m o to r n erv e stim u latio n
w ith rh y th m ic b u rsts at p h y sio lo g ic a l c y c le p erio d s. D elay fro m b u rst
b e g in n in g to co n tra c tio n b e g in n in g (w h ich m easu res b o th ax o n a l and e-c
co u p lin g d elay ) fo r b o th m u scles was larg e (1 0 0 -2 0 0 m s ) a n d relatively
co n stan t. P h ase o f m u scle c o n tra c tio n b e g in n in g relativ e to th e n e u ra l
p attern th ere fo re sh ifted (fro m - 0 .3 at 0 .5 s p e rio d to -0 .1 at 2 s) as p e rio d
ch an g es. D elay fro m b u rst b eg in n in g to c o n tra c tio n p eak d ec re a se d as
p erio d decreased , b u t th is ch an g e w as in su ffic ien t to m ain tain c o n tra c tio n
p eak ph ase, w hich sh ifted fro m - 0 .6 at 0 .5 s p erio d to - 0 .3 5 at 2s.
Thus, th e p y lo ric m o to r p a tte rn (at least fo r th e p y lo ric d ila to r
m u scles) d o es no t m ain tain p h ase w ith th e n eu ral p a tte rn as c y cle p e rio d
ch an g es. H ow ever, th e o b serv ed p h ase c h a n g es w ere th e sam e fo r each
m uscle, and h en ce b o th m uscles m ain tain p h a se w ith ea ch o th e r d e sp ite
th eir very d iffe re n t c o n tra c tio n p ro p ertie s. [R esearch su p p o rte d by OU,
N S F, and H FSP.]

186.9

186.10

M O T O R A C T IV IT Y O F T H E PY L O R IC A N D C A R D IA C SA C
N E T W O R K -IN N E R V A T E D CV 1 M U S C L E . T J K o e h n le . L G M o rr is .
JB T h u m a . & S L H o o p e r * . N e u ro b io lo g y P ro g ram , D e p a rtm e n t o f
B iological S ciences, O hio U n iv ersity , A th en s, O H 45701
T h e c v l m uscle o f the lobster, P a n u liru s in terru p tu s, is in n erv a te d b y
the V e n tric u la r D ilato r (V D ) n e u ro n o f th e p y lo ric n e tw o rk a n d th e
card ia c sac d ila to r 2 (C D 2 ) n e u ro n o f th e c ard iac sac n etw o rk . W e are
e x a m in in g this m u sc le ’s resp o n se to p h y sio lo g ic a lly rele v a n t n e u ra l
inputs to de te rm in e 1) its co n trib u tio n s to sto m ach m o v em en ts, a n d 2 )
how its inn erv atio n by m o to m e u ro n s w ith tw o v ery d iffe re n t activity
pa tte rn s affects its m o to r output.
Iso to n ic c v l m uscle c o n tra c tio n s w ere e lic ite d by a p p ro p ria te
stim ulation o f the relevant nerv es (V D n eu ro n , 2 6 0 -3 8 0 m s sp ik e train s at
3 0-70 H z e very 0.5 -2 s; n e u ro n C D 2 , 3 0 -7 0 H z fo r sev eral seco n d s). C D 2
stim u latio n resu lted in o n ly e x tre m e ly sm all co n tra c tio n s (a p p ro x . 1 0 0
tim es less th an th at in d u ce d by V D n e u ro n stim u la tio n ). S im u lta n e o u s
C D 2 and V D n euron stim u latio n sh o w ed no sign o f sy n e rg istic effects. It
th u s a ppears th at n euron C D 2 h as little e ffe c t on c v l m u sc le sh o rten in g .
V D n e u ro n -in d u c e d c v l m u scle c o n tra c tio n s are sim ila r to th o se we
have d e scrib ed in several o th er p y lo ric m u scles in th a t 1) in d iv id u a l
c o n tra c tio n s relax slow ly an d th u s tem p o rally su m m ate, 2) total
co n tra c tio n am p litu d e is th e su m o f p h asic an d to n ic c o m p o n e n ts, a n d 3 )
p h asic c o n tra c tio n am p litu d e is c o d e d b y sp ik e n u m b er. H ow ever, c v l
c o n tra c tio n s d iffe r fro m th o se o f o th er p y lo ric m u scles in th at th e first
c o n tra c tio n in a train is o ften larg e r and lo n g er-la stin g th an successive
c o n tractions, and does n ot alw ay s faith fu lly fo llo w th e n e rv e stim u latio n .
T hese d a ta p ro v id e fu rth e r e v id e n c e th at p y lo ric m o v em e n ts m ay
qu alitativ ely cha n g e as p y lo ric n etw o rk p e rio d c h an g es, a n d th at p y lo ric
m o v em e n t c a n n o t be easily d e d u c ed fro m p y lo ric n e u ra l o u tp u t.
[R esearch su pported by the H o n o rs T u to ria l C o lleg e, O U , N S F , & H F SP.]

MODULATION OF THE PYLORIC RHYTHM IN THE SPINY LOBSTER BY
RED PIGMENT CONCENTRATING HORMONE AND BY INTERACTIONS WITH
THE CARDIAC SAC NETWORK. P.S. Dickinson* and J. Hauptm an. Dept, of
Biology, Bowdoin College, Brunswick, ME 04011-8465
The neuropeptide Red Pigment Concentrating Hormone (RPCH) activates the
cardiac sac motor pattern in spiny lobsters, Panulirus interruptus, as well
asmodulating the pyloric rhythm in crabs (Nusbaum & M arder 1988). We have now
examined the modulatory effects o f RPCH on the pyloric rhythm in spiny lobsters.
In the isolated stomatogastric ganglion, RPCH activated a unique pyloric pattern in
which pyloric rhythmicity was periodically interrupted by cardiac sac bursts. During
these bursts, the PD (pyloric dilator) and VD (ventricular dilator) neurons fired
synchronous bursts o f action potentials driven by the IV (inferior ventricular) neurons.
Other pyloric neurons were inhibited and remained (or became) silent. Immediately
after cardiac sac bursts, pyloric bursting was strong in both LP and PD. The pattern
gradually changed, with bursts weakening in all neurons. VD sometimes fired weakly
with the pyloric pattern between cardiac sac bursts; in other cases, it fired exclusively
with the cardiac sac pattern. Because the IV neurons, which drive the cardiac sac
pattern, themselves influence the pyloric pattern (Sigvardt & Mulloney, 1982), we
examined the pyloric pattern in RPCH before cardiac sac bursting started, to see
whether RPCH directly affected the pyloric pattern, or whether all o f the changes we
observed were due simply to the activation o f the cardiac sac pattern by RPCH. In the
presence of RPCH, but in the absence of IV neuron activity, pyloric frequency
increased, and spike frequency in both the LP and PD neurons increased, suggesting
that RPCH directly affects thepyloric network.. These responses resembled those of
the crab Cancer borealis to RPCH, while those after cardiac sac activity began
resembled an overlay o f the responses to IV neuron stimulation and to RPCH alone.
Supported by the NSF (BNS 9310003) and the HFSP.

186.11

186.12

SPATIAL SEGREGATION OF SYNAPTIC CONTACTS BETW EEN TWO
IDENTIFIED NEURONS OF THE SAME NETWORK IN LOBSTER. M. J. Cabirol.
V. Fenelon. D. Combes, J. Simmers. I. Cournil*. & P. Meyrand. Lab. Neurobiologie
des Réseaux, Univ. Bordeaux I & CNRS, 33120, Arcachon, France.
The number and localization of synaptic sites along dendritic arborizations shape the
integrative properties of neurons. To establish the functional consequences of such
spatial distribution, we have located the sites of synaptic contact between two
identified neurons within the same network, known to be connected functionally by
reciprocal chemical inhibition. To this end, we study the crustacean stomatogastric
nervous system since within its stomatogastric ganglion (STG) is located the pyloric
network of only 14 neurons, all of which are identifiable and well known in terms of
their functional connectivity. Intracellular staining with HRP or Lucifer yellow
revealed that neurons within each functional pyloric group possess a remarkably stable
morphology from one animal to another, while stable structural differences occur
between neurons of different groups. A feature of all cell types is that, in addition to a
complex arborization which extends throughout the total volume of the STG, they
have several (5% of total) branches that project (mean distance 500 jam) into the
afferent stomatogastric nerve (stn). Confocal microscopy on dually-injected identified
neurons (LP, PD) failed to show any intraganglionic apposition between the dendrites
of these functionally-coupled neurons, although putative sites of contact appeared
along the branches extending into the stn. Electron microscopy on serial sections of
this region confirmed that these extraganglionic appositions were indeed sites of
synaptic contact between the two neurons. Final confirmation of these structural data
was obtained by ablating the stn branches during pre- and post-synaptic intracellular
recording. In these conditions, although the PD and LP neurons retain 95% of their
dendritic arborizations, the functional reciprocal inhibition between them immediately
disappears. These results suggest that intra-network synapses may be extremely
segregated geographically and that the number of release sites is probably much lower
than previously thought.

INTRINSIC PLASTICITY OF OSCILLATORY NEURONS IN THE LOBSTER
PYLORIC NETWORK AFTER LONGTERM DECENTRALIZATION IN VITRO.
M. Thobv and J. Simmers*. Lab de Neurobiologie des Réseaux, Univ. Bordeaux I &
CNRS URA 1126, 33120 Arcachon, France.
Motoneurons of the 14 cell pyloric network in the stomatogastric ganglion (STG) of
the lobster, Jasus lalandii, produce slow regenerative oscillations that underlie their
bursting discharge. This ability to oscillate is strictly dependent upon permissive
neuromodulatory inputs carried in the single afferent stomatogastric nerve (stn). To
study the longterm effects of these central inputs on the pyloric network, we have
followed the network's response to decentralization by cutting the stn in vitro.
W hereas suppression of STG inputs causes the pyloric network to fall silent, after 3 to
4 days in organ culture, a spontaneous motor pattern returns which is similar to that
expressed when the stn is intact. To determine the neural basis of this functional
recovery, we have compared the synaptic and membrane properties of pyloric neurons
in the longterm decentralized network with those of connected STG and short-term
decentralized controls. While the efficacy of intra-network synapses decreases
significantly (on average by 71%) after longterm STG decentralization, it appears that
the fundamental change leading to rhythm recovery occurs in the intrinsic excitability
of pyloric neurons themselves. Firstly, current-clamp experiments on neurons isolated
in situ reveal that after decentralization, individual pyloric cells lose their conditional,
chemo-dependent state to become true endogenous oscillators. Secondly, voltageclamp experiments show that this transition is associated with a net decrease (>50%)
in outward TEA-sensitive membrane conductances and an enhancement (>160%) of
an hyperpolarization-activated inward current resembling Ih. Thirdly, the change in
excitability of longterm decentralized pyloric neurons requires de novo protein
synthesis, since exposure of isolated STG to the transcriptional inhibitor, actinomycin
D (ACD; 50|iM), prevents the subsequent reacquisition o f neuronal oscillation.
Moreover, complete blockade of functional recovery occurs only when ACD is
applied to the network during and immediately following stn transection, suggesting
that the recovery mechanism requires a critical short-term period o f protein synthesis
at the time of decentralization.
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186.13

186.14

D O P A M IN E C H A N G E S F IR IN G P R O P E R T IE S O F PD N E U R O N S IN
T H E PY L O R IC N E T W O R K BY M O D U L A T IO N O F K* C U R R E N T S .
P e ter K lo p p e n b u rg * , R obert M . L ev in i an d R o n ald M: H arris-W arrick .
N eu ro b io lo g y and B ehavio r, C o rn ell U n iv ersity , Ithaca, N Y 14853.
E xogenously ap p lied d o p a m in e (D A ) m o d ifie s th e rh y th m ic activity
o f the p y lo ric n etw ork in th e sto m a to g a stric g a n g lio n o f th e lo b ste r
(P a n u liru s in te rru p tu s) by a lterin g sy n ap tic stre n g th s an d c h a n g in g the
m em brane pro p erties o f th e n eurons. In the tw o P D n e u ro n s, D A ev o k es a
h y p e rp o la riz a tio n and a red u c tio n in actio n p o ten tials p er oscillation,
leading to a phase delay o f PD relativ e to the AB n e u ro n a n d a re d u c tio n
in the p y lo ric c y cle freq u en cy . In sy n a p tic ally iso la te d PD neu ro n s, D A
d ecreases the rate o f reco v ery after h y p erp o larizatio n . T h e late n c y from a
h y p e rp o la riz in g p reste p to th e first a ctio n p o ten tial is in creased , and the
action p otential freq u en cy is d e c re a se d d u rin g a su b seq u en t d e p o la riz in g
step. T hese effects are ac co m p a n ie d by a d ec re a se in in p u t resistan ce. In
v oltage clam p b rie f pulses o f D A ev o k e an o u tw ard c u rre n t a c c o m p a n ie d
by an in crease in m em b ran e c o n d u c ta n c e . T h ese e ffects are larg e ly
elim in a te d in the c o m b in e d p rese n c e o f th e p o tassiu m ch an n el b lo ck e rs
4 A P and TE A , su g gesting p o tassiu m ch an n el m o d u la tio n b y D A . We
tested this hy p o th esis in v o ltag e c la m p e x p e rim e n ts to an a ly z e D A ’s
effect o n 3 p o tassium c u rre n ts IA, IK(V) and IK(Ca). D A e n h a n ce d the
m axim al c o n d u c ta n c e o f IA and sh ifted V ail to a m o re n eg ativ e p o ten tial
w ithout shifting V inacl. This e n la rg e d th e “ w in d o w ” betw een the v o ltag e
activation and in activation curves, in creasin g to n ic IA n ear the restin g
potential. In addition, D A e n h an ced th e m axim al c o n d u c ta n c e o f IK(Ca), but
had no m o d ulatory effect o n IK(V). S u p p o rted by N IH N S I7323.

D O P A M IN E H A S O P P O S IT E M O D U L A T O R Y E F F E C T S O N G R A D E D
A N D SP IK E -E V O K E D SY N A P T IC IN H IB IT IO N A T A SIN G LE PY LO R IC
SY N A P SE .
A . A vali*. B .R . Jo h n so n a n d R.M . H arris-W arrick
Section o f N eu ro b io lo g y & B ehavior, C o rn ell U niversity, Ithaca, N Y , 14850.
D op am in e (D A ) m o d ifies sy naptic effica c y and reco n fig u res th e synaptic
o rg an izatio n o f th e py lo ric n e tw o rk in th e lo b ster sto m ato g astric ganglion
(ST G ). W e stu d ied th e m o d u lato ry effects o f D A on synaptic inhibition at the
synapse b etw een th e lateral py lo ric (L P) and p y lo ric d ilato r (PD ) neurons.
T h e L P inhibits th e PD both b y g rad ed tran sm itter release and action
p o ten tial evoked inhibition. W e h av e p rev io u sly show n th at th e L P ’s graded
o u tp u t sy n ap ses are enh an ced b y D A , even tho u g h th is am ine reduces the
p o st-sy n ap tic resp o n se o f th e P D neu ro n to io n to p h o retically applied
tran sm itter. T h e PD cells w ere isolated from o th er synaptic co n nections by
p h o to in activ atio n o f e lectrically co u p led n eurons. T w o e lectro d e current
clam p w as used in b oth p re- an d p o st-sy n ap tic cells to reco rd and control
m em brane p otentials. D A cau sed a red u c tio n in th e size o f L P spike-evoked
in h ib ito ry p o st sy naptic p o ten tials (IP S P ) w h en th e PD w as held at -50. The
ch an g e in IPSP size w as clo sely c o rrelated to D A -in d u ced changes in th e PD
input resistance. G rad ed inhibition, tested in th e sam e prep aratio n s after
su p erfu sin g th e ST G w ith T T X , w as c o n sisten tly enh an ced by DA. This
e ffect w as n o t c o rrelated w ith th e ch an g e in P D ’s input resistance. O ur results
su g g est th at at th e L P to PD synapse, D A red u ces actio n p o tential-evoked
inhibition v ia a post-sy n ap tic c o n d u ctan ce increase, w h ile sim ultaneously
en h an cin g g rad ed in h ib itio n via a p re-sy n ap tic increase in tran sm itter release.
D A can in d ep en d en tly m od u late d ifferen t fo rm s o f ch em ical com m unication
b etw een m em bers o f a C P G n etw ork, w h ich m ay c o n trib u te to p lasticity in
n etw o rk org an izatio n and m otor output. S u pported by N IH N A S I 7323.

186.15

186.16

BLOCKING IH AFFECTS THE TIMING OF CENTRAL PATTERN
GENERATORS OF THE LOBSTER STOM ATOGASTRIC
GANGLION. Marcia Karen and Allen I. Selverston * Department of
Biology, UCSD, La Jolla, CA 92093.

USING DYNAM IC CLAM P SIM ULA TED SYNAPSES TO ASSESS TH E
CO M PU TA TIO N A L SIG N IFICA N C E O F SY NAPTIC DEPRESSIO N IN
GRADED TRANSM ISSION, Y. Manor*. F. Nadim. L.F. Abbott, and E. Marder.
Volen Center, Brandeis University, Waltham, MA 02254.
Graded synaptic transmission plays a critical role in the generation o f the pyloric
rhythm o f the lobster Panulirus interruptus. We have previously shown that the strength
and duration o f graded transmission from the LP to the PD
neuron depend on synaptic depression, as well as the
f—
frequency o f the network oscillations and the duty cycle o f
| LP |
the LP waveform. We eliminated the LP cell from the
limili æ [
¿71
network by photoinactivation or current injection in vitro,
and replaced its input to PD with a dynamic-clamp
simulated model synapse. The model allows us to
modify and examine experimentally measured synaptic
properties, such as the rate o f recovery from
depression. The simulated synapse was activated at a
TT |20m
V \ start simulated
fixed phase after each burst o f the biological PD cell.
synapse
Unlike injecting a hyperpolarizing current, injecting
the simulated inhibitory synapse did not change the
amplitude o f the PD voltage trace significantly, but affected the interval between bursts.
Using this technique, we are now comparing the effects o f the LP to PD inhibition in
the presence and absence o f frequency-depgndent synaptic depression.

Ih is a regulated, hyperpolarization-activated inward current that is
slow to activate and deactivate. In neurons, this current contributes to
integrative behavior near rest and can assist pacemaker depolarization. Ih
is subject to modulation in many systems, including the neurons of the
crustacean stomatogastric ganglion (STG), a model system for studying
the mechanisms and modulation of rhythmic motor output. The purpose
of this research is to investigate the role of Ih in the stomatogastric central
pattern generators (CPGs).
To study the contribution of Ih to rhythm generation, this current was
blocked by bath applying 3mM cesium to the STG. Experiments were
done under both endogenous modulatory conditions and in the isolated
ganglion subjected to identified neuromodulators. The pyloric and gastric
mill rhythms were monitored by extracellular recordings of motor nerve
activity. Under either endogenous or controlled modulatory conditions,
cesium reversibly caused these rhythms to slow down by up to 50%.
The application of cesium also modified burst duration, interburst
interval, and hence the duty cycle.
Thus, it appears that Ih has a role in timing cycle frequency in the
pyloric and gastric mill CPGs of the lobster STG. Future studies will
investigate the role of Ih in individual cells in the STG that are active
during specific modulatory states. Supported by NIH training grant
GM08107 to M. K. and by NIH research grant NIH09322 to A. I. S.

186.17

186.18

DYNAMICAL ROLES OF SYNAPTIC CONNECTIVITY IN A CENTRAL
PATTERN GENERATOR NETWORK: EXPERIMENTAL MANIPULATION
AND NON-LINEAR ANALYSIS. R.C. Elson* . R. Huerta, H.D.I. Abarbanel,
M.I. Rabinovich and A.I. Selverston Department of Biology, and Institute of
Nonlinear Science, UCSD, La Jolla CA 92093.
Oscillatory neural circuits produce temporally coherent activity even though the
intrinsic activity of their component neurons may be irregular or demonstrably
chaotic. How can coherent network activity emerge from the interaction of
irregular elements? To study this problem we are applying experimental
manipulations and nonlinear dynamical analysis to neurons and subcircuits of a
well-characterized circuit, the pyloric central pattern generator in the
stomatogastric ganglion of spiny lobster.
W e began by studying the irregular, intrinsic bursting o f pyloric "follower"
neurons and its regulation by synaptic inhibition from the pyloric "pacemaker"
neurons. In synaptic isolation, one such "follower", the lateral pyloric neuron (LP)
behaves as a low-dimensional, chaotic burster. We used periodic current injections
to mimic the postsynaptic action o f a presynaptic pacemaker neuron. LP's behavior
remained chaotic and structurally stable. However, while depolarizing pulses
(mimicking excitation) had little or no regularizing effect, hyperpolarizing pulses
(mimicking inhibition) had a strong regularizing action, measurable as a reduction
in the largest positive Lyapunov exponent. We also used a reduced circuit in which
LP's only phasic input was the synaptic inhibition provided by the pacemaker cells.
Periodic synaptic input regularized the chaotic bursting o f LP in a frequencydependent manner.
This study of "open-loop" control suggests that a dynamic interaction of
rhythmical synaptic inhibition with bursting membrane properties affects not only
the phase but also the temporal coherence o f neural activity within oscillating
neural circuits. We are extending this work to analyze "closed-loop" control within
reciprocal synaptic interactions.
Supported by grants from the Dept of Energy (H.D.I.A.), NSF and NIH (A.I.S.).
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MODELING LOCOMOTOR COMMAND INTERACTIONS
IN THE LOBSTER. I. A vers.* A. Mehta and C. Dragich.
Marine Science Center, Northeastern University. East Point.
Nahant, MA 01908
Lobsters can walk in all directions as well as rotate during
locomotion in complex environments. Walking has been
demonstrated to be under control of bilateral command neu
rons which are specific to locomotion in a particular direction.
We are developing a neural circuit-based controller for
lobster-based underwater robots. The architecture is based on
central command, coordination and central pattern generator
objects which pass messages asvnchronously. We are model
ing the interactions of command neurons based on a network
model of the CPG, reverse kinematic analysis of walking, and
analysis of the control the walking pattern generators by com
mands. Lobsters exhibit a variety of walking patterns which
differ from those evoked by single commands. These include
yawing, turning, rotation, pitching, postural adaptations and
load compensation. We are testing tne hypothesis that these
behavioral acts result from bilateral assymmetrys of command
action as well as superposition of commands.
Trieger and gate commands are modeled as having a rise
and fall time constant as well as parametric, coordinating and
recruiting connectivity within the CPG. Interactions are both
additive as well as suppressive. The model simulates many of
the patterns seen during behavior and is available on line at:
h ttp ://w w w .d a c jie u .e d u /U n its/A r tsS ci/M S C /lo b ste rr o b o t.h tm l
Supported by ONR.
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186.19
SPECIFICITY OF NEURAL CIRCUITS THAT INHIBIT ESCAPE
IN CRAYFISH. A. Berkowitz*. E.T. Vu. and F.B. Krasne. Dept,
of Psychology, UCLA, Los Angeles, CA 90095.
A single spike in the crayfish lateral giant neuron (LG) leads to a
coordinated escape movement. LG is excited by abrupt mechanical
stimuli transduced by afferents in any of the 6 abdominal ganglia.
Excitation is followed, however, by "post-excitatory inhibition"
(PEI) that preyents LG from firing for stimuli that do not begin
abruptly [Vu et al. (1987) Soc. Neurosci. Abstr.l3:143],
We report now that inhibitory circuits show some spatial
selectivity in their effects on excitatory inputs to LG. PEI evoked
by stimulation of one sensory root reduces the size of excitatory
inputs from those afferents more than it reduces excitatory inputs
from the other sensory root in the same ganglion. In addition, we
used intracellular cyrrent injection to evoke spikes in some 3rd or
4th ganglion neurons that inhibit LG. These spikes reduced
excitatory inputs from certain LG afferents while having no effect
on excitatory inputs from other LG afferents. Both findings suggest
that excitatory and inhibitory inputs to LG can be directed to
particular subregions of the LG dendritic arbor, allowing inhibitory
inputs to selectively reduce particular excitatory inputs.
Supported by an NIH NRSA postdoctoral fellowship (AB), an
NSFpredoctoral fellowship (ETV), and NIH NS8108 (FBK).

186.20
USING DIFFERENT MATHEMATICAL MODELS TO UNDERSTAND
INTERSEGMENTAL COORDINATION IN THE CRAYFISH SWIMMERET SYSTEM. F.K.Skinner* and B.Mulloney. Playfair Neuroscience
Unit, Institute of Biomedical Engineering, University of Toronto, and
Neurobiology, Physiology and Behavior, UC Davis CA 95616.
Rhythmic movements of crayfish swimmerets are coordinated by a
neural circuit that links their four abdominal ganglia. Each swimmeret
is driven by its own pattern-generating module. When modelled as a
chain of four phase-coupled oscillators the experimental data is matched
if the coupling is asymmetric, if the ascending and descending coupling
have approximately equal strengths and if excitation affects the intrin
sic properties of the oscillators (Skinner e t at., J.Comput.Neurosc.4:151160,1997).
To understand other features such as burst durations and the nature of
the coupling, a less abstract model has been developed. Each oscillator
consists of reciprocally inhibitory non-spiking local intemeurons and the
effect of coordinating intemeurons are modelled as synaptic currents in
target cells when the presynaptic cell exceeds threshold. Available ex
perimental data and predictions from the phase-coupled oscillator model
are used to determine various parameters in the model. Appropriate
intersegmental coordination at different frequencies are achieved if the
coordinating circuit is asymmetric (ascending and descending synaptic
signs and target cells are different) and the synaptic strengths are ap
proximately the same, and if frequency changes are modelled as an effect
on the rate constant of intrinsic currents in the local intemeurons.
Supported by NSF grant IBN-95-14889 to b m .

186.21
PH Y SIO LO G ICA L CORRELATES IN THE JUM P-A N D -FLIG H T ESCAPE
SY STEM FO R TH E STE REO TY PED BEH A V IO R A L R E PER TO IR E O F
D ROSO PHILA BANG-SENSITIVE MUTANTS. J. Lee, and C.-F. W u*. Dept, of
Biological Sciences, Univ. of Iowa, Iowa City, IA 52242.
To further our understanding o f the defects in Drosophila bang-sensitive mutants,
physiological correlates of their characteristic behavioral phenotypes were studied.
The mutants display both seizure and paralysis episodes in response to intense
mechanical stimuli such as high-speed vortexing. The stereotyped repertoires include
episodes of seizure, paralysis, second seizure, recovery and refractoriness to further
stimulation. Previously, Pavlidis and Tanouye (1995) have shown that electrical
stimulation (50V, 200Hz, and 500ms) to the head induces a discharge o f spikes
followed by a response failure in the m utant dorsal longitudinal m uscle (DLM).
DLM motor neuron activity is initiated by dendritic input in the brain to the cervical
giant fiber neuron, and m ediated by a peripherally synapsing interneuron. W e
undertook further studies for bss, bas, bssbas and wild-type flies using different
paradigms that vary voltage and duration o f electrical stimuli to the head. W e were
able to correlate behavioral repertoiies to the DLM firing patterns o f initial
discharge, response failures, delayed discharge, recovery, and a refractory period.
W e were also able to induce sim ilar responses in wild-type flies with an increased
stimulus strength. Therefore, the phenotype previously assum ed to be specific to
bang-sensitive m utants is an enhanced expression triggered at abnorm ally low
threshold levels. Such extreme activity patterns represent extraordinary conditions
inducible in normal nervous systems. W e characterized each mutant strain and found
distinct threshold levels, discharge patterns, failure duration, and refractory period
specific to each genotype. To further investigate the altered properties o f the neural
circuits in these mutants, we will attempt to localize the loci responsible for the
initiation of each component in the repertoire. Genetic mosaics with different m utant
and wild-type cellular components within the jump-and flight escape circuit will be
analyzed. Supported by NIH grant NS 26528.
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187.1

187.2

VARIATION IN TRANSMISSION ACROSS SYNAPSES THAT CONVEY
GRADED POTENTIALS IN AN INSECT VISUAL PATHWAY. P.J. Simmons.
Dept, of Neurobiology, Univ. of Newcastle upon Tyne, NE2 4HH, U.K. (SPON:
BRAIN RESEARCH ASSOCIATION)

A BIO L O G IC A L N E TW O R K FO R C O LLISIO N AVOIDANCE: SYNAPTIC
O RGA NISATIO N O F INPU TS O N TO A W ID E-FIELD VISUAL NEURON
F. Claire Rind and P. J. Simmons. Dept, o f Neurobiology, The University of
Newcastle upon Tyne, NE2 4HH.UK. (SPON: B ra in R esearch Association)
In the locust, two identified neurons, the lobula giant movement detector (LGMD)
and the postsynaptic descending contralateral movement detector (DCMD), respond
selectively to the images o f an object approaching their eye. The strongest response
is given to an object approaching on a collision course, when collision is imminent.
A neural network based on the input organisation o f these neurons reveals the
importance o f a critical race, between excitation passing down the network and
inhibition directed laterally, for the rapid build-up o f excitation in response to
approaching objects. We describe the input synapses onto the LGMD neuron and
show how their arrangement is the substrate for the critical race between excitation,,
and laterally directed inhibition. Neighbouring retinotopic units make synapses
directly with each other and these synapses are immediately adjacent to the outputs
o f the units onto the LGMD, an ideal position for effective presynaptic inhibition.
Histochemical techniques have revealed that acetylcholinesterase is present in the
synaptic cleft. As it is well established that acetylcholine can have both excitatory
and inhibitory effects depending on the type o f receptor present, we suggest that the
critical race between excitation and inhibition occurs over the surface o f the LGMD
neuron in the lobula. Neighbouring units inhibit each other while also exciting the
LGMD. This phenomenon is o f general significance as many processes, particularly
in vision rely on the interaction of excitation and lateral inhibition to generate their
selective response properties, few are known in as much detail as the collision
sensitive neurons in the locust. (Supported by the Royal Society, BBSRC and
Wellcome Trust).

In locusts, each lateral ocellus is connected with the brain by seven large L-neurons,
which are second-order to photoreceptors (Goodman, 1976). L-neurons convey
information about changes in light by graded potentials, and graded potentials are
also responsible for regulating transmission across the output synapses that Lneurons make. Two contrasting types o f these synapses have been described from
electrophysiology and ultrastructure: tonically transmitting, excitatory synapses with
third-order neurons and with L4-5; and reciprocal, inhibitory synapses amongst
each other (Simmons, 1982; Littlewood and Simmons, 1992). At the inhibitory
synapses, transmission decrements rapidly, and normally requires a spike in the
presynaptic neuron (Simmons, 1985). Spikes in L-neurons are generated by rebound
and their amplitude is graded, depending on duration and amplitude of the
preceding hyperpolarising potential. Ipsp amplitude varies with spike amplitude, but
I have now found that, for one particular amplitude o f presynaptic spike, ipsp
amplitude varies from trial to trial. Part o f this variation is due to background
activity in L-neurons: even in darkness, L-neurons are continually bombarded with
postsynaptic potentials. However, the variability in ipsp amplitude is consistently
greater than would be expected from the effects o f background activity alone. This
indicates that, at this synapse, there is a lim it to the resolution with which graded
potentials can be conveyed due to processes that introduce variability into the
relation between membrane potential and the rate o f release o f neurotransmitter.
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187.3

187.4

FUNCTIONAL CORRELATES OF ANATOMY AND DEVELOPMENT OF A
FORCE SENSING ARRAY. A.L. Ridgel*, S.F. Frazier, L.A. Quimby and S.N.
Zill. Dept. Anat., Marshall Univ. Sch. Med., Huntington, WV 25755.
The trochanteral campaniform sensilla, an array of mechanoreceptors that
monitors strains in the exoskeleton of insects, are thought to provide critical
information about forces acting upon the legs in walking. We are studying the
morphology and development of these receptors in cockroaches to determine
structural parameters that can be correlated with their differential responses
to force. The directional sensitivity of campaniform sensilla to local strains has
been shown to depend on the orientation of their cuticular caps. We have
examined the exoskeleton using scanning electron and confocal microscopy
and have measured the sizes and numbers of the caps in wholemounts in
animals at different stages of development. In adults, the trochanteral sensilla
are organized in four groups. The caps of each group are oriented
approximately parallel with each other and show gradations of size (the largest
caps may be individually identifiable). Different groups also have discrete,
parallel or.orthogonal orientations with each other. We have found this basic
arrangement in animals at all stages of post-embryonic development and,
apparently, in late stage embryos. In those animals, mean cap sizes are 35%
of the maximum adult diameter and the number of sensilla represent 30-50%
of those seen in adults. As animals go through successive molts (and
increase in body weight by 10 fold) there is an increase in the mean cap
diameter and sensillum number. We are examining whether cap size can be
correlated with the range of responsiveness of the individual receptors.
However, the system apparently adapts to the large increases in force that
occur in growth through other means as well, such as changes in neuron
sensitivities and modifications in the structure of the exoskeleton itself.
Support: ONR N00014-96-1-0694 and NIH RR08419 (EM Facility).

MEASURING FORCES IN AN INSECT LEG. R.A. DiCaprio*, A.L. Ridgel, S.F.
Frazier and S.N. Zill. Dept. Anat., Marshall Univ. Sch. Med., Huntington, WV
25755 and Dept. Biol. Sci., Ohio Univ., Athens, OH 45701.
A major problem in animal and robotic locomotion is to delineate how inputs
that encode forces acting upon a leg are incorporated into mechanisms
controlling leg movement. A number of studies have suggested that animal
walking systems use these measurements 1) to ascertain that a leg is being
adequately used in support and propulsion and 2) to make critical decisions
about the timing of onset of the swing phase and the coordination of leg
movements. We are characterizing the response properties of the largest
collection of force detecting receptors in insect legs, the trochanteral
campaniform sensilla. Bending forces are applied to the leg, with the coxofemoral joint immobilized, in a direction similar to that occurring in standing
and the stance phase of walking. The magnitude of applied forces are
monitored via strain gauges attached to the force probe which is itself driven
by a piezoelectric crystal using ramp waveforms or pseudorandom (white
noise) stimuli. The trochanteral sensilla show fixed patterns of recruitment in
extracellular recordings to forces applied as ramp stimuli. Two general types
of responses have been obtained from Group 3 sensilla in the ranges of 0 to
4mN (408 mg): 1) phasicotonic units are recruited at low thresholds and show
strong rate sensitivity and 2) other units, recruited at higher thresholds, are
less sensitive to velocity. Calculations of first order Weiner kernels show a
biphasic shape for the first type of unit and a more monophasic shape for the
second type, consistent with the ramp data. We are currently extending these
tests to broader ranges of frequency to more completely characterize receptor
responses. However, the high threshold units may serve as level
discriminators and be important in determining when a leg is loaded and when
adjacent legs can enter swing. Support: ONR N00014-96-1-0694.

187.5

187.6
DISTRIBUTED CODING OF VECTOR STIMULI IN THE CRICKET
CERCAL SENSORY SYSTEM. B. Girish and J. P. Miller*. Dept, of
Molecular and Cell Biology, Univ. of California, Berkeley, CA 94720,
and Center for Computational Biology, PO Box 173505, Montana State
University, Bozeman, MT, 59717-3505.
The purpose of our study was to understand the ensemble encoding of
sensory information by spiking neurons. We used intracellular electrodes
to record simultaneously from pairs of identified projection intemeurons
in the cricket cercal sensory system (from a subset of four cells: L 10-2, R
10-2, L 10-3, R 10-3). We analyzed their spiking responses to low
frequency (5- 400 Hz) air currents which varied dynamically in amplitude
as well as in direction. Even though we recorded simultaneously from
only a pair of intemeurons, we extrapolated the responses of the
complementary pair. This extrapolation was based on knowledge of the
symmetry in the response properties of the four identified intemeurons.
We show that there is at least one natural way of combining the responses
of the four intemeurons that makes apparent how independent stimulus
parameters such as direction and amplitude are coded in a distributed
manner across the ensemble. We also assess the degree to which a specific
linear model, called a phasor encoding model, can explain the stimulusresponse data. Finally, we speculate on the behavioral relevance of the
results. This work was supported by NIH grant ROl DC00483 to J.M. and
an HHMI pre-doctoral fellowship to B.G;.

THE ACTIN CYTOSKELETON IS INVOLVED IN MECHANICAL STIMULUS
TRANSDUCTION IN THE CILIATE, Stentor. D.C. Wood* and L. Kilderry. Dept,
of Neuroscience, Univ. of Pittsburgh, Pittsburgh, PA 15206
Mechanical stimuli open specialized ion channels in the membrane o f the ciliate
protozoa, Stentor and Paramecium (anterior end only), producing an influx of Ca2+
ions and resulting in a depolarizing receptor potential. In Stentor suprathreshold
receptor potentials trigger action potentials and bodily contractions. The ionic current
producing these receptor potentials is initiated 0.5 ms after stimulus onset and the
potentials themselves are relatively temperature independent indicating that mechanical
stimulus energy is directly coupled to opening o f the channels. Such direct coupling
has been proposed to be produced by 1) stretching o f the surface membrane and
opening of stretch-activated channels or 2) stretching o f a component of the
membrane-associated cytoskeleton. Intracellular injections o f parafin oil which bloat
the cells by 56% of their normal volume does not change Stentor's sensitivity to
mechanical stimuli. Further, cells maximally extended in the trumpet-shaped form and
those maximally contracted into a ball produce receptor potentials of the same
amplitude despite large changes in surface configuration. Therefore, stretching the
surface membrane does not appear to determine mechanical stimulus sensitivity.
On the other hand both cytocbalasin and vinblastine, agents which disrupt actin
microfilaments and mictrotubules respectively, depress Stentor’s probability of
contracting in response to all intensities of mechanical stimuli. Both agents at 50 pg/ml
produce minor changes in cell morphology and demonstrably weaken cell surface
structure. However, cytochalasin markedly depresses receptor potential amplitudes
without depressing action potential production or resting membrane properties, while
vinblastine has only a modest effect on receptor potential amplitudes and a more
pronounced effect on action potential threshold and amplitude. These results implicate
the actin cytoskeleton in mechanical stimulus transduction.

187.7
M ATCHED FILTER S FO R M O TIO N PR O CESSIN G IN T H E VISUAL
SYSTEM O F FLIES. John K. Douglass* and Nicholas J. Strausfeld. ARL
Division o f Neurobiology, University o f Arizona, Tucson, AZ 85721.
In the fly visual system, it is well established that the lobula plate collates
directional motion information and generates outputs that control visual
orientation and course stabilization. The nature o f computational specializations
among distinct retinotopic pathways to the lobula plate, however, remains largely
unknown. Data concerning response properties and probable connections among
identified neurons are now making it feasible to consider their specific roles. The
lobula plate receives three major types o f retinotopic afferents from pathways
arising in the medulla: T4 cells, T5 cells, and Y cells. These inputs provide the
basis for highly specific response properties o f wide-field tangential neurons in
the lobula plate, such as rotatory motion about a particular axis [Krapp and
Hengstenberg (1996) Nature 384:463-7], or figure-ground motion [Egelhaaf
(1985) Biol. Cybem. 52:195-209], What low-level filtering by inputs to the
lobula plate contributes to the emergence o f these “matched filters?” One essential
building block is provided for by the directionally selective responses o f T5 cells,
but do other distinctive filtering properties typify each pathway with regard to
contrast frequency and spatial frequency? Current results from intracellular
recordings suggest considerable pre-processing at levels prior to the lobula plate.
In the T5 pathway, for example, three types o f small-field transmedullary inputs
have been identified, each with a distinctive receptive field expected to correlate
with response properties: (l)T m l, with dendrites in the distal medulla restricted
to a single retinotopic column, (2) Tm9, which collates from two adjacent
columns, and (3) a new Tm neuron that spans four columns. Supported by a
grant from the National Center fo r Research Resources (RR08688).
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BEHAVIORAL ANALYSIS OF ORIENTATION DISCRIMINATION
IN THE VISUAL SYSTEM OF THE BLOWFLY P H A E N I C I A
S E R I C A T A H. R. Campbell* and N. J. Strausfeld ARL Division of
Neurobiology, University of Arizona, Tucson, AZ 85721
Like honeybees, that have been shown to discriminate and generalize the
orientations of patterns [Srinivasan, M.V. (1994) J. Insect Physiol. 40:183194], blowflies (P h a en icia serica ta ) can be tested for spontaneous and
learned preferences in behavioral discrimination assays. To determine the
degree of orientation that flies are capable of discriminating, we developed
a learning/memory assay that uses sucrose as the unconditioned stimulus
paired with the conditioned stimulus, one of two gratings having different
orientations. Individual, freely-walking flies with clipped wings are trained
to the conditioned stimulus in a Y-maze or circular arena. We have trained
flies to discriminate between a vertical grating and a horizontal grating; in
the learning phase flies trained to a vertical grating had a greater than
chance response to a vertical grating when this is paired with a horizontal
grating (Wilcoxon signed ranks paired test (WSRP), p<0.05). These results
are corroborated by the fact that, in unrewarded control experiments, flies
exhibited a spontaneous preference (WSRP, p<0.05) for a horizontal grating
when paired with a vertical grating. In comparable control experiments
flies did not show a spontaneous preference for gratings oriented obliquely
(+45° and -45°); response proportions did not differ from chance (WSRP,
p<0.48). Similar experiments, using a variety of patterns and orientations,
suggest that individual flies, like honeybees, learn to discriminate patterns
and orientations. It is not known, however, if flies use scanning movements
of the eyes or whether visual choice is independent of motor activity.
Frame-by-frame analysis of locomotion trajectories may aid in determining
the mechanism employed during visual discrimination. W ork su p p o rte d by
a g ra n t fr o m the N IH (R R 08688) to N .J.S.
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Representation o f behaviorally relevant sound frequencies in the auditory nerve o f a
cricket: an acoustic fovea in an insect ear. G. S. Pollack* and Z. Faulkes. Dept, of
Biology, McGill University, Montreal, Quebec, Canada H3A 1B1.
The auditory system o f Teleogryllus oceanicus is specialized for two frequency
ranges, one near 4.5 kHz corresponding to intraspecific signals, and one in the
ultrasound region, corresponding to the echolocation cries o f bats. We examined the
representation o f these frequencies in the peripheral auditory system.
Recordings from the whole auditory nerve reveal periodic compound action
potentials (CAPs) that result from the synchronous firing o f different receptor
neurons. CAPs for 4.5 kHz stimuli are markedly largo* than those for 30 kHz
stimuli, suggesting that 4.5 kHz stimuli excite a largo- number o f receptors.
However, two alternative explanations are possible: (1) the individual unit spikes
that contribute to CAPs might be largo- for receptors that respond to 4.5 kHz; (2)
receptors responding to 4.5 kHz might be more tightly synchronized than those
responding to ultrasound.
According to cable theory, extracellular spike size varies with axon diameter, as
does conduction velocity. Conduction velocities did not differ for responses elicited
by 4.5 kHz and 30 kHz, suggesting that both axon diameter and spike size are
similar for the two responses. Direct measurements on single receptor cells also
showed that extracellular spike sizes were similar for neurons tuned to the two
frequency ranges. Thus, difference in unit size does not account for the difference in
CAPs.
We used a computer model to examine the effects o f synchronization. Decreases
in amplitude o f model CAPs resulting from poor synchronization were accompanied
by pronounced broadening o f the CAP, but actual CAPs elicited by ultrasound were
not broader than those elicited by 4.5 kHz. Thus, poor synchronization cannot
account for their smaller size. We conclude that the narrow frequency range
corresponding to intraspecific signals is represented by a large num ber o f auditory
receptor neurons, while comparatively few neurons respond to sounds produced by a
predator. Supported by NSERC and by the Whitehall Foundation.

THE CONV ERG ENCE OF HA LTERE AND W ING AFFERENTS ON A
STEERING MOTORNEURON OF THE BLOWFLY CALLIPHORA.
A. Favvazuddin* and M. H. Dickinson. Dept, of Integrative Biology, UC Berkeley,
Berkeley, CA 94720.
Of the direct synchronous muscles of the blowfly, the first basalar (b 1) is
unique in that it is. active at a specific phase in each wingstroke cycle. Wingstrokesynchronous input from wing and haltere mechanoreceptors is necessary for this
phase tuning of b l. Our present study is aimed at investigating the neural basis of the
interaction between these two sensory inputs. Electrical stimulation o f the wing
nerve produces a large EPSP in the b l motor neuron (m nbl). This EPSP consists of
three apparently monosynaptic components that persist when the normal saline is
replaced by a solution containing an elevated concentration of divalent ions. At least
one component persists when extracellular calcium is removed suggesting that some
of the wing input is mediated by electrical synapses. These observations on the wing
input are similar to ones made on haltere input in previous studies. However, the
chemical component of the haltere EPSP fatigues rapidly at high stimulation rates
whereas there is only a modest decrement in the wing EPSP at similar rates. These
differences in the frequency dependent characteristics of the two inputs suggest the
following scenario. During straight flight with no activation of haltere afferents, the
bl entrains to the wing input. When the fly is perturbed, haltere afferents become
active and fire a wingstroke-synchronous burst of spikes. The first EPSP from the
haltere burst is the largest due to the presence of the chemical component and thus it
entrains b l. Subsequent haltere EPSPs fail to reach spike threshold so the bl rapidly
returns to following wing input. This model is corroborated by experiments where a
burst of haltere stimulation is given at different phases during a train of wing nerve
stimulation.

187.11
VISUAL TRACKING AND PREY PURSUIT IN DRAGONFLIES. A. H.
Worthington, R.M.Olberg*. and K. R. Venator. Dept, of Biology, Union
College, Schenectady, NY 12308.
Perching dragonflies (Odonata) pursue flying prey within an aerial
arena 5 to 100 cm from the animal w ith er.95% success. How do dragonflies
determine prey speed and distance to execute a capture? We videotaped 36
prey capture flights of Erytfremis PiroplicicaUis and Leucorrhinia intacta
for frame-by-frame analysis (17 ms resolution) of flight tracks.
Does the dragonfly aim at the perceived prey position or does it steer a
course that intercepts the prey's flight path? Our results show th at
dragonflies intercept their prey. We hypothesize that this is
accomplished by steering to minimize the movement of the prey's image on
the retina (i.e. by maintaining constant error angle). This hypothesis is
consistent with the behavior of known target-selective descending
intemeurons.
What aspects of the prey flight stimulate prey pursuit? We found that
the angular velocity of the prey starts high (>200 °/s) and drops to below
200 °/s after the dragonfly begins pursuit The drop in angular velocity
may be a cue which stimulates lift-off.
Head and body rotation often precede lift-off and pursuit We tested the
hypothesis that head movement provides parallax information used to
determine prey distance (and therefore size and velocity). We found that
the head movement precedes wing movements by only one field (17 ms), not
enough time to process parallax information and inform the flight motor.
A more likely function of the head movements is to fixate the prey image
and to pre-align the head with the intended flight direction.

187.12

Supported by the Packard Fellowship and NSF grant 1BN-9208765

A CENTRAL MECHANISM OF SOUND CATEGORIZATION IN AN INSECT.
P.A. Faure* and R.R. Hov. Section of Neurobiology & Behavior, Cornell Univ.,
Seeley G. Mudd Hall, Ithaca, NY 14853-2702 USA
The eastern sword-bearing, conehead (Neoconocephalus ensiger) is a nocturnal
katydid whose calling song consists of a train of loud (>90 dB SPL), broadband (7-25
kHz), short duration (30 ms) pulses. In addition to listening to the conspecific song,
their ears also serve to detect predators (e.g. echolocating bats). When stimulated with
ultrasound N. ensiger cease flying and drop to the ground, presumably to escape bats
(Libersat & Hoy, JCP 1991). This acoustic startle response (ASR) occurs after stim
ulation with ultrasound, but not after presentation of calling song, which is broadband
(peak frequency ~ 15 kHz) and also contains ultrasound. Here we address the question
of how the katydid CNS discriminates and categorizes sounds so that the appropriate
behaviors of positive (mate attraction) vs. negative (ASR) phonotaxis are performed.
The T-cell is an auditory interneuron in the prothoracic ganglion. Previously, the
T-ccll was thought to function primarily in the localization of conspecific song. We
now present evidence that it responds relatively poorly to conspecific song and is
much more suited to function in a predator detection role. Although equally sensitive
(re: threshold) to the peak frequency of calling song (15 kHz) and to bat ultrasound (40
kHz), the T-cell is inhibited by frequencies <15 kHz. It responds with more spikes
per pulse, at a shorter latency, and at a higher instantaneous firing rate to 10 ms bat
pulses (80-30 kHz FM sweeps) than to pulses of calling song or 30 ms bat FM
sweeps. The most striking difference was the T-cell’s ability to encode the temporal
pattern of a stimulus. Only when 10 ms bat FM sweeps were used did the T-cell
reliably encode the pulse train; pulses of conspecific song and 30 ms bat FM sweeps
were poorly encoded. From these and other experiments in which we varied the repeti
tion rate of 10 ms pulses (15 or 40 kHz) to mimic a calling male katydid or the stages
of approach of an echolocating bat, we conclude that the T-cell responds best to preda
tory sounds and probably plays little or no role in the processing of conspecific song.
Thus, responses from the T-cell alone may be sufficient for sound discrimination.
Supported by NIDCD R01 DC00103 and the Alberta Heritage Scholarship Fund
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RECONSTRUCTIONS OF ADULT AND DEVELOPING DROSOPHILA BRAINS
AND THEIR DEPARTURES IN STRUCTURAL BRAIN MUTANTS. X.J. Sun* and
I.A. M einertzhapen. Life Sci. Centre, Dalhousie Univ., Halifax, NS, B3H 4J1, Canada.
Microtomy opens up examination of the nervous system to the full resolving power
of light microcopy, but condemns it to be viewed in two dimensions. The opportunity
to reconstruct the 3-D organisation o f brains is considerably extended by confocal
microscopy, provided that the particular brain structures can be viewed with some form
o f fluorescent label, and at sufficiendy shallow depths. These requirements are met in
the brain of Drosophila, the subject of intense recent interest, in which genetically based
manipulations both enable the isolation o f structural brain mutants with anatomically
localised deficits, and require the analysis o f spatio-temporally complex gene expression
data. Ready availability o f cellular and genetic markers propels the generation of large
volumes of anatomical data well suited to electronic publication (e.g. Flybrain). Such
online databases of the Drosophila brain have now created the need for a standard brain to
facilitate communication and comparison o f diverse anatomical data sets. Using
different cell markers, confocal microscopy and computer 3-D reconstruction methods,
we have reconstructed the brain of Drosophila melanogaster at larval and white prepupal
stages, as well as in the adult fly. Neuropil regions were immunostained with an
antibody (gift of H. Bellen) against synaptotagmin; the outer surfaces of these define the
brain’s ganglion cell cortices, while the inner surfaces enclose its fibre tracts. Surfaces
were deline&ed, first in 2-D confocal images from wholemount preparations, then in
stacks o f such images, and finally in 3-D reconstructions o f the stacks, so as to
constitute a simple virtual brain out of three compartments (somata, neuropil, tracts).
Reconstructed virtual brains are resectioned at different angles to view particular
neuropils from different perspectives. Individual neuropils were reconstructed and
extracted from the surrounding areas for detailed 3-D viewing, as a function of
developmental stage. One application in Drosophila neurobiology is demonstrated by
reconstructions from a structural brain mutant, no protocerebral bridge, and the
developmental departures of its brain from wild type.
Supported by grants from NSERC (CPG 0181755) and NIH (EY-03592), to IAM.

FROM
PUPAL
D E V E LO P M E N T
TO
ADULTHO O D:
AN A TO M IC A L IN V E S TIG A TIO N S OF THE VISU A L SYSTEM O F
STA LK -E Y E D f l i e s . E,K, 6 u9Chbe£K-!,JJ^..BQQsey.elLaad..ELBJH^y.
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Section of Neurobiology & Behavior, Cornell University, Ithaca, NY 148532702. Supported by NIMH K05-MH1148.
All members of the family Diopsidae (Diptera) are characterized by the
formation of eye stalks, laterally displacing the retina up to 1 cm. Eye-stalk
length, which is highly variable and may be sexually dimorphic, represents a
substantial modification of eye morphology in comparison to other flies. How
do such modifications alter the formation and organization of the optic -lobes ?
The metamorphosis of Cyrtodiopsis whitei occurs over a 10 day period. All
four visual neuropils (lamina, medulla, lobula, and lobula plate) are visible by
the first day, with a pronounced attachment between the lobula complex and
the central brain. The cephalic complex everts on the second day after
puparium formation. On the late third day the medulla and lobula complex
rotate to assume their final positions with respect to the lamina; at this stage
distal growth of the eye stalks is evident, resulting in a posterior folding of the
stalks. After eclosion the short eye stalks undergo a rapid lateral elongation.
The adult visual neuropils occupy a bulb at the end of the stalk. As in other
Diptera, the lobula plate of Cyrtodiopsis is characterized by two layers of largeaxoned motion sensitive cells presumably important for the control of yaw,
pitch, and roll movements. Both C. whitei and C. quinqueguttata possess 4-6
vertical (VS) cells, which together cover the entire anterior-posterior neuropil.
Although this is only about half as many cells as in Calliphora, their diameter is
relatively larger. At the base of the bulb, profile bundles from the medulla,
lobula, and lobula plate collect to form a single optic nerve which extends
through the stalk, disassociates, and terminates in the ipsi- and contralateral
midbrain, and the contralateral eye bulb. We suggest that both larger VS
profiles and the formation of an optic nerve allow to rapidly relay information,
as necessary for behaviors such as visually guided flight.
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SUBCELLULAR CALCIUM ACCUMULATION MECHANISM IN THE WINDSENSITIVE GIANT INTERNEURONS OF THE CRICKET. H. Oaawa*1). V. Raha?)
and K. Qka.3) 1) Kawachi millibioflight project, ERATO, JST, Tokyo 153, Japan.
2) Neuro-Cybern. Lab., Res. Inst, for Electronic Science, Hokkaido Univ., Sapporo
060, Japan. 3)Dept. of System Design Engin., Fac. of Sci. and Tech., Keio Univ.,
Yokohama 223, Japan.
We have investigated that depolarization of the wind-sensitive interneurons in
the cricket could induce dendritic Ca2* accumulation using a fluorescent imaging
technique (Ogawa et al., 1996). To understand the cellular mechanism underlying
dendritic processing of the cricket giant interneurons, we further examined
simultaneously the cytosolic Ca2* concentration ([Ca2+]i) and recordings of
membrane potential change in response to electrical or air-puff stimulation with
various ion channel blockers. Cereal stimulation elevated [Ca2+]i in all subcellular
regions except for the soma. When each cercal nerve was separately stimulated,
the Ca2+ responses in several dendritic arborizations showed different directional
sensitivity in their peak amplitude and rising velocity. A train of subthreshold
depolarization as EPSPs induced no eminent [Ca2+]i elevation. Bath-application
of not only a mixture of Ni2+, Co2+and Cd2* (1 mM) but also 1-pM TTX suppressed
Ca2+ elevation induced by an antidromic stimulus of connective nerves. These
results suggest that the Na+ spikes initiated at different neurite positions induce
the dendritic Ca2+ influx through the voltage-dependent channels.
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187.16
INHIBITION WORKS DIVISONALLY ON INTEGRATED OUTPUT IN MEDIAL
GIANT INTERNEURON OF CRICKET.
Y. Baba*, H. Masuda and T. Shimozawa.
Neuro-Cybernetics
Laboratory, Section of Informatics and Processing, Research Institute
for Electronic Science, Hokkaido University, Sapporo 060, Japan.
The relation between the inhibitory input from the ipsilateral
cercus to the soma and the integrated output was studied in the medial
giant interneuron with a intracellular recording. The interneuron
received the excitatory input from the contralateral cercus and the
inhibitory from the ipsilateral cercus. In the contralateral cercus
stimulatèd by a constant sound stimulus, the spike number relating to
the intensity of the ipsilateral stimulus was measured using the
apparatus which can independently stimulated each cercus. The
normalized response was calculated using its own maximum spike
number. The normalized response curves relating to the ipsilateral
intensity of the same preparation drew the same trace regardless of
the value of the constant contralateral stimulus. The fact suggested
that the ratio of the spike suppression depended on the intensity of the
ipsilateral stimulus. This inhibition worked divisonally on the output.
The maximum ratio of the spike suppression to the maximum spike
number was 0.5 - 1.
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CONTROL OF FLIGHT IN M ANDUCA
SE X T A :
INTEGRATING
PROPRIOCEPTIVE FEEDBACK W ITH MECHANICS OF MOVEMENT.
M ,A, F rc e^ M .S . Tu. A.C. Trimble. T.L. Daniel. J.W. Truman. J. Palka*
University of W ashington Department o f Zoology, Seattle, W A 98195-1800
Insect flight emerges from complex interactions among sensorimotor control,
musculoskeletal mechanics and aerodynamics. Mechanistic relationships among
these components of flight, however, remain unclear. To investigate the role of
proprioceptive feedback in the control o f flight mechanics, we studied a hind-wing
stretch receptor (SR) o f the hawkmoth Manduca sexta. Its receptive field encodes
either forces (stress) and/or positions (strain).
We recorded the activity of the SR and power muscles while optically, and with
high speed video, tracking wing position during bouts o f tethered flight in an
oncoming windstream to determine constituent phase relationships.
We also
examines changes in wing kinematics resulting from SR ablation. To quantify SR
encoding properties we removed the power muscles and imposed controlled motion
on one wing while recording from the SR nerve, seeking correlations between
position (strain) and its temporal derivatives.
Our results suggest that elevator and depressor muscle spikes remained
consistently phase-locked to the maximum position o f the wingstroke. SR phase,
however, is not linearly related to the maximum position o f the wingstroke and
shows much more variance.
SR ablation results in increased variation in
wingstroke amplitude and decreased frequencies o f muscle activation.
These results are used with a computational model for forward flight in the
hawkmoth that is based on CPG output under proprioceptive feedback, powermuscle force development, thoracic cuticle mechanics, and aerodynamic force
production. We use this model to show how external forces greatly affect
interpretations of sensorimotor feedback.
Supported by N SF grant 1BN9511681 to TLD, N1H GNS Training Grant to M AF

COMPARISON OF TWO SEGMENTS DIFFERENTLY SPECIALIZED FOR
OVIPOSITION IN THE FEMALE GRASSHOPPER. K. J. Thompson* and S.P.
Sivanesan. Department o f Biology, Agnes Scott College, 141 E. College Ave.,
Decatur, GA 30030.
The female abdomen o f the grasshopper utilizes two sets o f ventral appendages to
perform an elaborate oviposition behavior. These appendages o f the 8th and 9th
abdominal segments are serially homologous, but because o f reduction o f the
sternal plate between them and other remodeling o f the abdomen they come to lie
not in an anterior and posterior orientation, but dorsal and ventral to each other on
the tip o f the eleven-segmented abdomen. The ventral valves, on the 8th segment
are driven by four pairs o f muscles while the dorsal valves on the 9th segment are
driven by six pairs o f muscles. By using CoCl2 retrograde labeling techniques we
have identified the motomeurons o f the 8th and 9th segments. While we see
motomeurons with cell bodies in the neuromere corresponding to the appendage we
also see motomeuron cell bodies in the next anterior segment. Most neurons
backfilled from the 8th mid 9th tergal nerves reside in the next anterior segment, i.e.
the 7th and 8th neuromeres. In contrast, all motor-neurons filled from the 8th
sternal nerves were located in the 8th neuromere, but some ovipositor motom eurons
from the 9th sternal nerves were also located in the next anterior segment.
Counting the motomeurons with axons projecting in the lateral nerves gives a larger
count for the 9th segmental nerves, but the number o f stained m otomeurons in each
neuromere (8th and 9th) is the same. It is as if the 9th segment has motom eurons
“donated” from the 8th neuromere to supply its additional two ovipositor muscles.
Our previous w ork has examined the backfills o f male’s 8th lateral nerves where
most neurons were identical to the female, even though the male does not oviposit
or bear appendages. We are now in a position to compare the genders in the 9th
segments where the male is specialized for sexual behavior, but obviously in ways
different from the female. Supported by NSF #IBN-9514559.
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COM MON
CEREBRAL
N E U R O A R C H IT E C T U R E S
SU PPO RT
P H Y L O G E N E T IC A F F IN IT IE S B E T W E E N C R U S T A C E A N S A N D
I N S E C T S . N. J. Strausfeld*. Robert S. Gomez, and Lars C. Hansen. ARL
Division of Neurobiology. University of Arizona, Tucson. AZ 85721.
Phylogenetic relationships amongst terrestrial arthropods have been much debated.
Classical morphologists place insects close to myriapods, whereas recent molecular
and developmental studies suggest insects are allied to crustaceans [Averof, M .,
Akam, M. (1995) Nature 376:420-423], Neuroanatomical studies demonstrate that
certain neural architectures, like those typifying mushroom bodies or glomerular
olfactory centers, are common across the articulate invertebrates as well as to
platyhelminthes. However, certain crustaceans, particularly the isopods, share with
insects alone specific brain centers. These include tripartite layered optic lobe
neuropils with similar numbers and arrangements of neurons postsynaptic to
photoreceptors. In addition, specialized achromatic visual centers, with large widefield motion-sensitive neurons, typical of certain insects [Strausfeld, N.J., Lee, J. K.
(1991) Vis. Neurosci. 7:13-33] are also present in species of littoral isopods that
exhibit rapid locomotion, including leaping. Another synapomorphy, linking insects
and isopods, is the presence of a medial fan-shaped neuropil, and its satellite centers,
thought to be involved in controlling walking [Strauss, R., Heisenberg, M (1993) J.
Neurosci 13:1852-1861]. Arthropod phylogenies based on neural characters are
convergent with published phylogenies derived from molecular studies. Mapping
specific neural architectures within a phylogenetic tree always demonstrates closer
affinities between crustaceans and insects than between either crustaceans and
myriapods or between insects and myriapods. This suggests that, (a) insects evolved
from a crustacean-like ancestor, (b) certain brain centers, specific to insects and
isopods, serve special demands of controlling highly maneuverable locomotion and a
corresponding use of visual motion. Supported by a Fellowship fro m the John D.
and Catherine T. MacArthur Foundation.

DE NOVO EVOLUTION OF A SENSORI-MOTOR REFLEX IN FLIES
C. Gilbert*1 R.S. Edgecomb2 and P.O. Zanen1 ‘Dept. Entomology, Cornell
Univ,Ithaca,NY, 14853.2AdvantEdge Computing Studio, acstudio@lightlink.com
De novo genesis of sense organs remains an unsolved problem in
evolution. Developmental studies of Drosophila show that mutations in single
genes, e.g. cut, change the fate of neurons from forming one type of sense organ
to another [Jan & Jan ‘93, TINS 13:493] and macroevolutionary studies invoke
similar mechanisms to explain diversification of homologous organs in related
taxa, e.g. pleural chordotonal organs becoming tympanate ears on the 1st
abdominal segment of locusts [Meier et al. '91, Dev. 112:241]. Evolution of
organs de novo, without modification of existing organs, is still perplexing. Such
is the case with dipteran prosternal organs (PSO): groups of mechanoreceptive
hairs in the neck that are part of a proprioceptive reflex loop controlling head
posture about the roll axis in higher flies [Gilbert et al. '95, J. Comp. Neurol.
361:285]. To elucidate the form and function of this reflex throughout the ca. 125
families of Diptera, we examined morphology and innervation of the PSO using
light and scanning electron microscopy and 3-D video analysis of head posture.
The PSO is absent from ca.20 primitive families and an outgroup, but after the
first presence of the organ in Anisopodidae [Gilbert & Edgecomb ‘96, J. KS.
Ent. Soc. 69:61], there is a smooth transformation through the order. In higher
flies, PSO afferents project through more dorsal tracts than in lower flies, whose
projections share similarity with afferents of some other thoracic
mechanoreceptors, suggesting developmental similarities. Behavioral studies
reveal that lower flies lacking the PSO can reflexively control head roll, but the
sensori-motor pathway is not yet known.
This research was partially supported by The Whitehall Foundation.
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D etecting patterns o f activity in single cell recordings.
T.I. Netoff*, P.T. So, B.L. Gluckman, J.T. Francis, S. J. Schiff. The George
W ashington University N euroscience Program, W ashington DC and Children’s
Research Institute, Children’s National Medical Center, Washington DC 20010.
Variations in interspike intervals from a single cell may appear stochastic.
Using algorithms to find nonlinear patterns o f activity we have sought to discern if
apparently stochastic spontaneous activity shows deterministic qualities.
Spontaneous spike trains were recorded from pyramidal cells in the CA1 of
the hippocampus. 400 jam thick rat hippocampal slices were bathed in artificial
cerebral spinal fli^id. Recordings were done using whole cell attached patch clamp
techniques. The data were analyzed using a technique developed in our laboratory
(Phys. Rev. Let. 1996, 73,4705) to identify nonlinear patterns o f activity. The
technique is sensitive to the presence o f cyclical activity called unstable periodic
orbits.
The results o f this analysis showed that in five spontaneously active cells
time intervals between spikes show patterns o f unstable periodic orbits. These orbits
are nonstationary, and drift and change with time. To reject the null hypothesis that
the data are linearly stochastic without unstable periodic orbits, the analysis o f the
data was compared to surrogates o f the data which preserve the its linear properties.
The surrogates showed significantly fewer and less robust patterns than the actual cell
data.
These findings imply that the intervals between spikes from a spontaneously
firing cell were not simply randomly fluctuating. This discovery has important
implications in understanding the behavior o f a single cell. The patterns identified in
this spontaneous activity m ay also allow short term prediction in the cell’s behavior
which could possibly be used in a control algorithm.
Supported by: NIH Grant 1R29-MH50006-05 and ONR Grant N00014-95-1-0138.

Paula Parra1. Attila I Gulyas*'1,2 and Richard M iles1 1) Lab.Cell.Neurobiol.,
Inst.Pasteur, 25 rue D r Roux, 75724 Paris, France; 2) Inst.Exp.Med., POBox 67,
Budapest, H-1450, Hungary.
Hippocampal inhibitory cells are not a homogenous cell group. They have different
anatomies, distinct intrinsic properties and express different neurotransmitter
receptors. Different subsets of inhibitory cells might fulfill distinct functions and be
activated by modulating transmitters liberated in different behavioural states. We
examined this hypothesis by asking how different anatomical and physiological
subsets of inhibitory cells respond to four distinct transmitters.
Whole cell recordings were made from visualised interneurones in the CA1
hippocampal region to determine axonal and dendritic anatomy, cellular discharges
and voltage gated currents as well as the effects of agonists for four transmitters serotonine, muscarine, noradrenaline and tACPD - each o f which is suggested to
excite a subset of hippocampal interneurones. Groups of inhibitory cells defined by
distinct axonal and dendritic distributions did not correlate well with those based on
differences in physiology. We found that noradrenaline excited 52% and inhibited 6%
o f 79 cells tested, tACPD excited 39% of 82 cells tested, 5HT excited 52% and
inhibited 12% o f 83 cells tested while muscarine excited 61% and inhibited 5% of 85
cells tested. In 64 cells where all agonists were tested, 8 cells were excited by no
agonist, 8 by one, 24 by two agonists, 14 by three and 10 by all four agonists. 54
transmitter response combinations are possible - we have so far encountered 25 of
them. Cells with similar patterns of receptor expression usually did not belong to the
same cell groups defined by anatomy or physiology.
These findings suggest that the number of subsets of hippocampal inhibitory cells
is larger than previously imagined.
Supported by: Human Frontier Science Program and OTKA (T23261)
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T O NIC GABA b INH IBITION SUPRESSES TH E EX CITABILITY OF RAT
DENTA TE GYRUS GRAN ULE CELLS IN VIVO. K.J. Canning* and L.S.
Leung. Depts. o f Physiology and Clin. Neurol. Sciences, University o f W estern
Ontario, London Health Sciences Centre, London, Ontario, Canada.
The involvement o f GA BA s-m ediated inhibition in excitability o f the dentate
gyrus was evaluated in the urethane anesthetized rat. Two stimuli at an interpulse
interval (IP I) o f 10-9000 ms were
given to the medial perforant path
(M P P ) and population spikes
v
w ere recorded at the dentate gyrus
^
dorsal granule cell layer.. The
2
GABAb antagonist CG P 35348
(0.8 mg in 5 fxL in the ventricle)
caused a significant increase in
the population spike amplitude
evoked by the first pulse (P I)
IPI log scale (ms)
(mean ± SEM , 115 ± 27% , 10
trials 5 rats). The population spike evoked by the second pulse (P2) was not
substantially increased or m ore often, suppressed. Consequently, the magnitude o f
P2/P1 was suppressed at IPIs o f 50-100 ms, when P2/P1 was >1. A t IPIs o f 0.2-1
s, a P2/P1 o f 0.4 w as increased to about 0.5 after CG P 35348 suggesting that
GABA s-m ediated postsynaptic inhibition w as only responsible for part o f the late
paired-pulse inhibition. W e conclude that tonic G A BAB-mediated inhibition
normally suppresses granule cell excitability and P I magnitude. Supported by
London-M iddlesex and Canadian Alzheim er Societies and NSERC.

SYNAPTIC TARGETS OF HIPPOCAMPAL GRANULE CELLS - AN IN VIVO
INTRACELLULAR LABELING STUDY. L. Acs^dv. A. Kamondi. A. Sik.
H.Hirase* T.F. Freund and G. Buzs£ki. Center for Neuroscience, Rutgers
University, Newark NJ 07102 and Institute of Experimental Medicine , Hungary
The hippocampal mossy fiber system consists of various types of synaptic
expansions along the main axons and on the hilar collaterals. These include
large mossy terminals, filopodial extensions of the mossy terminals and a
variety of smaller terminals (Amaral 1978). We examined the postsynaptic
targets of mossy fibers by combining in vivo intracellular labeling of granule
cells, immunocytochemistry and electron microscopy.
Large mossy terminals made complex synapses with pyramidal cells of the
CA3 region (12-15 per cell) and with hilar mossy cells (7-12 per cell) but rarely
contacted GABAergic neurons which were identified with immunostaining for
Substance P-receptor, parvalbumin and mGluRla-receptor. Simultaneous
labeling of adjacent granule cells revealed a lack of convergence of mossy
boutons on the same postsynaptic principal cell. Mossy fibers typically turned
caudally in the CA3a region and extended 2 mm in the septotemporal direction.
The density of mossy terminals decreased in the CA3c to CA3a axis.
In contrast to excitatory cells, all types of GABAergic cell were selectively
contacted by very thin (filopodial) extensions of the large mossy terminals and
by smaller boutons both in the CA3 and hilar regions. These terminals formed
large, often perforated asymmetric synapses on the cell bodies, dendrites and
spines of GABAergic interneurons. The number of filopodial extensions and
small terminals was many times larger than the number of mossy terminals.
These observations show that the majority of the targets contacted by mossy
fibers are GABAergic interneurons and that distinct types of granule cell
terminals are specialized t© contact interneurons or pyramidal cells. These
findings support the view that increased activity of granule cells suppresses the
overall excitability of the CA3 recurrent system. Supported by NINDS, NIMH,
HFSP.
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R E L A T IO N S H IP B E TW EE N R E C U R R IN G S P A T IO TEM PO R A L SPIK E PA TTERN S AND LO C A L FIE L D
OSCILLATIONS IN THE HIPPOCAM PUS. Z. NSdasdv*. A.
Bragin. J. Csicsvari. H. Hirase, K. Moore and G. Buzs&d. CMBN,
Rutgers University, Newark, NJ 07102.
Parallel multiunit and field activity were recorded from the CA1
and CA3 areas of the rat hippocampus during REM and slow wave
sleep. Spikes were separated by a "spatial clustering" method and the
time chart was searched for recurring sequences by using a pattern
searching algorithm.
(1) Recurring sequences of neuronal discharges were detected
more often than expected by chance.
(2) The spike patterns co-occurred with large field events (theta,
sharp waves) and the fine temporal grading of spike patterns
corresponded to fast field oscillations (gamma, ripple).
(3) The same sequence of spikes which was generated during
theta/gamma recurred at a time scale 2 to 4 times faster during
subsequent sharp wave/ripple events.
The average number of gamma cycles between action potentials
of a sequence was similar to the number of ripple cycles during the
recurrence of the same sequence. The compression of spike
Sequences may represent a physiological mechanism for the
potentiation of neuronal patterns.
Supported by NIMH, NSF, HSFP.

MONOSYNAPTIC INTERACTIONS BETW EEN CA1
PYRAMIDAL CELLS AND INTERNEURONS IN THE
BEHAVING RAT J. Csicsvari*. H. Hirase. K. Moore, M.
Penttonen and G. Buzsaki. CMBN, Rutgers University, Newark, NJ
07102

S o c ie t y fo r N e u r o s c ie n c e , Volume 2 3 ,19 9 7
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How many subsets of hippocampal inhibitory cells?

Paired recordings in hippocampal slices indicate an exceptionally
effective, bidirectional communication between inhibitory intemeurons
and pyramidal cells. However, the relevance of these observations in
the intact brain is not known. We now tested such monosynaptic
effects in whole animals by using multiple site recording silicon and
wire tetrodes. Pyramidal cells and intemeurons were distinguished by
their characteristically different firing rates, auto-correlations, spike
durations and evoked properties. Cross-corralograms revealed that
50% of pyramidal cells recorded <200 p,m from the intemeuron were
monosynaptically connected (<2 msec delay). This probability
decreased to <20% and <5% at 300 Jim and >600 }j,m distances,
respectively. On the other hand, we failed to observe monosynaptic
inhibition of pyramidal cells by single intemeurons in the awake or
sleeping rat. Averaging intracellularly recorded action potentials in
anesthetized rats revealed a putative GABAA-receptor mediated
component which reversed at Cl' equilibrium potential. Thus, a single
pyramidal cell can recruit basket cells which, in turn, effectively
suppress its firing. The findings indicate that in the intact brain a
variety of mechanisms affect monosynaptic communication between
pyramidal cells and intemeurons. Supported by NIMH, NSF, HSFP.
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NEURONAL
A C T IV IT Y
OF LATERAL
SEPTU M
D U R IN G
H IP P O C A M P A L
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IN
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B E H A V IN G
R A T . D C a rp i, G. D ra g o i, M . B e n u c k *
a n d G.
B u z s& ti. C M B N , R u tg e rs U n i v e r s i ty , N e w a rk , N J 07 1 0 2 . N a t h a n
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INTRACELLULAR CORRELATES OF HIPPOCAMPAL GAMMA
OSCILLATION IN VIVO.
M. Penttonen*1’2. A. Kamondi1. L.
Acsadv1. and G. Buzsaki1. !CMBN, Rutgers University, Newark, NJ
07102 and 2A. I. Vytanen Institute, University of Kuopio, PO Box
1627, FIN-70211 Kuopio, Finland.
Gamma frequency field oscillation (40-100 Hz) is believed to be
maintained by an interconnected intemeuronal network and to provide
a mechanism for bringing spatially distant principal cells together in
time. We examined the intracellularly correlates of gamma in urethane
anesthetized rats. The amplitude o f intracellular gamma in CA1 was
voltage-dependent with a phase reversal at chloride equilibrium
potential (-60 to -75 mV) in pyramidal cells and basket cells. At strong
depolarization levels (<-40 mV) the amplitude of gamma oscillation
increased significantly. This effects was most expressed in dendritic
recordings. Recruited inhibition by commissural stimulation blocked
accommodation of action potentials during intracellularly induced
depolarizing pulses, resulting in 40-80 Hz regular spike trains.
Averages of spontaneous single spikes in pyramidal cells at various
voltage levels revealed that discharge of a single pyramidal cell
recruited recurrent inhibition. The findings indicate that intrinsic
properties of neurons and network effects cooperate in the intact
hippocampus. Supported by NINDS, NIMH, HFSP, Academy of
Finland.
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INTRACELLULAR CORRELATES OF HIPPOCAMPAL GAMMA
OSCILLATION IN VIVO. M Penttonen*. A Kamondi. L Acsadv.
and G Buzsaki. CMBN, Rutgers University, Newark, NJ 07102,
AlV-institute, University of Kuopio, Finland

TRANSIENT SYNCHRONIZATION OF SPONTANEOUS MEMBRANE
POTENTIAL OSCILLATIONS IN CA1 MINI-SLICES. S. V. Karnup* and A.
Stelzer. Dept, of Pharmacology, SUNY Health Science Center at Brooklyn,
Brooklyn, NY 11203.
The basic electroencephalographic frequencies theta and gamma have
been found to occur in the in vitro preparations during activation of
muscarinic receptors or after brief tetanic stimulation. Using dual intracellular
recordings (200 n distance between neurons) from CA1 mini-slices (CA3 cut
off) we have found these rhythms without any special treatment. Frequency
content of membrane potential oscillations was determined with
autocorrelation and spectral analysis of sequential 3 s fragments throughout
10 min recording. The theta component (3 to 7 Hz) was the most persistent
feature of spontaneous oscillations in all principal cells and interneurons of
stratum pyramidale. Instability of spectral peaks’ position in the range of 1-20
Hz resulted in the exponentially decaying averaged power spectrum when
individual spectra were pooled over all 10 min recording. Oscillations in
gamma range (peaks at 25 or 40 Hz) were observed in 10 % of principal cells
as non-periodic transients (1 to 20 s duration) and in none of interneurons.
Unlike theta, gamma oscillations did not show noticeable frequency shifts
and, when present, gave a sharp peak in an averaged spectrum.
Crosscorrelation analysis revealed, that spontaneous synchronization
between two cells is mostly due to a theta component with the average
crosscorrelation coefficient of +0.2 whiqti was surprisingly similar for most of
pyramidal pairs, ranging from -0.2 to +0.5 in individual 3s fragments. We
conclude, that basic EEG rhythms can be generated as partly synchronized
transients in an isolated segment of the CA1 hippocampal subfield under
control (physiological) conditions.
Supported by NIH grant NS30144.

Gamma frequency field oscillation (40-100 Hz) is believed to
be maintained by an interconnected interneuronal network and
to provide a mechanism for bringing spatially distant principal
cells together in time. W e examined the intracellularly
correlates of gamma in urethane anesthetized rats. The
amplitude of intracellular gamma in was voltage-dependent
with a phase reversal at chloride equilibrium potential (-60 to
-75 mV) in pyramidal cells and basket cells. At strong
depolarization levels (<-40 mV) the amplitude of gamma
oscillation increased significantly. This effects was most
expressed in dendritic recordings. Recruited inhibition by
commissural stimulation blocked accommodation of action
potentials elicited by intracellularly applied depolarizating
pulses, resulting in 40-80 Hz regular spike trains. Averages of
spontaneous single spikes of pyramidal cells at various voltage
levels revealed that discharge of a single pyramidal cell
recruited recurrent inhibition. The findings indicate that intrinsic
properties of neurons and network effects cooperate in the
intact hippocampus. Supported by NINDS, NIMH, HFSP,
Academy of Finland.
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T H E S IT E A N D E F F E C T O F U N I T A R Y E P S P S E V O K E D BY
H IP P O C A M P A L C A 3 P Y R A M ID A L C E L L S IN ID E N T IF IE D CA 1
I N T E R N E U R O N S I N V I T R O . T.T. S a n z , P . S o m o g y i a n d E .H .
B u h l* . M RC A nato m ical N eu ro p h a rm a c o lo g y U n it, O x fo rd U n iv e rs ity ,
O xford 0 X 1 3TH , UK
U n itary fee d fo rw a rd circuits w ere stu d ie d in tra n sv e rse slices of th e r a t
h ip p o ca m p u s by a n a ly z in g th e sy n a p tic in p u t of i d e n tifie d C A1
intem eurons from CA3 p y ra m id a l cells (n=24). T h e in te rac tio n s w e re
c h a ra c te riz e d by a com bination of d u a l in tra c e llu la r recordings a n d
b io cytin labelling. A t le a s t th re e d istin c t classes of in te m eu ro n w ith c e ll
b o d ies in th e p y ra m id a l lay er, n a m e ly b a sk et, ax o-axonic a n d b istratifie d
cells (Buhl et al., N a tu re , 1994. 368. p.823) a re m o n o sy n a p tic a lly
a c tiv a te d b y CA3 p y ra m id a l cells. In lig h t m icro sco p ically reconstructed
p a irs (n=6) p re lim in a ry e stim a te s in d ic a te th a t th e num ber of sy n ap ses in
u n ita ry connections is sm all (<2). M ean EPSP a m p litu d e s ran g e d w id e ly
from 0.2 - 3.8 m V. In all connections u n ita ry EPSPs flu c tu a te d in
am p litu d e . D ue to th e pred o m in an ce of p a ire d -p u ls e d e p re ssio n a n d t h e
fast kinetics of u n ita ry EPSPs (10-90% rise -tim e ~1 ms; d u ra tio n a t h a l f 
a m p litu d e <10 m s), p resy n a p tic teta n ic a c tiv a tio n resu lte d in a n o v e ra ll
s m all degree of p o stsy n a p tic response sum m ation. T h e refo re , t h e
tem p o rally corre la te d ac tiv ity o f sev eral co n v e rg in g CA 3 p y r a m id a l c ells
m ay b e.m ost effective to e licit s u p ra th re s h o ld responses in CA1 a r e a
intem eurons. In conclusion, CA3 p y ra m id a l cells a c tiv a te se v era l c lasses
of CA1 in te m eu ro n s in a feed fo rw ard m anner, a n d all classes a p p e a r to be
in n e rv a te d in a sim ila r p a tte rn .
S u p p o rte d by th e B ritish M edical R esearch C ouncil.
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DISINHIBITION OF RAT HIPPOCAMPAL PYRAMIDAL CELLS BY
STIMULATION OF INHIBITORY OUTPUT FROM STRATUM RADIATUM.
R.J.Holland. J.E.Chad* & H.V. Wheal. Neuroscience Research Group, University
o f Southampton, SO 16 7PX, UK.
Pyramidal neurones o f the rat hippocampus receive a tonic level o f GABAa mediated inhibition. Blockade o f this tonic inhibition by bicuculline leads to
enhanced excitatory responses and spontaneous action potential firing in the
pyramidal neurones. Classes o f stratum radiatum intemeurones have been shown
anatomically to make inhibitory connections onto GAB Aergic intemeurones in the
CA1 region and may be capable o f producing disinhibition.
We have investigated the spontaneous IPSCs (sDPSC) underlying tonic inhibition
o f CA1 pyramidal neurones and its m odification by stimulation o f inhibitory
output from the stratum radiatum. Transverse hippocampal slices from adult
(200g) male rats were maintained in a submerged perfusion chamher. W hole cell
recordings from pyramidal neurones were made using patch pipettes (4-8MH).
Voltage clamp recordings o f stratum radiatum evoked IPSCs (elPSC)and sIPSCs
were made in the presence of 20}iM CNQX and 20^M D-APV. Under these
conditions, all ionotropic excitatory amino-acid transmission was blocked, as
indicated by the absence of EPSCs. All neurones recorded (n>20) showed sIPSC
activity and elPSC. The IPSCs were typical o f GABAA-mediated events. When
the stimulus was sufficient to produce elPSCs with low probability o f failures
(<10%) the sIPSC frequency was reduced for a 50-100msec period to 50-75% o f
pre-stimulated levels. The reduction in spontaneous activity increased with
stimulus intensity, up to 100%. We conclude that, tonic inhibition o f CA1
pyramidal neurones can be reduced by activity o f stratum radiatum intemeurones
inhibiting spontaneously active intemeurones
Supported by the Wellcome Trust.
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ANATOMICAL AND PHYSIOLOGICAL CHARACTERIZATION OF STRATUM
RADIATUM GIANT CELLS; A UNIQUE TYPE OF PRINCIPAL CELL IN THE
CA1 AREA OF THE RAT HIPPOCAMPUS. A.I.Gulvas K K.Toth C.J. McBain*.and T.F. Freund - 1) Inst.Exp.Med., H-1054, Hungary, Budapest, P.O.Box 67;2)
Lab.Cell.& Molec. Neurophysiol., NICHD, NIH, Bethesda, MD, 20892.
The intemeuronal or ectopic pyramidal nature o f CA1 area str. radiatum giant cells
(RGC), described by Maccaferri and McBain (1996, J. Neurosci. 16:5334-5343),
was studied. Whole cell recording in rat hippocampal slices in vitro was combined
with light and electron microscopy to address this question. LTP was elicited and
physiological properties were measured in RGCs (n=10) using biocytin containing
pipettes. Reconstruction of the cells’ dendritic and axonal arbor, showed properties
similar to CA1 pyramidal cells. The cells typically had two large diameter apical
dendrites, or, when only one dendrite arose, it soon bifurcated. The apical dendrites
formed a dendritic tuft in stratum lacunosum-moleculare similar to pyramidal cells.
The dendrites, but not the somata, were densely covered with conventional spines.
The axons arose from the basal pole o f the soma, descended to stratum oriens, where
they emitted several collaterals. The main, myelinated axon trunks invariably turned
towards the fimbria. Thus, the laminar arborization pattern o f local collaterals is
similar to that o f CA1 pyramidal cells. In addition, pyramidal cell-like features were
revealed by electron microscopy: axons (n=4 cells) formed asymmetrical synapses
on postsynaptic dendritic shafts (n=14) and dendritic spines (n=9). Dendritic spines
were also identified at the electron microscopical level, and all were found to receive
asymmetrical synapses onto their head or neck. The axon initial segments received
several (5-10) synapses, which is never seen on intemeurons.
All the above characteristics support the conclusion that RGCs are excitatory
neurons, most likely ectopic pyramidal cells that project to the olfactory bulb as
suggested by the retrograde study o f VanGroen & Wyss (1990, J.Comp.Neurol.
302:515-528). This work was supported by The Howard Hughes Medical Institute,
and OTKA (No.T23261) Hungary and NIH.

DIFFE REN TIA L EFFECTS O N CA1 PO PU LA TIO N R E SPO N SES TO
PA IR ED TH A LA M IC O R PA IR ED CA3 STIM U LA TIO N . D.X Zhang* and
E.H. B ertram . D epartm ent o f Neurology, U niversity o f Virginia,
Charlottesville, V A 22901.
W e have described an excitatory input from the m edial thalam us to CA1 o f
the hippocam pus. This study com pares the effects o f thalam ic stim ulation to
CA3 stim ulation, the traditional source o f excitatory input to C A 1. C A 1
responses to paired stim uli at fixed intervals (20-15 0m s) from either the
m edial thalam us or CA3 were compared. Ratios o f the second (test) response
to the first (control) response were com pared at three stim ulus intensities:
subthreshold for the population spike, population spike threshold and m axim al
response. A m plitudes o f the excitatory p o st synaptic response and the
population spike (where appropriate) were com pared betw een paired CA3
stim uli and thalam ic stimuli. A t m axim al responses, both stim ulation sites
caused sim ilar changes: reduction o f the population spike and EPSP at short
stim ulus intervals, and a m inim al facilitation o f the second response at the
longest intervals. Low er intensity stim ulations provided different responses.
A t the longest intervals both stim ulus sites caused a sim ilar facilitation o f the
second responses. A t the shortest intervals the CA3 stim uli caused an
inhibition o f the second response, but the thalam ic stim ulation caused a
facilitation. This study indicates th at the excitatory inputs from CA3 and the
m edial thalam us have different physiologic effects on C A 1 neurons. Study
supported by N IN DS g rant NS 25605.

188.15

188.16

EV ID EN C E FO R A M O N O SY N A PTIC EX C IT A T O R Y CO N N EC TIO N
FR O M TH A LA M U S TO TH E H IPPO C A M PU S. E.H. Bertram * and D.X.
Z hang. D epartm ent o f N eurology, University o f V irginia, Charlottesville, VA
22901.
The physiological effect o f m idline thalam ic stim ulation on CA 1 pyram idal
layer responses w as exam ined in the rat. Single biphasic pulse stim ulation (430V ) were delivered to the m edial thalam ic region (from bregm a A P -2.3m m ,
M L 1.5-2.0m m; D V 4.5-5.5m m from brain surface) in adult m ale rats.
Responses were recorded from m id to ventral C A 1 o f the hippocam pus.
G raded short latency ( 2.5-3m s) responses w ere seen at CA 1, initially as
excitatory (positive) potentials w ith low intensity stim ulations and later as
higher am plitude responses with higher intensities. T he am plitude o f the
excitatory response and population spike obtained through thalam ic
stim ulation were usually equal to the responses obtained w ith stim ulation in the
contralateral CA3. The CA1 response to thalam ic stim ulation w as abolished by
small infusions o f lidocaine at the tip o f the stim ulating electrode and by
m oving the stim ulating electrode ventrally or dorsally. The lam inar profile o f
the CA 1 response to CA3 and thalam ic stim ulation w as different. This study
dem onstrates the existence o f a pow erful short latency excitatoiy response in
CA1 following thalam ic stim ulation and is the first evidence that CA1 can be
directly excited from afférents th at arise outside the traditional trisynaptic loop.
Support by N IN DS grant NS25605.

HIGH-FREQUENCY STIMULATION IN STRATUM LACUNOSUMMOLECULARE GATES SCHAFFER COLLATERAL-EVOKED SPIKING IN
HIPPOCAMPAL CA1 PYRAMIDAL CELLS. H. Dvorak* and E. M. Schuman.
Division o f Biology 216-76, California Institute o f Technology, Pasadena, CA 91125.
The temporoammonic projection from layer III o f entorhinal cortex to area CA1 of
the hippocampus terminates in stratum lacunosum-moleculare (SLM). Activation of
the temporoammonic pathway by stimulation in SLM generally results in a small
glutamatergic EPSP followed by fast (GAB A a) and slow (GAB AB) IPSPs in
pyramidal neurons.
Because of the distal location of the synapses, the response recorded at the soma of
a CA1 neuron after SLM stimulation is generally very small. However, both the
excitatory and the slow inhibitory components of the response to stimulation in SLM
summate at higher stimulation frequencies. A cell which shows virtually no
response to a single stimulus may be hyperpolarized by as much as 5 mV in response
to a train o f ten stimuli at various frequencies (15-200 Hz); this summation does not
increase at frequencies greater than 50 Hz.
Similarly, a single stimulus in SLM applied before a single stimulus in stratum
radiatum (SR; activating the Schaffer collaterals), at interstimulus intervals ranging
from five to 800 ms, has little or no effect on the SR-evoked EPSP or spike.
However, when a train of ten stimuli at 100 Hz is applied to SLM prior to an SR
stimulus that would cause the cell to fire when applied in isolation, the SR-evoked
spike is inhibited by the SLM burst-evoked IPSP. We are currently investigating
whether this effect is due to intemeuron activation by temporoammonic axons, or
direct activation o f intemeurons by the stimulating electrode.
These results support the idea that the temporoammonic projection may serve as an
inhibitory “gate” regulating the output o f CA1 pyramidal cells.
Supported by an H H M l predoctoral fellowship (HD) and by the NIH.

188.17

188.18

ELECTROPHYSIOLOGY AND MORPHOLOGY OF PRIMATE
MOSSY CELLS AND PROXIMAL CA3 PYRAMIDAL CELLS. P.S.
Buckmaster*1,2. D.R. Canfield2, and D.G. Amaral1,2. 'Department of
Psychiatry, Center for Neuroscience, and California Regional Primate
Research Center, University of California, Davis 95616.
Hilar neurons and proximal CA3 pyramidal cells are the most
consistently missing neurons in human temporal lobe epilepsy, and
they have been studied previously in rodents to better understand the
bases of their vulnerability and the potential consequences of their
loss. However, the electrophysiological and local circuit properties of
these cell types in primates are largely unknown. We used a slice
preparation to evaluate synaptic activity and intrinsic physiological
properties and to label mossy cells and proximal CA3 pyramidal cells
in tissue from macaque monkeys who were being euthanized for
reasons unrelated to this project. These cells displayed many of the
same electrophysiological characteristics and morphological features
that have been reported in rats. However, in primates compared to
rats, both cell types displayed more dendritic arborization in the
dentate gyrus molecular layer, and mossy cells showed more extensive
axonal projections into the proximal CA3 field. The role of these
species-specific characteristics in neuronal vulnerability remains to be
explored.
Supported by HFSP, NIH (NS01778, NS16908, and
RR00169), and the Burroughs Wellcome Fund.

INTRACELLULAR CORRELATES OF AMYGDALOID CELLS
DURING PHYSIOLOGICAL HIPPOCAMPAL PATTERNS IN
VIVO. Aame Ylinen*. Miia Savander and Asia Pitkanen. A.I.Virtanen
Institute, University of Kuopio, P.O.B. 1627, FI-70211 Kuopio,
Finland
Physiological properties of the amygdaloid neurons were examined
during various hippocampal EEG patterns in urethane anaesthetized
rats in vivo. Amygdaloid neurons were characterized and recorded
intracellularly during physiological hippocampal EEG-pattems
recorded from CA1 stratum oriens. Thereafter, the cells were filled
with biocytin for 3D-reconstruction. When hippocampal theta was
induced by tail-pinch, the pyramidal type neurons in the basal and
accessory basal nuclei depolarized (approximately 10 mV) and
increased their firing rate. During non-theta stages the amygdaloid
neurons were relatively silent and did not show constant correlates
with hippocampal sharp waves (SPWs) or SPW related high frequency
oscillations. However, during non-theta stages, the amygdaloid
neurons exhibited irregular depolarizations (for 1-2 sec) and showed
increased firing rate (up to 15 Hz) simultaneously with irregular slow
transients in hippocampal EEG. These data provide further evidence
for functional relationship between the hippocampal formation and the
amygdaloid complex.
This study was financially supported by the Finnish Academy of
Sciences (A.Y. and A.P.) and the Vaajasalo Foundation (A.P.).
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SY NAPTIC RESPON SIVEN ESS O F INTERNEU RO NS (ITN s) O F TH E
LATERAL AMYGDALOID NUCLEUS (LAT). E. J. Lang* and D. Paré Dept, of
Physiol., Sch. of Med., Laval Univ., Quebec, Canada G1K 7P4.
The excitability o f LAT projection neurons is tightly regulated by GABA-A
IPSPs and Ca-dependent K membrane conductances. Here, we studied the synaptic
responsiveness o f GABAergic LAT ITNs recorded intracellularly in vivo to
investigate how they control LAT projection cells. LA T ITNs were identified
morphologically by their aspiny dendritic trees and physiologically by their ability
to generate high frequency, non-adapting spike trains in response to depolarizing
current pulses. Like projection cells, ITNs responded to cortical (perirhinal or
entorhinal) and intra-amygdalar (basomedial nucleus) stimulation with a short
latency depolarization followed by a hyperpolarization indicating that ITNs also
receive convergent inputs from multiple sources and from recurrent collaterals of
LAT projection cells. In ITNs, however, the hyperpolarization was o f much lower
amplitude and shorter duration, and sometimes was even absent. ITNs displayed
similar potentials in relation to spontaneous EEG events. M orepver, unlike the
projection cells, where only a narrow range o f stimulus intensities can trigger
spikes, ITNs responded to stimulation o f increasing intensity with progressively
larger depolarizing responses, that often triggered high frequency spike bursts.
The reversal potential of the hyperpolarization was »-80 mV when recorded with
KAc and «-54 mV when recorded with KC1, suggesting the presence o f a Clmediated IPSP. Cells recorded with CsAc and KAc displayed sim ilar synaptic
responses, suggesting the absence o f a significant K-m ediated component. In
conclusion, LAT intem eurons appear to have a significant role in lim iting
transmission of activity through the LAT. The presence o f Cl-mediated IPSPs in
ITNs suggest that they are synaptically coupled and that these connections act via
GABA-A receptors. Support; NINDS and MRC o f Canada.
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189.1

189.2

MECHANISMS OF HIPPOCAMPAL THETA GENERATION:
EVIDENCE FROM SIMULTANEOUS RECORDINGS OF MEDIAL
SEPTAL AND HIPPOCAMPAL CELLS. B.H. Bland*. L.V. Colom.
S.D. Oddie. I.J. Kirk and D. Scarlett. Behav. Neurosci. Res. Grp.,
Dept. ofPsyc., Univ. of Calgary, Calgary, AB, Canada T2N 1N4.
Theta-related cells were recorded simultaneously in the medial
septum/diagonal band of Broca (MS/vDBB) and the hippocampal
formation (HPC), along with the spontaneously occurring field activities
of theta (9) or large amplitude irregular activity (LIA) recorded from the
stratum moleculare of the dentate gyrus, in urethane anesthetized rats.
Analysis of MS/vDBB phasic 0-ON cell - HPC phasic 0-ON cell pairs
revealed that the MS/vDBB 0-ON cells began rhythmically discharging
prior to the rhythmic discharges o f the HPC phasic 0-ON cells and the
appearance of HPC 0. Analysis of phasic MS/vDBB 0-ON cell - tonic
HPC 0-OFF cell pairs revealed that HPC tonic 0-OFF cells were
inhibited prior to the rhythmic bursting of the MS/vDBB phasic 0-ON
cells. These data suggest that the MS/vDBB inhibits HPC 0-OFF cells
prior to activating HPC 0-ON cells, thus permitting HPC 0 field activity
to be generated. (Supported by NSERC).

EVIDENCE THAT THE MEDIAL SEPTUM CONTROLS THE
RESET OF HIPPOCAMPAL THETA FREQUENCY. D. Scarlett*
and B.H. Bland. Behavioural Neuroscience Research Group,
Deparment of Psychology, Calgary, Alberta, Canada T2N 1N4.
The medial septum (MS) and posterior hypothalamus (PH) are two
primary structures comprising the ascending brainstem synchronizing
pathways. This experiment examined the role played by these two
regions in the modulation of hippocampal theta (HPC-0) frequency.
Recordings were taken from the dentate layer o f the hippocampus
during electrical stimulation of the MS and PH, both independently and
simultaneously, in urethane anaesthetized rats. In this manner, we were
able to examine the relative contribution of each of these regions to
ongoing HPC-0 frequency. Independent stimulation of the MS and PH
resulted in synchronous HPC-0 that corresponded to either the
frequency or intensity parameters of the stimuli, respectively; however,
when the MS and PH were stimulated simultaneously, the frequency of
the elicited HPC-0 activity was found to match the frequency of the
HPC-0 elicited by the stimulation of the MS, regardless of the frequency
of PH-elicited theta. These results suggested that the nuclei of the MS
were responsible for resetting the frequency of HPC-0 in response to
changes in the level of activation relayed from the PH stimulus
administered to the MS, regardless of the stimulus given to the PH.
(Supported by NSERC).

189.3

189.4

Hippocampal Formation Theta Field Activity and Movement
Selection. S.D. Oddie?I J Kirk, B. Gomey, I Q Whishaw, & B.H.

GABAB AGONIST BACLOFEN INJECTED IN THE MEDIAN RAPHE NUCLEUS
(MRN) PRODUCES CONTINUOUS THETA ACTIVITY IN THE HIPPOCAMPUS.
Viktor Varga* and Bemat Kocsis. Natl Institute of Neurosurgery, Budapest, Hungary
The role of GABA in the regulation of MRN serotonergic cells is poorly
understood. Administration of GABAa agonist Muscimol into the MRN produces long
lasting hippocampal theta (Kinney et. al. Psychopharm. , 1995) similar to that seen
after the selective inhibition of MRN scrotonergic neurons by 5-HT]A agonists or their
disfacilitation by excitatory amino acid (EAA) antagonists. It has also been shown,
however, that GABAa antagonist Bicuculline had the same effect (Thinschmidt et. al.,
Neurosci. Abstr., 1996) indicating a complex GABAergic modulation of the MRN
serotonergic output. One possible solution of this apparent contradiction is to
hypothesize that GABA acts through more than one receptor subtype in the MRN,
including GABAa and GABAB receptors. The aim of the present study was to test this
hypothesis by investigating the effect of the GABAB agonist Baclofen administered
into the MRN.
In urethane anesthetized Sprague-Dawley rats, hippocampal EEG was
recorded using two pairs of stainless steal electrodes. A microdialysis probe was
inserted in the MRN and perfused with ACSF at 80 fil/h perfusion rate. After 40-60
min control period, Baclofen was added to the ACSF in concentration of 5mM. We
found that Baclofen produced continuous hippocampal theta within 16-21 min after
the change of die syringes. The effect lasted 38-50 min after which hippocampal EEG
desynchronized even though the Baclofen infusion continued. These results suggest
that GABAB receptors in the MRN play a key role in the regulation of serotonergic
modulation of hippocampal EEG. The location of GABAB receptors in the MRN is not
clear, but supposedly they are situated presynaptically on EAAergic terminals
contacting the serotonergic neurons. The binding of the GABAB agonist or GABA
itself to these receptors can decrease the glutamate release in EAAergic synapses
which would in turn terminate the serotonergic inhibition of theta synchronization in
the hippocampus. (Supported by OTKA grant T -17778)

Bland. Beh. Neurosci. Res. Grp., Dept. ofPsyc., Univ. of Calgary,
Calgary, AB, Canada T2N 1N4.
Hippocampal (HPC) theta results from activation in the ascending
synchronizing pathway. This activation occurs during sensory/signal
processing prior to and coincident with voluntary movement in mammals.
Theta appears to be involved in the organization of motor behaviour.
In these experiments, theta was recorded in immobile rats prior to
the initiation of lateral dodging movements made in response to
conspecific rats in the environment attempting to steal their food. After
atropine was infused in the medial septum, theta recorded during
immobility was abolished and the rats were severely impaired at initiating
dodging movements. Other movements appeared normal in that MSatropine rats could localize, eat, and attempt to steal food from
conspecifics. This suggested that atropine-sensitive theta was involved in
the initiation of dodging movements. In an additional experiment, rats
with fimbria-fomix transections were also less likely to engage in dodging
behaviour and movement analysis revealed additional motor deficits
compared to controls. Depth profile analysis of HPC field activity in
transected rats revealed an absence of theta during electrical or chemical
pons stimulation. Thus, these neural systems may be involved in signal
processing relevant to adaptive motor behaviour in rats, specifically,
those movements which involve sensorimotor integration and planning.
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189.6

M EDIAN RAPHE CELLS DISCHARGE IN RELATION TO HIPPOCAMPAL
THETA ACTIVITY: EVIDENCE FOR THETA-ON AND THETA-OFF CELLS.
B, Costall, R,J, Naylor * , w d _L-W t Smylh&i Dept, o f Pharmacology, Univ. of
Bradford, Bradford, BD7 1DP, UK.
Considerable research has demonstrated the existence of ascending synchronizing
systems that generate hippocampal theta activity; however, there is comparatively
less known about afferents mediating desynchronized states such as large, irregular
activity (LIA). Electrical stim ulation of the m edian raphe (M nR) elicits
hippocampal LIA, while MnR inhibition produces theta. In the present study, we
have recorded MnR unit discharges to determine if these cells show a relationship to
on-going hippocampal field activities. Adult male, Lister hooded rats (350-550g)
served as subjects. Under isoflurane anesthesia, rats were implanted with jugular
cannulae for delivery of i.v. urethane (0.8g/ml) anesthesia. A hippocampal recording
electrode was positioned in the stratum moleculare (A-P -3.3; M-L +2.5; D-V
2.5mm) to record theta and LIA activities, and MnR cells (A-P -7.8; M-L ± 0-0.5;
D-V 7.5-9mm) were recorded using glass micropipettes (1-3 m ii) backfilled with
2M sodium acetate/direct blue dye. Theta and LIA states were discriminated using a
computer-based FFT calculation, and discharge rates (mean±SD) and patterns
(rhythmic, phasic, tonic) during each condition were assessed by auto-correlation and
cross-correlation functions. A total of 32 cells were recorded from 9 rats, 28 of
which were localized to the MnR region. 13/28 cells (46%) were significantly more
active during theta compared with LIA (Theta-On) (0-5.O6±1.3; L IA -1.71+0.5).
4/28 cells (14%) were less active during theta compared to LIA (Theta-Off) (05.34+0.5; LIA-8.24±1.4). 11/28 cells (39%) were unrelated to theta (0-1.91±O.8;
LIA-1.53±0.6). These data show that some M nR cells are related to hippocampal
field activity. It is intriguing to speculate that ascending serotonin projections
thought to desynchronize hippocampal field activity may exhibit Theta-Off firing
param eters.
W e are currently investigating this p ossibility by testing
responsiveness of MnR theta-related cells to the 5-H Tl A agonist, 8-OH-DPAT.
(Supported by Univ. of Bradford)

THETA MODULATION OF RAT HIPPOCAMPAL GAMMA OSCILLATIONS IN VITRO
J.M. Palva*. S. Smirnov. T. Taira and K. Kaila Dept. Biosciences, Div. Animal
Physiology, P.O. Box 17, 00014 University o f Helsinki, Finland.
In a behaving rat, the hippocampal theta rhythm (4-10Hz) is intimately coupled
with gamma oscillations (20-80Hz). Spontaneous theta rhythmicity, however, is
abolished when the hippocampus is disconnected from the subcortical circuitry and it
has generally been accepted that the hippocampal theta activity is driven by
extrahippocampal structures. Theta-resembling activity may be elicited in a
hippocampal slice by carbachol, but the underlying mechanisms are probably
different from those o f in vivo th eta
Here we report a novel type o f in vitro theta activity that shares several similarities
with its in vivo counterpart. Neuronal activity was recorded in rat hippocampal slices
using extracellular techniques as well as intracellular recordings from pyramidal
cells. A transient train o f gamma oscillations was evoked by applying a brief highfrequency train o f stimuli (30 pulses at 100Hz) to s. radiatum close to the recording
site (< 0.5 mm). Towards the end o f each period o f field potential gamma activity,
prominent amplitude modulation at theta frequencies could be observed. Theta
modulation was not blocked by antagonists o f ionotropic glutamatergic receptors, but
was abolished by picrotoxin. Whole-cell-clamp experiments revealed theta modulated
gamm a frequency GABAa receptor mediated currents. Since the modulation was
visible also at hyperpolarizing membrane potentials, the pyramidal neurons’ intrinsic
oscillatoiy properties were not responsible for its generation.
O ur results indicate that population theta activity may be generated by the intrinsic
circuitry of a hippocampal slice in the absence o f chemical manipulation or external
pacing. Since some hippocampal intem eurons also project back to the medial septum
it appears that the hippocampus may in fact be an active participant in the
GABA/cholinergic circuitry responsible for the generation o f hippocampal theta
rhythm. Supported by the Juselius Foundation and the Academ y o f Finland.

189.7

189.8

GAM M A OSCILLATIONS OF INTERNEURONAL GABAERGIC NETWORK
ASSOCIATED W ITH BIPHASIC GABA a RECEPTOR-M EDIATED POSTSYNAPTIC POTENTIALS IN CA1 PYRAM IDAL NEURONS OF THE RAT
HIPPOCAM PAL S U C E J , Voipio*, J .M,, Palva, £ . Laiqsa and ft. M a . Dept.
Biosci., Div. Animal Physiol., Univ. Helsinki, P.O . Box 17, FIN-00014, Finland.
W ith ionotropic glutamatergic transmission blocked, a biphasic (hy/depolarization)
response can be evoked in rat CA1 pyramidal neurones by a b rief high-frequency
stimulus (HFS) train (40-50 pulses at 100 Hz) applied in the s. radiatum close (0.5
mm) to the recording site. The long duration (up to 3 s) o f the depolarizing phase
suggests the involvement o f mechanisms other than a direct monosynaptic activation
o f pyramidal GABA a receptors. W e have used conventional extra- and intracellular
as well as whole-cell recording techniques to find out whether a prolonged
activation o f the local GABAergic interneuronal network (GIN) was associated with
the generation o f this GAB A-mediated depolarizing postsynaptic potential (GDPSP).
Spectrum analysis o f GDPSPs indicated the presence o f signals in the gamma
frequency band (GFB, 20-80 Hz). W ithin 100-200 ms after the termination o f the
HFS train, G F deflections appeared in the field potential (FP), which gradually
turned to FP spikes. These spikes coincided with brief (a few ms) outward currents
which were insensitive to holding potential in voltage-clamped pyramidal neurones
suggesting capacitive coupling o f FP to the clamped cell. These outward transients
were associated with GABAA IPSCs o f gradually increasing amplitude, suggesting
an increased synchronization o f GIN. Simultaneously, the frequency and amplitude
o f FP spikes were also decreasing. Brief IPSCs continued to occur within the GFB
even when the FP spikes had disappeared, and only GFB oscillations were observed
in the FP. The present results agree with an involvement o f GIN in GDPSP
generation. The absence o f GABAa responses within the GFB immediately after the
HFS train (at maximum GABAa conductance) may reflect the time it takes for the
GIN to attain a synchronous mode o f activity. Supported by the Academy o f Finland.

EPSPS INDUCED IN RECURRENT CA1 PYRAMIDAL CELL CONNECTIONS
BY SYNCHRONIZED GAMMA OSCILLATIONS IN VITRO. M.A. Whittington.
R.D. Traub*. H.J. Faulkner. I.M. Stanford and J.G.R. Jeffervs. Imperial College
School o f Medicine at St. Mary's, London W2 IPG, U.K., IBM Watson Res. Ctr.,
Yorktown Heights, NY 10598 and University o f Birmingham School o f Medicine,
Birmingham B15 2TT, U.K.
Synchronized neuronal oscillations in the gamma frequency band (30-70 Hz)
have been implicated in feature-binding in visual cortex, by Singer & Gray among
others, and may be important in perception. Their cellular mechanisms have been
studied in hippocampal slices and with computer models, and synchronization fol
lows these principles: 1) pools of mutually inhibitory intemeurons can synchronize
with 0 mean phase lag, when they are tonically excited. 2) Tonic excitation o f pyr
amidal cells causes them to oscillate as well, with 0 mean phase lag between the two
cell types. 3) If synaptic excitation o f the intemeurons is strong enough, they begin
to fire doublets. 4) When spatially extended networks are tonically excited,
intemeuron doublets permit tight long-range synchronization. 5) Tetanic stimulation
in vitro evokes oscillations in part because metabotropic glutamate and cholinergic
excitation o f the cells provides the necessary tonic excitation. We now show that
repeated oscillations lead to LTP o f recurrent excitatory connections in pyramidal
cells, o f duration at least 90 minutes, by a mechanism requiring action potentials in
the postsynaptic cell. The EPSPs so induced have several effects, as predicted by a
network model: 1) production o f pyramidal cell spike doublets; 2) reduction o f syn
chronization between 2 separated sites, when the EPSPs are induced at one site only;
3) enhancement o f synchronization when the EPSPs are induced at both sites. Be
cause oscillation-inducdd synaptic plasticity alters the properties of future oscil
lations, it may provide a link between perception and memory.
Supported by the Wellcome Trust and IBM.

189.9

189.10

THETA-FREQUENCY MODULATION OF THE FIRING BEHAVIOUR OF
PERIRHINAL CORTEX NEURONS. D.K. Bilkev1*. G. M uir1 and U. Heinemann2.
'Dept, of Psychology, University o f Otago, Box 56, Dunedin, New Zealand; 2Dept.
of Neurophysiologie, Institut fur Physiologie der Charite, 10117 Berlin, Germany.
The perirhinal cortex plays a m ajor role in memory processes. This role may be
influenced by activity in the adjacent entorhinal cortex and hippocampus. In the
current experiments we sought to determine whether 4-12 Hz theta rhythm, which is
a prominent electrophysiological feature o f both hippocampus and entorhinal cortex
activity, influenced neuronal firing in perirhinal cortex. In experiment 1, rats were
anaesthetised with urethane while theta was recorded from the hippocampal fissure.
The spontaneous firing activity of single units recorded in perirhinal cortex was then
related to theta. It was determined that the firing of 50/163 (31%) perirhinal neurons
exhibited a statistically significant phase relationship (mean phase angle 188°) to
hippocampal theta, with 33 of these neurons tending to fire near the trough, and 17
near the peak, of. this activity. In experiment 2, horizontal slices of rat perirhinal
cortex were maintained in vitro while intracellular recordings were obtained from 72
neurons with cell bodies located in layer HI/TV of this region. When depolarised to
near firing threshold, 69% of these neurons displayed a theta-frequency membrane
potential oscillation (mean frequency of 7.3 Hz). Biocytin staining indicated that
these oscillations could be generated in cells with both pyramidal and stellate-type
morphology. Interestingly, although the phase of these oscillations tended to shift
randomly across several cycles, the generation o f an action potential produced a phase
reset. In summary, these data indicate that perirhinal cortex neurons participate in
hippocampal-entorhinal theta activity and that many of these cells exhibit intrinsic
properties which could assist in the entrainment and synchronization of these
oscillations. (Supported by the Health Research Council of New Zealand and the
Alexander von Humboldt Foundation)

CHOLINERGIC RELAYS IN SUPERIOR COLUCULUS, SUBSTANTIA
NIGRA A ND AMYGDALA CO-OPERATE TO GATE THETA ACTIVITY.

S ociety for N eu r o s c ien c e , V olume 2 3 ,19 9 7

N.McNaughton*, Q, L Forster, N, R*.Swam-Gmbell.and.L_M, Ripmddli,
Dept. Psychology and Centre for Neuroscience, University o f Otago, POB 56,
Dunedin, N ew Zealand
We have previously demonstrated that stimulation o f the pedunculopontme
tegmental nucleus (PPT) activates distinct ascending systems which pass
through the superior colliculus (SC) and the substantia nigra (SN) and which
co-operate in gating theta activity in the hippocampus. We used twin
cannulae to inject 0.2-0.5 jjL o f the local anaesthetic procaine (20%) and the
muscarinic antagonist scopolamine (10%) successively into the same sites in
the brain. Mapping showed that scopolamine blocked PPT-elicited theta in
patches o f the lower layers o f SC at sites where procaine tended to be
ineffective. Procaine blocked theta at slightly more ventral sites, where
scopolamine tended to be ineffective, suggesting they contained afferent
fibres from PPT. Injection o f scopolamine into SN also blocked PPT-elicited
theta. Co-operation between cholinergic synapses in SC and SN suggested
that other targets o f PPT might also be involved. Both procaine and
scopolamine blocked PPT-elicited theta when injected into the amygdala.
These results demonstrate at least three spatially separated relays o f PPT
activity which co-operate to gate hippocampal theta. Since the theta elicited
from the amygdala has been reported to be relayed by the basal forebrain
cholinergic system, it is possible that structures throughout the ascending
cholinergic system co-operate in gating theta activity.Supported by HRC
95/016
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ELECTROPHYSIOLOGICAL CHARACTERIZATION AND CHOLINER
GIC MODULATION OF ENTORHINAL CORTEX (EC) LAYER V
NEURONS IN RAT BRAIN SLICES. B N Hamam*. C.T. Dickson and A.
Alonso. M.N.I. and McGill University, Montreal, Que. Canada.
Neurons in EC layer V receive the bulk o f the hippocampal output and send
divergent projections to the entire cortical mantle. They thus form an important link
in the cortico-hippocampo-cortical memory loop. Like cells in EC layer II, layer V
neurons receive a profuse cholinergic innervation from the basal forebrain. Using
traditional sharp electrode techniques we have characterized EC layer V neurons
and examined their modulation following cholinergic stimulation. The majority of
cells recorded showed instantaneous and time-dependent inward rectification in the
hyperpolarizing direction as well as subthreshold depolarizing inward rectification.
Interestingly, similarly to the layer II stellate cells, d.c. depolarization revealed
subthreshold membrane potential oscillations and moderate cluster firing. In
addition, current pulse injection from hyperpolarized levels revealed a lowthreshold firing mechanism, and suprathreshold current pulses triggered spike
trains that displayed strong adaptation that often led to a rapid cessation o f firing.
Bath or pipette-applied carbachol (CCh) elicited sustained membrane
depolarizations that were associated to an initial decrease in apparent input
resistance (RO but were followed by a very significant increase in Rj. Ca2+ influx
triggered by cell firing largely enhanced the CCh-induced membrane depolarization
which could be reversed by prolonged (<30s) membrane hyperpolarization. These
results suggest that, similarly to EC layer II neurons, muscarinic receptor activation
can trigger a bi-stable membrane voltage behavior in layer V neurons by a ionic
mechanism largely dependent on a rise in intracellular Ca2+ concentration. CTD
was supported by an NSERC fellowship and BNH and AA by MRC and HFSP
operating grants. AA is an MNI Killam scholar.

OSCILLATORY EVOKED POTENTIALS IN LATERAL
ENTORHINAL CORTEX OF RAT REQUIRE BACKGROUND
INPUT FROM OLFACTORY BULB. K. F. Ahrens* and W. J.
Freeman. Dept, of Molecular and Cell Biology, University of
California, Berkeley, CA 94720.
The limbic system constantly receives input from the olfactory system
via the lateral olfactory tract (LOT), primarily at synapses on the apical
dendrites of layer II stellate cells and layer m pyramidal cells in the
lateral entorhinal cortex (EC). We recorded local field potentials
generated by the synaptic currents of these cells in awake and
anesthetized Sprague Dawley rats, using bipolar wire electrodes. By
stimulating the LOT with a brief (0.01-0.03ms) current pulse that was
just above threshold, we were able to evoke potentials with the
characteristic form of a damped sinusoidal oscillation.
We blocked the background originating in the olfactory bulb (OB) by
local injection of lidocaine at the stalk of the OB or by aspiration of the
stalk. After the blockade of background activity, the evoked potentials
lost their oscillatory form and retained only a brief (<20ms) negative
deflection, similar to the "open loop” evoked potentials produced under
heavy anesthesia. As the effects of the lidocaine wore off, the normal
oscillatory response returned. Subsequent evoked potentials recorded
in the presence of an ongoing 200Hz stimulus applied at a second LOT
position (approximately 2mm from the first site) displayed damped
sinusoidal oscillations that were normal in appearance, albeit of lower
amplitude. The background of neural excitation provided by the
olfactory system may play a role in activating the EC, by placing it in an
excitable state which may be more responsive to sensory or other
cortical input. Funding: MH06686
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SPATIO-TEMPORAL ANALYSIS OF MULTI-ELECTRODE
CORTICAL EEG OF AWAKE RABBIT. A. Smart P. German.
S. Oshtory, G, Gaal. J, M. Barrie and W. J. Freeman*. University of
California, Berkeley 94720.
Spatio-temporal cortical EEG patterns can be correlated with learned,
context dependent discrimination. Previous work has examined the
olfactory bulb, and neocortical sensory areas. This study recorded from
four separate neocortical arrays simultaneously. Sixteen-electrode
square amtys (0.79 mm inter-electrode distance) were placed onto the
epidural surface of four neocortical areas, the somatic, auditory, visual,
and entorhinal cortices. In separate auditory and visual experiments, the
rabbit was presented with one of two different tones (500,5000 Hz.) or
one of two full field light flashes (2.8 ft-C, 3.6 ft-C). First the animal
was given both stimuli unpaired, then it was trained with one paired to
an aversive stimulus in a classical conditioning paradigm. Later, the
reinforcement contingencies were reversed
The spatio-temporal patterns were compared by a Euclidean metric of
the rms values for a 128ms window of the normalized temporal average.
This measured the degree to which spatial patterns clustered to either
CS+ or CS- trials. These spatial patterns of amplitude modulation were
classified as CS+ or CS- more reliably during post-stimulus epochs.
This result was found in all four neocortical areas for both auditory and
visual tasks. A multiple regression analysis was conducted from EEG’s
of the four neocortical areas, for both auditory and visual tasks to
explore this cross-cortical activation. Supported by MH06686-35.

EPSP ENHANCEMENT AND THE DEVELOPMENT OF POPULATION
BURSTS IN DEEP LAYER RETROHIPPOCAMPAL NEURONS. Makoto
Funahashi* and Mark Stewart. Dept. Physiol., SUNY Health Sci. Ctr.,
Brooklyn, NY 11203
Population bursts by retrohippocampal neurons have been investigated
by using convulsant drugs to initiate the burst responses. We previously
reported population bursts in deep layer neurons of presubiculum and
parasubiculum in slice experiments which were evoked with repetitive
stimulation without any convulsant drugs (J. Physiol., in press). To examine
the mechanisms of initiation of such burst responses,
intracellular
recordings of post synaptic potentials and extracellular field recordings were
performed in 400 -4 5 0 |im horizontal slices obtained from brains of 170280g male albino rats.
GABA mediated post synaptic potentials (PSPs) were compared in each
layer of pre/parasubiculum (pre/para) and entorhinal cortices (EC) in slices
bathed in medium containing CPP and CNQX. GABAa receptor mediated
PSPs were typically weaker in deep layer cells (13 nS in pre/para, 14 nS in
EC) than in superficial layer cells (20 nS in pre/para, 22 nS in EC). The
majority (85 %) of superficial layer cells in all regions showed GABA b
mediated PSPs, and fewer (50 %) deep layer cells showed them.
EPSPs in single deep layer cells of parasubiculum increased in amplitude
by subthreshold stimulation at 0.05 Hz. After a certain number of stimuli (13
- 100 stim), EPSPs were large enough to initiate all-or-none population
burst responses. Once initiated, bursts were stable in appearance, but
could be triggered with lower intensity stimuli (~ 75 % of original intensity).
These results suggest that 1) the relatively weaker inhibition in deep
layer retrohippocampal neurons may make it easier to trigger burst
responses, and 2) the gradual and persistent enhancement of EPSPs may
be a long term increase in the excitability of the deep layer network.
Supported by NIH NS33144.
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CONVERGENT RESPONSES
OF RAT SUBICULAR NEURONS
TO
STIMULATION OF CA1 AND ENTORHINAL CORTEX IN VIVO.
I. Gigg*. D. M,. Finch# and S. M. O’Mara. Dept. Psychology, Trinity College
Dublin, Ireland and #Brain Research Institute, U.C.L.A., CA 90024, U.S.A.
The subiculum is the major output structure of the hippocampus. The subiculum
(SUB) receives a convergent input from area CA1 and the entorhinal cortex (EC). The
present experiments investigated the nature of this synaptic convergence in dorsal
subiculum.
Rats were anaesthetised and placed in a stereotaxic frame. Stimulating electrodes
were placed in lateral EC and dorsal CA1. Extracellular recordings from SUB cells were
made with glass electrodes containing either 1M NaCl /Fast Green or 0.5M KCl/2%
biocytin. Cell locations were marked by dye spot or biocytin injection (with
subsequent morphological recovery).
The majority of SUB cells recorded fired spontaneous bursts of spikes. Responses
of SUB cells to CA1 stimulation conisted of either: (1) excitatory response (usually a
single spike) followed by long duration inhibition (<350ms); (2) antidromic activation
followed by long duration inhibition; (3) inhibition alone; (4) excitation or antidromic
activation alone (only evoked spikes present); or (5) no response. Responses of SUB
cells to EC stimulation were almost always inhibitory and usually of long duration.
Neurons that displayed excitation to CA1 afferents almost always showed inhibition
from EC afferents. Cells filled with biocytin were visualised histochemically and could
be classified by shape as either pyramidal or multipolar. Responses of multipolar cells
to CA1 stimulation showed excitation followed by inhibition, demonstrating that
these cells also receive inhibitory inputs. The long-duration inhibitory responses of
pyramidal and multipolar neurons are consistent with the postsynaptic activation of
GABAa and GABAb receptors. Acknowledgments: JG supported by EC TMR and
Forbairt ICG; DMF supported by NIH grant DA09543; SMOM supported in part by
Wellcome Trust and TCD Provost’s Fund.

SYNCHRONOUS GAMMA OSCILLATIONS IN THE SUBICULUM.
I.M.Stanford, R.D. Traub, S.B. Colling and J.G.R. Jefferys* The Department of
Physiology, The University o f Birmingham. Birmingham B15 2TT. U.K.
Fast synchronized neuronal oscillations, known as gamma rhythms (30-100Hz) in
hippocampal and cortical regions; have been implicated in the processing o f sensory
information and higher cognitive function. Gamma oscillations in the CA1 hippocampal
region in vitro depend on the tonic excitation o f the intemeuron network which
synchronizes pyramidal firing with near zero phase lag over distances at least 4.5mm.
Here, we describe gamma oscillations in the subiculum and their interaction with the
activity evoked in CA1. Tetanic stimulation (100Hz, 200ms) in the CA1 region evokes
synchronous population activity (52.3 ± 11.2Hz , n=13) which propagates to the
subiculum inducing gamma oscillations often with double peaks. Cross-correlation
analysis o f the activity in the two regions shows a mean phase delay o f 5.42 ± 1.8ms
(n=13) which appears solely due to the conduction delay between these two regions,
estimated at 0.52 ± 0.07m/s. Tetanic stimulation in the subiculum evoked subicular
gamma activity which had the same pharmacological profile as that observed in the CA 1
region. Simultaneous tetanic stimulation o f both regions increased the number o f double
peaks observed in the subiculum while reducing the phase lag between the two sites by
37% (n=6). Intracellular recordings revealed that most o f the population activity and
doublet spiking was due to excitation o f intrinsic bursting cells. The intrinsic properties
o f these cells alone could not account for the double peaks observed. Sustained step
depolarisations o f membrane potential only elicited single spikes after an initial burst.
However, doublet spiking could be induced in intrinsic bursting cells if short step
depolarisations were applied at a rate o f 40Hz from hyperpolarized membrane potentials
(ie -lOOmV). It is proposed that CA1 hippocampal gamma rhythm activity is directly
propagated to the subiculum where intrinsic bursting neurons preferentially participate
in its amplification before relaying it to other subcortical regions such as the entorhinal
cortex. Supported by The Wellcome Trust.
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G AM M A-FREQ UENCY O SCILLATIONS FOLLOW EVOKED POPULATION
BURSTS IN. RAT RETROHIPPOCAMPAL NEURONS. M ark S te w a rt* and
M akoto Funahashi. Dept. Physiol., SUNY Health Sci. Ctr., Brooklyn, NY.
Deep layer stellate and pyramidal neurons of presubiculum, parasubiculum
and entorhinal cortex exhibited population bursts w hen one of several
different inputs w as stim ulated extracellularly in horizontal slices (Hippo. 7:
1 1 7 , 1 9 9 7 ; J. Physiol., in press). In intracellular recordings, these events
consisted of a period of firing ( - 4 0 ms), a period of sustained depolarization
w ith no firing ( - 1 0 0 ms), and a period of gam m a-frequency (4 0 -1 0 0 Hz)
activity associated w ith single spiking ( - 3 0 0 ms).
In field potential
recordings, events consisted of a population spike, follow ed by a period of
no activity, and finally gam m a-frequency activity in the field.
The gam m a activity was absent from spontaneous population bursts
induced by picrotoxin application. Gamma activity associated w ith evoked
population bursts w as selectively elim inated by focal application of
picrotoxin. The period of gamma activity w as prolonged by bath (2 0 0 //M )
or focal application of 2-hydroxysaclofen.
Gamma activity was also
enhanced by extracellular stimulation at rates of 1 Hz compared with
stimulation at 0.1 Hz. In related experiments, GABA-B m ediated components
of IPSPs evoked in the presence of CNQ X and CPP w ere significantly
depressed at 1 Hz as compared w ith 0.1 Hz.
W e conclude th a t the gam m a-frequency activity associated w ith evoked
population bursts in deep layers of retrohippocampal cortices is similar to the
gam m a activity described in hippocampus and attributed to activity in a
n etw ork of interneurons (Traub et al., J. Physiol., 4 9 3 : 4 7 1 , 1 9 9 6 ). The
population burst with its associated gamma activity has a laminar distribution
identical to that of sharp w aves recorded in vivo (Chrobak & Buzs^ki, J.
Neurosci., 14: 6 1 6 0 , 1994). W e suggest that this evoked event is an in vitro
sharp wave, complete with a "gamma tail". (Supported by N S 3 3 1 4 4 to M S.)

NEURAL NETWORKS FOR GENERATION AND SUPPRESSION OF ALPHA
R H Y TH M -A PET STUDY. N. Sadato1*. S. Nakamura1. T. Oohashi2. E. Nishina3.
A. Waki1. and Y. Yonekura1. 'Biomedical Imaging Research Center, Fukui M ed
School, Fukui 91 0 -1 1 ,2ATR Human Information Processing Research Laboratories,
Kyoto, and 3National Institute of Multimedia Education, Chiba, Japan
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The alpha rhythm is a macroscopic oscillation of the brain observed by
electroencephalograph (EEG). The thalamus is an essential structure controlling over
the cortical alpha rhythm. Its pacemaker function has been postulated to operate by
different triggering impulses from different sources. To depict neuronal activities
which influence the generation of alpha rhythm, correlation of the regional cerebral
blood flow (rCBF) with EEG power spectrum in the alpha frequency range ( 8 -1 3 Hz)
were investigated using positron emission tomography with 0-15 water and
simultaneous EEG measurements. Eight normal volunteers were involved in 3 serial
PET studies with 6 months interval. Each study consisted of 10 scans. All
conditions were passive; looking at a picture and/ or listening to a music without any
mental task or response. Significant negative correlation (p < 0 .0 5 , with correction for
m ultiple comparisons) between alpha power and iCBF was found in the occipital
cortex, consistent with well-known reactivity of the alpha rhythm by visual processing.
Significant positive correlation (corrected p < 0.05) was found in the pons and
midbrain, the limbic system including hypothalamus andamygdara, extending to the
basal prefrontal cortex and insula, and right dorsal premotor cortex. These findings
suggest that the neuronal activities of both cortical and subcortical structures may
influence the generation of alpha rhythm.
Stutiy supported by grant-in-aid for scientific research, from Japan Ministry of
Education, Science and Culture.
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T H E M E C H A N ISM S O F S Y N C H R O N O U S O S C IL L A T IO N S IN
H E T E R O G E N E O U S IN T E R N E U R O N A L N E T W O R K S .
J.A . W hite*1. C .C. C how 2. J. R itt2. C. S o to -T rev in o 2. and N . K o p ell2.
1 D ept, o f B iom edical E n g in eerin g a n d 2 D ept, o f M ath em atics, B oston
U niversity , B o sto n , M A 02215.
S ynchronous o sc illatio n s hav e been im p licated w id ely in co rtical
function. In the hippocam p u s, such rhythm s e x ist in th e freq u en cy range
o f 0.5 - 200 Hz. R ecen t theo retical, co m p u tatio n al, and experim ental
w ork im plicates netw orks o f m u tu ally in h ib ito ry in tem eu ro n s as the
p rim ary p a rticipants in hipp o cam p al oscillatio n s. H ere, w e ex p lo re the
robustness o f this proposed m ech an ism c o m p u tatio n ally and th eo retically .
W hile hom ogeneous netw o rk s o f in tem eu ro n s can sy n chronize o ver
the entire p h ysiologically relev an t range, netw o rk s in clu d in g m ild ( -5 % )
h eterogeneity in intrinsic freq u en cies ca n n o t sy n ch ro n ize at freq u en cies
th at are high relative to the sy naptic d ecay rate. T h is b reakdow n o f
synchrony, w hich can be un d ersto o d as an in su fficien t ph asic co m p o n en t
o f th e synaptic drive, is v ery d ifficu lt to o v erco m e w ith o u t exten siv e gapju n ctio n cou p lin g o f intem eu ro n s. F o r G A B A A- m e d ia te d in h ib itio n ,
synchrony in the gam m a ran g e and b elo w is p o ssib le bu t fragile, as phasic
inhibition from faster cells ten d s to su p p ress a c tiv ity in slo w er cells.
T hus, th e m echanism s fo r loss o f syn ch ro n y a t high and low frequencies
are distinct. T he b ehavior o f m ild ly h e tero g en eo u s netw o rk s can be
related to the c ontrol o f freq u en cy o f sin g le self-in h ib ited cells.

T H E T A -R H Y T H M IC N E U R O N A L A C T IV IT Y IN A N T E R IO R TH A LA M IC
N U C L E I O F T H E R A T . LJ. K irk*. Z. A lb o &nd R .P. V ertes. C en ter for
C o m p lex System s, F lo rid a A tlan tic U n iv ersity , B o ca R aton, FL 33431.
It has previously been proposed th at th eta-freq u en cy rh y th m ic a c tiv ity in the
sep to -h ip p o cam p al system m ay b e relay ed , v ia th e m am m illary bodies (M B ),
to th e an terio r thalam ic com plex (A T). T he A T m ay th en relay theta-frequency
a c tiv ity b ack to th e h ip p o cam p u s v ia th e c in g u late a n d en to rh in al cortices.
H ence, th eta -rh y th m ic ac tiv ity m ay be tra n sm itte d a ro u n d a c ircu it o riginally
p ro p o sed by Papez. In su p p o rt o f th is p ro p o sal, th eta-freq u en cy neural
discharge, phase-locked to h ip pocam pal th eta E E G h as p rev io u sly been found
in th e M B, an d th is ac tiv ity h as been show n to be d ep en d an t upon thetarh y th m ic ac tiv ity d e scen d in g from th e se p to -h ip p o cam p al system . H ere, w e
reco rd ed m u lti- and sin g le-u n it neu ral d isch arg e ac tiv ity from th e A T d uring
concurrently recorded hippocam pal th eta field activity. T o date, w e have found
th eta -freq u e n c y m u lti- and sin g le-u n it n e u ral d isch arg e a ctiv ity in the
an tero d o rsal (A D ), a n tero v en tral (A V ), m ed io d o rsal (M D ) and anterom edial
(A M ) nuclei o f th e A T . T h e c o h eren ce o f rh y th m ic n eu ral disch arg e activity
w ith hippocam pal th eta field activity in a subset o f these cells ranged from 0.4 0.7. A s th e A D , A V an d A M are in rec e ip t o f a ffe ren ts from th e M B, thetarh y th m ic ac tiv ity in th ese n u clei is co n sisten t w ith th e pro p o sal th at thetafreq u en cy ac tiv ity o rig in atin g in th e se p to -h ip p o cam p al system is relayed via
th e M B to th ese A T nuclei.
(su p p o rted by N IH g ran t N S 3 5 8 8 3 ).

Supported by the NSF (CC, NK, JW), NIH (NK, JW), and The Whitaker Foundation (JW).
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DECLARATIVE MEMORY DURING THE FIRST YEAR OF LIFE. Harlene
Havne1 and Bvron A. Campbell2*. Psychology Department, University o f
Otago, Dunedin, New Zealand1 and Psychology Department, Princeton
University, Princeton, NJ 085442.
A number of theorists have proposed that memory is not a unitary
phenomenon, but rather is comprised of multiple neural systems that mature at
different rates. It has been argued, for example, that the memory skills o f
young human infants are restricted to motor procedures or habits
(nondeclarative memory) without conscious recollection o f the event in which
the memory was originally established (declarative memory). In the past,
direct assessment o f declarative memory during the infancy period has been
precluded by the verbal nature or motoric sophistication o f most declarative
memory tasks. Deferred imitation has recently surfaced as a hallmark
measure o f nonverbal declarative memory in human adults with temporal-lobe
amnesia. In the {»«sent study, we examined the developmental origins of
deferred imitation during the first year o f life. Six-, 9-, and 12-month-old
infants were tested in a deferred imitation paradigm.
Infants in the
experimental condition observed as an adult performed specific actions with
novel objects. The infants’ ability to reproduce those actions was assessed
immediately after the demonstration or following a 24-hour delay. At all ages,
infants in the experimental condition reproduced significantly more o f the
target actions than infants in the control condition who had not seen the
actions modelled prior to the test. Although there were age-related changes in
performance, even the youngest infants exhibited evidence o f deferred
imitation, These findings indicate that the rudiments o f declarative memory
are present by at least 6 months o f age.
This research was supported by the Marsden Fund o f New Zealand
(Contract Number U 00609).

E-VENT-RELATED POTENTIAL MEASURES OF INFANT
RECOGNITION M EM ORY ACROSS THREE DAYS, M .R Letterman*.
V. M. Little, and D. G. Thomas. Department o f Psychology, Oklahoma State
University, Stillwater, OK 74075.
Previous auditory event-related potential (ERP) studies o f 5-month-old infants
have found differential responding between novel and familiar stimuli. ERP
studies o f 3-month-olds found stimulus generalization rather than novel/familiar
differentiation. The present study increased the amount o f familiarization over
previous research. It was hypothesized that ERP measures o f memory for
3-month-olds would be similar to those for 5-month-olds with increased
experience with subsequent novel/familiar differentiation. On Day 1 o f testing,
100 presentations o f a single tone were given. The next day, subjects received 50
tones identical to Day 1 and 50 presentations o f a new tone. On Day 3 o f the
study, infants heard 50 familiar tones (the Day 1 stimulus), along with 50
presentations o f what had been the novel tone on Day 2 (now called Day 3-Old
Novel), and 50 tones o f a third frequency not yet heard (Day 3-New Novel). The
results show that average ERP amplitudes for Peak P2 and P3 tend to increase
from Day 1 to Day 3 for both familiar and novel stimuli. It was also found that
for Peak N2, Day 3-Familiar shows an increase over both Day 2-Familar and Day
3-New Novel. The conclusions o f this study suggest: a) a stronger neural
response with increased exposure to auditory stimuli and, b) increased experience
does result in stimulus differentiation with 3-month-olds. The research reported
here was aided by Social and Behavioral Grant No. 12-FY96-0516 from the
March o f Dimes Birth Defects Foundation.
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NEONATAL CEREBRAL BLOOD FLOW (PET) AND
CHILDHOOD RELATIONAL MEMORY PERFORMANCE.
C.R. Almli*. K.D. Yundt. M.E. Wheeler. J. Rosenbaum. D.l.
Altman. & W.J. Powers. Developmental Neuropsychobiology
Laboratory, Washington University Med. Sch., St. Louis, MO,
63108, U.S.
Cerebral blood flow (CBF) and learning and memory
processing were studied for human infants and children.
Infants ‘at-risk’ for hypoxic-ischemic brain injury received
structural (ultrasound, CT) and functional (PET) brain scans
during the neonatal period. Learning and memory studies at
5-12 years of age included computerized versions of visual
recognition memory and relational memory (transverse
patterning) tasks, as well as the Stanford-Binet (IQ). Results
show that even ‘very low’ levels of neonatal CBF (<10
ml/100gm/min) were compatible with normal development of
neurological, intelligence, and relational learning and memory
functions through 5-12 years of age; and that higher neonatal
CBF was associated with major neurological abnormalities,
poorer performance on relational learning/memory tasks, and
lower IQ scores. Thus, high neonatal CBF’s may signal
pathologic un-couplingof CBF and metabolism due to
hypoxic-ischemic encephalopathy. (Supported by NS32568)

NEURAL RESPONSE HABITUATION IN INFANT MEMORY PROCESSES. Y.
Little*. S. Stiles H Mashhnra D Thomas, and M Lettermfln Tkrt o f
Psychology, Oklahoma State University, Stillwater, OK 74078.
Event-related potential (ERP) studies have previously demonstrated that infants
are able to differentiate familiar and novel tones. Three- and five-month-old infants
were presented with 100 trials of a single frequency tone on day one (DIF). On day
two, the infants received 50 trials o f the familiar tone (D2F) and 50 trials o f a novel
tone (D2N). Data analyses revealed that D2F average ERP amplitude was larger
than D IF for both ages. Further, the D2F response was greater in amplitude than
the D2N in five-month-old infants. In addition, response variability decreased from
D IF to D2F. The increased response amplitude suggests memory for the familiar
stimulus had been maintained between sessions. Findings o f increased response
amplitudes to familiar stimuli are contrary to a habituation model which would
predict a decrease in magnitude after repeated exposure to the stimulus. This study
investigated whether the amplitude increase as well as the increased temporal
consistency o f the neural response were the result o f memory consolidation across
trials or a result o f information processing during the 24-hour period between
sessions. Results indicated a significant decrease in familiar stimulus response
amplitude at peak N2 across trials on both days one and two for five-month*>ld
infants. Also, amplitude was greater for the familiar stimulus on day two than on
day one. In addition, the three-month-dds showed a significant increase across
trials for both the D IF and D2N response variability measures at peak P2, electrode
Cz. A significant decrease was obtained across trials for peak P2, electrode Fz, for
the D2N stimulus. It appears that both habituation across trials and information
processing between sessions are responsible for increases in amplitude as well as
increased response consistency for both groups o f participants. This research was
aided by Social and Behavioral Sciences Research Grants Nos. 12*0877 and 120025 from the March o f Dimes Birth Defects Foundation.
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DEVELOPMENTAL CHANGES IN REFRACTORINESS OF THE
NEUROMAGNETIC M100 COMPONENT IN CHILDREN. D. C. Rojas*. J.
R. Walker. J. L. Sheeder. P. D. Teale and M. L. Reite. Neuromagnetism Lab,
Univ. of Colorado Health Sciences Center, Denver, CO. 80262
Considerable evidence exists for developmental changes in latency and
amplitude of the auditory evoked potential component termed theNlOO.
However, it is widely recognized that the N100 component is comprised of
activations from multiple, temporally overlapping neural generators, and few
data are available addressing either individual generator development or
mechanisms behind such change. Using magnetoencephalographic (MEG)
measurements of the magnetic analog of the N100 termed the M l00, which
derives prim arily from supratemporal auditory generators, we found that
dramatic changes in the response of that component to manipulation of inter
stimulus interval (ISI) occur between the ages of 6 and 18 years of age.
Younger children have significantly longer refractory periods for the M l00
generator than older children. Furthermore, we present evidence that these
changes are hemisphere specific. In addition, we found significantly longer
component latencies in the younger children. Consistent with earlier research,
we found evidence for developmental decreases in the latency of this
component. We interpret the ISI findings in a neural refractoriness context
consistent with earlier interpretations of the ISI responsiveness of the M100
component, and discuss implications of this developmental change for
concomitant changes in auditory sensory and working memory.
This research was supported by USPHS grants MH47476, MH56601, and
MH15442,
and by the Developmental Psychobiology Research
Group
Endowment Fund at the University of Colorado Health Sciences Center,
provided by the Grant Foundation.

ODOR MEMORY AND LEARNING PROFILES OVER THE LIFESPAN. M. F.
Dulav. C. Jehl. M. Diaz, C. Ramos. K. Robinson, and C. Murphv*. Center for
Lifespan Human Senses, San Diego State University, San Diego, CA 92120.
As an olfactory analogy to the California Verbal Learning Test (CVLT), the
California Odor Learning Test (COLT) was designed for the clinical assessment of
cognitive functioning in impaired adults. The COLT also provides an opportunity to
explore odor learning with verbal recall of odor names (immediate recall) and
recognition-memory in normal adults. The focus o f this study was to investigate
learning and semantic odor memory characteristics over the lifespan. Lifespan
developmental effects on learning and semantic memory for odors were quantified using
the child (C-COLT) and the adult versions o f the COLT. The C-COLT was adapted to
the memory span capacities o f children. Participants (n=l 18) were distributed in 4 agegroups: children (ages 7-10), adolescents (ages 11-15), young adults (ages 20-34) and
elderly adults (ages 60-80). ANOVAs indicated a developmental trend for immediate
recall (eta square=.13), free recall with short-delay (.18), and long-delay (.52), and
recognition-memory (.08) since adolescents outperformed children. Age-related effects
between young adults and elderly were shown for immediate recall (.25), short-delay free
recall (.37), and long-delay free recall (.25) with the young performing best. Results
indicate that on immediate recall, adolescents retrieved more odors by use of a serial
clustering strategy than did children, whereas young adults and elderly tended to recall
more odors using a semantic clustering strategy. Results suggest developmental and
aging trends in odor recall, and recognition-memory. Developmental effects on odor
learning and memory in childhood manifesMhemselves on learning capacity and ftee
recall, particularly at long delay. In contrast, adult aging tends to affect odor memory in
terms of memory-retrieval capacity more than odor learning capacity.
Supported by N.I.H. grant # AG04085 and AG08203 to CM.
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L A N G U A G E IM P R O V E M E N T S W IT H T R A IN IN G O F C H IL D R E N
W IT H B O T H A T T E N T IO N A L A N D L A N G U A G E IM P A IR M E N T S.
S. M ille r* , M .M . M e rz e n ic h , G . S au n d ers, W .M . Jen k in s a n d P. T allal
S cien tific L e a rn in g C o rp o ratio n , S a n F ra n cisc o CA 9 4 1 0 4 ; R e c k C enter,
U C S F , San Francisco C A 9 4143; C M B N , R u tg ers U , N ew ark N J 07102.
A la rg e p r o p o rtio n o f la n g u a g e im p a ire d (L I) c h ild re n h av e
attentional d eficit disorders (A D D ) a n d h y p e ra c tiv ity (A D H D ). T h is s tu d y
e x a m in e d w h e th e r th e re a re d iffe re n c e s in th e ab ilities o f A D D -L Is,
A D H D -L Is a n d L Is to a ch iev e im p ro v e d a u ra l s p e e c h re c e p tio n a n d
la n g u a g e c o m p re h e n sio n w ith a d a p tiv e c o m p u te r-b a s e d tra in in g th a t h as
b e e n successfully applied to LIs (Science 2 7 1 :78-84, 1996).
T he s tu d y was c o n d u c te d w ith 1 0 6 c h ild re n w ho w ere id e n tifie d as
A D D a n d LI, c o m p a re d w ith n e a rly 4 0 0 L I c h ild re n th a t h a d n o A D D .
M a jo r a n d e q u a l g a in s in sp e ec h a n d la n g u a g e re c e p tio n a n d u sa g e w ere
recorded in A D D -LI and control LI ch ild ren , d o cu m en ted b y p ro g re s s io n s
in perform ance r e c o rd e d in 7 adaptive, c o m p u te r-b a s e d tra in in g ex e rc ise s
( “F ast F o rW o rd ” program ], a n d b y sta n d a rd p re - vs p o s t-tra in in g tests o f
s p e e c h a n d la n g u a g e rec e p tio n , c o m p re h e n sio n a n d u sag e.
Z -sco re s
im proved by a m ean o f 1.6 w ith tra in in g fo r A D D -L I c h ild ren o n th e GFW
T e st o f A u ditory D iscrim ination; a n d by a m ean o f 1.6 o n th e T o k e n T est.
T O L D a nd C E L F languag e battery qu o tien ts im p ro v e d in p a ra lle l; p o sitiv e
Z -s c o re c h a n g e s f o r recep tiv e q u o tie n ts w ere > 1 .2 a n d 0 .9 f o r th e T O L D
a n d C E L F; expressive lang u ag e q uotients h a d a v e ra g e Z -sc o re g a in s > 0 . 9
a n d 1.0). Im p ro v e m e n ts o n all C E L F a n d T O L D s ta n d a rd sc o re s a n d
quotients w ere significant fo r b o th A D D -L Is a n d L Is a t p > 0.001.
T raining-induced g ain s in s p e e c h a n d la n g u a g e f o r L I vs A D D -L I
c h ild re n d id n o t d iffe r. C o m p lia n c e at 1 0 0 -m in u te -lo n g d a ily tra in in g
e xercises o v e r a 2 0 - 6 0 d a y lo n g tra in in g p e rio d was eq u iv alen t. G ain s o f
A D H D s d id n ot differ to A D D s w ith o u t H , by all m easures.
R esearch supported by Scien tific L earning C o rp o ratio n

R A P ID T R A IN IN G -D R IV E N IM PR O V EM EN T I N LA N G U A G E ABILITY
IN AUTISTIC A N D O TH ER PD D CH ILD REN . P. Tallal*. G. S au n d ers.

S ociety for N e u r o s c ien c e , V olume 2 3 ,19 9 7

L earn in g C o rp o ratio n , S a n Francisco C A 94104; C M B N , R u tg ers U n iv ,
N e w a rk N J 07102; Keck C enter, UCSF, San Francisco C A 94143.
W e re c e n tly re p o rte d a m ajor success in a p p ly in g a d a p ti v e tra in in g
pro ced u res d isg u ise d a s com puter g am es to 5 - to 1 2 -y e a r-o ld s p e c if ic a lly
lan g u a g e im p a ire d ch ild ren . Seven h i e r a r c h i c a l exercises w e re d e sig n ed to
im p ro v e a u ra l p h o n e tic recep tio n in th e s e c h ild re n , a n d to g e n e ra liz e t h e i r
im p ro v e d a u r a l rec e p tio n s k il ls to a l l a sp ec ts o f lan g u a g e . W i t h tra in in g ,
sp e ec h rec e p tio n w a s m a r k e d ly c la r if ie d a n d lan g u a g e co m prehension
th ere b y im p ro v e d (Science 271:78-84, 19% ).
In extension, tra in in g w a s a p p li e d to a p o p u la tio n of 28 p e rv a s iv e ly
dev e lo p m e n ta lly d isab led (PDD) ch ild ren (10 a u tis tic ; 18 N O S ). C h ild r e n
w o rk e d a t t h e sam e sev en c o m p u ter-g u id ed a d a p ti v e tra in in g exercises for
100 m in /d a y fo r 20-60 d ay s. M o st P D D ch ild ren m ad e m ajo r g a in s in acoustic
a n d ph o n o lo g ical rec e p tio n a n d in lan g u a g e co m prehension, a s m easu red by
h i g h l y sig n ific a n t progressions in tra in in g exercise p erfo rm an ce. M ean Z score im p ro v e m e n ts in s ta n d a rd p re- v s p o s t-tra in in g te s ts of th e s e a b il i ti e s
(eg, T oken T e st, G F W ) w e re a b o u t 1.75. In p a r a l l e l , CELF a n d TO LD
lan g u a g e b a tte ry q u o tie n ts im p ro v e d b y > 1 SD in a b o u t 80% o f tra in e d P D D
c h ild re n .
In te re s tin g ly , la r g e im p ro v e m e n ts in b o th r e c e p tiv e a n d
exp ressiv e b a tte ry q u o tie n ts w e re reco rd ed ; Z score ch a n g es a v e ra g e d 1.3 for
recep tiv e LQ s a n d 1.1 for exp ressiv e LQs, respectively.
These s tu d ie s sh o w t h a t m ajor g a in s in lan g u a g e a b il i ti e s can be v e ry
r a p i d l y a c h ie v e d in a t l e a s t m ost o f th e s e s e v e re ly im p a ire d c h ild r e n by
c o m p u ter-g u id ed tra in in g ta rg e tin g fu n d a m e n ta l aco u stic a n d sp e ec h
rec e p tio n abilities. R esearch su p p o rte d b y Scientific L earn in g C o rp o ratio n .
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AUDITORY PROCESSING DEFICITS IN ADULTS WITH A HISTORY OF READ
ING DIFFICULTIES. A. Protopapas. M. Ahissar and M. M. Merzenich*. Scientific
Learning Corporation, San Francisco, CA 94104; Keck Center, UCSF, San Francisco,
CA 94143.
Aspects of auditory processing related to the identification and sequencing of short
stimuli were investigated in adult subjects with a history of reading difficulties (RD) and
in a normal control group (NC). The RD group included individuals with persisting read
ing problems as well as compensated dyslexics with no remaining reading impairment.
Three sets of tests were administered: a 2AFC tone detection task, a same-different
frequency discrimination task, and an identification/sequencing task similar to the Tallal
repetition test. Stimuli were long (250 ms) or short (20 ms) tones. The frequency of
the tones was 1 kHz in the detection task; ranging between 600 Hz and 1400 Hz in
the frequency discrimination task; and 800 Hz and 1200 Hz in the sequencing task.
In detection and frequency discrimination, a 300 ms bandlimited (600-1400 Hz) noise
masker followed the test tones in the “masked” conditions at ISIs of 0, 40, 100, and
230 ms. Thresholds were determined in each condition using an adaptive procedure.
RD subjects were unimpaired with the longer tones, though deficits in frequency
discrimination were observed for some of them. Backward masking interferences for
short tones were substantially elevated (by 15 dB or more) at 0 ISI for most RDs and at
longer ISIs for about a third of them. Most RDs were also impaired in sequencing brief
two- or three-tone stimuli. Frequency discrimination thresholds were higher for the RD
group than for the NC group, and more susceptible to backward masking.
In sum, pronounced abnormalities in auditory processing including temporal and
spectral processing were found in a group not commonly associated with auditory im
pairments. It is hypothesized that for these reading-impaired individuals a history of
processing-based language learning disability may commonly have contributed to the
development and expressions of their reading problems.
Research supported by Scientific Learning Corporation.
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C O M P A R IS O N
OF
V IS U A L
W ORD
E N C O D IN G
AND
UN FA M IL IA R FA CE EN C O D IN G U SIN G PET. W.M. KeUev*. fiLL.
Buckner. F.M. Miezin. M.E. Raichle. N.J. Cohen, and S.E. Petersen. Washington
Univ School o f Medicine, St. Louis, MO and Univ o f Illinois, Champaign, IL.
In a previous PET study, we found that a left superior frontal region (-39,7,26)
was active when subjects were asked to intentionally encode both auditory words
and visually presented, nameable objects for later source memory tests. Given the
left lateralization o f this activation, we hypothesized that the activation o f this
area might be related in part to the nameability o f the stimuli.
To test this hypothesis, we scanned subjects during two new encoding tasks,
one in which the to be encoded stimuli were nameable (WORD ENCODING) and
another in which the stim uli were presumably less nameable (FACE
ENCODING). During both tasks, subjects passively viewed stimuli and were
asked to remember each item for a subsequent memory test Subjects viewed
words during the WORD ENCODING task and viewed unfamiliar faces during the
FACE ENCODING task. Both conditions were compared to a fixation control
Activation was found in a left superior frontal region during WORD
ENCODING. However, this activation (-41,25,26) appeared to be significantly
anterior to the frontal region observed in the previous study. FACE ENCODING
revealed only minimal activation at the anterior location and no activation at the
posterior location from the previous study. In direct comparison, WORD
ENCODING produced a significantly greater activation at the anterior location.
The greater activation o f left superior frontal regions for the encoding o f words
and nameable objects than for unfamiliar faces would seem to index processes
specifically related to encoding o f nameable items. However, it may be generally
related to other processes common to the word tasks, such as covert recoding or
some more complex transformation o f verbal information.

SPECIFIC ACTIVATION RELATED TO PROPER NAME RETRIEVAL
ASSOCIATED WITH FACES. S. Dubois. B. Rossion, C. Schiltz. J.M. Bodart, C.
M ichel1. R. Bruyer2, M. Crommelinck and A. Roucoux*. Lab. o f
Neurophysiology, UCL, Brussels, 'PET Unit; 2Lab. o f Neuropsychology, UCL,
Louvain-La-Neuve; Belgium.
According to previous studies, proper names are stored separately from other
pieces o f semantic information associated with faces. The aim o f the present study
was to highlight, using positron emission tomography (PET), the brain regions
specifically related to either name or semantic knowledge retrieval in response to
faces.
Seven subjects were trained for 3 days to associate either a name (50%) or an
occupation (50%) with a set o f 20 persons shown on a video. Then, during
PETscanning, four tasks were tested. The control task consisted o f a detection o f
one or two dots on a complex visual pattern. Three tasks on faces required
subjects to retrieve different pieces o f information related to the persons shown
during the training session: 1) a familiarity decision task, 2) a name retrieval task
(a categorization task on the names) and 3) a semantic retrieval task (a
categorization task on the occupations). PET data were collected with H2150
method and analysed using SPM96.
When compared to the control task, the three tasks on faces activated bilateral
fusiform gyrus (BA 18), left inferior/medial temporal gyrus (BA21/37), posterior
and anterior cingulate and bilateral prefrontal cortex (BA46/8). When compared to
the familiarity decision task, both categorization tasks activated right inferior
frontal gyrus (BA46/9), anterior cingulate, left cerebellum and vermis.
Nevertheless, each task also activated specific additional regions. Right superior
frontal gyrus (BA9), left inferior frontal gyrus (BA44/46) were involved in the
semantic categorization task whereas the left thalamus, right putamen, cuneus
(BA 18), right and medial cerebellum were activated by the categorization task on
names.
Supported by FMRE and ARC n°95/00-189.

Supported by N532979, Charles A. Dana Foundation, and McDonnell Center
for Higher Brain Function.
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191.3
M e d ia t io n o f e n c o d in g a n d r e c o g n i t i o n
AND PREFRONTAL INTERACTIONS

o f f a c e s b y c r o s s - h e m is p h e r i c

M. N. Rajah. A.R. McIntosh, D. T. Stuss*. C. L. Gradv Rotman Research Inst of
Baycrest Centre, Univ Toronto, ON, M6A 2E1.
PET measures o f regional cerebral blood flow were taken while subjects (N=10)
performed encoding, recognition and perceptual matching tasks for faces.
Covariahce structural equation modeling was used to analyze the task-dependent
interactions among regions identified by activation analysis. The functional model
for encoding showed strong neural interactions among ventral extrastriate cortex,
middle temporal cortex, hippocampus and anterior cingulate in the left hemisphere.
Furthermore, a strong positive influence o f left middle temporal cortex on right
middle temporal cortex was observed during the encoding task. One interpretation is
that perceptual analysis and storage o f the faces were subserved by this crosshemispheric network. During recognition there was a positive influence from left
extrastriate cortex to middle temporal cortex and then to inferior prefrontal cortex.
This pattern was also observed in perceptual matching, which implies that these
paths in the left hemisphere mediate the perceptual matching component of
recognition. In thè right hemisphere there was a positive influence from right
extrastriate cortex to middle temporal cortex and then to inferior prefrontal cortex.
In addition there was strong positive feedback from right middle temporal and from
right inferior prefrontal to right extrastriate cortex It is possible that this pattern o f
interactions is associated with the retrieval component o f recognition. (Supported by
NIA and The Ontario Mental Health Foundation)
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A PICTURE IS WORTH A THOUSAND WORDS: MATERIAL-SPECIFIC
BRAIN ACTIVITY DURING ENCODING. C.L. Gradv*. A.R. McIntosh. N.
Raiah. F.I.M. Craik. Rotman Research Institute of Baycrest Centre and Dept, cf
Psychology, University o f Toronto, Toronto, Ontario, M6A 2E1.
Semantic processing and intentional learning of both words and pictures involve
left prefrontal activation, but it is not known if these processes engage the same
prefrontal regions. In addition, pictures are remembered better than words, but the
mechanism for this is unknown. To examine these questions, we studied 8 subjects
(22.6 ± 1.2 yrs; 4M, 4F) using PET to measure brain blood flow (rCBF) during
three types o f encoding- incidental nonsemantic, incidental semantic, and intentional
learning- for words and line drawings o f objects. Nonsemantic processing involved
letter case or size decisions and semantic processing consisted o f living/nonliving
judgments. Data were analyzed using Partial Least Squares to identify distributed
patterns of activity most related to the experimental manipulation. Encoding cf
pictures, compared with words, was associated with increased rCBF in extrastriate
and medial temporal cortex that was bilateral but stronger in the right hemisphere,
whereas encoding of words resulted in greater activation of left hemisphere temporal
and ventrolateral prefrontal cortices. During semantic processing of both words and
pictures there was increased rCBF, compared to the other two conditions, in left
prefrontal cortex, including the ventrolateral area. Intentional learning o f pictures,
compared to the incidental conditions, was associated with activation of left
extrastriate and medial temporal cortices, and a region of left prefrontal cortex that
was dorsal to the area active during semantic processing. There were no differences
in rCBF between semantic processing and intentional learning o f words. These
results 1) confirm the role of left prefrontal cortex in creating meaningful memory
representations via semantic processing; 2) show that different prefrontal areas are
utilized for intentional encoding and semantic processing for pictures, but not words;
and 3) suggest that pictures are remembered better than words because they directly
engage episodic memory pathways involving medial temporal cortex.
(Supported by the Ontario Mental Health Foundation.)
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PET-CBF STUDIES OF VERBAL AND FIGURAL MEMORY:
ENCODING AND RECOGNITION. S.Golski*. A.B. Zonderman.
R.N. Brvan. and S.M. Resnick. Lab. of Personality and Cognition,
Box 3, NIA, 4940 Eastern Ave., Baltimore, MD 21224.
The hemispheric encoding/retrieval asymmetry (HERA) model
(Tulving et al. 1994) describes differential activation of left prefrontal
regions during encoding and primarily right prefrontal regions during
retrieval across a variety of studies using verbal and nonverbal stimuli.
However, most of these studies have not permitted direct comparison of
both encoding and recognition in divergent neural systems. The present
study utilized well-matched verbal and figurai recognition memory tasks
to examine common and unique pathways for the encoding and
recognition of verbal and figurai information in aging individuals.
Positron emission tomography-cerebral blood flow (PET-CBF) scans
were obtained in 10 right-handed adults (mean age=71.9 yrs, range=6382) using 15Oxygen-labeled water during a resting baseline and 6
activated conditions: encoding, recognition, and matching of verbal and
figurai information. Both encoding tasks elicited relative increases in
CBF in the left frontal lobe when compared to the recognition memory
tasks. Both recognition tasks elicited relative increases in CBF in
bilateral frontal regions (right>left) when compared to the perceptualmotor control (matching). In general, comparisons between the verbal
and figurai tasks indicated relative left frontal-temporal activations for
the verbal tasks and relative right visual association area activations for
the figurai tasks. These results support the HERA model and suggest
that, even in tasks involving divergent neural systems, distinct common
pathways are activated for encoding and recognition. NIA Intramural

ESTROGEN EFFECTS ON PET CBF AND NEURO
PSYCHOLOGICAL PERFORMANCE. S.M. Resnick*. P. Maki.
S. Golski. M. Kraut. R.N. Brvan. A.B. Zonderman. Lab. of
Personality and Cognition, NIA/NIH, Baltimore, MD 21224.
Reports that estrogen may protect against age-associated memory
decline and Alzheimer’s Disease have kindled interest in the effects of
estrogen replacement therapy (ERT) on cognition and brain function.
As part of a 9-year study in the Baltimore Longitudinal Study of Aging,
we are performing annual magnetic resonance imaging (MRI), positron
emission tomography (PET), and neuropsychological assessments to
examine brain structure and function in individuals aged 55 and older.
PET measurements of regional cerebral blood (rCBF) flow are obtained
under 3 conditions: rest and verbal and figural continuous recognition
memory tasks. Fourteen women receiving ERT at the time of the
assessment were compared with an age, race and education matched
sample of 14 untreated women. There were no significant differences
between groups in ventricular or cortical brain volumes. However, ERT
users had significantly greater relative rCBF in a number of cortical
regions across the 3 conditions and performed significantly better on a
visual memory test and the figural memory PET activation task. There
were no significant differences in performance on other neuro
psychological tasks. These findings confirm our previous observation
of beneficial effects of ERT on visual memory. Relative increases in
cortical blood flow in ERT users is another mechanism through which
ERT may influence cognitive function. Supported by NIA.
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AN fMRI STUDY OF PREFRONTAL ACTIVATION DURING RETRIEVAL OF
VERBAL AND NON-VERBAL EPISODIC MEMORY. A. D. Wagner*. R. A.
Poldrack. J. E. Desmond. G. H. Glover, and J. D. E. Gabrieli. Depts. of Psychology
and Radiology, Stanford University, Stanford, CA 94305.
A network of prefrontal cortical regions is engaged during intentional episodic
memory retrieval. PET and fMRI studies have demonstrated activation in multiple
prefrontal areas, including right anterior (RAPC: BA 10) and right dorsolateral
(RDLPFC: BA 46) prefrontal cortices, during episodic retrieval of verbalizable
stimuli, such as words or faces. Unilateral left and right frontal lesions, however,
produce material specific deficits in temporal recency memory for verbal and non
verbal episodes. Here, fMRI was used to explore whether the same prefrontal
regions mediate retrieval of verbal and non-verbal episodic memory. The experiment
consisted of two study-test phases, with functional scanning occurring during each
test. Prior to each scan, a list of words or a list o f non-verbalizable wallpaper
patterns was visually presented under intentional learning instructions. Following
study, a functional scan compared activation during temporal recency judgments for
pairs of studied words or patterns (memory condition) to that during perceptual
judgments for pairs of novel words or patterns (baseline condition). Each scan,
c o nsisted.of 5 m em ory/baseline cycles during which functional images were
collected continuously from 10 coronal slices through prefrontal cortex (y=0 to +63
mm) using a T2*-weighted gradient echo spiral sequence (1.5T, TR=900, TE=40,
flip angle=70, thickness=6 mm, skip=l mm, inplane resolution=2.35 mm). Results
from the verbal condition revealed RAPC, RDLPFC, and LAPC activation when
performing temporal recency judgments for words. Results from the non-verbal
condition revealed attenuated activation in these regions. These initial results raise a
number of possibilities, including (a) that different strategies are engaged during
retrieval of verbal and non-verbal memories or (b) that the perceptual judgments for
non-verbal stimuli engage some of the same prefrontal regions that are active during
episodic retrieval. [Supported by NIH grants MH53673 and AG 12995]

ACTIVATION IN THE HIPPOCAMPAL REGION RELATED TO VISUAL
ASSOCIATION ENCODING: AN FMRI STUDY. M.P. Witter*. W.C.M
Machielsen. S.A.R.B. Rombouts. J. Lindeboom, F. Barkhof and Ph. Scheltens.
Research Institute Neurosciences Vrije Universiteit Amsterdam, The Nether
lands.
The hippocampus and related medial temporal lobe structures are crucial for the
encoding o f information in long-term memory. A previous functional magnetic
resonance imaging (fMRI) study showed activation in the hippocampal region
during encoding o f complex visual color pictures. First, we replicated these
findings. Subsequently, we used a visual association encoding task in which
subjects (n=8, age range: 22-27 years) viewed visually presented line drawings,
which consisted o f pairs o f unrelated objects, with their corresponding noun
written beneath it. Subjects were asked to memorize the associated objects.
Functional data were acquired at 1.5 T using a gradient echo planar imaging
sequence (15 slices positioned perpendicular on the hippocampus; TR=4000 ms;
TA=1758 ms, TE=45 ms; flip angle=90°). The control condition consisted o f
presenting the same drawing every time. The activation condition consisted of
novel drawings. Seven alternating blocks o f 8 drawings were used. Each session
began with a control condition, which was not included in the analyses.
In all subjects, cross-correlation analysis revealed activation in the hippocampal
region, especially caudally in the parahippocampal gyrus. Additional activation
was observed in the lingual and fusiform gyrus. No activity was observed in the
anterior or uncal parts o f the parahippocampal gyrus. These results confirm
earlier findings that fMRI is capable o f revealing localized, specific activation
in the medial temporal lobe. They further provide evidence that the encoding of
novel visual associations is predominantly mediated by caudal portions o f the
parahippocampal region.
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AN fMRI STUDY OF RECOGNITION MEMORY USING BLOCKED AND
SINGLE TRIAL DESIGNS. K.B. McDermott. J.G. Ojemann. E. Akhudak.
A.Z. Snvder*. T.E. Conturo. F.M. Miezin. J.M. Ollinger. S.E. Petersen. M.E.
Raichle. Washington University School of Medicine, St. Louis, MO 63110
FMRI using a single trial (ST) design permits the study of individual
behavioral events, allowing both intermixing of trial types and analysis on the
basis of trial characteristics. We explored recognition memory with fMRI, using
both a block design (similar to those used in PET studies) and a ST design.
Whole brain imaging with a Siemens Vision 1.5T scanner (asymmetric spin
echo EPI, TR=2400ms, TE=50ms, 8mm contiguous slices) was performed while
subjects (N=4) classified visually presented words as “old” or “new.” Half of the
320 words shown had been studied lhr previously. Each subject performed 4
blocked fMRI runs (8 words per 36s epoch, 4 epochs, alternating with 30s
epochs of visual fixation, per run) and 12 ST runs (each trial = Is word
presentation followed by 15s visual fixation, 16 trials per run). In the blocked
runs, words within epochs had the same experimental history (e.g , nonstudied);
in the ST runs, word types were randomly intermixed. Runs were averaged across
subjects, and a Wilcoxon rank-sum was applied to each voxel. Although the
block and ST designs gave some similar results, right anterior frontal increases
were more evident in the block design, whereas the ST design showed increases
elsewhere in bilateral frontal cortex and .more prominent increases in visual
cortex. In addition, in the ST design decreases in bilateral mesial temporal lobe/
hippocampus were seen, consistent with decreased metabolism unind in rat
hippocampus during free exploration tasks (Uecker et al., Behav. Neurosci
111:283, 1997). The time course profiles were similar for both increases and
decreases in signal associated with the recognition task, suggesting the decreases
were linked to task performance.
Supported by The Charles A. Dana Foundation, NIH Grants N S 06833,
NS32979, NS07205, and the McDonnell Center fo r Higher Brain Function.

FMRI STUDY OF PREFRONTAL ACTIVATION AS A FUNCTION OF
STIMULUS AND RESPONSE SET. R. D. B ad g aiv an . P. L. Franzen . S. W.
King. A. B. Schubert . and B. J. Casev*. Univ. o f Pittsburgh, Pittsburgh, PA
15213.
Controversy over the organization o f prefrontal cortex has revolved around whether
prefronlal cortex is organized by 1) function (e.g., memory and inhibition) or 2)
representations (e.g., verbal, spatial, emotional). An interpretation that may bring
these two theories together is one in which stimulus set information (e.g., veibal and
spatial) is supported by dorsolateral prefrontal cortex, while response set information
(e.g., to inhibit a response or not or to select from distinct response choices) is
supported by more ventral prefrontal regions. To test this idea, we scanned 10 right
handed adult subjects while manipulating task conditions in such a way as to require
the subject to 1) maintain different stimulus sets while holding the response set
constant or 2) maintain different response sets while the stimulus set was held
constant. Echo planar images (TR = 6000, TE = 40, 128 X 64) were acquired in
twenty-six 5 mm contiguous coronal slice locations. The data were analyzed with a
4 (runs) X 2 (conditions) analysis o f variance with a contiguity threshold of 3 pixels
and p < .05. Significant bilateral dorsal and ventral prefrontal activity was observed.
Post hoc analyses revealed significant increases in percent change in M R signal
intensity in predominantly dorsal prefrontal regions (middle and superior frontal
gyrus) during the manipulation of stimulus set, while increases in predominantly
ventral prefrontal regions (inferior and orbital frontal gyri) were observed during the
manipulation of response set. These results are consistent with our hypothesis cf
the involvement o f dorsal prefrontal cortex in the performance of tasks which require
the representation of different stimulus sets, while ventral prefrontal cortex is
involved in the performance of tasks which require the representation of different
response sets. Supported by NIMH grant # KOI MHO 1297.
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SEMANTIC AND PHONOLOGICAL PROCESSING

IN

PREFRONTAL

CORTEX: AN FMRI STUDY. M. W. P ru ll1. R. A. Poldrack1. A. D. Wagner1.
J. E. Desmond1. G. H. Glover2 . J. D, E. Gabrieli1. & D. A, Flgi^hm an*3.
Departments of Psychology and 2Radiology, Stanford University, Stanford, CA
94305; ^Department of Neurological Sciences, Rush-Presbyterian-St. Luke’s
Medical Center, Chicago, IL 60612.
Previous research has implicated the anterior extent of the left inferior
prefrontal cortex (aLIPC: BA 45/47) in semantic processing and more posterior
left inferior prefrontal cortex in phonological processing (pLIPC: BA 44). Some
studies have also implicated aLIPC during performance o f phonological tasks.
Here, FMRI was used to examine whether distinct subregions of the LIPC are
involved in these processes. Four functional scans were performed with each
alternating between 2 tasks: semantic vs. lettercase, phonological vs. lettercase,
semantic vs. phonological, and pseudoword phonological vs. lettercase.
Functional data were acquired from 10 coronal slices (y=0 to +63) using a T2*sensitive gradient echo spiral sequence (1.5T, 6mm thick, 1mm skip, inplane
resolution=2.35mm, TR=900, TE=40, flip angle=74). Activation of the aLIPC
was observed bilaterally for semantic compared to lettercase decisions and to
phonological decisions. Phonological decisions for words and pseudowords
resulted in activation of the pLIPC and right middle frontal gyrus (BA 46/9). The
differences between semantic and phonological conditions were further supported
by direct paired comparisons. The results suggest that semantic and phonological
processing rely upon anatomically distinct regions in the prefrontal cortex.
This study supported by NIH grants MH53673 and AG 12995 and the McDonnellPew Program in Cognitive Neuroscience.

THE HUMAN HIPPOCAMPUS ESTABLISHES ASSOCIATIONS IN
MEMORY A. Buck1. K. Henke1. B. Weber1.
C. Blakemore*2. H.G. Wieser1. 1Nuclear Medicine &
Neurology, University Hospital, Zürich, Switzerland. 2Lab.of
Physiology, Oxford University, UK.
Despite the current enormous research effort at the
cellular, systems, and behavioral levels, the precise role of
the hippocampus in memory remains controversial. We
designed a positron emission tomography (PET) experiment
with tailored encoding and retrieval tasks that permitted
the isolation of different mnemonic functions theorized to
be mediated by the hippocampus. These included encoding
single items, establishing inter-item associations, novelty
detection, and retrieving recently formed associations.
Twelve right-handed, healthy subjects were scanned. We
found significant hippocampal and parahippocampal
activation only during associative learning. Our results
indicate that the hippocampal formation may be
particularly involved in the establishment of associations
among components of an episode in memory. These results
might also explain the inconsistency of hippocampal
activation reported in past functional imaging studies.
Supported by the OPO Stiftung, the Hartmann-Müller-Stiftung and
a scholarship of the Swiss National Science Foundation to K.Henke.
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NEURAL PATHWAYS IN TACTILE OBJECT RECOGNITION. E. Deibert.
M. Kraut. S. Kremen. & J. Hart*. The Johns Hopkins University School of
Medicine, Baltimore, MD 21287.

CONTRIBUTION OF DORSAL STREAM ACTIVITY TO THAT OF VENTRAL
DURING LEARNING OF OBJECT POSITION
C Büchel. JT Coull. RSJ Frackowiak*. KJ Friston
W ellcome Dept. Cogn. Neurology, Inst. Neurology, London, UK
Human imaging studies have dissociated visual processing in ventral and dorsal
streams. The ventral stream passing from striate and inferior extrastriate cortex to
inferior temporal regions is involved in object processing, whereas the dorsal stream
including the posterior parietal cortex is known to be involved in spatial processing.
It has been shown that learning the association between an object’s identity and its
location in space involves both ventral and dorsal processing. Using fMRI we tested
the hypothesis that during learning the contribution o f areas from one stream to the
other increases over time. Contribution refers to the degree to which the dynamics of
one area can be explained in terms o f activity in another. Contribution is an aspect of
effective connectivity.
3 subjects learned 10 familiar objects and their associated location, whilst being
scanned. During encoding, subjects named objects that were presented at predefined
locations. During retrieval, each location was cued with a nonsense shape and subjects
had to respond with the associated object. Subjects were given 8 trials in which to
leam 10 object locations (3 different sets were given to each subject). Encoding and
retrieval conditions were interleaved with a spatial and a non-spatial control
condition. We acquired 48 axial slices with EPI. Each condition lasted 32 seconds,
giving 8 scans per condition, and a total o f 768 images. Data were analysed using
SPM [Wellcome Dept, o f Cogn. Neurology, London. UK]. As predicted, comparing
encoding and retrieval to the control conditions showed activations in the ventral and
dorsal streams. Furthermore, the contribution from superior parietal cortex to inferior
extrastriate regions increased over time, confirming our hypothesis o f learningassociated interactions between dorsal and ventral streams. As these increases occurred
within each learning block, we suggest that they are learning associated rather than
being due to non-specific time effects. [Supported by the Wellcome Trust]

Neural pathways underlying object recognition have been proposed for both
the verbal and visual systems. However, it is unknown whether similar
representational systems exist for tactile object recognition, or if the visual and
verbal representational systems are utilized. We studied five normal righthanded male subjects with two tactile object recognition tasks. The first task
involved using the entire right hand to identify objects (activated condition) with
a baseline condition of discriminating rough vs. smooth surfaces. In task 2, the
subject was constrained to using only the thumb and forefinger for object
identification and for rough/smooth discrimination. Echo planar fMRI data were
gathered using 10 mm thick axially oriented contiguous sections through the
brain. Cross correlational analysis was used to determine regions of brain
activation for each subject. In both tasks, we detected signal changes in the
calcarine cortex, lateral occipito-temporal gyri, inferior and less frequently
superior parietal lobules, and frontal polar regions (Brodmann areas 9 and 10).
These changes were predominantly bilateral. The findings suggest that tactile
object recognition activates regions associated with visual imagery and visual
object recognition (e.g., “what” pathway), either somatosensory or lexical
processing, and frontal areas possibly associated with visual working memory
and/or object recognition. Thus, tactile object recognition involves co-activation
of brain regions subserving object processing in the somatosensory and other
sensory modalities (e.g., visual).

191.15

191.16

LONG-TERM SUSTAINED RESPONSE IN HUMAN HIPPOCAMPUS
AND CEREBELLAR NUCLEUS: PHYSIOLOGICAL MEMORY STUDY
USING FMRI T. Kato*. P. Erhard. Y. Takavama. J. Strupp. T. H Le. M.
Harada. S. Qgawa# and K. Ueurhil. CMRR, Univ. o f Minnesota, Minneapolis,
MN 55455, #Lucent Technologies, Bell Labs, Murray Hill, NJ 07974, USA
Sustained neuronal response after repeated stimulus like the hippocampal long
term potentiation and the cerebellar long-term depression have been reported in
animal studies. However, temporally sustained activation after a memory task has
not been demonstrated in the human brain by any technique. To investigate the
hypothesis that sustained neuronal response exists in human memory processing,
we monitor the time course of responses after an auditory instructed wond-leaming
task using multislice functional magnetic resonance imaging. The subject is
instructed to memorize the names o f 6 four-legged animals, but only during these
50 seconds. These are given aurally and are repeated six times within 50 seconds.
Memory function related areas which have been repented previously, displayed
three different Sustained Response Times (SRTs) after the task period. We called
them Cerebral Multiphasic Sustained Responses (CMSR) such as short-term
sustained response (SRT of STSR; 10.4 ± 4.0 sec), middle-term sustained
response (MTSR; 46.7± 8.0 sec), long-term sustained response (LTSR; 94.9 ±
20.7 sec). These CMSR are definitely a new neurophysiological discovery.
Long-term sustained response as observed in the hippocampus and the cerebellar
dentate nucleus lasted 93.7 ± 20.6 seconds (mean ± SD). Our observations show
the existence of CMSR of up to two minutes after the memory task and reveal its
“background job” in the subconscious as implicit memory processing. A selfpaced finger tapping task after the memory task interfered with CMSR, it induced
shortening of the hippocampal SRT and decreased memory scores. This
phenomenon might be the physiological basis o f distraction in memory
processing. Supported by NIH grant RR08079.

A COMPARISON OF PREFRONTAL ACTIVATION TO INFREQUENT
VISUAL TARGETS AND NON-TARGET NOVEL STIMULI: A FUNCTIONAL
MRI STUDY. E. Kirino. A. Beleer. J.C. Gore. P.S. Goldman-Rakic and G.
McCarthy* Neuropsychology Lab., VAMC, W est Haven CT 06516 USA, and
Departments of Psychiatry, Diagnostic Radiology, Neurobiology, and Neurosurgery,
Yale University School o f Medicine, New Haven CT 06510 USA.
McCarthy et al. (J. Neurophysiol. 1997) demonstrated activation o f prefrontal and
parietal cortex in response to infrequently presented visual target stimuli of which
subjects were keeping a mental count The pattern of activation was similar to that
observed in previous studies o f working memory suggesting that processing o f these
targets involved similar neural mechanisms. In their study, targets were irregularly
embedded within a series o f identical non-target stimuli. Thus it is possible that the
low frequency and irregular presentation o f targets was responsible for the
activation (perhaps due to orientation o f attention), rather than response
requirements. To test this possibility, we conducted a study in which subjects
viewed a series of squares presented 1/1.5 s. On a random 3-5% of trials per run, the
squares were replaced by circles which subjects mentally counted. On a similar
proportion of trials, squares were replaced by pictures of everyday objects that
required no response.
Gradient echo, echoplanar images were acquired on a 1.5 T MR system. During
each of 10 experimental runs, 128 images (TR-1.5 s, TE -45 ms, a«60°, 7mm slice
thickness) were acquired for each of 6 coronal slices extending anteriorly from the
corpus callosum. Segments consisting o f the 6 images preceding and the 9 images
following each target and novel were excised and the time course of each voxel was
convolved with the average activation time course obtained in the prior study. Focal
activation o f the middle frontal gyri was obtained for the counted targets, replicating
McCarthy et al. Novel pictures, however, did not evoke similar activation
suggesting that task relevance is necessary to sustain activation o f this region over
trials.
Supported by the VA and by NIMH Grants MH-44866 and MH-05286.
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191.17
FRONTAL AND HIPPOCAMPAL-SYSTEM INVOLVEMENT IN
ENCODING OF ABSTRACT VISUAL INFORMATION: EVIDENCE
FROM A POSITRON EMISSION TOMOGRAPHY STUDY. S. Frev*
and M. Petrides. Montreal Neurological Institute, McGill University,
Montreal, Quebec, Canada H3A 2B4.
This study investigated the involvement of the frontal cortex and
the hippocampal region in the encoding of visual information.
Regional cerebral blood flow was measured with positron emission
tomography (PET). The H21sO intravenous bolus method with inter
subject averaging and co-registration of magnetic resonance and
PET images was used. Normal volunteer subjects were tested in
one experimental condition requiring them to encode actively (i.e.
memorize) a series of abstract visual designs. These subjects were
also tested in a corresponding control condition and the subtraction
method was used to compare the activation between these two
conditions. Within the frontal cortex, encoding of the designs
activated the rostral orbital frontal region (area 11) on the right side.
Other activation foci were observed in the fusiform region of the left
hemisphere and the prestriate region bilaterally. A negative peak
was observed within the right entorhinal cortex. These results
suggest a strong interaction of the orbitofrontal and medial temporal
regions in the active encoding of visual information.
Supported by the Medical Research Council (Canada) and the
McDonnell-Pew Program in Cognitive Neuroscience.
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PET-CORRELATES OF VISUAL IMAGERY. L. Yägüez1*. R.J.
Seitz2. B. Suchan1. A.G.M. Canavan1,3. L. Teilmann4. H. Herzog4. V.
Homberg1. Neurological Therapy Centre1, Dept Neurology2,
Düsseldorf Heinrich-Heine University, Germany and Luton
Universtity3, UK Institute of Medicine, Research Centre Jülich4.
Changes in regional cerebral blood flow (rCBF) during a visual
imagery task were measured in 10 right-handed Caucasian subjects
with the PET-technique using [150 ] Butanol. Two tasks were
compared. In the imagery task the subjects had to draw a mental line
connecting encircled numbers, arranged pseudo-randomly on a screen,
in ascending order and count the crossings of the imagined lines. In the
second task the subjects had to mentally connect in ascending and
descending order encircled numbers presented on the screen. However
in this tasks the imaginary lines did not cross. Thus this tasks served as
control condition in order to yield similar eye movements as in the
imagery task.
The imagery task produced rCBF-increases in the anterior cingulate
gyrus and mesial prefrontal cortex bilaterally and a somewhat smaller
increase in left parietal cortex. There was no extra activation in the
visual cortices. The activation of this visual imagery task showed
similar activation patterns as those described in motor imagery tasks
recently (Seitz et al., Eur. J. Neurosci., 1997; 9:378-389).
(supported by the DFG, German Research Society).
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MONAURAL PRESENTATION OF MUSIC IMPROVES PERFORMANCE ON A
TACTILE PATTERN MATCHING TASK IN HUMANS. B. Stoltz. G. S. Chhina
and J. S. Kanwal* . Institute for Cognitive and Computational Sciences, Dept, of
Neurology, Georgetown University Medical Center, Washington DC 20007.
Music is known to improve motor performance in humans (Furman, 1996) but the
neural basis of its impact on cognition and sensorimotor performance is unclear. As a
first step towards delineating the effect of musical versus non-musical sounds on
sensorimotor performance, we presented three types of sound stimuli - music, white
noise, and speech separately to each ear. Sixteen subjects were asked to examine four
Braille characters with an index finger and indicate the position of the two identical
ones in a line (Kennison and McFarland, 1989). Each trial consisted of 10 lines. Each
presentation lasted for 5 minutes, and trials were administered approximately 2
minutes after onset of the sound presented and lasted for up to 3 minutes. Post
presentation trials were also conducted during a silent period after each presentation.
Performance scores were based on the number of correct matches per trial. Latency was
based on the time taken to complete a single trial within the allocated time. All scores
were normalized with performance/latency scores for an initial trial during silence.
Results showed a 40 to 60% increase in the average performance levels for pattern
matching for trials conducted during and post sound presentation. Performance scores
on post-presentation trials were up to 15% better than performance scores for trials
during sound presentation regardless of the nature of the sound. For music and noise,
this affect is due mainly to the presentation of sound to the ear ipsilateral to the hand
performing the task. Both music and speech showed a lateralized effect on performance
levels during sound presentation. Presentation of music to the side contralateral to the
hand performing the task resulted in improved performance, whereas for speech the
ipsilateral side was more effective. These results suggest that auditory processing
primes nonauditory neural circuits involved in a pattern matching task and this
improvement continues beyond the period of sound exposure.
Supported in part by a DOD grant DAMD17-93-V-3018 to G1CCS.

192.3
INDUCED 40-Hz ACTIVITY DURING PASSIVE AND ACTIVE
LISTENING IN HUMANS. O. Bertrand*M.H. Giard. C. Tallon-Baudrv. J.
Pernier. Mental Processes and Brain Activation, Inserm U280, Lyon, France.
Synchronization of neural cell assemblies in the gamma-band (30-70 Hz)
has been proposed as a basic mechanism for object representation. In the
visual modality in humans, induced 40-Hz activity has been shown to be
increase in feature-binding and in selective attention conditions. In the
auditory modality, recent animal studies have reported spontaneous 40-Hz
activity recorded from an epipial electrode array over the auditory cortex of
the anesthetized rat. The amplitude of this 40-Hz activity varies in the first
400 ms following an acoustic click stimulus.
The aim of the present study was (i) to examine whether similar auditory
induced 40-Hz activity could observed in human EEG, and (ii) to study a
possible influence of selective attention on its amplitude. Continuous EEG
was recorded in normal subjects, and single-trial responses were analyzed
by means of recently developed time-frequency wavelet analysis to identify
stimulus induced (jittering in latency) oscillatory bursts.
In a first passive listening paradigm (1-kHz tone bursts), we found two
types of 40-Hz activity : a small phase-locked transient response (around
50ms) and a larger non-phase locked induced phenomenon consisting in a
reduction (0-150ms) followed by an increase (150-300ms) of gamma-band
activity compared to the pre-stimulus level. This temporal pattern of activation
is similar to those reported in rat studies and in the visual modality in humans.
In a second experiment, frequent and rare tones were presented to
subjects who were either passively listening or actively detecting (buttonpress) deviant tones. Preliminary results show that 40-Hz induced activity is
enhanced in the attentional condition.
This work was supported by an HFSP grant.
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192.2
VISUALLY INDUCED 40 Hz ACTIVITY IN A DELAYED-MATCHING-TOSAMPLE TASK IN HUMANS. C. Tallon-Baudrv*, O. Bertrand, F. Peronnet,
J. Pernier. INSERM U280, Lyon, France.
It has been suggested that synchronization of distributed cell assemblies in
the gamma-band (30-70 Hz) could be away to build an object representation.
Induced 40 Hz activity in humans has been shown to increase in featurebinding and in selective attention conditions. This experiment is designed to
test whether induced gamma-band activity is also increased when
memorizing pictures.
We recorded continuous EEG in normal human subjects in two different
conditions : a "memory" condition and a "dimming" condition. In the memory
condition, the subject performs a delayed-matching-to-sample task : a red
fixation cross appears (800 ms), followed by a first form (400 ms). After the
delay (800 ms), a second form is presented (400 ms). The subject has to
press a button when the two forms are identical. In the dimming condition,
the subject is presented a red fixation cross (800 ms), a first form (400 ms).
After the delay (800 ms), the luminance of the cross can either decrease or
stay the same. In this latter case, the subject has to press a button. The
difficulty of both tasks is adapted to the subject's performance.
Preliminary results (4 subjects) show a 40-Hz induced activity, appearing
between 250 and 300 ms after the presentation of the first form. The
amplitude of this gamma-band activity is higher in the memory than the
dimming condition. In the same latency range, low-frequency evoked
potentials display an enhanced parietal positivity in the memory condition.
There seems to be no gamma-band induced response to the second form in
the memory condition, no matter whether this second form is identical or
different from the first one.
Supported by an HFSP grant.

192.4
A MODEL THAT ACCOUNTS FOR ACTIVITY IN PRIMATE FRONTAL
CORTEX DURING DELAYED MATCHING-TO-SAMPLE TASKS.
S. L.
Moodv*. S. P. Wise and D. Zipser. Lab. of Systems Neuroscience, NIMH,
Poolesville, M D 20837, Dept, o f Cognitive Sci., UCSD, La Jolla, CA 92037.
A fully recurrent neural network was trained to perform a delayed matching-tosample task with distractors. A stimulus is presented at one of 8 sample locations
and a match should be reported when a current stimulus is at that location, but not
when it is at any of the 7 other (distractor) locations. The model output produced a
match signal at the appropriate times by using two principal classes of directionally
tuned hidden units: storage and comparator units. Storage units form a dynamical
system with one fixed point attractor for each of the 8 spatial locations in the
training set. Comparator units receive input from these storage units, as well as
from current input stimuli.
These two sources of information combine in
comparator units to create unique patterns of activity that determine if a match has
occurred.
We reanalyzed single-neuron recordings from premotor (PM) and prefrontal
(PF) cortex of a rhesus monkey trained to perform a spatial, delayed matching-tosample task (G. di Pellegrino and S. P. Wise, J. Neurosci. 13:1227, 1993). In
accord with previous observations, many PM and PF neurons behave much like
storage units, with sustained activity corresponding to the sample’s location. In
addition, the monkey’s PM contains neurons that behave like comparator units in
our model. No neurons in PM appear to signal a match. However, at least one PF
neuron was observed with activity expected for a match output, and several others
approximated that pattern of activity to varying extents.
(Supported by N SF SB R 92-56834, SD F gift, and NIMH-IRP)
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HUMAN
NEUROMAGNETIC
SIGNALS
RELATED
TO
NUMBER
RECOGNITION AND ADDITION. T. Imada*. S. Nakavama. M. Isobe. M.
Kawakatsu. and M. Kotani. Basic Research Laboratories, Nippon Telegraph and
Telephone Corporation, Atsugi-shi, Kanagawa, 243-01, Japan.
Neuromagnetic signals were recorded with a whole-scalp neurom agnetom eter
(Neuromag-122™) in a magnetically shielded room while subjects (8 healthy
Japanese males aged 22 to 48 years) were recognizing four numerical figures
(experiment 1) or performing the addition of two two-digit numbers (experim ent
2). The stimuli were presented to the central visual field for 100 ms with random
interstimulus intervals lasting between 2.4 and 2.6 s. The subject’s task in
experiment 1 was to release the first reaction key on perceiving a group of four
numerical figures that included an 8 or a 9 and the second key otherwise. The
task in experiment 2 was to release the first reaction key when the second-place
figure of the sum after addition was higher than 5 and the second key otherwise.
The reaction time was on average about 350 ms faster in the recognition than
in the addition task. In both experiments, all subjects showed signals in the
occipital area until about 200 ms after the stimulus onset. Equivalent current
dipoles (ECDs) were localized in the area close to the descending segment of
the intraparietal sulcus (mostly 100 to 400 ms poststimulus in 8 subjects in both
experiments 1 and 2) and in the vicinity of the left/right angular gyrus (mostly
200 to 400 ms poststimulus in 4 subjects in experiment 1, and mostly 200 to 600
ms poststimulus in 5 subjects in experiment 2). There was a tendency in both
experiments for more ECDs to be found in the area surrounding the descending
segment of the right intraparietal sulcus than in that of the left, but more ECDs
were near the left angular gyrus than the right.
According to our recent experiments, these occipito-parietal areas are also
involved in reading and constructing Japanese characters. This implies that
various higher-order functions are performed in these areas.

AN ANATOMICAL SYSTEM SUBSERVING DECISION-MAKING. A.
Bechara*, D. Tranel, H. Damasio and A.R. Damasio. Dept. Neurology, Univ. of
Iowa, Iowa City, IA, 52242.
The somatic marker hypothesis proposes that the ventromedial prefrontal
cortex (VMPC), the amygdala (A), and the right somatosensory cortices (RSSC)
are components of an anatomical system critical for decision-making. In
accordance with the hypothesis, we have shown in previous work that bilateral
lesions o f the ventromedial prefrontal cortex cause impairments in decision
making, as assessed by the gambling task. Here we tested the prediction that,
also according to the hypothesis, bilateral lesions o f the A or RSSC should cause
impairments on the gambling task. In this task, subjects have to choose one card,
at a time from one of four decks. Choosing a card is always followed by an
immediate reward of play money, but the amount is higher in some decks than in
others. At unpredictable points in each deck, choosing a card is followed by
money loss, which is greater in the high reward decks than in the low ones.
Control subjects learn to avoid the decks which yield high immediate rewards
and larger future losses. Here we found that subjects with bilateral A lesions
(n=2) were severely impaired on the gambling task. A separate group of subjects
with RSSC lesions (n=13) were also tested, and we found that 9 subjects were
severely impaired on the gambling task, and 4 subjects were borderline. The
results support the idea that the ventromedial prefrontal cortex, the amygdala,
and right somatosensory cortex are components of a system involved in decision
making.
Supported by NINDS PO l NS19632.
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192.8

NEURAL RESPONSE ASSOCIATED WITH M AKING DECISIONS ON THE
BASIS OF COGNITIVE HYPOTHESES, R. Elliott* and R J . Dolan W ellcome
Department o f Cognitive Neurology, Queen Square, London, WC1N 3BG, U.K.

RJD is funded by the W ellcome Trust and RE by the Brain Trust.

NEUROANATOMIC CORRELATES OF DEDUCTIVE AND INDUCTIVE
REASONING. B. T. Goldt.V . G oelt. S. Kaour£. S. Houle£. and J. P . Craw fordt*
¿York University, Dept, of Psychology, 4700 Keele St., North York, Ontario, M3J
1P3, Canada. £Dept. o f Psychiatiy and PET Centre, Clarke Institute of Psychiatry,
University of Toronto, 250 College St., Toronto, Ontario, M 5T 158, Canada.
Frontal lobe pathology is classically linked with dysfunction in “higher reasoning”,
but the precise neuro-anatomic correlates for various reasoning classes are poorly
understood. Our neuroimaging study explored the anatomic correlates of both
inductive and deductive reasoning, rigorously defined by the relationship between
premises and conclusion. Ten right-handed male university students underwent 8
consecutive scans at 12 min. intervals with a Scanditronix-II PC2048-15B scanner
which collected 15 contiguous planes with an in-plane resolution o f 6.5 mm fullwidth half-maximum after reconstruction. Images were obtained by summing the
activity during the 60 second period following the first, detection of an increase in
cerebral radioactivity after intravenous bolus injection o f 39 mCi o f 15-0-water. Data
analysis was performed using SPM software. All regions reported as significantly
activated exceeded /K0.001. Subjects (Ss) were presented with 3 sets o f sentences on
each trial. In the control condition Ss demonstrated semantic comprehension. In the
deductive reasoning condition Ss determined whether the third sentence was entailed
by the first two. In the inductive condition Ss deciphered whether the third sentence
was plausible given the first two. The deduction condition resulted in activation of
the left inferior frontal gyrus (Brodmann Areas 45, 47). The induction condition
resulted in activation of a large area comprised o f the left medial frontal gyrus, the
left cingulate gyrus, and the left superior frontal gyrus (Brodmann Areas 8, 9, 24,
32). Induction is distinguished from deduction by the involvement of the medial
aspect o f the left superior frontal gyrus (Brodmann Area 8, 9). These results are
consistent with cognitive models of reasoning that postulate different mechanisms for
inductive and deductive reasoning. Supported by a Canadian NSERC grant.

192.9

192.10

Much everyday behaviour is implicitly guided by hypotheses about situations
which are monitored and updated in the light o f changing circumstances. The
process o f translating these hypotheses into behaviour typically involves
implementing a decision, often on the basis of incompletely specified information.
The present study aimed to model these processes in order to determine the neural
substrates o f hypothesis testing and how these are modulated by decision making.
Positron emission tomography (PET) with oxygen-15 labelled water was used
to study 6 right handed male volunteers performing an insoluble hypothesis testing
task where they tried to identify a rule determining which o f two checkerboard
stimuli was correct. This was compared with a control task matched for perceptuomotor requirements. Both tasks were performed under two conditions; with or
without the requirement to make a choice. Statistical parametric mapping (SPM96)
was used to compare regional cerebral blood flow (rCBF) under the four conditions.
Structures activated in association with hypothesis testing included the
cerebellum, left anterior cingulate, right medial parietal cortex, right thalamus and
left inferior frontal gyrus. The requirement to make a choice was associated with
activation o f the right lateral orbitofrontal cortex and a more ventral region o f the
left anterior cingulate. This cingulate region was also associated with the
modulation o f activations associated with hypothesis testing by the requirement to
make a choice.
These findings are discussed in terms o f the neural substrates o f complex
"executive" tasks. We argue that the precise cognitive parameters o f such tasks, and
specifically the requirement to implement decisions in actual behaviour, are critical
in determining the associated neural response.

ALTERED DECISION-MAKING FOLLOWING FRONTAL LESIONS: A COMPARISON WITH
AMPHETAMINE AND OPIATE ABUSERS. B.J. Everitt, R.D. Rogers, A. Baldacchino, A.J. Johnson,
R.Swainson, M. London, G.W.F. Deakin, T.W . Robbins & B J . Sahakian*. Dept, of Experimental.
Psychology, Univ. of Cambridge. Mill House Drug Dependency Clinic, Cambridge, Dept, of
Psychiatry, Univ. of Manchester. U. K.
Altered decision-making behaviour in chronic amphetamine abuse may be associated with
disrupted monoaminergic modulation of orbito-frontal-striatal circuitry (Rogers et al, Briti Assoc
PsychoPharm Summer Meeting, 1996). Here we compared directly decision-making in chronic
amphetamine and opiate abusers with that of patients with focal lesions of prefrontal cortex
(PFC). We also examined the effect of reducing 5-HT function in normal volunteers using a
tryptophan-depleting amino acid drink.
Subjects were required to predict which one of two outcomes would occur following a visual
cue indicating their probabilities (e.g. prob. of outcome A - 0.7 vs prob. of outcome B - 0.3), and
then invited to maximise a points score by placing 'bets' on their choice being correct. While the
amphetamine abusers chose the less probable outcome more often than matched control subjects,
and deliberated for longer before making their choices, the heroin abusers exhibited onlythe
second of these behavioural changes. Importantly, increased deliberation times on this task
a r e associated with damage to ventro-medial but not dorso-lateral sectors of PFC. However, in
contrast to these deficits, the rate at which both addict groups, and the ventro-medially lesioned
PFC patients, increased the size of their bets in response to more favourable probabilities was the
same as the matched control subjects, indicating intact sensitivity to the task contingencies.
The performance of subjects with low tryptophan was most similar to that associated with
amphetamine abuse, consistent with reports of depleted 5-HT in the orbital regions of PFC of
methamphetamine abusers (Wilson et al, Soc Neuro Abstr, No. 815.9,1996). Overall these data
suggest that both amphetamine and opiate addicts show similar decisional deficits to those seen
after damage to ventro-medial PFC. However, amphetamine addicts also show changes in other
aspects of choice behaviour that may involve modulation of PFC function by both ascending 5-HT
and mesocortical DA projeetions. Supported by a Programme Grant from the Wellcome Trust.
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P R O C E S S IN G R E L A T IO N A L C O M P L E X IT Y IN R A V E N ’S
PR O G R ESSIV E M A TR IC ES, J. K. KROGER*. K. R. ROMO. J. T.
WEIBERT. Dept, of Psychology, UCLA, Los Angeles, CA 90024
The Raven's Progressive M atrices (RPM, Raven, 1962) is a nonverbal
measure o f fluid intelligence and reasoning and is sensitive to frontal lobe
dysfunction. Relational similarity plays a role in reasoning and categorization
(Kroger & Holyoak, 1997; Goldstone, Medin, & Gentner, 1991). The need to
perceive and m anipulate relational structure in RPM may underlie its
sensitivity to frontal lobe dysfunction. To examine whether relational structure
is a salient component o f RPM solution we asked subjects to complete one
target problem and two choice problems modeled after RPM, in which degree
o f relational structure match and surface feature match between the target
problem (T) and each choice problem varied systematically. One choice
problem was most like T in relational structure (RC), the other had the most
surface similarity to T (SC). When asked to choose which choice problem was
more like the target problem, 78% o f subjects selected RC when it and T
shared no surface features and one structural relation (changing position) and
no structural relations were present in SC, even though the key to solving SC
was the surface feature it shared with T. 91% of subjects chose RC when it
and T involved two structural relations (changing position and spatial
frequency) and SC involved none. When two unique relations were employed
in T (changing position, spatial frequency) and RC (changing size, orientation)
77% o f subjects selected RC. Subjects clearly judged problems as similar
based on degree of relational structure necessary for solution more than surface
similarity, and results were not significantly different when T and RC involved
identical or different relations, x2 ( l)= 3 .5 , P>.05. This subject preference
increased as relational complexity shared between T and RC increased. Results
suggest that processing relational structure is a salient com ponent o f
successful RPM performance and may be a key function of the frontal lobes.
We are now examining this possibility with fMRI studies.
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CEREBRAL CORRELATES OF HYPNOSIS: COMPARISON OF DELTA EEG
ACTIVITY AND REGIONAL CEREBRAL BLOOD FLOW (rCBF).
P. Rainville. R.K. Hofbauer. T. Paus. P.P. Price. M.C. Bushnell and G.H.
Duncan*. McGill University and University of Montreal, Canada H3C 3J7.
We recently described the use of hypnosis for selectively altering the un
pleasantness of noxious stimulation (Carrier et al., 1996) and have employed
this psychological manipulation to investigate cerebral mechanisms underly
ing the affective dimension of pain (Rainville et al., 1996). We now examine
the relationship between EEG activity and rCBF recorded during hypnosis to
better assess cerebral activation during this state of altered consciousness.
EEG activity was recorded continuously while changes in rCBF were
measured using bolus injections of H2150 and 3-P high-resolution PET. Data
reported here are taken from 7 moderately to highly hypnotizable subjects,
before and after hypnotic induction. All scans were conducted with the
subjects’ left hand immersed in either 35°C (neutral) or 47°C (painful) water.
The interactions of hypnosis, stimulus temperature, cortical lobe and
laterality were highly significant for their effects on delta (1.5-4.0 Hz) activity
(F=31.4, p=0.001), but not for other bands. In the absence of pain, activity
within the delta range was increased in occipital lobes and decreased in
frontal lobes by hypnosis, compared to that of the control condition (p<0.02).
The increased delta activity observed in occipital cortex during hypnosis was
significantly correlated with an increase in rCBF measured in the occipital
cortex (t=4.22, r=0.51, p<0.01) and a decrease in rCBF within the thalamus
(t=-3.56, r=-0.60), findings similar to those observed during early phases of
slow wave sleep (Hofle et al., 1997). Hypnosis-related activation in occipital
cortex may indicate a general neural mechanism underlying visual imagery, as
suggested by similar findings observed during wakeful imagination (Kosslyn et
al., 1995) and presumed dreaming during slow wave sleep (Hofle et al., 1997).
Supported by the Canadian MRC.

CONSCIOUSNESS QUALITY AND QUANTITY.
TWKjaer*. HC Lou. M Nowak'. G Wildschi0 dtz' & L Friberg
John F Kennedy Institute, & Rigshospitalet, Denmark
Can consciousness quality - the thoughts and feelings contained in
a mental state - be segregated in the reduced quantitative state of
meditation relaxation?
Seven experienced yoga practitioners were investigated, using
EEG and 0 15-H20 PET (GE Advance, 3D mode, 2x2x4.25 mm in 35
planes, 90 sec, 10 min apart). Four scans were performed at well defined
passages of meditation two characterized by sensory experience and two
by abstract perception. Four scans were performed at non-meditative
resting states. SPM was used to assess flow (p<0.01). Wilcoxon signed
rank test was used for EEG power spectra (p<0.05). The investigation
was approved by the local ethical committee.
We found a relative decrease in frontal, striatal and cerebellar
rCBF during meditation and an increase in occipital and parietal
association cortices. Within the meditative states there was a distinct
difference between the ‘abstract’ and the ‘sensory’ conditions. EEG
clearly and reliably distinguished the meditative state from normal
consciousness and from sleep, (increased 0 power relative to normal, and
no decrease of a power). The subjective dissociation of consciousness
quality and quantity, could be correlated to a change in the distribution
of cerebral blood flow.
Danish Ministry o f Social Affairs & Nutricia Foundation.

192.13

192.14

TH E N EURO PHY SIOLO GY O F AW ARENESS: TEM PO R A L
RELA TIO N SH IPS BETW EEN READINESS PO TEN TIA LS, SU BJECTIV E
AW ARENESS, AND FIN G ER FLEXION. F.K. Lenherr*. New Salem Research,
New Salem, MA 01355, and the Applied Computing Systems Institute o f
Massachusetts, Amherst, MA 01003.
Subjects were trained to flex their right index fingers spontaneously, whenever they
wished to do so, while simultaneously observing the position o f the "second hand" on
a fast, free-running clock. The clock made one revolution in 2.56 seconds, allowing
readings to be resolved to the nearest 43 msec.
Continuous D.C. recordings were made with a 32-channel digital EEG system and
averaged with respect to the time each finger flexion (mouse button press) was made.
In some trials, subjects were asked to report the time on the clock when they first
became aware o f the urge to press the button; in others, this self-observation was not
required, and they simply pressed whenever they wished.
Two other conditions were studied during the same recording sessions with the
same subjects. In the first, the subject simply observed the clock and did nothing. In
the second, he was also asked to press the mouse button when the clock reached
"Noon".
Difference waves between these four conditions were analyzed, in an attempt to
replicate and extend the experiments reported by B. Libet [Libet, B., et al., Brain
106:623-642. '83]. Results showed that under these particular conditions o f voluntary
(stimulus-independent) motor behavior, the Readiness Potential preceded the time of
becoming aware o f the urge to move, which in turn preceded the time o f the actual
motor response.

THE CRUCIAL CENTRAL CORE OF
CONSCIOUSNESS DOES NOT REQUIRE
COGNITION J.E.Bogen. * Dept, of Psychology,
UCLA and Neurological Surgery, Univ. of
So.Calif.Los Angeles 90033.
The many various concepts of consciousness
have in common a crucial central core (C)
characterized by subjectivity including the
conviction of volition (Bogen, Seminars in
Neurology 17:17 (1997). C of nausea, thirst,
fatigue and the like are at least as typical of being
conscious as C of time, place, person, meanings,
memories and expectations. Excessive emphasis
on cognition by current students of consciousness
may derive, as do so many attitudes, from
Descartes who claimed: I think, therefore I am.
A neurobiological understanding of consciousness
(Crick and Koch, Seminar in The Neurosciences
2:263 (1990) might come more quickly were we
to aver: I feel, therefore I*am. Supported in part
by NIH award NS-20187.
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COGNITIVE DEVELOPMENT AND SEVERITY OF PERINATAL ACIDOSIS.
C.L. PORTER. S. RAZ. B.K. GLOGOWSKI-KAWAMOTO. T.L. HOPKINS. M.D.
LAUTERBACH. A.W. YU. P.M . WARMAN. F.M. GUNNING. M.E.
KRONENBERG. G. MITTLEMAN*. AND C.J. SANDER. Lab. o f Developmental
Neuropsychology, Univ. o f Memphis, Memphis, TN 38152.
We examined the relationships between hypoxic risk at birth, gestational age, and
cognitive outcome in a sample o f 49 (23 male) participants aged 4-6 years. The
selection criterion was a pH value below 7.30 within the first 2 hours after birth.
Gestational age in this high risk sample ranged from 29-41 weeks. Children were
excluded if they experienced perinatal complications such as intrauterine growth
retardation, severe respiratory disorders, and brain bleeds. Other exclusionary criteria
were maternal complications such as placental abruption and placenta previa,
chromosomal disorders, cerebral palsy, seizure disorders, and severe head injury. We
employed a linear model analysis using the following predictors: hypoxic risk
(indexed by combined 1 and 5 minute Apgar score, initial arterial pH at birth, highest
arterial pCOz and highest arterial 0 2 saturation during supplemental oxygen
administration), and gestational age. Two covariates (SES and total number o f
perinatal complications) were also entered simultaneously. The predicted variable
was Full Scale IQ (FSIQ) based on the WPPSI-R. The results demonstrated that
increasing acidosis (as defined by initial arterial pH) was inversely related to FSIQ
(t[l, 41] = 3.28, £>= <.01). Neither gestational age nor any o f the remaining hypoxic
risk indices were significantly related to intellectual outcome. The relationship
between pH and FSIQ in this sample is remarkable since the initial pH (lowest value
= 7.11) was restricted with the lowest level reflecting only moderate acidosis. We
conclude that a dose-response relationship may be observed between initial pH and
intellectual outcome even when the lower end o f the range is truncated above the
level which is considered to be clinically significant in studies o f neonatal asphyxia.
Supported by grant R29 HD-32244 from the National Institutes o f Health.

NEUROPSYCHOLOGICAL SEQUELAE OF CEREBELLAR TUMORS IN
CHILDREN. L. Levisohn*. A. Cronin-Golomb and J.D . Schmahmann. Dept,
of Psychology, Boston U ., Dept, of Neurology, Mass Gen Hospital, Boston,
MA 02215.
Understanding the effect of cerebellar tumors on cognition and affect in children
is often confounded by the use of radiation treatment, which itself may disrupt
developing brain functions. To overcome this problem, we analyzed data from
children with cerebellar astrocytoma (n = 7 ) or medulloblastoma (n = 13) who had
received tests of expressive language (EL) and visuospatial functions (VS) in the
post-surgical, pre-radiation period. Data regarding observed changes in affect
regulation were also collected. We hypothesized that localized cerebellar
damage would be associated with cognitive deficits, which would be more
apparent with increased age at testing; and that disrupted affect regulation would
be more strongly associated with damage to the vermis than to the lateral
hemispheres. Post-surgical MRI scans for each patient were examined using a
recently developed method o f template based neuroanatomical localization within
the cerebellum. Ten o f the 20 patients showed deficits in EL, 9 in VS, and 5 in
both. Patients who were youngest at time of testing (less than 6 years) were most
likely to be normal in EL and VS. O f the 14 patients who had vermis damage, 8
showed uncharacteristic giddiness or dramatic mood swings, whereas none of the
vermis-intact patients had any reported changes in affect. Our results indicate
that changes in cognition and affect occur in cerebellar-tumor cases even in the
absence of radiation treatment. Consideration of the specific lesion site, the age
of the patient, and functional domain may aid our understanding of the great
variability in behavioral outcome in these children.
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DICHOTIC LISTENING IN SLE. B.I. Glanz*. B.J. Murawski.
PH . Schur. S. Khoshbin. Departments of Neurology and
Rheumatology, Brigham and Women’s Hospital, Boston, MA 02115.
Fourteen right-handed patients meeting American College of
Rheumatology (ACR) criteria for the diagnosis of systemic lupus
erythematosus (SLE) were administered a dichotic listening task.
Using a dual-channel tape recorder with stereophonic ear-phones, six
digits were presented simultaneously, three to the left ear and three to
the right ear. Patients were asked to report the numbers they heard.
Thirty-two trials were administered, for a total possible score of 192,
or 96 for each ear.
Mean scores were 87.3 (91%) for the left ear, and 88.3 (92%) for
the right ear. There was no significant difference in mean scores for
the two ears (t=.35, n.s.). Healthy controls demonstrate a significant
(5-10%) right ear advantage on this task. Patients with left temporal
lobe dysfunction show slight impairment overall, while patients with
right hemisphere dysfunction show an accentuation of the right ear
advantage. The failure of SLE patients to demonstrate right ear
superiority may indicate left temporal lobe dysfunction in patients
with SLE, and is consistent with findings on electroencephalography
(EEG) and neuropsychological testing.

M O T O R A N D SE N SO R Y IN T E R H E M IS P H E R IC IN T E G R A T IO N
F O L L O W IN G PA R T IA L C A L L O S A L SE C TIO N .
S. C aillé . A.
S chiavetto
, J.G . V illem ureS
and M . L assonde*.
* G roupe de
R ech erch e en N eu ro p sy ch o lo g ie E x p érim en tale, D ép artem en t de
P sy chologie, U n iv ersité de M o n tréal, M o n tréal, C an ad a and § Institut
N eu ro lo g iq u e de M o n tréal, U n iv ersité M e G ill, M o n tréal, Canada.
In th e p resen t study, w e stu d ied five p a tien ts w h o had p artial callosal
s e ctio n inv o lv in g d ifferen t reg io n s o f th e a n terio r h a lf o f th e corpus
callo su m (CC).
W e ev alu ated m o to r an d sen so ry interhem ispheric
in teg ratio n in th ese su b jects in o rd er to sam p le p erfo rm an ce along the
en tire a n tero -p o sterio r axis o f the CC . W e m easu red accuracy and
rea c tio n tim es u sin g
d ifferen t exp erim en tal
task s
(bim anual
coo rd in atio n , interm an u al tactile lo calizatio n , v isu al an d som esthetic
in terh em isp h eric co m p ariso n s o f stim uli, visual and som esthetic
in terh em isp h eric tran sm issio n tim es). T h e th ree m o st a n terio r lesions,
involving the seco n d th ird o f th e gen u o f th e C C , resu lte d in a clear
d eficit in bim an u al coo rd in atio n , w h ic h w as ab sen t follow ing m ore
po sterio r lesions. In co n trast, the m o st p o ste rio r lesio n , ex ten d in g to the
seco n d th ird o f th e b o d y o f the C C , resu lted in a d eficit o f som esthetic
in terh em ip sh eric tra n sfe r th a t w a s a b sen t w h e n th is c allo sal p o rtio n w as
spared. R esu lts in d icate th at a c o rrelatio n ex ists b etw een a specific
deficit o f in terh em isp h eric in teg ratio n and th e p recise site o f a callosal
sectio n w h en a p p ro p riate and sen sitiv e experim en tal task s are used.
F o u n d ed b y F.C .A .R . and N .S .E .R .C .
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RE LA TIO N BETW EEN R E C O G N IT IO N PE R FO R M A N C E A N D FM RI D A TA
IN A L Z H E IM E R 'S D ISEA SE (AD ) A N D OLD ER N O R M A L SUBJECTS

FRACTURED BRAIN FUNCTION IN UNCONSCIOUS HUMANS.
U.Ribarv*1. N Schiff2. R. L linas1 and F.Plum 2. 'CN M , Dept. Physiology and
Neuroscience, NYU M edical Center, New York, NY, 10016, 2Dept. Neurology
and Neuroscience, Cornell University Medical College, New York, NY, 10021.
The appearence o f apparently organized behavior and wakefulness in the
persistent vegetative state is a disturbing and potentially confounding observation.
Given the concern for misdiagnosis in these patients, an understanding o f the
correlation between expressed behavior and brain function is required. M eticulous
examination and clinical characterization were implemented in three patients in
persistent vegetative state (6 months to 20 years duration). We correlated the
results o f functional brain imaging by m agnetoencephalography (MEG) and
positron emission tomography (PET) with quantitative anatom ical information
obtained by magnetic resonance imaging (MRI). Each patient showed
dissociations between fractionally coordinated behaviors and quantitative brain
function.
Patient 1 spoke infrequently, single understandable words and demonstrated
preserved islands o f functional metabolism in the left hemisphere as well as high
frequency components (gamma range) with partial reset during early sensory
processing in the left hemisphere only. Patient 2 exhibited fragments of
coordinated movement accompanied by globally reduced brain metabolism with a
comparatively higher metabolism in frontal lobes. MEG recordings revealed
incomplete early sensory processing. Patient 3 demonstrated behavioral arousal
responses to somatosensory stimulation. MEG data indicated evidence o f early
and late sensory processing. Somatosensory stimulation induced normal
contralateral reset and synchronization responses. In response to auditory stimuli,
a reset and coherent synchronized activity in the gamma range and abnormal later
evoked field components were observed only within the right hemisphere.
Baseline brain metabolism in this patient demonstrated a 60% reduction of
global metabolism, consistent with previous PET results in vegetative patients.
The findings suggest that global integration o f modular functions
characterizes the normal human brain but unconscious persons may express
partially preserved modules o f activity.
Support: Charles A. Dana Foundation, Annie Laurie Aitken Charitable Trust, NIH
Clinical Research Center.

S te m 2. B.R. Rosen2. R.G. G o n z á lez 2 ’D ept. B rain & Cog. Sci. & Clin. Res. Cen.,
MIT, C am b rid g e , M A 02139; 2M G H -N M R C en ter, C h a rle sto w n , M A 02129.
In young no rm a l subjects (YNS), th e h ip p o c a m p u s , p a ra h ip p o c a m p a l gyrus,
a n d lin g u a l a n d fusiform g y ri sh o w in creases in fM RI sig n al d uring no v el
p ictu re encoding (S tem e t al., 1996), w h e re a s th e rig h t p re fro n ta l cortex is
a c tiv a te d sele c tiv e ly d urin g p ictu re rec o g n itio n (Stern e t al., 1994). W e
p re d ic te d , th ere fo re , th a t h ig h -p e rfo rm in g O N S (n=9) a n d h ig h -p e rfo rm in g
A D subjects (n=9) w o u ld sh o w sim ilar activations.
T he im a g in g m eth o d s were: w h o le b ra in fMRI u s in g BOLD contrast, 1.5 T e sla
GE scanner w ith A N M R EPI u p g ra d e , 3x3x7mm voxels, a n d 20 coronal slices.
Encoding d a ta w ere collected d u rin g tw o n o v el p ictu re b locks a n d tw o f a m i li a r
pictu re blocks p e r 4-m in run. R ecognition d a ta w ere co llected d uring 2 p ictu re
recognition (o ld /n e w ) blocks a n d 2 p ictu re id e n tific a tio n (in d o o r/o u td o o r)
blocks p e r 4-m in ru n . D ata an aly sis u s e d the K-S test.
D uring encoding, a c tiv a tio n in th e O N S an d A D groups resem bled th a t seen
in YNS, b u t th e presence of a c tiv a tio n w as n o t as co n sisten t across subjects.
H ip p o c a m p a l a c tiv a tio n w a s a sso c ia te d w ith good reco g n itio n m em ory scores
(p=.0003), s u g g e stin g th a t th e h ip p o c a m p u s is e ssen tial fo r en co d in g .
The O N S recognition d a ta rep lica te d th e YN S d a ta . H o w e v e r, of th e 9 A D
subjects, 6 fa ile d to a c tiv a te p re fro n ta l cortex, a n d w h e n th e y d id , t h e
activ atio n w as w e a k a n d diffuse. The sim ila rity b e tw e e n O N S a n d A D g ro u p s
in (a) p a tte rn s of activation d u rin g e n c o d in g , a n d (b) reco g n itio n scores suggests
th a t the fa ilu re to a c tiv a te p re fro n ta l cortex co n stitu te s an im p o rta n t
difference. D iffering fMRI a c tiv a tio n p a tte rn s d u rin g recognition d istin g u is h
ea rly A D from ONS.
G ran t s u p p o rt 5 P50 AG05134

193.7

Cognitive Engineering: Using the Neurotrophic Electrode to access
neural signals in locked-in patients: Experiences with initial human
implantation. P.R.Kennedy & R.A.E.Bakav . Depts. Neurol. (PRK)
& Neurosurg. (RAEB), Emory Univ. & Georgia Tech (PRK), Atl., GA.
The concept of connecting directly from brain to computer may assist
paralyzed but cognitively intact patients who have severe communication
problems (locked-in).Long-term monitoring of voluntary neurons in cortex
may allow such patients to control a cursor on a computer screen. We have
developed an electrode for long-term recording from cortex based on
principles of regeneration. The electrode tip is a hollow glass cone
containing low impedence recording wires. At time of implantation
proprietary neurotrophic material is placed in this cone for induction of
neurite growth which later myelinates and allows stable recordings.
A 52 year old, ventilator dependent, ALS patients, totally paralyzed
except for eye movements, was implanted with two electrodes in the
presumed motor cortex (located using fMRI to visualize cortical activation
during imagined movements). Neural activity appeared after 12 days and
persisted until her demise at day 76 (last recording on day 69). Sequential
recordings at days 55, 56 & 57 demonstrated similar waveshapes each day
implying that signal stability was beginning at this time. On numerous
occasions, the patient was able to increase and decrease activity of grouped
signals implying that at least a binary switch was available to her. Control
of stable individual waveshapes is necessary for control of computers.
Supported by Depts. Neurosurg. & Neurol. Emory Univ. &Hosp.,Atl. GA.
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CYTOARCHITECTURE AND CONNECTIONS OF THE
RETROSPLENIAL CORTEX IN
THE
MACAQUE
MONKEY. Y. Kobayashi* and D. G. Amaral Dept, of Psychiatry and
Ctr. for Neuroscience, University of California, Davis, Davis, CA

THE RHINAL SULCUS AND PERIRHINAL CORTEX IN HUMANS,
ANTHROPOID APES AND MONKEY. J.C. Aueustinack1. J.M. Dierkine1. S.J.
Redman1. A. Solodkin3. G.W. Van Hoesen l 2*. Departments o f Anatomy and Cell
Biology1 and Neurology2, University o f Iowa, Iowa City, IA 52242 and Department
o f Anatomy and Neurobiology3, University o f Maryland, Baltimore, MD 21201.
The rhinal sulcus is "standard equipment" in mammals and marsupials. The name
was coined in the 19th century to separate non-olfactory parts o f the cortex from
cortex o f the pyriform lobe, which was thought to be olfactory. However, in humans
the rhinal sulcus is inconspicuous, and in some, a groove, not even resembling a
sulcus. This is not o f consequence until cortical topography is addressed, and
particularly, that o f area 35, or the perirhinal cortex, an important cortex where
Alzheimer's disease (AD) pathology first appears and which yields memory deficits
in mammals when ablated with area 36. We have examined the sulcal patterns,
cytoarchitecture, cortical phenotypes and histochemistry o f temporal cortex
immediately lateral to the entorhinal cortex in 10 normal humans, all great apes and
the monkey, using non-phosphorylated neurofilament protein, calcium binding
protein, parvalbumin, and acetylcholinesterase staining. Additionally, 14 AD cases
have also been studied since specific phenotypes are targeted for neurofibrillary
tangles in this disorder. These stain conspicuously with thioflavin S and are seen as
columns aiding the identification o f the perirhinal cortex. In all species, area 35 lies
lateral to the rhinal sulcus, with the apes resembling the monkey closely. However,
in the human, perirhinal cortex shifts to the medial bank o f the collateral sulcus when
the rhinal sulcus ends and extends posteriorly the full length o f the entorhinal cortex.
It is more "peri”, or near, the entorhinal cortex than the rhinal sulcus in humans and
constitutes a large area. Ironically, in humans, the short rhinal sulcus more truly
separates the olfactory allocortex from the temporal isocortex than in other primates
and mammals. In the latter, rhinal sulcus also encloses entorhinal cortex, a feature
seldom seen in the human. Support by NS 14944 and PO NS 19632.

95616.
An increasing number of clinical and imaging reports suggest that the
retrosplenial cortex (RSPCtx) is involved in memory function. Our
previous studies in the monkey (Insausti et al., 1987, Suzuki and
Amaral, 1994) indicate that the RSPCtx provides heavy inputs to the
entorhinal and parahippocampal cortices. Compared to the rat,
however, neuroanatomical findings concerning this cortical region are
meager in the monkey. First, to delineate the boundaries of this narrow
band of cortex, we re-examined its cytoarchitecture using different
preprarations cut perpendicular to its long axis as it surrounds the
splenium of the corpus callosum. Areas 291 and 29m were observed
throughout this region while area 30 extended only slightly ventral to
the splenium. While the boundary between the presubiculum and area
29 was not always clear in Nissl stained sections, these areas were
distinct in sections stained with antibody SMI-32. The presubiculum
showed stained neurons and a meshwork of stained processes, while
the granular layer of area 29 was almost unstained. Second, 3H amino
acids were injected into different subdivisions of the RSPCtx to analyze
its efferent connections. In addition to its association and commissural
connections, the RSPCtx projected to cingulate cortex, prefrontal cortex
(both dorsolateral and orbitofrontal), dorsal bank of STS, entorhinal,
parahippocampal and perirhinal cortices, presubiculum, caudate
nucleus, claustram, and anterior, laterodorsal, mediodorsal and medial
pulvinar nuclei of the thalamus. We are currently investigating the
topographic organization of these projections.
Supported by NIH Grants NS 16980 and RR 00169
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LAMINAR DISTRIBUTION OF TERMINALS OF PROJECTIONS
FROM AREA TF AND POSTEROVENTRAL PART OF AREA TE
TO ANTERIOR INFERIOR TEMPORAL GYRUS IN JAPANESE
MONKEYS. M. Yukie* and H. Konaeava. Dept, of Behavioral
Physiology, Tokyo Metropol. Inst, for Neurosci., Fuchu-city, Tokyo
183, Japan.
The anterior inferior temporal gyrus (AITG) receives principal inputs
from regions including the posteroventral part of area TE (TEpv) and
area TF (Martin-Elkins and Horel, 1992). However, the AITG consists
of three distinct anatomical areas, areas 35 and 36 of the perirhinal cortex
and the anteroventral part (TEav) of area TE of inferotemporal cortex. In
order to examine laminar distribution of terminals of these projections,
we have made injections of WGA-HRP and biotinylated dextran amine
(BDA) into areas TF and TEpv in Japanese monkeys (Macacafuscata).
Terminals of projection from area TF to TEav were seen in all layers
except for layer IV, while those from area TEpv to TEav were seen
predominantly in layer IV. Whereas projections from area TF to areas
35 and 36 of the perirhinal cortex terminated densely in layers I-V with a
predominant distribution in the superficial layers, those from area TEpv
terminated predominantly in layer IV. Thus, distribution pattern of
terminals from areas TF and TEpv to the AITG was different from each
other, this suggesting that information from areas TF and TEpv might
possess different functional significance in visual processing in the
perirhinal and TEav areas.

SERIAL PROBE RECOGNITION IN MEMORY-IMPAIRED MONKEYS WITH THALAMIC
LESIONS: PARADOXICAL RATE AND DELAY EFFECTS. E.C. Gow er*. Bedford VA
Hospital and Boston University School of Medicine, Boston, MA 02118.
Visual recognition memory for objects was tested in cynomolgus monkeys with the
non-matching-to-sample task and a serial probe design. On each trial, 5 objects were
presented at a rate of one every 10 or 20 s followed by a test of memory for one of
them after a post-list delay o f 20 or 60 s. In the 2-altem ative test, choosing the foil, a
familiar object that had not been seen for several days, was correct and reinforced.
The serial position (SP) functions of 7 normal monkeys manifested enhanced end
item recognition and dynamic changes in form mediated by rate and delay. Recency was
observed at the short delay and primacy at the rapid rate. For a 20 s delay, increasing
presentation rate significantly reduced accuracy by an average of 2.5%. The effect was
specific to SP1-4. At the 10 s rate, increasing delay reduced accuracy by 5.4 % at SP14 and 11.9% at SP5. Thus normal object recognition benefits from increased stimulus
off-time; moreover, a contribution from active memory endures for more than 20 s.
Three monkeys with medial thalamic lesions who have a modest defect in single-ob
ject recognition but a substantial impairment in processing temporal information were
significantly less accurate in the probe task. There were also significant dynamic differ
ences in their response to changes in rate and delay. Increasing presentation rate en
hanced accuracy at SP1 by 8.3% and a linear decline in the difference function readied a
decrease in accuracy of 7.3% at SP4-5. Thus unlike normal monkeys, the rate effect
was non uniform and more recent memories suffered more. At the 10s rate, the longer
60s delay improved accuracy, particularly a t late serial positions where the rate impair
ment was maximum. The improvement sufficed to abolish the between-group differ
ence and in the fast rate-long delay condition, lesioned monkeys were as accurate as
normal. The serial position dynamic expressed by monkeys with M Th lesions is rem 
iniscent o f the initial suppression and later release of non-terminal list items seen be
tween 0 and 2s post-list delay in normal monkey SPR (W right, et al. Science 229:
287). In both cases, a short delay inhibits the retrieval of ju st activated memories that
are available again when sufficient time has elapsed. The time constant, however, is
considerably longer after thalamic lesions. (Supported by VA Medical Research Funds.)
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EA R L Y D A M A G E TO B O TH IN F E R IO R C O N V E X IT Y A N D O R B IT A L
P R E FR O N T A L C O R T IC E S IM P A IR S D N M S L E A R N IN G IN IN F A N T
M O N K E Y S. G.L. Pixlev. L. M aik o v a. M .J. W ebster. M . M ish k in , and J.
B ach ev alier* . Lab. N euro p sy ch o l., N IM H , B eth esd a, M D 2 0892 & D ept.
N eurobiol. and A nat., U niv. o f T exas, H ouston, T X 77025.
D elayed n onm atching-to-sam p le (D N M S ) learn in g dep en d s on a tem p o ralprefrontal pathw ay, including th e in ferio r co n v e x ity (IC ) and orbital
prefrontal (O R B ) cortex (K o w alsk a et al., N e u ro p sy ch o lo g ia, 29: 583, 1991;
M eunier et al., N europsych o lo g ia, in press). T h ese p refro n tal areas w ere
show n to have a protracted d e v elo p m en t (W e b ster et al., Soc. N eu ro sci., 20,
1994) because 3-m onth-old m o n k ey s w ith early IC lesions p erfo rm ed as
w ell as norm al infants (G roup N ), an d all infants learn ed th e task m ore
slow ly than adults. I f po o r D N M S learn in g in in fan t m o n k ey s reflects
im m aturity o f IC cortex, one w ould p red ict th at, as ad u lts, G ro u p N will
im prove to adult levels bu t G roup IC w ould rem ain im paired. H ow ever,
both groups perform ed as w ell as adults w hen retested at 2 years o f age,
reflecting either functional reco v ery after early IC lesions o r sp arin g o f O R B
cortex, also crucial for D N M S learning. T o test th e latter p ossibility,
new born m onkeys received co m b in ed IC + O R B d am ag e an d w ere train ed in
D N M S at 3 m onths and 2 years o f age. A t both ages, G ro u p IC + O R B
needed m ore trials to learn th e D N M S ru le than both G ro u p s N and IC
(IC +O R B : 825 and* 1040 trials; N: 530 and 184 trials; IC: 575 and 300
trials). Thus, D N M S deficits em erged w hen d am ag e to O R B w as added to
th at o f IC, suggesting th at spared p erfo rm an ce a fte r early IC lesio n s m ig h t
have been m ediated by intact O R B tissue. Supported by NIMH-IRP.

EFFECTS OF EARLY LESIONS OF THE INFERIOR CONVEXITY AND
ORBITAL PREFRONTAL CORTICES ON RELATIONAL MEMORY IN RHESUS
MONKEYS. M.C. Alvarado*. L. Maikova. C.K. Lex. M. Mishkin. & J. Bachevalier
Dept, o f Neurobiology & Anatomy, U. Texas Medical School, Houston, TX 77225,
and Lab. Neuropsych., NIMH, Bethesda, MD 20892.
Earlier studies have suggested that the inferior convexity (1C) and orbital (ORB)
prefrontal cortex participate in a circuit (including the rhinal cortex and the medial
dorsal thalamic nucleus) that mediates object recognition memory (Meunier et al.,
Neuropsychologia, in press). We have previously shown that early lesions o f IC and
ORB yield an impairment o f object recognition memory (Pixley et al., this session).
To determine whether the circuit mediating recognition memory for objects also
contributes to relational memory for objects, we tested 3-year-old monkeys with
neonatal damage to IC (n=3) or combined IC+ ORB (n=2) and normal controls (n=4)
on the transverse patterning problem. This task requires subjects to learn three object
discriminations, A+ vs B-; B+ vs C- and C+ vs A-. Accurate performance is not
possible based on the associative properties o f the individual objects, but rather
requires that the subjects attend to the relationship between objects to determine the
correct response. Subjects reached a criterion o f 90% correct for 60 consecutive trials
in an average o f 452 (Controls), 493 (Group IC) and 259 (Group IC+ ORB) trials.
Statistical comparisons revealed no effect o f either lesion type on performance of
transverse patterning. This dissociation between impaired performance on object
recognition and spared performance on relational memory for objects suggests that
the IC and ORB cortices do not mediate relational memory for objects. Because the
transverse patterning problem is sensitive to neonatal damage to the hippocampal
region (Alvarado et al., Soc. Neurosci., 25, 1995), one might predict that damage to
the prefrontal areas connected to this region (e.g. dorsolateral or cingulate cortex)
could participate in relational memory for objects. Supported by NRSA MH10929 to
M.C.A & NIMH-IRP
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ROLE OF CONTEXT IN OBJECT DISCRIMINATION LEARNING BY RHESUS
MONKEYS AFTER EXCITOTOXIC HIPPOCAMPAL LESIONS. F.Y. Doré*1.
J.A. Thornton, N.M. White2 and E.A. Murray. Laboratory of Neuropsychology,
NIMH, NIH, Bethesda, MD 20892. 'Université Laval, Québec, Canada, 2McGill
University, Montreal, Canada.
Monkeys with medial temporal lobe lesions that include the hippocampus are
typically not impaired at learning object discriminations in a manual test apparatus.
To test whether the hippocampus is critical for discrimination learning when objects
are presented in a particular context, we compared rhesus monkeys with bilateral
ibotenate lesio n s'o f the hippocampus (CA1-CA4 plus dentate gyrus, N=3) and
unoperated controls (N=3) on a new task. On each trial, the monkeys were required
to select a S+ within a stimulus array presented on a touchscreen monitor. Each
array was composed of 5 different 2-d stimuli (objects), one of which was a unique
S+, presented in a unique asymmetrical shape (the context). Across trials, each
array was presented in various positions and rotations, and the positions of the
objects (including the S+) w ithin the array varied. Hippocampectomized monkeys
learned a set of 4 arrays to criterion at the same rate as the unoperated controls :
however, on a second set of 4 arrays they required significantly more sessions and
more errors to reach criterion than controls. Further, the controls learned Set 2
somewhat faster than Set 1 whereas the hippocampectomized monkeys did not.
Thus, as previously shown by Gaffan (J. Cog. Neurosci., 6: 305, 1994) for fornix
transection, selective hippocampal lesions prevented the monkeys from taking
advantage of information about context that was relevant to the solution of object
discriminations. In the present experiment, the impairm ent appeared only in the
second set of arrays, suggesting that hippocampectomized monkeys were unable to
acquire or retain the concept that each S+ occurred w ithin a different context.
This work was supported by the James S. McDonnell Foundation and the
Intramural Research Program of the NIMH.

A TEST OF RE LATION AL LEA RN IN G AND FLE X IBLE M EM ORY
EX PRESSIO N FOR M ONKEYS. C. A B uckm aster*1. P. R. R app2, H.
Eichenbaum*. D. G. Amaral4, and J. Dusek*. Neurobiol. and Behav., SUNY Stony
Brook, Stony Brook, NY 117941; Neurobiol. of Aging Labs., Mt. Sinai Sch. of
Med., NY, NY 100292; Lab. of Cognitive Neurosci., Boston University, Boston, MA
022153; Ctr. for Neurosci., UC Davis, Davis, CA 956164
The present experiment was aimed at establishing procedures for examining
relational representation and flexible memory expression in the monkey. Normal
subjects (M acaca fa sc ic u la ris, n=5) were trained on m ultiple conditional
discriminations in which a sample stimulus (A or X) predicted the correct choice
among two concurrently available items (B and Y). Sugar cookies, differing in shape
and color, served as both discriminative stimuli and rewards, with the negative item
in each pair flavored with a “bitter apple” solution. Animals learned two series of
instruction problems to a criterion level of 80% correct per pair, one containing an
overlapping item (e.g., AB, BC) and another “non-relational” series lacking this
associative link. Subsequent testing included infrequent probe trials in which a
sample stimulus from one discrimination (e.g., A or X) was presented with the
choice items from a second problem (e.g., C and Z).
Task acquisition was rapid and monkeys required an average of 61.7 (S.E.= 16.1)
trials to reach the learning criterion in the final phase o f training. M oreover,
transitive responding for the “relational” series of items (i.e., selecting C over Z
when A was the sample) significantly exceeded chance (mean=84.0%, p<.005) and
was com parable to accuracy on the instruction discrim inations. Although
performance also exceeded chance on the non-relational probe trials, accuracy was
substantially lower than on the instruction problems containing those stimuli
(p<.05). These findings imply that performance was sensitive to the associative
relationship between items and that monkeys were able to express relational
memory flexibly during probe testing.
The procedures outlined here establish a basis for testing the proposal that the
primate hippocampus critically and selectively supports relational representation and
the flexible m anipulation o f memory. This hypothesis is currently under
investigation in a group of monkeys with intended bilateral lesions of the entorhinal
cortex. (Supported by NIH grant NS 32892)
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RELATIONSHIPS BETWEEN COGNITIVE ABILITIES AND CEREBRAL GLUCOSE
METABOLISM AFTER NEUROTOXIC RHINAL LESION IN BABOONS XB laizot
K. Meguro. C. Le Mestric. A. Rossard. B. Landeau. JC. Baron and C. Chavoix*.
INSERM U320, CEA/Cyceron, BP 5229, 14074 Caen, France.
The neurodegeherative processes that early affect the rhinal (Rh) cortex in
Alzheimer’s disease (AD) may play a crucial role in both declarative memory
impairment and cerebral hypometabolism. We previously reported that neurotoxic
Rh lesion in baboons induces both kinds o f alterations, but their inter-relationships,
and relationships between metabolism and other memory processes in the same
subjects, are still unknown. Here, we have assessed the correlations between cerebral
glucose utilization (CMRglc) and performance on several automated learning and
memory tasks in eight Papio anubis baboons that received either bilateral ibotenic
acid injections into both the perirhinal and entorhinal cortices (Rh group, n=4) or a
sham-operation (n=4). Post-operatively, cognitive abilities on the following tasks
were assessed: visual DNMS with trial-unique stimuli (delay and list length condi
tions) (twice, at ~ D35 and D95), visual concurrent discriminations (~ D50), spatial
delayed response (~ D 13 7) and delayed alternation (~ D 144). CMRglc was measured
in parallel, with coronal PET scanning, at ~ D29, D46, D80 and D 127. Compared to
the sham-operated group, the Rh group: 1) was impaired on the DNMS list length
condition only, at both D35 and D95; and 2) showed significant and sustained
CMRglc decrease in several interconnected limbic and cortical associative regions.
Significant positive correlations were found between concomitant CMRglc and list
length performance (both times), but not with performance in the other tasks; they
concerned most regions affected by the hypometabolism, notably hippocampal
regions, temporal and cingulate cortex, and thalamus. Our results indicate that the
selective impairment in storage capacity o f visual recognition memory induced by
neurotoxic Rh lesion mainly results from cortico-limbic functional disruption. They
further suggest that declarative memory loss in AD may be related to similar network
disruption. Supported by INSERM, CEA, DRED and FRM (France).

RHINAL CORTEX LESIONS PRODUCE M ILD DEFICITS IN VISUAL
DISCRIMINATION LEARNING FOR AN AUDITORY SECONDARY
REINFORCER IN RHESUS MONKEYS. W. S. Hadfield*. M. G. Baxter, and
E. A. M urray. Laboratoiy o f Neuropsychology, NIMH, Bethesda, MD 20892.
Bilateral aspiration lesions o f the amygdala disrupt visual discrim ination learning
for auditory secondary reinforcement, whereas bilateral excitotoxic lesions o f the
amygdala do not (Gaffan and Harrison, J. Neurosci.. 7:2285-92, 1987; M dlkovi et
al., Soc. Neurosci. Abstr.. 22:281, 1996). Because aspiration lesions o f the
amygdala include not only the cell bodies o f the amygdala but also portions o f the
anterior rhinal cortex, and transect fibers connecting the rhinal cortex with its
subcortical targets as well (Goulet et al., Soc. Neurosci. Abstr.. 22:1867,1996), we
hypothesized that lesions o f rhinal cortex, unlike excitotoxic lesions o f the
amygdala, would reproduce the impairm ent on this task caused by aspiration lesions
o f the amygdala. Four monkeys were trained preoperatively to solve visual
discrimination problems based on an auditory secondary reinforcer. On each trial,
two complex visual stimuli, one arbitrarily designated correct, were presented on a
touch-sensitive screen and the monkey was allowed to choose one by touching it.
Correct and incorrect choices led to presentation o f the auditory secondary
reinforcer and nonreinforcer, respectively, followed by term ination o f the trial. To
solve a problem, the monkey had to choose the correct stimulus four trials in a row,
and only then did it receive food reward and a chance to learn a new problem.
Alternatively, the monkey could choose the incorrect stimulus four trials in a row to
terminate the problem, after which the monkey received no food reward. The
monkeys learned 40 new problems in each daily session. Following acquisition of
the task the monkeys were given bilateral aspiration lesions o f the perirhinal cortex
(n=2) or rhinal cortex (i.e. perirhinal plus entorhinal cortex; n=2). Relative to their
preoperative performance, the operated monkeys displayed a m ild impairm ent on
the task, as evidenced by a slightly slower rate o f learning. Although this effect was
statistically significant, we note that the magnitude o f the impairm ent is smaller
than that reported following bilateral amygdala aspiration lesions (Gaffan and
Harrison, 1987). This raises the possibility that aspiration lesions o f the amygdala
disrupt projection systems o f temporal cortical fields outside the rhinal cortex that
are also involved in performance of this task. Supported by the NIMH-IRP.

194.11
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REINFORCER DEVALUATION IS NOT AFFECTED BY RHINAL CORTEX
LESIONS IN RHESUS MONKEYS.,J A I ta n fttt, L. Mttftm , fflrf E A Mfflffly, Lab.
of Neuropsychology, NIMH, NIH, Bethesda, MD 20892, USA.
Earfier studies have shorwn that selective, axon-sparing lesions o f the amygdala attenuate
remfbroer devaluation effects in monkeys (Maikova et al., Soc. Neur. Ab., 22:281,1996)
and rats (Hatfield et al., J. Neur., 15: 5256*5265, 1996). The present experiment was
conducted to determine whether this effect also holds for rhinal (i.e., entorhinal and
perirhinal) cortex lesions, a region with prominent interconnections with the amygdala.
Monkeys with aspiration lesions o f the rhinal cortex as well as unoperated controls were
trained on a set o f 60 pairs o f object discrimination problems. Half o f the correct objects
were consistently baited with one food (FOOD1) and the other half with another food
(FOGD2). The two groups of monkeys did not differ in the rate at which they acquired the
problems. Next, monkeys’ choices o f objects were assessed in three critical test sessions
in which only the positive objects were used. Each o f the 30 pairs in the critical test
sessions coos&ed of one FOOD 1 and one FOOD2 object which were randomly paired for
cach of the three sessions. One o f three test sessions was preceded by a selective satiation
procedure meant to devalue one o f the two foods; the other two were preceded by no
satiation procedure and served as the baseline measure. Difference scores (D) were
calculated to compare the number o f FOOD1 and FOOD2 objects chosen in the test
session preceded by the selective satiation procedure versus the baseline sessions.
Unoperated monkeys avoided displacing objects covering the devalued food in favor o f
objects overlying the food that had not been devalued (D = - 8.14); monkeys with lesions
o f the rhinal cortex showed die same trend (D = - 8.25) and did not diffia* significantly
from the controls. Since the procedure we used was slightly modified from that used in
Maikova et al. (1996), we also tested monkeys with amygdala lesions. Consistent with
previous findings, monkeys with excitotoxic lesions o f the amygdala displayed reinforcer
devaluation effects that were significantly attenuated (D * -1 .3 3 ) relative to the other two
groups combined. We conclude that the rhinal cortex is not a critical part o f the neural
circuitry mediating the effects o f reinforcer devaluation. Supported bv the NIMH-IRP.

M USCARIN IC ACTIV A TIO N O F PE R IR H IN A L CO R TE X D URING VISUAL
REC O G N ITIO N M EM OR Y IN M ONKEYS. Y. T ang*. M . M ishkin, and
T. G. A ipner. L aboratory o f N eu ropsychology, N IM H , B ethesda, M D 20892
Stim ulus recognition in m onkeys is severely im paired by destruction or
dysfunction o f the perirhinal cortex (PR) and also by system ic adm inistration
o f the m uscarinic receptor b locker, scopolam ine. T hese tw o effects are show n
here to be linked. O u r recent studies had rev ealed that acetylcholine release in
PR , th e in ferio r tem poral visual area (TE), and dentate gyrus (D G ) o f the
hippocam pus increases quickly in response to visually m ediated behaviors
(Tang & A igner, N euroR eport, 7 :2 231-2235, 1996). T o ex am in e the
contributions o f this release to visual recognition, w e in jected scopolam ine
directly into PR , T E or D G o f th ree rhesus m onkeys perfo rm in g a com puterautom ated version o f d elay ed n o n m atching-to-sam ple (D N M S). L ist lengths
o f 20 trial-unique graphic sym bols w ere presented, requiring reco g n itio n o f
the sym bols after a 10-m in delay. 3 jil o f 0 (saline control), 1, 5, o r 10 m M
scopolam ine w ere injected into each area bilaterally at a rate o f 0.15 |il/m in
o ver a 20-m in interval ju st p rio r to D N M S. S copolam ine injections in to PR
low ered scores significantly com pared to the scores after both the saline
control injections into P R (tw o-w ay R M A N O V A w ith B o n ferro n i's m ethod,
F 6 ,2=12.0, p < 0.01) and the scopolam ine injections into T E and D G
(F2 4=46.1, p<0.01). T he effects o f the latter injections w ere n o t significant.
T h e results suggest th at the form ation o f stim ulus m em ories dep en d s critically
on cholinergic-m uscarinic activation o f PR , pro v id in g a new c lu e to how
stim ulus representations are stored.
Support: IRP/NLM H/NIH.
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194.15
LOCALIZATION OF PROCEDURAL MEMORY FUNCTION IN
MONKEY CEREBELLAR NUCLEI. X. Lu*. O. Hikosaka. and
S. Mivachi. Dept, o f Physiol., Juntendo Univ. Sch. o f Med., Tokyo,
113. Japan
We previously showed that the cerebellar dentate nucleus (DN) is related to storage
or retrieval of procedural memories (Lu et al., Soc Neurosci Abstr 22: 1384, 1996).
We now report that the memory function is localized in the dorsal portion of DN. We
trained two monkeys on a sequential button press task called '2x5 task' (Hikosaka et
al„ J Neurophysiol 74: 1652-1661, 1995). After mapping the dentate nucleus (DN),
interpositus nucleus (IPN) and fastigial nucleus (FN) by the single-unit recording
technique, we implanted guide tubes into the cerebellar cortex and carried out a series
of experiments to inactivate different portions of the cerebellar nuclei by injecting
muscimol (1 fxl x 5 ¿ig/fil). We then maiked the injection sites which were later
identified on histological sections (see Fig. below). The 2x5 task allowed us to
generate a large number of sequences. The monkeys had learned 14-22 sequences with
a long-term practice (1 year) so that they could perform them skillfully with few
errors. After a muscimol injection, they were asked to perform such learned sequences
and, in addition, completely new sequences.
Effects on leamin&'memory were observed only after muscimol injections into the
dorsal part of DN: the number of errors increased significantly for the learned
sequences, not new sequences, only when the hand ipsilateral to the muscimol
injection was used. No significant change occurred after injections into the ventral
DN, IPN, or FN. In contrast, the speed of movements became slower after injections
at all of the injection sites, again only when the ipsilateral hand was used. These
results suggest that the neural system for storage and/or retrieval of long-term
procedural memory is localized in the dorsal region of DN.
Supported by JSPS Research for the Future Program.
Injection sites ( • ) E^iMovement time EEJNumber o f errors

194.16
PERFORMANCE ON DELAY-RESPONSE TASK CORRELATED
WITH RECTUS SULCUS LENGTH IN MONKEYS J. C. R X o n ^ r.
Department of Anthropology, State University of New York at Albany, Albany, NY
12222
Within the neocortex of primates, the functional anatomic subdivision known
as area 46 lias been shown to play a role in modulating the performance of delayresponse tasks (working memory). However, few studies have investigated the direct
relationship between rectus sulcus length and performance on delay-response tasks.
Therefore, the intent of this paper is to examine the strength of the relationship
between rectus sulcus length and performance on delay-response tasks.
The results support a consistent and significant correlation between rectus
sulcus length and performance on delayed-response tasks in monkeys. Cranial
capacity, although significantly correlated with rectus sulcus length, is found to be a
poorer predictor of performance on delay-response tasks than rectus sulcus length.
Moreover, significant difference in rectus sulcus length, cranial capacity, and delayresponse performance were found between genera, as well as between Old World and
New World monkeys.
In regards to evolution, the ability to make choices based on mentally
represented stimuli, rather than the direct stimuli themselves, may represent a
selective advantage and possibly be an indication of intelligence. Moreover, the
strategy of applying knowledge of neuroanatomical functions to behaviors may prove
useful in the interpretation of the fossil record, where specific differences in the
abilities of our ancestors may be hypothetically identified. Thus, although working
memory operates over seconds, its significance is delineated over millennia. The
differential abilities of primate genera to hold information "on-line” may help to
shed light on the evolutionary history of behavioral qualities such as reasoning, and
language comprehension, and might even prove useful in the interpretation of
proposed models of primate evolution.
Funded by John C. Redmond
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194.14
EYE MOVEMENTS AND VISUAL MEMORY IN SPLIT-BRAIN MACAQUES.
Ruiming Fei. Ross D. Rueaber and Robert W. Dotv*. Dept, of Neurobiology &
Anatomy, University of Rochester, Rochester, NY 14642
MV and MF, with chiasm and forebrain commissures cut, must recognize initial
("new") and subsequent ("old") appearance of 71 different images (142 trials). Image
display is triggered by 200 msec ocular fixation. After 1 sec of image display, choice
panels appear above and below the image. Visual fixation of the top panel is rewarded
for "new", bottom for "old". Either hemisphere (HEM) seems to have equivalent
control of the eyes. Six runs have been analyzed, four with each HEM of MV and
MF on nonobjective colored images with one or no images intervening between
"new” and "old". Consistent with the hemispheric asymmetry displayed by MV for
>1 yr, d'=0.77 and 1.96, for L and R HEM respectively; while on the identical
material MF achieved, correspondingly, d'=3.22 and 4.7. For human faces with up
to 3 intervening displays MF performed at d'=2.66 and 2.22; where MV’s L HEM
cannot master that task. Each animal’s decision is usually sharply defined by a large
and rapid saccade, ca 800°/sec, toward the chosen panel. For MV this reaction time
is only 322 msec for top correct versus 413 for bottom correct for L HEM, 452 and
428 msec for the more adept R HEM. In contrast, for MF on the same material the
corresponding numbers are 1062 and 753 msec for L HEM vs 999 and 745 msec for
R HEM; and a similar differential in RTs for "new" vs "old" with human faces.
Thus, the asymmetry between L and R HEM in MV, and the striking difference in
his performance vs MF, is strongly reflected in time taken to reach a decision; MF
properly taking greater care with "new" images. MV commonly makes but a single
fixation prior to decision, 1.1/trial for L HEM and 1.2 for R HEM, while for MF it
i! 3.6 and 3.4/trial, respectively. The first saccade of the latter is consistently into the
contralateral visual field, whereas MV holds to the midline. Calculation of "fixational
efficiency", i.e., relation between fixations and subsequent recognition, awaits further
analysis. (Supported by NS 20052 from NINDS)

O
O

194.13
PROCESSING NOVEL AND FAMILIAR VISUAL STIMULI IN PRIMATE
PREGENICULATE NUCLEUS. M.W. Brown and J.-Z. Xiang (SPON: Brain
Research Association). Anatomy Dept., Bristol University, Bristol, BS8 1TD, U.K.
In the rat immunohistochemical staining for the immediate early gene c-fos
indicated that neurons of the ventral lateral geniculate nucleus were more strongly
activated by novel than by familiar visual stimuli (Zhu et al. 1996 NeuroReport 7:
1871-1875). It was therefore decided to explore the responses of neurons in the
homologous, pregeniculate nucleus in monkeys trained to discriminate novel from
familiar visual stimuli. The results demonstrate that neurones in the pregeniculate
nucleus signal information of use for visual recognition or working memory
concerning the recency of occurrence and/or relative familiarity of stimuli.
Multiple, simultaneous single-unit recordings were carried out in the
pregeniculate nucleus of 2 behaviourally-trained monkeys performing serial
recognition tasks. Of 1371 recorded neurones, 87% were responsive to presentations
of visual stimuli; the responses of 39% differed significantly when stimuli were seen
more than once. Of these differentially responsive neurons, 36% responded more to
first than to second presentations of both novel and familiar stimuli, so signalling
whether a stimulus had been seen recently; 37% responded more to unfamiliar than
to familiar stimuli, so signalling the relative familiarity of stimuli; and 23%
responded best to the first presentations of novel stimuli (‘novelty responses’)- Most
of the differential responses were excitatory, but 12% were inhibitory. Significant
cross-correlations were found for the activity of 15% (94/630) of the simultaneously
recorded pairs of neurons where both neurons were visually responsive and at least
one of the pair was differentially responsive. Of the 16 pairs of simultaneously
recorded differentially responsive neurons 12 (75%) showed significant cross
correlations. For such pairs, significant correlations were found only when both
members of a pair signalled recency or both signalled familiarity; for no other
combinations was activity significantly cross-correlated. Of 621 neurons recorded in
the dorsal lateral geniculate nucleus, differential responses were found for only 3%
(chance would predict 5%). Supported by the Wellcome Trust.

194.17
DISSOCIATION OF EGOCENTRIC AND ALLOCENTRIC SPATIAL
OPERATIONS IN FREELY MOVING MONKEYS WITH LESIONS OF
PREFRONTAL CORTEX Yuanve Ma* & Fraser A.W. Wilson. Kunming
Institute of Zoology, P.R.C; Psychology/NSMA, Uni. of Arizona, Tucson AZ.
Monkeys performed three variants of the delayed response task in
which spatial cues had to be remembered throughout a delay period (-20 to 30
seconds). After training on the tasks, the monkeys received lesions of areas 9
and 46 of the dorsolateral prefrontal cortex.
In a test of allocentric spatial memory, monkeys had to remember the
location of a reward site defined on a current trial in relation to other
environmental cues (walls, alleyways, trees & plants, etc), located outside the
colony buildings. In a trial, a site was baited while the monkey watched; the
monkey was walked away from (20-50 metres) the reward site and had to return
to the site to retrieve the hidden reward. This task was not impaired by the
lesions (pre-op = 80% vs. post-op = 83% correct).
In contrast, there were severe impairments in two tests of egocentric
spatial memory: (1) in the Wisconsin spatial delayed response apparatus (pre-op
= 88% vs. post-op = 48%); and (2) in a tactile version of the spatial delayed
response task (pre-op = 81% vs. post-op = 54%) in which monkeys had to
remember which of their hands were touched. The different lesion effects on
allocentric and egocentric spatial memory tasks suggest the dorsolateral
prefrontal cortex mediates egocentric (body-centered) spatial operations.
As a next step, we are in the process of recording neuronal activity
during the performance of allocentric and egocentric versions of the delayed
response task, in which neuronal activity is compared in chair-restrained and
freely moving monkeys.
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194.18
STUDIES OF MEMORY IN FREELY MOVING MONKEYS
Uni. of Arizona, Tucson AZ 85724, & Kunming Institute of Zoology, P.R.C.
Behavioural experiments show that freely moving monkeys are able to
memorize two of a set of four (spatial locations; or non-spatial objects) stimuli
on any given trial within a 14' x 14' enclosure. Four targets are located radially
8 feet in front of the monkey. Two cues are presented, a delay ensues, followed
by locomotion to the two chosen targets. In the Spatial Delayed Response
(SDR) task, the cues are the baiting of the two targets; in the Match to Sample
(MTS) task, the cues are two objects brought to and shown to the monkey.
SDR: Performance for the first 10 days is an average of 88% (total
choices) correct; the monkey correctly remembered BOTH locations on 76% of
trials. In a second series of experiments, memory for location was tested with
longer delays. Even after 30 sec intervals between the cues and the first choice,
the monkey was able to get BOTH choices correct on 64% of trials, with a total
score of 82% correct overall at the 30 second delay, with at least 1 trial correct.
MTS: Performance for the first 10 days is an average of 77% (total
choices) correct; the monkey correctly remembered BOTH objects on 56% of
trials. MTS appears to be more difficult than SDR; however, some monkeys are
better on MTS than SDR, while others are better at SDR than MTS.
Experiments are underway to record from hippocampal neurons in
freely moving and chair-restrained monkeys during task performance in order to
compare the importance of (1) spatial location; and (2) explicit memory
operations as determinants of neuronal activity.
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194.19
SEGREGATION OF WORKING MEMORY FUNCTIONS IN PREFRONTAL
CORTEX IN PRIMATES. R. Lew and P.S. Goldman-Rakic*. Section of
Neurobiology, Yale University School of Medicine, New Haven, CT 06510.
Several lines of evidence suggest that the dorsolateral portion of the prefrontal
cortex (DLPFC) is involved in the neuronal networks subserving working memory
(WM). However, there is a debate regarding the functional specializations of the
different subregions of the DLPFC with regard to their spatial or nonspatial visual
specificity or to their involvement in simpler or more complex aspects of WM (e.g.,
maintenance versus processing and/or monitoring functions). To address these
issues, nine monkeys were trained to perform four different WM tasks: two spatial
(a simple and a complex) and two nonspatial (a single and a complex) WM tasks.
Simple WM tasks refer to the conventional delayed response format, whereas
complex WM tasks required the monkey to maintain and to self-order three items of
information within WM. Once the performance was stabilized, the monkeys were
lesioned bilaterally in different areas of the DLPFC: Walker’s area 9/8B (superior
convexity; n=3), area 46/8A (mid-frontal; n=3) and area 12/45 (inferior convexity;
n=3). Two weeks after the lesions, monkeys were tested again on all tasks.
Final results are available only for the groups with lesions in area 9 and area 46.
The monkeys with lesions in superior DLPFC were not impaired either on spatial or
nonspatial WM tasks whether the task was complex or simple. By contrast, lesions
of the mid-frontal DLPFC (area 46/8A) produced a significant and stable
impairment in both simple and complex spatial WM but no impairment in
nonspatial WM tasks. These preliminary data confirm and support a functional
segregation within the DLPFC for WM: area 46 is selectively involved in spatial
WM whereas area 9 is not critically engaged in either spatial or nonspatial WM
processing. The involvement of area 46/8A in simple as well as compilex spatial
WM tasks does not support a dissociation of areas based on processing demand but
rather emphasizes its role within a spatial domain. Results with regard to area 12/45
will be presented at the meeting. Supported by MH38546.

194.20
AUDITORY RECOGNITION MEMORY IN THE RHESUS MONKEY:
BEHAVIORAL TRAINING PROCEDURE J.B. Fritz*. K. Pvle. M. Mishkin
and R.C. SaundersS Laboratory of Neuropsychology and §Clinical Brain
Disorders Branch, NIMH, Bethesda, MD 20892.
We have developed a behavioral paradigm to study auditory memory in
the rhesus monkey, using a modified version of a training procedure
originally described by Wright et al., (1990). Five monkeys have been
successfully trained on an auditory version of a Konorski matching-tosample task with a large stimulus set of 1000 complex sounds, and three
demonstrate good retention at delays from 2-25s. Pairs of identical or
different acoustic stimuli (each 2s in duration) were presented in a random
sequence with an inter-stimulus interval (ISI) of 2s. The monkeys were
trained to differentiate between same or different sound-pairs by touching
one of two speaker-mounted touch-sensitive plates during presentation of
the second sound. After extensive initial training (an average of 7600 trials)
to acquire the basic response paradigm, monkeys required further training
(on average an additional 1900 trials) to learn the Konorski task at 2s
ISI.To increase mnemonic difficulty, ISI was increased in stages from 210s (which on average required 4400 trials). Then the monkeys were given
the initial performance test with ISIs up to 25s. To date,-three monkeys
have performed at an average level of 83% correct with variable ISIs
ranging from 5-25s (average of 80% at 25s), and one monkey has
performed at an average level of 80% correct with variable ISIs from 1050s (average of 74% at 50s). These results provide a behavioral means to
explore the neural basis of primate auditory memory. Since previous
research has shown that visual and tactile recognition memory is impaired
following rhinal cortex ablation, we have begun lesion studies to compare
the role of rhinal cortex in auditory recognition memory.
Supported by NIMH IRP
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195.1
Hippocampal place information coding in mice: comparison between wt and
a-CaMKII T286A and CREB mutant mice. Yoon H. Cho'*, Karl P. Giese2, Heikki
Tanila3, Alcino Silva2, and Howard Eichenbaum '. 1Boston University,
2Cold Spring Harbor Laboratory,3University of Kuopio.
We have previously reported firing properties of hippocampal cells
recorded in mice exploring freely in cue-controlled environments-: a 4-arm radial
maze with both intra- and extramaze cues, and a cylindrical open field with a white
cue card. We also recorded from the hippocampus of genetically modified mice who
have defects in hippocampal plasticity and spatial learning: point mutation of aCaMKII (a -CaMKII T286A), and CREB knock out mice. Completed recording and
data analysis of these mutants revealed that: (1) In the radial maze, place cells from
both mutant-types have decreased spatial and directional tuning as well as increased
numbers of subfields, while maintaining normal place field sizes and overall firing
rates. (2) Removing intramaze cues in the radial maze increased firing rates while
reducing the number of subfields in cells from wt and both mutant mice. (3) A
greater proportion of place cells of these mutants developed new place fields during
"double rotation" trials (opposite rotations of intra- and extramaze cues) and upon
subsequent return to the standard configuration of cues, indicating poor stability of
place cells from both types of mutant mice. (4) In the cylinder, place fields have
lower spatial tuning compared to those in the radial maze, abolishing differences in
spatial tuning between wt and both mutant cells observed in the radial maze.
These results indicate that the normal hippocampal plasticity is required for
optimal place information coding by the hippocampus. Even though a-CaMKII
T286Aand CREB mice differ in the pattern of their defects in hippocampal plasticity
and learning and memory, they show remarkably similar patterns of abnormality in
place field tuning and plasticity in response to cue alterations.
Supported by the HFSP and NIMH.

195.3
THE FIRING FIELDS OF PLACE CELLS IN MICE WITH IMPAIRED LATEPHASE LTP ARE CRISP BUT MOVE TO UNPREDICTABLE LOCATIONS. A,
Rotenberg*1. T. Abel2. E.R. Kandel2 and R.U. Muller1 1SUNY Brooklyn, NY
11203, 2Center for Neurobiol. & Behav., Columbia University, NY, NY 10032,
To continue our genetic analysis of the role of LTP in synthesis and maintenance of
hippocampal place cells (Rotenberg et al 1996) we have recorded CA1 place cells
from mice that express R(AB), an inhibitory form of the PKA regulatory subunit.
R(AB) mice have reduced PKA activity and thus show decreased late phase LTP (LLTP). The L-LTP deficit in these mice is parallelled by a behavioral deficit in long
term but not short-term memory for contextual fear conditioning (Abel et al 1997).
Preliminary comparisons of wild-type and R(AB) place cells reveal three findings. 1)
For single recording sessions, R(AB) place cells appear the same as wild-type place
cells; firing fields are well-formed and firing rates are normal. 2) In contrast to the
reproducible field locations of wild-type place cells, R(AB) fields often junp from
location to location during sequential recording sessions. This instability may in part
reflect a defect in the head direction system since R(AB) fields often rotate with no
changes in shape. 3) With repeated exposures to an environment, the field locations
of R(AB) place cells seem to become more stable. Preliminary results also suggest
that the field instability in R(AB) mice may be cell-specific; simultaneous recordings
of two or more cells reveal that one cell may have a stable firing field even as the
fields of other cells move relative to the first field and to the recording environment.
Thus, R(AB) mice are a third case of a genetic deficit in LTP that causes a distinct
abnormality of place cells. NDMA-receptor knockout mice have stable but enlarged
fields (McHugh et al 1996). Mice expressing a constitutively active form of CaMKII
have unstable place cells with abnormally noisy fields (Rotenberg et al 1996). R(AB)
mice have crisp firing fields whose locations tend to be unstable. We conclude that
although the genetic dissection of the relationship between LTP and place cells is just
beginning, the method can generate subtly different place cell defects, each of which
culminates in behavioral deficits. Support: NIH NS20686,. HHMI, Columbia Univ.
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195.2
THE REPRESENTATION OF SPACE IS IMPAIRED IN CA1-SPECIFIC
NMDAR1 KNOCKOUT MICE
K. I. Blum*. T. J. McHugh, J. Z. Tsien, S. Tonegawa, and M. A. Wilson. Center,
for Learning and Memory and Dept, of Brain and Cog. Sci., MIT, Cambridge,
MA 02139
We have probed the role of synaptic plasticity in the place-specific firing of
hippocampal neurons by recording with multiple tetrodes in mice with a
knockout of the NMDAR1 gene only in CA1 pyramidal cells. We have found
that these pyramidal cells do retain place-related activity but with significantly
reduced spatial specificity. We have also discovered a striking inability of pairs
of neurons to coordinate their firing even if their fields overlap. We are currently
investigating the effect of correlated firing on subsequent correlations during
sleep. These results demonstrate that NMDA receptor-mediated synaptic
plasticity is necessary for the proper representation of space in the CA1 region of
the hippocampus.
Place fields in the knockouts were larger by 20% to 40% than fields in littermate
controls. Unlike in controls, pairs of CA1 pyramidal cells in knockouts showed
negligible excess coincident firing over what would be expected from randomly
shuffled spike trains. Most other firing properties of both excitatory and
inhibitory cells were indistinguishable in controls and knockouts. These results
were obtained from a set of 112 control and 198 knockout pyramidal cells
recorded from 5 control and 5 knockout animals.
Supported by the Seaver Institute, the .Sloan Foundation, HHMI, and the NIH.

195.4
EFFICIENT ENCODING BY THE FIRING OF HIPPOCAMPAL SPATIAL VIEW
CELLS. S.Panzeri*. E.T.Rolls. A.Treves. R.G.Robertson and P.Georges-Francois.
Univ Oxford, Dept Exptl Psychol, Oxford OX1 3UD, U.K.
The firing rate distribution and information transmitted by hippocampal formation
neurons that respond to spatial views (Rolls, Robertson and Georges-Fran9ois, 1997,
European J. Neurosci., in press) were quantified in monkeys actively locomoting in
a spatial environment. The mean firing rate of a population of 17 cells during this
exploration was 1-2 Hz (with peak rates typically in the order of 15 Hz). The firing
rate distribution measured in time windows in the range 25-800 ms showed many zero
and low firing rates, and a few higher firing rates. To understand how the actual
distribution could arise, we present a simple model in which the firing rate reflects,
at any given time, the amount of current entering the cell soma according to a
threshold-linear activation function, and the activation arises from many small
independent inputs. With two main sources of variability in the inputs to the model,
slow reflecting e.g. the changing views, and fast including noise effects, close fits to
the actual distributions were obtained. To quantify the speed of information
transmission about spatial view by these neurons, we measured the information rate
in short time periods, e.g. 25 ms and 50 ms, and found it to be in the order of 2-3
bits/s. We also expressed this as bits per spike of the neuron, which gave a value of
1-2 bits/spike. The optimal encoding in bits/spike would be provided by binary
information transmission, with the cell either firing or not in the time window being
considered (e.g. 25 ms). The real neurons have an efficiency (relative to the optimal
value corresponding to binary encoding with the same sparseness) of 80%. The
efficiency is high, partly because with these low firing rates, the firing rate
distribution is like a (sparse) binary distribution. At the same time, the information
transmission rate is low, because the firing rates are low (even though each spike does
carry much information).
Supported by the Medical Research Council PG87153790.
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195.5
HOW TWO CUES INTERACT TO CONJOINTLY CONTROL PLACE CELL
FIRING FIELDS. A.A. Fenton* and R.U. Muller, SUNY Brooklyn, NY.
Pyramidal cells in Ammon’s horn are named “place cells” because they discharge in
cell-specific locations called “firing fields”. These cells provide the strongest evidence
that the hippocampus is part of a cognitive system for navigation. The present
experiments reveal how this system might be organized by showing how two cues
individually and conjointly control place cell firing fields.
Place cells were recorded in four basic conditions while the rat foraged in a 76 cm
diameter gray cylinder. Firing fields were first characterized in “Standard” sessions with
one black card and one white card on the wall with their centers 135 deg apart. Each card
occupied 45 deg of arc. In “Rotation” sessions the two cards were both rotated 45 deg.
Firing fields rotated equally, indicating that the two cards controlled field locations. In
“One-card” sessions, one card was removed and the other was rotated 45 deg. Field
locations rotated equally showing that both cards were salient. In the fourth condition,
the cards were moved either 25 deg closer together or 25 deg further apart and then the
whole configuration was rotated 45 deg. To a first approximation, firing fields rotated by
45 deg. A more precise analysis revealed, however, that fields near the black card tended
to stay nearer the black card; similarly, fields near the white card tended to stay nearer the
white card. Fields away from both cards moved same amount as the mid-point between
the two cards.
The One-card results imply that firing fields are organized in a rigid map. In contrast,
because distances between firing fields changed, the Together and Apart results indicate
that the hippocampal map can be distorted. This contradiction makes it essential to ask
how the directional system will be affected by the Together and Apart manipulations. It
is also of interest to ask if distortions of the map are accompanied by distortions of
behavioral trajectories. Support: NIH Grant NS20686.

195.6
PLACE CELL-LIKE LOCATION SPECIFIC ACTIVITY MAY BE GENERATED
WITHOUT COMPLEX LANDMARK IDENTIFICATION PROCESSES.
M C. Fuhs. A.D- Redish, and D.S. Touretzkv*. Computer Science Dept, and Center for
the Neural Basis of Cognition, Carnegie Mellon University, Pittburgh PA 15213-3891.
We describe an experiment showing that simple image processing operations can sup
ply sufficient information to allow a competitive learning, radial basis function place cell
model to produce realistic place fields from gray-scale images of real-world scenes.
We laid out a 5x5 grid of viewing positions spaced 8 inches apart at the south end of a
room, and took an image at each point with the camera facing north. Using standard
visual processing algorithms, we found “blobs” (elliptical regions of similar intensity) in
each of these 25 images and selected two that appeared in every image. Each blob gener
ated a triple of features: azimuth of the blob center in the image, elevation of the center,
and size. The appearance of blobs varied slightly from image to image due to the change
in viewing position; this is what makes them useful as landmarks. The grid of blob fea
tures was interpolated to yield a 17x17 grid with a resolution of 2 inches.
We then constructed simulated place cells using radial basis functions tuned to blob
parameters. Place cell activity was defined as the product of six gaussian feature detectors
(azimuth, elevation, and size for each of two blobs). Cells were initially tuned to random
values, yielding low responses nearly everywhere on the grid. We adapted the place field
centers by a simple competitive learning algorithm, simulating the kind of tuning thought
to occur in hippocampus during initial exploration of a novel environment, and adapted
the gains to produce fields of the desired size. This procedure roughly doubled the spatial
information content of the cells, using the measure of Skaggs et al. (1993).
The resulting model takes real-world scenes as input and produces a distributed
activity pattern over a set of place cells as output, from which the current viewing location
can be estimated with good accuracy. The implication of this work is that the visual path
way to the rodent hippocampus could involve a relatively simple representation of the
local view. Rodents may not require object recognition to navigate visually.
Supported by National Science Foundation grant IBN-9631336.

195.7

195.8
NONSPATIAL CORRELATES OF HIPPOCAMPAL CELLULAR
ACTIVITY IN RATS PERFORMING AN OLFACTORY CONTINUOUS
NONMATCHING TO SAMPLE TASK ON AN OPEN FIELD. E. R. Wood*.
P. A. Dudchenko, and H. Eichenbaum. Department of Psychology, Boston
University, Boston MA. 02215
When an animal explores an open field, the activity of most hippocampal cells
is strongly related to the animal’s position. By contrast, when animals perform
a delayed nonmatching to sample task (DNMS) in a confined environment, the
activity of most cells can be related to specific behaviours and task parameters,
including differential firing to match vs nonmatch stimuli. To determine whether
such nonspatial correlates of hippocampal cellular activity are independent of the
animal’s location, we recorded hippocampal cellular activity as rats performed
DNMS at different locations on an open field.
Rats were chronically implanted with 2-4 driveable tetrodes for unit recording
in area CA1. On each trial a cup containing sand scented with one of 9 odors
was placed in one of 9 positions on the open field. Whenever the odor was the
different from (nonmatched) the odor on the previous trial a froot loop reward
was buried in the sand; on match trials no reward was available. Rewards were
completely independent of cup position which varied randomly across trials.
Rats learned within 3-4 sessions to dig in the cup on nonmatch trials, and not
to dig on match trials. As expected, some hippocampal cells demonstrated
typical place fields on the open field. Others showed differential nonmatch/match
activity dependent on the position at which the trial was performed. However
some cells had strong match/nonmatcb correlates which appeared to be
independent of position. These preliminary data suggest that some hippocampal
units can exhibit entirely place-independent, task-related firing patterns during
performance of a nonspatial memory task on a large open field.
Supported by NIA and NIMH.

HIPPOCAMPAL PLACE CELLS CAN DEVELOP DISTINCT
REPRESENTATIONS
OF
TWO
VISUALLY
IDENTICAL
ENVIRONMENTS. H.Tanila*. S. Ikonen. Dept. Neuroscience and
Neurology, Univ. Kuopio, Finland.
Visual cues and path integration constitute the basis for rodent
navigation. These two factors were put into conflict by letting a rat self
move between two boxes with identical prominent visual wall cues. Male
Wistar rats were implanted with two tetrodes in the hippocampi and
stimulation eletrodes in the lateral hypothalamus. The rats were trained
to search for a randomly moving location to obtain brain stimulation.
The rat was first familiarized with Box A for 30 min. After a 5 min
recording, a door between boxes A and B was opened and the rat entered
the unexplored Box B. The door was immediately closed and a recording
began. After two recordings in Box B the rat was returned to Box A. We
recorded 25 CA3 place cells from 5 rats. In Box B only 2 cells had their
fields in the same location in relation to the wall cues as in Box A. The
place fields of 4 cells rotated 90° , and those of 5 cells expressed a
pattern that was a mirror image of the firing distribution in Box A. Six
cells turned off or became noisy, and 5 cells developed totally new place
fields. The remaining 3 cells had a mixed response. After the rat’s return
to Box A, 8 cells adopted the original place field locations, 11 cells
continued to express the field locations of Box B, 2 cells had Box A and
B field patterns superimposed, and 4 cells turned off. These findings
support the notion that place cells are predominantly driven by path
integration in an unexplored environment, but the fields soon become
anchored to visual cues. However, both aspects of the environment can
be simultaneously represented by ensembles of place fields.

195.9
Expectation and response outcome signaling in hippocampal CA3 pyrami
dal cells during olfactory-cued DNMS performance. S. P. Wiebe* and U. V.
Staubli. Center for Neural Science, New York University, New York, NY 10003.
The hippocampus has been referred to as a high-level match/mismatch ana
lyzer, signaling the outcome of comparisons between previous and current stim
uli independent of the particular perceptual qualities of each stimulus. This view,
however, has emerged predominantly from unit recording studies of the CA1
field, the final output stage of hippocampal processing. To determine whether
other hippocampal regions share these same properties, a 16 microwire electrode
array and spike amplitude window discriminator system was used to record pyra
midal cell activity in the dorsal CA3 hippocampal field in Long-Evans rats dur
ing performance of a variable delay (0-50 sec) 2-odor delayed-nonmatch-tosample task. The sample odor was presented in the stem of a Y-maze and the
match and nonmatch odors were delivered in the remaining two arms in the test
phase. A proportion of pyramidal cells were found to fire selectively during and
immediately following response selection at the end of the arms in the test phase.
The firing of many of these cells was dependent on the selected location (left/
right), odor (odorA/odorB), and the outcome of the choice (nonmatch-correct/
match-error). This suggests that CA3 activity, in contrast to that reported in CA1,
reflects not simply the outcome of the match/nonmatch comparison but also the
context in which the comparison is made: the type and location of the odor
selected. In addition, some cells were found to fire preferentially after responses
on trials in which the choice conformation signal (water reward or light flash
punishment) was delayed, implying CA3 processing has an expectation-related
component.
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195.10
STIMULUS- AND RESPONSE-RELATED SINGLE-UNIT ACTIVITY IN THE
HIPPOCAMPAL FORMATION DURING ACQUISITION OF DISCRIMINATIVE
AVOIDANCE BEHAVIOR. J,H,. toman,. Jr,*, „5, .Kang and M„,Gabriel
Department of Psychology and Beckman Institute, Univ. Illinois, Urbana, IL 61801.
The activity of 256 single-units sorted from multi-unit records (for methods see
Kubota et al., 1996, Brain Res. 721:22-38) was recorded from the dentate gyrus
(DG), Ammon's Horn (regions CA1 and CA3), and subiculum (Sub) as rabbits
learned to prevent a foot-shock by stepping in an activity wheel after one tone (CS+)
and to ignore a different tone (CS-). The percentage of units exhibiting discriminative
activity (greater activity during CS+ than CS-) increased from pretraining (PT,
unpaired presentations of the tones) to the first training session (FT) in CA1 and from
pretraining to the criterial session (Crit) in CA3 and Sub (P<.05). Inverse
discriminative activity (greater activity during CS- than CS+) decreased from PT to
FT in CA1 and CA3, and decreased from FT to Crit in DG and Sub (P<.05). There
was an increase in the percentage of units exhibiting steady and ramp-like increases
in pre-avoidance discharges in all four areas of the hippocampal formation from FT
to Crit (P<.05). The percentage of units exhibiting discriminative activity in the
hippocampus was greater than that seen previously in anterior (AC) and posterior
cingulate (PC) cortex and the mediodorsal (MD) thalamic nucleus (op cit, P<.05).
The percentage of units that showed ramp-like pre-avoidance discharges was greater
in CA1 than in AC, AV, MD and PC (P<.05) and all hippocampal areas had more
units with ramp-like pre-avoidance activity than the MD nucleus (P<.05). The
percentage of units exhibiting steady increases in pre-avoidance activity was greater
in the AV nucleus than in DG and CA1 (P<.05). The results indicate that
hippocampal neurons encode stimulus and response-relevant information necessary
for acquisition of discriminative avoidance behavior. The early and late effects in this
study are parallel to results obtained in the cingulate cortex and limbic thalamus.
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195.11
ACTIVITY OF HIPPOCAMPAL NEURONS IN RATS DURING DRL
PERFORMANCE. B.J. Youne* and N. McNaughton. Department of
Psychology, and Centre for Neuroscience, University of Otago, Dunedin,
NZ.
Lesion studies show that the hippocampus is critically involved in
timing behavior, but so far there has been little analysis of how time
might be encoded. We recorded the activity of 272 CA1 and CA3
neurons from rats performing on a DRL 15 schedule, where reinforcement
was contingent on responses that occurred at least 15 sec after the
preceding response. The unit data were analysed using two different
methods. First, each unit was subjected to an ANOVA that examined the
effects of: (1) the outcome of the previous response (reward or non
reward); (2) the outcome of the current response; and (3) time. This
showed that changes in unit activity were related to all aspects of the task
and the firing of all but one of the units changed in relation to at least one
of these three factors. Second, intercorrelations between the firing
profiles of individual units demonstrated a large number of functional
categories of neuron. However, the most common profile was an initial
increase in unit activity at the beginning of the DRL interval, followed by
a gradual decrease throughout the interval. We suggest that this profile
reflects temporal decay in circuits which may code details of the previous
trial and which could be used to "time" the DRL interval.
Supported by FRST U00413 and HRC 95/016.

195.12
PERIRHINAL NEURON RESPONSES DURING CONDITIONED
ASSOCIATIVE LEARNING IN AWAKE RATS.
T. Uwano, H. Nishijo, R. Tamura, M Fukuda*, and T. Ono. Department of
Physiology, Faculty of Medicine, Toyama Medical and pharmaceu.
University, Toyama 930-01, Japan.
Anatomically, the perirhinal cortex (PRh) converges various
information from the frontal and sensory association cortices and the
mediodorsal thalamus (MD), and has reciprocal connections with the
amygdala (AM). Although it has been suggested that both the AM and
PRh are related to associative learning, characteristics of PRh neurons
during associative learning are unknown. In the present study neuronal
activity was recorded from the PRh of behaving rats during discrimination
of conditioned auditory (pure tones), visual (light), olfactory, and
somatosensory (air puff) stimuli associated with positive and/or negative
reinforcement, and the characteristics of the PRh neuron responses were
compared with those of the AM and MD neuron. Of 103 PRh neurons
recorded, 67 responded to sensory stimulation. Of these, 33 unimodal
neurons tended to be located in the dorsal bank of the PRh, while 21
multimodal neurons were located more ventrally. Activities of some PRh
neurons in the ventral bank were highly correlated to reward availability in
that these neurons initially responded to unconditioned stimulus, but in the
subsequent trials, responded to the preceding conditioned sensory stimuli.
Responses of these neurons corresponded to the AM neurons in which
neuronal responses changed plastically along with changes in affective
significance of the stimulus. Responses of other PRh neurons in the ventral
bank gradually increased during sensory stimulation, and reached the
maximum just before licking, similarly to the frontal cortical and the MD
neurons.
The results suggest that the PRh neurons have similar
characteristics to those in AM, MD, and the frontal cortex, and might
provide a link among emotional, memory and motor executive systems.

195.13
PERIRHINAL CORTEX NEURONS DO NOT EXHIBIT SPATIAL
FIRING PATTERNS
R.D. Burwell*! and H. Eichenbaum^. 1Brown Univ.,
Psychology, 89 Waterman Street, Providence, RI 02912, and 2 Boston University,
Laboratory of Cognitive Neurobiology, 2 Cummington Street, Boston, MA 02215.
A most prominent behavioral correlate of hippocampal complex-spike (CS) cell
firing in awake behaving rats is spatial selectivity (O’Keefe and Dostrovsky, Brain.
Res., 1971). Spatial firing correlates have also been described for single units in the
entorhinal cortex (Quirk, Muller, Kubie, and Ranck, J. Neurosci., 1992). Entorhinal
place fields, however, are more diffuse and defined primarily by firing rate
differences. It would be interesting to know whether cells in cortical regions that
provide the primary input to the entorhinal cortex also show neuronal firing
correlates of spatial behavior. Accordingly, single unit activity in the perirhinal
cortex (PR) was recorded in rats performing a spatial task on a four arm radial maze.
The maze was defined by multisensory proximal cues on the surface of the maze
arms and complex visual distal cues at the surround. Per session, rats were run in 3
conditions: baseline, double cue rotation (proximal, 90° counterclockwise; distal,
90° clockwise), baseline. Arm entries were rewarded by lateral hypothalamic
stimulation. Hippocampal units demonstrate robust localized firing in this task, and
CS activity is controlled by proximal as well as distal cues (Shapiro, Tanila, and
Eichenbaum, Soc. Neurosci. Abst., 1995). One or two tetrodes were implanted into
the PR of three Long-Evans rats. Neuronal activity was recorded in 24 sessions.
Preliminary analyses of 39 neurons in the baseline condition for 15 sessions indicate
that none of these neurons exhibited the robust spatial selectivity observed for CS
cells in the hippocampus or the more diffuse, rate-defined localized firing observed
for single units in the entorhinal cortex. Stimulus-specific and memory related firing
of PR cells in rats performing an odor guided DNMS task have been reported
(Young, Otto, Fox, and Eichenbaum, J. Neurosci., in press). Thus, more detailed
analyses will examine whether neuronal activity in the PR cortex is influenced by
any stimuli, behavior, or task-relevent events in this paradigm. Spatial firing
cor;elates in the postrhinal cortex will also be described. Supported by NIMH.

195.14
VENTRAL SUBICULAR NEURONS DIFFER FROM HIPPOCAMPAL
NEURONS IN THEIR RESPONSE TO SUB-CONTEXTS. R.G. Phillips*. H.
Tanila and H. Eichenbaum, Department of Psychology, Boston University,
Boston, MA 02215.
The subiculum is the main target of hippocampal output. While ventral
subicular neurons lack the place fields of hippocampal neurons in complex
environments, there are some similarities when in simple contexts (Phillips et al.,
1996, Soc. Neurosci. Abs. 269.7). To pursue the coding of simple contexts, we
compared responses of hippocampal and ventral subicular cells to highly
simplified “contexts”; small odorized boxes presented within a larger, more
complex environment. Rats were chronically implanted with two driveable
tetrodes for unit recording in area CA1 and the ventral subiculum and trained to
explore on an open field platform for lateral hypothalamic stimulation. Three
Plexiglas boxes, identical in size and color, but with specific odors to differentiate
them as separate contexts, were placed on the platform in different locations at the
beginning of each trial. All extramaze cues remained in constant locations.
Preliminary analyses identified hippocampal neurons that have firing fields in
all three boxes on the field. The multiple fields of these cells followed the boxes
as they were moved between trials. Other hippocampal place fields remained
fixed despite movement of the boxes. Thus, hippocampal neurons either fired in
association with the box regardless of its odor, or represented a place on the
platform independent of the boxes. Ventral subicular neurons also showed firing
fields associated with the boxes. However, ventral subicular neurons usually
responded in the vicinity of only one of the boxes (a single-odor, simple context).
The field usually moved with the box, anit in some cases split, following the box
and remaining in the previous location of the box. There were no ventral
subicular place cells that fired in a consistent location independent of the boxes.
Supported by NINDS and NIMH.

195.15
COMPARISON OF TEMPORAL ASPECTS OF HIPPOCAMPAL AND
SUBICULAR SPATIAL FIRING PATTERNS. PE. Sharp*. Dept, of Psych.,
Box 208205, Yale Univ., New Haven, CT, 06520.
Cells in several portions of the hippocampal formation show location-related
firing, so that the momentary rate of each cell signals information about the
spatial location of a freely moving rat. Insight into how these signals are
generated, and how they travel around the hippocampal circuitry, can be gained by
examination of the exact timing of the locational signal. Here, this was
investigated for both hippocampal and subicular cells. For this, the quality of the
spatial firing pattern of each cell was examined over a series of time shifts, in
which spikes were paired with locations occupied by the animal in either the
immediate past, present, or future. The time shift yielding the highest quality
spatial map was taken to indicate the lead/lag time at which that cell is best
correlated with the animal's spatial location.
Results showed that subicular cells anticipate future locations by approximately
50 - 100 msec. In contrast, hippocampal cells were best correlated, on the
average, with present location. However, this timing, for the hippocampal cells
only, was related to the average session running speed, so that the cells anticipated
future locations at slow speeds, but laged behind (were correlated with past
locations), at high speeds.
These data support the idea that both subicular and hippocampal cells use a path
integration mechanism to generate their spatial signal (since both can anticipate
future location). For the hipoocampal cells the mechanism does not, apparently,
take into account speed information, however. Also, the data suggest that the
subicular signal cannot be the result of simple transmission of spatial information
from the hippocampus to the subiculum, since this would predict that the
subicular signal should correlate with later positions than the hippocampal signal.
This work was supported by Whitehall Foundation grant A94-06 to PES.

195.16
LATERAL MAMILLARY INPUT EXPLAINS DISTORTIONS IN TUNING
CURVE SHAPES OF ANTERIOR THALAMIC HEAD DIRECTION CELLS.
JP gQQdridge*, A P Rsdish. PS iQuretzky, HT Blair1, EE-Sharp1 . Center for the
Neural Basis of Cognition, Carnegie Mellon University, Pittsburgh, PA 15213.
^Department of Psychology, Yale University, New Haven, CT 06520.
Previous research has identified neurons in a variety of regions in the rat brain that
fire as a function of the animal's head direction (HD) in the horizontal plane. The
model of Redish, Elga, & Touretzky (1996) proposed that attractor dynamics in both
the anterior dorsal thalamic nucleus (AD) and postsubciulum (PoS) enabled AD and
PoS HD cells to maintain gaussian shaped tuning curves during all head turns.
However, later experiments suggest that the tuning curves of some AD HD cells are
not best modeled as gaussians (Blair, Lipscomb, & Sharp, in press) because they are
double-peaked when the animal is still and skewed when the animal’s head is
turning. In general, this characteristic is more prominent in cells whose firing
anticipated the animal’s HD by more than the average AD HD cell.
The model developed in this study accounts for these effects by suggesting, that
AD HD cell tuning curves are better described as the sum of two gaussian shaped
inputs postulated to arise from the lateral mamillary nuclei (LMN). The model also
removes attractor dynamics from the AD. Leonhard, Stackman, & Taube (1996)
reported that LMN cells fire primarily in relation to the animal's HD and secondarily
in relation to the animal's angular velocity. In this model, we create two pools of
LMN HD cells, one whose firing rates increase for left turns and decrease for right
turns and the other with the complementary response. The left turn mamillary cells
project to AD HD cells whose preferred firing directions are offset to the left of the
incoming mamillary cells’ preferred directions. Right turn mamillary cells project to
AD HD cells with a right offset. This double offset input allows AD HD cells to
exhibit bimodal tuning curves when the animal’s head is still, and also accounts for
tuning curve distortions during slow turns. However, the fit for fast turns is less
precise, a fact which suggests that the AD receives an additional source of input
during fast turns. Supported by the Center for the Neural Basis of Cognition.
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195.17
RESPONSE OF HEAD DIRECTION CELLS TO A NOVEL
LANDMARK CUE.
E.J. Golob* and J.S. Taube. Department of
Psychology, Dartmouth College, Hanover* NH 03755.
Neurons in the anterior thalamus (ATN) discharge in relation to the
animal's head direction (HD) in the horizontal plane. Familiar landmark
cues, such as a white cue card, can exert control over the preferred firing
direction (PFD) of HD cells. Cue control can be demonstrated by angular
rotation of the cue which leads to a corresponding shift in the cell's PFD.
However, little is known about how cells acquire landmark control and
whether the hippocampus is necessary for the establishment of cue control.
Previous studies have shown that an 8 min. exposure to a novel landmark is
sufficient for the establishment of cue control. Experiment 1 examined
whether a 1 min. exposure session was sufficient for establishing cue
control. Experiment 2 tested whether an intact hippocampus is required for
the establishment of stimulus control by a novel cue.
Four female rats were trained to retrieve food pellets in a cylindrical
arena that did not contain a cue card. Following training rats were
implanted with recording electrodes in the ATN. When an HD cell was later
identified it was recorded in the cylinder for 8 min., followed by a 1 min.
session with the cue card in the arena. The rat was then removed and the
cue rotated 90°. When the rat was reintroduced into the cylinder 10 min.
later, 3 out of 4 cells changed their PFD by < 18°, indicating that a 1 min.
exposure was ¡mi sufficient for establishing cue control. Expt. 2 was similar
to Expt. 1, except all animals had bilateral ibotenic acid lesions of the
hippocampus (n=3) and the animals were exposed to the cue card for 8
min. before being reintroduced to the cylinder 4 hr later. Under these
conditions, the 3 HD cells shifted their PFDs by 6°, 42°, and 90° after cue
rotation, and all cells were able to establish cue control after a second set of
test sessions (108°, 78°, and 72°, respectively). These results suggest that the
hippocampus is not required for the establishment of stimulus control in
ATN HD cells. Supported by NIMH grants MH48924, MHO 1286.

195.18
INCREASED PLACE CELL DIRECTIONALITY IN AN OPEN FIELD
FOLLOWING LESIONS IN THE HEAD DIRECTION CELL SYSTEM.
W.B. Archev. R.W. Stackman. J.P. Goodridge. P.A. Dudchenko. J.S.
Taube*. Dept, of Psychology, Dartmouth College, Hanover, NH 03755.
Hippocampal (HPC) place cells and head direction (HD) cells in the
anterior thalamic nuclei (ATN) and postsubiculum (PoS) may comprise a
neural network supporting spatial navigation in the rat. Place cells fail to
exhibit direction-dependent firing when the rat’s movement is not
constrained as when free foraging for food in an open field. If movement
is restricted in a stereotypic manner (e.g. radial-arm maze task), place cells
frequently demonstrate directio n a l location-specific discharge. Previous
studies have shown that ATN lesions abolish PoS HD cell firing, suggesting
that the ATN is critical for the generation of the HD signal. Further, lesions
of the ATN or PoS disrupt place learning in rats. To investigate the
contribution of the HD cell signal to place coding, we recorded HPC place
cells in rats following excitotoxic lesions of the ATN or PoS.
Female rats received bilateral ibotenic acid lesions of ATN (n=7) or PoS
(n=8) and were implanted with microelectrodes directed at HPC. Place cells
were recorded while the rats foraged for food pellets in a cylinder
containing a white cue card as a visual landmark. Observations of place
cells recorded from lesioned rats suggested that infield firing was
modulated by HD. Quantitative measures indicated a significant increase in
place cell directionality for cells recorded in both ATN (0.639 ± 0.162)
and PoS (0.549 ± 0.060) lesioned rats as compared to controls (0.186 ±
0.034). The enhanced degree of direction-dependent firing of place cells
recorded in the cylinder suggests that without directional input from ATN
or PoS, HPC place cells signal “local view”. The increased place cell
directionality may reflect a place coding impairment such that spatial
recognition is disrupted in all but a given, constrained HD.
Supported by NIH Grants DC00236 (RWS), MH48924, MH01286 (JST).

195.19
HEAD DIRECTION CELLS IN 3-D: MAINTENANCE OF CELL
FIRING DURING LOCOMOTION IN THE VERTICAL PLANE.
R.W. Stackman*, D.J. Whitmer and J.S, Taube. Department of Psychology,
Dartmouth College, Hanover, NH 03755.
Head direction (HD) cells discharge as a function of the rat's head
direction in the horizontal plane. Qualitative assessments have determined
that head pitch (up/down head motion) or roll (head rotation along the
anterior-posterior axis) do not disrupt HD cell firing. However, it is of
interest to determine how the horizontal reference frame is defined.
Therefore, we examined the discharge properties of HD cells during
locomotion in thé vertical plane and in different horizontal planes within
the same environment.
Female Long-Evans rats were implanted with recording electrodes
directed at the anterior thalamus or postsubiculum. Once identified, HD
cells were recorded in a 74 cm high, 76 cm wide cylinder containing a
12.7 cm wide rim, or annulus, around the top with 4 equally spaced food
wells. A vertical wire mesh “ladder” (29 cm wide) placed onto- the inside
cylinder wall allowed the rat to access the annulus. HD cells were
monitored as rats climbed up and down the wire mesh to retrieve food
pellets on the floor and annulus. The wire mesh was positioned at 0, 90,
180 and 270° relative to the cell's preferred firing direction (PFD). HD cell
discharge properi'^s were similar when the rat locomoted in either
horizontal plane (floor or annulus). When the wire mesh position
corresponded with the PFD (0° position), HD cells continued to fire at
peak rates as the rat climbed up the wire mesh, but not when the rat
climbed down. With the mesh at the 180° position, cell firing continued
when the rat climbed down, but not up, the mesh. Background firing rates
were exhibited during mesh climbing at the 90 and 270° positions. These
findings indicate that the horizontal reference frame may be defined by
the animal's current plane of locomotion.
Supported by NIH grants DC00236 (RWS), MH48924, MHO 1286 (JST).

195.20
IN FLU EN CE OF LANDM ARKS IN A MODEL OF THE HEAD
D IRECTIO N SYSTEM, W. E. Skaggs*, Dept, of Neuroscience and Center
for the Neural Basis of Cognition, Univ. of Pittsburgh, Pittsburgh PA 15260.
Several interconnected regions of the rat brain contain populations of head
direction (HD) cells, which fire if and only if the rat’s head points in a certain
direction, regardless of location or other variables. HD cells appear to be
strongly coupled, anatomically and physiologically, to hippocampal place cells.
Three recent papers have suggested that the HD system may be modeled as an
attractor neural network, using recurrent connections to create stable, localized
clusters of activity. One of these papers (Skaggs et al., NIPS 5:3010, 1994)
proposed that visual landmarks influence the HD system in a particularly
simple way, via a Hebbian binding mechanism. I will present a mathematical
analysis of some of the implications and predictions of this hypothesis. First,
an emergent property of the model is that distal landmarks exert a stronger
influence than proximal landmarks. The model predicts the observation by
Cressant et al. (J Neurosci 17:2531, 1997) that an array of landmarks placed
centrally in a cylinder exert much weaker control over place cells than a similar
array placed peripherally. Second, the effect of shifting .a landmark depends
on where it is located. If two equally salient landmarks are located at the edge
of a cylindrical environment, the model predicts that rotating one of them
by a small amount will cause the HD system to “average” between the two
landmarks, whereas large rotations will càuse it to align with one or the other.
The transition between these behaviors is predicted to occur at a rotation angle
of about 90°. If the landmarks are placed far beyond the edge of the cylinder,
the same two types of response are predicted, but the transition from averaging
to winner-take-all is predicted to occur at a rotation angle of about 45°. These
predictions can be tested by recording from HD cells or from hippocampal place
cells, or, with a few additional assumptions, by purely behavioral experiments.

LEARNING AND MEMORY: PHYSIOLOGY— HIPPOCAMPUS II
196.1
AUTOMATIC SEPARATION OF SPIKE PARAMETER CLUSTERS FROM
TETRODE RECORDINGS. K. Zhang*», T.T. Sejnowski* and B.L:
McNaughton*. Computational Neurobiology Lab, Salk Institute, La Jolla, CA
92037A and ARL Division of Neural Systems, Memory and Aging, University
of Arizona, Tucson, AZ 85724\
Multiple neurons can be recorded simultaneously in hippocampus and
other structures from a single chronically implanted tetrode. Although there
have been several efforts at developing methods for automatically separating
the resulting spike parameter clusters, the problem is still not satisfactorily
solved. Clean separation of spikes is crucial for data analysis, particularly
when studying correlations in the spike timing between cells. One common
source of error is variability in the spike heights due to changes in the spike
shape during a burst. Because the propagation of electromagnetic fields is
linear, variability caused by spike height in sorting neurons was effectively
reduced by suitably scaling the spikes in proportion to the mean amplitude of
the signals recorded on the four channels. Next, the spike scatter in the
feature space was fit by a mixture of Gaussians whose parameters were
determined iteratively by the expectation-maximization (EM) algorithm, with
suitable modifications to avoid singularities. The number of clusters was
estimated adaptively by incorporating peak searching after smoothing at
multiple scales and selection rules based on constraints from the refractory
period. The clusters obtained with this approach were consistent from trial to
trial, robust against spike variability, and appeared reasonable to human
visual inspection. Details of the method and further refinements will be
presented. Supported by the Howard Hughes Medical Institute and NS20331.
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196.2
IS THE HIPPOCAMPUS REQUIRED FOR PATH INTEGRATION? S.H.
Aly,an ^ _B.M- Paul,
Ellsworth, R,D. White and BX- McNaughton . ARL
NSMA, University of Arizona, Tucson, AZ 85724.
The integrity of the hippocampus is necessary for the solution of spatial
memory problems assumed to involve navigation with respect to external
stimuli. The hippocampal spatial code is governed by an interaction between
path integration and external cues (Knierim et al., 1995; Gothard et al., 1996),
and Whishaw et al. (1995,1996) have reported that hippocampal lesioned rats
are deficient in path integration. In the present study, we further address the
question of whether the neuronal circuits necessary for path integration lie
within or outside the hippocampus proper. In 6 Brown Norway rats, bilateral
hippocampal lesions were induced by multiple injections of ibotenic acid
(Jarrard, 1995). There were 8 sham operated or unoperated controls. The rats
were trained on two tasks in which they were required to move from one
location to another, in total darkness. In one task, the rats were lured, via a
circuitous route, to the center of a 1.5 m diameter circular arena and required
to return to the peripheral start location, which varied from trial to trial. This
task requires angular path integration but not necessarily linear path
integration. The second task investigated the ability of rats to tunnel directly
towards one end of an L-shaped route after first having traversed the indirect
route repeatedly. Both groups exhibited significant path integration behavior
and there were no differences between groups. The angular component of
path integration appears to be intact following extensive hippocampal lesions.
Some degree of linear path integration seems also to be preserved, at least
when the same indirect route connecting the endpoints has been traversed
multiple times. Whether rats with hippocampal lesions are capable of single
trial path integration remains to be demonstrated. Supported by NS09917,
UBRP and NS20331.
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196.3
A MODEL OF FORMATION OF THE HIPPOCAMPAL SPATIAL CODE.
A. Samsonovich* and B.L. McNaughton. ARL Division of Neural Systems,
Memory and Aging, University of Arizona, Tucson, AZ 85724.
Previously we proposed a "multi-chart", attractor-map-based model for
path integration and for the existence in CA1 of different spatial codes for
different environments (McNaughton et al., J. Expt. Biol., 199:173-185, 1996;
Samsonovich and McNaughton, Soc. Neurosci. Abst., 22:1872, 1996; J.
Neurosci., in press). The model clarified the minimal essential architecture,
not the actual architecture employed by the brain to produce these
phenomena and there are difficulties in mapping the simple model onto
actual brain circuitry. Recently Sharp (1997) reported that, in contrast to CA1,
spatial codes in subiculum retain similarity in different environments. Other
less compelling data (Quirk et al., 1992) suggest that this might also be the
case in EC. These areas may thus implement a 'universal' chart in which
map-based path integration may occur. A similar conclusion about the
location of the path integration circuitry was suggested by Redish and
Touretzky (1997). It is possible that CA3 may provide a means of
transforming the universal chart into multiple charts that would enable
unique spatial codes for different environments and contexts to be generated.
A model of this process that is consistent with both anatomy and the bulk of
experimental data on place cells will be presented. The model accounts for
multiple, uncorrelated spatial maps in CA1, given an environmentindependent map in EC, and predicts a special kind of correlation between
different spatial maps in CA3. Currently, there is no clear evidence for
uncorrelated maps (c.f. Bostock et al., 1991) in CA3. The maximum number of
alternative maps which can be stored in CA3 is shown to be proportional to
the number of cells, assuming a fixed fraction of simultaneously active units.
Supported by NS20331.

196.4
DIVERGENT MODULATION OF CA1 AND DG INTERNEURONS BY
SPATIAL NOVELTY. P.A. Nitz*. M. Pauer and B.L. McNaughton. ARL
Division of Neural Systems, Memory and Aging, University of Arizona,
Tucson, AZ 85724.
The hippocampus plays a key role in processing spatial information
during exploration of an environment. Previous work suggests that
GABAergic interneurons (theta cells) of the hippocampus may play a unique
role during the acquisition of novel spatial information (Wilson and
McNaughton, Science 261:1055-58, 1993). Specifically, some interneurons of
the CA1 region of the hippocampus were found to decrease activity in novel
regions of an arena in which rats foraged for chocolate pellets. The present
study extends these findings by characterizing the response to novelty of
interneurons in the dentate gyrus region of the hippocampus. Recordings of
individual interneurons were obtained as, rats traversed very familiar and
completely novel regions of an arena in search of food reward. Most
interneurons of the CA1 region exhibited large (up to 60%) decreases in
activity in novel regions of the arena as compared with familiar regions.
Other CA1 neurons exhibited small increases in the novel region or no
difference with respect to novelty. Surprisingly, only 2 of 23 dentate gyrus
interneurons exhibited decreases in activity greater than 10%. Rather, many
interneurons of the dentate gyrus were found to increase (up to 34%) activity
in the novel region of the arena. The difference in effect between areas was
significant (p < 0.0001). The findings demonstrate that sub-regions of the rat
hippocampus play different roles in the processing of novel spatial
information. Supported by NS10046, UBRP and NS20331.

196.5
THETA PHASE PRECESSION REMNANTS IN REM SLEEP. G.R. Poe*.
W.E. Skaggs. C.A. Barnes and B.L. McNaughton. ARL Division of Neural
Systems, Memory and Aging, University of Arizona, Tucson, AZ 85724.
As rats pass through the place field of a given hippocampal cell, its spike
discharge precesses through almost 360° relative to the hippocampal theta
rhythm (O'Keefe and Recce, Hippocampus 3:317-330, 1993; Skaggs et al.,
Hippocampus 6:149-172, 1996). We investigated whether phase precession
also occurred in place cells during REM sleep theta activity. Place cells from 4
rats were recorded while each rat ran a twin rectangular track ("Figure 8maze") one half of which was familiar and the other novel (1st exposure).
Recordings continued for at least an hour after the maze experience while the
rats slept. Hippocampal EEG from the hippocampal fissure, unit activity
from 12 tetrodes, movement and position information were recorded. REM
sleep was identified as a period of high voltage (>200fxV) hippocampal theta
activity following at least five minutes of slow wave sleep, in the absence of
movement. Fourteen place cells showing phase precession through a field
located on either the familiar (n=7) or the novel (n=7) half of the maze were
analyzed for phase precession in REM sleep. When more than one spike
appeared in a span of a second (the low-end threshold for in-field firing on
the maze), spikes on subsequent REM sleep theta cycles arrived primarily at
progressively earlier phases. Preliminary results suggest that the precession
is more robust for cells with fields only in the novel environment than for
those with fields only in the familiar. This effect may be related to the
differential theta phase firing profiles of familiar versus novel memories in
REM sleep reported previously (Poe et al., Soc. Neurosci. Abst. 22:1871,1996).
Supported by AG12609, MH01227 and MH46823.

196.6
A NEW DEFINITION OF A UNITARY PLACE FIELD BASED ON PHASE
PRECESSION. B. L. McNaughton*. I. Shen. W.E. Skaggs and C. A. Barnes.
ARL Division of Neural Systems, Memory and Aging, University of Arizona,
Tucson, AZ 85724.
Different definitions have been proposed for hippocampal place fields.
One consistent observation has been that the size of apparently single place
fields can be quite variable. Also, well isolated cells can often exhibit multiple
fields in the same environment. In the present study, rats traversed a
rectangular track maze while populations of CA1 pyramidal cells were
simultaneously recorded. For a total of 354 cells, about 50% had more than 1
place field, defined as a group of adjacent bins with the mean firing rate of
each bin above 1 Hz. The size of the place fields varied from 6% to 44% of the
track length. It has been well documented that the phase of hippocampal
place specific firing relative to the theta rhythm advances gradually as the rat
traverses the cell's place field, so called phase precession. We observed that
while the majority of place fields have phase precession restricted to one cycle
(360°), some large place fields exhibit a double phase precession over about
two cycles (about 720°). Intermediate size fields sometimes exhibit over
lapping doublets of phase precession (i.e., some firing early in a cycle and
some late). Whenever there are doublets of phase precession, the two cycles
correspond to the two firing rate peaks within the place field. Thus, we
hypothesize that these large place fields comprise two independent place
fields. Using this definition, the place field size varied from 6% to 31% of the
track. Thus, using the phase precession criterion, the size of the place field is
more homogenous. Although incompleteness of cell isolation cannot be
entirely excluded, our data do suggest a new way to define the place field,
one that is consistent with the idea that a given cell may enter into more than
one set of dynamic relationships simultaneously. Supported by MH46823.

196.7
LACK OF EXPERIENCE-DEPENDENT PLACE FIELD EXPANSION IN
DENTATE GYRUS AND NMDAR DEPENDENCE OF THE EFFECT IN
CA1. M.R. Mehta* and B.L. McNaughton: ARL Division of Neural Systems,
Memory and Aging, University of Arizona, Tucson, AZ 85724.
Previously, we reported that when rats repeatedly traverse a route in the
same direction, CA1 place field sizes increase rapidly and their centers of
mass shift backwards. These changes, which occur in both novel and familiar
environments, were predicted by models incorporating NMDAR mediated,
temporally asymmetric, Hebbian LTP in the recurrent collaterals of CA3
(Levy, 1989; Abbott and Blum, 1995; Tsodyks et al., 1996). The model requires
potentiation of excitatory collaterals and thus might not occur in systems like
the dentate gyrus (DG) that lack such connections, unless propagated from a
preceding layer (e.g., CA3 -> CA1). Here we report preliminary results from
two recording experiments that were conducted while rats ran repeatedly on
rectangular or linear tracks. In the first experiment (5 rats), DG granule cells
(n = 48) did not show any increase in place field size. In the second
experiment (1 rat), an IP injection of CPP (an NMDA receptor blocker) was
administered before the rat ran the maze. Data were recorded from the CA1
region. The drug did not produce noticeable impairment in the rat’s running
ability. There was no increase in place field size (46 cells); however, when a
control saline injection was administered to the same rat, the place fields (21
cells) did exhibit significant place field expansion and rearward shift in
location. These results provide preliminary evidence that (1) the experiencedependent changes observed in CA1 place field size and location are NMDAR
dependent; that (2) the changes are not propagated from DG. The lack of
change in DG is consistent with the postulated requirement for horizontal
connections and suggests that the CA1 effect is likely to be propagated from
either CA3 or the EC layer III. Supported by MH46823 and the HFSP.

196.8
ARE GRANULE CELLS IN THE DENTATE GYRUS UPDATED BY PATH
INTEGRATION? K.M. Gothard* and B.L. McNaughton. ARL Division of
Neural Systems, Memory and Aging, University of Arizona, Tucson, AZ
85724.
Granule cells in the dentate gyrus were recorded from rats shuttling on a
linear track between a fixed reward-site at one end and a previously fixed, but
moveable reward-site, mounted in a sliding box, at the opposite end. While
the rat ran from the box toward the fixed reward-site, the box was moved to a
different location. After visiting the fixed reward site, the rat returned to the
box in its new position. The box position which had previously been fixed in
space, was thus varied from trial to trial during recording. In a similar study
of CA1 pyramidal cells (Gothard et al., J. Neuroscience, 16:8027-8040,1996) it
was found that, for considerable distances on the initial part of all journeys,
place cells fired at fixed distances from the origin of the journey (either box or
fixed reward site), while on the final part of the journeys cells fired at fixed
distances from the destination. Between these regions, cells exhibited a
transitional behavior reflecting a dynamic correction process for the mismatch
between relative location (i.e., distance from the box computed by path
integration) and absolute spatial coordinates.
Preliminary results from 4 rats suggest that granule cells may be
governed more by actual spatial location than by location relative to the box,
under conditions in which CA1 cells would be expected to have been
governed primarily by distance from the box (i.e., path integration). These
results require verification using simultaneous recording of cells in the two
areas. Such data will help to clarify the neural circuitry and mechanisms
underlying the interaction between path integration and external sensory
input. Supported by NS20331.
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196.9
REACTIVATION OF NEURONAL ENSEMBLES IN HIPPOCAMPAL
DENTATE GYRUS DURING SLEEP FOLLOWING SPATIAL
EXPERIENCE. T. Shen*. B.L. McNaughton and C.A. Barnes. ARL Division of
Neural Systems, Memory and Aging, Univ. of Arizona, Tucson, AZ 85724.
In CA1 and neocortex, patterns of neuronal activity that occur in behavior
are reactivated in subsequent sleep (Wilson and McNaughton, 1994; Qin et al.,
1997). It has been suggested that reactivation originates in CA3, where
excitatory recurrent connections are abundant and where sharp waves which
mediate the reactivation appear to arise (Buzsaki, 1986). We investigated
whether ensemble firing patterns of granule cells in dentate gyrus (DG),
which is 'upstream' from CA3, are also reactivated during sleep. Six rats
were trained to run on a linear track, and to sleep immediately before and
after the behavior. 507 granule cells were recorded, based on criteria of Jung
and McNaughton (1993). Cell-pairs that were strongly positively correlated
during behavior exhibited significantly enhanced correlations during
subsequent sleep compared to the previous sleep (p<0.0001), whereas cellpairs that were weakly correlated became less correlated. Also, cell-pairs that
were correlated during behavior were more correlated in their firing pattern
during pre-behavior sleep than those that were not correlated on the maze
(p<0.0001), suggesting an accumulation and persistence of correlations over
multiple previous experiences (see Kudrimoti et al., this session). The firing
rate of all cells that fired on the maze was slightly higher in post- than in pre
behavior sleep (p<0.0079), while the firing rate of those cells silent during
behavior did not change (p<0.31). The results indicate that reactivation of
experience-specific correlated states also occurs in DG during sleep. This
might be driven by EC inputs, attractor dynamics involving the mossy cells,
or by the return projections from CA3 that have recently been documented
(Sik et al., 1994). Supported by AG12609, MH01227 and MH46823.

196.10
LONG-TERM PERSISTENCE OF EXPERIENCE-INDUCED NEURONAL
CORRELATIONS IN HIPPOCAMPAL ENSEMBLES. H.S. Kudrimoti*.
C.A. Barnes and B.L McNaughton. ARL Division of Neural Systems, Memory
and Aging, University of Arizona, Tucson, AZ 85724.
Pairwise correlated pyramidal cell activity that occurred during
preceding behavior is reactivated in the rat hippocampus during sleep. This
effect, however, was previously reported to decay relatively quickly (Wilson
and McNaughton, 1994). This apparent decay has been found to reflect
modulation, within a SWS cycle, in global population dynamics and not the
decay of experience-induced changes in the relative distribution of
correlations within the ensemble. The global component is at least partly
attributable to fluctuation in temporal dynamics of sharp wave and theta
activity over the sleep cycle and possibly also to changes in the correlation of
population discharge activity with these field potentials. When correlation
values are expressed in terms of Z scores (computed using all pairwise
correlations), the correlation structure induced by experience persists not only
between SWS and REM epochs, but also into sleep activity as much as 24
hours later. For novel environments, however, the induced correlations are
not observable in the first REM episode subsequent to the experience,
although they are présent again in the immediately subsequent SWS episode.
For highly familiar environments, the correlation structure in the population
during sleep predicts the place field overlap in the subsequent behavioral
episode in the environment. No such prediction is obtained for a novel
environment. Thus, repeated experience in an environment induces a steadystate correlation structure during "off-line" periods that is present irrespective
of sleep stage and lasts 24 hours or more. Supported by MH46823, MH01227
and AG12609.

196.11
INTERACTIONS BETWEEN IDIOTHETIC AND EXTERNAL CUES IN
THE CONTROL OF PLACE CELLS AND HEAD DIRECTION CELLS. LL
Knierim*, H.S. Kudrimoti and B.L. McNaughton. ARL Division of Neural
Systems, Memory and Aging, University of Arizona, Tucson, AZ 85724.
The selective firing properties of place cells and head direction (HD) cells
arise from an interaction between idiothetic cues and external sensory cues.
We performed two experiments in which directional information from visual
landmarks conflicted with idiothetic directional information. In experiment 1,
we recorded ensembles of place cells from 12 rats as they foraged in a graywalled cylinder with a single white cue card covering 90° of the wall. After 10
minutes, the apparatus, cue, and rat were abruptly rotated. After 45°
rotations, place cells rotated their firing fields by 45° in 22/22 sessions. After
180° rotations, place cells rotated their firing fields by 180° in only 10/22
sessions. These results are nearly identical to data previously presented on
HD cells under similar conditions (Knierim et al., 1994, Soc. Neurosci. Abstr.).
In experiment 2, HD cells were recorded from 3 rats as they either foraged
on an open platform in a room with many distal visual cues or were passively
rotated on a holding platform in the same room. After the tuning curves were
measured, the lights were extinguished and the cells were monitored until
their tuning curves had drifted a predetermined amount (range 30°-180°) in
darkness, whereupon the lights were turned back on. When the drifts were
small (30°-45°), the cells reset to their original directions relative to the visual
cues in 14/30 sessions. When the drifts were larger (50°-180°), the cells reset
to their original directions in only 4/47 sessions. This difference in visual cue
control between small and large drifts is consistent with experiment 1: Visual
cues strongly overrode idiothetic information only when the conflict between
the two sources of information was small; when the conflict was larger,
idiothetic cues predominated. Supported by NS09052, NS20331 and NASA.

196.12
ALL ABOARD! WHAT TRAIN-DRIVING RATS CAN TELL US ABOUT
THE NEURAL MECHANISMS OF SPATIAL NAVIGATION. A. Terrazas*,
K.M. Gothard. K.C. Kenny. C.A. Barnes and B.L. McNaughton. ARL Division
of Neural Systems, Memory and Aging, University of Arizona, Tucson, AZ
85724.
Current theories of spatial mapping hold that self-motion signals (optic
flow, vestibular motion and motor efference copy) are critical for the neural
representation of space in the hippocampus (McNaughton et al., J. Expt. Biol.
199:173-185, 1996). To test the contribution of walking to the hippocampal
code for space, we have developed a novel task in which rats push a button
on a modified toy train car in order to drive themselves between two reward
locations on a circular track. Histograms of the stopping locations
consistently show strong peaks over the reward locations, demonstrating that
rats can learn to navigate by driving. Electrophysiological recordings exhibit
robust hippocampal theta rhythm and place fields during driving that are
consistent with previous research on manually transported rats. Qualitative
analysis, however, reveals a preponderance of unusually large place fields
during driving. Of 15 units recorded both during driving and subsequent
walking on the same track, the majority exhibited reduced place field size
during walking that was within the same larger place field recorded during
driving. Another opportunity afforded by this task is the ability to record
brain activity at the precise times when the rat initiates and concludes spatial
trajectories. Analysis of the onset and offset of button pushes reveals that
both are strongly phase locked to the peak of theta. Future analysis and
experiments will examine the relationship of button pushes to single-unit
activity in the hippocampus and will attempt to quantify the differences
between place field spatial tuning during driving and walking through space.
Supported by T32 MH18882, MH01227 and NS20331.

196.13
WHAT CAUSES LTP-INDUCTION DEFICITS IN AGED RATS?
E.S. Rosenzweig*. G. Rao. B.L. McNaughton and C.A. Barnes. ARL Division
of Neural Systems, Memory and Aging, Univ. of Arizona, Tucson, AZ 85724.
Hippocampal long-term potentiation (LTP) is reduced in aged relative to
young F-344 rats when peri-threshold stimulation protocols are used. Among
the possible causes of this LTP-induction deficit are an intrinsic deficit in the
LTP-induction cascade and a reduced overlap of Schaffer-collateral inputs to
CA1 pyramidal cells (input cooperativity). Recent experiments that induced
LTP with the 'paired depolarization' method, however, have suggested that
the LTP-induction cascade is intact in aged F-344 rats. In addition, aged rats
have reduced Schaffer-collateral excitatory-post-synaptic potentials (EPSPs),
consistent with a reduced input cooperativity, which would result in reduced
depolarization during LTP induction. In the present study, therefore,
stimulus intensities were adjusted to elicit initial EPSPs of equivalent
amplitude in aged and young rats, with the expectation that this adjustment
would alleviate the age-related LTP-induction deficit. Contrary to the
prediction, however, the LTP-induction deficit remained.
Examination of the voltage profiles obtained during high-frequency
stimulation revealed that the temporal summation of multiple EPSPs during
the tetanus was impaired in aged rats. Thus, despite the equalization of the
initial EPSP amplitudes, the cells of aged rats were less depolarized during
the LTP-inducing stimulation than were those of young rats. This reduced
total depolarization was not caused by a failure of aged rats' CA1 afferents to
follow high-frequency stimulation, nor was it an artifact of the higher
stimulus intensity used on the aged rats. The present data therefore suggest
that there is a deficit in the ability of aged rats' synapses to provide the
sustained depolarization needed to activate the LTP-induction cascade.
Supported by AG03376 and MH01227.

196.14
AGE-RELATED CHANGES IN THE RATIO OF HIPPOCAMPAL NMDAr
AND AMPAR-MEDIATED EPSPS. G. Rao*. C.A. Barnes. T. Shen and B.L.
McNaughton. ARL Division of Neural Systems, Memory and Aging,
University of Arizona, Tucson, AZ 85724.
The fascia dentata (FD) contains a large number of modifiable synapses
and employs the most sparse coding scheme of any hippocampal subregion,
making it a suitable candidate for a high-capacity, relatively permanent
information storage system. NMDAR-dependent LTP and LTD both occur in
this system, presumably enabling both upward and downward regulation of
synaptic efficacy. One way in which the FD might function as a long-term
memory store would be to restrict modification in the AMPAR-EPSP by
reducing NMDAR-mediated currents after storage of a particular item. We
have previously presented input/output curves of the perforant path evoked
EPSP for both the AMPAR- and NMDAR-mediated responses in slices from
rats 1-27 mos of age (Rao et al., Soc. Neurosci. Abstr. 20:1207, 1994). Further
analysis of these data reveal a significant linear regression of the ratio of the
two EPSP components across the lifespan (F(2,54) =123.2; pc.OOOl). Thus, the
increase in AMPAR-mediated currents over the lifespan appears to be
balanced by a proportional decrease in NMDARcurrents. This contrasts with
the pattern in CA1 where the adult ratio of the AMPAR to NMDARremains
constant with aging (Barnes et al., Neurobiol. Aging, in press). The
differential behavior of the receptor components in the two systems may
simply be a consequence of different, experience-independent developmental
dynamics in the two structures. Alternatively, it may reflect fundamentally
different information storage dynamics in CA1 and FD. Supported by
AG03376 and MH01227.

S ociety

for

N euroscience , V olume 23 ,19 9 7

SUNDAY PM

LEARNING AND MEMORY: PHYSIOLOGY— HIPPOCAMPUS II

196.15
FASTER FORGETTING OF SPATIAL CONTEXT AND ALTERED
CONSOLIDATION DYNAMICS IN AGED F344 RATS. F.P. Houston. G.D.
Stevenson, B.L. McNaughton and C.A. Barnes*. ARL Div. of Neural Systems,
Memory and Aging, University of Arizona, Tucson, AZ 85724.
Freezing in the presence of aversive stimuli is a species-specific behavior
that is used as an operational measure of fear. Conditioning of this fear
response provides a means by which developmental differences in memory
can be measured. Three age groups of F344 rats (young 3 mo; adult 9 mo; old
27 mo) received tone-footshock pairing in a distinctive chamber using
methods similar to those of Kim and Fanselow (1992). Each rat received 2
sessions of 8 tone-footshock pairings (Tone 2KHz, 90dB, 30s; Foot Shock:
1mA, 60 Hz, 2s), separated by 3 min periods. After the 2 training sessions,
separate subgroups of rats from each age group were tested for contextual
conditioning and tone conditioning (in a novel environment) at intervals of
either 1, 20,40, or 60 days. The behavioral measure of learning for these tasks
is the percentage of time spent motionless or freezing. Beginning at day 20,
the 27 mo old rats showed substantially more movement when tested in the
same environment in the absence of shock (i.e. faster forgetting of the spatial
context), but showed rates of forgetting equivalent to the 9 mo old rats for the
tone-shock association in a novel environment. Interestingly, freezing
behavior in the novel environment prior to tone onset became progressively
stronger with time in the two younger age groups, but was relatively
consistent over time in the old animals. This effect might be explained
through the process of gradual generalization that is expected to accompany
the consolidation process (Eysenck, 1968; McClelland et al., 1995). Overall, the
data confirm previous demonstrations of faster forgetting of spatial informa
tion, and suggest that there is also a change with age in the transformation of
memories during the consolidation interval. [AG03376 and MH01227].
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196.16
A COMPREHENSIVE COMPARISON OF IEG INDUCTION IN YOUNG
AND AGED RATS. Paul WorlevA*, Alan Brooks", Dan Chen", Anthony

lanahan.VGreg. -Ly.fr>rd.A, G,P- Steyensp.aVC A. P9rnes*...aad.K3EQly
NikoIichv. Dept, of Neuroscience and Neurology, Johns Hopkins Univ.,
Baltimore, MDA, ARL Division of Neural Systems, Memory and Aging, Univ.
of Arizona, Tucson, AZ \ and Lynx Therapeutics Inc., Hayward, CAV.
Aged rats are impaired in hippocampal-dependent spatial learning and
exhibit correlated deficits in the late phase of long-term synaptic plasticity.
As a means to understand the molecular basis of age-dependent differences in
neural plasticity, we have compared the induction of several genes that are
known to be rapidly upregulated in neurons of awake, behaving young adult
and aged rats following synaptic stimuli that evoke Jong-term potentiation.
Since gene induction is dependent on rapid signaling events, the genomic
response in LTP provides an assay of NMDA-dependent transduction. A
total of 10 young adult and 8 aged memory-impaired rats were stimulated
and individual hippocampi assayed for gene induction using a reverse
northern strategy as described previously (Lanahan et al., J. Neurosci. 17:2876,
1997). In Lanahan et al., we reported that c-fos is more highly induced in
aged rats than young adults. We are now extending this analysis to examine
the expression of a more comprehensive set of regulated genes using both
reverse northern and microchip technologies. Methodologies used to identify
the expanded set of novel immediate early genes are described in Zhukovsky
et al. (this meeting). It is anticipated that this analysis will identify
"plasticity" genes that are dysregulated in aging and focus attention on agedependent differences in signaling. Supported by AG09219, MH01227 and
MH01152.
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197.1
H IPPO C A M PA L FIELD CA 1 ANALYZED
AS A C O M PE TITIV E N ETW O RK
C. Fulvi Mari'*1, S. Panzeri2, G. Settanni1, E. Turinetti1, and A. Treves1
^ISSA - Neuroscience, via Beirut 2, 34013 Trieste, Italy, 2Dept. of Exp.
Psychology, Univ. of Oxford, U.K.
In every system of interconnected neurons with possible reciprocal inhibi
tion and threshold dynamics, there is competition for firing. We study the
learning dynamics induced on the synapses of a one-layer network as the input
neurons are repeatedly elicited with a number of patterns of activation. We
introduce a mathematical model which adopts the statistics of activation of the
generic output neuron over the set of patterns as dynamical variable. These
statistics are shaped by the effects of the presentation of the patterns. We
find the equilibrium statistics to be a function of the parameters characteriz
ing the network; it provides a complete description of the network properties.
Through analytical estimations and simulations, we study mean information
per spike, mean spiking rate, and its variance, during the learning period of
competitive networks; we quantify, under different conditions, phenomena such
as the increase of variance in the mean spiking rate, and compare with exper
imental results. We propose a competitive network model of the feed-forward
hippocampal stream terminating into the CA1 stage. We describe the infor
mation flow through the hippocampal system, and compound the contribution
of the main intrinsic connections to the final output, basing our model upon
few plausible hypotheses. We explicitly show the dependence of the trans
mitted information on the number of perforant EC-to-CAl projections, and
on the fraction of pattern used as a cue for retrieval. In this way the favor
able contribution of the aforementioned projections to the performance of the
hippocampal system becomes clear.

197.3
A STATISTICAL APPROACH TO PLACE FIELD ESTIMATION AND
NEURONAL ENSEMBLE DECODING. *E.N. Brown.* 2L. Frank. 1D. Tang. 2M,
Quirk and 2M. Wilson. 'Dept, of Anes. & Critical Care, MGH, Boston, MA 02114.
2Dept. of Brain and Cogn. Sci., MIT, Cambridge, MA 02139.
The firing of CA1 place cells in the rat hippocampus correlates with the animal’s
position in its environment. The recorded shape of the field depends on the structure
of the environment and the task the animal is required to perform. The hippocampal
theta rhythm also modulates the place cell firing activity. The firing patterns of 33
cells with place fields were simultaneously recorded from a rat foraging randomly
for 25 minutes in a circular environment. We model the place cell firing pattern as
an inhomogenous Poisson process whose instantaneous firing rate is a function of
the animal’s position in the cell’s field and the phase of theta rhythm. We estimated
for each cell the 5 parameters of the Poisson process from the first 15 minutes of its
spike train data. We used the last 10 minutes of data to determine how well the
position of the animal could be predicted using a maximum likelihood decoding
algorithm with and without the theta rhythm component of the model. For each of
the 33 place cells, inclusion of the theta rhythm in the analysis gave a statistically
significant improvement in the fit of the model to the spike train data. Theta
modulation was strongest in those cells with the fewest number of spikes. The
decoding algorithm with and without the theta rhythm component gave good
position estimates for the animal in the last 10 minutes of the experiment. The
average distance between the true and predicted paths, the mean squared error and
the local prediction error were all smaller when the predictive algorithm included
the theta component. Modeling simultaneously position and theta rhythm
information gives a more accurate description of place field firing patterns than
using position information alone. Our maximum likelihood algorithm offers a
reliable method for decoding position information from place cell ensemble firing
patterns.
Supported by Anes. & Crit. Care Dept. MGH and MIT.
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197.2
F U N C T IO N A L C O N S T R A IN T S O N R E C U R R E N T
N E T W O R K S F O R M U L T IP L E S P A C E R E P R E S E N T A T IO N S
IN T H E R O D E N T H IP P O C A M P U S
F. P. B attaglia*1, and A. T reves1
^ IS S A - Neuroscience, via B eirut 2, 34013 Trieste, Italy.
M ultiple charts, i.e. multiple 2 -d im ensionalarrangem entsof place cells
in the hippocam pus, have been suggested (Samsonovich & M cNaughton,
1996, Soc. Neurosci. Abs. 22, 734.11) as a strateg y for binding per
ceptual cues in different environm ent and task conditions into organized
sp atial knowledge. A recu rren t network of simplified units, with different
c h arts encoded in the synaptic m atrix by superim posed Hebbian plasti
city, may represent a model of this stru ctu re. The stable states of such a
system are ‘‘bum ps’’ of activity, restricted to units having nearby place
field centers in one of the charts. The network can be analysed with
statistical physics m ethods sim ilar to those developed for attra c to r net
works storing m em ory item s, and the capacity (or the number of storable
charts) can be determ ined. It is shown, and confirmed by simulations,
th a t capacity increases with the sparseness of the ch art, i.e. the size of
stable activity bum ps relative to ch a rt size, in a sim ilar fashion to usual
auto-associators. T he sparseness depends on the spread of potentiated
recu rren t connections and on the gain of the tran sfer function. This in
dicates th a t both the,, representation of space and other forms of memory
in the hippocam pus can rely on the sam e functional architecture, subject
to sim ilar co n strain ts. The model also suggest how spatial inform ation
could be used in behavior, e.g. in navigation.

197.4
OSCILLATIONS, INTERNEURONS, AND NEUROMODULATION
IN A FUNCTIONAL MODEL OF HIPPOCAMPAL REGION CA3.
E, -Dr-, M snschik1 apd L . H ,, FMs!*.!;.2, 'Institute of Neurological
Sciences and Department o f Bioengineering, University of
Pennsylvania, Philadelphia, PA 19104.
We present a realistic, cellular-level model o f hippocampal region CA3
that instantiates a “connectionist” autoassociative attractor neural
network. The network is composed of the 66-compartment hippocampal
pyramidal cell and 51-compartment intemeuron models developed by
Traub and colleagues (Traub et al. 1994, J P hysiol, 481:79-95; Traub
and Miles 1995, J Comput. Neuro., 2:291-8). GABAergic intemeurons
produce gamma-band (20-80 Hz) synchronization of pyramidal cell
activity (Traub e ta l 1996, Nature 383:621-4; Wang and Buzsaki 1996,
J Neurosci. 16:6402-13). This synchrony defines a temporal spike code
distributed across CA3. Over several gamma cycles, network activity
converges to a stable activity state which matches that observed in a
Hopfield network with similar connectivity. Network dynamics are also
regulated by a control structure comprised of theta-band (4-10 Hz)
GABAergic septal input, recurrent GABAergic intemeurons, and
subcortical
cholinergic,
serotonergic,
and
noradrenergic
neuromodulation. The effects of neuromodulators are examined by
reproducing their actions at the level of ion channels and membrane
properties. The result is a class of biological networks that efficiently,
rapidly, and accurately reproduces the function of artificial attractor
networks while providing novel computational abilities and putative
roles for theta oscillations, gamma oscillations, neuromodulatory
agents, and different classes of hippocampal intemeurons.
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197.5
PHYSIOLOGICALLY REALISTIC LEARNING RULE FOR ACTIVE LEAR
NING AND UNLEARNING DURING HIPPOCAMPAL SHARP WAVES
Andrea Bibbig*. University of Ulm, Department of Neural Information Proces
sing, D-89069 Ulm, Germany.
In rats two behavior-dependent hippocampal EEG- and cell activities can
be distinguished: (1) theta-concurrent exploratory behavior (and REM sleep)
characterized by small active cell assemblies which fire in response to specific
environments (’place neurons’, ’specific states’), and (2) awake immobility and
slow wave sleep with large arhythmical population bursts (sharp waves, SPW)
comprising about 5% of the cells in CA3 and CA1 (’unspecific states’).
By choosing a learning rule including Hebbian-type LTP- and LTD-like pla
sticity and a non-Hebbian form of short term memory we called cell facilitation
[1] (= enhanced spike probability after the cell had fired; to prevent that for
merly learned already strong assemblies suppress the learning of new patterns;
time scale: seconds to hours) we can show that specific information can be trans
ferred from theta to SPW states so that part of memory consolidation can take
place during SPW as proposed by G. Buzsaki [2]. In our Hebbian-type learning
rule the efficacy of a synapse is weakened if the product of the pre- and the postsynaptic spike activity (both averaged over about 10ms) exceeds a LTD-threshold
and is strengthened if it is larger than a LTP-threshold. This product resembles
the supralinear Ca2+ enhancement evoked by simultaneous pre- and postsynaptic activity. By choosing a relatively low LTD- (i.e. on a molecular level: protein
phosphatase activation-) and a high LTP-(protein kinase-activation)threshold
and relatively similar learning and unlearning rates (ratio 1/20) we can reach
during our modelled SPWs fast active learning of the ’new’ cell assemblies and on a much slower time scale - active unlearning of ’older’ assemblies or synapses
accidentally strengthened due to stochastic activity, which are important featu
res in a dynamically active memory as the hippocampus.
[1] Bibbig, Wennekers, Proc. 13th Europ. Conf. Cybern. Systems Res.,
1078ff (1996). [2] Buzsaki, Neurosci. 31, 551ff (1989). Supported by DFG, T.
Wennekers by providing a Neurosimulator and G. Buzsaki, G. Palm, R. Traub,
T. Wennekers, and W. Wickelgren by constant discussion.

197.6
DIFFERENCES IN LOCAL AND GLOBAL HIPPOCAMPAL THETA
RHYTHM IN FREELY MOVING RATS. M. Stead*. E. Brazhnik. S.E.
Fox, and R.U. Muller. Dept. Physiology, SUNY Brooklyn, NY 11203.
It has been shown, using macroelectrodes, that theta oscillations are inphase throughout the CA1 pyramidal cell layer along the entire septotemporal extent of the hippocampus (Buzsaki). We report here that theta
rhythm recorded with microwires in CA1 stratum pyramidale vs a cere
bellar reference (“local theta”) can go out of phase with conventionally
recorded (“global”) theta or disappear during ongoing global theta. We
therefore suggest global theta is an average of many local theta oscilla
tions.
One difference between the two kinds of recordings is that the correla
tion between animal locomotion and the presence of theta is higher in
the global than the local EEG. We have observed local theta when the an
imal is not moving, and conversely that local theta may be absent during
periods of continuous movement. We do not observe these departures
from Vanderwolfs observations in the global EEG.
In general, local and global theta most often oscillate in phase and at
the same frequency. When they differ, it is generally for periods of not
more than a few seconds. During these times, differences in both fre
quency and phase are observed.
Recordings of the local EEG from two microwires (< 500 (im apart)
showed few differences despite clear differences between the local and
global EEG, suggesting that the local EEG might have some measurable
spatial extent. With further experiments we hope to measure this extent
and to determine whether the local EEG on adjacent regions shows continous or discrete variation. Support: NIH NS20686

197.7
EVOKED SYNAPTIC POTENTIAL SIZE DEPENDS ON PHASE
OF THETA RHYTHM IN RAT HIPPOCAM PUS. B.P. Wvble*. C.
Linster and M.E. Hasselmo. Department o f Psychology and Program in
Neuroscience, Harvard University, Cambridge MA 02138.
The hippocampal theta rhythm appears to be paced externally by
cholinergic and GABAergic fibers from the septum which induce
rhythmic activity o f hippocampal intemeurons (Stewart and Fox, 1990).
This activity could cause phasic changes in GABAergic presynaptic
modulation o f synaptic transmission during the course o f each theta
cycle. If this were true, synaptic potentials should change in magnitude
over the course o f each theta cycle. To test this prediction, evoked
potentials elicited by commissural stimulation were recorded in CA1
and CA3 along with dentate theta in urethanized rats, using techniques
developed by Ruddell and Fox (Brain Res. 294: 350, 1984). Off line
analysis averaged potentials in each trial according to the phase of
stimulation as determined by dentate theta. The rising slope o f these
averaged potentials was then computed and analyzed for a difference
across bins. A phasic difference was found, with the slope reaching a
minimum value approximately 50 degrees after the positive peak of
dentate theta, and a maximum magnitude approximately 200 degrees
after the positive peak o f dentate theta. Population spike amplitudes
replicated the phasic modulation found by Ruddell and Fox.
Computational modeling shows that phasic changes in modulation o f
synaptic potentials could underlie theta phase precession o f hippocampal
place cells (Wallenstein and Hasselmo, J. Neurophysiol, in press), and
could allow disambiguation o f forked paths.

197.8
CORRELATED ACTIVITIES OF ADJACENT NEURONS IN THE
HIPPOCAMPUS AS REVEALED BY AN ADVANCED SPIKE
SEPARATION METHOD. S. S. Suzuki 1. H. Kanekol. J. O kadal M.
Akamatsul and Y. Harada3f INatnl. Inst. Biosci. & Human Technol.,
Tsukuba 305; 2Dept. Biol., Kyushu Univ., Fukuoka 812-81; 3Dept.
Physiol., Nippon Med. Sch., Tokyo 113, Japan.
A quartz-coated microelectrode with 7 platinum/tungsten (90/10) cores
was used to record multineuronal spikes from the hippocampal CA1
pyramidal cell layer of the urethane-anesthetized rat. An advanced
method o f spike discrimination and clustering was used to separate spikes
of adjacent neurons. This method was capable of separating partially
overlapping spikes and detecting complex spike bursts. Clustering
accuracy was improved by using only the first spike of each burst. Spike
trains of separated neurons were correlated with each other and
simultaneously recorded field potentials (theta and sharp-waves).
Approximately 10 neurons/electrode were separated by this method. In
addition to the well-known theta/sharp-wave modulation of neuronal
activities, the following interactions were observed; (1) slow coactivation
(20-500ms)(6.5% of the neuron pairs), (2) fast coactivation (l-20ms)
(7.1%), (3) synchronous activation (0-lms)(4.0%), (4) unilateral
excitation (3-40ms)(5.1%), and (5) unilateral inhibition (3-30ms)(1.4%).
Types (1), (2), (3) and (4) were fqund between pyramidal (complexspike) cells, while types (2), (3), (4) and (5) were found between
pyramidal cells and intemeurons.
Many neurons had multiple
correlations with other neurons. We conclude that adjacent neurons in the
hippocampal CA1 region have functional interconnections richer than
previous in vitro studies using dual intracellular recording suggested.
This study was supported by AIST, MITI, Japan.

Supported by an AASERT award from the Office o f Naval Research.

197.9
PRIMED-BURST POTENTIATION OF CA1 SYNAPSES IN BEHAVING
RATS IS DISRUPTED BY DOSES OF NMDA RECEPTOR ANTAGONISTS
THAT PREVENT FORMATION OF STABLE PLACE FIELDS AND IMPAIR
SPATIAL LEARNING. M.L. Shapiro*1. E.L. Hargreaves1. C. Kentros*. and
R.U. Muller5. ’Dept. Psych. McGill Univ.Montreal, QC; ^Columbia Univ. Med.
Col.N.Y., NY; 3Dept. Physiol., SUNY-Brooklyn, Brooklyn, NY.
Spatial learning is impaired by lesions of the hippocampus and by treatments
that disrupt long-term potentiation (LTP). Many experiments investigating the
relationship between LTP and learning mechanisms assess LTP in either
anesthetized animals or in slice preparations. We now report that doses of
NMDA receptor antagonists that impair spatial learning in the radial maze and
prevent the formation of stable place fields (Kentros et al., SFN 1997;
Hargreaves et al., SFN 1997) also disrupt primed-burst potentiation (PBP) in
CA1 of behaving rats.
Bipolar stimulating and recording electrodes were implanted in the ventral
hippocampal commissure, and in the CA1 stratum pyramidale of male LE rats,
respectively. After determining maximal responses and input/output relations,
evoked responses were recorded over several days until they were stable. PBP
was induced by delivering a lead pulse followed 170 msec later by a single
200Hz burst of 4 pulses. (In some rats the stimulation threshold for inducing
PBP was close to that of inducing after-discharge (AD). Sessions exhibiting AD
were discarded and the protocol repeated with lower stimulation intensity). PBP
typically doubled the population spike amplitude and lasted > 30 min and < 20
h. After recordings returned to baseline levels (24 h minimum), rats were given
a dose of a competitive NMDA receptor antagonist (10 mg/kg CPP or 5 mg/kg
of NPC-17742, i.p.), and 90 or 60 min later the stimulation pattern that had
previously induced robust and enduring PBP produced either minimal or only
transient (<10 min) PBP. Similar results were found 3 h following injections.
However, 24 h after drug injections the same stimulation pattern induced
significant PBP in the same rats again. Thus, hippocampal synaptic plasticity
that requires NMDA receptors may also be required for the formation of stable
place fields as well as for spatial learning. Supported by NSERC and MRC
grants to MLS, and NIMH grant NS20686 to RUM.
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197.10
NMDA RECEPTOR ANTAGONISTS PREVENT THE FORMATION OF STABLE
PLACE FIELDS IN THE HIPPOCAMPUS OF RATS EXPLORING AN
UNFAMILIAR ENVIRONMENT. EX.Hargreaves*. JJ . Li & M.L. Shapiro. Dept.
Psychology, McGill University, Montreal, QC.
Spatial learning in the radial maze and LTP induction in the hippocampus both require
NMDA receptor-dependent synaptic plasticity, but neither LTP expression nor radial
maze performance require this form of plasticity. If place fields are established by
similar mechanisms, then NMDA receptor antagonists should affect the development of
place fields in unfamiliar environments, but not their expression in familiar environments.
Place cells were recorded from the CA1 layer of male LE rats trained to explore an
enclosed, square recording chamber for brain stimulation reward delivered to the lateral
hypothalamus. Place fields were assessed by rotating the constellation of controlled cues,
and by darkening the recording chamber (lights out). After place fields were
characterized in the familiar environment, rats were given an LTP blocking dose of
NMDA receptor antagonist (5mg/kg NPC-17742, i.p.), and 60 min later, further assessed
in both the familiar and an unfamiliar, circular environment. The same cells were
recorded repeatedly in the two environments during the next several days.
hi the familiar environment, place fields remained stable after NMDA antagonists were
administered and persisted even during the lights out condition. In the unfamiliar
environment new fields developed quickly during individual sessions, in both normal and
drugged rats. However, across NMDA antagonist sessions in the unfamiliar environment,
place fields developed in different locations. Thus, NMDA antagonists prevented the
establishment of stable place fields, and the hippocampus appeared to recreate a new
representation of the unfamiliar environment during each repeated session. Further, this
same "resetting" phenomenon was observed within a single drug session when the "lights
out" manipulation was used. These latter data provide evidence that NMDA receptors
may be required to establish the neural representations that are required for working
memory in novel environments. Supported by NSERC and MRC to M l. Shapiro.
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197.11
DISRUPTION OF ENCODING BUT NOT RECOGNITION BY CANNABINOIDS VIA
DIFFERENTIAL ACTION ON HIPPOCAMPAL MEMORY CIRCUITS
Robert E. Hampson.* Justin Rawlev. John D. Simeral. Douglas R. Bvrd. Janet K. Brooks
and Sam A. Deadwvler. Dept, of Physiology & Pharmacology, and Neuroscience
Program, Bowman Gray School of Medicine, Winston-Salem, NC
Delta-9-tetrahydrocannabinol (THC) disrupts short-term memory in rats
performing a delayed-nonmatch-to-sample (DNMS) task (Heyser et.al. JPET, 1993).
Both ibotenate lesions and systemic injections of THC (2.0 mg/kg i.p.) produce a similar
delay-dependent increase in “forgetting” in the DNMS task via a 20% decrease in correct
responses at the 21-30 sec delays (Hampson et al. SNAbstr. 1996). THC-treated and
lesioned animals also exhibit a characteristic “carry-over” of information reflecting a
behavioral strategy shift following long-delay error trials. Analyses of task-dependent
ensemble firing during the Nonmatch (recognition) phase of the DNMS task revealed that
firing was only slightly attenuated (from a mean±SEM peak of 12.1±2.4 Hz to 10.6±2.2
Hz), whereas firing during the Sample (encoding) was reduced by over 50% (from a
mean±SEM peak of 8.9±2.1 Hz to 3.7±1.6 Hz). Canonical discriminant analyses of
ensemble activity revealed reduced discriminant scores in the Sample phase (VEH: mean
score = 0.76±0.12, THC: mean score = 0.37±0.22), a 60% increase in the number of total
trials with “weak” ensemble codes, and a significant increase (from 21% to 34% of total
trials) in long delay error trials. Nonmatch (recognition) phase discriminant scores,
however, were not significantly affected by THC treatment. The selective role of THC
on encoding but not recognition phases of the DNMS task, and the failure of information
to be “erased” during the inter-trial interval on some trials indicates that two separate
neural circuits underlie the two function^. The normal functioning of these two memory
circuits is being modeled based on analyses of neural ensembles using CDA, independent
components analysis (ICA) and nonlinear autoregression (NAR).
[Supported by NIDA grants DA08549 (REH), DA03502 & DA00114 (SAD)]
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197.12
FACILITATED ENCODING OF TASK RELEVANT EVENTS IN ENSEMBLES OF
HIPPOCAMPAL NEURONS BY THE AMPAKINE CX516 (Cortex Pharmaceuticals)
S.A. Deadwvler1.* G.S. Rogers2. G.Lvnch3. and R.E. Hampson1'Dept, of Physiology &
Pharmacology, Bowman Gray School of Medicine, Winston-Salem, NC; 2Cortex
Pharmaceuticals, Irvine, CA; 3Ctr for the Neurobiology of Learning & Memory, Univ.
of California, Irvine, CA.
The effects of the ampakine CX516 were tested on behavior and concomitant
hippocampal electrophysiology in rats performing a delayed-nonmatch-to-sample
(DNMS) task. Ensemble recordings of hippocampal neurons revealed relationships to
task-specific behavioral events similar to those previously described (Deadwyler et al
1996). After 19 days of exposure to CX516, DNMS performance improved by 23%
overall, with the primary enhancement occurring on trials with long delay intervals (30-40
sec). Ensemble firing during the delay increased by 300% over the same 19 day drugtreatment period, also primarily on long delay trials. These effects on DNMS performance
and ensemble firing persisted unchanged for 7 days after termination of drug
administration. Canonical discriminant analyses (CDA) across the drug-treatment period
showed a transition in the pattern of encoding task-relevant events as a function of
exposure to CX516. Pre-CX516 ensemble codes provoked the implementation of a
behavioral strategy shift following long-delay-error trials. The CDA revealed that the
ensemble falsely encoded information as “sample” lever position for the next trial under
these conditions, leading to a maximization strategy predictable on the basis of likelihood
of an error on the previous trial. This ensemble bias was set up as far in advance as the
inter-trial interval. Following exposure to CX516 the encoding bias and the strategy shift
were eliminated and information was segregated appropriately on each trial within the
ensemble firing pattern. The improved encoding and absence of proactive influence
following long delay error trials was shown to be the basis for the marked improvement
in DNMS performance. The results point to a selective effect of CX516 on mechanisms
responsible for encoding and retrieving task-relevant information in hippocampus and
related structures. [Supported by DA03502 & DA00119 and Cortex Pharmaceuticals]

197.14

197.13
THE NMDA ANTAGONIST CPP PREVENTS STABILIZATION OF
PLACE CELL MAPS GENERATED IN A NOVEL
ENVIRONMENT. C. Kentros*-. R.D. Hawkins-. E. Kandel-. M. L.
Shapiro!. E. L. Hargreavesl and R.U. Muller*. ASUNY Brooklyn, NY 11203,
-Columbia Univ., HHMI, NY, NY 10032,1 McGill Univ., Montreal, Canada
Place cells are hippocampal pyramidal neurons that fire in cell-specific locations
(firing fields) in a familiar environment. Because firing fields are both temporally
stable and environment-specific, place cells provide an excellent opportunity to
study the acquisition and storage of spatial information at the cellular level. To
explore the role of NMDA-based synaptic plasticity in the formation of firing
fields, we first familiarized rats with an environment (a gray cylinder). We then
blocked NMDA receptors and introduced rats into a novel environment (a white
cylinder). We used the NMDA antagonist CPP at a dose (lOmg/kg) that blocks
primed-burst potentiation in freely moving rats; (Hargreaves et al, SFN Abstr.
1997). Control rats received a saline injection. Neither injection affected preexisting
place fields in the familiar gray environment. When rats were put into the novel,
white cylinder, a new place cell map was formed by all saline rats. Thus, the firing
field of each cell in the novel cylinder bore no relationship to its field in the
familiar cylinder. A new map was also seen in most rats injected with CPP (in two
rats the fields for the familiar cylinder simply rotated).
After the first exposure to the novel cylinder, place cells were alternately recorded
in the familiar and novel cylinder, both during the drug’s action and the next day.
In all saline rats, the initial map of the novel white cylinder was stable. In contrast,
white cylinder maps seen the day after CPP injection bore no discernable
relationship to maps seen during the previous day, even though most white cylinder
maps were stable during the influence of CPP. We conclude that NMDA receptor
activation is not necessary for the formation of a novel hippocampal representation
of an environment, but it is required for the map to become stable. NIH NS20686

G A B A s MODULATION IN THE HIPPOCAM PUS: SEQ UENCE LEARNING,
PLACE FIELD DEVELOPM ENT, AND PHASE PRECESSION. G .V. Wallenstein
and M.E. Hasselmo*. Dept, of Psychology and Prog, in Neuroscience, Harvard Uni
versity, Cambridge, MA 02138.
A detailed, biophysical model of hippocampal region CA3 was constructed to study
how GABAergic modulation influences place field development and the learning and
recall of temporal sequence information. Network G A B A s receptor-mediated con
ductance levels were found to gradually rise and fall in rhythmical fashion with theta
activity resulting in the periodic suppression of both excitatory (recurrent collater
als) and inhibitory synaptic transmission at intrinsic fibers. Due to several factors
including the sparse, asymmetric excitatory synaptic connections among pyramidal
cells and a sufficient degree of random “background” firing unrelated to the input
patterns, repeated simulated runs of a rat navigating a spatial path resulted in the
development of place fields where a given cell responded to a contiguous segment of
locations along the path. During recall, the simulated rat was placed at a random
location on the previously learned path and tested if the sequence of locations could
be completed based on this initial position. Periodic G A B A b receptor-mediated sup
pression of synaptic transmission at intrinsic but not afferent fibers resulted in sensory
information about present location being dominant during early portions of each theta
cycle, while information about future locations along the learned path was recalled
during latter portions of each cycle once this suppression decayed. This resulted in
the recall of segm ents of the previously learned path during each theta cycle until
the full sequence was completed. Because the suppression of synaptic transmission of
intrinsic fibers was strongest at early portions of each theta cycle, single-unit firing
usually started late in a cycle as the place field of the associated cell was approached
by the simulated rat. This firing typically advanced to progressively earlier phases in
a theta cycle as the place field was4raversed (phase precession). This result suggests
that GABAergic modulation of temporal sequence learning may underlie navigational
phenomena such as the phase precession effect (O ’Keefe and Recce, 1993). - NIMH
grant R29 MH52732 and ONR grant N00014-93-1-0595.

197.15
HIPPOCAMPAL PLACE FIELDS REMAIN SELECTIVE, BUT ARE LESS
RELIABLE AFTER PERMANENT LESIONS OF THE MEDIAL SEPTAL
NUCLEUS. S. Leutaeb* and S. J. Y. Mizumori. Dept, of Psychology,
Univ. of Utah, Salt Lake City, UT 84112.
Cholinergic projections from the medial septum and diagonal band
degenerate in patients with Alzheimer’s disease and may also be affected
during normal aging. The cholinergic innervation of the hippocampus is
required for rhythmic and plastic functions as well as behavioral accuracy
during spatial tasks. Although a concomitant impairment of physiology and
behavior has been widely demonstrated, the striking behavioral deficits after
fimbria-fomix and medial septal (MS) lesions have not been consistently
linked to a functional reorganization of place fields in the hippocampus.
The present study used recordings from multiple stereotrodes while rats
were performing a spatial memory task to identify behavioral correlates of
hippocampal complex spike (CS) cells. The specificity of place fields
recorded from CA1 cells remained unaffected by permanent MS lesions
(n=31 for control rats, n=41 for lesioned rats, t-test n. s.). In contrast,
reliability measures indicate that plajce cells of lesioned animals are less
consistently active at the same location (p<01), and the stability of the place
fields across trials also correlates with the overall behavioral impairment (r=.37, p < .02 for lesioned animals, but r=-.04, n. s. for controls). Dentate CS
cells (N-15) of lesioned animals show both a high specificity and reliability.
However, manipulations that impair the performance of the lesioned animals
on the spatial task also significantly decrease the reliability of dentate cells
(p<.05). These findings suggest that a less reliable representation of space,
which may not accurately support certain spatial strategies, is retained in the
hippocampus after a permanent MS lesion. Place field reliability rather than
specificity seems to be more directly dependent on intact projections from the
medial septum. [Supported by IBN9514880]

197.16
REORGANIZATION OF CA1 SPATIAL REPRESENTATION FOLLOWING
LONG TERM EXPOSURE TO AN ENRICHED ENVIRONMENT. S. J. Y.
MizumorilK , E, UnlcK &_M. SbaKerin. Department of Psychology, University
of Utah, Salt Lake City, UT 84112
The effects of environmental enrichment have been well documented to
involve anatomical and neurochemical alterations in neocortex and
hippocampus. These effects presumably support improved behavioral
performance on maze tasks. The present study examined whether exposure
to enriched environments produces changes in the representational
properties of place cells in hippocampus.
Following 4 months of residence in an environmentally-enriched condition
(EC) or group-housed control condition (GC), rats (n=5 per group) were
implanted with multiple stereotrodes aimed at the hippocampus. The animals
were then trained according to a spatial working memory task on a radial
maze. During asymptotic performance on the maze (when no behavioral
differences existed between groups) hippocampal place cells were recorded
as animals performed first 5 maze trials in light conditions, then 5 trials in
darkness. The number of errors made during the baseline (light) condition
was correlated with CA1 place field size, reliability, and spatial selectivity
measures taken during baseline or dark conditions. Significant correlations
were observed for only EC rats (n=25 cells; n=27 cells for controls): errors
were significantly correlated with place field size (r=.45) and spatial selectivity
(r=-.39). When tested in darkness, these relationships did not exist. Also, EC
CA1 place fields were larger than controls when tested in light (p<.05), but not
when tested in darkness. These data suggest that environmental enrichment
produces a different organization of CA1 spatial representations, one that is
more directly related to choice accuracy.
[Supported by IBN 9514880 and an NSF predoctoral fellowship]
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197.17
RETROSPLENIAL CORTEX CONTRIBUTIONS TO HIPPOCAMPAL
REPRESENTATIONS OF SPACE. B. G. Cooper* & S. J. Y. Mizumori.
Department of Psychology, University of Utah, Salt Lake City, UT 84112.
Findings from lesion and electrophysiological studies suggest that
retrosplenial cortex importantly contributes to visuo-spatial navigation.
However, the functional contribution of this structure to limbic processing of
spatial information has received limited attention. Therefore, we tested the
effects of retrosplenial cortex lesions on hippocampal place fields.
Single units in the CA1 subregion of hippocampus were recorded from
animals that received either sham surgery or retrosplenial cortex lesions.
Recordings took place during asymptotic performance on a spatial memory
task, when behavioral differences in maze performance were not present
between groups. Thus far, a total of 34 place cells have been recorded from
4 lesioned animals and 17 cells from two controls. Under normal lighting
conditions, reliability of place fields and place specificity is largely equivalent
between the two groups. When animals are tested first in light and then in
darkness, reliability drops significantly in controls during darkness (p<.06) and
is not changed in lesioned animals. Two lesioned animals were carried into
the testing room in complete darkness, in these cases five out of five place
cells have shown the same correlate as the previous light and dark testing.
Further manipulations have revealed that in darkness, but not in light, place
fields in lesioned animals rotate in agreement with maze rotations. The dark
testing illustrates the role of local maze cues in controlling place fields in
lesioned animals when visual information is not available.
These data suggest that retrosplenial cortex facilitates the use of visual
information for establishing and maintaining place representations in
hippocampus during active navigation. In the absence of this structure,
functional reorganization of spatial processing in hippocampus occurs such
that place fields become more dependent on nonvisual sensory information to
maintain and establish location specific firing. [Supported by IBN 9514880].
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197.18
MODULATION OF PROPAGATION OF NEURAL ACTIVITIES IN THE
HIPPOCAMPAL CIRCUITS BY THE SUPRAMAMMILLO-HIPPOCAMPAL
AFFERENT PATHWAY IN RATS. M. Sap**. S. KobavashH. M. Yoshimura^,
Y. Sekino3 and K. Ohno1. 1Dept. of Neurobiol., Sch. of Life Sci., 2Div. of
Child Neurol., Tottori Univ. Fac. of Med., Yonago, Tottori 683; 3Dept. of
Neurobiol. & Behav., Gunma Univ. Sch. of Med., Maebashi,Gunma 371, Japan.
The regulation system of signal propagation via hippocampal circuits as a
process of memory is considered to include the dense afferents from the
supramammillary nucleus (SuM) tothe dentate gyrus (DG). However, the
role of the supramammillo-hippocampal pathway in information flow within
the hippocampus is still uncertain. To investigate the role of afferents from
the SuM in the regulation of signal propagation in the hippocampal circuits,
we stimulated the lateral amygdala (LA) in rats with kainic acid (KA>microinjection and monitored the spreads of neural activities evoked in the
amygdaloid-entorhinal-hippocampal networks using the detection of Fos
expressing neurons in the hippocampus and hippocampal EEG recorded at
CA3 region. Following the stimulation of the LA with microinjection of KA
(200 nl of 0.1 mg/ml), the distribution of Fos expressing neurons in the
hippocampus spread from the DG to the entire hippocampal region including
CA1 within 2 h. This spread occurred in parallel with an increase in
frequency of interictal spikes in the CA3 region. When neurons in the
supramammillary nucleus were inhibited by a simultaneous injection of
muscimol (200 nl of 0.25 mg/ ml), the Fos expression was restricted to the
DG neurons and the generation of interictal spikes was reduced. The
supramammillo-hippocampal afferent pathway may act as a facilitation
system to regulate the signal propagation in the hippocampal circuits.

SUPRACHIASMATIC NUCLEUS II
1 98.1
JN VITRO RESETTING OF THE MAMMALIAN CIRCADIAN CLOCK BY
BACLOFEN IS BLOCKED BY SACLOFEN. Kevin R. Biqgs1 , Timothy G.
Younqstrom2* and Rebecca A. Prosser1. 1Dept. of Biochem. and Cell, and
Molec. Biol., Univ of Tennessee, Knoxville and 2Dept. of Neuroanatomy,
Univ. of Tennessee, Memphis.
The suprachiasmatic nuclei (SCN) contain a circadian clock in mammals
that continues to express 24 hour rhythms when isolated in vitro. The
neurotransmitter Y-aminobutyric acid (GABA) is both intrinsic to the SCN and
present in one of its major afferents. We have shown previously that the
selective GABAb agonist baclofen phase advances the SCN clock when
applied for 1 hour at Zeitgeber Time (ZT) 6 (where ZT 0 = lights on)(Soc.
Res. Biol. Rhvthms Abstr. 5:96V Here we tested whether this effect of
baclofen is blocked by the selective GABAb antagonist 2-hydroxysaclofen.
Brain slices from adult male Sprague-Dawley rats were prepared and
maintained as described previously (J.Biol.Rhythms 8:1). Drugs were bath
applied for 1 hr on day 1 in vitro. The spontaneous firing rates of individual
neurons were recorded extracellularly on day 2 in vitro. Each neuron’s firing
rate was recorded for 5 minutes, and the time of peak activity determined by
calculating the 2 hour running averages for all cells. Phase shifts were
determined by comparing the time of peak activity in treated slices to that of
control slices (peak time = ZT 5.83±.20 n=3).
As seen previously, baclofen(1 |xM) advanced the time of peak activity
about 2 hours (peak time = ZT 3.75±.35 n=2). Saclofen(300 nM) alone had
no effect on clock phase (peak time = ZT 6.25±..31 n=3). However, saclofen
completely blocked the phase advance induced by baclofen (peak time = ZT
6.5±.35 n=3). These results are consistent with baclofen resetting the SCN
circadian clock through stimulation of GABABreceptors.
This work supported by NIH grant MH 53317 ( RAP).

198.2
DISTRIBUTION OF THE VESICULAR TRANSPORTER FOR ACETYLCHOLINE
AND cc7 RECEPTOR IN THE RAT SCN. B. Border. J.D. Miller. I. M. Greene.
Louis A. Chiodo*. and A. Roghani. Department of Pharmacology and Clinical Lab
Science, Texas Tech Univ. Hlth Sci Ctr., Lubbock, TX 79430.
Classical neurotransmitters such as acetylcholine (ACh) require transport into
synaptic vesicles for regulated exocytotic release. The mammalian vesicular transporter
for acetylcholine (VAChT) has been recently cloned and characterized. Various prepara
tions of anti-VAChT antibodies have been used by this and other groups to label
cholinergic neurons in the rat CNS and PNS. These studies report a pattern of
expression for VAChT virtually identical to that of choline acetyltransferase (ChAT)
and show the VAChT to be a strong and reliable marker for cholinergic cell bodies,
fibers, and terminals. However, the distribution of VAChT in the suprachiasmatic
nucleus (SCN) has not been previously described in detail. Moreover, the
characterization of the cholinergic innervation of the SCN has proved difficult in the
past using anti-ChAT antibodies. We have utilized a polyclonal anti-VAChT antibody,
to better characterize the distribution of the VAChT in the rat hypothalamus and, in
particular, SCN. Immunohistochemistry with rat brain sections demonstrated VAChTimmunoreactivity in neuronal perikarya scattered in the hypothalamus, but not in the
SCN. The antibody also stained dense terminal fields and fibers in hypothalamus
including the SCN. Western blot analysis of rat brain showed that the VAChT
antibody recognized an abundant -80 Kd band in the thalamus and hypothalamus. This
protein band co-migrates with that already described to be present in other brain regions,
such as cortex and brainstem. We have also used immunohistochemistry to explore the
expression of the (X7 receptor in the hypothalamus. A polyclonal anti-a7 antibody
immunostains numerous cell bodies, "fibers and terminals in the hypothalamus,
including the SCN. Electron microscopic studies are now underway to characterize the
subcellular distribution and the presynaptic and postsynaptic nature of the VAChT and
the a7 receptor in the SCN. Supported by NIH NS35656 (AR) and AG11084 (JDM).

198.3
EXPRESSION OF ml MUSCARINIC CHOLINERGIC RECEPTORS IN THE
RAT SUPRACHIASMATIC NUCLEUS. L. R. Kuriashkina. J. M Dine. S. A
Tischkau and M. U. Gillette*. Depts. of Molecular and Integrative Physiology, Cell &
Structural Biology, and Neurosci. Program, Univ. of Illinois, Urbana, IL 61801.
Acetylcholine (ACh) is among the longest studied regulators of mammalian circadian
rhythms, but mechanisms underlying these effects are only now becoming understood.
Cholinergic phase shifts of circadian activity rhythms in hamsters are blocked by
atropine, an antagonist of muscarinic cholinergic receptors (mAChRs) (Bina & Rusak,
Brain Res., 1996). Pharmacological dissection of the receptor subtype mediating
nocturnal phase regulation was performed using extracellular recording from rat SCN
in brain slices. This demonstrated that carbachol regulates the circadian rhythm of
neuronal firing rate via Ml muscarinic cholinergic receptors (mAChR) (Liu & Gillette,
J. Neurosci. 1996).
Since the presence of these receptors in the SCN has been controversial, we
evaluated rat SCN with reagents specific for the ml mAChR subtype. We used an
affinity purified antibody generated against a recombinant fusion protein containing an
amino acid sequence unique to the third cytoplasmic loop of the ml mAChR (N.
Nathanson, Univ. of Washington). Western blots of proteins separated on SDS-urea
gels revealed a single band with molecular weight of ~60 kD in SCN and cortex at CTs
7 and 18. The oligonucleotide sequence (4-51), which is unique to the N-terminal
region of the rat ml mRNA, was used to probe for specific ml AChR expression in the
rat SCN. Expression of ml AChR mRNAs was estimated by the nonradioactive in situ
hybridization technique. The biotinylated oligonucleotide probe was visualized with
the Tyramide Signal Amplification system and DAB staining, ml mAChR-expressing
neurons were found in the ventrolateral and central regions of the SCN. These data
indicate that tlx: SCN contains ml mAChRs at both the day and night. Furthermore,
the pattern of ml AChR mRNA expression suggests at least partial postsynaptic
localization of ml mACliRs within SCN neurons. (Supported by NIH grants NS33240
and NS35859).

198.4
NIMODIPINE ENHANCES RESPONSIVENESS OF THE CIRCADIAN
CLOCK TO LIGHT IN YOUNG AND OLD C3H/HcN MICE S. Benloucif*.
M.I. Masana. P.C. Zee1 and M.L. Dubocovich. Departments of Mol. Pharm. Biol.
Chem., and 'Neurology, Northwestern Univ. Med. Sch., Chicago, IL 60611
Reductions in light-induced phase shifts of circadian activity rhythms and
immediate early gene expression in the suprachiasmatic nucleus (SCN) of old
C3H/HeN mice suggests reduced responsiveness of the aging clock to light
(Benloucif et al., Brain Res. 1997, 747:34-42). The present study assessed whether
treatment with the calcium channel antagonist nimodipine, which improves
measures of neuroplasticity in aging, would also increase responsiveness of the
circadian timing system to light. Male C3H/HeN mice (2 or 20 months old at the
beginning of the experiment) were housed individually in constant darkness with
circadian activity rhythms monitored by running wheel. Mice were treated ever)' 3 to
5 weeks, in a counterbalanced order, either with nimodipine alone, or with vehicle
(50% ethanol/saline) or nimodipine (10 mg/kg, sc) 5 min before exposure to light
(300 lux for 15 min) at circadian time (CT) 14 - 16. The magnitude of phase delays
following exposure to light were reduced in old mice (p < 0.001). Nimodipine
increased the magnitude of phase delays in both young (n = 18) and old (n = 11)
mice exposed to light (p < 0.001), without
affecting the phase of circadian activity
rhythms when administered alone.
Experiments in progress will assess the
effect of nimodipine on light-induced
expression of c-fos mRNA in the SCN of
the young and old mice. We conclude that
nimodipine might be of use to normalize
disrupted sleep/wake cycles in humans.
Young
Supported by MH-52685 to MLD.
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198.5
ADENOSINE A1 RECEPTOR AGONISTS BLOCK LIGHT-INDUCED PHASE
SHIFTS OF THE HAMSTER CIRCADIAN WHEEL-RUNNING RHYTHM AND
C-FOS EXPRESSION. K.J. Elliott*. E.T. Weber. A.M. Michel and M.A. Rea.
Biological Rhythms and Integrative Neuroscience Research Institute, Armstrong
Laboratory (CFTO), Brooks AFB, Texas, USA.
Glutamate has been shown to play a role in transmission of photic information to
the suprachiasmatic nuclei via the retinohypothalamic tract In light of recent
demonstrations of receptor-mediated effects of adenosine on glutamate release in
hippocampus and cerebellum, as well as localization of adenosine receptors on
retino-recipient collicular neurons, we examined the effects of adenosine receptor
agonists (subtype A1=CHA, CCPA; A2=CGS-21680; A3=N6-benzyl-NECA) and
an A1 antagonist (DPCPX) on light-induced phase shifts of the hamster circadian
wheel-running rhythm and light-induced expression of c-fos.
Wheel-running activity was monitored in male Syrian hamsters (Mesocricetus
auratus) maintained under constant darkness. Animals received i.p. injections of
either vehicle or agonist, 30 minutes prior to 10 minutes of 20 lux white light
beginning at either CT 14 or CT 19 (activity onset = CT 12), then returned to
constant darkness. CHA significantly attenuated both phase advances (27 ± 9 mins
(mean ± SEM), n=7 vs. controls, 81 ± 10, n=8) and phase delays (3 ± 7, n=6 vs.
controls, -51 ± 12). Effects of CHA were dose-dependent and blocked by DPCPX'
(90 ± 8, n=8). Phase advances were also blocked by CCPA (45 ± 12, n= 8), but
not by CGS-21680 (102 ± 7, n=8) or N^-benzyl-NECA (91 ± 10, n=8). Drugs
given without light had no effect on phase. In addition, CHA greatly attenuated cfos expression in the SCN, and this effect was completely blocked by DPCPX.
These data support a role for adenosine A1 receptors in the regulation of
retinohypothalamic neurotransmission.
This work was supported by the United States Air Force Office of Scientific
Research (AFOSR) 2312CA (MAR).

198.6
FOS EXPRESSION IN CALRETININ (CAR) NEURONS OF
THE RAT SUPRACHIASMATIC NUCLEUS (SCN). J. C. Speh*
and R. Y. Moore. Departments of Psychiatry, Neurology and Neuroscience,
University of Pittsburgh, Pittsburgh, PA 15261.
The SCN contains two subdivisions, a core which receives visual afferents and has
vasoactive intestinal polypeptide- (VIP) and gastrin releasing peptide- (GRP
containing neurons and a shell that receives limbic and hypothalamic afferents and
has vasopressin-containing neurons (Moore,’96). Jacobowitz (‘91) noted the
presence of CAR in rat SCN neurons and we find these neurons located in the core,
dorsal to the VIP and GRP populations. In this study, we have analyzed the CAR
population with respect to neuron number and FOS expression, as a function of
time of day and light exposure, to further characterize the functional heterogeneity of
the SCN. Rats in DD received 15 minute light pulses at CT6 , CT14 and CT19
with controls maintained in DD. CAR+ and FOS+ neurons in the SCN were
counted in every sixth section. The data are as follows:____________ _________
Neuron Counts
CT6
CT14
CT19
____________ Control Light
Control
Light
Control
Light
CAR+
182±12 173±21
122±18
134±7
93±14
102±17
FOS+
99±15 99±9
78±7
121±10 10±5
208±13
FOS+/CAR+
20±2
19±3
55±7
51±5
4±.0.5
4.5±1
%CAR+/FOS+
11%
12%
45%
38%
4%
5%
In the SCN from control animals, the FOS+ neurons are typically in the shell at
CT6 , in the core at CT14 and sparsely scattered at CT19. With light exposure,
induced POS is present in the core af both CT 14 and CT 19. There appears to be a
rhythm in endogenous FOS expression and in the number of neurons that are
CAR+ with a peak during subjective day. There is also a rhythm in the percent of
CAR+ neurons that are FOS+ with a peak at CT14. These data are further evidence
for functional heterogeneity within the SCN shell and core. Support: NS-16304.

198.7
ONTOGENY OF CALBINDIN-D2 8 K, SUBSTANCE P, AND
GASTRIN RELEASING PEPTIDE- POSITIVE CELLS IN THE
CORE OF THE HAMSTER SCN. J. LeSauter* and R. Silver. Dept, of
Psychology, Barnard College and Columbia University, New York, NY
10027.
We have described the presence of a subnucleus of densely packed
ca lbindin-D 28K (CaBP-) expressing cells in the core of the
hamster SCN. Cells in this region might serve as driving
pacemakers. Most of these cells are fos-positive in response to a
light pulse at appropriate times of day (Silver et al., NeuroReport,
1996). Small lesions that ablate this subnucleus abolish circadian
rhythms in locomotor activity. Transplants of half SCN that contain
CaBP cells restore locomotor rhythms (Silver et al. & LeSauter and
Silver, Soc Neurosci Abstr. 21:76.2 & 76.3, 1995). In the present
study, we examine CaBP-, substance P- (SP-) and gastrin releasing
peptide- (GRP-) immunoreactivity (ir) within the subnucleus
during development. Frozen 50 11m sections were collected on slide
and incubated in primary antibodies for 48 hrs. CaBP-ir is
detectable within the dorsolateral SCN soon after birth. By postnatal
day 3 (PN3), CaBP-ir cells are detected in both the dorsolateral SCN
and the core of the SCN. By PN4 and later, CaBP-ir cells are
restricted to the core of the SCN. It is noteworthy that light-induced
fQS-ir in SCN neurons follows the same developmental sequence,
first appearing in the dorsolateral region, then in the core of the
SCN. Both SP- and GRP-ir are detectable within the CaBP
subnucleus at PN9. Supported by AFOSR.

198.8
EFFECTS OF NEUROTENSIN ON RAT SUPRACHIASMATIC NUCLEUS NEU
RONS IN VITRO. H.D. Pieeins*. P. Mirchandani. and S. Nairi. Anatomy & Human
Biology Group, King’s College London, London, UK WC2R 2LS
The suprachiasmatic nuclei of the hypothalamus (SCN) function as the primary cir
cadian pacemaker in mammals. Neurotensin (NT) immunoreactive terminals and NT
receptors have been identified in the rat SCN, but little is known about the role of NT
in circadian processes. In this study, we examined the effects of bath applications of
NT on the extracellularly recorded discharge rates of rat SCN neurons maintained in an
in vitro brain slice preparation. Brain slices (~500 |im thick) were prepared from young
male Wistar rats (25-35 days of age) housed under a 12:12 light:dark schedule during
the light phase of the cycle. Extracellular recordings of the spontaneous discharge
activity of single SCN neurons were made using glass micropipettes filled with 2 M
NaCl. NT (10‘9 to 10 5 M) was dissolved in the artificial cerebrospinal fluid (aCSF)
bathing the brain slice. Applications of NT for 3-5 min activated -70% of SCN neu
rons recorded. The onset of these activations took -1.5 min following application of
NT to the bath, with a peak effect occurring after 4-5 min. The mean duration of acti
vations was -10 min, although long-lasting activations (> 30 min) were observed in a
small number of cases (n=3). There appeared to be a concentration threshold to NT
since concentrations <10‘7 M failed to evoke responses from 4 cells tested, whereas
concentrations >10'7M evoked responses from 28 of 36 cells tested. Four NT respon
sive neurons failed to respond to aCSF, indicating that a switch in the solution bathing
the slice did not evoke changes in the discharge activity of these SCN cells. Further
studies with NT receptor antagonists will be required to identify the mechanisms by
which NT exerts these effects on rat SCN neurons.
These data indicate that NT potently activates rat SCN neurons in vitro and raise the
possibility that NT plays a significant role in circadian rhythm processes.
Supported by a New Lecturers Support Scheme award from The Physiological Society
to H.D.P. and by start-up funds from King’s College London.

198.9
WHOLE-CELL PATCH-CLAMP STUDY FOR THE POSS1LBE ROLE OF
SUBSTANCE P IN RETINOHYPOTHALAMIC TRANSMISSION IN RATS. S. H.
Kim1. E. J. OH1. H. C. Shin2. J. -M. C h u n g * 3 . S. K. Hong1 and Y. I. Kim'. 'Dept.
Physiol., Korea Univ. Coll. Med., 2Dept. Physiol., Hallym Univ. Sch. Med. and 3Dept.
Biol., Ewha Womans Univ., Seoul, Korea 136-705.
Retinohypothalamic transmission in mammals is crucial in the entrainmertt of
circadian rhythms to the environmental light-dark cycle. Although excitatory amino
acids such as glutamate are considered to be the neurotransmitters involved in this
transmission, other neuroactive substances like substance P (SP) also have been
suggested; SP-like immunoreactivity has been reported to be present in a subpopulation
of optic nerve fibers projecting to the suprachiasmatic nucleus (SCN). Furthermore, the
phase-shifting effects of exogenously applied SP on the circadian rhythms of SCN
neuronal activity have been demonstrated in rat hypothalamic slice preparation. In the
present study, we examined if the NKl-type SP antagonist L-703,606 depressed the
excitatory postsynaptic potentials (EPSPs) of SCN neurons evoked by optic nerve
stimulation.
Male Sprague-Dawley rats (50-200g) were used in this study. Under Nembutal
anesthesia (100 mg/kg, ip.), the brain was removed and parasagittal brain slices (450550 nm) containing the SCN and the optic nerve were cut. These slices were transferred
to a gas interface recording chamber perfused with artificial cerebrospinal fluid (pH 7.4,
34-36°C, bubbled with 95% 0 2-5% C02), and whole-cell recordings from SCN neurons
were obtained with the use of patch pipettes containing CsCl (100 mM), TEA-C1 (20
mM) and the lidocaine derivative QX-314 (10 mM). Bath-application of L-703,606 (10‘5
M) attenuated the EPSPs evoked by optic nerve stimulation (<1.0 mA, 0.5 ms) at the
membrane potential of -35 mV, but not those evoked at -70 mV.
These preliminary data, coupled with the finding of Kim and Dudek (J Physiol.
444:269-287, 1991) that EPSPs of SCN neurons from optic nerve stimulation contain an
NMDA component only when the cells are depolarized (-20-55 mV), support the
hypothesis that SP released from optic nerve terminals enhances the NMDA component.
(This study was supported by The Hallym Academy of Sciences, Hallym University.)

198.10
ORPHANIN-FQ (OFQ) MODULATES THE CIRCADIAN TIMING OF
THE SUPRACHIASMATIC NUCLEUS (SCN). C.N. Allen*. Z.G. Jiang.
C.S. Nelson. T. Darland. M.A. Rea and D.K. Grandv CROET, Dept.
Physiol & Pharm, and Vollum Institute, Oregon Hlth Sci Univ, Portland,
OR 97201. Biological Rhythms and Integrative Neurosciences Research
Institute, Armstrong Lab (CFTO), Brooks AFB, Texas 78235
The heptadecapeptide orphanin-FQ (OFQ, nociceptin) is structurally
similar to the opioid peptides dynorphin A and P-endorphin, and activates
a unique receptor (LC132/ORL1). In the course of an in situ
hybridization survey of the rat hypothalamus we discovered that OFQ
receptor (OFQR) mRNA is densely expressed in the SCN and the
supraoptic nuclei. This led us to investigate the modulatory effects of
OFQ on SCN neurons and circadian rhythms. A preproOFQ (ppOFQ)
probe detected its mRNA in the medial and lateral geniculate nuclei and
intergeniculate leaflet but not in the SCN. Neurons in the intergeniculate
leaflet project to the SCN and can modulate the activity of the circadian
clock. OFQ (1-300 nM) increased the membrane conductance of SCN
neurons and activated an outward current (EC 50 = 22.1 nM) that was
reduced by membrane hyperpolarization and reversed near the K+
equilibrium potential. The reversal potential (-103 mV) shifted to
depolarized potentials when extracellular [K+]’was increased. OFQ (1 - 50
pmol) injected into the SCN at four different circadian times did not
phase shift the wheel running activity rhythm of Syrian hamsters.
However, OFQ (0.1-50 pmol) inhibited the light-induced phase advance
of the wheel running activity rhythm. These data indicate that OFQRs are
highly expressed in the SCN and inhibit SCN neurons via activation of a
K+ conductance and suggest a physiological role for OFQ in regulation
of the central pacemaker controlling circadian rhythms. (Supported by
grants AG10794 (CNA), DA08562 (DKG) & AFOSR2312CA (MAR))
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198.11
MICROINJECTION OF NEUROPEPTIDE-Y ANTISERA INTO THE
SUPRACHIASMATIC (SCN) REGION BLOCKS THE PHASE SHIFTING
EFFECTS OF SYSTEMIC INJECTIONS OF 8-OH-DPAT. H.E. Albers* and E.M.
Mintz. Laboratory of Neuroendocrinology and Behavior, Departments of Biology and
Psychology, Georgia State University, Atlanta, GA 30303.
Systemic administration of 8-hydroxy-2(di-n-propylamino)tetralin (DPAT), a
serotonin agonist, induces phase advances of circadian activity rhythms in hamsters
when administered in the middle of the subjective day (circadian time 6-8). The phase
shifting effects of DPAT appear to be mediated outside the SCN since microinjection
of DPAT directly into the SCN does not induce phase shifts. Since microinjection of
DPAT into the dorsal raphe nucleus induces phase advances, we hypothesize that the
dorsal raphe influences the SCN by a nonserotonergic pathway. A likely candidate for
this pathway is the projection from the dorsal raphe to the intergeniculate leaflet of the
thalamus, which in turn sends a neuropeptide-Y (NPY) containing projection to SCN.
To test whether NPY mediates the effects of systemically administered DPAT,
Syrian hamsters were implanted with guide cannula aimed at the SCN and housed with
running wheels in constant darkness. Each hamster received systemic injections of
DPAT (.75mg in 0.15ml) followed immediately by microinjection of either normal
rabbit sera or NPY antisera directly into the SCN region. All animals received both
treatments in a counterbalanced design. In hamsters that exhibited a phase advance of
at least 15 minutes, microinjection of NPY antisera significantly (p<.05) attenuated the
phase advances induced by DPAT as compared to controls microinjected with normal
sera. These data support the hypothesis that release of NPY into the SCN is a critical
component in the mechanisms underlying the ability of systemically administered
serotonin agonists to phase advance circadian rhythms.
Supported by NIH NS34586 and NS09927

198.12
ABLATION OF NPY OR 5HT AFFERENTS TO THE SCN PREVENTS ENTRAPMENT TO
DAILY TREADMILL RUNNING SCHEDULES IN MICE. E.G. Merchant*. J. M. Bossert. M.
Holmes. N. V. Watson and R. E. Mistlberoer. Psychology, Simon Fraser University,
Burnaby, BCV5A1S6.
Locomotor activity can modulate circadian rtiythms of mice in at least 2 ways; scheduled
treadmill activity can entrain free-running rtiythms, and spontaneous wheel activity can
shorten the period (t) of free-running rhythms. To determine whether entrainment is
mediated by neuropeptide Y (NPY) or serotonin (5HT) afferents to the suprachiasmatic
nucleus (SCN) circadian pacemaker, separate groups of C57BL/6j mice were subjected to
treadmill running (3 h/day) after receiving either intergeniculate leaflet (IGL) lesions or
infusions of the 5HT neurotoxin 5,7-cfihydfoxytryptamine (5,7-DHT) into the SCN area. Of 25
intact mice, 22 entrained and 3 showed t or phase modulations to scheduled running. Of 15
mice with IGL lesions, only 2 entrained, and both of these had partial lesions, incficated by
persisting NPY immunoreactivity (IR) in the SCN. Mice with complete IGL lesions (5)
showed no entrainment or t modulations. Of 19 mice with 5HT lesions, only 2 entrained, and
both sustained partial lesions, incficatedby 5HT-IR in the SCN. However, all but 2 mice with
complete (10) or near complete (4) 5HT denervation showed phase or t modulations during
the treadmill schedule. Failure to entrain was not explained by group differences in t prior to
the treadmill schedules. There was no evidence that IGL lesions affected SCN 5HT, or that
5HT lesions affected SCN NPY. The results indicate that both NPY and 5HT are necessary
for entrainment to 24 h schedules of forced running, but that complete loss of 5HT does not
prevent modulations of pacemaker motion by non-photic stimuli. Non-photic entrainment in
mice may involve synergistic interactions between 5HT and NPY afferents at some site
within the circadian system. In a second study, modulation of free-running t by spontaneous
wheel running was examined in intact and 5,7-DHT-lesioned mice. Locking the home cage
running wheel was found to lengthen t in 8/10 intact mice, but in only 6/17 lesioned mice.
However, the effect was weak even among intact animals. IGL-ablated mice could not be
evaluated due to a lack of spontaneous wheel running. Supportedby NSERC.

198.13
NPY OPPOSES PACAP PHASE SHIFTS VIA RECEPTORS DIFFERENT FROM
THOSE INVOLVED IN NPY PHASE SHIFTS. M. E. Harrington* and S. Hoaue.
Depts of Psych, and Biol. Science, Smith College, Northampton, MA 01063.
The suprachiasmatic nuclei (SCN) can be maintained for several days in vitro,
allowing electrophysiological investigation of the mammalian circadian clock.
Application of pituitary adenylate cyclase activating peptide (PACAP) at Zeitgeber
Time (ZT) 6 on the first day in vitro can shift the rhythm of firing rate expressed by
SCN neurons on a subsequent day in vitro (J. Neurosci. 17, 2637-44, 1997).
Since neuropeptide Y (NPY) often acts to decrease stimulated adenylate cyclase
activity, we tested if NPY could block PACAP phase shifts using the in vitro hamster
SCN. After determining that low doses of NPY did indeed block PACAP phase
shifts, we attempted to characterize the NPY receptor involved in this action. The
blocking action of NPY was mimicked by [Leu31, Pro34]NPY and [D-Trp32]NPY but
not by NPY22-36 or avian pancreatic polypeptide. The results indicate that NPY
blocks PACAP shifts via receptors distinct from the Y2 receptor which mediates the
phase-shifting action of NPY.
Our data suggest that all phase-shifting inputs grouped together as “non-photic” do
not show identical cellular effects. We have shown that NPY opposes the action of
PACAP and R. Prosser will present work at this meeting indicating that NPY blocks
phase shifts to a serotonergic agonist. This suggests that NPY, rather than having
similar cellular effects as PACAP and serotonin, probably can have an opposite
effect. Serotonin might phase-shift in vivo only when NPY is not present.
NPY phase shifts are thought to be mediated through the Y2 receptor and
' ocreased protein kinase C activity (The Physiologist 38, A-250, 1995). A receptor
»ther than the Y2 receptor may mediate the action of NPY to oppose PACAP shifts,
perhaps through decreased adenylate cyclase activity. Thus, NPY has two functional
effects in the SCN, resulting from activation of 2 different receptor subtypes and
possibly two different signal cascades. (This work was supported by NIH grant
NS26496.)

198.14
NPY BLOCKS DAYTIME SEROTONERGIC PHASE ADVANCES IN VITRO. R.A.
Prosser*. Dept, of Biochemistry & Cellular & Molecular Biology, University of
Tennessee at Knoxville, Knoxville, TN 37996.
The mammalian circadian clock in the suprachiasmatic nucleus (SCN) produces
24 hr rhythms of neuronal activity in vitro. Among the agents shown to modulate
SCN clock phase in vitro are serotonin (5-HT) and neuropeptide Y (NPY). The 5HT agonist (+)8-OH-DPAT (DPAT) advances the clock when applied at Zeitgeber
time (ZT)6 (ZT0=lights-on), acting in part through increasing cyclic AMP (cAMP).
In contrast, we find that NPY induces phase advances when applied at ZT 10 and
not ZT 6 <,Soc.Neurosci.Abst.22:2055V Work by others suggests that NPY
advances the SCN clock in hamsters through activating protein kinase C (PKC)
fThe Physiologist 38:A250). Apart from activating PKC, NPY receptor activation
has also been shown to block cAMP induction. So we tested whether NPY at ZT
6 could block DPAT-induced shifts, perhaps through preventing a cAMP increase.
For these experiments brain slices prepared from male Sprague-Dawley rats
were maintained as described previously (J.Biol.Rhvthm 8:1). Drugs were bath
applied on day 1 in vitro for 1 hr. In blocking experiments NPY was applied 15 min
prior to and after co-application with DPAT. 5 min extracellular samples of single
cell activity were made during day 2 in vitro. Individual neuronal firing rates were
grouped into 2 hr running averages to determine the time-of-peak.
As shown previously, control slices peaked at ZT 6.0+0.35, n=3; DPAT(10 uM)
advanced the SCN clock (mean peak time: ZT 2.17+0.74, n=3); and NPY (1uM)
had no effect (mean peak time: ZT 5.5+0.71, n=2) when applied at ZT 6. NPY co
applied with DPAT, however, completely blocked DPAT-induced shifts (mean
peak time: ZT 5.92+0.27, n=3). Thus, NPY may be able to block DPAT-induced
cyclic AMP increases at a time when it does not affect clock phase by itself. These
data are consistent with other work showing NPY blocks PACAP-induced phaseshifts at ZT 6 in vitro (Harrington and Hoque, this meeting).
This work was supported by NIH grant MH53317.

198.15

198.16
CIRCADIAN RHYTHMS IN SPONTANEOUS FIRING RATE
AND NEUROPEPTIDES IN DISSOCIATED CELL CULTURE
OF RAT SUPRACHIASMATIC NUCLEUS. T. Shirakawai*.
S. Honma2. Y. Katsuno2 and K. Honma2. lDept. of Pediatric Dentistry,
Sch. of Dentistry and 2Dept. of Physiology, Sch. of Medicine, Hokkaido
University, Sapporo 060, Japan.
We monitored spontaneous firing rate from individual neurons for more
than 8 weeks continuously in dissociated cell culture of the rat suprachiasmatic
nucleus (SCN) by means of multi-electrode dish. Four neurons were
simultaneously monitored in one dish, on which 64 electrodes were placed on 1
mm2 with an interpolar distance of 150 pim. Twenty-nine neurons out of 30 so
far examined showed circadian rhythms at least 4 consecutive cycles. The
circadian period ranged from 20.1 to 25.8 hours calculated by chi-square
periodogram. The circadian rhythms on the same dish but on different
electrodes were either synchronized or desynchronized. One neuron showed
circabidian rhythm for 2 weeks. Transition of circadian firing rhythm to
circabidian rhythm and vice versa in the same neuron was also observed. On
the other hand, concentrations of vasopressin and vasoactive intestinal
polypeptide in the culture medium showed circadian rhythms which did not
provide any evidence of desynchronization when cultured in serum free
medium. The circadian rhythms in firing rate and neuropeptides of some but
not all neurons were disrupted by changing the concentration of serum or
glucose in the culture medium.
These results suggest that the oscillatory coupling among individual circadian
rhythms in firing rate and that among the rhythms in neuropeptides are
regulated by different mechanisms.

CIRCADIAN CHANGES IN THE EXPRESSION OF VASOACTIVE INTESTINAL
PEPTIDE 2 RECEPTOR mRNA IN THE RAT SUPRACHIASMATIC NUCLEI.
F.R.A. Caaampanq*. W.J. Sheward1. A.J. Harmar1. H.D. Pigains & C. W. Coen.
Biomedical Sciences, King's College, London WC2R 2LS; 1MRC Brain Metabolism Unit,
Department of Pharmacology, University of Edinburgh, Edinburgh EH8 9J2, U.K.
The suprachiasmatic nuclei (SCN) in the hypothalamus function as the primary
circadian pacemaker. Several neurochemicals are found in the SCN, of which
vasoactive intestinal peptide (VIP) is one of the most abundant. A receptor for VIP,
VIP2R, is also abundantly expressed in the SCN. Since the rodent circadian clock
demonstrates phase-dependent sensitivity to exogenous VIP, we investigated the
possibility that the mRNA for VIP2R is differentially expressed in the SCN across the 24h
cycle. Male Wistar rats maintained in a 12:12h light:dark (LD) cycle (lights on designated
as ZT 0) were used. To establish whether the levels of mRNA for VIP2R change across
this cycle, rats were sacrificed at ZT 0,2,6,10,12,14,18 and 22. In order to determine
if there is variation in this mRNA in the absence of LD entrainment cues, lights were not
turned on at the usual time of transition from dark to light (designated as CT 0); the
animals in this group were sacrificed over the following 24h of constant darkness (DD) at
CT 0, 2, 6,10,12,14,18 and 22. Coronal sections containing the SCN were obtained;
in situ hybridization histochemistry was carried out using a VIP2R riboprobe labelled with
35S. Image analysis indicated no variations in VIP2R mRNA in the cingulate cortex under
either LD or DD conditions. There was, however, significant variation (p<0.001, ANOVA;
n=4 at each time point) in the expression of VIP2R mRNA within the SCN during the LD
cycle, with one peak at ZT 6 and another at ZT 22. A comparable pattern of mRNA
expression was observed in animals kept in DD (p<0.001, ANOVA; n=5 at each time
point) with one peak at CT 10 and another at CT 22. The results suggest that the phasedependent actions of VIP on the clock may be accounted for by phase-specific changes
in the availability of VIP2R within the SCN.
Supported by the BBSRC and MRC.
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198.17
AGING ATTENUATES THE 24 H RHYTHM IN VASOACTIVE INTESTINAL
POLYPEPTIDE mRNA EXPRESSION IN THE SUPRACHIASMATIC NUCLEI
OF FEMALE RATS. K. Krainak*. K.L. Rosewell. P.M. Wise. Dept, of
Physiology, Chandler, Medical Center, Univ. of Kentucky, Lexington, KY 40536.
In female rodents, the timing of the proestrous and estrogen-induced surge of
luteinizing hormone (LH) is tightly coupled to the environmental light/dark (LD)
cycle by the circadian pacemaker located in the suprachiasmatic nuclei (SCN) of
the hypothalamus. Numerous studies indicate that vasoactive intestinal
polypeptide (VIP) containing neurons within the SCN project to gonadotropin
releasing hormone (GnRH) neurons and transmit the circadian signal which
maintains the timing of the LH surge. As animals reach middle-age, the timing of
the LH surge is delayed and the amplitude is attenuated. One possible mechanism
responsible for the delayed surge may be an age-related alteration in the VIP signal.
To determine whether aging may alter the VIP signal, we examined the rhythmic
expression of VIP mRNA in young (2-4 mo), middle-aged irregular cycling (10-12
mo), and old persistent diestrous (18-20 mo) females. All animals were
maintained on a 14L: 10D cycle, ovariectomized for one week and treated with
estradiol for 2 days. Brains were collected at 7 time points over the LD cycle. In
situ hybridization was performed using a 500 bp riboprobe complementary to the
human VIP gene, and gene expression in individual cells of the SCN was analyzed.
In young animals, VIP gene expression showed a 24 hr rhythm with mRNA levels
reaching a peak at 1200 h and a nadir at 0300 h. In contrast, VIP mRNA levels
remained stable and did not show a 24 h rhythm in either middle-aged or old
females. Based on these results, we conclude that by the time animals reach
middle-age, the rhythmic expression of VIP in the SCN is attenuated. This
attenuation of the VIP rhythm may be associated with a delay in the timing and
attenuation of the LH surge in aged animals. Supported by NIH AG02224 to PMW
and AG05755 to KK.

198.18
DIURNAL RHYTHM OF ARGININE VASOPRESSIN mRNA EXPRESSION IN
THE SUPRACHIASMATIC NUCLEUS OF THE AGING FEMALE RAT. M.L.
Kashon*. K. Krainak & P.M. Wise. Dept, of Physiology, University of Kentucky,
Lexington, KY 40636.
The decline in reproductive function of aging female rats has been linked to
alterations in the suprachiasmatic nuclei (SCN) of the hypothalamus. These nuclei
contain the circadian clock which is necessary for the timing of hormonal and
neurochemcial events required for the induction of surges in luteinizing hormone
(LH) on the day of proestrus. It is unknown if the decline in reproductive function in
aging animals is due to alterations in the circadian clock itself, or in the ability of
targets to respond to appropriately timed signals generated by the circadian clock.
Since AVP mRNA, peptide content, and release continue to display circadian
rhythmicity in the absence of environmental cues, it is thought to be an accurate
reflection of clock function. In light of this, the 24 hr profile of AVP mRNA
expression in the SCN was analyzed in young (2-4 months), middle-aged (10-12
months) irregularly cycling, and old (18-20 months) persistent diestrous female rats.
All animals were maintained on a 14:10 LD cycle (lights on 0400), and
ovariectomized for one week prior to a 2-day treatment with estradiol. Animals
were killed at 7 time points over a 24 hr period and processed for in situ
hybridization using a 250 bp cRNA probe complementary to the rat AVP gene. All
three age groups demonstrated a clear 24 hr rhythm in AVP mRNA expression
[F(6us) = 19.4; p<.001], AVP mRNA levels reached a peak at 1600-2000 hr, and a
nadir at 2400-0300 hr. There were no differences as a function of age of the animal.
We conclude that the maintenance of rhythmic AVP mRNA expression in the SCN
of aging animals provides evidence that the circadian clock is still able to function
appropriately, and that age-related alterations in the daily rhythm of multiple
neurochemical rhythms driven by the SCN, and required for cyclic LH surges, are
likely to result from a deterioration of the coupling of the circadian clock to its
outputs. Supported by NIH AG02224 to PMW, AG05762 to MLK, and AG05755
toKK.

198.19
RAPID CHANGES IN LEVELS OF SUPRACHIASMATIC VASOPRES
SIN (AVP) mRNA IN RESPONSE TO A NONPHOTIC STIMULUS.
K. Scarbrough*. G. Bruno, and F.W. Turek. Department of Neurobiology &
Physiology, Northwestern' University, Evanston, IL 60208
The circadian clock is thought to reset within hours of a phase-shifting
stimulus despite the fact that it may take several circadian cycles for a
given overt rhythm to exhibit the steady state phase shift. We
hypothesized that a more proximal output of the clock (the rhythm of
suprachiasmatic AVP mRNA) may reset more quickly than locomotor
activity following a phase-shifting stimulus. Two groups of Syrian
hamsters freerunning in constant dim light (2-50 lux) were housed individ
ually without a running wheel and fitted with mini mitter transmitters to
monitor locomotor activity. At CT 7.5, one group was transferred to new
cages equipped with wheels for a 3 hour nonphotic stimulus. The other
group was left in their home cages. Hamsters exposed to the wheel pulse
phase advanced 2.15 ± 0.30 h in a preliminary behavioral test. Groups of
hamsters were killed 14.5 h after the manipulation (at CT 1 for the
untreated group). Brains were removed, frozen on dry ice and processed for
in situ hybridization with 35S-labeled oligos complementary to AVP
mRNA. The hybridization signal was significantly higher (p < 0.005) in
the group exposed to the wheel compared to the untreated group. The
magnitude of the increase in mRNA is consistent with a 2 hour phase
advance in the AVP mRNA rhythm and suggests that the
suprachiasmatic AVP rhythm may reset very rapidly, possibly within
the first cycle following a nonphotic phase-shifting stimulus. Future
studies will determine whether the entire mRNA rhythm phase shifts
rapidly and whether the phase shift in AVP expression has attained
steady state. Sponsored by NIH P30 HD28048.

198.20
STUDIES ON ROLES OF VASOPRSSIN- AND SOMATOSTATINNEURONS OF THE SUPRACHIASMATIC NUCLEUS IN THE HYPER
GLYCEMIA CAUSED BY INTRACRANIAL INJECTION OF 2-DEOXYD-GLUCOSE IN RATS. S. Chun. A. Niiiima. N. Naeai and K.
N aeai*. Inst. Protein Res., Osaka Univ., Suita, Osaka 565, Japan
We found that vasoactive intestinal peptide (VIP)-neurons
o f the suprachiasm atic nucleus (SCN) w ere im plicated in the
m echanism o f the hyp erglycem ia caused by an injection o f
2-deoxy-D -glucose (2DG) into the lateral cerebral ventricle
(LCV) o f rats. Since injections o f arginine vasopressin (AVP)
and som atostatin (SS) into the LCV suppressed this hypergly
cem ia (2D G -hyperglycem ia), roles o f AVP- and SS-neurons o f
the SCN in the 2DG-hyperglycem ia w ere exam ined. A heart
and a LCV catheters were im planted into m ale Wistar rats
under pentobarbital anesthesia and experim ents were done 3
days after the catheterization. Effects o f LCV injections o f an
tagonists o f AVP and SS and SCN infusion o f antisense oligo to
AVP mRNA on the 2DG-hyperglycem ia and sym pathetic exci
tation due to LCV injection o f 2DG were exam ined. In this ex
perim ent it was observed that LCV injections o f antagonists
o f AVP and SS enhanced th e 2D G-hyperglycem ia, that LCV
injections o f AVP and SS suppressed and those o f antagonists
o f AVP and SS enhanced the excitation o f sym pathetic effe
rents due to 2DG, and that continous infusion o f the anti-AVP
antisense oligo stim ulated the 2DG-hyperglycem ia. These
findings support a possibility that AVP- and SS-neurons in
the SCN are involved in the m echanism o f th e 2DGhyperglycem ia. (G overnm ental grants)
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199.1
THE 5-HT1B AGONIST, CP-93,129, DISPLACES IB BINDING AND REDUCES
FOOD INTAKE FOLLOWING PARABRACHIAL NUCLEUS (PBN) INFUSION.
M. D. Lee.1* V. J. Alovo1. S. J. Fluhartv2and K. J. Simanskv1. 'Dept Pharmacology,
Allegheny Univ. Health Sciences., Philadelphia, PA 19129. 2Inst Neurolog. Sci.,
Univ Pennsylvania.
We have recently reported that peripheral administration of the selective IB
agonist, CP-94,253, decreased food intake and reduced meal size (Lee and Simansky
1997, Psychopharmacol, in press). This and other studies highlight the importance
of the IB receptor subtype in the serotonergic regulation of ingestion. In addition,
we demonstrated that IVth ventricular injection of the related compound, CP-93,129
also inhibits food intake. Here, we examine the effects of the application of CP93.129 into the PBN, in rats that were maintained on 30 g of pelleted diet/day.
Pellets were presented at the same time each day, and food and water intake were
measured during the initial 30 min of food access, immediately following a 0.6^1
drug infusion. CP-93,129, at doses of .6, 1.2, and 2.4 nmol reduced pellet intake
by 48, 55 and 69% (p<0.01) compared to saline control intake (6.4 ± 0.6 g). Water
consumption was not altered. Time-sampled behavioural observations revealed that
the agonist did not affect levels of activity, but did increase standing (p<0.01).
Autoradiographic studies of the PBN and other selected regions using ,2SI-ICYP in
the presence of lOOnM 8-OH-DPAT and 30jjM isoproterenol, and lOpM 5-HT to
define specific binding, demonstrated 5-HT1B sites in caudate, substantia nigra and
hypothalamic regions as well as PBN and the nucleus of the solitary tract. CP93.129 (l|iM) displaced binding in all areas. These data support a role for 5-HT1B
receptors in the PBN of the deep brainstem in the inhibitory control of feeding.
Supported by MH41987 (KJS) and MH43787 (SJF).
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1 99.2
CENTRAL 5-HT IS INVOLVED IN THE HYPOPHAGIC ACTION OF CCK.
H. Thomas. J.-P.Voiat*. M. Voits and H.Fink. Institute of Pharmacology and
Toxicology, Medical Faculty (Charité) of the Humboldt University at Berlin,
D-10098 Berlin.
The effects of the neurotransmitter serotonin (5-HT) and the neuropeptide
cholecystokinin (CCK) on food intake are well established. Based on pharma
cological studies, an interactive model for 5-HT and CCK was proposed. This
model suggests interdependent parallel systems of CCK and 5-HT both of
which have to be activated to achieve an appropriate satiety effect. CCK ex
erts its satiating action in the periphery and at different sites within the brain
including the hypothalamus. It was shown by microdialysis studies, that 5-HT
increases in the lateral hypothalamic area during food intake. The present mi
crodialysis study was aimed to provide neurochemical evidence for a facilitatory effect of CCK-8S on 5-HT release in the lateral hypothalamus in freely
behaving rats. The results indicate an increase of extracellular hypothalamic
5-HT both during food intake in previously food deprived rats and after sys
temic administration of 8 pg/kg and 40 pg/kg CCK-8 in food deprived rats. The
results show that peripherally administered CCK-8 induces central serotoner
gic effects, possibly related to feeding. Further support for this hypothesis
comes from lesion experiments. 5,7 DHT induced lesions in the median ra
phe significantly attenuate the hypophagic effects of peripherally administered
CCK-8 (8pg/kg and 40pg/kg), thus, suggesting that these effects depend on
central serotonergic functions. The effect of the lesions seems specific, be
cause locomotor activity and emotional behavior were not affected. In conclu
sion, the results show the importance of central 5-HT for the hypophagic effect
of CCK.
Supported by grants BMBF (01ZZ9511) and DFG (Fi 49 1/2 -1)
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199.3
ATTENUATION OF FLUOXETINE AND 5-HT ANOREXIA BY
NONSELECTIVE 5-HT, BUT NOT SELECTIVE 5-HT2or 5-HT3,
ANTAGONISTS. L.K. Heisler. R.B. Kanarek, B.A. Homoleski & P. Holcomb.*
Department of Psychology, Tufts University, Medford, MA 02215.
Fluoxetine, a serotonin (5-hydroxytryptamine (5-HT)) reuptake inhibitor, and 5HT decrease food intake and body weight. It has been suggested that the anorectic
effect of fluoxetine and serotonin is selective to carbohydrate intake and that this
effect is mediated by 5-HT)Breceptors in the medial hypothalamus. To assess this,
the effect of intraperitoneal (IP) 5-HT, which does not cross the blood brain barrier
well, and fluoxetine on macronutrient selection was compared following
pretreatment with 5-HT antagonists. A critical role of the 5-HT!B receptors in the
medial hypothalamus in 5-HT anorexia would be supported if IP fluoxetine, but not
5-HT, reduced food intake and this was attenuated by nonselective 5-HT, but not
selective 5-HT2or 5-HT3, antagonists. Male Long Evans rats, individually housed
with ad lib access to separate sources of macronutrients, were used. Rats were
pretreated IP with nonselective 5-HT antagonists metergoline or methiothepin,
selective 5-HT2 antagonist ketanserin, or selective 5-HT3 antagonist MDL 72222.
Following antagonist pretreatment, rats were injected IP with either fluoxetine, 5HT, or saline. Macronutrient selection was measured 2, 4, 6, and 24 hours post
treatment. Fluoxetine and 5-HT were not found to have a significant effect on
carbohydrate intake. However, systemic fluoxetine and 5-HT reduced total food
intake 2 hours post-injection, and this effect was attenuated by both nonselective 5HT antagonists, but not by selective 5-HT2 or 5-HT3 antagonists. None of the
antagonists altered food intake 2 hours post-injection when administered alone. The
partial reversal of fluoxetine and 5-HT anorexia by the nonselective antagonists
suggests that 5-HT, receptors may be involved. The failure of the selective 5-HT2
and 5-HT3antagonists to attenuate fluoxetine and 5-HT anorexia indicates that these
receptors may not be critical to this effect. These results also suggest that activation
of central 5-HT receptors are not necessary to elicit 5-HT anorexia.

199.4
PARALLELISM BETWEEN HYPOTHALAMIC SEROTONIN AND INSULIN
RESPONSES TO DIFFERENT MACRONUTRIENTS. M. Orosco. C. Rouch fi
Nicolaïdis and K. Gerozissis*. CNRS UPR 9054, Collège de France,
11 place Marcelin Berthelot, 75231 Paris Cedex 05, FRANCE
Using microdialysis in freely-moving rats, we observed increases
in both hypothalamic serotonin (5-HT) and insulin during a chow
meal. This response could be related either to the occurrence of
satiety, or to metabolic effects due to the composition of the meal. So
we fed the rats with either carbohydrates, proteins or lipids and
measured changes in 5-HT and insulin from medial hypothalamic
dialysates.
A pure carbohydrate meal (85% starch+15% sucrose) increased
5-HT in a four-fold longer period than during a chow meal.
Similarly, hypothalamic insulin was equally enhanced, but twice
longer-lasting than with a chow meal. During and after a fat meal
(lard), both 5-HT and insulin levels decreased during two hours.
Only did the protein (casein) meal brought about differential effects
upon 5-HT that decreased versus insulin that did not change.
We tried to assess whether these changes may be related to the
satiating potencies of the intake of these different nutrients by
monitoring subsequent chow intake. We found that carbohydrates were
the most satiating while lard was not at all. Casein, in our conditions,
showed an intermediary weak satiating potency.
Thus, hypothalamic 5-HT and insulin, both implicated in general
satiety, are rather involved in specific nutrient satiety. They may
participate, independently or in interaction, in a regulatory balance
between carbohydrate and fat ingestion. Protein ingestion would be
regulated by a separate neural system.

199.5
5-HT IB/ID AGONISTS REDUCE FOOD INTAKE AND DISPLACE 5-HT1DB
(Rab5-HT1B) BINDING IN RABBITS. K. J. Simanskv*. W. J. Kachelries. G. Baker
and V. J. Alovo. Dept. Pharmacology, Allegheny Univ. Health Sci., Philadelphia, PA
19129.
Pharmacological studies in rats have implicated 5-HT1B receptors in mediating
hypophagic actions of various serotonergic drugs. The rodent IB receptor is highly
homologous to the human subtype formerly known as the 5-HTlop receptor but renamed
h5-HT]B. The pharmacology of the rodent and human sites differs in some important
respects, however. By comparison, the cloned rabbit 1D0 (or, rab5-HTIB) receptor
displays human-type pharmacology. We tested the actions of two 5-HT1B/1D agonists
in 4 adult Dutch-Belted female rabbits that were deprived for 5 h during the light period
on a 12/12 h L/D cycle. They were maintained on standard rabbit chow and tap water
during the 19-h feeding period. The first 30-min of the feeding period (beginning 1400
h, lights off 1600) served as the test period with drug or vehicle injected s.c. 30 min
before food was provided. L-694,247 (0.02, 0.1 and 0.5 ^mol/kg) reduced food intake
by 20-89% (p<0.001) from baseline (8.6+0.4 g). In 5 different rabbits, the IB/ID agonist
GR 46611 (0.125, 0.25, 0.5 ^mol/kg) also decreased food consumption (by 22-70%).
We used I25I-GTI (45 pM) in the presence of 300 nM ketanserin, with specific binding
defined by 10 |iM 5-HT, to visualize rab5-HT,Bsites by autoradiography in selected
regions of the rabbit brain. As expected, specific rablB sites were seen in substantia
nigra and caudate/putamen, and also in nucleus accumbens, hypothalamus and deeper
brainstem. Importantly, specific binding was displaced by 100 nM GR 46611. These
data are consistent with the hypothesis that stimulating rab5-HT1Bsites reduces feeding
in rabbits and that rabbits provide a useful animal model for studying 5-HT receptor
function in human eating. Supported by MH 41987 to KJS.

199.6
EFFECT OF TARGETED DELETION OF THE 5-HT2C RECEPTOR
GENE ON MEAL PATTERNS AND ON HYPOPHAGIA INDUCED
BY D-FENFLURAMINE
C.T. Dourish* S.P. Vickers1. P.G. Clifton2. L.H. Tecott3. ^erebrus
Ltd., Silwood Park, Berks. SL5 7PN, UK., 2Lab. Exptl. Psychol,
Univ. of Sussex. BN1 9QG. UK, 3Dept. Psychiatry, UCSF, CA 94143.
USA.
Subsantial evidence indicates that the anorectic effect of
¿-fenfluramine is mediated by the serotonergic system. Furthermore, the
5-HT2Creceptor subtype has been proposed to be of particular importance
in the control of feeding and in mediating the hypophagia induced
¿-fenfluramine. Mutant mice lacking functional 5-HT2C receptors have
recently been described and have been demonstrated to have an obese
phenotype (Tecott et al., 1995, Nature, 374: 542-546). In the present
study, we examined meal patterns in 5-HT2C knockout mice using
microstructural analysis and compared the effects of ¿/-fenfluramine on
feeding in wild-type and knockout mice.
¿/-Fenfluramine (3, 10,
30 mg/kg) significantly inhibited wet mash consumption in both wildtype and knockout mice. After vehicle or 3 mg/kg ¿/-fenfluramine, all
animals exhibited a behavioural sequence consistent with the
enhancement of satiety. Mutant mice were less sensitive to the satiating
effects of 3 mg/kg ¿/-fenfluramine (i.e.. attenuated effect of the drug on
mash intake and the behavioural satiety sequence). At higher doses,
¿/-fenfluramine induced stereotyped behaviour and disrupted the satiety
sequence and mutant mice were more sensitive to these stereotypyinducing effects. We propose that a low dose of ¿/-fenfluramine enhances
satiety in the mouse by a 5-HT2C receptor-dependent mechanism.
Supported by NARSAD and DA00282 (LT).

199.7
A PRIMARY SATIETY DEFECT LEADS TO ADULT-ONSET OBESITY IN
SEROTONIN 5-HT2c RECEPTOR MUTANT MICE. L.H. Tecott*!. k .

199.8
CAUDAL BRAINSTEM 5-HTIB RECEPTORS CONTRIBUTE TO THE
ANORECTIC EFFECTS OF CP94-253 AND CP93-129. H.J. Grill*, S.
Song and J. M. Kaplan. Univ. Pa., Phila, Pa. 19104
Evidence from antagonism studies suggests that the intake suppressive
effects of indirect and non-selective, direct 5-HT agonists are mediated
by the 5HT1Band K receptors. The location of the relevant CNS receptors
however, has not been resolved. To explore the contribution of caudal
brainstem [CBS] 5~HT1B receptors to intake suppression we compared
dose-effect curves for the selective 5-HT1B agonist, CP94-253, in: 1)
chronic decerebrate and pair-fed intact rats receiving systemic treatment,
and 2) intact rats receiving 4icv infusions. The intraoral intake test was
used, with glucose [12.5%] infused [0.75 ml/min] until a satiety criterion
was met. CP94-253 [0, 1.5, 3, 4.5 and 6 mg/kg, ip], delivered 30 min
before the start of the intake test, produced a dose-related suppression
of intake, with approximately the same threshold dose [1.5 mg/kg], in
chronic decerebrate and control rats. For the 4th icv studies, a 3 ul
volume of CP94-253 [0, 7.5, 15, 30, and 60 ug] or CP93-129 [0, 0.25, 0.5,
1.0, 2.0] was injected 10 min before start of the test. Both agents yielded
dose-related intake suppression. At the highest dose tested CP93-129
yielded a 56% and CP94-253 a 69% suppression of intake. Of the two
compounds, CP93-129 was approximately 30 times more potent than
CP94-253. The decerebrate study shows 5-HT1B receptors in the CBS
are sufficient for mediating the intake effect of the centrally acting
agonist. The 4icv result suggests further that the targeted CBS receptors
contribute to intake control in the neurologically intact rat. Supported by
NIH DK-21397

1Depts. of Psychiatry and 2Physiology, University of California, San
Francisco, CA 94143, 3Cerebrus Ltd., Silwood Park, Berks. SL57PN, UK,
4Lab. Exptl. Psychol, Univ. Sussex. BN19QG, UK.
In recent years, a wealth of evidence has accumulated to support the
hypothesis that serotonin acts as a satiety factor in the central nervous
system. The 5 -HT2C receptor has been implicated in this action of serotonin
by pharmacological studies and by the observation of an obesity syndrome
in a 5-HT2c receptor null mutant mouse strain (Tecott et al Nature 372: 542
'95). In the present study, we examined the developmental time course of
food intake and body weight gain in paired mutant and wild type littermate
mice. By 50-60 days of age, mutant animals developed a hyperphagia that
persisted throughout adulthood. To determine whether hyperphagia was
associated with alterations in satiety processes, a behavioral satiety
sequence study was performed. Mice were singly housed, provided with a
palatable wet mash, and behavior was recorded during the ensuing 40 min
period. Mutants displayed a prolongation of feeding behavior, and the onset
of resting was postponed, indicating a satiety decrement in these animals.
Interestingly, analysis of growth curves revealed that, although mutants
became hyperphagic by two months of age, their body weights did not
diverge from wild type levels until 4 months of age, raising the possibility that
the mice compensated metabolically for their hyperphagia at earlier ages.
We therefore hypothesize that the late-onset obesity of these animals
results from a primary satiety defect, leading to hyperphagia, and associated
with a metabolic compensation that maintains normal body weight until 4
months of age. This model is relevant to common forms of human obesity
that are also associated with hyperphagia and an adult age of onset.
Supported by NARSAD and DA00282 (LT).
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199.9
INCREASED HYPOTHALAMIC 5-HT RESPONSE TO FOOD INTAKE IN
ZUCftgR OBESE RATS, MEASURED BY MICRODIALYSIS. R.C.T. Mori.
R.B. Guimarges C.M.O^Nascimento and E.B. Ribeiro*. Dept, of Physiology,
S3o Paulo Federal University (UNIFESP), S3o Paulo, SP 04023-900, Brazil.
There are evidences that 5-HT may mediate satiety and may be involved in
the poor feeding control of obesity. We have demonstrated (Soc. Neurosci.
Abstr. 22: 458, 1996) that feeding increases hypothalamic 5-HT release and
that non-hyperphagic MSG-obese rats have an exacerbation of this response.
The present study was aimed at evaluating the 5-HT and 5-HIAA response to
fasting-induced feeding in Zucker rats.
After measurement of 24h food intake, male lean (L, n = 6, bw = 347 ± 13 g)
and obese (O, n = 11, bw= 519 ± 13 g) rats were implanted with microdialysis
probes in the lateral hypothalamus. After an overnight fast, 20 min
microdialysate samples were collected to establish basal extracellular 5-HT
levels. These were (Means ± S.E.M.): L: 4.6 ± 0.5 and O: 2.8 ± 0.2 pg/50pl (p
< 0.05). Food (powdered chow + water, 1:2) was then placed into the cage
and six 20 min samples collected (F1-F6). During the 2 hours after food was
available the rats ingested: L: 9.5 ± 2.4 g and O: 8.5 ± 1.5 g, 50% of the total
within the first 20 min, corresponding to microdialysate sample F1. Feeding
significantly increased 5-HT above basal levels in all samples in O (81 to
114%) and in F6 in L (87%). The increments differed significantly between
groups in F3 (L: 40%, O: 108%) and F5 (L: 42%, O: 100%). The area under
the curve of 5-HT release over 2h was 152 ± 12 in L and 227 ± 20 in O (p <
0.05). Daily food intake was 23 ± 1 g in L and 38 ± 2 g in O (p < 0.05).
The higher feeding-induced 5-HT release, from reduced basal levels,
indicates a preserved ability of the obese rats to respond to this physiological
stimulus. The excess 5-HT was probably able to induce satiety, since no
hyperphagia was apparent during the 2h period of food availability.
Supported by a grant from FAPESP (Brazil).
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200.1

200.2

SYMPATHETIC NERVOUS SYSTEM (SNS) OUTFLOW FROM THE
CNS TO BROWN ADIPOSE TISSUE (BAT): A RETROGRADE STUDY
USING THE TRANSNEURONAL PSEUDORABIES VIRUS (PRV). &L
Bamshad*. V.T. Aoki. T.J. Bartness. Depts. Biol. & Psychol., Georgia State Univ.,
Atlanta, GA 30303.
BAT plays a major role in energy balance by regulating heat production. The
thermogenic activity of BAT is controlled by a rich SNS innervation. We examined the
CNS origin of SNS innervation of BAT by using PRV, a retrograde transneuronal
marker. We administered 5 injections of lOOnl PRV (1.0x10s pfu/jul) across the
interscapular BAT of Siberian hamsters and killed them 4 to 6 days later. The spinal
cord and the brain were stained immunocytochemically for PRV. In the spinal cord,
neurons infected with PRV woe found unilaterally in the intermediolateral horn. In the
brain, PRV labeling was bilateral with more neurons infected ipsilateral to the
injection site. Hamsters killed after 6 days had more PRV labeling than those killed
after 4 days. In the brain stem, PRV labeling was found primarily in the nucleus of the
solitary tract, area postrema, Cl and A5 cell groups, medial vestibular nucleus,
rostroventral, lateral and intermediate portions of the reticular nucleus, dorsal and
ventral parts of the medullary reticular nucleus, gigantocellular reticular nucleus and
caudal raphe. In the mid brain, PRV infection continued in the reticular nuclei, Cl and
A5 cell groups, caudal raphe, with labeled neurons also seen in the central gray. In the
hypothalamus, PRV infected neurons were found in the septum, medial forebrain
bundle, bed nucleus of the stria terminalis, medial preoptic area, medial amygdala,
suprachiasmatic nucleus, paraventricular nucleus, anterior hypothalamus, lateral and
dorsal hypothalamus, the arcuate, zona incerta, and premammilary nucleus. This
patten of SNS outflow to BAT is similar to the one we reported for the white adipose
tissue, but slightly different from that reported for the adrenal gland.
Supported by NIH ROl DK35254 & NIMH K02 MH00841

SEASONAL CHANGES IN ENERGY METABOLISM. I.E. Briggs. C.T.
Billington, W. Raabe* A.S, Levine, and C M . Kotz. University of
Minnesota, St. Paul MN 55108 and VA Medical Center, Minneapolis MN
55417
This study was undertaken to determine if seasonal alterations of energy
metabolism status occur in mature rats maintained in a constant
environment. Male Sprague Dawley rats (Harlan, Madison, WI) weighing
225-250 grams were individually housed in conventional hanging cages
with 12:12 photoperiod (lights on at 0700) in a temperature controlled room
(21-22°C). Teklad 8604 Lab Chow and water were allowed ad libitum. Rats
obtained in the middle of alternate months (N= 8 per month) were held
under the above conditions for eight days, then sacrificed at age 68.5 ±1.8
SEM days. Results averaged for the months of May, July, and September
comprise the category summer, those averaged for November, January, and
March form the category winter. Data were analyzed by ANOVA followed
by Fishers protected LSD t-test to compare treatment means. Parameters
significantly increased in winter compared to summer were: 24 hour food
intake (P=0.0001), arcuate-neuropeptide Y (NPY)-mRNA (P=0.0001),
p a ra v e n tric u la r
n u c le u s-N P Y -p ro te in
(P =0.0018),
3,3’,5triiodothyronine/thyroxine (T3 /T 4 ) ratio (P=0.0007), interscapular brown
adipose tissue (IBAT) uncoupling protein (P=0.0296), and IBAT-guanosine
5'-diphosphate bound (P=$.0302). Those decreased were: body weight
(P=0.0001), insulin (P=0.0001), insulin/glucagon ratio (P=0.0001), IBAT
cytochrome c oxidase activity (P=0.0001), T4 (P=0.0015), IBAT-lipoprotein
lipase (LPL)-mRNA (P=0.0370), and perirenal white adipose tissue LPLmRNA (P=0.0101). These data indicate seasonal changes in factors
influencing energy metabolism status. Support by the Dept of Veterans
Affairs, NIDA DAG3999 and NIDDK 50456.

200.3
FAWN-HOODED RATS WITH CONGENITAL SEROTONIN
ABNORMALITIES EXPRESS STRESS INDUCIBLE 70kDa HEAT SHOCK
PROTEIN (HSP72) IN BROWN FAT: IMPLICATIONS FOR
THERMOGENESIS. S. Mulugeta. B. Tedeschi/ M-T Maa. K. Guhl. N. Hawkins.
S.R. Shenov. J. Brocccoletti. & P.F. Aravioh. Eastern Virginia Med. Sch.,
Norfolk, Va 23501; VAMC, Hampton, Va 23667; Governor's School for Sci. &
Tech., Hampton, Va 23666; Hampton Univ., Hampton, Va 23668.
Fawn-Hooded (FH) rats have congenital serotonin abnormalities and are a
popular animal model of depression and alcoholism. Other abnormalities include
increased sympathetic nervous function, hypertension and glomerulosclerosis. We
previously reported evidence for metabolic inefficiency and increased brown
adipose tissue (BAT) weight (relative to total body weight) in FH rats. We also
found that adrenal glands in FH rats constitutively express the 70 kDa stressinducible heat-shock protein (HSP) known as HSP72. In addition to its role as an
intracellular chaperone, HSP72 has been linked to uncoupling protein and the
thermogenic effects of BAT sympathetic stimulation. This experiment tested the
prediction that FH rats (6 -mo. old females; n=5) will express greater BAT HSP72
compared to weight-matched Wistar strain controls (n=5). The tissue was taken
from animals in our previous FH experiment. It was homogenized in Laemmli
denaturation buffer and proteins separated by one dimensional SDS-PAGE.
HSP72 expression was assessed by SDS-PAGE immunoblots with a wellcharacterized antibody (C92) (StressGen). It was found that BAT HSP72
expression occurred in all FH rats but only one out of 5 Wistar rats. These data
are consistent with the conclusion that FH rats have an increase in sympathetically
mediated BAT thermogenesis. The data also demonstrate that the constitutive
expression of HSP72, previously observed in adrenal glands of FH rats, is not
specific to the adrenal gland and also occurs in BAT.

200.4
DISTRIBUTION OF KIR6.2 mRNA IN CNS NUCLEI CONTAINING
GLUCOSE RESPONSIVE NEURONS A A. Dunn-Mevnell*. N.Rawson. J.Ciu
& B.E.Levin. VA Med.Ctr. E. Orange, NJ 07018, Dept. Neurosci. NJ Med. Sch„
Newark, NJ 07103 & Monell Chemical Senses Inst., Phila., PA 19104.
The CNS contains glucose responsive neurons which react to elevated glucose
levels by increasing their firing rate or releasing neurotransmitters from their
terminals. This glucosensing mechanism may be important in the control of
systemic energy balance. Such neuronal glucosensing may be mediated by the
ATP-sensitive potassium channel, Kir6.2. This study mapped the distribution of
cells containing Kir6.2 mRNA in brain areas containing glucose reactive
neurons. In situ hybridization of a digoxigenin labeled antisense riboprobe for
Kir6.2 was examined in frozen sections of adult Sprague Dawley rat brain tissue.
Alkaline phosphatase enzymatic detection revealed Kir6.2 mRNA
heterogeneously distributed throughout the brain. The amount of this mRNA
(inferred from intensity of alkaline phosphatase staining) varied among brain
structures. Moderate to high levels of Kir6.2 mRNA were seen in areas in which
glucose responsive neurons are known to occur. These included the substantia
nigra (SN), locus coeruleus (LC), ventromedial hypothalamic nucleus and in the
dorsal and ventrolateral portions of the paraventricular hypothalamic nucleus.
Moderate levels of Kir6.2 mRNA were observed in the arcuate nucleus (ARC),
dorsomedial hypothalamic nucleus, and nucleus tractus solitarius. These areas
also contain glucose responsive neurons. Double labeling of sections for tyrosine
hydroylase immunoreactivity showed that many neurons containing Kir6.2
mRNA in LC, SN and ARC also expressed a catecholamine phenotype. These
results are consistent with the hypothesis that Kir6.2 modulates neuronal firing in
glucose responsive neurons, and that this may lead to alteration of catecholamine
release in some of these. (Supported by the Am.Diabetes Assoc, and the
Research Service of the DVA).
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200.5

200.6

GLUCOSE STIMULATION AND GLUCOSE INHIBITION
OF NEURONAL ACTIVITY IN VENTROMEDIAL
HYPOTHALAMUS BOTH REQUIRE GLUCOSE
METABOLISM BUT MAY INVOLVE DIFFERENT
GLUCOSE TRANSPORTERS. X. J. Yana*. L.-M. Kow. C.V.

EFFECT OF MICROINJECTION OF VASOACTIVE INTESTINAL
PEPTIDE (VIP) INTO THE PARAVENTRICULAR HYPOTHALAMIC
NUCLEUS (PVN) ON METABOLISM IN RATS. C.T.B.V.Zaia»1.
F.N.Trevisan1. E.B.Melo1. D.A.M. Zaia2. ’Dept. Ciéncias Fisiológicas and
2Dept. Química, Universidade Estadual de Londrina, 86051-970 Londrina,
PR, Brasil.
The effects of microinjection of VIP into the PVN on liver glycogen and
blood plasma metabolic parameters were investigated in anesthetized
adult Wistar rats. Microinjection of 40 ng /g body wt (0.8 ^l/min; 2 mM) of
VIP into the PVN increased blood plasma concentration of glucose (158.1 ±
10.4mg/dl), lipids (449.6 ± 16.2 mg/dl), triglycerides (201.4 ± 15.5 mg/dl),
and free fatty acids (FFA, 77.2 ± 9.8 (imoles/dl) within 10 min compared
with saline control group (121.5 ± 2.2 m g/dl; 319.5 ± 15.2 mg/dl; 126.3 ± 11.1
mg/dl; ± 51.6 ± 2.8 jimoles/dl, respectively), decreased cholesterol (49.8 ±
3.2 mg/dl; control group: 61.8 ± 2.9 mg/dl) after 5 min of microinjection, and
did not change blood plasma total protein and liver glycogen; after 30
minutes, those metabolic parameters reached control values. These
metabolic changes could be detected 5 min earlier when higher
concentration (80 n g /g body wt; 0.8 |il/min; 4 mM) of VIP was used, on the
other hand lower concentration (20 n g /g body wt; 0.8 ^il/min; 1 mM)
increased only blood plasma glucose. These results show that VIP
microinjected into the PVN causes changes in some metabolic parameters,
and it is involved in short-term modulation of the availability of glucose,
triglycerides, lipids, cholesterol and FFA.

Mobbs. Rockefeller University and Fishberg Center, Dept, of
Geriatrics, and Neural Aging Labs., Mt. Sinai School of
Medicine, New York, NY 10029.
The present study assessed the role of glucose
metabolism (blocked by 15 mM 2-deoxyglucose; 2-DG) and
Na+/glucose co-transporter activity (blocked by 10 mM
phlorizin) in the regulation of activity in hypothalamic neuronal
activity by glucose. Neurons which were either stimulated or
inhibited by the transition from 5 mM glucose to 20 mM glucose
were identified electrophysiologically in hypothalamic slice
preparations. Co-administration of 2-DG blocked excitation in
83% of the glucose-excited neurons, and blocked inhibition of
72% of glucose-inhibited neurons. Administration of 2-DG
excited neurons which had previously been inhibited by 20 mM
glucose. Co-administration of phlorizin blocked excitation of
100% of glucose-excited neurons, but blocked inhibition of only
25% of the glucose-inhibited neurons. These data suggest a
role for glucose metabolism and a member of the Na+/glucose
co-transporter family in the hypothalamic glucose sensing
system. Supported by NIH (DK 50110).

200.7

CENTRAL
ADMINISTRATION
OF
GLIBENCLAMIDE
DIMINISHES CLONIDINE-INDUCED FEEDING. J.K. Bounds.
P.R. Harp. D.S. Roane*. Pharmacology, Northeast Louisiana
University, Monroe, LA 71209.
The selective alpha-2 receptor agonist, clonidine has been
reported to stimulate feeding and induce analgesia in rats and
mice when administered directly into the ventricular system.
The ATP-sensitive potassium channel (K + ATP) blocker,
glibenclamide has been reported to diminish clonidine-induced
analgesia when both drugs are co-administered in the lateral
ventricle. The objective of our study was to investigate the
possible involvement of the K + ATP channel in alpha-2
mediated feeding. In this presentation we report that i.c.v. co
administration of 300 pmol glibenclamide significantly
attenuates the feeding response elicited by 20 nmol clonidine
in male S.D. rats (n = 7, p = 0.01). The dose of glibenclamide
used is 270-fold lower than the dose previously reported to
inhibit unstimulated feeding (Roane and Boyd 1993),
or
clonidine analgesia (Raffa and Martinez, 1995) We also
present evidence to suggest that glibenclamide, delivered as a
solution instead of a suspension, distributes more readily
throughout the brain. This work was supported by the School
of Pharmacy at NE LA University.

Supported by CNPq and CPG-UEL, Brazil.

200.8
CHOLINOTOXIC LESIONS OF THE NUCLEUS ACCUMBENS IN
THE RAT: BODY WEIGHT AND METABOLIC ALTERATIONS.
A. Hainall . M. Szekelv^. R. GalosP and L. L en ard ^ j Neurophvsiol.
Res. Group o f the Hung. Acad. Sci. at the Inst. Physiol., ^Dept. o f
Pathophysiol., Pecs Univ. Med. Sch. 7643 Pecs, Hungary, ^Dept. Zool.
& Neurobiol., Janus Pannonius Univ., Pecs, 7622 Pecs, Hungary.
Cholinotoxic (AF64A) lesions o f the nucleus accumbens (NAcc)
caused a long-term reduction o f body weight gain despite an increase in
feeding. A motivational deficit was found in response to 24 h food
deprivation (FD), which disappeared after 48 h FD. No obvious motor
disturbances or sensory deficits were observed. The spontaneous
locomotor activity o f the lesioned animals was reduced, but it returned
to normal following 24 h FD. Blood glucose, insulin and thyroid
hormone levels were in the physiological range. Although the lesions
did not affect the resting metabolic rate, the adaptive decrease in the
metabolism in response to starvation was absent in the lesioned
animals. Furthermore, the course and extent o f temperature reduction
due to the cold-exposure was greatly attenuated. Results suggest that
the accumbens cholinergic interneurons play a role in the maintenance
o f body weight. The altered regulation observed after the lesions is
partly due to the enhanced metabolic responsiveness to non-specific
stimuli.
This work was supported by OTKA T022127 and IBRO Travel Grants (to A.H.).
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EFFECT OF NOR-BINALTORPHIMINE ON OPERANT
RESPONSES FOR SUCROSE REWARD IN FOOD-SATED RATS.
C. Barton *. M. Dowdy. M. Chencharick. B. York and S. Bilveu.
Department of Psychology, Tennessee Technological University,
Cookeville, TN 38505.
Previous research has implicated kappa-opioids in the regulation of
dietary macronutrient selection in rats. Specifically, kappa-opioid
agonists stimulate, while antagonists suppress, dietary fat selection
and intake. More recent research has demonstrated that the highly
selective kappa agonist U50488 stimulates operant responses for
sucrose reward in rats sated both to lab chow and sucrose reward.
This would suggest that kappa-opioids might not be discriminatory
modulators of dietary fat selection and consumption. To test this
hypothesis 10 male Sprague-Dawley rats were injected with norBinaltorphimine (n-BNI) in a dose response study (0, 1, 5, 10, & 20
ug/ICV) to determine the effect of this highly selective kappa-opioid
antagonist in food-sated rats trained to bar press for a pure sucrose
pellet (45 mg) reward on a continuous reinforcement schedule. Doses
of 10 & 20 ug produced significant suppressions of responses for
sucrose reward and consumption of sucrose pellets as compared to
vehicle control condition. Doses of 1 & 5 ug failed to produce
significant effects as compared to the vehicle control condition. This
experiment provides further evidence that kappa-opioids do not exert
modulatory control upon dietary fat macronutrient selection. From
these findings and others from this laboratory, we theorize that kappaopioids modulate consumption based upon reward value rather than
macronutrient content.
This research was supported by TTUFR grant #9057 to C. Barton
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201.2

UROCORTIN IN THE PARAVENTRICULAR NUCLEUS DECREASES
FEEDING IN THE RAT. C M. Kotz », C. I. Billington and A. S. Levine.
Minnesota Obesity Center, V.A. Medical Center and University of
Minnesota, St. Paul and Minneapolis, MN 55417
Urocortin is a recently identified member of the corticotrophin releasing
factor family of peptides that decreases feeding after intraventricular
injection. The specific site of urocortin action is not known, but one
possibility is the hypothalamic paraventricular nucleus (PVN), an
important site regulating ingestive behavior. The present study was
undertaken to determine whether urocortin acts in the PVN to decrease
feeding induced by 3 stimuli: 24 h food deprivation, PVN neuropeptide Y
(NPY, a potent orexigenic agent) adm inistration and peripheral
butorphanol (BT, opioid agonist). To test this, male Sprague Dawley rats
were implanted with a cannula placed into the PVN and injected with
urocortin (0.05 and .5 ug) or artificial CSF after 24 h food-deprivation,
and urocortin (.5 ug) or artificial CSF just prior to NPY (0.5 ug) or BT
injection (4 mg/kg). The high dose of urocortin (0.5 p.g) significantly
decreased deprivation-induced feeding at 1, 2, 4 and 24 h post-injection
whereas the low dose of urocortin (0.05 |ig) significantly decreased
deprivation-induced feeding at 4 and 24 h post-injection. PVN NPY
significantly increased feeding at 1, 2 and 4 h following injection, and
PVN urocortin (0.5 ug) blocked this effect. BT significantly increased
feeding above controls at 1, 2 and 4 h post-injection, an effect which was
significantly decreased by PVN urocortin (0.5 ug) administration. These
data support a role for the PVN in urocortin action, and indicate that
urocortin may influence NPY downstream signaling pathways and may
interact with the opioid system to suppress feeding behavior. Supported
by the Dept, of Veterans Affair, NIDA DA03999 and NIDDK DK 50456.
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201.3
EFFECTS OF NALTREXONE ON FEEDING INDUCED BY DAMGO IN THE
AMYGDALA AND IN THE PARAVENTRICULAR NUCLEUS IN RAT. S,
Q. Giraudo *. C. I. Billington and A. S. Levine. Minnesota Obesity Center,
V.A. Medical Center and University of Minnesota, S t Paul and Minneapolis,
MN 55417
The paraventricular nucleus of the hypothalamus (PVN) and the central
nucleus of the amygdala (CNA) are two forebrain structures which are
important in regulation of ingestive behavior. DAMGO is one of the most
reliable and potent opioid ligands that increases feeding in both of these
brain nuclei. Administration of naloxone, an opioid antagonist, into the CNA
prior to DAMGO blocks DAMGO-induced increases in food intake. It has
been suggested that CNA may modulate activity of midbrain and caudal
brainstem centers via the hypothalamus. Based on these data, we evaluated
whether an opioid-opioid interaction is present between the CNA and PVN
which might affect feeding behavior. To test this, rats were doubly
cannulated with 1 cannula placed in the PVN and 1 cannula in the CNA,
allowing for co-administration of opioid agonist into the PVN and opioid
antagonist into the CNA, and vice versa. CNA DAMGO (2 nmol) increased
feeding more than two fold compared to the vehicle-injected rats. When
doses of 10, 12.5 and 25 ng of NLTX were injected into the PVN, CNA
DAMGO no longer increased food intake above control levels. In the reverse
situation, PVN DAMGO also increased food intake above control levels.
However, when CNA naltrexone was administrated at a relatively high
dose (25 jag) failed to alter PVN DAMGO-induced feeding. This suggests
that an opioid-opioid signalling pathway exists from the CNA to the PVN
which influences feeding via mu opioid receptors, whereas such a pathway
from the PVN to the CNA does not seem to exist Support by the Dept of
Veterans Affair, NIDA DA03999 and NIDDK DK 50456.

201.4
REPEATEDLY RESTRICTED FOOD ACCESS COMBINED WITH
HIGHLY PALATABLE DIET LEADS TO OPIATE-LIKE
WITHDRAWAL SYMPTOMS DURING FOOD DEPRIVATION IN
RATS. C. Colantuoni. J. McCarthy. G. Gibbs. E. Searls. S. Alisharan.
B.G. Hoebel*. Dept, of Psychology, Princeton University, Princeton, NJ
08544-1010.
To investigate the roles of diet palatability and temporal restriction of
food access in opioid functioning, rats were placed on a cycle with 12 hour
periods of access to chow and 25% glucose solution, alternating with 12
hour periods of fasting, for 8 days. As a result, rats exhibited withdrawal
symptoms over an ensuing 12-48 hours of complete food deprivation.
These symptoms were exacerbated by administration of naloxone, an
opiate-receptor blocker. Follow-up studies examined the effects of other
schedules of food access. Rats provided with 2 hours access to palatable
food, twice per day, emitted the strongest withdrawal response to complete
food deprivation or naloxone administration. These findings suggest that
“binge eating” in rats affects endogenous opioid functioning such that food
deprivation causes physical withdrawal symptoms. Supported by USPHS
grant N S30697 and DA 10608.

201.5
OPIOID MODULATION OF TASTE AND MACRONUTRIENT
PREFERENCE: INVOLVEMENT OF THE NUCLEUS ACCUMBENS.
M. Zhang. A. E. Kelley. B. Gosnell . D. Krahn*.Dept. Psychiatry, Univ.
Wisconsin-Madison, Madison, WI 53719, Neuropsychiat. Res Inst., Fargo, ND
Our previous studies have demonstrated that the opioid systems within nucleus
accumbens (Acb) play an important modulatory role in ingestion of sweet substances
in satiated rats. The present studies have designed to further investigate the nature of
feeding induced by opioid stimulation of the nucleus accumbens. A group of studies
examined salt solution intake, water intake, and macronutrient selection following
intra-accumbens infusion of the mu receptor agonist DAMGO. In non-deprived rats,
intra-Acb microinjection of DAMGO (0, 0.025, 0.25, 2.5 |ig/0.5 p.1) significantly
increased the intake of 0.6% salt solution at the medium dose (0.25 |ig), while
leaving water drinking unchanged in mildly water-deprived rats. In further tests on
free feeding rats, intra-Acb administration of DAMGO markedly enhanced intake of
carbohydrate or fat within a 3-hour test session, when the diets were present
individually. Intra-Acb injections of DAMGO, however, produced potent preferential
stimulatory effects on fat ingestion with no effects on carbohydrate ingestion, when
both fat and carbohydrate were present simultaneously. Moreover, this selective
stimulation on fat intake was independent of baseline diet preference and could be
blocked by systemic injection of naltrexone (5 mg/kg). Finally, we examined the
effect of hunger on diet preference in hungry rats with access to both carbohydrate and
fat after 24-hour food deprivation in order to compare the profile to DAMGO-induced
feeding. The results indicated that deprivation significantly increased intake of both
diets to the same extent, in contrast to the DAMGO-induced selective change in diet
preference. Systemic injection of naltrexone (5 mg/kg) significantly inhibited
deprivation-induced fat intake but not carbohydrate intake. These findings provide
further evidence to support the hypothesis that endogenous opioids are involved in
the modulation of taste and palatability, particularly with regard to highly preferred
foods such as fats. Grant# DA 09311, National Institute on Drug Abuse

201.6

201.7
C-FOS ACTIVATION BY NALTREXONE IN FOOD-RESTRICTED AND AD
LIBITUM FED RATS. K.D. Carr*. T.H. Park. Y. Zhang and E.A. Stone.
Department of Psychiatry, NYU Sch. of Med., New York, NY 10016.
Chronic food restriction is accompanied by a variety of physiological and
behavioral adaptations aimed at the maintenance of energy homeostasis.
Some of these adaptations may be mediated by the brain opioid system
since regional changes in levels of dynorphin peptides, Prodyn and POMC
mRNA, and opioid receptor binding have been observed. Because the
cellular response to opioid binding includes inhibition of Ca++ conductance
and cAMP formation, it was hypothesized that naltrexone would trigger
rebound activation of c-Fos in cells that are inhibited by opioid
neurotransmission during food restriction. Fourteen food-restricted rats
were fed 10 g of Purina chow per day for two weeks while fourteen ad
libitum fed rats consumed >20 g per day. All were habituated to s.c. saline
injection. On day 15, 90 min prior to sodium pentobarbital administration
and sacrifice, half of the rats in each group were injected with naltrexone
(6.0 mg/kg, s.c.) and half with saline. Brains were processed for c-Fos
immunostaining and labeled cells were counted in 18 hypothalamic and
forebrain regions using a computer-assisted imaging system (MCID).
Naltrexone, as compared with saline, increased c-Fos immunostaining in
ventral lateral hypothalamus (mean ± s.e.m.: 85 ± 15 ys 55 ± 10 cells per
unilateral field), dorsomedial hypothalamus (160 ± 36 vs 103 ± 26), and
arcuate hypothalamus (45 ± 4 ys 20 ± 2) of food-restricted rats. In ad
libitum fed rats, naltrexone increased staining in laterodorsal bed N. stria
terminalis (95 ± 10 vs 49 ± 5) and central amygdala (96 ± 29 v§ 17 ±
3). The possible functional significance of these findings will be discussed.
Supported by DA03956 and K02 DA00292 from NIDA/NIH.
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DO DIFFERENT SUBREGIONS WITHIN THE NACC PLAY
DIFFERENT ROLES IN THE MEDIATION OF OPIOID-INDUCED
ENHANCEMENT OF FEEDING? S. Pecina* and K. C. Berridee.
Department of Psychology, University of Michigan, Ann Arbor, MI
48109.
Opioid agonists in the nucleus accumbens (NAcc) are known to enhance
feeding. The NAcc can be divided into core and shell subregions, which
have different afferent and efferent connections. Kelley and colleagues
have shown that the shell is especially important in mediating feeding
elicited by glutamate antagonists.
The purpose of this study was to investigate whether the shell and core
play different roles in the mediation of opioid-induced feeding behavior.
Intracranial cannulae were implanted bilaterally in either shell or core of
the NAcc at three different rostral-caudal levels (A= 2.2; A=l,6; A= 1.0).
During the testing days rats were bilaterally injected with 0.5 ng of
morphine in a volume o f 0.5 |il. We identified a positive zone where
morphine increased feeding corresponding largely to the medial shell of
the NAcc. This positive zone was surrounded by negative sites in the core
and other regions of the shell. Feeding evoked by positive sites could be
blocked by systemic administration o f the opioid antagonist naloxone.
The results of this mapping study indicate that opioid-induced feeding is
localized to a specific subregion in the NAcc.

201.8

ROLE OF THE CENTRAL NUCLEUS OF THE AMYGDALA IN
NALOXONE BLOCKADE OF NPY INDUCED FEEDING j[Q
Pomonis*, AS LeYine and CJ Billington. Graduate Program in
Neuroscience, University of Minnesota, Minneapolis, MN and
Minnesota Obesity Center, Minneapolis, MN 55417
Neuropeptide Y (NPY) exerts its orexigenic effects primarily at the
paraventricular nucleus of the hypothalamus (PVN). A highly
effective method for inhibiting the effects of PVN injected NPY is
administration of the opioid antagonist naloxone (NLX), suggesting a
critical NPY-opioid interaction. However, it is known that NLX and
NPY act at separate sites. Two sites have been identified which are
sensitive to NLX in this regard, the nucleus of the solitary tract and the
central nucleus of the amygdala (CNA). We have previously shown
that the CNA is responsive to both peripheral NLX and PVN NPY,
suggesting an integration of responses at this site.
In the present study, we show that peripheral administration of NLX
at doses of 1 or 3 m g/kg induces c-fos expression in the CNA, but that
the level of c-fos expression does not increase with increasing dose of
NLX. Using double-labeling techniques we have found that the
naloxone-induced cFos-immunoreactive (cFos-IR) cells in the CNA are
not immunoreactive for dynorphin A or met-enkephalin.
We also show that PVN injection of 1 ng NPY results in significant
increases in cFos-IR in both the PVN and the CNA. The NPY-induced
cFos-IR cells in the CNA were not immunoreactive for dynorphin A,
while those in the PVN were not immunoreactive for enkephalin or
oxytocin, and less than 5% of the cFos-IR cells in the PVN were
immunoreactive for vasopressin. Supported by NIH DK 42698, NIDA
DA 03999 and the Dept, of Veterans Affairs.
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NALOXONE’S EFFECT UPON FOOD MOTIVATED BEHAVIOR IN THE
OBESE ZUCKER RAT MJ Glass E O'Hare J Clearv CJ Billinpton AS
Levine*. Minnesota Obesity Center, and Departments o f Psychology
And Medicine, University o f Minnesota, Minneapolis, MN
The hyperphagia displayed by the obese Zucker rat may reflect an
increase in the motivation for food, or an alteration in some other
mechanism. We first investigated whether free-fed obese and lean
Zucker rats exhibited differences in food motivated behavior as
measured by the progressive ratio (PR) schedule. This schedule
requires subjects to increase the number o f responses necessary to
obtain successive reinforcers. A point is reached where the response
requirement becomes so large that the subject fails to further respond.
The final ratio completed, termed the break point (BP), serves as a
measure o f the motivation for the final pellet received. Break points
were higher in obese, as compared to lean Zucker rats whether the
reward was a grain-based (BP 27.5 versus 9.5, p=.01) or sucrosebased (BP 51.6 versus 38.5, p=.31) pellet. Given that naloxone
attenuates the hyperphagia in Zucker rats, and has been shown to
reduce break points for foods, w e investigated whether naloxone
would effect food motivated behavior in Zuckers. Naloxone (0.0 - 3.0
mg/kg) reduced break points in both lean and obese Zucker rats when
the reward was either a grain-based (2-65% [obese], 0-63% [lean]), or
sucrose-based (14-36% [obese], 2.5-47% [lean]) pellet. These data
demonstrate that obese Zucker rats will perform work to obtain food
even under satiated conditions, and naloxone reduces food motivated
behavior under these circumstances. Supported by NIDA DA03999,
T32 DA07097, and the D ept of Veterans Affairs.

SEROTONIN AND BEHAVIOR I
202.1
THE ROLE OF OF 5HT1A AND IB RECEPTORS IN ULTRASONIC
VOCALIZATION AND MOTOR ACTIVATION OF INFANT 5HT1B
KNOCKOUT AND WILD TYPE MICE. D. Brunner. M. Hofer* and R.
Hen. Dept, of Psychiatry and Pharmacology, Columbia Univ. @ New
York State Psychiatric Institute, New York, NY 10032.
We studied the role of the serotonergic system in the early
development of anxiety using 5HT ib receptor knockout (KO i b ) mice.
We measured- ultrasonic vocalizations (USV) produced by 7 day old
mouse pups separated for 2 min from mother and litter in a novel test
box at 30 C as an estimate of isolation-induced anxiety. KO ib PuPs
vocalized less and showed higher motor activity levels than the wild
type of the same genetic background. RU24969, a potent 5HT i b / i a
agonist, dose-dependently reduced USV in the wild type and had a
reduced effect in the K O ib pups. RU24969 also induced
hyperlocomotion in the wild type, and to a lesser extent, in the KO ib
mice.
The 5HT ja antagonist WAY100635, which had no effect on either
genotype when injected alone, completely blocked the effects of
RU24969 on USV in both genotypes. It also reduced the
hyperlocomotor effect in the wild type and completely blocked it in
the KO ib mice.
Thus, activation of both 5HT ja and 5HT jb receptors resulted in an
increase in locomotion. The anxiolytic action of RU24969 in the wild
type was probably mediated by 5HT ia receptors. In the KO ib pups,
on the other hand, the reduced effect of RU24969 on USV suggests a
functional downregulation of 5HT i a receptors maybe secondary to
the early gene deletion. Selective activation of 5HT ib receptors in the
wild type failed to further increase USV (possibly due to a "ceiling"
effect induced by our testing conditions).
Support: NIH MH18264.

2 02.3
STRAIN DIFFERENCES IN RATS THAT MAY BE RELATED
TO DRUG RESISTANT DEPRESSION: A BEHAVIORAL
AND PHARM ACOLOGICAL INVESTIGATION. M. BarlcellsOlivero*. M.S. Cousins. B. Carlson. D.H. OverstreetA. L.S. Seiden. Dept of
Pharmacol & Physiol Sciences, Univ of Chicago, 947 E 58th St, Chicago IL
60637 and ADept of Psychiatry, Univ of North Carolina, Chapel Hill, NC 27599.
Separate temperature and operant responding studies were conducted
comparing two outbred stocks of rats (Harlan Sprague-Dawley (HARL) and
Holtzman (HOLTZ)) and two stocks of rats selectively bred for their hypothermic
temperature response to the 5HT1A agonist 80HDPAT (High 80HDPAT
Sensitive (HDS) and Low 80HDPAT Sensitive (LDS)). On the day of
temperature testing, rats were placed in a chamber maintained at 22.5±0.5°C and
core temperature was recorded from implanted minimitters. Rats had similar
baseline body temperatures (approx. 37°C). The hypothermic effects of
80HDPAT (0.1-1.0 mg/kg s.c.) were attenuated in LDS (-0.25°C with 0.1 mg/kg)
as compared to HDS rats (-2°C with 0.1 mg/kg) and attenuated in HOLTZ (-1.7°C
with 0.1 mg/kg) as compared to HARL rats (-2.4°C with 0.1 mg/kg 80HDPAT).
Rats were trained on a differential reinforcement of low rates of responding 72-sec
(DRL72) schedule, a behavioral screen for putative antidepressants. LDS and
HOLTZ rats lever pressed at higher rates and received fewer reinforcements than
the HDS and HARL rats, respectively. Although HOLTZ rats subsequently
treated with 80HDPAT (0.05-0.2 mg/kg s.c.) showed an initial antidepressant
like effect on the DRL72 schedule, the HOLTZ rats were resistant to 80HDPAT
as compared to HARL rats. Similar studies comparing the HDS/LDS rats
response to 80HDPAT on the DRL72 schedule are currently underway. The
relative resistance of the LDS and HOLTZ rats as compared to their respective
stocks may be useful for exploring the genetic bases of drug resistant depression.
(Supported by PHS MH-11191, PHS T32-DA-07255, and RSA MH-10562)
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202.2

DOPAMINERGIC COMPENSATIONS IN KNOCKOUT MICE LACKING THE
SEROTONIN IB RECEPTOR. K. Scearce*. S. Kassir. J. Lucas. N. Castanon. L.
Segu. V. Arango and R. Hen. Center for Neurobiology and Behavior, Columbia
University, NY, NY 10032.
Mice lacking the 5-HT1B receptor subtype (5-HT1B -/-) show heightened
vulnerability to drugs of abuse, as evidenced by increased self-administration of
alcohol and cocaine and an enhanced locomotor response to cocaine. However, wildtype mice given the 5-HT1B receptor antagonist GR 127935 do not display increased
responses to cocaine. To determine whether the behavioral differences seen in -/- mice
are mediated directly by the 5-HT system or stem from developmental compensations
in the dopamine (DA) system, we assessed the locomotor response to acute i.p.
injections of specific dopaminergic agents. The DA uptake blocker GBR 12909 (5
and 10 mg/kg) increases locomotion in both genotypes, but -/- mice show three
times more locomotor activation. The D1 receptor agonist SKF 81297 (2 and 8
mg/kg) stimulates locomotion to a similar degree in both genotypes, although it
increases locomotion significantly more in -/- mice during the first 20 minutes post
injection.
The fact that drugs that act specifically on the DA system cause profound
behavioral differences in the 5-HT1B -/- mice suggests that compensatory changes in
DA function have occurred. To further explore this, autoradiographic studies
compared receptor binding in the two genotypes. Mutant mice show a slight increase
in [3H]-mazindol binding to the DA transporter (15%) in the dorsolateral striatum.
Binding of [3H]-SCH 23390 to the D1 receptor is increased (20%) in the anterior
ventrolateral striatum, while [3H]-sulpiride binding to D2 receptors is unchanged in
the striatum. Northern blot analysis shows an increase of D1 mRNA but not D2
mRNA in whole striatum. The -/- mice also show decreased binding of [3H]cyanoimipramine to the 5-HT transporter (20%). Taken together, the results of these
behavioral and receptor binding experiments suggest that 5-HT IB -/- mice have
heightened dopaminergic activity in the CNS. These dopaminergic changes may
underlie their increased vulnerability to drugs of abuse. [DA09862, MH46745 and a
HHMl predoctoral fellowship (K.S.)]

202.4
ESTROGEN’S ATTENUATION OF THE INTRACEREBRAL
EFFECTS OF 8-OH-DPAT VARY WITH THE SITE OF
INFUSION IN THE MEDIOBASAL HYPOTHALAMUS.
A. Trevino. A. W olf. A. Jackson. M. Caldarola-Pastuszka.
M. DeLashaw. M. Droge* and L. U phouse. Department of Biology,
Texas Woman's University, Denton TX 76204.
Infusion of the 5-HTi a receptor agonist, 8-OH-DPAT, into the
vicinity of the ventromedial nucleus of the hypothalamus (VMN)
inhibits lordosis behavior. In earlier studies, we observed the
possibility of a rostral/caudal gradient within the mediobasal
hypothalamus such that drug infusions into more rostral locations were
less effective in inhibiting the behavior. We have also demonstrated
that estrogen reduces the effectiveness of the drug in inhibiting
lordosis behavior. In the current study, effects of 8-OH-DPAT
(200 to 2000 ng) were examined in ovariectomized, hormone-primed
rats with cannulae tips positioned along a rostral/caudal gradient near
the VMN. After one hormone priming (25 \Lg estradiol benzoate plus
500 jig progesterone), 8-OH-DPAT was less effective when cannulae
tips were located in the anterior hypothalamus or anterior VMN. After
two hormone primings (25 jig estradiol benzoate, 25 (ig estradiol
benzoate, 500 |lg progesterone), with estrogen treatments 7 days
apart, the drug's effect was greater in the rostral sites. Thus, there
may be a rostral/caudal gradient in estrogen's effect on 8-OH-DPAT.
Regions where 8-OH-DPAT's effect is modulated by estrogen
treatment may overlap regions reported to have high concentrations of
intracellular estrogen receptors.
Research supported by NIH R01 HD28419, R O l MH51568 and
GM08256.
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202.5
INTRACEREBRAL INFUSION WITH FORSKOLIN PROTECTS
AGAINST THE EFFECTS OF 8-OH-DPAT ON LORDOSIS
BEHAVIOR. L. Uphouse*. S. Maswood. A. Jackson. L. SinclairWorlev. and M. Caldarola-Pastuszka. Department o f Biology, Texas
Woman's University, Denton TX 76204.
The 5-HT ia receptor agonist, 8-OH-DPAT, inhibits lordosis
behavior following bilateral infusion into the VMN, but the
mechanisms responsible for these effects of 8-OH-DPAT are
unknown. Agonist activation of 5-HT ia receptors inhibits adenylate
cyclase or opens K+ channels via coupling to G-proteins and either or
both of these effects may be responsible for 8-OH-DPAT's inhibition
of lordosis behavior. In the following experiments, the ability of
forskolin, which activates adenylate cyclase, to protect against the
effects of 8-OH-DPAT were examined. Proestrous rats were infused
bilaterally into the VMN with forskolin prior to infusion with
8-OH-DPAT. Control rats were preinfused with saline or received no
prior infusion. All rats received bilateral infusion with 200 ng
8-OH-DPAT and sexual behavior was monitored for 30 consecutive
minutes thereafter. When 1.5 to 2 hr separated the infusions with
forskolin and 8-OH-DPAT, forskolin significantly attenuated the
effects of 8-OH-DPAT. When forskolin preceded 8-OH-DPAT 1 hr
or less or by more than 2.5 hr, little protection from the 5-HT ia
agonist was evident. Future studies will be required to determine if
forskolin's ability to attenuate the effects of 8-OH-DPAT are the result
of its well-known stimulatory effect on adenylate cyclase.
Research support by NIH ROl HD28419 and by ROl MH51568.
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202.6
IMMOBILITY IN MALE AND FEMALE FISCHER RATS DURING
THE FORCED SWIM TEST. M. DeLashaw. C. DeLeon. J. Hines*
and L. Uphouse. Department of Biology, Texas Woman's
University, Denton TX 76204.
Immobility in rats during the forced swim test (FST) has been used
to investigate drugs thought to have antidepressant activity. Relative to
several other rat strains, Fischer inbred rats have been reported to
show low levels of forced swimming-induced immobility. In the
following studies, the effect of forced swimming on immobility in
male and female Fischer rats was re-examined. In the first experiment,
male rats were either handled or not handled prior to FST, which was
conducted during either the light or the dark phase of the light/dark
cycle. Immobility, assessed 4 hr after an initial 15 min of forced
swimming, developed in all treatment conditions. In the second
experiment, ovariectomized female rats were tested during the dark
portion of the light/dark cycle. A five min test session was performed
either 4 or 24 hr after the pretest. The effects of 8-OH-DPAT on
immobility were also examined. In saline-treated rats, immobility was
present both 4 and 24 hr after forced swimming; 8-OH-DPAT
increased immobility at both time intervals. In preliminary studies
with male rats, the effects of 8-OH-DPAT were time-dependent with
an increase in immobility at the 4 hr test interval and a reduction in
immobility at the 24 hr test interval. These findings are suggestive of a
gender difference in the effects of the 5-HTi a receptor agonist on
forced-swimming-induced immobility.
Research supported by NIH ROl HD28419, ROl MH51568 and
TARP 003646-011.

202.7
SEROTONIN RECEPTOR INTERACTION IN THE MODULATION
OF FEMALE RAT LORDOSIS BEHAVIOR. N. Maswood*.
M. Caldarola-Pastuszka. and L. Uphouse. Department o f Biology,
Texas Woman’s University, Denton TX 76204.
VMN infusion with 5-HT inhibits female rat lordosis behavior, but
drugs with preferential action at select 5-HT receptor subtypes can
either facilitate or inhibit the behavior. Thus, the behavioral change
resulting from 5-HT requires balanced functioning of many receptor
subtypes. We have shown that inhibition of lordosis behavior occurs
following VMN infusion with the 5-HT ia receptor agonist, 8-OHDPAT, the 5-HT2A/2C receptor antagonist, ketanserin, or the 5-HT3
receptor antagonist, tropisetron. Moreover, the 5-HT2A/2C receptor
agonist, DOI, protects against the effects o f 8-OH-DPAT. In the
current study, such interaction across receptor subtypes was extended
to include the 5-HT3 receptor. Hormone-primed, ovariectomized rats
received VMN infusion with the 5-HT3 receptor antagonist,
tropisetron (500 ng), plus or minus DOI (500, 1500, or 2000 ng).
In a separate experiment, rats were infused with 8-OH-DPAT (200 ng)
plus or minus the 5-HT3 receptor agonist, mCPBG (250, 500, or
1000 ng). DOI protected against the lordosis-inhibiting effects of
tropisetron and mCPBG protected against the effects of 8-OH-DPAT.
These findings substantiate the complexity of 5-HT's function within
the VMN and reinforce the importance of receptor subtype interaction
in functional changes produced by the endogenous neurotransmitter.
Supported by NIH ROl HD28419, ROl MH51568, TARP 003646011 and by a TWU REP grant.

202.8
RU 24969 DECREASES BRAIN STIMULATION REWARD: AN EFFECT
REVERSED BY THE SEROTONIN-1 B RECEPTOR ANTAGONIST GR127935.
A.A.Harrison. L.H. Parsons. G.F. Koob. A. Markou*. Dept, of
Neuropharmacology, The Scripps Res Inst, La Jolla, CA 92037.
The effects of serotonin-1 B (5-HT 1B) receptor agonism and
antagonism on intracranial self-stimulation (ICSS) reward were
examined using a current threshold ICSS paradigm. Male Wistar rats
were prepared with bipolar electrodes in the lateral hypothalamus.
When stable baseline thresholds were established, 5 doses of the
relatively selective 5-HT1B receptor agonist RU 24969 (0-1 mg/kg,
SC) were administered. This compound dose-dependently elevated ICSS
thresholds, a measure of reward, without significantly affecting
response latencies, a measure of general motoric activity. Following a
2 week drug-free period, four doses of the 5-HT1B receptor
antagonist GR127935 (0-10 mg/kg, SC) were administered.
Antagonism of this receptor had no significant effect on either
thresholds or response latencies. The rats then received the 1 mg/kg
dose of RU 24969 which again significantly elevated thresholds.
However, pretreatment with an intermediate dose of GR127935 (3
mg/kg), which was previously without effect on ICSS behaviour,
reversed the threshold-increasing effects of the RU 24969. The
blockade of this effect by the selective 5-HT1B antagonist GR127935
suggests that this drug-effect is primarily mediated through the 5HT1B receptor agonist action of this compound. The attenuation of ICSS
reward by 5-HT1B receptor agonism is in contrast to the reward
potentiating effects of this compound on cocaine self-administration. A
similar profile has been observed with direct dopamine agonists.
Supported by DA00213 (AM) and DA04398 (GFK).

202.9
HYPOTHALAMIC SEROTONIN OVERFLOW AND LORDOSIS BEHAVIOR IN
STEROID-PRIMED RATS: EFFECTS OF LOCAL TFMPP ADMINISTRATION.
T. Westin, P. Johnson. S. Houghton, and K. Renner* Department of Biology,
University of South Dakota, Vermillion, SD 57069.
In an earlier study we demonstrated that systemic administration of TFMPP, a
5HTib/lc agonist, increased hypothalamic 5HT overflow and reversibly suppressed
lordosis behavior in rats primed with estrogen (E) and progesterone ([P]; Voorhis et
al., Neurosci. Abst. 26: 917, 1996). The present study was initiated to determine if
local perfusion of TFMPP into the hypothalamus affected lordosis and 5HT in a
manner consistent with the systemic effects of the drug.
Two to four days after implantation of a bilateral guide cannula directed towards the
ventromedial hypothalamus, ovariectomized rats were primed with 5 jig E. The rats
were implanted with microdialysis probes and injected with 0.5 mg P 21 hrs later.
Lordosis behavior was pretested approximately 6 hrs after P (LQ = 86 + 5). At this
time, the 5HT baseline determined from perfusates measured at 20 min intervals was
stable. One to two hrs after the pretest, the rats were treated with 50 jiM TFMPP in
artificial CSF. This concentration of TFMPP effectively elevates hypothalamic 5HT
in males (Auerbach et al., Neuropharm.. 30:307,1991). The drug was delivered via
the probes for 40 min at a flow rate of 0.42 jil/min. Behavior was tested 20 min after
the drug had reached the hypothalamus. TFMPP inhibited lordosis (LQ =18 + 6) and
increased hypothalamic 5HT approximately 1000 % in the second post-treatment
sample. The drug effects on both hypothalamic 5HT and behavior were reversed
after 120 minutes. The marked increase in 5HT induced by TFMPP treatment most
likely resulted in the activation of multiple 5HT receptor subtypes (Auerbach et al.,
Neuropharm.. 30:307, 1991) with a net inhibitory effect on lordosis. Evaluation of the
effects of additional TFMPP concentrations and other serotonergic agents is in
progress, (supported.by NSF grants IBN-9596009, OSR-9108773 and HHIM 71195539501)

202.10
A 5-HTib ANTAGONIST BLOCKS EFFECTS OF RU 24969 ON
LOCOMOTOR, BUT NOT INVESTIGATORY, ACTIVITY IN RATS. D.L.
Martinez1* and M.A. Gever1,2. Departments of Neuroscience1 and Psychiatry2,
University of California, San Diego, La Jolla, CA, 92093-0804.
RU 24969 is a mixed 5-HTia/ib agonist with a higher affinity for 5-HTm
receptors. Systemic administration of RU 24969 results in concomitant increases
in locomotor activity and decreases in investigatory behaviors in the rat Studies
in this and other laboratories have attempted to elucidate the neural substrates
underlying these RU 24969-induced changes in behavior. The current study was
conducted using the Behavioral Pattern Monitor (BPM) to measure locomotor
activity and investigation. The relative contributions of the 5-HT1A and 5-HTm
receptors have been difficult to identify due to the lack of receptor specific ligands.
A putative selective 5-HTlB antagonist, GR 127,935 (3.0 mg/kg; SC) was utilized
to address the possible contribution of the 5-HTiB receptor in RU 24969-induced
(2.5 mg/kg; SC) changes in locomotor activity and investigatory behaviors.
Pretreatment with GR 127,935 prevented RU 24969-induced increases in
locomotor activity. Conversely, GR 127,935 pretreatment failed to attenuate RU
24969-induced decreases in investigation. The possible contribution of the 5HT2A receptor to RU 24969-induced changes in locomotor activity and
investigation was examined using the putative selective 5-HT2A antagonist MDL
100,907. Pretreatment with MDL 100,907 (0.3 and 1.0 mg/kg; SC) failed to
reverse RU 24969 induced hyperlocomotion without decreasing activity on its
own. Like GR 127,935, MDL 100,907 also failed to attenuate RU 24969-induced
decreases in investigation. Taken together, these data suggest that RU 24969induced changes in locomotor activity are mediated by 5-HT1B receptors.
Supported by grants from NIDA and NIMH (DA02925 and MHO1223).
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5HT-1A RECEPTOR ACTIVATION MODULATES THE RATE OF
ISOLATION-INDUCED ULTRASONIC VOCALIZATIONS IN RAT
PUPS IN AN AGE-DEPENDENT MANNER. S.E. Carden & M.P.
Joyce*. Dept, o f Developmental Psychobiology, College o f Physicians
and Surgeons, Columbia Univ., New York, N Y 10032.
It has been established that administration o f 5-HT ia agonists
attenuates the rate of isolation-induced ultrasonic vocalizations (USV) in
10-day-old rat pups. In this study we extended these findings by
examining the effects o f administration o f the serotonergic 1A receptor
agonist, 8-hydroxy-2-(di-n-propylamino)tetralin (8-OH-DPAT), and the
mixed 5-HT ia antagonist/p adrenergic antagonist, (±)-pindolol, in 3-,
10-, and 14-day-old rat pups in order to assess the effect o f these drugs
as the animal matures. At all three ages, 8-OH-DPAT significantly
reduced the rate of isolation-induced USV. While only the highest dose
(1.0 mg/kg) o f 8-OH-DPAT administered to the 10- and 14-day-olds
significantly reduced the rate o f vocalization, both 0.1 and 1.0 mg/kg of
8-OH-DPAT significantly attenuated the vocalization rate in the 3-daysolds. The rate of USV was not altered after pindolol administration at
any age nor did it block the quieting effect that generally occurs when an
anesthetized littermate is placed with the isolated pup. We conclude that
8-OH-DPAT is effective as early as 3 days o f age in the quieting of
isolation-induced USV and that the regional age-dependent development
o f 5-HT ia receptors and projections are important factors in. the
observed differential sensitivity to 8-OH-DPAT administration during
development.
Supported by NIMH Postdoctoral Training Grant # 5T32MH18264.

202.12
CAESAREAN SECTION DELIVERY, WITH OR WITHOUT ADDED GLOBAL
ANOXIA, INCREASES AMPHETAMINE-INDUCED ACTIVITY LEVELS IN THE
ADULT RAT. B. El-Khodor » and P. Boksa. Depts. of Psychiatry and of Neurology
& Neurosurgery, McGill University, Montreal, Canada, H3A 1A1.
Schizophrenia is associated with both altered mesolimbic dopaminergic activity and
increased perinatal complications, including Caesarean section (CS) birth and fetal
hypoxia. We previously reported that an apparently uncomplicated CS birth in the rat
produces long term alterations in steady state CNS dopamine (DA). Also, adult rats
bom by CS, either with or without acute global anoxia, show enhanced stress-induced
nucleus accumbens DA release. To test if these birth complications also alter DAmediated behavior in the long-term, we tested effects of a low dose (0.5 mg/kg) of
amphetamine (AMPT) on activity levels in 3 month old male rats bom vaginally
(control), by rapid CS, or by CS with 10 or 15 min of global anoxia. AMPT was
administered 3 times: at baseline and again at 2 and 4 wks after a session of 8x daily
tail pinch stress. Locomotor activity was quantitated by consecutive interruption of 2
parallel photocell beams. More restricted movement, which interrupted a single beam,
was termed “other activity”. Overall activity was the sum of these 2 activities. At
baseline, AMPT induced a significantly greater increase in overall activity in rats bom
by CS either with or without added anoxia, in comparison to vaginal controls. Inter
estingly, when the 2 components of overall activity were analyzed, rats bom by rapid
CS alone showed an increase in other activity but not in locomotor activity. By con
trast, the CS + anoxia groups showed increases in locomotor but not other activity.
Analysis of videotapes is currently in progress to determine the nature of the “other
activity”. Two weeks after stress, AMPT increased overall activity in vaginal control
and CS + 15 min anoxia groups, when compared to effects of AMPT before stress.
By contrast, rats bom by CS without anoxia did not show this enhanced response.
There were no significant group differences following the 3rd AMPT injection, at 4
wks after stress. The results show that rats bom by CS differ from vaginally bom
animals in their response to AMPT both prior to and after stress. These findings
indicate that subtle alterations in birth procedure are sufficient to produce long-lasting
effects on DA-mediated behavior. Supported by Medical Research Council of Canada.

2 02.13
RELATIONSHIP BETWEEN SEROTONERGIC NEURONAL ACTIVITY AND
HIPPOCAMPAL THETA IN THE CAT. R. A. Galleaos*. P. R. O'Neill and
B. L. Jacobs. Program in Neuroscience, Psychology Department,
Princeton University, Princeton, NJ 08544.
The hippocampus plays an integral role in learning and memory. A
prominent electrophysiological feature of the hippocampus is 3-8 Hz
rhythmic slow activity (Theta/RSA), which has been implicated in
memory processes and is thought to be modulated by brain serotonin.
Adult cats were implanted with electrodes for recording neuronal
activity in the dorsal or median raphe nuclei and gross electrical
activity in the dorsal hippocampus. Individual serotonergic neurons
were recorded simultaneously with the hippocampal EEG during
various waking behaviors. In addition, the hippocampal EEG was
recorded under behavioral and pharmacological conditions known to
produce marked changes in serotonergic neuronal activity. A
significant inverse relationship was found between the discharge
activity of a subgroup of serotonergic neurons and hippocampal RSA
during spontaneous behavior. In addition, decreases in serotonergic
neuronal activity during REM sleep or after administration of the
serotonin agonist 8-OH-DPAT were accompanied by an increase in
RSA, while hippocampal RSA was unchanged following elevation of
serotonergic neuronal activity with WAY-100635. These results
indicate that serotonin may indeed participate in the modulation of
hippocampal electrophysiology during behavior. Supported by AFOSR
(F 49620-94-1-0128) and NIMH (MH 23433).

202.14
EFFECTS OF CHRONIC ANTIDEPRESSANT TREATMENT ON LSD
DISCRIMINATION IN RATS. A.J. Christian.1 L.E. Baker.1» and K. R.
Bonson.2
Department of Psychology, Western Michigan University,
Kalamazoo, MI 490081 and Addiction Research Center, NIDA, Baltimore, MD
212242.
Recent survey data in humans indicate that chronic administration of SSRI
antidepressants diminish subjective responses to hallucinogenic drugs, whereas
chronic treatment with tricyclic antidepressants enhance subjective responses to
hallucinogens. The present study assessed the effects of chronic fluoxetine
(FLX) and chronic desipramine (DMI) treatment on the discriminative stimulus
function of LSD in rats. Sixteen male Sprague-Dawley rats were trained to
discriminate LSD (0.08 mg/kg, i.p.) from saline in a two-choice operant task.
After conducting dose response tests with LSD, discrimination training was
stopped for 4 weeks and saline injections were given daily. During this 4 week
period, substitution tests were conducted with 0.02 and 0.08 mg/kg LSD once
per week. Discrimination training sessions resumed for two weeks. Daily
injections of DMI (5 mg/kg, i.p., n=7) or FLX (5 mg/kg, i p., n=6) were then
begun for the next 4 weeks. Substitution tests were conducted with 0.02 and
0.08 mg/kg once per week over this four week period with no additional
training. FLX treatment did not appear to alter the discrimination of either
dose of LSD, although animals that received DMI exhibited a gradual increase
in LSD-appropriate responses to the 0.02 mg/kg dose with each week of
treatment. By the fourth week of DMI treatment, 0.02 mg/kg substituted
completely for the training dose of LSD. However, results of substitution tests
with this dose of LSD were highly variable daring chronic saline treatment.
Additional investigations are required to confirm these findings that tricyclic
antidepressants enhance the discrimination of LSD in rats.

202.15
EFFECTS OF AMPEROZIDE AND TIOSPIRONE, ATYPICAL
ANTIPSYCHOTIC 5HT-2 DRUGS, ON FOOD REINFORCED
BEHAVIOR IN RATS. M.P. Arolfo & B. A. McMillen*. Dept, o f
Pharmacol., Sch. Med., East Carolina Univ., Greenville, NC 27858.
Amperozide (AMPZ) is a 5HT-2 receptor antagonist which can decrease
consumption o f ethanol and prevent cocaine conditioning o f a place
preference. Tiospirone (TSP) is a 5HT-2 receptor antagonist with affinity
for DA-2, 5HT-la and -7, and sigma receptors, which can decrease
consumption o f ethanol while increasing food intake. Both drugs were
tested for inhibition o f food reinforced bar pressing behavior. Fasted
Sprague-Dawley rats were trained daily on a 15 min FR-5 schedule. After
response rates stabilized, each rat in one group received 60 min
pretreatments s.c. with saline, 0.25, 0.75 or 2.5 umole/kg o f AMPZ (inj.
were twice per week and counter-balanced). Each rat in a second group
received pretreatments with saline, 0.1, 0.3, or 1.0 umole/kg o f TSP.
AMPZ, 2.5 umole/kg only, reduced the number o f food reinforcements
(109 ±7 vs 86 ±11, vehicle vs AMPZ, n = 8, p < 0.05). The effect
appeared to be due to a faster rate o f decline in bar pressing across the 5
min epochs. TSP dose dependency reduced response rates. These data
indicate that the reduced intake o f rewarding substances by these drugs
does not generalize to other forms o f reinforcement. The potential role o f
these drugs as adjuncts to the treatment o f substance abuse will be
discussed. (Suppported by USPHS grant AA-04200)

S ociety for Neuroscience , V olume 2 3 ,19 9 7

SUNDAY PM

NEUROPEPTIDES AND BEHAVIOR: CRF

521

203.1
CORTICOTROPIN RELEASING FACTOR (CRF) DECREASES BRAIN
STIMULATION REWARD IN THE RAT. D. J. Macev*. A. M. Basso. L
Rivier1. W. Vale*. G. F. Koob. and A. Markou. The Scripps Research
Institute, Department of Neuropharmacology, and 1Clayton Foundation
Laboratories for Peptide Biology, The Salk Institute, La Jolla, CA 92037.
In addition to its neuroendocrine role in activating the hypothalamicpituitary-adrenal axis through the secretion of adrenocorticotropic hormone,
there is evidence suggesting that CRF neurotransmission in extrahypothalamic
brain sites is involved in the coordination of behavioral responses to stressors.
Moreover, CRF may modulate reward processes, a hypothesis which was
addressed in the present study using a discrete-trial current intensity
intracranial self-stimulation (ICSS) threshold procedure adapted from the
Kometsky and Esposito paradigm. According to this procedure, current
intensities are varied according to the method of limits and presented in
alternating ascending and descending series. The purpose of the present study
was to further delineate the neurochemical substrates of reward through the
investigation of the effects of CRF administration on ICSS reward. Rats were
stereotaxically prepared with both electrodes in the lateral hypothalamus and
cannulae above the lateral ventricle! After stable ICSS reward thresholds were
established (± 10% of the mean on 5 consecutive days), doses o f CRF (0, 0.5,
1.0, 5.0 ug/2ul injection) were administered intracerebroventricularly (30 min
pretreatment) according to a latin square design. The results indicated that
CRF dose-dependcntly elevated ICSS thresholds, which is interpreted as a
decrease in the reward value of the stimulation. These results indicate that
overactivity of CRF systems may modulate reward processes.
This work was supported by DA00213 (AM), DK26741 (GFK), and a
Novartis grant (AM).

203.2
NEUROPEPTIDE Y BLOCKS THE "ANXIOGENIC-LIKE" BEHAVIORAL
ACTION OF CORTICOTROPIN-RELEASING FACTOR. K. T. Britton*.
Y. Akwa. S. Southerland. G. F. Koob. Dept, of Psychiatry, V.A. Medical
Center and the UCSD School of Medicine, San Diego, CA 92161 and Dept,
of Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037.
Previous work has established that corticotropin-releasing factor (CRF)
produces behavioral and physiological states resembling fear or stress,
including the "anxiogenic-like" behavioral effects in animal models of
anxiety. In contrast, NPY appears to play a stress-reducing role in
mediating the adaptative response of animals to fear-provoking stimuli,
and displays "anxiolytic-like" behavioral activity. The purpose of the
present study was to investigate the potiental interplay of these two
neuropeptides in the brain in emotional responsiveness to stressfull stimuli.
Intracerebroventricular (i.c.v.) administration of CRF produced a marked
"anxiogenic-like" behavioral response, in an operant incremental shock
conflict paradigm. NPY, at a treshold "anxiolytic-like" dose (1 fig, i.c.v.)
significantly antagonized the response-suppressing action of CRF (0.75 (ig,
i.c.v.) on punished responding in the conflict test. Pretreatment with the
antagonist [D-Phe212, Nle21'38, C « MeLeu37] CRF (D-Phe CRF12 _4 i) at
doses of 0.2, 1.0 and 5.0 |ig, i.c.v., significantly potentiated the release of
punished responding to NPY alone compared to untreated controls. These
findings support the hypothesis that NPY and CRF may reciprocally
modulate an aninal's behavioral responses to stressful stimuli. Supported
by V.A. Merit Review.

203.3
TH E IM PA C T O F TH E N O N PEPTID E C RH A NTAGONIST
A N TA LA R M IN ON B E H A V IO R A L AND E N D O C R IN E
RESPONSES TO STRESS. T. Peak1*. K.T. Nguven1. A.L. Ehrlich1.
M L Watkins1, L U m io2, P.W, QqM2,.M.-L. Weng2, £. WriatcA ü E »
Chrousos2 & S.F. Maier1. dep artm en t of Psychology, University of
Colorado, Boulder, CO 80309-0345; ^National Institute of Mental
Health, Bethesda, MD 20892-1284.
The nonpeptide CRH antagonist Antalarmin has been shown to block
both behavioral and endocrine responses to CRH. However, its potential
activity in blunting behavioral and endocrine sequelae of s tr e s s o r
exposure has not been assessed. Since antagonism of central CRH by a helical CRH attenuates conditioned fear responses, we sought to test
Antalarmin in this regard. In addition, it remains unclear as to whether
this is a result of receptor blockade during conditioning or during testing.
Thus, we explored whether CRH mediates the induction or expression of
conditioned fear (freezing in a context previously associated with 2
footshocks; 1.0 mA, 5 sec each). Furthermore, since rats previously
exposed to Inescapable Shock (IS; 100 shocks, 1.6 mA, 5 sec each)
demonstrate enhanced fear conditioning, we investigated whether this
effect would be blocked by Antalarmin. Antalarmin (20 mg/kg/2ml i.p.)
impaired both the induction and expression of conditioned fear. In
addition, Antalarmin blocked the enhancement of fear conditioning
produced by prior exposure to IS. Despite the marked behavioral effects
observed in Antalarmin treated rats, Antalarmin had no effect on ISinduced rises in ACTH or CORT. However, Antalarmin did block the
ACTH response produced by exposure to 2 footshocks. Supported by
NIH grants MH 50479, RSA MH 00314 and the Undergraduate Research
Opportunities Program.

203.4
CORTICOTROPIN-RELEASING FACTOR CONCENTRATIONS IN RAT BRAIN
REGIONS FROM A CHRONIC MILD STRESS MODEL OF MAJOR DEPRESSION
G. Bissette*. J. Frost-Gammill and P. Willner t Dept. Psychiatry and Human
Behavior, University of Mississippi Medical Center, Jackson, MS 39216 and |DeptPsychology, University of Wales, Swansea, UK.
The chronic, mild stress (CMS) laboratory animal model of human major depressive
disorder (MDD) is purported to approximate the clinical symptom of anhcdonia and to
have predictive validity for identification of drugs with antidepressant efficacy in
humans. Because groups of humans with MDD have been observed to have increased
mean cerebrospinal fluid concentrations of corticotropin-releasing factor (CRF) relative
to group means from non-depressed controls, the regional brain concentration of CRF
was measured by radioimmunoassay in groups (n=10) of adult, male Long-Evans rats
subjected to either three or seven weeks of CMS, acute stress (daily restraint for one
hour) and in non-stressed controls. All animals were exposed to the sham-euthanasia
procedure daily for one week prior to actual euthanasia by guillotine without prior
anesthesia to prevent maximal corticosterone (CORT) secretion during loss of
conciousness due to an anesthetic agent. Brains were removed and frozen on dry ice
while serum from trunk blood was collected and frozen for subsequent assay of CRF
and CORT, respectively. The CORT levels of the CMS rats became significantly
elevated after seven weeks of CMS relative to the three week CMS group, but were not
significantly different from either control group at either time point. The concentration
of hypothalamic CRF was elevated in the acute stress group relative to the CMS or
unstressed control groups at seven weeks, but not at three weeks. The bed nucleus of
the stria terminalis also exhibited significant elevations in CRF concentrations in the
CMS group at seven weeks relative to either control group at seven weeks or the three
week CMS group. No differences in CRF concentration among the groups at either
time point were observed in the anterior or medial septum, the locus coeruleus, the
median raphe, the amygdala or entorhinal cortex. Such concentration elevations most
likely indicate increased synthesis and release in these regions due to the CMS or acute
stress regimen and in CMS may indicate where such changes occur in the human brain
during MDD symptom presence. Supported by PHS award MH-45975.

203.5
COMPARISON OF BEHAVIORAL EFFECTS OF CENTRAL UROCORTIN OR
CRF INFUSION. M. Spina*. E.P. Zorrilla. A.M. Basso. C. Balducci. E. MerloPich. J. Rivier1. W. Vale1 and G.F. Koob. The Scripps Research Institute,
Dept, of Neuropharmacology, and 1Clayton Foundation Laboratories for
Peptide Biology, The Salk Institute, La Jolla, CA 92037.
Corticotropin-releasing factor (CRF) is known to be involved in behavioral
responses to stress and produces a dose-dependent behavioral activation,
enhances behavioral responses to stress and suppresses appetite. In
previous studies, the structurally similar compound Urocortin (UCN) was found
to have a more powerful effect in suppressing food intake than CRF, whereas
it appeared to be less potent than CRF in eliciting locomotor activity and
inducing anxiety-like behavior on the Elevated Plus Maze. Binding studies
attest that UCN has a higher affinity than CRF for the CRF receptors
characterized so far. The aim of our work was to investigate whether
differences found in Elevated Plus Maze and in Locomotor Activity study in
rats were due to different receptor actions. Therefore, we studied the effect
of pretreatment (5 min) with UCN (0.1 or 0.5|ig/2|il) on the locomotor
response to subsequent intracerebroventricular (i.c.v.) infusion of UCN
(0.5*ig/2nl) or r/hCRF (0.5|ig/2|il). CRF produced a greater effect compared
to UCN on Locomotor Activity after a single i.c.v. injection, confirming
previous results. In addition, double injection of the same peptide (CRF-CRF
or UCN-UCN) yielded a lower response than the full dose given singly.
However, UCN pretreatment did not inhibit the CRF-induced locomotor
response. These results suggest a complex interaction between the two
neuropeptides and the possibility of receptor down regulation-like effect and
multiple receptor involvement. Further studies with broad and selective CRF
receptors antagonists are in progress for a better understanding of the
possible mechanisms underlying changes in response to repeated CRF or
UCN administration . Supported by NIH D K26741

203.6

S ociety for N euroscience , V olume 2 3 ,19 9 7

IN VITRO SELECTIVITY OF CP-154,526 FOR HUMAN CRF1
RECEPTORS VS. HUMAN CRF2a RECEPTORS. A. W. Schmidt*,
Y. Chen, D. Auperin, T. Cook, S. Hall, C.Z. Pratt, T-R- deWet and
D.W. Schulz. Departments of Neuroscience, Molecular Sciences and
Medicinal Chemistry, Central Research Division, Pfizer Inc. Groton,
CT, 06340-1596.
By controlling ACTH release, corticotropin releasing factor
(CRF) is the primary regulator of the hypothalamic pituitary axis
involved in coordinating the body's response to stress. To date,
two receptor subtypes have been identified that mediate the effects
of CRF and urocortin: CRF1 and CRF2 receptors. CP-154,526 is a
potent and selective nonpeptide CRF1 receptor antagonist. In CHO
cells stably transfected with human CRF1 receptors, it inhibits
binding of 125I-Tyr°-ovineCRF with an average Ki value of 2.0 nM.
Functional studies reveal concentration-dependent inhibition of
ovineCRF-stimulated adenylate cyclase activity with an average
apparent Ki value of 13 nM. By constrast, CP-154,526 does not
inhibit 125I-Tyr°-sauvagine binding to human CRF2 receptors stably
transfected in CHO cells and does not block sauvagine-stimulated
adenylate cyclase activity in these cells.
Thus, CP-154,526
selectively interacts with human CRF1 receptors in vitro, providing a
useful tool in distinguishing the actions of corticotropin releasing
factor and urocortin at CRF1 receptors. CP-154,526 has already
been shown to have anxiolytic and antidepressant properties in
animals models, indicating that CRF1 receptors may play a
significant role in mechanisms underlying these diseases.
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203.7
ANXIOLYTIC EFFECT OF THE CRF ANTAGONIST, CP-154,526, IN A
LIGHT/DARK ANXIETY TEST IN MICE. V. Guanowskv*. Y. L. Chen,
and P. A. Sevmour. Depts. of Neuroscience and Medicinal Chemistry, Central
Research Division, Pfizer Inc, Groton, CT 06340
Much evidence supports a role for corticotropin-releasing factor (CRF) in
anxiety. For example, ICV CRF administered to male C57/B1 mice produces an
anxiety-like response in a light/dark apparatus (decrease in light/dark transitions),
similar to that produced by a known anxiogenic compound, the benzodiazepine
inverse agonist, FG-7142 (Guanowsky and Seymour, Soc. Neuro. Abs., 6.6,
1993). This effect was reversed by the peptide CRF antagonist, alpha-helical
CRF(9-41). CP-154,526, a potent and selective nonpeptide antagonist of CRF1
receptors (Schmidt et al., this meeting) has recently been shown to have
anxiolytic-like effects in CRF-enhanced and fear-potentiated startle paradigms
(Schulz et al., Proc. Natl. Acad. Sci., 93, 10477-82, 1996). In order to further
evaluate the anxiolytic potential of this compound, it was examined in the ICV
CRF light/dark model. Various doses of CP-154,526 (.32 to 3.2 ¡ig) were co
administered ICV with CRF and behavior in the light/dark apparatus was
monitored. Results from this study indicate that CP-154,526 produced a reliable
antagonism of the anxiogenic response induced by CRF, in a manner comparable
to that of alpha-helical CRF(9-41). These results provide support for the role of
CRF in anxiety and the potential utility of CRF antagonists as anxiolytics. In
addition, these data suggest that CRF1 receptors play an important role in
mediating the anxiogenic effects of CRF.
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203.8
PRESENCE OF HYPOTHALAMIC NEUROPEPTIDES IN THE
VOMERONASAL ORGAN OF THE DOMESTIC PIG, S U S SC R O F A .
G.D. W eesner1*. and T.J. Wu2. 'USDA-ARS, W. Lafayette, IN 47907
and 2FRCN, Mount Sinai School of Medicine, New York, NY 10029.
The vomeronasal organ (VNO) in the pig is believed to be a mediator
of pheromonal communication in the pig. Behavioral changes, such as
aggression, attraction, and sexual receptivity can be induced by chemicals
present in porcine urine and saliva. Though the VNO may have an
important influence on behavior in the pig, very little is known about
potential neurotransmitter systems in this tissue. VNO tissues were
collected from four castrated males at the time of slaughter. The tissues
were immediately frozen at -80°C until peptide extraction with acidified
methanol. Extracts were dried under negative pressure then rehydrated in
PBS. Tissue extracts were quantified for P-endorphin (BEP),
corticotropin-releasing factor (CRF), growth hormone-releasing hormone
(GHRH), and luteinizing hormone-releasing hormone (LHRH) by RIA.
Mean content of CRF was 150.1 ±37.0 pg/VNO while LHRH averaged
83.4+21.9 pg/VNO. Tissue content of GHRH and P-endorphin, if
present, were below the detection limits of the assays (33 pg and 26 pg,
respectively). All four peptides were abundantly present in hypothalamic
tissue extracts. That the VNO contains the neuropeptides CRF and
LHRH is novel and suggestive of an intricate peptidergic system that may
be involved in mediating pheromonal effects on behavior in the pig.
Sponsored by the U.S. Department of Agriculture.
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204.1
AM PH ETA M IN E-IN D U CED EX PRESSIO N OF C -F O S IN THE
STRIATUM IS M ODULATED BY EN V IRONM ENTAL STIMULI.
A. Badiani *. M. M. Oates. H. E. W. Dav. H. Akil. S. J. W atson and
T. E. Robinson. Neuroscience Program, Biopsychology and M ental
Health Research Institute, The University of Michigan, Ann Arbor, MI.
The acute psychomotor activating effects o f amphetamine are greater
for rats exposed for the first time to the test environm ent (AMPHNOVEL) than for rats that are permanently housed in the same test
environment (AMPH-HOME). In a series of studies involving in vivo
microdialysis we have established that these differences in amphetamineinduced psychomotor activation are not accompanied by differences in
dopam ine overflow in the striatum /nucleus accum bens. W e have
hypothesized that the m odulatory effects of environm ent on the
behavioral response to am phetam ine m ight be m ediated by nondopaminergic afferents to the striatum. The aim of the present study was
to investigate the expression of c -fos in the striatum/nucleus accumbens
and in various cortical areas of rats that received an i.p. injection of saline
or amphetamine (2.0 mg/kg) under either H OM E (SAL-HOM E and
AMPH-HOME groups) or NOVEL (SAL-NOVEL and AMPH-NOVEL
groups) conditions. Fifty minutes after the treatment, the rats were killed
and their brains processed for in situ hybridization histochemistry using
35S-cRNA probes for c -fos mRNA. The autoradiographs were analyzed
using com puter-assisted optical densitometry. The pattern o f c -fo s
expression was very different as a function of the environm ental
conditions in which amphetamine was administered. In particular, c-fos
expression in the striatum and in the nucleus accumbens was significantly
greater in the AMPH-NOVEL group than in the AMPH-HOME group.
(NIDA Grants: DA04294, DA08920; DA02265)

204.2
CONTRASTING EFFECTS OF BINGE EXPOSURE TO
METHAMPHETAMINE ON NEUROPEPTIDE mRNA EXPRESSION IN
STRIATONIGRAL AND STRIATOPALLIDAL NEURONS OF THE
RAT. H. McGrath. M. Kraft. Y. Zhang and J. A. Angulo*. The Graduate
School and Department of Biological Sciences of the City University of New
York, 695 Park Avenue, New York, NY 10021.
Because non-chronic drug users consume addictive substances in binges,
we have evaluated the effect of a single binge exposure to methamphetamine
(METH) on neostriatal neuropeptide mRNA levels at the end of the binge
and at days 3 and 25 post-binge. Male Sprague-Dawley rats received four
injections (ip) of METH (10 mg/kg of body weight) at two hour intervals.
Preprodynorphin (PPD) mRNA was elevated in the striatum (CPu) but not
the accumbens (NAc) at the end of the binge (dlCPu, +83%; dmCPu, +104%;
vlCPu, 75%; vmCPu, +78%; and aCPu, +58% relative to vehicle-injected
controls that were normalized to 0% change). Preprotachykinin (PPT) mRNA
was increased at the end of the binge in both striatum and accumbens (dlCPu,
+52%; dmCPu, +55%; vlCPu, 28%; vmCPu, +117%; aCPu, +23%; and
NAc, +31%). At days 3 and 25 post-binge, both PPD and PPT mRNAs were
indistinguishable from controls. In contrast, preproenkephalin (PPE) mRNA
expression, which was unchanged at the end of the binge and at day 3 post
binge, was increased up to +23% in the NAc and CPu at day 25 post-binge.
The data demonstrate that neuropeptide mRNA expression in striatonigral
neurons is activated during binge exposure to METH with subsequent decay
while PPE mRNA expression in striatopallidal neurons is activated several
days after the binge.

204.3
IMMEDIATE EARLY GENE EXPRESSION IN AN EXCALATING DOSE
“BINGE” MODEL OF AMPHETAMINE-INDUCED PSYCHOSIS.
P.P. Shilling*. J.R. Kelsoe. R. Kuczenski. D.S. Segal. Dept of Psychiatry and
Neurosciences Program, University California, San Diego, CA 92093.
Amphetamine-induced psychosis is usually associated with a high dose
multiple daily binge pattern of drug abuse. To best model these conditions in rats
we used a recently developed injection protocol (Segal and Kuczenski, J
Neuroscience, 17(7):2551,1997). Animals were given escalating doses of amph
(1.0-8.0mg/kg) over 4 days followed by 8.0mg/kg every two hours
(4 injections/day) for 9 days. Other animals received either multiple injections of
saline, saline followed by acute amph (8.0mg/kg) or single daily injections (SDI) of
amph (8.0mg/kg) in parallel with the escalating dose binge treatment. The
escalating dose binge treatment resulted in the progressive emergence of a unique
behavioral profile which included both quantitative and qualitative changes in
locomotor activity and a decrease in the time spent in stereotypy. One hour after
the last injection all animals were sacrificed and in situ hybridization was performed
with antisense probes for Zif 268 and cfos. Message was detected by film
autoradiography. Quantification of Zif 268 mRNA was accomplished by computer
analysis of digitized images. In cortex, layer IV, both acute and SDI amph
administration increased Zif 268 mRNA expression (p<001). However, the increase
in the SDI group was nonsignificantly less than the acute group. In the escalating
dose binge group Zif 268 expression was significantly above saline control (p<03)
but below both acute (p<.001) and SDI (p<003). In addition, preliminary analysis
suggested that both Z if 268 and cfos mRNA expression were increased in the
caudate and nucleus accumbens after both acute and SDI treatment but not after 9
binges. These data support tolerance in both Zif 268 and cfos mRNA expression
after 9 amph binges. {Supported by NIH1

204.4
AMPHETAMINE-INDUCED BEHAVIORAL SENSITIZATION AND ASSOCIATED
CHANGES IN c-fos/NEUROTENSIN mRNA EXPRESSION IN RATS: EFFECTS
OF CLOZAPINE, HALOPERIDOL AND PNU-101387G. Z. H. Mena*. D. L.
Feldpausch and K. M. Merchant. Pharmacia & Upjohn, Kalamazoo, Ml 49001.
Repeated, intermittent injections of amphetamine (Amp) to rodents produce a
progressive increase in the motor stimulant effect of this psychotogen. This socalled behavioral sensitization is hypothesized to involve biochemical changes
similar to those underlying the development of psychotic diseases such as
schizophrenia. The present study characterized the effects of typical and atypical
antipsychotic drugs, haloperidol and clozapine, respectively, as well as the
selective D4 antagonist, PNU-101387G on context-independent sensitization to
Amp. Daily peripheral (s.c.) Amp injections for five days (2 mg/kg/day) produced
an augmented motor stimulant response to an acute Amp challenge (2 mg/kg)
given seven days after the last priming treatment. When co-administered (i.p.)
with Amp during priming, clozapine (4 mg/kg), haloperidol (0.1 mg/kg) or PNU101387G (0.1 mg/kg) significantly blocked the development of behavioral
sensitization to Amp. The behavioral sensitization is thought to represent a neural
plasticity response involving the mesolimbic dopamine system as well as its postsynaptic neuronal targets. To evaluate the post-synaptic adaptive responses
associated with the behavioral sensitization, alterations in Amp challenge-induced
c-fos and neurotensin (NT/N) mRNA expression were studied. Concurrent with
behavioral sensitization, a reduction in Amp-induced c-fos and NT/N mRNA
expression were observed respectively in the medial prefrontal cortex and
nucleus accumbens-shell, the terminal targets of mesolimic dopamine projections.
At doses that blocked the initiation of behavioral sensitization, clozapine,
haloperidol and PNU-101387G also reversed the decreased responsiveness of
Amp-induced c-fos and NT/N gene expression. These data indicate a role of
dopamine D2 class of receptors and especially D4 receptors in the cellular
alterations associated with context-independent behavioral sensitization to Amp.
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204.5
IDENTIFICATION OF AMPHETAMINE BEHAVIOR RELATED GENE
TRANSCRIPTS BY DIFFERENTIAL DISPLAY PCR. M. Wortman. P
Porter-Gill. C. Busald. H. Hondo. R. Kuczenski2. D. Segal2. C. Vorhees3. and
N. Richland4*. Dept, of Psychiatry, Univ. of Cincinnati College of Medicine,
Cincinnati, OH 45267; Cincinnati VAMC; 3Cincinnati Children’s Hospital
Medical Center, and 2Dept. of Psychiatry, Univ. of California at San Diego.
Using differential display PCR (ddPCR) we have identified both known and
novel gene transcripts from the nucleus accumbens and caudate nucleus of rat
brain that appear to be differentially expressed following acute amphetamine
injection. 36 minutes following acute injection of amphetamine (1.75mg/kg)
rats were decapitated and brains dissected. RNA was extracted (TRI
REAGENT) and used for ddPCR (RT and PCR kit from GenHunter Corp.)
Samples were run on a 6 % polyacrylamide gel and differential bands cut from
the gel and reamplified by PCR (GenHunter PCR trap kit). Bands of interest
were ligated into the PCR-trap vector (GenHunter Corp.) and cells transformed.
After transformation colonies were checked for insert by PCR. Minipreps were
performed to isolate plasmid DNA followed by sequencing of inserts. The
differentially expressed bands were as f o ll o w s :_____________________
Nucleus Accumbens
Caudate
ATPase inhibitor protein
ATPase subunit 6
ATPase subunit 6
SCI brain extracellular glycoprotein
Unknown seq. NA1, NA2, NA3
Ribosomal protein S19
Ribosomal protein S19
We believe that these transcripts may play a role in the behavioral response of
animals to acute injections of amphetamine (1.75 mg/kg).
Supported by a Young Investigator Award from NARSAD

204.7
AMPHETAMINE-INFLUENCED GENE EXPRESSION IN RAT BRAIN.
W.D. Klipec*. R.M. Dill-Devor. E.J. Devor and J. Miskimins.
Department of Psychology, Drake University, Des Moines, IA 50311, and
Department of Psychiatry, University of Iowa College of Medicine, Iowa
City, IA 52242
The effect of acute methamphetamine exposure on gene expression in rat
brain was studied via subtraction hybridization. Experimental animals were
given a single acute 5.6 mg/kg dose of methamphetamine while littermate
controls received a single saline injection. Three hours after these
intraperitoneal injections the brains were removed, flash-frozen and stored at
-80° C. Whole-brain mRNA was extracted and single-stranded cDNAs
(sscDNA) were prepared by first-strand synthesis. The sscDNAs were then
hybridized to photobiotin-conjugated whole brain mRNA from matched
control animals. The sscDNA/mRNA heteroduplexes were subtracted using
strepavidin and the remaining sscDNAs were cloned out following secondstrand synthesis. The initial round of subtraction hybridization and cloning
has yielded 55 recombinant clones of which 53 have proven to be unique.
Partial sequencing of sixteen recombinants has identified a number of genes.
Two of these, adenylate cyclase (ADCY) and the D1-dopamine receptor
(DRD1), are significant in the context of a rat model of the effects of drugs of
abuse upon second messenger systems presented by Nestler (1992). There,
acute exposure to cocaine was shown to up-regulate ADCY via DRD1. In
our rat model the same two genes are seen to be over-expressed in response to
acute methamphetamine exposure. Characterization of other clones from
these experiments is ongoing.

204.9
INTERMITTANT AMPHETAMINE (AMPH) ALTERS CALMODULIN GENE
EXPRESSION IN THE RAT BRAIN, S. Michelhaugh* and ME. Gnegv
Univ. of MI Med. Sch., Ann Arbor, MI 48109.
Intermittant AMPH causes a behavioral sensitization of locomotion and stereotyped
behaviors in animals. After 6 weeks of intermittant AMPH (2.5mg/kg i.p. twice
weekly) and 1 week of withdrawal we found increases in the levels of CaM in
striatum. In this study we examined the calmodulin (CaM) mRNA by RNase
protection assay (RPA) and in situ hybridization (ISH). For the RPA, cDNA from the
CaM coding region was used to synthesize radiolabelled cRNA. CaM mRNA was
measured in the striatum, frontal cortex and the mesencephalon. CaM mRNA levels
were decreased in striatum compared to saline (SAL) controls (SAL 2.27±0.08;
AMPH 1.61±0.03; p<0.001) and in the frontal cortex (SAL 2.54±0.14; AMPH
1.93±0.13; p<0.007). Conversely, CaM mRNA levels were increased in the
mesencephalon (SAL 1.14±0.04; AMPH 1.39±0.05; p<0.005). To further characterize
these changes we performed ISHs on coronal brain slices using cDNAs from the 3’
untranslated region from CaM gene 2 and CaM gene 3 to synthesize 2 different,
specific digoxigenin-labelled cRNAs. After AMPH treatment, CaM gene 2 mRNA
was increased in the mesencephalon (147±21% compared to the SAL controls
(p<0.05)). CaM gene 3 mRNA was decreased in all three brain areas after AMPH. In
AMPH-treated rats, CaM gene 3 mRNA was 52±17% of the SAL controls (p=0.019)
in striatum, 70±7% (p=0.017) of the controls in frontal cortex, and 72±9% (p=0.025)
in the mesencephalon. These results suggest that AMPH treatment alters CaM gene
expression, and that CaM genes 2 and 3 may be differentially regulated. Funded by
NIDA grant DA 05066.
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204.6
QUANTITATIVE GENETIC STUDY OF BEHAVIORAL AND
BIOCHEMICAL DIFFERENCES BETWEEN LEWIS AND
FISCHER 344 RATS: RESULTS OF INITIAL STUDIES.
E.S. Brodkin*. M.N. Potenza. C.N. Haile. W.A. Carlezon. Jr.. T.A. Kosten.
G.R. Heninger. and E.J. Nestler. Department of Psychiatry, Yale University
School of Medicine, New Haven, CT 06508.
It has been demonstrated previously that Lewis (LEW) and Fischer 344
(F344) inbred rats differ in behavioral responsiveness to drugs of abuse, in
the functioning of the hypothalamic-pituitary-adrenal axis, and in the
biochemistry of the mesolimbic dopamine system. Relative to LEW rats,
F344 rats show higher levels of locomotor activity after administration of d,lamphetamine (AMPH) (2.0 mg/kg, sc), higher levels of basal plasma
corticosterone (CORT) levels at the end of the daily light phase, and higher
levels of the inhibitory G-protein Gia in the nucleus accumbens (NAc). We
have measured these traits in parental LEW and F344 rats and in 298 male
members of an F2 intercross population. The locomotion of each rat (at 5060 days of age) was measured in a circular locomotor apparatus for 60 min
before and for 60 min after d.AAMPH administration. Seven days after
behavioral testing, trunk blood and NAc dissections were obtained in the
late afternoon. Plasma CORT levels and NAc Gia levels were measured by
radioimmunoassay and immunoblotting, respectively. Among F2
generation rats, locomotion during the initial 10 min of testing (before
AMPH) was correlated with G ii(2 a levels (r=0.17, P<0.05), and AMPHinduced locomotion was negatively correlated with Gi3 <xlevels (r=-0.16,
P<0.05). These early results suggest that there may be genes in common
which affect these various traits. No significant correlations were found with
CORT levels. A genome-wide search is underway for quantitative trait loci
which affect these traits. (Supported by DA08227.)

204.8
VENTRAL TEGMENTAL AREA ADENYLATE CYCLASE AND
PROTEIN KINASE A ACTIVITY ARE NECESSARY FOR THE
INDUCTION OF BEHAVIORAL SENSITIZATION BY INTRA-VTA
AMPHETAMINE. Brvan K. Tolliver. Lauren B. Ho. Lisa M. Fox, and
S. Paul Berger* Department of Psychiatry, University of California at
San Francisco and SFVAMC, San Francisco, California.
The present study investigated the effects of selective activation or
inhibition of VTA adenylate cyclase (AC) and protein kinase A (PKA)
on long-term sensitization induced by repeated intra-VTA or peripheral
amphetamine (AMPH). Selective inhibition of AC by SQ 22,536 (100
nmol/side bilateral into VTA) had no effect on acute basal locomotion
but attenuated the locomotor stimulation induced by acute i.p. AMPH
(1.5 mg/kg). Co-injection of SQ 22,536 (100 nmol/side) fully blocked
the sensitization induced by repeated intra-VTA AMPH (15 nmol/side)
but had no detectable effect on the sensitization induced by repeated
i.p. AMPH. Selective inhibition of PKA by Rp-cAMPS (25 nmol/side)
had no effect on acute basal or AMPH-stimulated locomotion. Co
injection of Rp-cAMPS (25 nmol/side) fully blocked the sensitization
induced by repeated intra-VTA AMPH, but had no effect on
sensitization induced by repeated i.p. AMPH. VTA Microinjection of
the selective PKA activator Sp-cAMPS (25-100 nmol/side) dosedependently stimulated acute locomotion but had no detectable effect
on acute AMPH-induced locomotion. Repeated intra-VTA Sp-cAMPS
did not induce sensitization to AMPH challenge, but potentiated the
sensitization induced by repeated i.p. AMPH. These results suggest that
VTA cAMP signal transduction is necessary but not sufficient for the
induction of persistent behavioral sensitization to amphetamine
(Supported by USPHS Award DA-07376 (S.P.B.) and F32 DA-05715
(B.K.T.))

204.10
EFFECTS OF ACUTE AND CHRONIC METHAMPHETAMINE
TREATMENTS ON THE EXPRESSION OF GLUCOCORTICOID
RECEPTOR, AND HEAT SHOCK PROTEINS IN HETEROZYGOUS
VMAT2 KNOCKOUT MICE. Y, ■
Numaclu*1-3, N.JakabasM2-3, M. Funada3,
and G. R. Uhl34. 'Dept. Psychiatry, Tohoku Univ. School of Med., Sendai, 980-77,
JAPAN; 2Dept. Neurology, Osaka Univ. Med. School, Suita, 565, JAPAN; 3Mol.
Neurobiol. Branch, NIH/NIDA/IRP, P.O. Box 5180, Balto, MD 21224 & 4Depts.
Neurology & Neuroscience, Johns Hopkins Univ. School of Med.
Glucocorticoid can modulate the behavioral and neurochemical effects of
psychostimulants. Glucocorticoid exerts its biological effects via intracellular
glucocorticoid receptors (GR) that complex with heat shock proteins (HSP) in the
absence of steroids. Recently-developed vesicular monoamine transporter 2 (VMAT2)
heterozygous knockout mice (VMAT2 +/-) that display half of wildtype (WT)
VMAT2 levels did not develop significant methamphetamine (MAP)-induced
behavioral sensitization (Takahashi et al, in press). The present study examines the
brain expression of mRNAs for GR, HSP84* and HSP86 in MAP-treated VMAT2
+/-, and WT mice treated with acute saline (AS), acute MAP (AM: lmg/kg, i.p.), or
chronic MAP (CM: lmg/kg, i.p., once daily for 7 days) and sacrificed three hours
after the last injections. Cortex, striatum, hippocampus, brain stem and cerebellum
were quickly dissected on ice and total RNA was isolated Northern analyses revealed
that AM did not alter expression of GR mRNA in mice of either genotype cortex or
hippocampus, but CM decreased it in WT but not VMAT2 +/- mice. HSP84 mRNA
expression in cortex was significantly increased by AM compared to AS in VMAT2
+/-, while increased by CM compared to AM in WT. The expression of HSP86
mRNA in cortex and striatum was not changed by AM relative to AS, but
significantly decreased by CM compared to AM only in WT. These differences in the
expression of GR, HSP84, and HSP86 between specific brain regions of VMAT2 +/and WT mice might be related to susceptibility to behavioral sensitization to MAP.
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204.11
P.SYCHOSTIMULANT-INDUCTION OF TISSUE PLASMINOGEN ACTIVATOR
mRNA IN RAT BRAIN T. Hashimotou . Y. Kaiii1. N. Yamamoto1* and T.
Nishikawa', 'Department of Mental Disorder Research, National Institute of
Neuroscience, NCNP, Kodaira, Tokyo 187, Japan. 2Japan Sci. and Tech. Corporation,
Yushima, Tokyo 113, Japan.
Repeated treatment with major drugs of abuse, amphetamine, methamphetamine
(MAP) and cocaine, elicit a progressive and persistent enhancement of behavioral
responses to these psychostimulants in experimental animals (behavioral
sensitization). The long-lasting nature of the behavioral sensitization has been'
considered to be based on the neuronal plasticity. This sensitization phenomenon is
also observed in hallucinatory-paranoid state induced by these drugs in human abusers.
To obtain clues for molecular and neuroanatomical basis of the behavioral
sensitization, we studied in the rats the effects of single administration of MAP on the
tissue plasminogen activator (TPA) mRNA expression. An acute injection of MAP
induced TPA mRNA in a subpopulation of neurons in the mediodorsal prefrontal
cortex, agranular insular cortex and piriform cortex. This induction started to be
observed at 1 h, peaked at 3 h and settled down within 6 h after the injection. Similar
distribution of TPA mRNA expression was observed 3 h after systemic application of
cocaine, nomifensine or phencyclidine that are also known as sensitization-inducing
drugs. On the other hand, pretreatment with dopamine receptor antagonists, haloperidol
and SCH23390, inhibited MAP-induced TPA mRNA expression. Retrograde tracer
study combined with in situ hybridization revealed that the majority of neurons with
transient TPA mRNA expression project to the medial striatum. These findings
suggest that the TPA mRNA induction is associated with putative reorganization of
neuronal circuit underlying the behavioral sensitization.

204.13
NEURONAL NOS KNOCKOUT MICE ARE INVULNERABLE TO
METHAMPHETAMINE NEUROTOXICITY.
S.F. Ali*. P.
Huanq,
C.
Gandia
and Y.
Itzhak.
Neurochemistry
Laboratory, Div. of Neurotoxicology, NCTR/FDA, Jefferson,
AR 72079; Cardiovascular Research Center, Massachusetts
General Hospital, Charleston, MA 02129 and Depts. of
Microbiol. Immunol, and Biochem. Mol. Biol., Univ. of
Miami Sch. of Med., Miami, FL 33101.
We have previously suggested a role of the neuronal
nitric oxide synthase (nNOS) isoform in methamphetamine
(METH)-induced neurotoxicity.
In the present study we
examined the susceptibility of nNOS knockout (KO) mice
and wild type controls C57BL/6, SV129 and B6JSV129 to
neurotoxic doses of MBTH (5 mg/kg, q 3h X 3) . Animals
were sacrificed 72 h after the last METH injection.
Dopamine
(DA)
and its metabolites,
and dopamine
transporter (DAT) binding sites were determined in
striatum from saline and METH treated animals.
This
schedule of METH administrations resulted in only 10-20%
decrease in tissue content of DA and its metabolites and
no apparent change in the number of DAT binding sites in
nNOS KO mice. However, at this regime of METH resulted
in a marked decreased (50-60%) in the content of DA and
its metabolites as well as DAT binding sites (>60%) in
the wild type animals.
While a single METH injection
caused a significant hyperthermia in the wild type
animals, body temperature of nNOS KO mice did not change
significantly after METH administration. These finding
strongly supports the role of nNOS in METH neurotoxicity.
Supported by DA08584 NIDA (Y.I.)and NS33335 NINDS (P.H.) .

204.15
D i RECEPTOR KNOCKOUT MICE: DIFFERENTIAL EFFECTS ON
LOCOMOTOR STIMULATION AND REWARD. Y. M. Clarke-Hall* and
Ian Creese. Center for Behavioral and Molecular Neuroscience, Rutgers University,
Newark, NJ 07102.
Numerous lines of evidence have implicated dopamine in the mediation of the
rewarding and locomotor stimulating effects of cocaine and amphetamine. Here we
report that the rewarding properties and locomotor stimulating effects of amphetamine
(3 mg/kg) or cocaine (5 or 20 mg/kg), acutely administered (ip), were different in
mice lacking Di receptors as compared to wild type mice. In activity tests, cocaine
does not elicit its normal locomotor stimulation in Di knockout mice (Drago et al.,
1994). However, amphetamine still causes a normal increase in locomotor
activation. In a test for reward using the conditioned place preference (CPP)
paradigm, Di knockout mice demonstrated both amphetamine- and cocaine-induced
reward. It is unclear as to which dopamine receptor subtype(s)thas a functional role in
the rewarding effect of amphetamine or cocaine. To examine this issue for
amphetamine, we assessed the effect of SCH39166, a highly selective Di and D5
receptor antagonist, on the expression of amphetamine reward in Dj knockout mice
and wild type mice using the (CPP) paradigm. SCH39166 had a differential effect on
CPP performance in these mice. SCH39166 (0.05mg/kg), injected (sc) 15 or 30
minutes before administering amphetamine (5.0mg/kg), reduced or completely
blocked the rewarding effect of amphetamine in Dj knockout mice. However, wild
type mice pretreated with SCH39166 demonstrated conditioned aversion to
amphetamine. These results demonstrate that the Dj receptor subtype is not essential
for amphetamine reward as measured by CPP and that the dopamine D5 receptor
subtype may play a crucial role in mediating the rewarding effect of amphetamine.
Aversion to amphetamine may be mediated by a non-Di/D 5 receptor associated
system. Supported by NIMH MH52383-01A1.
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204.12
IDENTIFICATION OF A 50 kD BRAIN SPECIFIC AMPHETAMINE-REGULATED
PROTEIN THAT CROSS-REACTS WITH ANTI-G BETA SERA. X.B. Wan?*(a)..
K. Dehehani(a). D. Waltherfa). and G .RU him .. @Mol. Nbiol, NIH/NIDA, IRP; Wept.
Neurol. & Neurosci., JHUSM, Balto., MD 21224

Amphetamine regulates genes in rat brain including a G protein beta 1 subunit
(rG pi) that plays a important role in psychostimulant-induced sensitization.
Antiserum directed against a N-terminal epitope of rGpi recognizes both a 37 kD
band consistent with rGpi and an abundant 50 kD protein on SDS PAGE. 37 kD
Gpi immunoreactivity is predominantly present in P2 fractions of striatum,
nucleus accumbens, cortex, thalamus and hippocampus, and upregulated in
striatum and nucleus accumbens after amphetamine treatment. The 50 kD protein
is present in cytosol fractions of brain and not recognized by preimmue serum or
antiserum preabsorbed by the immunizing peptide, suggesting that this represents
a different protein that shares similar epitopes with G p i. In nondenaturing gels,
the 37 kD immunoreactivity was associated with the a subunit immunoreactivity,
but, the 50 kD immunoreactivity was not associated with the a subunit.
Amphetamine treatment enhances immunoreactive 50 kD protein expression in
striatum, nucleus accumbens and thalamus but not in cortex or hippocampus. To
further characterize this protein, a AZAPII expression library produced from rat
cerebral cortex was screened with this antiserum. Four positive clones revealed
sequences homologous to inositol polyphosphate 4-phosphatase and two to
cytosolic peroxisome proliferator-induced acyl-CoA thioesterase. Further
analyses will provide more information about possible roles of this 50 kD protein
in the short and long term consequences of amphetamine action.
Supported by NIDA Intramural Research Program.

2 04.14
COCAINE AND AMPHETAMINE REWARD IN VMAT2 AND DAT
KNOCKOUT MICE: EVIDENCE FOR TRANSPORTER-SELECTIVE
EFFECTS. I. Sora. N. Takahashi*. M. Funada. X. Li. S. Kinsev. Z. Lin.
D. Donovan. L. M iner & G.R. Uhl. Mol. Neurobiol. Branch, ERP, NEDANIH, & Depts. Neurol. & Neurosci., JHUSM, Baltimore, MD 21224.
Transgenic knockout mice lacking the plasma membrane (DAT) and
synaptic vesicular (VMAT2) transporters found in dopaminergic
neurons allow assessment of the relative roles of these dopaminecompartmentalizing transporters in psychostimulant reward.
Heterozygous VMAT2 knockout mice with half wildtype levels of
VMAT2 expression and hetero- and homozygous DAT knockout mice
lacking half or all DAT expression were injected with conditioning doses
of 1 or 3 mg/kg of amphetamine, or 5-10 mg/kg doses of cocaine on the
initially-nonpreferred sides of two-sided testing apparatus, and changes
from baseline place preference assessed 24 h later. VMAT2
heterozygotes reveal intact cocaine- but reduced amphetamine-induced
CPP compared with wildtype littermate mice. Initial studies DAT
heterozygotes reveal cocaine CPP levels at least as great as those of
wildtype littermates. These data suggest im portant roles for vesicular
monoamine release in amphetamine reward, and raise the possibility
that full DAT expression might not be required for full cocaine reward.

204.16
METHAMPHETAMINE INCREASES ARC GENE EXPRESSION
IN RAT STRIATUM AND CORTEX
M. Kodama, K. Akiyama*, H. Ujike, Y. Tanaka, S. Kuroda. Dept, of
Neuropsychiatry, Okayama Univ. Med. Sch., Okayama 700, Japan
Methamphetamine induces a number of behavioral and physiological
effects, and some of these showed lasting character such as behavioral
sensitization. Many lines of evidence showed that a certain protein
synthesis and gene expression should be essential for the first step of
methamphetamine-induced lasting adaptation. Immediately early
genes (IEGs), which may work as a third messenger, are considered
as a possible candidate for it. A r c , activity-regulated cytoskeleton
associated (Neuron 14, 433, 1995), is one of IEGs family, which was
recently shown to be involved in cocaine central effects. Now, we
examined acute effects of methamphetamine on the expression of arc
gene. In situ hybridization demonstrated that a single injection of 4
mg/kg methamphetamine increased mRNA level of arc in rat striatum
and cortex, but not in thalamus 3 h after the injection The increase
was transient because it returned to basal level within 6 h. This result
suggested that arc may participate in the early
step of
methamphetamine-induced adaptation.
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204.17
LASTING INCREASE IN SIGMA RECEPTORS AFTER
SUBCHRONIC METHAMPHETAMINE TREATM ENT
H. Ujike, Y. Tanaka, M. Kodama, S. Kuroda. T. Ishihara* Dept, of
Neuropsychiatry, Okayama Univ. Med. Sch., Okayama 700, Japan
We have developed a new method of sigma receptor binding
using [3H]YM-09151-2 with K+ phosphate buffer, which showed a
high affinity to sigma receptors without affinity to D2 dopamine
receptors in rat brain (NeuroReport 7: 1057, 1996). This method
provides a good autoradiogram enough for quantification of sigma
receptor density. Sigma receptors are considered as a possible site
for action of psychostimulants like methamphetamine and cocaine.
We examined sigma receptors in rat brain after subchronic
methamphetamine treatment. Rats received daily injection of 4 mg/kg
methamphetamine or saline for 14 days. Sigma receptors were increased
in medial prefrontal cortex, hippocampus (CA1, CA2, CA3 and dentate
gyrus), substantia nigra and cerebellum, whereas they were unchanged
in striatum, accumbens, VTA, thalamus and the other cortical areas.
Although the increase of sigma receptors in substantia nigra and
cerebellum was transient, that in frontal cortex and hippocampus was
lasting at least for 21 days after the last methamphetamine. The
lasting increase of sigma receptors in these areas may participate in
methamphetamine-induced lasting adaptational changes such as
behavioral sensitization.
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204.18
Effects of Concurrent Administration of Ethanol and Methamphetamine
on Locomotor Activity and Brain Protein Synthesis.
Chontav R. Turner, Allean O. Fouse. and M. A. Blackshear* Department of
Biological Sciences Tennessee State University, Nashville, TN 37209-1561.
The chronic effects of concurrent administration of ethanol and
methamphetamine (MAP) on brain protein synthesis and locomotor activity
were studied. Male Sprague-Dawley mice (26-30 gm) were divided into four
treatment groups: Group I -saline and water, Group-n -MAP and water;
Group III -saline and ethanol; Group IV -MAP and ethanol. Ethanol treated
mice received 10% ethanol in the drinking water, while mice receiving only
MAP or ethanol had free access to water. For these studies, 0.5 mg/kg of MAP
was injected daily for 7 days. Locomotor activity was measured on day 7 and
again on day 9 following a challenge dose of 0.125 mg/kg MAP.
While locomotor activity was high in MAP treated mice, it was higher
in mice receiving both MAP and ethanol. Maximal locomotor activity
occurred at 45 minutes post MAP treatment. The combined effects of
methamphetamine and ethanol were studied in an in vitro translation
system to evaluate the effects of mRNA and protein synthesis on brain
tissue.
In view of recent studies which demonstrate that MAP and alcohol
interactions cause psychoses and sudden death in humans, these results
will provide additional information on their molecular effects.
(Supported by NIH-RCMI Grant #5G12 RR03033)

COCAINE: NEUROPHYSIOLOGY
2 05.1
ARE ALTERATIONS IN MEMBRANE PROPERTIES OF NUCLEUS
ACCUMBENS NEURONS RELATED TO COCAINE SENSITIZATION?
C L. Brandon1 and__ F.J. White2.* 'Dept. Cell Biology and Anatomy and
^Neuropsychopharmacology Laboratory, Dept. Neuroscience, Finch Univ. Health
Sciences/The Chicago Medical School, North Chicago, IL 60064.
Behavioral sensitization following repeated administration of cocaine parallels
increased responsiveness of dopamine (DA) D,-class receptors on nucleus
accumbens (NAc) neurons measured in vivo. Previous in vitro studies from our
laboratory, using slice preparations, have shown alterations in the membrane
properties of NAc neurons three days following repeated cocaine administration,
including, hyperpolarized resting membrane potentials (RMP), reduced responses to
depolarizing current injections and decreased action potential (AP) amplitudes. In
the present study, we determined the behavioral sensitization of 7-week old rats, 14days following repeated cocaine administration (5 days, 15mg/kg/day, i.p.). Using
the same age animals, drug administration protocol and withdrawal period, we
determined active and passive membrane properties of NAc neurons in a slice
preparation, using in vitro intracellular recording techniques. When challenged with
a 7.5mg/kg dose of cocaine, cocaine-pretreated rats exhibited significant behavioral
sensitization following a 14-day withdrawal period. However, electrophysiological
recordings from NAc neurons indicated no significant difference between salinepretreated and cocaine-pretreated rats in measurements of: 1) RMP, (2) rheobase,
(3) AP threshold, amplitude and duration, and (4) afterhyperpolarization amplitude
and duration following 14-day withdrawal. This finding suggests that although
functional supersensitivity of DA D, receptors on NAc neurons measured in vivo
parallels behavioral sensitization, altered membrane properties measured in vitro,
do not. Thus, the alterations in membrane properties observed after shorter
withdrawal periods are more likely related to short-lived cocaine withdrawal
symptoms. (Support: DA04093 and DA00207 FJW).

205.2
REPEATED COCAINE ADMINISTRATION REDUCES MEMBRANE Ca2*
CHANNEL FUNCTION IN RAT NUCLEUS ACCUMBENS NEURONS
X.-T. Hu* and F.J. White. Neuropsychopharmacology Lab., Dept, of Neurosci,
Finch Univ. of Health Sci./Chicago Med. School, North Chicago, IL 60064
Our recent in vitro studies with slice preparations and freshly dissociated rat
nucleus accumbens (NAc) neurons indicate that repeated cocaine treatment
reduces voltage-sensitive sodium currents. Because the membrane
excitability of NAc neurons is controlled by various Na\ Ca2+ and K+
channels, it is possible that such channels may also be affected by repeated
cocaine administration.
Intracellular current-clamp recording in slice
preparations was used to test this hypothesis. Membrane potential was held at
-80 mV in all NAc neurons after original resting membrane potentials were
stabilized. We observed that repeated cocaine administration for 5 days (15
mg/kg, i.p., with 3-day withdrawal) significantly (1) reduced the membrane
input resistance and time constant of NAc neurons in the presence of the Na+
channel blocker TTX and the A-type K+ channel blocker 4-AP; (2) suppressed
generation of Ca2+-dependent potentials; (3) increased the depolarizing
currents required for generation of Ca2+ potentials; and (4) increased the
amplitude of aftertiyperpolarization as compared to saline-pretreated rats.
Moreover, in the presence of TEA, which blocks most subtypes of K+
channels, the % amplitude duration of evoked Ca2+ plateau potential was also
reduced in cocaine-pretreated rats. These alterations may be related to
increased intracellular signal transduction associated with DA D1 receptor
stimulation and increased activity of cyclic AMP, PKA, and protein
phosphatases. These findings indicate that repeated cocaine administration
reduces membrane excitability of NAc neurons by interrupting function of
membrane Na+ and Ca2+ (probably also K+) channels through alterations in
signal transduction (Supported by DA-04093 and DA-00207).

205.3
DOPAMINE RECEPTOR ANTAGONISTS AND THE INDUCTION OF
BEHAVIORAL SENSITIZATION TO COCAINE AND AMPHETAMINE. T. E.
Koeltzow.* A. Joshi. X.-T. Hu. M. E. Wolf and F. J. White. Dept, of Neuroscience,
FUHS/ The Chicago Medical School, North Chicago, IL, 60064.Neuroadaptations
occurring during the development of behavioral sensitization to psychomotor
stimulants are thought to parallel those associated with drug craving. Drug craving is
a major component of drag abstinence and may contribute to relapse. Although
amphetamine (AMP) and cocaine (COC) are pharmacologically distinct, they are
believed to promote sensitization in similar ways. We investigated the ability of
selective dopamine D1 and D2 class receptor antagonists to prevent the induction of
behavioral sensitization to COC or AMP. Antagonists were administered 15 minutes
prior to once daily injections of 15 mg/kg COC or 2.5 mg/kg AMP for 5 days.
Locomotor activity was assessed on days 8 (3 days withdrawal) and 15 (10 days
withdrawal) in response to a challenge dose of COC (7.5 mg/kg i.p.) or AMP (2.5
mg/kg). The D2 receptor selective antagonist eticlopride (ETI) failed to prevent the
induction of sensitization at all doses tested. The D1 receptor selective antagonist
SCH 23390 (SCH) appeared to prevent the induction of COC sensitization at an
intermediate dose when tested at 3 days of withdrawal. However, sensitization was
clearly evident following 10 days of withdrawal. High doses of SCH alone produced
supersensitivity to behavioral effects of COC and to inhibitory effects of D1 receptor
agonists on nucleus accumbens neurons. Co-administration of ETI and SCH also
failed to prevent the induction of COC sensitization. SCH, but not ETI, prevented the
expression of sensitization when given prior to test day COC challenge. In contrast,
SCH pretreatment prevented the induction of locomotor, but not stereotypy
components of AMP sensitization. We conclude dopamine receptors are differentially
involved in the induction of locomotor sensitization to COC and AMP and induction
of sensitized stereotypy and locomotion by AMP involve distinct processes.
(Supported by DA 04093 & 00207 to FJW, and DA 09621 to MEW.)

205.4
AN APPROACH TO THE ANALYSIS OF SPIKE TRAIN ACTIVITY IN
THE MESOLIMBIC SYSTEM DURING A PROGRESSIVE RATIO
TASK FOR COCAINE SELF-ADMINISTRATION A.V. Azarov, J.Y.
Chang, P.H. Janak and D.J. Woodward*. Department of Physiology and
Pharmacology, Bowman Gray School of Medicine, Wake Forest
University, Winston-Salem, NC 27157
A goal of this project was to establish a procedure for study of distributed
neuronal activity in the nucleus accumbens, prefrontal cortex and other
mesolimbic regions during a progressive ratio task. Multiple electrode arrays
of 16 teflon coated 50 micron stainless steel microwires were implanted in the
nucleus accumbens, medial prefrontal cortex and ventral tegmental area.
Groups of 15-30 neurons are recorded simultaneously from different
mesolimbic regions during daily sessions lasting three to five hours. Prior to
electrode surgical implant, rats are being trained to nose poke for cocaine
under FR1 schedule. In a progressive ratio paradigm, the requirement of an
increased number of responses is imposed to obtain each successive dose of
0.25 - 0.5 mg/kg cocaine i.v. Rats reach a break point at the 14-16th step at
about 77-100 nose pokes. Preliminary results have revealed neurons in
mPFC and NAC which coded phasic responses during tone, light cues or
nosepoke movements, while others become tonically excited or inhibited ,
termed “frustration” neurons, minutes prior to the break point. This procedure
allows a search within the mesolimbic system for neuronal activity patterns
which reflect the diminished motivation to sustain the serial nose poking. (
Supported by DA 2338 and AA10980 to DJW. AA07565 NC Gov. Inst.
Young Investigator Award to PHJ)
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205.5
CHRONIC COCAINE EXPOSURE REDUCES THE MODULATORY
EFFECTS OF DOPAMINE ON GABA-INDUCED INHIBITIONS OF
VENTRAL PALLIDAL NEURONAL ACTIVITY. T. C. Napier* and P. I.
Johnson. Dept, of Pharmacol., Neurosci. & Aging Inst. Div. for Res. on
Drugs of Abuse, Loyola Univ. Chicago, Sch. of Med., Maywood, IL, 60153.
The nucleus accumbens (NAC) sends a prominent GABAergic projection to
the ventral pallidum (VP), and GABAergic transmission in the VP is
modulated by dopamine (DA). Chronic cocaine enhances the inhibitory
effects of DA on NAC neurons which may reduce GABA release in the VP.
To determine if chronic cocaine alters the efficacy of the effects of GABA
and/or the modulatory actions of DA in the VP, in vivo electrophysiology and
microiontophoresis were used. Recordings were made from anesthetized
rats that were either cocaine-naive or those tested 3 days after chronic
cocaine exposure (10 mg/kg ip daily for 5 consecutive days). DA modulation
was determined by comparing its ability to alter GABA-induced activity
(“signal") versus spontaneous firing (“noise"). A DA ejection current-response
curve (1 to 128 nA) was used to determined the ejection currents producing a
half-maximal response (ECur50) and those that were subthreshold to altering
spontaneous firing. An ECur50 for GABA was used to inhibit VP neuronal
activity. The GABA ECur50 in cocaine-treated rats was lower than that
required in cocaine-naive rats (11±2nA and 37±5nA, respectively; p<0.01).
In cocaine-naive rats, DA ECur50 attenuated the GABA signal-to-noise ratio
in 70%, potentiated the ratio in 10%, and had no effect in 20%. Subthreshold
DA attenuated GABAergic influences in 59%, potentiated 18%, and had no
effect in 23%. In rats chronically-treated with cocaine, DA was less effective
in modulating GABAergic activity; ECur50 DA and subthreshold DA
attenuated the signal-to-noise ratio in 54% (p<0.01) and 36% (p<0.01),
potentiated the ratio in 8%, and 7% (p<0.01), and had no effect in 38% and
57%, respectively. These data suggest that chronic exposure to cocaine
sensitizes the VP to GABA and attenuates the ability of DA to modulate
GABA-induced activity. Work supported by USPHSGs DA05651 to PIJ and
DA05255 to TCN.

205.6
EFFECTS OF CHRONIC COCAINE TREATMENT ON DOPAMINE-INDUCED
NEURONAL ACTIVITY IN THE VENTRAL PALLIDUM. P. I. Johnson* I.
Mitrovic and T. C. Napier. Dept, of Pharmacology, Neurosci. & Aging Inst. Div.
for Research on Drugs of Abuse, Loyola Univ. Chicago, Sch. of Med., Maywood, IL.
To investigate the possibility that chronic cocaine exposure alters ventral pallidal
(VP) neuronal activity, rats received daily cocaine injections (10 mg/kg i.p.) for 5
consecutive days. Three days after the final injection, the effects of repeated cocaine
treatments on dopamine (DA)-evoked responses of VP neurons were compared to
neuronal responses in cocaine-naive rats using in vivo electrophysiologic and
microiontophoretic techniques. A DA ejection current-response curve (1 to 128 nA)
was generated for each neuron to determine the maximal change in firing rate
(Emax), and the ejection currents producing half-maximal (ECur50) and threshold
responses. In control rats, 69% (36/52) of the VP neurons were sensitive to DA;
47% (17/36) of these increased firing and 53% (19/36) decreased firing. For the
increased and decreased firing categories, threshold was 29±5nA and 37±7nA;
ECur50 was 37±4nA and 36±3nA, and the Emax was 196±17% and 44±5% of
baseline firing, respectively. Chronic cocaine did not alter the number of DAsensitive neurons (83%; 38/46), the response distribution (47% [18/38] increased
and 53% [29/38) decreased firing), the ECur50 for increased and decreased response
categories (29±6nA and 41±8nA, respectively) or the Emax for the rate increases
(202±23% of baseline). However, chronic cocaine exposure lowered the threshold
for the increased and decreased response categories (ll±3nA, p<0.01 and 19±5nA,
p<0.05, respectively) and magnified the Emax of the DA-induced rate decreases
(29±5% of baseline firing; p < 0.05). These results suggest that chronic cocaine
sensitizes VP neurons to subsequent challenges with DA. Because (1) D 1 agonists
predominately inhibit VP neuronal activity, (2) chronic cocaine upregulates the Dllinked cAMP system, and (3) cocaine-induced sensitized responses are blocked by
intra-VP D1 antagonists, cocaine-induced alterations in Emax may involve Dlmediated events. Supported by USPHSGs DA05651 to PIJ and DA05255 to TCN.

205.7
TONIC FIRING OF INDIVIDUAL NUCLEUS ACCUMBENS
NEURONS
RECORDED
DURING
COCAINE
SELF
ADMINISTRATION BEHAVIOR. F.X. Guvette. A.J. Uzwiak. MO.
West*, and L.L. Peoples. Dept. Psychology. Rutgers, The State University
o f New Jersey, New Brunswick, NJ 80903.
Using extracellular recording techniques this study characterized tonic
firing patterns during cocaine self-administration (Fixed Ratio 1; 0.7
mg/kg/inf) o f neurons (n = 135) that were in the nucleus accumbens
(NAcc) and that were verified to be single units by interspike interval
analysis. Male Long Evans rats (n= 37) were implanted with a microwire
array positioned in the NAcc and a jugular catheter. Each rat completed a
minimum o f 15 self-administration sessions (one 6 hr session per day for 15
days) before the recording session was conducted. Tonic firing rates were
calculated for the 20 min predrug baseline period; and following attainment
of asymptotic drug level (calculated), tonic firing rates were determined for
two defined 20 min blocks. Eighty-seven percent o f recorded neurons
showed a significant change in tonic firing rate during both 20 min blocks
o f the cocaine self-administration session, relative to firing rate during a
predrug baseline period. For a majority (65%, 77/118) o f those neurons,
the change was a decrease. NAcc subterritories did not differ categorically
in the occurrence or direction o f the tonic changes. The suppression of
firing may contribute to the neurophysiological conditions necessary for
cocaine reinforcement, perhaps by modifying access o f particular afferents
to NAcc target sites and/or by disinhibiting other areas important to control
o f reinforced behavior. Research supported by DA06886

205.8
PHASIC FIRING PATTERNS ON TWO TIME BASES RECORDED FROM
INDIVIDUAL NUCLEUS ACCUMBENS NEURONS DURING COCAINE SELF
ADMINISTRATION BEHAVIOR. A.J. Uzwiak. F. Gee. M.O. West and L.L.
Peoples*. Dept. Psychology, Rutgers, The State University of New Jersey, New
Brunswick, NJ 08903.
Using extracellular recording techniques, this study characterized phasic firing
patterns during cocaine self-administration (Fixed Ratio 1; 0.7 mg/kg/inf) of
neurons (n = 135) that were in the nucleus accumbens (NAcc) and that were
verified to be single units by interspike interval analysis. Male Long Evans rats (n
= 37) were implanted with a microwire array positioned in the NAcc and a jugular
catheter. Each rat completed a minimum of 15 self-administration sessions (one 6
hr session per day for 15 days) before the recording session was conducted.
Following the attainment of an asymptotic drug level (calculated), patterns were
characterized on a time base that approximated the interinfusion interval (long time
frame; ± 4 min) and on a time base that approximated the duration of both the
operant behavior and the subsequent delivery of the cocaine (short time frame; ±15
sec). Of the 135 neurons, 85 (63%) exhibited phasic changes in firing rate on at
least one time base. Of these neurons, 25 (29%) showed changes in firing rate only
on the long time frame; 19 (23%) showed changes in firing rate only on the short
time frame, and, 41 (48%) showed changes on both time bases. For the majority of
the neurons with changes on both time bases (93%; 38/41), the nature of the
postpress change on the long time frame was a decrease in firing rate. For 74%
(28/38) of the neurons exhibiting this long time frame postpress decrease, the short
time frame change in firing rate was an increase in firing rate either immediately
before or after the lever press. The differences in the direction and timing of the
change in firing rate observed on the two time bases are likely to result from
multiple afferents and suggest that individual NAcc neurons may contribute to
multiple aspects of drug self-administration. Research supported by DA06886

2 05.9
COMPARISON OF SHORT AND LONG DURATION FIRING OF NUCLEUS
ACCUMBENS NEURONS DURING COCAINE SELF-ADMINISTRATION
SESSIONS IN RATS.
R.M. Carelli* and S.A. Deadwvler. Dept, of Physiology & Pharmacology, Center for the
Neurobiological Investigation of Drug Abuse, Bowman Gray School of Medicine,
Winston-Salem, NC 27157.
We have previously reported that a subset of nucleus accumbens (NA) neurons
exhibit 4 types of 'short' duration (20 sec) patterned discharges relative to the cocaine
reinforced response (Carelli & Deadwyler, PBB,57:1,1997). A recent report has shown
that NA neurons also exhibit cyclic alterations in firing rate over a much longer time
period (5-8 min) within the same context (Peoples & West, J.Neurosci, 16:3459,1996).
The purpose of the present study was to compare short (20 sec) vs. long (8 min) duration
NA cell firing. Of 308 NA neurons (23 rats), 94 cells exhibited 5 types of short duration
patterned discharges and were classified as 'phasic' cells. Of these 94 cells, 42 also
exhibited 3 types of long-duration discharge patterns which showed the same type of
complimentary firing with respect to the self-administration response, but exhibited
changes over a time base nearly 8 times longer and encompassing the entire inter-trial
interval. A subset of cells (n=40) initially classified as 'nonphasic' during the short interval
also exhibited long-duration cyclic alterations in firing rate over a 5-8 min interval.
However, 'nonphasic' cell firing was characterized by shallower ramping and blunted
firing rates compared to 'phasic' cells over the same long-duration interval. Both 'phasic'
and 'nonphasic' neurons exhibited well defined "staggered" onset and offset times
indicating slightly asynchronous discharge patterns with respect to the self-administration
response. In addition, reciprocal long-duration firing patterns could be simultaneously
recorded during the same behavioral session indicating that the firing patterns are not
related to changes in the behavioral state of the animal (ie., stereotypy) during the
interval. These findings provide additional insight into the functional organization of NA
cells underlying reward-related firing in cocaine self-administration. [Supported by NIDA

205.10
COCAINE S FIRING RATE DEPENDENT EFFECT ON RAT DORSOLATERAL
STRIATAL NEURONS. C.L. Pederson*. M. Wolske. and M.O. West. Department of
Psychology, Rutgers University, New Brunswick, NJ 08903.
Cocaine's effects on striatal neurons related to vertical head movement were studied
in rats. Vertical head movements, similar in form to stereotypic head bobbing typically
observed after cocaine administration, were reinforced by a drop of water (fixed ratio 5).
Head movement was measured via computerized tracking of 2 LEDs facing forward from
the animal's headstage (1 mm resolution). This technique allowed a pre-drug baseline
firing rate to compare with post-drug firing rate during movements that were matched
(pre- versus post-drug) with respect to all parameters (e.g., distance, duration, velocity,
position) with which the firing of each neuron was correlated. Low doses (5 and 10
mg/kg, i.p.) stimulated more long- distance movements. In contrast, the high dose (20
mg/kg) produced fewer long distance movements and increased die number of water
drops not collected—both measures of stereotypy. Most firing rates were increased
post-drug, whereas some were reduced and others not changed. The most striking result
was die emergence of a pattern to this mixture of effects: the effect of cocaine depended
on baseline firing rate. Low baseline firing rates were elevated (up to 16-fold) at all
doses. High baseline firing rates showed either less elevation (low doses) or suppression
(up to 16-fold at the high dose). This firing rate dependency was dose dependent and was
shown to be a generalized effect, both between different neurons and within single
neurons. Thus the effect on any given neuron's firing rate was not a uniform increase or
decrease, but varied fromone movement to the next depending on the firing rate normally
associated with that movement. Elevation of striatal firing rates at tow doses may
contribute to the characteristic stimulation of motor behavior in many categories.
However, at the high dose, even while the elevation of low firing rates stimulates motor
behavior, the virtual elimination of high firing rates of striatal neurons, which are
correlated with diverse aspects of movement, may contribute to the decreased behavioral
diversity characteristic of stereotypy. Supported by DA 04551, DA 06886, Busch
Memorial Fund.

grants DA10006 (RMC) andDA06634, DA00119 (SAD).]
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205.11
CHRONIC COCAINE AND LIDOCAINE ALTER SODIUM
CHANNEL DENSITIES & VOLTAGE-DEPENDENT PROPERTIES
IN ACUTELY DISSOCIATED RAT HIPPOCAMPAL CA1 NEURONS.
J. Zhai*. S.J. Wieland and F.M. Sessler. Dept, o f Neurobiol. & Anat.,
MCP/Hahnemann Sch. o f Med., Allegheny Univ. o f the Hlth. Sci.,
Philadelphia, PA 19129.
Previously we reported an increase in voltage-dependent Na+ channel
functions in rat hippocampal CA1 neurons after repeated administration
of subconvulsive doses o f cocaine (45 mg/kg/day for 5-7 days). We now
analyze these changes in relationship to cocaine concentrations and its
local anesthetic properties. Adult rats were administered lidocaine 70
mg/kg (i.p.) or cocaine 10 mg/kg (i.p.) daily for 5 to 7 consecutive days.
CA1 pyramidal neurons from control and drug-treated rats were acutely
dissociated with trypsin and trituration procedures. Under whole-cell
patch-clamp recording the voltage-dependent Na+ currents in these
neurons were activated near -50 mV and rose to peak at -25 mV.
Following lidocaine or cocaine treatment, mean current densities o f peak
Na+ currents were significantly augmented from 146.8 ± 20.0 pA/pF
(n=21, control) to 201.8 ± 21.3 pA/pF (n=31, lidocaine) and 196.7 ± 20.9
pA/pF (n=27, cocaine). The steady-state inactivation o f Na+ current was
fitted to a Boltzman distribution with values o f -70.9 ± 1 .2 mV for VV2 in
neurons from control rats (n=21). The Vm values were significantly
shifted, in a depolarizing direction, to -60.2 ± 1 .1 mV and -65.1 ± 1 .4 mV
in neurons taken from lidocaine- and cocaine-treated rats, respectively.
These results suggest that the observed changes in Na channel
characteristics in hippocampal CA1 pyramidal neurons may result from the
local anesthetic action o f cocaine. However, contribution o f other actions
o f cocaine, such as the blockade o f monoamine reuptake mechanisms, can
not be excluded. (Supported by NIDA DA08405 and Allegheny-Singer
Research Institute Award to FMS)

OPIOIDS: NEUROPHARMACOLOGY
206.1
CHRONIC CADMIUM EXPOSURE ATTENUATES MORPHINE
AND FENTANYL CONDITIONED PLACE PREFERENCE. EL
K. Miller and J. R. Nation*. Dept, o f Psychology, Texas A&M
Univ., College Station, TX 77843.
Adult male rats were exposed ad libitum for 40 days to 100 ppm cadmium
chloride through their diet, or an identical diet with no added cadmium.
Conditioned place preference (CPP) was conducted in a 2-chamber apparatus in
which all drugs were paired with the least-preferred side, as determined on a pre
test. Control and cadmium-exposed rats received 0 , 0 .6 , 1.25, 2.5, or 5 mg/kg
morphine sulfate (ip) for 4 days, and vehicle only for 4 days. Control animals
showed-a preference for the drug-paired side at 1.25, 2.5, and 5 mg/kg while the
cadmium-exposed rats showed a preference at 5 mg/kg only. A similar pattern of
attenuation was noted when rats were administered 0,2, or 5 \i% morphine sulfate
intracerebroventricularly. Control animals showed a place preference at 2 and 5
Mg while cadmium-exposed animals showed preference at 5 jig only. The
selective |x-opioid receptor agonist fentanyl (0, 0.0004, 0.004, and 0.04 mg/kg,
sc) was systematically administered. Cadmium animals showed place preference
only at 0.04 mg/kg, but control animals showed preference at 0.0004, 0.004, and
0.04 mg/kg. Subsequent analysis of cadmium in blood tissue indicated levels
approximating those of pack-a-day smokers, a sub-population susceptible to
cadmium exposure. The findings from these experiments are consistent with
previous research in which chronic cadmium exposure attenuated the
development of morphine locomotor sensitization in rats (Nation et al., 1997).
Together these data indicate a possible alteration of neural reinforcement
pathways by cadmium.
This research was supported by U.S. Public Health Service Grant DA07952.

206.2
ELECTROACUPUNCTURE PLUS RESPERIDONE ATTENUATES THE
PHYSICAL AND MOTIVATIONAL EFFECTS OF OPIOID WITHDRAWAL IN
RATS. M. He1-2, A.S. Kimes1’, T.S. Shippenberg1. Y. Shen2. Z. Cai3. J. Zheng3
'Brain Imaging Section, NIDA, Balto., MD 21224,2Inst. of Mental Health, Beijing
Med. Univ., Beijing, China, 3National Inst, on Drug Dependence, Beijing Med.
Univ., Beijing 100083, China.
The effects of electroacupuncture (EA), administered alone or in combination with
resperidone on the expression of morphine withdrawal was examined. Male S/D
rats were injected with saline and increasing doses of morphine [5-90 mg/kg; i.p:
2x/dayxl0 days (Days 1-10)]. They were confined to 1 environment after saline
injections and to another following injections of morphine. Control animals
received saline. On days 11-18, groups of rats received: EA (2/100HZ x 45
min/day), resperidone (RES: 2.0mg/kg/day), EA+RES or sham treatments. Physical
withdrawal signs were rated daily. Tests of place conditioning were conducted prior
to the morphine treatment, on day 11 and on day 18. Morphine abstinence resulted
in a characteristic physical withdrawal syndrome. In animals which had received
EA, a 50% reduction in the incidence of physical withdrawal signs was seen.
Similar effects were produced by RES. The combination of EA+RES did not
produce a greater effect. Morphine-dependent animals exhibited a marked
preference for the morphine paired place. The magnitude of this effect increased as
withdrawal progressed. In animals which received EA or RES, the conditioned
preference was attenuated. In contrast, EA+RES abolished the conditioned
withdrawal response. These data demonstrate that EA and RES reduce the severity
of the physical withdrawal syndrome and that a common mechanism may underlie
their effects. EA and RES attenuated the conditioned response to opioid withdrawal
suggesting that these treatments also decrease the motivational consequences of
opioid withdrawal. The finding that the effects of EA+RES were greater than EA
and RES alone suggest that distinct mechanisms mediate the ability of these agents
to modulate physical vs. motivational effects of withdrawal.
(Supported by Chinese Post-doctoral Foundation)

206.3
INGESTION OF SUCROSE ENHANCES CENTRALLY ADMINISTERED
MU AND DELTA BUT NOT KAPPA OPIATE-INDUCED ANALGESIA
IN RATS. W. Foulds Mathes. L. Monfared. R.B.Kanarek*. Dept, of
Psychology, Tufts University, Medford MA 02155.
The effect of prior consumption of a 32% sucrose solution on centrally
administered mu, kappa, and delta opiate agonists was evaluated in adult male
rats. Animals were maintained on chow or chow and a 32% sucrose solution
for at least three weeks prior to the experiment. The mu agonist morphine
sulfate (0 ,5 ,1 0 ug/5ul), the kappa agonist trans-(+/-)-3,4-dichloro-N-methylN-(2-[lpyrrol-indinyl]cyclohexyl)-benzeneacetamide (U50488) (0,50,100
ug/lOul), and and the delta agonist [DPEN2, DPEN5] Enkephalin (DPDPE)
(0 ,3 0 ug/lOul) were administered into the lateral ventricles via permanent
indwelling cannulae. Pain sensitivity was measured on the tail flick apparatus
immediately prior to and 10,20 and 40 minutes post injection. Animals
consuming sucrose showed an increased analgesic response following
morphine administration compared to animals consuming chow alone. The
percent maximal possible effect (%MPE) of the animals consuming sucrose
(26.9%) was significantly higher than the animals consuming chow (8.0%)
following 5ug morphine at 20 minutes post injection (t=-2.48, p=.037).
DPDPE showed a increased analgesic response in the animals consuming
sucrose (%MPE= 22.5%) compared to animals consuming chow alone
(%MPE= 8.0%) U50488 failed to elicit an analgesic response in either group
at all doses tested. These results support the hypothesis that sucrose
potentiates centrally administered mu and delta opiate-induced analgesia in
rats. Funded by NIDA Grant No. DA04132 to R.B.K.

206.4
MORPHINE TOLERANCE AND DEPENDENCE IN THE CONGENITAL
LEARNED HELPLESS RAT: BEHAVIORAL AND NEUROCHEMICAL
CORRELATES. E Edwards*. W.Niwatananum. J.Thomas.C. Yu. E.Moreton. Dept.
Pharmaceutical Sciences, University of Maryland, Baltimore, MD 21201
The congenital learned helpless (cLH) rat is a model of depression. Some
characteristics of this model are: 1) a consistent 3 to 5 fold up-regulation of the |i
opiate receptor in limbic structures; 2) a differential modulation of endogenous opbid
peptides; 3) an atypical PK/PD in response to acute morphine treatment. The presc a
experiments were carried out to assess whether the cLH rat would differ from the
cNLH control in behavioral and neurochemical measures of morphine tolerance an 1
dependence. cLH and cNLH male rats were administered morphine (10 mg/kg, i.p ,
b.i.d.) for 7 days. Body weight was decreased 5-10% in both strains as tolerance to
morphine developed. Hindpaw withdrawal latencies (HWL) in a hot plate test,
increased 194 and 88% (day 1) in cNLH and cLH rats. However by day 3, HWLs
declined to baseline values for cLH rats while they remained elevated in cNLH raS up
to day 7, indicating a differential rate in tolerance development. In measurements f
locomotor activity, cLH rats did not exhibit tolerance to the inhibitory effects of
morphine. In addition, sensitization to the subsequent excitatory effects of morphine
was not evident. During precipitated withdrawal ( naloxone 3 mg/kg, i.p.Day 8), cLH
rats exhibited significantly lower withdrawal scores. The decrease in severity of
withdrawal parameters was accompanied by a decrease in hippocampal norepinephinc
measured by in vivo microdialysis. This was in contrast to the cNLH controls v ho
exhibited increases of norepinephrine levels during withdrawal. It is concluded tha1
the cLH rat may be useful in studies assessing genetic susceptibility and drug abuse
potential.
Supported in part by a School of Pharmacy DRIF Grant
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ORPHANIN FQ (NOCICEPTIN), A PUTATIVE ANTI-OPIOID PEPTIDE: A
ROLE IN MORPHINE DEPENDENCE AND WITHDRAWAL? A. C. Morse*.
L. T. Davidson, and G. Schulteis. Dept, of Anesthesiology, UC San Diego
School of Medicine and Dept, of Neuropharmacology, The Scripps
Research Institute, La Jolla, California, USA.
Orphanin FQ (OFQ) is a recently-discovered endogenous peptide ligand
for an orphan receptor (LC132) which is structurally related to the opioid
receptor family but does not bind prototypical opioid ligands. Recent
reports suggest that OFQ may act as a functional anti-opioid peptide in
blocking stress- and opioid-induced analgesia. To test the hypothesis that
this putative anti-opioid may play a role in opioid dependence and
withdrawal, we examined the effects of OFQ administered into the lateral
ventricles (ICV) on a sensitive behavioral model of opiate withdrawal in rats:
suppression of operant responding for food. Rats were trained to stable
baselines on an FR-15 schedule prior to implantation of chronic indwelling
guide cannulas. To induce dependence, rats received two morphine
pellets subcutaneously (SC). From 6-11 days post-pellet implantation, two
separate groups of rats received an ICV injection of OFQ (0, 1, 3.3 or 10
nmol) 15 min prior to a SC injection of vehicle or naloxone (10 ng/kg),
followed by a 20 min operant test session. Using a within-subjects Latin
Square design, rats received a different dose of OFQ on each of 4
consecutive days. OFQ alone had no effects on operant responding,
except for the highest dose (10 nmol), which also produced noticable
lethargy and ataxia. In combination with naloxone, OFQ (10 nmol)
produced no greater suppression of responding than that observed after
either OFQ or naloxone alone. These preliminary data suggest that OFQ
does not by itself elicit morphine withdrawal nor potentiate naloxoneprecipitated withdrawal, but further studies will determine whether somatic
withdrawal signs or acute dependence and withdrawal may be differentially
more sensitive to OFQ treatment. Supported by DA10475 (GS).

206.6
CLONIDINE BLOCKS ACQUISITION BUT NOT EXPRESSION OF
CONDITIONED OPIATE WITHDRAWAL. G. Schulteis. L. Stinus. V.
Risbrouqh. M.B. Welnger.* and G. F. Koob. Dept, of Neuropharmacology,
The Scripps Research Institute, La Jolla, California, USA, and Universite de
Bordeaux II, CNRS UMR 5541, Bordeaux, France.
Clonidine is a centrally-acting a2-adrenergic receptor agonist used
clinically to facilitate opiate detoxification. Data with human addicts suggest
that somatic signs of opiate withdrawal are more responsive to clonidine
therapy than subjective signs (anxiety, dysphoria, drug craving). However,
animal studies report that clonidine attenuates conditioned place aversions
precipitated by naloxone if administered prior to each withdrawal
conditioning episode. To more closely approximate the clinical situation
where conditioned withdrawal associations would likely have formed before
onset of clonidine therapy, clonidine effects on expression of previouslyestablished conditioned withdrawal signs were examined. Two paradigms
were used in rats implanted with 2 morphine pellets: 1) a conditioned place
aversion paradigm wherein naloxone was paired 3 times with a distinct
environment, and 2) a conditioned suppression of responding paradigm
wherein rats responding for food on an FR15 schedule received 4 pairings
of naloxone and a distinct tone and odor stimulus. Clonidine dosedependently blocked the acquisition of both conditioned behaviors when
administered prior to naloxone on each conditioning trial, but was
ineffective in blocking the expression of these conditioned withdrawal
signs when given only prior to the test session. The results indicate that
clonidine therapy, and similar strategies which rely upon direct suppression
of withdrawal symptomatology, may fall short in prevention of relapse due to
their inability to suppress established conditioned associations which
contribute to relapse to compulsive drug use. Supported by DA04043
(GFK) and DA10475 (GS).

206.7
POTENTIATION OF THE BEHAVIORAL ACTIVATING EFFECTS OF A D2
DOPAMINE RECEPTOR AGONIST DURING OPIATE WITHDRAWAL. J.P.
Druhan*. C.L. Walters and G. Aston-Jones. Department of Psychiatry, Allegheny
University of the Health Sciences, Broad & Vine, Philadelphia PA 19102.
Numerous animal studies have shown that opiate withdrawal is associated with
decreases in general activity and reductions in operant responding for incentive
stimuli. Nevertheless, drug withdrawal can serve as a potent motivator of drugseeking behavior in human opiate abusers. How this physiological state of behavioral
suppression and malaise serves to stimulate increased drug-seeking behavior is a
question that has rarely been addressed in studies of addiction. Our recent experiments
show that rats become super-sensitive to the behavioral activating effects of D2
agonists during periods of opiate withdrawal. In one experiment, rats received
subcutaneous implants of either two 75 mg morphine pellets or two placebo pellets.
Seventy-two hours later, the rats were tested for locomotor activity and stereotypy
after receiving injections of the D2 agonist, propylnorapomorphine (NPA; 0.05,
0.10, 0.20 or 0.4 mg/kg, ip) or its vehicle in combination with either 1.0 mg/kg
naltrexone or saline. NPA produced strong, dose-related increases in locomotor
activity when given to opiate-dependent rats undergoing naltrexone-precipitated
withdrawal. In contrast, NPA suppressed locomotor activity when given alone to
morphine- or placebo-implanted control rats, and it had no effects when co
administered with naltrexone in non-dependent animals. A similar pattern of effects
was observed with stereotypy measures, with NPA producing strong increases in
stereotyped sniffing in rats undergoing naltrexone-precipitated withdrawal relative to
dependent animals given NPA in the absence of naltrexone. Interestingly, there was
no evidence for withdrawal-induced potentiation of these behavioral effects of the D1
receptor agonist, SKF 38393. Subsequent experiments revealed that the locomotor
stimulant and stereotypy-inducing effects of NPA also were enhanced during
abstinence-induced withdrawal measured 2 to 4 days following removal of the
morphine pellets. This heightened sensitivity to D2 receptor stimulation could play
an important role in facilitating drug-seeking behaviors during periods of opiate
withdrawal. Supported by PHS grant # DA08381.

206.8
BLOCKADE OF Ml MUSCARINIC RECEPTOR ADAPTATION TO
MORPHINE DEPENDENCE REDUCES THE INTENSITY OF
WITHDRAWAL. L.C. Zhang» and J.J. Buccafiisco. Dept. Pharmacol. & Toxicol.
Medical College of Georgia and VA Medical Center, Augusta, GA 30912.
Our previous studies have demonstrated in morphine dependent rats that
interference with the dynamics of brain acetylcholine (ACh) neurotransmission
suppresses the expression of subsequent withdrawal symptoms. Our purpose was
to determine whether prevention of the adaptive changes in Ml receptors induced
by chronic morphine infusion would also reduce the expression of subsequent
withdrawal symptoms. Ml receptor adaptations to chronic i.v. morphine infusion
and during the complete phase of withdrawal was determined by measuring the
steady-state levels of the mRNA encoding Ml receptors. Changes in Ml mRNA
derived from the cerebral cortex closely paralleled the phases of dependence and
withdrawal, i.e., the levels were (1) significantly increased just prior to withdrawal
(2) significantly decreased at the peak of withdrawal, and (3) had returned to pre
withdrawal levels at the completion of withdrawal. Withdrawal symptoms were
quantified by the continuous measurement of the post-withdrawal increase in mean
arterial pressure and specific locomotor behavior in a open field. Co-administration
of the acetylcholinesterase inhibitor DFP (0.25 mg/kg, s.c., once daily) was used to
increase the synaptic levels of brain ACh in order to prevent these adaptive changes
to the Ml receptors. When both morphine and DFP were discontinued, those rats
that received the DFP treatment exhibited a reduced expression of withdrawal
symptoms. Thus, part of the mechanism for the development of physical
dependence on morphine and the expression of withdrawal symptoms is the
adaptation of ccntral muscarinic receptors to decreased transmitter release.
Supported by a grant from the Dept. VA Medical Research Service.

206.9
FLUOXETINE ATTENUATES MORPHINE-INDUCED LOCOMOTION
AND BLOCKS MORPHINE-INDUCED SENSITIZATION. T.L. Sills*, and
P.J. Fletcher. Biopsychology Section, Clarke Institute of Psychiatiy, Toronto,
Canada M5T1R8
Morphine (MOR) stimulates locomotor activity at low to moderate doses and this
effect exhibits sensitization following repeated treatments, such that MOR
becomes more efficacious in eliciting locomotion. MOR induces increases in
serotonin (5-HT) activity in brain regions that are thought to mediate MORinduced locomotion, suggesting a possible role for 5-HT in the locomotor
activating effects of MOR. The present experiment examined the effects of
elevated 5-HT activity on the locomotor response to acute and repeated MOR
treatments. On five consecutive days, male Wistar rats (Charles River, Quebec)
were injected with either vehicle (distilled water) or the selective serotonin
reuptake inhibitor fluoxetine (FLU; 5 mg/kg) 30 minutes prior to an injection of
either saline or MOR (5 mg/kg), following which locomotor activity was measured
for 3 hours. Twenty-one days laterv all animals were tested for their response to a
challenge dose of 2.0 mg/kg MOR. Results show that during the initial treatment
phase, MOR (5.0 mg/kg) stimulated locomotor activity and this was attenuated by
the co-administration of FLU. Animals that received repeated MOR treatments
exhibited a sensitized locomotor response to a challenge dose of MOR
administered 21 days following the initial treatment phase. Pretreatment with
FLU in combination with MOR resulted in a blockade of the MOR-induced
behavioral sensitization. These results indicate that increasing 5-HT levels
attenuates the locomotor activating effect of acute MOR, and blocks the behavioral
sensitization produced by repeated MOR treatments. Supported by a NARSAD
Young Investigator award to T.L. Sills.

206.10
THE SELECTIVE 5-HT3 RECEPTOR ANTAGONIST, GRANISETRON,
BLOCKS THE DEVELOPMENT OF MORPHINE SENSITIZATION. R.M.
Anderson* and P.-P. Rompré. Centre de recherche Femand-Seguin et Département
de Psychiatrie, Université de Montréal, Montréal(Québec), Canada, H1N 3V2.
Repeated treatment with morphine leads to a progressive increase in locomotor
activating effect in rats and a large body of evidence supports a role for dopamine in
this behavioral sensitization to morphine. Interestingly, recent results show that
morphine stimulates central serotonergic impulse flow, an* effect that' may
contribute to the stimulant effect of morphine on dopamine neurotransmission. It
has been reported, for instance, that morphine-induced increase in locomotor
activity and in dopamine release is attenuated or reversed by serotonergic, 5-HT3,
receptor antagonists. In this study, we further investigated the role of 5-HT3
receptors in the stimulant effect of morphine by determining whether co-treatment
with granisetron can prevent the development of morphine sensitization.
Experiments were performed on different groups of rats which were injected on four
occasions (every second day: Days 1, 3, 5 and 7) with granisetron (30 or 3000
|xg/kg), or its vehicle, followed 30 min later by morphine (5 mg/kg) or saline.
Locomotor activity was measured in photocell cages for two hours after the
injection on each day. One week after the last injection (Day 14), sensitization to a
single injection of morphine (2.5 mg/kg) was tested in all groups. Results show
that granisetron, at the low dose only, significantly blocked the stimulant effect of
morphine during the training phase, an effect observed in the second hour on Day
1, and in the first and second hour on Day 7. Rats preexposed to morphine alone
showed a significantly larger motor activity on the day of sensitization test than
saline preexposed rats, a sensitization effect that was blocked by the low dose of
granisetron and partially attenuated by the high dose. These results suggest that
activation of 5-HT3 receptors play a role in the development behavioral
sensitization to systemic morphine. Supported by a grant from FRSQ(Québec) and
FCAR(Québec).
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ROLE O F H Y PO TH A LAM US-PITUITARY-A DRENAL AXIS ACTIVATIO N IN
M O R PH IN E W ITHDRAW AL IN RATS.

I„ K oetzner1*, J. H. W oods1 and S. J.

Watson, Jr.2. ^Department o f Pharmacology and 2Mental Health Research Institute,
University o f Michigan Medical School, Ann Arbor, Michigan 48109.
Previous studies have indicated that the hypothalamus-pituitary-adrenal (HPA) axis is
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206.12
A ROLE FOR CORTICOTROPHIN RELEASING FACTOR
RECEPTOR-1 (CRF-R1) IN OPIATE WITHDRAWAL. P.A. Iredale*.
J.D. Alvaro. S.D. Lane. Y.L. Chen1 and R.S. Duman. Lab. of Molecular
Psychiatry and Pharmacology, Yale University School of Medicine,
New Haven, CT 06508 and Department of Neuroscience, Pfizer Central
Research, Groton, CT 063401.

activated during withdrawal from chronic morphine treatment in rats. However, the
role o f specific hypothalamic systems has not been extensively investigated and the
time course o f these events has not been explicitly considered.
Adult male Sprague-Dawley rats were implanted with pellets containing 75 mg o f
morphine sulfate or placebo. Withdrawal was precipitated 48 hours later by subcuta
neous injection o f 5 m g /k g o f naloxone hydrochloride. W et d og shakes and weight
loss were quantified and behavior was observed for thirty minutes after injection;
brains and trunk blood were collected later. Plasma was separated from whole blood
by centrifugation and corticosterone concentrations were measured by specific ra
dioimmunoassay. Levels o f m R NA for corticotropin releasing hormone (CRH) were
measured in the paraventricular nucleus o f the hypothalamus (PVN) using in situ hy
bridization techniques. Morphine treated animals showed a prominent withdrawal
syndrome, including repeated wet dog shakes, diarrhea and weight loss. Placebo
treated animals did not display withdrawal behavior. At one hour after naloxone in
jection, plasma corticosterone concentrations were markedly elevated in morphine
treated animals relative to placebo treated animals; however, a difference in CRH hy
bridization in the PVN was not evident at this time point. This implies that an imme
diate increase in the synthesis o f CRH in the PV N is not required for the production
o f the withdrawal syndrome.
Supported by N ID A Grant 1F31DA 05777-01 to L. K.

206.13
CHOLECYSTOKININ POTENTIATES IN VITRO RELEASE OF DOPAMINE BY
THE NUCLEUS ACCUMBENS THROUGH TYPE B CCK RECEPTORS
Suchandra Ghosh and Kenneth Grasing*. Department of Medicine, Division of
Clinical Pharmacology, UMDNJ-Robert Wood Johnson Medical School, New
Brunswick, New Jersey 08903
Cholecystokinin (CCK) has been shown to be an important modulator of in vivo
release of dopamine in both the striatum and nucleus accumbens. In addition,
treatment with antagonists for type B CCK receptors can diminish tolerance to opiate
anti-nociceptive effects. Therefore, we characterized different strategies for
modifying in vitro dopamine release in slices obtained following opiate withdrawal.
Dopamine fractional release was stimulated by two intermittent treatments
(designated as Si and S2) with 1000 jiM 4-aminopyridine (4-AP). For naloxone
precipitated withdrawal, tissue was obtained immediately after a 1.0 mg/kg injection
of naloxone, given 7 days following subcutaneous implantation of placebo or
morphine pellets. We first evaluated effects of 10‘7 and 10'12 M CCK-8-sulfated
(CCK-8S) applied to both Si and S2. As shown previously, S2 magnitude was
significantly lower in slices obtained from the nucleus accumbens of opiate
withdrawn animals. However, CCK did not modify absolute levels of 4-AP-induced
dopamine release in either the nucleus accumbens or striatum. In additional
experiments, application of CCK during S2 alone was found to be effective in
potentiating dopamine release. Pretreatment with CCK-8 S prior to S2 both increased
the magnitude of S2 and blocked the decline in S2 relative to Si. This effect was
antagonized by the CCK-B selective antagonist PD-135,158, but not the CCK-A
selective antagonist lorglumide. In conclusion, CCK modulates in vitro release of
dopamine by the nucleus accumbens but not the striatum through type B CCK
recptors. Supported by a grant from the National Institute on Drug Abuse, at the
NIH.

206.15
CCK ANTAGONISTS REVERSE ASSOCIATIVE BUT NOT NONASSOCIATIVE MORPHINE TOLERANCE IN RATS. J.M. Mitchell* and H.L.
Fields. Departments of Neurology and Physiology and W.M. Keck Center for
Integrative Neuroscience, University of California, San Francisco, CA. 94143.
The anti-opioid peptide cholecystokinin (CCK) attenuates the analgesic effects of
morphine and endogenous opioids while several CCK antagonists potentiate these
effects. Under some conditions, CCK antagonists have also been found to inhibit the
development of morphine tolerance. To better ascertain the role of CCK in the
development of morphine tolerance, we systemically administered either the CCK-A
receptor antagonist MK-329 or the CCK-B receptor antagonist L365-260 following
the development of either associative or non-associative tolerance in male SpragueDawley rats.
Associative tolerance was produced by pairing i.v. morphine administration with a
distinctive environment every other day for 14 days. Non-associative tolerance was
produced by daily implantation of subcutaneous morphine pellets. For nonassociative animals, care was taken to avoid environmental cues predictive of
morphine pellet administration. Tolerance was assayed by measuring tail flick
latency (TFL). TFL was measured in each animal before, during, and after the
acquisition of either associative or non-associative tolerance. A baseline TFL of 4-5
seconds was established for each animal. Following the first morphine administration
in associative animals, TFL typically went to cut-off. During the acquisition phase of
both associative and non-associative tolerance, TFL gradually decreased back to
baseline values. Following the acquisition of associative tolerance, L365-260
returned TFL to cut-off (p=.004). MK-329 had no effect on associative tolerance
(p=.612). During the acquisition of non-associative tolerance, the administration of
either L365-260 or MK-329 significantly decreased TFL (p=.028 and p=.046,
respectively). The results of this study suggest that the development of tolerance in
response to the associative administration of morphine, but not the non-associative
administration of morphine, is the consequence of a gradual compensatory increase
in CCK or in the CCK-B receptor. Further investigation is needed to elucidate the
brain regions relevant to this effect. Supported by NIDA 01949 & NSF.
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Previous studies indicate that CRF contributes to the anxiety and
aversion associated with drug-induced withdrawal. The present study
examines the effects of morphine and morphine withdrawal on CRF-Rl
mRNA levels in various brain regions in the rat. Morphine pellets (75
mg) were implanted subcutaneously for 5 consecutive days. On the 6th
day the pellets were removed and the rats were injected with naltrexone
(100 mg/kg) to induce withdrawal. Animals were then sacrificed either
immediately or 6 hr later. A small (~12%) decrease in CRF-R1 mRNA
was observed in the nucleus accumbens of rats sacrificed immediately.
However, larger decreases were seen in frontal cortex (-40%), striatum
(-25%) and nucleus accumbens (-15%) following 6 hr of withdrawal.
Decreased expression of CRF-R1 could result from sustained receptor
activation, suggesting that CRF-Rl contributes to withdrawal-induced
behavior. To test this hypothesis, the influence of a selective CRF-Rl
antagonist (CP 154,526) on opiate withdrawal behavior was examined.
Rats were administered morphine pellets for 2 days and withdrawal was
induced by injection of naltrexone on day 6. Pre-treatment with CP
154,526 reduced the severity of several withdrawal symptoms, including
irritability, weight loss, writhing, shakes and teeth chatter but did not
influence ptosis, tail wag and chewing. These behavioral findings
support the hypothesis that CRF-Rl is activated by opiate withdrawal
and indicate that this receptor activation mediates several of the
symptoms of withdrawal. (DA 08227 Program Project Grant).

206.14
ENHANCED ANTIOPIATE ACTIVITY IN ANALOGS OF FMRFamide
SUBSTITUTED WITH ALPHA-METHYL METHIONINE. W.D. Moon,
J.R. Lake, P.A. Havnes, J.C. O'Neal. B.J. James, B.
Ackles, K. Payza1, D. Move-Sherman , K. Burgess' and
D.H. Malin*. Univ. of Houston-Clear Lake, Houston,
TX 7 7058, ^.stra Pharmaceutical, Montreal, QC, and
2Texas A&M Univ., College Station, TX 77843.
FMRFamide is an invertebrate peptide which has
shown antiopiate activity in mammals, presumably
through binding to neuropeptide FF (NPFF) receptors.
Peptidomimetics of FMRFamide containing
conformationally constrained stereoisomers of Z-2,3methanomethionine or E-2,3-methanomethionine
precipitate morphine abstinence syndrome far more
potently than FMRFamide itself. In the current
study( two stereoisomers of a-methylmethionine were
substituted for methionine in the FMRFamide
sequence, resulting in FM(D-a-methylJRFamide and
FM(L-a-methyl)RFamide. Morphine abstinence signs
were observed after varying doses (0.01-1 /¿g) of
FMRFamide and its two a-methyl peptidomimetics were
injected into the third ventricle of morphine
dependent rats. Both conformationally constrained
peptidomimetics were radically and significantly
more potent than FMRFamide, with the D-a-methyl form
roughly twice as potent as the L-a-methyl form. Both
a-methyl peptidomimetics were more potent than
previously studied cyclopropane-substituted
peptidomimetics. FM(D-a-metnylJRFamide displaced
ligand from NPFF receptors in a concentrationdependent manner, though less potently than
FMRFamide. Both peptidomimetics had markedly
increased resistance to aminopeptidase degradation.
Thus, its increased potency may be related to enzyme
resistance rather than receptor affinity. (NIDA
DAO6554).
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PHARMACOLOGICAL PROFILE OF E2040:A NEW ANTIPSYCHOTIC WITH
D3/D2/5-HT2 ANTAGONIST ACTIVITIES. M.Ueno*. S .Hatakevama.
A.Kubota.
Y.Shinoda.
Y.Yamanishi.
Y.Nishizawa.
Eisai
Tsukuba Research Laboratories, Tsukuba, Ibaraki, 300-26
Japan
Conventional antipsychotic therapy can well control
positive symptoms in schizophrenia but it is limited by
side effects like EPS and lack of enough efficacy against
negative symptoms. Recently it has been hypothesized that
these deficits of typical antipsychotics may be reduced
by
5-HT2
antagonism
and/or
D3/D4
antagonism.
A
new
antipsychotic, E2040, whose structure is different from
butyrophenone, benzamide or phenothiazine, has potent D2
antagonist activity and 5-HT2 antagonist activity in vivo.
Oral administration of E2040 antagonized methamphetamineinduced hyperactivity
in
rats
(MED =
2 mg/kg)
and
tryptamine-induced head twitch response
in mice (MED = 2
mg/kg), indicating
antagonism
at
both
D2
and
5-HT2
receptors. E2040 was eight times less potent at producing
catalepsy in rats compared to its anti-methamphetamine
potency. 7-0H-DPAT is a putative D3 agonist, and E2040
antagonized
7-OH-DPAT-induced
disruption
of
social
interaction in rats. E2040 inhibited conditioned avoidance
response
(MED = 4 mg/kg)
like
other antipsychotics.
Finally,
E2040 has very few effects on cardiovascular
system. As the affinity of E2040 for al receptor is much
lower than those for D3/D2/5-HT2 receptors, the inhibitory
effect of E2040 on
adrenaline-induced pressor response
was weak in urethane anesthetized rats. QTc-prolongation
in ECG is
not observed in anesthetized
dogs.
These
pharmacological profiles of E2040 suggest possibility as
an antipsychotic with good efficacy and fewer side effects.

2 07.3
NEUROCHEMICAL PROFILE OF A NEW ANTIPSYCHOTIC, E2040,
WITH D3/D2/5-HT2 ANTAGONIST ACTIVITIES. S. Hatakevama. M.
Ueno. M. Nakagawa. T. Miyagawa. M. M atsunaga. T. Kagava. Y.
Yamanishi and Y. Nishizawa*. Eisai Tsukuba Research Laboratories,
Tsukuba, Ibaraki, 300-26 Japan.
A new antipsychotic, E2040, is an antagonist of D3/D2/5-HT2 receptors.
In vitro binding affinities for rat D3/D2/5-HT2 receptors were 0.61/3/27
nM (Ki). Antagonisms at these receptors may contribute to antipsychotic
efficacy and reducing extrapyramidal side effects. The affinity of E2040
for a l receptor (304 nM; Ki) was much lower than those for D3/D2/5-HT2
receptors, although most of antipsychotics have high affinity for a l ,
suggesting that E2040 might not cause sedation or hypotension. Affinities
for various receptors (mACh, 5-HT1, 5-HT1A, 5-HT3, Dl, a2, (3, histamineH l, GABA, benzodiazepine, sigma) were also much lowef. E2040 occupied
rat D2/5-HT2 receptors in vivo, shown by N-ethoxycarbonyl-2-ethoxy-l,
2-dihydroquinoline (EEDQ) method. E2040 (4, 8 mg/kg, p.o.) protected rat
striatal D2 and rat cortical 5-HT2 receptors from irreversible inactivation
by EEDQ (8 mg/kg, s.c.). E2040 (1, 2, 4 mg/kg, p.o.) increased rat striatal
monoamine metabolites (DOPAC and HVA) in microdialysis study, and
the effects persisted for 6 hrs or more after oral administration. These
neurochemical profiles suggest that E2040 may become a new antipsychotic
with high efficacy and fewer side effects.

207.5

PHARMACOLOGICAL PROFILE OF EMD 128130: A
PUTATIVE ATYPICAL ANTIPSYCHOTIC WITH DOPAMINE
D2 ANTAGONISTIC AND SEROTONIN 5-HTia AGONISTIC
PROPERTIES
G.D. Bartoszvk*. H.E. Greiner and C.A.
Sevfried. Merck KGaA, Deptartment of CNS-Research, 64271
Darmstadt, Germany.
EMD 128130 ((R)-(-)-2-[5-(4-fluorophenyl)-3-pyridylmethylaminomethyl]-chroman; Soc. Neurosci. Abstr. 22 (1996) p. 841,
#334.1) exhibited the following binding profile in vitro (receptor
and ICso-values, resp.): hD2 1 nM, hD3 5 nM; hD4 6 nM; 5HTia
2 nM; affinity to other receptors investigated was at least > 100
nM. Antidopaminergic activity was demonstrated by the
stimulation of DOPA accumulation (EDso 3 mg/kg po) and 5HTia agonistic activity by the inhibition of 5-HTP accumulation
(EDso 1 mg/kg po) in rat striatum. In behavioral models, EMD
128130 inhibited apomorphine-induced climbing in mice (ED50
mg/kg: 5 sc, 20 po) and apomorphine-induced stereotyped
behavior in rats (ED50 mg/kg: 7 sc, 16 po). EMD 128130 not
only lacked any cataleptogenic activity (up to 30 mg/kg sc or
300 mg/kg po acutely and 100 mg/kg po for 12 days of
application) but even counteracted haloperidol-induced
catalepsy (EDso mg/kg: 4 sc, 10 po). The results characterize
EMD 128130 as an atypical antipsychotic.
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207.2
LONG-TERM EFFECT OF INTRASTRIATAL SULPIRIDE ON
SEROTONIN RELEASE MEASURED USING IN VIVO
VOT.TAMMy.TRV. T. NAKAZATO*1. H. HORIKAWA2. A. AKIYAMA3.
'Dept, of Physiol., Juntendo Univ. Sch. of Med. 2-1-1 Hongo, Bunkyo-ku,
Tokyo 113,2Dept. of Mol. Neurobiol., Brain Res. Inst., Niigata Univ.,
Niigata 951,3Dept. of Electrochem., Tokyo Inst, of Tech., Yokahama 227,
Japan.
Sulpiride is dopamine receptor antagonist, but its effect on release of
serotonin (5-HT) and its metabolite 5-HIAA is not still known. To investigate
this, sulpiride was injected intrastriatally, and changes in extracellular 5hydroxyindoles (5-HT and 5-HIAA) were examined using in vivo voltammetry.
A carbon fiber measuring electrode was implanted unilaterally in the rat
striatum, and a cannula for drug administration was placed ipsilaterally.
Distance between tip of the electrode and cannula was 400-800 p. m. Sulpiride
(1,3 mM/2 n 1) was injected into the striatum over 24 min under the freely
moving condition. Extracellular 5-hydroxyindoles concentration began to
increase approximately 6-8 h after the injection, and it remained elevated for 3
d. These changes were suppressed by pretreatment with p-chlorophenylalanine.
Behavioral (locomotor) change was examined following administration of
sulpiride. It seemed to be correlated with change in extracellular 5-hydroxyindoles. 5-HT and 5-HIAA contents were examined in the striatal homogenate
2 d after sulpiride injection. 5-HT content was almost unchanged, but 5-HIAA
was increased. From these findings, it may be concluded that intrastriatal
sulpiride caused an increased release of serotonin, or its increased metabolism
for an extended period.

207.4
PHARMACOLOGICAL PROFILE OF E-5842, A SIGMA RECEPTOR
LIGAND WITH ATYPICAL ANTIPSYCHOTIC ACTIVITY IN ANIMAL
MODELS. X. Guitart *. M. Bailarín. A. Carceller. X. Codonv. A. Dordal. E.
Hernández. M. Lalova. R. Perez. M.T. Ruiz. A.J. Farré. Dept.
Neuropharmacology. Lab. ESTEVE, S.A., Barcelona, Spain.
E-5842 (l-{4-[4-(4-fluorophenyl)-l-(l,2,3,6-tetrahydropyridyl)] butyl }lH-triazole citrate) has been identified as a preferent sigmai receptor ligand in
radioreceptor binding studies with low or null affinity for other receptors. In
preclinical behavioral tests, E-5842 was able to block apomorphine-induced
climbing in mice (DEso = 8 mg/kg) and the conditioned avoidance responses in
rats (DE» = 5.5 mg/kg), without inducing catalepsy (ED» >80 mg/kg),
suggesting low propensity to induce extrapyramidal side effects (EPS) in man.
Systemic administration of E-5842 antagonized amphetamine-induced motor
activity (ED5o=11 mg/kg). The ratio between the ED» value for induction of
catalepsy and the ED^ value for antagonizing amphetamine-induced motor
activity was >7 for E-5842, being <1 for haloperidol and >2 for clozapine.
Microdialysis studies showed an increase in dopamine release in prefrontal
cortex and striatum after E-5842 administration. Acute administration of E5842 induced a strong FOS protein immunoreactivity (measured by
immunoblotting) in the nucleus accumbens and the prefrontal cortex, with
little affectation of FOS protein levels in the striatum, being this pattern very
similar to that of clozapine. All together our data suggest that E-5842 would
be an effective antipsychotic agent with an atypical profile and should not
produce extrapyramidal side effects in humans. (Supported by Esteve, S.A.).

207.6
THE NEUROPHARMACOLOGICAL PROFILE OF THE
DOPAMINE D2 PARTIAL AGONIST W AY-127312. T. Wasik.
C. Ennis. R. Scerni. T. Spangler. G. Stack. L. Cortes-Burgos. E.
Muth. J. Mover. M. Abou-Gharbia and T. H. Andree*.
Wyeth-Ayerst Research, CN 8000, Princeton, N.J. 08543
WAY-127312, an aminomethylbenzodioxan, has been investigated
in a series of neurochemical assays to determine its ability to function
as a dopamine D2 partial agonist. WAY-127312 displaced D2 agonist
radioligand binding with K, value of 100 nM and had lower affinity for
the antagonist state of the receptor, suggesting agonist actions.
Functionally, this compound inhibited tyrosine hydroxylase (TH)
activity in rat striatal tissue slices up to 27%, with an IC50 of 14 nM,
whereas the full agonist quinpirole inhibited TH by 100%. Further
evidence for the partial agonist activity of W AY-127312 was seen in its
ability to antagonize the inhibition of TH by quinpirole in rat striatal
slices (IC50 shift for quinpirole from 38 nM to 1.28 uM). WAY127312 produced a max. 31% inhibition of DA release from striatal
slices with a pD2 value of 8.1 compared to quinpirole which produced
a 42% max. inhibition (pD2 = 8.23). Inhibition of rat prolactin levels
in plasma was observed with W AY-127312 at doses > 1 mg/kg, sc.
Inhibition of dopa accumulation in the rat NSD/GBL model was also
observed which was reversible by raclopride pretreatment. WAY127312 also displayed partial agonist activity in a variety of behavioral
models (Marquis et al., this meeting) and was able to protect against
EEDQ-induced inactivation of D2 receptors in rat brain. This ability of
W AY-127312 to regulate dopaminergic function is consistent with a
preclinical profile of antipsychotic activity.

SUNDAY PM

PS Y CHOPH ARMACOLOGIC AL AGENTS: ANTIPSYCHOTIC DRUGS I

207.7
BEHAVIORAL PHARMACOLOGICAL AND NEUROPHYSIOLOGICAL
PROFILE OF A DOPAMINE D2 PARTIAL AGONIST WAY-127312. K.L.
MarquisJA. Brennan, MX Pi,gsij^H_Qardner.M ,_Qrayer^A-T- Shropshire, C.
Uzzle. D.E. Jones and G.P. Stack*. Wyeth-Ayerst Research, CN8000, Princeton,
NJ 08543.
The dopamine D2 partial agonist WAY-127312 (WAY; (S)-N-[3-(3aminophenoxy)propyl]-6,7-dihydro-1,3-dioxolo[4,5-g][ 1,4]benzodioxin-6-methanamine) was tested in rodent behavioral tests for presynaptic agonism and
postsynaptic agonism/antagonism as well as extrapyramidal motor system side
effects and antipsychotic efficacy. WAY was also tested for effects on
dopaminergic/sei'otonergic neuronal firing using in vivo electrophysiology. WAY
reduced locomotor activity in non-habituated mice (ED50 = 0.9 mg/kg i.p.) and rats
(ED50 = 0.8 mg/kg i.p.) while not affecting locomotor activity in habituated rats.
WAY induced a small, but significant, amount of stereotypy at 60 mg/kg i.p. in
reserpinized mice while having no effect in mice treated with a D1 agonist. WAY
produced contralateral circling in rats with unilateral 6-OHDA substantia nigra
lesions. WAY antagonized apomorphine-induced climbing behavior in mice (ED50
= 11.4 mg/kg i.p.) without blocking apomorphine-induced stereotypy. WAY also
antagonized amphetamine induced hyperactivity in mice (ED50 =1.1 mg/kg i.p.).
•WAY produced dose-dependent reductions in conditioned avoidance responding in
rats (ED50 = 17.4 mg/kg i.p.), but failed to induce significant catalepsy in rats up
to doses of 60 mg/kg i.p. WAY produced a significant reversal of haloperidolinduced catalepsy in rats (ED50 = 3 mg/kg s.c.). WAY modestly inhibited VTA
dopaminergic neuronal firing at high doses (ID25 = 7.4 mg/kg i.v.), but more
potently inhibited dorsal raphe 5-HT neuronal firing (ID50 = 0.33 mg/kg i.v.). The
level of intrinsic activity of WAY at dopamine receptors is sufficient to produce
presynaptic agonist effects with relatively weak postsynaptic effects. WAY is
efficacious in models predictive of antipsychotic efficacy while being relatively
weak in models predictive of EPS liabilities.

207.8
(-)-OSU6162 A REPRESENTATIVE FROM A UNIQUE CLASS OF
FUNCTIONAL MODULATORS OF DOPAMINERGIC SYSTEMS
C. Sonesson. J. Tedroff. K Svensson. A Carlsson. L O Hansson and N Waters*
Dept, of Pharmacology, Göteborg University, Medicinaregatan 7, 413 90 Göteborg,
Sweden.
In the search for novel treatments of schizophrenia and neurological disorders we
use an unorthodox screening procedure based on modelling of compound structural
properties against in v iv o data. The philosophy of this strategy is based on A. The
mechanisms by which antipsychotics act are unknown B. In vitro methods available
for screening are based on what previously known antipsychotics do, thus circular
submission of evidence emerge in such a screening process and novelty is less likely
to be observed C. Innovations in pharmacology has, hitherto, been done based on
observations in vivo, fo llo w e d , in some cases, by the elucidation of “mechanism of
action”. These arguments lead to the conclusion that new structural classes has to be
studied in v iv o first. Our goal in this project was to find new ways of controlling
dysregulated distributed brain systems by regulating the activity of dopaminergic
mechanisms.
S-(-)-3-(3-methylsulphonyI-phenyl)-/V-n-propyI piperidine,
(->
OSU6162, was found in this process (Sonesson, 1994. Hansson, 1995). It has antip
sychotic like effects as determined by estimates of dopamine synthesis, release and
metabolism. No intrinsic activity was found, even in the most sensitive assays.
However, it did not share the behavioral inhibitory effects of known antipsychotics.
Instead, it has the peculiar ability to reduce behaviour provoked by psychotomimetics
but to activate animals with a low baseline activity, while leaving spontaneous ex
ploration unchanged. These properties must reside in an as yet not described mecha
nism of interaction with dopaminergic receptors. This mechanism will be discussed.
Sonesson et al, 1994, J. Med. Chem. 37, 2735. The Swedish Brain Foundation
Hansson et al. 1995, J. Med. Chem. 38, 3121.
is gratefully acknow ledged

2 07.9
B R AIN
M EC H A N ISM S
IN A N TIPSY C H O TIC
DRUG
ACTIONS: A M U LTIVARIATE APPR O A CH
N Waters. C. Sonesson. A Carlsson. P Martin. ML Carlsson. LO Hansson and ES
Waters*. Dept, of Pharmacology, Göteborg University, Medicinaregatan 7, 413 90
Göteborg, Sweden
Depending on the initial brain state antipsychotic drugs may have different global
effects (Waters, 1996). Thus, the understanding of brain mechanisms in antipsychotic
action should be enhanced by examining their effects in both the normal and in a
disease model state. Pharmacological hypoglutamatergia is such a state. To uncover
how antipsychotic drugs alter the interplay between the cortical and subcortical
regions in a pharmacologically provoked hypoglutamatergic state, it seems reasonable
to study regional neurochemical changes, related to transmission processes, by
studying variables covering all the major transmitter systems, and their interrelations.
Thus, monoaminergic indices and glutamic acid decarboxylase (GAD) mRNA were
measured in several cortical and subcortical brain areas in normal intact rats and in
rats subjected to a hypoglutamatergic state induced by acute administration of
MK-801. The influence of haloperidol, clozapine and S-(-)-3-(3-methyIsuIphonylphenyl)-jV-n-propyl piperidine, (-)-OSU6162 on the striato-thalamo-cortical
interrelations was examined in both states, using principal component based
multivariate statistics.
We have found that striato-thalamo-cortical interrelations are profoundly altered in
the hypoglutamatergic state. In the present study it is shown that brain mechanisms
altered by antipsychotic drugs are not the same in the intact vs. hypoglutamatergic
state. Also, the ways by which the different compounds under study alter the thalamo
cortical relation are very different. Thus, the interactions between brain mechanisms
and antipsychotics are both state and drug dependent. The findings are discussed in the
context of the organisation of the projections connecting cortical, striatal and
thalamic neuronal assemblies.
The’Stanley foundation is gratefully acknowledged for financial support.
Waters et al. 1996 Soc.Neurosci. 22: 176

207.10
B R AIN
M EC H A N ISM S
IN
THE
NORM AL
AND
HYPO GLU TA M ATER GIC
STATE:
M ODELLING
OF
THALA M IC GABA FUN C TIO N
ES Waters, M Edling. A Carlsson. P Martm, LO Hansson, M L Carlsson* and_N
Waters. Dept of Pharmacology, Göteborg University, Medicinareg 7, S41390
Göteborg, Sweden.
The basal ganglia and thalamus form part of a cortico-subcortical circuitry pre
sumed to control sensory inflow, cognitive processes as well as behaviour. Psychiat
ric diseases, in particular schizophrenia, are regarded as states of severe disturbance in
these functions. The glutamate hypothesis postulating a glutamatergic hypofunction
in schizophrenia is intensely explored. It is supported by several findings including
observations of psychotic symptoms in patients treated with NMDA antagonists.
Thus, an animal model of schizophrenia can be created in rodents by means of acute
treatment with an NMDA antagonist. There are several glutamatergic projections in
the cortico-subcortical circuitry where a deficient glutamatergic transmission could be
anticipated to create severe disruptions of the feedback mechanisms, as manifested in
the impaired cortical functioning and sensory gating that characterizes psychotic con
ditions. To uncover how the interplay between the cortical and subcortical regions is
altered in a pharmacologically provoked hypoglutamatergic state we use partial least
squares regression to model the relations between monoaminergic and GABAergic
systems in the cortico-subcortical circuitry. Thus, monoaminergic indices and glu
tamic acid decarboxylase (GAD) mRNA were measured in several cortical and subcor
tical brain areas in normal intact rats and in rats subjected to a hypoglutamatergic
state induced by acute administration of MK-801. Subcortical dopaminergic systems
dominate the control of thalamic function in the intact state. This dominance is lost
in the hypoglutamatergic state, where? serotonergic and cortical systems gain impor
tance. Furthermore, thalamo-cortical interrelations are profoundly altered in the hypo
glutamatergic state. The findings are discussed in the context of the organisation of
the projections connecting cortical, striatal and thalamic neuronal assemblies.
HoechstMarionRoussel is gratefully acknowledged for financial support.
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208.1
ACTIVATION OF THE HIPPOCAMPAL FORMATION IN YOUNG AND
ELDERLY SUBJECTS DURING VISUAL ENCODING. C.R. Savage. J.F. Bates.
ILL.. BugknsrJ )X ,_S_ohapter, R, Wfeisskoff, B, RQsen ^ P j,_W_h3ten, p rN, Ketmedy,
C.E. Stem, and M.S. Albert*. Gerontology Research Unit and NMR Center,
Massachusetts General Hospital/Harvard Medical School, Charlestown, MA 02129.
Functional neuroimaging studies have documented the importance of the
hippocampal formation in explicit memory, but its role in memory loss with normal
aging remains unclear. At least one PET study has shown diminished activation of
the hippocampal formation in elderly subjects during encoding of episodic memories.
This study used fMRI and a visual encoding paradigm to compare hippocampal
formation activation in young and normal elderly subjects.
The memory task was presented in 6 runs, each containing three alternating blocks:
1) Fixation: subjects examined a fixation cross; 2) Novel: subjects examined novel
scenes and tried to remember them; 3) Repeated: subjects examined 4 continuously
repeating scenes. Subjects were tested for recognition of novel scenes immediately
after scanning (25 targets, 25 distractors; mean accuracy = 71% Young, 65% Elderly).
fMRI data were collected in 17, 8mm coronal slices (TR=2.0, 114 images/slice)
from 6 young subjects (mean age=24) and 4 healthy elderly subjects (mean age=70).
Data were motion-corrected, transformed to Talairach space, averaged across runs and
groups, and compared with a KS statistic between the three conditions.
Within-group contrasts using the Novel condition (Novel vs Fixation, Novel vs
Repeated) revealed significant signal change (pelO'4) in anterior and posterior regions
of the hippocampal formation. The Repeated vs Fixation contrast also showed
significant activation in the hippocampal formation, but signal changes woe
confined to posterior regions (extending into visual association cortex). Results were
similar in Young and Elderly groups. Findings indicate that normal elderly subjects
show activation in the hippocampal formation during visual encoding.
Supported by the NIH (AG04953 & MH01230).
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208.2
AGE-INDUCED WHITE MATTER CHANGES IN THE HUMAN BRAIN: A
STEREOLOGICAL INVESTIGATION. Y. Tang. J. R. Nvengaard and B.
Pakkenberg*. Stereological Res. Lab., Aarhus Univ., Neurological Res. Lab.,
Bartholin Inst., Copenhagen, Denmark.
The objective of this study was to investigate the age-related white matter changes
using design-based stereological methods. Uniform sampling of one complete
hemispherical white matter was performed. The volume fraction of nerve fibers in
white matter was estimated by point counting. The total length of nerve fibers was
estimated from the product of the volume of white matter, obtained with the
Cavalieri principle, and the fiber length densities, obtained from isotropic, uniform
random sections which were ensured by the isector. The size of nerve fibers was
derived by measuring the profile diameter perpendicular to its longest axis. In the
brains of 5 elderly females, the total volume of the white matter and the total
volume of the myelinated fibers therein were lower than in those of 5 young females
(15% and 17%, respectively), but the differences were not statistically significant.
The total length of the myelinated fibers of the white matter in the elderly group was
statistically significantly decreased compared with that in the young group (27%).
This loss of the total nerve fiber length was accompanied in particular by a decline
of the myelinated fibers with a small diameter. The mean diameter of the
myelinated fibers in the young group was significantly smaller than in the old
group, but there was no difference of the relative diameter size distribution of the
myelinated fibers between the young and old groups. Our findings show that during
normal aging of female human brains atrophy of the white matter takes place and
the total length of the myelinated fibers decreases, in particular a decline of the
fibers with small diameter.
The Foundation for Res. in Neurology, the Danish Med. Res. Council, and the
Beckett Foundation.
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CAN PET MEASURE RECEPTOR BINDING POTENTIAL ACCURATELY
IN THE PRIMATE STRIATUM? AN INVESTIGATION OF PARTIAL
VOLUME EFFECTS USING COMPUTER SIMULATIONS. ED Morris1. SI
Chefer*1. RF Muzic. Jr.2. AA Bonab3 ED London1. ‘NIDA, NIH, Baltimore, MD.
21224.2Case Western Reserve U., Cleveland, 3Mass. General Hospital, Boston.
INTRODUCTION Binding potential (BP) is a widely used parameter for assessing
receptor function. BP is calculated from the dynamic PET measurements of tissue
radioactivity concentration. Unfortunately, concentrations are under-estimated by
PET in hot brain regions which are small relative to camera resolution. These
unavoidable inaccuracies in radioactivity concentration are due to the partial volume
effect (PVE) and may lead to significant biases in BP estimates. We examined the
size of potential errors. METHODS A compartmental model with assumed input
functions and nominal D2 receptor parameter values for raclopride was used to
simulate ideal dynamic tissue radioactivity curves with known BP values. We then
used our realistic model of PET scanner performance (Muzic et al, 1997) to simulate
measured tissue concentration in a ‘synthetic’ putamen as a function of its size, axial
position in the scanner, and radioactivity in surrounding tissues. With these
relationships, we constructed ‘real’ time-activity curves from which BP could be
estimated. RESULTS When the striatum was centered axially in the imaging plane,
BP was underestimated by 45-70% for monkey-sized striatal objects (5-8 mm wide in
transaxial view) and by up to 20% for human-sized striatal objects (11-15 mm). If
the striatum was not centered axially in the imaging plane the calculated BP was
degraded further (as much as 65-85% underestimation). DISCUSSION BP estimates
are quite sensitive to both size and positioning of the striatum and thus subject to
misinterpretation. Consider that decrease in dopamine function with age is small. In
primate studies, researchers have reported 2-8% loss of receptor activity per decade
(3 years in monkeys) by measuring Bm„, BP or specific to non-specific ratio. These
studies rely on between-subject comparisons. If a group of aged monkeys had
smaller putamen nuclei than their young counterparts, the bias in BP could
overwhelm any true effect of age. We conclude that correction for PVE (e.g ., via
simulation studies) is a sine qua non of quantitative PET receptor studies of the
caudate and putamen in aging.
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208.4
DIFFERENTIAL AGING OF THE HUMAN CEREBELLUM OBSERVED WITH
MAGNETIC RESONANCE IMAGING. A.R. Luft*. M. Skalei. D. Welte. T. Klockgether. K. Voigt. Neuroradiology, Univ. of Tübingen, 72076 Tübingen, Germany.
Magnetic resonance imaging was used to estimate the total volume of the cerebel
lum (TCV) and its substructure in 46 healthy volunteers. Effects of age, gender, and
symmetry were investigated. Cerebellar volumes were measured from 3D-FLASH
images (0.9x0.9x0.9 mm3) and normalized for total intracranial volume. Volumetry
included standardized presegmentation, automated fine segmentation (region grow
ing), and volume calculation considering partial volume effects (1). Presegmentation
was performed with landmark-adjusted planes defining the brain stem-cerebellum
boundary and internal cerebellar subdivisions. The former was adjusted for posterior
commissure and obex on a midsagittal section and displaced posteriorly to the inferior
colliculus. The plane extended perpendicularly to the sagittal section. Cerebellar sub
divisions were defined by a radial lattice. Three radial segments of the cerebellar
semicircle were separated by primary and praesubicular fissures (with the posterior
protrusion of the fourth ventricle as center). Radial segments extended laterally
through vermis and medial hemisphere (mH). The mH was defined as one quarter of
the total hemisphere width. The remaining lateral part was not farther subdivided.
Transverse subdivisions were identified on a coronal reconstruction of the image set.
Age-effects on TCV were minor (r=-0.24,P<0.1). In the vermis, the posterior seg
ment showed greater shrinkage than anterior regions (rant=-0.42,P<0.01; rpost=0.37,P<0.05) (2). No such pattern was found in mH. All vermal regions were more
vulnerable than medial hemisphere regions (rmH=-0.22,P<0.1). No significant effects
of age were found in the lateral hemisphere. All differences in age-effects were sig
nificant (P<0.05). Effects of gender and symmetry were nonsignificant. Whereas the
anterior- posterior gradient seems to resemble the pattern of mossy fiber projection,
the medio-lateral gradient may reflect the type of corticofugal projection.
1.
A. R. Luft, et al., JMRI 6,700(1996) 2. N. Raz, et al., Arch. Neurol. 149,412(1992)

2 08.5
SPATIAL LEARNING IN CALBINDIN D28K DEPLETED MICE:
POSSIBLE INTERACTIONS WITH AGING. 'G. Lallv. ‘P.C. Emson*.
*W.A. Baker. 2R. Battini. 2S. Ferrrari. 'L. Wilkinson. ‘Laboratory of Molecular
and Cognitive Neuroscience, Babraham Institute, Cambridge, CB2 4AT, U.K
and ^partimento di Scienze Biomediche, Sezione di Chimica Biologica,
Università’ degli Studi di Modena, Via Campi, 287,41100 Modena, Italy.
Previous work in our laboratory has shown that 3 month old transgenic mice
deficient in the intracellular calcium binding protein calbindin D28K (-/-)
exhibit selective deficits in spatial learning that are coincident with an
attenuation in hippocampal long term potentiation (LTP) effects. Old mice
(+/+) show similar changes in behavioral and molecular indices of neural
plasticity and there is evidence of changes in calbindin D28K levels in the
brains of people with Alzheimer’s disease. We therefore hypothesized that the
effects of calbindin D28K depletion on cognitive function would interact with
the effects of aging. The specific prediction was that the deleterious effects of
aging would be exacerbated in the transgenic mice. Results we have obtained
so far do not agree with our original hypothesis. Indeed, we have evidence that,
in contrast to the situation in young mice, spatial learning in old (-/-) animals
is better than in old (+/+) animals. These data are discussed in terms of the
differing findings with respect to the direction of changes in calbindin D28K
levels seen in the forebrain structures of Alzheimer’s disease patients.
(Supported by Alzheimer’s Disease Society)

208.6
A LOWER NON-HUMAN PRIMATE MODEL OF AGE-RELATED
ALTERATIONS IN THE CHOLINERGIC BASAL FOREBRAIN:
THE COMMON MARMOSET. C.-K. Wu and G. Geula. Harvard
Medical School, Boston, MA 02215.
Our earlier work demonstrated a selective, age-related loss of calbindinD28k (CalBP) immunoreactivity from the cholinergic neurons of the human
basal forebrain (BFCN). Since the presence of CalBP is a specific feature of
the primate BFCN, we used the common marmoset as a lower primate
model for the study of age-related changes in this protein. Five young and
five old marmosets were used. Although similar to the BFCN in other
primates, the marmoset BFCN was considerably less differentiated. Like the
rodent, the marmoset BFCN displayed a major interstitial element,
embedded within the medullary laminae of globus pallidus. The marmoset
BFCN contained the neurochemicals choline acetyltransferase (ChAT),
acetylcholinesterase (AChE), high affinity (Trk A) and Jow-affinity (p75 NTR)
nerve growth factor receptors, CalBP and tyrosine hydroxylase (TH). The
BFCN were also surrounded by TH- and galanin-positive fibers. In aged
marmosets, we observed a selective loss of CalBP immunoreactivity from the
BFCN. No age-related changes were observed in other neurochemicals
contained within the BFCN, including Trk A. Unbiased stereological counts
revealed no age-related changes in the gumber of BFCN. The similarity
between the age-related loss of CalBP from the BFCN of the human and
marmoset indicates that the latter represents an appropriate animal model
for investigations of the consequences of the loss of CB and its role in the
vulnerability of BFCN to degenerative insults such as amyloid toxicity,
hypoxia, etc. (Supported by NIA grant AG 10282)

208.7
CHRONIC [D-ALA2]GHRH ADMINISTRATION INCREASES WORKING
MEMORY IN AGED ANIMALS P.L. Thornton*, S.A. Bennett, P.Coonev,
W.E.Sonnlag. Department of Physiology and Pharmacology, Bowman Gray School
of Medicine of Wake Forest University, Winston-Salem, NC 27157.
An age-related decline in growth hormone is one of the most robust changes
associated with aging and may cause, at least in part, some of the deficits observed
in aged animals. Nevertheless, studies regarding the impact of this hormonal
decline on the brain of aged animals has been largely understudied. In the present
experiment, the effect of increasing growth hormone pulse amplitude by long-term
subcutaneous injections of [D-Ala2]GHRH in aged animals was assessed. Fisher
344xBrown Norway male rats were injected subcutaneously with either [DAla2]GHRH or saline daily from 9 months to 30 months of age. Young (9 month
old) animals were used as an additional control. Animals were trained in the Morris
Water Maze and assessed for swim time, number of platform crossings in probe
trial, Annulus-40 time during probe trial, and quadrant time. Results indicate that
animals injected with [D-Ala2]GHRH had an iipproved performance in measures
of working and reference memory compared to saline injected aged animals
(2.88±0.36 platform crossings vs 1.75±0.28 platform crossings in probe trial
respectively, p=0.001; 10.05±0.95 seconds vs 6.46±0.82 seconds in annulus-40
respectively, p=0.0001). [D-Ala2]GHRH injected aged animals approached
measures observed in 9 month old rats. In addition, no effects of [D-Ala2]GHRH
on sensorimotor skills were observed. These data suggest that age-related decreases
in growth hormone and IGF-1 contribute to the decrease in working memory with
age and that chronic administration of [D-Ala2]GHRH is capable of preventing the
decline in performance in the Morris Water Maze with age. Supported by NIH grant
AG11370.

208.8
DENTATE GRANULE CELLS SHOW SEXUAL DIMORPHISM IN THEIR
RESPONSE TO AGING AND DEPRIVATION OF GONADAL STEROIDS. R
Henderson*. C.L. Williams^. and G. Einstein**. Dept, of Neurobiology* & Dept,
of Psychology: Experimental , Duke University, Durham, NC 27710.
We have shown recently that dentate granule cells in the female rat hippocampus
suffer a decrease in spine density with age and deprivation of gonadal steroids and
that this decrease in spine density can be reversed by acute administration of
estradiol benzoate (EB). We wondered whether we might observe the same changes
in aging male dentate granule cells. In order to determine the effects of aging and
deprivation of gonadal steroids on the male hippocampus we gonadectomized 8 male
Sprague-Dawley CD strain rats at 2 months of age. At approximately 15 months of
age, we injected subcutaneously half of the group with 10 \ig EB /0.1 ml sesame oil
at 48 and 24 hours prior to sacrifice. To study the morphology of male dentate
granule cells we followed the same procedure as for the females; brain slices were
cut at 300 (J.m, dentate granule cells were filled intracellularly with Lucifer yellow,
filled neurons were traced using a drawing tube and dendritic spine density was
calculated. Preliminary findings reveal that (1) dentate granule cells in aged
castrated male rats have a significantly higher dendritic spine density than those in
aged ovariectomized female rats (mean + SE = 1.5 ± 0.18 spines/|am vs. 1.1 ± 0.23
spines/|J.m) and (2) while acute administration of EB increases spine density in aged
female rats, it does not appear to change the spine density in aged male rats. These
results suggest that the ability of aging dentate granule cells to respond to acute
estradiol is sexually dimorphic. In addition, the lack of responsiveness of male
neurons, which still have a high spine density, suggests that the responsiveness of
the female neurons may depend upon their initial decrease in spines due to the
combination of aging and loss of gonadal steroids. (Work supported by: AFAR to
P.H., AG09525 to C.L.W., and the Alzheimer's Association IIRG-95136 to G.E.)
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208.9
Structural and functional alterations in neuromuscular innervation in
aging mice. J. P. O’Malley*, S. Gohari, and R. J. Balice-Gordon.
Department of Neuroscience, University of Pennsylvania School o f
Medicine, Philadelphia, PA 19104.
Using video microscopy and vital staining, we have followed
neuromuscular innervation in living mice over their lifespan. Previous
work has shown that, after the developmental period of synapse
elimination, neuromuscular junctions are stable in their structure and
efficacy. Beginning near the end of the first year, however, we have
observed a progressive disassembly of pre- and postsynaptic
specializations.
Early in this process motor neurons appear to
compensate for small synaptic losses by sprouting and adding new sites.
These new sites are also unstable. Over time, addition of new synaptic
sites slows and is outpaced by ongoing loss. Preliminary observations
suggest that synaptic efficacy is also altered at these times. By 20-24
months, 20-50% of the original synaptic area has been dismantled at
many junctions. These age related changes in synaptic maintenance
occur in a manner strikingly similar to that observed during
developmental synapse elimination. Loss of postsynaptic acetylcholine
receptor areas was observed to precede loss of presynaptic nerve
terminals. Thus within an aging junction, as in development, gradual
synapse disassembly may be due to the progressive appearance of
asymmetric synaptic activity, which may lead to the loss of inactive sites
when active ones are present. This process may also be affected by
changes in nerve-muscle communication mediated by trophic factors
exchanged by motor neurons, muscle fibers and/or Schwann cells. We
are presently examining the expression of neurotrophins, their receptors
and other putative signaling molecules to evaluate their role in the
maintenance of neuromuscular innervation.
Supported by NIH grant AG 13329 and the McKnight Foundation.

208.10
DUAL ROLE OF NEURONAL 5-LIPOXYGENASE IN DEVELOPING
NEURONS AND IN THE AGING BRAIN ? H. Manev*. T. Uz. P. Loneone
and C. Pesold. The Psychiatric Institute, University of Illinois, Chicago, IL 60612.
Leukotrienes are compounds that mediate inflammation and exert a series of poorly
understood effects on neurons. Their formation from arachidonic acid is initiated by 5lipoxygenase (5-LO). This enzyme has recently been found in neurons, in particular in
the cerebellum and the hippocampus. The expression of the 5-LO gene is under
inhibitory control of hormones such as melatonin. We assayed in primary cultures of
rat cerebellar granule neurons (CGN) and in rat brain the expression of 5-LO with a
specific polyclonal 5-LO antibody using Western blot analyses and confocal
microscopy (Leica) immunocytochemistry. The immunostaining ensured neuronal
localization of 5-LO in our experimental conditions. The 5-LO mRNA was assayed
using a quantitative RT-PCR (with a specific internal 5-LO standard and along with
the quantitative RT-PCR of cyclophiline mRNA). In primary CGN cultures, we found
significantly higher levels of 5-LO protein (Western blot; 5-LO/beta actin ratio) in
immature neurons, i.e., at 1-3 days in vitro (DIV), and progressively less 5-LO in
differentiated, mature neurons (i.e., at days 6 and 9). Similar results were obtained
with immunocytochemistry and jthe PCR assay of 5-LO mRNA. An inhibitor of 5-LO
(AA-861; Biomol), when administered to cultures of 2-5 DIV, prevented their
maturation and caused cell death. This drug was only slightly toxic to mature cultures
(5-8 DIV). It appears that in neurons, as previously shown in macrophages, 5-LO
plays an important role in cell differentiation/maturation. In vivo, we observed only
scarce 5-LO immunoreactivity in the brain of adult rats, and very intense 5-LO
staining in a subpopulation of pyramidal neurons in the cortex and the limbic regions
of old (22-24 months) rats. The latter finding is in line with our observation of the
greater vulnerability of these rats to excitotoxic neuronal injury. A dual, physiological
and pathological, role of 5-LO might be operative in development and aging,
respectively. Supported in part by R03 AG14630-01 and Fogarty Award F05

208.11
SELECTIVE DECREASE OF NEURONAL CERAMIDE IN AGING. R
Sheng”. V. Hinkovska-Galcheva*, J.A. Shavman+. K.E. Hall**. Div.
^Geriatric Medicine and Nephrology, Dept. Internal Medicine, University of
Michigan, Ann Arbor, MI 48109 and VA Medical Center, Ann Arbor, MI
48105.
Neuronal loss occurs in both the central and peripheral nervous system with
aging. Dorsal root ganglion (DRG) neurons from aged animals respond to
exogenous nerve growth factor (NGF) with neurite outgrowth and elevation of
calcium influx to youthful levels (Hall et al., 1996). Activation of the lowaffmity p75 neurotrophin receptor increases intracellular ceramide (Dobrowsky
et al., 1992), with both pro- and anti-apoptotic (Ito and Kazuhiko, 1995)
effects of ceramide elevation reported. To determine whether sphingolipid
metabolism is altered with aging, we measured ceramide, sphingomyelin and
sphingosine in homogenates of whole DRG and whole cortex from young (Y:8
mo), middle-aged (M: 15 mo), and aged (0:28 mo) Fisher 344/Brown Norway
rats. Values were corrected for phospholipid, and expressed as mean + SEM
of n experiments (2 replicate assays/age group/experiment). In O rats,
ceramide levels (pmol/pmol Pi) were 27% lower in DRG neurons (4.51+0.06;
n=3, p<0.05) and 25% lower in cortical neurons (186.5 + 65.4; n=2) compared
to Y (DRG:6.40 + 0.69; n=3, cortex: 268 + 111; n=2). M ceramide was lower
than Y, but not significantly (DRG: 4.71 + 2.15; n=3, cortex: 230 + 80; n=2).
Neuronal ceramide production decreased with age, although this was not due to
a generalized decrease in phospholipids with aging, as DRG levels of
sphingomyelin (nmol/nmol Pi) (Y: 0.42 + 0.15, M: 0.49 + 0.10, O: 0.45 +
0.11; n=3), and the ceramide metabolite sphingosine (pmol/nmol P,) (Y: 1.09 +
0.03, M: 0.91 + 0.11, O: 0.97 + 0.07; n=3) were unchanged.

208.12
THE LIMITS OF SCREENING TESTS FOR SELECTING NORMAL COMMUNITY
DWELLING ELDERS. D. Rentz. K. Daffner*. V. Calvo. L. Scinto. Lab. of Higher Cortical
Functions. Brigham & Women's Hqsd.. Harvard Medical School. Boston. MA 02115
Studies have suggested that the pathology of Alzheimer's disease (AD) may be present
for many years before a person becomes clinically demented: In the absence of a
biological marker, identifying truly normal controls who do not have underlying AD
pathology is difficult. Many research studies have relied only on simple mental status
screening tests to select normal elder controls from those with dementia. Can such
screening measures accurately distinguish^ cognitively intact elders from those in
preclinical phases of AD? 150 community dwelling elders responded to advertisements
for an aging and AD study. They were administered the Blessed IMC as well as a
comprehensive battery of cognitive tests. Abnormal test scores were set at 2 standard
deviations below the mean. Subjects’ test results were classified into one of 3
categories: 1) no cognitive impairment; 2) impairment in 1 cognitive domain; 3)
impairments in 2 or more cognitive domains. 117 of the 150 subjects had IMC scores of
0 and 1. 69% of these subjects had impairments in 1 or more cognitive domains and
26% had impairments in 2 or more cognitive domains. There was no effect for age,
education or IQ on cognitive status. We suspect that the recruitment of subjects based
on self-referral may have contributed to the large percentage of elders who performed
poorly in our study. Since this is a common means of subject recruitment, our findings
support the need for comprehensive cognitive assessment of older subjects. Simple
screening measures fail to accurately discriminate between normal elders and those
who may be in the preclinical stages of a dementia. The failure to accurately classify
subjects can lead to inappropriate research conclusions, particularly for those
investigating early markers’of AD. Supported by a grant from Johnson & Johnson Co.

TW/NS5271-02.

Supported by an Older Americans Independence Center (OAIC) grant to KEH
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MODELING Ap DEPOSITION IN CULTURES OF ALZHEIMER’S GLIA AND
HNT NEURONS. L.F. Lue*. L. Brachova. and J. Rogers. Sun Health Research
Institute, 10515 W. Sante Fe Drive, Sun City, AZ 85372.
We have developed and characterized microglia, astrocyte and mixed glial
cultures from rapid autopsies of Alzheimer's disease (AD) and control patients.
Here, these cultures, together with terminally-differentiated human hNT neurons,
have been seeded into culture wells containing approximately 100 fim spots of
aggregated Api-42 dried down on the well floor. Over the first few days,
microglia migrate to and over the Ap spots, whereas astrocytes tend to take up
positions on the perimeter of the deposits. hNT neurons seeded directly onto AP
spots die within a few days, whereas hNT neurons outside the spots survive and
extend processes toward them. These processes typically terminate abruptly or are
retracted when they reach the Ap perimeter. Prior to AP exposure, AP
immunoreactivity of the microglia is weak or absent. After they become situated
on a spot, however, they become bloated with intracytoplasmic vesicles and
intensely AP immunoreactive. Concurrent with the microglial AP staining, large
areas of the original Ap spot are lost, and the remaining areas develop
immunoreactivity for Clq. We believe these responses model, in a dynamic,
experimentally-manipulable way, phenomena that have been speculated upon
based on static observations of fixed postmortem AD brain samples.
Supported by a grant from Pfizer Pharmaceuticals (JR).
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209.2
FL U O R E SC E N C E Q U EN C H IN G STU DIES O F AB1-40
F IB R IL A SSEM B LY U SIN G SIN G L E TR Y PTO PH A N
M UTANTS. Garzon-Rodrieuez W.*1,3. Vega A.. Sepulveda-Becerra M.
A.2 and Glabe. C. G.3 Department of Molecular Biology and
Biochemistry3, Department of Psychobiology2, University of California,
Irvine. Irvine, CA 92697, Universidad Nacional Autonoma de Mexico1,
Facultad de Quimica
We synthesized a series of single tryptophan (Trp) mutants along the
polypeptide backbone of AB1-40 to be used in fluorescence quenching
experiments. Our previous studies indicate that soluble Afll-40 at pH 7.4 exists
as a relatively stable dimer, while at pH 5.0 or at pH 7.4 in the presence of Zn2+
it rapidly forms fibrillar aggregates. Using iodide as a collisional quencher, we
identified which residues are more exposed to the solvent in the dimeric state
and in the fibrillar state. Determining which parts of Afi are accessible to the
solvent, which domains are in hydrophobic environments and how these
environments changes during the polymerization is important for our
understanding of how the peptide is organized within the fiber. At pH 7.4,
dimeric Tip mutants display a higher degree of quenching by iodide than at pH
5.0 indicating that in the dimer the tryptophans are more exposed to the solvent
than in the aggregated state. Trp mutations in the carboxyl terminal of Afi
show a lower degree of quenching by iodide at pH 5.0 than Trp mutants in the
amino terminus indicating that these carboxyl terminal residues are located in a
predominantly hydrophobic environment.
(Supported by NIH NS-31230.)
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209.3
AB AMYLOID HETERODIMER FORMATION RETARDS THE
AGGREGATION OF Afll^2. Glabe G. C.
Sepulveda-Becerra M.A.2 and
Garzon-Rodriguez W.u Department of Molecular Biology and Biochemistry1,
Department of Psychobiology2, University of California, Irvine. Irvine, CA
92697, Universidad Nacional Autonoma de Mexico, Facultad de Química1’3.
We are studying the assembly dynamics of both amyloid AB1-40 and Afil-42.
Our previous studies using fluorescence spectroscopy with Afil-40 revealed that
dimer formation is the initial event in amyloid aggregation. AC1-42 also forms
stable dimers in solution and forms higher order aggregates at a rate orders of
magnitude faster than Afll-40. We examined whether Afil-40 and Afil-42
form heterodimers and whether these heterodimers display different
aggregation properties. Gel filtration of Afil-42 on a Superdex HR 75 column
demonstrates that Afil-42 elutes as two peaks; one eluting in void volume of
the column, which represents large aggregates and the second peak eluting at a
position that corresponds to a molecular weight of a dimer, the aggregate peak
dominates (~70%). While when monomeric Afil-42 and Afil-40 are mixed
together in DMSO and then diluted 50 times into Tris buffer at pH 7.4 in a
ratio 1:1 the dimer peak dominates (-80%), suggesting the formation of an
heterodimer composed of Afil-40 and Afil-42 that slows down the amyloid
aggregation. We have used Fluorescence Resonance Energy Transfer (FRET)
between Tyr from Afil-42 and a Tip mutant Afil-40. Efficient of FRET is
observed indicating the formation of heterodimer in solution.The amount of the
heterodimer is increased when Afil-40 is present in a higher concentration than
Afil-42, conversely the amount of aggregate is increased by increasing Afil-42
concentration. (Supported by NIH NS-31230.)

209.4
USE OF ELECTROCHEMILUMINESCENT ELISA FOR STUDYING THE
INFLUENCE OF VARIOUS COMPOUNDS ON AMYLOID BETA PEPTIDE
IN BIOLOGICAL FLUIDS. O.E. Khorkova, K.R.Patel, F. Camacho,
J.Heroux? S. Sahasrabudhe. Hoechst Marion Roussel, Bridge
water, NJ 08807
^-Amyloid peptide (A|i) is a major component of senile
plaques found in the brain of Alzheimer's disease patients.
AP levels are conventionally measured using sandwich ELISA
or immunoprécipitation followed by Western blotting and
densitometric scanning. We describe here a novel method
of Ap measurements in biological fluids using liquid phase
electrochemiluminescent system (LPECL) which is more
sensitive and has a greater dynamic range ( 6 orders of
magnitude). Like sanwich ELISA this method utilizes two
different antibodies to the same molecule: one labeled
with biotin and another - with an electrochemiluminescent
moiety (TAG). Biotin is captured by streptavidin
coated
paramagnetic beads. The beads are then pumped into a flow
cell and voltage is applied. Luminescence generated by
TAG can be detected and measured by an analyzer.
We used both conventional and LPECL methods to quan
titate Ap and APPsdt in conditioned medium of CHO cells
treated with different known AJS inhibitors and also in
guinea pig CSF and brain. Our results indicate that LPECL
is faster, accurate and sensitive method for measuring of
AJÎ and APPsd in biological fluids.

209.5
TEMPORAL SEQUENCE OF DEPOSITION OF AB PEPTIDES BEARING
HETEROGENEOUS N-TERMINI AND APO J IN PD-APP TRANSGENIC MICE.
C.A. Lemere1*. K. Khan2. T.C, Saido^CJHaass4.JE.31asHah\ DJ. Seikos'^Q,
Games2. 'Harvard Med Sch, Boston, MA 02115; 2Athena Neurosciences, CA; ’Tokyo
Met Inst Med Sci, Japan; 4Central Inst Mental Hlth, Germany; 5UCSD Sch Med, CA.
Deposition of extracellular amyloid (AB) peptides with heterogeneous N- and Ctermini have been described in Alzheimer's Disease (AD) and Down syndrome brains.
We examined the progressive deposition of AB bearing heterogeneous N-termini in the
brains of heterozygous transgenic mice (PD-APP) in which human BAPP bearing the
familial AD mutation (V717F) driven by the PDGF promoter is overexpressed.
Antibodies specific for various N-termini were used immunocytochemically (N1D
recognizes L-Aspl; NlrD recognizes racemized Aspl; NliD recognizes isomerized
Aspl; N3pE recognizes the converted 3rd residue, pyroglutamate3; N5R recognizes
Arg5; N1 IpE recognizes the converted 11th residue, pyroglutamate 11; N17L recognizes
Leu 17, the N-terminus of the P3 fragment). Their reactivities were compared to that of
the general AB antibody, R1282, in coronal sections at the levels of frontal cortex and
hippocampus in transgenic mice aged 8-20 mos. Plaque deposition in the hippocampal
plane preceeded that in the frontal plane; the total number of plaques increased steadily
with age; and the two brain areas achieved similar AB burdens after 16 mos.
Computerized image analysis showed that AB starting at L-Aspl was the most
abundant species at 8 mos (and at all subsequent ages) and closely matched the pattern
of R1282 deposition. Several other species were present in small subsets of plaques at
8 mos and their deposition increased with age (NlD>NlrD>N3pE>NliD). Three
species were virtually undetectable before 14 mos; in older mice they were detected in a
minor number of cored plaques (N5R>N17L>N1 IpE). It appears that L-Aspl
constitutes the N-terminus of the intitial AB deposits. Deposition of N-terminally
modified species and/or conversion of L-Aspl within deposits occurs later. Preliminary
IHC studies reveal the presence of Apo J in a subset of plaques in these animals as
early as 8 mos; the number of Apo J-positive plaques increases with age. We are now
examining the accrual of other inflammatory proteins within plaques in these mice.
(Supported by NIH grants AG12749 and HL49552)

209.6
THE AGGREGATION OF Ap IN HUMAN BRAIN IS MEDIATED BY ZINC
RA Chernv ®. CL Masters ®. K. Bevreuther . D. Fairlie . RE. Tanzi* and AI Bush#
Department of Pathology University of Melbourne and the Mental Health
esearch Institute, Parkville Australia, 3052, / Centre for Molecular Biology,
University, of Heidelberg Germany, Centre for Drug Design and Development,
University of Queensland, Australia. # Genetics and Aging Unit, Harvard Medical
School Massachusetts General Hospital, Charlestown,MA USA
A(3 is the primary constituent of the neocortical amyloid deposits which
characterize the histopathologic changes of Alzheimer’s disease (AD). In vitro
studies have shown that the aggregation of synthetic Ap is promoted by physiological
concentrations of zinc in a reversible reaction. We tested the possibility that zinc is
involved in the aggregation of Ap in humans. Cortical tissue from the brains of AD,
aged control and young control individuals were homogenised in the presence or
absence of varying concentrations of chelating agents which have a high affinity for
zinc and copper relative to other metals (eg 5mMTPEN). The homogenates were
centrifuged at 150,000 x g, the supernatants collected (SN1) and the pellet
rehomogenised and respun(SN2). Total protein in the supernatants was precipitated
with TCA and samples subjected to tris-tricine PAGE followed by Western transfer.
The blots were probed for the presence of Ap using mAb W02 and the signal
visualized by chemiluminescence. Signal intensity was evaluated by reflectance
densitometry. Metals in the supernatants (SN1 only) and pellets were assayed using
ICP - MS. We observed a concentration-dependent increase in signal for Ap in the
samples treated with chelators. This increase was observed in either SN1 or SN2 or
both and was most pronounced in the controls. The enhancement of Ap in the
chelated groups correlated in each case with a significant increase in zinc content in
the supernatants and a decrease in the pellet. There was no correlation with the levels
of any of 11other metals tested including Cu, Fe, Al Mg and Ca. We conclude that a
proportion of Ap in both AD and non-AD brains is maintained in an aggregation
state that is zinc-dependent and is readily reversible. Furthermore, the ability of
chelators to successfully resolubilize the notionally insoluble amyloid in the pellet
fraction suggests a possible role for this class of compound as a therapeutic agent for
the treatment of AD. Funded in part by the Aust. Dept of Veterans Affairs, The
Liberman Family Trust and The Alliance for Aging Research (Beeson Award to AIB)

209.7
ENHANCEMENT OF THE SPONTANEOUS AGGREGATION OF THE pAMYLOID FRAGMENT Ap 25-35 BY CONGO RED. F. Della Vedova*.
A.Molinari. R.Tonani,T.Bandiera. M.Varasi. J.Lansen. C.Post. Pharmacia &
Upjohn, CNS Research, Nerviano, (MI) 1-20014, Italy.

209.8
INTRAVASCULAR p-AMYLOID INFUSIONS.
I. COGNITIVE
AND PATHOLOGIC EFFECTS INDUCED BY LONG-TERM
INFUSION. G.W. Arendash1». G. C. Su1. F. Crawford2. R. N. Kalaria3.
and M. J. Midland 'Dept. of Biology and 2Roskamp Laboratories, Dept, of
Psychiatry, Univ. of South Florida, Tampa, FL 33620 and 3Dept. of
Neurology, Case Western Reserve Univ., Cleveland, OH 44106.
We have previously shown that application of p-amyloid (Ap) to rat aortic
rings in vitro results in vasoconstriction and enhancement of endothelininduced vasoconstriction, suggesting involvement of vascular Ap in
Alzheimer’s Disease (AD). To determine the behavioral and pathologic
effects of elevated vascular Ap, we have infused A pM0 (50 ng in 0.2 ml
distilled water) or vehicle twice daily for two weeks into the external jugular
vein or brachial artery o f 3 month old male Sprague-Dawley rats. Although
water maze testing done during the second week o f infusions revealed no
effect on acquisition/retention for intravenous-infused animals, intra-arterial
infused animals showed a significant deficit in memory retention.
Intravenous Ap infusions induced an increase in GFAP immunostaining
around cerebral blood vessels, enhanced Ox-42 microglial immunostaining
in brain white matter, and gross pulmonary hemorrhage in the absence of
Congo Red birefringence.
Intra-arterial Ap infusions also induced
hemorrhage within peripheral tissues. These results suggest that circulating
Ap can induce cognitive impairment, as well as vessel dysfunction/damage
in both the periphery and the brain. The results, in combination with our
findings that vascular Ap can induce acute hypertension and vaso
constriction (see next abstract), support a role for circulating Ap in AD.

The p-amyloid peptide fragment (Ap25-35) has been proposed to be the
shortest fragment of full length Ap still endowed with the aggregation and
neurotoxic properties (Pike C.J.et al., J.Neurochem.,1995, 64, 253). In common
with other Ap peptides (Jarrett J.T. et al., Biochemistry, 1993,32,4693), it
exhibits a nucleation-deRendent mode of aggregation.
In the present study the kinetic of spontaneous aggregation of the 1,1,1,3,3,3hexafluoro-2-propanol-treated Ap 25-35 has been investigated both by HPLC
measurement of the peptide remaining in solution after centrifugation and by
Congo Red binding (Klunk W.E.et al., J.Histochem.Cytochem., 1989, 37,1273)
The results obtained with the two methods are indicative that Congo Red (CR),
when incubated with monomeric Ap 25-35, has a pro-aggregating effect as
evidenced by the shortening of the lag-phase that precedes aggregation. This
was not observed when the aggregation of monomeric AP25-35 was induced
(seeded) by the addition of a small amount of pre-formed homologous fibrils.
A tentative structural model of the interaction between AP25-35 peptides in ppleated conformation and CR was built by computer molecular modelling. This
model indicates that the pro-aggregating effect of CR can be ascribed to the
stabilisation of an intermediate(s) of aggregation that precedes nucleus
formation.
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209 .9
Measurement of p-amyloid peptide (A(3) levels In the
plasma, CSF and brain tissue from guinea pigs following in
v i v o administration of (A{3) modulators. S.C. Sun, S.
Aschrnies, J.S. Jacobsen, G.S. Welmaker, L.Lombardo, J.A Moyer
and J. Sonnenberg-keines* Central Nervous System Disorders,
Wyeth-Ayerst kesearch, CN-8000, Princeton, New Jersey 08543.
Alzheimer’s disease (AD) is characterized by the
progressive formation of neuritic plaques, neurofibrillary tangles
and lesions that are accompanied by synaptic and neuronal loss in
human brain.'The core of the plaque consists of an insoluble, 4-5
kDa amino acid, p- amyloid peptide (Ap) which is the cleavage
product of a larger amyloid precursor protein (APP). Soluble Ap is
also detected in the cerebrospinal fluid and plasma of AD and
normal patients and is primarily in the form of Ap ^ However, the
42/43 amino acid Ap, in an aggregated form, is considered the
major neurotoxic agent in AD. Therefore, in order to measure the
different carboxyl forms of Ap, we have developed highly sensitive
and selective sandwich ELISAs to measure total Ap, Ap ^ and Ap u
42 in guinea pig tissues and fluids. Potential inhibitors of Ap are
administered to guinea pigs via oral, intraperitoneal or
subcutaneous injection and levels of Ap are measured from the
cerebrospinal fluid, plasma and brain tissue. Using this guinea pig
paradigm, data will be presented and discussed on a compound that
increases Ap levels in the CSF and plasma (phosphoramidon) and a
compound that decreases total Ap and Ap ^ levels but not Ap M2
levels in the CSF (1,2-diphenylbenzimidazole). This model may be
useful in assessing therapeutic treatments to inhibit the formation
of Ap associated with Alzheimer’s disease.

209.11
INTRAPARENCHYMAL DELIVERY OF NGF TO THE BASAL
FOREBRAIN BY GENE TRANSFER DOES NOT INCREASE BAMYLOID IMMUNOREACTIVITY.
D.E. Smith1, E.J. Mufson2, F.H. Gage1,3, J.A. Roberts4*, A.M. Rosetti1, D.A.
Merrill1, M.H. Tuszynski1.
‘Dept, of Neurosci., UC San Diego, La Jolla, CA 92093; 2Rush Presbyterian
Med. Ctr, Chicago, IL 60612; 3Salk Institute, San Diego, CA; 4Dept. Primate
Med., Cal. Primate Ctr., UC Davis, Davis, CA 95616
We previously reported that intraparenchymal grafts of NGF-secreting fibroblasts
sustain the phenotype and reduce cellular hypertrophy in cholinergic neurons in the
basal forebrain (BFC) of aged rhesus monkeys. However, doubts concerning the
clinical application of NGF as a potential therapy for Alzheimer’s disease have been
raised by reports that NGF administration can upregulate amyloid precursor protein
(APP) expression in vitro. The hypothesis that cellular delivery of NGF can
upregulate mature 6-amyloid deposition in vivo was tested by examining brain
sections from aged rhesus monkeys that received intraparenchymal grafts of
genetically-modified NGF-secreting cells (n=5 monkeys), or control cell grafts of 6gal producing fibroblasts (n=6). NGF-producing fibroblasts secreted 13 + 2.2 ng
hNGF/106 cells/day in vitro (ELISA courtesy of J. Conner). Three months
following graft surgery, plaques were identified in brain sections from both groups
using the monoclonal IgG 10D5 antibody (gift of D. Selkoe), which recognizes AA
1-16 of B-amyloid protein. Plaques were quantified in frontal, parietal, temporal,
and cingulate cortices, and in the hippocampus and amygdala. The mean overall
plaque number in aged NGF animals (30.3 ± 22.1) was not significantly greater
than that in aged B-gal animals (24.6 ± 13.9; p = 0.83). These results suggest that
chronic intraparenchymal delivery of NGF to the basal forebrain does not increase
deposition of mature 6-amyloid over the time periods examined.
Supported by grants from NLA and Amer. Acad. Neurology.

209.13
THE APPEARANCE OF ACTIVATED MATRIX METALLOPROTEINASE-2 (MMP-2) IN RESPONSE TO 6-AMYLOID (A6) IN
RAT ASTROCYTES MAY BE DUE TO INCREASED MEMBRANETYPE MATRIX METALLOPROTEINASE (MT-MMP) EXPRESSION.
S. Deb* and P. E. Gottschall, Univ of South Florida, Dept of
Pharmacology anil Therapeutics, Tampa, FL 33612-4799
Aggregated AB is associated with greater neurotoxicity, whereas the
non-aggregated form induces neurite outgrowth and interacts with the
extracellular matrix (ECM). The neuritic plaque consists of deposited AB,
components of ECM, along with ECM-degrading enzymes. We have
shown that A8(l-40) induces MMP-9, MMP-2, proenzyme and activated
form, and MMP-3 production in rat primary cultures. Pro-MMP-2 is
activated by a unique cell membrane-mediated process that involves MTMMP. The aim of this study was to elucidate the mechanism by which AB
peptides increase the production of activated MMP-2. Astrocyte cultures
were treated with aged and unaged A8(l-40) and A8(l-42) for 72 h.
Both aged peptides were neurotoxic to hNT neurons (at 10 |iM) and
showed positive Congo red staining under polarized light. Zymography
of the conditioned medium revealed that unaged AB(l-40) and AB(l-42)
induced MMP-9 and MMP-2 activity. However, only AB(l-40) (40 (J.M)
stimulated the appearance of an activated form of MMP-2. Both forms of
the aged peptide failed to induce MMP-2 or the activated form of MMP2. In an effort to determine whether MT-MMP expression was involved
in inducing the appearance of activated MMP-2, we estimated MT-MMP
mRNA expression levels by RT-PCR. Unaged AB(l-40) significantly
induced the expression of MT-MMP mRNA levels as compared to RNA
from untreated astrocytes. Treatment with AB(l-42) failed to ellicit an
increase in MT-MMP mRNA as measured by RT-PCR. These results
suggest that increased expression of MT-MMP may be responsible for the
elevated levels of the activated MMP-2 following A6(l-40) treatment in
rat astrocytes, (supported by NIH AG 12160)
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209.10
CHARACTERIZATION OF THE INTERACTIONS OF ALZHEIMMER (3-AMYLOID
PEPTIDES WITH GANGLIOSIDES. J. McLaurin. T. Franklin. C. Bergeron*. PE.
Fraser & A. Chakrabarttv. Dept, of Medical Biophysics, University of Toronto,
Toronto, Canada, M5G 2M9
Alzheimer’s disease is characterized pathologically by the presence of
neurofibrillary tangles and amyloid plaques. The principle component of the plaque
is the p -amyloid peptide (AP), a 39-43 residue peptide. The conformational change
required for the conversion of soluble peptide into amyloid fibres has been studied
under a v;u iety of conditions. This conformational change is modulated by pH, Ap
concentration, addition of kinetic and thermodynamic enhancers and alterations in
the primary sequence of Ap. We report here the ability of gangliosides to induce a
novel a- helical structure in AP and thereby diminish fibrillogenesis. By means of
circular dichroism (CD), and a fluorescence dye release assay, we investigated the
ability of gangliosides to interact with and induce a conformational change in Ap.
We have shown that sialic acid is necessary for the induction of a-helical structure,
and tliai an increase in the amount of sialic acid (GDIa & GTlb) has varying
effects. The position of the sialic acid on the carbohydrate backbone, GM1, GM2 &
GM3, also affects the conformational switch. The specificity of AP-ganglioside
interaction was determined by varying both peptide and lipid concentrations.
Ganglioside concentration was reduced by introducing increasing concentrations of
phosphatidylcholine, a lipid previously shown not to interact with Ap. The stability
of the Afi-ganglioside interaction was evaluated by CD and demonstrated that the
Ap-ganglioside interaction at pH 7.0 is stable over time, up to 1M NaCl, and
specific . The induction of this novel a-helical structure is more prominent for Api40 than A[U-42. Finally, the ability of gangliosides to sequester Ap from fibril
formation was evaluated by electron microscopy.
This research was funded by Alzheimer Association (US). J.M. is a recipient of a
Post-Doctoral Fellowship from the Alzheimer Society of Canada.

209.12

(3-AMYLOID RECEPTOR IN PC12 CELLS. J.G.
Schulz*, D. Megow. R. Reszka, U. Dimagl. Department
o f Neurology, Charité Hospital and Department of Drug
Targeting, Max-Delbriick Center, Berlin, Germany.
Extracellular deposition of (3-Amyloid in the brain of
Alzheimer’s disease (AD) patients is a defining pathologic
criterion and increased likelihood , o f p-Amyloid
production is a common feature of all models of
autosomal dominant AD. We assumed that, in order to
play an active role in AD pathogenesis, p-Amyloid has to
bind to the brain cell membrane.
Our goal was to identify the cell surface structure
that is necessary for that interaction. Using a system of
MTT assay and PC 12 cells to monitor docking of pAmyloid, we started with the whole cell membrane as a
pool o f candidates. Selection of a potential candidate was
based on addition of competitive substances to the
medium, cell-surface treatment and inhibition of specific
cell synthesis pathways.

209.14
ALZHEIMER'S B-AMYLOID PEPTIDE (AB42) AGGREGATES VIA
STRUCTURAL INTERMEDIATES INTO POLYMORPHIC FIBERS AS
REVEALED BY ELECTRON CRYO-MICROSCOPY. B. Bohrmannl. M.
Mnao2, J. Dubochefc B, .Sei!heimer*^.and-ti .POtelR T) F.HoffmannLa Roche Ltd., CH-4070 Basel, Pharma Division Preclinical Research.
2) Laboratoire d'Analyse Ultrastructurale, Université de Lausanne. 3)
Present address: Research Laboratories of Schering AG, Müllerstr. 178,
13342 Berlin, Germany.
Ap accumulation, mainly of the AJ342 subtype, is an early pathogenic
factor in Alzheimer's disease (AD), although the molecular interactions of
Ap42 that are finally symptomatic for AD have still to be identified.
Structural data are therefore essential to understand the potential
causative mechanisms of fibrillar AP42 protein leading to neuronal cell
damage. Accordingly, we monitored the time-dependent self assembly of
monomeric A{342 by electron cryo-microscopy. This technique allows to
image Afi42 assemblies in a native, fully hydrated state. Fibre formation
was found to proceed via two structural intermediates. The first detectable
structure consists of diffuse protein layers. During prolonged incubation
time the protein layers disappear and an increasing number of
filamentous structures measuring 10 nm or more in diameter are
revealed. We refer to these filaments as immature fibers as was
previously identified by electron microscopy using negative staining. The
structural integrity of immature fibers is less defined compared to the
mature fiber type that is observed at later timepoints. Mature AB42 fibers
were found to be composed out of varying numbers of small, 2-3 nm thick
protofilaments that combine laterally to form fibre assemblies. The
multistranded fibers exhibit a variable long range helical supertwist with a
periodicity predominantly about 150 nm. The observed helical periodicity
is not constant as is the number of composing protofilaments but may
range from 40 to 240 nm. Increasing numbers of protofilaments
concomitantly alter the periodicity towards more remote distances. The
presented approach is usable to investigate potential inhibitors of fibre
formation while simulating the physiological relevant aqueous
environment.
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209.15
Chemical Characterization of N-Terminal Ap 3 Pyroglutamyl from
Alzheimer’s Disease Brain Y.M. Kuo*. S. Webster. A. Woods*. M. Emmerling”
& A. E. Roher Sun Health Research Institute, 10515 W. Santa Fe Dr., Sun City,
AZ 85351, department of Pharmacology and Molecular Sciences, The Johns
Hopkins University School of Medicine, Baltimore, MD 21205, and “Parke Davis
Co., Ann Arbor, MI 48106.
An important feature of the Alzheimer's disease (AD) is that neuritic plaque
core and vascular Ap are post-translationally modified. These modifications
include isomerization of residues 1Asp and 7Asp, racemization of residues 1Asp,
7Asp, 8Ser and 23Asp and a variable degree of N-terminal degradation. In
addition to these molecular modifications, immunochemical studies (Saido et al.,
Neuron 14,457-466,1995) have demonstrated that a large amount of Ap starts at
position 3Glu, which has been modified to pyroglutamyl (3pE). We purified the
AD-AP peptide from the neuritic plaque cores and vascular deposits and
characterized the presence of 3pE by peptide mapping, amino acid analysis and
mass spectrometry. The average amount of Ap with 3pE at the N-terminus (three
independent preparations), in the neuritic plaque cores is 51% and in the vascular
amyloid accounts for 11%. The chemical properties of Ap3pE^2 relative to other
forms of AP (Ap^g, ApM0, ApM2, Api^o^isoMp and APn-42), in terms of
overall hydrophobicity, time-dependent oligomerization, seeding properties for
fibrillogenesis, proteolytic susceptibility and neurotoxic effects to primary
cultures of rat hippocampal cells, were investigated. Our experiments
demonstrated that Ap3pE-42 has similar chemical properties to ApM2- The
implications of having an Ap with blocked N-terminus will be discussed in terms
of AD pathophysiology.
This work was supported by NIH AG 11925

209.17
PRESENCE OF P-AMYLOID PROTEIN IN SKIN OF ALZHEIMER’S DISEASE
BY IMMUNOHISTOCHEMISTRY. J. M. Yuan*. G. H. Cao. Department of
Neurology, First Hospital, Beijing Medical University, Beijing, 100044, China
The major neuropathological features of Alzheimer's disease (AD) include senile
plaque (SP), neurofibrillary tangle (NFT) and amyloid protein deposition in the
central ccxe of SP and around blood vessels. Both P-amyloid protein (P-AP) and Pamyloid protein precursor (P APP) present in neurologic tissues and non-neurologic
tissues. Therefore, a study of the peripheral label may add an available laboratory
parameter of AD diagnosis. The ABC method for the light microscopy
immunohistochemistry was performed to study P-AP in 8 cases with AD (mean age
66.88±5.69), 8 cases with multiple infarct dementia (MIC) (mean age 62.29±8.25)
and 24 cases with non-dementia controls (NDC) (mean age 61.73±20.8). Antiserum
(As) from rabbit to synthetic p-API-40 and mono-clonal antibody (MAb) to native
p-AP were used to label skin biopsies in both paraffin and frozen sections of the
above mentioned subjects. They were clearly staining on homy layer and hair follicles
of skin tissues in all three groups and partly in sebaceous and sweat gland. No
different stain is found between As and MAb or paraffin and frozen sections. We
found that the immuno-staining was positive on vascular walls 5/8 (62.5%) in AD
patients, 3/8 (37.5) in MID patients and 5/24 (20.8%) in NDC. Two of 5 positive
stains in NDC group are young people. There was no deference in homy, hair shafts,
sweat and sebaceous gland staining. We conclude that P-AP 1-40 exists in a certain
amount of skin tissues of AD, MID, and NDC, including young people. Although
there is a significant difference between AD and NDC in skin vessel staining, there
is no significant difference between AD and MIC. Probably, there are some
overlapping factors between AD and MID. [Supported by Chinese Ministry of Health
Scientific Grants]

209.19
SEN ILE PLAQUES FROM A LZ H EIM ER ’S D ISEA SE BRA IN
CONTAIN MULTIPLE mRNAs. S.D. G insberg**. P.B. Crino2. J.A.
W eingarten1. V.M-Y. L ee1. J.H. Eberwine2. and J.O. T rojanow ski1.
C e n te r for Neurodegenerative Diseases and 2Dept. of Pharmacology,
University o f Pennsylvania Sch. of Medicine, Philadelphia, PA 19104.
The sequestration o f cytoplasmic RNA species to senile plaques
(SPs) has been demonstrated in Alzheimer's disease (AD) brain. To
further characterize the mRNAs in SPs, a methodology was employed
in which poly(A)+ mRNA was amplified from immunohistochemicallyidentified single SPs in paraffin-embedded sections o f the hippocampal
form ation from 5 AD patients. mRNA was also am plified from
individual CA1 pyramidal neurons from age-matched controls (n=5),
and neuropil in the stratum radiatum o f both normal and AD patients. A
set of candidate mRNAs was sought and detected from individual SPs,
neurons, and neuropil by reverse N orthern blotting, including
c y to s k e le ta l
e le m e n ts ,
g lu ta m a te
r e c e p to r s ,
p ro te in
phosphatases/kinases, and cell cycle/cell death genes. The detection of
prim arily neuronal messages, especially those concentrated within
dendritic compartments, suggests that SPs contain the remnants of
dying neuronal processes. Furthermore, the identification of multiple
gene transcripts may indicate the sequestration of mRNAs to insoluble
amyloid fibrils that may impede their translation, and cause subsequent
cellular degeneration. The characterization of multiple mRNAs in fixed,
im m unohistochem ically-identified SPs provides insight into gene
expression that may underlie the deposition o f SPs in AD and other
neurodegenerative disorders. Supported by grants from th e N IH .
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209.16
ELEVATED LEVELS OF GLYCATED BETA-AMYLOID PEPTIDES
IN CSF FROM PATIENTS WITH DEMENTIAS. J. Li*1. D. Dickson2.
Q, Mtinsh. Jivm Purany4 andi L Ylaasaa 1- 'Lab. of Diabetes and
Aging, The Picower Inst, for Med Res. Manhasset, NY 11030
2Dept. of Pathol. Albert Einstein Med.College. Bronx, NY 10461 3Dept.
of Physiological Chem. Theodor-Boveri Inst. Wurzburg, Germany.
“Neurol. Tissue Bank, Hosp. Clin. Barcelona, Barcelona, Spain.
Advanced glycation endproducts (AGE) are known for multiple adverse
effects on cells and tissues. AGE-modified P-amyloid peptide (AGE-PAP)
is associated with senile plaques, possibly contributing to insoluble amyloid
fibril formation; however, the turnover and removal of such material
remain unknown. We have reported that astroglia ingests and degrades
AGE-albumin via AGE-specific receptors (AGE-R1,2,3), expressed in
human brain. To examine whether glia can bind AGE-PAP, we employed
ligand and western blot studies, using whole cell extracts of human
astrocytes (18-week-old fetus) and rat microglial cells (DMEM, 10% FCS).
We found that 125I-AGE-PAP bound specifically to AGE-R3 as binding
could be blocked by unlabeled AGE-PAP or AGE-albumin, but not by
unmodified PAP or albumin; furthermore, binding was blocked by rat
monoclonal anti-AGE-R3 (40|ig IgG/ml). Using a sandwich AGE-PAP
ELISA, we found that AGE-PAP level in CSF from late-onset, sporadic
Alzheimer's (AD, n=19) (897 ±764 pg AGE-P-AP/mg CSF total protein)
was significantly higher (p=0.045) than in CSF from non-demented patients
(n=4) (342 ± 287 pg AGE-PAP/mg). These findings suggest that elevated
AGE-p-amyloid peptides in CSF of patients with AD dementia may
reflect a higher rate of processing and turnover of AGE-modified proteins
in these patients. This may be in part mediated via AGE-specific receptors.

209.18
APP ISOFORMS IN PLATELETS: A PERIPHERAL MARKER^ FOR
Vignolo3, G.L. Lenzi4, M. Trabucchi2,_F. CattabenLand A,_ Padovani3, Inst.
Pharmacol. Sci., Univ. of Milano^S. Raffaele Hospital, Sch. Med., Univ of Milano;
2Ist. Sacro Cuore-Centro Alzheimer, Brescia; 3Inst. Neurol., Univ. of Brescia; 4Dept.
Neurological Sci., Univ. of Rome-Sapienza, Italy.
Amyloid precursor protein (APP) isoforms are primarily found throughout the brain
and are present in numerous nonneuronal tissues and cell lines. Platelets represent an
important peripheral source of APP. The three major APP isoforms with apparent MW
in the range of 100-130 kDa are present in membranes of resting platelets. To evaluate
whether changes in platelet APP are specifically related to Alzheimer Disease (AD), the
level of APP isoforms was evaluated in 27 (10 mild, 8 moderate, 9 severe) AD
patients, 16 patients affected by non-AD dementia (NADD), and 15 age-matched
controls. Platelets were prepared from 30 ml of blood and subjected to Western blot
analysis using a monoclonal antibody (22C11) recognizing the NH2-terminal domain
of all APP isoforms. The ratio between the immunoreactivity of the higher (130 kDa)
and the lower (100-110 kDa) isoforms was calculated. This value was significantly
lower in patients with AD (optical density: mean±SD: 0.38±.15) when compared to
both healthy subjects (0.861.3) and NADD group (0.97±.4). Grouping AD patients
according to the severity of the disease, a correlation between severity of dementia and
platelet APP isoform ratios was also found (mild: 0.48±.14; moderate: 0.33+15;
severe: 0.25±.08). In the same patients, RT-PCR experiments performed using primers
that flank the alternative splice site, showed that the pattern of APP gene expression is
similar among groups. This rules out that the differential level of platelet APP
isoforms observed in AD could be ascribed to alterations in the level of mRNA
encoding either for APP 770 or for APP 751. Thus, differential levels of platelet APP
isoforms represents a promising specific'marker for AD and the positive correlation
with the severity of AD dementia indicates that this alteration represents a sensitive
measure of the progression of the disease.
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210.2

UBIQUITIN LOCALIZED AROUND AMYLOID PLAQUES IN FIVE AGED
MONKEYS. S-P-Stoney?:1, J.fi- Sym.rpers“ W, ! > f f l d 11 Bwwfiiggf f i
Physiol, and Endo.1, Pharmacol, and Toxicol.2, Cellular Biol, and Anat.\ and
Alzheimer’s Research Center4, Medical College of Georgia, Augusta, GA 30912, and
Dept, of Veterans Affairs5, Medical Service, Augusta, GA 30904.
Ubiquitin (UBQ) is a 76-residue protein involved in the nonlysosomal degradation
of abnormal and short-lived proteins in all eukaryotic cells studied thus far. Co
localization studies in the brains of patients with neurodegenerative disorders
exhibiting amyloidosis (e.g. Alzheimer’s disease) have identified ubiquitinated
products within dystrophic neurons surrounding plaques. The role of UBQ in the
pathogenesis of neurological disease is currently unknown. One possibility is that the
coordination of protein synthesis and degradation is altered by damage to cells,
possibly by neurotoxic beta-amyloid (pA), leading to the accumulation of
ubiquitinated proteins within cells. Alternatively, other components of the UBQmediated degradative pathway, such as the 26S proteasome complex, may be
inactivated by currently unidentified mechanisms. Here we report finding neurite-like
structures possessing UBQ immunoreactivity (IR) around the plaques of aged
monkeys. Formic-acid-treated sections from 5 monkeys (age range: 21 to 32 years)
were processed for dual-label immunohistochemistiy with primary antibodies to PA
(DAKO) and UBQ (DAKO), at dilutions of 1:50, and Cy3- and FITC-conjugated
secondary antibodies, respectively, at dilutions of 1:100. Numerous plaques in all 5
monkeys were dual-labeled by antibodies to both proteins. UBQ IR was observed as
globular or granular, neurite-like structures with the same orientation as PA deposits
or localized in the periphery. The overall percentage of plaques that were dual-labeled
varied among the 5 monkeys, ranging from approximately 55 to 100%. This data
suggests that UBQ may be an important pathological marker for degenerative changes
within the neurons of non-human primates. Supported by VA Medical Research

UBIQUITINATED GRANULAR MATERIAL IN THE CEREBELLA OF
NINE RHESUS MONKEYS. J.B. Summers*-1-2. M.B. Ward». W.D. Hill1'3 and J.J.
Buccafusco1-2-4. Alzheimer’s Research Center', Dept, of Pharmacol, and Toxicol.2, and
Dept of Cellular Biol, and Anat.\ Medical College of Georgia, Augusta, GA 30912,
and Dept, of Veterans Affairs4, Medical Service, Augusta, GA 30904.
Ubiquitin (UBQ) is an 8.6 kDa protein involved in the cytosolic, ATP-dependent
degradation of short-lived and abnormal proteins in all eukaryotic cells studied thus
far. Recent studies of humans have implicated UBQ in the pathogenesis of numerous
neurological diseases (e.g. Alzheimer’s disease). Other studies have reported an agerelated accumulation of ubiquitinated material in the cerebellum. Investigation of
these ubiquitinated structures by immunoelectron microscopy has demonstrated that
some of these may be neuronal processes undergoing degeneration. To demonstrate
that ubiquitinated products accumulate in the cerebella of aged non-human primates,
sections from 9 rhesus monkeys (age range: 4 to 32 years) were immunohistochemically examined for UBQ. Adjacent sections were processed for single-label immuno
histochemistiy with primary antibodies to beta-amyloid (PA) and UBQ, at dilutions of
1:50, and Cy3 and FITC secondary antibodies, respectively, at dilutions of 1:100.
Evaluation of these sections revealed an apparent age-related accumulation of
ubiquitinated structures, predominantly in the white matter and granular cell layer. All
sections were negative for pA immunoreactivity (IR). UBQ IR appeared as small,
granular dot-like structures. Some of these structures may be dystrophic neurites
containing ubiquitinated proteins. The finding of such ubiquitinated material suggests
that cells in the cerebella of aging monkeys and humans undergo similar perturbations
in UBQ-mediated protein turnover. The relationship between cellular dysfunction in
the brain and perturbations in UBQ-mediated protein turnover is currently unknown,
and primates may be useful for investigating UBQ’s role in neurodegeneration.
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Supported by the VA Medical Research Serv. (JJB) and NIH grant NS32835 (WDH).

Service (JJB) and NIH grant NS32835 (\VDH).

2 10.3
EFFECT OF APOLIPOPROTEIN E ON DEPOSITION OF AMYLOID JJ PROTEIN
IN TRANSGENIC MICE. T. Kawarabayashi1, M. Shoji1, Y. Harigaya1*, M. Sato2,
M. Kanai1, Y. Igeta1, E Matsubara*, K. Ishiguro1, Y. Tomidokoro1, M. Shizuka1, K.
Okamoto1 and S.Hirai3. 1Pep, of Neurology, Gunma Univ. Sch. of Med, Maebashi,
Gunma 371, Japan, zMol. Med. Res. Center, The Inst, of Med. Sci., Tokai Univ.,
Isehara, Kanagawa 259-11, Japan, ?Tokyo Metropolitan Neurological Hospital, Futyu,
Tokyo 183, Japan.
Apolipoprotein E4 (ApoE4) is a major risk factor for Alzheimer’s disease. ApoE
accelerates aggregation of amyloid C protein (AB) in vitro, however, its effect on Afi
deposition in vivo is still unclear. We had generated transgenic mice expressing the
transgene of carboxyl-terminal fragment of amyloid C protein precursor under control
of the cytomegalovirus enhancer / chicken 6 -actin promoter (BA-NORB). They
developed age-dependent deposition of AB in pancreas. Since rat ApoE corresponds
to human ApoE4 isoform, we mated 6 A-NORfi mice with the transgenic mice expressing
rat ApoE under methallotluonein promoter (MAE4-20, a gift from N. Yamada in
Tokyo Univ.) to assess the effect of ApoE on ABdeposition in vivo. InNORB(+)ApoE(+)
mice, severe ApoE deposition was recognized in pancreas corresponding to AB
deposition. The amount of AB deposition was not differed between NORB(+)ApoE(+)
mice and NORB(+)ApoE(-) mice after 2 months administration of ZnS04. This
finding suggested that ApoE may interact with AB from early stage of AB deposition.
The results of further Zn administration will be discussed.
Supported by the Longevity Science Committee and the Primaiy Amyloidosis
Research Committee of the Ministry of Health and Welfare of Japan.

210.4
ROLE OF THE CARBOXY-TERMINAL APOE REGION IN BINDING TO
Ap. S.B.Aleshkov*. X. Li. S. Lavrentiadou and V.I.Zannis. Section of Molecular
Genetics, Whitaker Cardiovascular Institute, Boston University Medical Center,
Boston, MA, 02118.
Recent studies have shown that at physiological conditions the reactivity
of recombinant apoE isoforms secreted by mammalian cells towards AP40 follows
the order apoE2>apoE3>apoE4 for the apoE monomer and E2>E3 for apoE dimer.
Different Ap binding properties have been reported for the plasma derived apoE
and commercially available apoE preparations. It appears that the efficiency of
binding between each of the three apoE isoforms newly secreted by mammalian
cells to Ap,correlates inversely with the risk of developing late onset familial
Alzheimer's Disease and may indicate involvement of apoE in binding and
clearance of Ap in vivo.
To define potential domains and residues of apoE involved in the
interaction with Ap40 we have introduced several mutations in the apoE cDNA
and/or gene. We have also generated several cell lines expressing apoE mutants
and have developed large scale growth of apoE producing lines that yield 30-40
Hg/ml/24 hours. Several truncated apoE forms were expressed transiently using the
Semliki Forest Virus expression system and the culture medium was utilized to
study the reactivity of the truncated proteins with Ap40. This analysis showed that
apo E truncated at residues 260, 250, 240 and 230 binds efficiently to AP40,
whereas apoE truncated at residues 186 or 166 does not bind. This finding
indicates that the caiboxy-terminal region 186-230 is required for binding to Ap.
Work is in progress to identify the specific residues within this region which are
required for apoE- Ap interactions.
Supported by grants TRGM95-016 from NIH, ami AG12717 from Alzheimer's
Association.

210.5
BINDING, INTERNALIZATION AND DEGRADATION OF
APOLIPOPROTEIN E IS INCREASED BY AMYLOID PEPTIDES IN
PRIMARY CULTURES OF NEURONS AND ASTROCYTES.

210.6

IL Beffert*1. N. Aumont1. D. Pea1. J. Paviqnon2and J. Poirier1. ’Douglas Hospital
Research Centre, Depts. of Psychiatry, Neurology and Neurosurgery, McGill University,
and Hyperlipidemia and Atherosclerosis Research Group, Clinical Research Institute of
Montréal, Québec, Canada
The e4 allele of apolipoprotein E (apoE) is a known risk factor for late-onset
sporadic and familial Alzheimer's disease (AD). ApoE binds to beta amyloid
(AS) protein, a peptide isolated from extracellular AD neuritic plaques.
Previously, we demonstrated that apoE uptake can be increased by AB
peptides in an apoE isoform specific manner in cultures of primary hippocampal
neurons and cortical astrocytes. Since one potential role for apoE in the CNS is
to aid in the reinnervation process following injury, then modulation of apoE
binding/internalization by AB may explain the lack of reinnervation or increased
cell death in pathologies such as AD. To further characterize apoE and AB
interactions in the CNS, we investigated the binding, internalization and
degradation of iodinated human apoE3 and apoE4 liposomes on cultures of rat
primary hippocampal neurons and cortical astrocytes. Both ligands display
saturable receptor binding and yield similar Ko values in the nanomolar range
on neurons. In the presence of AB peptides, a significant concentration
dependent increase in binding is obtained using peptides 25-35,1-40 and 1-42,
but not with 1-28, 40-1 or scrambled 25-35 in both cell types. ApoE4 binding
was increased significantly more than apoE3 binding at the same
concentrations of AB peptides. Differential apoE isoform binding due to the
presence of AB peptides may partly explain the biochemical mechanism
underlying AD. (Supported by the FRSQ, the MRCC and the Alzheimer Society
of Canada).
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ALZHEIMER'S SOLUBLE AMYLOID BETA PROTEIN ASSOCIATION
WITH HIGH DENSITY LIPOPROTEIN IN NORMAL HUMAN CEREBRO
SPINAL FLUID: PRIMARY BINDING TO UPID? A. R. Koudinov*. T. T.
Berezov, and N. V. Koudinova. Russian Academy of Medical Sciences,
Department of Biochemistry, institute of Biomedical Chemistry and Research
Center for Mental Health, Timoshenko St., 38,27, Moscow, 121359 RUSSIA.
We have previously described that in normal human plasma and cerebro
spinal fluid (CSF) the soluble form of Alzheimer's amyloid p protein (sAp) is
complexed to high density lipoprotein (HDL). We also reported that in an in
vitro system the synthetic homologue of the major HDL associated sAp
protein, Ap1-40, is bound to both apoiipoprotein (apo) and lipid constituents of
plasma HDL. Herein we report further studies of native sAp to HDL
association in normal human CSF. Purified CSF-HDLs were subjected to
intraparticle cross-linkinking procedure, followed by the reverse phase HPLC
fractionation of the lipoprotein. SDS / PAGE and Immunoblot analysis
performed then revealed no linkage of CSF-HDL native sAp with the apolipo
protein HDL constituents. In addition, synthetic Ap1-40 to lipid free CSF-HDL
apolipoprotein incubation increased the peptide fibriHogenic properties, while
protein free CSF-HDL lipid particles bound the peptide and inhtoited its
fibriilogenesis, as intact CSF-HDL did. This was assesed by density flotation
ultracentrifugation, non-denaturing size exclusion HPLC, negative-contrast
electron microscopy and thiofiavin T assay for p-amytoid fibrils. Our data
suggest that under physiologic condition the HDL-lipid constituent plays a
primary role in sAp to HDL association and that apolipoprotein modulates an
Ap to Hpid binding. Changes of this interaction in the disease may trigger
pathologic fibriilogenesis of the peptide.
Supported in part by LOGOVAZ / ISF, RUSSIA and Senetek, PLC., USA.
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210.7
THE ROLE FOR TRANSTHYRETIN, SEQUESTRATING PROTEIN IN
AMYLOEDOGENESIS IN NORMAL HUMAN KIDNEY. K. Tsuzuki”» R FukaW>
T. Yoshida2). Y. Havashi2). N. Sasaki2). H. Yamaguchi3). M. Tateno4). N. Fuiii0 and N.
Takahata2)Dents of'Aerobiology and 2)Neuropsychiatiy, Sapporo Med Univ., South 1,
West 17, Sapporo 060, Japan. 3)CoUege of Medical Care and Technology, Gunma Univ.,
Gunma 371, Japan. 4)Dept. of Pathology, Sapporo City General Hospital, Sapporo 060,
Japan.
The amyloid p protein (Ap) is proteolytic cleavage product of amyloid precursor
protein (APP) that vary slightly at the caitoxy-terminus, yielding species of 40, 42, and
43 amino adds. These species have been reported to play different role in Alzheimer’s
disease (AD) pathogenesis.
On the other hand, it is well known that the APP gene is widely expressed in all neural
and non-neural tissue. The highest levels of expression appear to be in the brain, and the
kidney. It is, therefore, of interest to examine whether or not Ap is detectable in kidney
cells, since no Ap deposition has been reported in the kidney.
In this study, we have investigated immunolocalization of Ap, Ap40, A{342, and
transthyretin (TTR) in the autopsied human kidney. Serial paraffin sections were stained
according to the streptavidin-biotin peroxidase technique. Immunoreactivities of Ap and
A|340 were found both in the proximal and distal tubular epithelial cells. But the
immunolocalization of Ap40 was observed predominantly in the distal tubules whereas
that of Ap42 was predominantly recognized in the proximal tubules. TTR, sequestrating
protein for Ap, was present in the proximal tubules. In this respect, it is of interest that
the localization of TTR is quite similar to that of Ap42, which is more aggregating than
Ap40.
Further studies are needed to understand the basic mechanism underlying Ap
aggregation to form amyloid, and also soluble Ap to be sequestrated. The tubular
epithelial cells in the kidney may provide a useful system to shed light on this issue.

210.8
CHARACTERIZATION OF THE INTERACTION BETWEEN AMYLOID-8 PEPTIDE
AND HUMAN APOUPOPROTEIN E3 OR E4 ISOFORMS FROM CEREBROSPINAL
FLUID OR FROM THE CONDITIONED MEDIA OF TRANSFECTED CELLS.
Zhonamin Zhou«1, Norman ffclhin2, Jonathan Smith3. Paul Greenaard4. and
Samuel E. Gandy1. 2Dept. of Neurology & Neuroscience, Cornell University
Medical College, 3Lab of Biochemical Genetics and Metabolism, and 4Lab of
Molecular and Cellular Neuroscience, The Rockefeller University, NY 10021.
We have previously reported the isoform-specific interaction of native human
apolipoprotein E (APOE gene; apoE protein) E3 with amyloid-8 peptide AB1*40. In
order to investigate this interaction further, a modified assay based on
immunoprecipitation (IP) with an anti-apoE antibody was developed. Application of
this assay demonstrated that the interaction of A81' 40 and apoE can be
distinguished into two typos: sodium dodecyl sulfate (SDS) -resistant and SDSreleasable. The SDS-resistant interaction between E3 and AS1*40 is maximal
when AB1*40 concentration is 75 jiM, and the A8^‘40/E3 molar ratio is about
250:1. The major apoE-isoform-spec'rfic difference in the interaction between
either E3 or E4 and AB1"40 is the ability of AB1*40 to form SDS-resistant
complexes with E3 but not with E4. Using the IP assay, we found that human
cerebrospinal fluid (CSF) E3 can also form an SDS-resistant complex with AB1*40
but CSF E4 cannot. However, when compared with assays employing secreted E3
from the conditioned medium of APOE e3 transfected cells, the capability of CSF
E3 to form an SDS-resistant complex with A81"40 is apparently decreased. A (1:1)
mixture of CSF plus E3-containing conditioned medium is also associated with
diminished interaction of AB1*40 and E3, and this decrease is greater than that
observed when phosphate-buffered saline (PBS) is substituted for CSF. This
observation suggests the presence in CSF of factor (s) which regulate the
interaction (s) between A81*40 and apoE E3.
( Supported by NIH grants AG09464 and AG 13780)

21 0 .9
Soluble Amyloid 0 /Apolipoprotein E Complexes in the Alzheimer Brain.
B.Permanne1. C.Perez1. C.Soto1,2. B.Frandone1. T.Wisniewski2*. Dept, of
Pathology1 and Neurology2, New York University Med. Center, N.Y. 10016
A major component of Alzheimer’s disease (AD) neuritic plaques is amyloid
B (AB). AB peptides also are present in normal biological fluids, where they are
called soluble AB (sAB). We have previously shown that a portion of neuritic
plaque AB is complexed to a carboxyl fragment of apolipoprotein (apo)E.
ApoE may play a significant role in the pathogenesis of AD, since the presence
of the apoE4 allele has been identified to be a risk factor for late-onset AD and
the amyloid burden is greater among patients who are apoE4 homozygous. The
apoE found in neuritic plaques may bind AB peptides after they are already
deposited and are fibrillar or it may bind to sAB prior to their deposition. In
CSF and plasma apoJ as well as other proteins (transthyretin, albumin, etc.)
have been identified to bind sAB, with little or no sAB being complexed to apoE
in these fluids. In vitro studies have shown that each of these sAB binding
proteins can have different effects on fibrillogenesis. What brain sAB is
complexed to is not known. In this study we sought evidence for the presence
of sAB-apoE complexes in AD and control brains. Brains were homogenized
in buffers containing no detergents, after the removal of cerebral vessels and
centrifuged at 100,000 g. AB peptides which remained in the supernatant were
defined as brains sAB. We found with immunoprécipitation (IP) experiments,
using anti-apoE and anti-AG antibodies that some brain sAB is complexed to
apoE. This is shown both by Western blots and mass spectroscopy of IP
complexes. What brain sAB is complexed to may be one factor influencing
parenchymal deposition. Studies aif underway quantitating these complexes
in AD and control brains. Supported by NIH grants AG0872I and AG05891.

210.10

210.11
REGIONAL DIFFERENCES IN COLOCALIZATION'OF APOLIPOPROTEIN
E (ApoE) WITH ß-AMYLOID (Aß) AND PRION PROTEIN (PrP) IN
ALZHEIMER'S DISEASE (AD) AND GERSTMANN-STRÄUSSLERSCHEINKER DISEASE (GSS). M „Searing*. B. Ghetti..S,S.M uaDepartments of Pathology & Laboratory Medicine, VA Medical Center &
Emory Univ., Atlanta, GA 30322, and Indiana Univ., Indianapolis, IN 46202.
In AD, ApoE colocalizes with Aß in senile plaques in neocortex and
cerebellum, but not in diffuse plaques in striatum. In the present study, we
examined two cases of GSS to determine whether PrP deposits show similar
regional differences. Autopsy brains derived from two male cousins aged 60
and 69 years were examined. The patients were members of a recently
reported (Mirra et al, J Neuropathol Exp Neurol 1997;56:596) family having a
Phe-->Ser mutation at codon 198 in coupling with valine at codon 129,
identical to that of the Indiana kindred. In both cases, neuropathologic
examination revealed characteristic uni- and multi-centric PrP amyloid
plaques, as well as neurofibrillary tangles and Lewy bodies at multiple sites,
in the brain of the 69 year old man, Aß-positive plaques were also present.
Adjacent sections of neocortex, striatum, and cerebellum were immunolabeled with antibodies to PrP and ApoE and stained with thioflavine S. As
reported previously in GSS (Piccardo et al, J Neuropathol Exp Neurol
1996;55:1157), thioflavine S stain revealed many fluorescent amyloid
deposits in neocortex and cerebellum; in the striatum, however, most PrPpositive deposits in GSS, like the Aß-positive diffuse plaques in AD, failed to
fluoresce on thioflavine S. In all regions studied, including striatum, abundant
PrP-immunoreactive deposits were found, and extensive ApoE-PrP
colocalization occurred. Our findings indicate that ApoE has access to and
can colocalize with PrP-positive deposits in the striatum in GSS. Whether
the failure of ApoE to colocalize with striatal ß-amyloid in AD is related to
characteristics of the striatal milieu in AD or to some feature of the Aß itself
remains to be determined. Supported by AG10130, AG10133 and NS29822.
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APOE GENOTYPE CONFERS INCREASED RISK FOR AMYLOID
AND PHF IN ALZHEIMER’S DISEASE. J.K. Johnson*. R. McClearv. R.
Oshita. Y. Chun. & C.W. Cotman. Institute for Brain Aging and
Dementia, Univ. of California > Irvine, Irvine, CA 92697.
The apolipoprotein-E (Apo-E) gene is associated with Alzheimer’s
Disease (AD) in two forms. The E4 allele is a risk factor while the E2
allele has a protective effect in AD. Recent studies suggest that these
effects operate through beta-amyloid and paired helical filament (PHF)
accumulation in AD brains. Due to small samples, however, the
strength of this relationship is unknown. To clarify this relationship, we
measured amyloid and PHF loads in the hippocampus and frontal cortex
of 131 human brains. In each brain, 50 ^m vibratome sections were
taken from the hippocampus and frontal cortex. Amyloid and PHF load
values were captured from 5 fields using a computer-assisted imaging
technique (NIH) and averaged across the 5 fields. Allelotypes were
ascertained with the PCR method from blood samples. For purposes of
analysis, subjects were categorized into four groups: E2 (but no E4);
homozygous E3; one E4; and homozygous E4. Compared to E3 brains,
amyloid and PHF loads Were significantly higher in E4 brains and lower
in E2 brains. This significant relationship persisted when the amyloid
and PHF loads were corrected for subjects’ age. To estimate actual risk
factors, amyloid and PHF loads were dichotomized into
presence/absence of pathology. Logistic regressions of these measures
on the four genotypes and age-at-death produced estimated odds-ratios
greater than 2.5 for one or two E4 alleles and odds-ratios smaller than
0.75 for one or two E2 alleles. Supported by grant T32-AG00096.

210.12
PRESENCE OF APOLIPOPROTEIN E e4 LOWERS THE BIOCHEMICAL
THRESHOLD OF p-AMYLOID PEPTIDE, A042 FOR FORMING
PATHOLOGICAL DEPOSITS IN BRAIN
T. C. Saido*. T. Iwatsubo. W. Yamao-Hariaava. K. Misawa. K. Naito. H.
Yamazaki. S. Kawashima. D. M. A. Mann. Department of Molecular Biology,
Tokyo Metropolitan Institute of Medical Science, Tokyo, JAPAN; Department
of Neuropathology and Neuroscience, Faculty of Pharmaceutical Sciences,
University of Tokyo, Tokyo; Department of Human Sciences and Arts,
Faculty of Human Life Sciences, Jissen Women's University, Tokyo;
Department of Pathological Sciences, University of Manchester,
Manchester, United Kingdom.
The gene dose of Apolipoprotein E (Apo E) z4 allele is a major genetic
risk factor of Alzheimer's disease (AD) particularly affecting the late-onset
sporadic cases. Although the effect of Apo E4 gene dose on p-amyloid (AP)
deposition, a pathological hallmark of AD closely associated with
pathogenesis, has been examined histochemically by several groups, the
conclusions are rather controversial. Because little is known about the
biochemical aspects of the Apo E-Ap relationship, we performed both
biochemical and immunohistochemical analyses of Ap peptides deposited in
AD brains carrying different Apo E genotypes. We found significant inverse
correlation between the Apo E4 gene dose and the biochemical amount of
Apx-42 per plaque whereas no morphometric difference was noted. This
observation suggests that the in vivo effect of Apo E4 is not simple
facilitation of Ap deposition but rather should be viewed as reduction in the
threshold of Ap concentration necessary to form pathological deposits in
brain.
This work was supported by research grants from Tokyo Metropolitan
Government, Ministry of Education, Science, and Culture of Japan, Naitoh
Foundation, Uehara Foundation, Chugai Pharmaceutical Co., Ltd., and
Mitsubishi Chemical Co..
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210.13
INDEPENDENT EFFECTS OF APOLIPOPROTEIN E e2 AND e4
ON CEREBRAL AMYLOID ANGIOPATHY. S.M. Greenberg*.
A.Z. Segal. R.I. Chiu. J.P.G. Vonsattel. B.T. Hvman. G.W. Rebeck.
Dept, of Neurol., Mass. General Hosp., & Brain Tiss. Res. Ctr.,
McLean Hosp., Harvard Medical Sch., Boston, MA 02114.
Recent reports have suggested a positive association between
hemorrhage related to cerebral amyloid angiopathy (CAA) and both
the e4 allele and, unexpectedly, the e2 allele of the apolipoprotein E
(APOE) gene. We explored the effects of the e2 allele on the
presence and onset of CAA-related hemorrhage in a clinical series
and its specific effects on CAA-related vasculopathy in a pathologic
series. Both the e2 and e4 alleles were overrepresented in patients
with definite/probable CAA-related hemorrhage (n=48) relative to
patients with probable hypertensive hemorrhage (n=49) or elderly
patients without hemorrhage (n=86). The presence of APOE e2
increased the odds for hemorrhage approximately 4-fold (OR=4.1,
95% Cl 1.4-11.3 for £2/e3 v s . e3/e3), and among CAA patients,
lowered the age of first hemorrhage by 6.5 yrs (p<0.01). Among 75
postmortem brains with extensive CAA, APOE e2 was significantly
associated with those brains with vasculopathic changes in the
amyloid-laden vessels (e2 allele frequency 0.09 for cases with
vasculopathy, 0.01 for cases without, p=0.03). These data suggest
that APOE e2 and e4 might promote CAA-related hemorrhage
through separate mechanisms: e4 by enhancing amyloid deposition
in vessels, and e2 by causing the amyloid-laden vessels to undergo
the vasculopathic changes that lead to rupture. Supported by NIH,
Mallinckrodt Foundation, and American Heart Association.

210.14
IMMUNOHISTOCHEMICAL LOCALIZATION OF ADVANCED GLYCATION
END PRODUCTS IN CEREBRAL AMYLOID ANGIOPATHY OF
ALZHEIMER’S DISEASE. N.Sasaki0*. RFukatsu1} 7.Makita2). K.Tsuzuki3).
Y.Havashi0. T.Yoshida0. N.Fuiii3). T.Koike2). N.Takahata0
Depts of
1Neuropsychiatry and 3)Microbiology, Sapporo Med. Univ., South 1, West 16,
Sapporo 060, Japan. 2)Second Dept, of Internal Medicine, Hokkaido University.
Advanced glycosylation end products (AGE) accumulate on long-lived
extracellular matrix proteins and have been implicated in the micro- and
macrovascular complications of diabetes mellitus. In Alzheimer’s brains, AGE have
been immunohistochemically identified in both neurofibrillary tangles and senile
plaques. And glycosylation of apoE has been implicated in the Alzheimer’s
pathogenesis. In this study, using antibody to AGE and apoE, we studied
immunohistochemically localization of AGE and apoE in the cerebral cortex of
Alzheimer’s disease (AD).
Brain tissues were obtained from 5 cases of AD and 3 cases of aged controls.
Antibodies used in this study were anti-amyloid p protein (A0), apoE and AGE
antibodies In Alzheimer’s brain, the majority of cerebral blood vessels with
amyloid angiopathy were reacted with A(3, apoE and AGE antibodies. Blood
vessels without amyloid angiopathy were often reacted with both anti AGE and apoE
antibodies. The immunolocalization of AGE in blood vessels both with/without
amyloid angiopathy appeared to be basically in vascular smooth muscle cells and in
endothelial cells to a lesser degree. In control cases, AGE was sometimes observed
in endothelial cells, but there were no recognizable apoE, Ap and AGE in smooth
muscle cells.
Interestingly, specific genotype of apoE e4 is risk factor for cerebral hemorrhage
associated with amyloid angiopathy, and AD as well. Co-localization of AGE and
apoE in cerebral blood vessels affected with amyloid angiopathy suggests that
glycation of apoE might play a role in pathogenesis of amyloidogenesis in AD.

210.15
PROGRESSION OF VASCULAR AMYLOID DEPOSITION IN
CEREBRAL AMYLOID ANGIOPATHY. N.C. Alonzo. G.W.
Rebeck. B.T. Hvman. M.E. Cudkowicz*. S.M. Greenberg. Dept, of
Neurology, Mass. General Hospital, Boston, MA 02114.
Cerebrovascular amyloid deposition (cerebral amyloid angiopathy,
CAA) is common in the elderly population, but only the most severe
cases are at risk to develop cerebral hemorrhage. We used
qualitative and quantitative immunohistochemical techniques to
characterize vessel distribution of the 40 and 42 amino acid species
of 6-amyloid (AMO and A642) in the progression from mild to
severe CAA. Quantitative studies were performed with a systematic
random sampling technique, counting 25-35 fields o f 520 x 520 |i2
in consecutive sections stained for AMO and A642. There was no
significant change in the proportion of vessels affected by amyloid,
both mild and severe cases demonstrating deposition in
approximately 20-30% of cortical vessels. Severe CAA cases,
however, showed significantly increased amyloid burden per
affected cortical vessel for both A640 and AM 2 (mean area
(|i2)/vessel ± SEM for mild (n=3) vs. severe (n=3) CAA: 146.42 ±
32.9 vs. 567.72 ± 143.7 for AMO; 79.42 ± 18.0 vs 193.32 ± 23.7 for
AM2; both p<0.05). Confocal microscopic analysis demonstrated
that in mild CAA, cortical vessels stained for comparable amounts
of AMO and AB42, while in severe CAA, AMO predominated.
These findings suggest that progression from mild to severe CAA
involves deposition of amyloid (primarily AMO) in already affected
vessels rather than a homogeneous deposition of amyloid throughout
all vessels. Supported by American Heart Association.

210.16
PASSAGE OF AMYLOID-BETA (1-40) FROM BRAIN TO BLOOD IS
NOT SIGNIFICANTLY DIFFERENT FROM THAT OF ALBUMIN.
M. Shavo. L.M.Maness*. W.A.Banks. A.J.Kastin and R.N.
McLav. VA Medical Center, Dept, of Medicine, and
Neuroscience Training Program, Tulane University School
of Medicine, New Orleans, LA 70146
Although amyloid beta (A-6) is a major constituent
of neuritic plaques in the brains of patients with
Alzheimer's disease,
it also is found in the
circulation, raising the possibility of passage in
either direction across the blood-brain barrier. To
investigate passage from blood to brain, previously
published experiments were repeated (Life Sci,55:21),
and passage of A-& from blood to brain was observed with
a Ki of 2.67. This is significantly faster than passage
of albumin, although passage of A-& does not seem to be
mediated by a specific transporter. In this study, we
looked for the counterpart of this penetration -passage from brain to blood. Male, 20-23 g, ICR mice
were given intracerebroventricular (ICV) injections of
125I-A-£ and 99roTc-albumin. The mice were killed at
different times and the brains removed and counted.
Both A-£ and albumin were observed to pass out of the
brain, but calculations revealed no significant
differences between the passage of the two substances.
These results suggest that A-is leaves the brain to the
blood by means of bulk flow, but is not specifically
transported out of the brain.

210.17
ANTIBODIES TO AMYLOID BETA (AB) PEPTIDES 40 AND 42
IMMUNOSTAIN NEUROFIBRILLARY TANGLES (NFT) IN
A L ZH E IM E R ’S D ISEA SE (A D ). S. Jaffar. J.A. Schneider.
D.A. Bennett*. H. Mori, and E.J. Mufson. Rush Alzheimer's Disease
Research Center, Chicago, IL, 60612 and Department of Molecular
Biology, Tokyo Institute of Psychiatry, Tokyo, Japan.
AMO and AM 2 are the main components o f senile plaques in AD.
Interestingly, several studies indicate that AB is found in NFT in this
disease. To further examine the expression o f AB in NFT, we
immunohistochemically stained free floating sections from AD mesial
temporal cortex (n=10) using rabbit polyclonal antibodies against AMO
and AM 2. Immunostained sections revealed numerous senile plaques
and NFT. Labeled NFT were most prominent in the layer 2 stellate
cells o f the entorhinal cortex and were also seen in the hippocampus
and temporal neocortex. Semiquantitative analysis revealed more A642
than AMO immunopositive NFT in these regions. Sections double
stained with thioflavin-S showed incomplete overlap of fluorescent and
AB immunoreactive NFT. NFT AB immunoreactivity was not altered
by formic acid pretreatment or when diaminobenzidine was used as the
chromagen alone. Staining of NFT was not observed when the primary
antibody was omitted or substituted with rabbit serum or rabbit IgG.
Formalin fixed, paraffin embedded sections immunohistochemically
stained with AMO and AM 2 labeled only senile plaques suggesting
that these antigens are sensitive to histological processing which may
hinder immunocytochemcial recognition. Since different length
amyloid peptides may influence fibrillogenesis and neurotoxicity in
AD, further work is needed to determine their role in the pathogenesis
of NFT. Supported AG10668, AG10161 and AG09466.

2 10.18
DNA DAMAGE IS CORRELATED WITH AB DEPOSITION AND
UNRELATED TO CYTOSKELETAL NEUROPATHOLOGY IN THE
CANINE MODEL OF A LZHEIM ER’S DISEASE. Aileen J.
Anderson*1. William W Ruehl2. Lisa K. Fleischmann2. Kristol Stenstrom2.
Theresa L. Entriken2 and Brian J. Cummings1 department of Psychiatry,
Harvard Medical School, McLean Hospital 115 Mill Street. Belmont, MA.
02178. 2Deprenyl Animal Health 7101 College Blvd. Overland Park, KA 66210.
In addition to B-amyloid (AB) deposition and the accumulation of cytoskeletal
neuropathology, both the Alzheimer’s disease (AD) and Down’s syndrome (DS)
brain exhibit marked evidence of DNA damage by TUNEL labeling and pulsed-field
gel electrophoresis. While there is good evidence that TUNEL labeling in AD and
DS reflects apoptotic cell death in part, the majority of TUNEL labeling in these
conditions may reflect chronic DNA damage. One hypothesis is thus that DNA
damage could contribute to AD pathogenesis rather than simply reflecting classical
neuropathological events. Previous studies have shown that the aged canine brain
exhibits the accumulation of AB into diffuse deposits similar to those found in early
AD and DS. Further, AB deposition in canine brain is correlated with measures of
cognitive decline and occurs in the absence of cytoskeletal pathology. In order to
test the hypothesis that TUNEL labeling for DNA damage in AD is not simply a
consequence of cytoskeletal neuropathology, we examined AB immunocytochemistry and TUNEL labeling in alternate 50 pM vibratome sections from the
brains of nine aged, cognitively-impaired, canines. Controls for AB
immunostaining and TUNEL labeling were negative. Analysis of these sections
showed that the level of TUNEL labeling was correlated with the degree of AB
deposition; canine brains without AB deposition did not exhibit TUNEL labeling.
In canine brains where AB deposition was lightly scattered in restricted regions of
the neuropil, DNA damage was present in a broader, more homogeneous,
distribution and greater magnitude than AB immunoreactivity. These data suggest
that TUNEL labeling is not simply related to endstage cytoskeletal neuropathology,
and that DNA damage could reflect an earlier event in AD pathogenesis than AB
deposition. (Supported by 5T32 MH19905 to Francine Benes/HMS)
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210.19
ULTRASTRUCTURAL LOCALIZATION OF AMYLOID BETA
PROTEIN IN TRANSFECTED EMBRYONAL CARCINOMA (PI 9)
CELLS AFTER NEUROECTODERMAL DIFFERENTIATION. S.M.
Grant*. M. Szvf. A.C. Cuello. Department of Pharmacology and
Therapeutics, McGill University, Montréal, Québec, Canada, H3G 1Y6.
Murine embryonal carcinoma (PI9) cells can be reliably differentiated, by
induction of embryoid body formation in the presence of 0.3fiM all-trans
retinoic acid, into neurons, glia and fibroblast-like cells. They can, therefore,
serve as a model system for studying protein expression in CNS-type cells.
We have stably expressed the non-mutated human amyloid precursor protein
(hAPP) 751 isoform in P19 cells in order to understand how ‘normal’ APP
might be processed intracellularly to the potentially amyloidogenic A-beta
peptide, and how this peptide subsequently interacts with its cellular
environment. For this purpose we have raised a mAb against the A-beta 1-40
peptide, and have used this antibody in an immunogold protocol to localize
A-beta at the electron microscopic level. hAPP751 -transfected P19 cells are
capable of differentiating normally and remain viable for at least 4 weeks in
vitro. In long-term cultures of differentiated cells, A-beta appears to
accumulate in association with membranous elements, which may include
microvillus projections, in the extracellular space. A-beta can also be detected
intracellularly, and its expression and subcellular localization are being
investigated in relation to the post-differentiation phenotype of the cell. This
work supported by the MRC of Canada and the Alzheimer Society of Canada.

DEGENERATIVE DISEASE: PARKINSON'S II
211.1
NEURONAL DEGENERATION AND PHENOTYPIC DIFFERENTIATION
STUDIES OF
A DOPAMINERGIC PRECURSOR CELL LINE OF
EMBRYONIC SUBSTANTIA NIGRA ORIGIN J.H. SON*. T.H. JOH. H.S.
CHUN. S.H. CHO and C.H. PENG. Cornell University Medical College at the
W.M. Burke Medical Research Institute, White Plains, N.Y. 10605, U.S.A.
The neuropathological hallmark of Parkinson's disease (PD) is the selective
degeneration of substantia nigra (SN) dopaminergic neurons. As a crucial step to
define molecular aspect of SN dopaminergic neuronal phenotypic differentiation as
well as degeneration, for the first time we established dopaminergic precursor cell
line of embryonic substantia nigra origin. The paucity of dopaminergic neurons as
well as heterogeneity of primary mesencephalic dopaminergic cultures have been
a major obstacle to address molecular aspect of dopaminergic neuronal
differentiation, survival and degeneration. Therefore, to obtain the abundant source
of homogeneous dopaminergic neurons, the embryonic substantia nigra-derived
dopaminergic precursor cell line was established from transgenic mice expressing
the themolabile SV40-Tag in dopaminergic neurons using the central
catecholaminergic neuron-specific promoter. Our SN doapminergic cells can be
differentiated into dopaminergic neurons both morphologically and phenotypically
by modulating culture conditions including temperature, medium, coculture with
glial cells or addition of neurotrophic factors. Furthermore, pharmacological
treatment of MPP+, glutamate or NO demonstrated the known neurotoxicity to our
SN dopaminergic cells. Of interest, neurotrophic factors, such as BDNF, and
various pharmacological agents demonstrated the neuroprotective function against
MPP+or glutamate-induced neurotoxicity in our SN dopaminergic cells. These
observations will provide an unique opportunity to circumvent the limitations
associated with the primary mesencephalic culture for the mechanistic study of
dopaminergic differentiation, cell death and the neuroprotection exerted by
neurotrophic factors. Supported in part by NIH grant MH24285.

211.2
DERIVATION OF A NOVEL HSV AMPLICON PACKAGING SYSTEM. W.J.
Bowers*. V. Varadacharv. and H.J. Jederoff. Dept, of Microbiology, Immunology,
and Neurology; Div. of Molecular Medicine & Gene Therapy, University of
Rochester, Rochester, NY 14642.
The development of non-cytotoxic HSV-1 amplicon vector stocks for in vivo
delivery of therapeutic genes presents a major obstacle for the widespread utilization of
the amplicon system in gene therapy of human disease. Amplicon use has been
limited by the requireYnent of co-propagating helper virus which if present in moderate
titers during delivery, can produce cytotoxicity. Helper virus-mediated expression of
immediate early genes is thought to contribute to the toxicity observed. A packaging
system developed initially for helper-dependent adenovirus vectors takes advantage of
the Cre/loxP recombination system to selectively reduce titers of loxP elementcontaining helper virus following multiple repassaging steps (Parks et al„ PNAS
93:13565-13570, 1996). Use of wild-type Cre recombinase in packaging cells,
however, may result in re-insertion of /arP-flanked sequences, thus leading to
reconstitution of the helper virus genome. We have developed an amplicon packaging
system which uses Cre recombinase mutants to derive packaging cell lines that
specifically cleave /axP-containing helper virus genomes, which results in amplicon
vector stocks that possess lower helper virus titers without the possibility of helper
virus genome reconstitution. Functional testing of these mutants in co-transfection
experiments demonstrates that they possess cleavage but not re-joining activity. Cell
lines that stably express the Cre mutants were generated and tested for their ability to
support the growth of a /oxP-containing helper virus. Titers of this helper virus were
markedly decreased by cell lines which express mutant Cre recombinase. Preliminary
packaging experiments indicate that cell lines stably expressing Cre mutants are
capable of producing high-titer amplicon stocks that contain lower levels of helper
virus as compared to conventional packaging systems.
Work is supported by NIH F32-NS10299 (to WJB) and NIH R01-NS36420 (to HJF).

211.3

211.4
ADENOVIRUS-MEDIATED NAIP OVEREXPRESSION PROTECTS AGAINST
6-OHDA INDUCED DOPAMINERGIC NEURONAL DEGENERATION S i.
Crocker*1, A. MacKenzie2,3, P.Liston2, D.G. Xu2, A.M. Hakim4, J.-E. Ikeda5, R.G.
Korneluk2'3, and G.S. Robertson1,2. Department of Cellular and Molecular Medicine1,
Neuroscience Research Institute4, University of Ottawa, Ottawa, Canada K1H 8M5,
Apoptogen2, Molecular Genetics Laboratory3, Children’s Hospital of Eastern Ontario,
Ottawa, Canada K1H 8L1, The Institute of Medical Science5, Tokai University, Kanagawa
259-11, Japan.
We have recently demonstrated that enhanced expression of neuronal apoptosis
inhibitor protein (NAIP) in vivo can protect CA1 hippocampal neurons against cell death
following transient global ischemia. Increased expression of NAIP has been previously
shown to protect cells in vitro from a variety of apoptotic triggers including menadione,
a potent inducer of cytotoxic free radicals. Since free radical generation is thought to
participate'in the development of Parkinson’s disease (PD), we investigated whether
adenovirally-mediated overexpression of NAIP could lessen nigrostriatal damage in the
striatal 6-OHDA model of PD. In this study, recombinant adenoviral constructs
(Ad5dlxDNA-TPC) containing either myc-tagged NAIP (3 ^1; 1 X 106 particles ') or lacZ
(3 fil; 1 X 106 particles'1) were stereotaxically injected into the right dorsal striatum.
Seven days later all animals received a single stereotaxic injection of 6-OHDA (20 \ig free
base in 3 (¿1 saline). After 4 weeks, all of the animals were perfused with 4%
paraformaldehyde and tissue sections from the substantia nigra pars compacta (SNc)
processed for immunohistochemical detection of NAIP, Myc, P-gal, and the dopaminergic
marker enzyme tyrosine hydroxylase (TH). TH-immunoreactivity revealed that the NAIP
construct significantly attenuated the 6-OHDA-induced loss of SNc neurons. These
results suggest that therapeutic strategies which enhance expression of NAIP may be
beneficial in the treatment of Parkinson’s disease.
This work was supported by a grant from the Medical Research Council of Canada
(MT-11539).

PHENOTYPIC RECOVERY IN PARKINSONIAN RATS: RELATIONSHIP BETWEEN
NUMBERS OF TRANSDUCED CELLS AND BEHAVIOR USING AN ADENOVIRAL
VECTOR EXPRESSING TYROSINE HYDROXYLASE. A. Freese**. D. D. Young41.

C.Y.
Liu*. P. Lwn<tv\ B, L, Davidspn!, P ,.Siiy£LpJ tX i< f .M.L PuppsT - ‘‘'Yale
University, CT, USA; 'USC, CA, USA; vUniv. of Iowa, IA, USA; ±UPEN, PA,
USA; ^University of Auckland, Auckland, New Zealand.
We have previously obtained phenotypic correction in 6-OHDA-lesioned rats
using both HSV and AAV vectors expressing human tyrosine hydroxylase (hTH)
in striatal cells in vivo. Behavioral recoveries ranged from 30-60% with gene
expression persisting for 2-16 months. These studies were not designed to
determine the quantitative relationship between the number of transduced (THiimnunoreactive) cells and phenotypic recovery. To further define this association
and to specifically determine the minimum number of transduced cells to obtain a
phenotypic effect as well as determine the maximum recovery of a TH transgene
approach in this model, we used a high titer adenovirus expressing TH. This
vector, AdTH, was injected into 3 groups of rats: 1) a single striatal site; 2) four
sites and 3) eight sites. Control groups included both a vector control, Adlac
expressing p-galactosidase ((3-gal), and PBS-treated animals. Apomorphine-induced
rotations were quantitated before and at weekly intervals for six weeks post gene
transfer at which time gene expression studies were conducted. Maximum recovery
was obtained in a subset of 4 and 8 injection site animals with the highest level of
transgene expression reaching 100% recovery. A direct relationship between the
number of transduced (TH-IR) neurons and glia in the striatum and behavior
(reduction in rotation) was noted with a critical threshold for number of transduced
cells to result in behavioral recovery determined by analysis of the single injection
site animals. This study suggests that recovery in this model is directly related to
the number of tnmsduced cells and suggests that both the vector efficiency and
delivery method may be critical for phenotypic correction.
[Funding - Johnson & Johnson Corp.]
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EFFECT OF A DEFICIENT-REPLICATIVE ADENOVIRUS ENCODING
TGFB cDNA IN AN ANIMAL MODEL OF PARKINSON'S DISEASE. A.
Sanchez-Careto. E, Colin,. P,l Horsllftu,N J ancon-Bigust* .and L Malkt- LGNCNRS, UMR 9923, Bât. CERVI, Hôpital Pitié-Salpêtrière, Paris 75013, France
One of the most common neurological disorder is Parkinson disease, which it
is characterized by a progressive degeneration of the dopaminergic neurons in the
substantia nigra. Although substitutive therapies are currently been carried out,
there is no means to counteract the degeneration. In the last few years, several
neurotophic factors that promote the survival of dopaminergic neurons have been
identified and they are considered as major candidates for protecting
dopaminergic neurons from toxic damage and degeneration.
Transforming growth factor B ( TGFB ) is a neurotrophic factor widely
distributed in the developing and adult nervous system and it is present in the
striatum and substantia nigra of adult rat, as well as in the developing murine
mesencephalon floor. TGFB has been shown to promote survival of midbrain
dopaminergic neurons and to protect them against MPP+toxicity. However these
features have been shown in in vitro models. In vivo studies are necessary to
clarify the role of TGFB as neurotrophic factor for dopaminergic neurons.
One limitation in the use of neurotrophic factors is the way of administration.
Adenovirus-mediated gene transfer to the brain has been shown to be a promising
technology to overproduce the protein of interest. In order to evaluate the in vivo
effect of TGFB on dopaminergic neurons we have constructed a replicativedeficient adenovirus encoding TGFB cDNA and the analysis of its effect in an
animal model of Parkinson's disease will be presented and discussed.
Supported by TMR programme of European Union, CNRS and Rhone PoulencRorer
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211.6
BEHAVIORAL RECOVERY OF PARKINSONIAN RATS ACHIEVED BY COTRANSDUCTION WITH TYROSINE HYDROXYLASE AND AROMATIC AMINO ACID
DECARBOXYLASE cDNA INTO THE STRIATAL CELLS USING ADENO ASSOCIATED
VIRUS VECTORS.
Kawakami

D. S. Fan 1 ’ 2, M. Qgawa

K. Fuiim oto*1, K. Ikeeuchi

T.

N. Shizuma ', M. Nishizawa, Y. Ogasawara 2, M. Urabe 2, H. Ichinose 3. T.

Nagatsu 3. G. J. Kurtzman 4, K. Ozawa 2 and 1. Nakano '

Depts o f Neurology ' and

Molecular B iology 2, Jich MedSch, Tochigi, 329-04; Inst for Comprehensive Med Sci 3,
Fujita Health Univ, Aichi, 470-11, Japan; and Avigen, Inc. 4, Alameda, CA 94502, USA.
Direct gene transfer into the denervated striatum o f parkisonian rats with the tyrosine
hydroxylase (TH) expressing vector has been reported to recover their behavior. Since a
very limited number o f striatal cells produce aromatic L-amino acid decarboxylase (AADC),
co-expression o f both TH and AADC in the same transduced striatal cells would increase
the dopamine production and thereby enhance the recovery. An adeno-associated virus
(AAV) vector is a potentially useful gene transfer vehicle for neuron by its characteristics,
including lack o f any associated disease with wild-type virus, the ability to transduce
postm itotic cells, and prolonged expression o f the transgene. First, we injected AAVLacZ vector into rat striatum. The LacZexpression in the striatal cells was confirmed by
X-gel staining for several months. Second, parkinsonian rats obtainedby the unilateral
6-hydroxydopamine injection into the medial forebrain bundle were injected with the
AAV-TH and/or AAV-AADC vectors into the denervated striatum. Rotational behavior
following system ic administration o f apomorphine was compared. Co-transduction with
these two AAV vectors caused better behavioral recovery compared with AAV-TH alone.
Immunostainig showed the expression o f both TH and AADC in the same striatal cells.
Our method using separate AAV vectors for transduction o f multiple genes into the same
target cell will be an useful approach to neurologic gene therapy.

211.7
TOWARDS A GENE THERAPY FOR PARKINSON’S DISEASE (PD):
INTRASTRIATAL INJECTION OF RECOMBINANT ADENO-ASSOCIATED
VIRUS (rAAV) ENCODING HUMAN L-AROMATIC
AMINO-ACID
DECARBOXYLASE (hAADC) IN 6-OHDA LESIONED RATS RESTORES AADC
ACTIVITY TO CONTROL LEVELS. S.E. Lefif*. D. Clevenger. F. Wu. J. Li. J.
John, K -Soyd g r ^ K asEar, T, M st,.§,K.-Si2.rati,,-8ndR,LMaDdd- Somatix Therapy,
850 Marina Vill. Pky, Alameda, CA 94501.
Site specific delivery of dopamine (DA) may be therapeutic in PD. Direct
intrastriatal delivery of AADC via viral vectors could enable locally therapeutic levels
of DA after peripheral L-dopa administration. Sixteen unilaterally 6-OHDA lesioned rats
received intrastriatal injections (4 sites x 1 p.1) of either rAAV-MD-Lac-Z (n = 8) or
rAAV-MD-hAADC (n = 8) on the lesioned side. After undergoing a rotational behavior
dose-response experiment, microdialysis probes were implanted in the virus injected
striatum (n =7 hAADC, n =8 Lac-Z). After 75 min (5 baseline samples), 50 mg/kg Ldopa (ip) was administered without peripheral decarboxylase inhibition. Two hours
later, 75 mg/kg pargyline (ip) was injected and the dialys^te was collected for an
additional 2.25 hrs. Although there was no shift in the dose-response to L-dopa induced
rotational behavior, there was a significant difference in the amount of DA measured by
HPLC in the rAAV-hDDC injected rats over the course of the entire dialysis experiment
(p = 0.05, repeated measures ANOVA). The following morning, the surviving animals
were sacrificed and tissue punches were analyzed for AADC activity from the injection
site and control striatum (n = 3 AADC; n = 3 Lac-Z). The 6-OHDA lesion reduced
striatal AADC activity to 20% of normal in the rAAY-.Lac-Z group whereas injection
of rAAV-hAADC restored AADC activity to 85% of the intact side with 2 of the 3
animals showing nearly 100% of control AADC activity. These data suggest that if
AADC activity becomes limiting in later stage PD, then use of the non-pathogenic
AAV virus to transfer the AADC gene into the striatum of PD patients may be a viable
gene therapy strategy.

211.8
MICROCARRIER ENHANCED SURVIVAL OF HUMAN AND RAT FETAL
VENTRAL MESENCEPHALON IMPLANTED IN THE RAT STRIATUM.
S. Saporta*. C. Borlongan, J. Moore. E. Meiia-Millan, S.J. Jones, P. Bonness,
R.C. Allen . T. B. Freeman. T. S. Randall and P.R. Sanberg. Dept of Anat. and
Div. of Neurosurg. and the Neuroscience Program, University of South Florida
College of Medicine, Tampa, FL 33612, and Theracell, Inc., Somerville, NJ
08876.
Transplantation of tissue containing dopamine producing cells into the
mammalian nervous system is an emerging treatment for Parkinson's disease,
despite relatively poor survival of implanted tissue. Recent evidence has
suggested that Cytodex microcarriers enhance the survival of dopaminergic rat
chromaffin cells transplanted into the rat striatum in the absence of
immunosuppression. The current study was undertaken to evaluate the survival of
rat and human fetal ventral mesencephalic neurons (VM) implanted alone or after
attachment to microcarriers in the striatum of rats without immunosuppression.
Rat fetal VM neurons demonstrated enhanced survival in the rat striatum when
transplanted on microcarriers, as compared to their transplantation alone during
the 3-month period examined in the present study. Transplants of human fetal
VM neurons on microcarriers also survived remarkably well in the rat striatum
without systemic immunosuppression. In contrast, human fetal VM cells
transplanted alone into the rat striatum did not survive without systemic
immunosuppression. There was no evidence of TH fiber sprouting in the vicinity
of any transplant site. These data indicated that Cytodex microcarriers provide
enhanced survival of both rat allograft and human xenograft fetal mesencephalic
cells in the rat striatum without the necessity of immunosuppression, perhaps by
inducing a unique neuron-glia environment.
This work supported, in part, by Theracell, Inc.

21 1 .9
PORCINE SERTOLI CELLS INCREASE THE SURVIVAL OF HUMAN
EMBRYONIC DOPAMINERGIC NEURONS IN VITRO.
A.I. Othberg*. A.E. Willing. S. Saporta. T.S. Randall. T.B. Freeman, A.W.
Schweikert1. and P.R. Sanberg Div. of Neurol. Surgery and The Neuroscience
Program, University of South Florida, College of Medicine, Tampa, FL 33612,
USA. 'Theracell, Inc., 50 Division Street, Suite 503, Somerville, NJ 08876
The survival of embryonic dopaminergic neurons of rat or human origin
after grafting to the striatum is low (5-20%). Transplantation of tissue from at
least 3-4 embryos per side is therefore needed to obtain therapeutic
improvement in a patient with Parkinson’s disease. For the further development
of neural transplantation into a clinically useful treatment for a larger number
of patients, the survival of grafted dopamine neurons has to be increased. To
determine if porcine Sertoli cells provide improved survival of human ventral
mesencephalic (VM) tissue, cell suspensions were cultured for 2, 5, 7 and 10
days in vitro (DIV). Porcine Sertoli cells were co-cultured in a 1:1 dose, and
control cultures were VM cells alone. After 2 DIV there was no significant
increase. There was a significant 2-fold increase after 5 DIV (t=7.1, df=26,
p<0.0001), a 16-fold increase at 7 DIV (t=11.16, df=26, pO.OOOl), and a 10
fold increase at 10 DIV (t=6.33, df=26, p<0.0001) of tyrosine hydroxylasepositive, presumed dopaminergic, cells in the Sertoli :VM treated group as
compared to control. These results show that porcine Sertoli cells have a
protective effect on human embryonic VM neurons similar to what we have
previously seen with rat VM cells. Porcine Sertoli cells should therefore be
useful to improve graft survival in clinical transplantation, thereby reducing the
amount of human embryonic tissue required to induce significant symptomatic
relief in patients with Parkinson's disease. Supported by Theracell, Inc.

211.10
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PARKINSON’S DISEASE ANIMAL MODEL AND NEURAL
TRANSPLANTATION IN SWINE. S. -D. Wang1*. K. -H. Ma1. C. -C. Lee2. S.
-Z. Lin3. Y. Wang4 and J. -C. Liu1. Depts. o f’Biology and Anatomy,2Radiology.
3Surgeiy, and 4Phannacology, National Defense Medical Center, Taipei, Taiwan,
Republic of China
The purpose of this experiment is to establish the parkinsonism model in
non-primate big animal that it will be used for further basic investigation in
clinical treatment of human Parkinson’s disease. Young adult Taiwan small ear
mini pigs were anesthetized by ketamine, following halothane to maintain at
medium to deep sleep condition. Brain coronal sections were made from caudal to
rostral at 2 mm thickness by T2W MRI. Substantia nigra, medial forebrain bundle
and rostral striatum were identified and localized from T2W image. 6 -OHDA (2
Hg/H-1, 50 (¿1) mixed with gadopentate was injected unilaterally into the medial
forebrain bundle through Hamilton syringe that was fixed at right position derived
from MRI of a stereotaxic frame. The effectiveness of lesion was tested by
measuring amphetamine induced rotation, fluoro-dopa PET and tyrosine
hydroxylase immunocytochemistry. We found that 6 -OHDA lesioned animals
developed ipsilateral rotations after amphetamine or apomorphine challenge. PET
study found that fluoro-dopa uptake was significantly decreased in the 6 -OHDA
lesion side. Immunocytochemical study found that tyrosine hydroxylase (TH)
immunostaining was significantly decreased both at ipsilateral striatum and
substantia nigra pars compact of lesion side. E26-E28 (CRL 2.0 cm) mini pig fetal
ventromesencephalic tissues (VMT) were grafted into striatum of 6 -OHDA
lesioned pigs. In hemiparkinsonian pigs that received grafts, the rotational
behavior decreased significantly of pregrafted level in four months. Seven months
after transplantation, TH immunocytochemistiy studies indicating that VMT
survive and outgrowth in the host striatum. Results indicate that mini pig is able
to induce hemiparkinsonism by 6-OHDA and serving another animal model (or
Parkinson’s disease study, (supported bv NSC 86-2314-B-016-009 M20. ROC)
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211.11

ASSESSMENT OF MOTOR AND COGNITIVE FUNCTIONS AFTER
UNILATERAL GRAFTS OF DOPAMINE NEURONS IN PATIENTS
WITH PARKINSON’S DISEASE: A PRELIMINARY REPORT. M.F.
Lafleur»1. A.M. Owen2. P. Remv34. P. Cesaro3. A. Leroy3. Y. Samsori* and J. Dovori .
1Dept. Psychology, Laval University, Quebec, Canada; 2 Dept. Psychiatry,
Addenbrooke’s Hospital, Cambridge University, U.K.; 3Centre Hospitalier Universitaire
Henri-Mondor, Créteil, France; 4Service Hospitalier Frédéric Joliot, Orsay, France.
Several investigations have recently demonstrated that motor symptoms associated
with Parkinson’s disease (PD) benefit from intrastriatal transplantations of fetal ventral
mesencephalic tissue (e.g., Lindvall et al., 1994; Peschanski et al., 1994). However, very
few studies have assessed the cognitive outcomes of these intracerebral grafts (Leroy et
al., 1996; Sass et al., 1995). We present the preliminary findings of an ongoing study
in which motor and cognitive functions were measured prior to and following implants
of dopaminergic neurons within the right putamen. So far, six PD patients have been
examined before surgery using the Unified Parkinson’s Disease Rating Scale (UPDRS),
and a thorough neuropsychological battery designed to evaluate language, attentional,
memory, executive, visuoperceptual and visuospatial functions. These patients were also
tested on two visuomotor skill learning tasks, and a subset of tests from the Cambridge
Neuropsychological Test Automated Battery (CANTAB), which have shown to be
sensitive to striatal dysfunctions. Four of the patients were re-evaluated on the same tests
6-months to 1-year post-operatively. In general, the results revealed considerable inter
subject variability in response to surgery. Significant bilateral improvement of motor
functioning was observed with the UPDRS. However, no significant change in
performance was seen on any of the cognitive tasks, except for a slight deterioration on
some tests of frontal functions. These findings suggest that unilateral dopaminergic
grafts within the putamen can restore some motor abilities, but not cognitive functioning
in patients with PD. This work was supported by a FRSQ-INSERM Cooperation Grant
between Quebec and France to J. D., P. R., A.M. O., Y. S. and P. C.

SUNDAY PH

211.12
THE EFFECT OF GPe LESIONS ON GPi CELL ACTIVITY AND MOTOR
BEHAVIOR IN THE MPTP TREATED MONKEY. J.Y. Zhang. K. Mewes. V.
Chnckkan & J.L. Vitek* Dept of Neurology, Emory Univ. Atlanta, GA 30322
The external segment of the globus pallidus (GPe) is considered to play an
important role in the pathophysiology of Parkinson's disease (PD) as a component of
the indirect pathway. To further clarify the role of GPe in the development of
parkinsonian motor signs we examined neural activity in the sensorimotor portion of
the GPi and assessed motor behavior using a Kluver board and spontaneous cage
activity both prior to and following the placement of radio-frequency lesions in the
sensorimotor portion of GPe. The effect of apomorphine (i.m. 0.05mg/kg) on neural
activity in GPi and motor behavior was also assessed in both conditions. Following
treatment with MPTP the monkey displayed mild Parkinsonian motor signs
consistent with normal to slightly increased mean discharge rates in GPi (68.3 Hz).
Following injection of apomorphine, prior to lesioning GPe, mean discharge rates in
GPi decreased significantly from 68.3 Hz to 54.6 Hz, spontaneous cage behavior
increased and mean movement times assessed with the Kluver board decreased
(p<0.01). After lesioning GPe the mean discharge rate in GPi increased significantly
from 68.3 Hz to 84.4 Hz, the animal became more parkinsonian exhibiting longer
trial times on the Kluver board and greatly reduced cage activity (p<0.01). Unlike
the reduction in GPi activity following apomorphine injections prior to the GPe
lesion, apomorphine injections following the GPe lesion were associated with an
increase in mean discharge rates in GPi from 84.4 Hz to 98.2 Hz (p<0.05) and
worsened bradykinesia. This effect may be mediated directly by dopaminergic
stimulation of the subthalamic nucleus and/or indirectly via increased activation of
corticosubthalamic projections. Consequently, lesions which encroach upon GPe in
patients undergoing GPi pallidotomy may not only worsen bradykinesia, but may in
addition, compromise the beneficial effect of dopaminergic mediation on
parkinsonian motor signs.

211.13
PALLIDAL LESIONS IN MPTP-TREATED HEMIPARKINSONIAN
MONKEYS. Z. Zhang1*. M. Zhang2. Y. Ai1. W. A. Cass'. C. Avison2 and D. M.
Gash1 1) Dept, of Anatomy & Neurobiology, and 2) the Magnetic Resonance
Imaging and Spectroscopy Center, University of Kentucky, Lexington KY 40536
In a retrospective analysis of MRI brain scans from 40 female rhesus monkeys
taken 10-12 months after induction of hemiparkinsonian features via infusion of 1methyl-4-phenyl-l,2,3,6-tetrahydropyridine (MPTP) through the right carotid artery,
focal injury in the globus pallidus (GP) region was seen on the right side of the brain
in 15 animals. Re-examination of MRI scans taken prior to MPTP administration
revealed normal brain anatomy at that time. While the animals had participated in
trophic factor treatment studies, the GP lesions were as proportionally represented in
vehicle controls as in animals receiving active factors. MPTP administration was
the only common treatment in all GP lesions. Analysis of behavioral data collected
before trophic factor treatment indicated that there were no significant differences
between GP lesioned and non-GP lesioned animals in age or severity of
parkinsonian symptoms (bradykinesia, rigidity, tremor, balance and posture)
following MPTP treatment. The one correlation found was between GP lesion size
and MPTP dose. The results of current analysis suggested that the pallidal lesions
were primarily caused by MPTP toxicity. The mechanisms producing the lesions
are under investigation. Study supported by NIH grants NS35642, NS35080

211.14
OPTIMAL PLACEMENT OF LESION DURING STEREOTACTIC
PALLIDOTOMY FOR PARKINSON S DISEASE. E.K. Nénonéné*. L.P.
Bernstein. M. Rezak. S. Vergenz and T.W. Eller*. Division of Neurology, “Division of
Neurosurgery, The Evanston Hospital and Department of Neurology, "Department of
Neurosurgery Northwestern University, School of Medicine, Chicago, IL.
The neuronal properties and pathophysiology of the external and internal layers of the
globus pallidus (GPe and GPi) are studied using single cell recording during stereotac
tic pallidotomy. The surgical strategy is to lesion the over-active GPi in patients with
Parkinson's disease. The pallidal target is defined with high resolution nuclear
magnetic resonance imaging technique. The frame is positioned with reference to the
midpoint of the anterior and posterior commissure (AC-PC) line. The target lies 2 mm
anterior to the midcommissural point, 20 to 25 mm lateral to the midcommissural line
and 3 mm ventral to a horizontal plane containing the AC-PC line. A burr hole is
placed 4 cm lateral to the midline and 2-3 cm anterior to the coronal suture. An electric
microdrive allows vertical movement of the microelectrode through the striatum and
the pallidum to the target. Identification of the. GPe and GPi is based on the firing
patterns of the single units encountered during the vertical excursion of the microelec
trode. GPe units have a low rate, fire irregulary as well as in bursts. GPi units have
higher rates and a more regular (tonic) pattern. Up to 20% of GPi units respond to
contralateral and or ipsilateral limb movement. A border zone ventral to GPi contains
low rate units but no bursters. Below the GPi, the fibers of the optic tract are identified
by flashlight stimulation of the retina and confirmed, at times, by production of visual
phenomena from electric stimulation. A radio-frequency thermolesions are placed in
the postero-ventral portion of the GPi with simultaneous cognitive visual and motor
testing. Utilizing the Unified Parkinson’s Disease Rating Scale, statistically significant
improvement in motor functioning was noted after one month post-pallidotomy
evaluation. Specific criteria for target identification and spatial localization of kines
thetic cells will be discussed. [Supported by R.C. Ruggles Funds, Evanston Hospital ]

211.15
MOTOR
AND
FUNCTIONAL
CHANGES
FOLLOWING
PALLIDOTOMY IN PARKINSONIAN PATIENTS. F. Lin*. M. S. Gradv.
P. D. Swanson. E. E. Kraus. K. R. Bell. R. Price, and M. E. Anderson.
Departments of Rehabilitation Medicine, Neurology and Neurological Surgery,
University of Washington, Seattle, WA 98195.
Parkinsonian patients scheduled for pallidotomy were evaluated before and
3-5 months after surgery using objective analysis of gait initiation in addition
to standard clinical testing. All tests were administered both when patients were
on- and off- antiparkinsonian medicine (for at least 11 hours). The results of
the Unified Parkinson’s Disease Rating Scale (UPDRS) indicated that
dyskinesia was either eliminated or significantly reduced in all cases post
surgery. Patients with severe tremor before surgery also reported a marked
reduction in tremor post surgery. No improvement in rigidity or postural
stability was noted. The total UPDRS motor examination scores improved both
when patients were “on” and “o ff’. Patients with poor pre-surgery scores
tended to improve most in their motor examination after surgery, whereas the
motor scores of patients with pre-surgery total motor scores better than 35
rarely improved after surgery. No significant improvement in ADL scores was
noted post surgery. Some patients improved in the timed arm/finger tests of the
Core Assessment Progress for Intracerebral Transplantation (CAPIT)
following surgery, but usually only in part of the tests. In the analysis of gait
initiation, the time taken to step off a force plate was shortened after surgery.
Self-initiated steps were often slower than visual-cued steps before surgery but
the influence of external cues became less critical after surgery. It is important
to recognize that some patients also reported a general increase in motivation.
(Supported by HD07424.)

211.16
INVESTIGATION OF THE HUMAN PALLIDAL CIRCUITRY WITH DEEP
BRAIN STIMULATION. B. Beiiani. P. Damier*. I. Amulf. M. Vidailhet. A.M.
Bonnet and Y. Agid. Centre d’Investigation Clinique, Hopital de la Salpetrtere,
Paris 75013, France.
Deep brain stimulation (DBS) hasbeen shown to be an effective treatment for
Parkinson’s disease (PD), reducing parkinsonian disability and suppressing
levodopa-induced dyskinesia (LID).
Taking advantage of the fact that DBS is reversible and that implanted
electrodes contain four discrete stimulation sites, we investigated the effect of
stimulation on different sites of the globus pallidus (GP) in five PD patients.
Although the precise mechanism of DBS is still unknown, it seems to operate
through a localized neural inactivation, which is diffused for no more than few
cubic millimeters.
Stimulation in the dorsal GP (upper contact) significantly improved gait,
akinesia and rigidity, and could induce dyskinesia when patients were in the
"off' state (without levodopa for more than 10 hours). In contrast, stimulation
in the posteroventral GP (lower contact) significantly worsened gait and
akinesia, although the reduction in rigidity remained. For the patient in the "on"
state (at the maximal effect of levodopa), stimulation in the posteroventral GP
dramatically reduced LID, but, as in the "off" state, worsened gait and akinesia,
thus jeopardizing the antiparkinsonian effect of levodopa.
Our results indicate that stimulation applied at two discrete loci of the GP:
( 1) respectively worsened and improved parkinsonism, and (2) that improvement
of rigidity is not necessarily accompanied by an improvement in akinesia. We
conclude that the mechanism of parkinsonian signs and LID is underlain by at
least two different anatomo-functional systems within the GP.
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211.17
LOCATION AND CHARACTERISTICS OF PALLIDAL BURSTING
CELLS DURING MICROELECTRODE RECORDING IN
PALLIDOTOMY PATIENTS. D. Sterio1. A. B eric2* . R. Alterman2
and P. Kellv2. 'Department o f Neurosurgery, department of
Neurology, NYU Medical Center, New York, NY, 10016.
The microelectrode technique allows a precise determination of the
locations of characteristic cell types in sequential trajectories through the
external (GPe) and internal (GPi) segments of pallidum.
We performed 142 pallidotomies in Parkinson’s disease (PD) patients
using MRI for target pre-selection and microelectrode recording for
“fine-tuning”. Neuronal activity of more than 4000 pallidal cells prior to
posteroventral pallidotomy was recorded. One of characteristic patterns
recorded from pallidum is bursting neuronal activity.
Mainly two types of pallidal bursting activity have been found:
1) Highly irregular, low frequency discharges with occasional brief
bursts consisted of 3-6 spikes and; 2) High frequency, long-lasting
bursts interrupted by relatively long pauses. First type o f bursting cells
were typically recorded in dorsal portions o f GPe. Second type of
bursting cells were found in most ventral portions o f GPe or, less
frequently, in very dorsal portions of GPi.
Our findings in PD patients are in concordance with experimental
studies in MPTP animals suggesting that loss of striatal dopamine
results in increased inhibition of the globus pallidus extemus (GPe)
manifested by highly irregular, bursting single cell activity.

543

211.18
MEASUREMENT
OF
IMPEDANCE
FOR
CONFIRMATION
OF
STEREOTACTICLY LOCALIZED BRAIN STRUCTURE IN PARKINSON’S
DISEASE. V. Siemionow*. G.H. Barnett. G.H. Yue. Departments of Biomedical
Engineering and Neurosurgery, The Cleveland Clinic Foundation, Cleveland,
OH 44195.
Lesions placed in the internal segment of the Globus Pallidus (GPi) reduce
many of the symptoms of medically intractable Parkinson’s disease. Surgical
localization of the GPi is accomplished by stereotactic procedures.
The purpose of this study was to confirm the stereotacticly localized GPi
segment with the measurement of impedance between the tip of an active
electrode (1.8 mm diameter, 5 mm bare tip) and a remote reference.
Variations in impedance of brain structures are considered to depend on
nerve fiber myelination. A stereotactic instrument (Compass) was used for
electrode placement in 53 pallidotomy surgery cases. The electrode was
slowly advanced toward the GPi segment by a microdrive. The impedance
was measured every 10 mm initially, and every 1 mm in the final 10 mm using
a RTG-3Rv Impedance Monitor (carrier frequency = 50 KHz). Measurements
were continued several mm after the target was reached. Impedance values
ranged from 250 to 350 Ohms.
In 37 cases the impedance rose from 25 to 35 Ohms 1 to 3 mm before the
target then dropped abruptly while the electrode was in the target position. In
three cases an unconventional impedance pattern resulted in repositioning the
electrode. Impedance values depended strongly on configuration of the
electrode. An electrode with 2 mm diameter and 2 mm bare tip provided
readings in the range of 600 Ohms.
In this study the measurement of impedance confirmed the surgical location
identified by stereotactic navigation in 70 percent of cases.
Supported by Dept. Neurosurgery of Cleveland Clinic Foundation and an
NIH grant (NS 35130-01) to GHY.

211.19
THE REORGANIZATION OF MOVEMENT RATE-RELATED CEREBRAL
ACTIVATION FOLLOWING PALLIDOTOMY FOR PARKINSON’S DISEASE.
R.S. Turner*. J.M. Hoffman, S.T. Grafton. R.A.E. Bakav. J.L. Vitek and M.R.
DeLone. Dept, of Neurology, Emory Univ. Sch. of Med., Atlanta, GA 30322
In Parkinson’s disease (PD) patients, regional cerebral blood flow (rCBF) is
correlated with the rate of smooth pursuit tracking movements of the arm in a variety
of motor control structures that are not modulated with rate in normal controls.*
Posteriolateral pallidotomy ameliorates the cardinal symptoms of PD including the
slowing of rapidly alternating movements. How does pallidotomy affect the abnormal
distribution of rate-related activity observed in PD?
H2150 PET activation techniques were used to study 6 unmedicated right handed
PD subjects (to date) before and 3 months after a microelectrode-guided left posterior
pallidotomy. During 6 activation scans, subjects moved a joystick held in the right
hand to match with a cursor the sinusoidal movement of a visual target at 0.1, 0.4 or
0.7 Hz along a horizontal movement extent of 20 cm. Two control scans required
visual tracking of the target alone. Comparisons of mean rCBFs were performed using
linear contrasts to detect brain regions with activity related to treatment, movement
rate, and the interaction of these two factors (P<0.01).
Four of the 6 PD subjects showed a marked improvement in motor performance
after pallidotomy. Following pallidotomy in these subjects, there was a significant
reduction and sometimes an inversion of the effect of rate on the rCBF of multiple
cortical motor control sites (left hemisph.: Ml/SI, SMA, CMA, PMv, and ant. insula,
right hemisph.: Ml/SI and PMv). Increases in rate-related modulation following
pallidotomy were found only in left VA and VL thalamus and right cerebellum.
Neural reorganization following clinically effective pallidotomy may allow an
increased activation of the few areas that are normally modulated with movement rate
(thalamus and cerebellum). Secondary to that normalization and the reduced effort
required to rapidly modulate muscle activation patterns, fewer additional cortical areas
need be recruited to increase the rate and/or velocity of movement after pallidotomy.
♦Turner et al, 1996, Soc. Neurosci. Abstr.22:2038. Supported by the Dana Foundation
ISCHEMIA: IONIC MECHANISMS— OTHER
212.1
NEUROPHYSIOLOGICAL CHANGES OF CA3 AND DENTATE GRANULE
CELLS IN HIPPOCAMPUS AFTER 5 MIN ISCHEMIA IN VIVO. E.M. Howard,
W.A. Pulsinelli and Z.C. Xu*. Dept, of Neurology, University of Tennessee,
Memphis, Memphis, TN 38163 USA
CA3 pyramidal neurons and dentate granule (DG) cells in hippocampus are more
resistant to injury following transient ischemia than CA1 neurons. Previous studies
have shown that synaptic transmission and neuronal excitability of CA1 neurons are
transiently suppressed by 5 min ischemia. To clarify the electrophysiological
mechanisms underlying the selective neuronal damage after ischemia, the responses of
CA3 and DG neurons were examined before and after 5 min ischemia.
Male adult Wistar rats woe fasted overnight and anesthetized with 1-2%
halothane. The 4-vessel occlusion method was used to induce ischemic depolarization
for ~5 min. Intracellular recording in vivo was performed up to 12 hours after
reperfusion. Postsynaptic potentials evoked by stimulation of perforant path and
membrane properties of CA3 and DG neurons were studied at different periods after
ischemia. Recorded neurons were identified by intracellular staining with neurobiotin.
The spontaneous firing rate of CA3 and DG neurons was reduced from control
values up to 12 h after reperfusion. The membrane input resistance and the time
constant of CA3 neurons increased significantly within first 3 h after reperfusion and
then returned to control values whereas similar changes were not observed in DG cells.
The spike thresholds of CA3 and DG neurons after ischemia remained the same as
control values. In DG neurons, the stimulus threshold for inducing EPSP was
transiently increased; the amplitude, slope and duration of initial EPSP were decreased
within 3 h after reperfusion but the amplitude of IPSP was increased during the same
period. The present study indicates that despite a similar resistance to ischemia for
CA3 and DG neurons, the neurophysiological changes after transient ischemia are not
identical for these two different cell types.
Supported by grants from NIH NS33103 and AHA 94001830.
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212.2

NEUROPHYSIOLOGICAL CHANGES IN ISCHEMIA-RESISTANT NEURONS
OF HIPPOCAMPUS FOLLOWING LETHAL ISCHEMIA IN VIVO. T M . Gao*
and Z.C. Xu Dept, of Neurology, University of Tennessee Memphis, Memphis, TN
38163, U.S.A.
CA1 pyramidal neurons in hippocampus die 3-4 days after transient ischemia
while CA3 neurons and dentate granule (DG) cells in the same region remain intact
To elucidate the neurophysiological mechanisms associated with such selective
neuronal injury, we examined the neurophysiological changes in CA3 neurons and
DG cells in rat hippocampus at different periods after transient forebrain ischemia.
Male adult Wistar rats were fasted overnight and anesthetized with 1-2%
halothane. The 4-VO method was used to induce ischemic depolarization for
approximately 13 min. Intracellular recording in vivo was performed before and up
to 48 h after reperfusion. Postsynaptic potentials elicited by stimulation of
contralateral commissural pathway or perforant path and membrane properties of CA3
and DG neurons were compared before and after ischemia. Recorded neurons were
identified by intracellular staining with neurobiotin.
Late depolarizing postsynaptic potentials (L-PSPs), which was induced in CA1
neurons after lethal ischemia, were never observed in CA3 and DG neurons. The
threshold for inducing initial EPSPs from these cells was persistently reduced after
ischemia. The amplitude and slope of EPSPs in CA3 neurons remained unchanged
after ischemia but were decreased in DG cells following reperfusion. The duration of
EPSPs after ischemia, however, was the same as control levels. No significant
changes were found in membrane properties, such as spike threshold, rheobase,
membrane input resistance and time constant, in CA3 and DG neurons after
reperfusion. The difference in neurophysiological responses after ischemia between
ischemia-vulnerable and ischemia-resistant neurons in hippocampus may help to
reveal the pathogenesis of selective neuronal death following transient ischemia.
Supported by grants from NIH NS33103 and AHA 94008130.
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212.3
EFFECTS OF TRANSIENT FOREBRAIN ISCHEMIA ON
OPTICALLY RECORDED SIGNAL PROPAGATION IN RAT
HIPPOCAMPUS. HIROAKJ KURIMOTO1 2 . RYOI TAMURA*1.
KENICHIRO MURAMOTO3 AND TAKETOSHI ONO1.
‘Dept.
Physiol., Fac. Med., Toyama Med. and Pharmaceu. Univ., 2630
Sugitani, Toyama 930-01, and 2Reseach Laboratories, Toyama
Chemical Co., Ltd., 2-4-1 Shimookui, Toyama 930, 3Dept. Elec. and
Computer Eng., Fac. Tech., Kanazawa Univ., Kanazawa 920,
JAPAN.
It has been reported that transient forebrain ischemia impaired the
acquisition o f spatial memory in a spatial navigation task. In the present
study, the effects o f transient forebrain ischemia on spatio-temporal
patterns o f signal propagation were investigated in rat hippocampal
slices. Transient forebrain ischemia was induced by occlusion of
bilateral common carotid and vertebral arteries for 15 min. The patterns
of signal propagation were analyzed by optical o f fluorescence changes
from the slices stained by voltage sensitive dye (RH-795). In the slices
from normal rats, stimulation o f the mossy fibers produced signal
ropagation toward the CA1 subfield via the CA3; stimulation o f the
chaffer collaterals produced robust signal propagation in the CA1. In
the slices from ischemic rats, the mossy fiber stimulation produced
signal propagation to the CA3, which did not reach to the CA1; signal
propagation in the CA1 did not appear by the Schaffer collateral
stimulation. The damages selective to the CA1 were histologically
confirmed. The present results indicate that the transient forebrain
ischemia produces abnormality of signal transmission in the
hippocampal circuitry and the impairment o f spatial memory may be
related to abnormality of signal transmission.

212.5
ENDOGENOUS BURSTS ARE PRESENT IN CA3 PYRAMIDAL
NEURONS WEEKS AFTER A GLOBAL ISCHEMIC INSULT
P. Congar. N. Chevassus-Au-Louis. T. Popovici. H. M. Chneiweiss*. Y. BenAri and V. C repel- INSERM U29, 123 Bid de Port-Royal 75674 Paris cedex
14 (France).
We have investigated the long-term effects of a global ischemic
episode (four vessel occlusion m odel for 25 min) on intrinsic mem brane
properties of CA3 pyram idal cells. Experim ents were perform ed 2 to 4
m onths after the ischemic episode, in hippocam pal slices (400 - 500 [i.m)
from adult W istar rats in which m ost of the CA1 pyram idal neurons had
degenerated. The CA3 pyram idal cells were recorded in whole-cell patchclamp configuration in current-clam p m ode w ith K -gluconate pipette
solution. We report that these partially de-efferented CA3 pyram idal
cells display spontaneous rhythm ic bursting activity although they
exhibit a norm al resting m em brane potentials (around - 75 mV). These
b u rsts are endogenously m ediated since (i) they are abolished by
hyperpolarization; (ii) they are not blocked by a com bined application of
AMP A, NMDA and GABA-A antagonists; and (iii) p aired recordings
indicate that the Ischemic - Induced Bursts (IIB) are not synchronized in
bursting neurons. Furthermore, network driven activities can be evoked by
bicuculline (10 |iM) or kainate (200 nM) in paired recorded neurons in which
non-synchronized IIB are present. We conclude that a transient ischemic
episode modifies the endogenous properties of the partly de-efferented
CA3 pyram idal cells by triggering a rhythm ic bursting activity, which is
independent of the excitatory network. Therefore, in addition to the short
term effect of ischemia - i.e. the degeneration of CA1 pyram idal neurons there are long-term changes in the activity of CA3 pyram idal cells which
may modify the hippocampic network properties.

212.7
MECHANISMS
UNDERLYING
NEURONAL
MEMBRANE
POTENTIAL CHANGES INDUCED BY DEPRIVATION AND
RESTORATION OF OXYGEN AND GLUCOSE. R.L. Martin*
Australian National University, Canberra, ACT 0200, Australia.
When neurones are subjected to withdrawal of oxygen and glucose from
the extracellular medium, changes in Vm occur and these often terminate in
a phase of rapid depolarisation (RID) to about 0 mV. A full explanation of
the mechanisms underlying RID, and of those contributing to repolarisation
when metabolic substrates are resupplied, is still lacking. Measurements of
Vm and [K+]0 were made in dorsal vagal motoneurones (DVMs) in slices
before, during and following in vitro ischaemia induced by switching from
a standard bicarbonate buffer, at 33.8-34.2 °C, to one bubbled with 95%
02/5% CO2 and lacking glucose. RID was not altered by blocking either
fast voltage-dependent Na+ channels or a putative persistent Na+ current
with 1-10 iaM tetrodotoxin (TTX). Nor did block of voltage-dependent
Ca2+ channels with a combination of 200 |iM Cd2+ and 300 nM Ni2+
prevent RID. However, lowering the extracellular Na+ concentration to
between 11.25 and 25 mM resulted in only a slow depolarisation during in
vitro ischaemia. This result was not consistently mimicked by blocking
Na+ entry with a combination of 10 nM CNQX, 50 jxM AP5, 10 nM
bepridil and 5 jiM TTX. Resupply of normal perfusate led to restoration of
Vm within 5-10 mins but this recovery lagged a much faster restoration of
[K+]0. The results suggest that Na+ entry is a major contributor to RID
and that resupply of metabolic substrate after ischaemia does not restore Vmn
solely through restoration of Na+/K+ ATPase activity.
Supported by the ARC.
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212.4
DIMETHYL SULFOXIDE INCREASES THE LATENCY OF ANOXIC
TERMINAL NEGATIVITY IN HIPPOCAMPAL SLICES OF GUINEA
PIGS IN VITRO S. Hülsmann*1. C. Greiner1. B. Woesler1. D. Moskot»1. H.
Wassmann1- R- Kfthling2. A. Lücke2. E.-J. Speckmann2: ’Klinik und Poliklinik
für Neurochirurgie, Albert-Schweitzer-Straße 33, 48129 Münster and 2Institut
für Physiologie, Robert-Koch-Str. 27a ,48149 Münster, Germany
Dimethyl sulfoxide (DMSO) is a frequently used solvent for e.g.
cerebroprotective drugs which are poorly or not soluble in aqueous media.
Effects of DMSO on neuronal function in hypoxia, e.g. the latency of the anoxic
terminal negativity (ATN) was studied. Hippocampal slices (n=70) from adult
guinea pigs were placed at the interface between artificial cerebrospinal fluid
(aCSF) and humidified gas („normoxic“: 5 % CO2, 95 % O2; hypoxic: 5 %
CO2; 95 % N2). DC-potential and evoked potential (EP, by stimulation of
SchafFer collaterals; 0,1 s'1) were recorded in CA1 stratum pyramidale. Slices
were made hypoxic until occurrence of ATN and were allowed to recover 30
min after termination of hypoxia. Two successive hypoxias were induced. The
latencies of ATN were determined with superfusion of aCSF and with
application of DMSO (0,4 % in aCSF). The mean values of the ATN-latencies
for the first hypoxia were 7.5 ± 0.9 min (mean ± SEM) with aCSF (n=38) and
11.6 ± 1.2 min with DMSO (n=32, p<0.01). The mean values of ATN-latencies
for the second hypoxia were 3.9 ± 0.6 min with aCSF and 5.3 ± 0.5 in with
DMSO (p<0.05). Thus, we conclude that DMSO is neuroprotective by itself.

212.6
INITIATION AND PROPAGATION OF HYPOXIC SPREADING DEPRESSION
LIKE DEPOLARIZATION. P.G. Aitken*. D.A. Turner. G.C. Tombaugh. G.G.
Somien. Cell Biology and Neurosurgery, Duke Med. Ctr., Durham, NC 27710.
Biophysical changes of neuron membranes during spreading depression (SD)
and during the SD-like depolarization caused by severe hypoxia are similar, but
the events leading to the depolarization in the two conditions are in many ways
different. It is not clear whether the hypoxic depolarization arises de novo over
a wide area without subsequent spread, or whether it starts in discrete foci from
where it invades surrounding tissue similarly to normoxic SD. We examined this
question by recording extracellular voltage while imaging (12-bit CCD camera)
the intrinsic optical changes in rat hippocampal slices in an interface chamber
at 35.5°C. Subtraction images showed increased light reflection from areas af
fected by SD. Electrical and optical signals of SD provoked in normoxic slices
by micro-injection of 1.2M KCI solution in CA1 st. radiatum propagated within
CA1 at velocities of 8.73 ± 0.92 and 5.84 ± 0.63 mm/min, respectively. The high
amplitude sustained negative voltage shift (V0) was preceded by a brief, small
positive deflection as an SD wavefront approached a recording electrode.
During hypoxia, the reflectance of CA1 st. radiatum increased dramatically in
one or a few spots and then spread over the entire CA1 st. radiatum, some
times invading st. oriens also but sparing st. pyramidale. The velocity of pro
pagation was 7.22 ± 1.60 mm/min (electric signal) and 6.97 ± 0.42 mm/min
(optical). A brief positive deflection preceded the negative V0 at points being
invaded by the propagating, hypoxia-induced optical signal, but no such pro
dromal positivity was recorded in the original nascent focus. In both conditions
the onset of optical and electrical changes were concurrent at all electrode
locations. We conclude that hypoxic SD-like depolarization typically does not
arise diffusely but rather propagates from focal initiation loci in a manner that is,
at least in part, akin to normoxic SD.
Supported by NS-18670, AG-13165, and VA Merit Review.

212.8

PROLONGED EXPOSURE TO LOW p 2 INCREASES NEURONAL
EXCITABILITY VIA Na+ CHANNEL UP-REGULATION
Ying Xia'fMan Lung Fung1,John P. O’Reilly 1 and Gabriel G. Haddad1,2
Departments of Pediatrics1 and Cellular & Molecular Physiology2,
Yale University School of Medicine, New Haven, CT 06520
Our previous work has shown that rat brain Na+ channels develop
mostly in the first 3-4 week after birth. Since 1) one of the major factors that
control neuronal excitability is Na+ channel activation and modulation and 2)
we have shown that Na channels are involved in the neuronal response to
acute hypoxic stress, we argued that Na+ channels may play an important role
in the neuronal response to chronic hypoxia. In this work, we exposed
newborn rats (day 3) to low 0 2 (Fi0 2 9.5±0.5%) for 3-4 weeks and then used
RNA analysis, saxitoxin (STX) binding, autoradiography and intracellular
recordings in brain slices to ask whether prolonged hypoxic stress alters Na+
channel expression and neuronal excitability. Our results show that prolonged
hypoxia 1) increases Na+ channel mRNA and protein levels by more than
50%; 2) increases Na+ channel number in the cortex and hippocampus and 3)
renders cortical and hippocampal neurons 2-1 OX more prone to depolarization
in brain slices from exposed animals in response to in-vitro acute hypoxia.
The increased depolarization is attenuated/abolished by tetrodotoxin in a doseresponse fashion. We conclude that prolonged hypoxic stress during postnatal
development up-regulates Na+ channels and this up-regulation leads to an
increased excitability. This mechanism may underlie the pathophysiology of
neurological diseases including seizures and those that result from hypoxic
encephalopathy in the young.
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212.9
NEUROPROTECTIVE
EFFECT
OF
PNU-151774E,
A
NEW
ANTICONVULSANT COMPOUND, IN THE MODEL OF GLOBAL
ISCHAEMIA IN GERBILS. F, Vaehi. R.Mai. B. Rosa. G. Ukmar. E. Lamberti.
R.A. McArthur. M. Varasi*. P. Salvati. C. Post. Pharmacia & Upjohn, CNS
Research, Nerviano, (MI), 1-20014, Italy
Enhanced release of glutamate (Glu) and excessive activation of Glu receptors are
believed to contribute to neuronal damage in cerebral ischaemia. Glu release can be
inhibited by several mechanisms, including blockade of voltage-gated Ca** or Na+
channels. PNU-151774E [(s)-(+)-2-(4-(3-fluoro- benzyloxy) benzylamino)
propanamide methanesulfonatej is a new, broad spectrum anticonvulsant, with both
Na+ and Ca* channel blocking properties. The aim of this study were to evaluate:
1) Glu release inhibitory effect in vitro; 2) neuroprotective activity in a model of
cerebral ischaemia.
PNU-151774-E inhibited Glu release, evoked by both veratridine (IC50=56|iM) and
50mM KC1 (IC5o=185|xM), in rat hippocampal slices (n=6 ). In the gerbil model of
forebrain ischaemia, PNU-151774E (100 mg/kg ip, 30 min before and 30 min after
bilateral carotid occlusion, n=16) almost completely prevented ischemia-induced
hippocampal CA1 neuronal cell loss, determined 7 days alter occlusion (12% vs
95% damage in ischemic controls; P<0.01). Phenytoin (200 mg/kg ip, 2 h before
BCO, n=19), used as reference compound, only partially reduced CA1
neurodegeneration (72% damage, P<0.01). Cognitive effects of PNU-151774E and
phenytoin were examined by passive avoidance three days after ischaemia in the
same animals. PNU-151774E, but not phenytoin, significantly prevented
ischaemia-induced passive avoidance impairment.
These data show that PNU-151774E very effectively prevents nerve cell loss and
also improves functional recovery in the gerbil model of forebrain ischemia. In
conclusion, PNU 151774 has an interesting therapeutic potential in acute stroke.

212.10
E F F E C T IV E N E S S OF M IX E D SO D IU M
A ND N'M DA-ION CHANNEL,
B LO C K ER S
IN
TH E
P R E V E N T IO N
OF
M ETA B O LIC A LI.Y -1N D U C ED
EXC 1TOTO XIC 1TY IN R ETIN A . G ,Ç V ZeçvaJ)0l T . W o lc o tt D Daly, K , BurkeH o w ie, S . M aaar. C . Sinha & C. Kirk Dept, o f N eurology, Ù M D N J-R W j Med Sch
Piscataw ay, N J08854 and Depts. o f C hem istry and Pharm acology, Cam bridge
N euroScience, Inc , C am bridge MA 02139
M etabolic inhibition o f glycolytic pathw ays or oxidative phosphorylation has been
show n to produce excitotoxic lesions in a num ber o f neuronal assay system s In the ex
vivo chick retina, blocking NM DA receptors with M K-801 during partial m etabolic
blockade attenuates acute toxicity, characterized by cellular swelling and the selective
release o f G A B A into the m edium . C om plete m etabolic blockade produced by a
com bination o f iodoacetate (ÎO A ) plus KCN for 30 min results in a lesion that is
incom pletely protected by M K -801. In this situation, the addition o f tetrodotoxin
(T T X ) im proves the outcom e suggesting that N a ’ channels can play an additional
neuroprotective role. T o test the com parative, protective roles o f b lockade o f NM DA
and/or N a channels during com plete m etabolic blockade in retina,.w e screened a small
synthetic library o f guanidine-based com pounds selected by their affinities to cither the
N M D A ion channel (displacem ent o f M K-801 binding) or N a channels (batrachatoxin
binding and HC-guanidinium flux) Excised E l 5 chick retinae w ere incubated in Krebs
Ringer containing 1 mM 1 0 A plus 5 mM KCN for 30 min at 37°C. Test com pounds
w ere added at concentrations o f 0.2, 2.0 and 20 ^iM and control sam ples included
M K-801 t TTX (1 p.M + 2 ng/m l, respectively). HPLC detection o f G AB A release
into th e m edium was th e prim ary ourtcom e m easure w ith additional m easurem ents o f
glutam ate release and in som e cases, histological assessm ent. D ata w ere norm alized to
GA B A release induced by IO A/KCN . R esults show ed that a num ber o f com pounds
w ere effective in reducing G A B A release in a dose-dependent m anner with tw o
com pounds effecting a com plete block at 20 ¡.iM. H istology confirm ed neuroprotective
effects as seen by reduction o f swelling o f both retinal neuron som ata and processes
The m ost effective com pounds w ere potent at both ion channel sites (K i-2 5 -9 0 nM at
N M D A site and IC v r 0.8-1 6 uM in guanidinium flux) C om pounds with low NM DA
affinities w ere relatively ineffective. F urther developm ent o f this com pound series
should result in com pounds capable o f replacing a neuroprotective cocktail o f MK-801
+ TTX . This work w as supported by C am bridge NeuroScience.

212.11

212.12

ANOXIA DECREASES K+ OUTWARD CURRENTS IN
HIPPOCAMPAL CULTURED CELLS. C.Gebhardt. A.
Draquhn* and U. Heinemann. Institut für Physiologie, Abteilung
Neurophysiologie, Humboldt Universität zu Berlin, Charité,
Germany
Slow and fast inactivating K+-currents were measured in
cultured hippocampal cells with the patch clamp technique in
the whole cell configuration. Cells were held at -50 mV and
outward currents were elicited by depolarising voltage
commands preceeded by a hyperpolarising prepulse with and
without an interval at holding potential. We studied the effects
of anoxia on these currents. Anoxic conditions were measured
by oxygen dependent quenching of the phosphorescence of
Pd-coproporphyrin. Exposure of the cells to substrate-free
anoxia gradually decreased both current amplitudes. After less
than 1 min of anoxia the amplitude of the delayed rectifier
decreased to 80+6 % (n=8, mean ± SEM) of the control value
and recovered after reoxygenation within 1-2 min to 94±4%.
The peak of the A-current slowly decreased to 92 ± 3%, after
reoxygenation the current fully recovered. The inactivation
time constant of the of the A-type K+-current and the steadystate activation and -inactivation were not influenced by
anoxia. Under hypoxic conditions of p02 >10 torr no changes
of K+-currents were observed. The underlying mechanism is as
yet unkwown.

FAILURE TO ELEVATE [K+]o AFTER DIRECT CORTICAL
STIMULATION OCCURS WITHIN 1 HR FOLLOWING TRANSIENT
MCA OCCLUSION IN THE RAT. G-P. Xu. M.A. Perez-Pinzon and T.J.
Sick*. Dept, of Neurology, Univ. of Miami Sch. ofMed.33101.
The pathophysiology of brain infarction when blood flow is restored
following transient focal ischemia is poorly understood. In these
experiments focal ischemia was produced in male rats by transiently (1 hr)
occluding the middle cerebral artery (MCAO) using a microaneurysm clip.
Extracellular potassium ion activity ([K+]0) was measured in lateral cortex
(ischemic core) and medial cortex (penumbra) with potassium-sensitive
microelectrodes prior to, during, and for lhr following flow restoration after
transient MCAO. Constant current pulse trains were delivered to the
cortical surface near the K+-microelectrode to assess neuronal excitability as
determined by transient elevation of [K+]0. During MCAO, [K+]0 in the core
was elevated from approximately 3 mM to greater than 50 mM. In the
penumbra, only transient elevation of [K+]0 resembling cortical spreading
depression, was observed. Upon removal of the microaneurysm clip, [K+]0
in both the core and penumbra returned to control levels near 3 mM. One hr
following restoration of blood flow and [K+]0, it was not possible to elicit
elevation of [K+]0by direct cortical stimulation in the core. This inability to
elicit K+ release persisted 24 hr later, at which time TTC staining revealed
cortical infarction. Penumbral cortex remained excitable 1 hr and 24 hr
following transient MCAO and did not show signs of infarction. The data
suggest that severe changes in ionic homeostasis and/or neuronal excitability
thresholds occur within 1 hr of flow restoration following transient MCAO
in cortex destined to undergo infarction. (Supported by PHS grant NS32167)

212.13
TIME COURSE OF [K+]0-INCREASE DURING ANOXIC TERMINAL
NEGATIVITY IN HUMAN NEOCORTICAL SLICES. A.Schmidineer. S.Reinker.
C.Greiner. R.Kohling*, A.Lucke. E.-J.Speckmann, D.Moskopp. H.Wassmann.
I.Tuxhorn. H.Pannek. F.Oppel Institut fur Physiologie, Univ. Munster,Germany
The anoxic terminal negativity (ATN) of the DC-potential is a characteristic
reaction to hypoxia and ischemia in neuronal tissue. It is associated with an
increase of [K+]0. In a previous study on human rieocortical slices, two groups of
ATN could be distinguished by their steep and flat slope of rise. The aim of the
present study was to test whether these types of ATN are associated with
corresponding changes in [K+]0.
Experiments were carried out on temporal neocortical slices from tissue resected
during epilepsy (4 patients, 7 slices) and tumour surgery (1 patient, 1 slice). The
experiments were performed in an interface-type chamber. DC-potentials and
evoked potentials (white matter stimulation) were recorded with conventional
techniques in layer III. [K+]0 was measured by K+-sensitive microelectrodes
(Corning 477317) adjacent to the recording electrode. Up to four successive
ischemia-like episodes were induced by exchanging N2 for 0 2 in the gaseous phase
and lowering the glucose-concentration in the bath solution from 10 to 2 mmol/1.
Ischemic conditions were terminated when ATN had reached their peaks. The
recovery periods were 30 min.
In all experiments, ATN associated with an increase in [K+]0 took place. In steep
ATN (slope of rise >lmV/s) elevation of [K+]0 was 0.65 ±0.11 mmol/l/s (mean ±
SEM, n=13); in flat ATN (slope of rise <lmV/s) elevation of [K+]0 was 0.17 + 0.04
mmol/l/s (n=18). Thus, the slope of rise in [K+]0 corresponded to that of ATN and
was significantly different with flat and steep ATN (p< 0.001). There was no
difference between the two groups with regard to the peak level of [K+]0 changes
(12.33 ± 0.8 mmol/1, n=31). The results indicate that two types of cellular
depolarizations exist with hypoxia/ischemia. Supported by Deutsche Forschungsgemeinschaft

212.14
FOCAL CEREBRAL ISCHEMIA LEADS TO THE OPENING OF A
MITOCHONDRIAL PERMEABILITY TRANSITION PORE. T. Kristian*. Y.B.
Ouvang. S. Kuroda and Bo K. Siesio. Experimental Brain Research Lab,
Wallenberg Neuroscience Center, University Hospital, S-221 85 Lund, Sweden.
Transient ischemia leads to delayed damage of affected tissues which usually
occurs many hours or days following the insult. Results pertaining to that
mitochondrial metabolism suggest the there is a secondary dysfunction in
mitochondrial respiratory functions following a transient ischemic period. The
present study was undertaken to explore if ischemia and reperfusion in the brain are
accompanied by an activation of a mitochondrial permeability transition (MPT),
leading to the release of mitochondrial proteins into the cytosol.
Focal ischemia of 2h duration was induced by occlusion of one middle cerebral
artery (MCA) by an intraluminal filament technique. The respiratory control ratio
(RCR) and release of mitochondrial aspartate aminotransferase (mAST) were
measured at the end of the ischemic period and also after lh and 4 h of
recirculation.
Ischemia of 2 h duration markedly lowered the RCR. There was partial recovery
after lh, and secondary deterioration of respiration after 4 h of reperfusion. Ischemia
itself caused no mAST release, however in the focus recirculation was
accompanied by release of mAST to the cytosol.
Our data suggest that damage to mitochondrial membrane occurs, not during
ischemic period, but during reperfusion . One of the possible mechanism is an
accumulation of calcium in mitochondria during the first hours of recirculation
which can trigger an MPT and, thereby, a process which causes the release of
mitocondrial proteins and inhibition of repiratory functions.
This study was supported by the Swedish Medical Research Counsil, and US
Public Health Service via the NIH.
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213.1
UNIQUE MEMBRANE POTENTIAL CHANGES ASSOCIATED WITH
SPREADING DEPRESSION IN HIPPOCAMPAL ORGAN CULTURES.
P E. Kunkler* & R.P. Kraig. Dept, of Neurology, The University of Chicago,
Chicago, II 60637.
Spreading depression (SD) can either worsen or lessen ischemic injury yet mech
anisms responsible for this dual affect remain unknown. Electrophysiologic changes
are a defining characteristic of SD. To examine how SD might modulate brain injury,
we have begun exploring SD in hippocampal organ cultures (HOTCs) using simulta
neous recording of interstitial DC signals with microelectrodes and cellular membrane
potentials using a potentiometric fluorescent probe. HOTCs were prepared from Wistar
rat pups and recordings made after 21-50 days in culture. A bipolar stimulating
electrode was placed in the dentate gyrus. DC signals were measured using standard
electrophysiologic techniques. HOTCs were incubated with the poteniometric probe
RH 795 (Molecular Probes) and measurements made using digital imaging strategies.
SD was induced by exposure to a modified Ringer coupled to a single dentate stimulus.
Minimal fluorescent dye changes occurred at rest or after single dentate electrical
stimuli. With increased stimulus frequency (2,5, & 10 Hz), progressively greater
depolarizing dye responses were noted. Seizure induced depolarization also caused
limited dye changes. The largest dye change was observed with SD-induced depolar
ization. Importantly, the SD-inducing stimulus caused a profound DC change (e.g.,
~10mV) in interstitial space accompanied by a synchronous tissue depolarization.
Further depolarization started in either CA1 or CA3 and propagated (n=8; 2.7 + 0.6
mm/min) throughout the HOTC. After SD, baseline cellular potentials fluctuated
measurably with no apparent electrogenic activity. These results reveal that initiation
of hippocampal SD is associated with a synchronous tissue depolarization. They also
show that silent potential fluctuations occur in neural tissue that experienced SD.
These finding may have important implications for defining specific cellular and tissue
electrophysiologic properties of SD. (Supported by NS-19108 and NS-10190)

213.2
CALCIUM WAVES PRECEDE POTENTIAL CHANGES OF
SPREADING DEPRESSION IN HIPPOCAM PAL ORGAN
CULTURES. R.P. Kraig* and P,E. Kunkler. Dept, o f Neurology, The
University o f Chicago, Chicago, IL 60637.
Propagating intercellular Ca2+waves (PICW) can occur in contiguous brain
cells and tissues. Their speed is similar to spreading depression (SD)
prompting some to assume that PICWs occur with SD. Furthermore, SD is
known to occur with a rise in astrocytic (and perhaps neuronal) Ca2+. How
ever, no direct evidence exists to support this contention.
Accordingly, we studied the interrelation of PICWs and interstitial DC
potential changes of SD in hippocampal organ cultures (HOTCs). HOTCs
were prepared from neonatal rats and maintained in vitro for 21-35 days so that
synaptic density approached a steady-state. SD was always induced (n>60) by
combined transient exposure of HOTCs to a conditioning Ringer and a single
evoked field potential (200 jis; 20-100V) from the dentate gyrus. DC signals
were measured using standard electrophysiologic techniques in the CA3
pyramidal cell layer. PICWs were measured over a 920 (imi2area that included
portions of CA3 and CA1 using Fluo-3™ and computer-based imaging
techniques. PICWs always preceded peak interstitial DC changes of SD by a
significant (p<0.001; n=6) margin (6-16 sec). Since PICWs precede SD, they
may prime cells within susceptible tissues for SD. SD is capable of either
worsening or lessening injury from brain ischemia. Therefore, determining
the physiologic and anatomic bases for PICWs as well as the mechanisms that
may associate them with SD may help explain how SD begins to influence
brain injury. (Supported by NS-19108 and NS-10190.)

213.3
RILMENIDINE EFFECTS ON ASTROCYTE CALCIUM LEVELS AND
ISCHEMIC NEURONS IN VITRO. M.A. Ozoe. J.X. Wilson. S.J. Dixon and D.F.
Cechetto.* Dept, of Anatomy and Cell Biology, Univ. of Western Ontario, London,
ONN6A5C1.
The imidazoline receptor ligand rilmenidine (Ril) is neuroprotective following a
focal cerebral ischemic insult and has been shown to stimulate the uptake of 45Ca2+in
rat cerebral cortical slices. It has been suggested that Ril acts specifically on
astrocytes to stimulate the uptake of Cai+ that would otherwise be detrimental to
surrounding neurons. In the first part of this investigation, we demonstrated that Ril
caused a dose-dependent increase in [Ca2+]( in primary rat cerebral astrocytes.
Intracellular free calcium ([Ca2*]^ was monitored in suspended indo-1 -loaded Type 1
astrocytes by fluorescence spectrophotometry. Two distinct types of increases in
[Ca2+]; were observed; a moderate dose of Ril (0.001 -0.1 mM) elicited a peak
increase in [Ca2+], that quickly returned to base line; a high dose (1-10 mM) induced
a peak increase followed by a significant sustained plateau. Repeating these
measures in Ca2+-free medium or pretreating with an endoplasmic reticulum Ca2+ATPase blocker, indicated that Ril stimulates both Ca2+influx and the release from
intracellular stores in cerebral astrocytes. In the second part of this investigation,
cerebral cortical neurons taken from embryonic rats day 16 were plated onto cultures
of 2 week old astrocytes. After 14 days these co-cultures were exposed to 45
minutes of anoxia and hypoglycemia with and without Ril in the medium. A high
dose of Ril (10 mM), given during and for 24 hours after the hypoxia, appears to
exacerbate the neuronal degeneration assessed with trypan blue and TUNEL staining
to determine numbers of apoptotic cells. However, a lower dose of Ril (0.01 mM)
does not appear to provide neuroprotection in these co-cultures.

213.4
ISCHEMIA-INDUCED INHIBITION OF INORGANIC PHOSPHATE LIBERATED BY
THE MICROSOMAL Mg’VCa2* ATPASE ISOLATED FROM RAT BRAIN. J. T.
Ears.0PS*?.,
Cham2, and R, I EeLorenZP,1- * 5 Departments of Biochemistry1,
Neurology1, and Pharmacology3, Medical College of Virginia, Richmond, VA 23298.
It is well known that ischemia results in delayed neuronal cell death that is dependent upon
and preceded by sustained and elevated intracellular calcium levels. While the mechanisms
causal to the increased calcium have been extensively studied, the affect of ischemia on
systems for removing the calcium are not well understood. We have recently demonstrated
that ischemia inhibits microsomal calcium uptake mediated by Mg*7Ca2+ ATPase (J.
Neurochem. 68,1124-1134,1997). Therefore, we determined the effect of ischemia on the
ATPase activity of microsomal Mg*7Ca2+ATPase. The rat decapitation model was used
to induce ischemia for 5 to 60 min at 37 °C. Control and ischemic microsomes were isolated
in parallel from rat whole brain homogenates by differential centrifugation. A novel
technique was used to detect the inorganic phosphate generated by the microsomal
Mg2+/Ca2+ ATPase. Utilizing autoradiography for visualization, inorganic phosphate
liberated by the endogenous enzyme was monitored by extraction of radioactive ATP and
quantitation of Pi bands by liquid scintillation spectroscopy from 20% SDS-PAGE gels
under conditions optimal for Mg2+/Ca2+ ATPase activity. The microsomal Mg2+/Ca2+
ATPase generates inorganic phosphate in a Mg2* and Ca2+dependent fashion. In addition
150 fxM thapsigargin, a microsomal specific Mg2+/Ca2+ ATPase inhibitor, decreased
microsomal Pi liberation by 75%. Finally, after a 10 minute reaction period, 5,10,20,40,
and 60 min of ischemia causes 4.3 ±5.0,7.9 ±6.6,18.3 ± 6 .6 ,21.1 ±2.9, and 14.6 ±5.6
percent inhibition of inorganic phosphate liberated by the microsomal Mg2+/Ca2+ATPase.
These results suggest that ischemia-induced inhibition of microsomal Ca2+ uptake is
mediated by direct inhibition of ATPase activity. This work was supported by NIH RO1NS23550 and P01-NS25630.

(Supported by the Heart & Stroke Foundation of Ontario)

213.5
ANOXIA INDUCES AN OUTWARD CURRENT ASSOCIATED WITH
AN INCREASE IN INTRACELLULAR CALCIUM AND SODIUM
CONCENTRATION IN RAT DOPAMINE NEURONS. E. Guatteo*. T.
Knopfel . G. Bemardi and N. B. Mercuri. IRCCS Santa Lucia, Via
Ardeatina 306 1-00179, and Clinica Neurologica Tor Vergata, Via O.
Raimondo 8,1-00173 Rome, Italy
We studied the effect of acute oxygen deprivation on dopamine neurons,
visually identified by infra-red video microscopy in the substantia nigra pars
compacta of rat midbrain slices, using the whole-cell pach-clamp technique.
With an internal solution containing 2 mM MgATP anoxia induced, within 23 minutes, a - 9.66 ± 0.33 mV hyperpolarization and activated a 70.25 ± 14.5
pA outward current (VH =-60 mV, N=8). After 4 minutes of anoxia,
reperfusion with the oxygenated Ringer solution was accompanied by a full
recovery from these effects. The anoxia-induced current reversed at -87.9 ±
5.1mV (N=6) and was blocked either by the sulphonylureas tolbutamide (100
jiM), glibenclamide (30 fiM) and glipizide (100 nM) or by the K+ channel
blocker BaCl2(300 ^M ). Both the outward current and the hyperpolarization
were absent with a high (10 mM) MgATP concentration in the pipette,
suggesting that they are generated by a ATP-dependent K+ conductance.
Cytosolic free Ca2+ and Na+ concentrations were monitored in dopamine
neurons perfused with the dyes fura-2 and SBFI, respectively, by means of
fluorescence ratio imaging. Anoxia induced an increase of both calcium and
sodium concentrations. We are currently investigating the possible causal
relationships between these anoxia-induced ion concentration changes and the
associated membrane currents.
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213.6
H Y P O X IA -IN D U C E D R E SP O N S E S IN R A T A D R E N A L
C H R O M A FFIN CELLS. N. Mochizuki-OdaU Y. Takeuchi2. K.
M atsum ura*2’3. Y. Qosawa1. and Y. Watanabe2»3 1International
Institute for Advanced Research, Matsushita Electric Industrial Co.,
Ltd., Seika-town, Kyoto 619-02, Japan, 2Dept. of Neuroscience, Osaka
B ioscience Institute, Suita, Osaka 565, Japan, 3S u b fem to m o le
Biorecognition Project, JST, Toyonaka, Osaka 565, Japan
Mechanisms o f sensing oxygen partial pressure are indispensable for
maintenance o f cellular functions. In neonatal mammals, the
catecholamine levels in the blood increase during hypoxia, suggesting
the hypoxia-sensitivity in adrenal chromaffin cells. To identify the
oxygen-sensing mechanism(s), chromaffin cells cultured from 7-weekold rat were subjected to a short hypoxia. Reduction of oxygen partial
pressure from 20% to 5% resulted in enhancement of catecholamine
release within 3.5 min, increase in the cytosolic Ca2+ due to the influx of
external Ca2+, and depolarization of membrane potential^). In whole
cell clamp experiment, the current-voltage relationship showed a
hypoxia-induced decrease of outward K+ current. These responses
were suppressed by cromakalim, an opener of K+ channels. The effect
o f cromakalim was reduced by blockers of ATP-sensitive K+ channels,
glibenclamide and tolbutamide. In the single channel recordings from
cell-attached and inside-out patch, some types of K+ channels showed a
decrease in the opening probability during hypoxia. Adrenal chromaffin
cells could thus be a useful model for the study of oxygen-sensing
mechanisms.
(l) .Mochizuki-Oda, N. e ta l (1997) J. Neurochem. in press.
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213.7
SODIUM NITROPRUSSIDE PREVENTS CHEMICAL HYPOXIA-INDUCED C6
GLIOMA CELL INJURY BY ACTIVATING THE Na+-Ca2+ EXCHANGER VIA
A NO-INDEPENDENT MECHANISM S. Amoroso. A. Catalano. M. Paterno.
M. Cataldi. G.F. Pi Renzo» and L. Annunziato* Section of Pharmacology,
Dept, of Neuroscience, University of Naples “Federico II”, Via S. Pansini 5,
80131 Naples and »School of Pharmacy, University of Reggio Calabria,
tTALY
The Na+-Ca2+ exchanger is a bidirectional pathway which couples the
extrusion of Ca2+ to the entrance of Na+ ions into the cell or viceversa. Under
chemical hypoxia, a condition in which intracellular Ca2+ and Na+ ion
homeostasis is altered, the activation of the Na+-Ca2+ exchanger, when it is
operating as a Na+ extrusion-Ca2+ influx pathway, may prevent cell damage
(S. Amoroso et al. Br. J. Pharmacol. 1997). More recently, it has been reported
that drugs able to release nitric oxide (NO) possess the ability to activate the
Na+-Ca2+exchanger. Chemical hypoxia, obtained by adding oligomycin plus 2deoxyglucose in a glucose-free medium, induced a fall in cellular ATP content
and a massive release of LDH. Sodium nitroprusside (SNP), a NO donor,
reduced chemical hypoxia-induced LDH release in a dose-dependent manner
(30-1000 nM). By contrast, 3-morpholinosydnonimine, another NO donor, and
8-bromo-cyclic GMP, the final effector of NO action, did not modify LDH
release evoked by chemical hypoxia. The SNP effect was reverted dosedependently by 5-(N-4-chlorobenzyl)-2’,4’-dimethylbenzamil (1-10 p.M), an
amiloride analogue which specifically inhibits the Na+-Ca2+ exchanger.
Chemical hypoxia-induced LDH release was also attenuated by the
ferricyanide moiety of the SNP molecule, K3Fe(CN)6. Collectively, these
results seem to suggest that SNP prevents chemical hypoxia-induced cell
injury by activating the Na+-Ca2+ exchanger through a NO-independent
mechanism. Supported by CNR 95.04426.CT04 to SA and MURST 40%
(1995) to SA and GFDR and MURST 40% and 60% to LA.

213.8
EARLY AND DELAYED INCREASE IN INTRACELLULAR SODIUM
AND CALCIUM CONCENTRATION DURING ISCHEMIA IN
PYRAMIDAL CELLS OF RAT CEREBRAL CORTEX. A. Pisani*. P.
Calabresi. A. Tozzu T. Knflpfel. and G. Bemardi. IRCCS Santa Lucia,
Via Ardeatina 306 1-00179, and Clinica Neurologica Tor Vergata, Via O.
Raimondo 8,1-00173 Rome, Italy
We studied the effect of acute oxygen/glucose deprivation (ischemia) on
layer IV pyramidal cells in slices of rat cerebral cortex, by means of
simultaneous electrophysiological and optical recordings Pyramidal cells
were visually identified by fluorescence microscopy following impalement
by sharp microelectrodes and injection of the sodium-sensitive dye SBFl or
the calcium-sensitive dye fura-2 . Ischemia induced an early hyperpolarization
which was followed, after 6-9 min by a membrane depolarization Ischemia
was associated with an increase in intracellular sodium concentration ([Na ],)
as well as in cytosolic free calcium concentration ([Ca2*],)- Remarkably, the
increase in [Na+Ji started within the first 90 s after the onset o f ischemia,
while the increase of [Ca 2+]5started only after 7-9 minutes of oxygen/glucose
deprivation. Reperfusion with normal Ringer solution was usually
accompanied by a full recovery of both membrane potential and intracellular
[Na+], and [Ca2+], levels. The ischemic Na+ signal was prevented neither by
TTX, nor by CNQX, D-APV and MCPG. We are currently investigating the
causes of these ischemia-induced electrical and ion concentration changes.

213.9
ALTERED Ca2+HOMEOSTASIS AND ELECTROPHYSIOLOGY IN CA1
NEURONS OF GERBIL HIPPOCAMPUS FOLLOWING TRANSIENT
ISCHEMIA S. Razam-Borouierdi*. R. Cormier & J A Connor. The Lovelace
Respiratoiy Research Institute, Albuquerque NM 87108
CA1 pyramidal neurons are highly vulnerable to delayed death
following ischemia. Mongolian gerbils subjected to bilateral carotid
occlusion for 5 min lose > 90% o f these neurons over 4 to 5 days after
ischemic insult. Abnormal calcium levels are often proposed as a
contributing factor to this cell death. We investigated Ca + homeostasis
and electrical activities in CA1 neurons in 400 }iM coronal slice
preparations prepared 2- and 3- days post-ischemia (P-i). CA1 Neurons
were either filled with pentapotassium salt o f fura-2 by iontophoretic
microinjection or loaded with fura-2 AM non-invasively. Voltage-gated
calcium influx was elicited either by antrodromic action potential trains or
bath application o f 50 mM KC1. Maps o f intracellular free-calcium
([Ca JO concentrations, determined from the ratio o f images excited at
350 nm and 380 nm, showed that post-ischemic neurons had attenuated
[Ca +]i responses to KC1 application and during firing. [Ca +]i change
triggered by low level electrical stimulations was about 20% o f control
levels in p-i neurons. With respect to controls, p-i neurons showed a 50%
decrease in spike broadening during a train o f action potentials, as is
consistent with a down regulation o f voltage-gated Ca* channels
(VGCC). These data do not exclude the possibility that in addition to
decreased VGCC activity, other p-i effects on C a + homeostatic
mechanisms may contribute to the reduction in depolarization-induced
Ca response mat we observed. It is speculated that this reduction in
depolarization-induced Ca * responses may be an important step leading
to increased delayed neuronal death in post-ischemic neurons. Supported
by NS35644 from the NIH.

213.10
QUANTITATIVE ANALYSIS OF THE COUPLING BETWEEN
ENDOPLASMIC RETICULUM (ER) CALCIUM HOMEOSTASIS AND
PROTEIN SYNTHESIS. J. Doutheil*. S. Althausen and W. Paschen.
Departm ent of Experim ental Neurology, M ax-Planck-Institute
for Neurological Research, 50931 Cologne, Germany.
Supression of neuronal protein synthesis (PS) is a common re
sponse to severe cellular stress as produced by transient is
chemia. To elucidate the possible mechanism of this pathological
process, the role of ER calcium homeostasis in the control of PS
was studied. ER calcium stores of primary cortical neurons were
depleted by thapsigargin or cyclopiazonic acid in control and
BAPTA-loaded cells, or by incubating neurons in Ca2+-free
medium. Protein synthesis was evaluated by measuring the in
corporation of 3 H-leucine into proteins, changes in cytoplasmic
calcium activity were quantified by measuring fura -2 fluores
cence, and the state of ribosomal aggregation by electron mi
croscopy. Depletion of ER calcium stores caused a marked sup
pression of PS independent of changes in cytoplasmic calcium
activity, suggesting that the inhibition was caused by a distur
bance in ER calcium homeostasis and not by an increase in cy
toplasmic calcium activity. This inhibition resulted from a dis
aggregation of polyribosomes indicating a block of initiation,
i.e. identical to transient ischemia. Reversible depletion of ER
calcium stores caused a reversible suppression of PS and disag
gregation of polyribosomes, whereas complete recovery was ab
sent after an irreversible' depletion. It is concluded that tran
sient ischemia may induce disturbances in ER calcium home
ostasis which suppress PS by blocking the initiation process.

213.11
CONTROL OF NEURONAL PROTEIN SYNTHESIS AND GENE EXPRES
SION BY ER CALCIUM HOMEOSTASIS: IMPLICATIONS FOR STRESSINDUCED CELL INJURY. W. Paschen*. J. Doutheil and C. Gissel.
Departm ent of experim ental N eurolology, M ax-Planck-Institute
for Neurological Research, 50931 Cologne, Germany.
It is widely accepted that ischemic cell injury results from
cytoplasmic calcium overload. No attention has been paid to the
possible role of ER calcium store depletion. Experiments were
performed with primary neuronal cell cultures. ER calcium
stores were depleted by thapsigargin (tg), an irreversible
inhibitor of ER Ca2+-ATPase. Cytoplasmic calcium activity was
measured after loading cells with fura 2 , tg-induced increase in
cytoplasmic calcium activity (from about 100 to 170 nM) was
completely blocked by loading cells with B APT A-AM (33.3 |j.M).
Expression of c-fos was evaluated by quantitative PCR. Protein
synthesis was studied by measuring the incorporation of 3 H leucine into proteins. Tg-induced depletion of ER calcium stores
caused a marked increase in c-fos expression and a severe
suppression of protein synthesis. These changes were not
blocked by chelating cytoplasmic calcium with BAPTA, and
BAPTA in the absence of tg was sufficient to activate c-fos
expression and suppress protein synthesis. Results indicate that
depletion of ER calcium stores in the absence of changes in
cytoplasmic calcium activity induces metabolic and molecular
changes which has been shown to be common responses to
severe cellular stress. It is, therefore, concluded that, besides
cytoplasmic calcium overflow, disturbances in ER calcium
homoestasis may play a major role in stress-induced cell injury.

213.12
CARDIAC ARREST (CA) DAMAGES THE ABILITY OF BRAIN
MITOCHONDRIA TO ACCUMULATE Ca2+ AND POTENTIATES
RELEASE OF CYTOCHROME C G. Fiskum* M.E. Auldrige. A.N.
Murphy and R.E. Rosenthal. Dept, of Biochemistry and Molecular
Biology, George Washington Univ. Sch. of Med., Washington D.C., 20037
Adult female beagles underwent 10 min Vfib CA followed by, in some
groups, open chest CPR plus internal defib and up to 24 hr reperfusion.
Brain mitochondria were isolated from biopsy samples, and suspended in
media at 37 ° containing oxidizable substrates, ATP and the dye Calcium
Green 5N for fluorescent monitoring of the medium [Ca2+]. Following
different additions of CaCl2, the suspension was centrifuged and the
distribution of Cyt C between the mitochondria and the medium was
determined using Western immunoblots. Maximum mitochondrial Ca2+
uptake for three brain areas was significantly lower (p<0.05, n=4) following
10 min CA compared to non-ischemic controls (Cortex: 1.29 ± 0.28 s.e. Vs
2.37 ± 0.19 viniol/mg prot.; Striatum: 1.43 ± 0.10 Vs 2.45 ± 0.22;
Hippocampus: 1.02 ± 0.10 Vs 2.12 ± 0.33.) No differences in Ca2+ uptake
were observed for normal controls Vs animals reperfused for 30 min or 24
hr. Cyt C was released from brain mitochondria in a Ca2+-dose-dependent
manner and was most pronounced following 10 min CA. These reversible
effects of ischemia on brain mitochondria may limit the rate of
normalization of intracellular Ca2+ and potentiate the induction of apoptosis
during the early period of reperfusion when re-energized mitochondria are
exposed to abnormally high intracellular Ca2+. (Supported by NS34152)
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DANTROLENE IMPROVES EEG RECOVERY AND INHIBITS HIPPOCAMPAL
CA1 NEURONAL DEATH AFTER CEREBRAL ISCHEMIA. H. Wei*. M. Chen*.
R. Etcheberrigarav and S.L. Cohan*. Lab. of Applied Neuroscience, Institute for
Cognitive and Computational Science & + Dept, of Neurology, Georgetown
University Medical Center, Washington DC 20007.
This study investigated therapeutic time window for neuroprotection of dantrolene
and its effect on EEG recovery and motor activity after cerebral ischemia. Cerebral
ischemia was induced in Mongolian gerbils by 5 min bilateral carotid artery
occlusion, which was verified by obtaining isoelectric EEG. Head and rectal
temperature were maintained at 37±0.2 °C and 36±0.2 °C respectively during and 2
hrs after cerebral ischemia. Animals were treated with either dantrolene (10mg/kg) or
vehicle (DMSO) at 0, 30, 60 or 120 min postischemia, intravenously. Motor activity
was observed by examining paper shed score of gerbils for four days after cerebral
ischemia. Four days later, normal hippocampal CA1 pyramidal neurons were
counted. No statistically significant difference was detected for paper shed score
among all experimental groups. The EEG recovery time in gerbils treated with
dantrolene at 0 min after cerebral ischemia was significantly shorter than those treated
with DMSO (13.8 min vs 20.6 min, P<0.01). The number of normal hippocampal
CA1 neurons in gerbils treated with DMSO at 0, 30 and 60 min after cerebral
ischemia was 34%, 44% and 40% of sham control. In contrast, dantrolene treatment
significantly increased normal CA1 neurons to 66 %, 73% and 70% of sham control
respectively (PcO.OOl for all). The hippocampal CA1 neurons in gerbils treated with
dantrolene at 120 min after cerebral ischemia was not significantly different from
corresponding vehicle control (52% vs 57%, P>0.05). These results demonstrate that
dantrolene has neuroprotective effects in the gerbils if used within 1 hour after
cerebral ischemia insults. Supported by DOD grant and GUMC research funds.

213.14
ATTENUATION OF EVOKED SYNAPTIC RESPONSES IN THE IN VIVO RAT
DENTATE GYRUS BY A CELL-PERMEANT CALCIUM BUFFER.
A. Obenaus1,2'3’* A Mazarati2 C. G. Wasterlain2 and I. Soigelman3. ‘University of
Saskatchewan, Dept, of Medical Imaging, Saskatoon, SK, S7N-0W8; 2Epilepsy
Research Laboratory, VA Medical Center, Sepulveda, USA, 91343; and %CLA
School of Dentistry & Brain Research Institute, Los Angeles, CA, 90095.
Synthetic cell-permeant Ca2+ buffers are commonly used to study various Ca2+dependent cellular events. Ca2+ buffers have also been used as neuroprotectants
against ischemic damage. Recently we suggested that the neuroprotective properties
of cell-permeant Ca2+ buffers, may in part, stem from their ability to interfere with
transmitter release. Thus, Ca2+ buffers with fast Ca2+-binding kinetics such as 2aminophenol-N,N,0-triacetic acid acetoxymethyl ester (APTRA-AM) markedly
attenuated evoked synaptic responses in vitro (Spigelman et.al., Neuroscience 75:
559-572, 1996). The present study was undertaken to determine the effects of
APTRA-AM on evoked potentials in vivo. Field potentials and population spike
discharges of dentate granule cells in response to perforant path stimulation were
recorded using chronic electrode implants in awake rats. APTRA-AM (20 mg/kg)
infusion via the tail vein produced a reversible decrease in the evoked responses. This
effect developed slowly, with maximal decrease occurring at ~6 hrs after APTRA-AM
infusion and a return to control levels by 24 hrs. At peak APTRA effect, the
population spike amplitude obtained at 1/2 maximal stimulation was decreased by 70
± 30 % from control, and the field potential slope was decreased by 31 ± 12 % (n=3).
APTRA-AM infusion also increased the stimulus threshold for population spike
discharge. Such changes where not seen after DMSO/saline vehicle infiision (n=3).
These results provide the first direct evidence that intravenous application of a cellpermeant Ca2+ buffer decreases hippocampal excitatory synaptic responses in vivo.
[Supported by an NSF grant 9531251 to I. S. and NIH grant NS 13515 to C. G. W.]

213.15
FRUCTOSE-1,6-BIPHOSPHATE-MEDIATED MECHANISMS OF
PROTECTION FROM HYPOXIA-ISCHEMIA IN THE NEONATAL
BRAIN. Z.S. Vexler*. R.A. Sheldon. M. Berrios, D. Ferriero, A. Sola and
G. Gregory. Department of Neurology and Anesthesia, University of
California at San Francisco, San Francisco, CA 94143.
Fructose-1,6-biphosphate (FBP) has been shown to protect the CNS of
neonatal rats after cerebral ischemia (Sola, et.al., Brain Res., 741, 1996,
294-299). We hypothesize that protection can be afforded by several
mechanisms including chelating extracellular Ca^+ and as such by
reducing calcium influx into cells and Ca^+j. In normoxic P7 rats, calcium
and phosphate were measured in serum one hour after i.p. injection of
saline or FBP (500, 2000 or 4000mg/kg). Using an enzymatic
spectrophotometric NADH-conjugated assay, I%P was measured in blood
and brain of similarly treated animals (n>6, from at least 3 litters). A dosedependent decrease in serum calcium, 8.46±0.15, 6.12±0.19 and
3.86±0.29 mg/dL was detected following 500, 2000 or 4000mg/kg FBP
respectively (serum calcium was 9.41 ±0.09 mg/dL in saline-treated
animals). Parallel increases in serum phosphate concentration, 15.12±0.36,
28.8±1.96 and 42.75±11.5 mg/dL as compared to control 10.70±0.24
mg/dL. Toxic effects of this compound were not noticed even at
4000mg/kg FBP, a dose associated with a profound imbalance of calcium
and phosphate in blood. After injecting 500mg/kg, a dose shown by us to
be protective against hypoxia-ischemia in P7 rats, FBP concentrations in
whole blood and brain of normoxic animals were higher than those in
saline-injected controls. Taken together a shift in calcium-phosphate
equilibrium seen in blood, after using a protective dose of FBP, coupled to
an increased FBP brain concentration suggests complex effects on calcium
metabolism both systemically and in the brain. Mechanisms of these
effects in regard to protection of neonatal brain against hypoxic-ischemic
injury are yet to be determined.

213.16
SYNERGISM BETWEEN DILTIAZEM AND MK-801 NEUROPROTECTIVE
EFFECTS IN A MODEL OF GLOBAL CEREBRAL ISCHEMIA
M.M. Li1,2. B.M. Rigor1* and A. Schurr1. Depts. of Anesthesiol.1 and Pharmacol. &
Toxicol.2, University of Louisville, School of Medicine, Louisville, KY 40292
In vitro studies have shown that MK-801, a noncompetitive antagonist of the
NMDA receptor, also blocks voltage-dependent calcium channels (I. Neurosurg.
Anesth., 5:306, 1993; Neurochem. Int., 26:519, 1995) and acts synergistically with
the L-type calcium channel blocker diltiazem (DILT) in protecting hippocampal slices
against hypoxic damage (Brain Res., 684:233, 1995). This study tested the possibility
for such synergism in vivo.
A cardiac arrest-induced global ischemia model was used in 24-h fasted, adult
Long-Evans male rats (Epilepsy Res., 23:195, 1996). Cardiac arrest was produced by
chest compression for 7 min under ketamine anesthesia. Glucose (2 g/kg, i.p.) was
administered 15 min before chest compression. Cardiopulmonary resuscitation (CPR)
was initiated with epinephrine (2 /ig/kg into the left ventricle of the heart). Blood
pressure and EKG were monitored continuously. Skull temperature was controlled
(35±0.4°C) during and 3-4 h post-chest compression. DILT (3 mg/kg), MK-801 (0.1
mg/kg), the two drugs together, or their vehicle (H20), wei;e injected i.p. when, upon
CPR, blood pressure reached 90 mm Hg (1-3 min post-compression). Hippocampal
neuronal damage 7 days post-ischemia was assessed (a) histologically, by counting
normal pyramidal neurons in a region equal to 84 ¡xm long in the central portion of the
CA1 cell body layer, and (b) electophysiologically, by counting hippocampal slices in
which normal ( ^ 10 mV) evoked population spike (PS) was present. In a previous
study, a dose-response curve was established for the protective effect of each drug.
At the doses used, as expected, each drug alone had a minimal neuroprotective
effect against ischemic damage. However, when administered together, the protective
effect significantly exceeded the calculated additive effect as assessed both
histologically and electrophysiologically. Moreover, both assessment methods were
highly correlated (r=0.99). These results establish the existence of synergism between
DILT and MK-801 in protecting hippocampal tissue against ischemic damage, and
confirm our previously reported in vitro results.

This work was supported by NIH P01NS35902.

213.17
INTRACELLULAR Ca2+ AND ISCHEMIC CELL DEATH IN
NEONATAL WHITE MATTER GLIAL CELLS IN SITU.
R. Fern* Department o f Neurology, University o f Washington,
Seattle. WA 98195.
Neonatal white matter glial cells show pathological changes
associated with the birth disorder known as periventricular
leucomalacia (PL). PL is the most common lesion associated with
cerebral palsy and is thought to be ischemic in origin. Ischemic
injury of neonatal white matter glial cells was studied in situ using
FURA-2 AM loaded cells in P0-P2 rat optic nerve (RON). RONs
were incubated in 7 jiM FURA-2 AM for 80 min prior to
visualization with an inverted microscope. Images were taken at 520
nm during illumination at 340, 360 and 380 nm every 5 min. RONs
were exposed to 80 min of combined 0 2 + glucose withdrawal at 37
°C. The ischemic insult resulted in rises in the 340/380 ratio
indicating increased [Ca2+]f. In 61% of cells (137 of 225, 8 nerves)
the 360 nm signal (isosbestic point) underwent an irreversible fall to
background levels, indicating loss of cell membrane integrity and
dispersion of dye (cell death). This event was most common in the
first 40 min of ischemia and was always preceded by increased
[Ca2+]j. Cells that survived ischemia frequently showed auto
regulation of [Ca2+]i5 with [Ca2+]j rising to a peaik followed by a
reduction during the ongoing insult. Perfusion with L-type Ca2+
channel blockers reduced the incidence of cell death to 29% (33 of
111, 3 nerves). Perfusion with the broad spectrum ionotropic
glutamate receptor antagonist kynurenic acid reduced the incidence
of cell death to 40% (55 of 135, 2 nerves). Both Ca2+ channels and
glutamate receptors are therefore involved in ischemic injury of
these cells. Supported by NIH (NS 15589).
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This research was funded by the Department o f Anesthesiology, University of Louisville.

213.18

Voltage-gated Ca2+ channel contribution to anoxic injury of spinal cord
white matter. T. Imaizumi, JD. Kocsis* and SG. Waxman. Dept, of
Neurology, Yale Univ., Sch. of Med., Neuroscience Res. Ctr.,VAMC,
West Haven, CT 06516
To examine the contribution of Ca2+channels in anoxic injury of spinal
cord axons, we studied axonal conduction in rat dorsal columns
following a 60 min. period of anoxia at 36C°. Glass microelectrodes
were used to record field potential from the dorsal columns following
distal local stimulation. Perfusion solutions containing drugs were
started 60 min before anoxia and continued until 10 min after
reoxygenation. Anoxia was induced by changing the perfusion solution
of an interface chamber from a 95% 02/5% CO2 to 95% N2/5% CO2
mixture. 120 min after the anoxic period, CAP amplitude was expressed
as a % recovery of pre-anoxic CAP amplitude. 90 pM verapamil (L type
Ca2+ channel antagonist (L) 72.5±12.1 %, p<005), 50 pM diltiazem (L,T;
66.1 ±13.6 % pcO.OD, 2.5 pM nifedepine (L; 64.9±15.4, p< 0.01), Co2+
(Non-specific; 56.6±14.7 %, p<0.05) were significantly protective
againstanoxia-induced conduction block (32.3±6.9%). 1 pM o-conotoxin
GVIA (N; 54.3±10.9%, p<0.005) and 1 pM w-conotoxin MVIIC (N,P,Q
52.4±8.1 %, p<0.03) produced similar degree of recovery. 10 pM (R>T;
50.8±10.7, p<0.004), 50 pM (54.7±10.4, p<0.004) and 200 pM Ni2+
(61.5±4.7%, p<0.00003) significantly improved the CAP recovery. These
data suggest that the influx of Ca2+ , through L, N and R, but not P and
Q, and possibly not T type voltage-gated Ca2+ channels, participate in
the pathophysiology of irreversible injury in the dorsal columns after
anoxia.
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213.19
NOVEL SMALL MOLECULE NEURONAL CALCIUM CHANNEL
BLOCKERS WITH NEUROPROTECTIVE PROPERTIES. A. M. Danks*.
F. Ogoshi. R. A. Wallis. K. Panizzon. C. Wasterlain and P. J. Marangos.
Cypros Pharmaceutical Corporation, Carlsbad, CA 92008.
Excess neurotransmitter release (especially the excitatory amino acids,
EAA) is a documented cause of neuronal injury. This excess EAA release
results in an excitotoxic cascade that leads to neurodegeneration. Specific
presynaptic neuronal calcium channels of the N- and P/Q-type are believed to
regulate neurotransmitter release, therefore development of specific blockers
of these channels could prove useful in a variety of therapeutic scenarios
ranging from reduction of excitotoxic injury in stroke and head injury to
analgesia and seizure disorders. Although large peptides with potency at
either the N- or P/Q-type channel are under development, it may be preferable
to develop small molecule, non-peptide drugs with broad spectrum potency at
both the N- and P/Q-type channels. Compounds from three different classes
of molecules -- aminoglycosides, straight chain polyamines and branched
polyamines - have been created and designed to have broad spectrum potency
at N- and P/Q-type calcium channels while having no reactivity at L-type
calcium channels. Selected agents from each group have been demonstrated
to have neuroprotective properties in a hippocampal slice model of hypoxia at
micromolar concentrations as judged by their ability to cause recovery of CA1
population spikes. Some agents have also been evaluated in in vivo cerebral
ischemia models and have shown neuroprotective efficacy as judged by a
reduction in neuronal damage following ischemia.
This work was funded by NIH grant #s: 1R43NS29908 and R44NS2990802A1 and Cypros Pharmaceutical Corporation.
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IDENTIFICATION OF SECOND-SITE SUPPRESSORS OF THE
BA NG SENSITIVE PARALYTIC DROSOPHILA M U TA N T , BSS
(BA N G -SE N SE L ESS). D. A. Schultz. S. T su n o d a . Y. Sun. C.
Z u k er* . D epartm ent o f B iology, U n iv e r sity o f C alifornia, San
D iego, San D iego, CA 92093-0649.
Drosophila melanogaster is a m o d el sy stem for the identification
of gen es in v o lv ed in electrical excitability. O ne class o f electrical
excitability m utants is the bang or tem perature sen sitive paralytic
m utants. W e ha v e perform ed experim ents to id en tify the gene
defective in the dom inant ban g-sen sitive paralytic m u tant bangsen seless, bss. R ecom bination m a p p in g has b een u sed to refine
the genom ic region w here the defective g en e is located. To isolate
both intragenic and extragenic su p p resso rs o f the original b ss
m utation, 94,000 X-ray m u tagen ized bss flies w ere screened for a
loss of paralytic behavior . Six ou t of sev en teen suppressor lines
isolated h a v e been ch osen for m ore th o ro u g h characterization,
in c lu d in g c h ro m o so m a l and reco m b in a tio n m a p p in g o f th e
suppressor m utations. C ytological exam ination o f the p o ly ten e
chrom osom e, southern blot analysis, PCR based techniq ues and
seq u e n c in g h a v e con firm ed th e p r e sen ce o f a ch ro m o so m a l
a b e r ra tio n in th re e o f th e is o la te d s u p p r e s s o r lin e s .
C h a ra cteriza tio n o f th e D N A in c lo se p r o x im ity to th e
ch rom osom al aberration is b e in g p erfo rm ed to id e n tify o p en
reading frames that m ay be defective in the bss m utant.
This w ork w a s supported b y H H M I and a N .I.H . postdoctoral
fellow ship to DAS.

214 .3
DIFFERENTIAL EFFECTS OF NEUROTROPHIC FACTORS ON
MOTONEURON RETROGRADE LABELLING IN A MURINE
MODEL OF MOTONEURON DISEASE. Y. Sagot. Th. Rossé. R. Vejsada.
D. Perrelet and A.C. Kato* Dept of Pharmacology and Div. of Clinical
Neuromuscular Research, Geneva University, Switzerland.
The progressive motor neuronopathy (pmn) mouse, a spontaneous
mutation, provides a valuable tool for studying the mechanisms of motoneuron
degeneration. To further characterize the pmn disease, we examined the time course
of spinal motoneuron cell death during the disease progression and their ability to
retrogradely transport soluble tracer molecules from the muscle. The number of
spinal motoneurons decreased with age, attaining a 36% loss at the terminal stage of
the disease. Using Fast blue, a retrogradely-transported fluorescent dye injected into
the gastrocnemius muscle, we found that the rate of back-filling of motoneurons was
significantly reduced in pmn, suggesting an impairment of uptake or/and retrograde
transport mechanisms. However, co-injection of Fast blue along with ciliary
neurotrophic factor (CNTF), brain-derived neurotrophic factor (BDNF) or
neurotrophin 3 (NT-3), significantly increased the rate of motoneuron labelling in
the pmn mice. This was not observed using glial-derived neurotrophic factor (GDNF)
or rerve growth factor (NGF). In control animals, none of these factors affected the
rat. of motonei ron labelling. These differential effects of the tested factors, agree
wiili our previous results showing that CNTF could support both cell body and
axonal maintenance leading to an increase in pmn life-span, whereas the action of
GDNF was restricted to the motoneuron cell body. In view of the present data, we
S! ygest that improvement of motoneuron axonal transport/uptake properties may be
tl o primary target of beneficial effects of CNTF in the pmn mouse. Because axonal
a normalities are considered to be a key component of human motoneuron diseases
ii ALS, our results may have clinical relevance for the use of neurotrophic factors.
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214.2
DEVELOPMENT OF YEAST ARTIFICIAL CHROMOSOME
CONSTRUCTS CONTAINING SPECIFIC MUTATIONS IN THE
MYELIN PROTEIN ZERO GENE. E. Nelis. J. Del-Favero. T. Liehr1. L.E.
Warpsif, iL Raytengtraussl, J,R. Lupgkj2ap.d Q- Yfl.P BroggfchQven*. Neurogenetics
Laboratory, Flanders Interuniversity Institute for Biotechnology (VIB), Bom-Bunge
Foundation (BBS), University of Antwerp (UIA), B-2610 Antwerpen, Belgium;
‘Institute for Human Genetics, Erlangen, Germany; Baylor College of Medicine,
Houston, Texas.
Myelin protein zero (MPZ) is the major protein located in the Schwann cells of
the peripheral nervous system. MPZ is an integral membrane protein that functions
as a structural element in the compaction of myelin. Mutations in the MPZ gene are
associated with the peripheral neuropathies Charcot-Marie-Tooth disease type IB
(CMT1B), Dejerine-Sottas syndrome (DSS) and congenital hypomyelination (CH).
Functional analysis of these mutations has to be carried out in cell cultures and
animal models.
We are developing yeast artificial chromosome (YAC) constructs containing the
genomic sequence of MPZ with mutations in the extracellular, intracellular and
transmembrane domains. A YAC containing MPZ was fragmented and analyzed for
the presence of the complete coding sequence and the promoter region of MPZ.
Specific mutations will be introduced into the minimal YAC by a two-step allele
replacement method using the yeast translational suppressor, SUP4-o, and a PCRbased screening protocol [Tucker and Burke, NAR (1996) 24: 3467-3468]. These
constructs will be used for the production of YAC transgenic mice. In vitro analysis
will help in understanding the genotype-phenotype correlation of different MPZ
mutations.
E.N. is a research assistant of the Pund for Scientific Research-Flanders (Belgium)
(F.W.O.)

214.4
DIFFERENTIAL EFFECTS OF EXPRESSION OF SENSE AND ANTISENSE
SMN CONSTRUCTS IN A MOTOR NEURON CELL LINE. D.N.
Hammond'11. E.F. Salazar-Grueso, V. Funanage, A. Love. M. McKinney, and
D.A. Personett. Nemours Children’s Clinic, Jacksonville, FL 32207
Mutations in the survival motor neuron factor (SMN) gene are associated
with spinal muscular atrophy. Little is known, however, of the function of
SMN. In order to investigate the cell biological effects of SMN, we evaluated
the effects of sense and antisense SMN expression in a motor neuron cell line
generated from embryonic mouse (NeuroReport 2:505-8, 1991). SMN cDNA
constructs (sense or antisense) were subcloned into a mammalian expression
vector allowing constitutive expression. After transfection of the motor neuron
cell line with sense, antisense, or vector-only constructs, stable integrants were
isolated. RT-PCR analysis of SMN gene expression, employing human-specific
primers, showed expression in sense cell lines, antisense cell lines, and normal
human spinal cord, but not in vector-only cell lines. Cell lines were then
compared with regard to morphology, growth rate, neurite outgrowth, and GAP43 expression. Cells expressing sense construct or vector-only grow as a
monlayer, while cells expressing antisense construct tend to clump. The growth
rate for antisense cells is significantly lower than either sense or vector-only
cells (p< 0.005 after 7 days in culture). Neurite formation is qualitatively
different, with prolific neurites seen in sense cells and few if any in antisense
cells. GAP-43 mRNA levels correlates with neurite formation: sense cell
expression is significantly greater than either antisense or vector-alone cells
(p<0.001). Taken together, these data suggest that SMN may play a role in cell
growth and neurite formation. (We thank Judith Melki for SMN clone
BCD541, and R. Frisch for expert technical assistance. Supported by Nemours
Research Programs, Nemours Foundation.)
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214.5
STUDIES OF SURVIVAL MOTOR NEURON (SMN) PROTEIN
EXPRESSION IN CULTURED NEURAL CELLS AND THE
MAMMALIAN CENTRAL NERVOUS SYSTEM.
J.W. Francis*, A.W. Sandrock. P. Bhide, J.P. Vonsattel. and R.H. Brown.
Jr. Departments of Keurology and Pathology, Massachusetts General
Hospital and Harvard Medical School, Charlestown, MA 02129.
The SMN gene is abnormal in «98% of spinal muscular atrophy
patients, although nothing is known about the SMN protein within the
nervous system. To better understand the role of SMN protein in the
neuronal cells and tissues involved in SMA, we raised polyclonal
antibodies against a synthetic peptide from SMN exon 2 (abSMN-2).
Immunoblots performed using affinity-purified abSMN-2 revealed a 34
kd species present in the insoluble protein fractions from human SY5Y
neuroblastoma cells, embryonic mouse spinal cord cultures, and human
central nervous system (CNS) tissue. AbSMN-2 immunostaining of
neuroblastoma cells and selected regions of mouse and human CNS
showed intense labeling of small round nuclear dots, or gems, along with
robust nucleolar immuno-reactivity seen in mouse and human CNS
tissues. Strong cytoplasmic labeling was also seen in the perikarya and
proximal dendrites of large neurons throughout the human CNS,
including cerebrocortical pyramidal cells, cerebellar Purkinje cells, and
anterior horn cells in the lumbar spinal cord. Within human spinal motor
neurons, the subcellular pattern of staining in the cytoplasm often
appeared to be similar to Nissl substance. We did not observe any
abSMN-2 immunoreaction product within axons present in human or
mouse CNS. The preponderance of evidence brought forth from these
studies suggests that the SMN protein may have a role in ribosomal
metabolism. This work was supported by the American Paralysis
Association and a National Research Service Award from the National
Institutes of Health.

214.6
THE SURVIVAL MOTOR NEURON (SMN) PROTEIN IN THE RAT
DEVELOPMENTAL EXPRESSION AND IMMUNOLOCALIZATION. V. La Bella.
P. Salaiin. C. Cistemi. B. Pettmann* INSERM U.382-IBDM, Campus de Luminy,
13288 Marseille, France.
Spinal Muscular Atrophy (SMA) is an autosomal recessive disease characterized by a
selective degeneration of lower motoneurons. A partial deletion of the telomeric copy of
the smn gene, mapping on chromosome 5ql3, has been shown in the large majority of
the patients (Lefebvre et al., 1995). Although the specific function of the SMN protein
is still unknown, a recent study showed that this protein can bind to itself as well as to
other proteins, and is able to form small nuclear bodies (0.1-1 (j.) , termed GEMS, in
several cell lines (Liu and Dreyfuss, 1996). In order to study the expression and the
cellular localization of SMN protein, we identified and partially sequenced the rat smn
cDNA. A peptide from the N-terminus of the protein was synthetized, and polyclonal
antibodies were raised in rabbits. Purified antibodies recognized in immunoblots both
the human and the rat protein, with an apparent molecular weight of 31 kDa. During
development, the protein showed a strong expression in the CNS from the embryonic
(E 14) through the early postnatal life (P 15) ; after, it underwent a progressive
downregulation, becoming almost undetectable in the adult. In cultured motoneurons,
the cells specifically affected in SMA, immunocytochemical experiments revealed the
presence of one or two nuclear GEMS-like bodies (0.8-1.2 (i). A specific staining was
also present in the cytoplasm as well as in the dendrites and in the axon, leading to the
hypothesis that outside the nucleus SMN might be a cytoskeleton-associated protein.
Immunoblot experiments on motoneuron extracts revealed the presence, in addition to
the 31 kDa band, of a band of 52 kDa. This band seems to be motoneuron-specific since
it has never been detected in other cell extracts or tissues. Our data, showing a
developmental regulation of SMN in CNS as well as in other tissues, clearly indicate
the prominent role of this protein during ontogenesis. Moreover, the evidence of a
specific form of SMN in motoneurons along with its subcellular distribution could
contribute to elucidate the role of this protein in the pathogenesis of SMA.

214.7
THE SMN GENE EXPRESSION IN THE RAT SPINAL CORD IS
DEVELOPMENTALLY REGULATED. C. Lizier. A. Princivalle. M. Zeviani. and
G. Battaglia*. Neurological Institute "C. Besta", Milano, Italy.
The Survival Motor Neuron (SMN) gene is the putative disease gene for human
spinal muscular atrophy (SMA), an autosomal recessive disorder characterized by
progressive degeneration of lower motor neurons. The SMN gene encodes a novel
protein of unknown function. The SMN protein is mainly localized in the cytoplasm
of specific neuronal systems, and particularly in the spinal motor neurons (Princivalle
et al., 1996). Since the SMN gene could play a relevant role in the function and
survival of developing motor neurons, we investigated the cellular expression of the
SMN gene product in the rat spinal cord at different postnatal ages. Sprague-Dawley
rats were perfused at postnatal day 1 (PI), P7, PI5, and in adulthood. Spinal cord
segments were cut with a vibratome or a cryostat, and coronal sections processed for
immunocytochemistry with polyclonal antibodies directed against the SMN aminoterminus. These antisera specifically recognized a 32-35 kDa protein identical to the
in vitro translation products of human and rat SMN cDNAs. The overall spinal
expression of the SMN protein was higher in developing than in adult rats. Moreover,
the SMN protein was selectively and highly expressed at PI in thoracic and cervical
motor neurons, and in the pre-ganglionic neurons of the thoracic intermediolateral
nucleus. At P7, in addition to the motor neuron system, the SMN protein was also
expressed by neurons in ventral and intermediate laminae and the lateral spinal
nucleus. At PI5, the distribution was similar, but the expression was less intense.
Thus, the SMN expression in the spinal cord is developmentally regulated, and
particularly abundant in early phases of motor neuron development. These data
support the relevance of the SMN gene for the motor neuron function, and its
pathogenetic role in the early neuronal degeneration associated with SMA.
Supported by Telethon grant n- 790 to GB.

214.8
IMMUNOGLOBULIN-INDUCED DEMYELINATION IN THE
GUILLAIN-BARRE SYNDROME. C Lobato*. J Spies. TW Ho. JW
Griffin. Dept, o f Neurology, Johns Hopkins University School o f
Medicine, Baltimore, MD 21287
There has been a longstanding suspicion that antibody contributes to
demyelination in the human paralytic neuropathy known as GuillainBarre syndrome (GBS). Some previous studies have supported a passive
transfer by antibody to experimental animals, but the systems previously
used have not allowed testing o f the roles that complement, calcium, and
other factors play in myelin injury. We identified a serum from a patient
with acute inflammatory demyelinating polyneuropathy (AIDP) whose
immunoglobulin fraction produced demyelination when injected directly
into rat sciatic nerve. To examine the effects o f this sera in vitro, we
established a system o f organ cultures o f mature mouse and rat sciatic
nerve. We compared the demyelination produced by immunoglobulin
transfer in vivo with that in vitro. Our results show that demyelination
occurred both in vivo and in vitro, and that in both settings the initial
myelin injury was vesicular breakdown. Demyelination increased with
added complement. Circulating macrophages were not required for the
initiation o f vesicular demyelination^ These results indicate that serum
factors in GBS are sufficient to induce demyelination in vivo and in vitro.
[Support: NIH NS34846]

214.9
SENSING LIMB DISPLACEMENT TO QUANTIFY LIMB STIFFNESS S.K.
Patrick*. A. Denington, M.J.A. Gauthier. A. Prochazka Division of Neuroscience,
University of Alberta, Edmonton, Alberta, Canada T6G 2S2
We are currently developing a device to quantify limb stiffness in people with
motor disorders. Use of this device is based on the clinical examination, during
which the clinician manipulates a patient's limb and rates the resultant stiffness. Our
aim is to monitor limb displacement and force applied by the clinician and to use
these values to calculate the stiffness. An appropriate sensor for limb movement must
be accurate, easy to employ, sensitive to rotation at only one joint, and must not
interfere with the normal examination process. The performance of four sensors was
evaluated during passive flexion and extension of the elbow: gyroscope, length
gauge, strain gauge, and gravitational tilt sensor comprised of an orthogonal pair of
accelerometers. Accuracy of angular displacement measures was assessed against a
standard Penny+Giles goniometer and an electromagnetic three-dimensional
movement analysis system (Skill Technologies). The tilt sensor and gyroscope
performed the best overall, although the accuracy of the tilt sensor depended upon
the frequency of movement. A modified prosthetic arm was used as a model with
which to validate stiffness calculations of the device. Stiffness values obtained using
the length gauge, tilt sensor, or gyroscope showed excellent correlations (r>0.99)
with actual stiffness levels. The strain gauge was not evaluated under these
circumstances. Good correlation was also seen between calculated stiffness values
and clinical ratings of Parkinsonian rigidity when using the strain or length gauges
(r=0.844, Prochazka et al., 1997) or tilt sensor (r=0.866), despite lower absolute
values in the latter case. Although formal clinical testing of the gyroscope is pending,
preliminary measures of finger stiffness in a subject with hemiparesis look
promising. We conclude that the gyroscope is the sensor of choice for use with the
limb stiffness quantification device.
Supported by: Alberta Paraplegic Foundation, AHFMR, Canadian MRC.

214.10
IMPAIRED OXIDATIVE PHOSPHORYLATION (Ox-Phos) AND Ca2+-OVER
LOADING IN SKELETAL MUSCLE MITOCHONDRIA OF CHF-146 DYS
TROPHIC HAMSTERS (DH). S.K. Bhattacharva* and P.L. Tohnson. Depts.
of Surgery and Anatomy & Neurobiology, Univ. of Tenn, Memphis, TN 38163.
Membrane-mediated excessive intracellular calcium accumulation (E1CA)
and diminished cellular energy production are the hallmarks of dystrophic
pathobiology in DMD and BMD. We reported reversal of respiratory damage
and Ca2+-overloading in the cardiac mitochondria from DH (/. Neurol. Sei.,
120:180-86, 1993). Here we studied respiratory dysfunctions in the skeletal
muscle mitochondria from young and old DH, and whether these abnormali
ties can be reversed by reducing [Ca2+j]. Age-/sex-matched CHF-148 albino
normal hamsters (NH) served as controls. Mitochondria from DH, isolated
without EDTA (B0-medium), revealed poor Ox-Phos, diminished stimulated
oxygen consumption rate, and lower respiratory control ratio and ADP/O
ratios. Incorporation of 10 mM EDTA (B£-medium) in the isolation medium
restored mitochondrial functions of the dystrophic organelles to a near normal
level with reduced Ca2+-overloading. Mitochondrial [Ca] in DH was higher
than NH, irrespective of the medium. However, compared to B0-medium, the
dystrophic organelles isolated in B£-medium had lower [Cal and markedly
improved Ox-Phos as seen in NH. Muscle [Ca] in the DH were higher than
the NH, showing a positive correlation with the increased mitochondrial
[Ca2+1. Dystrophic muscle also revealed Ca2+ deposition with an abundance of
Ca2+-positive and necrotic myofibers, and intraimitochondrial Ca 2+-overload
ing by light- and electron-microscopy, respectively. These data parallel our
observations in the heart, and suggest that functional impairments and Ca2+overloading occur in the skeletal muscle mitochondria of DH and are also
reversible, if EICA is regulated by slow Ca2+-channel blocker therapy (/.
Neurol Sei., 115:76-90, 1993) (Supported by N1H Grant #R01-AR-38540).
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214.11
GENOMIC STRUCTURE OF ANION EXCHANGER 3 AND ITS
MUTATIONAL ANALYSIS AS A CANDIDATE GENE FOR
FAMILIAL EPISODIC MOVEMENT DISORDER. J. Zhang*12. P.J.
A rn e s o n \ P .P . E inum 2,3 and L.J. P ta ce k 123 'P ro g ra m in N euroscience; 2D epts. of
N eurology and ’H um an G enetics, U niversity o f U tah, S alt L ake C ity, U T 84112
A nion exchanger isoform 3 (A E 3) is a w idely distributed m em brane protein found
predom inantly in excitable cells (neurons and m yocytes). It is responsible for the
electroneutral exchange o f chloride and bicarbonate ions. A E3 is im portant for the
regulation o f in tracellular pH , chloride concentration, and cell volum e. G enetic
linkage studies 'an d a p lausible physiologic ratio n a le suggest that A E3 is an
excellent candidate gene for Fam ilial P aroxysm al P y s k in e s ia (F P P ), a hereditary
disorder w ith episodic involuntary m ovem ents. U sing know n A E3 cD N A sequence,
we designed prim ers to sequence an A E3 genom ic clone and identified intron/exon
boundaries for exons 4-23. T o fully characterize the rem ainder o f A E3 (5 ’ o f exon
4), we screened a hum an genom ic P A C library, obtained and sequenced a subclone
containing the 5 ’ end o f A E 3, and identified putative regfilatory elem ents in the 5 ’U TR. B ased on the genom ic structure o f A E 3, single-stranded-conform ationalpolym orphism (S S C P ) w as conducted system atically on all A E3 exons in a set o f 11
d yskinesia probands. T hus far, no disease-causing m utation has been identified.
H ow ever several polym orphism s are seen in this gene and m ay prove useful for
further genetic studies. Identification o f additional polym orphism w ithin the AE3
gene can be used for higher resolution genetic m apping. C haracterization of
genom ic structure will allow easier m utational analysis o f A E3 in other diseases
m apped to this region.
This study is supported by N IH N S 3 2 7 1 1, the C u lp e p er foundation (L JP ), and the
U niversity o f U tah P residential G raduate R esearch F ellow ship (JZ).
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214.12
REPAIR OF MYOTONIC DYSTROPHY PROTEIN KINASE (DMPK) mRNA BY
A GROUP IINTRON RIBOZYME.
Leonidas A Phylactou ♦, Charlotte Darrah and Matthew JA Wood. Department o f
Human Anatomy, Oxford University, Oxford 0X1 3QX, UK.
The Tetrahymena group I intron is an RNA molecule of approximately 400 bases

which catalyses its own intron splicing. Here we exploit group I intron’s splicing
abilities for RNA trans-splicing. Our aim is to use group I intron RNA enzyme
(ribozyme) to repair the defect in myotonic dystrophy protein kinase (DMPK)
mRNA which is a CTG trinucleotide repeat expansion (TRE) situated at its 3’ end.
A group I intron ribozyme (DMPK RZ) has been designed to cleave DMPK RNA,
upstream of the TRE area. This would be followed by a second cleavage in the
ribozyme strand. The friee wild type DMPK RNA sequence, previously contained in
the ribozyme strand would then be joined to the cleaved substrate.
DMPK RZ and the DMPK RNA target have been constructed by a series of cloning
experiments and were synthesised off T7 promoter. In the first series of
experiments labelled DMPK RNA substrate and DMPK RZ have been incubated in
the presence of GTP and magnesium ions at pH 7 for 2 hours at 37°C. Denaturing
gel electrophoresis has shown trans-splicing of radiolabelled DMPK RNA substrate
in the presence of DMPK group I intron ribozyme. No trans-splicing products have
been observed in the absence of GTP and magnesium ions. Trans-splicing of
DMPK RNA has also been demonstrated by RT/PCR and dideoxy sequencing
confirmed the sequence of the product. Further experiments will determine the
efficacy of the above ribozyme on longer targets and in cell culture.
The above results suggest that group I intron ribozymes are capable of
manipulating RNA. This could be useful for studying RNA function and gene
expression and may have therapeutic implications for certain neurological diseases,
(supported by Muscular Dystrophy Group UK)

214.13
LAMBERT-EATON
SYNDROME
ANTIBODIES
INHIBIT
ACETYLCHOLINE RELEASE AND Q-AGATOXIN IVA-SENSITIVE
CALCIUM CHANNELS IN CHOLINERGIC NERVE TERMINALS. Y
Kirino*1. Y. Satoh1. N. Hirashima1. H. Tokumaru1. M. P. Takahashi2. J.
Kang2. M. P. Viglione3. Y. I. Kim3 ’Laboratory of Neurobiophysics, School
of Pharmaceutical Sciences, The University of Tokyo, Bunkyo-ku, Tokyo
113, Japan; department of Neurology, Toneyama National Hospital,
Toneyama, Osaka 560, Japan departments of Biomedical Engineering and
Neurology, University of Virginia School of Medicine, Charlottesville, VA
22908, USA
The effects of Immunoglobulin G (IgG) from Lambert-Eaton Syndrome
(LES) patients on the acetylcholine (ACh) release induced by high K+
stimulation from the cholinergic nerve terminals isolated from electric organ
of electric ray were investigated. LES IgG, known to inhibit Ca current in
cultured cells, inhibited ACh release to about 40% of control. To identify the
subtype o f Ca channels involved, release experiments were carried out in the
presence of type-specific Ca channel antagonists. When the synaptosomes were
preincubated with LES IgG, the P/Q-type-specific antagonist, o-agatoxin IVA,
no longer was effective at inhibiting ACh release. On the other hand, <oconotoxin GVLA and calciseptine had an additional inhibitory effect after the
preincubation with LES IgG. These results have demonstrated that the LES
antibodies inhibit the transmitter release mainly through the down-regulation
ofP/Q-type Ca channels of the nerve terminal of electric organ, [supported by
Sankyo Foundation o f Life Science and MESSC, Japan (to YK), and by NIH
and the Muscular Dystrophy Association of America (to YIK)]

214.14
AN AUTOIMMUNE ANIMAL MODEL OF THE LAMBERT-EATON
MYASTHENIC SYNDROME. M.P. Viglione^ E.H. Middlekauff. J. Okutsu, Y.
Satoh. N. Hirashima. Y. Kirino and Y.I. Kim. Depts. of Biomedical Engineering
and Neurology, Univ. of Virginia Sch. of Med., Charlottesville, VA 22908 and
School of Pharmaceutical Sciences, The Univ. of Tokyo, Tokyo 113, JAPAN.
The Lambert-Eaton myasthenic syndrome (LES) is a paraneoplastic neurological
disorder in which autoantibodies down-regulate presynaptic Ca2+ channels at the
neuromuscular junction. We previously reported that mice and rats immunized
with synaptosomes from the Japanese electric ray, which possess P-type Ca2+
channels, exhibit reduction in the quantal content (m) of nerve-evoked EPPs. In
the current study, we immunized Swiss Webster mice with a larger dose (100 |ig)
of synaptosomes followed by a single booster injection after 3 weeks and assessed
the pre- and postsynaptic parameters of neuromuscular transmission.
Quantal content in the diaphragms of five synaptosome-immunized mice,
measured in 1.4 mM Ca2+/10 mM Mg2+, was 1.61 (n=14 end-plates), 1.24 (n=15),
1.48 (n=17), 1.58 (n=l4) and 1.48 (n=15), being reduced by 26, 43, 32, 27 and
32% (p<0.05), respectively, from the control m of 2.17 (n=89). Three
synaptosome-immunized animals, however, did not show any evidence of reduced
quantal content. Thus, approximately 60% of mice immunized with synaptosomes
exhibited significant reduction in m. In all synaptosome-immunized mice, no
evidence for alteration in spontaneous MEPPs and indirectly-elicited muscle fiber
APs was found, indicating absence of postsynaptic effects.
These results suggest that mice with synaptosomes containing P-type Ca2+
channels develop a reduction in evoked transmitter release similar to that seen in
animals with passively transferred LES and in patients with LES. These data
provide preliminary evidence for an autoimmune animal model of LES which can
be used to characterize the precise antigen-antibody interaction responsible for the
autoimmune response (Supported by NIH, MDA and MESSC, Japan).

214.15
CLOSTRIDIUMBOHJUNUM TYPE BNEUROTCKIN (BCNI7BE) DEMONSTRATES CROSSREACIMIY WTTH ANIJBCOES FRCM SECONDARY NONRESFQNDERS TO BCNFA
AMDTETANUS IMMUNIZEDPATIENTS
Alksgai he, ivine, CA92612
The use of BOTOX® (Botulinum toxin type A neurotoxin complex) to treat
various clinical conditions associated with muscle hyperactivity has been highly
successful. In cervical dystonia patients, a small percentage have become resistant to
treatment with BoNT/A (-5-10%). Resistance may result from neutralizing
antibodies or other patient related variables. Other BoNT serotypes are under
investigation as treatment options for these patients. We tested 47 secondary nonresponder patients and 48 responder patients for type A toxin-neutralizing antibodies
in the standard mouse lethality assay (MLA) and immunoblots. MLA results are:
Non-responders (NR): 26 antibody-positive (Ab+) and 21 antibody-negative (Ab-);
Responders (R): 9 (Ab+) and 38 (Ab-). Immunoblots indicate 21 (Ab+) and 5 (Ab-)
NR sera cross-react with BoNT/B, and/or the associated non-toxic components of the
complex. Five of the (Ab+)R sera show cross-reactivity as well. Under reducing
conditions, the 48-kD hemagglutinin (HA) of type A was the most antigenic of the
non-toxic proteins and cross-reactivity to the 48 kD HA of the type B complex was
commonly observed. Additionally, some antibodies developed from standard tetanus
immunizations recognized BoNT/B. A sampling of 78 tetanus-immunized
volunteers, naive with respect to BoNT treatment, were examined by immunoblot.
All 78 had tetanus antibodies and 25% cross-reacted to BoNT/B, none recognized
BoNT/A. We are currently investigating the biologipal relevance of these cross
reacting antibodies with an in vivo method that utilizes therapeutic doses rather than
the lethal doses required by the MLA. These immunoblots results suggest that
serotype B may be a poor therapeutic option for type A-resistant patients and a
proportion of patients immunized for tetanus.

214.16
Modulation of VDAC1, 2 and 3 mRNAs Expression in muscles and brain
of mdx mice. L.NJL. MARLIER* D. PIERUCCI2, A. MARTORANA3, P.
BORBONI2, and R. MASSA3. 1: CNR, Inst. Exp. Med., 2: Dept. Internal Medicine,
Lab. Molecular Medicine, 3: Dept, of Neurology, Univ. of Rome “Tor Vergata”, Italy;
In mdx mice, the well known mouse mutant model for the human Duchenne Muscular
Dystrophy, altered expression of genes other than dystrophin is poorly documented.
Using DD-PCR, in 18 days old mice muscles (healthy and mdx), we previously
identified a down regulation of the type 3 variant of the voltage dependant anion
channel (VDAC3). Here, we document the expression and the regulation of VDAC1,
2 and 3 in muscles and brain of healthy and mdx mice at various ages.
Three specific primers sets were designed in the 3’ regions of VDAC1,2 and 3 cDNA
sequences, where the homology is the lowest between variants. RT-PCR was
performed using muscles RNA (soleus, gastrocnemius and plantaris) of 2 months old
healthy mice in order to generate probes for subsequent Northern blot analysis.
RT-PCR analysis performed in both brain and muscles of healthy and mdx mice
demonstrated that the 3 types of VDAC are expressed in brain and muscles. In
muscles, levels of expression of the various VDAC were similar while, in brain,
VDAC1 resulted slightly more expressed than VDAC2 and VDAC3.
Northern blot analysis showed that the expression of VDAC 1 is almost unchanged in
18 days, 3 and 6/8 months old healthy and mdx mice brain and muscles. Analysis of
VDAC2 mRNA expression was similar in muscles while, in brain of 8 months old
mdx mice, it resulted slightly down-regulated when compared to healthy animals.
Finally, VDAC3 mRNA expression showed a discrete down-regulation in 3 months
old mdx brains while it was always down-regulated in mdx mice muscles.
These data demonstrate that, in particular, VDAC3 mRNA expression is decreased in
mdx mice muscle, suggesting a possible regulation of energetic metabolism in the
physiopathology of muscular dystrophy.
[Support: Telethon Italia]
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214.17
MEXILETINE
INDUCED
FUNCTIONAL
AND
STRUCTURAL
IMPROVEMENT IN A MYOTONIC-MYOPATHIC SYNDROME. AJ1
Konstantinidou*. N. Flans. I. Fouzas and G. JFragandreas. Neuromuscular Centre,
Thessaloniki, Greece and Hippokration General Hospital, Depts. of Pathology and
Surgery, Aristotelion University School of Medicine. Thessaloniki, Greece.
The last few years have witnessed a revolution in the elucidation of the
pathophysiology of myotonic and related disorders, and the concept of
channelopathies has emerged. Mexiletine, a classic antiarrhytmic agent, that
interferes with sodium channel action, was first tried with positive results in
myotonia fluctuans (Ricker et al., 1994). We hereby report the effects of the
drug on a 27 y.o. white male, who suffered from debilitating muscle stiffness
since childhood. The patient is one of five children, four of whom are affected
in varying degrees. His examination revealed moderate lordosis, proximal and
distal weakness with percussion myotonia, mildly hypertrophied thighs and
depressed reflexes. Laboratory investigations showed a mildly elevated CPK,
normal NCVs and myopathic EMG findings with abundance of myotonic runs
and polyphasic potentials. A deltoid biopsy was myopathic, with type I fiber
predominance and multiple "cores" on most fibers. A diagnosis of an autosomal
dominant myotonic myopathy with unusual histological features was reached and
he was started on mexiletine. The time to climb 9 steps (step time) was used as a
measure of his disability. It was 25s prior to treatment, within a week, it dropped
to 14s and is currently 11s. The patient feels "like a normal person". His stregth
has improved, along with the CPK and a repeat EMG. A repeat biopsy of the
same muscle, 2 years later, was mildly myopathic, the "cores" had markedly
diminished, and the diameter of the muscle fibers decreased with fiber atrophy.
The patient, who, we believe, suffers from a yet unclassified syndrome, is the
first case that showed histological changes of muscle fibers as an effect of
mexiletene treatment, suggesting the possible presence of specific receptors for
the drug, other than the sodium or potassium channels.

SUNDAY PM

214.18
SUPPRESSION
OF
EXPERIMENTAL
AUTOIMMUNE
MYASTHENIA
GRAVIS
BY
ORAL
AND
NASAL
ADMINISTRATION
OF
BACTERIALLY
EXPRESSED,
DENATURED HUMAN ACHR SUBUNITS. X Peng* A. Kuryatov. G.
Wells. E. Lee and J. Lindstrom. Dept o f Neuroscience, Univ. of
Pennsylvania Med. Sch., Philadelphia, PA 19104-6074
Myasthenia gravis (MG) and experimental autoimmune MG (EAMG)
are T cell dependent autoimmune diseases mediated by antibodies against
the AChRs at neuromuscular junctions. An ideal treatment for MG would
inhibit the immune response to AChRs without causing other
immunosuppression. Pretreating rats by oral or nasal administration o f
native Torpedo AChRs has been shown to prevent or delay the clinical
signs of EAMG and suggests a promising strategy for treating human
MG. The limited supply of natural human AChRs and the large amount
of AChRs required for treatment prompted us to test the suitability o f
using bacterially-expressed affySe AChR subunits to induce tolerance to
EAMG. Pretreating rats orally with 5 doses of 5 mg denatured human
otpySe reduced clinical signs in both acute and chronic phases of EAMG.
We also attempted to prevent chronic phase with recombinant AChR
subunits after the resolution of acute EAMG. Such posttreatment oral
administration had some beneficial effects in the chronic phase. Nasal
administration of cloned human affyfe was effective at much lower doses.
There were no significant differences in serum an^-Torpedo antibody
titers between treatment and control groups. Levels of anti-rat antibody
titers were lower in the treatment groups compared to the control group.
These results indicate that denatured human AChR subunits may have a
role in the immunotherapy of MG. (Funded by grants to J.L. from NIH
and MDA)

NEUROMUSCULAR DISEASES II
2 15.1
SUB-CELLULAR DISTRIBUTION OF THE SURVIVAL MOTOR NEURON
(SMN) PROTEIN IN THE RAT CNS. C. BSchade*1. P. Rostaing1. C. Cistemi2.
Y.. La Bella2, B, Pettmana2.and A. TrillsiMBioi, Cell. Synapse, CJF 94-10
INSERM, ENS, F75005, Paris, France. 2 INSERM U382-IBDM, F13288 Marseille
France.
Spinal muscular atrophy (SMA) is a common recessive autosomal disease which
results in the loss of spinal motor neurons. Mutations of the SMN gene have been
suggested to be responsible for SMA (Lefevre et al 1995). It has recently been
shown that SMN, which is an RNA binding protein, is located in nuclear structures
called "Gems” often associated with "coiled bodies" in HeLa and NIH3T3 cell lines
(Liu and Dreyfuss 1996). The function of the SMN protein is unknown. We have
now analysed the expression of SMN in the adult rat CNS by light (LM)
fluorescence and electron (EM) microscopy. The polyclonal antibody used was
raised against a synthetic peptide corresponding to the N-terminus of the protein.
With LM, we found that SMN was broadly expressed in CNS neurons: in the cortex,
hippocampus, cerebellum, brainstem and spinal cord. In all neurons SMN was found
in the cytoplasm. For some neurons (e.g. dentate gyrus, dorsal cochlear, facial, and
spinal cord) SMN was also present in large perinucleolar bodies (1-2 |im). In the
spinal cord, the labelling was observed predominantly in motoneurons. Labelling of
motoneurons was also present in neonates. In adult motoneurons, pre-embedding
immunogold and EM revealed that SMN was within the nuclear coiled bodies, at the
external side of the nuclear pores, and, at the level of Nissl bodies, associated with
polyribosomes. SMN was also detected in dendrites.
These data suggest a possible role of SMN in the processing and shuttling of
mRNAs, and may be relevant to understanding the physiopathology of SMA.
Supported by AFM grant.

215.2
ACCUMULATION OF UBIQUITINIMMUN OREACTIVITY IN
WOBBLER MOUSE SPINAL CORD MOTOR NEURONS IS
ASSOCIATED WITH NEUROFILAMENTS
E.P. Pioro*. J.K. Moore. H. Mitsumoto. B.D. Trapp. Departments of Neurology
and Neurosciences, Cleveland Clinic Foundation, Cleveland, OH 44195
Motor neuron degeneration in ALS is characterized by the intraperikaiyal
accumulation of ubiquitin and phosphorylated heavy subunit neurofilament
immunoreactivities. As we have previously demonstrated, these same changes
occur in cervical spinal cord motor neurons of phenotypically affected wobbler
mice, furthering this animal as a model of ALS (Pioro et al., Soc Neurosci Abstr
22:1942,1996). Ubiquitin is known to attach to cytosolic proteins-normal or
abnormal-destined for degradation. To determine if the increased ubiquitin
immunostaining is the result of increased ubiquitin mRNA levels, we compared
Northern blots of spinal cord from genotypically and phenotypically identified
wobbler mutants and wild-type littermates. No significant differences were
detected in ubiquitin mRNA expression in animals 6 , 8, 12,14, 21 and 42 days
of age. Cell-specific increase in ubiquitin mRNA cannot be excluded and is being
explored by in situ hybridization. Confocal double-labeling studies revealed that
ubiquitin and neurofilament subunit immunoreactivities colocalize in some
degenerating neuronal perikarya. Taken together, these findings suggest that the
intraneuronal accumulation of ubiquitin is probably due to a post-transcriptional
process representing the tagging of certain proteins, including abnormally
accumulated neurofilament subunits, which are destined for proteolysis. This
supports the notion that abnormal neurofilament processing may play a role in
the pathogenesis of motor neuron degeneration in this mouse model of ALS.
(Supported by NIH K08-NS01846.)

215.3
IDENTIFICATION OF THE mRNA TRANSCRIPTS EXPRESSED BY THE
DEGENERATING MOTONEURONS OF THF MURINE MUTAN T WOÖPLER.
M.p. JynigL*. ü ) p,
(2L.CLY,EsgMsnal3JLM,
hlüiLU,
P.A. Drevfus (11 M. Bähr (3^ (1) INSERM U421, Cr6teil, France; (2) ID N URA
1488, Paris, France; (3) Max Planck Institut, Tübingen, Germany.
Motoneuronal degenerative diseases are progressive processes of mu'tii'acional
aetiology. To study the cellular mechanisms which take place in the motoneurons
during the course of their degeneration, we generated subtracted cDNA libraries using 3
week-old mutant wobbler, a murine model of spinal muscular atrophy and their norma!
heterozygote siblings. The cytoplasms of the motoneurons, visualised in cervical
spinal cord slices with an infra-red camera, were aspirated with patch electrodes.
mRNA from each motoneuron was captured onto oligo(dT)T, paramagnetic beads,
reverse transcribed, restriction digested, and an adaptor ligated orto each end of the
cDNA fragments. PCR amplification using primers biotinylaied or not yielded a naccr
and a driver pool, respectively. An excess of driver cDNA WcS hybridized to the trace;
cDNA, and common sequences were subtracted through magnetic separation o f :he
biotinylated hybrids. Multiple rounds of subtraction performed in both directi ins
yielded two cDNA pools, enriched for transcripts associated either v/ith degenerating
motoneuron or with intact motoneuron. To validate this new tool, slot-blots of these
pools were hybridized with DNAs complementary to mRNAs known to be expressed
either by intact and/or by wobbler motoneurons. As expected, hybridization signals
were detected in both pools for ChAT, c-jun, a 1-tubulin, neurofilament and
cyclophilin, while TGFa signal was found in the wobbler cDNA pool In addition,
both cDNA pools hybridized to NT-3, IrkB and trkC cDNAs. On the opposite, p75NrR
and BDNF signals were restricted to the wobbler pool. Immunohistochemist.y
confirmed these results. This study demonstrates that degenerating motoneurons m
wobbler do not remain passive but activate alternate metabolic pathways. S om e o f
these pathways are similar to the ones described for normal adult motoneurons
following axotomy. Thus, combination of singlc-cell patch-PCR and subtracuvo
cloning offers a new and powerful tool to characterize de- and R-generation-aisccia.ed
pathways in ncurcdcgenerative diseases. Supported by the AFM & DFG(Ba 949/3-2.)-

2 15.4
MURINE HOMOLOG OF THE SPINAL MUSCULAR ATROPHYDETERMINING GENE, SURVIVAL MOTOR NEURON: IDENTIFICATION AND
CHARACTERIZATION. A.Herein. G Kim, TO Crawford*. DL Price. SS Sisodia.
MK Lee. BA Rabin.
Depts of Neurology, Pathology, Neuroscience and 'the
Neuropathology Laboratory, Johns Hopkins Univ Sch of Med, Baltimore MD 21231.
Spinal muscular atrophy (SMA) is an inherited neuromuscular disorder of childhood
which has been mapped to human chromosone 5q 11.2-13.3. Three candidate genes
map to this region, the Survival Motor Neuron gene (SMN) and Neuronal Apoptosis
Inhibitory Protein (NAIP), and a subunit, p44, of the transcription factor II H.
Deletions or mutations in SMN occur in all SMA patients. Large deletions may also
involve NAIP and p44. There are 2 copies of SMN in humans, a telomeric (SMNt)
and a centromeric (SMNc) copy, both of which are transcribed and alternatively spliced
in normal individuals. The biologic and pathophysiologic role of the two copies of
SMN, and the effect of deletions of NAIP and p44 on the phenotype is unclear.
Recent evidence suggests that SMN may be involved in RNA processing. Further
study of the pathogenesis of SMA and the role of SMN would be enhanced by
development of an animal model of the disease. To this end, we identified the mouse
homolog of SMN. Mouse SMN (MoSMN) is 82% identical to SMN amino acid
sequence. MoSMN encodes 288 amino acids, with an estimated molecular weight of
31.3kDa. It is ubiquitously expressed. Southern blot analysis, of genomic DNA
digested with a variety of enzymes, identified single genomic fragments, suggesting
that MoSMN is present in single copy. MoSMN is not subject to alternative
splicing. In situ hybridization analysis reveals widespread expression of MoSMN premRNAs in brain and in spinal cord, including spinal motor neurons. On western
blot, protein migration suggests a molecular weight of 33kDa. Further studies of the
role of SMN, and the mechanism whereby its mutations lead to motor neuron death,
will be facilitated by analysis of knockout, and/or transgenic animals. Support: NIH
grants K12NS01691, NS10580, K08NS01781, and the MDA and ALS Associations.
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215.5
NERVE BLOOD FLOW, CONDUCTION VELOCITY, AND AXONAL
CALIBER IN GALACTOSE-INTOXICATED AND STREPTOZOTOCINDIABETIC RATS. M-W^KaUtiiman», K,C Pines, M, Prt>ik, A,P,
Dept, of Pathology (Neuropathology), Univ. of Calif., San Diego, La Jolla,
CA 92093-0612
Feeding rats an ad lib diet of 40% D-galactose produces hyperglycemia
and nerve conduction deficits without insulinopenia. To better understand
the pathogenesis of these conduction deficits, various measurements were
made in nerves of control, galactose-intoxicated and streptozotocin (STZ)diabetic rats. In initial studies (1 - 16 wks), galactose intoxication
significantly reduced sciatic motor nerve conduction velocity (MNCV) and
sensory nerve conduction velocity (SNCV) at 16 weeks, but only MNCV was
significantly reduced at 4 weeks. Nerve blood flow (NBF), measured by
laser Doppler flowmetry (NLDF), was not significantly changed from
control by any duration of galactose intoxication. Because MNCV, SNCV,
and NBF are reduced as early as one week after onset of STZ diabetes,
sciatic MNCV, SNCV, and NLDF, saphenous SNCV, and sciatic and
saphenous axon caliber were assayed at 4 weeks in control, galactoseintoxicated, and STZ-diabetic rats. While both MNCV (77% of C
[=control]) and SNCV (82% of C) were markedly reduced (P<0.05) in the
STZ group, only MNCV (86% of C, P<0.05), not SNCV (98% of C, N.S.),
deficits were detectable in the galactose group. Saphenous NCV
paralleled the SNCV results. Mean axonal diameter was significantly
reduced in the galactose (sciatic: 91% of C, saphenous: 92% of C, both
P<0.05), but not the STZ-diabetic, group (100% and 99%, respectively).
These findings are not consistent with the hypotheses that nerve conduction
deficits are a consequence of either reduced nerve blood flow or decreased
axonal caliber. Supported by NIH Grants NS14162 and NS 32339.
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215.6
SC IA T IC
NERVE
S T IM U L A T IO N
IN C R E A S E S
M USCLE
FIBRE
D E G E N E R A T IO N A N D U P-R E G U L A T IO N O F B D N F m R N A L EV EL S IN
HINDL1M B M U S C L E O F D IA B E T IC RATS. P .F ernyhoutth*1. F .H abens1.
2P .G reenhaff. 3N .B rouw er. 3R .Liem an d 3S.C oprav. 1Si. B artholom ew s’ and the
Royal L ondon School o f M edicinc and D entistry. Q M W . U niversity o f London.
U K ; 2Q ueens M cdical C entre. U niversity o f N ottingham . UK; 3U nivcrsity o f
G roningen. T h e N etherlands.
E xpression o f B D N F m R N A was elevated in solcus m uscle o f diabetic rats and
dcn c rv atio n resulted in a decrease in levels im plying an activity dependent
process, ie. m uscle contraction, w as regulating the diabetes-induced enhancem ent
o f B D N F transcripts. T h e sciatic nerve w as stim ulated at liigh and low intensity
in norm al an d diabetic ra ts to study the re la tio n sh ip betw een m uscle contraction
an d B D N F expression. N erve stim ulation had no sig n ifican t elTect on B DNF
m R N A levels in norm al rats. H igh intensity (teta n ic ) nerve stim ulation upregulated B D N F m RN A levels in solcus m uscle o f d iabctic rats by 3 fold. T h e tim e
course for B D N F m R N A u p -regulalion show ed a peak at 6 hours post-stim ulation,
and receded to baseline by 4K hours. T h e ap p e ara n ce o f creatin e kinase (C K ) in
plasm a w as used as an index o f contra ctio n -in d u ce d m uscle fibre dam age. The
tim e course o f C K app e ara n ce subsequent to nerve stim ulation m atched the
increase in B D N F m R N A . L ocalisation o f B D N F m R N A w as perform ed at the
light m icroscope level and non-m uscle cells (.possibly resident m acrophages or
satellite cells) w ere positive but th ere w as no ch a n g e in expression upon induction
o f diabetes o r onset o f nerve stim ulation. At the EM level tran sc rip ts for B D N F
w ere detected w ithin m uscle fibres o f d iabetic rats an d th e levels w ere raised by
nerve stim ulation. N erve stim u latio n in diabetic rats induced structural
d egeneration o f m uscle fibres in solcus m uscle and this occurrence presum ably
contributed to the elevated C K release. T h e possible role(s) o f elevated B D N F in
m uscle fibre d egeneration will be discussed. (S upported by T h e W ellcom e T nist).

215.7
MOTOR NERVE REFRACTORY PERIODS IN INSULIN INDUCED
HYPOKALEMIC PARALYSIS Tonv Wu*. Chi-Hsun Chen, and Jia-Ming Yu.
Department of Neurology, Chang Gung Memorial Hospital, Taipei, Taiwan
During hypokalemic paralytic attack, a large CMAP area X
amount of extracellular potassium move into muscle 100 .
cells and the muscle fibers are electrically
inexcitable. Although the nerye conduction velocity
is normal during attack, there could be some
alteration of motor nerve excitability similar to the 5Q
pathophysiological changes in muscle fibers. The
motor nerve refractory period (MRP) of median
nerve was determined by Ingram's double paired
stimulation technique (Ingram DA et al,
0 .5
1.0
1.5
Electroenceph clin Neurophysiol 1987; 66 : 225-134)
ISI (ms)
in three patients of hypokalemic paralysis associated
with thyrotoxicosis. Compared with the MRP in CMAP area X
non-paralytic period, two patients had a 100
V
, prolongation of MRP95 (95% cancellation of
maximal CMAP of abductor pollis brevis) whereas
Nonno change of MRP05 (5% cancellation of maximal
paralysis
CMAP) during insulin induced hypokalemic 50
paralysis (A). One patient had increased MRP05
and no change of MRP95 (B). These results are
consistent with the hypothesis that a decrease of the
11.0 1.5
steady state potassium conductance in hypokalemic
0 .5
ISI (ms).
paralysis. (Supported by NSC86-2314-B182A-057).

215.8
A BABOON MODEL OF DIABETES MELLITUS: EARLY NERVE CHANGES.
A. Birrell. S. Heffeman. S. Scottt A. Ansselin“*, A. Gillin. D. Church'*1& D.
Yuet The Dep. of Renal Medicine, Royal Pntice Alfred Hospital and The Dep. of
Endocrinologyt, Physiology“ and Vet. Clin. Sci. \ Univ. of Sydney, NSW, 2050,
Australia.
Although the rat has been the traditional model in the study of insulin
dependent diabetes mellitus (IDDM), a non-human primate such as the baboon
may be more appropriate due to its longevity and phylogenetic specificity to
humans. Peripheral nerve function was assessed in an established colony of
diabetic animals. The study involved a total of 27 adult males (Papio hamadryas)
which included 14 diabetic baboons. Diabetes was induced with streptozotocin
(STZ, 60mg/kg i.v.). Blood sugar levels were monitored daily and controlled with
injections of long and short acting insulin. The duration of diabetes ranged from
9mth to 5.5y. The animals were sedated with ketamine (5-8mg/kg) for all
procedures. Motor and sensory nerve conduction velocity (MNCV & SNCV) was
calculated using standard recording techniques. Autonomic nerve function was
recorded by electrocardiography in the prone and vertical position. The change in
heart rate (HR) was expressed as a % increase in HR from prone to vertical (%
HR). The diabetic animals showed a significant reduction in MNCV and % HR
(60.0+/-1.1 & 12.2%+-4.0 respectively) (mean +/-s.e.) when compared to normal
animals (67.4+/-1.2 & 24.0%+/-3.8; PO.Ol). SNCV was depressed in the diabetic
baboons when compared to normal animals (57.7+/-0.9 & 60.4+/-1.3 respectively)
but was not statistically different. The overall reduction in peripheral nerve
function seen in the diabetic animals is consistant with human studies. Therefore,
the primate is a good model for studies into the aetiology and intervention of
diabetic complications. (National Health & Medical Research Council, Juvenile
Diabetes Foundation International, Rebecca Cooper Foundation)

215.9
LOCAL ACTIVATION OF THE COMPLEMENT SYSTEM IN ENDONEURIAL
MICROVESSELS OF DIABETIC NEUROPATHY. G Rosoklija. D Younger. N
Latov*. AP Hays. Columbia University, New York, NY
In the last decade, increasing evidence suggests that abnormal function of the small
blood vessels in the endoneurium produces diabetic neuropathy (DN). The pathological
features known collectively as microangiopalhy have been postulated to cause ischemic
injuiy of cells, including those of the peripheral nerves. The mechanisms that produce
microangiopathy are not known. Immunohistochemical stains for complement proteins
and immunoglobulins were performed in sural nerve biopsies of 15 patients with DN
and were compared to 17 nondiabetic patients with chronic neuropathy (CN). The two
groups were similar in terms of age and pathological severity of neuropathy, based on
a semiquantitative estimate of myelin fiber loss. The percentage of cases with strong
immunoreactivity in the walls of endoneurial microvessels was as follows: C3d
neoantigen, DN 100%, CN 17%; C4d neoantigen, DN 77%, CN 28%; C5b-9
neoantigen, DN 94%, CN 28%. In the cases with DN, 81% of endoneurial
microvessels identified by Ulex europaeus contained C5b-9 neoantigen deposits,
compared to 16% in cases with CN. Within the microvessel walls, the optical density
of immunoperoxidase staining of C5b-9 was significantly greater in DN (mean 0.536,
SD=0.072) than in the CN (mean 0.262, SDH).074, p<0.0005). Expression of
neoantigens of C3d, C4d and C5b-9 in nerve implies local activation of the
complement system. In DN, activation of the complement pathway and formation of
membrane attack complex, C5b-9, could injure the vessels and produce ischemia.

215.10
SERA FROM PATIENTS WITH SPORADIC AND FAMILIAL
AMYOTROPHIC LATERAL SCLEROSIS DIFFERENTIALLY AFFECT
TRANSMITTER RELEASE FROM MOTONEURON TERMINALS. D.R.
Mosier*. R.G. Smith, and S.H. Appel. Dept, of Neurology, Baylor College of
Medicine, Houston, TX 77030.
Passive transfer to mice of sera from patients with sporadic ALS increases
intracellular calcium in spinal motoneurons, and enhances spontaneous transmitter
release (Synapse 20:185, 1995; P.N.A.S. 88:647, 1991), which could contribute to
motoneuron dysfunction in this disorder. However, it is unclear whether these
changes arise as a secondary consequence of motoneuron destruction. To
distinguish between these possibilities, we studied spontaneous release at extensor
digitorum longus (EDL) neuromuscular junctions in BALB/c mice, 24 hours after
i.p. injection of sera from patients with sporadic ALS (S-ALS) or familial ALS (FALS). Two F-ALS patients had very rapid progression (death <1 yr from symptom
onset), and one had a documented A4V mutation in Cu/Zn superoxide dismutase.
Increases in resting miniature endplate potential (MEPP) frequency were observed
in EDL after passive transfer of sera from 6 of 7 patients with S-ALS. In contrast,
MEPP frequency after passive transfer of sera from 4 patients with F-ALS did not
differ from uninjected controls. Coincubation of S-ALS sera with a mixture of
protease inhibitors (including aprotinin and leupeptin) did not alter the effects of SALS sera in this assay. These results document a potentially important difference
in physiologic responses to sera from patients with familial and sporadic forms of
ALS, and suggest that changes in transmitter release induced by S-ALS sera are
unlikely to arise as a consequence of motoneuron injury in this disorder.
Alterations in calcium-dependent processes such as transmitter release could have
adverse effects on motoneuron function in patients with sporadic ALS.

\

Supported by a center grantfrom NIH (NINCDS-NS11766) and a gift o f the A mbulatory
Pharmaceutical Services, Inc.

Supported by NINDS (DRM, SHA) and the C. Hankamer Foundation (DRM).
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FAMILIAL ALS-RELATED SOD1 MUTATIONS CAUSE
CASPASE-INDUCED CELL DEATH AND INTERLEUKIN 1(3
(IL-1 p)
SECRETION
IN
DIFFERENTIATED
MOUSE
NEUROBLASTOMA CELLS. P. Pasinelli". D. R. Borcheltb. UL
Havward*8 and R.H.Brown Jr.a 8 Day Neuromuscular Research Laboratory,
MGH-East, Bldg 149, 13th Street, Charlestown, MA 02129 b Depts of
Pathology, Neurology and Neuroscience, The Johns Hopkins University School
of Medicine, Baltimore, MD 21205-219.
Mutations in the gene encoding Cu/Zn superoxide dismutase (SOD1) are
detected in 25% of familial amyotrophic lateral sclerosis (FALS) cases.
Although SOD1 is an ubiquitous cytoplasmic enzyme, the mutations promote
selective degeneration of motor neurons in the brain and spinal cord. To study
the mechanism of motor neuron death, we have expressed mutant (G37R,
G41D and G85R) and wild-type (WT) SOD1 in mouse neuroblastoma cells
(line N2a). In both naive (undifferentiated) and differentiated cells, expression
of mutant SOD1 caused neither loss of cell viability (determined by trypan blue
exclusion and MTT cytotoxicity assay) nor increases in IL-ip production
compared with WT expressing cells. In cells expressing mutant but not WT
SOD1, exposure to xanthine + xanthine oxidase, a free radical generating
system, induced cell death and IL-1 (3 secretion. This effect was evident only in
differentiated cells. Caspase inhibitors prevented both cell death and IL-1p
secretion. These data suggest that in the presence of reactive oxygen species
mutant but not WT SOD1 protein may activate one or more caspasedependent cell death pathways in neurons. Studies are underway to
characterize this death process more fully and to determine whether analogous
pathways operate in the transgenic mouse model of SOD 1-associated ALS.
Supported by NIH 5P01-AG12992-02.

215.13
A ROLE FOR THE LIPID PEROXIDATION PRODUCT 4HYDROXYNONENAL IN IMPAIRMENT OF GLUTAMATE
UPTAKE IN MOTOR NEURONS IN ALS. W. A. Pedersen. W. R.
Markesberv*. S. Appel and M. P. Mattson. Sanders-Brown Research Center on
Aging and Dept, of Anatomy & Neurobiology, Univ. of Kentucky, Lexington,
KY 40536.
Using a mouse-mouse neural hybrid cell line (NSC-19) derived from the fusion
of neuroblastoma N18TG2 cells with motor neuron-enriched embryonic day 12-14
spinal cord cells (Dev.Dynamics 124: 209, 1992), we have begun an investigation
of the effects of oxidative stressors on the ability of the cells to transport
glutamate. Treatment of NSC-19 cells with FeS0 4 (1 mM) for 4 hr in serum-free
medium caused a reduction in glutamate uptake of 45%. Under the same
conditions, exposure of the cells to 100 [iM of 4-hydroxynonenal (HNE), a product
of lipid peroxidation implicated in oxidative stress-induced impairment of ionmotive ATPases and glucose transport (J. Neurochem. 68: 255-264; J. Neurosci.
17: 1046-1054), caused a decrease in glutamate uptake of 75%. Reductions in
glutamate uptake occurred at concentrations of FeS0 4 and HNE which did not
compromise the viability of the cells (as determined by LDH release and MTT
reduction). The impairment of glutamate uptake caused by FeS0 4 was attenuated
by co-treatment with secreted amyloid precursor protein, which protects primary
hippocampal and cortical neurons from excitotoxicity (Neuron JLQ: 243, 1993).
Western blot analysis of HNE-protein conjugates in lumbar cord and occipital
cortex tissues from ALS patients indicated large increases in HNE accumulation in
spinal cord cells. We are currently employing NSC-19 cells and transgenic mice
expressing mutant (ALS-linked) Cu/Zn-SOD to test the hypothesis that the
mutations promote degeneration of motor neurons by inducing oxidative stress and
HNE production which, in turn, impairs glutamate transport and ion homeostasis
resulting in an excitotoxic cascade of events, (supported by the NIH and the ALS
Association).

215.15
SOD1-IMMUNOREACTIVITY SELECTIVELY ACCUMULATE IN
MOTONEURONS IN MICE CARRYING A FALS-LINKED SOD1 MUTATION
D. Jaarsma1. E. Haasdiik1. R. Hawkins1 H. Verspaeet2. J.C. Holsteee1 (SPON:
European Neuroscience Association) 'Dept. Anatomy, Erasmus Univ. Rotterdam,
3000DR; 2Dept. Gastroenterology, University Hospital Leiden, The Netherlands.
Mutations in the cytosolic CuZn-superoxide dismutase (SOD1) gene are
responsible for a subset of the familial cases of amyotrophic lateral sclerosis
(FALS). Intense SODl-immunoreactive Lewy-body like inclusions occur in
motoneurons of SOD 1-FALS patients (Shibata et al., 1996, J. Neuropathol. Exp.
Neurol. 55:481), suggestive for abnormal aggregation of mutant SOD1. We have
studied the distribution of SODl-immunoreactivity in a line of transgenic mice
carrying the human SOD1 gene with a gly93-*ala mutation (Jackson laboratories),
that develop muscle weakness between age 5,5-8 months followed by paralysis and
death. Pathologically these mice show mitochondrial swelling and vacuolisation in
dendrites and axons of motoneurons starting from 3 weeks of age, and motoneuron
death starting from 5 months of age (Jaarsma et al., 1996, Neurosci Lett 219:179).
In young animals (age < 6 weeks) SODl-immunoreactivity was relatively
homogeneously distributed throughout the CNS. From 8 weeks of age a gradually
developing strong increase of SODl-immunoreactivity, however, was observed in
axons and dendrites of motoneurons displaying mitochondrial vacuolisation.
Ultrastructurally, SODl-immunoreactivity was only found in the cytoplasm only.
There was no evidence for SOD1 aggregation. The age-related increase of SODlimmunoreactivity in the spinal cord and brainstem was confirmed by Western
immunoblotting. Our data suggest that mitochondrial degeneration result in a
dramatic increase of SOD1 content in motoneurons in our transgenic mice. This
increase in SOD1 content might contribute to further degeneration of motoneurons
(Funding: Prinses Beatrix Fonds, Nederlandse Hersenstichting and Erasmus
University, FGG-EUR-ANA-11-02-11 )
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215.12
CALC3NEURIN ACTIVITY IN PC12 CELLS EXPRESSING A HUMAN ALS-ASSOCIATED
SOD-1 MUTANT Jean-pvo Lee*. H, C. Palfrev. V. P. Bindokas. G. D. Ghadge*. L.
Ma* . M.E. Brown. R. P. Roos* and R. J. Miller. Depts. of Pharmacol./Physiol.
Sci. and "Neurology, The University of Chicago, Chicago IL 60637.
Cu, Zn superoxide dismutase 1 (SOD-1) mutations cause approximately 20% of cases
of familial amyotrophic lateral sclerosis (FALS). Recently, SOD-1 has been
demonstrated to prevent calcineurin from inactivation (Wang etal, Nature 383,1996),
suggesting a possible role for calcineurin, a Ca27calmodulin dependent phosphatase,
in FALS. We have previously shown that FALS-associated mutants V148GSOD-1
and A4VSOD-1 lead to an apoptotic cell death when expressed in NGF-differentiated
PC 12 cells and primary neurons. In the present experiments, NGF-differentiated
PC 12 cells were infected with replication-deficient adenoviruses that express
V148GSOD-1 or wild-type (WT) SOD-1. The effect on cell survival of cyclosporin A
(CsA), an immunosuppresant drug that inhibits calcineurin, was then assayed 5 days
following infection. CsA treatment did not alter the viability of cells expressing
WTSOD-1 or mock infected cells, or potentiate cell death following NGF withdrawal;
however, CsA significantly potentiated V148G-induced cell death. We then measured
calcineurin phosphatase activity in vitro in cells expressing either V148GSOD-1 or
WTSOD-1 compared to mock infected cells. Cells expressing WTSOD-1 exhibited
much higher calcineurin activity than mock-infected cells or cells expressing
V148GSOD-1, suggesting that mutant SOD-1 does not protect calcineurin from
inactivation. Although, treatment with CsA dramatically decreased calcineurin
activity in all cases, cell death was only enhanced in V148GSOD-1 expressing cells.
The latter findings suggest that CsA enhances mutant SOD-1-induced apoptosis
through a mechanism separate from its effects on calcineurin’s phosphatase activity.
PHS grants DA-02575, DA-02121, MH-40165 and NS-33502 to R.J.M, and NS21442 and the ALS association to R.J.M. and R.P.R

215.14

CGP3466B, a dibenzoxepine derivative, increases
life-span in an animal model of motoneuron
disease. A.C. Kato, L. Bernheim # *, P. W aldm e ier* and Y.
Sagot. Dept Pharmacology and Div. Clinical Neuromuscular Research,
Geneva University; #Dept. Physiology, Geneva University; * Novartis,
Basel, Switzerland

To date, there is no treatment for motoneuron diseases such as
amyotrophic lateral sclerosis (SLA) and spinal muscular atrophy (SMA).
Many molecules including neurotrophic factors and NMDA
antagonists/inhibitors have been suggested as potential therapeutic agents.
However, negative results using these factors in clinical trials may be due
partially to the route of administration. We have tested the ability of
compounds, structurally related to deprenyl but without MAO-inhibitory
properties, to prolong life-span in a mouse mutant with motoneuron
degeneration (progressive motor neuronopathy mouse, pmn). These
molecules were administered orally on a 2-2-3 day schedule. Among the
molecules tested, one of them, lO-(N-methyl-N-propargyl-amrno)
methyldibenz[b,f]oxepine maleate (CGP3466B), was found to increase
the life-span of pmn by 30%. CGP3466B has been previously reported to
protect from neuronal cell death in various experimental paradigms such
as ischemia and axotomy-induced ceB death (Tatton & Paterson, in
preparation). We now provide the first report of a non-peptidic orally
administrated molecule acting on the life-span of pmn mice. Other
parameters such as preservation of myelinated fibers, of motoneuron cell
bodies and effects on retrograde transport are under investigation. These
results suggest that CGP3466B may be a new therapeutic agent with a
promising clinical potential.

215.16
THE CHANGES OF PROTEIN COMPOSITION OF SKELETAL
MUSCLE IN AMYOTROPHIC LATERAL SCLEROSIS. I.Zavalishin.
L.Kovalev.A.Khudavdatov.K.V.Airapetian.S.Nikitin.V.Desnizza*.S.Shiskin.
A.Nivazbekova.Med-Gen.Res.CentenDepart.of Neuroinfect.. Inst.of Neurol.,
Moscow,Russia;Pain Res.Group,Baden-Baden,Germany.
Amyotrophic lateral sclerosis (ALS) is a progressive degenerative disease
of motoneurons with a dramatic muscle atrophy. Protein composition of
human skeletal muscles in ALS patients was analyzed by two-dimensional
electrophoresis in 5 bioptates from m.gastrocnemius,3 from m.triceps and
compared with 5 control samples.There were no changes in protein fractions
of alpha-, B- chain of tropomyosin, light chain of myosin (LCM) 1, actin,
albumin,glyceral-3phosphate dehydrogenase,myoglobin,haemoglobin,alphachain of B-crystallin.All ALS bioptates were characterized by disappearance
of three protein fractions of 35 kDa molecular mass and with pi 5,9;6,0 and
6,1.The changes and individual variability of LCM 2,3 content in ALS can
be attributed to the development of denervation-reinnervation process and
changes of histochemical properties of the reinnervated muscle fibers
(predominance of type II). The changes of the LCM reflect the
generalization of the disease. In the analyzed spectrum of skeletal muscles
protein fractions in ALS the specific changes were revealed only in 5% of all
fractions. The identification of the changed protein fractions is used as the
molecular marker of ALS. The investigation of different genetically
determined defects of genes expression in ALS can help to understand the
pathogenesis and etiology of the disease. Supported by the “New trends in
Genetics”,Grant 6.53.
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215.17
THE COPPER CHELATOR D-PENICILLAMINE EXTENDS
SURVIVAL OF SOD1 TRANSGENIC MICE, A MODEL OF
FAMILIAL AMYOTROPHIC LATERAL SCLEROSIS.
A.F. Hottingerl. M.E. Gurnev^. A.D. Zum^. and P. Aebischer*!.
^Gcne Tlierapy Center, CHUV, Lausanne University Medical School, Lausanne,
Switzerland 1011. 2Upjohn Laboratories, Kalamazoo, MI 49001
Amyotrophic lateral sclerosis is an adult-onset degenerative disorder
of motoneurons of the spinal cord, brainstem and cortex. A
subpopulation of familial cases of ALS (FALS) have been linked to
mutations in the gene encoding Cu/Zn superoxide dismutase (SOD1).
There is in vitro evidence that certain SOD1 mutants, in addition to
their normal dismutase function, show enhanced ability to act as a
peroxidase. This reaction is sensitive to inhibition by copper chelators.
To test this hypothesis in vivo, we have administered the copper
chelator d-penicillamine to a transgenic mouse model o f FALS
overexpressing a mutated fo.rm of human SOD1. We demonstrate that
oral administration of d-penicillamine is able to extend survival of
these mice to 152.4±7.6 days compared to control (141.5±6.4 days).
Histological studies also show a decreased loss of facial motoneurons
in d-penicillamine treated transgenic mice (2807±280) compared to
untreated animals (1977±227), corroborating a slower evolution of the
disease in these animals. We are currently examining the combined
effects of d-penicillamine and different neurotrophic factors on the
survival of these mice.
Supported by the Swiss National Science Foundation and the Roche
Research Foundation.

215.18
IMPROVED REGULATION OF MEMBRANE-MEDIATED PROGRESSIVE
MUSCLE DEGENERATION IN CHF-146 DYSTROPHIC HAMSTERS (DH)
BY INTRAPERITONEAL DILTIAZEM. P.L. Tohnson*. S.T. Bhattacharva.
T.A. Adamcc. and S.K. Bhattacharva. Departments of Surgery, Anatomy &
Neurobiology, and Pathology, University of Tennessee, Memphis, TN 38163.
Membrane-mediated excessive intracellular Ca accumulation (EICA) plays
a fundamental pathogenetic role in chronic cellular degeneration in heredi
tary muscular dystrophy in humans and animals. Oral diltiazem (DTZM, 25
m g/kg BW/d) reduced EICA, plasma CPK, and improved histology of the
heart (HT) and rectus femoris (RF) muscle in BIO-14.6 strain DH. We also
reported on the relative efficacies of oral DTZM (50 m g/kg/d), nifedipine
(NFDN, 6 m g/kg/d) and verapamil (VPML, 25 m g/kg/d) in DH and normal
hamsters (NH). DTZM was most effective and safest in mitigating EICA,
intracellular enzyme efflux, and cellular degeneration in HT and RF (/.
Neurol. Sci. 115:76-90, 1993). Since i \ / i of oral DTZM is -35 minutes, we
studied whether ip. DTZM (8 m g/kg/d), for 206 days starting at age 37-39
days in CHF-146 DH and CHF-148 NH, can produce further improvements
over those seen with 50 m g/kg/d oral DTZM. Two control groups of NH and
DH received ip. saline. HT and RF were biopsied for Ca and Mg assay, histo
logy and ultrastructure. Plasma aldolase, CPK, and LDH levels, EICA in HT
and RF, cardiac hypertrophy, and mortality were improved (p<0.001) in
DTZM treated DH. Muscle degeneration, Ca deposition, fibrosis, and fatty
infiltration were significantly reduced. EM in untreated DH showed marked
calcification of mitochondria in HT and destruction of normal striations, but
treated HT had no calcification. Higher dose and improved delivery may
significantly enhance the prognosis of DMD boys over those seen with 8 m g/
k g /d of oral DTZM (Neurology 38:609, 1988). These data reconfirm that
DTZM may have profound therapeutic value in improving the morbidity
and mortality in DMD and BMD. (Supported by NIH Grant #R01-AR-38540)

215.19
DNA DAMAGE, NEURODEGENERATION AND MOTOR NEURON
DISEASE. ^ .E . Kisbv.* ^ SpiiflgfiL 2A, Claus,
1P.S. Sgeng.gr,Center for Research on Occupational and Environmental Toxicology, Oregon
Health Sciences University, Portland, OR 97201 and department of Neurology,
University of Ulm, Ulm, Germany.
The incidence of amyotrophic lateral sclerosis among Guam Chamorros and the
genotoxin (cycasin) content of their cycad-derived food show an exceptionally strong
statistical correlation (Kisby et a i. Neurology 42:1336. 1992; Zhang et al.. Acta
Neurol. Scand. 94:51,1996). In rodent brain, methylazoxymethanol (MAM, the
aglycone of cycasin) promotes formation of O^-methylguanine DNA adducts which
are repaired by the suicide DNA repair enzyme methylguanine methyltransferase
(MGMT). Dividing and mature human SY5Y neuroblastoma clones, which
selectively overexpress (+) or underexpress (-) MGMT, and parental cells, were
examined for MAM-induced DNA damage and cytotoxicity. SY5Y cells (dividing)
were treated for 24h with 100 |iM, 200 |xM, or 500 ^M MAM and for the next 3
days examined dally for cell density and viability. Approximately 90% of the cells
remained after a 24h treatment with 500 |aM MAM but no difference was observed at
lower concentrations (100 |oM, 200 jiM). Marked DNA damage (-170 fmol
adduct/|Xg DNA) was detected in MGMT(-) cultures treated for 24h with 500 (jM
MAM. DNA damage was lower (~2.0x) in comparably treated MGMT(+) cultures.
Daily examination of cultures treated with 500 fiM MAM revealed a steady and
progressive loss of neurons and a less pronounced loss in cultures similarly treated
with lower toxin concentrations. Three days after 500 pM MAM treatment,
extensive (>90%) cell loss was observed in MGMT(-) cultures, while cell loss was
moderate (-50%) in parental or minimal (-20%) in MGMT(+) cells comparably
treated with the genotoxin. Consistent with these observations, alkylation-tolerant
fibroblasts fr.om mismatch DNA repair-deficient mice were resistant to MAMinduced cytotoxicity. These findings support a direct relationship between MAMinduced DNA damage and neurotoxicity and suggest the genotoxin may operate in a
similar manner in vivo. [Supported by NINDS grant NS19611]
NEUROPSYCHIATRIC DISORDERS: SCHIZOPHRENIA I
216.2

216.1

Neurotransmitter Receptor Phenotype in
Psychiatric Disease
David M. WeinerJL2x*. and Mark R. Brann2. ^Departments o f Neurology
and Psychiatry, University o f Vermont, and ¿Receptor Technologies
Inc., 276 East Allen, Winooski, Vt., 05404.
Various experimental approaches have uncovered abnormalities in
monoaminergic neurotransmission in many neuropsychiatrie disorders. A
critical component of monoaminergic signal transduction is that mediated
by the multiple subtypes o f G-protein coupled receptors. Recently,
receptor mutants have been described in various human diseases that
display constitutive activity, in that they are active even in the absence of
neurotransmitter. This type of receptor mutation in these excellent
candidate genes may underlie the neurochemical abnormalities that exist in
human neuropsychiatrie disease. We have developed a rapid physiologic
assay of receptor phenotype called R-SAT (Receptor Selection and
Amplification Technology). This assay is based on the observation that
many of these receptor subtypes can function as proto-oncogenes.
Briefly, a receptor of interest is amplified by PCR from a patient’s blood
and subcloned into an expression vector designed specifically to subclone
PCR products (T-Target vectors). Mammalian cells (NIH-3T3’s) are
then transfected with the receptor DNA and a marker gene (B-GÂL), and
grown in the presence of agonist or antagonist to generate accurate
physiologic data based on a colorimetric assay of marker gene function.
We have applied this assay to screen large numbers of individuals from
well characterized familial pedigrees of neuropsychiatrie disease for the
presence of constitutively active monoaminergic receptors. Data will be
presented on the functional properties o f the muscarinic m5, and the
serotonin 5HT1A receptors in schizophrenic patients.
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METHYLATION SYNDROMES IN MENTAL ILLNESS. Walsh and F.
Rehman. Health Research Institute. Naperville, IL 60563.
Traits associate with over-methylation and under-methylation were studied
in a population of 1,000 persons diagnosed with depression, bipolar disorder,
and schizophrenia. Whole-blood histamine was used as a marker for
methylation status. A total of 142 under-methylated and 175 over-methylated
subjects were identified and evaluated with respect to 60 traits and symptoms
often associated with mental illness.
Methylation is a key factor in the synthesis of neurotransmitters (NT). The
major methyl donor, S-adenosyl-methionine (SAM), is a rate-limiting step in
metabolism of most major NT’s. Over-methylation has been associated with
low folate levels, elevated SAM levels, and excellent response to selective
serotonin reuptake inhibitors (SSRI). Under-methylation has been associated
with elevated folate, depleted SAM, and a poor response to SSRI.
The over-methylated cohort was found to have a high incidence of anxiety,
hyperactivity, paranoia, underachievement, panic episodes, food/chemical
sensitivities, absence of inhalant allergies, low libido, and hireutism. Most
schizophrenics in this group had a diagnosis of paranoid schizophrenia. The
under-methylated group was determined to have a high incidence of
perfectionism, obsessive-compulsive tendencies, high libido, inhalant allergies,
addictive tendencies, delusions, and pre-illness overachievement. Most
schizophrenics in this group had a diagnosis of schizoaffective disorder.
These results suggest that (1) over-methylation is associated with elevated
DA levels, (2) under-methylation is associated with low 5-HT levels, and (3)
nutrient therapy to correct methylation imbalance may have a beneficial effect
on NT levels.
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216.3
GENETIC ASSOCIATION BETWEEN CYTOCHROME P-450 2D6 GENE POLYMORPHISM
AND PLASMA IIALOPERIDOL LEVEL. N. Shibata, T. Ohnuma, II. iiaba. Il.-Shisada
T. Takahashi. N. lwamoto. A.Matsumoto*. II. Arai. Department of Psychiatry
,*Department of Anatomy Juntendo School of Medicine,560 Fukuroyama
Koshigaya-shi Saitaia 343 Japan.
<lntroduction>Cytochrome P-450 enzyme are involved in the oxida
tive metabolism of various endogenous and exogenous hydrophobic
compounds , including-drugs and chemical carcinogens. The debrisoquine-4-hydroxylase(CYP2D6) polymorphism is a genetic variation in
oxidative metabolism characterized by three phenotypes,the rapid
mctabolizer(RM),extensive mctabolizer(EM)and poor mctabolizer(PM).
CYP2D6 gene has been mapped to human chromosome 22ql3.J which includs nine exons.There have been reported 12 polymorphisms in PM,
and inherited asan autosomal reccesive trait.Haloperidol(HPD) is
metabolized by CYP2D6 in human liver and its plasma level shows
large interindividual differences.We have examined two major pol
ymorphisms in the CYP2D6 gene,CYP2D6A(a single nuclcot id (A) dele
tion in exon5) and CYP2D6B(A point mutation at the 3’-splice site
of intron3)in 38 cases who have been taking HPD.And we have also
studied CYP2D6A,CYP2D6B a lle le,th e case of PM and a lle lic frequen
cies. <Method> Genomic DNA of 38cases(35 Schizophrenic cases,3 Aff
ective disorder cases)was extracted from blood by standard method.
According to Dougras’s (1994) method,PCR was carried out using two
primers.PCR products were digested with MVA-101 and Mae D.Products
were electrophorased on a 10%(CYP2D6A) and a 6%(CYP2D6B)poIyacryI
amide gel,and bands visualized by ethidium bromide-staining .We
determined wild type alleles of CYP2D6A and CYP2D6B. <Results> We
found only 1 case of CYP2D6A homozygote,and whose plasma HPD level
was not deviated. There were no cases of CYP2D6B homozygote. We
could not show phenotype/genotype relationships in the CYP2D6 gene
in terms of the metabolism of HPD.But Armstrong et a l(1994) showed
CYP2D6J(polymorphisms in exonl and 9)allele frequencies are large
in Oriental populations.We are currently studying CYP2D6J a lle lic
frequencies in the HPD administered patients.

216.5

ANTICIPATION
AND
IMPRINTING
IN
SCHIZOPHRENIA K. O hara*. H.-D Xu N. MoriY. Suzuki P.S. Xu. K. O h ara. Z.-C. W ang. D ept.of Psychiatry, H am am atsu
Univ. Sch. of Med., Shizuoka, 431-3 1 J a p a n ; D ept.ofPsychiatry,
S h an g h ai Second Med. U niv., People’s Republic of China.
A nticipation, i.e. a decrease in the age of onset an d /o r an
increase in th e severity of a d isease in su b seq u en t generations,
an d im printing, i.e. different p a re n ta l tran sm issio n , have been
suggested in trinucleotide re p e a t am plification diseases. The
purpose of th is stu d y was to determ ine if an ticip atio n and
im p rin tin g are asso ciated w ith fam ilial schizophrenia .Two
generations of 49 schizophrenics from 24 fam ilies were collected.
They were a 11 diagnosed byDSM-IV. Eight item s, i.e. age ofonset,
num ber h o spitalized, diagnostic su b classes of schizophrenia,
am o u n t of antipsychotics, positive sym ptom , negative sym ptom ,
tre a tm e n t resistance, an d clinical course ratin g s, w erecom pared
betw een the two generations .The age of onset w as significantly
lower in the offspring generation, while there was no difference in
severity betw een the two generations. The m ean negative
sym ptom scores of PANSS and clinical course scores in the
offspring generation for p a te rn a l tran sm issio n were significantly
higher th a n those for m a te rn a ltra n sm issio n .O u rre su lts silggest
the presence of genetic im printing as well as an ticip atio n in
schizophrenia.

216.7
BIMODALITY IN AGE AT ONSET IN SCHIZOPHRENIA: EVIDENCE FOR
TWO DISEASE PROCESSES? G.L. Haas’. M.Escobar. and J.A. Sweeney.
Western Psychiatric Institute and Clinic, University of Pittsburgh School of
Medicine, Pittsburgh, PA 15213.
The consistent finding that females have a later age of illness onset in
schizophrenia has been the focus of considerable speculation for decades. Several
theories have been put forward as possible explanations for this phenomenon. In
particular, it has been proposed that the antidopaminergic properties of estrogen
may decrease vulnerability to episodes of schizophrenia. This might account for
delayed onset in females. Whether this age at onset differential is due to a
generalized delay in females or to a subgroup with later age at onset has not been
established. We, therefore, studied the timing of illness onset in 103 individuals
with a first episode of schizophrenia, schizophreniform or schizoaffective disorder.
The age at onset was significantly greater in females than males. A mixture
ana'ysis of the age at onset distributions for males and females revealed that this
ciiect v is acounted tor by a sub 'roup of laier-onset females. Clinical and
p.-u’. :ial assessments indicated tl it these later-onset females were distinguished
■ ' -r premorbid adjustment, T>wer levels of negative symptomatology and
bi >Te ehavior and lower lev's of neuropsychological impairment. These
f. nj uggest that t. re may be ^ex-related protective or pathophysiologic factors
h fluence both \e timing tnd the clinical expression of schizophrenia in a
^ cif subgroup of male patients. Supported by NIMH award MH-43613.
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216.4
LACK OF ASSOCIATION BETWEEN SEROTONERGIC AND
DOPAMINERGIC RECEPTOR GENE POLYMORPHISMS AND
THE DEFICIT SYNDROME OF SCHIZOPHRENIA Robert W.
Buchanan*. Anil Malhotra. Brian Kirkpatrick. Patricia Ball. David
Goldman. Alan Breier. David Pickar MD Psych Res Ctr, Dept of
Psychiatry, University of Maryland, Baltimore MD 21228
The deficit form of schizophrenia is characterized by the presence
of primary, enduring negative symptoms, and has unique clinical and
anatomical correlates. Family studies have suggested that genetic
factors may play an etiological role in the deficit syndrome, and
serotonergic and dopaminergic neurotransmitter systems have been
hypothesized in the pathophysiology of negative symptoms.
Therefore, we examined the association of the deficit syndrome and
polymorphisms of serotonergic and dopaminergic receptors. Sixty-two
patients were genotyped for 5HT2A (452 Hist/Tyr; 102 TIC), 5HT2C
(Cys23.vs Ser^), 5HTT (short vs long), D3 (Ser9 vs Gly9) and D4 (4
vs 7) polymorphisms. The Schedule for the Deficit Syndrome was
used to categorize patients into deficit (n = 20 ) and nondeficit (ri=42)
subgroups. There were no significant associations between either
genotype or allele frequency for any of the receptor types and deficit
syndrome categorization. These results suggest that these receptor
polymorphisms are not etiologically related to the deficit syndrome.

216.6
CSF LEVELS OF DOPAMINE 0-HYDROXYLASE PROTEIN AND ALLELES
OF THE DBH GENE IN SCHIZOPHRENIC SUBJECTS. J.F. Cubells*12. P.P. van
KqmmgnM P.. Raol:2vM.E. Kelley3,4' D-T- O’Connor5, and ¿-Qgiemier1^. Depts.
Psychiatry, 'V.A. Connecticut Health Care System and 2Yale U. Sch. Med., West
Haven, CT 06516,3Highland Drive V.A.M.C. and 4U. of Pittsburgh, Pittsburgh, PA
15206 and 5Dept. Medicine, U.C.S.D., San Diego, CA 92161.
Dopamine P-hydroxylase (D0H) converts dopamine to norepinephrine. Serum
DPH levels are under genetic control. Alleles of a GT repeat polymorphism (Porter,
et al., ‘92, NAR, 20: 1429) at the structural gene for D0H, (locus name: DBH),
associate to serum D0H activity in normal British subjects (Wei et al., Hum. Genet.,
‘97,99: 52). We examined CSF levels of D0H protein, and genotypes at the GT
repeat and 2 other DBH variants, in European-American schizophrenic subjects.
Kruskal-Wallis 1-way ANOVA of DPH levels from carriers of the two most
common GT repeat alleles showed a significant effect of genotype (p = 0.048), while
the Jonckherre-Terpstra test showed a significant downward trend for data grouped as
A3/A3, A3/A4, and A4/A4 (Standardized JT* = -2.31, p = 0.02; allele nomenclature
as in Wei et al., ‘97). Consistent with Wei’s report (6th Int’l Schiz. Congress, April,
‘97), A3/A3 homozygotes showed a significantly earlier age of onset (p < 0.03). Two
other DBH polymorphisms, an expressed variant in exon 5 and a variant in the 3'
noncoding region of exon 12, did not associate to CSF DPH levels or to age of onset.
The results of this study provide further evidence that the DBH locus is a major
gene controlling DPH activity. Our data extend previous findings on the genetics of
serum DPH activity to levels of DPH protein in the CSF, a pool of DPH that
originates in the brain. The results also confirm earlier evidence for a genetic
association between a DBH GT repeat allele associated with higher DpH levels, and
earlier age of onset of schizophrenia. Support: Dept. Veterans Affairs, NARSAD,
NIMH, NIAAA, NHLBI.

216.8
BORNA DISEASE VIRUS AND FIRST EPISODE SCHIZOPHRENIA.
R.W.Waltrip*1'2. J.A.Lieberman3, D.G.Robinson4. R.M. Bilder4. J.M. Alvir4.
L.R. King12. A. Summerfelt1. S.A. Rubin2. K.M. Carbone2 'Maryland
Psychiatric Research Center, P.O. Box 31247, Baltimore, MD 21228;
la b o rato ry o f Pediatric Viral Diseases and Respiratory Viruses,
FDA\CBER\OVRRVDVP; 3University o f North Carolina Department o f
Psychiatry; 4Long Island Jewish Medical Center, Hillside Hospital, Department
of Psychiatry.

Borna disease virus (BDV) is a neurotropic and nonlytic virus that produces
persistent infection in a wide range of hosts that recent data indicates includes
man.
In previous studies we found a high rate of BDV seropositivity in patients
with schizophrenia, and a correlation between seropositivity and deficit
syndrome, neuroanatomical abnormalities and neurological soft signs.
The present study of first episode patients was conducted to examine
patients early in their course of disorder. Blood sampling was done at study
entry and at 6 months. The 6 month time point was assayed for serological
status and seropositive patients’ study entry samples were assayed.
9/67(13.4%) of patients and 0/22 controls were seropositive. 6 of 8 available
samples of séropositives were also seropositive at study entry.
Neuropsychological testing revealed a significantly better premorbid
functioning scale score in séropositives that in seronegatives. If BDV is
involved in schizophrenia, these findings suggest that psychosis is not an
immediate manifestation of acute infection and any BDV related deterioration
in functioning occurs after the attainment of language skills.
SuDD.orted bv NARSAD and the Theodore and Vada Stanley Foundation.
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216.9
A COMPARISON
OF SEMANTIC
FLUENCY
TASKS
IN
SCHIZOPHRENIC PATIENTS AND NORMAL CONTROLS.
P.M.
Weinstock. M. Akil», B. Elvevag, T.E. Kleinman, T.E. Goldberg, Clinical
Brain Disorders Branch, NIMH Neuroscience Center at St. Elizabeth's,
Washington, D.C. 20032.
Impaired language processes have been associated with the presence of
formal thought disorder in patients with schizophrenia. While previous
studies have reported significant impairment cn semantic fluency tasks
among schizophrenic subjects, the possibility of differential impairment
between specific semantic categories has not been adequately
investigated. We performed a series of three-minute fluency tasks to
determine whether duration-specific or category-specific differences exist
between schizophrenic subjects and normal controls. Each subject was
tested three times as a means of estimating word pool. Subjects were
asked to generate exemplars from each of five verbal fluency categories
{animals, tools, common nouns, verbs, first names}. To address the role of
attentional impairment, all subjects were tested using 3-minute letter and
semantic monitoring continuous performance tasks. Thought disorder was
assessed using the Scale for the Assessment of Thought, Language, and
Communication (Andreasen, 1986). Data from 12 schizophrenic subjects
and 12 matched controls tested to date revealed trend-level differences
between groups in overall performance on semantic fluency tasks. W hile
differential impairment on specific semantic categories was noted between
groups, no differential effects related to task duration were present.
Further testing and data analysis will seek to elicit the associations
between fluency impairment and both lexicon size and formal thought
disorder. Supported by the NIH Intramural Research Program.

216.10
THE FACTOR STRUCTURE FOR POSITIVE AND NEGATIVE
SYMPTOMS IN PSYCHOTIC INPATIENTS OVER THREE CLINICAL
STATES l-W, q ep, A.C .I M , R-W.wfeL Rfc Corey.,
IPprichard*. C. A. Tamminga Maryland Psychiatric Research Center, University
of Maryland School of Medicine, Baltimore, MD 21228
Objective: Factor analysis has consistently supported the separation of
schizophrenic symptoms into three factors: ( 1) hallucinations and delusions,(2)
thought disorder and (3) negative symptoms. However, die stability of factor
solutions over time and clinical states is still not well established. We took
advantage of of an on-going double blind, placebo-controlled neuroleptic
withdrawal study in hospitalized schizophrenic persons to perform an exploratory
factor analysis of symptoms in various clinical states. Method: Symptom ratings
were obtained in each schizophrenic person (n=39) prior to neuroleptic
withdrawal and after remedication. Seven individual items were selected from
the Brief Psychiatric Rating Scale (BPRS) based on Liddle’s three-syndrome
model (Items 3,4,12, IS, 16,19, and 20). For the examination of factor
structures across the three clinical states, the principal-component analysis with
Varimax rotation was used. Results: For each state, a two-factor solution
adequately represented the data. Inspection of items loading on each factor
identifies a “positive” symptom factor and a “negative” symptom factor. These
two factors explain 56.4% to 66.9% of the variance across the three states.
Conclusion: A two-factor rather than a three-factor solution was identified. The
analysis of factor solution over the three clinical states indicated the relative
stability of the negative factor and relative instability of the positive factor.
Confirmatory factor analysis will be used to explore the relationship among
factors at various states.

216.11
CHANGES IN ADULT BRAIN AND BEHAVIOR CAUSED BY NEONATAL
AMYGDALA DAMAGE:: IMPLICATIONS FOR THE ETIOLOGY OF
SCHIZOPHRENIA. F, M ,.Bm iagton.*
,P.. \fei*nd. R,
Astor, .and R, J ,
Sutherland. Depts. of Psychol. & Neurosci., Univ. of New Mexico, Albuquerque.
Schizophrenia may result from early, specific brain damage that adversely affects
maturation of other structures. Our study addresses the possibility that early
amygdala damage results in abnormal maturation of anatomically related structures
such as the hippocampus, prefrontal cortex, and forebrain dopamine systems. We
addressed these issues by assessing adult brain morphology, behavioral sensitivity to
a dopaminergic agonist, and specific cognitive processes in rats that had received
stereotaxic, electrolytic damage 48 hr after birth. Several behavioral tasks that
depend upon the integrity of the hippocampus, amygdala, or prefrontal cortex, and a
dopamine-sensitive task were conducted. The tasks included place navigation, food
preference, egocentric spatial ability, and apomorphine-induced locomotion.
Significant group differences were seen for the place navigation, egocentric spatial
ability, and apomorphine-induced locomotion tasks. Adult brain morphology was
assessed by measuring the volume of the amygdala, hippocampus, frontal cortex,
cerebral cortex, and the lateral and third ventricles. Significant group differences were
seen for the volumes of the amygdala, hippocampus, and lateral ventricles.
Amygdala volume is positively correlated with cerebral cortex, prefrontal cortex, and
hippocampal volumes and place navigation performance, and negatively correlated
with lateral ventricle volume. Hippocampal volume is positively correlated with
cerebral cortex and frontal cortex volumes and place navigation performance, and is
negatively correlated with lateral ventricle volume and the amount of locomotion
with apomorphine administration. This study contributes to our understanding of the
pathogenesis of schizophrenia by linking early specific damage to adult behavioral,
morphological, and neuropharmacological abnormalities that resemble those seen in
adult schizophrenics. [Supported by SRAC and RPT of University of New Mexico.]

216.12
NEUROLEPTIC MEDICATION REVERSES P300 DELAY AND ATTENUATION
IN SCHIZOPHRENIA. KL.Cobum*. S.D.Shillcutt K.M.Estes and N.C.Moore.
Mercer University School of Medicine, Macon, GA 31207-0001.
P300 amplitude reduction is commonly found in schizophrenia but P300 latency
generally has been reported to be normal. However, conflicting findings are present in
the literature and interpretation has been confounded by medication effects and
methodological differences. This study used a standard auditory oddball paradigm to
compare the latency, amplitude, and topographic distribution of P300's in neurolepticfree schizophrenic patients with those of healthy controls. The patients then were
treated for six weeks with either remoxipride or haloperidol and their P300's were
reassessed. P300's were attenuated and delayed among neuroleptic-free patients, but
there was no peak lateralization or amplitude asymmetry over temporal regions.
Subsequent neuroleptic treatment normalized P300 latencies and increased P300
amplitudes but the latter remained below normal limits over all except frontal areas.
There were no correlations between P300 latency or amplitude and clinical symptoms
either before or after treatment. The finding of a P300 delay in neuroleptic-free
schizophrenic patients which is normalized by neuroleptic treatment has not been
reported previously. Neuroleptic effects on P300 amplitude and latency were
independent of effects on clinical symptoms, and could not be attributed to
anticholinergic activity.
Support: Medical Center of Central Georgia CRC 16-121-50

216.13
GROWTH HORMONE IN PATIENTS WITH SCHIZOPHRENIC DISORDERS
UNDERGOING ELECTROCONVULSIVE THERAPY
G. Bersani1, A. Iannitelli1, F. Paeitti1, P. Orsi2, M, Caredda1, F. Passarelli*3 - 1 III
Psychiatric Clinic, Department of Psychiatric Science and Psychological Medicine, 2
Institute of Anesthesia and Intensive Care, and 1 Dept, of Neurosci- 1st Neurology.
The aim of the present study was to evaluated a growth hormone (GH) response during
ECT treatment in schizophrenic patients. GH is a potent anabolic hormone essential for
normal growth during childhood and adolescence, but secreted also in later life. Changes
in GH secretion and response to challenge stimuli have been reported with major
depressive illness. No differences have been found in baseline GH levels between
schizophrenic patients and controls. Apomorphine stimulation produced a variable GH
response in schizophrenic patients. There are reports showing no differences in GH
response, but other investigations have demonstrated an exaggerated GH response in
acute and in a small number of chronic schizophrenics, thought most, but not all,
chronic schizophrenics show a blunting of response. In our study, after institutional
Ethical Committee approval and informed consent, eleven schizophrenics patients
completed a course of 10 bilateral ECT treatments, administered three times per week.
Other than 8 standard sessions, the course included baseline and final seizure threshold
research. The MECTA instrument, model SR-1, has been used to induce seizures during
ECT. Anesthesia was carried out by the same senior, and comprised 0.5 mg intravenous
(i.v.) atropine, 0.5 mg/kg i.v. succinylcholine and propofol at the dose of 1.2 mg*Kg-l of
body weight in rapid infusion. All patients were subjected to assisted ventilation with
100% 0 2, administered through a mask and carried on until complete patient
awakening. During the first, the fourth and the last treatment, blood samples were
collected into tubes 5 min prior to the electroconvulsive session, in baseline and at 5, 15,
30 min after it. Plasma were separated by centrifugation and frozen at -20°C. GH
concentrations were measured by radioimmunoassay (RIA) techniques. Analysis of the
GH response showed a significantly higher response in the fourth and the eighth than in
first session of ECT after 5 and 15 min. These findings are consistent with the
exaggerated GH response to stimuli observed in schizophrenic patients.

216.14
AUDITORY N1 REFRACTORINESS IN A PRIMATE MODEL OF
SCHIZOPHRENIA. M. Jayachandra », C. E. Schroeder R. W. Lindsley and
D.C.Javitt. Program in Cognitive Neuroscience and Schizophrenia, The
Nathan Kline Institute, 140 Old Orangeburg Road, Orangeburg, NY, 10962.
Schizophrenia is associated with deficits in short duration memory storage. In the
auditory system, short duration storage is indexed by mismatch negativity and the
refractoriness of the initial negative deflection (Nl) of the cortical auditory evoked
potential (AEP). The major electrical sources of this potential are in the supratemporal auditory cortex (.A1) which shows abnormal activation in schizophrenics
and may contribute to the auditory symptoms of the disease. Monkeys generate AEPs
that resemble those of humans.
The present study investigates Nl amplitude as a function of varying inter-stimulus
intervals (ISIs) in humans and monkeys. Nl normally increases in amplitude with
increasing ISI. In schizophrenia, though relatively normal in amplitude at short ISIs,
Nl fails to increase normally in amplitude with increasing ISIs (n=17). We studied
the amplitude of Nl and related potentials (e.g., PI, P2) as a function of ISI in awake
monkeys (Maccaca fasicularis). Binaural, white noise clicks (90 dB, 100 msec) were
presented at different ISIs (0.15-9 sec) and the AEP was recorded from epidural
electrodes. Nl amplitude increased as a quasi-linear function in the range of ISIs
studied (0.15-9 sec;n=4). At longer ISIs (>7 sec) Nl amplitude showed less
variability. This similarity in Nl refractoriness with humans makes non-human
primates potentially useful in studying the pathophysiology of auditory cognition in
schizophrenia.
In preliminary experiments, PCP, a dissociative anesthetic and an NMDA
antagonist which produces a cognitive state reminiscent of schizophrenia, was used to
simulate an acute schizoid state in a monkey. Following I.M. PCP (0.1mg/kg;n=4),
the monkey usually became passive, decreased threatening displays, secreted mucoid
saliva, refused oral sugar solutions, had bilateral ptosis and decreased muscle tone.
Electrophysio-logically, the Nl/ISI relationship became more variable but was
depressed at the longest ISI (9 sec). Pilot experiments with acepromazine, a
phenothiazine control (0.3,0.6 mg/kg; I.M.) indicate possible depression of Nl
amplitude at longer ISIs. (Support: MH 55620 and a grant from HFSP)
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216.15
DEFICIENT ENCODING INTO AUDITORY SENSORY MEMORY IN
SCHIZOPHRENIA. T. Baldeweg*. A. Klugman. A. Colebatch. J. Gruzelier
and S.R. Hirsch. Dept, of Psychiatry, Charing Cross & Westm. Med. Sch., London
W6 , U.K.
Objective: To determine whether the deficit in auditory sensory memory in
schizophrenics detected using mismatch negativity potentials (MMN) is due to
impaired encoding or fester memory trace decay. Method: Ten schizophrenic
subjects and ten age- and sex-matched healthy controls were studied using a
modified paradigm to elicit MMN. Rate of encoding was assessed in MMN to
deviants occurring with a probability of 33,15, 5 and 2.5% (inter-stimulus interval
ISI 0.3s). In a separate block trace decay was measured with MMN and N1
potentials at ISI 0.3,1.5,3.0 and 6.0s. Results: Two independent mismatch peaks
were recorded: an earlier positive peak at 120 ms was only detectable at mastoid
derivations. This peak was not different between healthy and schizophrenic subjects
and increased in amplitude with decreasing deviant probability. A later negative
peak at 170ms in frontal derivations (MMN) was absent in schizophrenic subjects,
suggestive of impaired stimulus encoding. In healthy subjects, MMN increased
with decreasing deviant probability. During the trace condition, MMN was
recorded at ISI=0.3 and 1.5s only in healthy subjects while their N1 amplitude
increased with ISI, without reaching a plateau at 6.0s. In schizophrenics N 1
amplitude levelled at ISI—1.5s suggesting accelerated trace decay. Conclusion: The
auditory sensory memory deficit in schizophrenic subjects appears primarily due to
an impaired encoding process. However, the differential effect of supra- vs.
subtemporal EEG recording sites needs further study.

216.16
DIFFERENTIAL COGNITIVE DEFICITS IN SCHIZOPHRENIC PATIENTS
WITH PRESERVED INTELLECT. T.W. Weickert*. D.R. Weinberger and T.E.
Goldberg. Clinical Brain Disorders Branch, NIMH Neuroscience Center at St.
Elizabeths, Washington, D.C. 20032.
Schizophrenia has been characterized by a specific pattern of attentional,
mnemonic, executive function, and motoric deficits. Many schizophrenic patients
also experience a decline of general intellect from premorbid levels. A battery of
neuropsychological tests administered to 117 schizophrenic in-patients revealed the
characteristic pattern of deficits compared with a group of 27 normal controls.
51.3% (60 patients) displayed a decline in their general intellect of 10 points or
greater from their premorbid levels as measured by the Wechsler Adult Intelligence
Scale-Revised and the Reading subsection of the Wide Range Achievement TestRevised, respectively. Of those patients who did not demonstrate a decline, 49.1%
(28 patients representing 23.9% of the total schizophrenic sample) displayed both
premorbid and current mild intellectual impairment. The remaining 50.9% of the
nondecliners (29 patients representing 24.8% of the total schizophrenic sample)
displayed premorbid and current intellectual levels in the average to above average
range. In a series of ANOVAs, schizophrenic patients displaying a decline in
general intellect exhibited cognitive deficits in the domains of executive function,
memory, and attention. Patients with low premorbid and current intellectual levels
demonstrated deficits similar to those who declined as well as deficits in the
domains of language and visual processing. The schizophrenic patients with
average premorbid intellectual levels who did not experience a decline displayed a
cognitive profile that was similar to normal controls, with the exception of impaired
performances on the Wisconsin Card Sorting Test (a measure of prefrontal
executive function) and the Vigilance portion of the Gordon Continuous
Performance Test (a measure of attentional abilities). These findings suggest that
the putative neural substrates may be differentially compromised in schizophrenia.
This work was supported by the IRP of the National Institute of Mental Health.

216.17
P50 AND EYE TRACKING IN SCHIZOPHRENIA.
A.T. Summerfelt. C. Arango. D.E. Ross. G. Thaker. W.T.
Carpenter* and R.W. Buchanan. Maryland Psychiatric Research
Center, University o f MD, Baltimore, MD 21228
Sensory gating deficits and eye tracking abnormalities occur at
increased rates among schizophrenia patients and their relatives.
Both measures are thought to be behavioral markers o f genetic risk
for schizophrenia. However, it is not known whether P50 and eye
tracking deficits mark a common genetic risk or point to two distinct
schizophrenia predisposition factors. The purpose o f this study was
to evaluate the relationships between P50 (amplitude, latency, CT
ratio) and eye tracking (pursuit gain and saccade frequency)
vulnerability markers in patients with schizophrenia.
Fourteen patients with schizophrenia participated in the study.
P50 amplitude, measured at Cz, was significantly related to eye
tracking pursuit gain (r = .78, p < .05) and saccade frequency (r =
.64, p < .05). P50 latency and eye tracking peak gain were related
at the trend level (r = -.62, p = .07). No significant relationships
were obtained between the CT ratio and any o f the eye tracking
measures. Results will be discussed in the context o f schizophrenia
vulnerability markers.
Supported by MH40279 and the Univ. o f MD School o f Medicine.

216.18
CLINICAL OUTCOME TO CLOZAPINE IN CHRONIC PSYCHIATRIC
INPATIENTS. C. Advokat * *. L.J. Bertman 1 and J.E. Coftiatv 12 ^ p t .
of Psychology, Louisiana State University, Baton Rouge, LA, 70803; 2
Behavior Treatment Program, East Louisiana State Hospital, Jackson, LA,
70748.
A review of the medical records in a state psychiatric hospital (East
Louisiana State Hospital) was conducted to evaluate the clinical efficacy of
the atypical antipsychotic, clozapine. Using the Brief Psychiatric Rating Scale
(BPRS), 4 groups of schizophrenic inpatients (n = 59) were operationally
defined: Nonresponders (< 20% decrease from pre-drug baseline); Short-term
Pharmacological Responders (20% decline but not sustained); Long-term
Pharmacological Responders (maintained a 20% decline) and Clinical
Responders (maintained a 20% decline and achieved a BPRS < 36, the
criterion of Kane, et al, 1988). There were 7 NRs, 13 STPRs, 21 LTPRs and
18 CRs. The latter 3 (responding) groups improved significantly within the
first month of treatment and reached a 20% decrease in the BPRS by 3
months. In addition, CRs required 5 months to attain a BPRS < 36. These
criteria were reached at the same average doses (about 300-400 mg/day). The
proportion of CRs (30%) in this retrospective, naturalistic study, is
remarkably close to the results of the definitive study by Kane, et. al. These
data suggest early clinical indications for response to clozapine. If accurate,
these indicators could be used to maximize the utilization of limited resources
available in a public mental health system.
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217.1
THE SUBCORTICAL EFFECTS OF ECT ON BRAIN GLUCOSE
METABOLISM M E. Henry. M.E. Schmidt. J. A. Matochick. M.J. Kaufman*, and
W. Z. Potter. National Institute of Mental Health, Bethesda, MD. 20892
Although electroconvulsive therapy (ECT) continues to be one of the most effective
treatments available for mood disorders, the mechanisms by which ECT effects a
response are unknown. Brain Wood flow studies have reported decreased, increased,
and no change in blood flow following a course of ECT. We undertook a study of
cerebral glucose metabolism (CMRglu) before and after ECT using *8Ffluorodeoxyglucose (FDG) positron emission tomography (PET) to examine global
and regional (particularly subcortical regions) metabolic effects. Methods. 6 patients
(4-F) with a Major Depressive Episode (1 BPI, 2 BPII, 3UP) were admitted to an
NIMH inpatient research unit and were off all psychotropic medications (except
lithium, one patient) for at least 2 weeks prior to a pre-ECT PET scan. Patients
received bifrontal ECT, until a clinical response was observed. A second PET scan
was obtained 2-7 days after the last ECT. PET images were analyzed by comparing
regions of interest (ROIs) and using a pixel by pixel analysis for both absolute and
normalized CMRglu. Results: The ROI comparison of the absolute metabolic data
revealed decreases in all of the 63 regions examined. When the data were normalized
to reduce inter-subject variability and diffuse effects, an area of the brainstem
containing substantia nigra showed an increase in metabolism after ECT. The pixel by
pixel analysis was consistent with the ROI analysis. Conclusions: These data are the
first report of activation of subcortical areas following ECT. The localization to an
area of the brainstem consistent with substantia nigra is consistent ECT’s efficacy in
treating the movement abnormalities in Parkinson’s disease and is consistent with an
earlier report of increased homovanilic acid in cerebrospinal fluid after ECT.
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217.2
VALIDATION OF NONCOMPARTMENTAL AND COMPARTMENTAL KINETIC
MODELS OF [11C](+)McN5652 IN BABOONS. U. Scheffel*. Z. Szabo, W.B.
Hopkins Medical Institutions, Baltimore, MD 21205
The purpose of this study was to validate kinetic models of
[11C](+)McN5652, a radioligand useful for PET imaging of serotonin (5-HT)
transporters in the brain. Three anesthetized baboons were injected i.v. with 25
mCi [11C](+)McN5652 and subsequently with 25 mCi [11C](-)McN5652.
Animals were also studied before and after treatment with blocking doses of
paroxetine (2x5mg/kg). Sequential PET scans were acquired for 115 minutes.
Time-activity curves from 12 brain regions were processed using metabolite
corrected plasma activity as an input function. The impulse response function
(irf) was assessed by regularization-based deconvolution and by compartmental
modeling. The irf value at 90 min was used as a parameter of specific binding.
Regional distribution volume (DV) was obtained from a 2-compartmental model.
Upon completion of the PET studies a baboon was sacrificed to quantitate
regional brain 5-HT axonal markers (5-HT, 5-HIAA content and [3H] citalopram
binding).
Due to skewed distribution, the DV showed a high variance, both with and
without correction for nonspecific binding (230%). Variance was significantly
improved by logarithmic (In) transformation (28 %). Regardless of whether the
baseline study obtained with [11C](-)McN or the post-paroxetine study with
[11 C](+)McN5652 was used for correction of nonspecific binding, the correlation
of the corrected parameters was very high (>0.93, either parameter). After
correction for nonspecific binding, the irf correlated slightly better with 5-HT
axonal markers (r=0.667-0.906) than the InDV (r=0.620-0.812).
These results indicate that [11C]McN5652 can be used to quantitatively
assess regional 5-HT transporter density in the primate brain, and that the
noncompartmental irf parameter may be more reliable than the compartmental
distribution volume for this purpose.
[Supported by grants # DA 10217 and DA 06275]
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217.3
IN VIVO 31P NMR SPECTROSCOPY SHOWED NO IMPAIRED ENERGY
METABOLISM IN THE PREFRONTAL CORTEX OF PATIENTS WITH
SCHIZOPHRENIA. Y. ShiravamaM. Yano. S. Takahashi. K. Takahashi and
T. Qqino. 1) Dept. Psychiatry, Kanto Teishin Hospital, 2) Div. Biochem.
Cellular Biology, National Institute of Neuroscience, NCNP, 3) Dept.
Psychiatry, National Center Hospital, NCNP, 4) Dept. Chem. Biological Sci.
Japan Women's University, Tokyo, Japan.
Whatley et al. [1996] have suggested an altered genetic expression in
mitochondria due to schizophrenia in the frontal cortex. To further study
their result, we have non-invasively examined high energy phosphate
metabolism in the prefrontal cortex of patients with schizophrenia using in
vivo 31P localized (ISIS) NMR spectroscopy (2 Tesla). The study included
12 outpatients with mild negative symptoms who were receiving neuroleptic
medication and age matched 16 normal controls. All 31P spectra were
analyzed for quantifying absolute concentrations of ATP, PCr and Pi using a
non-linear least squares method combined with a prior knowledge of
chemical shifts. ADP - a major regulator of mitochondrial respiration,
phosphorylation potential (PP) - a measure of the available free energy in
the cell, the ratio of the rate of ATP synthesis against its maximum (V/Vmax)
and AMP were calculated from NMR observable metabolites. Moreover, the
concentration of intracellular free magnesium was calculated using a
program MAGPAC. It was found that the patients with schizophrenia had no
significant changes in mitochondrial function, free magnesium
concentration and pH. However, the concentration of AMP had a tendency
to decrease, although not over a statistical significance. The present results
suggest no impairment of mitochondrial functions in the prefrontal cortex of
patients with schizophrenia.
*We are grateful to Dr. G.D. Williams for providing MAGPAC.

217.4
NEURONAL INTEGRITY OF PREFRONTAL CORTEX CORRELATES WITH
WORKING MEMORY IMPAIRMENT IN HIV POSITIVE ADULTS TREATED
WITH INTERLEUKIN-2
DL Rosenstein. A Bertolino*. R Lestz. M Polis. JH Callicott. V.S. Mattav, JA
Frank. J.H, Duvn. D.R.Weinbereer. DR Rubinow. Behavioral Endocrinology
Branch, Clinical Brain Disorders Branch, NIMH, NIH Bethesda, MD 20892.
Interleukin 2 (IL2), an immunomodulator used to treat HTV infection, often produces
in some patients adverse neuropsychiatric effects. To assess the biochemical
correlates of IL2-induced CNS toxicity, we studied 10 HIV positive adults with long
echo time (TE 272 msec) multislice proton magnetic resonance spectroscopic
imaging (‘H-MRSI) before and 5 days after treatment with IL2. ‘H-MRSI permits
imaging of signals from metabolites such as N-Acetyl-Aspartate (NAA, marker of
neuronal
integrity),
choline-containing
compounds
(CHO)
and
creatine/phosphocreatine (CRE), from multiple 15 mm thick slices with a nominal
voxel volume of 0.84 mL. Multiple anatomically defined regions of interest were
drawn blindly on coplanar MR images. A neuropsychological battery was
administered at the time of each scan to assess working memory (WM) and other
cognitive functions. ANOVA showed a significant bilateral reduction specifically of
NAA/CRE in the prefrontal cortex (PFC) of subjects treated with IL2. No other
significant differences were found in any other region sampled for NAA/CRE and
CHO/CRE. The mean digit span subscale (DSS) of the WAIS was significantly
lower after IL2 treatment (t-Test pc.Ol). A significant correlation was found between
post-IL2 reductions in NAA/CRE in PFC and impaired performance on the DSS of
the WAIS (Spearman r=.80 p<.005). IL-2 treatment of HIV infected adults appears to
have effects on neuronal integrity specifically in the PFC. Moreover, these effects are
predictive of impaired WM performance. These 'H-MRSI correlates of medicationinduced CNS toxicity may have implications for the PFC-related WM impairment
described in other psychiatric illnesses.

217.5
ASYMMETRY AND LATERALITY INDEX IN MRI
MORPHOMETRY: THE PROBLEM OF INTERRATER RELIABILITY
K. Vladar*. J. J. Bartko. A.T. Summerfelt. R.W. Buchanan Maryland
Psychiatric Research Center, UMAB, Md. 21228.
Disturbances of normal asymmetries of the human brain have important
implications in psychiatric illnesses thought to have a neurodevelopmental
origin. For example one hypothesis of the etiology of schizophrenia posts
that abnormal asymmetry is the central neuropathological feature of the
disease. However, a the critical element in the assessment of the degree of
asymmetries is the calculation of asymmetry coefficients, such as: ô= RL/[(R+L)/2], where R=right and L=left measurement. Conclusions of
disturbed laterality are based on statistical analyses of the categorized
coefficients (left/right asymmetry, or symmetry) in different groups. One
potential confounding variable in these analyses is the interrater reliability
(ICC) of the R and L measurements. <5-s calculated from measurements of
the same structure by two investigators can have discrepant values, despite
having very high ICCs for individual R and L measurements. We
developed a method to establish 95 % confidence limits for the
categorization of laterality indices, using repeated sampling ( 10 ,000 ) of a
database created from 20 R and L measurements by two raters.
Calculations will be presented for Planum Temporale measurements.
Implications of different sample sizes will be discussed.
Supported by MH40279.

217.6
FUNCTIONAL IMAGING OF VISUAL ACTIVATION IN
UNMEDICATED SCHIZOPHRNEIA PATIENTS. D. Malaspina. A.
Lignelli, V. Furman. D. Liu*. R. Marshall. L. Keeeles. D. Printz. S.
Clark. R. Van Heertum.. J Gorman. Psychiatry and Radiology
Departments, Columbia University* New York, 10032
We examined differences in cerebral blood flow with SPECT (Tc99HMPAO of 20 Mci)imaging between 6 unmedicated schizophrenia
patients and 6 age/sex matched controls. The task was visual fixation
on a simple blue line intersection. Images were analyzed with
Statistical Parametric Mapping (SPM’95). The schizophrenia group
had significantly diminished blood flow in the left inferior frontal lobe
extending to the superior temporal gyrus and involving the left anterior
insula and left cingulate: (Z thresholds =2.8: region size = 106K
voxels: P(Zmax>u)=.009, P(nmax>k)=.372 and region size = 365K
voxels: P(nmax>k)=.04, P(Zmax>u)=.07). Blood flow was increased
in bilateral fusiform gyri and the left hippocampus: (Z thresholds =2.8:
region size = 457K voxels: P(Zmax>u)=.013 P(nmax>k)=.018 and
region size = 386K voxels: P(nmax>k)=.03, P(Zmax>u)=.027). Thus
schizophrenia patients showed increased blood flow in areas associated
with visual processing and memory, although this was not required for
the task. They also had diminished fronto-temporal blood flow in
language areas and in the cingulate, which is associated with sustained
attention.
Supported by the Mather’s Charitable Trust

217.7
ADOLESCENTS WITH SCHIZOPHRENIA HAVE SEPTAL NUCLEI
ABNORMALITIES BY MRI ANALYSIS. R.M. Pico*, and E. DiFrancesco.
Dept, of Psychiatry, The Mount Sinai Sch. of Med., New York, NY 10029.
A group of young males (17-20 yrs) who received an initial diagnosis of
schizophrenia (SCZ) were examined with MRI during hospital evaluation, as was
a matched grouped of non-disordered adolescents(CON). Contiguous 1.0mm
thick slice images were acquired in the coronal plane creating an isomorphic
voxel study. Image processing oriented the coronal axis perpendicular to the
hippocampal formation(HF). Analytical methods included voxel classification,
and automated edgc-detection and calculation routinés. We previously reported
HF volume reduction and frequent cavum septum pellucidum(CSP) in the SCZ
group (Pico, et al, 1995.), suggesting a developmental etiology. Our recent focus
of analysis included the septal nuclei(SN), which arise embiyologically with the
HF. Also, the midline 3rd ventricle volume, from anterior origin to posterior
commisure, was determined. The SN were present in 8-11 images (1 mm/slice).
90% SCZ vs. 40% CON had 4 or more SN images with CSF-filled spaces
interposed between the nuclei. 70% SCZ vs. 30% CON had this division in >50%
of the images. Moreover, at the level of the anterior commisure, 90% SCZ vs.
30% CON had an SN cavity present. The 3rd ventricle volume(mm3) mean group
comparison was not statistically significant. SCZ: 647.1(+151.1); CON
528.4(+245.9). Volume by group correlation coefficient = -0.29. Adolescents
with newly diagnosed SCZ, when compared to control cohorts, have significant
CNS structural abnormalities involving at least the hippocampus, septal nuclei,
and septum pellucidum—all emerging from a common primordial zone. A
neurodevelopmental disturbance involving the ipsilateral and/or commisural
reciprocal projections of these nuclei to other regions could have profound
consequences on the emotional and mnemonic components of thought.

217.8
WHITE MATTER ABNORMALITIES IN OLDER SCHIZOPHRENIA
PATIENTS COMPARED TO HEALTHY VOLUNTEERS. L.M. Gatzke. L.L.
Svmonds. T.L. Jemigan and D.V. Jeste*. Brain Image Analysis Lab. University of
California San Diego., La Jolla CA 92093. DVA Med. Ctr., San Diego CA 92161.
Introduction Several studies have suggested an increase in white matter
hyperintensities (WMHs) on MRI in both young and older schizophrenia (SZ)
patients compared to normal comparison subjects (NCs). Furthermore, there is
evidence that these WMHs are more likely to be located in posterior regions of the
brain. These abnormalities have been reported by some to be more common in lateonset SZ (age >45) than in age comparable patients with earlier onset. Recent work,
however, has failed to demonstrate significant differences. We used high resolution
MRI and quantitative methods to investigate WMHs in older SZ patients and age
comparable NCs. Methods Subjects were 13 middle age and elderly SZ patients
(mean age 60.4, SD 8.8) and 14 age- and gender- comparable NCs (60.6, SD 10.5).
Contiguous 4mm coronal sections of proton density and T2 weighted images were
collected in a standard protocol on a GE 1.5 Tesla scanner. The images were
subjected to a semi-automated segmentation program that classifies gray matter,
CSF, white matter, and abnormal white matter; and then further analyzed to yield
quantitative volume measurements of separate anatomical regions of the brain.
Results There were no significant differences between the two groups in measures of
total brain abnormal white volume or of WMH volume by lobe. Age correlated
significantly (p< .01) with WMHs in SZ patients (Pearson’s r=.71) and NCs
(rp=.68). The association of age of onset with volume of WMH, controlling fcr
chronological age, failed to reach significance (rp=.40, p=.20). Conclusions Our
results indicate that even highly sensitive measures did not reveal a significant
difference in WMH volume between older SZ patients and NCs. More subjects will
need to be examined before die relationship between age of onset and increased
WMH can be clarified.
Supported by: Scottish Rite Schizophrenia Research Program; NARSAD; NIH
2P30MH9671, MH49671-05, MH43693-10; DVA Medical Research Service.
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217.9
ALTERED PATTERN OF GREY MATTER VOLUMES IN OLDER
SCHIZOPHRENIA PATIENTS: A QUANTITATIVE MRI STUDY.
L.L. Symonds* T.L, Jemigan and D.V. Jeste. Univ. of California San
Diego, La Jolla CA 92093; DVA Med. c!tr. San Diego CA 92161.
Introduction: Neuroimaging studies o f young adult schizophrenia
patients have suggested that overall brain size and cortical grey matter
are reduced. We wished to examine volume changes in specific tissue
types (grey matter, white matter and CSF) in older schizophrenia
patients, with varying ages of illness onset. Methods: Subjects were 13
schizophrenia patients (SZs) and 14 gender- and age-comparable normal
•comparison subjects (NCs) (mean ages 60.5, 60.6). New semi-automated
segmentation and anatomical parcellation methods were performed on
high resolution MRI data sets. Volumes of grey matter (gm), white
matter (wm), and CSF in cortical and subcortical regions were quantified
based on MR signal values. Results: 1. There was no significant
reduction in overall head size in the SZ group compared to NCs (p=.12).
2. Overall distribution of gm, wm and CSF was not different between SZs
and J>TCs (p=.62-.97). 3. In SZs, however, the ratio o f subcortical gm to
cortical gm was significantly larger (p=.02). 4. Among subcortical nuclei,
only the lenticular nucleus occupied a significantly larger proportion of
the subcortical gm in SZs than in NCs (35.5% vs. 32.7%; p=.007) and was
the only nucleus which was larger in SZs, both as a proportion o f total
brain gm and of supratentorial cranium (p=.002). C onclusions: We
found for older schizophrenia patients compared to NCs: 1) relatively
more subcortical and less cortical grey matter as a proportion of total
brain grey matter; 2) proportionately larger lenticular nuclei. These
results may have implications for the development of corticalsubcortical circuits in schizophrenia.
Support: NARSAD; Scottish Rite Schizophrenia Research Program; NIH Grants
2P30MH9671, MH49671-05, MH43693-10, DVA Medical Research Service.

217.10
ORBITOFRONTAL CORTEX IN SCHIZOPHRENIA: MEASUREMENTS
OF GYRUS RECTUS IN MRI. L.M.Hege8 .J.M. Kuldau* P. Zuffante8. S.A.
Williams3. W. Swearingen8. M. Santarpia* & C.M. Leonard8 . Depts. of
Neuroscience* & Psychiatryb University of Florida, Gainesville, FL 32610.
Patients with schizophrenia display disordered emotional and social
behavior that can resemble behavior after orbitofrontal cortex (OF) damage.
We hypothesized that patients with schizophrenia would have reduced size
and asymmetry in this region. We initiated our study by measuring the
volume of the gyrus rectus, a very well defined ventromedial gyrus. The total
volume of the gyrus was measured on 1 mm thick axial images reformatted
from sagittally acquired MP-RAGE scans. The subjects were 32 male
patients diagnosed with Schizophrenia (S) using the SCID, and 26 male
controls (C) matched for age and parental SES. Symptoms were assessed
using the PANSS. Results: There were no differences between the mean size
(cc) or asymmetry of gyrus rectus in patients and controls. Consistent with
the dominant role of the right OF in emotion, both groups showed a
significant rightward (R) asymmetry: S: R: 4.3 +/- .8 ; L: 3.5 +/- .8 ; C: R: 4.3
+/- .7; L: 3.7 +/- .7. Only 5 subjects had leftward asymmetries greater than
5%. Interestingly, a subgroup of patients (n = 11) who had been selected for
assertive community care because of the severity of their illness had a
significantly larger right gyrus rectus than either the controls or the less ill
schizophrenics (F257 = 4.73, p = .013). This the first report of a strong
rightward asymmetry in an anatomically defined gyrus in orbitofrontal
cortex. The results did not support our hypothesis that schizophrenia is
associated with decreased asymmetry or size in this region of orbitofrontal
cortex. Supported by the VA M edical Research Service.

217.11
Regional changes in TRH receptor binding in the hippocampus of
schizophrenics
E. H. Hamid*, T. M. Hyde, M. F. Egan, S. E. Bachus, M. M. Herman,
J.E. Kleinman, IRP, NIMH Neuroscience Center at St. Elizabeths,
Washington, DC 20032.
Quantitative receptor autoradiography was used to examine
thyrotropin-releasing hormone (TRH) receptor binding throughout the
hippocampal formation and caudal entorhinal cortex (ERC) of
schizophrenic (n=12), bipolar (n=8 ), suicide (n=6 ), and normal (n=9)
subjects. Bipolar and suicide groups were used as controls for
neuroleptic treatment and psychiatric illness. TRH receptor binding
levels were significantly increased in schizophrenics in comparison with
all other groups. A marked elevation in TRH receptor levels was
specifically found in the molecular layer of the dentate gyrus, cornu
ammonis (CA1), and superficial layer of the sulcal entorhinal cortex
(area 23) of schizophrenic patients compared to both normal (p<0.03)
and bipolar (p<0.02) groups. Only in the CA1 and ERC56 areas did
schizophrenics show a significant difference compared to suicide
(p<0.04). It is noteworthy that schizophrenics were distinctly different
from bipolars (p<0.04) in all areas of the hippocampal formation
(including CA4, CA3, and subiculum) and entorhinal cortex. These
results confirm and extend the previous findings of increased TRH
receptor levels (Lexow et. al., Synapse 18:315-327, 1994) and decreased
TRH mRNA levels (Hyde et. a l, ACNP, 1996) in the hippocampus. Our
data suggest the involvement of TRH in the mesial temporal lobe in the
pathophysiology of schizophrenia.

217.12
BENZODIAZEPINE-RECEPTOR DISTRIBUTION IN SCHIZOPHRENIA
I. Gerdsen1. H. Elser2. B. Wildemann*3 and P. Georgi2 Depts. of Psychiatry1, Nuclear
Medicine2 and Neurology3, University of Heidelberg, 69115 HD, Germany
Background: There has been substantial evidence from post mortem and receptorimaging studies that gabaergic transmission modulated by benzodiazepine receptor
binding sides is impaired in schizophrenia. The aim of the present study was to
investigate benzodiazepine receptor distribution in schizophrenic subjects in relation to
psychometric data such as attention, planning strategies and psychopathology.
Methods: 12 schizophrenic patients (mean age 28.4 ± 4.9) were diagnosed according
to DSM IV criteria. Psychopathological symptoms were assessed on the BPRS, SAPS,
SANS and SCS rating scales. In addition, attentional deficits (D2-Test) and planning
strategies (WCST) were evaluated. Under resting conditions in a dimed room, 132.9
MBq 123-I-Jomazenil were intravenously given. Subjects were scanned 10 and 120
minutes post injection using a dual head gamma camera system (ME-collimator, 64
frames, 64x64 Matrix, 35 sec/frame, zoom 3,2). Images were reconstructed by filtered
back-projection and analized by a semiqantitative approach on 6 slices each with ten
ROIs comparing total slice, white matter and cerebellum as reference regions.
Results: D2-Test error rates correlated with posterior parietal (p<0.01) and temporal
(p<0 .02) regions while accuracy correlated with the anterior cingulate segment
(p<0.02). Deficits in planning (WCST) correlated inversely (p<0.03) with frontal
regions. Negative correlations were found for positive symptom scores with posteriorparietal regions, for negative symptom scores with frontal regions (p<0.03) and for
anxiety with mediotemporal regions (p<0.02). Also laterality effects (index >12%)
were observed for the left frontal and temporal lobe (83%).
Conclusion: Our data suggest that psychopathology and neuropsychological abilities
are modulated by a specific pattern of regional benzodiazepine receptor occupancy. In
addition, neurochemical latéralisation is in concordance with the concept of left
frontotemporal lobe pathology in schizophrenia.
(Source of support: HD-SFB)

217.13
STRIATAL DOPAMINE D2 RECEPTOR OCCUPANCY IN PATIENTS
TREATED WITH OLANZAPINE. Thomas Raedler1, Michael B. Knable1*.
Todd Lafargue2, David Pickar2, Daniel R. Weinberger1.'NIMH. CBDB, St.
Elizabeth’s Hospital, Washington, D.C.; 2 NIMH, ETB, Bethesda, MD.

217.14
ABNORMAL ASYMMETRY OF DOPAMINERGIC NERVE TERMINALS IN
THE CAUDATE NUCLEUS OF NEUROLEPTIC-NAIVE SCHIZOPHRENIC
PATIENTS. A. Laakso. H. Vilkman. B. Atakare. M. Haaoaranta. J. Bergman.
O. Solin. J. Peurasaari. V. Rakkfliainen. E.K.G. Svvaiahti and J. Hietala*
Departments of Pharmacology and Psychiatry, University of Turku, Finland.
The density of dopaminergic nerve terminals in basal ganglia in the brains of
neuroleptic-naive schizophrenic patients was studied with positron emission
tomography (PET) using specific dopamine transporter ligand, 2-pcarbomethoxy-3(3-(4-[18F]-fluorophenyl)tropane (l18F]CFT), as a tracer. Binding
potential of [18F]CFT uptake to caudate nucleus and putamen in nine
schizophrenic patients (3 female, 6 male) who had never received
antipsychotic drug treatment was compared to that of nine healthy, age- and
gender-matched controls. In addition, an asymmetry index (right-left/right+left)
reflecting the hemispheric lateralization of dopaminergic innervation was
calculated for caudate and putamen. No difference was found in baseline
levels of l18F]CFT uptake to basal ganglia. However, asymmetry of
dopaminergic innervation was significanly different in caudate but not in
putamen between patients and controls. Most controls had higher levels of
{18F]CFT uptake in the right caudate whereas patients lacked this asymmetry,
or it was even reversed. The PET results were also compared to clinical
symptoms rated with Positive and Negative Syndrome Scale (PANSS). No
correlations were found between any of the [18FJCFT uptake parameters and
positive, negative or general psychopathology symptom dimensions. The
results of this study are in agreement with the hypothesis of disturbed
neurodevelopment of dopaminergic system in schizophrenic patients.
This work was financially supported by The Finnish Cultural Foundation, the
Pharmacal Foundation, the Lundbeck Foundation and The Finnish Medical
Foundation.

W e sought to determ ine if the atypical features o f the novel antipsychotic drug
olanzapine depend on its occupancy o f striatal D 2-receptors. F our m ale
schizophrenic patients (m ean age = 37.5 years) received 1-123 IB Z M -S P E C T
scans three w eeks after treatm ent w ith 5 m g o f o lanzapine and again three weeks
after treatm ent w ith 20 m g o f o lanzapine. S cans w ere thirty m inutes in length, and
w ere obtained 90 m inutes after injection, in o rder to obtain an estim ate o f
equilibrium I-123-IB Z M uptake. T h e ratio o f spec ific/non-specific binding (B G C B L /C B L ) w as used as an outcom e m easurem ent, and was determ ined using M R I
assisted placem ent o f R O Is. T he m ean D 2-occupancy on 5 m g/day was 58%
+0.04, and on 20 m g/day was 83% + 0.09. A lthough occupancy-rates at the tw o
doses w ere significantly different (p< 0.02), there w ere no significant differences in
ratings fo r positive sym ptom s, negative sym ptom s or m ovem ent-disorder at the
tw o doses. O ne p atient receiving 2 0 m g/day o f olanzapine was felt to have
clinically significant parkinsonism . C hange in D 2-occupancy Was negatively
correlated w ith change in total B PR S score (rho= -1.0). T hese prelim inary results
suggest that there is a relationship betw een D2 recep to r occupancy obtained with
olanzapine and clinical efficacy, but that therapeutic advantage o f higher dosages
is not readily apparent. T he clinical significance o f this relationship how ever, will
require the exam ination o f a larger cohort.
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217.15
FUNCTIONAL NEUROANATOMY OF STROOP PERFORMANCE IN
SCHIZOPHRENIA: INHIBITION AND FACILITATION WITH PRACTICE
•^Christos Pantelis. 13Garv F. Egan. l 4Paul Maruff. 12Dennis Velakoulis, 4Andrew
Pipingas. 3Anushua Sri Tharan, 3Henri J. Tochon-Danguy. *l 2Colin Masters.
'Mental Health Research Institute & 2The University of Melbourne, Vic. 3052
Australia, 3PET Centre, Austin Repat. Med. Centre, “Swinburne University.
Recently, we found a robust activation of the anterior cingulate (AC) when
normal subjects were required to inhibit word reading while performing the Stroop
task (J. Psychopharm., 10(3): 234, 1996). In addition, practice related improvement
in task performance was associated with bilateral activation of the temporal lobes
and hippocampi. We utilized the same Stroop task to investigate inhibitory
attentional processes and learning in 7 patients with chronic schizophrenia. The
control task (naming color congruent words, e.g. "red" printed in red) and the
activation task (naming color incongruent words, e.g. "red" printed in blue) were
presented during 12 scans, as 6 congruent/incongruent pairs. The voice-onset
latency and response accuracy did not differ significantly between controls and
patients. However, subtraction of the congruent conditions from the incongruent
conditions revealed significant activation in the medial aspect of the superior
frontal gyrus (Z=5.74, p<0.01), the left inferior parietal lobule (Z=5.20, p<0.01)
and the left middle frontal gyrus (Z=4.41, p<0.05). There was no practice-related
improvement in task performance in the patients and no evident activation of the
temporal lobes or hippocampi. These results are consistent with the hypothesis that
there is a deficit in the inhibitory aspects of attentional processing in schizophrenia.
They also suggest that attentional deficits may arise from the recruitment of
inappropriate neurocognitive networks for task performance. This in turn leads to
an inability to improve task performance with practice.
(This work was supported by the NH&MRC Network for Brain Research and the
Woods Family Trust)

217.17
INTERREGIONAL 0[15] BLOOD FLOW CONNECTIVITY IN
SCHIZOPHENICS AND NORMAL CONTROLS DURING AN
AUDITORY DISCRIMINATION TASK ASSESSED WITH
PRINCIPAL FACTOR ANALYSIS. D.R. Medoff*. H.H. Holcomb.
L. Chen. A.C. Lahti. C.A. Tamminga. University o f Maryland
Medical School, MPRC, P.O. Box 21247, Baltimore, MD 21228.
Cortical dysfunction in medial temporal and frontal areas has been
implicated in schizophrenia. However, evidence o f disrupted functional
brain circuitry in these areas has been difficult to demonstrate. Factor
analysis o f functional brain images is one way to explore the relationship
of functional changes in an implicated set o f brain regions. PET rCBF
ROI data from twelve drug free schizophrenics and twelve normal
controls while performing an auditory discrimination task was used in
the factor analysis. The factor analysis method was principal factors
with eqimax rotation and a two factor solution was selected based on the
scree plot. The first factor in the normal control group included the
anterior cingulate, the hippocamus, and the right and left superior
temporal region. The second factor included the right frontal regions
and the thalamas. For schizophenics, the anterior cingulate and the
right frontal regions loaded on one factor and the right superior
temporal region and the hippocampus loaded on the other factor. These
data show that circuits used by normal and schizophrenicpersons to
perform an auditiory task are not the same.

217.19
CEREBRAL ABNORMALITIES IN CHRONIC FATIGUE SYNDROME. G,
Lange. J. PeLuca. HJ, Lee. J.A. Maldjian and B.H. Natelson* . UMDNJ-New Jersey
Medical School, Chronic Fatigue Research Center, Dept. Neuroscience, Newark, NJ
07018.
The symptomatology of Chronic Fatigue Syndrome (CFS) has been attributed to
psychiatric as well as organic etiologies. The findings of the few MRI studies which
have investigated the occurrence of cerebral abnormalities in CFS and control
patients are inconsistent and inconclusive. The goal of the present study is to assess
brain abnormalities in CFS by stratifying along the presence of psychiatric disorder
in order to decrease CFS sample heterogeneity.
Two blinded neuroradiologists compared MRI scans of 13 controls without
medical, neurological, or psychiatric history, 17 CFS subjects without DSM-EII-R
Axis I disorder (history or concurrent), and 16 CFS subjects with a concurrent Axis I
disorder. All CFS subjects fulfilled 1988 CDC criteria for CFS and were screened
for other possible medical or neurological causes for fatigue. Groups were matched
on gender, age, and education.
CFS subjects without Axis I disorder had a significandy higher number of MRI
abnormalities (65%) than either CFS subjects with an Axis I diagnosis (18%) or
controls (17%). Specifically, compared to the other two groups, CFS subjects
wifliout Axis I disorder presented with significantly higher occurrence of punctate T2
hyperintensities in the subcortical white matter of 5 mm or less (p«.006). In ail cases
these lesions were located either unilaterally or bilaterally in the frontal loDes.
This study extends findings of our previous work suggesting that some
symptomatology in CFS subjects without psychopathology may be reflective of the
presence of cerebral abnormalities.
This research was supported by NIH-NIAID grant UOl AI32247.
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217.16
EFFECTS OF ADHD ON NEURAL CORRELATES OF WORKING MEMORY: A
POSITRON EMISSION TOMOGRAPHY STUDY. J.B. Schweitzer*1. J.M.
Hoffman23, L. Tune1. S T. Grafton2-3. C.D Kilts1. 'Depts. of Psychiatry, 2Neurology,
3Emory PET Center, Emory University, Atlanta, GA 30322.
Attention Deficit Hyperactivity Disorder (ADHD) has been recently conceptualized
as a disruption of behavioral inhibition and its four dependent executive functions:
working memory, self-regulation, internalization of speech, and reconstitution
(Barkley, 1997). Differences in regional cerebral blood flow (rCBF) and behavioral
performance in unmedicated adults with ADHD and normal control subjects were
examined using the PASAT, a task that requires behavioral inhibition and working
memory. Results from a PET activation study suggest that use of two subsidiary
processes of working memory may be disrupted ip ADHD: phonological loop and
visuo-spatial sketchpad processes. Six right-handed control subjects performed
significantly better on this serial addition task than did six right-handed adults with
ADHD. Activations in the control subjects were more prominent overall in frontal
regions, while activations in ADHD subjects were more diffuse and primarily in
occipital regions. Significant changes in rCBF in control subjects were found in areas
associated with calculation (L sup. temporal gyrus, BA 22), working memory and
perhaps a central executive system (R frontal, BA 46), and use of a visuo-spatial
sketchpad (L middle occipital gyrus, BA 18/19). Subjects with ADHD showed greatest
activation in areas related to use of a visuo-spatial sketchpad (precuneus, occipital, BA
7,39/19). Subjects’ post-hoc verbal reports of strategies used in performance of the
working memory task matches the group differences in patterns of activation. Group
differences may reflect a disruption in allocation of attention and use of a central
executive system by subjects with ADHD, which in turn alters the use and efficiency
of the subsidiary processes of working memory.
Supported by NIMH MH55550

217.18
CORRELATES OF ABNORMAL CEREBRAL ACTIVATIONS DURING WORD
PRODUCTION IN SCHIZOPHRENIA. E. Artiges. M. Verdvs, D. Attar-Levv. M.L.
Paillère-Martinot» N.Tzourio» M. Leborgne» A Svrota, A. Féline, J.L. Marti not*.
INSERM U.334 SHFJ-CEA, 91406 Orsay. Depts Psychiatry from the hospitals:
Bicêtre, A. Chenevier, Ste Anne (SHU), Orsay, La Salpêtrière; France.
We searched 1/ if two word production tasks engage the same regions in 14
schizophrenics with negative symptoms vs 14 age-, sex-, and verbal level- matched
controls, and 2/ if the activations are linked to the performances or to anxiety.
Normalized regional cerebral blood flow (NrCBF) was measured using PET with
H2150 in 3 conditions: rest, orthographic verbal fluency, and continuous free word
production. Pronounced words were recorded. Individual NrCBF and magnetic
resonance images were coregistrated, and volumes of interest defined. NrCBF changes
(task - rest) were compared between groups using (M)ANOVA. Significant tasks x
group effects denoted hypoactivations in patients for both tasks in the left frontal
lobe, i.e.: inferior precentral, supplementary motor area, Broca, Brodmann’s area 46.
Higher activations in patients were detected within the right middle and inferior frontal
gyri: pars opercularis, and right Brodmann’s area 46. Relationships with performances
and anxiety scores were searched for in the regions where a significant task x group
effect occured. In both groups, the number of words in verbal fluency correlated
positively with left inferior precentral and left SMA, two regions involved in
verbalisation. Only in patients, the number of words during verbal fluency correlated
negatively with the NrCBF changes in right frontal regions, while the chronic anxiety
scores correlated negatively with the NrCBF changes in the left prefrontal region
during both word production tasks. Thus, the anxiety chronically experienced by the
patients appeared as a factor of the hypoactivation of left prefrontal regions. In
patients, the activations were more symétrie than in controls suggesting peculiar
involvement of circumscribed right frontal regions in word retrieval.

217.20
HEMISPHERIC ASYMMETRY OF EEG AND /MRI IN SEASONAL
AFFECTIVE DISORDER (SAD) PRE AND POST-LIGHT THERAPY.
M. H. Teicher*. C. A. Glod. Y. Ito. S. L. Andersen. C. M. Anderson. C. E.
McGreenerv. A. M. Polcari. L. Maas. P. Renshaw. Dept, of Psychiatry,
Harvard Med. School, McLean Hosp., 115 Mill St., Belmont, MA. 02178
We tested the hypothesis th a t SAD occurs as a consequence of a
seasonal attenuation in left vs. right hemisphere function, that is reversed
by light therapy. Quantitative EEG (Q-EEG) and echo-planar MRI were
used to study asymmetries in brain activity and paramagnetic properties.
T2 relaxation time was calculated from a series of 32 echo planar images
using TE stepping, and largely reflects the deoxy- hemoglobin content of the
tissue in the steady-state (perfusion).
Q-EEG were obtained on 10 unmedicated adults with SAD (mean age 29.5 yrs) and 8 normal volunteers (mean age = 23 yrs). T2 relaxation time
were obtained on 9 separate adults with SAD (mean age = 39 yrs; data
analysis complete on 5). SAD subjects met NIMH criteria for SAD and
SCID criteria for major depression. Q-EEG and /MRI measures were
obtained in SAD patients prior to treatm ent and after 4 weeks of 30-60
min. daily morning light therapy (10,000 lux, Sun-Ray II).
SAD subjects had a reverse pattern of hemispheric EEG asymmetry with
left > right power in delta (p<.03), theta (p<.02), and beta (pc.Ol) bands.
Group differences were most significant in posterior region. Light therapy
reversed the posterior abnorm ality in delta, partially reversed the
asymmetry in beta, but failed to affect theta. Asymmetry in T2 were most
striking in the frontal region with laterality index of +6.29±3.35, th a t
decreased to +2.93±1.5 after light therapy.
This study supports the hypothesis th a t there is an abnormal
asymmetry in brain activity in SAD prior to treatm ent th at is partially
reversed by light therapy. Asymmetry may arise as a consequence of the
asymmetric pattern of serotonin innervation of the frontal cortex.
Supported by NIMH R01-48343 (MHT). SunBox provided light boxes.
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SYMPOSIUM.
THE M YTH OF THE LONESOM E ION
CHANNEL. I. B. Levitan. Brandeis Univ. (Chairperson); Z. W. Hall.
NINDS; C. C. Gamer. Univ. o f Alabama; M. H. Sheng. HHMI/Mass.
General Hospital.
Although there has been a tendency among ion channelologists to
think o f channels as sitting alone in the plasma membrane, it has become
evident during the last several years that this legend o f the lonesome ion
channel is in fact a myth. This symposium will summarize recent
evidence that ion channel clustering is mediated by proteins designed
specifically for that purpose, and that regulatory proteins bind directly to
the ion channels whose activities they modulate. Levitan will describe
the tight binding o f protein kinases, phosphatases and other modulatory
proteins to several different classes o f potassium channel. Hall will
summarize the ways tyrosine kinases and other proteins such as agrin
interact with the nicotinic acetylcholine receptor in the assembly o f the
postsynaptic apparatus at the neuromuscular junction. Garner will
address the role o f synapse associated proteins such as the Drosophila
discs large protein in the recruitment and anchoring o f ion channels and
cell adhesion molecules to the cytoskeleton associated with synaptic
junctions. Sheng will discuss structure-function relationships and
binding partners o f the multi-modular PSD-95 and GRIP families o f
proteins, that are involved in linking ionotropic glutamate receptors to
postsynaptic cytoskeleton and intracellular signaling molecules.

221
SYMPOSIUM. CLIMBING THE MEDIAL WALL OF THE HEMISPHERE. A
NEW LOOK AT THE MEDIAL MOTOR AREAS OF THE CEREBRAL
CORTEX. R. Caminiti. Univ. of Rome “La Sapienza” (Chairperson), N. Picard. VA
Med. Ctr., Syracuse, S.P. Wise. NIH-NIMH, Poolesville, J. Tanii. Tohoku Univ.
Med Sch.
Recent evidences from different hit related fields have changed significantly our
views mi the functions of the cortical areas of the medial wall of the hemisphere. In
the frontal lobe of monkeys, different movement-related areas have been
distinguished, based on their projections to motor cortex and spinal cord. These are
three cingulate regions, the supplementary motor area (SMA), and the pre-SMA.
An additional frontal region has been termed as supplementary eye fields (SEF),
because of its relation to oculomotor behavior. In the parietal lobe, area 7m’s
neurons display relationships to bo;h jcu'.omotor and visuonu rua! behavior, while
neurons relating to arm reaching movements have been found in both areas VoA
and V6 (PO), once believed to be purely visual and oculomotor in nature. This
symposium aims at offering a comprehensive and up-to-date overview of current
knowledge cm this subject within the frame of cortical control of eye and hand
movement. R Caminiti will treat the early events in the composition of motor
commands for reaching to visual targets and the combination of gaze and hand
signals underlying this process in parietal areas 7m, V6A and V6. N Picard will
contrast the organization of the corticospinal systems stemming from the medial
wall motor areas with that originating in primary motor cortex and will discuss their
possible interplay in the generation and control of movement. SP Wise will
illustrate how neurons in the SEF display activity types appropriate for learning and
long-term retention of arbitrary association between nonspatial visual information
and spatially directed eye movements. J Tanji will discuss the observations
suggesting that SMA can be divided into two different areas, pre-SMA and SMA
proper, and will contrast the function j>r ¿perties of their neurons.
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22 4 .1
COGNITIVE DECLINE BEGINS MANY YEARS BEFORE THE
CLINICAL ONSET OF ALZHEIMER’S DISEASE IN
PRESYMPTOMATIC APP AND PS-1 GENE MUTATION
CARRIERS. O. Almkvist. H. Basun*. L-O. Wahlund. K. Amberla. M.
Viitanen and L. Lannfelt. Division o f Geriatric Medicine B84,
Department of Clinical Neuroscience and Family Medicine,
Karolinska Institute, Huddinge University Hospital, S-14186
Huddingé, Sweden.
Cognitive functions were investigated in amyloid precursor protein
(APP; n=4) and presenilin-1 (PS-1; n=8) gene mutation carriers to
characterize the disease process in Alzheimer's disease (AD). A linear
and disease-related decline was found in mutation carriers for most
cognitive functions (e.g., episodic memory, verbal and spatial abilities
as well as attention). The observation period covered the preclinical as
well as the clinical stages o f AD from 20 years pre-onset to 10 years
post-onset. The decline started at least ten years before the expected
clinical onset of AD, proceeded slowly with 0.15 SDs per year in most
cognitive functions, and the extent of cognitive decline amounted to
approximately -2 SDs at clinical onset. No difference was observed
between individuals with APP and PS-1 mutations in the decline of
cognitive functions. Healthy non-carriers (n=22) from these families
served as controls, and they showed no age-related cognitive decline.
These results demonstrate that data on cognitive decline may be useful
to detect AD in the preclinical stage. To find and evaluate
neurobiological markers of AD, longitudinal data on cognitive
functions reflecting the disease process will most likely be useful.

224.2
FURTHER ANALYSIS OF THE ASSOCIATION OF GENES FOR
MITOCHONDRIAL COMPONENTS IN ALZHEIMER’S DISEASE. KwanFu Rex Sheu. Abraham Brown. John P Blass* Dementia Research Service,
Burke Med Res Inst, Cornell Univ Med College, New York, NY 10605
Mitochondrial dysfunction is a key pathophysiologic feature of
Alzheimer’s disease (AD), thus genetic variation of mitochondrial constituents
could be a candidate for risk factor for AD. The enzyme activity of aketoglutarate dehydrogenase complex (KGDHC) and other mitochondrial
enzymes (PDHC, COX) are reduced in AD brain. KGDHC activity is also
reduced in cultured fibroblasts from many sporadic and some familial AD cases.
Our previous screen of unselected Caucasian AD and hospital controls
suggested a genetic association of a polymorphism (C ~ T l9 ,9 3 0 ) of the DLST
gene (encoding the dihydrolipoyl succinyltransferase component of KGDHC)
with AD within a subgroup of Ashkenazi Jews (Soc Neurosci 1996;22:2124).
We have extended the gène screen to include a larger, autopsy-proven AD (N
= 121) and age-matched non-AD (N = 70) Ashkenazi Jewish series. The result
did not indicate an association of the T 19,930 allele of DLST with AD. The gene
frequency for that allele in AD and non-AD groups were 67.3% and 58.6%,
respectively. Genotyping of each of the additional 11 polymorphisms within
DLST also indicated no association with AD. Detailed statistical analyses of
these data are underway. Further analysis of genetic risk of AD are also
underway for the two other genes of KGDHC (OGDH and DLD ) and genes for
other mitochondrial constituents including mtDNA genes for COX and tRNAGin.
(S upported in p a r t by AG09014 (NIA)and th e O verbrook and
Burke F o u n d a tio n s)

Supported by the Swedish Medical Research Council.

2 2 4 .3
ARE THERE SEPARATE SYNDROMES OF NON COGNITIVE
SYMPTOMS IN ALZHEIMER’S DISEASE?
Rozzini L. Frisoni GB. Zanetti O. Binetti G. Bianchetti A. S.Cappa. Trabucchi
M.*
Geriatric Research Group, Brescia, Italy, Alzheimer's Disease Unit,
AFAR-IRCCS S.Giovanni di Dio, S.Cuore FBF Hospital, Brescia, Italy
University of Brescia Medical School, Italy
The etiology of non cognitive symptoms in Alzheimer's disease (AD)
is poorly understood.
Aim of the study is the identification of non cognitive symptoms occurring
more frequently together (syndromes) in AD, that might suggest separate
etiologies. 162 consecutive patients with probable AD admitted to a
dementia unit. Age ranged from 55 to 96 years (mean 76.4, SD 8.5), females
were 74.1%, and Mini Mental State Examination ranged from 0 to 24 (mean
13.3, SD 6.9). Non cognitive symptoms were assessed by UCLA
NeuroPsychiatric Inventory (NPI). Factor analysis was carried out on NPI
subscales, leading to identify three factors, accounting for 62.5% of the total
variance. NPI subscales of anxiety and depression loaded on the first factor,
which was defined as "neurotic". Agitation, hallucinations, delusions and
irritability loaded on the second ("psychotic") and disinhibition and euphoria
loaded on the third factor ("frontal factor"). Factor scores were derived and
patients were divided into classes according to their having a high factor
score (above 1 standard deviation) in neurotic, psychotic, and frontal
behavior. Patients with high scores were 23, 20, and 14, respectively.
Nineteen-eight patients had low scores of all three factors. Only 7 patients
(4% of the total sample) had high scores of more than 1 factor. We conclude
that some non cognitive symptoms occur more frequently together and that
different non cognitive syndromes can be identified that occur separately in
AD, suggesting separate etiologies

224.4
SEX-DEPENDENT NEUROFIBRILLARY CHANGES OF THE
AGING HUMAN HYPOTHALAMUS C. Schultz. D. Koppers. H.
Braak and E. Braak (SPON: European Neuroscience Association), Dr.
Senckenbergische Anatomie, J.W. Goethe-University, D-60590
Frankfurt, Germany.
The aging human hypothalamus (80 females and 92 males [mean
age: 81 y. and 77 y.]) was investigated for neurofibrillary pathology
using the Galiyas silver technique and the antibodies AT8, Alz-50 and
PHF-1. A striking sex difference in neurofibrillary pathology was
identified in the mediobasal portion o f the tuber cinereum affecting the
arcuate (infundibular) nucleus and the basal periventricular zone. The
most characteristic component o f this pathology consisted o f terminal
like processes attached to blood vessels o f the arcuate nucleus.
Neurofibrillary tangles and a network o f dystrophic neurites were also
labeled. Remarkably, the vessel-associated changes were noted in 81.7
% o f males older than 75 y. but were identified in only 4.7 % o f agematched females. Moreover, a marked or severe form o f the pathology
was only observed in males. The severity o f the sex-dependent
changes was not related to the severity o f Alzheimer-type pathology in
other components o f the brain. The sex-dependent hypothalamic
changes thus develop independently o f Alzheimer's disease-related
destruction. They represent a variant o f neurofibrillary changes
preferentially affecting the parvocellular neuroendocrine system o f the
aging male hypothalamus

Supported by the Deutsche Forschungsgemeinschqft.
S ociety
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224.5
BARRIERS TO AUTOPSIES IN ALZHEIMER'S PATIENTS: THE HAMPTON
ROADS BRAIN AWARENESS AUTOPSY SURVEY. P.F. Aravich/ S.W.
Sautter. G. Colombara. B. Dobrin. & M.L.C. MacPherson-Smith. MedicalScientific Committee, Hampton Roads Alzheimer's Association, Norfolk, Va.
23502; Eastern Virginia Chapter of the Society for Neuroscience; Department of
Anatomy and Neurobiology, Eastern Virginia Medical School, Norfolk, Va. 2350;
Virginia Wesleyan College, Norfolk, Va. 23502.
The definitive diagnosis of Alzheimer's disease (AD) requires postmortem
evaluation to distinguish it from other dementias like Levvy body dementia, the
second most cemmon form of dementia. A definitive diagnosis is important for
several reasons, including the fact that—except for age—family history is the
greatest risk factor for the disease. Despite this, relatively few brain autopsies are
performed. This randomized phone survey attempted to identify barriers to brain
autopsies, including basic knowledge of their need and demographic factors like
gender, ethnicity, and level of education. The effort resulted from a partnership
between the Medical-Scientific Committee of the Hampton Roads Chapter of the
Alzheimer's Association (with a service area of about 1.5 million people), and the
brain awareness effort of the Eastern Virginia Chapter of the Society for
Neuroscience. Various groups helped in the data collection, which proved to be
yet another way to increase AD awareness. They included students from the
Eastern Virginia Medical School (EVMS) and graduate students from Hampton
University (a historically black college/university). Two populations were
sampled: subscribers to the Alzheimer's Chapter's newsletter and members of the
general public. Thus far, 328 people have been contacted (109 from the
Newsletter list; 219 from the general public). Response rates were 52% for the
Newsletter group and 57% for the public. The survey will continue until 300
responses are obtained from each group. The final results will be presented to the
Society.

224.6
LOW SERUM DOCOSAHEXAENOIC ACID IS A SIGNIFICANT
RISK FACTOR FOR ALZHEIMER’S DEMENTIA. D.J. Kvle*. E.
Schaefer. G. Patton, and A. Baiser. Tufts University School of Medicine,
Boston, MA 02118; Boston University School of Public Health, Boston,
MA 02118; and Martek Biosciences, Columbia, MD 21045.
Docosahexaenoic acid (DHA) is the major fatty acid of neurological and
retinal membranes. It makes up more than 30% of the structural lipid of
the neuron and is particularly enriched in synaptosomal membranes.
Certain neuropathological conditions are related to suboptimal DHA status
and clinical studies in patients with adrenoleukodystrophy, dyslexia, and
Alzheimer’s dementia (AD) have demonstrated improvements in visual or
neurological deficits by elevating circulating DHA levels through a dietary
intervention. In this study, we assessed the circulating DHA status of
1,188 elderly subjects (mean age of 75 years) using serum phosphatidyl
choline (PC) as the biomarker. There was a non-normal distribution of
the serum PC-DHA while other PC-fatty acids exhibited a normal
frequency distribution. Of those individuals who had clinically diagnosed
AD at the time the blood sample was taken, there was a two-fold higher
frequency (11 vs. 5) of AD in subjects from the lower half of the DHA
distribution. Subjects whose serum PC-DHA was in the lower half of the
distribution, but who had no AD at the time the blood sample was taken,
had a 60% greater (p<0.05) likelihood of developing AD in the
subsequent 10 years of life. We, therefore, conclude that low levels of
circulating PC-DHA may be a significant risk factor for the development
o f A p. This may be due to the reduced ability to synthesize DHA late in
life and suggests that maintaining adequate levels of serum DHA through
the consumption of fish or other dietary supplements of DHA may be
important for the elderly.

224.7
QUANTIFICATION OF ALZHEIMER’S (AD) PET IMAGES USING A
SPECIAL SCALING METHOD AND STATISTIC PARAMETRIC MAPPING
(SPM). D.G.Pavel*. B. Horwitz. P. Saxena. M.B. Schapiro, P. Pietrini. V..
Ibanez.Univ. of Illinois Medical Center, Chicago, Illinois and Laboratoiy of
Neurosciences, National Institute on Aging, NIH, Bethesda, MD.
The whole brain mean is commonly used for scaling PET/SPECT images. In
cases with major metabolic deficits, the method fails, in the sense that it suggests
spurious increases in portions of the AD images. We developed a new, automatic
approach which assumes that among voxels least affected by AD will be those
with the highest values and can act as an index for scaling. Method: F-18 FDCi
PET images were obtained for 11 AD patients of different severity and 9 agematched volunteers. The starting point was the stereotactically normalized images
from SPM95. An automatic algorithm finds the top 1, 2, 3, 5, & 10% of voxels
with highest values and averages them respectively (top average = TAv). The
TAv was used as covariate in the statistical analysis performed by SPM95 for,
each individual AD patient. This was compared to scaling to the whole brain
mean (SWBM). Results: Using SWBM for each patient with marked AD, there
were indeed marked pseudo-increased regional metaboljc values in sensorimotor,
occipital and occasionally frontal areas. In contrast the TAv method eliminated
or markedly decreased the amount of such spurious increases while preserving the
significance of the true hypometabolic areas. The distribution of the highest value
voxels was variable in normals and spread over multiple cortical and subcortical
regions. In the AD images, portions of the lenticular nuclei, occipital and
sensorimotor areas were most often found as sites of the highest values. The 1
and 3% TAv values were found to give the best results. Conclusions: This
method enables a full evaluation of AD patients of different severities by SPM,
is automatic, and can easily be extended to other patient populations with major
metabolic deficits, and is also directly applicable to SPECT.

224.8
LATENT INFECTION WITH CYTOMEGALOVIRUS IN ALZHEIMER’S
DISEASE (AD): SERUM ANTIBODY AND IMMUNOCYTOCHEMICAL
STUDIES. R.P. Friedland*. AJ. Lerner^ A. L. Smith, Y.T. Huang, S.L,
Siedlak. G. Perry. Lab. Of Neurogeriatrics, Depts. of Neurology and Pathology,
Case Western Reserve University School of Medicine, Cleveland, OH 44106.
Cytomegalovirus (CMV) is a herpesvirus which latently infects vascular
smooth muscle cells. It has been proposed that latent CMV infection in vascular
smooth muscle may play a role in the pathogenesis of atherosclerosis, and that
latent CMV infection is a risk factor for restenosis after coronary angioplasty (N
Engl J Med 1996;335:624-30). Vascular smooth muscle latently infected
with CMV does not produce virus but does make immediate early viral proteins,
including IE84. The tumor-suppressor gene product p53 is inhibited by IE84, an
effect which could inhibit apoptosis, alter the handling of amyloid precursor
protein and the amyloid 6 protein in vascular smooth muscle. An important role
for vascular smooth muscle in the pathogenesis of AD has been proposed (Br
Res 1993;623:142-146). Serum levels of IgG anti-CMV antibodies were
quantitated using an ELISA enzyme immunoassay (DiaMedix, Miami, FI.).
Subjects included 19 cases of probable AD (mean age 76.1, SD 4.0) and 23
healthy age matched controls (mean age 76.1 SD 4.5 ). Immunological evidence
of previous CMV infection was found in 16/23 AD subjects (124.5 units) and in
20/23 controls (122.3 units). Sections of both AD (4/4) and control (3/3)
cerebral vessels showed staining with antibody to CMV protein IE84 in smooth
muscle. These results suggest that there is latent cerebrovascular CMV infection
in humans. Latent infection with CMV does not appear to be linked to the
occurrence of AD, but may be related to the nature of the variable pathology in
the disease.

224.9

224.10
MICROGLIA THERAPEUTIC TARGET FOR ALZHEIMER'S DISEASE. A*
McRas*. M, Rottel» ExSchubert. E.A. Lmg_and K, Rudolp.hu University of
Göteborg, Dept of Anatomy and Cell Biology, Medicinaregatan 3-5, Göteborg
41390, Sweden.
The presence of reactive microglia in the hallmark lesions of Alzheimer’s disease
(AD) highly suggest that immune mechanisms participate in the events involved in
AD pathology. Our previous findings of microglial antibodies in the serum of some
AD patients and their at risk relatives could be indicators of ongoing immune
processes. In vitro the selective adenosine reuptake / phosphodiesterase inhibitor
propentofylline (PPF) interfers with microglial activation by depressing the release
of oxygen free radicals and cytokines. To examine in vivo interactions towards
activated microglia PPF was employed in two models. New born rats which display
increased microglial activation were administered PPF (10 mg/ kg) for 7 days.
Gerbils were exposed to 5 minutes of transient forebrain ischemia and received PPF .
(10mg/kg) 24 hours later until the day before sacrifice (7 or 14 days after
reperfusion). Brains were processed for immünocytochemistry. Reactive microglia
were visualized with monoclonal antibodies OX-18 OX -42 or AD serum microglial
antibodies. An antibody against the amyloid precursor protein (APP) (residues 676695) was included in the ischemic studies. PPF treated new bom rats displayed a
dramatic reduction in the number of OX-42. OX 18 and AD serum positive
microglia compared to untreated litter mates. Ischemic controls displayed complete
nerve cell death, APP accumulations and enhanced .microglial reactivity. PPF treated
gerbils APP accumulation was absent or very slight and activated
microglia were downregulated. These results indicate that PPF can interfer with
ongoing pathologically activated microglial responses. Recent clinical data with PPF
indicates that this drug may be able to slow down the progression of AD. To check
the effect of PPF on microglial markers in patients we investigated serum before and
after treatment for the presence of microglial antibodies. The serum was run against
fixed paraformaldehyde cell cultures containing neurons and microglia. The
immunoreactive intensity of serum towards microglia was scored on a scale of 1-5 in
a blinded fashion. Preliminary results indicate that in some patients there is a decline
in the immunoreactivity towards microglia. These results suggest that treatment with
PPF may interfer with ongoing pathological activated microglia in AD. Support The
Royal Society of Arts and Sciences in Göteborg and Alzheimerforeningen

IMMUNOHISTOCHEMICAL STUDY OF
CHEMOKINE RECEPTORS CCR3 AND CCR5 AND
THEIR LIGANDS IN ALZHEIMER’S DISEASE AND
CONTROL BRAINS. MO. Xia*. SX. Pin. LJ Wu. C.
Mackav and B.T. Hyman. Alzheimer Research Unit,
Mass General Hospital, Charlestown, MA02129 and
LeukoSite Inc, Cambridge, MA 02142.
ChemOkines belong to an important family of inflammatory
cytokines. Recent evidence has indicated their presence (i.e., IL-8
receptor B and Duffy antigen) in the central nervous system. As
inflammatory responses have been implicated in the pathogenesis of
Alzheimer’s disease (AD), a better knowledge of the chemokine
system in the CNS will greatly help us to evaluate the role of this
system in the pathogenesis of AD. Using well characterized CCR3
and CCR5 monoclonal antibodies, we have demonstrated that both
CCR3 and CCR5 are present on microglia. Immunohistochemistry
for Eotaxin (ligand for CCR3) and MIP-lbeta, MIP-1 alpha and
Rantes (ligands for CCR5) showed MIP-1 beta staining on a
subpopulation of astrocytes, whereas Eotaxin, MIP-1 alpha and
Rantes immunoreactivity was absent. As strong gliosis is observed in
AD, detection of CCR3 and CCR5 on microglia and one o f its
ligands in astrocytes suggests a role of this system in glial-glial
interactions, potentially influencing the progression o f AD.
Supported by NIH AG05134 and AG08487
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LEARNING AND MEMORY: PHARMACOLOGY III

22 5 .1
THE PSYCHOPHARMACOLOGY OF LATENT INHIBITION: A NEURAL
NETWORK APPROACH N.A. Schmaiuk*. C.V. Buhusi. and J.A. Gray. Deparment
of Psychology, Duke University, Durham, NC 27707, USA, and Institute of
Psychiatry, London, United Kingdom.
Schmajuk, Lam, and Gray (JEP.ABP, 1996) offered a formal theory of latent
inhibition (LI) in the context of a real-time, neural network model of classical
conditioning. In the model, an attentional system increases (decreases) attention to
conditioned stimuli (CSs) active at a time when the total environmental Novelty is
large (small). Novelty is defined as the sum of the absolute values of the differences
between the predicted and observed amplitudes of all environmental events including
CSs and the US. According to the model, LI reflects the decreased internal
representation of a CS as a consequence of decreased Novelty and attention after
preexposure to that CS.
Under the assumption that administration of dopaminergic agonists (e.g.,
amphetamine, nicotine) increases, and the administration of dopaminergic antagonists
(e.g., haloperidol, a-flupenthixol) decreases, the value of the variable representing
Novelty, the model explains an otherwise confusing pattern of results. The model
correctly describes (1) the impairment of LI by amphetamine administration when a
strong US (but not a weak US) is used (Killcross et al., 1994a), (2) the facilitation of
LI by administration of a-flupenthixol when a weak US (but not when a strong US)
is used (Killcross et al., 1994b), (3) the impairment of LI by amphetamine
administration when a nonsalient CS (but not a salient CS) is used (Ruob et al., 1997),
(4) the facilitation of LI by haloperidol administration when a nonsalient CS (but not
a salient CS) is used (Ruob et al., 1997), (5) the impairment of LI by nicotine
administration when a short CS is used (Joseph et al., 1993), and (6) the facilitation
of LI by nicotine administration when a long CS is used (Rochford et al., 1996).
This study was supported by grants from ONR and NATO.
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2 25.2
A SCOPOLAMINE-CHALLENGED ENCODING INFLUENCES rCBF CHANGES
DURING DELAYED RECOGNITION OF ABSTRACT SHAPES, A. Rosier*1,2. L.
Comette1,2. P.Dupont1,2. L. Mortelmans2 and G.A. Orban . 1Lab. Neurophysiology, Medical School, KULeuven. *PET Centre, Nuclear Medicine, UZ,
Gasthuisberg, B-3000 Leuven, Belgium.
We used PET-rCBF (H21sO) to study the effect of scopolamine on brain
activity during delayed recognition of visual shapes. Right-handed male
subjects received placebo (n=6) or 0.8 mg scopolamine (n=6) 60-70 min prior
to the encoding of 16 shapes. In the PET study, performed 3 days later in
drug-free conditions, the following tasks were scanned twice: standard
delayed recognition, delayed recognition with short stimulus presentation, and
fixation as control task. A scopolamine-challenged encoding resulted in a
recognition performance of 67% compared to 84% in controls. Performance
in ‘short’ recognition was 66% in placebo and 62% in scopolamine subjects. A
conjunction analysis was performed to examine the effect of these challenges
in brain regions activated during recognition. Regions that were less
significantly activated after a scopolamine challenge compared to placebo
included: fusiform gyrus bilaterally, L SMA, and R inferior occipital gyrus,
superior parietal cortex, FEF, and cingulate. The L fusiform region was also
less activated in ‘short’ than in standard recognition. These data strengthen
the hypothesis derived from a previous PET study following a diazepamchallenged encoding (Soc.Neurosci.Abstr1996, 22:401), that the L fusiform
cortex plays a role in matching visual information during recognition. Regions
more activated after a scopolamine challenge were the lingual gyrus
bilaterally, a posterior L fusiform focus, L inferior frontal sulcus and FEF, R
inferior parietal cortex, and posterior thalamus. The R inferior parietal cortex,
the L FEF and inferior frontal sulcus were also more activated in ‘short’ than
in standard recognition, possibly reflecting efforts to restore recognition
performance. (Supported by FWO-Flanders & IUAP grant-22)

225 .3
THE SEPTOCINGULATE AND SEPTOHIPPOCAMPAL CHOLINERGIC
PATHWAYS IN WORKING MEMORY. T. J. Walsh*. K.D. Dougherty and P.I.
Turchin. Department of Psychology, Rutgers University, New Brunswick, NJ, 08903.
192-IgG-saporin (SAP) is an anti-neuronal immunotoxin that combines an antibody
to the p75 low-affmity neurotrophin receptor (192 IgG) found on cholinergic cell
bodies and terminals with saporin a potent ribosome-inactivating protein that destroys
cells through the termination of protein synthesis. Injection of SAP into the medial
septum (MS) produced a dose-related loss of cholinergic parameters in the primary
target fields of the MS (hippocampus and cingulate; HPC and CCx), and delaydependent deficits in a working memory radial-arm maze task (Walsh et al., Brain Res.
726,69-79,1996). To further examine the systems responsible for this cognitive deficit
rats were injected with SAP into multiple sites in either the HPC or the CCx and tested
in a variable-delay non-match to sample radial-arm maze task (1,4 and 8 hour delays).
Intracingulate injection of SAP produced a selective and extensive loss of cholinergic
fiber density in the CCx together with a delay-dependent deficit in working memory
performance. Injection of SAP into the HPC produced a selective loss of cholinergic
fiber density in all regions of the HPC (dentate gyrus, area CA1, area CA3) and only
a modest deficit in performance that was not related to the length of the delay. These
data suggest that the cholinergic septocingulate pathway contributes to working memory
performance. In contrast, the profile of post-operative deficits indicates that the
cholinergic septohippocampal pathway might be involved in aspects of the task which
do not reflect memory such as attention or spatial ability. SAP is an important tool to
study the unique functions of the different components of the cholinergic basal
forebrain.
Supported by NSF grant IBN 9514557 to TJW.

2 25.4
BIS-THA, A NOVEL ACETYLCHOLINESTERASE INHIBITOR, AMELIORATES
SPATIAL MEMORY DEFICITS OF SCOPOLAMINE-TREATED RATS IN
RADIAL MAIZE Z.J. Dong. O.Y. Yeung. X.O. Ji. Y.P. Pang: and Y.F. Han.
Department of Biochemistry, Hong Kong University of Science and Technology,
Hong Kong, Neurochemistry Research, Mayo Foundation for Medical Education
and Research, Jacksonville, Florida 32224, USA
Bis-THA(l,7-N-Heptylene-bis-9,9-amino-1,2,3,4-tetrahydroacridine) is a novel
analog of tetrahydroaminoacridine(THA) designed as potential treatment of Alzheimer's
disease by Pang et al (J. Biol. Chem. 271:23646, 1996). In this study, a comparison of
the effects of bis-THA, THA and huperzine A (HUP A) was conducted on
acetylcholinesterase (AChE) from rat erythrocyte membrane. The relative order of
AChE inhibitory activity of these different agents was bis-THA (ICJ0= 0.994 nmol-L ')>
HUP A (IC50= 77.7 nmol-L1) >THA (IC50=378.3 nmol-L'1). The inhibitory effects of
bis-THA on cholinesterase was much more selective, in a reversible fashion, toward
AChE than toward butylcholinesterase. In addition, we have assessed the effects of bisTHA, THA and HUP A on spatial memory performance of scoj>oIamine (0.2mg/kg,ip)treated rats using radial maze test. It was demonstrated bis-THA analog is almost 100
times more potent than THA in reversing the memory, deficit with the most effective
dosage at 0.05mg/kg, ip. Furthermore, chronic treatment with bis-THA was as potent as
acute treatment indicating no significant tolerance to the memory-enhancing effect of
bis-THA was developed. These results suggest bis-THA, a highly potent and selective
inhibitor of AChE with significant memory-improving effects, can probably be further
developed as a novel agent for the treatment of Alzheimer's disease and related
disorders. [Supported partially by the Biotechnology Research Institute, Hong Kong
Univ. Sci. & Tech.]

225.5

225.6
SPA TIA L
M EM ORY
IS
IM PAIRED
IN
FEM ALE
A POLIPO PR O TEIN E-DEFICIEN T M ICE. E.G. Mohler1*.
G. Einstein2, and C.L. Williams1. Dept, of Psychology: Experimental1
and Dept, of Neurobiology2, Duke University, Durham, NC 27708.
While it is not yet clear what causes the pathology leading to the
cognitive dysfunction that is characteristic of Alzheimer’s disease
(AD), the genotype of apolipoprotein E (APOE, gene; apoE, protein) has
been implicated as a risk factor. To elucidate any relationship between the
absence of apoE and cognitive decline, we studied the spatial memory of
mice with a targeted disruption of APOE (KO). Because the expression
of AD is often exacerbated by other risk factors, we also deprived these
mice of gonadal steroids by ovariectomizing KO and C57BL6/J wildtype
(WT) controls at 4 months of age. At 5 months both groups were trained
for 24 days on a radial-arm maze (RAM) with 5 baited and 3 unbaited
arms. Compared to the WT mice, KO mice made significantly more
working-memory errors. These differences emerged during acquisition
and remained at steady-state. No differences in reference-memory errors
were found. A Monte Carlo simulation of RAM performance based on
response biases showed that WT mice were significantly less likely to
use response biases compared to the KO group. A probe trial where
extramaze and intramaze cues were put in conflict with each other
revealed that WT mice used extramaze cues and thus, relied primarily on
a memory strategy, while KO mice made less use of spatial memory.
These data demonstrate that ovariectomized, APOE KO mice have a poor
working memory and thus rely mainly on non-memory strategies when
navigating a RAM. Work is in progress to determine whether this
dysfunction is due to a deficiency of apoE alone, or in combination with
a loss of estradiol. (AG09525 to CLW; Alzheimer's Assoc. IIRG-95136 to GE.)

DIFFERENTIAL EFFECTS OF ETHANOL ON SPATIAL MEMORY IN
ADOLESCENT AND ADULT RATS.
B.J. Markwiese-Foerch*&
H-S. Swartzwelder. D e p t . of Psychology and
Psychiatry, Duke University and V. A. Medical
Center, Durham, NC 27705.
Recent studies have shown that the
antagonistic effects of ethanol on hippocampal
synaptic plasticity are enhanced in adolescent rats
relative to adult rats.
This suggests that ethanol
may more potently disrupt spatial memory in
adolescent animals than in adults.
Beginning at 27
and 60 days of age, male Sprague-Dawley rats were
treated with ethanol (1 or 2 mg/kg, i.p.) or saline
vehicle, 30 minutes prior to daily memory testing.
Using the-Morris water maze, spatial memory was
assessed using a hidden platform.
In a separate
experiment, non-spatial memory was assessed using a
marked platform. In adult rats ethanol impaired
neither spatial nor non-spatial memory retention
performance.
However, ethanol powerfully disrupted
spatial memory in the adolescent animals.
There was
no effect of ethanol on non-spatial memory among the
adolescent rats.
These results indicate that ethanol is a more
potent antagonist of spatial memory in adolescent
animals as compared to adults.

Grants from ABMRF and Veteran's Affairs to HSS
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225.7
HIGH FOOTSHOCK INTENSITY PROTECTS AGAINST PCHLORAMPHETAMINE-INDUCED AMNESIA. R. A. PradoAlcalá*. R. Solana-Figueroa and G. L. Ouirarte. Physiol. Dept. Med.
Sch. and Ctr. o f Neurobiol., Natl. Univ. o f México, PO Box 1-1141,
Querétaro, Qro., 76001, México.
Cholinergic blockers produce amnesia o f inhibitory avoidance. When
footshock intensity used in training is increased, however, these
treatments become innocuous. The aim o f this experiment was to
determine if high-intensity stimulation also protects against the
amnestic effect o f p-choloamphetamine (PCA; 2.5 mg/kg), a serotonin
depletor. Rats were trained in inhibitory avoidance using low or high
footshock intensities. A test o f retention was given 24 h later. For
each intensity there were four groups: not injected, or injected with
PCA 30 min before training, 1 min after training, or both 30 min before
training and 30 min before testing. PCA produced amnesia, except
when PCA was given after high-intensity footshock. These data
indicate that serotonin is necessary for memory consolidation and that
training o f inhibitory avoidance with high footshock intensity
accelerates this process.
Supported by DGAPA.
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226.1
EXTENT OF ACTIVATION DURING SEMANTIC ENCODING DETERMINES
RECOGNITION MEMORY PERFORMANCE: AN FMRI STUDY.
P.S.F. Bellgowan*. J.R. Binder. J.A. Frost. T.A. Hammeke. J.A. Springer. Medical College
of Wisconsin, Milwaukee, WI53226.
Performance differences during verbal recognition memory tasks may reflect either differences
in retrieval processes or in the encoding of verbal episodes. To investigate the role of encoding
processes in verbal recognition memory performance, functional MRI was conducted during
semantic encoding in subjects with HIGH, MEDIUM and LOW verbal recognition memory
performance. Whole brain imaging was performed on 30 subjects using multislice gradient-echo
echo-planar FMRL Semantic encoding occurred during performance of a semantic decision task in
which subjects heard spoken nouns and responded if a word met a set oftwo semantic criteria. This
was compared to a tone decision task in which subjects heard sequences of tones and responded to
specified target sequences. Recognition for the nouns presented during semantic encoding was
tested and the results usedto assign subjects to HIGH, MEDIUMor LOWperformance groups with
average correct recognition scores of 97%, 89%, and 84%, respectively. Performance during the
encoding task did not differ between groups.
Within subjects t-tests were conducted comparing images from the encoding and comparison
tasks, and the resulting statistical maps were redistributed into standard stereotaxic coordinates.
Group maps, formed by averaging individual t-maps on a voxel by voxel basis, were thresholded at
p < 0.001. The number ofactive voxels above the threshold were tabulated for each group. Higher
recognition scores were associated with a greater proportion of statistically significant activated
brain voxels during semantic encoding (HIGH = 4.6%, MEDIUM = 1.7%, LOW = 0.2%). Group
thresholded maps were converted to binary maps in which active voxels surviving the p < 0.001
threshold were assigned a value of 1. Determination of the brain regions showing different levels
ofactivation betweengroiqjs was performed by subtraction ofthe binary maps. Results demonstrate
that the graded activation during semantic encoding was primarily left lateralized in the superior
frontal gyrus, hippocampus, parahippocampus, fusiform gyrus and angular gyrus. These results are
consistent with the proposed left lateralization of verbal episodic memory encoding, particularly in
the medial temporal lobe, and suggest that recognition memory performance is dependent on the
level of activation in the verbal episodic memory systemduring encoding.
Supported byNIHNS33576

226.2
TASK-SPECIFIC AND ITEM-SPECIFIC PROCESSES IN EPISODIC AND
SEMANTIC MEMORY RETRIEVAL: A COMBINED PET AND ERP STUDY.
E. DOzel. R. Cabeza. J.W. Picton. A.P, Yonelinas. H. Scheich. H.^,
Heinze. and E. Tulvina . Rotman Research Institute of Baycrest Centre,
University of Toronto, 3560 Bathurst St., Toronto, Canada M6A 2E1
Every cognitive task comprises both task-specific and stimulus-specific
processes. We investigated the relation between them in memory
retrieval, in parallel positron emission tomography (PET) and
event-specific potential (ERP) studies. Regional cerebral blood flow and
direct-coupled (DC) ERP recordings were measured while 11 healthy
subjects made either episodic-memory ('old'/'new') or semantic-memory
('living'/'non-living') judgments about visually presented single words.
Holding constant the test stimuli, we compared episodic and semantic
memory retrieval, and found that the episodic retrieval task was
associated with higher blood flow over right frontal Area 10 in the PET,
and with a right fronto-polar positive DC shift in the ERPs that lasted
throughout the task. Holding constant the task, we found that responses
to 'old' test items, as compared to 'new,' were associated with higher
blood flow in the left hippocampal formation in the PET, and with a left
parieto-temporal late positive component in the ERPs. These results
indicate that memory retrieval is subserved by spatially and temporally
separate but closely interacting task-specific and item-specific processes,
and provide PET and ERP support for the concept of a special
'neurocognitive set' ('episodic retrieval mode') mediated by the right
prefrontal cortex. (Supported by grants HE 1531/3-1 and Du 280/1-1,
Deutsche Forschungsgemeinschaft)

226.3
ANTERIOR PREFRONTAL CONTRIBUTIONS TO EPISODIC MEMORY EX
PLORED WITH fMRI AND ANALYSIS OF AVERAGED SINGLE-TRIALS R.L.
Bucknet*. W. Koutstaal. A.M. Dak^D,L^chacter. A.P. Wagner, and B.R. Rosen.
MGH-NMR Center, Boston MA 02129; Harvard University, Cambridge MA 02138.
Anterior prefrontal activations have often been observed in neuroimaging studies
of episodic retrieval (Buckner & Petersen, Sem Neurosci 96). We sought to deter
mine if these areas could be detected with fMRI and whether they could be modulated
by different levels of retrieval effort and/or success (Schacter et al, PNAS 96; Rugg
et al, Brain 97). In study one, 11 subjects were imaged during simple recognition of
visual words (BOLD fMRI, 1.5T GE scanner with ANMR EPI, 3x3x7mm voxels,
16 AC-PC slices, TR=2sec). Previously studied words appeared in blocks of 40 sec
(20 per block) studied under either deep (DE) or shallow encoding (SE) conditions.
DE yielded high performance with low effort (85% hits, 875 msec RT); SE yielded
low performance with greater effort (47% hits, 1005 msec RT). fMRI data averaged
across subject revealed that recognition performance after both study types showed
right anterior prefrontal activation, with a small increase during high relative to low
performance. Such an effect could be attributable to successful recognition of indi
vidual items, or to different strategies subjects adopted during blocked trials in which
similar items from either the DE and SE conditions were tested separately. In study
two, single-trial fMRI procedures were used to sort mixed trials post-hoc based on
subject performance, circumventing the issue of strategy effects (Buckner, Bandettini
et al, PNAS 96). 13 subjects were imaged during recognition trials spaced 16-sec
apart (DE only). Activation maps were constructed separately for 642 trials of hits
and 628 trials of correct rejections. Both kinds of trials showed anterior prefrontal ac
tivation, with only marginal differences between the two trial types. Such a finding
suggests that anterior prefrontal cortex activates approximately equally during hits
(successful recognition) and correct rejections when mixed trial types are examined.
(Support: NIDCD DC03245, NIA AG08441, Dana Foundation, McDonnell Center)

226.4
BIHEMISPHERIC, ASYMMETRIC NETWORK SUBSERVES ASSOCIATIVE
DECLARATIVE MEMORY IN ENCODING AND RETRIEVAL (SPON:
European Brain and Behaviour Society). B.J. Krause. U. Halsband#. D. Schmidt.
W. Mever. J. Tavlor and H.W. Müller-Gärtner. Research Center Jülich, 52425
Jülich, ^Institute of Psychiatry, Heinrich-Heine-University, 40225 Düsseldorf,
Germany.
The involvement of a distributed neuronal network in declarative memory has
been hypothesized based on studies with verbal memory tasks. To specifically
elucidate the associative declarative memory function, 14 right-handed
volunteers performed a visual verbal learning task using imagery as mnemonic
strategy. The volunteers underwent Positron emission tomography (PET). O- 15butanol was used as tracer of regional cerebral blood flow.
Using structural equation models, connections between brain areas were based
on known anatomy and interregional correlations. These were used to calculate
the path coefficients representing the magnitude of the influence of each
directional path. This provides a statistical description of a network subserving
encoding and retrieval processes.
The functional network showed that for encoding, dominant path influences
were among left parietal (precuneus, BA 7, BA 40) and left prefrontal areas (BA
9, 46). During retrieval, dominant path influences were among right parietal
(precuneus, BA 7, BA 40) and right prefrontal areas (BA 9, 46). Interhemispheric
interactions indicate a functional encoding/retrieval asymmetry in associative
declarative memory.
These findings strongly support the idea of a bihemispheric, asymmetric
encoding/retrieval network subserving associative declarative memory. The
model suggests transcallosal left/right interconnections between prefrontal and
between precuneus areas used in the transfer of information from left to right in
encoding and the reverse in the retrieval. Furthermore, these results underline the
role of the precuneus not only in the retrieval of highly imaginable words but also
during encoding.
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226.5
RELATIVE PRESERVATION OF SEMANTIC MEMORY IN CHILDHOOD
AMNESIA RESULTING FROM HIPPOCAMPAL PATHOLOGY.
F. Vargha-Khadem1. M. Mishkin3. K.E. Watkins'. S.J. Wood1. W. Van
Paesschen2. A, Connelly2 and D.G. Gadian2. ‘Cognitive Neuroscience Unit and
2Radiology and Physics Unit, Institute of Child Health, London WC1N 1EH, UK
and 3NIMH, NIH, Bethesda MD 20892 USA. (SPON: European Brain and
Behaviour Society)
We report on combined magnetic resonance and neuropsychological studies of
8 children with global anterograde amnesia resulting from medial temporal
pathology sustained perinatally (N = 3), or later in childhood (up to age 10). This
is the largest such series so far reported. Intelligence was in the low average
range (85.5 ±16) and working memory was consistent with IQ. Memory for
everyday events, and also long-term recall (e.g. of stories, word-lists and
geometric designs) were severely impaired in all cases. In contrast, memory for
facts was preserved at a level commensurate with intelligence, as was literacy.
Magnetic resonance imaging showed bilaterally small hippocampal volumes in
all eight cases. Our results confirm the importance of the hippocampal formation
for long-term memory, and show that no other structure can compensate for its
role in long term event memory, even when the brain damage is sustained very
early in life. Our data also provide new support for the idea that episodic and
semantic memory are at least in part dissociable with only the episodic
component being fully dependent on the hippocampus.
SUPPORTED IN PART BY THE WELLCOME TRUST

226.6
PARAHIPPOCAMPAL CORTEX INVOLVEMENT IN THE ENCODING OF
BOTH VISUAL AND AUDITORY STIMULI: AN FMRI STUDY. J. B. Brewei*
I. E. Desmond. G. H. Glover, and J. D^E. Gabrieli. Neuroscience Program, Depts.
of Psychology and Radiology, Stanford University, Stanford, CA 94305.
The medial temporal region is essential for the formation of declarative memories
in humans and other primates. In a previous study, we used functional magnetic
resonance imaging (fMRI) to provide evidence that different components of the medial
temporal region make distinct contributions to human memory. In the present study,
we extend our results and show that the medial temporal-lobe structures previously
shown to be involved in the encoding of novel visual stimuli are also involved in the
encoding of novel auditory stimuli. Subjects performed encoding memory tasks. In
the visual encoding task, subjects saw 56 color photographs, 28 indoor and 28
outdoor, arranged in 12 alternating blocks. Blocks of 8 novel pictures were alternated
with blocks of 8 familiar pictures. Subjects were instructed to respond to indoor
photographs and to remember all pictures far a later recognition task. Functional data
were acquired at 1.5 T using a gradient echo spiral sequence sensitive to T2*
(TR/slice=90; total TR=720; TE=40; flip angle=65°). Functional data analysis
revealed in 6 subjects increased activation in the parahippocampal cortex when subjects
were responding to novel relative to familiar pictures. In the auditory encoding task,
subjects heard 50 unique environmental sounds, 25 natural and 25 man-made, arranged
in 12 alternating blocks. Blocks of 8 novel sounds were alternated with blocks of 2
pseudorandomly repeating familiar sounds. Subjects were instructed to respond to
natural sounds and to remember all sounds for a later recognition task. Six subjects
showed increased activation in the parahippocampal cortex when responding to novel
relative to familiar auditory stimuli. Differences between the two encoding activation
maps included auditory cortex activation for the auditory encoding task and a greater
posterior extent to the parahippocampal activation for the visual encoding task. These
results demonstrate the potential of fMRI to resolve activity in the closely spaced
structures of the hippocampal region and to shed light upon their distinct contributions
to memory formation. [Supported by NIH GM07365 and AG12995]

226.7

226.8
LEFT HIPPOCAMPAL ACTIVATION CORRELATES WITH
SUCCESSFUL RECOGNITION DISCRIMINABILITY: A
POSITRON EMISSION TOMOGRAPHY STUDY. R. Habib*, A. R.
McIntosh, & E. Tulving. Rotman Research Institute o f Baycrest
Centre, University o f Toronto, Toronto, Ontario, Canada.
In a PET study o f auditory sentence recognition, subjects were
scanned while either recognizing new sentences or recognizing old
sentences. In each scan, most sentences were either old or new.
Recognition accuracy was measured by asking subjects to count the
number o f minority items in each scan; the absolute deviation from
the correct count o f minority items represented subjects recognition
discriminability. A behavioral partial least squares (McIntosh et al.,
1996, Neuroimage, 3) analysis was conducted to assess the
relationship between rCBF in the entire brain and recognition
discrimination. Activation in the left hippocampal formation was
positively related to successful recognition accuracy. This activation
was strongest in scans where the majority o f the items were new, and
subjects were required to count the number o f old sentences
presented. The maximal correlation coefficient between recognition
discriminability and rCBF in tKe left hippocampus was 0.93. These
results indicate that higher recognition performance is associated with
increased hippocampal blood flow.
This study was funded by NSERC grant A8632 to Endel Tulving

I N T E G R A T IN G F M R I A N D N E U R A L N E T W O R K
M ODELING: A S T U D Y OF THE H U M A N H IPPOCAM PUS.
CE Stem*. ME Hasselmo. BP Wyble. BR Rosen, Harvard Medical
School and MGH-NMR Center, Charlestown, MA, and Dept, of
Psychology, Harvard University, Cambridge, MA.
A simulation o f the hippocampus was used to model activation in
humans detected using functional MRI (fMRI). Subjects viewed a
sequential presentation o f novel complex pictures. As a control,
subjects viewed the repeated presentation o f a single picture. fMRI
signal increases were located in the hippocampal formation and
parahippocampal gyrus during the novel picture presentations (Stem et
al., PNAS, 1996). In the model, novel patterns activated separate
populations o f neurons in the dentate gyrus, region CA3 and region
CA1. In contrast, repeated presentations of the same pattern activated
the same subpopulation o f neurons. The m odel generates two
physiologically based alternative hypotheses for the difference in
activity level, both o f which can be tested using fMRI: 1. The decrease
during repeated presentations could result from adaptation due to
calcium-dependent potassium currents, in which case the fMRI time
course should match the time constant of decay o f these currents. 2.
Changes in activity could be due to levels of cholinergic modulation
dependent upon a matching function in region CA1, with mismatches
(due to novel stimuli) resulting in higher levels of ACh and hence
greater activity to novel stimuli. By testing these model generated
predictions in the human using fMRI, we can link our understanding of
cognition at the neuronal and systems levels. Support: McDonnell Pew Program in Cognitive Neuroscience and Alzheimer's Association.

226.9
MEMORY ENCODING: DISSOCIATING THE ROLES OF THE
LEFT HIPPOCAMPAL A ND LEFT PREFRONTAL REGIONS.
P.Ç, Fletcher and R-J. Dolan*- Wellcome Department of Cognitive
Neurology, Institute of Neurology, Queen Square, London, U.K.
WC1N 3BG.
Functional neuroimaging has highlighted the role of the left
prefrontal cortex (PFC) in auditory-verbal memory encoding but,
in many cases, has failed to reveal the predicted left medial
tem poral activation. We describe a Positron E m ission
Tomography (PET) experiment involving the encoding of categoryexemplar paired-associates in which w e manipulated the novelty
of either individual elements or the entire category-exemplar
pairings. We demonstrate both left medial temporal and left PFC
activations which were dissociable w ith respect to encoding
demands. Left PFC activation is maximal w ith a change in
category-exemplar pairings while medial temporal activation is
sensitive to the overall degree of novelty. We interpret thé left
prefrontal cortex activation in terms of semantic processing
required in making category-exemplar linkages and medial
temporal activation in terms of processes that register the novelty
of the presented material. The data provide striking evidence of
functionally dissociable roles for the prefrontal cortex and
hippocampal formation in the encoding of auditory-verbal
material.
Funded by the Wellcome Trust.
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226.10
IMPROVED RECOGNITION PERFORMANCE AFTER EXTENDED
EXPOSURE TO STUDY ITEMS REQUIRES RESIDUAL
DECLARATIVE MEMORY CAPACITY IN HUMAN AMNESIA. J. M.
Reed1. S. B. Hamann2. L. Stephanacci1. and L. R. Squire13*. Univ of Calif,
San Diego, 2Emory Univ, 3Veterans Affairs Medical Center, San Diego.
Extended exposure to study material can result in above-chance
recognition memory performance in amnesic patients, even the densely
amnesic patient H. M.. To understand this phenomenon, a severely
amnesic patient with large bilateral medial temporal lobe lesions (E. P.),
three other amnesic patients with lesions limited to the hippocampal
formation, and control subjects were tested. They studied pictorial
material and then were given either a yes-no (Experiment 1) or a twoalternative, forced-choice (Experiment 2) recognition test. Subjects also
rated their confidence in the accuracy of each response. The amnesic
patients with lesions limited to the hippocampal formation and control
subjects benefited substantially from extended exposure, and their
confidence ratings corresponded to recognition accuracy. Patient E. P.
consistently performed at chance and his confidence ratings did not
discriminate between correct and incorrect responses. The results do not
support suggestions that the benefit of extended study time is due to some
kind of familiarity process made available through nondeclarative memory
(e.g., priming). The results suggest instead that amnesic patients benefit
from extended study time to the extent that they have residual capacity for
declarative memory.
Supported by the M edical Research Service o f the Department o f Veterans
Affairs, NIM H (MH24600), and N IH (T32 AG00216).
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226.11

CORTICAL AREAS SUPPORTING CATEGORY LEARNING IDENTIFIED USING
FMRI. Reber. P.J.1*. Buxton. R.B^Wong. E.C.I3& Squire. L.R.12*. UCSD
Departments of Psychiatry', Neurosciences2, Radiology3, and VAMC, San Diego .
Category learning by prototype abstraction has been previously shown to depend on
nondeclarative memory. Six volunteers studied 40 dot patterns, all of which were
distortions of an underlying prototype. After 2 min, fMRI data were collected while the
volunteers judged whether or not each of 84 novel dot patterns belonged to the same
category as the training patterns. The novel patterns alternated between blocks of 7
patterns that either required mostly ‘no’ responses or required mostly ‘yes’ responses
(12 blocks, 28 s per block). Responses were recorded as button presses. Altogether,
there were 4 presentations of the prototype (P), 20 low distortions of the prototype (L),
20 high distortions (H) (all of which required ‘yes’ responses), and 40 random patterns
(R) (which required ‘no’ responses). The frequency of ‘yes’ responses made by volun
teers varied with pattern type as in previous studies (P 85%, L 65%, H 62%, R 39%).
The procedure was then repeated with different study and test items. Brain activity
during the category judgment task was measured using gradient-recalled EPI (TE=40
ms, TR=3500 ms; 15-16 axial, 7 mm contiguous slices covering the whole brain). Five
cortical areas exhibited differential activity during the judging of categorical vs. noncategorical patterns. Two posterior cortical areas were less active during presentation
of the categorical patterns (BA 17/18 bilaterally and right posterior cingulate). Increases
in activity during presentation of the categorical patterns were observed in right
posterior parietal cortex (BA 7), left anterior frontal cortex (BA 10), and right medial
frontal cortex (BA 9/44). Decreases in visual cortical activity may reflect the fact that
the categorical patterns were processed more easily or quickly. The posterior parietal
activation may be related to successful matching of novel patterns to the learned
prototype or training exemplars. The left and right frontal activations may reflect
strategic decision processes and/or the working memory demands of the judgment task.
This research was supported by the Medical Research Service of the Department of
Veterans Affairs and by NIMH Grants F32 MH11150-01A1 and MH24600.
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226.12
THE ROLE OF THE HUMAN AMYGDALA IN AROUSAL-MEDIATED
MEMORY CONSOLIDATION E.A. Phelps* and K.S. LaBar. Department
of Psychology, Yale University, New Haven, CT. 06520
Previous studies have suggested the human' amygdala may be involved
in the enhanced declarative memory seen for emotional events (Cahill et
al., 1995). It has been hypothesized that one mechanism by which the
amygdala may enhance memory for emotional events is through
modulating hippocampal consolidation (Packard et al., 1994).
Consolidation is a process that occurs over time. If consolidation differs for
emotional events, one might expect to see different patterns of memory
performance for emotional and non-emotional events over time.
Consistent with this interpretation, behavioral studies in humans have
shown different forgetting curves for high and low arousal stimuli such that
memory for low-arousal stimuli declines as time passes, while memory for
high-arousal stimuli can actually improve over time (Kleinsmith & Kaplan,
1963).
In the present study we examined memory for high-arousal (taboo) and
low-arousal (neutral) words in normal controls and patients who had
received unilateral section of the anteromedial temporal lobe, including the
amygdala and hippocampus, in an effort to control epilepsy. Recall for the
words was tested at two intervals, immediately and after an hour delay.
Consistent with previous studies, the control subjects showed different
forgetting curves for taboo and neutral words, that is, a relative resistance
to forgetting for the taboo words. In contrast, the unilateral temporal
lobectomy subjects showed similar patterns of forgetting for both neutral
and taboo words characterized by better recall when memory is tested
immediately than after a delay. The present study suggests that the
amygdala in humans may be critical for the resistance to forgetting seen for
emotional events.
Supported by NIH MH50812 to EAP

VISUAL CORTEX: STRIATE III
227.1
C l u s t e r in g

o f r e s p o n s e p r o p e r t ie s o f n e u r o n s i n t h e v i s u a l c o r t e x .

R.D. Freeman*. G.C. DeAngelis. G.M. Ghose, and I. Ohzawa. Group in Vision
Science, School of Optometry, University of California, Berkeley, CA
94720-2020
Columnar organization of the cerebral cortex is well established for
different sensory modalities. In the visual system, columnar structure has been
demonstrated for ocular dominance, orientation, and other stimulus parameters.
However, in any given study, only one or two variables have been investigated.
We have recorded simultaneously from pairs of neurons in the cat’s visual cortex
using a reverse correlation technique that provides detailed spatiotemporal
receptive fields. In this way, we obtain a wide range of spatial and temporal
properties about each of the cells. Since they are recorded from the same
electrode, we assume the members of the neuron pair are neighbors. We are thus
able to compare a complete set of response characteristics of adjacent cells and
make inferences about columnar properties.
Results show that orientation preference has the highest degree of
similarity in neighboring cells. This is consistent with other studies in which
orientation columns have been demonstrated. We also find that receptive field
width and spatial frequency are highly correlated between pairs of nearby cells.
Preferred direction, but not degree of direction selectivity, is correlated between
cell pairs. Temporal parameters are correlated, but not as strongly as spatial
factors. Spatial phases are not correlated at all. The local diversity of spatial
phases is consistent with energy models in which phase differences are used to
encode visual information. These datai on the clustering of response properties
of pairs of cortical cells suggest the existence of columnar organization for all
spatial and temporal parameters except spatial phase. (EY 01175)

227.3
JOINT PROCESSING OF MOTION AND BINOCULAR DISPARITY BY
COMPLEX CELLS IN THE CAT’S STRIATE CORTEX. A. Anzai. I. Ohzawa.
R. D. Freeman, and T. E. Cohn*. Group in Vision Science, School of Optometry,
University of California, Berkeley, CA 94720-2020
Motion and binocular disparity are useful cues for defining an object. The manner
in which neurons encode these features may therefore provide important information on
how the visual system represents an object. Complex cells in the striate cortex are
sensitive to motion and binocular disparity, and have been modeled as detectors of a
stimulus energy in motion (Emerson et al., 1992) and binocular disparity (Ohzawa et al.,
1990). However, it is not known if individual complex cells exhibit both types of energy
responses, and if so, whether there is any relationship between the two. For example, is
the degree of direction selectivity correlated with disparity tuning? To address this issue,
we have measured two-bar interactions exhibited by complex cells in the cat’s striate
cortex to characterize their energy responses to motion and binocular disparity.
Spike activity of single units was recorded during stimulation with dichoptic noise
patterns generated according to binary m-sequences. Responses of cells to the noise
stimuli were cross-correlated with the stimulus sequence to obtain two-bar interaction
profiles in space-time (motion) and left-right eye space (binocular disparity) domains.
Nearly all binocular complex cells (49/54) exhibit energy responses to both motion
and binocular disparity. The energy response to motion can be either inseparable
(directionally biased) or separable (bi-directional), and the degree of inseparability varies
from cell to cell. The energy response to binocular disparity can be either symmetric
(small disparity) or asymmetric (large disparity), and the degree of asymmetry varies
from cell to cell. There seems to be no relationship between inseparability of the motion
energy response and asymmetry of the binocular disparity energy response. The cells
also exhibit energy responses to interocular motion for which two bars are presented
across the eyes with an interocular time delay. Response profiles for monocular and
interocular motion energies are always the same with respect to inseparability. A few
complex cells (5/54) exhibit energy responses to monocular motion in either eye but little
or no responses to binocular disparity and interocular motion.
These results indicate that complex cells encode motion and binocular disparity
energies as a combined entity. In this sense, they are spatio-temporal energy filters rather
than separate detectors for either motion or binocular disparity. (EY01175)
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227.2
ORIENTATION-SELECTIVE SETTING OF CONTRAST GAIN BY THE
SURROUNDS OF MACAQUE STRIATE CORTEX NEURONS.
J. R. Cavanaugh. W. Bair1. J. A. Movshon*1
NYU Center for Neural Science and JHHMI, New York, NY 10003.
The contrast gain of cortical neurons is modulated by a signal related to
the contrast of the visual scene in and near their receptive fields. For
stimuli within the classical receptive field (CRF), the contrast gain control
signal appears to be broadly tuned for spatial frequency and unselective for
orientation. We have now examined the regulation of contrast gain by more
remote stimuli in striate cortex neurons recorded from anesthetized,
paralyzed macaques.
Previous experiments using high-contrast test targets have yielded
inconsistent data on the influence of peripheral stimuli. We therefore
measured neurons' contrast gain for sinusoidal gratings confined to the CRF
in the presence of gratings presented in annular windows outside the CRF;
we parametrically varied the orientation, extent, and contrast of both the
CRF and annular gratings. Annular gratings reduced neurons' contrast gain in
a quantitatively similar fashion to gratings superimposed within the CRF.
However, annular gratings were most effective when their orientation
matched the preferred orientation; orthogonal gratings were typically
ineffective. We rarely observed significant facilitation or enhancement of
contrast gain for peripheral targets, nor did we see effects that depended
only on the relative orientations of the gratings in the CRF and periphery.
The spatial extent and orientation selectivity of gain control by the RF
periphery suggest that the control signals pass through the well-known
system of orientation-specific horizontal intracortical connections. The
influence of the RF periphery on contrast gain through these horizontal
connections would have the effect Of enhancing cortical responses in regions
of the image where texture changes most.
Supported by HHMI, NEI, NSF

227.4
TEMPORAL ENCODING OF CONTRAST BY VI NEURONS IS GREATER
FOR TRANSIENT THAN STEADY-STATE STIMULI. F. Mechler*1,2. J.
Victor1. K. Purpura1. R Shaolev2. Dept, of Neurology and Neuroscience, Cornell
University Medical College, New York NY 100211, and Center for Neural Science,
New York University, New York NY 100032.
Recent studies in VI (e.g. Victor & Purpura, 1996) showed that contrast of
transient stimuli is encoded in the temporal structure of spike trains, and not just in
the overall spike count. In order to understand whether temporal encoding of
contrast is contingent on the transient nature of the stimulus, we applied the same
cost-based metric approach to the analysis of responses of single neurons in
macaque VI to steady state presentation of drifting sinusoidal gratings and hard
edges of variable contrast, with optimal spatiotemporal parameters. Stimulus
patches always fully covered the neurons' receptive fields. Contrary to results
obtained with flashed gratings, evidence of temporal encoding of contrast is
lacking in most (simple and complex) VI neurons' responses to drifting sinusoidal
gratings. However, a quarter of all neurons, mostly complex cells, displayed
significant temporal encoding of contrast for edge stimuli. In these neurons, the
portion (-30%) of information in the timing of spikes and the corresponding
precision of timing (20-100 ms) were similar to those found with flashed stimuli
in previous studies. Since drifting edges differ from drifting sinusoidal gratings in
that the former retain the transient nature of flashed stimuli, our results suggest
that an abrupt change in the adapted state of the local visual circuitiy is what
triggers the temporal structuring of spike trains in the responses of VI neurons.

Supported by EY93J4 (JV.FM), NS01677 (KP), and EY01472 (RS).
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227.5
REPRESENTATION OF SPATIAL PHASE IN THE TEMPORAL PATTERN
OF RESPONSES OF NEURONS IN VI. J. Victor*. F. Mechler. N. Schiff. D.
Reich, and K. Purpura. Dept, of Neurology and Neuroscience, Cornell University
Medical College, New York NY 10021.
It is unclear to what extent neurons in primary visual cortex are best viewed
as feature detectors, or alternatively, as local Fourier analyzers. In complex
images, the relative phase of Fourier components, rather than their amplitudes,
carries the information necessary to recover local features, such as edges. Thus,
to understand the nature of the processing performed by VI neurons, one must
know to what extent the responses of individual cells carry spatial phase
information. To investigate the signalling of phase in macaque VI, we measured
neural responses to transient presentations of patches of sinusoidal gratings. The
temporal structure of the responses was analyzed via the cost-based metric
approach (Victor & Purpura 1996), which relies on a set of metrics that formalize
a notion of temporal similarity between spike trains. These metrics determine
whether information is present not only in the total number of spikes, but also in
their timing. We also constructed a neural "response space," in which the
distances between responses to each phase of the grating were determined by
these metrics. For both simple and complex cells, response timing contributed
significantly to the signaling of spatial phase. Furthermore, when spike timing
was taken into account, response spaces were often distorted circles, thus
indicating that a wide range of phases could be unambiguously represented. This
behavior could be mimicked by artificial receptive fields, provided that they were
"inseparable" (i.e., contained distinct spatial regions with differing temporal
properties). Thus, temporal coding makes a qualitative contribution to the
representation of spatial phase in VI, and a spike count code would miss a
contribution of complex cells to the analysis of local visual features.
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227.6
FUNCTION AND STRUCTURE IN THE CORTEX: SPATIAL
FREQUENCY MAPS AND CYTOCHROME OXIDASE BLOBS IN
THE MAMMALIAN VISUAL CORTEX Prashanth. AK. R. Everson
and E. Kaplan*. M t Sinai School of Medidne of CUNY, NY, NY, 10029
Neurons with similar stimulus preference cluster together in the cortex.
Since cortical neurons are tuned to spatial frequency, we investigated the
tangential cortical organization of spatial frequency selectivity. Spatial
frequency columns have been reported recently in kitten visual cortex
(Shoham et at, ’97) and in the adult cat and monkey cortex (O’Brien et al,
’96). Shoham et al also reported a close correspondence between the
cytochrome oxidase (CO) blobs in the cat cortex and the regions which prefer
low spatial frequencies.
We imaged intrinsic optical signals from the striate cortex of anaesthetized
and paralyzed macaque monkeys and cats while the animals viewed drifting
sinusoidal gratings of various spatial frequencies at several orientations and
fixed temporal frequency. We used extensions of principal component
analysis to generate activity maps of regions which responded to various
spatial frequencies.
The electrophysiologically-measured spatial frequency tuning of neurons
from several regions in the optically imaged area were compared with the
optical activity maps. We are also comparing the functional (optical) maps of
spatial frequency and orientation selectivity with the anatomical structures of
CO blobs and of ocular dominance columns, especially in the monkey.
Supported by: EY11276. MH50166, EY 01867, RPB, ONR N0014 93-12079.

S u pported by E Y 9314 (JV) a n d N S 01677 (KP).

227.7
TWO-BAR SUBUNIT INTERACTIONS ARE SUFFICIENT TO EXPLAIN
MOVEMENT RESPONSES IN CORTICAL NEURONS. R.C. Emerson*.
Ophthalmology and Ctr. for Visual Sci., U. Rochester, Rochester, NY 14642.
We have shown previously that explaining directionally selective (DS) corti
cal responses requires considering nonlinear interactions between pairs of posi
tions that are activated asynchronously as a bar moves across space. The
objective here was to determine if these 2-bar interactions are ¿so sufficient to
explain the detailed shape of responses to moving bars in DS simple cells.
The method included measuring responses to moving bars, as well as to all
stationary combinations of 1 and 2 bars necessary to mimic stepwise move
ment at the same velocity, limited in smoothness only by width of the
presented stationary bars and a video frame rate. Predictions of responses at
measured velocities were assembled by convolving stepwise moving stimuli
with measured 1-bar impulse-responses and with 2-bar nonlinear interactions.
Predictions based on 1-bar responses never adequately explained DS
responses, even in a simple cell that showed a spatially asymmetric receptive
field (RF) with adjacent positive and negative areas. Addition of 2-bar interac
tions as they occurred across the RF accounted for the detailed shape of
responses, including the extent of DS. Examination of the spatial distribution
of interactions in strongly nonlinear simple cells shows that interactions reside
in subregions of the RF (subunits) that are distributed uniformly over the RF.
In summary, even in simple cells that are considered to depend mainly on
linear responses, 2-bar interactions are both necessary and sufficient to explain
DS responses to moving images. The linear signal that defines the class of
simple cells can be independent of these nonlinear properties, and is not
present at all in complex cells. Both cell types process moving images with
similar low-order nonlinear subunits that are distributed across space.

Supported by EY06679 to RCE;EY01319 to CVS; RPB grant to Ophth.

227.9
LINKING CORTICAL DEVELOPMENT TO VISUAL PERCEPTION.
S. Grossberg*’1 and J.R. Williamson2, Dept, of Cognitive and Neural Systems,
Boston University, Boston, MA 02215.
A central question in visual neuroscience concerns how the visual cortex
generates visual percepts. A neural model is proposed that suggests how hor
izontal and interlaminar cortical connections in VI and V2 develop and lead
to context-sensitive perceptual groupings. The model develops crude cluster
ing of weak horizontal connections prior to patterned visual input, followed by
strengthening and refinement of connections by visually patterned input (Cal
loway k Katz, 1990; Weliky k Katz, 1994; Galuske k Singer, 1996). The
growth of new or the retraction of pre-existing horizontal connections (Kandel k O’Dell, 1992; Antonini k Stryker, 1993) is determined by activity-based
competition for finite resources. This leads to a network of horizontal connec
tions between iso-orientation columns, biased along the preferred orientation,
in which layer 2/3 cells exhibit length summation and respond to appropriate
surround stimuli (Fitzpatrick, 1996). The model also explains the sequence and
relative amounts by which different VI laminae develop orientation selectivi
ty (Chapman k Stryker, 1993). In the model, inputs from LGN excite cells
in layer 4, then cells in layer 2/3, where horizontal connections self-organize
between cells responding to different orientations and locations. The resulting
network of horizontal excitatory and disynaptic inhibitory connections supports
inward perceptual grouping between two or more boundary inducers, but not
outward grouping from a single inducer. Form-sensitive scenic boundaries are
hereby completed. These boundary signals feed back, via layer 6 , to reinforce
consistent boundaries at layer 4. Layer 6 sends on-center excitation and adap
tive off-surround inhibition to layer 4. The model proposes that V2 connections
develop using similar rules, but with larger spatial scales. 1,2 Supported in part
by the Defense Advanced Research Projects Agency and the Office of Naval
Research (ONR N00014-95-1-0409 and ONR N00014-95-1-0657).
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227.8
DYNAMIC SPATIO-TEMPORAL RESTRUCTURING OF VISUAL RE
CEPTIVE FIELDS THROUGH SELECTIVE ATTENTION: A MODEL.
K. Su'der, K. Funke, and F. Wörgötter*
Inst, of Physiology, Dept, of Neu
rophysiology, Ruhr-Universität Bochum, D-44780 Bochum, Germany
Cells in the lateral geniculate nucleus (LGN) strongly change their behavior covarying with different EEG states. During sleep and drowsiness (synchronized
a;-,¿-wave EEG) short transient responses prevail whereas during a desynchro
nized ’alert’ EEG (/?-waves) long-lasting tonic responses are observed. We
propose that this is part of a mechanism used to restructure the spatial and
temporal characteristic of the receptive fields in LGN and cortex reflecting
changing states of selective attention. To this end we present a model of the
primary visual pathway using integrate-and-fire neurons to simulate the afferent
signal flow (retina, LGN, VI). The model implements excitatory topograph
ically arranged corticofugal connections which act as a positive feedback and
trigger spatial winner-take-all (WTA) mechanisms enhanced by lateral inhi
bition at both levels. Excitatory lateral intracortical connections result in a
general activation of the cortical neurons, which leads to a’lower spatial resolu
tion. Furthermore, the LGN membrane characteristic can switch from phasic
(hyperpolarized) low-threshold Ca2+ bursting mode to tonic (depolarized) sig
nal transmission mode. Switching is triggered by feedback and amplified by
intracellular intrinsic positive feedback mechanisms in the model LGN. Salient
stimuli which ’attract attention’ will push the system into a self-amplifying
process which sharpens the cortical receptive fields spatially (by spatial WTA)
and drives the winners in the LGN into signal transmission mode (by intrinsic
intracellular mechanisms). These model,results are in accordance with LGN
cell behavior. In addition, the model predicts that cortical receptive fields
should be wider during synchronized EEG than during desynchronized EEG.
Acknowledgements: Deutsche Forschungsgemeinschaft SFB-509

227.10
A SUBREGION-CORRESPONDENCE MODEL OF BINOCULAR SIMPLE
CELLS. E. Erwin* and K.D. Miller. W.M. Keck Center for Integrative Neuro
science and Dept, of Physiology, UCSF, San FYancisco CA 94143.
Monocular receptive fields (RFs) of VI simple cells contain segregated subregions such that alternation in ON minus OFF input strength is well-fit by
a Gabor function, a 2-D sinusoid multiplied by a gaussian envelope. The leftand right-eye RFs usually have nearly identical preferred orientation and spatial
frequency, yet can differ in the center position of the gaussian envelope and in
the spatial phase of the sinusoids relative to those centers. No study has vet
jointly determined both the position and phase shift of a single neuron.
We earlier presented a model of development of binocular simple cells and
orientation and ocular dominance maps based on Hebb-like correlation-based
segregation of LGN inputs. We now demonstrate that both this model and an
independent BCM learning model predict a relationship between the position
and phase shifts for binocular simple cells. In each model, the left and right RFs
develop matching preferred orientations and spatial frequencies by matching the
locations of ON and OFF subregions. Any position shift between left and right
RF’s requires a corresponding phase shift that aligns ON and OFF subregions of
the two eyes’ LGN inputs. The full range of disparity tuning curves is matched
by this model, as well as by models using independent position and phase shifts.
The hypothesis of binocular subregion correspondence in a significant per
centage of cells provides the most easily testable prediction of current simpie
models of Hebb-like self-organization of binocular simple-cell RFs. We demon
strate indirect support for this hypothesis through a combined analysis of previ
ous independent experimental studies. Direct tests will require jointly determin
ing the position and phase shifts of simple cells. We demonstrate that this can
be accomplished through simple modification of an existing technique: binoc
ular phase tuning curves in response to dichoptically presented sine gratings
must be determined at more than one spatial frequency, for each of of several
simple cells recorded with known relative eye positions.
Supported by NIH grant EYl 1001-01, and by grants from the Searle Schol
ars’ Program and the Lucille P. Markey Charitable Trust.
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227.11
DISPARITY ATTRACTION AND REPULSION IN A TWO-DIMENSIONAL
STEREO MODEL S. Mikaelian and N. Qian*. Center for Neurobiology and
Behavior, Columbia University, 722 W. 168th St., Annex #733, New York,
NY 10032
We have been investigating how physiological properties of binocular cells
in the brain may be used to explain the psychophysically observed phenomena
of disparity attraction and repulsion. These phenomena refer to the observa
tion that nearby visual features with different disparities appear to attract each
other in depth at smaller spatial separations while the interaction turns repul
sive at larger separations. Previously we have applied a one-dimensional stereo
model to simulate the results of Westheimer (1986) on vertical line patterns
(Qian & Zhu, ARVO, 1997). The model is now extended to two dimensions to
explain further observations of Westheimer and Levi (1987) on two-dimensional
stimuli. The extension to two dimensions provides a wider arena to explore
the consequences of the model. As in the one dimensional case, the transition
point from attractive to repulsive interaction is shown to be mainly determined
by the preferred spatial frequency distribution of the cells used in the dispar
ity computation. In addition, the new extension places strong constraints on
the various computational mechanisms otherwise allowed. In the simplest for
mulation, there is an ambiguity associated with the multi-valuedness of the
computed disparity using phase-shift receptive field profiles in the model. The
present extension allows us to examine the merits of various proposed schemes
for dealing with this ambiguity and to suggest more plausible mechanisms. It
also aids in selecting schemes for pooling across spatial scales that are consis
tent with known parameter distributions of VI cells on the one hand, and with
the above-mentioned psychophysical results on the other. Some testable pre
dictions for further observations of disparity attraction-repulsion phenomena
can also be extracted.
Supported by NIH grant MH54125 and the McDonnell-Pew Program.

227.12
TILT ILLUSIONS AND DYNAM IC DECORRELATION: A TH E
ORY OF LATERAL IN TER A CTIO N S OF TH E ORIENTATION
SELECTIVE CELLS IN STRIA TE CORTEX (V l). Dawei W. Dong*.
California Institute of Technology, 139-74, Pasadena, CA 91125.
Natural images possess significant correlations. We explore the hypothesis
that visual information in VI is adaptively transformed into a decorrelated
representation through lateral interactions of the orientation selective cells.
Although retina and LGN do spatial and temporal decorrelation to incoming
images (Dong and Atick 1994), only the lowest order correlations are elimi
nated. Therefore, the signal sent to VI is still correlated and the activities of
the orientation selective cells are correlated because of the high order correla
tions in the signal. Using some recently measured high order statistical prop
erties of natural images, we predict the form of the lateral interactions in VI
which reduces the high order correlations. The predicted lateral interactions
are anisotropic. The theory not only agrees with the physiological experiment
by Gilbert and Wiesel (1990), but also gives a unified and quantitative ex
planation of the psychophysical experiments on tilt or orientation illusions as
shown below. The solid curves are the theoretical predictions; the data points
are from Westheimer (1990) on orientation contrast (left) and Campbell and
Maffei (1971) on orientation adaptation (right).
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(Supported in part by DOE DE-AC03-76SF00098)

227.13

ESSENTIAL NONLINEAR DYNAMICS OF HUMAN
NEOCORTICAL NEURONS.
H ugh R. Wilson* Visual
Science Center, University of Chicago, Chicago, IL 60637
Studies of human neocortical tissue have revealed the
presence of several physiologically distinct neuronal types:
regular spiking (RS) cells, fast spiking (FS) cells, and intrinsic
bursting (IB) cells. Although numerous ionic currents
underlie their physiology, the firing rates and spike shapes of
these cells can be modeled using surprisingly simple
nonlinear differential equations. Mathematical simplicity
results from restricting the dynamics to cubic nonlinearities.
In addition, the ionic currents are required to obey Ohm's law.
As a result, these equations are as tractable as the FitzHughNagumo equations, but they also produce accurate spike rates
and shapes. FS cells can be simulated using two differential
equations: one relating the voltage to Na+ and K+ currents and
one describing K+ conductance changes. RS and IB neurons
require an additional equation describing a slow afterhyperpolarizing current. These equations generate spikes that
correlate highly (> 0.98) with human action potential shapes.
These equations are very useful for large scale neural
simulations where mathematical tractability, physiological
accuracy, and computational efficiency are all relevant.
Support: NIH EY02158, Research to Prevent Blindness

MOTIVATION AND EMOTION I
228.1
NEURAL CORRELATES OF FEAR PROVOCATION IN NORMALS AND PTSD
PATIENTS. S.K. Brannan*. H.S. Mavbcrg. M. Liotti. P. Inemundson. J
Wsiscntecr» M^-A.ifanot
Miller. S, McGinnis, F. Zamarripa, P.T, Fox.
Research Imaging Center, UTHSCSA, San Antonio, TX 78284.
Among the symptoms common to PTSD subjects is the intense experience of fear
and anxiety that can be recreated years al ter the traumatic incident. This likely involves
the activation of limbic and paralimbic brain structures associated with fear
processing. Previous work imaging PTSD subjects experiencing traumatic memory
showed activation in some of these areas. Fully interpreting the pattern of activation
is not possible from this one experiment. To delineate those activations that are
illness specific from those common to normal fear processing we compared our PTSD
experiment with one involving fear induction in normals.
Cerebral blood flow was imaged with 150-water PET, and regional changes woe
detected using pixel-by-pixcl contrasts in both experiments. The PTSD experiment
used autobiographic memory (two worst memories of the war) by replaying their
memories on audiotape to induce a traumatic state. Fear scans were acquired after the
targeted fearful state was achieved using a computer script of a previously disclosed
fearful memory. Scanning occurred in both experiments after mood induction with
eyes closed. Both experiments acquired ratings of the experience.
There was a striking convergence in a number of interesting areas. Both showed
increases in high anterior cingulatc, midline cerebellum, bilateral insula (R>L), L
basal ganglia, R SMA , and R premotor cortex. Also, both showed decreases in the R
hippocampus and the R posterior inferior temporal cortex. The areas involved in
limbic circuitry include the anterior cingulate, midline cerebellum, insula,
hippocampus, temporal cortex ami are likely candidates for the experience or
expression of fear. The basal ganglia, SMA, and premotor areas may reflect the
involvement of circuitry involved in motor imagery (intention to move). The
presence of common areas of activation across different populations in the two studies
strongly suggests the existence of neural circuits specific to fear processing.
Support: the Charles A. Dana Foundation and the Veteran’s Administration
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228.2
PATIENTS WITH UNILATERAL SELECTIVE AMYGDALOHIPPOCAMPECTOMY FAIL TO ACQUIRE DIFFERENTIAL AUTONOMIC RESPONSES IN AVERSIVE CONDITIONING. M. Peper. S. Karcher. J. Saar. R. Wohlfarth. P. Martin. G.
Reinshaeen and B. Fischer*. Psychol. Inst., Univ. of Freiburg, 79085 Freiburg, FRG.
The medial temporal lobe, in particular the amygdala, has been implicated in
aversive conditioning. However, the effects of medial temporal lesions on psychophysiological indicators of aversive learning have not been well investigated in
humans. Previous visual half field studies have demonstrated an advantage of the left
visual field (LVF) for the encoding or recall of conditioned electrodermal responses
to preattentive negative conditioned stimuli (CS) in healthy humans. Patients with
lesions of the right medial temporal lobe are expected to show a deficit of conditioned
autonomic responding following contralesional presentations of negative CS+, if this
region is involved in this type of emotional learning.
Fourteen patients with left temporal amygdalohippocampectomy (AHE), 12 with
right AHE and 13 controls matched for sex and age participated in a differential
conditioning paradigm with negative facial expressions (CS+) and positive expressi
ons (CS-). During acquisition, stimuli were presented foveally for 150 ms; CS+ were
associated with an aversive US (vocalization, 95 dB, 3 s), except for randomly inter
spersed CS+ test trials. During extinction, stimuli were presented laterally, using a
backward masking procedure with identification thresholds separately adapted for
each patient. Bilateral EDA, HR, vasoconstriction, EOG and orbicularis oc. EMG
were recorded. — In contrast to controls, patients with left or right AHE did not
show increasing autonomic responses to the CS+ test trials during acquisition. No
resistance-to-extinction effect for masked negative facial expressions presented to the
LVF was found for the electrodermal first interval response and HR. Right AHE
patients poorly responded to negative CS+ in the LVF, but not when positive CSwere presented to the RVF. Our results emphasize the role of right medial temporal
structures for the acquisition of autonomic responses to aversive stimuli in humans.
Funded by the Deutsche Forschungsgemeinschaft, DFG Pe 499/2-1, 2-2.
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228.3
KNOWLEDGE OF EMOTIONS FOLLOWING EXTENSIVE BILATERAL
DAMAGE TO LIMBIC SYSTEM IN HUMANS. D. Tranel*, R. Adolphs,
A.R. Damasio. Dept, of Neurology, University of Iowa, Iowa City,
IA52242.
We examined the ability to retrieve knowledge of emotions in
the patient known as Boswell, who has bilateral destruction of amygdala,
hippocampus and adjacent temporal cortices, as well as extensive
damage in basal forebrain and anterior cingulum. In animals, such
damage severely impairs the processing of emotion. We tested
Boswell's ability to retrieve knowledge of 6 basic emotions signalled by 6
words (happy, surprised, afraid, angry, disgusted, sad), 24 stories
depicting events and actions (4 of each emotion), 18 static photographs
of facial expressions (3 of each emotion), and 6 dynamic facial
expressions (made by the experimenter). All tasks were administered at
least twice. Except for happiness, Boswell was severely impaired in
retrieving knowledge about all emotions depicted in static facial
expressions (typical performance >3SD below the mean of controls),
and he showed a parallel defect for words that stand for emotions. By
contrast, he was able to label correctly stories that described actions
pertaining to an emotion (>80% correct for all but disgust), as well as
dynamic facial expressions of emotion (100% correct). The findings
suggest that retrieving knowledge about emotions, at basic level, (1)
does not require many of the component structures of the so-called
"limbic system"; and (2) may predominantly engage either
occipitoparietal and dorsal frontal regions (which are intact in Boswell)
when processing events that unfold in time, or temporal cortices (which
are damaged in Boswell) when processing static stimuli. Supported by
NINDS grant NS 19632.

228.4
STARTLE EYEBLINK MAGNITUDE IN HUMANS DEPENDS ON
EXTENT OF RIGHT AMYGDALA REMOVAL. D. Bowers*. M.
Eckert. R. Gilmore. C.M. Leonard. R. Bauer. S. Roper. M. Bradley. P.
Lang. P. Barta. Cog. Neuroscience Lab, U. Florida, Gainesville, FL 32610.
In rodents, lesions of the amygdala abolish or reduce fear potentiated startle
due to disruption of modulatory input from the amygdala (central nuc .) to
subcortical startle circuitry. Basic startle responses are unaffected by these
lesions. In humans, little is known about the amygdala’s role in startle. As a
prelude to studies of emotional reactivity, we examined whether anterior
temporal resections, involving the amygdala, would alter basic startle
reactivity. Method: Eyeblink startle responses to binaurally presented white
noise bursts (90db) were measured via orbicularis oculi sensors in 18 patients
with nonlesional mesial temporal lobe epilepsy (TLE), before and after
anterior temporal lobectomy. All Ss were left language dominant with
unilateral left or right seizure foci. Volumetric measures of amygdala and
hippocampus were obtained from pre and post-surgical MRI (MPRage) using
software (MEASURE) that enabled simultaneous visualization of coronal,
sagittal, and axial planes. Findings: Post-surgery, there was a highly
significant relationship between startle magnitude and extent of amygdala
resection, particularly the right amygdala (r=.92 to .8 , p<.001). No
relationship was seen between hippocampal volumes and startle; nor were
significant startle differences present presurgically, despite varying amygdala
sizes between right and left TLE patients. Conclusions:. Our findings, which
differ from animal data, strongly imply that the amygdala, particularly the
right, may play an important role in modulating basic startle responses in
humans. Supported by: NS93211, MH54632, P50-MH52384-07, CRC RR00082.

228.5
AN fMRI RESPONSE DISSOCIATION BETWEEN THE AMYGDALA AND THE
SUBLENTICULAR SUBSTANTIA INNOMINATA (SI) TO EMOTIONAL FACIAL
EXPRESSIONS. P.J. Whalen*. S.L. Rauch. S. Mclnemv and M.A. Jenike.
Psychiatric Neuroimaging Program, Harvard Medical School & Massachusetts General
Hospital-NMR Center, Charlestown, MA 02129
Recent imaging studies have demonstrated amygdala activation in response to facial
expressions. The present study was designed to assess the automaticity of this
amygdaloid response by using fearful (F) and happy (H) faces that were masked by
neutral face stimuli. We present here comparison of signal changes in response to F
and H stimuli vs. a baseline fixation condition (+) in order to assess the direction of
these fMRI signal changes. Subjects were 8 right-handed males who passively viewed
repeating 33ms presentations of F or H faces that were immediately masked by 167
msec presentations of a neutral face. Each of 2 counterbalanced runs consisted of the
following 28 sec blocks: + ; F; H; +; F; H; +; F; H; +. FMRI data were acquired as
15 contiguous 8mm horizontal slices using a 1.5T MRI instascan device and an
asymmetric spin echo T2*~weighted sequence (TR/TE/Flip = 2800/70/90). Structural
data were obtained via a T1-weighted sequence. Data analysis entailed movement
correction, Talairach transformation and construction of Kolmogorov-Smimov (KS)
maps for concatenated data from the entire cohort. RESULTS: Although self-reports
indicated that subjects were only aware of the neutral mask faces, the F vs. H contrast
demonstrated increased signal intensity in the amygdala that extended dorsally into the
SI (p < 10 e-04). The locus of activation within SI was consistent with the location
of the nucleus basalis and the extended amygdala. Contrast of F vs. + demonstrated
increased signal intensity in BOTH the amygdala and the SI; while contrast of H vs. +
showed DECREASED signal intensity in the amygdala and INCREASED signal
intensity in the SI. Our current working hypothesis holds that increases to both F and
H faces in the SI are consistent with its well established role in generalized arousal;
while differential changes in the amygdala represent activation based on the emotional
valence of F and H faces.
Supported by NIH (MH- 16259, MH-01215) and the David A. Judah Research Fund.

228.6
FUNCTIONAL MRI OF MOTIVATION EFFECTS IN A DICHOTIC LISTENING
TASK. R. Larisch. R. Kötter. F. Kehren. J. Shah. K.T. Kalveram. L. Jäncke. H.W.
Müller-Gärtner* Institute of Medicine, Research Center Juelich 52428, Center for
Anatomy and Brain Research, Dept, of Psychology, University of Düsseldorf
40225, Germany
Introduction: In an attempt to elucidate the neuronal correlates of motivation
we performed functional magnetic resonance imaging (fMRI) on 5 healthy subjects.
Methods: Subjects were instructed to press a button on recognition of a target
syllable among similar syllables presented via earphones. Two syllables were
presented simultaneously and the target syllable occurred randomly in 30
successive presentations at a 1 Hz frequency. This 30 second listening period was
followed by a quiet period of equal length. This was repeated 4 times per trial. Echo
planar imaging (1.5 tesla fMRI scanner; Siemens Vision) was performed in 16
horizontal sections during the whole trial. All subjects were asked to perform 3
maximal performance trials for financial and social reward (high motivation) and 3
similar trials for training purposes only without reward (neutral motivation, control
condition). The sequence neutral/high motivation was randomized for each subject
SPM was used for statistical analyses.
Results: The syllable presentation produced a significant activation around the
lateral fissure and in the anterior cingulate region bilaterally both with high and
neutral motivation. High compared to neutral motivation significantly activated left
posterior cingulate regions and right dorsolateral prefrontal cortex. The latter
effects were clearly present during the quiescant part of the trial but were more
pronounced during syllable presentation.
Conclusions: We conclude that £MRJ is suitable to identify brain regions that
correlate with high motivation.
(Supported by the Deutsche Forschungsgemeinschaft, DFG Ja 737/5-1)

228.7

228.8
A 180 KD ISOFORM OF THE NEURAL CELL ADHESION MOLECULE
(NCAM 180) IS INVOLVED IN SEROTONIN-1A RECEPTOR FUNCTION
AND EMOTIONAL BEHAVIOR. O. Stork*. H. Welzl. D. Wolfer. T. Schuster.
N. Mantei. H-P. Lipp and M. Schachner Dep. of Neurobiology, Swiss Federal
Institute of Technology, and Dep. of Anatomy, University Zürich, CH 8093
Zürich
To investigate roles of NCAM 180 in the mature central nervous system
(CNS) we generated transgenic mice expressing an NCAM 180 isoform under
control of a neurofilament (NF-L) promoter. In situ hybridization revealed
neuron-specific expression of the transgene throughout the CNS, most
prominently in the cerebellum, hippocampus, neocortex and distinct brainstem
nuclei. Transgenic NCAM 180 was located at postsynaptic densities and
intradendritically, as observed by immunoelectron microscopy. Effects of
transgenic NCAM 180 on CNS morphology and behavior were studied in the
presence and absence of endogenous NCAM. In either case, no effect of the
transgene could be observed on the morphology of the olfactory bulb or the
hippocampus, which show abnormal development in NCAM knockout mutant
mice. In contrast, transgenic NCAM 180 specifically counteracted increased
aggressive behavior and anxiety seen in NCAM knockout mutant mice, whereas
it had no effect on aggression and anxiety of mice with normal endogenous
NCAM. Moreover, expression of the transgene in NCAM knockout mutants
restored normal reaction to an anxiolytic, the serotonin-1A receptor agonist
buspirone. In mice overexpressing NCAM 180 in the presence of normal
endogenous NCAM serotonin-1A receptor sensitization was observed, indicating
that effects of NCAM on serotonin-1A receptor signalling may involve
homophilic NCAM interaction. These results strongly suggest that altered
emotional behavior in NCAM-deficient mice is independent of the
morphological defects observed so far and indicate an involvement of NCAM180-mediated processes in serotonin-1A receptor signalling and control of
emotional behavior.

THE ROLE OF THE AM YGDALOID COM PLEX IN RHESUS
M ONKEY SOCIAL BEHAVIOR D.G.Amaral1*: J.P. Capitanio2; C. J.
Machado3: W. A. Mason4; S. P. Mendoza5 Depts. of Psychiatry1. Psychology24,3.
Ctr. for Neuroscience1 and California Regional Primate Research Ctr.1'5 Univ.
California, Davis, Davis, CA 95616
The primate amygdaloid complex has been implicated in a variety
of species-specific behaviors including aspects o f social interaction.
Available behavioral studies, however, have involved large lesions
that damage fibers o f passage and relatively unnaturalistic tasks or
behavioral observational settings. We have begun a research
program to evaluate the role o f the amygdala in primate social
behavior using modem neurobiological techniques and sophisticated
measures o f social interaction. Six mature, male rhesus monkeys
raised in a natural social setting received bilateral ibotenic acid
lesions and were compared with a group o f six unlesioned animals.
The amount and types o f social interaction were evaluated when
animals were exposed to each o f two male and two female stimulus
animals. Initial observations, involving constrained (animals are in
adjacent cages) dyadic interactions have been completed. Two of the
six animals with lesions have demonstrated a dramatic tameness
following the lesion surgery; the other 4 animals have shown varying
degrees of altered temperament. Other than a significant increase in
oral exploration, there has been no obvious difference in the types or
amounts o f behaviors shown by the lesioned animals in this
situation. Additional testing w ill involve unconstrained dyadic
interactions (two animals in the same large cage); responses to video
presentation o f conspecifics; and unconstrained tetradic interactions.
Supported by NIMH Grant MH41479 and NIH RR00169
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228.9
A NEW ANIMAL MODEL FOR ADHD: UNILATERAL FRONTAL
LOBE DAMAGE IN NEONATAL RATS. Jaak Panksepp*. Jeffrey
Burgdorf. Cortnev Turner, and Michael Walter. Dept, of Psychology,
Bowling Green State University, Bowling Green, OH 43403
Recent brain imaging work suggests that the impulse control
problems of ADHD children may emerge from right frontal lobe deficits
(Castellanos, F.X. et al., Arch. Gen. Psychiat., 53: 607). To determine
whether such brain damage would increase activity and impulsivity in
animals, neonatal rats were inflicted with total unilateral frontal pole
aspirations of right or left hemispheres on the third day of life. Motor
activity (shuttle box), social interaction (play) and other emotional
measures were taken throughout juvenile and early adult life.
No major differences between right and left frontal lobe lesioned
animals were observed. Both right and left aspirations led to marked
hyperactivity as compared to sham-lesioned controls. Rough-andtumble play, as indexed by the number of dorsal contacts and pinning
behaviors, were significantly elevated in both lesioned groups, but no
differential group responsivity to the play-reducing effects of 0.5 mg/kg
of d-amphetamine was evident. Lesioned animals also exhibited reliably
more 55 KHz ultrasonic vocalizations during play. When tested in
mixed lesions pairs, no differential patterns of play-dominance with
resepect to the laterality of frontal damage were evident.
The results indicate that unilateral frontal lobe damage can markedly
increase activity and impulsive play in developing rats which may
simulate some of the behavioral deficits observed in ADHD. However,
we found no evidence that right frontal damage leads to more severe
behavioral consequences than comparable left frontal damage.
(Supported by ONR grant N 00014-96-1-0589).

ISCHEMIA: PROTEIN EXPRESSION
229.1
INHIBITION OF CEREBRAL PROTEIN SYNTHESIS DURING
HIBERNATION IS PRESERVED IN VITRO. K.U. Frerichs*12. C. B. Smith3 and
J.M. Hallenbeck1. 'Stroke Branch, NINDS, and 3Lab. of Cerebral Metabolism,
NIMH, NIH, Bethesda, MD 20892; 2Div. of Neurosurgery, Brigham & Women’s
Hospital, Boston, MA 02115.
“Physiological ischemia” and reduced availability of nutrients during
mammalian hibernation are associated with a regulated depression of global
cellular functions without loss of homeostatic control unlike pathological
ischemia, which triggers cascades of self-destructive processes. Key elements of
this tolerant state are prolonged inhibition of cerebral glucose utilization and
protein synthesis in vivo. To further investigate the underlying regulatory
mechanisms, an in vitro translational system was used to determine if inhibition
of protein synthesis persists independent of temperature. Postmitochondrial
supernatants (PMS) were prepared from brains of active and hibernating ground
squirrels Citellus tridecemlineatus. Transition into hibernation and physiological
parameters (ECG, body temperature) were monitored telemetrically. Levels of
amino acids in the PMS were determined by HPLC. The rate of amino acid
incorporation into TCA-precipitable material was measured using L-[3,4,5^(N)] leucine as the tracer. Leucine incorporation was greatly depressed in PMS
from hibernating animals at both, 37°C (32±10 in hibernating vs 105±33
fmol/mg protein/min in active animals, p<0.001, n=4) and 20°C (0.33±0.57 in
hibernating vs 6.39±2.17 fmol/mg protein/min in active animals, p<0.001, n=4)
incubation temperatures. Therefore, suppression of global protein synthesis in
hibernation is not simply a thermodynamic phenomenon. Instead, the existence of
additional regulatory factors has been demonstrated by these in vitro studies.
Identification of these factors may enable us to better understand the homeostatic
control mechanisms of the generalized cellular arrest during hibernation.

229.2
CELLULAR LOCALIZATION OF TNF-a mRNA IN RAT BRAINS FOLLOWING
ACUTE CEREBRAL ISCHEMIA BY INS/Tt/RT-PCR
F. Chen. N. Fotrell. O. Zhai*
Cerebrovascular Disease Laboratory, Medical College of Ohio, Toledo, OH 43614
Early upregulation of TNF-a mRNA peaks 6 hours following Middle Cerebral
Artery Occlusion (MCAO) in the rat. TNF-a protein was localized in neurons and
astrocytes using double labeling immunohistochemistry (IHC). Inhibition of endogenous
TNF-a upregulation enlarged cerebral infarcts, suggesting ischemia-induced-TNF-a
response has a self repair function after MCAO. To study the cellular source of TNF-a
mRNA, we combined direct in situ RT-PCR with IHC. In situ RT-PCR overcomes the lack
of anatomic information by homogenate RT-PCR and low sensitivity of m situ
hybridization. Male Fisher rats (n=4, 2 months) were sacrificed 6 hours following
intracranial MCAO. Hot start in situ RT-PCR was performed on 4% paraformaldehyde
fixed, paraffinembedded sections. PCR products were detected using alkaline phosphataseconjugated antidigoxigenin antibody. NBT-BCIP was used for TNF-a mRNA detection
(blue). Antibodies for neurofilament (neurons) or GFAP (astrocytes) were used for cell
specific IHC colocalization after direct in situ RT-PCR on the same section. Fast red was
used for neurofilament or GFAP detection (red). TNF-a mRNA was mainly seen on the
infarcted side. TNF-a mRNA was expressed most often within neurons, but occasionally
in astrocytes. There was also frequent staining of cells seen within capillaries. Although
some of the positive intravascular cells were morphologically consistent with endothelial
cells, many of these cells filled the lumen (or even stretched the capillary), consistent with
leukocytes. We conclude 1) in situ RT-PCR, a highly sensitive technique, can detect low
levels of mRNA expression, not detectable by in situ hybridization; 2) several cell types,
both intrinsic brain cells and extrinsic cells are responsible for die early expression of TNF-a
mRNA following cerebral ischemia. Given the fact that TNF-a protects against neuronal
death in vitro and induces neutrophil infiltration (detrimental to brain tissue) in vivo, the
interactions of TNF-a from different cellular sources with individual target cell types may
have different functions in the pathogenesis of cerebral infarction.
Supported by National Stroke Association and NIH grants

229.3

229.4
MODULATION OF NF-KAPPA p EXPRESSION FOLLOWING
ISCHEMIA AND REPERFUSION.

G L I A L C Y T O K I N E E X P R E S S IO N I N
C U L T U R E F O L L O W IN G H Y P O X IA .

HUMAN

CNS

M. Downen* and S. C. Lee. Dept, of Pathology, Albert Einstein
College of Medicine, Bronx NY 10461
Recent studies suggest that microglia and astrocytes may be involved
in the cascade of events leading to neuronal death following stroke.
Our initial studies o f stroke-induced glial activation focused on the
expression o f cytokines following hypoxia-reoxygenation in
dissociated human fetal CNS cultures. The inflammatory cytokines,
IL-lp, TNFa and EL-6, as well as IL-lra, were measured in purified
microglial or astrocyte cultures via Northern blot analysis and ELISA
following varying periods of hypoxia. IL-lp was induced in microglial
cells, but not in astrocytes, following 8 to 16 hours o f hypoxia at both
mRNA and protein levels. Reoxygenation was not required for the
induction o f IL-lp expression in microglia. IL-lra, TNFa and IL-6
were not induced under the conditions tested in either astrocyte or
microglial cultures. The expression o f EL-1 was also examined in
postmortem human stroke tissue. IL-1 was selectively expressed by
activated microglia in the penumbra region in recent infarcts.
Furthermore, IL-1 (5, in the presence o f EFNy or TNFa, produces
profound neurotoxic effects in human CNS cultures. These data
suggest that IL-1 is induced in human CNS under conditions of
reduced oxygen tension and that it may play a role in CNS ischemic
injury. (MH55477 & NMMS RG2771)
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■PA.Shackglford.* and Sr Zhang
Dept, of Neurosciences, UCSD, La Jolla, CA 92093-0624
The rabbit spinal cord ischemia model (RSCIM) was used to
investigate expression of the transcription factor NF- k p in ischemia/
reperfusion injury. Nuclear extracts were prepared from the caudal
lumbar spinal cord o f animals subjected to 0, 15, or 60 min o f ischemia
and 4 or 18 h reperfusion. The electrophoretic shift assay was used to
detect DNA binding proteins specific for the NF- k p consensus sequence
motif. Three DNA binding complexes (I, II, and III) were detected in
the spinal cord extracts. Supershift assays using antibodies specific for
members o f the NF-k p family showed that the slowest migrating
complex I was composed o f heterodimers of p65(relA) and p50 or c-Rel
and p50. The fastest migrating complex III appeared to be, in part, a
homodimer of p50 as well as an unidentified protein. The amount of
complex I was reduced, although not significantly, following 60 min of
ischemia and 18 h reperfusion. On the other hand, complex III increased
significantly following 15 min o f ischemia and 18 h reperfusion and
decreased in animals subjected to 60 min ischemia and 18 h reperfusion.
The former animals generally recover motor function upon reperfusion,
whereas the latter will be permanently paraplegic. NF-k p expression is
increased by the cytokines TNF and IL-1 which are induced within
hours of ischemic/reperfusion injury. Expression o f N F- k p has been
shown to play a role in preventing cell death in some systems. The
change in its expression pattern in the RSCIM also suggests that NF-k p
may have a neuroprotective role. Supported by NIH grant NS 28121.
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229.5
HYPOXIA-INDUCED INACTIVATION OF NMDA RECEPTORS IN
IMMATURE RAT CA1 NEURONS: ROLE OF ACTEN-NMDAR
DEPOLYMERIZATION. P. E. Bickler*. Anesthesia Dept., University of
California, San Francisco, CA 94143-0542
Neonatal mammalian neurons survive hypoxia that kills mature neurons,
despite being more sensitive to neurotoxicity from hypoxia-induced release of
excitatory neurotransmitters such as glutamate. Previously, I showed that
hypoxia (PO2 20 mmHg for 5 min, 20% increase in free cytosolic calcium but
no ATP loss or acute/delayed cell death) causes a 52% decrease in NMDA
receptor-mediated calcium influx (ACa^+nmda)in CA1 neurons in intact
hippocampal slices from 3-8 day old rats. ACa^+nm£ja was measured with
fura-2 and a microscope fluorometer during 10 sec. application of 100 |lM
NMDA. Hypoxia also decreased NMDA-induced neurotoxicity in CA1
neurons by 50% (5 min exposure to 100 |iM NMDA, cell survival measured 8
hours later with vital staining with calcein and ethidium). I hypothesized that
hypoxia-dependent NMDA receptor inactivation in immature neurons occurs
via a calcium-dependent pathway involving actin-NMDA receptor
depolymerization. Phalloidin, an actin stabilizer which prevents Cadependent NMDA-actin depolymerization, prevented hypoxia-induced
reduction in ACa^+nmda when hypoxia alone reduced ACa^+nmda by 60%
(n=8, p<0.05) in CA1 neurons in 5-6 day old rats. With normoxia, phalloidin
decreased NMDA receptor inactivation and increased ACa^+nmcja- Thus,
hypoxia-induced NMDA receptor inactivation in immature neurons is at least
in part due to alterations in NMDA receptor-cytoskeleton interactions.
Supported by NIH GM52212
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229.6
THROMBOEMBOLIC STROKE LEADS TO REPETITIVE EPISODES OP
CORTICAL SPREADING DEPRESSION (CSD) AND INCREASED EXPRES
SION OP GFAP/ HSP-70 and BDNF mRNA. W.P. Dietrich*, R_^
Prado, J. True ttrier,. N.K. Stagliano, R. Bus to and M.D.
Ginsberg.
Dept.
of Neurology and the Cerebral Vascular
Res. Center, Univ. o£ Miami School of Med., Miami, 7L.
Photochemically induced common carotid artery throm
bosis (CCAT) is a rat model of embolic stroke. We deter
mined whether evidence of CSD could be observed after CCAT
and whether these propagating waves and/or embolic in
farcts were associated with the increased expression of
GFAP, BDNF or HSP-70 mRNA. Wistar rats underwent right
CCAT (n»12) or sham procedures (n=»5) . At 2 or 24 hr after
CCAT, brains were processed for in situ localization of
mRNA.
In some rats (n=4), laser Doppler flowmetry probes
were placed bilaterally overlying the parietal cortices to
record CSD-like changes in cortical blood flow (CBF) for 2
hrs. Two to four transient hyperemic episodes, lasting
1-2
min,
were
intermittently recorded bilaterally.
Widespread expression of GFAP and BDNF mRNA was observed
in ipsilateral and contralateral cortical regions after
CCAT. For BDNF and GFAP, increased expression after CCAT
was most pronounced at 2 hrs and 24 hrs respectively. In
contrast, focal expression of HSP-70 mRNA was restricted
to ipsilateral cortical and striatal regions at 24 hrs.
Unilateral CCAT leads to bilateral episodes of CSD and the
induction of time-dependent alterations in gene expres
sion. The ability of platelet emboli to induce molecular
responses in neurons and glial cells is important in re
gards to potential
relationships
between
transient
ischemic attacks and stroke. Supported by NIH grants NS
27127 and NS 05820.

229.7
Formation of 8-OH-Guanosine in Nuclear Genes after Brain Injury by Cerebral
Ischemia-reperfusion. PK Liu*. J-K Cui. EH Holmes. TG Greene.WY Huang_and
ST Cao. Dept, of Neurosurgery, Baylor College of Medicine, Houston, TX
77030 and Pacific Northwest Cancer Foundation, Seattle, WA 98125
In order to understand how brain cells overcome DNA damage, we studied the
mechanism of DNA repair following cerebral ischemia-reperfiision in vivo.
Using immunohistochemical methods, we observed an increase in the appearance
of 8-hydroxy-guanine (or its 2'-deoxy form) in the caudate putamen, fimbria
hippocampus, granular neurons of hippocampus, dentate gyrus, parietal cortex
(area II), cingulum and corpus callosum in the ipsilateral hemisphere following
focal cerebral ischemia-reperfusion. Nuclear gene damage was detected by the
appearance of sites sensitive to Escherichia cotí formamidopyrimidine DNA Nglycosylase (Fpg protein) in c-fos gene from cerebral cortex and hippocampus.
We observed that DNA damage in this gene was repaired within 1 hr of
reperfusion. The rate of DNA repair was the same for the transcribed and nontranscribed strands. With ischemia-reperfiision, the expression of the c-fos
mRNA was induced significantly, while the expression of the actin mRNA was
not significantly changed. This indicated that the repair of DNA damage by CNS
injury of the ischemia-reperfusion type is mediated via the base-excision pathway
[supported by grants from Am. Heart Association (94012700, 9640202N); NIH
(NS34810, CA67163) and Cytochem Inc., SattleWA].

229.8
ISCHEMIA-INDUCED DIFFERENTIAL EXPRESSION OF CNTF AND
CNTFRa mRNAS IN THE RAT BRAIN. T.N. Lin*. J.J. Chen. J.S. Kuo and
S.I. Chi Institute of Biomedical Sciences, Academia Sinica, Taipei and
Department of Physiology, Tzu-Chi College of Medicine, Hualien, Taiwan.
The neuroprotective effect of neurotrophic factors has been demonstrated
in experimental cerebral ischemia recently. These include nerve growth factor
(NGF), brain-derived neurotrophic factor (BDNF), insulin-like growth factor-1
(IGF-1), and basic fibroblast growth factor (bFGF). The neuroprotective effect
of ciliary neurotrophic factor (CNTF), however, has not been studied in detail.
Recent studies showed, that in vivo infusion of CNTF prevent ischemia-induced
learning disability and neuronal loss. In the present study, we examined the
expression of CNTF and CNTFRa mRNAs in a rat focal cerebral ischemiareperfusion model. Northern blot analysis showed a slow but continuous increase
in the CNTF mRNA in the ischemic cortex. Significant increase in the CNTF
mRNA was observed starting 12 hr of reperfusion following 60 min ischemia.
Quantitative analysis of the blot showed -1 7 -fold (compared to sham control,
n=4) increase in CNTF mRNA at 2 wks of reperfusion. No appreciable changes
in the mRNA level was observed in the contralateral cortex. On the other hand,
the CNTFRa mRNA started to decrease following 1 day of reperfusion and reach
minimum (~0.7-fold of sham control, n=4) at 3 day of reperfusion.then
gradually increased. After 2 wks of reperfusion the CNTFRa mRNA was back
to basal level. The cells responsible for the increase in CNTF mRNA and
decrease in CNTFRa mRNA, as well as the mechanism leading to this differential
expression is currently under investigation. This research is supported by NSC
and Academia Sinica.

229.9
INDUCTIO N OF HYPOXIA INDUCIBLE FACTOR-1 (H IF-1)
IN RAT BRAIN AFTER M IDDLE CEREBRAL ARTERY
OCCLUSION. M. Bergeron*. K.E, Solway. P .M . Ferrieroand F.R.
Sharp. Dept o f Neurology, University o f California-San Francisco and
Veterans Affairs Medical Center, San Francisco, CA 94121, USA.
Hypoxia inducible factor-1 (HIF-1) is a nuclear protein which is
essential for transcriptional activation o f several hypoxia-inducible
genes encoding for proteins like erythropoietin, glucose transporter-1,
glycolytic enzymes, heme oxygenase-1, VEGF and iNOS. HIF-1 is a
heterodimer made o f two protein subunits called HIF-1 a and HIF-18.
We studied the effect o f focal ischemia on HIF-1 transcription. Focal
cerebral ischemia in adult rats was produced by occluding the middle
cerebral artery (MCA) with an endovascular suture. Brains were
analyzed after 0, 4 and 16 h o f permanent MCA occlusion. Antisense
oligonucleotide probes for mRNAs encoding the mouse HIF-1 a and rat
HIF-18 recognized single bands o f 3.7 kb and 4.2 kb respectively, on
Northern blots. In situ hybridization showed constitutive transcription
of both HIF-1 a and HIF-18 throughout normal brain. The constitutive
level of HIF-18 transcript was generally higher than that o f HJF-la,
Following MCA occlusion, H IF-la mRNA was increased in the
ischemic penumbra whereas HIF-18 mRNA remained unchanged.
Increased HIF-1 transcription could determine the fate o f viable tissue
in the penumbra by increasing glucose transport, glycolysis, oxidative
stress response and vascular growth (NIH funded: NS14543, NS28167).

229.10
ISCHEMIC BRAIN INJURY IS ASSOCIATED WITH INCREASED
TUMOR NECROSIS FACTOR (TNF)-ALPHA, AND IS ATTENUATED
BY ANTI-TNF-ALPHA ANTIBODY. S.D. Lavine. M. Kittaka. L. Wane.
S.S. Schreiber. F.M. Hofrnan, J.C.T. Chen* and B.V. Zlokovic. Dept, of
Neurological Surgery, Univ. of Southern Calif. Sch. of Med., Los Angeles,
CA 90033.
In the study of stroke, the pathophysiologic and therapeutic significance of
cytokines as they relate to post-ischemic inflammation is an area that is
currently incompletely understood. To assess the role of a specific cytokine,
Tumor Necrosis Factor-alpha (TNF-a), in the mechanism of focal ischemic
brain injury , rats were subjected to MCA occlusion (lhr duration, 24 hour
reperfusion) via the intraluminal filament method.
MCAO resulted in consistent increases in serum and CSF TNF-a as
determined by ELISA. Experimental rats [pretreated with intravenous antiTNF-a antibody (50«/), 1 hr prior to occlusion, n- 6 ] demonstrated a
significant reduction (65.9%) in the volume of brain injury following MCAO
compared to control rats, n=9. Edema corrected volume of injury was:
23.6+11.2mm3 versus 69.3+13.8mm3, pO.OOl). The neurological outcome
score was improved 59% by treatment with antibody. Cerebral blood flow
(CBF) measured by laser doppler showed that the flow in the ischemic region
was increased in antibody-treated versus control rats during reperfusion
(72.0% versus 54.7% in the core, and 92.3% versus 86.4% in the periphery,
respectively).
This is the first evidence that intravenous anti-TNF-a antibody causes
a significant reduction in brain injury following MCAO, thus adding
further support to the contention that TNF-a is a deleterious cytokine in
stroke.
NIH Grant: NS31945
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229.11
SINGLE ADMINISTRATION OF OSTEOGENIC PROTEIN-1 IMPROVES
RECOVERY FOLLOWING STROKE. Takakazu Kawamata1*2. Marc F.
Charette3. and Seth P. Finklestein*1-2. CNS Growth Factor Research
Laboratory1, Department of Neurology2, Massachusetts General Hospital
and Harvard Medical School, Boston, MA 02114 and Creative
BioMolecules3, Hopkinton, MA 01748.
Osteogenic Protein-1 (OP-1) is a morphogenic protein that selectively
stimulates dendritic outgrowth on a wide variety of neuronal cell types in vivo.
We have hypothesized that OP-1 may be capable of promoting enhanced
functional recovery following brain injury by stimulating new synaptic
connections and thus augmenting brain plasticity. Previously reported
studies have demonstrated that multiple applications of OP-1 (10 |xg per
injection) can significantly accelerate the rate and enhance the overall extent
of functional recovery following focal cerebral ischemia in a rat model of
stroke. Recovery was assessed by measurement of contralateral limb
function in forelimb and hindlimb placement tests. In those experiments eight
intracisternal injections over a period of four weeks or two intracisternal
injections over a period of one week were demonstrated to improve recovery
of motor skills by as much as 50% over vehicle controls. In the current study
we demonstrate that a single intracisternal injection of 10 ng of OP-1,
administered percutaneously 24 hours after the ischemic event, is sufficient
to achieve the same magnitude of enhanced functional recovery relative to
vehicle controls as that which was achieved with multiple administration of
OP-1. Moreover, OP-1 mediated improvement in recovery persisted for at
least three months following the single injection. Histological analysis has
demonstrated that OP-1 treatment has no effect on the overall area of infarct
damage, thus indirectly supporting the hypothesis that OP-1 mediated
recovery in this model may be due to enhanced synaptic plasticity.
Financial support provided by NS10828 and Creative BioMolecules, Inc.

229.12
HU23F2G, AN ANTIBODY AGAINST THE CD11/CD18 LEUKOINTEGRIN
REDUCES ISCHEMIC INJURY IN A MODEL OF EXPERIMENTAL STROKE.
D Kunisl^-; M Yenarjl G H Sunl. D Onleyl, S Whitaker^, S Cosgrove^. G
Stcinbergl. *Stanford Stroke Center, Stanford , CA; ^ICOS Corp., Bothell, WA.
Neutrophils are known to mediate injury in acute ischemic stroke, presumably
in the reperfusion phase following recanalization. Migration of neutrophils into
regions of ischemia involves adhesion to the endothelial cell's intercellular adhesion
molecule (ICAM) through the leukocyte integrin, CD11/CD18. Neutrophil
migration is known to occur as early as 6 hours following the onset of reperfusion.
We studied the potential for neuroprotection with an antibody against CD11/CD18
in a rabbit model of transient focal ischemia. 15 New Zealand White rabbits
underwent transorbital occlusion of the MCA, ACA and ICA using aneurysm clips.
Regional cerebral blood flow (rCBF) with laser Doppler and somatosensory evoked
potentials (SEPs) were used to confirm adequate ischemia, then followed every 30
minutes thereafter. Animals were subjected to 2 hours of occlusion followed by 6
hours of reperfusion. Treatment with a saturating dose (4 mg/kg) of the anti-human
CD11/CD18 monoclonal antibody (Hu23F2G, ICOS Corp. Bothell, WA) (n=8) or
placebo (n=7) was begun 20 minutes after occlusion and given as a single
intravenous bolus. Brains were harvested and prepared for histologic analysis. All
data are shown mean±SEM. Hemispheric ischemic neuronal damage (IND) was
significantly reduced in Hu23F2G treated animals by 66% (Hu23F2G: 15±7%;
placebo: 35±5%; p<0.05, t-test). Within cortex, there was 57% reduction in IND
(Hu23F2G: 14±7%; placebo: 41+8%; p<0.05), but no protection was seen within
the striatum (Hu23F2G: 55111%; placebo: 58±9%; N. S.). Thjs protection was
associated with marked reduction of neutrophil infiltration into regions of IND.
(#neutrophils/%IND Hu23F2G: 3±1.5, placebo: 31±7, p < 0.001.) No effect on
rCBF or recovery of SEPs were observed with treatment. We conclude that
antagonism of neutrophil migration at the level of the CD11/CD18 integrin reduces
ischemic injury in experimental stroke.
ICOS Corp., NINDS

SOMATOSENSORY CORTEX AND THALAMOCORTICAL RELATIONSHIPS I
230.1
Electrophysiological properties of nucleus reticularis thalami neurons
after knock-out of the Kv3.1 potassium channel. J.R. Huguenard*.
P.M. Porcello. C.S. Ho. R.H. Joho. Dept. Neurology, Stanford Univer
sity, Stanford, CA 94305 &• Dept. Cell Biol. & Neurosci., Univ. Texas
S.W. Med. Ctr, Dallas, TX 75235
The Kv3.1 channel is a high threshold, rapid-onset delayed rectifier
type potassium channel that is colocalized with parvalbumin containing
neurons in the CNS. These neurons, including all cells in the thalamic
reticular nucleus (nRt), are GABAergic, and have a fast-spiking
phenotype. We knocked out the Kv3.1 channel in 129SvEMS mice
using homologous recombination in embryonic stem cells (Ho et al.
PNAS 94:1533-1538 [1997]), and obtained whole-cell current- and
voltage-clamp recordings at 35°C from nRt neurons in brain slices
obtained from adult mice. nRt neurons in the knockout mice had
broader action potentials (APs; 0.81 ± 0.07ms, n = 4) than controls
(0.54 ± 0.08ms, n = 3, p< 0.05). In addition, maximum voltage
deflection during AP repolarization was significantly delayed in Kv3.1'
nRt cells (1.4 ± 0.08 ms vs. 0.9 ± 0.01 ms in controls, p < 0.01).
Finally, high-frequency Ca2+-dependent burst responses were
infrequently observed in nRt cells from mutant mice, but readily seen
in both in relay neurons (which do not express high levels of Kv3.1)
from the mutants and in control nRt cells. These data indicate that in
nRt neurons, Kv3.1 serves as a major contributor to repolarization of
action potentials, and thus leads to fast spikes. The wider spikes in
the knockout would lead to altered burst patterns, spike trains, and
synaptic release properties, and ultimately to disruption of normal
nRt-generated sleep rhythms.

230.2
Spindle like oscillations in rat somatosensory thalamus in vitro. D. Ulrich"
and J . R. Huouenard. Dept, of Neurology and Neurological Sciences, Stan
ford University School of Medicine, Stanford CA 94305.
In rat somatosensory thalamus slow (2-3 Hz) GABAb receptor mediated
oscillations which result from alternating burst firing of reticular and relay
neurons are commonly observable in vitro, especially with low Mg2+ perfu
sion solution and partial blockade of GABAa receptors (J.Neurosci.14,548).
Here we report that in about 10-30% of all horizontal slices a less synchro
nous but faster rhythm (4-10 Hz) is observed that depends on GABAa IPSPs.
Extracellular multiunit activity was recorded from reticular and relay nuclei
in standard perfusion medium at 35°C. Projection fibers in the internal
capsule were stimulated at 0.07 Hz with bipolar tungsten electrodes.
Autocorrelograms of spike intervals showed equidistant peaks at 4-10 Hz.
This fast oscillation was transformed into a slower (2-3 Hz), more
synchronous rhythm after blockade of GABAa receptors with bicuculline and
was abolished by DNQX, an antagonists of non-NMDA glutamatergic recep
tors. The mean oscillatory frequency was not dramatically affected by
NMDA or GABAb receptor blockade. However, the duration of the oscilla
tions was significantly shortened by APV, suggesting that NMDA receptors
contribute to rebound excitation of nRt cells. In addition, these oscillations
were slowed and eventually abolished by 0.1 mM pentobarbital. Therefore,
the frequency and pharmacological profile of this repetitive activity are
characteristic for spindle waves previously described in other species. We
conclude that GABAA-dependent spindle waves are evocable in rat thalamic
slices and are partially mediated by NMDA receptors.
(Supported by NS06477 & NS34774, the Pimley Research Fund, and the
Schweizerische Stiftung fur Medizinisch Biologische Stipendien)

This work was supported by NS06477 & NS34774, M H49364, and
the MDA and NSF).

230.3
C O N S T R A IN IN G M O R P H O L O G IC A L A N D B IO P H Y S IC A L P A R A M E T E R S
V IA M IN IM IZ A T IO N A L O N G B E H A V IO R A L M E T R IC S :
L O W -O R D E R
C O M P A R T M E N T A L M O D E L S O F T H A L A M IC R E L A Y N E U R O N S W H IC H
P R E S E R V E A F F E R E N T S Y N A P S E D IS T R IB U T IO N S .
M ike N eubig* a n d A lain D e s te x h e , D e p t, o f P h y sio l., Sch. o f M ed ., L av al U n iv .,
Q u e b ec, C a n a d a G 1 K 7 P 4.
C re a tio n o f c o m p u ta tio n a l m o d e ls co m p o sed o f sev e ral c o m p a rtm e n ts (low order) for n e tw o rk s im u la tio n s h a s bee n a p ro c ess w hich s e p a ra te s m o rp h o lo g ic a l
p a r a m e te r d e te rm in a tio n fro m b io p h y sic al p a r a m e te r d e te rm in a tio n (eg m e th o d s
o f R a il a n d o f B u s h -S ejn o w sk i). A new a p p ro a c h is ta k e n here: o u r c o n s tra in in g
p ro c e d u re a c ts on th e j o in t m o rp h o lo g ic a l-b io p h y sic a l p a r a m e te r sp ac e.
F or th is case s tu d y , we chose to m o d el th a la m ic re la y (th a la m o c o rtic a l) n e u 
ro n s b e c a u s e b ra in o s c illa tio n s in v o lv in g th e th a la m u s (sleep, e p ilep sies) a re a
ce n tra l th e m e in so m e o f th e in vivo w ork o f o u r g ro u p . In p a r tic u la r, we c r e a te
here, lo w -o rd er m o d e ls w h ich p re serv e th e kn o w n s p a tia l d is tr ib u tio n s o f s y n a p se s
m a d e b y th e fo u r classes o f afferen ts o n th a la m o c o rtic a l d e n d rite s .
T o c o n s tru c t su ch c o m p u ta tio n a l m o d e ls, m o rp h o lo g ic a l a n d b io p h y s ic a l p a 
ra m e te r sp a c e is e x a m in e d . T h is c p u -in te n s iv e w ork is a m e a n s to d e te rm in e
p a r a m e te r ra n g e s su ch t h a t single-cell m o d el b e h a v io r ac co rd s w ith e x p e rim e n 
ta l fin d in g s. C o n ju n c tio n o f th e se ra n g e s fo rm s th e global p a r a m e te r basin. T o
aid in u n d e r s ta n d in g th is g lo b a l b a s in , s u rface p lo ts are m a d e o f th e b e h a v io ra l
e rro r as a fu n c tio n o f a s s o rte d p a r a m e te r p a irs .
N e x t, th e choice is m a d e o f a s u b s e t o f ce llu la r b e h a v io rs w hich a re d ee m ed
c r itic a l fo r th e n e tw o rk d y n a m ic s -o f-in te re s t. T h e s e b e h a v io rs a re th e n q u a n tifie d
by d e v isin g a p p r o p r ia te m etrics. W h e n a p p lie d to s im u la tio n re s u lts (single
cell w / a r c h e ty p a l in p u ts ) a n d to co rre s p o n d in g e x p e rim e n ta l d a ta , th e m e tric s
p ro d u c e a behavioral e rro r vector. M in im iz a tio n o f th is v ec to r defines a s u b s p a c e
w ith in th e g lo b a l b a s in w h ich we te rm th e sin g le-ce ll p a r a m e te r basin.
P a r a m e te r se ts ta k e n fro m w ith in th e single-cell b asin define lo w -o rd er m o d e ls
s u ita b le fo r n e tw o rk level in v e s tig a tio n s o f th e d y n a m ic s -o f-in te re s t. F u rth e r
c o n s tra in t o f th e single-cell b a s in in to a n etw o rk basin can b e m a d e a t th e n e tw o rk
level (n o t co v e red ). S u p p o rte d by F R S Q a n d M R C o f C a n a d a .
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230.4
ENLARGEMENT OF RECEPTIVE HELDS IN THE VENTROPOSTERIOR
THALAMIC NUCLEUS OF MACAQUES AFTER BLOCKADE OF NMDA
RECEPTORS IN PRIMARY SOMATOSENSORY CORTEX E.R. Ergenzineer1*.
M.M. Glasier1. J.O. Hahm2 and TJVPons1, 1Department of Neurosurgery, Bowman
Gray School of Medicine, Winston-Salem, NC 27157; 2Department of
Neurosurgery, Georgetown University, Washington, D.C 20057.
Most studies examining the processing of sensory input have focused on the
ascending flow of information from the thalamus to cortex. However, the descending
or “feedback” projections from cortex to thalamus are more numerous than
“feedforward” projections and thus provide a rich substrate for affecting the extraction
and detection of sensory information. In the present study we blocked much of the
corticothalamic activity to the ventrobasal thalamus (VB) of Rhesus monkeys by
administering the NMDA receptor antagonist, D-amino-5-phosphofivaleric acid (DAPV), into the hand representation in primary somatosensory cortex (area 3b) for 4-5
months. We then electrophysiologically mapped the hand representation in VPL.
Surprisingly, receptive fields (RF’s) in the hand representation were greatly enlarged
compared to RF’s in control animals. These enlarged RF’s typically encompassed
over half of the glabrous surface of the hand, while RF’s in normal animals were
restricted to a small portion of a single phalange of a digit. In addition, RF changes
in VB were not observed for neurons representing the face or upper arm of the
experimental animals. Thus, the RF size of VPL neurons in macaques appears to be
regulated through descending or “top-down” inputs from SI. Interestingly, in these
same animals, most of the activity in area 3b was blocked, but the few neurons that
could be driven had relatively small RF’s that were restricted to a single phalange of a
digit. This paring down of RF size at the cortical level is likely to be accomplished
via intracortical inhibitory circuitry. Overall our findings emphasize the profound
influence of corticothalamic input on the thalamic processing of somatosensory
information. Supported by NIMH grant ROl MH53369-02.
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230.5
MECHANISMS OF FACILITATION AT CORTICOTHALAMIC
SYNAPSES IN THE VENTROBASAL THALAMUS.
M.A. Castro-Alamancos*. C.E. Landisman and B.W. Connors. Department of
Neuroscience, Brown University, Providence R I02912.
Thalamocortical neurons in the ventrobasal thalamus receive a massive
excitatoiy projection from layer VI cells of neocortex. Using thalamocortical
slices of adult mice and rats, we investigated the short-term plasticity of this
projection by recording intracellularly from neurons of the ventroposterior lateral
and medial nuclei of the thalamus (ventrobasal thalamus), and stimulating the
neocortex or thalamic radiation. Stimulation of corticothalamic fibers produced
small amplitude excitatory postsynaptic potentials (EPSPs) that showed strong
facilitation at frequencies above 7 Hz. Facilitation was characteristic of neurons
held at membrane potentials more positive than -60 mV, where low threshold
calcium currents are largely inactivated. However, at resting membrane
potentials (-75 mV) the facilitated EPSP produced further enhancement by
triggering a low-threshold calcium spike.
Facilitation was not blocked by GABAa or NMDA receptor antagonists.
Manipulations of [Ca2+]0 suggest that two mechanism contribute to the
enhancement of corticothalamic EPSP. Increasing [Ca2+]0 decreased facilitation
at depolarized membrane potentials, because of an increase in release probability.
However, in the same cells high [Ca2+]0 increased facilitation at resting
potentials, because of an increase in the postsynaptic low-threshold calcium
current Thus, both presynaptic facilitation and postsynaptic low-threshold
calcium currents may contribute to the enhancement of corticothalamic EPSPs.
Supported by Epilepsy Foundation of America, Helen Hay Whitney
Foundation, and NIH.

230.7
CORTICAL DAMPING: AN ALTERNATIVE ROLE FOR
RECURRENT EXCITATION IN THALAMOCORTICAL CIRCUITS.

Simons!. Depts. of Neurobiology and Mathematics, University of
Pittsburgh, Pittsburgh, PA 15261.
A novel use of phase plane analysis demonstrates that local
circuits in layer IV of the rodent somatosensory cortex enhance
response tuning by disproportionately suppressing activity evoked by
non-preferred stimuli. The same damping circuit can be made to
function as a cortical amplifier by increasing the strength of thalamic
input to excitatory neurons relative to inhibitory neurons. Although
both regimes utilize recurrent excitation to enhance response
¿selectivity, the amplifier does so by disproportionately amplifying
preferred responses, the damper by disproportionately counteracting
their suppression. Circuit dynamics render damping and amplifying
networks differentially sensitive to thalamic input timing vs.
magnitude, providing a means for distinguishing them
neurophysiologcally. Supported by NIH NS19950/NSF IBN9421380.

230.9
SENSORY DEPRIVATION INCREASES SHORT-TERM
DEPRESSION OF LAYER IV - II EXCITATORY SYNAPSES IN
RAT SOMATOSENSORY CORTEX. G.T. Finnertv. L.S. Roberts and B.W.
Connors*. Dept. Neuroscience, Brown University, Providence RI 02912.
Brief alterations of the sensory periphery can have significant effects on cortical
circuitry. Previous work has concentrated on long-term plastic changes at thalamic
synapses on layer 4 neurons in the barrel cortex. Here, we investigate how sensory
deprivation affects the short-term plasticity of excitatory synapses produced by layer 4
neurons terminating on pyramidal neurons of layer 2 .
All vibrissae of either the right or left whisker pads were trimmed flush with the
skin every day for 7- 10 days. Additional sham control rats were handled similarly,
but no whiskers were trimmed. On the day of testing, rats (P22 to P 32) were anaes
thetized with metophane and all whiskers acutely removed bilaterally so that the
person performing electrophysiological measurements was blind to the rat’s sensory
history. In vitro slices were prepared from both hemispheres and tested. We used brief
stimulus trains to investigate short-term plastic changes in the excitatory layer 4 to 2
synapse. Layer 4 was stimulated with trains of 11 pulses at 1,5, 7, 10, 15, 20,40 Hz
frequencies and field potential recordings were made in layer 2. Field potentials from
control and deprived hemispheres were indistinguishable. The stimulating current
was adjusted to evoke a baseline field potential amplitude of approximately 0.5 mV.
The amplitude of evoked field potentials in the layer 2 depress with repeated
stimulation, but approach a steady state after 4 - 6 stimuli in the train. We measured
the steady state field potential amplitude. We found greater depression in hemispheres
contralateral to whisker-trimmed sides compared with controls across the frequency
range tested. Previous results have shown modifications in inhibition in layer 4 in
response to sensory deprivation. Our data suggest that sensory deprivation can alter
short-term dynamics of excitatory cortical synapses.
Supported by the Wellcome Trust (GTF) and NIH (BWC).
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230.6
PROPERTIES OF CORTICOTHALAMIC PATHWAYS TO THE
POSTERIOR NUCLEUS OF THE THALAMUS C.E. Landisman*.
M.A. Castro- Alamancos and B.W. Connors. Department of Neuroscience, Brown
University, Providence RI 02912.
Neurons in the posterior nucleus of the thalamus (Po) project to layers I
and V of the “barrel” cortex. In turn, Po neurons receive their main excitatory
input from the neocortex. A part of this projection originates in layer V of
neocortex and contacts the proximal dendrites of Po neurons. Another part of the
corticothalamic pathway originates in layer VI of neocortex and contacts the
distal dendrites of Po neurons, while leaving a collateral in the nucleus reticularis
(nRt) which provides an inhibitory input to Po. Using thalamocortical slices of
adult mice and rats, we investigate the properties of these corticothalamic
projections by recording intracellularly from Po neurons and stimulating the
thalamic radiation, layer V or layer VI.
Stimulation of corticothalamic fibers produces strong inhibitory
postsynaptic potentials (IPSPs) in Po neurons. These IPSPs are generated by
cells in nRt, which are activated by the corticothalamic fibers that originate in
layer VI. Upon repeated stimulation IPSPs strongly depress. In contrast,
excitatory postsynaptic potentials are of low amplitude in response to low
frequency stimulation, but show a strong enhancement at higher frequencies.
Supported by Helen Hay Whitney Foundation, Epilepsy Foundation of
America and NIH.

230.8
THALAMIC PROJECTIONS TO AREAS 3A AND 4 OF THE MARMOSET
MONKEY (CALL1THRIX JACCHUS) K. J. Huffman*. M. E. Sum, and L.
Krubitzer. Center for Neuroscience and Department of Psychology, University of
California, Davis, CA 95616
The somatosensory neocortex of primates contains multiple interconnected fields.
Most anatomical studies have focused on how these different somatosensory fields are
connected with other fields and thalamic nuclei associated with processing somatic
inputs, rather than with cortical and subcortical regions associated with the motor
system. We appreciate, however, that the somatosensory system, probably more
than any other sensory system, must work in close concert with the motor cortex and
related subcortical structures to ultimately generate discrete, directed, coordinated
movements. For primates, this is particularly important for movements of the
hands. The present investigation is part of a broader effort to examine regions of the
cortex involved in sensori-motor integration that contribute to these highly complex
behaviors.
In this study we examined the thalamic connections of
electrophysiologically defined regions in area 3a and area 4. Our studies demonstrate
that area 3a receives substantial input from the mediodorsal nucleus (MD), the rostral
portion of the central lateral nucleus (CL), and the ventral lateral nucleus of the
thalamus (VL). In addition, more sparse, but consistent projections were also
observed from the nuclei generally associated with the somatosensory system, the
superior, inferior and lateral divisions of the ventral posterior complex (VPs, VPi,
and VPI, respectively). 3a also received sparse projections from the anterior
pulvinar. Projections from the thalamus to cortex immediately rostral to area 3a, in
the architectonically defined primary motor cortex, were much less dense than those
from area 3a, and were predominantly from VL, CL, and MD. There was a
conspicuous absence of inputs from any of the nuclei generally associated with
processing somatic inputs. Our results indicate the cerebral cortex, particularly area
3a, plays a significant role in integrating somatic inputs with motor outputs.

230.10
SHARP, LOCAL SYNCHRONY AMONG PUTTIVE FEED-FORWARD INHIBITORY
INTERNEURONS OF RABBIT SI BARREL CORTEX. H. A. S w adlow fl. Beloozerova
and M. Sirota, Dept, of Psychology, University of Connecticut, Storrs, CT 06269
Recent work in SI of the awake rabbit has led to the proposal that those suspected
inhibitory interneurons (SINs) within an SI "barrel" that receive monosynaptic input
from VB thalamus (thalamocortical SINs, SINstc) receive such input from nearly all of
the thalamocortical axons originating within the topographically aligned VB thalamic
"barreloid" (Swadlow, J. Neurophysiol.,1995). Such a fully connected thalamocortical
network has several predictable consequences, and these were tested here: (1) sharply
synchronous activity should occur between the SINstc of an individual barrel. (2) Such
synchrony should not occur betw een SINstc of neighboring barrels, and (3) such
synchrony should not occur between SINs or other neurons of the same barrel that do
not receive a potent monosynaptic thalamic input.
These predictions were tested by cross-correlating the activity of SINstc with other
SINstc of the same and neighboring SI barrels, with descending corticofugal neurons of
layer 5 (CF-5 neurons) and with other neurons that receive little or no VB input. SINs
were identified by a high-frequency (> 600 Hz) burst of spikes elicited by VB stimulation
and a short spike duration. SINstc were further identified by very short synaptic latencies
to both electrical stimulation of VB (< 1.7 ms) and peripheral stimulation (< 7.5 ms).
Each of the above predictions were fully confirmed: (1) "sharp" synchrony (+ 1 ms)
was seen between all intra-barrel SINstc (a mean of 4.26% of the spikes of each SINtc were
sharply synchronized with the spikes of the paired SINtc). This sharp synchrony was
superimposed on more broadly synchronous .(tens of milliseconds) activity (2) little or no
sharp synchrony was seen when CF-5 neurons were paired with SINstc or other neurons
of the same barrel, and (3) little or no sharp synchrony was seen when SINstc were paired
with other SINstc located in neighboring barrels.
Additional experiments showed that sharp synchrony among SINstc: (1) does not
depend on an awake state, (2) does not depend on synchronous input from the receptor
periphery or on synchronous activity among VB thalamocortical neurons, (3) is not
oscillatory, and does not reflect a communal synchrony among intra-barrel SINs.
These results fully support the proposed model of extreme divergence and
convergence in the VB input to SINstc. We propose that sharp synchrony among intra
barrel SINs will result in sharply synchronized waves of feed-forward inhibition, and
that these network properties may serve to selectively strengthen the access of VB
afferents to inhibitory mechanisms of the neocortex. Supported by NS32021.

MONDAY AM

SOMATOSENSORY CORTEX AND THALAMOCORTICAL RELATIONSHIPS I

230.11
SPATIAL AND TEMPORAL PROPERTIES OF NEURAL RECEPTIVE
FIELDS IN AREA 3b OF THE AWAKE MONKEY. J.J. DiCarlo* S.S. Hsiao,
and KO. Johnson. Krieger Mind/Brain Inst., Johns Hopkins Univ., Baltimore,
MD 21218.
We have previously shown that area 3b neurons have receptive fields (RFs)
consisting of regions of excitation and inhibition. In this study, we investigated
the spatial and temporal properties of these RF regions. Single-unit
recordings were made from neurons in all layers of area 3b in two awake,
behaving monkeys (Macaca mulatta). Only neurons with RFs centered on
one of the distal finger pads were studied. A stimulus of randomly-distributed
(uniform, 10 dots/cm2) embossed dots (500 pm dot diam., 400 pm relief) was
scanned over each neuron’s RF in eight scan directions (45 deg. increments)
and at three velocities (20, 40, 80 mm/sec). The response to the random dot
pattern was used to determine each neuron’s linear spatiotemporal RF at
each velocity and scan direction using a modified linear regression method.
Results showed that all neurons had RFs containing a central excitatory
region and one or more flanking inhibitory regions. Results from 78 neurons
in which the scan direction was varied showed that a fraction of the inhibition
in the RF changed position so that it trailed the excitatory region along the
direction of scanning. In many neurons, another fraction of the inhibition in
the RF remained spatially fixed relative to the excitatory region, even as the
scan direction was varied. Results from 35 neurons showed that the RF
structures were insensitive to changes in scan velocity, and therefore that the
trailing inhibitory RF region was not simply inhibition at a fixed time lag.
These results suggest that area 3b neurons signal the presence of
spatiotemporal gradients along the scan direction and the presence of spatial
features, independent of the scan direction.
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230.12
INVESTIGATION OF THE RESPONSE TO UNI- VERSUS BILATERAL
SOMATOSENSORY INPUT USING MEG & FMRI
E. Disbrow*: L. Krubitzer1: D. Poeppel: K. Sekihara2 & H. Rowley: UC San
Francisco, CA, 94143-0628; UC Davis1; JST-MIT Mind Articulation Project.2
The existence of neurons with bilateral receptive fields has been well established
through studies of electrophysiology and anatomy in non-human primates. To
determine if this is a feature common to human somatosensory cortex as well, we
compared responses to uni- and bilateral stimulation of the hands in humans using
MEG and fMRI. MEG recordings of neuromagnetic fields elicited by pneu
matically driven mechanical taps of the right, or left and right index finger were
made using two 37-channel biomagnetometers (Magnes, BTi, San Diego CA).
Stimuli (200 trials) were delivered with a mean ISI of 4s. We collected epochs of
0.6s duration and sampled at a rate of 300Hz. Single equivalent dipole and
spatiotemporal analysis were used to derive neuronal sources. Both conditions
showed peaks from 20-80ms post-stimulus that localized to the primary
somatosensory area, SI, and a peak at 160ms that localized to the parietal
operculum (PO), the location of the secondary somatosensory area. However, the
amplitude of the response with a 300-400ms latency (also localized to the PO) was
significantly increased for bi- versus unilateral stimulation. Results from an fMRI
study of uni- versus bilateral stimulation of the fingers and palm supports these
MEG results. A GE Horizon 1.5T scanner was used with TR=2s, TE=67ms, voxel
size=1.5x3x6mm, 2min. scan time and a 20s on/off cycle. Cross-correlation
analysis was used to identify active voxels. Responses were localized bilaterally to
the PO, and signal intensity was increased in response to bilateral relative to
unilateral stimulation. These results suggests that areas in the PO in humans may
be important for bilateral coordination and object discrimination using both hands.
[Supported by Biomagnetic Technologies Inc. and JST]

NIH R01 NS18787, NIH R01 NS34086, and W.M. Keck Foundation
INGESTIVE BEHAVIOR: CNS MECHANISMS
231.1
INTERACTIONS OF SEROTONIN 5-HT2C RECEPTORS AND
NEUROPEPTIDE Y (NPY) ON FOOD INTAKE AM Strack*. A Chu. LM Sun.
KUwlaiS.and.ME.Da l t o n - Depts. of Physiology and Pharmacology, UCSF,
San Francisco, CA 94143-0444
Serotonin (5-HT) receptors have been implicated in feeding behaviors.
Serotonergic agents attenuate food intake stimulated by administration of
NPY. We performed 2 experiments to examine interactions between 5-HT2C
receptors and NPY using mice lacking functional 5-HT2C receptor (KO) and
wildtype littermates (WT). KO mice typically are -10% heavier than WT
and have increased food intake (Tecott et al., Nature, 1995). First, NPY
and saline were injected icv. Injection of NPY stimulated food intake
identically in both groups of mice. Second, NPY mRNA levels were
examined in the hypothalamic arcuate nuclei by in situ hybridization in
fed and fasted WT and KO mice. Rostrally, between -1.46 and -2.06 mm
posterior to bregma, there was no difference in area, density or area x
density of NPY mRNA between WT and KO mice, fed or after fasting.
Caudally, between bregma -2.06 to -2.54, effects of phenotype and feeding
state occurred. In WT mice, there was a 2 x increase in NPY after a 24 hr
fast. Fed KO mice had slightly higher levels of NPY mRNA than WT
mice (consistent with food intake levels being - 10% greater than those of
WT mice). In KO mice, fasting did not increase NPY mRNA.
Conclusions: 1) 5-HT2C receptors affect NPY-stimulated feeding at the
level of input to NPY synthesis rather than modulating the effect of NPY
on its target cell. 2) The effect of 5-HT mediated by 5-HT2C receptors on
NPY synthesis may be both acute and chronic since NPY tended to be and
food intake was elevated in KO mice before fasting, but NPY did not
respond to the fast. 3) Mice exhibit a rostral-caudal difference in
responsiveness of arcuate NPY mRNA to metabolic state, (support: UCSF
REAC Springer Fund, NM(MFD) and NIMH(DJ))

231.2
INHIBITION OF FOOD INTAKE IN RODENTS INDUCED BY A SELECTIVE
ANTAGONIST OF THE NEUROPEPTIDE Y Y5 RECEPTOR SUBTYPE.
L. Criscione. P. Rigollier. C. Batzl-Hartmann. H. Riieger, A. Stricker-Krongrad*.
S. Whitebread. Y. Yamaguchi. M. W. Walker*. C. Gerald*. M. Chiesi. N. Levens, W.
Schilling and K.G. Hofbauer.
Metabolic & Cardiovascular Research, Novartis Pharma AG., Basel, Switzerland and
*Synaptic Pharmaceutical Corporation, Paramus, New Jersey, USA.
In these studies, we tested the hypothesis that food intake induced by neuropeptide
Y (NPY) is mediated by the Y5 receptor subtype (Gerald et al, Nature, 382:168,
1996), using CGP 71683A (CGP), a non-peptide antagonist of the Y5 receptor. CGP
71683A displayed high affinity for the cloned human and rat Y5 receptors (IC50 2.0
and 1.4 nM, respectively), but it bound with much lower affinity to the human Yi, Y2
and Y4 receptor subtypes (IC50 7.500, 1.100, and 5.800 nM respectively). In LM(tk-)
cells transfected with the human Y5 receptor, CGP 71683A behaved as an antagonist
of NPY-induced calcium transients (IC50 6 nM).
The effect of Y5 receptor blockade on food intake was studied in different animal
models at a dose of 10 mg/kg, i.p. In lean satiated rats, CGP71683A, 2h after dosing,
significantly antagonized the increase in food intake induced by i.c.v. injection of 300
pmol NPY (vehicle+NPY 4.9±1.0 g, n=5; CGP+NPY 2.4±0.6 g, n=6, p<0.05),
without significantly affecting either basal or galanin-induced food intake (2 nmol
i.c.v.). In fasted rats, 24h food intake was significantly reduced by CGP 71683A
(vehicle 32.6±l.lg, n=6 ; CGP 21.8±1.3 g, n=6 , p<0.05). In ob/ob mice, an animal
model of hyperphagia and obesity, 24h food intake was reduced by CGP71683A from
5.8±0.6 g, in vehicle treated, to 0.7±0.2 g, in CGP-treated mice, (n=6 each, p<0.001).
Similar reductions in 24h food intake were obtained in Zucker obese rats (25.6±1.9 g,
vs. 4.8±1.4 g, n= 6, p<0.001). These data'support the hypothesis that the Y5 receptor
subtype mediates NPY-induced food intake and suggest that NPY plays a role both in
fasting-induced feeding and in the hyperphagia of genetically obese rodents.

231.3
REDUCED FOOD INTAKE AND BODY WEIGHT, TASTE AVERSIONS
AND CFOS EXPRESSION PRODUCED BY CENTRAL ADMINISTRATION
OF THE MELANOCORTIN RECEPTOR AGONIST, MTII R.J. Seeley»1. T.E.
Thiele1. G. van Diik1, K. Blake1, K. Yagaloff2. S. Fisher2. P. Bum2. l.L. Bernstein1.
M.W. Schwartz2. Depts. of Psychology1 and Medicine2, U. of Washington,
Seattle, WA 98195 and Metabolic Disease Unit2, Hoffmann-La Roche Inc.
Recent evidence suggests that the melanocortin receptors in the CNS are
involved in the regulation of food intake and body weight as central
administration of Mill, an MC receptor agonist, reduces food intake (12-h) in
mice. To extend these findings with Long-Evans rats, we infused MTII into the
third ventricle to: A) assess effects on long-term food intake and body weight (48h), B) assess possible non-specific aversive side effects with taste aversion
procedures,
and C)
examine neuronal
activation with cFos
immunohistochemistry. When compared with rats given synthetic CSF, a 0.1
nmol dose of MTII significantly reduced food intake by over 50% in 16-h and a
1.0 nmol dose of MTII attenuated food intake (by over 75% at 16 h) and body
weight (by 8% at- 48-h). Furthermore, both doses of MTII produced taste
aversions, and the peptide was found to produce dose-dependent cFos expression
in the paraventricular nucleus of the hypothalamus and thalamus, the supraoptic
nucleus, the central nucleus of the amygdala, and the lateral parabrachial nucleus.
Thus, like leptin, MTII produces relatively long-term reductions in food intake
and body weight. However, unlike leptin, MTII produces conditioned taste
aversions and cFos activation in the brainstem. The role of various melanocortin
receptors in these responses to MTII remains to be explored.

231.4
EFFECT OF CENTRAL GLP-l-(7-36) AMIDE AND CCK-8 ON SATIETY,
TASTE AVERSION, AND C-FOS EXPRESSION IN RATS. G. van Diik. Todd E.
Thiele. Randv J. Seeley, and Stephen C. Woods*. Dept, of Psychology, Univ.
Washington, Seattle, WA 98195-1525.
It was shown recently that third ventricular (i3vt) administration of a putative
satiety factor, glucagon-like peptide-1-(7-36) amide (GLP-1) causes a conditioned
taste aversion (CTA) and produces a pattern of cFos synthesis in the CNS
comparable to that seen after administration of the emetic agent, lithium chloride.
The present study investigated whether i3vt administration of another satiety factor,
cholecystokinine-octapeptide (CCK-8), at doses equated to produce similar
reduction in food intake as with i3vt GLP-1, is different in the ability to produce a
CTA and activation of central cFos expression. Male Long-Evans rats (with
intraoral catheters and i3vt cannulas) were given either i3vt GLP-1 (0, 0.3, 1, and 3
mg) or CCK-8 (0, 1,3, and 6 mg) just before the dark phase and the following 2-h
food intake was assessed. With both substances, 3 mg was the lowest dose to
produce significant reductions in food intake. Pairing of i3vt GLP-1 (3 mg) with
intraoral infusion of saccharin (0.15 %) caused a rapid rejection of saccharin when
reexposed to this taste. In contrast, intraoral saccharin was not rejected when this
was previously paired with i3vt CCK (3 or 6 mg). 13vt GLP-1 (3 mg) caused strong
cFos expression in the pontine parabrachial nucleus (PBN), the nucleus of the
solitairy tract (NTS), area postrema (AP), central amygdala (CeA), and
paraventricular hypothalamic nucleus (PVN). CCK-8 (6 mg) caused cFos
expression in the the PVN, supra-optic nucleus, CeA, and PBN. The data
demonstrate that i3vt CCK causes satiety without producing malaise. In contrast,
i3vt GLP-1, in a dose that produces similar reductions in food intake as CCK-8,
produces emesis presumably via its effects in the NTS or AP.

This research was supported by grants from the Dutch Diabetes Association,
AA07455, DC-00248, DK-35816. MTII was generously provided by Hoffmann-La
Roche Inc.
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231.5
DUODENAL NUTRIENT INFUSIONS DIFFERENTIALLY AFFECT C-FOS
EXPRESSION IN DORSAL VAGAL COMPLEX NUCLEI OF RATS.
C.B. Phifer* and H.-R. Berthoud. Louisiana Scholars' College, Northwestern
State Univ., Natchitoches LA 71457; and Pennington Biomedical Res. Ctr,
Louisiana State Univ., Baton Rouge LA 70808.
Various macronutrients, when ingested or duodenally infused, reduce
subsequent intake. However, some controversy exists regarding sensory
mechanism(s) responsible for this effect; i.e., is it mediated entirely by the
caloric value of the nutrients, or does nutrient composition also play a role?
To address this issue, and to reveal neural substrates of responses to
nutrients, adult rats were given slow duodenal infusions of saline, equicaloric
(1 .Skcal) doses of glucose, an amino acid mixture, or linoleic acid; or a larger
dose (4.5kcal) of glucose. Effects of these infusions on sham feeding of 30%
sucrose and c-FOS expression in the dorsal vagal complex were assessed.
Sham-feeding suppression and c-FOS labeling in the nucleus of the solitary
tract (NTS) and area postrema were well correlated, except that amino acids,
which strongly suppressed sham feeding, produced relatively little c-FOS
expression. Additional differences between effects of different macronutrients
were revealed when glucose was compared with other nutrients. The smaller
dose of glucose, which was equicaloric to the amino acid and linoleic acid
infusions, did not suppress sham feeding and induced little c-FOS expression.
Furthermore, the 4.5kcal glucose and the 1.5kcal linoleic acid infusions affected
sham feeding and c-FOS expression similarly.
An analysis of c-FOS expression in 7 NTS subnuclei revealed differential
effects of macronutrient infusions. Little expression was seen in the lateral,
interstitial, intermediate, and central subnuclei, but the medial, dorsomedial, and
commissural subnuclei showed differential effects from glucose, amino acid,
and linoleic acid infusions. (Supported by NIH Grant DK 47348.)

231.7
ABNORMAL FOOD INTAKE AND MEAL PATTERNS IN RATS NOT
EXPRESSING CCKa RECEPTORS. T.H. Moran*. C.R. Plata-Salaman.
L.A. Katz and G.J. Schwartz. Department of Psychiatry, Johns
Hopkins Univ. Sch. Med., Baltimore, MD 21205, School of Life and
Health Sciences, University of Delaware, Newark, DE 19716.
Otsuka Long Evans Tokushima Fatty (OLETF) rats are an inbred
strain of rats that develop obesity, spontaneous hyperglycemia and
NIDDM. It has recently been demonstrated that OLETF rats do not
express CCKa receptors, the receptor subtype mediating the satiety
actions of CCK. To determine whether the obesity in these rats may be
related to a deficit in satiety, we examined: 1) the feeding responses
of OLETF and control LETO rats to exogenous CCK and 2) the patterns
of food intake in both of these strains when maintained on ad lib access
to 45 mg pelleted chow. Consistent with their lack of CCKa receptors,
exogenous CCK as great as 16 ^ig/kg had no effect on food intake in
OLETF rats while causing a dose related suppression of intake in LETO
rats. Examination of the feeding patterns of the two strains revealed
that OLETF rats consumed significantly more food than LETO controls
(670 ± 81 vs 499 ± 44 pellets). The increase in overall intake was
due to significant increases in meal size in both the dark (88 ±11.2
vs 49 ± 6.8 pellets/meal) and light cycle (72.5 ± 22.3 vs 39.6 ±
7.8 pellets/meal). In contrast, meal frequency was not elevated. It
was the same in the light and significantly lower in the OLETF rats
during the dark cycle (4.8 meals vs 7.25 meals). Together, these
data are consistent with the interpretation that the lack of CCKa
receptors in OLETF rats results in a satiety deficit leading to
increases in meal size, overall hyperphagia and obesity. (Supported
by DK19302 and Otsuka Pharmaceutical Co. Ltd.)

231.9
THE ATP-SENSITIVE POTASSIUM (KAXP) CHANNEL AND GLUCOSEINDUCED NIGROSTRIATAL DOPAMINE RELEASE. B.E. Levin . R.
Lew. E. Govek. Neurol. Svc. (127C), VA Med. Ctr. , E. Orange, NJ 070181095.
Glucose can modulate brain neurotransmitter release and alter systemic
energy balance by acting oft select neurons containing a K-atp channel. Glucoseinduced increases in intracellular ATP close the Kv\TP channel and depolarize
such neurons. In the substantia nigra, pars compacta (SNC), a center for motor
and ingestive behavior, both dopamine (DA) and GABA neurons contain this
Katp channel. While raising SN glucose levels is known to increase GABA
release, the effect on DA neuronal activity is unknown. Here we addressed this
issue by implanting microdialysis probes into both the SN and striatum of male
Sprague-Dawley rats. Stepwise increases in SN glucose levels from 2-17mM
were produced by dialyzing glucose through the SN probe. This caused
progressive decreases in extracellular striatal DA to near undetectable levels in
some animals. In the basal state (SN glucose=1.5-2.5 mM), blockade of SN
GABAa receptors with 50 /tM bicuculline raised striatal DA release by up to
50%. When SN glucose levels were then raised to 6mM in the presence of
bicuculline, striatal DA release rose an additional 100%. In animals where
extracellular striatal DA levels had been decreased by infusing glucose into the
SN, simultaneous dialysis of 50 i<M bicuculline into the SN reversed this
inhibition. These data suggest a dynamic interaction between GABAergic input
and SNCDA neuronal firing which is modulated by changes in ambient glucose.
Tonic basal GABAergic inhibition of SNCDA neuron firing is further increased
by raising SN glucose levels which increases SN GABA release. This
interaction provides a mechanism whereby glucose-induced neurotransmitter
release could. (Funded by the American Diabetes Association).

S ociety for N euroscience , V olume 2 3 ,19 9 7

MONDAY AM

231.6
GLUCAGON-LIKE PEPTIDE-1-(7-36) (GLP-1) STIMULATES
GASTRIC VAGAL AFFERENTS AND BINDS TO RAT VAGUS.
G.J. Schwartz*. W.O. White, and T.H. Moran. Dept, of Psychiatry,
Johns Hopkins Univ. Sch. Med., Baltimore, MD 21205, USA
GLP-1 is a brain-gut peptide in the glucagon/secretin family released
from the small intestine following duodenal exposure to nutrients.
Exogenous peripheral administration of GLP-1 slows gastric emptying
and inhibits water, but not food intake, while central administration of
GLP-1 suppresses both food and water intake. To assess potential
vagal afferent mediation of the effects of peripheral GLP-1, we
examined vagal neurophysiological responses to close celiac arterial
administration of GLP-1 in Ketamine/Xylazine anesthetized male
Sprague-Dawley rats. Single vagal afferent fibers (N=7) with gastric
mechanosensitive fields responded dose-dependently to GLP-1 over a
dose range of 1 nmole -1 p.mole. Bilateral cervical vagotomy above
the site of recording failed to affect the ability of GLP-1 to stimulate
vagal afferents, indicating that this response does not depend on a
vago-vagal reflex. Separate autoradiographic studies evaluated the
presence and transport of GLP-1 binding sites in the vagus. GLP-1
binding occurred both proximal and distal to the ligation, indicating
both anterograde and retrograde transport of GLP-1 binding sites.
Together, these data suggest that peripheral GLP-1 may act directly on
gut vagal afferents to signal central nervous system sites underlying the
inhibitory ingestive and gastrointestinal effects of this peptide.
Supported by DK 19302 and DK 47208.

231.8
INSULIN MODULATES THE ACTIVITY OF GLUCOSE RESPONSIVE
NEURONS IN THE VENTROMEDIAL HYPOTHALAMIC NUCLEUS
(VMN). V.H. Routh*. J.J. McArdle. D.C. Spanswick. B.E. Levin and M.L.J.
Ashford. Depts. of Physiol. & Pharmacol, and Neurosci., NJ Med. Sch.,
Newark, NJ 07103, Neurol. Svc., VAMC, E. Orange, NJ 07018, Dept. Biomed.
Sci., Univ. Aberdeen, Inst, of Med. Sci., Foresterhill, Aberdeen AB25 2ZD,
UK.
The VMN is integrally involved in the regulation of autonomic activity and
glucose homeostasis. The activity of two populations of neurons in this region
is known to be directly regulated by ambient glucose concentrations. This study
was performed to determine whether insulin is also capable of modulating the
activity of these neurons. Slices 350 p.M thick were sectioned through the VMN
of brains from 50-100 g male Sprague-Dawley rats. The slices were then
perfused with artificial CSF containing 10 mM glucose. Current clamp
recordings were made using conventional whole cell patch clamp. ATP (2 mM)
was included in the pipette solution. Glucose responsive neurons in the VMN
were identified by hyperpolarization following the washout of glucose, whereas
glucose sensitive neurons were depolarized under these conditions. Insulin (10300 nM) caused a reversible hyperpolarization and decrease in the firing rate of
the glucose responsive neurons (n=6). Application of 100 nM insulin caused a
73% decrease in input resistance. The reversal potential for this response was
estimated as -79 mV and the theoretical EK was -84 mV. In contrast, 300 nM
insulin had no effect on glucose sensitive neurons in the VMN (n=2). These data
suggest that insulin is capable of modulating the activity of VMN glucose
responsive neurons. This may be important in the altered glucose homeostasis
seen in obesity and diabetes. Funded by Wellcome Trust #042726 and NINDS
grant NS10335.

231.10
2B OR NOT 2B: BEHAVIORAL, BIOCHEMICAL AND IMMUNOCYTOCHEMICAL EVIDENCE FOR THE INVOLVEMENT OF THE NR2B NMDA
RECEPTOR SUBUNIT IN LATERAL HYPOTHALAMIC (LH) FEEDING.
A M. Khan3*. B.G. Stanley1’2. F.A. Jamal1-2. R.K. Goel1-2. J. Dao1. E.R. Gillard1-2. and
M.C. Curras1. Departments of Neuroscience1 and Psychology2, and the Division of
Biomedical Sciences3, University of California, Riverside, CA, 92521 USA.
We have recently shown that LH NMDA receptors are important in mediating natu
ral eating behavior (Stanley, B.G. et al., Am. J. Physiol.. 270 (1996) R443); however,
the precise subunit composition of these receptors is unknown. To test for the involve
ment of the NR2B subunit in LH feeding, adult male Sprague-Dawley rats (n=27) were
given LH injections of the NR2B-selective antagonist ifenprodil (0.1, 1, 10, or 100
nmol) followed 10 min later by NMDA (10 nmol). Compared to vehicle, LH injection
of NMDA elicited significant eating (8.8 ± 2.5 g in 30 min, p<0.05) and this response
was suppressed by as much as 74% with 0.1 nmol ifenprodil (2.3 ± 0.9 g in 30 min,
p<0.05). Higher doses of ifenprodil resulted in smaller and more variable suppression
of NMDA-elicited feeding.
To detect the NR2B subunit within the LH, Western blot analysis and immunohistochemistry were performed. Western analysis. LH tissue from adult male rats (n=8)
was harvested, assayed for protein and subjected to SDS-PAGE and Western blotting.
Immunodetection of NR2B was performed with a polyclonal anti-NR2B primary (1°)
antibody (Snell et al., Mol. Brain. Res.. 40 (1996) 71; Chemicon), a goat anti-rabbit
IgG conjugated with HRP, and ECL. Compared to control samples (liver), a promi
nent 180 kDa band (for the NR2B subunit) was observed from the LH. Immunocvtochemistry. Free-floating sections (25 jim) from adult male rats (n=4) were incubated
in a polyclonal anti-NR2B 1° antibody (see above), a biotinylated goat anti-rabbit IgG,
and visualized with a nickel-intensified DAB reaction. Consistent cell-specific NR2B
labeling was observed in the LH but not in methodological controls (no 1° Ab). Col
lectively, these results provide the first evidence for the specific presence of NR2B
subunits in the LH, and additionally suggest their involvement within NMDA receptor
complexes mediating eating in this region. (Supported by NIH grant NS 24268 to
B.G.S. and NSF grant IBN-9604233 to M.C.C.)
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231.11
EATING ELICITED BY ELEVATION OF ENDOGENOUS cAMP IN THE
PERIFORNICAL HYPOTHALAMUS (PFH) OF THE RAT IS
ANATOMICALLY SPECIFIC. E.R. Gillard*1. B. Mouradi1. A M. Khan2. S.D.
Wolfsohn1. and B.G. Stanley1. ‘Departments of Neuroscience & Psychology;
^Division of Biomedical Sciences, Univ. of CA at Riverside, Riverside, CA 92521.
We have recently shown that PFH microinjection of agents that typically
increase endogenous cAMP elicits a robust, pharmacologically and behaviorally
specific eating response in satiated rats (Am. J. Physiol., 1997, in press) suggesting
that modulation of cAMP levels in the PFH may be an important mechanism in
the neural control of eating. To determine whether this response is specific to the
PFH, we compared the effects on eating of combined injection of the
phosphodiesterase inhibitor IBMX and the adenylyl cyclase activator MPB
forskolin into the PFH or 6 brain sites bracketing this region. Equimolar doses
of IBMX and MPB forskolin (30, 150, 300 nmol or vehicle solution) were
unilaterally injected 10 minutes apart into the PFH, lateral hypothalamus (LH),
anterior LH, posterior LH, paraventricular hypothalamic nucleus, amygdala, or
thalamus. Combined injection of IBMX and MPB forskolin (300 nmol)
significantly stimulated eating with respect to vehicle only in the PFH (p< 0.006),
eliciting an average 2 hr intake of 8.4 ± 2.0 g. In contrast, injections into none
of the surrounding brain areas tested stimulated eating (2 hr intakes were less
than 2.7 g). In a separate experiment, the efficacy of IBMX and MPB forskolin
to elicit eating when given singly (300 nmol) was tested. Neither compound alone
stimulated eating in any of the brain sites tested, arguing that the feedingstimulatory effect of combined administration results from a common action of
these drugs on the cAMP system, rather than from non-cAMP dependent effects.
These results suggest that controlling the level of cAMP specifically within the
PFH, where several neurotransmitters exert their effects on eating, may be a
potentially powerful means of controlling food intake. Supported by NIH
NS24268.

231.12
FEEDING ELICITED BY INHIBITION OF NEURONS IN THE NUCLEUS
ACCUMBENS SHELL DEPENDS ON ACTIVATION OF NEURONS IN THE
LATERAL HYPOTHALAMUS. T.R. Stratford* and A.E. Kellev. Department of
Psychiatry, University of Wisconsin Medical School, Madison, W I53719
Inhibition of neurons in the nucleus accumbens shell (AcbSh) with local injections
of GABA agonists or glutamate antagonists elicits an intense, but specific, feeding
response resembling that seen after stimulation of the lateral hypothalamus (LH). To
help characterize the contribution of the LH to the expression of AcbSh-mediated
feeding, we used the immunohistochemical detection of the nuclear protein Fos to
determine whether inhibition of AcbSh cells results in an activation of LH cells.
Increased production of Fos is generally considered to be a marker for neuronal
activation. Bilateral injections of the GABAa agonist muscimol (100 ng/0.5 jd) into
the AcbSh greatly increased the number of LH cells exhibiting Fos-like immunoreactivity (FLI), suggesting that these cells increase their firing rates in response to
the treatment. Although the density of labeled cells was greatest in the rostral LH,
FLI was seen in cclls throughout the rostrocaudal extent of the nucleus.
It is likely that inhibition of GABAergic neurons in the AcbSh is responsible for
eliciting this feeding. If a behaviorally relevant GABAergic projection terminates in
the LH, we should be able to mimic the effects seen after inhibition of the projection
neurons by applying a GABA receptor blocker to the area. However, injections of the
GABAa receptor blocker bicuculline (50-200 ng) or the GABABreceptor blocker
saclofen (500 ng) did not significantly affect food intake. Blocking activation of LH
neurons with the selective NMDA receptor blocker AP5 is known to suppress
deprivation-induced feeding. We found that injections of AP5 (0.1-10 nmol) into the
LH also dose-dependently suppressed AcbSh-mediated feeding. Thus, it appears that
the expression of the feeding response depends on an NMDA-preferring receptormediated activation of LH neurons and is not the result of disinhibiting LH cells by
disrupting transmission at GABA synapses. Supported by NIDA DA04788.
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232.1
RETINAL ISOFORM MU-CHAIN ADAPTIN ASSOCIATED WITH
SYNAPTIC RIBBONS. Tri-Hung Nguven* & Grant W. Balkema.
Biology Dept., Bostpn College, Chestnut Hill, MA 02167.

232.2
Bassoon is a member of a newly emerging family
presynaptic cytomatrix proteins

The aim o f this study was to isolate and identify synaptic ribbon
associated proteins that were labeled by a monoclonal antibody B16
(B16 mAb). B16 mAb labeled synaptic ribbons at photoreceptor
presynaptic terminals. Biochemical analysis showed that B16 mAb
labeled multiple proteins (110, 88, 70, 66 and 58-kDa) in retinal
homogenates. The 110, 88, 70, 66 and 58-kDa proteins were
identified as PSF, aconitase, synapsin la and lb, and TOADS,
respectively. These proteins were shown to share an epitope that
previously mapped to a ten amino acid peptide (DTYQHPPKDS) on
aconitase.
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S tudies concerning m olecular m echanism s o f the presynaptic vesicle cycle led to a
detailed understanding o f the docking, fusion and endocytosis process. In contrast, the
events prior to docking o f the vesicles are largely unknow n. T his is m ainly due to the
poor description o f the specialized presynaptic cytom atrix com partm ent directly
associated w ith the active zone. C om ponents o f this structure are likely to orchestrate
and initiate the dow nstream events o f the vesicle cycle.
R ecently we identified B assoon, a 350kD a protein from rat brain, w hich localizes
exclusively to the presynaptic cytom atrix o f a variety o f synapse types as determined
by electron m icroscopy. In situ hybridization show s a high expression in cortex,
hippocam pus and cerebellum . Strikingly, cloning B assoon cD N A (12 kb) revealed no
obvious hom ologies w ith current public data bases. O n the other hand P iccolo,
another presynaptic cytom atrix specific protein worked on in o u r group, show s
stretches o f high hom ology to B assoon. T his, together w ith a s im ilar intracellular
distribution pattern, suggests a new protein fam ily.
In subcellular fractionation B assoon enriches w ith synaptic m em branes. T his highly
insoluble protein can be extracted by m eans o f chaotropic salts, alkali, urea and
detergent w ith salt thus ruling out a transm em brane nature. T he com plexity o f the
extraction pattern leads us to think o f B assoon as a cytoskeletal and peripheral
m em brane protein, strongly anchored in the cytom atrix surrounding the presynaptic
vesicles. From this point o f view, g a sso o n has the potential to be a guidance structure
that supports the vesicles in their way to the exocytosis.

Here, we describe the purification and identification o f p54, a
putative synaptic ribbon associated protein. The protein p54 was
isolated from retinal homogenates by immunoprécipitation with a
biotinylated B16 mAb and immobilized via streptavidin beads. We
found that p54 is retina specific and makes up roughly 0.002% o f the
total retinal protein. This rare protein was isolated and determined to
have a blocked N-terminus. Isolated protein was then digested with
V8 endoprotease, and an internal peptide was isolated and sequenced.
After ten cycles, the amino acid sequence was found to be homologous
to AP47, mu-chain adaptin, a protein that is associated with clathrin
mediated vesicle endocytosis.

of

L. S anm arti-V ila. K. R ichter. K. Langnase. S. tom D ieck. U. S etzer*. C . G am er§.
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(Support by NFS and Boston College Graduate Research Funds)

232.3
DIRECT INTERACTION OF THE CALCIUM SENSOR PROTEIN
SYNAPTOTAGMINI WITH A CYTOPLASMIC DOMAIN OF THE
ALPHA 1A SUBUNIT OF THE P/Q TYPE CALCIUM CHANNEL.
M. J. Seagar*1 N. Charvin1. C. Lévêque1. D. Walker1. M. Kataoka2.
Y. Shoji-Kasai2. M. Takahashi2. and M. DeW aard1. UNSERM
U464, Faculté de Médecine Secteur Nord, 13916 Marseille Cedex 20,
France; 2Mitsubishi Kasei Institute of Life Science, Tokyo 194, Japan.
Synaptotagmins are synaptic vesicle proteins containing two calciumbinding C2 domains which are involved in coupling calcium influx
through voltage-gated channels to vesicle fusion and the exocytosis of
neurotransmitters. The interaction of synaptotagmins with native P/Qtype calcium channels was studied in solubilized synaptosomes from
rat cerebellum. Antibodies against synaptotagmins I and II, but not IV
coimmunoprecipitated 125I-omega-conotoxin MVIIC-labeled calcium
channels. Direct interactions were studied between in vitro-translated
35S-synaptotagmin I and fusion proteins containing cytoplasmic loops
of the alphalA subunit (BI isofarm). Gel overlay revealed the
association o f synaptotagmin I with a single region (residues 780-969)
located in the intracellular loop connecting homologous domains II and
III. Saturable calcium-independent binding occured with equilibrium
dissociation constants o f 70 nM and 340 nM at 4°C and pH 7.4, and
association was blocked by addition of excess recombinant
synaptotagmin I. Direct synaptotagmin binding to the pore-forming
subunit o f the P/Q-type channel may optimally locate the calciumbinding sites that initiate exocytosis within a zone o f voltage-gated
calcium entry.
( s u p p o r t e d by INSERM)
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232.4
F r e q u e n i n : a m o d u l a t o r o f s t r u c t u r a l a n d f u n c t io n a l
PROPERTIES OF THE NEUROMUSCULAR JUNCTION IN DROSOPHILA.

s y n a p t ic

A. Jeromin1'2. S, Katun.aniihi1, A,J, Shayan1, W.S,.J amMs1*, and HJL
Atwood1. 'Dept, of Physiology and2Mount Sinai Hospital (SLRI), University
of Toronto, Toronto, ON, M5S 1A8 Canada.
The calcium-binding protein frequenin has been implicated in the
modulation of the efficacy of transmitter release. It has been shown that the
injection of frequenin into Xenopus motor neurons results in the enhancement
of both basal and evoked synaptic release. Preliminary studies carried out in
Drosophila indicate that frequenin overexpression does not affect basal
transmission. We have further analyzed the morphological and functional
concequences of frequenin overexpression at the larval neuromuscular junction
(NMJ) in Drosophila. An affinity-purified antibody against Drosophila
frequenin was used in conjunction with other antibodies raised against various
synaptic vesicle proteins to co-label synaptic terminals at the NMJ. We have
found that heatshock-induced overexpression of frequenin dramatically alters
the synaptic structure of the NMJ. The number of boutons and the length of the
junction are significantly reduced in the frequenin-overexpressing larvae
compared to control animals. The efficacy of synaptic release was assessed by
carrying out extracellular focal recordings from individual boutons. The
preliminary findings indicate an enhancement of the amplitude of synaptic
currents as well as an increase in the mean quantal content in the frequenin
overexpressing larvae. In summary, frequenin does not only affect the efficacy
of transmitter release, but also seems to play an important role in synapse
formation. We are currently analyzing the molecular basis for the observed
alterations. We thank O. Pongs for the anti-Drosophila frequenin antibody.
Supported by the Medical Research Council, Canada.
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232.5
IDENTIFICATION OF SYNAPTIC PROTEINS AND THEIR ISOFORMS IN
COMPARTMENTS OF THE BEIGE MAST CELL. M. Camon-Vazauez. C.
Badilla-Femandez and J. Fernandez*. Department of Physiology and Biophysics,
Mayo Clinic, Rochester, MN 55905.
Several proteins important for membrane trafficking in the nerve terminal have
been recently identified in non-neuronal cells, suggesting that they play a universal
role in exocytosis. The mast cell is a model system to study exocytosis because the
large size of its secretory granules allows the resolution of single fiision events using
patch-clamp techniques, but the proteins involved in this process remain unclear.
Furthermore, the mast cells from the mouse beige (bg) mutant possess a smaller
number of giant secretory granules, which may help to simplify morphological
studies. Immunocytochemical analysis in mast cells has been hampered by artifacts
caused by swelling of their secretory granule matrixes and by the deleterious effects
of aldehyde fixatives on their antigens. We now present an immunocytochemical
technique for peritoneal mast cells that overcomes these problems. We used this
technique, as well as RT-PCR and immunoblotting, to demonstrate the presence and
localization in these cells of SCAMPs, granulophysin, a-actinin, Ac39/physophylin,
subunit A of V-ATPase, Rab3A, Rab3B, Rab3D, CSPs, TAP/pll5, PITP, VAMP 2,
cellubrevin, syntaxins 1 and 4, SNAP-25, NSF and a-SNAP. We also found
immunofluorescence patterns that correlate well with the number and size of
secretory granules in both wild-type and bg mutant, suggesting that these proteins
may play a role in mast cell secretion. For example, anti-SCAMP immunoreactivity
in the wild-type was localized in a large number of very small hairpin-like structures
within or near the plasma membrane, whereas in the bg mutant these elements were
much fewer and much larger in size. We conclude that the bg mast cell allows to
greatly simplify the analysis of the spatial relationships between secretory granules
and immunocytochemical patterns of proteins putatively involved in secretion.
Source of support: NIH R01 GM 38857.

232.6
ANTIBODIES AGAINST CYSTEINE STRING PROTEINS
SELECTIVELY INHIBIT EVOKED, NOT SPONTANEOUS,
TRANSMITTER RELEASE IN XENOPUS NERVE-MUSCLE
CULTURES. R.E. Poage.* S.D. Merinev. A. Mastrogiacomo. C.B.
Gunderggq &. LA, ..Umbash- Dept, of Neuroscience, Univ. of
Pittsburgh, Pittsburgh, PA 15260 and Dept, of Molecular & Medical
Pharmacology, UCLA School of Medicine, Los Angeles, CA 90095.
Cysteine string proteins (csps) are synaptic vesicle proteins that are
essential for normal synaptic transmission in Drosophila (Umbach et
al., Neuron 13:899). Here, we report that affinity purified antibodies
against recombinant rat csp abolish nerve-impulse evoked, but not
spontaneous transmitter release at synapses between Xenopus motor
neurons and muscle cells in culture. This effect is seen when
antibodies are delivered into the neuron, but not when they are
applied into the muscle fibers. Immunoblot experiments reveal that
these anti-csp antibodies selectively bind to Xenopus csp. To assess
further the specificity of this antibody effect, we performed additional
controls: preadsorption of the anti-csp antibodies with excess antigen
eliminates the inhibitory effect of these antibodies on evoked
transmitter release. Antibodies against several other proteins not
implicated in transmitter secretion (including, the synaptic vesicle
protein, SV2) do not inhibit evoked transmitter release. Similarly,
antibodies excluded during the affinity purification of csp-interacting
antibodies are ineffective at blocking transmitter release. These data
indicate that binding of antibodies to csp selectively interferes with
events that are critical for evoked, but not spontaneous transmitter
secretion. Supported by NIH NS32345 (SDM), MH18273 (REP) and
NS31934 (JAU).

232.7
CYTOSOLIC CAPS (pl45) REGULATES THE EXOCYTOSIS OF
NOREPINEPHRINE BUT NOT OF GLUTAMATE FROM SEMI-INTACT
SYNAPTOSOMES A TaqdoptK .§.Ramiykht», -IA Kowalchyfrr, A Baoeqee^iSK
DasGuptafl. TFJ Martini. WE Balchl». Dept, of Cell Biology*, The Scripps Res Inst, La
Jolla CA, Depts of Biochemistry* and Food Microbiology and Toxicology^, U Wisconsin WI
Secretion of neurotransmitter from neurons depends on Ca2+ influx, the principal
signal that triggers the fusion of synaptic vesicles with the presynaptic membrane. To
facilitate the study of molecular mechanisms controlling this process in nerve
terminals we have developed a preparation of permeabilized rat cortical synaptosomes
from which exocytosis can be faithfully reconstituted by the presentation of Ca2+,
while simultaneously allowing direct access to the exocytotic apparatus. While
permeabilization did not affect synaptosome ultrastucture, the loss of cytoplasmic
proteins as a result of diffusion significantly reduced Ca2+-dependent transmitter
release. However, Ca2+-induced secretion was restored by cytosol, indicating essential
cytosolic factors; this release was inhibited by botulinum toxins B and E. In PC 12
cells, norepinephrine (NE) release is dependent on a cytosolic protein pl45 (CAPS).
To test whether cytosolic CAPS is required to regulate exocytosis from nerve
terminals, semi-intact synaptosomes and cytosol were incubated with antiCAPS
antibodies (aCAPS). 3H-NE release was inhibited by 60% whereas glutamate release
was unaffected. Exposure of cytosol to aCAPS was sufficient for inhibition, but not
exposure of synaptosomes alone, indicating recruitment of CAPS from cytosol.
Cytosol immunodepleted of CAPS failed to fully reconstitute 3H-NE release, but
supported glutamate output. Addition of recombinant CAPS to the CAPS-deficient
cytosol increased 3H-NE release to 126% without effect on glutamate release. These
results indicate that CAPS is an essential cytosolic factor for NE release in mammalian
brain, but not for glutamate. Thus, NE and glutamate containing vesicles are mobilized
by distinct pathways.
This work was supported by NIH grants (GM33301-14,CA58689-05) to WEB and an
MRC of Canada fellowship to AT.

232.8
Quanta! analysis of facilitated neurosecretion at mouse neuromuscular
junctions. M. Bykhovskaia and J.T.Hackett*. Dept. Mol. Physiol, and Biol.
Physics, UVa Health Sci. Ctr., Charlottesville, VA 22906-0011.
Frequency facilitation is a process by which quantal neurosecretion is en
hanced in proportion to the frequency of presynaptic stimulation. To clarify the
mechanism by which repetitive stimulation and Ca2+affect quantal mobilization
and fusion, we applied statistical analysis to miniature endplate currents
(mEPCs) and to individual quanta of each EPC (m) recorded extracellularly from
mouse neuromuscular junctions. Responses were evoked by presynaptic nerve
stimulation at steady stated conditions with frequencies from 1 to 10 Hz with
external calcium concentrations ( [Ca2+]0) from 0.1 to 1 mM. Quantal events of
EPCs (their frequency decays with a time constant of about 1 ms) were
separated from mEPCs (their frequency does not decay in 100 ms) by two
exponential fit of the frequency of quantal events. The distribution of m was esti
mated from the fraction of early events and was corrected for the frequency of
mEPCs (fm). The distribution of fmwas best fit by a Poissonian statistics, where
as m was best fit by a binomial distribution. The binomial parameter (n) was
found to be very close to 1 in most of the experiments, suggesting that between
successive pulses a quantum is usually mobilized to and docked with a single
release site. At 0.1 mM [Ca2+]0the probability of release (p) increased up to 1 in
response to stimulation frequency of 5-10 Hz without a significant increase in fm,
whereas at 1 mM [Ca2+]0the facilitation of fmwas significant. In addition, repeti
tive stimulation increased synaptic latency in proportion to the stimulation frequ
ency. These results suggest that frequency facilitation does not produce a signi
ficant change in number of quanta which are ready to be released in response
to a pulse. At the same time it produces an increase in frequency of delayed
releases which is more marked at higher [Ca2+]0. We conclude that repetitive
stimulation evokes an increase in residual Ca2+which increases quantal
mobilization to a single release site. Supported by NSF grant IBN-9634400 .

232.9
MECHANISM OF COMMUNICATION AT THE CONE BASAL
SYNAPSE. S. H. DeVries and E. A. Schwartz*. Dept, of Pharm./Phys.,
Univ. of Chicago, Chicago, IL 60637.
Cone photoreceptors make two morphological types of glutamatergic
synapse: In mammals, ribbon synapses contact depolarizing bipolar cells
and basal synapses contact hyperpolarizing bipolar cells. Ultrastrucurally, basal synapses appear to be unspecialized contacts lacking
the clustered vesicles and pre-synaptic densities characteristic of most
CNS synapses. Two mechanisms have been proposed for the function of
basal synapses: 1) Transmitter is released remotely at ribbons and
diffuses 0.4-1 pm to the nearest basal contact; 2) transmitter is released
locally at the basal contact in spite of the lack of ultrastructural
specialization. Local release might occur through the backward cycling
of a glutamate transporter that has been identified in cones. Simultanous
voltage clamp recordings were obtained from a cone and a
hyperpolarizing bipolar cell in slices of ground squirrel retina
maintained at 35°C. Bipolar cell membrane voltage was maintained at
-70 mV. The cone membrane potential was maintained at -80 mV and
then stepped to a series of depolarized voltages. A -80 to 0 mV voltage
step elicted post-synaptic currents of up to -200 pA in amplitude. The
current peaked in 10-15 ms and then decayed with an exponential time
constant of 4-6 ms. Steady-state responses were 0-2 pA. Transmission
was minimal for steps to -60 mV, half-maximal at -50 mV, reached a
peak at -40 to -20 mV, and then declined for larger depolarizations.
Cone Ca currents and synaptic transmission were completely and
reversibly blocked by Cd (n=4; 0.8-1 mM). The results indicate that
transmission at the basal synapse is Ca-dependent and presumably
vesicular. Future experiments will determine whether vesicular release
occurs locally at the basal synapse or nearby at the ribbon synapse.
(NEI02440)
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E X T R A C E L L U L A R L Y B O U N D T R A N S M IT T E R S U G G E S T S
E X O C Y T O S I S P R E C E E D S R E L E A S E j . Vautrin*, Q.-Y. Liu, A. Schaffner,
L L . Barker. LNP, N1NDS, NIH, Bethesda, MD 20892.

We recorded whole-cell chloride current ( I Ci) in cultured embryonic rat
neurons. ICi induced by exogenous G A B A application onto thalamic neurons
persisted for minutes1. This I Ci was reminiscent of the spontaneous tonic
G A BA erg ic I Ci recorded in hippocampal neurons2. Both endogenous and
application-persisting tonic chloride currents were interrupted by gently blowing
the bath solution onto the neuronal surface suggesting the existence of an
externally accessible compartment of transmitter. The tonic
in hippocampal
neurons was also dynamically transformed into GA BA erg ic miniature
postsynaptic currents in a minute3. These results can be explained if transmitter
exocytosis anticipates its release. Exocytosis would load the external membrane
surface with transmitter whose binding to the membrane would be interrupted by

an increase in [Ca; *]„
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232.11
QUÀNTAL ANALYSIS OF ‘EVOKED’ AND ‘SPONTANEOUS’ GABA
RELEASE FROM INDIVIDUAL SYNAPTIC BOUTONS. R. Grantvn*. and
N.S. Veselovsky. Developmental Neurobiology Unit, Humboldt Univ., Sch. of
Med. (Charité), 10117 Berlin, Germany.
The contribution of individual transmitter release is difficult to evaluate when
dealing with whole cell^activated unitary IPSCs. This limits progress in the
understanding of local mechanisms that may regulate synaptic transmission in
dendrites. In order to compare the output of axon terminals in various contact
configurations we have now established a new technique which largely overcomes
the drawbacks of previous methods relying either on local superfusion or
presynaptic activation via the action potential mechanism. Our approach combines
1) imaging of activity-dependent destaining of individual active sites after labelling
with FM1-43, 2) direct activation of transmitter release by electrical stimulation of
single boutons via a patch electrode under condition of blocked action potential
generation, 3) recording of IPSCs from the soma or a dendrite in the contact area,
4) off-line correction of stimulus artefacts, including estimation and complete
elimination of voltage escape, 5) local superfusion of ions and drugs. It was found
that even under standard conditions the output of single boutons differed to high
degree, with a possible influence of the postsynaptic cell. Even more than the APinduced release, directly evoked GABA release was sensitive to extracellular Ca
concentration and the history of activation. At low stimulation frequencies (<1/35s) many boutons were able to maintain an average quantal content of higher than
1 and occasionally produced a maximal quantal content of larger than 5. Shorter
intervals resulted in drastic decrease of release probability (p). In a pair pulse test
half-maximal depression of p occurred at 15 ms. However, asynchronous release
and postsynaptic receptor activation were not suppressed, as indicated by the
perfect superposition of stimulus-related mini IPSCs. Thus, although efficacy of
single boutons could be amazingly high, interaction of several release sites is
necessary to produce IPSP summation in an inhibitory connection.

232.12
SEASONAL FLUCTUATIONS IN THE SECRETORY RESPONSE OF BAG
CELL NEURONS (BCNs) OF APLYS1A TO INHIBITORS OF PROTEIN
KINASE A (PKA) AND PROTEIN KINASE C (PKC). N.L. Wavne*. Y.J. Kim.
R.J. Yong. W Lee. Dept, of Physiology, UCLA School of Medicine, Los Angeles,
CA, 90095.
The marine mollusk A , califomica is reproductively active during summer and
fall (breeding season), and quiescent during winter and spring (nonbreeding
season). Electrical excitation of the BCNs triggers secretion of egg laying
hormone (ELH) which controls reproductive functions of A. califomica. Both
membrane excitability and ELH secretion are partly regulated by PKA and PKC.
The purpose of this study was to determine if there are seasonal fluctuations in
kinase regulation of ELH secretion. BCN clusters were dissected from
reproductively mature Aplysia at different times of the year, and ELH secretion in
response to electrically-stimulated afterdischarges was measured by RIA. ELH
secretion from BCNs treated with proteiij-kinase inhibitors (Rp-cAMPS to inhibit
PKA; H-7 to inhibit PKC) was compared to that from ASW controls. 100 jjM RpcAMPS significantly attenuated ELH secretion during the nonbreeding season
(P<0.05), but even 200 [iM Rp-cAMPS had no affect during the breeding season.
Interestingly, we observed a similar phenomenon with the PKC inhibitor H-7.
That is, during the nonbreeding season, 10, 50 and 100 jiM H-7 all significantly
inhibited ELH secretion (at least P<0.01); but during the breeding season, only the
higher dose of 100 ^iM inhibited ELH release (P<0.001). These findings suggest
that both PKA and PKC activities are upregulated during the breeding season when
bag-cell activity is maximal. This hypothesis is currently being tested by
comparing PKA and PKC activities during the breeding and nonbreeding seasons.
Although it is well-documented that there are seasonal fluctuations in a wide
variety of physiological systems, very few studies have investigated seasonal
changes at the level of second-messenger systems. Supported by NIH grant
NS33548 to NLW.

232.13
ROLES FOR PROTEIN KINASE C AND MAP KINASE IN NICOTINEINDUCED SECRETION FROM BOVINE ADRENAL CHROMAFFIN CELLS.
M. E. Cox, K. K. Pfister*. and S. J. Parsons. Dept, of Microbiology and Cancer
Center, Univ. of Virginia Health Sciences Center, Charlottesville, VA 22908.
Both the phospholipid-dependent protein kinases (PKCs) and mitogenactivated protein kinases (MAPKs) have been implicated in the secretory response
of bovine adrenomedullary chromaffin cells. To investigate the role of PKCs and
MAPKs in exocytosis and their relationship to each other, intact chromaffin in
which these kinases were inhibited were analyzed for catecholamine release and
MAPK-ERK kinase (MEK)/MAPK activation after stimulation with secretagogues
of differential efficacy. PKC inactivation by long-term PMA treatment or
incubation with GF109203X had the greatest inhibitory effect on nicotinestimulated exocytosis and MEK/MAPK activation, a moderate effect on KC1induced events, and little, if any, effect on Ca2+ ionophore-induced events. These
results indicate that PKC contributes significantly to the optimal secretory response
elicited by nicotine, and plays a lesser role in exocytosis elicited by the sub-optimal
secretagogues, KC1 and Ca2+ ionophore. The MEK-activation inhibitor, PD098059,
completely inhibited MEK/MAPK activation (IC501-5 fiM) and partially inhibited
exocytosis induced by all secretagogues. PD098059 more effectively inhibited
exocytosis induced by sub-optimal secretagogues (IC50 -10 jiM) than that induced
by nicotine (ICso -30 fxM), suggesting a more prominent role for MEK/MAPK in
signaling events mediated by sub-optimal secretagogues. PD098059 also partially
inhibited secretion potentiated by short-term PMA treatment, suggesting that PKC
functions in part by signaling through MEK/MAPK to enhance secretion. Together,
these results indicate a preferential role for MEK/MAPK in basic secretory events
activated by sub-optimal secretagogues, and the participation of both PKC and
MEK/MAPK under optimal secretagogue conditions.
Support: DHHS CA40042 and DK44199

CELL LINEAGE AND DETERMINATION II
233.1
THE ORIGIN OF THE CEREBELLAR RHOMBIC LIP AND A FATE-MAP
OF RHOMBOMERE 1 IN THE CHICK. RJ.T. Wingate* and M.E. Hatten.
Laboratory of Developmental Neurobiology, Rockefeller University, New York,
NY10021-6399
Although the cerebellum is the most intensely fate-mapped region of the
vertebrate CNS, new insights into molecular patterning have prompted us to re
examine the this region in terms of its dorsoventral specification and rhombomeric
origin. Specifically, we have used quail-chick chimaeras to map the dorsoventral
origins of the cerebellar rhombic lip, which gives rise to precursors of the external
germinal layer (EGL), and also to assess the contribution of rhombomere (r)l to
cerebellar territory.
Chimaeras were made surgically at E2 by unilaterally replacing either the full or
partial dorsoventral extent of rl in a host chick embryo with equivalent quail
tissue, in ovo. We used the anterior limit of expression of the homeobox gene
Hoxa-2 to assess the (structurally indistinct) caudal rl boundary. Eggs were re
sealed and the resultant chimaeric embryos examined at E4, E7 and E10. Graftderived cells were labelled by the quail cell nuclear-specific antibody, Q^PN.
Partial grafts were used to determine the origins of the rhombic lip. Grafts of the
dorsal 1/4 of rl produce a concentration of cells along the rhombic lip of the E7
cerebellum. On the inner, ventricular surface, grafted cells appear to show
considerable mixing between the rhombic lip and more distal regions, but only
within the dorsal half of r 1. By contrast, grafts of the ventral rl show surprisingly
little intermingling with dorsal rl. To the pial side, cells stream rostrally and
ventrally in chain-like clusters frdm the graft to form the EGL. Grafts of the entire
dorsoventral extent of rl show that its caudal boundary maps to the caudal
boundary of the cerebellar cortex, corresponding to the later expression pattern of
Hoxa-2.

These results suggest that the cerebellar rhombic lip is a dorsal structure arising
specifically from rl and implicate dorsoventral patterning cues in the formation of
the EGL. [Supported by the UK Medical Research Council (RW) and NIH
program project grant PHS NS30532-05 (MH)]
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233.2
INDUCTION OF DORSAL CELL FATES IN THE MESENCEPHALIC/
METENCEPHALIC NEURAL TUBE BY TGF8 FAMILY MEMBERS. J. Alder'*.
K. Lee2. T. M. Jessell2 and M.E. Hatten'. 'Lab of Dev Neurobiol, Rockefeller
Univ, NY. 2HHMI, Center for Neurobiol and Behavior, Columbia Univ P&S. NY.
Neuronal
precursors
arising
from the
rhombic
lip
at
the
mesencephalic/metencephalic (mes/met) boundary of the mouse neural tube are
specified by E14 to give rise to cerebellar granule cells. Rhombic lip cells express
several dorsal (alar) neural tube markers such as the Zic family of transcription factors
and the helix-loop-helix transcription factor Mathl. Expression of Zics and Mathl
persists in granule cell precursors during subsequent development. Since these
granule cell precursors arise from the dorsal most region of the mes/met neural tube
adjacent to the roof plate, we considered the possibility that roof plate-derived
dorsalizing signals induce the specification of granule cell precursors. Recent studies
suggest that secreted Bone Morphogenetic Proteins (BMPs), members of the TGF8
superfamily, are inductive signals that direct dorsal cell fates in the caudal (ie. spinal
cord) neural tube. Thus, we reasoned that BMPs might also play a role in the
specification of granule cell identity in the mes/met neural tube. Three putative
dorsalizing factors, BMP6 , BMP7, and GDF7 are expressed in the roof plate at the
mes/met border at the time of rhombic lip formation. Using an in vitro culture
system we have tested the ability of recombinant BMPs to induce expression of the
dorsal granule cell markers in tissue that does not normally give rise to the
cerebellum. We find induction of 25c1 and 2 and MATH1 in explants of E8 ventral
neural tube from the mes/met region. We also show that the homeodomain protein
Engrailed, a specific marker of the mes/met region of the neural tube, is expressed in
these isolated explants. Thus the specification of granule cell precursors appears to
depend on two systems of positional information: an anteroposterior (AP) system, in
which cell identity is acquired prior to E8, and a dorsoventral (DV) system, in which
identity is responsive after E8 to BMP signaling. Supported by Program Project
PHS NS30532-05 (MEH, TMJ), HHMI (TMJ), Damon Runyon-Walter Winchell
Foundation DRG-1342 (JA), and HHMI-Life Sciences Research Fellowship (KL).
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233.4
LINEAGE ANALYSIS OF EARLY FERRET CEREBRAL CORTEX STUDIED WITH AN
ALKALINE PHOSPHATASE (AP) RETROVIRAL LIBRARY
ftl.L. Ware^*. C. Reid^. S. Tavazoie^. and C. W a ls h ^ ’^. Neurology Department,
Beth Israel Deaconess Medical Center1, Programs in Neuroscience2 , and
Biological/Biom edical Sciences^, Harvard Medical School,4 Boston, MA 02115.

WITHDRAWN

Although retroviral cell lineage analyses have described patterns of
proliferation and migration o f cortical plate neurons, the earliest bom cortical
neurons have been more difficult to study. An amphotrophic retroviral library
encoding AP and containing hundreds of DNA tags was used to study cell
lineage and migration at early stages o f development in the cerebral cortex of
the ferret. The library was injected at E25-E29, labeled cells were identified
histochemically, and clonal identity was determined by PCR analysis.
Previous studies in the ferret (Reid et al., D e v e lo p m e n t, in press) showed
that clones labeled at E33-E35 consisted o f single neurons and multineuron
clones that were widely dispersed, spanning on average 40% of the rostralcaudal extent of the cortex. Similarly, clones labeled at E25-E29 most
commonly consisted of single neurons and widely dispersed multineuron
clones. In striking contrast, 6 of 11 brains, contained large clusters of labeled
cells.
Although these clusters were numerically rare, they contained large
numbers o f neurons, accounting for a significant proportion of the retrovirally
labeled cells after these early injections. The most prominent of these clusters
contained nearly 100 cells, spanned
the entire extent of the cerebral cortex
down to the ventricular zone, and had a cluster diameter of approximately
1 mm (slightly less than 10% of the rostral-caudal extent of the cortex).
Preliminary PCR confirmed that these large clusters consist of clonally related
cells.
The clusters and widespread clones seen in this study are consistent with
findings in the mouse (Tan et al., Soc. for Neurosc. Abstr.. 1996, p. 986) and
suggest that there may be two distinct mechanisms of clonal organization in
the early ferret cerebral cortex.
(supported by the Rita Allen Foundation and the NIH)

233.5
ANALYSIS OF CELL FATE WITHIN FOREBRAIN DURING THE
EMERGENCE“ OF REGIONAL PATTERNING. Maria McCarthy1,
Christopher Walshfc Daniel Turnbull2 and Gord Fishell1. The Skirball Institute
and the Depts. of Cell Biology1 and Radiology2, NYU Medical Center,
Program in Neuroscience, Harvard Medical School3.
Although the fate of cells within the telencephalon have been analyzed
during mid to late neurogenesis, the earliest phases remain unexamined. This
reflects the inaccessibility of the brain during this period. Using an ultrasound
backscattering microscope, we have been able to visualize and inject the
forebrain precisely in mice from E9.5, a time prior to the onset of neurogenesis
in forebrain. To trace the lineage of precursors within the forebrain, we have
chosen to use a library of replication defective retroviruses, tagged both with
the LacZ reporter gene and a diverse set of random DNA inserts (Walsh and
Cepko, Nature 362, 632). Animals injected at E9.5 and E l0.5 were sacrificed
at birth and processed to visualize the LacZ reporter. Based on cluster
analysis and clonal frequency, precursors at this time during neurogenesis give
rise to approximate 10 times more progeny than seen at mid-neurogenesis (40
to 100 cells versus 4-10). As seen in previous studies a mix of both radially
aligned and scattered clones were seen. Strikingly clones apparently do not
appear to respect the regional divisions within the forebrain, with individual
clones spanning between both the striatum and cortex, as well as the
hippocampus and amygdala. We are presently using PCR amplification of the
DNA tags within the retroviruses to confirm the clonal origins of labeled cells.
This study suggests that precursors at E9.5 give rise to exponentially greater
numbers of cells compared to similar cells at midneurogenesis. Furthermore
the apparent lack of restriction of precursors to specific forebrain structures
argues that regional boundaries are not established prior to the onset of
neurogenesis. Supported by NS32993

233.6
LAMINAR FATE POTENTIAL OF CORTICAL PROGENITOR CELLS IS
PROGRESSIVELY RESTRICTED OVER DEVELOPMENT. A. R. Pesai* and
S. K. McConnell. Department of Biological Sciences, Stanford University,
Stanford, CA 94305.
Transplantation studies have shown that early in development cortical progenitor
cells in the ferret can alter their laminar fates in response to environmental signals.
On embryonic day 29 (E29), progenitor cells normally produce neurons that
populate layer 6 of the cerebral cortex. When transplanted into postnatal day 1 (PI)
environments, in which layer 2/3 neurons are being generated, E29 progenitors can
change their laminar fates and produce neurons that reside in layers 2/3. This change
in fate is accomplished only if the progenitors are transplanted during S-phase of
their cell cycle. In contrast, late in development cortical progenitor cells are
restricted in their laminar fate potential and cannot respond to novel environmental
signals, as can early progenitors. When PI progenitors are transplanted, during Sphase, into E32 environments, where layer 6 and 5 neurons are being generated,
their daughters retain the laminar fate characteristic of their birthdate and migrate
solely to layers 2/3. Late progenitors are therefore lineally committed to upper-layer
neurogenesis.
To examine whether this restriction in fate potential is characteristic only of the
end of neurogenesis, or whether the restriction is acquired progressively over
development, we transplanted progenitor cells from the middie of neurogenesis into
hosts at earlier and later stages of neurogenesis. E36 progenitors, which generate
predominantly neurons that migrate to layer 4 of the cortex, were transplanted into
E30 (layer 6 generating) and P2 (layer 2/3 generating) environments. We have found
that E36 cells are partially restricted in their fate potential. When transplanted to
earlier stages of development, E36 cells do not take up residence in layer 6 , as is
typical of neurons generated at E30. Instead the transplanted cells migrate to layers 5
and 4, fates normally generated at later times in development. It appears that the
laminar fate potential of cortical progenitor cells is progressively restricted in a
stepwise manner over the course of neurogenesis. Supported by NIH EY08411

233.7
MULTIPOTENT PROGENITOR CELLS EXIST IN POSTNATAL CEREBRUM
OUTSIDE OF PERIVENTRICULAR GENERATIVE ZONES.
M.F.Mehler.*
R.Marmur, P.C.Mabie. G.Zhu.and J.A.Kessler
Depts. of Neurology and
Neuroscience, Albert Einstein College of Medicine, Bronx, NY 10461
Multipotent neural stem/progenitor cells have been identified in both embryonic
and adult periventricular generative zones. The progeny of these cells are thought to
migrate as progenitors already committed to specific neural lineages and to undergo
terminal differentiation in situ. By contrast, we have now identified multipotent
progenitors within the postnatal (PN2,PN15) neocortex (NCx) and subcortical white
matter (SCWM). FACS analysis was utilized to isolate highly enriched preparations
of cells expressing the polysialyated form of neural cell adhesion molecule (PSANCAM), and a subpopulation of these cells was induced to proliferate as
neurosphefes with epidermal growth factor (EGF). Clonally-derived progenitor
populations plated either as intact neurospheres or as dissociated cells on substrate in
serum-free media gave rise to astrocytes (AS), oligodendrocytes (OL), and a smaller
proportion of neurons. The number of OL progenitors was increased by traditional
oligotrophins (bFGF, PDGF, NT3). However OL proliferation was dissociable from
terminal OL differentiation, which required application of cytokines that activate the
LIF receptor (3. By contrast, application of bone morphogenetic proteins (BMPs)
inhibited cellular proliferation and promoted AS differentiation, whereas activin A,
another TGFp subclass factor, enhanced both cellular proliferation and neuronal
differentiation. However, proliferation and differentiation of multipotent progenitors
were modulated differently by cytokines in NCx compared to SCWM. These
observations demonstrate the presence of a distinct second pathway for generation of
neurons and glia in the cerebrum, with each CNS lineage progressively sculpted by a
spectrum of local environmental cues. The presence of multipotent progenitors
outside of traditional CNS generative zones may be essential for the establishment of
lineage diversity during development, and for specific cellular responses to
environmental perturbations.

233.8
ENVIRONMENTAL INFLUENCE OF CELL FATE DECISIONS OF RAT
RETINAL PROGENITORS IN VITRO. MJ Belliveau and CL Cepko* Dept, of
Genetics and Program in Neuroscience, Harvard Medical School Boston MA
02115
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The vertebrate rteural retina has served as a useful model of CNS
development. As in other CNS structures, the retina develops from a mitotic
neuroepithelium. Lineage experiments have shown that these progenitors
are multipotent up to and including their final mitosis. Previous birthdating
analysis reveal two aspects of retinal development salient to our experiments.
First there is a phylogenetically conserved order of genesis of cell types.
Second, multiple cell types are being generated concurrently. We and
others hypothesize that a combination of intrinsic and extrinsic signals work in
concert to determine individual cell fates and thus the proper cellular
components of the retinal architecture. Very little is known about extrinsic
regulation of cell fate decisions. A reaggregate culture is ideal for the study of
environmental influence during development. Celle can be “transplanted"
into a different environment and their fate choices can be assayed following
culture. In this study, we labeled progenitors from embryonic day (E)16 rat
retina and co-cultured these cells with a 20-fold excess of postnatal day (P)0
retinal cells as a reaggregate culture. We first determined if cell types were
generated in ther correct number and proportions in vitro. Both E16 cells and
PO cells, when cultured 'alone, generated cell types and ratios proper for their
age of origin. Interestingly, E16 progenitors cultured with P0 cells show an
altered ratio of cell types generated. We suggest that the types of cells
being generated on any given day are an intrinsic property of the progenitor
cells, but on any particular day the decision between the various cell types
can be influenced by extrinsic cues. This work supported by NIH grant
EY09676.
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233.9
ACTIVIN AND ACTIVIN RECEPTORS REGULATE PROLIFERATION
AND PHOTORECEPTOR DIFFERENTIATION IN DEVELOPING RAT
RETINA.
A. A. Davis and T. A. Reh*. Department of Biological Structure,
University of Washington, Seattle WA.
We are interested in the mechanisms that underlie the process of cell
division and differentiation during neural development. The mammalian
retina is a model system that lends itself to these studies because it is well
characterized in terms of timing and antigenicity of the different cell types
produced. A candidate molecule that may affect neural differentiation is
the cytokine activin. Activin is a member TGF|3 superfamily of ligands
that act through serine-threonine kinase receptors. To determine if activin
and it’s receptors are present during retinal development we performed
RT-PCR with RNA derived from retinas of different ages. We show with
RT-PCR that the mRNA for activin, follistatin, and activin receptor IIB are
present in the El 8 and PO retina. Additionally, we show that ALK 2, a
type one receptor specific for activin, is present during retinal development
(E18-P4). To examine the effects of the activin on the production of
different retinal phenotypes we have used an in vitro model system, using
primary cultures derived from E l 8 rat retinas. We have found that activin
treatment of these cultures causes a decrease in the proliferation of
progenitor cells, as measured by BrdU incorporation. Activin treatment
causes an increase in the number of rod photoreceptors produced in a dose
dependent manner. This effect has been demonstrated
immunocytochemically with two independent markers, 4D2 and recoverin,
antibodies specific for rod opsin and calcium binding protein respectively.
However, there was no significant change in amacrine cell number in these
cultures. These data are consistent with activin acting as differentiation
factor during CNS development.
Supported by NIH ROl NS28308 and NIH Fellowship EY06748
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233.10
EXPRESSION OF A MONOMERIC ORPHAN NUCLEAR
RECEPTOR, RZRp, IN THE DEVELOPING RETINA L. Chow* and
T. A. Reh. Department of Biological Structure, University of
Washington, Seattle, WA 98195.
We are interested in the factors that control cell differentiation in the
developing nervous system. Recent evidence in several developing
tissues indicates that the monomeric orphan nuclear receptor transcription
factors may play a critical role in tissue-specific cell differentiation.
In order to determine whether this family of transcription factors has a
similar regulatory role in neurogenesis, we used degenerate RT-PCR to
screen for these factors in the developing neural retina. By this approach,
we identified in the rat retina a previously described brain-specific gene
known as RZRp (Carlberg et al., Mol. Endo. 8:757, 1994). By Northern
analysis, RZRp is highly expressed in the retina, with little expression in
other brain regions. Expression is first seen at E13 and levels of
expression gradually increase as development proceeds. RZRp is
expressed in both the progenitor cells and some types of neurons.
To determine whether other known retinal specific genes influence
RZRp expression, we examined RZRp in the mouse mutant ocular
retardation (or, Burmeister et a i, Nature Genetics 12:376, 1996).
Homozygous or mice have small eyes, and evidence shows that there is
educed retinal progenitor proliferation in these mutants. By Northern
analysis, we observed that RZRP transcripts are downregulated in or
-etinal tissue. These data suggests that the or gene regulates RZRp
expression, and that RZRp may play some role in controlling retinal cell
proliferation.
Supported by NIH ROI NS28308
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Corticotropin-releasing factor and adrenocorticotrophic hormone:
potential central mediators of OB effects. Jacob Raberff*. Shizhong Chen#.
Lennart Mucked, and Lili Feng#. ^Gladstone Molecular Neurobiology Program and
Department of Neurology, University of California, San Francisco, California 94141;
#Department of Immunology, The Scripps Research Institute, La Jolla, California
92037
OB (leptin) has been identified as a factor which suppresses appetite and stimulates
metabolism. Attention has focused on the hypothalamus as its potential site of action,
but OB could also act on other brain regions. In addition, the paradox of high OB levels
in obese humans remains unresolved. Short and long forms of the OB receptor differing
in the length of their intracellular domain are formed by differential splicing. Here we
show in mice that both the long and short form of the OB receptor are expressed not
only in the hypothalamus but also in the amygdala and pituitary. To determine the role
of corticotropin-releasing factor (CRF) in the central actions of OB, the effect of
recombinant murine OB on the release of. CRF from the hypothalamus and amygdala
was investigated in superfused brain slice preparations. Recombinant murine OB
elicited the release of corticotropin-releasing factor from superfused brain slice
preparations containing hypothalamus or amygdala, indicating a role for both the
hypothalamus and amygdala in centrally mediated OB effects. Because CRF inhibits
appetite and stimulates metabolism, it may be a key mediator of central OB effects. The
development and maintenance of obesity is associated with profound endocrine
abnormalities, including increased activity of the hypothalamic-pituitary-adrenal axis.
Recombinant OB also induced pituitary release of adrenocorticotrophic hormone
(ACTH). In combination with the expression of OB-R mRNA in the pituitary, this
suggests that the pituitary also plays a role in OB biology. Because ACTH-induced
elevation of plasma glucocorticoid levels can inhibit CRF release via negative feedback,
the OB effects on pituitary ACTH release may be pertinent to human obesity which
often combines increased plasma glucocorticoid levels \yith elevated levels of OB. An
imbalance between the effects of OB on CRF release from the hypothalamus and on
ACTH release from the pituitary could contribute to obesity (supported by J. David
Gladstone Institutes and grant DK49832-01A2 (LF)).

234.2
CORTICOTROPIN-RELEASING HORMONE DEFICIENT MICE
HAVE A LOW PLASMA LEPTIN LEVEL. Kveong-Hoon Jeong*1»2.
Lauren Jacobson1. Eric P. Widmaier2. and Joseph A.Majzpub1. Endocrine Div.,
Children’s Hosp., Harvard Med. Sch.; 2Biology DepL, Boston Univ., Boston, MA.
The ob gene product leptin is a hormone produced by adipocytes which acts as a
signal to the hypothalamus to decrease food intake and increase metabolic rate. Leptin
also has effects on the reproductive system, with exogenous leptin treatment
accelerating maturation of the reproductive system in prepubertal female mice, and
preventing starvation-induced delay of estrus in adult female mice. Corticotropinreleasing hormone (CRH), the central component of the hypothalamic-pituitaryadrenocortical (HPA) axis, has been proposed to negatively regulate reproductive
function. Leptin has also been postulated to interact with the HPA axis, with leptin
treatment reducing plasma corticosterone (B) levels in both ob/ob mice and foodrestricted normal mice. Conversely, dexamethasone treatment induces ob gene
expression as well as leptin secretion by adipocytes in vitro. To test the role of the
HPA axis in regulation of leptin expression in vivo, we measured plasma leptin levels
(Linco, St.Louis) in CRH-deficient (KO) mice which have concomitant B deficiency.
Mice were housed in a 14:10 light:dark cycle (07:00 h - 21:00 h lights-on), and plasma
samples were collected at 3 h intervals from 08:00 h to 20:00 h. CRH wild type (WT)
male mice showed a diurnal variation in plasma leptin levels with a peak at 08:00 h
and nadir at 20:00 h (3.8±0.6 vs. 2.3±0.2 ng/ml, p<0.05). In contrast, KO male mice
had lower leptin levels (1.4-1.8 ng/ml) and no diurnal rhythm. Moreover, the average
value in KO males was significantly lower than in WT males (1.6±0.1 vs. 2.6±0.2
ng/ml, pcO.OOl). In females, neither WT nor KO mice had a diurnal leptin rhythm.
KO females again had lower plasma leptin levels than WT females at all times, with
their average values being significantly lower than in WT females (2.3±0.1 vs.
3.2±0.3 ng/ml, /><0.01). Furthermore, there was no variation in leptin levels during
the estrous cycle in both genotypes. We conclude that the association of low leptin
and B levels in CRH-deficient mice is consistent with a stimulatory role for
glucocorticoids in leptin regulation.

234.3
GLUCOCORTICOID MODULATION OF LEPTIN IN THE RAT. H.Bai1.S.
Beaulieu 2. R. Eskav 3. N. Barden 4 and T. Castonguay*1. department of
Nutrition and Food Science, Univ. of Maryland, College Park, MD.f
2 Biological Psychiatry Branch, NIMH, 3LCS, NIAAA; NIH, Bethesda, MD.,
4Lab. of Psychogenetics, CHUL, Laval Univ., Ste-Foy, Canada.
Circulating leptin levels have been reported to be modulated by
glucocorticoids and insulin. We have performed twa experiments in which
we demonstrate that excessive amounts of glucocorticoids can increase the
circulating levels of leptin. Furthermore, adrenalectomy (ADX) fails to
promote decreases in circulating leptin. In the first experiment, two strains of
B6 mice were used: transgenic mice bearing an antisense for the type II
glucocorticoid receptor (GR) and mice of the same strain not having the
antisense construct served as controls. Mice were bilaterally ADX or given
sham ADX. Some of the ADX mice were given aldosterone replacement. All
animals were killed two weeks after surgery. Blood was assayed for leptin by
RIA (Linco). No differences between strains in circulating leptin were
observed despite a higher body fat content in the transgenics. No
significant effect of ADX or ALDO replacement was observed. In the second
experiment, two groups of B6C3F1 mice were used: one was fed a high fat
diet (54% fat calories) and the other group was fed regular mouse chow.
Mice were either ADX or given sham ADX. Some ADX mice were treated with
corticosterone (CORT) (20% w/w in cholesterol pellets, s/c) or aldosterone
(ALDO) (1% w/w in cholesterol pellets s/c). Two days after surgery, animals
were sacrificed, blood collected and assayed for leptin, insulin, glucose,
corticosterone and aldosterone. Leptin levels in ADX + CORT treated mice
were 2-3 times higher than in sham operated controls. No effect of ADX was
observed. Further, no effect of ADX + AIDO was observed. All mice fed with
high fat diet had significantly higher circulating leptin. ( Sup .md.Ak. Exp. St a)

234.4
MOUSE MODELS OF PITUITARY CRH-BINDING PROTEIN (CRH-BP)
OVEREXPRESSION AND CRH-BP DEFICIENCY. A.F. Seasholtz*. H.L.
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Burrows, .I.IuKarolyL M, Nakajima, L.C, Samuelson, and.S.A. Camper.

Depts. of Biological Chemistry, H uman Genetics and Physiology,
University of Michigan/Ann Arbor, MI 48109.
Corticotropin-releasing hormone (CRH) is the major hypothalamic
releasing factor in the mammalian stress response. At other sites in the
CNS, CRH mediates the neuroendocrine, behavioral and autonomic
responses to stress. A CRH-binding protein (CRH-BP) distinct from the
CRH receptor has been localized to a variety of brain regions and to
corticotropes in the anterior pituitary. In vitro, the CRH-BP blocks the
ACTH-releasing activity of CRH, suggesting a role for this binding protein
as a modulator of the endocrine and synaptic activities of CRH. To
elucidate the physiological role of the CRH-BP, we have created mouse
models of pituitary CRH-BP overexpression and deficiency. Elevated
levels of pituitary CRH-BP were achieved by expressing the mouse CRHBP cDNA under the control of the pituitary glycoprotein hormone alpha
subunit promoter, directing synthesis and secretion of CRH-BP from
gonadotropes and thyrotropes. Basal ACTH and corticosterone levels are
normal in the CRH-BP-overexpressing mice, and they appear to respond
normally to acute restraint stress. If CRH-BP levels are important for
homeostasis, compensation by other components of the HPA axis may occur.
CRH, CRH receptor, and vasopressin transcript levels are being analyzed
by in situ hybridization. Mice with CRH-BP deficiency were produced by
gene targeting. The physiological consequences of CRH-BP-deficiency are
currently under investigation. Activity and anxiety levels are being tested
in both of these mouse models. This work was supported by NIH grants
DK42730 (AFS) and MH49463 (SAC).
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TRANSCRIPTIONAL ACTIVATION OF CRF GENE EXPRESSION IN
THE PARAVENTRICULAR HYPOTHALAMUS (PVN) AFTER AIRPUFF
STARTLE IN CONSCIOUS RATS. K.V Thrivikraman*. Y. Su. and P.M.
Plotsky. Stress Neurobiology Laboratory, bept. of Psychiatry & Behavioral
Sciences, Emory Univ., Atlanta, GA 30322.
Airpuff startle (APS) reliably evokes a pituitary-adrenal response as well
as expression of the c-fos immediate early gene product protein. In the
present study, the effect of APS on temporal changes in the CRFheteronuclear RNA (hnCRF) expression was investigated by in situ
hybridization histochemistry (ISHH) using an intron-specific cRNA probe. In
addition, c-fos and CRF-type 2 (CRF2) receptor mRNA levels were also
determined using corresponding cRNA probes. Experiments were initiated in
the morning in chronically catheterized male Sprague-Dawley rats (250300g). Sequential blood samples (0.3 cc each) were obtained for ACTH and
corticosterone (B) determinations and groups of rats (3/time point) were
anesthetized and perfused immediately before (control) or at 15, 45, 90 and
120 min intervals from APS initiation. Frozen coronal brain sections (20 p.m)
through the hypothalamus were thaw mounted on slides and processed for
ISHH. APS elicited 4-fold increases in both the ACTH and B peak responses.
Densitometry of autoradiographic films exposed to hybridized sections
revealed expression of only CRF2 mRNA under prestimulus conditions.
Leyels of CRF2 mRNA in the PVN were unaffected by APS at any time
point examined. In contrast, hnCRF and c-/os mRNA signals in the PVN
were increased by 6- and 7-fold, respectively, 15 min after APS. The peak
increase of hnCRF (9-fold) and of c-fos mRNA (17-fold) was observed 45
min after APS, By 120 min following APS, hnCRF and c-fos mRNA
remained 3- and 6-fold above prestimulus levels. These results suggest that
APS may cause long term changes in the hypothalamic-pituitary-adrenal axis
activity through transcriptional mechanisms. (Supported by grant MH51745)
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234.6
DIFFERENTIAL REGULATION OF CRF AND VASOPRESSIN (AVP)
GENE TRANSCRIPTION IN THE HYPOTHALAMUS BY NOREPINEPH
RINE (NE). K Itoi*, D Helmreich. and ST Watson. MHRI, Univ of Michigan,
Ann Arbor 48109 and 2nd Dept of Med, Tohoku Univ, Sendai 980, Japan.
Whereas NE has been proposed to convey stimulatory signals to both
parvo- and magnocellular divisions of the PVN, regulatory role of NE on
specific classes of genes in hypothalamic neurons is ill defined. We examined
the effects of NE on CRF and AVP gene transcription in the PVN in vivo.
Stainless steel guide cannulas were implanted stereotaxically into male
Wistar rats aiming at the left PVN. One week following surgery, a 31-G
needle was inserted into the guide cannula to reach the PVN. NE (50 nmol)
dissolved in artificial CSF (100 nl), or CSF alone, was injected into the PVN
of conscious rats. Rats were decapitated at 0, 15, 30, 60, 90, and 120 min
following NE injection (or, 30 min following CSF injection), and trunk blood
was collected for corticosterone (CORT) RIA, then the brain was removed and
stored at -80C. Hypothalami were sectioned at 10 p.m on a cryostat. Antisense
35S-labeled cRNA probes were synthesized for rat CRF exon 2, CRF intron,
AVP exon C, AVP intron 1. In situ hybridization was carried out on sections
taken every 70 |im throughout the PVN, and the tissue was exposed to X-ray
film. Signal intensity in the PVN was quantitated from 10 sections per
animal. Plasma CORT levels increased markedly following NE injection and
reached a peak at 60 min. CRF hnRNA increased markedly at 15 min to
levels approximately 70 times as high as those in controls, and returned to
baseline by 90 min. CRF mRNA incresed by approximately 30% at 90 min.
CSF injection had no effect on CRF hnRNA and mRNA levels at 30 min. AVP
hnRNA as well as mRNA levels, examined at 30 and 120 min, were not
significantly different from those in controls. These results suggest that NE
regulates CRF and AVP gene transcription differentially in the PVN.

234.7
VASOPRESSIN DEPLETION IN THE SUPRACHIASMATIC NUCLEI NEURONS
ALTERS THE NEUROPEPTIDE BALANCE WITHIN THE HYPOTHALAMUS
AND STIMULATES ACTH RELEASE. F. Gomez. M. Chapleur. B. Femette. C.
Burlet. JP Nicolas and A. Burlet*.Laboratory of Cell Biology, INSERM U308, 38, rue
Lionnois-F-54000-Nancy, FRANCE.
Vasopressin (AVP) produced in the hypothalamic suprachiasmatic nuclei (SCN)
plays a role in regulating the corticotropeaxis rhythm and was showed to inhibit
corticosteroid release. To investigate the influence of the suprachiasmatic AVP on the
hypothalamic peptidergic systems, SCN neurons containing AVP were functionally
lesionedby using toxins associated with a cytotoxic monoclonal antibody (MAb) to
AVP. Six days later, AVP expression in different hypothalamic sites and the
adrenocorticotrophic hormone (ACTH) concentration in plasma were measured.
The microinjection of the AVP-MAb/toxins mixture into SCN significantly
decreased by 24% (p<0.01) AVP immunoreactive content and by 33% (p<0.01) AVP
hybridized mRNA in SCN. This points to the efficicncy of AVP-MAb/toxins in
decreasing the production of AVP in the injection site. AVP contents also decreasedin
the parvocellular subdivisions of the paraventricular nuclei (pPVN) which are the major
site of the SCN hypothalamic efferences. AVP expression increased in the
magnocellular PVN subdivision : this confirms the diffcrcncc in AVP synthesis
regulation according to the PVN subdivisions. The microinjcction did not modify AVP
expression in supraoptic nuclei or oxytocin (OT) immunorcactivc content in the main
hypothalamic OT containing sites.
Plasma ACTH values were the double (p<0.02) of control values 6 hours after the
light on. This resulted from the stimulation of the corticotropc axis since CRH mRNA
also increased by 24% (p<0.05) in PVN. Overall, our data confirm that AVP produced
in the SCN inhibits CRF-adcnocorticotrope axis in normal conditions, probably
because of SCN projections of AVP neurons on the PVN.

234.8
MODULATION OF PULSATILE CORTICOSTERONE RELEASE AND ACUTESTRESS RESPONSIVENESS DURING CHRONIC STRESS IN RATS. R.J.
Windle*. M.S. Harbuz1 S.A. Wood. C.D. Ingram2 and S.L. Lightman1, Depts
'Medicine and 2Anatomy, University Bristol. BS8 1TD, Bristol, U.K.
Frequent blood sampling from female rats shows that basal corticosterone (CORT)
release occurs as a series of pulses (20-30 episodes/ 24 h) and that the response to
acute stress is attenuated during the declining phase of these pulses. Alterations in this
relationship may contribute to the hyper-reactivity of strains, such as the Fischer rat.
We have now investigated pulsatile CORT release in the male (PVG) rat and how this
is modified during chronic stress (adjuvant-induced arthritis), when altered
responsiveness to acute stresses is known to occur. Control animals had a mean daily
CORT level of 15.1 ± 2.8 ng/ml which consisted of a regular series of 11 ± 2 pulses
/24 h, having an average peak magnitude of 50.8 ±3.6 ng/ml. As seen in the female,
peak CORT response to acute stress were significantly smaller when the stress (10
min, 114 dB white noise) coincided with an inhibitory phase of a pulse (83.5 ± 15.3
vs 178.6 ± 14.3 ng/ml, P<0.05 t-test). Arthritis was accompanied by a significant
increase in mean CORT levels to 32.7 ± 4.7 ng/ml 14 days after adjuvant challenge.
This was due to a significant increase in pulse magnitude to 73.2 ± 9.3 ng/ml and a
doubling of the number of secretory events to 20 ± 2/ 24 h. The relationship between
pulse-phase and stress responsivity was similar to that seen in the controls. The peak
CORT response to stress coinciding with a non -inhibitory pulse-phase was
comparable to that seen in controls at 142.0 ± 16.0 ng/ml, whereas no response was
seen to a stress coinciding with an inhibitory phase. Furthermore, given the increase
in pulse frequency, a higher proportion of stress events coincided with inhibitory
pulse-phases. Therefore, the overall response to acute stress was significantly smaller
in arthritic animals than in the controls (78.9 ± 26.7 vs 142.0 ± 16.8 ng/ml),
suggesting that increased periods of inhibition may contribute to lowered acute stress
responses during chronic HPA activation.
(funded by the Wellcome Trust)

234.9
NEONATAL SEPSIS EXERTS LONGTERM EFFECTS ON BASAL
HPA AND STRESS RESPONSES IN THE RAT.
N. Shanks*, R.J. Windle. P. Perks. C.D. Ingram & S.L. Lightman.
Dept, of Medicine, University o f Bristol, Bristol U.K. BS2 8HW
It was previously demonstrated that exposure to LPS during the first
week of life permanently altered hypothalamic-pituitary-adrenal (HPA)
responses to restraint stress in adult rats. Using this model of neonatal
sepsis we have now characterized behavioral and HPA responses to
mild stress and basal circadian corticosterone secretion patterns. Jugular
catheters were implanted in adult animals that had been adminstered
either endotoxin {salmonella enteritidis, 50ng/kg, ip) (ENDO) or sterile
saline (SAL) during the first week of life. Using an automated sampling
system rat plasma corticosterone levels were assessed over 24 hrs, the
following morning rats were exposed to a mild noise stress and three
hours later administered LPS (E.Coli, 25ug, iv.) and sampled for a
further 2hrs. Both ENDO and SAL rats exhibited pulsing diurnal
patterns of corticosterone, with elevated levels during the evening dark
phase. ENDO animals exhibited slightly greater levels of basal
corticosterone when compared to SAL animal levels. Corticosterone
responses to noise were significantly greater in the ENDO animals,
however, both experimental groups responded similarly to LPS. We
also assessed behavior in an elevated plus maze or open field. It was
observed that ENDO animals exhibited fewer entries into the open arm
of the maze and fewer entries into the inner compartment of the open
field. It appears, based on these data that ENDO animals are more stress
reactive than SAL controls and that neonatal sepsis exerts longterm
effects CNS and HPA development.
Supported by The Wellcome Trust and the U. of Bristol Health Trust.

234.10
STEROID-INDEPENDENT TRANSLOCATION OF THE GLUCOCORTICOID
RECEPTOR BY THE ANTIDEPRESSANT, DESIPRAMINE C M. Pariante*. B.D.
Pearce. T.L. Pisell. M.J. Owens, and A.H. Miller *Maudsley Hospital, Denmark Hill,
London SE5 8AZ, UK, and Department of Psychiatry and Behavioral Sciences, Emory
University School of Medicine, Atlanta, GA 30322, USA
In its unactivated form, the glucocorticoid receptor (GR) resides primarily in the
cytoplasm. After being bound by steroid, ihe GR undergoes a conformational change and
translocates to the nucleus where it influences gene transcription. Because the GR mediates
negative feedback exerted by glucocorticoids cmthe HPA axis, it has been hypothesized that
abnormalities in GR expression and/or function may underlie HPA axis hyperactivity in
patients with major depression. Supporting this hypothesis, animal studies have shown that
long-term in vivo treatment with antidepressants enhances glucocorticoid feedback
inhibition, possibly through a direct effect on the GR. To examine this possibility, we
evaluated GR function following 24 h in vitro treatment of mouse L929 cells with the
tricyclic antidepressant, desipramine (DMI) (0.1 -10 jiM), in the presence or absence of the
synthetic steroid, dexamethasone. GR translocation from cytoplasm to nucleus was
evaluated using immunofluorescent staining, an immunoprecipitation/westem blot assay of
GR in cytoplasmic and nuclear extracts, and a cytosolic radioligand binding assay.
GR-mediated gene transcription was measured by means of L929 cells stably transfected
with the MMTV-CAT reporter gene. DMI was found to: 1) induce GR translocation from
the cytoplasm to the nucleus in the absence of steroids (having no effect alone on
GR-mediated gene transcription) and 2) to potentiate dexamethasone-induced GR
translocation and dexamethasone-induced GR-mediated gene transcription. Finally,
evaluation of cytosolic GR binding in cells treated with DMI for 48-96h provided no
evidence of GR up-regulation under these conditions. One important aspect of the effects
of antidepressants in vivo may be to facilitate GR-mediated feedback inhibition on the HPA
axis (by facilitating GR Uanslocation and function), thereby reversing glucocorticoid
hypersecretion in depression. Supported by NIMH (MH00680 and MH47674) and Italian
Consiglio Nazionale delle Ricerche (AI95.00290.04 and AI96.00156.04).
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234.11
INVOLVEMENT AND INTERACTION OF HISTAMINE AND
PROSTAGLANDINS IN ENDOTOXIN-INDUCED ACTH RELEASE
U, Knigge, A, Kjaer. H. Jorgensen, M. Anthonisen. M. Enriqes-Denton* and J.
Warberg. Department of Medical Physiology, The Panum Institute, University
of Copenhagen, Denmark.
The involvement and interaction of histaminergic hypothalamic neurons and
prostaglandins (PGs) in lipopolysaccharide (LPS) endotoxin-induced stimulation
of ACTH secretion was investigated in conscious male rats. LPS (10 |ig/kg ip)
stimulated ACTH secretion. This stimulatory effect on ACTH secretion was
significantly inhibited by the PG synthesis inhibitor indomethacin (ip) as well
as the histamine (HA) synthesis inhibitor a-fluoromethylhistidine (intracerebroventricularly (icv)), the presynaptic H3 receptor agonist R(a)methylHA (ip) and
the postsynaptic HI receptor antagonist mepyramine (MEP, icv),. while the
postsynaptic H2 receptor antagonists cimetidine (CIM) and ranitidine (icv) had
no effect. On basis of these findings described above the existance of an
interaction between HA and PGs was investigated. Pretreatment with the PG
synthesis inhibitor indomethacin (ip) attenuated the ACTH response to HA (30
|ig icv), while the postsynaptic HI receptor antagonist MEP (icv) reduced the
ACTH release induced by PGE1 and PGF2a but not by PGE2 (1 or 5 jig icv).
The postsynaptic H2 receptor antagonist CIM (icv) slightly inhibited the PGF2ainduced ACTH release and had no effect on the ACTH response to PGE1 or
PGE2.
The results indicate 1) that histaminergic neurons as well as PGs in the
hypothalamus participate in the mediation of LPS-induced activation of the
hypothalamic-pituitary-adrenal (HPA) axis, and 2) that histaminergic neurons
and some PGs interact in their regulation of ACTH secretion.

234.13
CHRONIC ANTIDEPRESSANT DRUG TREATMENT IN RATS
INDUCES NGFI-A AND GLUCOCORTICOID RECEPTOR mRNA
EXPRESSION IN THE HIPPOCAMPUS
I-M. Johansson*. L. Bjartmar1. S. B. R oss2. J. M arcusson1, J.R.
Seckl3 and T. Olsson Dept Med, Umea University Hospital; ]Dept Geriatric
Med, University of Linköping,2Astra Arcus AB, Sodertalje, Sweden and ^Dept
Med, Western Gen Hosp, Edinburgh, Scotland
The effects of antidepressant treatment are complex and include direct
and indirect effects on neuronal plasticity-related phenomena,.including
induction o f the glucocorticoid receptors (GR and MR). Increased
hippocampal expression o f the transcription factor NGFI-A has also
been associated with neuronal plasticity. To further explore
associations between antidepressants and transcription factor gene
expression male rats were injected twice daily s c for 21 days with
saline or with amitriptyline, moclobemide, fluoxetine, buspirone or 8OH-DPAT. mRNA expression was studied by in situ hybridization at
the level o f the dorsal hippocampus. NGFI-A gene expression was
significantly induced in cortex as well as in all hippocampal subfields
(72-112% increase) by amitriptyline or moclobemide treatment.
Amitriptyline and moclobemide treatment also significantly (27-37%)
induced GR (CA1) and MR (CA1,CA2; and dentate gyrus (DG) for
moclobemide) gene expression while 8-OH-DPAT induced GR
(CA1JDG; 28/44%) and MR gene expression (CA1,CA2; 24/29%).
Buspirone induced MR expression in the CA2 region (25%). Thus,
NGFI-A mRNA changes occur in the cerebral cortex as well as the
hippocampus, while GR and MR mRNA changes are specific to
hippocampal subfields. These effects may be o f importance for the
induction of neuronal plasticity by antidepressant drug treatment.
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234.12
INHIBITION OF MEDIAL HYPOTHALAMIC CELL GROUPS
PROVIDES SEVERAL ROADS TO OBESITY IN RATS
SuJean Choi*. E. Simon Hanson. Alan.ChnCydnev Horslev, and Mary F.
Dallman. Dept, of Physiology, UCSF San Francisco, CA 94143-0444
Previously, we showed that colchicine reversibly inhibited ventromedial nuclei
(VMN) activity (J. Neurosci, 16(24) 1996). We now use colchicine to inhibit
discretely the arcuate nuclei (ARC), paraventricular nuclei (PVN), or dorsal medial
nuclei (DMN) which are known to contribute significantly to energy balance. These
nuclei are directly connected anatomically, often with reciprocity, suggesting a
highly integrated and interactive system. We injected colchicine (0.1|J.g/0.1|xl) or
saline (0.1 jxl) into each nucleus bilaterally and measured food intake and body weight
for 5 days, as well as corticosterone (B), fat stores, insulin, and leptin on day 5.
Inhibition of PVN, ARC, and VMN (but not DMN) produced obesity and altered
food intake in different patterns. Inhibition of PVN and ARC increased food intake
during both the light and the dark periods, whereas inhibition of the VMN increased
food intake only during the light. DMN and VMN inhibition decreased dark feeding
even though VMN rats became obese. Insulin levels were elevated after ARC
inhibition and were higher in PVN and VMN inhibited rats. Leptin levels increased
in all obese groups. Inhibition of the VMN and DMN produced significant increases
in basal B levels (AM), although inhibition of all four areas resulted in a decreased
response in B levels following 30 min. of restraint. We conclude that functional
inhibition of ARC and PVN produces behavioral obesity with increased food intake
at all times of day. By contrast, inhibition of the VMN but not DMN produces
obesity, although nocturnal feeding decreases in both. Elevated insulin and basal B
levels after VMN inhibition result in obesity whereas, following DMN inhibition,
with elevated basal B but normal insulin levels, obesity does not occur. Decreased
stress-induced B levels are characteristic of fasted or "hungry" rats. Clearly, these
four medial hypothalamic cell groups differentially regulate signals and behavioral
outputs for energy balance and control of the hypothalamic-pituitary-adrenal system.
Supported by DK28172 & American Diabetes Association

234.14
TRANSACIWATION PROPERTIES OF COEXPRESSED GLUCOCORTICOID
AND MINERALOCORTTCOID RECEPTORS DEPEND ON THE DOSE OF
CORTICOSTERONE. M.I. Morano*. C.A, Caamano. S.J. Watson and H. Akil.
Mental Health Research Inst., University of Michigan, Ann Arbor, MI 48109.
The actions of corticosterone in the rat brain are mediated by two receptors,
the mineralocorticoid receptor (MR) and the glucocorticoid receptor (GR).
Although these receptors differ in their binding affinity for corticosterone (MR
= 0.5-1 nM; GR =5-10 nM), both receptors bind to the same hormone response
elements (HREs) in the target genes. It is also known that MR and GR are able
to form heterodimers. Moreover, a functional interaction between MR and GR
has been previously suggested in the brain regions where both receptors are
colocalized like the hippocampus.
As a first step to investigate the regulation of glucocorticoid-responsive
genes in cells expressing MR and GR simultaneously, we characterized the
transactivation capacity of these receptors in transiently transfected cells.
Cos-1 cells were co-transfected with a reporter plasmid containing multiple
copies of a HRE and rat MR, rat GR or both together. Our results demonstrate
that the transcriptional response of coexpressed MR and GR depend on the
ligand dose. With corticosterone concentrations lower than 0.1 nM, the
transactivation of coexpressed receptors was enhanced several times with
respect to MR or GR alone. At 1 nM corticosterone, the effect was additive.
However, the transactivation of coexpressed MR and GR was inhibited at
concentration higher than 10 nM. Interestingly, a completely different pattern
was obtained when the ligand was aldosterone or dexamethasone.
These results may help to understand the differential role of hippocampal
MR and GR in response to different circulating levels of corticosterone in the
rat (e.g. nadir vs. peak, basal vs. stress levels).
Supported by NIMH # MH42251
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235.1
FUNCTIONAL RESPONSE OF DELTA- AND KAPPA-OPIOID
RECEPTORS IN MU-OPIOID RECEPTOR KNOCK-OUT MICE.
Hans M atthes* *. R. M aldonado2 . C. Smadia2 O. Val verde2 . B.
Roques2 and B. L. Kieffer1. UPR CNRS 9050,’ ESBS, Université
Louis Pasteur, 67400 Illkirch, France. U266 INSERM URA D1500
CNRS Paris, France.
This work addresses the issue o f a possible functional
cooperativity between opioid receptors, a hypothesis which has been
documented previously by pharmacological approaches. We have used
mice lacking the mu-opioid receptor gene to determine whether the
absence o f ihu-receptor has altered the functional properties of deltaand kappa-opioid receptors. Our previous results have shown the
absence o f marked compensatory changes in the number and
distribution o f delta and kappa binding sites in mutant mice. They also
showed a complete loss of morphine-induced analgesia, reward and
physical dependence (Matthes et al. Nature, 1996, 383, 819). Here we
have investigated the functional activation of delta and kappa receptors
by measuring agonist-induced [35S]GTPgammaS binding on both
slices and membrane preparations from nervous tissues. We have also
evaluated the analgesic response o f mutant mice to specific delta and
kappa agonists, using the tail immersion and the hot plate tests. Our
preliminary results suggest that delta and kappa functional properties
are preserved both in vitro and in vivo .
This work was supported by the Centre National de la Recherche
Scientifique, the Association pour la Recherche sur le Cancer and the
EEC.
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235.2
IXRECEPTOR KNOCKOUT MICE: GENE DOSE EFFECTS ON
MORPHINE ACTIONS AND EVIDENCE FOR DIFFERENTIAL IN
VIVO (x RECEPTOR RESERVE. G.R. Uhl. M. Funada. R. Revav. N.
Takahashi. H. Ujike* and I. Sora. Mol. Neurobiol, IRP, NIDA-NIH, and
Depts. Neurol. & Neurosci. JHUSM, Balt., MD 21224.
Morphine-induced analgesia, tolerance, physical dependence and
reward are virtually absent from homozygous fj. receptor knockout mice.
Prior in vitro pharmacologic studies have suggested varying levels of /i
receptor reserves in different /x- expressing neurons in vivo. Heterozygous
knockout mice with one ^ receptor gene copy express half of wildtype
levels o f n receptors and allow tests for ¡j. receptor reserves in the brain
circuits that mediate distinct opiate effects. These mice reveal effects of
different levels o f// receptor expression on morphine-induced analgesia,
reward, lethality, tolerance and physical dependence. Heterozygotes
display reduced morphine analgesia, enhanced morphine conditioned
place preference, unaltered physical dependence, intact tolerance, and
shifted morphine-induced lethality dose/effect relationships compared to
wildtype mice. Neuroadaptive changes could be involved in these results.
However, the data document the different effects that individual
differences in levels of ¡j. receptor expression can provide for different
drug effects. They provide evidence that functional levels of fx receptor
reserve differ among neuronal populations in the diverse brain circuits
that mediate distinct properties of opiate drugs.
Supported by NIDA Intramural Research Program.
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235.3
DPDPE &U50,488 IN ji RECEPTOR KNOCKOUT MICE: EVIDENCE
FOR ji-DEPENDENT k & 6 EFFECTS ON ANALGESIA,
TOLERANCE AND/OR DEPENDENCE. M. Funada, I. Sora\
N. Goodman. X. Li, S, Kinsey & G.R.Ubl. Mol. Nbiol, IRP, NIDA-NIH,
and Depts. Neurol. & Nsci. JHUSM, Balt., MD 21224.
Transgenic knockout mice lacking ¿¿-opioid receptors but displaying 5
and k receptors allow assessment of nociceptive responses, tolerance
and physical dependence induced by the selective k and 5 receptor
agonists U-50,488 and DPDPE in mice that develop and live without yu
receptors. Homozygous ¿¿-opioid receptor knockout mice exhibit little
analgesia with i.c.v. DPDPE or s.c U50,488 in 55°C hot plate assays.
Little DPDPE but intact U50,488 antinociception are found in 53°C
tailflick tests. Chronic treatments of homozygous knockout mice with
U50,488 yielded hyperalgesia in hot-plate assays and naloxone
precipitated jumping, neither response found in wildtype mice.
Heterozygous mice provide evidence for /1 receptor reserve for the
dependence of several U50,488 effects but little for DPDPE effects, y.
receptor expression is required for each of the 6- mediated and several k
effects, while other k effects can be more clearly identified in the absence
of yu receptors.
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2 35.4
STUDY OF IMMUNE RESPONSE IN MU-OPIOID RECEPTOR
(MOR) DEFICIENT MICE. B. L. Kieffer*. H. W.D. Matthes. J.
Peluso & C. Gavériaux-Ruff UPR9050 CNRS, ESBS Université
Louis Pasteur, 67400 Illkirch, France
It has been well established that opiates alter immune functions. In
order to study the implication of jx-opioid receptor (MOR) in opioid
modulation of immune responses, we used mice where the MOR gene
has been disrupted by homologous recombination (Matthes et al.
Nature, 1996, 383, 819-823). We determined the weight and cellular
contents of thymus and spleen as well as splenic Natural Killer activity.
We assessed T cell function by analysing the % CD4+ and CD8+ cells
in thymus and spleen, and by measuring in vitro ConcanavalinAinduced proliferation. To evaluate B cell activity, we determined serum
immunoglobulin (Ig) levels, in vitro lipopolysaccharide-induced
proliferation and Ig production. Our results show no difference in these
immune parameters between wild-type and MOR-deficient mice in the
absence of opiate treatment. Chronic morphine treatment altered spleen
and thymus cellularities as well as NK activity in wild type but not in
MOR knock-out mice. In conclusion, the MOR gene product appears
essential to mediate morphine-induced immunosuppression.
This work was supported by Centre National de la Recherche Scientifique (CNRS)
and Association pour la Recherche sur le Cancer (ARC) and the EEC

Supported by NIDA Intramural Research Program.

235.5
3H-MORPHINE-6-GLUCURONIDE BINDING IN MOR-1 KNOCKOUT
MICE. E.A. Bolan1,3. A. Schuller2. K.Yang3. G.P. Brown13. J.E, Pintar2 and
G.W. Pasternak3*. 'Dept, of Neurology and Neuroscience, Cornell University
Medical College, New York, NY 10021. 2Dept. of Neuroscience and Cell
Biology, UMDNJ Robert Wood Johnson Medical School, Piscataway, NJ 08854.
3The Cotzias Laboratory for Neuro-Oncology, Dept, of Neurology, Memorial
Sloan-Kettering Cancer Center, New York, NY 10021.
Previous antisense studies have revealed that morphine analgesia is sensitive
to oligodeoxynucleotides (ODNs) targeting the first exon of MOR-1 but not
exons two and three. The reverse profile has been demonstrated for morphine-6 glucuronide (M 6G) analgesia. Heroin analgesia is also blocked by ODNs against
exon two. These data suggest that different receptor mechanisms may be
responsible for morphine and M 6G analgesia. A knockout strain of mice deficient
in MOR-1, the gene encoding a ji-opioid receptor, has been developed by
replacing the first coding exon of the gene with a neomycin-resistant cassette.
These jn-opioid receptor deficient mice lack analgesia with the traditional ji-opioid
drugs DAMGO and morphine but are analgesic with M6G and heroin. We here
report that binding studies indicate that the potent morphine metabolite M6 G
labels an additional site in mouse brain distinct from the traditional n-opioid
receptor. Although ^-knockout mice lack demonstrable 3H-DAMGO binding,
these mice retain high affinity 3H-M6 G binding in brain homogenates with a KD
in the low nanomolar range based on saturation and competition studies. This
high affinity 3H-M6 G binding in brain of the MOR-1 deficient mice lends further
support for the proposal that a novel receptor mechanism mediates at least some
M6G and heroin action. Supported by DA09040 (J.E.P.) and DA06241 (G.W.P.)

235.6
HEROIN AND M6G ANALGESIA ARE RETAINED IN MU OPIOID RECEPTOR
DEFICIENT MICE. A.G.P. Schuller1. M. King2. J. Zhang1. M.Czick1. IL
Unterwald3. G.W. Pasternak2 and J.E. Pintar1*. ^ p t . Neurosci and Cell Biol.,
UMDNJ, Piscataway, NJ 08854, 2Cotzias Laboratory for Neuro-Oncology, Dept.
Neurology, Memorial Sloan-Kettering , NY, NY 10021, 3Dept. Psychiatry, NYU
Med. Cen., NY.
To determine required roles for the mu opioid receptor, MORI deficient mice were
produced in which exon 1 of the MORI gene was replaced by a neomycin cassette
using homologous recombination. Offspring from heterozygous matings included
25.8% (82) wildtype, 50% (159) heterozygous and 24.2% (77) homozygous mice
indicating that no embryonic lethality of mutant mice occurred. Mutant mice were
viable and fertile and showed no gross morphological abnormalities. Northern, in situ
and PCR analysis as well as 3H DAMGO receptor binding experiments were unable
to detect MORI expression or mu-like receptor binding in MORI KO brains. In situ
hybridization using probes specific for delta, kappa and orphanin receptors showed
no obvious compensatory changes in the expression of these receptors. Subcutaneous
(sc) (13mg/kg), intrathecal (it) (0.8ug) and intracerebroventricular (icv) (0.7ug)
injections of morphine in MORI deficient mice did not produce any analgesia as
determined by tail flick assay, even with sc doses of 50mg/kg-. In contrast, 42% and
38% of homozygous mice were analgesic after sc administration of morphine-6 glucuronide (M6G) (8mg/kg) and heroin (3mg/kg) respectively. In a cumulative dose
response test, 89% of mu opioid receptor deficient mice were analgesic using
13.2mg/kg M6G and 100% analgesia was obtained with 5.6mg/kg heroin. It and icv
injections of M6 G and heroin also resulted in significant analgesia in MORI
deficient mice. Taken together, these results demonstrate that: 1. spinal and
supraspinal morphine analgesia are abolished in MORI deficient mice; 2. partial
M6 G and heroin analgesia persist in MORI deficient mice and are presumably
mediated by distinct receptor mechanisms. Supported by DA06241 (GWP) and
DA09040 (JEP).

235.7
SELECTIVE BLOCKADE OF HEROIN BUT NOT TRADITIONAL MU, DELTA,
AND KAPPA ANALGESIA BY 3-METHOXYNALTREXONE
g .P_. Brown^ K.Yang, IYLA._Ki_ng,_G.Cr Rq$sivL. Ls\gPlha.!, A, Cfrang, and Q W.
Pasternak. The Cotzias Laboratory of Neuro-Oncology Memorial Sloan-Kettering
Cancer Center New York, NY, 10021
Understanding the mechanisms underlying the high addictive potential of heroin may
provide valuable insights into future treatments for drug addiction. Despite its
widespread abuse, treatments for heroin addiction are limited, relying on chronic
administration of high doses of an alternative agonist such as methadone, or the chronic
use of opioid antagonists. Although many investigators believe pharmacokinetic
differences alone distinguish heroin from morphine, recent experiments from our
laboratory suggest that heroin and morphine-6P-glucuronide (M6G) both act through a
novel mu opioid receptor subtype distinct from the traditional mu receptor which
mediates morphine’s actions. In brain membrane homogenates, 3H-M6G (S.A. 85
Ci/mmol) recognizes a novel binding site with very high affinity (KD0.068 ± 0.007 nM),
far better than the MOR-1 site in transfected CHO cells (KD3.32 ±1.1 nM), and the
traditional mu receptor in brain (K, 5.3 ± 3.3 nM). 3-Methoxynaltrexone selectively
competes this novel high affinity site in brain 20-40 fold more potently than traditional
mu binding sites in brain. In analgesic assays in mice, 3-methoxynaltrexone selectively
shifts the dose response curves of M6G and heroin to the right without affecting
traditional mu, delta, or kappa analgesia. This demonstration of a selective heroin/M6G
antagonist supports the suggestion of a novel mechanism of action and raises the
possibility of new therapeutic modalities for the treatment of opioid abuse. Supported by
DA06241

235.8
GENETIC DISRUPTION OF THE MOUSE DELTA OPIOID
RECEPTOR GENE.
A. SdmlferJ . .UntePraMJg,
Pasternak. J. E. Pintar. Dept, of Neuroscience and Cell Biology, Univ. of Med.
and dentistry of NJ.-Robert Wood Johnson Med. Sch., Piscatway, NJ 08854.
Successful uses of gene targeting to determine required in vivo roles for several
opioid system components have recently been reported. We here report that the
mouse delta opioid receptor has been disrupted by gene targeting. To produce the
targeting construct, genomic fragments 5’ and 3’ to exon 2 of mouse DOR1 were
introduced into a pBS vector containing Neo and TK selectable markers. Thus
exon 2, which encodes aa #75-182 of mouse DOR1 that extends from the
beginning of the first intracellular loop through the end of the fourth
transmembrane domain, was deleted and replaced with the Neo gene. Two
independent, targeted ES colonies have been identified and given rise to germ-line
transmitting chimeric mice. Matings of heterozygotes have given rise all expected
genotypes in Mendelian proportions. Preliminary analysis of mice homozygous
for the mutant delta allele by Southern, in situ, and ligand binding analysis as well
as behavioral pharmacology has begun. Molecular studies have confirmed the
absence of exon 2. Binding studies with 3H-DPDPE have detected binding in +/+
mice with a Bmax = —125 fmol/mg protein and Kd of 2.0 nM; for delta +/-♦ Bmax
was -70 fmol/mg protein, while no 3H-DPDPE (as well as 3H-deltorphin n and
3H-naltrindoIe) binding was detected in the homozygous animals. Furthermore,
we have found that the ability of DPDPE to produce spinal analgesia in delta
homozygotes is lost. A DPDPE dose (500 ng/kg i.L) that produces 80%
analgesia in +/+ animals (tested by tail flick) did not produce analgesia in 14/15
delta homozygous mice tested. These data, therefore, clearly indicate an analgesic
role in vivo for delta agonists acting through DOR-1. The analgesic response to
morphine (8 mg/kg) was unaffected in five delta homozygotes tested thus far,
providing evidence that delta provides limited, if any, contribution to morphine
analgesia. Analysis of supraspinal and stress induced analgesia in the mutant mice
is underway. Supported by DA-09040 and DA-07242.
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235.9
DISRUPTION OF THE KAPPA-OPIOID RECEPTOR GENE IN
MICE BY HOMOLOGOUS RECOMBINATION. F. Simonin*. R.
Maldonado. O. Valverde. S. Slowe. I. Kitchen. P. D olle. A.
Dierich. M. Le Meur and B. L. Kieffer. ESBS Parc D'innovation
Bid S. Brandt 67400 ILKIRCH, France.
Opioid receptors mediate the strong analgesic and psychotropic
properties of opiates. Recently their genes have been cloned (for rev.
see Kieffer B. L. 1995 Cell Mol. Neurobiol. 15, 615) allowing the
study of their role in vivo by genetic tools. To assess the specific
contribution o f the kappa opioid receptor (KOR) in opioid function,
we have disrupted the KOR gene in mice by hom ologous
recombination. A 7 kb BamHl genomic fragment containing the first
coding exon was used to insert the neomycin phosphotransferase
gene (neo) under the control of the PGK promotor, resulting in the
deletion of the start codon. The targeting vector was electroporated
into D3 embryonic stem (ES) cells. We analyzed 300 neomycin
resistant colonies using a 5’ external probe and found one positive
clone. Southern analysis using a 3' external probe and the neo
probe confirmed accurate integration of the neo gene at the KOR
gene locus. The positive ES clone was microinjected into mouse
blastocysts and gave rise to chimaeric mice which in turn were bred
with C57/BL6 females. Germline transmission occurred, leading to
heterozygous offsprings which were further bred for the obtention
of homozygous mice. Opioid receptor expression, spontaneous
behaviour and response to kappa agonists of these mice is currently
under investigation.
This work was supported by Centre National de la Recherche Scientifique
(CNRS) and Association pour la Recherche sur le Cancer (ARC) and the EEC

585

235.10
OPIOID-RELATED CHANGES IN NOCICEPTIVE THRESHOLD AND LEUENKEPHALIN TISSUE LEVELS IN NEUTRAL ENDOPEPTIDASE
(EC 3.4.21.II) GENE KNOCKOUT MICE. H. Traurig‘(1). K. Hauser(1). A. Saria(3).
L. Hersh(2) and C. Gerard(4). Anatomy and Neurobiology0 \ Biochemistry®, Univ.
of Kentucky, Lexington, KY 40536; Neurochemistry Unit(3) Psychiatry Dept., Univ.
Innsbruck, Austria; Ina Sue Perlmutter Lab., Children’s Hospital and Depts. of
Pediatrics and Medicine(4), Harvard Medical School, Boston, MA.
Neutral endopeptidase EC 3.4.21.11 (NEP) is localized in peptidergic neurons and
various colocalized peptides or other humoral mediators may serve as substrates.
Target disruption of the NEP gene was reported to enhance the lethal response to
endotoxin shock in mice. We examined thermonociceptive thresholds and Leuenkephalin (ENK) and substance P (SP) tissue levels in transgenic NEP(-A) and
control wild type NEP(+/+) mice. Hot plate (52°C) latency was 13.1 ±1.4s in
NEP(+/+) mice (n=16) while latency increased significantly (P=0.031) to 17.7 ±1.6s
in NEP(-/-) mice. Naloxone (lOmg/kg) had no significant effect on hot plate latency
in NEP(+/+) mice (I2.5s, n=8), but significantly decreased latency in NEP(-/-) mice
to wild type values (10.5s, n=8). Morphine (3 or lOmg/kg) analgesic response in
knockout mice was not different from the wild type. SP and ENK levels were
determined in extracts from cortex, brain stem, hypothalamus, striatum, spinal cord,
trigeminal ganglion, sciatic nerve, urinary bladder, heart and trachea in untreated
mice. SP levels were less affected than ENK levels, but ENK levels varied in a
regionally-dependent manner and were significantly decreased in hypothalamus and
spinal cord. We conclude that deletion of the NEP gene results in an opioid-related
increase in thermonociceptive threshold. Altered opioid metabolism evokes a
tissue-specific ENK regulation indicating a selective feedback regulation of opioid
biosynthesis in hypothalamus and spinal cord. Supported by Austrian Science
Foundation #F00206 and NIH #DA 06204.
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236.1
PLASTICITY
OF
OLIGODENDROCYTES
FOLLOWING
TRANSPLANTATION. I.D. Duncan1*. M.L. Fanarraaa2, and I.R. Griffiths3.
University of Wisconsin, Madison, Wisconsin, 53706, USA1, Universidad de
Cantabria, Santander, Spain2, Glasgow University, Glasgow, Scotland3.
Current studies support the morphological classification of
oligodendrocytes proposed by Del Rio Hortega where cells myelinate either
multiple internodes or restricted/single internodes. It is unknown whether
this heterogeneity is intrinsic to oligodendrocytes or determined by local
factors such as axonal contact. As progenitors are generated in restricted
sub-ventricular zones an intrinsic programme would imply each germinal
center contained a mixture of cells committed to myelinate axons of a
particular size. We tested the hypothesis that oligodendrocyte progenitors
are uncommitted in their ability to myelinate a particular axon size. We
introduced oligodendrocyte lineage cells from optic nerve, which normally
encounter only small diameter axons, to a myelin-deficient environment
containing a large range of axon sizes. Dissociated, mixed glial cells from
optic nerve were characterized immunocytochemically and grafted into the
spinal cord of neonatal myelin-deficient rats. Macroscopic examination of
the spinal cord showed a white patch at the site of transplantation in either
the dorsal or ventral column. Light and electron microscopic examination of
the myelin patches produced by the transplanted cells revealed the optic
nerve oligodendrocytes were capable of producing a widespread nonselective myelination over a range of axon sizes. Quantification confirmed
that oligodendrocytes from the optic nerve were capable of myelinating
axons with over twofold greater diameter than they would encounter
normally. Thus oligodendrocytes have inherent plasticity and an axonal or
local signal, rather than an intrinsic program is probably responsible for their
heterogeneity. (Supported by NIH, NS33710, Action Research and the
Human Frontier Science Program)

236.2
INSULIN-LIKE GROWTH FACTOR-I (IGF-I) PROMOTES SCHWANN CELLAXONAL CONTACT AND MYELINATION.
H-L Cheng*. J. W. Russell and E. L. Feldman. Department of Neurology, University
of Michigan, Ann Arbor, MI 48109-0588.
Insulin-like growth factor-I (IGF-I) promotes proliferation and differentiation of
cultured Schwann cells (SC). In the current study, we examined if IGF-I effects the
interactions of SCs with axons. E l5 dorsal root ganglion neurons (DRG) were
cultured in defined media with FUDR/uridine to diminish the presence of endogenous
SCs. After 7 d, Dil-fluorescently-labeled SCs from neonatal rat sciatic nerves were
added to DRG cultures. Within 6 h, 10 nM IGF-I promoted SC adherence to the
collagen substratum, extension of cellular processes, and migration toward DRG
axons. By 12 h, IGF-I increased the number of SCs attached to DRG axons by 2 fold
and, by 48 h, nearly all IGF-I treated SCs had aligned on axons. IGF-I enhancement
of SC-axonal contacts correlated with IGF-I mediated SC actin filament assembly, as
well as tyrosine phosphorylation of focal adhesion kinase (FAK) and paxillin,
proteins associated with cellular attachment. IGF-I also enhanced SC expression of
E-cadherin. Immunocytochemical studies revealed FAK and paxillin were localized
on the edges of extending SC processes equivalent to the staining pattern of tyrosine
phosphorylated proteins. Collectively, these results led us to further study IGF-I
effects on myelination.
SC/DRG culture was maintained in 10% serum, or serum free defined media +/- 10
nM IGF-I for 2 mon. Cells were then fixed with 2% osmium and myelinated axons
were measured after Sudan black staining using a random order grid measuring
system. There was no detectable myelination with serum free treatment, while 10 nM
IGF-I enhanced myelination 1.6 fold more than 10% serum. Collectively, these
results suggest IGF-I may enhance SC-axonal contact by increasing cell-cell
attachment which leads to long term myelination.
These studies were supported by R29 NS32843 (ELF) and grants from the
American Diabetes Association and Juvenile Diabetes Foundation

236.3
MYEUN/OUGODENDROCYTE GLYCOPROTEIN IS EXPRESSED ON
HUMAN NEUTROPHILS. M.V. Gardinier* and P. A. Ballenthin. Department
of Pathology and Institute for Neuroscience, Northwestern University Medica]
School, Chicago, IL 60611.
Myelin/oligodendrocyte glycoprotein (MOG) is an integral membrane protein
with highly specific expression restricted to CNS oligodendrocytes. In earlier
studies, immunohistochemical localization had demonstrated expression o f this
member o f the immunoglobulin superfamily on the oligodendroglial cell body,
process, and most external wrap of the myelin sheath. Recently, we completed
an RT-PCR analysis that demonstrated MOG mRNA transcripts in both
freshly isolated human neutrophils and HL-60 cells, a human neutrophilic
promyelocytic cell line. This study also suggested that these cells express
MOG mRNAs that are alternatively spliced in a manner similar to that
observed in human CNS tissues. HL60 cells were incubated with MOG mAb
and scanned using a fluorescence-activated cell sorter (FACS). Surface stain
ing for MOG protein was identified on a subpopulation o f these cells. A paral
lel experiment using K-562 cells, which are a highly undifferentiated granulo
cytic myelogenous leukemia cell line, showed no detectable MOG expression.
Additional studies are now in progress to define specific cell populations
within the hemopoietic lineage that express MOG on their cell surface. Since
MOG has been identified as a dominant antigen in immune-mediated demyelinating diseases (i.e., multiple sclerosis), it is especially compelling to further
investigate its presence on these cells. This work was supported by the Nat’l
Multiple Sclerosis Soc. (RG2638-A-1) and NIH-NINDS (R01NS35319-01).

2 36.4
ACTIVATION OF FYN TYROSINE KINASE DURING
OLIGODENDROCYTE DIFFERENTIATION D.J.Osterhout*.
A.Wolven1. M.D.Resh1 and M.V.Chao. Dept of Cell Biology and
Anatomy, Cornell University Medical School and ‘Cell Biology Program,
Memorial Sloan Kettering Cancer Center, New York, NY 10021
The differentiation of oligodendrocyte progenitor cells into myelinating
oligodendrocytes is highly regulated during development. However, the
molecular mechanisms which trigger the switch to the mature phenotype
are not well understood. Recent work suggests that the tyrosine kinase
FYN may be involved in this process. FYN is a member of the SRC
family of tyrosine kinases. It has been reported that FYN associates with
the myelin associated glycoprotein MAG, which is synthesized in the early
stages of myelinogenesis. Analysis of FYN deficient mice has revealed a
reduction of myelination in the central nervous system. The present studv
is aimed at defining the role of FYN in oligodendrocyte development.
Primary cultures of oligodendrocyte progenitor cells were established from
neonatal rats, and allowed to differentiate into mature oligodendrocytes.
While FYN is expressed at low levels in the progenitor population, the
protein levels are increased two fold as the cells mature. This coincides
with a ten fold increase in kinase activity in mature oligodendrocytes. The
upregulation of both protein and kinase activity is unique to FYN, and is
not observed with other SRC family members. This is accompanied by the
tyrosine phosphorylation of several FYN associated proteins in the mature
cells. Identification of these proteins is currently under investigation,
(supported by MS FA1171A1/T (DJO), ACS BE235 (MDR) and NIH HD
23315 (MVQ)
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236.5
ROLE OF THE MITOGEN-ACTIVATED PROTEIN KINASE (MAPK)
CASCADE IN OLIGODENDROCYTE PROCESS EXTENSION.
of British Columbia1; Kinetek Pharmaceuticals2, Vancouver, Canada.
Our earlier studies indicate that extracellular signal-regulated protein kinase
(ERK) activation is crucial for oligodendrocyte (OLG) process extension (Stariha
et al., J Neurochem 68,945-953,1997). We have now determined that continuous
ERK reactivation is necessary for this extension, and that an ERK kinase kinase
(Raf) isoform is also activated upon stimulation of process extension. However,
other MAPKs, SAPK and HOG, are not. To assess ERK reactivation, OLG
were plated onto coverslips and treated with phorbol dibutyrate (PDB) for 24 hr
to induce process extension. The ERK kinase (MEK) inhibitor PD 098059 was
added for the last 1 to 24 hr of this PDB treatment, and blocked process
extension at all time points. Therefore, continuous ERK reactivation rather than
transient activation is necessary for PDB induced process extension. To study
Raf, SAPK and HOG, OLG were treated with PDB and/or PD 098059. The
lysates were processed for immunoprecipitation or MonoQ fractionation. Raf1, A, and B isoforms were immunoprecipitated, assayed using an MBP
substrate, and Western blotted. While all three Raf isoforms were present in
OLG, only Raf-1 showed a 2- to 3- fold activation after PDB treatment. MonoQ
fractions containing HOG or SAPK were assayed using ATF-2 or c-Jun
substrates. No activity changes were observed for these kinases. Overall, our
results serve to further define the components of the MAPK cascade which are
important for OLG process extension. (Supported by the MS Society of Canada)
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236.6
TRANSGENIC MICE EXPRESSING A CONNEXIN32 MUTATION DEVELOP
DEMYELINATING PERIPHERAL NEUROPATHY.
L-J- Bone 1>3. RJ. Balice-Gordon2. A. Abel1, A^Messing4 , K. Fischbeck1,
and S.S. Scherer1 Depts. Neurology1, Neuroscience2, and Cell & Mol.
Biol.3, Univ. Pennsylvania, Philadelphia, PA 19104, 4Dept. Pathobiol. Sci.,
Sch. Vet. Med., Univ. Wisconsin, Madison, Wl 53706.
Mutations of the gap junction protein connexin32 (Cx32) gene cause the Xlinked form of Charcot-Marie-Tooth (CMTX) disease, one of the inherited
demyelinating neuropathies in humans. To determine whether the
expression of CMTX mutations in myelinating Schwann cells is sufficient to
cause demyelination, we created transgenic mice expressing mutant Cx32
(R142W or 175 frameshift mutations) using a Po expression vector, which
directs expression specifically to myelinating Schwann cells. Immunostaining in five lines of mice expressing the R142W mutation revealed
accumulation of Cx32 in the perinuclear cytoplasm of myelinating Schwann
cells. In one line, Cx32-immunoreactivity was rarely seen at paranodes and
incisures, the normal sites of Cx32-immunoreactivity. Western blot analysis
of transgenic sciatic nerves in each R142W transgenic line showed
decreased levels of Cx32. Semi-thin epoxy sections showed a progressive,
demyelinating peripheral neuropathy in adults. Thus, the R142W mutation
likely interferes with the normal processing or trafficking of both mutant and
wild type Cx32. In contrast, our preliminary analysis of the 175 frameshift
transgenic mice indicates little to no detectable transgene expression in 27
lines and no demyelinating neuropathy in 17 lines. The lower levels of 175
frameshift protein are probably caused by post-transcriptional effects of this
mutation. These results indicate that different CMTX mutations may have
diverse effects on the processing, stability, and localization of Cx32.
Supported by grants from the NIH (NS08075), the MDA, and MSTP.

236.7
INTERLEUKIN-10 REDUCES TNF-a-INDUCED PROSTAGLANDIN-E2
BIOSYNTHESIS IN PRIMARY RODENT MICROGLIAL CULTURES.
K. Chatzipanteli*. W.D. Dietrich. J. Bethea Neurotrauma Clinical Research Center,
Department of Neurology and The Miami Project to Cure Paralysis, University of
Miami School of Medicine,Miami, FL 33136
Activation of glial cells and the subsequent release of cytokines, proteins and other
intercellular signaling molecules is a well-recognizable phenomenon in acute brain
injury and diseases of the CNS, such as multiple sclerosis. The inducible prostaglandin
G/H synthase, known as PGHS-2 or cyclooxygenase-2 is up-regulated in several cell
types by cytokines and down-regulated by glucocorticoid,hormones. In the present
study we tested the hypothesis that interleukin-10 (IL-10) inhibits tumor necrosis
factor-a (TNF-a)-induced prostaglandin E2 (PGEj) production in microglia by
inhibiting the expression of prostaglandin G/H synthase (PGHS-2). We investigated
the effects of IL-10 on prostaglandin production by microglial cultures in terms of two
parameters: PGE2synthesis and mRNA of PGHS-2. We found that TNF-a (5 ng/ml)
stimulates in a time-dependent fashion the release of PGE2 with maximum levels at
24 h, with a fourfold increase relative to control. In the presence of IL-10 (25 ng/ml),
TNF-a-stimulated PGE2 production at 12 and 24 h was greatly reduced. Northern
blot analysis revealed that TNF-a- induced increases in PGHS-2 mRNA levels were
also attenuated by addition of IL-10.
In conclusion, these results indicate that inhibition of TNF-a-induced PGE2
production by IL-10 are mainly due to down regulation of PGHS-2 mRNA
expression in cultured microglia. Therefore, IL-10 may be therapeutically useful in
treating various inflammatory conditions in the CNS. Supported by NIH NS30291
(R01).

236.8
ANTIOXIDANTS INDUCE A RESTING MICROGLIAL PHENOTYPE AND
MODULATE THE EXPRESSION OF ADHESION MOLECULES.
F. L- Heppner , ,Q,...Ni.aDe.maDiL*,_K- Roth, R, istitsçh and N, P. Hailer,
Department of Cell- and Neurobiology, Institute of Anatomy, Humboldt
University Hospital Charité, D-10098 Berlin, Federal Republic of Germany
Microglial cells in the healthy adult CNS possess a characteristic ramified
morphology and show little or no expression of major histocompatibility complex
(MHC) or adhesion molecules. In contrast, microglial cells isolated from newborn
rat brains inevitably show a non-ramified, amoeboid morphology and express
immunoeffector molecules such as MHC class I and II, and various adhesion
molecules thought to be markers of microglial activation. Furthermore, they
produce high levels of oxygen radicals. Treatment of cultured microglial cells with
the antioxidant vitamin E (a-tocopherol, 10 jjg/ml) induced a ramified microglial
morphology after 48 hrs in vitro, otherwise only seen in healthy, adult CNS tissue,
in co-culture with astrocytes or after treatment with granulocyte/macrophage
colony-stimulating factor. Transformation of microglial cell morphology was
quantified by morphometric analysis. Ramification was accompanied by
downregulated expression of adhesion molecules leukocyte function antigen-1,
very late antigen-4 and intercellular adhesion molecule-1, as assessed by FACS
analysis and immunocytochemistry. Moreover, cell numbers of microglia treated
with vitamin E remained stable within 7 days in vitro, whereas untreated controls
showed a cell-loss of 81.5%. Our data showlhat vitamin E acts as a protective
compound in dissociated microglial cell cultures. In conclusion, our results
suggest that changes in the morphology and the degree of immunological
activation of microglia are mediated by oxidative mechanisms.
This work was supported by the DFG (SFB 507; Ni 344/2-1) and the HertieStiftung.

23 6 .9
DEMONSTRATION OF FETAL AND ADULT TAU ISOFORMS IN
NEONATAL OLIGODENDROCYTES. P .L o P re sti* 1. C.B.Chambers2.
N.A. Muma 2 and J.M.Lee 12 Departments of Pathology 1 and
P h a rm a c o lo g y 2, Loyola University Medical Center, 2160 S. First
Ave., Maywood, IL 60153.
We have previously observed ~3 tau isoforms in neonatal
oligodendrocytes (OLGs), and ~7 in adult OLGs. On the other
hand, 2 tau isoforms in neuronal rich neonatal cortex and 5-6
in the adult cortex are usually found. W hether the extra tau
isoforms present in OLGs arise as 1) a differential splicing of
the mRNA and/or 2) posttranslation modification of the
protein, is at the present unknown. To address the first
possibility, RT-PCR was’ used. From previous work in neurons,
it is known that the differential splicing mechanism(s) which
gives rise to the fetal or the adult isoforms of tau act on
carboxyterminal and on aminoterminal regions.
In the
carboxyterminal region, either 3 or 4 repeats can be present.
The fetal form of tau has 3 repeats, the adult form 4. With
primers surrounding the 3/4 repeat in the carboxyterminal
region, RT-PCR of RNA of one-week old cultured oligoden
drocytes from 3-day old rats was done. We found that both the
3 and 4 repeat tau mRNA isoforms are present. Moreover, the
4 repeat form was slightly more abundant (-1.5-2 fold) than
the 3 repeat. To our knowledge, this is the first study to
demonstrate both fetal and adult forms of tau in neonatal
oligodendrocytes. Work is in progress to test whether an OLGspecific am inoterminal splicing mechanism exists.

236.10
CELL VOLUME CHANGES AND LARGE CONDUCTANCE ANION CHANNEL
(LAC) ACTIVITY IN ASTROCYTES EXPOSED TO GLUTAMATE STEREO
ISOMERS, E. Scemes and D.C. Sprav.* Dept, of Physiology. USP, SP, Brazil and Dept.
Neuroscience, AECOM, Bronx, NY 10461.
Glial cells accumulate glutamate when its extracellular concentration increases; in
ischemia and spreading flepression. excessive extracellular glutamate induces swelling
of glia. Astrocyte volume regulation that follows swelling is related to KC1 and taurine
efflux, mainly through conductive pathways. We have shown that LAC (~ 350 pS),
whose open probability is maximal at 0 mV, are activated by d- but not by /-glutamate,
unless the glutamate uptake system is blocked. The lack of channel activity appears to
be due to intense, sustained intracellular acidification induced by the /-isomer resulting
from the uptake system. Using rapid confocal imaging to measure volume change with
the dye dilution method, astrocytes were found to swell when exposed to /-glutamate
(100 ^M) and did not recover their initial volume within 30 min. Cell swelling was
totally prevented by pre-exposing the cells to the glutamate uptake blocker, DLTHA.
Astrocytes also swelled when exposed to ¿/-glutamate (100 ¿iM) with time course and
extent similar to the response to /-glutamate, but cell volume was restored within 15
min. ¿/-Glutamate-induced swelling was significantly reduced by DLTHA treatment.
Astrocyte volume recovery following ¿-glutamate-induced swelling was totally blocked
by inhibition of the LAC activity [exposure to antibody raised against the voltage
dependent anion channel (VDAC) of mitochondria]. These results indicate that (1)
astrocyte swelling in response to glutamate is mainly related to solute influx through the
glutamate uptake system which does not totally discriminate between the two stereo
isomers of glutamate, and (2) cell volume restoration depends on LAC activity. Given
that LAC may be a pathway for amino acid efflux during astrocyte volume regulation,
closure of these channels may represent a protective mechanism whereby astrocytes may
lower extracellular /-glutamate concentration to sub-neurotoxic levels, but at the expense
of volume regulation. Supported by NIH NS34931 and FAPESP.
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ASTROGLIAL SWELLING INDUCED BY GLUTAMATE
Elisabeth Hansson*^). Fredrik BlomstrandP. Siamak Khatibi^). Torsten

T riethy 1-Tin (T E T ) as a P robe o f S tructural C orrelates to M yelin Edem a.
V.S. S apirstein. R.D. D urrie. A. L ajtha*. M .E. B eard . T he N athan K line Institute
for P sychiatric R esearch, O rangeburg, N Y 10962
The m yelin sheath o f the C N S norm ally exists as a m ulti lam ellar structure o f
apposed m em brane layers. This com pact and relatively dehydrated structure is in
contrast to edem atous m yelin com m on to leukoencephalopathies. W e used a T E T
m odel o f m yelin edem a in rats to study the structural and dynam ic factors affecting
m yelin integrity and fluid balance. U sing an intraperitoneal dosing regim en o f
0.8m g/kg T E T given daily, a regular p attern o f m yelin sw elling w as observed, by
electron m icroscopy, w hich differs from the am orphous pattern usually seen with
dosing via the drinking water. T he prim ary pattern w as a periodicity o f edem atous
dom ains o f 0.5-1.0 um spacing, separated by periodically spaced points o f adhesion.
W hile this pattern is m ost clearly seen in m yelin during the early stages o f sw elling,
it is present throughout the sw elling process. T h e periodicity is observed in crosssectional and longitudinal view s o f the axon and extends the entire length o f the
internode. W ithin these sw ollen dom ains a secondary pattern w as found and consisted
o f m icrocells, 0.1 um in length, w hich increased in size as sw elling progressed.
A xonal surface view s show ed an o rd e r to the sw elling dom ains consistent w ith the
presum ed intrinsic spiral w rapping pattern o f m yelin. T he sw elling in larger diam eter
axons w as far greater than that o f sm all axons. Inhibitors o f carbonic anhydrase and
N a-H exchange affected both the onset o f and recovery from edem a, im plicating the
im portance o f acidification m echanism s to fluid balance in m yelin. T he inability o f
these agents to inhibit recovery by m ore than 50% suggests that structural elem ents
also participate in the com paction process. T hese data have allow ed us to propose a
structural m odel for m yelin w hich accounts for edem a by including the distribution o f
constitutive fluid spaces w ithin the m yelin com plex. (S upported by N Y S O ffice of
M ental H ealth and The N ational M ultiple S clerosis Society)

PJsgQn ^ and .Lars RpnnbacfcD

Institute of Neurobiology and Institute of Clinical Neuroscience, Department of
Neurology, Góteborg University!) and Department of Applied Electronics,
Chalmers University of T echnology 2), Góteborg, Sweden.
Glu induces a rapid increase in astroglial cell volume. This swelling is caused
by an active i.e. accumulation of the amino acid with maximum increases
reported to be between 5-18%. The mechanisms underlying Glu-induced
astroglial swelling have been studied using different in vitro model systems,
but are far 'from fully explored. Increase of [Glu]e causes a related
accumulation of Glu in the astrocytes and the cells swell. It is suggested that
the mechanism is caused by an osmotically transmembrane transport of Glu
coupled to the uptake of N a+ ions causing the volume increase. The transport
of Glu occurs against a steep i.e. to e.c. concentration difference into the
astrocytes, which is energy consuming, and the transport is driven by the
electrochemical gradient of N a+- We focused on the interaction between Glu
and the mGluRs, which activates phospholipase C (PLC), leading to
production of IP3. IP 3 mobilises calcium from the i.e. stores, which is followed
by an influx of Ca^+ over the cell membrane. Glu was also shown to interact
with those mGluRs which inhibit adenylate cyclase and decrease the cyclic
AMP production. This inhibition of cyclic AMP formation leads to an opening
of Ca^+ channels. Thus the astroglial swelling induced by Glu is not only the
result of those now-described processes, but requires another, probably some
ion-channel complex for K+ outflow and N a+ influx. Studies are needed to
further clarify the causes of astrocytic swelling, and to explore the possibilities
for preventing or attenuating this astrocytic response for therapeutic purposes.
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236.13
HETEROGENEOUS AND ANISOTROPIC DIFFUSION IN THE RAT BRAIN
DURING DEVELOPMENT AND AGEING. E. Svkova*. T. Mazel. T. Roitbak
and I. VoriSek. Inst, of Exp. Med. ASCR and Dept, of Neuroscience, 2nd Medical
Faculty, Charles Univ., Prague, Czech Rep.
Extracellular space (ECS) diffusion parameters were investigated in the rat brain
from postnatal day 2 to 29 (P2-P29), in young adult rats and in aged animals (2632 months old). We used tetramethylammonium (TMA^-selective microelectrodes
to measure the .^iree-dimensional diffusion of TMA+ iontophoresed into ECS (Rice
et al, J. Neurophysiol. 70:2035-44, 1993). The ECS diffusion parameters, volume
fraction a (ECS volume/total tissue volume) and tortuosity X (X2 = apparent
diffusion coefficient/free diffusion coefficient), were studied in cortex (C),
hippocampus (H) and corpus callosum (CC) of anesthetized rats. Heterogeneity
exists among the respective brain areas; a decreases with age while X increases.
Adult mean values of a were: 0.22 (C ), 0.20 (H, CA1), 0.22 (H, CA3, g. dentatus)
and 0.24 (CC). Significant differences in a and X were found during ageing, when
a decreased in C, H and CC, while X decreased in C and CC and increased in H.
Anisotropic diffusion was found in both CC and H. The diffusion in CC was
isotropic until about P12, i.e. there was no significant difference in X along the
three perpendicular axes. From P12 to P17 anisotropy greatly increased in CC as a
result of preferential diffusion along the myelinated axons. In adults the mean
values of Xx, Xy and Xz were in CC 1.41, 1,76 and 1.78, in H (CA1) 1.45, 1.55 and
1.73 and in H (CA3, g. dentatus) 1.47, 1.55 and 1.67, respectively. In contrast,
cortical gray matter remained isotropic, with X of about 1.61. The anisotropy of the
CC and H could enable new modes of extrasynaptic transmission in these regions.
These data demonstrate that the structure of cellular aggregates can modify and
channel the migration of neuroactive substances in ECS and, therefore,
extrasynaptic transmission in CNS.
Supported by GACR 309/96/0884, 307/96/K226, IGA MZ no. 3423-3.

HYPOTHALAMO-PITUITARY-GONADAL REGULATION
237.1
CENTRAL EFFECTS OF INSULIN-LIKE GROWTH FACTOR-1-INDUCED
LUTEINIZING HORMONE-RELEASING HORMONE AND LUTEINIZING
HORMONE SECRETION IS MEDIATED BY PROSTAGLANDIN^ AND
BLOCKED BY ETHANOL. J. K. Hinev ». F. Lara. V. Srivastava. W. L. Dees.
Dept, of Veterinary Anatomy, Texas A&M Univ., College Station, Texas 77843.
Previously, we showed that insulin-like growth factor-1 (IGF-1) elicits luteinizing
hormone-releasing hormone (LHRH) release from the median eminence (ME) of
immature female rats in vitro (Hiney et.al. Neuroendo, 1991,54:420). Also, we
have shown that central administration of IGF-1 elicits luteinizing hormone (LH)
release in prepubertal female rats, and induces precocious puberty (Hiney, et. al.
Endo, 1996, 137:3717). These results, along with other data from our lab indicate
that IGF-1 acts at the site of the ME via IGF-1 receptors to induce LH release,
however, the mechanism of action is not known. The present study was conducted
to determine if IGF-1-induced LHRH release is mediated by prostaglandin^
(PGEj), and to evaluate the effects of ethanol (ETOH) on this system. Incubation
of ME fragments from prepubertal females rats with IGF-1 (100 ng/ml)
demonstrated that in addition to stimulating LHRH secretion (p<0.01), there was
also a stimulation in PGEj secretion (p<0.05). In vitro inhibition of prostaglandin
synthesis with indomethacin (100 pM) completely abolished IGF-1-induced LHRH
release; thus, suggesting that IGF-1-induced LHRH release is mediated by PGE^
Furthermore, ETOH (50mM) blocked the ability of this growth factor to induce
LHRH and PGE2 release in vitro. Additionally, third ventricular administration of
IGF-1 (200 ng/ml; Hiney et.al.,Endo, 1996,137:3717) stimulated LH release in
vivo, an effect blocked by gastric adminstrationof ETOH (3g/kg dose). Overall, our
results suggest that PGE? mediates the IGF-1 induced release of LHRH and that
ETOH detrimentally affects the ability of this growth factor to elicit LHRH/LH
secretion. Supported by grants AA00104 and AA07216.
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237.2
PITUITARY SENSITIVITY TO GnRH IN RELATION TO
INHIBITION OR FACILITATION OF THE LH SURGE BY
PROGESTERONE IN IMMATURE RATS. B. Attardi*. R. Scott. D. Pfaff.
and G. Fink. The Rockefeller University, New York, NY 10021.
We have determined whether progesterone (P) administered either to inhibit
or facilitate the E2-induced LH surge in the immature rat is associated with
changes in pituitary sensitivity to GnRH. Treatment of 28 day-old rats with E2
implants at 0900 h led to induction of LH purges at 1700 h on day 29. P
administered concomitantly with E2 blocked the LH surge. P treatment 24 h
after E2 facilitated the surge. The response of the pituitary was tested by iv
injection of GnRH (50 ng/100 g B.W.) 60 min after Nembutal at either 1620 h
(P inhibition) or 1320 h (P facilitation). Blood was collected before and 15, 30,
and 60 min after GnRH injection for LH assay. In the inhibition model, the LH
response to GnRH in the presence of P was reduced by >60% (P0.001),
whereas in the facilitation model there was only a small increment in pituitary
responsiveness (P=NS) in P treated animals (n=6-7 per group). These results
indicate that a major action of P in its inhibitory mode is in the pituitary, while
in the facilitatory mode, a significant CNS role is likely. In addition, solution
hybridization was used to measure mRNAs for the PR isoforms in the
pituitaries of the same rats. PR mRNA levels were increased by E2 with PRe
predominating. Treatment with P in either the inhibitory (32 h P) or facilitatory
(5 h P) mode decreased PR mRNA levels, suggesting that exposure to P may
result in subsequent refractoriness in both cases. Supported by grants from
NIDDK and NICHD.
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IS THERE A GnRH-INDEPENDENT HYPOTHALAMIC CONTROL OF
FSH SECRETION? V. Padmanabhan*. J. Van Cleeff. M. K. McLeod. T. M.
Nett. F. J. Karsch. Depts. of Pediatrics, Physiology, and Reprod. Sci. Progr.,
Univ. of Michigan, Ann Arbor, MI; Dept, of Surgery, Michigan State Univ.Kalamazoo Center for Medical Studies, Kalamazoo, MI; Animal Rep. and
Biotech. Lab., Colorado State Univ., Fort Collins, CO.
Using the hypophyseal portal collection technique to characterize FSH
secretory patterns close to the release site in sheep we have determined that:
1) FSH is secreted in both basal and episodic modes, and the basal mode
predominates (Endocrinology 138:424, 1997), and 2) non-GnRH-associated
episodic and basal modes of FSH secretion exist (Soc. Neurosci. 20:1058, 1994;
Soc. Study Fertil., Abstr. Ser. #15:41,1995). Our present objective was to
determine if the non-GnRH-associated modes of episodic and basal FSH
secretion are regulated by hypothalamic factor(s). First, we physically isolated
the pituitary from the hypothalamus by auto-transplanting the pituitary of
ovariectomized ewes under the kidney capsule. FSH secretion from samples
collected in the renal vein 2-4 weeks after transplant revealed only the basal
mode of FSH secretion. Thus, the episodic mode requires hypothalamic
stimulation. Next, we surgically interrupted neural inputs to the pituitary by a
hypothalamic pituitary disconnection (HPD) procedure. HPD ewes (n=2) in
which neural inputs were completely ablated (as assessed by complete absence
of GnRH) exhibited only the basal mode of FSH secretion but remained
responsive to exogenous GnRH. The absolute level of basal FSH secretion
following both approaches were several orders of magnitude lower than in ewes
in which neural inputs were intact. Combined with earlier findings that the
hypophyseal portal blood contains one or more factors other than GnRH and
activin that acutely stimulate FSH secretion (Soc. Neurosci. 20:957, 1996). Our
results support the view that: 1) a GnRH-independent control for episodic FSH
secretion exists, and 2) the basal component of FSH release may be regulated,
in part, by factor(s) originating at the hypothalamic level. Supported by NIH
U54 29184 and P30 HD 18258.

2 37.4
EVIDENCE SUGGESTING AGING-DEPENDENT ALTERATION IN
FACILITATORY ACTION OF NPY ON LHRH-INDUCED LH SECRETION
A. Sahu* and S.P Kalra1. Dept. Cell Biol. & Physiol., Univ. Pittsburgh,
Pittsburgh, PA 15261, and ‘Dept. Neurosci., Univ. Fla., Gainesville, FL 32610.
Recent evidence suggests that one of the mechanisms by which hypothalamic
neuropeptide Y (NPY) plays an obligatory role in the preovulatory LH discharge in
young rats is to facilitate the LHRH-induced LH secretion at the level of the
pituitary. To test the hypothesis that alteration in pituitary responsiveness to the
facilitatoiy action of NPY is the cause of delayed and attenuated LH surge produced
by progesterone (P) in the estrogen (E2)-primed ovariectomized (ovx) old rats, we
examined the ability of NPY to potentiate LHRH-induced LH secretion in young (23 months) and old (19-20 months) rats. Young (regularly cycling) and old constant
estrus (CE) rats ovx for 7 days were implanted with E2-filled sialistic capsules. Two
days later, rats received P at 0900 and then injected with pentobarbital ip at 1330 to
block the LH surge. Rats were infused with saline, NPY (5|ig/300 gm b.wt), LHRH
(15 ng/300 gm b.wt) or combination of NPY and LHRH pulses every 30 min
starting from 1400 h to 1800 h via jugular cannula implanted on the previous day.
Another group of young and old rats received ip saline at 1330 and infused with
saline pulses. Blood samples were collected at each hour from 1100 h to 2100 h. LH
levels in the plasma were determined by RIA. In old rats, the P-induced LH surge
was significantly attenuated and delayed as compared to that in young rats.
Pentobarbital completely blocked the LH surge. LHRH pulses increased LH release
in young and old rats, but the response was significantly decreased in older animals.
NPY alone had very little effect on LH release in both age groups. Combined pulses
of NPY and LHRH significantly increased LH release in both young and old rats as
compared to that of LHRH alone. However, the potentiating effects of NPY in
combination with LHRH was delayed and significantly attenuated in old as
compared to that in young rats. These results show that the pituitary responsiveness
to NPY is reduced in old rats, and this ability of NPY to potentiate LHRH action at
the level of the pituitary may partially be responsible for the absence of LH surge in
old CE rats, (Supported by NIH AG 10868 to AS).

237.5
GLP-1 REGULATES THE HYPOTHALAMO-PITUITARY-GONADAL AXIS.
M M, Hsath. s,a . ge^K,
«M l. A,D T>yloi1, IQ, MonghamlLP, O'Shea*, m a
Ghatei. S.R. Bloom & P.M. Spith. Division of Endocrinology, RPMS, Hammersmith
Hospital, London, WI2 0NN. f Department of Pharmacology, Charing Cross and
Westminster Medical School, London, W6 8RF.
Regulation of the reproductive axis is linked to body weight. A role for the satiety factor,
glucagon-like peptide-1 (7-36) amide (GLP-1) in reproduction has not been investigated. We
have previously demonstrated GLP-1 immunoreactivity and binding sites in the rat brain,
notably in the hypothalamus. We have examined the role of GLP-1 in the hypothalamic
control of luteinizing hormone (LH) release. In vivo intracerebroventricular (ICV) injection
of GLP-1( 10 ng) stimulated the release of LH in adult male Wistar rats (GLP-1: 1.09 ±0.11
vs. Saline: 0.69 ± 0.06 ng/mL, p< 0.005, t =5 minutes), while having no effect on the secretion
of FSH, TSH or prolactin. GLP-1 (I (¿M) also stimulates the release of LHRH from whole
rat hypothalami in vitro (GLP-1: 0.66 ± 0.12 vs. basal: 0.30 ± 0.08 fmol/mg wet weight
tissue/h, p< 0.04). To examine the mechanism of this effect we used the hypothalamic
neuronal cell line, GT,-7. GLP-1 stimulated basal LHRH secretion in a concentrationdependent maimer (GLP-1 (lOnMV. 787 ± 45 vs. basal: 325 ± 17 fmol/mg protein. p<
0.0001). Specific 125I-GLP-1 binding to GT,-7 cell membranes was abundant, saturable and
time and temperature dependent. Equilibrium, saturation, binding analysis demonstrated the
presence of a single class of binding site (BnttX = 160 ± 11 finol/mg protein) with a
dissociation constant (K^) of 0.07 ±0.016 nM). Exendin (9-39), the specific GLP-1 receptor
antagonist, bound to the receptor with high affinity (K,= 0.98 ± 0.24 nM). Binding of peptide
to GT,-7 cells increased intracellular cAMP concentrations (GLP-1 ( 1OnM). 7664 ± 443 vs.
basal. 227 ± 19 pmol/mg protein, p< 0.0001) indicating that the receptor is linked to the
adenylyl cyclase system. These data suggest that GLP-1 stimulates LH release via an-increase
in hypothalamic LHRH secretion and that its actions are mediated via a single binding site
with characteristics (binding kinetics, ligand specificity and signal transduction system)
similar to those of the peripheral receptor. These data suggest a role for GLP-1 in the
reproductive axis.
Funding: MMH-IJK MRC; SAB-BDA; CJS-Wellcome Trust.

237.6
THE ROLE OF LEPTIN IN THE SUPPRESSION
OF LH
SECRETION DURINp LACTATION. R.S. Brogan 1. S.E. Mitchell2.
P.Trayhurn2,G.Pisservand M.S. Smith1. 1Division of Neuroscience, Oregon
Regional Primate Research Center, Beaverton, Oregon 97006; 2R0wett
Research Institute, Aberdeen AB21 9SB Scotland, UK.
Lactation is a state in which both cyclic ovarian function and food intake are
altered compared to normal cycling animals. During lactation, LH secretion is
inhibited while NPY activity is increased. Leptin, the product of the ob gene, is
secreted from adipocytes in response to a fed state. Leptin ma£ also be a
modulator of reproductive function since the absence of leptin is associated
with infertility, whereas administration of leptin restores or advances fertility.
These studies determined whether lactation affects serum leptin levels and if
changes in leptin are correlated with alterations in LH secretion. Groups of
lactating rats with 8 pups/litter were studied on days 10-12 postpartum:
chronic lactating rats (+8 pups); chronic lactation +OVX (OVX + 8 pups); pup
removal for 48 hrs on day 9 postpartum (-8 pups 48 hrs); and pup removal for
48 hrs and resuckling for 24 hrs (-8 pups 48 hrs, +8 pups 24 hrs). Cycling
animals were studied during diestrus (Dl). Blood was assayed for serum leptin
levels using a rodent-specifc sandwich ELISA. Serum leptin levels in ng/ml are
as follows: Dl, 3.50 ± 0.50; +8 pups, 1.28 ± 0.34; OVX + 8 pups, 1.32 ± 0.50;
-8 pups, 48 hrs, 6.20 ± 1.83; and -8 pups 48 hrs, +8 pups 24 hrs, 4.36 ± 0.92.
The results show that chronic lactation is associated with decreased serum
leptin levels, which correlates with suppressed LH secretion. Conversely,
removal of the suckling stimulus for 48 hrs restores leptin and LH secretion to
normal levels. Reimposing the suckling stimulus causes a suppression of LH
secretion and an increase in NPY activity, without a concomitant decrease in
leptin levels, suggesting that the suckling stimulus alone can suppress LH
secretion without any alteration in leptin levels. However, during chronic
lactation, low leptin levels may be one of several factors contributing to the
suppression of LH secretion. (Support: NIH Grants HD14643 and RR00163).

237.7
THE EFFECT OF ESTRADIOL AND INTRAVENTRICULAR INJECTION OF
LEPTIN ON PULSATILE LH AND FSH RELEASE IN OVARIECTOMIZED
FEMALE RATS. A. Walczewska. W.H. Yu*. S. Karanth and S.M. McCann.
Pennington Biomedical Research Center (LSU), Baton Rouge, LA, 70808-4124.
Studies from our laboratory showed that leptin activates luteinizing hormonereleasing hormone (LHRH), follicle-stimulating hormone (FSH) and LH release in
vitro and stimulates LH but not FSH release after intraventricular (3V) injection in
ovariectomized (OVX), estrogen-primed rats. To further evaluate the effects of
estrogen and leptin, adult rats were OVX and used for experiment 3-4 weeks later, 7
days after implantation of 3V cannulae. Groups received either 0.1 ml of oil or oil
containing 10 or 50 |ig estradiol benzoate (Eb) sc 72 hr before experiment. Jugular
catheters were implanted 24 hr before experiment. Blood samples (0.3 ml) were
withdrawn and replaced with 0.15M NaCI before and at 10 min intervals after 3V
injection of diluent or leptin (10 pig, in 5 f.il). Eb lowered mean concentration, pulse
amplitude and had a dose-related effect to suppress pulse frequency of LH. At the
high dose, it dramatically reduced the number of pulses of LH unaccompanied by
FSH and the number of pulses of both hormones simultaneously, but had an opposite
effect on the number of FSH pulses which increased dramatically. Mean plasma FSH
concentrations were only lowered at the higher dose with no significant effect on
FSH pulse amplitude or frequency. Leptin significantly lowered the maximum
increase of LH and increased the area under the FSH release curve in OVX rats.
After 10 pg Eb leptin increased the amplitude of pulses, maximum increase and area
under the LH release curve, whereas pulse amplitude, maximum increase and area
under the FSH release curve were decreased. After 50 pg Eb leptin had no effect on
LH release, but mean and area under the FSH release curve were increased (p<0.01).
Increasing concentrations of E appear to suppress pulsatile LHRH release and
augment pulsatile FSH-RF release. Estrogen alters the response to leptin at either the
hypothalamic and/or pituitary level. (NIH grants 43900 and MH51853).

2 37.8
LEPTIN AFFECTS ESTROGEN METABOLISM IN MOUSE
HYPOTHALAMUS Fang Li1. Donald Pfaff*. Jack Fishman1.
Strang Cancer Research Laboratory1, Rockefeller University, New
York, New York 10021
Leptin, the ob gene product, is a 16-kDa secreted protein produced
in adipocytes that acts as a regulator o f metabolism and feeding
behavior. Since leptin can stimulate the reproductive endocrine
system, and since the hypothalamus has both estrogen receptor
(ER) and leptin receptor(OB-R), we studied leptin effects on
estrogen metabolism in female mouse hypothalamus, compared to
other brain regions and liver. We report here results o f leptin
effects on estrogen 2-hydroxylation in the hypothalamus, reducing
it by 53% in control siblings specifically. This reduction did not
appear in ob/ob mice; or in the rest o f the brain or liver in either
genotype. In both genotypes, estrogen 2-hydroxylation was much
greater in the hypothalamus than in the rest o f the brain. Thus,
leptin can reduce estrogen 2-hydroxylation in hypothalamus, which
contains OB-Rb, the long form leptin receptor. This reduction in
hypothalamic catechol estrogen formation may reflect leptin’s
action on reproductive function and feeding behavior.

S ociety for N euroscience , V olume

23,1997

Supported by USAMRAA grant # DAMD 17-94-J-4441

MONDAY AM

HYPOTHALAMO-PITUITARY-GONADAL REGULATION

237.9

237.10

GNRH/LACZ MICE EXHIBIT TWO MAJOR POPULATIONS OF
BETA-GALACTOSIDASE-STAINED NEURONS. D.J. Sperael*. U.
Krueth. D.F. Hanley. R. Sprenael. and P.H. Seeburq. Dept, of Molecular

THE SHORT AND LONG ISOFORMS (D2S AND D2L) OF THE
D O PA M IN E D2 RECEPTOR DIFFERENTIALLY REGULATE
PROLACTIN SYNTHESIS AND RELEASE IN THE LACTOTROPHS. L
A. Samad. R. Picetti. P. Sawchenko. H. Kercret and E. Borrelli*. Institut
de G énétique et de Biologie M oléculaire et Cellulaire, 67400 Illkirch,
France. Salk institute, San Diego. Université de Rennes, Rennes, France.
In order to study the physiological relevance of the D2L/D2S ratio and
to get insights into the function of the D2 receptor isoforms, we have
generated transgenic mice overexpressing either the long or the short
isoform of the D2 receptor in the anterior pituitary lactotrophs. In these
cells do p am in e controls the sy n th esis an d release of prolactin.
Interestingly the analysis of prolactin expression in these mice at the
m essenger and protein levels as well as at plasm a level revealed that
altering the ratio betw een the tw o isoforms differentially affects the
synthesis and the release of prolactin. D2S overexpression decreases
prolactin m essenger level w hich leads to decreased blood level of the
hormone. In contrast, the overexpression of D2L does not affect prolactin
m essenger level b u t it results in higher prolactin plasm a level. Thus
altering the norm al D2L/D2S ratio in the lactotrophs leads to different
phenotypes (in the pituitary gland).
Altered prolactin levels also affect the synthesis of horm ones produced
by other anterior pituitary cell types of the same lineage, somatotrophs
and thyrotrophs.
This w ork was supported by the C entre N ational de La Recherche
Scientifique and the Institut N ational de la Santé et de la Recherche
M édicale.

Neurobiology, Max-Planck-lnstitute for Medical Research, 69120 Heidelberg, Germany.

To identify GnRH neurons in hypothalamic slices by their GnRH gene
promoter activity, we generated four lines of transgenic mice using a
construct containing 3.5 kb of the mouse GnRH promoter linked to a
synthetic lacZ gene encoding a nuclear transport signal peptide fused
to the bacterial enzyme, beta-galactosidase (beta-gal). A group of
neurons in the preoptic area and diagonal band of Broca stained
positive for both nuclear beta-gal and cytoplasmic GnRH in coronal and
sagittal brain sections of five adult male and female GnRhMacZ mice
following combined beta-gal staining with the chromogenic beta-gal
substrate, X-gal, and GnRH immunostaining with the GnRH antibody,
LR-1. Surprisingly, there was, in addition, a much larger group of
neurons in the medial, lateral, and triangular septal nuclei that stained
for beta-gal but not GnRH. The kinetics of beta-gal staining were faster
in the preoptic area and diagonal band of Broca than in the septal
nuclei. In the olfactory region and mediobasal hypothalamus, we
observed smaller numbers of beta-gal-stained neurons, all of which
were also positive for GnRH. The staining pattern was similar in all four
lines, indicating that GnRH promoter activity was reproducible. These
results suggest that there are two major populations of GnRH neurons:
one in the preoptic area and diagonal band of Broca with relatively high
GnRH promoter activity and expressing GnRH, a population known to
be important for reproductive function, and another in the septal nuclei
with less GnRH promoter activity and expressing little or no GnRH, and
whose function remains to be elucidated.
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Supported by an Alexander von Humboldt Foundation (AvHF) fellowship and NIH
individual NRSA NS-10085 to D.J.S., an AvHF research award to D.F.H., and a
Volkswagen Foundation grant to R.S. and P.H.S.

237.11
IDENTIFICATION OF NEURONAL INPUT TO THE ARCUATE
NUCLEUS (ARH) ACTIVATED BY THE SUCKLING STIMULUS I:
BRAINSTEM.
C. Li*. P. Chen and M. S. Smith. Div. of Neuroscience,
Oregon Regional Primate Research Center; Dept. Physiol./Pharm., Oregon
Health Sciences Univ., Beaverton, OR 97006.
Activation of the neuropeptide Y (NPY) neuronal system in the ARH during
lactation in the rat is most likely due to the neural impulses arising from the
suckling stimulus. However, the afferent neuronal input to the ARH that is
activated by suckling and is responsible for activation of NPY neurons is
currently unknown. Previously, using cFos as a marker for neuronal activation,
we identified a number of brainstem areas that were activated by suckling. The
objective of the present study was to determine if the areas in the brainstem
specifcally activated by the sucking stimulus send direct projections into the
ARH. The retrograde tracer, fluorogold (FG), was injected into the ARH (2%
solution, iontophoresed by 5 pA current, pulsed at 7 sec intervals for 20 min)
on day 4 postpartum. Chronically suckled rats were then deprived of their 8pup litters on day 9 postpartum, and 48 hours later, the 8-pup suckling
stimulus was reinitiated for 90 min. Animals were perfused with tissue fixative,
and brain tissue (25 jam sections) was subjected to immunohistochemistry to
visualize both cFos and FG. cFos-positive FG cells were found in the lateral
central gray, ventrolateral medulla (A1) and the area around the rubrospinal
tract. These areas have been shown to express cFos specifically in response
to the suckling stimulus. No cFos/FG double-labeled cells were found in the
dorsal parabrachial nucleus or locus coeruleus, areas also showing increased
cFos expression in response to suckling. The results of this study
demonstrate that specific areas in the brainstem (lateral central gray, A1 and
area of the rubrospinal tract) are activated by the suckling stimulus and send
direct projections to the ARH. Thus, these areas may be important in
transmitting the effects of the sucking stimulus to the NPY system in the ARH.
(Support: NIH grants; HD14643, RR0163).

237.12
ESTROGEN UP-REGULATES NOREPINEPHRINE TRANSPORTER AND
NEUROPEPTIDE Y mRNA EXPRESSION IN THE MONKEY BRAINSTEM
K.-Y. F. Pau*. J. H. Yu. D. L. Hess and H. G. Spies. Division of Reproductive
Sciences, Oregon Regional Primate Research Center, Beaverton, OR 97006.
Norepinephrine (NE) and neuropeptide Y (NPY) are two neurochemicals that
influence the secretion of gonadotropin-releasing hormone (GnRH). Exogenous NE
or NPY stimulates GnRH release in the presence of ovarian estrogen. Endogenous
hypothalamic NE release is modified by presynaptic reuptake via a specific NE
transporter protein (NET). Both NET and NPY mRNAs.have been localized in the
brainstem, including the locus coeruleus (LC). We now report that the expression
of NET and NPY mRNA in the ovariectomized (OVX) rhesus monkey LC is upregulated by 4- to 5-fold after estrogen treatment that included an estradiol-178 (E2)
implant to maintain plasma E2 levels between 25-90 pg/ml and an i.v. infusion of
E2 that increased plasma E2 to >300 pg/ml. This E2 treatment elicited a preovula
tory-like surge of luteinizing hormone (LH) that began at -20 h and peaked at -30
h after the initiation of i.v. E2. Monkey brains were fixed with 4% paraformalde
hyde and cryoprotected with 20% sucrose. Sections of the LC at 20 Jim thickness
were processed for in situ hybridization with monkey NET cRNA (700 bp) or
human NPY cRNA (590 bp). Hybridized signals were quantitated on Cronex X-ray
film and digitized with NIH Image software. Signals/cell was quantified by a com
puter program (IBAS). Gene expression in OVX monkeys treated with i.v. E2 for
20 h (n=3) or 30 h (n=5) were compared with those in OVX macaques (n=5). The
optical densities of both NET and NPY mRNA expression after 20 h (141±10 and
113±21, respectively) or 30 h (110±13 and 128±17, respectively) were higher
(p<0.01) than those in OVX cdntrols (28±7 in NET, 23±11 in NPY). Similarly,
LC-NET and LC-NPY mRNA signals per cell were higher (p<0.01) in E2-treated
monkeys. Thus we suggest that estrogen may enhance gene expression in brain
stem neurons. The up-regulated mRNA expression in the LC may be an important
process in initiating and/or sustaining the preovulatory GnRH release in the hypo
thalamus. Supported by NIH grants RR00163, HD16631, HD18185.
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DIFFERENTIATION IS LINKED TO BIRTHDATE IN THE EARLY
NEUROGENESIS OF THE VERTEBRATE CENTRAL NERVOUS SYSTEM
M. Hu* and S. S. Easter. Jr. Department of Biology, University of Michigan,
Ann Arbor, MI 48109-1048
Early studies on the genesis of the fly ommatidium indicated that neuronal
differentiation was not linked to cell cycle withdrawal (Baneijee and Zipursky, Neuron
4: 177, 1990). To learn whether this independence is also true in the vertebrate nervous
system, we performed birthdate studies on zebrafish ganglion cells, which are the first
neurons in the fish retina. We micro-injected bromodeoxyuridine (Brdu) through the
yolk sac of zebrafish embryos of various ages, sectioned the injected embryos, and
stained the sections with an anti-Brdu antibody. Cells that had been postmitotic at the
time of injection were recognized by the absence of Brdu label. We found that the first
postmitotic cells lay in a small cluster in the ventronasal retina where the first ganglion
cells appeared (Burrill and Easter, J. Neurosci. 15:2935-2947, 1995), and that the
cluster of the postmitotic cells gradually expanded along a dorsotemporal arc along
which differentiation of ganglion cells occurred later. These postmitotic cells were
shown to be ganglion cells by labeling with a neuron-specific antibody HNKl/znl2
(Trevarrow et al, Neuron. 4: 669-679, 1990). 'rhese results indicated that early
neuronal differentiation is linked to early cell cycle withdrawal in the fish retina. To
leam if this same linkage applied in the neural tube, where neurogenesis occurs earlier,
we performed Brdu labeling at early developmental stages. We found that small
clusters of postmitotic cells appeared at the sites of the three earliest clusters of neurons
in the rostral neural tube (Wilson and Easter, Development. 108: 121-147, 1990), and
HNKl/znl2 labeled soma in, and axons from, these clusters. These results suggest that
in the vertebrate central nervous system, unlike in the fly ommatidium, the first cells to
withdraw from the cell cycle have a head start on the others and differentiate earlier
than their neighbors to form the primary set of neurons. (Support: NIH EY-00168)
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238.2
ONTOGENY OF PROLIFERATING CELLS DURING LATE EMBRYONIC
BRAIN HISTOGENESIS OF JAPANESE QUAIL. G. KaUergi. A.Stamatakis.
V. Zikopoulos. H. Barbas#. C.R. Dermon (SPON: European Neuroscience
Association). Dept. Biology, Crete Univ., 71409 Iraklion, Greece, # Boston Univ.,
Dept. Health Sci., Boston, MA 02215, USA.
During brain development, cells bom in the ventricular zone become postmitotic
and migrate as neuroblasts outward into the mantle zone in several waves of
migration. We investigated the temporal and spatial patterns of brain
development and their relationship to the expression of nitric oxide synthase
(NOS). We injected bromodeoxyuridine (BrDu) in ovo (embryonic days E6 , E8,
E10, E l2 and E l4) to label newly bom cells. The embryos were sacrificed by
perfusion fixation at E l5 or anesthetized and perfused after hatching- Double
labeling was performed in coronal tissue sections using first a histochemical
procedure for NADPH-d to visualize NOS positive cells, followed by BrDu
immunocytochemistrv. A high density of proliferating cells was noted in the
commissurae anterior, posterior and tectalis and in the optic chiasm. Maximum
proliferating activity was seen at E6 and E l2 in the mesencephalon, and
diencephalon a ad at El 0-El 2 in the telencephalon. BrDu labeled cells were
arranged around all the ventricular walls and the outer zone of the hemisphere
and the thalamus. At this late proliferation wave glial cells were homogeneously
distributed, while neurogenesis was found mainly in bulbus olfactorious. lobus
parolfactorious, n. basalis, septal areas, n. taeniae, preoptic area, ventromedial n.,
central gray, n. intercollicularis, mesencephalicus lateralis, opticus basalis, isthmoopticus, superficial and periventricular layers of optic tectum, oculomotor complex
and n. IV nerve. The external as well as the future cerebellar granular layer were
labeled at El 0-El 2. By day E14 very tew BrDu labeled cells were found
throughout the brain. Although many NADPH-d positive neurons were noted at
E l5 in various brain areas, only few of those were bom at E6-E10, found mainly
in the bipolar tectal layer and lobus parolfactorious. This evidence suggests that
NADPH-d positive neurons are bom early in development, while express NOS
activity later in their life. Supported by CHRX-CT94-0472 HCM EU grant.
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238.3
THE ROLE OF THE RETINOBLASTOMA PROTEIN IN NEURONAL
COMMITMENT AND TERMINAL DIFFERENTIATION J. Wong*. H. El Bizri.
R.S. Slack. D.J. Belliveau. A. Gloster, F.D. Miller. Montreal Neurological Institute,
McGill University, Montreal, P.Q. H2A 2B4
We questioned whether the retinoblastoma protein (pRb) is required to make a
commitment decision, or do neurons commit to their fate, express neuronal markers,
and undergo apoptesis due to failure to undergo terminal mitosis. To distinguish
between these possibilities we have used pRb nullizygous mice (Jacks et al., 1992)
and established a colony expressing the ta l a-tubulin promoter driving a nuclear (5galactosidase transgene. The reporter gene is induced right at the point of
commitment to a neuronal fate, coincident, or in many cases prior to terminal mitosis
(Gloster et al., 1994). (3-galactosidase expression was analyzed throughout the nervous
system of these mice at time points ranging from E10.5 to E14.5. We detected
abnormal neuronal development throughout the nervous system, including the cortex,
the retina and the olfactory epithelium, regions which were previously reported to be
spared. Our observations support the hypothesis that neuronal commitment occurs
prior to terminal mitosis in all regions examined. However, once migration has
commenced and cells fail to exit from the cell cycle, apoptosis takes place. Cortical
progenitor cells in which the pRb family has been ablated with specific deletion
mutants of the adenovirus El A oncoprotein undergo apoptosis concomitant with
terminal mitosis. Similar inactivation of pRb family proteins by El A in postmitotic
neurons had no effect on the survival and morphology. These studies indicate that the
pRb family is not essential for the maintenance of progenitor cells or postmitotic
neurons but is essential for the terminal differentiation process.
Supported by the Neuroscience Network and the Medical Research Council of Canada

238.4
ANALYSIS OF THE FUNCTION OF DELTA AND NOTCH IN
NEURAL PRECURSOR CELLS IN VITRO C.H. Faux. A. M.

238.5
MELANIN RELATED AGENTS MAY INFLUENCE WHEN RETINAL CELLS
LEAVE THE CELL CYCLE. M. Ilia* and G. Jefferv. Institute of Ophthalmology,
University College London.
Melanin related agents influence retinal development. In albinos the normal
centre to periphery pattern of retinal maturation is delayed and there are diverse
retinal deficits at maturity. Here we ask whether patterns of retinal mitosis differ
between pigmented and albinos and if these are related to dopa, a key element in
melanin synthesis and a known anti-mitotic agent.
Time mated rats cariying both pigmented and albino foetuses were used spanning
postconceptional days (PCD) 12-33. Over this period many more mitotic profiles
were found in albino retinae compared with their pigmented litter mates. About
70% more profiles were found in albinos during the main phase of neurogenesis
(PCD 17-20). This difference was consistent between various albino and pigmented
strains. There were no differences in mitotic numbers in their brains. Excess
mitosis resulted in retinal thickening followed by a period of excess cell death which
reduced cell numbers. There were no differences in the spatio-temporal patterns of
these events between the animals.
Tyrosinase triggers melanin synthesis by catalysing dopa production from
tyrosine. We have measured retinal dopa levels with HPLC and found them to be
reduced by -30% in developing albinos. Dopa is an anti-mitotic agent and its
application in vitro slows RPE ceil cycle rates. Could reduced dopa result in excess
mitosis? Developing eyes from both strains were maintained in organ culture with
or without dopa for 7h. Without dopa mitosis was similar to that found in vivo.
However, addition of the drug at appropriate doses reduced the mitotic profiles in
albino retinae but had no significant effect on pigmented eyes.
These results are consistent with tlie notion that a melanin related agent, probably
dopa, acts as s break on mitosis in the developing retina. Perhaps its influence
regulates when cells are able to leave the cell cycle.
Funded by M.R.C.

238.6
LYSOPHOSPHATIDIC ACID (LPA) DEPOLARIZES EMBRYONIC CORTICAL
NEUROBLASTS THROUGH TWO DISTINCT IONIC MECHANISMS AND
ALTERS CELL MORPHOLOGY. A.E. Dubin*. T. Bahnson. N. Fukushima and J,
Chun. Dept of Pharmacology, UCSD Medical School, La Jolla, CA 92093-0636.
Extracellular ligands and receptors that influence neurogenesis in the cerebral cortex
have been previously identified as belonging to two general classes: peptidergic
growth factors mediated by receptor tyrosine kinases (e.g., Cattaneo and McKay,
1990, Ghosh and Greenberg, 1995) or amino acid neurotransmitters acting through
ligand-gated ion channels (e.g., LoTurco et al., 1995). The cloning of v^g-1, a
receptor gene for the bioactive lipid "lysophosphatidic acid (LPA)" that is expressed
prominently in the neuroproliferative "ventricular zone" of the cortex (Hecht et al.,
(1996) J. Cell Biol. 135, 1071) suggested the possible operation of a third molecular
class of extracellular CNS ligands and their receptors: bioactive lipids mediated by Gprotein coupled receptors. To examine this possibility, embryonic cortical
neuroblasts were examined after 0.5-1 day in vitro for LPA responsivity using whole
cell patch clamp recording techniques and simultaneous real-time imaging. Sub
micromolar concentrations of phospholipid ligands were applied via puffer pipettes.
LPA induced an increased conductance in about half of examined cells. Two distinct
depolarizing responses were observed, each with a mean latency of about 30 sec: one
group revealed an increase in chloride conductance demonstrated by ion substitution
experiments (-60% of responding cells) whereas a second group (-40%) responded
with an increase in a putative non-specific cation conductance. At this age, an
increased chloride conductance appears to be depolarizing (Owens et al., 1996).
Latencies are consistent with G-protein mediated responses, and were not reproduced
by structurally related ligands (e.g., LPG). These conductance changes were followed
by a change in morphology (-70% of viable cells), starting within minutes of LPA
exposure, in some cases resembling the cell rounding phase of "interkinetic nuclear
migration." These data implicate extracellular lipid signaling as a new, physiological
component of early cortical development, providing the earliest known liganddependent depolarization in the embryonic CNS. (Supported by the NIMH and NIH).

238.7
OPIOIDS INTRINSICALLY INHIBIT THE GENESIS OF ISOLATED MOUSE
CEREBELLAR NEUROBLASTS: DIFFERENTIAL IMPACT OF p. AND 8
RECEPTORS ON DNA SYNTHESIS AND NEURITE ELONGATION. K.F.
Hauser*. L.A. Ooanashuk. W. Maxson. and C.S. Turbek. Dept, of Anatomy &
Neurobiology, Univ. of Kentucky Med. Ctr., Lexington, KY 40536.
The intrinsic role of the opioid system on neuronal development was assessed by
examining the pattern of opioid receptor expression, and the effects of n, 8, and k
opioid receptor activation on the growth of neuroblasts from the cerebellar external
granular layer (EGL). EGL neuroblasts from 6-day-old ICR mice were isolated by
Percoll-density centrifugation and panning, and maintained as reaggregate cultures
in serum-free medium (Gao et al., 1991, Neuron 6:705). Neuroblasts uniformly
expressed y. and 8, but not k, opioid receptor immunoreactivity (antibodies courtesy
Dr. R.P. Elde). Treatment with h (morphine) or 8 (Met-enkephalin) agonists
significantly inhibited the growth of EGL neuroblasts and/or their granule cell
progeny maximally at 0.1 to 1 pM concentrations. Either jo. or 8 agonists significant
ly inhibited DNA synthesis (bromodeoxyuridine /[3H]thymidine incorporation);
whereas 82, but not m agonists inhibited the radial growth of neurites. 82 agonists
(e.g., deltorphin) were more efficacious in inhibiting DNA synthesis and neurite
elaboration than 8 j (e.g., [D-Pen2, D-Pens]enkephalin) agonists. Opioid effects were
blocked by appropriate antagonists, and growth was unaffected by antagonists alone.
The results suggest that n and 8 opioid receptors mediate the antiproliferative effects
of opioids, while 8 receptors alone mediate the inhibitory effects on neuronal
differentiation. Importantly, the opioid system per se can independently regulate
separate developmental events—neuroblast proliferation and differentiation—
through the preferential activation of \i or 8 receptors. Spatiotemporal differences in
endogenou and 8 ligands may serve to coordinate different aspects of development
within the r.nae or neighboring neurons. Support: NIH DA06204.

238.8
CHARACTERIZATION OF NEURONAL CELLS FROM EMBRYONIC
THt sA58/THBc 1-2 TRANSGENIC MICE.
L J t e h m m s.]*, P-M- Chi.k.ataiilii® M ,K, M.c.MUliim@*- +Dept. of
M olecular Biology and M icrobiology, Tufts U niversity, Boston
MA, 02110. ®Dept. of N eurobiology, Duke U niversity M edical
Center, Durham, NC 27710
We have created two lines of tra n sg en ic mice exp ressin g
oncogenes under control of 4.5Kb of the rat ty rosine
h ydroxylase (TH) 5' flanking sequence. One expresses the
tem perature sen sitiv e m utant of SV-40 T -antigen (tsA 58), and
the other expresses human B cl-2. C u ltu rin g of em bryonic
neurons from the progeny of a cross betw een these two
tra n sg e n ic lin es for g re a te r than five m onths has re s u lte d in
an uncloned cell line that grow s on p o ly ly s in e -c o a te d coverslips. The cells take up [H ^]dopam ine in a n o m ife n sin e -se n sitive m anner (h alf-m ax im al in h ib itio n at - 10' 9M; maximal at
1 O' ^M) and express J1 n e u ro tu b u lin , an early neuron sp ec ific
m arker. P aradoxically, we are not able to detect TH, T -antigen,
or B cl-2 by iin m unohistochem istry though low le v e ls of
expression c.innot be ruled out. A dditio n ally , these cells seem
to be able to assum e the m orphology of both neurons and glia
depen d in g on the nature of the s u b stra te upon w hich they
are plated and upon treatm en t w ith phorbol e ste r, an a ctiv a 
tor of protein kinase C, and/or fo rsk o lin , an a c tiv a to r of
adenylate cyclase. (Supported by NIH grant 22675)
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Twniey_anflP,F, Bartle.iL*

The Walter and Eliza Hall Institute of Medical Research, Parkville,
Victoria, Australia, 3050
Lateral inhibition is the process by which one cell, amongst an
otherwise homogeneous group, differentiates while preventing the
differentiation of its neighbouring cells. Two membrane bound
neurogenic proteins, Notch a receptor and Delta, its ligand appear to
regulate this process, however, although we have shown by northern
analysis that both molecules are present in the developing
neuroepithelium and in the precursor population in the sub-ventricular
zone of adult mice, tlieir precise role in regulating neuronal
differentiation in mammalian precursors is still unknown. To gain a
better understanding of the function of Delta and Notch in neuronal
development we have attempted to downregulate and overexpress these
molecules in precursor populations in vitro. In addition, since we have
previously shown that growth factors such as FGF1 and FGF2 influence
growth and differentiation (Murphy, M. et al. 1990, J. Neurosci. Res.
25, 463), we have analysed the effect of Delta and Notch regulation in
precursor populations treated with FGF1 and FGF2. It has been found
that downregulation of the Notch genes by antisense oligonucleotides
promotes the differentiation of neurons in E10 neuroepithelial cells from
mouse cortex when combined with FGF1 but not FGF2. This suggests
that either multiple signals are required for neuronal differentiation, or
that FGF1 directly influences the Delta-Notch signalling pathway.
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238.9
A STUDY OF CELL DIVISIONS IN THE VENTRICULAR ZONE OF RAT
NEOCORTEX J Nangla and RJ Adams* University Laboratory of Physiology,
University of Oxford, Oxford, 0X1 3PT, England.
Neurogenesis in the developing rat neocortex takes place within the pseudostratified
ventricular neuroepithelium (NE). In the simplest possible model, the daughters of
proliferating progenitor cells may take two paths: a daughter can either leave the NE to
become a post-mitotic cell, or remain within the NE to re-enter the cell cycle. Previous
studies (Smart 1973; Zamenhof 1987) have shown that about 90% of cells dividing in
the NE do so with their mitotic spindles parallel to the ventricular surface, while a
recent study in ferret (Chenn and McConnell 1995) found a fraction of cells divided
horizontally, in an apico-basal asymmetric division. We have re-examined the question
of mitotic spindle orientation in histological samples from rat through the period of
neurogenesis. The orientations of mitotic spindles were categorised into 3 classes:
parallel, perpendicular or. oblique. These large findings were compared with a numerical
simulation of neuron generation using cell cycle parameters obtained from mice
(Caviness etal 1995) in which the fraction of cells leaving the proliferative cycle and
the length of the cell cycle have been estimated. If we assume that the basal-most cell
of each perpendicular and oblique division leaves the NE, presumably as a post-mitotic
neuron, what fraction of daughter cells from vertical divisions are required to make up
the full complement of cells that leaves the NE at each age? It is clear, from our cell
counts and the model, that daughters of non-vertical divisions alone are not enough to
account for the number of cells becoming neurons throughout the neurogenic period. It
is important to point out that in these studies we cannot assign a cell a fate on the
basis of its behaviour. With regard to the significance of spindle orientation during
division, we have previously shown (Adams 1996) that spindles of cells dividing
vertically in the NE spend most of their time aligned parallel or anti-parallel to the
direction in which they will later divide, suggesting the existence of intracellulai
signals. These signals define the polarity of the cell in the apico-basal direction and
within the plane of the NE. Such mechanisms may also influence the fate of daughter
cells at a time when neuronal fate is being determined.
MRC IRC for Cognitive Neuroscience and MRC Studentship (JN).

238.10
INTERCELLULAR INTERACTIONS REGULATE THE DIFFERENTIATION
OF GABAergic CELLS IN NEOCORTICAL CULTURES. T.Voigt* and A.D.
de Lima. Institut of Physiology, Univ. Magdeburg, Leipziger Str. 44, D-39120
Magdeburg, Germany
In serum-free cultures of embryonic dissociated rat cerebral cortex two types
of GABAergic cells have been identified. One of the types, a small GABAergic
cell, appears in culture during the first two weeks in vitro. The other type, a
large multipolar GABAergic neuron is already present in the cultures from the
beginning. Here we investigated the effects of intercellular interactions on the
development of the GABAergic neurons. Neuron-neuron interactions were
approached by modifying the plating density of the cultures. This resulted in no
significant difference in the relative number of GABAergic cells in 12 day old
cultures. Effects of neuron-glia interactions were studied by analyzing the
differentiation of GABAergic cells in glia-poor and glia-rich neuronal layers in
12-14 day old cultures. In glia poor cultures obtained either by adding Ara-C on
the fourth day in vitro or by eliminating glial precursors by the preplating
method, there was a significant reduction or an almost complete elimination of
the development of small cells. Large GABAergic cell numbers remained
inaltered or were slightly increased. Interestingly, culturing cells in a glial rich
environment, over a confluent astroglial substrate, also significantly reduced the
development of small GABAergic cells, again leaving the large GABAergic cell
numbers inaltered. BrdU experiments showed that the cell proliferation in
cultures growing over a glial substrate layer is strongly inhibited. In conclusion,
our results show that the sustained proliferation of precursor cells in neocortical
cultures is necessary for the differentiation of small GABAergic neurons, and
that mature astroglia effectively inhibited the proliferation of this neuronal type.

238.11
DEVELOPMENT AND SURVIVAL OF RAT EMBRYONIC MESENCEPHALIC
NEURONES EXPRESSING TYROSINE HYDROXYLASE IN SERUM-FREE,
ANTIOXIDANT-RICH PRIMARY CULTURES. Y.M. Hickling. N.S. Cheung.
R.D. O’Shea* and P.M. Beart. Department of Pharmacology, Monash University,
Victoria, Australia, 3168.
Dopaminergic neurones of the ventral mesencephalon (VM) are well known to play
important roles in Parkinson’s disease and schizophrenia. Thus there has been
continual interest in their development and survival in primary culture. Typically these
neurones are cultured in the presence of serum which causes the undesirable
proliferation of glia and can have confounding influences on subsequent studies. The
present study therefore outlines how cells from the rat VM were successfully cultured
under serum-free, antioxidant-rich conditions. VM were dissected from rat embryos
(El4-16) and the tissue was enzymatically digested (0 .2 mg/ml trypsin) and triturated.
Cells were then spun down, washed and finally resuspended in Neurobasal medium™
supplemented with B27 components. Cells were seeded in 24 well culture plates pre
coated with poly-D-lysine (50^g/ml) at a cell density of 0.25 x 106 cells/cm2 and
maintained in an humidified C0 2 incubator <5% C02, 8% 0 2; 37°C). Immunostaining
with mouse monoclonal microtuble-associated protein 2 and glial fibrillary acidic
protein revealed cultures were essentially neuronal (95%). Moreover, immunostaining
with tyrosine hydroxylase (TH) revealed these neurones contained from d 1-7 in vitro a
relatively constant subpopulation (5%) of dopaminergic neurones which were bipolar,
tripolar or multipolar in shape and possessed 2-5 primary processes with relatively
sparse arborization. Continuing studies with elevated K+ appear to show that elevated
K+can improve neuronal viability especially at lower cell densities. The localization
of cholecystokinin in TH-positive neurones is also under investigation. These primary
cultures offer considerable advantages for the study of mesencephalic TH-positive
dopaminergic neurones under conditions where milieu can be readily manipulated in
the absence of glia and without the confounding influence of serum.

238.12
AREA AND LAYER SPECIFIC CELL DEATH IN POSTNATAL MOUSE PAR
IETAL CORTEX. C, Vgffîgy*1:2, P.G, State1, 1 , l akahashi?-3, .R,S, Nowakowstoi
& V.S. Caviness. Jr.1 ‘Neurology, Mass. General Hospital & Harvard Med. School,
Boston, MA 02114.2INSERM, U106, Hôpital Sâlpétriére, Paris, France, 3Pediatrics,
Keio Univ. School of Medicine, Tokyo, Japan, 4Neurosc. & Cell Biology, UMDNJRobert Wood Johnson Medical School, Piscataway, NJ 08854.
Cell death in the parietal cortex of CD1 mice was examined on postnatal day 0
(P0=day of birth), P2, P4, P6 , P8 , P10 and P14. Presumptive dying cells were
identified using both the TUNEL method and basic fuchsin staining of apoptotic
nuclear profiles. The location of dying cells was recorded with respect to cortical
layers in the medial (area 29d,l), barrel field (area 3) and lateral (area 40) cortex. For
each age, area and layer the number of dying cells was expressed as a proportion of
total number of cells per unit volume. This figure was transformed to percent cells
dying per day using a clearance time of 2.5 hr for dying cells. By assuming a linear
rate of change in the cell death rate between data points, the percent reduction in the
P0 cell population over the interval was estimated within each area for each layer. In
all 3 areas cell death occurred mainly from P2 to P10 with a peak at P4-P6 in all
layers except layer I in which it was maximum at P14. Overall cell death in layers n
thorough VI was 29% in medial cortex as compared to 15% in the barrel field and
lateral cortex. Cell death in the subcortical zone of the subplate was -70% in all 3
areas. The estimated percentages of total cell loss in the separate cellular layers in the
3 areas was -10-20% with the exception of layers n/M and IV in medial cortex (42%
and 25%) and in layer V in the barrel field (32%). Thus, the proportion of cell loss is
similar in the cortical layers of the 3 areas, but there are distinctly individualized
patterns of cell death in restricted layers of each area. These patterns are evident during
the first postnatal week, and hence, are concurrent with and, presumably, modified by
the ingrowth and expansion of all classes of cortical connectivity. Supported by

238.13
PROGRAMMED CELL DEATH (PCD) REPRESENTS A PROMINENT CELL
FATE FOR PROLIFERATING CNS NEUROBLASTS AND CORRELATES WITH
THE ONSET OF DIFFERENTIATION. A.J. Blaschke*. J.A. Weiner and J. Chun.
Department of Pharmacology, School of Medicine, University of California, San
Diego, La Jolla, CA 92003-0636.
Our prior studies have shown widespread PCD throughout the developing cerebral
cortex during the embryonic neurogenic period, with the majority of dying cells found
in regions of cell proliferation. [Blaschke et al. (1996), Development, 122: 11651174.] Here we show that PCD is a universal feature of neuroproliferative regions
throughout the developing CNS. Moreover, the initiation of PCD may be linked to
the process of differentation. Proliferating populations of neuroblasts were identified
in the pre- and postnatal mouse CNS by 1 hour BrdU incorporation, and dying cells
were identified by in situ end-labeling plus (ISEL+) and ligation-mediated PCR
(LMPCR). Comparison of the location of proliferating cells with the location of
cells identified by ISEL+ showed that regions of neuroproliferation were also regions
of significant PCD along the entire length of the neural tube. Quantification showed
that between 40 and 70% of cells were labeled (although clearance times are not
known), indicating that PCD is probably a major proliferative zone cell fate. Regions
of neuroblast proliferation in the early postnatal CNS were also found to contain
significant numbers of dying cells, and dying cells were identified in the adult
subventricular zone, indicating that proliferative zone PCD is not limited to
embryonic neurogenesis. The link between differentiation and PCD was examined by
combing ISEL+ with in situ hybridization for png-1, a zinc-finger gene which
identifies newly postmitotic neurons [Weiner and Chun. (1997) J. Comp. Neurol,
381: 130-142]. The identification of the first png-1 positive neurons at E11-E12 in
the cerebral cortex temporally coincided with the start of PCD. This temporal link was
seen in other regions, and was further consistent with spatial correlations between
png-1 expressioti and ISEL+ labeling. These data indicate that neuroproliferative PCD
is a common feature of CNS development and that mechanisms of differentiation may
be involved in thfc initiation of PCD. [Supported by the NIH]

238.14
EPIDERMAL GROWTH FACTOR PRETREATMENT PROTECTS
AGAINST ISCHEMIA-INDUCED CELL DEATH IN THE RAT. L.L. Borg. A.L.
Kyle. B.A. Reynolds*. P. Poulin. NeuroSpheres, Ltd., Calgary, Alberta,
Canada.
In response to epidermal growth factor (EGF), neural precursor cells,
located in the tissue adjacent to the rodent lateral ventricle, proliferate and
migrate into the adjacent parenchyma. Over a time course of approximately
6 weeks, some of these cells mature into glia: Since glia are known to
provide physiological support to neurons, we hypothesized that
pretreatment with i.c.v. EGF 8 weeks prior to transient global ischemia
would generate new glia which would protect the neurons of the
hippocampus from ischemia-induced cell death.
Male Wistar rats had osmotic pumps surgically implanted into the lateral
ventricle for 9 days, the last 3 of which bromodeoxyuridine (BrdU) was
administered 3 times per day, i.p., to label proliferating cells. The pumps
were removed and the animals returned to standard housing. Eight weeks
later, under pentobarbitol anaesthesia, animals were subjected to 20
minutes bilateral common carotid artery occlusion combined with systemic
hypotension. Animals were sacrificed one week later, brains removed and
10 jim cryosections were prepared and processed for Nissl staining and
BrdU immunohistochemistry. Viable neurons and immunoreactive cells
were counted manually.
EGF pretreatment protected approximately 50% of the hippocampal
pyramidal neurons ipsilateraJ to EGF infusion. Following EGF infusion,
BrdU-immunoreactive cells were observed throughout the hippocampus,
predominately in the CA2-3 region. The phenotype of these cells is
currently under investigation. Pretreament with i.c.v EGF 8 weeks prior to
transient global ischemia offers protection to hippocampal pyramidal
ndurons in the rat, and represents a novel method for the prevention of
neurological disorders.
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239.1
BRDU AND RETROGRADE DEXTRAN AMINE LABELING REVEAL THAT
SOMATIC MOTOR AND SYMPATHETIC PREGANGLIONIC NEURONS
ORIGINATE FROM DIFFERENT PRECURSORS. J. W. Yip* and Y. P. L. Yip
Dept, of Neurobiology, University of Pittsburgh, Sch. of Med., Pittsburgh, PA
15261
In the development of the chick spinal cord, it has been thought that sympathetic
preganglionic and somatic motor neurons are born at the same time and co-localized
in the ventral horn prior to the secondary migration of sympathetic preganglionic
neurons to form the Temi column. This issue is now re-examined.
To determine the birthdates of sympathetic preganglionic and somatic motor
neurons, 1-2 p.1 of 0.5 mM BrdU was injected in ovo into the central canal of stage
12-24 embryos. After 1 hr, a similar volume of thymidine (5mM) was injected
likewise into the same embryos to chase the BrdU. Injected embryos were killed at
stages 29-30, after the Terni column is formed. Immunostaining with BidU
antibody showed that the majority of sympathetic preganglionic neurons are bom
from stages 14-18, prior to the genesis of most somatic motor neurons.
To determine whether sympathetic preganglionic and somatic motor neurons are
co-localized prior to the secondary migration of preganglionic neurons, retrograde
labeling with dextran amines was used. Rhodamine dextran amine was injected into
the spinal nerves of stage 26 embryos to label somatic motor neurons whereas FITC
dextran amine was injected into sympathetic ganglia to label preganglionic neurons.
In every case examined, the locations of sympathetic preganglionic and somatic
motor neurons are different. Sympathetic preganglionic neurons occupy a medial,
while somatic motor neurons occupy a lateral location in the ventral horn of the
spinal cord.
Taken together, these results show that sympathetic preganglionic and somatic
motor neurons are born at different times, and occupy different locations of the spinal
cord. Sympathetic preganglionic and somatic motor neurons are therefore likely to
originate from different precursors. (Supported by NS 23916)

239.2
NEUROCHEMICAL
DIFFERENTIATION
IN
THE
AVIAN
SYMPATHOADRENAL SYSTEM: GALANIN AS A DEVELOPMENTAL
MARKER IN THE SYMPATHOBLAST, SIF CELL AND CHROMAFFIN
CELL LINEAGE. J. L. Barreto-Estrada. L. Medina-Vera. J,M. De Jesus-Escobar,
I. Torres-Aviltan and J, E. GareiaAnarfe*. Dept, of Biology, Univ. of Puerto
Rico, PR 00931.

23 9 .3
NeuroM, A NEURONAL HELIX-LOOP-HELIX TRANSCRIPTION
FACTOR THAT DEFINES A NEW TRANSITION STAGE IN
NEUROGENESIS
T. RoztociU L. Matter-Sadzinski. J.-M. Matter and M. Ballivet*.
Department o f Biochemistry, Sciences II, University o f Geneva, 1211
Geneva 4, Switzerland.
We have isolated a novel neuronal basic helix-loop-helix (bHLH)
transcription factor related to the Drosophila proneural gene atonal.
The NeuroM protein most closely resembles the vertebrate NeuroD
and Nexl/M ATH2 factors. In situ hybridization studies have been
conducted, in conjunction with pulse-labeling o f S-phase nuclei, to
compare NeuroM to NeuroD expression in the developing nervous
system. In spinal cord, optic tectum and telencephalon, NeuroM
expression precedes that o f NeuroD. It is transient and restricted to
cells lining the ventricular zone that have ceased proliferating but have
not yet begun to migrate in the external layers. In retina, NeuroM is
also transiently expressed in cells as they withdraw from the mitotic
cycle, but persists in horizontal and bipolar neurons until full
differentiation, assuming an expression pattern exactly complementary
to NeuroD. In the PNS, NeuroM expression closely follows cell
proliferation, suggesting that it intervenes at a similar developmental
juncture in all parts o f the nervous system. We propose that
availability o f the NeuroM bHLH factor .defines a new stage in
neurogenesis, at the transition between undifferentiated, pre-migratory
and differentiating, migratory neural precursors.

239.4
FUNCTIONAL ANALYSIS OF CRX IN ROD DEVELOPMENT IN
VIVO USING RETROVIRAL VECTORS. E.M. Morrow. Takahisa
Furukawa. Julie C. Zitz, Chris DeFranco* & Constance L. Cepko. Department of
Genetics, Harvard Medical School, Boston, MA, 02146.
By combined immunocytochemical and [3H]-thymidine birthdating analysis, the
length of time between the terminal mitosi§ and rhodopsin onset was measured in
developing rods in vivo. For the majority of rod precursors, the onset of rhodopsin
irtimunoreactivity occurred 5.5 to 6.5 days after the terminal mitosis. Recently, a
paired-type homeobox gene, Crx, has been characterized (Furukawa et al., submitted),
and we have shown Crx to be expressed in postmitotic rod precursors prior to
rhodopsin onset. In order to analyze crx function in developing rods, retroviruses
expressing Crx or a dominant-negative form of Crx were generated. Forced
expression of Crx in retinal progenitors increased the percentage of clones containing
only rods, and resulted in a decrease in amacrine and Muller-containing clones.
Expression of the dominant-negative form of Crx in presumptive rod progenitors
interfered with proper rod morphogenesis. We are currently analyzing these
presumptive rods for the presence or absence of rhodopsin expression.

The neurochemical differentiation of the sympathoadrenal nervous system has
been analyzed by focusing on the developmental expression of two neuropeptides,
galanin (GAL) and enkephalin (ENK). Both peptides are expressed early in the
formation of the sympathetic ganglia and adrenal gland. Expression in the adrenal
persists during embryogenesis to hatching while expression in the sympathetic is
lost halfway tlirough embryonic development. This is similar to what has been
shown for other neuroactive substances such as somatostatin (SS) and serotonin (5HT). Our results with double labeling experiments using GAL, SS and tyrosine
hydroxylase (TH) show that all sympathoblasts express multiple neuroactive
substances and that their biochemical phenotype change as they develop into
mature neurons. This suggest that GAL can be considered a marker for the
sympathoblasts, SIF and chromaffin cell lineage. To test our hypothesis, we
cultured sympathoadrenal cells and exposed them to environmental factors known
to induce neuronal or chromaffin phenotypes. The neuronal phenotype inducing
factor, NGF, showed a significant decrease in the levels of GAL-LI in sympathetic
cultures as measured by RIA. In contrast, treatment of adrenal cultures with
dexamethasone (Dex), a synthetic glucocorticoid that favors the chromaffin
phenotype, increased the content of GAL-LI significantly. Thus, neuropeptides
might serve as developmental markers, as shown in the avian sympathoadrenal
system. This work was supported by grants from NSF (BNS-8801538), NIHRCM1 (RRO-3641-Ol) and the University of Puerto Rico.

This work was supported by the Howard Hughes Medical Institute.

Supported by the Swiss National Science Foundation and the State o f Geneva.

239.5
THE ROLE OF NEUROGENIN IN THE SPECIFICATION OF XENOPUS
PRIMARY NEURONS. D. M. Orentas* and C. Kintner.
Molecular Neurobiology Labs, The Salk Institute, La Jolla, CA, 92037.
During the formation of the Central Nervous System basic Helix Loop Helix
(bHLH) transcription factors appear to direct sequential developmental stages in
neurogenesis. Initially, proneural bHLH genes specify regions of neural
development from which a subset of cells are then directed by lateral inhibition to
develop into neurons. As neurons differentiate they become specified into distinct
neuronal subpopulations. In the vertebrate, the bHLH transcription factor
neurogenin shows regions of homology to the Drosophila proneural gene atonal,
suggesting a role for neurogenin in neural determination. Over-expression studies
in Xenopus laevis support this hypothesis in that the neurogenin homologue,
XenopK5-neurogenin-related-l (XNGR1), has been demonstrated to induce the
development of neurons in non-neuronal ectoderm and activate the expression of
lateral inhibition genes. To further explore the role of XNGR1 in the determination
and differentiation of Xenopus primary neurons, a series of XNGR1 over-expression
studies were performed and neural development observed. It was observed that
XNGR1 over-expression increases the domain of neuron specific B-Tubulin
expression into the ectoderm. In contrast, XNGR1 over-expression results in the
loss of expression of class specific neuronal genes. These observations suggest that
premature neuronal differentiation results in the loss of neuronal specification. Two
distinct hypotheses could account for this loss of specification. In the first,
neuronal differentiation could occur prior to the expression local environmental cues
necessary for neuronal specification. In the alternative hypothesis the loss of
neuronal specification could be due an increase in lateral inhibition. These two
hypotheses were explored via a series of expression experiments in which either the
time of XNGR1 expression was varied or signaling by lateral inhibition was
blocked.
This work was supported by an N.I.H. fellowship, F32 NS 10347.
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239.6
CELLS OF ORIGIN FOR CHICK SECONDARY NEURAL TUBE RESIDE
IN SPECIFIC REGIONS OF SINUS RHOMBOIDALIS AND EXHIBIT
STEROTYPICAL MIGRATION PATTERNS. T. M. George. L. B. Dallev and
A-S. LaMantia*. Department of Neurobiology and Division of Neurosurgery,
Duke University Medical Center, Durham, NC 27710.
In order to identify the cells of origin for the secondary neural tube, a
carbocyanine dye technique was used to label putative precursor regions of the
developing spinal neural tube and primitive streak in early tailbud anlage
stage chick embryos. Dil (Molecular Probes) was injected in various regions
encompassing the sinus rhomboidalis, Hensen’s pit, and regressing primitive
streak in stages 10 to 13 (Hamburger & Hamilton, 1951) chick embryos grown
in a ‘shell-less’ culture system (Auerbach, et al, 1974). Real-time digital
videomicroscopic images were obtained at 6 hour intervals for 24 hours in
each embryo. Embryos were harvested, fixed in 4% paraformaldehyde &
0.25% glutaraldehyde solution, sectioned at 25 |xm on a cryostat. and
photographed. A fate map was constructed by logging the injection site of Dil
and recording the movement of Dil labeled cells. The results revealed that
regions of the sinus rhomboidalis, lateral and caudal to Hensen’s pit was the
principle site of secondary neural tube precursors. This area formed all regions
of the secondary neural tube and precavitary medullary cord except the floor
plate. Secondary neural tube floor plate and tail notochord were formed from
the labeled cells of Hensen’s pit and rostral primitive streak. Caudal paraaxial, intermediate, and lateral plate mesoderm originated from the remaining
primitive streak in a rostral to caudal manner, respectively. These findings
suggest that cells of the secondary neural tube arise from more rostral
precursors and migrate into the developing tailbud.
391-294X-6470-73674 Qukg UUv^ityNfedijpal
Gaffer jjrte n m FUra

MONDAY AM

CELL DIFFERENTIATION AND MIGRATION II

239.7
GENETIC ANALYSIS OF MOUSE SPINAL CORD INTER
NEURON DEVELOPMENT. M.P. Matise* and A.L. Jovner, Skirball
Institute, NYU Medical Center, New York, NY 10016
Interneurons in the adult mouse spinal cord comprise by far the largest class of
neuron in this structure. However, the early molecular development of these cells is
the least well understood. Most interneurons are generated from an intermediate
region (IR) of the spinal cord between the dorsal and ventral horns. Recent data
suggests that cell differentiation in the spinal cord is organized along the
dorsoventral (d/v) axis, and that this organization is in part controlled by secreted
factors such as Sonic hedgehog and BMP’s.
We have taken several approaches to studying the early differentiation of
interneurons in the mouse spinal cord. We have analyzed a number of genes
(transcription factors and Notch ligands) which are expressed in restricted d/v
domains in the ventral spinal cord during the early stages of cell differentiation at
9.5-12.5 dpc. This analysis has revealed that interneurons and their precursors in
the early IR express unique combinations of genes in distinct d/v domains at the
onset of their differentiation. These genes may serve to distinguish subpopulations
of interneurons during their later maturation. We have also begun to analyze
interneuron development in several mutants. We have found that En-1 interneurons
do not require En-1 function for their early differentiation. Using a lacZ targeted
line, we found that (3-gal (En-1) expressing interneurons persist even to late
embryonic stages (17.5 dpc), thus allowing a later analysis of the effect of loss of
En-1 function on the maturation of these cells.
Tissue or cell ablation experiments have classically been employed to address
questions of fate and cellular interactions in developing organisms. To begin to
explore the role of interneuron subpopulations in spinal cord patterning and
function, we are employing genetic ablation experiments using targeted expression
of the diptheria toxin A subunit in select populations of cells in the early IR. The
pattern of cell differentiation in the IR, as well as animal behavior, will be analyzed
in these cell-ablation mutants, providing information on the normal role of these
cells in the developing spinal cord. These genetic approaches will expand our
understanding of the early development of spinal cord interneuron populations.
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239.8
NOTCH SIGNALING IN THE DEVELOPING CORTEX. L. Redmond1*, T.
Moeller1, G. Weinmaster2, W. Zhong3, Y.N. Jan3and A. Ghosh1; 1Dept.
Neuroscience, Johns Hopkins Medical School, Baltimore, MD; 2Dept. Biol.
Chem., UCLA, Los Angeles, CA; 3HHMI, UCSF, San Francisco, CA.
The multiple cell types that compose the telencephalon are generated
during a restricted period of neurogenesis in development. Although there
is extensive evidence that cell-cell interactions can influence various
aspects of cortical neurogenesis, the specific molecules involved have not
been identified. It is likely that mammalian homologues of Drosophila Notch,
Delta and Numb may be involved in this process based on their role in
neurogenesis in invertebrates. To begin to explore the function of Notch
signaling in the developing rodent telencephalon, immunohistochemical
studies with affinity purified antisera to intracellular and extracellular
domains of Notch 1, Delta, Numb and Numblike were performed on
embryonic and postnatal cortices. Notch 1, Delta and Numb proteins were
detected in the ventricular zone and the cortical plate at all ages examined,
but were largely absent from the intermediate zone. By contrast, Numblike
immunoreactivity was detected exclusively in the postmitotic cells of the
cortical plate. The expression patterns of these signaling molecules
together with preliminary experiments involving transfection of Notch and
Numb constructs into cortical neurons support a role for Notch and Numb in
the regulation of cell fate determination and neuronal differentiation.
Supported by a Damon Runyon Scholar Award, DRS-02 to AG.

This work was supported by funding from the NIH.

239.9
IDENTIFICATION OF INTERMEDIATE ZONE NEURONS BY MAP2C
EXPRESSION. R.Takauji. K.E.Fujimori. Y.Suciimoto* and N.Tamamaki.
Dep. of Anatomy. Fukui Medical School, Matsuoka, Fukui 910-11
Japan
In the embryonic neocortex, early generated neurons form three
layers, the marginal zone, the subplate, and the intermediate zone
(IZ). Although the neurons in the IZ (IZ neurons) are transitory and
distinct population from other strata, their fates and functions have
not been well understood. For the further study of the IZ neurons,
their specific molecular markers are indispensable.
Microtubule-associated protein 2 (MAP2) is a major neuronal
cytoskeleton and it consists of several isoforms. Among them a lowmolecular weight type, MAP2c Is a juvenile form of MAP2, produced
by alternative splicing of prim ary transcript, and it lacks
intervening domain composing high-molecular weight types, MAP2a
and MAP2b. Immunohistochemistry with monoclonal antibody against
common region of all isoforms of MAP2 revealed the marginal zone,
the cortical plate, the subplate and the IZ neurons in the lower IZ. On
the other hand, immunoreactivity for monoclonal antibody against
MAP2a- and MAP2b-specific region, which is missed in MAP2c, was
present within the same area except the IZ. These results suggest that
the IZ neurons express MAP2c but not MAP2a or MAP2b. The IZ
neurons are distinguishable from other cortical neurons by the
composition of MAP2 isoforms.

239.10
ROBUST EXPANSION OF E12 MESENCEPHALIC DOPAMINERGIC
NEURONS IN CULTURE. T. Takeshima1*. J.W. Commissions2. K.Isoe1. K.
Nakashima1. 'Div. Neurol., Inst. Neurol. Sci., Tottori Univ. Fac. Med., 36-1
Nishimachi, Yonago 683, Japan. 2Lab. Mol. Biol., Bldg.36/3D02, NINDS, NIH,
Bethesda, MD 20892, U.S.A.
Prior attempts to expand fetal, dopaminergic neurons in culture, have met with
limited success. The,El2, rat ventral mesencephalon (VM) was dissected in
Hanks’ balanced salt solution, then triturated, centrifuged and redispersed in N2
growth medium at 2.5 x 105 cells/ml. Microisland (MI) droplets of 25 jil (6,250
cells), 12.5 mm2, equivalent to 5.0 x 104 cells/cm2, were plated in 6 cm, plastic
petri dishes, coated with polyomithine and fibronectin. The cultures were treated
daily with bFGF, 10 ng/ml, and the growth medium was changed every second
day. About 50% of the cells died by the third day (DIV3). Thereafter, a robust
cell expansion ensued. At DIV9 bFGF was withdrawn, and differentiation
continued to DIV 12. In the double-stained cultures, for MAP2 (or Tau) and TH,
>50% of the neurons were TH+. Extrapolation, based on 1,500 TH+
neurons/field of 0.64 mm2 (lOx objective), the area per MI, and the number of Mis
per VM, indicate that 235,000 TH+ neurons were generated per VM, versus a
normal total of 44,000, for A8 , A9 and A 10 (J. Comp. Neurol. 331: 297-309,
1993). Within limits, these data are compatible with 3-5 additional cell cycles,
during the development of dopaminergic neurons, under these experimental
conditions. Some cells were detached, dispersed at 1.0 x 106 cells/ml, and
formed into aggregates of 10-100 cells, of which, 30-50% were TH+. These
small aggregates, containing a high percentage of dopaminergic neurons may be
optimal for transplantation, in the treatment of Parkinson’s disease.
Supported by BNP-NINDS-NIH; and the Min. Edu.&Sci., Govt, of Japan.

239.11
CENTRAL NERVOUS SYSTEM STEM CELLS IN THE ADULT PRIMATE.
C.A. Leonard. M. Olson. B.A. Revmlds_and P,.PauliDA NeuroSpheres Ltd.,
Calgary, Alberta, Canada T2N 4N1.
We have previously observed neural precursor (stem and progenitor) cells
in the CNS of adult rodents, and the induction of proliferation, migration and
differentiation of these cells into neural cell types by intra-cerebroventricular
(ICV) infusion of growth factors. The present experiments were designed to
repeat these studies in adult primates.
Precursor cell populations were labelled in adult Rhesus monkeys using
bromo-deoxy-uridine injection (BrdU; control). In addition, experimental
animals received ICV infusion of a combination of epidermal growth factor
(EGF) and basic fibroblast growth factor (bFGF). Animals were perfused
immediately after BrdU labelling (day 0), or 4 months later, and tha brains were
processed for fluorescence immunocytochemistry.
In the brains of control animals at day 0, proliferating precursor cells were
observed in the subventricular zone (SVZ), 50-200|im from the lateral
ventricle. There was apeak cell number of 600 cells per 30|im section, 1mm
caudal to the rostral end of the nucleus accumbens. After 4 months this
number had fallen to 50 and newly generated neurons were seen in the
olfactory bulbs of control animals.
At day 0 following growth factor infusion, there was a 20-fold increase in the
number of BrdU-labelled cells surrounding the lateral ventricle. Four months
later, cells had migrated out of the SVZ up to 5mm into the parenchyma and
some had differentiated into glia in the striatum.
This study demonstrates the existence of neural precursor cells in the adult
primate CNS, that these cells are responsive to growth factors, and that they
have the potential to generate both neurons and glia.

239.12
EFFECTS OF INTRAVENTRICULAR EGF-DELIVERY ON TRANSPLANTS OF
EGF-RESPONSIVE NEURAL PROGENITOR CELLS. C. Winkler*1’3. R.A.
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Lund University, Wallenberg Neuroscience Center, D ept, o f Physiology and
Neuroscience, Lund, Sweden. ^CytoTherapeutics inc., Providence, RI. ^Neurosurgical
Clinic, Nordstadt Hospital, Hannover, Germany.
Multipotent progenitor cells, which can be grown to large cell numbers in vitro,
might provide an alternative cell source for transplantation therapy in neurodegenerative diseases. However, after transplantation into the adult brain, EGFdependent multipotent cells show limited migration and differentiation forming mainly
glial cells.
In this study we investigated the effect of intraventricularly administrated EGF on
the differentiation and migration capacities of intrastriatal transplants of EGFresponsive neural progenitor cells. The progenitor cells were isolated from the
ganglionic eminences of E14 mice and grown in serum-free medium containing EGF.
After continuous passages of the neurosphere culture over a period of 5 weeks, the
cells were transplanted into the adult rat striatum. Over a one week period the rats
received infusions of either EGF (400ng/d) or vehicle into the forebrain ventricle via
osmotic mini pumps. At one*week after transplantation, in both experimental groups,
the progenitor cells had differentiated mainly into a glial phenotype. After vehicle
infusion, the progenitor cells were located close to the transplantation site, while after
intraventricular infusion of EGF the cells extended over a substantially larger area,
showing extended migration towards the ventricles (i.e. the site of infusion) with
frequent integration into the subventricular zone, as well along the rostrocaudal axis of
the striatum. BrdU given systemically during the last day before perfusion labelled
numerous cells in the subventricular zone and in the graft core. This was only visible
in the EGF-treated animals. These results indicate that in vivo migration, and possibly
also proliferation, of EGF-responsive neural progenitor cells can be enhanced by
intraventricular administration of EGF. The effect of long-term administration of
EGF. using encapsulated cell lines, will also be oçesented.
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239.13
EXPRESSION OF MATRIX METALLOPROTEINASES
AND
TISSUE
INHIBITORS
OF
METALLOPROTEINASES
IN
CULTURED HUMAN EMBRYONIC CNS STEM CELLS WHICH
GIVE RISE TO NEURONS AND GLIA.
DJEdwards. A.L.Vescovi§*. C.Krekoski. A. Clark*. P. Forsvth. Cancer Biol.Group.
U, of Calgary. § Neurol, i nsiu-Milan,. Itaiy^NaaQsphete^.Calgary
Matrix metalloproteinases (MMPs) and their inhibitors (TIMPs) act in
remodelling the extracellular matrix in various tissues, including the CNS. Several
members of the family of zinc-dependent matrix metalloproteinases degrade
basement membrane components and play an essential role in neuronal migration
and neurite outgrowth in the developing cerebellum, and in brain tumour growth and
invasion. Little is known concerning the expression of these proteins in early
neuroepithelial cells and their function in the genesis of terminally differentiated
neurons and glia. Here, we investigated the expression of both the 72 kD MMP-2
and 92 kD MMP-9 gelatinases and their inhibitors, TIMPs, in cultures of
undifferentiated neuroepithelial (stem) cells of the embryonic human CNS, which
possess the capacity to give rise to neurons and both oligo- and astro-glia. By
zymography assay we detected the expression of MMP-2, but not of MMP-9 in
both cell lysate and conditioned medium prepared from prolifearting human stem
cells cultured from the 10 week post-conception diencephalon. Accordingly, we
could also detect the presence of the MMP-2 specific inhibitor TIMP-2. We are
currently investigating the role played by MMPs and TIMPs in governing the
proliferation, migration and differentiation of human CNS stem cells into neuronal
and glial elements. Since CNS stem cells have been implied to be a source of
glioma cells, our findings propose a potential novel model for the comparative
analysis of the mechanisms underlying extracellular matrix homeostasis under both
physiological conditions and during tumor formation, invasion and metastasis in the
human CNS. Funded by NeuroSpheres Ltd, Calgary, Canada.
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239.14
LINEAGE PROGRESSION,
PROLIFERATION AND MEMBRANE
COMPOSITION OF NEURAL CELLS IN VITRO ARE ALTERED BY NPROPANOYL-MANNOSAMINE,
A
SYNTHETIC
N-PROPANOYLSUBSTITUTED NEURAMINIC ACID PRECURSOR (P-NAP)
C.Schmidt*. W. Reutter* and R. Horstkorte®
Max Delbrück Center for Molecular Medicine, Robert-Rössfe Str. 10, 13122 Berlin-Buch
and institute for Molecular Biology and Biochemistry, Freie Universität Berlin, Amimailee
22,14195 Bertin-Dahlem, Germany
Sialylation of glycoproteins and glycolipids plays an important role during
development and regeneration and is often altered during tumor progression or
metastasis. Neural cells of the central nervous system express highly sialylated
glycoproteins such as polysialylated NCAM (PSA NCAM) during times of intense
plasticity. In this study, effects of modified neuraminic (sialic) acid precursors
added to cultures of neural cells were analyzed. Application of the
nonphysiological precursor of neuraminic acid, N-propanoylmannosamine (NPropanoyl-Neuraminic Acid Precursor or P-NAP) to neural cells in culture leads to
an incorporation of this substance into glycoconjugates. Single cell cultures of
astrocytes and microglia show increased proliferation in the presence of P-NAP
as determied by BrdU proliferation assays, whereas proliferation of
oligodendrocyte progenitor cells is not stimulated. However, the number of early
oligodendroglial cells was increased about 40% in the presence of P-NAP as
revealed by immunostaining with A2B5 antibodies. Therefore, we conclude that
lineage progression of oligodendrocyte progenitor cells is altered by P-NAP and
thus interferes with oligodendrocyte development. Interestingly, cerebellar neurons
of microexplant cultures but not differentiated PC12 cells, normally negative for
the early oligodendroglial marker A2B5, start to express this epitope in the
presence of P-NAP.
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2 40.1
EXPRESSION OF MUTANT RHOA AND RAC1 AFFECTS CELL
MORPHOLOGY AND PROCESS FORMATION IN THE DEVELOPING
RETINA. M. L. Ruchhoeft.* L. McNeill and W. A. Harris. Neurosciences Group
and Biology Department, UCSD, La Jolla, CA 92093-0366.
The Rho-family of small GTPases has been implicated in the reorganization of the
actin cytoskeleton in response to extracellular signals. In fibroblasts, Rho, Rac, and
Cdc42 have been shown to regulate respectively the formation of stress fibers,
lamellipodia and filopodia. Recent evidence indicates that they may also have
distinct roles in the formation of axons and dendrites. To investigate the role these
GTPases play in developing retinal neurons, we transiently transfected Xenopus
retinae with human wildtype RhoA and Racl and constituidvely active mutants (Rho
V14 and Rae V12), and examined their effect on cell morphology and process
formation.
Retinal cells were transfected prior to eyebud formation and the embryos fixed and
sectioned several stages later, after the retinal projection to the tectum is established.
Cells expressing myc-tagged exogenous proteins were identified using anti-myc
immunocytochemistry. Expression of constituitively active forms of Rho and Rac in
retinal ganglion cells inhibited axon initiation. A few short axons were seen in cells
expressing Rae VI2, although they stopped before exiting the eye. No axons were
present in cells expressing Rho V14. In addition, Rho V14-expressing cells had
almost no dendrites and the cells were somewhat rounded, whereas Rae V12 cells had
an abnormally high number of cellular processes extending from them, giving them a
hairy appearance. In contrast, cells expressing the wild type versions of both proteins
had axons that extended to the tectum, and normal cell morphology was seen for all
cell types within the retina.
These data suggest that both Rho and Rac function in neuronal process formation.
The phenotypic differences between the two mutants support the idea that Rac and
Rho play distinct roles in the development of neuronal processes in vivo. Future
studies will examine the influence of dominant negative forms of Rho and Rac, as
well as wild type, dominant negative and constituitively active forms of Cdc42 on
developing retinal cells. (Supported by NIH EY10422 and Markey Fellowship).

240 .3
DEVELOPMENTAL EXPOSURE TO LEAD ACETATE
MODULATES PKC ACTIVITY IN THE NEOCORTEX OF THE
RAT.
A. Hilliard*__ a n d N.H. Zawia. Dept, o f
Pharmacology, Meharry Medical College, Nashville, TN
37208.
Studies in our lab have shown that developm ental
lead (Pb) exposure decreases o rn ith in e. decarboxylase
(ODC) activity and growth associated protein (GAP-43)
mRNA in the neocortex o f male rats. ODC and GAP-43
are potential substrates for Protein Kinase C (PKC),
during neuronal developm ent. In an effort to elucidate
the possible m echanisms by which Pb may cause
alterations in these markers, we exam ined concurrent
changes in PKC activity following Pb exposure. Male
rats were lactationally exposed to 0.2% Pb acetate from
birth to weaning. PKC activity was m easured on
postnatal days (PND) 3, 5, 10, 20, and 30. We found
decreased levels o f PKC activity in Pb exposed male rats
compared to controls. This suggests that PKC may play a
role in the regulation o f ODC and GAP-43 in the
developing rat brain.

240.2
NEURONS CONTAINING THE ENZYME NICOTINAMIDE ADENINE
DINUCLEOTIDE PHOSPHATE (NADPH)-DIAPHORASE IN ORGANOTYPIC
STATIC SLICE CULTURES OF RAT CEREBRAL CORTICES:
DEVELOPMENTAL STUDY. M.Yoshikawa*, S.Goto, K.Yamada,
A.Okamura and Y.Ushio"! bep. of Weurosurgery, Kumamoto
Univ. S c h . of M e d . , Kumamoto 8 6 0 , Japan.
The present study concerns the first trial of cultivation
of neonatal rat cerebral cortical neurons containing the
enzyme n i c o t inamide adenine d i n ucleotide phosphatediaphorase [NADPH-d(+) neurons] in the organotypic static
slice cultures. NADPH-d(+) neurons were scattered throughout
the cortical layers and were highly concentrated in
layers VI and II/III at the initial period in culture of
7-day-old cerebral cortex. This distribution pattern was
essentially the same as those seen after 2 8 days in
culture. There were no apparent changes in the number of
N A D P H - d (+) cells in the cortex at each time period
examined (0, ,10, 19 and 2 8 days in culture). The size of
cortical N ADPH-d(+) neurons increased particularly during
the first 10 d a y s . The numbers of primary neurites and
their branching points, and the total neuritic length all
increased significantly up to 19 days in culture. Also,
the morphological features of NADP H - d (+) neurons after 19
and 2 8 days in culture were almost the same as those in
35-day-old rats. Thus, cortial NADPH-d(+) neurons developed
and reached the maturate state after 19 days in the
cultivation system used here. These findings suggest that
the organotypic static^, slice culture technique provides
successful cultivation of cortical N A D P H - d (+) neurons
with normal-like development in situ.
(Supported by:
Grant-in-Aid for Scientific Research from the Ministry of
Education, Science and Culture of Japan, and by the
Okukubo Memorial Fund for Medical Research in Kumamoto
University School of Medicine)

240.4
USING KNOCKOUT MICE TO STUDY THE ROLE OF PKCe IN NEURONAL
DEVELOPMENT. Y. H. Lin . J. Dadgar. and R. O. Messing*
Protein kinase C is a family of the phospholipid-dependent, serine-threonine
phosphotransferases implicated in many crucial signal transduction pathways. One
isoform, PKCe, is expressed predominantly in the nervous system and may play a
role in neural development. Using PC 12 cells as a model system, our laboratory
found that overexpression of PKCe increases NGF-mediated activation of ERK1 and
ERK2 mitogen activated protein kinases. This effect is mimicked by treating cells
with phorbol esters that activate several PKC isozymes and the enhancing effect of
phorbol esters on NGF responses is blocked by expressing a dominant-negative
fragment of PKCe. To determine the role of PKCe in neuronal differentiation and
plasticity in vivo, we have begun to generate a PKCe knockout mice. The PKCe
gene was inactivated in 129/SvJ embryonic stem cells by insertion of a neomycinresistant gene in the first exon. ES cells carrying the mutant PKCe gene were
injected into C57BL/6 blastocysts to produce chimera mice. Germline transmission

• This work was supported by grants from the NIH
(RCMI) and NSF (HRD-9550699).

in heterozygous pups or in chimera was identified by Southern analysis of tail DNA.
We are in the process of generating homozygote mutant mice. Initial anatomical
findings in homozygous mutant PKCe will be presented.
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240.5
EFFECTS OF DOPAMINE AND SEROTONIN
LENGTH OF HONEY BEE ANTENNAL-LOBE

PROCESS OUTGROWTH I

ON NEURITE
NEURONS IN

VITRO

B.S. Kirchhof* aod A.R. Mercer. Department of Zoology and Centre for
Neuroscience, University of Otago, Dunedin, New Zealand.
Dopaminergic and serotonergic neurons associated with the primary antennosensory centers (antennal lobes, AL) of the brain of the honey bee, Apis mellifera,
express their transmitter phenotype early in metamorphic adult development (Seidel
and Bicker, 1996, Tissue & Cell 28: 663-672; Kirchhof et al., 1996, Am Soc
Neurosci Abstr 22: 362). The processes of these neurons are well placed to influence
the growth of cells in the AL neuropil. To examine this possibility further, we
investigated the effects of dopamine (DA) and serotonin (5-hydroxytryptamine, 5HT)
on the growth of AL neurons in vitro. Cells were taken from pupae at stages 2 to 6
of the 9 stages of metamorphic adult development DA (50 pM) or 5HT (50 pM)
was added daily to the culture medium. The growth of cells exposed to DA or 5HT
for 6 days (Treated) was compared to that of cells grown in culture medium alone
(Controls). The effects of both amines were stage-specific. Two-sample /-tests
revealed that after 6 days in culture, the total neurite length of stage 5 AL neurons
was significantly greater in DA-treated neurons (4.05 ±1.4 mm) than in controls
(2.3 ± 0.16 mm, p < 0.0007). DA had no effect on the growth of neurons at other
stages of development. 5HT inhibited neuritic outgrowth in stage 2 AL neurons
(Treated 0.3 ± 0.033 mm, Controls 0.58 ± 0.045 mm; p < 0.00003), but in stage 4
neurons the total neurite length was significantly greater in 5HT-treated cells (1.6 ±
0.15 mm) than in controls (1.1 ± 0.1 mm; p < 0.009). Both amines enhance
neuritic outgrowth of AL neurons in vitro within a developmental time window that
coincides with a period of dramatic growth in the glomerular neuropil of the AL.
Our findings support the view that DA and 5HT may play a regulatory role in the
developing AL of the brain. [Supported by ORG B06]

2 40.6
SYNAPTOPHYSIN mRNA AND PROTEIN LEVELS IN THE RAT
HIPPOCAMPUS ARE INCREASED AT PROESTRUS DJ Stone*. I
Rozovskv. CP Anderson. TE Morgan, and CE Finch. Andrus Gerontology Center
and Department of Biology, University of Southern California, Los Angeles, CA
90089
The CA1 region of the rat hippocampus undergoes rapid synaptic remodeling
during the rat estrous cycle (Woolley and McEwen, 1992). Dendritic spine density in
CA1 pyramidal cells is correlated with estrogen levels; these changes have been
observed in both the stratum oriens and the stratum radiatum. The effects of estrogen
are mediated by an NMDA receptor dependent mechanism, suggesting the
involvement of an afferent population of neurons in the response (Woolley and
McEwen, 1994). To further characterize estrogen-induced changes in dendritic spine
density in the CA1, synaptophysin mRNA and protein levels were examined across
the rat estrous cycle. Because dendritic spines represent the terminal end of a synapse,
examination of synaptophysin mRNA levels is a potential method to determine the
afferent connections of these spines, as synaptophysin is a pre-synaptic protein.
Various neuronal populations within the hippocampus which contact the
CA 1 pyramidal cells were examined for concordant changes in synaptophysin mRNA.
CA3 pyramidal neurons within the dentate gyrus ("CA4" neurons) show a 1.8-fold
increase in synaptophysin mRNA on proestrus morning (p<0.005). Because these
neurons are part of the commissural/associational network which contacts the s.
oriens of the CA1, they may represent the presynaptic terminals associated with the
estrogen sensitive dendritic spines in this area. Further analysis covering more
neuron types (currently underway) may elucidate the afferents associate with changes
in synaptic density in the s. radiatum. Changes were also found in synaptophysin
immunoreactivity during the estrous cycle. Synaptophysin immunoreactivity in the
CA1 s. lacunosvm moleculare and the s. moleculare of the dentate gyrus were
increased 2-fold on proestrus morning (over diestrus and estrus; p< 0.05). Supported
by grants to DJS (NRSA, AG05766-01S1), CEF (NIH, AG-13499), and TEM
(Alzheimer Association/Estate of Ann Clark Hobson FSA 95033).

240.7
SIGNALS FROM THE DEVELOPING STRIATUM MAY INFLUENCE FOR
MATION OF THE CORTICO-STRIATE PATHWAY. P. G. Bhide*. A. N. Sheth
and M. L. McKee. Neurology Department & Neuroscience Center, Massachusetts
General Hospital and Harvard Medical School, Charlestown, MA 02129.
The corpus striatum receives inputs from virtually all areas of the cerebral cortex
although inputs from the sensorimotor areas predominate. In adult rodents, the bulk
of the cortico-striate projection arises from layer V neurons and most, if not all,
coriico-striate connections are collaterals of corticofugal axons that extend to other
subcoitical targets. We examined the development of the cortico-striate pathway in
mice. Dil crystals were placed in the developing cerebral wall in formaldehyde-fixed
brains. Growth cones of corticofugal axons arising from the lateral cerebral wall
entered the developing striatum on embryonic day 12 (E12; conception is on E0).
By E l5, no labeled growth cones were present in the striatum but labeled axons
passed through it in the internal capsule. At this and later stages, Dil deposits in the
thalamus or cerebral peduncle retrogradely labeled cortical neurons and revealed their
axons in the striatum. Cortico-striate collaterals were seen, for the first time, on
E18, 6 days after the earliest arriving axons entered the striatum. The collaterals
arose from corticofugal axon trunks that extended further subcortically. Electron
microscopy showed that growth cones and trunks of labeled corticofugal axons were
in apposition with perikarya or dendrites of striatal neurons from E12 onwards.
Around the time of cortico-striate collateral formation, presumptive immature
synapses formed between labeled axons and striatal neurons. Thus, cortico-striate
collaterals do not form until E18, despite physical contacts between corticofugal
axons and striatal neurons from E12 onwards. Putative synapses form between the
axons and striatal neurons around the time of collateral formation. The collaterals
arise from axon trunks rather than by a bifurcation of growing tips. These
observations suggest that striatal maturational events, presumably in concert with
maturational changes in corticofugal neurons and axons, signal the formation of the
Cortico-striate collaterals via cell-cell contact mediated phenomena. Supported by
NINDS grant #NS32657.

240.8
GROWTH OF CORTICOSPINAL AXONS IN THE SPINAL CORD OF
DEVELOPING MICE. S Gianino1. S A. Stein2-3. H. L?. X. Lif. E. Biesiada2. J.
Ulas2. M- Cooper*1, and X.M. Xu1. 'Dept. Anat. & Neurobiol., St. Louis Univ. Sch.
of Med., St. Louis, MO 63104; *Molecular Neurobiol., Children’s Hosp. of Orange
County, Orange, CA 92868; 3Dept Neurol., Univ. Miami Sch. Med., Miami, FL
33136.
Corticospinal tract (CST) development in rats and cats has been extensively studied.
However, limited information are available on its development in mice. In the present
study, we have employed both Fast Blue (FB) retrograde tracing and phaseolus
vu/gans-kmcoagglutmia (PHA-L) anterograde tracing methods to study the temporal
growth of the CST in the spinal cord of developing BALB/cBY mice. In the first
experiment, specific interest was placed cm the arrival of CST axons in the lumbar
region ofthe cord. FB was injected into the L4-5 level of the cord at postnatal day (P)
0,2,4,6,8,10,14,21, and 28. After appropriate survival (P0-2: 2 ds; P4-8: 3 ds;
P10-28:4 ds), animals were perfused and coronal sections of the brain were cut FB
retrogradely labeled neurons were studied in the hind limb area of the motor cortex
(CTX-HL). Li addition, labeled cells in two other nuclei, the lateral vestibular nucleus
(LVe) and red nucleus (RN), whose descending axons develop prenatally in the spinal
cord were used as controls for evaluating appropriate FB transport To report a
particular developmental stage of the CST, the postnatal survival day (PSD) instead of
injection day was chosen. At all stages, FB labeled neurons were found in LVe and RN,
confirming the appropriate dye transportation. Cortical labeling was not observed untill
PSD 9 when labeled cells were first observed in CTX-HL. Beyond PSD 9, FB labeled
neurons were observed in all three nuclei that were studied. In the second experiment,
the arrival of growing axons at a particular level of the cord in each age group was
studied using PHA-L which was iontophoretically delivered into the CTX-HL. After
appropriate survival, PHA-L labeled leading axons were observed at mid-thoracic level
at PSD 4, at lower thoracic level at PSD 7 and at the lumbar level at PSD 9. We
suggest that the CST develops postnatally in thé spinal cord and it reaches the lumbar
spinal cord at approximately PSD 9 (Supported by NS36301-01 to SAS).

240 .9
OUTGROWTH OF CORTICOTHALAMIC AXONS AND THEIR TERMINAL
BRANCHING FORMATION IN DEVELOPING THALAMUS OF RATS.
K.Ishii* . K.Kikuchi. and T.Shirai. Dept, of Anatomy, Yamagata Univ. Sch. of
Med., Yamagata 990-23, Japan.
To study the formation ofcorticothalamic projections, we examined the outgrowth
of corticothalamic axons(CTAs) and their distribution in the developing thalamus
with Dil and Biocytin labeling methods. We placed crystals of Dil into the right
cerebral cortex of the fixed rats from embryonic day(ED) 15 to postnatal day(PD)7 and
observed the pathway under a fluorescence microscope. We anesthetized rats from PD0
to PD6 with sodium pentobarbital(Nembutal,i.p.) and injected 5%Biocytin into the
right parietal cortex of them. After 12-24 hours, we transcardially perfused them with
4%paraformaldehyde in 0.1 Mphosphate buffer, cut sections in the coronal plane on a
freezing microtome, and reacted for Biocytin histochemistry. At ED 15, CTAs
extended into the internal capsule and many of their tips had growth cones. At ED 17,
CTAs with growth cones entered into the thalamus. At PD0-1, rostral CTAs reached
the external medullary lamina in ventromedial region of the thalamus and caudal
CTAs reached the thalamic posterior complex(POm). Many of their tips still showed
growth cones. At PD2-3, rostral CTAs sprouted their branches into the reticular
thalamic nucleus(RT) and began to branch in the ventral posteromedial nucleus(VPM)
and POm. Caudal CTAs also began to branch in the POm. By PD7, CTAs formed
clusters of terminal branches in the RT, VPM, and POm rostrocaudally. Their
distribution in the thalamus was similar to that in the developed one. These findings
indicate that corticothalamic axons begin to branch in their target regions at PD2-3 and
form the cluster of terminal branches by PD7.

240.10
INFLUENCE OF HYPERGRAVITY ON THE DEVELOPMENT OF
MONOAMINERGIC SYSTEMS IN THE RAT SPINAL CORD. M. Giménez v
Ribotta* and A. Privat INSERM U. 336. Université Montpellier II. 34095
Montpellier, FRANCE.
The development of the CNS depends of the interaction of a genetic program with
the environment. Gravity constitutes a major element of the environment and its
influence is exerted on motor, sensory and autonomous functions. These functions
are integrated in the spinal cord. Our aim was to study the influence of gravity on
the development of monoaminergic medullary projections -a modulatory system of
these functions- by using an hypergravity model. Pregnant Sprague-Dawley rats
from embryonic day 15 and their litter were submitted to hypergravity (1.8 g) until
postnatal day 15. At postnatal days 1,15, and at 8 months, animals were sacrificed
and spinal cords were processed for serotonin ( 1: 10000) or tyrosine hydroxylase
(1:5000) immunodetection. At postnatal day 1, control animals showed thin and
varicose immunoreactive serotonergic fibers invading the ventral hem, whereas a
discrete and scarce innervation is observed in the intermediolateral columns. At
postnatal day 15, serotonergic fibers were concentrated around motoneuron somata,
in the intermediolateral columns, and in the dorsal horn. This innervation pattern is
reminiscent of the well defined pattern observed at 8 months. Animals in
hypergravity, at postnatal day 1, showed only an incipient serotonergic innervation
in ventral funiculi, and at postnatal day 15, distribution in the target areas was
disorganized with sharp changes of orientation and many fibers appeared
dystrophic. Similar results were observed at 8 months, and for tyrosine hydroxylase
immunodetection. In conclusion, the influence of hypergravity on the motor,
sensory and autonomous functions during development, leads to a delay in the
developmental schedule of monoaminergic projections regulating these functions in
the spinal cord. Moreover, an anarchic, disorganized and dystrophic innervation is
observed in the target regions, which is not compensated for at least 8 months.
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240.11
SELECTIVE EXPRESSION OF THE APC TUMOR SUPPRESSOR
PROTEIN IN PROJECTION NEURONS J.S.F. Brakeman*. S.H .
Gu. G. Dolin and J.M. Baraban. Department of Neuroscience, Johns
Hopkins Univ. Sch. of Med., Baltimore, MD 21205.
In previous in situ hybridization studies, we demonstrated that high
levels of APC mRNA are expressed in brain. Although this tumor
suppressor protein has been implicated in regulating cadherin-based
adhesion, its localization and function in brain have not been clarified.
In initial immunohistochemical studies conducted with a panel of Nterminal monoclonal antibodies, we were puzzled by the finding that
intense immunostaining was restricted to oligodendrocytes since in situ
studies predicted APC expression in neurons and not white matter cells.
To help resolve this paradox, we have conducted additional studies with
antibodies directed against the C-terminal.
The pattern of
immunostaining obtained using these antibodies matches that predicted
by the in situ studies and reveals intense APC immunostaining in several
classes of projection neurons thoughout the brain, including pyramidal
neurons of the neocortex and hippocampus, as well as Purkinje cells.
APC immunostaining is located in the cytoplasm of neuronal cell bodies
as well as in dendritic processses. In addition, the long axons of these
projection neurons found in numerous fiber tracts, such as the deep
cerebellar white matter and the internal capsule, display intense APC
immunostaining. As high levels of APC are expressed in extremely
long neuronal processes, we propose that this protein is a component of
the specialized apparatus needed to generate and maintain these elaborate
structures.
Supported by NIDA and NIMH.

240.12
ACTIVITY DEPENDENT EXPRESSION OP CDA-1, A GROWTH CONE
SPECIFIC ANTIGEN, IN AXONS OF THE ADULT RAT NEUROSECRETORY
SYSTEM. Watt, J.A., Simmons, A., Enyart, T. and C.M. Paden*,
Dept, of Biology, Montana State University, Bozeman, Montana
59717.
The CDA-1 antigen is expressed within growth cones
distributed throughout the developing cortex of the rat.
During development CDA-1 levels peak just prior to birth
then rapidly disappear as synaptic maturation proceeds,
suggesting
a role
in
axonal
elongation
but
not
synaptogenesis (Devoto and Barnstable, 89). The Hypothalamic
Neurosecretory System (HNS) of the adult rat is known to
possess a high propensity for axon terminal malleability and
axonal sprouting under both physiological and pathological
conditions, respectively. Therefore, we utilized the HNS to
explore the expression of CDA-1 in CNS axons of the adult
rat. Results of light and immunoelectron microscopic
analysis demonstrate CDA-1 expression in the cytosol of a
subset of axons within the intact adult neural lobe (NL).
Dual fluorescence immunocytochemical analysis of intact and
colchicine-treated animals indicates that the CDA-1
immunoreactive axons and cell bodies, respectively, are
predominantly oxytocinergic, although a limited number of
vasopresBinergic axons and cell bodies are also CDA-1
positive.
Salt loading, which results in terminal
plasticity, increased numbers of synaptoid contacts and
heightened secretory activity, also results in a marked
reduction in CDA-1 levels which then return to normal by 7
days post-rehydration. These data demonstrate that CDA-1,
thought to be a growth cone specific antigen, is continually
expressed in a subset of adult neurosecretory axons except
under conditions of heightened secretory activity. NIH
NS32507, NIH RR11796 & NIH GM08218.

240.13
MODULATION OF LOCAL PROTEIN SYNTHESIS IN NEURITES OF
IDENTIFIED LYMNAEA NEURONS. J.J. Bergman. N.I. Sved#. E.R. van Kesteren.
A.B. Smit. W.P.M. Geraerts and J. van Minnen*. Research Institute Neurosciences
Vrije Universiteit, de Boelelaan 1087, 1081 HV Amsterdam, The Netherlands.
#Department of Medical Physiology, Faculty of Medicine, 3330-Hospital Drive N.W.,
University of Calgary, Calgary, Alberta, T2N 4N1 Canada.
In the last decade the principle has been challenged that proteins, which are required
locally in different subcellular compartments and synaptic sites of neurons, are
exclusively synthesized by the soma. Experiments performed on dendrites and axons
have suggested that mRNA targeting and subsequent translation of these mRNAs is a
mechanism by which proteins are provided to the various subcellular domains. We
provide direct experimental evidence for extrasomal protein synthesis by utilizing a
primary culture of identified neurons from the mollusk Lymnaea stagnalis. We show
the extrasomal translation of an heterologous mRNA, which was injected into the
transsected neurites of cultured neurons. We further show that these isolated neurites
synthesize various proteins de novo, as was demonstrated by SDS-PAGE of -^Slabeled proteins. These proteins are synthesized on ribosomes, since anisomycin (an
inhibitor of ribosomal protein synthesis), but not chloramphenicol (an inhibitor of
mitochondrial protein synthesis) blocked their synthesis. Comparison of proteins
synthesized in the neurites to those that are supplied by the soma via axonal transport
revealed that only a subset of the neuronal proteins is synthesized in the neurites.
Moreover, the quantity of proteins synthesized in the neurites compared to those that
are supplied by somal synthesis showed remarkable differences. The local protein
synthesis in neurites can be modulated by addition of neurotrophic factors, like NT-3
and NGF, and by components interfering with signal transduction pathways, like
dibutyryl-cAMP and caffeine. In particular, the appearance of low molecular weight
proteins was induced by these factors. Autoradiography revealed that varicosities and
growth cones of the neurites are the sites of synthesis.
This work was supported by the Netherlands Organisation for Research (NWO,
SLW) and travel funds of the NATO and SLW.

240.14

240.15
EFFECTS OF ENDOTHELIN-1 ON CHICK EMBRYONIC OPTIC
TECTUM CULTURES. L .H s u * . C .H e r c z k u a n d A . Y . J e n a .
D e p t o f B i o l . , S e to n H a ll U n iv ., S . O ra n g e , NJ
07079 a n d R e s e a r c h D e p t ., N o v a r t i s P h a rm . C o r p .,
S u m m it, N J . 0 7 9 0 1 .
Exogenous a d d itio n o f th e v a s o c o n s tr ic tiv e
p e p t i d e e n d o t h e l i n - 1 (E T -1 ) i n o v o p r o m o t e d b r a i n
g ro w th a n d d i f f e r e n t i a t i o n i n e m b ry o n ic c h ic k s
(B ra in R e s .7 0 3 , 7 2 ,1 9 9 5 ). The o p t i c te c tu m o f
t r e a t e d e m b r y o s d i s p l a y e d a m o re m a t u r e c y t o a rc h ite c tu re
th a n
th o s e
of
c o n tro l
em b ry o s,
s u g g e s t i n g t h a t E T -1 e n h a n c e d n e u r o n a l m a t u r a t 
io n .
To f u r t h e r d e f i n e t h e e f f e c t s o f E T -1 a t
th e c e l l u l a r l e v e l , b o th d i s s o c i a t e d an d e x p la n t
c u l t u r e s o f o p t i c te c tu m fro m 6 t o 8 d a y o ld
c h ic k
e m b ry o s
w e re
e s ta b lis h e d .
D is s o c ia te d
c u ltu re s
w e re
m a in ta in e d
in
d e fin e d
m ed iu m
s u p p le m e n te d w it h e s s e n t i a l h o rm o n e s a n d g ro w th
f a c t o r s a n d 0 - 2 0 0 pM E T -1 o n l a m i n i n o r c o l l a 
g e n c o a t e d s u b s t r a t e s . No d i f f e r e n c e i n c e l l
p ro life ra tio n
o r n e u rite
d iffe re n tia tio n
w as
n o t e d i n E T -1 t r e a t e d c u l t u r e s w h e n c o m p a r e d t o
c o n t r o l . I n c o n t r a s t , E T -1 (2 0 pM) a l o n e e l i c i t e d
n e u r i t e d i f f e r e n t i a t i o n f r o m e x p l a n t s i n m ed iu m
d e v o i d o f a l l o t h e r s u p p l e m e n t s . W hen e x p l a n t s
w e re
tre a te d
w ith
E T -1
in
c o m b in a tio n
w ith
p h o r b o l e s t e r o r e p id e r m a l g ro w th f a c t o r , n e u r i t e
d e v e lo p m e n t w as s i g n i f i c a n t l y i n c r e a s e d . T h e se
r e s u l t s c o n f ir m t h e g ro w th p r o m o tin g e f f e c t s o f
E T -1 d u r i n g n e u r o n a l d e v e l o p m e n t .
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ENHANCED NEURITE FORMATION IN LEAD EXPOSED PC12 CELLS. T.M.
Williams1. A.M. Ndifor1. R.R. Reams1. J.T. Nearv2. and C. Goodman*. College of
Pharmacy and Pharmaceutical Sciences, Florida A & M University, Tallahassee,
FL 32307, and The VA Medical Center, Miami, FL 33125.

Lead (Pb2+) poisoning is associated with learning and memory deficits in children.
Efficient neuritogenesis mediated by several neurotrophic factors is critical for the
development and maintenance of neuronal connections involved in learning and
memory. Rat pheochromocytoma (PC12) cells can be induced into a neuronal
phenotype with neurite extensions by nerve growth factor (NGF) treatment. The
neurites require an assembly of microtubule associated proteins such as tubulin and
GAP-43. NGF induced PC12 cells were exposed to Pb2+(0.01 - 100/fM) , immunostained for (3-tubulin and GAP-43, and labeled with a fluoroscein dye conjugate for
fluorescent microscopy. There was no significant effect on tubulin staining and
distribution following Pb2* exposure. An analysis of the neurites showed a significant
increase in NGF-induced neurite formation in the presence of Pb2* and a corresponding
increase in the number of neurite extensions per cell. Relatively low levels of Pb2+
(0.1|.iM s 2.072mg/dl) significantly enhanced neurite formation compared to non-Pb2*
treated controls, P<0.05. This neurotrophic effect was concentration dependent. When
the differentiated cells were scored into those with 1 - 2 and >2 extensions, lead
treatment resulted in a significant increase in the percentage of cells sprouting more
than 2 neurite extensions. Axonal lengths were similar between control and Pb2*
treated cells. Pb2+therefore not only promotes neurite formation, but also enhances the
number of processes per cell. Lead treatment also promoted morphological changes
within the cell population resulting in enlarged and flattened cells with multiple but
shorter neurite extensions. Preliminary experiments suggest that the effects of lead on
growth factor-induced neurite outgrowth and branching are due to an interaction of lead
with signal transduction mechanisms important for neuronal differentiation, particularly
with the MAP kinase pathway. (Supported by ATSDR Grant #U50/ATU 398940-02,
NIEHS Grant #5 K14 ES00286-02, and The Dept, of Veterans Affairs)

240.16
A M EN IN G EA L D ERIV ED C H E M O T R O P H IC FA C T O R IN H IB ITS
G R O W T H O F C E R E B E L L A R G RA N U LE C E L L AXONS
A.R. Bicknese*. S.M. Fiore. J. Wu. D A. Pollina. Dept, o f Neurology,
SUNY at Stony Brook, Stony Brook, NY 11794
Unlike other mammalian neuronal precursor pools, differentiation and
rowth o f cerebellar granule cells occur postnatally in a proliferative zone on
le cerebellar cortical surface. This surface location could allow neuronal
influence from meningeal cells or their products.
Cerebellum were harvested from postnatal day (P) 3 through P8 rat pups,
and the pia/arachnoid meningeal membranes removed. The crowns o f the
cerebellar folia were minced and the meninges and cerebellar explants
suspended in 3-D collagen matrixes. The collagen matrix provides tissue
support while preventing direct contact between tissue. Any influence
between cerebellum anameninges in this preparation must be secondary to
secreted substances diffusing within the gel. We observed axonal outgrowtli
patterns and measured axon length. Outgrowth patterns were independent of
proximity to meninges or postnatal age. The degree o f fasciculation.
however, increased with postnatal age.
Cerebellar explants grown without meninges had longer axons than those
grown with meninges. Moreover, there was a significant inverse correlation
between proximity to meninges and explant axon length. The closer the
explant was to the meninges, the shorter the axon length. These findings
support a novel factor secreted by the meninges which inhibits axonal
outgrowth along a gradient in a dose dependent manner.
Meningeal-derived chemotrophic factors have not been described
previously. Their presence suggests an important regulatory role in axon
outgrowtli and cortical development. Further, meningeal derived inhibitory
factors may affect axon sprouting following trauma as meningeal cells would
be present within areas or injury and therefore could play a role in preventing
regeneration. Supported by t i l t i (K 08-N S01728)
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240.17
STAGE DEPENDENT EXPRESSION OF HEART-DERIVED INFLUENCES
STIMULATING AXON OUTGROWTH IN HIRUDO MEDICINALIS. T. M. Harik
andJ. Jellies*. Department of Biological Sciences, Western Michigan University,
Kalamazoo, MI 49008.
Our lab has been investigating the development of the heart excitor (HE) motor
neuron and the circuitry that drives it in H. medicinalis. Early in embryogenesis the
HE selectively extends multiple arbors into the body wall prior to heart tube (HT)
formation. HE contact with HT primordium at later stages of development results in
remodeling such that arbors are elaborated on the HT, while those in the body wall
are retracted. HT-derived cues are necessary for HE remodeling (Jellies, 1995. Am.
Zool. 35:529; Jellies and Kopp, 1995. Invert. Neurosci. 1:145). HE’s deprived of the
HT continue to project arborizations into the periphery. To investigate HT-derived
cues and the HE’s ability to respond to them, HT explants were co-cultured on polyL-lysjne coated glass in L-15 medium for up to 10 days. Axon outgrowth was
examined by labeling with a mAb directed against acetylated tubulin, and nudeated
cells were labeled with bisbenzimide. Initially, adult tissues were co-cultured and
most (20/28) showed minimal axonal outgrowth. Even in cases where HT was in
close proximity (~10[xm) with the nerve (13/28), little outgrowth was observed on
the HT surface. In 7/13 co-cultures no outgrowth on the HT was observed, while in
5/13 cases there was extension of 1-2 short sprouts. These adult axons, however,
sprouted and grew upon the perineural sheath. Thus, they retained the ability to
extend. In contrast, co-culturing adult ganglia with younger (< 1 month
postembryonic) HT resulted in profuse axonal outgrowth on the younger HT (11/19)
as well as extensive growth on the perineural sheath (19/19). The identities of the
axons elaborating on the young HT have not yet been studied, but these results
provide strong direct evidence that HT-derived factors can effectively stimulate axon
outgrowth in vitro. Also, they argue that the adult neurons remain competent to
respond to HT-derived factors, but that HT may lose its ability to express or present
these factors. Portions o f this work were supported by a grantfrom the NSF (JJ).
$

240.19
EXPRESSION OF THE CELL ADHESION GLYCOPROTEIN F3 IN
ADULT MAGNOCELLULAR NEURONS IS REGULATED BY
NEUROHYPOPHYSIAL SECRETION D.T. Theodosis*1' K. Pierre1, G.
Rougon^, G. Gennaririi^ and D.A. Poulain1. ^INSERM U378, Inst. François
Magendie, F33077 Bordeaux and ^CNRS UMR 9943, Luminy, F13288
Marseille, France and ^Inst. Fisiologia Umana, Univ. Bari, Bari, Italy.
We recently reported that neurons of the adult hypothalamo-neurohypophysial system (HNS), which secrete oxytodn and vasopressin, express
a cell surface molecule implicated in axonal growth and synaptogenesis,
the F3 glycoprotein (Brain Res 1995, 689, 271). We show here that F3
expression is linked to the activity of these neurons and is coregulated
with secretion of their peptides. Thus, immunocytochemistry and
immunoblot analyses revealed that under basal conditions, there is
significantly more F3 in the neurohypophysis, where the axons of HNS
neurons terminate, than in the hypothalamic nuclei containing their
somata. In contrast, in rats stimulated by dehydration or lactation, there
is comparatively little F3 in the neurohypophysis and high levels in the
hypothalamus. In situ hybridisation confirmed high expression of F3
mRNA in hypothalamic magnocellular somata of stimulated animals.
Using confocal and electron microscopy, we localized F3 immunoreactivity
in secretory granules in either type of magnocellular neuron; in the
neurohypophysis, it was also visible on axonal and glial surfaces and in
extracellular spaces. It appears then that the F3 glycoprotein follows the
regulated pathway of secretion in HNS neurons where it may intervene in
the structural plasticity their axons undergo under different conditions of
neurohormone secretion (see Neuroscience, 1993,57,501).
(Supported in part by INSERM* andCNRS2).

240.18

ROLE OF LOCAL SIGNALS AND ACTIN REGULATION FOR
NERVE SPROUTING AT THE NEUROMUSCULAR
JUNCTION. P. Caroni*. T. Laux. F. Barbayannisi C. Stanyonl
O. Bernard? S. Arber. O. Tarabal. Friedrich Miescher Institute,
Basel, Switzerland. 1WEHI, Victoria, 3050, Australia.
To define mechanisms that promote local structural growth at
an adult synapse, we have analysed nerve sprouting and
structural plasticity at the neuromuscular junction of transgenic
mice overexpressing the growth associated proteins GAP-43
and/or CAP-23. Such mice display enhanced spontaneous and
stimulus-induced structural plasticity. Ultrastructural analysis
revealed elevated contents of large vesicles in the nerve
terminals, and evidence for remodeling. Reducing transmitter
release with Botulinum toxinA or TTX cuffs potentiated nerve
sprouting. Surprisingly, agonists of muscarinic acetylcholine
receptors promoted sprouting. Instead of reducing sprouting,
CGRP promoted a specific pattern of sprouting. Transfection
experiments in non- and neuronal cell lines revealed that
GAP-43 and CAP-23 greatly potentiate actin dynamics at the
plasma membrane, where they counteract the effects of
endogenous mechanisms that stabilize actin filaments. We
conclude that multiple signalling pathways initiated by
transmitter release combine with intrinsic growth components
to control structural plasticity at this synapse. (FMI Foundation)

240.20
MORPHOLOGICAL CHANGES OF EMBRYONIC SPINAL RAT
MOTONEURONS GROWN IN PRESENCE OF ACETYLCHOLINESTERASE
INHIBITORS. S. Bataillé. J.P. Temaux* and P. Portalier. UPR 9041 CNRS, 280,
Bd. Sainte Marguerite. 13009 Marseille, France.
Rat spinal motoneurons sampled at day embryonic 15 were purified using a
nycodenz gradient and cultured in a defined medium (DMEM/F12), during 7
days, on glass coverslips coated with poly-L-lysine and laminine. Purified
acetylcholinesterase (AChE), BW 284C51, a potent inhibitor of AChE activity,
and fasciculin II which' blocks the peripheral site of ACHE, were respectively
added to the defined medium. Morphological changes of spinal motoneurons
were measured using a statistical quantitative morphometric method, allowing
the determination of various parameters such as the number of primary neurites
and bifurcations, the length of neurites, the surface of the neurons and the
spreading index. Presence of AChE in the medium (4 units/ml) increases the
surface of the motoneurons, the total length of neurites and axons without any
change in the spreading index. BW 284C51 (10'5M) significantly reduces the
number of primaiy neurites and increases the number of bifurcations. Fasciculin
II (10"9M), a potent blocker of the peripheral site of AChE induces a decrease of
both the number of primary neurites and bifurcations with a significant increase
of the length and growth velocity of the axon, giving a drastic enhancement of
the spreading index. The simultaneous addition of BW 284C51 and fasciculin II
leads, following 3 to 4 days in culture, to the death of numerous motoneurons,
demonstrating the role of AChE in the survival and growth of embryonic spinal
motoneurons. These results show that the catalytic properties of AChE as well as
its involvement in adhesive processes control the geometiy of rat spinal
motoneurons during growth anf differentiation.

PROCESS OUTGROWTH II
241.1
ARGININE KINASE IS IMPORTANT FOR CNS DEVELOPMENT. Y.E.Wang.
P. Esbensen. and D. Bentlev* Division of Neurobiology, Department of Molecular
and Cell Biology, University of California, Berkeley, CA 94720-3200.
Arginine kinase belongs to an evolutionarily conserved family of ATPguanidino phosphotransferases, whose members play an important role in energy
metabolism. This enzyme exhibits substantial sequence identity to representative
members of die guanidino kinase family, including creatine kinase. In Drosophila
and grasshopper embryos, argK is almost exclusively expressed in the central
nervous system during the first half of embryogenesis. It is not expressed in
ectodermal cells, PNS, or non-muscle mesoderm. This highly constrained
expression pattern suggests a specific role in CNS development
We examined the subcellular localization of arginine kinase using confocal
microscopy of antibody labeled Drosophila and grasshopper neurons in culture.
In CNS glia, argK is concentrated at the leading edges of lamellipodial protrusions
and microspikes. In neurons undergoing axonogenesis, argK is found in the soma,
axons, and growth cones. ArgK occurs throughout filopodia that are extending
from the soma or from emerging growth cones; it is not so concentrated in filopodia
at later stages of axonogenesis. The expression pattern in lamellipodia, growth
cones, and filopodia suggest that argK may play a role in cell motility.
To analyze the function of argK in CNS development, we employed the
UAS/GAL4 system in Drosophila. Flies with either sense or antisense argK
constructs were crossed to flies with elav- GAL4 constructs. We generated flies
with over-, under- or ectopic expression of arginine kinase in specific neural tissues.
Under-expression of argK in the CNS gave rise to enlarged neuroblasts that may
have arrested cytokinesis. Over-expression of argK in the CNS resulted in the
absence of a discrete ventral nerve cord. Few motoneuron fascicles were present.
These fascicles were long and misrouted. Ectopic expression of argK in PNS
neurons also resulted in abnormal, long fascicles in the periphery. These results
suggest argK plays an important role in normal development of the CNS.
(Supported by NSF IBN 94-10068&NIHNS 09074)
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241.2
THE midline uncoordinated MUTATION DISRUPTS SENSORY AXONS IN
DROSOPHILA. J.E. Klenz . R.K. Murphev . L.M. Schwartz* . R.W. Phillis.
Molecular and Cellular Biology Program, University of Massachusetts, Amherst
MA 01003.
The midline uncoordinated (muc) mutation was isolated as a P[lac W] insertion
that produced coordination defects that disrupted grooming behavior. Analysis of
the original insertion allele and many derived excision alleles demonstrated that
muc causes defects not only in coordination, but also in anatomy. We have
characterized sensory axon projections in muc mutants using two P[Gal 4] lines
that have expression restricted to two groups of neurons of the femoral chordotonal
organ. The muc alleles which produce the most severe behavioral effects also
exhibit the most profound defects on anatomy. Revertant alleles, in which the P
element has excised cleanly, have wild type grooming behavior, as well as normal
axon projection patterns. The various muc alleles comprise a single unique
complementation group at location 28A on the second chromosome. Molecular
analysis has identified sevferal transcription units near the muc locus. The most
likely gene affected by muc is the Drosophila homolog of dihydrolipoamide
acetyltransferase, component E2 of the mitochondrial pyruvate dehydrogenase
complex. The P element insertion causing the muc mutation resides within an
intron of this gene. See also Jin et al. NS abstracts, this volume. Supported by
NIH grant NS 15571 to R.K.M. and a NSERC postgraduate fellowship to J.E.K.
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2 4 1 .3
CYTOSKEUETAL REARRANGEMENTS DURING GROWTH CONE TURNING
TOWARDS A LOCALIZED SOURCE OF NERVE GROWTH FACTOR. P. C. Letoumeau*
and G. Gallo. Dept, of Cell Biol, and Neuroanat., University o f Minnesota,
Minneapolis, MN 55455.
Nerve growth factor (NGF) bas been shown to be able to regulate the guidance and
remodeling o f dorsal root ganglion (DRG) growth cones. We have previously
demonstrated that growth cone turning towards a localized source of NGF is dependent
upon trkA receptor activation, and to a lesser extent the p75 receptor. In order to study
the turning response o f growth cones towards NGF we have covalently linked NGF to
polystyrene beads and observed the interactions o f growth cones with the beads. In
the present studies we have sought to determine the role of the cytoskeleton in the
establishment o f the turning response towards NGF-coated beads. One of the initial
events, following filopodial contact with a bead, is the swelling and phase-contrast
darkening of the contacting filopodium. Correlated video-immunofluorescence
staining for F-actin indicates that at this phase in the turning response actin filaments
accumulate in the contacting filopodium. Following filopodial darkening there is a
gradual redirection o f lamellar and filopodial activity toward the site of bead contact
Following this, engorgement of the contacting filopodium by phase dark materials
from the C-domain occurs, often concurrently with consolidation o f a new extent of
nerve fiber. Studies using correlated video-immunofluorescence staining and relating
growth cone morphology during bead interaction with cytoskeletal rearrangements
revealed that during the phase darkening/filopodial actin accumulation microtubules
tended to reorient towards the contacting filopodium. By the time a turn was evident,
microtubules had invaded the contacting filopodium, and eventually were found
beneath the bead once a new growth cone had formed ahead of them. Pharmacological
treatments which attenuate microtubule dynamics and alter microtubule distributions
within DRG growth cones (7 nM taxoJ and 4 nM vinblastine) block the turning
response, supporting a role for dynamic microtubules. The strength of the NGF
mediated guidance system is that it deals with an identified guidance cue and allows for
a reconstruction of the events responsible for guidance spanning from receptor
activation to the cytoskeletal rearrangements necessary for growth cone turning.
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2 41.4
MUTANT MOLECULAR MOTORS DISRUPT DEVELOPMENT AND
FUNCTION OF NEURAL CIRCUITS IN DROSOPHILA. J. Trimarchi*. Pinp
Jin. S. Reddv- M. Beland. M. Getzineer. P. Caruccio. D. Station and R. Phillis and
R.K. Murphev. Dept, of Biology University of Massachusetts, Amherst, MA
01003.
A mutation affecting the p i SO^tued component of the cytoplasmic dynein/dynactin
complex was examined for its role in axon growth and pathfinding during
metamorphosis. P[Gal4] insertion that selectively labeled a subsets of sensory
neurons in the femoral chordotonal organ throughout pupal development were used
to search for anatomical defects in mutant backgrounds. In specimens carrying the
Glued1 mutation, sensory axon growth was disrupted. Stereo reconstructions
demonstrated that the mutant axons were disrupted in their pathfinding within their
normal target domain but the axons still obeyed the boundaries that prevent growth
to adjacent incorrect domains. We followed axon growth during development and
found that in both mutant and wildtype specimens the feCO axons arrived at the
CNS 12 hours after puparium formation (APF) and until 24 hrs APF the mutant and
wild type axons were indistinguishable. From 24 hrs onward the main axon bundle
begins to defasciculate and by 48 hrs this bundle is difficult to detect and the normal
projection is severely disrupted. Since specimens carrying the G/1 allele are viable,
we also recorded from the extensor tibia muscle and demonstrated that a simple
reflex, wherein the slow extensor motor neuron was activated when feCO was
stimulated, was absent in most mutant specimens. In summary, the dynamics of
axon growth during metamorphosis were disrupted by theGlued mutation and this in
turn disrupted synaptic connectivity and the functionig of a defined neural circuit.
Supported by NIH grant NS 15571 and NSFIBN 9514701 to RKM and NRSA
grant 1 F32 NS09700-01 to JRT.

241.5
MUTANTS IN LAMININ DISRUPT SENSORY AXONS IN DROSOPHILA
PUPAE AND ADULTS. S. Reddv1. L. Garcia-Alonso2. C.S. Goodman2. R.W.
Phillis1, and R.K. Murphev1*. Depts. of Neuroscience and Behavior and Molecular
and Cell Biology, University of Massachusetts, Amherst, MA 01003, 2University
of California, Berkeley, California 94720.
Laminin is an extracellular matrix molecule that may be important for the
assembly of the adult nervous system in Drosophila. We have a putative
Drosophila mutant for the laminin B2 chain, stalled, and have shown that stalled
interacts genetically with laminin A mutants to disrupt the assembly of the pupal
nervous system, stalled was identified as a grooming mutant in the screen of
Phillis et al. (1993) and was mapped to region 67C on the polytene chromosomes,
at or near the site of the laminin B2 gene. In order to determine whether stalled
interacts genetically with laminin A mutants, we combined an imprecise excision of
stalled, stld?71, with laminin A null or hypomorphic alleles and examined the
axonal projections from a class of stretch receptors in this mutant. We used a
P[Gal4] line to mark a subset of femoral chordotonal neurons and examined the
central axon projections from these neurons in single mutants of laminin A or
stalled and in a double mutants. We found that double mutants for both laminin A
and stalled exhibited a greater number of defects (71%) in the projections of
chordotonal neurons than either of the single mutants (38% and 0%, respectively).
This nonadditive summation of genetic interactions suggests that stalled has
identified the laminin B2 gene.
Molecular characterization of the stalled mutant is being done to verify that stalled
disrupts the laminin B2 gene. Northern analysis using laminin B2 cDNA as a
probe demonstrated that the level of laminin B2 mRNA was decreased in both
stalled and in stlde ^ when compared to a control line of the same genetic
background. The insertion site of the P element in stalled is being mapped using
fragments from a PI clone containing the 67C region. Supported by NIH grant
NS15571.

241.6
EXOGENOUS APPLIED Ll-Fc OR LAMININ NEUTRALIZES THE WHITE
MATTER INHIBITION OF NEURITE OUTGROWTH IN VITRO.
C.Roonprapunt*. D. Friedlander, A. Hooper. M, Rothman, M. Grumct and W.
Young. Depts. of Physiology and Pharmacology. New York University Medical
Center, New York, NY 10016
A major barrier to regeneration in the CNS is the presence of growth
inhibitory molecules, primarily localized to the white matter. The extracellular
matrix molecule laminin and the neural cell adhesion molecule LI are potent
promoters of neurite outgrowth in peripheral nerve. In the adult CNS, these
molecules are present in small amounts compared to peripheral nerve. We
examined the effects of applying these growth promoting molecules to tissue
culture to see if they can stimulate neurons to attach and grow on adult spinal
white matter.
Dissociated chick (embryonic day 8-12) dorsal root ganglion cells were
labeled with Di-I, seeded onto frozen coronal or horizontal sections of adult rat
spinal cord, and grown for 24 hours in serum-free FI2 media supplemented with
N3 and NGF in small tissue culture wells. Dorsal root ganglion cells normally
avoid white matter but will adhere to and extend neurites on gray matter. The
presence of soluble recombinant Ll-Fc or laminin significantly reduced white
matter inhibition of neuronal attachment and outgrowth.
These molecules may be neutralizing inhibitors in spinal cord white
matter or they may be reducing the sensitivity of neurons to white matter growth
inhibitors. The mechanism of the neutralization is currently under investigation.
Supported by Acorda Therapeutics

24 1 .7
LAMININ PROMOTES BUNDLING OF MICROTUBULES IN THE GROWTH
CONE. D. Tang* and D.J. Goldberg. Dept, of Pharmacology and Ctr. for Neurobi
ology and Behavior, Columbia U., New York, NY 10032.
Laminin (LN) greatly accelerates the elongation of neurites and these neurites tend
to be very thin. Perhaps LN promotes the bundling of microtubules (MT), and the
resulting streamlined organization contributes to fast growth. We have examined
this possibility by studying the acute effects of LN on the organization of MTs us
ing immunofluorescence microscopy of neonatal rat sympathetic neurons fixed in
culture at various times shortly after the addition of LN. As previously described,
LN rapidly causes MTs to advance to the peripheral edge of the growth cone, fol
lowed by the outgrowth of thin neurites from the edge. 59% of the original growth
cones exhibited some bundling of MTs after addition of LN, as opposed to 11 %
without LN. Because bundles in the still widely spread original growth cone often
ran into thin neurites that had emerged from its distal edge, it seemed possible that
MTs were being zippered together by constriction of the plasma membrane to form
the thin neurites. Two lines of evidence suggest that this is not the case. First, MT
bundles were also seen in growth cones from which neurites had not yet grown,
though MTs had advanced. 48% of these growth cones showed some bundling of
MTs. Second, cytochalasin D, an actin inhibitor which blocks growth cone motil
ity, greatly reduced neurite outgrowth but not MT bundling in response to LN.
Numerous individual growth cones which had not sprouted neurites showed some
MT bundling. Inhibitors of protein kinase C and Ca+ + /calmodulin-dependent
protein kinase II which have been reported to block rapid effects of laminin on chick
DRG growth cones blocked neither the formation of bundles nor the outgrowth of
thin neurites in these cells. Taken together, these results suggest that the bundling
of MTs is a direct effect of LN which precedes, and therefore may be responsible
for, the quick formation of thin neurites from the spread growth cone. (Supported
by NIH grants NS25161 and GM32099)

2 41.8
CYTOSKELETAL REARRANGEMENTS OF MICROTUBULES AND F-ACTIN
INDUCED BY PLATELET-ACTIVATING FACTOR (PAF) IN HIPPOCAMPAL
GROWTH CONES AND NEURITES. R.S. McNeil, J.W. Swann. G.D. Clark*. Cain
Foundation Lab*., Baylor College of Med., Houston, TX 77030.
We have previously reported that platelet-activating factor (PAF), and a non-hydrolyzable
analogue, methyl carbamyl (mc)-PAF, produce the following morphological effects in rat
hippocampal cell culture: growth cone collapse, neurite retraction, and the formation of beadlike neurite varicosities. We investigated the cytoskeletal alterations that potentially mediate
these morphological effects, focusing upon rearrangements of microtubules (MTs) and
filamentous (F)-actin. Untreated cultures fluorescently-labeled with a p-tubulin antibody
revealed distinct staining ofMT bundles throughout the neurite, with some extending into the
growth cone periphery. In cultures exposed to me-PAF, MTs had retracted away from the
growth cone periphery, and the varicosities that formed stained positively for P-tubulin. MT
bundles were still visible within the varicosities, however, and MTs still stained strongly in
the neurite. In contrast, labeled p-tubulin in cultures exposed to the MT-destabilizing
compound, nocodazole, revealed MT degradation not seen in mc-PAF-treated cultures, with
MTs appearing disrupted, varicosities staining more uniformly, and with no MT bundles
visible within the varicosities. These observations suggest that the mc-PAF-induced
moiphological effects involve a rearrangement of MTs, possibly through an alteration of MT
bundling, but not direct MT depolymerization. Alterations of F-actin were revealed by
labeling cultures with fluorescein-phalloidin. Untreated cultures displayed intense staining
of F-actin bundles in the growth cone, while F-actin staining in growth cones collapsed by
exposure to mc-PAF was less intense, appearing as if F-actin had also been rearranged into
a less bundled state. Fluorescently-labled F-actin in cultures exposed to cytochalsin D
revealed punctate, disrupted staining very different from that seen in mc-PAF-treated
cultures, indicating that F-actin depolymerization by mc-PAF is unlikely. These observations
suggest that the mc-PAF-induced morphological effects involve a cytoskeletal rearrangement
process in which MTs and F-actin become less bundled, but do not involve a wide-spread
depolymerization of these elements.
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241.9
NEUROTROPHIN-INDUCED REMODELING AT
NEURONAL
GROWTH CONES IN A P L Y S J A
SENSORY AND BAG CELL
NEURONS. Ashish L. Ranpura, Sharen E. McKay*, & Thomas J. Carew. Depts.
Biology & Psychology, Yale University, New Haven, CT.
A role for neurotrophic molecules in synaptic plasticity has been implicated
in both vertebrates and invertebrates. In all cases, the structural modifications
underlying synaptic plasticity are dependent on interactions between signaling
molecules, including neurotrophins, and the neuronal cytoskeleton. Our own earlier
studies of Apfysia bag cell neurons (BCNs; Nick et al.,1995) suggested that growth
cone morphology might be regulated by brain-derived neurotrophic factor (BDNF).
To examine this more closely, the growth cones of cultured BCNs and pleural
sensory neurons (SNs) from Aplysia were immunohistochemically labeled with an
antibody against phosphorylated tyrosine residues (PY). BCNs (Goldberg & Wu,
1994) and SNs showed intensely immunoreactive spots at the tips of growing
filopodia associated with the actin-rich lamellipodia. Surprisingly, when BDNF was
applied none (0%) of the BCN growth cones showed tip staining vs. 67% of control
(cytochromeC treated) growth cones (x^(i)=22.5, pcO.OOOl.) Likewise, BDNF
treated SNs showed a significant reduction in the number of growth cones displaying
tip staining (cytoC=55% positive, BDNF=23%, %^(l)=:12.8, p<0.0004.) Thus, in
molluscs BDNF may activate a tyrosine phosphatase or, alternatively, inactivate a
kinase. To further explore dynamic changes in growth cone morphology brought
about by BDNF, living cells were examined using DIC microscopy. In response to
BDNF, growth cones rapidly withdrew their actin-rich lamellipodia with no
accompanying change in the microtubule-containing central core. In contrast, the
tyrosine kinase inhibitors genistein (100 \iM) and k252a (214 nAf) increased the area
of the central core with limited effects on the lamellipodia. There was no significant
change in neurite number or length following BDNF treatment These data suggest
that BDNF promotes structural change by destabilizing the contacts of the growth
cone tip with the substratum. We are grateful to Amgen for providing BDNF.
(Supported by NSF #BNS8614961 to TJC and NIH #1F32MH11259-01A1 to SEM)

241.10
DIFFERENTIAL EFFECTS OF GROWTH FACTORS AND NEURO
TRANSMITTERS ON POSTTRANSLATIONAL MODIFICATIONS OF
MICROTUBULES IN DEVELOPING NEURONS IN VITRO. P.M. Vogt
Weisenhorn, A.N' Lehner, L.J. Roback, B.H. Wainer*, Wesley Woods
Laboratory for brain Science, Emory University, Atlanta, GA 30329, USA
The nervous system is characterized by a large variety of neurochemically
distinct cell types. This diversity is influenced by a variety of
developmental signals, including growth factors, cytokines and neurotransmitters. We recently reported that (5-adrenergic receptor agonists
(isoproterenol (ISO)) and basic fibroblast growth factor (bFGF) induce
process outgrowth in a neuronal progenitor cell line of the basal forebrain
(Kwon et al, Eur. J. Neuroscience, Vol. 8, 2042-2055, 1996) by two
distinct mechanisms accompanied by changes in
posttranslational
modifications (acetylation and/or tyrosination of tubulin) of the neuronal
cytoskeleton. The goal of the present study is to verify that primary
neurons in culture display components of these responses observed in the
cell line. After treating the primary neurons with either ISO or bFGF, we
analyzed the cellular distribution of acetylated versus tyrosinated tubulin
using confocal microscopy. Our results demonstrate that in primary
embryonic neurons, tyrosinated tubulin extends to the distal ends of
processes whereas acetylated tubulin is diminished distally, a state
associated with enhanced microtubule dynamics. As in the cell line, the
overall extent of the posttranslational modifications of tubulin were
differentially affected by the two treatments. The analysis of areas
occupied by either acetylated or tyrosinated tubulin within single cells
revealed that following bFGF treatment the ratio of acetylated to
tyrosinated tubulin was 1.4x higher (p<0.001), than in ISO treated cells.
Follow-up studies will focus on evaluating differences in neurite
morphology following these treatments.

241.11
REGULATION OF THE CYTOSKELETON STATE BY CELL
ADHESION MOLECULES. J. H. Viti* and C. F. Lagenaur. Dept.
Neurobiology., Univ. Pittsburgh, Pittsburgh, PA 15261.
Neurite outgrowth in vitro is substrate-dependent. In cultured mouse
cerebellar neurons, neurite outgrowth is significantly different when the
cells are grown on one of four purified growth substrates; NCAM, LI,
P84 or laminin. Cells cultured on these four substrates also respond
differently to okadaic acid (OA), a serine/threonine phosphatase
inhibitor. OA causes the cells growing on NCAM, but not the other
substrates, to produce multiple neurites around the cell body.
These differences in neurite outgrowth might be caused by interactions
of the substrates with cytoskeletal proteins, in particular tubulin, which
make up the neurite. We have analyzed the effect of substrate and OA
on tubulin using 2-D SDS-PAGE and western blotting techniques.
We have found that tubulin, among other proteins, has different
isoelectric properties depending upon which substrate the cells have been
cultured. Also, in the cells growing on NCAM, okadaic acid causes a
shift in the pi of tubulin. From these results, we conclude that changes
in the properties of tubulin, perhaps in the phosphorylation levels, might
in part explain the effect of okadaic acid and also the substratedependent differences in neurite outgrowth.
Supported by NIH grants EY 05308 and NS 35361

241.12
GLYCOGEN SYNTHASE KINASE PHOSPHORYLATES MAP1B AT A
SITE RECOGNISED BY MONOCLONAL ANTIBODY SMI-31. R. G. Goold.
F. Lucas. P. Salinas and P. R. Gordon-Weeks*. Developmental Biology Research
Centre, King's College London, 26-29 Drury Lane, London WC2B 5RL, U.K.
MAP1B is a microtubule-associated protein that is expressed early in neurons and
is thought to play a rôle in axonal outgrowth. MAP1B has two types of phosphoisoforms, one of which is developmentally down-regulated following neuronal
maturation and expressed only in axons, while the other is expressed throughout the
neuron and persists into adulthood. We have previously characterised a
developmentally-regulated phosphorylation site recognised by mAb SMI-31. To
identify the kinase responsible for this site, we used an in vitro kinase assay with
GST-MAP1B fusion protein and a supernatant from neonatal rat brain. Three
independent observations show that the kinase responsible is GSK|33: Lithium
inhibits the kinase in a dose-dependent manner, immuno-depletion of the high
speed supernatant with monoclonal antibodies specific for GSKp3 inhibits
phosphorylation and, recombinant GSK{33 phosphorylates the GST-MAP IB fusion
protein. To investigate the rôle of the phosphorylated isoform of MAP1B
recognised by mAb SMI-31, we are examining the effects of inhibition of GSK(33 on
neurons in culture. These experiments confirm the important rôle that MAP IB has
in axon growth and provide insights into the mechanism underlying the conversion
of the growth cone into a nascent axon.
This work is supported by the M.R.C. and the Central Research Fund of London
University.

241.13
INHIBITION OF GSK-3fi BY WNT-7A OR LITHIUM RESULTS IN
THE LOSS OF A PHOSPHORYLATED FORM OF MAP-lB AND
AXONAL SPREADING IN DEVELOPING NEURONS. F. R. Lucas.
R. G. Goold. P. R. Gordon-Weeks and P. C. Salinas*. Developmental
Biology Research Centre, King's College London, 26-29 Drury Lane,
London WC2B5RL.U.K.
WNT factors play a crucial role in cell fate decisions during
development. However, WNT factors are expressed during axonal
extension and synapse formation suggesting that WNT factors play a
role in later development. We have recently shown that WNT-7a
induces re-organisation of the cytoskeleton in cerebellar neurons. This
effect is mediated through GSK-3fi, a serine/threonine kinase and a
component of the WNT signalling pathway. WNT signalling results
in the inhibition of GSK-36. We found that lithium, an inhibitor of
GSK-3fi, mimics WNT-7a in cerebellar neurons by inducing axonal
spreading. To begin to understand how WNT-7a induces changes in
neuronal cytoskeleton, we examined the effect of lithium and WNT7a on the organisation of microtubules (MT). We found that lithium
and WNT-7a induce the loss of a phosphorylated form of MAP-lB,
MAP-1B-P, from ax6nal processes without affecting the total levels
of MAP-lB. We have evidence that GSK-36 directly phosphorylates
this site. Loss of MAP-1B-P in axonal processes is correlated with
neurite spreading. These data suggest that lithium and WNT-7a
inhibit the phosphorylation of MAP-lB through GSK-36 resulting in
a change in microtubule dynamic instability.
This project was supported by MRC, UK.

241.14
N-SYNDECAN MEDIATES A NEURITE OUTGROWTH-INDUCING
SIGNAL IN TRANSFECTED NEUROBLASTOMA CELLS. M. Kaksonen.
T. Kinnunen. H. B. Peng. H. Rauvala*. Laboratory of Molecular
Neurobiology, Box 56, 00014 University of Helsinki Biocenter, Finland.
N-syndecan is a member of syndecan family of transmembrane
proteoglycans. It is expressed in developing peripheral and central nervous
system. Immunohistochemistry has shown that it is mainly localized to
developing axonal tracts. N-syndecan has also been isolated as a receptor for
heparin-binding growth-associated molecule (HB-GAM). Matrix bound HBGAM induces neurite outgrowth from embryonal rat cortical neurons in
vitro. Based on these results, N-syndecan has been suggested to be a neurite
outgrowth-inducing receptor.
To further study the role of N-syndecan in neurite outgrowth we have
transfected N18 neuroblastoma cells with an N-syndecan expression vector.
Overexpressing clones and control clones were then plated on HB-GAM
coated surface. Overexpressing clones have enhanced neurite outgrowth
activity compared to vector-transfected control cells. Enhanced neurite
outgrowth can be inhibited by tyrosine kinase inhibitors. Immunostaining
revealed that overexpressed N-syndecan was strongly localized to growth
cones and filopodia. We also show that local application of N-syndecan
ligand can induce local rearrangements in microfilament network.
We suggest that N-syndecan functions as an extracellular matrix receptor
that enhances and guides neurite outgrowth by interacting with cytoskeleton
in a kinase-dependent manner.
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241.15
EXPRESSION OF N-SYNDECAN AND HB-GAM IN THE DEVELOPING AND
REGENERATING RAT PERIPHERAL NERVES. S. Imai. L. Ahtee*. H. Rauvala.
Laboratory of Molecular Neurobiology, Institute of Biotechnology and Department of
Pharmacy, Division of pharmacology and Toxicology, Box 56,00014, University of
Helsinki, Finland.
Heparin-binding growth associated molecule (HB-GAM) is a secretory extracellular
matrix protein which promotes neurite outgrowth in vitro. N-syndecan, a novel
member of the proteoglycan family on cell surface, has been shown to mediate HBGAM-induced neurite outgrowth as the receptor for HB-GAM. In the present study
expressions of N-syndecan and HB-GAM were studied on light-microscopical,
electron-microscopical, and mRNA expression levels, in order to assess possible
involvement of the two molecules in the peripheral nervous system (PNS)
morphogenesis. During early embryonic PNS morphogenesis HB-GAM was widely
expressed in the limb mesenchyme through which N-syndecan-positive axons
extended. When the developing fibers reached to the apical region of the limbs and
bifurcated fibers terminated on the epidermis, HB-GAM expression was localized to
the epidermal basement membrane. During the later embryonic stage HB-GAM was
down-regulated, and major cellular source of N-syndecan was switched over from the
axons to Schwann cells. During the early postnatal PNS morphogenesis HB-GAM
was again up-regulated around nerve fibers, in which N-syndecan-positive Schwann
cells constructed more complicated ensheathment. HB-GAM was richly expressed
around Merkel cell-neurite complex (MNC), a slow adapting mechanoreceptor. Nsyndecan was localized on the interdigiating cell processes of MNC-forming
Schwann cells and axons. In the normal adult PNS N-syndecan was not expressed.
However, N-syndecan was promptly re-expressed by the Schwann cells of damaged
nerves prior to axonal regeneration. HB-GAM was concomitantly expressed by the
connective tissue undergoing repair process. These temporal and spatial relations of
the two molecules, in addition to their biochemical characteristics, suggest regulatory
roles of extracellular HB-GAM in differentiation and morphogenesis of N-syndecanpositive axons and Schwann cells. Supported by CIMO, Uehara Foundation,
Nakatomi Foundation, Sigrid Jeselius Foundation and the Academy o f Finland .
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241.16
N-SYNDECAN IS A TRANSMEMBRANE SIGNALLING RECEPTOR THAT
INTERACTS WITH THE SRC-KINASE PATHWAY. T. Kinnunen*. M. Kaksonen.
and H. Rauvala. Laboratory of Molecular Neurobiology, Institute of Biotechnology,
Box 56, 00014 University of Helsinki, Finland, e-mail: tarja.kinnunen@hersinki.fi
N-syndecan (syndecan-3) was previously isolated as a cell surface receptor for HBGAM (heparin-binding growth-associated molecule) and suggested to mediate the
neurite growth-promoting signal from cell matrix-bound HB-GAM to the
cytoskeleton of neurites. It is however unclear whether N-syndecan or any other
proteoglycan would possess independent signalling capacity in neurite growth or in
related cell differentiation phenomena. To assess this question we have studied
whether any interaction of a kinase system with N-syndecan can be detected
biochemically. Crude extracts of brain have been analyzed for possible kinase activity
and for proteins that bind to the cytosolic peptide of N-syndecan. These studies show
that a herbimycin-sensitive kinase activity, together with its substrate(s), binds
specifically to the cytosolic moiety of N-syndecan immobilized to an affinity column.
Western blotting reveals both c-src and fyn in the active fractions. In addition,
tubulin, cortactin and a 30 kD protein are identified in the kinase-active fractions that
bind to the cytosolic moiety of N-syndecan. We suggest that N-syndecan binds a
protein complex containing src-family tyrosine kinases and their substrates, and that
N-syndecan acts as a neurite outgrowth receptor via the src-kinase pathway.
Supported by the Academy o f Finland and by Sigrid Juselius Foundation.

241.17
NERVE GROWTH FACTOR-MEDIATED ACCUMULATION OF 61
INTEGRIN AT FILOPODIAL TIPS IN THE GROWTH CONES OF
SYMPATHETIC NEURONS: A POTENTIAL MECHANISM FOR
GUIDANCE. P.W. Grabham and D.J. Goldberg*. Department of Phar
macology and the Center for Neurobiology and Behavior, Columbia Uni
versity, New York, NY 10032.
Addition of nerve growth factor (NGF) to cultured chick embryo sym
pathetic neurons which have been starved of it causes a rapid induction of
growth cone motility. Using double immunofluorescence staining we
found that, within 10 minutes, NGF stimulated the accumulation of dense
aggregates of 151 integrin at most of the tips of either pre-existing or
newly formed ftlopodia. These effects occurred in the absence of extra
cellular matrix (ECM) ligands and in the presence of the RGDS peptide,
implying that activation of integrin by a ligand is not required for its relo
cation to the sensory elements of the growth cone. Interestingly, addition
of soluble laminin or fibronectin 10 minutes after NGF caused a rapid
withdrawal of integrin from filopodial tips at a rate comparable to the
rearward flow of actin filaments, suggesting that binding o f the ECM lig
and couples 01 integrin to the actin cytoskeleton. Thus, NGF and ECM
proteins may coordinate to produce a cycle of 61 integrin accumulation
and ECM binding at the tips of filopodia. Initial studies show that NGF
applied locally to growth cones results in an accumulation of 61 integrin
at the tips of filopodia closest to the source, indicating that accumulation
of the receptor can be selective to filo{)odia in certain regions of the
growth cone. These results suggest one potential mechanism whereby
neurotrophins and ECM proteins coordinate to produce directed axon
growth.
(Supported by NIH grants NS25161 and GM 32099)

241.18
SEMAPHORIN III REPELS AND INHIBITS ADULT A-DELTA AND C FIBER
SENSORY AFFERENTS IN VIVO. D.L. Tanelian. M.A. Barry-. S.A. Johnston. T.
Le*. G.M. Smith. Univ. of Texas. Southwestern Medical Center, Dallas, TX
75235-9068, current address: #Baylor College of Medicine, Houston, TX 77030
Developmentally, semaphorins (collapsin, fasciclin) mediate repulsive and
inhibitory guidance of small diameter sensory neurons. However, it is not known if
these molecules can exert a functional role in the fully developed adult peripheral
nervous system. The present study was designed to investigate this question.
Rabbits were used and anesthetized for all procedures. The gene gun technique
was used to introduce green fluorescent protein (GFP), nerve growth factor (NGFflag), and semaphorin III (SEMA-myc) genes into discrete regions of the corneal
epithelium in vivo. Successful epithelial cell transfection was confirmed by
epifluorescent visualization of GFP and Western blot analysis of epitope tagged
NGF and SEMA. Corneal nerve terminals were labeled with gold chloride and their
density was quantitatively measured. Normal (non-transfected) and GFP transfected
regions of epithelium were used as controls for the NGF and SEMA regions.
Neither GFP or NGF expression, or the presence of gold beads, had any effect
upon normal or wounded corneal epithelial innervation. In non-wounded corneas,
Sema III expression reduced nerve terminal density by 68% (p<0.004) and a
reduced terminal length. Following epithelial wounding, transfection of the hemiwound margin with Sema III resulted in 50% (p<0.04) reduction of nerve terminals
and a 66% (p<0.004) reduction in collateral wound oriented innervation.
These findings are significant in that they provide the first direct evidence that
adult sensory afferents retain the ability to respond to semaphorin III in vivo.
Support: The Sid W. Richardson, J.F.Maddox, and Daniel Heumann Foundations;
NIH grant 33776 and a NIH Fellowship Grant and the VIDA Lab.

241.19
COLLAPSIN SIGNALLING INVOLVES PHOSPHOLIPASE A2ACTIVATION
K. Mikule. B.A. dela Houssave. and K.H. Pfennineer*. Deptartment of Cellular and
Structural Biology, University of Colorado School of Medicine, Denver, CO 80262
For proper pathfinding of the growing .neurite, the growth cone (GC) must respond
to both attractive and repulsive forces by altering its substrate adhesion. Collapsins,
such as thrombin and semaphorins, are extracellular molecules that influence
pathfinding by causing GC retraction. The mechanism by which collapsin receptor
activation triggers this phenomenon is largely unknown and is the focus of this study.
We have analyzed the effects of thrombin and non-proteolytic, thrombin receptoractivating peptides (TRAPs) on GCs isolated from fetal rat brain homogenate. Since
neurite retraction must involve growth cone release from the substratum, we have
developed a cell-free assay that measures this phenomenon. Isolated, resealed GCs are
plated onto a laminin substratum and are then exposed to thrombin. GC detachment is
quantitated by measuring the percentage of total protein released after experimental
treatment, compared to control. Upon exposure of growth cones to 200 nM thrombin,
a 4-fold increase in GC release is observed. This effcct is dose-dependent and mimicked
by TRAP-6. Thus, thrombin causes GC detachment without traction by the neurite
and independent of protease activity. To gain further insight into this process,
thrombin receptor-activated signalling is being investigated also. Thrombin activates
two calcium-independent cytoplasmic phospholipases A2 (cPLA2) in a dose-dependent
manner, as measured by the release of arachidonic acid (AA): A novel,
phosphatidyl inositol (Pl)-selective enzyme is stimulated about 15-fold, and a
phosphatidylethanolamine (PE)-selective cPLA2 34-fold by exposure of GCs to 200
nM thrombin. Further analysis of the signalling pathway is in progress. These results
support the hypothesis that growth cone repulsion and detachment are regulated by a
receptor-activated signalling pathway that involves cPLA2 activation and AA release
from PI and PE. (Supported by NIH grant 5RO! NS24672)

241.20
Dual role for RhoA in the NGF-induced differentiation of PC 12
cells: opposing control over neuronal commitment versus neurite
extension

S ociety

for

N euroscience , V olume

23,1997

A,_Ssfafik!'2,

Santos1, N- Nusser1:2, B, Debreceni1, Q, Tjgy.i1*

‘Dept, of Physiology and Biophysics, University of Tennessee, Memphis, TN
38163; 2Dept. of Biology, Medical School of Pecs, 7624 Hungary
PCI 2 pheochromocytoma cells, stably transfected with constitutively activated or
dominant negative rhoA constructs, were used to study the role of the RhoA GTPase
in neuronal differentiation. Expression of activated V14GRhoA in naive PC 12 cells
prevented NGF-induced differentiation along with preventing the cessation of cell
proliferation, although these cells readily differentiated to the combined treatment of
dbcAMP plus TPA. Supporting the inhibitor role of RhoA in early neuronal
differentiation of PC 12 cells, NGF elicited the transient inactivation of RhoA by
removing it from the plasma membrane. In contrast, after NGF stimulation, cells
expressing dominant negative N19TRhoA developed a “super-differentiated” stellate
cell phenotype characterized by an increase in neurite output, initiation, and
branching, and these cells were resistant to growth cone collapse and neurite
retraction elicited by lysophosphatidic acid. Induced expression of activated RhoA
from a steroid-regulated promoter in NGF-primed differentiating PC 12 cells did not
prevent or reverse the morphological differentiation, neither did the expression of
dominant negative RhoA induce the “superdifferentiated” phenotype. However, both
mutants altered the rate of neurite extension: activated RhoA promoted it, while,
dominant negative RhoA reduced it. These results indicate that RhoA plays a dual
role in PC 12 cells: it inhibits the early commitment-initiation phase of neuronal
differentiation but is necessary for normal neurite extension during development.
Supported by NSF (G.T. IBN-9321940), and the American Heart Association (G.T.
9640217; S.A. 94025410 & 95F106).
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242.1
CAN NEURONAL GROWTH CONES ACT AS LIVING BATTERING
RAMS? H. Stier. and S.B. Kater*: Department of Neurobiology and Anatomy,
University of Utah, Salt Lake City, UT 84132, USA
During pathfinding neuronal growth cones are able to react specifically to their
environment. Over the last twenty years the sensory function of neuronal growth
cones has been well established. Much earlier, however, Cajal postulated, based on
morphology alone, that a growth cone can also serve as a ’’battering ram” to clear a
path through dense tissue. Past cell culture studies have indicated that growth cones
can affect other cells, but, to date none has asked whether cells that would normally be
encountered in development can be cleared from the path of the advancing growth cone.
To test this hypothesis, we took advantage of K. Tosney’s work investigating the
interactions between spinal cord growth cones and sclerotome cells both in vivo and
in vitro. It is known that motoneurons send their axons through the anterior part of
the sclerotome. Therefore, we co-cultured anterior chicken sclerotome cells (HH-stage
18) with motoneuron explants (HH-stage 24) and measured the interactions between
growth cones and sclerotome cells using time-lapse-video microscopy.
When sclerotome cells were contacted by a growth cone, they displayed a dramatic
and highly reproducible series of responses. Contact with even a single growth cone
filopodium causes a local retraction or indentation in the sclerotome veil (in 67% of
the cases). As more of the growth cone surface makes contact, the entire veil on the
sclerotome cell can withdraw. Finally, the sclerotome cells display a clear repulsion,
become motile, and migrate rapidly out of the path of the advancing growth cone (in
75% of the cases). When several sclerotome cells are massed in the path of a growth
cone, the net effect, indeed, gives the appearance of a living "battering ram" that causes
the potentially obstructing cells in the path to part leaving a clear corridor for the
advance. This entire process can occur within 10 min. It is notable that this dramatic
repulsive activity appears restricted to the growth cones since sclerotome cells do not
appear to be repelled by other parts of the neuron.
In summary, these findings support Cajal's idea of the growth cone as a living
’’battering ram”. Supported by Alexander v. Humboldt Stiftung (Germany) to HS and
NIH grant NS24683 & Spinal Cord Res. Found, grant 1352 to SBK.

242.3
REGULATION OF THE GENE EXPRESSION OF 6-AMYLOID
PRECURSOR PROTEIN AND ITS HOMOLOGUES APLP1 AND
APLP2 IN RELATION TO NEUR1TE OUTGROWTH IN HUMAN
NEUROBLASTOMA CELLS. M. Beckman. R. Tehranian. V.
Cortes Toro and K. Ivérfeldt*. Dept. Neurochemistry &
N eurotoxicology,
A rrh e n iu sla b o ra to rie s
fo r
N atu ral
Sciences, Stockholm U niversity, S-106 91 Stockholm,
SWEDEN.
6-am yloid p recu rso r p ro tein has p rev io u sly
been
suggested to play a role in cell adhesion and neurite
outgrowth. In order to analyse the correlation between
the expression levels of the 6-am yloid precursor-like
proteins and n eu rite
o utgrow th, hum an
SH-SY 5Y
neuroblastoma cells were treated with agents promoting
or inhibiting neurite extension. mRNA levels of 6amyloid precursor protein, APLP-1 and APLP-2 were
analysed by a non-radioactive N orthern blot assay,
quantitated by densitometry and were compared to the
estimated number and length of neurites per cell. mRNA
le v e ls
of
a c tin ,
g ly c e ra ld e h y d e
3 -p h o s p h a te
dehydrogenase and GAP-43 were also quantitated and
used as controls. This work was supported by the Swedish
Natural Science R esearch C ouncil and the Swedish
National Board for Laboratory Animals.

242.5
AMPHOTERIN mRNA AND PROTEIN IN THE PROCESSES OF MOTILE
CELLS. Carole Faces, Henri Huttunen, Rtitta Nolo. Eeva-liisa Punnonen. Jorma
Wartiovaara. Hannele Lahtinen* and Heikki Rauvala. Lab. of Molecular
Neurobiology, University of Helsinki, Finland, FIN-00014.
Amphoterin, a major form of HMG(high mobility group) 1 proteins, distributes
peripherally in motile cells. In order to clarify the basis of this unexpected protein
localization, we studied amphoterin mRNA distribution in motile cells by in situ
hybridization and by Northern blotting. Amphoterin mRNA, in addition to being
centrally expressed, is particularly abundant in varicosities, growth cones and other
membrane extensions. In confluent cultures or differentiated cells, the amount of
amphoterin mRNA decreases, and the cells show less pronounced expression at the
cortical membranes. Similarity of amphoterin protein and mRNA patterns, plus the
occurrence of numerous polyribosomes in the varicosities and growth cones, suggests
a local mode of translation for amphoterin in spreading and motile cells.
Using double-in situ hybridization in N18 cells and fibroblasts, we showed that betaactin and amphoterin mRNA's co-localize in the varicosities and the tips of the
membrane processes. Studies using cytoskeleton-disrupting drugs suggest that the
amphoterin and P-actin mRNA's are localized to the cell periphery by the same or a
very similar microfilament-dependent mechanism. Although the intracellular sorting
pathways of amphoterin and P-actin converge, both at the mRNA and protein level,
localization of the proteins becomes different at the plasma membrane where
amphoterin is stained as extracellular patches that do not contain p-actin. We suggest
a model, according to which amphoterin mRNA is sorted along the microfilament
system to the cell periphery, where the protein is translated, exported to the
extracellular space and used to enhance process extension. In primary neuron cultures
amphoterin induces neurite outgrowth by binding to RAGE, a member of the
immunoglobulin superfamily. A complex containing both tyrosine kinase activity and
substrate can be isolated by affinity chromatography with a peptide corresponding to
the cytoplasmic domain of RAGE. (Supported by The Academy o f Finland, Sigfrid
Jusilius Fundation and CIMO)
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242.2
E X P R E S S IO N O F G M P 1 6 -4 6 K , A N EW M E M B E R O F N E U R A L A D H E SIO N
M O L E C U L E S O N N ER V E G R O W T H C O N E .
M .M asu k o . T .H onda. and K .T om inaga .

R . K uw an o *. H .S aitoh. T K.Ahe.

Res. L;ib. M ol. G enet. Niig<)t;j U 'm .. I

Asahim achi, N iigla 951, Fapan.
To elucidate m olecular m echanism s o f the neural netw ork form ation, we analyzed
m ore than purified 130 peptides o f the.grow th cone m em brane proteins (ginp) p re
pared by sucrose density gradient centrifugation. O ne of them . gm plfv-H.k h inam eu
by D EA E chrom atography fraction num ber 16, m olecular m ass o f 46kl.)a and p e p 
tide num ber b from lysylendopeptidase digestion) vvr.s a new |ieptide o f which partial
am ino acid sequences w as used for production o f the antibody. A synthesized peptide
w ith additional cysteine at the C -lerm inal was conjugated with KLH and inoculated
into su bcutaneous o f rabbit. The antibody reacted w ith nerve term inals, libers and
their cell bodies o f differentiated neural precursor cells in vitro

W estern blot analy

ses dem o n stra te d that g m p !6 -4 6 k exp ressed as early as em b iy o n ic 10.5 days post
ooiuis(dpc) and its level increased until perinatal period, decreased rapidly after birth
and w as not detected at 3 v.-eeks any m ore. Thecritical expression o f »imp 16-461; was
supported by developm ental changes o f the m R N A level by N orthern blotting.
U nique p rim er corresponding to the partial am ino acid sequence o f g m p l6 -4 6 k -b
w as used for 5 ’R a C E and w ith M arathon cD N A am plification kit (C lom ech). P re
dicted am ino acid sequence revealed that g m p l6 -4 6 k belongs to a new m em ber o f
im m unoglobulin su p etfa m ily com posed o f four d o m ains, one V -like, one C’2-like.
transm em branc and intracellular dom ains. From this structural feature o f gm p l6 -4 0 k
m ight function as a ca n d id ate m olecule m ed iatin g cell-cell interaction for neural
netw ork form ation in developing brain.
Supported in part by M inistry o f E ducation, S cience. S ports and C uiture o f Japan.

242.4
ANALYSIS OF NERVE GROWTH CONE MEMBRANE PROTEIN GMP2348K
ISOLATED FROM NEONATAL MOUSE BRAIN. T. K. Abe*T H. Saitoh and R.
Knwano Res. Lab. for Mol. Genet., Niigata Univ., 1 Asahimachi, Niigata, Japan
The nerve growth cone is located at the tip of the growing axon and guides the
axon by its motile behavior toward the site of synaptogenesis. To identify proteins
concentrated on the growth cone we isolated growth cone membranes (A-membrane)
by the subcellular fractionation method established by Ellis et al. (J. Cell Biol. 101:
1977, 1985).
Growth cone-non-enriched membranes (C-membrane obtained
simultaneously with the A-membrane) was used as a control for A-membrane.
Proteins in the A-membrane were compared with those in the C-membrane by lectinaflinity and ion exchange chromatographies, 2D-PAGE and SDS-PAGE. More than
50 proteins woe found to be concentrated in the A-membrane. These proteins were
dgested with lysylendopeptidase, and amino add sequences of resulting 130 peptides
were determined.
We found that one such protein, gmp23-48k (growth cone membrane protein,
DEAE-fraction No.23, 48 kDa), corresponds to the 50-kDa subunit (p50) of djynactin.
Dynactin is a multi-subunit complex which activates cytoplasmic dynein. An
antibody raised against gmp23-48k strongly reacted with growth cones of cultured
neuronal cells. Immunoblot analyses revealed that gmp23-48k was present both in
membrane and soluble fractions of neonatal brain. However, the amount of gmp2348k in membrane fraction greatly decreased in adult brain. Immunopredpitate of the
A-membrane with the anti-gmp23-48k antibody contained pl5Qclued and centractin
which are the major components of dynactin. We also found that dynein is present in
the A-membrane. Taken together, these findings suggest that the membrane-assodated
gmp23-48k/p50 is involved in synapse formation as a component of dynactin during
brain devdopment. Supported in part by grants from the MESSC, Japan.

242.6
MAPK SIGNAL CASCADE COMPONENTS C-RAF AND ERK2
A SSO CIA TE WITH THE N E UR A L CELL A D H ESIO N
MOLECULE LI. A.W. Schaefer. E.V. Wong. G. Landreth. and V.
Lemmon*. Department of Neurosciences, Case Western Reserve
University, Cleveland, OH 44106.
LI is an axonal cell adhesion molecule found primarily on projection
axons of both the CNS and PNS. LI is a phosphorylated membranespanning glycoprotein which can be immunoprecipitated from rat brain
membranes in association with multiple kinase activities. Previously
we showed that a distal component of the MAPK cascade, p90rsk,
associated with and phosphorylated LI. Here we present evidence that
other components of a MAPK signaling cascade associate with LI.
Western blot analysis demonstrates that c-raf and ERK2 are present in
LI immunoprecipitates from rat brain membranes. Furthermore, in
myeloma cells stably transfected with full-length or cytoplasmic domain
deleted L I, ERK2 coimmunoprecipitates only with full-length L I,
indicating that the LI cytoplasmic domain is. necessary for the
association of LI with ERK2. Kinase activities associated with LI rat
brain immunoprecipitates are able to phosphorylate a c-raf substrate (raf
synthetic peptide) and an ERK2 substrate (myelin basic protein).
Furthermore, ERK2 can phosphorylate recombinant LI cytoplasmic
domain (L1CD), which consists of residues 1144 to 1257. L1CD is
phosphorylated by ERK2 on Ser-1204, a site which is phosphorylated
in LI purified from newborn rats. This research was supported by the,
NIH grants EY-05285 and NS-34252.
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THE NEURONAL FORM OF LI CONTAINS A TYROSINEBASED SIGNAL REQUIRED FOR SORTING TO THE AXON.
H. Kamiguchi*. C. WintersA. E. RalstonA and V. Lemmon. Dept, of
Neurosciences, Case Western Reserve University, Cleveland, OH
44106, and ALab. of Neurobiology, NINDS, Bethesda, MD 20892.
The neural cell adhesion molecule LI, which is present on the axon
and growth cone of neurons, plays a crucial role in the formation of
axonal tracts. How LI is sorted to axons remains unclear. Tyr1176 in
the LI cytoplasmic domain is adjacent to an alternatively spliced,
neuron-specific sequence, RSLE. The resulting sequence of YRSLE
conforms to a tyrosine-based consensus sequence (YxxL) for sorting of
integral membrane proteins into specific cellular compartments. We
made pcDNA3-based expression plasmids containing human LI
cDNA that code for full-length LI (LlFL), a non-neuronal form of LI
that lacks the RSLE sequence (LlARSLE), mutant LI with a Y1176A
substitution (L1Y1176A) or LI truncated immediately after the RSLE
sequence (L1AC77). E10 chick dorsal root ganglion neurons were
transfected with these plasmids by lipofection and immunostained with
anti-human LI. LlFL is expressed in the axonal growth cone and to a
lesser degree in the cell body. In contrast, expression o f both LlARSLE
and L1Y1176A is restricted to the cell body and proximal axonal shaft.
In the majority (19/20) of LlAC77-expressing neurons, L1AC77 reaches
the growth cone. These data demonstrate that the neuronal form of LI
carries a tyrosine-dependent signal that is critical for LI sorting to the
axonal growth cone. Similar results were obtained with hippocampal
neurons. Supported by the NIH grants EY-05285 and NS-34252.

2 42.9
EFFECTS OF DEPOLARIZATION ON NEURITE OUTGROWTH IN
CULTURED CEREBRAL CORTEX NEURONS. G. J.A. Ramakers*. J. Winter.
M.L. Lequin. J. van Pelt and C. Pool. Neurons and Networks, Netherlands Institute
for Brain Research, Graduate School Neurosciences Amsterdam, 1105 AZ
Amsterdam, The Netherlands.
Bioelectric activity has profound effects on neurite outgrowth. In cultured
Helisoma neurons electrical stimulation results in a reversible arrest of neurite
extension in a calcium-dependent manner, whereas in Xenopus neurons, depolari
zation with high potassium stimulates neurite extension. DC electric fields moreover
have a strong effect on the direction of neurite outgrowth, with growth cones moving
towards the cathode. We studied the effects of depolarization with 25 mM potassium
chloride on neurite outgrowth of dissociated fetal rat cerebral cortex neurons in
primary cultures, using time-lapse video recording and quantitative image analysis.
Depolarization increased the surface area of lamellipodia within three min, while at
the same time filopodia were sometimes lost. The increase in lamellipodia lasted at
least 20 min. Suppression of calcium influx through L-type calcium channels with
nifedipine or chelation of extracellular calcium prevented lamellipodia formation by
depolarization, indicating extracellular calcium to be essential for this response.
Using a 'calcium-clamping' protocol, we found that the extension of lamellipodia
occurs at intracellular calcium concentrations above 500 nM. Continued
depolarization resulted in an increased rate of neurite extension for at least 24 hrs.
Neurite outgrowth was also blocked by antagonizing calcium influx with nifedipine
or by chelating intra-cellular calcium with BAPTA-AM. Our data show that in rat
cerebral cortex neurons depolarization stimulates neurite outgrowth as in Xenopus
neurons, and that this response may be dependent on the stimulation of lamellipodia
formation.
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242.8
NEURONAL GROWTH CONE RESPONSES ARE DETERMINED BY
PRIOR EXPERIENCE. T. T. Diefenbach* and S. B. Kater. Department of
Neurobiology and Anatomy, University of Utah, Salt Lake City, UT 84132.
During development neuronal growth cones can utilize sequential guidance
cues. The present study tests whether growth cone responses are the same
each time a cue is encountered, or alternatively, are influenced by their
previous stimulus history. We employed a paired-stimulus paradigm to
address this issue. In our system of chick DRG neurons, electrical
stimulation results in a distinctive response; the collapse of over 80% of
the growth cones (n = 128), which is virtually abolished in the presence of
tetrodotoxin. If such stimulation is preceded by an earlier, or priming
stimulus, far fewer growth cones collapse. The priming stimulus was either
electrical stimulation resulting in collapse and recovery, or the apparently
milder experience of turning in response to contact with a laminin-coated
bead. When the priming stimulus was electrical, the second stimulation
resulted in less than 10% (n = 11) of the growth cones collapsing. When the
priming stimulus was a laminin-coated bead, less than 30% of the growth
cones collapsed (n = 24). The acquired insensitivity to otherwise collapseinducing stimuli could persist for 90 min, but recovered completely by 180
min. These results provide evidence that growth cones can modify their
behavioral responses to environmental cues, depending on their previous
stimulus history. It is noteworthy that: 1) The stimulus-induced collapse
itself was prevented by NiCl2 (implying a need for calcium influx), and 2)
The history-dependent modification was abolished by KN-93, an inhibitor
of Ca/CaM-dependent protein kinase II. This work was funded through a
fellowship to TJD from the AHFMR (Alberta, Canada) and NIH grant
NS24683 to SBK.

242.10
REGULATION OF NEURONAL GROWTH CONE FILOPODIA BY
NITRIC OXIDE. S. Ogrisseck and V. Rehder*. Department of Biology,
Georgia State University, Atlanta, GA 30302.
Morphological studies were performed to test the hypothesis that nitric oxide (NO)
can act at the neuronal growth cone to affect growth cone motility. In this study we
particularly investigate the effects of NO on growth cone filopodia which are
important for growth cone steering. There have been contradictory reports about the
effects of NO on filopodia and on neurite outgrowth ranging from stabilization and
elongation of filopodia of rat retinal ganglion neurons (Cheung W., Neurosci Abstr.
Nr. 296.5, 1996) to inhibition of neurite growth and growth cone collapse in rat
DRG neurons (Hess et al., Nature 366:562-565, 1993) and frog retinal ganglion
neurons (Renteria et al., J. Neurobiol. 29:415-428, 1995).
Here we report a rapid increase in filopodial length caused by NO. Identified B5
neurons from the buccal ganglion of Helisoma trivolis were cultured in vitro
for 24-30 hours and subsequently exposed to two different NO-donors,
3-Morpholinosydnonimine (SIN 1) and 5-Nitroso-N-acetyl-penicillamine (SNAP).
Both NO donors caused immediate filopodial elongation which could be blocked by
reduced hemoglobin, a NO-scavenger. This effect was not due to othei side products
of the NO-donors, since the exhausted drugs by itself had no effect on filopodial
length. Presently, we are determining the mechanisms by which NO exeris its
effects on filopodia.
To investigate whether this increased filopodial activity could be mediated by
endogenously produced NO, we employed NADPH-diaphorase histochemistry lo le:.t
for the presence of NO-synthase (NOS). NOS is localized in the cell body, neurites
and the central (organelle-rich) domain of the growth cone. These findings suggest
that growth cone motility can be mediated by stimuli that activate the endogenous
NOS oi by NO released from neighboring cells.
This work was supported by NIH Grant 1R29N533697-01A2.

242.11
NITRIC OXIDE INDUCED GROWTH OF NEURITE THROUGH
cGMP - PKA PATHWAY.
S. TSIJKADA*. and J. FUKUDA.
Department of Physiology, National Defense Medical School,
Tokorozawa, Saitama, JAPAN.
Nitric oxide (NO), a diffusible second messenger molecule, has been
known to inhibit the growth of dorsal root ganglion (DRG) neurite in
culture. We had already reported an evidence that NO promotes
growth of neurite if it was applied focally to a growth cone. Here we
report that the enhancement of neurite extension induced by NO,
might be contributed by cGMP -PKA pathway. Ejection of a NO
donor (NOR3) solution from a micropipette to a growth cone induced
a rapid enhancement of neurite extension. This enhancement of neurite
extension continued for more than few minutes. LY83583 or
Methylene blue, inhibitors for guanylate cyclase, suppressed the NO induced neurite extension. Elevation of cGMP at a growth cone by
local photo - lysis of caged cGMP also induced extension of the
neurite. KT5720, an inhibitor of PKA, suppressed both the NO
induced and caged cGMP induced neurite extension. KT5823, an
inhibitor of PKG, did not suppress the neurite extension of NO.
We conclude that NO - cGMP - PKA pathway may contribute to
growth of neurite in specific conditions.
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242.12
Tenascin Influences Olfactory Receptor Neuron Axon growth in the Larval Sea
Lamprey Olfactory Nerve. A.U. Zaidi1. K.W. Kafitz2, C.A. Greer2 and
B.S. Zielinski1*. 'Dept, of Biol. Sci., Univ. Windsor, Windsor, Ontario, Canada,
N9B 3P4 and2Dept. Neurosurg. and Sec. Neurobiol., Yale Univ. Sch. Med.,
New Haven, CT. 06520.
Continual neurogenesis of olfactory receptor neurons (ORN) provides an
opportune model for examining molecular cues that guide axonal outgrowth
One strategy for assessing the role of putative guidance molecules in axon
growth is to examine their spatial-temporal expression following axotomyinduced synchronous neurogenesis. The objective of this study was to
investigate in larval sea lampreys, the spatial-temporal expression of tenascin
(TN), a glycoprotein of the extracellular matrix located along developing axonal
pathways where it may guide axons by restricting them within the boundaries of
fascicles. Larval lamprey olfactory nerve fascicles (ONF) were immunoreactive
(IR) for TN, as well as for growth associated protein-43 (GAP-43) and acetylated
tubulin (AT). During retrograde degeneration of the ONF, IR for all three
proteins was absent, however, diffuse AT- and GAP-43-IR was seen in
unfasciculated axons extending from the olfactory epithelium (OE), suggesting
ORN axonal outgrowth. When ORN repopulated the OE, TN-, GAP-43- and
AT-IR was present m ONF rather than in unfasciculated axons. In comparison,
at earlier embryonic stages TN-IR was absent although AT-IR fibers confirmed
the presence of developing neuronal processes. These results support the view
that TN is not involved in the early process outgrowth from the sea lamprey OE
but may modulate postnatal guidance of ORN axons to the olfactory bulb.
This research was supported by funding from OGS to AUZ, NSERC to BSZ,
and NS10174 and DC00210 to CAG.
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242.13
REGULATION OF NEURITE OUTGROWTH BY TENASCIN IS DEPENDENT
UPON CELLULAR ENVIRONMENT. Sallv Meiners* and Herbert M. Geller.
Department of Pharmacology, UMDNJ-Robert Wood Johnson Medical School,
Piscataway, NJ 08854.
The role of tenascin-C (hereafter referred to as tenascin) in controlling neurite growth
is still a matter of contention. It is our hypothesis that the actions of tenascin on neurite
outgrowth are highly dependent upon cellular context. To address this, we have
investigated the effects of the largest and smallest splice variants (TN.L and TN.S) of
human tenascin on neurite extension in vitro when bound to the surface of BHK cells,
astrocyte cell lines, or primary cerebral cortical astrocytes. We found that TN.L was a
more permissive substrate than TN.S, supporting the presence of at least one active site
within the alternatively spliced domains, &A-D, of TN.L. In addition, antibodies against
the alternatively spliced domains reduced the permissive properties of TN.L, and a
bacterial expression protein corresponding to the same region promoted neurite
outgrowth when bound to BHK cells or astrocytes. We used monoclonal antibodies
Jl/tnl and Jl/tn2 to demonstrate at least two distinct neurite outgrowth promoting
domains within the alternatively spliced region on BHK cells. On the other hand, only
one site, recognized by monoclonal antibody Jl/tn2, was revealed on astrocytes.
Annexin II (an II) has been identified as a receptor for fiiA-D. Antibodies to an II
blocked the binding of fnA-D to BHK cells but not astrocytes. Although cortical
neurons express an II, neurite outgrowth in response to fhA-D was not altered by antian II. Thus, the receptors that are involved in the response to the alternatively spliced
domains remain to be determined. We suggest that active sites for neurite outgrowth
within the alternatively spliced domains of tenascin are strictly dependent on
conformation and are differentially revealed depending on the nature of the binding to
the cell surface. Therefore, the function of tenascin must be considered in terms of its
cellular environment. This work was supported by NIH grant ROl NS24168 to H.G.
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242.14
THE PEPTIDERGIC TRANSMITTER, FMRFAMIDE, AFFECTS GROWTH CONE
MOTILITY OF IDENTIFIED LYMNAEA NEURONS IN VITRO. G.E. Spencer*.
K. Lukowiak and N.I. Syed. Depts. of Anatomy, Physiology and Biophysics,
University of Calgary, Calgary, Alberta, Canada. T2N 4N 1.
. Neurotransmitters such as acetylcholine, dopamine and serotonin have
been previously shown to affe ct grow th cone m otility in a wide variety of
preparations. Whether peptidergic transmitters can also affect growth cone
m otility in a similar way has not, however, been previously reported. In this
study, we show that a peptidergic transm itter from the mollusc, Lymnaea
,stagnalis affects growth cone motility of identified neurons in culture. PheMet-Arg-Phe-amide (FMRFamide; 10® M) was exogenously applied to
individual growth cones of Right Parietal A (RPA) group neurons in culture
and was found to exert inhibitory effects on 17 out of the 25 growth cones
tested. FMRFamide application was found to induce either growth cone
collapse (n = 4), or turning of the growth cone away from the FMRFamidecontaining pipette (n = 9). In some instances, both collapse and turning of
the growth cones were observed (n = 4). These m otility changes occurred
w ithin 10-20 minutes of initial FMRFamide application.
In order to
investigate whether these RPA cells exhibited electrophysiological
responses in the presence of FMRFamide, intracellular recordings were
made from the RPA soma before, during and follow ing neurite outgrowth.
Regardless of the extent of neurite outgrowth, the RPA cells were found to
exhibit hyperpolarizing responses in the presence of exogenous FMRFamide
(1 0 SM, 10 6M; n = 20/21).
We propose from these experiments that neuropeptides, in addition to
their roles in synaptic communication, may also regulate neurodevelopment
by affecting grow th cone m otility and/or directing neurite outgrowth.
Supported by AHFMR and University of Calgary

242.15
NT-3 MODULATES NEURITES OUTGROWTH IN IGF-I- AND
BDNF-GENERATED NEURONS DERIVED FROM EMBRYONIC
CNS STEM CELLS. Y. Arseniievic1. M. Mtthlethaler*2. and S. Weiss1.
’Dept, of Anatomy and Pharmacology & Therapeutics, University of Calgary,
Faculty of Medecine, Calgary, AB, Canada T2N 4N1. 2Dept. of Physiology,
Univ. Medical Center, 1211 Geneva 4, Switzerland.
In previous studies, we found that two distinct populations of undifferentiated
neuronal precursors, derived from EGF-responsive CNS stem cells, could be
induced to acquire the neuronal phenotype by IGF-I or BDNF. The
expression of low levels of trkC, revealed by RT-PCR, prompted us to ask
whether NT-3 might influence the differentiation or maturation (ncuritic
outgrowth) of stem cell-derived neurons. When embryonic stem cell-dcrived
neuronal precursors were plated in the absence of IGF-I or BDNF, NT-3 (50
ng/ml) did not enhance neuronal numbers. However, of the small numbers of
neurons present, NT-3 increased neurite number (no of neurites/neuron) by
67%; maximal neurite length was unaffected. NT-3 actions were then
examined on the two populations differentiated by IGF-I or BDNF. NT-3
stimulated neurite numbers of IGF-I-differentiated neurons by 43% - again
maximal neurite length was unaffected. On the other hand, NT-3 stimulated
both neurite numbers (+38%) and maximal neurite length (+193%) of BDNFdifferentiated neurons. These findings suggest that NT-3 differentially
modulates maturation, as characterized by neurite outgrowth, of two distinct
populations of embryonic CNS stem cell-derived neuronal precursors.
Supported by the Medical Research Council and the Swiss Foundation for
Medecine and Biology Fellowship to Y.A.

242.17
CYCLIC GMP-INDUCED CALCIUM TRANSIENTS IN GROWTH CONES
OF CULTURED RAT OLFACTORY RECEPTOR CELLS. K.W. Kafitz». T.
Leinders-Zufall. F. Zufall and C.A. Greer. Dept Neurosurgery and Sect
Neurobiology, Yale Univ., Sch. of Med., New Haven, CT 06520.
Transient elevations of intracellular Ca play an important role in neuronal
growth cone navigation but little is known about the signal transduction
mechanisms underlying these Ca2* signals. Recent work has shown that cyclic
nucleotide-gated (CNG) cation channels provide a novel Ca2+entry mode that is
regulated by intracellular cGMP and/or cAMP levels. In parallel has come
evidence suggesting a role for these channels during development, including their
early expression and presence in some growth cones.
To pursue this possibility further we used high resolution confocal imaging to
test whether growth cones of cultured rat olfactory receptor cells (ORCs) exhibit
Ca2* transients dependent on CNG channel activation. ORCs were prepared as
previously described (Kafitz and Greer, 1997), cultured for 24 hrs, and loaded with
the Ca2* indicator dye fluo-3 AM. All experiments were performed in 4 jiM TTX
to prevent Ca2*fluxes due to Na+ channel mediated depolarization. Stimuli were
directed exclusively at the growth cone membrane. Pulsed application (2 sec) of
8-Br-cGMP (50 pM) caused localized increases in Ca2*fluorescence throughout
the growth cone. This signal was transient and lasted for tens of seconds, with a
peak after 7-10 sec followed by a decline reaching baseline level after 45-60 sec.
The Ca2+ signal was abolished by LY83583, a potent inhibitor of CNG channels.
Depolarization of the growth cone membrane by high K+solution was not
sufficient to induce Car elevation. Further studies are underway to examine the
effect of these Ca2* signals on growth cone behavior.
The data indicate that ORC growth cones exhibit cGMP-dependent Ca2*
transients that are consistent with those generated by CNG channels. This
suggests the possibility that ORC growth cones use similar signal transduction
mechanisms for axonal guidance as olfactory cilia for the detection of airborne
chemosensory stimuli.
This research was supported by NIH NS10174 and DC002210 to CAG and
DC02227 to FZ.
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242.16
BIACORE ANALYSIS OF INTERACTIONS BETWEEN THE CAMHOMOLOGY DOMAINS IN THE FIBROBLAST GROWTH FACTOR
RECEPTOR AND CELL ADHESION MOLECULES. P.J. Green. F.S. Walsh* and
P. Dohertv. Dept. Experimental Pathology, UMDS, Guy’s Hospital, London, SE1
9RT, UK.
The three cell adhesion molecules (CAMs) LI, NCAM and N-cadherin are able to
stimulate axonal growth. The mechanisms underlying this response have been
studied using a wide range of reagents and it has been suggested that CAMs
stimulate neurite outgrowth via activation of the fibroblast growth factor receptor
(FGFR). Neurons from transgenic mice expressing a kinase-deficient (dominant
negative) form of the FGFR have lost the ability to respond to CAMs, demonstrating
the fundamental importance of this receptor in mediating CAM-stimulated neurite
outgrowth.
Based on sequence homology we have identified a CAM-homolgy domain (CHD)
on the FGFR and a putative CHD-binding motif in NCAM, N-cadherin and LI,
suggesting that these molecules may be able to interact directly via these motifs. We
have tested this model using surface plasmon resonance technology (BIAcore) which
measures real time biological interactions. A peptide corresponding to the putative
FGFR CHD-binding motif in N-cadherin bound to an FGFR-Fc chimera when
immobilized and not to an immobilized control protein. A scrambled peptide
showed no binding. Conversely, when the FGFR-binding motif peptide was
immobilized, specific binding to the FGFR-Fc chimera was seen, but not to several
other chimeric protein controls. Also, this peptide, the FGFR-binding motif peptide,
was able to bind in a highly specific manner to a CHD peptide. Thus, these data
clearly demonstrate that peptides from these regions of the CAMs and FGFR are able
to interact directly with each other and chimeric proteins, supporting the model that
the FGFR and CAMs are able to interact directly with each other.
This work was supported by the Medical Research Council and The Wellcome Trust.

242.18
RAC1, A SMALL GTPase, ALTERS F-ACTIN ORGANIZATION IN MOTOR
NEURON GROWTH CONES REGULATING BOTH EXTENSION AND
DIFFERENTIATION OF NEURITES. T.B. Kuhn*1. C.L. Wilcox2 and JR.
Bambure1. Depts. of ’Biochemistry & Molecular Biology and 2Microbiology,
Colorado State University, Fort Collins, CO 80523.
Growth cones display dramatic changes in their behavior and morphology upon
interaction with extracellular guidance cues reflecting a reorganization of the actin
cytoskeleton. Small GTPases of the Ras-related Rho-subfamily (Rac, Rho, CDC42)
regulate actin reorganization signaled by extracellular stimuli in many eukaryotic
cells. We have investigated in vitro the role of Rac in the formation, elongation and
differentiation of neurites promoted by pi integrin-dependent interactions with
laminin (LN) and fibronectin (FN). In a qualitative approach, we introduced either
dominant negative (N17Rac) or constitutively active (V12Rac) mutants into primary
chick motor neurons by trituration loading of recombinant Rac-GST fusion proteins.
Both Rac mutants affected neurite extension on LN and FN in a dose-dependent
manner, reducing growth cone migration rates by over 75% without affecting
neuronal adhesion or neurite initiation. As revealed by fluorescent F-actin staining,
V12Rac induced F-actin accumulation in growth cones while N17Rac caused F-actin
depletion. On LN, motor neurons formed few but rather long dendrites which were
almost absent in the presence of either Rac mutant. For a quantitative approach, we
have generated recombinant Adenoviruses expressing both V12Rac or N17Rac under
the E1A promoter. Using viral-mediated gene transfer, the majority of primaiy chick
motor neurons were infected expressing V12Rac or N17Rac for at least 6 days. Under
these conditions, effects on motor neuron morphology were similar as obtained by
trituration loading of recombinant proteins. These experiments indicate that the small
GTPase Rac is an essential constituent of pi integrin-dependent signaling
mechanisms in neuronal growth cones. (Supported in part by grant 1643-01 from the
Spinal Cord Research Foundation to TBK and by NIH Grant GM35126 to JRB)
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ADENOVIRAL-MEDIATED INTRODUCTION OF ACTIN DEPOLYMERIZING
FACTOR (ADF) INTO NEURONS TO DETERMINE ADF FUNCTION IN VIVO.
P.J. Meberg*1. C.L. Wilcox2 and J.R. Bamburg1. Depts. of ‘Biochemistry & Molec.
Biol, and Microbiology, Colorado State University, Ft. Collins, CO 80523-1870.
Growth cone motility is regulated by the assembly of actin filaments at the leading
edge and disassembly at the central domain. Recent evidence suggests that ADF is an
important regulator of this treadmilling process, since: 1) ADF increases the on-rate of
actin monomers at the barbed ends and the off-rate at the pointed ends of F-actin; 2)
ADF is essential for actin-based motility of Listeria; and 3) ADF activity is reversibly
inhibited by phosphorylation and signals which induçe growth cone turning lead to
change in the net phosphorylation of ADF. We propose that the spatially-regulated
activity of ADF in response to discrete extracellular signals is an important determinant
of actin dynamics and growth cone navigation. To test this we have constructed
recombinant adenoviruses with the CMV promoter to overexpress constitutively active
(A3) or wildtype (wt) Xenopus ADF/cofilin (XAC) alone or fused to green fluorescent
protein (hGFP-S65T). When non-neuronal cell lines were infected with these
constructs >90% of the cells exhibited GFP fluorescence 24hr post-infection.
However, in cultured E7 chick spinal cord neurons GFP was not detectable in most
neurons until 4-5 d post-infection, although non-neuronal cells (<5% of the total) woe
fluorescent by 24hr. XAC immunofluorescence correlated with GFP fluorescence and
protein levels peaked after 4d, confirming a relatively slow time course of expression
(although recently we observed GFP fluorescence in rat cortical neurons after only 2d).
At 4d GFP-XAC expression was 4-fold higher than that of endogenous ADF (-0.05%
of total protein). Because neurites grew quite long and intermeshed before XAC
expression was high, it was not possible to determine obvious effects on neurite length
or branching. Therefore live imaging of growth cones responding to cues will need to
be used to determine effects. Finally, XAC(A3) induced cytoplasmic rod structures in
some cells while XAC(wt) did not. Since cytoplasmic rods composed partly of actin
and ADF are induced by increased neuronal activity and neuropathology, the
overactivity of ADF(A3) may contribute to this process. [Supported by the American
Paralysis Assoc.(PJM and JRB) and NIH grants NS10127 (PJM) and GM35126 (JRB)].
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242.20
BASIC FIBROBLAST GROWTH FACTOR ACTS THROUGH A
GTPASE CASCADE IN WHICH RAC ANTAGONIZES RHO TO
IN D U C E M ORPHOLOGICAL D IFFER ENTIA TIO N OF
PRIMARY RAT HIPPOCAMPAL CA1/CA3 ASTROCYTES.
D. Kalman1. S.N. Gomperts234. S. Hardy5. R.A. NicoH«u . and J. M.
Bishop1. Depts. of M icrobiology and Immunology1, Cellular and
Molecular Pharmacology2, and Physiology3, and the Neuroscience
Graduate Program4, University of California, San Francisco, CA
94143 and Somatix Therapy Co5, Alameda CA 94501.
We have been interested in how neurons and glia extend processes
during differentiation. We find that, in response to bFGF, confluent
cultures o f hippocampal CA1/CA3 astrocytes undergo marked
process growth, membrane retraction between processes, and
localized actin depolymerization in retracting areas. To explore the
possibility that ras-fam ily GTPases participate in these
m orphological changes, we expressed, using recombinant
adenoviruses, activated (*) or dominant negative (DN) alleles of rac,
rho, or cdc42 in astrocytes, rac* recapitulated all of bFGF’s effects
and racDN both blocked and reversed them, suggesting a role for a
rac-like GTPase in the bFGF pathway, rho*, which causes stress
fiber formation in other cell types, both blocked and reversed the
effects of rac and bFGF, and rhoDN recapitulated them. Our results
suggest a role for a rho-like GTPase downstream o f rac in the bFGF
pathway, and indicate that rho and rac act antagonistically.

(Supported by grants from NIH and the G.W.Hooper Foundation)
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CALCIUM IMAGING IN RETINAL GANGLION CELL AXON ARBORS.
James A. Edwards^nd Hollis T. Cline. Beckman Neuroscience Center, Cold
Spring Harbor Laboratory, Cold Spring Harbor, NY 11724
Changes in intracellular calcium may be important in activity-dependent
control of the establishment of neuronal connections. We have previously shown
that branch additions to retinal ganglion cell (RGC) axon terminals are correlated
with a local rise in calcium. As our lab is interested in how neuronal activity
affects the structure and function of developing neurons within the retinotectal
projection, we have studied light-induced changes in intraaxonal calcium levels in
RGC terminal axon arbors within the optic tectum of albino Xenopus tadpoles.
We have been able to show that light stimulus to the eye causes changes in
calcium levels in the RGC axons. We tested whether the changes in calcium in the
axon terminals was due to stimulation of RGC’s. Intraocular application of the
sodium channel blocker tetrodotoxin (TTX [10 JlLM]) blocked the stimulusinduced increase in axonal fluorescence, while lower concentrations [100 nM] had
no effect. Similar intraocular application of the selective L-type voltage-sensitive
calcium channel antagonist nifedipine [1 & 10 |iM] blocked increases in
fluorescence intensity in RGC axon arbors. A second series of pharmacological
investigations were designed to determine the mechanism of the calcium elevation
in the axon terminals within the optic tectum. Intraventricular injection of caffeine
[10 mM] causes a large increase in calcium, indicating that intracellular stores
contribute to the calcium signal. Presynaptic nicotinic acetylcholine receptors
(nAChR’s) may play a role in axon arbor development and retinal topography.
Injection of nicotine [10 |oM] significantly elevated RGC axonal calcium levels
while application the specific nicotinic-cholinergic blocker a-bungarotoxin [100
nM] blocked the stimulus-evoked rise in RGC calcium fluorescence. These data
suggest that light stimulus to the retina increases calcium in the axon terminal
arbors through a mechanism that may include calcium induced calcium release
and could be modulated by nAChR’s. Supported by the NIH.

2 43.2
EXPRESSION OF CaMKII INHIBITORY PEPTIDES IN XENOPUS TECTAL
CELLS MODIFIES THE MORPHOLOGY OF RETINAL GANGLION CELL
AXONS AND TECTAL NEURONS. D.J. Zou*. S.H. Shi. B.J. Burbach and H.T.
Cline. Cold Spring Harbor Laboratory, Cold Spring Harbor, NY 11724
To study the Ca2+-dependent signal transduction pathways underlying the
activity-dependent plasticity of neuronal structure in the developing frog visual
system, we expressed constitutively active CaMKII in tectal cells with a recombinant
vaccinia virus and found that elevated postsynaptic CaMKII activity prevents the
normal elaboration of presynaptic axons. This indicates that the coordinated
development of the retinotectal system may involve CaMKII pathway. In a
complementary set of experiments, we have now constructed several recombinant
vaccinia viruses to express a variety of CaMKII specific inhibitory peptides. In cultured
RK13 cells, endogenous CaMKII activity was inhibited by more than 70% by the
infection of some viruses, suggesting that these viruses produce inhibitory peptides
capable of decreasing CaMKII activity. We have begun to study if the expression of
CaMKII specific inhibitors in tectal cells will change the dynamic growth of individual
Dil labeled retinal axons and tectal neurons. In the albino Xenopus tadpoles infected
with the virus expressing the inhibitory peptide AIP, the same retinal axons observed
repetitively in vivo showed a relatively greater increase in the axon length over 2 days
than axons in the non-infected control animals. Expression of the inhibitor
[Ala286]CaMKII<28i -302) in tectal cells also increased the length of retinal axons 2 days
after virus infection. Three days after infection with the viruses expressing CaMKII
specific inhibitory peptides, tectal neurons grew more than those in the non-infected
control animals. Thus expression of the CaMKII inhibitors and the constitutively active
CaMKII in tectal cells had complementary effects on the dynamic growth of both
retinal axons and tectal neurons, suggesting that CaMKII activity in tectal neurons is
important in the activity-dependent mechanisms controlling the coordinated
development of the frog visual system.
Supported by NIH.

243 .3
RECEPTOR PROTEIN TYROSINE PHOSPHATASES IN THE DEVELOPING
XENOPUS VISUAL SYSTEM. K.G. Tohnson* and C.E. Holt Department of
Biology, University of California - San Diego, La Jolla, CA 92093-0366
Differential phosphorylation of tyrosine residues is a critical regulatory
step for many aspects of neuronal development. Receptor tyrosine kinases,
including FGF-receptors, are required for proper axon guidance in the
developing Xenopus visual system. Recent work in Drosophila has
demonstrated that receptor protein tyrosine phosphatases (RPTPs) play a
critical role in motor axon guidance. To date, however, the role of RPTPs in
vertebrate axon guidance has not been investigated. To determine if RPTPs
serve similar functions in vertebrate axon guidance we are identifying and
characterizing RPTPs expressed in the developing Xenopus visual system.
Xenopus retinal RPTPs were identified using two different strategies, low
stringency hybridization and degenerate RT-PCR. The phosphatase domain
of Xenopus PTP-a was used in a low stringency hybridization to probe an
embryonic Xenopus eye cDNA library. This screen yielded four putative
RPTPs not previously identified in Xenopus; CD45, PTP-e, PTP-y and PTP-jX.
Using highly conserved sequences within the phosphatase domains of
vertebrate RPTPs, a second screen using degenerate RT-PCR was conducted
on embryonic eye mRNA. This screen identified five additional Xenopus
homologues of vertebrate RPTPs; CRYPa, PTP-£, PTP-5, LAR and PTP-y.
RNA in situ hybridizations with these nine Xenopus phosphatases will reveal
information about their patterns of expression during the critical periods of
retinal ganglion cell axon extension. These nine RPTPs represent a diverse
set of retinal proteins which, in concert with tyrosine kinases, may be
responsible for regulating the levels of tyrosine phosphorylation during
neuronal development.
(Supported by NIH grant NS23780 and a Pew Scholars Award (C.E.H.))

2 43.4
ZEBRAFISH RETINOTECTAL PATHFINDING MUTANTS PROJECTING
TO EXTRATECTAL TARGETS. C.-B. Chien* and F. Bonhoeffer. Abteilung
Physikalische Biologie, Max-Planck*lnstitut für Entwicklungsbiologie,
Spemannstraße 35, D-72076 Tuebingen, Germany.
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bashful (bal) and astray (ast) are zebrafish mutants found in a large-scale
screen for retinotectal projection defects (Development 123:427). We are
further characterizing these mutations using lipophilic dye labelling,
molecular markers, and eye transplantations.
In addition to projecting to both contralateral and ipsilateral optic tecta
(the ipsilateral tectum being an abnormal target), retinal ganglion cell axons
in these two mutations project anteriorly on both sides of the brain,
appearing to arborize in the diencephalon and telencephalon, ast axons,
which show the more drastic phenotype, also display multiple midline
crossings and project to the ventral hindbrain.
Both genes have multiple alleles which can be arranged in a phenotypic
series. The penetrance of the retinotectal phenotypes range from 5-60% for
bal alleles and 50-100% for ast alleles, bal also displays hindbrain and
notochord defects, while ast seems to be relatively specific for the
retinotectal projection.
We have found that the eye primordium can be reliably transplanted at
the 5-somite stage to create genetic mosaics. Preliminary data shows that
transplantation of bal eyes into a wildtype host rescues the pathfinding
phenotype, suggesting that the locus of the bal defect is in the brain rather
than in the retinal axons. We are continuing these mosaic experiments with
ast, and using molecular markers to characterize brain regionalization and
the formation of other axonal tracts in both mutants.
Supported by an EMBO long term fellowship.
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243.5
CACLIUM RESPONSE MEDIATED BY NMDA RECEPTOR IS
IMPORTANT FOR REGULATION OF NEURITES
SPROUTING. S.-Y. Lin* and M. Constantine-Paton. Department
of Biology, Yale University, New Haven, CT 06511.
Previous studies have shown that NMDA receptor
antagonists AP-5 and MK801 can promote neurite sprouting of
contacted but not of isolated neurons in dissociatedXenopus
tectal cell cultures. TTX and CNQX do not increase sprouting.
We now provide evidence that the calcium response due to
NMDA receptor activation is responsible for regulating this
sprouting. First, by imaging the calcium response to bathapplied glutamate in the presence o f AP-5 and/or CNQX ( 20
uM glutamate, 200 uM DL-AP5, 20uM CNQX in normal saline
) , we estimated that NMDA receptors contribute about 75% to
the calcium response, and AMPA/Kainate receptors contribute
the remaining 25%. AP-5 and CNQX applied together blocked
the calcium response in most cells. Next, we used BAPTA to
buffer the calcium response to endogenous glutamate. BAPTAAM loaded tectal neurons in contact with other neurons showed
significant increases in neurite sprouting. This sprouting effect
was not seen in BAPTA-AM loaded isolated neurons. The
BAPTA effect was dose-dependent. These data support the
hypothesis that NMDA receptor activation in normal tectal
neurons reduces neurite sprouting by increasing the intracellular
free calcium concentration of post-synaptic neurons.
Supported by NIH EY06039

243.7
DENDRITIC GROWTH WAVES AND‘FlLOPODIA-LIKE’ EXTENSIONS ARE KEY
ELEMENTS IN THE FORMATION OF DENDRITIC BRANCHES IN HIPPOCAMPAL
NEURONS; A.H.Kossel*, Dept. Anatomy and Neurobiology, Colorado State University,
Fort Collins, CO 80523, USA, present address: Max-Planck Institut fur Psychiatrie,
82152 Miinchen, Germany.
Dendritic branching is a key parameter determining a neurons functional structure.
Dendritic growth cones have been proposed to be involved in branch formation and the
detection of potential extrinsic regulatory signals. However, little is known about the
cellular events contributing to the formation of new dendritic branches during
development. A longterm culture system of embryonic hippocampal neurons was used to
study the formation of dendritic brandies with time lapse imaging. Neurons were plated
on a net of axons extending from explants of entorhinal cortex. This system reliably
produced highly branched dendritic trees. During the first 5 days in culture individual
primary dendrites displayed very dynamic outgrowth and retraction. However, dendritic
branching rarely occurred. Beginning at day 6, new dendritic branches were formed by
‘filopodial-like’ structures that emerged from the shafts of primary dendrites and
elongated rapidly with a growth cone at the distal tip (n=20). Time lapse imaging also
revealed the formation of new dendritic brandies from dendritic growth waves moving
down the dendritic shaft Growth waves are growth cone like structures repetitively
moving along dendrites of hippocampal neurons which have been previously described
(Ruthel et al., 1992). These growth waves were observed to branch off the main dendrite,
thus giving rise to new branches (n=7). Analysis of growth waves in individual neurons
grown on polylysine revealed that they were most abundant during the period of dendritic
outgrowth and branch formation. This suggests an important functional role of growth
waves in dendritic branching. Furthermore, these results demonstrate that the dendritic
shaft itself provides the main source of new dendritic branches. Thus dendrites have the
potential to locally modify their structure, a fact that might enable them to react to
extrinsic signals during dendritic outgrowth and remodeling.
[Supported by the Alexandervon Humboldt Foundation/Feodor-Lynen Program]

243.9
THE ROLE OF ELECTRICAL ACTIVITY IN AXON
OUTGROWTH IN THE DEVELOPING VISUAL SYSTEM.
S.McFarlane*. Neuroscience Research Group, Univ. of Calgary, Calgary,
Alberta T2N4N1.
In the developing visual system electrical activity is thought to play a
role in topographic mapping of connections. It is thought, however, that
activity is not involved in earlier events such as axon initiation, extension
and pathfinding since blocking spiking events with TTX has no effect. The
drawback to such an experimental approach is that it neglects a possible
role of subthreshold electrical events.
To test in vivo if electrical activity is important in axon extension and
guidance, I pharmacologically manipulated electrical activity in RGC
axons. To alter growth cone excitability I manipulated the levels of
voltage-gated potassium (K) currents, that serve to regulate the amplitude,
duration and frequency of both action potentials and subthreshold
depolarizations. Using an exposed Xenopus brain preparation I applied the
classical K channel blocker 4-Aminopyridine (4-AP) to the developing
optic projection (stage 33/34). Retinal fibers were anterogradely labeled
with HRP at stage 40 once they normally would have reached their
midbrain target, the optic tectum. 4-AP had a dose dependent effect on
axon extension. At low doses (1-2 mM) axon extension was unaffected.
Higher doses (3-4 mM) significantly impaired axon outgrowth. With 4
mM 4-AP the majority of axons showed inhibited growth and failed to
reach the target. Intriguingly, with 3-4 mM 4-AP a significant number of
axons grew aberrantly within the diencephalon, never reaching their target.
These data indicate that blocking K channels in growth cones affects both
their ability to extend and to take the appropriate path. This is the first in
vivo demonstration that the electrical properties of the growth cone may be
critical for axonal outgrowth.
This work was supported by an MRC of Canada and by AHFMR.
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CHARACTERIZATION OF ROCKER, A NOVEL ATAXIC
MOUSE MUTANT. Theresa A, Zwingroan*2. P ^l E. Neumann
3, Karl Herrup1»2. Departments of Neurology1 and Neuroscience2
Case Western Reserve University School of Medicine, Cleveland,
Ohio 44106 and Department of Anatomy and Neurobiology3,
Dalhousie University, Halifax, NS Canada B3H 4H7.
A new neurological mutant phenotype was found in descendants
of an ENU-mutagenized male mouse. Rocker (rkr) mutant mice
display an ataxic, unstable gait accompanied by an intention
tremor, typical of cerebellar dysfunction. Mutants are fertile, and
appear to have a normal life span. The severity of the mutant
phenotype appears to gradually increase with age. Segregation
analysis revealed rocker to be an autosomal recessive trait The
overall cytoarchitecture of the young brain (P60-P120) appears
normal, including cerebellar morphology. In the older animals
there appears to be a slight reduction in Puridnje cell number.
Fink-Heimer silver stains show degeneration of Puridnje cell
axons. Golgi-Cox staining reveals dendritic abnormalities in both
cerebral and cerebellar cortex. In the cerebellum there is a
reduction of branching in the Puridnje cell dendritic arbor, and a
“weeping willow” appearance of the secondary branches. This
weeping willow morphology has previously been observed in the
weaver mutation and other agranulated cerebella [Rakic and
Sidman, J. Comp. Neur., 152:133-162 (1973) and Crepel et al.
Neurosci., 5: 333-347 (1980)]. Supported by NS20591 to KH
and MRC (DG-N037) to PEN.

2 43.8
G L U T A M A T E -IN D U C E D C H A N G ES IN D E N D R IT E O U T G R O W T H
C O R R E S P O N D W ITH C H A N G ES IN TH E D IST R IB U T IO N O F D EN D R IT IC
M IC R O TU B U LES .
M ark T. W ilson* and C harles H. K eith. C ellular B iology, U niversity o f G eorgia,
A thens, G A 30602.
T he outgrow th o f dendrites is affected by glutam ate in a calcium (C a2+)dependent fashion in vitro. This affect o f glutam ate is dendrite specific and m ay
be im portant for m odulating dendrite outgrow th during neuronal developm ent
in vivo. V arious cytoskeletal changes m ust underlie the changes in dendrite
outgrow th. C hanges in either m icrotubule o r m icrofilam ent dynam ics, due to
changes in the intracellular C a2+ levels, could m ediate these effects on dendrite
outgrow th.
In the present study, hippocam pal neurons w ere dissected from E l 7-18 rat
em bryos and co-cultured for 2 days w ith astrocytes before exposure to glutam ate.
The outgrow th o f both axons and im m ature dendrites w as m easured u nder
control and experim ental conditions. S ubsequently, neurons w ere extracted and
fixed for im m unofluorescent labeling o f m icrotubules and rhodam ine phalloidin
labeling o f m icrofilam ents. A dditionally, neurons w ere prepared for electron
m icroscopy to exam ine dendritic m icrotubules and m icrofilam ents at the
ultrastructural level.
G lutam ate led to increased dendrite outgrow th in the short term (4 hrs) and
dendrite retraction in the long term (>8 hrs). A fter short term glutam ate
exposures, no obvious m orphological changes occ u r in eith er the m icrotubules or
m icrofilam ents. H ow ever, longer glutam ate exposures caused a d ecrease in
m icrotubule labeling in the distal region .Qf retracted dendrites. T hus, glutam ateinduced dendrite retraction m ay be caused by the destabilization o f dendritic
m icrotubules. C urrently, w e are exam ining various biochem ical changes that m ay
be involved in these glutam ate-induced effects.

243.10
DEN D RITIC M ORPHOLOGICAL VARIATION EM ERG IN G
FROM RANDOMNESS IN N EU R ITE OUTGROW TH.
J. van Pelt 1, A. Schierwagen2, M. Ohme2, A. Dityatev3, H.B.M. Uylings1.
'G ra d u a te

School

Neurosciences Am sterdam ,

Netherlands Institu te

for Brain

Research,

M eibergdreef 33, 1105 AZ A msterdam, The Netherlands, i n s t i t u t e for C om puter Science, Un.
of Leipzig, D-04109 Leipzig, Germany. 3M olecular Neurobiology Center, UKE, Un. of Hamburg,
M artinistr. 52, D-20246 Hamburg, Germany.
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By means of a mathematical model for dendritic outgrowth, the question has
been studied of whether the observed variability in the number, length and con
nectivity pattern (topological structure) of the segments in dendritic trees can
emerge from random behavior of growth cones during neurite outgrowth. For
different cell types and species it could be shown that the observed variations
can accurately be reproduced by assuming randomness in (i) the selection of the
segments for branching; (ii) the timing of branching events; and (iii) the elon
gation rates of terminal segments. The specific distributions of the observed
dendritic shape parameters were reproduced by the model by optimizing the
probability schemes for the branching events. According to these schemes,
the model predicts (for dendrites of rat pyramidal and multipolar nonpyramidal cells; rat Purkinje cells; motoneurons from rat, cat and frog; and human
dentate granule cells) that: 1) branching occurs predominantly at terminal seg
ments, with possibly a slight preference for segments close to the cell body; 2)
the branching probabilities decline as the number of segments increases; and
3) elongation rates during the early development of rat visual cortex pyramidal
cell basal dendrites have a mean value of 0.22 /xm/h during the first 11 days of
elongation and branching, and of 0.51 /an/h during the next 8 days (elongation
only). The proposed dendritic growth model provides a coherent framework
for understanding the natural variability in a variety of shape characteristics
of dendritic trees. P artly supported by NA TO grant (C R G 930426)
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243.11
THE DEVELOPMENT OF MOTONEURONS AND PRIMARY SENSORY
AFFERENTS IN THE THORACIC AND LUMBAR SPINAL CORD OF THE
SOUTH AMERICAN OPOSSUM MONODELPHIS DOMESTICA. G.W. Knott.
P.P. Kitchener. C.F.L. Hinrichsen*. and N.R. Saunders. Department of Anatomy and
Physiology, University of Tasmania, Australia 7001.
Carbocyanine dye “Off’ has been used to study the temporal sequence of
development of primary sensory afferent arborisations, and motoneuron dendritic
development, in the spinal cord of the marsupial, Monodelphis domestica. Single
ciystals of Dil were inserted into the sciatic nerve close to the L4 dorsal root ganglia
and also into the thoracic nerve at T4 of pups at various postnatal (P) ages which had
been fixed in 4% paraformaldehyde in 0.1 M PBS. After incubation times of between 3
and 7 days serial tranverse 80p.m vibratome sections were cut and counterstained with
bisbenzimide. These sections were viewed under fluorescent illumination. To study the
differences in cytoarchitechiture some spinal cords were also fixed in Bouin’s fixative
and processed for paraffin histology. Other than the region specific features of thoracic
and lumbar spinal cord, these studies show that there was no obvious difference in the
cytological differentiation between lumbar and thoracic spinal segments. At all ages
examined Dil labelled fibres were seen in a thin but broad dorsal root entry zone. The
medio-Iateral extent of this entry zone was most extensive in younger animals and in
the lumbar rather than thoracic sections. At P0 labelled afferent fibres could be seen in
the region of the ventral grey matter and by P7 these had become considerably more
numerous as well as showing complex branching within the dorsal horn. By P14 the
substantia gelatinosa was clearly evident. Motoneuron development showed a similar
developmental timecourse with a mature pattern of dendritic arborisation being reached
by P21. Contralateral projections of both motoneuron dendrites and primary afferent
fibres were seen at all ages after P7. These fibres appeared to branch in the contralateral
grey matter, and possessed varicosities suggestive of synaptic specialisations. These
studies show a significant amount of fibre growth and cell differentiation occurs
postnatally over a protracted time period in this marsupial species.
Supported by grants from the Motor Accident Insurance Board of Australia

243.12
OP-1 DEMONSTRATES SUPPORT OF DENDRITIC GROWTH
FROM CEREBRAL CORTICAL NEURONS IN VITRO. 1P. Le Roux*.
1S, Behar, 2P, Higgins, and 3M. Charette. Depts. of N eurosurgery,
N ew York University, N ew York NY, ^Pharmacology, University at
Buffalo, Buffalo, NY, and ^Creative Biomolecules, Hopkinton MA.
OP-1 has been demonstrated to support dendrite growth from
sympathetic neurons. H owever, it is not known w hether OP-1
supports dendrite growth from central nervous system neurons.
Therefore w e quantified axon and primary, secondary, and total
dendrite growth from embryonic mouse cortical neurons (E 18) grown
in vitro in a chemically defined medium. M orphology and double
imm unolabelling (MAP2, NF-H) w as used to identify cortical
dendrites and axons after 2 DIV. Cell morphology, body size and
axon length was similar in all experimental conditions. Whereas the
number of primary dendrites was similar, the length of primary
dendrites and the length and number of secondary dendrites was
significantly increased by the addition of OP-1 to the culture medium.
This increase in dendrite growth demonstrated a dose response;
maximal dendritic growth was observed after the addition of 30100|ig/m l of OP-1 to the culture medium. These findings demonstrate
that OP-1 supports dendrite growth from cerebral cortical neurons in
vitro. Supported by Veterans Administration and American College of
Surgeons.

243.13
MOTOR AND SENSORY SPINAL NERVE ROOTLETS EXHIBIT
DISPARATE DEVELOPMENTAL PATTERNS IN THE HUMAN
CERVICAL REGION. P. Cauwenberes*. Neuroscience Research Lab.
Anat. Dept., CMCC. Toronto, Ontario.
To compare the frequency with which motor and sensory conjoined spinal
nerve rootlets occur in the cervical region of humans, spinal cords with
meninges and rootlets intact were extirpated from 56 embalmed cadavers.
The course of motor and sensory spinal nerve rootlets within the
subarachnoid space was analyzed from their spinal origin to the posterior
root ganglia distally using a binocular dissecting microscope (Mag.= 25X)
and the presence of conjoined spinal nerve rootlets was enumerated. Both
whole mounts stained with saturated sudan black/70% ethanol and serial
longitudinal sections of conjoined spinal nerve rootlets stained with urea
silver nitrate were used to verify the presence of neuronal elements. These
analyses demonstrated conjoined sensory spinal nerve rootlets in 72% of
cadavers with the highest frequency of occurrence (28%) at C3-C4 and C4C5 spinal nerve levels. Conversely, only 3 cadavers analyzed (5%) exhibited
conjoined motor spinal nerve rootlets and these were observed again at C3C4 and C4-C5 spinal nerve levels. The results show that during human
embryonic development the outgrowth of motor neurites from the neural
tube is controlled precisely while the ingrowth of sensory neurites from
posterior root ganglia may be governed by less stringent environmental cues.
Ongoing studies are aimed to elucidate the central connections of conjoined
spinal nerve rootlets.
(Support: Chiropractic Foundation for Spinal Research and CMCC)

243.14
INTRARETINÀL BRANCHING OF AXOTOMIZED RETINAL
GANGLION CELLS DOES NOT CORRELATE WITH THE EXPRESSION
OF GAP-43 IN THE CELL BODY. R Sawai . P. Kittlaovl P.M. BravW A.J.
Ayuavo. Centre for Research in Neuroscience, McGill University and Montreal
General Hospital Research Institute, Montréal, Québec, H3G1A4.
We have studied the role of GAP-43 cm retinal ganglion cell (RGC) brandling
after the axon injury and BDNF application. Our previous experiments showed that
two weeks after optic nerve (ON) cut, similar proportions of axotomized RGCs
have intraretinal axonal branches (about 40%, Sawù et al., 1996) and upregulate GAP43 in the nerve soma (about 25%, Kittkrov* et al. 1994). Using single-cell injections
of Neurobiotin with subsequent visualization of axonal arbors combined with GAP43 immunostaining in retinal wholemounts, we examined the following parameters:
axonal branches, the number of branches per axon, the cumulative branch length
per RGC, and the mean or median branch length per neuron. In axotomized retinas
with or without BDNF enhancement of axon growth, there was no correlation
between GAP-43 immunoreactivity in the RGC somata and any of the above axonal
branch measurements. We did, however, observe that BDNF application
significantly increased the proportion of GAP-43-negative RGCs with branches
from 6% after axotomy alone to 23% with BDNF administration. One explanation
for this finding is that BDNF preferably rescues GAP-43 negative neurons.
Alternatively, BDNF might induce GAP-43-independent growth in surviving
RGCs. We also observed that the BDNF-treated RGCs had longer branches.
Thus, the cell body expression of GAP-43 does not parallel RGC axonal
growth within the retina. Furthermore, the trophic action of BDNF on enhanced
branch formation appears to be independent of GAP-43. (Supported by the
Canadian NeuroScience Network).

243.15
HOMOPHILIC BINDING AND SHEDDING OF THE CAM-LIKE
DOMAINS OF AXONAL TYROSINE PHOSPHATASE CRYPa. A .W .
Stoker . F. Hai and F. R ashid-D oubell. Dept. H um an Anatomy,
University of Oxford, South Parks Road, Oxford OX1 3QX ( s P °n : BRA)
Strong expression of receptor tyrosine phosphatase CRYPa in the
developing chick visu al system suggests a sig n allin g role in
axonogenesis. The two msyor CRYPa isoforms expressed in neurons
each have a CAM-like extracellular domain which is proteoiytically
cleaved from the transm em brane and catalytic region. In retinal and
tectal tissue the CAM-like domains remain associated with the rest of
the enzyme but without a covalent linkage. In cultures of retinal
neurons the extracellular domain can also be shed into the culture
medium, suggesting th a t a specific release m echanism is also
available. The CAM-like domain may therefore exist in vivo in both
axon-associated and freely diffusible forms. It is not yet clear w hether
shedding resu lts from a fu rth er proteolytic cleavage or a simple
dissociation event. E x tracellular domains which are shed in vivo
might therefore act as ligands for heterotypic receptors or they may bind
to cell-associated CRYPa. To address this, an alkaline phosphatase
fusion protein linked with the CRYPa 1 extracellular domain binds to
retinal axons and growth cones in culture indicating th a t retinal axons
have a receptor for this CRYPal domain. Cos cells transfected with
either CRY Pal or CRYPa2 can also bind the fusion protein, indicating
th a t CRYPa a t least binds homophilically. Axon-associated C RY Pal
may therefore bind homophilically either to other axons or to the shed
forms of the CAM-like domain in pericellular spaces. The functional
consequences of this are under investigation. (Supported by the Royal
Society, the Wellcome Trust and The Karim Rida Said Foundation).

243.16
MICROTUBULE BEHAVIORS UNDERLYING FORMATION OF
CORTICAL AXON COLLATERALS. E.W. Dent*. P.W. Baas and K. Kalil.
Neuroscience Training Program and Dept, of Anatomy, University of
Wisconsin, Madison, WI 53706.
The rearrangement of the cytoskeleton has been shown to contribute to growth
cone behaviors. However, little is known about the role of the cytoskeleton in
extension of interstitial collaterals from the shafts of growing axons, an
important mechanism of target innervation in the CNS. To address this issue we
studied the dynamic behaviors of microtubules branching from cortical axons,
which are known to extend collaterals to widely divergent targets during
development. Cortical neurons from El 5 hamster sensorimotor cortex were
dissociated , cultured at low density and allowed to extend neurites. Neurons
were microinjected with fluorescent tubulin labeled with Cy3 and, after an
interval of 30 minutes to permit incorporation of the labeled tubulin into
microtubules, cells were imaged digitally with a cooled CCD camera under low
light level conditions for periods up to 4 hours. Observations during the
development of branches from shafts of neurites showed that initially
microtubule polymer accumulates at branch points. However, only after a
nascent branch has extended 5-10nm do microtubules begin to invade it. A
concomitant loss of polymer occurs in the neurite shaft adjacent to the newly
forming branch. As the branch continues to extend and form a growth cone,
microtubules appear to be more evenly distributed between the main neurite and
its branch. These preliminary observations suggest that microtubules initially
invade preformed spaces during formation of axon collaterals. We are currently
investigating the role of microtubules in stabilization of axon branches.
Supported by N1H Grant NS34270 to P.W.B and K.K.
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243.17
FGF PROMOTED BRANCHING OF CORTICAL NEURITES CORRELATES
WITH HOTSPOTS OF RECEPTOR EXPRESSION. G. Szebenyi, T. Callaway
and K. Kalil* Dept. Of Anatomy and Neuroscience Training Program,
University of Wisconsin, Madison, W I53706.
During normal development, corticospinal axons innervate specific targets
in the spinal cord by extending interstitial collateral branches at appropriate
locations. Previously we reported that some of the target derived cues that
influence branching are membrane bound. We now investigate the
possibility that diffusible cues from spinal targets also modulate branching
of cortical axons. In the present experiments cortical neurons from E15
hamster sensorimotor cortex were dissociated and cultured at low densities
on either poly-D-lysine or laminin. After various intervals FGFs were bath
applied to the cultures. Then, using computer assisted morphometric
techniques, we counted and measured neurite outgrowth and branching.
Results showed that FGFs did not significantly increase neurite length but
did enhance the degree of neurite branching. Control and FGF treated
cultures were also fixed and immunostairied for various tyrosine kinase FGF
receptors. In the control cultures, FGFR1 and FGFR3 were highly expressed,
while FGFR2 expression was undetectable. In the neurites, FGFR staining
was non-uniform and receptors appeared to accumulate in regions where
membranes were active, particularily on growth cones and at branch points.
These findings suggest that localized expression of FGFRs may provide a
mechanism whereby target derived diffusible cues influnce axonal
branching through effects on the cytoskeleton. We are now using time-lapse
digital imaging to study directly the relationship between dynamic
behaviors of cortical neurites and location of FGF receptors.
Supported by NIH grant NS 14428 to K.K.

243.18
MYOSIN CONTROL OF RETINAL GROWTH CONE MOTILITY.
John T. Schmidt*.Natalie M. Dowell and Patricia D. Morgan. Dept. Biol.
Sci., University at Albany SUNY, Albany NY 12222
Actin-myosin interactions generate growth cone motility. Double
headed myosin II is activated through phosphorylation by the Ca++calmodulin-dependent myosin light chain kinase (MLCK), while myosins I and
V are regulated direcdy by calmodulin. Pharmacological and peptide inhibitors
of MLCK block motility in retinal growth cones, and MLCK is strongly
upregulated during axon outgrowth in goldfish ganglion cells (Jian et al.
1994&1996 J.Neurobiol 25:1310 & 31:379). Here we compare the effects of
blocking myosin II activation via MLCK with those of the myosin ATPase
inhibitor butanedione monoxime (BDM), which blocks retrograde actin flow
in Aplvsia growth cones (Lin et al. 1996 Neuron 16:769). An autoinhibitory
pseudosubstrate peptide from our MLCK sequence (KKYILRRKWQKTGHAVNH2 coupled to stearate) was effective at 10/xM, first blocking motility and
then reversibly collapsing the lamellipodia and filopodia. Inhibiting MLCK
eliminated actin structures (rhodamine-phalloidin staining) as shown in many
cell types (Lamb &_al.. 1988, J.Cell Biol. 106: 1955). BDM at 10-20mM first
caused rapid filopodial extension, then over 10-30min produced a collapse
similar to that of the MLCK peptide. We are now examining whether lower
concentrations of MLCK peptide produce an initial rapid extension like BDM.
Both the initial extension and slower loss of actin structures with BDM could
be attributed to its less complete inhibition of myosin II. These results verify
the conclusion from pharmacological inhibitors that MLCK controls growth
cone motility via both regulation of actin-myosin force generation and
regulation of the actin cytoskeleton itself. Supported by NIH grant EY-03736.

243.19
cpg15, A CANDIDATE PLASTICITY-RELATED GENE INVOLVED
IN DENDRITIC ARBOR GROWTH. E. Nedivi*. G.-Y. Wu. H. T. Cline. Cold
Spring Harbor Laboratory,'Cold Spring Harbor, NY 11724
We have previously cloned a large number of candidate plasticity-related
genes (CPGs). After screening the CPG pool by a set of increasingly
restrictive criteria, cpg15 emerged as one of the best candidates for
participating in activity-dependent synaptic plasticity and was therefore
selected for in-depth studies. The cpg15 sequence predicts a novel 143-aa
protein containing a putative secretory signal sequence and a consensus
cleavage signal for GPI anchored membrane proteins.
To gain insight into the cellular function of CPG15 and it's possible role in
developmental plasticity we used a Vaccinia Virus (VV) vector to overexpress
CPG15 in tedtal cells of Xenopus tadpoles. The effect of CPG15
overexpression was then assayed 'in vivo1 by confocal microscopy of
individual Dil labelled tectal neurons in the living animal over 3 days. Our
results show that CPG 15 overexpression promotes exuberant dendritic arbor
growth. Tectal cells in animals infected with the cpg15 VV developed their
dendritic arbors at a faster rate and reached a larger size than control cells in
uninfected and (3-gal infected controls. Tectal cells from cpg15 infected
animals did not show the normal decline in growth rate that control cells exhibit
as their complexity increases. When these cells reached a size and level of
complexity associated in control cells with a mature, 'stable' morphology, they
continued to grow at a rate similar to simple, immature neurons. This suggests
that as neurons mature the amount of CPG15 may become limiting, thus
restricting dendritic arbor growth. As cpg15 is a gene induced by activity,
CPG15 could become available in an activity-dependent manner, allowing the
activity-regulated control of dendritic arbor growth necessary for both
developmental and adult synaptic plasticity. Support: (Marie) Robertson Fund.

243.20
Overexpression
OF Homer Alters
Tectal
Cell
Neuronal
Morphology In Xenopus Tadpoles I.Raian*1. P.R. Brakeman2. P.F.
Worley2. B.J. Buibach1 & H.T. Cline1 ‘Cold Spring Harbor Laboratory, Cold
Spring Harbor, NY 11724, 2Dept. Neurosciences, Johns Hopkins University
School Of Medicine, Baltimore, Maryland 21205
Neuronal circuits are formed by an ongoing mechanism of coordinated
activity in the presynaptic and postsynaptic partners of a synapse which results in
the elaboration, stabilization and retraction of neuronal branches. One of the
participating events in this process is activity induced gene expression in the
postsynaptic cells. Several genes have been recently identified that are effector
proteins and not transcription factors. The function of the known effector genes in
the subsequent events of neuronal remodelling is still to be elucidated. Homer is
one such effector gene in the rat brain that is developmentally regulated and
induced by activity (Brakeman et al: 97 Nature:386 pg 284). To further investigate
the function of this gene in the remodelling of the neuronal morphology we have
used the Vaccinia virus expression system in Xenopus tadpoles in conjunction
with single cell labelling and in vivo confocal imaging. Preliminary
immunohistochemical results indicate that Xenopus tadpoles have localized
expression of Homer in the brain with intense labelling in the neuropil region of
the tectum. Western blot analysis indicates that Homer is induced following kainic
acid injection in the brain ventricle. To observe the effect of Homer on tectal cell
morphology Vaccinia virus constructs carrying the Homer gene were used to
infect the tectum. Overexpression of the proteirt altered the development of the
tectal cell axon. The axons wandered around within the tectum, crossed over to the
contralateral tectum and wandered within that region or extended caudally into the
spinal coid and branched there. All of these extensions are aberrant.
Support:The Eppley Foundation
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244.1
MUSCLE ACTIVITY INHIBITS TERMINAL SCHWANN CELLS
FROM INDUCING OR GUIDING NERVE SPROUTS AFTER
NERVE INJURY IN THE RAT SOLEUS.
The University of Texas, Austin, TX 78712.
Previous work in this lab demonstrated that after partial denervation,
terminal Schwann cells extend processes from denervated endplates and
form bridges with Schwann cells at innervated endplates, thereby
inducing sprouts and providing a pathway for the sprouts back to the
denervated endplate (Son and Thompson, 1995). Here, we report tesults
from a study designed to determine the influence of muscle activity on
the ability of terminal Schwann cells to induce or guide nerve terminal
sprouts. The protocol for in vivo direct muscle stimulation based on that
developed by Lomo and his colleagues, consists of 600 msec duration
trains of 100 Hz pulses delivered every 60 seconds to two stimulating
v/ires placed on opposite sides and opposite ends of the soleus. We
confirm previous results from Brown and Holland (1979) that direct
stimulation of partially denervated muscles inhibits nerve sprouting.
Furthermore, bridge formation between Schwann cells at denervated and
innervated endplates is reduced in comparison to sham-stimulated
animals. However, Schwann cell process extension appears unaffected.
In addition, endplates that are reinnervated by collateral sprouts show
reduced overshooting by the nerve terminals even though Schwann cells
have extended long processes from these junctions. We conclude that
muscle activity reduces sprouting, not by altering the growth of Schwann
cell processes, but by altering the ability of these processes to form
connections with innervated endplates and to support nerve growth or
guidance of sprouts to denervated endplates.
This research was supported by a grant from NSF.
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244.2
NEUROCRESCIN: A NEURITE-OUTGROWTH FACTOR
SECRETED BY MUSCLE IN ACTIVITY DEPENDENT MANNER
H. Nishimune*. A. Uveda*. M. Noeawa* H. Fuiimoto*. K.E-Fujimori**. T. Taguchi
Osaka Nat’l. Res.Inst. AIST, Ikeda 563, Japan, +Fac. Eng. Sci., Osaka Univ.,
Toyonaka 560, Japan, ++Dept. Anat., Fukui Med. Sch., Yoshida 910-11, apan
At neuromuscular junctions, denervation elicits axonal sprouting, and
extracellularly secreted factors by muscle cells seem to induce sprouting of spinal
neurons or elongation of the neurites. We report here the cloning of a novel factor
from chick denervated skeletal muscle. The factor, designated neurocrescin,
promoted the neurite-outgrowth from chick spinal cord and brain telencephalic
neurons. It was expressed predominantly in neural tissues and was secreted
extracellularly after intramolecular cleavage. The truncated form was detected in
denervated muscle but not in innervated muscle. Thus, neurocrescin appears to be a
novel neurite-outgrowth factor that is secreted in an activity-dependent fashion.
The regulated expression of the truncated form in development were also observed
in limb buds and the telencephalon of chicks. Extracellularly secreted neurocrescin
from COS7 cells that were transiently expressing the protein, promoted neuriteoutgrowth from spinal and telencephalic neurons. Highly homologous counterparts
of chick neurocrescin were also cloned from mouse and rat. This work was
supported in part by grants from AIST, NEDO and JRDC.
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2 44.3
IMMATURE NEURONS OVERCOME THE NEURITE GROWTH INHIBITORY
ACTIVITY IN THE CENTRAL AND PERIPHERAL NERVOUS SYSTEMS. W. P.
No* and A. M. Lozano. Playfair Neuroscience Centre, Toronto, Ont., M5T 2S8.
Axonal regeneration is abortive in the central nervous system (CNS) but readily
occurs in the injured peripheral nervous system (PNS) and also with immature
neurons transplanted into the CNS. We used a cryoculture assay and fractionated
CNS and PNS myelin to determine whether neuronal age influenced neurite
growth and whether neurite growth inhibitory activity was present in the PNS.
Dissociated rat DRG neurons were challenged to extend neurites on cryostat
sections of adult optic nerve, sciatic nerve and myelin-free predegenerated sciatic
nerve. Neurons did not adhere to and extend neurites on optic nerve. Only 2+0.3
cells/mm2E20 DRG neurons attached to normal sciatic nerve and a small portion
extended neurites (1.85+0.2%). The averaged neurite length was 1.2+ 0.05 ^m
per neuron. Significant enhancement in neurite growth response was observed on
myelin-free predegenerated sciatic nerve, suggesting the presence of neurite
growth inhibitory activity in PNS myelin. The myelin substrate concentration
required to inhibit 50% of E20 DRG neurons from extending neurites was similar
for the PNS and CNS (0.8 ng/cm2of PNS myelin vs 0.5 ng/cm2of CNS myelin).
E17 DRG neurons were less susceptible to the neurite growth inhibition present
in the PNS and CNS. Comparing E17 to E20 neurons, neuronal adhesion
increased by 5-fold to 10.9+1.1 cells/mm2(p<0.01), % of neurons with neurites by
15-fold to 31.2+4.7% (p<0.01) and averaged neurite length by 200-fold to 229+
24 jim per neuron (p<0.01) on cryostat section of normal sciatic nerve.
Furthermore, 4-fold more purified CNS myelin extract, 2.1 ng/cm2, was required
to inhibit 50% of E17 DRG neurons from extending neurites, compared to only 0.5
ng/cm2 to inhibit 50% of E20 and older DRG neurons. These results provided
evidence that PNS myelin is a potent inhibitor of neurite growth and that neuronal
age plays an important role in determining the propensity of neurite growth and
regenerative response on inhibitory PNS and CNS substrata.

MONDAT AM

2 44.4
DETRIMENTAL EFFECT OF NEUROMUSCULAR ACTIVITY ON
CHRONICALLY ENLARGED MOTOR UNITS. S.L. Tam*. V. Archibald, N.
Tvreman. and T. Gordon. Dept. Pharmacology, Univ. Alberta, Canada T6G 2S2.
Chronic denervation syndromes such as post-polio syndrome and amyotrophic
lateral sclerosis are associated with progressive muscle weakness and fatigue after
motoneuron death. Neither the etiology nor management of these syndromes is clear.
To address this issue and extend the first phase of our study where increased
neuromuscular activity was found to be detrimental to sprouting during the acute
phase of motoneuron disease (Soc. Neurosci. 1996, Abstr.#298.4), we, in the present
study, used a rat model of partial denervation to ask the question whether chronically
enlarged motor units (MU) become destabilized with time and further destabilized by
increased neuromuscular activity. Tibialis anterior and medial gastrocnemius,
muscles were extensively denervated (>80%), and plantaris and soleus were
moderately denervated (~50%) by avulsion of either L4 or L5 spinal root. 11 months
later, the partially denervated muscles were subjected to 1) normal caged activity, 2)
natural exercise (8hr daily running on wheels, 588±127m/day) and 3) functional
electrical stimulation (FES: continuous 20Hz sciatic nerve stimulation). MU
enlargement after normal caged activity, measured electrophysiologically (MU force
measurements) and morphologically (combined silver/cholinesterase histochemical
staining), was significantly reduced at 12 month in extensively but not moderately
denervated muscles as compared to 1 month (i.e. during the acute phase of sprouting
from our first phase study). A one month period of either wheeling exercise or FES
further compromised the time-related reduction in MU size in the extensively but not
moderately denervated muscles. Our results show that 1) we successfully established
a rat model of post-polio syndrome, 2) the destabilization of chronically enlarged
MU resulted from loss of axonal terminals and 3) non-physiological activity further
compromise the destabilization of chronically enlarged MU. (Supported by AHFMR,
Rick Hansen Man in Motion Legacy Fund and MDAC.)

Can. Neuroscience Network Fellowship for WPN

244.5
INVARIANT VEILING OF SENSORY GROWTH CONES UPON CONTACT
WITH SCHWANN CELLS: A ROLE FOR THE FGF RECEPTOR.
L.C. Foa. KJ. Balazovich. and K.W. Tosnev* Department of Biology,
University of Michigan, Ann Arbor, MI., 48109.
During normal development, neurons regularly encounter Schwann cells during path
finding and target recognition. We have described an invariant interaction between
sensory growth cones and Schwann cells in avian embryos. Briefly, when filopodia
contact a Schwann cell, veils are induced along the contacting filopodia. Veil
induction is local, with veils always extending along contacting but not along non
contacting filopodia. The response is rapid, always within 4 minutes of contact. We
have analysed the response to Schwann cells from both stage 25 embryos and mature
sciatic nerve cultures. Further, we have begun to investigate mechanisms that control
this interaction. Previously we showed that an antibody to the cell adhesion molecule
(CAM) N-Cadherin, abolishes the veiling response (Polinsky and Tosney, submitted).
We are now investigating possible receptor pathways through which N-Cadherin may
act. Since CAM-stimulated neurite outgrowth can require the FGF receptor (Williams
et al. 1994, Neuron, 13: 583), we are asking if the FGF receptor is important to our
quick and invariant response. We find that an antibody to the acid box region of the
FGF receptor perturbs the veiling response in a concentration dependent manner. At a
dilution of 1:10 the antibody inhibits contact-induced veiling, while at 1:500 veil
induction is unaffected. Veiling on contact with laminin appears unaltered at all
concentrations. We are now investigating which domains of the FGF receptor mediate
signals required for veil induction. Specifically, we are determining .whether the
peptides contained in the CAM homology domain of the FGF receptor (see Williams
et al ., 1994) also inhibit veiling on contact. If so, then the CAM-homology domain
helps mediate the signal. Our preliminary results implicate the FGF receptor in a
more immediate response to contact with Schwann cells than previously suspected.
Supported by NIH grant #NS21308.

244.6
REGION-SPECIFIC INTERACTIONS OF NEURONS AND ASTROCYTES IN
SHAPING NEURONAL DEVELOPMENT. M.L. Mercado. E. M. Powell. S. M.
Meiners. and H. M. Geller*. Department of Pharmacology, UMDNJ-Robert Wood
Johnson Medical School, Piscataway, NJ 08854.
During embryonic development, axons are guided to their synaptic targets by
molecular guidance cues in their environment. Among these guidance cues are
glycoproteins and proteoglycans expressed on the astrocyte cell surface and in the
extracellular matrix (ECM). Astrocytes from different regions of the brain are
heterogeneous and differentially affect different neuronal types. We therefore
studied the effects of coculturing neurons and astrocytes from the same region vs.
different regions of the brain on neuronal outgrowth, polarity, and growth cone
morphology. Cortical and hypothalamic neurons from E l7 rats were plated on PI
cortical or hypothalamic astrocytic monolayers, and stained for MAP2 and imaged
at 1-3 days in vitro. Cortical neurite outgrowth was greater on cortical astrocytes vs.
hypothalamic astrocytes, while hypothalamic neurite outgrowth was greater on a
hypothalamic substrate vs. a cortical substrate. Similarly, polarity of cortical neurons
was greater on cortical astrocytes and hypothalamic neuron polarity was greater on
hypothalamic astrocytes. Cortical growth cones were larger and more complex when
grown on cortical astrocytes and hypothalamic growth cones were larger and more
complex on a hypothalamic substrate. Western blots were performed on cell extracts
of cortical and hypothalamic astrocytes to detect expression of the ECM molecules
thrombospondin, fibronectin, tenascin and laminin. Thrombospondin and fibronectin
levels were higher in cortical astrocytes, while the level of laminin was similar in both
types of astrocytes. These data support the concept of region-specific interactions of
astrocytes and neurons in shaping brain development.
Supported by NIH ROI NS-24I68 to H.M.G.

244.7
MYELINATED “DENDRITES”: A CONSEQUENCE OF LONG
TERM PERIPHERAL AXOTOMY OF NECK MOTONEURONS IN
THE ADULT CAT. P.K. Rose* and M. Neuber-Hess. MRC Group
in Sensory-Motor Neuroscience, Queen’s University, Kingston, Ont.,
Canada, K7L 3N6.
Following a 12 to 17 week peripheral axotomy, the dendritic trees o f
neck motoneurons expand. Part o f this expansion is due to the
presence o f distal dendrites with unusually large diameters.
Intracellular staining with horseradish peroxidase (HRP) revealed a
discontinuous pattern o f staining that is typical o f myelinated axons.
Like axons, these dendrites usually followed a meandering trajectory.
The objective o f the present experiments was to examine the
ultrastaicture o f these dendrites. Axotomized neck motoneurons were
identified antidromically and intracellularly stained with HRP.
Dendritic trees were reconstructed using a computer-based
reconstruction system and dendrites with axon-like features were
selected for electron microscopic analysis. These dendrites displayed
four unusual features: 1) many were myelinated; 2) dense core vesicles
were a common feature; 3) they were packed with dense swirls o f
neurofilaments and 4) there was a coating o f electron dense material
that was uniformly distributed along the membrane o f unmyelinated
segments. These characteristics are typical o f axons. These results
suggest that dendrites o f neurons in adult mammals can be transformed
into axons following long-term peripheral axotomy (supported by the
MRC o f Canada and the American Paralysis Association).

244.8
CHARACTERIZATION OF SOLUBLE FACTORS SECRETED BY LATERAL
AND MEDIAL MIDBRAIN ASTROCYTES. J. Garcia-Abreu1*. F.F. Tovar1.
L A. Cavalcante2 and V. Moura Neto1. 'Depto. de Anatomia, ICB and
2Programa de Neurobiologia-IBCCF, UFRJ, 21949-900; Rio de Janeiro,
Brazil.
The neuron-glia interactions are mediated in vivo and in vitro by soluble
factors and/or extracellular matrix. Lateral (L) and Medial (M) midbrain
astrocytes differ in their ability to support neuritic growth, in their pattern of
laminin expression and in glycosaminoglycan (GAG) production in different
cell compartments. Conditioned media from either L and M astrocyte cultures
(CM-L and CM-M) mimic the effects of their sources upon cocultured
neurons. In this work, we have approached the characterization of CM-L and
CM-M relevant components. Conditioned media were obtained from L and M
monolayers and submitted to heating or DEAE-sephacel column treatments.
Treated CM-L and CM-M were used as cultivating media to grow 1 and m
midbrain neurons. Neurite differentiation was analyzed by staining with anti-p
tubulin III antibody. The neurite elongation was not affected by heating of
CM-M, but that promoted by 4CM-L reduced to half of the control. The
elution of CM-L in a DEAE-sephacel column decreased the number of
neurons with neurites from 88% to 27%, but the elution of CM-M caused an
increase from 21% to 60%. The results show that CM-M and CM-L have
negatively charged components with growth-inhibiting and -promoting
activities, respectively. In addition, they show that, at least, part of CM-L
factors are thermo-labile (peptides?), whereas those of CM-M, are thermoresistant (GAG?). [Support: FAPERJ, CNPq, FINEP,CEPG/UFRJ,]
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244.9
NEUTRALIZATION OF MYELIN-ASSOCIATED NEURITE GROWTH
INHIBITORS INCREASES PLASTIC FIBER GROWTH AFTER
UNILATERAL PYRAMIDAL TRACT LESIONS IN THE ADULT RAT
SPINAL CORD. Michaela Thallmair*. ’Josef P. Kapfhammer and Martin E.
Schwab. Brain Research Institute, University of Zürich, August-Forel-Str. 1, 8029
Zürich, Switzerland.
Structural plasticity is very limited in adult central nervous system (CNS)
compared to the extensive growth ability in the immature CNS. Factors
contributing to tiie poor growth potential in mature CNS include the myelinassociated neurite growth inhibitors NI-35/250: In vivo application of the
monoclonal antibody IN-1 that neutralizes the inhibitory activity of myelin led to
long-distance regeneration of lesioned corticospinal axons in adult rats (Schnell
and Schwab, Nature 343:269, 1990). Experimental suppression of myelination
enhanced sprouting of intact corticospinal tract (CST) fibers into deafferented
areas in the adult rat spinal cord in response to a unilateral pyramidal tract lesion.
(Thallmair, Vaneketai, Soc. Neurosei. Abstr. 583.12, 1996).

In this study we investigated the direct correlation between the presence of
myelin-associated neurite growth inhibitors and lesion-induced sprouting in adult
rats: Adult Lewis rats received a unilateral pyramidotomy and were injected with
antibody-producing hybridoma cells into the brain. The intact CST was traced with
the anterograde tracer biotin dextrane amine (BDA) and the rats were perfused 14
days later. Animals treated with control antibodies showed only very sparse
sprouting, whereas mAb IN-1 treated animals showed a significant increase of
sprouting fibers: Collaterals crossed the midline and arborized into the denervated
regions. Boutons-like structures suggesting synaptic terminals were found. These
data corroborate our hypothesis that myelin and its associated neurite growth
inhibitors contribute to the restriction of plasticity in the mature CNS. The
functionality of these newly formed collaterals is currently under investigation.
Supported by the Swiss National Science Foundation.

244.11
B Y R E P E A T E D , IN VIVO O B S E R V A T IO N

OF DENERVATED

A N D R E IN N E R V A T E D F R O G N E U R O M U S C U L A R JU N C T IO N S .
C.-P. K o * and H . Oiang. Dept, o f Biological Sciences, University o f
Southern C alifornia, Los Angeles, C A 90089-2520.
To test the hypothesis that perisynaptic Schwann cells (PSCs) guide
nerve terminal sprouting and reinnervation, identified neuromuscular
junctions (N M Js) were observed repeatedly in vivo.

The sartorius

muscle in anesthetized frogs was doubled-stained w ith F M 4 -6 4 and
rhodamine-tagged peanut agglutinin to label nerve terminals and PSCs,
respectively.

A t initial observations, the length o f nerve terminals

matched w ith that o f PSCs at innervated NM Js.

Approximately 2-3

weeks after a nerve cut, processes o f PSCs sprouted (some sprouted
more than 100 um ) and often interconnected w ith those at neighboring
junctional branches. As reinnervation began about 1 month later, nerve
terminals were seen not only at the original site but also along the PSC
sprouts.

As

reinnervation

progressed,

sprouting

continued to follow the preceding PSC sprouts.

nerve

terminals

In some cases, nerve

terminal sprouts retracted while corresponding PSC sprouts remained
stable for up to 70 days after denervation.

In other cases, PSC

processes retracted from regions no longer occupied by nerve terminals.
The results suggest that axotomy induces PSC sprouting and that PSC
processes may guide reinnervation and dictate the restoration o f the
original innervation pattern. (Supported by N I H grant 17954)

244.13
E X P R E S S IO N
THE

AND

SUBCELLULAR

G R O W T H -R E G U L A T IN G

P E T R IN .

244.10
SCHWANN CELL SPROUTING IN A MUTANT MOUSE WITH SLOWED WALLERIAN
DEGENERATION. J.A. Barry* R.J. Mattison. C. Nelson^. J.W. Lichtman^ & R.R.
Ribchester. Dept, of Physiology, University of Edinburgh Medical School, Edinburgh,
EH8 9AG, UK. ^Dept. of Anatomy & Neurobiology. Washington University Medical
School, St Louis, Missouri, 63110, USA.
Schwann cells overlying nerve terminals sprout in response to denervation
(Reynolds & Wolff, JNeurocytot, 1992; Son & Thompson, Neuron, 1995). In
C57BI/6/Wlds mice Wallerian degeneration following denervation is slowed; distal
axons and neuromuscular junctions persist for 1-2 weeks following lesion (Perry etal,
E J Neurosci, 1990; Ribchester etal, EJ. Neurosci, 1995). We compared terminal
Schwann cell (SC) responses to nerve section in C57BI/6/Wlds (Wlds) and CBA mice.
Muscle whole mounts were fixed at various times following nerve section. SC were
labelled using anti-S-100, and ACh receptors labelled with TRITC-a-Bungarotoxin. In
both CBA and Wlds unoperated muscles the architecture of terminal SC closely
mirrored that of AChR in the endplate, with a very low level (-1%) of terminals
exhibiting processes extending outwith the endplate regions. By 3d following nerve
section SC bodies were still found at endplates, but no longer totally occupied the
endplate region and terminal SC sprouts were observed (>10jim). 5d post denervation
sprouts were observed in 16% of endplates in CBA muscles, increasing to 56% 8d
post denerveration. In Wlds mice decreased terminal SC occupancy became apparent
after 3d post denervation. Furthermore sprouting was much reduced; with less than
20% of endplates exhibiting sprouts 8d post denervation. Thus SC sprouting in
response to nerve lesion is delayed in mice with slowed nerve degeneration.
Supported by Action Research, MRC & The Wellcome Trust.

244.12

S P R O U T IN G O F P E R IS Y N A P T IC S C H W A N N C E L L S R E V E A L E D

M.

Labes*.

M.

L O C A T IZ A T I O N

OF

N E U R O N A L PHOSPHATASE

Bähr and A .

Roach.

University o f

Tübingen, Dept, o f Neurology, D -7 2 0 7 6 Tübingen, G erm any.
Petrin, a PP2C-related neuronal phosphatase seems to play an
important role in the signaling pathway in grow ing axons which
respond to myelin-associated inhibitors.
expression by

antisense

treatment leads

D ownregulation o f petrin
to

neurite

extension o f

neuronal cell lines on norm ally growth inhibitory m yelin substrate.
Petrin is expressed in C N S neurons in a developmentally regulated
fashion, being highest in the adult rat.

Petrin-specific polyclonal

antibodies detect tw o petrin isoforms in C N S extracts and neuronal
cell lines, a- 55 k D a cytoplasmic protein, and a 75 k D a membraneassociated form . The antibodies stain the cell soma, neurites and
growth cones. These data strongly support a role o f petrin in axonal
growth regulation.
In the retina, petrin is expressed in the ganglion cell layer and the
inner nuclear layer, suggesting that the optic system o f the rat can be
used as a model system to study the role o f petrin in developmental
and regenerative processes in vivo.
Research supported by the Samuel Lunenfeld Research Institute.

S ociety f o r Neuroscience, Volume 23,19 9 7

609

G L IA L
AND
NEURONAL
CELL
RESPONSE
TO
SU B S TR A TES P A T T E R N E D W IT H M U L T IP L E N A T IV E A N D
S Y N T H E T IC E C M P R O T E IN S .
L . K . L O U I E 1,2 . I L C ,
M A R T IN 2 , M . H O R T S C H , A N D K tg ,
Depts. o f
Anatom y
&
C e ll Biology
and M aterials
Science and
Engineering2 , U n iversity o f M ich ig an , A n n A rb o r, M I 481 0 9 .
Extracellular m atrix (E C M ) proteins are im portant in both the
development and response to in ju ry o f the nervous system. In the
current investigation, spatially resolved patterns o f native proteins
(lam inin , fibfonectin) and synthetic proteins w ith cell binding
m otifs incorporated into the backbone o f the biopolym er e .g ., the
R G D sequence fro m fibronectin (S L P F ), D C V A V fro m lam inin
(S L P L ), and V P G V G repeat sequence o f elastin (S E L P ) (products
o f Protein Po lym er Technologies, In c ., San D ie g o ), w ere
adsorbed onto substrates.
Patterns w ere constructed such that
cells w ere given the opportunity to choose between different
proteins. N e u ro -2 A and neonatal Schwann cells grow n in serum
free m edium w ere plated onto the substrate and evaluated at 30
minutes, 1, 2 , and 2 4 hours. T h e length o f neurite outgrow th,
rate o f outgrowth dow n a particular protein path, and m orphology
o f the cytoskeleton and focal adhesions w ere evaluated.
A reproducible method to produce substrates patterned w ith
m ore than one protein was developed.
T h e m orphology and
neurite outgrow th o f , the cells appeared to depend on the
underlying protein pattern, suggesting that the cells w ere able to
recognize and m odulate their behavior based on substrate
characteristics.
Supported’ by N I H N IN D S Contract N o . N O l-N S -5 -2 3 2 2 .

244.14
MELATONIN MEDIATES CYTOSKELETAL CHANGES IN AN OVARIAN
CELL LINE VIA THE mella MELATONIN RECEPTOR. Renee S. MacKenzie.
Melissa A. Melan#. H. Bernard Hartman*# and Paula A. Witt-Enderbv Department of
Pharmacology and Toxicology, School of Pharmacy and Department of Biological
Sciences4, Duquesne University, Pittsburgh, PA 15282.
The anti-cancer effects of melatonin are speculative in that the incidence of
reproductive tract tumors in mice increases following administration of
pharmacological doses of melatonin.
We sought to determine the effects of
melatonin in CHO cells transfected with the neomycin resistant plasmid alone and
with either the the human melu or mel,b melatonin receptor cDNAs. Cells were
pretreated with a pharmacological concentration of melatonin (1 jaM ) for 5 h.
Melatonin induced dramatic changes in cellular morphology in both a receptordependent and subtype-selective manner. In meIu-CHO cells alone, treatment with
melatonin produceda 3.6 fold increase in the number of cells exhibiting bipolarized
cell shape with neurite extensions as compared to control. Since changes in cell
shape may be indicative of altered cytoskeleton, we examined this possibility using
immunofluorescence techniques. We found that changes in tubulin rearrangement
correlated with changes in cell morphology and that cell shape changes were
reversible with Colcemid. Currently, we are investigating whether or not the
changes in both cell shape and tubulin organization are affected by induced expression
of either tau or MAP2. It is possible that altered cytoskeletal organization may
underlie the potential development of reproductive tract tumors following melatonin
exposure. This work is supported by Department of Pharmacology and Toxicology
faculty start-up funds.
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244.16

THE PATE AND FUNCTION OF THE ROHON-BEARD PERIPHERAL
SENSORY ARBOR IN THE EMBRYONIC ZEBRAFISH. B. A. Sipple and P.
Z. Mvers . Temple University, Dept. Of Biclogy, Philadelphia, PA 19126.
Rohon-Beard cells are primary sensory cells that establish a highly branched
peripheral arbor, beginning at approximately 18 hpf. Each cell forms a highly
branched peripheral process approximately 4-5 myotomes in width. This
primary sensory system is gradually replaced by the adult sensory system, dorsal
root ganglia. This Rohon-Beard replacement is first seen at about 3 days of
development when truncations of Rohon-Beard processes are seen along the
length of the zebrafish. Closer analysis showed that DRG processes were
established within areas devoid of Rohon-Beard processes. By day five, the
only Rohon-Beard processes seen are located within the dorsal fin.
The developing zebrafish exhibits a normal twitching behavior beginning
about 19-20 hpf. Using this standard twitching pattern, sensitivity testing has
been performed to see when the Rohon-Beard network becomes a functional
sensory system. The behavior of normal, chorionated embryos was compared
quaPM iiively with the behavior of dechorionated embryos and embryos in water
inoculated with microorganisms. In both test cases, the embryos exhibited an
increased, prolonged twitching rate when compared to chorionated control
animals. These results imply a function for the Rohon-Beard cells as an early
warning system. This warning system may serve to help protect the embryo
during early development.
Additional experiments are being performed to more accurately analyze the
precise positioning of Rohon-Beard processes within the peripheral arbor and
with respect to the developing DRGs. We will also elucidate the type and
location of Rohon-Beard nerve endings. Traditional antibody labeling
techniques in conjunction with electron microscopy will be used to obtain this
data.

DISRUPTION OF PERIPHERAL TARGET CONTACT INFLUENCES THE
DEVELOPMENT OF CENTRAL DENDRITIC BRANCHES IN A LEECH MOTOR
NEURON IN VIVO. L. A. Johnson*. K.A. French. J. Jellies and W.B. Kristan, Jr.
Biology Dept., UCSD, La Jolla, CA 92093-0357.
Retrograde signaling from target tissues has been shown influence many aspects of
the development of neurons, including the connections that are made with other
neurons. We are studying the influence of target contact, on the development of
synaptic specificity in the leech Hirudo medicinalis. During the early development of
the identified excitatory motor neuron Cell 3 (C3) the cell first extends a major process
into the periphery in the region of its future target muscle and shortly thereafter begins
to branch in this area. This major process then extends branches within the neuropil of
the segmental ganglion to form a stereotyped pattern of central dendrites before
accepting synaptic contacts in the neuropil from a number of other neurons, including
the inhibitory motor neuron Cell 1 (Cl). Photoablation of individual C3 dendrites has
demonstrated that Cl makes most of its functional synapses on a single identifiable
dendrite of C3 (Lytton and Kristan, Brain Research, 504 (1989) 43-48).
To begin to determine if peripheral contact affects the formation of these central
processes, and thus potentially the synaptic contacts made in the neuropil, we disrupted
the axon of C3 in the periphery in vivo and evaluated changes in morphology of the
central dendritic branches. During embryonic day 12 (El2), a micosurgical cut was
made through the germinal plate in a single segment at the approximate location of the
dorsal/ventral boundary where the axon of C3 is located. After either 2 or 6 days, the
embryos were dissected and C3 was filled with Lucifer yellow.
At both time points, C3 central processes had overgrown in response to diruption of
the axon, extending outside of the neuropil of the ganglion and into the periphery or
central connectives. More than 75% of the manipulated cells extended at least one
process out of the central ganglion, with most extending multiple processes into
peripheral areas. We conclude that contact with peripheral targets does influence the
development of central dendrites of C3. Further work will investigate the effect of
these manipulations on the formation of specific central synapses. Supported by NIH
research grant NS35336.

244.17
SIGNALING PATHWAYS DOWNSTREAM OF Ca2+ INFLUX THROUGH LTYPE Ca2+ CHANNELS IN GROWTH CONES. K. Ohbavashi*2. H. Fukura1’3.
H. K. Inoue2. Y. Komiva1 and M. Igarashi1 Depts. 'Molec. & Cell. Neurobiol.,
2Neurosurgery and3Anesthesiology and Reanimatology, Gunma Univ. Sch. Med.,
Maebashi, Gunma 371. Japan.
Although the growth cone responds to various modulators of neurite outgrowth
such as neurotrophins, neurotransmitters, and cell adhesion molecules, the signaltransducing mechanisms for these modulators in growth cones are unclear. Since
signals of these several modulators are mediated by Ca24 influx through L-type
voltage-sensitive Ca2+ channels (VSCCs) in growth cones, we examined L-type
VSCC-dependent signaling pathways, using isolated growth cones (IGCs) from
developing rat forebrains. Ca2+-dependent phosphorylation of GAP-43 and
MARCKS protein by protein kinase C (PKC) was enhanced in the IGC by Bay K
8644 (BK), resulting in the release of these proteins from the membrane, which is
consistent with our recent report. In addition, the Ca2+-dependent degradation of
brain spectrin (fodrin) by calpain was also enhanced by BK or GABA,
consequently inducing the release of a-actinin from the membrane skeleton of
growth cones. The activities of PKC and calpain were not inhibited by inhibitors
of the other, indicating that these reactions occur independently. Our results
suggest that Ca2+ influx through L-type VSCC activates two distinct signaling
branches, probably in the different domains of a growth cone; (1) Ca2+-dependent
phosphorylation of GAP-43 and MARCKS protein, and (2) Ca2+-dependent
degradation of brain spectrin and the release of a-actinin by calpain.
Ref. 1) Ohbayashi, K. et al.: Soc. Neurosci. Abstr. 22: 740. [’96]; 2) Fukura, H.
e ta l .J. Neurochem. 67: 1424. [’96]
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245.1
NGF REGULATES THE BINDING OF ARPP-19 TO GAP-43
mRNA THROUGH RAS N. Irwin*, S. Mansourian, L. Goritchenko,
L.l. Benowitz. Department of Neurosurgery, Children s Hospital, Har
vard Medical School, Boston MA 02115
GAP-43 is a neuronal phosphoprotein implicated in the develop
ment and plasticity of neural connections. In PC12 cells, nerve
growth factor (NGF) induces a neuronal phenotype, marked b y
neurite extension and increased expression of GAP-43. The induction
of this protein results from stabilization of its mRNA (Federoff et al, J.
Bio! Chem 263: 19290-95; Perrone-Bizzozero et al., Molec. Cell.
Neurosci., 2: 402-409; J. Cell Biol., 120: 1263-1270). We have
shown that ARPP-19, a protein kinase A substrate, binds to GAP-43
mRNA in vitro in an NGF-dependent manner (Irwin et al., Neurosci.
Abstr. 22: 1710). ARPP-19 binds to a region of the mRNA that has
been shown to mediate the NGF-induced mRNA stabilization
(Nishizawa, Biochem. Biophys. Res. Comm., 200: 789-796). The
signal transduction pathway leading from TrkA, the NGF receptor, to
induction of GAP-43 has not been investigated in detail. The ras
pathway is known to be important in neurite outgrowth, and we
therefore examined whether signaling through ras is involved in the
NGF-mediated stabilization of uAP-43 mRNA. Using PCI2 cells sta
bly transfected with a construct that allows inducible expression of a
constitutively active ras, we showed that ras induction leads to in
creased levels of GAP-43 and a parallel increase in the binding of
ARPP-19 to GAP-43 mRNA (in northwestern blots). These results
support the idea that GAP-43 mRNA stabilization occurs through the
ras pathway, and lend further support to the hypothesis that ARPP19 binding mediates GAP-43 mRNA stabilization. Support: Boston
Neurosurgical Foundation and NIH EY 05690.
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245.2
HIGH LEVELS OF C-JUN EXPRESSION IN PC 12 CELLS INDUCES
DIFFERENTIATION INTO A GAP-43 INDEPENDENT, NEURONAL-LIKE
PHENOTYPE. R.A. Xu. M. Draguuow. J. Lip,ski. D. Young and M.J. During*
Departments of Molecular Medicine and Pharmacology, University of Auckland
School of Medicine, New Zealand.
PC 12 cells were transfected with a plasmid containing a CMV promoter and c-jun
cDNA transcription cassette flanked by AAV (adeno-associated virus)-ITRs to
enhance expression level and stability. RT-PCR and western blotting showed high
levels oic-jun mRNA iuid protein in the tnmsfected cells with
immunocytochemistry demonstrating a 10% transfection efficiency. Peak levels of
c-jun protein were reached at 48 hours post transfection. C-jun transfected cells
had significant neurite outgrowth at 48 hours and underwent further neuronal-like
differentiation such that at 96 hours they were morphologically similar to NGFdifferentiated cells. Levels of GAP-43 protein remained low in both c-jun
transfected and control cells, whereas levels (if MAP-2 iuid TOAD-64 proteins were
higher in transfected cells. Gel shift assays showed enhanced AP-1 DNA binding
activity in extracts from the c-jun transfected cells. Unlike PC 12 cells induced by
NGF, the c-jun transfected cells despite their neurite processes did not express
functional Na+ channels as determined electrophysiologically. Hoescht 33258
nuclear staining revealed that there was no evidence of apoptosis in the transfected
cells at 48 hours, 72 hours and 7 days after transfection, but the transfected cells had
significantly larger nuclei. High levels of c-jun expression can therefore induce a
neuronal-like differentiation in PC 12 cells with increased expression of MAP-2 and
TOAD-64 but this process is independent of GAP-43 and results in a phenotype
which does not express functional sodium channels. This data suggests separate
neuronal differentiation pathways for neurite outgrowth and sodium channel
expression. Moreover, the high levels oic-jun expression in axotomizedneurons
may drive neurite/axonal regrowth.
(Funding - NZ Marsden Grant).
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245.3
B-50/GAP-43 IS A FUNCTIONAL CALMODULIN SINK IN PC 12 CELLS
L.H.Schrama*. L.H.J.Aarts, P.VerkadeS, AJ. van Rozen, P.N.E. de Graan§.
W.H.GispenS. A.B.OestreicherS. P.Schotman. Rudolf Magnus Institute for
Neurosciences, Depts. for Physiol. Chem. and Med. Pharmacol.§, Utrecht University,
Universiteitsweg 100, 3584 CG Utrecht, The Netherlands.
B-50 (GAP-43, neuromodulin, FI, P-57) is a calmodulin (CaM) binding protein kinase
C (PKC) substrate involved in neuritogenesis and neurotransmitter release. B-50 is a major
presynaptic CaM binding protein at resting [Ca2+]|. Increases in [Ca2+] ¡or phosphorylation
of S41by PKC releases CaM from B-50. We have used immunocytochemistry and confocal
imaging to examine changes in the intracellular CaM distribution in pheochromocytoma
(PC12) cells in situ upon overexpression of wild type (wt) and various mutant forms of
the neuronal phosphoprotein B-50. Transient transfection of wt rat B-50 cDNA in PC-B2
cells, a clonal PC 12 cell line expressing low levels of endogenous B-50, resulted in
translocation of intracellular CaM immunoreactivity (CaM-IR) from the cytosolic and
nuclear to the (sub)plasma membrane compartment. Elevation of [Ca2+];by using the calcium
ionophore A23187 or the PKC activator TPA interfered with this translocation.
Overexpression of a mutant (S41D) mimicking permanently phosphorylated B-50, did
not affect the CaM-IR distribution, whereas S41A, a mutant mimicking permanently un^
phosphorylated B-50, induced more translocation than wt B-50. Transfection of a defective
membrane targeting domain mutant (C3S/C4G) resulted in concentration of CaM-IR to
specific locations within the cytosol. Our results show that B-50 is a key regulator in the
local availability of CaM in neuronal cells. Membrane-bound, palmitoylated B-50 targets
CaM to the (sub)plasma membrane compartment. Activation of PKC, resulting in B-50
phosphorylation at S41 and/or elevation of the local.Ca2+concentration, releases CaM
from B-50. Released CaM can subsequently activate CaM sensitive signal transduction
pathways. This work was supported by the Netherlands Organizationfor Scientific Research,

2 45.4
THE MORPHOGENETIC ACTIVITY OF B-50/GAP-43 IN SPREADING
FIBROBLASTS IS MEDIATED THROUGH RHO-GTPASE ACTIVATION. L.H.J.
Aarts. J.E. Biewenga. L.H. Schrama. W.H. GispenS and P. Schotman*. Rudolf
Magnus Institute for Neurosciences, Depts. for Physiol. Chem. and Med.
Pharmacol.§, Utrecht University, Universiteitsweg 100, 3584 CG, Utrecht, NL.
B-50/GAP-43 is a neural, calmodulin binding, PKC-substrate that accumulates in
growth cones and nerve terminals. The protein has been implicated in growth cone
morphology, stability and guidance through an as yet unknown mechanism. Transient
transfection of Rati fibroblasts, cells lacking endogenous B-50/GAP-43 expression,
with B-50/GAP-43 cDNA lead to spontaneous formation of a large number of long
filopodia during spreading, closely resembling the morphology of spreading
hippocampal neurons. Moreover, transfected cells exhibited enhanced F-actin
staining and filopodial focal adhesions containing vinculin, paxillin as well as B50/GAP-43 immunoreactivity. Mutation of two N-terminal cysteines, critical for
directing the protein to the plasma membrane, interfered with the capacity to induce
formation of filopodia and focal adhesions. Transfection of PKC phosphorylation site
mutants or a C-terminal deletion mutant caused only subtle differences in comparison
to the wild type protein. We have examined whether the morphogenetic activity of B50/GAP-43 in spreading Rati fibroblasts was mediated through Rho-like GTPases,
important regulators of fibroblast cell morphology. Interference with the function of
the Rho GTPase, but not with Cdc42 or Rac, completely abolished B-50/GAP-43
induced morphological changes. Overexpression of constitutively active Rho as well
as activation of endogenous Rho by lyso-phosphatidic acid mimicked B-50/GAP-43
induced filopodia formation. We therefore propose that B-50/GAP-43 activates the
Rho GTPase in Rati fibroblasts during spreading, causing a remodeling of the actin
cytoskeleton and filopodia formation.

grant 903-42-006.

This work was supported by the Netherlands Organization for Scientific Research
MW-NWO grant 903-42-006 and by the Prinses Beatrix Fonds, grant 95-1008.

245.5
GAP-43/lacZ transgenes visualize growth cones in developing and
regenerating neurons. H. Kato1. N.D. Allen2. P.C. Emson3 and H. Kivama1*
'Dept, of Anatomy, Asahikawa Medical College, Asahikawa, 078 Japan, 2Lab. of
Dev. Neurobiol., Dept, of Dev. Genetics, 3Dept. of Neurobiol., The Babraham Inst.,
Babraham, CB2 4AT, UK
GAP-43 is a protein kinase C (PKC) substrate which is a major constituent of the
growth cone during neuronal development and regeneration. Its expression in adult
brain regions related to plasticity or reexpressed following injury of the nervous sys
tem and loss- and/or gain-of-function studies lead to term this molecule as an
“intrinsic determinant” for axonal growth. In this study we have characterized the
genomic organization of the mouse GAP-43 and constructed a lacZ-based transgenic
vector with its promoter region. The promoter comprises of 6Kb 5’ flanking region
and 10Kb first intron. The first exon (=translocation signal) is in frame to the lacZ
sequence enabling the visualization of the axonal projection including the growth
cone. Of the transgenic mice made, one line (C2V007) shows a spatiotemporal re
demonstration of the endogenous expression and exhibits very few ectopic expres
sion, if any. In addition ot the well documented embryonic switch of expression from
the peripheral nervous system to the central nervous system, the whole-mount X-gal
histochemistry also reveals some developmental expression of this molecule not frilly
characterized in mammals so far, such as limb buds or roof plate of the rhomben
cephalon. In mature nervous system, expression has been confirmed in hippocampus,
cerebral and entorhinal cortex, olfactory bulb, retinal ganglion cell and their axonal
tracts. Axonal injuries like hypoglossal nerve severance induce the lacZ expression in
neurons and their developing growth cones as predicted. Studies are underway to
investigate other inductive events like LTP or KA administration using C2V007.
This transgene seems to be an excellent tool for studying neural development as well
as regeneration in mice and potential usages of this transgene will be discussed.

245.6
IMPAIRED NEURONAL DIFFERENTIATION AND GAP-43 EXPRESSION
IN PC12 CELLS TRANSFECTED WITH ANTISENSE HUD. C.D.
Mobarak, T. Isaacson, A. Mitchener, K. Anderson, H. Furneaux, S. L.
Rogers and N. I. Perrone-Bizzozero*. Depts. Neurosci. and Cell Biol.,
Univ. New Mexico Sch. Med., Albuquerque NM. 87131 and Prog.
Molec. Pharm., Sloan Kettering Cancer Ctr., New York, NY 10021.
We have recently shown that the neuronal-specific, e/av-like RNAbinding protein HuD binds to a highly conserved regulatory element in
the 3' untranslated region (3' UTR) of the GAP-43 mRNA (Chung et aI,
J. Biol. Chem. 272:6597, 1997; Tsai et. al, J. Neurosci. 17:1950, 1997).
To investigate the role of HuD in the control of GAP-43 gene expres
sion, we generated stable transfectants expressing high levels of HuD
antisense RNA. Briefly, PC 12 cells were transfected with the expression
vector pcDNA3 containing a full-length HuD cDNA in the reverse
orientation (pDuH) and selected with G418. Western blot analysis
indicated that pDuH cells express significantly lower levels of HuD,
relative to either untransfected PC12 cells or cells transfected with
vector only. Upon treatment with NGF, these cells failed to grow
neurites and remained undifferentiated.
In correlation with their
impaired neuronal differentiation, we found that pDuH cells contained
very reduced levels of GAP-43 under basal conditions and that the
levels of this growth-associated protein did not increase in response to
NGF treatment.
In conclusion, our results demonstrate that the
presence of HuD is essential for GAP-43 gene expression and neuronal
differentiation in PC12 cells. Based upon these findings, we propose
that HuD plays a critical role in the post-transcriptional regulation of the
GAP-43 mRNA. Supported by the NIH NS30255 and GM52576 (NPB),
NS29682 and NSF IBN-960475 (HF); UNM-SOM HHMI funds (NPB), and
UNM SRAC and RPT grants (CDM).

245.7
LOCALIZATION OF ELAV-UKE PROTEINS IN THE RAT AND HUMAN
BRAINS. N. I. Perrone-Bizzozero, D. Thomas, J. Gaddy, M. C. Wilson*,
H. Furneaux, R. L. Neve, and L. Saland. Dept. Neuroscience, Univ.
New Mexico Sch. Med., Albuquerque, NM, 87131, Sloan Kettering
Cancer Ctr., New York, NY and McLean Hosp., Belmont, MA, 02178.
The human proteins HuC, HuD and Hel-N1 are highly conserved
neuronal specific RNA-binding proteins. These proteins are related to
the Drosophila elav family and recognize U-rich motifs in the 3'
unstranslated region (3* UTR) of mRNAs. Among these, we have
recently shown that HuD binds to several neuronal-specific mRNAs
including those for c-fos and GAP-43 (Chung et al, J. Biol. Chem.
272:6597, 1997; see also Mobarak et al, this series). To investigate the
localization of these RNA-binding proteins, we have performed
immunocytochemical studies using the Mab 16A11 (Marusich et al, J.
Neurobiol. 25, 143, 1994; Barami et al, J. Neurobiol. 28, 82, 1995). Our
results indicate that these proteins localize specifically to neurons,
showing dense staining of pyramidal cells in the neocortex and
hippocampus. In the rat brain, pyramidal cells show perinuclear
Nissl-like staining. These results correlate with those of subcellular
fractionation studies which demonstrated the polysomal localization
of these proteins. In the human brain, pyramidal cells show not only
densely stained cytoplasm but also a very intense staining of the
nuclei. In contrast, granule cells in the hippocampus show a light
and uniform staining of the soma. Given that these proteins play a
fundamental role in neuronal differentiation, we propose that they
may be useful markers for the study of neurodevelopmental disorders.
Supported by the NIH NS30255 (NPB), GM52576 (NPB, LS), NS
29682 (HF), NSF IBN-964175 (HF) and internal funds from UNM.

245.8
EXPRESSION
OF MARCKS
AND MRP mRNA IN THE
DEVELOPING RAT BRAIN: COMPARISON WITH GAP-43. R.H.
Lenox1’2 3* & R.K. McNamarq1. Departments of Psychiatry1, Pharmacology2, and
Neuroscience3, Univ. Florida Coll. of Med. & Brain Inst., Gainesville, FL, 32610.
The myristoylated alanine-rich C fcinase substrate (MARCKS) and MARCKSrelated protein (MRP) represent a small family of membrane-associated PKC sub
strates which bind calmodulin (CaM) in a PKC phosphorylation-dependent manner.
MARCKS has also been demonstrated to cross-link filamentous actin in a PKC
phosphorylation-dependent manner. Recent mutant mouse studies indicate that both
proteins are important for normal brain development yet little is known about their
developmental expression profile in brain. In the present study, we examined
MARCKS and MRP gene expression by in situ hybridization in the postnatal (PN) rat
brain (1, 7, 14, 21, & 90d post-birth). In these studies, GAP-43, a third PKC sub
strate implicated in axonal outgrowth during development, was also examined for
comparative purposes. At PN-1, MARCKS was highly expressed in neocortex,
striatum, thalamus, cerebellar cortex, and hippocampus but low in brain stem. At PN7, MARCKS declined in striatum and thalamus, and at PN-14 declined in most
neocortical regions except temporal cortex. At PN-21 MARCKS declined in the
hippocampal CA3 field and increased in the corpus callosum and fornix. At PN-90d
(adult), MARCKS remained elevated primarily in hippocampal CA1 and granule cell
layers and in temporal and cerebellar cortices. At PN-1, MRP was high in all regions
except brain stem and declined in thalamus and striatum at PN-7. At PN-14, MRP
declined throughout much of the cortex except the temporal/entorhinal regions, and at
PN-21 MRP declined in hippocampal field CA3, the outer half of the granule cell
layer, and increased in the corpus callosum and fornix, suggesting localization to
oligodendrocytes. At PN-90d, MRP remained high in temporal/entorhinal cortex, the
inner half of hippocampal granule cell layer and in the CA1 cell field, corpus
callosum, fornix, and cerebellar subcortical medullary region. At PN-1 and PN-7,
GAP-43 was very high over the majority of regions and declined in striatum and some
regions of neocortex and thalamus at PN-14. Between PN-21 and PN-90, GAP-43
declined to background levels in most regions except areas of neocortex, hippocampal
field CA3, thalamus, and cerebellar cortex. These data indicate that MARCKS and
MRP share similar regional gene expression and, like that of GAP-43, are develop?ntii¿Air?
krvchin iisa'xxnptfi <spspt£fircina/md?
’odatiaavti 'fokH uj
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24 5 .9
DIFFERENTIAL EXPRESSION OF THE PKC SUBSTRATES
MARCKS AND GAP-43 IN IMMORTALIZED HIPPOCAMPAL
CELLS FOLLOWING VALPROIC
ACID EXPOSURE. J.M.
Watterson1*, D.G. Watson2. EX.Rodffl3,R,K , MQfcfaroar^, & R.fcl 'U n ox*-2'-5.
Departments of Pharmacology1, Psychiatry2, & Neuroscience-5, University of Florida
College of Medicine and Brain Institute, Gainesville, FL 32610.
In the brain, MARCKS (myristoylated alanine-rich C Jfcinase substrate) and GAP43 (B-50/F1) are major substrates for protein kinase C (PKC). PKC-mediated
phosphorylation of MARCKS regulates its localization in the membrane, as well as
its ability to bind Ca2+/calmoduUn and to cross-link actin. Thus, MARCKS may
serve to integrate actin-membrane plasticity in response to Ca2+/calmodulin and/or
PKC-mediated signaling. By comparison, GAP-43, which also associates with actin
and the plasma membrane, has been implicated in neurite outgrowth during neuronal
differentiation. Both MARCKS and GAP-43 are localized to axonal growth cones
where they are phosphorylated by PKC, and mutant mouse studies indicate that both
proteins are required for normal brain development. We have recently demonstrated
that MARCKS and GAP-43 exhibit an inverse pattern of expression in the adult rat
hippocampus (McNamara & Lenox, 1997), indicating differential gene regulation.
Indeed, PKC has been reported to stabilize GAP-43 mRNA but destabilize MARCKS
mRNA- In the present study, we directly assessed the relative expression of
MARCKS and GAP-43 in immortalized hippocampal cells (HN33) using
quantitative western blot analysis following chronic exposure to VPA, which we
have previously shown to produce a time- and dose-dependent down-regulation of
MARCKS protein expression. We show that cells exposed to VPA (0.6 mM) for
three days which demonstrated reduced MARCKS protein expression also
demonstrated increased GAP-43 protein expression. These effects were most
pronounced in the membrane fractions of cells, and were observed to correlate with
alterations in cellular morphology. Morphological changes, which included an
increase in the number and length of neurites, were accompanied by a reduction in
cell growth rate. These effects were not apparent after acute VPA exposure.
Collectively, these data indicate that VPA induces neuronal differentiation, which is
associated with a reduction in MARCKS expression and an increase in GAP-43
expression, consistent with the hypothesis that a reduction in MARCKS at the
membrane is permissive for cytoskeletal plasticity during neurite outgrowth.
[Supported by NIMH R01 50105 & NARSA'D Established Investigator/ R.H.L.]

245.10
DIFFERENTIAL EXPRESSION OF MARCKS, MRP & GAP-43
mRNA IN THE FACIAL NUCLEUS DURING NEURONAL
REGENERATION AND DEGENERATION. R.A. Schnizer1«. R,K.
McNamara1. WJ. Streit3 & R.H. Lenox12 3. Dept, of Psychiatry1, Pharmacology2,
and Neuroscience3, Univ. Florida Coll. Med. & Brain Inst., Gainesville, FL, 32610
The myristoylated alanine-rich C kinase substrate (MARCKS) is a prominent PKC
substrate which binds calmodulin (CaM) and cross-links filamentous actin in a PKC
phosphorylation-dependent manner. MARCKS-related protein (MRP), like MARCKS,
is a PKC substrate that also binds calmodulin (CaM) but is localized to a separate
chromosome and has a highly dissimilar promoter relative to MARCKS. Both
proteins have been implicated in the regulation of actin-membrane plasticity in
response to Ca2+/CaM- and PKC-mediated signaling in neuronal and non-neuronal
cells. A third PKC substrate, GAP-43, also binds actin and CaM and is expressed
predominantly in neurons and in axonal growth cones. Previous reports indicate that
GAP-43 mRNA and protein increase dramatically in the facial nucleus following
axonal damage (e.g., Tetzlaff et al., 1991). Here we investigated MARCKS and MRP
gene expression in the facial nucleus by quantitative in situ hybridization during
axonal regeneration following facial nerve transection (1,4, 7, 14, 2Id post-lesion) or
crush (7d), or during neuronal degeneration following treatment with ricin toxin+crush
(7d). GAP-43 gene expression was examined in parallel for comparative purposes.
MARCKS mRNA levels increased significantly in the facial nucleus 4d following
axotomy, peaked after 7d (2.5 fold), and declined to 1.75-fold after 2Id. Examination of
emulsion dipped slides indicated elevated expression in both neurons and non-neuronal
cells. In agreement with previous studies, GAP-43 mRNA levels were significantly
elevated in facial neurons after Id (15-fold), peaked after 7d (38-fold), and remained
elevated after 21d (12-fold). MRP mRNA expression did not increase significantly at
any time point following transection. The same pattern of results were observed 7d
following nerve crush. Ricin-induced degeneration of facial neurons resulted in an
elevation of both MRP and MARCKS- mRNA expression, whereas GAP-43 mRNA
expression could not be detected. Collectively, these data indicate: (1) GAP-43 is
induced in facial neurons in association with axonal regeneration, (2) MRP is
expressed in glial cells in association with neuronal degeneration which may be related
to the induction of phagocytic activity, and (3) MARCKS is expressed in facial
neuions and glial cells in association with axonal regeneration as well as neuronal
degeneration. [NARSAD EIA to R.H.L]

245.11
EXPRESSION OF FUSE BINDING PROTEIN (FBP) IN THE
EMBRYONIC AND ADULT NERVOUS SYSTEM. X. J. W angi . M.
A viean2 and R. B. Noreren. Jr.1* JDept. Cell Biol. & Anat., Univ.
Nebraska Med. Ctr., Omaha, NE G 198; 2Depts. Pathology &
Gastroenterology, Georgetown Univ. Med. Ctr. Washington, D. C.
20007.
FUSE-binding protein (FBP) has been shown to bind to both the far
upstream element (FUSE) in the c-myc gene (Duncan et al, 1994) and
the 3’ LJTR of GAP-43 mRNA (Irwin et al, 1997). Expression of c-myc
is increased by FBP. Since c-myc plays a critical role in cell proliferation
and programmed cell death, FBP may also play an important role in
these phenomena. The binding o f FBP to GAP-43 mRNA may regulate
the stability of this message. Thus, FBP may also play a role in axonal
extension. In the current study, polyclonal antibodies were used to
examine FBP expression in the developing and adult nervous system.
Western blots indicate that FBP is present in embryonic and adult
chicken and rodent nervous system. In embryonic chicken brain, FBP
was separated by tw o-dim ensional gel electrophoresis and
microsequenced. The chick sequence was very similar to the published
sequences for human and bovine FBP. Immunostaining o f nervous
system tissue revealed two types o f labeling, nuclear and granular
cytoplasmic staining. One interpretation o f these results is that the
nuclear staining represents binding of FBP to c-myc in proliferating cells
while the granular staining may represent the binding o f FBP to GAP-43
mRNA. Further work to confirm that the granular cytoplasmic staining
represents FBP bound to GAP-43 mRNA is ongoing. This work was
funded by NIH grant NS01719 (RBN).

245.12
INTRONIC PROBE ANALYSIS OF GAP-43 TRANSCRIPTIONAL
ACTIVATION: CNS DISTRIBUTION AND INDUCTION IN
REGENERATING NEURONS. IT Nampimp I. Cantalloos. K.A. Paller*. and
A. Routtenbere. Cresap Laboratory, »Department of Psychology, Northwestern
University Institute for Neuroscience, Evanston, IL 60208.
Although a 100-fold increase in GAP-43, the protein formerly known as FI,
occurs in regenerating neurons, it has been debated whether the observed increase
in its mRNA is regulated at the transcriptional (Vanselow et al., J. Neurosci.,
1994) or posttranscriptional (Perrone-Bizzozero et al., Mol. Cell. Neurosci.,
1991) level. To our knowledge there has been no prior report using a GAP-43
intronic probe which would reveal primary RNA transcript (PRT) of the
endogenous gene. PRT was here detected with in situ hybridization using
antisense probes to two different GAP-43 intronic sequences. Silver grain signals
with intronic probe were localized to the nuclear zone of neurons in contrast to
mRNA localization. In situ hybridization with sense intronic probe or with an
excess amount of cold antisense PRT did not show any signal above background.
Excess amount of cold antisense mRNA did not compete off hybridization signals
of PRT by antisense probe. Hybridization specificity of intronic probe to GAP-43
gene was further confirmed by Southern analysis. Expression of the PRT showed
tissue- and cell-type selective expression in mouse brain. A survey of PRT in
different regions will be presented. We first determined whether GÁP-43 mRNA
expression increased in mouse facial neurons after facial nerve crush using in situ
hybridization. Induction was first seen at 18 hr, with a rapid rise at 1-2 days and
peak expression at 3-7 days post-crush. In adjacent sections, GAP-43 PRT was
induced in facial neurons on the side ipsilateral to facial nerve crush. The time
course of PRT induction was similar to that of mRNA induction, though the
earliest detectable PRT induction was at 24 hr. Our study presents the first in vivo
evidence of transcriptional activation of the endogenous GAP-43 gene in
regenerating neurons. Along with the role of transcriptional mechanism in LTP
(Namgung et al., Soc. Neurosci. 1996), we suggest that axonal regeneration and
activity-dependent synaptic plasticity elevate GAP-43 mRNA expression by
recruiting a GAP-43 transcriptional mechanism. (Supported by MERIT award to
A.R.)

245.13
NMDA RECEPTOR ACTIVATION DURING DEVELOPMENT REGULATES
AXONAL GROWTH AND GAP-43 mRNA, BUT NOT ITS PROMOTER
ACTIVITY IN'VIVO, P.A. Ranesithienchai1. I. Cantalloos1. J. Moskal*2 and A.
Routtenbere1. ’Cresap Laboratory, Northwestern University Institute for Neuroscience
(NUIN), Evanston, IL 60208; 2Chicago Institute of Neurosurgery, Chicago, IL 60614.
Hippocampal granule cells constitute an ideal system for the in vivo study in
axonal growth of the role of GAP-43, the protein formerly known as FI, since they
only express this protein during a period in postnatal development when extending
their axons in an organized “outside-in” manner. We recently reported (Cantallops
et al., J. Comp. Neurol., 1996) that GAP-43 promoter activity as indexed by
transgene expression (PATE) in granule cells of transgenic mice (Vanselow et al.,
J. Neurosci., 1994) is activated in the same outside-in pattern preceding with
topographical fidelity the time course of axonal growth. The development of this
“outside-in” pattern of endogenous PATE could be directed by either an inputindependent genetic program driving transcriptional machinery, by extrinsic
physiological activity in hippocampal circuits, or by both. Since inhibition of a
component of such activity by NMDA receptor blockade can have profound effects
on axonal outgrowth, we assessed the effect of treatment with the non-competitive
antagonist MK-801 on mossy fiber growth visualized with Timm’s staining. MK801 was administered through postnatal days 4-7 or 4-8, when MK-801 binding in
the molecular layer of the dentate gyrus is first observed (Glazewski et al., J.
Neurosci. Res., 1993), and afferents to granule cells from the perforant path arrive
(Zimmer and Haug, J. Comp. Neurol., 1978). NMDA receptor blockade at this
time frame results in a decrease in axonal outgrowth, and reduced GAP-43 mRNA
in the granule cell layer, while GAP-43 PATE is unchanged. Axonal growth
during development thus may be regulated by both a transcriptional program that
is independent of input, and by an input-dependent post-transcriptional
mechanism. Supported by NUIN, Fundación Barceló (I.C.), and MERIT Award (A.R.).
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246.1
CHARACTERIZATION OF GRASSHOPPER SEMAPHORED II
A. Tsai1, S. Wong2, C. Isbister2, A.L. Kolodkin1*, T. P. O’Connor2. 1Dept.
of1Neuroscience, Johns Hopkins University School of Medicine, Baltimore,
MD 21205; 2Dept. of Anatomy, University British Columbia, Vancouver, B.
C. V6T 1Z3
The semaphorins are a large family of secreted and transmembrane
proteins conserved from invertebrates to vertebrates. Several semaphorins
have been shown to function in neuronal growth cone guidance. The
secreted, semaphprins murine semaphorin III and Drosophila semaphorin II
(D-sema II) can function as inhibitory cues for specific populations of
neurons. To gain insight into the roles secreted semaphorins play during
neuronal development, we have undertaken an analysis of Grasshopper
Semaphorin II (G-sema II), an apparent species homologue of D-sema II.
Using a degenerate PCR approach designed to amplify regions of the
semaphorin domain, we isolated a cDNA that encodes a novel secreted
grasshopper semaphorin. Sequence analysis revealed the presence of a
semaphorin domain and a C-terminal immunoglobulin domain. This
semaphorin shows 67% amino acid identity over its entire length when
compared to D-sema II. Based on this high degree of identity we have
called this semaphorin G-sema II. Immunohistochemistry using polyclonal
antibodies directed against G-sema II shows that it is expressed in
developing appendages, including the limb buds, during the time of pioneer
growth cone extension and the establishment of the peripheral nervous
system (PNS). Specifically, G-sema II protein is localized to the distal
portions of embryonic appendages, and it is also present in circumferential
stripes in limb buds. This expression pattern suggests that G-sema II may
play a role in establishing the stereotypic neuronal trajectories of the
grasshopper PNS. Blocking G-sema II function during embryonic culture
will provide a test of this hypothesis.
Supported by grants from the McKnight and Whitehall foundations, and
the Medical Research Council of Canada.

246.3
A NEW MEMBER OF MOUSE SEMAPHORIN FAMILY IS EXPRESSED IN
THE HIPPOCAMPUS. Y.Sato1 , Y.Nakazato1, S.Shirabe*and H.Takahashi'.
'Mitsubishi kasei Inst, of Life Sciences, Machida-shi, Tokyo 194, Japan. 21st
Dept, of Internal Med., Nagasaki Univ. Sch. of Med., Nagasaki-shi, Nagasaki
852, Japan.
It is not well known what factors determine the neural connection between
hippocampus and other brain region. Chemoreppellent molecules semaphorin/collapsin families have been implicated in axonal pathfinding based
on their expression pattern in the developing nervous system and their
complex interactions described in vitro. To address this issue we have
cloned a mouse cDNA for a novel semaphorin/collapsin family molecule
named H15 expressed in the hippocampus by using RT-PCR primers based
on the amino acid sequence of the well conserved domain within sema
phorin families. The predicted amino acid sequence encoded by the cDNA is
a secrete protein which has semaphorin domain and IgG like motif.
Expression of Semaphorin H15 is developmentally regulated in the hippo
campus with the highest level in prenatal (E18) to adult, restricted to subset
of neurons such as pyramidal cells of CA1 and CA2 and granular neurons of
dentate gyrus through the life. Whether this molecule is used for axonal
pathfinding in the hippocampus is now under investigation.

246.5
SEMAPHORIN EXPRESSION IN THE DEVELOPING AND
REGENERATING PRIMARY OLFACTORY PATHWAY. L.C. WilliamsHogarth*. C. Torrev. X. Cai. A.L. Kolodkin. and G.V. Ronnett. Dept, of
Neuroscience, Johns Hopkins School of Medicine, Baltimore, MD 21205.
The regenerating olfactory receptor neurons (ORN’s) have demonstrated
the capacity to not only extend new axons, but to relocate and successfully
reinnervate their target with functional synaptic contacts. What is not
known, however, is whether the adult ORN axons use a mechanism for
regeneration that is comparable to that used by developing ORN axons for
ontogenetic pathfinding.
Semaphorins comprise a family of secreted and transmembrane proteins,
several members of which have been shown to function as inhibitory or
repulsive neuronal guidance cues. We localized the expression of two
secreted semaphorins (Sem A and Sem D) and two transmembrane
semaphorins (Sem C and Sem F) in the rat primary olfactory pathway by in
situ hybridization techniques using digoxigenin-labeled cRNA probes. The
semaphorins Sem A, Sem C, Sem D and Sem F are expressed in the
olfactory receptor neurons (ORN’s) of embryonic rat olfactory epithelium
(OE), and the semaphorins Sem A, Sem C, and Sem D are also localized
in the ORN’s of normal adult OE. The transcript expression of the latter
three semaphorins appears to increase in the ORN’s of adult rats that
survived three days, one week, two weeks and three weeks following a
unilateral bulbectomy. The bulbectomized animals also demonstrate a
dramatic change in the expression pattern of Sem D in the target structure,
the olfactory bulb. These findings suggest the possibility that several
semaphorins may play a role in directing ORN’s to their target during both
development and regeneration.
Supported by NIH-
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246.2
A ZEBRAFISH SEMAPHORIN/COLLAPSIN GUIDES LATERAL LINE AXON
W. Shoii. C. S. Yee. and J. Y. Kuwada*. Department of Biology, University of
Michigan, Ann Arbor, MI 48109-1048
The Semaphorin/Collapsin gene family encodes secreted and transmenbrane
proteins and several members of this family have been shown to collapse growth
cones or inhibit the formation of synapses. To clarify the in vivo roles of these
molecules, we previously cloned Sema Z l, a homolog of Semaphorin III/Collapsin
1, and analyzed its expression pattern in the transparent and manipulable zebrafish
embryo (Yee, et al., 1995 Soc. Neurosci. Abstr. 21:293). Interestingly, Sema Z l is
expressed by the segmented myotome« in the trunk and tail in a pattern that
suggests it may guide the growth cones of the posterior lateral line. Sema Z l is
expressed by the dorsal and ventral portions of each myotome but not by the
horizontal septal region in between. The posterior lateral line growth cones extend
posteriorly from the ganglion to the tip of the tail along the horizontal myoseptal
region of the myotomes. This suggests that Sema Z l expressed by the the dorsal
and ventral regions of the myotomes may delimit the pathway for the lateral line
growth cones. Supporting this idea, time-lapse video analysis indicated that the
pioneer growth cones of the posterior lateral line do occasionally collapse and
retract during normal outgrowth (Halloran, et al., 1995 Soc. Neurosci Abstr.
21:799).
To see if Sema Z l can collapse growth cones, we applied recombinant Sema Zl
onto chick DRG growth cones in vitro. Sema Z l collapsed DRG growth cones in a
dose dependent fashion. To see of Sema Z l can inhibit growth cones in vivo, we
injected recombinant Sema Z l onto the growth cones of the posterior lateral line in
living embryos. Sema Z l transiently collapsed these lateral line growth cones.
Furthermore, we found that Sema Z l is expressed by the entire myotome in the
embryos of the zebra fish mutant, floating h ea d . In these embryos the posterior
lateral line growth cones never extended along the myotomes, rather they extended
upon the yolk tube ventral to the myotomes.
These results suggest that the posterior lateral line growth cones normally extend
along the horizontal myoseptal region of the myotomes, because they are repulsed
by the Sema Z l expressed by the muscles both dorsal and ventral to the myoseptal
region. This work was supported by HFSP and APA KA1-9603.

246.4
SEMAPHORIN E ACTS AS AN ATTRACTIVE GUIDANCE SIGNAL IN
THE DEVELOPING CEREBRAL CORTEX. D. Baenard*1. D. Uziel1. A.
Ptischel2, J. Bolz1. ’INSERM U371, Bron, France; 2Max-Plank-Institut fiir
Himforschung, Molekulare Neurogenetik, Abt. Neurochemie, Frankfurt, Germany.
During the establishment of connections between cortex and thalamus, navigating
axons are guided by various cues towards their final target. In vitro studies provided
evidence that both diffusible and membrane bound molecules are involved in this
process, but the molecular nature of these guidance signals is not known (for review
see Bolz et al., Prog. Br. Res. 108, 41, 1996). Semaphorins have been recently
shown to act as repellent guidance molecules in the developing spinal cord (for
review see Piischel A., Eur. J. Neurosci. 8, 1317, 1996). We reported previously
that SemD (semaphorin D, collapsin) is an inhibitory signals for cortical and
thalamic axons in vitro (Bagnard et al., Neurosci. Abstr., 1473, 1996). We now
examined the effects of semE on growing thalamic and cortical axons in various in
vitro systems. We found that in co-cultures of cortical explants with aggregates of
293 cells transfected with SemE expression vector there were more fibers growing
towards the aggregate than growing away from the aggregate. Moreover, axons
growing towards a cell aggregate were longer than those growing away from it.
Fibers which extended about parallel to the aggregates deviated from a straight
course and turned towards SemE expressing cell aggregates. This was just the
opposite effect observed with SemD expressing cell aggregates, where cortical (as
well as thalamic) axons turned away from these explants. SemE had no effect on
thalamic axons. These results suggest that semaphorins can guide growth cones in
the developing cerebral cortex. Semaphorins can steer growth cones by collapsing
factors, but also by a mechanism that involves attractive rather than repellent
signaling pathways.
(Supported by HFSP to JB, DFG to AWP and PROCOPE to JB and AWP).

246.6
SEMAPHORINS ARE DIFFERENTIALLY EXPRESSED DURING
DEVELOPMENT OF THE RAT OLFACTORY SYSTEM.
K ,. Yc>shida»-A,
Ptischel anil Q J ± Sohwam a^ TheShriver
Center, Waltham, MA 02154 and Max-Planck-Institut fur
Himforschung, Frankfurt/Main, Germany
During development, axons from the olfactory epithelium and
vomeronasal organ converge on selective targets in the olfactory bulb
(OB) and accessory olfactory bulb (AOB), respectively, where they
form synapses with mitral and tufted cells. Although the factors that
regulate axon trajectories in the olfactory system are not yet known, it
is likely that signaling molecules play a role in guiding axons to their
appropriate targets by exerting attractive or repulsive effects on specific
growth cones. Guidance cues for olfactory axons are likely to include
the collapsins-semaphorins, a family of secreted and transmembrane
molecules with putative roles in axon guidance. We examined the
expression of SemD and SemF, two members of the vertebrate
semaphorin family, in the developing rat olfactory system by in situ
hybridization. Although SemD mRNA is expressed in a subset of
mitral and tufted cells at embryonic and postnatal ages (E16-P30) in the
OB and the AOB, no spatial pattern of expression is evident In
contrast, SemF mRNA expression is both spatially and temporally
regulated in the OB. SemF message is expressed maximally in subsets
of OB mitral cells prenatally and diminishes significantly by P7. SemF
mRNA is not detectable in the AOB. In the OB at E18, SemF message
is concentrated in variable medial and lateral bands of mitral cells but is
only weakly expressed ventrally, suggesting a role of semaphorins in
rat olfactory development Supported by NIH grant DC 00953.
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246.7
SEMAPHOWN(D)m/COIXAPSIN-l IS EXPRESSED IN THE OLFACTORYHIPPOCAMPAL PATHWAY AND MOTOR SYSTEM OF THE ADULT RAT.
AJ.G.P, Holtmaa£ - RJ. Giger, R.J, Pastafoimp, J, Verhaagen- Netherlands Institute
for Brain Research, Meibergdreef 33,1105 AZ Amsterdam, The Netherlands.
Seniaphonn(D)III/collapsin-l (semaIQ/colI-1) is a secreted glycoprotein which exerts
a strong developmental stage-dependent repulsive effect on embryonic dorsal root
ganglion neurons and subpopulations of motoneurons and is thought to be involved in
axon guidance within the developing nervous system. In view of the possibility that
semaffl/coll-1 might play a role in structural alterations of neuronal connections in the
mature nervous system, we have started to identify neural structures that express
semaffl/coll-1 mRNA in the adult rat using high-resolution non-radioactive in-situ
hybridization. SemaIII/coll-1 appeared to be expressed in distinct, but anatomically and
functionally linked structures of the adult nervous system. Prominent labeling was
found in the olfactory-hippocampal pathway and in neuronal components of the motor
system, in particular cerebellar Purkinje cells and in subpopulations of cranial and
spinal motoneurons. The olfactory-hippocampal pathway displayed semaIII/coll-1
expression in a continuum of neuronal structures, including mitral and tufted cells of
the olfactory bulb, olfactory tubercle, piriform cortex, distinct nuclei of the amygdaloid
complex, superficial layers of the entorhinal cortex and subiculum of the hippocampal
formation. Retrograde tracing combined with in-situ hybridization also revealed ¿at
staining of semaIII/coll-1 within the entorhinal cortex was present in stellate neurons
of layers II and III that project via the perforant path to the hippocampal formation.
This finding suggests that semaIII/coll-1 may be secreted by the axons of the stellate
neurons in the molecular layer of the dendate gyrus, thus forming a chemorepulsive
gradient in the outer two-thirds of the molecular layer gradually declining towards the
granule cell layer. We speculate that reactive sprouting into the outer part of the
molecular layer observed after perforant path lesion could be due to an abrupt loss of
this chemorepulsive molecule. Funded in part by NWO-GMWPinoneer grant (030-94142).
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246.8
ECTOPIC EXPRESSION OF SEMAPHORIN(D)IU/COLLAPSIN-l IN
NEOCORTICAL EXPLANTS RESTRICTS DENDRITIC GROWTH OF
PYRAMIDAL NEURONS.
R.J. Gicer. R.E. Baker. J. Van Pelt RJ. Pasterkamp. R.W.H. Verwer*. J. Verhaagen.
Graduate School Neuroscience, Netherlands Institute for Brain Research, Amsterdam, The Netherlands.

In the developing cortical mantle semaphorin(D)III/collapsin-l (semaffl/coll-1)
mRNA displays a layer specific expression pattern. As development proceeds the
levels of expression gradually decline but semaIII/coll-1 transcripts remain detectable
in adult life. In the six laminae of the rat neocortex semaIII/coll-1 is expressed in the
superficial layers 11/111, is virtually absent from layers IV and V, and is clearly
expressed in a small subset of cells in layer Via. To address a functional role of
semaIII/coll-1 in the neocortex we employed ectopic adenoviral vector mediated
expression in explants of postnatal day 6 (P6) visual cortex. Explants were either mock
infected or exposed to adenoviral vectors harboring a transcription unit for
semaIII/coll-1 (AdCMVcol) or P-galactosidase (AdCMVlacZ). After 10 days in culture
explants were fixed and Golgi impregnation was performed to visualize the
morphology of individual pyramidal and nonpyramidal neurons. The length of basal
and apical dendrites of pyramidal neurons as well as the dendritic length of
nonpyramidal neurons were measured using a semiautomated measuring microscope.
Whereas the dendritic length of pyramidal neurons in control and AdCMVlacZ
infected explants was comparable, AdCMVcol-1 infected cultures displayed a clear
reduction in total dendritic length. Distinction between apical and basal dendrites
revealed that the observed reduction in length was largely due to a reduced size of the
basal dendrites which displayed a statistically significant reduction in length compared
to control neurons. The impact of semaIH/coll-1 on the length of apical dendrites was
clearly less pronounced. Dendrites of nonpyramidal cells appear to be unresponsive to
ectopic semaIII/coll-1 since these neurons displayed no alteration in their dendritic
length. Our findings suggest that pyramidal neurons in the visual cortex are responsive
to semaIII/coll-1. Thus, the layer specific expression of semaIII/coll-1 could restrict
growth of basal dendrites to specific cortical laminae. Funded in part by NWO-GMW
Pioneer grant (030-94-142).

24 6 .9
INDUCTION OF SEMAPHORIN(D)III/COLLAPSIN-l mRNA EXPRESSION
IN LEPTOMENINGEAL CELLS DURING SCAR FORMATION. R.J.
P asterkam p*. RJ. Giger. J. Verhaagen. Graduate School Neurosciences, Netherlands
Institute for Brain Research, Amsterdam, The Netherlands. (SPON: European
Neuroscience Association).

Neurite inhibitory factors are potent axonal guidance cues during development and
have been proposed to impede successful axonal regeneration in the adult mammalian
central nervous system (CNS). Neurite inhibitory molecules can either be substrate
bound, such as the myelin-associated inhibitors and extracellular matrix molecules, or
mobile, such as netrins and secreted semaphorins/collapsins. Rat semaphorin(D)III
/collapsin-1, a secreted chemorepellent acting on a specific subset of sensory and
motoneuron populations in vitro, is also expressed in the adult rat nervous system. As
a putative negative growth regulator in adulthood semaIII/coll-1 may counteract
regenerative neurite growth in the injured nervous system. To address a possible role
of semaIII/coll-1 in axonal regeneration we examined its expression by in situ
hybridization following unilateral transection of the lateral olfactory tract (LOT) in
adult Wistar rats. The expression of semaIII/coll-1 mRNA at the site of the lesion and
in olfactory bulb mitral cells, which send their axons through the LOT, was examined
at 4, 10 and 30 days post-lesion. Although no changes were detected in expression
levels of semaIII/coll-1 mRNA in the mitral cells at any of the time points examined,
very strong expression was found in non-neuronal cells migrating into the lesion at 4
and 10 days. At 30 days a lower number of semaIII/coll-1 positive cells was observed.
Subsequently the semaffl/coll-l positive cells were identified as leptomeningeal cells
by their characteristically elongated nuclei and labeling with antibody-specific markers
(vimentin and laminin positive, GFAP, NF, ED-1, OX-42, OX-8 negative). Our results
show that following penetrating injury in the CNS leptomeningeal cells transiently up
regulate semaIII/coll-1 mRNA levels. These observations raise the possibility that
semaIII/coll-1, as a chemorepellent, may contribute to the non-permissive
microenvironment of a CNS scar. In future studies we will further examine the possible
role of leptomeningeal expression of semaIII/coll-1 in the process of scar formation.
Funded in part

by NWO-grant 900-94-142.

246.11

Aberrant DRG axon projections in Semaphorin-III/
CoIIapsin 1 null mutant mice. F.A. W hite*! W.D. Snider*, and
O. Behar^. Depart, o f Neurology, CSNSI*, Washington University, St.
Louis, MO, 63110. ^Dep. o f A nesthesia, Pain N eurobiology
Laboratory, Massachusetts General hospital, Harvard Medical School,
Charlestown, MA 02129
Semaphorin-III (Sema-III), a diffusible molecule present in the
ventral half o f the spinal cord and in many peripheral tissues during
development, repels axons associated with NGF-dependent neurons of
the dorsal root ganglia in vitro. Whether Sema-III acts as an in vivo
guide for central and peripheral axons o f DRG neurons is unknown. In
order to determine the role of Sema-III in DRG axonal guidance in vivo,
we have generated mice with a null mutation in the Sema-III locus.
In homozygous null mutant mice at embryonic day 13, D il
labeling o f DRG neurons revealed multiple aberrant projections o f
peripheral axons. The most striking abnormality was extension of
sensory axon fasicles laterally through the developing neural arch
adjacent to the DRG. This is a site o f intense Sema-III mRNA
expression in normal animals and is never traversed by axons in wildtype
mice. In addition, fasicles bridging two intercostal nerves were
observed. No such axonal branching abnormalities were found in
wildtypes or heterozygotes at the same age. These results demonstrate
that in vivo, Sema-III functions as a chemorepellent molecule for sensory
neurons. Most importantly, our findings show that Sema-HI is required
to prevent axon extension through regions o f developing bone.
This work was sponsored by the NINDS and Department of Anesthesia and Critical
Care, Massachusetts General Hospital, Harvard Medical School.
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246.10
TRANSIENT DOWN REGULATION OF THE CHEMOREPELLENT
SEMAPHORIN(D)in/COLLAPSIN-l FOLLOWING PERIPHERAL NERVE
INJURY. J. Verhaagen. R.J. Giger*. R.J. Pasterkamp. Graduate School Neurosciences,
Netherlands Institute for Brain Research, Amsterdam, The Netherlands. (SPON:
European Neuroscience Association).
Rjat semaphorin(D)III/collapsin-l (semain/coll-1), a secreted 100 kDa glycoprotein
with a chemorepulsive effect on rat dorsal root ganglion neurons and motoneuron
subpopulations in vitro, displays a highly dynamic and widely distributed expression
during development. The occurrence of semaIII/coll-1 in several neural systems of the
adult rat suggests a role in the restriction of plastic neurite growth by suppressing
sprouting and remodeling of synaptic contacts. Furthermore, as a putative negative
growth regulator semaIII/coll-1 may interfere with axonal regeneration in the mature
nervous system. To address a possible role of semaIII/coll-1 in axonal regeneration we
examined its expression in motoneurons by in situ hybridization following sciatic and
facial nerve injury in adult Wistar rats. Expression of semaIII/coll-1 mRNA was
examined in the lumbar spinal cord at 2,4, 7,14, and 36 days following right sciatic
nerve crush. A transient decrease of semaIII/coll-1 mRNA expression was observed
in motoneurons in the dorsolateral motor pool area of the ipsilateral spinal cord during,
the period of axonal regeneration at 4,7 and 14 days. SemaIII/coll-1 mRNA expression
in the contralateral spinal cord was unaffected. Complete transection and subsequent
back-ligation of the sciatic nerve, to prevent reinnervation of peripheral targets,
resulted in a persistent decrease of semaIII/coll-1 expression in motoneurons
throughout the 36 days post-lesion period. Crush of the right facial nerve resulted in
a transient decrease of the semain/coll-1 mRNA expression in the facial motoneurons
as observed for spinal motoneurons. Our results show that during the period injured
motoneurons regenerate their axons semaIII/coli-1 mRNA expression is decreased.
However, upon innervation of the peripheral targets semaIII/coll-1 mRNA expression
is restored to pre-lesion levels. In future studies we will examine whether down
regulation of semaIII/coll-1 is a prerequisite for successful peripheral regeneration.
Funded in part by NWO-grant 900-94-142.

246.12
ROLE OF COLLAPSIN-1 IN AXONAL GUIDANCE.
M. Taniguchil.2. S. Yuasa3, A. Seto-Ohshima2*, M. Mishinal and T.
Yagil. lLab. of Neurobiology and Behavioral Genetics, National In
stitute for Physiological Sciences, Okazaki, Aichi 444, 2Dept. of Mor
phology, Institute for Developmental Research, Kasugai, Aichi 480-03,
3Dept. of Anatomy, School of Medicine, Chiba University, Chuo-ku,
Chiba 260, Japan
The molecules of collapsin!semaphorin gene family have been
thought to play an essential role in the axon guidance during develop
ment. Collapsin-1 is a founding member o f this family, has been shown
to repel DRG axons in vitro, and implicated in the patterning of sensory
afferents in the spinal cord. Although collapsin-1 mRNA is expressed
in a wide variety o f neural and non-neural tissues in vivo, the role
played by collapsin-1 in these region other than the spinal cord is not
known.
In order to determine the role of axonal guidance by collapsin-1, we
generated collapsin-1 deficient m ice o f the genetic background
C57BL/6. These mice are viable into adulthood, and can breed and rear
their offspring. Analysis of peripheral nerves in homozygous embryos
showed significant abnormality in the trajectory of several cranial
nerves, including the trigeminal, facial, glossopharyngeal, vagus and
accessory nerves, but no effects on the oculomotor nerve. Collapsin-1
heterozygotes carrying a lacZ gene inserted into the collapsin-1 locus
showed that axons normally avoid /«rZ-expressing areas, confirming
the importance of collapsin-1 in restricting nerve terminations in these
regions, and that little collapsin-1 expression was detected in the CNS.
This work was supported by grant from the Ministry of Education, Sci
ence and Culture of Japan.
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AXON GUIDANCE MECHANISMS AND PATHWAYS: SEMAPHORINS

246.13

246.14

C lo n in g a n d d e v e lo p m e n ta l e x p re s s io n o f a n e w m u r in e
s e m a p h o rin . L. Zhou*, F.A. White, R.W. Gerfen, and W.D. Snider. Depart, of

c D N A C L O N IN G A N D M A P P IN G O F H U M A N S E M A P H O R IN W ,

Neurology, CSNSI, Washington University, St. Louis, MO, 63110. The
semaphorins are a large family of molecules found in both invertebrates and
vertebrates, several members of which have been implicated in the guidance of axons
during development. All family members have a characteristic 500 amino acid
extracellular sequence termed the "semaphorin" domain and a signal sequence at the Nterminus. At least 14 have been described in mouse and rat in full reports or abstract
form. Here we report the cloning of a mouse semaphorin arbitrarily designated,
SemN.
We cloned the novel SemN using RACE PCR. This molecule shares
significant homology (25%) with other semaphorin family members within the
semaphorin domain. SemN mRNA is widely distributed throughout the developing
nervous system in patterns clearly distinct from all other described mammalian
semaphorins. As early as embryonic(E-) day 11.5, SemN is expressed in the ventral
motor neurons of the spinal cord and the DRG. Expression of SemN is becomes
restricted to the ventral motor pool and the roof plate at E13.5. By PN1, expression
of SemN becomes diffuse in the spinal cord. Strong expression of SemN mRNA is
present in trigeminal ganglion as early as El 1.5 and also in the developing trigeminal
brainstem nuclear complex at El5.5-17.5. Abundant SemN transcripts were observed
in both the eye and optic nerve.. In addition, distribution of SemN mRNA in cortical
plate was observed as early as El 1.5 and continued through E l7.5. Interestingly,
SemN mRNA expression appears to be limited to the nervous system with little
expression in peripheral tissues. The abundance of SemN transcripts and the striking
developmental and temporal specificity suggests an important role in nervous system
development. Supported by grants from NINDS.

YANDZ.
K . -Kikuchi.

H.

Ishida.

S.

T o io *

Pharmaceuticals Research Center,

and T .

K im iira.

Sumitomo

Konohana, Osaka 5 5 4 , Japan

Semaphorins are a large fam ily o f genes and know n to play a role in
axon guidance during neuional development. W e have recently cloned
cD N A s o f three novel transmembrane semaphorins, sema W , Y , and Z ,
in rat. Northern and in situ hybridization revealed that all three
semaphorins were w idely expressed in the adult C N S , however, only

sema Y and Z were expressed during developm ent Sema W may
function only in the adult. In order to gain insight

into potential

function o f the semaphorins in the adult, we mapped the human
homologue o f the three genes and cloned their fu ll length

cD N A s.

Their deduced entire amino add sequences were highly conserved
between human and r a t The m R N A s o f the three genes were also
w idely distributed in the adult C N S , suggesting functional conservation
between these species.

Hum an sema W , Y , and Z were mapped by

radiation hybrid mapping to chromosomes 2, 1, and 19, respectively.
Although a few semaphorins have been isolated at chromosome 3p21,
a region deleted in lung cancer, precise locus o f sema Z had at least no
relation to cancers. O ur findings o f diverse chromosomal loci o f
semaphorins and adult specific expression o f sema W

suggest the

evolutional and functional complexity o f this fam ily o f genes.

Supported b y Sumitomo Pharmaceuticals

246.15
FUNCTIONAL AND STRUCTURAL ANALYSIS OF CLASS IIISEMAPHORINS. M. Lohrum. R.H. Adams *. A. Klostermann. A. Ottemever
and A.W. Puschcl. Molekulare Neurogenetik, Abt. Neurochemie, Max-PlanckInstitut fiir Hirnforschung, 6052.8 Frankfurt, Germany.
The formation of specific neuronal connections during the development of the
nervous system depends on the guidance of growth cones along specific pathways.
At least four types of guidance mechanisms direct axons towards their correct
targets: contact attraction, chemoattraction, contact repulsion and chemorepulsion.
One family of molecules that plays an important role in axon guidance are the
semaphorins. They comprise both secreted and transmembrane proteins which al)
share a homologous domain of 500-amino acids, the semaphorin domain. This
family can be subdivided into five classes based on a sequence comparison.
The sem D/coll-1-related secreted semaphorins of the class III are so far the
largest subgroup of semaphorins. Their class-specific carboxyterminal domains
contain several highly conserved clusters of basic residues that are similar to
consensus recognition sequences for the proprotein convertase furin. The function
of these sequences for directing a proteolytic cleavage and thereby regulating the
repulsive activity of semaphorins was investigated. Different N- and C-terminally
tagged recombinant proteins were expressed in different cell lines and analysed by
Western blotting. Point mutations in these putative cleavage sites inhibited
proteolytic processing. Collapse assays with these mutants were used to determine
their relative collapsing activity compared to equivalent amounts of wild type
protein. Inactivating different cleavage sites resulted in specific changes of the
collapsing activity which suggests a functional role of the cleavage in the
activation process of the class III semaphorins.
Supported by the DFG (grant Pul02/4-1 to A.W.P.).
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247.1
NGF SUPPORT SURVIVAL OF AVIAN RETINAL TrkA EXPRESSING
INTER NEURONS. M Karlsson (1), FB Lefcort (2). LF Reichardt (3). HJ Karten
(4) and F Hallbook (1). (1) Dept. Devi. Neurosci., Uppsala Univ. Uppsala,
Sweden. (2) Dept. Biol. Montana State Univ. Bozeman MT. (3) Dept. Physiology
UCSF SanFrancisco CA. (4) Dept. Neurosci. UCSD SanDiego CA USA.
What is the role for Nerve growth factor (NGF) in the developing avian retina?
TrkA is expressed by two cell types in the retina: a subtype of amacrine cells and a
subtype of horizontal cells. NGF is expressed only by horizontal cells. During the
period of natural cell death in the INL (El0-El5), TrkA amacrine cells disappear
whereas the TrkA horizontal cells remain. Since horizontal cells produce NGF we
postulated that NGF can locally support horizontal cell survival, and as a
consequence the TrkA amacrine cells which do not get NGF will die. At this period
of development, many cell nuclei in the INL are labeled with TUNEL staining
including the TrkA amacrine cells. To test the postulated hypothesis we injected
NGF or inhibiting antisense NGF oligonucleotides into the developing eye before
the period of death. NGF decreased the number of TUNEL stained nuclei and the
antisense oligo nucleotide increased the number of TUNEL stained nuclei
suggesting that NGF can support the survival of these cells. If NGF was supplied
or inhibited after the period of cell death the morphology of the, TrkA expressing
horizontal cells was distorted. These results suggest that during an early period of
retinal development NGF regulate the number of TrkA expressing cells by
supporting survival and in addition they suggest that NGF is important for the
morphological development of the horizontal cells at a later stage of development.
Methods: In situ hybridization and immunohistochemistry. Intra vitreal injections
in ovo or in an embryo grown in a petri dish. The NGF antisense oligo was
selected from 6 different oligos and its capacity to inhibit NGF synthesis was
determined in vitro. Financial sources: Swedish medical and natural science research
councils and a EU grant BMH 96-0976

S ociety for N euroscience , V olume 2 3 ,1 9 9 7

247.2
BDNF INJECTED N IO RETINAL TARGETS REDUCES DEVELOPMENTAL
GANGLDN CELL DEATH P.O. Rost*!. Y.-T. Ma*. T. Hsjeh*. ME Rubes? O.
Yan? and IE bhreon2. ^Dept Phaim U of MD SchMed, Baltimore MD 21201,
^Dept Neutobio. & Arat BowmaivGay Sch. MecL, WinstCHvSalerrv NC 27157 and
^Arrgpnlr., Thousand Oaks, CA 91320.
Whereas naiotopHns are important for the in viuo survival of immature peripheral
sensay and sympathetic neuters, the action of neixotroplirs as survival factas for
developing CNS neuters is undear. To investigate the rale of taigpt-derived
injected human reoontinant
(BDNF), an in vitro
survivalfactorforROCs,irto the superiorcoificuliB (SO, a targpt of virtually all RGGs in
hamstes. RQCs wereprefabefedbyinjeclkriofdiamtiirc>yeI^iitotheSC critheday
of birth (PO). M hampers were killed on P4 (when the rate of neural ROC death is
geatest), 8 or 20 h post-ii^ectiosn. 20 h after BDNF treatment, there was a 13-15-fold
reduction in the late of RCC pyknosis as oorrpared to vehicle-injected and untreated
oortrcl hamstas, respectively. No significant effect was observed 8 h after BDNF
treatment Cental experiments confirmed that the effect of BDNF was on nomnal
developmental ROC death and not on pyknosis that rri$t have been induced by the
s^ectionof£actorortiaoerittotheSC Weised de^rxhenikiTTresoenoemriiioassay
to makedirect measurements ofBDNFproteinintheretiraeard SC of normal hamsteis
and of BDNF-treated hamsters. Ihesemeastiemerts provided qLantitativedata on the
am ort of BDNF injected into the SC and the amount transported to the retina,
demonstrated that the timecoursecf BDNF transport to RQCs was consistent with the
timecoursecf theieductioninRQC pyknosis and showed that BDNFlevds intheSC fell
rapidly foibwing the injections. Support: N H MH49568 (DOF), EY11127 (JEp,
NS07375 (Y-TM); SRB gait fiomU of MD (DOB.
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247.3
TrkB-MEDIATED BLOCKADE OF RETINAL APOPTOSIS BY NT-4, BDNF
AND INTRARETINAL NEUROTROPHIC FACTORS. M. Nakatani* and
R. Linden. Institute de Biofisica da UFRJ, Rio de Janeiro, 21949-900, Brazil,
e-mail: nakatani@ibccf.biof.ufrj.tff.
Neurotrophins control neuron survival during development of the vertebrate
nervous system through the activation of high affinity receptors of the Trk family
with intrinsic tyrosine kinase activity. The immature ganglion cells of the retina
(RGC) depend for survival on trophic support derived both from the targets of optic
axons and from intra-retinal sources. In this study we tested the effects of either
recombinant neurotrophins or medium conditioned by explants of embryonic chick
retina (ECCM) upon apoptosis of RGC after axotomy, and on cell death induced by
other stimuli upon immature cells of the undifferentiated neuroblastic layer of die
retina. The experiments were made in explants from the retina of newborn rats, kept
for 1-2 days in vitro. The RGC were identified by the retrograde transport of
horseradish peroxidase injected in the superior colliculus. NT-4 (10 ng/ml) rescued
up to 100% of the RGCs from apoptosis, whereas both BDNF (100 ng/ml) and
ECCM rescued up to 10-20% of the RGC. The effects of both NT-4 and BDNF and
of ECCM were blocked by a recombinant soluble form of the TrkB receptor (640
ng/ml). NT-3 (100 ng/ml) had no effect upon RGC survival. Both NT-4 (10 ng/ml)
and ECCM rescued immature cells of the neuroblastic layer from apoptosis induced
by inhibition of proton synthesis. These results suggest that BDNF, NT-4 or other
neurotrophins acting through the high affinity TrkB receptor are involved in the
control of programmed cell death during development of the retina.
(CNPq, FINEP, FAPERJ, Regeneron Pharmaceuticals, Bunka Fund/Sumitomo
Bank)
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247.4
Brain-Derived Neurotrophic Factor Deprivation Induces Selective Cell Death
in the Retina and Brain of the Zebrafish Embryo.
Gerhard Heinrich* and Mivuki Hashimoto. Evans Department of Clinical
Medicine and Research, Boston Medical Center Hospital, Boston, MA 02118
and Department of Medicine, VANCHCS, 150 Muir Road, Martinez, CA 94553.
The bony fishes express neurotrophins and their receptors, the Trks, but
the functions of these molecules in fishes are still poorly understood. In
mammals they regulate the survival of neuron during periods of natural cell
death. We asked whether they have a similar function in teleost fishes which do
not undergo well-defined periods of cell. Platyfish (Xiphophorus) BDNF is
>90% conserved suggesting conservation of its function in cell survival. We
therefore focused on BDNF. Zebrafish BDNF was cloned. It is 93% identical to
mammalian BDNF. Using RT-PCR, BDNF mRNA could be detected by 12 h
post-fertilization (pf), at the onset of axon extension by primary neurons.
To test BDNF function, anti-sense oligonucleotides (ASO) were injected
into the yolk-sac of embryos at 50% epiboly (6 h pf). Surviving embryos were
examined 24 h later. Sense oligos and buffer injections served as controls.
Survival in all groups was similar. ASO to three distinct sites of BDNF mRNA
were tested. In ASO injected but never in control embryos, a sunken lens was
observed. All ASO elicited this phenotype in a dose-dependent manner. ASOl
was most potent and reduced BNDF mRNA by 50%. At the highest dose, 25%
of the embryos had sunken lenses. Toluidine-stained histological sections
revealed pyknotic cells in the retina, the optic tectum, the hindbrain, and spinal
cord. In the retina surviving cells failed to laminate.
These results suggest that BDNF deprivation can be induced in zebrafish
embryos using ASO injected into the yolk sac and that it leads to specific cell
death in the retina and brain. Supported by NS22422, AG10565 and the Evans
Medical Foundation.

247.5
COM BINED EFFECTS OF N EUR O TR O PH IN S A N D
CYTOKINES: WHICH ARE THE BEST NEUROTROPHIC
FACTOR COMBINATIONS FOR MOTONEURONS? V. Padrun*.
D. Hornfeld. N. Deglon. D. Pennica. P. Aebischer and A.D. Zum.
Gene Therapy Center and Surgical Research Division, University
Medical School, 1011 Lausanne, Switzerland; Dpt. Molecular
Biology, Genentech Inc., South San Francisco, CA 94080.
Several neurotrophic factors belonging to distinct families of
proteins and binding to distinct receptor types promote the survival
and/or differentiation of motoneurons in vitro. Combinations of glial
cell line-derived neurotrophic factor (GDNF), and ciliary
neurotrophic factor (CNTF), for instance, have been shown to have
synergistic effects on choline acetyl transferase (ChAT) activity in
motoneuron cultures (Zurn et al., 1996). Analysis o f combined
effects of the neurotrophin NT-4/5 with the cytokines CNTF or
cardiotrophin-1, a recently identified novel motoneuron trophic
factor (Pennica et al., 1996), indicates that combinations of these
factors have very potent effects in this in vitro assay. While
cytokines and NT-4/5 each individually increase ChAT activity 2and 4-fold, respectively, combinations o f the two factors induce a
10-15-fold increase in activity. We are currently evaluating whether
improved rescue of motoneurons is obtained with NT-4/5 and
CNTF or cardiotrophin-1 combinations after facial nerve axotomy in
neonatal rats by using genetically engineered cell lines releasing
these factors. Neurotrophic factor combinations may provide an
ameliorated tool for the treatment of human motoneuron diseases.

247.6

247.7

247.8
NEUROTRANSMITTERS BUT NOT TROPHIC FACTORS RESCUE
STRIATAL NEURONS FROM CELL DEATH IN LOW DENSITY
SERUM-DEPRIVED CULTURES. N.Di Stull* and L. Iacovttti Dept,
of Neurobiology and Anatomy, Allegheny University, Philadelphia, PA.
We have previously shown that striatal neurons established in low density culture
and transferred into a defined serum-free media (DM) within 1 hour of plating will
undergo apoptotic cell death 3-4 days later. Since it was presumed that death resulted
from the lade of trophic factors, we were surprised to discover that cells could be
rescued merely by the addition of the neurotransmitter dopamine (DA; 10/<M) or the
depolarizing agent KC1 (40mM). In the present study, we sought to determine 1) the
mechanism of DA and KQ salvation and 2) whether growth factors can similarly
rescue neurons in this model. Cultures of E13 striatum were established at low density
(50,000 cells/20mm2) on DM. To mimic or block the respective effects of DA and
KQ, cultures were treated with DA receptor agonists or antagonists and ion channel
activators or blockers. We found that the survival effect of DA was blocked by the D2
receptor antagonist spiperone but not the D1 anatgonist SCH-23390 although the D1
and D2 agonists, SKF-38393 and Quinpirole, each mimicked the DA effect.
Surprisingly, the Na+ channel activator, veratridine, did not rescue neurons nor did the
Na+ channel blocker tetrodotoxin block rescue by DA or KQ. Only K+ channel
blockers prevented KQ effects. In contrast to DA and KQ, individual growth factors
(bFGF, BDNF, GDNF, NGF, IGF-1, EGF; l-100ng/ml) were unable to rescue
striatal neurons from cell death. However, DM conditioned 1 day over healthy high
density cultures was equally effective as DA or KQ. These studies demonstrate that
salvation of striatal neurons in low density serum-deprived cultures is mediated via DA
receptors and involves K+ but not NA+ channel activation. Individual growth factors
do not rescue neurons in this model though conditioned media (which may contain a
combination of factors or neurotransmitters) is trophic. Since, in the embryo, neurons
must survive for days before their terminals reach target-derived trophic factors, it is
possible that synaptic activity (ie. neurotransmitters) is more important for the
survival of young neurons than are growth factors. (Supported by NIH NS 32519).

TRIGEMINAL GANGLION NEURONS ARE PROTECTED FROM
DEVELOPMENTAL CELL DEATH IN TRANSGENIC MICE
OVEREXPRESSING NGF. H.Iy F .iguei redo L BM.._Dayisi,. andJCM ,
Albers*. Grad. Center for Toxicology1 and Depts. o f Anatomy &
Neurobiology2and Pathology*, Univ. o f Kentucky College o f Medicine,
Lexington, KY 40536.
Nerve growth factor (NGF) plays a significant role during the
development of sensory neurons. Earlier studies in our laboratory
showed that overexpression o f NGF in skin o f transgenic mice results in
overall hypertrophy o f the peripheral nervous system (Albers et al.,
1994; Davis et al., 1996). On average, these transgenic mice have
approximately double the number of trigeminal ganglion neurons when
compared to their wild-type counterpart (Albers et al., 1994). It remained
to be determined however, whether this increase in cell number was due
to attenuation of developmental cell death (i.e., apoptosis) and/or
stimulation of progenitor cell proliferation by the target-derived NGF. To
address this question, we are determining the number o f apoptotic and
proliferating cells in the trigeminal ganglia o f embryonic (E10.5, 12.5,
14.5, 16.5) and adult NGF transgenic mice versus control. Apoptotic
cell death was determined by the terminal deoxyribonucleotidyl (TdT)
mediated dUTP-digoxigenin nick-end labeling (TUNEL) assay and
cellular proliferation was detected by bromodeoxiuridine (BrdU)
incorporation. Our results indicate that targeted-derived NGF is capable
of rescuing trigeminal ganglia progenitor cells from developmental cell
death, particularly during trigeminal gangliogenesis (E12.5 and 14.5).
Whether the target-derived NGF promotes an increase in the number of
cell proliferation will also be reported. Supported by NIH grants NS 33730
(KMA),
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BDNF IS AN AUTOCRINE/PARACRINE SURVIVAL FACTOR -FOR
AXOTOMIZED ADULT RAT CORTICOSPINAL NEURONS (CSN) IN VIVO.
K. M. Giehl*1. A. Schütte1. N. Pütz1. P. Mestres1, and O. Yan2. 'Department of
Anatomy, University of Saarland, Homburg/Saar; department of Neurobiology,
Amgen Inc., Thousand Oaks.
CSN are an important motor projection into the spinal cord. Axotomy of CSN at
internal capsule level induces degeneration of about half of the CSN which can be
prevented by BDNF, NT-3 or GDNF. Both axotomized and unlesioned CSN
express full length trkB- and trkC-mRNA. We were now examining why half of
CSN survive their axotomy for several weeks even without neurotrophic factor
treatment. The majority of axotomized CSN displays BDNF-immunoreactivity. To
test the hypothesis that endogenous BDNF supports survival of axotomized CSN,
neutralizing BDNF-antibody (RAB) was infused to the area containing Fast Blue
labelled CSN on the lesion side for 7 days. After RAB treatment CSN-survival was
significantly decreased (39+4 % mean survival+s.e.m., n=6) as compared to vehicle
(69±3 %, n=4) or lesion only (53+3 %, n=8). To examine whether exogenously
applied GDNF or NT-3 can prevent this RAB-induced death, they were applied in
combination with RAB. While GDNF in combination with RAB was not able to
reverse RAB-induced CSN-death (51+3 %, n=4), survival of axotomized and RABtreated CSN was significantly increased by NT-3 (69+2 %, n=4). RAB by itself
after being applied to unlesioned CSN did not result in decreased survival (9-7+4 %).
These results show that endogenous BDNF supports survival of axotomized CSN in
an autocrine/paracrine manner. Neurtrglization of cortical BDNF does not, however,
result in death of unlesioned CSN. The survival effects of GDNF reported
previously seem to be mediated via a BDNF pathway. In contrast, the NT-3 effects
on CSN survival were mainly not BDNF mediated.
The neurotrophic factors were generously provided by Amgen Inc. and
Regeneron Pharmaceuticals. Supported by grants from Amgen and the ZFK of the
University of Saarland to KMG and the DFG to KMG and PM.
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247.9
DOSES OF PEPTIDE GROWTH FACTORS WHICH PROMOTE TERMINAL
DIFFERENTIATION OF E13 TO PND1 STRIATAL PROGENITOR CELLS DO
NOT PROMOTE LONG-TERM SURVIVAL.S. Ivkovic. O. Polonskaia, and
M.E.Ehrlich*NYU Medical Ctr.^Depts. Psychiatry and Cell Biology, NY.NY 10016.
Murine striatal medium spiny neurons (MSNs) are bom between E l3 and birth, but
do not achieve a terminally differentiated phenotype until the postnatal period. In 4/5
MSNs, the mature phenotype may be defined by the coordinate expression of the
dopamine-regulated phosphoproteins, DARPP-32 and ARPP-21. Growth factors
(GFs) which mostly bind to different receptors, including BDNF, NT-3, NT-4/5,
NGF, GDNF and bFGF, have been implicated in development and survival of
various components of the nigrostriatal system. To determine whether these GFs act
on subsets of MSNs, we analyzed their effects cm DARPP-32 and ARPP-21 cell
number and protein levels in cultures derived from E13 to postnatal day 1 (PND1)
and exposed to serum for only one hour. BDNF, NT-3, NT-4/5 and bFGF increase
DARPP-32 levels in vitro in high- and low-density cultures after 1 day in vitro
(DIV), but are not equally effective (BDNF>NT-4/5=bFGF>NT-3). NGF and GDNF
appear to be ineffective at all ages at 1DIV. Whereas DARPP-32 is detectable in
vivo at E13, ARPP-21 is not routinely detectable by immunocytochemistry until E1819. These same factors promote expression of ARPP-21 only in E18 and PND1
cultures after 1DIV, or in dense E15 cultures after 4DIV. NGF and GDNF increase
DARPP-32 in E18 cultures after 4DIV. There is a ceiling effect at all ages; however,
sub-maximal doses of the GFs are additive in achieving this ceiling level. The highdensity cultures survived at least 7 DIV without added GFs, whereas the low-density
cultures did not survive beyond 2-3DIV regardless of GF treatment. We conclude
that these GFs promote differentiation in the same subsets of neurons. At all ages,
either alone or in combination at maximal or sub-maximal doses, these GFs do not
promote long-term survival in isolated cells. Supported by NIMH.

247.10

247.11
NEUROTROPHIN-3 PROMOTES THE SURVIVAL OF A
LIMITED SUBPOPULATION OF CUTANEOUS SENSORY
NEURONS. R, A. Qflklçy*JEvBJL çfcprt, and P, frankDepartment of Neurobiology, Univ. of Pittsburgh, Pittsburgh, PA 15261;
Department of Biology, Montana State Univ., Bozeman, MT 59717.
Previous studies in the chick embryo have shown that exogenous
neurotrophin-3 (NT3) is sufficient to promote the differentiation of
muscle spindle afferents even in the absence o f limb muscle targets
(Oakley, et al., J. Neurosci., in press). To determine if NT3 can
promote the differentiation o f this phenotype in sensory neurons with
cutaneous targets, we have analyzed the effects of chronic NT3
treatment on both cutaneous ana muscle sensory neurons that express
trkC, a receptor for NT3.
In normal embryos, retrograde labeling combined with
immunohistochemistry shows that about 75% of large diameter muscle
afferents express trkC, whereas only about 7% o f large diameter
cutaneous afferents express this protein. After chronic treatment with
NT3 (10 }ig/day) during the cell death period (E5-E10), both
populations of trkC+ neurons are increased approximately two-fold.
Because this treatment is known to block cell death in sensory
neurons, these results indicate that NT3 can promote the survival of
both muscle spindle afferents and cutaneous afferents. To examine
the phenotype o f the cutaneous afferents rescued by NT3, we are
analyzing their projections within the spinal cord using
transganglionic labeling from cutaneous nerves. Preliminary results
indicate that NT3 does not alter the overall pattern of spinal
projections. Cutaneous afferents remain confined to the dorsal horn as
m normal embryos and do not project ventrally to motoneurons, as is
typical of trkC+ muscle afferents. These results demonstrate that
although NT3 promotes the differentiation of muscle spindle afferents
in the absence o f peripheral targets, it does not promote the
differentiation o f this phenotype in trkC+ sensory neurons with
cutaneous targets.
Supported by the NIH and the MDA.

247.12
E lim in ation o f BA X fails to rescue the N T -3 null m utant
phenotype. W.D. Snider*1, F.A. White1, PC- M o l l i v i CM Knudspn2,
and S. J. Korsmever^. Department of Neurology, CSNSI1, Department of
Pathology2, and Department of Medicine, HHMI^, Washington University, St.
Louis, MO, 63110.
Studies in NT-3 -/- mice have shown that proprioceptive neurons which innervate
muscle spindles in the periphery and contact motor neurons in spinal cord require NT3 in order to survive past El 1.5. It is likely that NT-3 regulates many other aspects
of development of these neurons. However, this issue cannot be approached in the
NT-3-/- mice because of the early survival requirement of proprioceptive neurons for
NT-3. In order to separate survival from other physiological properties of these
neurons that may be regulated by NT-3, we have crossed NT-3 null mutants with mice
lacking the proapoptosis regulator BAX. Elimination of BAX prevents programmed
cell death in DRGs and allows DRG neurons to survive in vitro in the absence of
neurotrophins. Strikingly, however, introduction of the BAX null mutation into the
NT-3 null mutant line does nM rescue the NT-3 null mutant phenotype. All mice
examined with the double null mutation (n=3) exhibited characteristic pseudoathetosis
due to loss of proprioceptive function and died within one week after birth.
Furthermore, we could not detect any central projections of proprioceptive neurons as
evidenced by lack of parvalbumin-positive axons in the spinal cord. Studies are
underway to determine the extent to which proprioceptors are rescued from apoptosis
in the double mutants. Preliminary results suggest that there are more DRG neurons
in NT-3-/- x BAX-/- mice than in NT-3 -/- mice. Our results suggest that in addition
to requiring NT-3 for survival, proprioceptors depend on NT-3 for development of
normal peripheral and central connections. These observations are consistent with the
profound regulation of axon elongation by NT-3 that we have recently demonstrated in
vitro at early developmental stages (Lentz et al., Soc. Neurosci. Abs., 1997).
Supported by grants from the NINDS.

247.13
EXPRESSING NT-3 IN MUSCLES OF NT-3-/- MICE SELECTIVELY RESCUES
PROPRIOCEPTIVE NEURONS. D.E. Wright*!, j. Kucera* and W.D. Snider*.
'Dept. Anat. & Cell Biol., Univ. of Kansas Med. Ctr., Kansas City, KS, 66160;
2Neurology, Boston Univ. Med. Ctr, Boston, MA, 02130; 3CSNSI, Washington
Univ., St. Louis, MO, 63110.
Neurotrophin-3 (NT-3) is required for the survival of primary sensory neurons that
convey proprioception. Recent studies reveal that during dorsal root ganglia (DRG)
neurogenesis, NT-3 is also required for the generation of the full complement of nonproprioceptive neurons. In accordance with these pleiotropic effects, NT-3 is
synthesized in developing muscle, the target tissue of proprioceptors, and in multiple
locations in proximity to developing sensory ganglia (White et al., 1996; Fariñas et
al., 1996). However, it is. not known which effects are mediated by NT-3 from these
different sources. To investigate this issue, we used transgenic mice that overexpress
NT-3 in muscle (myo/NT-3 mice) to cross with NT-3 null mutant mice, resulting in
mice that express transgenic NT-3 in muscle but lack endogenous NT-3 (myo/NT-3 X
NT-3-/-). The overexpression of NT-3 in muscle (myo/NT-3 mice) results in an
hypertrophied proprioceptive sensory system (Wright et al., 1996; Soc. Neurosci.
Abst. 209.4). In newborn myo/NT-3 X NT-3-/- mice, the proprioceptive system
develops to a remarkable degree in contrast to its absence in the null mutant:
parvalbumin/trkC-expressing neurons that project appropriately to spinal targets and
induce the formation of muscle spindles are present. Thus, NT-3 in muscle appears
competent and sufficient to direct proprioceptive neuron development in the absence of
non-muscle derived NT-3. Strikingly, the effect on proprioceptive neurons does not
extend to non-proprioceptive neurons. DRG number in newborn myo/NT-3 X NT-3/- mice is massively reduced (54%) similar to DRG numbers in NT-3-/- mice (63%),
thus rescuing only 9% more DRG neurons (wt = 9413 ± 278.5 S.E.M.; NT-3-/- =
3550 ± 487.1; myo/NT-3 X NT-3-/- = 4365 ± 216.8). These results suggest that NT3 derived from different sources may differentially affect DRG development. Muscle
derived NT-3 is necessary and sufficient for development of proprioceptive neurons. In
contrast, sources adjacent to or within the ganglion are required for the formation of
the full compliment of non-proprioceptive neurons. Supported by NIH and NSF.

247.14
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N EU R O T R O P H 1N -4/5 PRO M O T E S S U R V IV A L O F G A B A ergic A ND
C A L B IN D IN C O N T A IN IN G N E U R O N S
IN H IPP O C A M PA L FFR TCULTURES.
M . B ischof. B. B ühler, M . M ever. J. S autter. R. Seiler. C.
S penger, +U . W iesm an and H.R . W idm er*. D ept, o f N eurosurgery, and +D ept.
o f P ediatrics, U niversity o f B ern, C H -3012 B ern, Sw itzerland.
The hippocam pus, im portant for acquisition o f m em ory, is affected in various
pathological conditions, e.g. A lzh e im e r’s disease, ischem ia and epilepsy.
G A B A ergic cells represent the m ajor inhibitory class o f intem eurons in the
hippocam pus. A subpopulation is found to express the calcium -binding protein
calbindin. A free floating roller tube (F F R T ) culturing m ethod w as developed in
o rder to test the effects o f neurotrophin-4/5 (N T 4/5). T issue from new born rat
brain w as grow n for 4, 8, 12 and 16 days in vitro (D IV ) in the presence or
absence (controls) o f N T4/5 [10ng/m l]. N T 4/5 treated cultures w ere significantly
larger in volum e but did not differ in G F A P levels, as revealed by W estern blot
analysis. A t D IV 4 w e counted 1750 G A B A ergic and 1850 C B -ir neurons and at
D IV 16 70 and 240, respectively. W e determ ined th at N T -4/5 treatm ent elevated
significantly G A B A ergic and C B -ir cell num bers (3-fold) and cell densities (2fold). W hile G A B A ergic cell densities decreased significantly from D IV4 to
D IV 16, no change w as observed for C B -ir cells. C olocalization done at DIV 12
revealed that 27% o f G A B A ergic cells also contain calbindin in control and 35%
in N T 4/5 treated cultures (35% ). In sum , treatm ent o f hippocam pal FFR T
cultures w ith N T 4/5 prom otes neuronal survival and results in an im proved
tissue quality.

NT4/5 was kindly provided by Regeneron Inc., NY, USA.

FUNCTION OF NT-4/5 IN THE DEVELOPING DORSAL
ROOT GANGLIA.
D.J. Liebl*. L. Klesse and L.F. Parada. Ctr. for Dev.
Biology, UTSW, Dallas, Tx 75235.
Analysis of neuron survival in the developing DRG of
gene targeted neurotrophin mutants has revealed
dependencies for NGF, NT-3, BDNF, but not NT-4/5.
Since BDNF and NT-4/5 are thought to function through a
common high affinity tyrosine kinase receptor (TrkB),
these studies investigate whether BDNF and NT-4/5 have
compensatory roles in survival by evaluating mice
deficient in both these genes. Our data suggest that in
vivo BDNF mutants suffer greater losses in the sensory
neuron population than do NT-4/5 mutants or [BDNF &
NT-4/5] double mutants.
Primary DRG neuron cultures of mutant mice indicate
losses of BDNF responsive neurons. However, we
monitor an increase in DRG cell proliferation in the NT-4/5
background. We are currently studying the nature of this
compensatory effect attributable to NT-4/5. This work was
supported by NIH-NS33199
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247.15
NT-4/5 IN THE ADULT RAT ADRENAL MEDULLA:
PROTECTIVE EFFECTS FOR TARGET-DEPRIVED PRE
GANGLIONIC SPINAL CORD NEURONS.
A. Schober*1. K. Huber1. N. Wolf1. N. Kahane2. C. Kalcheim2. K.
Kriegistein1 and K. Unsicker1. 1Dept. Anatomy & Cell Biology III.
Univ. Heidelberg, D-69120 Heidelberg, Germany, 2Dept Anatomy &
Embryol., Hebrew Univ.-Hadassah Medical School, Jerusalem 91120,
Israel.
We have previously reported that BDNF, NT-3 and NT-4/5 are
synthesized in the adult rat adrenal gland (Suter-Crazzolara et al.,
1996). We show now that NT-4/5, but not BDNF or NT-3 is expressed
by adrenal chromaffin cells. Preganglionic neurons in the spinal cord,
which innervate the adrenal medulla, were identified by retrograde
labeling with FluoroGold. The majority of these neurons express trkB
mRNA. Few preganglionic neurons express trkC. Following
adrenomedullectomy all spinal neurons that are preganglionic to the
adrenal medulla disappear. Implantations of NT-4/5 containing
gelfoams (6p.g/organ) into the medullectomized adrenal gland rescue all
preganglionic neurons. Medullary implantations of cytochrome C or
NT-3 have no effect. We are currently analyzing putative mechanisms
underlying the protective effect of NT-4/5. Our data indicate a potent
trophic role of NT-4/5 for target-deprived preganglionic neurons. In.
addition, our results suggest that NT-4/5 in the adrenal medulla may
have a physiological function in regulating maintenance and
differentiation of preganglionic neurons. Supported by DFG (SFB
317/D4 and Krl477/3-l).

247.17
OVEREXPRESSION OF NERVE GROWTH FACTOR (NGF) IN SKIN
INCREASES SURVIVAL AND RESPONSIVENESS OF NOCICEPTORS.
C.L. Stuckvr . M. Schneider1. M. Koltzenburo1. M. G. Enoel2. K.M. Albers2
and B.M. Davis2. ’Deot. o f Neurology. WUrzbura. Germany & Dept.
Anatomy and Neurobiology, Univ. Kentucky Coll. o f Med., Lexington, KY.

We investigated whether target-derived NGF affects the survival and
function of identified cutaneous sensory neutons in vivo using transgenic
mice that overexpress NGF (NGF-OE) in skin. NGF-OE mice have
hyperinnervation of skin, a 2-fold increase in sensory neurons and increased
sensitivity to noxious stimuli. Using an in vitro skin-nerve preparation and
standard electrophysiological techniques, we analyzed the response
properties of single afferent fibers in the saphenous nerve of NGF-OE mice.
Fibers were characterized by conduction velocity and response properties to
feed-back controlled mechanical and thermal stimuli. Large myelinated lowthreshold fibers were either slowly adapting (SA) or rapidly adapting (RA)
mechanoreceptors. There were no differences in SA or RA fibers in NGF-OE
mice compared to wild type (WT) mice. Thin myelinated fibers were either
A-fiber mechanonociceptors (AM) or D-hair receptors. In WT mice, 65% of
thin myelinated fibers were AM nociceptors and 35% were D-hair receptors.
However, in NGF-OE mice, 97% of thin myelinated fibers were AM
nociceptors (n = 60). As nerve counts revealed a 3-fold increase in
myelinated fibers, the increased percentage of AM nociceptors is not only
due to increased survival of AM fibers, but also suggests a phenotype switch
of D-hair receptors. Furthermore, AM nociceptors in NGF-OE mice were
more responsive to mechanical stimuli compared to WT mice. Unmyelinated
C-fiber nociceptors in NGF-OE mice were more sensitive to thermal stimuli
than C-fibers in WT mice since 96% (n = 25) of C-fibers in NGF-OE mice
responded to heat compared to 41% (n = 17) in WT mice. These data
support the hypothesis that NGF is a critical factor for both the survival and
function of nociceptors. (Supported by DFG, SFB 353).

247.19
DISTRIBUTION OF NEUROTROPHIN-RECEPTORS IN MERKEL
CELLS GROWN IN MONOLAYER CULTURE. Jun Fukuda* and
Shingo Tsukada. Laboratory of Molecular and Cellular Physiology,
Department of Physiology, National Defense Medical School,
Tokorozawa, Saitama 359, Japan.
Merkel Cells, sensory cells in the skin that transmit signal of
pressure to the primary sensory nerve fibers, are recently cultured in
monolayer in serum-free medium. We report that the Merkel cells that
undergo apoptosis in the medium are rescued by addition of
neurotrophins, and that this rescue is likely to be mediated by signal
transduction via neurotrophin-receptor proteins in the cells. Merkel cells
were isolated from whisker follicles o f new-born rats and were grown
on coverslips coated with poly-Z,-lysine. Viable Merkel cells were
identified by uptake of quinacrine that emits fluorescence by UV light.
Merkel cells were immunohistologically identified by staining against
chromogranin A, neuron specific enolase or neurofilament. During
culture Merkel cells underwent apoptotic cell death, as nuclei of dead
Merkel cells were stained with the TUNEL method. NT-3 increased the
number of viable Merkel cells and simultaneously reduced the number
of TUNEL-stained cells. NGF, BDNF, CNTF, bFGF or EGF showed
no protective effects. Immunostaining of Merkel cells in culture showed
the presence of p75, low-affinity neurotrophin receptor, and trkC. Some
cells were positively stained against trkA, while little cells were stained
against trkB. Altogether, it is likely that Merkel cells that transmit
sensory signals to the nerve fibers are also regulated by them by means
of releasing some neurotrophins.
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247.16
COMPLETE SEGREGATION OF LUMBAR DERMATOMES IN MICE
OVEREXPRESSING NT3 IN THE SKIN. A.M. Ritter*. K.A. Albers. B.M.
Davis and H.R. Koerber. Dept. Neurobiology, U. of Pittsburgh, Pittsburgh,
PA 15217 and Depts. Anatomy, Neurobiology and Pathology, U. of Kentucky,
Lexington, KY 40536.
Adult mice were anesthetized with ketamine and xylazine (90 and
lOmg/kg). A laminectomy was performed to expose the lumbosacral spinal
cord and dorsal roots. Individual dorsal roots were isolated, cut near the dorsal
root entry zone and placed on bipolar platinum hook electrodes. Each
dermatome was mapped using hand-held probes and brushes applied to the
skin while viewing though a dissecting microscope. Responses to light-tactile
stimuli were amplified and played though an audio monitor. The boundaries
of individual hindlimb dermatomes were mapped in transgenic mice
overexpressing NT3 in the skin, (n = 5), wildtype litter mates (n = 2) and a
wildtype mouse of a different strain (Swiss Webster, n = 1). In controls, the
peripheral innervation patterns were similar to those shown for all other
species studied. Specifically, the trajectory of the hindlimb dermatome moves
distally onto the limb encompassing preaxial skin and returns to a proximal
location following postaxial skin, and, as expected, there was extensive
overlap between adjacent dermatomes. In transgenic animals, trajectories of
dermatomes were grossly the same as controls: however, adjacent
dermatomes did not overlap, but cleanly abutted each other, thereby
resembling peripheral nerves in their skin innervation patterns. When afferents
initially innervate the skin, fibers from adjacent roots do not occupy
overlapping fields (Mimics and Koerber, 1995), but they must eventually do
so in order to produce the normal adult pattern. We demonstrate here that
excess NT3 in the skin disrupts the formation of this pattern, perhaps by
stabilizing the terminals of low threshold afferents, or by disrupting normal
signaling that allows afferents to establish territories. Supported by NS23725
(HRK); NS31826 (BMD).

247.18
MERKEL CELLS ARE LOST POSTNATALLY IN MICE LACKING THE
NEUROTROPHIN RECEPTOR p75 BUT SLOWLY ADAPTING
MECHANORECEPTORS ARE NORMAL. I. Bemmann. C.L. Stuckv. K. V.
Tovka & M. Koftzenburo*. Dept, of Neurology, WOrzburg, Germany.
Merkel cells are the end organs of slowly adapting low threshold
mechanoreceptors. We examined the postnatal development of Merkel cells
in the skin of mice which lack the low-affinity neurotrophin receptor p75 (p75/- mice). The fluorescent vital dye quinacrine was used to visualize and
count the number of Merkel cells in the touch dome complexes of back skin
from p75-/- mice. In wild type (WT) mice, there was a small but significant
loss (36%) in the number of Merkel cells per cm2 from 2 weeks (234 ± 38;
Mean ± SEM) to 2 months (149 ± 16), but there was no further loss at 6
months (123 ± 16.5). However, in p75-/- mice, there was a 98% loss in the
number of Merkel cells per cm2 from 2 weeks (197 ± 26) to 2 months (4.8 ±
1.9) and a further loss at 6 months (2.3 ± 0.5). Using standard
neurophysiological techniques we recorded from single primary afferent
fibres in the sural nerve of p75-/- and WT mice to examine whether the
functional properties of slowly adapting mechanoreceptors were affected by
the loss of Merkel cells. Fibers were characterized by conduction velocity
and response properties to feed-back controlled mechanical stimuli. Large
myelinated fibers (Af3) were either slowly adapting (SA) or rapidly adapting
(RA) mechanoreceptors. In adult4/VT mice, 40% of Aj3 fibers were SA. In
contrast to the postnatal loss of Merkel cells in p75-/-mice, there was no loss
in SA fibers in p75-/- mice since 41% of Ap fibers were SA at 2 weeks and
39% of A0 fibers were SA at 6 months. Furthermore, the mechanical
response properties of SA fibers in p75-/- mice at both 2 weeks and 6
months were not different from SA fibers in adult WT mice. Thus, neither the
survival nor the mechanical response properties of SA fibers depend on the
presence of Merkel cells (Supported by DFG, SFB 353).

247.20
CUTA N EO U S O V E R EX PRESSIO N OF N T -3 R E SC U E S
M ERKEL CELLS AND SEN SO R Y N E UR O N S IN N T -3
KNOCKOUT M ICE. R.F. Krimm*. B.M. Davis, and K.M. Albers.
Depts of Anatomy and Neurobiology and Pathology, Univ. of
Kentucky Sch. o f Med., Lexington, KY 40536.
Neurotrophin-3 (NT-3) is essential for the survival of primary sensory
neurons mediating mechanoreception ,and their end-organs, touchdomes and associated Merkel cells. Specifically, Merkel cells together
with their innervation are lost during postnatal development in NT-3
deficient mice (Airaksinen et al., 1996). The developmental timing of
this loss suggests that target-derived NT-3 may be particularly important
in the maintenance of this selected population o f sensoiy neurons and
their Merkel cell end-organs. Furthermore, overexpression of NT-3 in
skin results in an increase in the number of Merkel cells, enlarged touch
domes and increased sensory innervation, demonstrating that targetderived NT-3 profoundly influences the development of specific
sensory receptors and their innervating neurons (Albers et al., 1996).
The purpose of this study is to determine whether target-derived NT-3 is
sufficient to maintain Merkel cells and their sensory innervation when
endogenous NT-3 is reduced or absent. To test this hypothesis gene
knockout mice lacking NT-3 gene were genetically crossed with mice
that overexpress NT-3 in skin. Preliminary results indicate that similar
to NT-3 overexpressers, mice heterozygous for the NT-3 knockout gene
that also overexpress NT-3 in skin have increased numbers of Merkel
cells, enlarged touch-domes, and greater sensory innervation. Thus,
target-derived NT-3 is particularly important in maintaining
mechanoreceptors and their sensory innervation.
Supported by NS 31826 and NS 33730.
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248.1
G l ia l c e l l l in e - d e r iv e d n e u r o t r o p h ic f a c t o r (G D N F ) is a n e u r o t r o p h ic
FACTOR FOR RETINAL GANGLION CELLS IN ADULT RATS J. Wang, and Q. Yan*

Dept Neuroscience, Amgen, Inc. Thousand Oaks, CA 01320
Adult retinal ganglion cells (RGC) undergo degeneration after optic
nerve transaction.
Studies have shown that exogenously applied
neurotrophic factor such as brain-derived neurotrophic factor (BDNF) can
attenuate the axotomy-induced RGC death. Here we examine if GDNF, a
known neurotrophic factor for dopaminergic neurons and motoneurons,
can provide neurotrophic support to RGC in adult rats.
First, we examined if RGC retrogradely transport GDNF from their
target. 125I-GDNF was injected into the superior colliculus of adult rats. The
radioactivity of each eye was measured in a y-counter and then processed
for emulsion autoradiogram. 125I-GDNF was retrogradely transported to
the contralateral eyes but not to the ipsilateral eyes. The transportation of
125I-GDNF could be blocked by co-injection of excess unlabeled GDNF
indicating that it was receptor mediated. Emulsion autoradiogram showed
that the radioactivity was accumulated in the RGC layer and optic nerve.
Second, we asked if intravitrously applied GDNF could prevent axotomyinduced RGC degeneration. The RGC were prelabeled with Fluorogold
(FG)-soaked Gelfoam applied to the surface of the superior colliculus for 7
days. Intraorbital unilateral optic nerve transection was performed (day 0)
and l(il or 5 (il of GDNF, BDNF (positive control), cytochrome c (negative
control) or GDNF/BDNF combination (1 mg/ml) was injected intravitrously
on day 0 and day 7. Whole mount retinas were prepared on day 14.
Photographs were taken at 1, 2, 3 mm away from the optic disc of each
quadrant. The surviving FG labeled RGC were blindly counted from these
12 areas. We found that, similar to BDNF, GDNF could significantly
attenuate the degeneration of RGC in a dose-dependent fashion.
Furthermore, the combination treatment of GDNF and BDNF showed a
better protection than either factor used individually.
Supported by Amgen, Inc.

248.2
THE PREVENTION OF NOISE-INDUCED DEAFNESS WITH GROWTH
FACTORS: GDNF, BDNF, NT-3. *F. Shoii. 'T. Yamasoba. 'J.M. Miller. 'R.A.
Altschuler, ‘j. Schacht*. 2JC. Louis, and 2E. Magal. 'Kresge Hearing Research
Institute, University of Michigan, Ann Arbor, MI 48109-0506 and department of
Neuroscience, Amgen Inc., Thousand Oaks, CA 91320.
Recently Magal et al. (1997) have demonstrated that GDNF (glial-derived
neurotrophic factor) may reduce deafness due to sensory cell loss following
ototoxic drug administration. This investigation extends that work by examining
the effects of different concentrations of GDNF and a combination of BDNF and
NT-3 in preventing sensory cell damage from high intensity noise. Beginning three
days prior to noise exposure different concentrations GDNF (10 pg/ml to 1 jxg/ml)
or BDNF & NT-3 (10 ng/ml to 1 mg/ml) or artificial perilymph (AP) were
administered at 0.5 ^l/hr, via a microcannula in the scala tympani attached to a
mini-osmotic pump. Subjects were exposed to 4 kHz octave band noise, at 115 dB,
for 5 hours. Auditory evoked brainstem response thresholds were measured
following surgery, prior to noise exposure, and 7 days following noise exposure.
At this time subjects were sacrificed and hair cells assessed. The data indicate a
dose dependent protection of hair cells from noise-induced deafness, with smaller
electrophysiological threshold shifts observed in subjects treated with 10 and 100
ng/ml GDNF and the reverse effect (treated ear worse) at 1 jj.g/ml GDNF. Similar
observations were made with the combination of BDNF and NT-3, with protection
at 1 and 10 p.g/ml for this combination. Initial cytocochleograms are consistent
with electrophysiological findings with reduced sensory cell destruction in those
ears demonstrating the smaller noise induced threshold shift. The protective
effects may be somewhat greater with GDNF. These observations provide promise
of an effective treatment for the prevention of sensory cell death by the
environmental stress factor noise.
This work is partially supported by AMGEN and NIH DC00274.

248.3
GDNF PROTECTS AUDITORY NEURONS FROM DEGENERATION
FOLLOWING NOISE-INDUCED DEAFNESS. *U. Pirvola. 'j. Ylikoski. 'P.
Suvanto. *X-0 Liang. 'j. Virkkala. 2R.A. Altschuler. 2J.M. Miller*. 3E. Magal and
'M. Saarma. 'institute of Biotechnology, University of Helsinki, P.O. Box 56,
Viikinkaari 9, FIN-0014 Helsinki, Finland; 2Kresge Hearing Research Institute,
1301 E. Ann St., University of Michigan, Ann Arbor, MI 48109-0506 and
^Department of Neuroscience, Amgen Inc., Thousand Oaks, CA 91320.
Degeneration of the auditory nerve, which normally occurs following lesion of
the inner ear primary sensory cells, can be prevented by neurotrophin 3 (NT-3)
(Ernfors et al., 1996; Staecker et al., 1996). In this study we examine the presence
of glial derived neurotrophic factor (GDNF) and its receptor in the inner ear, the
effectiveness of this agent to promote survival of cochlear neurons in vitro, and its
influence on cell survival following deafness in vivo. We observed expression of
GDNF in inner hair cells of neonatal and mature rat cochleae, and of the alpha
subunit of the receptor in spiral ganglion cells. GDNF was a potent survival
promoting factor for.cochlear neurons in vitro. In vivo studies in adult guinea pigs
showed that chronic infusion of human recombinant GDNF, following noiseinduced destruction of the organ of Corti, rescued cochlear neurons from secondary
degeneration in the region of the lesion. These data suggest that GDNF is a
potential candidate for preventing auditory nerve degeneration which may be of
significant benefit for severe and profoundly deaf patients who are candidates for
cochlear implantation.
This work was supported in part by Academy of Finland, Amgen, and NIH
DC00274.

248.4
GDNF PROTECTS HAIR CELLS FROM OTOTOXIC DRUGS. ‘JM Miller. *RA
Altschuler. *Y Raphael, ‘J Kaufman. *D Prieskorn. 2F. Collins. 2R. Kuang*. 2J-C.
Louis and 2E. Magal. 'Kresge Hearing Research Institute, University of Michigan,
Ann Arbor, MI 48109-0506 and 2Department of Neuroscience, Amgen Inc.,
Thousand Oaks, CA 91320.
Glial derived neurotrophic factor (GDNF) has been demonstrated as a survival
factor for neurons in brain and spinal cord. GDNF is expressed in the inner ear
(Ylikowski et al, 1997). Recent in vitro studies showed GDNF protects hair cells
from cis-platinum ototoxicity (Magal et al, 1996). The present study examined if
GDNF application (pre- or post ototoxic treatment with systemic kanamycin (150
mg/kg) and ethacrynic acid (40 mg/kg) would enhance hair cell protection in vivo.
Three groups of guinea pigs received pretreatment with 50 ng/ml or 10 ng/ml
GDNF or artificial perilymph, delivered unilaterally at 0.5 p.l/hr via a mini-osmotic
pump into scala tympani, 3 days prior to deafening. Three additional groups
received treatments begun at the time of deafening. Hair cells were counted in
treated and untreated ears and compared in each animal. Variability was seen in
the extent of ototoxic drug induced hair cell damage. When the ototoxic treatment
induced large inner and outer hair cell loss or minimal hair cell loss, there was no
significant difference between treated and untreated ears. In animals with 10-50%
outer hair cell loss, enhancement of hair cell survival was often observed on the
treated side, greatest in subjects which received pre-treatment with 10 ng/ml
GDNF. In these subjects there was a significant, almost two-fold enhancement of
outer hair cell survival. These results provide evidence that GDNF may be an
effective agent for protecting hair cells from drug induced deafness.
This work is supported in part by AMGEN and NIH DC00274.

248.5
GDNF ENHANCES SURVIVAL OF AUDITORY NEURONS FOLLOWING
DRUG INDUCED DEAFNESS. 'R.A. Altschuler. *J.M. Miller. 'A. Mitchell. ’P.
Finger. 'S. Bledsoe*. 2J-C. Louis and 2E, Magal. ‘Kresge Hearing Research
Institute, University of Michigan, Ann Arbor, MI 48109-0506 and 2Department
of Neuroscience, Amgen Inc., Thousand Oaks, CA 91320.
Auditory nerve cell bodies die following loss of primary sensory cells (inner
hair cells), perhaps through apoptosis. Direct electrical stimulation (e.g.
Lousteau et al, 1987, Hartshorn et al, 1991, Leake et al, 1992) or infusion of the
trophic factors NT3 and BDNF enhances auditory nerve survival following inner
hair cell loss (e.g. Ernfors et al, 1996; Miller et al, 1997; Staecker et al, 1996;
Green et al, 1996). Glial derived neurotrophic factor (GDNF) is a potent survival
factor in several brain regions and its expression in inner hair cells has recently
been shown (Ylikowski et al, 1997). We therefore investigated whether GDNF
would enhance auditory nerve survival after inner hair cell loss from
kanamycin/ethacrynic acid deafening. Deafened guinea pigs received chronic
infusion via a mini-osmotic pump with the cannula into scala tympani. GDNF at
10 ng/ml, 50 ng/ml or artificial perilymph (AP) was unilaterally delivered at 0.5
jLtl/hr for 26 days, starting 3 days after deafening. The group receiving 10 ng/ml
GDNF following deafening showed 25 % enhanced auditory neuron survival
compared to untreated ears, comparable to what we previously observed with
NT3. The group receiving 50 ng/ml had an 11% enhancement on the treated
side. GDNF is therefore quite effective at enhancing auditory nerve survival after
deafness.
This work is supported in part by AMGEN and NIH DC00274.

248.6
GDNF IS A TROPHIC FACTOR FOR THE NEUROTROPHIN
INDEPENDENT POPULATION OF ADULT SENSORY NEURONS. D.L.H.

S ociety for N euroscience , V olume 2 3 ,1 9 9 7

1. Dept. Physiol., UMDS, London, SE1 7EH 2. Dept. Anatomy, QMW, London,
E14NS UK
In the adult animal, a third of spinal sensory neurons express neither the p75
receptor nor any known trk receptor and it is not known what trophic
requirements these cells possess. Most of the ‘trk-less’ sensory neurons are of
small diameter and can be identified by the binding of the lectin IB4 and the
expression of the enzyme TMP.
To test the trophic requirements of these neurons in vivo, animals underwent 2
week sciatic axotomy combined with either no treatment (n=9), an intrathecal
infusion of GDNF (I2^g/day in saline, rat serum albumin 1mg/ml, n=8) or an
intrathecal infusion of NGF (12jig/day in saline with rat serum albumin 1mg/ml,
n=8). The sciatic nerve of four animals from each group-was injected with 4 jal of
the transganglionic tracer CTB two days prior to perfusion, to selectively label Afibre terminations within the dorsal horn of the spinal cord.
Sciatic axotomy resulted in marked phenotypic changes in this population of
sensory neurons including a reduction in the expression of TMP, reduced IB4
binding and somatostatin expression (p<0.05, n=5). There was also a significant
reduction in TMP activity and IB4 binding within the sciatic territory of the
dorsal horn of the spinal cord as determined by image analysis (p<0.01, n=5).
Intrathecal GDNF could completely prevent these changes whilst NGF had either
no or only a partial effect. The rescue of these neurons by GDNF could also
prevent the sprouting of A fibres into lamina II of the dorsal horn that normally
occurs following axotomy. GDNF therefore has a novel protective effect on this
group of sensory neurons and may be efficacious in the treatment of peripheral
neuropathy. Supported by the MRC.
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BEH AVIORAL A ND CELLULAR PROTECTION OF RAT
DOPAMINERGIC (DA) NEURONS ELICITED B Y A GDNF
ADENOVIRAL VECTOR (AdY D.L. Choi-Lundherg*. O, Lin1. L.
Bardwaj1, J. Qian1, B.L. Davidson2, T. Schallert3, D. Crippens3. Y .-N .
Chang4. Y.L. Chiang4. and M.C. Bohn1. l *U. Rochester, NY 14642,
2U. Iowa Coll. Med... Iowa City, IO 52242, 3U. Texas, Austin, TX
78712,4Genetic Therapy. Inc./Novartis, Gaithersburg, MD 20878.
GDNF supports the survival and function of DA neurons in animal
models of Parkinson’s disease (PD). We sought to determine if in vivo
GDNF gene therapy directed to the terminals of DA neurons of adult rats
would protect the nigrostrialal system from progressive degeneration. Ad
GDNF or control treatment (Ad mGDNF, encoding a biologically inactive
mutant, Ad lacZ, vehicle, or no injection) was introduced unilaterally into
striatum, and fluorogold (FG) was infused bilaterally. 7 days later, 6-OHDA
was injected unilaterally at one FG site. Ad GDNF prevented amphetamineinduced rotation, limb use asymmetries during spontaneous movements
along vertical surfaces, and reduced impairment of the contralateral
forelimb for independent movement involving weight-shifts. Cell counts at
42 days revealed that 36% of FG+ DA neurons had degenerated in Ad
GDNF treated rats compared to 60-70% in controls. At 1 and 7 weeks, 14
and 11 ng of GDNF protein, respectively, were present in striatum; 25 pg
was detected in SN at 1 week, due to retrograde transport of vector and/or
transgene protein. These studies demonstrate that an increased level of
biosynthesized GDNF in the terminal region of DA neurons slows or
prevents the degeneration of DA neurons in a rat model of PD, suggesting a
potential application of GDNF gene therapy to PD. Supported by
GTI/Novartis, NIH NS 31957, the Carver Foundation, and Texas Advanced
Research Program.
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248.8
GLIAL OVEREXPRESSION OF GNDF PROTECTS FACIAL MOTONEURONS
AGAINST AXOTOMY-INDUCED CELL DEATH. C.R. Keller-Peck*. A.Sh.
Parsadanian. L. Zhou, and W.D. Snider, CSNSI, Dept, of Neurology, Washington
Univ. Sch. of Medicine, St. Louis, MO 63110.
GDNF, the prototype of a recently-identified family of molecules within the
TGF-P superfamily, has a variety of functions in the CNS, including regulation of
motor neuron survival during development. However, a full understanding of the
functions of GDNF related to CNS development has been hindered by the fact that
GDNF-/- mice are not viable past PN-1. In order to explore further the role of GDNF
related to CNS development, we generated transgenic mice overexpressing GDNF
under the control of the GFAP promoter (GFAP-mGDNF mice). The GFAP promoter
was chosen because many lines of evidence suggest that astrocytes may be particularly
important to survival and maintenance of CNS neurons. Transgenic founders were
obtained and analyzed by Southern blot and in situ hybridization. Line 8935 shows
high expression of the transgene in subpopulations of astrocytes throughout the
brainstem, cerebral cortex, hippocampus and spinal cord. In order to test whether
GDNF synthesized by astrocytes can support neuronal survival, we unilaterally
transected the facial nerve of neonatal wild type and GFAP-mGDNF mice. Facial
motor neurons invariably die after this procedure in wild type mice and this death is
prevented by GDNF applied peripherally to the transected nerve. In GFAP-mGDNF
mice, more than 50% of facial motoneurons survive 7 days after axotomy.
Importantly, normal motor neuron morphology was preserved as the somata of
surviving motoneurons were roughly comparable to unoperated controls. Whether
motor neurons can be supported for longer periods and whether motor axons can
regenerate under these conditions is under study. Our results show that GDNF
expressed by astrocytes supports neuronal survival after injury in vivo. We suggest
that targeting neurotrophic factor transgenes to astrocytes will provide valuable
insights into the role of astrocytes in supporting the survival and maintenance of CNS
neurons. Supported by NIH.

2 4 8 .9 '
TIME COURSE AND PROTEIN SYNTHESIS REQUIREMENT FOR GDNF
PROTECTION AGAINST 6-OHDA NEUROTOXICITY.
P.M. Gash*.
W. Cass. K. Smoot and C.M, Kearns. Dept, of Anatomy and Neurobiology,
University of Kentucky Medical Center, Lexington, KY 40536 USA.
To follow up on the initial reports of neuroprotective activities by glial cell
line-derived neurotrophic factor (GDNF, Amgen, Thousand Oaks, CA), we
have conducted a series of experiments using Fischer 344 rats to better
characterize the effects of GDNF on substantia nigra dopamine neurons
exposed to 6-OHDA toxicity. The present study had three specific aims;
1) evaluate the effects of varying the time interval between GDNF
administration and a 6-OHDA lesion, 2) evaluate preservation of neuronal
function following 6-OHDA toxicity, and 3) determine whether protein
synthesis is necessary for the neuroprotective effects of GDNF. The results
demonstrated that the timing between GDNF administration and exposure to
6-OHDA was critical. GDNF treatment six hours prior to a intranigral
injection of 6-OHDA provided complete protection as measured by surviving
neurons in adult rats. The surviving neuronal population decreased to
approximately 50% with 12 and 24 hours separating GDNF and 6-OHDA
administrations. No significant effect on survival was seen with either
concurrent injections or one hour GDNF pretreatment. Compared to vehicle
recipients, midbrain dopamine levels were 150% higher in animals receiving
GDNF six hours prior to a 6-OHDA lesion. Cyclohexamide, which inhibits
protein synthesis, blocked the protective effects of GDNF. Supported by:
NIH grants NS35642 and AG 13325.

2 48.10
FGF-2 PROTECTION OF HIPPOCAMPAL NEURONS FROM
EXCITOTOXIC CELL DEATH IS PARTIALLY MEDIATED BY
GDNF. Th. Lenhard. K. Unsicker and C. Suter-Crazzolara*. Dept, of
Anatomy and Cell Biology, Univ. of Heidelberg, INF 307, D-69120
Heidelberg, Germany.
FGF-2 has been described as a factor which can protect hippocampal
neurons from glutamate induced cell death in vitro. The mechanisms
underlying this protective effect are not well understood. It has been
suggested that, amongst others, calcium-binding proteins (such as calretinin
or calbindin) may be involved in this process. We present competitive RTPCR data which reveal that, in hippocampal neurons, FGF-2 indeed induces
calbindin-expression, whereas calretinin or super-oxide dismutase expression
are unaffected.
GDNF is a novel member of the TGF-B superfamily, also involved in
neurotrophic actions. Our data reveal that FGF-2 can induce both the GDNF
and GDNFR-a mRNAs in primary cultures of hippocampalneurons. c-RET
mRNA levels are not induced. To investigate whether protective effects of
FGF-2 are mediated by GDNF, we have applied an antibody which blocks
GDNF action. This antibody can abolish the neuroprotective capabilitiy of
FGF-2 after glutamate treatment Interestingly, GDNF alone do not protect
significantly hippocampal neurons from glutamate induced cell death.
Neither can GDNF induce calbindin mRNA levels. Our data suggest that
induction of GDNF mRNA levels by FGF-2 is essential, but not sufficient for
neuroprotectivity.
Supported by Graduate Programme in Molecular and Cellular Neurobiology
and Eu Biomed-2

248.11

248.12
N eurturin prevents delayed degeneration of nigral dopaminergic
neurons following axon terminal lesion induced by intrastriatal 6hydroxydopamine
C.
Rosenblad1*. D. Kirik1. R. Klein2 E.M. Johnson3, J, Milbrandt4. H.S,
Phillips2, and A. Bjòrklund^. *Wallenberg Neuroscience Center, University of Lund,
22362 Lund, SWEDEN,2Dept. of Neuroscience, Genentech, Inc., South San
Francisco, Ca 94080, ^Dept of Pharmacology and ^D.ept. of Pathology, Washington
University School of Medicine, St. Louis, MO 63110.
A second member of the GDNF family, Neurturin (NTN) has recently been cloned
and found to increase survival in sympathetic neurons in neonatal rats (Kotzbauer et
al, Nature (1996), 384:467-470). Analysis of the expression of NTN and its receptor
show that both are expressed in the developing and adult nigrostriatal system.
Here we investigated the effects of intracerebral administration of NTNon the
delayed cell death of dopamine neurons in the substantia nigra (SN) following 6hydroxydopamine (6-OHDA) lesions of the terminals in the striatum. Flourescent
retrograde tracer (FG) was injected bilaterally into the striatum, followed one week
later by a terminal 6-OHDA lesion . Starting on the day of lesion NTN (5pg) or
vehicle (ImM HC1) was injected above the substantia nigra every third day for three
weeks. In the vehicle injected controls, FG labeled neurons in the SN were reduced by
65% while the NTN injected group showed a complete protection (104% of
contralateral side). Analysis of the number of TH positive neurons showed a reduction
to 47% of the contralateral side in the vehicle group compared to 63% in the NTN
injected group. The number of FG/TH double labelled neurons in the SN on the
lesioned side was reduced to 54% and 58% of all FG+ neurons for the vehicle and
NTN treated groups respectively. On the lesioned side the corresponding values were
80% and 79% indicating that NTN treatment does not reverse the lesion induced down
regulation of TH in either the spared or the rescued lesioned nigral neurons.
Thus, a continuous supply of NTN over three weeks following terminal 6-OHDA
lesion gives complete rescue of the SN neurons and we therefore conclude that NTN is
a potent neurotrophic factor for adult lesioned dopaminergic neurons in vivo.

NEUROPROTECTIVE TGFp-FAMILY NEUROTROPHIC FACTORS: A
COMPARISON OF GDNF, NODAL, CARDITROPIN-1 & NEURTURIN
of Neuropathology, Neurology, and Neuroscience, Johns Hopkins Univ., Baltimore
MD, 21287.
Multiple neurotrophic factors have been demonstrated to promote motor neuron
survival in the developing nervous system and to prevent, or at least delay,
neuronal degeneration. Excitotoxicity can acutely or chronically produce motor
neuron degeneration. Studies in patients and in vitro suggest that chronic
excitotoxicity may contribute to neuronal degeneration in amyotrophic lateral
sclerosis. Chronic excitotoxicity, following loss of glutamate transport, can be
modeled in vitro, and can produce slow motor neuron degeneration. This system
has been used as a preclinical screen to evaluate potential neuroprotective
agents; for example, riluzole, IGF-1 and gabapentin were protective, while CNTF
and BDNF failed to protect against chronic motor neuron degeneration, similar to
clinical trial results of these agents. The TGF(3 family of neurotrophic factors have
also been shown to be protective in acute neuronal injury paradigms. In the current
study we have analyzed new members of this growing family of putative
neurotrophic factors including GDNF, cardiotropin-1 (CT-1), nodal, and neurturin.
Motor neurons were routinely quantified in organotypic or dissociated spinal cord
cultures by counting SMI-32 positive ventral horn neurons and/or by Islet-1
immunoreactivity. Drugs were studied at dose ranges between 0.1 to 10 ng/ml for
4 weeks in vitro. In this system, a stable population of motor neurons
(approximately 20 motor neurons/culture) were present for more than six weeks
in vitro. GDNF reliably provided protection against chronic excitotoxicity, at doses
up to 10 ng/ml, in organotypic cultures. Comparative data on CT-1, nodal and
neurturin will be presented. These studies can be used as one measure to provide
pre-clinical data on potential neuroprotective agents for use in ALS.
(N IH , MDA, ALSA)
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248.13
DOSE-RESPONSE RELATIONSHIP FOR PROTECTION OF STRIATAL
NEURONS IN AN EXCITOTOXIC MODEL OF HUNTINGTON DISEASE BY
AN ANALOG OF CILIARY NEUROTROPHIC FACTOR. k.D. Anderson*.
A.D. Springer. T.L. Corcoran. P. Ge. J.D. Murray. S.J. Wieaand and
R.M. Lindsav. Regeneron Pharmaceuticals, Inc., Tarrytown, NY
1 0591
Intracerebral administration of the CNTF analog Axokine (A x1)
protects striatal neurons in adult rats exposed to an acute,
intrastriatal injection of the NMDA receptor agonist quinolinic acid
(QA). To determine the dose-response relationship for the
neuroprotective y effect of Ax1, we used an acute QA model and
measured neuron survival in the stratum after treatment with
various doses of Ax1. Adult rats received single, daily, intrastriatal
injections of Ax1 for 3 days (dose range: 0.003 to 2.0 |jg/day)
before injection of CA (50 nmol). One week later, brains were
processed for immunohistochemical staining of the neuron-specific
marker, NeuN. Survival of striatal neurons was quantified in
coronal sections by computerized image analysis of the total crosssectional area occupied by neurons within the lesion boundary.
Groups treated with Ax1 at doses of 25, 50, 100 or 400 ng/day
displayed marked survival of striatal neurons, which was
comparable in all 4 groups (mean percent survival ± SEM: 60-70 ±
5-11), and which was significantly greater (p<0.05) than in the
vehicle-treated control group (33 ± 7). Neuron survival was not
enhanced at lower doses of Ax1 (3 and 10 ng/day), or at the highest
dose of Ax1 tested (2 pg/day). These results demonstrate that Ax1
provides a neuroprotective effect at much lower doses than firs t
reported.
(Supported by Regeneron Pharmaceuticals, Inc.)

248.14
CNTF IS REQUIRED FOR DENERVATION-INDUÓED SPROUT
FORMATION AT THE NEUROMUSCULAR JUNCTION.
S.G.
Siegel and A.W. English. Department of Anatomy & Cell Biology,
Emory University, Atíanta, GA, 30322
The role of CNTF has been investigated extensively by application
of this factor to a variety of types of neurons in vitro, in vivo, and in
ovo. These studies have provided useful information about the
potential capabilities of CNTF, but do not describe its normal function.
This issue can be addressed using techniques which prevent the in
vivo activity of CNTF or by using animals that do not express the
protein. Since CNTF can induce the formation of sprouts at the
neuromuscular junction, we used mutant mice that lack the gene for
CNTF to test the hypothesis that CNTF is an endogenous sprouting
factor. A partial denervation was produced in these animals b y
transection of one of the nerve branches to the lateral gastrocnemius
muscle. This partial denervation results in a significant sprouting
response at the remaining intact neurons in normal animals. Using
immunohistochemical analysis, we did not detect denervation-induced
sprouting in mice lacking CNTF. When exogenous CNTF was
administered to a second group of mutant mice following the partial
denervation, they mounted a normal robust response. These results
are consistent with the hypothesis that CNTF is a critical factor in the
process of sprout formation after partial denervation injury, and that
the normal function of CNTF may be to elicit a response to neuronal
injury.
This work was supported in part by the Foundation for Physical
Therapy
Mutant mice and CNTF were provided generously by Regeneron
Pharmaceuticals, Inc., Tarrytown, NY.

248.15
HIPPOCAMPAL NEURODEGENERATION IN CSF-1 DEFICIE
op/op MICE:
RESPONSE TO THE HIPPOCAMPAL NEUROTOXICANT - TRiMETHYLTIN.
A. Bruccoleri. H. Brown, and G. J. Harry*. Neurotoxicology Workgroup, Lab. of
Toxicology, NIEHS, RTP, NC, 27709.
Mice homozygous (-/-) for the autosomal recessive mutation osteopetrosis (op) are
deficient in the hematopoietic cytokine, colony stimulating factor-1 (CSF-1), and
demonstrate an increased neuronal vulnerability to ischemic injury. CSF-1 is
constitutively expressed by astrocytes and serves as a regulatory factor for microglial
differentiation and proliferation. Given the role of cytokines and activated microglia in
nervous system injury, we examined the susceptibility of the op/op mouse to the
hippocampal toxicant - trimethyltin (TMT). Acute systemic administration of TMT
produces a distinct pattern of hippocampal degeneration with severe neuronal necrosis
in the dentate, microglia activation, and astrocyte hypertrophy. Within 3 days of TMT
chloride administration (1.5 mg/kg body wt, ip.), op/op homozygous mice (-/-),
showed severe neuronal necrosis in the hippocampal dentate gyrus while heterozygous
(+/-) and wild type (+/+) mice showed minimal, if any, damage. The microglia
response, as identified by lectin histochemistry, appeared to be within the range of
response to similar levels of necrosis. Thus, in the TMT-induced hippocampal
neurodegeneration model, the microglia cells appear to respond in a normal fashion to
neuronal necrosis despite the deficiency in CSF-1. In +/+ and +/- mice, an increase in
GFAP immunoreactive astrocytes was evident in the hippocampus. In the op/op (-/-)
mice, this astrocyte response was slightly elevated over controls however, substantially
less than that seen in the TMT exposed heterozygous and wildtype mice. The proinflammatory cytokine response was determined using multi-probe RNase protection
assays. TMT induced an elevation in TNF-a, TNF-p, GFAP and EB22 mRNA levels
in all animals with a differential increase in the -/- mice. Mac-1 mRNA levels, a
marker for macrophages, was present in all animals with the exception of the -/- mice
consistent with a depletion in monocytes and macrophages. We conclude that while
the deficiency of CSF-1 alters the dose-response to TMT, the localized pattern of
hippocampal neuronal necrosis remains unaltered yet decreased astrocyte reactivity.

248.16
PLATELET-DERIVED GROWTH FACTOR (PDGF): REGULATION AFTER
NEURAL LESIONS AND PROTECTIVE EFFECTS FOR DOPAMINERGIC

248.17
EXOGENOUS INTERLEUKIN 6 ENHANCES PERIPHERAL NERVE
REGENERATION IN VIVO. R.D. Lainetti1. F.C. Pereira2 and C.F. Da-Silvar
Depts. of Histology1 and Anatom/, University of Sao Paulo, SP 05508-900,
Brazil.
Interleukin 6 (IL-6) is a cytokine with important roles in immune and
inflammatory responses. An increasing body of evidence suggests that IL-6
can affect the growth, survival and differentiation of central and peripheral
neurons. Since IL-6 can modulate the production of other cytokines (IL-1,
e.g.) and growth factors (NGF, e.g.) by non-neuronal cells, and consequently
have important effects on neuronal regeneration, we have studied its
possible action on peripheral nerve regeneration in vivo. The sciatic nerve of
12male adult C57BL/6J mice was transected and both proximal and distal
nerve stumps were secured by a single 10-0 suture (Ethicon) into a 6-mm
length of a polyethylene tube (PT) (0.76 mm ID) to give a final gap length of
4 mm. The animals were divided into 2 groups of 6 animals each and
implanted with PT filled with one of the following solutions: (1) a purified
preparation of collagen (Vitrogen, 2.4 mg/ml) plus phosphate buffer solution
(0.2 M), in 1:1 ratio; (2) Vitrogen + IL-6 (PeproTech) (1:1, with 25 ^ig/ml of IL6/tube). Following a survival time of 4 weeks, the tubes with the regenerating
nerve cables were processed for Epon embedding. Myelinated nerve fibers
were counted from the mid-portion of the cables with a computer-controlled
system (Biographies). The results showed a significant difference in the
number of myelinated axons between the collagen +IL-6 group (2025±143,
mean±SEM) and the collagen alone group (1542±122) (p<0.05, NewmanKeuls test). The data demonstrate that local application of IL-6 can stimulate
the regeneration of axotomized peripheral neurons. IL-6 could be acting by
promoting growth and/or survival of damaged neurons. Sensory DRG neuron
counts in progress should distinguish between these two possibilities.
Supported by FAPESP and CNPq grants.
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Klinik, Medizinische Hochschule Hannover, D-30623 Hanover, Germany. ¿Section of
Restorative Neurology, Wallenberg Neuroscience Center, University Hospital, S-221
85 Lund, Sweden. 3Ludwig Institute for Cancer Research, Biomedical Centre, P.O.
Box 595, University of Uppsala, S-751 24 Uppsala, Sweden.
Platelet-derived-growth-factor is a multifunctional protein that is involved in a
number of physiological and pathophysiological processes. During the last years it
has become evident that PDGF plays an important role also in the central and
peripheral nervous system. PDGF and PDGF-receptors are detectable in virtually
every region of both the developing and mature mammalian central nervous system.
We have shown that PDGF-BB promotes survival and differentiation of rat and human
nigral dopaminergic neurons in vitro . These neurons have been shown to express the
PDGF B-receptor, suggesting a direct action of PDGF on dopaminergic cells. We
have demonstrated that lesioning of the mesostriatal dopaminergic system by
injection of the neurotoxin 6-hydroxydopamine (6-OHDA) into the rat substantia
nigra leads to a rapid and pronounced upregulation of PDGF mRNA and protein in the
substantia nigra and, to a lesser extent, also in the striatum. We have also shown that
PDGF-BB has a protective effect against the toxic action of 6-OHDA on
mesencephalic dopaminergic neurons. We conclude that PDGF is upregulated after
lesions to the dopaminergic system in vivo and has protective effects on neurons in
this system. The results suggest that PDGF could excert protective effects influencing
development of neurodegenerative diseases, like Parkinson's disease.
The study was supported by grants from the Swedish Medical Research Council,
the Bank of Sweden Tercentenary Foundation, the Wiberg Foundation, the Tore
Nilsson Foundation and the Medical Faculty at the University of Lund, Sweden.

248.18
MOLECULAR SIGNALS IN NEURAL INJURY: EFFECTS OF THE
PROINFLAMMATORY CYTOKINES IL6 AND MCSF
G.Raivich*. L.L.Jones. A.Werner. H.BIiithmann (1) and G.W.Kreutzberq
Dept Neuromorphology, MPI for Psychiatry, 82152 Martinsried and (1) Dept
Molecular Genetics, Hoffmann-LaRoche, Basel, Schweiz
Injury to the central nervous system leads to cellular changes not only
in the affected neurons but also in adjacent glial cells. Here we have
focused on the effects of two proinflammatory cytokines, MCSF and IL6,
using mice that were genetically deficient for MCSF and IL6.
In the axotomized facial motor nucleus, absence of MCSF led to an
almost complete abrogation of posttraumatic microglial proliferation and
a clear reduction in their activitation markers such as aMp2-integrin,
thrombospondin and the receptor for MCSF. It did not interfere with the
astrocytic or neuronal response to facial nerve axotomy. Very similar
effects were also observed after sciatic axotomy in the affected spinal
cord. In contrast, deficiency for IL6 led to a massive reduction in the
activation of GFAP-positive astrocytes and moderate inhibition of
microglial proliferation and activation. Surprisingly, absence of IL6 also
slightly enhanced the neuronal response to injury.
In summary, current data help to define the physiological role of
growth factors like MCSF and IL6 in the injured neural tissue.
Furthermore, this combination of cytokine knockouts and nervous injury
models provides a new approach to gain insight into the cellular and
molecular activation cascade which regulates plasticity and regeneration
in the lesioned nervous system.
Supported by BMBF Grant 01K09401/3.
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248.19
rhIGF-l Promotes Motoneuron Survival Following Neonatal Sciatic
Transection. J.A. Gruner* L. Wagner. R.V. Bhat. P.C. Contreras. M.S.,
Miller. Dept, of Pharmacology, Cephalon, Inc., West Chester, PA 19380.
IGF-I promotes neuronal survival both in vivo and in vitro. In adult ani
mals, it also enhances sprouting, nerve regeneration, and functional recov
ery in models of neuropathy, and is clinically beneficial in the treatment of
ALS. In neonatal mice, local application of IGF-I to the proximal stump
following sciatic nerve transection promotes motoneuron (MN) survival (Li
et al., J. Neurobiol. 25:759, 1994). Here we report that rhIGF-l can simi
larly promote survival of rat MNs when applied via subcutaneous admini
stration, a clinically relevant route. Rat pups, ~24 hrs old, were anesthe
tized, and a segment of the sciatic n. from the upper thigh to the
tibial/peroneal branch removed. Immediately post surgery and daily
thereafter, pups were administered 0.01 -1.0 mg/kg rhIGF-l or vehicle, sc.,
and sacrificed 7 days post surgery. The L3-L5 spinal cord was removed,
sectioned at 30nm, stained with cresyl violet, and MNs in the dorsolateral
and retrodorsolateral nuclei of the ventral hom with visible nucleoli were
counted. Cell loss was assessed by calculating the percent cell reduction
on the lesioned side relative to the intact side.
rhIGF-l rescued MNs from axotomy-induced death in a dose-related
manner. Doses of 0.1, 0.3, and 1.0 mg/kg/d significantly reduced MN loss
versus vehicle (p<0.01, Dunn multiple comparison test). Doses of 0.3 and
1.0 mg/kg rhIGF-l resulted in survival of 77% and 78% of motoneurons re
spectively, versus 43% with vehicle. Thus IGF-I rescued up to 61% of the
motoneurons which would have died. Since the sc. route of administration
used here is comparable to that used in the clinic, these data reinforce the
potential motoneuron sparing effects of rhIGF-l in clinical ALS.

248.20
GROWTH/DIFFERENTIATION FACTOR 5 PROTECTS NIGROSTRIATAL
DOPAMINERGIC NEURONES IN A RAT MODEL OF PARKINSON S
DISEASE.
A .M SylljyaA, I--Qp.acta-I.uffry, G-.Pjotten'J , Pofrl1fr S.B. Blunt*
MRC Cyclotron Unit, Hammersmith Hospital, Du Cane Road, London W12
0NN, United Kingdom and 'Biopharm GmbH, Czemyring 22, 69115
Heidelberg, Germany.
Growth/differentiation factor 5 (GDF5), a novel member of the
transforming growth factor {3 superfamily, promotes the survival of
dopaminergic neurones in vitro. We present here the first evidence for a
neuroprotective action of GDF5 in vivo.
Rats were injected with either active dimeric (n=5) or inactive monomeric
(n=5) GDF5 above the substantia nigra (50|ig) and into the lateral ventricle
(50jxg) just before an ipsilateral 6-hydroxydopamine (6-OHDA) lesion of
the medial forebrain bundle. Five additional rats received 6-OHDA only.
GDF5 dimer prevented the development of (+)-amphetamine-induced
rotations and preserved striatal dopaminergic nerve terminal intregrity, as
measured by positron emission tomography using the dopamine transporter
tracer [n Cl-RTI-121.
Immunocytochemistry showed that GDF5 dimer dramatically protected
tyrosine hydroxylase positive neurones in the substantia nigra (69.1% ±
7.1%) and ventral tegmental area (77.4% ± 5.2%). Post-mortem
neurochemical analysis showed that GDF5 dimer spared the levels of
dopamine (75.9% ± 17.7%) and its metabolites in the striatum.
We conclude that intracerebral administration of GDF5 exerts a potent
protective effect on the lesioned rat nigrostriatal system, and thus may
have potential in the treatment of Parkinson's disease.
Supported by the Parkinson's Disease Society and BMBF Grant no. 10950.

248.21

248.22
MODULATION OF NEURONAL TOXICITY BY RAT BRAIN
ENDOTHELIAL CELL CONDITIONED MEDIA M.A. Dorheim*. P.
Moore. R. Auerbach. P. Lincoln. S. Kunkel and P. Grammas. University of
Oklahoma Health Sciences Center, Oklahoma City, OK 73190.
Endothelial cells (ECs) of the blood-brain barrier regulate the neuronal
microenvironment, in part, through the production of soluble mediators such
as cytokines and nitric oxide. In the following study, endothelial production of
interleukin-1 (EL-1) and interleukin-6 (IL-6) as well as the effects of brain EC
conditioned media on the neuronal response to injury were determined. Lethal
neuronal injury, measured by release of lactate dehydrogenase, was evoked in
rat primary neuronal cultures using the nitric oxide donor sodium nitroprusside
(SNP). The results indicated that low basal levels of IL-1 and IL-6 were
produced in cultured ECs, and that these levels were upregulated in response
to cytokine stimulation. Concurrent incubation of SNP with purified EL-1, IL-6
or EC-conditioned media caused no change in the neurotoxic effect of SNP.
However, there was a significant decrease in neurotoxicity (neuroprotection)
after preincubation of neurons with purified IL-1 and IL-6. Similarly ECconditioned media also evoked neuroprotection when incubated (48, 72 hrs)
prior to SNP addition. In addition, the magnitude of neuroprotection was
higher with EC-conditioned media (74%) than with the purified interleukins
(45%). These data demonstrate that endothelial cells can produce factors that
modulate the neuronal response to injury. Furthermore, these results suggest
that while IL-1 and IL-6, play a neuroprotective role, additional factors as yet
unidentified, also contribute to neuroprotection. (Supported by NIH NS 30457;
Alzheimer’s Association)

NEURTUR1N IS EXPRESSED'WITHIN THE NIGROSTRIATAL
SYSTEM AND PROMOTES SURVIVAL OF INJURED NIGRAL
DOPAMINERGIC NEURONS. H.S. P hillips*1, M .P.Armanini1, D.
MolTat2. R. Vandlen2, E. Johnson3. J. MilhrandtJ, and M. Nishimura1;
'Depts o f Neuroscience and 'Protein Chemistry, Genentech, Inc., South
San Francisco, CA 94080; 3Depts o f Pathology and Pharmacology;
Washington Univ., St. Louis, MO 63110.
Neurturin (NTN) is a homolog o f GDNF (Kotzbauer et al, 1996), and,
like GDNF, signals via a receptor complex which includes an alpha
component and the tyrosine kinase ret (Klein, et al, in press). In order to
determine whether NTN might serve as a trophic factor for midbrain
dopaminergic (DA) neurons, we sought to determine the distribution of
NTN rnRNA within the developing and adult nigrostriatal system and the
biological activity of NTN protein in a 6-OHDA lesion model.
By in situ hybridization, NTN mRNA was detected in the E 13:5 mouse
ventral midbrain, but was absent from developing basal ganglia. During
late embryonic and early postnatal life, NTN mRNA was expressed in
both the ventral midbrain and striatum. During postnatal life, NTN mRNA
expression was markedly downregulated in the midbrain, such that the
major source of NTN for adult nigral neurons appears to be the striatum.
The ability of NTN to promote survival of DA neurons after neurotoxic
insult was demonstrated by the finding that NTN provided protection o f
DA neurons following intrastriatal 6-OHDA treatment. Assessment of DA
neuron survival via either retrograde labelling or TH
im munocytochemistry revealed that a single intranigral injection of 10 jig
of NTN produced comparable sparing to that observed with GDNF.
These observations indicate that NTN is expressed in both the
developing and adult nigrostriatal system, and suggest that this factor may
act to promote survival or function o f midbrain DA neurons. (Supported
by NIH grants ROl AG13729 and ROl AG13730.)

TROPHIC FACTOR RECEPTORS AND CELLULAR MECHANISMS: GDNF AND RET
249.1
LOCALIZATION OF GDNFR-a AND c-ret mRNAs IN RAT CNS: CO-ORDINATE
UP-REGULATION AFTER FACIAL NERVE CRUSH AND RESECTION?
A L. Gundlach* and T.C.D. Burazin. Univ. of Melbourne, Department of Medicine,
Austin and Repatriation Medical Centre, Heidelberg, VIC 3084, AUSTRALIA.
Glial cell line-derived neurotrophic factor (GDNF) is a trophic factor for central
dopamine neurons and also acts on sympathetic and parasympathetic neurons.
Recent studies have identified a multi-component receptor system for GDNF in brain
comprising the binding protein, GDNFR-a, and the tyrosine kinase receptor, Ret (eg.
Jing e t al., 1996; Treanor e t al, 1996). The current studies were aimed at mapping
the distribution of mRNAs encoding these GDNF receptors in the CNS using in situ
hybridization histochemistry and examining their regulation in cranial motor
neurons following nerve injury. Using specific oligonucleotide probes GDNFR-a and
c-ret mRNAs were localized in various regions of the brain, including cranial motor
nuclei, substantia nigra and cerebellum, but GDNFR-a mRNA was also present in
areas not containing c-ret transcripts such as cortex and hippocampus. C-ret mRNA
was increased -1.4-fold (n = 3-4, p < 0.01) in facial nucleus (FN) 1 and 3 days after
unilateral facial nerve (Fn) crush or resection, but was equivalent to contralateral
(control) levels at 7-21 days (see also Nakamura e t al., 1996). In contrast, GDNFR-a
mRNA was increased from 2.0- to 2.9-fold (p < 0.05) in FN at 1 and 3 days after Fn
crush and to similar levels from 3 to 21 days after Fn resection. These findings
suggest the potential for broad trophic actions of GDNF or related factors in the
CNS, particularly on motor neurons, and studies are now in progress to examine the
developmental expression patterns of GDNF receptor mRNAs and their responses
an d that for GDNF and other trophic factors, to various stimuli in other brain areas.
Jing, S., Wen, D„ Yu, Y. e t al. (1996) Cell 85: 1113-1124.
Nakamura, M., Ohta, K., Hirokawa, K. et al. (1996) Mol. Brain Res. 39: 1-11.
Treanor, J.J.S., Goodman, L., de Sauvage, F. e t al. (1996) Nature 382: 80-83.
Supported by NH&A4RC (Australia) and the Austin Hospital M edical Research Foundation.
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249.2
CO-LOCALIZATION OF GDNF RECEPTOR-a AND RET IN VIVO.
S. Scullvi.2, T. Yu2. M. Foxi. S. Jing1. and R. Zhou*. Laboratory for Cancer
Research, College of Pharmacy, Rutgers University, Piscataway, NJ 08855.
lAmgen Inc., Thousand Oaks, CA 91320. 2These two authors contributed
equally to this work.
Glial cell line-derived neurotrophic factor (GDNF) promotes strongly the
survival of the midbrain dopaminergic neurons and spinal motor neurons.
The biological function of GDNF is mediated through the interaction with
GENFR-a, a glycosylphosphatidylinositol linked cell surface protein, and Ret,
a tyrosine kinase transmembrane receptor. GDNFR-a has been shown to be
critical for the activation of Ret by GDNF in vitro. To study whether GDNFR-a
also mediates the function of GDNF in vivo , we examined the in situ
expression patterns of GDNF, GDNFR-a, and Ret in developing embryos and
in adult tissues. Our studies indicated that during embryogenesis Ret and
GDNFR-a mRNA transcripts are colocalized in several regions including the
kidney, intestine, spinal cord, dorsal root ganglia, and midbrain dopaminergic
neurons. In the kidney, both receptors are localized in the growing tips of
ureteric buds, but not in the mature nephrons. GDNFR-a appears to be more
broadly transcribed than Ret, and the expression extends to maturing
nephrons. In the spinal cord, both receptors are expresised in the ventral
motor neurons. In the midbrain, the receptors are colocalized in the par
compacta region of substantia nigra. These observations are consistent with
known biological functions of GDNF and indicate that Ret and GDNFR-a
interact in vivo to mediate the biological function of GDNF.(Supported by
NSF 9409930).
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249.3
ON THE SIGNALING MECHANISMS OF GDNF RECEPTORS
Carlos F. Ibdnez* and Miles Trupp. Laboratory of Molecular Neurobiology,
Department of Neuroscience, Karolinska Institute, S-171 77 Stockholm, Sweden.
Glial cell line-derived neurotrophic factor (GDNF) utilizes a multicomponent
receptor system consisting of the receptor tyrosine kinase product of the c-Ret
proto-oncogene as a signaling subunit, and at least two smaller glycosylphosphatidyl inositol (GPI)-linked receptor binding subunits known as
GDNFR-a and GDNFR-(3. Although several intracellular signaling pathways have
been described for the Ret oncogene, the intracellular events triggered after GDNF
binding to c-Ret in untransformed cells are poorly defined. We have used different
cell lines of neuronal origin to define intracellular signaling mechanisms activated
after binding of GDNF to its receptors. In the motorneuron cell line MN1, GDNF
binding results in transient tyrosine phosphorylation of members of the MAP
kinase family ERK-1 and ERK-2, as well as the .phosphatidylinositol-3 kinase and
the adaptor protein SHC. In addition, elevated mRNA levels for the transcription
factor c-fos as well as increased phosphorylation of the transcription factor CREB
was observed after GDNF treatment. No changes were seen in the levels of
tyrosine phosphorylated phospholipase C-y or in the activation of the c-jun Nterminal kinase JNK. The activation of these signaling pathways are also being
investigated in other GDNF-responsive cell lines lacking the c-Ret receptor but
expressing other GDNF-binding proteins. In addition to these studies, we are also
investigating functional interactions between GDNF and naturally and artificially
mutated variants of the c-Ret receptor. These include the gain-of-function
mutations MEN2-A and MEN2-B found in multiple endocrine neoplasias, loss-offunction mutant forms found in patients with Hirschsprung’s disease, and several
c-Ret isoforms lacking individual tyrosines in the kinase domain. These mutant
forms of c-Ret have been introduced in cells lines and the effects of GDNF on
survival, growth and differentiation are being evaluated. Supported by the Swedish
Cancer Society.

249.4
A NOVEL GDNFR-a RELATED PROTEIN MEDIATES GDNF BINDING
TO RET. M. Trupp*. C. Ravnoschek, S. Eketjáll, M. Fainzilber and C. Ibáñez,
Division of Molecular Neurobiology, Department of Neuroscience,
Karolinska Institute, Stockholm S-171 77, Sweden.
Glial Cell Line-Derived Neurotrophic Factor (GDNF) has been shown to
exert potent survival promoting effects on several neuronal populations
Several lines of evidence indicate that these activities are mediated by the
product of the c-ret proto-oncogene (RET) in conjuction with a GPIanchored co-receptor GDNF Receptor-Alpha (GDNFR-a). We have recently
shown that all populations of CNS neurons which respond to GDNF in vivo
express mRNA for both receptor components. In addition r any regions of
the adult rat brain express high levels of GDNFR-a in the ’.bsence of RET,
suggesting novel modes of action for this GDNF binding protein.
Furthermore, we detect several populations of neurons which express RET
but no GDNFR-a, indicating that RET may interact with additional co
receptors. We have now cloned a novel GPI-anchored protein irom rat
which is 49% identical to GDNFR-a at the amino-acid level, retaming the
highly conserved structure of cysteine residues as well as a putative GPImembrane anchor sequence. This protein dramatically increases the *25lGDNF affinity labeling of RET when the two receptors are co-transfected
into COS cells, in situ hybridization studies of this clone, tentatively named
GDNF Receptor-Beta (GDNFR-p) demonstrate overlapping and distinct
domains of mRNA expression as compared to GDNFR-a and RET. Taken
together, these results describe a novel GDNFR-a related co-receptor
mediating RET binding of GDNF and possibly other members of the
emerging GDNF family.

249.5
EXPRESSION OF mRNAS FOR RET, GDNFR-a AND NTNR-a IN
IDENTIFIED RAT LUMBAR DRG CELL POPULATIONS. GJ.Michael1».
R.D.Klein1. H.S. Phillips2 and .i.V.Priestlev* 'Dept. Anatomy, Queen Mary &
Westfield College, London El 4NS, and 2DepL Neuroscience, Genentech Inc, San
Francisco, CA 94080
Glial-cell-line-derived neurotrophic factor (GDNF) signals through a receptor
complex consisting of a binding component designated GDNFR-a that associates
with the Ret receptor tyrosine kinase upon ligand binding. NTNR-a is closely
related to GDNFR-a and is likely to be the binding component of a receptor
complex for the neurotrophic factor neurturin. This complex may also utilize Ret
Using combined immunocytochemistry and in situ hybridization with serial
section analyses we have examined the coexpression of these receptor components
and cell type markers in lumbar dorsal root ganglion neurones from adult rats.
The percentages of total neurones expressing Ret, GDNFR-a arid NTNR-a were
approximately 56%, 43% and 33% respectively. A striking localization of these
mRNAs in cells which do not express trk family neurotrophin receptors as
determined by lectin IB4 binding was observed. Of IB4 cells, 95%, 53% and 55%
expressed Ret, GDNFR-a and NTNR-a respectively. Serial section analysis
indicates that some IB4 cells coexpress GDNFR-a and NTNR-a mRNAs but there
are also cells which express only one of the two a subunits and a small population
that do not express either. Few small trkA immunoreactive cells express Ret,
GDNFR-a or NTNR-a mRNAs although GDNFR-a is expressed in larger trkA
cells in the absence of Ret. Other medium to large DRG cells that have trkB and
trkC receptors also express GDNF/neurturin receptor components. Thus 35%,
40% and 20% of cells which stain for phosphorylated heavy chain neurofilament
and have myelinated axons express Ret, GDNFR-a and NTNR-a respectively.
Our results complement in vivo data showing that GDNF can prevent the
axotomy induced decline in markers of the IB4 population and also highlight
interesting differences between the distribution of GDNFR-a, NTNR-a and Ret.
Supported by the MRC, UK.

249.6
EXPRESSION AND LOCALIZATION OF THE GDNF RECEPTOR
COMPLEX IN THE DEVELOPING RAT BRAIN. J . Engele* and B. Franke.
Anatomy und Cell Biology, University of Ulm, 89069 Ulm, Germany.
Glial cell line-derived neurotrophic factor (GDNF) h a s been recently
identified by its ability to prom ote th e survival of m idbrain
dopaminergic neurons. O ther cells presently know n to respond to
GDNF include m otor neurons, cerebellar Purkinje cells, and neurons
of the locus coeruleus. Interestingly, th is relatively limited action is
contrasted by the wide expression of GDNF w ithin the developing and
a d u lt brain, suggesting other, as yet unknow n, functions of this
grow th factor. To a d d re ss th is issu e, th e p re se n t s tu d ie s took
advantage of the recent identification of a functional GDNF receptor
complex. This complex com prises a novel glycosyl-phosphatidylinositol-anchored protein termed GDNF receptor-a (GDNFR-a) which
binds GDNF and enables the activated growth factor to interact with
the tyrosine kinase receptor, c-Ret. By using reverse transcriptasepolym erase chain reaction (RT-PCR), we observed th a t mRNAs
encoding GDNFR-a as well as c-Ret are expressed throughout the
early embryonic (E l5) ra t brain. Intriguingly, in all b rain areas, the
expression of the GDNF receptor complex clearly preceeded th a t of
GDNF, b u t not th a t of the GDNF-related protein, neurturin. Attempts
to identify GDNF target cells fu rth er revealed th a t in all postnatal
b ra in regions, GDNFR-a a n d /o r c-Ret are expressed by type-1
astrocytes as well as by cells of the oligodendrocyte-type-2 astrocyte
(0-2A) cell lineage. Together, these findings suggest th a t neu rtu rin
acts as the physiological ligand for the GDNF receptor complex during
early brain development. O ur studied further provide evidence that, in
addition to its effects on distinct neuronal subpopulations, GDNF and
related proteins represent paracrine/autocrine growth factors for CNS
glia. Supported by Deutsche Forschungsgemeinschaft.

249.7

249.8
CHARACTERIZATION OF MONOCLONAL ANTIBODIES
SPECIFIC
FOR
GLIAL
CELL
LINE-DERIVED
NEUROTROPHIC FACTOR (GDNF). iLJL_Xu^JC.._PQPg, S_ Uu,
p ,-Chang, EL Tamil, LUle.a?d.L--C-.LQUis. Dept, of Neuroscience, Amgen
Inc. Thousand Oaks, CA 91320
Glial cell line-derived neurotrophic factor (GDNF) was originally
isolated based on its ability to promote the survival and differentiation of nigral
dopaminergic (DA) neurons in primary cultures of embryonic ventral midbrain.
Subsequently, in vitro studies revealed that GDNF strongly promoted
survival, neurite outgrowth and choline acetyltransferase (ChAT) activity in
cultured motoneurons (MN). We have generated monoclonal antibodies (MAb)
against recombinant human met-GDNF. The specificity of these antibodies was
determined by Western blot analysis and ELISA. We tested these antibodies for
their ability to neutralize the activity of recombinant human met-GDNF in
bioassays of El 5 rat dopaminergic neurons and spinal cord motomeurons. We
found that one antibody, G-90, was able to completely abolish the increase of
dopamine uptake (80% above control) induced by 1 ng/ml GDNF in cultures of
dopaminergic neurons. Mab G90 also completely abolished ChAT activity
induced by 3 ng/ml GDNF (100% above control) in cultures of motomeurons.
In the same experiments, another antibody, MAb B-1531, did not neutralize the
GDNF effect. Furthermore, using the BIACORE, we found that Mab G90 and
B-1531 bind to different sites of GDNF. Mab G-90 was found to bind to Cterminal region of GDNF, while B-1531 bound within the initial N-terminal 40
amino acids of GDNF. These results indicate that certain sequences at the Cterminal of GDNF are critical for its neurotrophic activity. (Sponsored by
Amgen Inc.)

IMMUNOHISTOCHEMICAL STUDY OF C-RET, THE G D N F RECEPTOR, IN
THE NERVOUS SYSTEM ( C N S ) OF ADULT RATS. O . Y a n . C . R .
M a th e s o n *. D . W e n . A m g e n , In c . T h o u san d O aks, C A 9 1 3 2 0
G lia l cell lin e -d e riv e d n e u ro tro p h ic fa c to r ( G D N F ) has
pro fo u n d n eu ro tro p h ic activitie s o n d o p a m in e rg ic neurons,
m otoneurons and some oth er n eu ro n al p o p u la tio n s. T h e e ffe c t
o f G D N F is m ed iated th ro u g h th e tyro sin e kin ase recep tor, cRet. H e re w e ex a m in e d the expressio n o f c -R e t p ro te in in th e
C N S o f a d u lt rats b y im m u n ohisto chem is try. W e fo u n d d is tin c t
c -R e t im m u n o -re a c tiv ity ( IR ) in m a n y structures w h ic h are
k n o w n to be G D N F respo nsive such as d o p a m in e rg ic neurons in
the substantia n ig ra, the m o to r n u c le i o f H I, IV , V , V H , X I I cran ial
nerves, and v e n tra l spinal cord m o to n eu ro n s. T h e c -R e t I R w a s
also seen in m an y oth er discrete structures w h ic h in c lu d e d
neurons in the m e d ia l septal nucleus and d ia g o n a l ban d , n e u ro p il
o f the striatum , upp er layers o f the superior co llic u lu s , th e ce n tra l
gray, the am biguus nucleus, the dorsal nucleus o f vagus nerve,
the area postrem a, and some trig em in al sensory fibers. In th e
spinal cord, v e ry strong staining w as seen in th e su p erficia l la y e r
o f the dorsal h o rn (lam in a I and I I ) and the p re -g a n g lio n ic
neurons in the in te rm ed ial layer.
T h e results o f this s tu d y
suggest G D N F m ay p la y a b ro ad er ro le in the a d u lt ce n tra l
nervous system than p re v io u s ly though t. S u p p o rte d b y A m gen,
In c
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G D N F R -a m R N A E X P R E SSIO N IS OPPOSITELY
R EG U LA TED IN N E W BO R N A N D A D U L T
M O T O N EU R O N S AFTER A X O T O M Y .
H.Tsuiinol ’2 , K.Mansur1, T.Kitahara^, S.Kirvu1*. H.Kivama1.
^Dept. of Anatomy, Asahikawa Med. Coll., Asahikawa, 078, 2Dept. of
Anatomy & Neuroscience, Hyogo Coll. of M ed.,Hyogo, 663, ^Dept.
of Otolaryngology,OsakaUniv. Med. Sch., Osaka, 565, Japan
Glial cell line-Derived Neurotrophic Factor (GDNF) has a potent
neurotrophic effect on motoneurons, and its receptor consists of
GDNFR-a and c-Ret. The present study was designed to investigate
an alteration of these subunits’ expression in both newborn and adult
hypoglossal motoneurons after nerve injury. In adult and newborn
rats, unilateral hypoglossal nerves were cut, and subsequently the
expression of GDNFR-a and c-Ret mRNAs in the hypoglossal nuclei
were detected by in situ hybridization. Following axotomy, injured
adult motoneurons showed substantial increase in expression of
GDNFR-a and c-Ret mRNAs. In newborn rat, although c-Ret mRNA
expression was up-regulated as seen in adult, GDNFR-a mRNA
expression was suppressed. It is well known that following axotomy
adult motoneurons can survive, whereas newborn motoneurons result
in cell death. Therefore the present result may suggest that the
difference of motoneuron destiny after axotomy is due to the opposite
regulation in GDNFR-a expression.

249.10
OPTIMISATION OF THE EXPERIMENTAL CONDITIONS FOR BINDING OF
GDNF TO HUMAN GDNFRa. M. Cik. S. Masure. P. Van Gompel. A. S. Lesaee.
D. Ashton* R. Gordon and J. E. Levsen. Janssen Research Foundation,
Tumhoutseweg 30, 2340 Beerse, Belgium.
A distant member of TGF-p superfamily, glial cell line derived neurotrophic factor
(GDNF) has been identified as a potent neurotrophic factor for dopaminergic and
motor neurons. Recently, the receptor tyrosine kinase (RET) was found to be activated
by the GDNF receptor. Moreover, it was shown that prior to RET activation, GDNF
binds to the glycosyl phosphatidyl inositol (GPI)-anchored membrane protein, GDNF
receptor alfa (GDNFRa). These findings gave new insight into GDNF signalling.
Here we report the further characterisation of GDNF binding to GDNFRa. The
complete human GDNFRa coding sequence was cloned from a human substantia nigra
library using PCR into pCDNA3 and transfected into CHO, HEK 293 and SH-SY5Y
cells using the Ca2+ phosphate method. [125I]-GDNF binding was performed on
permanently expressing cell lines and on transiently transfected HEK 293 cells.
[i25I]-GDNF bound specifically, in a concentration-dependent manner to the intact
cells transfected with GDNFRa. No specific binding was detectable in non-transfected
cells. To optimise experimental conditions for the whole cell binding assay, plating on
different culture plastic was tested. The results showed necessity of plate coating to
reduce binding to the plastic. We further compared GDNF from two different vendors
(Peprotec and R & D) iodinated by Bolton-Hunter reagent (Amersham). These
radioligands showed large differences in non-specific binding. When GDNF supplied
by Peprotec was iodinated to [l25I]-GDNF with specific activities of 920 and 2490
Ci/mmol, a non-specific binding of 60-70 % was measured. When GDNF supplied by
R & D was iodinated to [I25I]-GDNF with specific activities of 1200 and 2460
Ci/mmol, a non-specific binding of 10-20 % was found. Preliminary ligand
concentration binding isotherms have revealed the presence of a single binding site
with dissociation constant (KD) of 725 pM. Our results show that GDNF binds
specifically to the human GDNFRa.

249.11
N-TERMINALLY TRUNCATED GDNF BECOMES LESS EFFECTIVE IN
ACTIVATING RET, BUT RETAINS BIOACTIVITY ON DOPAMINERGIC
AND MOTOR NEURONS. TJ- Zhang*1. Ren Xu1, Shuqian Ting2. Yanbin Yu2,
Kevin Pong1, Tack Lile1, Frank Collins1and lean-Claude Louis1. Departments
of Neuroscience and 2Immunology, Amgen, Inc., Thousand Oaks, CA91320
We have previously reported that full length (FL) recombinant human
GDNFs produced in E. Coli or CHO cells undergo a series of proteolytic
cleavages at their N-terminus both in vitro and in vivo. To study the
biological property of these truncated GDNFs, we generated des37-GDNF, a
truncated form of GDNF lacking the first 37 N-terminal amino acid residues.
We have shown that des37-GDNF, like FL-GDNF, was fully bioactive in
increasing dopamine uptake in mesencephalic dopaminergic neurons and
choline acetyltransferase activity in spinal cord motoneurons. It has been
shown that GDNF exerts its biological activity through a receptor complex
involving the GDNF a-receptor and Ret kinase. We therefore studied the
interaction of FL- and des37-GDNF with their receptors by comparing their
ability to induce Ret phosphorylation in vitro. FL-GDNF at about 5 pM
induced maximal Ret phosphorylation. In contrast, the effect of 5 pM des37GDNF on Ret phosphorylation was barely detectable. Maximal Ret
phosphorylation in response to des37-GDNF required a concentration about
100-1000 fold higher than that required for FL-GDNF, These differences
may be explained by a difference in affinity of FL- and des37-GDNF for
their a- and Ret receptor complex. However, these differences apparently
were not reflected by the bioactivity of FL- and des37-GDNF in cultured
dopaminergic neurons and spinal cord motoneurons.
Studies of the
relationships between interaction of FL- and des37-GDNF with their
receptors and their bioactivity are in progress. (Supported by Amgen, Inc.)

249.12
THE ALKALOID COMPOUND K-252b INHIBITS GLIAL CELL
LINE-DERIVED NEUROTROPHIC FACTOR MEDIATED
INTRACELLULAR ACTIVITY ON DOPAMINERGIC NEURONS.
K. Pong. R.Y. Xu. K.D. Beck. TJ. Zhang, and J.-C. Louis*. Department of
Neuroscience, Amgen, Inc. Thousand Oaks, CA 91320
The c-ret proto-oncogene encodes Ret, the functional tyrosine kinase
receptor for glial cell line-derived neurotrophic factor (GDNF). K-252b, a known
protein tyrosine kinase inhibitor, has been shown earlier to inhibit the trophic
activity of brain derived neurotrophic factor (BDNF) on dopaminergic (DAergic)
neurons and nerve growth factor (NGF) on basal forebrain cholinergic neurons
while potentiating neurotrophin-3 (NT-3) activity on central cholinergic and
peripheral sensory neurons, and PC 12 cells. We tested whether K-252b would
modulate GDNF induced differentiation in DAergic neuron cultures. Exposure to
lng/ml GDNF increased dopamine (DA) uptake 80% above control while treatment
with 5^M K-252b decreased the efficacy of GDNF by 60%. Concentrations of
GDNF below lOOpg/ml were completely inhibited, whereas concentrations above
lOOpg/ml were moderately active, between 10-20% above control. Additionally,
K-252b shifted the ED^ from 20pg/ml to 200pg/ml. GDNF treatment increased
soma size, neurite outgrowth, and dendritic arborization in tyrosine hydroxylase
(TH) immunoreactive neurons. K-252b inhibited morphological differentiation
induced by GDNF. Furthermore, GDNF stimulated Ret autophosphorylation at
maximal levels, whereas the inhibition of DA uptake and morphological
differentiation by K-252b correlated with a significantly decreased level of Ret
autophosphorylation. Therefore, K-252b is able to inhibit intracellular activities
induced by GDNF on mesencephalic dopaminergic neurons and is a novel tool for
studying neurotrophic activity of GDNF. (Sponsored by Amgen, Inc.)

TGF-BETA FAMILY RECEPTORS AND CELLULAR MECHANISMS
250.1
FUNCTIONAL STUDIES ON THE CENTRAL NERVOUS SYSTEM-SPECIFIC
SERINE/THREONINE KINASE RECEPTOR ALK-7
H.H. Jörnvall*1. P. ten Dijke2. C.F. Ibáñez1'Laboratory of Molecular Neurobiology,
Department of Neuroscience, Karolinska Institutet, S-171 77 Stockholm, Sweden;
2Ludwig Institute for Cancer Research, Biomedical Center, S-751 24 Uppsala, Sweden
Activin receptor-like kinase-7 (ALK-7) is a novel type I serine/threonine kinase
receptor of the transforming growth factor beta (TGF-ß) receptor family specifically
expressed in the adult central nervous system. Neither the ligand of ALK-7 nor the
particular type II receptor required for ALK-7 signalling are known. In order to study
ALK-7 signalling, we have generated a constitutively active mutant ALK-7 receptor.
Using site-directed mutagenesis, Thr 194 was replaced by Asp in the juxtamembrane
intracellular domain of a histidine-tagged ALK-7 construct. Previous work on the
TGF-ß type I receptor ALK-5 indicated that a similar mutation in ALK-5 resulted in
constitutive, ligand-independent signalling. The mutated ALK-7 was transfected into
MvLul epithelial cells along with a reporter plasmid. ALK-7 T194D, but not wild
type ALK-7, stimulated reporter activity comparable to that resulting from activation
of other type I Ser/Thr kinase receptors. In addition, constitutively active ALK-7 was
shown to associate with Smad-2 and Smad-4, intracellular proteins involved in
signalling by members of the TGF-ß superfamily. In order to study potential roles of
ALK-7 in neuronal differentiation and cell death, the ALK-7 T194D mutant was
stably transfected into PC 12 cells under the regulation of a tetracycline-inducible
promoter. This system will allow us to study acute and chronic effects of ALK-7
activation on proliferation, differentiation and cell death.
Finally, to address functional roles of ALK-7 in vivo, we have generated a null
allele of the ALK-7 gene in embryonic stem cells by homologous recombination.
These cells will be used to generate mice lacking ALK-7 gene expression to evaluate
the consequences of ALK-7 loss of function in the development and maintenance of
neuronal populations expressing the ALK-7 gene. S u p p o rted b y th e Sw edish C a n cer S ociety
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250.2
RETROGRADE TRANSPORT OF NEURTURIN IN THE ADULT RAT
PERIPHERAL NERVOUS SYSTEM. M.L. Leitner*, D.C. Molliver, P.A.
Osborne, W.D. Snider, J. Milbrandt, and E.M. Johnson, Jr. Washington
University School of Medicine, St. Louis, MO 63110.
Neurturin (NTN), the second member of the TGF-p Related Neurotrophic
factor (TRN) family, was discovered through its ability to promote survival in
a number of peripheral neuronal culture systems. In this study, we
examined the retrograde transport of NTN from the periphery in the adult rat.
|125_ntn was injected into targets of neuronal populations under study or into
nerves containing axons of these neurons. NTN was retrogradely
transported to DRG neurons and motor neurons. NTN transport to the DRG
was blocked by an excess of unlabeled GDNF, while transport was
unaffected by an excess of cold NGF. We have further characterized the
subpopulations of the DRG that transport NTN after sciatic injection.
Strikingly, these are all RET-containing populations and appear to be the
same populations that retrogradely transport GDNF, namely small, non-TRK
A, IB4-expressing cells and large, non-parvalbumin, TRK C-expressing
cells. As has been reported for GDNF (Yan et al., Nature 373:341), we are
unable to detect transport into adult superior cervical ganglia after anterior
eye chamber injections. M.L.L. was supported by a Lucille P. Markey
predoctoral fellowship and is a Howard Hughes predoctoral fellow. This work
was supported by grants AG13729, AG 13730.
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250.3
PROLIFERATIVE AND DIFFERENTIATION EFFECTS OF
NEURTURIN AND GDNF ON VARIOUS HUMAN
NEUROBLASTOMA CELL LINES. M.G. Tansev*. D.J. Creedon.
R.H. Baloh. P.A. Lampe. A. Sabet. G.M. Brodeur. J.D. Milbrandt and
E.M. Johnson. Jr. Washington University School o f Medicine, St.
Louis, MO 63110 and Children’s Hospital o f Philadelphia,
Philadelphia, PA 19104.
Neurturin (NTjsf) and GDNF belong to a new family o f neurotrophic
factors, the TGF-p related neurotrophic factors (TRNs). We have
observed both differentiation and proliferative effects o f these factors
on human neuroblastoma cell lines. Treatment o f LAN-5
neuroblastoma cells with NTN or GDNF induces a differentiated
neuronal phenotype, whereas, treatment o f NBL-S neuroblastoma
cells with the same factors initiates a proliferative response. The
receptor complex recently identified for GDNF includes the proto
oncogene Ret and a TRN receptor 1 (TmRl/GDNFRa). We have
recently identified a second member, TmR2, which also couples with
Ret to mediate signaling by TRNs. We found that cell lines vary in
expression levels o f Ret, Tm R l, and TmR2. Only cell lines with
endogenous or retinoic acid-induced Ret/TmRl or Ret/TmR2
expression levels responded to NTN or GDNF stimulation via
activation o f Ret tyrosine phosphorylation and MAP kinase
phosphorylation. (Supported by NTH AG13729, AG13730).

250.4
DEVELOPMENT AND CHARACTERIZATION OF NOVEL
NEURTURIN SPECIFIC MONOCLONAL ANTIBODIES,

250.5
DISPOSITION OF NEURTURIN IN THE RAT CENTRAL NERVOUS
SYSTEM FOLLOWING INTRACEREBRAL SINGLE BOLUS. J.L.
Mendoza-Ramirez. G. Bennett. B. Moffat. R. K le in , an'i E.
Escandon' Pharmacokinetics & Metabolism Dept., Cell Analysis
Dept, Protein Chemistry Dept., Neuroscience Dept., Genentech,
Inc., South San Francisco, CA. USA. 94080
Neurturin (NTN), a new trophic factor structurally related to GDNF,
promotes cell survival of nodose ganglia, superior cervical ganglia, and
dorsal root ganglia cells. The objective of this study was to follow the
disposition of a single bolus administration of 125l-rhNTN in the rat CNS
following intra-cerebroventricular
(ICV) or intra-striatal
(CPu)
administration. NTN disposition was compared with 125I-GDNF and 125lrhNGF under similar conditions. Rats were dosed with 20±5 ng of labeled
material. Following the surgical procedure, the rats were housed for 24 h r
with food and water at libitum. Animals were sacrificed under deep
anesthesia by intracardial perfusion with cold PBS/heparin followed by
fixative (4% Paraformaldehyde/1.5% Picric acid in PBS). Coronal and
sagital
sections (40 p.m) were processed for film and emulsion
autoradiography. Our study shows positive disposition of 125l-rhNTN in
dopaminergic neurons of the substantia nigra (SNpc) and ventral tegmental
area (VTA) 24 hr after ICV or CPu dosing. The walls of ventricular cavities
were also labeled following ICV injection. Disposition of 125l-rhNTN was
similar to the results obtained with 125I-GDNF. In contrast, 125l-rhNGF was
detected in structures related to the basal forebrain cholinergic system.
These results indicate retrograde transport of rhNTN as well as GDNF but not
rhNGF to mesencephalic dopaminergic neurons, suggesting a receptoruptake mediated mechanism. Finally our data supports the use of these route
for efficient delivery of these drugs to the brain.

2 50.6
MEMBERS OF TRN (TGF-P RELATED NEUROTROPHIC FACTOR)
FAMILY PROMOTE SURVIVAL OF MESENCEPHALIC NEURONS
P.A. Lampe*,1M.L. Leitner,1J.P. Golden,1J.D. Milbrandt,2and E.M. Johnson,
Jr.1'Department of Molecular Biology and Pharmacology, department of
Pathology and Internal Medicine, Washington University School of Medicine, St.
Louis, MO 63110
Neurturin, an 11.5-kD protein purified from CHO cells and identified as a
neurotrophic factor on the basis of its ability to promote the survival of several
neuronal populations in the PNS, is the second member of the TRN (TGF-P
Related Neurotrophic Factor) family and is 42% identical to mature GDNF, the
first family member. GDNF was identified on the basis of its ability to promote
the survival of dopaminergic neurons in embryonic midbrain cultures.
We have undertaken a characterization of the response to TRNs by cells
cultured under various conditions from E13, E14, or E15 mesencephalon of
Sprague Dawley rats. Cells from each age were maintained in the presence of
serum containing or serum-free medium with/without any supplementation.
Cultures were also examined at high density, medium density and low density.
Several immunochemical markers, including TOH and MAP-2, were evaluated at
each time point and culture condition. Maintaining cells at high density allows
the survival of cells in the absence of any added factors, while cells maintained at
very low densities do not survive in the absence of serum or trophic factors.
Addition of serum to the cultures promotes the survival of an increased number of
TOH-positive cells, but also increases the survival of many nonneuronal cells; this
confuses the issue of direct effects of the TRN family.
This work was supported by grants AG13J29, AG 13730.

250.7
QUANTITATIVE ANALYSIS OF THE TGF-B TYPE II RECEPTOR
EXPRESSION IN THE CNS: M. BOttner*. K. Unsicker and C. SuterCrazzolara. Dept, of Anat & Cell Biol., Univ. Heidelberg, INF 307, D69120 Heidelberg, Germany.
Members of the TGF-B superfamily signal through heteromeric
receptor complexes, which consist of type I and type II serine-threonine
kinases (TBR-I and TBR-II). TGF-B2 and 3 are widely expressed in the
CNS and exert multiple functions on neurons and glia. Although TBR-I
is abundant in the CNS, it was unclear whether the type H receptor
found in peripheral organs is also expressed in the CNS. Previous,
negative findings
based
on
in
situ
hybridization
and
immunocytochemistry data, seemed to suggest that a novel, yet
undescribed type II receptor might be expressed in the CNS. We
hypothesized that the detection levels of these methods were not
sensitive enough to determine the TBR-II expression. We therefore used
competitive RT-PCR to detect and quantify TBR-II mRNA in rats at
different stages of development (E18, P6 adult) and in different tissues.
As expected, we observed the mRNA in lung, liver, heart, gut, kidney,
and pituitary of adult rats. Surprisingly, and in contrast to previous
studies, similar levels of the TBR-II mRNA were also detected in several
regions of the CNS, namely cortex, midbrain, cerebellum, brain stem,
and hippocampus. We therefore conclude that TGF-B2 and 3 may signal
in the brain by means of the same type I and II receptors as found in
peripheral organs. Supported by the Heidelberg Graduate Program in
Neurobiology and DFG.

250.8
EXPRESSION OF RECEPTORS FOR TGF-p RELATED
NEUROTROPHIC FACTORS. J.P Golden*. R.H. Baloh. P.A. Lampe. M.L.
Leitner. J.D. Milbrandt. and E.M. Johnson. Jr. Washington University
School of Medicine, St. Louis, MO 63110.
Glial Cell Line-Derived Neurotrophic Factor (GDNF) and Neurturin (NTN),
members of the TRN (TGFp-Related Neurotrophic factor) family, are potent
survival factors for several populations of central and peripheral neurons.
Receptor complexes consisting of Ret and either of two GPI-linked ceilsurface receptors (TRNR1 and TRNR2) have recently been identified. Each
of these complexes is capable of mediating both NTN and GDNF signaling
We have examined the expression of TRNR1, TRNR2, and Ret in E14
embryo and adult mouse brain by in situ hybridization. In the E14 embryo
we detect all three receptor components in the DRG , ventral midbrain,
brainstem, and tongue. TRNR1 and Ret are expressed at high levels in the
gut and kidney. In the adult brain TRNR1 and TRNR2 are expressed in the
cerebral cortex, daustrum, and the endopiriform nucleus. All three receptor
components are expressed in the medial and lateral septum, the substantia
nigra, and the subthalamic nucleus. In addition, TRNR1 and Ret are
expressed in spinal motor neurons and TRNR2 and Ret are expressed in
SCG neurons of the adult mouse. These results demonstrate that the
distribution of the TRN and Ret receptors is widespread in the nervous
system and that TRNR1 and TRNR2 differ significantly in their distribution.
All neuronal populations known to respond to GDNF and/or NTN express
one or both of the GPI-linked receptors. This work supported by grants
AG 13729, AG 13730.
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Antibody Technologies, Protein Chemistry and Neuroscience,
Genentech. Inc., South San Francisco, CA USA
Neurturin, a structural and functional relative of glial cell line
derived neurotrophic factor (GDNF), was originally identified
based on its ability to support the survival of sympathetic neurons
in culture. Similar to GDNF. Neurturin has been shown to bind to a
high affinity GPI-linked receptor and induce phosphorylation of
the tyrosine kinase receptor Ret, resulting in the activation of the
MAP kinase signalling pathway.
A panel of six murine monoclonal antibodies (MAbs) specific to
Neurturin have been developed and characterized. Four of the MAbs
crossreact with the murine homolog, and at least two of the MAbs
inhibit, to varying degrees, binding to the GPI-linked Neurturin alpha
receptor. At least two of the MAbs are capable of binding Neurturin
complexed with this receptor. These MAbs have been shown to be
useful reagents for both Western blotting and for the development of a
sensitive, quantitative ELISA for human Neurturin. Novel, specific
MA’os with varying epitope specificities and functional characteristics
should be valuable reagents for both in vitro and in vivo
characterization of Neurturin and its relationship to the Neurturin
alpha and Ret receptors.
(Genentech, Inc.)
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TGF-BETA FAMILY RECEPTORS AND CELLULAR MECHANISMS

25 0 .9
TRNR2, A NOVEL RECEPTOR WHICH M EDIATES
NEURTURIN AND GDNF SIGNALING THROUGH RET. R.H.
Baloh, M.G. Tansey, J.P. Golden, D J. Creedon, R.O. Heuckeroth,
E.M. Johnson, Jr., and J. Milbrand? Washington University School
o f Medicine, Box 8118, 660 S. Euclid Ave., St. Louis, MO 63110.
Glial cell line-derived neurotrophic factor (GDNF) and neurturin
(NTN) comprise a family o f TGF-P-related neurotrophic factors
(TRNs) which have trophic influences on a variety o f neuronal
populations. A receptor complex comprised o f TmRl (GDNFRa)
and Ret was recently identified, and found to be capable o f mediating
both GDNF and NTN signaling. We have identified a novel receptor
based on homology to Tm Rl, called TmR2, that is 48% identical to
TmRl. TrnR2 is attached to the cell surface via a GPI-linkage, and
can mediate both NTN and GDNF signaling through Ret in vitro.
Fibroblasts expressing both TmR2 and Ret are ~30-fold more
sensitive to NTN than to GDNF treatment, whereas those expressing
TmRl and Ret respond equivalently to both factors, suggesting the
TmR2/Ret complex acts preferentially as a receptor for NTN. TmR2
and Ret are expressed in neurons o f the superior cervical and dorsal
root ganglia, and in the adult brain. Comparative analysis o f Tm R l,
TmR2 and Ret expression indicates multiple receptor complexes
capable o f mediating GDNF and NTN signaling exist in vivo.
(Supported by NIH A613729 and AG13730)
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250.10
NEURTURIN SHARES RECEPTORS AND SIGNAL
TRANSDUCTION PATHWAYS WITH GDNF IN SCG
NEURONS. D.J. Creedon*. M.G. Tansev. R.H. Baloh. R.O.
Heuckeroth. J. Milbrandt. and E.M. Johnson. Jr. Washington
University School o f Medicine, St. Louis, MO 63110.
Neurturin (NTN) is a neurotrophic factor that shares homology with
GDNF. Based on this homology, we have designated this family o f
neurotrophic factors the TRN family (TGF-P related neurotrophic
factor). A receptor complex has been identified for GDNF that
includes the Ret tyrosine kinase receptor and a glycosylphosphatidylinositol (GPI)-linked protein termed GDNFRa (TmRl :
TRN Receptor 1). We found that NTN induced Ret phosphorylation
in cultured SCG neurons and this was dependent on a GPI-linked
protein: phosphatidylinositol-specific phospholipase C treatment o f
SCG cultures reduced the ability o f NTN to phosphorylate Ret and the
ability o f NTN or GDNF to activate the MAP kinase pathway. NTN
or GDNF also caused sustained activation o f Ret and MAP kinase in
SCG neurons. Finally, both NTN and GDNF activated the
phosphatidylinositol 3-kinase pathway in SCG neurons, which may be
important for the ability o f NTN and GDNF to promote neuronal
survival. These data indicate that NTN is a physiologically relevant
ligand for the Ret receptor and suggest that NTN may have a critical
role in the development o f many neuronal populations.
(Supported by NIH AG13729 and AG13730)

HORMONES AND DEVELOPMENT III
25 1 .1
MGN NEURONAL SIZE DISTRIBUTION FOLLOWING INDUCED
NEOCORTICAL MALFORMATIONS: THE EFFECT OF PERINATAL
GONADAL STEROIDS. G.D. Rosen*. A.E. Herman, and A.M.
Galaburda. Beth Israel Deaconess Medical Center and Harvard Medical
School, Boston, MA 02215.
Freezing lesions to the developing neocortex results in the emergence
of malformations that resemble 4-layered microgyria (Humphreys et al.,
J. Neuropath. Exp. Neurol. 50:145, 1991). These neocortical
malformations affect the neuronal size distribution of the medial
geniculate nucleus (MGN) in males, but not females (Herman et al.,
Cereb. Cortex , in press). Specifically, there are more small and fewer
large MGN neurons in lesioned males as compared to shams. In
contrast, there are no differences between lesioned and unlesioned
females. The current experiment investigated whether gonadal steroids
played a role this sex difference.
Time-mated Wistar rats were divided into three groups. Group 1 rats
were injected s.c. daily from E16-E20 with testosterone propionate (TP;
2 mg in sesame oil). Group 2 rats were injected s.c. daily with sesame
oil, while Group 3 rats received no injections. On the day of birth, male
and female pups were randomly assigned to receive bilateral parietal
microgyria or to a sham condition. After birth, daily treatment was
continued for the pups from Groups 1 (0.1 mg TP) and 2 for five days.
At P80, the pups were sacrificed, tneir brains processed, and the
following morphometric measures determined: Microgyria volume,
MGN volume, MGN cell size, and MGN cell number.
We were able to replicate our previous results: Lesioned males had
more small and fewer large MGN neurons than sham males, but there
was no difference between lesioned and sham females. Androgenized
females, on the other hand, showed a male-like pattern of neuronal size
distribution — lesioned subjects had more small and fewer large MGN
neurons than shams. These results indicate that the changes seen in the
MGN in response to early cortical injury are mediated, at least in part,
by perinatal gonadal steroids.(Supported by HD20806).

2 51.2
EFFECTS OF PR E PU B E R TA L CASTRATION A N D A D U L T
H O R M O N A L R EPLACEM ENT C. U libarn and G. S. Fralev.
D ept o f VCAPP, College of V et Med, W SU, Pullman W A 99164.
Prepubertal castration of male M ongolian gerbils disrupts
normal developm ent of the spinal nucleus of the bulbocavernosus
(SNB). Immediate replacement therapy with testosterone
propionate (TP) prevents this disruption. M etabolites of T show
varying success in preventing disruption. Gerbils that do not
receive replacement therapy have about 30% fewer SNB
motoneurons than intact or TP-replaced gerbils.
Previous studies examined the effects of immediate
replacement with gonadal steroids. This study delayed hormone
replacement. On PND150 prepubertally castrated gerbils received
either testosterone propionate (TP), estradiol benzoate (EB) and
dihydrotestosterone (D H T ), DHT, EB, or empty capsules. Sham
castrated gerbils received empty capsules. T en weeks later gerbils
were anesthetized and the bulbocavernosus muscle injected with
CT-HRP. One w eek later, gerbils were aldehyde perfused. Spinal
cords were processed for visualization of CT-HRP and Nissl
substance. Intact and T P4reated gerbils had similar numbers of
SNB motoneurons. Castrates with empty capsules had about 40%
fewer motoneurons. There were no differences in the number of
CT-HRP labelled SNB motoneurons. The SNB system retained its
ability to respond to steroids even after long-term castration.

251.3

251.4
ANDROGEN RECEPTOR (AR) mRNA REGULATION IN THE
NEONATAL RAT FOREBRAIN. M. McAbee* and L.L. DonCarlos.
Neuroscience Graduate Prog & Dept. Cell Bio., Neurobio., and Anatomy Loyola
University of Chicago School of Medicine, Maywood, IL 60153.
Androgens, via androgen receptors, may play a role in the organization of maletypical behaviors and neuroendocrine regulation. Previously, we showed that AR
mRNA expression in neonatal rats is greater in males than in females by postnatal
day 10 (PD-10; PD-0 = day of birth), in the medial preoptic n. (MPN) and bed n.
stria terminalis (BNST), but is not different in males and females in other regions
(lateral septum, arcuate n., ventromedial hypothalamic n., premammillary n.). The
sex differences could be due to differences in the number of AR mRNA expressing
cells (as a result of the higher level of cell death in females) or differences in the
amount of mRNA per cell, but this is difficult to assess because of the high density
of cells in neonates. We addressed this issue indirectly, taking advantage of reports
that most cell death in the MPN occurs before PD-8. We used in situ hybridization
with an 35S-labeled riboprobe to detect AR mRNA in PD-10 rats subjected to
various treatments. We predicted that if sex differences in AR mRNA expression on
PD-10 are due to differential cell death of AR expressing cells, castration on the day
of birth would result in lower AR mRNA levels that could not be restored by
testosterone (TP) treatment on PD-8 & 9, and that castration on PD-8 would have no
effect on AR mRNA levels. On the other hand, if the sex differences are due only to
the amount of AR mRNA per cell then we would expect TP to fully restore AR
mRNA in PD-0 castrates, and we would expect female-typical levels of AR mRNA
in PD-8 castrated males. However, levels of AR mRNA in the MPN and BNST in
both males castrated at PD-0 with 2d TP and in males castrated on PD-8 were
intermediate between intact males and females, suggesting that the differences in AR
mRNA expression arise as a result of both more AR mRNA expressing cells and
more AR mRNA expression per cell. Further, these results suggest a developmental
shift in AR mRNA regulation since in adults, short-term castration increases AR
mRNA and androgen decreases AR mRNA (Handa et al, Mol. Brain Res., 1996) whereas
the reverse occured in neonatal males. Supported by NIMH grant MH48794.

PR E PU BER TA L B U T N O T A D U L T CASTRATION ALTERS
T H E N U M B E R OF SNB M O TO N EU R O N S. G. S. Fralev* and C.
Ulibarri. D ept of V et Comp Anat Pharm & Phys, C ollege o f Vet
Med, Washington State University, Pullman W A 99164-6520.
Prepubertal castration o f male M ongolian gerbils disrupts
normal development o f the spinal nucleus o f the bulbocavernosus
(SNB). Immediate replacement therapy with testosterone
propionate (TP) prevents this disruption. M etabolites o f T show
varying success in preventing disruption. However, these effects
could also have been due to long term exposure o f SNB
motoneurons to a less than optimal hormonal regime. To
eliminate this hypothesis, adult gerbils were castrated and
implanted with Silastic capsules contain either no hormone, TP,
estradiol benzoate (E B ) and dihydrotestosterone (D H T ), DHT, or
EB. An additional group was sham castrated and implanted with
empty capsules. Gerbils were maintained for ten weeks and were
then anesthetized and perfused with aldehyde fixative. The number
o f SNB motoneurons were counted in thionin-stained sections.
Adult castration and hormone replacem ent had no effect on the
number of SNB motoneurons. However, there were profound
effects on the size o f SNB motoneurons. Castration without
hormone replacement resulted in the smallest SNB motoneurons.
Neither D H T and EB, DHT, or EB could maintain SNB
motoneurons at the size seen in intact or TP-replaced gerbils.
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251.5
ANDROGEN RECEPTOR-IMMUNOREACTIVITY IS DIFFERENT
IALLY DISTRIBUTED IN CHOLINERGIC AND NORADRENERGIC
AUTONOMIC NEURONS WHICH SUPPLY THE PELVIC ORGANS IN
MALE RATS. J.R. Keast* and R.J. Gleeson. Department of Physiology
and Pharmacology, University of Queensland, Qld 4072, Australia.
It has previously been observed that the maturation and maintenance of
some types of pelvic autonomic neurons are dependent on normal
circulating testosterone levels. The aim of this study was to investigate the
distribution of androgen receptor-immunoreactivity (AR-IR) in various
groups of autonomic neurons that supply pelvic viscera. Major pelvic
ganglia (MPG), lumbar sympathetic chain ganglia (LSC) and inferior
mesenteric ganglion (IMG) were removed from anaesthetised adult male
rats perfused with buffered formaldehyde. Double label immuno
fluorescence allowed analysis of AR-IR co-localisation with tyrosine
hydroxylase (TH; to label noradrenergic neurons) or VIP (cholinergic
neurons). Some animals were treated with testosterone (10 mg/kg, i.m. or
s.c.) prior to perfusion. This procedure enhanced the brightness of AR-IR,
but did not influence its distribution. Bright AR-IR was present in the
nuclei of -30% of VIP neurons in the MPG but was absent from pelvic TH
neurons. In contrast, bright cytoplasmic AR-IR was present in TH neurons
of the MPG, LSC and IMG, where >80% of somata were stained. Small
intensely fluorescent (SIF) cells also exhibited bright cytoplasmic AR-IR
and some glial cells possessed AR-IR nuclei. The results indicate that
testosterone is able to directly influence some pelvic autonomic neurons,
however the possibility of an indirect action (via an effect on peripheral
target organs) should not be discounted, particularly for the noradrenergic
neurons. Studies on the location of AR-IR in other parts of the autonomic
reflex pathways, such as visceral afferent neurons and preganglionic
neurons, are currently being conducted. [We are grateful to Dr Gail Prins,
University of Illinois, for generously providing AR antiserum for this
study. This project was supported by the NH&MRC-Australia.]

251.6
MALE-EXPOSURE AND ESTROGEN INDUCE NEUROGENESIS IN FEMALE
PRAIRIE VOLES. M.T. Smith*1. Z. Wane1. M.B. Luskin2, and T.R. Insel1. Dept,
of 'Psychiatry & Behavioral Sciences and 2Anatomy & Cell Biology, Emory Univ.
School of Medicine, Atlanta, GA 30322
The subventricular zone (SVZ) is a brain region in which neurogenesis continues
into adulthood. Cells bom in the anterior part of the SVZ are neuronal precursors that
migrate along a well demarcated path to the olfactory bulb (OB). Proliferation and
survival of SVZ-derived cells is influenced by a number of factors including growth
factors in mammals as well as estrogen in birds. We examined the effects of estrus
induction on neurogenesis in the SVZ and OB in female prairie voles which, unlike
other rodents, are induced into estrus by chemosensory cues from a male. This
olfactory-mediated process results in the induction of behavioral estrus (sexual
receptivity), along with an increase in serum estrogen levels and estrogen receptor
binding in the brain. In a first experiment, intact female prairie voles were exposed to
either a male, a female, or were unmanipulated for 48 hrs during which the cell
proliferation marker, bromodeoxyuridine (BrdU), was injected. Females exposed to a
male displayed behavioral estrus and had a 92% increase in BrdU-labeled cells in the
SVZ compared to controls. To determine if increased cell proliferation was due to
elevated estrogen levels associated with estrus, intact and ovariectomized (ovx) females
were injected with either estrogen (l|Xg) or oil for two days, during which BrdU was
administered. Estrogen-injected females were sexually receptive and had 56% more
BrdU-labeled cells in the SVZ compared to oil-injected females. In a third experiment,
ovx females exposed to a male for 48 hours did not show an increase in serum
estrogen or BrdU labelling. These data suggest that in female prairie voles, estrus
induction is associated with neurogenesis in the SVZ, and estrogen is at least partially
responsible for olfactory-mediated processes.(support. by NIMH 54554 & 56539)

251.7
LATERALIZATION AND SEX DIMORPHISM IN THE VOLUME OF
MOUSE DENTATE GRANULE CELL LAYER. Golnaz Tabibnia & S.
Marc Breedlove*. Dept. Psychology, U. Cal., Berkeley, CA 94720.
Sexual dimorphism in spatial learning has been reported in both rodents
and humans, and the hippocampal complex has been implicated in this
ability. Correspondingly, there have been reports of sex dimorphism in the
sizes of various structures within the hippocampal complex, including the
number of granule cells in the dentate gyrus of mice (Wimer et al., 1984).
Four male and four female A/J strain mice were perfused at 296-409 days
of age. Their brains were post-fixed in buffered formalin for at least one
week and then frozen-sectioned coronally in 60 um thick sections. Every 3rd
section was mounted and stained with thionin. The slides were examined
under a microprojector, and the cross-sectional area of the granule cell layer
(GL) was measured by a "blind " observer. The overall volume of the GL
was reconstructed as mm3.
*sex difference, p<0.05
*
Right GL
Left GL *Total GL
Males:
0.73 ± 0.02(SEM)
0.69 ±0.03
1.42 ±0.05
Females:
0.63 ±0.01
0.62 ±0.03
1.26 ±0.04

251.8
DELAYED DEVELOPMENT OF THE SNB NEUROMUSCULAR SYSTEM
IN RESPONSE TO SHORT PHOTOPERIODS IN Phodopus sungorus.
Carol D. Heostrom* and S. M. Breedlove. Department of
Psychology, U. C. Berkeley, Berkeley CA 94720-1650.
The Siberian hamster, Phodopus sungorus, breeds seasonally in
response to photoperiod. The seasonal breeding is mediated by
photoperiod via the durations of the nightly melatonin secretions
(Carter
and
Goldman,
1983).
Winter-like,
short-day
photoperiods induce gonadal regression in adult animals (Hoffman,
1973), whereas in animals bom into short-photoperiod
conditions, gonadal development is delayed (Hoffman, 1978).
The spinal nucleus of the bulbocavernosus (SNB) and its target
muscles, the bulbocavernosus (BC) and levator ani (LA) comprise
a sexually dimorphic, androgen-sensitive neuromuscular system
involved in male reproduction. We studied the SNB neuromuscular
system in developing Siberian hamsters raised in short-day
(8L:16D) vs. long-day (16L: 8D) conditions.
At 45-55 days of age, development of the BC/LA muscles under
short-day conditions was significantly delayed as judged by BC/LA
weights when compared with long-day controls (p<0.0005, ttest). We are currently investigating the SNB motoneurons to
determine the effects of this delayed development on SNB
motoneuron and neuromuscular junction development.
NIH NS28421

Males and females differed in total GL volume; more specifically, they
differed in volume of the right, but not the left, GL. Furthermore, males
showed lateralization in that their right GL had a larger volume than their left
GL. Additional analyses of hippocampal formation morphology are
underway.
Supported by NIH NS28421.

251.9
MASCULINIZATION OF MEDIAL AMYGDALA VOLUME IS
DEPENDENT ON ANDROGEN RECEPTORS. Bradley Cooke* & S. Marc
Breedlove. Dept. Psychology, Univ. California, Berkeley, CA 94720-1650.
Medial amygdala (MA) volumes from mutant testosterone- insensitive (tfm)
males were compared to those from wild-type rats. Adult animals were
sacrificed, perfused with saline and buffered formalin, their brains removed,
postfixed at least a week in buffered formalin and frozen sectioned coronally
in 60um thickness. Every third section was mounted and Nissl stained.
Sections were then digitized with a CCD camera and MA areas were measured
by an investigator blind to group membership using NIH Image software.
We replicated the reported sex difference in MA volume (p<.01; Kerchner,
M et al., 1995. Brain Research, 672: 251-60) and found no evidence of
lateralization of MA volume in any group. We also found that the bilateral MA
volume of tfm male rats was significantly less than that of wild-type males
(p<.01) and comparable to that from females. The overall brain weights of
male tfm rats were no different from those of wild-type males, suggesting that
MA volume (mm3 x 10-1) and brain weight (gm) are masculinized by
independent mechanisms.
Males
tfm Males
Females
MA volume 19.62 ± 0.9SEM(n=7) 15.4 ± 0.8 (7)
15.4 ± 1 .0 (8 )
Brain weight 2.28 ± 0.08 (n=6)
2.31 ± 0.01 (6)
2.05 ± 0.03 (6)
Thus, it appears that sexual differentiation of MA, unlike other rat brain
structures, may be induced by androgenic rather than estrogenic stimulation.
Supported by NIH NS28421.
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251.10
ADULT SEXUAL EXPERIENCE ALTERS NEURONAL MORPHOLOGY.
Scott E. Christensen*& S.M.Breedlove. Dept. Psych., UC, Berkeley, CA 94720.
Reports of morphological differences between the brains of humans with
differing sexual orientations or gender identity suggest that such behaviors may
result from an early influence of hormones on the developing brain. An alternative
explanation is that sexual behavior in adulthood may alter neuronal morphology.
Male Sprague-Dawley rats were castrated at 117-123 days of age and
subcutaneously implanted with a testosterone-filled Silastic capsule 5mm long
designed to produce a much lower than normal level of circulating androgen which
nevertheless maintains continued male copulatory behavior. A week later each rat
was given as cagemate either an ovariectomized female that had been
subcutaneously implanted with a 5 mm capsule of 10% estradiol to induce constant
behavioral receptivity, or an ovariectomized female given a blank capsule. Male
rats given estrogen-treated cagemates began copulating shortly after introduction
of the receptive female and are therefore labeled "copulators", while the males
caged with untreated females were never observed to copulate. Females were
replaced every 3 days for 27 days. Then male rats were sacrificed and their spinal
cords thionin stained to reveal motoneurons in the spinal nucleus of the
bulbocavernosus (SNB). The cross-sectional area (fim2) of the somata and nuclei
of SNB motoneurons was measured by a "blind" observer.
*p<0.04
*SNB somata *SNB nuclei *BC/LA(mg) seminal ves. (mg)
Copulators: 737 ±25(SEM) 181 ±10
711 ±37
169 ±13 (N=10 rats)
Non-cop:
803 ±14
213 ±5.8
868 ±50
189±12(N=9)
Apparently the rats received equivalent androgen, as intended, because body
weights & seminal vesicle weights were not different between groups. Copulatory
experience per se can alter the size of neurons. Supported by NIH NS28421.

628

HORMONES AND DEVELOPMENT III

251.11
CALCITONIN GENE-RELATED PEPTIDE (CGRP) IN THE SPINAL NUCLEUS
OF THE BULBOCAVERNOSUS (SNB): EFFECTS OF ANDROGEN IN RATS
MOSAIC FOR ANDROGEN SENSITIVITY. D. Ashley Monks1. Neil V. Watson*1and
S. Marc Breedlove2, Dept. Psychology, ‘Simon Fraser University, Burnaby, BC, V5A 1S6,
2U.C. Berkeley, CA, 94720.

Motoneurons of the SNB innervate the perineal muscles bulbocavemosus and levator
ani (BC/LA), and both the SNB and BC/LA are profoundly sexually dimorphic.
Androgen receptors (AR) are expressed in both the SNB and the BC/LA; nevertheless, it
appears that the developmental SNB sexual dimorphism is determined indirectly, through
the actions of androgen on the BC/LA, and little is known about the functions of SNB AR.
In the adult, castration reportedly increases the proportion of SNB neurons expressing
CGRP, while testosterone (T) replacement decreases it. Although suggestive data exist, it
has not been established whether this effect is mediated directly via the SNB cells’ AR, or
indirectly via androgen’s effects on the BC/LA.
We generated rats that were genetically mosaic for the X-linked tfm mutation. In such
animals, roughly 50% of SNB cells express normal wild-type (WT) AR, and 50% express
nonfunctional tfm AR. Mosaics received either T or blank implants, and subsequent
AR/CGRP double-labeling immunocytochemistry was used I) to distinguish tfm from WT
cells within each animal’s SNB, and 2) to determine the proportion of each cell type
expressing CGRP. The preliminary data shown here
Cell Type
suggest that T suppressed CGRP expression only in WT
WT
tfm
cells. Because muscle fibers are multinuclear, all fibers of Blank
mosaic BC/LA contain AR. Thus, if the effects of treated 69.1% 34.9%
androgen on CGRP expression were mediated indirectly,
AR status of the SNB cells would not matter and the effect T on CGRP expression would be equivalent between the 2 treated 41.7% 53.1%
cell types. We will examine the SNB’s of additional
Proportion o f CGRPmosaics, as well as all-tfm and all-WT animals.
positive SN B neurons.
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251.12
NEONATAL TESTOSTERONE INCREASES SIZE AND NUMBER OF
MYELINATED AXONS IN THE MOTOR PUDENDAL NERVE OF RATS.
C. L. Moore*, S. E. Gans and R. H. White. Dept, of Psychology, Univ.
Massachusetts Boston, Boston, MA 02125.
The motor branch of the pudendal nerve, which innervates penile muscles
and nondimorphic anal and urethral sphincters, contains axons of neurons
located in two dimorphic lumbar nuclei. Adult males have more and
larger myelinated axons in this nerve than females, a sex difference that
is consistent with differences in the motor nuclei. We examined the effects
of testosterone on axonal morphology by injecting females with either 500
fig testosterone propionate (TP) or 0.05 ml sesame oil and by
gonadectomizing males and treating them with either 500 |i.g TP or oil.
Treatments were made on the day of birth and the animals were left
w ithout further treatment until nerve samples were collected and
prepared for electron microscopy at 114 days of age. Neonatal TP
increased both the number and the size of myelinated axons in females (p <
0.05) and neonatal castration of males decreased both the number and size
of myelinated axons from levels found in sham-castrated controls (p <
0.05).
Neonatal treatment with TP partially reversed the effects of
castration on axonal number and fully reversed the effects on axonal size.
The findings indicate that testosterone-sensitive processes during the
neonatal period determine the number and the size of myelinated axons in
the motor pudendal nerve. There are no apparent effects of testosterone on
the morphology of myelinated motor pudendal axons beyond this early
period.
(Supported by NSFIBN 9514769 to CLM & RHW and HD 07772 to SEG.)

(Support: NIH NS28421, NSERC 0194522)

251.13
DO SCHWANN CELLS HAVE ANDROGEN RECEPTORS?
C. L. Jordan* Dept. Psych., UC Berkeley, CA 94720-1650
The sexually dimorphic, perineal levator ani (LA) muscle of adult
male rats exhibits marked androgen sensitivity. For example, the adult
LA shrinks to about a third of its original mass when deprived of
gonadal androgens for only a few weeks. Androgen binding assays
also indicate that androgen receptors (ARs) are enriched in the normal
adult LA compared to other rat muscles which are less sensitive to
androgen. In addition, AR immunocytochemistry (ICC) combined with
staining for end-plate acetylcholinesterase reveals that ARs in the adult
LA muscle reside within the nuclei of several different cell types,
including muscle and/or satellite cells, fat cells, and fibroblasts (Jordan
et al., J. Comp. Neurol., 379:88-98. ’97). Although there are no
conspicuous domains or restricted regions of AR expression in the LA
muscle (e.g., AR+ nuclei are present in both synaptic and nonsynaptic
regions of the muscle), AR+ nuclei are also found directly overlying the
endplates of LA muscle fibers and in sciatic nerve, raising the
possibility that Schwann cells express ARs. Studies are underway to
determine whether AR immunostaining co-localizes within cells that
also show positive immunostaining for a Schwann cell protein, S100.
If Schwann cells express ARs, then they represent potential cellular
targets for the androgenic control of muscle and motoneuron
morphology. Supported by IBN-9210229 and IBN-9309856.

251.15
ANDROGEN REGULATION OF NEUROTROPHIC FACTOR RECEPTOR GENE
EXPRESSION IN A SEXUALLY DIMORPHIC NEUROMUSCULAR SYSTEM IN
RATS. J. Xu* and N. G. Forger. Molecular and Cellular Biology Program, Univ. of
Mass., Amherst, MA 01003.
The spinal nucleus of the bulbocavemosus (SNB) and its target bulbocavemosus
muscle (BC) constitute a sexually dimorphic system in rats. Adult male rats have
about four fold more SNB motoneurons than females and a well formed BC muscle.
The BC undergoes atrophy during a critical period in early development in females.
Survival of SNB motoneurons and BC muscles is androgen dependent, but which
genes are regulated by androgen in either the neurons or the muscles is not known.
We are examining the expression of the a component of the ciliary neurotrophic
factor receptor (CNTFR) in this neuromuscular system. It has been shown that CNTF
can mimic some masculinizing effects of androgen in the SNB system of females. In
addition, sexual dimorphism in the SNB is not present in CNTFR knockout mice. We
have found that both SNB motoneurons and their target muscles make the CNTF
receptor. By applying Northern blot analysis, we examined the developmental
expression profile of CNTFR mRNA in both BC muscle and the lower lumbar spinal
cord, where the SNB nucleus is located. In the muscle, the peak expression of
CNTFR is seen around the time of birth, while CNTFR is expressed at a relatively
constant level in the spinal cord throughout development. To examine whether
expression of CNTFR is androgen-regulated, we injected pregnant rats with the
androgen receptor blocker, hydroxyflutamide, on embryonic days 18 through 21.
Four days of androgen deprivation caused a significant up-regulation of CNTFR gene
expression in both BC muscle and the lumbar spinal cord of male fetuses. In adult
males, castration caused the CNTFR expression level first to rise (one week after
castration) and then to decrease (ten weeks post-castration) in the BC muscle. Thus,
expression of CNTFR mRNA in the BC muscle appears to be ¿nodulated by
androgen. (Supported by NIH HD 33044 and the Whitehall Foundation)

S ociety for N euroscience , V olume 2 3 ,19 9 7

251.14
E x p r e s s i o n o f t h e CNTF R e c e p t o r i s A n d r o g e n R e g u l a t e d i n
S e x u a l l y D i m o r p h i c M o t o n e u r o n s . N. G. Forger»*. C. K. Wagner* and A,

J. MacLennan2. •Dept, of Psychology, Univ. of Mass., Amherst, MA, and 2Dept. of
Neuroscience, Univ. of Florida, Gainesville, FL.
The alpha component of the ciliary neurotrophic factor receptor (CNTFRa) is
required for normal development of motoneurons and may also be involved in the
maintenance of motoneurons in adults. We examined the expression of CNTFRa in
three motor pools of the lower lumbar spinal cord of rats: the spinal nucleus of the
bulbocavemosus (SNB), the dorsolateral nucleus (DLN), and the retrodorsolateral
nucleus (RDLN). The SNB and DLN innervate striated muscles of the perineum;
these nuclei are sexually dimorphic and androgen regulated. RDLN motoneurons are
not sexually dimorphic and innervate muscles of the foot. Adult females were
compared to adult males that were castrated or sham-castrated (Intact). Four weeks
after surgery, half of the castrated males received two daily injections of testosterone
propionate (1.25 mg/kg); all other animals received control injections. Spinal cords
were processed for immunocytochemical detection of CNTFRa and analyzed using
NIH Image. The density of label in the DLN was greater than that in the SNB or
RDLN in 16 of 16 animals (DLN » SNB = RDLN; pc.OOOl). The pattern of
staining in the DLN was also distinctive: immunoreactivity in the neuropil around
DLN motoneurons was extremely dense and punctate in appearance, whereas other
motoneuron groups exhibited moderately labeled motoneuron cell bodies amidst a
sparse plexus of labeled fibers. The total area covered by label was greater in intact
males than in females in the SNB and DLN (p<.05), but not in the RDLN. Intact
males did not differ from castrates on these measures. The density of label in intact
males exceeded that of females or castrate males in SNB neuropil, DLN somata, and
RDLN somata. Two days of testosterone treatment was not sufficient to reverse any
of the effects of castration. Expression of the CNTF receptor protein in spinal
motoneurons appears to be regulated by long-term androgen changes.
Supported by NIH HD33044 & DA07244, and the Whitehall Foundation.

2 51.16
E f f e c ts o f C ilia r y N e u ro tro p h ic F a c t o r a n d T e s to s te ro n e o n th e
D e v e l o p i n g L e v a t o r A n i M u s c l e o f F e m a l e R a t s . C. R. Varela, J. B.

Powers*, and N.G. Forger. Department of Psychology, University of Massachusetts,
Amherst, MA, 01003.
The levator ani (LA) muscle of rodents is part of a sexually dimorphic
neuromuscular system which is androgen dependent. The LA* wraps around the
rectum, attaches to the base of the phallus, and is involved in sexual reflexes such as
erection and ejaculation. Prenatally, both male and female rats possess an LA of
similar size. Because the development of this muscle is androgen-dependent, however,
the LA atrophies in females around the time of birth. Administering testosterone to
perinatal females permanently masculinizes LA muscle size. Ciliary neurotrophic
factor (CNTF) has also been found to increase LA size in newborn females, and
CNTF receptors are expressed by LA muscles of perinatal rats. In this study we
compared the cellular effects of CNTF and testosterone on the developing LA muscle
of female rats. Pups were treated with daily injections of testosterone propionate (TP;
500|Xg), CNTF (1.5 jig), both TP and CNTF, or vehicle alone from postnatal day 1
through 6. On day 7 pups were perfused and the entire perineal region was embedded
in epon. Semi-thin (2 |_im) cross sections through the body of the LA were collected,
stained with toluidine blue and examined by light microscopy at 1000X. The mean
cross-sectional area of muscle fibers and the total number of fibers per muscle were
determined for the left and right LA of each animal. TP caused a significant, 77%,
increase in muscle fiber size (p < 0.0001). CNTF alone had no effect on the size of
fibers in the LA muscle (p > 0.5) and did not augment testosterone’s effect on fiber
size in animals treated with both CNTF and TP. TP and CNTF each increased LA
muscle fiber number approximately 2-fold relative to that of control females. Effects
of CNTF and TP on fiber number were not additive, suggesting that these two
treatments may act by a common mechanism.
Supported by NIH HD33044 and the Whitehall Foundation
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252.1
ROLES OF SUBCELLULAR CHANGES IN LEVELS OF OXYRADICALS AND CALCIUM IN STAUROSPORINE-INDUCED
NEURAL CELL DIFFERENTIATION AND APOPTOSIS. L
Kruman*. A. Boland. Q. Guo. A. J. Bruce, and M, P. Mattson. SandersBrown Research Center on Aging and Department of Anatomy &
Neurobiology, University of Kentucky, Lexington, KY 40536.
In PC12 cells staurosporine induces rapid morphological and biochemical
differentiation-like changes followed by apoptosis. In order to elucidate
underlying mechanisms we performed time-course analyses of changes in
the following parameters following exposure to staurosporine: mitochondrial
(mt) peroxynitrite levels; membrane lipid peroxidation; mt energy state (MTT
reduction); mt transmembrane potential (rhodamine 123 fluorescence); mt
calcium levels ([Ca2+]m; rhod-2 fluorescence); intracellular free calcium levels
([Ca2+]j; fura-2); neurite formation; caspase activation; and nuclear DNA
condensation/fragmentation (Hoescht 33342 staining). The data suggest
the following ordering of events: neurite formation and mt peroxynitrite
accumulation (1-2 hr); caspase activation (2-4 hr); membrane lipid per
oxidation (6-10 hr); elevation of [Ca2+]( and elevation of [Ca2+]m, and
decreased mt energy state (10-12 hr); decreased mt transmembrane
potential arid nuclear DNA condensation/ fragmentation (beyond 12 hr).
Trophic factors, Bcl-2 and the caspase inhibitor z-VAD-fmk each prevented
the early accumulation of mt peroxynitrite and all subsequent events in the
apoptotic sequence induced by staurosporine. However, trophic factors,
Bcl-2 and z-VAD-fmk did not prevent staurosporine-induced neurite
formation, demonstrating a dissociation between differentiation and apop
tosis. Removal of extracellular calcium and the intracellular Ca2+ chelator
BAPTA-AM did not prevent staurosporine-induced lipid peroxidation, but
did prevent elevation of [Ca2+]m, decreased mt transmembrane potential,
and nuclear DNA condensation/ fragmentation. These data suggest roles
for Ca2+ in late stages of staurosporine-induced neural apoptosis.
(supported by the NIH and the Alzheimer's Association).

252.2
GAP
JUNCTIONAL COMMUNICATION
DECREASES
NEURONAL VULNERABILITY TO OXIDATIVE STRESS IN
HIPPOCAMPAL CELL CULTURES: ROLE OF CALCIUM
HOMEOSTASIS. E. M. Blanc. A. J. Bruce-Keller. R. A. Yokel*, and M. P.
Mattson- Sanders-Brown Research Center on Aging and Dept, of Anatomy &
Neurobiology, Univ. Kentucky. Lexington KY 40536.
We investigated the effect of uncoupling astrocytic gap junctions on neuronal
vulnerability to oxidative injury in embryonic rat hippocampal cell cultures. Mixed
cultures (neurons growing on an astrocyte monolayer) treated with 18-aglycyrrhetinic acid (GA), an uncoupler of gap junctions, show markedly enhanced
generation of intracellular peroxides (measured by 2,7-dichlorofluorescein
fluorescence) and cell death (lactate dehydrogenase release) following exposure to
oxidative insults (FeS0 4 and 4-hydroxynonenal). Oxidative stress-induced impair
ment of mitochondrial function (MTT conversion) was also increased when cells
were exposed to GA. GA alone had no affect on basal levels of peroxides,
mitochondrial function, or neuronal survival. Halothane, another blocker of gap
junctional communication, also increased oxidative stress induced by FeS0 4 .
Elevations of neuronal intracellular calcium levels ([Ca^+Jj induced by FeSÛ4 were
enhanced in cultures exposed to GA. The antioxidants propyl gallate and glutathione
and removal of extracellular calcium blocked the death of neurons exposed to FeS04
in the absence or presence of GA. However, glutamate receptor antagonists did not
protect neurons against FeS0 4 -induced elevation of [Ca^+Jj, peroxide accumulation,
mitochondrial impairment or cell death. Collectively, our data suggest that gap
junctional communication in astrocyte-neuron co-cultures decreases neuronal
vulnerability to oxidative injury by a mechanism involving stabilization of cellular
calcium homeostasis. We propose that astrocytic gap junctions play an important
role in modifying neuronal vulnerability to oxidative injury in various
neurodegenerative conditions. (Support: NIH and the Alzheimer’s Association.)

252.3
M AN IPU LA TIO N OF EX T R A C EL LU L A R C A LCIU M CAN
SELECTIVELY INDUCE APOPTOSIS OR NECROSIS IN SH-SY5Y
HUMAN NEUROBLASTOMA CELLS K. M. McGinnis**. M. E.
Gnegy*. and K. K. W. Wangt. ^Department of Pharmacology, University
of Michigan, Ann Arbor, Ml, 48109, tP arke-D avis P h arm aceutical
Research Division of W arner-Lambert, D epartm ent of Neuroscience
Therapeutics, 2800 Plymouth Road, Ann Arbor, MI 48105.
Disruption of intracellular Ca2+ homeostasis has been implicated in the
induction of apoptosis in a number of different cell types. In this study,
we examined the effects of m anipulating extracellular Ca2+ on the
viability of SH-SY5Y human neuroblastoma cells. We found th a t the
addition of 2 mM EGTA to the culture medium induced stereotypical
apoptosis, including DNA laddering. Time course analyses of lactate
dehydrogenase (LDH) release revealed an increase as early as 6 hours.
The increased LDH release is blocked up to 12 hours by the pan-caspase
inhibitor carbobenzoxy-Asp-CH20C(0)-2,6-dichlorobenzene (Z-D-DCB) but
not by calpain inhibitor II. Corresponding western blotting demonstrated
that EGTA treatm ent produces the CPP32-mediated 120 kDa a-spectrin
breakdown product (SBDP) and 83 kDa poly(ADP-ribose) polymerase
(PARP) fragment with no detectable levels of the calpain-mediated 145
kDa SBDP. CPP32 activity was detectable as early as 1 hour after
EGTA addition as evidenced by hydrolysis of Ac-DEVD-MCA. In contrast,
the addition of 5 mM Ca2+ to the culture, medium produced predominantly
necrotic cell death at 24 hours. While C a2+ addition led to LDH release,
no DNA laddering, PARP cleavage nor CPP32 activity was detected up to
24 hours. Ca2+-treatment resulted in little or no CPP32-mediated SBDP
formation, but the calpain-mediated 145 and 150 kDa SBDPs were
produced. These paradigms provide a useful model for the induction of
apoptosis or necrosis without the respective activation of calpain or
CPP32. (Supported by NSF fellowship to KMM).

2 52.4
ROLES OF CALCIUM AND NITRIC OXIDE IN FAST RETROGRADE
SIGNALING DURING DEVELOPMENTAL NEURONAL DEATH. A. Posada,
P.G.H. Clarice and B. M. Riederer*. Institut de Biologie Cellulaire et de
Moiphologie, University of Lausanne, CH-1005, Switzerland
During development, the isthmo-optic nucleus (ION) in the chick embryo loses
55% of its neurons. This neuronal death is regulated by retrograde signals from the
targets of the ION (amacrine cells in the contralateral retina). Our previous work has
shown that electrical activity blockade in the retina reduces neuronal death and
lamination (morphological organization) in the ION, The effect is very fast (6h) and
is not mediated by a change in the receipt of trophic factors from the postsynaptic
cells (Primi and Clarice, J. Neurosci. 1996, in press).
We think that this effect of electrical activity blockade is via the perturbation of
Ca2+ entry into the isthmo-optic axons. To test this hypothesis we have injected
different Ca2+channel antagonists intxaocularly at embryonic day 14, after which the
embryos survived 6 or 12 hours prior to fixation. Both co-conotoxin, an N-type
channel blocker, and cadmium, a nonselective blocker, reduce neuronal death and
lamination in the ION, but Nifedipine, an L-type channel blocker, has no effect. We
also blocked nicotinic receptors, present on the ION axonal terminations and on
amacrine cells, with a-bungarotoxin and observed the same effect.
Since nitric oxide synthase is present in the axonal terminations of the ION, we
have tested an antagonist of nitric oxide synthase, L-NMMA, and an agonist, Larginine. Curiously, in both cases neuronal death and lamination in the ION are
reduced.
We conclude that presynaptic Ca~ entry is implicated in a fast retrograde
regulation of neuronal death and lamination. Nitric oxide, which is produced by the
entry of calcium and is implicated in synaptic depression, may also play a role in this
process.
(Supported by Swiss National Science Foundation grant 31-40709.94.)

252.5
SELECTIVE MODULATION BY NITRIC OXIDE OF APOPTOSIS IN
RETINAL EXPLANTS. C.A. Guimarges* and R. Linden. Instituto de Biofísica da
UFRJ, Rio de Janeiro, 21949-900, Brazil, e-mail: cinthya@ibccf.biof.ufrj.br.
The retina of newborn rats consists of two nuclear layers: the ganglion cell layer
(GCL) and the neuroblastic layer (NBL). In retinal explants, the GCL enters
apoptosis due to section of the optic nerve, while there is almost no cell death in
NBL. When the protein synthesis inhibitor anisamycin (ANI) is added, cell death is
blocked in GCL and induced in NBL. We tested the roles of nitric oxide (NO) on
apoptosis in the retina in vitro. The NO donor S-Nitroso-acetylpenicillamine
(SNAP) prevented cell death induced by ANI in NBL, but had no effect in GCL.
Mitogen-activated-protein kinase (MAPK) has been shown to induce NO Synthase.
2-aminopurine (2AP), a MAPK inhibitor induces cell death in NBL, similar to ANI.
SNAP also prevented the degeneration caused by 2AP in NBL. Thapsigargin
(THAPSI), an inhibitor of calcrum-ATPase of the endoplasmic reticulum, induces
cell death in NBL due to mobilization of intracehilar calcium stares. In contrast
with the effects above, SNAP potentiated the degenerative effect of THAPSI. Our
results show that NO modulates programmed cell death in the retina in vitro,
depending on the form of induction of apoptosis. Low concentrations of NO
selectively reduce the rate of cell death induced by either inhibition of protein
synthesis or inhibition of MAPK. The protective effect of NO in explants treated
with ANI may be related to the inability of the cells to produce their own NO due to
protein synthesis inhibition. The production of NO by MAPK-containing cells may
be responsible for the maintenance of NBL cells in vitro. On the other hand, since
calcium activates constitutive NO synthases, a high concentration of NO in explants
treated with both THAPSI and SNAP may be responsible for the increase of the rate
of apoptosis. The results suggest that modulation of apoptosis by NO is related to its
concentration. (CNPq, FINEP, FAPERJ)

252.6
NMD A RECEPTOR-MEDIATED CA2+-INFLUX ACTIVATES THE
Ras/Erk PATHWAY THROUGH NITRIC OXIDE
K-Y. Yun*, M
Gonzalez-Zulueta, V.L. Dawson & T. M .D aw son. Departments ô?
Neurology and Neuroscience, JôEns Hopkins University School of
Medicine, Baltimore, MD 21287.
Long-term changes in synaptic plasticity that are important in learning
and memory, neuronal development and survival are induced, in part,
through NMDA glutamate receptor-mediated increases in intracellular
calcium. Calcium dependent tyrosine phosphorylation of extracellular
signal-regulated kinases (Erk’s) may ultimately transmit the glutamate
signal to the nucleus which is important for long-lasting neuronal
responses. The mechanism by which changes in cytoplasmic calcium
mediate NMDA induced phosphorylation of Erk is pôorly understood.
Here we report, in cortical neurons, that nitric oxide (NO), via increases
in intracellular calcium through activation of the NMDA receptor, is a
major activator of p21ras (Ras) and its downstream effector, Erk. NMDA
induced Ras activation and tyrosine phosphorylation of Erk is a NO
dependent process as indicated by the blockade of these events by the NOS
inhibitor, L-NAME, and the reversal of this blockade by excess substrate,
L-arginine. NMDA induced tyrosine phosphorylation of Erk occurs
through direct activation of Ras by NO.
Our results indicate that NO is involved in long-term changes in
synaptic plasticity which require alterations in gene transcription through
tyrosine phosphorylation of Erk. These processes may be mediated by
redox-sensitive modulation of Ras, implicating Ras as a major direct
intracellular target of NO’s action in the CNS. These interactions may be
particularly important during neuronal development and neuronal injury
in which nNOS and Ras are expressed at high levels.
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252.7
NITRIC OXIDE MEDIATES ACTIVITY-DEPENDENT NEURONAL
SURVIVAL. M. Gonzalez-Zulueta*. H.-Y, Yun. V.L. Dawson and T.M.
Dawson. Departments of Neurology and Neuroscience, Johns Hopkins
University School of Medicine, Baltimore, MD 21287.
Increases in intracellular calcium levels mediate activity-dependent neuronal
survival, a process which requires neuronal production of brain-derived
neurotrophic factor (BDNF). The intracellular signalling pathways by which
growth factors promote neuronal survival are not well characterized. Many
studies have identified nitric oxide (NO) as having critical roles in cellular
signalling. We have investigated the role of NO in activity-dependent neuronal
survival. Here we show that KC1 (50 mM)-induced survival and neurite
outgrowth of cortical neurons from day 16 rat embryos is blocked by the nitric
oxide synthase (NOS) inhibitor, L-NAME (500 |xM), and this blockade is
reversed by the NOS substrate, L-Arginine (5 mM). Inhibition of NOS also
prevents membrane depolarization-induced phosphorylation of CREB, a
downstream effector of BDNF. Cultures from neuronal NOS null mice grow
poorly and fail to differentiate after KC1 depolarization, indicating a key role for
NO in activity-dependent survival of immature neurons. Furthermore, we show
that activation of p21ras (ras) after neuronal depolarization is mediated by NO as
indicated by attenuation of p21ras activation by L-NAME and reversal of this
blockade by L-Arginine. The inhibition of activity-dependent neuronal survival
by specific anti-BDNF antibodies is reversed by the application of a low dose of
the NO donor DETA/NO. Our observations indicate that membrane
depolarization in cortical neurons activates p21ras via NO generation and that
activity dependent survival of neurons requires NO. These findings suggest that
NO may be important in linking activity-dependent events to long-term changes
in neuronal survival, differentiation and plasticity.
Supported by The Boehringer Ingelheim Fonds
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252.8
"LOW-POTASSIUM" INDUCED APOPTOSIS AND EXPRESSION OF
IMMEDIATE EARLY GENES (IEGs) IN PRIMARY CULTURES OF
CEREBELLAR NEURONS. M.V, Catania*1. A. Copani2'3. U. De Grazia4.
R. Giuffrida3. A, Calogero4. G. Casabona* and..F .-N k o le iii2'4.
ll.B.F.S.N.C., CNR, Catania; Institutes of 2Pharmacology and
^Biochemistry, Catania Univ.; I.N.M. Neuromed, Pozzilli, Italy,
Primary cultures of rat cerebellar neurons contain mostly granule cells
(>90%) and a small percentage of GABAergic (GAD+) neurons. Cultures are
usually grown in medium containing 25 mM K+ (K25) for an optimal
maturation and survival of granule cells. When cultured in 10 mM K+
(K10), granule cells undergo apoptosis at 4 DIV. At this age, the
percentage of GAD+ neurons was higher in K10 than in K25, suggesting that
GABAergic neurons are more resistant than granule cells to low-K+induced
apoptosis. We have examined the expression of c-Fos and Zif/268 proteins
in granule cells and GAD+ neurons in an attempt to correlate changes in IEG
expression with the development of apoptotic death. In granule cells at 4
DIV, the expression of c-Fos was much greater in K25 than in K10, whereas
in GAD+ neurons c-Fos immunoreactivity was absent. Interestingly, the
expression of Zif/268 was higher in K10 than K25 and was similarly
regulated in granules and GAD+ neurons. The expression pattern of c-Fos
and Zif/268 in K10 cultures became similar to that observed in K25 cultures
when examined 6 hours after addition of NMDA, which is known to
support cell survival. We propose that a reduction in c-Fos combined with
an increase in Zif/268 may contribute to the development of low-K+
induced apoptosis in cultured cerebellar granule cells.

25 2 .9
NEOCORTICAL STEM CELLS RESIST TO GLUTAMATE- AND NITRIC
OXIDE-INDUCED NEUROTOXICITY. J.N. Wu*. W.Y. Hsieh. S.N. Yang. P.M.
Liu1, and J.C. Liu2. Departments of Physiology, Pharmacology1 and Anatomy2,
National Defense Medical Center, Taipei, Taiwan, R.O.C.
It is well known that glutamate and sodium nitroprusside (donor of nitric oxide)
possess neurotoxicity in primaiy neuronal culture. In this study, we characterized
the neurotoxic effects of these drugs to primary neuron-enriched culture and to
neocortical stem cells culture from rats. The embryonic neocortical cells was
obtained from rat (El6) fetal cortex. The culture medium was DMEM/F12 with
modified neuron-defined medium. The primary neuron-enriched culture reached
90% purity of neurons according to immunocytochemical staining. The neocortical
stem cell culture was maintained based on EGF treatment. The spheres formed by
EGF-responsive cells were nestin positive. After the culture plates precoated with
poly-L-lysine and the culture medium supplemented with serum, these EGFresponsive cells would most differentiate into GFAP-positive cells. Both glutamate
and sodium nitroprusside produced dose-dependent increases in nitrite and LDH in
culture medium of primaiy neuron-enriched culture. In neocortical stem cell
culture, glutamate did not increased nitrite or LDH at similar doses. Sodium
nitroprusside did significant increase nitrite but not LDH in neocortical stem cells.
After the treatment of both drugs, the neocortical stem cells can still differentiate
into different cell types. The property of these cells are still under investigation.
Additionally, using direct nitric oxide probe we found that glutamate did significant
cause instant release of NO in neocortical stem cells. (This experiment is supported
by NSC-86-2314-B-016-092, Taiwan, R.O.C.)

252.10
VIABILITY LOSS IN COS-7 CELLS IS DETERMINED BY MUSCARINIC
RECEPTOR SUBTYPE AND PREVENTED BY VITAMIN E, PBN, OR Ca2+
CHANNEL ANTAGONISTS. J.A. Joseph*. D. Fisher, and I. Cantuti-Castelvetri.
USDA-HNRC at Tufts University, Boston, MA 02111,
Previous research has indicated that selective vulnerability (SV) to oxidative stress
(OS) may be important in determining regional differences in functional declines in
neuronal aging, and OS SV may involve selective Ca2+disregulation determined in-part
by receptor subtype. In this regard, we have shown that the percent of COS-7 cells
showing OS-induced loss of Ca2*regulation was greatest in cells transfected with M,, Mz
and M4AChR. Those with M3or M 5 AChR were not affected. Present efforts assessed
whether: a) OS-induced Ca2+disregulation leads to cell death and b) this can be prevented
by Trolox (a vitamin E analog), PBN, or Ca2+ channel antagonists (Ca2+ ant.). We
exposed COS-7 cells transfected with either M, or M3AChR to 1mM dopamine (DA) and
examined intracellular Ca2+ levels prior to and following 500^M oxotremorine (oxo)
(Fura II- Fluorescent imaging analysis) as well as the degree of cell lost (Eukolite Viabil.
Cytotox. Kit; Molec. Probes). Results showed that M,-transfected -DA-treated cells had
a 43 + 0.9% reduction in viability at 24 hrs post treatment while M3-transfected or
untransfected-DA-exposed cells showed no viability decreases. Apoptosis analysis (ApoTag kit, Oncor) indicated that approximately 25% of the M,-transfected-DA-treated killed
cells were apoptotic. Pretreatment of these cells with PBN, Trolox or Ca2+ant. prevented
DA-induced decrements in cell viability. However, neither PBN nor Trolox was able to
prevent DA-induced deficits in Ca2+ clearance (reduced to 46 + 4.1 and 47 ± 5.5%
respectively). This dichotomy was not observed with the Ca2+ant. where both deficits in
viability and Ca2*regulation were prevented by pretreatment. Findings suggest that PBN
and Trolox may prevent OS-induced cell death by mechanisms other than through
antagonizing deficits in Ca2+regulation. For example, preliminary analysis indicates that
PBN enhances by 8-fold the OS- induced increases in ERK activity.
(Supported by USDA Intramural)

252.11
SLOWLY-TRIGGERED ZINC NEUROTOXICITY IN CORTICAL
CULTURE OCCURS BY NECROSIS. Yane-Hee Kim1. Eun-Youne Kim2. Seong
H. Sohn3. Bvoung J. Gwag2. Jae-Young Koh*1. ’Dept, of Neurol., Ulsan Univ. Sch.
Med., Seoul, Korea, 2Dept. of Pharmacol., and 3Lab. of Cell Biol., Ajou Univ. Sch.
Med., Suwon, Korea.
Delayed neuronal death in transient global ischemia has been reported to occur
by apoptosis, to which some studies have disagreed. Since neurotoxicity mediated
by endogenous zinc is likely to play a causal role in this case, we examined whether
it occurs by apoptosis in cortical cultures.
Twenty four-hour exposure of cortical cultures to 30 - 35 |iM zinc induced
slowly-evolving neuronal death. This slowly-triggered zinc neurotoxicity was
accompanied by some features of apoptosis such as DNA breaks visualized by the
TUNEL method and DNA agarose gel electrophoresis. However, electron
microscopic examinations revealed features typical of necrosis such as marked
swelling and disruption of intracellular organelles. Furthermore, this neuronal
death was not attenuated by cycloheximide, neurotrophins (BDNF, NT-3, NT-4/5),
or high potassium, all of which effectively reduced several forms of neuronal
apoptosis in our cortical cultures.
Present results have demonstrated that slowly-triggered zinc neurotoxicity,
although accompanied by some features of apoptosis, overall, better fulfills criteria
for necrosis-type death. Combined with the previous results demonstrating a
critical role of zinc in neuronal death after transient ischemia, these findings raise the
possibility that the delayed CA1 neuronal death may occur mainly by necrosis. In
addition, this study raises a further cautionary note in using DNA fragmentation as
the sole criterion for apoptosis.
♦Supported by Asan Institute for Life Science grant 97-193.
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Z INC N E U R O T O X I C I T Y IS M E D I A T E D T H R O U G H O X I D A T I V E
S T R E S S IN C O R T I C A L C E L L CULTURES. E.Y. Kim*1, J. Y. Koh2.
Y. H. Kim2, S.H. Sohn.3 B.J. Gwaa1. xDept of Pharmacology
and labora t o r y of Cell Biology, Ajou Univ Sch of MecJ, Suwon,
2Dept of Neurology, Ulsan Univ Sch of Med, Seoul, Korea.
Translocation of zinc into adjacent neurons can be
neurotoxic under hypoxic-ischemic conditions. We examined
degeneration patterns and mechanisms of zinc neurotoxicity
in mixed cortical cell cultures of neurons and glia grown
for 10 - 14 d. Cortical neurons revealed swelling of cell
body and mitochondria 6 - 8 hr following exposure to 100
- 300 (¿M Zn2+ for 30 min. Over the next 24 hr, massive
neuronal loss was observed. This necrotic neuronal death
by Zn2+ was not attenuated by 1 ng/ml cycloheximide, a
protein synthesis inhibitor. Treatment with the glutamate
antagonists, 10 fiM MK-801 or 50 ^M CNQX, or 1 mM N-Arg,
a selective inhibitor of nitric oxide synthase, did not
prevent
Zn2+-induced
neuronal
deat^h.
Interestingly,
treatment with 100 |iM trolox, a lipophilic vitamin analog
acting as an antioxidant,
significantly attenuated
neuronal death following exposure to 100 or 300 fiM Zn2+.
A 12 hr pretreatment with 50 ng/ml insulin or brain derived
neurotrophic factor (BDNF) known to potentiate oxidative
neuronal necrosis potentiated the Z n 2+ neurotoxicity,
which was prevented by inclusion of 100 faM trolox beginning
from Zn2+ exposure. The present study provides evidence that
a brief exposure to Zn2+ produces oxidative neuronal
necrosis. Supported by HMP-97-M-2-1046 (BJG) and Asan
Institute for Life Science grant 97-193 (JYK).
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MANGANESE INDUCES APOPTOSIS AND ACTIVATES JNK
PATHWAYS IN PC12 CELLS. Y. Hirata, M. Hagiwara* and K.
Kiuchi. Lab. for Genes and Motor bystems, bio-Mimetic Control
Research Center, The Institute of Physical and Chemical
Research (RIKEN) Nagoya 463, Japan.
Manganese is known to induce neurological disorders similar
to parkinsonisms. A dopamine deficiency has been demonstrated
in Parkinson's disease and in chronic manganese poisoning,
suggesting that the mechanisms underlying the neurotoxic
effects of the metal ion are related to a functional abnormality
of the extrapyramidal system. However, the details have yet to
be elucidated. Here we report that manganese causes
characteristic internucleosomal DNA fragmentation, a hallmark
of apoptosis, in PC12 cells. The results indicate that apoptosis
may play a role in the dopaminergic neurotoxicity associated
with manganese, the first metal to be reported to induce this
form of cell death. The early biochemical events show the
impairment of energy metabolism and the process may require
new synthesis of proteins such as c-Fos and c-Jun. In addition,
manganese induces phosphorylation of c-Jun at Ser63 and
Ser73, SEK1/MKK4 (JNK kinase) at Thr258, and tyrosine
phosphorylation of several proteins. These results indicate that
it activates specific signal cascades including JNK pathways.
One possible stress signal is reduction in pH due to increased
production of lactic acid.

NEURONAL DEATH II
253 .1
METHAMPHETAMINE (METH) TOXICITY IS POTENTIATED
WHEREAS MPTP TOXICITY IS ATTENUATED IN GLUTATHIONE
PEROXIDASE (GP) OVER-EXPRESSING MICE.
L.Y. Mov*1. O.
Mirochnitchenko2 and P.K. Sonsalla1. Dept, of Neurology1 and Dept, of
Biochemistry2, UMDNJ-RWJMS, Piscataway, NJ 08854.
Transgenic mice overexpressing antioxidant enzymes provide an excellent
model in which to study the role of free radicals in models of neurotoxicity. The
purpose of the present study was to examine the role of GP in two models of
neurodegeneration, both of which are thought to be associated with oxidative
stress in dopaminergic neurons. Using mice overexpressing intracellular GP
(GPE), we studied the effects of neurotoxic doses of 1-methyl-4-phenyl-1,2,3,6tetrahydropyridine (MPTP), a mitochondrial inhibitor, and METH, a CNS
stimulant which has been associated with oxidative stress. MPTP (4x7.5 mg/kg
i.p.) was administered every 2 h to GPE and non-transgenic (NTG) mice. In
MPTP-treated NTG mice, striatal dopamine (DA) levels were markedly reduced to
7±3% of saline-treated controls (n=3, x±SD). In MPTP-treated GPE mice, DA
loss was less severe (27±17%, n=3). These results support the hypothesis that free
radicals are involved in the mechanism of MPTP toxicity. Surprisingly,
administration of METH (2x10 mg/kg i.p.) at 2 h intervals resulted in greater
striatal DA loss in GPE mice as compared to NTG mice (13±8%, n=8, 61±28%,
n=4, respectively). However, METH-induced hyperthermia was significantly
greater in GPE than NTG mice. It has been shown that temperature elevation
correlates with the extent of METH-induced toxicity. Thus, the potentiation of
METH-induced hyperthermia and toxicity in GPE mice, which are more
thermosensitive than NTG mice, suggests that detrimental processes associated
with temperature elevation may overcome any beneficial effects of increased
antioxidant capacity within the neuron. This work was supported by grants
AG08479, DA06236 and ES07148.

2 53.2
WV-INDUCED VULNERABILITY OF THE MIDBRAIN DOPAMINERGIC
NEURONS IS ENHANCED BY THE BALB/cJ BACKGROUND. L Verina.
S.R. Dlouhv. J.J. Wei. L. Fitzpatrick. C. Stauss. B. G hetti*. Indiana
University School of Medicine, Indianapolis , IN 46202, USA.
Loss of the midbrain dopaminergic (DA) cells is part of the pathologic
phenotype associated with the murine mutation weaver (wv) in both
homozygous (w vlw v) and heterozygous (wv/ + ) mice of the hybrid
strain B6CBA->4W'JM (B6CBA). Variability in the number of midbrain
DA neurons has been observed in some strains of mice. Our aim was
to determine if strain background influences the phenotypic expression
of the wv mutation. In the current study we observed that B6CBA wildtype ( + /+ ) mice show approximately 15% fewer DA cells than
BALB/cJ + /+ mice. We have completed 14 generations of backcrossing wv into BALB/cJ strain. We counted tyrosine hydroxylase (TH)
immunoreactive neurons in the midbrain DA cell groups A8, A9 and
A10 in wv/ + and + /+ mice at 90 days of age. As compared to corre
sponding + / + controls, wv/+ mice of the B6CBA strain showed a 7%
proportional reduction of the midbrain DA neurons, while in wv/ + mice
of the BALB/cJ strain, midbrain DA cell loss was 31.5%. On average,
at 90 days of age there were approximately 9,800 surviving DA neu
rons in the midbrain of B6CBA w v/+ mice, whereas in BALB/cJ there
were approximately 8,500 surviving DA neurons. The enhanced vul
nerability of the DA neurons in the BALB/cJ mouse midbrain not only
confirms our previous conclusions that a single dose of the wv results
in loss of midbrain DA cells, but also demonstrates that the extent of
cell toss can be influenced by strain background. (Supported by grants
PHS R01 NS 14426 and PHS P01 NS 27613.)

253.3
mRNAs OVEREXPRESSED DURING INDUCED APOPTOSIS IN
SUBSTANTIA NIGRA IDENTIFIED BY RNA DIFFERENTIAL DISPLAY.
N.G. Kholodilov*. M. Nevstat and R.E. Burke. Dept, of Neurology, Columbia
University, New York, NY 10032.
We have previously shown that an axon-sparing injury to the target striatum results
in an induction of programmed cell death with the morphology of apoptosis in the
developing substantia nigra (SN) (PNAS, 1994). This model can be induced
unilaterally, so it is an ideal paradigm for application of the mRNA differential
display technique. We have cloned and sequenced 191 cDNAs overexpressed on
the experimental side of the SN. Using BLAST search we determined 101
sequences highly homologous to known genes. Among them we focused on 21
sequences previously shown to be involved in cell cycle regulation, apoptosis or
neurodegenerative diseases. One of the sequences of interest is rat synucleinl. To
confirm the differential display result we performed comparative RT-PCR with
specific primers for our original 3’ end fragment In addition we performed RTPCR far a 900 bp fragment with our 3'-end (reverse) primer and 5' (forward)
primer based on a common sequence of the 5’ untranslated region for rat
synucleins. Both studies shows increased abundance of product in SN at 4 hours
after target injury. Northern blot analysis showed increased expression of synuclein
mRNA in the SN on the side of induced apoptosis at 4, 8 and 24 hours. In situ
hybridization showed a relative increase in synuclein mRNA at 4 hours in the SN
pars compacta and in the ventral tegmental area. Another sequence of interest is
homologous to mouse mRNA overexpressed in teratocarcinoma cell line ECA39.
This differential display result has also been confirmed by comparative PCR with
specific primers, northern blot analysis and in situ hybridization. Mouse ECA39
protein is homologous of rat aminoacid aminotransferase. Supported by NS26836,
PDF, Smart Family Foundation.

253.4
POTASSIUM -INDUCED DEPOLARIZATION PROMOTES BOTH SURVIVAL
AND DIFFERENTIATION OF DEVELOPING DOPAMINE NEURONS.
M. Rubera. N. Lambena. E. Ceraueira. T.T. Nauven. Y. Aaid* and P.P. Michel.
INSERM U289, Hôpital de la Salpêtrière, 75013 Paris, France.
We have developed an in vitro model of embryonic mesencephalic cultures
in which dopaminergic TH+ neurons die spontaneously by apoptosis (Michel
and Agid, J. Neurochem., 1996). To prevent activation of the apoptotic
cascade, the cultures were exposed to depolarizing concentrations (10-35mM)
of potassium (basal levels = 3mM). Raising extracellular K+ to 25mM (HK+),
proved to be optimally effective in rescuing dopaminergic neurons from death
for at least 10 days in vitro. Dopaminergic cells maintained in HK+ exhibited
more developed neuritic processes and their capacity to take up [3H]dopamine was also significantly improved. Trophic effects of HK+ were (1)
short lived, e.g., declining rapidly when the cells were switched back to low
K+; (2) abolished by the L-type calcium channel blocker, nifedipine, and by the
dopaminergic neurotoxin, MPP+; (3) potentiated by the L-type calcium channel
agonist, Bay K8644, and the NMDA receptor/channel antagonist, MK-801; (4)
still observed when the treatment was delayed for up to 8-9 days after plating.
The Na+ channel activator, veratridine, which is also a potent depolarizing
agent, failed to increase dopaminergic cell survival. Since potassium-induced
depolarization had limited effects on GABA-ergic and serotoninergic
mesencephalic neurons, one may speculate that dopaminergic cells are
particularly dependent on electrical stimuli for their survival and maturation
during development.
Supported by INSERM and National Parkinson Foundation (Miami, FI)
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253.5
EPIDERMAL GROWTH FACTOR CAN PROMOTE BOTH CELL DEATH AND
NEUROPROTECTION IN CULTURED DOPAMINE NEURONS.
E. Ceraueira. P.P. Michel. Y. Aqid and M. Ruberà* INSERM U289, Hôpital de
la Salpêtrière, 75013 Paris, France.
We have developed a culture model of mesencephalic cells in which
dopaminergic neurons die spontaneously by apoptosis (Michel and Agid, J.
Neurochem., 1996). The mechanism which underlies cell death remains unknow
but several antiproliferative agents are neuroprotective (Michel et al., Abstr. Soc.
Neurosci., 1996), suggesting that dividing cells may play a role in the death
process. To test this hypothesis we have exposed our cultures to a well
characterized mitogen, epidermal growth factor (EGF). In cultures treated with
EGF (5-100ng/ml) for 8-10 days in the presence of 0.5% FCS, the loss of
dopaminergic (TH+) cells reached 60% compared to EGF-untreated cultures,
and [3H]-DA uptake was impaired as well. This was correlated with a
proportional increase in proliferating GFAP+ astrocytes. Both dbcAMP, a
permeant analog of cAMP (0.1 -1mM) and depolarization with high potassium
(25mM) prevented the decline of dopaminergic parameters. The loss of TH+
neurons concurrent with the proliferation of astrocytes was also detected in a
chemically defined medium, suggesting that serum components are not required
for the observed effects. Paradoxically, chronic EGF treatment was
neuroprotective against acute excitotoxic stress produced by low concentrations
of glutamate. Since EGF is increased in the striatum of Parkinsonian patients
(Mogi et al., Neurosci. Lett., 1994), our results raise questions as to whether
production of the factor is beneficial or detrimental in the pathology.
Supported by INSERM and National Parkinson Foundation (Miami, FI).

253.6
EVIDENCE AGAINST EXCITOTOXICITY AS A MECHANISM
INVOLVED IN MPTP-INDUCED NEURONAL DEATH IN
PRIMATES. M. Rosario LuQuin*. Laura Saldise, Lvdia Del Rio, Javier
Guill6n. Virginia Zbarskv. Javier Dominguez. Experimental Neurology
Unit. Department of Neurology. Clinica Universitaria. Universidad de
Navarra. Pamplona. Spain.
Excitotoxicity has been implicated as a mechanism of
dopaminergic neuronal death in Parkinson's disease. Hyperactivity of
glutamate neurotransmission has been demonstrated to occur in
parkinsonism as a consequence of subthalamic nucleus (STN)
overactivity. We have studied the effect of STN lesion on
dopaminergic neuronal death induced by MPTP in primates. Nine
monkeys (Macaca fascicularis) were included in the experiment.
Group I (n=3) received weekly injections of MPTP, followed by a
kainic-induced lesion of the STN. Group II (n=4) were chronically
exposed to MPTP after the lesion of STN and two monkeys were
used as controls. In all animals 10 sections of 20 (¿m containing the
entire SN were analysed. Dopaminergic cells were identified by
tyrosine hydroxylase (TH) immunostaining. Cell count in the
substantia nigra (TH-IR cells) was performed with the aid of an image
analysis system. Data were analysed by using a Mann-Whitney-Utest. No significant differences were found in the number of TH-IR
cells when comparing both groups of animals (U=5031.5; W=11359.5;
Z=-0.0206; 2-tailed p= 0.9836). These results suggest that the
overactivity of STN does not play an important role in the mechanism
mediating dopaminergic neuronal death in Parkinson’s disease.

253.7
MICE LACKING CU/ZN SUPEROXIDE DISMUTASE DO NOT SHOW
SIGNIFICANTLY INCREASED SENSITIVITY TO MPTP TOXICITY.
M.S. SapQrito*. R.W. Scott. S. Carswell and A.G. Reaume. Cephalon Inc.,
145 Brandywine Parkway, West Chester, PA 19380.
Oxidative stress has been implicated as a mediator of neurodegeneration in
several neurodegenerative diseases, including Parkinson’s disease.
Transgenic mice that over-express human Cu/Zn superoxide dismutase
(SOD), a scavenger of superoxide radicals in the cytosol, show resistance to
various types of neuronal insult, including the neurotoxic actions of MPTP on
nigrostriatal dopaminergic neurons. These results suggest that superoxide
may play a causative role in the dopaminergic damage observed in this
model. If so, then mice deficient in Cu/Zn SOD would be expected to have
increased susceptibility to MPTP. We tested this hypothesis using genetargeted mice, generated by homologous recombination, that lack the Cu/Zn
SOD gene. Wild type, heterozygous and homozygous Cu/Zn SOD-deficient
mice were administered MPTP either in a single bolus injection or multiple
lower doses. Unlesioned mice of the three genotypes showed similar levels
of dopamine content and density of dopamine uptake binding sites. In wildtype control mice, MPTP produced a dose-dependent depletion of the striatal
dopaminergic terminal markers tyrosine hydroxylase activity and GBR12935
binding in both dosing paradigms, with maximal depletions of approximately
50%. Unexpectedly, only a slight, non-significant increase in sensitivity to
MPTP was observed in the homozygous and heterozygous gene targeted
mice. The decrease in markers was more pronounced when MPTP was
administered repeatedly, but this effect did not reach significance. Previous
work has shown that these Cu/Zn SOD-deficient mice are significantly more
susceptible to facial axotomy and ischemia induced neurodegeneration.
Together, the data suggest that, in contrast to its neuroprotective actions in
other types of lesions involving oxidative damage, Cu/Zn SOD plays a
minimal role at most in preventing MPTP-mediated neuronal damage.

253.8
ROLE OF CELL DEATH-REGULATING GENES IN TWO
DISTINCT CELL DEATH PARADIGMS OF DOPAMINERGIC
NEURONAL CELL LINE. Y.J. Oh*71, W.S. Choi1, J. H. Oh1, £ L.
O'Malley , and J. C. Reed . Department pf Biology, Yonsei University
College of Science, Seoul 120-749, Korea, Department, of Anatomy and
Neurobiology, Washington University School of Medicine, St. Louis, MO
63110, USA, and La Jolla Cancer Research Foundation, Cancer Research
Center, La Jolla, CA 92037, USA
MPTP and 6-hydroxydopamine (6-OHDA) have been used to
establish the experimental model of Parkinson's disease. First, we
investigated the distinct cell death pathway involved in these
experimentally induced cell death paradigms. A murine dopaminergic
neuronal cell line, MN9D were treated with either 6-OHDA or MPP'. By
the EM, treatment of cell with 6-OHDA resulted inapoptosis
exemplified by nuclear condensation and cell shrinkage.
Cell death
induced by MPP‘ did not trigger any typical apoptotic changes while
mitochondrial swelling was obviously detected. Proteolytic cleavage of
PARP by caspase(s) was induced by 6-OHDA but not by MPP'
treatment. To investigate the role of reactive oxygen species in these
neurotoxin-induced cell death paradigms, MN9D cells were cotreated
with various antioxidants including vitamine C, E, desferrioxamine and
N-acetyl-L-cysteine (NAC). These antioxidants attenuated 6-OHDAbut not MPP -induced cell death. Particularly, treatment of cells with
NAC completely blocked 6-OHDA-induced cell death. To investigate the
potential role of various cell death-regulating genes, we established
stable cell lines overexpressing Bcl-2,
B c1-X l, calbindin 28K,crmAand
HA-Bax. Overexpression of Bcl-2 or
B c1-X l attenuated M PP'- butnot
6-OHDA-induced cell death, ©verexpression of HA-Bax attenuated
6-OHDA-induced cell death. These results demonstrate that the
dopaminergic neuronal cell death induced by 6-OHDA or MPP' recruits
a distinct cell death pathway and a protective spectrum of cell
death-regulating genes is dependent on the types of cell death-inducing
stresses, (supported by KRF-97, MH45530 and 1RB-0093)

253.9

253.10
CHARACTERIZATION OF A TRANSDUCTION PATHWAY UNDERLYING
NEURONAL CELL DEATH AFTER TROPHIC SUPPORT WITHDRAWAL OR
Cr CERAMIDE TREATMENT. N. Lambeng*. T.T. Nguven. P.P. Michel. Y.
Agid. M. Ruberg. INSERM U289, Hopital de la Salpetrifcre, 75013 Paris, France.

A MODEL SYSTEM TO CHARACTERIZE MPP+ INDUCED
NEURONAL APOPTOSIS. R. Ortmann. S. Frentzel, A. Hein. M. Pozza* and H.
Lubbert NOVARTIS Pharma Ltd, CH-4002 Basel, Switzerland
E-Mail: Rainer.Ortmann@pharma.novartis.com
Apoptosis plays a major rule in pathological processes in Parkinson’s disease.
MPP+ -the active metabolite of the neurotoxin l-methyl-4-phenyltetrahydropyridine (MPTP)- induces Parkinson’s disease in humans and
primates. We are interested in the molecular mechanism underlying cellular
toxicity induced by MPP+. Since expression of the dopamine transporter (DAT)
confers MPP+ sensitivity to cells, we constructed a mouse neuroblastoma
Neuro2A cell line expressing the dopamine uptake system. The cDNA encoding
the mouse homologue of the dopamine transporter (mDAT) was isolated and
subcloned into an expression vector. High rates of 3H-dopamine uptake were
observed in stably transfected Neuro2A/mDAT cells. In contrast to untransfected
Neuro2A cells, MPP+ reduced cell viability of Neuro2A/mDAT in a
concentration-dependent manner (1-lOOpM). This was determined by a YOPRO
based toxicity assay, MTT and by measuring 3H-DA uptake. The apoptotic
nature of cell death induced by MPP+ was confirmed by FACscan analysis of
isolated cell nuclei, TUNEL staining, DNA-laddering and microscopic analysis
after Hoechst/YOPRO double staining. The intensity of the toxic effect of MPP+
was cell density dependent. Toxic effects were highest in cultures approaching
confluency. The 3H-DA uptake blocker GBR 12909 completely antagonised the
toxic effect of 10pM MPP+. ZVADfmk did not inhibit apoptotic activity induced
by MPP+up to lOOpM. We are currently transfecting the mDAT cDNA into cell
lines of different origin to see whether MPP+ induced apoptosis is a cell type
specific phenomenon.
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Mesencephalic dopaminergic neurons that die by apoptosis in Parkinson’s disease
(PD), express TNF-a receptors. Since the corresponding cytokine is produced in
patients by neighbouring microglial cells, a TNF activated apoptotic signalling
pathway may be involved in parkinsonian neurodegeneration. As shown in the
immune system, this transduction mechanism implies the production of ceramide
that is cleaved from membrane sphingomyelin by a sphingomyelinase.
We have demonstrated the existence of this signalling cascade in several neuronal
culture models of apoptosis: 1) dopaminergic and other neurons in primary cultures
derived from the mesencephalon and differentiated PC 12 cells, after treatment with
exogenous membrane permeable c2-ceramide; 2) differentiated PC 12 cells deprived
of trophic support that induces elevation of endogenous ceramide levels. Both c,ceramide treatment and trophic factor withdrawal seem to lead to apoptosis through
the same downstream mechanism. Early events in the cascade following the
increase in cellular ceramide levels are the production of free radicals by the
mitochondria then the activation of the transcription factor NFkB that reach peak
levels shortly after the rise in ceramide concentrations. This process involves
modulation of intracellular calcium levels. Cell death with the classical
morphological characteristics of apoptosis, which is dependent of these early
events, begins later, at about 12 hours. These results suggest that ceramideregulated free radical production may play a role in Parkinsonian neurodegeneration.
Supported by INSERM.
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253.11
TRANSSYNAPTIC EFFECTS IN SUBSTANTIA NIGRA PARS RETICULATA
FOLLOWING FOCAL STRIATAL QUINOLINIC ACID LESION. W. Schmidt*,
M. Schwarz, F. Block and R. Topper. Dept, of Neurology, RWTH Aachen,
Pauwelsstr. 30, D-52057 Aachen, Germany.
Recent experimental studies have clearly demonstrated that focal striatal
lesions lead to functional and structural changes in brain areas remote from the
initial insult, such as in the substantia nigra pars reticulata (SNR). However, the
pathophysiolgical mechanisms and the temporal pattern involved in these remote
effects are unknown. Therefore, we injected quinolinic acid (QA), a naturally
occurring NMDA/ agonist intrastriatally to study the time course of cytokines,
nitric oxide synthase (NOS) and glial cell involvement in transynaptic
degenerative changes in the SNR. QA (240 nmol in 1 |il PBS) was injected
unilaterally into the striatum and rats were killed at different survival times
ranging from several hours to 60 day post lesion. Brains were processed for IL-1,
IL-6, TNF-a, cNOS, iNOS, glial marker 0X42 and GFAP immunocytochemistry,
silver staining and terminal deoxynucleotidyltransferase mediated dUTP-biotin
nick end labeling (TUNEL) method.
Between 8 h and 1 day post QA lesion a rapid apoptotic cell death of
GABAergic striatal projection neurons was detected, accompanied by activation
of micro- and astroglial cells and a transient production of IL-1, IL-6, TNF-a,
and iNOS. From day 6 post lesion a clear ipsilateral loss in the number of SNR
neurons was also observed as demonstrated by Nissl- and silver staining.
However, no evidence of apoptotic cell death could be observed. At the same time
a clear reduction in cNOS-positive neurons was found. This was associated with a
marked glial response and the induction of IL-1, IL-6, TNF-a and iNOS. Our
results demonstrate that the secretion of cytokines and free radicals, associated
with glial activation and proliferation may be responsible for transsynaptic
neuronal degeneration in the SNR after excitotoxic lesion to the striatum.
(Supported by a grant from BMBF).

253.12
SELECTIVE SPARING OF STRIATAL NADPH DIAPHORASE NEURONS
AGAINST OXIDATIVE STRESS. E.C. Park*. ILo Jou. andB.J. Gwaa.
Department of Pharmacology, Ajou University School of
Medicine Suwon, Kyungkido, Korea 442-749.
The
striatal
NADPH
diaphorase
neurons
spared
in
Huntington’s disease (HD) are resistant against exposure to
mitochondrial
toxins
(Beal
M.F.
C u r r .O p i n .N e u r o b i o l .
6:661-666, 1996) or NMDA (Koh J.Y. and Choi, D.W., J.Neurosci.
8:2153-2163, 1988) that can induce generation of free
radicals. In the present study, we tested possibility that
survival of NADPH diaphorase neurons might be attributed to
less sensitivity to oxidative stress. Striatal cell cultures
(13 - 14 days in vitro) exposed to 1 - 10 jiM Fe2+ underwent
widespread neuronal death over the next 24 hr in a dosedependent fashion, which was blocked by addition of 100 fiM
trolox. In contrast, NADPH diaphorase-positive neurons were
highly resistant against the Fe2+-induced oxidative stress.
NADPH diaphorase neurons were also resistant against neuronal
injury following exposure to 0.1-10 mM DL-Buthionine[S, R]-Sulfoximine, ay-glutamylcysteine synthase inhibitor,
suggesting that NADPH diaphorase neurons were spared from
oxidative stress as well as NMDA neurotoxicity. Recently,
nuclear factor kappa B (NF-k B) that is activated following
exposure to NMDA or oxidative stress was shown to mediate NMDA
neurotoxicity, raising a possibility that the selective
sparing of NADPH diaphorase neurons may depend upon activity
of NF- k B. In support of this, treatment with 300 jaM NMDA or
10 nM Fe2+ rapidly induced the nuclear translocation of the
p50 subunit of NF- k B presumably in degenerating striatal
neurons. We are currently investigating if p50/NFkB is also
activated
in NADPH-diaphorase
neurons
following
the
oxidative stress. Supported by HMP grant 97-M-2-104 6 (BJG)
and a graduate research grant of Ajou medical school (ILo Jou)

253.13
DIFFERENTIAL EFFECTS OF NMDA AGONISTS ON NEURONAL SUBSETS
POSITIVE FOR SOMATOSTATIN (SST), NPY, b-NOS/NADPH-d, NMDA
RECEPTOR SUBUNIT 1 (NR-1), HUNTING™, AND CuZn SOD IN
CULTURED RAT STRIATAL NEURONS. U. Kumar*. S.C. Patel and Y.C. Patel.
Fraser Labs, McGill University, Montreal, and VAMC Newington, CT.
We have analysed by quantitative morphometry the effects of quinolinic acid
(QUIN) and NMDA on the % of cultured striatal neurons that express SST, NPY,
b-NOS, NR-1, huntingtin (Ht), and CuZn SOD (by immuncytochemistry) and
NADPH-d (by histochemistry) to determine the relative vulnerability of these
neuronal subsets to NMDA agonists. In addition, we determined the effect of
QUIN/NMDA on mRNA expression of SST, NPY, b-NOS, NR-1, and Ht by
Northern blot and in situ hybridization. The % of striatal neurons positive for
NADPH-d, SST, NPY, b-NOS, Ht, and CuZn SOD was respectively 3.8%, 8.4%,
10.2%, 5.1%, 80%, 100%, and 13%. Colocalization studies showed that the
majority of SST, NPY, and b-NOS/NADPH-d positive neurons exhibited weak or
absent NR-1 expression. 0.3 mM QUIN or NMDA induced a time-dependent 70%
loss of cell viability after 24 h. QUIN and NMDA reduced the number of NR-1
positive neurons from 80+ 12% to 6+ 1% . The % of SST, NPY, b-NOS, NADPHd, Ht, and CuZn SOD positive neurons was unchanged. QUIN or NMDA (0.1-5.0
mM) induced dose-dependent stimulation of mRNA for SST and b-NOS 4 fold and
2.5 fold respectively without altering mRNA for NPY, NR-1, and Ht. These results
show a differential pattern of expression of NR-1 in SST-NPY-NADPH-d and
remaining striatal neurons which determines their selective resistance or vulnerability
to NMDA agonists. Surviving SST-NPY-NADPH-d neurons display upregulated
SST and b-NOS gene expression which may play a functional role in mediating cell
selective NMDA neurotoxicity. Supported by NIH ROINS32160.

253.14
EFFECTS OF GLUTAMATE ON THALAMIC CELL SURVIVAL IN
ORGANOTYPIC CULTURES. G. Anderson. R. Sabater. J. A. Clausen* and D. J.
Price. Physiology Dept, Edinburgh Univ. Sch. Of Med., Edinburgh, EH8 9AG,
U.K.
The aim of this study was to investigate how different levels of glutamate affect
thalamic cell survival in isolated, cultured thalamic explants in serum free medium
from mice aged embryonic day 13 (E13) to embryonic day 19. Effects of glutamate
were dependent on the concentration used and the age of the thalamic explant. In
control explants cell survival decreased as the age of the explant increased (E 13El 9). Very high concentrations of glutamate generally decreased cell survival and
very low concentrations of glutamate had no effect on cell survival. 0.05mM
glutamate had its greatest survival-promoting effect on E17 thalamic explants
although E15 explants also responded. Cells in E13 explants did not follow the
dose dependent pattern displayed by cells in older glutamate treated explants. Cells
in El9 explants also did not follow the dose-response pattern displayed by cells in
younger glutamate treated explants. APV (NMDA antagonist) and CNQX
(AMPA/kainate antagonist) were added to cultures of E l7 thalamic explants
treated with 0.05mM glutamate, in an attempt to identify which glutamate receptor
was mediating the effects on cell survival. Results revealed that both subtypes
could be involved in mediating the increased cell survival produced by added
glutamate. These results suggest that two different cell populations may express
different glutamate receptor subtypes. Therefore, in vivo, glutamate acting directly
on both NMDA and kainate/AMPA receptors within the thalamus could play a
role in regulating survival of different neurons during the embryonic phase of
development.
This work was supported by The Wellcome Trust and MRC.

MOTOR SYSTEMS I
254.1
NEURONAL SURVIVAL OF RAT STRIATUM AFTER 6OHDA-INDUCED NIGROSTRIATAL DEGENERATION. H.-M.
Hwang*. P.-Y. Chang, and S .-J. Weng. Dept, o f Anatomy, Chang
Gung College o f Med. & Tech., and IBMS, Academia Sinica, Taiwan,
Republic o f China.
In order to study involvement o f neuronal heterogeneity o f rodent
striatum in nigrostriatal degeneration simulating neuropathology o f
Parkinson’s disease, dopaminergic depletion was induced by injecting
6-hydroxydopamine (6-OHDA) at different ages. Pups o f SpragueDawley rats received either four subcutaneous injections in a dosage o f
50 mg/kg daily starting at the P2, or one intrastriatal injection o f 0.1
mg in a volume o f 10 ¿il at P10. Some adult rats were given an
intrastriatal injection o f 0.1 mg in a volume o f 10 fil at P60. All animals
received i.p. injections o f desipramine (25 mg/kg) before 6-OHDA
injections and were processed for microdialysis measurement o f
neurotransmitter released in the striatum followed by anti-tyrosine
hydroxylase (TH) and anti-glutamate decarboxylase (GAD)
immunocytochemistry, nitric oxide synthase (NOS) and
acetylcholinesterase (AChE) histochemistry to probe survival o f
different neuronal types. It was found that striatal NOS-positive
neurons survived after 6-OHDA insult while others appeared to be
reduced in neuronal number or immunoreactivity.
(supported by the grant NSC-86-2314-B-182-027 M35)
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254.2
SENSITIVE PERIODS IN THE EFFECTS OF PRENATAL RETINOID
EXPOSURE ON BRAIN AND BEHAVIOR. R.R. Holson*. S.A.
Q9jggj9..90d RJ ,JHQMJtQn. Div. of Reprod. &
Develop. Toxicol., National Center for Toxicol. Research, Jefferson,
AR 72079.
We have recently shown that exposure of pregnant rat dams to 2.5
mg/kg all-trans retinoic acid (RA) dally over gestational days (GD)1113 reduces weight of offspring cerebellum and causes behavioral
changes suggestive of hyperactivity (Holson et al., Neurotox. Teratol.,
in press, 1997). In the study reported here we assessed the effects
of RA exposure either on GD 8-10 (10 mg/kg RA daily) or on GD 1416 (12.5 mg/kg RA daily). Offspring from both groups suffered high
mortality (47% and 23% of offspring in the GD 8-10 and 14-16
groups, respect-ively), but only offspring from the GD 14-16 group
had reduced regional brain weight (cerebelli were 90% of control
weight), and only this latter group showed behavioral deficits. These
included impaired rotorod performance and lowered activity in a
variety of test environments, including residential figure 8 maze,
complex maze, Morris water maze and amphetamine challenge
activity. These same animals had no difficulty learning the complex
or the Morris water mazes. It is concluded that this relatively late GD
14-16 RA exposure has effects on activity but not learning; these
effects may be different from those seen after GD 8-10 or GD 11-13
RA exposure. Supported by NCTR/FDA/DHHS.
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254.3
TRANS-NEURONALLY INDUCED MUSCLE DEGENERATION OCCURS VIA
PROGRAMMED CELL DEATH. K.E. Personius andR.F. Chapman* ARL.
Division of Neurobiology., University of Arizona, Tucson AZ 85721.
When the grasshoppers, Barrytettix psolus and B. humpherysii, shed (autotomize)
their hind-limbs, certain thoracic muscles which are neither damaged nor denervated
degenerate. Previous studies indicate that muscle degeneration is triggered transneuronally when the leg nerve (which does not supply the thoracic muscles) is
severed during autotomy (Arbas & Weidner, 1991). We use this system to study
changes in the neuromuscular system following remote nerve damage. This study
used histological and immunohistochemical techniques to study changes in a leg
depressor muscle (#133b,c).
Total cross-sectional area of the muscle fibers on the side of autotomy is decreased
26% compared with the contralateral-control side 3 days post-autotomy. The
number of fibers on each of the two sides is the same and only a few fibers on the
autotomized side label for ubiquitin (a protein often involved in programmed cell
death). By 10 days post-autotomy, muscle cross-sectional area is further decreased
(82%). About half of the fibers continue to stain for myosin ATPase, and many very
small fibers label for ubiquitin. Only a few severely atrophied fibers continue to
stain for myosin ATPase 15 days post-autotomy, reducing cross-sectional area by
96% compared with the contralateral-control side. Most fibers now stain positively
for ubiquitin, although the fibers that continue to stain for myosin ATPase remain
un-labeled.
These data suggest that muscle degeneration following autotomy may occur by a.
two step process. Muscle fiber size first decreases by a pathway independent of
ubiqutin. Once ubiquitin is expressed the fiber rapidly degenerates, leaving a small
angulated cell lacking contractile apparatus. We will confirm our results by assaying
for DNA consolidation and slowing of muscle degeneration after translation or
transcription blockade. Supported by an APTA Post-Professional Scholarship.

254.4
APOPTOTIC FLUORESCEIN POSITIVE CELLS IN THE L4
SEGMENT OF THE SPINAL CORD OF BALB/C MICE AFTER
BIRTH. B.P, He» S.S^W. Tay* and S X -Leong. Department o f Anatomy,
National University o f Singapore, Singapore 119260.
Programmed cell death, or apoptosis, is commonly observed during the
development o f the nervous system. It may also occur in response to
some adverse situations like the deprivation o f neurotrophic factors.
Although naturally occurring motoneuron death has been speculated to be
completed before birth, neuron death depicting the morphology o f
apoptosis has been found in the area o f the substantial nigra during
postnatal development o f the rat. The present study aimed to investigate
whether apoptosis occurs in the L4 segment o f the spinal cord o f new bom
BALB/c mice by using in situ fluorescence detection o f digoxigeninlabelled genomic DNA fragments o f apoptotic cells method combined with
H&E staining. The present study demonstrated that there were some
apoptotic cells in the cord segment immediately after birth and their
numbers declined gradually afterwards. At birth, some o f the apoptotic
cells in the ventrolateral area were motoneurons while no apoptotic cells
in the ventrolateral area were found at 4 days after birth. The present
results provide interesting data on programmed motoneuron death in the
lumbar enlargement o f the spinal cord during the development o f the
nervous system o f the mouse and form a fundamental basis for further
lesion experiments.

254.5

254.6
EXTRINSIC NEUROMODULATORY INPUTS INHIBIT THE EXPRESSION OF
ADULT-LIKE NEURAL NETWORKS DURING DEVELOPMENT. &
Casasnovas. V.S. Fenelon and P. Mevrand*. Lab. de Neurobiol. des Réseaux, Univ.
Bordeaux I & CNRS, Place Peyneau, 33120 Arcachon, France.
To determine mechanisms underlying the ontogeny of neural network organization
we study the stomatogastric nervous system (STNS) of the lobster, Homarus
gammarus, which controls food processing movements of the foregut. Three distinct
motor pattern-generating networks are present in the adult STNS, each consisting of
10-20 neurones that are well characterized in terms of their synaptic, and cellular
properties. We have previously shown that the STNS of the embryo contains the
same number of neurons (30) as the adult, but displays a single rythmic motor
pattern. During development, the single embryonic network is progressively
differentiated into the three adult neural networks.
In ader to study the cellular mechanisms involved in the maturation of these
networks, we have characterized the electrophysiology of STNS neurones in embryos
at 50-100% development. Most neurons do not express intrinsic properties (plateau
and bursting pacemaker potentials) that are known to play a major role in the
operation of the adult networks. However, in the adult, these intrinsic properties are
controlled by extrinsic neuromodulatory inputs. We therefore examined whether these
inputs also play a role in the maturation of the embryonic networks by applying
exogenous neuromodulators in the presence and absence of endogenous inputs to the
networks. Bath application of a muscarinic agonist, oxotremorine, did not
significantly alter the single embryonic motor pattern. In contrast, suppression of the
central inputs during bath application of oxotremorine immediately switched activity
from a single embryonic pattern to three distinct patterns similar to those seen in the
adult
Our results suggest a new role of neuromodulatory inputs in the ontogeny of
neural networks: adult neural networks are already "present" in the embryonic nervous
system but their expression is repressed by extrinsic neuromodulation.

SYNAPTOGENESIS IN THE SPINAL CORD ENLARGEMENTS OF
THE OPOSSUM MONÔDELPHIS DOMESTICA. J. Gingras and T.
Cabana*. Sc. Biol., Univ. de Montréal, Montréal, Canada H3C 3J7.
In the frame of an ontogenetic study of motor systems, we investigated
synaptogenesis in the spinal cord of the opossum, a marsupial bom very
immature and whose hindlimbs are not yet mobile, using the immuno
histochemical marker synaptophysin, a 38kDa protein associated with
synaptic vesicles. At postnatal day (P) 1 immunolabelling is seen in all
funiculi of the presumptive white matter in the brachial enlargement
(BE), but is faint and limited to the ventral half of the presumptive white
matter in the lumbosacral enlargement (LE); labelling is hardly
detectable in the presumptive gray matter. At P5 labelling is present in
all funiculi at the LE; scant labelling is found in the periphery of the
ventral horn and the center of the dorsal horn in the gray matter, being
more abundant in the BE than LE. At P10 there is more labelling in the
gray matter, but it is still absent from the dorsal part of the dorsal horn
and the ventricular zone around the central canal; furthermore it starts
to decrease in the white matter, especially in the BE. At P15 labelled
varicosities are clearly seen surrounding motoneuronal cell bodies
and proximal dendrites. Around P20 labelling is present throughout the
gray matter (the ventricular zone is a simple ependymal epithelium) in
both enlargements, and it is significantly reduced in the white matter
where it disappears around P28. At this age the adult pattern is obtained,
although the spinal cord still looks immature. Thus, the presence of a
synaptic marker, synaptophysin, in the spinal cord of Monodelphis is
first evidenced in the presumptive white matter, presumably in growing
axons, and then in the gray matter in which it appears according to
rostrocaudal and ventrodorsal gradients. (Supported by NSERC)

254.7
AXOTOMY UPREGULATES CALBINDIN D28K IMMUNOREACTIVITY IN
MOTONEURONES AND ASSOCIATED RENSHAW CELLS IN THE IMMATURE RAT.
G.J.Clowrv and Z. Fallah (SPON: Brain Research Association.) Dept. Child Health,
Newcastle University, RVI, Newcastle uponTyne, NE1 4LP, U.K.
In adult rat, sciatic nerve crush or cut downregulated expression of the calcium
binding protein calbindin D28K (CB) in putative Renshaw cells until sciatic
motoneurones reinnervated muscle {Sanna et al (1993) PNAS USA 90:3048].
However, in the immature rat, such an injury can have quite different effects, causing
motoneurones to die and permanently altering the excitability and morphology of those
which survive.
In this study, a group of CB positive neurones in the lower cervical spinal cord
were identified as Renshaw cells, the mediators of recurrent inhibition to
motoneurones. A developmental study of CB expression in the cervical ventral horn
following peripheral axotomy was also conducted. In adult rats, the flexor profundus
digitorum muscle was injected with cholera toxin subunit B (CTB). After three days
(3d) survival, in spinal cord sections double stained by immunofluorescence for CTB
and CB, laser scanning confocal microscopy revealed close contact between CTB
labelled motor axon collaterals and putative Renshaw cells. In other animals, at
postnatal day 7 (P7), P21 and P63, the median and ulnar nerves were cut in the cubital
fossa, and retrograde tracer fast blue (FB) applied. After 7d survival, sections were
immunostained for CB. Appearance of FB labelled microglia suggested a few
motoneurones died 7d after axotomy at P7, but not after axotomy at P21 or P63. CB
immunoreactivity was downregulated in Renshaw cells post axotomy at P63, but was
maintained or even increased following injury at younger ages. Some FB labelled
motoneurones expressed CB 7d following injury at P7 (-30%) or P21 (-15%) but not
P63.
We conclude that nerve injury has quite different effects on the recurrent
inhibitory pathway during development compared with the mature system.
Supported by the Leech Charitable Trust, Wellcome Trust.
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254.8
ISOLATION OF LIMB MOTONEURON-SPECIFIC cDNA FROM E5
CHICK EMBRYO BY DIFFERENTIAL DISPLAY
K. Shirabej Y^jCirqu £ a ^ N. M atsupt.M, Fukushjma& S. Nagaoj ,
A. Sudoui, K. Ohta*§, M. Takeshi t a t and H. TanakaS
^Department of Biochemistry, Oita Medical University, Hasama-machi, Oita 879-55
and §Division of Developmental Neurobiology, Kumamoto University Graduate
School of Medical Sciences, Kuhonji 4-24-1, Kumamoto 862, Japan
Chick spinal cord motoneurons extend their axons and innervate target
muscles from E3 to E6 during embryogenesis. Axons of limb motoneurons
have distinct ability to enter plexus, find out correct pathways at choice
points, and innervate specific limb muscles. To isolate candidate cDNAs
that are involved in limb motoneuron-specific developmental process, we
have carried out differential display to compare mRNAs of lumbar and
thoracic motoneurons purified from spinal cord of E5 chick embryo by pan
ning method using anti-SCl monoclonal antibody. In situ hybridization
experiments demonstrated that one of the lumbar-specific cDNAs (%37)
was expressed exclusively in limb motoneurons (lateral motor column or
LMC) from E4 to E10. In E4 the mRNA was distributed in most of the cells
in LMC, whereas the expression was localized to a part of the LMC in E10.
We identified two mRNA isoforms for %37 by cDNA library screening.
The long isoform (751 amino acids) has a high degree of homology with
known cell adhesion molecule, while the short isoform (524 amino acids)
lack the NH 2-terminal portion of the molecule. Cell adhesion activity of
two isoforms has now been analyzed to explore a functional role of two
isoforms in limb motoneuron development
This work was supported in part by Grant-in-Aid #08271232 for Scientific
Research on Priority Areas on “Functional Development of Neural Circuits,” the
Ministiy of Education, Science, Sports, and Culture of Japan (to KS).
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254.9
CADHERIN-M, 6 AND 11 ARE SPECIFICALLY INVOLVED IN ALL THE
COMPONENTS OF NEUROMUSCULAR SYSTEM DURING MOUSE
DEVELOPMENT. F.Padilla+; M. Nicolet^ : and René Marc MEGE+*
+ INSERM U 440, 17 rue du Fer à Moulin, 75005 Paris, France and ^Laboratoire
de Physiologie Animale, Université de Franche-Comté, 25030 Besançon Cedex,
France.
Organogenesis of vertebrate neuromuscular system represents an interesting
model of investigation since its development requires many cell inductions and
cell-cell interactions between several cell types including neuron, glia cell,
myoblast and myotube. Among all the molecules implied in this system,
cadherins constitute a superfamily of transmembrane glycoproteins mediating
calcium-dependant cell adhesion. Screening for cadherins expressed in motor axe,
we found seven members of the family. We focused our work on three of them:
cadherin-M, 6 and 11. The transcript of these molecules appeared to have a
complementary localisation along the motor axe. M-cadherin transcript is
expressed by myotomal cells and processor cells of limb muscles, once they stop
migrating (as referred to the switch off of Pax-3 expression). Cadherin-6 mRNA
is localised in the ventral motoneuron columns, the floor and the roof plates of the
spinal cord and in the Schwann cells associated with motoneuron axons of the
nerve tracts. At last cadherin-11, beside its expression in condensing
mesenchymes, present a wide pattern of expression in the spinal cord, with some
area of stronger expression like spots in the ependymal layer, and the ventral
motor neuron columns. More over, transcripts of cadherin-11 and M are
transiently reexpressed in injured muscle. Thus these three cadherins could be
involved in segregation and recognition of different cell populations during
development, and in regeneration of adult skeletal muscle.
This work was supported by INSERM, AFM and ARC.

By means of NADPH-diaphorase histochemistry, we studied the develop
ment of putative nitrinergic dorsal pallidal neurons in coronal sections of pre
natal, early postnatal and adult human brains (7 fetal specimens aged 15 to 25
weeks of gestation, 2 newborns, one 3 month-old infant and 3 young adults).
The study was approved by the Institutional Ethical Committee. Human dor
sal globus pallidus consists of internal (GPi) and external (GPe) segment,
divided by the internal medullary lamina (PLi) and separated from putamen
by the external medullary lamina (PLe). While adult human dorsal pallidum
contains no NADPHd-reactive neurons (except for few non-pallidal i.e. dis
placed basal forebrain multipolar cells situated within PLi and PLe), a number
of NADPHd-reactive multipolar neurons was present in both GPi and GPe
(as well as within PLi and PLe) between 15. and 24. week of gestation. The
number of these cells peaked around 18. week of gestation and was always
greater in GPi (especially in its dorsomedial part); a substantial decrease in
number of NADPHd-reactive neurons was observed from 22. to 24. week of
gestation. From 25. week of gestation onwards, both GPe and GPi contain no
NADPHd-reactive neurons. We propose that this transient expression of
NADPHd-reactivity in dorsal pallidal neurons is related to the ingrowth of
glutamatergic axons originating from subthalamic nucleus and/or thalamus
and that nitric oxide may play a role as a retrograde messenger in the fine
tuning of these synaptic connections. Supported by U.S.-Croatian Joint Board
grant No. JF 183 and Croatian Ministry of Science grant No. 3-018.

254.11
EXPRESSION AND FUNCTION OF A CHICKEN MEMBER OF IG-LON
FAMILY CELL ADHESION MOLECULE ISOLATED BY DIFFERENTIAL
DISPLAY
Y. KimuraJ, K. Shirabeg, N. Matsuo§, M. Fukushima$, M. Takeshita§,
H. Tanaka*} ¿Division of Developmental Neurobiology. Kumamoto University
Graduate School of Medical Sciences. Kuhonji 4-24-1. Kumamoto 862. Japan.
§Department of Biochemistry. Oita Medical University, Hasama-machi. Oita 87955, Japan.
Motoneurons in developmental spinal cord can be subdivided on the basis of the
position at which their cell bodies arc located and by their axonal projection
pattern. In higher vertebrates, subclasses of motoneurons are organized into
longitudinally oriented columns that occupy distinct domains along the spinal
cord. Motoneurons within a single column send their axons to a common targe:
muscle. There must be some genes responsible for the establishment of this
architecture.
To isolate the candidate molecules that are involved in the development of
motor systems, we have performed differential display to compare mRNA from
lumbar and thoracic motoneurons purified from spinal cord of E5 chick embryos
by panning method using anti-SC 1 monoclonal antibody. We isolated thirty-six
cDNA fragments and screened them by their sequence homology and mRNA
expression patterns by in situ hybridization. One of them was expressed in
motoneurons only at early developmental stages. This molecule encoded
presumptive GPI-linked membrane protein that belongs to IgLON family (a
subfamily of immunoglobulin superfamiiv). By cell aggregation analysis using its
transfectant. this molecule showed cell adhesion activity m a homophilic manner.
We have also established monoclonal antibody against this molecule,
immunohistochemistiy has revealed that this protein was present on the axons of
motoneurons and dorsal root ganglia at E4-5 and weakly on some of glial cells in
spinal cord. This expression in spinal cord became gradually broad and spread to
whole neural tube at around E10. We are now analyzing its functions when
motoneurons extend their axons by in vitro experiments.

254.12
IONIC MECHANISMS UNDERLYING CHANGES IN DISCHARGE PROPERTIES
OF PHRENIC MOTONEURONS DURING FETAL DEVELOPMENT. M. MartinCaraballo and J.J. Greer* Dept ofPhysiology, University of Alberta, Edmonton, AB, T6G
2S2, CANADA
This study was designed to examine the developmental changes in the
electrophysiological properties within a functionally-homogenous population of
mammalian motoneurons during the period of initial functional recruitment, innervation
of target musculature and major morphological maturation. Phrenic motoneurons (PMN)
were studied from embryonic age 16 OBI6) to postnatal age 0 (P0) using whole cell patchclamp techniques from a cervical slice with the phrenic nerve attached for identification
ofPNM by antidromic stimulation. The following changes in firing pattern were observed
between E16 and P0.
1) At E16, 60% (20/35) of motoneurons fired continuously whereas 40% (14/35) fired
only a few action potentials upon injection of ls-depolarizing current. In the former,
increased calcium entry resulted in an increase in the duration of successive spikes. This
effect, together with activation of a potassium conductance, resulted in low frequency firing
and a pronounced spike frequency adaptation (SFA) when compared with older ages.
2) At EI8,61% (19/31) ofPNM showed a continuous pattern of firing with SFA whereas
29% (9/31) of motoneurons fired only a few spikes. The remaining 10% (3/31) of
motoneurons showed a 4-AP-sensitive, delayed excitation seen as a -200 ms latency
period before the first spike arise.
3) At P0,71 % (22/3 1) of PNM expressed continuous firing with SFA and no change in
the duration of individual spikes. Another subset of motoneurons (16%, 5/3 1) required
strong depolarizations to induce firing du£ to very low input resistance. The remaining
13% (4/31) showed a nimodine-sensitive "doublet" firing Seen as a high frequency spiking
at the beginning of the depolarizing pulse followed by tonic firing thereafter.
Further results will be presented regarding the role of specific calcium- and potassiummediated conductances on the firing properties ofPNM.
Supported by MRC and AHFMR.

254.13
DEVELOPMENTAL EXPRESSION OF MYOSIN HEAVY CHAINS
Desiree J. Lanzino. Depts. of Anat. and Phys. Ther., Virginia
Commonwealth Univ., MCV, Richmond, VA 23298-0709.
Ferrets are increasingly utilized in animal research; however, little is known
about the expression of MHCs in young or adult ferret skeletal muscle. The
purpose of the current study was to examine postnatal changes in ferret
skeletal muscle, including extraocular muscle. Various skeletal muscles from
20 ferrets were analyzed utilizing sodium dodecylsulfate-polyacrylamide gel
electrophoresis, according to Talmadge and Roy (1993). Ferrets ranged in
age from 30 days to adult. Myosin heavy chain bands were quantified using
a densitometer. At 30 days, all skeletal muscles studied exhibited a develop
mental MHC band which was no longer expressed at 60 days, except in
extraocular muscle. While the quantities of all MHCs expressed changed
significantly from 30 to 60 days, there was little change from 60 to 90 days.
In the lateral rectus, the widest dispersion of MHCs was found at 30 days.
By 60 days, those of intermediate migration rate, the fast MHC isoforms,
constituted the largest percentage of the isoforms expressed. Consequently,
ferret skeletal muscle continues to differentiate post-natally. Since muscle
development is not complete at birth, it may be dependent upon further
neuronal maturation and physical activity.
(Supported in part by the VCU Department of Physical Therapy Faculty
Research Fund.)
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254.10
HUMAN DORSAL PALLIDAL NEURONS TRANSIENTLY EXPRESS
NADPII-diaphorase ACTIVITY DURING MIDGESTATION.
M. Juda§ and I. KostoviC*. Croatian Institute for Brain Research, School of
Medicine, Zagreb, Croatia.

254.14
IMMUNOLOGICALLY-DEFINED TRACKS ALONG THE MIGRATORY
PATHWAYS TAKEN BY PHRENIC AND BRACHIAL AXONS DURING FETAL
RAT DEVELOPMENT.
D.W. Allan*. R.P. Bahhik. B.A. Parsons, and J.J. Greer Department of Physiology,
513 HMRC, University of Alberta, Edmonton, AB, T6G 2S2, CANADA
During the second trimester of rat fetal development, phrenic and brachial axons grow
from multiple cervical segments to merge at the brachial plexus. They then undergo
segregation into three fascicles: the phrenic nerve which continues ventrally towards
the diaphragm primordrum, and the dorsal and ventral brachial nerve trunks which turn
laterally into the forelimb bud. Towards gaining an understanding of mechanisms
involved in differential guidance of these axonal populations we have started to
examine the regions through which these axons migrate. We have immunologically
determined a number of molecular differences in the tracks of phrenic and brachial
nerves. Along the pathway of the phrenic motor axons, a spatially restricted track of
NCAM and the p75 low affinity nerve growth factor receptor immunolabelling
precedes and surrounds phrenic axon growth from the brachial plexus to the
diaphragmatic primordium, the pleuroperitoneal fold. Further, stellate shaped cells
imraunopositive for NCAM, PSA-NCAM and the HNK-1 epitope populate the regions
within the immediate vicinity of the pioneering phrenic axons as they start to grow
beyond the brachial plexus. For brachial axons, two tracks of stellate shaped cells,
dorsal and ventral, which extend beyond the growing brachial axonal branches label
transiently for the HNK-1 during E13 which becomes immunonegative again once the
brachial axons have extended into those regions. We are currently examining the
nature of these tracks and their potential role in either providing a permissive or a
guidance substrate and the possibility that they aid in differential pathfinding.
Supported by MRC and AHFMR
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254.15
FUNCTIONAL REORGANIZATION AFTER STROKE: A fMRI STUDY
M. Zampollni1. O. Presciutti2. R. Tarducci2. P. Pelliccloli2. P. Chiarinl2. G.
Gobbi*. F. M. Botti1. M. Franceschini*1 - ^Dept. Rehabilitation. Trevi
06039 and ^Dept. Radiology, Silvestrini Hospital, Perugia 06124 Italy
The modification and reorganization of the brain functions in patients
with a localized brain injury is still unclear. In this study we applied fMRI
to test the residual functionality and to investigate the reorganization of
the motor function in patients with an ischemic lesion involving the
cortico-spinal pathways.
Ten patients (5 male, 5 female, age ranged from 30 to 72 years) with
focal ischemic subcortical lesion and consequent complete hemiplegia in
acute phase was studied. The patients were assessed from 3 to 12
months after a stroke event. fMRI studies were performed on a 1.5 T
NMR-lmaging system using the standard head coil. A complex fixed
sequence of movements of the fingers was used as the activation
stimulus. Both a qualitative (visual) and a quantitative (count of
activation pixels) was applied.
Ail the patients had a clinical good recovery, a the time of recording,
and a slight activation in the controlateral precentral gyrus and large
activation in the ipsilateral Brodmann’s area 6 and, in part, area 4 was
found. The main finding of this study concerns the evidence that the
recovery after stroke is characterized by a fuctional increase of
homolateral projections. The slight activation of the controlateral side
may indicate that there is the possibility that some compensation is due
to control through the cortico-cortical pathways. The strong activation of
these areas is quite specific. Further study of subgroups with different
types of motor lesion could clarify the strategy of plastic recovery after
stroke.

MOTOR SYSTEMS II
255.1
POSTURE AND THE DEVELOPMENT OF WALKING IN THE RAT.
A.Gramsberqen. H.C.Geisler.Medical Physiology, University of Groningen,
NL-9712KZ, The Netherlands
Locomotion in neonatal rats is effected by crawling. They are able to
stand from postnatal day 8 (P8) but it lasts until P15 for the adult walking
pattern to develop. We studied whether changes in postural control are
related to this sudden shift in walking pattern. To this, we recorded the
EMG of back and hindpaw muscles in freely moving rats.
A total of 34 rats aged 10 - 126 days was studied. EMG was recorded in
left and right longissimus muscles (LONG), in the gastrocnemius muscle
(GC) an in other hindpaw muscles. Locomotion was also recorded on video
tape. EMG signals were rectified and averaged, and phase relations were
analysed.
Until P15, the EMG of LONG is characterized by a tonic background
activity w ith irregular increases in activity. A fte r P15, EMG bursts in this
muscle become related to the stepcycle. Until PI 8, we generally observed a
coupling between a GC and the LONG at the contralateral side. From P19 a
coupling w ith the ipsilateral LONG develops and only around P21, postural
control has reached its adult stage. No clear relationship was detected
between the nature of the coupling and the speed of walking.
Our data indicate that the emergence of the adult walking pattern (around
P15) depends upon a certain stage of postural development. However, the
adult characteristics of postural control are only reached at P21. An
intriguing problem is w hy the stance phase between P15 and P19 often is
preceded by an EMG burst in the contralateral LONG and thereafter in the
ipsilateral LONG. A possibility is that an evolutionary older pattern of
postural control during locom otion is replaced by a newer pattern aiming at
e.g. stabilization of the head.

2 55.3
EFFECT OF REMOVING WEIGHT SUPPORT ON DEVELOPMENT OF
WALKING IN CHICKS. A. Bekoff* and C. Fust. EPO Biology Dept, and
Center for Neuroscience, University of Colorado, Boulder, CO 80309.
We are interested in the role sensory input plays in the development
of motor behaviors in chicks. In the current study we eliminated
weight support for a brief period just after hatching to determine the
effects of this deprivation on development of walking.
Recent studies in our lab have confirmed and extended previous
work by Vince and Chinn (1972) showing that chicks are able to stand
and walk within 8 hours after hatching. In the present study we
deprived chicks of sensory input related to weight support by placing
them in a sling immediately after hatching. They remained there for 8
hours except when they were briefly removed to mark hip, knee and
ankle joints for kinematic analysis. At 8 hours posthatching they were
removed from the sling and allowed to walk freely for 1 hour prior to
kinematic recording. Control chicks were allowed free movement for
the entire 9 hours, except during placement of the markers.
Ten control and 10 experimental chicks were videorecorded as they
walked in a straight line at 9 hours after hatching. They were each
recorded again at 24 hours. Some chicks were also recorded at 48 and
72 hours. Ten step cycles were digitized and analyzed from each chick
at each age. Experimental chicks showed large deficits at 9 hours,
including longer and more variable cycle durations, altered joint
angles and unstable gait. Recovery was not complete even by 72 hours.
Supported by NIH Grant HD28247 and NSF Grant IBN9630498 to
A.B and undergraduate research funds from Hughes Biomedical Support
Grant to C.F.
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255.2
KINEMATIC ANALYSIS OF EMBRYONIC MOTILITY IN 11-DAY CHICK
EMBRYOS. AA-Shag£JL.Ma andA
EPO Biology Dept, and
Center for Neuroscience, University of Colorado, Boulder, CO 80309.
Early behavioral observations of chick embryos characterized
embryonic motility, Type I behavior, as jerky and uncoordinated
(Hamburgers Oppenheim, 1967, J.Exp. Zool. 166:171). Kinematic
studies (Watson & Bekoff, 1990, J. Neurobiol. 21:651; Chambers et
al, 1995, Exp. Brain Res. 103:218) revealed that motility in 9-day
embryos contained many organized features including intralimb and
interlimb coordination and rhythmic alternations of extension and
flexion events. EMG studies on 9-day embryos gave similar results
(Bekoff 1976, Brain Res. 106:271; Bradley & Bekoff, 1990., Dev.
Psychobiol. 23:763). The EMG studies also showed that the patterns
of muscle activation become more disorganized at day 13, but then
return to more organized patterns by day 17.
Our kinematic results from 11 -day embryos show a different
pattern of motility than those reported for 9-day embryos. Episodes
of activity occur more frequently and last for shorter periods of time.
Individual extension-flexion and flexion-extension events as well as
cycles of rhythmic activity are all slower than similar events in 9day embryos. Individual events also show a higher degree of
interjoint variability. These results suggest a trend towards the
disorganized EMG activity seen in 13-day embryos. This may be the
result of increased physical constraints placed on the growing embryo
interacting with an immature nervous system.
Supported by NRSA Fellowship HD07884 to A.A.S., NSF Grant
IBN9630498 to A.B., and undergraduate research funds from a
Hughes Biomedical Support Grant to E.M.

255.4
QUALITATIVE AND QUANTITATIVE ASSESSMENT OF THE
CORTICOSPINAL TRACT IN ADULT RAT SPINAL CORD
FOLLOWING PROLONGED ALCOHOL CONSUMPTION. J. B.
Gelderd7~H. W. Sampson and H. Mahoney. Dept, of Human
Anatomy & Med. Neurobiol., College of Medicine, Texas A & M
University Health Science Ctr., College Station, TX 77843-1114.
At age 30 days, female, Sprague-Dawley rats were separated into
the following ¿roups: Group 1animals received normal rat chow
and water ad libitum; group 2 animals received a special alcohol
diet; group 3 animals received a liquid non-alcohol diet equal to the
caloric content /unit volume of the group 2 animals. Following 12
months on their respective diet regimens, all animals were sacrificed.
Segments of cervical, thoracic and lumbar spinal cords were
removed from each animal and placed in fixative. Spinal cord
segments were cut in cross section and stained using a variety o f
methods, including the Cajal gold sublimate and GFAP stains for
astrocytes, Bodian silver technique for nerve fibers, and hematoxylin
& eosin for general cellular morphology. Astrocyte cell counts and
nerve fiber cell counts within the corticospinal tract were
accomplished in all groups for each spinal cord level (cervical,
thoracic, lumbar)!
Preliminary data suggest there is an increase in the number o f
reactive astrocytes in the alcohol group when compared to control
animals. Correlation between axon counts within the corticospinal
tract and astrocyte activation will be discussed. Supported by NIH
grant # 5R01AA1023402 & TAMU grant FMG #96-96.
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255.5
WALKING IN NEONATAL RATS EXPOSED TO MICROGRAVITY OR
HYPERGRAVITY DURING POSTNATAL DEVELOPMENT. D. Sulica* and K.
Walton. Dept, of Physiol, and Neuroscience, NYU Medical Center. NY, NY I(X) 16
We report here on experiments designed to assess the effects of changes in gravity
on the development of locomotion in neonatal rats. The influence of microgravity
was evaluated using two litters launched before and after the development of quadruped
balance, postnatal day 7 (P7) and 15, respectively. These rats were housed in Animal
Enclosure Modules (AEM) on the middeck of Endeavour during a 9 day space shuttle
mission (STS-72). The influence of hypergravity was evaluated in neonatal rats spun
in a 24 ft. centrifuge, at 2g, for 16 days (P8-24 and P14-30). In both experiments agcand cage-matched animals were used as controls. Free walking and treadmill walking
were videotaped at 60 fps and 200 fps from the "landing" day (R+0). The step cycle
was analyzed using the Peak 5 Motion Measurement System. In the flight rats,
analysis of free walking showed differences in both hindlimb and forelimb joint angles
during locomotion. The most marked effect was an extension of the hindlimbs during
the swing and stance phases of the step cycle. The largest difference was seen in the
ankle angle at foot lift. On R+0 in the P7-16 rats, the mean angle was 116.13+2.27°
in the flight compared to 93.87+1.85° in the control animals (p<0.000l ). Ir the PI 524 group, the value was 118.60+1.88° for the flight and 102.14±1.83° for the control
animals (pcO.OOOl). At R+0 the P7-16 flight rats walked faster than their controls.
The animals recovered slowly, with some differences remaining alter 6 months of ré
adaptation to lg. As in the flight animals, the ankle angle was also extended
throughout the step cycle in the hypergravity animals. This angle was most clearly
effected at foot contact. On R+0 in the P8-24 rats, the mean foot contact angle was
86.88±1.95° in the hypergravity compared to 76.15+1.48° in the control animals
(pcO.OOOl). In the P14-30 group the value was 90.0311.57° for the hypergravity and
80.70+2.64° for the controls (p=0.0028). Unlike the flight animals, no significant
differences were observed in the speed of free walking. Analyzing the
neurophysiological mechanisms underlying these behavioral changes is the next step
in this research. (Supported by NINDS, NICHD NS/HD33467 & NASA:NAF2-662.
NAG2-978)

RETROGRADE COMMUNICATION AT THE NEUROMUSCULAR
JUNCTION REGULATES A MOTOR NEURON-SPECIFIC
EPITOPE. Z. Liu and A.Y. Chiu*. Division o f Neurosciences,
Beckman Research Institute o f the City o f Hope, Duarte, CA 91010.
In the rat nervous system, only mature primary motor neurons are
recognized by the monoclonal antibody, MO-1 (Urakami and Chiu, J.
Neurosci. 10:620). In previous studies, we found that this antibody
binds selectively to motor neurons that are in synaptic contact with
skeletal muscle (Chiu et al., J. Comp. Neurol. 328:351: Chen et al., J.
Neurosci. ¿5:1556). This suggests that communication at the neuro
muscularjunction can regulate the expression or availability o f the MO-1
epitope. We now report that when synaptic transmission is blocked
without disrupting synaptic contact by repeated injections o f abungarotoxin into the tongue, MO-1 immunoactivity decreases
significantly in the population t>f hypoglossal motor neurons that was
directly exposed to the toxin. These results demonstrate that dynamic
transmission at this peripheral synapse is necessary for the maintenance
o f the MO-1 epitope. Other investigators have shown that retrograde
cues from muscles can directly modify the structure and function o f the
overlying presynaptic motor nerve terminal (reviewed by Conner &
Smith, J. Neurobiol. 25:722). We now hypothesize that retrograde
signals from the activated post-synaptic target can regulate the
biochemical properties o f the innervating motor neuron within the central
nervous system. Supported by a grant from NIH (AYC).

255.7
NT-3-ENHANCED NERVE REGENERATION HAS A BENEFICIAL
EFFECT ON THE MOTOR TARGET ORGAN. G Terenghi*. GD Sterne. CJ
Green. RA Brown1. GR Coulton2. Blond Mclndoe Centre, Queen Victoria Hospital,
East Grinstead; 'Tissue Repair Unit, Dept Plastic Surgery, University College,
London; 2Dept Biochemistry, Charing Cross Medical School, London, UK.
Following the demonstration that targeted delivery of NT-3 improves peripheral
nerve regeneration, the aim of the present study was to evaluate if the NT-3enhanced nerve regeneration has any effect on the morphology of a target muscle
organ. In normal muscle MHC1-containing slow type and MHC2a or 2b fast type
fibres show a mosaic pattern of distribution, and their phenotype is dictated by
motor innervation. Following denervation, all fibres switch to fast type MHC2b
expression and also undergo atrophy resulting in loss of muscle mass. Nerve
regeneration restore discrimination between fast and slow fibres, but the level of
reinnervation determine the distribution and size changes of the fibres. Rat
gastrocnemius muscle (nerve injury side and contralateral control) were collected up
to 8 months after nerve repair, with or without local delivery of NT-3. Staining for
MHC fibres phenotype was quantified by image analysis to assess any changes of
fibre proportion and diameter. At 8 month after NT-3 delivery, there was a
significant improvement in gastrocnemius muscle weight compared to control (NT3
47%, controls 39% weight of contralateral muscle; p<0.05). In the NT-3 group there
was also a normalisation of type 2b fibres, with a significant improvement of both
their proportion (NT-3 43.3%, controls 35.7%; p<0.05) and diameter (NT-3
87.8nm, controls 70.8jxm; p<0.05). This effect was specific to type 2b fibres, no
difference between groups was seen for other fibre types. These results demonstrate
that NT-3 improves motor target reinnervation, with a beneficial effect on a.specific
population of muscle fibres, and support the hypothesis of a specific phenotypic
effect of different growth factors.

255.8
PREFERENTIAL ELIMINATION OF GLUTAMATE IMMUNOREACTIVE NERVE
TERMINALS FROM THE CELL BODY OF SPINAL MOTONEURONS 'AFTER
AXOTOMY IN THE VENTRAL FUNICULUS. S. Cullheim*1. H. Linda1. G.
Oroung1. O. Shupliakov1. O.-P. Ottersen2 and M. Risline1. Dept, of Neuroscience,
Karolinska Institute, S-171 77 Stockholm, Sweden1and Institute of Basic Medical
Sciences, University of Oslo, Blindem, N-0317 Oslo 3, Norway2.
Following a longitudinal cut lesion in the ventral funiculus in the rat and cat spinal cord,
which accomplishes an intramedullary axotomy of motoneurons, about half of the
motoneurons survive and generate new axons through the lesion area. These axons may
sometimes originate from dendritic branches and grow out into denervated ventral roots
to reinnervate skeletal muscles. In the search for circumstances that allow or promote this
regenerative response, we have studied the synaptic input onto lesioned cells, with special
regard to their contents of immunoreactivity to amino adds. The underlying hypothesis
for this study was that motoneurons may benefit from a removal of a potential excitotoxic
glutamatergic input during the repair phase.
Adult cats were anesthetized with pentobarbitone sodium and subjected to an incision in
the ventral funiculus of the L7 spinal cord segment. After various survival times (2 -270
days), the animals were fixed with glutaraldehyde. The L7 segment was taken out and cut
in 60 Jim thick sections, which were plastic embedded and in turn cut in ultrathin sections.
In these sections, postembedding immunogold immunohistochemistry was performed for
detection of glutaraldehyde conjugated glycine, GABA and glutamate in nerve terminals
impinging on the cell body of lesioned motoneurons. The results were compared with
normal material treated similarly.
The synaptic covering of the motoneurons decreased profoundly after the lesion with the
lowest values seen at 21 days postoperatively. Thereafter, a gradual recovery was seen and
after 270 days the covering had returned to normal. The elimination of synapses was not
uniform, however, in that there was a much larger reduction of glutamate ¡mmunoreactive
terminals than of terminals immunoreagtive to glycine and GABA. This indicates that
lesioned motoneurons are under an inhibitory influence during the repair phase and it may
also reflect a removal of a potential excitotoxic influence on lesioned cells.
This study was supported by the Swedish Medical Research Council and the
International Spinal Research Trust.

255.9
EFFECTS OF SPACE FLIGHT ON RIGHTING REFLEXES AND SWIMMING IN
n e o n a t a l r a t s c, Hsfieirian, L Benavides and K- Walton*. Dept, of
Physiology & Neuroscience, N.Y.U. Medical Center, 550 First Ave, NY. N.Y. 1(X) 16
We report here on some aspects of the post-flight motor performance of the first
neonatal rats flown in space. Two litters that were flown aboard Endeavour for a nineday mission (STS-72) were studied. Flight and age-matched ground control animals
were both housed in Animal Enclosure Modules (AEM). Animals were launched at
postnatal day 7 (P7) and P15 to compare the effect of microgravity during and after a
sensitive period of development (P8-P13) previously identified using the tailsuspension model of simulated weightlessness (Neurosci. 51: 763, 1992). Righting
reflexes and swimming were used to evaluate motor development. Animals were
videotaped daily at 60 fps (swimming) and 200 fps (righting) from the day of landing
(recovery day zero, R+0). Surface righting was analyzed by measuring the speed with
which the head, forelimbs (FL) and hindlimbs (HL) righted. Swimming stroke
duration was measured using frame-by-frame analysis; style was analyzed using the
Peak 5 Motion Measurement System (Peak Performance Technologies. Inc.).
Righting was slow in the flight animals. For example, on R+0 righting of the head
took 0.24±0.01 sec in P7-16 flight compared to 0.17+0.01 sec in AEM control
animals and 0.18±0.01 sec.in P15-24 flight animals compared to 0.15±.004 sec in
controls (ANOVA, pcO.OOOl). The P7-16 animals took 4 days to recover while the
P15-24 animals required only one day. Nine days in microgravity did not effect
swimming speed on R+0 although the flight and AEM animals could be distinguished
on the basis of their swimming style. Most marked was a difficulty maintaining their
balance in the water and a hyperextension of the hindlimbs in flight animals, as has
been reported in the tail-suspension experiments. These findings indicate that
development of the nervous system is, indeed, sensitive to changes in the gravitational
field and this sensitivity is a function of age. Persistent changes are expected after
longer flights such as Neurolab (16 days) when animals will return to 1G after the end
of a critical period of development identified in tail-suspension studies. (Supported
by NINDS, NICHD NS/HD33467 & NASA:NAF2-662,NAG2-978)

255.10
POST-NATAL CHANGES IN CORTICOSPINAL AXONS DERIVED FROM HAND
AREA OF PRIMARY MOTOR CORTEX IN THE MACAQUE MONKEY
SA Edelev1. J Armand2. E Olivier3. J Skepper1. N Qgnienovic3. R Daseupta1 RN
Lemon . ^Anatomy Department, Cambridge CB2 3DY UK, 2CNRS CRNC, Marseille,
France , 3Sobell Department of Neurophysiology, Institute of Neurology, London UK .
There are marked changes in the corticospinal projection during primate postnatal
development that may contribute to the maturation of motor skill. However, there is
scant information about the development of primate corticospinal axons from a specific
cortical motor area, and changes in the distribution of fibre diameter and myelination.
Injections of WGA-HRP were made in the hand area of primary motor cortex in 10
monkeys of different ages from neonate to adult (>3y). The development of the
corticospinal projection and of corticospinal conduction velocity were studied in the
same animals (Armand et al., Olivier et al., J. Neurosci, 17 251-266 and 267-276, 1997).
Labelled axons were identified in the ipsilateral medullary pyramid; 2 samples of -500
axons from each monkey were measured in light (LM) and electron microscopy (EM).
At all ages the great majority of fibres were of small diameter (< 3^m). However in
the entire sample only two unmyelinated fibres were labelled. The distribution of axon
diameters in both LM and EM samples showed an increase in the proportion of larger
axons with age. The largest were <2 \im at.birth, ~ 5 jim at 5 months, 8-9 jam at 13
months and >10 |im in all adults. Our data suggest that there is continuing increase in
axon diameter beyond 3 to 4 years of age. In the oldest animals (-10 y) there appeared
to be a bimodal distribution, with a broad peak of larger axons (6-9 |im) and a sharper
peak of small axons (< 3nm). During post-natal development there was a highly
significant correlation between max. fibre size and corticospinal conduction velocity;
the calculated scale factor was 5.2 ± 1.1 m.s‘,.|xm'1axon diameter.
These results provide the first direct evidence for striking changes in the distribution
of corticospinal axon size during early postnatal development in the primate and
confirm the protracted nature of these changes into adulthood.
Supported by the Wellcome Trust, CNRS, Royal Society and British Council.
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EXPRESSION OF METABOTROPIC GLUTAMATE RECEPTORS IN
NEONATAL TRIGEMINAL NEURONS. J.E Turman, Jr.* M. Z.
Castillo, L.S. Hiyama, and S.H. Chandler, tjniversity o f Southern
California, t)ept. of ftiokinesiology and tliysical Therapy, Los Angeles,
CA 90033; and University o f California, Los Angeles, Dept, of
Physiological Science, Los Angeles, CA 90095.
Trigeminal motoneurons (MoV), mesencephalic trigeminal neurons
(MeV), supratrigeminal (SuV). and intertrigeminal (InV) neurons are
important constituents of the neural circuitry responsible for oral-motor
behaviors. In addition, it is well established that glutamate
neurotransmission is critical in the production o f oral-motor behaviors.
The role and expression of ionotropic glutamate receptors in these
neurons has been well studied. However, to fully understand the role of
glutamate in the modulation of these neurons we must understand their
expression of metabotropic glutamate receptors (mGluR). Receptor
immunohistochemistry was used to demonstrate the expression of mGluRs
la, 2, and 3 in MoV, MeV, SuV, and InV neurons of rats at postnatal day
(P)l, 3, 8, 15, 22, and 28. Affinity purified polyclonal antibodies directed
against mGluRla , and mGluR2 and mGluR3 combined (Chemicon, Inc.)
were utilized. There were differences in the temporal expression of the
receptors between the nuclei and within regions o f the nuclei. In all four
nuclei, a neuropilar expression which profiled the neurons was evident 2028 days before a cytoplasmic expression of the receptors. In addition, the
staining intensity was maximal for both antibodies at P I5-22 in all four
nuclei. These results demonstrate that mGluRs are differentially regulated
in these trigeminal neurons during early postnatal development. In
addition, data suggest that changes in the receptors’ spatial localization
occur during development. Therefore, mGluRs must be considered as
important elements when characterizing glutamate’s role in modulating
the excitability of these neurons. Funded by NIH-NIDR DE06193.

255.13
DEVELOPMENT OF LOCOMOTORY BEHAVIORS IN THE EMBRYONIC
ZEBRAFISH. L. St-Amant. P. Drapeau*. Depts. Biol., Neurol. & Neurosurgery,
McGill Univ. and Mtl. Gen. Hosp. Res. Inst., Montreal, PQ, Canada, H3G IA4.
We are interested in defining the neural circuits underlying locomotory behaviors
in the zebrafish and the developmental defects resulting from mutations affecting
these behaviors. When freed from the egg, embryonic zebrafish show three
sequential, stereotyped behaviors: a transient period of alternating, coiling
contractions, followed by stimuli-evoked coils, then finally organized swimming.
We characterized these three different behaviors by video microscopy. 1) On
average, spontaneous coils appeared between 16-17 hours post-fertilization
(0.25Hz), peaked in cycle frequency at 19-20 hours (0.5Hz) and gradually
decreased by 26 hours (< 0.05Hz). 2) Starting at 21 hours touching the embryos
resulted in 1-3 vigorous coils. After embedding the embryos in agarose with the
tail free to move, we could induce coils upon electrical stimulation of the hindbrain
(contralaterally) or spinal cord (ipsilaterally). The coils accelerated with
development, reaching a maximum speed at >48 hours, near the time of hatching.
3) After 26 hours touching the embryos, particularly on the tail, induced coils that
were usually followed by a swimming episode of variable duration which produced
net movement. Swimming episodes were weak oscillating contractions that
occurred at a higher frequency than coils. The swim cycle frequency gradually
increased with age from 7Hz at 26.5 hours to >30Hz at 48 hours: Lesioning the
forebrain had no effect on these behaviors whereas an intact hindbrain and spinal
cord were required, consistent with a local spinal mechanism with a hindbrain
drive. The development of these locomotory behaviors is closely correlated with the
results of previous studies of axonal outgrowth from distinct, identified neurons in
the spinal cord and hindbrain, offering the possibility of defining the underlying
networks. (Supported by MRC of Canada).
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255.12
RETROGRADE SIGNALING TO FACIAL MOTONEURONS AFTER
LECTIN INJECTION INTO THE TARGET. R. Mariotti1. M. Bentivoglio1.
K. Kristensson2*. 'Inst. Anat. Histol., Univ. of Verona, Italy, and 2Dept..
Neurosci., Karolinska Institute, Stockholm, Sweden
In the framework of a project aimed at investigating the molecular correlates
of motoneuron cell death and survival, we investigated the reaction of facial
motoneurons in a paradigm of retrograde signaling by different lectins. The
lectin from Phaseolus vulgaris , which induces cytokine release, was used in the
present study. This lectin was injected unilaterally, under ether anesthesia, for 4
days (a total of 50 pi at a concentration of 10 mg/ml) into the facial muscles of
adult (3 month-old) and 20 day-old rats. Equivalent volumes of saline were
injected in control animals. Paralysis of the facial muscles (e.g. impairment of
the vibrissae movements) was not evident in the treated animals. All rats were
perfused transcardially with paraformaldehyde under barbiturate anesthesia 48
h after the last injection of lectin or saline. Sections through the facial motor
nucleus were processed for NADPH-diaphorase histochemistry (NDP), which
is equivalent to nitric oxide synthase (NOS) in aldehyde-fixed tissue NDP
activity is normally not expressed in facial motoneurons and was not observed
in the saline-injected rats. Induction of NDP activity was instead detected in the
facial motoneurons of the lectin-injected cases, which did not show degenerative
changes. The study of the expression of major histocompatibility antigens and
glutamate receptor subunits in facial motoneurons in the same paradigm is at
present in progress. These data indicate that agents provoking inflammation in
a muscle can exert distinct long-distance effects on motoneurons.
This work received financial support fro m Telethon-Italy a nd SM RC 4480.

255.14
ELECTROPHYSIOLOGICAL ANALYSIS OF NEUROMUSCULAR
SYNAPTIC CURRENTS IN THE ZEBRAFISH EMBRYO P.V. Neuven». L.
Aniksztein. and P. Drapeau. Depts. of Neurol. & Neurosurg., Ctr. Res. Neurosci.,
McGill Univ. & Montreal Gen. Hosp. Res. Inst., Montreal, Canada H3G 1A4.
The zebrafish, Brachydanio rerio, is an excellent model system for the genetic
analysis of vertebrate neural development. Mutational screens have identified
locomotory mutants that likely have defects in spinal and neuromuscular function.
However, little is known about the basic electrophysiological properties of synaptic
transmission in developing zebrafish embryos. In this study, we examined the
kinetic properties of spontaneous neuromuscular excitatory postsynaptic currents
(EPSCs) and single acetylcholine receptor (AChR) currents in zebrafish embryos
and early larvae. EPSCs recorded in the whole-cell voltage clamp mode (in high
Mg/low Ca) from axial muscles of 22-30 hr embryos had a mean rise time of
3.3ms and a mean decay time constant of 16ms. AChR channels at 24-30 hr. of
development had a mean open time of 6.6 ms and a mean conductance of 36 pS
(10/12 expts.) In contrast, in 6-d larvae, EPSCs were much faster (0.5ms mean
rise time, 2.1 ms mean decay time const.), and the AChR open time (3-8d larvae)
was briefer (2.8ms, mean cond. 33 pS, 9/12 expts.). Acetylcholinesterase
inhibitors (eserine and methanesulfonyl fluoride) slowed the rate of decay of
EPSCs recorded from 6-d larvae, but not from 22-30 hr embryos. The reduction in
mean rise time observed during development suggests that postsynaptic ACh
receptors become clustered as motor synapses mature. The acceleration of EPSC
decay rates parallels the briefer open times and may be indicative of an increase
in acetylcholinesterase activity. By extending our analyses to spinal neurons, these
studies should permit new insights into the molecular mechanisms that guide the
development of spinal motor circuitry. [Funded by MRC Canada (PD, PVN) and
FRSQ (PD, LA)].

VISUAL SYSTEM DEVELOPMENT AND REGENERATION: RETINAL DEVELOPMENT
256.1
ANATOMY AND PHYSIOLOGY OF RETINAL GANGLION CELL
DEVELOPMENT IN THE PERIPHERAL GROWTH ZONE OF RAINBOW TROUT
A.J. Olson. A. Picones. J.I. Korenbrot*
Dept, of Physiology, UCSF, San Francisco, CA 94143
The retina of teleost fish continues to grow throughout the life of the animal, both
by a process of balloon-like stretching and by addition and differentiation of annular
rings of new tissue at the peripheral growth zone (PGZ). We have studied the
anatomical and electrophysiological features of retinal slices that include the PGZ,
prepared from juvenile rainbow trout (Onchorynchus mykiss). These slices extend
from the area where the differentiating retinal layers are first apparent to an area
anatomically indistinguishable from mature tissue. Thus, the slices display a time
line of retinal development in which the states of neuronal and synaptic
differentiation are present side by side. The slice includes: (1) the developmental
progression of photoreceptors, including the first appearance and gradual elongation
of outer segments and the progressive thickening of the ONL; (2) the appearance of
the OPL; (3) the gradual decline in overall thickness of the INL; (4) the first
appearance and rapid expansion of the inner plexiform layer (IPL); (5) the
progression of retinal ganglion cell (RGC) layer from a multi-layered “bulge” of
closely-packed cell somas immediately beneath the initial portion of the IPL (approx.
10 RGC somas in length), through a roughly bi-layered transition zone (approx. 40
RGC somas), to the anatomically mature monolayer of RGCs. Single cell fills and
Golgi staining demonstrate that RGCs in the “bulge” have short, sparse dendritic
trees with minimal branching. Transition-zone cells have longer and more branched
dendritic trees, which in some cases cover many laminae within the IPL, and in
others more closely resemble the stratified dendrites of mature RGCs. Whole-cell
recordings from RGCs reveal voltage dependent Na+ (TTX-sensitive), K+ (TEA- and
Cs+-sensitive) and Ca^ (Co^-sensitive) currents. “Bulge” (young) cells have small
amplitude Na+currents and the majority lack Ca2+currents. Mature RGCs, in
contrast, have large amplitude Na+ currents and rarely lack Ca** currents.
Supported by NIH EY06590 and EY05498
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256.2
POSTNATAL GENERATION OF RETINAL CELLS IN THE BRAZILIAN
OPOSSUM, MONODELPH1S DOMEST1CA. S.K. Finlev1. C. Jensen1 L
Iqbal4 C.D. Jacobsonl>2’4 and D.S. Sakaguchi*1’2’3. department of Zoology and
Genetics, 2Neuroscience Program, 3Signal Transduction Training Group, and
4Department of Veterinary Anatomy, Iowa State University, Ames, Iowa 50011.
We have investigated cell generation in the retina of the Brazilian opossum by
using bromodeoxyuridine (BrdU) labeling of newly generated cells. Monodelphis is
a small pouchless marsupial whose young undergo a protracted period of postnatal
development. In this study animals received a single injection of BrdU between
gestational day 12 (2 days before birth) and postnatal day 35 (35PN). Eyes were
collected on day 30 or 60 of postnatal life. Cells were classified according to their
location. In addition, cholinergic amacrine cells were identified using an antibody
directed against choline acetyltransferase (ChAT). Cell genesis begins in central
retina and proceeds towards the periphery. Although extensive overlap occurs, a
class-specific sequence of cell birth was observed. Cell birth in the ganglion cell
layer (GCL) begins 1-2 days before birth and continues to 20PN, with a broad peak
in genesis occurring between 5 and 17PN. Within the inner nuclear layer (INL),
cells in the outer portion were bom first, soon to be followed by cells in the inner
portion of the INL. In the outer nuclear layer (ONL), two phases of cell birth were
observed, an early phase between 2 and 7PN, and a later phase between 9 and
18PN. The majority of cell birth in all layers was complete by 20PN. To
characterize neurogenesis of the cholinergic amacrine cells we carried out a BrdU
birthdating analysis coupled with immunolabeling with the anti-ChAT antibody.
Our results revealed that the cholinergic amacrine cells are born postnatally,
between 2 and 15 days after birth, with a peak in production occurring around 5PN.
Taken together, these results demonstrate that the majority of neurogenesis in the
retina of the Brazilian opossum occurs postnatally and provides a unique
opportunity to study the developing retina. Supported by grants from the ISU
Biotechnology Council, the Carver Trust, the Whitehall Foundation and the NSF.
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256.3
IMMATURE RODS AND CONES PROJECT TO THE INNER PLEXIFORM
LAYER. P,T, M inS9n. R. Williams»BvMfltSlffnQto rod
Neuroscience
Research Institute and Depts of Molecular, Cellular and Developmental Biology and
Psychology, University of California at Santa Barbara, CA 93106-5060.
We have examined the maturation of photoreceptor cells in the ferret retina using
immunocytochemistry to detect rod opsin and recoverin protein expression, and related
this to other features of the developing retina using antibodies to neurofilaments,
synaptophysin, Brdu and a cell cycle nuclear antigen (Ki67). Primary antibodies were
visualized with the ABC procedure or with fluorescently labelled secondary antibodies,
and detected with Nomarski optics or using confocal microscopy, respectively.
On the day of birth, a minority of cells in the neuroblast layer stain heavily for rod
opsin protein. These immature rod-opsin positive somata are positioned in the outer
parts of the neuroblast layer, but they commonly spare the very outer row of somata
adjacent to the ventricular surface. Their distribution is complementary to that of the
cells which still remain in the cell-cycle, evidenced by Brdu and Ki67-labelling, avoiding
the regions of the neuroblast layer that are rich in S- and M-phase profiles. Rod opsin
immunoreactivity is found throughout the membrane, defining the cell body as well as
radially-oriented processes. The basal process extends beyond the level of the horizontal
cells, reaching as far as the Inner plexiform layer. Many of these cells and their
processes are also recoverin-immunoreactive, as are numerous rod-opsin-negative
somata aligning the ventricular surface. None of these recoverin+, rod opsin- cells were
double-labelled with Ki67, confirming that they too are postmitotic, likely to be cones.
Indeed, at E-30, long before the first rods become post-mitotic, a single row of
recoverin-positive somata aligns the ventricular surface, giving rise to basal processes
also extending to the IPL. These cells are intermingled with mitotic figures but are never
double-labelled for Ki67, consistent with their being postmitotic cones. The number of
immature rods and cones which gives rise to processes extending to the IPL steadily
increases by P-15, when the outer plexiform layer (OPL) has formed; thereafter, they
decline in number, retracting to the OPL.
Both the rod opsm+ and the recoverin+ basal processes are synaptophysin+,
suggesting that they contribute functional synapses to the immature IPL.
Supported by the NIH.

256.4
CO-EXPRESSION OF CALCIUM-BINDING PROTEINS, GLYCINE AND GABA
IN MACACA MONKEY RETINA. AEJiepMck^n^-YdLYan1, A. Erickson1
and DV Pow^. Dept Biological Structure1,Univ.Washington, Seattle, WA 98195 and
Vision, Touch and Hearing Centre^» Univ.Queensland, Brisbane, Australia.
Glycine (Gly) and Y-aminobutyric acid (GABA) are the main inhibitory
neurotransmittcrs in the retina. Many GABA+ or Gly+ neurons in other brain regions
contain one or more of the calcium-binding proteins parvalbumin (PV), calretinin
(CaR) or calbindin (CaB). We have used single and double label
immunocytochemistry 1) to identify which retinal neurons express one or more of
these markers and 2) to track their spatial and temporal appearance during fetal and
postnatal development of M. fascicularis retina.
Ganglion cells express PVand CaB at Fd50 and CaR by Fd70. All horizontal
cells (HZ) contain PV and CaR after Fd65 and CaB+ after FdlOO. Postnatally CaR
slowly disappears in both populations. Amacrines (AM) express GABA and Gly by
Fd55-60 and CaB and CaR at Fd70. PV+AM are infrequent at any age. All C.aR+
and PV+ AM also contain CaB; some AM are CaB+ only, and many AM are
negative. AH CaB+ AM contain GABA to FdlOO and then a population of
Gly+/CaB+ AM appear which become dominant postnally. CaR+ and PV+ AM
always are Cily+ while CaR+ or CaB+ displaced AM contain GABA. At FdllO 73%
of AM are Gly+/GABA+ which drops to 12% in the adult. Bipolar cells (BP) label
for Gly 2-3wk alter AM and for CaB or CaR 4-6 wk after AM at the same retinal
locus. Separate CaR+ and CaB+ BP populations exist, but a small number of
CaB+BP also label for PV. All CaR+ BP but relatively few of the CaB+BP
contained Gly; few BP contained GABA. Cones outside the fovea contain CaB
after Fdl 15. HZ express GABA in some but not all postnatal retinas.
This complex developmental pattern indicates that calcium-binding proteins
play multiple roles specific to each neuronal type and developmental stage. The
retina is unusual in having these proteins expressed mainly in Gly+ neurons.
Supported by EY04536, RPB and NHMRC.961205.

256.5

256.6
EXPRESSION OF SCI, A PUTATIVE ECM GLYCOPROTEIN
RELATED TO SPARC, DURING POSTNATAL DEVELOPMENT OF
THE RAT RETINA AND CEREBELLUM. A.J. Mothe and l.R. Brown*.
Dept, of Zoology, University of Toronto, Scarborough Campus, West
Hill, Ont., Canada, MIC 1A4.
The extracellular matrix (ECM) plays important roles in the
development and maintenance of tissue integrity and function. Expression
of several neural ECM molecules decreases in the adult, however our
studies show that SCI is expressed in both the developing and adult brain
(Mendis et al., Brain Res., 713:53-63, 1996). We have now examined
expression of SCI in the rat retina using radioactive and non-radioactive
(DIG) in situ hybridization. SCI mRNA was found to be expressed in
specific retinal neuronal populations. A strong punctate signal was present
over ganglion and amacrine cells in the inner retina from postnatal day 7
to adult. A diffuse signal was observed early in development in the inner
plexiform layer which is enriched in neuronal cell processes. SCI mRNA
contains a putative RNA transport sequence suggesting it may be
transported into cellular processes. DIG in situ hybridization was
employed to obtain higher resolution and determine whether SCI mRNA
is transported into dendritic fields. This technique also demonstrated that
SCI mRNA is present in Bergmann glial cells and their radial fibers which
project into the synaptic enriched molecular layer of the cerebellum. These
results suggest that SCI mRNA is transported into cellular processes
giving rise to the possiblity of local control of SCI protein synthesis.
(Supported by NSERC)

Developmental Expression Pattern of NMDA Receptor Subunits
in the Rat Retina. A. Schlitz.2 N J. Sucher. K. Kohler. E. Guenther*
University Eye Hospital, Experimental Ophthalmology, 72076 Tuebingen,
Germany,2 Hong Kong University of Science and Technology, Hong Kong.
In the CNS, the NMDA subtypes of glutamate receptor play a
fundamental role in processes of differentiation, neuronal plasticity, and cell
survival and are also involved in neuronal injury or death. The purpose of
this study was to investigate the developmental expression pattern of
NMDA receptor subunits (NMDARs) in the rat as basis for future
investigations of NMDAR expression in degenerating retinas.
The distribution of NMDAR1 and NMDAR2A-D was studied in rats
(Brown Norway) at various developmental stages (E20 to P60) by
radioactive in situ hybridization using oligonucleotide probes. NMDAR1
mRNA was expressed in virtually all cells of the ganglion cell layer and the
inner nuclear layer. The expression was developmentally regulated as the
intensity of the signal increased from embryonic stages until postnatal day
23, decreasing thereafter. At P60 the intensity of the signal was comparable
to that observed at P3. The expression of NMDAR2 subunits in general was
very low in the retina at all developmental stages examined.
A recently described NMDA receptor-like subunit, previously characterized
in the brain (NMDAR-L; Sucher et al., 1995, J.Neurosci. 15:6509-6520)
was also expressed in the retina. NMDAR-L mRNA was mainly expressed
in ganglion cells and in displaced amacrine cells in the ganglion cell layer as
well as along the proximal border of the inner nuclear layer.
Supported by fortuene-program.

256.7
OPIOID GROWTH FACTOR REGULATION OF NORMAL
HOMEOSTASIS IN OCULAR SURFACE EPITHELIUM. L&
Zaaonfj. W. Sassani and P.J. McLaughlin. Depts. Neuroscience
and Anatomy, and Ophthalmology, Penn State University College
of Medicine, Hershey, PA 17033.
Endogenous opioid peptides serve as growth factors in developing,
renewing, and neoplastic cells and tissues. This study examined the
role of endogenous opioids in the homeostatic renewal of ocular surface
epithelium in the rat. DNA synthesis in the epithelium of the central
(CC) and peripheral (PE) cornea, limbus (LM), and conjunctiva (CN) was
examined in adult male rats following injections of opioid growth factor
QMet^-enkephalin; 10 mg/kg), naltrexone (20 mg/kg), or sterile water.
Rats were killed 4 hr after drug injections; I HJ-thymidine was injected 1
hr before sacrifice. Examination of 5 time points over an 18 hr period
revealed to variation in DNA synthesis within a region. OGF depressed
DNA synthesis in the basal epithelium by 25%, 48%, and 50% in the PE,
LM, and CN; no labeling was recorded in the basal cells of CC. These
decreases were opioid receptor mediated. Complete blockade of the
OGF-opioid receptor with naltrexone increased DNA synthesis by 3072% in the PE, LM, and CN. Utilizing immunocytochemistry, OGF and
its receptor, Q, were associated with both basal and suprabasal cells of
the ocular surface epithelium. These results indicate that OGF and its
receptor govern homeostatic cellular renewal processes in ocular
surface epithelium, and do so in a direct, tonic, inhibitory, and receptormediated manner. Supported by NIH grant EY-10300.
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256.8
SEROTONIN UPTAKE IN RETINAL GANGLION CELLS DURING
DEVELOPMENT OF NORMAL AND MAOA-KNOCKOUT MICE A.L. Uptonm.
CUiIaamtflXflL Salirton(2), E, faanfD. I Seim and. P, J5aspr t illü)lNSERM
U106, Hôpital de la Salpêtrière, 75651 Paris (2) CNRS, UMR 177, Institut Curie,
91405 Orsay, France
It has previously been demonstrated that the serotonin uptake transporter (SERT) is
transiently expressed by non-serotonergic thalamic neurons during early development
in rodents. We present here in situ hybridisation studies that demonstrate that SERT is
also transiently expressed in retinal ganglion cells. SERT expression is first detected
on embryonic day 16 (E16) and is still detectable on post-natal day 0 (P0); it is
confined to a subset of ganglion cells close to the lens forming a ventral crescent. The
vesicular monoamine transporter (VMAT2) is expressed by ganglion cells throughout
the retina from before El2 and until at least P8. The presence of VMAT2 in the same
cells raises the possibility of 5-HT being packaged in vesicles within these cells.
These results explain the fact that using a strain of mice lacking a functional
monoamine oxidase A (MAOA), we were able to demonstrate serotonin (5-HT)
immunostaining in retinal ganglion cells and in their axons along the visual pathway.
Fluorogold unilaterally injected into the superior colliculus is retrogradely
transported to the retinal ganglion cells and allowed us to identify those cells that
project either ipsilaterally or contralaterally to the colliculus. We- are combining
fluorogold injections with in situ hybridisation to determine whether expression of the
SERT mRNA is confined to those retinal ganglion cells which project ipsilaterally.
Injection of peroxidase in the eyes of normal and MAOA-knockout mice revealed
subtle differences in the segregation of contralateral and ipsilateral retinal projections to
the dorsal lateral geniculate thalamus. These projections are formed during the period of
raised 5-HT levels in the mutant mouse and therefore indicate a possible role for 5-HT
in the establishment of efferent retinal projections.(Supported by INSERM, CNRS,
and European Communtity Biomed-2 PI962412.)

640

VISUAL SYSTEM DEVELOPMENT AND REGENERATION: RETINAL DEVELOPMENT

25 6 .9
INHIBITION OF N-GLYCAN PROCESSING ALTERS AXONAL
TRANSPORT IN VIVO. I. McFarlane. K.C. Breen*. L. DiGiamberardino and K.
L. Mova Neurosciences Institute, Dundee University, Dundee, UK; INSERM
U334 and CNRS URA 2210, SHFJ-CEA, Orsay, France.
Major neuronal glycoproteins such as LI, NCAM, AEP and APLP2 destined for
axon terminals are synthesized in the cell body and conveyed to the synaptic
endings by fast axonal transport. The postranslational maturation of these
glycoproteins involves sequential glycosylation steps in the Golgi apparatus after
which they are packaged into transport vesicles. We used an inhibitor of
mannosidase, an early step in the N-glycosylation pathway, to investigate the role
of glycosylation in the rapid axonal transport of neuronal proteins.
Dcoxymannojirimidn (dMan) was intraocularly injected in adult, anesthetized
hamsters. Two hrs later, rapidly transported proteins were labeled in vivo by
intraocularly injecting 35S-met/cys and the animals were sacrificed 4 or 8 hrs after
metabolic labeling.
Analysis of the radioactivity reaching the superior colliculus at 4 hrs showed
that ImM and 5mM dMan significantly reduced global rapid axonal transport to
about 34% of control values. This inhibition was reversible since at 8 hrs, there
was no significant difference between the dMan treated and control groups. 2-D gel
analysis showed that dMan completely inhibited the axonal transport of
radiolabeled LI and NCAM to the SC at 4 and 8hrs, while radiolabeled APP and
APLP2 and the non-glycosylated protein SNAP-25 were still transported to retinal
axon endings of dMan treated animals, although at reduced levels. In addition,
dMan induced the appearance of two novel proteins of 220kD, pi 4.9 and 155kD,
pi 5.0. These proteins were not anomalous forms of LI, NCAM, APP or APLP2
as shown by 2-D Western blotting. Our results show that disruption of the Nglycosylation pathway has a short term inhibitory effect on global axonal transport
and long term effects on specific glycoproteins transported to synaptic terminals in
vivo.
This study was supported by an ACE award from the Ciba Fellowship Trust

256.11

SEGREGATION OF CONE BIPOLAR CELL AFFERENTS INTO ON
AND OFF SUBLAMINAE DOES NOT REQUIRE PRESENCE OF
RETINAL GANGLION cells . Dianna M» Kahn. .Mlchfill .L,
Sutter* & Leo M. Chalupa. Center for Neuroscience & Dept of Psych.,
UC Davis, CA 95616.
We have previously shown that the segregation of cone bipolar cells
into ON and OFF sublaminae in the developing rat retina occurs
between P2 and P10 (Kahn et al., 1996). Here, we sought to determine
whether this developmental event is dependent on retinal ganglion cells,
the main targets of bipolar cell afferents. For this purpose, unilateral
optic nerve sections were performed on postnatal rats at P 1. This
manipulation causes a rapid loss of virtually all ganglion cells (e.g.,
Carmignoto et al., 1989). At maturity, the retinas of these animals were
immunostained with a polyclonal antibody against rccoverin which
selectively labels cone bipolar cells. Immunolabelling patterns revealed
two distinct bands in the IPL of normal retinas and this was also the
case in the retinas that sustained neonatal optic nerve sections. Loss of
ganglion cells after Toptic nerve sections was confirmed by Thy-1
staining. These findings demonstrate that ganglion cells are not required
for the segregation of cone bipolar cell terminals into ON and OFF
sublaminae. However, labeling was less intense in the IPL of retinas
that received optic nerve sections, with fewer than normal
immunoreactive terminals. Thus, while segregation of bipolar cell
afferents into distinct sublaminae of the IPL does not appear to be
regulated by target-mediated events, the presence of ganglion cells may
influence bipolar cell survival and/or their process outgrowth.
(Supported by NIH & NSF.)

256.13
TEMPORAL PROPERTIES OF THE DEVELOPING ZEBRAFISH
RETINA. J. Bilotta, S. Miller. W. F, Patterson, and I. Abramov*.
Neuroscience Lab, Western Kentucky Univ., Bowling Green, KY 42101.
This study examined the temporal response properties o f the
developing zebrafish (Danio rerio) retina. Electroretinogram (ERG)
responses to white square-wave flickering stimuli were obtained from
zebrafish o f various ages. A Fourier decomposition o f the ERG
waveform to each stimulus was derived to examine the various
components and timing o f the responses. Results show that the temporal
properties o f the ERG response vary with age. For most young fish (4
days post-fertilization; dpi), the ERG waveform is dominated by a
response component which is 180 degrees out-of-phase with the
stimulus; for some young fish, the Fourier analysis revealed a second
smaller component that was in-phase with the stimulus. Temporal
response functions for this age showed that the in-phase component
(presumably the b-wave) was less responsive, especially to high
temporal frequencies, compared to the out-of-phase component (the awave). With age, the in-phase component became more prominent while
the out-of-phase component diminished. Temporal response functions
showed that absolute sensitivity and temporal resolution increased with
age. These findings correspond with past anatomical work which shows
increased synaptic complexity in zebrafish retina with age, and recent
physiological work on the response properties o f the developing
zebrafish retina. Supported by KY NSF/EPSCoR grant OSR-94-52-895.
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256.10
RETINAL DEVELOPMENT IN THE Bst/Pax2 DOUBLE MUTANT
MOUSE. O. Tang*. N. Hawes. B. Chang. M. Davisson and D. Goldowitz
U.T.Memphis, Center for Neuroscience, Memphis, TN 38163. The
Jackson Laboratory, Bar Harbor, ME 04609.
A phenotype of the Bst/+ (belly spot and tail) mutant mouse is a delay
in optic fissure fusion, followed by often dramatic reduction in the number
of ganglion cells (Rice et al., 1997). Aspects of the Bst retinal phenotype
bear strong similarity with what has been described in Krd (kidney and
retinal defects) mutants, in which Pax2 is deleted (Keller et al., 1994). We
have constructed Bst/+, Krd/+ double mutants in an effort to study the
possible genetic interaction between Bst and Pax2. In both parental
mutants, the severity of retinal defect varies from near normal to complete
absence of the optic nerve. The defect is often asymmetric. Approximately
40% of Bst/+ individuals are bilaterally affected, another 30% are
unilaterally affected. In Krd/+ mice, 30% of the individuals exhibit bilateral
ocular reflex anomaly, with an additional 10% showing a unilateral defect.
However, in 100% of double mutants examined (n=5 thus far), optic nerves
are completely absent on both sides. This is a significantly higher incidence
of severe phenotype than expected if both mutant genes produced their
effects independently (p=0.03). Moreover, the increased severity of the
double mutant phenotype does not appear to be strain backgroundinduced, as FI offspring affected with either mutant gene alone exhibit
similar incidence and severity of retinal defects as do the parental mutants.
The apparent additive effect of the two mutations would support the
hypothesis that Bst and Pax2 control independent cellular events that target
a common developmental .outcome. We are studying the anatomy of
mutant retinas and optic nerves to see how the combined double mutation
differs from either single mutation in disrupting retinal development. These
results will help elucidate the framework within which Bst and other genes
control ocular morphogenesis.
Supported by NEI grants EY09586 and EY07758

256.12
ROLE OF GLUTAMATE-MEDIATED AFFERENT ACTIVITY IN THE
DEVELOPMENT OF ON/OFF RETINAL GANGLION CELL (RGC)
MORPHOLOGY IN FERRETS. G. Yeung. L. Miller. A. Stoddard, and S. R.
Bodnarenko*. Department of Psychology/Neuroscience Program, Smith College,
Northampton, MA 01063.
A fundamental attribute of mature vertebrate RGCs is the stratification of their
dendrites within separate On arid Off sublaminae in the inner plexiform layer (IPL).
Similarly, the axons of On and Off RGCs have been found, in some species, to
terminate in different sublaminae of the dorsal lateral geniculate nucleus (dLGN).
These mature patterns are achieved by the gradual restriction of RGC dendrites,
which initially ramify throughout the IPL, and the segregation of axonal terminals in
the dLGN. In developing ferrets, RGC dendritic stratification begins before
postnatal day (P)8 and continues through P40 (Yeung and Bodnarenko, 1996). The
segregation of RGC axons into On and Off sublaminae in the dLGN is reported to
begin about a week after dendritic stratification, at around P15 and continues for at
least two weeks (Hahm, 1991).
We now report that repeated intraocular injections of 2-amino-4-phosphonobutyrate
(APB), which blocks the activity of depolarizing rod bipolar and On-cone bipolar
cells in adults, disrupts the development of On and Off RGC morphology in ferrets.
Animals received daily injections of APB into one eye beginning in the third week,
with some continuing into the fifth postnatal week. After variable treatment periods
(5, 7, and 9 days), animals were sacrificed, retinas were fixed, and, following
application of Dil into the optic nerve, RGCs were labeled. Examination of retinal
cross-sections revealed a significantly greater incidence of multistratified cells in the
treated eye after all treatment periods. The incidence of both On and Off beta cells
was decreased in the treated eye, suggesting that APB disrupted the dendritic
stratification of both cell types. The effects of APB treatment on the segregation of
On and Off RGC axons in the dLGN were also assessed. These results broaden our
understanding of the role of glutamate-mediated afferent activity in the development
of On and Off RGC pathways. (Supported by a Smith College Faculty Development
Grant)

256.14
ERG ASSAY OF NEURAL DEVELOPMENT OF THE
ZEBRAFISH RETINA.
M ilter. L - B itotta*, and C - Q m n .
Neuroscience Lab, Western Kentucky University, Bowling Green,
KY 42101.
Recently, the zebrafish (Danio rerio) has become a valuable model
to study vertebrate visual development. Anatomical studies have
shown that retinal neurons, including the cone photoreceptors,
develop in an orderly, sequential fashion. The purpose of this study
was to examine the functional properties of the developing zebrafish
retina. Electroretinogram (ERG) responses to visual stimuli
consisting of various wavelengths (320 to 660 nm) and irradiances
were recorded from zebrafish ranging in age from three days post
fertilization (dpf) to adulthood.
Results show that the ERG
waveform varied as a function of age. In younger subjects (i.e. 4 - 8
dpf), the ERG waveform consists of a large dominant a-wave
component; with age, the b-wave component, which is typically
“embedded" in the a-wave component, becomes more prominent. In
addition, younger zebrafish are less sensitive to longer wavelengths
than adult zebrafish.
The changes associated with the ERG
waveform and spectral sensitivity correspond with the cone
photoreceptor and retinal outer plexiform layer development.
Finally, these results also suggest that by 20 dpf, zebrafish still may
not be adult-like in visual ability. Supported by KY NSF/EPSCoR
grant OSR - 94 - 52 - 895.
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256.15
SPONTANEOUS CALCIUM WAVES IN THE DEVELOPING CHICK RETINA
PRIOR TO SYNAPTOGENESIS. Marina Catsicas. Stefan Catsicas* and Peter
Mobbs. Dept, of Physiology, UCL, Gower St., London WC1E 6BT, UK
We investigated the occurrence, pattern and means of propagation of spontaneous
Ca2+waves in the developing chick retina prior to synapse formation.
Retinae from embryonic day (E)6 to El 1 chick were loaded with the Ca2+ indicator
Calcium Green 1-AM and imaged with an epifluorescence microscope using a
cooled CCD camera (Digital Pixel). Retinae were superfused with Krebs’ solution
gassed with 5% C02, and maintained at 36°C. Spontaneous transients of [Ca2+]j were
observed from E8 onwards. They occurred at a mean frequency of 1 min"‘ and
consisted of a fast (~2 s) rise in [Ca2+]j followed by a slower (10-20 s) decay to
control levels. These transients propagated in a wave-like fashion at - 150
s' * at
El 1. To determine which cells are involved in Ca2+waves we imaged El 1 transverse
slices. Ca2+waves were detectable throughout the depth of the retina, suggesting that,
in the chick, several different cell types may participate in this activity. As in the
mammalian retina, spontaneous Ca2+ waves required functional Na+channels as they
were suppressed by TTX (2.5 ^M). Blocking ionotropic glutamate receptors with
CNQX (50 nM) and AP5 (20 ^M), or GABAa receptors with bicuculline (50 |iM)
had no effect on the Ca2+ waves. In contrast, the cholinergic nicotinic receptor
antagonist curare (100 nM) and the glycine receptor antagonist strychnine (50 ^M)
decreased the frequency of the events by 50%. In addition, the blocker of
acetylcholinesterase eserine (50 jiM) increased the frequency of the waves 2-3 fold,
suggesting that ACh released by the retina modulates the Ca2+waves.
Our results show that spontaneous Ca2+waves occur in the chick retina as early as
E8. They suggest that cells other than amacrines and ganglion cells take part in this
activity and that neurotransmitters can modulate it long before synaptogenesis
occurs.
Supported by the Wellcome Trust

256.16
AMACRINE CELL INVOLVEMENT IN SPONTANEOUS WAVE
GENERATION IN THE DEVELOPING RETINA, D. Stellwagen*. M. B.
Feller. C.J. Shatz. Howard Hughes Medical Institute, Department of
Molecular and Cell Biology, University of California, Berkeley, CA
94720-3200.
Spontaneous waves of correlated activity sweep across the ganglion cell
layer of the neonatal mammalian retina, which may drive organization of
connectivity in higher visual areas. It has been previously observed that
amacrine cells, in addition to the retinal ganglion cells (RGCs), participate
in the waves of activity: during waves, the RGCs are driven by cholinergic
input provided by a subclass of amacrine cells, the starburst amacrines.
Modeling studies predict that the waves are initiated through spontaneous
activation of amacrine cells, and propagated through a synaptically
connected amacrine cell network, whose activity is then read-out by the
RGCs. We have undertaken several sets of experiments to study the role
of amacrine cells in wave generation. First, we have determined through a
combination of pharmacology and imaging that some of the specific
neuromodulators known to be produced in the inner-plexiform layer can
influence the spatial and temporal properties of waves. Second, we
conducted whole cell patch clamp recordings from amacrine cells that are
displaced in the ganglion cell layer, and were morphologically id er'.'i »1
with lucifer yellow fills. The amacrines show a variety of temporal
patterns of spontaneous activity, including firing with a frequency greater
or equal to the wave frequency of the retina; others seemingly had no
spontaneous postsynaptic currents. These observations are consistent with
the model that the spatial and temporal properties of the waves are shaped
by amacrine-amacrine interactions.
Supported by NIH MH48108 and NSF IBN9319539 to CJS, Miller
Fellowship to MBF, and NIH GM07048 to DS.

256.17
SPONTANEOUS ACTIVITY PATTERNS IN THE GANGLION CELL
LAYER OF THE EMBRYONIC CHICK RETINA W .T. Wong*. J. R. Sanes
and R. O. L. Wong. Department of Anatomy and Neurobiology, Washington
University School of Medicine, St. Louis, MO 63110.
Spontaneous patterned retinal activity in the visual system of mammals has
been implicated in the shaping of retinal axonal arbors in their targets. We
studied the spontaneous activity patterns in cells of the ganglion cell layer in the
developing embryonic chick retina (ages from E10 to E20) using calcium imaging
techniques. Recordings were performed in a temperature-controlled chamber
(22-25 °C) which was constantly perfused with oxygenated Ringer’s solution.
Spontaneous activity (as revealed by elevations of intracellular calcium levels)
was detected beginning from E13 and persisting as late as E20. At E l3, cells
that were active exhibited irregular activity with no distinct temporal patterns.
At E15, we observed the emergence of different quasi-periodic activity patterns
that ranged from repetitive sharp, transient spikes (duration of seconds) to
broad, sustained peaks (duration of 2-3 minutes). Cells exhibiting a similar
activity pattern however also differed in detail in terms of their frequency,
duration, amplitude and synchronization between nearby cells. Lucifer-yellow
injections have confirmed that a diversity of patterns occurs across ganglion
cells, although correlations between morphological cell classes and activity
patterns have yet to be established. Our observations raise the possibility that
the diversity in spontaneous activity patterns may reflect the differentiation of
ganglion cells into heterogeneous populations. It is also possible that these
different patterns may underlie specializations in ganglion cell signalling during
the period of axonal target selection and synaptogenesis;
Supported by NIH (J.R.S) and Klingenstein Fellowship (R.O.L.W)

256.18
NUCLEAR RECEPTOR EXPRESSION IN THE MOUSE RETINA.
E. Wagner. P. McCaffery and U. C. Dráger*. E. K. Shriver Center and
Harvard Medical School, Boston, MA, USA
Retinoic acid (RA) plays a pivotal role in the regulation of eye
development and function. During development, RA determines the
dorsal/ventral polarity of the retina, promotes differentiation of rod and
cone photoreceptors and regulates opsin gene expression. In the adult
retina, RA formed from the light-released chromophore retinaldehyde as
a by-product of photoreceptor signaling, is likely to mediate
transcriptional control in response to light. Arrestin is one of the
photoreceptor components whose transcription is activated both by light
and by RA. RA is a potent modulator of transcription via several members
of the nuclear receptor superfamily. The two classes of RA receptors, RAR
and RXR, are distinguished by differing binding capacities for the alltrans and 9-ds isomers of RA. The RXRs are known to form heterodimers
with other members of the nuclear receptor superfamily, including COUP I
and II, which are orphan receptors that repress the action of the RA
receptors. In an investigation of the expression and distribution of nuclear
receptors in the retina by Northern blotting and by in-situ hybridization,
we found several members of the RAR and RXR classes to be present. In the
postnatal retina, RARa showed the overall highest expression, and it was
present in the outer nuclear layer, which makes it likely to be the receptor
for the mediation of the response of arrestin to RA. COUP II showed an
interesting pattern of expression, in that it was asymmetrically distributed
along the dorso-ventral axis of the embryonic retina and downregulated
postnatally to lower but still significant levels in the adult. COUP II may
be a key coordinator of the RA response in the dorsal part of the developing
retina. Supported by EY01938.

256.19
MORPHOLOGICAL AND FUNCTIONAL DEVELOPMENT OF BIPOLAR
CELLS IN THE FERRET RETINA. E.UMUlcii, OKJyQng,^,M,Qalfajad
R.O.L. Wong. Department of Anatomy and Neurobiology, 660 S. Euclid Ave.,
Washington University School of Medicine, St. Louis, MO 63110 USA.
On- and Off-center ganglion cells of the immature ferret retina exhibit
synchronized bursts of spontaneously-generated action potentials. Initially, the
burst frequencies of On and Off ganglion cells are similar, but between the second
and third postnatal weeks, On cells burst much less frequently than Off cells.
Previous electron microscopic analysis suggested that bipolar cells in the ferret
retina differentiate during this period of development. To examine whether
bipolar cells can contribute to the changes in the ganglion cell bursting rhythms,
we determined when On and Off bipolar cells differentiate, and when these cells
make functional synapses with ganglion cells. Calbindin-labeled cone bipolar cells
first appeared in central retina at P13 and in peripheral retina by P15, whereas
protein kinase C was localized to rod bipolar cells only by P21. The axonal arbors
of calbindin-labeled bipolar cells were restricted to the inner (On) or outer (Off)
sublayers of the inner plexiform layer (IPL) by P13. This early stratification of the
axonal terminals of calbindin-labeled bipolar cells was confirmed by intracellular
injections of Lucifer Yellow between P14 and P22. To determine when bipolar cell
connections form, we stimulated bipolar cells by puffing K+ at the outer plexiform
layer in retinal slices (Pll to P34), while recording the evoked activity using
calcium imaging techniques. To confirm that the activity resulted from the release
of glutamate from bipolar cells, responses were monitored in the presence and
absence of glutamate receptor antagonists. As early as P13, bipolar cells were
capable of driving ganglion cells and amacrine cells. Taken together, our results
suggest that bipolar cells begin to differentiate and form functional connections by
P13, during the period when On and Off ganglion cells develop distinct bursting
rhythms. Therefore, bipolar cells could contribute to the changes in these activity
patterns. (Supported by NIH grant EY10699)

256.20
POSTNATAL DEVELOPMENT OF NEURONS IN THE OUTER RETINA
OF THE TREE SHREW. D. Sandmann and L. Peichl*. Max-Planck-lnstitute
for Brain Research, Deutschordenstr. 46, D-60528 Frankfurt/M., Germany.
In contrast to most mammalian retinae, the retina of the tree shrew (Tupaia
belangen) is highly cone-dominated with only 5 % rods. A further distinctive
feature is the special morphology of its two horizontal cell types (Müller &
Peichl, J. Neurosci. 13: 3628-46,1993). We studied the emergence of these
features during postnatal development.
The development of rods and cones was monitored with antibodies against
their opsins (rods: rho4D2, blue cones: JH455, red cones: JH492; kindly
provided by R. Molday and J. Nathans). The appearance of opsin
immunoreactivity proceeds from central to peripheral retina. At any one
location, immunoreactive rods precede blue cones, followed by red cones.
Topographically, the rod density ranges from 0 to 700 cells/mm2 at birth,
reaches maximal densities at P14 (0 - 9000 cells/mm2) and subsequently
decreases towards adult levels (500 - 3500 cells/mm2). The decrease is
larger than expected from the “diluting“ effect of postnatal retinal expansion,
but we found no evidence for rod death (pyknotic cells).
With Lucifer Yellow injections, the morphology of both horizontal cell (HC)
types can be distinguished at birth. The axonless A-HC develops its
characteristic dendritic terminal arborizations by the third postnatal week.
The axon-bearing B-HC has a small axonal process at birth. Its sparse axon
terminal system develops in the second postnatal week. From birth to
adulthood the dendritic field diameter of the A-HC increases fivefold and that
of the B-HC threefold.
Overall, significant morphological maturation in the tree shrew outer retina
continues until P27, i.e., beyond the time of synapse differentiation (P1-P18;
Foelix et al., Cell Tissue Res. 247:287-297,1987) and eye opening (~ P19).
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256.21
DEVELOPMENT OF VERTEBRATE RETINAE IN ORGANOTYPIC SLICE
CULTURES. S. Schulz-Kev. M. Kirsch. K. Wewetzer* and H.-D. Hofmann. Institute
of Anatomy, University of Freiburg, P.O. Box 111, 79001 Freiburg, Germany.
We have investigated the development of the laminar organisation and the
differentiation of cellular phenoyotypes in organotypic slice cultures from embryonic
(E9) chick and newborn rat retina. One hundred micrometer sections were cut on a
tissue chopper and grown for up to 15 days either on membranes of cell culture
inserts (Millipore) or directly on glass coverslips placed in multiwell culture plates.
Initially, a rapid reorganisation of the slices occurred within 12 hours resulting in a
symmetrical doubling of the photoreceptor layer. The time course of the further in
vitro development closely correlated with that observed in vitro. The processes of
neurofilament positive horizontal cells formed a sharp outer plexiform layer and
newly generated rod precursor cells migrated normally to differentiate in the outer
nuclear layer as demonstrated by recoverin and opsin immunocytochemistry. The
structural integrity of the inner nuclear and inner plexiform layer was not preserved
to the same extent in all of the slices. In well differentiated cultures rod and cone
bipolar cells immunocytochemically identified by the expression of protein kinase C
and recoverin, respectively, showed a characteristic laminar termination pattern in
the inner nuclear layer. Phenotypic subpopulations of amacrine cells were identified
with antibodies to calcium binding proteins, GABA and the vesicular acetylcholine
transporter protein. Ganglion cells were absent under control conditions due to
axotomy-induced cell death caused by the culture preparation. Combined application
of BDNF, CNTF and forskolin promoted ganglion cell survival resulting in the
formation of a ganglion cell layer and a diffuse nerve fiber layer. Quantitative
evaluation of the numbers of immunocytochemically identified cell types revealed
that the cellular composition of the cultures was very similar to the in vivo situation.
Thus, under optimized conditions (including the presence of exogenous growth
factors) normal retinal development can be largely reproduced in organotypic
cultures. Supported by DFG: SFB 505/A4.
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256.22
EXPRESSION OF SONIC AND TIGGY WINKLE HEDGEHOG IN
THE ZEBRAFISH RETINAL PIGMENTED EPITHELIUM: A
POSSIBLE ROLE FOR THESE GENES IN RETINAL
DEVELOPMENT. D, L^S.tenkarop* & P.,A- Raymond, Dept. Anatomy
& Cell Biology, University o f Michigan, Ann Arbor, MI 48109.
The expression patterns o f sonic hedgehog (shh) and tiggywinkle hedgehog (twhh) in embryonic zebrafish were examined by in
situ hybridization using embryos treated with phenylthiocarbamide,
to prevent formation o f melanin. Both genes were expressed in the
retinal pigmented epithelium (RPE), with a spatiotemporal pattern that
roughly matched or slightly preceded the pattern o f early
photoreceptor differentiation in the apposing neural retina.
To
investigate the functional significance o f hh expression in the RPE,
at 54 hr (when photoreceptor differentiation begins), embryonic
zebrafish were injected in the head mesenchyme with a cocktail o f shh
and twhh antisense oligonucleotides. Embryos examined 2 hours later
showed a decrease in shh and twhh mRNA expression in the RPE, but
not at the ventral midline o f the CNS, indicating that hh expression
was attenuated and that this effect was site-specific. Embryos
examined at 74 hrs showed a range o f phenotypes; several had fewer
opsin-expressing rod photoreceptors and reduced eye size compared
to control zebrafish injected with a nonsense oligonucleotide. These
results suggest that hh expression in the RPE may be important for
retinal growth and/or photoreceptor differentiation.
NIH F32
EY06612 and NSF IBN 9222046, and 9602075.

TRANSPLANTATION: GENE TRANSFER
257.1
TR&EEiCnCN CF nrcy m g rm tvftkat. m i s wrm ¿mtMFLEES C^RRYH'G
GENES CF INEEREST ID EE USED PS CNS TRSNSEUMS. C. Cb£ A. Pcivat and
C. IiEvallois U-336 BSKETM, MartpeOlier 34296, France
Ps an a l t a r a t i r e to the use of enti^cnic neural a e lls fc r
transplants in an experimental paradign c f sp iral ocEd lesion, we haws
investigated the presihle use c f neural c ells transfected vath
adarviruses carrying eith e r the Lac-Z gere car th e gene coding fo r the
’tyrosine Hydroxylase gene. Vfe haws f i r s t studied in v itro the infection
of dissociated neural c e lls obtained from th e spinal a x d the
iresaxegialcn c r the rhantex^±alcn of 14 days r a t ertr^cs.. Tvo
methods o f transfection wesse oarpared: in th e f i r s t cne, the c e lls were
transfected in a.qpensim befcre seeding, and in the second ere a fte r 2
car 6 days in culture. Higher percentages c f transfected neurons vvere
obtained Wren the infecticn was perfected before seeding carpered to
inoculation a t 2 days in v itro (EOV). (30.20% and 17.40% fear the spinal
coed, 21.80% and 16.20% fc r the n e sa x q d a lm , 19.10% and S.80% fa r the
jlo ib a x ^ te lc n , respectively). Wien aenparing the transfecfckns
performed a t 2 and 6 DIV, the percentages c f transfected neurons in the
la tte r appeared rather low when compared to g lia : 11.50% fo r spinal
cocci, 16.20% for nesencephalm, and 9.80% fa r rhcirtena^halon. H us,
transfectachncn cultured c e lls ehallargad v<ith adencvirus canying
eith e r t i e Ias-Z gene c r th e TH gene were grafted into the spinal cccd
('112-013 level) of ad alt female ra ts who had been previously rrade
p=>ryyipgif- fcy conplete aocd transaction a t T8 l e ^ l - After survxval for
3 to 16 weeks, transfected-yrafted c e lls were detected in the spinal
mrH of hast animal. O cntritutim c f these c e lls to the resterat icn of
reflex locarotdm in grafted ra ts i s c u a m tly under stuty.
SUEpcrted ky IN5EFM, IFWE, AEMand VEKEECRLE.

257.3
TRANSGENE EXPRESSION AND DISTRIBUTION PATTERNS
OF A HYBRID HSV AMPLICON VECTOR IN THE RAT BRAIN
Shi Pi,* Suming Wang. Mi c M -Smith and Charles JUttk Human Gene Therapy
Research Institute, Iowa Health System, Des Moines, Iowa 50309
We have previously developed a Herpes Simplex Virus (HSV)/ Epstein Barr
Virus (EBV) hybrid amplicon system for high transgene packaging and efficient
transgene delivery both in vitro and in vivo. The interaction between viral vectors
and targeted neural structures in vivo is not well characterized. The present study
employed iffimunohistochemistry procedures to reveal expression patterns of two
reporter genes Green Fluorescence Protein (GFP) and LacZ, which are carried by
amplicon and helper virus respectively, to study the expression of amplicon and
helper virus in target neural tissues simultaneously.
The HSV/EBV vector system consists of an amplicon (pHE700) which carries
the GFP reportor gene driven by a CMV promoter, and a HSV helper virus
(CgalA3) derived from dl20 (AIE3) which expresses the LacZ reporter gene from a
CMV promoter. In the present study, the mixed amplicon/HSV helper virus stock
(ratio 1:12) was injected into the caudate-putamen and the hippocampus of adult
rats. Animals were allowed to survive for 3-14 days and then their brains were
sectioned and analyzed for detection of GFP (amplicon) and LacZ (helper virus). 8galactosidase, the protein product of LacZ gene, was detected around the injection
site within the caudate nucleus and hippocampus by immunohistochemical and
histochemical procedures. This expression could be detected up to 14 days after
injection, although at a reduced intensity. GFP, detected by
immunohistochemistry, was expressed in a similar pattern and intensity around the
primary injection sites, overlapping with B-galactosidase expression. Interestingly,
GFP, but not LacZ, was also detected in the frontal cortex. These data suggest that
the amplicon and helper virus may have different mechanisms of interaction with
neurons, resulting in different expression and distribution patterns in the rat brain.
Supported by Iowa Health System.
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257.2
HYBRID HSV/AAV AMPLICON VECTORS MEDIATE STABLE
GENE TRANSFER INTO NEURONS
(1) Neurogenetics Unit, Massachusetts General Hospital, Harvard Medical School,
Charlestown, MA 02129; (2) Neuroregeneration Laboratory, McLean Hospital and
Program in Neuroscience, Harvard Medical School, Belmont, MA 02178
In order to obtain effective gene delivery to the brain, technology achieving
extended transgene expression and neuron-specific delivery will be useful. We
have developed novel HSV/AAV hybrid amplicons that combine the critical
elements of both HSV-1 amplicon vectors (origin of DNA replication and DNA
packaging signal) and AAV vectors (inverted terminal repeats and rep gene). The
HSV/AAV hybrid vectors were packaged efficently into HSV-1 virions using the
helper virus-free system (Fraefel et al 1996). In primary cultures of fetal ventral
mesencephalon, we first compared hybrid amplicons for transduction efficiency and
stability of gene expression (lacZ or GFP) driven by the CMV IE1 promoter and
compared parallel cultures with expression from classic HSV amplicon, AAV and
adenovirus vector preparations. The HSV/AAV hybrid amplicons produced the
most stable gene-expression, even at low titers (8x10s tu/ml). Comparing several
hybrid constructs at the same MOI (5), the presence of the rep gene prevented a
decline in neuronal transgene expression over 12 days. After direct stereotaxic
injections into the rat striatum, hybrid vector-mediated transgene expression in the
rat striatum did not decline over time, wh% transgene expression from traditional
HSV-1 amplicon systems declined by at least 40% of the value observed at 2 days.
The neurotropic character and stable gene expression conferred by the HSV/AAV
hybrid system indicates a comparative advantage for effective gene delivery in
these neuronal systems. Current work examines the optimal preparations for
effective transduction of adult brain regions involved in neurodegenerative disease.
(McLean/MGH/NPF/PHS)

257.4
FOCAL AND REPRODUCIBLE GENE TRANSFER IN THE CENTRAL NERVOUS
SYSTEM. H ,J , F s d t o f f l ,E L W ons2* , C A Radsl2, C , Porter2, M , Haak-Frendssho 3a n d .A ,I,
B rooks1. 'Departments of M icrobiology, Immunology and Neurology: Division of
Molecular M edicine & Gene Therapy, University of Rochester School of Medicine,
Rochester, NY 14642; 2World Precision Instruments, Inc., Sarasota, FL 34240; 3Promega
Corp., Madison, WI.
To develop reproducible gene transfer into murine CNS we evaluated delivery o f various
gene vehicles using mechanical or manual intracranial innoculation. The World Precision
Instruments Ultra M icrosyringe Pump (UMP) is designed to dispense nanoliter and
picoliter volumes while mounted to a stereotaxic manipulator. The pump utilizes a stepper
motor driven lead screw, featuring a specially developed ultrafine pitch, that drives the
microsyringe plunger. A microprocessor based controller, programmable for volume, rate
and syringe size directs the pump reliably reproducing the same conditions for every
injection. In this study we examined gene transer efficiency of two viral vectors, tw o
synthetic cationic lipid molecules, and naked DNA. Mice were injected unilaterally in
two distinct brain regions. All animals received 1.5 ^il over 7 minutes of either HSVlac
(1.5 x 105b.f.u.), Adlac (1.5 x 10s p.f.u.), Tfx lO orT fx 2 0 (2.6 fig DNA in 2.0 jxl Tfx; 1:1 ratio
o f DNA to liposome), or naked DNA (HSVlac plasmid, 10 |xg/|il). Four days post-surgery
B-galactosidase expression was assessed by two means. Animals from each group were
perfused and tissue was prepared for X-gal histochemistry. Blue cells were detected in the
HSV, Adenovirus, and Tfk 20 groups only at the injection site in animals that were
injected using the UMP. Animals injected by hand exhibited fewer blue cells (-30% ) and
positive cells were not restricted to the injection site. To quantify our observation, tissue
punches were harvested from the injection sites as well as from other brain regions. Gene
expression, quantified using a chemiluminescent reporter assay to detect B-galactosidase
(G alacto-Light), showed increased activity in all animals injected with a lacZ containing
vector via the UMP as compared to manual installation. We observed a 41% increase in the
expression levels of B-gal in HSV infected animals (P=.0029); a 29% increase in Adlac
infected animals (P=.01); a 56% increase in Tfx 10 transduced animals (P=.05); a 24%
increase in Tfx 20 transduced animals (P=.I68); and a 69% increase in naked DNA gene
transfer (P=.06). Total B-galactosidase activity was greatest in HSVlac infected mice
followed by Adlac>Tfx20>Tfxl0 = naked DNA. This work is supported by NIH R O lNS36420 (to HJF).
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257.5
ANGIOGENIC GENE TRANSFER IN NEURAL TRANSPLANTS:
ANALYSIS OF VASCULARIZATION AND CELL SURVIVAL.,
G. Mirchandani.l P.H. ChoJ A. Pidel.l M. Brownlee.^ H..T. Federoff.^ D*
Edelstein.2 and D. Casper.*1 1Departments of Neurological Surgery, and
^Medicine, The Albert Einstein College of Medicine and Montefiore
Medical Center, The Bronx, NY, 10467, ^Department of Neurology,
University of Rochester, NY.
Restoration of brain function by neural transplants is largely dependent on
the survival of donor neurons. Unfortunately, in both rodent models and
human patients with Parkinson's disease, neuronal viability is poor. In our
study, we have employed a strategy to increase the availability of nutrients
to the transplant by increasing the rate at which blood vessels are formed.
Replication-deficient HSV-1 vectors containing the cDNA for human
vascular endothelial growth factor (hVEGF) and the bacterial pgalactosidase gene (LacZ) have been transduced in parallel into nonadherent neuronal aggregate cultures made from embryonic day 15 rat
mesencephalon. Gene expression from HSVlac was confirmed in fixed
neurosphere preparations by histological staining with X-gal. VEGF
expression, as determined by a sandwich ELISA assay of culture
supernatant, was 10 to 40-fold higher than HSVlac-infected sister cultures.
Adult Sprague Dawley rats received bilateral transplants into the striatum,
with HSVlac on one side and HSVhvegf on the other. After several weeks,
animals were sacrificed and vibratome sections of the striatum were
assessed for 1) P-galactosidase expression, 2) transplant volume, 3) number
of dopaminergic neurons, and 4) extent of vascularization. Preliminary
results are positive for cell survival with enhanced vascularization.
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257.6
IN-VIVO GENE-TRANSFER INTO RODENT BRAIN BY LENTIVIRAL VECTOR D. Nagy1*. L. Naldini1. R. Zufferev2. R.J. Mandel1.
M.T. Morton1. D. Trono Somatix Therapy Corporation. Alameda.
CA; 2Salk Institute for Biological Studies, San Diego, CA
Replication-defective lentiviral vectors derived from HIV-1 are
promising candidates among the novel neuronal in-vivo gene-delivery
systems. In the present study lentivector engineered with minimal
packaging system, in which five genes essential for the HIV
pathogenesis have been eliminated, were introduced into rodent brains
to examine its transduction efficiency in vivo.
Adult male rats received single striatal injection of high titer lentivectors
(2JJ.1, at a 0.5}J,l/min rate) into the striatum. The contra-lateral striatum
served as the negative control. The animals were sacrified at 2 weeks
after the surgery. 40|im thick, coronal frozen sections were stained with
antibodies to B-galactosidase (8-gal), neuron specific marker (NeN) and
glial fibrillary acidic protein (GFAP). In all cases several B-gal-IR cells
were found in the transfected caudate/putamen nucleus. The cell-density
was the highest in the vicinity close to the needle track, but even at 1.4
mm distance from the center of the needle track B-gal-IR cells were
observed. The number of B-gal-IR cells were ranged from: 900013000/animal. These B-gal-IR cells were recognized as neurons by
multiple immmunofluorescence labeling (anti NeuN/ B-gal / GFAP),
almost exclusively.
These findings suggest that the lentivector is a potential tool for gene
delivery in the CNS. (Supported in part by Somatix Therapy Corp.)

Supported by the Dept, of Neurological Surgery, Monteiore Medical Center

257.7

MANIPULATION OF PEPTIDE SECRETION LEVELS FROM
ENCAPSULATED CELLS IN CEREBROSPINAL FLUID SPACE.
Y. Saitoh*. Y. Eauchi. Y. Haaihara. N. Arita. Y. Tsujimoto. T.
Havakawa. Depts of Neurosurgery and Medical Genetics, Osaka
Univ. Med. Sch., 2-2 Yamadaoka, Suita, Osaka 565, Japan
We previously reported that xenogeneic cells in polymer
capsule transplanted into the cerebrospinal fluid (CSF) space
of rats secreted 0 -endorphin and reduced their pain sensitivities
(J Neurosurg 82: 630-634,1995). To control the expression of
the opiate peptide in vivo, the POMC gene coding for the
precursor of the ACTH and p-endorphin was inserted
downstream of the promoter inducible upon administration of
tetracycline derivatives, and used for the encapsulation method.
Neuro 2 A cells carrying the inducible POMC gene expressed
and secreted ACTH upon addition of doxycycline in vitro in
dose-dependent manner (0.1-1x104 ng/ml). The cells
encapsulated and transplanted in CSF space of rat were
stimulated by four intraperitoneal injection of doxycycline (5.0,
2.0, 0.5, Omg), and found to express ACTH after 36-hour
incubation in vitro depending on the amounts injected
doxycycline. These findings indicate that gene expression in
the xenogeneic cells in CSF space can be manipulated by
injecting harmless drug, doxycycline, and suggested that our
system is applicable to cell therapy in central nervous system
diseases requiring well-controlled neurotransmitter delivery.
Grant-in-Aid for Scientific Research (B)
STAINING, TRACING AND IMAGING TECHNIQUES I
258.1
STEREOLOGY USING NEUROZOOM SOFTWARE: DEVELOPMENT, VALIDATION,
AND NEUROBIOLOGICAL APPLICATIONS. E.A. Nimchinskyl* J.R . Hof1. W.G.
Young2. F.E. Bloom2, and J.H. Monison1. 1Neurobiology of Aging Laboratories,
Mount Sinai School of Medicine, New York, NY 10029, ¿Department of
Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037.
Recent developments in unbiased quantitative techniques have had a dramatic
impact on the way neuroanatomic data are quantified and have created an
opportunity and a demand for computerized techniques that can simplify the
acquisition, analysis and organization of these data. In order to address this need, we
have developed NeflroZoom a software package with full scale mapping capacities,
3D cell reconstruction, a stereology package (below) as well as database and atlas
development capabilities. At present NeuroZoom has the following stereologic tools:
Optical disector and Optical fractionator for particle counts, surface area calculation,
and volume estimation using the Cavalieri principle as well as the Rotator and
Nucleator. These last two newer tools are validated against each other, and against
the Cavalieri technique using a confocal microscope, and their usefulness for the
quantification of changes in cell volume at the population level is demonstrated. All
tools are designed to be used in conjunction with a light microscope equipped with a
motorized stage, but they can be applied to imported images including electron
micrographs and confocal images, as well as any scanned photograph of known
scale.
This software package has been used for the assessment of neuronal loss in visual
pathways in a monkey model of glaucoma, studies of brain aging in macaque
monkeys, and analyses of vulnerable spinal cord neurons in a mouse model of
amyotrophic lateral sclerosis. Ongoing applications involve the development of
quantitative databases of strains of mice commonly used to generate transgenic and
knockout animals in order to provide normative data for the analysis of models of
neurodegenerative diseases.
Supported by NIH grants MHDA52154 (Human Brain Project) and AG06647.
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2 58.2
THE PRECISION OF THE STEREOLOGICAL FRACTIONATOR AS EVALU
ATED BY SIMULATED 3D NEURON POPULATIONS. E. Glaser* and P. D. Wil
son. MicroBriehtField. Inc. Colchester, VT 05446.
The fractionator is a design based stereological method for systematic sampling of
large cell populations in serial sections. It is used to estimate the size of cell popula
tions that are too large to count exhaustively. The fractionator specifies cell counting
in optical disector frames that have been selected to systematically sample the serial
section sequence. Two procedures have been described for estimating fractionator
precision, one by Gunderson and Jenson (GJ), the other by Cruz-Orive(C-O). The
former has been employed in studies by West of hippocampal brain tissue. However,
the precision of population size estimates has been evaluated by using only biological •
tissue samples. This does not permit a comparison of predicted and empirically
evaluated precision. Our study empirically evaluates these precision estimation pro
cedures using simulated cell populations. The measure of precision used is the CE,
the standard deviation divided by the mean. We evaluated the estimated CE’s in sev
eral test conditions, each consisting of 1,000 simulated cell populations. In each
population we applied the GJ and the C-0 fractionator designs to estimate the popula
tion count and the CE. We also obtained estimates of population count and the CE
from a sample-survey design by Scheaifer, Mendenhall, and Ott (SMO). The popula
tion count estimates from the three methods were in close agreement. Using each true
population count as the reference, the standard deviation of the 1,000 population
count estimates was computed for each design and then divided by the average of the
population count estimates to give the empirical CE. We found that the CE estimates
obtained by the GJ and C O methods were almost always in poor agreement with the
empirical CEs while the SMO method was almost always in close agreement with
them. The SMO method is therefore to be preferred in estimating the precision of a
fractionator estimate.
Supported by SBIR NIH grant 1R43 MH54363-01 to MicroBrightField, Inc.
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258.3
COMPUTER ASSISTED 3-DIMENSIONAL RECONSTRUCTION AND
VISUALIZATION OF NEURAL TISSUE. M. Rvdmark. T. K liny-Petersen*
C-H. Berthold. T.S. Skoglund, R. Pascher and T, Gustavsson Department of
Anatomy and Cellbiology and The MEDNET Laboratory, Goteborg University,
Medicinaregatan 3 and 7b, 413 90 Goteborg, SWEDEN
The organisation of nervous tissue, especially in the brain, exhibits an
extreme degree of structural complexity. This is particularity true in the cerebral
cortex with its multilayered and interconnected organisation. One way of
gaining insight into this formidable organisation is quantitative analysis of
computer genetrated 3 dimensional scale corrected reconstructions. With an aim
at the ultrastructural level, we have developed a set of preparatory procedures
and computer software packages that allow reconstructions based on serial
sequences of both electron and light microscopic images. Central to the
reconstructions is a software package developed at MEDNET, designed to
accurately center the individual images of an image stack, thereby allowing
precise interactive outlining of objects and structrues as well as an arithmetic
minimum and maximum filtering of the whole stack of consecutive serial
images. The outlines are then used to reconstruct the objects which can then be
rendered using standard 3-dimensional visualisation techniques, using Silicon
Graphics computers. By a sideways, 6° displacement of the max or min filtered
images in two similar imagestacks, followed by a fusion of the stacks, a stereopair image is created, thereby allowing non computer based 3 dimensional
visualisation. These techniques have so far been applied to neural distributions
in various corticies, dendritic bundles, complex CA3 spines and the axon at the
node of Ranvier.
In a related issue, the 3D reconstructions are exported to and animated on
personal computers for use in the education of medicine. This will be presented
at the Teaching of Neuroscience section of the Neuroscience meeting..

258.4
AN ON-LINE ARCHIVE OF HIPPOCAMPAL NEURONAL
MORPHOLOGY R.C. Cannon, D.A. Turner1 and H.V. Wheal.* Neu
roscience Research Group, University of Southampton, S016 7PX, UK. 1
Neurosurgery, Duke Univ. Med. Ctr., Durham, NC 27710.
An on-line archive of neuronal geometry is introduced. To date it con
tains full three-dimensional reconstructions of 63 cells, published from a
variety of hippocampal preparations, using a neutral vector format. Ac
curate connection (no floating branches and no loops) of ail points in the
reconstructions is provided through a structure editor which highlights any
departures from a strict branching geometry. Cell structures are stored in
ternally as linked lists and the images and data presented in the archive are
generated automatically by recursively following branches outward from
the soma. A file format which enforces these simple constraints is used
throughout and is proposed as a standard for storing 3-D cell data. The
raw data from digitisation software is also included and the editor employed
to ensure correct connectivity is made freely available. It supports the file
formats used by the major commercial suppliers of tracing equipment and
gives a quick and convenient visualisation of the cell with mouse driven rota
tion and editing. The archive supports independent authorised submission
of data and automatically updates its index and creates sample images.
Future enhancements will include the addition of physiological data and
of standard modeling results for comparison of accuracy. It is hoped that
wide dissemination of accurate three-dimensional structures will assist in
complex modeling efforts aimed at the complexity of dendritic and neuronal
integration.

258.5
COMPUTER ASSISTED VOLUMETRIC ANALYSIS (CAVA): AN INTERACTIVE
METHOD FOR THREE DIMENSIONAL QUANTITATIVE ASSESSMENT. CP.
Steiner, EL LaPresto, J.F. Hahn, P. Chovan, L Ayzman, MJ. Johnson, M.G. Luciano, IP.
McAllister II*, Department of Neurological Surgery, The Cleveland Clinic Foundation,
9500 Euclid Avenue, Cleveland, OH 44195.
Traditional volumetric analysis of anatomical structures involve the manual
measurement of sparsely sampled cross sectional images. We have developed a system
to interactively measure anatomical structures using three dimensional volumetric image
acquisitions. This system provides automatic, semi-automatic and manual tools to
identify the margins of different anatomical structures. Once boundaries have been
identified, the volume is calculated by accumulating the contribution of discretely
sampled components into a precise numeric quantity. The key advance of this system
is the ability to discriminate those portions of the acquired image data that should
contribute to the object’s volume. Users can selectively include or remove additional
components of the input image until they are comfortable with the volume selected. In
addition, several automatic tools are provided to rapidly mark the extent of a unique
anatomical structure. These tools work in three dimensions simultaneously and as a
result provide better neighborhood connectivity than a traditional two dimensional
analog. This capability ensures the volume inclusion of structures that are spatially
separated in two dimensions but are contiguous in three. Traditional methods rely on
uniform distribution of component structures. The CAVA system ensures better
sampling and enables more realistic quantification of anatomical structures. The system
will provide measurement precision as a function of the surface area of the object
measured. This type of error analysis is unavailable using traditional two dimensional
sampling methods. Phantom volumetric analysis results will be shown to verify the
validity of the method and the implementation using the CAVA system. (Supported by
Johnson & Johnson Professional, Inc., The Cleveland Clinic Foundation, The Leede
Hydrocephalus Research Fund, and NASA CAMIS).

258.6
MORPHOLGICAL EVALUATION OF CHRONICALLY EMBEDDED
3-D SILICON SUBSTRATE ELECTRODES IN CAT NEOCORTEX.
P.A, Finger, P J, Andersen*. C.A. Edwards. J,A, Wiier.J.F, Bette, ft
R.A. Altschuler. KHRI, Dept. Anatomy & Cell Biology, and Dept.
Electrical Eng. & Comp. Sci., Univ. Michigan, Ann Arbor, MI 48109.
Multichannel electrodes fabricated using integrated circuit processing
techniques have been developed for stimulating and recording in the
nervous system. These devices are used either in their planar form or
assembled into 3-D structures for volume interaction with the tissue. We
have found excellent tissue tolerance to these devices when sectioning
tissue after removing electrodes (Finger et al, 1996). We have now
developed a method in which we can assess the histology of the
neuroprobe - brain interface without having to remove the electrode.
Sixty-four shank (8x8 3-D array) silicon substrate electrodes were inserted
into the neocortex of adult cats and the animals fixed with
paraformaldehyde after 3-4 weeks. Brains were removed and blocked,
with the electrode left intact in the neocortex. The tissue/electrode block
was then stained with propidium iodide (.2M) for 48 hours and embedded
in a modified Spurr’s resin. The EXAKT microgrinding/micropolishing
technique (Donath,1982; Rohrer and Schubert, 1992) was used to cut the
blocks in either cross or longitudinal places. Resulting blocks were
viewed on a laser scanning confocal microscope, where fluorescent
staining of the neurons allowed morphological evaluation. Morphometric
analysis of z-series along the electrode shanks showed cellular
flattening/elongation and changes in orientation towards the very base of
the electrode tracts, with normal appearing morphology between shanks
and in other regions of the probe - neocortex interface.

25 8 .7
AUTOMATED DETECTION AND QUANTIFICATION OF DENDRITES
T.M. Koller1, R.A. McKinney2 and B.H. Gahwiler*2 1Bitplane AG, Technoparkstr. 1, CH-8005 Zurich, Switzerland; 2Brain Research Institute, Univer
sity of Zurich, August Forel-Strasse 1, CH-8029 Zurich, Switzerland
We present a new approach for the automated analysis of dendrites. The
core of the system is a data structure for their symbolic representation. It
can be used both to calculate statistics or for interactive visualization.
To obtain the 3D data set, living CA1 and CA3 hippocampal pyramidal
cells were filled with the neuronal tracer, Lucifer Yellow. After fixing, the
dendritic aborization was imaged using confocal laser scanning microscopy.
Two approaches have been developed to find the centerlines and the thick
ness of the dendrites. The first approach uses thresholding together with con
nectivity information for the segmentation. The second approach seeks the
centerlines of line-like structures using a nonlinear filter technique. The re
sult from the segmentation is converted into a symbolic representation of the
dendrites as a data structure. This data structure contains
• the topology, for example the branching points and the levels (primary,
secondary etc. ) of the branches, and

2 58.8
DENDRITIC MORPHOLOGY OF NEURONS IN THE LATERAL GENICULATE
NUCLEUS (LGN) OF THE RAT REVEALED BY RETROGRADE LABELING WITH
BIOTINYLATED DEXTRAN AMINE (BDA). C.Line* and R. E. Kalil. Ctr. for
Neuroscience and Dept, of Ophthal. and Vis Sci., Univ. of WI, Madison WI53706
Currently, there are few in vivo methods available for visualizing the morphology of
neurons in the mammalian brain. Here, we describe a simple and reliable retrograde
method that can label neurons with excellent morphological detail. Using aseptic
precautions, 0.1 ^1 injections of BDA (3000 MW, 5% w/v in dH20) were made with glass
micropipettes at multiple sites in the visual cortex. Each injection took 10-15 minutes, and
the pipette then was left in place for 2 minutes before withdrawing it. After survival
periods of 3-14 days, the rats were anesthetized deeply and perfused through the heart with
mixed aldehydes. Brains were sectioned coronally at 75 urn and processed
immunohistochemically to resolve BDA that had been transported retrogradely to the
LGN. Labeled LGN neurons frequently were found in clusters, which likely corresponded
topographically to specific cortical injections. Clusters of labeled neurons often were
coincident with dense patches of very fine, labeled axons that were studded with small
appendages and probably represented corticoiiigal axons from visual cortex that had been
labeled anterogradely. In some LGN neurons, the labeling was granular and did not appear
to be complete, but instead was confined to the cell soma and proximal dendrites.
However, many LGN relay neurons were filled solidly with BDA, and presented a "Golgilike" appearance. These well-filled neurons typically had cell somas with cross-sectional
areas of 100-325 ^m2 from which 4-6 proximal dendrites emerged, usually in an
approximately radial pattern. The trunk dendrites often tapered rapidly within the vicinity
of the cell body, and branched at acute angles, each giving rise to 2-4 smooth, slender
dendrites that usually extended 150-250 fim from the cell soma. Thus, some LGN
projection neurons have dendritic arbors that span up to 400-500 jam or more, which is
larger than previously reported with other, perhaps less complete, labeling methods.
Supported by NEI grant EYO 1331.

• the geometry such as the actual position of the centerline, its direction
and the thickness of the dendrite.
This information is presented in a 3D environment, and the user can in
teractively measure lengths, distances etc. The data structure is also used to
automatically analyze the dendrites and produce statistical reports including
the number of branching points and the average length of the branches.
The process requires only minimal user interaction like the setting of the
parameters for the segmentation method or selecting the points where the
dendrites leave the soma.
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http://www.neuro.soton.ac.uk/CellMorphology.html
Funded by the Wellcome Trust, NIA AG-13165 and VAMC.

Supported by N1H grants P41RR 09754 and NOS1 MS 423s3
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2 58.9
THREE-DIMENSIONAL (3D) VISUALIZATION AND ANALYSIS OF
PYRAMIDAL CELL DENDRITES AND SPINES IN SLICES OF RAT
VISUAL CORTEX. E.R. Gerstner. M.G. Rioult*. E. Sklar. and M,F. Bear,
HHMI/Department of Neuroscience, Brown University, Providence, R I02912.
A goal of our research is to compare the structural correlates of naturallyoccurring synaptic enhancement and electrically-evoked long-term potentiation
(LTP). Two-dimensional (2D) histological techniques are limited in that they
provide only estimates for quantification and morphometry of dendritic spines
and may be biased for certain cell types. In addition, confocal microscopy has
technical limitations in brain slices. We have tested a novel approach using 3D
computational reconstruction in brain slices to visualize and analyze dendritic
spines on a'submicron scale. This technique offers the ability to localize the
structures of interest on specific cells and in identified layers of cortex.
Fixed slices (400pm) of rat cortex were labeled with a lipophilic fluorescent
dye (l,r-dioctadecyl-3,3,3\3'-tetramethylindo-carbocyanine perchlorate [Dil]),
resectioned (50pm), then cleared and embedded in polyacrylamide. Serial optical
sections were acquired from apical dendrites of pyramidal cells and deconvolved
using a point spread function specific to the preparation (Scanalytics, Billerica,
MA). Reconstructed dendritic segments were displayed in 3D using a data
visualization program (AVS, Waltham, MA).
Compared to imaging under equivalent conditions with a confocal laser
scanning microscope, the computational system provided higher signal-to-noise
ratio, higher contrast, and less bleaching. Image nonlinearities due to strong
illumination and detector type were reduced in the computational system.
The combination of fluorescence, low-light acquisition of optical serial
sections, and computational 3D reconstruction allows for accurate representation
of dendritic spines from cortical slices as they have developed in vivo. Moreover,
this method appears to be promising for 3D imaging of living tissue because of
reduced phototoxicity and high image quality. Supported by HHMI.

258.10
DYNAMICS IN STRUCTURE OF DENDRITIC SPINES AFTER
TETANIC STIMULI TO CEREBRAL NEURONS.
K,QkamotQ*, K.Kiyosue, I .Taguchi, Osaka Natl. Res. Inst. (Onri), Aist,
Ikeda 563, Japan.
To elucidate the mechanism of synaptogenesis and synaptic plasticity,
morphological approach of neurons, especially synapses, is indispensable.
When the efficiency in synaptic transmission increases in the period of
synapse formation and after synaptic potentiation, it is probably due to the
increase in number of synaptic sites. Thus, this increase may involve the
change in shape of pre- and/or post-synaptic sites. Using confocal
microscopy, we analyzed the dynamics in structure of dendritic spines of a
single living neurons in sliced tissues and in culture. In &slice of a cerebral
hemisphere in an embryo (E14), movements of dendritic spines were
directly visualized after staining neuronal cell membranes with fluorescent
dye such as Dil. After tetanic field stimulation at 100 Hz for 10 sec, the
structure of these spines was observed to change significantly in diameter
of their shafts and in volume of their heads. These changes were induced
within 5 min after the stimulation, whereas no change was observed in 1
min. This induction of morphological change in the spines was inhibited
by the addition of CNQX, APV and TTX into the specimen, that are
blockers for non-NMDA glutamate receptors, NMDA receptors and Na+
channels, respectively. This suggests that increased synaptic transmission
by electrical stimulation was required to induce the change in shape.
This work was supported by MITI, Japan. K.O. is a postdoctoral fellow of
JST.

258.11
EXCITOTOXIC BEADING AND SHRINKAGE OF CA1 DENDRITES
MEDIATED BY AMPA RECEPTORS REDUCES INTRINSIC
OPTICAL SIGNALS IN THE HIPPOCAMPAL SLICE. C.R. Jarvis^T.M.
M fc cto L a a d &Dx A n d tm t Dept. Anatomy and Cell Biology, Queen’s
University, Kingston, ON, Canada K7L 3N6.
Bath application of 10 /¿M AMPA or 10
domoic acid, a seafood
excitotoxin and non-NMDA receptor agonist, causes an irreversible increase
in light transmittance (LT) in CA1 stratum pyramidale (PYR) which indicates
cell body swelling (n=14 slices).' At the same time CA1 dendritic regions
become less translucent. We searched for direct evidence that this LT
reduction results from dendritic shrinkage. Vibratomed rat hippocampal slices
were superfused at 37°C with artificial CSF alone or with 10 juM domoate in
aCSF for 10 min. Following brief fixation, CA1 somata in PYR were
individually injected with 5-10% lucifer yellow. Slices were cleared in DMSO
and viewed in whole-mount with epifluorescence optics. In 14 of 15 control
CA1 neurons, secondary dendrites and their branches were smooth and of
uniform calibre whereas domoate exposure (n=21) caused constrictions and
dilations that gave CA1 dendrites a beaded appearance. The beads often
appeared discontinuous, presumably due to shrinkage of inter-bead segments.
We propose that constriction of the dendritic arbor increases light scattering,
thereby reducing LT in dendritic regions during acute excitotoxicity.
The LT reduction evoked by 10 ¡jM domoate was blocked by GYKI52466
(a selective AMPA receptor antagonist) in all 5 slices tested but not by NS-102
(a selective kainate receptor antagonist). We conclude that domoate-induced
shrinkage/beading of CA1 dendrites is an acute excitotoxic response mediated
by AMPA (but not kainate) receptors.

258.12
MOTONEURONS OF THE PUBOCOCCYGEUS MUSCLE IN THE MALE
RAT: SPINAL ORGANIZATION AND STEROID SENSITIVITY. J. Manzo*. L.
Nicolás, M,E, Hernández, ?, Carrillo, and P. Pacheco- Inst. Neuroetologia, Univ.
Veracruzana, Xalapa, Ver., and Inst. Invest. Biomédicas, UNAM, México.
The pubococcygeus muscle (Pcm) is a pelvic floor component of extreme
importance for the physiology of micturition and reproduction. From a behavioral
point of view the former is correlated with chemical communication between a couple.
Thus, in studying this muscle, the aim of this work was to identify the spinal
organization of its motoneurons as well as their sensitivity to steroid hormones.
Seven groups of 8 adult male Wistar rats each were studied. Intacts (I), castrated (C),
castrated and implanted with a subcutaneous capsule of Silastic emptied (E) or filled
with testosterone (T), estradiol (E2), dihidrotestosterone (DHT), or DHT+E2.
Castrated and implanted groups were studied two weeks after the corresponding
treatment. HRP (25 |ag) was injected in one Pcm of each subject. 48 hr later they were
perfused transcardially to fix tissues in situ and the lumbosacral segments of the spinal
cord were obtained, cut (30 ^m), and reacted with tetrametilbenzidine. Labeled
motoneurons were measured with a computerized image analysis system.
Pcm motoneurons are concentrated in the ventral nucleus of Lamina IX at the L6-S1
segments of the spinal cord. The soma size (1744.81 ±44.52 (i2), dendritic arborization
area (20117.4911359.01 \i2), and length of first-order dendrites (70.79±1.97 |im) of I
subjects were used to statistically compare the effects of treatments. C, E, T, and DHT
groups showed a significant decrement in the three parameters. E2 and DHT+E2
produced values similar to I. Thus, it is suggested that the metabolism of Pcm
motoneurons are steroid sensitive, and that they use E2 as the physiological steroid in
normal situations. T effects probably could be seen in treatments periods longer than
two weeks, which suggests that the aromatase system of the motoneurons needs
prolonged T restitution to become active again. CONACYT 4157P-N (J.M.).
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259.1
NEURON-SPECIFIC MEMBRANE TARGETING OF AMPA-TYPE
GLUTAMATE RECEPTORS. D. V. Lissin1, C. W. Christine* 2. R.
C. Carroll1. R. A. N icoll34. R. C. Malenka13. M. von Zastrow1»4.
Depts. o f 'Psychiatry, 2Neurology, 3Physiology, 4Cellular and
Molecular Pharmacology, University o f California, San Francisco, CA
94143.
To study mechanisms that control the subcellular localization and
functional activity o f ionotropic glutamate receptors, we have epitope
tagged the N-terminus o f the AMPA receptor subunit GluRl and
expressed it in several cell lines. Application o f glutamate to HEK293
cells expressing epitope tagged GluRl produced a CNQX-sensitive
current indicating that the tagged receptors are functional. However,
localization studies using fluorescence microscopy indicated that only a
small minority o f the expressed GluRl was present in the plasma
membrane at steady state; the majority o f receptor protein was localized
in intracellular membranes. Similar observations were made when
GluRl receptors were expressed in another fibroblastic cell type (Cos
cells) or in undifferentiated neuronal NT2 cells. In marked contrast,
expression of epitope tagged GluRl in hNT cells, which are produced
by differentiation o f NT2 cells in vitro , expressed readily detectable
amounts of GluRl receptors in the plasma membrane. Furthermore, the
GluRl that was present in the plasma membrane o f these cells appeared
to cluster in a manner similar to that observed at synaptic sites in
hippocampal pyramidal neurons. These observations suggest that
neuron-specific membrane trafficking mechanisms are required to
mediate the delivery and clustering o f functional ionotropic glutamate
receptors into specialized microdomains o f the plasma membrane.

Supported by grants from NIH.
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259.2
IMAGING CHANGES IN MITOCHONDRIAL FUNCTION RESULTING FROM
SYNAPTIC ACTIVITY IN THE RAT HIPPOCAMPAL SLICE. V.P. Bindokas*1.
C.C. Lee1. W.F. Colmers2. and R.J. Miller1 1 Dept. Pharmacol, and Physiol.
Sciences, Univ. of Chicago, 947 E. 58th Street, Chicago IL 60637; 2 Dept.
Pharmacol., Univ. of Alberta, Edmonton, Canada.
Digital imaging microfluorimetry was used to visualize changes in,
mitochondrial potential, superoxide (02‘) production, and [Ca2+], in thick slices
of rat hippocampus. Synchronized epileptiform discharges (STIB activity) in
hippocampal slices resulted in alterations of ionic homeostasis, such as an
increase in [Ca2+]j. These Ca2+ elevations were accompanied by slow,
prolonged changes in mitochondrial potential. Mitochondrial depolarizations
showed temporal and spatial correlations with electrical activity. Patterned
changes in mitochondrial potential were observed to last from 10's of sec. to
minutes as the consequence of epileptiform activity. A second consequence of
[Ca2+], elevation was an increase in 0 2* radical generation, probably as a result
of Ca2+-stimulated oxidative phosphorylation or other processes. Since 0 2'
radicals are mainly produced by mitochondria, the detection of 0 2' by
hydroethidine oxidation produced patterns that were likewise spatially distinct
and altered by synaptjc activity. Both the mitochondrial depolarization and free
radical production were sensitive to TTX, glutamate receptor antagonosts, and
the inhibition of glutamate release by activation of presynaptic NPY receptors
with PYY. These data provide evidence that mitochondria may serve as both a
target for synaptic events as well as perhaps play a critical role in control of the
underlying synaptic events. Support via grants NIH DA-02575, DA-02121, MH40165, DK-42086, DK-44840 and NS-33502 to RJM, and MRC (Canada)
MT10502 to WFC.
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259.3
ELECTRICAL SIGNALING IN AN INDIVIDUAL NERVE CELL: MULTI-SITE
OPTICAL MEASUREMENTS AND MODEL PREDICTIONS.
S. Antic M.L. Hines and D. Zedevic. Dept. C/M Physiology and Dept. Computer
Science and Psychology, Yale Univ. Sch. Med. New Haven, CT 06520.
The experiments were carried out to investigate information processing in
an individual nerve cell. The objective is to analyze, by direct measurement of
voltage transients at many sites along neuronal processes, the functional
organization of an identified neuron, and incorporate the results in the
biophysical computer simulation. Experimental measurements were done
optically, utilizing a system for fast, multi-site voltage-sensitive dye recording
with 464-element photodiode array. The neuron was stained selectively and in
situ by intracellular injection of fluorescent voltage-sensitive dye. Computer
simulations were carried out using neuronal modeling software "NEURON".
In the first set of experiments the emphasis was on building an anatomical
reconstruction of an identified neuron, based on fluorescent images obtained
with anatomical markers. The anatomical reconstruction includes the soma and
8 major axo-dendritic processes whose diameter varied between .5 and 20 pm.
Combined results about spike initiation and propagation, obtained from
standard electrical measurements, multi-site voltage-sensitive dye recordings
and predictions from the computer simulations, indicate that a particular region
of one axo-dendritic branch (in the cerebral commissure) behaves as partially
or fully passive cable. The spatial distribution and the density of voltage-gated
channels were varied in the model to determine the size and precise position
of that passive axonal region. The results from the simulation were then
compared with experimental measurements and a model further adjusted. The
functional significance of a passive region within a neuron will be discussed.
Supported by NIH Grant NS08437 and NSF Grant IBN-9604356.

259.4
QUANTITATIVE CONFOCAL IMAGING OF FLUORESCENCE
RECOVERY FOLLOWING PHOTOBLEACHING TO STUDY
ACETYLCHOLINE RECEPTOR (ACHR) MOBILITY AT THE
DEVELOPING NEUROMUSCULAR JUNCTION. S.G. Tumev. W.B. Gan.
J.W. Lichtman*. Department of Anatomy and Neurobiology, Washington
University School of Medicine, St. Louis, MO 63110 USA.
In principle, a laser scanning confocal microscope is suitable both for
photobleaching and quantitative fluorescence measurements. A programmable
scan makes it possible to rapidly create photobleach patterns of different sizes
and shapes, including diffraction limited spots and lines. In addition, the
confocal laser system can provide a convenient means of assaying the intensity
of the bleached region and its recovery rate without much contamination from
out of focus regions. We have developed such a method to study the mobility of
AChRs in the postsynaptic membrane of muscle fibers during development.
Rhodamine a-bungarotoxin labeled AChRs in living mouse stemomastoid
muscle were bleached in a defined pattern with 488-nm excitation from an argon
gas laser using aNoran Odyssey confocal microscope system. The fluorescence
recovery was imaged with the same laser using 529-nm excitation that causes
less photobleaching. To measure the fluorescence intensity with the confocal
system we have adapted a ratiometric imaging method in which the specimen's
fluorescence is measured as a percentage of a non-bleaching standard
fluorescent sample (Turney et al., 1996). Preliminary results indicate that this
technique can detect mobility of acetylcholine receptors at living junctions. We
are presently studying the mobility of junctional receptors at sites that lose
receptor density during naturally occurring synapse elimination.
Supported by grants from the NIH.

259.5
PROPERTIES OF BTC, A NOVEL LOW-AFFINITY CALCIUM INDICATOR.
K.L. Hvrc*. J.M. Bownik. S.D. Handran. S.M. Rothman. and M.P. Goldberg. Cen
ter for the Study of Nervous System Injury, Washington Univ. School of Med., St.
Louis, MO 63110.
Intracellular free calcium concentrations ([ C a 2+]i) in neurons can reach micromolar
levels, well above the sensitivity range of standard Ca2+ indicators such as fura-2.
However, the utility of most lower-affmity indicators is limited either by their sen
sitivity to Mg2+(e.g. mag-ftira-2) or by their single wavelength nature (e.g. Calcium
Green 5N). The new indicator BTC (benzothiazole coumarin; Iatridou et al., Cell
Calcium, 15:190, 1994) is a ratiometric dye excited by visible light (400/485 nm)
that combines moderate Ca2+affinity (IQ-10-15 fiM) with low Mg2+sensitivity.
We examined the spectrofluorimetric properties of 5 |aM BTC (Molecular Probes)
in 90 mM KC1 buffered with 10 mM MOPS (pH=7.2) with different EGTA/Ca2+.
Addition of Mgz+ did not affect the Ca2+ ratio but increased BTC fluorescence
slightly (IQ ^40 mM). Low [Zn2+] (Kd -60 nM) caused a more dramatic increase in
BTC fluorescence, suggesting that BTC can be used as a Zn2+indicator. Since Mg2+
and Zn2+ raise BTC fluorescence intensity throughout its excitation spectrum, it is
possible to distinguish changes in Mg2+or Zn2+from Ca2+ from by monitoring BTC
fluorescence at the Ca2+ isosbestic point (-430 nm). BTC fluorescence was mark
edly reduced by 50 ^M Co2+, and was somewhat pH sensitive (pKa -5.6).
Neurons loaded with BTC (500 fiM) by patch micropipette application showed
uniform fluorescence distribution and large changes in the excitation ratio, corre
sponding to 5-10 ^M [C a 2+]i, with NMDA but not AMPA application (Hyrc et al.,
Soc. Neurosci. Abstr.22:798,1996). In contrast, bath incubation with 6 ^M
BTC/AM resulted in only limited ratio changes, possibly due to incompletely hy
drolyzed AM ester and/or dye sequestration. BTC can be a useful low-affinity neu
ronal calcium indicator, especially when microinjected.

259.6
Á HIGH-SPEED CCD CAMERA
FOR OPTICAL RECORDING OF NEURAL ACTIVITY.
Jerry Pine* and Steve M. Potter. Caltech Division of Biology, 156-29
Pasadena, CA 91125
Optical imaging of neural activity, with calcium- and voltage-sensitive dyes,
provides a powerful means to study the collective properties of neuronal
networks. We have designed and built a high-speed (1000 frames/sec)
CCDcamera system (HSCCD) that offers enhanced speed and sensitivity
compared to commonly used scientific CCD cameras, and greater
resolution (64x64 pixels) than commonly used photodiode arrays. The
HSCCD is based on the Tektronix TK064 CCD chip, which has large wells
(27 pm; 500,000 e- full-well capacity), and a 12-bit A/D converter to provide
the dynamic range necessary to see very small (<1%) changes in
fluorescence of potentiometric probes. The system is controlled by a
custom LabView interface, and employs a novel digitization scheme in
which only user-selected pixels of interest are digitized. Since the 1 MHz
A/D converter is the bottleneck in the system, we obtain substantial
improvements in frame rate by discarding the signal in uninteresting pixels.
We can also enhance small optical signals by binning the signal in
contiguous groups of pixels before digitization. We have used the HSCCD
to image action potentials in cultured rat hippocampal neurons stained with
voltage-sensitive fluorescent dyes.
Supported by the Benjamin and Anna Rosen Foundation.

Supported by NIH NINDS grants N S 19988 (SMR) and NS32140 (MPG)

259.7
NEURON LABELING WITH VOLTAGE-SENSITIVE DYE. J,
Fang*. L. Guan and Y. Tsau. Dept, of Physiology, Yale
University, New Haven, CT 06520; Dept, of Zoology,
University of Maryland, College Park, MD 20742 and
Georgetown Institute of Cognitive and Computational
Sciences, Georgetown University Medical Center, 3970
Reservoir Rd NW, Washington, DC 20007
We have reported that individual motoneurons in Lamprey
spinal cord can be retrogradely stained with voltage-sensitive
dye di-8-ANEPPQ (Tsau et al, SFN, 1994). Its disadvantage
is, to keep the isolated spinal cord healthy, we need to wait
as less time as possible for the dye to travel to the cell
bodies. The preparation tends to be unhealthy when longer
time is waited when we hope more dye molecules can be
loaded. We have tried in vivo injection of di-8-ANEPPQ into
the muscles near spinal cord or spinal cord p e r se and waited
for 3-7 days for the dye to travel to the cell bodies. The
staining of the motoneurons is more bright, and the spinal
cord can be recorded optically sdon after the dissection.* The
preliminary experiments showed that we may be able to
detect the spontaneous unit activities of the motoneurons by
optical recording, and thus provide a probe for tracing the
interactions between individual neurons in lamprey spinal
cord.
Supported by NIH grant NS08437.
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2 59.8
LONG TERM IMAGING OF [CA++] IN ZEBRAFISH EMBRYOS USING TWOPHOTON MICROSCOPY, W. Denk1*. E Aksav1’2. R. Baker2. D.W. Tank1. ’Bell
Labs, Lucent Tech., Murray Hill, NJ, 2NYU Medical Center, New York, NY
Intracellular Ca++ ion concentration plays an essential role during fertilization and
early development; however, traditional fluorescence imaging methods often do not
allow extensive high-resolution imaging without compromising normal development.
We used a 2-photon laser scanning fluorescence microscope to image Ca-green labeled
embryos, in some cases continuously until the onset of spontaneous movements (at
about 20h post -fertilization). Eggs were labeled by microinjecting 2-8 nl of a solution
of Ca-green 1 dextran (lOkD MW, 5% in 0.2 M KC1) into the yolk during the 1-8 cell
stages. The excitation source was a Ti:sapphire laser (X^= 840nm). Fluorescence
detection occurred through a sub-stage high NA oil-immersion condenser rather than in
the more common epi-fluorescence configuration. This improves the efficiency of
fluorescence light collection substantially, in particular if low magnification/low NA
lenses have to be used to obtain a sufficient field of view. Even while imaging the
whole embryo at low resolution (20x water imm.; Zeiss) transient [Ca++] increases
could be resolved in individual cells up to at least the ‘shield’ stage (6 hours).
Continually repeated acquisition of an optical section showed correlated, possibly
wavelike, activity mostly in enveloping layer cells. High resolution imaging revealed
sequential transients in groups of neighboring cells. Several of the extensively imaged
embryos underwent normal development and eventually hatched. These experiments
have shown that 2-photon absorption mediated fluorescence excitation can be used to
image calcium dynamics in developing vertebrate embryos without causing abnormal
or arrested development. This is not unexpected given the reduction of photo-damage
achieved with the use of 2-photon excitation in other systems. It is crucial, however, to
rule out subtle photochemical effects that could be peculiar to 2-photon excitation and
might not cause any immediately apparent cell damage but could still interfere with
normal larval development (Supported by Lucent Tech.).
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259.9
INACTIVATION OF THE REGULATORY VOLUME DECREASE IN
NEURONAL CELL LINES EXAMINED WITH FLUORESCENT PROBES.
M.S. Brodwick. J. Altamirano and F.L Alvarez-Leefmans*. Dept, of Physiology
and Biophysics, UTMB, Galveston, TX 77555-0641; Depto. de Farmacología
CINVESTAV-IPN, Ap. Postal 14-740, MEXICO 07000 D.F.; and Depto. De
Neurobiologia, Inst. Mex. de Psiquiatría, Calzada México-Xochimilco 101
MEXICO 14370, D.F.
We have shown that when NG108 or N1 El 15 cells are challenged with a 40%
hyposmotic solution, they expand osmometrically and then undergo regulatory
volume decrease (RVD). If two 40% hyposmotic challenges are presented within
an interval of about 30-60 min., the second challenge fails to exhibit an RVD. We
call this phenomena RVD inactivation. To measure these volume changes we
have developed optical techniques using the calcium probe fura-2 and the ion
independent probe calcein. The former allows simultaneous measurement of
[Ca^], and volume while the latter acts as an ion independent control. Using these
techniques we have investigated the possibility that the inactivation is the result
of the loss of an internal solute rather than a true inactivation of the RVD
machinery. First, we demonstrated that cells placed in isotonic taurine solution
maintained their volume. When challenged with the 40% hyposmotic solution, the
cells osmometrically swelled followed by a delayed component of further
swelling. The cells were then washed in normal saline and challenged with a 40%
hyposmotic solution that ordinarily would have produced no RVD, i.e. the RVD
on the contraiy, following the taurine pretreatment the second response produced
a vigorous RVD. We conclude that the RVD depends on the store of intracellular
solutes (such as taurine) which can be exhausted with the first pulse. By reversing
the gradient the store can be replenished. (Supported by NINDS grant NS29227)

259.10
LOCALIZING D il FLUORESCENT CELLS IN LIVING TISSUE
USING AN INEXPENSIVE FLUORESCENT DISSECTING
MICROSCOPY.
J.D.Clvne and R.I. Hume*.
Neuroscience
Program and Department o f Biology, University of Michigan, Ann
Arbor, MI 48109.
Fluorescent molecules such as Dil, Lucifer Yellow, and Green
Fluorescent Protein can label neurons in vivo, however labeled cells are
usually observed with an epifluorescent microscope after the cells have
been cultured. We have developed a frugal method for modifying a
dissecting microscope for fluorescent microscopy in order to identify
and dissect small clusters o f labeled neurons prior to culturing them.
This is particularly useful for removing unwanted populations o f labeled
cells. A fiber optic quartz halogen lamp provides adequate illumination
with minimal heat production.
More importantly,
inexpensive,
theatrical plastic filters (Rosco, NY) have the appropriate absorption
spectra for viewing certain fluorescent molecules. For Dil, DiA, or
fluorescein fluorescence, a green (Primary Green #91) excitation filter
and a light red (Fire #19) barrier filter are an excellent pair. The barrier
filter is a long-pass filter which maximizes absorption and partially
blocks the green transmitted light. The resulting dim green background
allows us to see our instruments and enhances color contrast. Similarly,
a Night Blue #74 excitation filter with a Medium Straw #14 barrier filter
are adequate for viewing DiO or Lucifer Yellow (LY) fluorescence.
Although this technique lacks the selectivity o f expensive commercial
epifluorescent microscopes, it is extremely cost effective and is useful
for culturing or transplanting labeled cells.

259.11
INCORPORATION OF FLUORESCENT PROBES INTO
SUBCELLULAR STRUCTURES OF BRAIN SLICES.
W
Walz*. C.M. McQueen. M.K. Lane. Dept, o f Physiology, University
o f Saskatchewan, Saskatoon, SK S7N 5E5, Canada.
In the CNS, pinocytosis is only occurring in microglia and
extracellular fluid markers are thought to be taken up only by
pinocytotic vesicles. Transient exposure o f hippocampal slices (150
Hm) to extracellular lucifer yellow (LY) resulted in marking o f two
types o f cells: 1) Time lapse video microscopy revealed an ameboid
cell (microglia) with LY filled vesicles phagocyting cells on the
surface. 2) Laser confocal microscopy scanning showed a uniform
LY uptake into cytoplasm and axons o f most cells in the pyramidal
layer. A decrease in temperature, or high magnesium exposure, did
not prevent this LY uptake and prolonged washing (<4h) did not
reverse it. Bleaching a small cytoplasmic area in a neuron with a 2
photon laser did eliminate all LY in this cell, indicating that it is not
bound. Similar loading studies with fluorescein dextran (MW 10,000)
gave a different neuronal uptake pattern: Dextran was confined to
vesicles in groups o f neurons that appeared in clusters. Cooling
eliminated this dextran uptake. We conclude that LY is accumulated
in neurons via direct transport across cell membranes. The use o f
extracellular markers with high MW confines neuronal uptake to
vesicular structures in the cell body.
Supported by the Heart and Stroke Foundation o f Saskatchewan.

259.12
HISTOCHEMICAL & FLUORESCENT ANALYSIS OF DARK CELL
VIABILITY. H. Hara. D. L. Shepard. D. R. Plvmale. R. F. Garrv. D.
S. Martin. J. Hara and C. D. Fermin*. Tulane Univ. Medical School,
New Orleans, LA. 70112.
Dark cells (DC) from the tegmentum vasculosum (TV) of chicken
(Gallus domesticus) inner ears were isolated by Percol gradient
centrifugation and used to test DC viability and integrity of the Na+/K+
ATPase pump. The TV is equivalent to the mammalian stria vascularis.
A 95% purity DC gradient was incubated with Sodium Green™, a
lipophilic dye that crosses the plasma membrane. The fluorescent signal
strength of the internalized and/or sequestered dyes was similar in
isolated DC and intact TV. Sodium Green is a fluorescent intracellular
dye requiring ester cleavage by functional cellular esterases in order to
bind Na+. An intact cell membrane prevents the cleaved dye from leaking
out, and also sequesters the fluorescent derivative 9-anthroyl ouabain
(9AO).
Intracellular Na+ concentration was correlated with the
strength/intensity of fluorescence at 535 nm emission after excitation at
485 nm, and 9AO at 450/365 nm. Cell viability and DC membrane
pump activity were confirmed with trypan blue exclusion light
microscopy (LM), and photofluorescence with color thresholding
integration. Ultracytochemical localization of pumps with transmission
electron microscopy (TEM) showed ex vivo isolated DC with
comparable numbers of Na+/K+ ATPase pump sites to DC of intact TV.
Isolated avian DC retained functional integrity allowing us to test their
rich Na7K+ ATPase pump activity in vivo and in vitro with the LM and
the TEM.
Supported by Tulane Pathology, AHA award to DLS, NIH grant AI34754 to RFG, and NASA grants NAGW-1516 & NAG 2-999 to CDF.
Correspondence to CD. Fermin, Fax 504-587-7389 or internet
<fermin@tmc.tulane.edu>

259.13
MICROINJECTION OF TAGGED-ACTIN mRNA AS A TOOL TO
STUDY RNA SORTING AND TRANSLATION IN LIVING CELLS.
B, Layoie* and.R
-Singer Dept of Anatomy and Structural Biology,
Albert Einstein College of Medicine, Bronx, NY 10461.
RNA sorting is a mechanism by which a cell can regulate protein level
into specific subcellular compartments by local regulation of its
translation. Localization of fi-actin mRNA at the leading edge of motile
fibroblasts and in neuronal growth cones has been described. A 3’UTR
sequence (zipcode) is responsible for the localization of fi-actin mRNA at
the cell periphery. This work was designed to study how mRNA travels
to specific compartments and how localization affects translational
efficiency. The chicken B-actin cDNA was epitope-tagged at its Cterminus so injected mRNA and newly synthesized proteins could be
distinguished from the endogenous. Two different tags were used 1) a
short octapeptide (FLAG) sequence or 2) the green fluorescent protein
(GFP) sequence. Cells transfected with FLAG-actin cDNA incorporated
tagged-actin into their filaments showing that the modified actin was
functional. The tagged-actin cDNA was transcribed in vitro and the
mRNA was microinjected into fibroblasts and neurons. Incorporation
of amino-modified UTP during the transcription reaction was used to
label the RNA with fluorophores. Microinjections of modified and
unmodified mRNA were done on an inverted microscope and detected by
a CCD camera. After cytoplasmic injections, fluorescent B-actin
mRNA formed granules that were resistant to cellular extraction with
mild detergent. Protein translation was detected after injection of the
mRNA. This technique will be used to characterize how the 3’UTR
affects RNA movement in living cells and the relationship between
localization and translation of mRNA. Supported by NIH AR4148

259.14
DETERMINATION AND CORRELATION OF EXPRESSION
LEVELS
OF
LUCIFERASE
A ND
EGFP
USING
THE
TETRACYCLINE-CONTROLLED GENE EXPRESSION SYSTEM
AND FLUORESCENCE IMAGING. S. M. Cunningham, M. D.
Cunningham*, L. Zhu and S. Kain. CLONTECH Laboratories, Inc.,
Palo Alto, CA 94303
The tetracycline-controlled gene expression system was used to
examine the induction rates and protein leveis of simultaneously
expressed luciferase and EGFP in CHO-K1 cells. Induction levels of
luciferase in this stable cell line, expressing both the pU H D 15-lneo
(pTet-Off) regulator plasmid and a bidirectional plasmid co
expressing both luciferase and EGFP, were determined for selected
clones. In all cases, high luciferase activity correlated well with
brightest fluorescence. This monoclonal population was then induced
and sorted by FACS and regulated expression levels of luciferase
were determined in pre-sort and post-sort populations. Protein levels
were correlated to chemiluminescence and fluorescence data to
determine relative expression levels of luciferase and EGFP. Further,
both reporters were induced in a dose-dependent manner and
examined on the Fluorimetric Imaging Plate Reader (FLIPR). The
single-point precision of FLIPR, coupled with the extremely tight
regulation of the Tet System has allowed us to examine the
fluorescence of EGFP kinetically in living cells.
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259.15
USE OF AND PRECAUTIONS WITH A CODON-OPTIMIZED
GREEN FLUORESCENT PROTEIN AS A REPORTER GENE IN CO
TRANSFECTION EXPERIMENTS. B. M. Sullivan*, M. Lanzrein, H.
A. Lester, N. Davidson, M. C. Jasek. California Institute of Technology,
Division of Biology, Pasadena, CA 91125, USA.
We describe a method of co-transfecting a reporter gene for
efficient recognition of cells for single cell electrophysiology. In cultured
mammalian cells, a codon-optimized form of GFP, denoted plasmid
Green Lantern-1 by the supplier (for which we use the abbreviation GL
or pGL), was co-transfected with three additional plasmids, two coding
for G-protein gated inwardly rectifying potassium (GIRK) channel
subunits and one coding for the muscarinic m2 receptor.
Electrophysiological recordings demonstrated a 98% correlation between
GL fluorescence and the presence of GIRK currents. The highest
expression levels of the gene(s) of interest were obtained when small
amounts of GL plasmid were used. The inhibitory effect of coexpression
of large amounts of GL plasmid was observed for each of several co
transfected test genes, including two isoforms of nitric oxide synthase and
lac-Z. Furthermore, the inhibitory effect was not observed when an
equimolar amount of the lac-Z plasmid was substituted for the GL
plasmid. Our data show that GL provides most effective, non-interfering
recognition of single cells for physiological experiments if GL is used in
the lowest amount that gives a signal in a sufficient fraction of cells.
Thanks to NIMH Center MH49176 for financial support

259.17
COMPARISON OF HSV AND ADENOVIRUS MUTANTS FOR GENE TRANSFER
TO SPINAL CORD NEURONS IN HAMSTERS. M.A. LeVatte. H.A. Clarke. A.K.
Cassam. G.A. Dekaban and L.C. Weaver . Neurodegeneration & Gene Therapy and
Mol. Virol. Groups, John P. Robarts Research Inst., London, Canada.
Changes in glutamate receptor gene expression by sympathetic preganglionic
neurons (SPNs) may improve arterial pressure control in hyper- or hypotensive
conditions. We compared a mutant herpes simplex type 1 virus (14HA3vhsZ; Johnson
et al., J. Virol. 68:6347,1994) to a mutant adenovirus (Ad5CA17/acZ; Bett et al,
Proc. Nat.AcadSci. U.S.A. 91:8802,1994) as vectors for gene transfer into SPNs. Both
express P-galactosidase (p-gal). 14HA3vhsZ or Ad5CA17lacZ was injected into left
hamster adrenal glands to assess effects on SPNs 2-8 days later. Two to 3 days after
14HA3vhsZ injection, P-gal was detected in about 250 SPNs per hamster (n=8). By
5 days 120 SPNs had P-gal (n=3); by 8 days only 2 SPNs had P-gal (n=4). The p-gal
reaction product extended through normal kite-shaped SPN somata and elaborate
dendrites at 2-3 days. Inflammatory cells were near the SPNs by 5 days but by 8 days
the infiltrate was reduced. Their presence confirmed infection of SPNs as P-gal
expression waned. In contrast, adrenal injection of Ad5CA 1llacZ yielded P-gal in only
3±1 SPNs per hamster (n= 10) at 4 days, despite clear adrenal infection. Ad5CA17/acZ
produced light patches of staining confined to the SPN soma. These SPNs had normal
morphology but sometimes were covered by an infiltrate. To assess 14HA3vhsZ
toxicity, numbers of NADPH-diaphorase-stained or choline acetyl transferaseimmunoreactive (ChAT-Ir) SPNs on the infected side of the 6th-9th thoracic cord
segments were compared to those on the un-infected side at 8 days. Control hamsters
(n=5) had 389±21 (left) and 394±12 (right) diaphorase-stained SPNs. 14HA3vhsZinfected hamsters (n=3) had 312±59 and 371±24 diaphorase-stained SPNs on the
infected and un-infected sides. Control hamsters (n=3) had 705±31 (left) and 710±42
(right) ChAT-Ir SPNs. 14HA3vhsZ-infected hamsters (n=3) had 603±12 and 623±8
ChAT-Ir SPNs on the infected and un-infected sides. An ongoing in vitro study in
PC 12 cells is demonstrating minimal cytopathic effects of both vectors. Therefore, to
elicit short-term changes in SPN gene expression, 14HA3vhsZ is minimally neurotoxic
and more neurotropic than Ad5CA17/acZ.

259.19
ADENOVIRUS-MEDIATED REPORTER GENE EXPRESSION IN CULTURED
CELLS FOLLOWING IN VIVO TRANSFECTION OF SUPRAOPTIC NUCLEUS
(SON) IN THE RAT. E.C. Vasquez*. T.G. Beltz, R.F. Johnson, and A.K
Johnson. Depts. of Psychology and Pharmacology and the Cardiovascular Center,
Univ. of Iowa, Iowa City, IA 52242.
The neural link between the subfornical organ (SFO) and hypothalamic magnocellular neurons such as those in the SON plays a pivotal role in the maintenance
of body fluid and cardiovascular homeostasis. Gene transfer can potentially be an
important tool in understanding the mechanisms for SFO control of SON function.
The present experiments investigated the use of adenovirus (Ad) for gene delivery
to the SON and SFO. The purpose of the study was to test the ability of repli
cation-defective Ad to transfer the green fluorescent protein (gfp) reporter gene,
driven by the Rous sarcoma virus (RSV) promoter, to the SON and via retrograde
transport to the SFO. Neonatal Sprague-Dawley rats (n=18) were injected stereotaxically with 200 nl of Ad5RSVgfp (1 x 107 pfu) into the SON. The pups were
decapitated at various time points after in vivo injections and the SFO and SON
were dissected. All animals survived with no behavioral evidence of a virulent
neurological infection. The cells were dissociated and cultured up to 6 days. On
the third day of culture, the number of neurons, determined by counting 4 visual
fields corresponding to the densest region of each of 9 coverslips, was 2102 in SON
and 1247 in SFO. Both glia and neurons were infected and there was no apparent
alterations in cellular morphology. The percentage of gfp positive SON cultured
cells was higher in the 4 day (0.96%) group than in the 1 (0.23%) or 7 day (0.17%)
groups. SFO fluorescent cells were detectable in the 1 (3 cells/9 wells) and 4 day
(43 cells/9 wells) groups, but not in the 7 day post injection group. These results
demonstrate the feasibility of using in vivo transfection of SON cells and retrograde
transport of the gfp reporter gene to SFO cells through nerve terminals to study
SFO-SON function. Supported by NASA NAGW-4358 & CNPq 200186/89-2.
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259.16
SWINE CORONA VIRUS AS A POTENTIAL TRANSNEURONAL
PATHWAY TRACER IN THE RAT CNS. iCTohyama*, K,Sano, T.Morita,
N.Hirano” and T.Hashikawa2>. Dept of Cell Biol & Neuroanat./ Center for
EM and Bioimaging Res., Iwate Med. Univ. Sch. of Med, Morioka 020; Dept
Veterinary Microbiol“, Iwate Univ., Morioka 020; Lab. for Brain Structure &
Function2*, RIKEN, Wako 351-01, Japan
The swine corona virus, haemagglutinating encephalo-myelitis virus
(HEV), was used to study CNS pathw ays
in rats. HEV infects
predominantly nervous tissue in a restricted number of species: pig, mouse and
rat (Hirano,N. et al. J. Virol. Methods 27:91-100, ’90). Using a time series
analysis, progression of infection along the visual pathways was examined.
Three days after injection of HEV into the vitreous body, many infected
neurons were detected by immunostaining w ith an antibody against HEV in
the dorsal lateral geniculate nucleus and superior colliculus and a small
number in the primary visual cortex. Five days after injection, infected
neurons in primary visual cortex increased in number. When HEV was injected
into either gastrocnemius muscle or sciatic nerve, many infected neurons were
detected in spinal ventral horn, cerebral cortex, hippocampus, cerebellum
and brainstem after 3 to 7 days. In the cerebral cortex, pyramidal cells were
infected in both supragranular and infragranular layers, whereas neurons in
layer IV were generally not infected. Clusters of immunolabeled neurons were
patchily distributed. In the cerebellum, a few Purkinje cells in the
hemisphere were immunopositive but not neurons in the granular and
molecular layers.
The findings in visual pathw ays suggest th a t virus propagation in situ
provides specific connectivity information based on anterograde transport
across synapses and th a t HEV is a strong candidate as a transneuronal tracer
for analysing polysynaptic pathw ays in the rat CNS.

259.18
SINDBIS VIRUS EXPRESSION SYSTEM FOR CULTURED NEURONS.
S. H. Zaman and R. Malinow* Cold Spring Harbor Laboratory, Cold Spring
Harbor, 11724, New York.
The expression of heterologous proteins in primary neuronal hippocamal cultures
and cultured explant hippocampal slices was undertaken using an expression system
based on the Sinbis recombinant virus. Expression of heterologous proteins is
known to be difficult and non-selective for neurons using conventional non-virus
based systems. Virus based systems such as Adenovirus and Vaccinia have been
used successfully in such cultures, but there remains the problems of toxicity and
non-specificity. The advantages of Sindbis virus system are its apparent lower
toxicity, greater specificty. The virus’s genome contains a single stranded positive
polarity RNA; the envelope glycoproteins endow the virus with a degree of neuronal
specificity. Recombinant virus has been designed such that the genomic encryption
for the wild type structural elements have been replaced by the gene of interest.
We have constructed and tested sindbis pseudo-virions encoding the betagalactosidase gene to test the feasibility of their use in culture systems. We obtained
good expression in primary (mixed) cell hippocampal culture after only 16 hours of
incubation with the virus. The expression was almost exclusively limited to neurons
and not glial cells. The cells looked morphologically “healthy” even one week after
the application of virus to the culture dish. Site-directed micro-injection of the virus
into hippocampus organotypic slice culture also gave good expression limited to the
site of injection.
We conclude that this expression system shows promise for the study of protein
function in neuronal tissue
ACKNOWLEDGEMENTS: Dr. S. Schlesinger (Washington University) for
materials; Wellcome Trust funded.
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IDENTIFICATIO N
AND
PU R IFIC A TIO N
OF
DIPHOSPHOINOSITOL PENTAKISPHOSPHATE KINASE,
WHICH SYNTHESIZES THE INOSITOL PYROPHOSPHATE
BIS(DIPHOSPHO)INOSITOL TETRAKISPHOSPHATE. S. M.
Voalmaier*. C. -F. Huana. and S. H. Snvder. Johns Hopkins
University School of Medicine, Department of Neuroscience,
Baltimore, MD 21205.
inositol phosphates which possess pyrophosphate
bonds have been recently identified. The molecular
mechanisms that regulate the cellular levels of these
compounds are not yet characterized. To pursue this
question, we have now identify a novel kinase,
diphosphoinositol pentakisphosphate (PP-IP 5 ) kinase,
which phosphotylates P P -IP 5 specifically to form
bis(diphospho)inositol tetrakisphosphate (bis-PP-IP4) in
soluble fractions of rat forebrain. The purified protein, a
monomer of 56 kD, displays high affinity (Km , 0.7 mM) and
selectivity for PP-IP5 as substrate. The purified enzyme also
can transfer a phosphate from bis-PP-IP 4 to ADP to form
ATP.
This ATP synthase activity indicates the high
phosphoryl group transfer potential of bis-PP-IP 4 and may
represent a physiological role for PP-IP5 and bis-PP-IP4 .
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260.2
CaMKII ASSOCIATED TO NMDA RECEPTOR COMPLEX IN POST SYNAPTIC
DENSITIES PHOSPHORYLATES BOTH NR2A AND B SUBUNITS. M. Pi Luca
A. Caputi. F. Gardoni. M: Cimino. and F. Cattabeni*. Institute of
Pharmacological Sciences, School of Pharmacy, University of Milano, 20133
Milano, Italy.
NMDA receptors are a major class of ionotropic glutamate receptors involved
in synaptogenesis, developmental structuring, neurotoxicity and synaptic
plasticity in the adult nervous system. Phosphorylation at different receptor
subunits has been proposed to be a mechanism of regulation of NMDAR
function at the intracellular site. Indeed NR1 has been shown to be'
phosphorylated by PKC, and NR2B by both tyrosine kinase and CaMKII. We
now show that Ca2+/CaM stimulates phosphate incorporation into both NR2A
and NR2B subunits in rat hippocampal post synaptic densities (PSD). To
determine whether NMDA receptors and CaMKII are physically associated, we
immunoprecipitated PSD proteins with antibodies specific for NR1, NR2A and
B and CaMKII. CaMKII coprecipitated with NR2A and B and NR1 but not with
other glutamate ionotropic receptor subunits (i.e. GluR1). The physical
association between CaMKII and NR2A and B subunits was further confirmed
by overlay experiments utilizing a 32P-autophosphorylated CaMKII. These data
suggest that CaMKII-dependent phosphorylation of NR2A and B can be of
relevance for NMDAR channel functionality. Indeed, we have previously
demonstrated that CaMKII-dependent NR2A/B phosphorylation is reduced in
vivo (51.7+7.4% of control values) in animals constitutively lacking LTP (MAMrats; Methylazoxymethanol, Cattabeni and Di Luca, 1997). We show now that a
treatment restoring LTP in hippocampal slices from MAM-rats, such as
exposure to D-serine (Ramakers et al., 1993), restores CaMKII-dependent
phosphorylation to control values, thus strengthening the hypothesis of a
relevant role of this phosphorylation process in NMDAR function.
Cattabeni F. and Di Luca M. (1997) Physiol. Rev. 77: 199-215
Ramakers et al., (1993) Neurosci. 54: 49-60.

260.3
DETERMINATION OF THE RELATIVE AMOUNT OF mRNAs CODING FOR
C A 2 + HANDLING PROTEINS IN PURIFIED RAT SPINAL MOTONEURONS.
L. Van Den Bosch*. K. Verhoeven. H. De Smedt#, F. Wuytack#. L. Missiaen#
and W. Robberecht. Laboratory of Neurobiology and of Physiology(#),
University of Leuven, B-3000 Leuven, Belgium.
In amyotrophic lateral sclerosis (ALS), excitotoxicity (ET) is thought to play a
pathogenic role and is mediated by Ca2+-overload in the cell. The molecules
responsible for Ca2+-handling in motoneurons (MN) are largely unknown. We
therefore studied expression of the genes encoding the main proteins
involved in the Ca2+-metabolism of these cells. Embryonic rat motoneurons
(E14) were isolated after centrifugation of dissociated cells from the ventral
spinal cord on a 6.5% metrizamide cushion. The cells obtained were enriched
in MN as demonstrated by a ChAT-assay and contained a large number of p75
NGF receptor-positive cells (84±6%). Functional glutamate receptors were
present as Ca2+-responses could be detected after exposure of these cells to
AMPA, kainate and NMDA. Using the ratio polymerase chain reaction (PCR)
technique, we determined the relative amount of mRNA coding for the
proteins responsible for the Ca2+-uptake in the internal stores
[sarco/endoplasmic reticulum Ca2+ ATPase (SERCA)] and for controlled
release of Ca2+ from these stores [inositol 1,4,5-trisphosphate receptor
(lnsP3R) and the ryanodine receptor (RyR)], each of which proteins is encoded
by three different genes. In MN, only mRNA from the SERCA2 gene could be
detected; the splice variant was the class 4 mRNA, typical for brain. The lnsP3R
mRNAs were mainly transcribed from the lnsP3RI and lnsP3RII gene; a minor
fraction of the mRNA was transcribed from the lnsP3RIII gene. A similar
heterogeneity was observed for the RyRs as both the RyR1 and RyR2 mRNAs
could be detected. This study demonstrates that a complex mixture of mRNAs
coding Ca2+-handling proteins is present in MN.
Supported by the FWO-Flanders (Belgium) and K.U.Leuven OT94/25.

260.4
DENDRITIC AND SUBSYNAPTIC ORGANELLES INVOLVED IN
SYNTHESIS OF TRANSMEMBRANE PROTEINS. A. Gardiol*. C. Racca1. IL
M. Rios^. M. Bomens2 and A. Triller*1. ^Biologie Cellulaire de la Synapse, CJF 94
10INSERM, ENS and 2Institut Curie, F-75005, Paris, France.
We have recently found that glycine receptor (GlyR) a l and a2 mRNAs are
present in somata and dendrites of ventral horn neurons of the adult rat spinal cord,
suggesting a dendritic translation of these mRNAs. Therefore we have further
investigated the neuronal organization of the protein synthetic machinery in adult rat
spinal cord. Organelles were characterized with antibodies recognizing the cis (antip210) or medial (CTR 433, anti-Man II) cistemae of the Golgi apparatus (GA) and
the the rough endoplasmic reticulum (RER; anti BiP). Their distributions were
studied with fluorescent confocal (CM) and electron (EM) microscopy. We found
that the RER and the cis and medial GA cistemae were present in somata as well as
in the first and second order dendritic branches. CM 3D reconstructions indicated that
dendritic GA cistemae were mainly localized under the dendritic plasma membrane
and were in continuity with the somatic ones. EM revealed that the p210 antigen,
which may cycle between the GA and the intermediate compartment, decorated
submembranous and subsynaptic cistemae. These cistemae were also associated with
GlyR a l and a2 mRNAs. In neurons where the GlyR mRNAs were not found in
dendrites (e.g. dorsal hom neurons), the GA and the RER were also restricted to the
soma.
These data indicate that the organelles involved in the secretory pathway extend in
dendrites, and suggest that postsynaptic GlyR synthesis may occur at or near
dendritic synpases.
Supported by MESR grant, TMR-EC Program, and DRET.

260.5

260.6
ALTERED GLYCINERGIC TRANSMISSION IN MOTONEURONES FROM
SPASMODIC AND SPASTIC MICE. R. J. Callister». P.R. SchofiekR & £,
Sahl . The Neuroscience Group1, Faculty of Medicine & Health Sciences,
University of Newcastle, Callaghan, NSW 2308, & Garvan Institute of Medical
R e s e a r c h , Saint Vincent’s Hospital, Sydney, NSW 2010, AUSTRALIA.
The murine mutants, spasmodic and spastic, display an exaggerated startle
response which is characterized by muscle rigidity, tremor and impaired
righting. Both mutants have inherited mutations in their glycine receptors.
Physiological studies of glycine receptors from the murine mutants have only
been performed on recombinant homomeric receptors expressed in isolated
cell systems. The properties of the native receptors, which are assembled as
heteromultimers, nave not been studied. In this report we have examined
glycinergic transmission in native receptors from the mutants and wild-type
controls. Adult mice (3*4 months old) were overdosed with pentobarbital (200
mg/kg, i.p.) and transverse slices (300 (iM thick) were prepared from the
medulla. Whole cell recordings were made from hypoglossal motoneurones at
23° C using standard patch-clamp techniques and a cesium chloride based
internal solution. Miniature glycinergic inhibitory postsynaptic currents
(mIPSCs) were pharmacologically isolated by adding CNQX (20 p.M),
bicuculline (10 uM) and TTX (1 jam ) to the bath. Under these conditions all
mIPSCs were blocked by strychnine (20 fiM). At a holding potential of -70 mV,
mIPSCs from wild-type mice had amplitudes of 52.9 ± 4.1 pA (mean ± SEM)
and decayed with a time constant of 3.3 ± 0.8 ms (n = 11). In spasmodic,
mIPSCs were reduced in amplitude (15.25 ± 2.6 vs. 52.9 ± 4.1 pA) and
exhibited faster decay time constants (1.6 ±0.1 vs. 3.3 ± 0.8 ms), suggesting
that channel kinetics may be altered in spasmodic. In the spastic mutant,
mIPSCs had identical decay time constants to wild-type controls (3.5 ±0.2 vs.
3.3 ± 0.8 ms), however, their amplitudes were reduced by three fold (18.8 ±
3.8 vs. 52.9 ± 4.1 pA) suggesting that in spastic, channel kinetics are
unchanged, but the number of functional channels is reduced. Together, these
data show that different biophysical mechanisms may be responsible for
impaired glycinergic transmission in each of the mutants. (Supported by the
Australian NH&MRC, Ramaciotti, and Viertel Foundations).

PROTEIN PHOSPHATASE INHIBITOR 1 PLAYS A REGION
SPECIFIC ROLE IN HIPPOCAM PAL LTP INDUCTIO N. A .
Fienherg*, (Pi. Ifvalhy, P. Allen, V. Jensen, M. Ramsay, R. Morris and
P. Andersen, P. Greengard Laboratory o f Molecular and Cellular
Neuroscience, The Rockefeller University, New York, NY 100216399.
Protein phosphatase 1 (PP1) is highly enriched in dendritic spines and
has been shown to regulate several ionic conductances. Furthermore,
modulation o f PP1 activity has been correlated with changes in syn
aptic plasticity. Inhibitor 1 (1-1) is a PP1 regulatory protein that has
been proposed to provide a dynamic link between NMDA receptor
mediated Ca++ entry and changes in synaptic strength. To examine
the role played by 1-1 in synaptic function we have used gene target
ing to abolish 1-1 expression in mice. In mutant mice, perforant
path/dentate granule cell LTP was virtually abolished, while LTP at
Schaffer collateral/C A 1 pyramidal cell synapses was intact. This sug
gests that the coupling o f Ca++ entry to physiological response is
mediated by distinct molecular mechanisms in different neuronal subtypes and that the I-l/PP-1 cascade plays a selectively prominent role
in signaling in the dentate granule cell neuron. The 1-1 mutants were
tested for spatial learning ability in a watermaze and appeared
normal, indicating that LTP at the perforant path/granule cell synapse
may not be essential for this form o f learning.
This work was supported by U.S. Public Health Service Grant
#MH40899.
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PHOSPHORYLATION OF NE-dlg (SAP102) IN POSTSYNAPTIC
DENSITIES AND CULTURED HIPPOCAMPAL NEURONS. IL.
Fukunaga1*. M. Kanahori1, K, M a k inQ2, H, Kyw.ah.am2, Nt MftSUko2, £L
Sava 2 and E. Miyamoto1. !Dept. of Pharmacol, and 2Dept. of Tumor
Genetics and Biol., Kumamoto Univ. Sch. of Med., Kumamoto 860, Japan.
A human hom ologue to the discs large (dig) tumor suppresser
protein, NE-dlg (neuronal and gndocrine-dlg) has been cloned and
characterized (K. Makino et al., Oncogene, 1997). NE-dlg closely
related to rat postsynaptic protein, SAP 102 which can specifically
interact w ith the N M D A receptor as a c lu sterin g m o le c u le .
Immunoelectron microscopic studies o f rat hippocampus demonstrate
that SAP102 is localized in dendritic spines, especially in postsynaptic
densities (PSD). In the present study, we investigated in vitro and in
situ phosphorylation o f N E -dlg/SA P102 in PSD and cultured rat
hippocampal neurons. The recombinant GST fusion protein o f NE-dlg
was significantly phosphorylated by CaM kinase II and in less extent by
protein kinase C, but not by cAMP kinase. In the PSD fraction, the
phosphorylation of SAP 102 was strongly stimulated by addition o f Ca2+
and calmodulin, and largely prevented by addition o f a inhibitory
peptide for CaM kinase II. In contrast, the addition o f protein kinase C
had no effect on the phosphorylation. Finally, in situ phosphorylation of
SA P 102 was investigated in cultured rat hippocam pal neurons.
Consistent with the in vitro studies, the phosphorylation of SAPI02 was
stimulated by treatment with glutamate and the stimulatory effect was
totally abolished by treatment with KN93, a specific inhibitor for CaM
kinase II. Taken together, NE-dlg/SAP102 is a target molecule for CaM
kinase II and its phosphorylation may be involved in the regulation of
clustering o f the NMDA receptor in the postsynaptic site.

260.8
ANALYSIS OF NMDA DEPENDENT SYNAPTIC PLASTICITY IN PSD95
MUTANT MICE. M. Migaud1. M. Dempster1. L. Webster1. M. Makhinson2.
A. Watab^.-Y. Hs. W.G.M» Janssen3*Jil. Morrison*3, TJ. Q’PsH2JS.g,EL
Grant1. Centre for Genome Research, University of Edinburgh, UK;
2Department of Physiology, UCLA School of Medicine; 3Fishberg Research
Center for Neurobiology, Mount Sinai School of Medicine, New York, NY
10029.
The NMDA receptor in adult mouse brain is contained within a
multiprotein complex of proteins including NR1, NR2A, NR2B, PSD9S,
Chapsyn-110/PSD93 and several tyrosine phosphoproteins. The protein
complex changes in composition and phosphorylation during the
developmental period of synaptic plasticity. In addition, it is regulated by
mutations in genes required for long-term potentiation and learning, and is
dephosphorylated by NMDA receptor activation.
To address the role of the NMDA receptor-associated protein PSD95,
which is expressed at high levels in dendritic spines in hippocampus, we
created mice carrying a targeted mutation in PSD95. Homozygote mutant
mice were viable and showed no gross anatomical abnormalities. NMDA
receptor complex biochemistry, neuroanatomy at the light- and electronmicroscopic levels, and electrophysiology of synaptic plasticity will be
presented. We propose that the complex of NMDA receptor and associated
proteins represents the core machinery for initiating NMDA receptor
signaling and sets the threshold for forms of synaptic plasticity.
Supported by Wellcome Trust, BBSRC, Fondation Fyssen, NIMH,
Pew Charitable Trust, NIA, The Dana Foundation.

26 0 .9
SPECIFIC DIMINUTION • OF NMDA-RECEPTOR-MEDIATED
RESPONSES. A.M. Shirke 1 & R. Malinow, Cold Spring H arbor
Laboratory, Cold Spring Harbor, NY, and ^Dept. of Physiology &
Biophysics, U. of Iowa, Iowa City, IA
In the course of experiments with internally perfused CaMKII (Shirke
and Malinow, submitted), we noted a rapid, kinase-independent specific
decrease of somatic responsiveness to NMDA. In these experiments, a
solution used to activate CaMKII was mixed with a second solution to
produce a final concentration of solutes approximately equal to normal
pipette solution.
NMDA currents have previously been shown to be modulated by
osmolarity, magnesium concentration, and calmodulin concentration, all of
which are slightly different in the internal perfusion solution. We are
currently attempting to determine the factor in our manipulations that
produces this effect. In addition, we plan to measure the effect of this
manipulation on synaptic responses.
It is possible that decreasing NMDA responsiveness is a feedback
mechanism to prevent excessive strengthening of synapses during plasticity.
We plan to determine if the decrease of responsiveness we observe is
responsible for the decreased ability to produce LTP shortly after an STPinducing stimulus (Huang et al., 1992).

260.10
GENETIC COMPENSATION IN THE PKCy KNOCKOUT MOUSE
Dan D. Gerendasv*. Dept. Molecular Biology, The Scripps Research Institute,
La Jolla, CA 92037.
Dissection of the molecular mechanisms underlying long term potentiation (LTP)
and long term depression (LTD) has been facilitated by the study of mice containing
null mutations in candidate genes. In many cases, however, the phenotype of the
knock out mice used in these studies has been less severe than expected. For
example, a large body of work suggests that protein kinase C (PKC) is crucial for
the induction of LTP, LTD and for hippocampus dependent forms of learning and
memory. Surprisingly, mice containing a null mutation in the gene encoding the
neuron-specific isoform PKCy exhibit only mild deficits in hippocampus dependent
learning and memory. Such observations suggest that the mechanisms underlying
many physiological processes in the mammal are redundant and that homeostatic
mechanisms exist to allow the organism to compensate for loss of function
mutations. While these explanations are plausible they have rarely been scrutinized
with rigor and, in the case of mice bearing mutations or transgenes affecting LTP
and/or LTD such analyses are sorely lacking. Thus, we are examining the levels of
different PKC isoforms and substrates in the PKCy knockout mouse created by
Tonegawa and colleagues. To date, we have observed that GAP-43/neuromodulin
and PKCa are upregulated while RC3/neurogranin and PKCP levels are unaffected.
Up regulation of GAP-43 suggests that changes in presynaptic gene expression can
compensate for postsynaptic deficits (PKCy is thought to be expressed
postsynaptically), while an increase in PKCa suggests that this isoform can
compensate for decreased PKCy production. We expect that the biochemical
characterization of PKCy mice will lead to a better understanding of the
physiological processes underlying LTP, LTD. learning and memory.
This work was funded by NIH grant GM32355

Supported by the Mathers Charitable Foundation

260.11
D o p a m in e D e c r e a s e s M o n o s y n a p t ic DPSPs in R a t a n d M o n k e y
P r e f r o n t a l C o r t e x in v r m o .G ^ JBjBiasi*. PA L sy& and.HJjamMUCTB.
Departments o f Neuroscience and Psychiatry, and the Center for the Neural Basis o f
Cognition, University o f Pittsburgh, Pittsburgh, PA 15260.

We previously reported that bath application of 50 nM dopamine (DA) increased
disynaptic IPSPs recorded from superficial rat mPFC cells (SFN Abstr. 22:145.17,1996).
Similar results have since been obtained from monkey dlPFC (95 ± 24% increase, n=3).
To elucidate the mechanisms involved, we isolated monosynaptic IPSPs (10 mM
kynurenate and electrical stimulation within 400 nm of the sharp recording electrode).
TTie monosynaptic ISPSs recorded from putative rat pyramidal cells always exhibited fast
kinetics and a ^ reversal around -60 mV (~Eq). In contrast, monkey dlPFC cells exhibited
either of two types of monosynaptic IPSPs. The first type resembled the monosynaptic
IPSPs observed in the rat (4/8 cells). The second type of monosynaptic IPSP had slower
kinetics and a
around -80 mV (~EK; 4/8 cells). Both IPSPs were bicuculline
sensitive suggesting that they are mediated by GABAa conductances. DA (5 - 50 jiM)
decreased the fas. monosynaptic IPSPs by 13 ± 2% (n=3) and decreased the slow
monosynaptic IPSPs by 42 ± 10% (n=4). To test for DA modulation of postsynaptic
receptors, we measured the effects of DA on IPSPs evoked by pressure application of
isoguavacine, a selective GABAa receptor agonist. Preliminary results show no
significant decrease in reccptor responsiveness with bath applied DA suggesting that this
mechanism cannot account for the decrease in monosynaptic IPSPs. We also tested for
DA modulation of postsynaptic membrane properties. DA slightly depolarized the resting
membrane potential and increased excitability (see adjacent poster). We propose that
although DA appears to depress synaptic transmission globally, the increased excitability
of pyramidal neurons leads to an increase in synaptic drive onto inhibitory interneurons
and thus increased disynaptic IPSPs. We will test this hypothesis by examining the effects
of DA on spontaneous IPSPs.
[Support: MH51234, MH45156, and MH11437*]
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260.12
GATING BEHAVIOR OF GLYCINE RECEPTORS UNDER NON EQUILIBRIUM
CONDITIONS IN 52-HOUR-OLD ZEBRAFISH LARVAE. P. Legendre«. IDN,
Université Pierre et Marie Curie, Paris, Ranee.
Fast glycinegic miniature postsynaptic currents (mIPSC) have a complex amplitude
distribution known to result in part from the presence of glycine receptors subtypes.
Complex gating behavior of postsynaptic receptors and/or large variations in the
number of neurotransmitter molecules released could also participate to mIPSCs
amplitude variations. We evaluated these possibilities by analyzing glycine receptorchannels gating under nonequilibrium conditions. Glycine receptor-channels aments
(outside-out patches) were evoked using a piezo-electric translator to make rapid
switches (<0.08 ms) between control and agonist-containing solutions. Isolated
mIPSCs and outside-out patch currents (1-2 ms, 3 mM application) had a similar
decay phase with two components : mIPSCs; xfwt = 4.2 ms (73%) x ^ , = 29.3 ms
(27%) : 3 mM Glycine; xflBt = 4.9 ms (66%), x ^ = 39.4 ms (34%). Activation time
course of patch current evoked by >3 mM glycine was concentration independent and
Po was close to 0.9. At lower concentration, ligand binding was rate-limiting. The
resulting sigmoidal activation time course was best fitted with a two glycine binding
sites kinetic model. The plot of patch current rise time constant versus concentrations
saturated at 9254 s'1 with an EC» = 0.96 mM. Patch currents slowly desensitized
during continuous glycine application (3mM) but short Pulse (1-2 ms) desensitization
did not occur. The peak synaptic concentration aft«- an exocytosis was estimated by
comparing the 20-80% rise time of mIPSCs of various amplitudes with that of
glycine evoked patch currents (1 ms switch). Rise times were similar for 50-100 pA
and 250-400 pA mIPSCs (0.3 ms). They equaled 0.4 ms and 0.2 ms for 1 and 3 mM
glycine-evoked patch currents, respectively thus indicating that peak synaptic
concentration is > 1 mM. These results suggest that desensitized states do not control
glycine receptor-channels responses during brief agonist applications. Moreover, large
mIPSCs amplitude fluctuations at M-cell inhibitory synapses cannot be explained by a
variation in the peak concentration of glycine in the synaptic cleft. Supported by
INSERM.
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260.13
INWARDLY RECTIFYING K+ CHANNELS MEDIATE POSTSYNAPTIC
BUT NOT PRESYNAPTIC ACTIONS OF G PROTEIN COUPLED
AGONISTS. C. Luscher*1, L.Y. Jan” M. Stoffelt, R.C. Malenka"” & R.A.
NicolT'Depts of Cell, and Mol. Pharm., Physiol, and ”Psychiat., UCSF,
San Francisco, CA 94143, and +Lab. of Metab. Diseases & Mol. Cell Biol.,
Rockefeller Univ., New York, NY 10021.
G protein-gated inwardly rectifying K+ channels (GIRKs) are regulated
by neurotransmitters such as GABA, adenosine and 5-HT, which are known
to act on both the pre- as well as the postsynaptic neuron. To assess whether
GIRKs mediate these actions at both sites, we have examined the effects of
several distinct neurotransmitter agonists in slices of the hippocampus of
mutant mice lacking GIRK2 (GIRK2-/-). In CA1 pyramidal neurons, the
resting membrane potential of GIRK2-/- mice was significantly depolarized
(AV=10.8mV, pc.001) and the slow GABAb mediated IPSC was virtually
absent. IV relations showed a small residual inwardly rectifying current
reversing at the K+ equilibrium potential, most probably mediated by multimers of GIRK subunits other than GIRK2. The steady outward current
elicited in wild type (GIRK2+/+) controls by baclofen (40|iM, 94.2±7.5pA,
mean±s.e.) and adenosine (100p.M, 36.7±6.4pA) were significantly reduced
in the GIRK2-/- (12.5±5.8pA, pc.001 and 2.9±5.9pA, pc.01 respectively).
5-HT (60|iM) elicited an outward current in the wild type (102.3±22.8pA),
whereas an inward current of -18.0±7.8pA (pc.Ol)was observed in the
GIRK2-/-. Presynaptic inhibition of the field EPSP elicited by Schaffer col
lateral stimulation by the same group of agonists as well as carbachol (1 and
lOpM), NPY (lOOnM) and trans-ACPD (1 OjiM) was not affected in the
GIRK2-/-. Our results suggest that the postsynaptic effects of all agonists
tested are mediated by GIRKs whereas the presynaptic effects are mediated
by other mechanisms, such as G-protein inhibition of Ca channels. These
results provide evidence that G-protein coupled receptors, in response to
the same agonist, can exert their effects through entirely different channels
according to their locations in the neuron.
SSMBS & NIH

260.14

260.15
FREQUENCY M O D U LA TIO N O F G A B A a R E C E P T O R FU N C T IO N : T H E R A TE
OF DENDRITIC C H LO R ID E T R A N S P O R T S ETS T H E T R A N S IT IO N P O IN T K.J.
Staley* and B. Proctor N eurology and P ediatrics, U niversity o f C olorado, D enver, C O
80262.
When the intensity o f den dritic G A B A a recep to r activation is increased beyond a
critical level, the postsynaptic m em brane is d epolarized ra th e r than hyperpolarized.
One explanation for the change in direction o f the response is that opposing H C 0 3
and Cl' fluxes through the G A B A a ionophore eventually dim inish the electrochem ical
gradient driving the hyperpolarizing C l' flux, so that the depolarizing H C 0 3' flux
dominates. In this m odel, the critical intensity o f G A B A a recep to r activity necessary
to change the response direction is determ ined by how rapidly the Cl gradient
collapses. The rate o f decay o f the C l' g radient is determ ined by 1) the rate o f G A B A a
receptor-gated Cl influx 2) the local intracellular volum e 3) the rate at w hich C l' is
transported out o f the dendrite. S econd m essenger regulation o f Cl* transporters in
other organs suggests that neurom odulators m ay regulate the rate o f dendritic Cl
transport, and thus the frequency o f synaptic activation at w hich the synaptic G A B A a
response changes direction.
As a first step in evaluating this hypothesis, w e used w hole cell recordings in area
CA1 o f the hippocam pal slice to determ ine the rate o f dendritic transm em brane Cl*
transport. Three strategies w ere used: 1) d eviation o f large G A B A a receptor-m ediated
postsynaptic current am plitude from th at p redicted by sm aller currents 2) rate o f
recovery o f dendritic currents evoked by application o f G A B A 3) change in the
direction o f the G A B A a response as the transm em brane K + gradient, w hich supplies
the energy for KC1 cotransport, w as altered. T hese experim ents support the follow ing
conclusions: 1) the m axim um rate o f den d ritic C l' tran sp o rt is 5-6 m M /sec 2) dendritic
Cl' transport can be exceeded by synaptic Cl* influx 3) altering the rate o f Cl* transport
changes the intensity o f synaptic activity necessary fo r the G A B A a response to
become excitatory. Support: N S 34360, N S 34700, & the EFA .

260.16
BIOPHYSICAL PROPERTIES OF GLYCINE RECEPTORS IN RAT
HYPOGLOSSAL MOTONEURONS. AJ Berger*. JH Singer and JS Isaacson. Dept,
of Physiology and Biophysics, University of Washington, Seattle, WA 98195.
In most central neurons the amplitudes of quantal postsynaptic currents are highly
variable. Factors underlying this may include site-to-site differences in the number
of postsynaptic receptors or intrinsic variability at single release sites. We sought to
determine the contribution of within-site variability to the amplitude distribution of
quantal events at a central, glycinergic synapse. In hypoglossal motoneurons (HMs),
we studied spontaneous miniature inhibitory postsynaptic currents (mDPSCs) and
responses to rapid glycine application to outside-out patches.
Whole-cell and somatic outside-out patch recordings (Vm=-70mV, room temp.)
were made from HMs in rat (P10-17) brainstem slices. Spontaneous mIPSCs were
recorded in the presence of TTX, APV, DNQX, bicuculline, and cadmium. Glycine
was rapidly applied (<1 ms) to patches to approximate the non-equilibrium conditions
presumed to occur at most fast central synapses (Clements, TINS, 1996).
Amplitudes of mIPSCs (mean= -84.1±31.0 pA) were highly variable in individual
motoneurons: coefficient of variation= 0.60±0.04 (n= 9). We next examined the
dose-response relationship of glycine receptors in patches under non-equilibrium
conditions: EC50= 627 pM; Hill coefficient= 1.8 (n= 8). Nonstationary noise
analysis of responses to 1 mM glycine yielded a single channel conductance of
34±4 pS and open probabability (Popen) of 0.67±0.05 (n= 8).
These results suggest that glycine receptors have a high maximal Popen- The EC» of
glycine receptors to brief agonist applications, however, is high (~1 mM). Using
assumptions drawn from studies of glutamatergic synapses, receptor saturation during
glycinergic transmission would require high concentrations of transmitter. This raises
the possibility that within-site variability in transmitter concentration contributes to
the variablity of motoneuron mIPSCs.
Supported by NS-14857 to AJB.

260.17
GATING BEHAVIOR OF GLYCINE RECEPTORS UNDER NON EQUILIBRIUM
CONDITIONS IN 52-HOUR-OLD ZEBRAFISH LARVAE P. Legendre». IDN,
Université Pierre et Marie Curie, Paris, France.
Fast glycinegic miniature postsynaptic currents (mIPSC) have a complex amplitude
distribution known to result in part from the presence of glycine receptors subtypes.
Complex gating behavior of postsynaptic receptors and/or large variations in the
number of neurotransmitter molecules released could also participate to mIPSCs
amplitude variations. We evaluated these possibilities by analyzing glycine receptorchannels gating under nonequilibrium conditions. Glycine receptor-channels currents
(outside-out patches) were evoked using a piezo-electric translator to make rapid
switches (<0.08 ms) between control and agonist-containing solutions. Isolated
mIPSCs and outside-out patch currents (1-2 ms, 3 mM application) had a similar
decay phase with two components : mIPSCs; xtm = 4.2 ms (73%) x ,^ = 29.3 ms
(27%) : 3 mM Glycine; xfut = 4.9 ms (66%), t * . = 39.4 ms (34%). Activation time
course of patch current evoked by >3 mM glycine was concentration independent and
Po was close to 0.9. At lower concentration, ligand binding was rate-limiting. The
resulting sigmoidal activation time course was best fitted with a two glycine binding
sites kinetic model. The plot of patch current rise time constant versus concentrations
saturated at 9254 s*1 with an EC» = 0.96 mM. Patch currents slowly desensitized
during continuous glycine application (3mM) but short Pulse (1-2 ms) desensitization
did not occur. The peak synaptic concentration after an exocytosis was estimated by
comparing the 20-80% rise time of mIPSCs of various amplitudes with that of
glycine evoked patch currents (1 ms switch). Rise times were similar for 50-100 pA
and 250-400 pA mIPSCs (0.3 ms). They equaled 0.4 ms and 0.2 ms for 1 and 3 mM
glycine-evoked patch currents, respectively thus indicating that peak synaptic
concentration is > 1 mM. These results suggest that desensitized states do not control
glycine receptor-channels responses during brief agonist applications. Moreover, large
mIPSCs amplitude fluctuations at M-cell inhibitory synapses cannot be explained by a
variation in the peak concentration of glycine in the synaptic cleft Supported by
INSERM.

260.18
PYRIDOSTIGMINE ACTIONS ON LIGAND-GATED ION CHANNELS IN THE
CENTRAL NERVOUS SYSTEM (CNS): TOXICOLOGICAL RELEVANCE. K.L.
Swanson *. E.S. Rocha. E.F.R. Pereira and E.X. Albuquerque Dept. Pharmacol.
Exp. Ther., Univ. Maryland Sch. Med., Baltimore, MD 21201.
Pyridostigmine (PYR), a quaternary carbamate known for its anticholinesterase
activity, has been used in the battlefield as prophylactic treatment against nervegas poisoning. Recently, however, it has been suggested (J. Toxicol. Env. Health
48:35,1996) that neurological symptoms presented by some U.S. soldiers might
be related to the ability of PYR to alter CNS functions. Of interest, stress-induced
alterations in the blood-brain barrier have been shown to allow PYR to enter the
CNS (Nature Medicine 2:1382,1996). Here, the whole-cell mode of the patchclamp technique was applied to rat hippocampal neurons in culture to study the
effects of PYR on nicotinic, glutamate, glycine and GABAa receptors. PYR (0.1 100 pM) was applied together with the agonists through eleven-parallel
microbarrels placed 100 pm away from the neuronal soma or via a U-shaped
tube. PYR (1-100 pM) itself induced no macroscopic current response.
However, PYR (3-30 pM) increased the amplitude of GABA (10-50 pM)-evoked
macroscopic currents, and at concentrations higher than 30 pM, PYR blocked
such currents. Also, PYR (30 pM) increased the peak amplitude of glutamate
(25 pM)-induced currents by 20%. Because this effect was observed only in
approximately 75% of the neurons tested, we decided to determine the glutamate
receptor subtype that is sensitive to PYR. PYR (30 pM) had no significant effect
on responses evoked by AMPA or by the admixture of NMDA plus glycine, but it
potentiated the majority of responses induced by kainate. In addition, PYR (0.1 100 pM) had no effect on glycine-evoked currents or on fast- desensitizing
nicotinic currents induced by the cholinesterase-resistant agonist anatoxin-a
(10 pM). Our results provide evidence that PYR at therapeutic and toxicologically
relevant concentrations interacts directly with GABAa receptors and with kainate
receptors in the mammalian CNS. These findings contribute to the understanding
of the neurotoxic effects of PYR.
(Support. U.S. Army. Contract DAMD-17-95-C-5063).
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U s e - d e p e n d e n t b l o c k o f s y n a p t ic g a b a - r e c e p t o r g a t e d c l - c h a n n e l s b y a
CAGE CONVULSANT.
J. C. B ehrends and G. ten B ruggencate. Dept, o f Physiology, U niversity o f M unich,
G erm any. Spon.: EN A
T he cage convulsant t-butyl-bicyclo[2,2,2]phosphorothionate (T B P S) is a blocker o f
G A B A A-receptor gated C l-channels. R ecording from striatal neurons in cell culture,
we investigated the action o f T B PS o f G A B A ergic inhibitory post-synaptic currents
(IPSC s). W hen G A B A ergic synapses were stim ulated every 5 s in extracellular
solution containing 2 m M C aC l2 and 1 m M M gC l2, block by 10 pM T B P S developed
progressively w ith an exponential tim e course, reaching saturation at 13.2 +/- 2.99%
o f control peak responses after 177 +/-30.8 s (n=5). W hen T B P S was applied together
w ith exogenous G A B A (100 pM ), IP S C s elicited after w ashout o f G A B A and after
desensitization had subsided were im m ediately reduced in am plitude. The percentage
o f block depended on the duration and num ber o f G A B A -applications. U pon w ashout
o f T B P S , IPSC s show ed a progressive, exponential recovery reqiring 112 +/- 6.0 s to
34.8 +/- 9.53% o f control. A pplying exogenous G A B A w ithout T B PS resulted in
enhanced recovery o f synaptic reponses. A gain, this enhancem ent depended on the
duration and num ber o f G A B A -applications. T B P S , in addition to reducing the peak
am plitudes o f IP S C s, decreased their tim e constant o f decay from 72.16 +/- 32.03 to
24.33 +/- 6.59 m s (n=4). This kinetic change was rapidly reversible after w ashout o f
the drug, although the responses rem ained suppressed. T hese findings suggest a usedependent blocking action o f T B PS on synaptic G A B A -receptor-operated Clchannels. T he kinetic effect induced by T B PS is com patible with a shorter effective
duration o f channel openings and a decreased frequency o f repeated openings o f the
sam e channel follow ing synaptic transm itter release. T he rate o f block o f successive
IP S C s is likely to depend in part on the probability o f transm itter release, as show n for
the noncom petitive N M D A -receptor antagonist M K-801 at glutam atergic synapses.

Supported by the DFG (Be-1739/1-2 and 2-1)
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ACETAZOLAMIDE CONVERTS DEPOLARIZING GABAa RESPONSES TO
HYPERPOLARIZING RESPONSES IN AN ADULT RAT SCN SLICE
PREPARATION. J.A. Zidichoudd*. S.B Kombian & O.J. Pittman. Neuroscience
Research Group, Univ. of Calgary, Alberta, Canada.
The Suprachiasmatic nucleus (SCN) is implicated as an important hypothalamic
site involved in the synchronization of circadian rhythms. The inhibitory amino
acid GABA plays a dominant role in modulating, integrating and synchronizing
information within the SCN. Immunoreactivity to GAD is evident throughout the
SCN, GABAa mechanisms underlie inhibitory synaptic transmission, and GABAb
receptors attenuate excitatory transmission in the SCN. We have previously,
reported that muscimol (GABAa agoinst) induced two distinct GABAA-mediated
responses (M usc^ & M usc^) in adult SCN neurons in Bicarb/C02-buffered
ACSF. The efflux of H2C03*is hypothesized to underlie the MUSCp,,,. The aim of
the present study was to determine whether depletion of extracellular H2C03* or
blockade of its production by inhibition of carbonic anhydrase (CA) can convert a
Muscd^ response to M usc^. Recordings were made from 21 neurons using the
whole-cell nystatin patch technique on SCN slice preparations (400 |im coronal
slices) in HEPES/02 buffered ACSF. The frequencies of observing a M usc^,
(10/19) or Muse Hyp (7/19) in HEPES/02-ACSF were comparable to our previous
report using H2C037C02 ACSF. In 3/5 neurons where M USC^ was observed,
substitution of HEPES/Oj with H2C037C02 ACSF did not cause any change in
MUSCoep . These data suggest that [f^COj”]; governs the appearance and
magnitude of MUSC^ and blockade of H2C03 *production via CA might convert
M USC^ to MUSCHyp. Acetalzolamide (ACZ; 50^M) reduced MUSC^ in 4/5
neurons tested and in 3/5 of these neurons converted the MUSC^ into a
MUSC,^. These data suggest that [H2C0 31i & CA activity play important roles
in the generation of GABAa depolarizing responses observed in the adult SCN.
Supported by MRC Canada (QP&SK) & Novartis Pharma Canada Inc. (JZ).
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260.20
LONG-LASTING SUPPRESSION OF GABA RESPONSE BY
GLUTAMATE AND DOCOSAHEXAENOIC ACID H. Hamano*
J. Nabekura T. Ogawa. Dept, of Physiology, Akita Univ. Sch. of
Med., Akita, 010, Japan
The long-term modification of inhibitory postsynaptic potentials in
the hippocampus has been reported where the excitatory network is
controlled by inhibitory GABAergic neurons. Docosahexaenoic acid
(DHA) is a major component of the cell membrane and is liberated
when phospholipase A 2 is activated by the intracellular Ca2+ increase
through the NMDA receptor-mediated channel.
In this study, we examined the relation between the intracellular
Ca2+ influx through the NMDA receptor-mediated channel and the
reduction of the GABA response ( I g a b a ) by DHA in the acutely
dissociated neurons from the hippocampal CA1 area of rats through
the nystatin-perforated patch clamp method.
The Ig ab a was completely suppressed in the presence of bicuculline,
meaning that this response was mediated by the GABA a receptor.
The suppression of Ig ab a following the application of DHA faded
away within 3 min. Nevertheless, the suppression of Igaba by DHA
was continued for more than 30 min., when DHA was applied
successively after a glutamate application. Such a long-lasting
suppression occurred as well when DHA was applied successively
after a NMDA application. In addition, Ca2+ influx into the neurons
and the activation of intracellular protein kinase C were essential for
this long-lasting suppression.
DHA, a component of the cell membrane, might act as a regulator
in the GABA response, making plasticity in the inhibitory localcircuit of the hippocampus.
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261.1
ACTIVITY-RELATED ALKALINE pH SHIFTS IN RAT LATERAL
GENICULATE NUCLEUS. C.K. Tong & M. Chesler*. Dept. Physiol/
Neurosci. & Dept. Neurosurg. NYU Med. Ctr., 550 1st Ave. NY, NY. 10016.
Neural activity in hippocampus causes a rapid increase in extracellular
pH [l]. These pH changes have not been w idely studied in other
regions. Here we describe similar shifts evoked in coronal slices of rat
dorsal lateral geniculate nucleus (dLGN). Recordings with pH
microelectrodes revealed an alkaline shift of 0.02-0.03 pH units (26
mM HCO3 ) evoked by 10 Hz/5s stimulation. These increased to ~ 0.07
pH units in 1- 2 nM benzolamide, an extracellular carbonic anhydrase
inhibitior. In 26 mM HEPES, the responses ranged 0.05 - 0.15 pH
units. The pH shifts persisted in 100 nM picrotoxin (PiTX) but were
blocked by 20 ^M CNQX/50 ¿iM APV, indicating orthodromic
activation. Increased stim. intensity evoked a second alkalinization in
CNQX/APV/PiTX presumaby due to direct activation. The direct
responses were amplified by benzolamide, and blocked by either 0
Ca2+/EGTA, 500 nM Cd2+ or TTX. In 0 Ca2+, addition of 500 nM - 5
mM Ba2+ restored the alkaline shift. Responses evoked in Ba2+ were
larger and faster than those elicited by equimolar extracellular Ca2+.
Thus, as in hippocampus, synchronous activation in dLGN results in
an extracellular H+ sink, via a Ca2+ -dependent mechanism, but the
efficacy of Ba2+ as a substitute for Ca2+ is markedly greater [21. Since
the plasmalemmal Ca-ATPase transports Ba2+ poorly, these data do not
support coupled H+ flux by this tranporter as a mechanism of the
alkaline transients. 1. Chesler & Kaila, TINS 15, 396. 2. Grichtchenko &
Chesler, Neurosci. 75(4): 1117. Supported by NIH grant NS32123.

Division of Neuroscience, John Curtin School of Medical Research, Australian
National University, Canberra, 0200, Australia.
The amplitude and duration of EPSPs often increases as the membrane potential
is depolarised towards threshold. In most cases this EPSP amplification is mediated
by voltage-activated sodium channels of the non-inactivating type (Inap)- Here we
report that voltage-activated sodium channels can also amplify IPSPs at depolarised
membrane potentials. Whole-cell and perforated-pateh recordings were made from the
soma of neocortical layer V pyramidal neurons in brain slices from 4 week old rats
at 35 °C, and IPSPs evoked by extracellular synaptic stimulation close to the soma
in the presence of CNQX (10 |iM). Current-clamp recordings revealed that the
amplitude and integral of IPSPs increased in a non-linear manner during
depolarisation of the membrane potential towards threshold. The possibility that
this IPSP amplification was due to changes in the underlying synaptic current was
ruled out by voltage-clamp recordings which showed that the amplitude and integral
of IPSCs increased approximately linearly over the same membrane potential range.
To investigate the role of postsynaptic voltage-activated channels, somatic current
injections with a time course similar to that of IPSCs (via a second somatic
recording pipette) were used to simulate the voltage change that occurs during
evoked IPSPs. The peak and integral of these simulated IPSPs also increased in a
non-linear manner during depolarisation of the membrane potential. Bath application
of TTX (1 nM) blocked this IPSP amplification. These results indicate that at
depolarised membrane potentials IPSPs are amplified by voltage-activated sodium
channels. Presumably this occurs as at depolarised membrane potentials IPSPs turn
off the non-inactivation inward sodium current Inap- Future experiments will
determine how amplification of IPSPs by Inap effects synaptic integration in
neocortical pyramidal neurons.
Supported by the NH&MRC and ARC of Australia.

261.3

261.4

SHEDDING DENDRITIC SPINES: WHAT DO NEURONS NEED
SPINES FOR ANYWAY? H. Golan* and M. Segal Neurobiology, The
Welzmann Institute, Rehovot, Israel 76100
Dendritic spines are the loci of excitatory synaptic interactions in
central neurons. Despite extensive modeling of the dendritic spine, its
role in synaptic processing remained elusive. We study the roles of
dendritic spines by modifying their density and monitoring subsequent
changes in electrophysiological properties of the neuron. The drug
Latrunculin-A (LTA) depolimerizes F-actin and has been shown to
cause disappearance of dendritic spines in cultured neurons (Allison
et. al. SFN Abst 22 1996, 1218). Organotypic or dissociated rat
hippocampal neurons grown in culture for 2-3 weeks were exposed to
LTA for 12-24hrs and activity of neurons in these cultures were
monitored. Subsequently, cells were stained either with biocytin,
applied through the recording patch pipette or with Dil. At 10-15^M,
LTA caused a marked reduction of spine density in both the
dissociated and the organotypically grown neurons. Remaining spines
were short and stubby. No other major morphological aberrations were
seen in these neurons. Studied electrophysiologically in the
organotypic culture, CA1 neurons maintained synaptic connections
with the CA3 afferents. Spontaneous and evoked EPSC's and IPSC's
were detected in all cells. Paired pulse facilitation, up to 150msec
intervals was also observed in these cells. Changes in time course of
EPSP’s were seen in the drug-exposed neurons and may affect the
temporal integration of inputs onto them, and their ability to undergo
long term synaptic plasticity. Supported by the Gensler Foundation.
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261.2
IPSP AMPLIFICATION BY VOLTAGE-ACTIVATED SODIUM CHANNELS.

Greg-J..Stuart*

T E M P E R A T U R E D E P E N D E N C E O F M IN IA T U R E E N D PL A T E C U R R E N T
T IM E -C O U R S E .
Irina K ovyazina, Joel R. S tiles, E dw in E. S alpeter and
M iriam M . S alpeter*.
S ection o f N eurobiology and B ehavior, C ornell U niversity,
Ithaca NY 14853-2702.
V oltage-clam p and exiracellukir recording were used on lizard intercostal m uscle
(S tiles et al 1996, PNAS U SA 93:5747) to exm nine the tem perature dependence o f
m iniature em dplate current O nEPC ) am plitude (A ), rise lim e (tr, 20-80% ) and fall
tim e (t() from 0-40°C . As pre viously re ported for tr, the A rrhenius plots for all these
m easures w ere non linear, Uie slopes being steeper at the low er tem peratures (from 012°C ). Y et, recent patch cla m p -d ata (Z anello et al 1996, B iophys J. 70:2155)
suggest that the channel closing rate, a , h as a constant slope on an A rrhenius plot,
sim ilar to that for t,-at low tem perature and corresponding to an activation energy of
13 kcal m ol .
T em perature will m ost likely affect m em brane properties, and thus channel gating.
A ssum ing (hat the channel opening rate, (5, has the sam e constant activation energy
as a . and neglecting a presum ably sm all tem perature variation in the A C h unbinding
rate constant. k_, one can predict an expression lo r t, in term s o f a , (3 and k_. This
m odel expression gives a change in slope o f the A rrhenius plot lo r tf as in our
experim ental curve. Thus, non linear A rrhenius plots for tr, I, and A do not
necessarily im p ly -sim ilar non linearity for the underlying kinetic param eters. O ur
m odel expression for tf, w ith o u r experim ental curve, gives values for a and p/2k_ at
22°C o f 1.3 m sec'1 iind 0.8 respectively. B oth values are w ithin the large range of
values in the literaiure (A nglister et id 1994, N euron 12:783). It is the presence o f
the curvature on the A rrhenius plot w hich enabled us to determ ine how beta
com pares w ith 2k_. W e expect that the curvatures in tr and A (under varying
experim ental conditions) will enable us, using M onte C arlo sim ulations (M C ell) to
derive inform ation on other kinetic param eters. Supported by N il I grants CiM 10422,
N S 09315 (M M S ) and N S 01776 (JR S).
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261.5
TARGET-DEPENDENT MODULATION OF NEUROTRANSMITTER RELEASE
IN IDENTIFIED HELIX NEURONS IN CULTURE. G. Naretto. M. Ghirardi. P.G.
Montarolo* Dept, of Neuroscience, Univ. of Turin, Corso Raffaello 30, Turin, Italy
The presence of an inappropriate target down-regulates the total number of
varicosities in the serotoninergic neuron Cl of Helix pomatia in culture (Soc.
Neurosci. Abst. 1996). We have now investigated whether the wrong target has also
an inhibitory effect on evoked neurotransmitter release. Cl was cultured isolated and
in contact with either its target B2 or with the wrong target C3 for 3-5 days. We used
a freshly dissociated neuron B2 (ball) as a release detector micromanipulated and left
throughout the experiment in close contact with the terminals of Cl. The evoked
neurotransmitter release was measured during lOHz-lOs stimulation of Cl every 5
minutes up to 30 minutes. Immediately after the positioning of the detector (time 0),
the stimulation of Cl either isolated or cocultured with B2 evoked a similar mean
number of spikes (2±0.71, n=4 and 1.86±0.51, n=7 respectively) that did not change
significantly at the next 6 time points. By contrast, when the ball was positioned in
contact with the C1C3 coculture, a significantly reduced number of spikes (0.4 ±0.22,
n=10, p<0.001) was detected at time 0 which significantly increased up to 1.8 (±0.51.
n=10) at 15 minutes (p<0.02 compared to time 0), a value similar to those recorded in
isolated Cl and C1B2. As a first step toward the identification of factors involved in
the induction of release, we tested the role of adhesion molecules by incubating the
ball with the monoclonal antibody 4E8 against ApCAM (Keller and Schacher 1990,
J. Cell. Biol. Ill: 2637-2650). In C1C3, the addition of the ball preincubated for 2 h
in 4E8 not only did not induce any increase in the number of spikes evoked by
stimulation of Cl at any time point, but it caused a significant decrease compared to
the values detected with an untreated ball both in C1C3 (p<0.001-0.05 at times 5-30’)
and in isolated Cl (p<0.01-0.02 at times 15-25'). Our results show that the inhibition
of release induced by a wrong target can be overcome within few minutes by the
addition of the appropriate target and this induction seems to involve an adhesion
molecule-mediated mechanism. This work was supported by MURST and CNR grants.

261.6
BASIC ELECTROPHYSIOLOGICAL PROPERTIES OF THE APICAL
DENDRITIC TUFT OF LAYER V PREFRONTAL CORTICAL NEURONS:
A ROLE IN TEMPORAL CODING? J.K. Seamans*. N.A. Gorelova & C.R.
Yang. Dept. Psychology & Psychiatry, Univ. British Columbia, Vancouver, B.C.,
Canada, V6T-1Z4.
The apical dendritic tuft (above the main bifurcation) of cortical pyramidal
neurons is a major receptive zone for synaptic inputs, however it is not known how
this region of the neuron processes synaptic signals. For instance, it is not clear
whether active currents are present within the apical tuft which electrically amplify
synaptic signals or whether synaptic signals are processed in a relatively linear
manner. In the present experiment, whole-cell patch-clamp recordings were made
from the apical dendritic tuft (>500^im from soma) of 18 layer III-V prefrontal
cortical (PFC) neurons using the ‘blind’ approach. Neurons were stained for
biocytin and the dendritic recording site and soma location were confirmed
following each experiment. Tuft dendrites had a mean resting Vmof -64 ± 2.89mV
and a mean R;„ of 212 ± 29MQ. The time course of the membrane voltage response
to a hyperpolarizing current pulse (-10pA) could be fitted by two exponentials with
a mean x of 1.65 ± 0.2 ms and 17.35 ± 3.83 ms. Spontaneous EPSPs recorded
within the tuft repolarized with a mean x of 9.5 ± 1ms. Intradendritic
hyperpolarizing current pulses evoked a prominent hyperpolarizing ‘sag’ mediated
by the [Cs+]0 -sensitive mixed cationic conductance, Ih. Intradendritic depolarizing
current pulses or synaptic stimulation of layers I-II evoked single spikes detectable
within the apical tuft which disappeared during recordings with QX-314-filled
pipettes, or following bath application of TTX. Ca2+ spikes within the apical tuft of
PFC neurons were rare. Following blockade of Na+ channels, intradendritic
depolarizing pulses evoked only a small Cd2+-sensitive, high threshold Ca2+ ‘spike’
in 3 dendrites. Using QX-314-filled pipettes, layer I-II evoked EPSPs increased in
amplitude linearly and Ca2+ spikes were never observed. The fast membrane time
constants, strong Ih conductance, and lack of large amplitude and duration Ca2+
spikes, may permit the apical tuft dendrites of PFC neurons to respond linearly to
synaptic inputs on fast time scales. Such properties may endow the apical tuft of
PFC neurons with the temporal coding characteristics necessary for effective
coincidence detection. Funded by MRC, EJLB Foundation & BCHRF.

261.7
THE ELECTROTONIC STRUCTURE OF NEURONS AS AN
INDICATOR
OF
MORPHOELECTRICAL
COMPLEXITY.
G. Horcholle-Bossavit. I.B. Kulagina. Y.N. Ivanov. S.M. Korogod.
P. Gogan and S. Tvc-Dumont*. CNRS-UPR 9041, 13009 Marseille,
France and Dniepropetrovsk State University, 320625 Dnepropetrovsk,
Ukraine.
~
.
In order to assess the coupling between geometrical parameters and
passive electrical properties of dendritic arborizations, we examined
different types of intracellularly identified and stained neurons. For each
neuron, a digitized representation was stored in a database including 3D
coordinates and diameters obtained at high spatial resolution and the
topological architecture reconstructed with a computer-assisted method. A
set of dendrogramms displayed branching patterns, lengths and diameters
for all dendritic segments and path distances which were estimated for all
end points. Asymmetry and complexity coefficients were calculated for
each dendrite. The combination of the relevant geometrical and assumed
electrical parameters was used to compute the voltage attenuation curves
for each path distance. Comparison of these steady electrotonic profiles
revealed different electrical behaviors between neurons showing that
electrical complexity was different from the topological complexity.
Neurons with small variations in diameters and low asymmetric branchings
displayed monotonous voltage profiles while neurons with large dendritic
geometrical non-uniformities showed numerous slope breaks and fan
shaped voltage attenuation curves. The electrotonic structure provided the
most informative representation of the dendritic arborization and is the
necessary prerequisite for further analysis of transient dendritic processing.

261.8
CELL GEOMETRY DEPENDENT FEATURES OF SPATIALLY
INHOMOGENEOUS STEADY POTENTIAL GENERATED BY TONICALLY
ACTIVATED DENDRITIC CONDUCTANCES S.M.Koroeod. I.B.Kulaeina.
R.Kado*. and S.Tvc-Dumont. State University, Dniepropetrovsk 320625, Ukraine,
CNRS-UPR 9040, 91198 Gif-sur-Yvette and CNRS-UPR 9041, 13009 Marseille,
France.
Interaction of current sources distributed over neuronal dendrites and soma is
important for understanding of postsynaptic integration of multiple inputs. We
simulated the neuron composed of the soma and dendrites with distributed ligand
and/or voltage operated conductances. The ion equilibrium potentials were
uniform and constant. At a given level of tonic (steady) activation of the
conductances, the local steady voltage was defined by the sum of weighted
equilibrium potentials of the involved ions in proportion to partial ion
conductivities in the total membrane conductivity. If these local steady states were
unequal at different loci (e.g. for inhomogeneous channels density and/or
activation), then core currents occurred whose direction was indicated by the
steady spatial voltage profiles. When ligand-gated excitatory dendritic
conductances were distributed and activated uniformly then the voltage profiles
along different somatopetal paths were different with the greatest difference for
asymmetric branching pattern. Joint activation of ligand and voltage gated
conductances led to a shift (or even loss) in the local and global steady states, the
geometry induced difference between somatopetal paths however remained.
Spatially inhomogeneous steady voltage generated by inhomogeneous distribution
of conductances make it necessaiy to reconsider the common assumption of
spatially uniform resting potential in the neurons with different cocktails of
channels in the soma and dendrites. Supported by CNRS grant PICS 321 and by a
scholarship from the French Foreign Affairs Ministry.

261.9
LOW THRESHOLD CALCIUM SPIKES PARTICIPATE IN EXCITATORY
SYNAPTIC TRANSMISSION IN GUINEA-PIG FRONTAL CORTEX
E. de la Pefla and E. Geiio-Barrientos*. Instituto de Neurociencias y Departamento
de Fisiología. Universidad de Alicante. Apartado 374, Alicante 03080 Spain.
The manner in which synaptic potentials are integrated in the neuronal soma and
dendrites may be modified by the activation of voltage-dependent ion channels. We
have studied the activation of low-threshold calcium spikes (LTS; generated by the
T-type calcium current) by excitatory synaptic potentials. Experiments were done in
coronal slices (300 fxm) from guinea-pig frontal cortex. The slices were kept “in
vitro” at 33-35°C and the electrodes for intracellular recording were filled with Kacetate 3M and QX-314 100 mM. We recorded from 35 pyramidal neurons that
showed a clear LTS (De la Pefla and Geijo-Barrientos, J. Neurosci. 16, 5301, 1996).
EPSPs were evoked by stimulation of Layer I and the fast IPSPs were blocked with
bicuculline (10 ¿iM) and the slow IPSPs with the intracellular QX-314. The presence
of LTS as part of the EPSPs was asserted by injecting a depolarizing current pulse
that fired a LTS 100-150 ms before the stimulus. For EPSPs of maximum amplitude
(30-40 mV) evoked from -80 mV, the previous firing of a LTS (which inactivated
the T current) decreased the amplitude and, more clearly, the rising slope of the
EPSP. The rising slope was decreased in a 44±10% (meanis.e.m., n=8). The
NMDA and non-NMDA components of the EPSPs (isolated with 20 nM CNQX and
Mg** free medium or with 50 p.M APV respectively) were also able to fire LTS; the
previous firing of a LTS decreased the slope of NMDA EPSPs in a 74±18% (n=5)
and the non-NMDA EPSPs in a 35±13% (n=5). These results suggest that, in
cortical pyramidal neurons, the T-type calcium current is activated during the
excitatory synaptic transmission mediated by NMDA and non-NMDA receptors and
contributes to a large increase of the amplitude and rising slope of the EPSPs.
Supported by grant PM 95-0107 from the DGICYT (Spain).

261.10
NEURONAL FUNCTIONAL PROPERTIES ARE VERY SENSITIVE TO
SHIFTS IN THE VOLTAGE DEPENDENCE OF NA+ CHANNEL
INACTIVATION Paul A. Rhodes* Mathematical Research Branch, NIDDK,
National Institutes of Health, Bethesda, MD
Recent evidence suggests that dendritic Na+ channels have a role in shaping
integration of synaptic inputs and in sustaining backpropagation of somatic firing
into the dendritic tree. Compartment simulations examining these issues
incorporate Na+channel models based upon voltage clamp studies, which generally
agree on the activation properties of the channel. However, properties of Na+
channel inactivation appear to differ between experiments, with measurements of
the voltage at which steady state inactivation reaches 50% (V1/2h) ranging from -72
(Fleidervish et al 1996) to -62 (Magee and Johnston 1995) to -45 mV (Isom et al
1995) (all studies in pyramidal cells). The purpose of the present work was to
assess the impact of such variation, using a compartment model layer 5 cortical
pyramidal cell with dendritic Na+ conductance densities of 5-10 mS/cm2, in accord
with present data. It was found that just a 10 mV shift in V1/2h, from -65 to -55
mV, caused a qualitative increase in the excitability of the cell, enhancing both the
integration of synaptic inputs into somatic firing and the occurrence of dendritic
firing. Further, at -65 mV backpropagation of somatic firing into the dendritic tree
was sharply curtailed. It is concluded that neuronal functional properties are
remarkably sensitive to the details of Na+ channel inactivation, encouraging further
experimental study of its apparent variability. Moreover, the existence of
mechanisms which shift the voltage dependence of inactivation of the Na+ channel
by 10+ mV (e.g. Cantrell et al 1996) implies the possibility that active regulation of
Na+ channel inactivation could be employed to dynamically alter both synaptic
integration and the backpropagation of somatic firing in central neurons.
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261.11
CONCENTRATION DEPENDENCE OF GABA ACTIVATED CURRENTS IN
OUTSIDE-OUT PATCHES FROM PYRAMIDAL NEURONS.
Mario Galarreta* and Shaul Hestrin. Dept, of Anatomy & Neurobiology,
College of Medicine, University of Tennessee, TN 38163.
Kinetic properties of postsynaptic GABAa receptors play a major role in
shaping inhibitory synaptic currents. It is of interest to study the behavior of
GABAa receptors under non-equilibrium conditions, because GABA transient
in the synaptic cleft is thought to be fast. To address this issue, we have
examined the responses generated by rapid application of brief (t ms) pulses
of GABA (10 ixM- 10 mM) to membrane patches excised from the soma of
pyramidal neurons. Both conventional and nucleated outside-out patches
were excised from cells that were visually identified in slices of the rat visual
cortex (13-18 day-old animals). Experiments were carried out at room
temperature. Patch responses exhibited a biexponential decay time course
that was insensitive to agonist concentrations in the range of 50 nM to 10
mM. Faster decay rates were only observed in response to pulses of 10 jiM
GABA. When brief pulses of agonist were used, both high and low GABA
concentrations produced patch currents with a fast (<1 ms) rise time (20-80
%). We also found that, under these conditions, the concentration-response
curve for GABAa receptors had an EC» of 185 jiM and a Hill coefficient of
1.3 (fitted with the logistic equation). Using these parameters we can estimate
that to obtain a saturating response (> 95 % of the maximum response)
concentrations higher than 1.8 mM during 1 ms pulse would be required.
Our data are compatible with the suggestion that briefer openings of
pyramidal GABAa receptors derive from monoliganded state. In addition,
assuming that GABA transient at neocortical synapses is fast, they indicate
that a high (several mM) concentration of GABA would be needed to saturate
the postsynaptic GABAa receptors.
Supported by NIH Grant-EY09120 (SH) and Spanish DGICYT (MG).

261.12
DENDRITIC GLUTAMATE SENSITIVITY REVEALED BY LASER
PHOTOSTIMULATION IN RAT NEOCORTEX. A. Frick*. W. Ziegleânsberger
and H.-U. Dodt. Max-Planck-Institute of Psychiatry, Clinical Institute, Kraepelinstr.
2-10, 80804 Munich, Germany.
In the present study we used infrared videomicroscopy in combination with laser
photostimulation to examine at high spatial resolution the glutamate sensitivity of
the soma and apical dendrite of layer V pyramidal neurons. Living sagittal brain
slices (300 jim thick) from the neocortex of Sprague Dawley rats were bathed in
ACSF containing “caged“ glutamate. The membrane potential was recorded with
patch pipettes placed on the soma. Brief flashes of light (3-20 msec) from a UV
laser, focused to a 2 nm-spot by a microscope objective, were delivered to various
sites of the somadendritic membrane to uncage glutamate. On average, a
somadendritic “map“ consisted of 90 stimulation sites, spaced at 5.8 nm. In most
experiments TTX was added to the bath to block presynaptic action potentials.
Our experiments show that apical dendrites of pyramidal neurons possess
membrane areas of high (“hot spots“) and low glutamate sensitivity (n=9). In 7 out
of 9 neurones “hot spots“ were exclusively found in dendritic regions
corresponding to layers III and IV. After blockade of voltage-gated sodium and
calcium conductances with TTX (1 jxM) and Cd2+ (100-200 nM), respectively,
glutamate-induced depolarizations at these “hot spots“ were strongly reduced, but
the overall glutamate sensitivity profile along the apical dendrite did not change. In
accordance with a previous study (Dodt et al., 1996) the kinetics and pharmacology
of the responses suggest a stronger contribution of NMDA receptors to glutamate
responses evoked close to the soma compared to more peripheral sites. Our
observations suggest a nonuniform sensitivity to glutamate along the apical dendrite
as it ascends through the different cortical layers.
(Supported by SFB 391)

261.13

261.14
NOVEL APPROACH FOR ESTIMATING THE NUMBER, UNIT CON
DUCTANCE AND KINETICS OF CHANNELS UNDERLYING QUANTAL
SYNAPTIC CURRENTS. J.-P. Paré and Y. De Koninck*. Dept, of Pharmacol
ogy & Therapeutics, McGill Univ., Montréal, Québec, H3G 1Y6.
Previous adaptations of non-stationary noise analysis (Sigworth J. Physiol.
(Lond) 307:97,1980) to synaptic currents have served to provide estimates of num
ber, unit conductance and kinetics of single channels underlying quantal synaptic
currents (e.g., Robinson et al BiophysJ. 59:295,1991, Traynelis et al J.Physiol.
(Lond) 452:183P,1992, De Koninck & Mody J.Neurophysiol. 71:1318,1994).
These methods were limited by certain assumptions such as the constancy of vari
ance weight at all points along the decay phase or scaling method of ensemble ki
netics based on the premise that all channels are open at the peak. We propose
here a method that may overcome a number of such limitations. It is applicable
from any point within the decay phase of current, and considers the natural variance
at every point. The approach is based on the combination a maximum likelihood
fit and adjustment of the parameters to an expected normal noise distribution.
Symmetries of the system were used to reduce the number of calculations necessary
to compute the likelihood parameter. Computer simulations of synaptic currents
based on several transition models were used to test the accuracy of the method.
For synaptic currents generated with additional Gaussian noise of the size of the
unit current, analysis of only 10 synaptic currents provided estimates with <1%
error. When adding noise with a standard deviation 3 times the size of the unit
current, analysis of only 10 simulate«! synaptic currents provided an error level
<10%. Accuracy of the estimates improved with sample size. It is therefore an
ticipated that this method will prove very useful to resolve the properties of junc
tional channels underlying synaptic events, in particular those involved in currents
with complex slow kinetics. (Supported by the Canadian Natural Sciences and
Engineering Research Council (NSERC) and NINDS)

A RECTIFYING GLUTAMATERGIC SYNAPTIC INPUT TO
ASPINY INTERNEURONS IN RAT AMYGDALA. N. K. Mahantv*
and P. Sah. The Neuroscience Group, discipline o f Physiology,
Faculty o f Medicine and Health Sciences, University of Newcastle,
Callaghan, NSW 2308, Australia.
The amygdala is a part o f the limbic system which has been
implicated in the acquisition of fear conditioning. We investigated the
excitatory synaptic physiology of the input from the external capsule
(e.c) to the lateral (LA) and basolateral (BLA) amygdala. Rats (18-26
day old) were anaesthetised with intraperitoneal nembutal and
decapitated. Coronal slices (400p.m) containing the LA and BLA were
cut in ice cold ACSF. Recordings were made from neurons in the
amygdala using the “blind” or “visualised” whole cell patch technique
with biocytin containing electrodes. Cells were classified as either
spiny or aspiny. Most (168 o f 189) were spiny. Aspiny interneurons
had electrop hysiological properties typical o f G A B A ergic
intemeurons in other regions of the CNS.
In spiny neurons affemt fibre stimulation activated both AMPA and
NM DA receptors, and the voltage dependence o f the AMPA
component o f the epsc‘ was linear. In contrast, inputs to aspiny
neurons had a much smaller NM DA component. The AMPA
component in these cells showed marked rectification. These results
suggest that aspiny neurons in the LA/BLA express AMPA receptors
with a different subunit composition from those in spiny neurons.
Supported by grants from the National Health & Medical Research
Council and the Sylvia and Charles Viertel Foundation.

261.15
THE PHYSIOLOGICAL CHARACTERISTICS OF THE PERFORANT PATH
PROJECTION FROM LAYER III OF THE MEDIAL ENTORHINAL CORTEX TO
THE SUBICULUM IN THE RAT. J. Behr. T. Gloveli. H. Fink* and U. Heinemann.
Institute for Physiology at the Charité, Humboldt University, Tucholskystr. 2, 10117
Berlin, Germany

Intracellular recordings were performed to examine the perforant path projection
from the medial entorhinal cortex (mEC) layer III to the subiculum in rat combined
hippocampal-entorhinal cortex slices. Electrical stimulation in the mEC layer III
caused short latency combined excitatory and inhibitory synaptic responses in
subicular cells. In the presence of the GABAa antagonist bicuculline and the GABAb
antagonist CGP 55845A inhibition was blocked and isolated AMPA or NMDA
receptor mediated EPSPs could be elicited. After application of the non-NMDA and
the NMDA antagonists excitatory responses were completely blocked indicating a
glutamatergic input from the neurons of the mEC layer III. By stimulation from a
close (<0.2 mm) position in the presence of NBQX and APV and either CGP
55845A or bicuculline we could record monosynaptic fast GABAaand slow GABA„
receptor-mediated IPSPs. The EPSPs of subicular cells induced by stimulation of
alvear fibres could be significantly augmented by simultaneous activation of perforant
path fibres originating in the mEC layer III, while delayed activation of alvear fibres
after stimulation of the perforant path resulted in a weak inhibition of the alveus
evoked EPSPs.
We conclude that the perforant path projection activates monosynaptic excitation
of subicular neurons. Therfore the entorhinal cortex does not only function as an
important input structure of the hippocampal formation but is also able to modulate
the hippocampal output via the entorhinal-subicular circuit.
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261.16
EQUIVALENT CABLE REPRESENTATIONS OF DENDRITIC
TREES: VARIATIONS ON A THEME R. E. Burke* Lab. of Neural
Control, NINDS, NIH, Bethesda, MD 20892-4455
An equivalent cable (EqCbl) is a single unbranched sequence of
cylindrical (constant diameter) compartments (cpts) of variable lengths (lj)
and diameters, which has the same distribution o f surface area as in
complex dendritic tree when ordered according to electrotonic distance.
The structural simplification given by EqCbls is useful in estimating
specific membrane parameters of motoneurons (Clements and Redman, J.
Physiol. 409:63, 1989; Burke et al., J. Neurophysiol. 72:2302, 1994). The Cpts of
EqCbls are usually calculated in small increments of electrotonic distance
(AX), such that each EqCbl cpt has the same surface area as the sum of
all pieces of the original tree at the same total electrotonic distance, X
(called here ’’lamda cables”). We have devised an algorithm for
calculatinglamda cables that permits accurate lumping o f adjacent cpts.
We have also developed algorithms that allow calculation of EqCbls
according to other measures o f electrotonic architecture (Agmon-Snir,
Biophys. J. 69.1633, 1995), including lumping membrane from dendritic
regions that have the same outward steady-state attenuation (’’atten
cables”) or the same temporal delay for transient signals propagating
outward from the soma (’’delay cables”). All these EqCbls have the same
total area and the same tail time constant (To) as the original tree but have
slightly different DC input conductances (Gjn). Transient responses to
somatic current pulses also differ because the full tree and each EqCbl
have different AC behaviors (Rail et al., Physiol. Revs. 72-S159, 1992).
However, comparison of transient responses from one full motoneuron
with its three EqCbl representations have shown that relatively coarse
grain atten cables produce the least RMS error at times > 3 ms.
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261.17
PARAMETER SEARCH IN COMPARTMENTAL MODELS USING GENETIC
ALGORITHMS. H.Wevhing and A.Borst*. Friedrich-Miescher-Laboratory of the
MPG, Spemannstraße 37-39, D-72076 Tübingen
Compartmental models are increasingly being used to understand the complex
physiology of nerve cells in terms of neural information processing. In such realistic
computer models of neurons, geometric information about the different parts of a cell
as well as the specific properties of its ionic conductances are included resulting in a
large number of model parameters. These parameters need to be set in such a way as to
minimize the discrepancy ( error 0 between the model performance and behavior of the
real neuron under study. The computational problem, thus, is to find a minimum of a
multidimensional function which cannot be explored analytically.
Our model cells are derived from digitized tangential cells of the fly visual system.
For determining their passive membrane parameters Rm, R, and Cro, the low
dimensionality of the error function allows for a systematic screen (Borst and Haag,
J. Computat Neurosci 3, 313-336, 1996). In contrast, to explore the high dimensional
error function occurring in the case of active models, we use a genetic algorithm that
generates stochastically lots of different, full parameter sets (Individuals') which are
selected according to the criterion defined above. In a first approach, we use a onecompartment model to speed up the search. When target data comprise voltage clamp
experiments only, we find different sets of optimal parameters. The number of equally
well performing models with different membrane parameters even increases when
current clamp experiments serve exclusively as target data. However, when the search
is targeted towards both current and voltage clamp experiments, only a few, very
similar parameter sets survive. These optimal parameter sets are similar to those
individuals created by the searches targeted towards voltage AND current clamp
experiments in isolation.

261.18
ELECTROTONIC ARCHITECTURE OF GRANULE CELLS IN THE RAT
DENTATE GYRUS. M.P. OTBovle1. N.T Camevale2. and B.J Claiborne*1. ^ iv . of
Life Sciences, Univ. of Texas, San Antonio, TX 78249, and 2Dept. of Psychology
and the Neuroengineering and Neuroscience Center, Yale Univ., New Haven, CT
06520.
Previously we showed that the maximum electrotonic length of granule cells in the
rat dentate gyrus increases with age (Soc. Neurosci. Abst. 22:913, 1996). Now we
ask whether this change is accompanied by an internal reorganization of electrotonic
architecture.
We applied the electrotonic transformation (Tsai et al., Network 5:21, 1994) to
neurons from rats aged 14-17 days, 40-58 days, 6 months, and 1 year (5 cells at each
age). This maps each cell into electrotonic space by computing the log of attenuation
in each branch for voltage signals spreading toward (Lin) or away from (Lout) the
soma. Each cell was divided into three anatomical laminae of equal width,
corresponding to the proximal, middle, and distal thirds of the molecular layer. The
small amount of membrane in the soma layer was lumped into the proximal lamina.
Likewise the Vin and Vout transforms were each divided into 3 zones of equal width
according to the Lin and Lout distances of each branch.
We examined the fractional distribution of total surface area over anatomical
laminae and over the electrotonic zones as a function of age. We also looked at a
finer scale for age-dependent changes by asking two questions: how is the membrane
of each lamina distributed over the electrotonic zones, and what is the laminar
composition of each electrotonic zone? There were no consistent age effects on any
of these measures.
In conclusion, even though the anatomical and electrotonic extent of granule cells
increases with age, the distribution of cell membrane over anatomical and
electrotonic space remains relatively unchanged. This suggests an age-independence
of overall architecture that could preserve relationships with other structures, and
which may have important consequences for brain function in the course of
maturation. Supported by GM 08194 and the Yale Neuroengineering and
Neuroscience Center.

This work is supported by the Max-Planck-Society.
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262.1
METABOTROPIC GLUTAMATE RECEPTORS MEDIATE
SYNAPTIC INHIBITION OF DOPAMINE NEURONS THROUGH
MOBILIZATION OF INTRACELLULAR CALCIUM C.D. Fiorillo*
and J.T. Williams. Neuroscience Program, Vollum Institute, Oregon
Health Sciences University, Portland, OR 97201.
Intracellular recordings of membrane potential were made from
dopamine cells of the ventral tegmental area and substantia nigra. A
train of stimuli evoked a slow inhibitory post-synaptic potential that
frequently had two overlapping components. The early component
was mediated by GABA b receptors and blocked by appropriate
antagonists as previously reported. The late component, which had not
been reported, was blocked by antagonists of metabotropic glutamate
receptors (mGluRs) and by apamin, which blocks small conductance,
Ca2+ activated potassium channels. The late component was enhanced
by agonists of the dopamine D1 receptor and inhibited by agonists of
the ^-opioid receptor, neither of which is expressed in dopamine cells.
Because type 1 mGluRs couple to phoshoinositide hydrolysis and
mobilization of Ca2+ from intracellular stores, we investigated agents
that disrupt intracellular Ca2+ stores. Ryanodine (10 JJ.M, irreversible)
and caffeine (10 mM, reversible) blocked or strongly attenuated the
glutamate IPSP. Thapsigargin (10 p,M) had a similar effect, but was
slower and more variable. Ryanodine and thapsigargin had no effect
on the GABA b IPSP, while caffeine augmented it. These results
indicate that synaptically released glutamate inhibits dopamine neurons
through release of Ca*+ from intracellular stores, which is likely to be
mediated by both IP3 and ryanodine receptors.
This work was supported by NIH DA 04523 and NIH DA 05793.

262.3
PERIRHINAL.AMYGDALA CIRCUIT MODEL ACCOUNTS FOR
KEY TEMPORAL ASPECTS OF PAVLOVIAN CONDITIONING.
B.Eaulknert, J..P. McGann. K. H. Tisu, and T..H..Biwn. Dept, of Psychology,
Yale University, New Haven, CT 06520.
We have been developing a conceptual and computational model of the role of
the rat perirhinal (PR) cortex and amygdala (AM) in aversive Pavlovian
conditioning. One goal has been to furnish a neurobiologically-grounded account of
certain Pavlovian conditioning phenomena, especially in the time domain.
The model was constructed based on cellular- and circuit-level data (Faulkner et
al, Computational Neuroscience '96\ Faulkner and Brown, Neurosci. Abstr., 1996)
and is composed of three major types of neurons—fast firing, delayed firing, and
regular firing—that are found in PR and AM. The approximately 1000 neurons in
the model have realistic dynamics in toms of firing patterns in response to various
inputs. Learning is based on a Hebbian mechanism that requires temporal
contiguity for change. There are certain temporal hallmarks of Pavlovian
conditioning that we show here to be captured by the PR-AM model.
First, in addition to formation of an association between a conditioned stimulus
(CS) and unconditioned stimulus (US), an animal may also encode the CS-US
interval (ISI). Our model of the PR-AM can accurately encode ISIs over a wide
time range, similar to what is known to occur in long-delay aversive conditioning,
where the CS-US interval can be several seconds or longer. Second, when training
trials have either of two different ISIs, an animal can produce a double-peaked
conditioned response (CR), corresponding to the two US latencies. The model does
the same, where the CR consists of firing of AM output cells. Third, when
training trials all have the same ISI, the latency of the CR typically decreases with
increased training. This is also exhibited by the model. Finally, the overall CR
acquisition curve (number of CS-produced spikes) over trials predicted by the model
is approximately sigmoidal, in keeping with behavioral studies.
These results are encouraging exploration of additional correspondences.
Supported by grants from the National Institutes o f Health and Aging (THB & BF).
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262.2
DOPAMINE DECREASES THE EXCITABILITY OF LAYER V PYRAMIDAL
CELLS IN THE RAT PREFRONTAL CORTEX Allan T. Gulledge* and David
B. Jaffe. Division of Life Science, University of Texas at San Antonio, San Antonio,
TX 78249.
In both primates and rodents, the prefrontal cortex (PFC) is highly innervated by
dopaminergic fibers originating from the ventral tegmental area and activation of this
mesocortical dopaminergic system has been shown to decrease spontaneous and
evoked activity in the PFC. We have been examining the effect of dopamine (DA) on
the firing properties and input resistance (RN) of pyramidal cells from the rat medial
PFC.
Whole-cell current-clamp recordings were made from layer V pyramidal cells
from 17-30 day old rats. As a measure of cell excitability, trains of action potentials
were evoked by 1.5 second depolarizing current steps. RN was determined by
regression in the linear range of the steady-state voltage-current relationship for each
cell. After baseline measurements of action potential number and RN, DA (0.01-30
pM) was bath applied with nomifensine (a DA uptake blocker) and ascorbate (to limit
oxidation) for a period of 5 minutes. When compared to controls, cells treated with
DA at concentrations of 50 nM or more showed a reversible decrease in the number
of action potentials evoked by depolarizing current injection. The peak change in
action potential number occurred when DA was applied at a concentration of 50 nM
(-66 ± 8.6%, mean ± S.E., n=5). Additionally, concentrations of DA between 0.05
and 1 |iM produced decreases in RN. The peak change in RNwas -20 ± 4.4% when
DA was applied at a concentration of 500 nM (n=3). Correlation between the change
in the number of action potentials and the change in RNwas significant at all DA
concentrations except 30 |iM.
These data suggest that dopamine, over a range of concentrations, has an
inhibitory influence on layer V pyramidal neurons in the rat medial PFC.
This work was supported by NIGMS grant GM0P194-1751.

2 6 2 .4
SYNAPTIC INTEGRATION IN PERIRHINAL DELAY NEURONS. LM .
Beggs*» J. R. MoyeL Jr.. and T. H. Brown. Departments of Psychology and
Cellular & Molecular Physiology, Yàle University, New Haven, CT 06520.
We previously reported the structure and physiology of delayed firing (DF) and
regular firing (RF) cell types in layer II/III of rat perirhinal (PR) cortex
(Faulkner and Brown, Neurosci. Abstr., 1996). The firing characteristics of these
cells were described as a function of current steps applied to the soma. DF cells
afford the possibility of spanning or encoding large amounts of time, especially
if they are chained in a network. The latter possibility presumes that (i) the
delay can be shown to occur in response to synaptic inputs and (ii) that once the
cell begins to fire it can sustain firing long enough to initiate firing in a second
DF cell (Faulkner et al, Computational Neuroscience '96, in press).
We therefore wanted to characterize the responses of these PR neurons to trains
of synaptic inputs. Sprague Dawley rats (14-40 days) furnished horizontal PR
slices (300 nm), which were placed in a submerged-type recording chamber
mounted on an upright Zeiss Axioskop equipped with a water immersion lens
(40X, 0.75 NA), DIC optics, and a video camera. Cells were directly visualized
and preselected using infrared video microscopy. Whole-cell recordings were
obtained from the soma of layer II/III PR neurons judged to be healthy based on
visual appearance (Moyer & Brown, Neurosci. Abstr., 1997). Recordings were
done in standard ACSF and used an EPC-7 amplifier. Synaptic responses were
produced by stimulating layer I using a concentric electrode.
In response to a current step, DF cells sometimes delayed firing for more than 10
s and they ware observed to sustain firing for about a minute. In 4 of 10 DF cells
and 2 of 10 RF cells we stimulated trains of synaptic inputs from layer I. DF
neurons responded to the synaptic trains with a delayed onset to the first spike
followed by sustained firing. In contrast, RF cells did not exhibit the delay and
tended to accommodate rapidly. These results are consistent with the proposed
role of these neurons in temporal encoding (Faulkner et al, Neurosci. Abstr.,
1997). Supported by the National Institutes o f Health (THB & JRM).

POSTSYNAPTIC MECHANISMS III

656

2 62.5
IMPROVED VISUALIZATION OF NEURONS IN BRAIN SLICES FROM
OLDER RATS. J. R. Mover. Jr.* and T. H. Brown. Depts of Psychology and
Cellular & Molecular Physiology, Yale University, New Haven, CT 06520.
Video-enhanced, DIC microscopy is a powerful aid to whole-cell patchclamp recording experiments in acute brain slices. It allows for the visual
preselection of healthy neurons as well as accurate placement of the patch
pipette on the specific structure of interest (e.g., soma, dendrite, axon). The
use of infrared-filtered light further enhances visualization of neurons at greater
depths within the tissue because the longer wavelength results in reduced light
scattering. To achieve suitable optics, most researchers rely exclusively on
tissue from very young animals for adequate visualization.
In line with our long-term goal of adapting visually-guided whole-cell
recording technology for use in acute brain slices from aged animals, we have
been systematically manipulating key aspects of the brain-slice preparation
process to determine empirically the optimal conditions for maximizing both
cell health and visual clarity in acute brain slices. Horizontal brain slices were
cut to include all of the lateral amygdala and the perirhinal cortex. Whole-cell
recording data and video image files were collected from over 100 neurons from
more than 60 Sprague-Dawley rats ranging in size from 25 grams to more than
600 grams (10 days £ rat age £ 1 year).
Our methods allow the use of thicker brain slices for visualization of
neurons from older tissue without resorting to procedures such as enzymatic
dissociation or cutting extremely thin (e.g., 100 to 200 |im) sections. The latter
techniques can reduce the probability of obtaining healthy neurons and reduce
the likelihood of preserving single-cell morphometry.
We conclude that our procedures should have tremendous impact on the
ability of researchers not only to conduct neurophysiological, neuroanatomical,
and neuroimaging studies on older tissue, but also to adapt such studies to aged
animals.
Supported by grants from the National Institutes o f Health (THB & JRM).
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262.6
NGF RAPIDLY MODULATES CALCIUM INFLUX IN CULTURED
SEPTAL CHOLINERGIC NEURONS
Svlvain Williams*and Brian A. MacVicar. Neuroscience Research Group,
University of Calgary, Calgary, Alberta T2N 4N1
NGF is suspected to have rapid effects on neuronal activity in addition to the
well known actions promoting cell growth and survival.
We have
investigated the effects of NGF on calcium signaling in septal cholinergic
neurons because these cells express both the trkA and p75 high and low
affinity NGF receptors. Septal neurons were prepared from postnatal rats
(P I5-20) and plated on astrocyte monolayers. Immunocytochemical staining
for ChAT indicated that the large neurons (>25(im) were typically
cholinergic whereas the smaller neurons were p-tubulin positive but were
most likely GABAergic. Intracellular calcium ([Ca2+]j ), measured using
fura-2 imaging techniques, increased transiently when high K+ (15-20 mM)
was perfused. A relatively short application of NGF (20-100 ng/ml, 2-3 min)
reversibly depressed high K+-induced [Ca2+]j increases in most cholinergic
neurons (7/11 cells). Occasionally (n=3) a long-lasting increase in the high
K+-induced [Ca^+Jj increase was noted following recovery from the
immediate NGF induced decrease. Preliminary experiments indicated that
K252a (100 nM for >30 min), which blocks trkA activation, cause an
increase in resting (3/6) and K+-induced [Ca^+Jj (5/5) levels. The effect of
K252a on the modulatory actions of NGF are being investigated. We
conclude that NGF has fast modulatory actions on calcium influx in
cholinergic septal neurons in addition to it’s well established trophic effects.
Supported by the Neuroscience Network and M edical Research Council o f
Canada.

calcium and protein kinases in the thcta rhythmic activity but not in the 20 Hz oscillations.

262.8
CALCIUM STORES IN DENDRITIC SPINES: NECK LENGTH PREDICTS SPINE
AUTONOMY. E. Korkotian1. N. Volfovskv2. H. Pamas3 and M. Segal*1 Dept.
Neurobiology1, The weizmann Institute, Israel, Computer science2 and
Neurobiology3, The Hebrew University, Jerusalem, Israel.
Dendritic spines of central neurons are believed to contain calcium-induced,
releasable calcium stores. We studied the roles of these stores in the regulation
of [Ca]i variations in the spines. Of particular interest was the relationship
between the morphology of the spine and its ability to regulate [Caji
independently of the parent dendrite. In studying these relations, we developed a
3D, realistic model of the dendritic spine. The model spine contained calcium
influx channels, calcium buffers and extrusion mechanisms, as well as a calcium
store. Computations for the model were conducted with FIDAP software
package (Engelman, FIDAP Ver. 7.6 1996). The model simulates caffeineinduced release of calcium from stores in conditions where influx of calcium
from the extracellular space is restricted. In these simulations, the length of
spine neck determined the duration and pattern of calcium response in the spine
head. Spine heads with longer neck were more independent of the parent
dendrites in the regulation of [Ca]i than those with a short neck. To test these
predictions, experiments were conducted with Calcium-Green-1 loaded cultured
hippocampal neurons visualized in a eonfocal laser scanning microscope. Fast
imaging of calcium transients were taken from spine/dendrite configurations. In
conditions where calcium influx was blocked, spines with long neck were more
independent of the [Ca]i changes in the dendrite than spines with short necks.
Furthermore, the duration of calcium surge was dependent on the length of spine
neck. The agreement between predictions of the model and the experimental
results enhance the validity of our spine model. Supported by BSF grant to MS.

262.9
IN VIVO MEASUREMENTS OF CALCIUM DYNAMICS IN VISUAL
INTERNEURONS. S.Single* and A.Borst. Friedrich-Miescher-Laboratory of the
Max-Planck-Society, Spemannstrasse 37-39, D-72076 Tubingen. Germany
Calcium plays an important role in cellular signal processing as a transmembrane
charge carrier as well as an ubiquitous second messenger. Our model system for
investigating the role of Calcium are the motion-sensitive lobula-plate tangential cells
(LPTCs) of the fly Calliphora erythrocephala. These cells are particularly well suited
because they allow for simultaneous in vivo electrophysiological recording and optical
imaging during synaptic stimulation by motion or during current injection.
For optical imaging we filled the LPTCs with the Ca-sensitive dye Ca-Green™, and
measured the spatio-temporal changes in relative fluorescence representing the
dynamics of intracellular Ca2+-concentration. Dendritic current injection always and
reliably led to a calcium influx in three distinct regions of the LPTCs: the entire
dendrite, the soma and the axon terminal. In contrast, axonal current injection usually
caused calcium accumulation in the soma and the axon terminal, but not in the
dendrite. This holds true for all LPTCs examined so far, i.e. CH-, HS- and VS-cells.
In accordance with in vitro experiments (Oertner et al, this volume) this points to
different populations of voltage-gated calcium channels (VGCCs) with different
activation thresholds: (i) Dendritic VGCCs with a high threshold, and (ii) Somatic and
terminal VGCCs with a low threshold.
Our finding of high-threshold VGCCs in the dendrite can explain how visual motion
stimuli when displayed in a locally restricted part of the fly visual field leads to a local
calcium signal in the dendrite (Borst & Egelhaaf, Proc. Nat. Acad. Sci. USA 89,
41,1992).
To elucidate the characteristics of the various calcium channel populations found in
the LPTCs and their involvement in visual motion processing further studies
combining visual stimulation with different current clamp protocols are under
progress.
This work was supported by the Max-Planck-Society

262.10
MECHANISMS OF CALCIUM ENTRY IN VISUAL INTERNEURONS OF
THE BLOWFLY. T.G.Oertner* and A. Borst. Friedrich-Miescher-Laboratory of the
Max-Planck-Society, Spemannstrasse 37-39, D-72076 Tübingen, Germany
Intracellular calcium .plays a significant role in dendritic processing of synaptic
signals. Using the large motion sensitive tangential cells in the lobula plate of the
blowfly (Calliphora erythrocephala) as our model system, we are interested in the
functional role previously described calcium transients (Borst & Egelhaaf, Proc. Nat.
Acad. Sci. USA 89, 41,1992 ; Egelhaaf & Borst, J. Neurophysiol. 73, 1995) play for
dendritic information processing in vivo. To clarify the mechanisms of calcium entry,
we are using an in vitro preparation of the fly brain (Brotz & Borst, J. Neurophysiol.
76, 178, 1996) and stimulate the cells by iontophoresis of the cholinergic agonist
carbachol.
After injecting the cells with the calcium-sensitive dye fura-2™, the spatio-temporal
changes in relative fluorescence representing the intracellular Ca2+-concentration are
optically monitored simultaneously with intracellular recordings of the membrane
potential. We compared the calcium signals in different cell types (VS, HS, and CHcells) under 4 different stimulation conditions: Iontophoresis of carbachol,
depolarisation by current injection, depolarisation by high K+, and carbachol
stimulation with concomitant hyperpolarisation. As a result, we could demonstrate two
different mechanisms of calcium entry: 1) Voltage-dependent calcium channels
(VDCCs) 2) nicotinic Acetylcholine-receptors (nAChRs). Stimulation by carbachol
results in a two-phased signal: Immediately after the depolarisation, calcium enters
certain parts of the cell through VDCCs. In the following seconds, the diffusion of
carbachol in the tissue causes a wave-like calcium influx through nAChRs. In addition,
we examined the possibility of intracellular calcium stores. While thapsigargin showed
no effect on the tangential cells, ryanodine and caffeine were found to cause a calcium
signal. Therefore, during synaptic stimulation, the influx of calcium might trigger an
additional calcium release from intracellular stores in these cells.
This work was supported by the Max-Planck-Society
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ACTIVATION IN RAT HIPPOCAMPAL SLICES. H.W.G.M. Boddeke* and P.H.
Boeiiinea1. CNS Department, Preclinical Research. Novartis Ltd., CH 4002 Basle,
Switzerland. 'FORENAP, Rouffach. France.
We have the studied the role of calcium mobilization and activation of protein kinases in
the rhythmic activity induced by activation of muscarinic and metabotropic glutamate
(mGlu) receptors in the the CA1 area of rat hippocampal slices. The muscarinic agonist
carbachol (50 fiM) and the mGlu agonist 1S.3R-ACPD (50-100 (jM) both induced
transient mobilization of calcium in the CA1 area. The responses to.carbachoI and 1S.3RACPD were abolished by thapsigargin (1-10 |iM). Carbachol (50 uM) induced local field
potentials in the CAl area with a mean frequency of 9 ± 1 Hz (n=9). 1S.3R-ACPD (50100 |.iM) also induced rhythmic activity with dominant frequency in the 15-25 Hz range.
Thapsigargin (10 j.iM) suppressed the synchronizing effect of caibachol by 70 ± 6 %
(n=3. p<0.05). Inhibition of protein kinase activity by staurosporin (20 pM) attenuated the
response to carbachol by 63 ± 5 % (n=4. p<0.05). Neither thapsigargin nor staurosporin
alTcctcd the rhythmic activity induced by IS.3R-ACPD. Our data suggest involvement of
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262.11
MECHANISMS FOR CLEARANCE OF CYTOSOLIC CALCIUM ([Ca2+}¡)
FOLLOWING POTASSIUM-INDUCED DEPOLARIZATION IN CLONAL
PITUITARY CORTIOOTROPES: IMPORTANCE OF Na+-Ca2+EXCHANGE.
J.F. Fiekers*. Dept, of Anat. & Neurobiol., University of Vermont Coll. Med.
Burlington, VT 05405.
The kinetics of [Ca2+]¡ clearance following KCl-induced depolarization was
studied in fura-2-loaded single clonal pituitary corticotropes (AtT-20/D16v).
Exposure of single cells to 40mM KC1 produced an increase in [Ca2+]¡ (316 ±
18 nM (35)) which declined to resting levels with a mean time constant of 15.3
± 9.0 sec (35). The rate of decline in [Ca2+]¡ following KCl-induced
depolarization was significantly prolonged by exposure to extracellular sodium
cyanide. Isosmotic replacement of extracellular sodium with either lithium or Nmethyl-d-glucamine as well as exposure to sodium orthovanadate also
significantly prolonged the rate of calcium removal following KCl-induced
depolarization. The rate of calcium clearance following KCl-induced
depolarization was not significantly affected by several agents which inhibit
endoplasmic reticulum Ca2+-ATPase, thapsigargin and 2,5 di(t-butyl)-l,4
hydroquinone. Uncouplers of mitochondria e.g. carbonyl cyanide p(trifluoromethoxy)phenylhydrazone (FCCP) did not significantly affect the rate
of [Ca2+]¡ clearance. These results suggest that the plasma membrane Na+-Ca2+
exchange plays a significant role in regulating [Ca2+]¡ in the presence of a KClinduced calcium load in these clonal pituitary corticotropes.

262.12
A PRESYNAPTIC ACTION OF VASOPRESSIN ON HYPOGLOSSAL
MOTONEURONS : A WHOLE-CELL PATCH-CLAMP STUDY. Zaninetti
M. and Raaaenbass M.*
Department of Physiology, University Medical Center, CH-1211 Geneva
4, Switzerland
The hypoglossal (XII) nucleus of the rat contains vasopressin binding
sites and vasopressin can directly influence the excitability of
hypoglossal motoneurons by generating a sustained inward current
(Palouzier-Paulignan, Brain Res. 650, 117, 1994). We have begun to
characterize a presynaptic effect of vasopressin on these neurons, using
the whole-cell recording configuration and brainstem slices from newborn
animals. Hypoglossal motoneurons were visualized using infrared
videomicroscopy. Under voltage-clamp conditions, vasopressin, at 0.1
nM, caused an increase in the frequency of spontaneous postsynaptic
currents (PSCs) in about half of the recorded neurons. This stimulatory
effect persisted in the presence of bicuculline and CNQX, indicating that
neither GABAa nor AMPA/kainate receptors were involved. The
vasopressin-sensitive PSCs were negative in motoneurons held at or
near their resting membrane potential and reversed in polarity at -51 ± 4
mV (n=6). Since, in our conditions, the chloride reversal potential was
about -54 mV, these PSCs were probably carried by chloride ions. We
conjecture that, in addition to directly depolarize hypoglossal
motoneurons, vasopressin may facilitate inhibitory synaptic transmission
in the hypoglossal nucleus by acting on the soma and/or axon terminals
of putative glycinergic inhibitory intemeurons. Work supported in part by
the Swiss National Sciences Foundation (Grant 31.43430.95).

262.13

262.14
BIDIRECTIONAL EFFECTS OF DOPAMINE IN THE PRIMATE PREFRONTAL
CORTEX IN VITRO. D.A. Henze*. N.N. Urban. G. Gonzalez-Bureos. D.A. Lewis,
and G. Barrionuevo Department o f Neuroscience, Psychiatry, and Centerfo r the
Neural Basis o f Cognition, University o f Pittsburgh, Pittsburgh, PA 15260.

WITHDRAWN

262.15
ESTRADIOL INCREASES DENDRITIC SPINE DENSITY BY REDUCING
GABA IN HIPPOCAMPAL INTERNEURONS. D. DiEuliis Murphy* and M.
Segal LN, NINDS, NIH and Dept. Neurobiol., The Weizmann Inst., Israel.
We have previously shown that estradiol causes an estrogen receptormediated, two fold rise in dendritic spine density in cultured rat hippocampal
neurons, as'it does in-vivo. More recently, estrogen receptors have been
localized on nonspiny inhibitory intemeurons (Weiland, N.G., et. al., Society for
Neuroscience Abstracts, 22:618, 1996), indicating that their effect on spiny
pyramidal neurons may be indirect. We therefore examined the possibility that
estradiol affects spine density by regulating inhibition in our cultured
hippocampal neurons. Immunocytochemically, the estrogen receptor was found
to be colocalized exclusively with GAD-positive neurons (about 21% of total
neurons in the culture). Exposure of cultures to estradiol for one day caused a
marked decrease (by up to 80%) in the GAD content of the intemeurons,
measured both by immunohistochemistry and Western blotting. Also, the
number of cells expressing GAD in the cultures decreased to 12% of the total
cell population. Moreover, GABAergic IPSC's were significantly reduced by
estradiol. We then attempted to mimic the proposed effects of estradiol by
blocking GABA synthesis with mercaptoproprionic acid (MA). Cultures treated
with MA showed a dose dependent decrease in GABA immunostaining which
mimicked that seen with estradiol. Finally, MA treated cultures displayed a
significant, 50% increase in dendritic spine density over controls, but not of the
magnitude produced by estradiol (75% increase over controls). The effects of
the two drugs were not additive. These results indicate that estradiol may
decrease GABAergic inhibition in the hippocampus, effectively increasing the
excitatory drive on pyramidal cells, resulting in formation of new dendritic
spines. Supported by LN/NINDS/NIH, and a BSF grant to MS.
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Dopamine (DA) appears to play an important role in the cognitive functions
mediated by the primate prefrontal cortex (PFC). Thus far, the effects of DA on
neurons of the PFC have been studied exclusively in layer 5 in the rat analogue of the
PFC. In contrast to rat, the primate PFC layer 3 has a strong innervation by DA
terminals. In the present study, we have examined the role of DA in modulating
membrane properties and synaptic transmission in 400 pm thick in vitro slices from
area 46 of the PFC of young adult male cynomolgus monkeys. The effect of bath
application of DA (50 pM ) and apomorphine (0.5 to 50 pM) on neuron membrane
properties and evoked synaptic transmission were examined for neurons in layer 3
(located 300-500 pra from the pial surface). DA had no significant effect on neuronal
input resistance (IR, 87.2 ±15.7 MQ vs. 90.2±14.2 MQ; n=3), but it significantly
increased neuronal excitability by lowering the action potential threshold from 40.5±3.9 mV to -51.5±3.5 mV (22% decrease, mean±SEM, p<0.03, n=3). This effect
of DA on threshold was blocked by the D1 specific agonist SCH-23390 (3 pM, n=5).
The selective D2 agonist quinpirole (1-3 pM) had no effect on either IR (49.5±6.3MQ
vs 50.9±5.7MQ) or threshold (-47.7±1.5 vs. -45.9±1 mV;n=3)
In contrast to the effects on neuronal excitability, DA decreased the
amplitude of the layer 3 evoked EPSC by 24.8±8.1% (p<0.05; n=4). In addition,
apomorphine (0.5 to 50 pM) also decreased the evoked EPSC for stimulation of both
layer 1 and 3 by 22±9% (p<0r00006; n=12). No differences were observed for
stimulation of the different layers.
This work was supported by NIMH Predoctoral Fellowship MH10474 (to DAH), a
HHMI predoctoral fellowship (to NNU), NIMHMH00519, and NS24288.

262.16
HILAR CELL LOSS AND THE PERTURBATION OF PERISOMATIC
GABAa INHIBITION OF DENTATE GRANULE CELLS FOLLOWING
HEAD TRAUMA. G.S.Hollrigel. Z.Toth. T.Gorcs and I.Soltesz*. Department of
Anatomy and Neurobiology, University of California, Irvine, CA 92697-1280.
Dentate inhibitory cells, including hilar GABA neurons, play a central role
in the regulation of the input-output functions of the dentate gyrus. The posttraumatic loss of some of these neurons is thought to be an important factor in the
development of post-traumatic hyperexcitability, which affects a large percentage of
head-injured patients. However, little is known about the precise nature of the
functional defects that take place in the inhibitory control of dentate granule cell
functions following concussive head injury. In this study, adult male Wistar rats were
anesthetized and given moderate (2.0-2.2atm) lateral fluid percussion injury as
described (McIntosh et al., 1989), and others were used as age-matched, shamoperated controls. One week or one month after injury, the animals were anesthetized,
and either perfused transcardially for immunocytochemistry, or the brains were
removed and in vitro slices were prepared for electrophysiology.
One week after injury, field recordings demonstrated decreased feed-forward
inhibition of granule cells. Whole-cell patch clamp recordings from granule cells
showed a decrease in the frequency of mIPSCs, without a change in the mIPSC
amplitude or kinetics. Consistent with the electrophysiological data, the number of
parvalbumin-positive cells (i.e. basket and axo-axonic cells, innervating the
perisomatic region of granule cells) in the hilus of the dentate gyrus was significantly
decreased one week and one month post-injury. However, there was no change in the
number of the parvalbumin-positive cells in the granule cell- and molecular layers.
These data indicate that concussive head trauma results in a unique pattern
of decreased perisomatic inhibition of dentate granule cells, likely contributing to the
development of post-traumatic hyperexcitability in limbic circuits. Supported by the
American Epilepsy Society (EFA-21311) and March of Dimes (5-FY95-1143) to I.S..
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262.17
A CASE STUDY FOR DENDRITIC FUNCTION: IMPROVING THE
PERFORMANCE OF AUDITORY COINCIDENCE DETECTORS.
H. Agmon-Snir*. C. E. Carr* and J. Rinzel. Math Research Branch, NIH, Bethesda,
MD 20892, +Dept. Zoology, Univ. Maryland, College Park, MD 20742.
Despite recent intensive efforts to decipher the role of dendrites, we still do not
understand their contribution to the function of the single neuron, partly because this
function is usually not known. Hence, the proposed mechanisms of dendritic
computation are usually based on unverified assumptions regarding neuronal
computation. In contrast, the coincidence detector neurons in the auditory brainstem
have a known computational function, detection of interaural time differences (ITDs).
Using a previous minimal biophysical model of these neurons in the low
frequency regime (Soc.Neurosci.Abstr.22,402), we constructed a simple biophysical
model that includes bipolar dendrites. ITD coding was improved when the inputs
from both ears were located on the dendrites and segregated (as is the case in vivo),
compared with the case of putting the inputs on the soma. Active membrane
properties at the dendrites led to additional improvement in the ITD coding.
Moreover, the optimal length of the dendrites was found to be dependent on the
auditory stimulus frequency, possibly explaining the dendritic length gradient
observed in the chicken.
Analysis of the cell’s input-output relation revealed a mechanism based on local
computation at the dendrites, biophysically speaking, the non-linear summation of
inputs at the dendrites. In addition, each dendrite serves as a current-sink for the
inputs on the other dendrites, allowing larger nonlinearity at the dendritic site.
This is a rare case in which the computational role of the dendrites was clearly
demonstrated for a CNS neuron. We suggest that the “computational module”
identified in these cells may be used by other, less understood, neurons of higher
brain functions.
This work was supported by HFSPO (H.A.-S.) and by NIHDCD00436 (C.E.C.)

262.18
DENDRITIC TARGETING OF RC3/NEUROGRANIN mRNA IN
FRONTO-TEMPORAL DEMENTIA BUT NOT IN ALZHEIMER’S
DISEASE. J.W. Chang*, H.V Vinters and J.B. Watson. Depts. of
Psychiatry and kiobehavioral Sciences and Pathology and Laboratory
Medicine, Mental Retardation Research Center, UCLA School of Medicine,
Los Angeles, CA 90024.
RC3/neurogranin is a postsynaptic PKC-/calmodulin-binding substrate
implicated in long-term potentiation (LTP)-forms of synaptic plasticity.
Our previous studies using Digoxigenin in situ hybridization (DIG-ISH)
combined with immunocytochemistry (ICC) detected RC3 mRNA and
protein in apical and basal dendrites of pyramidal neurons in normal
human neocortices. In contrast, DIG-ISH/ICC studies of neocortices from
Alzheimer’s Disease (AD) brain showed little or no evidence for RC3
translocation to dendrites. These observations suggested that dendritic
translocation of selective mRNAs and their local translation may be
necessary for synaptic function and alterations in these processes may
contribute to the neuropathology and subsequent dementia associated with
AD. To test this hypothesis further, we examined RC3 mRNA expression
in Fronto-Temporal Dementia (FTD), a non-AD-type dementia, that
exhibits synapse loss like AD, but does not exhibit obvious cytoskeletal
alterations seen in AD brain neuropathology. DIG-ISH staining in FTD
brain detects RC3 mRNA in the soma and apical dendrites of pyramidal
neurons in neocortical Layers II-VI, especially in Layers V and VI, while
staining of basal dendrites was present at lower levels. We conclude that
RC3/neurogranin mRNA targeting to dendrites requires an intact
cytoskeleton and may not be affected by synapse loss. Currently we are
using in vitro approaches in tissue culture to determine the molecular and
subcellular mechanisms underlying RC3 mRNA targeting to dendrites.
Supported by NIH grant NS32521, NICHD Training Grant
5T32HD07032-18, and UCLA ADCC grant AG10123.

262 .1 9
DATABASE TOOLS FOR INTEGRATING MEMBRANE PROPERTY DATA.

262.20

Medical Informatics, department o f Computer Science, Yale University, New
Haven, CT 06510.

Neuroscience Group, Loma Linda, CA 92354 & Dept, o f Psychiatry, Univ. o f CA, Irvine®, CA 92613

Jason S, MirskyLPraRashNadkami2. M attteP , Healy2, Michael Hines.*3. Perry
L .. Millet2 and Gordon M.. Shfipbfflfl1, Section o f Neurobiology, 2Center for

Neuronal modelling is increasingly critical for analyzing neuronal functions, but
the construction of these models is hampered by the fact that experimental data are
produced by individual laboratories without a common structured environment for
storing, retrieving and integrating the data. In addition, in order to understand the
significance of specific properties, they need to be assessed not only within the
context of that neuron but also compared to other neurons. NeuronDB
(http://senselab.med.yale.edu/neurondb), a Web-accessible object-relational
database, was built to help in this integration endeavor. NeuronDB tracks
transmitters, receptors and ion channels within canonical forms of neuronal types
containing compartments which represent the main axon-soma-dendritic neuronal
regions. For a given cell type, users may quay the database for a structured
summary of the membrane properties located within each compartment or within
all compartments. Following the retrieval of any data, the user may select the
reference mode, which provides direct NCBI Medline links to the references and
their abstracts. Both data and references are annotated in this mode. NeuronDB
also supports cross-neuronal comparative searches. Users may query the database
for a structured summary of all the neurons, and compartments within those
neurons, that contain a given property. NeuronDB also contains tools which
search for properties in any specific compartment type. An early application of
NeuronDB has been in the analysis of dendritic impulse propagation in olfactory
mitral cells (Chen et al, this meeting), and in comparison with other neuron types.
Supported by NEDCD, NASA & NIMH (Human Brain Project) and the National
Libraiy of Medicine’s IAIMS Program. Illustra database software and support have
been supplied by the Informix Engines for Innovation Research Grant Program.

PET EVIDENCE OF POSTERIOR ANSA PALLIDOTOMY AS A POSTSYNAPTIC
MODULATOR OF BASAL GANGLIA FUNCTION IN PARKINSONIAN PATIENTS.
A .S. M ohamed. R.P. Iacono. J.C. Wu®. J. Carlson. S. K univoshi. M .A . Kirbv*.
There is little understanding o f the complex functional organization and derangement of
basal ganglia in idiopathic Parkinson’s disease (PD). Oversimplified functional models
currently exist to explain motor and cognitive deficits encountered in PD. We present 15 PD
patients (7 females and 8 males, mean age 60.5 years) who underwent Posterior Ansa
Pallidotomy (PAP) with preoperative and postoperative 18Flouro - dopa (FD) and 18Flouro deoxyglucose (FDG) Positron Emission Tomography. AH patients were clinically evaluated
using the Unified Parkinson’s Disease Rating Scale (UPDRS) for total and subtotal scores
before and after surgery. The total UPDRS scores improved from a preoperative mean o f 48.6
to 14.8 when “on,” and from 72.4 to 23.5 when “off.” Microelectrode recordings were done in
12 patients along a single trajectory cross-referenced with the optic tract position at -0.82 ±
0.32 mm below the floor o f GPi. Parkinsonian clinical variables were correlated with cerebral
regional metabolic changes o f both FDG and FD metabolism. Software was developed to test
the probabilities o f random occurrences o f significant pixel clusters using resampling methods.
We used a normal control pool from our data base with sample sizes matching the research
group. Over one hundred resampling runs were used to suprathreshdd images in relation to
individual parkinsonian symptoms. The surviving post thresholding pixel clusters occurring in
selected regions o f interest were representing p < 0.05 or less. Brodmann areas were defined
and co-localized with resultant p-maps. Symptom specific metabolic contrast profile was
created. Preoperative and postoperative correlation’s were established for dyskinesia, tremor,
rigidity and bradykinesia. FDG PET studies revealed significant increases in cortical
metabolism o f particularly the right hemisphere. Earlier studies showed evidence for increased
presynaptic dopamine turnover and postsynaptic denervation supersensitivity in PD patients.
Our data showed marginal postoperative FD PET changes, particularly in the striatum, in
relation to the statistically significant postoperative clinical changes.
Postsynaptic
nondopaminergic neurophysiologic / neurochemical enhancement o f basal ganglia function
offers a plausible explanation for the symptom specific metabolic rebalancing modulations
seen with postoperative FD and FDG PET.
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263.1
STOCHASTIC MODELS OF SYNAPTIC TRANSMISSION IN THE CNS;
IMPORTANCE OF THE DIFFUSION CONSTANT AND RECEPTOR
DISTRIBUTION. J. Trommershaeuser1. H. Parthasarathv2. F. A. Edwards*2 and
A. Zippelius1. (1) Inst, fiier Theor. Physik, Univ. Goettingen, 37073 Goettingen.
(2) Dep. of Physiology, Univ. College London, London WC1E 6BT.
We introduce a simple theoretical model for factors contributing to synaptic
current amplitude and kinetics and compare the results to experimental data.
Firstly we evaluate the distribution of transmitter molecules in the synaptic cleft.
The calculation is based on the analysis of stochastic differential equations
(Fokker-Planck and Langevin equations), modelling the microscopic diffusion
process of single particles.
Based on the modelled spatio-temporal concentration profile of the released
transmitter, we estimate a diffusion constant of the transmitter in the synaptic cleft
of 20-50 nm2/psec. This estimate is considerably slower than the free diffusion
constants used in previous models. Secondly we use a combined reaction-diflusion
model to look at the effect of varying receptor densities and different receptor
distributions (i.e. perforated active zones or clusters), which may be relevant for
long term potentiation [ 1].
We find that the arrangement of receptors in the cleft is an important
determinant of the response amplitude and the rise-time. Doubling the amount of
transmitter released (above a non-perforated active zone) will only increase the
amplitude of the response by 10-15%, also depending on the arrangement used in
the model.
We further examine the question of multiple release within the cleft using
experiments on miniature currents to test whether this is a determinant of the skew
in the amplitude distribution. We compare these data with our model to suggest
possible arrangements of active zones in individual boutons.
[1] F.A. Edwards. Trends Neurosc.. Vol 18,250-255 (1995).
J. T. supported by Graduiertenkolleg “Org. u. Dyn. neuronaler Netze” (DFG).
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263.2
MODEL-BASED REINFORCEMENT LEARNING BY CORTICAL
PYRAMIDAL NEURONS. M. Eisele* and T. Sejnowski, Computational
Neurobiology Laboratory, Salk Institute, San Diego CA 92186-5800
Reinforcement learning of control is studied in computational models of
pyramidal neurons. The control task consists of a simple Markovian deci
sion problem, in which a neuron’s output changes the probabilities of its
synaptic inputs, some of which are followed by rewards. We demonstrate
that a neuron can not only learn direct control, in which the neuron’s ac
tivity is directly associated with later rewards, but also indirect control,
in which the association is based on a reduced model of the controlled
dynamics. We also demonstrate that the new learning rule is compatible
with properties of cortical pyramidal neurons, A simplified biochemical
model is simulated that is an extension of Lisman’s model of LTP and
LTD induction. It assumes that free calmodulin is a limiting factor and
that its release by neurogranin depends not only on the size but also
on the source of calcium influx. All the major protein kinase and phos
phates pathways that have been proposed for LTP induction are needed
to reproduce all the terms of the learning rule.* The model agrees with ex
periments that induced LTP or LTD by delayed pairing of pre- and post
synaptic action potentials, if we assume that these experiments recorded
the plasticity of synapses near the soma. It predicts that synapses on dis
tal apical branches will change their strength in the opposite direction.
This model demonstrates that single pyramidal neurons could be capable
of computing indirect control using reinforcement learning.
Supported by german DFG grant El 373/1-1
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263.3
LONG-TERM POTENTIATION (LTP) AND y-BURST AMPLITUDE DISTRIBU
TIONS IN NEOCORTICAL LAYER 2/3. R. B. Lanadon* The Neurosciences
Institute, San Diego, CA 92121.
Bursts of unit activity in the y-frequency range (20 to 100 Hz) occur naturally
in the neocortex and have, like LTP, been proposed to play an important role in
cortical function. Present data are sparse, however, regarding LTP and synap
tic efficacy within y-bursts. A recent study has indicated that pairing-induced
potentiation of layer 5 recurrent synapses entails a redistribution of synaptic
efficacy within y-bursts without any overall increase in synaptic efficacy (Markram and Tsodyks, 1996). The present study has addressed whether this is a
general property of activity-dependent potentiation in the neocortex. Layer 2/3
field potentials were recorded in slices prepared from adult rat (N = 13) and
mouse (N = 5), evoked by stimulation (16 to 100 pA x 200 ps) applied to layer
4 partially "on-beam" (mean amplitude ratio for S1/S2 components = 0.31).
’Theta-burst" stimulation (TBS, 4@100 Hz x 6@5 Hz x 4@0.1 Hz) was applied
to elicit LTP. The test protocol included application of a y-burst pattern (5@40
Hz) before and 25 to 40 min after induction of LTP. S2 amplitudes within these
bursts exhibited superimposed synaptic depression and facilitation, both sensi
tive to presynaptic manipulations (such as altering the [Ca *+]/[Mg++]). Within
the overall experimental group, the mean magnitude of LTP was 22% (range =
-11 to +57%). The following data are from a sub-group within which potentia
tion was > 20% (N = 8). With LTP, the initial S2 amplitude increased from 0.92
to 1.3 mV (up 39%) while the mean (whole-burst) S2 amplitude increased pro
portionately more, from 0.48 to 0.71 mV (up 47%). In contrast, the mean
amplitude center-of-mass did not change (pre-LTP = 2.15, potentiated = 2.19).
Thus, for layer 2/3 field potentials driven by ascending/recurrent input, TBSinduced LTP appears to involve a generalized increase in synaptic efficacy
rather than a conditional increase observable only after long intervals of
synapse disuse. Supported by Neurosciences Research Foundation.

263.4
TWO COMPONENTS TO SHORT-TERM POTENTIATION
J.C. Fitzgibbons* F.J. Wierzbicki fe P.E. Schulz. Dept. Neurol. & Div. Neurosci., Baylor College of Medicine, Houston, Tx 77030.
High-frequency stimulation (HFS) of Schaffer Collateral synapses frequently
induces NMDA receptor-dependent potentiation with two phases, a decremental
short-term potentiation (STP) and a sustained long-term potentiation (LTP).
STP, like LTP, depends on NMDA receptor activation and postsynaptic calcium
influx for its induction. Three lines of evidence suggest that STP and LTP are
independently expressed forms of synaptic plasticity (Schulz and Fitzgibbons).
(i) LTP expression can be occluded without occluding STP expression, (ii)
STP can be occluded without occluding LTP. (iii) STP and LTP have different
effects on the expression of PPF.
Now we report that STP is composed of 2 components: one of higher ampli
tude and shorter duration (STPi), and another of lower amplitude and longer
duration (STP2). This suggests that at least two mechanisms underlie STP.
Other preliminary evidence also suggests two independent components to STP:
STPi or STP 2 may be independently occluded by repeated HFS or the appli
cation of some pharmacologic agents.
We suggest then, that there are at least three components to NMDA receptordependent, HFS-induced synaptic plasticity: STPi, STP2 and LTP. The hy
pothesis that we are currently testing is that STPi is the STP typically elicited
by HFS, and STP 2 is reversible LTP, as is observed in the presence of kinase
inhibitors. If STP2 is reversible LTP, then the independence of STPi and
STP2 would lend further support to the hypothesis that STP has a separate
mechanism from LTP. Finally, under our experimental conditions, we find that
STP 2 duration is up to 40 min. Thus, if STP2 has a different mechanism than
LTP, studying LTP in the first 40 min after HFS may give deceptive results,
(supported by NIH)

263.5
THE ROLE OF HIPPOCAMPAL SHARP WAVES IN SYNAPTIC ACTIVATION
A.S. Yee*. J.M. Longacher, and K.J. Staley. Neurology, University of Colorado,
Denver, CO 80262.
Hippocampal sharp waves (SPW) observed in CA1 are state dependent field
potentials arising from the synchronous discharge of a population of CA3 pyramidal
cells in conscious rodents. CA3 pyramidal cells are depolarized during SPW activity
satisfying one necessary condition for LTP. NMDA Receptor-dependent LTP at the
Schaffer collateral synapse in area CA1 of the hippocampus is triggered by the influx
of Ca2+through the NMDAR during post synaptic membrane depolarization associated
with synaptic activation. We determined whether low intensity synaptic activation of
Schaffer collaterals would induce LTP at these synapses during a SPW.
Methods: In hippocampal slice preparations, increasing K+0 from 2.5 to 8.5 mM
produced sharp waves consisting of spontaneous, large-amplitude field potentials
occuring with a period of 2-5 seconds and duration of 100 to 200 milliseconds (n=6).
In intracellular and extracellular recordings, these field potentials are similar in
morphology to those recorded in vivo. (Chrobak & Buzsaki J Neurosci. 14(10) [1994])
Results: The pyramidal cell resting membrane potential after 40 minutes in 8.5 mM
K+0 was -59 ± 4mV (n=6). Extracellular recording of tetanic stimulation at Schaffer
collaterals in standard solutions resulted in potentiation of the initial EPSP slope to 124
± 6% (n=4). SPW without paired synaptic activation did not produce significant
potentiation of 111 ± 34% (n=2). Pairing low-intensity synaptic activation with 100
SPW bursts, 50 milliseconds after the initiation of the SPW results in a potentiation of
the baseline field EPSP slope to 193 ± 9% (n=3). Following tetanic stimulation the
EPSP was potentiated an additional 72 ± 13%.
Our findings suggest that the SPW provides a state dependent mechanism of synaptic
plasticity in which synapses activated synchronously with SPW activity are selectively
potentiated. We are currently examining the effects of synaptic strength when low
intensity stimulation is asynchronous with SPW. Support: NS34360, NS34700, EFA.

263.6
DEPRESSION OF RESPONSES EVOKED BY LOW STIMULUS INTENSITIES
FOLLOWING APPLICATION OF HIGH INTENSITY, HIGH FREQUENCY
TRAINS TO THE PERFORANT PATH. R.A. Hodgson*. Y. Xu. R.J. Racine. Dept,
of Psychology, McMaster University, Hamilton, Ontario, Canada, L8S 4K1
LTP in the dentate gyrus of chronic preparations is typically induced by
intermediate to high intensity, high frequency, trains. Responses to low intensity
stimulus pulses, however, are often depressed following tetanization at high
intensities. Similar effects are observed following the induction of LTP in the
neocortex. The depression seen at low intensities could be due to fiber damage.
Other explanations include a potentiation of feed forward inhibition in the
potentiated pathway. The current experiment addressed the reversibility of the
responses evoked at low intensities. Electrodes were implanted in the perforant
path (PP) and dentate gyrus (DG). During input/output (I/O) tests, pulses were
applied to the PP while responses were recorded in the DG. Intensities ranged from
16 to 1259 pA. After establishing stable baseline I/Os, low intensity tetanizing
trains (16-79 pA) were delivered the PP. Unlike the high intensity trains, these low
intensity trains produced a reliable potentiation in the responses evoked by low
intensity test pulses (16-32). High intensity tetanizing trains (1259 pA) were then
delivered to the PP in these animals. I/O tests showed that the responses triggered
by low intensity pulses were now depressed. Low intensity trains applied 24 hour
later failed to repotentiate the DG responses to low intensity test pulses. Four
weeks later, however, reapplication of the low intensity trains once again induced
an LTP effect at the low end of the I/O curve. Together with previous results
showing a recovery of depressed responses towards baseline levels over time, these
results indicate that the tetanus-induced depression in DG responses to weak
stimulation pulses is probably due to a reversible effect rather than to permanent
damage of the pathway.

263.7

263.8
EFFECTS OF HIGH FREQUENCY STIMULATION ON THE PERFORANT
PATH TO CAI AND DENTATE GYRUS PAIRED-PULSE EVOKED
POTENTIALS. R.V. Hernandez*, and J.L. Martinez. Jr. Univ. of Calif., Berkeley, CA
94720 and The Univ. of Texas at San Antonio, TX 78249.
In order to assess perforant path to CAI (pp-CAl) long-term potentiation (LTP) and
determine volume conducted contamination from the dentate gyrus (DG),adult male
rats anesthetized with sodium pentobarbital were surgically implanted with a
stimulating electrode in the angular bundle and recording electrodes in CAI lacunosum
moleculare and the DG granule layer. Paired-pulse (PP) EPSPs from both pp-DG and
pp-CAl synapses were recorded simultaneously before and after high frequency
stimulation (HFS). Paired-pulses attenuated the DG population spike (PS) and
produced EPSP depression in the second paired EPSP (slope = -7.6%, s.e.m. = 2.0,
n=l 1). By contrast, PP produced pp-Cal facilitation (slope = +7.0%, s.e.m. = 4.9, n=
11) with no evidence of PS contamination in the paired EPSP. Following HFS (100 or
400 Hz), positive-going PSs in the first CAI-paired EPSPs werehighly correlated with
the DG-PS in the first DG-paired EPSPs (r =.77, s.e.m. = .04, n =7). There was no
overall correlation between the pp-cal EPSP slope with the DG-PS (r = .026, s.e.m. =
.2, n = 10). Analyses of the second-paired EPSPs revealed a negligible correlation
between CAI and DG slopes ( r - -.09 , s.e.m. = .10, n = 11) and generally eliminated
the DG-PS in the paired pp-CAl EPSP. Finally, in assessing the absolute slope value
of the second-paired DG EPSP there was an average 18.2% increase compared to its
pre-tetanization value (n = 8, s.e.m. = 9.8), while the pp-Cal slope value increased oily
1.5 % (n = 8, s.e.m. = 6.6). Paired-pulse stimulation may therefore provide a method
for investigating pp-CA 1LTP in the absence of DG volume conduction. Supported
by NIH DA05714 (RVH), DA 04195 (JLM) and the Ewing Halsell Endowment.
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263.10

EFFECT OF LTP INDUCTION ON DENTATE EEG
SPIKES: DOES FOCAL SYNAPTIC PLASTICITY
MODULATE
SPONTANEOUS
POPULATION
DISCHARGES IN THE HIPPOCAMPAL NETWORK?

N E T W O R K E N H A N C E M E N T O F D E N D R I T I C S P IK E S I N
H IP P O C A M P A L P Y R A M ID A L C E L L S I N V I V O

C.R. Bramham*Department of Physiology, University of Bergen, Arstadveien
19, N-5009, Bergen, Norway.
Unilateral induction of LTP at medial perforant path-granule cell synapses leads to
LTP-specific, bilateral increases in brain-derived neurotrophic factor gene expression
in granule cells and CA3 pyramidal cells of freely moving rats (Bramham et al., J.
Comp. Neurol. 368:37-382,1996). We are investigating the possibility that bilateral
effects are secondary to an LTP-induced change in the frequency or amplitude of
spontaneous population discharges in the hippocampal network, such as dentate spikes
(DSs). The dentate EEG was recorded by an electrode array with 6 tips staggered from
the hilus into the CA1 region. DSs were identified on the basis of their waveform,
depth profile, and state-dependency. 30 s EEG epochs were collected in the still-alert
behavioral state at regular intervals before and after induction of LTP in the medial
perforant path. DSs typically had a single positive peak in the dentate hilus, but
multiple (2-6) peak events were not uncommon. DSs tended to occur intermittently
(0.5-0.1 Hz), or in short bursts (2-10 Hz). LTP induction had no consistent effect on
the incidence, pattern, or amplitude of DSs, or the number and frequency of peaks in
multiple-peak events. LTP was, however, associated with a higher incidence of
rhythmic high-frequency oscillations, putatively both beta (20 Hz) and gamma wave
(100 Hz) activity. The results suggests that LTP induced under the present conditions
has no consistent effect on DS population discharges, but may facilitate the occurrence
of synchronous high-frequency oscillations.

A K a m o n d i. L A c s a d y , T M o r r e ll* a n d G B u z s a k i
C M B N , R u tg e rs U n iv e r s it y , N e w a r k , N J 0 71 02
A c tiv e p r o p a g a t io n o f c u rre n ts in th e

d e n d r ite s o f c o rtic a l

p y r a m i d a l cells a re m e d ia t e d b y fa s t s o d iu m a n d v a rio u s
c a lc iu m ch a n n els. I n v itr o e x p e rim e n ts s u g g est th a t d e n d r itic
fa s t

a c t io n
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a re n o t k n o w n . W e n o w d e s c rib e th e in flu e n c e o f n e t w o r k
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c o n c u rre n t p o p u la tio n d is c h a rg e s o f C A 3 - C A 1 n e u ro n s . T h e
la r g e a m p lit u d e fa s t s p ik e s w e r e a s s o c ia te d w i t h b u rs ts o f
s m a lle r a m p lit u d e a c tio n p o t e n t ia ls a n d p u t a t iv e c a lc iu m
s p ikes. T h e se o b s e rv a tio n s s u g g est th a t b e h a v io r a lly re le v a n t
c o o p e ra tiv e n e t w o r k a c t iv it y in th e in ta c t b r a in can fa c ilita te
in t r a d e n d r it ic g e n e r a tio n o f a c tio n p o t e n t ia ls a n d th e r e b y
m ay

p r o v id e

a p h y s io lo g ic a l m e c h a n is m

fo r in flu e n c in g

Supported by the Norwegian Science Council and the Meltzer Foundation.
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263.11

263.12
PLASTICITY OF DENDRITIC SPINES IN THE HIPPOCAMPUS OF
AGED RATS 45 MIN AFTER INDUCTION OF LTP. M.G. Stewart*1.
T.M.Dhanraian1. M.A. Lvnch2> A. Kelly2. and D.A-Rusakov1. 1 Dept. of
Biology, The Open University, Milton Keynes, MK7 6AA, UK, and 2Dept.
of Physiology, Trinity College, Dublin 2, Ireland. (SPON: British
Neuroscience Association)
Long term potentiation (LTP) was induced unilaterally in the dentate
gyrus of aged (22months) rats fay tetanic stimulation of the perforant path (3
trains of 250Hz for 200 millisec). Test shocks (l/30sec) were delivered for
10 min before, and 45 min after tetanic stimulation. The mean increase in
population EPSP slope in the last 10 min of the experiment, compared to the
10 min prior to tetanization, was 119% ± 2.89 SEM). At the end of the
recording period animals were perfused with 2 % glutaraldehyde and 2 %
paraformaldehyde and 1 mm dabs were cut transversally to the septohippocampal axis, and Golgi-impregnated. Medial molecular layer
dendrites of -2 0 granule cells from each hemisphere of the five rats were
analysed using computerised image analysis and a tilting disector method
(Rusakov & Stewart, 1995, J. Neurosci. Method. 60, 11-21).
The data show a significant ( p<0.026) decline in spine length (~10%) in
the potentiated compared to the unpotentiated hemisphere but no significant
difference in mean spine density. The distribution of inter-spine distances
indicated the presence of dense spine groups ( "Collars") but no significant
inter-hemispheric differences. Whilst the overall density of dendritic spines
in older animals was considerably lower than shown in our previous studies
with younger rats (Rusakov, Stewart et al, 1997, Hippocampus, in press),
the plasticity exhibited after LTP is essentially similar.

A PROFILE OF SYNAPTIC STRUCTURE DURING THE INTERMEDIATE
MAINTENANCE OF LONG-TERM POTENTIATION IN THE RAT DENTATE
GYRUS In Vivo. A.C.W .W eeks*. T. Ivanco. J.C. Lepoutillier. R.J. Racine and T.L.
Petit. Dept, o f Psychology and Prog, in Neuroscience, University o f Toronto, 1265
Military Trail, Scarborough, Ontario, CANADA, MIC 1A4.
Changes in synaptic structure have been reported following the induction o f long-term
potentiation (LTP). However, the structure o f synapses during the course o f LTP
maintenance has not been fully characterized. The present study examined synapses in the
stimulated middle molecular layer (MML) o f the rat dentate gyrus following high
frequency stimulation o f the medial perforant path. Implanted non-stimulated animals and
the non-stimulated inner molecular layer (IML) served as controls. Fourteen LTP animals
and eleven controls were sacrificed 24 hours after the final stimulation o f the LTP group.
Ultra-structural observations included the total number o f synapses, synaptic curvature, the
presence o f perforations, and synaptic length. While no overall increase in synaptic
number was observed, LTP was associated with a significant increase in the number o f
concave shaped (presynaptic into postsynaptic) synapses. Further, despite no overall
change in synaptic length, non-perforated concave synapses in the potentiated tissue were
found to be significantly smaller than in control tissue. Finally, despite no overall increase
in the number o f perforated synapses, there was a significant increase in the number of
perforated concave synapses. This increase went beyond what was expected based on the
overall increase in number o f concave synapses. These results suggest that this period of
LTP maintenance is associated with a specific change in the synaptic structural profile in
which non-perforated concave synapses are smaller and perforated concave synapses are
more numerous.
Research Supported by grants from the Natural Sciences and Engineering Research
Council o f Canada to T.L.P.

of

c o n c u r r e n tly a c tiv e syn ap ses a n d fa c ilita te s y n a p tic p la s tic ity
b y e n h a n c in g c a lc iu m in flu x in to th e d e n d rite s . H o w e v e r , th e

Supported by BBSRC grant S02085 to Dr. M.G. Stewart

263.13
ADENYLATE CYCLASE-MEDIATED FORMS OF SYNAPTIC POTENTIATION
IN HIPPOCAMPAL AREA CA1 ARE ATTENUATED IN AGED FISHER 344
RATS. G. F. Reis1. M.B. Lee2, and K.D. Parfitt1'23*. Programs in Neuroscience1and
Molecular Biology2, and Dept of Biology3, Pomona College, Claremont CA 91711
Several forms of synaptic plasticity, from invertebrates to mammals, are known to
require the activation of adenylate cyclase, the activation of protein kinase A, and the
presence of cAMP responsive element-binding protein (CREB). Such phylogenetic
conservation points to the significance of the cAMP second messenger system in
learning and memory. Previous work (Parfitt et al, Neurobiol. o f Aging 11:591) has
demonstrated that in aged F344 rats, receptors that are coupled to the stimulation of
adenylate cyclase are functionally subsensitive to locally applied agonists. More
recently, we have observed that evoked population spikes in area CA1 of in vitro
hippocampal slices are potentiated 70 7- 8% by isoproterenol (0.5 - 1 fiM), a Padrenergic receptor agonist, or 39 7- 7% by forskolin (10 fiM) in 2 - 3-month-old
F344 rats; such potentiation was significantly attenuated in slices prepared from 22mooth-old animals (36 7- 7% and 14 7- 6%, respectively). In both age groups, this
synaptic enhancement persists only rarely. Isoproterenol-induced potentiation is
usually reversed within an hour or less after washout. After application of forskolin
(a more lipophilic agent), synaptic potentiation decays to baseline over the course of
90 minutes. In contrast, long-lasting potentiation of the population spike was induced
in young rats by applying a 3-min. train of low-frequency (3-5 Hz) stimulation
immediately after superfusion of slices with isoproterenol. In slices prepared from aged
rate, however, this treatment produced only modest synaptic potentiation that decayed
within an hour. These results demonstrate that forms of synaptic plasticity which
require adenylate cyclase activation are significantly diminished in aged animals. Such
changes may contribute to the compromised performance on memory tasks that is often
observed with nonnal aging. (Sponsored by a grantfrom the American Federation for
Aging Research)
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263.14
SUSCEPTIBILITY TO SYNAPTIC MODIFICATION IN THE AGED RAT IS
DYNAMICALLY REGULATED BY AFFERENT ACTIVITY AND L-TYPE CA2*
CHANNEL FUNCTION C.M. Norris1*. T.C. Foster1, and S Halpain2.
1Neuroscience Program, Univ. of Virginia, Charlottesville, VA 22903,2Dept.
Cell Biology, The Scripps Research Institute, La Jolla, CA 92037.
Relative to adults, aged rats exhibit an increased threshold for induction of
long-term potentiation (LTP) and a decreased threshold for long-term
depression (LTD). Because LTP and LTD are Ca2+-dependent processes, age
differences in induction thresholds may be due to changes in Ca2* homeostasis
during aging. We tested the hypothesis that synaptic modification in CA1 of
aged (22 - 24 mos) and adult (3 - 6 mos) Fischer 344 rats is differentially
regulated by L-type voltage-dependent Ca2+ channel (VDCC) activity. 1Hz lowfrequency stimulation (LFS, 900 pulses) depressed the slope (69 ± 4% of
baseline, n = 3) of the EPSP at CA3-CA1 synapses of slices from aged rats.
This same LFS produced a slight enhancement of synaptic efficacy (109 ±13)
in aged slices (n = 5) bathed in the L-type VDCC blocker nifedipine (10 nM). In
four of these slices, nifedipine was washed from the recording medium and a
second round of LFS produced a depression (88 ± 3%) of the EPSP. Aged
slices that received 5 Hz LFS (900 pulses) displayed either a small decrease or
no change in EPSP magnitude. However, in the presence of nifedipine, 5 Hz
LFS resulted in a >25% increase for test responses in each of three aged
slices examined, while EPSPs in control pathways remained unchanged. In
adult slices, 5 Hz LFS delivered in normal (n = 6), or nifedipine-containing
medium (n = 6) did not alter EPSP magnitude. The results suggest that 1)
Plasticity threshold differences across age groups are due to age-related
changes in the interaction of afferent activity and L-type channel function, and
2) that VDCCs can regulate the magnitude and direction of synaptic plasticity.
Supported by AG14549 to S.H. and NS31830 to T.C.F.
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263.15
INCREASED PROTEIN PHOSPHATASE REGULATION OF CA1 SYNAPTIC
STRENGTH DURING AGING T.C. Foster V . C.M. Norris1, and S Halpain2.
1Neuroscience Program, Univ. of Virginia, Charlottesville, VA 22903 Dept.
Cell Biology, The Scripps Research Institute, La Jolla, CA 92037.
Diminished CA1 synaptic strength is characteristic of memory-impaired aged
rats. Recently, we demonstrated that aged CA3-CA1 synapses exhibit
increased susceptibility to long-term depression (LTD) (Norris et al., 1996),
suggesting the hypothesis that reduced synaptic strength in the aged rat is
due to altered regulation of synaptic plasticity. To test this hypothesis,
simultaneous intra- and extracellular EPSPs were recorded in region CA1 of
hippocampal slices from aged (22 - 24 mos) and adult (3 - 6 mos) Fischer 344
rats. Intracellular pipettes contained protein phosphatase 1 (PP1) inhibitors
(1.4 |iM calyculin A or 10 jaM microcystin RR) or solvent (DMSO). PP1
inhibition has been reported to reverse LTD, but not affect transmission at
naive synapses from juvenile rats. Thus, if reduced synaptic strength in aged
rats is similar to LTD, then PP1-inhibition should increase the EPSP recorded
intracellularly. In adult slices, calyculin A (n = 5) and microcystin RR (n = 4)
had no effect on the intra- or extracellular EPSP magnitude. In contrast,
marked potentiation developed in aged slices during PP1 inhibition. For both
calyculin A (n =2) and microcystin (n = 4), growth of the intracellular EPSP
started at 3 - 5 min after impalement, reached asymptote (>200% of baseline)
at 15 to 20 min, and was not accompanied by changes in input resistance,
membrane potential, or growth in the field response. Aged cells, loaded with
solvent (n = 3), did not exhibit an increase in the intracellular EPSP. The
results are consistent with the hypothesis that PP1 activity influences synaptic
strength to a greater extent during aging and supports the idea that diminished
synaptic strength in the aged rat is due to altered regulation of synaptic
plasticity. Supported by AG14549 to S.H. and NS31830 to T.C.F..

263.16
Synaptic Plasticity in Developing Dentate Gyrus Neurons. Gui-Ian Ye. Joseph F.
Pasternak. Barbara L. Trommer* Division of Pediatric Neurology, Evanston
Hospital, Evanston, IL 60201 and Dept, of Pediatrics and Neurology, Northwestern
University Medical School, Chicago, IL 60611
Whole cell patch clamp recordings were used to study plasticity of excitatory
post synaptic currents (EPSCs) evoked in dentate gyrus (DG) neurons by medial
perforant path stimulation in hippocampal slices from 21-28 d rats. Granule cells at
different stages of maturation co-exist in rat dentate gyrus at this age, and can be
classified by input resistance (IR) as immature (IMM; IR>1G£2), intermediate
(INT; 350MQ<IR<1GQ), or mature (MAT; IR£350MQ). Potentiation (peak EPSC
amplitude >110% baseline) was seen in 24/42 neurons (4/10 IMM, 11/14 INT, and
9/18 MAT) 15 min following high frequency stimulation (HFS; 100 Hz x 500 msec
x 5). Although the 3 groups differed in IR (1560±420 vs 6431205 vs 210±85MQ;
p<0.001) and RMP (-57±12 vs -71±9 vs -69±6mV;p<0.03), they did not differ in
magnitude of potentiation at 15 min (IMM=137±22%; INT=145±35%; MAT=
139±27%;p>0.8). LTP (EPSC amplitude^ 54±34% baseline) was seen in 13/16 of
these neurons (5/7 MAT and 8/9 INT) held for £30 min. Seven received subsequent
low frequency stimulation (LFS, 3Hz x 5min) and showed depotentiation or LTD (28±12% at 30 min). Of the cells that did not show initial potentiation following
HFS, 6 (2 INT and 4 MAT) showed ^10% plastic change, and the remainder (6
IMM, 1 INT, 5 MAT) showed an immediate decrement (-36+14%) that remained
stable for at least 15 min. Thus DG neurons at all stages of maturation exhibit
synaptic plasticity. In 24/42 cells (57%) the response to HFS was short and/or long
term potentiation (LTP) as anticipated for granule cells (GCs). LFS-induced LTD
was also seen in these cells and could be induced >40 min after whole cell access.
The apparent HFS-induced LTD seen in 12/42 (29%) of neurons may suggest that
they were inhibitory intemeurons rather than granule cells. Supported by K08NS10498 (NINDS) to B.L.T. and R.L. Ruggles Research Fund, Evanston Hospital.

263.17
DIFFERENTIAL SYNAPTIC PLASTICITY IN YOUNG AND OLD NEURONS
IN THE DENTATE GYRUS OF THE ADULT RAT. S. Wana* and J.M.
Woitowicz. Dept, of Physiology, University of Toronto, Toronto, ON, M5S 1A8.
Strong individual differences in the levels of LTP among the granule
neurons in the dentate gyrus (Wang et al 1996, Synapse 22:78-86) prompted
us to investigate the hypothesis that synaptic plasticity is dependent on the
neuron's age and/or experience. We prepared standard hippocampal slices
from Wistar rats (young adult) and used whole-cell recordings to examine the
synaptic responses from young "naive" neurons located in the proliferating zone
near the border of granule cell layer (GCL) and the hilus, and the older
"experienced" neurons on the opposite (outer) edge of GCL (see Wojtowicz et
al., this meeting). The medial perforant pathway was stimulated and recordings
were done under voltage clamp and the relative amplitudes of the inhibitory
(GABAa) and excitatory (AMPA) evoked currents were compared at -30mV. The
inhibitory responses were larger in young neurons. The ratio of peak GABAa to
peak AMPA currents was 3:1 (± 0.9, n*4) in young neurons and 1:1 (± 0.1,
n«3) in old neurons. Thus, the postsynaptic inhibition was stronger in young
neurons. This could be a mechanism for prevention of LTP in the developing
neurons until disinhibition occurs by a specific mechanism. In preliminary
experiments we have shown that in artificially disinhibited young neurons,
bathed in 10 pM bicucculk'ne, LTP was readily induced by either a pairing or a
tetanic induction protocol. In the older neurons LTP vyas weak (up to 50%
enhancement) or absent. These results provide a novel explanation for the well
established observation in our and other laboratories that in the dentate gyrus
LTP induction is under strong inhibitory control. The GABAergic control appears
to be more effective in the younger population of neurons, thus preventing
unspecific potentiation. The older neurons which presumably have already
undergone the "behavioral potentiation" may not require the protective inhibitory
mechanism. (Supported by Faculty of Medicine, University of Toronto)

263.18
THE EFFECT OF AGE ON RANGE OF SYNAPTIC PLASTICITY
IN THE RAT HIPPOCAMPUS. I.J.A.Urban*.A.Kamal.G.I Biessels.and
W.H.Gispen.Rudolf Magnus Institute for Neuroscience, P.O. Box
80040, 3508 TA Utrecht, The Netherlands.
Long-term depression(LTD), depotentiation and long-term
potentiation(LTP) of the field excitatory post synaptic potentials
(fEPSP) in the CA1 field of the hippocampus were studied in slices
from 2-, 12-,24-,and 36-week-old rats. LTP was induced by stimulating
the afferent fibers for 1 sec at 100 Hz. LTD was induced either by
stimulating the fibers twice for 15 min at 1 Hz (protocol 1), giving in
total 1800 pulses, or by stimulating the fibers twice for 5 min at 1 Hz
in 5 min intervals, followed by 5 min stimulation at 5 Hz (protocol 2),
giving in total 2100 pulses. There was a significant LTD in slices of all
age groups stimulated with protocol 1. However, the magnitude of LTD
in slices form 24-and 36-week-old rats was significantly lower than that
in slices from 2-and 12-week-old rats, although there was no such
difference amongst the groups in the magnitude of LTP. The
stimulating protocol 2 induced LTD only in slices from 2-and 12-weekold rats. Comparison of the dynamic range of the transmission
plasticity in slices from 2-and 36-week-rats, determined by the
difference between the nearly saturated LTP and nearly saturated
depotentiation, revealed significantly smaller dynamic range in slices
from 36-week-old rats in comparison with slices from 2-week-old
animals. The decrease in the dynamic range in slices from 36-week-old
rats was due to a diminished capacity to depotentiate the nearly
saturated LTP and not due to a decreased LTP expression. In contrast
to LTD, in which the slope of the fEPSPs consistently and significantly
decreased below the baseline level, the nearly saturated depotentiation
did not decrease below the original, pre-LTP level of the baseline. The
results demonstrate that the expression of LTD and the dynamic range
of synaptic plasticity in the CA1 field of the hippocampus decreases
with the increasing age.

263.19
POTENTIATION AND DEPRESSION FOLLOWING STIMULUS
INTERRUPTION IN HIPPOCAMPAL SLICES FROM YOUNG RATS. Y.-P.
Niu. M.-Y. Xiao and H. Wigstrom*. Dept, of Medical Biophysics, Goteborg
University, S-413 90 Goteborg, Sweden
Parallel recording of AMPA and NMDA-mediated field EPSPs in a low Mg^+
solution can be used to study LTP and LTD. The decay of LTP, in this situation, has
been shown to depend on stimulation and on NMDA receptor activation (Xiao et al.,
Eur. J. Neurosci. 8, 1916-23, 1996). For instance, stopping stimulation for 10
minutes immediately after LTP induction delayed the decay of LTP. In the present
study, we have examined the effect of stimulus interruption on dual component
EPSPs in the naive Schaffer collateral pathway. Interrupting stimulation (10 min-4
h) resulted in an increase of the response followed by a nearly complete decay.
Following the first potentiated response after the silent period there was additional
potentiation, in particular of the AMPA response, for the first few minutes followed
by a gradual decay. The potentiation of the AMPA response was largely blocked by
prior application of the NMDA antagonist AP5 while application of this drug
immediately after the initial potentiation blocked the following decay. A substantial
potentiation of the NMDA component also occurred during the silent period as
suggested by experiments using very low rates of stimulation. When stimulation was
initially applied to a naive pathway or the stimulus strength was increased during an
experiment, there was a similar change in the responses. The results demonstrate that
NMDA-dependent potentiation and depression can both be induced at the same, very
low stimulus frequencies, as evidenced by the fact that the first few stimuli after a
silent period evoked potentiation whereas the later ones lead to depression. A possible
explanation is that potentiation and depression are dependent on different time
windows for their induction. (Supported by the Swedish MRC, Swedish Alzheimer
Association, and the foundations of Lars Hierta and Redman o fru Ernst Colliander)

263.20
EARLY NETWORK OSCILLATIONS PROMOTE MATURATION OF
GLUTAMATERGIC SYNAPSES IN THE NEONATAL HIPPOCAMPUS
O. Garaschuk, E. Hanse, and A. Konnerth». Universität des Saarlandes,
66421 Homburg, Germany.
Early network oscillations (ENOs), consisting of. bursts of intracellular
Ca2+ transients recurring synchronously in the entire population of neurons
were previously described in the CA1 region of the neonatal hippocampus.
Using fluorometric calcium measurements and whole-cell current clamp
recordings we found, that ENO-mediated bursts of action potentials in the
presynaptic CA3 pyramidal neurons are firmly correlated with ENOassociated Ca2+bursts in the postsynaptic CA1 neurons. Thus, the immature
hippocampal network exhibits a spontaneous, Hebbian type of associative
activity that is potentially capable of controlling the maturation of
glütamatergic synapses. Indeed, pairing burst-like stimulation of the
presynaptic Schaffer collaterals with simulated postsynaptic Ca2+ bursts
caused maturation of glütamatergic synapses by inducing AMPA-type
responsiveness at previously 'silent' NMDA-based synaptic contacts. This
functional synapse induction was seen in 7/8 CA1 pyramidal cells during
postnatal days 1-4. The presynaptic stimulation or Ca2+ bursts alone were
ineffective. Furthermore, pairing of ENO-like Ca2+ bursts with presynaptic
stimulation readily caused the induction of robust LTP (164.5 ± 25.4%; n=6).
By contrast, presynaptic stimulation alone failed to induce potentiation of
synaptic transmission in 9/10 cells, suggesting that at early stages of
development tetanic homosynaptic activation, as used in adults, is much less
effective in inducing LTP.
In conclusion, our results strongly suggest that the wiring of th e
hippocampal synaptic circuitry is controlled by intrinsic oscillatory network
activity. Thus, the ENO-associated Ca2+ bursts in neonates most likely
represent the natural activity underlying the induction of new synapses and
the strengthening of existing ones through an LTP-like mechanism.
(Supported by DFG/SFB 246, BMBF, MFR and HFSP).
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26 4 .1
DOPAMINE FACILITATES LONG-TERM DEPRESSION IN RAT
PREFRONTAL CORTEX IN VITRO. S. Otani*. O. Blond, J.-M. Peace and F.
Ciépel- IDN, Université Pierre et Marie Curie, Paris 75005, FRANCE
Using slice preparation and intracellular recoiling technique, we examined the
effects of dopamine on synaptic plasticity in layer I-II afférents - layer V neuron
glutamatergic transmission in rat prefrontal cortex. Trains of tetanic stimuli to layer
I-n (100 pulses at 50 Hz, 4 times at 0.1 Hz) induced LTD when the stimuli were
coupled to bath-application of dopamine (100 pM , 10 min). Tetani alone induced no
lasting synaptic changes. This dopaminergic facilitation of LTD was independent of
NMDA receptor activation, consistent with the fact that dopamine acutely d e p re sse s
NMDA receptor-mediated transmission as well as AMPA-mediated transmission. D1
receptors and D2 receptors both contribute to LTD facilitation, with D1 receptor
involvement being more important Thus, D1 receptor block with SCH23390 (1
I*M) more severely attenuated LTD than D2 receptor block with sulpiride (10-50
fiM). Similarly, the D1 agonist SKF38393 (10-50 pM) combined with tetani
induced greater LTD than the D2 agonist quinpirole ( 10-50 f*M). We also found that
dopamine enhances the late depolarizing component of synaptic responses during 50
Hz stimuli. Ninety percent decay time from peak membrane depolarization during
tetanus was greater in dopamine condition than control in each of the 4 successive
trains. Postsynaptic depolarization indeed plays a critical role in dopaminergic
facilitation of LTD, since postsynaptic hyperpolarization during tetani Mocked LTD.
Dopamine also reduced synaptic fatigue that occurs during application of 50 Hz
stimuli so that each train evokes larger EPSPs than control. Our results suggest that
dopamine lowers the threshold for LTD induction in prefrontal glutamatergic
transmission by acting mainly on D1 receptors. An underlying mechanism for this
facilitation may be an enhancement of postsynaptic depolarization during tetanus by
dopamine. We are currently investigating the involvement of mGluRs in this LTD
induction. Supported by Fondation pour la Recherche Medicale.

264.3
THE ACTIVATION OF P-ADRENOCEPTORS, RATHER THAN otr
ADRENOCEPTORS, FACILITATES SYNAPTIC PLASTICITY IN THE CA1
FIELD OF THE HIPPOCAMPUS. Raimo Pussinen* and Jouni Sirvio.
A.I.Virtanen Institute, University of Kuopio, SF-70211 Kuopio, Finland.
The influences of noradrenaline on the modulation of learning and memory
functions, as well as synaptic plasticity, via B- adrenoceptors are well documented,
whereas the role of a,-adrenoceptors is not as well studied. Therefore, we
examined the effects of a,-agonists (ST 587 and methoxamine) on the induction of
long term potentiation (LTP) in extracellular excitatory postsynaptic potentials
(EPSP) in the CA1 area of the hippocampus in vitro. Submaximal LTP was
induced with theta burst stimulation using four bursts. The effects of a P-agonist,
isoproterenol, on synaptic potentiation were studied as a comparison in this
preparation.
At a concentration of 1 |aM, ST 587 slightly increased the magnitude of
potentiation in EPSPs (measured 30 minutes after stimulation) as compared to a
control pathway potentiated 30 minutes before drug infusion, whereas a lower
concentration (0.3 ^M) was not effective. Methoxamine did not induce an increase
in the amount of submaximal LTP at concentrations of 0.3, 1.0, and 3.0 ¿iM.
Isoproterenol (1.5 ^M) increased the amount of LTP when measured 30 minutes
after stimulation, and also transiently increased synaptic transmission, measured
both in the slope and amplitude of the field EPSP in the pre-potentiated control
pathway.
Thus, the present results indicate that (i) the synaptic plasticity in the CA1 area
of the hippocampus can be modulated through P-adrenoceptors, and (ii) a,
adrenoceptors have only a minor role in hippocampal synaptic plasticity in the
CA1 area.
This study has been supported by the Academy o f Finland and the Orion
Corporation, Orion Pharma R&D (Turku, Finland).

264.5
EVIDENCE FOR INHIBITOR-1 AS A TRANSDUCTION GATE IN CYCLIC AMP
DEPENDENT LTP. R. Blitzer. T. Wone. J. Connor. S. Shenolikar, and E.M.
Landau*. Dept.of Pharmacology, Duke University, Durham NC 27710 and Dept, of
Psychiatry, Mt. Sinai School of Medicine and Bronx VAMC, New York NY 10029
Cyclic AMP-dependent LTP in the Schaffer collateral-CAl synapse of rat
hippocampus is known to involve the cAMP-dependent suppression of postsynaptic
protein phosphatases. We have investigated the role of the endogenous phosphatase
inhibitor protein-1 (1-1) in this mechanism, since 1-1 is activated by cAMP-dependent
protein kinase (PKA). It is proposed that when PKA is blocked, the nonphosphorylated form of 1-1 predominates due to the activity of phosphatase 2B
(calcineurin). Downstream phosphatase-1 is then free to oppose LTP.
Two different protocols for inducing cAMP-dependent LTP were employed: either
three 1 s trains of 100 Hz stimulation separated by 10 min intervals (HFS protocol),
or one 15 s train at 10 Hz in the presence of 1 |iM isoproterenol (LFS-ISO protocol).
In the HFS protocol, LTP was blocked by postsynaptic injection the PKA inhibitor
Rp-cAMPS. However, this effect was prevented by preincubating slices with the
calcineurin blocker FK506, indicating that the phosphorylation state of 1-1 determines
the cAMP-dependence of LTP. To further test this hypothesis, we attempted to
protect LTP from Rp-cAMPS by including a constitutively active form of 1-1 (ThioP-I-l) in the recording electrode. Normal LTP was obtained in these cells, but not
when the Thio-P-I-1 was replaced by an inactive, non-phosphorylatable form of 1-1
(Non-P-I-1). In experiments using the LFS-ISO protocol, no LTP (and often a small
LTD) was obtained when isoproterenol was omitted. LTP could be induced without
isoproterenol if the recording electrode contained Thio-P-I-1, but not the inactive NonP-I-1. The results in both LTP protocols indicate that activated 1-1 can reverse the
effects of inadequate PKA activity on cAMP-dependent LTP, presumably by acting
downstream to directly inhibit phosphatase-1.
Supported by NIH Grant NS33646.
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264.2
D1/D5 DOPAMINE RECEPTORS INHIBIT DEPOTENTIATION IN CA1
CA3 HIPPOCAMPAL SYNAPSES THROUGH ADENYLYL CYCLASE.
Nonna A. Otmakhova*. John E, Lisman. Department o f Biology and Volen
Centerfor Complex Systems, Brandeis University, Waltham, MA 02254.
Recent work has shown that D1/D5 dopamine receptors can enhance early and
late LTP. We investigated whether D1/D5 receptors affect depotentiation, the
reversal of LTP by low frequency stimulation (LFS). Field EPSPs (stimulation of
Schaffer collaterals) were recorded in the CA1 region of rat hippocampal slice in
vitro. LTP was induced by a single tetanus, depotentiation was caused by a LFS (3
Hz/3 min or 2 Hz/10 min) 5 min after the tetanus. D1/D5 agonists (6-Chloro-PB,
10 |iM, and dihydrexidine, 10 ^M) greatly reduced depotentiation, an effect that
was inhibited by a D1/D5 antagonist (SCH23390, 5 |iM). The D1/D5 effect
appeared to be mediated by adenylyl cyclase (AC): it was mimicked by the AC
activator forskolin (10 }iM), and inhibited by the AC inhibitor, SQ 22536 (100
JlM). By itself SQ 22536 did not affect early LTP but increased depotentiation.
D1/D5 agonists regulated plasticity more powerfully than a (3-adrenoreceptor
agonist. Isoproterenol (5 jxM) increased early LTP but did not block depotentiation
if applied after the tetanus. This powerful action of D1/D5 agonists on
depotentiation may be due to the localization of both D1 receptors and cAMPdependent protein kinase (PKA) in dendritic spines. A possible mechanism may
involve a chain of events: AC activation - activation of PKA - phosphorylation of
inhibitor I or DARPP-32 - inhibition of protein phosphatase I - higher
phosphorylated state of Ca2+-calmodulin-dependent protein kinase II and other
postsynaptic substrates. In vivo studies show that dopamine is released when a
reward occurs. Our results suggest that the memory of the important events prior to
reward might be selectively retained because dopamine blocks their erasure.
This work was supported by NIH grants (2R01 NS27337/0881 and 1R01
NS35083/0181) and W. M. Keck Foundation. We appreciate the gift o f
dihydrexidine from Interneuron Pharmaceuticals Inc. (Lexington, MA).

264.4
MASK OF FORSKOLIN-INDUCED LONG-TERM POTENTIATION BY
ADENOSINE ACCUMULATION IN AREA CA1 OF THE RAT HIPPOCAMPUS.
K.T. Lu. F.S. Wu* and P.W. Gean. Department of Pharmacology, Medical college,
National Cheng-Kung University, Tainan, Taiwan, R.O.C.
In hippocampal Schaffer collateral-CAl synapses, activation of P-Adrenergic
receptor and adenylyl cyclase could increase transmitter release. However, this effect
is transient which is in contrast to that seen in the mossy fiber-CA3 synapses where
activation of cAMP-dependent protein kinase (PKA) results in long-lasting
facilitation of transmitter release, a phenomenon known as presynaptic form of long
term potentiation (LTP). The present study was aimed at investigating whether
forskolin, an adenylyl cyclase activator, could produce long term effects in the
Schaffer collateral-CAl synapses using extracellular recording techniques. As has
been previously reported, forskolin persistently increased the amplitude of evoked
population spike (PS) without having long-term effect on the field excitatory
postsynaptic potential (fEPSP). However, under the conditions that adenosine Ai
receptor is inhibited cAMP metabolism is disrupted or the transport of cAMP is
blocked, forskolin induces LTP.
Forskolin-induced potentiatin is associated with a decrease in paired-pulse
facilitation and is blocked by the PKA inhibitor Rp-cyclic adenosine3‘,5’monophosphorothioate (Rp-cAMPS). Activation of NMDA receptor is not required
for forskolin-induced LTP because pretreatment of slices with NMDA receptor
antagonist D-2-amino-5-phosphonovalerate (D-APV) did not prevent forskolininduced potentiation. These results suggest that blockade of adenosine Ai receptor
unmasks forskolin-induced LTP and activation of PKA induces a form of LTP which
is different form that induced by tetanic stimulation.
Acknowledgement: This study was supported by the National Science Council of
Taiwan (NSC86-2314-B006-002-M10).

264.6
ADENOSINE BLOCKS GANGLIONIC LTP BY INTERFERING WITH Ca2+
FUNCTION. Yvo.Qng.liogan 1*,RQ,llin-Hawkms1and M m Alkadfri2. ‘Department
of Biology, Texas Southern University, Houston, TX 77004 and department of
Pharmacological and Pharmaceutical Sciences, College of Pharmacy, University of
Houston, Houston TX 77204-5515.
The effect of adenosine on the induction of long term potentiation (LTP) was
studied in the isolated superior cervical ganglion of the rat. Ganglionic transmission
was evaluated by measuring the evoked postganglionic compound action potential
(CAP) made submaximal by partial block with hexamethonium (0.4 mM). A train
of supramaximal pulses (tetanus, 20Hz for 20 sec) applied to the preganglionic
nerve produced a brief, marked enhancement of the CAP immediately after tetanus
(post-tetanic potentiation, PTP) followed by a smaller long-lasting enhancement
(LTP). In normal Ca2+(2.2 mM), adenosine (2 p.M) blocked the PTP more than
LTP. Higher concentrations of adenosine produced a concentration-dependent
reduction in the magnitude of both PTP and LTP. Similar treatment with the
adenosine A2 receptor agonist 5'-(n-cyclopropyl)carboxamidoadenosine (CPCA, 1
jiM) had no significant effect on the magnitude of LTP. However, treatment with
the adenosine AI receptor agonist N^-cyclopentyladenosine (CPA, 1 fiM) blocked
the induction of LTP. CPA was ineffective in the presence of the adenosine AI
receptor antagonist 8-phenyltheophylline (8-PT, 1 |iM). In high Ca2+(4.4 mM), the
AI agonist CPA (1-2 ^M) had no significant effect on LTP. In untreated ganglia,
8-PT superfused during the maintenance phase of LTP markedly enhanced its
magnitude indicating involvement of endogenous adenosine. Similar treatment
with the adenosine A2 receptor antagonist 3,7-dimethyl- 1-propargylxanthine
(DMPX, 1 |iM) had no significant effect on the magnitude of LTP. We conclude
that adenosine blocks the maintenance of LTP via activation of AI receptor which
seems to interfere with Ca2+function. (Supported by NIGMS 1K14HL02478 and
NIGMS Bridge grant 2R25GM48988-02A1)
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264.7
DYNORPHIN FACILITATES MOSSY FIB E R LTP IN DUCTION.
Stephen H. Williams', Dept, of Psychiatry and Inst, for Dev. Neuroscience,
J.F. Kennedy Ctr, Vanderbilt University. Nashville, TN 37203.
The mechanism of induction of NMDA-reccptor-independent LTP at the
mossy fiber-CA3 (MF) synapse of the hippocampus is not well understood.
One area of uncertainty centers around whether the locus of LTP induction
is pre- or postsynaptic. Recent studies suggest that LTP induction is postsynaptically mediated if short high frequency stimulus trains (HFS) are given
(Urban k Barrionuevo J. Neurosci. 16, 4293-4299, 199G), while longer HFS
may induce a different form of LTP. In the rat MF LTP induction can be
blocked by the opioid antagonist naloxone (Williams & Johnston J. Neurosci.
16, 3G52-3661, 1996), but this may not be so in the guinea-pig.
To investigate the generality of the role for opioid peptides, MF LTP was
studied in the mouse. Extracellular recordings were made from area stratum
lucidurn at 34-35°C. The NMDA antagonist APV was routinely added to the
saline, but inhibition remained intact. Initially the efficacy of a number of HFS
protocols was investigated A short HFS (sHFS) of 8 trains of 5 stimuli, 100 Hz
(Jaffe k Johnston J. Neurophysiol. 64, 948-960, 1990) elicited LTP in only
1/13 cases. A subsequent identical sHFS train delivered 30-45 min later did
not induce LTP, although slices did exhibit LTP if a third HFS of 3 trains of 100
stimuli (100 Hz) were given. If the second train consisted of double the number
of stimuli (16 trains of 5, dHFS), LTP was elicited (pEPSP slope +49 ± 14%).
A second sHFS train could also elicit LTP if delivered in the presence of 0.7/tM
dynorphin (+29 ± 10%). Dynorphin did not cause any marked depression of
baseline synaptic activity (0.2 Hz stimulation). These data show that opioid
receptor activation can facilitate LTP induction, suggesting that the role of
endogenous opioiods in the mouse MF system is similar to that in the rat.
(Supported by DA07954).

264.8
INDUCTION OF NMDA RECEPTOR-DEPENDENT ASSOCIATIVE
LTP IS REGULATED BY OPIOID RECEPTORS

264.9
CHARACTERIZATION OF A SECOND ENDOGENOUS CANNABINOID LIGAND
THAT MODULATES LONG TERM POTENTIATION (LTP) IN HIPPOCAMPUS.
N. Stella*. P. Schweitzer^ & D. Piomelli. The Neurosci. Inst., San Diego, CA 92121
and ^Dept. of Neuropharm., The Scripps Res. Inst., La Jolla, CA 92037.
Cannabinoid receptors influence multiple brain functions, including working memory,
and are activated by the endogenous ligand anandamide. In the present study, we
demonstrate that the phospholipid metabolite, sn-2 arachidonylglycerol (2-AG), fulfills
all the necessaiy criteria for it to be considered an endogenous cannabinoid ligand in the
CNS. Gas chromatography/mass spectrometry (GC/MS) analyses reveal that 2-AG is
present in adult rat brain, where its content (4.0 ± 1.8 nmol/gm) largely exceeds the
content of anandamide (23 ± 3 pmol/gm). High-frequency electrical stimulation of the
Schaffer collateral, a major excitatory pathway in rat hippocampus, causes a 4-fold
increase in 2-AG biosynthesis. This effect (I) is prevented by TTX or by removing
extracellular Ca2+, and (2) is selective for 2-AG, as the levels of anandamide or other
acylglycerols are not changed. Biochemical and pharmacological studies show that 2AG biosynthesis is initiated by a Ca2+-dependent phosphoinositide-specific
phospholipase C activity, which produces arachidonate-containing diacylglycerol
(DAG). This DAG is cleaved, in turn, by a DAG lipase activity yielding 2-AG.
In cultures of CNS neurons, exogenous 2-AG activates neuronal CB1 receptors with
full agonist activity and with a potency comparable to anandamide (IC50 =1-2 fiM for
2-AG, and 1 pM for anandamide). Furthermore, in hippocampal slices, 2-AG (20 |iM)
blocks LTP induced in the CA1 field by high-frequency stimulation of the Schaffer
collateral. This inhibitory effect is reversed by the cannabinoid receptor antagonist
SR141617 (1 |iM). Interestingly, 2-AG has no effect (1) on basal synaptic
transmission in non-tetanized slices, and (2) in slices in which LTP has been already
induced, indicating that 2-AG selectively interferes with LTP induction. These results
show that neural activity and Ca2+ entry evoke the biosynthesis of 2-AG which may,
in turn, activate CB1 receptors and modulate the induction of LTP in the CA1 region.
Supported by Neurosciences Research Foundation. P.S. supported by NIH (DA00291).

264.10
THE ENDOGENOUS CANNABINOID sn-2 ARACHIDONYLGLYCEROL
INHIBITS LONG-TERM POTENTIATION IN RAT HIPPOCAMPUS.
P. Schweitzer*, N. Stella1, S.G. Madamba, D. Piomelli1 and G.R. Siggins.
Department of Neuropharmacology, The Scripps Research Institute, La Jolla
CA 92037, and ^The Neurosciences Institute, San Diego CA 92121.
Cannabinoid substances alter many physiological processes, including
learning and memory, and have been shown to inhibit long-term potentiation
(LTP) in the hippocampus, sn-2 arachidonylglycerol (sn-2 AG) is a recently
described endogenous cannabinoid ligand that may act as signaling molecule
in the brain. We investigated the effects of sn-2 AG on hippocampal LTP
using the rat slice preparation. We stimulated the Schaffer collaterals and
recorded field excitatory postsynaptic potentials (fEPSPs) in CA1 stratum
radiatum. LTP was induced by applying 2 trains (1 sec) of high frequency
stimulations (HFS; 100 Hz) 20 sec apart. Application of HFS potentiated the
fEPSP slope to 156 ± 6% (all values are % slope of pre-HFS at 60 min postHFS). Addition of sn-2 AG (20 p.M) in the superfiiSion media prior to HFS
completely prevented the LTP induction (102 ± 8%). A similar effect was
observed with the isomer s/i-l AG. Addition of sn-2 AG 3 min after HFS did
not affect LTP (160 ± 7%), indicating that the cannabinoid prevented LTP by
altering the induction rather than the maintenance process. This effect was
receptor-mediated, as superfusion of the cannabinoid receptor antagonist
SR141716A (1 fiM) prevented the LTP blockade by sn-2 AG (152 ± 10%),
and the inactive sn - 1 stearylglycerol (20 jj.M) did not affect LTP (154 ± 8%).
Our results show that sn-2 AG is physiologically active on brain neurons
and may modulate synaptic plasticity by inhibiting LTP induction in
hippocampus, an effect mediated through activation of cannabinoid receptors.

264.11
EFFECT OF STEREOSELECTIVE CANNABINOIDS ON PAIRED-PULSE
INHIBITION AND INDUCTION OF LTP IN THE RAT HIPPOCAMPAL
SLICE. G.S.Paton. R.G.Pertwee and S.N.Davies. (SPON: Brain Research
Association) Dept, of Biomedical Sciences, University of Aberdeen, Institute of
Medical Sciences, Foresterhill, Aberdeen, AB25 2ZD, UK.
Cannabinoids inhibit long-term potentiation (LTP) in a stereoselective manner,
and they have also been reported to affect paired-pulse inhibition in the
hippocampus, an alleged index of GABAergic feedback inhibition. However, it is
not clear whether the effect on GABAergic transmission is causally linked to the
blockade of LTP. As a first step in identifying the mechanisms by which
cannabinoids inhibit LTP, we have investigated whether the effects of the synthetic
cannabinoid WIN55,212-2 and its inactive stereoisomer WIN55,212-3 on pairedpulse inhibition and on LTP are correlated.
Extracellular population spikes were recorded from the stratum pyramidale of
region CA1 in the rat hippocampal slice. In control conditions paired-pulse
stimulation produced profound inhibition of the test population spike amplitude at
condition-test intervals (CTIs) of 4-100ms. Tetanic stimulation (100Hz for 500ms)
in the drug vehicle (5^M Tween 80) induced LTP of 117% measured 30 minutes
after induction. WIN55,212-2 (5jiM) significantly attenuated paired-pulse
inhibition observed at CTIs of 15-30ms, and abolished tetanus induced LTP.
WIN55,212-3 (5pM) had no significant effect on either paired-pulse inhibition or
on LTP.
These results suggest the effects of WIN55,212-2 on paired-pulse inhibition and
on the induction of LTP are both mediated by receptor systems. This therefore
leaves open the possibility that cannabinoids block the induction of LTP via a
modulation of GABAergic transmission.
Funded by the University of Aberdeen.
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C. O. Martinez. J. L. Martinez. Jr. & B. E. Derrick*

Division of Life Sciences, The University of Texas at San Antonio, TX 78249
The release of opioid peptides and the activation of opioid receptors play an essential
role in LTP induction in most opioidergic afferents of the hippocampal formation.
Because opioid receptor activation can alter postsynaptic processes thought important
for the induction of all forms of LTP, we investigated the contribution of opioids
released by opioidergic afferents to the induction of associative LTP in a convergent,
nomopioidergic pathway that displays NMDA receptor-dependent LTP.
In pentobarbital anesthetized adult rats, responses from both medial (MPP) and the
opioid peptide containing lateral perforant path (LPP) were recorded in area CA3 by
stimulation the extreme dorsomedial or ventrolateral angular bundle. Strong
stimulation was delivered to the LPP at the current intensities evoking responses 50%
of maximal amplitude. Weak stimulation was delivered to the MPP using current
intensities evoking responses 25% of maximal amplitude. High-frequency tetanization
(10 pulses at 400 HZ every 200 msec for 2 sec five times) of the LPP alone potentiated
only LPP-CA3 responses. Trains delivered to MPP afferents alone failed to induce
LTP. When weak MPP trains were paired with the strong LPP trains, MPP-CA3
responses displayed associative LTP. Application of the non-selective opioid receptor
antagonist naloxone (10 nmol, 1 [d volume) to area CA3, 15 min prior to paired trains
blocked the associative induction of LTP in MPP-CA3 responses, as well as any
further potentiation of LPP responses. Application of the lactated Ringer’s vehicle
alone had no effect on associative LTP induction. These data suggest the release of
opioids peptides and opioid receptor activation are important for the induction of
associative NMDA receptor-dependent LTP when potentiation is induced by the
coactivation of convergent opioid peptide-containing afferents.
Support: GM 07717, GM08194 (BED) and DA 0195 (JLM).

Supported by NIH (K01-DA00291, DA03665 and MH44346) and The Neurosciences
Research Foundation.

264.12
EFFECTS OF CANNABINOIDS ON SYNAPTIC TRANSMISSION AND
PLASTICITY IN THE RAT CEREBELLUM.q» Levenes, H. Daniel,
0. Blond, P. Soubrie and F. Crepel.IDN-CNRS, Univ. Paris 6
75005 Paris, France.
Cannabinoid receptors are heavily expressed in the
molecular layer of the cerebellar cortex. We have analyzed
in patch-clamped Purkinje cells (PCs) in rat cerebellar
slices in vitro the effects of the cannabinoid agonist
WIN55212-2 and antagonist SR141716-A on excitatory synap
tic transmission and synaptic plasticity. Bath application
of WIN55212-2 has a marked depressant effect on parallel
fibers (PFs)-mediated EPSCs, which is fully antagonized
by SR141716-A. Analyzis of the coefficient of variation
and of paired-pulse facilitation of these PF-EPSCs
strongly suggests that WIN55212-2 acts presynaptically by
reducing glutamate release at PFs terminals. Finally,
WIN55212-2 also partly impairs long-term depression in
PCs, an effect which is fully antagonized by SR141716-A.
Impairment of long-term depression doesn’t seem to be due
to alterations of the voltage-gated calcium channels of
PCs.
These results show that presynaptic modulation of
PF-PC synapses may modulate a long-term change in synaptic
efficacy considered as postsynaptic for both its induction
and expression.
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INVOLVEMENT OF ARACHIDONIC ACID METABOLITES IN THE
POTENTIATION INDUCED BY COAPPLICATION OF ARACHIDONIC ACID
AND ACPD. D R. Collins* and S.N. Davies. Department of Biomedical Sciences,
University of Aberdeen, Institute of Medical Sciences, Foresterhill, Aberdeen, AB25
2ZD, Scotland.
We have previously shown that 5 min application of arachidonic acid (AA) or
(1S,3R)-1-aminocyclopentane-1,3-dicarboxyic acid (ACPD) has no long-term effects
on synaptic transmission, but that coapplication of AA and ACPD evokes a biphasic
potentiation of the field excitatory postsynaptic potential in the CA1 region of the rat
hippocampal slice (Collins, Smith and Davies, 1995). Since AA is a relatively short
lived structure we have investigated the involvement of the metabolites of arachidonic
acid in the AA and ACPD evoked potentiation.
Perfusion of the cyclo-, lipo- and epoxygenase inhibitor 5,8,11,14-eicosatetraynoic
acid (ETYA) had no effect on synaptic transmission. Coperfusion of AA and ACPD in
the presence of ETYA evoked a transient potentiation of the field EPSP as observed
with coperfusion of AA and ACPD but no slowly developing potentiation. Application
of the lipoxygenase inhibitor nordihydroguaiaretic acid (NDGA) had no effect on
synaptic transmission but blocked all the potentiation evoked by AA and ACPD.
Perfiision of the cycloxygenase inhibitor, indomethacin, also had no effect on synaptic
transmission and, in 4 out of 6 trials, did not block the potentiation evoked by
coapplication of AA and ACPD.
The results indicate that lipoxygenase and/or epoxygenase metabolites of
arachidonic acid may be involved in the induction of potentiation evoked by
coperfusion of arachidonic acid and ACPD.
This work was supported by the Wellcome Trust.
Reference: Collins, D.R, Smith, R.C. and Davies, S.N. (1995) Eur.J Pharmacol, 294,
147-154.

264.14
LONG -TERM POTENTIATION INDUCED BY FACTOR (S)
RELEASED DURING THE INDUCTION OF THE
ENHANCEMENT OF SEPSCs.
S.Kudoh*. K.Kivosue*. M.Kasai. T.TaguchT.
Lab. of Mol. Biol., Fac. of Eng. Sci., Osaka Univ., Toyonaka 560,
Japan, and TOsaka N atl. Res. Inst. (ONRI) AIST, Ikeda 563, Japan.
To elucidate the mechanism of synaptic plasticity, synaptic activity of
single neuron must be analyzed using multiple methods at the same time.
For such analysis, we have developed a dissociated cell culture system, in
which we can analyze synaptic events at a single neuron level. We have
previously reported that long-lasting enhancement of spontaneous
excitatory postsynaptic currents (SEPSCs) was induced by Mg2+-free
medium, and this enhancement depended on neuronal activity and NMDA
receptors. Analysis of miniature EPSCs in the presence of TTX revealed
that the enhancement is thought to be due to the increase in number of
transmitter release site and/or synaptic sites. The potentiation was also
demonstrated to be induced by transient exposing in conditioned Mg2+-free
medium (CM), which was collected after induction of the enhancement
and adjusted the Mg2* concentration at the same in normal extracellular
recording solution. Boiled CM and a fractionated CM containing
molecules smaller than 30kD had no effect on the amplitude of SEPSCs,
suggesting that the factor had rather high molecular mass, not being
released small molecules, such as K+ or glutamate. We further revealed
that protein kinase C was involved in the mechanism of the enhancement.
Partially supported by JSPS Research Fellowships (072875).

264.15
TISSUE PLASMINOGEN ACTIVATOR ALTERS GENE EXPRES
SION IN THE HIPPOCAMPAL NEURONS: A POSSIBLE ROLE
FOR HEPATOCYTE GROWTH FACTOR.
D. Lederfein. Y.-Y.
Huang, J.S. Rubin. K. Yukawa*, and E.R. Kandel. Ctr. Neurobiol. &
Behav., Columbia Univ., HHMI, NY, NY 10032.
We have previously shown that extracellular application of tissue
plasminogen activator (tPA) can stimulate both the late phase of long-term
potentiation (LTP) in hippocampal slices and structural changes in
hippocampal culture (Baranes et al., 1997). We now present findings
which suggest that tPA produces some of its actions via hepatocyte growth
factor (HGF). Using an HGF antagonist (truncated HGF) we were able to
block the ability of tPA to stimulate the late phase of LTP. Furthermore,
application of tPA to primary hippocampal cells in culture increased the
phosphorylation of c-Met, the HGF receptor.
Application of either tPA or HGF increases the phosphorylation of the
transcriptional activator CREB, suggesting that the cellular mechanisms
regulated by the tPA-HGF pathway are involved in further gene induction.
Consistent with this possibility, application of tPA to primary hippocampal
cells in culture leads to significant alterations in the expression of several
genes. Some of these genes, such as regulatory gene CEBP8 and the struc
tural gene a-crystalline were upregulated while others like E4BP4, an
active transcriptional repressor that overlaps in DNA binding site speci
ficity with CREB, were downregulated. Further identification of these
regulatory and structural genes may elucidate the molecular mechanisms
for the downstream genes that may be important in the structural changes
thought to play a role in late phase LTP. Supported by HHMI and NYSPI.

264.16
REGULATION OF HIPPOCAMPAL PROTEIN TYROSINE
PHOSPHORYLATION AND MAPK ACTIVATION BY REACTIVE
OXYGEN SPECIES. B. Kanterewicz. L.T. Knapp and E. Klann*. Department

264.17
ROLE OF PROTEIN TYROSINE KINASES (PKT) IN THE GANGLIONIC
NICOTINC LTP. F. Diaz-Luna and M.A. Morales*. Ins. Inv. Biom. UNAM.
04510 Mexico D.F.
An efferent conditioning train induces a long-term potentiation (LTP) of
nicotinic synaptic transmission in sympathetic ganglia. Among the plausible
explanations of its cellular mechanisms, the role of second messengers has
been strongly proposed. The involvement of cAMP, cGMP and PKC in
ganglionic nicotinic LTP has been demonstrated. Another second messenger,
PKT, has a role in hippocampal LTP. We explored the possible role of PKT
in nicotinic LTP of the rat superior cervical ganglia (SCG). The SCG
removed from rats were placed in a chamber with oxygenated ringer krebs at
room temperature, stimulated and recorded with suction electrode installed in
preganglionic and external carotid nerves. LTP were induced by a
conditioning train of 40 Hz 5s, after partial block with hexamethonium.
Control LTP showed a peak of 251 ±21 and a 90% decay time of 61.7+7.1
min. The PKT inhibitor lavendustin A (7.6 fim) caused a significant
reduction of LTP 90% decay (19.7±4 min) without affecting the peak of
potentiation (244.5±35) when it was administered inmediately (less than one
minute) after the train. On the contrary, the drug has no effect before or 20
min after the conditioning train. Results show a role of PKT in ganglionic
nicotinic LTP, however, it has effect only over the maintenance and once the
Í TP is already established. Supported by PAPITT, DGAPA, UNAM, México
IN213196.
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o f Neuroscience and the Center fo r the Neural Basis o f Cognition, University o f
Pittsburgh, Pittsburgh, PA, 15260.
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In various cell types, reactive oxygen species (ROS) have been shown to enhance
protein tyrosine phosphorylation (PTYR) (Science 270:296; J. Biol. Chem.
268:17131). The effects of ROS on PTYR in neurons are not well understood. We
previously reported that exposure of hippocampal slices to H2O2 increases PTYR, as
measured using a PTYR antibody (Soc.Neurosci. Abstr. 22:333). To investigate
further the effects of ROS on PTYR in the hippocampus, we exposed slices to
various ROS and measured PTYR. Exposure of hippocampal slices to either sodium
nitroprusside (SNP; a nitric oxide donor), 3-morpholinosydnonimine (SIN-1; a
superoxide, nitric oxide, and peroxynitrite generator), or xanthine/xanthine oxidase
(X/XO; a superoxide donor) resulted in increased PTYR of a number of proteins,
including proteins with apparent molecular weights of 42 and 44 kD. The ROSinduced effects on PTYR were time- and concentration-dependent and were blocked by
the antioxidant N-acetyl cysteine. We hypothesized that the increased PTYR of the
42- and 44-kD proteins corresponded to the active forms of p42 mitogen activated
protein kinase (MAPK) and p44 MAPK, respectively. To test this hypothesis, the
same blots were stripped and reprobed with an antibody recognizing active p42
MAPK and p44 MAPK. Consistent with our hypothesis, we observed an increase in
the active forms of p42 MAPK and p44 MAPK in hippocampal slices exposed to
either H2O2, SNP, SIN-1, or X/XO. Our observations are consistent with a role for
ROS as modulators of signal transduction pathways in the hippocampus. It has been
shown that a number of ROS are produced after glutamate receptor stimulation and
that p42 MAPK is activated upon NMDA receptor activation, as well as long-term
potentiation-inducing stimulation (J. Biol. Chem. 271:24329). We hypothesize that
ROS regulation of MAPK activity may be relevant to these processes. Supported by
NINDS grant NS34007 (EK) and NIMH Training grant T37 MH18273(LTK).

264.18
A M A TH E M A T IC A L MODEL, OF K IN A SE AC TIV ITY O F CAMK11 FOR
LO N G -TER M PO TEN TIA TIO N A N D D E P R E SS IO N H. C ateau* and S. Tanaka.
Lab. for Neural M odeling, F R P , T he Institute o f Physical and C hem ical Research
(R1KEN), W ako, S aitam a 351-01. J^pan
M icheL on and S chulm an (1994) have m odeled the change in kinase activity
o f calciu 111-calmodu 1in-depeilefent protein kinase type II (C aM K Il) as the transition
a m eng four active and one inactive states o f subunits of aC aM K II m olecule under the
interaction between neighboring subunits, resulting in the em ergence o f short-term
increase in C aM K Il activity triggered by transient ele \a tio n o f C a:+ concentration.
Extenifng this form ulation and applying analytical and num erical calculations, we
exam ined in what conditions the sustained increase as well af. decrease in C aM K Il
activity occur and w hether the activity changes can be sustained so as to reflect tim e
course for the induction o f long-term potentiation (LT P ) and depression (LTD ) o f
synaptic efficacy. A necessary condition for C aM K Il to serve as a m olecular sw itch for
L T P /L T D induction is the presence o f a stable inactive state o f C aM K Il subunits. We
found that, to satisfy this condition, intracellular free C a:7cal m oduli n concentration
should be less than a threshold concentration proportional to the dissociation constant
o f C a'V calm od'.ilin from C aM K Il. O n the other hand, co o p e iativ ity d u e to interaction
am ong neighboring subunits was found to ensure the stability o f active states o f
C aM K Il. F urtherm ore, taking into account the action o f phosphatase for
cbphosphorylation o f active C aM K Il, we exam ined the decrease in C aM K Il activity
w hich leads to LTD induction and found that tem poral behavior o f observed short-term
depression follow ed by LT D is quite sim ilar to that o f sim ulated C aM K Il activity. No
sustained decrease in C aM K Il was seen w hen calcium elevation is inhibited, w hich is
in a good agreem ent w ith the experim ental evidence that LTD is blocked by
intracellular infusion o f calcium chelator. Taken together, it is suggested that the
change in kinase activity o f C aM K Il determ ines the induction o f L T P and LTD.
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264.19
A DATA ACQUISITION PROGRAM FOR ON-LINE ANALYSIS OF
LONG-TERM POTENTIATION AND LONG-TERM DEPRESSION.
W. W. Anderson* and G. L. Collingridge. Dept, of Anatomy, Univ. of
Bristol, Bristol BS8 1TD, UK.
The ‘LTP’ program is a stimulation, data acquisition and on-line analysis
program for studying Long-Term Potentiation (LTP) and Long-Term
Depression (LTD). It is a 32-bit Extended DOS program written in Watcom
C that runs on computers using DOS 6.x / Windows 3.x or Windows 95.
Data acquisition boards that can be used include Axon Instruments’ Digidata
1200, Scientific Solution’s Labmaster, and several low cost boards.
The program records synaptic activity in extracellular, current clamp or
voltage clamp modes. It produces repetitive sweeps with simultaneous data
acquisition (up to 1.8 million samples/sweep) and stimulation (two
extracellular pathway stimulation, SO and/or SI, and epoch-like intracellular
analog stimulation and digital outputs). The basic protocols are either slow
single pathway SO stimulation, or slow alternating dual pathway SO or SI
stimulation. The sweep data can be signal averaged and digitally filtered on
line. On-line analysis includes: DC baseline, synaptic peak amplitude,
synaptic slope (using linear regression), average amplitude, cell resistance,
and patch electrode series resistance (using exponential curve fitting). LTP
induction can be produced by single train, repetitive train (theta), or primed
burst stimulation. LTD stimulation and analysis can be performed using fast
repetitive sweeps (up to 2 Hz), or a single sweep lasting several minutes with
faster repetitive stimulation. Data can be plotted on-line to a LaserJet II
compatible printer. The ‘LTP’ program is freely available to academic users.
Supported by the Wellcome Trust and the MRC.
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264.20
ACUTE FIELD POTENTIAL RECORDINGS IN DENTATE GYRUS OF
URETHANE ANESTHETIZED RATS: STABILITY OF BASELINE. C.M.
M ack1 and M.E. G ilbert*12 US EPA and NRC, RTP, NC 277 11.
Urethane is a standard anesthetic utilized for in vivo recordings in the
hippocampus. In studies of long-term potentiation (LTP), response
amplitude min to hr follow ing train delivery is the parameter of interest.
In the absence of experimental treatm ent, we have consistently
observed upward d rift in the amplitude of the population spike (PS) and
EPSP slope of the dentate gyrus (DG) evoked response. The present
study system atically monitored PS and EPSP in the DG, under urethane
anesthesia (1-2 gm /kg), every 30m for 6hr follow ing optim al positioning
of Teflon-coated bipolar stainless steel electrodes (each strand 325 //M ).
A t maximal stimulus intensities, large increases in PS am plitude (7080% ) were observed over the firs t 2-4 hr, an e ffe c t th a t was
exaggerated at lower stimulus intensities. Increases in EPSP were smaller
in magnitude (20-30% ) and stabilized w ithin a shorter period of tim e (12 hr). Animals were warmed on a heating pad and neither body or brain
temperature varied system atically over the recording session. To
dissociate anesthetic from surgical effects, sim ilar recordings were
obtained from animals previously prepared w ith indw elling electrodes
and injected w ith urethane. Although slight declines (10-15% ) in EPSP
slope occurred, no significant alterations in PS were seen in the chronic
preparation. These data suggest th a t surgical trauma may contribute to
upward d rift in response am plitude and indicate th a t long stabilization
periods are required in acute preparations. Currently, studies examining
the effects of electrode diameter and type of anesthesia on response
stability are underway. (Supported by 1US EPA,2NRC, 2NIH ES06253).
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265.1
KINETICS OF EPIBATIDINE ACTIVATION OF MUSCLE NICOTINIC
RECEPTORS. RJ- Prince* and S.M. Sine. Dept. Physiology, Mayo Foundation,
Rochester MN 55905.
We recently demonstrated that epibatidine (epi) selects strongly between the two
binding sites of desensitized muscle acetylcholine receptors (AChR), displaying
more than 100-fold higher affinity for
0#
the ae and a y binding sites over that
of the a8 site. Here we examine the
interaction of this novel ligand with the
p 04
resting state of the receptor. We
°
expressed fetal (c^PyS) AChR in HEK
®
293 cells and recorded single channel
02
currents elicited by (-)epi. To estimate
individual rate constants underlying
activation, we fit a two site model
00
incorporating channel block to our data.
The data are well described by the
model, with dissociation rates for the two sites of 230s'1 and 8860s’1 and
association rates of 71|iM'ls'1 and 217|xM1s'1, yielding dissociation constants of
3.2(iM and 41|iM. Thus epi discriminates between the ay and cx5 binding sites in
the resting state as well as the desensitized state. Unlike ACh, epi is rather
ineffective at opening the receptor channel with an open equilibrium constant (0)
of only 2 (ACh © > 250). Epi, however, shows strong channel block with a Kb of
121|jM (ACh K^lmM). The overall kinetic parameters describe the dose-response
curve for activation, with an ECJ0 of 10|iM and a maximal open probability of
0.41 (see figure). Supported by NIH Grant NS31744 to SMS and by the
Myasthenia Gravis Foundation (Fellowship to RJP).

265.2
BRIEF LIFETIMES OF SINGLE CHANNEL CURRENTS RECORDED FROM
HOMOMERIC HUMAN AND CHICKEN oc7 ACETYLCHOLINE RECEPTORS
(ACHRS) EXPRESSED IN XENOPUS OOCYTES. M.E. Nelson* and J. Lindstrom.
Dept, of Neuroscience, Univ. of Pennsylvania Med. School, Philadelphia, PA 19104
The few data that have been published on the single channel properties of oc7 AChRs
seem conflicting, possibly, due to species differences or dissimilar recording
conditions. We have designed experiments to resolve these issues by single-channel
recording of human and chicken AChRs expressed in Xenopus oocytes. The
macroscopic properties of these AChRs have been characterized previously
(Gerzanich etal. (1994) Mol. Pharm. 45:212; Peng etal. (1994) Mol. Pharm. 45:546).
They exhibit low sensitivity to agonists, are antagonized by oc-bungarotoxin (ocBGT), activate rapidly, and desensitize extremely fast. The fast desensitization has
hindered attempts to characterize the functional properties of a l AChRs at the single
channel level in cells or oocytes. In cultured rat hippocampal neurons, a correlation
between the unique single channel activity following brief applications of ACh and the
rapidly desensitizing, a-BGT-sensitive whole-cell currents was established (Castro
and Albuquerque, (1993) Neurosci Lett. 164:137). The mean channel open time was
0.11 ms and the conductance was 73 pS at -80 mV, but these values seemed to
contradict earlier reports for chicken a7 AChR single channel currents from oocytes.
Here we have established a similar brevity for heterologous a7 AChRs in oocytes
recorded under conditions analogous to those used in the rat hippocampal study. For
these AChRs, the mean channel open times were 0.19 ms for human and 0.10 ms for
chick at -80 mV when activated in outside-out patches by brief applications of ACh.
The average single channel amplitudes were -4.5 pA for both human and chick
AChRs at -80 mV corresponding to a chord conductance of 56 pS. Our findings
demonstrate that the brief lifetime of the single channel currents for a7 AChRs is
common across species and is consistent with the rapidly decaying macroscopic
currents attributed to ‘native’ a l AChRs (i.e., decay of whole-cell currents with a
x = 10 ms have been reported meaning channel open durations are likely substantially
shorter than this). The brief lifetime of the a7 AChR single channel openings,
therefore, allows for the rapid decay of a7 macrosopic responses (desensitization) and
raises the question of the underlying mechanism for the rapid termination of channel
openings. (Supported by an NRSA fellowship to MN and grants to J.L. from NINDS, STRC,
and MDA)

265.3
BIOPHYSICAL PROPERTIES OF NEURONAL NICOTINIC
ACETYLCHOLINE RECEPTORS IN a 5 KNOCKOUT MICE. S.E. Gelber*. J.
Ramirez-Latorre. C. Du. A Orr-Urtreeer1. A. L. Beaudet2. L.W. Role. Ctrfor
Neurobiol., Columbia University NY, NY. 10032, 'Tel-Aviv Sourasky Med. Ctr, Israel
and 2Division of Neuroscience, Baylor College of Medicine, Houston, Texas 77030.
Neuronal nicotinic ACh receptors (nAChRs) are ligand binding receptors composed
of combinations of a and p subunits. In heterologous expression systems, a5
containing receptors compared with non a5 containing a/p receptors are (1) higher in
conductance (2) require higher concentrations of agonist for lA maximal activation and
(3) display clustered channel openings interspersed with prolonged closed times,
consistent with desensitization at lower concentrations of agonist. (Ramirez et al, 1996)
We have characterized the biophysical properties of neuronal nAChRs from mice
genetically engineered to lack a5 nAChR subunit expression. Single channel recording
of nAChR currents in neurons from homozygous, heterozygous and wild-type mice
have been examined without knowledge (to date) of their genotype. Pooled analysis of
the channel profiles from all samples reveals 5 conductances (y~ 5pS, 15pS, 27pS, 40pS
and 60pS) Three patterns of channel activity gated by (10 ^M) ACh are detected in
recordings from neurons isolated from individual mice. Group 1 neurons express only
the smallest conductance classes (5pS, 15pS and relatively few 27pS), have overall low
P0(Po~0.02) and relatively short intervals between openings (Tc 2-10 sec). TJie second
group expresses the same 3 conductance classes, but the P0 ranges from 0.02 to brief
periods where the P0 -0.3. These periods of high opening probability are separated by
low PQperiods lasting for 20-60s and the P0 is greatest for die 27pS channel. Group 3
neurons express all but the smallest conductance class; plots of P0 vs time reveal 40-80s
bursts of increased activity (P„ ~0.3) separated by several hundred second stretches of
low P0. The genotypes associated with these groups will be revealed (to us) at the
presentation. (Supported by NS22061 to LWR and NIDA and the Fogarty Institute to
AB and AOU)

265.4
PGE2 DIFFERENTIALLY REGULATES OPENING PROBABILITY OF PREAND POST-SYNAPTIC NEURONAL nAChRs. C. Du* & L. W. Role. Anat &
Cell Biol., Ctr. for Neurobiol., Columbia Univ., 722 W 168th St., NY, NY 10032.
Previous studies describe four biophysically distinct neuronal nAChR subtypes
expressed by and clustered on individual chick sympathetic ganglion neurons.
Exposure of these neurons to nM concentrations of PGE2 enhances Ca entry,
selectively increases the Po of a small conductance subtype (y ~25pS) but decreases
Po of each of the other nAChRs (-15, 40, >50pS) expressed on neuronal somata. In
view of previous findings that activation of pre- as well as post-synaptic nAChRs
alters transmission in vitro, we wondered if the net effect of PGE2 at ganglionic
synapses would be to enhance or depress synaptic function.
Spontaneous excitatory postsynaptic currents (sEPSC) were recorded in innervated
embryonic chick sympathetic neurons maintained in vitro with presynaptic visceral
motor neurons. To assess potential effects of PGE2 on presynaptic nAChRs, we
assayed nicotine-induced facilitation in the presence and absence of PGE2. Nicotine
alone (500nM) induced a robust presynaptic facilitation (6X increase in sEPSC
frequency; no change in amplitude). Treatment with PGE2 alone (1 nM) diminished
the number of detectable sEPSCs, rendering innervated neurons nearly silent. PGE2
inhibition of synaptic transmission appears to be entirely postsynaptic in origin
because: (1) the amplitude of ACh(20|iM)-elicited macroscopic currents are decreased
by >70% by PGE2 (InM); (2) nicotine-induced increases in sEPSC frequency are
equally robust in the presence or absence of PGE2; and (3) amplitude of the sEPSCs
following exposure to nicotine + PGE2 is decreased 50% compared with control. In
view of the PGE2-induced increase in Po of the 25pS subtype, the smaller amplitude
sEPSCs observed may be due to selective activation of sites including this relatively
small conductance subtype. The differential modulation of both pre- and post
synaptic nAChRs by PGE2 further supports the expression of functionally distinct
nAChRs at axonal and somatic /dendritic sites. [Supported by NS22061 and the Council
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265.5
ROUTES OF NICOTINIC RECEPTOR INDUCED INCREASE OF
PRESYNAPTIC CALCIUM AND EFFECTS OF CHRONIC TREATMENT
WITH NICOTINE. R. Girod*. D. McGehee2. L. Role. Ctr for Neurobiology,
Columbia Univ. P&S, New York and 2Dept. of Anesthesiology, Univ. Chicago.
Nicotine (Nic) enhances the secretion of various transmitters in the CNS by
activating neuronal nicotinic receptors (nAChRs) located on presynaptic nerve
terminals. At the chick medial habenula (MHN) to interpeduncular nucleus (IPN)
synapse, low doses of Nic enhance glutamate secretion by activating presynaptic
nAChRs (McGehee et al., 1995). In the present work, chick IPN neurons were
dispersed and maintained in vitro with MHN explants. Glutamatergic synaptic
transmission was monitored by electrophysiological and calcium imaging techniques.
Using a battery of voltage gated Ca2+ channels (VGCC) antagonists, we find that Nicinduced facilitation of glutamate secretion was supported solely by presynaptic Ca2+
influx through the nAChR itself at around 50 % of MHN-IPN synapses. At the
remaining sites, Ca2+ entry through VGCCs was required for synaptic facilitation,
indicating that Nic produced significant depolarization of the nerve terminals. Thus, at
MHN-IPN synapses, Nic induces preterminal Ca2+ influx through at least 2
mechanisms to produce synaptic facilitation. Potential contributions of Ca2+
mobilization from internal stores are yet to be assessed. Changes in presynaptic
nAChRs following chronic exposure to Nic were also examined. Basal glutamatergic
transmission (spontaneous synaptic current frequency, amplitude and time course) was
unchanged after 24-48 hrs exposure to Nic (lfiM); in contrast, Nic-induced synaptic
facilitation was depressed by chronic Nic. Moreover, chronic Nic increased the
number of visually contacted IPN neurons in which synaptic activity was detected.
We propose that chronic Nic treatment may downregulate the number of functional
presynaptic nAChRs, perhaps underlying aspects of nicotine tolerance in smokers.
The possibility that nicotine exposure alters the number of functional synaptic
connections formed by developing CNS neurons will be of interest to study in more
detail, (supported by NIDA grant n° DA09366)

265.6
SENSITIVITY OF NEURONS IN MEDIAL HABENULA SLICES TO
NICOTINIC AGONISTS. R. M. Ceballos*. C. B. Ransom and R. A. J.
Lester.
Department o f , Neurobiology, University of Alabama at
Birmingham, Birmingham, AL 35294.
The non-uniform distribution of mRNAs for various subunits of the
nicotinic acetylcholine receptor (nAChR) in the medial habenula (MHb)
predicts that multiple types of nAChR should exist in this nucleus. Whole
cell patch-clamp recordings were made under visual control from neurons
in 200 pm slices of the MHb. Cells were analyzed if the series resistance
was < 20 Mft and the holding current was < 100 pA at -60 mV. The
responsiveness to various nicotinic agonists was assessed by pressureejection (1-2 p.s.i.; 100 ms - 2 s). The MHb was arbitrarily divided into
extreme ventral (V), dorsal-ventral (DV) and extreme dorsal (D), and the
relative position of neurons was noted. No caudal-rostral comparisons were
performed. Based on capacitance measurements, cell size decreased from
ventral to dorsal MHb (V, 23.3 ± 1.9 pF, n = 13; DV, 15.9 ± 1.5 pF, n = 13;
D, 9.5 ± 2.5 pF, n = 2). Morphological differences between regions were
also observed. No nAChR-mediated responses were found in the dorsal
region (n = 2) and currents induced by 2 s pulses of 10 pM cytisine were
larger in the ventral compared to the dorsal-ventral border (V, 2270 ± 578
pA ; n = 6 ; DV, 615 ± 202 pA, n = 6 ). The amplitude difference between
the two regions was still observed if currents were normalized to cell size (V,
91.2 ± 24.7 pA/pF; DV, 44.4 ± 14.4 pA/pF), implying a difference in
nAChR density or functional activation. In a set of experiments in which
the responses to two agonists, cytisine and nicotine, were compared on the
same cell, similar, but not identical, relative potencies were observed
(cytisine 1.05 ± 0.32 fold > nicotine; n = 5). These data suggest that,
although cell size and nAChR density may vary across the MHb, based on
cytisine potency, all functional nAChRs are likely to be dominated by the
|34 subunit, consistent with 04 mRNA expression in the ventral 2/3 MHb.
Supported by NS31669 and the W.M. Keck Foundation 931360

2 65.7
SYNAPTIC TRANSMISSION MEDIATED BY NICOTINIC RECEPTORS IN
HIPPOCAMPAL SLICE CULTURES. S. Heffi. D.Bertrand+ and D.Muller*.
Neuropharmacology and ^Department of Physiology, Geneva Univ. Sch. of
Med., Geneva 1211, Switzerland.

265.8
EFFECTS OF ACTIVATION OF NICOTINIC ACETYLCHOLINE RECEPTORS IN
CA1 NEURONS OF RAT HIPPOCAMPAL SUCES. Albuquerque. E X 13.
Selmanoff. M.*2 and Alkondon. M.1 1Dept. Pharmacol. Exp. Ther. and 2Dept.
Physiol., Univ. Maryland Sch. Med., Baltimore, MD 21201, USA; 3Lab. Mol.
Pharmacol., IBCCF, UFRJ, Rio de Janeiro, RJ 21944, Brazil.
Events that follow immediately upon activation of nicotinic acetylcholine
receptors (nAChRs) were studied in CA1 neurons of rat hippocampal slices using
infrared microscopy and patch-clamp technique. Hippocampal slices ~ 200-pm
thick were prepared from the brain of 8-24-day-old rats. Neurons were visually
identified, and partially cleaned by a gentle stream of physiological solution
applied through a pipette. Whole-cell recordings were performed at the cell
soma, and different agonists were applied to the cell soma and the dendrites
using a modified U-tube. Neurons of the pyramidal layer responded to application
of ACh (1 mM) or other nicotinic agonists such as (+)anatoxin-a (10 pM),
(-)epibatidine (2 pM) or DMPP (100 pM), in the presence of atropine (1 pM) with
an inward current that was accompanied by several discrete postsynaptic currents
(PSCs). Whereas d-tubocurarine (10 pM) reversibly blocked both types of events,
TTX (300 nM) blocked only the PSCs, and methyllycaconitine or dihydro-perythroidine (up to 1 pM) failed to affect any of these events. The PSCs had
similar decay time constants to those of GABA-mediated spontaneous synaptic
currents, and were also blocked by the GABAa receptor antagonist picrotoxin
(100 pM). However, the amplitudes'^ PSCs were larger than those of the
spontaneous synaptic currents. Application of ACh (1 mM) or the a7-selective
ligand choline (10 mM) to neurons of the stratum radiatum induced inward
current accompanied by bursts of action potentials. The present results suggest
that nicotinic receptor activation modulates the activity of CA1 neurons via both
direct (nAChR-mediated ionic current) and indirect (GABA release) mechanisms.
(Support: USPHS grants NS25296 and ES05730; FINEP and CNPq - Brazil)

Synaptic currents were studied in interface hippocampal slice cultures prepared
.from 14 days old rats. Compound postsynaptic currents were evoked by afferent
stimulation of Schaffer collaterals in stratum radiatum and recorded using
whole-cell voltage clamp techniques in CA1 neurons. AMPA/KAINATE and
NMDA receptor- as well as a GABA receptor-mediated currents could be
isolated by applying the selective antagonists NBQX (5 pM)/ CNQX (20|jM),
R-CPP (20pM)/ AP-5 (50pM) and bicuculline (20jiM) / picrotoxin (50jaM)
respectively. However, in the presence of a combined application of all these
antagonists, a small inward current persisted. This current represented about
2% of the initial current amplitude and was observed in 95% of the recorded
cells (n=37). This current was of synaptic origin: it occurred after a short delay,
it was calcium-dependent and was blocked by the Na+ channel blocker TTX.
Pharmacological analyses showed that this current was not inhibited by
muscarinic, 5-HT3 or P* receptor antagonists. However it was reversibly
blocked by d-tubocurarine (10-20pM) and by the specific nicotinic antagonist
MLA (lpM and lOnM), it was also markedly reduced by a-bungarotoxine.
These results provide the first evidence for the existence of functional synaptic
transmission mediated by nicotinic receptors in the supraspinal CNS (work
supported by FNRS).

26 5 .9
CHOUNE: A FULL AGONIST OF a-BUNGAROTOXIN-SENSITIVE NICOTINIC
RECEPTORS IN THE CENTRAL NERVOUS SYSTEM. Maelicke. A*3. Pereira.
E.F.R.1. Cortes. W.S.12. Alkondon. M. & Albuquerque. E.X.12 'Dept. Pharmacol.
Exp. Ther., Univ. Maryland Sch. Med., Baltimore, MD 21201; 2Dept. Basic & Clin.
Pharmacol, and Lab. Mol. Pharmacol. II, IBCCF, UFRJ, RJ 21944, Brazil; 3lnst.
Physiol. Chem., Johannes-Gutenberg Univ. Med. Sch., Mainz 55099, Germany.
Earlier studies identified ectopically expressed neuronal nicotinic receptors
(nAChRs) as possible targets for choline - a product of acetylcholine (ACh)
hydrolysis. Thus, the diverse actions of ACh in the brain could be achieved not
only by the existence of various subtypes 6f cholinergic receptors, but also by their
differential sensitivity to choline. Using the whole-cell mode of the patch-clamp
technique, we demonstrate that choline acts as a full agonist at a-bungarotoxinsensitive, a7-bearing nAChRs on neurons from the thalamus and from the
hippocampus of rats. Choline was found to be approximately 10 times less potent
than ACh (EC^ for ACh -135 pM; EC^ for choline -1 .6 mM) in evoking a7nAChR-mediated type IA currents. Also, similarly to ACh (J. Pharmacol. Exp.
Ther. 278:1460,1996), choline activates presynaptic a7-nAChRs that modulate
glutamate release from olfactory bulb neurons in culture. Continuous exposure
of the hippocampal neurons to low concentrations of choline resulted in
desensitization of the a7 nAChRs, as observed by the non-competitive inhibition
by choline of agonist-induced type IA currents. Fast application of choline (0.5
sec; 100 pM -10 mM) to hippocampal neurons that responded to ACh with a4(32
nAChR-mediated type II currents did not evoke measurable whole-cell currents.
Most PC12 cells responded to ACh with slowly desensitizing, mecamylaminesensitive nicotinic currents, which are likely to be subserved by a3f*4 nAChRs. At
these nAChRs, choline acted as a partial agonist, exhibiting only 20% of the
efficacy of ACh as an agonist. The finding that choline selectively affects the
function of native a7 nAChRs may provide the basis for the understanding of the
physiological processes modulated by these receptors in the mammalian central
nervous system. (USPHS grants NS25296 & ES05730; CNPq & FINEP - Brazil)
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265.10
ACTIVATION OF a7 NICOTINIC ACETYLCHOLINE RECEPTORS EVOKES
ACTION POTENTIALS IN HIPPOCAMPAL NEURONS. Alkondon. M.*1 and
Albuquerque. E.X.12 'Dept. Pharmacol. Exp. Ther., Univ. Maryland Sch. Med.,
Baltimore, MD 21201, USA; 2Lab. Mol. Pharmacol., IBCCF, UFRJ, Rio de
Janeiro, RJ 21944, Brazil.
The a7 nAChRs present on neurons of the central nervous systems have very
unique properties: (Qthey desensitize very fast in the continuous presence of an
agonist, and (ii) they are highly permeable to Ca2*. Effects such as modulation
of neurotransmitter release, regulation of neurite outgrowth, and cytoprotection
are consistent with the high permeability of the receptor to Ca2+. The possibility
that a7 nAChRs could also mediate membrane depolarization and spike initiation
was tested in the present study using hippocampal neurons in culture, because
these neurons express a7 nAChRs in abundance. The whole-cell mode of the
patch-clamp technique was used either in the voltage-clamp (VC) or in the
current-clamp (CC) condition. Application of ACh (3 mM) or a7 nAChR-selective
ligand choline (10 mM) via a U-tube, in the presence of TTX (100-200 nM)
evoked fast-decaying inward currents (type IA current) in the VC mode and fastdecaying depolarizing potentials in the CC mode; the magnitude of the
depolarization ranged between 5 and 45 mV in different neurons. In the absence
of TTX, ACh or choline induced an inward current followed either by a burst of
postsynaptic currents or by a burst of action potentials (APs). Under CC mode,
in the absence of TTX, these agonists elicited either a single AP or bursts of APs.
Methyllycaconitine (1 nM) blocked ACh- and choline-evoked APs and
depolarization. These results suggest that activation of a7 nAChRs can control
excitability of neurons by direct (depolarization) and indirect (by recruiting sodium
channels and generating APs) mechanisms.
(Support: USPHS Grants NS25296 & ES05370; FINEP & CNPq - Brazil).
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265.11
FUNCTIONAL NICOTINIC ACETYLCHOLINE RECEPTORS (nAChRs) ON
INTERNEURONS OF THE RAT DENTATE GYRUS. S. Jones* & J.L. Yakel.
Laboratory of Signal Transduction, NIEHS/NIH, RTP, NC 27709.
Cholinergic neurons innervate the dentate gyrus (DG) primarily in the granule cell
layer and hilar region (Frotscher & Leranth, 1985, J. Comp. Neurol., 239:237).
Binding sites for the nAChR antagonist a-bungarotoxin (a-BgTx) have been
reported on intemeurons of the rat dentate gyrus (Freedman et al., 1993, J.
Neurosci. 13:1965). Using whole-cell patch-clamp recording techniques in visually
identified DG intemeurons in rat hippocampal slices (300 y.m thick), we have
observed functional nAChR-mediated responses in DG intemeurons, but not in
granule cells. The rapid application of ACh (100 (iM, 5 sec) evoked inward current
responses in all DG intemeurons tested (29 ± 6 pA peak amplitude, 16 cells,
voltage-clamped to -70 mV). This response was not blocked by tetrodotoxin,
glutamate or GABAa receptor antagonists, the 5-HT3 receptor antagonist MDL
72222 (2 nM) or atropine (10 yM). A similar inward current response was seen
with the nAChR agonist DMPP (100 yM). The response to ACh was inhibited by
the nAChR antagonists mecamylamine (10 yM; 95 ± 3%; 3 cells) and a-BgTx (100
nM; 75 ± 6%; 3 cells); the block by a-BgfTx suggests that these nAChRs contain the
a7 nicotinic subunit ACh-activated currents reversed at around -10 mV, as
expected for a non-selective cation conductance. Interestingly, nAChR responses in
DG intemeurons were smaller than nAChR responses in hippocampal CA1 stratum
radiatum intemeurons (mean ± sem 110 ± 21 pA peak amplitude, n = 10). This may
reflect greater desensitization in the DG intemeurons. As nicotinic AChR responses
were not observed in recordings from the DG granule cell layer, this suggests that
the primaiy targets for fast, ACh-mediated effects in the dentate gyrus are the
inhibitory intemeurons rather than the excitatory granule cells.
Supported by the NIH intramural program

265.12
LOW CONCENTRATION OF NICOTINE ACTIVATES AND
DESENSITIZES MESOLIMBIC DOPAMINE NEURONS. V.I.
Pidoplichko. M. DeBiasi, J.T. Williams, and J.A. Dani* Division of
Neuroscience, Baylor College of Medicine, Houston, TX 77030.
The mesolimbic dopamine system normally helps to shape behaviors by
reinforcing biologically rewarding events. An especially important role is
played by ventral tegmental area (VTA) neurons, which release dopamine
at targets that include the nucleus accumbens. The mesolimbic dopamine
system is a site of action for nicotine because VTA neurons express
nicotinic acetylcholine receptors (nAChR) and high concentrations of
nicotine are known to depolarize and activate dopaminergic neurons
(Clarke, 1993, Prog. Brain Res. 98:77; Calabresi, Lacey, North, 1989, Br.
J. Pharm. 98:135). There are no results, however, in the range of nicotine
concentrations achieved by smokers (about 0.5 jlM). We have found
that even low levels of nicotine can have multiple effects on VTA
dopaminergic neurons. On the short term, 0.5 juM nicotine activates
VTA neurons causing them to fire a burst of action potentials that could
mediate the rewarding aspects of tobacco use. Pharmacological studies
indicate that multiple subtypes of nAChRs mediate the nicotinic
currents. Longer-term exposure to nicotine causes further strong
desensitization of nicotine’s effects, which helps to explain acute
tolerance to nicotine obtained from tobacco. Supported by Smokeless
Tobacco Research Council, Inc., and NIH NINDS and NIDA.

265.13

265.14
CHARACTERIZATION OF a 7 MEDIATED NICOTINIC CURRENT
ON RAT HIPPOCAMPAL INTERNEURONS. C.J. Frazier*, and T V.
Dunwiddie. Neuroscience Training Program, University of Colorado Health
Sciences Center, and Medical Research, VAMC, Denver, CO 80220
We previously identified a novel nicotinic current on stratum radiatum
intemeurons in the rat hippocampus (SFN Abstract 137.2, 1996).
Hippocampal slices (300 microns thick) were prepared from 2-4 week old
Sprague Dawley rats and maintained under in vitro conditions at room
temperature in artificial CSF. Intemeurons in stratum radiatum of the CA1
region were readily identified using DIC (Nomarski) optics. Recordings were
made in voltage clamp mode using whole cell patch clamp techniques.
Pressure application (2-20 p.s.i., 5-15 msec) of acetylcholine on the
intemeuron soma induced a fast, rapidly desensitizing, inward current that
was not found on CA1 pyramidal cells. The pharmacological profile of the
current indicated that it was mediated by nicotinic acetylcholine receptors
(nAChRs) containing the a l subunit. In the present studies, we have
characterized the desensitization properties, decay kinetics, and voltage
dependence of the current. Many such parameters are similar to those
previously reported for a l containing nAChRs in cultured cell, and artificial
expression systems. In addition, preliminary studies involving electrical
stimulation suggest the possibility that a l containing nAChRs on radiatum
intemeurons represent a postsynaptic target for endogenous cholinergic
afferents contributing to fast synaptic transmission.
Supported by MH44212, and the Veterans Administration Medical Research
Service.

LONG-LASTING ACH-INDUCED CURRENTS BLOCKED
BY a-BUNGAROTOXIN IN RAT INTRACARDIAC
neurons.
J,
JYuG, ■CQai.QX-*x-ai]d _D lK, . Berg,
Department of Biology, UC San Diego, La Jolla, CA 92093.
A distinctive characteristic of nicotinic acetylcholine
receptors (AChRs) that bind a-bungarotoxin (aBgt) on
neurons is their rapid desensitization. Using whole-cell
patch clamp techniques, we find that three-fourths of
neonatal rat (3-10 day old) intracardiac neurons tested after
3-5 days in culture have ACh (500 nM) responses that are
aBgt-sensitive. The toxin blockade has an IC50 of 0.4 nM,
eliminates half of the peak current, and is reversible (1 0 min^
washout). Unlike aBgt-sensitive currents in other neurons,
however, these exhibit only a slow desensitization that is
best fit by the sum of two exponential functions with decay
constants of 170 ± 20 and 930 ± 70 ms. Rat intracardiac
neurons express the AChR a7 gene. Using radioimmune
assays with subunit-specific monoclonal antibodies, we find
that extracts prepared from intracardiac' ganglia of neonatal
rats have AChRs with a7 subunits that bind aBgt (~5
fmol/ganglion). It is not known if the neurons also express
the a9 gene, the only other non-muscle AChR gene product
known to bind aBgt in rat but not detected yet in neurons.
These slowly desensitizing, aBgt-sensitive AChRs are likely
to have a major impact on ganglionic signaling and cardiac
function, particularly if they have a high relative
permeability to calcium as reported for other aBgt-sensitive
neuronal AChRs. (Supported by NIH NS12601 & NS35469)

.Cuevas»

265.15
RAPID SYNAPTIC TRANSMISSION IN THE AVIAN CILIARY GANGLION IS
MEDIATED BY TWO DISTINCT CLASSES OF NICOTINIC RECEPTORS.
E.M. Ullian*. J.M. McIntosh, and P.B. Sargent. Neuroscience Graduate Program
and Departments of Stomatology and Physiology, UCSF, San Francisco, CA, 94143
and Department of Biology, Univ. of Utah, Salt Lake City, UT 84112.
We have analyzed the kinetics and pharmacology of excitatory postsynaptic
currents (EPSCs) in two kinds of neurons in the embryonic avian ciliary ganglion.
Whole-cell voltage-clamp recordings revealed that the singly innervated ciliary
neurons had large-amplitude (1.5-8 nA) EPSCs that could be classified according to
the kinetics of their falling phases. Most of the neurons responded with an EPSC
whose falling phase followed a double exponential time course with time constants
of ca. 1 and 10 msec. The EPSCs of the remaining ciliary neurons followed a single
time constant (ca. 8 msec). Multiply innervated choroid neurons had smaller
amplitude responses (0.2-1.5 nA when all inputs were activated) that appeared to
contain only a slowly decaying component (x = 12 msec). The fast and slow
components of EPSC decay seen in some ciliary neurons could be
pharmacologically isolated with two toxins against nicotinic acetylcholine receptors
(AChRs). The fast component was blocked by 50 nM a-bungarotoxin (a-BuTx),
which binds a7 containing nAChRs. The slow component was selectively blocked
by 50 nM a-conotoxin-MII (a-CTx-MII), which blocks mammalian AChRs
containing an a3/(32-subunit interface. A combination of both a-BuTx and a CTx-MII abolished nearly all evoked current. Similar pharmacological results were
found for ciliary neurons with monoexponentially decaying EPSCs and for choroid
neurons. These results suggest that nerve-evoked transmitter acts on at least two
different populations of AChRs on autonomic motor neurons in the ciliary ganglion.
This work was supported by NIH grants NS24207, GM07449, MH53631, and
GM48677
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265.16
NICOTINIC RECEPTORS MODULATE EVOKED GABAERGIC
SYNAPTIC TRANSMISSION IN THE CHICK LATERAL
SPIRIFORM NUCLEUS. P.J. Zhu* and V.A. Chiappinelli.
Department of Pharmacology, The George Washington Univ., Sch. of
Med.,Washington D.C. 20037
The lateral spiriform nucleus (SPL) is a thalamic pretectal nucleus
which has a variety of cholinergic receptors (J.Neurosci. 15:7012,95),
and also receives innervation from the semilunaris nucleus which is
cholinergic (J.C om p.Neurol . 281:641,89). To investigate the effects of
activation of nicotinic receptors on synaptic function, whole-cell
recordings were made at room tem perature from identified SPL
neurons in chick embryo (17-19d) brain slices. Under voltage-clamp,
both spontaneous and evoked (by electrical stimulation of input fibers)
activities were fully blocked by bicuculline (20-40 pM), indicating that
both are exclusively GABAergic. Bath application of nicotine (0.1-1
(iiM) consistently increased the frequency of spontaneous currents, as
previously reported (Neurosci. 59:689, 94). However, the effects of
nicotine on evoked GABAergic currents were dose-dependent.
Decreases in evoked currents were observed at 0.5-1 jj.M (5 out of 6
neurons), while at 0.25 |oM, there was no significant change from the
control value of 746 ± 123 pA (mean ± SE, p >0.3, n=10). At the lowest
concentration (0.1 y.M) examined, nicotine increased evoked synaptic
current in 12 out of 13 neurons by 79 ± 17 pA (p <0.001) from the
control level of 765 ± 153 (pA). O ur results suggest that unlike
glutamatergic synapses (Science 269:1692, 96), there are complex
patterns for the effects of nicotine on GABAergic synaptic function in
the SPL.
Supported by NIH G rant NS 17574 to V.A.C.
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ENHANCEMENT OF GLUTAMATE RELEASE BY NICOTINIC
RECEPTORS IS NOT BLOCKED AT LOW CONCENTRATIONS OF
METHYLLYCACONITINE IN THE CHICK VENTRAL LATERAL
GENICULATE NUCLEUS. J.-Z. Guo*. T.L. Tredwav and V.A. Chiappinelli.
Dept. Pharmacol., The George Washington Univ. Sch. of Med., Washington DC
20037
A previous study has shown that presynaptic nicotinic acetylcholine receptors
(nAChRs) enhance GABA release in the chick ventral lateral geniculate
nucleus, (LGNv; J. Neurophysiol. 71: 826-829, 1994). We now report that
glutamate release is also modulated by nAChRs in the LGNv. Pipettes filled
with potassium-gluconate were used to obtain whole-cell voltage-clamp
recordings in 18-21 day embryonic chick brain slices. We recorded the
amplitudes and frequencies of inward spontaneous postsynaptic currents due to
transmitter released from presynaptic terminals. This spontaneous activity was
blocked by CNQX (20 jiM), indicating that glutamate was the transmitter
responsible. Carbachol (10 -100 pM) application produced a large increase in
the frequency of these spontaneous events, an effect which was blocked by
dihydro-0-erythroidine (30 pM). Fifty percent of the neurons showed the
nAChR-mediated enhancement in the presence of tetrodotoxin (0.5 jiM).
Methyllycaconitine (0.1 jiM ), a potent blocker of nAChRs containing the a l
subunit, had little effect on this nAChR-mediated enhancement whereas,
cadmium chloride (100 fiM), a voltage-dependent calcium channel blocker,
completely eliminated the response. These results indicate that glutamate
release in the LGNv is enhanced by nAChRs located on presynaptic terminals.
Voltage-dependent calcium channels are required for this effect, which does not
appear to be mediated by a7-containing nAChRs.
Supported by NIH Grants NS17574 and NS33135 to V.A.C.
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265.18
NICOTINIC RECEPTOR ACTIVATION ENHANCES GABAERGIC
TRANSMISSION
IN
THE
CHICK
EDINGER-WESTPHAL
NUCLEUS. Y. None and V.A. Chiappinelli*. Dept. Pharmacol., The
George Washington Univ. Sch. o f Med., Washington DC 20037
Whole-cell patch clamp recording was used in 10-19 day embryonic chick
brain slices to characterize nicotinic responses in Edinger-Westphal (E-W)
neurons. Nicotinic receptor agonists, carbachol, DMPP, and nicotine, at
30 jiM, elicit a massive increase in the frequency o f spontaneous
postsynaptic currents. These agonists also produce an inward current in
E-W neurons, consistent with a previous study (Neuroscience 72, 545,
1996). The nicotinic receptor antagonist, dihydro-p-erythroidine (30 jiM),
blocks both the frequency enhancement o f spontaneous currents and
postsynaptic inward currents, indicating that nAChRs are responsible for
these responses. The nAChR-mediated enhancement o f frequency and
inward currents can be detected even in 10 days embryonic chick brain
slices. Neurons in both the medial and lateral E-W nucleus have similar
responses to nicotinic agonists. The spontaneous currents reverse at the
chloride ion equilibrium potential and are blocked by 10 |j.M bicuculline,
demonstrating that these events are GABAergic. The nAChRs-mediated
enhancement in spontaneous frequency persisted in the presence of
tetrodotoxin (1 fiM). Methyllycaconitine at low concentration (<1 jiM)
does not block the nAChR-mediated increase in spontaneous currents.
These results suggest that GABAergic synaptic transmission in E-W
nucleus is enhanced by nAChRs located on presynaptic terminals and that
these nAChRs do not appear to contain the a 7 subunit.
Supported by NIH Grant NS 17574 to V.A.C.
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CHOLINERGIC DEAFFERENTATION DOES NOT AFFECT
BRAIN SURFACE OR HIPPOCAMPAL AUDITORY GATING.
R. G. Johnson*. K.E. Stevens. R.G. Wilev and G.M. Rose. Dept.
Pharmacology and Psychiatiy, U.C.H.S.C., and Medical Research, VAMC,
Denver, CO; Neurology Service, VAMC, Nashville, TN
Auditory gating is a form of information processing that is impaired in
schizophrenia. In normal individuals, the response to the second o f a pair of
closely spaced clicks is reduced (gated) compared to the first. Previous
work in the anesthetized rat has shown that disruption o f cholinergic input
by fimbria-fomix lesion blocked auditory gating in the hippocampus. The
aim of the current study was to assess the effect o f selective cholinergic
denervation of the hippocampus, or entire brain, on gating in unanesthetized
rats. 192 IgG-saporin (saporin), an antibody to the rat low affinity nerve
growth factor receptor conjugated to a ribosome-inactivating protein, is a
potent and selective toxin for central cholinergic neurons. Adult male
Sprague Dawley rats received 0.466 jig o f saporin injected into the medial
septal area or 4.0 jag injected into the lateral ventricle. Recorded waveform
variables at the surface and hippocampus (condition amplitude, test
amplitude, and test/condition amplitude ratios) were examined prior to and
following saporin administration.
Suprisingly, although cholinergic
depletion was essentially complete, saporin did not alter auditory gating,
either at the surface or within the hippocampus These data suggest another
aspect of fimbria-fomix lesions is responsible for altering auditory gating.
Supported by NIMH Grant MH44212.

26 6 .3
A SPATIAL LEARNING DEFICIT IN AGED MICE LACKING HIGH-AFFINITY
NICOTINIC RECEPTORS. M. Zoli*>1-2. M. R. Picciotto3. R. Ferrari2. J.-P.
Changeux1. *Lab of Mol. Neurobiol., Institut Pasteur, Paris, France, 75724. 2Sect.
of Physiol., Dept, of Biomed. Sci., Univ. of Modena, Italy 41100. 3Dept. of
Psychiatry, Yale Univ. Sch. of Med., New Haven, CT 06508.
Impairment of telencephalic cholinergic transmission and a marked decrease in
high affinity binding for nicotine is a highly consistent finding in human dementias,
including Alzheimer's disease. Accordingly, experimentally induced lesions of the
cholinergic system or treatment with nicotinic antagonists lead to cognitive deficits
in rodents. We have investigated performance on a spatial learning task (the Morris
water maze) as well as several neurochemical and hormonal parameters in adult (6-8
months of age) and aged (24 months of age) knock-out mice lacking the 02 subunit
of the nAChR. It has previously been shown that these mice lack detectable high
affinity binding of nicotine. The animals were trained for 10 days to find a hidden
platform in the Morris water maze. Whereas 6-8 month old mutant animals and their
wild type siblings performed identically on this task, aged mutant mice showed a
significant impairment in the place learning curve with respect to their wild type
siblings (mean latency, to reach platform (sec) after 7-10 days of testing: 22.0 +/3.0 mutant vs 12.1 +/- 1.5; wild type, p<0.05, one way ANOVA for repeated
measures). On day 11, the platform was removed and a transfer test was performed.
The aged mutant animals showed a significant impairment in this task (number of
crossings over platform location: 3.1 +/- 0.6 mutants; 5.1 +/- 0.6 wild type,
p<0.05 one way ANOVA). On days 12-15, training in the Morris maze was repeated
using a visible platform. No significant difference in performance was observed
•between mutant and wild type mice, demonstrating that the animals had similar
sensory-motor ability and motivation. These data indicate that lack of high affinity
nAChRs leads to a deficit in spatial learning and memory in aged animals. Support:
Biomed contract from the E.C.; a grant from die Donaghue Foundation.
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266.2
THE SYSTEMIC NICOTINE INDUCED FOS LIKE IMMUNOREACTIVITY IN
THE NUCLEUS ACCUMBENS IS REGULATED BY NICOTINIC RECEPTORS
AND NMDA RECEPTORS IN THE VENTRAL' TEGMENTAL AREA.
B.SchilstrOm.G.G.Nomikos.S.de Villiers. AMalmeifelt and T.H.Svensson* Karolinska
Institutet, Dept Physiology & Pharmacology, Div. Pharmacology, S-17177 Stockholm,
Sweden
Acute systemic nicotine has been shown to increase both burst firing in ventral
tegmental area (VTA) dopamine cells and the expression of the protein product Fos of
the immedeate early gene c-fos in the terminal areas of the mesolimbocortical
dopaminergic system. Also, burst- but not regular stimulation of the medial forebrain
bundle increases Fos like immunoreactivity (FLI) in structures innervated by dopamine
neurons. In both cases the FLI increase can be blocked by pretreatment with dopamine
D1 receptor antagonists. We have previousely shown that the nicotine-induced
dopamine release in the nucleus accumbens can be blocked or attenuated by blockade
of nicotinic or NMDA receptors, respectively, in the ventral tegmental area (VTA). In
the present study we investigated, in male Wistar rats, the role of nicotinic and NMDA
receptors in the VTA for the expression of FLI in nucleus accumbens shell (NACs) and
core (NACc) after a single systemic nicotine injection (0.5 mg/kg s.c.).
We found that nicotine increases FLI in NACs and NACc as compared to saline. In
the presence of mecamylamine (lOO^M), administered by reversed dialysis into the
VTA, the nicotine-induced FLI was attenuated to some extent in the NACs and more
pronounced in the NACc. Similarly, in the presence of AP-5 (lOOO^iM), the nicotine
induced FLI was attenuated in the NACc and tended to be decreased in the NACs.
Neither mecamylamine nor AP-5 affected basal FLI levels in any of the structures by
themselves.
Since the nicotine induced FLI probably is due to an increased dopamine release in
the NAC, we conclude that FLI in the NACs, and especially in the NACc, is tightly
regulated by both nicotinic and NMDA receptors in the VTA. Consequently,
pharmacological manipulations ofdopaminergic neuronal activity in brain are reflected
postsynaptically in specific target neurons through changes in Fos expression.
(Supported by the Swedish Medical Research Council, Karolinska Institutet, The
Council for Tobacco Research, USA, Inc. and Swedish Match AB)

266.4
THE EFFECTS OF THE NOVEL NICOTINIC AGONIST RJR-2557 ON
SPONTANEOUS LOCOMOTOR ACTIVITY IN THE RAT. A.J. Bane*12. M.
Bencherif3. and P. Lippiello3. 'Dept. Physiology and Pharmacology, Bowman Gray
School of Medicine. 3Research and Development, Bowman Gray Technical Center,
R.J. Reynolds Tobacco Company, Winston-Salem, North Carolina, 27102.
RJR-2557 is a RJR-2403 analog with marked CNS selectivity. Dopamine release
from striatal synaptosomes and ion flux from thalamic synaptosomes indicate that
this analog has a similar profile to nicotine in the activation of CNS receptors.
Isotopic ion efflux from the human clonal cell line TE671/RD, which expresses a
muscle-type nAChR, and from the rat pheochromocytoma PC 12, which exhibits an
a3p4-like nAChR, indicate that RJR-2557 has no detectable effects at
concentrations up to 1 mM. In contrast, nicotine activates nAChRs in both
preparations with EC50’s of 60 and 20uM, respectively. In addition, chronic
exposure of cells expressing a402 subtype nAChR’s to RJR-2557 (Ki = 9 nM),
results in up-regulation which is phenomenologically similar to the up-regulation
seen after cells have been exposed to nicotine. Consistent with our observation on
RJR-2403 (Papke et al., 1996), RJR-2557 produces much less residual inhibition
than does nicotine. In behavioral tests designed to measure spontaneous locomotor
activity, nicotine induced a biphasic change in locomotor activity with pronounced
hypolocomotion followed by a slight increase in activity. In contrast, the
subcutaneous administration of RJR-2557 produced a persistent reduction in
spontaneous locomotor activity that was greater in magnitude than that seen
following acute administration of nicotine. The reduction in locomotor activity by
RJR-2557, appeared to be monophasic and lasted for the duration of the testing
period (90 min). These results indicate that RJR-2557 has a markedly enhanced
CNS-PNS selectivity ratio and likely has some intra-CNS selectivity (2Supported by
Leon-Goldberg Fellowship).
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266.5
NITRIC OXIDE AND NICOTINIC RECEPTORS: MODULATORS
OF INHIBITORY GATING IN RAT HIPPOCAMPUS K E. Stevens*.
C.E. Adams« D .J, David. G.A. Gerhardt and R. Freedman. Dept.
Psychiatry, and the Neuroscience Program, University o f Colorado
Health Sciences, and Medical Research Service, VAMC, Denver, CO
80262
The CA3 hippocampal region o f rats has a diminished evoked potential
in response to the second o f paired auditory stimuli presented 500 msec
apart. Rats with fimbria-fomix (FFX) lesions do not show this inhibitory
gating of response until administered nicotine, which transiently restores
the gating. In the present studies, L-NAME (a nitric oxide synthase
inhibitor), infused intraventricularly to FFX-lesioned rats, blocked the
improvement in gating normally produced by nicotine. Preliminary in
vivo electrochemical recordings o f extracellular nitric oxide (NO) levels
levels in the hippocampus o f rats demonstrated release o f NO induced
by local acetylcholine injections.
Previous studies have shown
modulation o f inhibitory gating by an a-bungarotoxin-sensitive nicotinic
receptor and these receptors have been localized on NO synthasecontaining neurons.
Taken together, these data suggest that
acetylcholine, acting on a-bungarotoxin-sensitive nicotinic receptors,
may release NO which subsequently modulates hippocampal inhibitory
function. These studies supported by MH51931 and NSF-BIR9513392.

266.6
INHIBITION OF NITRIC OXIDE SYNTHASE (NOS) BY L-NAME
DISRUPTS INHIBITORY GATING IN RAT HIPPOCAMPUS. C.E.
Adams* and K.E. Stevens. Dept. Psychiatry, University o f Colorado
Health Sciences Center, and Medical Research Service, VAMC, Denver,
CO 80262.
In rats, presentation o f an auditory stimulus produces a hippocampal
evoked potential with a prominent negative-going wave 40 msec after
stimulus onset. When paired tones (500 msec apart) are presented, the
amplitude o f the second response is diminished as compared to the first
response; a phenomenon termed inhibitory gating. Intraventricular
infusion o f a-bungarotoxin (a-BTX), an antagonist at the afl nicotinic
cholinergic receptor subtype, disrupts hippocampal inhibitory gating,
suggesting a role for the a7 receptor in the gating circuitry. Binding o f
a-BTX is found predominately on inhibitory neurons in rat
hippocampus, including a subpopulation o f
inhibitory neurons
containing NOS. These data suggested involvement o f nitric oxide
(NO) release in hippocampal inhibitory gating. In the present studies,
intraventricular infusion o f the NOS inhibitor L-NAME (5 mg/ml, 4
Hl/min) resulted in a loss o f hippocampal gating. Upon washout o f LNAME, normal inhibitory gating was restored. These results implicate
a7-mediated release o f NO in the modulation o f hippocampal inhibitory
gating in the rat. Supported by MH44217 and M H51931.

266.7

2 66.8
SUBTYPE CHARACTERIZATION OF THE ACETYLCHOLINE
RECEPTORS (nAChRs)
EXPRESSED IN F l l CELLS, A
DORSAL ROOT GANGLION CELL LINE - D.J. Anderson*. J.E.
Campbell A.M. Manelli, T.A. Kuntzweiller. P.S. Puttfarcken.. S.P. Arneric,
and D.L. Donnellv-Roberts Neurological and Urological Diseases Research, D47W, Abbott Laboratories, Abbott Park, IL 60064-3500
Recent studies have shown that the F ll cells, a dorsal root ganglion (DRG)
hybrid cell line, may be a suitable model system to investigate the role nAChRs
play in the nociceptive pathway (Puttfarcken et al, J.Neurochem, 1997). The
F ll cells were shown to possess functional nAChRs and the potent analgesic
ligand, (+)-epibatidine (EPI), was also shown to effect the release of the
nociceptive transmitter, substance P. To further characterize these receptors, the
present study used RT-PCR, rubidium (86Rb+) efflux, a fluorescent based
imaging assay, and radioligand binding techniques. Results were compared to
those obtained from another ganglionic cell line, the IMR-32 cells. RT-PCR
analysis revealed the presence of mRNA for a3, a5, a l, (32 and |34, with no
message detected for a2, a4, a9 or (33 subunits. Further, an a -4 specific mab
confirmed the lack of the cc4 subunit. Interestingly, no measurable [125I]-abungarotoxin binding was detected in the FI 1 cells, despite the presence of a l
message. Preliminary scatchard analysis of [3H]-EPI binding to the FI 1 cells
indicated a one-site fit (Kd= 0.169 ± .007 nM, Bmax = 61.8 ± 7.6 fmol/mg,
whereas a two-site model was determined for IMR-32 cells. Functional nAChRmediated differences between F ll and IMR-32 cells were identified using
(86Rb+) efflux and Fluo-3 to measure Ca2+ dynamics. Additionally, the
detection of NOS-1 further supports the use of FI 1 cells as authentic, peptidergic
type-C DRG neurons. These results suggest that an a3-containing nAChR
subtype may be responsible for nociceptive signaling in sensory systems.
[Supported by Abbott Laboratories]

EFFECTS OF THE NICOTINIC-CHOLINERGIC AGONIST (±)EPIBATIDINE ON C-FIBER NOCICEPTIVE REFLEX IN RATS. R.J. Radek*
M.W. Decker. Neurological & Urological Disease Research, Pharmaceutical
Products Div., D-47W, Abbott Laboratories, Abbott Paik, IL. 60064-3500
This study assessed the effects of (±)-epibatidine (EPIB), a potent nicotiniccholinergic ligand with antinociceptive activity in rodents, on C fiber mediated
nociceptive flexor reflex in the rat. Flexor reflexes were elicited by electrical
stimulation (0.1 Hz) of the hindpaw under pentobarbital anesthesia (50 mg/kg,
i.p.). Single motor units (SMUs) were recorded from flexor muscles of the
ipsilateral hindlimb for 30 min following drug treatment (all i.p. injections).
Suprathreshold stimulation produced two flexion components comprised of a
20 msec latency A-fiber mediated SMU burst, followed by a 200 msec latency Cfiber mediated SMU burst. Drug effects were assessed by comparing the average
number of SMUs 5 min before treatment (baseline) and for 5 min intervals after
treatment (n=6-8). During the first 5 min after injection, EPIB (0.01-0.03
^mol/kg) significantly reduced the number of long latency C-fiber SMUs by 33
and 24%, respectively (p<0.05). This effect was similar to that produced by
morphine (21.0 (imol/kg i.p.), while saline had no significant effect. Ten min
after injection, EPIB (0.03 |imol/kg) significantly lowered the average number of
long latency C-fiber SMUs by 53%. SMUs were not significantly lowered from
baseline at later time points (10-30 min), however, EPIB treated rats (0.003-0.03
Umol/kg i.p.) expressed significantly lower SMU activity than saline treated rats.
This was because C-fiber SMUs significantly increased during the 10-30 min
interval in saline treated rats, while EPIB produced constant SMU activity. Afiber response to EPIB was similar to that seen on the C-fiber reflex, however,
the magnitude of this effect was not statistically significant.
These results suggest that EPIB can preferentially modulate the activity of
neural pathways involved with nociception in a way consistent with analgesic
activity, reported in behavioral tests. Supported by Abbott Labs.

266.9
ANALGESIC ACTIVITY OF METANICOTINE, A SELECTIVE
NICOTINIC AGONIST. M X -D m ® * -W ,S, Qlassgo and B.R,
Martin. Department of Pharmacology and Toxicology, Medical College
of Virginia/Virginia Commonwealth University, Richmond, V A
23298.
Metanicotine, a nicotinic receptor agonist, is believed to possess high
selectivity for central nicotinic receptor subtypes relative to peripheral
ganglionic and muscular nicotinic receptors. In this study we evaluated
the analgesic activity of metanicotine in different pain tests in mice. The
effects of metanicotine on locomotor activity and body temperature
were also evaluated.
Metanicotine elicited a dose-dependent
antinociception in the tail-flick and the PPQ tests with ED 50 values of
7.2 and 1.6 mg/kg, respectively, after s.c. injection. No significant
effect on locomotor activity or body temperature occurred after s.c.
injection of metanicotine, even at doses 10 to 15-times higher than the
ED50 determined in analgesic tests. Furthermore, metanicotine’s effects
in die tail-flick test were blocked by mecamylamine and dihydro-perythroidine, but not by naloxone and atropine. On the other hand,
metanicotine elicited little antinociception in the hot-plate test after s.c.
administration.
In another group of mice, metanicotine injected
intrathecally (i.t.) and i.c.v. induced a dose-dependent antinociceptive
effect in the tail-flick test Acute tolerance to metanicotine-induced
antinociception develop after one dose or repeated injections. These data
suggest that activation of central nicotinic receptors elicits an analgesic
effect Further studies are needed to investigate the mechanisms of
action of metanicotine. (Supported by NIDA grant #DA-05274).
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266.10
ANTINOCICEPTIVE EFFECTS OF TWO POTENT NICOTINIC
RECEPTOR AGONISTS, (±)-EPIBATIDINE AND A-85380. A L.
N ik k e m . Curzon, M.W. Decker. A.W. Bannon. M.W. Holladav & S.P.
Arneric Neurological & Urological Diseases, D-47W, AP-9A, Pharmaceutical
Products Div., Abbott Labs, Abbott Park, IL 60064
Systemically and centrally administered neuronal nicotinic acetylcholine
receptor (nAChR) agonists are antinociceptive in animal models. (±)-Epibatidine
(EPIB) and A-85380 have comparable binding affinities at neuronal nAChRs
labeled by 3H-cytisine (Sullivan et al., 1996, Neuropharm. 35:725). Therefore,
we compared these two compounds in rat models of acute and persistent pain.
In the hot-box test, which assesses paw withdrawal from a thermal stimulus,
EPIB and A-85380 administered IP were antinociceptive, with EDg4's of 11 and
560 nmol/kg, respectively. Peak effects were comparable, although A-85380
effects were longer-lasting. Antinociception with the ED84 dose was completely
blocked by ICV administration of the nAChR antagonist chlorisondamine.
Administration of lidocaine, a local anesthetic, into the nucleus raphe magnus
(NRM)--a brainstem region important in pain modulation-prevented the
antinociceptive effect EPIB but did not alter the effect of A-85380. However, both
compounds were antinociceptive when injected directly into the NRM. EBIB was
again more potent than A-85380, with minimum effective doses (MEDs) of 4 and
13 pmol/rat, respectively. In the formalin test systemic EPIB and A-85380
reduced flinching responses to a paw injection of formalin, with EPIB again more
potent than A-85380 (MEDs of 17 and 300 nmol/kg, respectively). Both
compounds reduced locomotor activity in an open field after IP injection, with
EPIB being more potent. Therefore, despite their comparable affinity for neuronal
nAChRs labeled by 3H-cytisine, EPIB was more potent than A-85380 in vivo.
Both compounds had centrally-mediated antinociceptive effects, although only the
effects of EPIB woe prevented by NRM inactivation. This latter finding suggests
that there may be differences in the mechanisms undo-lying the antinociceptive
actions of these two nAChR agonists. [Supported by Abbott Laboratories]
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266.11
A CHOLINERGIC RECEPTOR IN APLYS/A CAL/FORNICA WITH
BOTH NICOTINIC AND MUSCARINIC PROPERTIES. T.L. Tieman.
J.H. Schwartz and S.J. Feinmark*. Department of Pharmacology
and Center for Neurobiology and Behavior, Columbia Univ., New
York, NY 10032.
We previously identified an 8-lipoxygenase activity in Ap/ysia
neurons that is stimulated by nicotine and inhibited by arbungarotoxin.
Both 8-hydroxyeicosatetraenoic acid (8-HETE)
synthesis and the ACh-activated, slow chloride conductance share
an identical pharmacologic profile, including insensitivity to aconotoxin-lml, and both always appear together in specific,
identified cells of the pleural and buccal ganglia. Using an
impermeant anion as a chloride replacement, we have determined
that the chloride influx is not necessary for the production of 8HETE. In spite of the nicotinic characteristics of this ACh receptor,
the agonist-induced release of arachidonic acid and formation of 8HETE are completely inhibited by pertussis toxin (PTX). The ionic
conductance, on the other hand, has been reported to be
unaffected by PTX. Therefore, this nicotinic receptor not only acts
as a chloride ion channel but mediates lipoxygenase metabolism via
G-protein activation of a phospholipase. We believe that 8lipoxygenase metabolism and the slow, conotoxin-insensitive
component of the chloride conductance are mediated by one
receptor with both nicotinic and muscarinic properties. (Supported
by NIH grants NS29832 and MH00921).

266.12
NICOTINIC RECEPTOR SUBPOPULATIONS IN LOCUST NEURONS ARE
DIFFERENTIALLY ACTIVATED BY ACH AND PHYSOSTIGMINE (PHY) L
van den Beukel. R.G.D.M. van Kleef, G. Ruiet* and M. Oorteiesen* Res. Inst.
Toxicol., Utrecht University, Yalelaan 2, Utrecht, The Netherlands; *NV
Organon, Oss. The Netherlands:$present address: Duke University Med. Center.
NC 27710.
Effects of ACh and Phy on Locusta migratoria ganglion neurons were
investigated using voltage-clainp. ACh activated whole-cell currents with v;iriable
time courses of activation and desensitization between cells, indicating
differential expression of nicotinic receptor (nAChR) subtypes. Phy-cvoked
currents were smaller than those induced by ACh, and only marginally
desensitized. The Phy/ACh amplitude ratio varied between cells, and positively
related to a slow time course of ACh response. EC50 values of ACh and Phy were
50 and 3 juM, respectively. Both agonists activated nAChR, as the currents had
the same voltage-dependencc and sensitivities to nicotinic antagonists. Co
application and cross-desensitization experiments showed that ACh and Phy
activate the same nAChR populations. Both
agonists opened nicotinic single channels with the
same 3 subconductance states. Phy displayed a
lower open probability than ACh. Between
patches with either ACh or Phy the relative
activity of the conductance states varied,
indicating activation of different nAChR subtypes
by each agonist. Taken together, different whole
cell currents appear to origin from differential
activation, desensitization and ion channel block
by ACh and Phy of distinct nAChR populations.
(Supported by the US EPA CR82192701 ).

266.13
NICOTINE STIMULATION OF CATECHOLAMINE RELEASE:
DIFFERENTIAL EFFECTS OF ANTAGONISTS, DEPENDENT ON
s it e o f d e l iv e r y .
Fu,. I
Endocrine Neuroscience Laboratory, Minneapolis Medical Research
Fndn and Departments of Medicine, Hennepin County Medical Center
and University of Minnesota, Minneapolis, MN 55404.
Nicotine (Nic) iv releases both norepinephrine (NE) and dopamine
(DA) in the hippocampus (HP) or amygdala (Amyg). To determine if
this release was due to nicotinic receptors (nAchRs) near brainstem catecholaminergic cell bodies or those located presynaptically on terminals
within the HP or Amyg, selective antagonists were administered at
either site in alert rats 20 min prior to an infusion o f Nic; catecholamine
release was measured by in vivo microdialysis and HPLC with EC.
Mecamylamine (Mec), dihydro-6 -erythroidine (DH 6 E) or methyllycaconitine (MLA) showed differential efficacy in inhibiting NE secretion
when injected into the cerebral aqueduct (access to cell bodies):
AMYGDALA
HIPPOCAMPUS
approx IC5Q
approx
Mec
6 nmol
80%
6 nmol
87%
DH 6 E
11 nmol
62%
20 nmol
63%
MLA
4 nmol
36%
4 nmol
49%
Only Mec was effective in blocking DA secretion. At presynaptic sites,
infusions of Mec and DH 6 E were ineffective, whereas a-bungarotoxin
and MLA completely blocked NE and DA secretion in HP. Therefore,
multiple nAchR subtypes appear to mediate the effects o f Nic acting at
the brainstem. In addition, presynaptic activation o f a? receptors also
appears to be required for the effects o f systemic Nic on catecholamine
secretion. (Supported by DA03977)

266.14
NICOTINE STIMULATES CATECHOLAMINE RELEASE IN THE RAT
AMYGDALA AND HIPPOCAMPUS: DOSE RESPONSE RELATION
SHIPS AND DESENSITIZATION CHARACTERISTICS. Y Fu*. SG
Matta. T James and BM Sharp. Endocrine Neuroscience Laboratory,
Minneapolis Medical Research Fndn and Depts Medicine, Hennepin
County Medical Center and Univ Minnesota, Minneapolis, MN 55404.
In vivo microdialysis and HPLC with electrochemical detection were
used to demonstrate the release of norepinephrine (NE) and dopamine
(DA) in the amygdala (Amyg) or hippocampus (HP) of alert, freely
moving male Holtzman rats (250-300 g) in response to iv nicotine
(Nic). Concentric dialysis probes were inserted via unilateral chronic
guide cannulae into both the Amyg and HP; doses of Nic were infused
via a jugular cannula at the rate of 0.045 mg/kg per 30 sec for 30, 45,
60 or 90 sec. Nic stimulated dose-dependent increases in the secretion
of NE in both the Amyg and HP (ED 50 = 0.073 and 0.079 mg/kg,
respectively), as well as DA in the same regions (ED™ = 0.065 and
0.080 mg/kg, respectively). Three sequential infusions of Nic (each 40,
60, 100 or 200 min apart) resulted in different degrees of
desensitization. For both NE and DA secretion in either Amyg or HP,
peak responses to a second Nic injection 40 min later were
approximately 34% of the initial response; they were 60% at both 60
and 100 min, and recovered to over 90% after 200 min. The degree of
desensitization in response to a third injection at each time interval was
comparable to that seen with the second injection. These data indicate
that catecholamine secretion shofas similar sensitivity to Nic stimulation
in both the Amyg and HP. Moreover, the responses to repeated doses of
Nic suggest that resensitization of nicotinic cholinergic receptors is
biphasic. (Supported by DA03977)

266.15
a-CONOTOXIN Mil BLOCKS NICOTINE-STIMULATED DOPAMINE
BUT NOT NOREPINEPHRINE RELEASE IN RAT SYNAPTOSOMES.
Jennifer M, Kulak1*, Thu A. Nguyen1, Baldomero M, Olivera1. and T.
Michael M cIntosh,1'2 Departments of Biology1 and Psychiatry2,
University of Utah, Salt Lake City, Utah, 84112.
Activation of presynaptic nicotinic acetylcholine receptors (nAChRs) can
induce the release of different neurotransmitters, many of which are
implicated in the pathophysiology an d /o r treatment of neuropsychiatric
disorders. Accumulating evidence suggests that distinct nAChR subtypes
mediate the release of these transmitters. However, the subunit
composition of the nAChRs has been difficult to elucidate, in part due to
the lack of a sufficient variety of selective ligands. a-Conotoxin Mil is a
potent and selective blocker of rat nAChRs containing an interface of cc3/P2
subunits. We have used this peptide to examine the nAChR subtype(s)
involved in cholinergically-stimulated dopamine and norepinephrine
release. At low nanomolar concentrations, Mil maximally blocks 34-49% of
nicotine-stimulated dopamine release from rat striatal synaptosomes. In
contrast, two peptides structurally related to Mil, namely a-conotoxin MI
(selective for a l^ ly S nAChRs) and a-conotoxin Iml (selective for a 7containing nAChRs) have no effect on nicotine-stimulated dopamine
release. Dopamine release evoked by elevated [K+] is not affected by Mil,
indicating that Mil exerts its block of nicotine-evoked dopamine release by
inhibiting the nAChR. Collectively, the data indicate that at least two
different nAChR complexes are involved in dopamine release and that onethird to one-half of dopamine release is mediated by nAChRs containing an
a 3 /p 2 subunit interface. In contrast, £ 10% of nicotine-stimulated
norepinephrine release from hippocampal synaptosomes is blocked by
lOOnM Mil. Supported by NIH grants MH 53631 and GM 48677.

266.16
STIMULATION OF THE a7 NICOTINIC RECEPTORS IN THE VENTRAL
TEGMENTAL AREA DETERMINES THE STIMULATORY ACTIONS OF
NICOTINE ON DOPAMINE RELEASE IN THE NUCLEUS ACCUMBENS.
G.G.Nomikos*. B. Schilstrom and T.H.Svensson. Karolinska Institutet, Dept. Physiology
& Pharmacology, Div. Pharmacology, S-17177 Stockholm, Sweden.
We have previously shown that nicotinic receptor stimulation within the ventral
tegmental area (VTA) plays an important role for the dopamine (DA)-stimulatory actions
of nicotine. We have also shown that nicotine increases the bursting activity of VTA-DA
cells, that is regulated by excitatory amino acid (EAA) afferents, and that infusion of the
NMDA receptor antagonist AP-5 in the VTA diminishes the nicotine-induced DA release
in the nucleus accumbens (NAcc). These data indicate that the DA-stimulatory properties
of nicotine are largely dependent upon an enhanced EAA transmission via the NMDA
receptors, possibly through stimulation of nicotinic receptors localized presynaptically on
EAA afferents, within the VTA. Here, we examined if a7 nicotinic receptors, which
recently have been found to regulate, via a presynaptic action, EAA transmission in the
hippocampus, also underlie such an effect within the VTA. Thus, the a7 receptorselective antagonist methyllycaconitine (MLA) was infused in the VTA via a
microdialysis probe, while DA output in response to systemic injection of nicotine was
measured with a second microdialysis probe implanted in the ipsilateral NAcc of freely
moving rats. We found that infusion of MLA (0.1 and 0.3 /uM) in the VTA dosedependently diminished the systemic nicotine (0.5 mg/kg, s.c.)-induced DA release in the
NAcc, without affecting the basal release of DA. These data indicate that nicotine-induced
stimulation of the a7 nicotinic receptors, tentatively localized on cortico-tegmental
afferents, within the VTA may be responsible for its stimulatory action on EAA
transmission in the VTA and, consequently, on DA release in the NAcc, the probably
most crucial mechanism beyond nicotine’s reinforcing and dependence-producing
properties. (Supported by the Swedish Medical Research Council, the Karolinska
Institutet, the Council for Tobacco Research, USA, Inc. and the Swedish Match, Inc.)
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266.17
GINSENOSIDE RG2, A GINSENG SAPONIN, INHIBITS NICOTINIC
ACETYLCHOLINE
RECEPTORS
INDUCED-CATECHOLAMINE
SECRETION FROM BOVINE ADRENAL CHROMAFFIN CELLS.
K. Kudo. E. Tachikawa*. K. Harada. T. Kashimoto and E. Takahashi1.
Dept, of Pharmacol., Sch. of Med., Dept, of Medicine, Sch. of Dent.,
Iwate Med. Univ. Morioka 020, Japan.
The root of Panax ginseng C. A. Meyer has been widely and well
used as an important component of the Kan-Pou medicines and is
now well known as a natural medicine throughout the world. .We
investigated the effect of the ginseng root bn catecholamine (CA)
secretion from bovine adrenal chromaffin cells stimulated by
acetylcholine (ACh). The fraction of crude saponin extracted from the
ginseng root reduced the ACh-evoked secretion, but not the non-saponin
fraction. Further, we examined the effects of representative ginseng
saponins (ginsenosides) on the secretion. Most of the ginsenosides
had a tendency to reduce the secretion. Ginsenoside Rg2 (GRg2) in
the saponins snowed the greatest inhibition of the secretion, but it did
not affect the secretion induced by high K+. GRg2 also inhibited both
ACh-induced Na+ and Ca2+ influxes into the cells in a concentrationdependent manner. The concentration-response curves for GRg2
inhibitions of Na+influx, Ca2+ influx and CA secretion were quite similar.
The inhibitory effect of GRg2 on the secretion was not affected by
increasing the ACh or the external Ca2+ concentration, but it was
overcome by increasing the external Na+ concentration. GRg.2 did not
affect the CA secretion from the cells stimulated by histamine,
angiotensin II, neurotensin or bradykinin. These results indicate that
the ginseng saponins inhibit the secretion of CA from bovine adrenal
chromaffin cells stimulated by ACh due to the suppression of AChinduced Na+ influx into the cells. The results further suggest that GRg2
preferentially acts on the nicotinic ACh receptors.
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266.18
TWO DISTINCT NICOTINIC RESPONSES MEASURED USING 86Rb+
EFFLUX. M. J. Mark^* J. Calcaterra. A. E. Bullock and A. C. Collins.
University of Colorado, Boulder, CO 80309.
Physiological, biochemical and molecular biological evidence
indicates the existence of multiple nicotinic receptors in brain. Since
nicotinic receptors are ligand-gated ion channels, agonist-stimulated
ion flux can be a general biochemical method to measure function of
these receptors. P2 fractions were prepared from the brains of
C57BL/6J mice.
After loading w ith 86Rb+ (Rb), the crude
synaptosomes were filtered and superfused with buffer containing 5
mM Cs+ and 50 nM tetrodotoxin. Efflux of Rb was monitored using
an online radioactivity detector. Response to a 5-sec agonist
exposure was determined. While nicotine-stimulated Rb efflux was
completely inhibited by dihydro-B-erythroidine (DHI3E), two
components differentially sensitive to DHGE were observed (IC50 *
0.2 //M and 10 //M). Although the potency and efficacy of the
agonists tested varied widely, EC50 values for the DHSE-sensitive
component were lower than those for the DHBE-resistent component.
However, several antagonists were more potent inhibitors of the
DHBE-resistent response. Low concentrations of ar-bungarotoxin or
methyllycaconitine failed to inhibit either component. Agoniststimulated efflux for both components varied widely, but not
coordinately, among brain regions. While DHSE-sensitive Rb efflux
appears to be identical to the previously reported response, the
DHBE-resistent component is different, but widely distributed.
Supported by DA-03194, DA-10156 and DA-00197.

266.19
Characterization of Delphinium Alkaloid Effects on Neuronal Nicotinic
Receptors in Mouse Brain.
P. Dobelis1, M.J. Marks2, J.P. Walrond*1, and A.C. Collins2. 1 Dept, of Anatomy &
Neurobiology, Colorado State Univ., Ft. Collins CO, 80523 ,2Institue for Behavioral
Genetics, Univ. of Colo., Boulder CO, 80309
The Delphinium alkaloid, methyllycaconitine (MLA), is an extremely potent,
competitive antagonist against a-Bungarotoxin (a-BTX) sensitive neuronal
nicotinic acetylcholine receptors. We characterized the affinity and mechanism of
action of MLA and three structurally related Delphinium alkaloids, 14deacetylnudacauline (14-DN), barbinine, and deltaline. Radio ligand binding
techniques and radioisotope efflux assays were used to measure alkaloid effects on
multiple neuronal nicotinic receptor subtypes in mouse brain. All four alkaloids
inhibit [,2SI] a-BTX binding with high affinity (10'n -10'7 M). MLA, 14-DN, and
barbinine inhibit the [3H]-nicotine and high-affinity [3H]-epibatidine binding site
with moderate affinity (10 7-10*s M) whereas deltaline was ineffective at these sites
(>10‘2 M). Deltaline inhibits the low-affinity [3H]-epibatidine binding site with
greater affinity (10 s M) than MLA, 14-DN or baibinine (lO'MO'3 M). 86Rb efflux
studies suggest that MLA acts competitively (10-6 M) at the nicotine/high-affinity
epibatidine site, while deltaline may block this receptor in a noncompetitive fashion
(10's M). Preliminary studies suggest that MLA and deltaline block 86Rb efflux
mediated by the low-affinity epibatidine site in a noncompetitive manner. These
results indicate that Delphinium alkaloids can block multiple subtypes of nicotinic
receptors and that this blockade might occur through competitive and non
competitive mechanisms.
This work was supported by NIDA grants DA 03194 and DA 00197 and USDA
grant 3-7204-0495

266.20

266.21
NICOTINIC AND MUSCARINIC AGONISTS EVOKE CHANGES IN RELEASE
OF ACETYLCHOLINESTERASE AND LOCOMOTOR ACTIVITY IN RATS.
S. R. Emmett* and S. A. Greenfield University Department of Pharmacology,
University of Oxford, Oxford, UK, 0X1 3QT.
A soluble form of acetylcholinesterase (AChE) is released from dopaminergic cells
of the substantia nigra. This release is independent of cholinergic transmission. The
association of AChE and concomitant behaviour is not possible with conventional
sampling techniques, since they have poor temporal resolution. We have modified a
chemiluminescent assay system developed by Israel and Lebats (1981) to monitor
AChE release “on-line”. This system, in conjunction with computerised equipment
for testing locomotor activity, allows real time monitoring of the effects of muscarinic
and nicotinic drugs, methylfurtrethonium (MF) and nicotine (NIC), simultaneously
on AChE release and behaviour.
Wistar rats with a unilateral implanted push-pull cannula displayed spontaneous
release of AChE from the substantia nigra pars compacta. Application of MF
(lOOpM, 500^M) via cannulae for 3 min enhanced basal release levels of AChE
(22%t5%, n=4,30%t3%, n=4). NIC was more potent and evoked increased levels of
47%t6% (n=4) and 62%t4 (n=4) respectively. Enhanced locomotor activity was
related to the presence of NIC or MF: NIC (lOO^M, 500^M) was more potent and
produced an increase in locomotor activity of 42% and 63% respectively. To ensure
that the observed effects were not due to indirect stimulation via glutamate systems in
the adjacent subthalamus, antagonists CNQX and D-AP5 were co-applied with NIC.
However, these antagonists had no effects on either behaviour or evoked release.
Perfusion of Ca2+-free artificial cerebrospinal fluid reduced the basal levels of AChE
release by 34%, yet, a NIC-evoked increase in release of 41%±4% still persisted.
In summary, cholinergic agonists can evoke both increased locomotor activity and
parallel release of AChE from the substantia nigra. This release does not involve
glutamate and appears to be Ca2+ independent However, since significant levels of
Ca2+remain even under low Ca2+conditions it is possible that AChE release may be a
result of exocitosis following cholinergic stimulation. Alternatively, it is possible if
the effects are truly Ca2+-independent; AChE could be interacting directly with
postsynaptic nicotinic receptors and exogenous NIC modulates this association. SRE
was fiinded by a European Community Award.

266.22
NICOTINIC RECEPTOR SUBTYPES MODULATING GLUTAMATEDOPAMINE INTERACTIONS IN RAT STRIATUM. S.A.Kaiser*1. L.Soliakov1.
C.Luetie2. S.C.Harvev2 and S.Wonnacott1 1Dept. Biol.&Biochem., Univ.Bath,
Bath BA2 7AY, UK; * Dept. Mol.&Cell.Pharmacol., Univ.Miami, FL 33101.
Synaptosome studies have established that presynaptic nicotinic receptors
(nAChR) on striatal dopamine terminals modulate dopamine (DA) release.
However, evidence from in vivo and slice experiments supports an indirect
nicotinic stimulation of DA release via an increase in glutamate efflux [3H]DA
release from striatal slices was increased by 51 ± 8% following application of
10|xM (-)nicotine in the presence of NMDA (1mM), glycine (1jiM) and strychnine
(1|aM), compared with 10>iM nicotine alone (control). NMDA plus glycine in the
absence of nicotine had no significant effect on basal release.
To examine the nAChR subtypes mediating striatal DA release, we used aconotoxin-MII (a-CTx-MII), a specific inhibitor of the a3J32 subtype. The
synthetic peptide (200 nM) produced almost complete blockade of a3(32
currents in Xenopus oocytes (IC50 = 14 ± 1 nM), without any significant effect on
a4p2, a3p4 or a2p2 nAChR. On striatal synaptosomes, a-CTx-MII dosedependantly inhibited V M (±)anatoxin-a-evoked [3H]DA release, with maximum
inhibition at 200 nM and an IC50 of 39 nM. With 25 nM (±)anatoxin-a, the doseresponse curve was displaced to the right, consistent with a competitive mode
of action. However, the maximum inhibition achieved by a-CTx-MII of 1^M
(±)anatoxin-a-evoked [3H]DA release was 46 ± 6%. In contrast, on striatal slices
200 nM a-CTx-MII inhibited 1nM (±)anatoxin-a-evoked [3H]DA release by only
24 ± 2%. As mecamylamine (10|j.M), a nonselective nicotinic antagonist,
inhibited [3H]DA release with similar efficacy in both synaptosomes (80%) and
slices (88%), we propose that nAChR subtypes insensitive to a-CTx-MII are
responsible for the additional indirect nicotinic modulation of [3H]DA release
which is observed in striatal slices.
Supported by 1MRC Grant G9609830 and 2NIH Grant DA08102.
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EFFECTS OF a-CONOTOXIN Mil ON NICOTINE-STIMULATED
DOPAMINE RELEASE FROM MOUSE STRIATAL
SYNAPTOSOMES. S.R. Gradv'*. J.M. McIntosh**. M.J.
Marks*, and A.C. Collins*. *lnst. for Behav. Genetics, Univ. of
Colorado, Boulder, CO 80309 and ** Dept, of Psychiatry, Univ.
of Utah, Salt Lake City, UT 84132.
The peptide a-Conotoxin Mil (a-CTx Mil) from the marine
snail, Conus maqus. has been synthesized and shown to be a
specific, potent (IC^ 0.5nM), and fully efficacious antagonist
for a3B2 nAChRs expressed in oocytes. Previous data have
shown that a-CTx Mil is a partial antagonist for nicotine(NIC)stimulated dopamine(DA) release from rat striatal
synaptosomes. Current data indicate similar effects in the
mouse. a-CTx MU has no effect on baseline or potassiumevoked release. The antagonist effect is maximal after a short
(2-5 min) incubation prior to NIC exposure. With a 1 min NIC
(1//M) perfusion, the maximum effect of a-CTx Mil is ~50%
(ICbq ~2nM). With a 10 min NIC exposure, two phases of
release are apparent, a substantial transient response and a
lower persistent release. Interestingly, a-CTx Mil has a greater
effect on the persistent phase ( ~ 70% block) than on transient
release ( - 25% block), while IC^ values ( ~ 2nM) are similar for
both phases.
Supported by DA-03194 and DA-00197 to A.C.C.
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266.23
SECRETAGOGUE NICOTINIC ACETYLCHOLINE RECEPTOR CHANNES IN
CULTURED RAT SUPERIOR CERVICAL GANGLION NEURONS. E. Stocker.
D. Kristufek. S. Boehm and S. Huck. (Spon: European Neuroscience Association).
Department of Neuropharmacology, University of Vienna, A-1090 Vienna, Austria.
Nicotine-induced transmitter release from rat superior cervical ganglion (SCG)
neurons conventionally occurs according to the signalling cascade somatodendritic
depolarization -» action potential -» voltage-gated calcium influx. However, a sig
nificant proportion of transmitter release occurs even in the presence of either tetrodotoxin (TTX) or cadmium (Cd**), indicating the presence of presynaptic nicotinic
acetylcholine receptors capable of inducing neurosecretion per se.
SCG were dissected from early postnatal (P3-5) rats, dissociated and plated on
collagen-coated tissue culture disks. Cultures were loaded with [3H]norepinephrine
([3H]NE) after 5-7 days in vitro and transferred to superfusion chambers. The
spontaneous release of radioactivity, the release induced by electrical field stimula
tion, and the release elicited by nicotine in the absence or presence of tetrodotoxin
(TTX, luM) or (Cd4*, 300jiM) were determined by liquid scintillation counting.
All stimulated release was strictly dependent on the presence of calcium in the
superfusion buffer. The release due to electrical field stimulation was totally blocked
by TTX or Cd4*. The presence of TTX allowed the distinction of 2 types of nicotineinduced [3H]NE release: one which depends on, and the other which is independent
of action potentials. The two components which had EC50 values for nicotine of 8.9
and 43.5fiM, respectively, were differentially affected by hexamethonium (Hx):
Whereas Hx blocked the TTX-insensitive component in a non-competitive manner
with an IC50 of 0.38jiM, the TTX-sensitive component was competitively inhibited
with a pA2 value of approximately 5 (corresponding to a Kj of lOpM).
We measured intracellular free calcium in neuronal cell bodies with Fura-2 cal
cium imaging. Cells were challenged with lOOfiM nicotine + 1 0 0 - 3 0 0 Cd^in the
presence or absence of lOpM Hx. Whereas Hx at this concentration fully blocked the
TTX-insensitive component of transmitter release, we found the nicotine-induced
increase of intracellular calcium reduced by 17-22% only. Based on the assumption
that transmitter release reflects intracellular free calcium at the release site we pro
pose that SCG neurons differentially sort nicotinic receptor subtypes between soma
and synaptic sites. Supported by the a u st r ia n sc ie n c e fo u n d a t io n , PI 1607-MED.

PEPTIDE RECEPTORS: STRUCTURE AND FUNCTION II
267.1
PRESENCE OF NOCICEPTIN RECEPTORS COUPLED TO
BOTH INHIBITION AND STIMULATION OF ADENYLYL
CYCLASE IN THE DIFFERENT LAYERS OF RAT OLFACTORY
BULB. M.C. Olianas* and P. Onali. Sect. Biochem. Pharmacol.,
Dept. Neuroscience, University of Cagliari, Italy.
The presence of receptors for the novel neuropeptide nociceptin has
been investigated in membranes of microdissected layers of the rat
olfactory bulb. In radioligand binding studies, [3H]nociceptin
recognized a high affinity site (KD = 0.13 nM) which displayed a
higher density in the external plexiform layer (EPL) than in olfactory
nerve-glomerular layer (ONGL) and granule cell layer (GRL). The
binding of the radioligand was not significantly displaced by
micromolar concentrations o f the opioid receptor antagonists
naloxone, naltrindole and nor-binaltorphimine. Nociceptin
stimulated the binding of [35S]GTPyS to membrane G proteins of the
three layers with nanomolar potency. Adenylyl cyclase assays
showed that nociceptin potently inhibited cyclic AMP formation in
ONGL and EPL, whereas it enhanced basal and neurotransmitterstimulated enzyme activities in GRL. These data demonstrate that the
olfactory bulb is endowed with specific nociceptin receptors which
are differentially coupled to adenylyl cyclase and may exert distinct
modulatory effects on synaptic transmission in the different layers.
(Supported by M.U.R.S.T.)

267.2
EXPRESSION OF PACAP RECEPTORS AND PACAP IN
HUMAN EMBRYONIC RETINA AND Y79 RETINOBLASTOMA
CELLS. P. Onali*. A. Ingianni1, V. Sogos2 and M.C. Olianas. Sect.
Biochem. Pharmacol. Dept. Neuroscience,1Inst. Internal Medicine
and 2Dept. Cytomorphology, University o f Cagliari, Cagliari, Italy.
Mammalian retina has been shown to contain specific receptors for
pituitary adenylate cyclase activating polypeptide (PACAP). In the
present study, the expression of PACAP receptors and PACAP was
investigated in the retinas of 12-18 weeks human embryos and in
undifferentiated human Y -7 9 retinoblastoma cells. By using RTPCR, the presence of mRNAs coding for PACAP type I and type II
receptors and for PACAP was demonstrated in fetal retina and Y -7 9
cells. Moreover, in both cell systems PACAP 38 and PACAP 27
displaced the binding of [ 125I]PACAP 27 with IC^ values in the
picomolar range and were potent and effective stimulators of
adenylyl cyclase activity. VIP and PHM 27 displayed lower affinities
for the [* I]PACAP 27 binding site and were much less potent
stimulators of cyclic AMP formation. Glucagon and secretin were
inactive.These data indicate that the developing human retina and
undifferentiated Y -7 9 retinoblastoma cells synthesize PACAP and
that in these cell systems the peptide may act in a paracrineautocrine manner by predominantly stimulating PACAP type I
receptors. (Supported by M.U.R.S.T.)

267.3

267.4

RELATIVE CONTRIBUTION OF POLAR INTERACTIONS AND
CONFORMATIONAL COMPATIBILITY TO THE BINDING OF
NK1 RECEPTOR ANTAGONISTS. T.M. Fong. H. Yu. R.-R. C.
Huang. M. A. Cascieri*. and C. J. Swain*. Merck Research
Laboratories, R80M-213, P.O. Box 2000, Rahway, NJ 07065 and
+Merck Sharp & Dohme Research Laboratories, Harlow, Essex
CM20 2PT, UK
Based on single residue substitutions, previous studies
suggested that Gin-165, His-197 and His-265 o f the neurokinin-1
receptor interact directly with many non-peptide antagonists, including
CP-96,345. To further test this model, all three residues have been
simultaneously substituted with Ala. The Q165A-H197A-H265A
triple mutant bound CP-96,345 and 8 analogs with similar affinity (220 jlM), even though the same series o f compounds bound to the wild
type receptor with affinities over a range of 1000-fold. The micro
molar binding affinity of these analogs for the triple mutant appears to
reflect solely van der Waals interactions, suggesting a significant
contribution of conformational compatibility to binding affinity. The
primary role of conformational compatibility in ligand binding was
consistent with the observation that simply transferring the residues
involved in polar interactions with p2 agonists into the neurokinin- 1
receptor did not lead to increased binding affinity for the $2 agonists.
These results support a general principle of ligand-receptor binding in
which specific polar interactions can take place only if the overall
ligand conformation is compatible with the stereochemistry of the
binding pocket. In addition, double mutant and triple mutant in
combination with single residue substitutions can reveal multiple
interactions that may not be detectable by single residue substitutions.

IN VIVO MODULATION OF GENE EXPRESSION BY A PEPTIDE NUCLEIC

S ociety for N euroscience , V olume 2 3 ,19 9 7

ACID OLIGOMER ANTISENSE TO THE 5-OPIOID RECEPTOR.
G.L. Fraser*1,2. J. Holmgren3. P.P. Ménard1. K. Pavza1. A. Drav1 and C.
Wahlestedt1,24.
'Astra Research Centre Montréal, Saint-Laurent, Québec,
CANADA, department of Pharmacology and Therapeutics, McGill University,
Montréal, Québec, CANADA, 3University of Kalmar, Kalmar, SWEDEN and
4Karolinska Institute, Stockholm, SWEDEN.
Antisense studies performed with phosphodiester or phosphorothioate
oligonucleotides are often limited by the appearance of incomplete knockdown of
the gene product and sequence-independent effects. These limitations are likely
characteristic of the oligodeoxynucleotide chemistry and thus may be circumvented
by using alternative antisense molecules. Peptide nucleic acids (PNA) are
synthetic, charge-neutral analogues of deoxynucleotide bases shown to have
enhanced stability and target specificity in cell culture-based assays. This study
demonstrates for the first time that a specific PNA oligomer is effective in the living
brain to produce a selective knockdown of the rat 5 opioid receptor.
A PNA 15-mer designed antisense to the rat Ô opioid receptor was administered
twice daily via an indwelling cannula (z'.c.v.) for four days. Rats were tested in the
paw pressure assay of acute mechano-nociception on day 5. The antinociceptive
response to the selective 5 opioid receptor agonist SNC-80 (400 nmol, i.c.v.) was
significantly inhibited (>70%) by PNA antisense treatment in comparison to
mismatch and saline-treated control animals. PNA treatment had no effect on the
antinociceptive response to the ^-agonist DAMGO (3 nmol, i.c.v.). In addition,
PNA treatment did not influence body weight or induce tissue necrosis around the
injection site. Saturation binding curves performed on whole rat brain homogenates
confirmed that PNA antisense treatment significantly reduced the 5 opioid receptor
population (>30%). These data suggest that PNA oligomers are a viable alternative
to phosphodiester or phosphorothioates for in vivo experimental use in antisense
studies.
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SUPPRESSION OF CONDITIONED FEAR BY ADMINISTRATION OF CCKu RECEPTOR
ANTAGONIST OR CCKu RECEPTOR ANTISENSE. T.Tsutsumi ,K. Isogawa,

Characterization of Bradykinin Receptors in Human Lung
Fibroblasts Using the Binding of fHHdes-Arg^Leu^Kallidin
and [3H]NPC17731. S.-P. Zhang*. K. D. Wild. M. A. Lewis, and

Y. Kouno, T. Hikichi, H. Nagayama and J. Akiyoshi, Department of
Neuropsychiatry, Oita Medical University, Oita, Japan.
The aim of this study is whether CCKU receptor antagonist PD135158
and CCKu receptor antisense suppress conditioned fear. Rats were
subjected to 30 min of inescapable electric footshock in a
shockchamber. Twenty-four hours after the footshock, the rats were
again placed in the shockchamber and observed for 5 min without
shocks:(conditioned fear stress). Rats were injected into PD135158
(0.03mg/kg, 0.1rag/kg, 0. 3mg/kg). fe examined the effect of the
selective CCKB receptor antagonist PD135158 on freezing behavior
induced by conditioned fear stress. We used GH3 cell that is
pituitary tumor of rat and the surface of GH3 cell has CCKu
receptor. After administration of antisense (1,10, 20 *M) for 1, 6,12,
24,48 hr,Fura-2 was added in GH3 cell for 30 min and GH3 cell was
incubated by BSS for 30 min.Then,GH3 cell was stimulated by CCK4
and intracellular Ca concentration was measured. CCK0 receptor
antisense (0. 5<ig//il) was constantly administered into lateral
ventricle of rat by MINI-OSMOTICPUMP for one week and suppression of
conditioned fear was evaluated. CCKu antagonist PD135158
significantly suppressed conditioned fear stress. CCKu receptor
.antisense significantly suppressed intracellular Ca concentration in
GH3 cell.CCKb receptor antisense significantly suppressed
conditioned fear stress. These results suggested that CCKu receptor
light be an important role in conditioned fear stress.

E. E. Codd. Drug Discovery, The R.W. Johnson Pharmaceutical
Research Institute, Spring House, PA 19477.
Bradykinin (BK) receptors are involved in pain and inflammation. Two
BK receptor subtypes, B, and B3, have been defined based on their pharmacological
properties. Both of the B, and B2 receptors are G-protein coupled membrane
receptors. The B, receptors are present in smooth muscle tissue. The B2 receptors
are found in smooth muscle tissue and neurons. [Des-Arg'\Leu’]kallidin (DALKD)
is a selective B, receptor antagonist and NPC17731 is a selective B2 receptor
antagonist. To develop binding assays for the two known BK receptor subtypes,
[3H]DALKD and [3H]NPC 17731 were used as selective ligands for B, and B2
receptors respectively. Both ligands bound to the CCD-16 human lung fibroblast
membranes reaching equilibrium at 25°C within 30 min. Binding was stable for at
least 120 min. The K„ of [3H]DALKD was 0.28 nM and BM was 240 fmol/mg
membrane protein. The Kd of [3H]NPC17731 was 0.46 nM and B ^ was 1100
fmol/mg membrane protein. Competition for [3H]DALKD binding with BK receptor
agonists and antagonists was in the order: DALKD>DAKD>desArg10]HOE 140>[des-Arg9]BK(DABK)= [HOE140>BK, suggesting that [3H]DALKD
selectively bound to B, receptors. By contrast, competition for [3H]NPC17731
binding by these ligands was in the order: BK>HOE140>DAKD>[des-Arg10]
HOE140> DALKD=DABK, indicating that [3H]NPC 17731 selectively labeled B2
receptors. These results demonstrate that [3H]DALKD and [JH]NPC17731 can be
used with CCD-16 human lung fibroblasts to provide a pair of binding assays for the
simultaneous evaluation of B, and B2BK receptor subtypes.

267.7
ANALYSIS OF PEPTIDE LIGAND DISCRIMINATION BY THE
PTH/PTtfrP AND PTH2 RECEPTORS. J. A. Clark*. T. I. Bonner. A.
S. Kim. T„ B. Usdin. Section on Genetics, NIMH, Bethesda, MD 208924090.
The PTH/PTHrP (PrPR) and PTH2 (P2R) receptors are G-protein
coupled receptors activated by PTH. However, only the PrPR is activated
by PTHrP. To examine the structural basis for this ligand selectivity we
generated a series of fifteen chimeric receptors. One set of chimeric
receptors was designed to study the contribution of the amino terminus.
Contribution of the third extracellular loop was tested in chimeras with and
without a Quo to R mutation in the PrPR third extracellular loop, or an R 394
to Q mutation in the corresponding position in the P 2R. Finally, chimeras
were generated with several combinations of the amino terminus and third
extracellular loop mutations. Receptors were transiently expressed in COS
cells. Binding of l25I-[Nle 8’21,Tyr 34]rPTH-(l-34) and 125I-PTHrP-(l-34)
to each receptor was evaluated. In addition, assays were performed to
determine the effects of receptor mutations on the ability of hPTH(l-34)
and PTHrP(l-34) to stimulate receptor mediated cAMP synthesis. These
data show that the amino terminus is important for discrimination between
PTH and PTHrP since a P2R in which the amino terminus has been
replaced with a PrPR amino terminus with residues 62-105 deleted
becomes sensitive to PTHrP. Region(s) of the PrPR beyond the amino
terminus contribute to PTHrP recognition since removal of the amino
terminus does not result in complete loss of sensitivity to PTHrP. The
third extracellular loop, in particular R 394 in P2R and Q^q in PrPR, are
important for binding and stimulation of cAMP synthesis by both peptides
suggesting that these residues are involved in conferring the structure
necessary for peptide binding or activation of these receptors. Supported
by the NIMH Intramural Research Program.

267.8
EXPRESSION OF HUMAN BOMBESIN RECEPTORS IN XENOPUS OOCYTES
SHOWS THE RESULT OF EXCHANGING RESIDUE 216 AND 214 IN TMV OF
BB1 AND BB2 RECEPTORS. M. D. Hall and R. D. Pinnock*. Parke Davis
Neuroscience Research Centre, Cambridge CB2 2QB UK
Clones for the human brain NMB-preferring (BB1) and GRP-preferring (BB2)
receptor cDNAs were used to synthesize mRNA for injection into Xenopus oocytes.
Expression of receptors occurred 2-4 days after injection and double electrode
voltage clamp recordings were used to measure the responses of various peptide
agonists/antagonists. The EC50 values obtained from BB1 expressing oocytes for
NMB was 0.16 nM and 30 nM for NMC, a 200 fold difference in potency. The BB2
receptor specific peptide antagonist [D-Phe6]BN(6.13)ethylamide was inactive. The
EC50 values obtained from BB2 expressing oocytes were 30 nM for NMC and 364
nM for NMB, a 12 fold difference. [D-Phe6]BN(6.13)ethylamide antagonised the
response to NMC.
Previous studies using chimeric and site directed mutagenesis have indicated the
importance of the fifth transmembrane region for high affinity NMB binding in the
rodent BB1 receptor (Fathi et al., 1993). We have made the same point mutation in
the human BB1 receptor (isoleucine 216 to serine) and the equivalent mutation in the
BB2 receptor (serine 214 to isoleucine). When the BB2 I216S mutant was studied in
the oocyte system the EC50 value for NMB was 82 nM and 2400 nM for NMC. This
30 fold difference in potency compares with a 200 fold difference in the wild type
receptor. The [D-Phe6]BN(6.13)ethylamide antagonist remained inactive with this
mutant. The BB2 S214I point mutant gave EC50 values of 0.59 nM for NMC and
0.42 nM for NMB indicating that the two peptides were equipotent with this mutant.
These studies confirm the importance of the character of the amino acid present at
this position in the agonist binding affinity of both bombesin receptors.
Fathi, Z. etal., (1993). J. Biol. Chem. 268, 14622-14626

267.9
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HP 228 is a potent agonist of melanocortin receptor 4, and

SPECIES DIFFERENCES IN THE Y4 RECEPTOR. THE HUMAN, RAT
AND GUINEA PIG RECEPTORS TESTED WITH NPY ANALOGUES
& Larhammar*. h , Eriksson, I. Uun<feii, b . Rj$t#, a . BeckSickinger#
and M. M. Beralund Dept. Med. Pharmacol., Uppsala Univ., Box 593,
S-75124 Uppsala, Sweden. #Dept. Pharmacy, ETH, CH-8057 Zürich
Neuropeptide Y (NPY), peptide YY (PYY) and pancreatic
polypeptide (PP) form a family of structurally related peptides. Rat PP
(rPP) and human PP (hPP) differ in eight of the 36 amino acids.
Although guinea pig is evolutionarily as distant to human as to rat, the
gpPP and hpp sequences differ in only two positions while rPP differs
from the other two in eight positions. When the first receptor with affinity
for PP (Y4 or PP1) was cloned its amino acid identity between rat and
human was as low as 75%. We have cloned the Y4 receptor in the
guinea pig (gp); it displays higher identity to hY4 (83%).
Dispite the differences, rPP, hPP and gpPP bound similarly to the
three receptors. We decided to investigate the binding differences
between rat, human and guinea pig Y4 receptors using porcine NPY
with alanine substitutions in aa 33-36 and three peptides modified in the
loop; Ahx 8-20, Ahx 8-20 Pro34 and Ahx 5-24. In these peptides aa 919 or 6-23, have been replaced with e-aminocaproic acid.
The most striking result is the increase in affinity to the rat receptor
when aa 34 is replaced with proline. Ahx 8-20 Pro34 binds to the rY4
with hundredfold higher affinity than Ahx 8-20. Also alanine is preferred
in this position. The affinity for Ala34-NPY to rY4 was two times higher
than for NPY, while hY4 and the gpY4 lost binding tenfold. The rat
receptor binds Ahx 5-24 better than the human and the guinea pig
receptors. None of the receptors bound Ala33 -NPY.
Our data show that although all three receptors binds PP from all
three species with similar affinity, the rat Y4 has evolved more rapidly
and displays the most diverse binding properties.

- - iv/i i iw i o v i i. n . i v i u i y y w p n . n . n u u u i i i c i i
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Trega Biosciences, Inc. (formerly Houghten Pharmaceuticals,
Inc.), San Diego, CA 92121
Recently, a link between melanocortin (MC) receptors
and obesjty and diabetes has been shown for several animal
models. The MC-4 receptor has been implicated in maturityonset obesity and diabetes, and in the regulation of feeding
behavior. HP 228 is a novel heptapeptide that activates the
MC-4 receptor and attenuates obesity and NIDDM in the
genetically obese Zucker (fa/fa) rat. In vitro, HP 228 activates
G-coupled cAMP production in cells transfected with the human
MC-4 receptor. HP 228’s EC-50 of approximately 40 dM is 10fold more potent than the native ligand, a-MSH, and
comparable to that of the superpotenf MC agonist, NDP
(ECgQ—30 p^^).
Chronic treatment of obese Zucker rats with HP 228
intraperitoneally at 250 mg/kg t.i.d. for 12 wk significantly
attenuates both body weight gain and food consumption (botn
parameters decreased 15% after 1 2 wk of treatment compared
to saline control). Lean HP 228 treated Zuckers showed no
significant changes from the lean saline control. HP 228
treated obese rats also showed significant reductions in:
proteinuria, hyperglycemia, lipemia and hyperinsulinemia. The
dose schedule was changed at 1 2 wk from 250 mg/kg t.i.d. to
500. mg/kg b.i.d. for 4 additional wk to determine if twice daily
dosing maintained the induced improvements. All parameters
continued to show statistically significant improvements during
the last month of the experiment These results show HP 228
to have a significant effect on food consumption of the obese
Zucker rat, and suggest a mechanism for HP 228 via action on
the MC-4 receptor.
S ociety for N euroscience , V olume
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THE OCTADECANEUROPEFTIDE (ODN) REGULATES THE ACTIVITY OF
RAT ASTROCYTES THROUGH A NOVEL TYPE OF RECEPTOR COUPLED TO
PHOSPHOLIPASE C. P. Gandolfo. C. Patte. M. Lamacz. J. Leprince. J.L. Thoumas.
H. Vaudrv* and M.C. Tonon. Europ. Inst. Pept. Res., Lab. Cell. Mol.
Neuroendocrinol., INSERM U413, Univ. Rouen, 76821 Mont-Saint-Aignan, France.
Diazepam-binding inhibitor and its processing fragments DBI33.50 (ODN) and
DBI17.50 (TTN) have been originally characterized as endogenous ligands of
benzodiazepine receptors, also termed endozepines. Glial cells synthesize and release
endozepines, and also express benzodiazepine receptors, suggesting that endozepines
may act as paracrine and/or autocrine regulators of glial cell activity. The aim of the
present study was to determine the mechanism of action of the endozepine ODN on
cultured rat astrocytes. Measurement of intracellular calcium concentrations ( [ C a 2+]j)
by microfluorimetry showed that ODN induced a robust increase in [C a 24] ; in
astrocytes. The effect of ODN on [C a 2*]; was not affected by central- or peripheraltype benzodiazepine receptor antagonists. In addition, binding of the non-selective
benzodiazepine receptor ligand [3H]flunitrazepam to cultured cells was not displaced
by ODN, indicating that the effect of ODN on rat astrocytes is not mediated through
classical benzodiazepine receptors. The stimulatory effect of ODN on [C a 2*]; was not
affected by calcium channel blockers or by incubation in Ca2+-free medium. In
contrast, the microsomal Ca2+-ATPase inhibitor thapsigargin totally suppressed the
ODN-induced [ C a 2+]i increase. In addition, ODN caused a dose-dependent increase
in IP3 formation and a concomitant decrease in PIP2 concentration. Preincubation of
astrocytes with the phospholipase C inhibitor U73122 totally blocked the ODNinduced IP3 formation. Pretreatment of cultured cells with PTX suppressed the
stimulatory effect of ODN on both PIP2 breakdown and Ca2* mobilization. These data
suggest that, in rat astrocytes, ODN acts as an autocrine factor stimulating a nonbenzodiazepinic receptor coupled to a phospholipase C through a PTX-sensitive G
protein.
Supported by INSERM, the European Union (C.H.M.#
ERBCHRXCT920017), ORIL and the Conseil Régional de Haute-Normandie.

267.12
SPECIFIC BINDING OF TWO MAMMALIAN CYTOKINES TO
PARTICULATES FROM PROTOCEREBRUM AND HEMOLYMPH
OF THE TOBACCO HORNWORM, MANDUCA SEXTA
M. S. Parker ♦ and P. D. Ourth
Department of Microbiology and Molecular Sciences, University of Memphis,
Memphis, TN 38152
The mammalian cytokines interferon-gamma and prolactin share ancient
signaling systems which span large evolutionary distances, and specific liganding
by both cytokines at membranes of circulating cells as well as of the neural matrix
could occur in non-mammalian, and even in invertebrate environments. We found
specific binding sites for [123I]-human IFN-gamma (MFN-y; K*. range 0.2 -1 nM)
and fa* [l25I]-rat prolactin (rPRL;
range 0.5-1.5 nM) 0 0 particulates prepared
from the hemolymph, tissue of the first segment, and the microdissected
protocerebra of the tobacco homworm, Manduca sexta. Most of the sites were
solubilized by 3-[(3-cholamidopropyl) dimethylammonio]-1-propane sulfonate
(CHAPS). A well-defined specific binding of hIFN-y was also associated with the
cytoskeletal residue of CHAPS solubilization. The ligand-receptor complexes for
either cytokine could be specifically cross-linked by disuccinylamide suberate. The
two groups of sites showed a low cross-reactivity and a very différait sensitivity to
the ionic environment. The rPRL sites partly resembled PRL receptors found in the
liver of pregnant rats, with a large sensitivity to alkali cations, and a considerable
binding activation by divalent and polyvalent cations (including neomycin and
protamine). The hIFN-y sites, activated by both monovalent and divalent cations,
were inhibited by neomycin. The insect hIFN-y sites somewhat resembled those
described in mammalian cells by their sensitivity to heparin and other polysulfates.
Both ligands bound substantially to proteins in the 150-200 kilodalton range that
might include molecular species similar to known insect cytokine receptors, such
as toll and torso proteins.
(Supported by The University of Tennessee System).

267.13

267.14
DOWN-REGULATION
OF SPINAL
NK1
RECEPTOR
AND
ANTINOCICEPTION BY INTRATHECAL TREATMENT WITH NKl
ANTISENSE OLIGONUCLEOTIDE AND SUBSTANCE P X.-Y. HUA.1*
P. CHEN.1 E. POLGAR.2 1. NAGY.3 M, .MARSALA,1 L H M M 3 LL, .YMSfl'
andM. WEBB3. (1) Dept, of Anaesthesiology, UCSD, CA 92093-0818 USA; (2)
Dept, of Anatomy, University Medical School, Debrecen H-4012, Hungary; (3)
Novartis Institute for Mcdical Research, Gower Place, London WC1E 6BN, UK.
NKl reccptors play a significant role in afferent nociceptive transmission. We
treated rats ir.trathecally with antisense oligonucleotides (AS) directed against the NKl
receptor mRNA and examined the effect on their nociceptive behaviour in response to
formalin injection. We observed no significant reduction of pain behavior or
iminunostaining of spinal NKl receptors (detected by a specific antibody) after a 2-day
treatment with any of three examined AS (AS1, AS2 and AS3). However, if the AS1tieated animals were given intrathecal substance P (SP) there was a profound reduction
in the receptor density in the spinal conl as well as in the behavioral response to
formalin injection given 24 hours after SP. A control oligonucleotide containing 4
mismatched bases, the corresponding sense oligonucleotide, and a mixture of the sense
and AS1 oligonucleotides were all inactive. Synergistic activity of SP was not
mimicked by NMDA, and was blocked by NKl receptor antagonists. Of three different
AS examined, only one (i.e., AS1), which covers the initiation codon, displayed an
inhibitory effect, indicating that this effcct is mediated by blocking translation rather
than by degradation of mRNA. This was also supported by nuclease protection assay
of NKl receptor mRNA concentration in the spinal cord of treated rats, which did not
differ significantly from controls. The data suggest that short term treatment (2 days)
with the NKl antisense oligonucleotide does not significantly interfere with the
receptors in normal conditions. However, activating the system by SP stimulation
reveals the underlying inhibition of receptor synthesis by antisense treatment. The
mechanism contributing to this effect is likely to be internalization of receptor,
followed by partial degradation. (This work was supported by NIH HL 50403, and
Novartis Institute)

CENTRAL AND PERIPHERAL NON-OPIOID ANALGESIC
ACTIVITY OF HISTOGRANIN AND RELATED PEPTIDES.
S. Lemaire*. H. Ruan and J.A._ Prasad.
Department of
Pharmacology, University of Ottawa, Ottawa, Canada, K1H 8M5.
Histogranin (HN) is an adrenal medullary peptide that was
shown to display NMDA receptor antagonist activities. In the
present
study,
the
antinociceptive
effects
of
intracerebroventricular (i.c.v.) and
intraperitoneal (i.p.)
administrations of HN and related peptides were examined in the
mouse writhing pain assay. Central (i.c.v.) administration of HN
induced dose-dependent analgesic effects with an AD 50 of 25.9
nmol/mouse. The order of potency of HN and related peptides
was as follows: HN-(7-15) > HN ~ [Ser1]HN. The N-terminal
fragment, HN-(1-10), was inactive at doses up to 100
nmol/mouse. The antinociceptive activity of [Ser1]HN was not
affected by coadministration of the opioid antagonist naloxone
(1 nmol/mouse), but it was markedly or completely blocked by
coadministration of
the NMDA antagonists, CPP (0.1
nmol/mouse), MK-801 (0.3 nmol/mouse) and HA-966
(20 nmol/mouse). Peripheral (i.p.) administration of HN related
peptides produced analgesic effects that correlated with those
observed after central administration. These results suggest that
HN may be an endogenous antinociceptive peptide acting both
centrally and peripherally via a modulation of NMDA receptor
functions. Supported by the MRCC.

267.15
EFFECTS OF THE SELECTIVE NK, RECEPTOR ANTAGONIST PD
154075 ON PLASMA PROTEIN EXTRAVASATION IN GUINEA-PIG
AIRWAYS. K. Meecham, S. Purbrick. K. Blyth, J-M. Planquois*. G. Mottin1, A.
Payne1. J. Hughes and R. Williams*. Parke-Davis Neuroscience Research Centre,
Forvie Site, Robinson Way, Cambridge, UK, CB2 2QB. llouveinal Research Institute,
Fresnes, France.
Neurokinin NKi receptor antagonists have been shown to inhibit both neurogenic
and agonist evoked plasma protein extravasation (PPX) in central airway tissues,
though effects against antigen evoked extravasation responses are less clear. Here we
describe the effects of the non-peptide selective NK, receptor antagonist PD 154075
on both agonist and vagally induced extravasation in guinea-pig airways and against
antigen evoked extravasation in ovalbumin (OA) sensitised animals. Methods: All
studies were performed in pentobarbitone anaesthetised guinea-pigs (45 mg/kg i.p.) in
the presence of phosphoramidon (2.5 mg/kg) and atropine (1.0 mg/kg). PD 154075
was administered i.v. in DMSO vehicle 5 mins prior to agonist (Substance P 1.0
nmol/kg i.v.), electrical (antidromic 10 Hz, 5 mA, 5 mS, both vagii for 3 mins) or
antigen (2 mins, 0.5% OA) challenge. PPX was assessed by extraction of Evans Blue
dye from tissues following transcardial perfusion. Results: PD 154075 dose
dependently inhibited SP induced PPX in trachea and upper bronchi with ID50 values
of 0.09 and 0.03mg/kg respectively. PD 154075 also inhibited the vagally mediated
extravasation response, with IDS0 values of 0.007 and 0.01 mg/kg in the trachea and
bronchus respectively. This was not the case however for the antigen evoked response
in the sensitised model where PD 154075 was ineffective at doses ranging from 0.1 to
10.0 mg/kg. CP 99994 was also inactive in this model at 1.0 mg/kg. Conclusions-.
PD 154075 acts as as a powerful antagonist of SP mediated and neurogenically evoked
PPX in guinea-pig airways. Activation of the neurokinin NKi receptor does not
provide a major component of the PPX response to antigen challenge in sensitised
guinea-pigs.
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LEPTIN RECEPTOR MUTAGENESIS DEFINES THE BINDING
DOMAIN AND PROVIDES EVIDENCE FOR DOMINANT
NEGATIVE REGULATION OF THE LEPTIN RECEPTOR.
R.R.C. Huang, M.R. Tota, C. Mao, T. Smith, J. Vamerin, V.V.
Karpitskiy1, J. E. Krause , L.H.T. Van der Ploeg, & T.M. Fong*
Merck Research Laboratories, R80M-213, PO BOX 2000,
Rahway, NJ 07065 and 1Washington University School of
Medicine, St. Louis, MO 63110
The leptin receptor is a member of the class I cytokine
receptor family and is involved in the control of appetite and
body weight. The predicted amino acid sequence of the
extracellular region of the cloned leptin receptor differs from
many other cytokine receptors in that it contains two
homologous segments representing potential ligand binding
sites. Following the analysis of various deletion and substitution
mutants of the leptin receptor, we found that the first potential
binding site is not required for leptin binding and receptor
activation, while modification of the second potential binding
site leads to inactive receptor mutants. These data support a
structural model in which leptin binds to the second segment of
cytokine receptor domain-fibronectin type 3 domain. Co
expression of the active isoform of leptin receptor (OB-Rb) with
the inactive mutants led to a suppression of the activity
mediated by OB-Rb, suggesting that the leptin receptor may
exist as a multimeric complex in the absence of leptin.
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MOLECULAR CLONING AND CHARACTERIZATION OF A NOVEL GPROTEIN COUPLED RECEPTOR STRUCTURALLY-RELATED TO BOTH THE
BOMBESIN AND THE ENDOTHELIN RECEPTORS. N. Lena*. R. B. Simerlv.
R. Raab. Y. Jia. E. R. Spindel. Division of Neuroscience, Oregon Regional
Primate Research Center, Beaverton OR 97006
Search of the EST database revealed a cDNA related to, but different from the
known bombesin receptors. The EST clone was used to isolate a full-length
putative G-protein coupled receptor cDNA from a rat hypothalamic library. The
cDNA consisted of 3104 nucleotides with an open reading frame coding for 567
amino acids containing art initial 31 amino acid signal peptide-like sequence and
7 hydrophobic domains. Sequence homology analysis showed striking
homology with both the endothelin and bombesin receptor families at the
peptide level. At the nucleotide level, less significant homology was noted.
Structurally this receptor differs from the bombesin and endothelin receptor by
the presence of a long amino-terminal tail prior to the first hydrophobic domain.
Northern blot analysis showed a 3.6 kb mRNA abundantly expressed in most
regions of brain, but not present in heart, pancreas, liver, lung, kidney, stomach,
uterus, or skin. In situ hybridization analysis showed that the receptor is
primarily expressed in glia, but is also expressed in some neuronal populations.
Expression of the receptor in Xenopus oocytes demonstrated no response to
250 nM endothelin 1, endothelin 2, endothelin 3, bombesin or BIM26292. This
suggests that none of the known endothelins or bombesin-like peptides
represent the endogenous ligand for this receptor, or that the receptor is not
coupled to increased intracellular IP3 and calcium. The strong expression in
both neurons and glia in CNS, but the lack of expression outside of the CNS
suggests a specific neuronally-oriented role for this novel receptor. This

267.17
SOLID-PHASE SYNTHESIS OF CAGED PEPTIDES USING TYROSINE
MODIFIED WITH A PHOTOCLEAVABLE PROTECTING GROUP:
APPLICATION TO THE SYNTHESIS OF CAGED NEUROPEPTIDES
Y.Shigeri*. Y.Tatsm_S,Sagabe, N.Yumolo, and S^Yoshikaiva Dept. Organic
Materials, Osaka National Res. Inst, AIST, MITI, Ikeda, Osaka 563, Japan
A simple method for the synthesis of caged peptides using a novel
derivative of tyrosine, Af-Fmoc-0-(2-nitrobenzyl)-tyrosine, is described. The
derivative of tyrosine can be incorporated at any position in peptides by solidphase peptide synthesis, and caged peptides containing nitrobenzyl group on
the side chain of tyrosine residue can be obtained. The nitrobenzyl group can
be photocleaved by UV irradiation and the halflife is about 7|xs. The method
was applied to the synthesis of caged neuropeptides; neuropeptide Y (NPY),
Leu-enkephalin (ENK) and angiotensin II (All). The binding affinities of
nitrobenzyl NPY for NPYY1 receptor and nitrobenzyl ENK for delta opioid
receptor were three and two orders of magnitude lower than those of intact
NPY and ENK, respectively. Thus, nitrobenzyl NPY and nitrobenzyl ENK
can be used as caged peptides. By contrast, the nitrobenzyl group did not act
as a cage for All, indicating that nitrobenzyl groups must be introduced at
appropriate sites in a peptide that are essential for biological activity.

research supported by NIH grant RO1 NS35580

267.19
MOLECULAR CLONING OF FIVE NOVEL PUTATIVE G PROTEIN-COUPLED
RECEPTOR GENES. A J f e te J L N g u y e a , L,£. Kola&wski,
George and B.F. O’Dowd*. Addiction Research Foundation and Department of
Pharmacology, University of Toronto, Toronto, Ontario M5S 1A8, Canada, Department
of Pharmacology, University of Texas Health Science Center at San Antonio, San
Antonio, TX 78284, Department of Pharmacology, University of Virginia, Health
Sciences Centre, Charlottesville, VA 22908.
Gprotein-coupled receptors (GPCRs) are cell surface proteins that bind a wide variety
of molecules mediating a multitude of physiological functions. We have been engaged
in the search for novel GPCRs, especially for those expressed in the CNS, which may lead
to a better understanding of the neural mechanisms involved in drug addiction and
neuropsychiatric diseases. To date we have isolated 19 novel GPCRs, for which the
endogenous ligands are not known, and here we report the identification of five more
members of the GPCR gene family. One strategy we used involved computer-based
identification of cDNAs represented in GenBank’s data base of expressed sequence tags
(ESTs). These ESTs were used to screen libraries to isolate full-length clones. We
isolated GPR26, encoding a receptor with 22-24% identity to several serotonin receptors,
and GPR27, encoding a receptor with 25-27% identity to dopamine receptors. An
alternate strategy employed PCR amplification of DNA using degenerate oligonucleotides
derived from TM regions of a variety of GPCRs. We isolated GPR28, encoding a
receptor with 28-30% identity to chemokine receptors, and GPR29 and GPR30, which are
92%identical and have 30-36% identity to chemoattractant receptors. Northern blot and
in situ hybridization analyses revealed high levels of GPR26, GPR27 and GPR28 mRNA
transcripts in the rat and human CNS. GPR26 and GPR28 were localized to
chromosomes 10q26 and 7p22 respectively, while both GPR29 and GPR30 were
localized to chromosome 19ql3.3.
(Supported by the Medical Research Council of Canada, NIDA and NIH)

267.20
C L O N I N G A N D E X P R E S S IO N O F T H E P U T A T IV E LYM NAEA
F M R F A M ID E -G A T E D
S O D IU M
CHANNEL.
S.T.Perrv.
M .S c h o fie ld , T.F .B u rke* a n d P .R .B e n ia m in . Sussex C e n tre F o r
N e u ro s c ie n c e , U n iv e r s ity o f Sussex, B rig h to n , B N 1 9 Q G , U K .
M o s t n e u ro p e p tid e s act th ro u g h second m essenger system s
v ia G -p r o te in c o u p le d recep tors. H o w e v e r , th e recen t d isco ve ry
o f a n a m ilo rid e -s e n s itiv e F M R F a m id e -g a te d s o d iu m c h a n n el
exp re ssed in th e C N S o f Helix aspersa has p ro d u c e d th e e x c itin g
p o s s ib ility o f th e existence o f a n o v e l f a m ily o f p e p tid e -g a te d
io n ch a n n els (L in g u e g lia et a l, 1996, N a tu r e 278, 730 -73 1). W e
h a v e c lo n e d a c D N A e n c o d in g a p u ta tiv e F M R F a m id e -g a te d
s o d iu m c h a n n e l fro m a C N S c D N A lib r a r y o f th e re la te d
m o llu s c Lymnaea stagnalis ( L y m F a N a C h ). T h e clone sho w s 77%
a m in o a c id sequence id e n t it y to th e Helix clone a n d is s im ila r to
o th e r a m ilo rid e -s e n s itiv e s o d iu m channels. In situ h y b rid iz a tio n
r e v e a le d

exp re ssio n o f L y m F a N a C h

th ro u g h o u t th e b ra in ,

in c lu d in g in s o m e la rg e a n d e a s ily id e n tifia b le n eu ro ns. T h is
m a p w i l l a llo w us to in v e s tig a te th e r o le o f th e F M R F a m id e g a te d io n o tro p ic c h a n n e l in id e n tifie d n e u ra l n e tw o rk s in v o lv e d
in b e h a v io u r.
W o r k s u p p o rte d b y BB SR C g ra n t, U K .
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268.1
R e g i o n a l D if f e r e n c e s in M u O p io id A g o n i s t E f f i c a c y a n d
E f fic ie n c y in R at B r a i n . C.L. Elrod. L.J. Sim. D.E. Sellev and
S.R. Childers*. Dept. Physiol./Pharmacol., Bowman Gray Sch. Med.,
Wake Forest Univ., Winston-Salem, NC 27157.
Opioid agonist efficacy can be defined by the ability to stimulate
[35S]GTPyS binding, and efficiency (amplification factor) can be
defined by the ratio o f receptor binding to activated G-proteins.
Previous studies have revealed that morphine and fentanyl are partial
agonists compared to DAMGO in stimulating [35S]GTPyS binding in
both thalamic membranes and brain sections (determined by in vitro
autoradiography). Using a combined approach o f [35S]GTPyS and
opioid receptor binding, a regional analysis of catalytic efficiency and
agonist efficacy of mu opioid receptors was performed. Preliminary data
comparing the efficacy o f morphine and DAMGO revealed that while
morphine was a partial agonist in thalamus (62% o f DAMGO), it
approached full agonist activity (85% of DAMGO) in cingulate cortex.
However, this difference in efficacy was due to the lack o f specificity of
morphine compared to DAMGO, since addition o f the delta antagonist
naltrindole eliminated this difference in efficacy between the two regions,
leaving morphine as a partial agonist in both regions. Amplification
factors, calculated from the ratio o f the Bmax values o f [3H]naloxone
binding to the Bmax values of DAMGO-stimulated p5S]GTPyS binding,
revealed differences in the efficiency of mu receptor/G protein coupling
between several brain regions. These results indicate that regional
variations in receptor and/or G-protein density, as well as type(s) o f Gproteins, may contribute to functional effects of mu opioid agonists.
Supported by DA-02904 from NIDA.
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268.2
THERMODYNAMIC ANALYSIS OF LIGAND BINDING« TO THE
CLONED RAT \i OPIOID RECEPTOR . J.G. Li. R.B. Raffa1 and L.Y.
Liu-Chen . Dept, of Pharmacology, Sch. of Medicine and Dept, of
Pharmaceutical Sciences, Sch. of Pharmacy1, Temple University,
Philadelphia, PA 19140.
Thermodynamic analysis of pharmacological data obtained from a single
receptor system provides potential insights into the physicochemical
changes that occur at the molecular level of drug-receptor interactions. We
investigated the binding thermodynamics of three antagonists, two peptide
agonists and five nonpeptide agonists to the cloned rat jj. opioid receptor
stably expressed in CHO cells. Competitive binding assays were carried out
at 0°C, 12°C, 25°C and 37°C using pH]diprenorphine as the radiolabeled
ligand. For every ligand, the Kd or Kj values at all four temperatures were
calculated and a vant Hoff plot was generated. AH°', AS°' and -TAS°' and AG°'
at 37°C were calculated. Changes in free energy ( AG01at 37°C) of binding of
these ligands ranged from -10.35 to -15.65 kcal/mol. Binding of sufentanil,
ohmefentanyl, diprenorphine and CTAP to the [i opioid receptor was
endothermic (AH°’>0) and driven by an increase in entropy (-TAS°\ -13.44 to
-19.01 kcal/mol at 37°C). In contrast, binding of naltrexone was exothermic
(AH°\ -12.56 kcal/mol) and essentially enthalpy-driven. Binding of morphine,
methadone, pentazocine, DAMGO and PL017 was exothermic (AH°\ from
-3.53 to -9.95 kcal/mol) and occurred with an increase in entropy (-TAS0',
-1.28 to -7.61 kcal/mol at 37°C). These results support the notion that
binding of ligands to the \l opioid receptor proceeds by different
mechanisms and independent of efficacy, (supported by NIH Grant
DA04745and Adolor Corp.)
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EFFECTS OF TRANSMEMBRANE PACKING ON ANTAGONIST
ACTIVATION OF THE p82 OPIOID RECEPTOR. P.A. Claude*. L.
Erickson-Herbrandson. H.H. Loh. P.-Y. Law. Dept, of Pharmacology.
University of Minnesota, Minneapolis, MN 55455.
As reported previously, a chimeric opioid receptor (p.82), contains a single
point mutation in the fourth transmembrane region (S196L) which allows
classical opioid antagonists (naloxone, NTB, TIPPxj/) to activate the
receptor like full agonists (Claude et al. PNAS 93:5715-5719, 1996).
Though the presence of the TM4 mutation is sufficient to produce agonist
activity from antagonists, it was hypothesized that incompatible
interactions between the p-opioid receptor TM1 and TM2 with the 8opioid receptor TM6 and TM7 produced a less restricted binding pocket
allowing for greater receptor activation by the sterically hindered opioid
antagonists. We created two additional chimeric receptors, both
containing the S196L mutation, to reproduce the transmembrane packing
arrangement of the wildtype receptors (|i52ji67 and p02|T7). Radioligand
binding confirmed that these chimeric receptors retained 8-opioid receptor
selectivity. Using three tests of opioid receptor activation (inhibition of
adenylyl cyclase activity, activation of the GIRK1 channel and ability to
downregulate the receptor with chronic opioid treatment) we found that
the opioid antagonists naloxone, NTB and TIPP\j/ were full agonists at the
jliS2 receptor while only partial agonists at the p82p.67 and p82p7
receptors. Activity of the full agonist DPDPE was not affected by the
replacement of the transmembrane regions. These data suggest that steric
restrictions within the binding pocket influence the magnitude of the
antagonist response at opioid receptors containing the S196L mutation.
(Research supported by NIDA grants DA07339. DA05696 and DÀ07234-07)

268.4
INVOLVEMENT OF TYR148, TRP318 AND HIS319 OF THE RAT p-OPIOID
RECEPTOR IN BINDING OF ^-SELECTIVE LIGANDS. H. Xu*, Y.-F. Lu\ J.S.
Partilla1, J.-B. Wang2, Q.-X. Zheng1, G.A. Brine3, F.I. Carroll3, K.C. Rice4 and
R.B. Rothman1.
'CPS, DIR, NIDA, NIH Baltimore, MD 21224 and 4LMC, NIDDK, NIH, Bethesda,
MD 20892.2UMAB, Baltimore, MD. ^T I, Research Triangle Park, NC 27709.
Previous data obtained with cloned rat p. receptor demonstrated that the “superpotent” opiates, RTI-4614-4 and its four enantiomers differ in binding affinity,
potency, efficacy and intrinsic efficacy. Molecular modeling (Tang Yun et al.,
1995) of fentanyl derivatives binding to the p. receptor suggest that important
residues are Aspl47, Tyrl48, Trp318, His319. Asp 147 is required to interact with
the positively charged opiate agonist in forming potent electrostatic and hydrogenbonding interactions. In this study the role of Tyr 148Trp318 and His319 for p
receptor binding was explored via site-directed mutagenesis. Tyrl48 (TMH3) Tip318
(TMH7) and His319 (TMH7) were individually replaced with phenylalanine or
alanine. Receptors transiently expressed in COS-7 cells were labeled with
[125I]IOXY according to published procedures. Mutation of Tyrl48 to
phenylalanine reduced the binding affinities of the p-selective agonists (2-7 fold),
but did not alter the affinities of DAMGO, naloxone and the non-selective opiates
etorphine and buprenoiphine. In contrast, this mutation significantly increased the
binding affinities of DADL, IOXY and dermorphin. Mutation of Trp318 decreased
opioid receptor binding to almost undetectable levels. Substitution of alanine for
His319 significantly reduced binding affinities for the opioid ligands tested (1.3 to
48-fold), but did not alter the affinities of naloxone and bremazocine. These results
indicate the importance of Tyrl48 and His319 for the binding of fentanyl derivatives
to the p-receptor. Functional studies using the mutant receptors in transfected
cos-7 cells will provide additional insight into the mechanism of action of RTI-46144
and its four enantiomers.(Supported by NIH).

268.5
AGONIST-INDUCED DESENSITIZATION OF THE MU OPIOID RECEPTOR IS
DETERMINED BY 394Thr AND BY ACIDIC AMINO ACIDS IN THE COOHTERMINAL TAIL. YS Pak. S.R. George. A. Lane* and B. F. OT>owd. Department of
Pharmacology and Medicine, University of Toronto, Addiction Research Fdn, Toronto,
ONT, Canada M5S 1A8
The mechanism for agonist-induced desensitization of G-protein-coupled receptors
involves phosphorylation at the third intracellular loop or the C-tail due to recognition by
G-protein coupled receptor kinases (GRKs). A splice variant of the mu opioid receptor
cDNA (MOR1B) has been cloned that differs only in length and encoded amino acid
sequences at the end of C-tail compared to MORI. MOR1B lacks a phosphorylation site
(T394) and is slower to desensitize compared to MORI. We ablated potential GRK sites
in the C-tail of the receptor and ex amined effects on DAMGO-induced desensitization.
We replaced Thr at 394 to Ala (T394A) and stably expressed this receptor in CHO cells.
The T394A receptor did not desensitize after 1 hour treatment with DAMGO indicating
that T394 is required for agonist-induced desensitization. To test if T394 is the only
residue critical for this desensitization, we investigated the importance of 7 other
phosphorylation sites between positions 363 and 383 which were replaced by alanines
with the T394 maintained. This mutant (AT) showed partial desensitization (70 %)
compared to the wild type receptor. To identify other residues, we made a third mutant
(ATT) in which 6 phosphorylation sites between 363 and 379 were replaced by alanines
with the last 2 threonines at 383 and 394 left intact. This receptor (ATT) showed an
identical degree of desensitization compared to wild type receptor. These results suggest
that T394 is the primary recognition site for GRKs, butT383 is also required. The
specificity of T394 appears to be determined by the preceding acidic amino acid stretch
because in a mutant receptor in which glutamic acid residues at 388, 391 and 393 were
replaced by glutamine with T394 left intact, agonist-induced desensitization was
completely abolished.
(Supported by the Medical Research Council of Canada)

268.6
A MUTATION IN TRANSMEMBRANE HELIX 6 OF THE \i OPIOID
RECEPTOR THAT ACCELERATES RECOVERY TIMES FROM CERTAIN
OPIOID AGENTS. C.E. Spivak* and C.L. Beglan. Molecular Neurobiology
Branch, National Institute on Drug Abuse, Baltimore, MD 21224.
The observation that mutation H297N of the n opioid receptor enhanced intrinsic
activities of opioids such that classical antagonists such as naloxone became partial
agonists (Spivak et al., Abstr. Neurosci. 22:1765 (1996)) can be interpreted as a
reflection of lower affinity of agents for an antagonist subsite that overlaps an
agonist subsite in the recognition pocket of the p. receptor. This interpretation
prompts the hypothesis, tested here, that the rate of recovery from antagonists would
be selectively enhanced at this mutant receptor.
Nuclei oiXenopus oocytes were injected with a 1:1 mixture of plasmids encoding
either wild-type or the H297N mutant of the fi receptor and the inwardly rectifying
potassium channel GIRK1. Oocytes voltage clamped at -80 mV responded with
inward currents to opioid agonists. Normorphine (20 |*M) test pulses of 0.5 or 1 sec
duration recurring at 0.67 or 1 min'1monitored the time course for recovery from
various opioids.
The mutant H297N recovered faster than did wild-type from alkaloid antagonists.
For example diprenorphine, which recovered with a time constant of 800 minutes at
the wild-type receptor, required only 8 minutes at H297N. The wild-type receptor
similarly recovered from naloxone about 6 times faster at the H297N mutant than it
did from the wild-type |i receptor. However, no difference in recovery time
constants was observed for the peptide antagonist CTOP or from agonists such as
DAMGO or normorphine.
These results support the hypothesis that His-297 composes part of an alkaloid
antagonist binding site.
Supported by NIDA-IRP, NIH.

268.7

268.8

COS CELL EXPRESSION OF N-TERMINAL 6X HIS TAGGED ft
OPIATE RECEPTOR. P.S. Jpfrns9n*JP. Zhapgt_A>-RQy, At Mpflies^qad
G.R. Uhl. Molecular Neurobiology Branch, NIDA-IRP,& Depts. Neurol. &
Neurosci, IHUSM Baltimore, MD 21224.
Studies employing recombinant n receptors can aid in the identification
of subcellular expression patterns, posttranslational changes including
phosphorylation, and co-purifying G-proteins. To facilitate studies of this
protein, an N-terminal polyhistidine tag was added and the properties of
the recombinant tagged fi receptors assessed. These tags are recognized
by Ni affinity columns and by commercially-available antisera in
expressing cell systems. Transient expression in COS cells of the Nterminal -6XHIS human n receptor construct in the expression vector
pcDNAl yielded [3H]DAMGO binding with affinity and
values
similar to those of wildtype receptors. COS cells expressing N-terminally
tagged n receptors can be labeled immunocytochemically with an anti6XHIS antibody and compared to cells expressing wildtype receptors and
detected using a C-terminally directed polyclonal n receptor antiserum
developed in this laboratory. This HIS-tagged n receptor construct allows
evaluation of C-terminally altered receptor mutants as well as mutants
that may alter cell surface expression, and allows purification of the
recombinant n receptor protein from mammalian, insect, or prokaryotic
cell sources.
Supported by NIDA-IRP, NIH.

USE OF A CLONED EPITOPE TAGGED MU OPIOID RECEPTOR IN NEURO
2A CELLS AS A MEANS OF ELUCIDATING G-PROTEIN MEDIATED OPIOID
SIGNAL TRANSDUCTION, J. L. Adams and P. L. Prather*. University of
Arkansas for Medical Sciences, Little Rock, AR 72205.
Opioid drugs exert their pharmacological effects by binding to receptors (p,
k , 8) which couple to heterotrimeric G-proteins. To study opioid receptor/Gprotein interactions. Neuro2A cells were stably transfected with cDNA which
encoded for a la-opioid receptor with an additional poly-histidine (HIS6 )
epitope tag at the extracellular N-terminus. Saturation binding with the nonselective opioid ligand [3H]-diprenorphine (DPN) revealed a single high
affinity binding site (Bmax=2.1+/-0.4 pmol/mg protein and Kd=1.0+/-0.3 nM).
Furthermore, the p selective agonist [D-Ala2,MePhe4,Gly-ol6] enkephalin
(DAMGO) but not the 8 selective agonist [D-Pen2-D-Pen5] enkephalin
(DPDPE) was able to displace [3H]-DPN binding. DAMGO dose dependently
(0.01nM-10pM) inhibited adenylyl cyclase activity with a potency (IC5 o=4 .0 +/1.4 nM) and efficacy (maximal inhibition of 64.7%) similar to that observed in
other cell lines expressing non-tagged p receptors. Therefore, the addition
of the tag does not alter normal p-opioid receptor signal transduction. The
tagged receptor was purified with Talon™ metal affinity chromatograhpy resin
(which binds to the HIS6 tag). SDS-PAGE of the purified eluent yielded
bands which were recognized by antibodies specific for the p receptor and
for the HIS6 tag, both of which migrated with identical electrophretic mobility
and resembled published values for the molecular weight of the p receptor.
G-protein a-subunits also co-purified with the tagged receptor. This was
determined by immuno-blotting and autoradiography of Ga-subunits that
had incorporated [32P]-GTP-azidoaniline. Thus, a tagged opioid receptor can
be used to study the protein-protein interactions involved in opioid receptor
signal transduction.
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268.9
EFFECTS OF TREATING SH-SY5Y CELLS WITH IRREVERSIBLE OPIOID
ANTAGONISTS: RECEPTOR BINDING, CYCLIC AMP AND DESENSITIZATION
J. P. McLaughlin* and J. M. Bidlack. University of Rochester, Rochester, NY 14642.
Irreversible |i opioid antagonists reduced maximal receptor binding in a washresistant manner within minutes, yet required at least 8 hr to produce antagonism of
morphine-induced antinociception in mouse analgesic assays. Moreover, coadministration of the irreversible |i opioid antagonists with i.c.v. morphine blocks the
formation of acute morphine antinociceptive tolerance before the onset of their
antagonism (Jiang et al., JPET 273:680, 1995.) To investigate these discrepancies,
SK-N-SH SY5Y human neuroblastoma cells were cultured with the irreversible |i
opioid antagonists fi-funaltrexamine (B-FNA),
N-cyclopropyImethyl-14B(thioglycolamido)-7,8- dihydromorphinone (N-CPM-TAMO) or N-cyclopropylmethyl5fl-methyl-14fl- (p-nitrocinnamoylamino)-7,8-dihydromorphinone (N-CPM-METCAMO), with or without morphine, up to 24 hr. The harvested membranes were used
in [^DAMGO saturation binding and second messenger system assays to measure
changes in receptor number and efficacy. Both N-CPM-TAMO and N-CPM-METCAMO reduced the maximal binding of [3H]DAMGO to membranes by approximately
80% after a 15-min incubation, while B-FNA reduced the IW value by only 40%.
However, after a 24-hr incubation, all three compounds produced an 80% reduction in
maximal [3H]DAMGO binding. Moreover, measurements of adenylyl cyclase activity
in similarly pretreated cells showed no change from control basal activity at any of the
concentrations or incubation times tested. The addition of 1 jiM morphine to the
intact cell incubation for 24 hr reduced maximal [^DAMGO binding by half, an
effect blocked by co-incubation with 10 pM naloxone but not 1 nM N-CPM-TAMO or
3 nM B-FNA. The corresponding changes in desensitization of adenylyl cyclase
activity will be discussed, with and without the antagonists. These results suggest an
explanation for the delay in behaviorally-observed antagonism of moiphine-induced
antinociception and the blockade of morphine antinociceptive tolerance on the receptor
and signal-transduction levels by the irreversible n opioid antagonists. (Supported by
NIDA grants DA03742 and DA07232.)

268.10
ENHANCEMENT OF FUNCTIONAL COUPLING BETWEEN p- OR 8-OPIOID
RECEPTORS AND G-PROTEINS IN THE MOUSE SPINAL CORD AFTER
CHRONIC NALOXONE TREATMENT. LE, .Tseng!, M, Narita, H- Mizognchi
and C. Suganuma Dept, of Anesthesiology, Medical College of Wisconsin,
Milwaukee, Wl 53226.
It has been documented that repeated exposure to opioid receptor
antagonist naloxone results in an enhancement of opioid-induced
pharmacological effects. However, the functional interaction between opioid
receptors and G-proteins after chronic naloxone treatment is still unclear.
Opioid-stimulated [“ SlGTPyS binding provides a sensitive tool for studying the
G-protein activation by \i- and 5-opioid receptors in the mouse spinal cord (See
abstract by Narita et al.). The present study was then designed to investigate
the effect of \i- and 5-opioid receptor agonists on [3sS]GTPyS -binding to Gproteins in mouse spinal cord membranes after chronic in vivo treatment with
naloxone. Groups of mice were repeatedly injected subcutaneously with
saline or 20 mg/kg of naloxone once a day for 7 consecutive days. Mice were
sacrificed by decapitation 24 hr after the last injection and their spinal cords
were quickly isolated. The homogenates of mouse spinal cord membrane
were incubated in an assay buffer containing 50 pM [“ SJGTPtS, 30 nM GDP
and various concentrations of opioid agonists. The ^-agonist DAMGO or 8agonist DSLET increased [^SjGTPyS binding in a concentration-dependent
and saturable (up to 10 nM) manner in saline control mice. Maximal stimulation
of p5S]GTPYS binding by both DAMGO and DSLET was approximately 100 % in
saline-treated mice. In spinal cord membranes from chronic naloxone-treated
mice, both DAMGO- and DSLET-stimulated [“ SJGTPvS binding was enhanced
significantly compared with saline control mice. The maximal increase for either
DAMGO or DSLET was approximately 150 %. These results suggest an
enhancement of functional coupling between \l- or 8-opioid receptors and Gproteins in the mouse spinal cord by chronic naloxone treatment (Supported
by NIH grant, DA 03811).

268.11
DIFFERENTIAL MODULATION OF ^SjGTPyS BINDING IN MOUSE SPINAL
CORD MEMBRANES BY *i-, 8-, k - AND ORPHAN-RECEPTOR AGONISTS. M,
Narite1,! Jj. MizoguphiVH. Nagasg2.aDd.LF, Tseng!. 1Dept. of Anesthesiology,
Medical College of Wisconsin, Milwaukee, Wl 53226, 2Basic Res. Lab., Toray
Industries Inc., Kamakura 248, Japan.
Agonist-stimulated binding of the poorly hydrolyzable GTP analog
[“ SJGTPyS to G proteins has been developed as a sensitive tool for
investigating the interaction of receptors with G proteins. The present study
was then designed to investigate the effects of \i-, 8-, k - and orphan-receptor
agonists on [“ SJGTPyS binding in mouse spinal cord membranes. Membranes
were incubated in an assay buffer containing 50 pM of [3SS]GTPyS, various
concentrations of receptor agonist and GDP. To observe a stimulation of
PSJGTPtS binding by opioid agonist, it was necessary to include GDP in
>1000-fold excess over [“ SJGTPyS. In the presence of 30 nM GDP, a hagonist DAMGO (0.1-10 nM) and a 5-agonist DSLET (0.1-10 nM) increased the
rSJGTP-yS binding in a concentration-dependent manner and reached
approximately 100 % maximal increase at 10 nM. The increases of [“ SJGTPyS
binding by DAMGO and DSLET were completely blocked by co-incubation with
a ^-antagonist p-FNA and a 5-antagonist NTI, respectively. The orphan receptor
agonist nociceptin also increased the binding by 80%. The effect was not
affected by co-incubation with p-FNA, NTI or a K-antagonist nor-BNI, indicating
that orphan receptors in the mouse spinal cord are also .G protein-coupled
receptors, which are non n-, 5- and K-receptors. However, the maximal increase
of PS]GTPyS binding by K-agonists U50.488H or PD117302, was only 20 %.
The effect was blocked by co-incubation with nor-BNI. These results provide
further evidence of the validity for using pSjGTPyS binding as a functional
measure of G protein activation modulated by opioid receptor agonists in
mouse spinal cord membranes independently of the second messenger
system (Supported by NIH grant, DA 03811).

268.12

268.13
TYR-W-MIF-1 INHIBITS [35S]GTPyS BINDING IN SH-SY5Y HUMAN
NEUROBLASTOMA CELLS. L.M. Harrison*. AJ. Kastin and J.E. Zadina.
VA Medical Center and Dept of Medicine and Neuroscience Training
Program, Tulane University Sch. of Med., New Orleans, LA 70146.
The endogenous opiate-modulating peptide Tyr-W-MIF-1 (Tyr-Pro-Trp-GlyNHj) binds to the mu receptor (life Sci 55:461) and attenuates chronic agonistinduced down-regulation of both mu and delta receptors (SFN Ab. 22:822).
However, the mechanism of this action is unknown. In these studies, we used a
[“SJGTPyS binding assay to compare Tyr-W-MIF-1 with other mu ligands for
their ability to activate G-proteins. SH-SY5Y cells were differentiated with
retinok acid (RA), and membranes were prepared as described (JPET
270:1086). Conditions for detecting agonist stimulation of GTP binding were
optimized using the mu agonist DAMGO as a standard. Of the GDP
concentrations tested (1-50 |tM), the 10-30 jiM range afforded the best
stimulation, with the largest effect detected at 30 jiM GDP. This characteristic,
along with a maximum effect of DAMGO (10 pM) of about 75% stimulation,
indicates that this preparation is more similar to brain (e.g. striatum; EJP
307:97) than to undifferentiated SH-SY5Y cells (Mol Pharm 47:848). We next
compared the abilities of DAMGO, morphine, and Tyr-W-MIF-1 to stimulate
GTP binding. DAMGO and morphine both dose-dependently stimulated GTP
binding over the dose range of 0.1 to 10 pM. However, under the same assay
conditions, Tyr-W-MIF-1 dose-dependently decreased basal GTP binding. The
mu antagonist CTAP attenuated the effects of DAMGO and morphine, but
potentiated the effects of Tyr-W-MIF-1. When Tyr-W-MIF-1 was co-incubated
with DAMGO or morphine, the net effect was a decrease (about 25%) below
basal GTP binding. TTiese results suggests that Tyr-W-MIF-1 acts as an
endogenous inverse agonist in SH-SY5Y cells.
Supported by the VA and NIDA Predoctoral Training Grant DA05645
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RECEPTOR BINDING AND ANALGESIC PROPERTIES OF
THE AFFINITY LABEL DAMGO-CHLOROMETHYL KETONE
M. Szucs. B. Bozo. E. Kicsi. J. Farkas. Gv.Szabo1. K. Gulya2
Biol. Res. Center Hung. Acad. Sci.,1 SZAOTE Medical University,
2JATE University, Szeged, Hungary
(SPON: European Neuroscience Association)
Previously high affinity opioid binding sites have been
demonstrated in rat brain synaptic plasmamembranes and
microsomes the latter being enriched in smooth endoplasmic
reticulum and Golgi membranes. In vitro covalent labelling of [i
opioid receptors was undertaken using [3H]Tyr-D-Ala-Gly-MePheCH2C1, [3H-DAMCK to estimate their molecular weights. SDSPAGE gelelectrophoresis combined with fluorography revealed
specific labelling of proteins of «50 kDa in both fractions.
Subcellular fractions from brains of morphine-tolerant rats
(increasing doses of morphine sc twice daily for 5 days) also
displayed an affinity labelling pattern in which the »50 kDa band
was most intensely labelled with some minor bands also visible.
Administration of DAMCK to rats in vivo (0.1-100 ng/kg iv)
produced a long-lasting tmtinociceptiv effect in tail-flick assay. We
conclude that it is a good tool to monitor the trafficking of opioid
receptors, (Supported by TET-564 andOTKA T-016084 grants.)

268.14
^ -S E L E C T IV E O P IO ID B L O C K S C A L C IU M C H A N N E L S I N
P E P T ID E R G IC N E U R O H Y P O P H Y S IA L N E R V E T E R M IN A L S
V , J, Cocc.ia.

and J .iL U mosi

Worcester Foundation for Biomedical Research, Shrewsbury MA, 01545
We have previously reported that applications of the ji-selective opioid agonist
DAMGO at concentrations in the nanomolar range (1 -100 nM) block both oxytocin
(OT) and vasopressin (AVP) release in isolated preparations of nerve terminals
from the rat newohypophysis(NH;Cocciaetal.,Arettrosa. Abs. 22:71,1996). This
blockade was seen in the absence of any alterations in the sodium-, potassium ‘A’-,
or calcium activated potassium (CAK) currents monitored in isolated NH terminals
using the whole-cell perforated-patch technique. Coupled with previous
observations showing no effect of DAMGO on either calcium currents or
capacitance changes in NH nerve terminals (Ruisin et al., Neurosci. Abs. 21:1092,
1995), we hypothesized two explanations for these observations: either alterations
in calcium current were not responsible for the alterations in peptide secretion, or
the (i-opioid receptor and the NH calcium channels. Re-examination of the calcium
currents in NH nerve terminals using the less disruptive whole-cell perforated-patch
clamp technique shows that application of DAMGO, at concentrations effective in
inhibiting release, blocks a significant fraction (40-60%) of the barium current. This
observation suggests that a diflusable second messenger is involved in the signaling
pathway between the ^-opioid receptor and the calcium channels in the NH' nerve
terminals, although neither the identity of this messenger nor the final mechanism
for modulating the calcium current is currently known.
(Supported by NIH grants NS07366 and NS 29470.)
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268.15
MEMBRANE RESPONSES OF RAT SPINAL LAMINAE I & II
NEURONS RECORDED IN VITRO EVOKED BY n, k , & 5 OPIOID
RECEPTOR AGONISTS. W, A, Eckert IIL*. K, K. McNaughttaujad
A-R. Light. Dept, o f Physiology, University o f North Carolina, Chapel
Hill, NC 27599-7545.
Activation o f multiple opioid receptor subtypes was studied in 29
superficial dorsal horn neurons o f rat spinal cord slices recorded in
whole-cell, tight-seal configuration. Mean resting membrane potential
was *49 mV (from '30-'63 mV) and mean input impedence was 709 MQ
(from 230-1482 MQ). Each agonist was superfused into the bath at
concentrations from 10 nM to 5 p.M. DAMGO, U50488H, DPDPE, and
Deltorphin II were used for activation o f |i, k , 8 b and 5 2 receptors,
respectively. All opioid-evoked membrane effects observed were
inhibitory and included hyperpolarizations, increases in conductances,
and decreases in time constants. Six o f 12 neurons responded to
DAMGO, 2 o f 7 to U50488H, 1 o f 5 to DPDPE, and none o f 5 neurons
tested responded to Deltorphin II. Maximum hyperpolarizations by
DAMGO ranged from 10-23 mV, 15-16 mV for U50488H, and 14 mV
for DPDPE. Membrane conductances increased by 19-47% with
DAMGO, 42-48% with U50488H, and 45% with DPDPE. Time
constants decreased 20-47% by DAMGO, 15-25% by U50488H, and
41% by DPDPE application.
These results indicate that activation o f postsynaptic |i, k, and
possibly 8 j receptors o f spinal laminae I and II neurons evokes similar
inhibitory membrane effects in vitro.
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268.16
PHARMACOLOGICAL CHARACTERIZATION OF HUMAN KAPPA/MU
OPIOID RECEPTOR CHIMERAS THAT RETAIN HIGH AFFINITY FOR
DYNORPHINA. Robert N. DeHaven*. Erik Mansson. Jeffrey D. Daubert and
Guaneling Yu. Adolor Corporation, Malvern, PA 19355.
In order to identify binding domains of opioid agonists and antagonists of
various structural classes, we evaluated the potencies of inhibitors of
[3H]diprenorphine binding to two chimeric human receptors. In one chimera,
extracellular loop 2 of the n receptor was replaced by extracellular loop 2 of the k
receptor and in the other extracellular loop 2 plus transmembrane domain 4 of the
|i receptor was replaced by the corresponding portion of the k receptor. The
inhibition of binding by U69593, dynorphin A (1-17), DAMGO, as well as a
number of dynorphin A analogs, was determined and compared to the inhibition of
binding to wild type k and n receptors. The arylacetamide agonist, U69593
competed poorly with [3H]diprenorphine for binding to the chimeras whereas the
peptide agonist dynorphin A competed with potencies close to that for the tc
receptor. The ji selective peptide DAMGO competed for binding to the chimeras
with potencies close to that for the wild type p. receptor. The k specific morphinan
antagonist nor-binaltorphimine binds to the chimeras as poorly as it does to wild
type n. Nonspecific competitors, naloxone and diprenorphine, do not distinguish
among the four receptors. We have thus identified a region of the k receptor
composed of only 26 amino acids that, when placed in a n “background”, is
entirely sufficient for dynorphin binding. This region, the “dynorphin loop”, may
represent a site of interaction for k agonists that will not display the side effect of
dysphoria that has prevented the development of arylacetamide k agonists as
analgesics.

Supported by NINDS grant NSI6433 and NIDA grant DA04420.
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(3-Endorphin Knock-out Mice Display Altered Analgesic
Responses to Centrally-Administered Opioid Agonists
^Furman University, Greenvile SC, ^U IU C , Champaign IL,
3VAMC, Portland OR, 4Vollum Institute, OHSU, Portland OR.
Analgesic potencies of various opioid analgesics were compared in
mice differentially expressing the opioid peptide (3-endorphin, pendorphin knock-out mice have been created by the introduction of a
premature stop codon into the POMC gene (Rubenstein et al, 1995),
have been made fully congenic onto the C57BL/6J strain, and are bred
as either homozygote knock-outs (KO) or wildtypes (WT). Analgesia
produced by systemic (i.p.) administration o f morphine was measured
using the abdominal constriction (writhing; 0 . 1- 1.0 mg/kg) test, hot
plate test (10.0-50.0 mg/kg), and tail withdrawal assay (15.0-100
mg/kg). No differences were found in the analgesia produced by
systemic morphine on any measure. However, when morphine was
delivered intracerebroventricularly (i.c.v.; .0 - 100.0 ng) (5-endorphin
KO mice were approximately 10-fold more sensitive to the analgesic
effects than their WT counterparts. In order to investigate the
mechanism for the specific increase in i.c.v. morphine potency and
efficacy in KO mice, analgesia produced by i.c.v. DAMGO (0.1-0.8
nmol) and i.c.v DPDPE (50.0-500.0 nmol) was compared. Results
indicate that KO mice are much more sensitive than WT mice to the \ispecific agonist, but not the S agonist, when delivered i.c.v. In order
to account for the equipotent effects o f systemic morphine in these two
genotypes, the hypothesis that KO mice have a relatively decreased
sensitivity to intrathecal opioid agonists will be tested. Grant AA05486.

269.3
MU-OPIOIDS INCREASE NEURONAL EXCITABILITY IN THE
PERIAQUEDUCTAL GRAY BY A DISINHIBITION MECHANISM.
L.C. Chiou1,3 and L.-Y.M. Huang*6. Marine Biomedical Institute1and Dept, of
Physiology and Biophysics2, Univ. of Texas Medical Branch, Galveston,
Texas 77555-1069. Dept. Pharmacol.. Natl. Taiwan Univ., Taipei, Taiwan3.
We have determined the actions of a n-opioid receptor agonist, DAMGO, on
synaptic transmission in the periaqueductal gray (PAG) in brain slices.
Synaptic responses were evoked by local electrical stimulation and recorded
using whole-cell patch clamp recording techniques. Local stimulation induced
both CNQX-sensitive fast excitatory postsynaptic currents (EPSCs) and
bicuculline-sensitive inhibitory postsynaptic currents (IPSCs) in most cells. In
the presence of bicuculline, small APV-sensitive slow EPSCs were observed in
some cells. DAMGO (1 |aM) blocked fast EPSCs by 41 ± 4% in 63% of the
cells and inhibited IPSCs by 61 ± 3% in 90% of the cells. In addition,
DAMGO also activated both inward and delayed rectifying K+ currents. All of
the DAMGO effects were antagonized by the non-selective opioid receptor
antagonist, naloxone. When the combined effects of DAMGO were studied
under current clamp conditions, we found that DAMGO increased and
prolonged the excitatory postsynaptic potentials (EPSPs), resulting in an
increase in the number of EPSP-evoked spikes, even though the resting
membrane potential was hyperpolarized. Thus, DAMGO increases the
neuronal excitability of PAG neurons by preferentially reducing GABAa
receptor mediated inhibitory postsynaptic potentials (IPSPs). These results
provide a direct evidence that the jui-opioid excites PAG neurons by a
disinhibition mechanism. (Supported by NIH NS30045).
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269.2
INTERLEUKIN-6 KNOCK OUT MICE EXHIBIT INCREASED
HYPOTHALAMIC BETA-ENDORPHIN LEVELS, AND REDUCED
OPIOID SENSITIVITY. M.Bianchi. P.Sacerdote. ±V.Poli and A.E.Panerai*
Dept. Pharmacology, Univ.Milano, 20129 Milano, and + IRBM “P.
Angeletti”, 00040, Pomezia, Italy
The recently generated IL-6 deficient mice may represent an interesting
model for investigating the role of this cytokine in different neurobehavioural
processes. In this study, we used IL-6 knock out mice (IL-6 KO) to evaluate
the possible role of IL-6 in neurobehavioural performances, such as pain
sensitivity, analgesic responses and spontaneous locomotor activity.
Nociceptive thresholds were measured by the hot-plate test (54 °C), whereas
locomotor activity was studied by the Animex test. Moreover, we measured
by RIA the levels of the opioid peptide beta-endorphin (BE) in the
hypothalamus of IL-6 KO and of their controls (WT mice). IL-6 KO mice
presented nociceptive thresholds to a thermal stimulus comparable to those
observed in their controls (WT mice). However, they showed a reduced
analgesic response to restraint stress and to the administration of low doses of
morphine (1.25 and 0.625 mg/kg s.c.). The spontaneous locomotor activity
was higher in untreated IL-6 KO mice than in their controls. Moreover, also
the morphine-induced enhancement of spontaneous locomotor activity was
reduced in IL-6 KO mice compared to WT mice. On the contrary, no
differences were observed between IL«6 KO and WT mice in the
enhancement of locomotor activity induced by the administration of the
muscarinic receptor antagonist scopolamine (1 mg/kg i.p.). Finally,
hypothalamic levels of BE were significantly higher in IL-6 KO mice than in
WT mice. Taken together, our data suggest that IL-6 KO mice may represent
a model of animals with an altered endogenous opioid system.

269.4

PRENATAL OPIOID RECEPTOR BLOCKADE CONFERS LONG
TERM INSENSITIVITY TO MORPHINE AND ALTERS MU
OPIOID RECEPTORS. P.J. McLaughlin: S.W. Tobias. S.D.
Hvtrek and I.S. Zaaon. Dept. Neuroscience and Anatomy, and
Comparative Medicine, Penn State Univ. Coll. Med., Hershey, PA
17033.
Chronic maternal opioid receptor blockade invoked by 50 mg/kg
naltrexone (NTX) throughout pregnancy has been shown to have no
effect on pregnancy but alters somatic and behavioral development
during both prenatal and postnatal life. Ramifications of chronic prenatal
opioid receptor blockade on nociception and brain opioid receptor
characteristics were studied at weaning and throughout adulthood in
rats. NTX-exposed rats weighed more than pups from saline-injected
mothers at 21 and 30 days of age; both groups had similar body weights
at 48,60, and 80 days. Morphine challenge and nociceptive testing on a
hot-plate revealed that NTX-exposed pups had no analgesic response to
dosages of morphine that invoked 42% to 132% decreases in baseline
latency scores in control rats. However, animals exposed prenatally to
NTX were analgesic when challenged with the opioid butorphanol or the
non-opioid xylazine; hot-plate latencies were similar to controls. Binding
affinity and number of 5 and k receptors were comparable between NTX
and controls at 21 and 80 days; however, the number of p. receptors (but
not affinity) was subnormal (reduced by 20%) in the NTX rats at 21 and
80 days. These results imply that prenatal alterations in endogenous
opioid/opioid receptor interactions are determinants of certain aspects of
pain sensitivity in postnatal and adult life. Supported by NIH grants NS20500 and HL-53557.
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269.5
EFFICACY OF ENDOGENOUS OPIOID LIGANDS AT THE MURECEPTOR EXPRESSED IN C6 GLIOMA CELLS A.Alt. H. A kl. J.R.
Travnor and J.H.Woods*. Department of Pharmacology and
Mental Health Research Institute, University of Michigan,
Ann Arbor, MI 48109, USA.
Some endogenous opioid peptides are nonselective among
opioid receptor types. Selectivity of action could, however, be
gained by efficacy differences; for example,
p-endorphin 127, a short form of p-endorphin
that
is
expressed
endogenously, has been reported to show antagonist activity
at the putative 6 - and/or H-opioid receptor. To compare the
activity of opioid peptides at the |I-opioid receptor in the
absence of competing opioid receptors, the affinity and
relative efficacy or a series of opioid peptides at the cloned |lreceptor were measured. Rat n-receptor was expressed in C6
glioma cells at a level of 2 pmol/mg determined with
PHJnaloxone.
In ligand-binding assays in Na+ -c o n ta in in g
buffer opioid peptides showed similar affinity for this
receptor m the order
[Met]enkephalin (Ki 179 nM) > pendorphin > dynorphin
1-13
> dynorphin
1-17
=
[Leu]enkephalin
(Ki
779nM ).
R elative
effic a c y
was
determined by the ability to stimulate binding of [3 5 S]GTPyS
to cell membranes.
All ligands caused the same maximal
increase in
] G T P yS . binding, with a potency order
[Met]enkephalin (ECsn 14nM) > [Leu]enkephalin = dynorphin
1-13 > dynorphin 1-17 > P-endorphin > p-endorphin
1-27
(lOOnM). The results show that opioid peptides regardless of
their preference for a particular opioid receptor types have
good affinity, similar potency and the same level o f efficacy
at the JLI-opioid receptor.
Moreover the results demonstrate
clearly that p-endorphin 1-27 is not a Ll-opioid
receptor
antagonist in this preparation (NIH DA00254 and DA07281).

269.6
CHRONIC MORPHINE ALTERS THE CONSEQUENCES OF \i OPIATE
RECEPTOR-G PROTEIN SIGNAL TRANSDUCTION. L. Wang* and A.R.
Gintzler. SUNY Health Sciences Center at Brooklyn, Brooklyn N.Y.
11203
The longitudinal muscle/myenteric plexus (LMMP) preparation
manifests pleiotropic responses to opioid agonists. Sufentanil (|iselective) produces a naloxone-reversible increase or decrease in
the electrically-stimulated formation of cAMP depending on its
concentration. The present study demonstrates that the sufentanil
facilitation and inhibition of stimulated cAMP formation is
mediated via Gs-and G¡-like G proteins, respectively. Inactivation
ofGj (via pertussis toxin) not only abolishes sufentanil inhibition
of cAMP formation but unmasks a facilitory effect. The latter
response is eliminated following treatment with cholera toxin. In
tolerant/dependent LMMP tissue, previously inhibitory
concentrations of sufentanil produce an facilitation of cAMP
formation. However, this unmasked facilitory effect is resistant to
cholera toxin. Thus, although inactivation of the inhibitory signal
transduction pathway (via pertussis toxin) is sufficient to unmask
excitatory sufentanil effects in opiate naive preparations, this
mechanism cannot explain the reversal of sufentanil inhibition to
facilitation that is observed in tolerant/dependent tissue. The
chronic morphine-induced emergence of a p. opiate receptorcoupled facilitory pathway that is either not expressed or not fully
manifest in opiate naive LMMP tissue is suggested.

269.7
RELATIONSHIP OF n- AND 3-OPIOID RECEPTORS TO
GABAERGIC AND DOPAMINERGIC NEURONS WITHIN THE
VENTRAL TEGMENTAL AREA OF RATS. A.E. Kalvuzhnv* and M.W.
Wessendorf. Department.of Cell Biology & Neuroanatomy, University of
Minnesota, Minneapolis, MN 55455
In previous studies we have reported that GABAergic neurons in CNS
frequently express the cloned |Li-opioid receptor (MORI) and are apposed
by varicosities expressing the cloned 3-opioid receptor (DOR1). Since
opiates are thought to affect central reward pathways we investigated
the distribution of MORI-and DORl-staining in relation to GABAergic
and dopamine synthesizing (DA) neurons in ventral tegmental area
(VTA). For double-labeling immunocytochemistry, we combined MORI
and DOR1 antisera with antisera to either tyrosine hydroxylase (TH) or
with monoclonal antibodies to GABA or GAD. Secondary antibodies were
conjugated with FITC, cyanine 3.18, Lissamine rhodamine or cyanine 5.18.
In some cases we observed apposition of GAD-ir varicosities to MORl-ir
neurons suggesting that MORl-ir neurons are controlled by GABAergic
neurons. In addition, it was found that GABA-ir or TH-ir neurons were
frequently double-labeled for MORI. In contrast, no unambiguous
examples of colocalization of GAD and DOR1 were found thus suggesting
that 3-opioid receptors do not directly control GABA release. However,
DORl-ir varicosities often apposed GABA-ir somata. We conclude that
3-opioid receptors control afferent inputs to GABAergic neurons but that
H-opioid receptors directly affect the activity of both GABAergic and
dopaminergic neurons in VTA.
Supported by NIDA grants DA04523 and DA05466.

269.8
HETEROGENEOUS MODULATION OF EVOKED INHIBITORY NEURO
TRANSMISSION BY \i AND 5 OPIATES IN THE RAT HIPPOCAMPUS. K.R.
Svoboda* and C.R. Lupica. University of Colorado Health Sci. Cntr., Dept, of
Pharmacology, Denver, CO 80262.
The role that both ji and 5 opiates play in modulating inhibitory transmission in
the hippocampus has been extensively investigated. These studies generally indicate
that n agonists reduce inhibitory transmission in the hippocampus, but the role of 8
receptors remains somewhat unclear. Previous studies from our lab indicate that 8
opiates reduce spontaneous inhibitory transmission without altering evoked
inhibitory transmission. We used a minimal stimulation paradigm in rat
hippocampal slices to further investigate (i and 8 opiate modulation of inhibitory
transmission. In the presence of 10(iM DNQX and 40jaM APV, CA1 pyramidal
neurons were voltage clamped at -55mV using glass micropipettes containing
potassium gluconate. Evoked IPSCs were elicited by minimally stimulating either
the CA1 cell body layer within 200|im of the recording electrode (proximal), or the
stratum radiatum/lacunosum border (distal IPSCs). After establishment of a
baseline, lOOnM DAMGO (|a agonist) or lOOnM DPDPE (8 agonist) was bath
applied to the slice. Proximally elicited IPSCs were larger than distally elicited
IPSCs (98 ± 4pA vs. 60 ± 4pA, N=37), and the 10-90% rise times of the proximal
responses were significantly faster than those of the distal IPSCs (3.4 ± 0.5ms vs.
15.1 ± 1.0ms; p<.0001 student t-test, n=37). DAMGO had a significantly larger
effect on the distal (46% inhibition) vs. proximal (29% inhibition) IPSCs (p<.01,
N=8). DPDPE had a more heterogeneous effect on both types of IPSCs. In 8 cells,
DPDPE, like DAMGO, reduced both proximal (34%) and distal (15%) responses.
However, unlike DAMGO, DPDPE also increased both the proximal (92%, n=ll)
and the distal (116%, n=9) IPSCs. These effects were reversed with ljxM naloxone
suggesting that they were mediated by opiate receptors. Supported by NIH DA
07725.

269.9
THE EFFECTS OF PROTEIN KINASE C ACTIVATION AND INHIBITION
ON n-OPIOID RECEPTOR/EFFECTOR COUPLING IN HYPOTHALAMIC
NEURONS. E.J. Wagner* and M.J. Kellv. Dept, of Physiology & Pharmacology,
Oregon Health Sciences Univ., Portland, OR 97201.
Agonists at the n-opioid receptor inhibit hypothalamic neurons by activating
an inwardly-rectifying K+ channel. Chronic opiate exposure uncouples this
receptor from its effector, in part by reducing agonist potency. Recent evidence
from other systems implicates protein kinase C (PKC). The present study
examined whether PKC activation could attenuate the (¿-opioid receptor/effector
coupling and, if so, is it involved with the uncoupling observed with prolonged
morphine exposure. Intracellular recordings made from the arcuate nucleus in
hypothalamic slices prepared from ovariectomized female guinea pigs treated for
4 days with either placebo or morphine pellets. The effects of the PKC activator
phorboll2,13-dibutyrate (PDBu) and inhibitor calphostin C on the potency of the
ji-opioid receptor agonist DAMGO to hyperpolarize hypothalamic neurons were
evaluated. Chronic morphine treatment (n= 19) reduced DAMGO potency 2.7fold compared to placebo-treated controls (n=l 8). A 20 min perfusion of PDBu
(1 jiM) reduced DAMGO potency in the placebo group (39 to 114 nM; n=4), and
further reduced DAMGO potency in the morphine group (94 to 153 nM; n=4).
On the other hand, perfusion of calphostin C (100 nM) was without effect on
DAMGO potency in cells from morphine tolerant animals (n=5). These results
demonstrate that in hypothalamic neurons, PKC negatively modulates }i-opioid
receptor coupling, but it is not involved in the maintenance of cellular tolerance
due to chronic morphine treatment. (Supported by Grants DA05158 and
DA00192).

269.10
CHRONIC INFLAMMATION OF THE GUT INCREASES THE ANTITRANSIT
AND ANTISECRETORY# EFFECTS OF MORPHINE IN MICE. O. Pol. LiValle and M.M. Puig*. Dept of Anesthesiology, Hospital del Mar,
Universität Autònoma de Barcelona, Barcelona, Spain, 08003.
The aim of the study was to evaluate the potency of morphine on the
inhibition of: a) gastrointestinal transit (GIT) and b) intestinal permeability
(IP), in a model of chronic intestinal inflammation.
Male Swiss CD-1 mice, received intragastrically two doses of croton oil
(CO), or saline (SS) 96 hr prior to the study. GIT was evaluated with
charcoal and IP by clearance of B1Cr-EDTA from blood to lumen. In both
groups (SS, CO) we studied the antitransit and anti-permeability effects of
s.c. morphine and the reversibility of the effects by naloxone.
Administration of CO induced a significant increases (p<0.01) in
transit and permeability, weight loss (20%) and an inflammatory
response demonstrated by optical microscopy. The effects of morphine
were reversed by 0.1 mg/kg of naloxone.
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GIT
IP
RATIO (IP/GIT)

ED'«, SS
1.23 ± 0.06
5.40 ± 0.04
4.4

m
O
s'
o
o

EDm (mg/kg) of morphine on the inhibition of GIT and IP

0.12 ± 0.02
0.50 ± 0.04
4.1

RATIO (SS/CO)
10.2
10.8

We have demonstrated for the first time that the antitransit and
antisecretory effects of morphine increase ten times during chronic
inflammation. In addition, we have shown that morphine was
approximately four times more potent inhibiting GIT than IP both in SS
and CO animals. Partially supported by FIS 94/1380
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269.11
PLACENTA
INGESTION
FACILITATES
LOCOMOTION
AND
ANTINOCICEPTION INDUCED BY ACTIVATION OF DELTA-OPIOID
RECEPTORS IN THE RAT. J.M. DiPirro and M.B. Kristal*. Behavioral
Neuroscience Program, Dept, of Psychology, University at Buffalo, Buffalo, NY
14260.
Ingestion of POEF (Placental Opioid-Enhancing Factor), contained in placenta
and amniotic fluid, has a profound modulatory effect on the ongoing level of
antinociception in the rat. This effect has been shown to be receptor specific: POEF
ingestion enhances 5- and K-opioid antinociception and inhibits ji-opioid
antinociception. Furthermore, POEF ingestion does not affect all opioid-mediated
processes. It does not modify morphine-induced hyperthermia, but inhibits
morphine-induced contraversive circling. The present study sought to investigate
further the receptor-specific non-antinociception effects of POEF by evaluating the
effect of POEF on 5-opioid-mediated increases in locomotion.
Ten minutes after ingesting placenta or a control substance (1.0 g), female rats
were injected with the 5-preferential agonist DPDPE (70 nM/ 4 |il, i.c.v.) or vehicle.
Increases in spontaneous motor behavior (i.e., the presence of contraversive
circling) were recorded 10 min after i.c.v. injection, immediately before the
assessment of antinociception (hindpaw-lick/jump latency) with a 52°C hot-plate
algesiometer.
The results indicate that both antinociception and motor behavior produced by
stimulation of 8-opioid receptors were enhanced by POEF ingestion. Given that the
neural opioid substrates for antinociception and locomotion are likely to be in
different places, the data suggest that POEF action, although receptor specific, is not
site specific.
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269.12
NALTREXONE AFFECTS THE EXPRESSION OF FLAVOR-FLAVOR
AND NUTRIENT CONDITIONED FLAVOR PREFERENCES IN
RATS. W.Z. Yu*. A.V. Azzara. A. Sclafani and R.J, Bodnar.
Neuropsychology and Experimental Doctoral Programs, Queens and
Brooklyn Col., CUNY, Flushing, NY 11367 and Brooklyn, NY 11210.
To examine an opioid role in either flavor-flavor conditioning or nut
rient reinforcement, we tested naltrexone’s (NTX) systemic effects on
flavor-flavor preferences in sham-fed rats, and on flavor preferences
conditioned by intragastric (IG) sucrose infusions. In flavor-flavor testing,
food-restricted rats were trained (30 min/day) during sham feeding to
associate one flavored solution with sucrose (16%, CS+)and another
flavor with saccharin (0.2%, CS-). In flavor-nutrient testing, foodrestricted rats were trained to associate one flavored saccharin solution
(CS-f)with IG 16% sucrose and another flavor (CS-) with IG water. CS +
and CS- choice tests occurred in both paradigms after NTX (0,0.1,1,2.5
or 5 mg/kg). Vehicle-treated rats consumed more CS+(16.1 ml) than CS(10.1 ml) in flavor-flavor testing, and more CS+(13.8 ml) than CS- (3.7
ml) in flavor-nutrient testing. The two higher NTX doses suppressed CS +
and total intake, but not CS- intake in both paradigms. When retested
with food M life, rats consumed more CS +than CS- under vehicle in both
paradigms, and all NTX doses potently reduced CS + and total intake in
both paradigms. These data implicate the endogenous opioid system in
the expression of both flavor-flavor preferences and flavor-nutrient
preferences. Supported by CUNY Collaborative Grant 991998.

Supported by NSF grant IBN 91-23748, and funds supplied by the office of the
Dean o f the Faculty of Social Sciences, awarded to M.B.K.

269.13
MORPHINE-6 B-GLUCURONIDE HYPERPHAGIA: CHARACTERI
ZATION USING ANTISENSE OLIGODEOXYNUCLEOTIDES
TARGETED AGAINST THE MOR-1 CLONE IN RATS.
L. Leventhal*. L.B. Stevens. W. Su. G.C, Rossi. G.W. Pasternak and
R.J. Bodnar. Neuropsych. Doc. Prog. Queens Col., CUNY & Mem.
Sloan-Kettering Cancer Ctr.,Flushing, NY 11367 and NY NY 10021.
The morphine metabolite, morphine-6 fl-glucuronide (M6 G) elicits
mu-mediated analgesia, but differs from morphine in its site of action
on the MOR-1 clone. Antisense oligodeoxynucleotides (AS ODN) tar
geted against exons 1 and 4 reduce morphine, but not M6 G analgesia,
whereas AS ODN targeted against exons 2 and 3 reduce M6 G, but not
morphine analgesia. Since hyperphagia induced by the selective mu
agonist, DAMGO is reduced by AS ODNs targeted against only exons
1 and 4, the present study evaluated whether central M6 G elicited
hyperphagia, and whether it was altered by either AS ODNs (10 ug,
days 1, 3, 5) targeted against either exon 1, 2, or 3 of the MOR-1
clone, or by the mu antagonist, 8 -funaltrexamine (BFNA, 0.2-20 ug).
M6 G (500 ng) increased (3-fold) food intake after 4 h which was
reduced by AS ODNs targeted against exons 2 (41%) and 3 (48%), but
not exon 1. BFNA dose-dependently reduced M6 G-induced hyper
phagia, confirming mu-mediated activity. The findings that both
analgesic and hyperphagic responses to traditional mu agonists and
M6 G display identical patterns of sensitivity to AS ODNs, provide
further support for the hypothesis that multiple splice variants of the
MOR-1 clone exist. Supported by NIDA DA04194 and DA05746.

269.14
PHARMACOLOGICAL CHARACTERIZATION OF MU OPIOIDINDUCED FEEDING ELICITED FROM THE NUCLEUS
ACCUMBENS OF RATS. A. Ragnauth*. M. Moroz and R.J. Bodnar.
Neuropsychology Doctoral Program, Queens College, CUNY, Flushing,
NY 11367.
Mu and delta, but not kappa, opioid receptor agonists stimulate food
intake following microinjection into the nucleus accumbens (JPET 265
(1993) 1253-1260). Further, mu and kappa opioid receptor antagonists in
the nucleus accumbens reduce intake under deprivation, glucoprivic and
palatable conditions (Brain Res 700 (1995) 205-212; JPET 278 (1996)
1499-1507). Moreover, hyperphagia induced by ventricular DAMGO is
reduced by both selective mu and kappa antagonists (Brain Res 534
(1990) 60-64; 562 (1991) 281-284). The present study pharmacologically
characterized hyperphagia elicited by the selective mu opioid agonist, [DAla2, NMe-Phe4, Gly-ols]-enkephalin (DAMGO: 2.5 ug) in the nucleus
accumbens following pretreatment with either selective mu (betafunaltrexamine: BFNA, 1-4 ug), kappa! (nor-binaltorphamine: NBNI, 4
ug), or delta! ([D-Ala2, Leu5, Cys6]-enkephalin: DALCE, 4 ug) opioid
antagonists. DAMGO in the nucleus accumbens increased (2-3 fold)
spontaneous food intake after 2-4 h. Both BFNA doses completely
eliminated DAMGO-induced ^hyperphagia, indicating mu mediation of
this response in the nucleus accumbens. in contrast,-neither NBNI nor
DALCE altered DAMGO-induced hyperphagia in the nucleus accumbens.
These data indicate that the hyperphagia elicited by mu-selective agonists
in the nucleus accumbens is only mediated by mu receptors in this same
structure. Supported by NIDA DA04194.

269.15

269.16
DIETARY HISTORY INFLUENCES POTENCY OF MU OPIOID
ANTAGONIST-INDUCED REDUCTIONS IN BODY WEIGHT AND
FOOD INTAKE IN RATS. J.L. Cole* and R.J. Bodnar. Neuropsych.
Doctoral Program, Queens Col., CUNY, Flushing, NY 11367.
Chronic mu opioid receptor antagonism significantly reduces weight
and intake in normal and genetically-obese rats, and blocks
development of dietary obesity in normal rats. Opioids hypothet-ically
alter fat intake selectively, or alternatively, the preferred macronutrient.
To explore whether dietary history and chronic mu opioid antagonism
interact, the present study examined whether chronic (7 days)
microinjections of the selective mu opioid antagonist (betafunaltrexamine, BFNA: 5, 20 and 40 nmol, icv) altered weight and
intake in rats maintained on either High Fat-Low Carbohydrate (Carb)
or High Carb-Low Fat diets for six weeks prior to testing. The High
Fat-Low Carb diet (494 g) elicited significantly greater weight gain
than the High Carb-Low Fat diet (285 g). BFNA significantly and
dose-dependently reduced weight following the 5 (27 g, 6 %), 20 (33 g,
7%) and 40 (43 g, 9%) nmol doses in the High Fat-Low Carb group,
and reduced intake by 20-35% following all doses. In contrast, only
the high 40 nmol BFNA dose significantly reduced weight (22 g, 8 %)
and intake (30-45%) in the High Carb-Low Fat group, indicating that
chronic mu opioid antagonism was more effective in reducing weight
in rats with diets promoting pronounced weight gain, but was less
effective in reducing weight in rats with diets promoting stable weight
over time. Supported by DA04194.

PHARMACOLOGICAL CHARACTERIZATION OF
ENDOMORPHIN-1 AND ENDOMORPHIN-2 ANALGESIA AND
GASTROINTESTINAL TRANSIT IN MICE. R.J. Bodnar*. E.
Krzanowska. L. Leventhal. G.C. Rossi. J.P. Mathis and G.W.
Pasternak. Neuropsych. Doc. Prog., Queens Col., CUNY and Mem.
Sloan-Kettering Cancer Ctr.,Flushing NY 11367 & NY NY 10021.
Recently, two tetrapeptides were identified, endomorphin-1 (Tyr-ProTrp-Phe-NH2) and endomorphin-2 (Tyr-Pro-Phe-Phe-NH2) which were
highly selective for mu binding sites and which elicited analgesia
(Nature 386: 499-502, 1997). Our laboratories have done further
pharmacological characterization of these peptides in mice. Normal
CD-I mice display analgesia following central administration of
endomorphin-1 (1 ug: MPE: 60%) and endomorphin-2 (0.5-1 ug:
MPE: 80-100%) which was significantly blocked by systemic
naloxone. In contrast, CXBK mice which show profound deficits in
analgesia induced by mu agonists, displayed negligible analgesia
(MPE: 0-20%) following endomorphin-1 and endomorphin-2. Whereas
endomorphin-2 (0.5 ug) significantly reduced (31%) gastrointestinal
transit, endomorphin-1 (1 ug) produced marginal (19%) reductions.
Since these results parallel responses typically observed for muselective agonists (e.g.,morphine, DAMGO), these data provide
further support for the notion that endomorphin-1 and endomorphin-2
are acting as potent agonists at the mu opioid receptor. Supported by
DA00310, DA07274 and DA05746.
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269.17
LOSS OF OPIOID-MEDIATED Ca++ CHANNEL REGULATION FOLLOWING
CHRONIC EXPOSURE TO ^-OPIOIDS IS HETEROLOGOUS AND
INDEPENDENT OF PROTEIN SYNTHESIS. G.M. Samoriski *1 & R.A.
Gross1,2. Depts. of 1Neurology and 2Pharmacology & Physiology, Univ. of
Rochester School of Medicine and Dentistry, Rochester, NY, 14642.
The regulation of neuronal activity by opioid peptides ( n and k ) is partially
accomplished by reducing voltage-dependent Ca++ currents. Prolonged
exposure to opioids results in the development of tolerance, or the attenuation
of the functional response of Ca++ channels to opioid peptides. The effect of
chronic exposure to the ^-selective agonist DAMGO on Ca++ currents was
studied in cultured rat neonatal dorsal root ganglion neurons.
Whole cell Ca++ currents were evoked at +10 to +20 mV, in media which
blocked Na+ and K+ currents, with 5 mM Ca++ as the charge carrier. Peptides
were applied by pressure ejection or by microperfusion. Most control neurons
(~75%) responded to both DAMGO (3 |aM) and the K-selective agonist
dynorphin A (3 (¿M), with a mean reduction in Ca++ current of 24% and 22%,
respectively. Neurons treated with 300 nM, 1 ^M or 5 ^M DAMGO for 24 hrs
had a mean reduction in peak lCa of <10% in response to 3 |^M DAMGO or 3
l±M dynorphin A; under these conditions a concentration-dependent decrease
in the % of cells responding to both opioid peptides was also observed. A 6 hr
DAMGO treatment produced only partial tolerance. Inclusion of the protein
synthesis inhibitor cycloheximide (10 ng/ml) with the 5 ^tM DAMGO did not
alter the development of tolerance.
These data demonstrate that long-term exposure to a ^-selective opioid
agonist results in the heterologous loss of Ca++ current regulation mediated by
\x and k opioid agonists, suggesting an alteration in a common signaling
pathway. This agonist-induced functional desensitization is time- and
concentration-dependent and is independent of ongoing protein synthesis.
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269.18
SPINAL ADMINISTRATION OF CYCLOOXYGENASE INHIBITORS
INCREASES SENSITIVITY TO MU AND DELTA OPIOID
RECEPTOR AGONISTS AND INHIBITS OPIOID TOLERANCE.
K.H.Jhamandas*. A.Hosokawa and B.Milne. Depts. O f Pharmacology and
Toxicology, and Anesthesia, Queen’s Univ. Kingston. Ontario. Canada.
K7L 3N6.
Cyclooxygenase (COX) inhibitors such as ketolorac and ibuprofen can
block L-glutamate - induced hyperalgesia at the spinal level. As glutamate
receptor antagonists have been reported to block the development o f
opioid tolerance, we investigated the possibility that COX inhibitors
influence acute and chronic action o f spinally administered opioids. This
study examined the potential o f chronic intrathecal ketolorac or ibuprofen
to influence the acute antinococieptive actions o f mu (DAMGO) and
delta (DPDPE) receptor agonists and the phenomenon o f spinal opioid
tolerance. A 1 day treatment with ketolorac (30 ug) alone significantly
lowered the ED 50 dose for the antinociceptive action o f DAMGO, DPDPE
and morphine in the tail-flick and paw pressure tests. A similar treatment
with S(+) ibuprofen but not R(-) ibuprofen (10ug) reduced the ED 50 for
the antinociceptive action o f morphine in both tests. Chronic treatment
with intrathecal ketolorac (30 //g) prevented the increase in ED 50 dose o f
spinal morphine resulting from chronic exposure to spinal morphine. The
results show that treatment with COX inhibitors increases sensitivity of
the spinal mu and delta opiod receptors and this property may contribute
to the inhibition o f opioid tolerance.
Supported by MRC Canada and the Canadian Anaesthetists’ Society.

Supported in part by NIDA Grant DA 07232-11 and NS19613 (RAG).

269.19
THE OCCURRENCE OF DORSAL HORN DARK NEURONS IS ASSOCIATED
WITH CHRONIC ADMINISTRATION OF MORPHINE. David J. Maver*. Jianren
Mao. Juan Lu. Rosa Dent Jason A. Holt Donald D. Price. Medical College of Virginia,
Richmond, VA 23298-0565
Chronic constriction injury (CCI) of the common sciatic nerve, a rat model of
neuropathic pain, results in transsynaptic alteration of spinal cord dorsal horn neurons.
These altered neurons are characterized by hyperchromatosis of the cytoplasm and
nucleoplasm, and are called dark neurons. Activation of poly(ADP-ribose) synthetase
(PARS) by nitric oxide (NO) has been implicated in causing the development of these
dark neurons. This was demonstrated when the selective PARS inhibitor, benzamide,
was administered to CCI rats and prevented the development of dark neurons. Studies
show that neuropathic pain and morphine tolerance, two seemingly unrelated events,
have many cellular events in common. This includes activation of the N-methyl-Daspartate (NMDA) receptor, and the resulting intracellular activation of protein kinase
C and nitric oxide. In this study, we examined if chronic administration of morphine
would induce the formation of dark neurons. Rats receiving daily intrathecal injections
of 10 jig or 20 (j.g of morphine for 8 days showed reliably more dark neurons
(compared to saline treated controls) in the lumbar portion of the spinal cord dorsal
hom, primarily in laminae I-H. In association with the development of dark neurons, rats
receiving 10 ug or 20 jj.gofmorphine developed tolerance to the antinociceptive effects
of morphine. These results indicate that the chronic administration of morphine may
also be working through the NO/PARS pathway to cause tolerance to morphine. These
data support a commonality of cellular mechanisms between neuropathic pain and
morphine tolerance. This work was supported by PHS grant DA08835.

CATECHOLAMINE RECEPTORS: D3
270.1
INCREASED EXPRESSION OF DOPAMINE D 3 RECEPTORS IN
BRAINS OF D 2-RECEPTOR-DEFICIENT MICE. M.-Y. Jung*. B.V.
Skrvabin^. M. Arai^. J. Brosius*. J.E. Pintar^. C. Schmauss*^. iFishberg Center
for Neurobiol., ^Dept. Psychiat & Brookdale Center for Developmental and
Molecular Biology, Mount Sinai Med. Sch., New York, NY 10029; ^Dept.
Neurosci. & Cell Biol., UMDNJ Robert Wood Johnson Med. Sch., Piscataway, NJ
08854.
We have generated by gene targeting via homologous recombination
lines o f mice homozygous for a null mutation o f the dopamine D 2receptor gene. Similar to the results described by Baik et al (Nature 377:
424-428,1995) our mice are characteristically o f smaller size and show
reduced locomotor activity. Although some o f the abnormalities o f D 2
mutants also resemble those described by Zhou & Palmiter for mice
lacking dopamine (Cell 83: 1197-1209, 1995), we find that the levels of
dopamine (determined by HPLC), tyrosine hydroxylase immunoreactivity, and mRNA encoding the dopamine transporter are unaltered
in brains o f D 2 mutants. However, adult D 2 mutants express higher
levels o f the homologous D 3 receptor mRNA and protein. Results from
a serial dilution o f D 3 immunoprecipitates (obtained with a D 3-specific
monoclonal antibody) revealed a ~ 10 fold increase in D 3 protein
expression in heterozygous and a ~4 fold increase in homozygous
mutants. The larger increase in D 3 receptor expression in heterozygous
mutants is also apparent at the level o f D 3 mRNA and it coincides with a
sustained phosphorylation of CREB transcription factor which is ~2fold
higher in heterozygous compared to homozygous mutants. Altogether,
these data suggest that the increase in D 3 receptor expression is the
result o f a compensatory mechanism initiated via activation o f CREB.
Supported by NSFIBN-9409772 (C.S.) and DA 08622 (J.E.P.).
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270.2
DOPAMINE D3 RECEPTOR ANTISENSE REDUCES NEUROTENSIN AND
DYNORPHIN mRNA LEVELS IN THE SHELL OF RAT NUCLEUS
ACCUMBENS. M. Tremblay, C. Rouillard and D. Lévesque*, Neuroscience
Unit, CHUQ Research ¿entre (Pavillon CHÜL), Quebec, QC, Canada,
G1V 4G2 and Faculty of Medicine, Laval University, Québec, Canada.
The role of the dopamine (DA) D 3 receptor in the central nervous
system (CNS) is still not well understood. We have investigated the effects
of an antisense oligodeoxynucleotide (ODN), directed against the D 3
receptor mRNA, on rat brain neurotensin (NT) and dynorphin (DYN)
mRNA levels. Injections of ODN(s) were made into the lateral ventricle
by means of a brain cannulae attached to an osmotic minipump. I.c.v.
injections lasted for five days at a flow rate of 1 |il/h. Four groups o f
animals were used: vehicle (Ringer), sense D 3 -ODN, missense D3-ODN and
antisense D3-ODN (all ODNs at 5|ig/|il, n=5 rats/group). The effects o f
ODN injections on DA receptor levels were measured by receptor
autoradiography using J;H](+)7-OH-DPAT binding (D 3 receptor) and
[ Hlspiperone binding (D2 receptor). The effects of the ODN strategy on
DYN and NT mRNA levels were evaluated by in situ hybridization
techniques using specific [ S]UTP-labeled riboprobes. D2 receptor binding
was not affected oy none of the ODN treatments used. However, D 3
receptor binding was significantly decreased (-30%) in the shell of nucleus
accumbens (NAS) of rats receiving the’ D 3 antisense ODN. It remained
unaffected in other groups. No apparent behavioral or toxic effects were
observed. DYN and NT mRNA levels were also significantly decreased in
the NAS (-31% and -30%, respectively), after the D 3 antisense ODN
treatement. These neuropeptide mRNA levels were not changed in other
striatal subregions, and in other groups. These results constitute the first
direct evidence for a role of the £>3 receptor on neuropeptide gene
expression in the CNS. This also supports previous evidence suggesting
that the D3 receptor exerts an opposite role to the D 2 receptor on these
neuropeptide gene expressions. Tnis work is supported by the Fonds de la
Recherche en Santé du Québec (FRSQ) (DL, CR) and the National Alliance
for Research on Schizophrenia and Depression (NARSAD) (DL).
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D3 AUTORECEPTOR-MEDIATED INHIBITION OF DOPAMINE
SYNTHESIS IS BLOCKED BY THE CALCIUM/CALMODULINDEPENDENT PROTEIN KINASE II INHIBITOR KN-62. C M. O'Hara.
K.L. O'Malley, and R.D. Todd*. Depts. of Psychiatry, Genetics, and
Anatomy and Neurobiology, Washington Univ. Sch. of Med., St. Louis, MO
63110.
We have shown previously that transfected D2 and D3 dopamine receptors
are capable of inhibiting K+-stimulated dopamine synthesis in a mouse
mesencephalic cell line (MN9D) in a pertussis toxin (Ptx)-sensitive manner.
By co-transfecting D2 and D3 receptors together with mutant G-protein asubunits, we can show that D2 receptors can couple to Ga^ but not Gooa to
mediate this response. In contrast, when D3 receptors were co-transfected
with mutant Gcti2 or Gooa neither of these a-subunits appeared to mediate
this response. These data suggest that D3 receptor-mediated inhibition of
dopamine synthesis is not coupled via the same mechanisms used by D2
receptors. In further studies, D3-transfected cells were stimulated with high
K+ (60 mM) in the absence and presence of the dopamine agonist quinpirole
(10 jiM) for 30 min. Co-treatment of transfected cells with the calcium
chelator EGTA (IOjjM) or the specific calcium/calmodulin-dependent protein
kinase II. inhibitor KN-62 (10pM) blocked quinpirole-mediated inhibition of
dopamine synthesis. Blockade of the effect of quinpirole by both of these
compounds suggests that autoreceptor-mediated inhibition of dopamine
synthesis is modulated through a calcium-dependent kinase mechanism.
Studies are underway to further characterize this pathway and the G-proteins
involved. (Supported by MH31302, DA08818)

270.4
CEREBELLAR D3 DOPAMINE RECEPTORS: HYPOLOCOMOTOR ACTIVITY
INDUCED BY MICROINJECTION OF EITHER DVD2 DOPAMINE RECEPTOR
AGONISTS OR ANTAGONISTS. D. Boulav. R. Depoortere. G. Griebel*. Gh.
Perrault and D. J. Saneer. Synth&abo Recherche, 31 Ave P.Vaillant-Couturier,
92220 Bagneux, France.
Recently, D3 dopamine (DA) receptor mRNAs and Ti-7-OH-DPAT (agonist with
preferential affinity for D3 DA receptors) binding have been identified in lobules A9
and AI0 of rat cerebellum; no other DA receptor subtypes have been described in this
area. Barik and De Beaurepaire (Brain Res. 737: 347-350, 1996) first reported that
locomotor activity of rats (measured over 1 hour) could be modified by local
cerebellar microinjection of the non selective DA agonist apomorphine or of DA
antagonists. The aim of this study was to further investigate the pharmacology of
cerebellar D3DA receptors by assessing the short-term effects of preferential Dj/Dj
DA agonists and DA receptor antagonists. Rats were microinjected in lobules A9
and A10 and immediately placed in actimeters to record their spontaneous locomotor
activity for 20 min post-microinjection. Apomorphine and the preferential D3 DA
agonists 7-OH-DPAT and quinelorane robustly and rapidly (within minutes of
microinjection) decreased locomotor activity. In contrast, GBR 12909 (DA uptake
inhibitor) and 6BrAPB (selective D, DA agonist), had no effects: this provides a
preliminary indication for the specific involvement of D3 receptors in the effects of
DA receptor agonists. The DA receptor antagonists haloperidol and raclopride were
also found to decrease locomotor activity. These results show that, over a short period
of time following microinjection (when problems of diffusion of ligands to other
structures would be minimal), activation of cerebellar D3DA receptors by both Dj/D2
DA agonists and DA antagonists induces hypolocomotor effects. Locomotordecreasing effects of DA agonists would suggest that these D3DA receptors exert an
inhibitory control over locomotor activity. However, such an hypothesis could not
account for the locomotor decreasing effects of DA antagonists. One alternative
possibility is that the DA agonists tested act as partial agonists: this raises the issue
of the existence of an endogenous ligand for cerebellar D3DA receptors. However,
there appears to be no detectable levels of DA in this structure. Complementary
studies are necessary to determine the exact nature of the functional role of those
cerebellar D3DA receptors.

2 70.5
BINDING CHARACTERISTICS OF [125UI-INDAN TO DOPAMINE D2-UKE
RECEPTORS. H,F. Kwg*, A, Pggfcwfth, M,-P-. S uns, M , Mu, J,M, Vgssptsfo?
and S. Chumpradit. Departments of Radiology and Pharmacology, University of
Pennsylvania, Philadelphia, PA 19104.

270.6
SELECTIVE LABELING OF DOPAMINE D3 RECEPTORS IN NATIVE TISSUES
WITH [125I]S(-)5-OH-PIPAT. M.-P. Kung*. C. Hou. M. Mu. J.M. Vessotskie. S.
Chumpradit and H. F. Kung. Departments of Radiology and Pharmacology, University
of Pennsylvania, Philadelphia, PA 19104.

In search of subtype-selective dopamine receptor ligands, we have investigated
2-aminotetralin derivatives, such as 5-OH and 7 0H-PIPAT, that displayed
D3-preferred binding in cell lines and in native brain tissues. To extend our studies,
a new structurally related ligand, [I25I]S(+)4-hydroxy-2-(N-propyl-N-(3’-ipdo-2’propenyl))aminoindan ([125I]I-Indan), was prepared, and its binding properties to
D2-like receptors were characterized. [I25I]I-Indan displayed preferential binding for
D2 receptors (K^ = 0.4 nM, 1.8 nM and 0.9 nM for D2, D3 and D4 receptors,
respectively, expressed in HEK293, Sf9 and CHO cells). The number of binding
sites (Bmax) measured with [125I]I-Indan, however, was much lower for D2-like
receptors than those obtained with [125I]5-OH-PIPAT (50-60% lower in D2 and D4;
30% lower in D3). Similar to [125I]5-OH-PIPAT, [,2iI]I-Indan labeled both D2 and
D3 receptors in native tissues, but the labeling was lower (40-50%) using the same
ligand concentration. In contrast to [l2SI]5-OH-PIPAT, the optimal binding of
[lBI]I-Indan to D3 receptors in molecular layers 9 and 10 of rat cerebellum required
the presence of Mg+2, and the binding appeared to be more sensitive toward GTP
compared to [125I]5-OH-PIPAT binding. Using [l25I]I-Indan to measure the change of
D3 receptors in cerebellum after chronic haloperidol treatment (1.5 mg/kg/day, i.p.,
21 d), a significant up-regulation of D3 receptors was observed which previously
could not be detected with [l25I]5-OH-PIPAT. These data strongly suggest that
[125I]I-Indan and [125I]5-OH-PIPAT might label different populations of D3 receptors.
In native brain tissues, [125I]I-Indan may prefer to bind to the high-affinity,
G protein-coupled state of D3 receptors displaying higher sensitivity to Mg+2 and
GTP. The novel binding profile of [125I]I-Indan may provide a powerful tool for
selectively measuring D3 receptors in high affinity states (supported by NS24538
and MH51880).

Various tetralin derivatives have been shown to bind with high affinity to dopamine
D2 and D3 receptors. The lack of sufficient selectivity of these ligands for D3 receptors
prevents studying the pharmacology of D3 receptors. The problem is further
complicated by co-localization of D3 and D2 receptors in many regions of brain.
Previously, radioiodinated PIPAT ligands were shown to label D3 receptors with high
affinity in rat brain sections in the presence of 300 LLM GTP. Subsequently, the
binding of [125I]S(-)5-OH-PIPAT to “pure” D3 receptors m molecular lobules 9 and 10
of rat cerebellum was found to be GTP-sensitive. To further optimize, the labeling
conditions for D3 receptors using [125I]S(-)5-OH-PIPAT without sacrificing the
possible G protein-coupling, a pragmatic solution was found. We have selected to use a
modified labeling condition (50 mM Tris-HCl, pH 6.8, 2 mM EDTA and 120 mM
NaCl) to explore D3 receptors in native tissues with quantitative autoradiographic
techniques. [ 5I]S(-)5-OH-PIPAT, at a ligand concentration of 0.1 nM, displayed a
typical D3 labeling profile (high in the islands and major island of Calleja, moderate in
nucleus accumbens and ventral pallidium) with very lowvlabeling in the regions
containing high density of D2 receptors (i.e., caudate putamen). In the presence of 300
(iM GTP, the specific binding of [ I]S(-)5-OH-PIPAT (at a concentration of 0.1 nM)
to D3 receptors in the areas of NA, ICjM and VP showed a reduction of binding: 44%,
31% and 46%, respectively. The degree of GTP-sensitivity was reduced when the
labeling was carried out at higher concentrations of the ligand (0.2 to 0.4 nM). These
data strongly suggest that D3 receptors present in native tissues (mesolimbic areas of
brain) are coupled to G proteins (GTP-sensitive). [l25I]S(-)5-OH-PIPAT likely labeled
D3 receptors that are either coupled to G proteins at a higher affinity state or uncoupled
to G proteins at a lower affinity statg. Regional GTP-sensitivity may also reflect the
regional variation in magnitude of G protein coupling of D3 receptors. The effect of
drug intervention on “pure” D3 receptor G protein-coupling is currently under
investigation with the newly developed method described above (supported by MH51880).

270.7
BINDING PROPERTIES OF CHIMERIC HUMAN DOPAMINE D3
RECEPTOR WITH D1TRANSMEMEBRANE REGIONS. G.L. Alberts.
J.F.Prepenzer and W.B.Im* CNS Diseases Research, Pharmacia &
Upjohn, Inc. Kalamazoo, MI 49001.
To investigate the roles of individual transmembrane segments (TM) of
the human D3 dopamine receptor in its ligand-receptor interactions,
we generated chimeric receptors in which its individual TMs were
replaced, one at a time, partially or entirely, by the corresponding TM
of the homologous human D1 receptor. The chimeras were expressed
using recombinant baculovirus-Sf9 cell systems, and their binding
characteristics were examined with various ligands selective for the D3
over D1 receptor. Our data indicate th at TMIII and VII markedly
contribute to D3-selective ligand binding, and TMIV to a lesser extent.
Replacements of TMV and VI produced no appreciable effects on the
test ligands except for a few. The roles of TMI and II could not be
probed at present because of poor expressions of key chimeras. Further
studies with the chimeras containing partial D1 TM fragments show
that the key molecular determinants confined to narrow regions (6 to 8
residues) near the extracellular surface for TMII and IV, and involve at
least the 10 residues near extracellular surface for TMIII, but the
contributions by the rest C-terminal residues of TMIII could not be
assessed here, because of their high identity between the D3 and D1
receptor. For TMVII, the critical region appears to include the entire TM
segment including the residues at the distal C-terminal side.

270.8
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FOS
PROTEIN
EXPRESSION
IS
INDUCED
BY
NAFADOTRIDE, A DOPAMINE D3 RECEPTOR-PREFERRING
ANTAGONIST. R.A Shafer*, and B. Levant. Department of
Pharmacology, University of Kansas Medical Center, Kansas
City, KS 66160
Expression of the immediate early response protein Fos is
a useful marker for identifying the sites of action of
pharmacological agents in the central nervous system. The
D3 dopamine receptor has been proposed as a potential
antipsychotic target. This study sought to determine the
effects of D3 receptor stimulation or blockade on Fos
expression. Adult, male Sprague Dawley rats were treated
with /-nafadotride (1.0 mg/kg s.c), 7-OH-DPAT (0.1 mg/kg
s.c), or vehicle. After 3 hours, Fos-like immunoreactivity was
assessed in slide mounted brain sections using an antibody
which recognizes Fos, but not Fos related antigens. No Fos
protein expression was seen in the striatum, nucleus
accumbens or the olfactory tubercles following 7-OH-DPAT
treatment. /-Nafadotride induced Fos protein expression in
the olfactory tubercles and nucleus accumbens, but not in
the striatum. These observations suggest that D^preferring
drugs act preferentially in the limbic brain areas.
Supported by NIMH MH 52839.
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270.10
UP-REGULATION OF D 2, BU T NOT D 3, DOPAM INE
RECEPTORS
A FT E R
C H R O N IC
A N T IPSY C H O T IC
TREATMENT. B. L evant*. Department o f Pharmacology,
University o f Kansas Medical Center, Kansas City, KS 66160
The D 3 dopamine receptor, which is localized primarily in limbic
brain areas, has been proposed as a potential antipsychotic site.
Previous studies have suggested that antipsychotic treatment
increases levels o f D3 receptor mRNA. This study sought to
determine the effect o f chronic dopamine receptor blockade on the
density o f D2 and D3 dopamine receptors. Adult, male, SpragueDawley rats were treated with haloperidol (1 mg/kg), (±)-sulpiride
(100 mg/kg), SCH 23390 (0.3 mg/kg, b i d ), (±)-sulpiride + SCH
23390, or vehicle (ip) daily for 14 days. The density o f D2 receptors
was assessed using [3H]spiperone binding in striatal membranes. D3
receptor binding was determined using [3H]PD 128907. Haloperidol
and (±)-sulpiride produced significant increases in the density of
striatal D2 receptors. In contrast, the density o f D3 sites was
unaltered by any treatment in the ventral striatum (nucleus accumbens
and olfactory tubercle), caudate/putamen, vestibulocerebellum,
substantia nigra/ventral tegmental area, or frontal cortex. These
observations suggest that expression o f D3 receptor mRNA and
protein may be differentially regulated.
Supported by NIM HM H 52839

Supported by N IM H M H 52839

270.11
DOPAMINE D3 RECEPTOR OCCUPANCY IN VIVO MEASURED BY
RADIOLIGAND BINDING. H. Schoemaker*. Y. Claustre. B. Peny. A. Oblin and B.
Scatton. Synth6labo Recherche, 31, av. P.V. Couturier, 92220 Bagneux, France.
The characterization of dopamine (DA) D3 receptors in vivo is significantly
hampered by the lack of information on drug occupancy of these receptors. Thus,
we focussed on radioligand binding to the cerebellum as an area selectively
enriched in the DA D3 receptor subtype. [3H]Spiperone binding to the mouse
striatum in vivo, that represents the D2 DA receptor subtype, was inhibited by
pretreatment with DA receptor antagonists. However, [3H]spiperone binding to the
mouse cerebellum, usually taken to represent nonspecific binding, was also found
to be displaced by DA receptor antagonists, irrespective of their chemical structure,
but not by the selective 5-HT2antagonist, ritanserin. The presynaptic DA receptor
selective antagonists, nafadotride, AJ76 and amisulpride, inhibited [3H]spiperone
binding to the mouse cerebellum at doses 292-, 153- and 20-fold lower than those
that displaced striatal [3H]spiperone binding. Similarly, amisulpride displaced
[3H]spiperone binding to the rat cerebellum in vivo at doses 33-fold lower than
those that displaced striatal [3H]spiperone binding. That [3H]spiperone binding to
the cerebellum in vivo represents labelling of the D3 DA receptor is supported by
the observation that drug ED,*, ratios for the inhibition of [3H]spiperone binding to
the striatum and cerebellum in vivo are significantly correlated with their D2to D3
in vitro DA receptor affinity ratios. In agreement with this hypothesis, amisulpiride
preferentially displaced ex vivo [125l]iodosulpride binding in the cerebellum and the
islands of Calleja in comparison to the striatum, whereas the reverse is true for
haloperidol. Moreover, amisulpiride (30 mg/kg, ip) displaced ex vivo f HJ7-OHDPAT binding to lobules 9 and 10 of the cerebellum and the islands of Calleja,
areas enriched in dopamine D3 receptors. In conclusion, DA D3 receptor occu
pancy may be studied in vivo by drug displacement of [3H]spiperone binding to the
cerebellum. These data also show that in vitro Di/D3selectivity ratios (nafadotride,
5.7; AJ76, 2.2; amisulpride, 0.9) underestimate in vivo D3receptor selectivity.
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271.1
DEVELOPMENT OF MONOCLONAL A ND POLYCLONAL
ANTIBODIES AGAINST THE N-TERMINUS OF THE HUMAN
DOPAMINE D 4 r e c e p t o r .

p,S, Hartman*. F„ Lanau, .M,
Brwkhaws. J,. R, L, .Pink.-C. Eianshgi, D, -WM-Pgnmc,,, C, G.oepfert,
and A. Prohst*. Hoffmann-La Roche, Pharmaceutical Research,
Preclinical Neuroscience, 4070 Basel, Switzerland, and Pathology
Department, University Hospital Basel, Switzerland.
The human dopamine D4 receptor (hD4R) has recently been
implicated in schizophrenia and attention deficit disorder, but
appropriate tools to study hD4R expression at the protein level have
not been available. In order to produce hD4R-specific antibodies,
Swiss albino mice were immunized with keyhole limpet hemocyanin
conjugates o f seven different hD4R-specific peptides. Antibodies
raised against a 14-residue amino-terminal peptide (NHT1), including
the monoclonal DFR1, recognized the native hD4R molecule on
intact CHO-D4.4 cells by flow cytometry, as well as denatured hD4R
protein in Western blot analysis. No crossreactivity was detected with
recombinant human D l, D2, D3 or D5 receptor proteins. In [35]SGTPyS binding assays with CHO-D4.4 cell membranes, DFR1 did
not activate or block dopamine-induced activation o f the hD4R. The
hD4.2, hD4.4, and hD4.7 isoforms stably expressed in CHO cells
were glycosylated and showed apparent molecular weights of 48, 55,
and 67 kD, respectively, on Western blots. DFR1 immunoreactivity
representing hD4R protein or D4R-like antigens was observed in
crude membrane extracts o f postmortem human brain tissue by
immunoblotting, suggesting that this antibody may provide a tool for
mapping o f endogenous hD4R protein expression in normal and
disease states. This work was funded by Hoffmann-La Roche.
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2 71.2
GENERATION AND CHARACTERIZATION OF POLYCLONAL
ANTIBODIES SPECIFIC FOR HUMAN DOPAMINE RECEPTOR
D4. S. Sharma. R. P. Fantaske. M. S. Kell. J. B. Owolabi. K. R.
Jarvie. R. K. Kamboi and D. K. H. Lee*. Discovery Biology,
Allelix Biopharmaceuticals Inc., Mississauga, Ontario, L4V 1V7.
Dopamine D4-specific antibodies were raised against two
regions of the human D4 receptor: N-terminal (N40, residues 1-40) and
the carboxyl terminal tail of the third intracellular region (cI3, residues
252-299). Both o f these regions were expressed as glutathione Stransferase (GST) fusion proteins, affinity purified, injected into rabbits
and antisera were collected. Using an immunofluorescence assay, the
antibodies specific for the N40 and cI3 regions were assessed for their
ability to recognize human D4.2 receptor transiently expressed in COS-1
cells. A specific signal was observed in the cells expressing human
D4.2 receptor but not in the control cells. Western blot analysis
revealed that these antibodies recognise a protein of Mr 48,000-50,000
expressed in Sf9 cells and corresponding to the human D4.2 receptor.
Binding of N40 and cI3 antibodies to human D4.2 receptor was
competed with immunizing peptides in both immunofluorescence and
Western blot assays, suggesting that the antibodies bind specifically to
the human D4 receptor.
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271.3
REGIONAL DISTRIBUTION OF DOPAMINE D 4 RECEPTORS IN
RAT FOREBRAIN. R.J. Baldessarini*. N.S, Kula and F.I. Tarazi.
Department of Psychiatry & Neuroscience Program, Harvard Medical
School; Mailman Research Center, McLean Hospital, Belmont, MA
02178.
Binding o f the D 2-like (D 2/D 3/D 4) radioligand [3H]nemonapride,
with 0.3 jiM S[-]-raclopride to occlude D 2/D 3 receptors, and in the
presence o f plus 0.1 p,M pindolol and 0.5 pM 1,3-ditolylguanidine
[D T G ] to mask 5 H T ia and sigma sites, revealed a subset of
raclopride-insensitive binding sites considered D 4 -like receptors. The
highly D 4 -selective agent L-745,870 displaced 74%-83% o f this
binding in different rat brain regions, suggesting that D 4 receptors
account for the great majority o f raclopride-insensitive (D 4 -like)
binding sites. In addition, L-745,870, in the absence o f raclopride,
displaced [ 3 H]nemonapride binding to D 2 -like receptors by very
similar proportions across the same brain regions as those evaluated in
the presence of raclopride. Based on this method, high proportions of
D 4 receptors, relative to total D 2 -like receptors, were found in:
hippocampus (50%-55%) > dorsolateral cortex (50%-51%) > medial
prefrontal (43%-47%) > entorhinal cerebral cortex (40%-42%). In
the D 2 -like rich subcortical regions, D 4 receptors accounted for only
15%-19% (in nucleus accumbens) and 10%-16% (in caudateputamen) of total D 2-like receptors. Supported by MH-34006, MH-47370,
and B.J. Anderson Foundation.

271.4
EFFECTS OF LOCOMOTOR-STIMULANT DRUGS IN DOPAMINE
D4 RECEPTOR KNOCKOUT AND WILD TYPE MICE. ¿ A ,
Chester*. M. Piercv. M. Rubinstein. M, X Low. P. K. Grandv. and T. .1.
Phillips. Department o f Behavioral Neuroscience, Oregon Health
Sciences University, Vollum Institute, and Veterans Affairs Medical
Center, Portland, OR 97201.
The dopamine receptor system has been implicated in mediating both
the rewarding and locomotor-stimulant properties of several abused
drugs. The present study examined the locomotor-stimulant effects of
ethanol, cocaine, and methamphetamine in dopamine D4 receptor
knockout and wild type mice. Targeted mutagenesis was used to generate
knockout mice lacking a functional dopamine D4 receptor gene. All
subjects were from an F2 population of 129/Sv X C57BL/6J inbred mice.
Mice were tested for differences in acute stimulation and for the
development of sensitization to the locomotor-activating effects of each
drug. Ethanol (2 g/kg; 20% v/v) produced significant acute locomotor
stimulation in the D4 knockout mice, but not in wild type mice.
Sensitization to ethanors stimulant effects did not develop in either
genotype. Methamphetamine (1,2, and 4 mg/kg; 10 ml/kg) and cocaine
(15 and 30 mg/kg; 10 ml/kg) produced dose-dependent increases in
acute locomotor activity, with the D4 knockout mice showing significantly
greater sensitivity relative to wild type mice at each dose tested. Both
genotypes developed sensitization to the locomotor stimulant effects of
methamphetamine and cocaine, but there were no strain differences.
These data suggest a role for the D4 receptor in modulating the acute
response to locomotor-activating drugs, however, this dopamine receptor
subtype does not appear to be involved in the development of locomotor
sensitization.
Supported by NIDA (DA09620), NIAAA (AA07468), and the
Department of Veterans Affairs

271.5
MICE LACKING D4 DOPAMINE RECEPTORS DISPLAY AN INCREASED
DOPAMINE TURNOVER IN THE STRIATUM AND FRONTAL CORTEX.
M.Bubinstein*1, T.L. Falzone^G. Dzwieczanolski2. L. Menalled2.0 , Gershanik2.
J.R. Bunzow3. D.K Grandv3 and M.J~ L o w ^ INGEBI (UBA-CONICET), Buenos
Aires, Argentina, 2ININFA (CONICET), Buenos Aires, Argentina and 3Vollum
Institute, OHSU, Portland OR 97201
Dopamine (DA) interacts with five distinct receptors in the mammalian brain. To
unravel the role of the D4 dopamine receptor (D4DR) in central dopaminergic
neurotransmission we produced mice deficient in this receptor by replacing the
second exon of the D4DR gene with a PGK-neo selection cassette by homologous
recombination in embryonic stem cells. F2 hybrids obtained from FI heterozygote
mutant parents segregated the mutated allele in a Mendelian ratio demonstrating that
homozygous mutant mice were viable. D4DR -/- mice grew normally to maturity,
reproduced well and showed no obvious phenotype during development or as adults.
An RT-PCR analysis of brain RNA from D4DR -/- mice showed a low abundance,
truncated 765 bp band whose sequence revealed the expected exon 1/exon 3 splicing
which produces a -1 shift in the reading frame. A neurochemical analysis of DA and
its metabolites was performed by reversed phase HPLC. DA content was unchanged
in striatum, nucleus accumbens or frontal cortex of D4DR -/- mice compared to
their wild type counterparts. However, DOPAC levels were elevated in striatum and
frontal cortex of D4DR -/- mice increasing the DOPAC/DA ratio by 90% and 64%
in these two areas, respectively. The increased DA turnover may explain the higher
aptitude of D4DR -/- mice to stay on a rotating rod without falling. D4DR -/- mice
had a 70% reduction in the number of falls and a 50% increase in the maximal time
between falls in a 3 min rotarod test compared to D4DR +/+ mice. Apomorphine
lmg/kg, i.p. was equally effective in reversing the akinesia of DA-depleted mice of
both genotypes. The relatively selective D4DR antagonist clozapine at 0.6 mg/kg
decreased the action of apomorphine only in the wild type animals while a dose of 6
mg/kg completely prevented the reversion of akinesia in both genotypes suggesting
that D4DRs are stimulatory in locomotion. Supported by Fundación Antorchas and
Universidad de Buenos Aires (MR), NIDA (DKJ) and Hoffmann-LaRoche (MJL).

271.6
COUPLING OF HUMAN DOPAMINE D4 RECEPTOR
ISOFORMS TO INWARDLY RECTIFYING K+ CURRENTS IN
XENOPUS OOCYTES. L. A. Snyder.1* T. P. Sakmar.12- and D.
E. Loaothetis.3 Department of Molecular Biology and
Biochemistry, The Rockefeller University1 and the Howard
Hughes Medical Institute2, NY, NY 10021, Department of
Physiology and Biophysics, Mount Sinai Medical School3, City
University of NY, NY 10029.
At least 18 different forms of the dopamine D4 receptor (D4R)
are present within the human population. These receptor
isoforms vary in the number of times that a repeated segment is
present within the third intracellular loop; a region that is
postulated to be involved in signal transduction. To investigate
the signaling of D4R isoforms, D4-2, D4-4, and D4-7, which
contain 2, 4, and 7 repeats respectively, were individually
coexpressed in xenopus oocytes with the G protein-gated
inwardly rectifying heteromeric K+ channel, GIRK1/GIRK2. In
whole cell recordings, the application of the D4 receptor agonist,
quinpirole (30 uM) to oocytes expressing GIRK1/GIRK2 and any
of the above isoforms, evoked a current that displayed inward
rectification, and was blocked by 3mM barium. Quinpirole also
evoked GIRK-mediated current in oocytes coexpressing
GIRK1/GIRK2 and a no-repeat D4R mutant, indicating that the
repeat region itself is not necessary for coupling to
GIRK1/GIRK2. Quinpirole did not evoke currents in oocytes
injected with GIRK1/GIRK2 alone.
Support has been provided by the Aaron Diamond Foundation.

271.7
DOPAMINE D4 RECEPTORS REGULATE DOPAMINE SYNTHESIS
WITHOUT AFFECTING UTILIZATION OR RELEASE. K.D. Youngren*. f.D.
Tentsch. A. Tran and R.H. Roth. Neuroscience Program, Sect. of Neurobiology,
and Depts. of Psychiatry and Pharmacology, Yale Univ. School of Medicine,
New Haven, CT 06510.
The effects of a selective D4 receptor antagonist on several biochemical
indices of dopaminergic function in the rat brain were examined. In rats
pretreatfed with an aromatic amino acid decarboxylase inhibitor, NGD 94-1
(1.0 m g /k g i.p.), like haloperidol (0.1 m g /k g i.p.), increased DOPA
accumulation in both the striatum and the nucleus accumbens but not in the
central nucleus of the amygdala or the pyriform cortex. A lower dose of NGD
94-1 (0.1 m g/kg) had no effect on DOPA accumulation in any of the brain
regions tested. NGD 94-1 (0.25-1.0 m g /k g i.p.) was without effect on
dopamine (DA) utilization in the medial prefrontal cortex, the striatum,
and parts of the mesolimbic DA system. Microdialysis studies showed that
NGD 94-1 (1.0 m g/kg s.c.) had no effect on prefrontal cortical DA release.
Microdialysis studies of NGD 94-1's effects in other brain regions are ongoing.
The present results are consistent with previous reports that selective D4
antagonists may increase DA synthesis in the nigrostriatal and mesolimbic
DA systems. The lack of an effect of NGD 94-1 on DA utilization or release,
unlike the effects of both typical and atypical antipsychotic drugs, suggests
that the D4 receptor does not modulate release of DA in terminal field
regions in the rat. In particular, these data, combined with previous reports
of D4 receptor mRNA expression in the rat, suggest that the D4 receptor may
play a role in regulating subcortical DA systems in the rat, while having
little effect on DA-ergic transmission in the prefrontal cortex. Further
studies will examine whether these properties are common to other selective
D4 receptor antagonists. Supported in part by USPHS Award MH-14092.

271.8
HUMAN NEUROBLASTOMA SH-SY5Y CELL LINE EXPRESSING HUMAN
DOPAMINE D4RECEPTOR COUPLED TO ENDOGENOUS G PROTEIN.
V .D . Nair and R.K. Mishra*. Depts. o f Psychiatry and Biomedical
Sciences, McMaster University, Hamilton, ON, Canada, L 8 N 3Z5.
Stable transfection o f human neuroblastoma cell line SH-SY5Y with
the human dopamine D 4 receptor gene produced a cell line
demonstrating ligand affinities that closely correlated with reported
studies (V anT ol# al., Nature 350:610, 1991). Hygromycin-resistant
SH-SY5Y cells expressing the human D 4 dopamine gene were assayed
for [3H]spiperone binding, resulting in a Bm„ o f 632 fmol/mg protein.
The competition o f [3H]spiperone binding to D 4 membrane by the
agonist quipirole was evaluated in the absence and presence of
Gpp(NH)p. The dose response for the agonist quipirole in the absence
o f Gpp(NH)p gave a biphasic competition curve. In the presence of
Gpp(NH)p, the dose response curve was monophasic and shifted to the
right. The KHand KLvalues in the absence o f Gpp(NH)p and a single
Kjvalue in the presence o f Gpp(NH)p were determined. These results
demonstrate the agonist induced coupling o f the D 4 receptor to
endogenous G proteins in SH-SY5Y cells. The stable expression of
human dopamine D 4 in the human neuroblastoma cell line SH-SY5Y
therefore constitutes a useful cell culture model to investigate structure,
function and regulation o f the human D 4 dopamine receptor.
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Supported by N1H grant N120036. V. D. Nair is an OMHF Research Fellow.

MONDAY AM

685

CATECHOLAMINE RECEPTORS: D4

271.9
DOPAMINE D4 RECEPTOR mRNA IS ELEVATED 3-FOLD IN THE FRONTAL
CORTEX BUT NOT THE CAUDATE OF SCHIZOPHRENICS COMPARED TO
CONTROLS. G. McAllister. N. C. Stefanis . R. W. Kerwin . W. N. Schofield,
S. J. Pollack* and J. N. Bresntck. NRC, Merck Sharp & Dohme Research
Laboratories, Terlings Park, Eastwick Rd., Harlow, Essex CM20 2QR, U.K. and
Institute of Psychiatry, De Crespigny Park, LONDON SE5 8AF.
D2 dopamine receptor blockade is thought to mediate the actions of many
neuroleptics, as well as their extra-pyramidal side-effects. The cloning of the human
dopamine D4 receptor, with high affinity for the atypical neuroleptic, clozapine,
suggests that a specific D4 antagonist may be a novel antipsychotic drug devoid of
side-effects. The role of D4 dopamine receptors in schizophrenia is unclear. In
radioligand binding studies, D4 receptors have been reported to be elevated or not
elevated in schizophrenics, probably because D4 receptor levels are being estimated
indirectly. In an attempt to clarify whether D4 receptors are upregulated or not in
schizophrenia, we have examined the levels of D4 mRNA in control and
schizophrenic post mortem brains directly, utilising a ribonuclease protection assay
(RPA) technique. Following gel autoradiography, D4 mRNA relative optical
densities were expressed as a ratio of G3PDH mRNA densities (a housekeeping gene
used as an internal control). Differences in frontal cortex and caudate between
schiz6phrenics and controls were then tested in a series of analysis of variance and
covariance (BMDP). There was a significant difference (P<0.0110) in the mean
D4/G3PDH ratio in the frontal cortex of schizophrenics (1.6678) compared to
controls (0.5650). No significant difference between schizophrenics and controls
was observed in caudate. The relative increase in cortical D4 mRNA in
schizophrenics may be due to antipsychotic medication or intrinsic to the disease
itself. The region specific upregulation of D4 mRNA (and presumably receptors)
may be relevant to the antipsychotic effects of neuroleptics in schizophrenia.

271.10
THE DISCOVERY AND STRUCTURE ACTIVITY RELATIONSHIP OF A SERIES
OF DOPAMINE (DA) D4 RECEPTOR ANTAGONISTS. T. A. Pugslev*. Y. H.
Shih. L. M. Géorgie. S. Z. Whetzel. K. T. Zoski, T. Heffner. D, Wustrow, L,J¥ise,
Parke-Davis Pharmaceutical Research, Division of Warner-Lambert Company, Ann
Arbor, MI 48105.
The DA D2 family of receptors consist of the D2, D3 and D4 receptors. The DA D4
receptor is of interest as a target for drugs to treat schizophrenia based upon its high
affinity for the atypical antipsychotic clozapine and its localization to the limbic and
cortical regions of the brain. As part of a program to identify novel DA D4receptor
antagonists, a high volume screen using the Parke-Davis compound library was
initiated. This led to the discovery of PD 89211 (benzenemethanol, 2-chloro-4-[4[(1H -benzimidazol-2-yl)methyl]-l-piperzinyl]) that displaced [3H]spiperone binding
to hD42with a affinity (K¡ ) of 5.7 nM. PD 89211 exhibited high selectivity for the
DA D42receptor (> 500-fold) as compared to other hDA receptor subtypes, rat brain
serotonin and adrenergic receptors. In vitro, PD 89211 had D4 receptor antagonist
activity reversing quinpirole-induced [3H]thymidine uptake in CHOpro5 cells
(ICS0=2.1 nM). Limited SAR studies indicated that compounds with a 4-chloro-, 4methyl- and 3-chloro- substituent on the phenyl ring retained high affinity for D4
receptors while those with a 4-methoxy and no substituent had less affinity. While all
clinically effective antipsychotics increase DA synthesis (DOPA accumulation) in
rodents, PD 89211 did not increase DA synthesis in the DA-enriched striatum,
indicating no effect on DA turnover. However it did increase DOPA levels in
hippocampus, as did clozapine, suggesting that D4 receptors may be modulating
DA/NE turnover in this brain area known to possess D4receptors. The discovery of
compounds like PD 89211 provides a tool to help in understanding the function of DA
D4 receptors in the CNS. Supported by Warner-Lambert

271.11
CP-226,269 IS A SELECTIVE DOPAMINE D4 RECEPTOR AGONIST.
S.H. Zorn*. E. Jackson. C. Johnson. J. Lewis and A. Fliri. Dept, of
Neuroscience, Pfizer Inc., Central Research Division, Groton, CT 06340.
The finding that a variety of antipsychotic drugs bind with high affinity not
only to the dopamine D2 receptor, but also to the D4 receptor has lead to the
hypothesis that the D4 receptor may be a target for antipsychotic drugs. This
receptor may also play a role in affective and cognitive functioning. Understanding
the role of the D4 receptor in preclinical studies has been hampered by the lack of
selective agonists with which to study the function of this receptor. The present
report describes the in vitro characterization of 5-Fluoro-2-(4-pyridin-2-ylpiperazin-l-ylmethyl)-lH-indole, CP-226,269, which is a relatively selective and
potent D4 receptor agonist. In ligand binding studies, CP-226,269 displaces
[3H]-spiperone binding to human D4 receptors with a Ki value = 6 nM. In
contrast, CP-226,269’s affinity for the human D2 receptor is > 100-fold lower.
The compound has 83-fold lower affinity for a2 adrenoceptors (Ki = 500 nM) and
>100-fold lower affinity for a l, p, GABA-A, HI, Muscarinic, |i-opiate, 5-HT1A,
and 5HT2A receptors. In contrast to the D4 selective antagonists CP-293,019, and
PNU-101387 which antagonize quinpirole’s inhibition of forskolin stimulated
cAMP accumulation in CHO cells expressing the human D4 receptor, CP226,269 has no antagonist-like effect on the quinpirole mediated effect. In
contrast, CP-226,269, like quinpirole, is a potent D4 receptor agonist producing
a concentration-dependent inhibition of forskolin-stimulated cAMP accumulation
(pEC50 = 8.24 ± 0.3, EC50 = 5.8 nM). The response to CP-226,269 could be
antagonized by clozapine, spiperone, and the selective D4 receptor antagonist
CP-293,019, but not by raclopride, a compound with low affinity for the D4
receptor. The discovery of CP-226,269 as a D4 receptor agonist provides a new
tool that will be helpful in defining the physiological role of the D4 receptor.

271.12

271.13
THE RAT D4 DOPAMINE RECEPTOR COUPLES TO CONE
TRANSDUCIN (Got^) TO INHIBIT FORSKOLIN-STIMULATED CAMP
ACCUMULATION. Ikiivo Yamaeuchi. Steven K. Harmon. Richard D.
Todd*, and Karen L. O’Malley*. Departments of Anatomy & Neurobiology,
and Psychiatry+, Washington Univ. School of Med., St. Louis, MO 63110
Based on its expression pattern and pharmacology, the D4 dopamine
receptor may play a role in schizophrenia. Thus it is of interest to know
what signaling pathways are utilized by this receptor. Previously, we
showed that activation of D4 receptors in a mouse mesencephalic neuronal
cell line (MN9D) inhibited forskolin-stimulated cAMP accumulation in a
pertussis toxin(Ptx)-sensitive fashion. Of the known Ptx-sensitive G-protein
a subunits, MN9D expressed GoCj2, GOoa, and G(XoB. However, none of these
coupled to the D4 receptor. Using a low-stringency PCR cloning method, we
found an additional Ptx-sensitive G-protein, cone transducin (Ga^)
expressed in the MN9D cells. We also found that G a ,2 mRNA is highly
expressed in rat mesencephalic tissue. To test the hypothesis that the D4
receptor couples to Go,2, we co-transfected MN9D cells with the D4 receptor
and a mutagenized Ptx-resistant GoG subunit (MN9 D-D4 /mGa,2).
Application of the dopaminergic agonist quinpirole(l|nM) to D4 receptors in
MN9D cells inhibited forskolin-stimulated cAMP accumulation by 30-40 %.
D4-mediated inhibition of cAMP accumulation could be blocked by
overnight pretreatment with 50 ng/ml Ptx. In contrast, in the co-transfected
MN9 D-D4 /mG(X,2 cells, Ptx could no longer block the effects of agonist
treatment; To our knowledge, this is the first report demonstrating that the D4
dopamine receptor functionally couples to a specific G-protein. This work
was supported by DA08818 and MH31302.
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SAR FOR NEW BISARYLMETHYLAMINE DOPAMINE D4
ANTAGONISTS M. Arlt1. G.D. Bartoszvk1. J.J. Bertheion2. H.
Böttcher1*, M. Brunet2. C.A. Sevfried1 and J.J. Zeiller2. 1Merck
KGaA, CNS-Research, 64271 Darmstadt, Germany, and
2Lipha Centre Recherche Lacassagne, 690Ö3 Lyon, France.
SAR for a series of bisarylmethylamine derivatives revealed
compounds with high selectivity for the dopamine D4 receptor
subtype. Binding ICso values for the hD4.2 (expressed in CHO
cells), hD2 S (A9L cells) and hD3 (CHO cells) receptor subtypes
for the most selective compounds in comparison to the known
D4 antagonists L-745870 and U-101958 are:
ICso [nM]
EMD 88026
EMD 100039
EMD 122367
L-745,870
U-101.958A

D4

4.5
20

15
1.5
5.8

Ü2
2300
9800
4500
360
620

D3

300
5600
5900
80
5500

Ratio D2/D4
511
490
300
. 240
107

D3/D4

67
280
393
53
948

In common animal models for schizophrenia (apomorphineinduced climbing in mice, apomorphine-induced stereotyped
behavior in rats) or extrapyramidal side effects (catalepsy) only
marginal effects were observed, if at all.

271.14
DOPAMINE D4 RECEPTOR BINDING & FUNCTIONAL CHARACTERISATION
IN RAT RETINA. S. Patel. K. L. Chapman. D. Marston. P. H. Hutson. K. Wafford*
and C. I. Ragan. Dept. Biochemistry & Molecular Biology, Merck Sharp & Dohme
Research Laboratories, NRC, Terlings Park, Eastwick Road, Harlow , Essex, U.K.
Dopamine D4mRNA is expressed at high levels in the retina (1,2) a tissue known
to possess both D1 & D2-like dopamine receptors linked to adenylate cyclase.
Retinal cAMP levels can be decreased either by light or D2-like receptor agonists.
The dopamine receptor mediating this effect has been speculated to be the D4
receptor subtype (1,3 ,4). We have now definitively characterised this response as a
D4 receptor mediated effect using the D4 selective antagonist L-745,870 (5). In
addition, we have further characterised these retinal dopamine D4 receptors using the
D4 selective radioligand [125I] L-750,667 (6).
Male Sprague Dawley rats were dark adapted for lOh before use. Retinas were
removed in ice cold Earles medium under dim red light & cAMP levels measured as
described previously (1). Quinpirole (0.03-3|iM) produced a dose-related decrease in
the light sensitive pool of cAMP. L-745,870 alone, had no significant effect on the
light sensitive pool of cAMP. Haloperidol, clozapine & L-745,870 dose dependently
reversed the quinpirole (300nM) induced inhibition' of cAMP with a rank order of
potency suggesting that the quinpirole effect is due to activation of the D4 receptor.
The D2 selective ligand L-741,626 had no effect on the quinpirole response. In vitro
binding studies revealed that [,25I]L-750,667 bound specifically & saturably to rat
retinal membranes with high affinity (Kd 0.19±0.02nM) & exhibited a D4 receptor
pharmacology. In conclusion, we have directly measured D4 receptors in the retina
& determined that the dopamine receptor mediating inhibition of cAMP in rat retina
is the D4 receptor.
l.Proc. Natl. Acad. Sci. 89, 1992; 2. Mol. Brain. Res. 29, 157-162, 1995; 3.
Neurosci. Letts. 166, 203-206, 1994; 4. J. Neurochem. 64, 1326-1335, 1995; 5. J.
Med. Chem. 39, 1941-1942,1996; 6. Mol. Pharmacol. 50, 1658-1664, 1996.
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CHARACTERIZATION OF SK-N-MC CELLS AS A MODEL SYSTEM FOR
STUDYING D4 DOPAMINE RECEPTOR-MEDIATED PHOSPHOLIPID
METHYLATION. A. Sharma*. D. Ouellette and R.C. Deth. Department of
Pharmaceutical Sciences, Northeastern University, Boston, MA 02115.
Phospholipid methylation is postulated to be an important regulator of
membrane fluidity (and hence membrane protein function) via two interacting
pathways namely a D4 dopamine receptor-dependent and a non-receptordependent which is the classical pathway involving S-adenosylmethionine
(SAM). The key step in this process is donation of a methyl group by SAM to
phosphatidylethanolamine. SK-N-MC cells derived from a human
neuroblastoma contain endogenous D4 receptors and therefore provide a
potentially useful model system for characterizing the receptor-dependent
pathway as compared to transfected cells which are overexpressed systems. The
extent of phospholipid methylation can be measured by [14C] labeled formate
which is subsequently converted to 5-methyl tetrahydrofolate, a cofactor
required for the enzyme methionine synthase. Dopamine produced a dosedependent increase in phospholipid methylation with an EC» value of 6.6 |iM.
U-101958, a highly selective antagonist at D4 receptors, blocked the dopamine
mediated increase in phospholipid methylation in a dose-dependent manner.
The estimated K{ value of 2 nM for U-101958 obtained by using the CheungPrussof equation was in close agreement to its reported value of 1.3 nM.
Cycloleucine, an inhibitor of the enzyme methionine adenosyl transferase, the
key enzyme for adenosylation of methionine, also inhibited the receptor
dependent phospholipid methylation. These results indicate that SK-N-MC
cells are a useful model system for the study of D4 receptor-dependent
phospholipid methylation.

271.16
ROLE OF TYROSINE KINASE ACTIVITY IN D4-DOPAMINE
RECEPTOR AND NON-RECEPTOR MEDIATED PHOSPHOLIPID
METHYLATION.
S.S.Chari*___aod __ R£,BstiL
Department of
Pharmaceutical Sciences, Northeastern University, Boston, MA 02115.
Previous studies in our lab have indicated that the dopamine D4 receptor
participates in the donation of methyl groups for membrane phospholipid (PL)
methylation and that CHO cells stably expressing the D44 receptor cultured in
serum-free conditions had a lower basal level of PL methylation compared to
serum-supplemented cells. Hence the focus of our study was to examine the role
of growth factor receptor tyrosine kinases in regulating PL methylation in CHO
D44 cells using the tyrosine kinase (TK) inhibitor, genistein. PL methylation
was measured by radiotracer labeling with either [3H]metliionine, which is
utilized primarily by the non-receptor pathway through the formation of Sadenosylmethiooine, or [14C]fonnate, which is incorporated into both the nonreceptor and the D4 receptor pathway. Genistein caused an increase of
approximately 100% in PL methylation in [^methionine-labeled cells.
Moreover, a concentration-response relationship for genistein was observed
with a maximum increase near its reported 1C» value (30 nM) versus TK
activity. In contrast, there was a 30% decrease in PL methylation in
[14C]formate-labeled CHO D4.4 cells in the presence of genistein. Dopamine
stimulated PL methylation in [14C]formate-labeled cells (EC» = 1 |iM) but not
in the [3H]methionine-labeled cells. Genistein did not affect dopaminestimulated methylation in either labeling condition. These results suggest the
involvement of tyrosine kinase activity in regulating basal but not dopamine
receptor-mediated phospholipid methylation

271.17
DOPAMINE D4 RECEPTOR-MEDIATED INHIBITION OF cAMP PRODUCTION
DOES NOT AFFECT PROLACTIN REGULATION. S. Sanval*.and H. H. M.Van
Toi. Clarke Inst, of Psychiatiy, Toronto, Ont M5T 1R8.
Under physiological conditions prolactin (PRL) synthesis and secretion are
predominantly under negative control by dopamine acting through dopamine D2
receptors present in the pituitary lactotroph cells. To investigate die role of D4
receptors in the regulation of PRL synthesis and secretion we stably transfected the
human D4 receptor cDNA into the somatomammotrophic cell line GH4C1. The
pharmacological characteristics of D4 expressed in GH4C1 were in close agreement
with previous D4 receptor studies in CHO and COS-7 cells. In GH4C1 cells,
activation of D4 receptor variants (D4.2, D4.4 and D4.7) resulted in a similar level
of reduction of forskolin- and vasoactive intestinal peptide (VIP)-stimulated cAMP
levels (33% and 50% respectively). In addition, forskolin-stimulated activity of
cAMP response elements (CREs) fused to the VIP promoter driving the lacZ reporter
gene could be blocked by D4 activation. However, quinpirole treatment had a
minimal effect on transiently expressed luciferase reporter gene driven by a proximal
PRL promoter in (me of the D4 expressing cell lines. In contrast, the dopamine
D2**, receptor expressing GH4ZR7 cells treated with quinpirole displayed a
significant decrease (51.3 + 4.1%) in PRL promoter activity. VIP-stimulated PRL
release was not affected by D4 receptor activation, whereas in GH42R7 cells a
significant decrease in VIP-stimulated PRL levels was observed. Neither PRL
promoter activity nor PRL secretion levels were affected in control untransfected
GH4C1 cells. From this study it appears that while the D4 receptor may be
expressed in the anterior pituitary, it does not have a major effect on PRL promoter
activity or PRL secretion in GH4C1 cells despite its ability to reduce cAMP
production. This might explain why D4 over D2 preferring antipsychotics like
clozapine do not c&use byperprolactineamia. (Supported by MRC Canada #
PG11IZ1)

271.18
SCREENING FOR NOVEL INTERACTIONS WITH THE POLYMORPHIC
REGION OF THE HUMAN DOPAMINE D4 RECEPTOR. J.N. Oak. J.
Oldenhof. O. Schoots. H.H.M. Van Tol*. Dept, of Pharmacology, University of
Toronto, and The Laboratory of Molecular Neurobiology, The Clarke Institute
of Psychiatry, Toronto, Ont., Canada, M5T1R8.
The polymorphic repeat region in the third cytoplasmic loop of the
Dopamine D4 receptor contains a variable number of putative SH3 binding
domains with the consensus sequence PXXP. We have shown an interaction
between D4 and the SH3 domain containing protein Nek using the yeast twohybrid system. Co-expression of the third cytoplasmic loop of D4 or the fulllength receptor with several proteins containing SH3 domains in vitro
demonstrated that protein-protein interactions occur.
The yeast two-hybrid system was used to screen a human and rat cDNA
library in order to isolate clones that may participate in physiologically
significant interactions with the D4 receptor. A 105 amino acid fragment of
the D4.4 third cytoplasmic loop was expressed in the S. cerevisiae strain
Y190 as a fusion protein with the GAL4 DNA binding domain. Human and rat
brain cDNAs were co-expressed as a fusion protein with the GAL4 activation
domain. Several positive interactions were detected by screening yeast for
the His+/Gal+ phenotype. Positive clones were isolated and assayed to
confirm that they represent specific interactions with D4. Preliminary results
from sequencing of positive clones indicates that one clone encodes an
unknown protein with homology to yeast Thioredoxin.
Characterization of endogenous interactions of the repeat region is required
to understand the function of this polymorphism. Supported by the Canadian
Medical Research Council (MRC PG11121).
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LOCALIZATION AND FUNCTION OF GTP CYCLOHYDROLASE I
FEEDBACK REGULATORY PROTEIN (GFRP) IN RAT BRAIN Kei Hirayama*.
Mika Shimoii. Sheldon Milstien1. and Gregory Kapatos. Department of Psychiatry
and Behavioral Neurosciences, Wayne State University School of Medicine,
Detroit, Michigan 48201 and 'LCMR, NIMH, Bethesda, Maryland 20892 USA
The activity of GTP cyclohydrolase I (GTPCH), the first and rate-limiting
enzyme in the biosynthesis of tetrahydrobiopterin (BH4), is sensitive to end-product
feedback inhibition by BH4. This inhibition is mediated by the GFRP. High levels
of GFRP mRNA was localized to serotonin neurons in the dorsal raphe nucleus of
the brainstem by in situ hybridization. These neurons also express the highest levels
of GTPCH mRNA. The dopamine cell groups in the midbrain, which are known to
express intermediate levels of GTPCH mRNA, did not show any detectable signal
for GFRP mRNA by in situ hybridization. Consistent with the in situ hybridization
data, the more sensitive nuclease protection analysis showed GFRP mRNA to be
most abundant in the brainstem. GFRP mRNA in the midbrain was detected
although at 50% of the level seen in the brainstem. Based upon the greater
abundance of GFRP mRNA in serotonin than in dopamine neurons, it was predicted
that BH4 synthesis within serotonin neurons would be more sensitive to pteridinedependent inhibition by GFRP. Cultures containing serotonin and dopamine
neurons were incubated overnight with 20 - 400 nM of 7,8-dihydroneopterin (NH2)
and BH4 levels determined. Control cultures received 5 mM DAHP or 400 nM
pterin. NH2 was found to decrease BH4 levels in either culture system in a dosedependent manner with an IC» of approximately 20 (J.M. Incubation with pterin did
not effect BH4 levels while DAHP treatment decreased BH4 content by 95%. These
data suggest that although midbrain dopamine neurons express lower levels of
GFRP mRNA than do serotonin neurons, BH4 synthesis in both is equally
susceptible to feedback inhibition by BH4. (Supported by NIH NS26081)
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272.2
PROLONGED EXPOSURE OF PC12 CELLS TO ELEVATED K+
REVEALS DISTINCT TEMPORAL DIFFERENCES IN SITESPECIFIC PHOSPHORYLATION OF TYROSINE HYDROXYLASE
(TH). A. Gargia-Espana1. J.Y. Lew1. K.Y. Lee1. K. Harada1. M. Goldstein1.
and J.W. Haycock2. 1Neurochem Res Labs, NYU Med Ctr, New York, NY;
2Dept Biochem Molec Biol, LSU Med Ctr, New Orleans, LA
Depolarization of chromaffin or pheochromocytoma cells, which increases
TH activity, elicits sequential increases in the phosphorylation of TH at Seri 9,
Ser40, and Ser31. We have recently found that the increase in TH activity in
PC12 cells produced by elevated K+ parallels the increase in Ser40, as
opposed to Ser19 phosphorylation. In order to determine the relationship
between TH activity and site-specific phosphorylation during prolonged
exposure to elevated K+, PC12 cells were exposed to growth medium (RPMI
supplemented with 10% horse and 5% fetal bovine serum) or elevated K+
growth medium (53 mM KCI substituted for NaCI) for up to 8 h, and sitespecific phosphorylation was determined by blot immunblabeiing using
phosphorylation state-specific antibodies. Elevated K+ produced a rapid (15
s) but short-lived (20 min) increase in Ser19 phosphorylation. A relatively
smaller increase in Ser40 phosphorylation developed and this increase
persisted over the entire 8 h treatment period. By contrast, a maximal
increase in Ser31 phosphorylation was sustained from 20 to 60 min,
decaying slowly over the next 7 h of treatment. Further studies may reveal
the extent to which protein kinase versus phosphatase activities shape the
distinct temporal aspects (onset, duration, decay) of each phosphorylation
site. [Supported by MH02717, NS06801 (MG); MH00967, NS25134 (JWH)]
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272.3
DIFFERENTIAL STABILITY OF CONSTITUTIVE VERSUS NICOTINICRECEPTOR INDUCED TYROSINE HYDROXYLASE (TH) PROTEIN LEVEL
IN BOVINE CHROMAFFIN CELLS BY PROTEIN SYNTHESIS INHIBITORS.
E. Fernandez and G.L. Craviso*. Dept. Pharmacology, Univ. Nevada Sch.
Med., Reno, NV 89557.
We have previously shown that expression of TH is increased 2-3-fold in bovine
adrenal chromaffin cells in response to chronic (3-4 day) exposure to the nicotinic
agonist dimethylphenylpiperidinium (DMPP). The present study shows that
blocking translation differentially affects constitutive and DMPP-induced TH
protein level. In non-stimulated cells, blocking protein synthesis for 3 days by
addition of cycloheximide (20 /tM) or puromycin (100 /iM) to the culture medium
had no effect on TH level. The failure of TH level to decline was attributed to a
stabilization of TH protein since the tm estimated for TH in these cells by pulse
chase analysis and approach to steady state analysis was 28 hours and 19 hours,
respectively. On the other hand, even though chronic DMPP treatment was found
to have no appreciable effect on TH degradation rate (tm = 26 hours, as
estimated by pulse chase analysis), the increased amount of TH protein in cells
that had been chronically stimulated with DMPP for 3-4 days was not stabilized
when translation was blocked. Instead, addition of cycloheximide or puromycin
to DMPP-treated cells resulted in a decrease in TH protein from the induced level
back to the level that was observed prior to DMPP treatment. The decline
occurred at a slower rate, however, (t,n = 51 ± 16 hours) than the apparent hn
for TH estimated by pulse chase analysis. Taken together, these data suggest that
the degradation of constitutively expressed TH level and DMPP-induced TH level
occurs by parallel processes that degrade the enzyme at the same rate but which
differ in their requirement for protein synthesis. Supported by the AHA (Nevada
Affiliate), AAUW and NSF EPSCoR.

272.5
OXYGEN REGULATED TYROSINE HYDROXYLASE GENE
EXPRESSION IN PC12 CELLS DEPENDS ON CELL DENSITY.
J. B. Striet. R. Pun*, and M. F. Czvzvk-Krzeska. Department of Molecular and
Cellular Physiology, Univ. of Cincinnati, Cincinnati OH 45267
Reduction in oxygen tension, i.e. hypoxia, induces a several fold increase in
the transcriptional and post-transcriptional gene expression of tyrosine
hydroxylase (TH) in pheochromocytoma PC12 cells (JBC, 269, 760-4, 1994).
Constitutive TH mRNA expression in PC 12 cells correlates positively with
increasing cell density (J. Neurochem. 62, 844-853, 1994 ). In the present
study we investigated whether cell density affects the 0 2-dependent regulation
of TH gene expression. PC 12 cells were plated at 3 different densities: 1.7, 0.8
and 0.4 x 106/cm2 and exposed to 5% 0 2 from 3 to 24 h. TH mRNA was
measured using Northern blot analysis. The control steady-state levels of TH
mRNA were highest in the most confluent PC 12 cells. Importantly, the time
course of the hypoxic induction of TH mRNA correlated well with cell density.
In the most confluent cells the response started within first hour of hypoxia
while in the case of the least confluent cells hypoxic induction was delayed and
did not start until 10 h after the onset of hypoxia. The magnitude of the
response measured as percent change from control at 24 h of exposure to
hypoxia was similar for all three densities. The studies are continued to
determine the molecular mechanism underlying this correlation. Supported by:
NIH grants HL5J078 and HL58687, AHA Grant-in-Aid 94017440, NARSAD
Young Investigator Award (MFCK).

272.7
HYPOXIA INDUCIBLE PROTEIN-BINDING SEQUENCE (HIPBS)
FROM THE 3’UNTRANSLATED REGION (3’UTR) OF TYROSINE
HYDROXYLASE (TH) mRNA CONFERS REGULATION OF mRNA
STABILITY TO CHLORAMPHENICOL ACETYLTRANSFERASE (CAT)
REPORTER mRNA IN PC12 CELLS. W. R. Pauldineftmd M. F. CzvzvkKrzeska. Department of Molecular and Cellular Physiology, Univ. of Cincinnati,
Cincinnati OH 45267
The stability of mRNA for TH is increased 3-fold in the PC 12 cell line by
reduced oxygen tension. This increase in TH mRNA half-life correlates with
enhanced binding of a protein factor(s), hypoxia inducible protein (HIP), to a
cytidine-rich tract in the 3’UTR of TH mRNA. Mutations within the HIPBS that
prevent protein binding also destabilize TH mRNA. To determine whether
HIPBS confers regulation of mRNA stability to foreign mRNA, the HIPBS
element was cloned behind the CAT gene in the pcDNA3 expression vector
(CAT-HIPBS), which was then used to generate stably transfceted PC12 cell
lines. Analysis of chimeric CAT-HIPBS mRNA and protein (by RPA and TLC,
respectively) revealed significantly elevated steady-state levels for both as
compared to CAT controls. This increase in CAT-HIPBS mRNA expression is
due to the HIPBS-mediated increase in mRNA stability, since insertion of HIPBS
prolongs CAT mRNA half-life. Importantly, insertion of the HIPBS element also
conferred hypoxic regulation to CAT-HIPBS mRNA, however, no concomitant
hypoxia induced increase in CAT-HIPBS activity levels were observed. These
results show that the HIPBS sequence is a stability element which regulates
mRNA expression. Experiments are in progress to determine the effects of
HIPBS mutations that abolish protein binding on the regulation of chimeric CATHIPBS mRNA. NIH grants HL51078, HL58687, 5T32HL07571. AHA Grant-inAid 94017440 and NARSAD Young Investigator Award (MFC-K).
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272.4
PHORBOL ESTERS STIMULATE TYROSINE HYDROXYLASE
GENE TRANSCRIPTION RATE VIA MULTIPLE API FACTORS.
B. S un* and A .W . T ank.
D epartm ent o f
P harm acology and P hysiology,
U niversity o f R ochester M edical C e n t e r , R ochester, N Y 14642.
T he active phorbol ester, 12-O -tetradecanoylphorbol 13-acetate (TPA ),
stim ulates T H gene transcription rate in rat p h eo c hrom ocytom a P C 18 cells. This
increase in transcription rate is at least partially dependent on protein synthesis.
S ince m any transcription factors that bind to the A P I site are inducible proteins,
and since previous studies suggest that the T H A P I site is independently
responsive to T P A in P C 12 cells (Icard-Liepkilns et al, J.N eurosci.R es., 32
(1992) 290-298), we have investigated w hich A P I factors regulate the TH gene
prom oter in response to T P A in the P C 18 cells. Site-directed m utation analysis,
using a num ber o f different T H A P I m u tan ts, indicates that the T H A P I site is
essential for the response o f the T H gene proxim al prom oter to T P A in these
cells. W estern analysis indicates that T P A d ram atically induces JunB and slightly
induces c-Jun; JunD is not induced. c-F os protein levels were undetectable or at
very low levels o f expression in P C I 8 cells under eith er control conditions or after
treatm ent w ith T P A .
Gel shift assays indicate that P C 18 cells express nuclear
proteins that bind sp ecifically to the T H A P I site under control conditions and in
T P A -treated cells; antibody supershift assays dem onstrate that all m em bers o f the
Jun fam ily bind to this site. T o in vestigate w hich A P I factors transactivate the
T H gene, w e transfected PC 18 cells w ith R S V prom oter-driven expression
constructs fo r c-Fos, c-Jun and JunB along w ith a T H gene prom oter-reporter gene
construct. F orced expression o f any one o f these A P I factors increased T H gene
prom oter activity; how ever, this response w as highly dependent on the am ount of
A P I-e x p re ssin g construct used in the transfections. O u r results suggest that T PA
stim ulates the T H gene in P C 18 cells via m u ltip le inducible A P I factors. This
w ork w as supported by N ID A grant 05014 and S T R C grant 0481.

272.6
HYDROGEN PEROXIDE AS A SIGNALING MOLECULE IN OXYGENDEPENDENT REGULATION OF TYROSINE HYDROXYLASE GENE
EXPRESSION IN PC12 CELLS. S. L. Kroll* and M. F. Czvzvk-Krzeska.
Department of Molecular and Cellular Physiology, Univ. of Cincinnati,
Cincinnati OH 45267
Gene expression of tyrosine hydroxylase (TH), the rate limiting enzyme in
catecholamine synthesis, is induced during hypoxia both in 0 2-sensitive cells of
the carotid body and in pheochromocytoma, PC 12 cells. In the current study, we
have investigated whether H202 , physiological byproduct of oxidative
metabolism, is a signal transduction molecule in the regulation of TH mRNA by
0 2.
Intracellular measurements of H2Q2 in PC12 cells using 2’7’dichlorodihydrofluorescein (DCF) showed a 43 ±9% decrease in H20 2
concentration during 20h exposure of PC12 cells to 5% 0 2. Treatment of PC12
cells with 20 joM H20 2 or inhibition of catalase, H202 decomposing enzyme, by
aminotriazole (ATZ) resulted in the reduction of TH mRNA during normoxia and
prevented its induction during hypoxia. Treatment of cells with catalase or N-(2mercaptopropionyl)-glycine, a reducing antioxidant agent which decreases the
H ^ concentration, induced TH mRNA. These data show that TH mRNA levels
correlate well with the intracellular concentrations of H20 2, indicating that H20 2
may act as a signaling molecule in the regulation of TH gene expression during
hypoxia. The mechanism of H20 2 effects on TH mRNA seems to involve
formation of the hydroxyl radical since inhibition of OH» formation with
deferoxamine (DF), iron chelator, induced TH mRNA in a manner additive with
hypoxia. Supported by NIH grants R29HL51078 and R01HL58687,
5T32HL07571, AHA Grant-in-Aid 94017440, and NARSAD Young Investigator
Award (MFCK).

272.8
ANALYSIS OF THE PROTEIN FACTORS PRESENT IN THE HYPOXIAINDUCIBLE PROTEIN (HIP) COMPLEX ASSOCIATED WITH THE 3’
UNTRANSLATED REGION OF TYROSINE HYDROXYLASE (TH)
mRNA. M.F. Czvzvk-Krzeska*. S.L. Kroll. A.C. Bendixen. and W.R. Paulding.
Department of Molecular and Cellular Physiology, University of Cincinnati
College of Medicine, Cincinnati, OH, 45267-0576.
Hypoxia-induced increase in stability of mRNA for TH is regulated by binding
of protein factors to the UCCCCU motif within the pyrimidine rich sequence in the
3’ untranslated region of TH mRNA. SDS-PAGE analysis of the UV-crosslinked
binding reaction revealed a major specific hypoxia-regulated RNA-protein
complex of ~50 kD. The binding protein shows similar affinity for both C-rich and
CU-rich sequences since both RNA homopolymers compete for the binding. The
previously identified poIy(C) binding protein (39 kD PCBP, a-CBP, EMBO J., 14,
4357-64, 1995) has been identified in the upper part of the HIP complex using
shift-western analysis with the anti-PCBP antidbody. However, the presence of
this protein factor in the HIP was not regulated by hypoxia and the protein is
known to be necessary but not sufficient for the complex formation. Poly(C)
agarose affinity was used to isolate TH mRNA binding proteins from brain and
PC12 cell S-100 protein fractions. Bound proteins were eluted with a salt gradient
of 0.5-2 M Kcl. The 0.5-1.5 KC1 fraction was able to restore formation of the
complex with the TH mRNA. Northwestern with labeled poly(C) RNA and silver
stain analysis of purified proteins revealed two major protein bands: 45 and 40 kD.
The presence of these bands correlated with the restoration of the binding and that
were eluted at the highest level by 0.5 M Kcl. Peptide sequencing of the 45 kD
protein factor revealed that it belongs to the group of heterogeneous nuclear
proteins with RNP RNA binding domain. (HL5107, HL58687, 5T32HL07571,
AHA Grant-inAid 94017440, NARSAD Young Investigator Award (MFCK)
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SIMILARITIES IN THE BINDING OF HYPOXIA INDUCIBLE
PROTEIN TO THE PYRIMIDINE-RICH SEQUENCES WITHIN 3’
UNTRANSLATED REGIONS OF TYROSINE HYDROXYLASE AND
ERYTHROPOIETIN mRNA’S. A. C. Bendixen* and M. F. CzvzvkKrzeska. Department of Molecular and Cellular Physiology, Univ. of
Cincinnati, Cincinnati, OH 45267
Gene expression of tyrosine hydroxylase (TH), the rate-limiting enzyme in
catecholamine synthesis is regulated at the post-transcriptional level in
response to chronic hypoxia. The 3’-untranslated region of TH mRNA
contains a pyrimidine-rich sequence which acts as a hypoxia inducible protein
binding site (HIPBS); binding of a specific hypoxia inducible cytosolic protein
to this site regulates the half-life of TH mRNA. Here we have tested whether
the same protein that binds to the HIPBS sequence in TH also binds to the
mRNA of eiythropoietin (EPO), a glycoprotein hormone that stiumulates
erythroid proliferation and differentiation and whose expression is also
regulated by oxygea at the level of mRNA stability. Cytosolic protein extracts
from various cell lines were probed with radiolabled TH or EPO RNA probes
containing HIPBS. Binding of proteins to the TH or EPO RNA produced
complexes that migrated to the same level as analyzed by gel shift assay. SDSPAGE analysis revealed formation of the same 50-kD complex with either the
TH or EPO transcripts that was completely and specifically abolished upon
competition with TH, EPO, and poly(C) RNA’s. These findings suggest that
the hypoxia inducible protein that binds to the HIPBS sequence in TH mRNA
binds to a homologous region in the 3’ UTR of EPO mRNA and may regulate
its stability. Supported by NIH grants R29HL51078 and R01HL58687, AHA
Grant-in-Aid 94017440, NARSAD Young Investigator Award (MFCK), Univ.
of Cine. UDGS (ACB)

272.11
POST-TRANSCRIPTIONAL REGULATION OF TYROSINE HYDROXYLASE
GENE EXPRESSION BY PACAP. J. Corbitt and R. Strong*. Departments of
Pharmacology and Cellular and Structural Biology, Univ. of Texas Health Science
Center at San Antonio and GRECC, Audie L, Murphy Memorial Veterans Hospital, San
Antonio, TX 78284
The purpose of the studies reported here was to elucidate the transcriptional and posttranscriptional mechanisms by which pituitary adenylate cyclase-activating polypeptide
(PACAP) increases TH gene expression. Continuous treatment of PC 12 cells with
PACAP produced a maximal 3.6 fold increase in TH mRNA by 12 hours which
remained elevated for up to 48 hours. In contrast, TH gene transcription was maximally
elevated by 1 hour, but returned to baseline by 3 hours. Using the transcriptional
blocker a-amanitin, we found increased stability of TH mRNA in PACAP-treated cells.
To .determine whether the prolonged post-transcriptional elevation of TH mRNA by
PACAP requires continuous receptor occupancy, PACAP was added to cultured cells
for 48 hours or was removed at 12 hours and TH mRNA was measured at 36 and 48
hours. Removal of PACAP resulted in a return of TH mRNA to basal levels by 48
hours. These results suggest that PACAP produces at least part of its effect on TH
mRNA by increasing TH mRNA stability. This effect is dependent on receptor
occupancy. To determine whether the cAMP pathway is involved in the
posttranscriptional effects of PACAP, a mutant, protein kinase A-deficient PC 12 cell
line (A126-1B2) was used. PACAP alone had no effect on TH mRNA levels or TH
gene transcription. On the other hand, TH gene transcription and TH mRNA content
were increased by dexamethasone. Interestingly, treatment with both PACAP and
dexamethasone produced a synergistic effect on TH mRNA levels, but not TH gene
transcription. Thus, PACAP elevates TH mRNA by transcriptional mechanisms that are
cAMP-dependent and post-transcriptional-mechanisms that are independent of the
cAMP pathway.
Supported by NIH (AG09557, DK52543) and the VA Medical Research Program.

272.13
PROTEIN KINASE A-DEPENDENT REGULATION OF CATECHOLAMINE
SYNTHESIZING ENZYME GENES BY PACAP. O. Hwang* and H. J. Choi.
Dept, of Biochemistry, Univ. of Ulsan Coll. of Med., Seoul 138-736, Korea.
We have previously shown that protein kinase A (PKA) regulates both basal
expression and cAMP-mediated induction of the catecholamine (CA)
synthesizing enzymes tyrosine hydroxylase(TH), dopamine p-hydroxylase
(DBH),
and
phenylethanolamine
N-methyltransferase(PNMT).
The
neuropeptide PACAP is reported to stimulate cAMP production and CA release
in the adrenal medulla. Thus, PACAP may be a non-cholinergic in vivo effector
which governs both basal and induced gene expression of the CA enzymes via
the cAMP/PKA pathway in the adrenal medulla. In this study we compared the
effects of PACAP and the adenylate cyclase activator forskolin on gene
expression and activities of TH, DBH, and PNMT and on the amounts of CAs in
the primary cultured bovine adrenal medullary cells.
PACAP caused increases in TH and DBH mRNA by 4.95 and 3.05 folds,
respectively, whereas PNMT was only marginally affected (1.30 fold). The
enzymatic activities of TH and DBH were increased to 156% and 117% of the
untreated control while PNMT was decreased to 90%. The rises in TH and DBH
were reflected in the intracellular (184% of control) and total (227%)
norepinephrine (NE) levels. Dramatic increases in CA release caused by
PACAP were observed for both NE (7.8 fold) and epinephrine (EPI; 8.3 fold).
The general trend of PACAP effects were similar to that of forskolin (50uM)
which also induced TH and DBH and increased NE preferentially. Furthermore,
cotreatment with the PKA-specific inhibitor H-89 abolished the PACAP effects
on these enzyme genes. Thus, the data suggest that PACAP may be the in vivo
non-cholinergic effector responsible for the CA enzyme gene expression via
the PKA system and that it causes changes in CA levels and a shift in the
NE/EPI ratio which would in turn influence the consequent neurohormonal
activities of CAs. (Supported by KOSEF 971-0708-058-2 to O. Hwang)
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272.10
REGULATION OF TYROSINE HYDROXYLASE MESSENGER RNA STABILITY
THROUGH A PROTEIN KINASE C-CONTROLLED PATHWAY IS MEDIATED
BY RNA-PROTEIN BINDING TO THE 3*-UNTRANSLATED REGION. R. Yu*.
W.W. Morgan and R. Strong. Department of Cellular and Structural Biology, Univ.
of Texas Health Science Center at San Antonio and GRECC, Audie L. Murphy
Memorial Veterans Hospital, San Antonio, TX 78284
Tyrosine hydroxylase (TH) mRNA is elevated in pheochromocytoma (PC 12) clonal
cells treated with the tetrdecanoyl phorbol acetate (TPA) by a post-transcriptional
mechanism involving a protein kinase C- (PKC) controlled pathway (Vyas et. al.,
1990). We investigate the possibility that the TH 3’UTR contains regulatory elements
for PKC-mediated alterations in message stability. We used RNA-protein binding
assays and transient transfection assays using chimeric cDNA CAT/TH 3’UTR deletion
constructs to define TPA-responsive regulatory elements. Rat PC 12 cells were
transiently transfected with chimeric constructs in which a CAT cDNA was ligated to
different lengths of the TH 3’UTR. Cells were then exposed to either vehicle or TPA
(100 nM) for up to 4 hours. RNAse protection assays revealed that CAT mRNA was
elevated in cells containing constructs with either 200 or 264 nt, but not 0 or 100 nt,
of TH 3’UTR. Elevation of CAT mRNA was maximal by 1 hour and returned to
control levels by 4 hours. Mobility shift assays revealed than an RNA-protein binds
to the first 100 bases of the TH mRNA 3’UTR. RNA-protein binding was markedly
and maximally down-regulated following 1 hour of TPA treatment and began returning
to control levels by 4 hours. The temporal pattern of CAT mRNA levels after TPA
treatment mirrored the temporal pattern of change in the RNA-protein binding. It is
reasonable to suspect that the RNA-protein has RNase activity. This study provides
evidence that there is a cis-element(s) within first 100 nt of TH 3’UTR, which can
bind to a factor that has RNase activity. This binding may be the mechanism by which
the PKC regulates TH mRNA stability.
Supported by NIH (AG09557, DK52543) and the VA Medical Research Program.

272.12
D irect sequencing o f the tyrosine hydroxylase gene in inbred F 3 4 4 and LE W rat
strains: R elationship to stress-induced differences in tyrosine hydroxylation.
L .A . R osario*. E .D . A bercrom bie and L .M . B rzustow icz
C .M .B .N ., R utgers
U niversity, N ew ark, N J 07102.
T he inbred F ischer (F 344) and L ew is (L E W ) ra t strains e x h ib it different endocrine,
behavioral, and neurochem ical responses to stress. U sing in v iv o m icrodialysis, we
have previously show n that hyper-reactive F 344 rats ex h ib it greater hippocam pal
norepinephrine (N E) release in response to tail-pinch (T P ) stress com pared to hypo
reactive L E W rats. F urther, indices o f tyrosine hydroxylation in N E nerve term inals,
D O P A C efflux and tissue D O P A ac cu m u latio n , are significantly
i.e., in vivo
elevated by stress in the hippocam pus o f F 344 rats (36% and 39 % , respectively)
w hereas these m easures are unaffected by T P in L E W rats.
T o determ ine w hether p o lym orphism s in the tyrosine hydroxylase (TH ) gene are
associated w ith the stress-related differences in tyrosine hydroxylation observed in
F 344 versus LEW rats, the sequence o f the T H gene w as exam ined in these inbred
strains. T he coding sequence o f the T H gene is ap p roxim ately 1.5 k b, organized into
13 exons, spanning 7.3 kb o f the rat genom e. Based on the k n ow n structure o f the
rat T H gene, 5 pairs o f oligonucleotide prim ers w ere designed and each fragm ent was
individually PCR am plified. P C R products were cloned o r directly sequenced using
an autom ated sequencer. Fragm ents encom passing exons 4 to 13, including intronic
sequences, have been sequenced. N o p o ly m o ip h ism s have been found in the
fragm ents containing exons 8 to 13. D ata regarding ex o n s 1 to 8, in addition to
intronic sequences, will also be presented and d iscussed.
W hile genetic variation in other elem ents o f the sy stem s re gulating T H m ay be
responsible for observed differences in tyrosine hydroxylase, the goal o f this study is
to screen for genetic polym orphism s on the T H locus itself. D etection o f such
variations in D N A could provide a genetic m echanism to explain the consistent
differences in catecholam inergic activity seen in distinct inbred rat strains. PH S
D A 08086 (ED A ) and M H54331 (LA R).

272.14
DIFFERENTIAL ORGANIZATION OF TYROSINE HYDROXYLASE
(TH) ACTIVITY WITHIN THE LOCUS COERULEUS (LC) OF THE
RAT BRAIN. D. Marcel, S. Carre, L. Bezin. T.F. Puiofr and D.
W eissmann. Lab. CNRS-UCBL UMR5542, Faculté. De Médecine
R.T.H. Laënnec, rue G. Paradin, F-69008 Lyon, France.
We evaluate TH activity in the LC o f adult rat brain using
( 3 ',5 ,-^H2 )-a-F lu orom ethyltyrosine (^H2 -a-FMT). We know
this
drug
is
transformed by
TH
into % 2 -a Fluoromethyldopa, a com pound that was demonstrated to be
an
irreversible
substrate o f aromatic am ino acid
decarboxylase.
Indeed,
a
specific
accum ulation
of
radioactivity in the LC was shown 6 hours after the
intraventricular injection o f 20^Ci o f ^H2 -a-FMT. The study
o f the tissue distribution o f TH activity revealed an
heterogeneous labeling pattern in the LC o f control
anim als. A patch o f intense labeling is prom inent against a
m oderate labeling within the cell
body limits o f the
structure. We determ ined that the
cells gattered in the
dorsal region ( so-called dorsal group, DG) exhibited a
higher level o f enzym atic activity (+70%) than the rest o f
the cells (so-called peridorsal group, PDG). A differential
response in the enzym atic activity, betw een these two
populations o f cells were observed after RU24722 treatm ent
(20 m g/kg, i.p.): a drastic increase (+160%) within the PDG,
whereas a lower increase (+64%) in the DG, were measured.

MONDAY AM

CATECHOLAMINES: BIOSYNTHETIC ENZYMES

689

272.15
AP-1 PROTEIN INVOLVEMENT IN REGULATION OF THE DOPAMINE (3HYDROXYLASE PROMOTER. DJ Swanson*. E Zellmer. EJ Lewis. Dept.
Biochemistry and Mol. Biol., Oregon Health Sci. Univ., Portland OR, 97201
Through a functional analysis of a second messenger responsive enhancer
region of the rat dopamine p-hydroxylase (DBH) gene (DB1), we have defined a
composite element that is necessary for maximal stimulation of transcription by
PKA and PKC second messenger pathways in PC12 cells. This element,
termed CRE/HD, is composed of an AP1/CRE-like site adjacent to a
homeodomain protein core recognition site (HD). These results suggest that
proteins interacting with these CRE and/or HD sites may be critical for second
messenger stimulated DBH transcription.
An electrophoretic mobility shift assay (EMSA) was used to define the
nuclear proteins interacting with the DBH enhancer region. Nuclear extracts
from neuroblastoma cell lines form several protein-DNA complexes on the DB1
probe. PMA and/or cAMP treatment induces a complex that is competed by
consensus CRE and AP1 oligonucleotides. Antisera supershift analyses in the
EMSA identified c-jun, JunD, and Fos family as components of the induced
complex. Mutation of the CRE/HD element within the DB1 probe or the
absence of the HD site eliminated the induced complex as well as the specific
AP-1 antisera supershifted bands. These results suggest that the HD
sequence (or homeodomain protein binding) is necessary for interaction of AP1 proteins with the CRE/AP1-like site.
We addressed the role of AP-1 proteins as candidate regulators of DBH
using a dominant negative (DN) construct of JunD in PC12 cells. Since CREB
has been implicated in PKA mediated induction of AP-1 activity in PC12 cells,
we also tested a DN-CREB construct. Both DN-JunD and DN-CREB reduced
PKA stimulated DBH promoter activation, further substantiating the functional
role of these CRE/HD binding AP-1 proteins in mediating stimulated DBH
transcription. Supported by NIH Grant GM38696 (EJL) and an AHA
Postdoctoral fellowship (DJS).

272.16
FUNCTIONAL CHARACTERIZATION OF THE HOMEODOMAIN
TRANSCRIPTION FACTOR, ARIX, REGULATING DOPAMINE 6HYDROXYLASE GÈNE EXPRESSION, M Adachi and EJ Lewis* Dept.
Biochem. & Mol. Bio., Oregon Health Sci. Univ., Portland OR, 97201
The homeodomain transcription factor, Arix (Phox2a) interacts with
tiie dopamine 6-hydroxylase (DBH) enhancer, DB1, which is essential for
the basal transcription of DBH as well as the transcriptional response to the
second messengers such as cAMP and phorbol ester. In non-neuronal cells,
Arix activates the transcription from the DBH proximal promoter, which is
dramatically enhanced by coexpression of protein kinase A (PKA),
demonstrating a synergistic interaction between Arix and cAMP mediated
signal transduction pathway.
In the present study, the functional domains of Arix are defined.
Non-neuronal cells were transfected with various types of truncated Arix
constructs either with or without cotransfection of PKA catalytic subunits.
The transcriptional activity driven from the DBH promoter was examined
by chloramphenicol acetyl transferase (CAT) assay. The results suggest that
both N and C-terminal segments of Arix are responsible for the basal
transcriptional activity and that C-terminal segment mediates the
transcriptional response to PKA. It appears that the homeodomain itself
does not confer the transcriptional activity.
The binding properties of Arix to DNA are also studied. DB1
includes two possible closely positioned homeodomain protein binding sites
(ATTA), suggesting the possibility that the cooperative binding of Arix
contributes to transcriptional activity. In an electric mobility shift assay
(EMSA) using DB1 probe and nuclear extracts from insect cells expressing
Arix by the baculo virus expression system, the two binding sites of Arix
within DB1 are demonstrated. Further qualitative analysis suggests that the
binding property of Arix is non-cooperative, (supported by NIH grants
GM38696 and NS33159).

272.17
CHANGES IN GENE EXPRESSION IN DSP-4 TREATED RATS REVEALED BY
mRNA DIFFERENTIAL DISPLAY. C. Cirelli* and G. Tononi. The Neurosciences

272.18
PHENYLETHANOLAMINE N-METHYL TRANSFERASE (P NMT)
MRNA IN SPLEEN AND THYMUS. J.L. Andreassi I I .
W.B. Eggleston. N. Narasimhachari and J.K.
Stewart . Dept, of Biology, Virginia
Commonwealth Univ., Richmond, VA 23284-2012.
Epinephrine and N-methyl transferase activity
have been detected in the spleen, but it is
unclear whether the enzymatic activity is due to
PNMT in the spleen and if PNMT is expressed in
other lymphoid tissues. To determine whether
PNMT is expressed in the rat spleen and thymus,
as well as liver and kidney, we used the reverse
transcription polymerase chain reaction (RT-PCR)
to detect mRNA for PNMT and an endogenous
control 13-actin.
To control for contamination
with genomic DNA and previously amplified DNA,
PCR primers were chosen to span introns in the
PNMT and B-actin genes and samples were assayed
without reverse transcription.
Assays of all
tissues resulted in PCR products of the expected
size, but PNMT products from kidney and liver
were barely detectable under the conditions
used. PNMT products from spleen and thymus were
clearly evident when cDNA samples were diluted 4
- 8 fold prior to amplification. Southern
hybridization with a PNMT cDNA probe suggested
that the products were derived from the PNMT
gene.
Supported by NINDS Grant NS-26992.

Institute, San Diego, CA 92121

The noradrenergic locus coeruleus (LC) regulates the expression of the immediate early
genes (IEGs) c-fos and NGFI-A in the cerebral cortex during waking (1). Here, we used
mRNA differential display to identify which other genes are regulated by levels of
norepinephrine (NE) in the brain. WKY rats wertf injected systemicaUy with DSP-4
(n=4; RBI, 50mg/kg) or with saline (n=3). DSP-4 is a neurotoxin that selectively
destroys NE LC fibers while sparing dopaminergic terminals. After 10 days rats were
sacrificed and total RNA and protein were isolated from the right cerebral cortex. RNA
from each rat was reverse transcribed, and cDNAs were amplified by PCR by using one
out of three 3’ anchor primers and one out of twenty-seven 5’ arbitrary primers. 5’
primers specifically designed to amplify c-fos and NGFI-A were also used. PCR products
for each animal were run in duplicate on denaturating polyacrylamide gels, and
autoradiographs were scanned with a phosphorimager. Western blot analysis using an
antibody against tyrosine hydroxylase (Boehringer) showed that cortical NE fibers were
reduced by 56-74% in DSP-4- with respect to saline-treated rats. So far, 16 combinations
of primers have been examined. It was found that c-fos and NGFI-A expression was
decreased in DSP-4 treated rats to 75% and 63% of control values, respectively, thus
confirming previous results obtained with immunocytochemistry and in situ hybridization
(1). In addition,.7 more differentially expressed bands have been identified, five of which
have been sequenced. One cDNA with higher, and 2 cDNAs with lower levels in DSP-4
treated rats did not match any sequence in the database, while 2 cDNAs with lower
expression in DSP-4 rats were complementary to rat Fl-ATPase mRNA and to rat
glucose-regulated protein GRP78 mRNA, which shares sequence homologies with heatshock proteins. In situ hybridization to confirm the differential expression of cloned bands
is being performed. These results suggest that several genes in addition to IEGs may be
regulated by levels of NE in the brain. Their identification may be useful to elucidate the
complex actions of NE in the nervous system. (Supported by Neurosciences Research
Foundation). 1) Cirelli C, Pompeiano M, Tononi G, Science 274: 1211-1215, 1996.

272.19
Stress Induction o f PNMT Gene Expression and Epinephrine
Biosynthesis, D.L. Wong*. B.J. Siddall. S.E. Lindlev. T.G.
Bengoechea and R. Kvetnanskv. Dept. Psych, and Beh. Sci., Stanford
Univ. Sch. Med., Stanford, CA 94305.
Stress rapidly increases circulating levels o f adrenal cortical
glucocorticoids and adrenal medullary epinephrine.
Furthermore,
elevation of epinephrine is apparently due to increased transcription of
the gene encoding the final enzyme in epinephrine biosythesis,
phenylethanolamine N-methyltransferase (PNMT), mediated through the
immediate early gene transcription factor Egr-1. When male Sprague
Dawley rats were acutely or chronically subjected to immobilization
stress, Egr-1 mRNA levels rapidly rose, followed by an increase in
PNMT mRNA, and subsequently PNMT enzyme activity. No change
was observed in total adrenal protein, while corticosterone, as expected,
was also highly elevated (12-fold). In addition, adrenal norepinephrine
levels did not change, while epinephrine significantly decreased (-28%)
and dopamine and its metabolite, dihydroxyphenylacetic acid
significantly increased (1.4 to 1.9-fold and 1.3 to 1.8-fold respectively),
consistent with increased epinephrine synthesis and release. When
unilaterally denervated rats were subjected to chronic stress
immobilization, Egr-1 and PNMT mRNA levels were induced in both
the innervated and denervated adrenal glands. Thus, while Egr-1
appears to mediate both stress-induced and neural activation o f the
PNMT gene and epinephrine biosynthesis, hormonal and neural stimuli
exert their effects by distinct molecular pathways.
Support: NIDDK 51025, Nancy Pritzker and Gray Endowments,
Gerschel Charitable Trust.
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272.20
SYNERGISTIC ACTIVATION OF PHENYLETHANOLAMINE N-METHYL
TRANSFERASE PROMOTER BY NEURAL AND HORMONAL FACTORS.
K. Morita* and D.L. Wona. Dept, of Psych. & Beh. Sci., Stanford Univ. Sch.
of Med., Stanford, CA 94305-5485.
Phenylethanolamine N-methyltransferase (PNMT) gene expression has
been shown to be subject to neural and hormonal control, and the molecular
mechanisms for these controls extensively examined. Our previous studies
have shown that the transcription factor Egr-1 may play a role in the neural
regulation of PNMT gene expression, and the physiological significance of
this finding confirmed. However, the interrelationship between the neural
and hormonal mechanisms regulating PNMT gene expression has not yet
been elucidated. To investigate the functional interaction between neural
and hormonal regulatory systems, the effects of both neural and hormonal
factors on the PNMT promoter were examined in RS1 cells transfected with
a rat PNMT promoter-luciferase reporter gene construct. Dexamethasone
(DEX) caused a moderate but significant increase in luciferase expression,
and the effect of DEX was shown to be mediated through the activation of
glucocorticoid receptors. Further study showed that carbachol (CCh) could
incrementally increase luciferase expression beyond that seen at the DEX
concentrations maximally stimulating reporter gene expression and beyond
that observed with each drug individually. These results indicate that CCh
and DEX can synergistically activate the PNMT promoter, thus providing
direct evidence for the functional interaction between neural and hormonal
mechanisms in the regulation of PNMT gene expression.
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27 3 .1
THE NOVEL COCAINE ANALOG, [3H]PTT, AS A FUNCTIONAL MARKER OF
THE DOPAMINE TRANSPORTER. S.R. Letchworth*. H.R. Smith. SX. Hart J.W.
Allen. C.T, Whitlow. H.M.L. Davies. S.R. Childers, and L.J. Porrino. Bowman Gray
School of Medicine, Wake Forest University, Winston-Salem, NC 27157.
The novel cocaine analog [3H]Propanoyl-3 p-(4-Tolyl)Tropane ([3H]PTT) has recently
been characterized for autoradiographic localization of the dopamine transporter (DAT).
[3H)PTT has many advantages over other tritiated DAT radioligands. For example, it is
specific fa- DAT and has only me binding site on DAT. In addition, [3H]PTT has a film
exposure time of 5 days in rat tissue sections, as opposed to 4-12 weeks for other tritiated
DAT ligands. The usefulness of [3H]PTT as a ligand, however, depends upon its
effectiveness as a functional marker of DAT. To demonstrate this, the distribution of
[3H]PTT binding sites was examined in tissue sections from both rat and monkey. The
pattern of [3H]PTT binding was similar to other DAT ligands such as [ &]CFT and
[3H]mazindoI, but did not resemble the distribution of serotonin or norepinephrine
transporters. The density of [3H]PTT binding was greatest in the caudate and putamen,
with lower levels present in the nucleus accumbens. Binding was also evident in the
substantia nigra and ventral tegmental area To determine the autoradiographic specificity
of [3H]PTT, dopamine cells in rat midbrain were lesioned unilaterally with 6-OHDA.
Following a 2-week recovery period, rats were sacrificed and brains were sectioned for
autoradiography. [3H]PTT binding was completely abolished on the lesioned side in the
substantia nigra and ventral tegmental area, as well as in the dopaminergic projection
fields ofthe striatum. Once the autoradiographic selectivity of [3H]PTTwas established,
[3H]PTT was used to determine DAT density following cocaine exposure. Chronic
cocaine administration in rats (25 mg/kg cocaine, twice daily, i.p. for 8 consecutive days)
resulted in no change in [3H]PTT binding site density. The absence of changes is
consistent with previous findings that used [3H]mazindol as a DAT radioligand
(Letchworth et al., 1997). In summary, [3HjPTT is an effective DAT ligand that will be
useful in studies of Parkinson’s disease and substance abuse. NIDA grants DA-06634
and DA-08632.

273.3
T h e U s e o f a R e p l ic a t io n D e f ic ie n t S in d b is V ir u s a s a

CNS

G e n e D e l iv e r y S y s t e m .

F.R. Sallee*. S.A. Hamamdzic. Z. Zhu and N.S. Vrindavanam,
Dept o f Psychiatry, MUSC. Charleston, SC 29425.
The Sindbis virus protein expression system has been
used for sometime as a high efficiency in vitro protein expression
system. This is an RNA virus with relatively lower pathogenicity
for humans, and capable o f infecting postmitotic cells. Several
reports have recently described the use o f the Sindbis virus
expression system for in vivo expression. The subgenomic
promoter o f the Sindbis virus is a very powerful expression
promoter, and large quantities o f proteins are usually produced.
Utilizing Sindbis virus we have demonstrated the expression of
the LacZ gene in specific areas o f the brain delivered by
stereotaxis. We also demonstrate that human dopamine
transporter (hDAT) can be expressed by this method in vitro and
potentially in vivo. The hDAT expressed is found to be
functional and its membrane insertion seems to be normal. This
is the first report o f the use of this relatively new viral delivery
system for expression in brain. Its potential for neuronal gene
delivery is discussed.
Source of Funding: NIDA Grant # 5-R01-DA06881

273.5
PLASMA MEMBRANE AND VESICULAR DOPAMINE TRANSPORTER COEXPRESSING CELL
LINES: IMMUNOLOGICAL AND PHARMACOLOGICAL CHARACTERIZATION. GW Miller*, SE
Stephans, J Sun, JT Greenamyre, Al Levey. Department of Neurology, Emory University,
Atlanta GA 30322
The plasma membrane dopamine transporter (DAT) and the vesicular monoamine
transporter (VMAT2) have been suggested to contribute to the selective degeneration of
dopaminergic neurons in Parkinson’s disease and MPP+ toxicity. Here we describe the
production and characterization of stable neuroblastoma cell lines coexpressing
functional DAT and VMAT2 to study mechanisms of MPP+ toxicity. Human SK-N-MC cells
were stably transfected with pCDNA3.1 plasmids containing either human DAT cDNA or
human VMAT2 cDNA with different selectable markers. Cell lines coexpressing DAT and
VMAT2 were produced by subsequently transfecting cloned DAT expressing cell lines with
VMAT2. Western blotting of DAT cell lines using an anti-human DAT antibody revealed a
single 85 kD band, while blotting of VMAT2 cell lines with an anti-human VMAT2 antibody
produced a prominent band at 55 kD, and less abundant 75 and 45 kD proteins. No DAT
or VMAT2 immunoreactivity was detected in mock-transfected cells. Immunofluorescence
revealed that DAT expression was localized to the plasma membrane, while VMAT2
expression exhibited an intracellular punctate distribution, suggestive of vesicular
localization. Basal levels of plasma membrane [3H]-dopamine uptake in untransfected
cells and in a VMAT2-expressing cell line were 100 fmol/hr/106 cells and were unaffected
by 10 mM nomifensine. Specific plasma membrane uptake (determined in the presence of
10 mM nomifensine) was increased by 75-150 fold in cell lines expressing either DAT
alone or DAT7VMAT2. Specific vesicular [3H]-dopamine uptake (determined in the
presence of 1 mM reserpine) in digitonin-permeabilized VMAT2 cells was 500 fmol/hr/106
cells. MPP+ (1-100 uM) caused extensive cell death in DAT cells, but not in untransfected
cells. Furthermore, MPP+- induced toxicity in DAT/VMAT2 cells was significantly less than
in DAT cells, even though these cells display higher plasma membrane uptake. Thus,
these data support the hypothesis that DAT expression confers susceptibility to MPP+and
VMAT2 attenuates toxicity by sequestration of the toxin into vesicles. These cell lines
provide an excellent opportunity to study the role of DAT and VMAT2 in dopaminergic
toxicity and the actions of agents such as cocaine and amphetamine on plasma membrane
and vesicular dopamine transport.
(Supported by NS-09930, NPF, APDA, and
Mallinckrodt).
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273.2
SYNTHESIS AND EVALUATION OF N-SUBSTITUTED METHYLPHENIDATE
ANALOGS AS POTENTIAL TREATMENT AGENTS FOR COCAINE ABUSE.
M.M.Schweri*. S.G.Holtzman*, Q.SN4, Z.Liu\ and H.M.Deutsch*. *Mercer Univ.
Sch. Medicine, Macon, GA 31207; ‘Emory Univ. Sch. Medicine, Atlanta, GA
30322; ‘ Georgia Tech, Sch. Chem. & Biochem., Atlanta, GA 30332.
Cocaine (CC) is thought to
Inhibition (ICM, nM)
exert its reinforcing effects by
inhibiting reuptake of dopa
pHJWIN binding
fHJDA Uptake
Compound
mine (DA) by the DA trans
porter. N-substituted deriva
83±8
MP
224 ± 19
tives of the stimulant drug
500 ± 2 5
1440 ± 5
N-MeMP
tfireo-(±)-methylphenidate
(MP) were synthesized in an
5312
273 ± 2 8
N-BnMP
effort to develop treatment
24 ± 3
181 ± 3 2
agents for CC abuse. The po N-BnMP-OH
tency of the compounds to
1525 ± 1 5
MP-OH
448 ± 8
inhibit synaptosomal pHJDA
uptake and pHJWlN 35,428 (pH]WIN) binding to the CC receptor was deter
mined using rat striatal tissue. Whereas methyl substitution (N-MeMP) at the
piperidine N led to a marked loss of potency, the larger benzyl substitution had
little impact (N-BnMP). Interestingly, N-BnMP derivatives in which the ester
group was reduced to an alcohol (N-BnMP-OH) showed greatly enhanced
potency compared to the corresponding secondary amine (MP-OH). Hetero
cyclic aromatic derivatives of MP such as N-methylfurans, methyfthiophenes,
or methytpyridines were all less potent than N-BnMP. N-propargyl and N-allyl
MP were the least potent compounds tested. At doses up to 30 mg/kg i.p., NBnMP did not fully substitute for CC in drug discrimination tests (ED*, MP = 0.8
mg/kg). Taken together, these data suggest that N-substituted compounds may
be useful as potential therapies for CC abuse. Supported by NIDA HDA06305.

273.4
EXRESSION OF THE HUMAN DOPAMINE TRANSPORTER IN A
NEURONAL CELL CULTURE
Liafi Zhang*, Lawrence W. Elmer, Karley Y. Little
Departments o f Psychiatry and Neurology, University of Michigan, and
Ann Arbor VAMC
Human cocaine users exhibit increased striatal [3H]WIN 35428 binding
to the dopamine transporter (DAT, Brain Res 628:17-25, 1993). However,
the nature of the changes induced in the DAT are complex and not likely the
result of a simple increase in number of DAT molecules. To better
understand the regulation of DAT inhibitor binding sit» and their
relationship to the overall process of dopamine uptake, we have developed a
neuronal model system expressing the human DAT.
Initial experiments were performed characterizing [3H]WIN 35428
binding in human striatum for further comparison. Experiments were then
attempted with dissociated fetal rat mesencephalic neurons, of various ages
and mixtures with target cells. However, [3HJW1N 35428 binding W a s of
low affinity. hNT cells (StrataGene, Inc) displayed high levels of
background [3H]WIN 35428 binding that could not be displaced by cocaine
(30|iM). However, Neuro2A cells, neuroblastoma-derived, were found
useful. No specific and little non-specific [3H]WIN 35428 or
[3H]paroxetine binding was found in non-transfected cells. After
transfection with the human DAT (pcDNA vector, Z. Pristupa), DAT
binding was significant and stably present. Both saturation Kd’s and
IC50’s for inhibitors closely matched human striatal values. Dopamine
uptake demonstrated high substrate affinity and was decreased by PMA.
Ongoing experiments examining the regulation of the DAT by assorted
treatments will also be presented. Supported by NIH award DA09491.

273.6
PLASMA
MEMBRANE
AND
VESICULAR
DOPAMINE
TRANSPORTER COEXPRESSING CELL LINES: ACUTE AND
LONG-TERM EFFECTS OF MPP+. SE Stephans*. GW Miller. Al Levev and
JT Greenamvre. Department of Neurology, Emory University, Atlanta , GA 30322.
l-methyl-4-phenylpyridinium (MPP+) is a selective dopaminergic neurotoxin. The
exact mechanism by which it produces neuronal damage is unknown, but it appears
that selective uptake via the plasma membrane dopamine transporter (DAT) is a
crucial step in this process. It is hypothesized that transport of MPP* from cytosol
into vesicles by the vesicular monoamine transporter (VMAT2) circumvents toxicity.
Development of stable neuroblastoma cell lines coexpressing DAT and VMAT2 has
allowed examination of acute physiological and long-term toxicological effects of
MPP+ in a homogeneous cell population. Cell lines differing only in expression of
these transporter proteins were used to examine the roles of DAT and VMAT2 in
MPPMnduced physiologic responses and subsequent cell death. Acute metabolic
responses of these cell lines to MPP+ were followed using a microphysiometer to
measure proton excretion. Within 4 minutes of application of 100 fiM MPP\ proton
excretion increased by 25% in DAT-expressing cells; there was no MPP+response in
untransfected cells. Thus, acute metabolic responses to MPP+ were seen only in cells
expressing DAT. Delayed toxicity was assessed over an extended time course by
following intercalation of the fluorescent probe, ethidium homodimer, into the DNA
of dead cells using a fluorescent plate reader. MPP+ (10-500 p.M) produced dosedependent cell death in DAT-expressing cells during the 48 hour period after
application. The rate of cell death (Vmax) at an MPP+ concentration of 10 (iM was at
least 40-fold higher than in untransfected cells. In a cell line coexpressing DAT and
VMAT2, MPF-induced cell death (@ 500 |xM) was significantly attenuated compared
to cells expressing DAT alone (Vraax approximately 110% vs 240% of control).
Together, these data show that DAT and VMAT2 expression modulate the effect of
MPP+ in neuroblastoma cells. Moreover, these data support the hypothesis that
VMAT2 circumvents MPP+-induced cell death by seqestering the toxin into vesicles.
The current model will be useful for investigating the cellular mechanisms of MPP+induced damage and determining how DAT and VMAT2 may regulate the early effects
of MPP+ on mitochondrial inhibition and free radical production. (Supported by
NS09930, the NPF, the APDA, and a Mallinckrodt Scholar Award.)
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273.7
DOPAMINE AND SEROTONIN TRANSPORTER BINDING IN LATE
FETAL AND ADULT MONKEY BRAIN. S. Tiefenbacher,
FL Alii» 2L
Binienda*, fcL G_ Paulel» aod
£L Meyer*. Neuroscience and Behavior
Program, University of Massachusetts, Amherst, MA 01003, and National
Center for Toxicofogical Research, Jefferson, AR 72079*.
Monkeys have been used as subjects in prenatal cocaine research, yet
little is known about the normal development of monoamine transporters
in the monkey brain. Therefore, we studied dopamine (DA) and serotonin
(5-HT) transporter binding in brain tissues from 7 late-gestation fetal
rhesus monkeys, 4 of which had been subjected to 5-6 minutes of hypoxia
shortly before sacrifice. Two adult animals were additionally studied for
comparison. Membrane fractions were prepared from several dissected
brain areas, and saturation analyses were performed using [3H]WIN 35,428
to label the DA transporter and [3H]paroxetine to label the 5-HT transporter.
As previously reported, striatal [3H]WIN 35,428 binding yielded curvilinear
Scatchard plots that could be resolved into high- and low-affinity binding
sites. There were no significant differences between hypoxic vs. control
fetuses in any aspect of striatal [3H]WIN 35,428 binding. On the other
hand, when the adult striatal data were compared to pooled data from the
fetal samples, there was a significantly greater Bmax for the low-affinity site
but no difference in Bmax value for the high-affinity site. Preliminary
analyses of frontal cortical [3H]paroxetine binding show no marked
difference between adult and fetal brains. We conclude that, at least in the
brain areas examined thus far, DA and 5-HT transporter sites are welldeveloped by the late fetal period, having generally attained near-adult
densities. Consequently, these sites may serve as molecular targets of
cocaine action in the fetal monkey brain. Supported by DA-06495.

273.8
SPECIES
DIFFERENCES
IN
VESICULAR
MONOAMINE
TRANSPORTER (VMAT2) FUNCTION MAY EXPLAIN MPTP
RESISTANCE. ROW Staal*. K.A. Hogan. L. Manzino and P.K. Sonsalla.
UMDNJ-RWJMS, Dept. Neurology, Piscataway, NJ 08854.
Mice are sensitive, whereas rats are relatively resistant, to the neurotoxic effects
of l-methyl-4-phenyl-l,2,3,6-tetrahydropyridine (MPTP). This species difference
in susceptibility to the neurotoxin can not be explained by differences in striatal
levels of MPP+ nor by differences in plasma membrane transporter function
between mouse and rat. This suggests that DA neurons in the rat accumulate as
much MPP+ as do those in mice, yet remain resistant to MPP+. MPP+ is an
excellent substrate for VMAT2. We propose that a greater sequestration of MPP+
into vesicles of rats vs. mice could provide a possible mechanism for MPTP
resistance in rats. To test this hypothesis, [3H]-DA and [3H]-MPP+ uptake into
vesicles and [3H]-dihydrotetrabenazine ([3H]-DTBZ) binding to vesicles isolated
from striata of mice and rats were investigated. For [3Hj-DA uptake as well as for
I3H]-MPP+uptake, no species difference in IQ were observed for either compound.
However, the V™« for both f3H]-DA and [3H]-MPP+ was approximately 2-fold
higher in vesicles obtained from rat vs. mouse. The increase in [^ -D A and [3H]MPP+ uptake appears to be due to an increase in VMAT2 number since [3H]DTBZ binding demonstrated a Bmax nearly two fold higher in rat vs. mouse. This
difference in VMAT2 levels in rat vs. mouse may explain the resistance of rat
striatal DA neurons to MPP+ neurotoxicity. This work was supported by grants
AG08479, AG08671, MH47611 and ES07148.

273.9
THE INTERACTION OF INTRACELLULAR CALCIUM STORES IN
MICE DRG NEURONES. N.V.Svichar. A.N. Verkhratskv. P.G.Kostvuk*.
Bogomoletz Inst, of Physiology, Bogomoletz str.4, 252024 Kiev, Ukraine.
The interaction between mitochondria and calcium stores of the
endoplasmic reticulum was studied on acutely isolated mice dorsal root
ganglion (DRG) neurons. The cytoplasmic calcium concentration
([Ca2+],n) was recorded using indo-1 microfluorometry technique. The
involvement of mitochondria into neuronal Ca2+ homeostasis was tested by
the application of mitochondrial protonophore carbonyl cyanide mchloiphenylhydrazone (CCCP). The decay kinetics of the depolarisationinduced (Ca2+]in transients of large amplitude (>500 nM) had a rapid
initial phase and slow plateau phase. The addition of CCCP (10 |aM) to
the extracellular solution before KC1 application caused disappearance of
the plateau, indicating the involvement o f mitochondria in the plateau
phase generation. Application of 10 n-M CCCP during plateau phase
evoked the increase of [Ca2+],n which was related with stopping uptake of
Ca2+ ions by mitochondria. The activity of mitochondria represent initial
uptake and subsequent slow release of Ca2+ ions. The amplitude of
caffeine-induced [Ca2+]in transient was compared with amplitude of
depolarization-induced [Ca2+]in transient. During the application of
caffeine (20 mM) the level of [Ca2+]jn reached values sufficient for
mitochondria involvement into calcium mobilization. However, the plateau
was not observed and application of CCCP (10 jiM) did not evoke the
increase of (Ca2+lin during decay o f caffeine-induced [Ca2*]^ transients
dislike depolarization-induced [Ca2+]in transients. We suggest that
mitochondria do not take part in the calcium ions uptake during caffeineinduced increasing of [Ca2+]in. Perhaps, that interaction between
mitochondria and endoplasmic reticulum calcium stores is not possible in
mice DRG neurones due to the spatial distribution of them. (Spon: ENA)

273.10
REGULATION OF THE GLUT 5, GLUCOSE TRANSPORTER EXPRESSION
IN RAT CULTURED MICROGLIAL CELLS. J.Pavne*. P.Davies and I.
Simpson. Department of Pathology, Albert Einstein College of Med.,
Bronx, NY 10461.
Glucose utilization is necessary for cell survival. Cells obtain
glucose via the facilitative glucose transporters (Glut 1-7). These
transporters are cell and tissue specific. There are three transporters
expressed in brain (Glut 1, 3 and 5). Glut 1 is expressed in endothelial
cells, Glut 3 in neurons and Glut 5 is expressed in microglia. The
glucose transporters share nucleotide and amino acid sequence identity
,with sequence variance at the C terminal region, as well as a potentital
glycosylation site and can be regulated by several factors including
glucose. However, the expression of Glut 5, a fructose transporter
with a high Km for glucose, in the brain is interesting.
In order to determine whether Glut 5 expression in microglial cells is
regulated by similar factors as other glucose transporters we
investigated the regulation of Glut 5 in response to glucose
concentration, LPS and beta amyloid. We have shown that Glut 5 is
expressed in the cytoplasm of resting microglia, however upon
microglial activation the transporter is expressed at the plasma
membrane. This translocation of the transporter upon activation may
help elucidate the function of Glut 5 in microglial cells.
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274.2

ELECROCHEMICAL M EASUREM ENT OF IN T R A C E L L U 
LAR DOPAM INE C O N C EN TR A TIO N FOR A S SE SS M E N T
OF TR AN SPO R T ACTIVITY M EDIATED BY THE RAT
DOPAM INE T R AN SPO R TER E X PR E SSE D IN X E N O P U S
LAEVIS OOCYTES
S. Kitavama*. K. Morita and T. Dohi. Department of Pharmacology,
Hiroshima University School of Dentistry, Kasumi 1-2-3, Minami-ku,
Hiroshima 734, JAPAN
To evaluate the bi-directional transport of dopamine (DA) through the
rat dopamine transporter (DAT), we utilized carbon electrode placed
intracellulary in Xenopus laevis oocyte to measure directly the
intracellular concentration of DA ([DA]i) by chronoamperometric
analyzer. In control water-injected oocytes, there was no detectable
[DA]i change even in the high concentration of external DA. On the
other hand, oocyte injected with the rat DAT cRNA showed rapid rise
and fall of [DA]i in corresponding to the perfusion solution in the
presence and absence of DA. Therefore, this changes of [DA]i reflect
ransport of DA in either direction through the plasma membrane.
However, levels of [DA]i increase did not largely exceed the
extracellular DA concentration. Microinjection o f DA into control oocyte
caused an increase in [DA]i, which was not affected by DA-free
perfusion solution. This indicates that in the absence o f the transporter
the accumulated DA never leaked from oocyte. In conclusion, the bi
directional DA fluxes through DAT were demonstrated electrochemically
in real-time on line mode. This method is, therefore, useful to evaluate
structure - function relationship o f the transporter molecule.
Supported by Grant-in-Aid for Scientific Research from the Ministry
of Education, Science and Culture, Japan.

IN VIVO ELECTROCHEMICAL STUDIES OF DOPAMINE CLEARANCE IN

S ociety for N euroscience , V olume 2 3 ,19 9 7

THE RAT SUBSTANTIA NIGRA. A.F. Hoffman* and G.A. Gerhardt. Dept, of
Pharmacology, Univ. of Colorado HSC and Rocky Mountain Center for Sensor
Technology, Denver CO 80262.
High-speed chronoamperometry was used to assess dopamine (DA) clearance in
the substantia nigra (SN) of urethane (1.25 g/kg) anesthetized rats. DA (200 jiM)
was locally applied at five minute intervals via pressure ejection from a micropipette
positioned 270-300 nm from a Nafion coated, single carbon fiber electrode. A total
of 282 signals were obtained in the SN of 11 animals, and the relationship between
the signal amplitudes and clearance rates was used to estimate the kinetic properties
of DA uptake. The clearance rate, defined as the slope of the linear portion of the
signal decay curve, increased with increasing signal amplitudes, reaching a plateau
and apparent Vmaxof 0.2 jiM/s. The apparent Kmfor DA clearance in this
preparation was 2 |iM. In order to establish that DA clearance within the SN is
mediated through the DA transporter (DAT), uptake inhibitors were locally applied
(2-4 x the pmol of DA applied) via pressure ejection from multibarrel pipettes.
Nomifensine (n = 9), an inhibitor of both the DAT and the norepinephrine
transporter (NET), significantly increased both the amplitude (210 ± 26% from
baseline) and Tg0, the time required for the signal to decay by 80% from peak
amplitude (158 ± 10%) of the electrochemical signal. The NET-selective inhibitor
DMI slightly but significantly decreased the amplitude ( n = 11; 77 ± 6% of
baseline) but did not affect the Tg0parameter, and the serotonin transporter (SERT)
inhibitor citalopram (n = 11) had no effect on the DA signal. The time course of
DA signals in the SN was also significantly increased in rats with unilateral 6hydroxydopamine lesions of the nigrostriatal pathway. Taken together, these results
suggest that DA clearance within the SN occurs through a saturable uptake process
mediated primarily by the DAT. Supported by NS09199 and AG06434.
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27 4 .3
DIFFERENTIAL EFFECTS OF NICOTINE, NORNICOTINE AND LOBELINE
ON STRIATAL DOPAMINE (DA) CLEARANCE USING IN VIVO
ELECTROCHEMISTRY. L. H. Teng*, W. A. Cass and L. P. Dwoskin.
College of Pharmacy and Department of Anatomy and Neurobiology, University
of Kentucky, Lexington, KY 40536.
Our previous studies have demonstrated that similar to nicotine, nornicotine
stimulates nicotinic receptors to evoke DA release from rat striatal slices; however,
lobeline evokes DA release not through activation of nicotinic receptors, but by
disruption of presynaptic DA storage (Teng et al., 1997). Administration of
nicotine (s.c.) has been reported to facilitate DA clearance in rat nucleus
accumbens via nicotinic receptor activation (Hart and Ksir, 1996). The present
study determined the effect of nicotine and two other tobacco alkaloids, nornicotine
and lobeline, to alter striatal DA clearance using in vivo electrochemistry. When
a calibrated amount of DA was pressure-ejected from a micropipette, the adjacent
recording electrode detected a transient and reproducible DA signal. Local
application of nicotine or nornicotine at low barrel concentrations (0.1 and 1 ¡iM)
did not alter the peak amplitude of the electrochemical signal in response to DA
application; however, local application of a higher nicotine or nornicotine
concentration (10 pM) significantly decreased the peak amplitude of DA signal,
indicating that nicotine and nornicotine stimulate DA clearance in striatum.
However, DA clearance was not altered following local application of lobeline at
all concentrations (0.1 - 10 pM) tested. The results demonstrate that nicotine acts
to increase DA clearance similarly in striatum and nucleus accumbens, and suggest
that nornicotine, but not lobeline, stimulates nicotinic receptors to augment DA
clearance in striatum. This research was supported by a grant from Tobacco and
Health Research Institute, Lexington, KY.

2 7 4 .4
TIME-DEPENDENT CHANGES IN DOPAMINE EFFLUX AND UPTAKE
DURING AND AFTER COCAINE APPLICATION IN VITRO: FAST SCAN
CYCLIC VOLTAMMETRY ASSESSMENT. T.H. Lee and E H. Ellinwood*
Dept, of Psychiatry, Duke Univ. Med. Ctr., Durham, NC 27710.
Using fast scan cyclic voltammetiy, we determined the effects of cocaine on the
efflux and uptake of endogenous dopamine (DA) in the accumbens slices. The
time-courses for both onset and offset of drug effects on the kinetic parameters were
determined. Single-pulse, biphasic electrical stimulation (350 jiA, 2 msec in each
phase) was used to evoke endogenous DA release, and extracellular DA
concentrations measured in “real-time” (10 Hz) with nafion-coated carbon
microelectrodes. Following baseline determination, cocaine (10 jiM) was bathapplied for 30 min, followed by a 60-min “recovery.” Changes in DA efflux and
clearance were measured every 10 minutes during this time period. Data were
analyzed using an equation based on Michaelis-Menten kinetics (Jones et al., JPET
274, 396; d[DA]/dt = [DA]p - V ^ K J lD A J + l}).
DA efflux ((DA]p) induced by single electrical pulses increased to -200 %
baseline within the first 10 minutes of drug perfusion and remained elevated during
drug perfusion (189 ± 22 % baseline at 30 min). More profoundly, cocaine
gradually inhibited the accumbens DA uptake, as assessed by increases in the
apparent K,,, (0.2 jiM baseline vs. 2.78 ± 0.92, 3.43 ± 0.77, 3.68 ± 0.62 nM after 10, 20- and 30-min perfusion). Following “withdrawal” from cocaine, the apparent
K^ progressively returned to the baseline within 30 min (0.31 ± 0.13 nM).
Strikingly, [DA]Pshowed an initial increase upon “withdrawal” (189 ±22%
immediately before vs. 261 ± 29 % after 20-min withdrawal). Thereafter, DA
efflux declined in a time-dependent manner but failed to return to the pre-cocaine
level within 60 min of withdrawal (208 ± 24 %). More detailed examination of the
cocaine offset data will be presented along with implication of these findings.
Supported by R01 DA-06519 to THL.

274.5
SECOND MESSENGER MEDIATED TRANSLOCATION OF THE
HUMAN DOPAMINE TRANSPORTER. L.Liu. F. M cC onto. H. Y..MM1.,
FJLS. .Ls& A.L Lfiygy-ui Y.T. Wang^ZJLPrisiuca, H.B. Niznik*. Inst. of Med.
Sci. and Dept of Psychiatry, University of Toronto, Dept, of Neurology, Emory
Univ., Atlantic, Georgia 30322. *Hosp. for Sick Children, Toronto, M5G 1X8,
Canada,and Lab ofMolec. Neurobi., Clarke Institute of Psychiatry, Toronto, Canada,
M5T 1R8
Activity of the presynaptic cocaine sensitive DA transporter [DAT] may regulate
the synaptic availability of DA and subsequently dopaminerigic neurotransmission
possibly via phosphorylation by PKA- and PKC-dependent kinases. The PKC
activator PMA reduced [3H]DA uptake capacity [Vmax] by ~50% in either Sf-9 or
COS-7 cells expressing the cloned hDAT, an effect which was blocked by
staurosporine. Activation of PKA-dependent pathways by either 8-bro-cAMP or
Sp-cAMPs did not significantly modify DA uptake. In contrast, Sf-9 or COS-7 cells
expressing the cloned hDAT treated acutely with either staurosporine alone or with the
potent PKA inhibitor Rp-cAMPs increased by ~40% the cellular capacity [Vmax] of
dopamine translocation. Whole cell [3H]CFT binding was not significantly affected by
either PKC/PKA activation of inhibition. In order to ascertain the molecular
mechanism mediating PKC/PKA induced modification of hDAT function, we assessed
via confocal microscopy, the cellular distribution profiles of the transporter.
Pretreatment with PMA induced the rapid translocation of hDAT from the plasma
membrane to intracellular compartments while both staurosporine and Rp-cAMP
translocate hDAT from intracellular compartments to the cell surface in both Sf-9 and
COS-7 cells. These data suggest that the differential regulation of DAT transport
capacity by both PKC and PKA-dependent mechanisms are not a result of
modifications in DAT catalytic activity. Moreover, the cellular internalization/
sequestration of DATs provides a rapid means by which DAT function may be
regulated by second messenger system activation, possibly via presynaptic
dopaminergic receptors, and highlights the role of the cytoskeleton in the regulation of
DAT function.
Supported by MRC PG-11121 and the Claike Institute of Psychiatry

274.6
HUMAN DOPAMINE TRANSPORTER: KCL MODULATION OF
TRANSPORT-ASSOCIATED CURRENTS. R.D. Mayfield* and N.R.
Zahniser. Dept. Pharmacol., Univ. Co. Hlth. Sci. Ctr., Denver, CO 80262.
The cloned human dopamine transporter (hDAT) belongs to the superfamily
of neurotransmitter transporters that are strictly dependent on extracellular
Na+ and Cl'. Voltage-clamp studies have shown that hDAT expressed in
Xenopus oocytes is electrogenic and voltage-dependent. Our goal was to
further examine the voltage- and cation-dependency of the activity of hDAT
expressed in oocytes. Despite the overall voltage-dependency, [3H]DA
accumulation into individual oocytes was not significantly correlated with the
relatively small differences in resting membrane potential (RMP; -22 to -35
mV). Furthermore, depolarization (33%) induced by increasing extracellular
KC1 from 2 to 20 mM did not significantly reduce [3H]DA uptake, as was
predicted. The DAT substrate tyramine (EC50 = 3.6 jiM), which was slightly
more efficacious than DA, was used in voltage-clamp experiments. At a
holding potential of -120 mV, tyramine (20 ¿iM) induced maximal inward
transport-associated currents (9-50 nA). As expected, in control experiments
in which oocytes were clamped at or near their RMPs, currents elicited by
tyramine were not different between oocytes superfused with either control
buffer (2 mM KC1) or buffer containing 20 mM KC1. However, surprisingly,
at more hyperpolarized potentials in the presence of 20 mM KC1, currents
were significantly greater (60% at -60 mV). The increase in substrate-induced
transport-associated currents was specific for hDAT because the DAT
antagonist cocaine (10 jiM) completely blocked currents in buffer containing
either 2 or 20 mM KCI. Our results suggest that the activity of hDAT may be
modulated by K+, or cations other than Na+, particularly at more hyperpolar
ized potentials. (Supported by DA04216 and DA00174)

274.7
M EM BRANE DEPOLARIZATION INHIBITS THE RAT
D O PA M IN E T R A N SPO R T E R A C T IV IT Y IN RAT
PHEOCHROMOCYTOMA PC 12 CELLS. Y. Chern*. C.-L.
Huang. H ,.C ■-Chen, and.
D ivision o f Neuroscience,
Institute o f Biomedical Sciences, Academia Sinica, Taipei 11529,
Taiwan, R. O. C.
To elucidate the neuronal regulation o f rat dopamine transporter
(rDAT), we established several PC 12 variants over-expressing
rDAT. M embrane depolarization produced with varying
concentrations o f external K+, or two K+ channel blockers
(tetraethylammonium and BaCl2) resulted in significant inhibition of
rDAT activity. Removing extracellular Ca2+ or blocking the L- type
voltage-dependent Ca2+-channels during membrane depolarization
by external K+ did not exert any significant effect on the inhibition
o f rDAT by depolarization, suggesting that the increase in the
intracellular free calcium concentration accompanying depolarization
is not required for the inhibition o f rDAT. In summary, we
demonstrate that rDAT is sensitive to membrane depolarization, thus
suggesting an exquisite mechanism for the fine-tuning of dopamine
levels in the synapse by membrane depolarization. This work was
supported by grants from National Science Council (NSC 86-2314B-001-001-M27) and Academia Sinica, Taipei, Taiwan, Republic of
China.

274.8
DOPAMINE
TRANSPORTER
ALTERATION
FOLLOWING
CHRONIC
ADMINISTRATION
OF
INDATRALINE
AND;
BUPROPION. S. R. Telia*, B. Ladenheim, J. L. Cadet and S. R.
Goldberg. Department of Pharmacology, Georgetown University
Medical Center, 3900 Reservoir Rd, Washington, DC 20007, NIDA
Intramural Research Program, NIH, Baltimore, MD 21224
The adaptive changes in dopamine transporter (DAT) density following
chronic repeated exposure (3 injections per day spaced at 1-hr apart for 3
weeks) to the indirect dopamine (DA) agonists, indatraline (1, 3 or 10
mg/kg/injection) and bupropion (10, 30 or 56 mg/kg/injection) were
studied in Swiss-Webster mice. Three days after the last day of the
treatment, brain DAT density was determined by in vitro autoradiography
using [125l]RTI121 as the radioligand. There was no change in DAT
binding in caudate putamen (CPu) and nucleus accumbens (Acb) of mice
treated with 1 mg/kg of indatraline compared to a water control group.
Indatraline at higher doses was toxic as two of six mice treated with 3
mg/kg and all six mice treated with 10 mg/kg died prior to completion of
the treatment regimen. The four suviving mice in the 3 mg/kg indatraline
group had elevated DAT binding in CPu (41%) and Acb (39%) regions.
Unlike indatraline, bupropion was not lethal at any of three doses tested
(10,30 and 56 mg/kg). There was an increase of 63, 50 and 54% above
control in DAT binding in the CPu region of mice treated with 10,30 and
56 mg/kg bupropion, respectively. The corresponding increases in Acb
were 60, 45 and 43% above control. These data suggest that adaptation
of the DAT molecule following chronic exposure to DA uptake inhibitors
is not homogeneous. After nontoxic doses, bupropion, but not
indatraline, consistently upregulates DAT. Supported by NIDA grant

DA08830 and by the intramural Research Program o f NIDA.
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274.9
IN VIVO DOPAMINE RELEASE IS GREATER IN FEMALE THAN MALE
RATS USING FAST-SCAN CYCLIC VOLTAMMETRY. Q. D. Walker*and C.
M. Kuhn. Department of Pharmacology, Duke University Medical Center,
Durham, NC 27710.
The present study investigated possible gender differences in dopamine uptake
and release to explain reports that acute administration of cocaine stimulates
locomotor activity more in female than male rats. A caibon-fiber cylinder
electrode was placed in the caudate nucleus of anesthetized Sprague-Dawley rats
to monitor extracellular dopamine elicited by electrical stimulation (4 msec
biphasic, 300 jiA) of the medial forebrain bundle. A 10 Hz 3 sec stimulus
evoked an average of 96 and 180 nM dopamine in the caudate of male and
female rats, respectively. Dopamine overflow elicited by higher frequencies up to
60 Hz was also greater in female rats. Kinetic analysis using data from
recordings made at each of 6 frequencies showed that the concentration of
dopamine released by each stimulus pulse in females was nearly double that
observed in males (128 vs. 67 nM). The
for dopamine uptake was also
significantly greater in female rats relative to males. However, the Km for
dopamine uptake was similar in males and females (.21 and .25 nM).
Administration of 40 mg/kg cocaine ip to male rats approximately quadrupled
extracellular dopamine elicited by the physiological stimulation frequencies of
10 and 20 Hz. Under the same conditions extracellular dopamine concentrations
in female rats were about twice as great as males. These data support the
hypothesis that increased dopamine release in female rats mediates the greater
extracellular concentrations of dopamine induced by cocaine upon electrical
stimulation. This neurochemical mechanism may also explain the more robust
behavioral responses seen in female rats following cocaine administration.
Supported by DA 09079.

274.10
IN VIVO DOPAMINE TRANSPORT MAY BE INHIBITED BY ESTROGEN
PRIMING. T.L. Thompson*. Division of Basic Sciences, Mercer University
School of Medicine, Macon, GA 31207.
Estrogen has been shown to modulate stimulated dopamine (DA) release from the
striatum and the nucleus accumbens of ovariectomized (OVX) female rats.
Changes in both the magnitude of release and the kinetics of DA clearance have
been noted. In an attempt to identify possible sites of steroid action, clearance of
exogenous DA was examined using in vivo voltammetry in control and estrogen
primed animals. Long-term OVX animals (> 2 months) were injected with vehicle
or estradiol benzoate (EB) dissolved in oil (lOug, 24 and 48hr. prior to experiment).
DA (200uM) was pressure ejected into the nucleus accumbens in sufficient volume
to yield an extracellular concentration of approximately 2.5uM. The rate of DA
reuptake was determined from graphic analysis of the initial segment of the DA
clearance profile. DA clearance was significantly altered in animals primed with
EB. A decrease in the velocity of transport (37% of control) and a concommitant
increase in total clearance time (40% increase) was observed in the EB primed
animals. Inhibition of the dopamine transporter (DAT) by nomifensine (lOmg/kg)
resulted in a similar decrease in DA transport kinetics however, the magnitude of
inhibition was not significantly different between control and EB treated groups.
These data suggest that EB treatment does not result in the modulation of DA
transport through an action at a nomifensine sensitive site on the DAT. EB
modulation of D2 receptor sensitivity has been reported and DA transport has been
shown to be regulated by autoreceptor activation. It is possible, therefore, that the
observed action of EB on the rate of DA transport is mediated through a modulation
of the DA autoreceptor. To address this possibility, the ability of low doses of D2
receptor agonists (apomorphine, quinpirole) to modulate changes in DA transport in
control and EB primed animals is being addressed. Supported by MUSM 2-26705.

274.11

274.12
ACUTE CORTICOSTERONE INCUBATION IN VITRO INHIBITS THE
FUNCTION OF THE DOPAMINE TRANSPORTER IN NUCLEUS
ACCUMBENS BUT NOT STRIATUM OF THE RAT BRAIN: AN IN VITRO
VOLTAMMETRIC STUDY. T.A Patterson*1 and D. Figlewicz Lattemann1’2.
‘Univ. of Wash., Dept of Psychology, Seattle, WA 98195,2Metabolism, VA Puget
Sound Heath Care System, Seattle, WA 98108
The adrenal steroid corticosterone (B) is elevated as a result of stressful stimuli.
Numerous studies have linked the elevation of B to development of behavioral
cross-sensitization and the elevation of extracellular dopamine (DA) levels in
mesolimbic, but not nigrostriatal DA projection sites. In order to further define the
effects of elevation of B on DA neurotransmission and to determine whether the
observed elevation in extracellular DA is a result of an alteration in the release or
uptake process, an in vitro voltammetric study was carried out using the rotating
disk electrode voltammetric technique. Nucleus accumbens and striatum from
intact (non-ADX) rats were removed and tissue suspensions were prepared, tissue
suspensions were incubated for 30 min. in corticosterone-21-acetate or an
equivalent concentration of sodium acetate.
Tissue was placed in an
electrochemical cell, the electrode was rotated at 2000 rpm and a potential of +450
mV (vs. Ag/AgCl) was applied. DA was added to the tissue suspension and its
removal by the DA transporter was monitored. Incubation of nucleus accumbens
suspensions in 200 nM B resulted in a significant decrease in the initial uptake rate
of DA vs. control (control: 449 ± 27 pmol/sec/gm wt wgt and 200 nM B: 334 ± 22
pmol/sec/gm wt wgt, p< 0.05, n=4). No change in uptake was observed in striatal
minces at concentration of B up to 1 jiM. The effect appears to be specific for the
mesolimbic DA system. The absence of cell bodies and the short incubation time
argue for a non-genomic effect of corticosterone on the DA transporter. Funded by
NIH DK 40963 and the VA Merit Review Program.

STRESS INCREASES DOPAMINE TRANSPORT IN THE
STRIATUM OF MICE. B.J. Copeland. N.H. Neff, and M.
Hadiiconstantinou*. Depts of Psychiatry and Pharmacology and The
Neuroscience Program, The Ohio State University College of
Medicine, Columbus, Ohio, 43210.
Exposing mice to repeated restraint stress induced a prolonged
increase of the high-affinity transport of dopamine (DAT) into striatal
synaptsomes. Transport activity increased early during the stress,
returned to normal, and rose again after removing the stressor. We
observed similar changes in olfactory tubercle. Kinetic analysis
showed an increase in the apparent
without a change in the
apparent K,,, for the substrate dopamine. Mazindol binding
autoradiography revealed increased binding in accumbens, olfactory
bulb, caudate/ putamen and the region of A8, A9 and A10
dopaminergic nuclei. Adrenalectomy did not affect the stress-induced
rise of DAT, and two weeks of treatment with a glucocorticoid had
no effect on the activity of the transporter.

274.13
U-69593, A SELECTIVE KAPPA-OPIOID RECEPTOR AGONIST,
INCREASES THE RATE OF DOPAMINE UPTAKE IN THE N.
ACCUMBENS AND STRIATUM. A.C. Thompson*. T.S.
Shippenberg. J.B. Justice3. Integrative Neuroscience Unit, NIH/NIDA,
Baltimore, MD 21224 & department o f Chemistry, Emory
University, Atlanta, GA 30322.
Kappa-opioid receptor agonists (K-agonists) prevent the long term
neurochemical effects o f cocaine on dopamine (DA) neurons and
decrease dialysate levels o f DA in the accumbens and striatum. The
present studies have investigated whether acute or repeated
administration o f a selective K-agonist, U69593, can modify the rate o f
DA uptake in the accumbens and striatum o f male Sprague-Dawley
rats. The in vitro technique o f rotating disk electrode voltammetry
(RDEV) was used to measure the initial rate o f DA uptake in these
structures. In two sets o f experiments, rats were either pretreated
acutely with U69593 (0-0.32mg/kg,sc) 1 to 4 hr prior to tissue harvest,
or pretreated repeatedly over 5 days with U-69593 (0-0.32mg/kg, daily
s.c.) 72 hr prior to tissue harvest. The rate o f DA uptake (initial rate o f
clearance following a 2 |iM addition o f DA during RDEV) was
significantly increased in both accumbens and striatal tissue
homogenates 2-4 hr following the acute systemic injection o f U69593.
Following a period o f repeated U69593 treatment, the initial rate o f
DA uptake was significantly decreased in accumbens, but not in
striatum. These results suggest that K-agonists regulate the rate o f DA
uptake in accumbens and striatum.
This research was supported by NIDA Intramural Research funds
and NSF IBN9412703 and NIDA K02 DA00179 grants awarded to
JBJ.
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274.14
EXPERIMENTAL AND THEORETICAL EVIDENCE TO SUGGEST THAT
THE DOPAMINE SYNAPSE IN THE NUCLEUS ACCUMBENS IS
DESIGNED FOR EXTRASYNAPTIC COMMUNICATION. P. A. Garris*.
Department of Biological Sciences, 102 Felmley Hall, CB 4120, Illinois State
University, Normal, IL 61790-4120.
In vivo voltammetry and random walk simulations were employed to further
investigate the role of uptake in dopamine neurotransmission.
For
experimental studies, a carbon-fiber microelectrode was implanted in the
nucleus accumbens of urethane-anesthetized rats to monitor electrically
evoked extracellular dopamine. Using ensemble averaging, it was possible
to detect a baseline-resolved signal elicited by a single stimulus pulse.
Signals were identified as dopamine by fast-scan cyclic voltammetry. The
uptake inhibitor, nomifensine (25 mg/kg i.p.), had no effect on the amplitude
of single pulse events. Furthermore, stimulation with one, two, three and four
pulses resulted in a linear increase in extracellular dopamine. These results
confirm earlier work (Garris et al., J Neurosci 14:6084, 1994) suggesting that
dopamine uptake does not prevent the efflux of dopamine from the synaptic
cleft. A random walk simulation was developed to determine whether the
kinetics of dopamine uptake could prevent efflux if uptake sites were located
synaptically. In the absence of uptake sites, all dopamine molecules
released exited the cleft within 80 Msec. If uptake sites were present, less
then 30 % of these molecules exited. In contrast, decreasing the apparent
binding constant for dopamine uptake to mimic competitive inhibiton by
nomifensine resulted in the efflux of almost 80 % of the dopamine molecules.
The theoretical results indicate that dopamine uptake sites must be
extrasynaptic which is in complete agreement with recent anatomical studies
(Nirenberg et al., J Neurosci 16:436, 1996). This research supported by
Illinois State University.
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27 5 .1
AMPEROMETRIC
RECORDINGS
OF
NOREPINEPHRINE
TRANSPORTER ACTIVITY. A.Galli. D. Lovinger* and L.J. DeFelice.
Dept, of Pharmacology, Vanderbilt University, Nashville, TN 37232.
Rapid uptake of norepinephrine (NE) is modulated by norepinephrine
transporter and regulates the magnitude and duration of neuronal signaling at
synapses in the brain, as well as in the peripheral nervous system. Stable
transfection of hNET cDNA into HEK-293 (human embryonic kidney) cells
results in lines exibiting NE-induced current and NE uptake. NE-induced
current is voltage dependent and increses at negative membrane potentials.
Previous studies in matemal-facing brush border membrane vesicles isolated
from normal-term human placentas have suggested that NE accumulation is
voltage dependent (Ramamoorthy, S. et al. Biochem. 1993 Vol. 32, No 5.).
To understand the relationship between NE-induced current and NE uptake
we used coventional amperometric measurements coupled with patch-clamp
recordings. Using a low noise carbon electrode close to a macro cell-detached
patch, we were able to record a NE-induced current (cell-detached electrode)
and, simultaneously, the voltometric response detecting the number of NE
molecules/sec crossing the patch-membrane. Using micro-amperometry on
macro-patches we measured the current carried by NE as a function of
voltage. The isolated NE current is voltage dependent and increases at
negative potentials showing an equilibrium potential near +40 mV. Supported
by NIH NS 34075-01, NARSAD (DeFelice, Galli).

275.2
DIFFERENT EFFECTS OF DESIPRAMINE AND COCAINE ON THE HUMAN
NOREPINEPHRINE TRANSPORTER IN 293-hNET CELLS. M.-Y. Zhu*. S.E.
Shamburger. R.D. Blakelv. and G.A. Ordwav. Department of Psychiatry and Human
Behavior, University of Mississippi Medical Center, Jackson, MS 39216.
Tricyclic antidepressants and cocaine block the uptake of norepinephrine from the
synaptic cleft by inhibiting norepinephrine transporter (NET) function. The effects of
chronic occupation of the NET by these drugs on NET expression are poorly
understood. We previously described concentration- and time-dependent downregulations of the human NET in HEK-293 cells transfected with human NET cDNA
(293-hNET cells) following continuous exposure to the tricyclic antidepressant,
desipramine (DMI). These effects were characterized by reduced levels of hNET
protein and reduced radioligand binding to the hNET. The present study examined the
capacity of hNET to transport norepinephrine following DMI exposure. Furthermore,
effects of the structurally unrelated, non-antidepressant NET inhibitor, cocaine, on
levels of hNET and hNET function were investigated. For uptake assays, cells were
exposed to concentrations of inhibitors which produced maximal inhibition of
[3H]norepinephrine uptake in intact 293-hNET cells. Drug exposures were followed by
a 4 hour incubation in drug-free media before assays. Exposure to DMI (100 nM) for
3 days resulted in a robust (70%) reduction in [3H]norepinephrine uptake in intact 293hNET cells. In contrast to the effects of DMI on NET function, exposure to cocaine
(10-100 p.M) for 3 days did not significantly reduce [3H]norepinephrine uptake.
Furthermore, exposure of intact 293-hNET cells to cocaine did not significantly effect
the Bmax or KD of [3H]nisoxetine binding to hNET in membrane homogenates.
Although both DMI and cocaine inhibit the uptake of norepinephrine presumably by
occupying the transporter, these drugs have distinctly different effects on hNET levels
following continuous exposure. (Supported by NIMH 46692 and a gift from the Robert
Wood Johnson Pharmaceutical Research Institute).

2 75.3
THE N-TERMINAL SEQUENCE OF THE NOREPINEPHRINE
TRANSPORTER CONTAINS A BASOLATERAL SORTING SIGNAL FOR
EPITHELIAL CELLS. H.H. Gu*. B. Giros. M G. Caron and G. Rudnick. Dept,
of Pharmacology. Scfa. of Med.. Yale University, CT 06510
In polarized cells, such as neurons and epithelial cells, it is critical for proper
function that proteins are sorted to the correct plasma membrane domains. To
identify possible sating signals for neurotransmitter transporters we expressed
these proteins in epithelial cells and studied their sorting properties. Dopamine
transporter (DAT) and norepinephrine transporter (NET) are very closely related
with an overall identity of 78% in amino acid sequence. They share many similar
mechanistic properties, but have distinct drug inhibition profiles. DAT-NET
chimeras were previously constructed to identify the domains responsible for
substrate and drug interactions. We expressed DAT, NET and the chimeric
proteins in MDCK cells (a canine kidney epithelial cell line) and localized the
proteins with immunocytochemistry, cell-surface-biotinylation, and transport
assays. Our results show that in MDCK cells DAT is localized on the apical
membranes, whereas NET is found on basolateral membranes. A DAT- (amino
acid 1-434) NET (435-620) chimeric protein was sorted to apical membranes as
was the wild type DAT, suggesting that the C-terminal portion of DAT is not
important for the apical DAT sorting in MDCK cells. In contrast, replacement of
the N-terminal portion of DAT with NET sequence (including transmembrane
(TM) domains 1 and 2) targeted the chimeric protein to basolateral membranes.
Deletion of the first 58 amino acids of DAT (preceding TM1) did not change the
apical localization of the protein, whereas the addition of corresponding sequence
from NET targeted the chimeric protein to basolateral membranes. These results
suggest that die N-terminus of NET (amino acid 1-56) contains a basolateral
sorting signal in MDCK cells.

275.4
PHARMACOLOGIC REGULATION OF THE NOREPINEPHRINE
TRANSPORTER (NET) IN SK-N-SH AND PRIMARY PLACENTAL
CELLS. JF Padburv*. LA WorrelLT Nguyen, YT Tseng. B McGonnigal.
J. Stabila. Pediatr, Brown Univ, Providence, RI, USA 02905.
The placenta is a unique non-neuronal, site o f NET expression. There
has been little investigation o f NET substrate regulation. We examined the
mechanisms for regulation o f the NET in neuronal and placental cells.
Transporter dependent uptake o f tritiated norepinephrine (3H-NE) by SKN-SH cells after 4 hr exposure to lfxM NE was increased 25%, p<0.01.
Longer exposure or higher doses decreased uptake by 15-30%. Dibutyryl
cAMP (ImM) had little effect. Forskolin (FOR, 100 |iM) and phorbol
ester (TPA, 100 nM) decrease uptake significantly. Primary placental
cells showed a similar biphasic response NE and similar, though less
pronounced, regulation by the same pharmacologic agents. NET mRNA
in SK-N-SH cells increased significantly after 24 hr treatment with NE,
diBcAMP, or FOR. We conclude: 1) SK-N-SH and primary placental cells
take up NE by a transporter-dependent uptake mechanism. 2) NE has a
time-and dose-dependent effect on uptake. 3) Inhibition o f NE uptake is
mediated in part by cyclic AMP arid protein kinase C. Speculation: NET
regulation is multiphasic, involving down regulation by PKA and PKC
dependent mechanisms, posttranslational modifications, and upregulation
o f transcription. The kinetics o f each effect are variable.

Supported by grants from NIDA

275.5
EFFECT OF CHRONIC PAROXETINE ADMINISTRATION ON
NOREPINEPHRINE TRANSPORTER KINETICS IN RAT BRAIN.
D. L. Knight*. M. J. Owens. W.N. Morgan and C. B. Nemeroff. Lab. of
Neuropsychopharmacology, Department of Psychiatry & Behavioral
Sciences, Emory University School of Medicine, Atlanta, GA 30322.
The norepinephrine transporter^ ET)/uptake site is an antidepressantsensitive transporter located on plasma membranes of noradrenergic
neurons and other specialized cells that remove NE from the synapse to
terminate the actions of NE. The antidepressant paroxetine is believe to
act as a highly selective inhibitor of serotonin transport. However,
previous in vitro data from our laboratory suggests that paroxetine may
also inhibit norepinephrine transport in vivo depending on the dose (Knight
et al., Soc. Neurosci. Abst. 22:179,1996).
Rats were implanted with Alzet osmotic minipumps containing either
vehicle or paroxetine (6.5 -15 mg/kg/day). After one week of chronic
treatment rats were killed and blood and brains were collected. The
prefrontal cortex was dissected from fresh tissue and used for [3H]norepinephrine uptake assays. Additionally, cortical tissue was used for
[3H]-nisoxetine binding which labels the NET. Paroxetine had no effect on
[3H]-norepinephrine uptake (Kmor B***). Rats with serum levels of
paroxetine above 100 ng/ml but less than 500 ng/ml exhibited inhibition of
[3H]-nisoxetine binding of 21%, and those rats that had greater than 500
ng/ml of paroxetine exhibited a 34% inhibition (P<0.05). Serum levels of
paroxetine were also significantly correlated with the Kdof [3Hl-nisoxetine
binding in rat cortical tissue. These data suggests that paroxetine at
clinically utilized plasma levels may inhibit both the SERT and NET.
Supported by NIH MH-51761.
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275.6
VESICULAR TRANSPORTER CHIMERAS IDENTIFY DOMAINS IMPORTANT FOR
ACETYLCHOLINE TRANSPORT AND TARGETING TO SYNAPTIC VESICLES.
H. Varoqui and J.D. Erickson*. Neuroscience Center of Excellence and
Department of Pharmacology, LSU Medical Center, New Orleans, LA 70112
The neuroendocrine PC-12 cell line is useful to identify the molecular
structures of the human vesicular acetylcholine transporter (hVAChT) that
determine ACh transport specificity and preferential targeting to small
synaptic vesicles (SSVs). ATP-dependent vesicular accumulation of ACh
can be measured in PC-12 cells following transfection with hVAChT cDNA
(JBC 271, 27229).* In addition, hVAChT and the vesicular monoamine
transporters (rVMATI and hVMAT2) are differentially targeted in PC-12
cells with the preferential expression of VAChT on SSVs and the VMAT
isoforms on large dense core vesicles (Soc Neurosci Abstr 22, #149.2).
Stable PC-12 cell lines expressing chimeras between hVAChT and
hVMAT2 have been generated and the pharmacologic properties of active
vesicular ACh transport and the subcellular distribution of the proteins
were determined. Examination of the ACh transport properties of a
chimera in which the N-terminal portion (up to TMD 2) of hVAChT is
replaced with hVMAT2 sequences indicates that the apparent affinity for
ACh (Km~7mM) is reduced -ten-fold relative to wild-type. This chimera
binds 3H-vesamicol with an affinity (Kd~7nM) similar to wild-type. Thus,
the N-terminal region of VAChT contributes to the high-affinity ACh
transport recognition site but is not important for the binding of 3Hvesamicol. Chimeras in which the cytoplasmic domains of hVAChT and
hVMAT2 are switched display similar pharmacologic properties as wildtype proteins. Homogenates from transfected PC-12 cells were
fractionated on equilibrium sucrose density or glycerol velocity gradients
and assayed using species-specific antisera and 3H-vesamicol and 3Hdihydrotetrabenazine binding. Immunoelectronmicroscopical analysis was
also performed in NGF-treated cultures. We find that the chimera in which
the cytoplasmic domain of hVMAT2 is replaced with hVAChT sequences is
now expressed on SSVs. Thus, structural information resides within the
cytoplasmic tail of hVAChT which specifically targets it to SSVs. (NIMH)
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275.7
STRUCTURE-FUNCTION RELATIONSHIP STUDIES OF THE RAT
VESICULAR TRANSPORTER FOR ACETYLCHOLINE. A. Roghani*.
Department of Pharmacology, Texas Tech Univ. Hlth Sci Ctr., Lubbock, TX 79430.
The concentrative uptake of neurotransmitters in synaptic vesicles enable the
exocytotic release of “quantized” packets of transmitters in response to neural activity.
For the classical neurotransmitters (like the acetylcholine (ACh) and the biogenic
amines) uptake into vesicles require active transport from the cytoplasm. Two highly
homologous vesicular monoamine transporters, VMAT-1 and VMAT-2 were cloned
from several species and characterized. Subsequently, another member of this gene
family, the vesicular acetylcholine transporter (VAChT), was also cloned from rat and
several other species. VAChT is thought to be responsible for transport of ACh into
synaptic vesicles. In a recent study, membrane fractions obtained from PC 12 cells
overexpressing the human VAChT was used to demonstrate a robust ACh transport
assay for this protein. Further, the drug vesamicol is a potent inhibitor of the
vesicular ACh transport process. Vesamicol reproducibly binds with high affinity to
membrane fractions from VAChT-transfected, but not untransfected, COS cells.
Moreover, we have found that ACh competes with vesamicol for binding to VAChT
in a competitive manner, consistent with vesamicol binding to the site of substrate
recognition on the VAChT. Availability of robust and reproducible vesamicol
binding and ACh transport assays should now allow extensive analysis of the
structure-function relationships of the VAChT. For these studies, I have generated
chimeric constructs between rat VAChT and VMAT-2 cDNAs to identify structural
domain(s) and amino acid residue(s) of VAChT which are essential for vesamicol
and/or ACh binding. These investigations should also lead to determination of the
VAChT domain(s) potentially important for its transport function. To construct the
chimeras, several unique restriction sites were created in both rat VAChT and VMAT2 cDNAs by site-directed mutagenesis. The chimeras are now being expressed in
mammalian cells and their functional properties studied. Supported by NIH NS35656.

275.9
CO-REGULATION OF THE VESICULAR ACETYLCHOLINE TRANSPORTER
(VACHT) AND CHOLINE ACETYLTRANSFERASE (CHAT) IN SEPTOHIPPOCAMPAL PATHWAY LESIONS M.L. Gilmor*. S.C. Counts. R.G.
Wilev. A.I. Levey Experimental Neurology-VAMC, Nashville, TN 37212 and
Emory University, Department of Neurology, Atlanta, GA 30322
The genes for VAChT and ChAT show a unique genetic arrangement at a single
locus with many regulatory elements which could regulate these genes concurrently or
independently. Although these two proteins are specifically co-expressed in
cholinergic cells and terminals, in Alzheimer's disease there are disparate levels of
VAChT and ChAT in terminal fields as determined by vesamicol binding, a VAChT
antagonist, and ChAT enzymatic assays suggesting independent regulation following
pathological lesions. We used immunocyto-chemistry (ICC) and quantitative western
blotting with antibodies specific for VAChT and ChAT two weeks following fimbriafornix lesion (FFL) or 192IgG-saporin immunotoxin lesions in rats to more accurately
determine protein levels in the hippocampus after cholinergic lesions. In unilateral
FFL animals there was an 80% decrease in VAChT in the hippocampus ipsilateral to
the lesion by blotting, in agreement with an 80% decrease of ChAT activity, as
opposed to a 25% decrease in vesamicol binding as reported by others. ICC showed
nearly complete absence of VAChT terminals in the ipsilateral hippocampus with no
apparent loss in the contralateral hippocampus. There was -70% decrease in VAChT
and ChAT immunoreactive cells in the ipsilateral medial septum, the source of the
cholinergic innervation to the hippocampus. In immunotoxin lesioned animals, loss
of immunoreactivity by western blotting and ICC was >95% in the hippocampus and
medial septum. There was no change in striatum in either lesion paradigm by blotting
or ICC as expected. Thus, using more specific immunological techniques, VAChT
and ChAT levels co-regulate in the septo-hippocampal pathway following either
surgical or immunotoxin lesions. Supported by NIMH 1 F31 MH11474-01 (MLG)
and The Alzheimer's Association (AIL).

275.11
SYNTHESIS AND CHARACTERIZATION OF A PHOTOACTIVE SUBSTRATE,
P-AZEDOPHENETHYLAMINE, FOR THE NOREPINEPHRINE AND DOPAMINE
TRANSPORTERS. P.N. Vinson*. B. Reed, and J.B. Justice.. Department of Chemistry,
Emoiy University, Atlanta, GA, 30322.
A photoactive analog of dopamine, 2-(p-azidophenyl)-ethylamine (p-azido-PEA), was
synthesized from 2-{p-nitrophenyl)-ethanol, via the intermediates 2-(p-azidophenyl)-ethanol
and 2-{p-azidophenyl)-N-e1hylphthalinude. The synthesis was verified with NMR and mass
spectrometry. The synthetic method can also be used to prepare the isomer
2-(o-azidc^henyl)~ethylamme. The ultraviolet absorption spectrum showed maxima at 205
and 250 nm, which are eliminated upon prolonged exposure to 254 nm light LLC-PK1 cells
expressing the human norepinephrine transporter (LLC-NET) were used for uptake
experiments to verify that p-azido-PEA was a substrate. Dopamine was measured in real
time using rotating disk electrode (RDE) voltammetiy, monitoring at +450 mV vs.
Ag/AgCl. The substrate activity of p-azido-PEA was deduced from the induced efflux of
dopamine fromLLC-NET cells preloaded with 1 jxMdopamine with 100 nM p-azido-PEA.
The resulting efflux:uptake ratio for dopamine was 0.25 (n-8), which is comparable to that
obtained in previous studies with other para-substituted 2-phenylethylamine substrates. The
photoactive substrate will be used in photoaffinity labelling experiments with the
norepinephrine and dopamine transporters.
Supported by NSFIBN9412703 and NIDA K02DA00179.
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BLOCKADE OF STRIATAL DOPAM INE D 2
RECEPTORS ENHANCES THE BINDING OF VESICULAR
ACETYLCHOLINE TRANSPORTER LIGANDS IN VITRO. S.M.N.
Efange, D.C. Mash, A.B. Khare and M. Basile* University of
Minnesota, Minneapolis, MN 55455 & University of Miami School of
Medicine, Miami, FL 33101.
Blockade o f striatal dopamine D 2 receptors in the mammalian
striatum results in enhanced release of acetylcholine (ACh) from this
structure. Since the release of ACh is mediated primarily by cholinergic
synaptic vesicles, this study investigated the effect of D 2 receptor
blockade on the binding of VAChT ligands known to inhibit the
loading of cholinergic synaptic vesicles. Male Sprague Dawley rats
were injected with S-(-)-eticlopride and sacrificed 3 hours later. The
brains were harvested and processed for radioligand binding with the
potent VAChT ligand (+)-[*25j]m iBT. In rat striatal membranes,
eticlopride pre-treatment resulted in an increase in the K d (5.97 ± 0.23
to 16.77 ± 1.82 nM). D2 receptor blockade resulted in a significantly
elevated (+)~[^5i]M IBT binding site density (28.67 + 1.22 nM) as
compared to control rats (9.69 + 0.36). The results of the in vitro
binding studies extend and confirm in vivo evidence that VAChT
ligand binding is a dynamic marker, which reflects the functional
storage/release of vesicular ACh. Funded by a grant from the NIA
(AG 13621).

275.10
E X P R E S S IO N O F T H E V E S IC U L A R A C E T Y L C H O L IN E
T R A N S P O R T E R IS U N A L T E R E D B Y P H A R M A C O L O G I C A L
I N T E R V E N T I O N S I N C H O L IN E R G I C T R A N S M IS S IO N .

M.T. Bianchi. T.J. Desmond. K.A. Frev*. The Neurosciences
Program, The University o f Michigan, Ann Arbor, MI 48109.
Several neurochemical markers have proven useful in assessing
cholinergic changes in experimental and clinical pathologies. It has
been assumed that the expressed levels o f some markers, such as
cholineacetyltransferase (CAT), may be indicative o f cholinergic
neuronal or synaptic terminal densities. A novel marker, the vesicular
acetylcholine transporter (VAT), is preserved despite reductions in
CAT activity in our recent studies o f Alzheimer's disease. This raises
the possibility o f differential regulations o f CAT and VAT.
We investigated potential regulation o f VAT expression in rats
treated for one week with either oxotremorine or with the acetyl
cholinesterase inhibitor diisopropylfluorophosphate, or for two weeks
with trihexyphenidyl. VAT expression was analyzed by quantitative
autoradiography o f [3H]vesamicol binding with the use o f unlabeled
methylaminobenzovesamicol to define nonspecific binding.
There were no significant changes in VAT expression in the brain
regions studied, including the cerebral cortex, hippocampus, striatum
and amygdala. Resistance o f VAT expression to perturbations o f
cholinergic transmission and presynaptic acetylcholine turnover
suggests that its level may provide an accurate index o f cholinergic
presynaptic integrity. VAT may thus constitute an attractive target for
in vivo and in vitro imaging measurements o f cholinergic synapses and
projections.
Supported by USPHS Grant P50 AG08671

275.12
DUAL ELECTRODE CHARACTERIZATION OF INDUCED EFFLUX OF DOPAMINE
BY M-TYRAMINE VIA THE NOREPINEPHRINE TRANSPORTER. J.B. Justice* and
B. Reed. Department of Chemistry, Emory University, Atlanta, GA, 30322.
The induced efflux of dopamine using meta-tyramine (m-Tyr) was measured using rotating
disk electrode (RDE) voltammetry, monitoring at +450 mV vs Ag/AgCl. A second
electrode, held at +650 mV vs. Ag/AgCl, was used for the simultaneous monitoring of the
uptake of m-Tyr after correction for the relative response of dopamine. All experiments
were performed using the LLC-PK1 cell line stably expressing the human norepinephrine
transporter (hNET). According to the simple carrier model for the transporter, the ratio of
uptake of the substrate used to induce efflux to the initial rate of efflux is independent of the
concentration and identity of the substrate and dependent only on the internal equilibrium
concentration of dopamine. Experiments in which uptake of 1 pM dopamine is monitored
and allowed to reach equilibrium, followed by addition of 2.5 pM m-Tyr to induce efflux
gives an initial ratio of m-Tyr uptake to dopamine efflux of approximately 6.5 (n=6) and
increases exponentially over the time course of the experiment as the net flux of dopamine
approaches zero. This experiment also allows for the determination of the transacceleration
of dopamine from the product of the efflux.uptake ratio of dopamine(0.25) and the ratio of
m-Tyr uptake to induced dopamine efflux. A value of 1.6 was found in these experiments
for the transacceleration of dopamine. These types of experiments may be useful in
elucidating the effects of point mutations on the kinetics of transport
Supported by NSF IBN9412703 and NIDA K02DA00179.
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275.13
THE EFFECT OF PHENYLETHYLAMINE PARA-SUBSTITUENTS ON DOPAMINE
TRANSPORT AT THE HUMAN NOREPINEPHRINE TRANSPORTER (hNET)
MEASURED BY RDE VOLTAMMETRY. K. S. Danek*. P. N. Vinson. J. W. Kable. and
J. B. Justice. Jr. Dept of Chemistry, Emory University, Atlanta, GA 30322.
Substrates for the monoamine transporters will both compete with each other at the
transporter and induce efflux of substrate that has been pre-loaded into the cells. These
properties have been investigated for dopamine (DA) and other phenylethylamine (PEA)
compounds at hNET using rotating disk electrode voltammetiy (RDEV)- To determine the
effect of size and nature of the para-substituent on transport, PEAs with different parasubstituents (in increasing order of length along carbon bond: H, F, OH, NH3, CH3, N02, Cl,
Br, and OCHj) were studied. In the first set of experiments, DA was pre-loaded into cells and
after steady-state had been achieved, 10 jiM of each PEA compound was added and the
efflux of DA measured and expressed in relation to the rate of DA uptake. In competition
studies, different concentrations of the PEA compound were simultaneously added with DA
to celts containing hNET and the inhibition constant, Kj, calculated. It was found that the
shorter the substituent length along the carbon bond axis, the greater the PEA compound
induced DA efflux (R = -0.97) and inhibited DA uptake, resulting in a decrease inK, (R =
0.78). Serine 354 is a potential site of interaction with the para-substituents of the substrate
(Kitayama et al., 1992 Proc. Natl. Acad. Sci. USA, 89: 7782; Strader et al., 1989 J. Biol.
Chem., 264:13572). This amino acid has been mutated to alanine in hNET to compare the
transport of the above substrates with and without the hydroxyl group of this serine.
Supported by NSFIBN 94-12703 and NIDA RSA K02-DA00179
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275.14
ENHANCEMENT OF PRESYNAPTIC CHOLINERGIC FUNCTION WITH
ESTROGEN REPLACEMENT THERAPY IN OVARIECTOMIZED RHESUS
MONKEYS. M.L. V ovtko*. R.H. Mach, R.L. Ehrenkaufer. S.M.N.
Efanae#. H.D. Gage, and J.R. Tobin. Bowman Gray School of
Medicine, Winston-Salem, NC 27157 and #University of Min
nesota, Minneapolis, MN 55455.
We previously have shown that estrogen replacement ther
apy (ERT) enhances cognitive function in ovariectomized
monkeys (Soc. Neurosci. Abstr., 1996). One mechanism by
which ERT may enhance cognition is by modulating the cen
tral cholinergic system. We were interested in determining
the effects of ERT on presynaptic cholinergic function in
a primate model of menopause. To accomplish this goal, a
series of Positron Emission Tomography (PET) studies were
performed using the novel radiotracer [F18](+)-4-fluorobenzyltrozamicol ([F-18]FBT), which we have previously
shown to be a useful PET marker for determining presynap
tic cholinergic function in rhesus monkeys (Synapse,
1997). In this investigation, PET studies (bolus injec
tion; 180 min dynamic acquisition) were conducted in two
female rhesus monkeys (11-14 years) that had been ovariec
tomized for four years. PET studies were performed on each
monkey prior to initiation of ERT (baseline), and at one
week and one month with ERT. There was a 45-50% increase
in ([F-18]FBT) binding in the basal ganglia following one
week of ERT compared to baseline. Following one month of
ERT, ([F-18]FBT) binding remained increased by 20-30% over
baseline. These PET data are the first to be obtained from
a monkey model of menopause and indicate that in vivo
presynaptic cholinergic activity is significantly
increased in the brain by as little as one week of ERT.
Supported by AG 13922.

SECOND MESSENGERS AND PHOSPHORYLATION II
276.1
INHIBITION OF GLYCOGEN SYNTHASE KINASE-3 BY THE
ANTICONVULSANT AND ANTI MANIC AGENT VALPROIC
ACID. G. Chen* and H.K. Manji. Schizophrenia and Mood Disorders Clinical
Research Division, Dept, of Psychiatry & Behavioral Neurosciences, Wayne State
Univ. Sch. of Med., Detroit, MI 48201
Valproic acid (VPA), an anticonvulsant, is only the second drug approved by the
FDA for the treatment of mania. The mechanisms by which VPA produce its
antimanic action are unknown. Our earlier in vivo and in vitro studies have
demonstrated that both VPA and lithium (the prototypic antimanic drug) regulate
protein kinase C (PKC) isozymes, as well as major down stream targets of the
PKC signaling pathway, including the AP-1 family of transcription factors. Since
PKC isozymes are known to regulate AP-1 function, we investigated the effects of
PKC inhibitor; we found that VPA produces its effects even in the presence of a
PKC inhibitor, suggesting that additional mechanisms are involved in VPA's
effects. It is known that phosphorylation of AP-1 transcription factors by glycogen
synthase kinase 3 (GSK-3) results in inactivation of AP-1 DNA binding activity,
and recent studies have shown that lithium directly inhibits GSK-3£ activity in
vitro. To identify potentially common target(s) of these two clinically effective
antimanic agents, and to further elucidate the mechanism(s) by which lithium and
VPA regulate AP-1 DNA binding activity, we examined the direct effects of VPA
on GSK-3 using purified enzymes. The activities of both GSK-3 a and $ are
largely regulated by MgCl2- VPA concentration-dependently inhibits both GSK-3
a and p activity in either the absence or the presence of MgCl2 (physiological
concentrations). The common effects of these structurally dissimilar agents on
GSK are intriguing; given the potentially major role of GSK in regulating
neuroplastic events, we are currently investigating the effects of Li and VPA in
vivo.

SUPPORT: Joe Young Senior Research Fund

276 .3
CHARACTERIZATION OF A NOVEL PROTEIN INTERACTION
BETWEEN PHOSPHATIDYLINOSITOL 3-KINASE (PI3K) AND
K PROTEIN, K. J. Hurt* and S. H. Snvder. Dept, of Neuroscience, Johns
Hopkins Univ. Sch. of Med., Baltimore, MD 21205.
The receptor tyrosine kinase activated PI3K has been implicated
in a wide range of cellular processes including mitogenesis,
differentiation, and apoptosis. Its pi 10 subunit possesses both a lipid
kinase activity, catalyzing the formation of phosphatidylinositol-3,4,5trisphosphate, and a protein kinase activity, phosphorylating target
proteins on serine/threonine residues. We have identified a novel
interaction of the p85 adapter subunit SH3 domain with the
heterogeneous nuclear ribonucleoprotein (hnRNP) K particle by
screening a rat hippocampal library using the yeast 2-hybrid system.
First described as part of th'e nuclear mRNA processing complex, K
protein binds both RNA and DNA. Recently it has become clear that this
molecule is localized both to the nucleus and cytoplasm, that it may
regulate transcription and translation upon stimulation, and that it interacts
with several tyrosine kinase signaling molecules. Here, we show that the
interaction of the PI3K SH3 domain is specific in both the yeast system
and in vitro GST binding experiments. p85 and K protein can be coimmunoprecipitated from transfected HEK293 cells, and the radiolabeled
SH3 domain binds specifically to K protein in blot overlay experiments.
Finally, we will present data on the functional relevance of this novel
protein interaction. (Supported by NIMH T32MH18030)
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276.2
ELECTROPHYSIOLOGIC EFFECTS OF INOSITOL AND THERAPEUTIC
DOSES OF Li AT THE CORTICO-HIPPOCAMPAL CONNECTION. »A.E.
Talpalar*. 2R.H. Belmaker, and >Y. Grossman. Depts. of ’Physiology and 2Psychiatry,
Fac. Health Sciences, and Zlotowski Center for Neuroscience, Ben-Gurion Univ. of
the Negev, Beer-Sheva 84105, Israel.
Lithium, a blocker of inositol monophosphatase (IMP), is the treatment of choice
for the manic phase of bipolar disease. IMP resynthesizes inositol in the phosphatidyl
inositol cycle. Inositol is a precursor of Pl-phosphates, IP3 and DAG, which is being
successfully used for the treatment of depression. Electrophysiologic studies were
carried out in rat cortico-hippocampal slices to elucidate cellular mechanisms
underlying these substances effects in the CNS. Field potentials were recorded at the
pyramidal cell layer of the CA1 area and the granule cell layer of the dentate gyrus.
Population synaptic potentials (pEPSP) and antidromic spikes (APS) were evoked by
electric stimulation. Bath application of lithium ( 1 - 1 0 mM) caused two types of
responses: increased the amplitude of pEPSPs by 29 ± 29 % (Mean ± SD, p=0.014,
n=12) or reduced pEPSP’s amplitude by 28 ± 18 % (Mean ± SD, n=15, p=0.043). In a
total of 13 experiments in the dentate gyrus, 7 showed increased, and 6 decreased
pEPSPs. In the CA1, in a total of 14 experiments only 4 showed pEPSP increase, 9
showed depression and 1 was unaffected. During similar experiments the APS’s
amplitude was increased by 24 ± 17 % (Mean ± SD, p= 0.029) in 7 experiments,
whereas in other 7 it was depressed by 18 ± 19 % (p= 0.094). Inositol (1- 2 mM) did
not induce any change at 24° C. However, at 36° C inositol progressively depressed
the antidromic and synaptic responses (40 % and 50 % after 50 min). When applied to
previously Li - treated slices, inositol reduced the pEPSPs amplitude from 1.1 ± 0.45
to 0.76 ± 0.4 mV (p=0.036, n=13). Lithium effects seem to be mediated by at least
two opposing mechanisms, whose predominance probably depends on previous
factors in the tissue. Inositol, on the other hand, tends to depress activity in the CNS.

276.4
INDUCTION OF CALCIUM-DEPENDENT, ARACH1 DONATE-SPECIFIC
PHOSPHOLIPASE A2 (cPLA2) IN ASTROCYTES AFTER KAINIC ACIDINDUCED CONVULSIONS. R. Diaz-Arrastia*. M. Bednar. and L. Ma. Dept, of
Neurology and Program in Cell Regulation, University of Texas Southwestern
Medical School, Dallas, TX 75235.
Phospholipase A, (PLA,) generates a number of putative second messengers which
play key roles in normal synaptic plasticity as well as excitotoxicity. Recently,
several intracellular PLA2 isoforms have been cloned, and we are interested in
determining what role each plays in the central nervous system. The first of these
PLA, enzymes to be characterized at the molecular level, a Ca~-dependent lipase
which is selective to phospholipids containing arachidonate in the sn-2 position, is
referred to as cPLA3. We find that cPLA, is expressed at very low levels in normal
brain, but is prominently induced after kainic acid (KA)-induced convulsions. Male
Sprague-Dawley rats (250 - 300 grains) were injected intraperitoneally with 10 mg/kg
KA. Only rats that experienced at least one class IV seizure were studied. cPLA,
expression was assayed by immunocytochemistry and in-situ hybridization. Neither
technique is able to detect a specific signal at levels above background in untreated
animals. After KA, the lipase is found only in glial cells, and the pattern of
expression depends on the area of brain involved. In the hippocampus, cPLA: is
expressed exclusively in astrocytes in the CA1, CA3, and hilus. In the insular cortex,
lipase expression is restricted to astrocytes in layer V. In the piriform cortex, KA
causes necrosis, and cPLA, is induced in microglia as well as in astrocytes. There
is a good correlation between induction of cPLA, in astrocytes and expression of
hsp70 in neighboring neurons. Expression of cPLA2 protein occurs as early as 12
hours after the seizures, and is maximal at 48 hours. Astrocytes expressing the lipase
are found as long as six weeks following KA administration.
(R.D.-A. is supported by NIH K08 NSO1763-01)
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276.5
MULTIPLE SPOTTY POTENTIATION OF PI TURNOVER WAS INDUCED BY
HIGH-FREQUENCY TETANIC STIMULATION TO PERFORANT PATHWAY IN
RAT INTACT BRAIN. T.Kusuki*. Y.Imahori. R.Fuiii. Y.Ohmori. K.Inokuchi, and
S.Ueda. Dept, of Neurosurgery, Kyoto Prefectural Univ. of Med., Kyoto 602, Japan,
Nishijin Hospital, Kyoto 604, Japan, and Mitsubishi Kasei Institute of Life Sciences,
Machida, Tokyo 194, Japan.
Long term potentiation (LTP) is thought to be one form of neural information
storage and neuronal plasticity, and there exists very close connection between LTP and
phosphoinositide (PI) turnover. We had developed to visualize PI turnover in in vivo
autoradiography using carbon-11- labeled diacylglycerol (UC-DAG). Now, we studied
state of PI turnover under LTP occurring condition.
We used the stimulation of 400 pulses in 400 Hz for 1 train to perforant pathway,
which usually induces clear LTP in rat dentate gyrus for about 12 hr. Thirty minutes
after that high frequency tetanic stimulation, we injected n C-DAG through a tail vein,
and 20 min after, autoradiographs of the brain were reconstructed. In their
autoradiographs, multiple high density spots were found in many brain regions,
especially in the hippocampus and the cortex. These high density spots mean
accelerated PI turnover in these areas. Generally, the location of those spots was not
regular exactly, but mainly existed in bilateral dentate gyrus. Microscopically
anomalous acceration was localized in the third layer of the cortex. N-methyl-d-aspartate
(NMDA) receptor antagonist (MK 801) was administered intravenously 1 hr before
tetanic stimulation, since MK 801 properly inhibits LTP induction. When we gave
these pretreated rats the same tetanic stimulation, there existed no high density spots
such as seen in the former studies.
From these studies, we obtained the result that high-frequency tetanic stimulation to
perforant pathway induced not only LTP in dentate gyrus, but also multiple spotty
potentiation of PI turnover at the same time in other many brain regions.

276.6

276.7

276.8
INTERACTION BETWEEN ESTROGEN AND TYROSINE KINASE ON
NOREPINEPHRINE-STIMULATED CYCLIC AMP PRODUCTION. A.
Quesada* and A.M Etqen. Dept.Neurosci., Albert Einstein Coll.Med.,
Bronx, NY 10461
The major brain sites responsible for hormonal regulation of female
reproductive function are the preoptic area and the hypothalamus. These
two sites were chosen to study the interactions between estradiol and
tyrosine kinase as modulators of norepinephrine (NE)-stimulated cAMP
production. Female Spraque-Dawley rats were ovariectomized, and 4-7
days later were injected with estradiol benzoate 24 and 48 hrs before
killing. Slices of preoptic area (POA) and hypothalamus (HYP) were
made. Genistein (100 |xM), a general inhibitor of both plasma membrane
and cytosolic tyrosine kinases, was used alone and in combination with 20
¡aM NE. Genistein alone had no effect on basal cAMP in either oil or EBtreated female rats. Genistein augmented NE-stimulated cAMP levels in
the POA and HYP of both oil and EB-treated female rats; however, the
genistein effect on cAMP levels was potentiated in the POA of EB
compared with oil-treated female rats. Forskolin activation of adenylyl
cyclase was not affected by genistein. Herbimycin A (1,10, and 100 y.M),
a selective inhibitor of the src cytosolic non-receptor tyrosine kinase family,
had no effect on basal or NE-stimulated cAMP accumulation in POA or
HYP slices, regardless of hormone treatment. These results suggest: (1)
that estrogen potentiates genistein modulation of NE-stimulated cAMP
production in the POA but not in the HYP, (2) genistein effects on cAMP
accumulation are mediated by a plasma membrane tyrosine kinase rather
than a cytosolic tyrosine kinase, and (3) genistein does not directly affect
adenylyl cyclase activity. Supported by MH41414 and RSDA MH00636.

CHRONIC ANTIDEPRESSANT TREATMENT DOES NOT CHANGE THE
LEVELS OF VARIOUS SUBTYPES OF ADENYLYL CYCLASE.
T. Yamaguchi, H. Ozawa, H. Kanaada, H. Maeda, M. Yamamoto*.
T. Saito andN. Takahata. Dept, of Neuropsychiatry, Sch.
Of Med., Sapporo Med. Univ. Chuo-ku, Sapporo 060, Japan.
Our
previous
studies
indicated ' that
chronic
antidepressant treatment increases GppNHp-stimulated
adenylyl cyclase (AC) activity without changing the
levels of G proteins (Ozawa et al. 1989) . In the present
study, we investigated the effects of various chronic
antidepressant treatments on quantitative alterations
of AC subtypes (II, VI and V/VI) regulated by G proteins .
Male SD rats were given i.p. injections of amitriptyline
(10 mg/kg), trazodone (20 mg/kg), fluvoxamine (25 mg/kg),
fluoxetine (10 mg/kg), chlorpromazine (10 mg/kg) and
haloperidol (1 mg/kg) daily for 21 days. The levels of
AC were quantified by western blotting using polyclonal
antibodies against specific AC subtypes in cerebral
cortex membranes.
No significant difference was
observed in the levels of II, VI and V/VI AC proteins
in any cerebral cortex membranes of rats treated with
antidepressant agents compared to controls, likewise
treated with antipsychotic agents.
These findings
indicated that chronic antidepressant treatments do not
change at least II, VI and V/VI AC proteins; therefore,
the enhancement
effects
on GppNHp-stimulated AC
activity may be attributable to an increment of the
coupling between G protein and AC.

27 6 .9
DIFFERENT PROPERTIES OF THE cAMP SIGNALLING SYSTEM IN
FAST AND SLOW SKELETAL MUSCLES. F. Hoover *. I. Mathiesen .
B. SkSlhegg. K. Tasken. T. bemno. University of Oslo, Neurophysiology &
Medical Biochemisty Institutes, 0317 Oslo, Norway
Different firing patterns of motor neurons are known to drive skeletal
muscles towards a fast or slow phenotype. The molecular mechanisms
underlying the effects of different activity patterns in skeletal muscles
are poorly characterized but are likely to involve second messenger
systems. To begin exploring the involvement of the cyclic AMP signal
transduction cascade, we denervated the slow soleus and the fast extensor
digitorum longus (EDL) muscles in adult rats. Muscle extracts were
assayed for cyclic AMP levels after 1 to 10 days of denervation. cAMP
levels showed a moderate transient increase in the soleus, confirming
earlier studies, but no significant change in the EDL. We then assayed
muscle extracts.for Protein Kinase A (PKA) activity and and observed a
modest increase in both soleus and EDL. The soleus, however, contained
twice as much PKA as the EDL. These results were confirmed by Western
blot analysis using antibodies directed against the regulatory or catalytic
subunits of PKA. Using immunocytochemistry, both regulatory and
catalytic subunits were detected at the neuromuscular junction of both
innervated and denervated soleus and EDL muscles. Taken together the
results suggest that PKA activity is higher in slow than in fast skeletal
muscle fibers and that the PKA signalling system probably plays an
important role at neuromuscular junctions.
This work was supported by the Norwegian Research
Council and the EU Biotechnology Program.
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ADENYLYL CYCLASE IMMUNOREACTIVITY IN BRAIN CORTEX
OF DEPRESS1VES. II. Ozawa*. M. Yamamoto. E. Ilashimoto. T.
Yamaguchi, T. Saito. P. Riederer, and N.Takahata
Dept, of
N europsychiatry, Sapporo Medical University, Sapporo 060,
Japan, * Dept, of Psychiatry, University of W urzburg,D97080, Wurzburg, Germany
It has b e e n
r e p o r te d
th a t
th e
a c tio n s
of
p s y c h o t h e r a p e u ti c s
u se d
fo r m o o d
d iso rd e rs
(an tid ep ressa n ts, lithium and carbam azepin) focus on
p o strecep to r signal transduction in G proteins, adenylyl
Cycldse (AC) and phospholipase C. Furtherm ore, several
studies on the postm ortem hum an brain of mood disorders
show alterations of G protein-AC function (Ozawa et al. 1993,
Cowburn et al 1994, Young et al. 1993). In the present study,
we investigated q uantitative alterations of the AC using
im m unoreactive m ethod. We perform ed w estern blotting
with polyclonal antibodies against specific AC subtypes (I, II
and V/VI) in cortex m em branes of 7 depressives patients
(AGE :75.1±5.1, PMDT: 10.24+2.1) and 10 age-matched controls
(AGE :74.6+3.4, PMDT:7.55+1.6) and carried out densitometric
m easu rem en t. The
levels of
AC-II su b ty p es w e r e
significantly decreased (P< 0.05) and AC-I trended to be
reduced in depressives com pared to controls. No significant
difference was observed in the level of the AC-V/VI subtype.
The present findings indicate that differential alterations of
AC subtypes may play an im portant role in the etiology of
mood disorders via signal transduction.

276.10
ALTERATION
IN DOPAMINE
RECEPTOR MEDIATED
REGULATION OF STRIATAL ADENYLYL CYCLASE SYSTEM IN
VITAMIN B 12-DEFICIENT RATS. M. Watanabe*1, S. Hatta2, T.
Saito3, A. Ishiwatari4, R. Sakai5, H. Ohsfiika2 and N. Takahata1. Depts.
o f Neuropsychiatry and 2Pharmacology, School o f Medicine, Sapporo
Medical University, Sapporo 060, 3Dept. o f Occupational Therapy,
School o f Health Science, Sapporo Medical University, Sapporo 060,
4Asahikawa Red Cross Hospital, Asahikawa 078, 5Urakawa Red Cross
Hospital, Urakawa 057, Japan.
Our previous studies using vitamin B 12 (V B 12 )-deficient rats have
suggested that VB 12 participates in modulation o f the function o f the
catalytic subunit o f adenylyl cyclase (AC) and the functional coupling
among p-adrenergic receptor, Gs and the catalytic subunit o f AC in the
rat cerebral cortex. To further characterize the role o f V B 12 in the
regulation o f neuronal AC signal transduction, this study examines
alterations in the Di dopamine receptor-Gs-AC system in striatal
membranes from methyl-VB 12 [mecobalamin]-deficient rats (Lack).
Basal, forskolin-, GppNHp-, and SKF 38393- stimulated AC activities
were significantly lower in Lack than those in control rats (Cont). In
addition, potentiation by GppNHp o f forskolin-stimulated AC activity
was significantly lower in Lack. However, there were no significant
changes in the amounts o f G proteins (Gsa, Gia, G oa, Gqa, Gp),
estimated by immunoblotting, or in Bmax and Kd o f [3H]SCH 23390
binding between Cont and Lack. These results indicate that VB 12
deficiency results in the impairment o f the coupling among the Di
dopamine receptor, Gs, and the catalytic subunit o f AC, and in
dysfunction o f the catalytic subunit o f the enzyme, suggesting that V B 12
participates in the regulation o f neuronal AC signal transduction.
(Supported by a grant from the Hokkaido Government, Japan.)
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276.11
EXPRESSION AND ACTIVITY OF HIPPOCAMPAL AND
PITUITARY ADENYLYL CYCLASE FOLLOWING CHRONIC
TREATMENT WITH CITALOPRAM. J. Bitsch Jensen. A. Meric. J.D.
Mikkelsen. E.K. Moltzen.*. H. Lundbeck A/S, Dept, of Neurobiology,
Pharmacological Research, Ottiliavej 9, DK-2500 Copenhagen-Valby,
Denmark.
Recently, the activity of the hypothalamus-pituitary-adrenal (HPA) axis
has attracted substantial attention in relation to depression. In the present
study, Wistar rats, initially weighing 200 g, were treated with citalopram
10 mg/kg i.p. once daily for three weeks. Type I adenylyl cyclase mRNA
was measured by means of in situ hybridization histochemistry and the
basal and CRF stimulated adenylyl cyclase activities were measured in
crude synaptic membrane preparations. Citalopram treatment induced an
increase in type I adenylyl cyclase mRNA in the dentate gyrus of the
hippocampus, but did not affect the expression in the anterior pituitary.
Moreover, citalopram did not change the basal adenylyl cyclase activity,
but increased GTP- and CRF stimulated activities. The present results
indicate that citalopram treatment enhances stimulated adenylyl cyclase
activity as reported for other antidepressants. However, the altered activity
in the pituitary seems to be independent of the adenylyl cyclase type I
mRNA level. These data also indicate that citalopram may affect the
sensitivity of the HPA axis through the CRF-signal transduction.

276.12
UNCOUPLING OF CREB PHOSPHORYLATION FROM CREDEPENDENT, CALCIUM-ACTIVATED TRANSCRIPTION
G. E. Hardingham. S. Chawla. A .P. Randall* and H. Bading
MRC Laboratory o f Molecular Biology, Hills Road, Cambridge CB2
2QH, UK
Calcium is the primary mediator of electrical-activity dependent gene
expression in neurons that is thought to underlie long term adaptive
changes in the nervous system. The transcription factor CREB (cAMP
response element binding protein), which activates transcription through
the cAMP response element (CRE), is an important mediator of such
changes.
It has long been thought that activation o f CRE-dependent gene
expression is caused by phosphorylation of CREB on Serine-133. We
show that whilst phosphorylation on this site is necessary, it is not
sufficient to activate CRE-dependent gene expression. Thus it is incorrect
to view the presence of phosphorylated CREB as a marker for
transcriptional activation. By showing examples where CREB
phosphorylation is uncoupled from gene expression we provide evidence
that an additional activating step is required. This, as yet unidentified
activation step is blocked by nuclear calcium chelators (1) and CaM
kinase inhibitors, pointing towards a nuclear calcium-dependent CaM
kinase as the activator of calcium dependent, CRE-mediated gene
expression. However, the fact that CREB phosphorylation is not blocked
in the above cases indicates that calcium influx into the cell activates more
than one pathway. A second pathway acts through MAP kinase but is
ineffective in activating CRE-dependent gene expression.
1) Hardingham, G., Chawla, S., Johnson, C., Bading, H. (1997) Nature
385, 260.
This work is funded by the MRC and GlaxoWellcome.

276.13
Glutamate Mediated gene expression In the striatum - Role of CREB
phosphorylation. A. Barczak, A. Rajadhyaksha, J. C. Leveque and C.
Konradi*

276.14
Glutamate Mediated CREB Phosphorylation in the striatum - Role of
Phosphatases and Kinases. A. Rajadhyaksha*, J. C. Leveque, A. Barczak
and C. Konradi

Studies in humans have recently implicated the striatum in
functions involving learning and memory. A major synaptic input into
the striatum originates in the cortex and uses glutamate as a
neurotransmitter. Glutamate exerts its action through ionotropic and
metabotropic glutamate receptors. Glutamate receptors, and in
particular NMDA receptors, are centrally involved in memory
formation. Memory formation involves processes that convert short
term neuronal activation into long-term imprints. Mechanism for long
term intracellular changes require protein modifications like changes in
phosphorylation pattern or even changes in gene expression. The
transcription factor CREB has been shown to be involved in memory
formation processes, is activated through phosphorylation at ,33Ser, and
leads to changes in gene and ultimately protein expression.

Neuronal plasticity is a key element in various brain activities such
as learning, memory and several neurological disorders. It has been
observed that the mechanisms involved in synaptic plasticity are linked to
the phosphorylation of the cAMP response element binding protein
(CREB) at Ser. Glutamate / NMDA receptors have long been considered
to mediate synaptic processes involved in several brain functions. We have
examined the cellular processes involved in the phosphorylation of l33Ser
CREB in response to glutamate treatment in striatal neurons, since the
striatum plays an important role in cognition and neurodegenerative
diseases such as Parkinson’s disease and Schizophrenia.

In rat primary striatal cultures, glutamate and NMDA lead to
phosphorylation of the transcription factor CREB, a major step in the
activation of the expression of CREB regulated genes. However, other
factors like CREB Binding Protein (CBP) and CBP phosphorylation are
required to successTully activate gene expression. We investigated the
second messenger pathway leading from glutamate/NMDA receptor
activation to c-fos gene expression, as well as the expression of a
transfected luciferase gene under the control of four CRE's (enhancer
elements which bind CREB) in primary striatal cultures. In this poster,
we will present the role CREB phosphorylation plays in glutamate
mediated gene expression.

In primary rat striatal cultures, glutamate induces CREB
phosphorylation at l33Ser. The phosphorylation state of CREB is
controlled by the activities of kinases and phosphatases. Glutamate
through its receptors activates various kinases and phosphatases in the
striatum. We will present data showing the role of CaM kinases and PKC in
glutamate mediated CREB phosphorylation. In the striatum, glutamate
also determines the state of activity of protein phosphatase 1 (PP1) which
is involved in l33Ser CREB dephosphorylation. In particular, glutamate
activates protein phosphatase 2B (PP2B), which, through
dephosphorylation of DARPP-32, activates PP1. Therefore, we will present
data on the role of PP2B, DARPP-32 phosphorylation and PP1 on
glutamate / NMDA mediated l33Ser CREB phosphorylation.

Supported by NIDA grant DA07134 (C.K.)

Supported by NIDA grant DA07I34 (C.K.)

276,15
HYPOXIA INDUCES PHOSPHORYLATION OF CREB IN PC12 CELLS.
D. Beitner-Johnson* and D. Millhom. Department of Molecular and Cellular
Physiology, University of Cincinnati, Cincinnati, OH 45267-0576.
Hypoxic/ischemic trauma is a primary factor in the pathology of various
cerebral and cardiovascular disease states. Pheochromocytoma (PC12) cells
are an oxygen-sensitive neural-like cell line that has proven to be a useful cell
culture system to study hypoxia-regulated signaling pathways. In previous
studies, we have shown that hypoxia regulates expression of several genes in
PC12 cells, including tyrosine hydroxylase, c~fos, Jun B, and protein kinase
A. However, the molecular mechanisms by which these cells detect changes
in 0 2 tension and transduce this signal into alterations in gene expression and
other cellular responses remain essentially unknown.
The cyclic AMP response element binding protein (CREB), is a transcription
factor upon which multiple intracellular signaling pathways converge.
Hypoxia (5% 62) was found to increase ser133-phospho-CREB
immunoreactivity without changing the total amount of CREB protein in PC12
cells. This effect was first observed after 3h exposure to hypoxia and
persisted through at least 24h exposure to reduced oxygen. Hypoxia-induced
phosphorylation of CREB persisted in PKA-deficient (A123.7) PC12 cells, and
in the absence of extracellular and intracellular Ca2* (Ca2+-free medium plus
1 mM EGTA and 20 nM BAPTA-AM). The effect also persisted in the
presence of 20 ^M chelerythrine chloride, an inhibitor of PKC, and in the
presence of 50 ¿iM PD-098059, an inhibitor of MEK-1. Thus, hypoxia-induced
phosphorylation of CREB is not mediated by PKA, a Ca2+-dependent protein
kinase, PKC, or a MEK-1 dependent protein kinase (i.e., RSK-2). Current
studies are aimed at identifying the signaling pathway by which CREB is
phosphorylated during hypoxia, and testing the ability of hypoxia to activate
transcription from a CREB-responsive reporter gene. Supported by the
Parker B. Francis Foundation and NIH (HL33831 and HD28948).
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276.16
Characterization of the Genomic Structure of the Murine 63 kDa
Calmodulin-dependent Phosphodiesterase. T.M. Reed.* J.E. Browning.
R.A. Blough. C.V. Vorhees. & D.R. Repaske. Children’s Hospital
Research Foundation and University of Cincinnati, Cincinnati, OH
45229.
The calmodulin-dependent phosphodiesterases (CaM-PDEs)
comprise one of seven families o f cyclic nucleotide phosphodiesterases.
CaM-PDEs catalyze the hydrolysis of both cAMP and cGMP to 5’
monophosphates providing a common point of regulation for cyclic
nucleotide, calcium and calmodulin-mediated signal transduction in
response to hormones, growth factors and neurotransmitters. PDEs and
cyclic nucleotides have been implicated in learning and memory. The
63 kDa CaM-PDE is expressed in the dentate gyrus, striatum and
olfactory bulb of rats and mice. 350 bp PCR products corresponding to
the catalytic domain and exons one through three of the mouse 63 kDa
CaM-PDE cDNA were used to screen an 1129 mouse genomic library.
Sequencing, PCR and restriction mapping of the resulting clones
identified twelve exons which do not include the 5’ end of the gene.
Fluorescent in situ hybridization was performed with two of the clones
which localized the 63 kDa CaM-PDE to mouse chromosome 15. We
have identified considerable homology between the exons encoding the
catalytic domains of the 63 kDa CaM-PDE and the rat homologs of the
Drosophila Dunce gene that encode cAMP-specific PDEs. This work
was supported by NIH grants ES07051 and DA06733.
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276.17
PROTEIN KINASE A-DEPENDENT PHOSPHORYLATION OF
THE G PROTEIN-ACTIVATED PHOSPHOLIPASE C-p OF
TURKEY ERYTHROCYTES. Michele R. Wing. Theresa M. Filtz*. and
T. Kendall Harden. University of North Carolina School of Medicine,
Chapel Hill, NC 27599.
The occurrence of cross-talk among second messenger signaling
pathways is well documented. Although the molecular basis of this form of
regulation has remained largely undefined, protein kinase promoted
phosphorylation of effector enzymes has been postulated as a
mechanism for heterologous desensitization. Using turkey erythrocytes
as a model system, our laboratory has shown that elevation of cyclic AMP
levels (and activation of protein kinase A (PKA)) results in loss of
responsiveness, i.e. desensitization, of receptor-regulated inositol lipid
signaling. The G protein-activated phospholipase C-0 of turkey
erythrocytes (PLC*{5T) is phosphorylated following treatment of
erythrocytes with forskolin and IBMX. Purified PLC-0T also is
phosphorylated in vitro by purified PKA to stoichiometric levels. Cleavage
of PLC-pT with calpain indicates a single phosphorylation site in the Cterminal third of the protein, the portion thought to interact with the PLCactivating G protein, Gq. We are currently defining the specific amino acid
residue phosphorylated by PKA in vitro and comparing this site to the
site(s) phosphorylated in vivo. This work is supported by USPHS grant
GM29536 and NRSA GM16918.

276.18
THE CHANGES IN CYTOPLASMIC SECOND MESSENGERS AND
POTENTIALS ELICITED BY AMPHETAMINE IN CENTRAL SNAIL
NEURON. M.C.Tsai*,Y.H. Chen. Department of Pharmacology, College
o f Medicine, National Taiwan University., Taipei, Taiwan.
The role of the cytoplasmic second messengers on the bursting firing of
action potentials in central snail neuron elicited by d-amphetamine was
studied in the identified neuron of the African snail, Achatina fulica
Ferussac. Oscillation o f membrane potential and bursting firing o f action
potentials were elicited by d-amphetamine. The bursting of firing of
action potentials were decreased following extracellular application of
(1)
H8
(N-(2-methyl-amino)
ethyl-3-isoquinoline
sulphonamide
dihydrochloride), a specific protein kinase A blocker, (2) anisomycin, a
protein synthesis inhibitor. However, the bursting o f firing o f action
potentials were not affected after (1) extracellular application o f H7
(1 ,(5-isoquinolinesulphonyl)-2-methylpiperasine
dihydrochloride),
a
specific protein kinase C (PKC) inhibitor, or (2) intracellular application
o f GDPpS, the G protein inhibitor. The oscillation o f membrane
potential o f the bursting activity was blocked after intracellular injection
o f 3'-deoxyadenosine, a adenylyl-cyclase inhibitor. It is concluded that
the bursting firing o f action potentials elicited by amphetamine in snail
neuron was in associate with the cyclic AMP related second messengers
while it was not in associate with the the G protein and protein kinase C
in the cytoplasma.

276.19
FUNCTIONAL MODULATION OF P2X2 RECEPTORS BY PROTEIN
KINASE A PHOSPHORYLATION. H. L. Wane*8. Y. W. Chow8and A. Lib
“Dept of Physiology, Chang Gung College of Medicine and Technology;
’’Department of Anesthesiology, Chang Gung Memorial Hospital, Kwei-San,
Tao-Yuan, Taiwan, R.O.C.
It is generally believed that protein phosphorylation is an important
regulatory mechanism through which the functions of voltage- and ligand-gated
channels are modulated. The intracellular carboxyl-terminus of P2X2 receptor
contains several consensus phosphorylation sites, suggesting that the function of
P2X2 purinoceptors could be regulated by the protein phosphorylation.
Whole-cell voltage-clamp recording was used to record ATP-evoked cationic
currents from HEK 293 cells stably transfected with the cDNA encoding the rat
P2X2 receptors. The role of protein kinase A (PKA) phosphorylation in
modulating the function of P2X2 receptor was investigated by intracellularlly
perfusing HEK 293 cells with 8-bromo-cAMP or purified PKA catalytic subunit.
PKA phosphorylation caused a reduction in the magnitude of ATP-evoked
currents without affecting the kinetics of desensitization. Site-directed
mutagenesis was performed to mutate the serine residue (Ser 431), a PKA
consensus site, to cysteine. Internal perfusion of cAMP or PKA catalytic subunit
failed to modulate the amplitude of ATP-induced currents recorded from HEK
293 cells expressing the (S431C) mutant P2X2 receptors. The present study
suggests that similar to other ligand-gated ion channels, protein phosphorylation
by PKA could play an important role in regulating the function of P2X2 receptors
and the ATP-mediated fast synaptic transmission in the nervous system.
(This work was supported by the National Science Council, Taiwan, R.O.C.)

276.20
ANGIOTENSIN II STIMULATES ACTIVATION OF FOS REGULATING
KINASE AND C-JUN NH2-TERMINAL KINASE IN NEURONAL CULTURES.
X-C. Huang. T. Dene. C. VanHartesveldt* and C. Sumners. Dept, of
Physiology, Dept, of Biochemistry and Molecular Biology and Dept, of
Psychology, Univ. of Florida, Gainesville, FL 32610.
c-Fos/c-Jun dimers (AP-1 transcription factor) are involved in the
modulatory actions of angiotensin II (Ang II) on norepinephrine (NE)
neurons (Lu et a/. J. Cell Biol. 135. 1609, 1996). The transcriptional
activities of c-Fos and c-Jun can be stimulated by Fos regulatory kinase
(£RK) and c-Jun NH2-terminal kinase (jNK) respectively. Here, we have
investigated the effects of Ang II on activation of FRK and INK in neurons
cultured from newborn rat hypothalamus and brainstem. These cultures
include a population of catecholaminergic neurons that contain Ang II
receptors (Gelband et a/. Endocrinol, in Press, 1997). Ang II (100 nM)
caused a time-dependent (10-30 min) increase in FRK and JNK activities,
effects abolished by the Ang II type 1 (AT,) receptor blocker losartan
(1 jjM), but not by the Ang II type 2 receptor blocker PD123,319 (1 fjM).
The stimulation of neuronal FRK activity was also abolished by the protein
kinase C (PKC) inhibitor GF109203X (10 nM), or by chelation of
intracellular calcium with 100 mM BAPTA, but not by inhibition of
calcium/calmodulin-dependent protein kinase II. The activation of JNK by
Ang II does not involve PKC or another calcium-dependent mechanism.
These data indicate that AngJI, via AT1 receptors, stimulates neuronal FRK
and JNK activities, actions which may contribute to the modulatory effects
of this peptide on NE neurons. (Supported by NIH grant NS19441 [CS1 and
by an Initial Investigator Grant from the AHA-FL Affiliate [TD]).

SECOND MESSENGERS AND PHOSPHORYLATION III
277.1
SPINOPHILIN AS A SPECIFIC MARKER FOR DENDRITIC SPINES.
C.C. Ouimet*, P. Allen*, T.M. Booker, and P. Greenqard*.
Program in Neuroscience,
Florida State University,
Tallahassee, FL 32306 and ^Laboratory of Molecular and
Cellular Neuroscience, Rockefeller University, New York,
NY 10021
Spinophilin is a binding protein for protein
phosphatase 1 that is specifically localized to dendritic
spines. The caudatoputamen, hippocampus, cerebral cortex
and thalamus contain higher levels of immunoreactivity
for spinophilin than do other brain regions.
This
heterogeneity could be due to regional variations in the
amount of spinophilin present per dendritic spine, to
spine size or to spine density. In the present study, we
have used laser confocal microscopy and image analysis to
address these issues.
To determine whether spinophilin
is detectable in all spines, sections were double labeled
with rhodamine-phalloidin, a marker for F-actin (a major
constituent of all spines) and with spinophilin. Puncta
having the morphology expected for dendritic spines were
labeled with rhodamine-phalloidin.
In the CA1 region of
the hippocampus, there was a virtual overlap between
phalloidin and spinophilin staining suggesting that in
this region, spinophilin is present in all dendritic
spines.
Double labeling with synapsin I (a marker for
axon terminals) showed that rhodamine-phalloidin did not
label axon terminals at the concentration used. Data on
other brain regions will be assessed to determine whether
this is true in most brain areas.
This work was
supported by NIH grant MH40899.
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277.2
SPINOPHILIN, A NOVEL PROTEIN PHOSPHATASE 1-BINDING
PROTEIN LOCALIZED TO DENDRITIC SPINES Patrick Allen,
Charles Ouimet and Paul.Greengard* Laboratory of Molecular and
Cellular Neuroscience, The Rockefeller University, New York, NY
10021-6399.
Dendritic spines receive the vast majority of excitatory synaptic
contacts in the mammalian brain and are presumed to contain the
machinery for integration o f various signal transduction pathways.
Protein phosphatase 1 (PP1) is greatly enriched in dendritic spines
and has been implicated in both the regulation of ionic conductances
and long term synaptic plasticity. The molecular mechanism whereby
PP1 is localized to spines is unknown. We have characterized a novel
protein that forms a complex with the catalytic subunit of PP1 and is a
potent modulator of PP1 enzymatic activity in vitro. Within the brain
this protein displays a remarkably distinct localization to the heads
and necks o f dendritic spines and has therefore been named
spinophilin. Spinophilin has the properties expected of a scaffolding
protein localized to the cell membrane and contains a single PDZ
domain which implies localization and cross linking of PP1 to trans
membrane protein complexes. We propose that spinophilin represents
a novel targeting subunit for PP1 which directs the enzyme to those
substrates in the dendritic spine compartment which mediate the regu
lation of synaptic function by PP1.
This work was supported by U.S. Public Health Service Grant
#MH40899.
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277.4

ENDOGENOUS PHOSPHORYLATION O F PO LYRIBOSOME BINDING
PROTEINS IN HIPPOCAMPAL SLICES OF 12 DAY OLD RATS IS
ENHANCED AFTER STIMULATION OF METABOTROPIC GLUTAMATE
R E C E PTO R S . F. Anqenstein. I. J. Weiler*. W. T. Greenough. Beckman
Institute, University of Illinois, Urbana, IL 61801.
One mechanism for input specificity of stimulated synapses might be
localized postsynaptic protein synthesis. Using synaptoneurosomes it has
been shown that stimulation of metabotropic glutamate receptors (mGluR)
can trigger an aggregation of polyribosomes and initiate protein synthesis
(Weiler, I.J., Greenough, W.T. 1993). MGluR are coupled via GTP-binding
proteins to different second messenger systems and can influence the
activity of PKC and PKA. In order to investigate the mechanisms responsible
for the observed enhancement in the postsynaptic protein synthesis after
mGluR stimulation we measured the endogenous phosphorylation of
polyribosome binding proteins in hippocampal slices of 12 day old rats.
Control and test slices were preincubated in a phosphate free medium for 60
min in an interfaced chamber. Then the slices were labeled for 60 min with 75
p.Ci/ml inorganic 33Pj. Control slices were removed and test slices stimulated
with 0.1 mM DHPG for 10 min. Polyribosomes were prepared, washed with
heparin, and polyribosome-binding proteins were eluted with 0.5 M KCI. The
resulting proteins were precipitated and separated by gel electrophoresis
and phosphorylation measured using the Fujix-BAS1000 imaging system.
During unstimulated conditions the most prominent phosphoproteins had a
molecular weight of approximately 23, 25 and 48 kDa, whereas the
phosphorylation degree of approximately 33, 60, 160 and 180 kDa proteins
was clearly lower. Stimulation of mGluR by 0.1 mM DHPG for 10 min induced
an increase in the phosphorylation of the 25, 33, 48 and 60 kDa protein by
24.9 ± 2.7 %, 20.6 ± 5.5 %, 28.8 ± 5.0 % and 28.2 ± 8.6 % respectively
(n=4). The characterization of those proteins is under investigation.
Supported by FRAXA Foundation, DFG

RIBOSOMAL SUBUNIT-ASSOCIATED PROTEINS NEAR
THE SYNAPSE: CANDIDATES FOR NOVEL SYNAPTIC
TRANSLATIONAL REGULATORS. A.D. Brazelton*. I.J. Weiler.

277.5

277.6

A SINGLE AMINO ACID SWITCH INCREASES THE
CATALYTIC ACTIVITY OF A NOVEL BRAIN-ENRICHED
PROTEIN TYROSINE PHOSPHATASE. S.Won*. J. Si. H. Sun.
L.Mei. Dept, of Pharmacology, University of Virginia School of
Medicine, Charlottesville, VA, 22908.
Protein tyrosine phosphatases (PTPs) are implicated in a wide range
of signal transduction pathways. To identify potentially important
PTPs, we have isolated cDNAs encoding a novel PTP, named PTPN3.
The expression of PTPN3 is enriched in the brain and testes, higher in
denervated than in innervated muscle, and higher in myoblasts than in
myotubes. PTPN3 has a putative PTP domain with the hallmark of
conserved amino acid residues (HCSXXG); in addition, it has a
proline-rich domain close to the N-terminus, in which 30% of the 90
amino acid residues are prolines. Interestingly, the phosphatase
activity of PTPN3 is relatively low. Analysing its sequence, we have
noticed a few amino acid residues that are conserved in a typical PTP
are different in PTPN3. Among them is Asp (aa!81 in PTP1B) which
has recently been found to be important for phosphatase activity as a
proton donor. PTPN3 has Glu instead of Asp at this position. We
have characterized phosphatase activity of a series of PTPN3 mutants
and found that the Glu-Asp mutant indeed demonstrated an increased
PTP activity. Low in phosphatase activity, PTPN3 may be important
in regulating a dephosphorylation reaction by competing with active
phosphatases for substrate proteins. (Supported by NIH grant
NS34062.).

CALCINEURIN IN THE ADULT RAT HIPPOCAMPUS: DIFFERENT
DISTRIBUTION IN CAl AND CA3 SUBFIELDS. M. Morioka*, J.
Hamada, S. Nagahiro, K. Fukunaga, E. Miyamoto, Y. Us hio.
Dept. Neurosurgery and Pharmacology, Kumamoto Univ. Sch.
of Med. Kumamoto Japan
We examined the imraunohistochemical regional distribution
of calcirieurin in the adult rat hippocampus, following
various regional destruction.
In the normal adult rat
hippocampus, calcineurin was detected in all layers of
the CAl subfield, whereas it was strongly evident in
the stratum lucidum and moderately so in the cytoplasm
of pyramidal cells in the CA3 subfield.
Seven days
after transient
forebrain ischemia w h i c h
induced
destruction of CAl pyramidal cells,
the immunoreactivity
(IR) of calcineurin decreased in all layers of the CAl
subfield.
Seven days after the intraventricular
injection of kainate,
which induced destruction of CA3
pyramidal cells, the IR of calcineurin in the stratum
lucidum was preserved,
although the IR pattern changed
with neuronal destruction.
Seven days after mechanical
destruction of mossy fibers, the IR of calcineurin in
the stratum lucidum was lost.
In the CAl subfield,
calcineurin was mainly located
in postsynaptic sites,
while it was mainly located in the presynaptic sites in
the mossy fiber of the CA3 subfield.
The IR pattern of
adjacent sections with antibodies of MAP2 and synapsin
I, which are markers of postsynaptic and presynaptic
sites, respectively,
supports these results.
Thus,
calcineurin has a different synaptical distribution and
may play important role for synaptic function in the
hippocampus. (Supported by: Grant-in-Aid for Scientific
Research from the Ministry of Education, Science and
Culture of Japan)

277.7

277.8

GROWTH FACTOR ACTIVITY OF ENDOTHELIN-1 IN
PRIMARY ASTROCYTES M EDIATED BY ADHESIONDEPENDENT AND -INDEPENDENT PATHWAYS. S y lv ie
Cazaubon*. N athalie C haverot., Ignacio A Romero. A.
Donny Strosberg and Pierre - O livier Couraud. C N R S
UPR 0415, ICGM, 75014 Paris, France
Endothelin-1 (ET-1) has been shown to induce DNA
synthesis
in
primary
astrocytes
by
stim ulating
the
extracellular signal-regulated kinase (ERK)(Lazarini et al
(1996) J Neurochem 66:459-465).
To clarify the mechanisms responsible for the
anchorage-dependent growth o f astrocytes, the relationships
between cell adhesion and ERK activation were investigated.
ET-1 promotes the formation o f stress fibers and focal
adhesions, tyrosine phosphorylation o f focal adhesion kinase
(FAK) and paxillin, as well as Src activation. Activation of FAK
and Src is dependent on actin cytoskeleton integrity, Rho
activation and adhesion to extracellular matrix, while ERK
activation is independent on these intracellular events and
appears to correlate with activation o f the newly identified
protein tyrosine-kinase PYK2. Induction o f DNA synthesis by
ET-1 was however dramatically reduced in astrocytes
pretreated with either cytochalasin D or C3-transferase which
inhibits actin polymerisation or Rho activity, respectively.
This study provides a demonstration o f Rho- and
adhesion-dependent activation o f FAK/Src which collaborates
with adhesion-independent activation o f PYK2/ERK for DNA
synthesis in ET-l-stimulated-astrocytes.

REGULATION OF TRANSLATION ELONGATION FACTOR-2 BY
NGF IN PC 12 CELLS.E.Kazanova and G.Guroff*. Section on
Growth Factors, NICHD, NIH, Bethesda, MD 208 92.
Growth factors are known to increase the rate of protein synthesis in
many cell types. The level of translation is influenced by the
phosphorylation of translation factors phosphorylation in response to
stimulation. The rat pheochromocytoma cell line PC 12 was used to
study NGF signalling pathway involved in the dephosphorylation
(activation) of translation elongation factor-2 (EF-2). To dissect this
pathway we utilized transfected variants of PC 12 cells and
pharmaceutical tools. We have shown thaï Ras is not involved in NGF
regulation of EF-2 phosphorylation but that Src plays a role in the
NGF signal transduction process causing activation of EF-2.
PD98059, a MAP-kinase inhibitor, prevents EF-2 dephosphorylation
in PC 12 cells. Wortmanin which inhibits PI3-kinase and rapamycin, an
immunosupressant which blocks stimulation of the 70kDa ribosomal
protein S6 kinase also blocks EF-2 dephosphorylation. These data
suggest that both Src and the PI3-kinase pathway participate in the
NGF-induced phosphorylative changes in EF-2.

S ociety
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and W.T. Greenough. Neuroscience Program, Beckman Institute and Depts. of
Psychol., Cell and Struct. Biol., and Psychiatry, Univ. of Illinois, Urbana, IL
61801.
We have previously shown that stimulation of rat cortical synaptoneurosomes
by mGluR 1 agonists leads to association of ribosomes with a subset of
piRNAs, and increased translation of some proteins. In an effort to elucidate the
mechanisms involved, we are focusing on those ribosomal subunit-associated
proteins (rSAPs) which are resistant to elution by 1 mg/ml heparin, but which
dissociate from polyribosomes in the presence of 0.5 M K+. High-resolution 2D
polyacrylamide gel electrophoresis reveals the presence of several rSAPs which
are synapse-specific when compared to total brain rSAPs. Many of these seem to
be phosphoproteins in various stages of phosphorylation. Different protein
populations can be dissociated from 40s and 60s ribosomal subunits with 0.5 M
K+than those which dissociate from intact monosomes under the same
conditions. While some of these proteins have pi/MW identities similar to
those of known translation factors, others are as yet unidentified and
uncharacterized. Work is in progress to characterize biochemically these novel
rSAPs within the context of the mGluRl signalling cascade. We also find that
the Fragile X Mental Retardation protein (FMRP), which has been shown to
associate with 60s subunits in HeLa cells, associates with PRAs in rat cerebral
cortical synaptoneurosomes, suggesting a possible role for FMRP in
translational control near the synapse.
Supported by FRAXA Foundation, MacArthur Psychopathology o f
Development Network, MH35321, and NARSAD.
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277.10

CARBACHOL STIMULATES PROTEIN TYROSINE
PHOSPHORYLATION IN SH-SY5Y NEUROBLASTOMA. C. A.
Grimes. L. Song, and R. S. Jope* Dept. Psychiatry, Univ. Alabama
Birmingham, Birmingham, AL 35294
Muscarinic receptors o f the m l, m3, and m5 subtypes are well known
to activate the phosphoinositide signal transduction system.
Additionally, studies derived mostly from receptor-transfected cells have
demonstrated increased tyrosine phosphorylation o f several proteins
following activation o f these receptors. Therefore, we examined the
tyrosine phosphorylation response to carbachol in human neuroblastoma
SH-SY5Y cells which express the m3 receptor. Tyrosine
phosphorylation o f at least 9 proteins was increased after incubating cells
with ImM carbachol for 2.5 to 30 minutes, with varying timedependencies and magnitudes o f increase. Five affected proteins were
identified by immunoprécipitation. After carbachol treatment, tyrosine
phosphorylation o f focal adhesion kinase increased 2 to 3-fold, paxillin
increased 5-fold, and three She proteins (46,52,66 kDa) increased 2-fold
or less. The tyrosine phosphorylation o f phospholipase C-y and o f
phosphatidylinositol-3-kinase did not increase after carbachol. Protein
kinase C activation with a phorbol ester increased tyrosine
phosphorylation o f each o f the proteins affected by carbachol, but for
focal adhesion kinase and paxillin this increase was much less than
caused by carbachol, indicating that an alternate pathway contributes to
this response. Supported by NIH grants MH38752 and AG06569.

DISTINCT EXPRESSION AND FUNCTION OF N-SHC AND SCK, TWO
NEURONALLY EXPRESSED SHC ADAPTER HOMOLOGS. T. Nakamura1, Y,
Uezono*2 and N. Mori3. ‘SEI. Yokohama, Kanagawa 244, Japan; JUniv. Occup. &
Environ. Health Sch. of Med., Kita-kyushu 807, Japan; 3NILS, Oobu, Aichi 474, Japan.
The She adapter protein is ubiquitously expressed and has been implicated in
phosphotyrosine signalings following a variety of extracellular stimulation, e.g. growth
factor stimulation, Ca2+ elevation and G-protein-coupled receptor stimulation. In
neuronal cells such as PC 12, She was demonstrated to be involvedin vitro in Rasdependent MAP kinase activation following NGF stimulation and Ca*+ entry, whereas
the She expression was hardly detectable in the brain. Two recently isolated She
homologs, N-Shc/ShcC/Rai and Sck/ShcB/Sli, have been shown to be expressed in the
brain and are expected to function as neuronal adapters instead of She. In the present
study, neuronal distribution and function of these novel She members were investigated.
In human and rat central nervous systems, the expression profiles of N-Shc and Sck
mRNAs considerably overlapped, although some distinct difference in localization
between them was observed: in the adult rat brain, the level of N-Shc expression was
the highest in the thalamus, whereas that of Sck mRNA expression was the highest in
the hippocampus. Immunoprécipitation experiments demonstrated functional
differences between N-Shc and Sck: (i) N-Shc was a higher affinity adapter molecule
than Sck in NGF and BDNF signaling; (ii) Sck, but not N-Shc, formed a complex with
ppl35, a protein highly phosphorylated by Src tyrosine kinase. These results suggest
that the neurally expressed N-Shc and Sck differentiate neuronal signaling pathways,
at least in part, and may have distinct roles in signaling crosstalk in the brain.
C +ha -f^ndrWÿ sour«« : ceiwfcrcîaj
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277.12

IDENTIFICATION
OF
A
TORPEDO
ELECTRIC
ORGAN
COMPONENT THAT INTERACTS WITH THE FYN PROTEIN
TYROSINE KINASE. T. Mou1, E. Fung2, and S. L. Swope1*, ‘Dept, of
Neurology, GICCS, Georgetown Univ. Med. Center, Washington DC 20007 and
2Dept. of Neuroscience, Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21205
Protein tyrosine phosphorylation plays a role in clustering of the
acetylcholine receptor (AChR) and regulates receptor desensitization at
the neuromuscular junction (NMJ). Fyn and Fyk com prise the m ajor
tyrosine kinase activity in AChR-enriched postsynaptic membranes o f
Torpedo electric organ. Both kinases bind to and phosphorylate the
AChR indicating that Fyn and Fyk regulate the AChR at the NMJ.
In this study, we sought to characterize cellular com ponents that either
regulate or act as substrates of Fyn and Fyk by identifying proteins that
interact directly with the two kinases. Using the GAL4 yeast two hybrid
system, a com ponent that binds the N-terminal unique domain o f Fyn
was functionally cloned from a Torpedo electric organ library. The
component had a 342bp open reading fram e with 76% identity at the
protein level with mouse Tctex. Tctex, a gene o f the t com plex sterility
locus, is a light chain of the cytoplasmic m icrotubule protein dynein.
In Torpedo, Tctex was expressed as a 13kDa protein most abundant in
electric organ but also detected in brain, muscle, heart, and liver. Tctex
was found primarily in the cytosolic fraction of electric organ but also in
the AChR-enriched postsynaptic membranes. A protein tyrosine kinase
activity from postsynaptic membranes bound to Tctex fusion protein
affinity resin.
Furthermore, Tctex was phosphorylated in vitro on
tyrosine residues by im munoprecipitated Fyn. 'Diese results suggest that
Tctex is a substrate for Fyn and that Fyn may be involved in regulating
microtubules postsynaptically at the NMJ.
Funded by M uscular Dystrophy Ass. & NIH/NINDS #1R29NS35503-01

TYROSINE PHOSPHORYLATION OF BIT, A BRAIN IMMUNOGLOBULIN
LIKE MOLECULE, IN PRIMARY CULTURED RAT NEURONS.
H. Qhnishi. M. Kubota and S. Sano*.

Mitsubishi Kasei Institute of Life Sciences, Machida, Tokyo 194, Japan.
BIT (a brain immunoglobulin-like molecule with tyrosine-based activation motifs)
is a membrane protein which has two cytoplasmic TAMs (tyrosine-based activation
motifs). Each TAM contains two tyrosine phosphorylation sites, and tyrosine
phosphorylated BIT-TAMs associated with protein tyrosine phosphatase SHP-2 in
vitro and in transfectant Jurkat T cells. Moreover, bisphosphotyrosyl peptides
corresponding to BIT-TAMs stimulated SHP-2 activity 33-35-fold in vitro. To
examine the function of BIT in the central nervous system, we investigated tyrosine
phosphorylation of BIT in primary cultured rat hippocampal neurons. Monoclonal
antibody 1D4, which recognizes the extracellular part of BIT, induced tyrosine
phosphorylation of BIT and SHP-2 tyrosine phosphatase was coimmunoprecipitated
with BIT in the tyrosine phosphorylation dependent manner. Same results were also
obtained using cultured cerebral cortical cells. These results indicate that BIT is a
potential receptor molecule which accepts an extracellular signal and stimulates the
cytoplasmic signal transduction pathway promoted by SHP-2.

277.13
CHARACTERISATION USING THE CYTOSENSOR MICROPHYSIOMETER
OF CORTICOTROPIN RELEASING FACTOR (CRF) RECEPTOR
PHARMACOLOGY. D. Smart, A. Coppell and A.T. McKnight*. Parke Davis
Neuroscience Research Centre, Robinson Way, Cambridge CB2 2QB U.K.
The utility of the Cytosensor, which measures the cellular acidification rate as an
index of the intergrated functional response to receptor activation, for studying CRF
receptor pharmacology was assessed. Capsule cups seeded (~0.6xl06cells/ cup) with
Chinese hamster ovary (CHO) cells stably expressing the human CRF,, human
CRF^ or the rat CRF2a receptor were perfused in the Cytosensor at 120jil/mm with
bicarbonate-free Hams F I2 (pH 7.4) containing 0.2% BSA. Rat/human CRF,
sauvagine (SV), urocortin (UC) or urotensin I (UT) (0. lpM-300nM) were introduced
serially in the perfusate for lOmin at 45min intervals. In some studies, the antagonist
a-helical CRF (9-41) (aCRF) was included in the perfusate throughout. Data are
given as mean±s.e.mean. In CHO-hCRF, cells the rank order of potency (ROP) was
CRF=SV=UC=UT, with pEC*, values of 11.16±0.17, 11.37±0.14, 11.43±0.09 &
11.46±0.13 respectively (n=4). However, in CHO-hCRF^ cells the ROP was
U C >SV »U T»CRF, with pEC*, values of I0.88±0.12, 10.44±0.05, 9.36±0.12 &
8.53±0.07 respectively (n=7-9). Similarly, in CHO-rCRF^ cells the ROP was
U C=SV »U T »C R F, with pEC*, values of 10.67±0.09,10.64±0.03, 9.85±0.05 &
8.70±0.12 respectively (n=3). Furthermore, aCRF (300nM) was a competitive
antagonist at the human CRFta, receptor, with an apparent pKBof 6.99±0.08 (n=4).
However, at the human CRF, receptor, aCRF (30-300nM) displayed a
concentration-related partial agonism, as well as antagonising the CRF-mduced
response with an apparent pKBof 7.97±0.15 (n=6). In conclusion, these data are
consistent with established CRF receptor pharmacology, and show that the
Cytosensor is a viable method for assessing the functional activity of both CRF
receptor agonists and antagonists.
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278.2

FUNCTIONAL COUPLING OF G PROTEIN-COUPLED RECEPTORS
TO MITOGEN-ACTIVATED PROTEIN KINASE IN MOUSE CORTICAL
NEURONS IN VITRO. A. A m brosinil*. A. B arassii. R. ZippefL2. and G.

PALMITOYLATION
OF
ENDOGENOUS
Gq/11
IN
HUMAN
NEUROBLASTOMA SH-SY5Y CELLS. M.A. Pacheco* and R.S.Jope. Dept, of
Psychiatry, Univ. Alabama at Birmingham, Birmingham, AL 35294-0017.
Palmitoylation is a dynamic posttranslational modification of proteins which may
regulate their activity and function. Several guanine nucleotide-binding proteins (Gproteins), which serve to transduce extracellular signals to intracellular effectors, are
palmitoylated at their a subunit. Most studies examining palmitoylation of G-proteins
have been done in transfected cell systems making it difficult to study the regulatory
role of this process on signaling activity. In human neuroblastoma SH-SY5Y cells the
G-protein Gq/11 (the subtype which mediates phosphoinositide signaling) is
endogenously expressed and coupled to the phosphoinositide signaling system via the
m3 muscarinic receptor. This investigation examined the role signaling activity plays
on the regulation of Gq/11 palmitoylation in SH-SY5Y cells in response to agents
which stimulate the phosphoinositide signaling pathway. Palmitoylation of Gq/11 was
assayed by measuring the incorporation of [9,10-3H]palmitic acid into the a-subunit of
Gq/11 which was immunoprecipitated and resolved by SDS-PAGE. Incubation of
cells with carbachol increased [3H]palmitate incorporation into Gq/11 in both a timeand concentration-dependent manner. Optimal stimulation was obtained with 300 (oM
carbachol for 30 min. Carbachol stimulation of Gq/11 palmitoylation did not alter
membrane associated levels of Gaq/11 as measured by western blots. Carbacholinduced palmitoylation of Gq/11 was blocked by the muscarinic antagonist atropine
(10 yM) and by 2-fluoropalmitic acid (40 pM) an inhibitor of palmitoylation. U731,
an inhibitor of phopholipase C had no effect on basal but decreased carbachol-induced
Gq/11 palmitoylation. Activation of protein kinase C with PMA increased both basal
and carbachol-stimulated Gq/11 palmitoylation. These results suggest that signaling
activity may regulate palmitoylation of Gq/11 which in turn might play a role in the
modulation of Gq/11 ftmction.
Supported by NIH grants GM17689 and MH3 8752

Racagni1. C e n te r of Neuropharmacology, Univ. of Milan, and 2Dept.
of General Physiology and Biochemistry, Univ. of Milan, Milan (Italy).
Mitogen-activated protein kinases (MAPKs) are involved in signal
transduction in neuronal systems. Phosphorylation of p42 MAPK is
induced in vivo by electroconvulsive tre a tm e n t an d neurotrophic
growth factors, and in vitro by depolarisation or glutam ate receptor
activation. MAPK activation by neu ro tran sm itters acting through G
protein was dem onstrated in non-neuronal cell system s, w hereas a
direct link was dem onstrated for metabotropic g lutam ate receptors,
b u t not for other classical neurotransm itter receptors in neurons.
To examine w hether G protein-coupled receptors in neu ro n s are
linked to this transduction pathway, we employed prim ary neuronal
c u ltu res prepared from fetal m ouse cortex. In ta c t n e u ro n s were
stim ulated with agonists for receptors coupled to different G proteins.
Then, cells were solubilised and a soluble fraction enriched in MAPK
activity w as o btained by ion-exchange chrom atography. MAPK
activation was evaluated by testing its capability to phosphorylate an
exogenous su b strate (myelin basic protein). Specific phosphorylation
was seen for samples derived from cells treated with serotonin (200%
of increase of controls a t 100 (µM), or with the delta opioid receptor
agonist deltorphin II (160% of increase of controls a t 1 (µM). Direct
stim ulation of adenylate cyclase with 10 µM forskolin also led to
MAPK activation (250% of controls), suggesting th a t cAMP acts as
activator of th is cascade in n eurons. Identification of the MAPK
phosphorylated band in gel shift experiments confirmed its activation
by th e reported stim uli. The resu lts encourage the stu d y of this
pathw ay also to u n d e rstan d the m echanism of action of drugs of
therapeutic value. Supported by Angelini Ricerche SpA, Italy
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EFFECTS OF CHOLINERGIC DENERVATION AND HIPPOCAMPAL
SYMPATHETIC INGROWTH ON THE Gao AND Gaq/11 DENSITY IN
RAT HIPPOCAMPUS. Krvstvna Kolasa*. Lindv E. Harrell. D. S.Parsons.
Alzheimer’s Disease Center and Department of Neurology, VA Medical
Center, and the University of Alabama at Birmingham, Birm ingham, Alabama
35294

ATTENUATION
OF
G-PROTEIN
COUPLED
RECEPTOR
SIGNALING BY RGS PROTEINS AND THEIR BRAIN
LOCALIZATION. D.J. Shuev. P.G. Jones. M. Bettv. X.Z. Khawaia
and M.I. Cockett*. Wyeth-Ayerst Research, Princeton, NJ 08543,
USA.
A novel class of regulatory proteins has recently been described.
These Regulators of G-protein Signaling (RGS) molecules have been
shown to bind G-protein alpha subunits and reduce their signaling
capabilities by acting as both GTPase activating proteins (GAPs) and
effector antagonists in vitro. In this study, the intracellular actions of the
RGS4 and RGS7 proteins were investigated on the 5HT2C and p2
adrenergic receptor systems which couple through the Gq and Gs
families of alpha subunits respectively. CHO cells were transiently
transfected with the human 5HT2C receptor and the mobilization of
intracellular calcium in response to serotonin was measured using Fura2.
Cotransfection of either RGS4 or RGS7 reduced the response without
affecting receptor density. No effects of either RGSVcould be seen on Gs
signaling through the (32 adrenergic receptor.
The ability of the RGS proteins to interact with the Gi family was
shown in vitro. The core RGS domain of RGS7 was expressed and
purified from E.coli as a GST fusion protein. RGS7 was shown to bind
the GDP and GDP-A1F4 (GTPase transition state mimic) forms of the
alpha subunits. The binding to the transition state analogue appeared
stronger than to the GDP bound form. These results are consistent with
the proposal that these molecules bind selective Ga subunits and reduce
their signaling by acting as GAPs.
In addition, we have used in situ hybridization to show overlapping
distributions of RGS and Ga subunit mRNA throughout the rat brain.

Cholinergic denervation of the hippocampal formation, via medial septal
(MS) lesions, induced peripheral noradrenergic fibers, originating from the
superior cervical ganglion, to grow into the hippocampus. Previously we
reported that cholinergic denervation (CD) and hippocampal sympathetic
ingrowth (HSI) differentially affected cholinergically stimulated
phosphoinositide (PI) turnover and the affinity of muscarinic acetylcholine
receptors (mAChR). We have also reported that GTPyS- as well as
GTPyS+Carbachol-stimulated PI hydrolysis were differentially altered by CD
and HSI, which indicated an alteration in G proteins and/or the entire receptor
function. These results also suggest that both HSI and CD affect the efficiency
of coupling between the mAChR and PI turnover, with CD decreasing and HSI
“normalizing” efficiency. Further, they suggest that the G-protein is the site at
which HSI and CD mediate their effects. To determine whether HSI and CD
induced alterations in mAChR affinity and PI hydrolysis are mediated by
different types of PTX-sensitive and PTX-insensitive G proteins,
immunoblotting methods have been employed. Antibodies specific for Gprotein ao and Gaq/11 were used to test if the protein levels differ with respect
to our experimental groups. The results from these experiments have shown
that Gq/11 concentrations were not changed. On the other hand Gol ,Go2 and
Go3 isoforms appeared to be significantly increased in CD group (29%,
100%,65% above C, respectively), while in HSI the increase was significant
only in case of Go3 (76% above C). The results of these experiments are also
discussed within the context of recent findings demonstrating G-protein
abnormalities in Alzheimer’s Disease.

278.5

278.6

RGS4, A REGULATOR OF G-PROTEIN SIGNALING EXPRESSED HIGHLY IN
BRAIN, REQUIRES MEMBRANE ANCHORING VIA AN N-TERMINAL
DOMAIN. L._S, _ Friedman*. S. Srinivasa, K.J. Blumer and M.E. Linder.
Deptartment of Cell Biology and Physiology, Washington University School
of Medicine., St. Louis, MO 63110.
RGS (Regulators of G protein signaling) proteins promote the termination of
heterotrimeric G protein pathways at the level of the a subunit by acting as
GTPase Activating Proteins (GAPs). The RGS4 protein was identified by its
ability to complement a deletion of the yeast RGS homolog SST2, a gene
important in desensitization of the mating pheromone response. To
characterize RGS4 in vivo, we examined the subcellular localization of the
heterologously expressed protein and the importance of its localization for
function. When expressed in yeast, deletion of the N-terminal 33 amino acids
of RGS4 eliminates its ability to complement sst2A in the yeast assay and
disrupts plasma membrane localization and function. Fusion of these first 33
amino acids to GFP is sufficient for targeting RGS4 to the plasma membrane.
We determined if palmitoylation of RGS4 within the N-terminal domain is a
possible mechanism for membrane association. RGS4 incorporated
[3H]palmitate in a hydroxylamine-sensititive manner in Sf9 insect cells
infected with recombinant baculovirus. Radioactive palmitate labeling of the
protein was eliminated when Cys2 was mutated to Ala, and was greatly
reduced when Cys12 was mutated to Ala. These results suggest that Cys2 is
a primary site of palmitoylation, and Cys12 is an auxiliary site. Surprisingly,
neither association of the protein with the plasma membrane nor its ability to
complement sst2A appear to be affected by mutation of these cysteines.
We conclude that other features of the N-terminal domain of the protein are
responsible for its affiliation with membranes and for its functional role in
yeast.
supported by NIH training grant 5T32GM8151
and a grant from Monsanto

IDENTIFICATION OF A NOVEL GUANYLYL CYCLASE THAT
APPEARS TO BE BOTH SOLUBLE AND NO-INSENSITIVE. P. J.
Simpson*. A. J. Nighom and D. B. Morton. ARL Division of Neurobiology,
University of Arizona, Tucson, AZ, 85721
We have previously shown that the neuropeptide eclosion hormone (EH)
increases cGMP in the CNS of Manduca sexta by a nitric oxide-independent
mechanism. Data also suggest that EH does not activate a receptor guanylyl
cyclase (GC), implying that the increase in cGMP is due to the activation of a
NO-insensitive soluble GC.
In order to study this potentially unusual form of GC we have cloned several
GCs from the CNS of Manduca sexta. One particular clone, MrGC 13,
appears to display the characteristics necessary to be both cytoplasmic and
NO-insensitive. MrGC 13 is a 2.7 kb clone containing a 1.5 kb open reading
frame which encodes a 500 amino acid protein. This protein has highest
similarity to the receptor-type GC atrial natriuretic peptide-A receptor (ANPAR). The presumptive catalytic domain shares 60 % identity with ANPA-R yet
the clone does not contain a ligand binding, transmembrane or kinase-like
domain. It does not show significant similarity with soluble-type GCs outside
of the axiserved catalytic regions and does not appear to contain the
dimerization domain or heme-binding sites of soluble GCs. We have expressed
MrGC 13 in COS cells and shown that it possesses GC activity, the majority of
which is found in the soluble fraction. Further experiments are aimed at
examining the localization and regulation of MrGC 13.
Supported by NIH grant NS29740 (DBM) and Training Grant NS07363 (PJS).
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PATCH CRAMMING REVISITED: TRACKING THE KINETICS OF
CYCLIC GMP IN LIVING NEURONS. Bhavya Trivedi* and Richard H.
Kramer. Neuroscience Program and Dept, of M olecular and Cellular
Pharmacology, Univ. of Miami School of Medicine, Miami, FL 33101.
To understand the dynamics of cGMP responses to neurotransm itters in
intact neurons we used the patch cram biosensor detection method. This
method involves impaling a cell with a patch electrode containing an
excised, inside-out patch with cyclic nucleotide gated (CNG) ion channels,
used as a biosensor for cGMP. Detector patches were obtained from
Xenopus oocytes expressing a chimeric CNG channel that exhibits high
specificity and sensitivity for cGMP (K ,1 = 4 µM).
Cyclic AMP,
CaJ7calmodulin and ATP do not directly affect the detector patch and have
a minor effect on the sensitivity of the detector ion channels for cGMP.
The conductance of the detector patch was precalibrated with known
concentrations of cGMP. We studied cGM P responses in differentiated
N1E-115 neuroblastoma cells held at -40 mV under perforated patch
conditions. After cramming the detector patch into the cell, changes in
patch conductance indicated changes in cGMP. Cyclic GMP increased
with a delay of 30 to 40 seconds after application of 10 |µM muscarine or
carbachol and reached a plateau in about 60 seconds. The decay to
baseline was much faster requiring only 10 to 15 seconds after rem oving
the agonist. We estimate that resting cGMP is 0.5 µM which rises to at least
3 µM at the peak of the muscarinic response. We are currently com paring
the kinetics of cGMP responses to activation of muscarinic receptors and
nitric oxide, which directly activates guanylate cyclase.
Supported by: HHM1 and NIH NS30698

NOREPINEPHRINE INCREASES CYCLIC GMP LEVELS IN
CEREBELLAR CELLS FROM nNOS KNOCKOUT MICE. D.B. Morton*
and P.S. Bredt. ARL Div. of Neurobiology, University of Arizona, Tucson,
AZ 85721 and Dept, of Physiology, UCSF, San Francisco, CA 94143.
Cyclic GMP (cGMP) is an important intracellular messenger in the
nervous system which mediates cellular forms of neuronal plasticity. Previous
studies show that most neurotransmitters that stimulate cGMP levels do so by
activation of nitric oxide synthase (NOS). We have found that in primary cell
cultures from the cerebellum of neuronal NOS (nNOS) knockout mice,
norepinephrine (NE) nevertheless stimulates an increase in cGMP.
This increase is seen in both granule cell and astrocyte cultures and is not
blocked by NOS inhibitors or by inhibition of soluble guanylyl cyclase.
Previous studies have described a NE-stimulated cGMP increase in cerebellar
astrocytes that is NO-dependent and mediated by a-adrenergic receptors. The
NE-stimulated cGMP increase in astrocytes from nNOS knockout mice is not
blocked by the a-blocker, prazosin, suggesting the involvement of a different
receptor. Similarly, in wild type mice we find that the NE-stimulated cGMP
increase is only partially blocked by NOS inhibition and prazosin suggesting
that both an NO-dependent and NO-independent pathway exists for NE
stimulation of cGMP. These results suggest a novel pathway by which NE
enhances cGMP levels in the nervous system.
The project described was partly supported by grant number NS 29740
(DBM) from NIH.

278.9
MULTIPLE EFFECTOR BINDING DOMAINS IN RHO GTPASE.
K. Fuiisawa. T. Furuvashiki. H. Bito*and S, Narumiva. Department o f Pharm acology,
Kyoto Univ., Faculty o f M ed., Sakyo-ku, K yoto 606. Japan.
We have identified several rho targets; ROCKI, II, PKN, rhophilin and rhotekin. Am ong
these, PKN, rhophilin and rhotekin share a highly hom ologus Rho-binding m otif o f
about 70 amino acids, but it has no hom ology to ROCK. To identify the Rho binding
domain o f ROCKI, several deletion mutants o f ROCKI are analized by a ligand overlay
assay. This study localized the m inimum Rho binding region to a.a. 9 34-1015 in the Cterminus o f a -h e lix . Site-directed m utagenesis revealed that K 934M , L 941A and E 1008A
mutations significantly attenuated, and I1009A mutation abolished, the Rho binding in
vitro.

This Rho binding region is highly conserved with ROCKII, but not w ith other rho

target m olecules. Rho targets are thus classified at least into two based on their Rhobinding m otifs. C lass 1 includes PKN, rhophilin and rhotekin, and class 2 includes
ROCKI and n . T hese results raised a possibility that Rho may have different binding
domains to each class o f effector. To exam ine this idea, w e used the yeast two hybrid
system with rho/rac chim era and exam ined the regions in Rho responsible for binding to
the targets. Rho73R ac bound to ROCKI, but did not to rhophilin. In contrast, R ac73Rho
interacted with rhophilin, but did not with ROCKI. T hese results indicated that class 1
m olecules may bind w ith Rho in its m iddle or C-terminus, w hile N-terminus in Rho m ay
be required for binding to class 2 m olecules.

278.11
G PROTEIN a SUBUNITS MODULATE MICROTUBULE DYNAMICS IN C6GLIOMA CELLS N-F Chen and M. M. Rasenick* Department of Physiology &
Biophysics, U. Illinois, College of Medcine, Chicago, IL 60612
Heterotrimeric G proteins transfer extracellular signals from cell surface receptors to
intracellular effector molecules. These G protein also interact with the cytoskeleton.
Gsa, G ial, and G qa bind tubulin with a Kd of 130nM. While other G protein a
subunits, including transducin(Gt), do not. We have shown previously that the
microtubule protein, tubulin, can bind to the transducin(Gt)/Gial chimeric G protein:
Gta(l-215)-Gial(215-295)-Gta(295-354), and transfer GTP to Ga, thus activating it.
Gial and several transducin-Gial chimeras stabilized GTP binding on tubulin. Other
chimeric G protein neither acted as recipients of GTP from tubulin, nor stabilized
tubulin binding, nor activated tubulin GTPase. A comparison of the varies chimeras
and their effects suggested the region(237-270) in G ial was critical for tubulin-Gial
interaction. To test this, the chimeric G protein: G ial(l-237)-G ta(237-27 0 )Gial(270-354)(NC1) was constructed in pHis6Gial, and transformed to E. coli cells.
While the purified NCI bound tubulin in vitro with high affinity, it was not activated
by transfer of the photoaffinity GTP analogue AAGTP from tubulin. NCI was also
unable to stabilize the GTP binding to tubulin when incubated with eqimolar G ial.
These results suggested that NCI blocked activation of G ial by tubulin. Thus
expression of NCI might block the normal interaction between G protein and tubulin.
To test this, C6 cells were transfected, stably, with vector, G ial, and NCI. Cells
expressing NCI assumed a flattened, round shape rather than the spindle shape
characteristic of the normal, vector, or G ial expressing cells. Further, the NCI cells
failed to send out processes. Immunofluoresent staining showed markedly different
distribution of both tubulin and G a in the NCI cells. These results suggest
involvement of G proteins in microtubule directed cell processes such as regulation of
growth as well as neurite outgrowth.
Supported by NIMH
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MUSCARINIC RECEPTOR - G PROTEIN - PHOSPHOLIPASE C SIGNALING
IS MODULATED BY CYTOSKELETAL COMPONENTS. J.S. Popova*. E.
Greene and M. M. Rasenick. Department of Physiology and Biophysics, University
of Illinois, Chicago, IL 60612
We have demonstrated previously that cytoskeletal tubulin regulates phospholipase
Cjii (PLC|3i) signaling (Popova et al., J. Biol. Chem., 1997, 272, 6760-6765).
Dual response of PLCPi is observed in membranes from Sf9 cells expressing
recombinant mj muscarinic receptors, Gaq and PLC^j. Low concentrations of
guanine nucleotide-bound tubulin potentiate the muscarinic receptor-triggered PLCpi
activation, while high concentrations inhibit the enzyme. Tubulin-Gotq association
accompanied by nucleotide transfer to Gaq is the suggested mechanism for PLCJ5]
activation, while the binding of the PLCPi substrate, phosphatidylinositol 4,5bisphosphate (PIP2 ), to tubulin is thought to interfere with enzyme activity.
Receptor-triggered tubulin membrane association, nucleotide transfer to Gaq, and
PLCPi activation, were studied with photoaffinity labeling and PIP 2 hydrolysis
measurements in baculovirus-infected Sf9 cells. It was observed that 100 jjM
carbachol triggered a rapid association of tubulin with the membrane (maximal at 1
min). This was parallel to the transfer of the photoaffinity GTP analog,
[32P]AAGTP, from tubulin to Gaq and the subsequent activation of PLCf}j.
Carbachol (100 nM-lmM) demonstrated higher potency (by one order of magnitude)
and efficacy (by 30%) in activating PLCpi after tubulin-GppNHp than GppNHp
(both at 30 nM). Carbachol (10 (iM-lmM) also triggered a concentration-dependent
and saturable increase in tubulin association with the membrane. Atropine inhibited
all carbachol-triggered effects of tubulin.
These results demonstrate specific
involvement of the cytoskeleton in, the regulation of muscarinic receptor-Gq-PLC(51
signaling and suggest the possibility that G protein-coupled receptors might
modulate cytoskeletal dynamics.
Supported by NIMH and Council for Tobacco Res.

2 7 8 .1 2
D ISS E C T IO N O F G a i/o AND py S IG N A L L IN G
PATHW AY S
INVO LV ED IN M OD U LA TIO N O F C EL L G R OW TH BY D2S
REC E PT O R ACTIV ATION . M.H.Ghahremani*. P.M.C.Lembo. C. M.
F o rg et1 and P.R .A lberti Dept, of Pharmacology and Therapeutics, McGill Univ.,
Montreal and Neuroscience Research Inst., Univ. of Ottawa, Ottawa, Canada.
The dopamine D2S receptor couples to multiple signalling pathways through
pertussis toxin (PTX) sensitive heterotrimeric guanine nucleotide binding proteins
(Gi/o). In our previous studies, when transfected in Ltk- cells (LD2S), D2S inhibits
cAMP accumulation and mediates calcium mobilisation. In PTX-treated LD2S, PTXinsensitive G ai2 specifically restored inhibition of forskolin-stimulated cAMP,
whereas Gai3 restored inhibition of Gs-mediated increase in cAMP. However, none of
the G a mutants restored calcium signalling . To study the role of the D2S receptor in
cell growth, we stably transfected the D2S receptor in Balb/c-3T3 cells and the positive
cloned selected (BD2S). Activation of D2S receptor by apomorphine (1|J.M) in BD2S
cells inhibited forskolin-stimulated, but not basal cAMP accumulation. The D2S
receptor in these cells induced an increase in [Ca+2]i. In BD2S cells, D2S receptor
activation had a dual effect on 3H-thymidine (3H-Thy) incorporation: inhibition of
basal and serum-stimulated 3H-Thy incorporation; and synergistic enhancement of
thrombin-stimulated 3H-Thy incorporation. These actions of the D2S receptor were
entirely blocked by pretreatment with PTX (1 ng/ml). To further study the role of G
protein a and
subunits in D2S signalling in these cells, two sets of constructs
were generated and transfected separately in BD2S cells: a His-tagged C-terminal
domain of GRK2 (Bark-ct) to block G(Jy coupling to effectors; and a series of PTXinsensitive G a subunit mutants. In BD2S cells expressing His-Bark-ct, dopamineinduced increase in [Ca+2]i was blocked by 70-80%. The role of the G ai/o subunits is
under investigation. Thus, these results show that the D2S receptor utilises G(5y
subunits to modulate calcium mobilization. The actions of these pathways on cell
proliferation remains to be identified. This work is supported by'NCI Canada.
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ESTRADIOL REGULATES -ADRENERGIC RECEPTOR KINASE
mRNA EXPRESSION IN FEMALE RAT BRAIN. M. A. Ansonoff* and
A. M. Etgen. Dept. Neurosci., Albert Einstein Coll. Med. Bronx, NY
10461
Estrogen treatment of ovariectomized female rats promotes an
uncoupling α2- and -adrenergic receptors from their G-proteins in the
hypothalamus-preoptic area (Endocrinology 133:2818-2826, 1993; Mol.
Pharmacol. 45:509-516, 1994). β -adrenergic receptor kinase (β ARK)
phosphorylation can uncouple receptors from their G-proteins. Using
reverse transcription-polymerase chain reaction (RT-PCR), the levels of
β ARK-1 and β -ARK-2 mRNA were determined in brain regions of
ovariectomized female rats injected with vehicle (control) or estradiol
benzoate (EB) at 24 hr or 48 hr prior to sacrifice. RT-PCR was also
carried out for P-actin mRNA to provide an internal standard. In the
hypothalamus-preoptic area, β ARK-1 mRNA decreased 35% at 24 hr after
EB injection (n=5; p< 0.05) and returned to control levels at 48 hr.
PARK-2 mRNA was unaffected by EB treatment. In the frontal cortex,
PARK-2 mRNA increased 90% at 24 hr and 50% at 48 hr after EB
injection vs control (n=6; p< 0.05). PARK-1 mRNA showed a similar
pattern, but the differences were not statistically significant. In the
hippocampus, neither pβA
RK-1 nor β ARK-2 mRNA (n=3) changed in
response to EB treatment. Future studies will utilize Western blots to
determine if differences in mRNA expression correlate with differences in
protein levels. Supported by grants HD29856, RSDA MH00636, and T32
AG00194

ELEVATION OF INTRACELLULAR CALCIUM BY OPIOIDS IN SINGLE SHSY5Y CELLS. A.Yeo and G.Henderson.* Department of Pharmacology, University
Walk, University of Bristol. Bristol. BS8 1TD. UK.
We have previously shown that activation of Gi/Go-coupled receptors elevates
intracellular calcium ([Ca^+]j) in confluent monolayers of SH-SY5Y cells only when
there is concomitant muscarinic (Gq-coupled) receptor activation. The elevation of
[Ca^+Ji evoked by the 8 -opioid agonist DPDPE is (i) due to release of calcium from
intracellular stores, (ii) pertussis toxin sensitive, (iii) independent of the time of
DPDPE application, and (iv) not directly correlated with the amplitude of the
muscarinic response (1).
We are now studying single SH-SY5Y cells to determine whether (i) all SH-SY5Y
cells respond to muscarinic receptor activation, (ii) all cells which respond to
carbachol/oxotremorine-M also respond to DPDPE, and (iii) the cells which respond to
DPDPE also respond to other Gi/Go-coupled receptor ligands such as DAMGO (µopioid). Carbachol (lOOµM) or oxotremorine-M (lOfiM) caused an elevation of
[Ca^+ ]j in most cells (73%, n=134). In the absence of carbachol/oxotremorine-M there
was no response to DPDPE (ljiM) or DAMGO (lpiM), however, in the presence of
carbachol (IOjiM) or oxotremorine-M (lpM ) 40% of carbachol/oxotremorine-M
responding cells showed an elevation of [Ca^+ ]i in response to DPDPE (ljiM) or
DAMGO (lpM), although these were not always the same cells. In future these studies
will be extended to observe the spatial dynamics of Gi/Go-coupled receptor mediated
elevation of [Ca^+ ]j and will assist in determining the cellular mechanisms underlying
the coincident signal.

278.15

278.16

A SENSITIVE METHOD TO STUDY INVERSE AGONISM AT Gs COUPLED RECEPTORS. A.E. Alewijnse. M.J. Smit*. D.Verzijl. H.
Timmerman and R. Leurs. Leiden/Amsterdam Center for Drug
Research, Division o f Medicinal Chemistry, Vrije Universiteit,
Amsterdam, 1081 HV, The Netherlands.
G-protein coupled receptors can activate signal transduction pathways
without agonist stimulation. This spontaneous agonist-independent
receptor activity can be inhibited by some antagonists, now also
referred to as inverse agonists (1). We recently showed that the
prototypic Gs-coupled histamine H^-receptor shows spontaneous
activity in CHO cells (2). Various clinically used ^-antagonists act as
inverse agonists. In order to study inverse agonism in CHO cells an
efficient test-system was developed. Spontaneous activity o f the H2
receptor enhances forskolin responses; inverse agonists inhibit the
enhanced forskolin responses. The inverse agonistic properties
obtained using this method were not different from those obtained by
inhibition of basal cAMP levels. This method enabled us to show
inverse agonism at the H2 receptor in Sf9 cells. In these cells an
inhibition o f basal cAMP production could not be measured since the
spontaneous activity is very low. This method might thus be very
useful in the study o f inverse agonism at Gs-coupled receptors in
general.

TRANSDUCTION PATHWAY MEDIATING SOMATOSTATIN EFFECTS ON
PC 12 CELLS. G. Traina an<fl P BagnoH* Dept, of Physiology and Biochemistry
"G. Moruzzi'*, University of Pisa, 56127 Pisa, Italy.
The neuropeptide somatostatin (SRIF) has been generally reported to exert its
functional roles through the activation of receptor subtypes (sstl-5) coupled to specific
G-proteins (Reisine & Bell, Neurosci. 67, 1995). In PC 12 cells, a rat
pheochromocytoma cell line, the exogenous application o f SREF-14 (10'*M) has been
shown to reduce the magnitude of the maintained Ca2+ influx brought about by K+
depolarization through the inhibition of voltage-dependent Ca2+ channels of the L-type
(Traina et al., J. Neurochem 66,1996). In these cells, RT-PCR technique has revealed
that about 80% o f the total sst mRNA corresponds to sst3. In the present study,
fluorimetric measurements of the intracellular Ca2+ concentration ([Ca2+]0 have been
used to investigate the transduction pathway mediating SRIF effects on PC 12 cells.
Our results show that among the different sst agonists, CGP-23996 (a sst2/3 agonist,
10‘7M) induces a maximal reduction of the KMnduced Ca2+ influx. Cell pretreatment
with pertussis toxin (PTX, 200ng/ml), that is known to ADP/ribosylate Gi/o proteins,
decreases the rapid Ca2+ influx and increases the maintained Ca2+ influx. PTX
incubation prevents the SRIF-induced inhibition of the maintained Ca2+ influx
suggesting that both PTX and SRIF act at a common site. Cell pretreatment with
protein kinase (PK) inhibitors (H7, lO^M; H89, 10'5M; K252a, 1(TM) has been also
used to investigate whether SRIF ^operates through PKA/PKC activation. Cell
incubation with K252a (a PKC inhibitor) prevents SRIF-induced reduction of Ca2+
influx that, in contrast, persists in the presence of H89 (a PKA inhibitor). These results
suggest the possibility that SRIF operates through the activation of Gi/o proteins
coupled to L-type Ca2" channels via PKC.
Supported by the European Community BIOMED contract N° BMH1-CT94-1378.

1. Milligan, G. et al. (1995) TiPS, 16, pg 10.
2. Smit, M. J. et al. (1996) Proc. Natl. Acad. Sci., 93, pg 6802.

278.17
RELATIVE EFFICACIES OF CB, CANNAB1NOID RECEPTOR AGONISTS
IN THE MOUSE BRAIN. T.H. Burkev, R.M. Quock1. P. Consroe. F.J. Ehlert2.
W.R. Roeske and H I. Yamamura* Depts. of Pharmacology, Pharmacology
and Toxicology, and the Program in Neuroscience, University of Arizona
Health Sciences Center, Tucson, Arizona 85724; departm ent of Biomedical
Sciences, University of Illinois College of Medicine at Rockford, Rockford, IL.,
61107; 2Dept. of Pharmacology, University of California College of Medicine,
Irvine, California, 92717.
We measured (-)-5-(1,1-dimethylheptyl)-2-[5-hydroxy-2-(3hydroxypropyl)cyclohexyl]-phenol (CP 55,940)-, (-)11-OH-∆8tetrahydrocannabinol-dimethylheptyl (HU-210)-, and ∆9-tetrahydrocannabinolstimulated G protein activation in mouse brain using the [35S]GTPyS
functional assay. The Kf values for these drugs were determined by agonist
competition binding with the cannabinoid CB1 receptor antagonist [3H] N(piperidin-1 -yl-5-(4-chlorophenyl)-1 -(2,4-dichlorophenyl)-4-methyl-1 Hpyrazole-3-carboxamidehydrochloride ([3H]SR141716A). This information
was used to calculate the efficacy for drug stimulation of G protein activity.
The rank order of efficacy was CP55.940 > HU-210 >∆9-tetrahydrocannabinol
with the latter drug being a partial agonist. These results were in contrast to
the rank order of potency which was HU-210 > CP55,940 * A9-tetrahydrocannabinol. As efficacy values relate receptor occupancy to functional
responses, we believe efficacy values are a better measure of drug-mediated
functional responses as compared to measurements of drug potency. This is
the first report that quantifies efficacy for cannabinoid drugs.
Support: This research was supported by grants from the Arizona Disease
Control Research Commision and the National Institute on Drug Abuse.

S ociety for N euroscience, V olume 2 3 ,19 9 7

1. Yeo.A and Henderson.G. (1997) Br. J. Pharmacol. 120,125P.
Supported by the MRC of the UK.
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ROLE OF P H O S P H O R Y L A T IO N IN M U O P IO ID
RECEPTOR REGULATION. R. El Kouhen. A. M. Babev*. P.
Y. Law. & H. H. Loh. Dept, o f Pharmacology, University of
Minnesota. Minneapolis, MN. 55455.
Phosphorylation is a fundamental regulatory mechanism employed
by a variety of cell surface receptors including G-protein coupled
receptors. In this work we have studied the role of phosphorylation in
the desensitization and down-regulation o f mu opioid receptors
(MOR). We partially purified the receptor from Neuro2A cells stably
transfected with HA-tagged MOR. The DAMGO-induced receptor
phosphorylation is time- and dose-dependent and is completely
blocked by naloxone. Maximal phosphorylation is reached at about 20
min and decreases to 50% after 4 hours o f treatment. This decrease
can not be accounted for only by the loss o f receptors. Timedependent phosphorylation, occuring on the order of minutes, does
not correlate with time-dependent loss in DAMGO inhibition of
adenylyl cyclase activity which requires hours. Activated protein
kinase C can phosphorylate MOR but is not involved in agonistinduced MOR phosphorylation, suggesting multiple regulation
pathways for MOR. Phosphatase inhibitors increase the
phosphorylation of MOR, but can not prevent the time-dependent
decrease in phosphorylation. It appears that, DAMGO-induced
phosphorylation may occur only at the carboxyl tail since CNBr
fragmentation shows a single phosphorylated band which
corresponds to the C-terminal fragment of the receptor. This work is
supported by NIH grants DA05695, DA07339 and K05-DA70554.

CHARACTERIZATION OF µ OPIOID RECEPTOR PHOSPHORYLATION IN RAT
BRAIN TISSUES H. B. Deng*. Y. Yu and J. B. Wang Department of Pharmaceutical
Sciences, School of Pharmacy, Univ. of Maryland at Baltimore, Baltimore, MD 21201
It has been found that n opioid receptors expressed in transfected cell lines undergo
phosphorylations upon acute stimulation of morphine. This phosphorylation event
could contribute to the mechanisms underlying the receptor desensitization. In order
to determine whether phosphorylation of µ opioid receptor plays the role in the brain,
we developed a method to detect phosphorylation of \i receptor in rat brain by labeling
tissue slices from striatum and thalamus with [32P]orthophosphoric acid and
immunoprecipitating the receptor with n receptor specific antisera. We identified a
band of phosphoprotein which has the similar size (66KD) to that µ receptor purified
from rat brain by ligand affinity and other nonimmunological methods. The
phosphoprotein appeared specifically in DAMGO-treatment sample and was naloxone
blockable. The degree of receptor phosphorylation under stimulation of specific µ
receptor agonist increased to levels of 4 fold greater then that seen in the absence of
agonist. The level of receptor phosphorylation at striatum is much lower than thalamus.
We further investigated the time course and dose-response relationship of (i receptor
phosphorylation in thalamus and found that the n receptor phosphorylation was a rapid
event and exhibited in dose-dependent manner, which has similar pattern to those
observed in the cloned µ receptor in CHO cells. These results suggested that the µ.
receptor in brain tissue slices was indèed subjected to phosphorylation which is
enhanced with DAMGO stimulation. Furthermore, we examined the jo.µreceptor
phosphorylation event in the thalamus from morphine dependent rat brains. We found
the enhancement of receptor phosphorylation level in both basal and DAMGO
stimulated samples in morphine-dependent rats. This result suggests a possible role of
jo. receptor phosphorylation in the development of opiate dependence.
This work was supported by in part by PhRMA Faculty Development Award to J.B.W.

279.3

279.4

MU AND KAPPA3 OPIOID RECEPTORS MEDIATE MITOGENACTIVATED PROTEIN KINASE ACTIVATION IN BE(2)-C AND
SH-SY5Y HUMAN NEUROBLASTOMA CELLS. M. Bharatula and
K.M. Standifer*. Dept. Pharmacological and Pharmaceutical
Sciences, University o f Houston College o f Pharmacy, Houston, TX
77204-5515.
While the functional coupling of recombinant rat mu opioid
receptors to stimulation o f Mitogen-activated protein kinase (MAPK)
has been recently reported (Fukuda et al.(1996) J. Neurochem.), the
ability of endogenously expressed mu and kappa receptors of human
origin to stimulate MAPK activation has not been demonstrated. The
human neuroblastoma cell lines BE(2)-C and SH-SY5Y express mu
and kappa3 opioid receptors that are functionally coupled to inhibition
of cAMP accumulation. Activation o f these receptors by the selective
agonists DAMGO (mu) and NalBzoH (kappa3> resulted in a rapid (5
min) and dose-dependent increase in the levels o f phosphorylated p42
and p44 MAPK as determined by immunoblotting with a phosphospecific antibody (New England Biolabs). The concentrations of
agonists required to stimulate MAPK activation closely paralleled the
concentrations o f agonists necessary to inhibit cAMP accumulation in
both cell lines, suggesting that opioid receptor activation in neuronal
cell populations mediates nuclear transcription.
This study was supported by a grant from NIDA (DA10738).

A k-OPIOID DEPRESSES GLYCINE-ACTIVATED Cl CHANNEL
ACTIVITY THROUGH ACTIVATION OF PROTEIN PHOSPHATASES - A
NOVEL SIGNAL TRANSDUCTION PATHWAY FOR OPIOIDS. L. Chen1*
and L.-Y.M. Huang1 , Marine Biomed. Inst.1 and Dept, of Physiol, and Biophys.2,
Univ. of Texas Med. Branch, Galveston, Texas 77555-1069.
Glycine is a major inhibitory neurotransmitter mediating inhibitory synaptic
transmission in the central nervous system. Opioid peptides are important
modulators o f synaptic transmission. We studied the effect o f a K-opioid,
U50,488, on glycine-activated Cl' currents (IGLys) in acutely dissociated
trigeminal neurons using the perforated patch recording technique. In 80% of
the cells, U50,488 inhibited IGlys. The inhibitory action o f U50,488 was
mediated by K-opioid receptors because the inhibition was blocked by the kopioid receptor antagonist, nor-BNI. To identify the signal transduction
pathway for the opioid, we pretreated the cells with pertussis toxin (PTX).
PTX blocked the effect o f U50,488, suggesting that Gi/G0 proteins are
involved. To determine whether protein kinases mediate the action o f U50,488,
we treated the cells with a cocktail o f protein kinase inhibitors, i.e., H7 and
H A 1004, to block a wide spectrum o f protein kinases, including protein
kinases A and C and Ca2+/calmodulin-dependent protein kinase. The protein
kinase inhibitors could not block the inhibitory action o f U50,488. We then
studied the effect o f okadaic acid, a protein phosphatase (PP) inhibitor which
blocks PP1 and PP2A, on the blocking action o f U50,488. In the presence of
okadaic acid, U50,488 no long depressed IGlys. These results have led us to
propose that activation o f G|/G0- coupled k opioid receptors stimulates protein
phosphatase type 1 and 2A, which in turn reduces the activity o f glycine
receptor channels. (Supported by NIH NS30045 and a Human Frontier grant).

279.5

279.6

IDENTIFICATION OF OPIOID
µ
RECEPTOR SER/THR
PHOSPHO-ACCEPTOR SITES BY SITE-DIRECTED MUTAGENESIS
Y. Y u1. C.K. Surratt23. Z.J. Wang3, X. Yin I. P.S.Zhang3. G .R.U hPand J. R
Wang1* 1 Pharm. Sci. Sch. Pharm. UMAB, Balt, M D,*Mol. Neurobiol.,
NIDA-IRP, NIH & Depts Neurol. Neurosci, JHUSM, Balt, MD, 2Current
address: Neurosci. Br., NIDA-IRP.
µ receptors expressed in transfected cell lines are phosphorylated and
desensitized after treatments with agonists or a phorbol ester, PMA. To
identify µ. receptor amino acids phosphorylated under different stimulatory
conditions, serine (Ser) and threonine (Thr) residues in putative intracellular
domains o f the n receptor were alanine-substituted singly or in clusters.
Mutant cDNAs subcloned in pcDNAI/Amp were stably expressed in CHO
cells and transiently expressed in Xenopus oocytes along with an inwardly
rectifying K+ channel. Expressed receptors were characterized
pharmacologically. M ost mutants display normal or near-normal receptor
activities assessed by[ 3H] DAMGO biding, adenylyl cyclase activity and
K+ channel coupling. Each mutant's ligand- and PMA-induced
phosphorylation was studied by immunoprécipitation and SDS/PAGE after
[32P]orthophosphoric acid labeling o f cellular phosphate pools. Initial
results indicate that Ser(s) and Thr(s) are likely to be involved in agonist
and PMA-stimulated n receptor phosphorylation events. Several
phosphorylated residues may be located in third intracellular loop and
C-terminal domains. Studies using peptide mapping and phosphoamino
acid analyses will help identify p. phosphorylation events important for
functional receptor regulation (Supported by a PhRMA Faculty
Development Award (JBW) and NIDA-IRP).

A CONTINUUM OF CALCIUM SIGNALING EVENTS IN XENOPUS
OOCYTES. X.-P. Sun*N. Callamaras & I. Parker. Lab. o f Cellular &
Molecular Neurobiology, Dept. Psychobiology, Univ. California, Irvine,
CA92697.
Intracellular Ca2+ signals evoked by the second messenger inositol trisphosphate
(InsP3) show complex spatio-temporal patterns which are believed to derive both
from the regenerative characteristic of Ca2+ release through InsP3 receptors and
from the clustered arrangement of receptors at functionally discrete release sites
(M J. Berridge, J. Physiol. 499;291-306, 1997). For example, in Xenopus oocytes
increasing [InsP3] leads progressively to Ca2+ release as localized ‘blips’ and
‘puffs’ (thought, respectively, to arise through single receptors and clusters of
receptors) and then to propagating waves involving recruitment of neighboring
sites (I. Parker, J. Choi & Y. Yao, Cell Calcium 20:105-121, 1996). To further
study this hierarchical organization of elementary Ca2+ signals, we constructed a
high-resolution line-scan confocal microscope to image Oregon green-1
fluorescence Ca2+signals evoked in Xenopus oocytes by photolysis of caged InsP3.
Blips were often observed at the same sites as puffs, and the smallest resolvable
events corresponded to ca. 1 x 1O'20moles Ca2+ (Ca2+ current of 0.5 pA for 1 ms).
Measurements of amounts of Ca2+ liberated during localized signals evoked by
repeated, identical photolysis flashes showed a continuous, roughly exponential
distribution, with progressively fewer larger events. Further, puffs often involved
synchronous Ca2+release from several distinct but closely spaced (c.a. 1 |im) sites.
InsP3-evoked Ca2+ release is, therefore, not functionally quantized into discrete,
stereotyped elementary events (i.e. blips and puffs) as previously proposed (Parker
et al., Ibid.) but rather reflects a continuum of localized signals which may arise
through recruitment of increasing numbers of receptors within each cluster and
increasing numbers of clusters. Supported by NIH grant GM48071.
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279.7

CGP37157 MODULATES MITOCHONDRIAL CALCIUM
BUFFERING IN CULTURED RAT SENSORY NEURONS. K.T.
Baron. S.A. Thayer*. Dept, of Pharmacology, Univ. of Minnesota,
Minneapolis, MN 55455.
Mitochondria buffer the intracellular Ca* concentration ([Ca2+]i) in
sensory neurons, a process that produces a plateau phase in the [Ca2+]i
transient which is sensitive to mitochondrial poisons and intracellular Na+.
Previous reports have shown that CGP37157 inhibits the mitochondrial Na+
/ Ca2+ exchanger, a major pathway for Ca2+ efflux from the mitochondrion.
Here, the fluorescent Ca2+ indicator indo-1 was used to determine the effect
of CGP37157 on depolarization-induced [Ca2+]i transients in cultured rat
dorsal root ganglion neurons. Application of CGP37157 before and during
the stimulus (50 mM K+, 30 sec.) caused a concentration-dependent
reduction in the amplitude of the response, suggesting that CGP37157
inhibited depolarization-induced Ca2+ influx. Thus, to study the effect of
CGP37157 on Ca2+ buffering, the drug was applied immediately after the
stimulus (50 mM K+, 60 sec.). CGP37157 reduced the [Ca2+]i during the
plateau phase of the [Ca2+], transient in a concentration-dependent manner
(EC50 = 4 µM). A small transient increase in [Ca2+]i was observed after
removing the drug, suggesting that CGP37157 was able to trap Ca2+ in the
matrix for an extended period of time. CGP37157 is a useful tool for
inhibiting Ca2+ release from the mitochondrion, although it also inhibits
voltage-sensitive Ca2+ channels.
(Supported by the NIH and NSF)

279.9

EFFECTS OF SELECTIVE INHIBITORS OF NEURONAL
NITRIC OXIDE SYNTHASE
James E. Macdonald*. Robert Gentile. John Catalano. William
Shaksespcare, James Matz, Metro Fcdorchuck. Thomas DgCory,
Leatte Rusiniak. Lynn Gier, RobertMurray Sally McCreedy,
Dietgard Kamp. Elizabsih Saltzman, Alan Wallace1, Julie

Paquette*. Dan M enard* .Andv DraV4 . and David Reif. Astra Arcus
USA., PO Box 20890, Rochester NY 14602* Astra Chamwood,
Bakewell Road, Loughborough, Leicestershire LEI 1 ORH,
UKAAstra Research Centre Montreal, 7171 Frederick Banting St,
Ville St Laurent, Quebec H4S 1Z9
The role of nNOS and its function in the nervous system under
normal and ischemia/reperfusion conditions is a topic of great
interest. Selective antagonists will be useful tools to help elucidate
the role of the forms of NOS. In our search for novel selective
antagonists o f nNOS, we have discovered heterocyclic amidines
with less than 100 nM IC50 against nNOS, and selectivity of up to
1000 over other NOS isoforms. The structure, SAR and effects of
AR-R 17477 and other related amidines on enzymatic activity, blood
pressure, cerebral perfusion and pain will be presented.
Funding: Commercial

279.11

CLONING AND CHARACTERIZATION OF KAPP, A NEURONALLY
ENRICHED PDZ DOMAIN CONTAINING PROTEIN ASSOCIATED
WITH P70 S6 KINASE, P.E. Burnett*, P.M. Sabatini, S. Blackshaw,
and S.H. Snyder. Dept, of- Neuroscience, Johns fropkins University
Sch. of Med., Baltimore, MD 21205.
Activation of p70 S6 kinase is a common feature of several mitogen
stimulated signal transduction pathways including such neuronally
relevant pathways such as stimulation of PC 12 cells with NGF (Tang, T.,
Hirata, Y., Whalin, M., and Guroff, G.(1996). J Neurochem.
66(3): 1198-206) p70 S6 kinase is involved in control of the
translational machinery via phosphorylation of the S6 ribosomal
subunit. Although not previously associated with p70, PDZ domains
have been implicated in numerous neuronally important functions such
as the synaptic targetting of NR2 subunits of the NMDA receptor by
PSD-95 (Kim, E., Cho, K.-O., Rothschild, A., and Sheng, M.(1996).
Neuron 17, 103-113.).
Analysis of mutations of p70 demonstrated a domain required for full
activation of p70 kinase activity under conditions of stimulation In an
attempt to identify neuronal proteins potentially involved in regulation
or subcellular targeting of p70, this domain was used in a two hybrid
screen using a rat brain cDNA library. KAPP, kinase associated PDZ
protein, is a novel protein cloned based on its ability to inTeract with p70
6 kinase. Northern blot analysis reveals highest levels of expression
within the brain and testis. The KAPP/p70 interaction was confirmed by
co-immunoprecipitation from transfected HEK293 cells and in vitro
binding of p70 to GST-KAPP fusion protein. Mutations within the PDZ
domain have been generated which disrupt the interaction with p70.
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279.8
PROPAGATION OF ASTROCYTIC CALCIUM W AVES REQU IRES AN INTACT
CYTOSKELETON. M. L. Cotrina*. E Bueno and M. Nedergaard. Dept, of Cell Biology, New
York Medical College, Valhalla, NY 10595.
Astrocytes communicate in a non-electrical fashion via the long-range propagation of
calcium waves. C6 glioma cells, a cell line defective in gap junctional communication, are
capable of propagating intercellular calcium waves after transfection with cDNA for the
astrocytic gap junctional protein connexin 43, Cx43 (Charles,
11$ 195,1992), indicating
that this type of communication requires functional gap junctions. Concomitant to Cx43
expression, C6 cells flatten out, increase the number of contacts with neighboring cells and
form actin stress fibers. We here asked whether propagation of astrocytic calcium waves, in
addition to gap junctions, requires an intact cytoskeleton. Cultured astrocytes derived from
prenatal rat brain were loaded with the calcium indicator Fluo-3 and exposed for 5-10 min.
to cytochalasin-D (1 µ g/mL) to disrupt actin cytoskeleton. Immediately after exposure,
calcium waves elicited by mechanical stimulation were monitored by confocal microscopy.
While control cultures exhibited calcium waves that propagated over 100-200 µ m and
involved as many as 30-50 cells/wave, cytochalasin-D treated cultures showed no
detectable calcium waves. Calcium increase in mechanically-stimulated astrocytes and
calcium mobilization from intracellular stores following addition of agonists was not
affected by cytochalasin-D. Texas-Red Phalloidin staining after cytochalasin treatment
revealed disappearance of actin stress fibers with gradual increase in cortical actin.
Cytoskeletal disruption did not interfere with gap junctional communication, as tested by
the scrape loading method: no significant difference in dye diffusion between control and
cytochalasin treated cultures was observed. Calcium waves were not affected after
nocodazole (10 µ g/mL) treatment indicating that microtubules are not required for calcium
waves propagation. These data suggest that astrocytic calcium waves do not depend
solely on an intact gap junctional network but require an intact cytoskeleton. Mechanical
propagation of calcium signals via actin associated membrane proteins might be an
additional mechanism by which astrocytes amplify calcium signaling to neighboring cells.
Sponsored by NINDS/NIH R0130007 andR0135011

279.10

D IR E C T IN T E R A C T IO N O F P D Z D O M A IN S
A SSEM BLES AN NOS / PSD-95 / NM DA R E C E P T O R
COM PLEX. Karen S. Christopherson* and David S. Bredt.
Department of Physiology, UCSF, San Francisco, CA 94143-0444.
PDZ domains appear to participate in two modes of molecular
interactions. The first, well characterized class of interactions is the
recognition of short, C-terminal peptides. A second class of
interactions involves homotypic PDZ-PDZ interactions, such as
those between the nNOS PDZ domain and its PDZ-containing
partners, PSD-95 and syntrophin. Here we dem onstrate that
homotypic PDZ / PDZ recognition involving the nNOS PDZ
domain requires nNOS residues beyond the cannonical PDZ
consensus sequence, suggesting that the nNOS PDZ domain may
have a somewhat different structure from other PDZ domains. We
find that proper folding of both PDZ binding partners is crucial for
this interaction, suggesting a mutual recognition of two tertiary
structures. Additionally, we provide evidence for the biological
relevance of such an interaction. The PDZ / PDZ interaction
between nNOS and PSD-95 allows the assembly of a tight complex
of these two proteins with the NMDA receptor subunit 2B in vitro .
We further show that the addition of excess NR2B peptide disrupts
NMDA-stimulated nNOS signaling in primary neuronal cultures.
Our data provides a mechanism for the observed functional
coupling between the NMDA receptor-mediated calcium ion influx
and the activation of nNOS. (This research supported by NIH)

279.12

NMDA RECEPTOR ACTIVATION DECREASE PHOSPHORYLATION OF
ERK2 (p42MAPK) IN PRIMARY CORTICAL CULTURES. L. J. Chandler*
and D. Norwood. Department of Pharmacology, Louisiana State
University Medical Center, Shreveport, LA71130.

Recent evidence suggests that in addition to activation of extracellularregulated kinases (ERK's) via growth factor receptors that posses intrinsic
tyrosine kinase activity, Ca2+ influx can also stimulate activation of ERK's. Using
phosphospecific and non-phosphospecific ERK1/2 antibodies, the present study
examined the effects of NMDA receptor activation on the phosphorylation state
of ERK2 in primary cortical cultures. As expected, addition of the MEK inhibitor
PD98059 (30 µM) reduced basal levels of phosphorylated ERK2 (ERK2-P) to
barely detectable levels after 1 hr, whereas exposure of cultures to TPA (1 µM)
for 1 hr increased the levels of ERK2-P. Similar to the effects of PD98059,
addition of a combination of MK801/CNQX for 1 hr also reduced basal levels of
ERK2-P, suggesting a tonic stimulation of ionotropic glutamate receptors
resulting in activation of ERK2. Surprisingly, addition of the calcium ionophore
ionomycin (1 µM) and NMDA (100 µM ) decrease ERK2-P by -70% and -50%,
respectively. The NMDA-induced decline in ERK2-P was not altered by addition
of cycloheximide. Time-course analysis revealed that ionomycin caused a
biphasic response as seen by a transient increase in ERK2-P at 5 min followed by
a progressive decline at 20 and 60 min. On the other hand, NMDA caused only a
progressive decline in ERK2-P without an initial stimulation. These observations
suggest that signaling through ionotropic glutamate receptors can both
positively and negatively modulate the activity of ERK2 in cortical neurons.
Supported by NIAAA grant AA10983.
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279.13

EPILEPTIC SEIZURE AND ENHANCED TYROSINE
PHOSPHORYLATION OF NMDA RECEPTOR SUBUNIT 2B IN
FYN-TRANSGENIC MICE. N. Koiima1. H. Ishibashi1. K. Obata1. and E.R.

Kandel2* ‘Lab. Neurochem., Natl. Inst. Physiol. Sci., Okazaki, 444 Japan; 2Ctr.
Neurobiol. & Behav., Columbia Univ., HHMI, 722W. 168th St., New York,
NY10032.
Earlier work showed that knockout of Fyn, a member of the Src family of non
receptor tyrosine kinases, lead to a deficit in LTP, in hippocampal anatomy, and
in spatial memory (Grant et al. 1992). We have recently found that the defect in
LTP can be rescued in the Fyn-knockout mouse by expressing a wild-type fyn
cDNA under the Ca2+/calmodulin-dependent protein kinase II a (CaM KIIa)
promoter. To understand the physiological role of Fyn in the adult brain, we have
generated transgenic mice expressing a constitutively active form of Fyn as well as
mice expressing wild-type Fyn. The transgenic Fyn driven by the CaMKIIa
promoter was postnatally expressed in the forebrain neurons. Mice expressing the
activated Fyn were prone to death from spontaneous seizure. These mice showed
a significant reduction in the dose of penthylenetetrazole for induction of tonic
convulsion. A weak, normally subconvulsive, electrical stimulation of amygdala
often induced a prolonged afterdischage accompanied with severe behavioral
seizure in these mice and kindling stage was quickly developed by following oncedaily stimulation in both wild-type and activated Fyn-transgenic mice. Tyrosine
phosphorylation of at least five proteins (190, 180, 120, 110 and 100 kDa) was
greatly enhanced in the forebrains of both wild-type and activated Fyn-transgenic
mice. The 180-kDa protein was identical to the NMDA receptor subunit 2B
(NR2B) previously shown as a substrate for tyrosine phosphorylation by Fyn. We,
therefore, propose that tyrosine phosphorylation of NR2B may play a crucial role
for epileptogenesis, as well as neuronal plasticity. (Supported by HHMI and
grants from the Ministry of Education, Science, Sports and Culture of Japan)

279.15

REGULATION OF PROLINE-DIRECTED PHOSPHORYLATION OF DARPP-32
AND INHIBITOR-1 IN THE NEOSTRIATUM.
lcurengadALCzikIbotyfM
pG
J,A. Bihh*, J.P. O’Callaghan. A.NishACam

lular Neuroscience, The Rockefeller University, New York, NY 10021 -6399
Dopaminoceptive medium spiny neurons of the neostriatum utilize DARPP-32 and
inhibitor-1 (1-1) to integrate extracellular signals. In response to a vaiiety of first
messengers, cAMP-dependent protein kinase (PKA) phosphorylates DARPP-32 at
Thr-34 and 1-1 at Thr-35, converting each to a potent inhibitor of protein phos
phatase-1 (PP-1). The Ca2+/calmodulin-dependent enzyme, calcineurin (PP-2B), is
responsible for dephosphorylation of these sites. PKA-dependent phosphorylation of
DARPP-32 is enhanced by casein kinase II phosphorylation at Ser-102 while phos
phorylation at Ser-137 by casein kinase I inhibits déphosphorylation ai Thr-34 by
PP-2B. We recently demonstrated that DARPP-32 and [-] are phosphorylated in
vitro by several proline-directed protein kinases. Direct protein microsequencing
revealed that cdc2 kmase and cdk5 phosphorylated DARPP-32 at Thr-75 and 1-1 at
Ser-67. MAP kinase also phosphorylated 1-1 at Ser-67. Kinetic parameters for in
vitro phosphorylation and dephosphorylation at these sites were determined The
effect of proline-directed pho'sphorylation of DARPP-32 and 1-1 on
phosphorylation/dephosphorylation at the other known sites was characterized.
Immunoblots of striatal homogenate using phosphorylation state-specific antibodies
demonstrated that phosphorylation at Thr-75 of DARPP-32 and Ser-67 of 1-1 can be
detected in vivo. In adult mouse neostriatal tissue slice preparations, the stoichiome
try of phosphorylation of DARPP-32 at Thr-75 and 1-1 at Ser-67 was 0.3 and 0.5,
respectively. Phosphorylation at each site was increased in response to protein phos
phatase inhibitors, and was reduced in response to NMDA, or to the cdk inhibitors,
olomoucine and roscovitine. Our data indicate that differential phosphorylation of
DARPP-32 and 1-1 by neuronal proline-directed protein kinases may contribute to
the regulation of PP-1 activity in medium spiny neurons.
This work was supported by U.S. Public Health Service Grant #MH40899.

279.17

SYNAPSIN I PHOSPHORYLATION SITES ARE FLANKED BY
GLYCOSYLATION SITES. R.N. Cole* and G.W. Hart. Dept, of
Biochemistry & Molecular Genetics, Univ. of Alabama, Sch. of
Medicine/Dentistry, Birmingham, AL, USA 35294
Synapsin I is both phosphorylated and O-GlcNAcylated.
Phosphorylation occurs on serines in the N- and C-terminal
regions of synapsin I and lowers its affinity for synaptic
vesicles and actin (Greengard et al., 1993, Science 259: 780). OGlcNAcylation is the attachment of single jV -acetylglucosam ine
(GlcNAc) to Ser/Thr residues in cytosolic and nuclear proteins.
Elucidating the function of synapsin I requires a detailed
understanding of both its phosphate and O-GlcNAc posttranslational m odifications.
We extensively mapped the in vivo O-GlcNAcylation sites in
synapsin I by reverse phase HPLC analysis of synapsin I tryptic
peptides, followed by gas phase sequencing, mass spectrometry
and manual Edman degradation. O -G lcN Acylation sites in
synapsin I are as abundant as, are clustered in the same
domains as, and bracket the phosphorylation sites. Latency
studies demonstrated that O-GlcNAc transferase and O-GlcNAcase
activities, the enzymes that add and remove O-GlcNAc, are
present within synaptosomes. Immunoblots of synaptosomal
subfractions showed that O-GlcNÀc transferase is in the
synaptosomal cytosol and is associated with crude synaptic
vesicle m em branes. We are currently using synthetic
unmodified and glyco-peptides to address the effect of OGlcNAcylation on the phosphorylation of synapsin I by purified
kinases. (NIH grants NS09415 to RNC and ROl HD 13563 to GWH)
So cie ty f o r Neuroscience, Volum e
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279.14

PHOSPHORYLATION OF NMDA RECEPTOR SUBUNITS NR2A
AND NR2B IN RAT NEOSTRIATUM. G.L. Snvder*. A. Fienberg.
and P. Greengard. Lab of Molecular & Cellular Neuroscience, The
Rockefeller University, 1230 York Ave. New York NY 10021
The activity of medium spiny neurons of the neostriatum is regulated
by the co-ordinated actions of dopamine and glutamate. Activation of Nmethyl-D-aspartate (NMDA)-type glutamate receptors exerts excitatory
effects on neostriatal neurons. These receptors are heteromeric
complexes composed of two types of subunits, NR1 and NR2. At least
four different NR2 subunits (NR2A-D) are expressed in mammalian
brain. We are examining the possible role of dopamine signaling
pathways in the regulation of NMDA receptor subunit phosphorylation
in neostriatal cells.
Rat neostriatal slices were prelabeled in Krebs buffer containing
[32P]phosphate (2 mCi/slice), then incubated in the absence or presence
of dnigs. NR2A and NR2B were immunoprecipitated from these tissue
slices. Proteins were separated by SDS-PAGE and [32P]phosphate
content of each subunit was quantitated. Both NR2A and NR2B were
phosphorylaled in neostriatal slices under basal incubation conditions.
PDBu, an activator of protein kinase C, increased phosphorylation of
NR2B, but not NR2A, by 3-fold. NR2B phosphorylation was also
increased by calyculin A, an inhibitor of protein phosphatases-1 and2A. We are now examining the possible role of DARPP-32, an inhibitor
of protein phosphatase-1, in the regulation of NR2 subunit
phosphorylation.
Supported by U.S.P.H.S. Grant MH-40899 to P.G.

279.16

PKA-DEPENDENT MODULATION OF NMDA RESPONSES:
PUTATIVE ROLE OF THE PHOSPHOPROTEIN DARPP-32.

T. Blank*. I. Nijholt. U. Teichert. H. Kügler and J. Spiess. Dept. Molecular
Neuroendocrinology, Max Planck Institute Exp. Medicine, Hermann-ReinStr. 3, 37075 Goettingen, Germany.
The striatum receives dopaminergic afferents from midbrain areas and
glutamatergic projections from all areas of the cerebral cortex and thalamus. Recent
reports demonstrated the regulation of NMDA*induced responses in the neostriatum
after stimulation of dopamine receptors coupled to the adenylate cyclase cascade. In
Xenopus oocytes injected with mRNA isolated from rat striatum, two-electrode
voltage-clamp recordings could confirm the potentiation of NMDA-induced
responses after stimulation of the PKA system. Furthermore, continuous superfusion
of mRNA-injected oocytes with calyculin A (100 nM, 5 min), a potent inhibitor of
protein phosphatases 1 and 2A, mimicked the enhancement of NMDA responses.
Furthermore, preinjecting oocytes with calyculin A (500 nM), inhibited the PKAmediated potentiation of striatal NMDA-induced currents.
The phosphoprotein DARPP-32 has been reported to act as a potent inhibitor of
protein phosphatase 1 after phosphorylation by PKA. Northern blot analysis revealed
remarkably high amounts of DARPP-32 mRNA in striatal mRNA. Substantially
smaller amounts were detected in inRNA preparations from hippocampus. The
amount of DARPP-32 seemed to be crucial for the PKA-dependent modulation of
NMDA receptors since NMDA-induced currents recorded from oocytes injected with
hippocampal mRNA were only affected by PKA stimulation when cRNA coding for
DARPP-32 (cDNA obtained from Dr. Greengard, Rockefeller University) was
coinjected. Similar to striatal NMDA responses, the observed PKA-mediated
potentiation was prevented by preinjecting oocytes with calyculin A (500 nM) before
voltage-clamping. We suggest that phosphorylation of DARPP-32 by PKA inhibits
dephosphorylation of NMDA receptors via inhibition of endogenous protein
phosphatases and thereby enhances NMDA responses.
(,Supported by the Max Planck Society)

279.18
INCREASED CALRETININ EXPRESSION IN BRAINSTEM AUDITORY
NEURONS FOLLOWING ACTIVATION OF AMPA RECEPTORS BY
SYNAPTIC STIMULATION OR KAINATE EXPOSURE. T. N. Parks*. N. J. Hack.
L. Zirpet. D. A. Tavlor. A. C. Peterson. K. M. Charters. L. M. Winskv1 and S. B,
Kater. Dept, of Neurobiology & Anatomy, Univ. of Utah Sch. Med., Salt Lake City,
UT 84132, and ‘Lab. of Clinical Sciences, NIMH, Bethesda, MD 20892.
The neuronal calcium-binding protein (CBP) calretinin (CR) is thought to be
important in regulating cytosolic free calcium levels in neurons of the chick cochlear
nucleus, nucleus magnocellularis (NM), which are subjected to large calcium influxes
through calcium-permeable synaptic AMPA receptors (NeuroReport 6:2273-2276,
1995). We have recently shown that CR mRNA and protein expression in NM
neurons is not decreased by chronic deafening in embryos or hatchlings (J. Comp.
Neurol., in press 1997). We now report that CR expression can be acutely un
regulated by increasing neuronal excitation, either by synaptic stimulation or by
exposure to kainate (KA). In vitro brainstem chunks received 0.5-1.0 Hz unilateral
cochlear nerve stimulation while extracellular field potentials were recorded from NM.
For drug experiments, brainstem chunks were maintained for 1 hr in oxygenated
Tyrode’s solution containing no drug (control), 20-200 µM KA, or KA plus 1-10 µM
CNQX or NBQX. CR levels were assessed by quantitative Western blotting and
immunohistochemistry. Immunochemical detection of CBPs (including CR) is
strongly influenced by their calcium-binding state (/. Neurochem. (56:764-771, 1996).
To remove the influence of increased [Ca2+]1 following stimulation on
immunohistochemical detection of CR, we used fixation in Bouin’s fluid and a
calcium-insensitive CR antibody (Soc. Neurosci. Abstr. 22:580, 1996). Synaptic
activation caused an increase in CR immunoreactivity in NM on the stimulated side
(ca. 40% over the unstimulated side by densitometry) and in CR levels measured by
immunoblotting. KA produced a substantial increase in CR expression in NM that
was blocked by quinoxalinedione AMPA/KA receptor antagonists. These results
suggest that CR is constitutively expressed at an activity-independent level and that its
expression above this level can be regulated by synaptic activation.
Supported by NIDCD grant DC00144 to TNP and NIMH, DIRP.
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CALRETiNIN SIGNIFICANTLY INCREASES INTRACELLULAR CALCIUM
BUFFERING CAPACITY N. J. Hack*. C. Lin. L.T. Jensen. K. M. Charters. M
R ao E. Muir. J.H. Rogers. P.B. Guthrie. T.N, Parks and S. B. Kater. Dopt. of
Nearobiology & Anatomy, Univ. of Utah Sch. Med., Salt Lake City, UT 84132.
Calcium binding proteins (CBP's) are recognised as being important for cellular
regulation of intracellular calcium levels. The CBP calretinin (CR) is highly expressed
in nucleus magnocellularis ONM) neurons of the chick brainstem. Normal synaptic
transmission in these neurons results in significant calcium influx. We have
previously demonstrated that NM neurons in vitro are less affected by calcium
challenges than brainstem neurons which lack CR (Soc. Neurosci. Ahstr.
22:126,)996). Can CR account for at least part of the NM's resistance to calcium
challenge9 Using two different strategies, we asked whether CR can servo, as an
effective calcium buffer when introduced into cells either as protein or as a gene. First,
we purified CR using a GST-fusion method and micro-injected the protein into fura2
loaded dissociated dorsal root ganglion (DRG) neurons. Intracellular calcium
concentrations increased dramatically within I minute of KC1 application, presumably
through activation of voltage gated calcium channels. The CR injected cells showed a
significantly lower calcium peak than the control group. Second, we transfected
PCC7 cells with the chick CR gene unaer control of the CMV promoter. Transient
transfected cells were loaded with fiira2 and challenged with the ionophore Br-A23l87
(0.25-1 µM). The magnitude cf the intracellular calcium ris was significantly smaller
in the transfected cells compared with non-transfected cells. Both strategies for
introducing CR into cells demonstrates that CR significantly increases the buffering
capacity of cells to defined calcium challenges. It is notcable that the range of calcium
concentrations over which we have observed CR to be effective is not a range over
which toxicity would occur but rather a range where calcium signaling would be
affected.
Supported by development funds from the University of Utah
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A NOVEL PROTEIN PHOSPHATASE WHICH DEPHOSPHORYLATES AND
REGULATES CA2+/CAj MODULIN-DEPENDENT PROTEIN KINASE II
A. Ishida*. I. Kameshita. and H. Fujjisawa Dept, of Biochem. Asahikawa Medical
College, Asahikawa 078, Japan
It is well-known that Ca2+/calmodulin-dependent protein kinase II (CaMKII) is
regulated by autophosphorylation at Thr286. The present study was conducted to
identify protein phosphatases which were responsible for dephosphorylation of
Thr286 of CaMKII. A synthetic peptide corresponding to the residues 281-289 of
CaMKII was conjugated to paramagnetic particles, and phosphorylated by the
constitutively active CaMKII fragment. Using this phosphopeptide conjugate as
substrate, a calyculin A-insensitive, Mn2+-dependent, and poly-L-lysine-stimulated
protein phosphatase activity was detected in the crude extract of rat brain. Then, we
purified the protein phosphatase (designated as CaMKII-phosphatase) (CaMKIIPase)
to near homogeneity from rat brain stem. CaMKIIPase was a monomeric enzyme
with a molecular mass of 54 kDa. No inhibition was observed by 100 nM calyculin
Apr 10 piM okadaic acid. Mn2+, but not Mg2+, was absolutely required for activity.
CaMKIIPase was potently activated by polycations such as poly-L-lysine, protamine
and so on. In the presence of 10 ptglml poly-L-lysine, autophosphorylated CaMKII
was rapidly dephosphorylated by CaMKIIPase, whereas phosphorylase kinase,
Histone, MBP, and a-Casein, which had been phosphorylated by A-kinase,
phosphorylase a phosphorylated by phosphorylase kinase, and rat brain extracts
phosphorylated by CaMKII did not serve as substrates for CaMKIIPase.
Furthermore, Ca2+-independent activity of autophosphorylated CaMKII was
markedly reduced by incubation with CaMKIIPase and poly-L-lysine. Thus,
CaMKIIPase is a highly specific phosphatase for CaMKII, and it may participates in
regulation of CaMKII activity in the cells. Supported by grants-in-aid for scientific
research from the Ministry of Education, Science, Sports and Culture of Japan, and
by grants from the Byotai Taisha Research Foundation, the Uehara Memorial
Foundation, and the Mitsubishi Foundation.

M U TATION AL ANALYSIS O F T H E REG U LA TO RY DOM AIN
O F D R O SO PH ILA C A LCIU M /C A L M O D U L IN -D E PE N D E N T
PR O T EIN K INASE II (C aM K II) Z. WANG*. G. PALMER and L.
C. G RIFFITH Departm ent of Biology and Center for Complex
Systems, Brandeis University, Waltham, MA 02254
The multifunctional CaMKII is involved in a variety of cellular
functions. Extensive m echanistic studies have been done on
mammalian alpha-CaMKII in terms of its activation and regulation.
This study is a mutational analysis of the regulatory domain of
D rosophila CaM KII. W e dem onstrate that phosphorylation at
Threonine-287 (Thr287, equivalent to m am m alian Thr286) is
necessary and sufficient for the generation of Ca2+-independent
activity. Replacement of Thr287 with alanine abrogates generation of
autonom ous activity. R eplacem ent of Thr287 with aspartate
demonstrates that a negative charge at this site is sufficient to make the
kinase active in the absence of C a2+/CaM . W e are currently
investigating the mechanism of Thr287 autophosphorylation and its
effects on calm odulin binding. Initial autophosphorylation with
Ca2+/CaM enables the enzyme to continue to autophosphorylate even
after Ca2+/CaM is removed, and this Ca2+-independent event occurs at
sites distinct from those phosphorylated in the presence of calcium.
Phosphorylation of Thr306Thr307 (equivalent to m am m alian
Thr305Thr306) inhibits calm odulin binding. R eplacem ent of
Thr306Thr307 with alanines demonstrates that the majority of Ca2+independent autophosphorylation occurs at these sites. M utation of
Thr306Thr307 to aspartates is sufficient for complete inhibition of
calmodulin binding and calcium-stimulated activity.
(This work is supported by NIH grant GM54408 to LCG)

280.3
TETANIC STIMULATION PRODUCES A SIMILAR INCREASE IN
BOTH N O NPHOSPHOR YLATED AND A U TO P H O SP H O R YLA TED
CAMKII IN DENDRITES OF HIPPOCAMPAL CA1 NEURONS Y

280.4

Ouvana*. G. Kreiman. D .B. Kantor. A.J. Rosenstein. E.M. Schum an.
and M.B. Kennedy Division of Biology 216-76, California Institute of
Technology, Pasadena, C A 91125
Calcium/Calmodulin dependent protein kinase II (C aM KII) is believed
to play a crucial role in synaptic plasticity in area C A 1 of the
hippocampus. Both L T P and LT D are disrupted in hippocampal slices
from mutant mice from which the alpha subunit of C a M K II is deleted
(Silva et al., 1992; Ste ven s et al., 1994); however, the molecular
mechanism s underlying each form of plasticity are still unknown. W e
used double-label im munocytochemistry of fixed hippocampal slices
with antibodies against activated, autophosphorylated C a M K II (PC a M K II) and non-phosphorylated C a M K II (N P -C a M K II) to show that
both forms of C a M K II are significantly elevated in dendrites in area
CA1 30 min after induction of L T P by tetanic stimulation of Schaffer
collaterals (Ouyang, et al., 1997). In contrast, in cell bodies only PC a M K II is elevated by the sam e stimulus. O ur results suggest that new
C a M K II can be synthesized locally in neuronal dendrites in response to
tetanic stimulation and that long-lasting ch an ges in dendritic C a M K II
activity produced by tetanus may be caused by new synthesis rather
than by long-lasting changes in the proportion of P-C aM KII. This finding
may provide a function for the relatively large quantity of alpha-CaM KII
m essage found in hippocampal dendrites. W e are now testing this
hypothesis by investigating changes in P -C a M K II and N P -C a M K II at
earlier times after tetanus, and after blockade of protein synthesis with
anisomycin.
Silva et al., Science 257, 201-206, 1992; Stevens et al., Current Biol. 4, 687693, 1994; Ouyang et al., J. Neurosci., in press, 1997.
Supported by grants NS57684, NS17760, and NS32792
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DYNAMIC REGULATION OF CA2+/CALMODULIN-DEPENDENT
PROTEIN KINASE H BY ACUTE NEURONAL EXCITATION.
Y. Yamagata* and K. Obata. Lab. of Neurochem., Natl. Inst, for
Physiol. Sci., Myodaiji, Okazaki 444, Japan.
Ca2+/çalmoduün-dependent protein kinase II (CaM kinase H) has been
implicated in a variety of neuronal functions including synaptic plasticity.
In order to examine its activity in relation to acute neuronal excitation in
vivo, we studied the effect of electroconvulsive treatment in rats on its
activity and autophosphorylation state in homogenate from hippocampus
and parietal cortex. As early as 30sec after the electrical stimulation, a
profound but transient decrease in its Ca2+/calmodulin-independent
activity (55.3±3.3% and 54.1±2.3% of control in hippocampus and
parietal cortex, respectively), as well as in the level of its autophospho
rylation at Thr-286 measured by using phosphorylation state specific
antibodies (a subunit, 59.4±2.7% and 78.9+2.9% of control; (3 subunit,
61.4±3.7% and 75.3±2.5% of control in hippocampus and parietal
cortex, respectively), was observed. All these values returned to control
levels in 5min. When animals were pretreated with phénobarbital and
diazepam to prevent seizure activity, no such decrease was observed.
Thus, unlike many other in vitro studies using cultured neurons and brain
slices which showed its activation by neuronal stimulation, acute neuronal
excitation in vivo caused reversible inactivation of CaM kinase II by
dephosphorylation of its key regulatory autophosphorylation site. This
phenomenon may be related to disruption of memory formation and/or
retrieval, and loss of long-term potentiation by electrically induced
epileptiform seizure activity as reported previously.
Supported by a grant-in-aid from the Ministry of Education, Science,
Culture and Sports of Japan (no. 07808095).
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CAM KINASE II-LIKE ACTIVITY IN THE NERVOUS SYSTEM OF
LOBSTER, PANULIRUS INTERRUPTUS. M.D. Withers*1. L.C. Griffith2.
M.B. Kennedy3, and E. Marder1. 'Volen Center, Brandeis University, Waltham,
MA 02254,2Dept. of Biology, Brandeis University, Waltham, MA 02254, 3Div.
of Biology, Caltech, Pasadena, CA 91125.
An enzyme activity from Panulirus interruptus brain is kinetically consistent with
calcium/calmodulin-dependent protein kinase II (CaM kinase II). This activity
phosphorylates a CaM kinase II-specific synthetic peptide substrate, autocamtide-3,
and synapsin I, a well-characterized target of mammalian CaM kinase II.
Phosphorylation of autocamtide-3 by lobster brain activity is inhibited by a CaM
kinase II-specific autoinhibitory domain peptide with an IC50 of 6.5 + /- 0.8 µM.
A control peptide which does not inhibit CaM kinase II activity has no effect on
lobster brain activity up to a concentration of ImM. Lobster brain activity displays
autophosphorylation, also a characteristic of CaM kinase II. Immunoprécipitation
of phosphorylated lobster brain extract using an antibody made against Drosophila
CaM kinase II reveals several autophosphorylated bands which suggests the
existence of multiple isozymes or splice variants. PCR using degenerate primers
for CaM kinase II amplified a fragment from lobster brain. The clone was
sequenced and found to contain regulatory and variable domains and displayed a
59% identity and 70% homology to Drosophila CaM kinase II.
This CaM kinase II-like activity has been found in the stomatogastric nervous
system in areas such as the stomatogastric (.27 pmoles phosphate
transferred/min/µg protein) and comissural ganglia (.33 pmoles phosphate
transferred/min/µg protein), as well as in the commissures (.31 pmoles phosphate
transferred/min/µg protein) and the stomatogastric nerve (.19 pmoles phosphate
transferred/min/(µg protein).
Supported by NS10356, NS17813, the McKnight Foundation, and NIH GM54408,
NS17660.

280.7

EFFECT OF TREATMENT WITH ANTIPSYCHOTICS AND ANTIDEPRESSANTS
ON PROTEIN KINASE C IN THE RAT BRAIN. Y Dwivedi * and G. N. Pandev.
Psychiatric Institute, Dept, o f Psychiatry, UIC College of Medicine, Chicago, IL
60612
Chronic treatment with antipsychotics has been shown to cause alterations in the
receptor-mediated phosphatidyl inositol (PI) hydrolysis signal transduction system.
Protein kinase C (PKC), an integral component of this system, plays an important
role in mediating cellular functions. Whether the mechanism of action of these drugs
is related to PKC has not been explored. We, therefore, investigated the effects of
long-term administration of typical and atypical antipsychotics and antidepressants
on PKC in cortical and hippocampal regions of the rat brain. The rats were
administered i.p. chlorpromazine (CPZ; 20 mg/kg), haloperidol (HAL; 2 mg/kg),
clozapine (CLZ; 20 mg/kg), desipramine (DMI; 10 mg/kg), phenelzine (PNLZ; 10
mg/kg), and saline (0.9% v/v) daily for 21 days. The animals were decapitated 24 hr
after the last injection. We determined PKC binding sites ([3H]PDBU as the ligand),
basal PKC activity, and the immunolabeling of PKC isozymes (α, β, γ, δ, ε) in both
membranal and cytosolic fractions obtained from cortical and hippocampal brain
regions. We observed that CPZ and HAL decreased PKC activity in the membranal
fraction, whereas CLZ, DMI, and PNLZ decreased PKC activity in both membranal
and cytosolic fractions of the cortex and the hippocampus. There was no significant
change in Bmax or KD of [3H]PDBU binding to membranal or cytosolic PKC after
treatment with antipsychotics or antidepressants in either brain region.
Immunolabeling studies suggest a significant decrease in a and e isozymes in the
membranal fraction after treatment with CPZ and HAL, and a significant decrease in
αand 8 isozymes after treatment with CLZ, DMI, and PNLZ in both membranal and
cytosolic fractions of the cortex and the hippocampus. CLZ also decreased the β
isozyme in both membranal and cytosolic fractions of the cortex and the
hippocampus. These results suggest that PKC is modulated by both antipsychotics
and antidepressants; however, the effects of atypical and typical antipsychotics on
PKC may be different.

280.9

HIGH RESOLUTION IMMUNOGOLD ANALYSIS REVEALS DISTINCT
SUBCELLULAR COMPARTMENTATION
och OF PKCy AND PKCS IN RATPEINUJRK
rl12JitTW
CELS.Aandse'M
Blackstad1and O. P. Ottersen1*. 'Department of Anatomy, Institute of Basic Medical
Sciences, University of Oslo, P.O. Box. 1105 Blindem, N-0317 OSLO, NOR WAY.
2Wallenberg Neuroscience Center, Experimental Brain Research Laboratory, Lund
University Hospital, S-221 85 LUND, SWEDEN.
High resolution immunogold cytochemistry was used to investigate the differential
subcellular distribution of PKCγ and PKCδ in Purkinje cells of the rat cerebellum.
Postembedding incubation with an antibody raised to a peptide sequence near the Cterminus of PKCγ resulted in strong labelling along the dendrosomatic plasma
membrane. A quantitative analysis indicated that this labelling reflected the existence
of two pools of PKCy ; one membrane associated pool and one cytoplasmic pool located
within 40 nm of the plasma membrane. The labelling along the plasma membrane
showed a pronounced and abrupt increase when moving from the cell body into the
axon initial segment. Gold particles signalling PKCγ were also enriched in putative
Purkinje axon terminals in the dentate nucleus. The only organelle showing a consistent
immunolabelling for PKCy was the Golgi apparatus where the gold particles were
restricted to the trans face. PKCy immunoreactivity also occurred in the Purkinje cell
spines, with an enrichment in or near the postsynaptic densfity. Antibodies to PKCδ
produced a very different labelling pattern in the Purkinje cells. Most of the gold
particles were associated with rough endoplasmic reticulum, particularly with those
cistemae that were located close to the nucleus or in the nuclear indentations. No
significant PKCδimmunolabelling was detected at the plasma membrane or in Purkinje
cell spines. The present data point to a highly specific compartmentation of the two
major PKC isozymes in Purkinje cells and suggest that these isozymes act on different
substrates and hence have different regulatory functions within these neurons.
-Supported by NFR.
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P O L Y L Y SIN E ST IM U LA T E S P H O SP H O R Y LA T IO N O F B-50 (GAP-43)
BY R E C O M B IN A N T A N D RAT BRAIN C A S E IN K IN A S E II. L.A. Dokas
and S.-M Tina. Department of Medicine (Division of Neurology), Medical
College of Ohio, Toledo OH 43699-0008
The neuronal presynaptic membrane protein B-50 (GAP-43) is a
substrate for casein kinase II (CKII) in vitro and in intact rat brain growth
cones, although little is known about the regulation of this
phosphorylation. Phosphorylation of B-50 by recombinant human CKII
is stimulated by the polybasic compound, polylysine, with a maximal
effect at 10 (jg/ml, a concentration which does not increase protein
kinase C-mediated phosphorylation of B-50. To test the generality of the
effect of polylysine on B-50 phosphorylation, rat brain CKII was purified
using DEAE-Sephadex and phosphocellulose chromatography. With
casein as a substrate, this enzyme is inhibited by heparin and stimulated
by spermine. In the presence of GTP, equivalent to A TP as a substrate
for CKII, incorporation of [y-32P]-ATP is diminished.
Polylysine
stimulates the phosphorylation of B-50 by rat brain CKII in a
concentration-dependent manner similar to that observed with
recombinant CKII and is inhibited by heparin, GTP and spermine. With
either source of enzyme, digestion of B-50 with S. aureus protease,
followed by phosphoamino acid analysis, demonstrates predominantly
serine phosphorylation on the C-terminal peptide (S3/S4) which contains
serines 191/192 and threonine/serine phosphorylation on the 28 kDa
fragment, B-ôO,.^. These experiments identify B-50 among the group
of polylysine-dependent CKII substrates which includes calmodulin and
clathrin 0-light chain. Supported by NIH grant 30792.

280.8

CHRONIC LITHIUM ADM INISTRATION ALTERS PROTEIN KINASE C
AND THE PHOSPHORYLATION OF G AP-43 IN RAT BRAIN. K. O sa d a *
Y. Sasuga, N. Bodaiji, H. M atui and M. A sakura. Dep. of
Neuropsychiatry, St. M arianna Univ. Sch. of M ed., K aw asak i, K anagaw a,
Japan, 216.
Lithium h as an im portant and unique role in the treatm ent of patien ts
w ith bipolar affective disorder. We investigated the effects of lithium on
alterations in the am ount and distribution of protein kin ase C (PKC) by
u sing W estern blotting. M ale W ister rats received an subcutaneous injection
of 3 m M /kgLiC l twice daily and were decapitated after 5 w eeks treatm ents.
Chronic lithium treatm ents translocated the e-PKC from the cytosol fraction
to the m em brane fraction. We exam ined the changes in PK C-m ediated
endogenous protein phosphorylation. After chronic lithium treatm ent, the
phosphorylation of 80 and 43-kD a proteins w as increased com pared with
control in the particulate fraction. Therefore, we investigated the
phosphorylation of G AP-43 by PKC w ith an anti-phosphoserine antibody.
The phosphorylation of GAP-43 w as significantly increased and
im m unodensity for anti-G A P-43 w as also significantly increased after
chronic lithium treatm ents. The GAP-43 serine unphosphorylation show ed a
significant decrease in the chronic lithium -treat m em brane. Clued
synaptosom es were incubated w ith 100 nM PDBu a t 10 °C, and the GAP43 serine phosphorylation by PD Bu w as m easured a t 30, 60, 90 and 120
min. There were no significant differences in the reaction rate of the
G AP-43 serine phosphorylation by PD B u b etw een the control and chronic
lithium treated brain. Chronic lithium treatm ent increased the GAP-43
protein volum e and also the am ount of the GAP-43 serine phosphorylation.

280.10

Association of protein kinase C- e with 14-3-3 in differentiated
PC-12 cells Laura.Ganoon-MurakamiL.andi££ntarQ. Murakami

Dept, of Biochemical Pharmacology, SUNY-Buffalo, NY 14260
The 14-3-3 C, protein, a member of a highly conserved family of
~30 kD acidic dimeric proteins, has been implicated in many cellular
signaling pathways including MAP kinase pathway and the regulation of
protein kinase C (PKC). However, there continues to be a controversy
as to whether PKC is activated or inhibited by 14-3-3 t,. Moreover,
there is little evidence that 14-3-3 C, directly interacts with PKC in
intact cells. To address these questions, we have established a sub-cell
line of PC-12 cells that stably expresses an epitope-tagged 14-3-3 We
chose PC-12 cells because nerve-growth factor (NGF)-induced
differentiation has been shown to involve both MAP kinase pathway and
PKC. Transfected cells were differentiated into the neuronal phenotype
with 50 nM NGF for 0-8 days. Immunoprecipitated epitope-tagged 143-3 C, were analyzed by Western blot with PKC subtype-specific
antibodies. We found that PKC-s, a novel PKC subtype, and 14-3-3 £,
are associated in neuronally differentiated PC-12 cells. Consistent with
this finding, PKC-e contains a proposed 14-3-3 C, recognition sequence
(RSKSAP) in the V2/V3 domain. Studies are under way as to whether
the association of 14-3-3 C, activates or inhibits PKC-ε.
(Supported by NIH MH48973)
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Cat+ inhibition of arachidonic acid-activated protein kinase C -E

Kentaro Murakami*. Laura Gannon-Murakami. Mehran Farhadpour.
Feleke Eshete. ., and Hyun._ Chung. Department of Biochemical
Pharmacology, SUNY-Buffalo, NY 14260
Protein kinase C (PKC) is a family of enzymes that mediates
signal transduction across the membrane. Depending on the requirement
of Ca2+ for its activation, PKC subtypes have been traditionally divided
into two groups; Ca2+-dependent classical PKCs that contains the C2
domain and Ca2+-independent PKC subtypes (novel PKCs and atypical
PKCs) which do not have the domain. However, when we analyzed a
mutant PKC-a in which most of the C2 domain has been deleted, we
observed a signal-dependent Ca2+ inhibition of this deletion mutant;
micromolar concentrations of Ca2+ strongly inhibit the mutant enzyme
when it is activated by arachidonic acid, a c/'s-unsaturated fatty acid,
whereas Ca2+ has no effect on the activity when it is activated by
diacylglycerol. In naturally occurring C2-lacking novel PKCs, we also
found that PKC-e activated by arachidonic acid can be strongly inhibited
by micromolar concentrations of Ca2+. Our results indicate that a PKC
lacking the C2 domain is Ca2+-responsive and that there exists an
additional site for Ca2+ that modulates the sensitivity of the enzyme to
c/s-fatty acid but not to diacylglycerol. We propose that this modulatory
Ca2+ site could act as a molecular switch selective for fatty acid
activation by sensing the changes in the cellular Ca2+ levels, serving a
possible mechanism of differential activation of novel PKCs lacking this
C2 domain and classical PKC subtypes which contain the C2 domain.
(Supported by NIH MH48973)

DIFFERENT TRANSLOCATION MECHANISM BETWEEN Ύ- AND
γ
ε- PKC. Y. Shirai, N. Sakai, K. Kashiwagi, M. Fujii, N. Saito*. Lab.
of Mol. Pharmacol., Biosignal Res. Ctr., Kobe Univ., Kobe 657, Ja p a .
Gamma- and ε- subspecies of protein kinase C (PKC), abundantly
expressed in neural tissues, are known to be translocated from cytosol
to membrane when activated byextracellular signals. We had succeeded
in visualizing their translocations in living cells using fusion protein
with green fluorescent protein. Utilizing this technique, we investigated
roles of calcium ion (Ca2+) and diacylglycerol (DG) in their
translocations in CHO-K1 cells which express ATP receptors.
Gamma-PKC was translocated with 100 µM ATP, 10 |µM Ca2+
ionophore A 23187 and 20 µM DG analogue from cytosol to plasma
membrane within 30 s, and re-distributed lo cytosol in 3 min. However,
all of them could not induce the translocation of γ-PKC in the absence
of Ca2+, indicating that Ca2+ is necessary to the translocation of γ-PKC.
In addition, DG was also essential to the translocation of γ-PKC,
judging from the fact that a γ-PKC mutant lacking DG-binding region
failed to translocate to plasma membrane. Epsilon-PKC was translocated
mainly to plasm a membrane with same time course of y-PKC
translocation, when activated with 1 mM ATP. Although DG analogue
induced the translocation of ε-PKC even in the absence of Ca2\ ATPinduced translocation of ε-PKC was inhibited by lack of C a2+. These
results suggested that Ca2+ may play an important role in ATP-induced
translocation of ε-PKC. Furthermore, DG antagonist did not inhibit
ATP-induced translocation of ε-PKC, suggesting that other activators
such as fatty acids may be involved in ATP-induced translocation of
ε-PKC. The different translocation mechanism of y- and ε-PKC might
reflect differences in the ways of activation of both PKCs.

280.14

DIFFERENTIAL DOWN-REGULATION OF PKC ISOENZYMES BY
GNRH AND TPA ON a T3-1 GONADOTROPE CELL LINE S. V.
Drouva*.B. Poulin. J L Mas, and A En,ialberL ICNE UMR 6544 CNRS,
Fac. de med., Inst. Jean Roche 13916 Marseille France
Protein Kinase C (PKC) comprises a family of ser/thr kinases
implicated in signal transduction and mediates a range of intracellular
functions. Previous studies performed in either normal gonadotrope cells
or cell lines have indicated the involvement of PKC in the regulation of
GnRH-induced signalling events. In the present work we have examined
the expression as well as the responses to down regulation by either
GnRH or the phorbol ester TPA on different isoenzymes of PKC in α
T3-1 cells. Using specific antibodies, PAGE and Western blotting
techniques we confirmed the presence of previously described specific
bands for α, ε, and £ isoenzymes. In addition, we have identified specific
imunoreactive bands corresponding to βII and 8 isoforms. PKC γ and θ
are not expressed in this cell line. To further investigate to what extent
prolonged treatment by TPA or GnRH (2-24 h) may modulate
differentially these PKC isoforms, the effect of high concentration of
TPA (10-6 M) or GnRH analogue (10"7 M) on the expression of PKC
isoenzymes were determined during persistent stimulation of these cells.
PKC £ expression was not altered by incubation of a T3-1 cells with TPA
over a 24 h period. However, PKC α, βII, δ and e detected in whole cell
extracts were highly diminished but at different rates and to different
extents for each isoenzyme. Prolonged GnRH agonist treatment
significantly down modulated in a time dependent manner the ε and δ
PKC. The β1l isoform expression was slightly depressed only after 24 h
stimulation by the neuropeptide. These results underline the differences
in individual PKC isoenzyme responses to different stimuli, thereby
providing additional evidence for the contribution of discrete PKC
isoforms in signalling pathways in a T3-1 gonadotrope cells.

280.13

DIFFERENTIAL INVOLVEMENT OF PROTEIN KINASE C AND
PROTEIN KINASE A IN THE MUSCARINIC RECEPTOR
SIGNALING PATHWAYS MEDIATING ARACHIDONIC ACID
RELEASE AND PLC ACTIVATION. C L. Williams*, L.G. May, S.
Krebs, A. Newman and R.S. Aronstam. (juthrle Research institute,
Sayre, f*A 18846
Agonist activation of CHO cells expressing the M3 subtype of the
muscarinic acetylcholine receptor (mAChR) was previously shown to
stimulate arachidonic acid (AA) release and phospholipase C (PLC)
activity (Mol. Biol. Cell, 1996, 7:1013, 3767). The involvement of
protein kinase C (PKC) and protein kinase A (PKA) in these signaling
pathways was examined. Carbamylcholine (carb, 100 µM) activation of
PLC was not altered by inhibition of PKC with chelerythrine chloride
(10 µM), or by down regulation by chronic treatment with phorbol
myristate acetate (PMA, 100 nM, 24 hours). Similarly, acute treatment
with PMA (100 nM, 20 min), which activates PKC, was without effect.
Inhibition of PKA with H89 (10 µ.M) also failed to block carb stimula
tion of PLC. Interestingly, forskolin, which activates adenylate cyclase,
blocked carb activation of PLC by 25%. These results suggest that PKC
and PKA are not involved in PLC activation. In sharp contrast, inhibi
tion of PKC with chelerythrine chloride resulted in complete abroga
tion of carb stimulated AA release. A similar, but not as dramatic,
response was observed following chronic treatment with PMA. Sur
prisingly, acute treatment with PMA failed to have any effect on AA
release by carb. Inhibition of PKA with H89 reduced carb release of
AA by approximately 25%. Treatment of cells with forskolin potenti
ated carb stimulation of AA release, emphasizing the role of PKA in
the release of AA. Thus, PKA and PKC appear to be involved in the
signaling pathway utilized by the mAChR to release AA, but not in the
PLC activation pathway . (Supported by the Department of the Army
Grant DAMD 1994-J-4011).

280.15

280.16

CROSS-MODULATION OF GLYCINE-ACTIVATED Cl CHANNELS
BY PROTEIN KINASE C AND cAMP-DEPENDENT PROTEIN
KINASE Yanping Gu1* and L.-Y.M. Huang1,2 Marine Biomed. Inst.1 and
Dept, of Physiol, and Biophys.2, Univ. of Texas Med. Branch, Galveston,
Texas 77555-1069.
The glycine receptor (GlyR) is one major receptor mediating inhibitory
synaptic transmission in nociceptive (pain) systems, including the spinal cord
and the trigeminal nuclei. Both cAMP-dependent protein kinase (PKA) and
protein kinase C (PKC) have been shown to modulate the activity of glycine
receptor channels. It is therefore important to determine if cross-modulation
exists between these two second messenger systems. We studied the effects of
intracellularly-applied PKA and PKC on glycine-evoked currents (IGiys) in
freshly dissociated trigeminal neurons. Glycine was rapidly applied to the cells
using a fast perfusion technique and whole-cell currents were recorded with
patch electrodes. We found that both PKC and PKA, when applied separately,
potentiated IGiys. Once IGiys were enhanced by PKA, however, PKC could not
increase the glycine responses any further. We also found that IGiys increased
spontaneously in 42% of the cells. Since the PKA inhibitor, wiptide, slowed or
stopped the spontaneous increase in IGiys, endogenous PKA appears to mediate
the increase. Furthermore, PKC had no effect on those cells that had been
spontaneously phosphorylated by PKA. These results suggest that the PKC
action on IGiys is conditional to the modulation of the currents by PKA. This
cross modulation of glycine receptor channel activity by PKA and PKC may
play important roles in neuronal integration and plasticity. (Supported by NIH
NS30045).
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CHANGES IN THE EXPRESSION OF NOVEL Cdk5 ACTIVATOR
MESSENGERRNA(p39nck5ai mRNA) DURING RAT BRAIN DEVELOPMENT.
X.-H. Caia,b,c ,K. Tomizawa3, Y.-F. Lua, A. Moriwaki3, M. Tokuda*5, S.
Nagahatac, O. Hatase*3 and H. Matsui3*. aThe First Department of Physiology,
Okayama Univ. Sch. of Med., Okayama 700, Japan. Departments of ^Physiology,
cOral and Maxillo-facial Surgery, Kagawa Med. Univ., Kagawa 761-07, Japan
We examined the spatial and temporal expression of a novel neuron-specific Cdk5
activator, p39nck5a*. in the developing rat brain. Northern blot analysis showed that
p39nck5ai expression was low in 15-day old fetuses and newborn, and was most
prominent in the 1 week-old to 3 week-old rat brains. In the adult rat brain,
expression declined to the same level as in newborn rat brain. In situ hybridization
showed that p39nck5ai mRNA. was weakly expressed in all neurons of all regions in
the newborn rat brain and the transcriptional level was highest in all regions in the 3
week-old rat brain. In the adult, expression was decreased in most neurons except
Purkinje and granule cells in the cerebellum which retained high levels. We
previously reported that p35nc^ a was most prominent in the new born rat brain, and
in the adult rat brain, strong expression was retained in the hippocampus and primary
olfactory cortex. These results suggest that despite the fact that p35nc5 a and
p39n-ck5ai neuron-specific activators of Cdk5, and display a high degree of amino
acid sequence homology, they may have different functional roles in the developing
brain.
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MAP KINASE ACTIVATION AS A MECHANISM OF ESTROGEN
NEUROPROTECTION IN PRIMARY CORTICAL NEURONS. C.A. Singer.*
and P.M. Dorsa. Departments of Pharmacology and Psychiatry and
Behavioral Sciences, University of Washington, Seattle, WA 98195
There is mounting evidence to suggest the interaction of multiple signal
transduction pathways, particularly the MAP kinase cascade, in
mediating many of the effects of estrogen. Activation of the estrogen
receptor by MAP kinase phosphorylation has been demonstrated in vitro
and in cells treated with EGF. A ligand induced estrogen receptor
complex capable of activating the MAP kinase pathway, possibly through
an initial interaction with c -src, has also been reported by others in non
neuronal cells. Trophic effects of estrogen on neuronal survival and
differentiation may then be due, in part, to activation of MAP kinase
signaling pathways. Our laboratory recently reported a neuroprotective
effect of estrogen following a toxic glutamate exposure in primary cortical
neurons which is blocked by estrogen receptor antagonists. The MAP
kinase kinase inhibitor PD98059 also blocks estrogen neuroprotection in
these cultures, suggesting that MAP kinase activation is necessary to
mediate these effects of estrogen. An examination of MAP kinase
phosphorylation demonstrates that a 5 to 30 minute period of estrogen
exposure is sufficient to induce phosphorylation of MAP kinase on the
residues necessary for enzymatic activation. This phosphorylation is
blocked by PD98059 and by the estrogen receptor antagonist ICI
182,780, suggesting that the estrogen receptor mediates these effects.
Further experiments will examine the components of the MAP kinase
signaling pathway necessary for this interaction and its importance in
neuroprotection by estrogen. This work is supported by a Molecular
Neurobiology Training Grant to C.A.S. and ADRC Grant AG05136 to
D.M.D.
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281.2

Progesterone regulation of cyclic AMP level in ovariectomized rat
neocortex. R. H. Thalmann*. M. I. Al-Dahan and M. H, Jalilian
Tehrani. Baylor Coll. of Med., Houston,TX 77030.
Neocortical slices of rats that had been ovariectomized at least one
week were incubated with progesterone or other compounds in an oxy
genated Krebs buffer. Progesterone (lOOnM) facilitated forskolin-(0.33fi.M) stimulated total slice cyclic AMP. Prior treatment with estrogen
was not necessary. The effect of progesterone was greatest within 15
minutes but declined by approximately 2/3 with 40 minutes exposure.
lOnM progesterone was effective, while 30nM was -half maximal.
Progesterone (30nM-300nM) did not augment cyclic AMP in the pres
ence of dideoxyforskolin (3jxM), an analog that does not directly stim
ulate adenylyl cyclase but shares many of the other actions of
forskolin. Progesterone also failed to affect cyclic AMP levels that
were increased by norepinephrine or isoproterinol. The specificity of
progesterone to forskolin-augmented cyclic AMP appears more con
sistent with an effect upon adenylyl cyclase than upon a phosphodi
esterase, and a kinetic analysis was consistent with an effect upon the
Vmax rather than the Km of enzymatic activity. This effect of progest
erone upon cyclic AMP could couple progesterone to cellular effects
such as an increase in GABAb receptors (See Al-Dahan and Thal
mann, Brain Res. 1996, 727, 40-48, and this meeting). Supported by
NIH grant NS21713

281.4

The results of present study show that androgenization and estrogenization to
newborn rats results in different modifications in NE ovarian content. Such
differences could explain those differences observed in the ovaries in androgenized
and estrogenized animals sacrificed at different moment of the prepubertal and
postpubertal period. Supported by CONACyT (IN1719) and PUIS.

PERINATAL CASTRATION YIELDS HEMISPHERE-SPECIFIC
EFFECTS ON CORTICAL CATECHOLAMINE INNERVATION IN
ADULT RATS . M. Kritzer* , Dept, of Neurobiology & Behavior,
SUNY at Stony Brook, Stony Brook, N.Y. 11794-5230.
Testicular hormones Influence cortical catecholamines during
development and adulthood (e.g., Stewart et al., J. Neuroendocrinol. 3:
'91). However, the consequences of perinatal manipulations for
innervation in adults are not well understood. This study thus explored
the effects of perinatal castration on cortical catecholamine innervation
in postpubertal, adult male rats.
Catecholamine innervation was assessed in motor cortex using
immunocytochemistry for tyrosine hydroxylase (TH); axon density was
compared among animals castrated or sham operated on P0.P1, P7,
P21 or P35. Visual inspection alone revealed striking effects of
castration in the first week of life; whereas control animals exhibited
typical hemispherically similar labeling, TH axons in P0, P1 and P7
castrates were always much more dense in the right vs. left
hemispheres. Quantitative analyses showed that axon density was
often subnormal on the left, supranormal on the right, and that two- to
five-fold density differences distinguished the two nemispheres. In
marked contrast, castration at P21 and P35 produced labeling in adult
cortex that was qualitatively and quantitatively similar to controls.
These findings thus suggest further example of specific windows of the
life span when gonadal hormones are differentially active in shaping
neurochemical systems; for cortical catecholamines, the hormonal
surge of postnatal week one may be particularly and perhaps uniquely
important in setting both the levels and the laterality of adult TH
innervation. This striking lateralized influence could have relevance for
developmental disorders such as dyslexia, which preferentially affect
males, and in which functional laterality of the cortex may be at
issue(e.g„ Kurlan, Arch. Neurol. ’92). R29NS3542201.

281.5

281.6

ALPHA-2
RECEPTORS
AND
ALLOPREGNANOLONE-INDUCED
MODIFICATION OF [3H]-NOREPINEPHRINE RELEASE FROM RAT
CEREBRAL CORTEX SLICES UNDER DIFFERENT ENDOCRINE
CONDITIONS. J. Belmar. H. Lara*. C. Cuellar. H. Pérez, and S. Arancibia.
Lab. Biochemical Pharmacology, Faculty of Biological Sciences, Catholic
University of Chile, Santiago, Chile and Lab. de Plasticité et Adaptations
Cellulaires, Université Montpellier 2, Montpellier, France.

ESTROGEN ALTERS PATTERN OF mRNA EXPRESSION IN RAT
SPINAL CORD NEURONS. M. Telkov*. A. Amandusson. M.
Hallbeck. O. Hermanson and A. Blomqvist. Dept. Cell Biology, Fac.
Health Sciences, Linköping University, S-581 85 Linköping, Sweden.
There is evidence both from animal and human experiments that pain
sensitivity is influenced by gonadal hormones. The mechanisms by
which gonadal hormones affect pain processing are not known, but
preliminary observations from this laboratory suggest that estrogen,
through a genomic action, regulates enkephalin transcription in the spinal
dorsal horn (Amandusson et al., this meeting). In order to identify other
genes that also may be involved in the estrogen response in spinal cord
neurons, a PCR-select cDNA subtraction technique (Clontech) was
applied. In short, a cDNA library made from total RNA extracted from
the lumbar spinal cord of five ovariectomized estrogen-stimulated rats
was subtracted with an equivalent cDNA library made from total RNA of
five non-stimulated ovariectomized rats and subjected to two subsequent
rounds of subtractive PCR-amplification (Clontech). The library
constructed this way was called “positively subtracted”. The equivalent
'‘negatively subtracted” library was made when a cDNA library of nonstimulated rats was subtracted with a cDNA library of estrogenstimulated animals. Total RNAs for the libraries were extracted 8 hours
post-stimulation. Both “positive” and “negative” libraries were made
from the same RNA preparations and essentially side by side. So far, we
have found 20 differentially expressed cDNA clones (12 clones were
found in estrogen stimulated animals and 8 clones expressed differently
in estrogen non-stimulated animals). Currently, the analysis of the
differently expressed clones is in progress.
Supported by the Swedish Medical Research Council (#7879).

EFECTS OF TESTOSTERONE PROPIONATE (TP) OR ESTRADIOL
BENZOATE (EB) ADMINISTRATION TO NEW BORN RATS ON OVARIAN
NOREPINEPHRINE (NE) CONTENT. R. Dominguez.* R. Lovo. and A. Flores.
Sexual Differentiation Laboratory. UIBR F.É.S-Zaragoza, U.N.A.M., MÉXICO, D.F.
The administration of TP to newborn rats induces polycystic ovary (PCO),
while EB injection results in a non-ovulatory syndrome, but a real PCO is not
induced. Because there is evidence that in the adult rat, the PCO induced by estradiol
valerate (EV) injection results in the increase of ovarian NE content, in present study
we analyzed the effects of PT or EB injection to newborn rats, on the NE (measured by
HPLC) ovarian content, during the prepubertal and postpubertal period. Newborn rats
treated with 10
of EB, 75 ng of TP, or oil, were sacrificed at 15, 21, first vaginal
estrus (FVE) or 60 days after the injection, and NE was measured in the ovaries. The
NE
GROUP
NE
GROUP
C-FEV
0.97±0.15
C-15
1.87±0.10
TP-15
TP
,4.33±0.55 * w
2.17±0.22 vj/
EB-15
2.48±0.34
EB-FVE
5.85±0.99*
0.28±0.04
1.24±0.08
C-21
C-60
TP-60
0.80±0.17* vj/
TP-21
2.07±0.21* w
EB-60
0.44±0.06
EB-21
3.39±0.44*
*p<0.05 vs. Control (C);ψ p<0.05 vs. EB (ANDEVA-TUKEY).

Previous studies have shown that gonadal steroids modulate norepinephrine
release from cerebral cortex slices. In this work we have studied whether a
neurosteroid, allopregnanolone, may also modify this process.
Slices from frontal cortex region, preloaded with [3HJ-norepinephrine ({3H}NE), were superfused and the spontaneous and K+-evoked efflux studied in the
presence of allopregnanolone, (10-9 M). The neurosteroid potentiated the basal
and the induced- release of the transmitter. These results were estrous cycledependent. The basal release was mainly increased during the estrus and to a
lesser degree at proestrus and diestrus-1. During diestrus-2, basal and K+induced efflux of [3H]-NE were unaffected by the neurosteroid. When the
alpha-2-receptor blocker, Yohimbine (I0-6 M), was used the effect of
allopregnanolone on basal release was potentiated only the first three minutes of
superfiision whereas the potentiation on K+-induced release was further
increased during the whole superfusion period.

The results suggest that allopregnanolone modulates the release of
norepinephrine in the cortex in an estrous cycle-dependent way through
mechanisms involving noradrenergic alpha-2 autoreceptors.
(Supported by FONDECYT Grant 8970010).
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CORRELATION OF TESTOSTERONE AND GENDER ATTITUDES
WITH GENDER SPECIFIC COGNITION IN 7TH GRADE STUDENTS.
C. W. Davis, W. H. Overman*. M. PALANZA. Dept, of Psychology,
UNC-W ilmington, Wilmington, N.C. 28401.
The relative contributions of psychosocial and biological factors to
gender biased cognition rem ains unclear. We first found w ith college
students that of 6 cognitive tests, three showed male superiority and
three female superiority. Next w e gave the tests to 163 seventh grade
children(ll to 13 years old). Some were prepubescent and some in the
midst of pubertal changes. Information was collected about the student's
daily activities, gender related attitudes and traits, fam ilial education
and S.E.S. status. In addition, saliva from each student was assayed
(RIA) for testosterone (T) and estradiol (E). At the time of w riting,
results were available from the behavioral and cognitive measures and T
assays. Statistical analysis including ANOVA, stepw ise m ultiple
regression, and t tests revealed that testosterone was significantly
correlated w ith gender, and w ith gender related attitudes and traits.
Testosterone was significantly negatively correlated w ith tw o cognitive
measures, the Purdue pegboard and a spatial memory task: both were
female superior tasks. Testosterone was not significantly correlated with
m ental rotation tasks, or a w ater level task although these tasks were
significantly correlated w ith gender. Other significant correlations may
be found w ith E, the T /E ratio, and the family socioeconomic measures.
Supported by NIMH Grant RO1-MH5O724-01

ER MRNA EXPRESSION IN THE HIPPOCAMPUS OF THE RAT DURING
DEVELOPMENT. C. Orikasa*1. Y. Sakuma1. B. S. McEwen2. and S. Hayashi3.
'Dept. Physiol. I, Nippon Med. Sch., Bunkyo, Tokyo .113, Japan, 2Neuroendocrinol.
Lab., Rockefeller Univ., New York, NY 10021, USA, 3Dept. Anat. Embryol., Tokyo
Metropol. Inst. Neurosci., Fuchu, Tokyo 183, Japan.
The hippocampal formation is involved in the cognitive process of learning and
memory function. Estrogen affects the growth, differentiation and plasticity of
hippocampal neurons. It increases the density of dendritic spines and synapses of the
CA1 pyramidal cells. However, presence and distribution of estrogen receptor (ER)
molecules in the hippocampus has not been clearly shown. We used nonisotopic in
situ hybridization histochemistry (ISHH) to find the ER mRNA expression in the
hippocampus of male and female rats during development. For ISHH, we prepared a
digoxigenin (dig)-labeled cRNA probe of 2.3 kb length, which was transcribed from
a full length ER cDNA. ER mRNA signals were detected as coloring reactions of
alkaline phosphatase conjugated with the anti-dig antibodies. We found that: 1) ER
mRNA signals were detected in the polymorphic layer of the dentate gyrus and in the
striatum radiatum of the comus, 2) they were in the greatest concentration in the
dorsal hilus of the very rostral sections and were relatively concentrated in the
ventral hilus of the caudal sections, 3) they were also detected in the striatum
radiatum of the CA1 region, 4) ER mRNA signals appeared to be in intemeurons of
the hippocampus but neither in the pyramidal cells nor the dentate granular cells, 5)
ER mRNA first appeared in these regions around 10 days of age and remained in the
place in the adult, 6) no clear difference of the distribution and intensity of digimmunopositive cells between sexes was detected. We obtained similar results by
immunohistochemistry using anti-rat ER antibodies. We conclude that changes in the
intemeurons are of primary importance to establish estrogenic influence in the
hippocampus.

28 1 .9

281.10

ANDROGEN REGULATES THE SIZE OF MALE RABBIT BULBOCAVERNOSUS MOTONEURONS BUT NOT THEIR ELECTROPHYSIOLOGICAL PROPERTY. Y. Nanasaki*. Y. Kondo. K. Suzuki
and Y. Sakuma. Dept. Physiol., Nippon Med. Sch., Tokyo 113, Japan.
The bulbocavemosus muscle (BCm) surrounds the proximal end of
the corpus spongiosum and is important for penile erection. In this
study, we identified spinal motoneurons that innervate the BCm in the
rabbit by (1) injections of horse-radish peroxidase (HRP) into the BCm
of intact and castrated males and (2) intracellular recordings of anti
dromic action potentials that were elicited by electrical stimulation of the
bulbocavemosus nerve. HRP labeled the rabbit BCm motoneurons that
scattered in the ventral horn of the 5th and 6th lumbar segments, unlike
in the rat in which BCm motoneurons form a densely-packed, spinal
bulbocavemosus nucleus. The wet weight of the BCm and the peri
karyon size of BCm motoneurons decreased significantly following
castration: The mean diameter of the labeled neurons in cross sections of
the spinal cord (50 |im thick) in the normal males was 65.73+3.05 |nm
(mean+SEM, n=33), approximately two times larger than in the
castrated males (36.35+0.98 Jim, n=66). Intracellular recordings of
antidromic action potentials in pentobarbital-anesthetized rabbits showed
that the conduction velocity of the bulbocavernous nerve was in the
range of 60-80 m/s and was not affected by castration. Although both
BCm mass and BCm motoneuron size depended on testicular androgen,
androgen caused no detectable change in electrophysiological property
of the BCm motoneurons. We conclude tentatively that androgen acts on
BCm motoneurons to compensate the morphological change, probably
through changes in membrane characteristics.

DIRECT DOPAMINERGIC EFFECTS ON AROMATASE ACTIVITY: POSSIBLE
PHYSIOLOGICAL SIGNIFICANCE, J. Balthazart. M. Baillien. A. Foidart*.
G.F. Ball Lab. Biochemistry, Univ. Liège B-4020, Belgium; Dept Psychology,
Johns Hopkins Univ., Baltimore MD 21218.
Anatomical data show that, in the Japanese quail brain, catecholaminergic
(CAergic) fibers specifically innervate aromatase-immunoreactive cells.
Physiological studies in a variety of animal models have shown that estradiol (E2)
affects CAergic activity (tvrosine hydroxylase activity, THA, turnover and
receptors of dopamine, DA and norepinephrine, NE) and conversely that the
catecholamines, DA and NE modulate aromatase activity (AA) in vivo. Most of
these experiments suggest long-term regulations at the genomic level, involving
controls of enzyme synthesis but the possibility of a direct modulation of AA by
DA/NE or of THA by E2 has not been investigated. AA and THA were measured
during in vitro incubations of quail hypothalamic homogenates by the production
of tritiated water from [ 1P-3H] -androstenedione or [3,5-^H]-L-tyrosine respectively.
Assays conditions were optimized to obtain linearity of products formation as a
function of time and of the protein content of homogenates. No change in THA
was observed in the presence of up to 10*4M concentration of E2 or testosterone.
NE and prazosin (at-adrenergic antagonist) had no or very limited effects on AA.
However, in contrast, DA (1(H to 10'3 M) and some D1 and/or D2 receptor
agonists (apomorphine[Dl/D2], SKF-38393 [Dl] and RU-24213 [D2]) depressed"
AA by 40 to 70 % at the 10-3 M concentration. One D2 receptor antagonist also
produced a major inhibition of AA (sulpiride) while other antagonists (SCH-23390
[Dl], spiperone [D2], pimozide [D2]) either had no significant effect or only
produced moderate decreases in AA. The inhibitory effect of the agonists was not
antagonized by the less active antagonists, SCH-23390 [Dl] or spiperone [D2]. The
results suggest that the inhibitory effects of DA or DAergic compounds is not
mediated through binding to DA receptors. It appears likely that these drugs inhibit
AA by a direct effect on the enzyme, as suggested by the competitive nature of
DA and SKF-38393 inhibition of AA (Ki’s o f 59 and 84 fiM respectively). This
mechanism may represent an important physiological pathway through which
neurotransmitters could rapidly affect steroid-dependent processes such as the
neural synthesis of estrogens. This would provide a means by which environmental
stimuli could affect reproductive behavior and physiology. The physiological
significance of this finding in vivo is currently under study.
Supported by NIMH 50388, FRFC 9.4565.96F, AC 93/98-171, EC-CT94-0472.
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THE ENDOCRINOLOGY OF MALE RAT MICTURITION BEHAVIOR
DISPLAYED IN RESPONSE TO DISTANT RECEPTIVE FEMALES. P.
Pacheco*. M,R, Cru¿. M.E. Hernández. M.R. Toledo and J. Manzo. Inst. Inv.
Bioméd., UNAM, and Inst. Neuroetología, Univ. Veracruzana, Xalapa, Ver., México.

PROGESTERONE-3-BSA AND 17P-ESTRADIOL-6-BSA BIND TO
GLYCER ALDEHYDE-3 -PHOSPHATE DEHYDROGENASE (G3PD). I. Joe. J.
Zheng & V. D. Ramirez*. Dept. Mol. & Integrative Physiol. & Neurosci. Program,
Univ. of Illinois, Urbana, IL 61801
We have found that P-3-BSA (progesterone linked to BSA at C-3 position) and 17f$E-6-BSA (E-6-BSA, 17p-estradiol linked to BSA at C-6 position) binds to a 37 kDa
protein from female rat brain. Brain (B) homogenates were used to obtain a crude
plasmalemma-microsomal fraction (B-P3). Triton X-100 solubilized B-P3 was applied
to affinity columns coupled with P-3-BSA and three major proteins (31, 37, and 50
kDa) were retained. The purified proteins were separated by SDS-PAGE and
electrotransferred to PVDF membrane for sequencing. The 37 kDa protein was then
identified by N-terminal sequencing as glyceraldehyde-3-phosphate dehydrogenase
(G3PD). However, the other two proteins were N-terminal blocked. Similarly, a 37
kDa protein was purified from brain cytosolic fraction (B-S3) by affinity columns
coupled with P-3-BSA or 17P-E-6-BSA and it was identified by N-terminal sequencing
as the same G3PD. Subsequently, the binding of 17J5-E-6-BSA and P-3-BSA to
purified G3PD from rabbit skeletal muscles and human erythrocytes was studied by
radiolabeled ligand binding assay and ligand blotting using iodinated 170-E-6-BSA
(17{5-E-6-[125l]BSA). The binding at pH 7.4 was not significantly displaced by
unlabeled ligands. However, at pH 8.6 (optimal pH for the enzyme activity), the
binding is highly specific and dose-dependent. In addition, unlabelled 17J3-E-6-BSA
and P-3-BSA were able to displace the binding of 17p-E-6-[125I]BSA to G3PD with
IC50 of about 25 nM and 1 jiM, respectively. This study shows that membranebound and free G3PD binds to sex steroid hormones, leading to the hypothesis that sex
steroid hormones can regulate cell energy metabolism in the brain by a G3PDdependent mechanism.
This work was in part supported by a NSF grant and a NIH grant to VDR.

In our laboratory we have shown that sexually experienced male Wistar rats exhibit
a micturition behavioral pattern in response to distant receptive females, and in a
significant less extent to non-receptive females, males or any other stimuli source.
Even though we still do not know the effect o f this voided urine in the distant female,
in this study we manipulate the systemic concentration o f different steroid hormones
in order to understand their role in the control o f this masculine behavior.
Five groups of 8 sexually experience male Wistar rats each were used. Males were
tested four times in two weeks per condition: Intacts, castrated (C), and implanted
with a sc capsule o f Silastic emptied (E), or filled with testosterone (T), estradiol (E2),
dihidrotestosterone (DHT) or DHT+E2. 20 min tests were done in a cage divided by a
mesh in two compartments, one for the male the other for a receptive female. Thus the
female was always distant to the male. A mirror was placed under the cage and
correlated drawings o f male urine spots were done in a paper. Drawings were
introduced to a computerized system to calculate the quantity o f urine.
C subjects have a decremented number o f spots and quantity o f urine that became
more extreme at the second week. T and E2 produced a high increment in the number
of spots, but E2 produced low quantities o f urine in each spot. DHT and E groups
were always decremented. DHT+E2 produced data similar to T. These data show that
micturition behavior in the male rat is under steroidogenic control. The effects
produced by T and E2 (but not DHT) suggest that the central strucutres involved in
this distant-psychogenic induced behavior use E2 as the physiological steroid, thus
involving groups o f neurons with aromatization systems in their metabolism.
CONACYT Reg. 96343 (M.R.C.).
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A BRAIN CYTOSOLIC FRACTION CONTAINS SPECIFIC BINDING SITES
FOR 17β-ESTRADIOL-[125i]BSA.
J. Zheng* & V. D. Ramirez. Neurosci.
Program & Dept. Mol. & Integrative Physiol., Univ. of Illinois, Urbana, IL 61801
Previously, we have shown that 17β -E -6-[125I]BSA (17β -estradiol 6-(0carboxymethyl)-oxime:[125I]-bovine serum albumin) binds with high affinity and
stereospecificity to membrane preparations from female rat brain. We report here the
presence of proteins in a crude cytosolic fraction from the female rat brain (B-S3) that
binds the 17β-E-6-[125I]BSA. Homologous competitive binding assay using 0.5 \xg
B-S3 and 45000 cpm of 17P-E-6-[125I]BSA (about 0.1-0.2 nM) indicates the presence
of specific binding best fit with a two-site model (total binding sites Bmaxl = 23
pmol/mg protein and Kdl = 0.2 nM; Bmax2 = 370 pmol/mg protein and Kd2 = 7
nM). The binding was not significantly changed by 9-day ovariectomy. The presence
of B-S3 binding proteins was further examined by ligand blotting using 0.5-5 nM
17β-E-6-[125i]BSA or 17|3-E-17-[125i]BSA (300,000-2,000,000 cpm/ml). One major
binding protein doublet with M.W. of 14 and 15 kDa were detected in the B-S3 under
both reducing and non-reducing conditions by these two ligands. The two proteins did
not appear in brain membrane fractions and were identified by N-terminal sequencing
as rat hemoglobin subunits α and β , respectively. To test if the hemoglobin are
responsible for the binding observed in the B-S3, a similar cytosol containing mainly
hemoglobin (B1-S3) was prepared from rat blood cells. The total specific binding of
17β-E-6-[125i]BSA to 0.5 µg B1-S3 was only about 15% of binding seen in B-S3
indicating that hemoglobin alone could not be responsible for all the binding in B-S3.
Further, perfusion of rat brain with PBS before sacrifice only decrease the binding
slightly. Therefore the binding detected in B-S3 is mainly from brain cell cytosol, not
from blood. It’s likely that these binding sites in B-S3 is denatured during ligand
blotting and was not detected by ligand blotting. The binding of 17β-E-6-[125I]BSA
to hemoglobin is needed to be further studied though it is reported before two fatty acid
binding proteins have N-terminal sequences the same as hemoglobin a and P subunits.
(A. K. Dutta-Roy et al. Bioch. Biophy. Acta 1169: 73-79,1993).
Supported by NSF and NIH to VDR

TESTOSTERONE AFFECTS FUNCTIONAL AND STRUCTURAL
PROPERTIES OF RAT DIAPHRAGM NEUROMUSCULAR JUNCTIONS. C,
E. Blanco*. W.-Z. Zhan. Y.S. Prakash and G.C. Sieck. Dept of Biokinesiology
and Physical Therapy, Univ. Southern California, Los Angeles, CA and Depts
of Anesthesiology, and Physiology and Biophysics, Mayo Clinic, Rochester,
MN.
The purpose of this study was to determine the effect of chronic elevation
of serum testosterone on diaphragm muscle neuromuscular junction (NMJ)
function and structure in adult male rats. Following s.q. implantation of silastic
capsules, serum testosterone increased from 2.5 ng/mi (controls) to 30.9
ng/ml. Elevated serum testosterone were maintained for 28 days.
Neuromuscular transmission failure (NTF) was evaluated by repetitive nerve
stimulation at 40 Hz in 330 ms bursts. Direct muscle stimulation was
superimposed every 15 s. NTF was estimated from the difference in force
generated by nerve vs. muscle stimulation. The extent of NTF was reduced
-25% by testosterone treatment as compared to controls. Motor endplates
were labeled by binding of rhodamine-linked α-bungarotoxin to acetylcholine
receptors; motor axons and nerve terminals were labeled (fluorescein) by
protein gene product 9.5 immunoreactivity; and, fiber type by myosin heavy
chain isoform immunoreactivity (Cy-5). Labeled NMJs were optically
sectioned using confocal microscopy. Compared to controls, expansion of
the motor endplate was observed in testosterone treated rats among type 2A,
2X and 2B fibers (18, 23 and 57%, respectively). The extent of overlap
between the axon terminal and endplate also improved on type 2X and 2B
fibers. These data suggest that anabolic-androgenic steroids, such as
testosterone, improve neuromuscular transmission and that NMJ
enlargement on type 2 fibers may be partially responsible.
Funded by the Zumberge Research Fund and NIH grants HL34817 &
HL37680.
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AGE DIFFERENCES IN IMMUNE, METASTATIC, AND HPA AXIS
RESPONSES TO STRESS. G.G. Page*. S. Ben-Eliyahu. and J.S. McDonald.
Coll. of Nursing, Ohio State Univ., Columbus, OH 43210.
We have previously shown that prepubescent (pre, 31-36 d) F344 rats exhibit
significantly less natural killer cell activity (NKCA) and a 10-fold increase in the
lung retention of an i.v. injected NK-sensitive tumor cell line compared to mature
male F344 rats (14 wk). Further, despite reducing tumor cell dose by up to 100fold, the metastatic-enhancing effects of laparotomy observed in mature males were
not observed in the pre rats. These studies further explored age differences in
immune, metastatic, and HPA axis responses to stress. Exp 1: using the
monoclonal antibody (mAb) 3.2.3 to deplete NK cells, the NK-sensitivity of the
lung retention of radiolabeled mammary adenocarcinoma cells, MADB106, was
verified in the pre rats. Lung tumor cell retention levels were found to be were
markedly increased after mAb treatment; equivalent levels were observed in pre
and mature rats despite 10- and 100-fold reductions in tumor dose in die pre rats.
Exp 2: at 5 h after undergoing laparotomy, animals were rapidly anesthetized and
blood was taken by cardiac puncture from surgery with anesthesia, anesthesia only,
and control groups of pre males and females and mature males for corticosterone
(CS) radioimmunoassay. Surgery resulted in a significant increase in plasma CS
levels in all age/sex groups. Exp 3: pre and mature males and females were
injected with metaproterenol (MP, 0.8 mg/kg in saline, i.p.), a β adrenergic
agonist, and 1 h later either underwent blood withdrawal for NKCA assessment or
were injected with radiolabeled MADB106 cells. Compared to saline injected
controls, the MP-injected mature rats exhibited significant reductions in both
NKCA and resistance against MADB106 tumor cell retention; the pre animals
exhibited no such effects in either outcome. Supported by NIH grant NR03915.

282.2

ENDOCRINE AND IMMUNE DIFFERENCES IN STRAINS OF
MICE DIFFERENTIALLY REACTIVE TO STRESSORS. S. Havlev.
Z.W. Lu. P. Kent. Z. Merali and H. Anisman*. Institute of
Neuroscience, Carleton University & School of Psychology, University
of Ottawa, Ottawa, Ontario, Canada.
Marked interindividual and strain differences exist in response to
stressors. Relative to other strains BALB/cByJ mice exhibit greater
stressor-provoked behavioral impairments in several paradigms, more
pronounced anxiety, and appreciably greater glucocorticoid and central
monoamine variations. In the present investigation we assessed the
effects of mild stressors on several endocrine and immune indices in the
BALB/cByJ relative to the more hardly C57BL/6J strain of mouse.
Brief swim stress (1-3 min) induced greater variations of CRH in the
central amygdala, PVN and median eminence of BALB/cByJ mice, as
well as more pronounced alterations of plasma ACTH and
corticosterone. With exposure to a chronic stressor some degree of
adaptation was evident with respect to the endocrine changes in the
BALB/cByJ strain, while in die hardy C57B1/6J mice endocrine
alterations became more pronounced. Despite the marked stress-induced
endocrine differences in these strains of mice, the stressors elicited only
modest immune variations which, in the main, were comparable in these
strains. Both strains exhibited significant, but small reductions of NK
cell activity and macrophage functioning, while a small decline of
mitogen-stimulated B cell proliferation was apparent in BALB/cByJ, but
not C57BL/6J mice. It is suggested that the greater stressor reactivity
characteristic of BALB/cByJ mice does not necessarily translate as more
profound immune alterations.
Supported by the Ontario Mental Health Foundation
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INVOLVEMENT OF PROSTAGLANDIN E2 IN IMMOBILIZATION STRESSINDUCED SUPPRESSION OF CYTOTOXIC ACTIVITY OF SPLENIC NATURAL
KILLER CELLS IN RATS. S;TaketH.Mizueuchi. K.Honda. T.Yasaka. Y.Kanemitsu.
TJKatafuchi. andT.Hori. Dept of Physiology., Kyushu Univ. Fac. of Med., Fukuoka
812-82, Japan.
Prostaglandin E2 (PGE2) is known to mediate many effects of cytokines and is
suggested to act as one of the intermediate messengers between the brain and the
immune system. We previously reported that intracerebroventricular (ICV) injection of
PGE2 enhanced the electrical activity of the splenic sympathetic nerve via EP1
receptors. PGE2 in the brain is also known to have stimulatory effects on the activity of
the hypothalamic-pituitary-adrenal (HPA) axis. In the present study, we examined
whether PGE2 is involved in the immobilization (IMB) stress-induced suppression of
cytotoxic activity of splenic natural killer (NK) cells and also investigated which sites in
the brain are involved in the IMB-induced immunosuppression.
IMB (prone on a restrain board for 1 hr) suppressed NK activity of male WKA strain
rats and the pretreatment with ICV diclofenac (a cyclooxygenase inhibitor, 1 µg /lµJ
saline, 15 min before the IMB) partially blocked the suppression. ICV injection of
PGE2 (1 µg/µ l saline) suppressed NK activity 1 hr after the injection. Microinjection
of PGE 2 (0.1 µg/O.µ .1 saline) into the medial preoptic hypothalamus, the
paraventricular nucleus of the hypothalamus (PVN), and the organum vasculosam
lamina terminalis suppressed NK activity 1 hr after the injection, while that into the
lateral hypothalamus (LH) increased it. Injection into the ventromedial hypothalamus
had no effects. ICV injection of PGE2 (1 µg / l µ.1 saline) enhanced the
immunocytochemical staining of c-Fos protein, which is generally used as a marker of
neuronal activation, in the PVN and the pretreatment with diclofenac (1 mg/kg, IP 15
min before the IMB) attenuated the c-Fos staining induced by the 1 hr-IMB in the PVN.
Hypothalamic PGE2, especially in the PVN, may play an important role in the
psychoneuroimmunomodulation.

CHANGES IN IL-6 AND LPS LEVELS IN THE HEPATOPORTAL VEIN DURING
NON-INFLAMMATORY STRESS IN RATS. S. Y A G IA . TAKAKI K. ITCH M*

S ociety for N euroscience , V olume 23,1997

713

MAEDA2. & T. H O R I * Dept, of Physiol., Kyushu Univ. School of Med.Fukuoka
812-82; School of Pharmaceutical Sciences, Showa Univ.2, Tokyo 142, Japan.
We have already reported that immobilization (IM)- induced plasma IL-6 increase is
abolished by neutralization of the circulating LPS in rats, and that IL-6 mRNA contents
in the tissue extracts from the mesentery and the mesenteric lymph node as well as the
liver increase by IM stress in C3H mice. These results suggest that enteric LPS stimu
lates IL-6 production in the gut and its neighboring organs such as the mesentery and/or
mesenteric lymph node during non-inflammatory stress. In the present study, we ob
served the IL-6 levels in the hepatoportal vein (PV) using continuous PV infusion sys
tem in rats during non-inflammatory stress. Resting levels of plasma IL-6 in the PV was
higher than that in the jugular vein (JV) (PV: 77.3 ± 16.5 pg/ml, JV: 53.7 ± 15)(mean ±
SE, n=6, p=0.7, paired t test). IL-6 in the PV is significantly increased by cage change
stress (p<0.01) and electrical foot shock stress (p<0.01). The peak values were 183 ±
30.2 and 262 ± 68, respectively, 30 min after initiation of stresses. Furthermore, the
LPS levels in the PV tended to increase (rest: 2.3 ± 0.6 pg/ml, 60 min: 5.0 ± 1.4, n=3,
current data). The results support that IL-6 production is induced by enteric endotoxin
during non-inflammatory stress. In addition, the tissue contents of IL-6 in the organs
were measured by a new highly sensitive chemiluminescent assay (Maeda et al., 1995)
in C3H mice. IL-6 contents in the liver (291.9 ±16.8 ng/g wet tissue, n=6), the mesen
tery (98.1 ± 12.6), and the mesenteric lymph node (10.2 ± 1.8) were more than that in the
spleen (3.8 ± 0.8). This conclusion also supported our hypothesis.
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ENDOTOXIN INDUCES IL-6 PRODUCTION IN THE LIVER AND THE MESEN
TERIC ORGANS DURING IMMOBILIZATION STRESS. A.Takaki*1. S. Shioda2.
Y. Kanemitsu S. Yagi \ & T. Hori ‘. Dept, of Physiol., Kyushu Univ. School of
Med.1, Fukuoka 812-82; Dept, of Anatomy, Showa Univ. School of Med.2, Tokyo 142,
Japan
We previously demonstrated that the hepatoportal endotoxin (LPS) levels increased
prior to the plasma IL-6 elevation during immobilization (IM) stress. Since intravenous
injection of endotoxin-neutralizing-protein abolished the IM-induced plasma IL-6 el
evation, enteric LPS, which is translocated into the portal vein, appears to be a primary
mediator to induce IL-6 production. In the present study, to test this hypothesis, we
injected the LPS, which is labeled with the fluorescent tracer (FITC) (lmg/rat in 5ml
saline solution), into the lumen of the ileum through the chronically implanted cannula.
After thirty minute, animals were subjected to IM stress for one hour, and were per
fused. The FITC-labeled LPS was devoured by the Kupffer and the endothelial cells
even in the non-immobilized animals. The intensity of the fluorescent color was en
hanced by IM (5.8 times stronger in the image analysis). In addition, the cells showing
FITC color expressed the IL-6, which is detected by rhodamine color (anti-mouse IL-6
antibody + TRITC-conjugated anti-mouse IgG) under fluorescent microscopy. Fur
thermore, the IL-6 mRNA contents in the liver, the mesentery, and the mesenteric
lymph node, which is measured by quantitative RT-PCR method, increased during IM
stress in intact C3H mice. Our data indicates that enteric LPS, which passed across the
gut membrane barrier in response to IM stress, induce the IL-6 production in the mesen
tery and the liver.

CORTICOTROPIN-RELEASING HORMONE AND IMMOBILIZATION
STRESS INDUCE SKIN MAST CELL DEGRANULATION AND INCREASED
VASCULAR PERMEABILITY. L. Singh. W. Boucher. X. Pane. T. C.
Theoharides*. Dept, of Pharmacology and Experimental Therapeutics, Tufts
University, Boston, MA 02 111.
Corticotropin-releasing hormone (CRH), regulates the Hypothalamic-PituitaryAdrenal axis which is mainly responsible for the stress response, and results in anti
inflammatory effects. Recent evidence suggests that CRH has pro-inflammatory
actions in the periphery. Mast cells are located perivascularly in proximity to nerve
endings and are involved in atopic disorders exacerbated by stress. We investigated
whether CRH may mediate its proinflammatory actions through mast cell activation.
Male 350g Sprague-Dawley rats were anesthetized with an ip injection of xylazine
and ketamine. They were then injected iv with 1% Evan’s blue via the tail vein, the
abdominal area was shaved and rat/human CRH was injected intradermally. The rats
were sacrificed 15 min later, the skin was removed, turned over and photographed.
Evan’s blue extravasated in the skin was extracted by incubating in 99% formamide
for 24 hr at 55°C and was quantitated fluorimetrically. CRH (0.1-10 µM) caused
mast cell degranulation and increased vascular permeability which was inhibited by
antalarmin, a non-peptide CRHj receptor antagonist. Cromolyn pretreatment
inhibited the CRH-induced vasodilation and the CRH response was not observed in
mast cell deficient W/Wv mice, indicating a mast cell-dependent process. The
histamine-1 receptor antagonists diphenhydramine and cyproheptadine inhibited the
CRH effect, suggesting that histamine is involved. Acute psychological stress by
immobilization (30 min) resulted in skin mast cell degranulation, an effect inhibited
by ip treatment with rabbit polyclonal anti-CRH serum (1 mg/ml) 1 hr prior to stress.
These findings have implications in the pathophysiology and potential therapy of
atopic skin disorders like urticaria and eczema that are precipitated or exacerbated
by stress. (Supported by Kos Pharmaceuticals, Inc., FL).
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MAST CELLS INCREASE IN THE CENTRAL NERVOUS
SYSTEM OF ADULT MALE MICE FOLLOWING CHRONIC
SUBORDINATION STRESS. F. Cirulli.1* L. Pistillo.2 L .P eA w tiS 1,
E. Alieva1 and L. Aloe2. *Lab. Fisiopatologia O. S., Istituto Superiore
di Sanità, 100161 Rome, Italy;2 Institute of Neurobiology, C.N.R.,
100137 Rome, Italy.
Mast cells (MCs) are amine-storing cells with heterogeneous
histological, biochemical, and functional properties. They are found in
connective tissue as well as in the peripheral and central nervous
system (CNS) of many mammalian species. In this study we
investigated whether the distribution of MCs in the CNS of adult male
CD- 1 mice was modified following repeated defeat stress.
Experimental subjects underwent a three-week period of fighting
encounters with a highly aggressive resident. On the test day they were
divided into three groups: a) paired with the resident for 20 min; b)
placed in a cage containing the soiled bedding of the resident for 20
min; c) placed in a cage with clean sawdust for 20 min. Results show
that, independently from the test day condition, previous defeat stress
increased the number of MCs in the Thalamus, Habenula and
Hypothalamus of the experimental subjects, compared to group
housed, non-defeated controls. These results, together with previous
reports, suggest that MCs have a wider role than previously expected
and might be involved in the behavioral response to highly relevant
psychosocial stimuli.

DIFFERENTIAL EFFECT OF DIVERSE STRESSORS ON
IMMUNE PARAMETERS. Ortiz R .l. Domínguez-Salazar E,. Cortés
Barberena E .l. Nájera OI Velázquez-Moctezuma J.*. Dep. Biol.
Reprod. l.Dept. Health Sci. Universidad Autónoma Metropolitana.
México, D.F. 09340.
It is well known that stressful situations induce alterations of the
immune system. These alterations, however, seem to depend on the
nature of the stressor. In this study we analyzed the effect of short- and
long-term REM sleep deprivation, as well as the effect of short- and
long-term immobilization in rats on immune response. After subjecting
the animals to the described stressors, lymphocytes from peripheral
blood were analyzed by two color flow cytometry. Functional T
lymphocyte subsets were identified using specific antibodies. Short
term (1 day) REM sleep deprivation induced a remarkable decrease in
the percentage of lymphocytes, decreasing both T and B subtypes and
increasing T4/T8 ratio. The changes due to long-term (10 days) REM
deprivation were stronger, inducing also an increase of the NK cells.
The effects of immobilization were weaker than those induced by REM
deprivation, with a decrease., in the percentage of total lymphocytes.
There was, however, an increase of lymphocyte B subtypes. These
results support the notion that the effect of stress on the immune system
depends on the nature of the stressor.

Supported by the Italian National Public Health Project "Prevention of
risk factors in maternal and child health", Istituto Superiore di Sanità
and by AISM.
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CO RTICOTROPIN-RELEASING FACTOR RECEPTOR 1 IS
EXPRESSED BY IMMATURE CELLS OF MOUSE SPLEEN. NL

ACU TE STRESS-INDU CED D EC R EA SE IN NK CELL
CONJUGATION AND CD2 EXPRESSION IN MONKEYS. CJ.
Rogers,* C.S. Brissette-Storkus, W.H. Chambers and J.L. Cameron. Depts.
of Cell Biology & Physiology, Pathology, Psychiatry, and Neuroscience, and
the University of Pittsburgh Cancer Institute. Univ. of Pittsburgh, Pittsburgh,
PA 15261 and the Oregon Reg. Primate Res. Ctr., Beaverton, OR 97006.
We have previously shown that acute social stress in adult female
monkeys causes a significant decrease in NK cell cytotoxicity. However, the
cellular mechanism whereby stress impairs NK cell lytic function remains
unknown. Therefore, the goal of the present study was to examine the effect
of acute stress on: (1) NK cell conjugation, one of the cellular events
necessary for NK cell lysis of target cells; and (2) the expression of adhesion
molecules on NK cells known to be important for conjugation. Blood
samples were collected via femoral venipuncture from female monkeys prior
to and 1,2, and 3 hours after the onset of acute stress. The acute social stress
consisted of moving the animals from their home cage to a novel
environment with unfamiliar monkeys, and blood sample collection at hourly
intervals. Peripheral blood NK cells were purified from the control and 3
hour blood samples using magnetic beads coated with anti-human CD3 and
anti-human CD21 to deplete T and B cells, respectively. NK cell conjugation
with K562 target cells was assessed after a 30 minute incubation period by
counting the number of bound and unbound target cells in each sample (500
total cells). We found a significant decrease in NK cell conjugation with
target cells (40%, p< 0.01) after acute stress exposure, as compared to
baseline; Additionally, using flow cytometry we measured the surface
expression of an adhesion molecule, CD2, known to be important in NK cell
conjugation. We have found a significant decrease in the mean fluorescent
intensity of CD2 (17%, p< 0.01) on NK cells after exposure to acute stress.
These results indicate thafone mechanism whereby acute stress impairs NK
cell function is via a decrease in NK cell conjugation to target cells, which
may be at least in part, due to the loss of CD2 on NK cells.

Radulovic*. F. M. Pautzenberg. S. Sydow. and J, SpieS-S. Dept. Molecular
Neuroendocrinology, M ax Planck Institute for Exp. M edicine, HermannRein-Str. 3, D-37075 Goettingen, Germany.
Corticotropin-releasing factor (CRF) plays a major role in regulating the
hypothalamic-pituitary-adrenal axis. CRF and CRF receptor (CRF-R) were
also detected in the im mune system. However, immune cell types that express
CRF-R were only partially defined to date. Accordingly, the role of CRF in
regulating immune function has not yet been established.
O ur study was initiated to identify C R F -R -bearing spleen cells by
im m unohistochem ical analysis w ith affinity-purified rabbit polyclonal
antibodies specific for the N-terminus of CRF-R1. A- small number of clusters
o f CRF-R 1+ cells was found in normal mouse spleen. Size and number of
clusters increased 7 days after the induction of a strong immune response by
intraperitoneal adm inistration of 100 µg Keyhole lym pet hem ocyanin in
complete Freund's adjuvant. It was concluded that CRF-R 1 expression was
linked to extramedullary (splenic) hem atopoiesis. Localization o f clusters
(under the capsule and around trabeculae) indicated the involvem ent o f
im mature granulocytes. In order to further clarify the identity of CRF-R1bearing cells, two-color tissue-immunofluorescenee was employed. CRF-R1+
cells w ere m em brane Ig" (B cells), C D 3‘ (T cells), G R -1' (m ature
granulocytes), F4/80" (m ature m acrophages), but w ere ER -M P 58+
(granulocytic and macrophage precursors).
These results demonstrated that CRF-R 1 is expressed by immature cells of
the granulocyte-m acrophage lineage. A role for CRF in the maturation o f
these cells is therefore suggested. (Supported by the M ax Planck Society)
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EVIDENCE FOR E N D O G E N O U S
G L U C O C O R T IC O ID
PROTECTION AGAINST MCMV-INDUCED LETHALITY. M. C.
Ruzek. A. H. Miller. B. D. Pearce. R. L. Spencer* and C. A. Biron.
Molecular Microbiology and Immunology, Brown Univ., Providence,
RI, 02912, Psychology, Univ. o f Colorado, Boulder, CO, 80309 and
Psychiatry and Behavioral Sciences, Emory Univ., Atlanta, GA 30322.
Glucocorticoids (GC) are known to protect animals against cytokinemediated pathologies. Previous studies from this laboratory have shown
high circulating levels o f IL-12, IFNy, TNF and IL-6, as well as an IL-6dependent GC response within 48 h of murine cytomegalovirus (MCMV)
infections. The circulating cytokines rapidly decline within 12 h of peak
responses. Adrenalectomized (ADX) and IL-6-deficient mice lacking the
virus-induced GC surge were utilized to investigate the role of
endogenous GC in regulating virus-mediated pathologies and cytokine
expression. Prior ADX resulted in 25-80% lethality 36 to 60 h following
MCMV infections with doses normally tolerated in intact mice.
Furthermore, surviving animals demonstrated 1.5- to 3-fold increases in
cytokine levels and corresponding decreases in hepatic viral titers.
Additional pathologies, including progressive body weight loss, were
observed up to 3 d following MCMV infection o f normal mice. IL-6,
rather than GC, was primarily responsible for body weight loss as
changes in this measurement were not affected by ADX, but were
abrogated in IL-6-deficient mice. Collectively, these results suggest that
endogenous GC responses protect the host from lethal effects of MCMVinduced cytokine induction, but are not exclusively responsible for other
pathologies associated with infection. These studies elucidate the critical
balance between protective versus detrimental immune responses to
infection. Supported by NIH grants R01-MH47674, K02-MH00680, and T32-ES07272.

BASAL AND FORSKOLIN-INDUCED INTERFERON GAMMA
INDUCING FACTOR (IGIF) EXPRESSION IN NEUROENDOCRINE
CELL LINES. C. Tinti», B. Attardi. B. Conti. S.T. Kim and T.H, loh.
Cornell Univ. Med. Coll. at The Burke Med. Res. Inst., White Plains, NY
10605.
IGIF, also called interleukin -18, was first isolated from Kupffer cells.
The biological activity of IGIF includes: induction of interferon gamma
from activated Thl cells, of Granulocyte Monocyte - Colony Stimulating
Factor, of Fas Ligand and inhibition of interleukin-10 production.
Recently w e showed that IGIF mRNA, detected by in situ hybridization,
is localized in the adrenal cortex and in the posterior lobe of the
pituitary eland and is not confined to macrophage-derived cells: Both
reserpine injection and cold stress sienificantly increased IGIF mRNA
levels in the adrenal cortex. These findings suggest that IGIF is a crucial
molecule in the interaction between the neuroendocrine and immune
systems. To begin to elucidate the molecular mechanisms involved in
the action of IGIF, w e in v e stig a te d mRNA exp ression in tw o
neuroendocrine cell lines, GT1 and rC12. GT1 are immortalized GnRHsecreting cells derived from a transgenic mouse hypothalamic tumor.
PC12, rat adrenal chromaffin-derivea cells, display adrenocortical-like
features in addition to their neuronal phenotype. RT-PCR, using specific
primers to IGIF transcripts, demonstrated the presence of IGIF mRNA
in both cell lines. In PC 12 cells, IGIF mRNA levels were increased by
treatm ent w ith forskolin (10 |iM ), an activator of cAMP signal
transduction pathways. The induction, demonstrated by Northern plot
analysis, was detectable by 4 hours after forskolin administration. These
studies indicate that IGIF is expressed in at least two neuroendocrine
cell lines and suggest that its mRNA levels are regulated through a
cAMP/protein kinase A pathway.
Supported by The Burke Foundation and NIH Grant MH24285.
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FEMALE ADVANTAGES AND DISADVANTAGES IN BRAIN INJURY:
NEUROIMMUNE ASPECTS OF CHRONIC SYMPTOMS AFTER MILD
HEAD TRAUMA. F. F. LeFever.* Helen Hayes Hospital,
West Haverstraw, NY 10993.
Some chronic symptoms may be more severe after mild than
after severe head trauma, and begin after acute recovery,
suggesting processes initiated in tissues stressed but not
killed: a proposed neuroimmunological one involves brain
mast cells and IL-1 (LeFever, JINS,1995). Nearly twice as
many men as women suffer head trauma, mild as well as
severe, but the ratio is reversed in mild cases with
chronic symptoms, as it is in chronic disorders having
immune aspects. Hormonal influences on immune mechanisms
reduce acute damage but may promote agents of chronic
symptoms: for ex, both estrogen and injury upregulate TNF,
which is acutely protective; but TNF can impair LTP and
memory, as can IL-1. Chronic stimulation of mast cell
proliferation and their secretion of cytokines (e.g., by
myelin basic protein from damaged axons) may be hormonally
enhanced. Phasic but cumulative local overproduction of NO
has been proposed as a basis for mental fatigue and lapses,
with IL-1 control of thalamic mast cells one chronic source
but selective survival or induction of neurons expressing
NOS another (LeFever, SFN 1996). Estrogen upregulates eNOS,
which is acutely protective. Found not only in endothelium
but also in hippocampal neurons, it is critical for LTP,
but if dysregulated could sporadically impair it.

CENTRAL GABAA AND GABAB RECEPTOR MODULATION OF BASAL
AND STRESS-INDUCED PLASMA INTERLEUKIN-6 LEVELS IN MICE.
D.-K. Song. H.-W. Suh. S.-O. Huh^. J.-S. June. M.-B. Wie. B.-M. Ihn &
Y.-H. Kim Dept of Pharmacol., Coll. of Med., Inst, of Natural Med., Hallym
Univ., Chunchon, 200-702, South Korea.
To investigate the modulatory roles of GABAA and GABAB receptors in the
regulation of basal and stress-induced plasma interleukin-6 (IL-6) levels, the
effects of intracerebroventricular (i.c.v.) injection of GAB A receptor agonists
and antagonists on basal and restraint stress-induced plasma IL-6 levels were
examined in mice. Muscimol (20-200 ng), a GABA a receptor agonist and
baclofen (5-25 ng), a GABAb receptor agonist, injected i.c.v. did not affect the
basal levels of plasma EL-6. In the restraint stressed animals, however,
muscimol (20-200 ng, i.c.v.) dose-dependently inhibited the stress-induced rise
in plasma IL-6, and baclofen decreased the stress-induced plasma IL-6 at the dose
of 25 ng i.c.v. SR-95,531 (0.3-10 ng), a GABAA receptor antagonist and 2hydroxysaclofen (1-10 µg), a GABAb receptor antagonist, injected i.c.v.
increased both the basal and the restraint stress-induced plasma IL-6. MK-801 (1
Mg, i.c.v.)-induced increase in the basal plasma IL-6 was completely blocked by
either muscimol (100 ng, i.c.v.), or baclofen (25 ng, i.c.v.). These data suggest
that central GABAA and GABAb receptors are involved in the suppressive
modulation of basal and restraint stress-induced plasma IL-6 levels in mice.
Supported by an Interdisciplinary Research Grant (95-0403-19-01-3) from the
Korea Science and Engineering Foundation (KOSEF).
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EFFECTS OF LPS AND ACUTE STRESS ON RAT BRAIN
IN T E R L E U K IN -lp . KT Neuven*. T Peak. SM Owens,
M Fleshner1. LR Watkins. & SF.Maier, Dept, of Psychology and
1Dept, of Kinesiology, Univ. of Colorado, Boulder, CO 80309-0345.
Peripheral immune stimulation by lipopolysaccharide (LPS) has been
reported to increase brain levels of IL-1 β mRNA, immunoreactivity, and
bioactivity. Stressors produce many o f the same neural and endocrine
responses as those that follow LPS, but the impact o f stressors on brain
IL-1 (βhas not been systematically explored. Brain IL-1 (β was examined
following exposure to inescapable shock [IS] (100 1.6 mA 5-s
tailshocks) and LPS (1 mg/kg) as a positive control. Rats were
sacrificed 2 hours post IS and 4 hours post LPS. Brains were dissected
into hypothalamus, hippocampus, cerebellum, posterior cortex, and
nucleus tractus solitarius (NTS) regions. LPS produced large and
widespread increases in brain IL-1β protein levels as measured by
ELISA, but inescapable shock did not.
It is known that adrenal glucocorticoids (GCs) are capable of
suppressing IL-1 (β production in both the periphery and brain. Since IS
induces a large and rapid glucocorticoid response, it is possible that the
stressor provides stimulus input to the brain IL-1|3 system(s), but that
the production of IL -lβ protein is suppressed by the rapid and
prolonged high levels o f GCs. To test this possibility rats were
adrenalectomized (ADX) or given sham surgery, with half of the ADX
rats receiving replacement o f corticosterone to maintain normal basal
corticosterone levels. IS produced large increases in brain 11-1(β protein
in the adrenalectomized subjects 2 hours after stress. Thus elimination
o f the stress-induced rise in GCs unmasked a robust increase in brain
IL-1 β. Supported by NIH Grant MH45045 and RSA MH 00314.

A C U TE S T R E SS S U PPR E SSE S K L H -S P E C IF IC BU T N O T M IT O G EN1C (CO N -A ) P R O L IF E R A T IV E R E S P O N S E : EV ID E N C E FO R
R E D U C ED T C E L L EX PA N SIO N . SF Maier*, KT Nguyen, LR Watkins, &
M Fleshner1, Depts Psych, & Kinesiology1, U CO, Boulder CO 80309.
Acute stress suppresses specific immunity. Rats immunized with a benign protein
antigen (KLH) & exposed to inescapable tail shock (IS; 100, 5-s, 1.6mA), show
suppressed anti-KLH IgM, IgG2a, & IgG levels. We have reported that the reduction
in the anti-KLH Ig response is due to a failure to increase T h l cell number in
response to KLH. Fewer anti-KLH Thl cells leads to fewer anti-KLH Th2 cells and
less B-cell help. Consequently, fewer anti-KLH B cells are formed & less antibody is
found in the blood. If fewer KLH-specific lymphoid cells are formed following IS
exposure, then the KLH-specific proliferative response should also be suppressed.
Thus we investigated 1) the development of the in vitro KLH-specific proliferative
response after in vivo KLH immunization; & 2) the effect of IS exposure on KLHspecific proliferation. E x p l. Rais (n = 6/grp) were sacrificed either 4 or 7 days aher
ip immunization with KLH (200 µg). Cells from the spleen were removed, placed in
culture, & stimulated (48 hrs) with either ConA (0.5 µg/well) or KLH (6.25, 12.5, or
25.0 µ /well). KLH immunized rats had a greater proliferative response (5x) compared
with saline controls. KLH-specific proliferation was greater on day 7 than on day 4
after immunization. KLH immunization had no effect on the ConA proliferation.
Exp2. If IS reduces KLH-specific T & B cell number, then IS should reduce the
KLH-specific response but not the mitogenic (ConA) response. Rats (n = 6/grp) were
immunized with KLH & exposed to IS or remained in their home cages. Seven days
after IS, rats were sacrificed, spleens removed, & cells were placed in culture as
described above. IS reduced the KLH-specific but not the mitogenic proliferative
response. Thus, IS suppresses the development of KLH-specific lymphocytes in vivo
which is reflected in the proliferative response in vitro. More work will reveal which
cell type(s) (i.e., T h l, Th2 or B cells) contribute to the antigen-specific proliferative
response. Supported by NIH MH45045 & RDA MH 00314.
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ACUTE AND CHRONIC CENTRAL ADMINISTRATION OF 11. 15: EFFECTS ON
HYPOTHALAMIC-PITUITARY-ADRENOCORTICAL (HPA)
ACTIVITY.
F

SEX AND SPECIES DIFFERENCES IN IMMUNOCOMPETENCE: ROLE OF
STEROID HORMONES AND SOCIAL INTERACTIONS. S.L. Klein* J.E. Hairston and
R.J. Nelson. Johns Hopkins University, Departments of Psychology and Neuroscience,
Behavioral Neuroendocrinology Group, Baltimore, Maryland 21218.

Mennicken1*. W. Rowe1. D. van Rossum2. P. Fakitsas . R. Ouirion1 and U.-K.
Hanisch3. Douglas Hospital Research Centre. McGill University Montreal. Verdun.
H4H1R3, Canada, 2Max Planck Institute for Brain Research, Dept, of Neurochemis
try, 60528 Frankfurt, 3MDC Berlin, Cellular Neurosciences, 13122 Berlin, Germany.
The cytokines, interleukin-2 (IL-2) and IL-15, have overlapping immune activities
and share the IL-2 receptor subunits IL-2Rβ and IL-2Ryc for signaling in
hematopoietic cells. While IL-2 has been shown to evoke a variety of effects in
neural cells [Hanisch and Quirion, Brain Res Rev, 21: 246 (1996)], very little is
known about CNS activities of IL-15. The present study sought to determine if IL-15
was able to activate the HPA axis and if so, did this occur via a CNS-dependant
mechanism. Adult Sprague-Dawley rats underwent intracerebroventricular admi
nistration of IL-15, IL-2 or both (disolved in sterile saline) either by acute injection
(1 or 50 ng through an implanted cannula) or by chronic infusion (1 or 2.5 ng/hr by
means of osmotic minipump). Blood samples were collected at various time
intervals and plasma levels of ACTH and corticosterone (CORT) were measured by
RIAs. In the acute study, blood was sampled at 1 hr prior to- and 30 to 240 min post
injection. In the chronic study, blood samples were collected on days 2 to 13 or in the
case of a diurnal study, every 4 hr for 24 nr period. The 1 ng-dose of these cytokines
were not sufficient in either, the acute or chronic study to effectively stimulate HPA
activity. At a dose of 50 ng, IL-2 and IL-15 acutely activated the HPA axis (~ 2 fold
greater than control). Surprisingly, combined acute injection of DL-2 and IL-15 did
not result in a similar rapid HPA activation. In contrast to data recently obtained for
chronic EL-2, chronic IL-15 infusion at 2.5 ng/hr did not induce the overall increases
in plasma CORT levels throughout the diurnal rhythm. Rather, this treatment
resulted in a significant increase (3 fold over control) only at the 8 AM timepoint.
This suggests that differences in the dynamics of HPA activation occurs between the
IL-2 and IL-15 compound under chronic conditions. Taken together, we suggest that
elevated CNS levels of IL-2 and IL-15 result in similar (acute) but not identical
(long-term) effects on HPA function. Further, when the two cytokines are infused
together, instead of a potentiating effect on plasma CORT, it appears that one
cytokine may be cancelling out the effects of the other. Supported in part by MRCC.

Males generally exhibit reduced immunocompetence and greater susceptibility to disease
than females. Males may be more susceptible to disease than females because of differences
in either hormone concentrations or strategies employed for reproductive success. The
present study examined the extent to which these factors contribute to sex differences in cellmediated and humoral immunity among four related arvicoline rodents. The role of mating
system and sex steroids in sex differences in immune function was examined in individuallyhoused polygynous meadow (Microtus pennsylvanicus) and montane (A/. montanus) voles
and monogamous prairie (M. ochrogaster) and pine (A/, pinetorum) voles in Experiment
1. Sex differences in splenocyte proliferation and antibody response to KLH were not
observed among the four species and circulating testosterone concentrations did not
correspond with immune function. The contribution of social isolation to these results was
examined in Experiment 2, in which meadow and prairie voles were housed individually,
or with same or opposite sex conspecifics in either pairs or groups of 4/cage for 28 days.
Overall, prairie voles exhibited more robust immune responses than meadow voles when
housed in pairs or in same sex groups. Sex differences in immune function were also
apparent; male meadow voles had higher immune responses than female conspecifics when
housed in pairs, whereas female prairie voles had higher responses than male conspecifics
when housed in same sex pairs. Circulating sex steroid hormones and corticosterone appear
to mediate some of the changes in immune function evoked by differential housing
conditions. Taken together, these results suggest that social factors have significant effects
on immunity, and must be considered in studies of sex differences in immunity at both
proximate and ultimate levels. Supported by MH 57535.

282.19

282.20

ORAL NALTREXONE ATTENUATES BEHAVIORAL AND SOME
IMMUNOLOGICAL RESPONSES TO STRESS PHEROMONES. J.D. Karo*.
T. Callahan and J.A. Movnihan. Center for Psychoneuroimmunology Research
and Department of Psychiatry, University of Rochester, Rochester, NY 14642.
We previously reported that odors from footshocked mice elicit immunological
changes in keyhole limpet hemocyanin (KLH) immunized recipients of these
odors; serum antibody responses and in vitro interleukin (IL)-4 production by
splenocytes were higher in stress-odor exposed mice than in the recipients of
odors from nonstresed mice. Antagonism of glucocorticoid receptors abrogated
enhanced IL-4, but not anti-KLH antibody responses, suggesting that multiple
neurochemical interactions mediate these effects. Because endogenous opioids
are also produced by exposure to ethologically significant odors, we sought to
determine if opioids mediate these influences on immune reactivity of the stressodor recipients.
The opioid antagonist naltrexone (0.5 mg/ml) was administered to KLHimmunized male BALB/c mice in the drinking water prior to, and during,
exposure to the pheromones from stressed conspecifics. Naltrexone reduced fluid
consumption in both control and odor exposed mice compared to mice with water
access, but this mild aversion was greatest in the mice exposed to stress odors.
Oral naltrexone also blocked the tail-flick (analgesic) responses of the stress-odor
exposed mice and abrogated stress odor-induced increases in splenocyte IL-4
production. Naltrexone did not block enhanced proliferative response of KLHstimulated splenocytes from mice exposed to stress odors. Serum antibody (antiKLH IgM and IgG), as well as IL-2 and IL-10 production by splenocytes, were
unaffected by odor exposure or naltrexone treatment.
These data indicate that endogenous opioids subserve some of the behavioral
and immunological consequences of this ethologically relevant psychosocial
manipulation.
(supported by MH45681)

CALCITONIN GENE RELATED PEPTIDE-IMMUNOREACTIVITY (CGRP-IR)
IN THE HIPPOCAMPUS FOLLOWING I.P. KAINIC ACID INJECTIONS:
ANOTHER MODEL OF REGIONAL NEUROENDOCRINE REGULATION OF
THE IMMUNE/INJURY RESPONSE. K. Bulloch* 1J.P. Pierce.2 T.A. Milner2.
S. Pathak1. B.S. McEwen1 . Lab. Neuroendocrinology, Rockefeller U. (1); Dept
Neurol & Neurosci, Cornell U. Med Col, New York, NY 10021 (2)
CGRP derived from hilar mossy cells is increased in the inner molecular layer of the
dentate gyrus after adrenalectomy and colchicine destruction of granule neurons
(Bulloch et al. NeuroReport 7 1036-1040, 1996) and in CA1 basket cells after
ischemia (submitted). Moreover, CGRP contains cellular immune responses in
specific organs such as the thymus (Bulloch et al Am.J.Physiol. 268: E168E173.1995). Given the immunoregulatory role of this peptide, we have continued to
characterize the distribution of CGRP in another model of hippocampal insult, kainic
acid (KA)-induced seizures. Two days following i.p. injections of KA, CA3 showed
extensive loss of pyramidal neurons. CGRP-IR was reduced in the inner molecular
layer but the outermost region of this layer maintained a thin dense band. Hilar mossy
cells, identified by double labelling for CGRP-IR and GluR 2/3-IR without labeling
by parvalbumin (Parv-IR) or calbindin (Calb-IR), were more prominently labeled with
CGRP-IR in the controls than in KA-treated rats. CGRP-IR was also reduced by KA
treatment in the the dorsal and ventrolateral hilar neurons but not in the ventral
subiculum; Golgi-like terminals and some surviving large neurons among the dying
CA3 cells also expressed CGRP-IR. These neurons co-label for Parv-IR but not CalbIR. Ultrastructural studies will help establish the cell types involved. Together with
our previous studies, these data indicate that CGRP is differentially expressed in
damaged regions that have been targeted by experimental manipulations; they are
consistent with our hypothesis of a regional immunoregulatory role for CGRP
following CNS trauma. (Supported by MH 41256 (BSM,KB); MH42834 and HL18974 (TAM); MH42834 &DA08259 (J.P.P.)
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ANTIBODIES IDENTIFY NOVEL AGONIST AND MODULATORY SITES
ON NON-NMDA GLUTAMATE RECEPTORS. N.G. Carlson, K.A. Evans
L.C. G ahrina. and S.W . R o g ers* . G eriatric R esearch, Education and
Clinical C enter, VA M edical C enter and U niversity of U tah, Salt Lake
City, UT 8 4 1 1 2 .
A utoantibodies to non-NMDA g lu tam a te rece p to r (GluR) subunits
from p a tie n ts w ith diverse neurological d is e a se s have been u sed to
locate and characterize novel, subunit-specific, agonist and m odulatory
sites. A utoantibodies from patien ts w ith R a sm u sse n 's encephalitis or
rabbit antibodies to th e extracellular region (am ino acids 3 7 2 -3 9 5 ) of
th e g lu tam a te rece p to r (GluR) subunit, GluR3, function as receptor
ag onists (Tw ym an e t al., N euron 1 4 :7 5 5 , 1995). Alanine substitution
m u tag en esis w as u sed to determ ine th e am ino acids in this region
(GluR3B) th a t are required for antibody binding and receptor activation
(Carlson e t al., J . Biol. Chem . 272: in p ress, 1997). The role of th e B
peptide region in GluR activation is no t unique to GluR3 since IgM
au to an tib o d ies directed to w a rd s th e B peptide of GluR2 found in a
p atien t w ith olivopontocerebellar atrophy also a c t a s GluR agonists
(Gahring e t al., Neurology 4 8 :4 9 4 , 1997). In co n trast, autoantibodies
to GluR's in som e patients w ith paraneoplastic neurological syndrom es
(Gahring e t al., M olec. M ed. 3 :2 4 5 , 1 9 95) a c t to en h a n ce GluR
fu n ctio n rath er th a n directly ac tiv ate th e ta rg e t GluR. We have
identified th e region in GluR5 th a t is recognized by th e s e GluRm odulatory auto an tib o d ies to co n s is t of six am ino acids located
approxim ately 5 0 am ino acids C-terminal of th e GluRB eptitope region.
This region identifies a unique m odulatory site on GluRs and im parts
subunit-specific im m unoreactivity. S u p p o rted b y N/H grant N S 3 5 1 91.

THE CYTOKINE IFN-y INFLUENCES G-PROTEIN-COUPLED RECEPTOR
SIGNAL TRANSDUCTION IN ASTROCYTIC CELLS. D R. Cerutis*. N.K. Lassi.
M.L. Toews**- and R.M. Bashir. Depts. of Neurology and ♦♦Pharmacology, Univ. of
Nebraska Medical Center, Omaha, NE, 68198
Astrocytes express many G-protein-coupled receptors (GPCRs) which are
involved in astrocyte metabolism and function. Cytokines regulate betaadrenergic (PAR) and muscarinic receptor (MR) function in other systems, but
information about cytokine regulation o f classical neurotransmitter pathways in
the central nervous system (CNS) is lacking. This study began to test the
hypothesis that cytokines may induce important alterations in astrocyte
function by influencing neurotransmitter receptor signal transduction pathway
components, using the cytokine-responsive 132 IN 1 human astrocytoma cell
line as a model. IFN-y was tested for effects on the functional competency of
several GPCRs [PAR, MR, and histamine receptors (HR)] present on this cell
line. Changes in functional capacities for these receptors were investigated
using cyclic AMP (cAMP) accumulation assays and the formation o f [3H]
inositol phosphates (IP3). The results obtained indicate that a 24-hour pre
incubation with 50 u o f IFN-y does not affect the cAMP signalling pathway
used by the p AR. In the phosphoinositide pathway, IFN-y did not change the
maximal IP3 production in response to MR stimulation with carbachol, but
increased the maximal HR response by two-fold in treated cells. Together,
these results suggest that cytokines like IFN-y can affect the function o f Gprotein-coupled HRs in these CNS-derived astrocytic cells. (Supported in part by
a UNMC Seed Grant 96-038).
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INCREASED PROENKEPHALIN DERIVED PEPTIDES RELEASE IN
CULTURED SPLEEN MONONUCLEAR CELLS OF CHRONICALLY AND
ACUTELY STRESSED RATS. F. Saravia. M.R. Padros. A. Ase. R. AIovz. S. Duran
andO. Vindrola*. Inst, de Fiologia. Univ. Autonoma de Puebla. Mexico.
Opioid peptides produced by endocrine and nervous tissues are involved in foot
shock stress induced immune suppression, while the role of own immune cell’s
opioid peptides remains unresolved. We analyzed proenkephalin-derived peptides
content in rat bone-marrow (BMMC) and spleen mononuclear cells (SMC) after
acute and chronic stress. Chronically stressed Wistar rats (200-250g) received one
foot shock session daily (60Hz sine-wave pulses, 1.25 mA, one second pulse every
five seconds for 20 min) for 14 days and were sacrificed at 15min (CH15) and 24h
(CH24); acutely stressed rats (AC 15) were sacrificed at 15 min. In control SMC, free
met-enkephalin (ME) represented 26% of total ME-containing peptides, while
BMMC stored only cryptic ME products. A significant decrease of ME-containing
peptides appeared in SMC and BMMC of CH24. Total ME content increased
significantly in BMMC and SMC of CHI5 when compared with CH24. values, while
a further decrease of free ME occurred in SMC. AC 15 showed a significant decrease
of ME-containing peptides' levels in SMC and BMMC. The lowest free ME levels
appeared in SMC of CH15. Increased release of ME-containing peptides was detected
in SMC of CH24, CH15 and AC15 when they were cultured for 24h. The highest
peptide release occurred in CH15-SMC, followed by AC15-SMC. ME molecule was
the main peptide detected after gel filtration and HPLC purification of culture
medium. Adherent macrophages contained 87% of free ME present in whole SMC.
The total to free ME ratio of materials released by CH15-SMC and AC15-SMC was
similar to that observed in spleen macrophages. These results suggest that
macrophage’s proenkephalin derived peptides may participate in chronic and acute
stress induced immune suppression.
Supported by CONACYT, Mexico (grant O. V. 3898 N-9401)

ANALGESIC AND IMMUNOSUPPRESSIVE EFFECTS OF OPIATE
DRUGS: A STRUCTURE-RELATED ACTIVITY STUDY. P.Sacerdote .
B.Manfredi. V.R, Olgiati*. and A.E.Panerai . Dept. Pharmacology, Univ.
Milano, 20129, Milano, Italy
Although it is well known that morphine induces a relevant
immunosuppression, the inhibitory activity of the morphine or codeine
derived drugs, hydromorphone, oxycodone and nalorphine has never been
evaluated. We evaluated in mice their acute effects on analgesic thresholds
and immune parameters (splenocyte proliferation, NK activity, IL-2
production). Morphine displays a potent immunosuppressive effect that is not
dose related to the antinociceptive effect, codeine possesses a weak
antinociceptive effect and limited immunosuppressive activity; nalorphine, a
p-antagonist and k-agonist, exerts a potent immunosuppressive effect, but a
very weak antinociceptive activity. The pure k-antagonist nor-BNI
antagonises the antinociceptive, but not the immunosuppresive effect of
nalorphine. Hydromorphone and oxycodone are potent antinociceptive drugs,
devoid of the immunosuppressive effect. The pure antagonists naloxone and
naltrexone potentiate immune responses. Our data indicate that the C6
carbonyl substitution, together with the presence of a C7.8 single bond
potentiates the antinociceptive effect, but abolishes immunosuppression
(hydromorphone and oxycodone). The single substitution of an allyl on the
piperidinic ring results in a molecule antagonist of the antinociceptive effect,
that maintains the immunosuppressive effect (nalorphine). Molecules that
carry modifications of C6, the C7.8 bond and C14, together with an allyl or
caboxymethyl group on the piperidinic ring, such as naloxone and naltrexone,
antagonise both the antinociceptive and the immunosuppressive effect of
opiates and are themselves immunostimulant.

283.5
TUMOR NECROSIS FACTOR ALPHA (TNFa) PROTECTION OF
CORTICAL
NEURONAL CELLS
TO
NMDA-MEDIATED
EXCITOTOXICITY. A. Bacchi, N.G. Carlson, S.W. Rogers and LC.
Gahrinq* Geriatric Research Education and Clinical Center of the VA
Medical Center and the Human Molecular Biology and Genetics
Program, University of Utah School of Medicine, Salt Lake City, UT
84112.
We have investigated the expression and functional significance
of TNFa in murine cortical neuronal cell cultures. Neuronal survival
was assessed using an experimental paradigm in which neuronal
cultures were pre-treated with TNFa and then challenged with NMDA.
Results indicate that cultures pretreated with TNFa contain an
increased number of surviving cells as compared to cultures not
exposed to TNFa. We next examined the possibility that TNFa
altered neuronal expression of calcium binding proteins. Although
more neurons were found to express calbindin relative to calretinin
following TNFa treatment, the survival of these neurons after NMDA
exposure was not selectively enhanced. We also assessed the
expression of the receptors for TNFa (TNFRI or p55 and TNFRII or
p75) in our neuronal cultures using single cell RT-PCR analysis. We
have determined that activation of cells through the p55 (TNFRI)
receptor is essential for the TNFa induced neuroprotective effect
against NMDA-mediated excitoxocity. Supported by a VA Merit grant

283.6

to LCG.

CENTRAL EFFECTS OF PERIPHERAL LIPOPOLYSACCHARIDE (LPS)
INJECTION IN THE CHICKEN: VALIDATION AND USE OF A NEW
ANTISERUM TO THE SYNTHETIC C-TERMINUS OF cFOS. L.R. Berghman, E.
D’Hondt, J. Vermeiren, K. Peeters and F. Vandesande*. Lab. of
Neuroendocrinology, KULeuven, Naamsestraat 59, B-3000 Leuven, Belgium.
Polyclonal rabbit antisera were raised towards the synthetic C-terminal part of
chicken cFOS and characterized in three established paradigms of neuronal
activation. In western blotting of hypothalamic extracts from osmotically stressed
chickens, these antisera typically recognized a single protein band, corresponding to
the predicted size of the cFOS protein (approx. 46kD). Accordingly, i.p. injection of
a hypertonic NaCl solution caused the specific activation of vasotocin-containing
neurons in the paraventricular and periventricular nuclei (PVN-PHN) of the
hypothalamus two hours post-injection, in contrast to basal levels in isotonically
injected controls. In addition, in both quail and chicken i.v. injection of metrazole
elicited epileptic seizures and cFOS synthesis in neurones throughout the
telencephalic lobes 1 hour post-injection. Finally, ICC staining of a rat brain
hemisphere with spreading depression revealed positive staining of the ipsi-lateral
hemisphere, hereby confirming earlier reported results.
Upon validation the antisera were used to study the central effects of peripheral
LPS injection in chickens. One hour after i.v. injection of 5 mg LPS/kg body weight,
nuclear cFOS staining was observed in the brainstem (nucleus of the tractus
solitarius), in perikarya that are likely to be noradrenergic, and also in the posterior
part of the PHN. Three hours post-injection, additional neuronal activation was found
in the anterior hypothalamus, in the PVN-PHN. Some of these neurones were
vasotocin-positive; the remaining cFOS-positive perikarya are thought to contain
CRF, though the latter assumption remains to be confirmed.
The present study was financially supported by the Medical Foundation Queen
Elisabeth and the Fund for Scientific Research-Flanders (F.W.O.-Vlaanderen).

283.7

283.8

IMMUNE SURVEILLANCE IN THE INJURED CNS: T-LYMPHOCYTES INVADE
THE AXOTOMIZED MOUSE FACIAL MOTOR NUCLEUS AND AGGREGATE
AROUND SITES OF NEURONAL DEGENERATION.
AWerner*,
L.L.Jones,
C.U.AKIoss,
H.Neumann
11),
H.Wekerle
(1),
G.W.Kreutzberg and G.Raivich Neuromorphology and Neuroimmunology (1)
Depts, Max-Planck Institute for Psychiatry, 82152 Martinsried, Germany

NON-INFLAMMATORY INDUCIBLE TNFa IN NEURONS. A.E. Renauld,
T.A. Ienatowski. P.R. Knight and R.N. Speneler*. Depts. of Pathology and
Anesthesiology, SUNY at Buffalo, Buffalo, NY 14214.
Presynaptic responsiveness to TNFa is coupled to adrenergic receptor sensitivity
and a modification of this association occurs during psychoactive drug
administration. In addition, TNFa has been localized to neurons and is depleted
during similar psychoactive drug administration. Immunoreactive staining for
TNFa is localized to neurons and axons, further substantiating the proposal that
TNFa is synthesized and used by neurons.
After desipramine (DMI)
administration, tissue sections from the locus coeruleus (LC) and hippocampus
(hippo) are devoid of neuronal-associated TNFa immunoreactivity. Since we have
previously demonstrated that TNFa mRNA accumulation increases in the LC and
biologically active TNF escalates in the hippo during DMI administration, the
present data further suggests the potential for production of TNFa by neuronal
cells.
Therefore, two neuronal-like cell lines were examined for TNFa
production. These diverse neuronal cell lines were shown to express and release
TNFa in culture following experimentally induced differentiation. Phenotypic
differentiation of PC-12 cells was induced with manganese chloride, while
culturing with phoibol 12-myristate 13-acetate (PMA) was used to induce similar
alterations of SH-SY5Y cells. SH-SY5Y cells were also cultured in the presence of
lxl0'5 M cocaine hydrochloride. Increases in cell associated and supernatant

Despite the importance of immune surveillance in the normal and injured
central nervous system., little is known about how it is regulated. In the current
study we examined changes in lymphocyte infiltration, a key component of the
neuroimmune surveillance, into the axotomized mouse facial motor nucleus.
Facial axotomy led to a biphasic increase in the number of CD3, CD11a,
CD43, and CD44-immunoreactive T-cells in the operated axotomized facial
nucleus, with a first plateau 2-4 days after injury (2-4 DAI), and a second, much
stronger increase at 14 days. These CD3-positive T-cells frequently formed
aggregates, exhibited typical cleaved lymphocyte nuclei at the EM-level and were
completely absent in mice with severe combined immunodeficiency (scid), which
suffer from a congenital block of T- and B-cell differentiation.
Immunohistochemical colocalization with thrombospondin, a marker for
phagocytotic microglia, revealed aggregation of these T-cells around microglia
removing neuronal debris, which is particularly frequent 2 weeks after injury: This
was accompanied by a late, strong induction of mRNA for proinflammatory
cytokines IL1P, TNFa and IFNy. In contrast, there was no infiltration by the
neutrophil granulocytes; intravenous injection of horseradish peroxidase also
showed an intact blood brain barrier.
In summary, the current study shows a selective infiltration of the CNS by
activated T-cells during the retrograde reaction to axotomy. The striking
aggregation of these lymphocytes around neuronal debris and phagocytotic
microglia suggests an important role for the immune surveillance during neuronal
cell death in the injured nervous system.

Supported by BMBF Grant 01K09401/3.
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TNFa levels during the induction of differentiation were determined by use of the
WEHI164 subclone 13 Cytotoxicity assay. These results demonstrate that TNFa is
localized in the hippo and LC of the rat, and its expression is altered following
administration of an antidepressant drug. The present study also demonstrates that
TNFa is expressed by neuronal cell lines, the extent of which is altered by
exposure to the psychoactive drug, cocaine.
(Supported by NIMH grant MH53946)
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DEPRENYL INCREASES IL-2 PRODUCTION, NK CELL ACTIVITY, AND
PARTIALLY PREVENTS THE AGE-RELATED LOSS OF SYMPATHETIC
NORADRENERGIC INNERVATION IN THE SPLEENS OF F344 RATS.
ThyagaRajan*. K.S. Madden, J,C, Kai vass, _S._ Dimitrova. S,Y, Felten and D, .L,
Felten. Department of Neurobiology & Anatomy, University of Rochester School of
Medicine and Dentistry, Rochester, NY 14642.
A causal relationship is hypothesized to exist between immunosenescence and agerelated decline in sympathetic noradrenergic (NA) nerve fibers in spleen and lymph
nodes of F344 rats. We investigated this interrelationship by measuring NK cell
activity, Con A-induced IL-2 production, norepinephrine (NE) concentration, and
morphological localization of NA and neuropeptide-Y (NPY) nerve fibers in the
spleens of old (21 mo-old) male F344 rats after a 10-day wash-out period at the end of
8-week of daily treatment with 0, 0.25 mg, or 1.0 mg/kg of L-deprenyl, an
irreversible monoamine oxidase-B inhibitor. NK-cell activity and Con A-induced IL-2
production were increased in deprenyl-treated rats in comparison to untreated and
saline-treated old rats. Deprenyl treatment moderately increased the population of
sIgM+ cells in the spleens of old rats. In addition to changes in immune responses,
NE content and the volume density of NA and NPY nerve fibers were partially
augmented in the spleens of deprenyl-treated old rats. In a separate study, various
concentrations of deprenyl were added in vitro to spleen cells from young and old
F344 rats to examine the direct effects of the drug on Con A-induced IL-2 production
and lymphocyte proliferation. In contrast to in vivo treatment, deprenyl did not have
any direct effects on the Con A-induced IL-2 production and proliferation by
splenocytes from old rats. Together, these results suggest that the ability of deprenyl
to enhance some of the immune responses are interlinked to the restoration of
sympathetic NA and NPY nerve fibers in the spleens of old male F344 rats.
Supported by Grant R37 AG06060 and a grant from the Markey Charitable Trust.

CLONING OF EL-ly (IGEF) FROM RAT BRAIN
A. C. Culhane. M. D. Hall\ E. A. Hammond1. N. J. Rothwell and G. N. Luheshi*
School of Biological Sciences, University of Manchester, Manchester Ml 3 9T, UK.
^Parke-Davis Neuroscience Research Centre, Cambridge CB2 2QB, UK.
The cytokine, interleukin-1 (IL-1) plays a fundamental role in neuroimmune
interactions in response to disease and has been implicated in stroke, brain injury
and neurodegeneration. The IL-1 family comprises two agonists, IL-la and EL- ip,
and a naturally occurring EL-1 receptor antagonist (IL-Ira). Recently a novel
putative member of the IL-1 family has been reported that shares structural
homology with IL-1(3 and IL-Ira. Interferon gamma inducing factor (IGIF)
tentatively called EL-ly, was first isolated from the liver of mice during toxic shock,
induced by injection of lipoploysaccharide (LPS) and P. acnes.
In order to determine its putative role in IL-1 action, IL-ly was cloned from rat
brain. Rats were injected with LPS (9ng, icv) and cDNA was prepared from the
extracted rat brains. IL-ly was amplified by PCR from the cDNA, and was
subsequently cloned and Sequenced. Rat EL-ly was identified by its high homology
(90.9%) with mouse liver IGEF.
Active IL-ip is released by cleavage of its precursor at an Asp-X motif by
caspase 1 (interluekin-1 beta converting enzyme). Since precursor IL-ly is
processed at a similar site (Asp-His) we investigated whether both proteins are
cleaved by the same enzyme. Recombinant human caspase I was incubated with
either human pro-IL-ip or rat brain pro-IL-ly and the cleavage products were
resolved by SDS page electrophoresis. Caspase I cleaved both proteins, and
cleavage was inhibited by the caspase inhibitor, ZVAD.
Therefore IL-ly is expressed in the brain after LPS treatment, is cleaved by
caspase I and is possibly regulated like IL-ip. Future studies will investigate
whether EL-ly functions as a member of the IL-1 family in the brain.
This work was funded by the MRC and Parke Davis.

283.11
TYPE I IL-1
RECEPTOR IS REQUIRED FOR IL-1
STIMULATION OF INFLAMMATORY RESPONSE IN MOUSE
BRAIN MICROVESSEL ENDOTHELIUM. J.D, Luterman*1 and
R.P. Hart2 ’Behavioral and Neural Sciences 2Dept. of Biological
Sciences, Rutgers University, Newark NJ 07102.
Type I IL-1 receptor (IL-1RI) mRNA in brain is most prominent
in endothelial cells of CNS vasculature, suggesting that these cells
mediate inflammatory signaling across the blood-brain barrier. We
propose that blood-bome IL-1 stimulates endothelial cells to produce
and release inflammatory cytokines into the CNS compartment. While
IL-1RI is the only known signal-transducing receptor for IL-1, it has
never been directly demonstrated to be required for inflammatory
responses of these cells.
We have compared IL-1 induction of inflammatory mRNAs in
primary cultures of mouse brain microvessel endothelial cells
(BMEC) from both wild-type and IL-IRI 7 (knockout) mice. These
cells have characteristic flattened morphology, and express E-selectin,
which could be induced by IL-1 treatment. BMEC cultures were
stimulated for 4 hrs with 10 ng/ml IL-lp or endotoxin (1 |ig/ml LPS)
and RNA was prepared and assayed by RNase protection.
Stimulation was found to increase levels of IL-la, IL-lp and IL-6
mRNAs relative to GAPDH mRNA controls. However, BMEC
cultures prepared from IL-IR!'7 (knockout) mice did not respond to
IL-lp, but remain responsive to LPS. These results support a
conclusion that vascular endothelium may “relay” inflammatory
stimuli from blood to brain.
Supported by NIMH.

283.12

283.13

LOCALIZATION AND REGULATED EXPRESSION OF
INTERFERON GAMMA INDUCING FACTOR (IGIF) IN
ENDOCRINE TISSUES. B. Conti*, C, Trnti, I.W, lahng, Y, Bae and T.H.
Toh. Cornell Univ. Med. Coll, at The Burke Med. Res. Inst. White
Plains, NY 10605
IGIF, a newly identified cytokine also called interleukin-18, is a
potent regulator of the balance between Thl and Th2 cells and
stimulates the immune system preferentially towards cell mediated
immune response. IGIF also stimulates proliferation and activity of
Natural Killer cells. We recently cloned rat IGIF and showed by in situ
hybridization that its mRNA is strongly increased by either reseipine
treatment or cold stress in the zona reticularis and fasciculata of the
adrenal cortex, the region producing glucocorticoids. To determine
other sites of expression ana secretion, we investigated the presence of
IGIF mRNA in other endocrine tissues. Human IGIF, which we
isolated from peripheral blood monocytes by RT-PCR, was utilized as
a probe in Northern blot analysis of human endocrine tissues. IGIF
mRNA was expressed primarily in the adrenal cortex, pancreas,
intestine and stomach. In rat tissues, in situ hybridization analysis
demonstrated a similar tissue distribution. As an indication of
secretion, the presence of interleukin-1 P converting enzyme (ICE),
which cleaves the inactive precursor form of IGIF, was analyzed by
immunohistochemistry. ICE was found in the zona fasciculata of the
adrenal gland in reserpinized animals only suggesting that reserpine
treatment induces both IGIF gene expression and protein secretion.
These findings suggest that IGIF, as well as glucocorticoids, released
from the adrenal gland act as effectors of neuroendocrineimmunomodulation. The presence of IGIF in other endocrine tissues is
consistent with additional, perhaps novel, biological activities of IGIF.
Supported by The Burke Foundation and NIH Grant MH24285.
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CYTOKINE AND CELL ADHESION MOLECULE EXPRESSION IN
RESPONSE TO ADENOVIRUS VECTORS IN THE BRAIN.

M.B. Lee*, A.P. Byrnes, H.M.Charlton andM.J.A. Wood. Dept. ofHuman Anatomy,
University of Oxford, Oxford, OXI 3QX, United Kingdom.
Non-replicating adenovirus vectors are potential tools for basic research and gene
therapy in the brain. Not surprisingly, these foreign viruses can induce a T cellmediated immune response in the brain and other organs. This immune response is
short-lived in the brain and, unlike peripheral organs, does not afreet protein
expression from these vectors which can be detected for at least twelve months.
However, the vectors remain as a target for the immune system since subsequent
peripheral exposure to the vector result in local demyelination and an elimination in
marker protein expression. It appears that the initial T cell response fails to clear the
adenovirus vectors because of poor priming of the T cell response rather than by an
inability of T cells to act effectively in the brain. It is therefore essential to examine the
immune response to adenovirus vectors in the brain of unsensitized and sensitzed
animals if we are to overcome one of the major problem hindering the use of these
vectors in neural gene therapy.
We have examined the role and relationship of various cytokines and lymphocyteendothelial cell adhesion molecules (CAM) involved in the immune response to
adenovirus vectors in the brain. El-deleted adenovirus vectors were stereotaxically
injected into the striatum of C3H mice. A semi-quantitative study of cytokine and cell
adhesion molecule message using the reverse transcriptase polymerase chain reaction
(RT-PCR) was used to compare the relative amounts of mRNA over a time course in
unsensitized and sensitized animals. We show here the mRNA profile of cytokines
(representative of Thl and Th2 type responses) and cell adhesion molecules (ICAM-1,
VCAM-1, VLA-4, LFA-1) induced in these animals and in animals pre-sensitized with
adenoviral vectors expressing Th2 type cytokines. The results help to further
characterise the immune response to adenovirus vectors in the brain and potentially to
identify immunomodulatory strategies for safe and persistent neural gene therapy
(Supported by the MRC, U.K.).

283.14
THE REGULATION OF PITUITARY ACTIVIN SUBUNIT
AND FOLLISTATIN mRNA LEVELS BY INTERLEUKIN-IB,
IN VITRO, AND PERIPHERAL LIPOPOLYSACCHARIDE,
IN VIVO. L.M. Bilezikiian. A.V. Turnbull. A.Z, Corrigan, A.L.
Btovnk C, .Rivisr-and _W,W. V.alg*. Clayton Foundation Laboratories for
Peptide Biology, The Salk Institute, La Jolla, CA 92037.
Cytokines such as interleukin-1(3 (IL-1 P) modulate the hypothalamopituitary (HP) axis during immune activation, suppressing HP-gonadal
function and activating the HP-adrenal neuroendocrine axis. Although
these effects are thought to be mediated primarily at the hypothalamic level,
where IL-lp decreases GnRH availability and increases CRF secretion,
cytokines have been shown to also influence pituitary function directly.
The present study evaluated the actions of IL-lp on the expression and
function of a group of autocrine and/or paracrine factors of the pituitary:
activins (homo/hetero-dimers of Pa ana (3b ) and inhibins (aPA or aBs),
members of the TGF~p family of growth factors, and follistatins (FS),
activin-binding proteins. mRNA levels were evaluated by. RNase
protection analysis using either primary cultures of rat anterior pituitary
cells treated with IL-lB or whole pituitaries following peripheral
lipopolysaccharide (LPS), which elevates endogenous levels of IL-lp.
Treatment of cultured pituitary cells with 5-500 pM ILlp for 6h increased
FS and activin/inhibin Pb , but not a, mRNA levels (1.5- to 2-fold for
both) in a dose-dependent manner. LPS (50pg/kg, i.v.) similarly
increased pituitary FS and Pb mRNA levels within 3h (5- and 3-fold,
respectively). Activin-A (0.01-1 nM, 24h) produced the expected dosedependent increase in FSH and decrease in ACTH secretion in the cultured
cells. Co-treatment with 5-500 pM IL-IB attenuated the stimulatory effect
of activin-A on FSH secretion ana decreased the sensitivity of
corticotropes to activin-A. These results reveal a novel action of IL-1 p at
the pituitary level that may contribute to the mechanism by which this
cytokine modulates the HP axis. Supported by NIH grant HD 13527.
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ionomycin (lpM) for 21 hrs. Our results show that SP, at a physiologic
concentration of 10'9 M, can enhance the release of IL-4 from ionomycin-activated
mast cells by about 400-500%. We propose that SP could play a role in generating a
normal Th2 response, as well as augmenting the chances of inducing an
autoantibody response by stimulating the release of IL-4 from tissue mast cells. If
this is correct, we would also expect that there should be differences between
autoimmune and non-autoimmune mice in exogenous SP stimulated IL-4 release
from mast cells.
Supported by ASU, RIA-223-96.

ACTIVATION OF T-LYMPHOCYTES BY
PHYTOHEMAGGLUTININ INDUCES THE EXPRESSION OF
MULTIPLE mRNAs FOR CHOLINE ACETYLTRANSFERASE,
BUT NOT FOR VESICULAR ACETYLCHOLINE
TRANSPORTER. T. Fuiii1, Y. WatanabeL H. Misawa2 and K.
Kawashima1*. ]Dept. of Pharmacol., Kyoritsu Coll, of Pharmacy, Tokyo
105, Japan. 2Dept. of Neurol., Tokyo Metropolitan Inst, for Neurosci.,
Tokyo 183, Japan.
Acetylcholine (ACh), a classical neurotransmitter, has been suggested
to be involved in the potentiation of T-cell dependent immune responses.
We have demonstrated the evidence that ACh is present in the blood of
different species of mammals including humans, and that the
immunological stimulation induces the expression of mRNA for ChAT,
which catalyzes ACh synthesis, in human circulating mononuclear
leukocytes (MNL). Vesicular ACh transporter (VAChT) is known to be a
key molecule which mediate ACh transport in the cholinergic neurons. It
has been reported that four species of ChAT mRNAs (R-, N1-, N2- and
M-types) are produced in human brain, and that the expressions of ChAT
and VAChT genes in the cholinergic neurons are co-regulated. In this
study, we analyzed the diversity of ChAT mRNA species and the
induction of VAChT gene in MNL stimulated by phytohemagglutinin
(PHA), a T-cell activator. We found the induction of Nl, N2- and Mtypes of ChAT mRNAs, but not R-type mRNA for ChAT in PHAstimulated MNL. In addition, we found no expression of VAChT mRNA
in PHA-stimulated MNL, suggesting that the mechanism of ACh release
from MNL is different from that in the nervous systems. These results
suggest that the expression pattern and mechanism of ChAT gene in
PHA-stimulated MNL are different from those of in the brain.

283.17

283.18

EFFECT OF SUBSTANCE P ON INTERLEUKIN 4 PRODUCTION BY
MOUSE MAST CELLS. Y. Zhu. D, Lorton, C. Lubahn and S.A. Hoffman*.
Molecular and Cellular Biology Program, Arizona State University, Tempe, AZ
85287-2701.
We have been investigating the role of neuro-immune interactions in
autoimmunity. Our hypothesis is that neural modulation of the immune system can
contribute to an autoimmune state. It has been shown that the neuropeptide
substance P (SP), when acting in combination with other activating stimuli, lias a
stimulatory' effect on cells of the immune system. There are also data suggesting that
SP plays a role in autoimmune disease. This has led us to test the idea that SP plays
a role in enhancing immune activation status, making the system susceptible to an
autoimmune state and consequent disease. Autoreactive Th2 cells play a central role
in the pathogenesis of systemic autoimmune diseases, by providing activation signals
to autoreactive B cells and generating autoantibodies. Recently, it has been suggested
that mast cells may provide the initial cellular source of IL-4 required for the
development of Th2 cells. Since it is known that SP can stimulate mast cells, we are
testing the hypothesis that SP could induce the production and release of IL-4. For
this purpose, we examined the effect of SP on purified mouse peritoneal mast cells.
Total peritoneal cells were fractionated on 23% (w/v) metrizamide in HBSS into
mast cell-enriched (>95% mast cells) and mast cell-depleted fractions. Purified mast
cell suspensions (4xl05 cells/ml) were incubated with SP (10'7-1012 M) and

TRANSFORMING GROWTH FACTOR (TGF) pi REGULATES THE
EXPRESSION OF CYCLOOXYGEN EASE IN CULTURED CORTICAL
ASTROCYTES AND NEURONS. J. Luo*. J. A. Lang and M.W. Miller. Dept.
Psychiatry, Univ. Iowa Coll. Med., and Veterans Affairs Med. Ctr., Iowa City IA.
Prostaglandins (PG) and thromboxanes (TX) regulate diverse CNS functions,
e g., blood flow, the sleep/wake cycle, temperature regulation, and inflammatory
responses. Cyclooxygenease (COX) is the rate-limiting enzyme that catalyzes
the conversion of arachidonic acid to PG and TX. COX exists in two isoforms:
the constitutive COX1 and the inducible COX2. Like PG and TX, TGFpl is
dramatically increased in inflammatory responses. As a result of these parallel
functions, we examined TGFP1 regulation of COX expression in purified primary
cultures of cortical astrocytes and neurons. Astrocytes and neurons were
obtained from rat pups (on postnatal day 6) and fetuses (on gestational day 16),
respectively. The cells were maintained in a medium supplemented with either
1.0% or 10% serum and exposed to TGFpl (0, 5,10 and 20 ng/ml) for two days.
Cells were harvested and the COX expression was analyzed by an immunoblot
assay. Both astrocytes and neurons expressed COX1, and this expression was
not affected by the serum content of the medium. On the other hand, the
expression of COX2 was affected by serum. COX2 expression was significantly
lower for cells raised in reduced serum medium than in cells grown in a medium
with 10% serum. TGFP1 supplementation altered COX expression. Regardless
of the serum content, TGFpi induced a concentration-dependent increase of
COX1 in both cell types. In contrast, TGFP1 only increased COX2 in astrocytes
cultured in the medium containing 1.0 % serum, but not in medium with 10%
serum. TGFpi did not affect the COX2 expression in neurons in either medium.
Thus, both astrocytes and neurons express constitutive and inducible COX, and
reduced serum content only affects COX2 expression. TGFpl mediates the
expression of both COX isoforms and these effects are serum-dependent.
Funded by the VA and NIH (DE 07734, AA 06916, and AA 07568).

THE CONTRIBUTION OF TUMOR NECROSIS FACTOR-a, (TNF-a)
INTERLEUKIN-Ip (IL-lp) AND NERVE GROWTH FACTOR (NGF) TO
THYMULIN INDUCED HYPERALGESIA. B. Safieh-Garabedian, S.A
Kanaan. S.J. Jabbur*, S.F. Atweh and N.E. Saade. Fac. of Arts and Sci. and
Fac. of Med., American Univ. of Beirut, Lebanon.
We have recently demonstrated that intraperitoneal (i.p.) injections of the
thymic hormone thymulin (50ng) into rats resulted in both mechanical (paw
pressure test, PP) and thermal (hot plate, HP, paw immersion, PI and tail flick,
TF) hyperalgesia (Safieh-Garabedian et al, 1997, J. Neuroimmunol. In press).
In this study we further investigate the possible involvement of
proinflammatory cytokines in thymulin-induced hyperalgesia.
Injection of thymulin (50ng; i.p.) into a group of rats resulted in a significant
elevation in the levels of TNF-a (250%), IL-lp (200%) and NGF (200%) in
the liver of these animals, when values were compared with saline injected
animals. Furthermore, when different groups of rats were treated with different
polyclonal antiserum (anti-TNF-a, and anti-NGF) or ILi receptor antagonist
(ILira), a significant reduction in thymulin-induced hyperalgesia, as assessed
by the different pain tests was observed. The potency of these antisera and
antagonist in reducing thymulin hyperalgesia could be ranked by descending
order as follows: anti-TNF-a>anti-NGF>ILira.
These results, pooled with previous data from our laboratory, indicate the
possible involvement of proinflammatory cytokines in thymulin-induced
hyperalgesia, with a key role played by prostaglandin E2 mechanisms.
(Supported by grants from the Univ. Res. Board and DTS Foundation).

283.19

283.20

Inhibition of Lipopolysaccharide-lnduced Neurotoxicity in Mixed
Cortical Neuron/Glia Cultures by Naloxone and Opiate-Related
Compounds. LALKonat P, M. Hudson. B, C, Wilson. X. Lu. and J.-

S, Hong. Section of Neuropharmacology, NIEHS/NIH, Research
Triangle Park, NC 27709.

We previously reported that (-)-naloxone inhibits the
lipopolysaccharide (LPS)-induced production of nitric oxide
(NO) and tumor necrosis factor-a (TNFa) in glial cells from the
brain. Because NO and TNFa have been implicated in various
neuropathological conditions, we hypothesized that (-)naloxone would reduce LPS-induced neurotoxicity. Therefore,
we examined the effects and mechanisms of action of (-)naloxone on the LPS-induced release of lactate
dehydrogenase (LDH), a marker for cell injury, and
morphological changes in mouse primary mixed cortical
neuron/glia cultures. LPS (20 ng/ml) stimulated the secretion of
LDH and NO from primary mixed cortical neuron/glia cultures.
The LPS-induced release of LDH into the culture medium was
reduced by (-)-naloxone at 10-8-10-6 M. (+)-Naloxone, an
ineffective isomer of the opioid receptor antagonist, did not
affect the LPS-induced release of LDH. Nor-binaltrophimine
(nor-BNI), a selective k receptor antagonist, reduced the LPSinduced release of LDH at 10-8-10'° M. The LPS-induced
secretion of NO was reduced by both (-)-naloxone and nor-BNI,
but not by (+)-naloxone. These results indicate that (-)-naloxone
and nor-BNI can prevent neuronal death in a model for
inflammatory disorders of the central nervous system.
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IMMUNO-ENHANC1NG VERSUS IMMUNO-SUPPRESSIVE ACTIONS
OF GLUCOCORTICOID AND CATECHOLAMINE STRESS HORMONES
ON CUTANEOUS CELL-MEDIATED IMMUNITY IN VIVO.
F, S. Dhabhar* & B, S. McEwen. Laboratory of Neuroendocrinology, The
Rockefeller University, New York, NY 10021.

We have shown that acute stress induces a significant redistribution
of leukocytes in the body (J Imm, 154: 5511), and that adrenal stress
hormones are the major mediators of this leukocyte redistribution (J
Imm, 157: 1638). Moreover, acute stress administered immediately
before the introduction of an antigenic challenge, results in a significant
enhancement of a skin delayed type hypersensitivity (DTH) response,
and a stress-induced redistribution of leukocytes to the skin may be one
of the factors mediating this enhancement (J Imm, 156: 2608). Here
we examine the hormonal mediators of these effects of stress on
cutaneous DTH. Adrenalectomy eliminated the stress-induced
enhancement of DTH. Acute administration of low physiologic doses
of corticosterone or epinephrine resulted in a significant enhancement
of cutaneous DTH. In contrast, acute administration of high doses of
corticosterone, or significantly lower doses of the synthetic
glucocorticoid, dexamethasone, suppressed the DTH response. These
results demonstrate that depending on their concentration and kinetic
profiles, adrenal stress hormones can either enhance or suppress an
important class of immune responses in vivo. They suggest that stress
hormones may enhance certain immune responses by preparing the
immune system of an organism for responding to potential
immunologic challenges (such as wounding or infection) for which
stress perception by the brain may serve as an early warning signal.

Support: MacArthur, Arthur Vining Davis, and DeWitt Wallace Foundations.
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283.21
EXPRESSION AND REGULATION OF IL-1 RECEPTOR mRNA IN CNS
ASTROCYTES, MICROGLIA, AND NEURONS W.J. Friedman*1 R, Wei2.
G.M, Jonakait2 and R.P, Hart2 1 Pathology Dept., Columbia University
P&S, New York, N,Y. 10032 and 2Dept of Biological Sciences, Rutgers
University, Newark, N.J.
Interleukin-1 B is a pleiotropic cytokine which is expressed in association
with inflammation in the central nervous system as well as in the periphery.
IL-1 B causes activation of microglia and astrocytes eliciting the production
of numerous other cytokines and growth factors. We have previously
shown that IL-1 B induces NGF mRNA in hippocampal astrocytes, but not
neurons, via activation of the NFk B transcription factor. The type 1 IL-1
receptor (IL-1R1) is the signal transducing receptor for this cytokine, and
little is known about the expression and regulation of this receptor in the
CNS. We have examined regulation of the IL-1 R1 in CNS glia and neurons
in culture. Hippocampal astrocytes normally expressed low levels of IL-1 R1
mRNA, however treatment of astrocyte cultures with IL-1 B, TNFa, or the
chemokine MCP-1 strongly increased expression of IL-1R1 mRNA.
Similarly, cultured cortical microglia expressed low levels of IL-1R1 mRNA
but increased levels in response to IL-1 B. In hippocampal neurons, IL-1R1
mRNA was undetectable under basal conditions. Treatment of neuronal
cultures with IL-1B also induced expression of IL-1R1. In contrast to
astrocytes, IL-1B does not activate NFk B-in hippocampal neurons,
.suggesting that the signalling mechanisms for IL-1R1 are different in
neurons versus astrocytes. These results suggest that neuronal and glial
responsiveness to IL-1 may be regulated by inflammation.
Funded by NIH grant R29NS31357 (WJF)

CARDIOVASCULAR REGULATION: BRAINSTEM—SPINAL INTERACTIONS

FREQUENCY LOCKING OF BARORECEPTOR AND SYMPATHETIC
RHYTHMS. G.L, Gebber*, JL_ZhQQg, .S JCZhsp, and_SAL_Barman.
Depts. of Pharmacol./Toxicol, and Physiol., Michigan State Univ., E.
Lansing, Ml 48824
We used phase plane analysis (Lissajous diagrams) to identify modes
of frequency locking of the cardiac cycle and 10-Hz rhythm in sympathetic
nerve discharge (SND) of urethan-anesthetized, baroreceptor-innervated
cats. Frequency locking occurred in rational ratios predicted by a generic
mathematical construct called the Farey tree. Both simple harmonic ratios
(e.g., 1:3, 1:4) and complex ratios (e.g., 2:5, 3:8, 3:10) comprised of
relatively prime integers (no common divisor) were identified under natural
conditions. Frequency locking in such ratios is attributed to forcing of the
10-Hz oscillator by pulse-synchronous baroreceptor afferent nerve activity
(BRA). Ventricular pacing changed the frequency of the 10-Hz rhythm as
well as heart rate so as to maintain or change the ratio of frequency locking
in a predictable way. Intriguingly, frequency locking of the 10-Hz rhythm
to medullary raphe sympathoinhibitory stimuli in simple harmonic ratios
was accompanied by increased power in the 10-Hz band of SND while
locking in complex ratios led to decreased 10-Hz power. These findings
raise the possibility that pulse-synchronous BRA exerts divergent actions
on the 10-Hz rhythm depending upon the ratio of frequency locking.
Augmented 10-Hz power can be attributed to the resonant properties of
oscillators that are forced periodically at the same phase in their cycle. Our
results also demonstrate that the central circuits responsible for the 10-Hz
rhythmic discharges of sympathetic nerves with different targets are
independently entrained by pulse-synchronous BRA. (Supported by NIH
Grant HL13187).

284.2
NONLINEAR INTERACTIONS OF SLOW (RESPIRATORY-RELATED)
AND RAPID SYMPATHETIC RHYTHMS. S. Zhong*. S.-Y. Zhou. G.L
Gebber and S.M Barman. Depts. of Pharmacol./Toxicol, and Physiol.
Michigan State Univ., E. Lansing, Ml 48824.
In urethan-anesthetized cats, sympathetic nerve discharge (SND)
contains mixtures of a slow (0.2-0.5 Hz) respiratory-related (RR) rhythm
and a cardiac-related (CR; 2-4 Hz) rhythm before baroreceptor
denervation, and of the RR rhythm and a 10-Hz rhythm after baroreceptor
denervation. The objective of this study was to determine whether these
rhythms are linearly superposed or whether they interact nonlinearly
thereby giving rise to new components in SND (i.e., modulated
frequencies). For this purpose, the discharges of the inferior cardiac
postganglionic nerve were subjected to bispectral analysis. This method
investigates relationships among frequency triples in the same signal
where the third frequency is the sum of the other two due to quadratic
nonlinear phase locking.
The bicoherence function (normalized
bispectrum) revealed statistically significant phase locking of the RR and
CR rhythms and their modulated frequencies in 73% of the cases tested.
The incidence of phase locking of the RR and 10-Hz rhythms and their
modulated frequencies was lower (52% of cases). Instances of phase
locking can be explained either by nonlinear coupling of central rhythm
generators or nonlinearities, arising at levels below noncoupled
generators due to convergence of their outputs onto a common element
(e.g, preganglionic neuron). The cases of nil bicoherence are equated
with linear superposition of frequency components, which implies no
interaction of central circuits. (Supported by NIH Grant HL13187).

284.3

284.4

284.1

RESPONSES OF TI0 SPINAL NEURONS AND RENAL SYMPATHETIC ACTIVITY
TO COLORECTAL DISTENSION. D, Chau and L. P. Schramm*. Department of
Biomedical Engineering. The Johns Hopkins University. Baltimore, MD 21205.
Colorectal distension (CD) elicits large pressor responses in spinally-injured mammals.
We have shown that, after C, spinal transection, interneurons in the T l0 dorsal hom may
play a role in generating ongoing renal sympathetic nerve activity (RSNA) and
somatically-evoked reflex changes in RSNA. The purpose of the present study was to
determine whether similar neurons in the spinal dorsal hom and intermediate zone
might mediate the sympathetic component of the colorectal reflex. Eight, male,
Sprague-Dawley rats were anesthetized with a-chloralose, intubated, paralyzed with
galamine triethiodide, artificially respired, and prepared for recording from both the
renal nerves and from single neurons at T10. CD was delivered for 1-3 min. Attempts
were made to correlate the ongoing activities of all spinal neurons with concurrentlyrecorded RSNA using both spike-triggered-averaging (for rapid correlations) and
conventional cross correlations (for slower correlations). Activities of sixty-three
percent (7/11) of neurons in laminae IV-V, and 25% (3/12) of neurons in lamina VII
were positively correlated to bursts of RSNA. CD was more likely to inhibit correlated
neurons in laminae IV-V (6/7) and more likely to excite correlated neurons in lamina
VII (3/3) (P<0.04). Neurons exhibiting no rapid correlation with RSNA showed no
lamina-specific pattern of response to CD. Three neurons in laminae IV-V, and one
neuron in lamina VII had cyclical activities (0.05-0.1 Hz) that were positively correlated
with similar sympathetic rhythms. The former 3 neurons were inhibited and the latter
was excited by CD. Neurons with slow, cyclical activities negatively correlated with
RSNA were found only in lamina VII. Of these, 3 were excited and 2 were inhibited
by CD. CD increased mean arterial pressure (13±4%) in all rats, increased RSNA in
6 rats (RSNA windup lasted >10 min in 4 rats), but decreased RSNA in 2 rats. These
data show that renal-sympathetic reflexes elicited by CD are accompanied by excitation
of presympathetic neurons in the intermediate zone and inhibition of those in the dorsal
hom. (Supported in part by NIH grant HL 16315).
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PONTINE NEURONS: ELEMENTS OF THE NETWORK RESPONSIBLE FOR
THE 10-HZ RHYTHM IN SYMPATHETIC NERVE DISCHARGE (SND).
Barman*. H, L. Kitchens, and G.L. Gebber. Depts. of Pharm/Tox and Physiol.,
Michigan State Univ., East Lansing, Ml 48824.
We (FASEB J. 11: A4, 1997) recently showed that pontine neurons are
essential for the appearance of the 10-Hz rhythm in SND because muscimol
microinjections into either the A5 region of the caudal ventrolateral pons (CVLP)
or the parabrachial/Kolliker-Fuse complex of the rostral dorsolateral pons (RDLP)
eliminated this component of SND in urethane-anesthetized cats. The current
study determined whether pontine neurons have activity correlated to the 10-Hz
rhythm in SND or whether they merely provide a tonic nonrhythmic driving input
to this generator. We searched for individual CVLP and RDLP neurons whose
naturally occurring discharges were correlated to the 10-Hz rhythm in inferior
cardiac postganglionic SND. Spike-triggered averaging (STA) and coherence
analysis revealed that the discharges of 13 of 60 CVLP neurons and 14 of 55
RDLP neurons were significantly correlated to the 10-Hz rhythm in SND. The
results from these studies are summarized below (values are meanstSE).

Location Site

n

CVLP
RDLP

13
14

STA lag*
(ms)
72±3
68±8

Peak Coherence!

Firing Rate
(Spikes/s)

0.46±0.08
0.24±0.04

3.7±0.8
2.7±0.5

* Interval between unit spike occurrence and peak SND in the STA. fPeak coherence
value near 10 Hz in the neuron-to-nerve coherence function.

These data support the hypothesis that CVLP and RDLP neurons are elements'
of or receive input from the 10-Hz rhythm generator. (Supported by NIH grant
HL33266.)
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284.5
CHANGING LEVEL OF SYNCHRONIZATION IN SYMPATHETIC NERVE
DISCHARGE OSCILLATIONS BEFORE AND AFTER SPINAL SECTION AS
ASSESSED BY CORRECTED CONDITIONAL ENTROPY.
N. Montano*. C. Cogliati. T.Gnecchi-Ruscone, M. Massimini. A. Porta, A. Malliani.
Centro Ricerche Cardiovascolari, CNR; Medicina Interna. II, L I T.A. Ospedale
L. Sacco, University of Milan, Italy.
We have previously reported a significant correlation between the low (LF;
0.05-0.15 Hz) and the high (HF; centered at the respiratory rate) frequency
components detectable in the spectral analysis of RR interval and preganglionic
sympathetic nerve efferent discharge (SND) variability in decerebrate cats. Moreover,
we have recently observed that spectral analysis of spinal SND reveals the presence of
LF and HF rhythms coherent with spectral components of RR. However traditional
linear frequency domain methods cannot quantify the degree of synchronization and
regularity of the oscillatory dynamics. Thus, we analyzed SND in 14 decerebrate
vagotomized artificially ventilated cats, before and after spinal section (SS) at Cl
level by means spectral analysis and Conditional Corrected Entropy (CCE). CCE is
able to measure the degree of regularity of oscillatory patterns over short data
sequences. It decreases when deterministic repetitive patterns are found and increases
in presence of random sequences. Before SS, spectral analysis of SND revealed LF
and HF (0.12±0.01 and 0.32±0.02 Hz; 38±6 and 35±5 nu, respectively) components.
After SS, significant reduction of mean SND (-58±8%) was observed while both
spectral oscillations were still detectable. However, CCE values of SND were
significantly increased (from 1.07±0.04 to 1.38±0.04).
These data seem to suggest that even though LF and HF oscillation
detectable in SND are apparently unmodified after SS, the interruption of neural
connections between supra- and spinal structures seems to be accompanied by an
increased irregularity in the variability of SND.

284.7
ALTERED FREQUENCY-DOMAIN RESF ONSES OF SYMPATHETIC
NERVE DISCHARGE (SND) BURSTS TO ACUTE HEATING IN RATS
WIJH HEART FAILURE. M.J. Kenney* and D.E. Claassen. Dept, of
Anat. and Physiol., Kansas State University, Manhattan, KS 6 6 5 0 6 .
The renal sympathoexcitatory responses to acute heat stress are
attenuated in rats with heart failure (HF) induced by myocardial
infarction compared with Sham infarcted rats. The goal of the
present study was to determine the influence of acute heat stress on
the frequency components of renal SND in HF and Sham control rats.
Autospectral analysis of renal SND was completed in chloraloseanesthetized HF (n = 5) and Sham (n = 5) rats during increases in Tc
from 38-41 °C. The increase in renal SND during hyperthermia in
Sham rats involved two sequential pattern-changes. The first was to
increase the percent of total power at the frequency of the cardiac
cycle and the second involved transformation of the cardiac-locked
bursting pattern of SND to one characterized by the presence of a
slow periodicity with wide-band bursts that were not cardiac locked.
This latter change was associated with a marked increase in renal
SND total power compared to when the pattern contained only
cardiac-related SND bursts. In contrast, the HF rats were unable to
transform the basic pattern of SND from one containing a prominent
cardiac-related rhythmicity to one containing a slow periodicity and
the renal sympathoexcitation was markedly attenuated. These
results suggest that HF is associated with loss of plasticity in the
neural circuits responsible for activation of efferent SND. Supported
by NIH H L48564 and the AHA National Center.

284.9
DIFFERENTIAL PROCESSING OF THE 2-6 Hz AND 10 Hz SYMPATHETIC
NERVE DISCHARGES (SND) BY SEGMENTAL CIRCUITS OF THE SPINAL
CORD OF THE CAT. Bemat Kocsis* and Katalin Gvimesi-Pelczer. National Institute
of Neurosurgery, Budapest, Hungary
The two major rhythmic components of the SND in urethane anesthetized cats
appear between 2-6 Hz and 8-12 Hz. Both rhythms heavily depend on brainstem
activity conveyed to the sympathetic ganglia by the actively participating segmental
autonomic circuits of the spinal cord. In the present study, the contribution of these
circuits to the "final" 2-6 Hz and 10 Hz activities of the vertebral, cardiac and renal
sympathetic nerves was investigated. The spontaneous activity of the three nerves was
recorded simultaneously. After control recordings, thoracic white rami were cut from
Till to Th9 in a sequential manner, one after the other. Three min-long data segments
were recorded between sectionings and changes in the power spectra, coherences and
phase relations between different nerve pairs were calculated and compared for the
two characteristic ranges of frequencies. We found that (1) most of the power of
rhythmic SND originated from only a few (i.e. one or two) segments that were not
necessarily those containing the largest number of neurons projecting to these nerves
(i.e. according to previous anatomical studies). (2) Although the power of rhythmic
SND contributed by other segments was low they guaranteed significant coherence
between residual SNDs in different nerve pairs. (3) The spinal map of the 2-6 Hz and
the 10 Hz rhythmic activities were not equal, segments transmitting 10 Hz rhythm to
cardiac and vertebral nerves were separated more widely than those transmitting 2-6
Hz activity. (4) Major differences were also found between phase distribution of the
segmental 2-6 Hz and 10 Hz components. Since die bulbospinal input to different
segments are not uniform and preganglionic neurons projecting to different
sympathetic efferents occupy wide ranges of adjacent segments in the spinal cord the
relationship between different segments may play a certain role in differential
sympathetic regulation. (Support: OTKA Grant T-20351)
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284.6

CENTRAL REGULATION OF THE HEART RATE VARIABILITY
SPECTRUM ANALYSIS (HRVYP. LL*L. L Shen and L. LL Dept, of
Physiology, Shanghai Medical University, Shanghai 200032, China
Experiments were performed on urethane (700 mg/kg) -chloralose (35
mg/kg,) anesthetized SD rats and Chinese white rabbits. Blood pressure
(BP), heart rate (HR) and ECG were recorded simultaneously
on a
polygraph, HRV was detected by the SMU-PC1 signal processing system.
The total variance (TV) of HRV decreased markedly after anesthesia,
intracranial hemorrhage, or brain ischemia. It had no obvious change
when the BP was elevated or lowered steadily to a certain level, while it
changed significantly when the BP or HR fluctuated. Stimulation of dorsal
periaqueductal grey (dPAG), rostral ventrolateral medulla (rVLM) with
100 Hz for 3s to induce a pressor and tachycardiac response, the TV, area
of very low frequency (VLF) and low frequency (LF) increased, but that
of high frequency (HOF) decreased. These changes still occurred when the
stimulation was applied intermittently and the current was decreased to not
induce obvious changes of BP and HR. If stimulation of rVLM with a
frequency less than 20 Hz, there was no change of HRV, but the LF of
systolic BP variation increased. Stimulation of depressor nerve, nucleus
ambiguus or peripheral end of right vagus nerve caused a decrease of BP
and HR, and the TV, VLF, LF and HF all increased. All these changes
could be attenuated by iv of atropine, while the changes of LF could
be blocked by propranolol. It is suggested that HRV is non-invasive and
sensitive for detecting the integrative function of autonomic nervous
system, and the sympathetic and parasympathetic balance.
Support by the National Natural Science Foundation of China

284.8
INDIVIDUAL ROSTRAL PARA-AMBIGUUAL FIELD NEURONS HAVE
ACTIVITY CORRELATED TO BOTH THE 2-6 HZ AND 8-13 HZ RHYTHMS
OF SYMPATHETIC NERVE DISCHARGE IN CAT. C. W. Dempesv D. E.
Richardson. C. J. Fontana, and J.-H. Song. Lab of Neurosurgery,
Tulane University School of Medicine, New Orleans, LA 70112.
We have recently reported (in press) that some (24% ) rostral
para-ambiguual field (rPAF) neurons (extending 2.3 to 3.8 mm
rostral to the obex, 3.5 to 4.5 mm laterally, and 7.0 to 9.0 mm in
depth) have activity correlated to the 8-13 Hz rhythm of the
sympathetic nerve discharge (SND) in cat. The activity of other
(27% ) neurons in this same area has been shown to correlate to the
2-6 Hz rhythm of the SND. What we now show is that the activity of
some individual neurons in the rPAF can be shown to correlate to
both rhythms of the SND. In this procedure an rPAF neuron with
activity correlated to the 2-6 Hz rhythm is located in urethaneanesthetized cat when the mean arterial blood pressure (ABP) is high
(1 1 0 - 150 mmHg). The ABP is then lowered (8 0 - 100 mmHg)
and the SND activity spontaneously shifts to the 8-13 Hz range. This
shift can be augmented by bilateral vagotomy and administration of
idazoxan (1 0 0 ug/kg, iv). The activity of the neuron may now be
correlated to the high frequency range. We have found 7 neurons
with activity correlated to. both rhythms of the SND. The rPAF thus
joins the rostral ventrolateral medulla and the caudal raphe in
containing individual neurons that correlate with both the low and
high frequency ranges of the sympathetic nerve discharge. (Funding
provided by the Tulane Department of Neurosurgery.)

284.10
V o l t a g e -D e p e n d e n t C a l c iu m C u r r e n t s in B u l b o s p in a l C l A d r e n e r g ic
N eu ro n s
of
Neonatal
Rat
R o stra l
Ventrolateral
M edulla:
M o d u l a t io n b y N o r e p i n e p h r i n e . Yu-Wen Li, Patrice G. Guyenet* and Douglas

A. Bayliss. Dept, of Pharmacology, University of Virginia. Charlottesville, VA, 22908.
Voltage-dependent calcium currents and their modulation by norepinephrine (NE)
were studied using patch-clamp techniques in visualized bulbospinal neurons of the
rostral ventrolateral medulla (RVLM) in neonatal rats (P3-P10). Bulbospinal neurons
were identified in brainstem slices by the presence of retrogradely-transported FITCtagged beads following injection into the spinal cord; cells were filled with Lucifer
Yellow during recordings and subsequently stained for tyrosine hydroxylase immunoreactivity to identify recorded cells as Cl adrenergic neurons. RVLM bulbospinal Cl
neurons expressed both high- and low-voltage activated (HVA and LVA) calcium
currents. Following a hyperpolarizing pre-pulse (to -100 mV), LVA currents began to
activate at —60 mV, with an amplitude of 51±19 pA at -50 mV. The half-inactivation
potential was —75 mV. HVA currents activated at —40 mV from -70 mV and peaked
at ~0 mV (0.8±10.1 nA); co-CgTx GVIA-sensitive N-, and co-AgalVA-sensitive P/Qtype channels accounted for most of the HVA current (45±15% and 34±16%,
respectively), with very little dihydropyridine-sensitive L-type current (<10%). NE
inhibited -30% of HVA current with an EC50 of 1.2 fxM; it was without effect on LVA
currents. Calcium current inhibition by NE was mediated by ct2-adrenergic receptors
(a 2-AR) as it was mimicked by UK14,304, an α 2-AR agonist, blocked by idazoxan, an
0 2 -AR antagonist, but unaffected by prazosin or propranolol (α r and |β-AR
antagonists). N-type current was slightly more sensitive to NE than was P/Q-type
current. Current inhibition was relieved by strong depolarizations but not by action
potential voltage waveforms delivered at frequencies up to 10 Hz. In conclusion,
RVLM bulbospinal Cl adrenergic neurons express multiple types of calcium current.
Inhibition of HVA calcium current by NE represents an additional mechanism
contributing to autoinhibitory effects of ota-adrenergic agents on Cl neurons in RVLM.
Supported by NS33583, AHA 96010950 (DAB) and HL28785 (PGG).
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284.11
b Ot z i n g e r
neurons
p r o je c t
tow ards
b u l b o s p in a l
PRESYMPATHETIC NEURONS IN RAT ROSTRAL VENTROLATERAL
MEDULLA. P M. Pilowsky . O.-J Sun . I.J. Llewellyn-Smith^ L.F. A rn o ld s
TP. Chalmers and J.B. Minson Dept Neurosurgery, Royal North Shore
Hospital, St Leonards 2065 & Dept of Medicine and Centre For Neuroscience,
Flinders Medical Centre, Bedford Park 5042, AUSTRALIA.
Sympathetic nerve activity often fluctuates with the respiratory cycle, but the
central neurons that impose this respiratory modulation have not been
conclusivelyidentified.In the present study, we used intracellular recording and
dye-filling to identify expiratory neurons in the BOtzinger complex. Our aim
was to see if BOtzinger neurons project towards putative cardiovascular neurons
in the rostral ventrolateral medulla.
In the first series o f experiments,
histochemistry and immunohistochemistry were used to reveal the labelled
BOtzinger neurons and neurons immunoreactive for tyrosine hydroxylase. Two
out of four Botzinger neurons had axon varicosities that were closely apposed to
tyrosine hydroxylase-immunoreactive neurons with cell bodies located within
0.6 mm caudal to the facial nucleus (3 and 5 close appositions, respectively). In
a second series of studies, rats were injected with cholera toxin B into the
intermediolateral cell column of the spinal cord 4-7 days before the
electrophysiological recording. Eight of the fourteen labelled Botzinger neurons
had a direct projection towards cholera toxin B-labelled neurons in the rostral
ventrolateral medulla. Close appositions were found on both somata and
proximal dendrites (5 ± 2 close appositions/neuron, n=8). The present study
supports the idea that a direct projection from Botzinger neurons to
presympathetic neurons in the rostral medulla plays a role in the respiratory
modulation of sympathetic nerve activity. Supported by grants from the
National Health & Medical Research Council, National Heart Foundation and
the National SIDS Council of Australia.

284.12
A SOURCE OF TONIC DRIVE TO SYMPATHETIC PREMOTOR NEURONS
OF THE ROSTRAL VENTROLATERAL MEDULLA (RVLM). R. R. Campos
and R. M. McAllen*. Howard Florey Institute, University of Melbourne,
Parfcville, Vic. 3052, Australia.
Neurons of the Caudal Pressor Area (CPA), in the extreme caudal part of
the ventrolateral medulla, contribute to the maintenace of blood pressure in
anesthetised rats (Possas et al., J. Auton. Nerv. Syst 49,235-245,1994). In
this study we tested whether they provide tonic excitatory drive to the
sympathetic premotor neurons of the RVLM in anesthetized, artificially
ventilated, paralyzed rats (1-1.5 g/kg i.v. urethane and 2mg/kg i.v.
pancuronium, after surgery under 2% isofluorane). Activity was recorded
extraceHulariy from 30 single RVLM neurons that were inhibited by the
presssor response to brief aortic occlusion. Of these, 25 were antidromically
activated by stimulation of the cervical spinal cord (verified by collision
testing). Neurons in the CPA were then either activated by microinjections of
sodium glutamate (1-3 nmol) or inhibited by microinjections of glycine (5-100
nmol). Unilateral activation of CPA neurons increased the firing rate of 12/13
RVLM neurons by 97± 35% (mean peak response ± SEM), and unilateral
glycine injections inhibited 9/10 RVLM neurons by 43±9%. Ipsilateral and
contralateral injections appeared to be equipotent. In a second series, glycine
was injected bilaterally into the CPA, to measure the effect on RVLM neuron
activity of withdrawing tonic drive from CPA neurons. This procedure inhibited
the activity of 16/17 RVLM barosensitive bulbospinal neurons by 39±6%. We
conclude that neurons of the CPA are a significant source of tonic drive to
RVLM sympathetic premotor neurons.
Supported by NH&MRC and FAPESP.

284.13
VENTROLATERAL MEDULLARY NEURONS ARE INVOLVED WITH
INCREASED CARDIOVASCULAR RESPONSIVENESS TO MUSCLE
CONTRACTION IN SPONTANEOUSLY HYPERTENSIVE RATS. J.M.
Kramer*. J.A. Beattv and T.G. Waldrop. Departments of Molecular &
Integrative Physiology and Kinesiology. University of Illinois, Uibana, IL
61801.
Previous research has indicated that spontaneously hypertensive rats (SHR)
have an increased autonomic sensitivity to various stressors. The central neural
mechanism for this increased cardiovascular reactivity has not been
determined. Therefore, the purpose of this study was to contrast the
ventrolateral medullaiy (VLM) neuronal and cardiovascular responses to
muscle contraction in anesthetized (α -chloralose/urethane) SHR and
normotensive Wistar-Kyoto rats (WKY). Hindlimb muscle contraction (2 X
MT, 40 Hz for 30 sec) elicited a significant decrease in arterial pressure in both
WKY (21 ± 3.9 mm Hg) and SHR (50 ± 2.4 mm Hg). Decreases in blood
pressure were significantly greater in SHRs versus WKYs despite similar
tensions generated during muscle contraction (763 ± 54g in WKY vs. 845 ±
62g in SHR). A larger proportion of VLM neurons responded, either increased
or decreased rate, to muscle contraction in the SHR (85%) versus WKY (62%).
Further, the magnitude of change in firing rate of neurons that responded to
contraction was greater in SHR (9.1 ± 1.9 Hz) compared to WKY (5.9 ± 1.7
Hz). Most of the responsive VLM neurons displayed either a cardiovascular or
respiratory related rhythm as determined by spike-triggered averaging
techniques (100% for WKY; 85% for SHR). These findings suggest that VLM
neurons may be involved in mediating the differential cardiovascular reactivity
between SHR and WKY during muscle contraction (Supported by NIH
HL06296 and AHA- Illinois Affiliate).

284.14
GLUTAMATE RECEPTOR SUBTYPES INVOLVED IN TRANSMISSION OF
BARORECEPTOR INPUT TO NTS NEURONS. J.L Seapard*. C. Dean, and
F.A. Hopo. Dept. Anesthesiology, Zablocki VA Medical Center and Med. Col.
of Wisconsin, Milwaukee, Wl. 53295.
Previous studies have identified at least two distinct firing patterns for baroreceptor-sensitive NTS neurons produced in response to slow ramp increases in
carotid sinus pressure (CSP), which were used to activate carotid baroreceptors. One type of NTS neuron has a pattern with little or no spontaneous activ
ity, but an abrupt onset of firing at a threshold CSP which rapidly adapts in spite
of increasing CSP. A second type has spontaneous activity, with a gradual
increase in firing as CSP increases, but no adaptation. While glutamate has
been proposed to be the primary neurotransmitter of baroreceptor input ait
second order neurons of the baroreflex arc in the NTS, the contribution of
glutamate receptor subtypes in this transmission has not been clearly estab
lished. Therefore the present study examined the role of glutamate receptor
subtypes in the generation of both patterns of barosensitive discharge of NTS
neurons. Activity of baroreceptor-modulated NTS neurons was recorded in
anesthetized dogs in response to controlled, specific pressure stimulation of
carotid baroreceptors using mean carotid sinus perfusion pressure (baseline)
and slow ramp increases in CSP in an isolated sinus. All other barosensitive
receptors were denervated. A multi-barreled glass electrode was used to
record neuronal activity and simultaneously picoeject glutamate receptor
antagonists. Picoejection of AP5 (5mM) to block NMDA receptors resulted in
an overall decrease in discharge frequency of the NTS neurons with some loss
of pressure-sensitive discharge. Picoejection of NBQX (200uM) to block nonNMDA receptors eliminated most pressure sensitive discharge, although some
spontaneous activity remained in the non-adapting neurons. The evidence
suggests that non-NMDA receptors are the primary receptors involved in the
generation of pressure-sensitive discharge, but NMDA receptors also con
tribute to both spontaneous and pressure-related activity. Supported by VA
Medical Research Funds and NIH HL-55490.

284.15

2 84.16

CHRONIC HYPERTENSION ALTERS MESSAGE LEVELS OF NMDAR1,
GABAakx1 AND GLUR1 IN CAUDAL NTS - QUANTITATIVE
COMPETITIVE RT-PCR STUDIES. V. Duream. F. Kolakowski*. D. Scheuer
and S. Mifflin. Univ. of Texas Health Science Center, San Antonio, Texas, 78284.
Chronic hypertension (HT) is associated with alterations in baroreflex function,
however whether these alterations are associated with changes in neurotransmitter
receptor function within the NTS remains largely an unexplored area. We chose
to begin an examination of this question by comparing message levels for several
neurotransmitter receptor subunits in micropunches obtained from the caudal NTS
of sham operated, normotensive (NT), rats with those from unilateral nephrectomized, renal wrap HT rats. Sprague-Dawley rats were subjected to renal wrap or
sham operation. Four weeks later, rats were prepared with femoral artery catheters
for measurement of resting arterial pressure. Concious mean arterial pressures
were 133±9 (n=4) in the hypertensive rats and 114±3 (n=3) in the sham rats. The
animals were anesthetized with pentobarbital, the brainstem rapidly removed and
frozen, bilateral punches of the caudal NTS removed and total RNA isolated. The
expression of the NMDAR1, GABAA- a l and GluRl subunits were determined
with quantitative competitive RT-PCR using an internal standard of the short
length (by about 60-90 bp) of the same sequence of target message, which was
304 bp of the GABAA-a l, 368 bp of the NMDAR1 and 485 bp of the GluRl. The
difference in the expression of mRNAs was measured as a mass ratio between the
target message to that of internal standard. There was a reduction in all 3 receptor
subunits in the HT compared to the NT rats. NMDAR1 was reduced from 1.37±. 15
in NT to .98±.12in HT rats. GluRl was reduced from .7Qfc.l9 in NT to ,17±.10in
HT rats. GABAA- a l was reduced from 5.50±1.42in NT to 2.88±1.10in HT rats.
GABA, NMDA and AMPA receptors within the NTS have all been shown to play
a role in aortic nerve afferent integration. Alterations in receptor subunit message
expression during chronic hypertension suggests adaptive processes occur which
might alter baroreflex regulation. Supported by HL41894 and HL56637.

A GROUP OF NEURONS IN DORSOMEDIAL NUCLEUS OF THE SOLITARY
TRACT (NTS) EXHIBITS A FREQUENCY- AND MEMBRANE POTENTIALDEPENDENT SUSTAINED INCREASE IN FIRING RATE FOLLOWING
SOLITARY TRACT (ST) STIMULATION. A. Gupta. M.L. Avlwin. J.M.
Horowitz* A.C. Bonham , Univ. CA., Davis, CA 95616
Synaptic responses of NTS neurons have been shown to display frequencydependent depression and less commonly excitation following stimulation of
visceral afferent fibers in vivo and in vitro. The goal of this study is to
determine whether a group of dorsomedial NTS neurons exhibits a sustained
increase in firing that outlasts the stimulus, is frequency-dependent, and is a
function of membrane potential. We used whole cell patch clamp recording in
dorsomedial NTS in transverse rat medullary slice superfused with (mM):
NaCI125; KCI2.5; MgCI22; NaH2P 0 41.25; N aH C 0325; dextrose25; CaCI22;
pH7.4 gassed with 95% 02/5% C 02. Recording electrodes (3-6MΩ) contained
(mM): KCI140; NaCI5; MgCI21; EGTA10; HepeslO; MgATP23; NaGTP0.2;
pH7.4. Firing rates of NTS neurons during a 1 min period following ST
stimulation (4-22V, 0.1ms pulses) at 2, 5, 10, 50, and 100Hz for 1s were
compared to baseline firing rate without ST stimulation at membrane potentials
of -60, -50, and -80mV. Of 16 NTS cells, 9 displayed a sustained increase in
firing that was 50% above baseline for 1 min when the membrane potential
was -60mV; only 3 of those cells displayed the increased firing at -50mV, and
none at -80mV. At -60mV, baseline firing (9±2 spikes/min) increased to 18±5
spikes/min following ST stimulation at 20Hz (P<0.01) and to 25±8 spikes/min
following ST stimulation at 100Hz (P<0.03). Six of the 16 cells exhibited a
sustained decrease in firing that was 50% below the baseline at -60mV; 2 of
those cells displayed the decreased firing at -50mV; and none at -80mV. The
data suggest that in response to visceral afferent input, some dorsomedial
NTS neurons display a frequency- and membrane potential-dependent
sustained increase in firing rate that lasts at least 1 min. Such neurons, rather
than simply relaying information from visceral afferent fibers, may integrate the
sensory signals with other inputs. Support: NIH HL52165 & DK32907.

S ociety for N eur os c ien c e , V olume 2 3 ,1 9 9 7

MONDAY AM

CARDIOVASCULAR REGULATION: BRAINSTEM—SPINAL INTERACTIONS

284.17
ATTENUATION OF PEAK RENAL SYMPATHETIC NERVE ACTIVITY BY
ANGIOTENSIN II TO BARORECEPTOR UNLOADING IN CONSCIOUS
RABBITS IS ABOLISHED BY AREA POSTREMA LESION. M. G. Sanderford
and V. S. Bishop. Physiology, Univ. TX Hlth. Sci. Ctr., San Antonio, TX 78284
A previous study has shown that low dose infusion of angiotensin II (AH)
attenuates peak renal sympathetic nerve activity (pRSNA) to baroreceptor unloading.
The mechanism underlying this observation is unclear since All infusion increases
mean arterial pressure (MAP) and can lead to increased levels of circulating arginine
vasopressin (AVP), both of which have been shown to attenuate pRSNA to
baroreceptor unloading. The goal of the present study was to determine if low dose
AH directly attenuates pRSNA when MAP is lowered. Conscious rabbits
instrumented for measurement of MAP and RSNA were pretreated with AVP VI
receptor antagonist (15p.g/kg). RSNA responses were obtained by delivering a graded
i.v. infusion of sodium nitroprusside (SNP) to reduce MAP until RSNA reached its
peak (100%). After recovery, infusion of SNP to elicit pRSNA was repeated 3-5
min after starting a background i.v. infusion of All (lOng/kg/min) in rabbits in
which acute pressor actions of All were allowed to occur (group 1) and in rabbits in
which acute pressor actions of All were prevented by simultaneous infusion of SNP
so that baseline MAP was maintained (group 2). RSNA values were calculated
relative to the control peak. In group 1, background All increased MAP 8.8 ±
0.6mmHg above baseline. When MAP was subsequently lowered, pRSNA was
attenuated to 74.5 ± 6.7% of control (n=5). In group 2. pRSNA to lowering MAP
during All was still attenuated to 80.4 ± 4.9% of control (n=4). Since the area
postrema (AP) is involved in All-dependent hypertension, the group 1 protocol was
repeated in AP-lesioned rabbits(APx). When MAP was lowered during background
All infusion in APx rabbits, pRSNA reached 101.0 ± 2.0% of control (n=2). Data
suggest AH may acutely attenuate pRSNA to baroreceptor unloading through a
mechanism involving the AP. (Supported by NIH HL36080 and HL12415)

284.19
ATTENUATED FOS EXPRESSION IN THE ROSTRAL VENTROLATERAL
MEDULLA OF PREGNANT RATS AFTER HYDRALAZINE TREATMENT.
KS Curtis1*. JD Laiprasert2. CM Heeschl and JT Cunningham1. 'Dept, of
Physiol, and Dalton Cardiovascular Res. Cen., Univ. of MO, Columbia, MO
65211 and2Dept. of Physiol., Ohio State Univ., Columbus, OH 43210.
Pregnancy affects cardiovascular regulation in a number of species including
humans, dogs, rabbits, and rats. Following a hypotensive challenge, increases
in renal sympathetic nerve activity are blunted in pregnant rats compared to
those in virgin female rats (Masilamani and Heesch, 1997). The present study
examined Fos-like immunoreactivity in the rostral ventrolateral medulla (RVL)
of pregnant (21 day; n = 8) and virgin (n = 8) female rats. Chronic femoral
arterial and jugular venous catheters were implanted. Four days later, mean
arterial pressure (MAP) was recorded for a 30-min baseline period and then for
90 min following intravenous injection of hydralazine (HDZ; 10 mg/kg) or the
isotonic saline vehicle. Rats then were perfused with paraformaldehyde and
the brains were removed and processed for Fos immunoreactivity (c-fos Ab,
Oncogene). Basal MAP was lower in pregnant rats than in virgin female rats
(91 ± 2.4 vs. 123 ± 4.6 mm Hg, respectively); however, HDZ decreased MAP
substantially in both groups (64 ± 5.6 vs. 73 ± 2.5 mm Hg). Numbers of Fospositive nuclei in the RVL after isotonic saline administration were comparable
in both groups (3.8 ± 1.5 vs. 2.2 ± 1.2); however, the number of Fos-positive
nuclei in the RVL after HDZ treatment was less in pregnant rats compared to
that in virgin rats (9.6 ± 3.9 vs. 16.7 ± 2.1; p <0.05). These results are
consistent with the observation that pregnant rats are less able to increase
sympathetic nerve activity in response to a hypotensive challenge, and suggest
that this alteration may be associated with decreased neural activation in the
RVL. (supported by NIH HL-36245 and HL-55692)

284.21
INHIBITORY EFFECT OF MIVAZEROL ON INTRATHECAL RELEASE
OF GLUTAMATE AND ASPARTATE FOLLOWING HALOTHANE
WITHDRAWAL IN RATS. X. Zhang. I. Prokopenko. G. KindeL IE. Wulfert
and I. Hanin*. Dept. Pharmacol., Loyola Univ. Chicago, Stritch Sch. of Med.,
Maywood, IL 60153 and JRes. and Dev., UCB Pharmaceutical Sector, Brussels.
Mivazerol, a new and selective α2-adrenergic receptor agonist devoid of
hypotensive effects, has been designed to prevent adverse cardiac outcome in
perioperative patients with, or at risk for coronary artery disease. Previous studies
have demonstrated that mivazerol prevents hemodynamic instability during
emergence from halothane anesthesia in rats. The present study was to determine
which neurotransmitters are involved in this action of mivazerol, at the T2-T3 level
of the spinal cord. In vivo microdialysis in combination with high-performance
liquid chromatography (HPLC) was employed in the study. Blood pressure (BP)
and heart rate (HR) were recorded along with intrathecal (i.t.) microdialysis
perfusion. Mean BP (68 ± 2.06 mmHg), HR (336 ± 6.55 beats/min) and i.t. basal
release of glutamate (GLU, 58.64 ± 0.46 pmol/μ l) and aspartate (ASP, 5.48 ± 0.46
pmol/μl) were stable in rats under 1.1 % halothane anesthesia. However, halothane
withdrawal increased BP maximally up to 89 ± 2.18 mmHg, HR up to 410 ± 8.95
beats/min, and increased i.t. release of GLU up to 167 ±13.69 %, and ASP up to
151± 12.44 %. Thirty min prior to halothane withdrawal, intravenous infusion of
mivazerol (15 ng/kg/hour) almost completely prevented the increase in HR (A 13 vs
A79 beats/min), and in the i.t. release of GLU (112% vs 167%) and ASP (113 vs
151 %). Microinjection of yohimbine (150 nmol/kg, i.t.) 10 min prior to i.v.
infusion of mivazerol, partially blocked the inhibitory action of mivazerol on HR
response, as well as on the i.t. release of GLU following halothane withdrawal.
These findings demonstrate that emergence from halothane anesthesia increases i.t.
release of GLU and ASP, and that mivazerol has a profound inhibitory effect on the
above through its action via a 2-adrenergic receptors in the spinal cord.
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284.18
PARTICIPATION OF TH E CAUDAL PRESSOR AREA IN THE RISE IN
BLOOD
PRESSURE
EVOKED
BY
STIMULATING
RAPHE
OBSCURUS. H.A. Futuro-Neto. N.F. Silva. M.A. Dantas. A.G. Ramage* &
J.G.P. Pires. Dept. Ciencias Fisiologicas, Centro Biomedico, UFES, Vitoria,
ES 29040-090 - Brazil. Dept, o f Pharmacology, RFHSM, London, UK.
The brainstem contains many nuclei that modulate sympathetic outflow
such as the nucleus raphe obscurus (NRO) and the caudal pressor area
(CPA). Pre-motor sympathetic neurones are found in the rostral ventrolateral
medulla (RVLM) and the CPA causes its effect by modulating the activity of
these neurones (Campos Jr et al.; Braz. J. Med. Biol. Res. 27: 2467-2479,
1994). However, although the pressor effect o f stimulating the NRO requires
an intact RVLM it has been difficult to attribute this pressor response to
direct activation o f RVLM neurones. To further investigate this possibility,
RVLM neuronal activity was modulated indirectly by blocking glutamate
transmission within the CPA by bilaterally microinjecting kynurenic acid
(KYN; 2.7 nmol/200 nl). Experiments were carried out in spontaneously
breathing urethane (1.2 g/kg i.v., after ether induction) anaesthetized male
W istar rats (250-300g). Microinjection (n=7) o f KYN into the CPA caused
significant (P < 0.01) falls in BP, from 96 ± 2 to 59 ± 4 mmHg, and in HR,
from 400 ± 7 to 331 ± 14 bpm. The pressor (46 ± 4 mmHg) response to NRO
stimulation was significantly attenuated (4 ± 2 mmHg) but not the
tachycardia after KYN injections into the CPA. This suggests that the CPA
only modulates pre-motor sympathetic neurones involved in the control o f
peripheral resistance and further implicates RVLM in the cardiovascular
changes evoked by stimulation o f the NRO.
Supported by: CAPES, CNPq, FCAA and FINEP.

284.20
ACTIVATION OF α 2-RECEPTORS IN ROSTRAL
VENTROLATERAL
MEDULLA
(RVLM) PRODUCE
NATRIURESIS IN KETAMINEANESTHETIZED RATS BY A RENAL NERVE-DEPENDENT MECHANISM.
R.G. Meneaaz1 . H. Mauad1 . E.C. Vasquez1 . K.J. Varner*2 . D.R. Kapusta2
and A.M. Cabral1 . 1Dept. Physiology, Fed. Univ. Espirito Santo, Vitoria, ES
29040-090, Brazil, 2Dept. Pharmacology, LSUMC, New Orleans, LA 70112.
Intravenous infusion of the α 2-agonist, xylazine (Xy), produces diuresis and
natriuresis in ketamine (Ket)-anesthetized rats.
We have shown that
microinjection of α2 antagonists into the paraventricular nucleus reverses the
diuretic, but not the natriuretic response. Since activation of the renal nerves
leads to the retention of sodium, we sought to determine whether Xy acts in
the RVLM to produce natriuresis by a pathway that involves the renal nerves.
RVLM was tested because of its involvement in the control of sympathetic
nerve activity. Renal excretory function was examined before and after the
bilateral microinjection of the a2-adrenoceptor antagonist, yohimbine (Yo) into
RVLM in Ket/Xy-anesthetized male Wistar rats. The bilateral microinjection of
Yo (60 ng in 60 nl, n=8) into RVLM significantly reduced urinary sodium
excretion (5.7±0.7 to 2.5±0.5 jxeq/min/gkw) and urine flow rate (64±9.0 to
24±5.4 fil/min/gkw). In other rats, the protocol was repeated 10 days after
bilateral renal denervation. Renal denervation prevented the Yo-induced
antinatriuresis, but not the antidiuresis (4.1 ±0.4 to 3.9±0.6 μeq/min/gkw). Heart
rate and arterial pressure were not altered by Yo in intact or denervated rats.
These data show that in Ket/Xy-anesthetized rats, α 2-adrenoceptors in RVLM
are contained in a neural pathway responsible for the renal handling of
sodium. Support CNPq, NIDDK (43337), AHA (LA-06-GS-14).

284.22

REMOVAL OF VESTIBULAR INPUTS PRODUCES REDUCED
ORTHOSTATIC TOLERANCE IN AWAKE CATS. B. J. Jian. L. A.
Cotter. K. R. Patterson and B. J. Yates*. Depts. Otolaryngology and
Neuroscience, Univ. Pittsburgh, Pittsburgh, PA 15213.
Nose-up pitch in quadrupeds can lead to orthostatic hypotension,
especially in animals with a long longitudinal axis (such as cats). We
tested the hypothesis that unexpected nose-up tilts in awake,
unanesthetized animals with bilateral transection of the vestibular nerves
results in larger drops in blood pressure than in vestibular nerve-intact
animals. Cats were trained to lie sedentary on a tilt platform during 20°60° nose-up tilt; animals were restrained using a head bolt and a harness
placed around the torso. Blood pressure was measured by use of a
transducer inserted into a femoral ^rtery, and was recorded using
telemetry. Recordings were made both when the visual environment
remained stationary during tilt (animal could determine body position
based on visual cues) and when the visual field rotated with the animal
(animal had no visual cues indicating body position). Blood pressure
remained stable during 60° nose-up tilt in animals with intact vestibular
nerves. Following bilateral vestibular nerve transection, blood pressure
fell significantly (-15 mm Hg) during the first few seconds of 60° noseup tilts during which the visual field rotated with the animal. However,
this impairment persisted for only a week. Presumably, the animals
learned to use other sensory information (e.g., somatosensory inputs) to
trigger changes in blood pressure during tilt. These data suggest that
vestibular, visual and perhaps other cues about body position in space
are integrated in the regulation of blood pressure during movement.
Supported by NIH grant R01 DC00693.
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284.23

284.24

EFFECTS OF VENTROLATERAL MEDULLARY NMDA RECEPTOR
ANTAGONISM ON CARDIOVASCULAR RESPONSES DURING
STATIC MUSCLE CONTRACTION IN ANESTHETIZED RATS
G.K. Asmundsson. W.J.Jovce and A. A lly*. Departments of
Pharmacology, Biochemistry and Nutrition, University of New
England College of Osteopathic Medicine, Biddeford, ME 040 0 5
Effects of D(-)-2-amino-7-phosphonohepatanoic acid (AP-7), an
N-methyl-D-aspartic acid (NMDA) receptor antagonist, microdialysed into rostral ventrolateral medulla (RVLM) or caudal ventro
lateral medulla (CVLM) on mean arterial pressure (MAP) & heart rate
(HR) responses during static muscle contraction were studied using
anesthetized rats. Microdialysis probes were inserted bilaterally into
either the RVLM or the CVLM using stereotaxic guides. Tibial nerve
stimulation-evoked static muscle contraction for 30 sec increased
MAP & HR by 25 ± 3 mmHg and 33 ± 4 bpm, respectively (n = 5).
Microdialysis of AP-7 (1 //M ) into the RVLM for 30 min attenuated
the contraction-evoked increases in MAP & HR (9 ± 2 mmHg &
1 0 ± 4 bp m :P <0.01), with similar developed muscle tensions.
However, administration of AP-7 into the CVLM had no effect on
MAP and HR responses during muscle contraction after 30 min and
1 hr of drug perfusion (n = 5). Results suggest that NMDA receptor
blockade within the RVLM, but not the CVLM, inhibit cardiovascular
responses during muscle contraction. Thus, NMDA receptors within
RVLM have a modulatory role in central integration of
cardiovascular responses during static exercise.

CARDIOVASCULAR RESPONSE TO TEMPOROMANDIBULAR JOINT
(TMJ) PAIN IN THE CONSCIOUS RAT AND THE ASSOCIATED
PATTERN OF c-FOS ACTIVATION. A.C. Hartwig. L.F. Havward*. G.F.
Gehhart. and R.B. Felder. Departments of Pharmacology and Internal
Medicine, University of Iowa College of Medicine, Iowa City, IA 52242.
The goals of this study were to characterize the cardiovascular responses
to TMJ pain in the conscious rat and to define the brain stem nuclei
mediating these responses. Male Sprague Dawley rats (300-350 gm) were
instrumented with femoral arterial catheters under pentobarbital anesthesia
and allowed to recover. Mean arterial blood pressure (MAP) and heart
rate (HR) were monitored in conscious, unrestrained rats for 10 min.
before and for 60 min. following a 50 |il TMJ injection of 20% mustard
oil (MO) or mineral oil (control) administered under brief halothane
anesthesia. Resting MAP and HR of control (n=6) vs MO (n=6) animals
were not significantly different (123±8 vs. 117±12 mmHg; 373±17 vs.
373±14 bpm; mean±SD; control vs. MO, respectively). At 2-5 min., MO
injection elicited a 16±5 mmHg peak increase in MAP and a 57±18 bpm
peak increase in HR, both significantly different from control (4±5 mmHg
and 26 ±40 bpm, p<0.01). MAP and HR returned to baseline 10-15 min.
post TMJ injection. Immunohistochemistry for c-fos demonstrated an
increased number of labeled cells in the ipsilateral spinal trigeminal
nucleus caudalis, the dorsolateral and ventrolateral regions of the caudal
nucleus of the solitary tract (NTS) and the external lateral and KOllikerFuse subnuclei of parabrachial nucleus (PBN). These data describe for the
first time a pressor response to TMJ pain in conscious rats. Neurons in the
NTS and the PBN may mediate these responses, or may be excited
secondarily through baroreceptor afferent pathways. Supported by
DE0218001100 (ACH), AHA95014480 (LFH), DA02879 (GFG) and
HL14388 (RBF).

284.25
EXPRESSION OF c-FOS PROTEINS IN RESPONSE TO
COLORECTAL DISTENSION FOLLOWING SPINAL CORD
TRANSECTION IN RATS. L.M. Landrum,* G.M. Thompson,
and R-W. Blair. Dept Physiol Univ OK Hlth Sci Ctr, Oklahoma
City, OK, 73190.
The objective o f this study was to examine differences in neuronal
activation in response to colorectal distension in neurologically
intact and spinally transected rats. The expression o f c-Fos proteins
was used as a marker for neuronal activation. In male, W istar rats a
midline incision was made and a laminectomy performed to expose
the spinal cord. In the lesioned rats, the spinal cord was completely
transected at T4. Twenty four hours later, a two hour period o f
colorectal distension was used to evoke c-Fos expression in all rats.
The stimulus was applied to conscious rats for 30 seconds at a
pressure o f 60 mmHg and then released for 90 seconds. This
protocol continued for 100 minutes followed by a period o f 20
minutes without stimulation. To date, the results suggest that about
twice as many neurons in the L5-L6 segments express c-Fos in
response to colorectal distension following upper thoracic spinal
transection. We propose that a loss o f descending inhibitory input
after the lesion permits a larger number o f neurons to respond to
colorectal distension. Supported by Provost Research Award.

RESPIRATORY REGULATION: PHYSIOLOGY AND ANATOMY
285.1
FUNCTIONAL CONNECTIVITY AMONG VENTRAL RESPIRATORY
GROUP NEURONS AND RESPONSES DURING FICTIVE COUGH.
D.M. Baekev. K.F. Morris. Z. Li. B.G. Lindsey and R. Shannon*. Physiology
and Biophysics, N euroscience Program, Col. Med., Univ. South Fla., Tampa,
FL 33612.
We previously proposed a model for the generation o f the cough motor
pattern by Botzinger/ventral respiratory group neurons. In these experiments,
functional connectivity among neurons was evaluated to determine the
plausibility o f model connections. Decerebrated, thoracotomized, paralyzed,
phrenic-triggered ventilated, adult cats were used. The activities o f many
single neurons were recorded simultaneously with tungsten microelectrode
arrays. Neurons were characterized according to their discharge pattern (e.g.,
I, E, AUG, DEC, etc.) and tested for axonal projections to the spinal cord and
laryngeal muscles with antidromic stimulation and spike-triggered averaging
methods. Phrenic, lumbar and recurrent laryngeal efferent neurograms and
neuron activity were monitored during fictive coughs produced by
mechanical stimulation o f the intrathoracic trachea. Short-time scale features
in cross-correlation histograms suggested multiple concurrent interactions
among some neurons that were congruous with neuron responses during
cough. The data support various hypotheses predicted by the cough model
and suggest new hypotheses. These results further demonstrate the advantage
o f cross-correlation and spike-triggered averaging analyses o f the same
concurrently recorded neurons. (Supported by NIH HL49813)
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285.2
FUNCTIONAL EVIDENCE FOR THE ROLE OF CONVENTIONAL PROTEIN
KINASE C IN THE REGULATION OF THE RESPIRATORY-LIKE ACTIVITY.,
M.-P. Morin-Surun. M. Denavit-Saubi6* and tF.P. Monnet. CNRS UPR2212
Gif/Yvette, t DRC Assistance Publique-Hdpitaux de Paris, France.
To determine the role of Protein Kinase C in the regulation of the central
respiratory activity, we used the in vitro isolated brainstem of adult guinea-pig1. We
investigated: 1- the effects of different Protein Kinase C inhibitors cm the permanent
active motor discharge of hypoglossal and cervical C l rootlets. 2- The
immunohistochemistry associated with fluorescence, of different subtypes of Protein
Kinase C, to determine their distribution within the brainstem by confocal
microscopy. Histological slices (20μm) were made from brainstems first perfused with
saturated Krebs during one hour, then perfused with 2% paraformaldehyde via the
basilar artery. Brainstems were kept in 30% sucrose overnight and then deep-fireezed.
While the non selective Protein Kinase C inhibitor H-1004 failed to affect
significantly the respiratory activity, the more selective Protein Kinases C inhibitors
H-7, GF-109,203x and Gd-6976 reduced reversibly the discharge frequency of the
hypoglossal and C l cervical nerves. This decrease of respiratory frequency was due to
an increase of the expiratory duration. This result suggests that conventional Protein
Kinases C are implicated in the respiratory rhythm regulation in vitro. Confocal
microscopy of immunohistochemical fluorescence of different protein kinases in the
brainstem shows that only some types of Protein Kinases C are present within motor
respiratory nuclei, such as hypoglossal nucleus and vagal motor nucleus as well as
discrete respiratory areas. These results indicated that Protein Kinases C intracellular
cascades might regulate respiration both within the respiratory areas implicated in the
rhythm generation and within the motor output structures.
'M.P. Morin-Surun, E.Boudinot, H. Sarraseca, G. Fortin and M. Denavit-Saubi6.
Respiratory network remains functional in a mature guinea pig brainstem isolated in
vitro.
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285.3
A5 PONTINE REGION MODULATES THE PARABRACHIAL EXPIRATORY
AND PRESSOR RESPONSES IN THE ANAESTHETISED RAT.
Gonz&lez-Baron, S.. Lopez de Miguel. M.P., Gonzalez-Aleere. p„ Lara. J.P.* &
Dawid-Milner. M.S. Dpt. Physiology. School of Medicine. 29080 Malaga (SPAIN).
We have previously described that activation of neurones located in the pontine
medial Parabrachial (mPB) and Kolliker-Fuse (KF) nuclei evoked cardiorespiratory
changes similar to those obtained when stimulating the catecholaminergic A5 pontine
region. Neuroanatomical tracing studies have shown reciprocal connections between
these two regions. To study interactions between them, mPB and KF nuclei were
activated with glutamate (2 nmols in 20 nl) before and after muscimol (0,1 nmols in
20 nl) and lidocaine (20 nmols in 20 nl) were injected in the A5 region.
Experiments were performed in spontaneously breathing anaesthetised rats
(Pentobarbitone, 60 mg Kg*1, i.p.). Phrenic nerve activity, respiratory flow, pleural
pressure, blood pressure and heart rate were recorded. Multibarrel electrodes were
positioned stereotaxically in both regions and the stimuli were delivered. Pontamine
Sky Blue injections marked both sites of stimulation.
Activation of mPB and KF nuclei evoked an expiratory facilitatory response
consistent of a decrease in respiratory rate (p<0.05, paired sample test) due to an
increase in expiratory time (p<0.05) and a simpatoexcitatoiy response, showed by
increase of blood pressure (p<0.05) and heart rate (p<0.05). All these responses were
abolished after the injections of muscimol and lidocaine in the A5 region.
These results suggest that the A5 region modulates the cardiorespiratory responses
evoked from the mPB and KF nuclei.
This work has been supported by the DGICYTT (PB94-1472) (Spain).

285.5
PONTINE RESPIRATORY NEURONS IN UNANESTHETIZED CATS.
Thomas E. Dick* and John M. Orem. Dept, of Physiol., Texas Tech Univ. Hlth.
Sci. Ctr., Lubbock, TX. 79430.
The respiratory modulation of membrane potentials appears to be weaker in
pontine than in medullary respiratory neurons (Dick et al., Brain Rsch. 636:
259-269, 1994). This result was obtained in anesthetized cats. Studies on
pontine activity in unanesthetized cats noted that respiratory activity was state
dependent but did not describe the strength of its modulation (Lydic and Orem,
Neurosci. Lett. 15: 187-192, 1979; Sieck and Harper, Exp. Neurol. 67: 79-102,
1980). Thus in the present study, we used the η2 statistic to quantify the
relationship between pontine single-unit activity and airflow and determined the
effect of state of consciousness on this relationship. Respiratory activity was
recorded in the dorsolateral pons (Stereotaxic coordinates: Lateral 3-5 mm,
Posterior 4 mm, and Height of -3 mm) of unanesthetized cats (n=5) in sleep and
wakefulness. A total of 182 neurons were recorded with respiratory modulated
activity, 48 of these neurons were recorded in wakefulness, and both NREM and
REM sleep. The majority of these neurons had activity that, at best, was poorly
correlated with respiration. More than 90% of the cells had η2 values less than
0.55. For the population, the mean η2 value was only 0.22 indicating that 5% of
the variability in their activity was due to respiratory modulation. The activity
of these cells was state dependent; but changes in activity were not consistent. In
general, η2 was highest in wakefulness (n=20/48) and least in REM sleep. But
in four cases, η2 was highest in REM sleep. Tonic activity decreased in NREM
sleep compared to wakefulness and this improvedη 2 in 14 cases. In 10 cases, η 2
was comparable in both NREM sleep and quiet wakefulness. We conclude that
pontine respiratory activity is weak and state dependent. This work was
supported by HL 42400 and HL 21257.

285.7
NMDA-RECEPTOR SUBUNIT IMMUNOREACTIVITY IN THE RAT
AUTONOMIC BRAINSTEM AND COLOCALISATION WITH FOS
INDUCED BY NASAL STIMULATION. A. Guthmann. M. Dutschmann. Th.
Wagner* and H. Herbert. Dept. Animal Physiol., Univ. of Tubingen, Auf der
Morgenstelle 28, D-72076 Ttibingen, Germany.
In the past, numerous studies have appeared demonstrating a large variety of
different glutamate receptors each with specific pharmacological and electrophysiological profiles. Recent experiments in our laboratory provide evidence as to the in
volvement of NMDA-receptors in relaying the nasally induced cardio-respiratory
responses. The present study analyzed the distribution of NMDA-receptor subunits
in brain areas potentially involved in mediating these autonomic responses, in
particular the parabrachial and K&lliker-Fuse nuclei. NRl-ir neurons were present
in the caudal spinal trigeminal nucleus (Sp5C), the nucleus of the solitary tract
(NTS), the caudal andl rostral ventrolateral medulla, the medial and lateral para
brachial nuclei (PBL), the KOlliker-Fuse nucleus (KF), and in the periaqueductal
gray. In these brain areas, the staining intensity and the numbers of NRl-ir neurons
are not uniform but differ with respect to the cytoarchitecturally defined subnuclei.
In order to identify neurons expressing the NMDA-receptor and mediating the
nasotrigeminal reflex responses, we performed a NRl/FOS-double labeling study
after stimulating the nasal mucosa with water. Fairly small numbers of double la
beled neurons were found in the Sp5C, NTS, and PBL (15-25% of the FOS-labeled
neurons were also NRl-ir). The largest number of double labeled neurons was found
in the midlevel of the KF (>50%) while caudally and rostrally in the KF the num
bers were considerably lower. This finding is in line with our physiological data
demonstrating tiiat injections of the NMDA-receptor antagonist AP5 are most effec
tive in blocking the nasally induced cardio-respiratory responses (see abstract Dutschmann
& Herbert). We conclude that NMDA-receptors in the KF are crucial for the mediation
of the trigeminally induced apnoea and bradycardia. (Supported by Graduiertenkolieg Neurobiologie and DFG, grant He 1842/6-1)
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285.4

THE ROLE OF THE PONS IN RESPIRATORY CONTROL IN GROUND
SQUIRRELS. M.B. Harris. W.K. Milsom and V.J. Auld*. Department of
Zoology, University of British Columbia, Vancouver, BC V6T 1Z4.
The role of N-methyl-D-Aspartate (NMDA)-type glutamatergic processes
of pontine respiratory neurons in modulating breathing is enigmatic and
suggested to differ both between species and between rodent strains. We
examined their role in spontaneously breathing anesthetized ground
squirrels (Spermophilus lateralis), before and after vagotomy, using the
NMDA antagonist Dizocilpine (MK-801) administered systemically or via
bilateral microinjection into the dorsal pons (the pontine respiratory group).
Systemic MK-801 treatment alone increased breathing frequency while
vagotomy increased tidal volume and decreased breathing frequency. MK801 treatment in the absence of lung receptor feedback, resulted in apneusis
as it does in cats and other non-rodent species of mammal. This
demonstrates that the influence of pontine respiratory neurons is synergistic
with that of lung receptor feedback in establishing resting breathing
patterns. NMDA-mediated processes within pontine respiratory neurons
were essential for full expression of chemoreceptor mediated increases in
breathing frequency. Chemoreceptor mediated increases in tidal volume
were not impaired by MK-801 treatment and persisted during apneusis.
This research was supported by the NSERC of Canada.

285.6
NMDA- AND GABAA-RECEPTORS RELAY TRIGEM1NALLY INDUCED
APNOEA AND CARDIAC RESPONSES IN THE RAT KOLLIKER-FUSE
NUCLEUS. M. Dutschmann* and H. Herbert. Dept. Animal Physiol., Univ. of
Tubingen, Auf der Morgenstelle 28, D-72076 Tubingen, Germany.
Stimulation of the nasal mucosa induces apnoea, bradycardia, and increase in
arterial blood pressure. These responses are mediated by the trigeminal ethmoidal
nerve (EN5). Recently, we have shown that the Kolliker-Fuse nucleus (KF) is an
obligator} relay site for this reflex. In the present study we analyzed the role of
NMDA-, AMPA/Kainate-, GABAa-, and glycine-receptors in the KF for the media
tion of the EN5-induccd autonomic responses. We stimulated the EN5 electrically
and recorded respiratory and cardiovascular responses before and after injections of
AP5, CNQX, bicuculline, oi strychnine into the KF. All loci in the KF were
characterized beforehand as sites where small glutamate injections caused apnoea.
Our experiments revealed that AP5 injections into the caudal/midlevel KF
prevented the generally occuring EN5-induced apnoea and bradycardia, indicating a
blockade of synaptic transmission. In contrast, CNQX injections into the caudal/
midlevel KF did not result in a considerable blockade of these responses. Injections
of bicuculline into the KF lead to a dramatic enhancement of the respiratory
depression and the bradycardia which persistet up to 30 sec. after stimulus offset.
Yet, injections of stiychnine were largely ineffective. Interestingly, the EN5-induced
pressor response was not affected by any of the 4 substances injected into the KF.
From our data, we conclude that NMDA-receptors in the KF are crucial for the
mediation of the trigeminally induced apnoea and bradycardia. Furthermore, it
appears as if KF neurons are under a potent GABA-ergic inliibilion which strongly
modulates the EN5-induced responses. Lack of GABA-ergic inhibition in the KF
might be important with respect to life-threatening phenomena such as the sudden
infant death syndrome. (Supported by Graduiertenkolleg Neurobiologie and DFG,
grant He 1842/0-1)

285.8
N-METHYL-D-ASPARTATE (NMDA) RECEPTORS AT THE VENTROLATERAL
NUCLEUS TRACTUS SOLITARIUS (NTS) PLAY A ROLE IN THE TERMINATION
OF INSPIRATION. R.A.GilIis. Y.M. Hernandez. M.Bingaman. W. Panico. and A.
Taveira da Silva*. Departments of Pharmacology and Medicine, Georgetown University,
Washington, D.C. 20007.
Microinjection of NMDA receptor antagonists into the ventral lateral nucleus of the
tractus solitarius (VLNTS) produces an increase in inspiratory time (Ti) and an apneustic
breathing pattern in anesthetized spontaneously breathing cats (Berger et al., Eur J
Pharmacol 277:195, 1995). The purpose of this study was to confirm these findings in
anesthetized (a chloralose, 80 mg/kg I.V.), paralyzed (vecuronium bromide, 0.15
mg/kg/hr), vagotomized, ventilated cats with end-tidal CO2 kept constant, while
monitoring phrenic nerve (PN) activity. In 7 experimental animals bilateral
microinjection of the NMDA receptor antagonist 2-amino-5-phosphono-heptanoic acid
(AP-5) (0.25 nanomols in 30 nl) into the VLNTS produced a significant increase in Ti
(4.8±1 to 29±12 sec, P<0.05) that peaked at 12±2 minutes. Marked increase in the
duration of PN discharge lasting up to 100 sec was observed. There were no changes in
PN discharge amplitude. Bilateral microinjection of AP-5 at a site 1.5 mm lateral to the
VLNTS (N=6) produced a significant increase in the amplitude of the PN signal, but only
a minimal increase in Ti (3.6±0.5 to 4.7±0.5 sec, P<0.05) which was entirely due to the
increase in the amplitude of the PN signal. We conclude that a tonic NMDA receptormediated system located at the VLNTS is involved in the termination of inspiration.
Supported by NIH PO1 NS-28130.
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285.9

FIELD POTENTIAL MEASUREMENT OF SYNAPTIC
ACCOMMODATION
IN
RAT NUCLEUS
TRACTUS
SOLITARIUS IN VITRO. Z. Zhou* and C.-S. Poon. Harvard-MTT
Division of Health Sciences and Technology, M.I.T., Cambridge, MA 02139
Extracellular field potentials (FPs) recorded from multiple neuron activity are
widely used in studies of synaptic transmissibility in higher brain regions such
as hippocampus and neocortex in vitro. We report that stable FPs in nucleus
tractus solitarius (NTS) may be elicited by electrical stimulation of the tractus
solitarius (TS) and various NTS sub-regions in rat brainstem slices. The
amplitude of evoked FPs (0.1 to 1 mV) was stimulus-intensity dependent and
saturable. The post-synaptic component of FP was blocked by NBQX (5
mM) but not AP5 (50 mM), whereas both pre- and post-synaptic components
were blocked by TTX (10 mM). Sustained TS stimulation resulted in a phasic
depression of FPs, wliich was analogous to the synaptic accommodation
previously reported using intracellular or whole-cell recordings in NTS
neurons. The synaptic accommodation was frequency dependent (active
range: 0.5-50 Hz) and was not blocked by bicuculline, thus excluding the
possible involvement of inhibitory neurotransmission via GABAa receptor
gated chlorine channels. Results suggested that FP represents a stable and
reliable measure of excitatory neurotransmission in first-order TS-NTS
synapses and/or higher-order synapses between NTS relay neurons, making it
a useful approach to studying synaptic plasticity in these cells. (Supported by
NIH grant HL52925 and ONR grant N00014-95-1-0414).

285.11

INSPIRATORY OCCLUSION ELICITED CEREBRAL CORTICAL EVOKED
NEURAL ACTIVITY IN LAMBS. V. Seng and P.W. Davenport*. Department of
Physiological Sciences, University o f Florida, Gainesville, FL 32610.
Respiratory related cortical evoked potentials elicited by inspiratory occlusion (IO)
have been recorded previously with chronically implanted dural electrodes in awake
lambs spontaneously breathing through an endotracheal tube. This study reported that
IO elicited cortical neural activity in lambs with the upper airway bypassed, but
provided no information on the specific cortical region activated by the IO stimulus.
In this study, it was hypothesized that IO activated neurons in the somatosensory
region of the cerebral cortex of lambs with the upper airways bypassed. Studies were
performed on a-chloralose anesthetized lambs. The lambs respired through an cuffed
endotracheal tube connected to a non-rebreathing valve. The inspiratory port of the
valve was connected to a pressure activated occluder. Closure of the valve during
expiration occluded the subsequent inspiration. IO was presented every 4th-7thbreath.
A control trial with unoccluded inspiratory efforts was also recorded at each site. The
peri-cruciate region of the cerebral cortex was exposed. Evoked cortical neural activity
was recorded with a surface Ag/AgCl ball electrode. The post-cruciate gyrus
(somatosensory region) was systematically mapped for cortical evoked potentials
(CEP) elicited by IO. A minimum of 80 IO’s were averaged for each site to obtain the
CEP. The CEP elicited by electrical stimulation of the radial nerve was also recorded.
The primary CEP site for radial nerve stimulation was identified and lesioned in all
animals. Histological analysis was performed to determine the specific cortical area.
A primary CEP elicited by IO was recorded in the post-cruciate gyrus. The primary IOCEP sites were 1-4 mm caudal to the cruciate sulcus and medial to the radial nerve
primary CEP sites. Control, unoccluded inspirations did not elicit a CEP. It was
concluded that IO in lambs with the upper airways bypassed, activated neurons in the
somatosensory region o f the cerebral cortex medial to the forelimb region.
Suported by: College o f Veterinary Medicine, University o f Florida

285.13

GENDER SPECIFIC EFFECTS OF CNQX ADMINISTERED CENTRALLY ON
VENTILATORY PATTERNS IN CONSCIOUS RATS. E.H. Schlenker* & X. M.
Lin. Dept, of Physiology & Pharmacology. University of South Dakota.
Vermillion. SD 57069.
Administration of agents that affect opioid and γ-amino butyric acid receptors
into the arcuate nucleus of the hypothalamus (AN) can modulate ventilation in
conscious rats. This nucleus also contains glutamate that may act on N-methyl-Daspartate (NMDA) and non-NMDA receptors. In a previous study we showed that
aspartic acid acting on NMDA receptors microinjected into the AN had little
effect on ventilation in conscious male and female rats. The purpose of this study
was to evaluate the effect microinjection of the non-NMDA antagonist, 6- cyano
3-dihydro-7-nitrogluinoxalin-2,3-dione (CNQX), into the AN has on ventilation
in male and female rats. Relative to vehicle (artificial cerebrospinal fluid), CNQX
(80, 100 & 200 pmol) increased inspiratoiy time (TI) in a dose-dependent manner
(from 0.33±0.02 sec (vehicle) to 0.52 ±0.07 sec (200pmol)) in female rats, but had
little effect on TI in male rats except at the highest dose. In contrast, CNQX
decreased expiratory time (TE) in females (from 0.40±0.03 sec (vehicle) to
0.33±0.01 sec (200 pmol)) , but had no effect on TE in males. The prolongation of
TI in CNQX-treated females was transiently decreased by hypercapnia (to
0.20±0.01 sec), but not by hypoxia. Furthermore, relative to vehicle, CNQX
increased tidal volume (Vt) in females, but decreased Vt in males. These results
demonstrate that 1. non-NMDA receptors in the arcuate nucleus are able to
modulate TI, TE, and Vt in a gender specific manner in rats, and 2. that the
prolongation of TI induced by CNQX in females was decreased by hypercapnia
suggesting that the CNQX effect on TI can be modified.
Funded by HD30393.
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285.10

EVIDENCE THAT THE VENTROLATERAL NUCLEUS TRACTUS
SOLITARIUS (vlNTS) PLAYS AN IMPORTANT ROLE IN INSPIRATORY
DURATION IN THE RAT
W. Panicot, A. P. Kuruvillat, A Taveira da SiWat, Y. Hemandezt* K. L.
Dretchen, R A Gillist and N. Sahibzada*
t Georgetown Univ. Med Center and ^University of DC, Wash. D. C.
We and others have obtained data in the cat indicating that the dorsal
respiratory group of neurons, specifically the vlNTS, plays an important role in
determining the duration of inspiration (Ti). For example, bilateral
microinjection of lidocaine salt (6 nmol) into the vlNTS of the cat produces an
increase in Tj leading to an apneustic pattern of breathing.
According to a recent review (Physiol. Rev. 75: 1, 1995), the dorsal
respiratory group in the rat is organized differently from that of the cat, and
none of the respiratory neurons are bulbospinal. Hence, we set out to determine
if lidocaine salt (6 nmol) microinjected bilaterally into the vlNTS of
anesthetized rats while monitoring spontaneous occurring phrenic nerve
activity would prolong Ti. Studies were performed in 5 spontaneously
breathing adult animals, and lidocaine salt bilaterally microinjected into the
vlNTS increased Ti from a baseline of 0.62 ± 0.07 sec to 1.57 ±0.18 sec
(p<0.05). This effect was associated with an increase in the amplitude of
phrenic nerve activity (baseline 26.+ 2.7 to 34 + 3.07 mV), but no significant
change in expiratory duration. These results indicate that inhibition of vlNTS
neurons in the rat, like the cat interferes with the termination of inspiration.
Supported by NIH Program Project Grant # P01NS28130

285.12
VENTILATORY RESPONSES TO N-METHYL-D-APARTIC ACID
(NMDA) INJECTIONS INTO MEDULLARY TISSUE DIFFER FROM
RESPONSES TO EJECTIONS ON THE CAUDAL M-ROSTRAL S
VENTROLATERAL MEDULLARY (VLM) SURFACE. H. Forster*. L. Pan.
T. Lowrv. C. Dean. P. Martino. B. Sprtel. and A. Whalev. Physiol, and Anest.,
Med. Col. Wis. and Phy. Ther., Marq. U., and Zablocki VA Med. Center,
Milw., WI 53226.
Ejection of250 mM NMDA on the caudal M-rostral S VLM of awake goats
results in a 50 to 150% increase in pulmonary ventilation (V,) and 15 mmHg
decrease in PaC02 that are sustained for 30 minutes to 4 hours (Soc.
Neuroscience 22:628-3, 1996). This hyperpnea is a result of decreased
expiratory (TE) and inspiratory times (T,) and increased inspiratoiy drive
(VTA'I) and usually is not associated with changes in mean arterial blood
pressure (MABP). From a dorsal access, we recently chronically implanted
microtubules (unilaterally or bilaterally) intb the medul^ of 7 goats 2-4 mm
from the ventral surface, 1 to 4 mm lateral to the midline, and 2 to 9 mm rostral
of obex. Injections in the awake state at many tissue sites have had no effect on
V, while injections at other sites have resulted in only a mild hyperpnea and
hypocapnia. However, some injections resulted in marked changes in Tt, TE,
or Vt/Tj (increased or decreased). Moreover, some injections have a marked
effect on only MABP. These data are consistent with a distinct role in control
of breathing and MABP of various medullary cell groups. Striking is the
absence with the tissue injections of the prolonged hyperpnea observed with the
VLM ejections suggesting that the rostral VLM surface might be a unique site
for metabotropic glutamate receptor stimulation of V,. (Supp: by NIH 25739
and VA.)

285.14

GENDER IS A DETERMINANT OF THE INTENSITY OF THE EFFECT OF I V.
MK-801 ON RESPIRATORY ACTIVITY IN THE RAT
N. Sahibzada¥*, A. P. Kuruvillat, W. Panico, tA. Taveira da Silvat, K. L.
Dretchen and R. A. Gillist
tGeorgetown Univ. Med. Center and ^University of DC, Wash. D. C.
While studying the effects of drugs that produce blockade of N-methyl-Daspartate (NMDA) receptors on respiratory activity of anesthetized rats, we
noticed that female rats exhibited greater disruption of respiratory activity than
male rats. To document these observations, studies were performed in
anesthetized adult female and male rats while monitoring the diaphragm
electromyogram (EMG) during I. V. infusion of MK-801 (1 mg/kg by constant
infusion over 1 minute). Effects of MK-801 on amplitude and inspiratory
duration (Ti) of diaphragm EMG and expiratory duration (Te) were recorded.
MK-801 administered to 5 female rats produced continuous discharge of the
EMG, requiring that each animal be placed on artificial respiration. In contrast,
MK-801 administered to 4 male rats increased Ti, but did not evoke continuous
discharge of the EMG. Indeed, none of the male animals required ventilatory
support. Initial effects of MK-801 on Ti were obtained within 1 to 5 min after
administration. Ti in female rats increased from 0.44 ± 0.06 sec to 0.66 ± 0.02
sec and were more pronounced than the corresponding effects in male rats (Ti
increased from 0.29 ± 0.02 sec to 0.38 ± 0.04 sec). Both male and female rats
exhibited a similar degree of reduction in amplitude of the diaphragm EMG after
MK-801. These results suggest that gender may be a factor in the respirator)'
response to systemic administration of drugs that block the effects of NMDA
receptor activation. Supported by NIH Program Project Grant # P01NS28130
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285.15

285.16

RELATIVE CONTRIBUTIONS OF TONIC AND PHASIC EXCITATORY DRIVES
TO THE DISCHARGE OF INSPIRATORY BULBOSPINAL (IBS) NEURONS
M. Krolo. E. Stuth. M. Tonkovic-Capin. F. Hopp. D. McCrimmon. and E.
Zuperku. * Zablocki VA Medical Center, Medical College of Wl,
Milwaukee, Wl 53295 and Northwestern Univ., Chicago, IL 60611
Both phasic and tonic synaptic excitatory drives contribute to the
augmenting discharge pattern of IBS neurons. This study examined the
relative contribution of these two drives to IBS activity. Multibarrel
micropipettes were used for single unit recordings and picoejection of
neuro-transmitter antagonists onto ventral respiratory group neurons
of anesthetized, ventilated, paralyzed and vagotomized dogs. The effects
of the GABA a receptor channel blocker, picrotoxin (PIC, 2 mM), the
non-N-m ethyl-D-aspartate (non-NM DA ) antagonist 2,3-dihydroxy6-nitro-7-sulfam oyl-benzo(f) quinoxaline (NB Q X; 0 .25 m M), the
NMDA antagonist, 2-amino-5-phosphonopentanoate (AP5; 2 mM), and
the vehicle were studied on the spontaneous discharge patterns
quantified via cycle triggered histograms.
PIC dose-dependently
blocked expiratory (E) phasic inhibition, but had no effect on
inspiratory (I) phase discharge. Subsequent NBQX application dosedependently reduced the phasic I activity, but had no effect on the PICinduced E activity. The combination of high NBQX doses and PIC effects
resulted in tonic activity with little or no phasic modulation. This tonic
activity could be reduced to near zero by AP5. These findings indicate
that 1) NMDA receptors mediate tonic excitation, (rendered phasic by
GABA inhibition), 2) tonic inputs provide the majority of the excit
atory drive, and 3) non-NMDA receptors provide phasic excitatory
drive to IBS neurons.
Supported by: VA Medical Research Funds.

COMPUTER
SIM ULATIONS
OF SPIKE TRAINS
OF PHRENIC
MOTONEURON POPULATIONS. W .-X . Huang* and M .l. Cohen. Dept, of
Physiol. & Biophysics, Albert Einstein Col. of M ed., Bronx, NY 10461.
To understand more about rhythms in firing of inspiratory output
neurons, w e simulated the discharges of a population of phrenic
motoneurons. The temporal evolution of a unit's interspike intervals as
a function* of firing order was specified by an experimentally derived
power function which represents the slowly augmenting excitatory drive
from the medullary inspiratory pattern generator. In the simulations, we
also implemented: a) a medullary high frequency oscillation (50 -1 0 0 Hz)
drive (HFOD) which modulated the spike trains; and b) inspiratory onset
locking (IOL) of the first spike of a train. To obtain the analog of whole
phrenic nerve discharge, hundreds of simulated spike trains with various
parameters were summed. The unit spike trains and the train summation
w ere then subjected to our routine data analyses: auto- and
cross-correlation, autospectral and coherence analysis, cross-interval
histograms, and cycle (inspiratory) triggered averages. W e observed that
without HFOD and IOL, the simulated pairs of spike trains were not
correlated
(coherent).
Such results reflect the properties of
medium-frequency oscillations (MFO) which are due to non-correlated
rhythms in different phrenic motoneurons. W hen the HFOD was strong
enough, the phrenic spike trains then became synchronized (correlated)
at a specified HFO frequency. W hen IOL w as strong, some spike trains
became synchronous due to their locking to the start of inspiration. Thus
in general the simulated phrenic spike trains produced relations similar to
those observed in the experimental neural data under various conditions.
(Supported by N.I.H. Grant H L -27 300.)
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286.1

SYNAPTIC CONNECTIONS OF DB3 BIPOLAR CELL AXONS IN THE
MACAQUE INNER PLEXIFORM LAYER. R. A. Jacoby* and D. W. Marshak.
Dept. Neurobiology.and Anatomy, U. Texas Medical School, Houston, TX 77225.
In primate retinas, DB3 diffuse bipolar cells make basal contacts with
about 10 cones unselectively, and their varicose axons arborize in stratum 2 of the
IPL. In these respects, they resemble cb2 bipolar cells o f cats, and since cb2 cells
hyperpolarize to light, DB3 cells should respond similarly. To study their synapses
in the IPL, peripheral macaque retinas were labeled with antibodies to calbindin,
and labeled axons were analyzed in serial ultrathin sections. Synapses were found
only on the axonal varicosities (n=14) which averaged 1.68 ± 0 .3 p.m in diameter,
and not between them, where the axons averaged 0.2 ± 0.08 nm in diameter. There
were 3.36 ± 1.78 input (conventional) synapses per varicosity, and 2.21 ± 1.25
output (ribbon) synapses per varicosity, giving an output to input ratio of 0.66.
There were 36 ± 4.7 varicosities per DB3 cell, for an average of 80 ribbons per cell.
Both postsynaptic processes were amacrine cells at 27% of the dyads, while 53%
had one amacrine and one presumed ganglion cell process. Roughly half of the
postsynaptic amacrine cell processes made feedback synapses back onto the bipolar
cell axons. Some of these may be from CCK-IR amacrine cells since they costratify
with parasol cells and are presynaptic to bipolar cells. Cholinergic amacrine cells
also costratify with parasol cells, and their processes may be among those that do
not feed back. Of the postsynaptic processes tentatively identified as ganglion cell
dendrites, 47% of these were classified as dendritic spines because o f their small
diameter (<0.2 (am). A double label study determined unequivocally that DB3 cells
are presynaptic to parasol cells, as predicted from our LM studies. Since cb2
bipolar cells are presynaptic to a-cells in the cat, our findings add to the evidence
that a-cells and parasol cells are homologous.
Supported by grants R01 EY06472, P30 EY10608 and T32 EY07024 from the NEI, and F31
MH10957 from the NIMH.

286.3

INTRACELLULAR Ca2+-STORES AND VOLTAGE-ACTIVATED Ca2+CHANNELS ARE INVOLVED IN THE RETRACTION AND FORMATION OF
SPINULE-TYPE SYNAPSES IN THE RETINA. O. Biehlmaier*. M. Cebulla and
K. Kohler. Experimental Ophthalmology, University Eye Hospital, 72076
Tubingen, Germany
Light induces the formation of short spine-like processes, called spinules, in the
fish retina. These spinules represent new formed synapses between horizontal cells
and cones. During dark adaptation spinules are retracted and remain absent in the
dark. Recent studies show that an Ca^-influx into the horizontal cell terminal is
necessary to induce spinule retraction. The purpose of this study was to examine
whether intracellular Ca2+-buffering and/or voltage-activated Ca2+-channels are
involved in the Ca2+ mediated plasticity of the spinule-type synapses. Appropriate
drugs were injected into the vitreous of carp eyes and the expression of spinuletype synapses in the retina was examined and quantified by electron microscopy.
BAPTA/AM (100|iM-lmM), an intracellular Ca2+-chelator, blocked spinule
retraction. Thapsigargin (1-100μM), which inhibits Ca2+-uptake into intracellular
stores, reduced spinules under constant light conditions and inhibited light induced
formation of new spinules. The application of the high voltage-activated Ca2+channel antagonists w-conotoxin MVIIC (800nM-8pM), ca-agatoxin IVA (80nM800pM), and Nifedipine (40|μM) blocked the spinule retraction by 59%, 30%. and
44%, respectively. In addition, all three toxins also blocked spinule formation
(57%, 55%, and 33%, respectively). The effects were dose dependent. In contrast,
co-conotoxin GVIA (2μM) had no effect on spinule plasticity. Our experiments
thus show that Ca2+-uptake into intracellular stores and Ca2+-influx via high
voltage-activated calcium channels play a role in spinule-type synaptic plasticity.
Furthermore, a certain Ca2+-influx seems to be necessary for both spinule
retraction and formation.
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286.2
INTERRELATIONSHIP OF MOSAICS OF NEURONS STAINED
WITH CALCIUM BINDING PROTEINS IN TURTLE AND MONKEY
RETINAS. N. Cuenca, E. Solessio and H. Kolb*. Histology Dept.
Institute of Neuroscience, Univ. Alicante, Alicante, Spain and Moran Eye
Center, Univ. Utah, Salt Lake City, Utah 84132.
In order to understand the organization of neural populations that might
have circuitry relationships in the vertebrate retina, we have studied the
mosaic of some that are immunostained with three different calcium
binding proteins in wholemount preparations. Standard immunocytochemical procedures were used to reveal parvalbumin (PV), calbindin
(CB) and calretinin (CR) immunoreactive (IR) cell types, and the resultant
wholemounts were examined by laser confocal microscopy.
In turtle retinas the HI cell population is strongly CR-IR and HI cell
bodies form the central point for a relationship with a CB-IR bipolar type
and two varieties of amacrine cell. Both amacrine cells are CB-IR and one
mosaic is in the INL and the other displaced to the GCL.
Monkey retina exhibits the cone photoreceptor mosaic with CB and
the HI cell mosaic with PV and CR (PV is more intense). The PV-IR HI
cells are the central points of a cell cluster that consists of a CB-IR cone
bipolar cell and CR-IR amacrine cells (primarily the All amacrine cell).
A relationship between three or more interneurons containing calcium
binding proteins seems to be a feature of vertebrate retinas and may
indicate a common developmental ancestry and possibly a common
circuitry.
Supported by EY04855, EY05972 and Research to Prevent Blindness

286.4
SPATIAL PATTERN AND ULTRASTRUCTURES OF MYELINATED
FIBERS IN NERVE FIBER LAYER OF CHICKEN RETINA
M .Uehara*lT Tmaffawa.
H K ita^ w a Department of Veterinary Anatomy,
Tottori University, Tottori 680, Japan
The nerve fiber layer in the retina consists of primarily, unmyelinated and
partially myelinated fibers in fowls and exclusively unmyelinated fibers in
mammals, while the optic nerve consists practically of myelinated fibers in fowls
and mammals We initially evaluated the distribution of myelinated fibers of
nerve fiber layer in the chicken retina and then observed ultrastructurally and
immiinohistochemically the myelin forming cells. At the 17 points of 7 directions
of retina the thickness of nerve fiber layer, the numbers and axon diameters of
myelinated and unmyelinated fibers were counted on electronmicrograph. The
nerve fiber layer was thicker in the ventral areas including the nasal(N),
ventral(V), ventro-temporal(VT), temporal(T) areas than in the dorsal areas
including the dorsal(D), dorso-nasal(DN) and dorso-temporal(DT) areas to the
optic nerve head. Mean diameters of axon were small in D and DT and large in
V, VT and N. Total number of nerve fibers was more in the dorsal areas(N, DN,
D, DT and T) than in the ventral ones(VT and V). However, the percentage of
myelinated fibers was higher in the ventral areas (N, V, VT) than in the dorsal
ones(DN, D, DT and T). Myelin basic protein was detected only in the nerve
fiber and ganglion cell layers. Myelin forming cells were ultrastructurally
resemble to the dark type of oligodendrocytes distributing in the nerve fiber and
ganglion cell layers but did not form the compact myelin.
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286.5

286.6

286.7

286.8

MORPHOLOGY OF HUM AN RETINAL GANGLION CELLS WITH
INTRARETINAL AXON COLLATERALS. B. B. Peterson and D. M. Dacev*.
Dept, of Biological Structure, University of Washington, Seattle, WA 98195-7420.
Previous studies in monkey (Usai, JCN; 308:149, ‘91), cat (Dacey, JCN; 242:247.
‘85), and turtle (Gardiner & Dacey, NS Abts;14:112, ‘88) suggest that the vertebrate
retina contains a type of ganglion cell with intraretinal axon collaterals. Intracellular
injection of Horseradish peroxidase (-4%; Sigma) and Neurobiotin (~4%; Vector
Labs) in an in vitro whole-mount preparation of the human retina was used to fill
over 1000 ganglion cells, 19 of which were revealed to be a distinct type of ganglion
cell with intraretinal axon collaterals. Of these cells, 13 had a single, thin axon about
2 |im in diameter that intermittently gave off thin (< 1 fim), bouton-studded terminal
collaterals. In 6 of the cells, the primary axon bifurcated one or more times, giving
rise to from 2 to 4 axon branches, some or all of which had terminal collaterals. In
10 of the cells, the axon extended towards the optic disk for several mm before the
staining faded. In all of the cells, the axons were located either in the ganglion cell
layer just beneath the optic fiber layer, or near the border of the ganglion cell layer
and the inner plexiform layer. The terminal collaterals appeared varicose with round
or slightly flattened lobular terminal boutons 1 - 2 pin in diameter. The collaterals
were present either as single branched or unbranched processes, or in clusters. They
ranged in length from about 4 (im to 300 Jim, though a few were as much as 700
p.m in length. The collaterals extended vertically to terminate in the outer half of the
inner plexiform layer. This study shows that in the human retina, axon collaterals are
associated with a single, morphologically distinct ganglion cell type. The synaptic
connections and functional role of these cells is not yet known. Given that distinct
ganglion cell types with intraretinal axon collaterals have also been found in
monkey, cat, and turtle, it would appear this cell type is common to all vertebrate
retinas. (PHS EY07031;NIH EY06678)

MONDAY AM

EVOLUTION OF THE BLOOD-BRAIN BARRIER IN THE INSECT EYE: DOES
AN EYE BARRIER EXIST IN STEM APTERYGOTES (ARCHAEOGNATHA)?
S. R. Shaw* and L. P. Vamev, Dept, of Psychology and Institute for Neuroscience,
Dalhousie University, Halifax, Nova Scotia, Canada B3H 4J1.
The evolution of the blood-brain barrier (BBB) mechanism in vertebrates is not
easy to study by comparative methods, since known vertebrates all have it. The
larger group of terrestrial colonizers, winged insects (Pterygota), also have a BBB at
the surface of the CNS with the same role of protecting the brain's internal micro
environment, and which extends out into the eye. In trying to trace its evolution, we
looked to see if an eye barrier is present in the most primitive wingless insects
(Apterygota), from which pterygotes evolved in the Palaeozoic era.
Compared to other apterygotes, jumping bristletails (Petrobius) of the most
primitive family Machilidae (Archaeognatha) have highly-developed compound
eyes, with binocular vision. Using microelectrodes to pressure-eject small volumes
of fluorescent tracers such as Lucifer Yellow into the haemolymph of the head, we
observed that dyes lit up the eyes within a few minutes after injection. Sections
showed that dye was indeed present in the eye, concentrating particularly in the
outermost optical layer (cornea), which.could have been reached only by diffusion
from the base of the retina. Next, machilids were injected on a goniometer mounted
directly under a microscope-microfluorometer, allowing fluorescence emission from
the eye surface to be measured optically in real time. Uptake profiles confirmed that
dye entry was extremely rapid (tj /2 « 0.4 - 1.4 min). Knowing the path-length, the
expected diffusion profile could be modelled from a diffusion equation for the case
with no barrier. Without further assumptions, model profiles predict values similar to
those observed (tj /2 = 0.8 - 1.1 min), confirming that the eye’s extracellular space
must be completely open to the circulation. The eye in flies (advanced pterygotes) is
quite different, with very slow penetration and loss of dyes. The key feature
restraining development of a barrier in machilids is the primitive state of the tracheal
system, which fails to penetrate the eye. It needs upgrading to pterygote standards to
retain the eye's access to oxygen, before an eye barrier can successfully evolve.
Supported by NSERC Canada (SRS)

MORPHOLOGY OF P AND M GANGLION CELLS IN THE BUSH BABY.
E. S. YAMADA*1,2. D. W. MARSHAK2. V. A. CASAGRANDE3. 'Dept, de
Fisiologia, Univ. Fed. Pard, Bel&n, Brazil 66075-900; 2Dept. of Neurobiol. & Anat.,
U. T, Med. School, Houston, TX 77030; 3Dept. of Cell Biology, Vanderbilt Med.
School, Nashville, TN 37232.
It has been proposed that P cells evolved uniquely to subserve red-green color
opponency in higher primates. Molecular genetic studies indicate that red and green
pigment genes diverged about 30 million years ago (Mya) (Nathans et al., 1986) or even.,
later, in the case of New World monkeys (Shyue et al., 1995), and it follows that redgreen opponency originated after that time. However, fossil evidence indicates that the
ancestors of strepsirrhines (bush babies, lemurs and lorises) and haplorhines (tarsiers and
anthropoids) diverged about 55 Mya (Kay et al., 1997). Given that strepsirrhines have
only one pigment in the red/green range (Jacobs, 1993), the demonstration that they have
P cells would support the alternative hypothesis that the P system evolved prior to the
appearance of red-green color opponency in order to subserve spatial vision. To test this
hypothesis, we studied the morphology of retinal ganglion cells in the bush baby, Galago
garnetti. Ganglion cells from different eccentricities were labeled with Dil in living or
fixed retinas and were analyzed by confocal microscopy. Dendritic field and soma sizes
were measured. P and M cells were identified based on their dendritic branching patterns
at all eccentricities examined. P cells had dendritic field diameters ranging from 30 |a.m
close to the area centralis to 120 (im in the periphery. Dendritic fields of M cells were
about 3 times larger than those of P cells. Soma sizes ranged from 9-17 ^m for P cells and
from 14-23 (am for M cells. Labeled P and M cells resemble the retinal ganglion cells
previously identified as projecting to the bush baby parvo and magnocellular layers,
respectively, of the lateral geniculate nucleus (Casagrande & DeBruyn, 1982; Itoh et al.,
1982). Bush baby P and M cells are also morphologically similar to those found in the
peripheral retina of anthropoids. These findings suggest that P cells evolved to subserve
spatial vision in the common ancestor of haplorhines and strepsirrhines, before the
divergence of red and green pigment genes.
Supported by CNPq 200647/96-2, NIH EY06472, NIH EY01778.

SHAKING-B REDUCES GAP JUNCTION NUMBERS IN THE OPTIC LAMINA OF
DROSOPHILA. M. Shimohieashi1 and I, A. Meinertzhagen*. Life Sciences Centre,
Dalhousie University, Halifax, Nova Scotia, Canada B3H 4J1; 1Department of Biology,
Faculty of Science, Fukuoka University, Fukuoka 814-80, Japan.
Coupling between cells at vertebrate gap junctions (GJ's) is established by the
connexin family of channel proteins, the invertebrate equivalents of which remain
elusive. Sequences in a number of genes, including shaking-B (shak-B) in Drosophila,
have been used recently to define a novel group of proteins, the OPUS family, which
function in invertebrate GJ's, possibly as channel proteins themselves and thus as
invertebrate connexins. Different shak-B transcripts serve different functions. One allele
was originally isolated as the Passover^ (P a s mutant which disrupts the giant fibre
system of the Drosophila escape jump. The shak-B product expresses not only at that
site, but also in the first optic neuropile, or lamina, where terminals of photoreceptors
R1-R6 are electrically coupled. The lamina’s cellular organisation appears normal in
Pas1 mutants. We have assayed the dimensions and number of GJ’s between R1-R6
from close appositions between their terminals in C-S wild type (wt) and Pas^ mutants,
using thin-section EM. In wt, only 40% the number of appositions occur in proximal
lamina depths, towards the brain, as in distal and mid-depths. Compared with the latter,
significantly fewer appositions occur in distal and mid-depth Pas^ laminas, with only
-20% the number found in wt and no differences between mutant numbers at these
depths and those in the proximal lamina of either wt or Pas^. All six pairs of terminals
contribute equally to the total number of GJ’s in the R1-R6 ring, and the mutation
exerts no differential effect on this^distribution. Thus, the lamina's GJ's are partitioned
into at least two depth strata, and their numbers in the mutant imply the existence of at
least two genetic factors, possibly proteins, encoding the number of GJ’s. There was no
significant difference between the profile length of appositions in the two conditions, wt
and P a st, whereas the cleft between the unit membranes at distal and mid-level
appositions in Pas^ (4.65nm) was significantly larger (by 12%) than in wt, indicating
that the appositions that form at these levels are in fact mutant.
Supported by grants to I.A.M. (NIH EY-03592, NSERC CPG0000065).

286.9

286.10

BIOCYTIN DYE-COUPLING BETWEEN ELECTRICALLY COUPLED R1-R6
PHOTORECEPTOR TERMINALS IN THE BLOWFLY'S VISUAL SYSTEM.
B. Chen*. I. A. Meinertzhagen and S. R. Shaw. Dept, of Psychology and Institute for
Neuroscience, Dalhousie University, Halifax, Nova Scotia, Canada B3H 4J1.
Axons of photoreceptors R1-R6 from different, contiguous facets of the fly's
compound eye converge in groups of six upon postsynaptic neurons, forming the
characteristic modules (cartridges) of the first synaptic zone, the lamina. Each pair of
axon terminals in calliphorid blowflies also is connected by about 30 tiny maculate
gap junctions, suggesting that the six axons in a cartridge should be electrically
coupled1. By driving individual facets optically and recording from R1-R6 cell bodies,
strong coupling has been confirmed2*3 . Electrically coupled neurons in other systems
often show dye-coupling when injected with Lucifer Yellow (LY), but LY injections
fail to demonstrate detectable dye-coupling between Rl-6 axons1’ 2’ ^
Biocytin (BC) is a slightly smaller molecule, also negatively charged at alkaline pH.
In Calliphora larvae, the large longitudinal muscle cells (M6, M7) demonstrate strong
intersegmental electrical coupling5’ 6, show little LY coupling, but exhibit extensive
multisegmental BC coupling when single cells are injected with LY-BC mixtures6 .
Encouraged by this, we have made further dye injections into single R1-R6 somata,
using LY and BC. Dye coupling with LY again remained undetectable, but in about
half the recoveries, one or two other photoreceptor axons in the same cartridge stained
with BC, often strongly. BC dye-coupling always occurred to next-neighbor terminals
in the ring of six, as predicted from the distribution of axonal gap junctions. The
connexon channels of R1-R6 gap junctions must be permeable to small ions and BC,
but may be relatively narrow, cutting off somewhere in the size range between BC
(MW 372) and LY (MW 443). We are currently seeking possible effects on coupling,
of neuromodulators released near the lamina cartridges by centrifugal neurons.
iShaw & Stowe (1982) J. Cell Sci. 53:115; 2Shaw (1984) J. exp. Biol. 112:225; 3van
Hateren (1986) J. comp. Physiol. 158:795; 4R. Hardie et al (1981) J. comp. Physiol.
145:139; 5J. Hardie (1978) J. Insect Physiol. 24: 647; 6S. R. Shaw, unpublished data.
Supported by NSERC Canada (to SRS) and NIH (to IAM).
S ociety f o r Neuroscience, Volum e 2 3 ,1 9 9 7

The ipsilateral visual projection in a marsupial mouse Sminthopsis crassicaudata
J. Rodger. S.A. Dunlop. L.D.Beazlev*.
Department of Zoology, University of Western Australia, Nedlands, Perth 6009
The projection from the retina to the ipsilateral brain centres has been described in a
variety of eutherian and marsupial mammals. Ipsilaterally projecting ganglion cells
are confined to a crescent in temporal retina, and in the majority of species examined,
contralaterally projecting ganglion cells are located throughout the retina. By contrast,
in primates, all cells in temporal retina project ipsilaterally. The primary visual
pathway has recently been described for the polyprotodont marsupial, the fat tailed
dunnart (Sminthopsis crassicaudata) (1). Unlike eutherian rodents, the dunnart has a
pronounced visual projection to the ipsilateral side of the brain and a highly
laminated, bilaterally innervated lateral geniculate nucleus. Here we describe the
retinal origin and extent of the ipsilateral visual projection in the dunnart and the
organisation of crossed and uncrossed axons in the visual pathway. Animals were
anaesthetised with 50% Saffan (i.m.) and the visual projection to one side of the brain
labelled by unilateral injection of 30% horseradish peroxidase at the level of the
lateral geniculate nucleus, using stereotactic coordinates. Ipsilaterally projecting
ganglion cells are restricted to temporal retina where they represent an average of
65% (s.d.=9) of ganglion cells; a mean of 13% (s.d.=1.8) of ganglion cells overall
project ipsilaterally. In the dunnart, the percentage of ipsilaterally projecting ganglion
cells in the temporal crescent exceeds that of eutherian rodents (15-25%) (2), and
resembles that of the diprotodont marsupial, the quokka (70%) (3). Similar to the
quokka but unlike eutherian rodents, the ipsilaterally projecting optic axons are
confined to the lateral edge of the chiasm and do not approach the midline.
1- Dunlop S.A. et al., (1997). J. Comp. Neurol? In press.
2- Drager U.C. and Olsen J.F. (1980). J. Comp. Neurol. 191, 383-412.
3- Harman A.M. and Jeffery G. (1992). J. Comp. Neurol. 325, 47-56.
Supported by a Saw Medical Fellowship (JR) and NH&MRC (Australia)
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286.14
COLOCALIZATION OF GAP-43 WITH GABA IN ISOLATED
BOVINE RETINAL NEURITE FRAGMENTS: EVIDENCE THAT
AMACRINE CELLS ARE THE MAJOR PRODUCERS OF
RETINAL GAP-43. J.B. Denny and R.D. Glickman* Dept, of
Ophthalmology, University of Texas Health Science Center at San
Antonio, San Antonio, TX 78284.
The plasticity protein GAP-43 is known to occur in three laminae of
the inner plexiform layer of normal adult mammalian retinas but its role
there is unknown. To identify the cell of origin for GAP-43 is the first
step in defining its role in the retina. It has been suggested that retinal
GAP-43 is synthesized by ganglion cells and/or amacrine cells. Bipolar
cells, photoreceptors, and horizontal cells in bovine retina do not make
the protein. We dissociated adult bovine retinas in calcium-free medium
containing trypsin and separated cell bodies from neurite fragments and
terminals by centrifugation. The fragment preparation was positive for
GAP-43 by immunoblotting. The fragments were then analyzed for the
presence of GAP-43 by both immunoelectron microscopy and double
label immunofluorescence microscopy. Many fragments immunopositive
for GAP-43 colocalized with fragments immunopositive for GABA but
did not colocalize with fragments immunopositive for the ganglion cell
marker protein MAPI A. Thus, most retinal GAP-43 is not synthesized
by ganglion cells but rather by GABAergic and non-GABAergic
amacrine cells. Supported by AFOSR grant F49629-95-1-0332 (to
RDG), NIH grant S06 GM 08194-13S1 (to JBD), and by RPB, Inc.

286.15
RELATIONSHIPS BETWEEN VISUAL ABILITY AND BEHAVIOR
IN FOUR SPECIES OF HERONS. L.-M. Rojasf T. Cabana, P.
Lachapelle. R. McNeil and B. Lussier*. Sc. Biologiques, Universite de
Montreal, C.P. 6128, Succ. Centre-Ville, Montreal, Canada H3C 3J7,
and Ophthalmology, McGill University, Montreal, Canada H3H 1P3.
Herons are visual feeders and the ones active by night generally have
larger eyes than those active by day. It would be expected that nocturnal
herons have a better rod function than diurnal ones. Using
electroretinography (ERG) and histology, we have examined this issue
by comparing the retina in the nocturnal Nycticorax violaceus, in the
diurnal Bubulcus ibis and Egretta tricolor, and in Ardea herodias,
which feeds mostly around dawn and dusk. Analysis of the scotopic
luminance-response function reveals that B. ibis has a higher rod
Vmax than the other species, and this is especially marked at light
intensities above 0.5 Log troland. The response saturates at intensities
as low as -0.5 Log troland in N. violaceaus and A. herodias, while it
keeps increasing with the intensity of the stimulus in B. ibis and E.
tricolor. Under photopic condition and at all intensities tested, B. ibis
and E. tricolor present a cone ERG significantly larger than that of A.
herodias and N. violaceus. The latter data are in accord with the
respective rodrcone ratio in the central retina of 1:4, 1:3, 1:1 and 2:1. All
results thus suggest that the retinae of N. violaceus and A. herodias
have nocturnal features that explain the nocturnal and crepuscular
behaviors of these birds. However, the characteristics of the retinae of B.
ibis and E. tricolor would allow these species not only to be active during
the day, but also at night time. Interestingly both are strictly diurnal.
(Supported by NSERC and MRC, Canada, and Universidad de Oriente,
Venezuela)

286.16

TOPOGRAPHIC MISMATCHING OF THE DISPLACED AMACRINE AND
GANGLION CELL POPULATIONS IN THE RETINA OF DEEP-SEA
LANTERNFISH. S. P. Collin* and R. V. Hoskins. Department of Zoology,
University of Western Australia, Nedlands 6907, Western Australia, Australia.
Optimising sensitivity and spatial resolving power in mesopelagic deep-sea
teleosts is crucial for the detection of predators and prey which are visualised by
bioluminescent point sources of light. In order to assess this trade-off, the retinal
topography of the ganglion cell layer of the lantemfish, Lampanyctus macdonaldi is
examined. Topographic analysis of all neuronal profiles in the ganglion cell layer
shows a concentric increase in density with a peripheral peak of 17.1 X 103 cells per
mm2 (centro-peripheral gradient of 1:4). This suggests either a need for increased
spatial resolution in the peripheral field and/or a high degree of neurogenesis at the
retinal margin. Subsequently, the contribution of the displaced amacrine cell (DAC)
population was assessed by examination of the axonal population (70% of the crosssectional area of the optic nerve) which showed that 137,580 neurons within the
retinal ganglion cell (RGC) layer possess an axon (only 2% unmyelinated) within
the optic nerve. This number confirms that over 80% of the total neuronal population
in the ganglion cell layer are DAC. Comparisons between optic axon and (RGC)
counts (based on morphological criteria and confirmed by retrograde labelling from
the optic nerve using a low molecular weight dextran-biotin-lysine conjugate in
vitro) also shows the topography of the DAC arid RGC populations are not matched.
The topographic distribution of the DAC population matches that of the total cell
population but not the RGC population which shows a relatively uniform
distribution of 2.0 X 103 cells per mm2 across the entire retina. Mismatched
distributions of DAC and RGC populations suggest this large group of mesopelagic
species rely on increasing sensitivity rather than high spatial resolving power. The
orientation of tapetal reflecting cells and an unusual aggregation of retinal
melanocytes surrounding the optic nerve head are also thought to increase sensitivity
in specific regions of the visual field.
Funded by ARC, British Council and Ian Potter and George Alexander Foundations.

DISTRIBUTION OF CALCIUM-BINDING PROTEINS CALBINDIN AND
PARVALBUMIN IN THE TREE SHREW RETINA. O.-L. Cao and H.M. Petrv*
Depts. of Psychology and Ophthalmology & Visual Sciences, Univ. of Louisville,
Louisville, KY 40292
The distribution of calcium-binding proteins calbindin D-28K (CB) and
parvalbumin (PV) have been previously studied in a variety of rod-dominated
mammalian retinas. We studied the distribution of these proteins in the highly conedominated retina of the tree shrew(Tupaia belangeri), using standard ABC
immunohistochemistiy in the retinas of seven adult animals. For double-labeling of
individual sections DAB was employed as the first, and Benzindinedihydrochloide
(BDHC) as the second, chromagen. CB and PV immunoreactivity (IR) did not overlap
in most layers of this retina. In the outer nuclear layer (ONL), CB labeled cone
photoreceptors, whereas PV stained only rod photoreceptors. In the inner nuclear layer
(INL), CB IR was present in: A1 and A2 horizontal cells (whose processes formed a
heavily stained band in the outer plexiform layer); two types of bipolar neurons (whose
processes stratified narrowly in (ON-) sub-lamina 2 and (OFF-) sub-lamina 4); and a
subset of amacrine cells. PV labeled a different subset of bipolars including rod
bipolars (whose axons terminated in sub-lamina 5) and some amacrines. Processes of
PV-labeled AH amacrines gave rise to a single thick primary process and distinct
arborizations in upper and deep sublaminae of the inner plexiform layer (IPL).
Overall, CB and PV labeled different sublaminae of the IPL, with PV IR present in
sublamina 1 (most scleral) and very heavy in sublamina 5. CB IR was heaviest in
sublaminae 2 and 4. The complementary distribution of CB and PV in ONL, INL and
IPL was confirmed by the double labeling experiments, which revealed no double
stained cells in these layers. However ganglion cells were labeled by CB or PV, and in
some cases by both antibodies. These results demonstrated a complementary
distribution of calbindin and parvalbumin in most layers of tree shrew retina,
suggesting that these proteins are involved in different aspects of visual processing.
Supported by NSF-KY-EPSCoR (#OSR-9452895).
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MULTIPLE GANGLION CELL TYPES EXPRESS THE a SUBUNIT OF TYPE II
CALMODULIN-DEPENDENT PROTEIN KINASE IN THE PRIMATE RETINA. D.J.
Calkins*. L.B. Meszler. and S.H.C. Hendrv Krieger Mind-Brain Institute, Johns Hopkins
University, Baltimore, MD 21218.
Investigations of the retinal input to the primate visual cortex have focused primarily on
those ganglion cells projecting to the two ventral magnocellular (M) and four dorsal
parvocellular (P) layers of the lateral geniculate nucleus (LGN). These ganglion cells are
thought to comprise two types, parasol (M) and midget (P), that together contribute nearly
all of the axons of the retinogeniculate pathways. However, antibodies directed against the
a subunit of type II calmodulin-dependent protein kinase (aCamll) labels in the LGN a
third population of neurons in the koniocellular layers ventral to each primary M and P
layer; these neurons provide a direct LGN projection to the cytochrome oxidase “blobs”
of primary visual cortex and therefore may provide a substrate for color information
(Hendiv & Yoshioka, 1994). Wr. have labeled human and macaque LGN and retina with
antibodies against aCamfl to understand the ganglion cell input to the koniocellular layers.
Electron microscopy of aCamll-labeled LGN indicates that immuno-reactive koniocellular
neurons ventral to either individual M or P layers receive retinal input from ganglion cell
axon terminals that are themselves immuno-reactive for aCamll. These terminals arise
from large-field ganglion cells whose monostratified dendritic trees are revealed in
aCamll-labeled retina. Light and electron microscopy indicates that these cells comprise
two or more types that are distinguished based on their morphology, stratification of their
dendritic trees and pre-synaptic circuitry from the parasol and midget ganglion cells and
from the small bistratified ganglion cells thought to carry blue/yellow chromatic
information from the retina (Dacey & Lee, 1994). These results support the hypothesis
that additional ganglion cell types provide input to the visual cortex via the koniocellular
layers of the LGN. Supported by EY06432.
Hendry, S.H.C. & Yoshioka, T. (1994) Science 264, 575-577.
Dacey, D.M. & Lee, B.B. (1994) Nature 367,731-735.

STRUCTURE OF THE DIOPTRIC LENS CYLINDER IN THE LATERAL COMPOUND EYE
OF UMULUS. T. W. Caroneand S. C. Chamberlain*. Department of Bioengineering &
Neuroscience and Institute for Sensory Research, Syracuse University. Syracuse. NY
13244-5290.
More than a century ago, Exner suggested that the cuticular cones of horseshoe crab
ommatidiawere cylinaerlenses. Twenty years ago, Levi-Setti et al. {Nature 253:115)
proposed an alternative reflective optical mechanism based upon the design of ideal light
collectors. Land (Nature 280:39o) subsequendy restated the cylinder lens hypothesis
based on the analytical work of Fletcher et al. (Proc. Royal Soc. A 223:216) and new
optical measurements.
Our efforts to model the circadian changes in retinal structure in the horseshoe crab
lateral eye have involved a number of measurements and calculations that convinced us
that eacn cuticular cone is indeed a cylinder lens, but raised questions about how such a
structure is put together each time tne animal molts. For parallel light rays entering the
entrance aperture to be focused through the exit aperture and into the rhabdom, the
refractive index of the cuticular cone must fall off from the center as the hyperbolic secant
of radius [n(rj = n0sech(r)]. How is such a structure built?
We were Baffled for a long time because of the conventional wisdom that the spirals
one observes in sections perpendicular to the optic axis of the cuticular cone were optical
phenomena caused by filaments in the transparent cuticle (e.g. Bouligand, CRAcaa. Sci.
Paris 261:3665). Finally, by comparing transmission light micrograph images of spirals
with scanning electron microscope images of the same spirals, we proved that the spirals
are physical structures. In fact, tne cylinder lens is constructed of a stack of spiraled disks,
eacn with a separate center. The majority of these are single spirals; however, a few of
them are double spirals. Spirals are likely to be laid down by secreting cells during molting.
We are now examining how the spiral structure leads to the required refractive index
distribution. Does the refractive index decrease along the length of the spiral from center
to periphery or does the degree of hydration increase from the center to the periphery of
the spiral?
Supported by the NSFREU program and by the Department of Bioengineering & Neuroscience at
Syracuse University.
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MORPHOLOGY OF PRESUMED ON-OFF DIRECTION SELECTIVE GANGLION
CELL OF CAT RETINA. P.M. Berson*. T. Isavama. and M. Pu. Dept, of
Neuroscience, Brown Univ., Providence, RI, 02912.
We describe the morphology of a ganglion cell type in cat retina (here termed the
iota cell) that presumably corresponds to the ON-OFF direction selective (DS) cell.
Cells were labeled by retrograde transport of fluorescent latex beads or bath-applied
acridine orange, stained (n = 73) by visually guided intracellular Lucifer Yellow
injection, and processed immunocytochemically for an HRP-catalyzed dark reaction
product. Iota cells had small somata(15.4 urn mean diam.) and fine axons.
Dendrites were narrowly bistratified in S2 (sublamina a of the IPL; -26% depth) and
S3/4 (sublamina b; ~64% depth) and costratified with ON and OFF alpha cells as
judged from overlapping fiducial cells. The a and b fields were largely coextensive;
each consisted of looping, non-overlapping dendrites of moderate caliber and
branching density. Dendritic fields were of intermediate size (150-750 μm diam.),
comparable to those of theta and delta (monoamine) cells. Fields were smallest in the
area centralis followed by the visual streak; fields in peripheral nasal streak were
fourfold smaller in area than those in far superior or inferior retina. Iota cells project
to the contralateral superior colliculus (SC), but apparently not the dorsal lateral
geniculate complex (MIN, C-layers, wing) or ipsilateral SC. Famiglietti illustrated an
example of this type (Class IV,4 cell; Brain Res. 413, 1987) and equated it with the
cat’s ON-OFF DS physiological type. We concur because iota cells closely resemble
the rabbit’s physiologically identified ON-OFF DS (BS1) ganglion cell in field size,
form (despite sparser branching), and costratification with both a- and 6-type
cholinergic amacrine cells. Furthermore, cat ON-OFF DS cells have slowly
conducting axons, preferential projections to the contralateral midbrain and ON/OFF
center responses, features consistent with the structural properties of iota cells.
Supported by NIH R01 EY06108
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GLYCINE AND CALBINDIN D-28K DEFINE DISSIMILAR FRACTIONS OF
BIPOLAR NEURONS IN SCARPA'S GANGLION OF THE RAT.
J. Baurle. J. F. Kleine. O.-J. GrUsser and W. Guldin*. FU Berlin, Hum. Med., Univ.
Klin. Benjamin Franklin, Dept. Physiol., Amimallee 22, 14195 Berlin, Germany.
The bipolar neurons (BN) of the vestibular ganglion (VG, Scarpa's ganglion) and
their afferent fibers can be subdivided into various subpopulations on the basis of
their bioelectrical properties and a number of morphological characteristics. These
morpho-functional features may also be reflected in certain neurochemical properties
of BN, providing potential clues for the selective identification of such populations.
It has been shown that BN immunoreactive (ir) for the Ca2+-binding proteins Calbindin D-28k (Calb) or Calretinin (Calr) constitute almost identical subpopulations,
consisting of particularly large neurons, which give rise exclusively to calyx endings
on type I vestibular hair cells. The amino acid glycine (Gly) has also been detected in
a particular fraction of BN, which, according to number and size of the Gly-ir cells,
closely resembled the Calb/Calr group. To test if all three populations are identical we
performed direct and indirect double labeling of Calb and Gly in the rat VG.
In our material, Calb and Gly were frequently colocalized in BN. However, Calb was
found only in a small and restricted subset of about 15% of BN, whereas the Glypopulation was substantially larger than previously assumed. The vast majority of BN
were Gly-ir, but the intensity of labeling varied considerably, with continuous
transitions between almost unlabeled and intensely stained neurons. Furthermore,
morphometry showed that Calb-ir neurons were significantly larger than Gly-ir cells.
Although some correlation between soma diameter and labeling intensity was
apparent in the Gly-ir subgroup, Gly was clearly not restricted to large diameter
afferents. Thus, in contrast to Calb/Calr, Gly is present and may play a functional role
not only in calyx afferents, but also in dimorphic cells (which form both calyx
synapses on type I- and boutons on type II-hair cells) and, possibly, even in pure
bouton neurons. A portion of these GIy+ afferents may be discharging regularly.

Supported by the Deutsche Forschungsgemeinschaft (DFG, Gr 161/39-1).

287.3
A SCREEN FOR INNER EAR-SPECIFIC mRNAs
Tuyet-Phuong Nguyen. Stefan Heller. Zarqa Javed, Richard Kollmjr*
and A. J. Hudspeth
Laboratory of Sensory Neuroscience and Howard Hughes Medical Institute,
The Rockefeller University, 1230 York. Avenue, New York, NY 10021, USA
To identify novel genes that are expressed in the vertebrate inner ear, we
have established a screening assay that allows rapid analysis of the
differential expression pattern of single messages derived from auditory
epithelium-specific cDNA libraries. We constructed two cDNA libraries.
The first was derived from the mRNA of 500 auditory epithelia from
embryonic chickens between 14 and 19 days of incubation. Because the
chicken’s auditory epithelium achieves morphological and physiological
maturity during this late embryonic period, the genes that contribute 4o the
hair cell’s unique function should be expressed at high levels. A second
library was constructed with mRNA derived from 200 auditory epithelia
from one-week-old chickens.
In an ongoing screen, we are either analyzing clones picked randomly
from each library, or performing subtractive hybridization to eliminate
messages that are more widely expressed, then analyzing single clones.
Digoxigenin-labeled antisense cRNA is transcribed from each clone and
the analysis is performed by in situ hybridization conducted on one slide
per probe. This ‘screening slide’ bears sections through embryonic (E16)
chicken heads, bodies, and basilar papillae. The expression patterns are
subsequently judged for specificity and messages with distinct expansion
patterns are pursued further by sequence analysis.
Here we report the first results from this screen. We show expression
patterns of several candidate genes that are expressed specifically in
sensory systems, including some specific for mechanosensory systems.
This work was supported by NIH grant DC00317 and by HHMI.
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287.2
EXPRESSION CLONING OF A RAT ORGAN OF CORTI cDNA
LIBRARY. Dt Hillman*, E J,_Kim, Bing, GBjflgt, Department
of Otolaryngology, New York University Medical Center, New
York, NY 10016; fSection of Neuropharmacology, NEIHS/NIH,
Research Triangle Park, NC 27709.
Numerous structural and functional studies on hair cell
transduction have revealed mechanisms for ion flux, ion transport,
and contractile activity. Our objective was to search for proteins
responsible for these mechanisms. We generated an expression
cDNA library of the rat organ of Corti and screened it using
antibodies and PCR. Temporal bones from 20-25 day old Fisher 344
rats were collected using RNase free conditions. After opening the
cochlea base and exposing the modiolus, the organ of Corti was
selectively removed by suction along the spiral lam ina into
TriReagent (Molecular Research Center Inc, Cincinnati, OH). The
goal was to eliminate all brain and ganglion cell contamination.
The yield of 7 ug of poly A+ RNA was utilized to generate an
expression cDNA library using the Zap-cDNA Synthesis Kit
(Stratagene, La Jolla, CA). A total of 8.4 X 106 recombinant plaques
were generated from this library. A cerebellar cDNA library was
also created to allow parallel analysis.
Antibody screening and sequencing identified actin2, a neuron
specific myosin, and several novel genes in the library. One of these
sequences shows possible homology to the kinesin motor protein
and further analysis may reveM a new motor gene. Isolation of
channels, pumps, and possible motor related molecules as well as
their in situ localization is being done. (NIH-NINCDS NS-13742)

287.4
DIFFERENTIAL SCREENING FOR HAIR CELL-SPECIFIC GENES
FROM SINGLE-CELL cDNA LIBRARIES.
Z.-P. Sun*, R. Pironkova, arid A. J. Hudspeth.
Howard Hughes Medical Institute and Laboratory of Sensory
Neuroscience, The Rockefeller University, 1230 York Avenue, New
York, NY 10021.
Hair cells of the internal ear, which mediate auditory and vestibular
transduction, possess strikingly complex and specialized organelles
such as hair bundles and presynaptic active zones. We are interested in
determining which genes establish the hair cell’s unique identity.
However, with very restricted amounts of starting material,
conventional cloning approaches are unsatisfactory. Because hair cells
and supporting cells in the auditory sensory epithelium share a
common lineage, we have used differential screening to seek cDNAs
from messages expressed in hair cells but not in supporting cells.
We isolated individual hair and supporting cells from the chicken’s
basilar papilla. Total RNA was reverse transcribed after oligo-(dT)
priming; poly-(dA) tracts were added to the 3' ends of the resulting
cDNAs. We PCR amplified the cDNAs to obtain an amount sufficient
to construct libraries. To determine whether these libraries accurately
represent the mRNA population, we determined their content of
cDNAs encoding known common and cell-specific proteins. Using
cDNA probes from a hair cell and a supporting cell, we screened in
duplicate at least 25,000 recombinant phages from a hair cell cDNA
library. The differentially screened clones were additionally subjected
to more sensitive Southern blot analysis with the same cDNA probes.
Our difference cloning from libraries prepared from single cells has
allowed the identification of at least 40 mRNAs found in hair cells but
not in supporting cells.
(Supported by HHMI and by NIH grant DC00317)
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287.6

IMMUNOHISTOCHEMICAL LOCALIZATION OF TENASCIN IN THE
CHINCHILLA INNER EAR. D. J. Swartz and P. A. Santi*.
Otolaryngology and Neuroscience, University of Minnesota Medical
School, Minneapolis, MN 55455.
Tenascin was immunohistochemically localized in the chinchilla
cochlea and vestibular system in order to better understand the
molecular anatomy of the inner ear. Inner ear tissues were fixed
with
acetone,
decalcified
and
cyrosectioned.
Indirect,
immunofluorescent histochemistry, using antibodies directed against
human tenascin epitopes, was used to detect tenascin. As a
positive control, tenascin immunoreactivity was shown in cortical
mesangial cells and the extracellular matrix of glomeruli and
medullary tubule interstitial spaces of the chinchilla. In the cochlea,
tenascin immunoreactivity was present in osteocytes, the
mesothelial cells underlying the basilar membrane (BM) and the
fibrous ground matrix of the pars arcuata and pars pectinata of the
BM. Greater reactivity was observed in the mesothelial cells than in
the ground substance.
In the vestibular system, tenascin
immunoreactivity was demonstrated as cup-shaped profiles at the
base of the sensory hair cells of the ampullary and otoconial organs.
These structures appeared to be associated with the VIII nerve
calyces of the type I vestibular hair cells. This is the first report of
the localization of the glycoprotein tenascin in the. adult mammalian
inner ear and future studies will determine its functional role in
hearing and balance. Work supported in part by the NIDCD.

ISOLATION OF ALTERNATIVELY-SPLICED SLO POTASSIUM
CHAN N EL TRANSCRIPTS FROM AUDITORY HAIR CELLS.
E . M . C . J o n e s * , C . L a u s a n d R F e ttip la c e . D e p artm e n t. of
Neurophysiology, U niversity of W isconsin, M adison W I 53706.
Turtle h air cells are frequency-tuned by a m echanism involving a
calcium - activated potassium (KCa) conductance, the frequency
range being achieved m ainly by changes in KCa channel density
an d kinetics (A rt et al., 1995). A 30-fold variation in channel
kinetics in d ifferen t cells is observed along the cochlea in
conjunction w ith the tonotopic m ap. As a first step to testing
w hether distinct channel isoform s contribute to this variation, we
have used RT-PCR techniques to identify turtle hair cell cDNAs
homologous to the Slo sequence w hich encodes the KCa channel α subunit. Five variants w ere obtained, the sm allest open reading
fram e (3498 bp) show ing 94% hom ology w ith cSlo2 (Jiang et a l,
1997). The variants arise from different combinations of splicing at
sites 1 and 2 identified in hSlo (Tseng-Crank et a l., 1994), w ith the
major variation occurring at site 2. One of the variants includes a
novel site 2 sequence that encodes a hydrophilic 61 amino acid
insert. Evidence suggests that hair cells from different regions
contain different variants. We are curren tly w orking on the
functional characterization of the transcripts.
Supported by grant 5RO1 DC01362 to R.F.

287.7

287.8

cSLO SPLICE VARIANTS EXPRESSED IN SINGLE HAIR CELLS OF THE
CHICK'S BASILAR PAPILLA. J.B, Yang*. J.-G, Jiang and P.A, Fuchs.
Center for Hearing and Balance, Dept. Otolaryngology-HNS, Johns Hopkins
U. Sch. of Med., Baltimore, MD 21205-2195.
cSlo encodes large conductance (BK) calcium-activated potassium channels
in the chick’s cochlea (Jiang et al., 1997, Proc. Roy. Soc. 264:731).
Alternative splicing of cSlo may underlie cell-specific variations in BK number
and kinetics. RT-PCR using chick brain tissue yielded a 4 aa alternative exon
at splice site 1 and a 28 aa insert at site 4 (homologous to those described in
human brain - Tseng-Crank et al., 1994, Neuron 13:1315). RT-PCR from
cochlear tissue revealed a novel 61 aa insert at site 2. Modified patch pipettes
containing 20 μl of amplification mix (buffer, dNTPs and RNAase inhibitor)
were used to aspirate the cytoplasm of hair cells isolated from the apical half
of the papilla. Each sample was added to reverse transcriptase and random (or
specific) primers to synthesize cDNA, then subjected to the polymerase chain
reaction (35 cycles at 95, 55-58, 72 °C). PCR primers flanked splice sites 1-4
in the cSlo ’backbone’ or were made specific to site 1 and site 4 alternate
exons. First round PCR products corresponding to the predicted size of cSlol
(no additional exons - Genbank U23821) were obtained with ’backbone’
primers. Exon-specific primers yielded two products after a first round of
PCR, with the larger band corresponding in size to the addition of the site 2
exon. Second round products were obtained using nested primers and showed
that the site 2, 61 aa exon occurred in combination with alternative exons at
sites 1 and 4. This conclusion was confirmed by sequencing. cSlol and the
three exon combination are expressed by single hair cells of the chick’s basilar
papilla. Supported in part by NIH-NIDCD DC00276 to PAF.

TOPOLOGICAL AND DEVELOPMENTAL GRADIENTS OF CALBINDIN-D
(28 kDa) EXPRESSION IN THE CHICK’S BASILAR PAPILLA.
H. Hiel1*. D.S. Navaratnam2. J.C. Oberholtzer2 and P.A. Fuchs1. 1Center for
Hearing and Balance, Dept. Otolaryngology-HNS, Johns Hopkins U. Sch.
Med., Baltimore, MD 21205-2195; 2Dept. Pathology, U. Penn. Sch. Med.,
Philadelphia, PA 19104.
Mobile intracellular calcium buffers play an important role in regulating
voltage-gated flux of calcium into mechanosensory hair cells. 28 kDa calbindinD is a major component of the chick’s basilar papilla (Oberholtzer et al., 1988,
PNAS 85:3387).
We have used RT-PCR, in situ hybridization and
immunohistology to demonstrate that calbindin expression varies systematically
according to hair cell position and developmental age. RT-PCR using micro
dissected quarters of the post-hatch basilar papilla suggested that mRNA levels
were lowest in the (low frequency) apex and higher in basal quadrants. In situ
hybridization revealed calbindin mRNA in posthatch hair cells and supporting
cells, with more intense labelling of hair cells from basal (high frequency)
positions. A similar topology was obtained with calbindin antibodies. Calbindin
mRNA was detected in hair cells of the basal half of the papilla at embryonic
day 10 (E10) and protein at E12. Hair cells in the apical quarter of the papilla
expressed calbindin several days later. Immunoreactivity appeared in abneural
supporting cells days later than in hair cells, and not until E20 in neurallylocated supporting cells. These results demonstrate that calbindin message and
protein levels are higher in high frequency hair cells. This ’tonotopic’ gradient
may result from the stabilization of a basal to apical developmental gradient and
could be related to calcium channel expression along this axis. Supported by
NIDCD DC02755 (JCO) and DC01508 (PAF).

287.9

287.10

SUBCELLULAR DISTRIBUTION OF P2X RECEPTOR
PROTEIN IN RAT COCHLEA HAIR CELLS.

REGULATION OF THE ELECTROCHEMICAL GRADIENT FOR SOUND
TRANSDUCTION BY ATP-GATED ION CHANNELS ON COCHLEAR HAIR
CELL STEREOCILIA. G. D. H ousley*1, P. R. Thorne1. R. Kanihan1. N. P.
Raybould1, D. J. B. M uñ oz1. L. Luo & A. F. Ryan2,3. 1Dept. Physiology, Univ.
A uckland, New Zealand, O tolaryngology & 3N euroscience, U.C.S.D., U.S.A..
K+entry through the transduction channels on the cochlear hair cell stereocilia
is driven by the 150mV differential between the endocochlear potential (EP;
+80mV) and the hair cell m em brane potential; co-localisation of ATP-gated ion
channels on the h a ir cells at this site reduces both potentials. U sing riboprobe in
situ hybridization w e observed that the prim ary site for expnession of the mRNA
for the P2X2 receptor subunit of ATP-gated ion channels in rat w as the cochlear
partition, including the sensory an d supporting cells of the organ of Corti. An
antiserum specific to the extracellular dom ain of this P2X2 receptor subunit
dem onstrated that the ATP-gated ion channel protein w as predom inantly
localised to the tips of the cochlear haircell stereocilia. Whole-cell voltage-clamp
recordings from isolated guinea-pigcochlear inner and outer hair cells indicated
that the ATP-activated inw ard current had a pharmacological profile identical
to that seen in vivo w here microinjection of ATP and 2MeS ATP into scala media
produced reductions in EP in both apical and basal regions of the cochlea which
w ere antagonised by PPADS. ATP-induced reduction in cochlear partition
resistance using constant current pulses into scala m edia in vivo provided direct
experimental evidence for the ATP-induced electrical shunt through the organ
of Corti. These results reveal a novel sound transduction regulatory mechanism
which, via alterations in extracellular ATP levels, regulates hearing sensitivity.
Acknowledgements: H ealth Res. Council (NZ), M arsden Fund, Deaf. Res.
Found. (NZ), AMRF, Univ. Auckland Res. Com., N ational Org. Hear. Res., USA
(1995 Penny & Bob Fox Grant for A uditory Science); the N IH /N ID C D (DC00139),
Research Service Veterans Administration; Duaei H earing Research Fund.

J. Paysan*. J.-P. Ruppersberg. and E. Glowatzki. Eberhard-KarlsUniversitӓt Tübingen, Institut fur Physiologie Abt. II, D-72074
Tübingen, Germany.
P2X receptors are cation selective channels activated by extra
cellular adenosine triphosphate (ATP). They are widely expressed
in a variety o f cell types including sensory hair cells in the
mammalian cochlea. P2X receptors may be related to
mechanosensory transduction. However, their physiological role in
this process remains unclear and controversial. P2X receptor
subunits are encoded by a family of homologous genes. Until today
seven members of this gene family have been cloned (P 2 X 1 P2X 7).
Each subunit is capable o f forming functional ATP-receptors when
expressed in heterologous cells.
Depending on their subunit
composition the receptors differ in desensitization time constants.
Recently, two P2X receptor transcripts have been detected in
mammalian cochlea hair cells by analytic single cell RT-PCR:
P 2X 2, and, a novel splicing variant P2X 2_2. Applying immuno
fluorescence laserscanning microscopy with subunit specific
antibodies we found that P2X 2 receptor proteins show distinct
subcellular distribution in cochlea inner and outer hair cells,
suggesting a close proximity to the mechanosensory transduction
apparatus.
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287.11
THE α-9 NICOTINIC ACEYTLCHOLINE RECEPTOR SUBUNIT IS
DIFFERENTIALLY EXPRESSED BY COCHLEAR HAIR CELLS DURING
DEVELOPMENT. D.D. Simmons and B.J. Morley.*Dept. of Physiological
Science and the Brain Research Institute, UCLA, Los Angeles, CA 90095 and
Laboratory of Neurochemistry, Boys Town N ational Research Hospital,
Omaha, NE 68131.
Olivocochlear efferent axons make axosomatic synapses w ith outer hair
cells (OHCs) in the adult cochlea that are m ediated by the α 9 nicotinic
acetylcholine receptor (nAChR). However, during developm ent there is
evidence that they m ay contact inner hair cells (IHCs) before OHCs. If this
scenario is true, then do IHCs also express the α9 nAChR? The expression of
the α 9 nAChR subunit was investigated in neonatal and adult rat cochleae
using [35S] labeled cRNA in situ hybridization techniques.
In basal regions of the adult cochlea, the α 9 mRNA expression was
greatest in OHC regions. In contrast, the expression of α9 mRNA in IHC
regions was consistently at or slightly above tissue background. In apical
regions, α9 mRNA expression in OHC regions was lower than basal OHC
regions. However, expression in apical IHC regions w as consistently greater
than basal IHC regions and approached the levels found in the apical OHC
regions.
During development, the highest levels of expression occurred around
postnatal day (P) 10. Expression was found by embryonic day 18 in IHC
regions and was found in OHC regions after P0. By P7, expression in OHC
regions was greater than expression in IHC regions.
These data are consistent w ith current models of synaptogenesis. A
decrease in postsynaptic receptors is coincident w ith the retraction of axonal
branches while an increase in postsynaptic receptors is coincident w ith the
arrival of axonal branches.
(Supported by grants from the NIDCD and the UCLA Academic Senate)

287.13

CENTRAL PROJECTIONS OF VESTIBULAR BOUTON AFFERENTS DEMONSTRATED WITH PERIPH ERIN IMMUNOCYTOCHEMISTRY. A. Alonto and A. L ysakowski*. Dept, of Anatomy &
Cell Biology, University of Illinois at Chicago, Chicago, IL 60612.
The chinchilla vestibular nerve contains three morphologically defined
classes of afferents. Calyx afferents are thick fibers ending with chalice
shaped terminals on type I hair cells in the central zone o f the sensory
epithelium. Bouton afferents are thin fibers ending with bouton termin
als on type II hair cells in the peripheral zone. Dimorphic afferents end
with both types of endings upon both types of hair cells throughout the
epithelium (Fernández et al., 1988, 1990, 1995). W e have previously
demonstrated that peripherin, a 55 kD intermediate filament protein, can
be used as a marker for vestibular bouton afferents (Jacobson and Lysakowski, 1996). Peripherin immunohistochemistry labels the smallest
ganglion cells (9-12 μ minor axis x 15-20 Jim major axis), constituting
5.2 ± 1.8% of the ganglion cell population, slightly lower, but consis
tent with prior estimates of this group. It also labels the thinnest fibers
in the vestibular ganglion, similar to its labelling pattern in the dorsal
root spinal ganglion and in the cochlear ganglion. W e are using this
marker to track the central projections of bouton afferents, a task that has
proven difficult with intra-axonal labelling due to the very small diameter
of their axons. These axons are dispersed throughout the vestibular
nerve root and come together in a few small tight bundles as they pass
through the caudal part of the spinal trigeminal tract. After they exit the
spinal trigeminal tract, several bundles coalesce to form a single thindiameter (180 |μm) bundle passing caudally, initially through the ventral
part of the lateral vestibular nucleus. We are presently tracing its rostral
course and possible route to the cerebellum. Supported by DC-02521.
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MAMMALIAN OTOCONIN 90 IS ENCODED WITHIN A PHOSPHOLIPASE
A2-LIKE GENE. Y. Wang1, P. Kowalski2, I. Thalmann3, D.M. Ornitz1, D.L.
Mager2 and R Thalmann3*. 1Depts. of Molecular Biology & Pharmacology,
and 3Otolaryngology, Washington University Medical School, St. Louis, MO
63110; 2Terry Fox Laboratory, B.C. Cancer Agency, Vancouver,V5Z 1L3,
Canada.
Otoconia consist of proteins (otoconins) and CaC03 crystals. Their mass
enhances the sensitivity of the gravity receptors in the vestibular labyrinth.
Because otoconins regulate crystal growth, their chemical elucidation is
essential for understanding otoconial development. In the present study a 46
residue N-terminal sequence of the main mammalian otoconin 90 (mouse and
guinea pig) was obtained by Edman degradation and was found to be highly
similar to a human phospholipase A2 related gene (PLA2L) [Feuchter-Murthy et.
al. NAR 21, 135-143, 1993], We have identified three exons within the murine
genomic homologue of PLA2L which encode an amino acid sequence identical
to the otoconin N-terminal peptide sequence determined by Edman degradation.
Reverse transcriptase PCR demonstrates expression of this gene in E15.5 day
embryonic head RNA. Genomic mapping localizes the human gene to
chromosome 8q24 [Kowalski et. al., Genomics 39, 38-46, 1997] and the mouse
gene to chromosome 15. It is noteworthy that the main otoconin 22 of Xenopus
is 37% identical to phospholipase A2 [Pote et. al. Biochemistry 32, 5017-5024,
1993] but is non-overlapping with the sequenced portion of the mammalian
otoconin peptide. Nevertheless, it is tempting to invoke a common PLA 2-related
mechanism for both otoconin 22 and otoconin 90 for otoconia formation, in
spite of their fundamentally different molecular masses and apparent lack of
functional catalytic sites. [This work is supported by research grants ROl
DC02236 and DC01374 from the NIDCD, NIH]

287.14
ALTERED COCHLEAR EFFERENT FIBER INNERVATION AND ACOUSTIC
STARTLE REFLEX IN ALPHA9 nAChR SUBUNIT KNOCKOUT MICE D.E.
Vetter*1, J.A. Stitzel2. J. Mann3. A.B. Elgoyhen4. J. Saffiote1. J. Barhanin5. A.C.
Collins2, and S.F. Heinemann1 1Salk Institute, La Jolla, CA; 2Inst. Behav. Gen.,
Univ. Colorado, Boulder, CO; 3Beckman Res. Inst, of the City of Hope, Duarte, CA;
4Inst. de Invest. Farmacol., Buenos Aires, Argentina; 5 CNRS, Valbonne, France
In situ hybridization and single cell PCR techniques have previously localized
nAChR alpha9 mRNA to hair cells within the mammalian cochlea. Also, the
pharmacology of homomeric alpha9 receptor complexes closely matches that reported
for the nicotinic-like AChR present on hair cells. Thus, it is probable that alpha9
mediates synaptic transmission between cholinergic efferent fibers aod hair cells.
While numerous putative roles have been proposed for the cochlear efferent system, it
has been necessary to infer such roles from pharmacologically or surgically
manipulated animals. In order to better assess the specific role(s) of the cholinergic
limb of the olivocochlear system, we have generated mutant mice carrying null alleles
for the alpha9 gene. A neomycin replacement cassette was inserted into a region of
the alpha9 gene normally encoding transmembrane domains of the mature protein.
Both northern and western blot analyses confirm the loss of the alpha9 gene product
in homozygous mice. At the LM level, antibodies to synaptophysin clearly reveal an
unusual cochlear efferent innervation pattern in knockout mice. Synaptic terminals
under inner hair cells in the knockout mice are less abundant than in wild type mice,
while terminal complexes on outer hair cells generally consist of only one or two
efferent synaptic terminals, instead of the 4-6 terminal rosette commonly observed in
wild type mice (findings at the ÉM level to be reported). Both AChE histochemistry
and Maillet's stain reveals a lack of an inner spiral bundle in knockout mice. Finally,
preliminary observations suggest that homozygous knockout mice exhibit both a
heightened acoustic startle reflex and an enhanced prepulse inhibition. Thus, the
nAChR alpha9 subunit not only plays a role in efferent stimulus encoding, but
probably also is involved in shaping the development of cochlear innervation.
Funded via NIH grants DC 02871 (SFH) and DA 10156 (ACC and SFH)
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ARE AUDITORY MIDBRAIN RESPONSES MATCHED TO CHARACTER
ISTICS OF NATURAL SOUNDS? H. Attias and C.E. Schreiner*. Sloan Center
and Keck Center, UCSF, 513 Parnassus Ave., San Francisco, CA 94143-0444.
It is known that humans can make finer discriminations between familiar
sounds (e.g. syllables) than between unfamiliar ones (e.g. different noise seg
ments). Here we show that a corresponding enhancement is present in early
processing stages by studying the relation between neural responses and sta
tistical characteristics of natural auditory scenes. A large database of sounds
including speech, music, animal vocalizations and environmental sounds was an
alyzed using logarithmic filter banks comprising 0 - 10kHz (Attias and Schreiner
1996). Statistical properties of temporal envelope and phase in frequency bands
were found to be nearly identical in all bands and across all examined sounds.
In particular, scaled envelope histograms had a non-Gaussian shape well fitted
by a modified exponential, and envelope (modulation) spectra had a modified
1/ f form reflecting long range (few hundred ms) correlations.
Thus, natural sounds are distinguished from arbitrary ones by robust char
acteristics, which may be exploited by auditory coding strategies. To test this
hypothesis we played simple naturalistic stimuli, consisting of 10 - 20min long
2 - 9kHz AM carriers whose envelope had an exponential histogram and 1/ f like spectrum, to ketamine-anesthetized cats. Single unit recordings were made
from the central nucleus of the inferior colliculus. To estimate the amount of
information about the stimuli encoded by evoked spike trains we performed
stimulus reconstruction analysis (Bialek et al. 1991). Comparison was made
with non-naturalistic stimuli consisting of AM carriers whose envelope had a
uniform histogram and flat spectrum. Results suggest that spike train informa
tion content more than doubles for naturalistic stimuli, indicating that neural
responses allow finer discrimination between inputs with naturalistic statistics.
[Supported by the Sloan Foundation, NIDCD, and the Office of Naval Research]
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288.2
A SUBCORTICAL FM-PROCESSING AUDITORY PATHWAY THAT MAY BE
IMPORTANT FOR PROCESSING COMMUNICATION SOUNDS. M. Gordon*.
W.E. O'Neill. Neuroscience Program and Dept, of Neurobiology and Anatomy,
Univ. of Rochester Sch. of Med. and Dent., Rochester, NY 14642
Frequency modulations (FM's) are prevalent in the communication vocalizations
of many species. FM's are also known to be an important acoustic cue for the per
ception of human speech (formant transitions). Children with certain language defi
ciencies have trouble perceiving speech sounds which include rapid FM's. This
deficiency can be alleviated by artificially lengthening (slowing) and intensifying the
FM's in speech (Tallal et al., Science 271:81-84, 1996). This effect implies that audi
tory coding of FM rate may be altered in this group of children. Evidence from
evoked potential studies suggests that sensitivity for FM stimuli may be abnormal in
certain language impaired children (Stephanatos, Arch Neurol 46:871-875, 1989).
FM processing neurons in the mammalian auditory system are selective for FM
direction and rate. We have found that neurons in the midbrain tegmental nucleus of
the central acoustic tract of the mustached bat are highly selective for FM. Almost
all of the neurons recorded from this nucleus preferred upward over downward FM.
Since écholocation sounds contain mostly downward FM in this species, this pathway
may be more important for processing communication sounds, which include both
upward and downward FM (Kanwal e t al., JASA 96(3):1229-1254, 1994).
We found that the same neural mechanism can create both FM direction and rate
selectivity. The spectral asymmetry of the, inhibitory sidebands determines direction
selectivity while the temporal asymmetry (latencies) of the sidebands can explain rate
selectivity. Since the FM direction and rate selectivity of a given neuron are created
simultaneously by the same mechanism, they must be considered together. A defect
of this mechanism could explain the deficits seen in language impaired children in
encoding rapid formant transitions in speech.
Supported by NIM H grant 1 F31 MH11059-01A 1
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288.3
NATURAL SOUND SEQUENCE CREATES HYPERACUITY TO SOUND
AMPLITUDE A. V. Galazyuk and A. S. Feng* Department of Molecular and
Integrative Physiology, Univ. of Illinois, Urbana 61801
In spite of the complexity of natural communication sounds, most physiologists
to date have largely used simple sound stimuli at low rates of presentation (to avoid
response habituation imposed by the earlier stimulus) when studying neural
mechanisms of hearing. Findings deriving from unnaturally long inter-stimulus
intervals, however, cannot be extended directly to formulate our understanding of
representations of natural communication sounds in the auditory system. In light of
this, we investigated how neurons in the auditory cortex or inferior colliculus of
awake bats (little brown bats) process “natural AM pulse train” approximating the
sequence of sonar emissions during a target pursuit, i.e., complex amplitudemodulated (from 5 to 110 Hz) sequence of pulses for which the pulse repetition rate
increases progressively from 2 0 pps to 2 0 0 pps, as well as single tone pulses
presented at a rate of 0.5 pps. For each cell, we constructed the unit’s rate-level
function (re: amplitude of individual sound pulses) in response to the two different
sequence of sound pulses. We found that one-third of AC and one-half of IC neurons
were tuned to an extremely narrow range of pulse amplitudes when sound was in the
form of natural AM pulse train, in contrast to the much broader amplitude tuning in
response to single tone pulses; the rate-level function was roughly 6 - 1 0 times
sharper for natural AM pulse train than for single tone pulses. The unit’s best
amplitude was stable and remained the same for pulse repetition rate ranging from 25
to 100 pps. Also, an increase in the overall intensity of the natural AM sequence did
not change the unit’s best amplitude.
Research supported by grants from the Beckman Institute and the National
Institute for Deafness or other Communicative Disorders of the NIH (ROlDC01951).
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288.4
SOUND DIRECTION INFLUENCES THE ABILITY OF MIDBRAIN AUDITORY
NEURONS TO DETECT SIGNALS EMBEDDED IN NOISE. D.M. Gooler*. R.
Ratnam. W.Y. Lin, and A.S. Feng. Dept, of Molecular and Integrative
Physiology, and The Beckman Institute, Univ. of Illinois, Urbana, IL 61801.
Acoustic communication often occurs in an acoustically cluttered
environment such that the signal is embedded in competing sounds. For
frogs, reproduction and species survival depend on the ability to communicate
acoustically in a noisy environment in order to discriminate between different
signals and to perceive the locations of multiple sources. The goal of this
study is to gain an understanding of the physiological mechanisms underlying
the extraction of signals when they are embedded in noise in the free-field.
We have recorded from single neurons in the auditory midbrain of leopard
frogs to investigate how the location of signal and noise sources affects the
detection threshold for the signal. Detection threshold was determined by
measuring the rate-level functions for signal alone and signal plus noise as a
function of noise source azimuth in the frontal field for each unit. Threshold for
signal detection during simultaneous presentation of noise was the response
showing an increase of 1 spike in 75% of the trials relative to the noise alone.
Changes in the azimuth of the noise source altered the threshold for
response to the signal embedded in noise. For some neurons the addition of
noise raised the threshold for detection of the signal at all azimuths. For most
IC neurons, however, detection threshold was reduced when the noise
source was located at one or more azimuths, and often, at all azimuths. We
also found that the absolute location of the signal can alter the detection
thresholds in noise. Detection thresholds were often different when signals
were presented from different azimuths. Our results are suggestive of a role
for the central auditory system in the extraction of signals embedded in noise.
(Research supported by NIH grant 1 R01 DC00663.)

288.5
NEURAL CODING OF AMPLITUDE MODULATED TONES IN THE INFERIOR
COLLICULUS. B.S. Krishna and M.N. Semple*. Center for Neural Science, New York
University, New York, NY 10003.
Previous studies of extracellular responses in the inferior colliculus (IC) to sinusoidally
amplitude-modulated (AM) stimuli have described lowpass and bandpass rate modulation
transfer functions (rMTFs), with a peak response to a best modulation frequency (BMF). We
used similar methods to examine these properties further. Single-unit responses in the IC of
the anesthetized Mongolian gerbil revealed a variety of complex rMTF shapes. In many
instances, discharge rates increased in response to modulation beyond the cutoff frequencies
of the previously described filter shapes (A).
Rebound responses could approach the BMF
rates, while synchronization remained low.
Sometimes the rebound was prominent only in
early AM cycles. Discharge rate and filter
shape, in cells with different characteristic
frequencies, varied as a function of modulation
depth (B) and level. These properties suggest
that the discharge rate is regulated by active
mechanisms sensitive to the modulation
AM freq (Hz)
frequency. The findings encourage a reexamination of the concept of best modulation
frequency. Superior olivary cells may also
show complex rMTFs (S.K. Thornton & M.N.
Semple, unpublished), whereas the response at
secondary peaks is typically well synchronized
to the modulation period. These data illustrate
further differences in AM representation at
successive levels in the auditory pathway.
Supported by NIH grant DC01767.

288.6
NONLIN EA R R ESPO N SE T O AM STIM ULI IN T H E
IN FE R IO R COLLICULUS M. K vale, C. E. Schreiner, and
B. Bonham*, Sloan Center for Theoretical Neurobiology, UC
San Francisco, San Francisco, CA 94143
In this work we study the nonlinear response of single units
in the IC using a new m ethod for studying auditory systems.
The m ethod is based on m-sequences (a type of pseudo-random
w hite noise) and allows us to perturbatively study the linear
response of the system in the presence of other various stim uli,
such as speech or sinusoidal m odulations. This allows one to
construct linear kernels a t the same tim e th a t other the stim uli
are being presented. Using the m ethod, we calculate the m od
ulation transfer function of single units in the inferior colliculus
of the cat in the presence of various sinusoidal m odulations. We
show th a t the response is nonlinear and describe the response
in different stim uli regimes. A daptation effects will also be de
scribed.
This work is supported by a grant from the Sloan Foundation.

288.7

288.8

FREQUENCY RESPONSE MAPS IN THE INFERIOR COLLICULUS (IC)
OF DECEREBRATE CATS ARE M ODIFIED BY INTERAURAL LEVEL
DIFFERENCES (ILDs). R. Ramachandran. K.A. D avis. and B.J. M ay *.
Depts. of Biomed. Eng. and Otolaryngology-HNS and Center for Hearing and
Balance. Johns Hopkins University, Baltimore, MD 21205.
Neurons in the central nucleus of the IC can be classified into three
distinct populations based on patterns of excitation and inhibition revealed by
frequency response maps. These response types show differing degrees of
sensitivity to the negative effects of background noise on the representation of
auditory signals. U nlike the peripheral auditory system , w here the
representation of tones in noise is governed by adaptation, neural encoding in
the IC is primarily shaped by inhibitory mechanisms. Here we show that the
strength of these inhibitory influences are modified by the DLD properties of
binaural stimuli.
Frequency response maps were obtained from single units in the IC o f
decerebrate cats under monaural (contralateral) and binaural stim ulus
conditions. For binaural testing, the same pure-tone frequency was presented
to both ears but a 40-dB range of ILDs was created by varying the level of the
ipsilateral tone relative to a fixed contralateral stimulus. Discharge rates at a
unit's best frequency (BF) w ere typically highest at positive ILD s
(contralateral stimulus greater than ipsilateral stimulus) and decreased as the
ILD became negative. Responses at other frequencies showed similar shifts
from facilitation to inhibition with the change from positive to negative ILDs,
although off-BF effects were more variable. As a result o f this binaural
processing, filtering properties of IC neurons tend to broaden with strong
contralateral stimulati6n and sharpen with ipsilateral stimulation. In light of
our previous findings, the changes in sensitivity and frequency tuning shown
by IC neurons may enhance the neural representation o f signals in noise,
particularly when conflicting sounds arise from different spatial locations.
Supported by NIDCD grant DC00979.

SENSITIVITY TO INTERAURAL INTENSITY DIFFERENCES IN THE
INFERIOR COLLICULUS: EFFECTS OF ABSOLUTE INTENSITY. E E. Bauer1.
A. Klug1 J.P. Oswald2, and T.J. Park2*. Dept, of Zoology, Univ. of Texas1 and
Neurobiology Group, Dept, of Biological Sciences, Univ. of Illinois at Chicago2.
Interaural intensity differences (IIDs) are the important cues that animals use for lo
calizing high frequency sounds. Neurons that are sensitive to IIDs receive an excitatory
input from one ear and an inhibitory input from the other ear (El cells). These
opposing influences generate different spike rates for different IIDs, reflecting the
relative intensities at the ears and the resulting strengths of excitation and inhibition.
We know that a particular sound source (at a given frequency) generates the same
HD regardless of its absolute intensity. Hence, intuitively it would seem that, to
reliably code IIDs, IID-sensitive neurons should respond in some stable way to IIDs,
regardless of absolute intensity. To investigate this issue, we recorded the spike
activity from El cells in the inferior colliculus.
Subjects were Free-tailed bats, an animal that relies heavily on IIDs for sound
localization. Tone stimuli were presented via ear phones. IIDs were generated by
driving the excitatory ear with a given, absolute intensity while a variety of intensities
were presented to the inhibitory ear. This procedure was repeated for 3 or more
absolute intensities, generating 3 or more IID functions for each cell.
The results show that, contrary to what might have been intuitively expected, many
IC cells had IID functions that were not invariant with absolute intensity. However,
this result appears to be consistent with recent studies of El cells in the IC of the
gerbil and cat. In contrast, another recent report indicates a much greater stability
across absolute intensities for cells in the lateral superior olive, a lower nucleus that
projects strongly to the IC. Hence, there appears to be a substantial decline between
the lateral superior olive and the IC in terms of the proportion of cells that are reliably
sensitive to IIDs. It may be that the LSO is more exclusively involved with
processing IIDs while many IC cells are also involved in processing other cues,
possibly at the cost of some reliability for IID coding.
Supported by NIH and the Dept, of Biological Sciences, Univ. of IL. at Chicago.
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288.9
MECHANISMS UNDERLYING SELECTIVITY FOR SOUND DURATION IN
THE INFERIOR COLLICULUS. Z.M. Fuzesserv. J.C. Hall and L. Jacobs*.
Dept, of Zoology/Physiology, Univ. of Wyoming, Laramie, WY 82071.
The inferior colliculus of the pallid bat (Antrozous pallidus) contains a large
percentage of neurons that are selective for the duration of sound. These neurons
fall into two functional categories. The first group responds selectively or
exclusively to short durations of less than 10 ms. These neurons display either a
response peak at a duration within this range (band-pass), or respond maximally at
the shortest duration rested (0.1 ms) and decrease their response with increasing
duration (low-pass). The second group requires longer durations of at least 5 ms to
be excited, and their responses rise and plateau as duration increases (long-pass).
Of 146 neurons tested, 38% were selective for short durations, and 18% required
long durations.
This presentation focuscs on the mechanisms that may underlie the response
properties of short duration-selective neurons. Post-stimulus histogram analysis of
onset response latencies revealed that the majority of these neurons show an
increase in response latency over the range of durations evoking maximal
responses, but little lurther change in latency at longer durations. Although the
change in response latency rarely covaried in a 1:1 fashion with duration, the
increase in latency supports the idea that a selectivity for short duration may, in
part, be due to a coincidence mechanism that requires the simultaneous occurence
of a two excitatory inputs, and that one of these inputs is linked to stimulus offset
(Narins and Capranica, 1980; Casseday et al., 1994). To determine whether
GABAergic inhibition plays a role in creating duration selectivity, bicuculline was
applied. Blocking inhibition typically elevated the responses of neurons, but in
most cases did not eliminate their peaked duration functions, suggesting that
GAB A does not play a major role in creating duration selectivity at the level of the
inferior colliculus in this species.
Supported by NIH grant DC00054.

288.10
A DIRECT DEMONSTRATION OF MULTIPLE LONG-LASTING INHIBITIONS
ON INFERIOR COLLICULUS NEURONS. A. Klug. E.E.Bauer. and G.D. Poliak*
Dept, of Zoology, Univ. of Texas, Austin, TX 78712
IC neurons receive a complex mix of both excitatory and inhibitory inputs from a
number of auditory nuclei, which shape the neuron's specific response properties. To
understand the processing in IC cells, it is necessary to direcdy examine the inputs that
the cells receive. However, standard extracellular recording techniques do not visualize
inhibition directly and thus the existence of inhibitory inputs had to be surmised from
their effects on excitatory responses. Our method of iontophoretically applying the
excitatory neurotransmitters glutamate and aspartate from multibarrel micropipettes
onto individual IC neurons allowed us to directly see the effects of inhibition. Applying
the excitatory neurotransmitters caused the cells to fire spontaneously, and periods of
net inhibition were therefore seen as gaps in the background of spontaneous activity.
Using this method in Mexican free-tailed bats, we were able to see both contralaterally
and ipsilaterally evoked long-lasting inhibition. In 79 out of 93 tested neurons, we
observed inhibition following contralateral excitation, which lasted on average 32 msec.
Iontophoretically blocking GABAergic inhibition shortened or completely removed
the inhibition in 58% of the tested cells. The additional blocking of glycine shortened
or removed inhibition in 40% of the tested cells. Thus, it seems that the contralaterally
evoked inhibition acting on the IC neuron is due to GABAergic inhibition, glycinergic
inhibition, or a combination of both. We also observed ipsilaterally evoked inhibition
in 60 out of 73 tested cells. On average, this inhibition lasted for 33 msec and usually
could be observed over a wide range of sound intensities. Applying bicuculline shortened
or completely removed the inhibition in 43% of the cells. The additional application
of strychnine caused a further reduction in inhibition in 44% of the tested cells. Therefore,
as with the contralaterally evoked inhibition, the ipsilaterally evoked inhibition seems
to be due to combinations of GABAergic and glycinergic inhibition. The two described
inhibitions seem to be common features among IC neurons. In some of the tested cells,
the ipsilaterally and contralaterally evoked inhibitions can be shown to shape standard
response properties like monotonicity or binaural properties. However, in some neurons,
the observed long-lasting inhibitions seem to be independent of standard response
properties, which might suggest that they are involved in the processing of other features
of die environment. (Supported by NIH Grant DC-00268)

288.11
GABAERGIC DISINHIBITION AFFECTS RESPONSES OF BAT INFERIOR
COLLICULAR NEURONS TO TEMPORALLY PATTERNED SOUND PULSES.
Y. Lu*. P. H.-S. Jen and M. Wu. Div Bio Sci, Univ Missouri-Columbia, MO
65211 and Depart Surg/Otolarygol, Yale Univ. New Haven, CT 06510
In the ascending auditory pathway, the inferior colliculus (IC) receives
excitatory and inhibitory inputs from all lower auditory nuclei. These excitatory and
inhibitory inputs contribute importantly to auditory temporal processing in this
nucleus. Previous studies have shown that the inhibitory inputs are mainly mediated
by GABA. Using the big brown bat, Eptesicus fuscus as a model mammalian
auditory system, we study the effect of GABAergic disinhibition by bicuculline on
responses of 6 6 IC neurons to 4 ms sound pulses delivered at different repetition rates
within a 300 ms pulse train.
Bicuculline application increased the number of impulses of all IC neurons
in response to 4 ms single pulses by 15-1425 % and changed 29 of 41 phasic on
responders into phasic bursters or tonic responders. When stimulated with 300 ms
pulse train, filtering characteristics of these neurons can be described as band-pass
(n=52, 79%); low-pass (n=12, 18%) and high-pass (n=2, 3%) according to discharge
rate-based modulation transfer functions (rateMTFs). Their filtering characteristics can
be described as low-pass (n=40, 61%), all-pass (n=l 1, 17%), band-suppression (n=6 ,
9%), and non-selective (9, 13%) according to synchronization coefficient-based
modulation transfer functions (syncMTFs). Bicuculline application did not change the
rateMTF of 52 (79%) neurons and syncMTF of 47 (71%) neurons. Although a
neuron’s ability in response to each presented pulse (pulse-locked ability) varied with
pulse repetition rate, bicuculline application increased the ability of 62 (94%) neurons
in response to pulse trains delivered at higher pulse repetition rates. Bicuculline
application also increased the pulse-locked ability o f48 (73%) neurons to higher pulse
repetition rates (work supported by NSF to P Jen).

288.12

288.13
Pharmacological inactivation of local circuitry reveals experience-induced changes
in connectivity in the inferior colliculus of the barn owl. J. I. Gold* and E. I.
Knudsen. Dept, of Neurobiology, Stanford University School of Medicine,
Stanford, CA 94305.
The binaural tuning properties of neurons in the auditory space map of the optic
tectum (OT) of barn owls are shaped by auditory (and visual) experience during
development. Changes in tectal unit tuning for interaural time difference (ITD)
induced by abnormal auditory input have been traced to plasticity at the level of
the external nucleus of the inferior colliculus (ICX), which provides direct
auditory input to the OT. We used pharmacological inactivation of local circuitry
to determine whether changes in connectivity between the ICC and the ICX can
account for the functional changes in unit tuning for ITD in the OT that result
from abnormal auditory experience.
Juvenile owls were raised for 60 d, starting at age 35 d, with an acoustic filtering
device in one ear. The device caused frequency specific changes in the ranges and
spatial patterns of binaural cues and resulted in adaptive changes in the
topographic representations of ITD in the OT and the ICX but not the ICC. We
applied lidocaine (QX-314) iontophoretically to block sodium-dependent action
potentials at a site in the ICC, while simultaneously recording from a site in the
OT. The lidocaine reversibly eliminated auditory evoked activity at the injection
site in the ICC. In both normal and device-reared owls, responses at the tectal
recording site were significantly reduced only for the range of frequencies to which
neurons at the injection site were tuned, and only if the ITD tuning of neurons at
the injection site matched the ITD tuning of neurons at the OT recording site.
Thus, a reduction of responses at a given tectal site resulted from inactivation of
activity at different locations in the ICC for normal and device-reared owls. The
results suggest that a change in the pattern of connectivity between the ICC and
the ICX is responsible for auditory experience-induced changes in tectal unit
tuning for ITD. Supported by NIMH: M H I1418-01.
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Role of GABAergic Inhibition in Experience-Dependent
Plasticity in the Inferior Colliculus of the Barn Owl
W.M. Zheng* and E.I. Knudsen. Department of Neurobiology, Stanford University
School of Medicine, Stanford, CA 94305.
Neurons in the external nucleus of the inferior colliculus (ICX) of the barn owl
(Tyto alba) undergo experience-dependent plasticity in their tuning for interaural time
difference (ITD), an important cue for sound localization. For example, in owls reared
with prismatic spectacles, the ITD tuning of ICX neurons is shifted systematically by
an amount corresponding to the optical displacement of the visual field. The shift in
ITD tuning involves two neural events: 1) acquisition of responses to the visually
instructed values of ITD (learned responses) and 2) suppression of responses to normal
values of ITD (normal responses). Little is known about the neural mechanisms
underlying this learning process. The primary goal of this research was to examine the
hypothesis that inhibition mediated by γ-aminobutyric acid (GABA), a predominant
inhibitory neurotransmitter in the vertebrate brain, plays an important role in the
suppression of normal responses in prism-reared owls. To accomplish this task, we
employed multi-barreled microelectrodes and iontophoretic techniques to block
GABAergic inhibitory input to ICX neurons in prism-reared owls. Bicuculline (BIC)
(10 mM, pH 3.0), a selective antagonist of GABAA receptors, was used as the
blocking agent. ITD tuning curves of the ICX neurons were measured before, during
and after BIC application. Some units, that initially did not respond to normal ITD
values, regained normal responses during BIC application. Other units, that exhibited
weak responses to normal ITD values, increased normal responses differentially after
blocking GABAergic inhibition. These results strongly support the hypothesis that
GABAergic inhibition plays an important role in suppressing inappreciate normal
responses of ICX neurons in prism-reared owls.
Supported by NIH R01 DC0155-17, NIH Training Grant NS07158-17, and
Dean's Postdoctoral Fellowships of the Stanford University School o f Medicine.

288.14
A THEORETICAL STUDY OF AUDITORY AZIMUTH LOCALIZATION IN
THE BARN OWL M. Rucci and J. Wray*, The Neurosciences Institute, 10640
John Jay Hopkins Drive, San Diego, CA 92121.
It is known that two binaural cues are used by the barn owl for determining the
spatial position of a sound source: differences in the times of arrival of the sounds
at the two ears for the azimuth, and differences in their levels of amplitude for
the elevation. In the external nucleus of the inferior colliculus (ICx) cells have a
preference for specific values of interaural time difference (ITD). The activation
of these cells has been recently observed to be dependent on some measure of the
level of cross-correlation between the input auditory signals. Even if neurophys
iological and behavioral evidence suggest that in the barn owl the localization of
the azimuth is based on a cross-correlation-like treatm ent of the auditory inputs
at the two ears, the way such a measure is achieved is not clear. In this study we
analyze from a theoretical perspective the mechanisms by which the ITD tuning
of ICx units is achieved. We show analytically that when the effect of inhibitory
connections is eliminated and the neurons are considered to be linear units, the
activation of an ICx unit is proportional to the cross-correlation between the
two input auditory signals evaluated at a time equal to the unit’s preferred ITD.
In the more general case, when inhibitory connections are effective and neurons
are non-linear, we used computer simulations of a model of the barn owl’s tec
tal auditory pathway dedicated to azimuth localization to show that the most
active unit in the ICx is characterized by an ITD that is equal to the time shift
at which the maximum of the binaural cross-correlation is reached. These re
sults are in good agreement with experimental findings and further support the
hypothesis th at the processes by which the barn owl determines the azimuth
of a sound source are functionally equivalent to the cross-correlation algorithm.
(Supported by Neurosciences Research Foundation.)
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288.15
8YNAPTIC RESPONSE PATTERNS OF RAT INFERIOR COLLICULUS
CORTEX NEURONS. Y. Li*. M.S. Evans and C.L. Faingold. Depts.
Pharmacology and Neurology, Southern Illinois Univ. Sch. Med., Springfield, IL
62794-1222.
The cortex of the inferior colliculus (IC) receives both inhibitory and
excitatory inputs. In the present experiments postsynaptic potentials evoked via
cross-collicular inputs were examined in the IC brain slice. Stimulation of the
commissure of IC (ColC) produced both EPSPs and IPSPs in the same IC
cortex neurons, reflecting the convergence of excitatory and inhibitory
influences on single neurons in the IC cortex. Several patterns of synaptic
response were observed, including EPSP only, IPSP only, or EPSP plus IPSP.
In the last pattern at higher synaptic stimulation intensities, either the EPSP or
IPSP became dominant. Bath application of receptor-selective excitant amino
acid antagonists indicated that NMDA receptors mediated slow EPSPs and
non-NMDA receptors mediated fast EPSPs. IPSPs persisted in the presence
of glutamate receptors, suggesting they are monosynaptic. Bicuculline, a
GABA-A antagonist, abolished IPSPs, and a GABA-B antagonist, phaclofen,
diminished the reduction of the amplitude of the second IPSP evoked by pairedpulse stimulation. Thus, the present results demonstrate a potentially important
principle that the balance between excitation and inhibition can vary with
changes of synaptic stimulation intensity. There was no linear relation between
amplitude and duration of IPSP or EPSP and stimulation intensity. This balance
between inhibition and excitation occurs at the synaptic level. These results
indicate that the IC cortex not only provides a projection pathway between
auditory and motor nuclei, but also provides additional processing of auditory
information as the sensory-motor integration process occurs. These findings
may also shed light on the nature of the critical role that the IC cortex plays in
certain pathophysiological conditions such as audiogenic seizures. (Support NIH
NS 21281)

288.17
PERIODOTOPIC ORGANIZATION IN THE INFERIOR COLLICULUS OF
CHINCHILLAS REVEALED BY ELECTRICAL AND ACOUSTICAL
STIMULATION AND C-FOS IMMUNOCYTOCHEMISTRY.
S. Braun*, C. Büttner, T. K. Jähn-Siebert and G. Langner.
Inst, of Zool., Techn. Univ. Darmstadt, Germany.
Temporal processing of auditory information is a necessary prerequisite for deaf
patients with single-channel cochlear implants, Although they do not have access to
the cochlear frequency analysis some of these patients are able to understand speech.
In the auditory brainstem of animals, temporal processing was found to code the
periodicity of complex signals which is mapped roughly orthogonal to tonotopy in
the inferior colliculus (IC) (Langner, Hearing Res. 60, 1992, 115).
By means of c-fos immunocytochemistry we compared the effect in the IC of uni
lateral electrical stimulation at the round window with that of acoustical stimulation.
Adult chinchillas were stimulated for one hour electrically with continuous 80-Hzpulse trains (60 us pulse duration) and acoustically with continuous 80-Hz-click
trains (250 (is click duration) and with continuous amplitude modulations (carrier
frequency 4 kHz, modulation frequency 80 Hz). Sounds were produced by an elec
trostatic headphone (STAX-Professional) at 65 dB SPL.
Both after electrical and acoustical stimulation fos-positive neurons were found in
all three subdivisions of the IC. Although the stimulation with electrical pulse trains
and acoustical click trains was adequate to activate broad ranges of the cochlea, the
result was not a broad activation of the central nucleus of the IC. Rather a narrow
sickle-shaped band of cells was found orientated in the frontal plane in an angle of
35-60° relative to the orientation of isofrequency bands. These results may be
considered as further indication for a map of periodicity information superimposed
to the frequency map within the IC.
Supported by the Bundesministerium fȕ r Bildung, Wissenschaft, Forschung und
Technologie, BMBF - 01 VJ 9407

288.19
IN FE R IO R CO LLICULUS A C T IV IT Y IN T H E AWAKE AND B E
HAVING M ONKEY. H.H.L.M. Goossens, P.M. Hofman, A.J. van Opstal*.
Univ. of Nijmegen, Dept. Biophysics, Nijmegen, The Netherlands.
The inferior colliculus (IC) has been extensively investigated in several
species, and has been implicated in spatial hearing. The monkey IC, however,
is hardly studied, and it is therefore still unclear if and how the monkey IC
encodes spatial acoustic information. Moreover, the IC projects to the motor
superior colliculus (SC), which is involved in multi-sensory orienting behavior,
yet the nature and function of the involved signals are unknown.
In this study, two monkeys (head-fixed) were trained to fixate an LED while
free-field acoustic stimuli (500 ms; 30-70 dB SPL) were presented in the 2D
frontal plane. The monkeys also learned to make rapid eye movements towards
auditory targets in darkness. Eye- and ear position was measured with 2D
search coils. Multi-unit activity was recorded in 18 tracks through the IC, and
microstimulation was applied in both IC and SC.
At several sites, IC neurons were tuned to a particular frequency, which
changed systematically with electrode depth. Sometimes, IC neurons responded
best to broadband noise stimuli. These responses were typically found in the
first 500-800 μm below the overlaying SC, and here microstimulation evoked
rapid movements of the contralateral ear (threshold 10-30 μA; latency ~35
ms). Stimulation of the adjacent SC yielded similar ear movements, combined
with saccades and neck muscle contraction. Occasionally, the mean firing rate
depended strongly, and monotonically, on stimulus azimuth, while both sound
intensity and stimulus elevation hardly affected these responses. No influence
of the saccadic motor response has been observed.
These preliminary results are consistent with the hypothesis that the IC is
involved in acoustic orienting behavior.
Supported by: NWO (SLW, HG and PH) and the Univ. of Nijmegen (JVO).
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288.16
COMPARISON OF ACOUSTICAL SIGNAL PROCESSING IN THE INFERIOR
COLLICULUS AND MEDIAL GENICULATE BODY OF THE GUINEA PIG.
J. Syka. J. Popelář. E. Kvašňák. D. Šuta (SPON: European Neuroscience
Association) Institute of Experimental Medicine, Academy of Sciences, Vídeňská
1083, 142 20 Prague, Czech Republic.
Responses of neurons to tones, white noise and species-specific vocalizations were
recorded in the inferior colliculus (IC) and medial geniculate body (MGB) of the
guinea pig. Animals were anaesthetized with ketamine (33 mg/kg) and xylazine (6 .6
mg/kg) and placed in a sound-proof and anechoic room. Single unit and multiple
unit activity was recorded with a glass micropipette; spikes were differentiated on the
basis of their amplitude and shape with a CED 1401plus interface. After the
experiments the location of the microelectrode tip was determined by histological
sections. The characteristic frequencies (CFs) of neurons ranged in both IC and
MGB from 0.1 to 30 kHz, Q10 values from 0.1 to 8 .6 . First spike latencies were
measured 10 dB above threshold at the CF and were found to be in the range of 8 to
56 ms in the IC and 10 to 76 ms in the MGB. Peristimulus time histograms were
classified into five response patterns: onset, on-sustained, sustained, pauser and
chopper. While sustained and on-sustained responses prevailed in the IC, the onset
responses were dominant in the MGB. Pauser and chopper types of peristimulus time
histograms were infrequent in both structures. Also, the average responsiveness to
acoustical stimuli, expressed in spikes per second, was higher in the IC than in the
MGB. The spectrotemporal discharge pattern of the neuronal population responses
in the IC to the species-specific vocalization (whistle) was found to be correlated
with the spectrotemporal acoustical characteristic of the call, whereas in the MGB
the population response reflected preferably the beginning of the call. The results
suggest that there exist some essential differences between the IC and MGB in the
type of acoustical signal processing.
Supported by grant 309/97/0830 of the Grant Agency of the Czech Republic.

288.18
TEMPORAL ANALYSIS OF MONKEY INFERIOR COLLICULUS ACTIVITY
P.M. Hofman1, H.H.L.M. Goossens1, A.J. van Opstal1, H. Topka21Univ. of Nijmegen, Dept. Biophysics, Nijmegen, The Netherlands.
2Univ. of Tübingen, Dept. Neurology, Tübingen, Germany.
We try to elucidate how acoustic signals are encoded by the firing patterns
in the auditory midbrain of the awake monkey. Two head-restrained monkeys
were trained to fixate and follow a visual LED as well as an acoustic stimulus
presented at random locations within the 2D oculomotor field. Eye- and ear
posititions were recorded. In fixation trials, the monkey had to fixate an LED
at different eye positions. In saccade trials, the monkey made an accurate
saccade from the central fixation position to the peripheral target. Auditory
stimuli (500 ms) consisted of different realizations of gaussian white noise, as
well as FM-sweeps that crossed a broad-band spectrum (0.2-15 kHz) at different
velocities. Multi-unit activity patterns evoked by complex, but identical stimuli
consisted of reproducible spike trains (see figure). These patterns are analyzed
by applying a feed-forward neural network in order to quantitatively extract the
kernels of the underlying non-linear system. In addition, information theory
is applied to estimate the information content of the spike train. Finally, the
influence of the behavioral task on the activity patterns is investigated.

Supported by: NWO (SLW, PH and HG) and the Univ. of Nijmegen (JVO)
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289.1
AGE-RELATED CHANGES IN H U M A N OLFACTORY RECEPTOR
N EUR O N (ORN) FU N C T IO N . N . E. Rawson* G. Gomez1- B. Cowart
1and D. Restrepo2. 1M onell Chemical Senses Center a n d 2Univ. o f

Colorado Health Sciences Center.
To see if changes in ORN function may contribute to age-associated
olfactory impairment, Ca++ imaging techniques were used to study
response characteristics o f ORNs from biopsies from healthy younger
(18 < 55 yr, n=39; 168 ORNs) or older (66 - 84 yr, n=14; 66 ORNs)
subjects also given olfactory function tests. ORNs were tested with two
odorant mixtures comprised to distinguish between distinct second
messenger pathways o f Ca++ influx (mix A, adenylate cyclase-mediated;
mix B, phospholipase-C mediated). In spite o f reports that the olfactory
epithelium becomes patchy with age, 11/14 biopsies produced ≥ 1
responsive ORN. Unlike ORNs from younger subjects, 7/33 responsive
ORNs from older subjects responded to both mixtures vs. 0/43 from
younger subjects. ORNs from older subjects were also less likely to
respond to mix A alone (21% o f 33 responsive ORNs) than younger
subjects’ ORNs: (58% o f 43 responsive ORNs). Baseline and
ionophore-stimulated calcium levels were similar for ORNs from
younger and older subjects. These studies show that individual ORNs
from older subjects do not show generally reduced odorant responsivity,
but that changes in ORN selectivity with age may contribute to changes
in olfactory performance. Supported by: NIH DC-00566, DC-00214
and DC-00014.

289.3

BINDING OF INOSITOL POLYPHOSPHATES TO InsP3
BINDING PROTEINS OF ISOLATED OLFACTORY CILIA.
S. Hilmi1. B. Schumann1. J.Chen2. G.D. Prestwich2 & D . L.
Kalinoski1*. Monell Chemical Senses Center, Philadelphia, PA
19104, Dept, of Medicinal Chemistry, Univ. o f Utah, Salt Lake
City, UT 84112.
Biochemical, immunohistochemical and biophysical evidence
indicate that an InsP3-gated calcium channel receptor/proteiņ is
localized to the plasma membrane of the cilia o f vertebrate olfactory
neurons. Receptor binding sites for InsP3 o f both catfish and rat
olfactory cilia (ROC) are stereoselective and binding is dependent
upon the number of phosphates in the inositol ring. Previously a
ciliary protein of 120 kD was specifically labeled in ROC with
125ASA-InsP3. However, affinity probes based on P-l-tethered
InsP3 had proved ineffective at labeling InsP3 receptors in catfish
and rat cilia preparations. We report here the interaction o f a hybrid
ligand (D-myo-Ins(l,2,4,5)P4) possessing both Ins (1,4,5)P3 and
Ins(2,4,5)P3 recognition elements, and an affinity probe attached via
linkage from the P-2 phosphate moiety (P-2-(0-BZCD-Aminopropyl) Ins(l,2,4,5)P4), with olfactory InsP3 receptor binding sites
of rat and catfish olfactory cilia. Both o f these agents significantly
inhibit InsP3 binding at micromolar concentrations. Further, binding
of 3H-BZCD-InsP4 suggest possible heterogeneity o f binding sites.
Supported in part by NIH DC-01228 to D .L.K.

289.5

MECHANISM OF NITRIC OXIDE ACTIVATION OF OLFACTORY
CYCLIC NUCLEOTIDE-GATED CHANNELS. M.-C. Broillet *. Y.
Huang. D. H. Kawamura and S. Firestein. Department o f Biological
Sciences, Columbia University, New York, NY 10027.
We have recently demonstrated that nitric oxide (NO) generating
compounds can directly activate olfactory cyclic nucleotide-gated
(CNG) channels in addition to activation by their natural ligand cAMP.
This reaction appeared to involve the free SH group o f a cysteine
residue located on the intracellular face of the channel. To determine the
exact site o f NO action, we expressed the α and β subunits as
homomeric channels and studied their sensitivity to NO. NO activated
the a subunit o f the CNG channel and interestingly, it could also
activate the homomeric β subunit, which cannot be activated by cAMP.
Thus, we could study this subunit by itself and found that it possesses
many properties of L-type Ca2+ channels. Moreover, NO appeared to
activate a very similar conductance in the membrane o f rat vomeronasal
neurons, suggesting the existence o f homomeric β channels in this
organ. To further identify the target sites of NO in the a CNG subunit,
we have mutated the conserved intracellular cysteine residues C460,
C484 and C552 into serine residues and studied their expression in
HEK 293 cells. We have found that mutant C460S α CNG channels
can still be activated by cAM P (50 μ M) and behave like homomeric
wild type α CNG channels, but exhibit a complete loss o f sensitivity to
NO. This result shows that this site is clearly involved in the NO
activation o f the α subunit and we are presently studying the
involvement of the other cysteine residues.
Supported by NIH, HFSP and Fonds National Suisse.
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289.2
ODORANT AND CYCLIC AMP INDUCED SINGLE CHANNEL CURRENT
FLUCTUATIONS
IN
RECONSTITUTED
NATIVE
OLFACTORY
RECEPTORS. S. Yilma1, V. Suppiramaniam1. S. Sinnaraiah2. A. G. Moss*3, and
V. Vodvanov2. 1Dept. of Biol., Tuskegee Univ., AL 36088, 2Dept. of Physi ol.
and Pharm. 3Dept. of Zool. and Wildlife Sci., Auburn Univ., AL 36849.
Olfactory cilia membranes from the olfactory epithelium of adult rats were
released by sonication, isolated by sucrose gradient centrifugation, and
incorporated into patch-electrode lipid bilayers in asymmetric saline conditions.
When membranes were reconstituted in ‘outside-out’ configuration in the
presence 10 μM GTP and 2 mM ATP, the addition of 10 μM mixture of odorants
containing equal parts of ethyl buturate, eugenol, (+) and (-) carvones to the
pseudo-extracellular solution, elicited single channel current fluctuations with
very distinct open and closed levels. The current-voltage relations were linear
over the range of ± 150 mV with a small reversal potential of about 3 ± 6 mV.
The channels displayed multiple conductance states ranging from about 12 to
195 pS. Large conductivity may be explained by cooperative channel behavior
when several channels bound together could be opened or closed simultaneously
to make apparent unitary channels of very high amplitude. When membranes
were placed in ‘inside-out’ configuration in the absence of odorants, the addition
of 100 μM cAMP to the pseudo-intracellular solution elicited channel currents
with cAMP-dependent mean amplitudes. The addition of Ca2+ blocked the
response of the bilayers to cAMP, and this effect was also dose-dependent. The
kinetics of single channels were characterized by bursting behavior and revealed
a mean channel open time of 1-2 ms. Ca2+ and cAMP both effectively modulate
the specific pattern of the single channel activity by changing dwell times of
bursts and individual channels. Because cAMP and Ca2+ are so effective in
changing amplitude and kinetic properties of these channels the results may be
important for understanding the regulation of odorant-stimulated responses on
the level of cAMP-gatea channels.
Supported by NIH/NIGMS/MBRS
3S06GM08091-23 (VS), FAA 93-G-058 (VV).

289.4
ENHANCEMENT OF ODORANT CLEARANCE FROM THE
OLFACTORY RECEPTOR ENVIRONMENT MAY BE RELATED TO
SECOND-MESSENGER-MEDIATED TRANSPORTER
PHOSPHORYLATION. H.G. Trapido-Rosenthal*. Bermuda Biological Station
for Research, Ferry Reach, St. George’s GE-01, Bermuda.
The olfactory organ of the spiny lobster, Panulirus argus, consists of a dense
array of aesthetasc sensilla on the lateral branch of the antennule. These sensilla
contain primary chemosensory neurons that are bathed in a proteinaceous sensillar
lymph. Among these neurons are populations that are responsive to a variety of
amino acids, including glycine, glutamate and taurine. Previous work has shown
that the presence of one amino acid (taurine) in the sensillar lymph can enhance the
clearance of other amino acids (glycine and glutamate) from the receptor
environment. Analysis of the kinetics of glycine transport showed that taurine
increased the rate of removal of this amino acid from the receptor environment
without affecting the affinity of the transporter for its substrate. The hypothesis
that odorant-induced changes in the intracellular concentrations of second
messengers such as diacylglycerol (DAG) and cyclic AMP (cAMP) may be
responsible for phosphorylation-mediated regulation of transporter activity was
tested. Treatment of sensilla with 100 nM concentrations of the phosphatase
inhibitor okadaic acid led to a 5-fold increase in glycine transport relative to
untreated controls; simultaneous treatment with 1 mM taurine and 100 nM okadaic
acid led to a 7-fold increase in glycine transport. In contrast, glycine transport
following treatment of sensilla with phorbol esters known to stimulate protein
kinase C was no different than transport by control sensilla. These results
corroborate the hypothesis that amino acid transport can be up-regulated by
conditions that enhance the phosphorylation state of proteins. The results further
suggest that the enzymes that bring about such phosphorylation are not DAGactivated protein kinases, while leaving open the possibility they are protein
kinases that are activated by cAMP.
Supported by NIDR R03 DEI 1916-02

289.6
EXPRESSION OF PARTICULATE GUANYLYL CYCLASES IN OLFACTORY
NEUROEPITHELIUM.
Y. Sung. C. Moon* and G.V. Ronnett . Dept, of
Neuroscience and Neurology*, The Johns Hopkins University School of Medicine,
Baltimore, Maryland, 21205.
Although cAMP and inositol-1,4,5-trisphosphate (IP 3 ) are implicated as the
major immediate second messengers in odorant signal transduction, recent
evidence suggests that cGMP levels increase in response to odorants in a slow and
sustained manner, suggesting a role for cGMP desensitization or long term
activity-driven responses. There are two forms of guanylyl cyclase, a soluble
heterodimer containing a heme moiety, which is activated by the gaseous
messengers nitric oxide (NO) and carbon monoxide (CO), and a particulate
membrane-bound form activated by extracellular ligands or calcium, as in the
case of photoreceptor cells. Soluble guanylyl cyclases have been shown to
mediate a large portion of cGMP formation in olfactory receptor neurons (ORNs),
and a novel particulate guanylyl cyclase (GC-D) has been identified in ORNs,
(Fulle et al.., (1995) Proc. Natl. Acad. Sci., USA, 92, 3571).
Using degenerate primers designed to recognize conserved regions of particulate
guanylyl cyclases, including the protein kinase-like and catalytic domains, RTPCR was performed to identify other particulate guanylyl cyclases in olfactory
neuroepithelium. These PCR products were used to generate probes to screen for
particulate guanylyl cyclases using a rat olfactory cDNA library. Results
demonstrate there are several isoforms of particulate guanylyl cyclase expressed
in olfactory epithelium. In situ analyses were performed to further localize the
cell types expressing these particulate guanylyl cyclases and their patterns of
expression across this tissue. Determination of the homology of these particulate
guanylyl cyclases to other members of this family should be helpful in the
delineating the possible roles of cGMP in olfactory transduction or other processes.
Supported by NIH grant #1R01DC02979 and NRSA grant #F32DC00243
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289.7

289.8

FUNCTIONAL EXPRESSION OF A MAMMALIAN ODOR RECEPTOR IN
OLFACTORY EPITHELIUM BY ADENOVIRUS-MEDIATED GENE
TRANSFER. H. Zhao1*. J,.Qtaki2, L . Ivic2, M. Hashimoto3. K,. Mikoshiba3, 4 and
S. Firestein2. 1Interdept. Neurosci. Program, Yale Univ., New Haven, CT 06510,
2 Dept. of Biological Sciences, Columbia Univ., New York, NY 10027. 3Molecular
Neurobiology Lab., Tsukuba Life Science Center, RIKEN, Tukuba, Ibaraki 305,
Japan, 4Dept. of Molecular Neurobiology, Univ. of Tokyo, Tokyo 108, Japan.
We have been using olfactory neurons as an in vivo expression system for the
functional expression of odor receptors through adenovirus-mediated gene transfer. A
recombinant adenovirus AdexI7-IRES-GFP (17-virus) carrying a bicistronic
expression cassette controlled under the strong CAG promoter for both the rat 17 odor
receptor gene, and the green fluorescent protein (GFP, S65T mutant) driven by an
internal ribosome entry site (IRES) following the 17 coding sequence, was used to
infect olfactory epithelium of rat in vivo. GFP expression marked both the location
and rate of infection in living tissue. Electro-olfactogram (EOG) recording was used
to screen responses to multiple odors in infected epithelia. EOGs were recorded from
17-virus infected turbinates which showed green fluorescence 3 to 8 days after virus
infection, and, as controls, the turbinates of animals infected with a similar amount of
an adenovirus carrying an expression cassette for only the GFP (S65T) gene. Virusinfected olfactory epithelium responded to all 74 odorants tested with unchanged
spatial pattern, though the EOG amplitude decreased by an average 30% to all
odorants. One odorant, octyl aldehyde, and a set of other odorants with a similar
chemical structure, heptaldehyde, nonyl aldehyde, decyl aldehyde, induced a
significant increase in the response from 17-virus infected epithelia versus control
epithelia. The response of 17-virus infected olfactory neurons to octyl aldehyde was
also comfirmed with sigle cell patch-clamp recording. The results demonstrate the
functional expression of the 17 receptor and identify its odor ligands.
Supported by the Whitehall Foundation and the McNight Foundation

CLONING OF A NOVEL MEMBER OF OLFACTORY RECEPTOR
SUPERFAMILY AND ITS ECTOPIC EXPRESSION. K. Inoue,
Y. Minami, S. Shimada* and M.Tohyama. Dept, of Anat. & Neurosci.,
Osaka Univ. Med Sch., Osaka, 565. JAPAN.
W e have isolated a novel member of intronless DNA(clone 8041)
which belongs to multigene family of putative olfactory receptors from
mouse genomic DNA library. 8041 showed 50-70% amino acid
sequence homology with various members of olfactory multigene
family. In situ hybridization revealed that 8041 mRNA is expressed
not only in the olfactory neuroepithelium but also in the epithelial cells
of respiratory area in nasal cavity and larynx and also epithelial cells in
bronchus in embrionic rat. Moderate signals were also detected in
several area in brain such as choroid plexus in embryonic rat.
8041may play important roles not only in olfaction but also in other
function common to pseudostratified ciliated epithelial cells of bronchus
and olfactory epithelium and of choroid plexus.

289.9

289.10
ROLE OF P75 NEUROTROPHIN RECEPTOR IN THE OLFACTORY
EPITHELIUM. H. Baker*, H.G. Zhao, J. Yao, L. Franzen, L. Ivic, B.
Kirschenbaum, E. Falck-Pedersen, K.-F. Lee, S. Firestein, M.V. Chao, and S.O.
Yoon. Cornell Univ. Med. College. New York, NY 10021
To investigate the effect of neurotrophins upon regeneration and maturation of the
olfactory epithelium (OE), we have followed the expression of the p75 neurotrophin
receptor. p75 is expressed in glia which ensheathe the axons of the olfactory
receptor neurons (ORN) and in the glomeruli where these axons form synapses in
the olfactory bulb. Transient expression of p75 and NGF, however, was found
within the ORN layer as these neurons underwent degeneration following
bulbectomy. Seven days Following unilateral bulbectomy, p75 was expressed
among newly-born neurons in the olfactory epithelium. The number of p75expressing cells was significantly higher in the ipsilateral side. Some of these p75positive neurons appeared to be degenerating, as evidenced by Tunel-positivity in
some of these neurons. In keeping with these data, the amount of olfactory marker

DIFFERENTIAL CO-LOCALIZATION OF THE LECTIN DOLICHOS
BIFLORUS WITH OLFACTORY MARKER PROTEIN. B.W. Lipscomb*.
K.W. Kafitz. and C.A. Greer. Dept Neurosurg. and Sect. Neurobiol., Yale Univ.
Sch. Med., New Haven, CT 06520.
Lectins are complex glycoproteins that bind to cell surface carbohydrates.
Although the significance of lectin binding remains to be established, one
possibility is that they reveal cell surface markers involved in axon guidance or
fasciculation. In the present study we demonstrate in the mouse that, as reported
previously (Key and Akeson, 1993), the lectin Dolichos biflorus (DBA) binds to
a subset of axons in the olfactory nerve layer (ONL) as well as in glomeruli.
DBA-immunoreactive (IR) axons were present in ~30-40 glomeruli, some of
which contained many DB A-IR axons, while others only a few. DB A-IR axons
clearly originated from fascicles in the ONL and displayed patterns of glomerular
innervation typical of olfactory receptor neurons (ORN). To examine the
relationship between DBA-IR axons and mature ORNs, we double labeled with
DBA and olfactory marker protein (OMP). Adult C57/B1 mice were perfused with
4% paraformaldehyde and double labeling of 50 um sections from the olfactory
bulb was accomplished through serial incubation in 200ug/ml DBA and OMP
(1:600, gift of F. L. Margolis). Double labeling revealed many instances in
which OMP and DBA did not co-localize. Some of the heavily DBA-IR
glomeruli showed co-localization with OMP, but glomeruli with fewer DBA-IR
axons often showed no colocalization, although DBA-IR axons did weave through
areas of dense OMP labeling. The lack of consistent DBA co-localization with
OMP in subsets of axons raised the possibility that DBA was expressed
preferentially by immature axons. Preliminary data collected from double
labeling with GAP-43 (1:1000) and DBA suggest that they may co-localize in the
olfactory nerve layer, but not in the glomeruli. In non-DBA-IR glomeruli,
however, GAP-43 was often detected This pattern of labeling suggests that
DBA-IR axons are mature axons that do not always express OMP or newly
mature axons that no long«’express GAP-43 but have as yet to express OMP.
This research was supported by NIH NS10174 and DC002210 to CAG.

289.11

EVIDENCE FOR TRANSCRIPTIONAL UP-REGULATION OF
NEUROTROPHIN RECEPTOR (p75-NTR) IN OLFACTORY BULBS
OF POSTNATAL HYPOTHYROID RATS AND ITS REVERSAL
FOLLOWING RECOVERY. T J. Sendera* and E. Meisami (Dept. o f
Molecular & Integrative Physiology, Univ. Illinois, Urbana, IL 61801.)
We have shown that in early thyroid deficiency (TH), more than 50%
of the olfactory receptor neurons fail to develop or mature and
olfactory bulb (OB) laminar growth is reduced with 25% loss in mitral
cells number; glomeruli number is unchanged but their size is markedly
reduced. To find neurotrophin involvement, NGF (nerve growth factor)
and neurotrophin receptor (p75-NTR), we determined changes in
expression of p75-NTR protein and levels of its mRNA by means o f
ICC and RPA (ribonuclease protection assay) respectively.
Hypothyroidism was induced by adding propylthiouracil (PTU) in
litter’s drinking water (0.1% v/w) from birth. ICC of p75-NTR using
MAb 192-IgG (Bohringer) showed patchy expression in normal OB,
limited to glomerular neuropil where intensity varied from none to
moderate. p75-ir expression in 25- & 90-day hypothyroid OB was
markedly elevated (80%), based on densitometry, compared to controls.
mRNA levels for p75-NTR in OB by RPA were markedly and
significantly increased (40-60% depending on age) in hypothyroid rats,
compared to controls. Determination o f p75 protein and mRNA in OB
of rats allowed to recover from TH deficiency, indicated reversal o f
hypothyroid effects, with normal levels achieved by P90. Results suggest
that the increased expression of p75-NTR protein in hypothyroid rat OB
and its reversal following recovery are transcriptionally regulated.
Interestingly, the p75 receptor response are opposite to those found for
NGF expression in hypothyroid and recovery rat OB. Supported by NIH
grant GM07143 and UIUC Research Funds.
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protein was higher in the p75-/- mice than in controls. As evidence for the potential
death role of p75 in the OE, overexpression of both p75 and NGF via adenovirus
infection yielded an increase in Tunel-positive cells compared to the control Lac Z
virus. To assess the functional consequences of a deficiency in p75, the overall odor
response of the ORN was measured by performing electro-olfactogram (EOG). The
amplitude of EOG was twice as high in the p75-/- mice as in control mice.
Similarly, the tyrosine hydroxylase activity in the olfactory bulb, which depends on
the input from ORNs, increased 40% in the p 7 5 -/mice. It therefore appears that
p75 may induce cell death among regenerating ORNs and this may be an integral
part of regenerative program in the OE.

289.12
MEMBRANE PROPERTIES OF SALAMANDER OLFACTORY RECEPTOR
NEURONS AFTER OLFACTORY NERVE TRANSECTION T. Leinders-Zufall*.
W.K. Kafitz and C.A. Greer. Section of Neurobiology and Department of
Neurosurgery, Yale Univ. Sch. of Med., New Haven, CT 06510.
Recent progress has suggested that cyclic nucleotide-gated (CNG) channels are not
only critical components of the sensory transduction cascade of vertebrate olfactory
receptor neurons (ORNs) but that they could also play important roles during devel
opment To begin to explore this hypothesis, we have examined excitable properties
and second messenger cascades in immature ORNs from salamander olfactory epithe
lium. To obtain a homogeneous population of immature ORNs we performed
unilateral olfactory nerve transection. Immunocytochemistry for GAP-43 and
Giemsa staining demonstrated that virtually the entire mature ORN population had
undergone retrograde degeneration by day 10 after the nerve transection. Using the
perforated patch-clamp technique, recordings were then made from dissociated
developing ORNs at day 13,26,48 and 61 following nerve transection. At day 13
and 26 we detected virtually no Na+ currents in these immature ORNs. In contrast,
these cells had inward currents through CNG channels that could be stimulated by
pulses of the phosphodiesterase inhibitor IBMX. This indicates that both CNG
channels as well as some components of the second messenger pathways were
present at this early stage, before Na+ channels could be detected. Interestingly, these
cells did not respond to any of three different odor mixtures, each containing a
specific set of odor ligands. At day 48 and day 61 the cells contained a rich repertoire
of voltage-gated currents including large Na+ currents, as well as CNG channel
currents. Odor responses were consistently observed in these ORNs. The data
suggest that during an early phase of ORN development, although the cells are not
yet responsive to odors and lack Na+ channels, CNG channels could serve to mediate
graded membrane potentials and Ca2+ entry into the cells. Future work will analyze
the functions of such Ca2+ signals in ORN development A detailed comparison of
odor responses from ORNs after nerve transection with those from the control side is
also underway. Supported by NINDS 10174 and NIDCD 00210.
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289.13
DISTRIBUTION OF POR-DEFINED NEURONAL SUBTYPES IN
H
T E OLFACTORY EPITHELIUM FOLLOWING RECOVERY FROM
PERIPHERAL LESION. C. L, Iwema. S. L. Youngentob. H. L. Breer
& J. E. Schwob*. Dept. Anatomy & Cell Biology and Dept. Physiology,
SUNY Health Science Center, Syracuse, NY 13210.
The mammalian olfactory system is capable of regeneration throughout
life. Despite anatomical recovery that appears complete, functional
recovery is often incomplete following extensive lesion o f the olfactory
epithelium (OE) o r the olfactory nerve. A potential basis for the incon
gruency between anatomical ami functional recovery might be an alter
ation in the distribution or number o f specific functional types o f olfactory
sensory neurons as defined by expression o f members o f the putative
odorant receptor (POR) gene family. In order to test that hypothesis,
Sprague-Dawley rats were food-restricted to 80% normal adult weight
and exposed to 330 ppm Methyl Bromide for 6 hours either bilaterally or
following temporary occlusion o f one naris to restrict the lesion to the
open naris. This procedure lesions 90-99% o f the OE on the open side.
Th e OE was harvested at 3 d, 8 wk, & 12 wk post-lesion and prepared
for in situ hybridization (ISH). ISH was performed on lesioned and nonlesioned OE using digoxigenin labeled riboprobes for the following POR
subtypes: OR14, OR18, OR37, & OR124. W e find that each o f the
subtypes assessed to date reappears in the appropriate zone in the OE and
in roughly the correct number. These results indicate that the discrepancy
between anatomical and functional recovery following OE damage is not
likely due to inappropriate expression o f specific functional subtypes of
neurons in the OE. Our next objective is to examine whether axonal
projections from lesioned OE innervate their appropriate targets in the
olfactory bulb. Supported by NIH grants R01 DC00467, P01 DC00080.

289.15
ODORANT BINDING PROTEIN MODULATES ODORANT-INDUCED
CYCLIC AMP SIGNAL IN RAT OLFACTORY CILIA. D.E.Jaworskv and
G.V.Ronnett*. Dept, of Neurosci., Johns Hopkins Sch. of Med., Baltimore,
MD 21205.
Olfactory reception occurs in the cilia of olfactory receptor neurons via
interaction of odorant molecules with a family of odorant receptors, although the
mechanism of this process is unknown. Odorant-binding protein (OBP), a water
soluble protein of both vertebrate nasal mucosa and insect sensillar lymph, binds
a selective group of odorants and has been proposed to modulate the interaction
between odorant and receptor. Putative roles of OBP include transport of
lipophilic odorants to or from the receptor, encodement of odorant specificity and
detoxification of excess odorant surrounding olfactory sensory neurons. Recent
work has demonstrated binding of OBP to isolated bovine nasal epithelia,
although the functional significance of this interaction has not been described.
In this study, we have purified rat OBP and demonstrated its potential role in
cAMP second messenger signaling in isolated rat olfactory cilia. Addition of
either 1 uM 2-isobutyl-3-methoxypyrazine (IBMP) or 100 uM 3,7-dimethyl-2,6octadienenitrile (citralva) to isolated cilia in the presence and absence of OBP was
performed. Preincubation of IBMP with OBP demonstrates a robust increase in
cAMP levels relative to IBMP alone, whereas no such response was noted with
citralva. This observation corresponds with a model in which OBP enhances the
signaling of specific odorants, perhaps by facilitating either the interaction
between odorant and receptor or the odorant-induced interaction of OBP itself
with the receptor.

289.17
17β-ESTRADIOL INDUCES C-FOS EXPRESSION IN MOUSE
VOMERONASAL ORGAN. Jon Guo* and Robert L. Moss. Department of
Physiology, University of Texas Southwestern Medical Center, Dallas, TX
75235
Estrogen induces a broad spectrum of biochemical and physiological
responses in estrogen-responsive target tissues, especially in reproductionrelated tissues. These hormonal actions are mediated by estrogen receptors. A
recent study has demonstrated the localization of estrogen receptors in cells of
the vomeronasal organ (VNO). This finding along with the findings that both
estrogen and VNO modulate a variety of reproductive functions suggested to
us that it would be important to determine if estrogen might modulate cellular
activities in cells of the VN organ as measured by c-fos gene expression. By
using Northern blot hybridization assays, we observed that in vitro incubation
of dissected female mouse VN tissue with 17β-estradiol caused an increase in
c-fos mRNA expression. This increase occurred around 30 min, reached peak
levels at 60 min after 17 β -estradiol administration, and slowly returned to
lower levels at 120 min. Furthermore, the response of c-fos mRNA expression
induced by 17β -estradiol was dose-dependent with a minimum effect at 10*10
M and maximum effect at 10-6 M. Increases in c-fos expression were not
detected in female mouse olfactory epithelia nor in the accessory olfactory bulb
after stimulation with 17β -estradiol. This is the first report that estrogen can
activate the expression of the cellular proto-oncogene in cells of the VNO. The
data suggest that estrogen might be involved in the modulation of VNO
functions in vertebrates. Research supported by NIH grant DC 02120.
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289.14
ODORANT INDUCTION OF STRESS PROTEINS IN OLFACTORY
EPITHELIAL SUPPORTING CELLS. V.McM.Carr*and A.I. Farbman. Dept,
of Neurobiology and Physiology, N orthw estern University/ Evanston, IL
60208-3520.
W e have described a subpopulation of olfactory receptor neurons (ORNs)
that is reactive w ith Mab 2A4 to HSP7D (J.CN..34&150, -94). To test the
possibility that this HSP70 expression m ight reflect responses to environ
m ental odors, the olfactory epithelia (OE) of adult rats w ere monitored for
any changes in 2A4(+)ORN patterns following addition of 1.0 m l
commercially available odorants to cage bedding. Odors tested included
pepperm int, spearm in t lemon, lavender, anise, cinnamon, and clove. NO
changes in 2A4(+)ORN immunoreactivity (IR) w ere observed, indicating that
ORN HSP7D expression w as n o t likely odorant-related. However, for each
odor tested except clove, a strong induction of 2A4 IR occurred in the
supranuclear region of supporting cells, nonneuronal OE cells concerned
w ith odorant deactivation and processing. This response w as especially
pronounced along the nasal septum an d m edial 3 /4 of the turbinates. It w as
odorant "dose"-dependent an d followed classical stress protein response
tem poral patterns. Similar responses w ere also obtained w ith α -ubiquitin
(representing a quite different stress response system) and α -HSP90. They
w ere no t observed w ith antibodies to the constitutively expressed HSC70,
confirming die inducible n ature of the response. In contrast, clove odor (as
either the essential oil extract or eugenol) failed to elicit stress protein
expression, even w hen 4 times the norm al odorant volum e w as used.
Experiments testing a w ider odorant array are planned. Supported by NIH
grants DCQ2774 and DCQ2126.

289.16
GTP-y-S-INDUCED PROTEIN PHOSPHORYLATION IN MOUSE
VOMERONASAL CELLS. Anwu Zhou* and Robert L. Moss. Dept, of
Physiology, Univ. of Texas Southwestern Medical Center, Dallas, TX 75235.
The vomeronasal organ (VNO) provides the detection and transduction
machinery necessary for pheromonal signaling in terrestrial vertebrates. Studies
have indicated that G-proteins are involved in pheromone signal transduction
pathways in VN cells. In present study, a specific activator of G-proteins, GTPγ -S was used to investigate the presence of a G-protein mediated
phosphorylation process in mouse VN cells. We observed that in vitro
incubation of crude cell membranes prepared from female mouse VNO with
100 μM GTP-γ -S resulted in nearly 50% increase of overall protein
phosphorylation content as compared to basal levels. This process was both
time and dose dependent. The phosphorylation reactions reach equilibrium
within minutes under incubation temperature at 30 °C. GTP-γ -S shows its
maximum effect at concentration around 330 μM, and then the phosphorylation
content drops while the concentration reaches millimolar range. As a control,
the cytosolic fraction of VN cells which lacks G-proteins did not show
phosphorylation changes after incubation with GTP-γ -S. Furthermore, we
observed that the phosphorylation process induced by GTP-γ -S was inhibited
by H-89 and bisindolylmaleimide I, the selective inhibitors of PKA and PKC
respectively. These results are consistent with previous findings that GTP-γ -S
increases second messenger cAMP and IP3 levels in VN cells, suggesting that
PKA and PKC are the key kinases responsible for the protein phosphorylation
that may serve as the downstream process to modulate pheromonal signal
processing. Research supported by NIH grant DC 02120.

289.18
ACTIVATION OF CENTRAL VOMERONASAL PATHWAYS BY GROUP II
METABOTROPIC GLUTAMATE RECEPTOR AGONIST. C.M. NOLTE and M.
MEREDITH*. Program in Neuroscience, Florida State University, Tallahassee, FL
32306.
The mitral cells of the accessory olfactory bulb (AOB) relay information coming
from the vomeronasal organ to the medial amygdala. Within the AOB they form
reciprocal dendrodendritic synapses with granule cells, GABAergic inhibitory
interneurons, where a group II metabotropic glutamate receptor (mGluR2) has been
localized to the presynaptic granule cell membrane. Agonist activation of mGluR2
results in decreased GABA-mediated inhibition of the mitral cell and, in female mice,
has been shown to modify behavior thought to depend on vomeronasal sensory input.
Our experiments used immunocytochemical identification of c-fos expression to
measure neuronal activity in male golden hamsters resulting from AOB activation by
the group II mGluR agonist L-CCG-I. Freely moving animals implanted with
bilateral cannulae were given two unilateral injections of L-CCG-I (25 nmol in 0.5
uL) or saline, into the caudal olfactory bulbs and AOBs. Injections were separated by
an inter-injection interval of 30 minutes. One hour after the last injection, animals
were overdosed with sodium pentobarbital and perfused with 4% paraformaldhyde.
Vibratome sections (50uM) were stained for c-fos expression using a human anti-Fos
antibody (Genosys), the ABC reaction and DAB (Vector). Fos-positive nuclei were
counted, using computer-enhanced image analysis software, in tissue sections
representative of areas receiving AOB efferents. Our findings show a significant
increase in numbers of Fos-stained neurons in the anterior medial amygdala on the
drug-infused side as compared to the control (non-injected) side, but no comparable
increase in other AOB targets such as the posterior medial amygdala and medial
preoptic area or in regions receiving main olfactory input such as the main olfactory
bulb and anterior cortical nucleus of the amygdala.
Supported by NIDCD 00906.

MONDAY AM

OLFACTORY RECEPTORS: CELL PHYSIOLOGY

289.19
RESPONSE OF SNAKE VOMERONASAL RECEPTOR NEURONS TO
INTRACELLULARLY DIALYZED INOSITOL 1,4,5-TRISPHOSPHATE AND
ITS DERIVATIVES. M. Taniguchi1. D. Wang2 and M. Halpem1*, Depts. of
1Anatomy arid Cell Biology and 2Biochemistry, State Univ. N.Y. Health Science
Center, Brooklyn, NY 11203.
Binding of a chemoattractant to its receptors is coupled to G-proteins (Gs, Gi
and Go) in the vomeronasal epithelium of snakes and results in an increase in IP3
levels, suggesting the existence of an IP3-mediated pathway in vomeronasal receptor
neurons (Luo et. al., 1994).
To investigate the role of the IP3 -mediated pathway in signal transduction, IP3
and its derivatives were dialyzed into snake vomeronasal receptor neurons in slice
preparations with whole-cell patch clamp, and the evoked current was measured.
The mean resting potential was approximately -70 mV, and the average input
resistance was 3 GΩ. The neurons required current injection of only 1 ~10 pA to
display a variety of spiking patterns, varying from a single spike to a train of spikes.
Intracellular dialysis of 100
IP3 evoked an inward current in 6 of 16 (38%)
M
μ
neurons with an average peak amplitude of 16.4 ± 2.8 pA (n=6 ). Application of 100
μM 3-deoxy-3-fluoro-D -m yo-inositol 1,4,5-triphosphate (F-IP3 ) and 3-deoxy-omyo-inositol 1,4,5-triphosphate (Deoxy-IP3 ), which are derivatives of IP3, also
evoked an inward current in 4 of 8 (50%) neurons (32.6 ± 5.8 pA, n=4) and in 4 of
14 (29%) neurons (50.1 ± 4.5 pA, n=4), respectively. The reversal potentials of the
induced components were estimated to be -14 ± 5 mV for IP3 , -17 + 3 mV for F-IP3
and -3 + 5 mV for Deoxy-IP3. The present results demonstrate the existence of an
IP3-activated conductance in snake vomeronasal receptor neurons, supporting the
idea that the IP3-mediated pathway in snake vomeronasal receptor neurons is
involved in the transduction of chemoattractant signals.
Supported by NIDCD grant DC02531

OLFACTORY RECEPTORS: DEVELOPMENT AND SPECIFICITY
290.1
DISTINCT CELLULAR EXPRESSION OF GAP-43 PROMOTER ACTIVITY
AND mRNA IN DEVELOPMENT OF THE OLFACTORY EPITHELIUM, A
Farbman1. I. Cantallops2. M.W. Rochlin*1. and A, Routtenbere2 1Dept, of Neurobiology
and Physiology, and 2Cresap Laboratory, Northwestern University Institute for
Neuroscience (NUIN),. Northwestern University, Evanston, IL 60208.
We studied promoter activity as indexed by transgene expression (PATE) in the
developing olfactory system of mice bearing 6 kb of rat GAP-43 promoter and II kb of
first intron (6E11) driving the expression of a lacZ reporter gene (Vanselow et al., J.
Neurosci., 1994). PATE reproduces the pattern of GAP-43 mRNA distribution in
hippocampus (McNamara, et al., Mol. Brain Res., 19%) and in olfactory bulb (this
report). In the olfactory epithelium, in contrast, PATE and mRNA are expressed in
non-overlapping groups of cells: PATE is expressed in the presumed mature
neurons in the superficial third at postnatal day 7, expanding through the layer by
adulthood. This parallels olfactory marker protein (OMP) immunoreactivity at all
time points. GAP-43 mRNA, however, is expressed in presumed immature neurons
located at the basal two thirds of the layer at P7, with expression restricted to the
base of the epithelium in adulthood (Verhaagen et al., Eur. J. Neurosci., 1990).
NMDA regulation of GAP-43 mRNA was assessed with MK-801 treatment at P7
and P8 with 3 and 4 days of MK-801 treatment, respectively. In the same animals
that showed MK-801 induced decrease of mRNA levels in hippocampal granule
cells (Rangsithienchai, et al., this meeting), no effect was observed in olfactory
epithelial cells. This result suggests that enhancer and repressor proteins are
differentially expressed in immature and mature epithelial cells triggering or
repressing transcription of the GAP-43 gene. This process may be independent of a
potential retrograde signal originating in mitral cells after NMDA activation, since
these receptors are located in the external plexiform layer (Monaghan and Cotman,
J. Neurosci., 1985). (Supported by NUIN, and Fundación Barceló Fellowship (Spain) to
I.C., MERIT Award to A.R., and P60DC02764 to A.F.).

290.2
IMMUNOCYTOCHEMICAL LOCALIZATION OF RIBOSOMES WITH Y10B
IN THE EARLY POSTNATAL AND ADULT RAT OLFACTORY
PATHWAY. C.A . Greer*, K. W, kafitz, and F. L. Margolis Dept. Neurosurg.
and Sect. Neurobiol., Yale Univ. Sch. Med., New Haven, CT 06520 and Dept
Anat. and Neurobiol., Univ. Maryland, Sch. Med., Baltimore, MD 21201.
Recent studies demonstrated the presence of mRNA for olfactory marker protein
and for putative odor receptors in the glomerular terminals of olfactory receptor
cell axons. This observation has raised the possibility that local protein synthesis
may occur in these axons.
To test this hypothesis tissue sections of epithelia and bulbs of PI (n=5) and
adult rats (n=6) were immunocytochemically processed for double-labeling for
Y10B (generously provided by Dr. E. Rubel), a marker for ribosomes, and
olfactory marker protein (OMP). Confocal laser scanning microscopy indicated a
close spatial localization and possible co-localization of Y10B and OMP in
fascicles of olfactory receptor cell (ORC) axons in the olfactory nerve lay«- and as
they entered glomeruli. In general, the close spatial apposition was more apparent
in early postnatal animals than in adults. In the olfactory epithelium subsets of
ORCs and their apical dendrites were YlOB-immunoreactive (IR) at both ages.
Tissue was also labeled for Y10B alone and processed for ultrastuctural
localization with electron microscopy. Intense Y10B labeling was localized in
ensheathing cells and the somata and dendrites of mitral, tufted and periglomerular
cells. However, labeling in ORC axons or terminals was irregular and infrequent.
Thus, the possible co-localization seen with confocal microscopy seems most
likely due to the very close apposition and interdigitation of ensheathing cell
processes with ORC axons. In vitro analyses of Y10B-IR in ORCs were
generally consistent with the in vivo studies; 73.1% of the ORCs showed Y10BIR only in the soma, while 22.3% showed IR in the soma and growth cone.
Only 6.3% of the ORCs showed Y10B-IR in a neurite. The data suggest that
while ribosomes are not a routine constituent of ORC axons at postnatal ages,
they may be transiently present in growth cones during early development
Supported in part by DC00210 and NS10174 to CAG and DC03112 to FLM.

290.3

290.4

ROLE OF THE BRAIN IN OLFACTORY SYSTEM PLASTICI TY IN THE CLAWED FROG,
XENOPUS LAEVIS. D .M. H iggs* and G.D. Burd. D ept, o f M olecular and
Cellular Biology, University o f Arizona, Tucson, AZ 85721.
We exam ined the role o f retrograde signaling from the brain in
olfactory neuronal plasticity in X enopus laevis, using a m onoclonal
antibody (E7) previously generated in o u r lab.
T he olfactory
neuroepithelium o f postm etam orphic X . laevis exists in three cavities: a
water-sensing m iddle cavity (MC), an air-sensing principal cavity (P Q ,
and the vom eronasal o rgan (VNO), which m ay detect pherom ones.
Previous work in our lab has shown that the pattern o f E 7 staining differs
in these three cavities after m etam orphosis and the PC pattern changes
during developm ent. T he goal o f the current study was to determine
what influence the brain may have on changes in E 7 im munoreactivity in
the PC and what influence the brain m ay have o n M C form ation, which
develops at m etam orphosis. We rem oved nasal placodes from early
larvae and transplanted them to one o f two sites: 1) n ear the eye, to allow
olfactory
axons
to
innervate
non-olfactory
brain
regions
(transplant:brain) and 2) in the trunk, to prevent innervation o f the brain
by axons o f transplants (tranplant:non-brain) A nimals were killed at
m etam orphosis. T he staining pattern o f the neuroepithelia o f all three
cavities in transplant:brain animals was sim ilar to that seen in norm al
animals and the transplant nerve appeared to contact the brain. There was
very little staining in transplant:non-brain MC, VNO, o r PC epithelia and
no contact with the brain was observed. A ll three cavities were present in
these transplants, however. These results suggest that retrograde signaling
from the brain m ay be necessary fo r expression o f E 7 antigen in the
olfactory epithelium b u t this dependence is n o t target-specific, since
transplant:brain nasal cavities were n o t different from cavities in norm al
animals. T he b rain had n o influence o n form ation o f the MC, since
transplant:non-brain animals form ed a M C. . S upported b y NIH
(NS07363 & DC00446)

STUDIES OF THE EXPRESSION OF OLFACTORY RECEPTORS WITHIN
OLFACTORY RECEPTOR NEURON CELL LINES. H. Clarris1. H. Treloar1*. B.
Dowsing2. P. Bartlett3, and B. Key1. 'Dept Anatomy and Cell Biology, University o f
Melbourne, Parkville, Australia, 3052, 2Dept. Neurosurgery, St. Vincents Hospital,
Fitzroy, Australia, 3Walter and Eliza Hall Institute o f Medical Research, Parkville,
Australia.
In mammals, putative olfactory receptors are encoded by a large family consisting
of approximately 1000 receptor genes. It is not known whether olfactory receptor
neurons (ORNs) express more than one olfactory receptor, but it is believed that the
expression of olfactory receptors may be important in determining the projection
patterns of olfactory receptor neuron axons into particular regions of the glomerular
layer of the olfactory bulb. It has even been suggested that olfactory receptors may
be part of an axon guidance system for olfactory neurons, with neurons expressing a
particular olfactory receptor projecting to common olfactory glomeruli. To examine
the expression of olfactory receptors, and to determine whether olfactory receptor
neurons may express one or more than one receptor, we adopted a novel approach
and worked with cell lines of ORNs (OLF4.4.1 and OLF8.1) which had been
generated by c-myc oncogene transformation of primary cultures of olfactory
neuroepithelium (MacDonald et al., J. Neurosci. Res. 45, 237-247, 1996). As the
odorant receptor genes do not contain introns, we used reverse transcription
polymerase chain reaction (RT-PCR) and a modified version of 3’ RACE to
determine whether odorant receptors were expressed in either undifferentiated or
differentiated OLF4.4.1 and OLF8.1 cell lines. We found that the OLF4.4.1 and the
OLF8.1 cell lines expressed mRNA consistent with that of olfactory receptors.
Furthermore, we have conducted studies which address whether these cell lines
express one, or more than one receptor. We have also examined factors which may
influence the expression of these odorant receptors.
This work was supported by the National Health and Medical Research Council.
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290.5
INSULIN-LIKE GROW TH FACTORS INFLUENCE RAT OLFACTORY
NEUROGENESIS. S. K. Pixley * a n d K. Odoms. Dept, o f Cell Biol.,
Neurobiol. & A n at, Univ. o f Cincinnati Col. o f Med., Cincinnati, OH
45267-0521.
The insulin-like growth factors (IGFs) (which include IGF-I, -II and
insulin) are potent neurotrophic factors that could regulate olfactory
neurogenesis. Previous in situ hybridization studies show expression of IGFI, -II and the type I receptor mRNAs in the newborn rodent olfactory
epithelium (OE) and bulb. We have seen antibody staining for the IGF-I
receptor in a subset o f olfactory receptor neuron (ORN) cell bodies, axons,
dendrites and cilia in the postnatal (P4) Sprague Dawley rat OE. Antibodies
to IGF binding proteins (IGFBPs), which regulate local tissue responses to
IGFs, showed staining for four o f the six (BPS 2,3,4,5) on sustentacular cell
microvilli at the apical OE surface. In cell cultures containing ORNs from
newborn rats (grown on astrocytes), Western blots showed three IGFBPs
(2,3,5) increased with time after plating, paralleling ORN numbers. Thus
the IGFs and IGFBPs could influence ORNs. To test this, insulin was
removed from the normally high-insulin-containing serum-free medium of
cultured ORNs (from days 12-15). This decreased mature, olfactory marker
protein-positive ORNs. Addition o f IGFs (nM levels) to insulin-containing
medium for 6 days after plating increased numbers and aggregation of
ORNs. Infusion o f rat IGF-I (once daily, 2.6 nM) into the nares of newborn
rats increased the height o f the OE, the neuronal progenitor layer and the
immature neuron layers. These data suggest that IGFs regulate aspects of
olfactory neurogenesis. NIDCD (NIH) grants DC00347 and R55DC02106.

290.7
OLFACTORY RECEPTOR NEURONAL ABNORMALITIES IN RETT
SYNDROME. X. Cai. D. A. Leopold. S. B. Naidu . and G. V. Ronnett.* Johns
Hopkins University School of Medicine, Baltimore, Maryland, 21205 and The
Kennedy Krieger Institute*, Baltimore, Maryland, 21205.
Rett Syndrome (RS) is a severe neurodevelopmental disorder which is clinically
diagnosed by a period of relatively normal development followed by neurological
and behavioral regression, microcephaly and seizures. Pathological increased
neuronal cells lacking density, reduce neuronal size and dendritic arborizations
are reported. Although RS has a genetic basis, the mechanisms underlying RS are
unclear.
The olfactory receptor neuron (ORN) offers a unique model in which to test the
hypothesis that RS results from a disruption in neuronal development. ORNs
reside in the nasal cavity and are therefore accessible to low-risk biopsies. In this
study, olfactory neuroepithelial biopsies were obtained from RS and control
patients. ORNs are unique in that they are replaced in the postnatal period from a
maintained population of precursor nasal cells. Understanding their renewal
process (or arrest) in RS patients could provide insight into the defects in neuronal
development in RS patients.
O lfactory biopsies were fixed, sectioned, and subjected to
immunohistochemistry using polyclonal antibodies to olfactory marker protein
(OMP, a generous gift of Dr. Frank Margolis, University of Maryland). In controls,
OMP immunoreactivity was clearly seen in the cell bodies, axons, apical
dendrite, and dendritic knobs, identifying mature ORNs in the biopsy material. In
contrast, biopsies from RS patients failed to demonstrate immunoreactivity to
OMP, suggesting that mature ORNs are not present in the biopsy samples.
Samples are identified as having putative olfactory neuroepithelium by the
presence of sustentacular cells and absence of the normal respiratory epithelial
components. Whether immature or developing ORNs are present and yet fail to
mature in RS patients shall be determined. In summary, olfactory biopsies in RS
patients may reveal the level or site of arrest of neuronal development, which
relate to the clinical abnormalities seen in RS patients.

290.9

OLFACTORY RECEPTOR GENES IN GOLDFISH. Y. Cao* and L.
Stryer. Department o f Neurobiology, Stanford University, School of
Medicine, Stanford, CA 94305.
Goldfish are a choice system for studying the mechanism of olfactory
recognition for several reasons: (1) Fish have a simpler olfactory system
(~ 100 kinds o f olfactory receptors) than do mammals (~ 1000) (Ngai et
al., 1993). (2) The reproductive behavior o f male goldfish is regulated
by two very potent steroidal pheromones: 17α ,20β-dihydroxy-4pregnen-3-one and prostaglandin F (Dulka et al., 1987). (3) They bind
tightly to the olfactory epithelium (Rosenblum et al., 1991). (4)
Nanomolar concentrations of these pheromones elicit electrical responses
in the olfactory epithelium (Sorensen et al., 1987). The combinatorial
strategy employed in goldfish pheromone detection may be simpler than
that o f general odorant detection. We have initiated molecular genetic
studies of the goldfish olfactory system. Using degenerate PCR primers
based on known sequences o f rat olfactory receptor genes, we isolated
three classes of partial putative goldfish olfactory receptor clones. A
goldfish olfactory epithelium cDNA library was then constructed and
screened with these PCR fragments. Three full-length genes, G F2,
GF25 and GF28, have been cloned. They are 67-81% identical in amino
acid sequence to three classes of zebrafish olfactory receptor genes,
U44439, U42397 and U42398. The goldfish genes are also similar in
sequence to several catfish olfactory receptor genes.
This work was supported by Stanford University patent funds.

290 .6
ULTRASTRUCTURE OF THE OLFACTORY EPITHELIUM OF THE
AFRICAN
CLAWED
FROG,
XENOPUS
LAEVIS,
DURING
METAMORPHOSIS. C L . GENTRY. J.O. REISS*, and G.D. BURD.
Department o f Molecular and Cellular Biology, University o f Arizona, Tucson,
AZ 85721.
The ultrastructure o f the olfactoiy epithelium o f the African clawed frog,
Xenopus laevis, was examined throughout development. Transmission electron
micrographs reveal that important changes in the presence o f particular cell types
takes place during metamorphosis. Prior to metamorphosis, Xenopus possesses
areas o f olfactory epithelium in the vomeronasal and principal cavities. At the
onset o f metamorphosis, a new cavity, the middle cavity, begins to form, which
also contains sensory epithelium. The principal cavity in larvae senses water
borne odors, whereas adult principal cavity senses air-borne odors. Adult middle
cavity assumes the role o f sensing water-borne odors. The functional role of the
vomeronasal organ is unclear. Our electron micrographs reveal that all
vomeronasal receptor cells are microvillar. It appears that no significant changes
occur in the vomeronasal epithelium during metamorphosis. In the principal
cavity, both microvillar and ciliated receptor cells are present before
metamorphosis. However, only ciliated receptor cells are observed in the
principal cavity o f adults. Interestingly, the adult middle cavity epithelium
contains both ciliated and microvillar receptor cells which are similar to those
observed in the principal cavity before metamorphosis. Our results suggest that
water sensing epithelia require different types o f receptor cells than epithelia that
sense air-borne odors. Supported by NIDCD (DC 00446) and UA Foundation
and Office o f the V.P. for Research.

290.8
ORGANOTYPIC OLFACTORY EPITHELIUM-BULB SLICES: A NOSE IN A
DISH? Michael T. Shipley* and Adam C. Puche. Department of Anatomy and
Neurobiology, Program in Neuroscience, University of Maryland, Baltimore Maryland,
21201 .

The cellular, molecular, and activity-dependent mechanisms underlying axon
growth, synaptogenesis and pattern formation between olfactory receptor neurons
(ORNs) and the olfactory bulb (OB) are largely unknown. Recent evidence implicates
odorant receptor genes, cell adhesion-, and extracellular matrix molecules in ORN
axon targeting while the role(s) of neural activation are unknown. There are few in
vitro model systems adequate to directly investigate olfactory development and
function. We have developed an in vitro organotypic slice system, consisting of the
entire primary olfactory pathway, for this purpose. Saggital or horizontal 200μm
sections are taken though the olfactory neuroepithelium and bulbs of embryonic day 14
through to postnatal day 3 rat heads. Slices are maintained in vitro for 2 to 12 day in
serum-free media and processed for immunohistochemistry. Staining for olfactory
marker protein (OMP) and GAP43 shows that there are axonal connections between
the ORNs in the epithelium and the olfactory bulb. Initial experiments with BrdU
incorporation suggests that many ORNs in the epithelium are bom in culture. It
remains to be determined whether the ORNs contacting the bulb are bom during the
culture period and/or derive from immature neurons present at the start of the culture.
Interestingly, a subpopulation of juxtaglomerular neurons in the cultured olfactory
bulbs express tyrosine hydroxylase (TH). The expression of TH in vivo requires
olfactory axon input. The TH positive neurons in our slices are located preferentially
in regions of the bulb innervated by ORN axons; cells in regions of the slice lacking
OMP axons do not express TH. The present in vitro organotypic slice system provides
a useful experimental model for investigating olfactory system development and the
roles of ORN activity and gene regulation.
Supported by NIH grant DC-00347 and NS-36940.

290.10
NEURAL CODING OF COMPLEX MIXTURES: ARE RESPONSES OF
OLFACTORY RECEPTOR NEURONS AFFECTED BY INHIBITORY BINDING
EVENTS AMONG A MIXTURE’S COMPONENTS? S.I. Cromarty*. L.R.
Gentilcore and C.D. Derby. Dept Biol., Georgia State Univ., Atlanta, GA 30302.
The response of an olfactory receptor neuron (ORN) to a mixture is usually less
than the sum of the responses to the individual odorants and often less than the
response to the most effective component. The response magnitude to a mixture is
dependent not rally on which transduction cascades are activated by each component in
the mixture, but also the inhibitory interactions between components at the ligand
receptor site, termed binding interactions (Daniel et al., 1996). In the spiny lobster,
Panulirus argus, biochemical (Olson and Derby, 1995) and electrophysiological
(Daniel et al., 1996) studies suggest that binding interactions can shape the responses
of ORNs to binary mixtures. Biochemical techniques were used to examine the
binding of radiolabeled adenosine-5’-monophosphate (AMP), L-glutamate, or taurine
in the presence of mixtures of up to 6 compounds (Gentilcore and Derby, 1997).
Results indicate that the magnitude of binding inhibition is a consequence of the
specific combination and concentration of components rather than the sum of the
individual binding interactions. Further, the inhibition by mixtures was due to both
competitive and non-competitive mechanisms.
To determine the role of these binding interactions on the neural coding of ORNs, a
correlative electrophysiological study of olfactory responses to mixtures of up to seven
components was conducted. We examined responses of 45 (15 of each) individual
taurine-, glutamate- and AMP-best olfactory neurons to mixtures (from 1 up to 6
additional compounds). We are investigating whether the inclusion of a term for
binding inhibition in the model of neural responses to complex mixtures improves the
model's accuracy. Preliminary results indicate that the particular combinations of
components yield vastly different olfactory responses and it is these combinations
rather than the summing of concentrations (in a mixture) that are coded by the ORNs.
Supported by grants NIH R01DC00312
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290.11

290.12

ODORANT RESPONSE PROPERTIES OF CONVERGENT OLFACTORY
RECEPTOR NEURONS IN THE MOUSE OLFACTORY SYSTEM.
T. C. Bozza* and J. S. Kauer. Department of Neuroscience, Tufts University School
of Medicine, Boston, MA 02111.
Previous electrophysiological, optical recording and molecular studies have
suggested that there may be odorant-related projection patterns from the olfactory
epithelium (OE) to the olfactory bulb (OB) in which olfactory receptor neurons
(ORNs) that respond similarly to odorants converge onto discrete regions in the
glomerular layer of the OB. There are no data available, however, that directly
relate response differences of ORNs to their topographic projection patterns onto the
OB surface. We have developed a method for focally injecting fluorescent latex
microspheres into groups of glomeruli that are visualized in living mice using the
dye RH414; both the microspheres and RH414 retrogradely label ORNs. We
recorded from dissociated ORNs using Fura-2 calcium imaging to ask whether
convergent ORNs respond similarly to odorants. We recorded responses in 81
retrogradely traced ORNs using 6 different mixtures of odorants. When compared
to unlabeled cells, ORNs that project to 20-30 glomeruli in the dorso-medial OB
exhibit a restricted set of response profiles that are biased towards the mixtures
containing organic acids. In this group, 7 of 9 cells also responded when stimulated
with a seventh mixture containing only organic acids. Furthermore, 18 ORNs that
project to this dorso-medial site were stimulated with individual organic acids and
alcohols. Of these, 14 ORNs responded selectively to the acids, 2 responded to
acids and alcohols, and 2 responded to none of the individual compounds.
Additionally, ORNs that project to groups of glomeruli in the dorso-lateral OB
exhibit significantly different response profiles compared with the dorso-medially
projecting population of ORNs. Our data suggest that in the dorso-medial OB,
neighboring glomeruli receive inputs from ORNs with similar response properties.

TWO FORMS OF ODOR ADAPTATION IN SINGLE OLFACTORY RECEPTOR
NEURONS. M. Ma*. T. Leinders-Zufall. G.M. Shepherd. F. Zufall, Section of
Neurobiology, Yale Univ. School of Medicine, New Haven, CT 06510.
The mechanism underlying odor adaptation is controversial. Some have concluded
that odor adaptation is a single process, consisting essentially of Ca2+/calmodulin
dependent down regulation of the activity of cyclic nucleotide-gated (CNG) ion channels
following odor-induced cAMP generation (Kurahashi and Menini, 1997; Gold and
Pugh, 1997). Others have shown that there is at least one additional process mediating
odor adaptation that is independent of the cAMP pathway but depends on odorstimulated cGMP formation and subsequent gating of CNG channels by cGMP (Zufall
and Leinders-Zufall, 1997). To address this issue, we have tested the hypothesis that
individual salamander olfactory receptor neurons (ORNs) exhibit both forms of
adaptation under our experimental conditions, and that these two forms can be dissected
and studied in isolation, based on their differential pharmacological properties, temporal
characteristics, and dependence on the pattern and strength of odor stimuli. We find that
cAMP-dependent adaptation recovers on the time scale of seconds and is therefore
termed short-term adaptation (STA) whereas cGMP-dependent adaptation lasts for
minutes and is termed long-lasting adaptation (LLA). These different temporal
properties reflect the different time courses of the underlying cyclic nucleotide signals.
Accordingly, LLA can be abolished selectively by inhibitors of the CO/cGMP pathway
while STA remains unchanged after disruption of LLA. Another way to dissociate the
two forms is through adjustment of the stimulus strength: LLA occurs only above a
given threshold of stimulus intensity whereas STA can be elicited by much lower odor
stimuli. Finally, we demonstrate that both adaptation forms depend on Ca2+ entering
the ORN, but that their effects are mediated by different Ca2+-dependent downstream
mechanisms. This coexistence of STA and LLA demonstrates that activation of the
cAMP second messenger pathway alone is not sufficient to account for all phases of
odor adaptation, that ORNs use multiple second messenger systems to perform distinct
but closely related functions, and that CNG channel mediated Ca2+ entry causes
modulation of the odor sensitivity at several molecular sites in the transduction cascade.
Supported by NIH grants DC02227 and DC00086.

Supported by research grants from the NIDCD and the ONR.

290.13
CALCIUM STORE DEPLETION BY THAPSIGARGIN DOES NOT AFFECT
OLFACTORY SIGNAL TRANSDUCTION. F. Zufall*. T. Leinders-Zufal l G,.M,
Shepherd. C.A. Greer. Section of Neurobiology and Department of Neurosurgery,
Yale Univ. School of Medicine, New Haven, CT 06510.
To begin to understand the role of Ca2+ stores in olfactory signal transduction, we
have used patch clamp and Ca2+ imaging techniques to examine the effect of store
depletion on cellular events in salamander olfactory receptor neurons (ORNs).
Thapsigargin, a Ca2+-ATPase inhibitor that promotes Ca2+ release from intracellular
compartments, was employed to study intracellular Ca2+ release and depletion.
Application of thapsigargin increased the Ca2+-fluorescence in the dendrite and soma,
where Ca2+ stores (mitochondria and endoplasmatic reticulum) were localized by EM.
No increase in Ca2+ fluorescence was observed at the site of primary olfactory trans
duction, the olfactory cilia. It is known that Ca2+ store depletion sometimes can
cause the activation of sustained inward currents due to store-operated ion channels:
ICRAC and/or the trp channels. In ORNs, however, thapsigargin-stimulated Ca2+ re
lease did not induce the generation of any inward current Instead, thapsigargin in
creased an outward K+ current component and induced hyperpolarisation of the ORN
membrane potential. Thapsigargin neither induced ORNs to depolarize and fire spon
taneously, nor altered the frequency or duration of firing of an electrically stimulated
ORN. In addition, thapsigargin seemed not to alter the amplitude or kinetics of
IBMX- or odor-induced currents and receptor potentials. Using imaging techniques,
we found that IBMX or odor-evoked Ca2+ responses in cilia and knob were unaffected
by the thapsigargin treatment. In contrast, the Ca2+ signals in the dendrite and
soma, which display complicated kinetics in the control situation, were significantly
reduced after thapsigargin treatment This suggests that several distinct mechanisms
contribute to the total fluorescence changes in the dendrite and soma, reflecting the
involvement of thapsigargin-sensitive Ca2+ stores. In conclusion, thapsigarginsensitive Ca2+ pools are present in the dendrite and soma of ORNs but Ca2+ released
from these stores does not appear to influence the primary transduction mechanism.
Supported by NIH grants DC02227, DC00086, DC00210 and NS10174.

290.15
ZINC MOBILITY IN THE CNS AND ITS FUNCTION IN PERCEPTION OF
OLFACTORY SENSATIONS. A. Takeda*. J. Sawashita. M. Ohnuma and
S. Okada. Dept, of Radiobiochemistry, Sch. of Pharmaceutical Sci.,
Univ. of Shizuoka, 52-1 Yada, Shizuoka 422, Japan
Zinc (Zn) may serve as an endogenous neuromodulator of several
important receptors including GABA and NMDA receptors in the brain,
in addition to its known role as a number of Zn-enzymes. We showed
that the blood-CSF barrier may be involved in 6 5 Zn transport into rat
brain. Our study of 6 5 Zn accumulation in rat brains also showed that
the regions where a long biological half-life of Zn was observed were
those with a high density of Zn-containing neuron terminals. The data
suggested that the method of brain autoradiography with 6 5 Zn may
be useful to search for new Zn-containing pathways. As a matter of
fact, the study of Zn mobility in the rat olfactory system after 6 5 Zn
injection into the olfactory bulb or amygdaloid nuclei indicated that Zn
may be intraneuronally transported along the olfactory tract; Zn may
be taken up by the third olfactory neurons of the piriform area after
release from the terminals of the secondary olfactory neuron, i.e.,
mitral and tufted cells, and then transported to the entorhinal area.
Moreover, the chelation of extracellular Zn in the amygdaloid nuclei by
diethyldithiocarbamate caused a temporal reduction of olfactory
function. During the reduction, a stimulation of release of excitatory
neurotransmitters, i.e., glutamate and aspartate, was observed in the
amygdaloid nuclei. These results suggest that Zn serves as a
neuromodulator for the perception of olfactory sensations in the brain.
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CROSS-TALK BETWEEN AND FUNCTIONAL SEPARATION OF
OLFACTORY SIGNAL TRANSDUCTION PATHWAYS IN RATS AND
HUMANS. G. Gomez1. N. E. Rawson1. B. Cowart1. L. D. Lowrv1,2. E. A.
Pribitkin2 and D. Restrepo*3. 'Monell Chemical Senses Center, Philadelphia, PA;
2Thomas Jefferson University, Philadelphia, PA; 3University of Colorado Health
Sciences Center, Denver, CO.
There is a body of evidence demonstrating the involvement of two distinct odor
signal transduction pathways in olfactory receptor neurons (ORNs): odor
stimulation elicits the formation of either cAMP or IP3. Using freshly isolated
ORNs from the adult human and rat olfactory epithelium and calcium imaging
techniques to measure odor responses, we investigated the involvement of both
pathways in olfactory signal transduction. Isolated ORNs were stimulated with
odorants that have been shown to initiate cAMP (Mix A) or IP3 (Mix B)
production. Human ORNs responded to either Mix A or B, never to both. In'
contrast, 43% of the odor-responsive rat ORNs responded to both Mix A and B. In
both species, Mix A responses were blocked by 1-cis-diltiazem (a cAMP-gated
channel blocker) while Mix B responses were blocked by Neomycin (a
phospholipase C inhibitor). We also blocked signal termination using protein
kinase inhibitors (PKA: H89, PKC: N-myristoylated EGF receptor) that are
involved in the two transduction pathways. In human ORNs, termination of Mix A
responses were specifically inhibited by the PKA inhibitors, while termination of
Mix B responses were specifically inhibited by the PKC inhibitors; the reverse was
not observed. However, in rat ORNs, termination of Mix A and Mix B responses
were affected by both PKA and PKC inhibitors. These results indicate that there is
a possibility of cross talk between the two signal transduction pathways in rat ORNs
but not in human ORNs, suggesting that peripheral odor signal processing in
humans may be different from those found in other animals.
Supported by NIH DC00566 and DC00214, and Human Frontier Science Program.
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NITRIC OXIDE SYNTHASE INDUCTION IN MEDIUM SPINY
NEURONS OF RAT CAUDATE-PUTAMEN. Jonathan E.
Freedman*. Gabriela J. Greif1. Lvnn P. Martin. Barbara L.
Waszczak, Suchitra Chari. Pulin H. Patel, and James F.
O'Connell. Dept. Pharmaceutical Sciences, Northeastern Univ.,
(and 1Dept. Neurobiol., Harvard Med. Sch.), Boston, MA 02115.
We previously described an unexpectedly high level of NADPH
diaphorase labeling in rat caudate-putamen neurons 3-4 hrs after
dissociation for use in patch-clamp experiments. Here, we have
sought to study the basis of this effect. In immunocytochemical
studies, a small number of dissociated neurons were reactive for
neuronal (type I) nitric oxide synthase (NOS); these resembled
NOS-containing interneurons. No labeling for endothelial (type
III) NOS was observed. However, about 90% of cells were labeled
for inducible (type II) NOS. In Western immunoblots, the anti
body to type II NOS labeled a single band that co-migrated with
authentic enzyme from macrophages; this antigen was undetect
able in fresh striatal tissue. To assess whether medium spiny
neurons could express NOS, we specifically identified these cells
by retrograde labeling with fluorescent latex microspheres from
striatal projection sites. In preliminary experiments, both diapho
rase staining and NOS labeling were seen in retrogradely-labeled
cells. Our results indicate that medium spiny neurons are capable
of rapidly expressing type II NOS in vitro, and raise the question
of whether NOS induction could also accompany neurodegenera
tive processes such as those in Huntington's disease.
Supported by NIH grants MH-48545 (JEF) and NS-23541
(BLW).

BEHAVIORAL AND BIOCHEMICAL PROPERTIES OF SUBCHRONIC
CLOZAPINE AND HALOPERIDOL ADMINISTRATION IN RATS. J. Yu.
L. Kӓllstrӧm. F.-A. Wiesel and A. E. Johnson*.. Department of Psychiatry,
Ullerá ker, Uppsala University Hospital, S-75017 Uppsala, Sweden.
The atypical antipsychotic, clozapine (CLOZ), is known to interact to
varying degrees with receptors of the dopamine D1 and D2 families. In this
study, the behavioral effects of CLOZ and the classical antipsychotic,
haloperidol (HAL), were compared and related to changes in dopamine
receptor binding in the basal ganglia and to the modulation of GAD65 and
GAD6 7 mRNA in limbic and motor subregions of the entopeduncular n. (EP).
Adult female rats were administered clozapine (CLOZ; 25mg/kg),
haloperidol (HAL; lmg/kg) or saline (SAL) on a daily basis for 21 days. Tlie
display of vacuous chewing movements (VCM) were recorded 5 hrs and 23 hrs
postinjection at several time points throughout the 21 day period. Animals were
killed 48 hrs after the last injection and brains were processed for receptor
autoradiographic and in situ hybridization experiments. Results of behavioral
studies showed that in the 5 hr postinjection test period HAL increased the
display of VCM beginning 11 days after the initiation of drug administration
compared to pretest levels while animals given either CLOZ or SAL showed
no enhancement. On the other hand in the 23 hr postinjection test period,
animals given CLOZ displayed an increase in the display of VCM beginning
13 days after the initiation of drug administration compared to pretest levels
and to HAL and SAL animals. Receptor autoradiographic analysis showed that
HAL treatment increased D2 binding in the striatum, globus pallidus,
subthalamic n. and substantia nigra compacta but had no effect on D 1 binding.
CLOZ treated animals also displayed a significant increase in D2 receptor
binding density in the posterior striatum and globus pallidus. However unlike
HAL, CLOZ also enhanced D1 binding in the posterior striatum, EP and
substantia nigra reticulata. With regard to the modulation of GAD expression,
HAL increased the levels of both GAD65 and GAD67 mRNA in the EP,
whereas CLOZ selectively enhanced GAD65 mRNA expression. In both
groups, the enhancements in GAD expression occurred in both motor and
limbic subregions of the EP. Supported by grant #8318 from the Swedish MRC.
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MAP KINASE CASCADE ACTIVATION AND IM MEDIATE EARLY
GENE INDUCTION IN THE RAT STRIATUM FOLLOWING
ELECTRICAL STIMULATION OF THE SENSORIMOTOR CORTEX.
V. Sgambato. C. Pagès. M. Roeard. M.J. Besson* and J. Caboche.
Laboratory o f Neurochimie-Anatomie, IDN-UPMC, CNRS URA 1488, 9
quai Saint Bernard, 75005 PARIS.
W e have previously shown that a focal electrical stimulation o f the
glutamatergic cortico-striatal neurons from the sensorimotor cortex induces
Fos protein topographically in the lateral striatum in anesthetized rats.
Glutamate is known to activate MAP kinase cascade which targets the
ternary complex factor Elk-1. This transcription factor transactivates via the
SREs the c-fos and Z if 268 promoters. W e tested in our model, the
correlation between the induction o f M APK/Elk signaling pathway and the
transcription o f these two immediate early genes. Using in situ
hybridization, we observed the induction o f both c-fos and Z if 268 mRNA,
bilaterally, in the lateral striatum after 15 min o f stimulation. A further
enhancement was observed by increasing the stimulation time from 15 to 60
min. Following 1 hr o f stimulation, both mRNAs gradually returned to basal
levels by 4 hrs. We analysed M APK cascade activation by
immunocytochemistry using the phosphorylated M APK and Elk-1 specific
antibodies. Early after the stimulation, there is a strong activation o f this
signaling cascade that rapidly decays by 1 hr suggesting that a transient
MAPK activation is important in the genic response to stimulation. We are
currently analysing the induction o f M APK phosphatase (MKP-1) as a
potential regulator in this model.

ALPHAr ADRENERGIC RECEPTOR ANTAGONISTS REDUCE SYMPTOMS
IN ANIMAL MODELS OF L-DOPA-INDUCED DYSKINESIA
B. Henry. A. Plowright. S.H. Fox. S. McGuire. D. Peggs. Y.P. Maneuf. C.J. Hille.
A.R. Crossman and J.M. Brotchie*
Division of Neuroscience, School of Biological Sciences, University of Manchester,
Manchester, UK. M13 9PT. brian.henry@man.ac.uk
Long-term L-DOPA treatment of Parkinson’s disease is plagued with many
disabling, side effects, most notably uncontrolled involuntary movements, i.e. L~
DOPA-induced dyskinesias. Selective alpha2-adrenergic receptor antagonists reduce
symptoms induced by repeated L-DOPA administration in both rodent and primate
models of L-DOPA-induced dyskinesias. The alpha2-adrenergic receptor antagonist
yohimbine dose dependently (0 . 1 -1 0 mg kg'1) reduces hyperlocomotion observed
following repeated L-DOPA administration in the 6 -OHDA-lesioned rat (maximum
98.3±3.1%). Similarly, the more selective alpha2-adrenergic receptor antagonist
rauwolscine hydrochloride ( 1 0 mg kg-1) maximally reduced this hyperlocomotion by
105.7±7.2% and attenuated L-DOPA-induced dyskinesia in the MPTP-treated non
human primate. Furthermore, we have demonstrated that alpha2-adrenergic receptormediated attenuation of dyskinesia can be maintained following sustained treatment.
Alpha2-adrenergic receptor antagonists also attenuate dyskinesia induced by the direct
D1/D2 receptor agonist apomorphine (0.1 mg kg-1), following repeated L-DOPA
treatment. However, increasing noradrenaline levels using the noradrenaline uptake
inhibitor desipramine (2 0 mg kg'1) failed to modify dyskinesia observed following
repeated L-DOPA treatment, suggesting that alpha2-adrenergic receptors on nonadrenergic neurons are responsible for these effects. Utilising both in situ hybridisation
and [3H] RX 821002 receptor radioligand binding, we have investigated alterations in
alpha2-adrenergic receptors in animal models of L-DOPA-induced dyskinesias. In situ
hybridisation utilising 35S-labelled oligonucleotide probes targeted against the alpha2Cadrenergic receptor subtype and [3H] RX 821002 radioligand binding suggests that
increased striatally-encoded alpha2C-adrenergic mRNA and receptor levels within the
substantia nigra pars reticulata are elevated in animal models of L-DOPA-induced
dyskinesia. Research funded by MRC.

29 1 .5

2 91.6

A NOVEL THERAPEUTIC APPROACH TO THE SYMPTOMATIC
TREATMENT OF PARKINSON’S DISEASE BASED ON ACTIVATION OF
DELTA OPIOID RECEPTORS
C.J. Hille. S.H. Fox. D. Peggs. S. McGuire. B. Henry. Y.P. Maneuf. A.R. Crossman*
and J.M. Brotchie. Division of Neuroscience, School of Biological Sciences,
University of Manchester, UK.j.brotchie@man.ac.uk
In Parkinson’s disease, dopamine-replacement therapies, such as L-DOPA, are
associated with the development of side effects, especially dyskinesia, which often
become as debilitating as the parkinsonian symptoms themselves. Non-dopaminergic
therapies that are as efficacious as dopamine-replacement but might not elicit
dyskinesia are therefore of great interest. In the studies described here we have shown
that activation of delta opioid receptors can have anti-parkinsonian effects comparable
in efficacy to those of L-DOPA. Thus, systemic administration of. the 5-opioid agonist
SNC-80 alleviates symptoms in three rodent models of
parkinsonian akinesia i.e. reserpine-treated, Dl dopamine
receptor antagonist-treated and D2 dopamine receptor
antagonist-treated rats. At the optimal doses of SNC80, all
measures of locomotion were returned to normal in all
three models. The anti-parkinsonian actions were dosedependent and at supra-optimal doses did not, unlike LDOPA, elicit abnormal levels of locomotion. The anti
parkinsonian actions of the 5-opioid agonist antagonised in
veracie 5inu»u
a dose-dependent manner by the selective 8 -opioid receptor
VeiSCIe (i0mg/kg) antagonist naltrindole, but not by antagonists selective for |i
or K-opioid receptors. In the MPTP-treated marmoset,
parkinsonian symptoms were alleviated to a level that was not significantly different to
that seen in clinically-normal animals or in MPTP-treated animals receiving an optimal
dose of L-DOPA. In no instance was dyskinesia seen. We therefore propose that 5opioid agonistsmay offer an alternative therapeutic strategy for the treatment of
Parkinson’s disease which is not based on the restoration of striatal dopamine function,
and which may therefore avoid the debilitating side effects associated with dopaminereplacement strategies. Research funded by MRC.

CHRONIC OLANZAPINE OR SERTINDOLE FAIL TO CAUSE GABAa OR D-,
DOPAMINE RECEPTOR ALTERATIONS IN THE SUBSTANTIA NIGRA PARS
RETICULATA. K. Sakai,* X.-M. Gao and C.A.Tamminaa. M.P.R.C.. University
of Maryland School of Medicine, Baltimore, MD 21228
Chronic treatment of rats with typical neuroleptics is associated with vacuous
chewing movements (VCMs), a putative animal model of human tardive
dyskinesia (TD); whereas, clozapine shows low VCMs and no TD. Olanzapine
and sertindole also have a low incidence of VCMs. To elucidate the
pharmacological mechanisms whereby these new neuroleptics maintain a
therapeutic effect without producing VCMs, we quantified the neurochemical
changes in rats treated chronically (6 month) with olanzapine (O: 2.0
mg/kg/day), sertindole (S: 2.0 mg/kg/day) or haloperidol (H: 1.5 mg/kg/day)
compared to control (water only). We found in striatum, chronic haloperidol or
olanzapine treatment increased D2 family receptor density, whereas sertindole
produced no change (H=144%, 0=112%, S=105%). Haloperidol and
sertindole, but not olanzapine, increased striatal enkephalin mRNA (H=171%,
0=96%, S=157%). Haloperidol, but neither olanzapine nor sertindole,
decreased substance P mRNA in the lateral striatum (H=57%, 0=95%,
S=80%). In nucleus accumbens, haloperidol, but neither olanzapine nor
sertindole, increased D2 receptor density (H=133%, 0=107%, S=102%). In
substantia nigra pars reticulata, haloperidol increased GABAa receptor density
(H=125%, 0=92%, S=91%) and decreased dopamine D, receptor density
(H=78%, 0=102%, S=98%) whereas neither olanzapine or sertindole changed
either receptor density. Haloperidol, but neither olanzapine nor sertindole,
increased GABAa receptor density in the mediodorsal thalamus (H=115%,
0=104%, S=105%). These data suggest that the pharmacological actions of
chronic new neuroleptic treatments vary between agents. Correlations of
regional neurochemistry with VCMs will be reported. (Supported by NIMH.)
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INCREASED STRIATAL GAD67 mRNA LEVELS IN REM SLEEP
DEPRIVED RATS MAY CONTRIBUTE TO LOCOMOTOR
ACTIVITY. L.Ramanathan*. R.W. McCarley and P.Shiromani. VA-

PRESYNAPTIC EFFECT OF ADENOSINE A2a RECEPTOR ACTIVATION ON
NIGRO- AND CORTICOSTRIATAL AFFERENTS. P. Patino*. M. Garcia-Munoz.
S.J. Young and P.M. Groves. Department of Psychiatry, School of Medicine, UCSD,
La Jolla, CA 92093-0603.
Activation of the adenosine A2a receptor increases stimulated dopamine (DA) and
glutamate (GLU) release by direct activation of presynaptic A2a receptors on
corticostriatal and nigrostriatal afferents. We used an in vivo electrophysiological
technique, the measurement of electrical excitability, to examine presynaptic effects of
A2a receptor activation on these striatal afferents. Antidromic action potentials
elicited by striatal stimulation were recorded extracellularly either from a substantia
nigra pars compacta neuron or a medial prefrontal cortical cell in different
experiments on urethane anesthetized, male Sprague-Dawley rats. Kainic acid lesions
of the striatum were performed to eliminate indirect effects mediated by intrinsic
neurons. Changes in excitability were assessed as the percent change relative to
control levels in the current required to elicit an antidromic response. Striatal
administration of A2a receptor agonist CGS-21680 HC1 (CGS) (5 nM/0.3 μi)
decreased nigral and cortical excitability relative to pre-drug levels (-17.2 ± 1.8 %;
-18.89 ± 2.81 %, respectively). This effect could be reversed by subsequent
intrastriatal infusion of the A2a receptor antagonist 3,7-dimethyl-l-propargylxanthine
(DMPX) (lOnM/O.3 *il) (-1.84 ± 0.71 % for nigral and -2.25 ± 0.90 % for cortical
afferents). To determine if the A2a induced decreases in excitability could result
indirectly from an increase in DA release and subsequent DA effects on corticostriatal
and nigrostriatal afferents, sulpiride (10 mg/kg, i.p.) was administered 2h before the
intrastriatal CGS infusion. CGS still decreased corticostriatal excitability (-38.33 ±
3.22 %). In contrast, nigrostriatal presynaptic excitability increased (+18.3 ± 1.29 %).
Both effects were reversed by subsequent infusion of DMPX. These results suggest
that adenosine may act directly on nigrostriatal presynaptic receptors to increase DA
release and to decrease excitability by stimulating DA receptors on these afferents.
DA D2 receptor blockade appeared to uncover the direct consequences of A2a
activation of these afferents. The A2a induced decrease in corticostriatal excitability
does not appear to involve increased DA D2 presynaptic stimulation. Further studies
are underway to elucidate the basis for the
2aeffect on the cortical afferents. This
A
research was supported in part by DA02854 from the National Institute on Drug Abuse and
Research Scientist Award DA00079 to P.M.G.

Harvard Medical School, West Roxbury, MA 02132.
Some patients with Parkinsonism exhibit REM behavior disorder
(RBD), a sleep disorder characterized by movement during REM
sleep. Normally during REM sleep there is profound atonia, but with
sleep loss increased motor activity can be seen. The circuitry
underlying RBD is unknown, but may involve the basal ganglia. The
basal ganglia has a large number of GABA neurons which project to
the pre-motor circuits. The present study investigated the changes
in GAD67 mRNA levels in the striatum by northern blot analysis, in
response to REM sleep deprivation.
The platform technique of REM sleep deprivation showed that
animals on large platforms for 1 and 5 days as well as animals on
small platforms for 1 day showed no significant changes in striatal
GAD67 mRNA levels compared to animals kept in dry cages.
Animals on small platforms for 5 days, however, showed significant
increases in striatal GAD67 mRNA levels (39%; n=3).
REM sleep deprivation increases motor activity and given the
connectivity of the striatum with nuclei involved in movement, it
seems likely that the increase in striatal GAD67 mRNA levels in REM
sleep deprived rats may contribute to increased movement. This
circuitry may also be involved in the symptoms associated with
RBD.
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INTERACTION OF THE SEROTONERGIC, DOPAMINERGIC AND
GLUTAMATERGIC SYSTEMS IN FENFLURAMINE-INDUCED FOS
EXPRESSIONIN STRIATAL NEURONS. JL.Labandeira*. I.Liste, G.Rozas.
E.Looez. J. Rodriguez and MJ. Guerra. D ept o f Morphological sciences,
Univ. o f Santiago, Galicia, Spain.
The effects of fenfluramine (FE) on the major striatal afferent systems
and their possible interactions in FE-induced striatal expression of Fos
were studied by lesion of the serotonergic and/or the dopaminergic
system, and administration of NMDA glutamate (MK-801) or 01
dopamine (SCH23390) receptor antagonists. Either D1 or NMDA
receptor antagonist practically supressed Fos expression. Fos expression
was also dramatically reduced 24 h after 6-hydroxydopamine lesion of
the dopaminergic system, but not so much after chronic lesion. Chronic
or acute lesions of serotonergic system led to marked reduction of Fos
expression. After combination of chronic lesions of both systems a
considerable number of Fos-positive nuclei were still observed, and they
were almost but not totally supressed after double acute lesion. Our
results indicate that FE-induced striatal expression of Fos is mostly due
to DA release and dopaminergic stimulation of D1 receptors. However,
concurrent stimulation o f NMDA glutamate receptors also appears to be
essential, and 5-HT release (although not indispensable) doubles striatal
Fos expression. Other mechanisms independent of 5-HT and DA release
may contribute minimally, and compensatory changes to increase
expression of Fos after lesion of the DA system were also observed.
Supported by Spanish CICYT and XUGA.

5-HT3 RECEPTOR ACTIVATION IS REQUIRED FOR THE INDUCTION OF
STRIATAL C-FOS AND THE PHOSPHORYLATION OF ATF-1 BY
AMPHETAMINE. L.M. Genova* and S.E. Hvman. Program in Neuroscience,
Harvard University, Boston, MA 02115; Molecular Plasticity Section, NINDS,
Bethesda, MD 20892

Supported by DVA Research and NS30140

Dopamine (DA) has been shown to be required for the induction of striatal gene
expression by psychostimulants. However, direct DA agonists or selective inhibitors
of DA reuptake are relatively weak inducers of striatal gene expression compared with
acute cocaine or amphetamine. So although necessary, DA alone is not sufficient
to mediate the full gene induction response to psychostimulants.
In addition to its actions on the DA transporter, amphetamine also enhances
synaptic serotonin (5-HT) in the striatum. Thus, the potential role of 5-HT in the
regulation of striatal gene expression by amphetamine was investigated. We find that
selective lesions of serotonergic terminals in the rat forebrain using 5,7dihydroxytryptamine prevents the full induction of striatal c-Fos by 4 mg/kg
amphetamine. Furthermore, amphetamine-induced striatal c-Fos is completely
inhibited by administration of the 5-HT3 receptor antagonist, MDL-72222, but not by
the 5-HT2A/2C receptor antagonist, ritanserin. Additionally, blockade of 5-HT3
receptors by MDL-72222 inhibits the phosphorylation of ATF-1 at serine 63 by
amphetamine, but not the phosphorylation of serl33 CREB. These results suggest
that 5-HT3 receptor activation may be required for amphetamine-induced expression of
ATF-1-regulated target genes in the striatum, which may include c-fos. This
hypothesis is currently being investigated using rat primary striatal neuron cultures.
(supported by NIH)
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SEROTONIN 5HT-2A/2C AND DOPAMINE D1 RECEPTOR
INTERACTIONS IN THE STRIATUM. R. F, Paletzki* and C. R,
Gerfen. Laboratory of Neurophysiology, NIMH, Bethesda, MD 20892.
Serotonin 5HT-2A/2C and dopam ine D1 receptors provide a model to
study serotonin and dopam ine interactions in the striatum . Expression
of D l receptors, linked to cyclase th ro u g h G s, is restricted to
striatonigral neurons, whereas, serotonin 5HT-2A/2C receptors, w hich
are coupled to phospholipase C, are expressed by both D l/striato n ig ral
neurons and D 2 /stria to p allid al neurons.
Functional interactions
between these receptors were studied using in situ hybridization to
measure induction of the im m ediate early genes (IEGs) c-fos, arc, and
zif 268, following selective receptor agonist treatm ents. The effects of
selective serotonin 5HT-2A/2C and dopam ine D l agonists given alone
and in com bination to anim als w ith unilateral 6-hydroxydopam ine
lesions of the nigrostriatal dopam ine pathw ay show ed the following
patterns of IEG induction. The 5H T-2A /2C agonists, DOI or mCPP,
given at a relatively high dose (10 m g/kg), results in IEG induction in
both the unlesioned and lesioned striatum. This induction, as m easured
by double labeling for the IEG arc and m arkers of D l- and D2containing neurons, occurs in both populations of striatal projection
neurons. A low dose of DOI and mCPP (1 m g/kg), w hich by themselves
do not induce IEGs in the striatum, w hen given in combination w ith a D l
agonist, SKF 38393 (1 m g /k g ), potentiates the induction to the D l
agonist alone, in the lesioned striatum . This effect is restricted to D l
expressing striatonigral neurons. These resu lts d em o n strate an
interaction between the effects of com bined serotonin 5H T-2A /2C and
dopam ine D l m ediated gene regulation in striatal neurons.

SEROTONIN-INDUCED MODULATION OF VENTROLATERAL STRIATAL
ACTIVITY. M. Garcia-Munoz* School of Medicine UCSD, La Jolla CA 920930603.
Striatal cells located in the region above the tail of the anterior commisure
(ventrolateral striatum, VLS) receive serotonin (5HT)-containing afferents from
dorsal raphe and glutamate-containing axon terminals from the insular and
orbitofrontal cortical areas (OC). Previous evidence indicated that intrastriatal
infusion of the dopamine receptor agonist, apomorphine, increases activity in the
ventromedial nucleus of the thalamus (VMT) via the striatal output to substantia nigra
reticulata (P. Patino et al. 1985, Brain Res.). Inputs to VLS and connections
originating in this region suggest that it could form part of an anatomical subsystem
important in obsessive compulsive behavior. The effect of striatal 5HT2A receptor
activation on OC and VMT electrophysiological responses induced by VLS bipolar
stimulation were studied in urethane anesthetized male Sprague-Dawley rats.
Corticostriatal terminal excitability was assessed by determining the striatal
stimulating current required to elicit OC antidromic responses. Peristimulus-time
histograms of VMT extracellular responses to VLS stimulation were obtained. Drugs
in saline were delivered (0.3 μl/5 min) via cannulae placed alongside VLS stimulating
electrode. Striatal administration of 5HT2A receptor agonist 2,5-dimethoxy-4iodoamphetamine (DOI, 1 μM) produced a decrease in excitability (-21 ± 0.6 %) in
corticostriatal axons which was reversed (+2.2 ± 0.6 %) by intrastriatal infusion of the
specific 5HT2A receptor antagonist ketanserin ( l 00nM). VLS electrical stimulation
induced a short excitation in VMT followed by an inhibition and a rebound excitation.
Intrastriatal 5HT2Areceptor stimulation reduced -whereas blockade with ketanserin
increased- spontaneous and VLS-evoked activity in VMT. The postsynaptic effect of
intrastriatal infusion of 5HT2A drugs was also studied. VLS cell firing was induced
by electrically stimulating OC. The probability of VLS cell discharge to a fixed OC
stimulating current (1.4 mA/0.5 ms repeated at 1Hz) was decreased by DOI and
reversed to control values by ketanserin. The results indicate that intrastriatal DOI
decreases DC-stimulated striatal neuronal activity probably by activating 5HT2a
receptors located presynaptically on OC-VLS fibers. Further experiments will be
performed to assess if the decreased spontaneous and VLS-evoked VMT ceil
discharge are a consequence of reduced striatal activity. The anther acknowledges research
supported in part faygrant DA02854 from the National Institute on Drug Abuse to PM. Groves.
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PERIRHINAL OR DORSOLATERAL PREFRONTAL CORTEX STIMULATION
PRODUCES COMPLEMENTARY EFFECTS ON GLUCOSE METABOLISM IN
"DIRECT" VERSUS "INDIRECT" BASAL GANGLIA PATHWAYS.
R .F . A ckerm ann* and L .R . B a x t e r . D e p t, o f P s y c h i a t r y and
B e h a v io r a l N e u r o b io lo g y ; S p a r k s B l d g . , Pm. 1001;
UAB S c h o o l o f M e d ic in e ; B irm in g h a m , AL 3 5 2 9 4 .
Obsessive-compulsive-disorder (OCD) is associated with abnormally high orbital
cortex and caudate nucleus glucose metabolic rates, which subsequently normalize
upon effective drug or behavior-modification treatment. We and others have hypothe
sized that cortico-thalamic (Co-Th) activity may be regulated via two distinct basal
ganglia (BG) pathways: a “direct” pathway through globus pallidus (internal segment)
(GP/), which facilitates Co-Th activity; and an “indirect” pathway through globus
pallidus (external segment) (GPe), which suppresses Co-Th activity. Thus, in OCD
abnormally high “direct” BG activity may not be effectively counterbalanced by com
plementary “indirect” BG activity, resulting in prolonged Co-Th circuit reverberation
that is manifested behaviorally as forced repetition of certain motoric and ideational
sequences. In the present rat study, we have used deoxyglucose autoradiography to
reveal that acute electrical activation of the perirhinal cortex (homologue of primate
orbital cortex) selectively activates ipsilateral “direct” BG pathway structures: caudate
nucleus, entopeduncular nucleus (homologue of primate GPi) and thalamus. The peri
rhinal stimulation simultaneously reduces DG accumulation in ipsilateral globus
pallidus (homologue of primate GPe), a key “indirect” BG structure. Dorsolateral
prefrontal cortex stimulation produces the opposite BG result: decreased DG accumula
tion in ipsilateral entopeduncular nucleus accompanied by increased accumulation in
ipsilateral globus pallidus. These rat findings support our human OCD model by
demonstrating a functional opposition between the “direct” and “indirect” BG systems
that is differentially driven by selective activation of anatomically and functionally
distinct cortical regions.
Supported by Kathy Ireland Chair, Mr. and Mrs. B. Harvey, and Mr. and Mrs. A. Levinson.

SPECIFIC BRAIN CIRCUIT ACTIVATION AND S-HT FUNCTION DURING
RITUALISTIC TERRITORIAL DISPLAY VS. NON-DISPLAY IN THE
ANOLE LIZARD, Anolis carolinensis .
L .R . B a x te r* an d R .F . A ck erm an n . D e p t, o f P s y c h i a t r y and
B e h a v io r a l N e u r o b io lo g y ; S p a r k s B l d g . , Rm. 1 0 0 1 ;
UAB S c h o o l o f M e d ic in e ; B irm in g h a m , AL 3 5 2 9 4 .
Obsessive-compulsive disorder (OCD) and unipolar depression (UD) have PET-dem
onstrated functional abnormalities in ventral vs. dorsal (respectively) prefrontal cortexbasal ganglionic (C-BG) circuits. We and others have hypothesized that C-BG circuits
participate in the expression of phylogenetically-old species-specific behavioral rou
tines Cmacros”), and that dysfunction within these circuits underlie human OCD and
UD symptoms. Because C-BG circuitry is highly conserved among amniotes, C-BG
mediation of behavioral macros can be studied in anole lizards. Territorially dominant
males express ritualistic displays when they see other males; non-dominant anoles do
not display. Because anoles have completely crossed optic nerves and lack a corpus
callosum, patching one eye isolates visual input to the contralateral hemisphere. Here
we report that eye-patched anoles displaying to their own mirror image demonstrate
acute contralateral brain activation, determined via [14C]-2-deoxyglucose autora
diography, in the dorsal ventricular ridge (DVR [mammalian isocortex homologue]),
lateral striatum, and lateral archipallidum; with simultaneous deactivation in septum,
accumbens and ventral pallidum. Non-displaying males show the converse activation
pattern. Displaying (compared to non-displaying) anoles also have decreased mesulergine-blocked [125-I]-DOI binding (high-affinity 5-HT2Areceptors) in DVR and ventral
archipallidum. Thus, we believe that 5-HT2A receptors on GABA neurons in the latter
structures modulate the bias between lateral “assertiveness” vs. ventral “withdrawal”
affect-mediating circuits, thereby facilitating dominant vs. submissive behaviors.
Similarly, misfunctions in homologous circuits underlie human OCD and UD, and may
be mediated by correspondingly localized alterations of 5HT2A receptor function.
Supported by Kathy Ireland Chair, Mr. and Mrs. B. Harvey, and Mr. and Mrs. A. Levinson.
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EFFECTS OF INTRASTRIATAL c-fos ANTISENSE OLIGONUCLEOTIDE
ENCAPSULATED IN pH-SENSITIVE LIPOSOMES ON DEXFENFLURAMINEINDUCED SEROTONIN RELEASE IN AWAKE RATS. E Goyvaertz1. M. De
Qliveira2. D. Pons1, E, Fatal2, C, Jacquot * 1 P .Couvregur2 and AM . Gardier1. l-Lab.
Pharmacol. JE MESR 92-372,2- Lab. Galénique, UR A CNRS 1218, Fac. Pharmacie,
Univ. Paris-Sud, 92296 Châtenay-Malabry, France.
Dexfenfluramine (d-fen), which releases serotonin (5-HT) and blocks 5-HT’s
reuptake. The drug is also able to increase Fos-like immunoreactivity in various brain
areas such as the caudoputamen (CPu) in a dose-dependent manner (Gardier et al., Soc
Neurosci Abstr 20: 1190, 1994). Here, we combined the antisense approach with in
vivo microdialysis to investigate the effects of intrastriatal infusion of the c-fos
antisense oligonucleotide (ASON) 5’-GAA CAT CAT GGT CGT-3* (Sommer et al.
PNAS 93:14134,1996) on d-fen-induced changes in extracellular 5-HT (5-HText)levels
in the CPu. As the corresponding c-fos sense (SON) and scrambled antisense
oligonucleotides, c-fos ASON was entrapped in pH-sensitive liposomes to avoid in
vivo lysosomal degradation and to enhance their cellular uptake (Ropert et al., Pharm
Res 1 0 : 1427, 1993). Oligonucleotides were infused through a capillary glued with
epoxy on a concentric microdialysis probe. Each rat was implanted with two probes,
one located in the right CPu for c-fos SON infusion, the other in the left CPu for c-fos
ASON infusion (each ON at 0.03 nM in 2 μl). 12 hrs later, d-fen (10 mg/kg i.p.) or
saline, was administered and dialysate samples were collected from both CPu sides
every 30 min for the next two hours to measure 5-HText. Basal 5-HText were 2.2+0.4
and 2.3+0.4 fmol/sample in the right CPu and left CPu 12 hrs after the perfusion of cfos SON and ASON, respectively. Infusion of ON-firee liposomes either in the left or
the right CPu did not alter basal 5-HT„t. Intra-CPu infusion of c-fos SON in
liposomes did not influence 5*HTejtt response to d-fen, whereas that of c-fos ASON in
liposomes markedly decreased (by -34% vs right SON side; P<0.01) d-fen-induced
increases in 5-HTextfrom the ipsilateral side of the CPu within 2 hrs. These data may
heb us to understand better the drug-specific c-fos gene activation in rat brain.

DIFFERENTIAL SENSITIVITY OF TACHYKININ VS ENKEPHALIN
NEURONS OF THE POSTERIOR STRIATUM TO SEROTONIN
STIMULATION DURING POSTNATAL DEVELOPMENT.
G.J.
Basura* & P.D . Walker. D epartment o f Anatomy & Cell Biology,
W ayne State University School o f M edicine, Detroit, M I 48201
Expression
levels
of
preprotachykinin
(PPT)
and
preproenkephalin (PPE) mRNAs within anterior vs posterior striatum
(A-STR, P-STR) appear to be differentially sensitive to increased
serotonin (5-HT) neurotransmission. The present study was designed
to determine if this effect occurs within the STR during postnatal
development.
R at pups were treated with saline or p chloroamphetamine (pCA, 10mg/kg s.c.) to elicit 5-HT release on
postnatal days (PND) 10, 21, and 35. Rats were sacrificed at 4 hours
post-injection and A-STR & P-STR were processed for N orthern
analysis. Statistical comparisons were made between multiple groups
using ANOVA with Scheffe F-test (significance at 95%).
No
alterations in PPT or PPE mRNAs were detected within the A-STR of
any p CA-treated group. However, significant increases in PPT
mRNA levels were observed within the P-STR o f PND 10, 21, and 35
p CA-treated pups. Interestingly, p C A did not increase PPE mRNA
levels w ithin the P-STR until PND 35. These data indicate that 5-HT
receptor linkage to peptide gene expression matures earlier in
tachykinin neurons o f the P-STR as compared to enkephalin neurons.
Supported by N IH NS30550.
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REDUCTION IN STRIATAL PREPROTACHYKININ mRNA AFTER
DOPAMINE
DEPLETION IS
REVERSED
BY
REPEATED
SEROTONIN 2A/C RECEPTOR STIMULATION. P.P. Walker* &
P.J. Gresch, Departments o f Anatomy & Cell Biology and Psychiatiy &
Behavioral Neurosciences (Cellular & Clinical Neurobiology Program),
Wayne State University School o f Medicine, Detroit, MI 48201.
Serotonin (5-HT) transmission and 5-HT2A/C receptor binding are
increased within the dopamine (PA)- depleted striatum (STR).
PA
reduction lowers STR preprotachykinin (PPT) mRNA levels whereas
5-HT stimulation raises PPT mRNA. In the present study, we determined
whether 5-HT2A/c receptor stimulation could alter STR PPT mRNA levels
in the 6-hydroxydopamine (6-HPA) lesioned rat. Adult male SP rats
received icv injections o f 6-HPA (250 μg) or vehicle (0.1% ascorbic acid).
After 21 days, saline or POI (1.0 mg/kg i.p.) was administered daily for 7
days. Anterior (A) and posterior (P) STR were assayed for monoamine
levels by HPLC-EP and PPT mRNA levels by Northern analysis.

ACUTE p -CHLOROAMPHETAMINE
INCREASES STRIATAL
PREPROTACHYKI NIN mRNA: ROLE OF THE SEROTONIN 2A/C
RECEPTOR. P.J. Gresch* and P.P. Walker, Depts. o f Psychiatry &
Behavioral Neurosci. (Cellular and Clinical Neurobiology Program) and
Anatomy & Cell Biol, Wayne State Univ. Sch. Med., Detroit, MI 48201.
We investigated the role of 5-HT2A/c receptor regulation o f
preprotachykinin (PPT) mRNA expression in the striatum (STR)
following acute monoamine release elicited by p-chloroamphetamine
(pCA). Adult male SP rats received i.p injections of p C k (10 mg/kg) or
saline and were sacrificed 4 hrs later. Anterior (A) and posterior (P) STR
were assayed for monoamine levels by HPLC-EP and PPT mRNA levels
by Northern analysis. Acute administration o f pCK increased PPT mRNA
levels in A-STR (+113%, p<0.05) and P-STR (+197%, /K0.05).
Administration of the 5-HT2A/c receptor antagonist, ritanserin (1.0 mg/kg
i.p.), 30 min prior to pC A blocked the pCA-induced increase in PP T
mRNA levels in A-STR (+44%) but not P-STR (+262%, p<0.05).
Administration of ritanserin, alone, did not alter PPT mRNA levels in
A-STR (+33%), but increased PPT mRNA levels in P-STR (+115%,
/?<0.05). To determine whether the increase in PPT by pCA was due in
part by PA, the PA synthesis inhibitor a-methyl-p-tyrosine (AMPT; 250
mg/kg i.p.) was administered daily for 3 days prior to pC A administration.
AMPT significantly decreased PA levels in A-STR (-61%, p<0.05) and
P-STR (-81% , p<0.05). Prior AMPT administration blocked the increase
in PPT mRNA levels by pC A in A-STR (+35% vs AMPT alone), whereas
in P-STR, PPT mRNA levels were still increased by pC A (+95% vs.
AMPT alone, p<0.05). These results suggest that 5-HT2A/c receptor
regulation of PPT mRNA in A-STR is mediated by PA. However, 5-HT
alone may raise PPT mRNA in P-STR. Supported by NIH NS 30550.

Veh/DOI
6-HDA/Sal

PPT

A-STR
DA

121.1
59.5

94.1
7.9*

5-HT
116.2
94.7

PPT

P-STR
DA

5-HT

105.1
57.0*

142.1
12.3*

119.8
83.2

86.8
97.9f
6-HDA/DOI
13.6*
93.2
15.7*
84.6
Data expressed as % Veh/Sal (n=5-11; *p< 0.05 vs Veh/Sal; †p<0.05 vs 6-HDA/Sal)

6-HPA significantly reduced PPT mRNA in P-STR, an effect which
was reversed after repeated 5-HT2A/c receptor stimulation.
Within
A-STR, a similar trend was observed. These results demonstrate that PP T
mRNA reductions within P-STR following PA lesion can be normalized by
5-HT2A/c receptor stimulation. Supported by NIH NS 30550.
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INTRASTRIATAL ADMINISTRATION OF THE MUSCARINIC ANTAGONIST
SCOPOLAMINE: EFFECTS ON D2 DOPAMINE RECEPTOR ANTAGONISTINDUCED BEHAVIOR AND GENE EXPRESSION IN STRIATAL NEURONS.
H. Steiner*. C. R. Gerfen and S. T. Kitai. Dept, of Anatomy and
Neurobiology, Univ. of Tennessee, College of Medicine, Memphis, TN
38163, and Lab. of Systems Neuroscience, NIMH, Bethesda, MD
2 0892.
Induction of immediate-early genes (lEGs) by D2 receptor
antagonists in striatopallidal neurons is inhibited by delta opioid
receptors in the striatum. Striatal cholinergic interneurons express
high levels of delta receptors which inhibit acetylcholine release.
Therefore, it is possible that delta receptor-mediated inhibition of
cholinergic activity contributes to the inhibition of D2 antagonistinduced IEG expression. In the present study, we investigated whether
D2 antagonist effects on gene expression and behavior are influenced
by a cholinergic antagonist. The effects of intrastriatal infusion of the
muscarinic antagonist scopolamine (0-40 μg) on induction of lEGs
(c-fos, zif 268) and akinesia produced by the D2 receptor antagonist
eticlopride (1-5
mg/kg) were examined. Gene expression was
measured with in situ hybridization histochemistry. Infusion of
scopolamine into the striatum reduced, in a dose-dependent manner,
eticlopride-induced akinesia and increased spontaneous locomotor
activity, but had minimal effects on D2 antagonist-induced IEG
expression. Thus, the present results indicate that cholinergic
interneurons do not play a major role in the opioid regulation of IEG
induction by D2 antagonists. (Supported by USPHS Grants N S26473,
NS20702 and NIMH/DIRP).

6 -HYYDROXYDOPAMINE-INDUCED

DOPAMINE DEPLETION
INCREASES NEUROTENSIN/NEUROMEDIN N mRNA IN STRIATUM.
G.R. Hanson* and K.A. Keefe. Dept, of Pharmacology and Toxicology,
University of Utah, Salt Lake City, UT 84112.
Dopamine (DA) and neurotensin (NT) systems are intricately associated
in the basal ganglia. Previous work has shown th at dopam ine depletion
by 6 -hydroxydopam ine (6 -OHDA)-induced lesions increases striatal NT
im m unoreactivity. In the present study, we examined the effects of 6 OHDA on neurotensin/neuromedin N (N T /N ) mRNA expression in th e
striatum. In addition, we examined w hether D1 receptor stim ulation
further affects N T /N mRNA expression. U nilateral reduction of s tr ia ta l
DA was accomplished by infusing 6 -OHDA (8 μ /2 μL) into m ed ial
forebrain bundle. Three weeks later, rats were injected w ith the D1
receptor agonist chloro-APB (SKF 82958; 1 m g/kg, i.p.) or vehicle. Rats
were sacrificed 3 hours after the injection, and the brains were removed
and processed for in situ hybridization using a cRNA probe directed
against the rat N T /N gene. DA depletion increased the expression of
N T /N mRNA throughout the denervated striatum . The increase was,
however, more notable in dorsal striatal regions. A dm inistration of
chloro-APB increased N T /N mRNA expression in a regionally-selective
manner, being most pronounced in caudal striatum on the denervated side.
Adm inistration of the D1 agonist alone also tended to increase N T /N gene
expression in the intact striatum. The data indicate th at increased N T
synthesis may underlie the 6 -OHDA-induced increase in NT
immunoreactivity. Furthermore, D1 receptor stim ulation increases th e
expression of N T /N mRNA in both the D A -depleted and intact striatum
(Supported by USPHS grants DA09407 and NS35579 and the U niversity of
Utah College of Pharmacy).

292.3

292.4

NEUROTENSIN INVOLVEMENT IN CLOZAPINE-ELICITED FOS INDUCTION IN
THE PREFRONTAL CORTEX
1 C .D . YD
eutch.1oepts.
u n g of
* , Psychiatry
2 M .D . D and
a v isPharmacology,
, 2 D .J . w u s tro
Vanderbilt
w a n d 1University
A .Y .
School of
Medicine, Nashville, TN, 2Parke-Davis Pharmaceutical Research Div., Ann Arbor, MI.
Typical antipsychotic drugs (APDs) induce Fos in the nucleus accumbens (NAS) and
caudatoputamen (CP). The atypical APD clozapine (CLZ) induces Fos in the NAS and
prefrontal cortex (PFC). CLZ’s unique ability to induce Fos in the PFC may be related
to CLZ’s efficacy in neuroleptic-resistant schizophrenic patients and/or the superior
efficacy of CLZ for treating negative symptoms without inducing extrapyramidal side
effects. The ability of CLZ to induce PFC Fos appears to be related to the release of
dopamine (DA); accordingly, we have shown that D2-like agonists such as quinpirole
(QUIN) induce Fos in the PFC. However, these actions of QUIN are not blocked by D2like antagonists. DA axons in the PFC also frequently contain the neuropeptide
neurotensin (NT). Because NT has certain APD-like actions, and because both DA
agonists and CLZ induce NT release in the PFC, we hypothesized that the colocalized
transmitter, NT, ratter than DA, may mediate CLZ-induced cortical Fos expression. We
therefore examined the effects of the NT agonist PD149163 on Fos expression.
PD149163 induced Fos in a dose-dependent manner in the PFC and NAS but not in the
CP, a pattern that resembles CLZ-induced Fos expression. We then determined if
pretreatment with the NT antagonist SR48692 would alter CLZ-induced Fos expression;
it did not. Since the NT antagonist did not block CLZ-elicited Fos expression, we tested
the effect of NT antagonism of QUIN- or PD149163-elicited Fos expression. The NT
antagonist did not block the DA agonist’s nor the NT agonist’s ability to induce Fos in
the PFC. However, SR48692 attenuated the PD149163 effect in the NAS. SR48692
blocks almost exclusively the high affinity but not the low-affinity NT receptor (NT-RJ
subtype. NT-R^ is expressed in PFC neurons, but the high affinity site is primarily
present on DA axons in the PFC. Our data therefore suggest that NT, operating through
the NT-Rl, mediates CLZ-elicited Fos expression in PFC neurons. Supported in part by
a NARSAD Young Investigator’s Award (CDY) and MH45124 (AYD).

INDIRECT MODULATORY ACTIONS OF SUBSTANCE P NK1
AGONISTS ON RAT NEOSTRIATAL PROJECTION NEURONS. S.
Hernández-López. J. Bargas. A. Reyes. D.Tapia. E.Galarraqa*.
Instituto de Fisiología Celular, UNAM. POBox:70-253, México City DF,
04510 México.
Substance P (SP) acts as a neurotransmitter in the neostriatum
through the extensive local collaterals of medium spiny neurons
(MSN). Postsynaptic targets of these collaterals within the neostriatum
include striatal interneurons, afferent fibers and probably MSN (Bolam
and Izzo, 1988). Pharmacological studies have shown that SP
modulates the release of dopamine (DA) and acetylcholine (Ach) in
the neostriatum. Since the postsynaptic actions of both DA and Ach
on neostriatal neurons are known, we wanted to see if the NK1
receptor agonist, GR73632, reproduced some of these actions. Bath
applications (1 μm) of the agonist had biphasic effects: It first increased
the firing rate and input resistance (RN) of MSN. This excitatory
response was followed by a decrease in firing rate and RN. The DA
antagonist, haloperidol, blocked the inhibitory response, whereas the
muscarinic antagonist, atropine, blocked the excitatory response to the
NK1 receptor agonist* This suggests that NK1 effects on MSN are
indirect. However, a clear excitatory response to the NK1 agonist was
observed in some cells in the presence of both haloperidol and
atropine. The increase in RNthat accompanied this response could be
observed in the presence of 1 μM TTX or 100 μM Cd2+; suggesting a
probable direct effect. Financed by DGAPA-UNAM and CONACyT.

292.5

292.6

IBEROTOXIN AND APAMIN SENSITIVE COMPONENTS OF THE
OUTWARD CURRENT IN NEOSTRIATAL PROJECTION
NEURONS. GX Avala. E. Galarraga. C. Vilchis. J. Bargas*. Instituto
de Fisiología Celular, UNAM. PQBox:70-253, México City DF, 04510
México.

DlbDOPAMINE RECEPTORS MODULATE GABAACURRENTS IN
NEOSTRIATAL CHOLINERGIC INTERNEURONS THROUGH A
PROTEIN KINASE / PHOSPHATASE CASCADE. Then Yan* and D.

Whole-cell clamp recordings of outward currents were obtained from
acutely dissociated neurons of the rat neostriatum. Recordings were
done in saline containing (in mM): 0.001 TTX, 140 NaCI, 3 KCI, 2
CaCI2, 2 MgCI2, 10 HEPES and 10 glucose. Intracellular solution
contained (in mM): 0.1-0.5 EGTA, 115 KH2P 0 4, 2 MgCI2, 2 ATP, 0.2
GTP and 0.1 leupeptin. Inward Ca2+-currents were not blocked. In
these conditions, current evoked by depolarization was outward and
2.5 mM 4-AP in the bath blocked about 35% of it. Nonetheless,
400^M Cd2+ blocked about 50%; demonstrating that a large portion of
the outward current is activated by Ca2+ entry. The peptidic toxins
charybdotoxin (CTX), iberotoxin (IBTX) and apamin blocked about
36%, 28% and 27% of the outward current, respectively.The effects
of CTX or IBTX add to that of apamin, whereas Cd2+ effects add to
the effects of any of the toxins and to the effect of all toxins given
together. These experiments demonstrate that Ca2+-activated
K+-currents are a very important component of the outward current in
neostriatal neurons. It is also shown that these currents may be
generated by multiple types of K+-channels, i.e., BK and SK channel
classes. Financed by DGAPA-UNAM and CONACyT.

S ociety for N e u r o s c ien c e , V olume 2 3 ,1 9 9 7

James Surmeier. Dept, of Anatomy & Neurobiology, University of Tennessee,
College of Medicine, Memphis, TN, 38163.
GABAAreceptors are ligand-gated ion channels that mediate inhibitory synaptic
transmission in the striatum. The signaling pathways mediating the dopaminergic
modulation of GABÀ-induced currents in neostriatal cholinergic intemeurons were
studied by combined patch-clamp recording and single-cell reverse transcriptionPCR. The mRNA profiling experiment revealed that several GABAa subunit
subtypes (al-4, pi-3, y l-3 ,8) were co-expressed in these cells, suggesting that
GABAa channels in individual neurons were heterogeneous in subunit composition.
Of the cholinergic interneurons tested, nearly all co-expressed D2 and Dlb dopamine
receptor mRNAs. Application of dopamine or D,-class agonists produced a
reversible enhancement of GABAAcurrents that was blocked by D1-class
antagonists. The Dib receptor-mediated modulation of GABAAcurrents were
mimicked by application of cyclic AMP analogs and eliminated by dialysis with
PKA inhibitory peptide. Application of protein phosphatase (PP1) inhibitor okadaic
acid blocked the dopaminergic facilitation of GAB Aa currents, suggesting that the
Dlb effect was mediated by a PKA enhancement of PP1 activity directed toward
GABAAchannels. The principal target of this Dlb pathway was the Zn2+-senstive
subpopulation of GABAAchannels. While the Dlb-induced dephosphorylation of
GABAAchannels enhanced GABAa currents through the increase of GABA affinity,
GABAAcurrents in these intemeurons were reduced by PKC phosphorylation. These
signaling pathways provide a cellular mechanism for reciprocal regulation of
GABAergic inhibition in the striatum. This work was supported by grants NS26473
and NS34696 to DJS.
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INHIBITION OF STRIATO-PALLIDAL NEURONS VIA D2 RECEPTORS
ENHANCES D1 RECEPTOR-MEDIATED EFFECTS ON C-FOS
GENE
EXPRESSION IN THE STRIATUM AND THE GLOBUS PALLIDUS. C. Le
Moine*. P. Svenninysson §. B.B. Fredholm §. B. Bloch. UMR CNRS 5541, Lab.
d'HistologieEmbryologie, Univ. Bordeaux II, 33076 Bordeaux, France; § Sect Mol.
Neuropharmacol., Dept. Physiol. Pharmacol., Karolinska Instituted S-171-77
Stockholm, Sweden.
D1 receptors located on striatonigral neurons and D2 receptors (together with A2A
receptors) located on striatopallidal neurons are known to interact functionally. Using
in situ hybridization with cRNA probes, we examined the effects of D1 and D2
agonists on c-fos mRNA levels in identified striatal neurons (expressing D1 or D2
mRNAs) and in the globus pallidus. The full D1 agonist, SKF 82958 (1 mg/kg),
caused a homogenous increase of c-fos mRNA in the caudate-putamen and the
nucleus accumbens. This increase occurred to a similar extent in D1 and D2 receptorcontaining striatal neurons. Conversely, the D2 agonist, quindorane (2 mg/kg),
decreased c-fos mRNA in these populations but increased it in globus pallidus.
Concomitant administration of D1 and D2 agonists caused a synergistic enhancement
of c-fos mRNA in the striatum, but only in neurons expressing D1 mRNA, and in
the globus pallidus. Comparison with the effect of the A2A receptor antagonist
(SCH 58261, 5 mg/kg) alone or combined with the D1 agonist also showed a
synergsitic enhancement of D1-mediated response in the caudate-putamen and globus
pallidus.
These findings suggest that simultaneous stimulation of striatonigral and
inhibition of striatopallidal neurons act synergistically to enhance activity in the
striatal output pathways. They also suggest that the topological change in the
distribution of the neurons expressing the c-fos gene observed following co
administration of D1 and D2 agonists involves D2 receptors located on interneurons
or presynaptically on dopaminergic nerve terminals.

DOPAMINE D2 RECEPTOR TONE PLAYS A CRITICAL ROLE IN DOPAMINE
D1 RECEPTOR-MEDIATED EXCITATORY EFFECTS ON SUBTHALAMIC
NUCLEUS NEURONS.
D.S. Kreiss* and J.R. Walters. Experimental
Therapeutics Branch, NINDS, Bethesda, MD 20892.
The subthalamic nucleus (STN) provides excitatory drive to the major output
nuclei of the basal ganglia. Previous work from this laboratory has demonstrated
that activation of dopamine D1 receptors increases the firing rate of STN neurons.
The present study investigated the role of dopamine 0 2 receptors in the regulation
of neuronal activity of the STN using in vivo single unit recording techniques in the
rat. Activation of D2 receptors, either by systemic administration of the selective
0 2 agonist quinpirole (0.16 or 0 .2 6 mg/kg iv) or by local administration of
quinelorane (3 mM) into the STN, did not alter STN neuronal firing rates. However,
the D2 receptor was found to play a critical role in the expression of 01 receptormediated effects. Stimulation of D2 receptors by administration of quinpirole (0.16
mg/kg iv) significantly blocked the excitatory effects of subsequent injections (given
10 min later) of selective D1 agonists (SKF 3 8 3 9 3 , 2 0 mg/kg iv or SKF 8 2 9 5 8 ,0 .4
mg/kg iv). Antagonism of 0 2 receptors by administration of haloperidol or eticlopride
(0.2 mg/kg iv) likewise blocked the excitatory effects of subsequent injections of
SKF 3 8 3 9 3 , SKF 8 2 9 5 8 , and the D1/D2 agonist apomorphine (0 .32 mg/kg iv). In
contrast, simultaneous stimulation of D1 and 0 2 receptors (via apomorphine or a
mixture of quinpirole and SKF 8 2 9 58 ) produced an excitatory response similar to
that produced by a 01 agonist alone. These results suggest that STN neuronal
response to D1 receptor activation is determined by pre-existing D2 receptor tone.
Stimulation or blockade of pre-existing D2 receptor tone attenuates D1 agonistinduced excitatory effects in the STN.
Additional studies revealed that unlike direct acting agonists, indirect acting
dopaminergic agonists, such as the dopamine precursor L-DOPA (100 mg/kg iv) and
the releasing agent/uptake inhibitor d-amphetamine (1.6 mg/kg iv), did not alter the
mean firing rate of STN neurons. These latter results suggest that the dopamine
receptors mediating agonist-induced effects on STN neuronal firing rate are distal to
dopaminergic synapses.
(Funding: NINDS)

292.9

292.10

INTERACTIVE EFFECTS OF D1 AND D2 DOPAMINE RECEPTOR
STIMULATION ON FOS-LIKE IMMUNOREACTIVITY IN THE PRIMATE
STRIATUM. K.E. Asin1* and D. Wirtshafter2. 1Neurological & Urological
Diseases Research, Abbott Laboratories, Abbott Park, IL and 2 Dept. Psychology,
University of Illinois at Chicago, Chicago, IL.
In previous studies we have shown that systemic administration of the selective,
full D1 agonist A-77636 to rats induces a clear expression of the immediate early
gene c-fos in the medial striatum. The D2-like receptor agonist, quinpirole, has little
effect on striatal staining when given by itself, but, when coadministered with A77636, converts the homogenous pattern of staining induced by this compound
alone into a markedly patchy pattern. In the current studies we sought to determine
whether a similar pattern of effects would be produced in the nonhuman primate.
Adult cynomolgous monkeys received injections of either saline, A-77636 (2.9
mg/kg, i.m.), quinpirole (2.5 mg/kg, i.m.) or quinpirole + A-77636. Subjects were
sacrificed by transcardiac perfusion three hours following injections. Thirty micron
thick sections through the striata were processed for Fos-like immunoreactivity.
Direct observation indicated that only monkeys given combined agonist
treatments showed intense stereotyped behaviors. Virtually no striatal labeling was
apparent in saline treated subjects and only scattered cells were present in animals
receiving quinpirole alone. A-77636 resulted in light, but distinct and relatively
homogenous, labeling in the medial caudate nucleus. Combined agonist treatment
resulted in the appearance of patches of intensely labeled cells and comparison with
adjacent sections stained for calbindin immunoreactivity indicated that these patches
corresponded to striosomes. Quantitative analysis indicated that quinpirole
pretreatment increased the density of immunoreactive cells in the striosomes, but
not the matrix, compared to subjects receiving A-77636 alone. Thus, in the primate,
as in rodents, stimulation of D2-like receptors exerts compartmentally-specific
effects on the Fos expression induced by stimulation of D1 dopamine receptors.
Supported by Abbott Laboratories (KEA) and NS-33992 (DW).

ACTIVATION OF D1-CLASS DOPAMINE RECEPTORS ENHANCES
GABAA CURRENTS IN RAT NEOSTRIATUM MEDIUM SPINY
NEURONS. Jorge Flores-Hemández, Lucinda P. Del Mar*. Zhen Yan
and D, Tames Surmeier. D epartm ent of A natom y & Neurobiology,
University of Tennessee, College of Medicine, M emphis, TN, 38163,
USA.
Dopamine is a well-established m odulator of voltagedependent ionic conductances in striatal medium spiny neurons. In
addition, dopam ine has been found to m odulate glutamatergic, ligandgated channels in medium spiny neurons. A nother im portant class of
ligand-gated channel that has received much less attention are GABAA
receptors. O ur goals were to characterize GABAAchannel subunits in
identified medium spiny neurons and to-determine w hether they are
m odulated by dopam ine receptor activation.
Single cell RT-PCR analysis of GABAa receptor subunits
suggested that medium spiny neurons express a heterogeneous mixture of
GABA a channels. In acutely-isolated neurons, wholé-cell voltageclamp studies examining dose-response relationships, desensitization
rates, and sensitivity to benzodiazepines and Zn2+ confirmed this
inference. Further evidence for this conclusion came from the effects of
D1-class receptor activation. In a large subset of m edium spiny neurons,
D1-class agonists reversibly enhanced Zn2+-sensitive GABAA currents
selectively. This w ork w as supported by NS 34696 (DJS).
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THE EFFECT OF 6 -HYDROXYDOPAMINE LESIONS ON THE EVOKED
RELEASE OF ENDOGENOUS GAB A AND TAURINE IN THE DIRECT AND
INDIRECT PATHWAYS OF THE BASAL GANGLIA OF THE RAT IN VIVO.
F. Galeffi. L. Bianehi. M. Nerini. M.A. Colivicchi. J. P. Bolam & L. Della Corte*
Dipartimento di Farmacologia Preclinica e Clinica M. Aiazzi Mancini, V.le G.B.
Morgagm 65, 50134 Firenze, Italy & MRC Unit, Dept of Pharmacology, Oxford,
U.K.
In the 6 -hydroxydopamine (60HDA) model of Parkinson's Disease there is
decreased expression of neuropeptides in the neurons that give rise to the direct
pathway through the basal ganglia and an increased expression of peptides in the
neurons that give rise to the indirect pathway through the basal ganglia. The aim of
the present study was to determine whether these changes are reflected in changes in
the evoked release of GABA in the direct and indirect pathways using dual probe
microdialysis in the rat. Rats that had received 60HDA lesions of the right medial
forebrain bundle were implanted with microdialysis probes in the striatum (STR) and
globus pallidus (GP) or substantia nigra (SN). 24 h later the probes were perfused
with artificial CSF and the kainic acid- (KA, 100 μM) and K+- (100 mM) evoked
release of endogenous GABA and taurine were analysed in the perfusates (hplc with
fluorimetric detection). Consistent with previous observations, KA administration to
STR enhanced the release of both GABA and taurine locally. Unlike control
animals, in the 60HDA-lesioned rats KA administration to the STR did not enhance
the release of GABA nor taurine in the distal probe in the SN. In contrast, KA in
the STR did stimulate release distally in the GP. K+ stimulation of the STR also
caused a local release of GABA and taurine in the STR but not distally in the SN or
GP. These findings demonstrate that, consistent with the observations on peptide
expression, 60HDA lesion results in a reduction in the evoked release of GABA in
the striatonigral (direct) pathway. This reduction of GABA release may underlie, at
least in part, the imbalance in the activity of the direct and indirect pathways
observed in models of Parkinson’s Disease. Supported by the EU BMH1-CT94-1402
grant & CNR and MURST grants, Italy.

lS,3R-ACPD-induced Fos expression in the basal ganglia of dopaminedenervated rats. J.J. Schuller*. D.O. Tran. D.R. Garcia, and J.F. Marshall. Dept,
of Psychobiology, University of California, Irvine, CA 92697-4550
Intrastriatal infusion of the metabotropic glutamate receptor (mGlu-R)
agonist 1S,3R-ACPD has been shown to induce expression of the immediate-early
gene Fos throughout the rat basal ganglia (Kaatz and Albin, 1995). Since striatal
dopamine depletion has been shown to alter indices of glutamate receptor function
in the striatum, the present study examines the effect of nigrostriatal 6 hydroxydopamine lesions on lS,3R-ACPD-induced Fos expression in rats.
Consistent with a previous report, we observed that striatal 1S,3R-ACPD
infusions in neurologically intact rats induced Fos expression in several basal
ganglia nuclei, including the globus pallidus (GP), subthalamic nucleus (STN),
substantia nigra pars reticulata (SNr), and entopeduncular nucleus (EP). In 6 OHDA lesioned rats the pattern of IS,3R-ACPD-induced Fos was similar to that of
intact rats. However, significantly less Fos occurred in the STN of 6 -OHDA
lesioned rats as compared to the STN of intact rats.
Striatal in fu sions of 1S,3R-ACPD also elicited long-lasting contralateral
turning in both intact and dopamine-denervated rats. The amount of rotation was
significantly correlated with the density of Fos-immunoreactive cells in the basal
ganglia output nuclei: the SNr and EP. This correlation was not altered by 6 -OHDA
lesions.
These results suggest that striatal mGluR’s exert a strong influence over
basal ganglia neural activity and motor behavior in intact and dopamine-depleted
rats. Current models of basal ganglia function do not readily account for the pattern
of lS,3R-ACPD-induced Fos expression observed in this and previous studies,
suggesting that further examination of striatal mGluR-mediated influences is
necessary.
Supported by NINDS grants NS 22698 and NS 33670 (JFM).
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DIFFERENTIAL DISPLAY OF mRNA FROM INTACT AND DOPAMINEDENERVATED RAT STRIATA. G.J. LaHoste*. E.M. Ibrahim and J.F. Marshall.
Department o f Psychobiology, University o f California, Irvine, CA 92697-4550.
Recent data indicate that the major hypothesis of the mechanism of dopamine (DA)
denervation supersensitivity (i.e., receptor up-regulation) is no longer valid. Rather
than test alternative hypotheses sequentially, direct comparison by Differential
Display of mRNA expression in the two striata of rats with unilateral DA denervation
might reveal novel mechanisms underlying their differential sensitivity to DA. Adult
male rats received injections of 8 ng 6-hydroxydopamine into the ascending medial
forebrain bundle on one side of the brain. At least three weeks later rats were injected
with apomorphine (0.25 mg/kg i.p.) to verify > 95% striatal DA depletion. Several
weeks after apomorphine screening, rats were sacrificed by decapitation and their
DA-denervated and intact striata dissected. Total RNA was isolated from these
tissues and reverse-transcribed into cDNA using a 3’-anchored poly-T primer.
Resulting cDNA was amplified by polymerase chain reaction (in the presence of 33PdATP) using the same 3’ primer and an arbitrary 5’ primer (GenHunter RNAimage
Kit®). Labeled cDNA fragments were separated on a 6% polyacrylamide gel and
displayed autoradiographically. Bands of interest were excised, re-amplified, and
cloned. Using 16 different 5’ primers and all possible 3’ primers, we have to date
amplified approximately 30% of all mRNA expressed in rat striatum. Several cDNA
fragments were differentially displayed; some showed increased expression in DAdenervated tissue, and some showed decreased expression. One band was re
amplified and successfully cloned into the pCR-TRAP® vector (GenHunter). Bi
directional transcription of riboprobes revealed a strong region- (and strand-) specific
hybridization in rat striatal tissue sections. However, differential expression in intact
and DA-denervated striata was not confirmed, exemplifying the high rate of false
positives inherent in this technique. Additional differentially-displayed cDNAs are
presently being examined for their association with DA denervation supersensitivity.
(Supported by MH49690.)

ACTION POTENTIAL BLOCKADE BY IN VIVO TETRODOTOXIN DOES NOT
INHIBIT D1/D2 SYNERGISM WITH RESPECT TO STRIATAL FOS
EXPRESSION. J.F. Marshall *, H.V. Lai and G.J. LaHoste. Department o f
Psychobiology, University o f California, Irvine, CA 92697-4550.
The mechanism(s) whereby dopamine D1 and D2 receptors interact synergistically
to elicit behavioral, electrophysiological and genomic responses is(are) unknown.
Present controversies center on whether D1 and D2 receptors are localized to the
same cell or on cells that interact synaptically. One means of testing models of
functional D1/D2 synergism employs expression of the immediate-early gene c-fos
(or its protein product Fos) in striatum, which normally occurs only following
concurrent stimulation of D1 and D2 receptors. We reasoned that blockade of action
potentials would provide important information on the localization of functionally
significant D1/D2 synergism, thereby limiting the number of viable hypothetical
mechanisms. Rats were implanted with bilateral guide cannulae aimed at the caudateputamen (CPu). After several days recovery, the sodium channel blocker
tetrodotoxin (TTX; 1 μ1 of 50 μM) was administered into one CPu while saline was
injected into the other. Fifteen min. later rats received either (a) intrastriatal
quinpirole (a D2 agonist; 30 μg) + fenoldopam (a D1 agonist; 10 jag) bilaterally; (b)
intrastriatal saline bilaterally (1 μ1); (c) systemic GBR 12909 (a dopamine uptake
inhibitor; 20 mg/kg i.p.); or (d) systemic saline. Two h later the rats were perfused
and their brains processed for immunohistochemical localization of Fos. All rats
showed pronounced rotation ipsilateral to the TTX-injected CPu. Fos expression
elicited by combined D1/D2 stimulation (quinpirole + fenoldopam) was
undiminished by intrastriatal TTX. Intrastriatal TTX alone did not elicit Fos. In
contrast to the direct-acting agonists, GBR 12909, whose actions on synaptic DA are
dependent on nigrostriatal action potentials, elicited striatal Fos expression that was
reduced by TTX by 75%. These data suggest that action potentials are not necessary
for the postsynaptic interactive effects of D1 and D2 agonists. (Supported by
MH49690 and NS22698.)

292.15

292.16
D2 RECEPTOR-MEDIATED INHIBITION OF THE RELEASE OF
GABA BY ENDOGENOUS DOPAMINE IN THE RAT GLOBUS
PALLIDUS. Galvan, A*., Floran, L., Floran, B., Sierra, A., and Aceves,
J. Department of Physiology, Biophysics and Neuroscience.
CINVESTAV-IPN. 07300 Mexico, D.F.

DOPAMINE INHIBITS GABA AND STIMULATES GLUTAMATE
RELEASE IN THE RAT GLOBUS PALLIDUS. ID. Limón*. D.
Martinez-Fong. M. Rosales. A. Nuñez and J. Aceves. Depto. Neurociencias.
CINVESTAV-IPN. Apartado Postal 14-740. 07000, México, D.F. México.
The globus pallidus (GP) receives dopaminergic, GABAergic and
glutamatergic inputs from the substantia nigra pars compacta (SNc), striatum
and subthalamic nucleus respectively. The effect of dopamine (DA) on the
activity of the pallidal neurons may be exerted either by a direct action on
receptors present on such neurons, or by an indirect effect, modulating the
release of GABA and glutamate (Glu). We explored the latter possibility by
using brain microdialysis in freely moving rats stereotaxically implanted into
the GP with guide cannulae for microdialysis. DA was measured by HPLC
with electrochemical detection and GABA and Glu by precolumn derivation
HPLC with spectrofotometric detection. Subcutaneous DL-methamphetamine
(10mg/kg) or perfusion of NMDA (N-methyl-D-aspartate, 1 mM) through the
microdialysis probe increased DA levels (550 ± 89% and 570 ± 66% of basal
respectively). NMDA also increased Glu levels (500 ± 9% of basal) but
decreased GABA levels to 50 ± 8% of basal. NMDA-induced effects were not
observed in rats with 6-hydroxydopamine lesion of the ipsilateral SNc.
Perfusion of SKF 38393 (400 μM) also increased Glu levels to 300 ± 45% of
basal. These data suggest that in GP NMDA-receptor activation stimulates the
release of DA which induces Glu release (by activating Di receptors) but
decreases GABA release (presumably by activating D2 receptors).

292.17

ACUTE TREATMENTS WITH A DOPAMINE RECEPTOR AGONIST OR
ANTAGONIST DIFFERENTIALLY REGULATE STRIATAL GAD65 AND
GAD67 mRNA LEVELS. N. Laprade* and J.-J. Soehomonian, Centre de
Recherche en Neurobiologie, Hôpital de l'Enfant-Jésus, Québec, Qué. Canada, G1J
1Z4.
We have previously shown that GAD65 and GAD67 mRNA levels are
differentially regulated following chronic treatments with Dl or D2 dopamine
receptor agonists or antagonists (Laprade and Soghomonian 1995, Mol. Brain Res.,
34, 65-74). In order to further characterize these regulations, we performed doseresponse studies of GADs mRNA levels following acute systemic administrations of
a dopamine receptor agonist or antagonist. GAD65 or GAD67 mRNA levels were
measured in the striatum following in situ hybridization of 35S-labeled GAD65 or
GAD67 cRNA probes. In a first experiment, adult rats received a single injection of
either saline or 0.5, 1, 2 or 5 mg/kg of the Dl/D2-dopamine receptor antagonist
haloperidol. GAD67 mRNA levels were significantly increased in the striatum after
each dose of haloperidol. Increased labeling was of +35% and +34% over control
values with 0.5 and 2 mg/kg, respectively. A correlation was found between
GAD67 mRNA levels in the lateral sectors of the striatum and catalepsy scores.
Striatal GAD65 mRNA levels were not changed following any dose of haloperidol.
In a second experiment, adult rats received a single injection of either saline or 0.5,1
or 5 mg/kg of the full Dl-dopamine receptor agonist SKF-81297. GAD65 mRNA
levels in the dorsal portion of the striatum were significantly increased (+33%)
following 1 mg/kg of SKF-81297. With the higher dose of SKF-81297, GAD65
mRNA levels returned to control values. On the other hand, GAD67 mRNA levels
were not significantly changed following any dose of SKF-81297. Our results
provide further evidence of a differential regulation of GAD65 and GAD67 gene
expression in the adult rat striatum by dopamine receptor agonists and antagonists.
They also suggest that each GAD isoform plays an important yet different role in
the regulation of striatal GABAergic neurotransmission.
(Supported by NSERC-0155607 and FRSQ).
S o c ie ty f o r N e u ro s c ie n c e , V o lu m e

23,1997

By activating D2 receptors, exogenous dopamine (DA) inhibits the
release of GABA in the rat globus pallidus. (Floran et al Soc. Neurosc.
Abs. II, 1089. 1996). Here we explored if endogenous DA is also able to
activate these receptors. The release of endogenous DA was induced by
metamphetamine and its effect was inhibited by sulpiride. The effect was
studied on 3[H]-GABA release in K+-depolarized pallidal slices from
normal rats and from DA-depleted (reserpinized) ones. Metamphetamine
(100 μM) inhibited GABA release (60 ± 2%), and its effect was
antagonized by sulpiride (10 μM). The effect of metamphetamine was
abolished by reserpinization. During K+ depolarization, sulpiride itself
increased GABA release (204 ± 3%), but reserpinization abolished the
effect. These data suggest that endogenous DA, released from DA nerve
terminals present in the globus pallidus, is able to activate D2 receptors,
thus inhibiting the release of GABA from striatopaliidal nerve terminals.

292.18

CHRONIC BUT NOT ACUTE ADMINISTRATION OF SKF-38393
INCREASES GAD65 mRNA LEVELS IN THE STRIATUM OF RATS
DEPLETED OF DOPAMINE AS NEONATES. J.-J. Soghomonian1*. N.
2JPBuCRchL
Snstom
aprde1.M
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THE EFFECT OF 6-HYDR0XYD0PAMNE LESIONS ON THE EVOKED
RELEASE OF EMXX5ENOUSGABA AND TAURINE IN THE DIRECT AND
INDIRECTPATHWAYS OF THE BASAL GANGLIAOF THE RAT IN VIVO.
F. Galeffi, L. Bianchi. M .Nerini. M.A. Colivicchi ,J. P. Bolam & L. Della
Corte* Dipaitimento di Farmacobgia Preclinica e Clinica M. Aiazzi
Mancini, V.le G.B. Morgagni 65, 50134 Firenze, Italy & MRC Uni, Dept of
Pharmacology, Oxford, UK.
In the 6-hydroxyxlopamiiie (60HDA) model of Parkinson's Disease
there is decreased expression of neuropeptides in the neurons that give rise to
the indirect pathway and an increased expression of peptides in the neurons
that give rise to the indirect pathway. The aim of the present studjr was to
determine whether these changes are reflected in changes in the evoked
release of GABA in the direct and indirect pathways using dual probe
microdialysis in the rat. Rats that had received GQHDA-lesjons of the right
medial forebrain boodle were implanted with microdialysis probes in the
striatum and globus palhdus (GP) or substaiftia nigra (SN). 24 h later the
probes were perfused wih artificial CSF and the kainic acid- (KA, 100 M)
and potassium-evoked release of endogenous amino acids including GABA
and taurine were analysed in the perfusates (bplc with fluorimetric detection).
Consistent with previous observations, KA administration to striatum enhanced
the release of both GABA and taurine locafy. Unlike control animals, in the
60HDA4esioned rats kainic acid administration to the striatum did not
enhance the release of GABA nor taurine in the distal probe in the SN. In
contrast, KAinthe striatum did stimulate release in the distal probe in the
globus pallidus. These findings demonstrate that, consistent with the
observations on peptide expression, 60HDA lesions results in a reduction in
the evoked release of GABA in the striatonigral (direct) pathway. This
reduction of GABAxelease may underlie, at least in part, the imbalance in the
activity of the direct and indirect pathways observed in models of Parkinson's
Disease. Supported by the EU (BIOMED grant BMH1-CT94-1402) & grafts
from CNR and MUR&T (IT)
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DOPAMINE-GLUTAMATE INTERACTIONS IN THE REGULATION
OF NEUROPEPTIDE RELEASE FROM STRIATAL NEURONS IN
SERUM-FREE PRIMARY CULTURE. S. Garside* and M.F. Mazurek.
Departments of Psychiatry and Medicine (Neurology), McMaster
University Medical Centre, Hamilton, ON L8N 3Z5.
The two most important afferent projections to the striatum are the
glutamatergic pathway from the cerebral cortex and the dopaminergic
input from substantia nigra. Little is known about the interaction of
glutamate and dopamine in the regulation of neuropeptide release from
subpopulations of striatal neurons. We studied the effects of selective
dopamine and glutamate receptor agonists, both alone and in
combination, on the release of somatostatin, neuropeptide Y and
substance P from striatal neurons in primary culture. The findings were as
follows: 1) The D2 dopamine receptor agonist quinpirole produced a
robust dose dependent release of somatostatin and NPY, while the Dl
agonist SKF 38393 had no significant effect on the release of either
peptide. 2) The glutamatergic agonist NMDA selectively evoked the
release of substance P, while kainate preferentially stimulated the release
of somatostatin and neuropeptide Y. 3) The Dl receptor agonist SKF
38393 consistently inhibited glutamate agonist-induced release of
substance P, while generally having little or no effect on the release of
somatostatin and neuropeptide Y. 4) The D2 receptor agonist quinpirole
potentiated kainate- and quisqualate-induced neuropeptide Y release,
while consistently inhibiting glutamatergic substance P release. These
results indicate that selective dopamine receptor agonists differentially
modify the receptor-specific glutamatergic regulation of neuropeptide
release from spiny and aspiny striatal neurons in primary culture.
Supported by the Natural Science and Engineering Research Council
of Canada.

CEREBELLUM II
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293.1
FUNCTIONAL TOPOGRAPHY WITHIN THE CEREBELLAR
CORTEX: MOTOR EXECUTION AND SENSORI-MOTOR
re a d in e s s . K. Sakai*, R, Takino, S, Miyauehi, p. Hiko saka,
B. Pȕtz. Y. Sasaki. N. Fujimaki. Dept. Physiol. Juntendo Univ.
School of Medicine, Tokyo, Japan 113 and Communications Res.
Lab., Tokyo, Japan 184.
In order to study the functional topography within the cerebellar
cortex, we measured cerebellar activation using fMRI while 7
normal subjects pressed a button paced by tone sequences with
constant (ISI=500ms) or random intervals (ISI=500±80 or
500±160ms). Three activation foci were observed; one within the
anterior lobe (H IV-V) ipsilateral to the finger movement, and the
others symmetrically located within the crusi I of the ansiform lobule
(H Vila). The reaction time of button press to the tone showed
bimodal distribution having peaks within the -50~+50ms range and
the +200~350ms range. We presumed that the former represented
self-paced responses synchronized to the tone, while the latter
represented externally triggered responses to the tone. The anterior
lobe activation, as measured by the relative increase of signal
intensity compared to the rest condition, was correlated with the total
number of responses. On the other hand, the ansiform lobule
activation was linearly correlated with the number of externally
triggered responses. Based on these findings, we suggest a
functional topography within the cerebellar cortex where the anterior
lobe subserves motor execution, while the ansiform lobule
subserves readiness for the unpredictable stimuli presentation.
Supported by JSPS Research for the Future Program and Basic
Research System Core.

The organisation of the human cerebellum is only partially understood;
we therefore used functional imaging to study its somatotopic arrangement.
Subjects were scanned with EPI in a 1.5T Siemens Vision camera. 10 axial
slices (1.88 x 1.88 mm, 7mm thick, 2.1mm separation) were taken every
4.4s. Subjects were head restrained and used a bite bar; all images were AIR
motion corrected before correlational analysis. The tasks used were:
fixation; ocular tracking of an unpredictable target moving in 2D;
mimicking the target’s motion with movement of the right index finger,
wrist, or forearm; cursor-tracking of the target with a modified computer
mouse; reaching movements between 2 small wooden blocks, grasping
movement of one block without arm movement, and reach and grasp
movement. Three subjects completed each task, and each scanning session
was repeated twice shifting the scanning plane by 4.5 mm to cover the inter
slice gap.
Strong activation was observed in anterior ipsilateral cortex in all subjects
during hand or arm movement, with a lateral to medial shift of the centre of
activation during movement of forearm, wrist or finger. Reaching activated
lateral regions within this complex; grasp activated more medial regions. No
significant activation of the nuclei was found. There was strong activation of
a region in posterior ipsilateral cortex in most subjects, and some contra
lateral anterior cortical activation. Eye movement most often activated
posterior vermis and also sometimes regions in the flocculus.
Co-ordinated eye and hand movements or reach and grasp movements
appear to activate thé same regions seen in single movement, but with an
increase in activation level.
Support by 1Wellcome Trust, 1Royal Society, UK, 2ERATO Project Japan.

293.3

293.4

MULTI-ELECTRODE RECORDING IN CEREBELLAR CORTEX OF THE
AWAKE RAT: EFFECTS OF ‘ON BEAM’ ELECTRICAL STIMULATION OF
PARALLEL FIBERS. D.H.Heck*1,2. W.T.Thach1
1Washington University, School of Medicine, Dept. Anatomy and
Neurobiology, St. Louis, MO 63110-1031. 2University of Freiburg, Dept, of Biol.
III, Neurobiology & Biophysics, 79104 Freiburg, Germany
In order to further elucidate the functional role of parallel fibers in the
cerebellar cortex a linear array of up to 5 recording electrodes was positioned along a
‘beam’ of parallel fibers (Eccles et al., 1966), and a 6th electrode was used for onbeam monopolar electrical stimulation. Electrodes were positioned individually as to
depth (Thomas-Recording, Germany); tip to tip distance along the beam was 305 μm.
The stimulation electrode was separated from the nearest recording electrode by at
least 610 μm and from the farthest by a maximum of 1830 μm. The scull was opened
(under anaesthesia) over the cerebellar vermis. An acrylic cap mounted on the scull
formed a chamber protecting the scull opening and served to fix the head during
recordings. Sprague-Dawley rats were trained to accept head-fixation, allowing us to
record extracellularly from neurons including putative Purkinje cells (simple and
complex spikes) in the awake animal without use of anaesthetics.
Effects of stimulation were analysed using PST-histograms. Responses
consisted of an increased discharge frequency, sometimes followed by a period of
reduced, in all five recording sites. Responses were precisely timelocked to the
stimulus: peak width in PSTH after several hundred stimuli was only 1-2 ms. This
result was seen in all recording sites, independent of distance from the stimulus. While
many units responded to every stimulus, the majority failed to respond to more than
half of the stimuli. (Supported by NS ROl-1777 and by Deutsche
Forschungsgemeinschaft)

S o c ie ty f o r N e u ro s c ie n c e , V o lu m e

23,1997

AN FMRI STUDY OF TOPOGRAPHIC ORGANISATION OF THE
CEREBELLAR CORTEX IN COORDINATED MOVEMENT. R.C.
M iall*1. H. Imamizu2. S. Mivauchi3. 1U niversity Lab. of Physiology,
Oxford OX1 3PT, UK; 2ERATO, Kyoto; 3CRL, Tokyo, Japan.

CEREBELLAR INCOORDINATION IN REACHING: EFFECTS OF MECHANICAL
VS. VOLUNTARY JOINT FIXATION. AJ Bastian*. KM Zackowski & WT Thach.
Dept, of Anatomy, and Neurobiology., Prog, in Physical Therapy, Washington. Univ.
Sch. of Med., St. Louis, MO. 63110.
Prior work predicts that some movement strategies may be relatively independent
of cerebellar control. The purpose of this study was to determine whether reducing the
number of dynamically controlled joints by 1) external mechanical fixation or 2)
volitional fixation (decomposition strategy) could improve reaching performance of
cerebellar patients.
We studied normal and cerebellar subjects reaching in a parasagittal plane under
four conditions: Cl required 35 degrees of elbow flexion and no shoulder movement,
although the shoulder was unconstrained. C2 was identical to C l, except that the
shoulder was mechanically constrained allowing only the elbow to move. C3 was a
forward reach that required 45 degrees of shoulder movement simultaneous with 45
degrees of elbow movement. C4 was identical to C3, except subjects were taught to
volitionally ‘decompose’ the reach into a shoulder movement followed by an elbow
movement. Subjects were asked to move “fast and accurately” in all conditions.
Shoulder, elbow, wrist, and finger kinematics were videotaped and analyzed. EMGs
from shoulder and elbow muscles were recorded and analyzed. Inverse dynamics
equations were used to estimate elbow and shoulder torques.
Preliminary data show that cerebellar patients produce the largest reaching endpoint
errors in Cl, C3 and C4. Endpoint error was dramatically reduced in C2, where a
mechanical constraint allowed movement of only one joint; error in C2 was only
slightly greater for cerebellar patients compared with control subjects. EMG and torque
analysis indicate that in Cl, cerebellar patients often produced unwanted shoulder
movement due to overcompensation for the interaction torques caused by the elbow
movement. In C4, cerebellar patients often produced unwanted shoulder movement due
to under compensation for interaction torques caused by elbow movement. In sum,
cerebellar patients appear to be unable to volitionally fixate a non-moving joint against
interaction torques caused by a moving joint. Cerebellar patients can greatly improve
performance when the number of joints to be controlled is constrained through
mechanical fixation. (Supported by NIH NS 12777).
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Vertical zone floccular Purkinje cells (P-cells) are hypothesized to have a role in
both control and adaptation (gain change) of the vertical vestibulo ocular reflex
(vVOR). P-cells were continuously recorded in alert naive squirrel monkeys using
standard techniques for periods of up to 240 minutes. VVOR adaptation was elicited
by in phase or out of phase visuo-vestibular mismatch at 0.5 Hz and gain changes
were assessed in the dark (VORd) every 15 minutes. Each individual cell was tested
during VOR suppression (sVOR), enhancement (eVOR), visual following (VF),
VORd and VOR in light (VOR1). The mean naive VORd gain, (0.9), decreased to 0.7
or increased to 1.1 during the training and recording sessions. Mean naive P-cell head
velocity sensitivity decreased from 1.48 sp/deg/sec to a final average value of 1.01
sp/deg/sec when the VORd gain was decreased and increased from 0.51 sp/deg/sec to
1.09 sp/deg/sec when the VORd gain was increased. The head velocity signal was
normalized against eye velocity. Thus, naive head velocity sensitivity/eye velocity
sensitivity, (0.79), decreased to 0.67 and increased to 1.04 with VORd gain decrease
and increase, respectively. P-cell head velocity sensitivity changes led VORd gain
changes in 50% of the cases. These consistent and significant changes in the head
velocity sensitivity of flocculus vertical zone P-cells support the hypothesis that these
cells play a role in adaptation or motor learning of the vVOR and stand in distinction
to the lack of head velocity sensitivity changes in goldfish P-cells in experiments
utilizing similar paradigms. It remains to be established whether these P-cell gain
changes are primary within the flocculus or reflect gain changes in a signal transmitted
through the flocculus. Supported by NIH grant EY 05433.

IS LEARNED GAZE-HAND COORDINATION STORED IN CEREBELLAR
CORTEX? T.A. Martin* and W.T. Thach. Dept, of Anatomy and Neurobiology,
Washington University School of Medicine, St. Louis, MO, 63110.
We have previously reported that adaptation of throwing to laterally-shifting wedge
prisms is an automatic and gradual process resulting in a widening of the horizontal
gaze-throw angle (Martin et al., 1996b; Thach et al., 1995), that the widened gazethrow angle (approximately 17.5° for 30 diopter prisms) is distributed among three
sets of coupled body parts (eyes-in-head, head-on-shoulder, and shoulder-on-arm;
Martin et al., 1996b), that the adaptation is impaired in humans with lesions in the
territory of the posterior inferior cerebellar artery (PICA) or of the inferior olive
(Martin et al., 1996a), and that through a series of adaptations over weeks, humans
learn two gaze-hand calibrations ("prism" and "no prism") that can be selectively and
independently activated depending on the throwing context (Martin et al., 1996b).
We have now trained monkeys to perform a horizontal planar reach while the arm
is supported in a light-weight aluminum arm exoskeleton. The monkey reaches from
a starting position approximately 10cm in front of its sternum to one of 5 target
positions located on an arc centered about the monkey's shoulder at 90% of arm
extension and at eccentricities ranging from 10° to 35°. The monkey has been trained
to reach on target immediately after donning either of 1 diopter or 20 diopter base-left
Fresnel prisms. Proof that the monkey has stored a second gaze-hand calibration (and
has not memorized the locations of the targets in space) consists of systematic
reaching errors introduced by novel prisms.
Preliminary extracellular recording has found single Purkinje cells related to
combinations of reach, gaze, and/or prismatic context. Temporary pharmacological
ablations using the GABAA-agonist muscimol will be used to search for possible
storage sites of this second gaze-hand calibration. Ablations will be placed in areas
of cerebellar cortex analogous to those supplied by PICA in humans and in the
anterior lobe shown previously to be involved in a wrist motor adaptation task
(Keating and Thach, 1991). (Supported by NIH NS12777)

293.7

293.8

MODULATION CHANGES OF INDIVIDUAL PURKINJE CELLS IN THE
FLOCCULUS VERTICAL ZONE DURING ADAPTATION OF THE
v e s t i b u l o OCULAR r e f l e x . R.Arikan and. S.M.Highstein* Dept, of
Otolaryngology, Washington Univ. School of Medicine, Box:8115, St. Louis,
M063110.

ACQUISITION OF PRISM ADAPTATION IN CEREBELLAR PATIENTS WITH
A DEFICIT IN EYE-BLINK CONDITIONING. M.S. Milak*. D.A. Wunderlich. V.
Bracha. J.R. Bloedel. Barrow Neurological Institute, Phoenix, Arizona 85013.
Previous studies indicated that, the human cerebellum is involved critically in
the adaptation to laterally displacing prisms. In an earlier human study we
showed that a group of cerebellar patients having typical cerebellar signs were
unable to acquire the classically conditioned eye-blink reflex. The purpose of
these experiments was to determine whether the cerebellar substrates involved
in the acquisition of conditioned eye-blink reflex also participate in the
adaptation of reaching behavior to laterally displacing prisms. To investigate
this issue we examined whether the same group of cerebellar patients who
were not able to acquire conditioned eye-blinks could adapt to laterally
displacing prisms. Prism adaptation in cerebellar patients and control subjects
was tested using a task in which the subjects were required to reach for and
contact a target on a touch screen. In one session the target location was
moved randomly within a 100 mm diameter circle on each successive trial. In
the second session the position of the target was fixed from trial to trial. The
subjects were prevented from seeing the performing limb by a liquid-crystal
shutter and only received feedback about the endpoint error at the end of each
trial by opening the shutter for 1 sec immediately after the screen was
contacted. All cerebellar patients tested to date were able to adapt to laterally
displacing prisms. However, cerebellar patients adapted more slowly than
control subjects. These data indicate that the cerebellar substrates which are
critical for eye-blink conditioning are not required for prism adaptation.
However, lesions including these cerebellar regions do affect the rate of task
acquisition. More generally, these data indicate that the involvement of a
specific cerebellar region in motor learning is highly task-dependent.
Supported by NIH grants NS30013 and NS21958.

293.9
CEREBELLAR INVOLVEMENT IN MOTOR ADAPTATION WITH AND
WITHOUT EXPLICIT MOVEMENT ERRORS.
E.M.Robertson* and R.C.Miall. University Laboratory of Physiology,
University of Oxford, UK.
Attempting to reconcile two putative roles for the cerebellum as a
comparator or as an organ involved in motor learning has caused considerable
debate perhaps because both functions depend upon an error signal. However
it is possible for motor learning to occur without any explicit error. A monkey
was trained to move a cursor, form a central starting box, to one of two targets
in the same horizontal plane. The cursor was rotated 15° from the lever
position, with the start box at the origin. This rotation was introduced in a
single trial resulting in an explicit error, during the first few trials.
Alternatively it was gradually introduced over 15 trials so that errors were
within the normal movement variability. The monkey’s ability to adapt to
these rotations was measured by calculating the vertical component of the
cursor’s terminal position for each movement. There was significant evidence
of motor learning in both conditions, both during the introduction of the
rotation as well as from the after-effects. The ability to adapt to both of these
rotations was severely impaired after lignocaine had been infused into some
sites of the dorsal dentate nucleus. This impairment was greatest when the
rotation had been introduced over several trials. This suggests that the lateral
cerebellum has a role to play in motor adaptation, with it having a greater role
to play in conditions where the error is implicit. This may be because the
cerebellum is involved in determining that an error has occurred when there is
no perceptible error. Alternatively a gradually changing rotation may require
the cerebellum to adapt to a series of intermediate rotations rather than to one
rotation, and this may be more easily disrupted by dentate inactivation.
(Wellcome Trust UK)
S o c ie ty ^ o r N e u ro s c ie n c e , V o lu m e

23,1997
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NON-MOTOR ASSOCIATIVE LEARNING IN PATIENTS WITH
DEGENERATIVE CEREBELLAR DISEASE. J. Drepper, D. Timmann* and
H.C. Diener. Dept, of Neurology, Univ. of Essen, D-45122 Essen, Germany
In the last decades it has become clear that the cerebellum is involved in asso
ciative motor-learning. The exact role of the cerebellum in motor-learning is still
being discussed controversely. Recently, a contribution of the cerebellum to dif
ferent cognitive abilities has been taken into consideration. However, it remains
unclear, whether the cerebellum contributes to cognitive associative learning.
We compared 9 patients with an isolated cerebellar degenerative disease
(IDCA) in a non-motor associative learning task with 10 controls. Patients and
controls were matched for age, sex, handedness, level of education, intelligence
and capabilities of visual memory.
The subjects had to learn the association between 6 pairs of colors and numer
als by trial and error. We chose non-primary colors, that were difficult to be dis
tinguished and labelled verbally, to minimize the influence of subvocal strategies
and verbal abilities. A simple reaction time and a visual scanning task were con
ducted, in order to control the influence of motor performance deficits in cerebel
lar patients.
In comparison with the controls, it took the patients significantly longer to learn
the correct associations between colors and numerals and they were impaired in
recognizing them later on. Two patients showed no associative learning at all.
Neither the simple reaction times nor the visual scanning times correlated sub
stantially with the results in associative learning. Therefore, the motor-associated
disabilities are unlikely to be the reason for the learning deficit in cerebellar pa
tients. The cerebellum seems to contribute to motor-independent processes,
which are generally involved in associative learning.
Supported by a grant from the Deutsche Forschungsgemeinschaft (Ti 239/2-1) to
Dr. D. Timmann.

293.10

INACTIVATION OF ADENYLYL CYCLASE IN CEREBELLUM INHIBITS
VESTIBULO-OCULAR REFLEX (VOR) ADAPTATION. L. Z. Williams* and T.
G. McElligott. Dept, of Pharmacology, Temple University School of Medicine,
Phila., PA 19140.
Adaptation of the vestibulo-ocular reflex (VOR), a sensori-motor model of
learning and memory, has been shown to be dependent on the cerebellar
noradrenergic system. Previous work has shown that propranolol and sotalol,
non specific ß adrenergic blockers, inhibit adapted VOR gain changes. In
addition, experiments using a more specific blocker (atenolol) demonstrated
that ß1 and not ß2receptors in the cerebellum are involved. The ß1 receptors
located on the Purkinje cell activates adenylyl cyclase producing an increase in
cyclic AMP (cAMP). This study investigated the involvement of cerebellar
adenylyl cyclase in the adaptation process using a specific enzyme inhibitor,
SQ22,536. Goldfish were trained for 3 hours (h) to increase VOR gain during
sinusoidal vestibular and visual stimulation presented out of phase @ 1/8 Hz ±
20°. Direct infusion for 10 minutes (lµl) or microdialysis for 1 hour into the
vestibulo-cerebellum did not alter normal preadapted visual vestibulo-ocular
reflex (Vis-VOR) or VOR gain. Infusion of SQ22,536 inhibited adaptive gain
increases (n=2; gain = 0.97 @ Ih) compared to controls (n=6; gain = 1.64 @ lh ).
Inhibition was also present after 3 h of adaptation but was less pronounced (gain
= 1.44 for the SQ22,536 goldfish @ 3h; gain =1.89 for the controls @ 3 h) Sim ilar
results were obtained when SQ22,536 was microdialyzed during the entire
adaptation period. Other studies from our lab have shown that blockage of the
NMDA receptor by AP-5 in the cerebellum also inhibits VOR adaptation. These
results are consistent with work in the hippocampus showing that increases in
cAMP and elevation of intracellular calcium, by NMDA stimulation have been
implicated in long term potentiation (LTP), an electophysiological model of
neuroplasticity. (Supported by a grant from NIH-NIDCD DC 01094).
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293.12
PRIMATE PURKINJE CELL SIMPLE SPIKE DISCHARGE ENCODES
LIMB MUSCLE ACTIVITY. R.N. Holdefer. J.C. Houk, and L.E. Miller.*
Physiology Dept., Northwestern Univ. Med. School, Chicago, IL 60611
We are studying limb movement control signals in the paravermal
anterior lobe of the cerebellar cortex in monkeys. We measured Purkinje
cell (PC) simple spike activity and limb muscle electromyographic (EMG)
activity during a reaching and button pressing task. We calculated cross
correlations between PC discharge and EMG. In contrast with our earlier
results from magnocellular red nucleus and primary motor cortex, this
analysis produced a large number of negative correlations. The large
negative correlations were nearly always associated with PCs which
predominantly paused during a given phase of the task. Typically this
pause was associated in time with an increase in the EMG of the well
correlated muscles. In many cells, this pause was preceded or followed by
a small increase in PC discharge. The late increase was often associated
with decreased muscle activity, consistent with the negative correlation.
Occasionally the early increase was also associated with decreased EMG,
but in many cases, EMG was already quiescent at this point. We speculate
that this early PC discharge may keep the muscle below threshold prior to
movement. Another group of PCs was positively correlated with EMG
activity. These neurons tended to produce bursts of discharge during
movement that were associated with similar increases in muscle activity.
These results suggest that the cerebellar cortex is functionally
organized in a fashion similar to red nucleus and primary motor cortex, in
that all three areas appear to encode muscle activity, rather than handrelated kinematic signals. The negative correlations are consistent with the
inhibitory projection from PCs to the cerebellar nuclei. We are continuing
to investigate the role of the positively correlated Purkinje cells, and the
mechanisms that may underlie this unexpected relation to muscle activity.
Supported by a Whitaker Fndn. Biomed. Eng. Res. grant to L.E.
Miller.

293.13
CODING OF DYNAMIC.ISOMETRIC FORCE BY CEREBELLAR
PURKINJE CELLS: SIMPLE SPIKES. SJ Shanbhag* and TJ Ebner.
Graduate Program in Neuroscience and Department of Neurosurgery,
University of Minnesota, Minneapolis, MN 55455
To examine the role of the cerebellum in the control of dynamic
force, the activity of 66 cerebellar Purkinje cells was recorded from a
monkey performing an 8-target center-out task under a movement and
a novel isometric condition. In the movement condition, the position
of a cursor on a video monitor is controlled by a 2-jointed, planar
manipulandum. In the isometric condition, the manipulandum is
anchored and the cursor position is determined by integrating twice in
time the forces exerted by the monkey in the horizontal plane.
Forces are measured by a 6-axis force/torque transducer mounted
between the distal link of the manipulandum and the handle grasped
by the monkey. In the isometric condition, the monkey first exerts an
accelerating force pulse in the direction of the target followed by a
decelerating pulse in the opposite direction; force direction is thus
separated from the direction of cursor movement. Multiple linear
regression analysis was used to assess the relationship of simple
spike firing rate to x, y and z forces. 45 of the 66 cells recorded in the
isometric condition had significant force contributions to simple spike
activity in at least one of the 8 target directions. These findings
suggest that the cerebellum contributes to the control of dynamic
isometric force. Supported by NIH grants NS18338 & NS31530.

293.14

CEREBELLAR OUTPUT EXERTS SPATIALLY ORGANISED INFLUENCE
ON NEURAL RESPONSES IN THE RAT SUPERIOR COLLICULUS.
U. J. Niemi-Junkola & G. W. M. Westbv (SPON: Brain Research Association)
Psychology Dept, University of .Sheffield, S10 2TP, England.
Our recent work has focussed on how cerebellar outputs might influence sensori
motor integration in the superior colliculus (SC). The different deep cerebellar
nuclei (dCN) project to largely segregated target regions in the contralateral SC,
overlapping the topographically organised nigrotectal input. Single-unit recording
showed that dCN inactivation normally suppresses SC target neurons, an effect
opposing the convergent tonic inhibitory input from SNr. However, a 'reverse'
frequency increase was found in a proportion of SC units. In the present study we
tested the hypothesis that the SC response to dCN GAB A was related to the
cerebellotectal topography. We simultaneously recorded single units in both dCN
and SC of 23 anaesthetised rats. Microinjection of 50nl of 1M GABA into dCN
produced a complete, reversible, arrest of activity in thedCN. 148 sensory and nonsensory output cells in intermediate and deep layers of the SC were investigated for
their responses to dCN GABA. 22% of units significantly decreased or stopped
responding to their preferred sensory stimulus or decreased their spontaneous firing
rate in the case of non-sensory cells. 20% increased their firing rate to dCN
GABA. No response was obtained in 58% of cells. The distribution of these
different responses was significantly related to the topography of the cerebellotectal
terminal fields. Thus 93% of the inhibitory responses were obtained from SC cells
lying in the terminal regions of the dCN nucleus manipulated. Conversely 72% of
the excitatory responses and 72% of the non-responses were obtained from SC cells
falling outside the projection area. (p<0.0001: x 2= 31.91: 2df). Antidromic
activation of the SC contralateral and ipsilateral descending pathways was used to
specify the output channels of these different SC cell populations. The results
support the view that the SC is an important site for the functional integration of
cerebellar and basal ganglia outputs. The contrasting responses observed within the
cerebellotectal topography may be involved in the selection of appropriate, non
competing, motor programs which could be mediated by the intrinsic GABAergic
connections within SC deep layers.
Supported by Medical Research Council grant G9408599N

293.15

CLIMBING FIBER AFFERENTS CONTRIBUTE SIGNIFICANTLY TO
OPTICALLY RECORDED PARASAGITTAL BANDING EVOKED BY
PERIPHERAL STIMULATION

C. Hanson*. G. Chen. T.J. Ebner
Graduate Program In Neuroscience, Departs of Neurosurgery & Physiology, University
of Minnesota Medical School, Minneapolis, Minnesota 55455
Recent experimentation has shown that electrical or mechanical stimulation of
the perioral or facial area of the rat results in strong optical signals arranged in discrete
parasagittal bands in the cerebellar cortex stained with neutral red. Further
experimentation has revealed that these bands arise at least in part from climbing fiber
induced activity in the cortex.
Sprague Dawley rats of either sex were anesthetized (Ketamine/xylazine) and
Crus I and II were exposed and stained with the pH sensitive dye, neutral red (2.5mg/ml)
by superfusion for two to three hours. After the bath was cleared of dye and refilled
with normal Ringer’s solution the exposed cerebellar cortex was imaged (100-200 ms,
excited at 540±10nm, emission >620nm) with aCCD camera mounted on a modified light
microscope. Series of images were taken prior to (control), during, and after electrical
(5-10V, 100-300 µs, 5-10Hz, 10-20 sec)or mechanical stimulation of the face. Subtraction
of control images from images taken during and after stimulation revealed clearly defined
optical bands that were arranged longitudinally. These banding patterns appear to be
dependent on stimulus frequency and can be detected most clearly with stimulus
frequencies from five to ten Hz (6-8 Hz being most effective at eliciting the banding). To
more clearly determine the extent to which climbing fibers contribute to the observed
parasagittal banding patterns, climbing fiber afferents were blocked through selective
inactivation of the inferior olive by a local injection of lidocaine (0.1 µl, 40mg/ml). Injection
of lidocaine into the inferior olive markedly reduced the parasagittal banding patterns
produced by peripheral input.
Through these experiments we have demonstrated that climbing fiber afferents
contribute significantly to the optical banding patterns seen with peripheral stimulation
in the neutral red stained cerebellar cortex of the rat.
(Supported by NIH grants NS-31318 and NS-18338)
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SPREADING OF SURFACE STIMULATION EVOKEDOPTICAL RESPONSES IN
THERATCEREBELLARCORTEXSTAINEDWITHNEUTRALRED.

G. Chen*. C. P. Hanson. R. L. Dunbar. T. J. Ebner
Depts. of Neurosurgery & Physiology, University of Minnesota Medical School,
Minneapolis, Minnesota 55455
Our previous studies have shown that optical signals consisting of a beam-like
response to surface stimulation and parasagittal bands to peripheral stimulation conform
to the known functional architecture of the cerebellar cortex. Recently, we have found
a strikingly different type of optical response with surface stimulation that gradually
propagates and spreads across an entire folium and into neighboring folia.
Crus I and II were exposed in anesthetized rats (Ketamine/xylazine) and stained
with a pH sensitive dye, neutral red (2.5mg/ml) by superfusion for 2-3 hours. After dye
washout, the exposed cerebellar cortex was imaged (100-200 ms, excited at 540± 10nm,
emission >620nm) with a CCD camera mounted on a Zeiss universal microscope. A
series of images were acquired before, during, and after electrical stimulation of the
surface (150-300 µA, 100-300 us, 10Hz, 10-20 sec). The typical response consisted of a
beam-like optical response (fluorescence increase followed by a decrease) that ran
parallel to the long axis of the folium and lasted for 2-3 minutes. In approximately 1/3 of
the preparations, the beam-like optical signals propagated in both anterior and posterior
directions, spreading across the entire folium with a speed between 300-800 m/sec.
The propagating signals could spread to neighboring folia. The process lasted from 35 minutes. Identical responses could be obtained in the same preparation within 10
minutes and the extracellular field potentials evoked by surface stimulation were
detectable during and after the spread.
The characteristics of this spreading response including its fast speed and
repeatability in the same preparation at short intervals and the persistence of the
extracellular field potentials distinguish it from spreading depression and suggest a
possible novel form of signaling and/or modulation in the CNS.
(Supported by NIH grants NS-31318 and NS-18338)
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294.2

FREQUENCY RESPONSE OF SIMULATED MEDIAL VESTIBULAR
NUCLEUS NEURONS TO INJECTED CURRENTS B. A. Laming* & P.Dean.
Department of Psychology, University of Sheffield, Sheffield S10 2TP, England.
Signal processing in the horizontal vestibular-ocular reflex is directly
dependent on the properties of medial vestibular neurons. Important properties
indicated by in vitro intracellular current injection are (i) a linear firing-rate
response to maintained currents, and (ii) a mild amplification in the ~ 2-10 Hz
band for transient currents (chick, du Lac and Lisberger, J.Neurosci. 15(1995)
8000). The present study investigated whether these effects could be accounted
for by a compartmental model of guinea-pig MVN cells developed by Quadroni
and Knӧpfel (J.Neurophysiol. 72(1994) 1911).
The model for Type A MVN neurons was implemented in Genesis, using
simplified calcium dynamics. It contained 46 compartments each with up to 8
active ionic conductances. These included 3 potassium channels, one of which
was calcium dependent. The effects of blocking one or more conductances on
firing-rate response to somatic current injections were simulated.
(1) As observed experimentally, the linear firing-rate response to
maintained currents was replaced by an approximately logarithmic compression
when calcium channels were blocked. However, the experimental data suggest
that at least two calcium-dependent potassium channels contribute to the steadystate response, indicating the need for additional conductances in the model.
(2) The firing-rate overshoot to current onset in the model was altered but
not abolished by calcium blockade, in accordance with experiment. The simulated
calcium-independent overshoot was markedly reduced by blockade of a slow
potassium channel with kinetics similar to those that mediate the M-currenL
These results suggest that the model of Quadroni and Knӧpfel may provide
a foundation for synthesising experimental data on signal transmission in MVN
neurones.‘(Supported by EPSRC).

ROLE OF K+ CURRENTS IN EXCITABILITY OF DEVELOPING CHICK
VESTIBULAR SENSORY NEURONS. G. Gamkrelidze*. C. Giaume and K. Peusner.
Dept. of Anat., George Washington Univ. Sch. Med., Washington, DC 20037.
During development, the principal cells (PCs) of the tangential nucleus switch their
response to depolarizing pulse from one spike in 13 day embryos (El3) to a repetitive
firing pattern in hatchings (H0-2). At E l5-16, PCs respond to depolarization in two
ways, either by firing one (90%, n=88) or multiple spikes. To understand the
mechanisms underlying changing excitability, we characterized in brain slices outward K+
currents by performing whole-cell recordings of PCs identified with DIC optics and
infrared camera. In PCs firing a single spike at E l5-16, both transient and sustained
currents were identified using 200 ms voltage presteps to -40 and -120 mV, followed by
stepping the membrane potential from -80 to +30 mV (n=20). Both components were
found to be partially Ca++ -dependent using solutions containing 2 mM CoCl2 (n=5), 300
μM CdCl2 (n=5), or 0 CaCl2(n=5). Accordingly, subsequent recordings were performed
in Ca++-free solution with pipettes containing 10 mM EGTA. Tetraethylammonium
(TEA) (1 -3 mM) blocked a high threshold, sustained K+ current (n=10), whereas
dendrotoxin (DTX) (100-400 nM) or 4-aminopyridine (100 μM) blocked low threshold,
transient and sustained K+ currents (n=15). On DTX exposure, PCs were observed in
current clamp to switch from firing single to multiple, TTX-sensitive spikes (n=6). In
contrast, the discharge pattern of PCs firing a single spike did not change (n=9) on
exposure to 3 mM TEA, CoCl2 or 500 ms presteps to -40 mV (n=3 in each condition). In
PCs that fire repetitively at E l5-16 (n=8) and H0-2 (n=3), DTX produced no observable
change, or else blocked a transient current that inactivated during 500 ms voltage steps.
The experiments suggest that a DTX-sensitive, sustained K+ current is responsible for
the single-spike firing of PCs routinely observed in young embryos. Its disappearance
during development may contribute to changing excitability of these second-order
vestibular neurons. Supported by NIH grant #DC00970.

294.3
RESPONSES OF OTOLITH AFFERENTS TO OFF-VERTICAL
AXIS ROTATION IN YOUNG AND ADULT RATS
Y.K. Zhang
and Y.S. Chan (SPON: The Hong Kong Society of Neuroscience)
Department of Physiology, Faculty of Medicine, The University of Hong
Kong, Sassoon Road, Hong Kong.
To examine the functional maturation of otolith afferents, their
responses to off-vertical axis rotations (OVAR: 4.7°/s-15°/s, 10° tilt)
which selectively activate the otoliths were studied in 21-day-old and
adult decerebrate rats. Extracellular recording was made in the Scarpa’s
ganglion of the superior vestibular nerve. Tilt-sensitive OVAR responsive
neurons exhibited a mean spontaneous firing rate of 50 ± 11 (SD) and 58 ±
18 (SD) spikes/s in 21-day-old and adult rats, respectively. These two
groups of rats demonstrated comparable mean response gain to OVAR.
Most otolith afferents (90% in 21-day-old and 88% in adult rats) showed
narrowly spatiotemporal-tuned properties by exhibiting symmetric and
velocity-stable response sensitivity to bidirectional OVAR.
The
remaining otolith afferents exhibited asymmetric and velocity-variable
bidirectional response sensitivities. Though the best response orientation
of the neurons showed a greater response gain along the antero-posterior
direction than along the transverse direction, the orientations were found
to point in all directions on the plane of rotation. Our results indicate that
at the third postnatal week, the spatial coding capacity of the otolith
afferents takes on the characteristics of adult otolith afferents.
[Supported by C.R.C.G., HKU]

294.4
SPONTANEOUS ACTIVITY OF OTOLITH NEURONS IN THE
VESTIBULAR NUCLEUS OF UVULONODULAR LESIONED RATS.
B. Jiang, C.H. Lai, H. Wang and Y.S. Chan*. Department of Physiology, Faculty of
Medicine, The University of Hong Kong, Sassoon Road, Hong Kong
The spontaneous activities of extracellularly recorded lateral vestibular neurons
that were responsive to bidirectional off-vertical axis rotations (OVAR) and static
tilts were studied in decerebrate rats with or without ablation of the uvulonodular
lobe of cerebellum. In both preparations, central otolith neurons exhibited a bimodal
distribution in spontaneous discharge regularity at the stationary and earth-horizontal
position. More neurons with irregular patterns were observed in uvulonodular
lesioned rats while more neurons with regular patterns were found in control rats. In
both groups of rats, neurons that showed symmetric response sensitivities to
bidirectional OVAR displayed a wide spectrum of discharge regularity; no
significant difference was found between their mean firing rates. Amongst neurons
that showed asymmetric response sensitivities, those of lesioned rats showed a lower
mean firing rate than in the control. In both groups of rats, asymmetric neurons that
showed a greater gain with rotations towards the contralateral side of recording (C
neurons) exhibited regular discharge pattern while those that showed a greater gain
with rotations towards the ipsilateral side of recording (I neurons) exhibited irregular
discharge pattern. In control rats, the mean firing rate of C neurons was significantly
higher than that of I neurons. Such a difference was not observed amongst
uvulonodular lesioned rats,. These findings suggest that in control animals the
spontaneous discharge patterns of functionally characterized central otolith neurons
are influenced at least in part by the uvulonodular cerebellum.

294.5

294.6

ROSTRAL FASTIGIAL NUCLEUS ACTIVITY IN THE ALERT MONKEY
DURING DIFFERENT FREQUENCIES AND AMPLITUDES OF VERTICAL
VESTIBULAR STIMULATION. J. Kleine. C. Siebold. L. Glonti. U. Büttner*.
Dept of Neurology, University of Munich, MarchioninistraBe 15, D-8I377 Munich,
Germany
Many neurons in rostral fastigial nucleus (FN) respond to natural vestibular
stimuli. They have been labelled ‘vestibular only’ neurons and may be involved in
spinal mechanisms (neck, posture, gait). Their precise functional role is not known.
In a previous study it was shown (J Neurophysiol 77, 1432-1446, 1997) that during
vertical stimulation around an earth fixed horizontal axis neuronal responses could be
related to canal planes (LARP, RALP) but canal-convergence including pitch
responses and otolith-related responses were common. In this study we investigated
‘vestibular only’ neurons in rostral FN at different frequencies (0.06-1.4 Hz) and
amplitudes (± 2.5 - ± 15 deg) of sinusoidal vertical vestibular stimulation.
Monkeys were chronically prepared for single unit recordings, and sat erect with the
head fixed in a primate chair during the experiments. Initially the response vector
orientation (optimal response) was determined at 0.6 Hz (± 15 deg). For this a
platform with the monkey was slowly moved to different orientations (pitch to roll)
during vertical stimulation. Different frequencies and amplitudes were applied at the
response vector orientation. Most neurons responded at all frequencies and
amplitudes. Neurons had a canal-related response with a phase related to head velocity
and a constant sensitivity (imp*s-1/deg*s-1) or an otolith-related response with a
pronounced decrease in sensitivity (imp*s-1/deg*s-1) at higher frequencies. Many other
neurons had intermediate sensitivity characteristics. It was noticeable in many
neurons that the phase progressively changed for more than 100 deg between 0.1 and
1 Hz. These results show that during vertical stimulation many neurons do not reflect
pure ‘canal-related’ responses, but that ‘otolith-related’ responses or interactions are
probably more common than is thought up to now.
Supported by Deutsche Forschungsgemeinschaft (DFG).

CHARACTERIZATION OF SECOND ORDER VESTIBULAR NEURONS RELATED
TO HORIZONTAL EYE MOVEMENT IN THE GOLDFISH. A. Green . H. Suwa. H.
Galiana and R. Baker*. Dept . of Physiol. and Neurosci., NYU Med Ctr., New York, NY 10016,
and Dept.of Biomed. Eng., McGill Univ., Montreal, Que., Canada H3A2B4.
Second order vestibular neurons (VNs) presumed to be responsible for horizontal oculomotor
performance are distributed throughout the caudal, ventrolateral extent of the descending
octaval nucleus in the goldfish. The goal of these experiments was 1) to characterize the signal
content of all neurons exhibiting horizontal head velocity sensitivity (HVNs) and 2) to identify,
in particular, those constituting the excitatory pathway to the contralateral abdueens nucleus.
Sharp NaCl-filled glass microelectrodes were used to record the activity of individual vestibular
neurons during spontaneous horizontal eye movement (saccades and fixation) and during
vestibuloocular (VOR) and optokinetic (OKR) reflexes elicited by sinusoidal stimuli (0.1254Hz). HVNs exhibited a diversity of signals ranging from head velocity only to both head and
eye movement sensitivities. Two distinct eye-movement-related neuron profiles could be
distinguished by either the presence or absence of a robust saccadic sensitivity. The majority of
these HVNs exhibited a somewhat irregular spontaneous activity in the range of 5-30 sp/s. No
significant correlation with static eye position was observed on any cell. All HVNs were
activated by ipsilateral head rotation (Type I) and peak modulation was either in phase with or
slighdy led (̴ 10 °) head velocity across all frequencies. Sensitivity to head rotation during the
VOR ranged from 1.0-2.5 sp/s/deg/s. During VOR cancellation some cells demonstrated small
decreases (10-20%) in activity accompanied by an increased phase lead relative to head
velocity. Head velocity sensitivity was neither completely suppressed nor reversed in direction
for any HVN during VOR cancellation. For 20 de/ s, 0.125 Hz OKR stimulation, most HVNs
exhibited a peak modulation of 5-15 sp/s with a 10-40 deg lag relative to contralaterallydirected eye velocity. Single unit response profiles from the VN were compared with those
obtained during intra-axonal recording and biocytin labeling in the area of the contralateral
MLF. HVNs that projected to the contralateral abdueens nucleus exhibited a spontaneous
activity and modulation for both optokinetic and vestibular stimuli, but no saccadic or static
eye-position-related sensitivity. These findings demonstrate that the contralateral excitatory
VOR pathway carries only slow phase-related signals. The marked absence of saccadic and
static eye-position-related activity in this pathway suggests a segregation of re-orientation vs
stabilization systems in this species which may help to elucidate the dynamics particular to the
VOR and OKR brainstem pathways. (NIH EY02007 & NS13742)
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EFFECTS OF CORTICAL STIMULATION ON CAT VESTIBULAR NUCLEUS
NEURONS. V. W ilson.*1 . ZareecKi2. N . Isu1, P.K.Rose. H. Sato1. R,B, Sctor3
D.B. Thomson1and T. Umezaki1. Rockefeller University1New York, NY, 10021,
Dept . of Physiology, Queens University2, Kingston, Ontario, K7L 3N6, Department
of Otolaryngology, University of Pittsburgh3, Pittsburgh, PA. 15213.
Potential substrates for cortical control of vestibular reflexes were studied by
stimulating the cerebral cortex in cats anesthetized with chloralose-urethane. Sites for
cortical stimulation were regions of areas 2 and 3a which were found to contain
retrogradely-filled neurons following WGA-HRP injection into the lateral and rostral
descending vestibular nuclei. Vestibular neurons were classified in multiple ways: by
responses to sinusoidal tilts in vertical planes, and by antidromic responses to
stimulation in C2. Cortical stimulation could facilitate and/or inhibit ipsilateral
spontaneously-firing neurons in the lateral and descending nuclei; more than one
stimulus was typically required. Threshold of these effects (frequently <500 μA) was
usually similar to threshold of contralateral muscle contractions. Transient paralysis
by Flaxedil did not abolish cortical effects on vestibular neurons. Facilitation and/or
inhibition was observed in neurons with canal (10/29), otolith (7/11), mixed (12/18),
or no vertical vestibular input (20/31), and in vestibulospinal neurons (38/56) as well
as in neurons that did not respond antidromically to C2 stimuli (9/28). When
facilitation latency could be measured accurately, it was usually 3-12 ms. Latency of
inhibition was longer; duration could be as long as 100 msec, but was most often
between 20 and 60 ms. Despite a direct projection from the stimulated areas to the
vestibular nuclei, the relatively long latencies, requirements for multiple stimuli, and
frequent absence of well-synchronized peaks in PST histograms suggest that both
facilitation and inhibition are produced by polysynaptic pathways. Facilitation and
inhibition of vestibular nucleus neurons from cerebral cortex could serve to modify
vestibular reflexes and the activity of vestibular neurons during behavior of alert
animals. Supported in part by NIH grants DC-02187, DC-02421, DC-02644 and the
Medical Research Council of Canada.

294.8
SYNAPTIC RESPONSES IN THE TURTLE VESTIBULAR NUCLEUS
DURING NATURAL VESTIBULAR ROTATION IN VITRO. T.X. Fan*and
M. Ariel. Dept. Anatomy & Neurobiol., St. Louis Univ., St. Louis, MO 63104.
Recordings were made in the vestibular nucleus (VN) during horizontal
head rotation of an in vitro brainstem with the temporal bones attached.
VN cells responded to ipsiversive or contraversive rotation (type I or type II,
respectively). Turtle VN neurons had no or low spontaneous activity and
their responses to sinusoidal stimulation were highly rectified. Extracellular
recordings made during intracranial injections of 0.5-2 μL of 0.5% lidocaine
into an eighth nerve caused rapid effects on Vestibular responses.
Responses of type I units were reduced by ipsilateral injection but enhanced
following contralateral injection. On the other hand, type II units had their
responses increased by ipsilateral injections yet decreased by contralateral
injections. In the latter case, sometimes this decrease of the contraversive
response was accompanied by a strong ipsiversive response.
In order to understand whether normal synaptic input could account for
these properties, whole-cell patch recordings were made in VN in the same
preparation. Contrary to the low spike firing seen extracellularly, VN cells
exhibit ongoing spontaneous excitatory synaptic potentials but they failed
to reach spike threshold when the head was stationary. This observation
explains why VN cells had no or low spontaneous spike activity even though
a high level of spike activity was recorded in eighth nerve afferents in a
similar preparation (Brichta & Goldberg, Ann. N.Y. Acad. Sci., 1996).
The frequency of these excitatory events increased during horizontal
head rotation in one direction but few synaptic events, either excitatory or
inhibitory, occurred in the opposite direction. This result indicates that the
processing underlying bilateral VN interactions that create type I and type
II VN cells may not be simply mediated by commissural inhibitory
connection.
Supported by EY 05978 to MA.

294.9

294.10

THE TANGENTIAL NUCLEUS OF TELEOST FISH IS SPECIALIZED FOR
OTOLITH OCULAR REFLEX FUNCTION. H. Suwa*. E. Gilland and R. Baker.
Dept. of Physiology and Neuroscience, NYU Medical Center, New York, NY 10016.
At the level of fifth hindbrain rhombomeric segment in zebrafish and goldfish, a
compact cellular subdivision of the vestibular nucleus, the tangential, lies immediately
ventral to the VIIIth nerve entry zone. The goal of these experiments was to utilize
single cell physiology and morphology to establish the role of tangential neurons in
vestibular and oculomotor function. Intra-axonal recordings were carried out in the MLF
and biocytin was injected for morphological reconstruction of tangential neurons. Small
amplitude head displacements of ± 4° about x, y, and z axes were combined with
planetarium projected visual stimuli. Each of the 24 tangential neurons analyzed
exhibited an irregular spontaneous background activity of 5-15 sp/s. The vestibular
response of each neuron could be clearly correlated with an angular rotational axis about
either the anterior (A), posterior (P) or horizontal (H) semicircular canal. Sustained x and
y axis displacement produced compensatory vertical and torsional eye movement and
the static (otolithic) signal sensitivity for the A and P subtypes ranged from 2-5 sp/s/deg.
Some of the A and P related tangential neurons also exhibited clear visual modulation
during the presentation of stimulus motion in the opposite direction to head
displacement. By contrast, A and P canal-related neurons located outside of the
tangential nucleus exhibited little spontaneous activity and only transient responses to
head rotation. Neither scanning saccadic nor eye position sensitivity was observed in any
tangential neuron. The axons of all tangential neurons crossed the midline, ascended in
the MLF (a few bifurcated to the spinal cord) and terminated exclusively onto
appropriate pairs of recti and oblique motoneurons; however, in addition, the A and P
canal-related neurons collateralized in the more rostral iMLF and Int. Nuc. of Cajal. The
dendritic tree of each tangential neuron branched throughout the nucleus, extended
ventrolateral and overlapped extensively with previously established primary canal and
utricular afferent arborization. In conclusion, our findings document that directionallyspecific canal and otolithic inputs combine to specify three types of tangential neurons
each with an appropriate oculomotoneuron termination pattern. Since, however, signal
sensitivity appears to be dominated by the linear, rather than angular, acceleration stimuli
we propose that the tangential nucleus may represent a unique gravitoinertial center
responsible for vertical and torsional ocular reflexes. (NIH EY02007 and NS13742)

Dynamic Responses of Neuronal Activity of the Bilateral Medial Vestibular
Nuclei Following Unilateral Labyrinthectomy in Rats. B.R. Park*. J.H Kim.
M.Y. Lee and M.S. Kim. Dept. of Physiology, Wonkwang Univ. Sch. of Med.
and MRRC of Wonkwang Univ., Iksan 570-749, Korea.
To investigate the responses of vestibular neurons during vestibular
compensation the spontaneous activity and dynamic responses to sinusoidal
angular horizontal head acceleration of type I and II neurons in the medial
vestibular nuclei were recorded bilaterally following unilateral labyrinthectomy
(ULX) in Sprague-Dawley rats. The unitary extracellular neuronal activity was
recorded before ULX, and 6, 24, 48, 72 hours, 1 week after ULX in pentobarbital
sodium anesthetized rats. Gain and phase were obtained from the neuronal
activity by sinusoidal rotation with 0.05, 0.1, 0.2, 0.4 Hz. Electrical cathodal
stimulation was applied to the lesioned ampullary portion from labyrinthectomy
till recording to investigate the relationship between recovery of spontaneous
nystagmus and neuronal activities The mean spontaneous activity before ULX
was 16.7 ± 8.6 spikes/s (M ± SD) in type I neurons and 14.5 ± 8.4 spikes/s in type
II neurons. The activities of ipsilateral to the lesioned side type I and contralateral
type II neurons decreased markedly by 6 hours post-op, and a significant
difference between bilateral type I neurons remained till 1 week. The gain at 4
different frequencies of sinusoidal rotation was depressed in all neurons by 6 or
24 hours post-op and then increased with time. The rate of decrease in gain was
more prominent in ipsilateral type I and contralateral type H neurons acutely
following ULX. Although the gain of ipsilateral type I and contralateral type II
neurons increased gradually after 24 hours, it remained below normal levels. The
phase was significantly advanced in ipsilateral type II and contralateral type I
neurons following ULx. In electrically stimulated rats, the spontaneous activity of
ipsilateral type I and II neurons was restored normal levels 24 hours after ULX,
and the gain at 0.2 Hz of sinusoidal rotation was increased in ipsilateral type I and
decreased in ipsilateral type II at 24 hours compared with that at 6 hours. These
results suggest that a depression of activity in ipsilateral type I and contralateral
type II neurons is closely related with the occurrence of vestibular symptoms and
restoration of those activities ameliorates the symptoms. Supported by KOSEF
951-0708-021 -2.

294.11

294.12

RAPID CHANGES IN INTRINSIC EXCITABILITY OF MEDIAL VESTIBULAR
NUCLEUS NEURONES FOLLOWING UNILATERAL LABYRINTHECTOMY.
Susan A Cameron* and Mayank B Dutia. Department of Physiology, University
Medical School, Teviot Place, Edinburgh, EH8 9AG, UK.

CYCLOHEXIMIDE DOES NOT DELAY RESTORATION OF ACTIVITY IN
THE DEAFFERENTED VESTIBULAR NEURONS OF THE UNILABA
YRINTHECTOMIZED GUINEA PIG. L. Ris. R. Wattiez, C. de Waele. P.-P. Vidal
and E. Godaux*. Lab. of Neurosciences, University of Mons-Hainaut, Mons,
Belgium and LPPA, CNRS, Paris, France.
In the guinea pig, a unilateral labyrinthectomy induces a collapse of the
resting activity of the ipsilateral vestibular neurons. This initial collapse is
followed by a spontaneous restoration of activity which begins 12 hours after the
labyrinthectomy and is complete 1 week later. The mechanism of this restoration
is still unknow. In the present study, we have investigated the potential
implication of a de novo protein synthesis.
Cycloheximide (CHX), an inhibitor of protein synthesis, was injected
intramuscularly 1 hour before (30 mg/kg) and 5 hours after (15 mg/kg) a
unilateral labyrinthectomy. For neuronal-discharge measurements, animals were
prepared for chronic extracellular recording of single unit activity. The criterion
used to select the 433 analysed vestibular neurons was their recruitment at
monosynaptic latency by vestibular nerve stimulation.
Our protocol of administration of CHX maintained an inhibition of [35S]methionine incorporation into brain stem proteins at levels ranging from 71 to
93 % for 9 hours after labyrinthectomy. It was found that, in the 12-16 h postlabyrinthectomy period, CHX did not prevent the vestibular neurons from
returning to a firing level similar to that observed in the absence of CHX (the
value of the interindividual mean was 15.3 ± 2.6 spikes.s-1 in the CHX treated
group and 16.3 ± 3.9 spikes.s-1 in the untreated group).
We conclude that protein synthesis is not required for the induction of
the restoration of activity in the vestibular neurons deprived from their
labyrinthic input.
Supported by grants from the Belgian National Fund for Scientific
Research and the Queen Elisabeth Fund for Medical Research.

Vestibular compensation (VC), the behavioural recovery that takes place following
damage to one vestibular labyrinth or vestibular nerve is an attractive experimental
model of lesion-induced plasticity in the adult mammalian central nervous system. A
systematic investigation of the intrinsically-generated in vitro discharge rates of rat
medial vestibular nucleus (MVN) neurones was carried out in brain slices from
control animals and animals undergoing vestibular compensation over 48h after UL.
The tonic discharge rates of neurones in the rostral MVN ipsilateral to the lesion were
not different from control 2h post-UL, (15.16 ± 0.9 spikes/s versus 14.04 ± 1.18
spikes/s) but increased significantly at 4h post-UL (21.56 ± 1.7 spikes/s) and remained
significantly higher until 24h post-UL (19.86 ± 1.95 spikes/s). No significant changes
were observed in the contralateral nucleus. These results provide the first direct
experimental evidence that the initial rapid stage of vestibluar compensation, over 48h
following UL, is accompanied by systemic compensatory changes in the intrinsic
excitability of MVN neurones ipsilateral to the lesion.This research was supported by
The Wellcome Trust, Project Grant 043132
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EFFECTIVE ROTATION AXES (ERA) DURING VOLUNTARY PITCH AND
YAW HEAD MOVEMENTS. S. Moore, E. Hirasaki. T. Raohan, B. Cohen*,
Depts. of Neurol., Mt. Sinai Sch of Med., NY 10029, CIS, Brooklyn Coll. CUNY.
The atlanto-occipital joint and the 6 or 7th cervical vertebra are accepted as the
two main mechanical centers of head pitch rotation and the atlanto-axial joint as
the center for yaw rotation. As the eyes are eccentrically positioned in the head,
they will translate in space during angular head movements. This influences the
gain of the angular VOR, particularly if the visual target is near. Thus, when
interpreting gaze direction, the relative positions of the axes of rotation of the eyes
and head must be considered. As the cervical vertebrae move to some extent
during head rotation (Jampel and Shi, 1992) the location of the effective center of
head rotation is not clear. In this study, the coordinates of the lateral orbitale of the
eyes, the tragion, C7, and the pitch and yaw angles of the head were measured
during self-induced sinusoidal pitch or yaw head rotation at 1 or 2 Hz using a
video-based motion analysis system (OPTOTRAK 3020, Northern Digital Inc).
Subjects sat with the trunk supported or were free standing. The head and neck
were modeled as a rigid body, and the position of the ERA was computed. When
subjects sat on the chair with their trunk fixed, the pitch ERA was approx. 10 to
20 mm below the tragion. The axis of yaw rotation was close to the midpoint
between the tragion. The position of the ERA for both pitch and yaw was not
influenced by the size of the head rotation for amplitudes up to ±12°. When the
subjects were free standing, and for large (> ±15°) head rotations, the pitch ERA
shifted downwards by approx. 20 mm, in accord with Woltring et al. (1994). This
downward shift was probably due to increased flexion of the cervical vertebrae.
The locations of the measured ERA would not substantially increase the linear
forces sensed by the otoliths during natural head movements, but would increase
the angular VOR gain required for ocular stabilization of near targets (<1M).
Supported by DC03284 and NY State HEAT Grant

PERCEPTUAL TILT AND EYE MOVEMENT RESPONSES IN HUMANS
DURING ECCENTRIC ROTATION. D.M. Merfeld*. C. Gifford. S. Wade.
T.E. Bennett, and L. Zupan. Neuro-otology Research, R.S. Dow Neurological
Sciences Institute, Portland OR 97210.
To investigate how the nervous system interprets the ambiguous sensory cues
from the graviceptors, subjects were rotated on a fixed-chair human centrifuge
while we simultaneously measured binocular eye movements and perceptual tilt
responses in the roll plane. Subjects were seated such that centrifugal force was
directed along the interaural axis. Symmetric constant velocity trapezoids were
utilized to yield a centrifugal force of 1.0 g (45° roll tilt of gravito-inertial force).
Three dimensional eye movements were measured using video methods.
Subjective roll tilt was measured by having the subjects place their hands on the
end of a short bar and instructing them to keep the bar aligned with the perceived
horizon. Subjects were tested while "facing the motion" or with "back to the
motion" for both CW and CCW directions of centrifuge rotation. During
acceleration the perceived tilt tended to lag behind the tilt of the gravito-inertial
force (GIF), but eventually shifted toward alignment with GIF. The perceptual
delay was similar with the subjects "facing the motion" and with "back to the
motion", but the perceptual delay was significantly more pronounced on
acceleration than on deceleration. These findings show that the dynamics of the
perceptual tilt responses are heavily dependent on the interaction of the angular
and linear stimuli. The perceptual responses were also compared to the eye
movements measured during the same trials. The perceptual delay was linked to
the linear VOR, calculated by subtracting horizontal eye movements responses
during the “back-to-motion” condition from the “facing-motion” condition. This
finding is consistent with a neural process which resolves the GIF into
components representing central estimates of acceleration and gravity, with the
linear VOR a response to a central estimate of linear acceleration and tilt a
response to a central estimate of gravity. Research sponsored by NIDCD grant
1R29 DC03065-01 and ESA Postdoctoral Research Fellowship Program.

295.3

295.4
ACTIVITY OF LATERAL VESTIBULOSPINAL NEURONS
DURING APPLIED LINEAR AND ANGULAR HEAD
ACCELERATION IN THE ALERT SQUIRREL MONKEY. R.
B oyle*. Depts. Otolaryngology & Physiology, Oregon Health
Sciences Univ., Portland, OR 97201.
The predominant direct pathway from the utricle to the neck axial and
cervical limb motoneurons and to the lumbar spinal circuits is the
lateral vestibulospinal tract (LVST). Secondary vestibular neurons
were identified using electrical stimulation techniques (implanted
middle ear electrodes) in the alert squirrel monkey prepared for chronic
single-unit and eye movement recordings. Pulses were applied to fine
wires implanted into the ventral and lateral funiculi of one side at C 1 to
antidromically identify LVST neurons; cervical- and lumbar-projecting
LVST neurons were classified based on recording coordinates in the
vestibular nuclei. Cells were examined in the head restrained, upright
condition i) to 0.01-0.4 g sinusoidal linear acceleration parallel to earthhorizontal at head angles relative to the x-axis through 360° and at
different frequencies, ii) to sinusoidal yaw and pitch rotations, and iii)
during eye movement events. Lumbar-projecting LVST neurons on
the whole responded only to the linear acceleration tests, with a phase
of response slightly lagging stimulus acceleration at all head angles and
examined frequencies. Cervical-projecting LVST neurons showed a
wide variety of responses, combining type I and type II yaw responses
with ipsi- or contralaterally directing linear velocity or acceleration;
one-fifth of these cells also carried signals related to position or
movement of the eyes in orbit. (Supported by NIH NS27050)

SYMPATHETIC AND RESPIRATORY NERVE RESPONSES TO NECK
AFFERENT STIMULATION. P.S. Bolton*1. I.A. Kerman2. S.F. Woodring2.3 &
B.J.Yates2.3 Neuroscience Group1, Fac. of Medicine & Health Sciences, University
of Newcastle, Callaghan, Australia, 2308 and Depts. of Neuroscience2 and
Otolaryngology3, University of Pittsburgh, Pittsburgh, PA 15213.
Brainstem neurons that generate vestibulo-spinal reflexes integrate signals from the
labyrinth and neck muscles to distinguish between head movements on a stable body
and whole body movements. The present study tested the hypothesis that neurons
which produce vestibulo-sympathetic and vestibulo-respiratory reflexes also
integrate both vestibular and neck signals. Whole nerve recordings were made from
the splanchnic (sympathetic), hypoglossal (inspiratory) and abdominal (expiratory)
nerves of decerebrate paralzsed cats during stimulation of the C2 dorsal root
ganglion or nerve branches innervating dorsal neck muscles. Stimulation of neck
afferents at low threshold, in some cases less than twice threshold for producing an
afferent volley recordable from the cord dorsum, produced changes in sympathetic
(4/10 <2T) and respiratory (8/21 <2T) nerve activity. The effects of C2 dorsal root
ganglion stimulation on abdominal and splanchnic nerve activity were diminished,
but not abolished, by transection of the spinal cord at C l; similarly, cervical afferent
effects on hypoglossal nerve activity were not abolished by transection of the
medulla just rostral to the hypoglossal motor nucleus. These data suggest that head
rotation on a stable body would elicit both cervical and vestibular inputs to
respiratory motor neurons and sympathetic preganglionic neurones; the neck signals
to respiratory and sympathetic neurons are relayed through both spinal and
supraspinal pathways. It remains to be determined whether neck and vestibular
influences on respiratory and sympathetic neurons anatagonize each other, as is the
case with vestibulo-spinal reflexes acting on the limbs, or add, as occurs in vestibulocollic reflexes acting on neck muscles.
Supported by grants ROl DC00693 and ROl DC02644 from the National Institute
of Deafness and other Communication Disorders of the National Institutes of Health.

295.5
RELATIONSHIPS BETWEEN VESTIBULAR NEURON SPIKE TRAINS AND
THE DYNAMICS OF VOLUNTARY GAZE SHIFTS IN THE RHESUS
MONKEY. J.E. Roy* and K.E. Cullen. Aerospace Medical Research Unit,
Department of Physiology, McGill University, Montreal, Canada.
We recorded the activity of neurons in the vestibular nuclei of alert monkeys during
voluntary eye-head gaze shifts. Neurons were first characterized in head-restrained
monkeys during spontaneous eye movements, smooth pursuit, cancellation of the
VOR, and VOR in the dark. Target and/or table motion consisted of sine waves (0.5
Hz, 40°/s and 80°/s peak velocity) in the horizontal plane. Here we report on the
activity of two classes of cells: 1) neurons which were only sensitive to ipsilateral
head movements (“pure vestibular”) and 2) neurons which were sensitive to
ipsilateral head movements and contralateral eye movements (type I PVPs). The
activity of each cell type was then recorded during voluntary head-free gaze shifts
(10-80° in amplitude). System identification techniques were employed to
objectively determine whether neuronal discharges during head-free gaze shifts were
well predicted by a cell’s eye and head movement sensitivities during headrestrained paradigms. The head velocity sensitivity of most pure vestibular cells was
greatly attenuated (mean 55%) during head-free gaze shifts, while for a minority of
cells (25%) the head velocity sensitivity remained within 10% of their headrestrained values. Moreover, the modulation of pure vestibular cells did not change
immediately following a gaze shift; the head velocity sensitivity remained constant
throughout the entire duration of the voluntary head movement. This observation
also held for periods of stable gaze within multiple step gaze shifts. The discharges
of type I PVPs were predicted using a linear model that utilized head-restrained
estimates of both eye and head movement sensitivities. During the initial portion of
ipsilaterally directed gaze shifts, when head velocity was low, the model well
predicted the pause that was consistently observed. However, during the later
portions of large gaze shifts, the discharge of PVPs generally reached a plateau and
the model over-predicted the cell’s discharge. We conclude that during large
voluntary gaze shifts, the modulation of both PVPs and most pure vestibular cells is
attenuated. (Supported by the Medical Research Council of Canada).
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295.6
HEAD MOVEMENT INSTABILITY AFTER BILATERAL SEMICIRCULAR CANAL PLUGGING IN THE MONKEY. H Scherberger1*, P
Sandor1, B Hess1, JI Suzuki2, V Henn1. Neurology Dept1, Univ of Zurich, CH8091 Zurich, Dept of Otolaryngology2, Teikyo University, Tokyo, Japan.
Acute loss of modulation of semicircular afferent activity leads to head
movement and body posture instability which quickly attenuates over a few
days. For a quantitative description we measured spontaneous head movements
in three macaque monkeys before and on day 1, 5, 7, 9, and 33 after surgery.
One animal had the right anterior and left posterior canal plugged (RALP), the
other two all vertical canals. Head position in space was recorded with nine
head-mounted, pulsed LEDs (OPTOTRAK 3020). Head rotation was
expressed in a space-fixed (angular velocity) and in a head-fixed coordinate
system (head velocity).
In general, the animals showed shorter periods of head rest together with
movements of larger amplitudes and velocities in the direction of the plugged
canals. The RALP animal had higher head velocities in the direction of that
plane (peaks 32±26°/s vs. 22±17°/s before operation). Plugging of all vertical
canals led to increased head instability in almost any movement direction. One
animal quickly adopted to the strategy to slow down head velocity (peaks
55±23°/s vs. 75±33°/s pre-OP) and to restrict head movements to the
horizontal canal plane, whereas the other showed isotropic-distributed head
velocities of unchanged magnitude (peaks 73±36°/s vs. 69±397s pre-OP).
These findings indicate that canal-specific loss of angular head movement
information leads to head instability in the same planes with a fast resolution
of symptoms over a few days.
Supported by Swiss National Foundation #31-32484.91 and #31-40484.94.
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3D X-RAY ANALYSIS ON FREE-FALL TEST OF
EXPERIMENTAL ANIMALS
Z. Papp. L. Simon*.
I. Papp, I. Stuber. Laboratory of Sensorimotor
Adaptation, Dept, of Anatomy, Semmelweis University
School of Medicine, 1450 Budapest - Hungary
Free-fall test (1,5 m unconditioned fall from a bodytailored cage onto a soft net) served for observing the
appaerance of the sensorimotor adaptation following
unilateral labyrinth-plugging (an earth-based partial
model of weightlessness). Final evaluation of time
sequences of computer-reconstructed 3D views of the
free fall (L.Simon et al., 26th Annual Meeting of Soc for
Neusci., Washington, 1996) recquires a well-defined,
flexible, skeleton-type kinetic model of the animal. For
this reason, X-ray frames were taken at different angle
of view. Their stereogrammetric evaluation enabled us
to construct the rodlet model of the actual phase of freefall. These phase models should than be unified into a
continuous kinetic representation of the whole
behavioral reflex.
Supp. by the Hungarian Space Office (M ϋ I TP 29/1995)

EFFECT OF VISUAL AND VESTIBULAR IM PAIRM ENT ON GAZE
STABILITY IN SIX DEGREES OF FREEDOM DURING NATURAL
ACTIVITIES. J. L. Demer* and B. T. Crane. Jules Stein Eye Institute and
Department of Neurology, University of California, Los Angeles, CA 90095-7002.
Natural activities produce head translations and rotations that must be compensated
to stabilize gaze. To evaluate visual and vestibular mechanisms for gaze stability, we
compared performance of 14 normal adult subjects with that of 2 subjects with visual
loss (acuity < 20/100), 3 subjects with unilateral vestibular neurectomy, and 2 with
idiopathic, bilateral peripheral vestibular loss showing reduced caloric responses and
low frequency yaw vestibulo-ocular reflex (VOR) gain (eye vel./head vel). We studied
head and binocular eye position in 6 degrees of freedom during standing, treadmill
walking, treadmill running, and self-generated head rotations during regard of targets
at 400, 100, and 40 cm, in light and dark. We studied rotations using magnetic search
coils, and translations using a head-mounted flux gate magnetometer sensor.
Normal subjects maintained gaze on distant targets with a position dispersion of
0.4±0.1° (standard deviation of gaze error ± SEM) during standing, 0.36±0.04° during
walking, and 0.40±0.05° during running. Gaze position errors were slightly higher
during self-generated motion. Gaze velocity error (retinal slip) was maintained at an
average RMS (0-8 Hz) of 2.9, 2.9, and 3.5°/sec during sanding, walking, and
running, respectively, by normal subjects. This gaze stability was achieved in most
cases by pitch and yaw VOR gains of only 0.5-0.9, associated with a counterphase
pattern of head translation and rotation for both the horizontal and vertical directions.
Errors in gaze position and velocity gaze increased with more proximate targets.
Although there was some variation in performance, both the visually impaired and
both groups of vestibulopathic subjects exhibited gaze stability during natural
activities that was difficult to distinguish even quantitatively from normal. This
surprising result indicates that neither conventional vestibular testing, nor visual
acuity assessment, are good predictors of gaze stability during standing and locomotor
activities. Other motor and sensory mechanisms are likely to be predominant.
Supported by USPHS grants EY-08656, NINCD DC-02952, and MSTP.

295.9

295.10

CHARACTERIZATION OF EYE/HEAD COORDINATION DURING HEADFREE GAZE PURSUIT IN THE MONKEY USING RASHBASS STEP-RAMP
TARGET TRAJECTORIES. G.A. Wellenius*. J.E. Roy, and K.E. Cullen. Aerospace
Medical Research Unit, Dept, of Physiology, McGill University, Montreal, Canada.
Monkeys (macaca mulatto) were trained to track Rashbass step-ramp visual
target trajectories. The step size was adjusted in order to produce smooth gaze
pursuit movements that were not preceded by corrective gaze shifts. Target
velocities varied from 10-60°/sec, and initial target positions varied within ± 30°.
Fixation time, ramp velocity, and target eccentricity were randomized between trials
in order to eliminate predictive responses. To encourage natural behavior, animals
were allowed a wide range of unrestricted angular head motion. Although the target
remained within their oculomotor range (± 50°), monkeys consistently made
significant use of both head and eye movements to maintain accurate pursuit.
In a first series of experiments, we characterized the initiation of the eye and head
movements generated during normal gaze pursuit. Overall, eye and head velocity
onsets were well coupled during pursuit of high velocity target ramps (mean
difference of head onset and eye onset: 152.7±33.7 at 600/s), and more poorly
correlated during slow velocity pursuit (613.7±542.3 at I00/s). In addition, eye and
head velocity onsets were typically more closely correlated when initial targets were
presented at central locations rather than at eccentric ones. Although the relative
contributions of eye and head movements to gaze pursuit varied between individual
animals, the onset of head motion consistently lagged the onset of eye motion. In a
second series of studies, the functional state of the vestibulo-ocular reflex (VOR)
was evaluated during head-free pursuit. VOR gain (GVOR) was assessed by
temporarily braking head motion (200 ms duration) and evaluating the resultant
short-latency (40-80 ms) eye movement responses. In almost half the instances,
braking of head motion resulted in significant GV0R attenuation (range: 0.20-0.73,
mean: 0.57±0.15). This reduction in GV0R indicates that head movements play an
important role in facilitating the gaze pursuit of high velocity , visual targets.
(Supported by the Medical Research Council of Canada).

3-DIMENSIONAL EYE MOVEMENT RESPONSES TO OFF-VERTICAL
AXIS ROTATIONS IN PATIENTS WITH CEREBELLAR ATROPHY. T.

Supported by DFG SFB 307 - A2

295.11

295.12

SPATIAL ORGANIZATION OF NYSTAGMUS EVOKED BY ELECTRICAL
STIMULATION OF NODULUS AND UVULA IN MONKEY. B.M.Sheliga*. E.V.
Buharin. A.Silvers. T.Raphan. B.Cohen. Depts. Neurol. & Radiol., Mt. Sinai Sch. Of
Med., NY 10029 & Comp. & Inform. Sci., Brooklyn College, CUNY, NY
The nodulus and uvula of the rhesus monkey were stimulated with trains of
monophasic, constant current pulses (10-30 s; 40-60 μA; 0.5 ms; 200-333 Hz) to test
whether the induced slow phase eye velocity (SPEV) was in a head-fixed and/or in a
spatially-fixed frame. Animals were (1) kept stationary in darkness, (2) received
velocity steps in yaw and pitch about a vertical axis, or (3) were rotated in yaw about
tilted axes (off-vertical axis rotation, OVAR). Electrode location was confirmed
utilizing MR imaging of the brain. (1) Electrical stimulation (ES) induced nystagmus
and after-nystagmus with horizontal, vertical and roll components. At some loci, the
eye velocity vector did not change direction with the head in tilted positions.
Generally, however, the direction of the vector was altered as a function of head
position re gravity. These axis reorientation responses were similar to cross-coupled
velocities produced by tilting the gravito-inertial acceleration vector re the head. (2)
When ES was applied during steps of yaw velocity, SPEV declined rapidly in one
direction (dumping) and had a “plateau” of nearly constant velocity in the opposite
direction. ES could also dump vertical SPEV during steps of pitch velocity around a
vertical axis with the animal on its side. This was similar to Tc changes associated
with spatial orientation of the aVOR in tilted conditions. (3) During OVAR, ES
reduced the steady-state velocity in one direction, with no change or a slight increase
in the opposite direction, and increased and phase-shifted sinusoidal modulation of
horizontal velocity as a function of head position re gravity, again suggesting Tc
modulation. These data show that stimulation of the nodulus and uvula induces
vertical and roll as well as horizontal eye velocities. It also produces Tc changes
similar to those that are the basis for the spatial orientation of velocity storage.
SUPPORT: DC03284, NS00294, EY11812, EY04148 and EY01867

SUPPRESSION OF OTOLITH-SPINAL REFLEX BY CHRONIC HYPER
GRAVITY EXPOSURE AND STREPTOMYCIN TREATMENT. N. Daunton1,
R - Fox*2. M. Corcoran1, P. Taber2 and L- Wu2. Gravitational Research Branch,
NASA Ames Research Center, Moffett Field, CA and San Jose State
University, San Jose, CA.
Recent behavioral studies have shown that chronic hyperG exposure
disrupts air-righting, swimming, and orientation of rats. Similar effects are
seen in animals chronically treated with the ototoxic drug, Streptomycin
(ST P), as well as in mice and rats with congenital otoconial deficiencies. To
determine whether these behavioral disruptions following hyperG or STP
exposure could be due to a decrease in gain in the otolith-spinal system, the
otolith-spinal reflex (OSR) in response to sudden free-fall (40 cm, rat in prone
position) was monitored. Following either 14 days of hyperG (2G or 3G) or 35
days of STP treatment (400 mg/kg, i.m.), pairs of EMG recording electrodes
were placed in the lateral gastrocnemius and tibialis anterior muscles of the
left hindlimb of each rat, under brief isoflurane anesthesia. When the animal
recovered from anesthesia and had normal EMG activity, at least 15 trials of
OSR were collected. Each trial was evaluated for latency and amplitude of the
response. Rats exposed to either hyperG (n=9) or STP (n=7) showed
significant attenuations of the OSR as compared with control animals (for
hyperG n= 6; for STP n=4). Following these treatments, the response was
absent or extremely low in amplitude (<2.25 mv) on over 61% of trials,
depending on the combination of muscles studied and treatment used, while
in controls low-amplitude responses were found in less than 26% of trials.
These results suggest that gain in the otolithic portion of the vestibular
system may be decreased following chronic hyperG exposure as well as after
chemical destruction of otolithic hair cells. (Supported by NASA: Task 19916-12-01 and Cooperative Agreement NCC2-723)
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Haslwanter1*. D, Anastasopoulos2.a n d
M. Fetter1- ‘Dept, of Neurology, Univ.
Hospital, D-72076 Tubingen, Germany; 2Dept. of Neurology, Univ. of Ioannina,
45110 Ioannina, Greece.
During off-vertical axis rotations (OVAR) about the yaw axis compensatory
horizontal eye movements are elicited in man and monkey. These eye movements
consist of a constant velocity offset and a head-position dependent velocity
modulation. Surgical inactivation of the cerebellar nodulus and/or the ventral uvula
abolish this velocity offset in rhesus monkeys. Since it has been shown recently
that the interaction between the otolith and the semicircular canal system is quite
different in man and monkey, we wanted to investigate the effect of cerebellar
deficits on 3-dimensional eye movements during OVAR in humans. To do so, we
have accelerated 11 patients with cerebellar atrophy with 1000/s2 to 1000/s about
their yaw axis, which was tilted by 30° with respect to the earth vertical. The timeconstant of the decay of the horizontal eye velocity induced by the stimulation of
the semicircular canals during the acceleration is similar to the ones in healthy
subjects, indicating that the velocity storage is still intact. In the steady state of the
OVAR, however, there are no compensatory eye movements, and the horizontal
velocity offset is even anti-compensatory. This suggests that the concept of the
„velocity storage", which has often been applied to eye movements induced by the
semicircular canals as well as to eye movements induced by dynamic otolith input,
has more aspects than previously thought and has to be revised. The head-position
dependent modulations of the horizontal eye velocity components were larger in
cerebellar patients than in normals. For the vertical and torsional traces, the
modulations were not significantly different from normals.
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PERCEPTION OF TWO-DIMENSIONAL PASSIVE WHOLEBODY MOTION: THE RELATIVE CONTRIBUTION OF
OTOLITHS AND SEMICIRCULAR CANALS. I. Israël*. Y.P.
Ivanenko. R. Grasso. A. Berthoz LPPA, CNRS-College de France,
11 Place M. Berthelot, 75005 Paris, France
Perception of 2-dimensional whole-body passive motion in the horizontal
plane was studied in 12 blindfolded healthy volunteers: pure rotation in place
(180°), linear motion (4.5m) and a semicircular trajectory (r= 1.5m, angular
acceleration 0.2 rad/s2) were applied in random sequence by means of a remotely
controlled robot equipped with a racing-car seat. The seat orientation in the
horizontal plane was manually controlled by the experimenter independently of the
robot trajectory. Thus different degrees of otolith-canal interaction were obtained.
The maximal linear acceleration during the semicircular trajectory was 0 .lg, but the
linear acceleration vector was complex as it rotated relative to the subject's head.
In the first of two sessions, subjects were required to maintain an angular
pointer oriented toward a remote (15m) previously seen target during the passive
movements. In the second session they had to make a drawing of the perceived
trajectory they had travelled, after the movement was finished.
The results showed that, on average, the movement of the pointer matched
well the dynamics of the rotatory component of the 2D motion. This suggests that,
in the range of linear accelerations used in this study, no disturbing influence of
otolith input on canal mediated perception of angular motion occurred.
The curvature of the drawn paths could be explained mostly by the input to
the semicircular canals. Subjects’ reconstruction of motion did not account for the
directional dynamics of the input to the otoliths occurring during passive motion.
This finding shows that reconstructing trajectory in space does not imply a
mathematically perfect transformation of the linear and angular motion-related inputs
into a Cartesian or polar 2D representation. Physiological constraints on the
interaction between motion direction and change of heading play an important role in
motion perception.
Supported by BIOMED:540136 (CEC), and HFSP:RG71/96B
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295.14
STRATEGIES FOR TILT/TRANSLATIONAL MOTION DISCRIMINATION IN
INTACT AND CANAL-PLUGGED RHESUS MONKEYS. S.D. Newlands*, J.D.
Dickman. M.O. McHenry and D.E. Angelaki. Dept. of Surgery (Otolaryngology) and
Anatomy, University of Mississippi Medical Center, Jackson MS.
Two main hypotheses have been proposed in terms of how the brain resolves
tilt/translation response ambiguity: a ‘frequency-selective’ hypothesis by Mayne (1974)
and Paige and Tomko (1991) and a ‘sensory integration/conflict’ hypothesis by Guedry
(1974) and Young (1981). We investigated the neural strategies involved in the
vestibulo-ocular reflex by comparing the 3d eye movements elicited during roll tilt,
lateral linear motion and combined roll tilt and lateral linear motion in intact and canalplugged rhesus monkeys. Roll tilts consisted of sinusoidal oscillations in complete
darkness (0.5 Hz, 22°) and transient head displacements (±15°) with animals fixating
targets at different distances and horizontal/vertical eccentricities. The linear motion
stimuli imparted a shear force to the utricle identical to that during roll tilts (i.e.,
sinusoidal translations at 0.5 Hz, 0.4 g and transient stimuli with acceleration profiles
matching exactly those during transient roll tilts). Combined stimuli consisted of
simultaneous 0.5 Hz in-phase and out-of-phase roll tilt and linear motion oscillations,
such that the resultant shear force along the interaural axis would be either double or
zero.
In intact rhesus monkeys the evoked horizontal eye movement resulted exclusively
from the translational component of the stimulus, with no effect from the shear force
due to gravity. In contrast, acutely after inactivating all semicircular canals, the evoked
horizontal eye movement reflected the resultant shear force on the utricle without any
distinction between gravitational versus translational components. These results
strongly support the ‘sensory integration/conflict’ hypothesis and demonstrate that
functional semicircular canals are critical for the correct assessment and motor
compensation for tilt/translational motion.
Supported by EY10851, AFQRS-F49620 and NAGW4377.

295.15

295.16

COMPENSATORY GAZE NYSTAGMUS IN LABYRINTHINE-DEFECTIVE
(LD) AND NORMAL SUBJECTS DURING CIRCULAR WALKING IN
DARKNESS. M.Daii. J.Weinberger*, T.Raphan, B.Cohen, Depts. Neurol., Mt.
Sinai Sch. of Med., NY 10029, and Comp. & Inf. Sci., Brooklyn College CUNY.
Eye, head and body movements of 6 normal and 2 bilateral LD subjects were
recorded while walking at constant velocity around the perimeter of a 2 m
diameter room that housed a rotating chair. The LD subjects had short vestibular
time constants (2-3 sec), no OKAN and no caloric responses. Step gains of the
VOR were normal, however. Subjects held the rotating chair, and its tachometer
monitored body velocity in space (Bs). Head velocity in space (Hs) was measured
with rate sensors (Watson) and eye velocity in the head (Eh) with video (ISCAN).
Stripes on the walls induced optokinetic nystagmus (OKN) during walking or
rotation in light. The saturation velocity of velocity storage from the visual system
was first determined by rotating normal subjects in light at different velocities, and
stopping them in darkness. The initial jump of eye velocity during post-rotatory
nystagmus was cancelled maximally by ≈ 20°/sec for all subjects. During walking
in light, gaze velocity in space (Gs) equaled zero in both normals and LD’s. In
darkness, there was continuous compensatory horizontal ocular nystagmus in both
normal and LD subjects. Gaze velocity on the body (Gb), computed by subtracting
Bs from Gs, increased with walking speed, saturating at about 20°/sec, similar to
the saturation level of velocity storage from visual input. These data support the
postulate that the continuous nystagmus in darkness during angular walking is
produced by activation of velocity storage through the somatosensory system, as
through the visual system during OKN. Surprisingly, LD subjects appeared able to
activate velocity storage through somatosensory input but not through vestibular
input or OKN. This suggests that different pathways may excite velocity storage
from the visual and somatosensory systems.
SUPPORT: DC03284 and NY State HEAT Grant

ADAPTATION OF VESTIBULARLY MEDIATED MANUAL POINTING
RESPONSES. J.J. Bloomberg1, L.A. Merkle2. W.P. Huebner2. S.R. Barry3 & H.S.
Cohen*4. lNASA Johnson Space Center, Houston, TX 77058, 2KRUG Life
Sciences, Houston, TX, 3Mount Holyoke College, South Hadley, MA, 4Baylor
College of Medicine, Houston, TX
Consequences of visual-vestibular adaptation hypothetically occur from proximal
(eye-head-trunk) to distal body segments (limbs). If so, then exposure to stimuli that
elicit adaptive modification of eye-head coordination would also modify spatially
directed arm pointing movements. The goal of this study was to determine if adaptive
modulation in eye-head coordination is associated with commensurate alteration in
vestibular-contingent manual target localization.
To measure vestibular-contingent pointing (VCP) responses, 12 normal subjects
were shown a projected, centrally-located target and then passively rotated (400/ s), with
the head restrained, through various amplitudes (±10°, ±20°, ±30°) in total darkness.
Following each rotation, subjects attempted to point to the remembered target
position using a finger-mounted laser pointer. Subjects performed VCP before and
after 30 min. adaptive exposure to 0.5 minifying lenses during active head
movements. Non-adapted labyrinthine deficient (LD) subjects were also tested.
After adaptation there was a commensurate reduction in both ocular and VCP
responses. LD pointing responses were significantly impaired compared to normals.
Thus, eye and arm movements performed during natural head movements may derive
at least part of their spatial coding using a common vestibularly derived internal
spatial map. Importantly, this map can be distorted when subjects are exposed to
adaptive visual-vestibular stimuli leading to both oculomotor and skeletal motor
alterations.
Supported by NASA grant 199-16-11-55, NIDCD R29-DC02412, and the Clayton
Foundation for Research.

OCULOMOTOR SYSTEM: BEHAVIORAL STUDIES
296.1
3D EYE MOVEMENTS IN FISH AS A FUNCTION OF BODY POSITION
V.Henn*1. P Sander1. K Fritsches2. A Burgess3. M Frees1. D Straumann1
Neurology Dept1, Univ of Zurich, CH-8091 Zurich, Physiology Dept2,
VTHRC Unit, Univ of Queensland, Psychology Dept3, Univ of Sydney.
We recorded 3D eye position in two species to investigate to what extent
the degrees of freedom of movement are reduced: fish, for their high gain
otolith-ocular reflexes, and chameleons for their wide oculomotor range (see
companion poster by Sandor et al).
Carp and goldfish were placed in a foam-padded holder mounted on a twodimensional gimbal inside a three-field magnetic frame. A miniature dual
search coil (outer diameter 0.8 mm, weight 0.5 mg) was glued to the comeal
margin to record 3d ocular rotations. The fish made spontaneous eye
movements while its body position was systematically brought into different
roll or pitch positions. Saccadic eye movements were mostly in a horizontal
direction with little vertical or torsional excursions, i.e. the rotation axes of the
eyes were mostly confined to a vertically oriented cylinder of small diameter.
Movements of the two eyes were similar, but occasionally asynchronous. A
second type of movement showed large transient vertical/torsional components.
When animals were put into different pitch or roll positions, the saccades
tended to remain earth-horizontal, i.e. the orientation of rotation vectors for eye
positions were tilted with the direction of gravity and the orientation of the eye.
Our results show that, already in fish, a reduction of the degree of freedom of
eye movements exists. As in primates, static roll and pitch lead to changes in
the orientation of rotation vectors with respect to the head.
Supported by Swiss National Foundation grant # 31-40484.94, and the Betty and
David Koetser Foundation for Brain Research.
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296.2
CHAMELEON EYE MOVEMENTS OBEY LISTING’S LAW.
PS Sandor1. MA Frens2. MR Dursteler*1. V Henn1 Neurology Dept, Univ,
CH-8091 Zurich, and Physiology Dept, Erasmus Univ, NL-Rotterdam
Listing’s law had been verified for primates. We investigated
phylogenetically old species, fish (see companion poster Henn et al), and the
chameleon, because of its large oculomotor range and the ability to
independently move the eyes.
Panther chameleons (Furcifer pardalis) were placed in a head holder inside
a three-field magnetic frame with a side length of 0.4 m. Miniature search
coils (outer diameter 0.8 mm, weight 0.5 mg) were glued to the lid of both
eyes to measure 3D ocular rotations. The eye lid is attached to the eye ball in
a circular fashion, the center of the pupil and lid opening staying concentric
over most of the oculomotor range. Spontaneous eye movements were not
restricted in their range of ±90 deg horizontally and ±45 deg vertically by the
attached coils and were disconjugate during saccadic scanning. Fixation could
be held without drift. We found a Listing’s plane with a thickness of less than
3 deg. Listing's planes for the two eyes were oriented roughly parallely to
each other and remained head fixed.
These results show that Listing’s law is an invention dating far back in
evolution. Its validity and precision over the large range of movements
suggests that the major component for its implementation is neuronal and not
mechanical. Supported by the Betty and David Koetser Foundation for Brain
Research and the Swiss National Foundation #31-40484.94
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296.4

296.3
EYE TRACKING DISORDER IN SCHIZOPHRENIA IS ASSOCIATED
WITH ABNORMAL NEUROLOGICAL SIGNS. D.E. Ross*. R.W.
Buchanan. G.K. Thaker. D.R. Medoff. Maryland Psychiatric Research
Center, P.O. Box 21247, Baltimore, MD 21228.
Background: It has been well-established that patients with
schizophrenia have abnormal smooth pursuit eye movements and
abnormal neurological signs, e.g. sensory integration. However, the
relationship between these two abnormalities is unclear. Objective: To
test the hypothesis that schizophrenic patients with eye tracking disorder
(ETD) will have worse performance than non-ETD patients with respect
to sensory integration. Methods: Sixty-one schizophrenic patients had
smooth pursuit eye movements tested in response to a 0.3 Hz sinusoidal
target using infrared oculography. The patients were divided into two
groups using our previously published method, which is based on
mixture analysis of position RMS error scores (Ross et al., in press). This
procedure resulted in the classification of 19 patients as having eye
tracking disorder (ETD) and 42 patients not having ETD. Patients were
also tested with the Neurological Evaluation Scale (Buchanan et al., 1989).
The ETD and non-ETD groups were compared on the sensory integration
subscale of the NES. Results: The sensory integration subscale total for
the ETD patients (mean=5.79, SD=2.49) was significantly greater than that
of the non-ETD patients (mean=3.93, SD=2.80); F(df=l,59)=6.12, p=.02;
effect size d (Cohen, 1988)=0.7. Conclusion: Schizophrenic patients with
eye tracking disorder (ETD) have significantly worse performance than
non-ETD patients with respect to sensory integration, possibly reflecting
an abnormality of heteromodal cerebral cortical-subcortical circuits.
SUPPORT: NIH: CRC MH40279 and R01MH49826-04.

2Sadao Ogino. 1Isao Kato*. 1Shoii Watanabe. 2Tadashi Nakamura,
2Teruhisa Nagase. 1Dept. Otolaryngology, St Marianna Univ. Sch. Med.
Kawasaki, 216, Japan, 2Dept. Otolaryngology, Yamagata Univ. Sch. Med.
Yamagata, 990-23, Japan
We studied properties of adaptive gain control in the saccadic system and
examined whether these changes in horizontal transferred to those in vertical in
8 normal subjects. Eye movements were measured using search coil system. In
the adapting stage in horizontal, subjects were asked to look at a target which
moved in steps of random amplitude of 20 or 30 deg. The target eccentricity
was changed by a constant percentage (60%) during each saccade aimed at the
target. At the beginning, a primary saccade was induced toward the first target
position, and a second saccade triggered by a second target step subsequently
occurred in the direction of the second target. After repeated trials of the
stimulus, the amplitude of primary saccade gradually decreased and finally the
eyes caught the second target with a single saccade. The gain was gradual ly
decreased during the course of the experiment and in the course of hundred
repetitions, and then it approached about 60%. After the gain of horizontal
saccades had been reduced by about 40%, oblique saccades were tested. The
accuracy (the percentage of saccadic amplitude relative to the first target step)
of oblique saccades decreased in horizontal, but not in vertical by means of
vector. Based on the present data, there is a great possibility that adaptive gain
control in horizontal might not transfer to that in vertical.

296.5

296.6

COUPLING OF HEAD AND GAZE IN A MULTIMODAL CHOICE REACTION
TASK IN HUMANS. B.D.Corneil*1. C.A. Hing1. D.V. Bautista2. P.P. Munoz1.
MRC Group in Sensory-Motor Neuroscience, Departments of Physiology1 and
Ophthalmology2, Queen’s University, Kingston, Ontario, CANADA K7L 3N61.
We examined human eye and head movements underlying gaze shifts to visual or
auditory stimuli along the horizontal meridian. Multimodal stimuli were presented
in either the enhancer condition with the stimuli presented at the same spatial
location, or the distractor condition with the stimuli presented on opposite sides of
the central fixation point. Subjects were instructed which modality was the target
and which was the accompanying cue. In the distractor condition, subjects generated
either correct or incorrect gaze shifts, depending on if gaze was initially directed to
the target or the accompanying cue respectively (Corneil and Munoz 1996, J
Neurosci. 16: 8193-8207). Subjects occasionally generated correct gaze shifts in
which the head moved prior to gaze shift initiation. Gaze was maintained during
these early head movements by a vestibular-induced eye movement. In order to
examine the coordination of the eyes and head more closely, we placed search coils
on the head and on one eye of four subjects who made gaze shifts to multimodal
stimuli at 60° eccentricity. Surface EMG electrodes were placed over both
sternocleidomastoid (SCM) muscles to study this muscle’s contribution to the
various phases of the horizontal head movement. We found an acceleration of the
head that occurred at a fixed time after gaze onset, regardless of the type of gaze
shift or early head movement generated. In three subjects, the acceleration of the
head occurred simultaneous with contralateral SCM activity, suggesting a role for
the SCM in accelerating the head during a gaze shift. Our results support a model in
which multiple signals can drive the head movement, one of which is linked to gaze
shift initiation. Supported by MRC Canada.

REACTION TIMES AND DYNAMICS OF HUMAN EXPRESS-SACCADES
VERSUS SIZE AND LUMINANCE OF THEIR TARGETS. Y Ebisawa Faculty of
Engineering, Shizuoka University, Hamamatsu, Shizuoka, 432 Japan.
It is known that the reaction times of the express-saccades of monkeys depend on
the intensity and size of their targets (Exp Brain Res, 55:223-231, 1984). However,
there has been no examination on human subjects. In this study, the relationships
between the dynamics (peak velocity) as well as reaction times of the human
saccades and the intensity and size of their targets were investigated. Four male
students participated in this experiment as subjects. In darkness, white stimuli were
presented on a computer display. The subjects made a saccade toward a target from
a fixation point on a homogeneous background of 1 cd/m2. The pseudo-circular
target appeared at -8, -4, +4 and +8 deg randomly (20 % to the left and 80 % to the
right) at a time of 200 ms after the fixation point disappearance. The following two
experiments were conducted. (1) Size experiment. The diameter of the target (20
cd/m2) was randomly changed into 0.05, 0.2, 0.8 and 3.2 deg. (2) Luminance
experiment. The luminance of the target (0.2 deg) was randomly changed into 4, 20
and 120 cd/m2. In analysis, the distribution of the reaction time of the rightward
saccades was displayed for each target condition. From these distributions, the
express-saccades were distinguished from the regular saccades by using each
manually decided criterion of reaction time. Then the peak velocities of the
express-saccades were normalized and then compared. The average of the reaction
times of the express-saccades had a minimum for the target diameters and
decreased with the target luminance. These results resembled the monkeys’. The
average of the normalized peak velocities slightly changed with the target diameter
while it did not significantly change with the luminance. In conclusion, the
reaction time of human express-saccades is influenced by the target size and
luminance. Their peak velocity is influenced by not the target luminance but the
target size.

296.7

296.8
DEVIATION OF RAPID-TARGETING EYE MOVEMENT UNDER
A SENSATION OF VISUALLY INDUCED ILLUSORY SELF-MOTION. M. FUJITA* Communications Research Laboratory, Koganei,
Tokyo 184, Japan
Purpose Either of motion of a target or self-motion of a subject induces adjustment of saccade size to compensate for the saccade latency
of initiation and its duration. We investigated whether a visually induced
illusory self-motion sensation (circularvection) would induce such cali
bration. Methods A round curtain with vertical stripes was rotated at 55
deg/sec around a subject seated on a stationary chair. Five light-emitting
diodes (LEDs), mounted at 5 degree intervals, were located in front of the
subject. First, the subject's perception of circularvection, usually occurring within 20 to 30 sec from the start of the curtain's motion, was confirmed. Next, he was asked to fix his gaze on the center LED and then
make a saccade to a randomly chosen, briefly (100 msec) flashed LED
among the four remaining LEDs, under either illumination or non-illumination inside the rotating curtain. Eye movement was measured by an
electro-oculogram. Results Deviation of saccades due to circularvection
was not clear under illumination inside the rotating curtain. However it
was clear v/ith t-test statistical significance (p<0.05) when the illumination was turned off from before the subject’s fixation to the end of a saccade to a target. Conclusion Circularvection seems to be involved in the
decision process of a saccade direction as well as the sensation of real
self-motion.

TOPOGRAPHIC PROPERTIES OF SACCADE PREPARATION M.A. Frens* and
I.Th.C. Hooee Dept. of Physiology; Erasmus University, POBox 1738, NL 3000 DR
Rotterdam, The Netherlands.
We studied ocular fixation times in a paradigm where human subjects made
sequences of saccades to stationary visual targets in a fixed order. The subjects were
instructed to perform the task as fast as they could. When the subjects repeatedly
moved between two visual targets (I), the fixations had a longer duration (difference
~60 ms) than when they fixated four targets that were presented in a square
arrangement (II).
In order to investigate whether this effect resided in a topographical representation,
rather at a level where horizontal and vertical components of saccades are
represented separately, we presented pattern III, thus keeping the horizontal
components of the saccades identical to I, but the topographical stimulus properties
similar to II. Since fixation times in this paradigm were similar to those found in II,
we conclude that the observed effect has topographical properties.
We estimated the size of the region around the target that required longer
preparation by reducing the height (h) of pattern III. Increased latencies were found
at h ≡ 5°.
The observed phenomena may play a role in the optimization of visual search, and
may be related to ‘inhibition of return’ as is found for covert spatial attention.
Supported by the EUR (MF) and Human Frontier Grant RG34/96B (IH)
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296.10

RELATIONSHIP BETWEEN THE “K” PARAMETER AND
MOVEMENT AMPLITUDE IN VISUALLY GUIDED SACCADES. F.
Lui*. S. Fonda and R. Corazza. Dept. of Biomedical Sciences Univ. of
Modena, 41100 Modena Italy.
The metrics of visually guided saccades has been studied extensively. Of
great importance are the relationships duration/amplitude and peak
velocity/amplitude, which are commonly referred to as the “main
sequence”. Another parameter which has been considered is the so-called
“K” parameter, defined as the ratio between mean and peak velocity
(Inchingolo et al., 1987). K is usually described as constant at a value of
about 0.6; its value is supposed to be related to the time-optimization for a
fast movement. In children of primary school age, K is also considered a
constant, but slightly lower value have been found, ranging from 0.42 to
0.49 (Accardo et al., 1992).
In the course of an ongoing study regarding eye movements in normal
and pathological children, we measured saccadic movement parameters in a
population of 9 boys, age 7 through 15, using the fast and non-invasive
EOG technique. Saccadic movements were identified applying a threshold
criterion of ±30°/sec to the velocity signal.
Both average and peak velocity show the expected linear relationship with
saccade amplitude, following the so-called “main sequence”. However, the
K parameter is, contrary to findings reported in the literature, clearly
dependent on saccadic amplitude, with a decreasing nonlinear profile: K
goes from 0.751±0.040 for 3° saccades, to 0.605±0.013 for 20°saccades.
The choice of velocity threshold criteria (e.g., ±10°) affects the K values,
however the “K-curve” profile still shows an upward trend for small
amplitude saccades (Work supported by Telethon grant # 297).

E F FE C T S OF IN T R A SA C C A D IC T A R G E T STE PS ON T H E L A T E N C Y OF
C O R R E C T IV E SA C C A D E S. T. E g g ert,. J. D itterich, F.R. R obinson* and A. S trau b e.
D ept. o f N eurology, L udw ig-M axim ilians U niversity, M unich, G erm any.
Since the sensitivity o f the saccade generation to visual input is re d u ced after saccade
initiation, the question arises as to w hat ex te n t visual input during the s ac cad e ca n affect
the latency o f corrective saccades.
U sing an infrared recording device, w e ex am ined 8 norm al subjects to d eterm ine the
latency o f co rrectiv e saccades after reflexive prim ary saccades triggered by a horizontal
step o f a laser spot in darkness. In subsequent conditions, the laser spot stepped tw ice.
T he second step w as 25% o f the prim ary targ e t step and in the opposite direction. This
backstep w as triggered by the com puter, w hich analyzed the eye velocity and controlled
the laser p rojection system in real tim e (sa m p lin g rate 1khz). W e used four different eye
v elocity thresholds to trig g er the backstep intrasaccadically: (1) d uring eye acceleration
w hen eye velocity exceeded l 00deg/sec, (2) at peak velocity, (3) d uring deceleration
when eye velocity dropped below 50% , and (4) below 10% o f peak velocity.
The latency o f corrective saccades w as in the range o f 192±37m sec. W ithout the
backstep, the latency o f the corrective s accade correlated n egatively w ith the rem aining
error im m ediately afte r the prim ary saccade (r= -0.41, p< 0.001). In conditions w ith the
intrasaccadic backstep, this correlation (r= -0.24, p < 0 .0 0 l) w as sig n ifican tly w eaker
(p < 0 .0 l), indicating that the trig g er m echanism o f the co rrec tiv e saccade under these
conditions is not based exclusively on the ev aluation o f the p o st-saccadic fixation error.
The difference o f the latency o f the co rrec tiv e saccade w as not sig n ifican t betw een
conditions ( 1)-(2) and (2)-(3), w hereas the latency increased betw een condition (3) and
condition (4) on an average by 25m sec (p< 0.001).
Thus, visual inform ation sam pled during the late d ec eleratio n phase o f a saccade,
when eye velocity is in betw een I75deg/sec and 35deg/sec, influences the triggering o f
corrective saccades.
S upported by the D eutsche F orschungsgem einschaft.

296.11
AUDITORY LOCALIZATION DURING EYE AND HEAD
MOVEMENT. L. R. Harris*, A. Kopinska and L. Lieberman. Dept.
Psychology, York University, Toronto, Ontario, M3J 1P3, Canada
The ears are part of the head so at some level their signal must be in a
head-centred frame of reference. But this may not be the most suitable
frame of reference for sound localization. Alternatives include the retina
or external space. Conversion from one frame to another might lead to
errors during movements that pull frames apart. We measured auditory
localization during movements of the eye (retina moving with respect to
head and space) or head (head moving with respect to space).
Sounds were presented through head-fixed headphones with a variable
interaural time of arrival. Subjects judged if the sound was left or right of
their midline with i) head and eye stationary, ii) eyes moving with head
stationary, iii) head moving. In the moving conditions, the sounds were
triggered by and presented during the movements. A staircase method was
used to assess the position of the perceived auditory midline (in the head).
The perceived auditory midline was unaffected by saccadic eye
movement. There was no alteration in precision or shift of the perceived
midline compared to judgements made while the eyes were still. During
head movement however, the position of the perceived midline was
shifted. There was no tendency for the perceived midline to stay stationary
in space. Rather it tended to move ahead of the head movement.
Supported by: Natural Sciences and Engineering Research Council of
Canada and the Institute for Space and Terrestrial Science, Ontario.

296.13
EFFECT OF RAPID GAIN ADAPTATION ON THE MAIN SEQUENCE
OF HUMAN SACCADES. F. M inakawa* 1, M. Fujita1.2 and A. Amagai2.
1Communications Research Laboratory, Koganei, Tokyo 184, Japan, 2The
Grad. Sch. Inf. Sys., Univ. Electro-Commnications, Chofu, Tokyo 182,
Japan.
We have shown selective gain adaptation induced by an intrasaccadic
target step for different types of human saccades in previous research. This
study was undertaken to investigate the effect of such adaptation on the
dynamics of the saccades to presume the mechanism of the adaptation.
The first target step which elicited the primary saccade had an amplitude
in the range of 8 to 16 deg, to the right or to the left. Subjects were asked
to make horizontal saccades to a jumping target in VE-saccade (visuallyguided externally-triggered saccade) trials and to a remembered target in
M-saccade (memory-guided saccade) trials which had different dynamic
characteristics. Saccadic adaptation was induced systematically by
displacing the target by 50% of the first step backward during the primary
saccade. Eye movements were recorded by electro-oculography.
We analyzed the amplitude-peak velocity relationships (main sequence)
with different types of human saccades in both the adapted and unadapted
states. We looked for a significant difference between the main sequence
in these two states using exponential fitting of the data. We found that the
main sequence of VE-saccade may not have been affected by the gain
decrease adaptation. This result suggests that such kind of adaptation does
not change the dynamics of the saccades. Our result could not, however,
reject the possibility of a change in the main sequence of M-saccade after
the gain decrease adaptation.
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296.12
CO UN TERM A N D IN G SACCADES IN HUM ANS. D.P. H anes* & R.H.S.
C a rp e n te r. T he Physiological L a b o rato ry , U niversity o f C am bridge
A countermanding paradigm was utilized to investigate the relationship
between gaze holding and gaze initiating systems in humans. Subjects were
instructed to generate a saccade to a peripheral target, however, on a fraction of
trials after a delay a stop-signal was presented which instructed subjects to
inhibit saccade initiation. As the delay between target presentation and stopsignal presentation increased, subjects increasingly failed to inhibit saccade
production. From a linear rise-to-threshold race model between independent GO
and STOP processes, the time needed to inhibit the planned movement, stop
signal reaction time (SSRT), was estimated. SSRTs were similar across subjects
and were between 135-145 ms. Previously, SSRTs were found to be around 85 ms
in macaque monkeys using the same task and analysis (Hanes & Schall, 1995, Vis.
Neurosci. 12:929). Monte-Carlo simulations were used to evaluate the merits of
the linear rise-to-threshold model of the GO and STOP processes. For each
simulation trial a rate of growth of the GO and STOP process were selected from
Gaussian distributions. The average and standard deviations of the Gaussian
distributions were derived from subjects' SSRT and the distribution of reaction
times when no stop-signal was presented. The model correctly predicted the
probability of failing to inhibit saccade production as a function of the stop-signal
delay. It also correctly predicted the distributions of reaction times during trials
in which a stop-signal was presented, but the subject failed to inhibit saccade
production. These findings provide a comparison to results previously described
in the monkey. Also, the simulations provide further evidence that a linear riseto-threshold model underlies the behavioral performance in the countermanding
task. Finally, the countermanding task may be a useful tool for investigating
neurological disorders that impair the initiation or inhibition of saccadic eye
movements. (Supported by NIMH F31-MH11178)

296.14
EYE-HEAD COORDINATION DURING PREY TRACKING IN
CHAMELEONS. M.Ott#. W. Kirmse+ and H.-J. Wagner*#, institute for
Anatomy, University of Tuebingen, 72074 Tuebingen, +Carl-LudwigInstitute for Physiology, University of Leipzig, 04103 Leipzig; Germany
Chameleons are interesting in particular because of their well developed
fovea and their ability to track moving prey with smooth pursuit head
movements (Flanders, 1984, Vision Res 25:935-942). Video recordings
revealed that the eyes are locked firmly within the head during prey
tracking (Kirmse et al., 1994, Biol. Cybern. 71:209-214) which is in
contrast to spontaneous vision where the animal scans the environment by
independent and large amplitude eye movements (see related poster by
Sandor et al.). The intention of this study was to analyse the coordination
of eye-head movements during prey tracking in unrestrained chameleons.
The chameleons (3 Chamaeleo dilepis & 5 C. calyptratus) moved freely
on a perch situated within a magnetic field frame with a side length of 80
cm. Small search coils (outer diameter 1,5 mm) were glued either on the
head or onto the eyelid, which accompanies 'the movements of the bulbus
without angular slip. Live crickets were presented either stationary or
moving in front of the chameleon. Eye and head movements of the
chameleons were recorded in the horizontal plane.
We observed a close coupling of eye and head movements during prey
tracking, which is absent in spontanous vision. In contrast to the studies
cited above, we found that the eyes followed the prey movements with
series of low amplitude saccades which were always synchronous in both
eyes. No smooth pursuit eye movements comparable to those in primates
were observed. We also recorded saccade-like velocity peaks in the head
movement. These head saccades ocurred at higher prey velocities and were
synchronous to the eye saccades but of lower amplitude. Supported by
Deutsche Forschungsgemeinschaft Ki 475/1-1.
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OPTOKINETIC EYE MOVEMENTS ELICITED BY RADIAL OPTIC FLOW
IN MACAQUE MONKEYS. M. Lappe*, M. Pekel & K.-P. Hoffmann, Dept.
Zoology & Neurobiology, Ruhr University, D-44780 Bochum, Germany
We recorded spontaneous eye movements of 3 macaque monkeys during presentation of radial optic flow stimuli using the search coil method with the head
fixed. Flow fields simulated 20s of forward or backward observer motion over a
ground plane covered with randomly distributed white dots. We varied movement
direction (expansion, contraction, horizontal position of the focus of expansion)
and speed. Stimulus size was 90*45 deg. No specific oculomotor task was enforced as the monkeys watched the stimuli.
A nystagmus-like pattern of regular interchange between quick and slow phases
at about 2Hz was observed. The monkeys did not orient their gaze to the focus of expansion. Rather gaze positions were centered around the naso-occipital
axis with small and oppositely directed biases for expansion and contraction,
indicating a nystagmus-like shift of Schlagfeld. Parameters of slow phases were
compared to the flow field motion in the direction of gaze, i.e the foveal 'flow.
Direction matched foveal flow direction very well. Small directional biases were
systematic and showed evidence for global summation. Eye speed lagged behind
foveal stimulus speed, resulting in a gain much lower than 1. This might be
attributed to diverging flow field motion leading to a partial suppression of the
optokinetic system. The gain was consistently higher for expansion than for con
traction indicating differences in the processing of expansional and contractional
flow. Initial development of gain and directional following during the first 200ms
after a saccade also showed remarkable differences for expanding versus contract
ing flow fields. While for expansion the gain was initially low and increases within
the first 120ms, the gain for contraction was constant throughout the slow phase.
These differences can also be linked to properties of the optokinetic system.
Supported by DFG SFB-509 and LA952/1-1.

EFFECT OF STIMULATION PLANE AND HEAD POSITION ON
OPTOKINETIC AFERNYSTAGMUS ORIENTATION AND DUMPING IN
THE RABBIT. V. E. Pettorossi*. P. Errico. A. Ferraresi and D. Romanelli.
Institute of Human Physiology of Perugia*, 1-06100, and of Catholic University of
Rome, 1-00168, Italy.
In the rabbit prolonged optokinetic stimulation (OKS) induced long lasting
adaptive nystagmus in opposite direction (OKAN II) in the dark. When the
conditioning OKS was given in the horizontal plane with the animal in upright
position, the rotation axis of the OKAN II was aligned with the gravity axis.
When the animal was pitched, the OKAN II axis remained close to the vertical
and the slow phase eye velocity (SPEV) was dumped, showing a peak value at 0°
pitch angle. In the present study we addressed the question on whether different
OKS plane and/or head position during conditioning could influence the OKAN
II orientation and dumping. When the OKS rotation axis was pitched +/-200, the
OKAN II orientation was no longer in the horizontal plane, approaching the OKS
plane. The SPEV dumping profile did not change compared to that of 0°
conditioning. Conversely, when horizontal OKS was given with the head 20°
pitched up and down, the OKAN II remained horizontal, while the SPEV
dumping profile was shifted upward and downward, respectively. Finally, when
both OKS and head were pitched 35° upward, the following OKAN II tended to
be aligned with the OKS plane re-space, not re-orbit. Its SPEV peak value
occurred at the head position coinciding with that maintained during the
conditioning. These results indicate that the plane on which the OKAN II tends to
be oriented, does not coincide with that of the optokinetic activated pathway, but
with the plane of the stimulus in space. Furthermore, the nystagmus dumping
occurs when the head is pitched away from the conditioning position. This
suggests that the otolithic signal could influence the OKAN II storage elements to
adapt the eye response in a plane determined by the OKS stimulus orientation in
space and by the head position during conditioning. (Supported by MURST and
CNR).

297.3

297.4

CORTICAL AREAS IN THE HUMAN BRAIN ACTIVATED DURING
OPTOKINETIC NYSTAGMUS. G. Galati .S.P appata*.P. Pantano, Y. Samson
and L. Pizzamiglio. Dept. of Psychology, University “La Sapienza”, Rome, Italy
00185.
Optokinetic nystagmus (OKN) is mediated in primates by a cortical circuit: a
critical role is played in monkeys by the extrastriate visual areas V5/V5a,
specialized for visual motion processing. An involvement of these areas in OKN in
humans, particularly for ipsiversive optokinetic stimulation, is suggested by lesion
studies. Although these regions have been extensively studied in humans with
regard to visual motion, their role in OKN has not been yet demonstrated with a
neuroimaging technique.
We measured cerebral blood flow in eight male healthy human subjects with
positron emission tomography (PET), during the production of OKN, elicited by a
pattern of luminous dots moving unidirectionally (towards the left side). We used
incoherently moving dots, in the absence of eye movements, as a control
condition, and static dots as a common baseline.
Both OKN and incoherent motion bilaterally activated some visual areas known
to be sensitive to visual motion, such as VI and the cuneus: activation was
stronger during OKN, mainly in the hemisphere contralateral to motion direction.
The V5/V5a was strongly and bilaterally activated during incoherent motion, but
only in the hemisphere ipsilateral to the direction of stimulation during OKN.
Activation in the V5/V5a was stronger in both hemispheres during incoherent
motion, when several directions were stimulated, than during OKN, when stimuli
were unidirectional.
These findings confirm the directional selectivity of human V5/V5a cells and the
presence of a directional bias toward ipsiversive motion, supporting the
involvement of the V5/V5a in ipsiversive OKN suggested by lesion studies.

DELINEATION OF THE PRETECTAL PATHWAY RESPONSIBLE FOR THE
HORIZONTAL OPTOKINETIC REFLEX IN GOLDFISH. E. Marsh*. H. Suwa. R.
Baker. Dept. of Physiol. and Neuroscience, NYU Medical Center, New York, NY, 10016
The horizontal optokinetic response (OKR) in goldfish is elicited by temporal to nasal
directed retinal slip in the presence of whole field visual motion. The neuronal pathways
producing the OKR from second order neurons located in the pretectum were
investigated by the discrete application of biocytin to the mid-/hindbrain tegmentum and
cerebellum. Biocytin placement lateral to the MLF in the midbrain labeled neurons
largely located in two nuclei of the dorsal lateral pretectum, the pretectalis pars dorsalis
and pars ventralis. A caudal axonal trajectory to the hindbrain coursed dorsolateral
through the tectobulbar tract adjacent to the valvula. The fiber tract continued through the
octavolateralis complex along the most lateral border of the hindbrain. At the caudal end
of the descending octaval nucleus, the axons turned ventromedial to terminate in Area II.
Biocytin placed in the vestibulocerebellum also labeled neurons in the above pretectal
areas; however, the axonal pathway appeared to course in a separate ventrolateral
brainstem pathway to enter the cerebellar peduncle. Ablation of this cerebellar pathway
had no affect on the OKR at any frequency or amplitude. The pathway from the
pretectum to the inferior olive through the medial hindbrain tegmentum was not
distinguished with any biocytin application; however, direct interruption of olivary
function did not block OKR behavior. The role of the pretectal pathway to Area II was
assessed by the unilateral injection of 4% lidocaine at the level of the caudal tectum, just
rostral to the vestibular nuclei. Small reversible (30min) injections completely abolished,
bilaterally, the OKR directed towards the side of inactivation. Visual stimulus motion of
16°/s induced normal 100/ s OKR eye velocity towards the intact side; however, after the
transition to the inactivated side, eye velocity decayed to 0°/s within 2 s. As expected,
VOR time constants were altered in parallel fashion. These data suggest that retinal slip
signals emerging from the pretectal nuclei exhibit two independent roles related to the
OKR. First, the projection to Area II must be transformed from slip, into an eye velocity
signal sufficient to drive the OKR. Second, the slip signal modulating inferior olive
neurons stabilizes, but does not generate, OKR eye velocity. Hence we conclude that
pretectal projections course, without collateralization, through the vestibular nucleus to
terminate directly in Area II and provide the signal necessary and sufficient to produce
the OKR. (NIH EY02007 and NS13742)

297.5

297.6

MIDBRAIN PATHWAYS FOR CONTROLLING GAZE-RELATED EYELID
MOVEMENTS. B.-Z.Chen1. T.J .Beacham1and P .J. M ay*1-3. Depts. o f Anatomy1,
Ophthalmology2 & Neurology3, U. o f M ississippi Med. Ctr., Jackson, MS 39216.
Each time the eyes look up, the lids move up as well. This eyelid movement
is controlled by the levator palpebrae muscle motoneurons, which are located
adjacent to the superior rectus subdivision in cats. The similar positions o f these
two motoneuron pools and the coordinated movement o f their muscles suggests
that they share gaze-related inputs. For superior rectus motoneurons, the saccadic
gaze command generated by the superior colliculus is processed by vertical gaze
centers, such as the rostral interstitial nucleus o f the medial longitudinal
fasciculus (riMLF), and it is not supplied directly to the motoneurons. To test
whether this is also true for eyelids, we first injected biotinylated dextran amine
(BDA) into the superior colliculus o f cats. While BDA labeled terminal arbors
were seen in the riMLF, just a few en passant boutons were found in association
with levator motoneurons that had been retrogradely labeled with WGA-HRP.
This limited termination can not provide an effective drive for lid saccades. In a
second experiment, BDA was injected into the riMLF and WGA-HRP was inject
ed into the contralateral levator muscle. BDA labeled axons ran in the MLF and
terminated, as expected, in the oculomotor nucleus with an ipsilateral predomi
nance. Labeled terminal arbors were also present within the caudal central subdi
vision. These primarily displayed en passant boutons, which were observed in
close association with the proximal dentrites and somata o f retrogradely labeled
levator motoneurons. Injections o f the riMLF also retrogradely labeled cells in
the intermediate gray layer o f the colliculus. In conclusion, our results indicate
a direct projection from riMLF to the levator motoneurons, which strongly sug
gests that this vertical gaze center controls lid movements in association with eye
movements. In addition, the superior colliculus may initiate combined vertical
eye and lid saccades by way o f the riMLF. Supported by NIH G rant EY09762 (PJM).

LID-EYE INCOORDINATION IN PARKINSON’S DISEASE.
L. Averbuch-Heller*. J.S. Stahl, and S.G. Reich. Dept. Neurology, Univ. Hosp.,
Cleveland, OH 44106 & The Johns Hopkins Sch. of Med., Baltimore, MD 21287
Normally, upper eyelid and vertical eye position are tightly coordinated through
common innervation of the levator palpebrae superioris (LP) and the superior rectus
muscle. This coordination is disrupted with lesions of the nuclei of the posterior
commissure (nPC). Similar impairment of lid-eye synkinesis may occur in Parkinson’s
disease (PD) but the prevalence and nature of the phenomenon are unknown.
We studied static and dynamic behaviour of the LP in 122 consecutive patients with
PD. The patients were assessed for the duration and stage of the disease,
dopaminergic medications, and thyroid state. Representative patients underwent
recording of lid and eye movements using the magnetic search coil technique.
45 patients (37%) had clinically evident lid retraction while looking straight ahead,
or lid lag during downward saccades
and pursuit. In some patients
(Figure) an abrupt position threshold
was evident (arrow) below which the
eyelid actually started moving up
instead of following the eye down.
The presence of lid lag or retraction
was not associated with the duration
or severity of PD, nor with the dose
of L-Dopa. The group of patients
with LP abnormalities had more
hypomimia, reflected in a higher
score on a facial expression (UPDRS) scale: 2-tail t-test, p=0.007. We conclude that
lid-eye incoordination is common in PD, and possibly results from suppression o f nPC
activity by the pathological process.
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297.7
OSCILLATIONS OF BLINKING. AN EYE ON "DRY EYE" . C
Evinger*. E.J. Schicatano. K.R. Peshori. V.M. Henriquez. P.A. Sibony and
B. Walcott. Depts. Neurobiol. & Behav and Ophthalmol., SUNY Stony
Brook, Stony Brook, NY 11794-5230
To extend our understanding of the role of dry eye in the onset of benign
essential blepharospasm, we investigated whether dry eye altered the excitability
of trigeminal reflex blinks in humans and mutant mice with dry eye. In
humans, we recorded upper eyelid position and/or lid closing, orbicularis
oculi, muscle EMG (OOemg) activity in normals and dry eye patients. We
evoked blinks by electrically stimulating the supraorbital branch of the trigeminal
nerve (SO). In NZB mice, we implanted electrodes for chronic recording
of the OOemg and a nerve cuff for SO stimulation. In both species, we
tested trigeminal reflex blink excitability by presenting pairs of identical
SO stimuli and comparing the magnitude of the blink evoked by the 2nd
stimulus to that evoked by the 1st stimulus.
In both humans and mice, dry eye increased the excitability of trigeminal
reflex blinks. Normally, an SO stimulus only elicited a single reflex blink.
In dry eye subjects, however, a single SO stimulus evoked a reflex blink
followed by 1 to 7 additional blinks occurring at a constant interval, "blink
oscillations". While these blink oscillations were probably an adaptive response
to dry eye that improved corneal wetting, they were equivalent to a mild
form of the lid closure spasms present in blepharospasm. Thus, exacerbation
of this adaptive process could play a role in the initiation of benign essential
blepharospasm. Support: EY07391 (CE), EY06808 (EJS), EY09406 (BW)

CONTROL OF POSTURE AND MOVEMENT: ANIMAL AND HUMAN LOCOMOTION
298.1
THREE-DIMENSIONAL GROUND REACTION FORCE PATTERNS
DURING LOCOMOTION IN NORMAL AND CNS-INJURED RATS
G. D. Muir* and I. O. Whishavy. Department of Veterinary Physiology,
Univ. Saskatchewan, Saskatoon, Sask; Department of Psychology,
Univ. Lethbridge, Alberta, Canada.
The purpose of this study was to examine the effect of unilateral CNS
injury on locomotor compensations in the rat. Measurement of the forces
acting through individual limbs on the ground (ground reaction forces,
GRF) was used to provide a sensitive measure of the postural
adjustments made during locomotion as well as the role of each limb in
support and propulsion. Uninjured rats and rats with either unilateral
striatal dopamine depletion, red nucleus ablation or pyramidal tract
transection walked and ran unrestrained along a straight path while
GRFs were measured in three orthogonal directions using a force
platform built level with the runway. Unlike normal rats, injured rats
continually adjust the position of the body centre of mass (CM)
throughout each stride such that the CM is moved caudally during the
stance of the forelimb contralateral to the injury and medially during the
stance of the contralateral hindlimb. The hindlimb ipsilateral to the lesion
contributed the most to vertical support, while most propulsion occurred
during the stance phase of the contralateral hindlimb. Rats with
pyramidal tract lesions were least affected and returned to normal
locomotor patterns within a few days post-operative. Rats with red
nucleus or striatal lesions showed impairments throughout the 90 day
recording period. Supported by the Canadian Network Centres of
Excellence (Neuroscience Network).

298.2
HINDFOOT CUTANEOUS INPUT CONTRIBUTION TO LOCOMOTION IN
INTACT AND SPINAL CATS. LJ.G. Bouyer* and S. Rossienol CRSN, Univ. de
Montreal, Montreal, Canada H3C 3J7.
During locomotion, phase-dependent stereotyped motor responses can be evoked in the
hindlimbs by mechanical or electrical stimulation of the skin of the hindfeet Yet,
inactivation of cutaneous nerves was reported to have little effect on treadmill
locomotion. Our objectives were to test, using combined kinematic and
electromyographic (EMG) methods, if cutaneous inputs might be more important in i)
more demanding locomotor tasks, such as walking on a ladder, and ii) after spinalisation,
when the animals were permanently deprived of descending inputs. In 2 cats, hindfoot
cutaneous inputs were removed by cutting 4 cutaneous nerves (superficial peroneal,
caudal cutaneous sural, saphenous and tibial) at ankle level. Concurring with other
reports, both animals could walk on the treadmill following this neurectomy. Video
analysis revealed only small changes in kinematics: the hindlimb reached a more
extended position before the foot left the ground, and the leg was not brought as far
forward during swing. More drastic changes were observed during ladder walking.
Incapable to stand on the rungs early on, it took 24-49 days before the cats gradually
recovered the ability to perform this task They were then spinalised at T13. Unlike
normal spinal cats, cat 1 never regained proper hindlimb locomotion on the treadmill.
Instead, it actively and rhythmically dragged its limbs back and forth with the hindfeet
plantarflexed and no weight support In contrast, cat 2 did recover proper hindlimb
locomotion on the treadmill, but some cutaneous sensitivity between toes 2 and 3
emerged as well. If this skin area was inactivated (temporarily with local anesthesia or
later cutting the cutaneous branch ofthe deep peroneal nerve) the animal could no longer
property lift, dorsiflex and place the foot or bear weight, as reported previously for cat 1.
These results suggest that i) in normal cats, the gross deficits after cutaneous denervation
are visible only transiently in very demanding locomotor tasks; ii) in spinal cats,
cutaneous inputs fromthe hindfeet are necessary to property lift and place the foot during
locomotion. (Supported by MRC Canada).

298.3

298.4

GROUP I-EVOKED EXTENSOR MOTONEURONE ACTIVITY IS AMPLIFIED
BY VOLTAGE-DEPENDENT DEPOLARIZATIONS DURING LOCOMOTION.
DA McCrea*. S Krawitz. B Fedirchuk &LM Jordan Physiology, U Manitoba, Canada
During locomotion group I non-reciprocal reflex actions reverse from
inhibition of extensor motoneurones to an excitation that promotes extensor activity
and weight support. The pathways underlying this extension enhancement include a
disynaptic excitation and an oligosynaptic excitation hypothesized to be evoked
through the locomotor pattern generating circuitry (CPG). This study in adult cats
shows that intrinsic motoneuronal properties also contribute to group I-evoked
depolarization of extensors. The effects of intracellular current injection on group Ievoked depolarizations (ankle extensor nerve stimulation; 20-50 shocks, <2T) were
examined in hindlimb extensor motoneurones during fictive locomotion evoked by
midbrain stimulation. Voltage dependence of group I depolarizations was seen over a
critical range of membrane potentials and most readily observed in cells in which
action potentials were blocked by a lidocaine derivative. While extension
enhancement depolarizations were generally increased by motoneurone
depolarization, they became smaller (i.e. saturated) at the most depolarized membrane
potentials. In some cells, phasic depolarizations produced by fictive locomotion (i.e.
LDPs) were sufficiently large that the motoneurone had to be hyperpolarized to reveal
large extension enhancement depolarizations. In other motoneurones, extension
enhancement produced only small effects until further depolarization by intracellular
current injection. The similarities in the saturation and non-linear voltage dependence
of the CPG-evoked LDP and the oligosynaptic group I-evoked effects suggest that the
latter are also evoked through CPG circuitry. In motoneurones without action
potential blockade, extension-enhancement evoking stimuli produce additional
motoneurone firing or recruitment. The voltage dependence of extension
enhancement is another example of how motoneurone intrinsic membrane properties
shape and regulate locomotor output. Supported by the MRC and Canadian
Paraplegic Association.

LOCOMOTION HYPERPOLARIZES THE VOLTAGE THRESHOLD OF
CAT LUMBAR MOTONEURONES. S Krawitz*. B Fedirchuk. Y Dai. LM
Jordan.and DA McCrea, Dept Physiology, U Manitoba, Canada.
Motoneurone recruitment during locomotion is determined by the
depolarization of motoneurones via the locomotor pattern generating circuitry and
by motoneurone threshold properties. We now report that a lowering of the voltage
threshold of the motoneurone action potential facilitates motoneurone recruitment
during locomotion. Intracellular records from adult cat motoneurones were obtained
using a discontinuous current clamp amplifier for accurate membrane potential
measurements during current injection. The threshold voltage for producing action
potentials was determined from depolarizing current pulses and ramps before and
during bouts of fictive locomotion evoked by electrical stimulation of the midbrain.
In all 13 motoneurones studied, the membrane potential at which action potentials
occurred was more hyperpolarized during fictive locomotion than at rest. The extent
of this threshold lowering (3-17 mV; mean 7.4 mV) was similar in motoneurones
innervating fast and slow twitch muscle fibre (as inferred from motoneurone
resistance and rheobase measurements). Threshold lowering was seen as soon as
fictive locomotion began and also occurred in motoneurones that were only
minimally depolarized during fictive locomotion in the absence of current injection.
Recovery occurred soon after a bout of fictive locomotion.
During locomotion at least three factors increase motoneurone excitability
and repetitive firing: reduction of the afterhyperpolarization (Brownstone et al. Exp
Brain Res 90:441 '92), activation of intrinsic voltage-sensitive depolarizing
conductances (Brownstone et al Exp Brain Res 102:34 '94), and lowering of the
voltage threshold for firing. Regulation of intrinsic motoneurone properties reduces
the amount of somatic current required to initiate and maintain repetitive firing of
motoneurones during locomotion. Supported by the MRC and Canadian Paraplegic
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TRAINING-INDUCED CHANGES IN HINDLIMB KINEMATIC AND MUSCLE
EMG PATTERNS ASSOCIATED WITH IMPROVED HINDLIMB FLEXION
DURING STEPPING IN ADULT SPINAL TRANSECTED CATS. R. D .de Leon. A.
E. Mehany. C. A. Riley. E, Eldred*,A, Garfinkel.
J. A. Hodgson. R. R. Roy and V. R. Edgerton. Department of Physiological Science
and Brain Research Institute,.UCLA, L.A., CA 90095.
Adult spinal cats can perform hindlimb stepping on a treadmill if they undergo
locomotor training. One deficit frequently observed before attaining optimal locomotor
ability is the inability to raise the paw during the swing phase. As a result, forward
movement of the hindlimb is impeded, disrupting locomotion and leading to a collapse
of the hindlimb. With further training, stepping improves, i.e. fewer collapses occur,
even though paw dragging remains. To study how training improves stepping ability,
the factors that contribute to paw dragging and subsequent hindlimb collapse were
examined in trained and non-trained spinal cats. EMG electrodes were implanted in
selected hindlimb muscles of 10 cats. Spinal transections (T12-T13) were performed
and after one week, the hindlimbs of these spinal cats were exposed to either step
training (30 min/day, 5 days/week) or non-training for 3 months. EMG and kinematic
data were recorded during treadmill stepping tests before and after spinalization. After
1.5
months of training, 4 cats exhibited short bouts (3-8 steps) of full weight-bearing
stepping before the hindlimb collapsed. Hip height at the end of stance (E3) declined 12 cm from the first to the last step of each bout. The decline in hip height was
associated with a prolonged stance phase. As a result, the onset of swing was delayed
and dragging of the paw worsened. Similar results were found for non-trained cats that
exhibited full weight-bearing stepping. After further training, forward swing of the
hindlimb was facilitated and was associated with a large increase (167-237%) in flexor
EMG burst amplitudes and durations. These data demonstrate that step training is
critical for the recovery of stepping following spinalization in adult cats. Furthermore,
it appears that some of the mechanisms underlying the acquisition of stepping
following spinalization may involve experience-dependent plasticity within specific
spinal networks. (Supported by NIH Grant NS16333)

EFFECTS OF SPACEFLIGHT ON QUADRUPEDAL LOCOMOTION OF
RHESUS MONKEYS AFTER RETURN TO 1G. M.R. Recktenwald. J.A.
Hodgson. R.R. Roy. A. Garfinkel* and V.R, Edgerton. Department of
Physiological Science and Brain Research Institute, UCLA, LA., CA 90095.
It appears that the relative recruitment between muscle synergists is altered during
and for some period after spaceflight. For example, the high soleus:medial
gastrocnemius (MG) EMG activity ratio observed pre-flight is reversed during and
immediately after flight (Hodgson et al. Physiologist 34.S102, 1991). The aim of
this study was to determine if these adaptations in motor control had an effect on
locomotor ability. Soleus and MG EMG, MG tendon force and video were recorded
from 11 Rhesus during quadrupedal treadmill locomotion (0.44-1.78 m s-1) at 1G.
Two monkeys then were flown on a 14-day mission. Locomotor ability was tested
within 24 hours of return to 1G. One monkey was also tested for the following 2
weeks. Initially (1-3 days post-flight) the Rhesus appeared weak and could not
tolerate speeds greater than 0.44 m s-1. Up to 5 days post-flight, the mean EMG
burst amplitudes were lower (maximum of 55%) in soleus and higher (maximum of
160%) in MG compared to pre-flight values at the same treadmill speeds. After 7
days of recovery, readaptation to 1G appeared to reach a plateau, i.e. at both 7 and 14
days post-flight the soleus EMG amplitude had recovered to ̴ 80% of that seen preflight. MG tendon forces appeared to reflect the changes observed in mean EMG
amplitudes, i.e. compared to pre-flight the MG forces were ̴ 30% higher on days 1-7
post-flight and then returned towards normal levels thereafter. EMG burst durations
and cycle periods for both muscles were decreased (̴ 30%) immediately after flight and
recovered to pre-flight levels by day 7 post-flight. These alterations in the
recruitment patterns of the soleus and MG during locomotor activity immediately
after spaceflight suggest a reorganization of the motor strategies relative to that
normally observed at 1G.
(Supported by NASA Grant NCC 2-535)

298.7

298.8

INTRA-ABDOMIMAL PRESSURE AND VENTRO-LATERAL ABDOMINAL
WALL ACTIVITY IN A QUADRUPED. K. D. Statler.+ A.G. Cresswell.ˣ and J.M.
Macpherson.*+ R.S. Dow Neurological Sciences Intitute+ , Portland, OR, 97209 and
Dept of Neuroscience*, Karolinska Institute, Stockholm, S-l 14 86, Sweden.
It is now well reco gnised that activation of ventro-lateral muscles of the human trunk
precedes both involuntary and voluntary postural disturbances during bipedal stance.
Elevation of intra-ib iominal pressure (IAP) is often seen in conjunction with
preparatory muscle icti vity and is thought to aid in stabilising the lumbar spine. This
investigation was pe fc imed to determine whether such a postural mechanism exists in
the cat, that is, whe h er a similar stabilising mechanism exists in quadrupeds. Cats
(n=2) were exposed to linear translations and drops. Furthermore, controlled voluntary
jumps were made to di fferent heights. Postural responses were quantified in terms of
electromyographic activity from several postural muscles, including transversus
abdominis/internal <blique, psoas major, the back extensor muscles, and gluteus. In
addition, IAP, grou id reaction forces, and segmental kinematics from video were
measured. Jumping was seen to give the largest response in both IAP (≈ 3 kPa) and
transversus/intemal oblique activity. Onsets of both these measures occurred nearly
simultaneously and ve/I in advance of an increase in ground reaction force and gluteus
activity (164 ± 38 n s and 102 ± 18 ms, respectively). A small change in IAP was
seen for drops (≈ ).12 kPa) while little or no IAP fluctuation occurred during
translations (= 0.05 cPa), even when transversus/intemal oblique was tonically active
and actively recruite j. It that an increase in IAP in the cat is not required to stabilise
the spine prior to tra nslations or drops when standing on all fours. However, when the
cat moves to a bipec al stance in preparation for jumping, an increase in both IAP and
transversus/intemai oblique activity occurs prior to the prime mover. It is suggested
that a vertical orien ;ation of the spine during tasks such as jumping in the cat and
overcoming postura disturbances in human standing requires additional stabilisation
brought about by ab< orninal muscle activation and an increase in IAP.
This study was fun ded by the Wenner-Gren foundation and NASA & NIDCD.

A TRAVELING WAVE OF LATERAL MOVEMENT COORDINATES
BOTH TURNING AND FORWARD WALKING IN THE FERRET. N.
Kafkafi and I. Golani*, Dept. of Zoology, George S. Wise Faculty of Life
Sciences, Tel-Aviv 69978, Israel.
We show that the kinematics of both walking and turning in a quadruped
mammal can be explained as modulations of a single pattern: a cephalocaudal traveling wave of lateral movement with a wave-length of
approximately one length of the body. To show this we filmed free locomotion
of ferrets (Mustella putorius) from below (through a glass floor), and
measured the lateral bending along the head, torso and tail, and the location of
the four feet. We introduce an algorithm which extracts the phase of the
movement even when it is not periodic. In this way we show that relative
phase between movements of adjacent segments is similar when the body is in
S shape (i.e., when walking forward), or C shape (i.e., when turning). The
movements of the feet in the horizontal plane can also be considered as part of
the traveling wave.
Our findings suggest that the concept of traveling waves of lateral bending,
as found in the locomotion of undulating fish, can be generalized in two ways:
i) By considering the axis around which the movement is centered, it applies
not only to forward locomotion but also to turning. ii) By incorporating the
position of the feet, it applies also to the movement of quadrupeds. Thus, the
generalized traveling wave may prove a basic pattern for understanding free
locomotor behavior and its underlying neural mechanism in vertebrates. We
present a computer simulation of a kinematic model, based on the above,
which generates free swimming in a "virtual” fish.
This research was supported by grant No. 92-00281 from the United
States-Israel Binational Science Foundation (BSF), Jerusalem, Israel.

298.9

298.10
DISRUPTION OF INTERJOINT COORDINATION DURING
RAMP LOCOMOTION IN SELF REINNERVATED CATS. T.A
Abelew*. M.D. Miller, C.M.J.I. Huyghues-Despointes and T.R.
Nichols. Department of Physiology, Emory University, Atlanta, GA
30322
It has been demonstrated that self reinnervated hindlimb muscles of
a cat display relatively normal motor unit properties but continue to
show a significant reduction in the strength of stretch elicited reflexes
(Cope and Clark, J. Neurophysiol., 70:1787,1993, Cope et al., J.
Neurophysiol., 71:817,1994). The extent to which self reinnervation
affects locomotion, however, remains unclear. In two cats, unilateral
self reinnervations were performed on the MG and LG-S nerves.
Both cats displayed normal walking patterns during level and inclined
locomotion at 18 months post-reinnervation. When walking down a
slanted walkway (43% grade) however, significant changes were seen
in joint angle orientation during stance. Substantial ankle dorsiflexion
was observed throughout the stance phase in the treated limb of the
reinnervated cats. This was associated with increased knee flexion,
increased hip extension and increased MP joint extension. In contrast,
an untreated control cat displayed relatively constant knee and ankle
angles, slight hip extension and a larger degree of MP flexion. These
findings suggest that, though compensations can be made during some
movements, intact proprioceptive reflexes are required for adequate
limb control during activities involving large external loads or
activities associated with a significant decelerating action. (Supported
by HD 32571)

HIP FLEXOR MOMENTS DURING DOWN-SLOPE WALKING IN THE ADULT
CAT. D.W.Smith. R.J . Gregor. B.I. Prilutsky. A. Albrecht, and J.L. Smith*. Dept.
of Health and Performance Sciences, Georgia Tech, Atlanta, GA 30332-0110, and
Dept. of Physiological Science, UCLA, Los Angeles, CA 90095-1568.
Recently, kinematic and EMG data suggest that a hip flexion moment is produced
during downslope walking while a hip extension moment is produced during upslope
walking in the adult cat (Smith and Carlson-Kuhta., J. Neurophysiol., 1995). In an
effort to substantiate these findings, three adult cats were studied while walking at a
0% slope and at 25%, 50%, and 75% upslope and downslope. Each cat walked in a
plexiglass enclosed walkway, with data collected according to the procedures described
by Fowler et al. (1993). Two specially designed miniature force plates were concealed
in the floor of the walkway and used to monitor three components of the ground
reaction force vector and center of pressure during the stance phase of walking. Five
trials were collected for each cat at each slope condition and inverse dynamics used to
calculate muscle moments at the metatarsal phalangeal (MTP), ankle, knee, and hip
joints of each cat for all conditions. Results show an increased hip flexion moment
with increased slope beginning at approximately 30% of stance during downslope
walking and an increased hip extension moment during upslope walking lasting until
80% of stance. The calculated muscle moments ranged from 0.2-1.2 Nm for hip
extension peaks and 0.3-0.8 Nm for hip flexion peaks. Knee moments in all
downslope conditions were extension moments throughout stance while in upslope, a
flexion moment was apparent reaching approximately 0.4 Nm and lasting until 40%
of stance in the 75% condition. Also, ankle moments were extension and MTP were
flexion during stance for all conditions. These kinetic data support the suggestion by
Smith and Carlson-Kuhta (J. Neurophysiol., 1995) that in response to the changing
orientation of the ground reaction force vector, hip moments will change from
predominantly extension in upslope to flexion during downslope walking.
Supported by NSFIBN-9311398 and NIH NS-19864.
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INTRINSIC PROPERTIES OF CAT TRICEPS SURAE MUSCLES IN
POSTURE AND LOCOMOTION. C .M .J.l. H uy g h ues-D espointes*. T.C.
Cope and T.R. N ichols.
Allanta . GA 30322, USA.

D epartm ent o f Physiology, Em ory U niversity,

This study was designed to examine the intrinsic mechanical prop
erties of fast and slow twitch muscles under conditions that simulate
physiological recruitment and length changes. In one study, the tri
ceps surae muscles were recruited in crossed-extension reflexes in de
cerebrate cats. Nerve section and subsequent self-reinnervation ef
fectively deafferented these muscles, thereby permitting measurement
of mechanical properties in the absence o f feedback. Following an
isometric contraction. slow twitch muscles undergoing stretch show a
high initial rate o f force development (short-range stiffness - SRS)
followed by a substantial decrease in tension (yielding). During locomotion, shortening precedes stretch and yielding is substantially
decreased in both hetero- and homogeneous muscles. Similar results
were obtained in separate studies of chemically-skinned muscle fibers
that were type-identified. This indicates that the observed dynamics
reside in properties o f the contractile machinery rather than in intracellular excitation-contraction coupling. SRS and yielding depend on
the fiber tvpe involved, the amplitude o f the release preceding the
stretch, as well as the time elapsed between the release and the lengthening phases. For postural regulation, the active slow twitch motor
units strongly oppose any departure from constant length by virtue o f
SRS. During locomotion, when stretch is preceded by release, SRS is
reduced although not as much as predicted by the fall in tension
caused by the release. (Supported by NS 20855, NS 21023 and HD 32571)

298.13
HIPPOCAMPAL TH E TA A C T IV ITY CO R R E LA TES W IT H LO C O M O TO R
STEPPING FACILITATED BY GABA INJEC TED IN TO TH E MEDIAN RAPHE.
A.K. Jassen and H.M. Sinnamon*.
Neuroscience & Behavior Program,
Wesleyan Univ., Middletown, C T 06459-0408.
Inactivation of the median raphe potentiates several motivated behavior
patterns in awake rats, including locomotion. One purpose of this study was to
determine if inactivation of the median raphe also facilitated locomotor stepping
elicited by stimulation of the hypothalamus in the anesthetized rat. Locomotor
stimulation elicits hippocampal theta activity (5-6 Hz under urethane).
Inactivation of the median raphe also increases theta activity.
A second
purpose of this study was to determine if the facilitation of stepping and theta
correlated with one another as would be predicted if the raphe suppressed both
processes by a common mechanism. Stimulation electrodes were implanted
into locomotor sites of the hypothalamus of anesthetized rats (urethane, 800
mg/kg). Hindlimb stepping was elicited by 5.12-sec trains of electrical
stimulation presented once per minute. Hippocampal activity was recorded
across the CA1 layer of the dorsal hippocampus. A glass pipette (80-um tip)
was inserted into the midbrain, and injections of GABA (50-100 m g/0.1-0.2 ul)
were made in 18 sites in the ventral midbrain. Injections in widespread sites in
the ventromedial midbrain, including the raphe, increased stepping elicited by
hypothalamic stimulation but did not consistently affect the 5-6 H z theta
produced by the stimulation. Injections in and near the median raphe and
linearis caudalis nuclei increased 4-H z theta in the intertrial period while the
hypothalamic stepping was facilitated. Raphe injections also produced episodes
of spontaneous stepping which were associated with episodes of 4 Hz theta.
The facilitation of spontaneous stepping was briefer than the facilitation of
hypothalamic stepping. The median raphe appears to modulate low-frequency
theta and some types of locomotor initiation by a common mechanism.
Supported by NIH grant 1R 15N S 34118-01.

CONTROL OF BODY SUPPORT DURING QUIET STANCE AND
PERTURBATIONS IN NORMAL, TRANSECT AND TRANPLANT RATS. V.
Graziani*, M.R. Davies, M. Shibayama. G. Hockensmith, M. Murray, A. Tessler.
and S.F. Giszter. Department of Neurobiology and Anatomy, MCPH School of
Medicine, Allegheny University o f the Health Sciences, Philadelphia, PA 19129.
Previous work in our laboratories has examined kinematics, ground reaction
forces and muscular activity during weight supported walking in normal, transplant
and transect rats, and organization o f motor cortex. Cortical mapping suggests that
voluntary postural control using axial muscles is critical to achieval of weight
supported locomotion. Our current project was therfore designed to evaluate
postural mechanisms and adjustments and their coordination between forelimbs and
hindlimbs. We tested postural adjustments of normal and operated rats during quiet
stance and in response to small perturbations. Ground reaction forces and muscular
activity were used to evaluate the contributions and coordination o f hind-limbs’ and
forelimbs' postural adjustments.
Rats stood on a stance platform consisting of three force transducers. one for
each hindlimb and a third for both forelimbs. Smooth perturbations to the body
were made using a small robot, that functions as an interactive force controller and
as a kinematic measuring device. The robot was attached to the rats with a jacket
and saddle device. Small perturbations were made in eight directions arranged
uniformly around a circle centered on a comfortable rest position. This perturbation
was similar to the jostling rats experience from interactions with other rats in their
cages. The force sensors measured the ground reaction forces that the limbs exerted
in response to the perturbations. Simultaneously, muscular activation was measured
in 16 muscles, using chronically implanted EMG electrodes. Using this system we
are able to evaluate limb stiffness, limb coordination and the distribution of forces
among limbs in the normal and lesioned rats. Support: Allegheny Center grant,
NIH HDO1127-02 to VG and NIH 5P01 NS24707.

298.14
CHRONIC SPINAL CATS CAN RECOVER LOCOMOTOR FUNCTION
FOLLOWING TRANSECTION OF AN EXTENSOR NERVE. S. Rossienol*.
L.J.G. Bouyer. P.J. Whelan. K.G. Pearson. Dept de Physiologie, University de
Montreal, Quebec, Dept. of Physiology, Univ. of Alberta and Lab of Neural
Contr., NIH.
Normal cats, which incur lesions of proprioceptive or cutaneous nerves, can
correct for the resultant locomotor deficits within a few days. While cats with
transected spinal cords can recover coordinated stepping if properly trained, it is
not known if they can compensate for subsequent lesions of nerves in the
hindlimb. To examine this issue, 2 cats were first trained to walk on a motorized
treadmill following transection of their spinal cords at T13. After collecting
control electromyographic (EMG) and kinematic data, the left lateral
gastrocnemius and soleus nerve (LGS) in both animals was transected. Following
this operation, the walking pattern was altered in each animal. In the first animal
its left foot was slightly plantarflexed during placement of the paw and during
the early portion of the stance phase the yield of the ankle joint was more

pronounced. In the second cat, its paw tended to touch down more caudally, and
during the entire step cycle the angle of the ankle joint tended to stay fixed. In
both animals, these deficits became less pronounced after 2-3 days, followed by a
slower phase of improvement that reached a plateau within 10 days. This
recovery of function was accompanied by changes in the amplitude and pattern of
the EMGs. In both animals the amplitude of the medial gastrocnemius EMG
increased (600% in cat 1; 200% in cat 2) following axotomy of the LGS nerve
compared to control values. Consistent with this increase in MG EMG
amplitude, the wet weight of the MG muscle in the experimental leg was found to
be greater than the control leg (40% in cat 1; 15 % in cat 2). We conclude that
spinal cats can adapt their walking in a functionally relevant manner following
transection of an extensor nerve. Funded by MRC, NCE, NSERC & NIH.

298.15

298.16

Convergence between reticulospinal fibres and group I input from extensor muscles
during fictive locomotion in the cat, H. Leblond*. A . Menard. and J.-P. Gossard.
C.R.S.N., Dep. Physiol., Univ. de Montreal, Montreal, PQ, Canada, H3C 3J7.
The group I pathways that transmit load signals from extensor muscles is believed to
share some interneurones with the central pattern generator because they are able to reset
the rhythm of fictive locomotion by initiating bursts o f activity in hindlimb extensor
muscles. We have already reported an absence o f convergence between the Deiter's
nucleus and the extentor group I afferents even though both had a similar effect on the
locomotor rhythm. Another supraspinal structure, the reticular formation, is known to be
of crucial importance for the initiation, coordination and control o f stepping and thus
would be expected to interact with the group I pathways. In this study, we tested if there
is a convergence between fast reticulospinal fibres, included in the medial longitudinal
fasciculus (MLF), and the extensor group I pathways from muscles with spatial facilitation
in motoneurones recorded intracellularly in decerebrate cat or in decerebrate-partially
spinalized cat (T13) injected with nialamide and L-DOPA. In most cases, strong
stimulation o f ipsilateral (i) or controlateral (co) MLF (>100µA) resets the locomotor
rhythm by evoking bursts o f activity in flexor nerves. However, with lower intensities of
stimulation, it is possible to recruit MLF fibres that could trigger bursts o f activity in
extensor nerves as did the group I fibres from extensors. During subthreshold locomotor
activity in motoneurones, i- or co-MLF (3-8 pulses, 10-120µA, 300Hz) and extensor
group I fibres (3-8 pulses, 1.4-2.0T, 300Hz) were stimulated individually and together
with different coupling intervals. If the two input converge on common intemeurones, the
combined excitation should be larger than their algebraic sum i.e. there is spatial
facilitation. So far, we have stimulated 89 different trials in 24 motoneurones and there
was significant spatial facilitation in most cases. It is thus possible that some reticulospinal
fibres project to a common population o f spinal intemeurones than the group I fibres from
extensor muscles. Such organization would allow the reticulospinal system to exert a
precise regulation of the excitability o f the extensor “half-centre” involved in the stance
phase of walking. (Supported by the Rick Hansen Foundation, MRC and FCAR).

M odulation o f prim ary afferent depolarization in muscle group I fibres during
fictive locomotion in the cat, A. Menard. H. Leblond and J.-P. Gossard*. Centre de
Recherche en Sciences Neurologiques, Departement de Physiologie, Universite de
Montreal, Montreal, Quebec, Canada H3C 3J7.
There is now convincing evidence that the transmission in sensory pathways
during stepping could be partly controlled at a presynaptic level via primary afferent
depolarization (PAD). PADs can be evoked by sensory input, supraspinal signals and
segmental central pattern generators. In this study, we concentrated on the modulation
o f PADs evoked by sensory volleys in group I afferents from hindlimb muscles during
fictive locomotion. PADs were evoked by stimulating different peripheral nerves (15T) and recorded intra-axonally with glass micropipettes in identified muscle primary
afferents. When possible, group IA and IB fibres were distinguished by their responses
to twitch contractions. Fictive stepping was either spontaneous or evoked by
mesencephalic stimulation in the decerebrate cat or induced by the injection of
nialamide and L-DOPA in spinal cats (T13). So far, our results showed that the PAD
amplitude was phasically modulated during the fictive step cycle in all o f group I fibres
(5 flexor digitorum longus-flexor hallucis longus; 4 lateral gastrocnemius-soleus; 2
plantaris; 2 tibialis anterior-extensor digitorum longus). The exact pattern o f PAD
modulation depended on the type o f fibres being recorded but also depended on the
stimulated nerves. The depth of modulation appeared to be larger in IA (N=2) than in
IB fibres (N=2). Moreover, cutaneous stimulation (sural, superficial peroneal,
saphenous) did not produce a PAD in any group I fibres but could decrease the
amplitude o f PAD. The cutaneous-evoked decrease o f PAD was also phasically
modulated. These findings suggest that sensory feedback from the skin and muscles
produced by stepping movements could evoke different and complex patterns of
presynaptic inhibition in muscle group IA an IB fibers. (Supported by the Canadian
MRC and NSERC).
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DISCHARGE CHARACTERISTICS OF NEURONES IN THE RED
NUCLEUS DURING VOLUNTARY GAIT MODIFICATIONS IN THE
INTACT CAT. S. Lavoie and T. Drew* Dept. Physiology, U. Montreal, Quebec,
Canada.
Recordings were made from 154 neurones in the red nucleus o f two cats
during a task in which the animal stepped over an obstacle attached to a moving
treadmill belt. M ost cells were identified by their orthodromic response to
stimulation o f the brachium conjunctivum and/or, in a few cells, by their
antidromic activation from stimulation o f their axon in the dorsolateral funiculus
o f the lumbar spinal cord (L2). Electromyographic activity was recorded from
selected flexor and extensor muscles o f all four limbs. One hundred and two
(102/154) o f the neurones discharged rhythmically during locomotion. The
discharge o f 68/102 o f these neurones increased during the swing phase as the
forelimb contralateral to the recording site was brought over the obstacle; many
o f these neurones had cutaneous receptive fields that included the distal
forepaw. A further 23 cells (23/102) increased their discharge at a similar time
during the contralateral hindlimb gait modification. M any o f the modulated
neurones discharged intensely both during normal locomotion and during the
voluntary gait modifications, with some neurones showing average peak
discharge frequencies o f greater than 300Hz. This is in contrast to the motor
cortex where average peak discharge rates rarely exceeded 100Hz. The results
suggest that the red nucleus participates in the modification o f the limb
trajectory that is necessary to step over an obstacle, and are compatible with the
view that the red nucleus and motor cortex perform similar, although not
necessarily identical, functions during voluntary gait modifications. (Supported
by the Canadian MRC, FRSQ and FCAR).

298.18
EFFECTS OF MICROSTIMULATION OF THE RED NUCLEUS ON THE
LOCOMOTOR PATTERN OF INTACT CATS WALKING ON A
TREADM ILL. M.-J. Rho*. S. Lavaie__and. T . Drew. Dept. Physiology, U.
M ontreal, Quebec, Canada.
The effect o f microstimulation (11 pulses, 0.2ms duration, frequency 330 Hz,
strength < 25µA) o f the red nucleus on the amplitude and pattern o f the
electromyographic activity recorded from selected forelimb and hindlimb
muscles was examined in 2 chronically implanted cats that were trained to walk
on a treadmill. Microstimulation during locomotion was applied to 14 sites in
the 2 cats. In all o f these sites microstimulation evoked phase dependent
responses such that stimulation during swing evoked large, twitch responses in
flexor muscles, while stimulation during stance normally evoked inhibitory
responses in extensor muscles. Most sites evoked responses in either forelimb
muscles (10/14) or hindlimb muscles (2/14). At the strengths used in these
studies, responses were normally evoked in muscles acting around all joints o f
the limb. Increasing the duration o f the stimulus train to 200ms produced
increases in the duration and amplitude o f the flexor muscle EMG when applied
during swing with little change in the cycle duration. The same stimulus applied
during stance was either without effect or produced a marked inhibition o f
extensor muscle activity that caused the limb to buckle (5/14 sites). In contrast
to stimulation o f the motor cortex, resetting o f the step cycle by curtailing
extensor muscle activity and initiating a new period o f swing was never
observed. In agreement with the observations o f Orlovsky (Brain Res. 40: 359371, 1972) these experiments suggest that the red nucleus may modulate the
level o f EMG activity but has little access to the circuits controlling the timing
o f the step cycle. (Supported by the MRC, the FRSQ and the FCAR).

298.19

298.20
WEAKLY COUPLED OSCILLATORS IN RHYTHMIC M OTOR
SYNCHRONIZATION. M.H.Thaut*. M .L.Schauer. Center for Biomedical
Research in Music, Colorado State University. Fort Collins, CO
80523,USA.
Previous research has shown a strong facilitating effect of auditory rhythm on
gait patterns in stroke and parkinsonian patients (Thaut et al. 1993; McIntosh et.al.
1997). To further understand the mechanisms underlying this observation we
developed a data driven computational model for synchronized motor responses to
external auditory rhythm. The model determines timing of each synchronized motor
response as the sum of an internal reference interval (RI) and a control term C
depending on stimulus interval duration (SI) and synchronization error (SE) in the
form o f a recursive equation (n=number of stimulus): RIn+1 = RIn + C(SIn ,SEn)
The control term C(SIn ,SEn) consists of (1) a proportional response to SEn, (2) a
differentiating response detecting the velocity of change in SEn and (3) an
integrating response which reacts to the moving average of SEn like a traditional
PID-controler. The differentiating controler provides the adaption of RI to SI and
the integrating controler causes the phase shift to compensate for SE. We have
compared simulated time series of RI and SE to experimental data from 15 subjects
in the time and frequency domain. Perturbation conditions using step-functions,
sine-wave modulation, and random changes of SI with increasing amplitude were
applied to estimate the stability range of the model. We have also used this model
to assess rhythmic synchronization patterns in PD patients to determine deviations
in computational processes which may be related to specific motor timing deficits.
The model has 2 main attributes: (1) a hierarchical organisation of control strategies
prioritizing period adaptation relative to SE compensation; (2) weak coupling of
oscillators which may explain how exact control of rhythmic synchronisation can be
achieved in a fuzzy biological timing system.

EFFECT OF INCREASING LOAD ON EXTENSION VS FLEXION DURING
SWIMMING AND WALKING IN CHICKS. B.C. Hurtt. J.R. Rvan. G.R.
Lynch* and A. Bekoff. EPO Biology Department and Center for
Neuroscience, University of Colorado, Boulder, CO 80309.
We are interested in examining whether sensory input plays
differential roles during flexion and extension phases of leg motor
behaviors in chicks. In this study we increased resistance, or load, in
two different ways. In one set of experiments, we compared the effects
of increasing resistance during both flexion and extension phases by
comparing swimming in a low viscosity vs a high viscosity solution.
In a second set of experiments we increased resistance during flexion
by adding small weights to the ankles of chicks during walking.
Both EMG and kinematic data were collected in both sets of
experiments. In kinematic studies we digitized hip, knee and ankle
angles. In EMG studies we examined 6 muscles: a pair of antagonists
acting at each of the 3 major leg joints, hip, knee and ankle.
As resistance increased, cycle period increased. However, extension
and flexion phases responded differently to the increases. Kinematic
data show that correlation of ankle extension with cycle period
increases while correlation of ankle flexion does not. However, EMG
data show that the ankle flexor correlation increases, while the
correlation of the ankle extensor decreases. This is in contrast to the
situation in typical weight-bearing behaviors where kinematic and
EMG data are consistent in showing that extension and extensors both
increase with cycle period while flexion and flexors do not.
Supported by NIH Grant HD28247 and NSF Grant IBN9630498 to
A.B and undergraduate research funds from Hughes Biomedical
Support Grant to J.R.
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STIMULUS EFFECTS OF THE PEDUNCULOPONTINE TEGMENTAL
NUCLEUS (PPN) ON HINDLIM B MOTONEURONS IN CATS.K
eprfyl
tD
m
ondS
bgch,N
akusi*H
.T
,Asahikawa Medical College, Asahikawa 078, JAPAN.
It has been suggested that the descending projection from the pedunculopontine
tegmental nucleus (PPN) neurons to the pontomedullary reticular formation is involved in
the control of postural muscle tone and locomotion. In the present study, the contribution
of the PPN to the control of postural muscle tone was examined in acute unanesthetized
decerebrate cats. Cats were decerebrated at the precollicular-postmammilarly level. Train
pulse stimulations (10-50 (µA, 50 Hz, 5-10 s) were delivered to the lateral part of the
pontomesencephalic junction (A1.0 - P3.0, L3.0 - 5.0, H-1.0 - -3.0) including the PPN.
Pontomesencephalic stimulations induced variety of movements such as alternative
hindlimb loading or locomotion, tegmental reflexes, postural augmentation and postural
atonia. Optimal stimulus sites for evoking postural atonia were mainly distributed within
the ventral part of PPN of both sides. The synaptic mechanisms acting on hindlimb MNs
during PPN-induced postural atonia were further examined. The activity of hindlimb a motoneurons (MNs) was intracellularly recorded by a glass-micropipette filled with 2M Kcitrate or 3M KC1. The PPN stimulation ceased spontaneous firing of extensor MNs, and
hyperpolarized the membrane potential of both extensor and flexor MNs up to 6-15 mV.
The membrane hyperpolarization sometimes lasted even after the termination of the
stimulation. Generation of orthodromic and antidromic action potentials induced by
stimulating hindlimb muscle nerves was suppressed during the PPN stimulation. Somatic
input resistance of MNs was decreased by 25 - 40 % associating with the membrane
hyperpolarization. Train shock stimulations of the PPN (10-50 µA, 3 pulses of 0.2 ms
duration) induced inhibitory postsynaptic potentials (IPSPs) with a peak latency of about
50 ms and a duration of 50 - 60 ms. The polarity of the IPSPs was reversed by injecting
hyperpolarizing current or Cl- ions from the recording micropipette. These results suggest
that postsynaptic inhibitory mechanism is acting on hindlimb MNs during PPN-induced
postural atonia. Supported by a Japanese grant-in-aid for scientific research 08680877 (C)
and a grant from Uehara Memorial Fundation to K.T.
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299.2
THE
HUMAN
SOLEUS H-REFLEX
IS MODULATED
BY
PERIPHERAL INFLUENCES DURING PASSIVE ANKLE JO IN T
ROTATIONS M. Voigt and T. Sinkjaer*. Center for Sensory-M otor
Interaction, Aalborg University, Denmark. E-mail: mv@miba.auc.dk.
In the present study we observed that during passive and imposed
sinusoidal ankle jo in t rotations (0.5-0.6Hz) comparable to the ankle jo int
rotations during normal walking, the H-reflex is highly modulated.
Twelve normal subjects and two patients with full spinal cord lesion
above the level o f the soleus motoneuron pool participated. The same
pattern o f modulation was observed in the normal subjects and in th e
patients. In each imposed dorsi-flexion/plantar-flexion cycle the H-reflex
started on a high level, and during the dorsi-flexion it was depressed to
27±7% o f the starting level within 600ms. The depression decreased
again when the dorsi-flexion velocity began to decrease, and at the end o f
the following plantar-flexion the H-reflex returned to 73±6% o f th e
initial level. The reflex returned more slowly to the starting level within
2s after the beginning o f the movement. This pattern is almost a to tal
mirror image o f the soleus H-reflex modulation described for norm al
walking. Our observations indicate that: 1) the soleus H-reflex is
modulated by an interaction between basic afferent inputs in the passive
and relaxed situation, and: 2) there is a shift from the total peripheral
control o f the H-reflex in the passive and relaxed situation to a centrally
dominated control during walking. It is not clear at which point this shift
occurs during the transition from rest to movement.

The Danish National Research Foundation
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299.3
The Relationship between Force Level and the Change in Spinal
Excitability prior to the Onset of Soleus EMG Activity during Ballistic
Ankle Extension. J. Robichaud. D. Brunt*, and K. Tennant. Departments
of Physical Therapy and Exercise and Sports Science, University of Florida,
Gainesville, FL 32610.
Spinal excitability has been shown to increase prior to a voluntary
movement. This study was designed to quantify the changes in spinal
excitability that occur with changes in force level during a ballistic ankle
plantar flexion isometric contraction where accuracy was constrained. Ten
subjects were tested and each was seated in a modified chair with their hip
at 90°, knee at 120°, and the ankle neutral. A force transducer was placed to
measure ankle force output. Following a visual stimulus subjects were
trained to produce a plantar flexion force of 25% and 50% of a maximum
voluntary contraction, within a bandwidth of 5% of MVC. Soleus motor
neuron reflex excitability was analyzed measuring changes in the H/M ratio.
The H-reflex was randomly elicited at intervals of 50,75,100,150, and 175
ms following the visual stimulus. A one-way repeated-measures analysis of
variance indicated a significant effect between force levels for the time of
change in spinal excitability (F19 = 9.8; p = .01) (25% force 62 msec, and
50% force level 49 msec), slope of facilitation (F19 = 6.1; p = .04) (25%
force .55 % change of H/M ratio/sec, 50% force = .94 % change of H/M
ratio/sec). There was no difference for the peak level of facilitation. These
results indicate that for a 5% target, both time and slope of facilitation, but
not peak facilitation, may be influenced by the force level. Implications of
this finding to the control of voluntary movement will be evaluated.
This work was funded by the American Physical Therapy Association
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HIGH-FREQUENCY DEPRESSION OF THE SOLEUS H-REFLEX IN YOUNG
AND ELDERLY SUBJECTS. R.S. Phillips-Webb*. R.G. Mynark. and D .M. Koceja.
Department of Kinesiology and Program in Neural Science, Indiana University,
Bloomington, IN 47405.
The purpose of this study was to examine the intrinsic properties of the Ia fibermotoneuron synapse in young and elderly subjects utilizing a high-frequency
depression (HFD) protocol. The percent of HFD in the soleus H-reflex was examined
in 10 young subjects (mean age=26.0 yrs) and seven elderly subjects (mean age=72.3
yrs) with no apparent neurological disorders. Subjects were tested in two body
positions: standing and supine. For each body position, subjects received four trial
blocks - two control blocks and two HFD blocks. For the control condition, subjects
received a 1-msec stimulus eliciting an H-reflex every 10 seconds. In the HFD
condition, subjects received a stimulus eliciting an H-reflex every second. For each
block, 10 reflex trials were administered. The intensity of the stimulus was set to
elicit an H-reflex that was 20% of a subject’s maximum M-wave (motor response) and
remained constant for all trial blocks. For the standing position, subjects were
instructed to stand with feet shoulder width apart and arms at their sides in a
comfortable stance. In the supine condition, subjects were lying down with the test
leg at approximately 160° flexion. The mean of each trial block was calculated and
the mean of the control blocks was calculated along with the HFD blocks. The data
were analyzed using a split-plot ANOVA design. Significant main effects were found
for age (F=6.75, p<0.020) as well as for postural position (F=49.96, p<0.0001). On
average, HFD produced 61.0% depression of the H-reflex in young subjects when
standing and 35.7% when supine. Elderly subjects produced 75.0% when standing
and 44.4% when supine. Along with the generally accepted fact of smaller H-reflexes
in the elderly, it appears that they also display less HFD.
Supported by NIH
AG13660-02
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SPINAL MOTONEURON COLUMNS RELATED TO FORELIMB
FUNCTION IN THE RAT.
J.E. Me Kenna*. G.T. Pruskv and
I.O. W hishaw. University of Lethbridge, Lethbridge, Alberta, Canada.
A model of skilled forelimb movements in rats has been developed
to investigate motor function and behavioral plasticity (Whishaw, Pellis,
Gorny, Kolb & Tetzlaff, 1993). The neuroanatomy o f dexterous
movements in this species, however, is still poorly understood. As an
initial investigation of the mechanisms underlying functional recovery
and compensation after motor system injury, this study mapped spinal
motor neurons retrogradely labeled from individual forelimb muscles in
adult rats. The location and number of these neurons was quantified for
individual muscles. Proximal and distal groups o f flexor and extensor
forelimb muscles, including spinodeltoideus, levator claviculae, biceps
brachii, triceps brachii, carpi radialis, carpi ulnaris, digiti quarti, were
included in this analysis. Columns of ventral horn neurons in the upper
cervical spinal cord were labeled after shoulder muscle injections,
whereas more caudal neurons were labeled by wrist muscle injections.
Labeled flexor neurons were situated more medially than extensors and
functionally related columns were in close proximity in the ventral
horns. This columnar organization of rat motoneurons is homologous
to the pattern reported in ‘higher’ mammals. Since rats are capable of
discrete forelimb movements and the rat motor system has many
features in common with feline and primate motor systems, the rat can
be used to investigate neuroplastic mechanisms involving fine motor
skills. We propose a model, whereby complex reaching movements in
many species result from the synergistic activation of spatially and
functionally diverse muscle groups.
This research is supported by AHFMR, NCE and NSERC.

CONTACT-RIGHTING (CR) REFLEX IN RATS WITH A MODERATE
MID-THORACIC SPINAL CORD INJURY (SCI). A. E. Lindsey*. J. C.
Bresnahan. M. S. Beattie, and D. M. Basso. Department of Cell Biology,
Neurobiology, and Anatomy, The Ohio State University. Columbus, OH,
43210.
CR is reflexive and requires proprioceptive, tactile and vestibular
information. In the normal adult, rotation to prone is accomplished by flexion
of the forelimbs close to the ventral surface followed by simultaneous rotation
of the shoulders and pelvis to a standing position. This study examined 1) if
CR could be triggered in adult rats with moderate SCI, and 2) the extent of
recovery of the normal adult pattern of CR. OSU 1.1mm contusion injuries
were made at T8 in 6 female S-D rats. CR was tested by holding the rat at the
head and the pelvis in a supine position on a flat surface and releasing. Tests
were videotaped pre-op, and post-op on days 1, 7, 14, 21, 28, & 70 for frameby-frame analysis and calculation of peak velocity (vel) of rotation with the
PEAK motion analysis system. Pre-op, peak vel (in/s) was 58.24 ± 10.47 sd
and the pelvis and shoulders rotated to prone in unison. Peak vel showed a 8587% decrease at 1 day after surgery, 68-82% decrease at 7 days, 57-69%
decrease at 14 days, 58-71% decrease at 21 days, a 65-74% decrease at 28
days and 56-58% decrease at 70 days. One rat was excluded from calculation
of peak vel because its data were outlying compared to the other rats. At days
1&7, rats could right using forelimb movements only. The pelvic girdle was
passively carried and the final position of the pelvis was sidelying. In addition
to the shoulder led pattern, a corkscrew pattern (rotation of the head and
shoulders in a direction opposite that of the pelvis) was also observed
predominately at intermediate time points. This study shows that the CR-reflex
can be activated in SCI rats, however the pattern of CR is aberrant and vel is
decreased compared to normal rats. Support: NIH NS07291 and APA BB9302.
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COMPARISON OF HETERONYMOUS Ia FACILITATION FROM SUPINE
TO STANDING IN YOUNG AND ELDERLY SUBJECTS.
R.G. Mynark*, and D.M. Koceja.Motor Control Laboratory and Program in
Neural Science, Indiana University, Bloomington, IN 47405
As the demands placed upon the body by movement increase, a subsequent
decrease in the amplitude of the monosynaptic reflex response can be observed.
These changes seem to be related to changes in heteronymous Ia facilitation in
young subjects. A previous study conducted in our lab has demonstrated that
heteronymous Ia facilitation decreases in young subjects from supine to standing.
Recent studies have demonstrated a difference in heteronymous Ia facilitation
between young and elderly subjects. The purpose of this study was to determine
if the changes in heteronymous Ia facilitation and H-max/M-max ratio observed
in young subjects from supine to standing were equally present in elderly
subjects. Changes in heteronymous facilitation from supine to standing were
measured in 11 young subjects (6 females/ 5 males; age = 25.8 ± 6.7), and 9 '
elderly subjects (5 females/ 4 males; age = 71.2 ± 3.1) using a heteronymous
facilitation protocol as described by Hultborn et al. (1987). Modulation of Hmax/M-max ratio between conditions was also measured. Results indicated a
significant group difference in both supine and standing heteronymous
facilitation. Young subjects demonstrated 59.2% facilitation supine, and no
facilitation standing, whereas the elderly subjects displayed only 39.78%
facilitation supine and 5.6% standing. Differences were also seen in H-max/Mmax ratios: young subjects decreased the ratio 15.2% from supine to standing,
whereas elderly subjects increased the ratio 1.5%. The elderly subjects also
demonstrated significantly lower H-max/M-max ratios. Correlation analysis
revealed a strong association between presynaptic inhibition and H-max/M-max
ratio in young subjects (r = .82), but not in elderly subjects (r = .05).
Supported by NIH AG13660-02.

NONLINEAR DAMPING PROPERTIES OF THE HUMAN MUSCLE/REFLEX SYSTEM
WITH INERTIAL LOADS. D.C. Lin* and W.Z. Rym er. Depts of Biomedical Eng. and
Physiology, Northwestern Univ., Chicago, IL 60611.
Previous experiments in our laboratory have shown that the reflexively intact soleus
o f decerebrate cats exhibited significant nonlinear damping properties. Specifically,
damping increased with oscillation amplitude and inertial load. The extrapolation to a
normal physiological system is unknown because the hyperexcitability of the stretch
reflex in the decerebrate preparation will influence the mechanical properties. Thus
experiments on intact human joints were performed to parallel the animal study.
The distal joint of the thumb was coupled to a motor servo which simulated inertia
loads using torque feedback. Subjects were asked to generate a specified isometric
torque (10 to 20% of maximum) and given the instruction "do not intervene." A torque
impulse was applied to the simulated mass at a random time, causing damped
oscillations. The magnitudes of the impulse and inertia were varied.
Damping was measured by calculating the logarithmic velocity decrement of each
oscillation cycle. In agreement with the decerebrate cat study, damping increased with
oscillation amplitude (both displacement and velocity). In addition, for matched
kinematics, the damping was less in the first cycle of oscillation compared to
subsequent cycles. EMG recorded from the flexor pollicis longus showed that reflex
response was greater in the first than the second cycle, probably due to movement
related reflex modulation. This result suggests that damping is decreased by increased
reflex gain, consistent with the idea that stretch reflex maintains a high stiffness state.
Damping across masses was assessed by examining the relationships between
oscillation frequency and time constant of exponential decay to inertia load variation.
Both analyses showed that damping provided by the muscle/reflex system increased
with load, unlike a linear system.
We confirmed the findings of the cat study for the three aspects of nonlinear
damping: amplitude, movement history, and load dependence. Furthermore, the three
nonlinearities interact in such a way to promote both maintenance o f position and
damping of oscillations, which linear systems cannot easily do.
This work supported by AR40425, T32-HD07418, and the Falk Trust.
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THE INFLUENCE OF MUSCLE LENGTH ON ALPHA-MOTONEURON
EXCITABILITY IN MAN. A.G. Cresswell*. W.N. U ӧ cher and A. Thorstensson.
De pts. of Neuroscience and Human Biology, Karolinska Institute and University
College o f Physical Education and Sport, Box 5626, Stockholm, S-114 86, Sweden.
The aim of this study was to determine whether gastrocnemius motoneuron pool
excitability is altered upon its shortening via knee flexion. Subjects lay prone with
their left foot secured to a force plate. Adjustments made under the thigh and trunk
created knee angles of either 180 or 60° (long and short gastrocnemius muscle,
respectively). Subjects performed 10 ramped plantar flexion contractions at each
muscle length. Single m otor unit activity was recorded from the medial
gastrocnemius muscle (MG) and interference pattern EM G from the soleus muscle
(SOL). To produce a plantar flexor torque o f 18 Nm (≈ 10% o f maximal effort) the
central drive to SOL, as measured by SOL EM G RMS, was significantly greater (≈
2.5 times) in the 60° as compared to 180° knee position. The level o f SOL EM G
RMS corresponding to the time o f onset of M G single unit activity was significantly
greater in the 60° knee position (short MG) as compared to the 180° (long MG)
position. At 180° all subjects recruited an M G unit prior to 4 Nm of plantar flexor
torque, while in the 60° knee position there were many occurrences when an MG
unit could not be recorded until torque levels greater than 18 Nm. No significant
difference was seen for MG compound m otor unit action potential size, and/or
duration of the first negative phase, in either the 180° or 60° knee positions. Thus,
for a given voluntary submaximal level o f central drive, M G motoneuron excitability
was reduced when its overall muscle length was shortened. This was indicated by the
delayed onset of MG motor units for the shortened muscle length at levels of SOL drive
that far exceeded those when MG was lengthened. It therefore seems plausible that in the
shortened condition, when many MG fibres are incapable of producing force, peripheral
feedback to the MG motoneuron pool increases the recruitment threshold o f those units
not capable of significant force production.
This study was funded by the Karolinska Institute and Ake Wiberg foundation.

ATTRACTION OF REFLEX RESPONSES BY RHYTHMIC MOTOR ACTIVITY
U. K ra u t G . Staude. W. Wolf. and G. Neuweiler*1 Universitat der Bundeswehr
Mȕnchen, D-85577 Neubiberg, Germany. 1Ludwig-Maximilians-Universitat Mȕ chen,
D-80333 Mȕnchen, Germany
Reaction time experiments in tremor patients have shown a systematic phase relation
ship between tremor and the onset o f rapid voluntary movements, i.e. a strong tendency
o f the discrete m otor response to be initiated at a particular phase o f the tremor cycle
(e.g., Staude et al., Movem Disord Vol 10/2 1995). Entrainment o f discrete responses
by cyclic motor activity was also reported for normal subjects simultaneously perform
ing rapid discrete and rhythmic single-joint movements. Recently, we presented a
m odel for the coordination o f discrete and rhythmic movements reproducing the effect
o f entrainment in detail (Staude, Dissertation 1996). The model assumes linear superim
position o f independent control patterns for the individual tasks, and a subsequent
limiter element modeling the threshold-linear properties o f the muscle. Theoretically,
the interaction o f motor tasks proposed by the model may occur at central as well as at
segmental levels. In this study, we examined if entrainment is restricted to voluntary
responses only or if it also arises for reflex responses predominantly involving segmen
tal mechanisms.
8 normal subjects and 5 Parkinsonian tremor patients participated in the study. During
the experiments, the subject’s index finger rested on a lever attached to a torque motor.
At randomized time instants perturbations were applied by the motor causing rapid
stretch o f the first dorsal interosseus muscle from which the surface EMG was recorded. Patients were instructed not to intervene voluntarily. Moreover, normal subjects
performed small amplitude oscillations o f the index finger. As a major result, short
latency reflex responses (pure segmental pathways) as well as long-latency responses
(involving a transcortical loop) showed a systematic dependence upon the current phase
o f the ongoing rhythmic movement. In normal subjects as well as in tremor patients, the
latencies and magnitudes o f the reflex responses varied according to the phase o f the
rhythmic task, as predicted by the model. We conclude that entrainment o f rapid
discrete motor responses by ongoing cyclic activity does not necessarily require interaction at higher stages o f motor processing. Rather, entrainment occurs at low levels of
m otor execution as a consequence o f the discontinuous behavior o f the muscle and its
tonic stretch reflex.
(This work was suppored by DFG, Graduierten-Kolleg “Sensorische Interaktion”)
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MAPPING OF SITES IN THE CAT LUMBAR SPINAL CORD WHICH PRODUCE
HINDLIMB FLEXION AND EXTENSION TO FOCAL MICROSTIMULATION.
C. Tai*. A.M. Booth. C.J. Robinson. W.C. de Groat & J.R. Roppolo Depts. of
Pharmacology and Rehabilitation Sci. & Tech., Univ. o f Pittsburgh, Pgh, PA 15261
This study had two objectives: (1) to determine the feasibility o f producing flexion and
extension of the hindlimb about the knee joint to microstimulation o f small motoneuron
pools in the lumbosacral spinal cord and (2) to map the locations o f these sites in the
spinal cord which produced selective activation o f these muscle groups. Cats
anesthetized with pentobarbital were used in this study. Isometric flexor or extensor
torque generated by the hindlimb and EMG activity from flexor and extensor muscle
groups were recorded. A dorsal laminectomy exposed the L4 to S3 spinal cord and roots.
The ventral roots were stimulated with a hook electrode to determine the spinal segments
which produced the greatest flexor or extensor responses. L5 and L6 produced the largest
extensor torque (10-40 Ncm) while S, produced the largest flexor torque response. L7
produceded mostly flexion although in 2 o f 5 experiments it produced some extension at
lo wer frequencies o f simulation. EMGs revealed that ventral root stimulation often
elicited mixed responses consisting o f both flexion and extension with the summation
being recorded as the net torque response. In addition, root stimulation often activated
knee, hip, and ankle flexor and extensor muscle groups, with little or no selectivity.
However, microstimulation (40Hz, 0.2msec, 10-100 µA) with fine tipped ( 3 0 0 -4 0 0 )
activated iridium electrodes at sites within the ventral horn produced somewhat smaller
but more selective torque responses. Knee extension torque with little or no EMG
activity in the flexor muscles could be elicited by stimulation deep (3.0-5.2mm from the
cord surface) in the lateral ventral horn o f the L5 and L6 segments and extending into the
ventral funiculus corresponding to the location o f motoneurons and axons innervating
the knee joint extensor muscles. Stimulation at more dorsal (0.5-2.0mm) sites in the L6
and L5 spinal cord elicited small flexor responses which quickly reverted to extension
as the electrode was moved to sites deeper in the ventral horn. The large responses
elicited by stimulation in the ventral horn were not dependent on descending input or
reflex mechanisms from supraspinal sites since acute spinal transection or local
anesthesia at the T9 -T l0 level o f the spinal cord did not modify the response. These
studies illustrate that motoneuron pools can be selectively activated using focal
microstimulation and suggest that using several electrodes and an optimized stimulation
protocol may allow the restoration o f functional limb activity following spinal cord
damage. (Supported by NIH contract # NO 1-5-2332)

PATTERNS OF ACTIVITY OF IDENTIFIED PROPRIOCEPTORS DURING
SPINAL REFLEX BEHAVIORS IN THE FROG. W.J. Kargo*, M.R. Davies, and
S.F. Giszter, Neurobiology & Anatomy, MCPH School of Medicine, Allegheny
University of the Health Sciences, Philadelphia, PA 19129.
The lumbar spinal cord of the frog has been suggested to contain a small numbet
o f structured interneuronal assemblies that generate patterns of forces (force-fields)
which direct the limb to distinct points in the workspace. These have been termed
force-field primitives. These strongly resemble elements of reflex behavior. It has
been hypolhesized that the frog utilizes primitives in natural hindlimb behaviors by
activating these elements alone, in combination, or in sequence. The force-field
structure of microstimulation activated primitives has been suggested to rely little on
afferent feedback. However, using a small robot to simulate compliant environments
during natural behaviors, we have shown that the structure o f primitives used «n
reflexes is strongly regulated by feedback and the appropriate gating of feedback.
The patterns of afferent feedback available from different muscles in spinal
reflex behaviors of frogs are not well described. Spindle regulation in frogs is purely
of the beta type and dynamic and static responses occur in the sam e afferent. To
examine feedback patterns we have begun to use focal extracellular recordings of
identified cutaneous and muscular afferents in the lumbar dorsal roots. Recordings
have been performed during flexion withdrawal and wiping behaviors in the spinal
frog. The patterns of feedback from identified afferents have been characterized and
synchronized with electrom yogram (E M G ) and video footage during isometric, free,
and elastically constrained movements. Finally, to test the mechanics generated by
deafferented force-field structures we have monitored thc EM G’s and kinematics
during wiping behaviors elicited in a deafferented limb and compared these
kinematics to the same limb’s afferented performance. With these methods we hope
to identify different afferent roles in regulation of force-field structure.
Acknowledgements NIH R29-NS34640
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SUPRASPINAL AND SPINAL INPUTS TO LATERAL AND CROSSED
INTERNEURONS IN THE LAMPREY SPINAL CORD. P. Fagerstedt1. T.G.

INVARIANT TIMING OF FORCE-FIELD PRIMITIVES IN THE REFLEX
MOVEMENTS OF SPINAL FROGS. S.F. Giszter*. W. Kargo, and M.R. Davies.
Dept Neurobiology & Anatomy, MCPH School of Medicine, Allegheny University
of the Health Sciences, Philadelphia, PA 19129.
Static force-field descriptions of reflex behaviors of spinal frogs are consistent with
primitives or functional modularity of pattern generators in the spinal cord.
However, during movement the structure and time course of response are modified
by motion dependent afference based on limb position and environmental interaction.
Sensory afference could act on either the amplitude, the timing, or both amplitude
and timing of EMG and force development. Similarly, trajectory duration could relate
to movement extent, or be fixed. Isometric force-field measurements suggest timing
of EMG and force development may be immune to influence by afferent feedback.
We have now tested whether this is true of their timing in dynamic conditions.
We are using a phantom robot as an interactive force controller and as a kinematic
measuring device. We have collected kinematics and EMG in free limb movements
from spinal frogs initiated from different initial holding positions and compared these
to movements in different imposed environments. In every case peak velocity and
peak EMG were achieved at the same time, regardless of origin, or distance to target
zone. In imposed environments the combined stiffness o f the frog robot system can
be varied by the experimenter. However, in the imposed environments the peak
forces were achieved with fixed timing regardless of environment and regardless of
the expected variation in the combined system stiffness and natural frequency.
Adjustments of timing did not occur either in the trajectories generated or in the
timing of peak force production. These data further support the concept of reflex
force-field primitives and associated timing elements. Our data differ from the results
predicted by Fitt’s law with an accuracy constraint, but match results in cat
locomotion, cat reaching, or in collision bounded human trajectories. Supported by
NIH R29-NS34640.
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Deliagina1,2. P. W allen*1, G.N. Orlovsky1,2 and S. Grillner1.1Dept. of Neuroscience,
Karolinska Institutet, 171 77 Stockholm, Sweden and 2A.N. Belozersky Institute of
Physico-Chemical Biology, Moscow State University, Moscow 119899, Russia.
To elucidate the supraspinal regulation of posture, steering and locomotion, we
have studied the input from cranial nerves to two types of spinal interneurons in in
vitro brain-spinal cord preparations of adult lampreys (Ichthyomyzon unicuspis).
Lateral interneurons (LINs) are large inhibitory propriospinal neurons, localized in the
rostral spinal cord with a fast caudally projecting axon. They inhibit segmental,
crossed inhibitory interneurons (CCINs), giving rise to disinhibition o f contralateral
neurons. Single pulse electrical stimulation of the ipsilateral optic nerve elicited long
latency IPSPs in most LINs and CCINs, while stimulation of the contralateral nerve
excited the same neurons. Short pulse trains (2-4 s, 10 Hz) from either side depolarized
the neurons, presumably via a massive activation of the reticulospinal (RS) system.
Pulse and train stimulation of the trigeminal nerve evoked mixed responses, but often
the initial effect was inhibitory in ipsilateral and excitatory in contralateral neurons.
Responses to single pulse stimulation of the vestibular nerve were also mixed, possibly
due to activation of several groups of fibers. With strong cranial nerve stimulation,
long-lasting after-activity of the RS system could be evoked, resulting in patterned
ventral root (VR) activity. The LIN activity appeared more correlated with such
evoked RS activity than with the elicited motor output, in contrast to the CCIN activity
which was more correlated with the VR activity. In experiments where fictive
locomotion was induced in in vitro spinal cord preparations, LINs were also less active
and less correlated with the motor output than were CCINs. In conclusion, the activity
in LINs seems to be more related to brainstem-spinal cord interactions whereas CCINs
are more involved in the generation of the motor pattern.
Supported by Swedish MRC (3026 and 11544) and HHMI (75195-544801) grants.
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CONTROL OF LATERAL TURNS IN LA M PREY . P.V. Zelenin1.2, F. Ullen1, P.
Fagerstedt*1, T.G. Deliagina1.2, G.N. Orlovsky1.2 and S. Grillner1. rDept of
Neuroscience, Karolinska Institute, S -171 77 Stockholm, Sweden, and 2A.N.
Belozersky Institute at Moscow State University, Moscow 119899, Russia.
The modulations of the normal locomotor pattern underlying lateral turns were
characterized with combined video and EMG recordings in freely behaving lampreys.
The turns were evoked by unilateral illumination either in locomoting or quiescent
animals; in the latter case an initial turn was followed by locomotion. In both
situations, the EMG pattern during the turn differed from the normal locomotor
pattern: (1) The swimming frequency decreased and (2) the intensity and duration of
the EMG burst increased on the side ipsilateral to the turning movement and decreased
on the contralateral side. These changes indicate that the descending commands
responsible for turns at least in part affect the locomotor CPG, rather than only the
motoneurons. To characterize the descending signals evoking the turns, the mass
activity in axons of reticulospinal (RS) neurons was recorded bilaterally with two
chronic electrodes positioned on the spinal cord surface. During turns, a certain
asymmetry in the mass activity on the two sides was observed, with a larger activity on
the side ipsilateral to the turn. In vitro experiments on the isolated spinal cord indicate
that the system of reciprocal inhibition between the left and right spinal hemisegments
can increase this relatively weak asymmetry. When the left and right subdivisions of
RS system were activated simultaneously by electrical stimulation of the surface of the
isolated spinal cord (20 Hz, 1 s), a small asymmetry in their activities resulted in a
large asymmetry in motor output (tonic activation of ipsilateral ventral roots only).
In conclusion, a lateral turning movement in lamprey may be achieved by a small
asymmetry in the activity of descending RS fibres, which may induce a large
asymmetry in the activity of the spinal locomotor CPG.
Supported by MFR (3026 and 11544) and HHMI (75195-544801) grants.

ACTIVITY O F RETIC U LO SPIN A L NEURONS IN FREELY BEHAVING
LAM PREY. G.N. Orlovsky*. T.G. Deliagina. and S. G rillner. D epartm ent of
Neuroscience, Karolinska Institute, 17177 Stockholm, Sweden and A.N.
Belozersky Institute of Physico-Chem ical Biology, Moscow State University,
Moscow, 119899, Russia.
The reticulospinal (RS) system in the lam prey (a lower v ertebrate, Cyclostome),
is the main descending system tran sm ittin g comm ands from the b rain to the
spinal cord. W e have developed a novel m ethod for recording activity of larger
RS axons in the spinal cord in intact lam preys Lampetra fluviatilis by means of
chronically im planted electrodes. Usually two pairs o f electrodes were positioned
a t two different rostro-caudal levels. By com paring signals from the electrodes,
one could judge ab o u t the position of the axon in the spinal cord and about the
conduction velocity.
In quiescent anim als, responses of RS neurons to sensory inputs of different
m odalities w ere investigated: (1) Illum ination of one eye evoked activation of
ipsilateral RS neurons. (2) Illum ination of the tail photoreceptors evoked bilateral
activation of RS neurons. (3) W a te r vib ratio n also evoked activation of RS
neurons. (4) Some neurons could be activated by tactile stim ulation of specific
receptive fields. (5) Roll tilt evoked activation of c o n tralateral RS neurons. If the
stimuli (1-4) w ere intense and applied for a long period of time, they could result
in a massive bilateral activation of RS neurons, in detachm ent of the anim al from
a substrate, and then in swimming. This activity of RS neurons lasted as long as
swimming continued. The mass activity was higher with m ore intense locomotion.
An asym m etry in the mass activity was observed d u rin g lateral turns, with a
prevalence for the ipsilateral side. Rhythm ical m odulation o f RS neurons related
to the locom otor cycles w as often observed.
S upported by M FR (3026 and 11544) and H H M I (75195-544801) grants.
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RESPONSES O F R E TIC U LO SPIN A L NEURONS IN INTA CT LA M PREY TO
VESTIBULAR AND VISUAL INPUTS. E FF E C T O F UNILATERAL
LABYRINTHECTOMY. T.G. Deliagina*. D epartm ent of Neuroscience,
Karolinska Institute, 17177 Stockholm , and A.N. Belozersky Institute of PhysicoChemical Biology, Moscow State U niversity, Moscow, 119899, Russia.
The reticulospinal (RS) system of the lam prey (a low er v e rteb rate, Cyclostome)
is the main descending system tran sm ittin g com m ands from th e b rain to the
spinal cord. This system is responsible for initiation o f locomotion and for the
control of equilibrium and steering. W e recorded activity of larg er RS neurons
from their axons in the spinal cord of intact lam preys by means o f chronically
implanted electrodes. N atu ral vestibular stim ulation (roll tilt ab o u t the
longitudinal axis, ±180°) and illum ination o f one eye w ere perform ed in quiescent
animals.
In intact lam preys, RS neurons were activated: (i) with c o n tralateral roll tilt
(with their maximal response a ro u n d 90°), and (ii) with illum ination o f the
ipsilateral eye. The response was increased with sim ultaneous presentation of the
two stimuli. These findings confirm ed o u r previous results obtained in the in vitro
studies of the equilibrium control system o f the lam prey
After unilateral labyrinthectom y (UL) in the same anim als the vestibular
response on the dam aged side persisted w hereas the response on the undam aged
side disappeared. The response on the undam aged side could be restored by
illuminating the ipsilateral eye. This finding is in accordance with the d ata
obtained in our previous behavioral experim ents in which visual input was found
to be of crucial im portance for recovery o f equilibrium control a fte r UL.
Supported by grants from Swedish M edical R esearch Council (11544) and
Howard Hughes M edical Institute (75195-544801).

RETICULAR FORMATION CONTROL OF REACHING IN THE MONKEY.
M. Ruffo1 and J.A. Buford2* Graduate Program in Neurobiology and Behavior1 and
Dept. o f Rehabilitation Medicine2, Regional Primate Research Center, University of
W ashington, Seattle, WA 98195
Reticulospinal neurons receive input from a variety o f cortical areas including
the Primary Motor, PreMotor and Supplementary motor areas. Both the PM and
SMA have previously been shown to be regularly involved in preparatory activity.
The reticular formation projects to motoneurons innervating the limbs at m any levels,
both ipsi and contralaterally. This combination o f connections may imply a role for
the neurons o f the reticular formation in the preparation for movement.
Reticular formation neuronal activity has been recorded in Macaca fascicularis
during a delayed instruction arm-movement task. The task was designed to isolate
preparatory or cue related activity from visuomotor activity. Activity was also
characterized by a sensorimotor or receptive field exam. Further, electrical
stimulation in the vicinity o f some cells produced specific movements o f arm or
shoulder muscles. Only cells that showed task related activity were recorded. To
date, 67% o f cells had activity related only to the movement, while 25% had
preparatory activity related to the cue for arm movement. The preparatory activity in
these cells appeared related to the preparation o f arm movement, not just a
consequence o f corollary eye movements. Additionally, about 12% o f the cells
studied showed anticipatory activity, a general build up o f activity during the hold
phase with no specific response to the cues.
The involvement o f the reticular formation in normal motor control has not been
well investigated in the past, yet it may play a vital role. Discerning what
responsibility the reticular formation has in normal reaching contributes not only to
an understanding o f a particular area o f the brain, but also to our general knowledge
o f motor control.
Supported by NIH K08 NS01767, NS15017, and RR00166.

299.19

299.20
MODIFICATIONS IN DENSITY AND DISTRIBUTION OF HRP-LABELLED
CELLS IN THE BRAIN STEM AND MOTOR CORTEX OF ADULT CATS
AFTER LESIONS TO VENTRAL AND VENTROLATERAL SPINAL TRACTS.
E. Brustein*. N. De Sylva. S. Rossignol and T.Drew. Ctr. Rech Sci. Neuro.
Universite de Montreal, Qc, Canada.
Adult cats subjected to bilateral ventral and ventrolateral spinal
lesions (T11 or T13) recover the ability to walk voluntarily and quadrupedaly.
However, pronounced, long-term deficits such as reduced weight support and
inconsistent interlimb coordination were noted. To better define quantitatively
which ventral and ventrolateral pathways (e.g. reticulo- and vestibulospinal) are
lesioned and contribute to the locomotor deficits and which pathways remain
and may contribute to some of the locomotor recovery, retrograde HRP
labelling was used. Kinematics and EMG activity were recorded before and
after the extensive ventral and ventrolateral spinal lesion in 8 cats for up to 48343 days post lesion. WGA-HRP (2%) was then injected caudal (L2) to the
lesion site. The extent of the spinal lesion was evaluated by inspecting
consecutive transverse sections stained with the KIuver-Barrera method. The
locations of HRP labelled cells in the brain stem and motor cortex were
analysed using custom made software and their number and distribution were
compared to data from 2 intact animals. Cats with the most severe deficits
showed the most reduced cell counts in the pontine and medullary reticular
formation (37%-85%) as well as in the lateral vestibular nucleus (77%-99.9%).
However preliminary analysis suggests that the deficits were not correlated to
the damage in any specific brainstem nuclei. In two cats with the largest lesions
we observed a pronounced increase in the number of labelled neurones in the
motor cortex as well as changes in their distribution. No such changes were
noted in the red nucleus. The data suggest that locomotor recovery is possible
even after massive cell loss in reticulo- and vestibulospinal tracts and that
corticospinal sprouting may be implicated in that recovery. (Supp. by the NCE)

REACH CELLS IN THE MONKEY MIDBRAIN OPERATING IN AN
OCULOCENTRIC REFERENCE FRAME
E. Bauswein . V. Stuphom & K.-P. Hoffmann*
Allgemeine Zoologie u. Neurobiologie; Ruhr-Universitӓt Bochum; D-44780 Bochum
Neurons in the superior colliculus and the underlying reticular formation are involved
in visually guided arm movements which require the transformation of target location
information from an eye- into a body-centered reference frame.
We instructed two monkeys to fixate a central light emitting diode (LED) on a
frontal screen. A second LED was presented after a delay at a peripheral location. In
‘saccade-reach’ trials, the monkey first made a saccade (after extinction of the fixation
light) and after a further delay an arm movement from the touchbar at waist level to
the target on the screen. In the ‘fixation-reach’ task the monkey had to maintain
fixation of the central LED throughout the trial as the monkey reached to the target
while fixating the central light. Thus the retinal coordinates of the target was directly
related to its position on the screen. To test the influence o f eye position, we repeated
the trials with the same retinal target locations but with different positions of the FixLED.
One group of cells operated in a retinocentric reference frame. These neurons were
active, when the monkey reached towards a target, that had a specific location with
respect to the center of gaze. Superimposed they showed a modulation o f their firing
rate due to the eye position (gain field). Most of the neurons tested showed activity,
that was weaker but had the same spatial tuning, during reaching with the ipsilateral
arm. Generally the cells were not modulated in ‘saccade-reach’ trials. The neurons are
situated in the intermediate to deep layers but showed no consistent match with the
known visuomotor maps in the SC. The other cells tested showed no such clear
relationship of their activity to the retinocentric target location. Some o f them were
largely independent of the eye position and so seem to operate in a head-or body
centered reference frame. (Supported by KOGNET and DFG (BA 841/2-1))
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THE EFFECTS OF INHIBITION AND EXCITATION ON THE VARIABILITY INHERENT IN NETWORKS OF CHAOTIC MODEL NEURONS.
P. F. Rowat* and A. I. Selversion. Biology Department, U. C. San Diego, La
Jolla, CA 92093.
Central pattern generators (CPGs) produce cyclic motor patterns, and in
those whose connections have been studied, inhibitory synapses predominate.
Physiologically, the motor cycles of even the simplest CPG vary from one cycle to the next: no two cycles are exactly identical. This variability has been
shown to be deterministic chaos, not a stochastic process (Hayashi and Ishizuka
1992, Abarbanel et aJ. 1996). Individual neurons can produce chaotic output.
Why, then, is the output of CPGs reasonably regular and not chaotic? Using a
model neuron with variable (chaotic) bursting behavior, we find that periodic
hyperpolarizing current pulses regularize the output while depolarizing pulses
regularize the output much less. We then connected two identical model cells,
each in a parameter regime for chaotic bursting behavior, with identical reciprocal synapses. The regularity of the model output was greater when the
synapses were inhibitory than when they were excitatory.
When trains of small hyperpolarizing or depolarizing (Elson et al 1997,
to appear) current pulses are injected into a synaptically isolated, chaotically
bursting neuron, the cycle-to-cycle variability and the Lyapunov exponents
of the membrane potential are reduced by a significantly greater amount for
hyperpolarizing than for depolarizing pulses, thus corroborating the model.
Therefore, we suggest that the preponderance of inhibition over excitation in CPGs may have arisen because inhibition regularizes the output of the
pattern-generating mechanism whereas excitation regularizes it much less.

DIFFERENTIAL ACTIVATION OF HEADS OF THE DEPRESSOR MUSCLE IN
THE SQUAT LOBSTER MUNIDA QUADRISPINA. B.L. Antonsen* and D.H. Paul.
Dept. of Biology, University of Victoria, PO Box 3020, Victoria, B.C. V8W 3N5.
Injected serotonin (5-HT) and octopamine (OA) induce postures and behaviors
resembling those of normal aggressive and submissive displays, respectively, in the
squat lobster Munida quadrispina. The walking legs are depressed and flexed during
aggressive posturing, and are elevated, extended, and promoted during submissive
behaviors. We are recording EMG activity from the proximal leg muscles [promotor,
remotor, elevator, depressor] in freely moving untreated and amine-injected animals,
with the goal of correlating changes in posture with changes in activation patterns of
the relevant muscles. Initial results had indicated that postural changes in untreated or
amine-injected animals were not accompanied by clear parallel changes in EMG
activity, and that either 5-HT or OA injection activated all of the proximal muscles
simultaneously despite the opposite postural changes induced by the two amines. The
proximal leg muscles, however, have complex anatomies, with heads arising from
multiple sites on both exo- and endophragmal skeletons. For example, the depressor
muscle has five, anatomically distinct heads. By recording EMGs from the individual
heads in each muscle, we have discovered that they are activated differentially for
different circumstances, the differences correlated with three distinct functional roles.
We will present data for the depressor muscle which suggest that different heads are
responsible for movement, maintaining stance, and contributing to stiffness of the
coxal-basal joint. Furthermore, both 5-HT and OA increase EMG activity in each of
the heads of the depressor, but do not substantially alter the activation patterns.
Supported by an NSERC (Canada) research grant (#OGP08183) to DHP and an
NSERC PGS-B Scholarship to BLA.

Supported by Coast Mountain Intelligence Limited.

300.3

300.4

ACTIVATION OF OCTOPAMINERGIC NEURONS DURING MOTOR
BEHAVIOR IN LOCUSTS. H.-J. Pflueger* and C. Duch. Free University Berlin,
Inst, of Neurobiology, Koenigin-Luise-Strasse 28-30, D-14195 Berlin, Germany.
Many muscles in a locust are innervated by a population of neurons with
bilaterally symmetrical axons which release octopamine, and thus can alter the
efficacy of neuromuscular transmission, and change the contractile properties and
metabolism of a muscle. Due to the dorsal location of their somata in the midline of
the ganglion, and their origin from the unpaired median neuroblast, they were
named dorsal unpaired median or DUM-cells. From earlier experiments it was
suggested that all DUM-neurons would be activated by a variety of sensory, mostly
tactile stimuli, and therefore were regarded as part of a general arousal system.
In contrast to this we found that the total population of DUM-neurons is devided
into sub-populations with common synaptic input. These sub-populations are
differentially recruited during specific motor behaviors. For example, during
defense kicking only DUM-5 and DUM-3,4,5 neurons which innervate muscles
involved in kicking are activated in all three thoracic ganglia, whereas others are
either inhibited or unaffected. In contrast, all DUM-neurons which innervated
flight muscles are inhibited. For example, DUM-3,4 neurons are inhibited during
each wing cycle in tethered flying locusts. Most likely this is due to an inhibitory
connection from the wing tegulae. Other neurons such as DUM-5 or DUM-3,4,5
cells however, are tonically activated as long as the locust exhibits flight-like
behavior. Therefore, we propose that individual DUM-cells exert very specific
effects during behavior.
Supported by DFG.

300.5

300.6

INTERACTIONS BETWEEN STARTLE AND SWIMMING
NEURAL SYSTEMS IN THE PTEROPOD MOLLUSC CLIONE.
T.P.Norekian*. Arizona State University, Tempe, AZ 85287 and Friday
Harbor Laboratories, Friday Harbor, WA 98250.
The pteropod mollusc Clione limacina occasionally demonstrates a startle
response in addition to the regular swimming activity. The startle response is
controlled by a separate neural system that is independent from the swim
pattern generator and motoneurons. Both startle and swim motoneurons
innervate the same wing musculature and, therefore, require a strict
coordination of their activities. This study demonstrated that coordination
between two competing systems was organized on the intemeuronal level by
the cerebral startle (Cr-St) neurons. The Cr-St intemeurons
monosynaptically activated d-phase startle motoneurons and inhibited
intemeurons of the swim pattern generator and swim motoneurons.
Inhibitory inputs to the swimming system were strong enough to completely
terminate swimming activity at physiological rates of Cr-St neuron firing.
Thus, the Cr-St neuron’s synaptic connections ensured that the excitatory
inputs it provided to startle motoneurons were accompanied by efficient
inhibitory inputs to the swimming system. Mechanosensory stimuli, that
trigger a startle response in intact animals, produced Cr-St neuron activation.
This Cr-St neuron activation was sufficient to initiate strong burst of spikes
in the startle motoneurons and termination of swimming. It appears that the
Cr-St interneuron alone can achieve the goal of temporarily removing the
swimming system from control of the swim musculature, while the startle
motoneurons are producing a powerful startle response. Supported by NSF
grant IBN-9630805 and NINDS grant NS-34662.

Society

ACTIVITY DURING FICTIVE CRAWLING AND PERIPHERAL RELEASE SITES
OF MODULATORY NEURONS IN MANDUCA. R.M. Johnston*. C. Consoulas. H-J,
PflOger. and R.B. Levine. Neurobiology, Univ. of Arizona, Tucson, AZ 85721.
Ventral or Dorsal Unpaired Median neurons (VUMZDUM) modulate muscle
contraction in several insects but relatively little is understood about their activation
during behavior or peripheral release mechanisms. Both were examined in a population
of identified VUM neurons in larvae of the moth, Manduca sexta (PflOger et al., 1993).
Taking advantage of the Active crawling pattern that is produced by isolated larval nerve
cords in the presence of pilocarpine (Johnston and Levine, 1996), we examined the
recruitment of VUM neurons in Manduca. During Active crawling, synaptic drive from
the subesophageal ganglion (SEG) to all thoracic and abdominal VUM neurons
increases in frequency and becomes rhythmic. In conjunction, slow rhythmic oscillations
in membrane potential, that were not SEG-dependent, occurred simultaneously in all
VUM neurons during each posterior-to-anterior wave of body-wall and leg motoneuron
activity that constitutes a Active crawling cycle. The increased SEG-derived drive occurs
even when Active crawling was evoked by limiting exposure of pilocarpine to only
posterior abdominal ganglia. Thus, the activation of VUM neurons is linked to the Active
crawling frequency but not precisely to the segment that they supply. Presynaptic release
sites on larval leg and abdominal muscles were identified with intracellular staining,
synaptotagmin immunolocalization and FM1 -43 uptake. VUM neuron presynaptic
varicosities, similar to type II of Drosophila, were identified on virtually all body-wall
and leg muscles of the larva. The small varicosities, which extend over the entire length
of the muscle fibers but do not branch extensively, were often close to motoneuron
terminals but also extended into other regions. Presynaptic specializations for release
were revealed in all varicosities of VUM neurons by synaptotagmin localization and
stimulus-dependent uptake of FMl-43. Thus, activation of VUM neurons during
crawling is not segmentally phase-locked, but allows distributed effects on all of the leg
and body-wall muscles involved in locomotion. NS24822 and NATO931181.
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NEURAL ORGANIZATION OF LOCOMOTION IN HERMISSENDA. L
Farley*. I. Jin, and H. Huang, Program in Neural Science, Indiana University,
Bloomington, IN 47405.
We describe 11 new classes of pedal motoneurons (MNs), their contribution to
pedal nerve cyclic motor program (CMP) multiple-unit activity (MUA), and 4
classes of visually-responsive intemeurons which are likely to contribute to CMP
pattern generation.
The majority of MNs were spontaneously active, responded to light and had
patterns of activity clearly related to CMP-MUA bursting. Cells which fire inphase with CMP bursts and are excited by light include the bursting MN4 neurons,
and MNs 5, 7, & 9. Cells which fire out-of-phase with CMP bursts and are excited
by light include the MN6 & MN8 classes. MNs 10-12 also fire out-of-phase, but
that are inhibited by light. MNs 2 & 3 were in-phase and out-of-phase,
respectively, but neither was consistently affected by light. The timing of MN
bursting was controlled largely by synaptic input, rather than endogenous
membrane properties. Common synaptic input to MNs with the same phase
relation to MUA bursts was often observed. For example, in-phase MN4 & MN9
received common waves of EPSPs and IPSPs.
We have also characterized 4 classes of visually-responsive intemeurons (ints).
The a and P ints (Goh & Alkon, 1985) are spontaneously active in the dark, and
often burst. The a int provides both mono- and polysynaptic excitatory input to
MN4 cells, and is in turn synaptically excited by Type B photoreceptors. In
contrast, the P int also excites MN4 & MN9, but is synaptically inhibited by Type
B cells. Gamma (y) ints receive waves of spontaneous IPSPs in the dark and show
bursting behavior. Visual stimulation results in disinhibition (decreases in IPSPs)
of y ints. Finally,6 ints are noteworthy in that they inhibit MNs, but are
synaptically excited by light. Circuits comprised of the Type B cells, P and 6 ints,
and MNs are thus promising candidates to account for visually-induced inhibition
of MNs in conditioned animals.
Supported by grants from NIH.
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DIFFERENCES IN CONTRACTION PROPERTIES BETWEEN ANTAGONIST
BUCCAL MUSCLES OF APLYSIA. Scott. M.L.* V. Brezina. and K.R. Weiss.
Dept. Physiol. & Biophys., Mt. Sinai Sch. Med., New York, NY 10029.
The properties of individual muscles may optimize them for their specific roles in
behavior. We have been studying a pair of antagonist muscles in the Aplysia feeding
system, the accessory radula closer (ARC) and the radula opener (17 -110) muscles.
Behaviorally, the ARC muscles must produce sustained contractions to grip food as it
is pulled into the buccal cavity, whereas the opener muscles need to contract rapidly
at the proper time to release food into the esophagus. Accordingly, intact ARCs
generate contractions that are sustained and smoothly graded with depolarization,
whereas opener muscles can generate calcium spikes, which may accelerate their
contractions. The openers express two additional depolarizing mechanisms, one
activated by modulators and one by stretch. These mechanisms may reduce the level
of synaptic input needed to reach contraction threshold, and thus phase-advance
contractions. It also appears that the contraction threshold may be inherently more
negative in the opener muscles. These opener-specific properties apparently allow the
system to adjust the speed and timing of opener muscle contractions.
We have been studying isolated ARC and opener muscle fibers to identify the
cellular mechanisms of their differences. Previously, we identified several differences
in ion currents (Scott et al., 1996). Now, combining voltage- and current-clamp with
optical, on-line measurement of contractions, we find intrinsic differences between
opener and ARC fiber contractions. All contractions evoked by acetylcholine or
depolarization depended on extracellular calcium. However, opener fiber contractions
developed faster, and were initiated at more negative voltages. Also, 1 pM nifedipine
(a blocker of high-voltage-activated L-type calcium channels) blocked all ARC fiber
contractions, but generally had little effect on opener fiber contractions. Thus, an
additional calcium current may be present in the opener muscles. Together, all of
these findings provide a good basis for understanding the functional differences
between the two muscles. Supported by NIMH and the Whitehall Foundation.

CONTROL OF COORDINATED MUSCLE CONTRACTIONS BY TEMPORALLY
PATTERNED NEURAL INPUT. V, Brezina*, I.V. Orekhova, and K.R. Weiss.
Dept. of Physiology and Biophysics, Mt. Sinai School of Medicine, New York, NY.
Consider a rhythmic behavior generated by the coordinated contractions of a set
of muscles driven by a central pattern generator (CPG) and motomeurons firing in
the appropriate temporal patterns and phase relationships. When the pattern of
neuronal activity changes—for example, when the CPG is modulated or
reconfigured, or changes its cycle frequency—how is this reflected in the contractions
of the muscles and thus in the behavior? Because the neuromuscular read-out of
motorneuron firing is not simple, the answer is by no means obvious. It is further
complicated by peripheral modulation and by the constraint that contractions of
different muscles must remain coordinated to produce functional behavior.
We have developed a conceptual framework within which a problem such as this
can be analyzed. Briefly, it allows quantitative understanding and prediction of
temporal pattern-dependence in biological processes. Given any input-output
transformation—in this case the transformation of motorneuron firing to muscle
contraction—how does the output vary as the input is structured in different temporal
patterns? It can be shown that pattern-dependence is governed by the nonlinearity of
the input-output transformation as well as by its time constant. As a result, only
patterns on certain time scales permit the expression of pattern-dependence, and
processes with different time constants can respond preferentially to different
patterns. This allows differential control of processes—for example, of different
aspects of coordinated muscle contraction—by different temporal patterns.
We have applied this analysis, to begin with, in the ARC neuromuscular system
of Aplysia. By stimulating motomeurons to fire in different patterns and measuring
contractions of the muscle, we have experimentally measured pattern-dependence in
this system. Through our analysis, the same results can be predicted using just
contraction parameters obtained with unpattemed stimulation. Finally, we show how
such analysis can be extended to the situation where, in order to preserve
energetically favorable functional behavior, certain relationships between
contractions of antagonistic muscles must be preserved even as the patterns of neural
firing change.
Funded by NIMH and the Whitehall Foundation.

300.9

300.10

DEVELOPMENT OF A COCKROACH-LIKE ROBOT FOR CLIMBING AND
RUNNING. R.J. Bachmann, G.M. Nelson, R.D. Quinn*, J.T. Watson, R.E.
Ritzmann. Departments of Mechanical Engineering and Biology, Case
Western Reserve University, Cleveland, OH 44106.
The goal of a team of engineers and neurobiologists at CWRU is to design
and construct robots based upon biological observation. Our previous
hexapods demonstrated that biologically inspired distributed control systems
can produce robust insect-like walking. We believe that implementation of
cockroach-like mechanics into our new robot will result in cockroach-like
locomotion that is more efficient and agile than previous designs.
Using high-speed video analysis of cockroaches performing various
locomotory tasks, we have identified and implemented the essential degrees
of freedom. Cockroach leg movements were recorded in a variety of
ambulatory behaviors including walking on a treadmill, turning and climbing
over relatively high barriers. The digitized video data was then incorporated
into a scaled (18:1) dynamic model of the robot that provided joint torques
and structural loads. These data were then used in the specific designs of
each pair of robotic legs. Pneumatic actuators were sized according to the
predicted joint torques. The entire structure of the robot was designed
according to the predicted loads such that it would be light but strong.
The legs of the robot capture the different movements and behavioral
roles of each pair of legs in the animal. The hind legs are essentially power
thrusters that incorporate three degrees of freedom. The middle legs use
four degrees of freedom to play important roles in turning and lifting the
robot. The front legs act like arms on a biped, being much more variable in
their movements in order to survey the environment. Five degrees of
freedom were necessary to capture this capability in the robot’s front legs.
Supported by ONR grant N00014-96-10708.

COORDINATION OF LEG JOINTS DURING COMPLEX LOCOMOTION IN
THE COCKROACH. J.T. Watson*, A.K. Tryba, R.E. Ritzmann and S.N. Zill.
Dept. of Biology, Case Western Reserve University, Cleveland, OH 44106
and Dept. of Anat., Marshall Univ. Sch. Med., Huntington, WV 25755.
We are examining motor control of locomotion in the cockroach, Blaberus
discoidalis in collaborative efforts to design legged robots based upon
biological properties. One property of biological systems that can be
exploited in robotic design is their capacity to quickly adapt locomotion
strategies to complex situations. In previous posters, we reported tight
correlation between the movements of coxa-femur (CF) and femur-tibia (FT)
joints of the rear and middle legs during horizontal running and their
respective motor activity. These properties were more variable in the front
legs. Often the CF and FT joints of the front legs moved in anti-phase. We
are now looking at these properties during more complex movements .
In climbing over barriers, the front legs perform searching movements to
clear the barrier, while the middle legs rotate by flexing the trochanter-femur
joint (previously believed to be fused), thereby, raising the body so that the
hind legs can drive the animal over the barrier. In ladder climbing, the front
legs appear to provide more propulsion than the hind legs, while hind leg CF
and FT movements and EMG activity become partially uncoupled to produce
searching movements reminiscent of the front legs. In a restrained
preparation, we are comparing leg motor activity to the prothoracic and
metathoracic legs while evoking rhythmic motor activity with pilocarpine.
Since this preparation readily yields uncoupled CF and FT motor neuron
bursting, we hope to determine how sensory inputs influence the relative
coordination of these bursts during various different forms of movement.
Support: ONR grants N00014-96-10708 (RER), N00014-96-1-0694 (SNZ).

300.11
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PROPRIOCEPTIVE REGULATION ALLOWS THE SAME NEURONS TO
PARTICIPATE IN BEHAVIOURS WITH WIDELY DIFFERING
COORDINATION REQUIREMENTS IN THE LOCUST. T, Jellema* and W, J.
Heitlcr. Gatty Marine Lab., Univ. of St. Andrews, St. Andrews KY16 8LB, UK.
One of the functions of proprioceptive input may be to reconfigure a neural
network by modulation of the properties of the constituents, so as to regulate them
in a manner appropriate for the currently-executing behaviour. In the locust we find
that the femoral chordotonal organ (FCO), which signals position and movement of
the tibia, exerts an influence on the multi-stage motor programme for the kick and
jump at at least three independent levels. This influence allows the same antagonist
extensor and flexor tibiae motoneurons to participate in two sorts of behaviour, one
requiring alternating activation (e.g. walking, thrusting, struggling), the other
requiring co-activation (kicking, jumping and swimming). The three levels are: (1)
The initiation of co-activation. Mechanical constraints mean that co-activation of
the antagonists can only be behaviourally successful when the tibia is fully flexed.
The FCO signal modulates the central nervous circuits generating co-activation so
as to increase the probability of their activation when the tibia is fully flexed, and
to substantially decrease it when the tibia is extended. (2) The central excitatory
connection from the fast extensor tibiae motoneuron onto the flexor motoneurons.
This connection helps to sustain co-activation. The FCO modulates the gain of the
connection such that it is maximal when the tibia is fully flexed and much reduced
when extended. (3) Excitatory feedback onto the antagonist motoneurons from
campaniform sensilli signalling cuticle strain. The FCO enhances the strain
feedback onto the flexors when the tibia is fully flexed, and reduces it when the
tibia is extended. This modulation means that the feedback enhances the flexor
contribution to co-activation when the tibia is flexed, but does not interfere with
thrusting which occurs when the tibia is partially extended, in which flexor
activation would be counter productive.
Supported by a grant from the Biotechnology and Biological Sciences Research
Council of the UK.
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LOOMING DETECTOR ACTIVITY ASSOCIATED WITH FLIGHT STEERING IN
THE LOCUST. R.M. Robertson and J.R. Gray*. Dept Biology, Queen’s Univ.,
Kingston, ON, Canada, K7L 3N6.
We presented tethered, flying locusts with computer-generated simulations of a
sphere approaching from various trajectories in the flight path at 3 m/s. We
measured the position of the abdomen and the relative positions of the forewings
during the wingbeat cycle as a monitor of the steering behaviour. We also presented
the same simulations to semi-intact locusts while recording the response of the right
and left descending contralateral movement detector (DCMD) intemeurons.
Presentation of 20 cm diameter targets to tethered flying locusts produced
directional steering behaviours that were initiated 100 ms before “collision”. These
responses were similar to those described for the approach of real objects.
Presentation of 10 cm diameter targets produced no discernible steering responses.
Each DCMD responded to an approaching target with a build-up in the firing
frequency that continued after “collision”. The activity of the DCMD whose cell
body is ipsilateral to a target approaching from the animal’s right or left was more
intense and had an earlier onset and longer duration than that of the contralateral
DCMD. Blocking one eye did not affect the response of the unblocked DCMD to a
given trajectory, suggesting that there is no interaction between the right and left
signal processing streams in the brain for these stimuli.
The build up of firing in the DCMD contralateral to a target approaching from the
animal’s right or left began about 150 ms and 80 ms before “collision” for 20 cm and
10 cm targets, respectively.
We suggest that the relative firing of right and left DCMDs encodes object trajectory
and provides a critical cue for the directional steering response of the animal.
This research was supported by a grant from the Whitehall Foundation to RMR.
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LOCUST FLIGHT MOTOR PATTERNS IN RESPONSE TO
INFRARED. K.L, Shoemaker and R.M. Robertson*. Dept. of
Biology, Queen's University, Kingston, ON CANADA K7L 3N6.
In order to survive, organisms must interact with, and react to,
changes in the external environment. The African Migratory locust
(Locusta migratoria) responds to a laterally placed heat source by
performing stereotyped steering manoeuvres. We were interested in
determining the underlying motor patterns of this intentional steering
response. Electromyographic electrodes were implanted into wing
depressor muscles, and the animals were videotaped from behind.
During flight, an infrared stimulus (250W heat lamp) was presented on
one side of the animal.
We observed changes in burst length and large timing shifts of up to
11ms in forewing first basalar muscles. These shifts were strongly
correlated with changes in forewing asymmetry. Similar but smaller
shifts were noted in forewing subalar muscles, and opposite shifts
occured in hindwing first basalars. It appears that the motor patterns
in response to infrared are different than the corrective steering
manoeuvres reported by other investigators.
This work has been supported by a Whitehall grant to RMR, and
the School of Graduate Studies, Queen's University.

MANTIS SHRIMP AND CRAYFISH “TAILS” COMPARED. THE SIXTH ABDOMINAL GANGLION AND TAILFAN NEUROMUSCULATURE. P H. Paul* and
P, L. Macmillan. Zoology Dept., University of Melbourne, Parkville, Victoria 3052,
Australia & Biology Dept., University of Victoria, Victoria, B.C. V8W 3N5, Canada.
Mantis shrimp (Stomatopoda) are die only extant members of the ancient Hoplocarida, first offshoot of the eumalacostracan lineage leading to Decapoda. Hessler
(‘64) proposed that stomatopod dorsal and ventral trunk muscles represent an intermediate stage in the evolution of the powerful, specialized extensor and spiralling
flexor muscles which mediate the escape and swimming tailflip behaviors of
decapods. We have begun to investigate the organization, innervation, and central
control of these muscles, by video and sectioning and staining methods, preparatory
to electrophysiological investigation. Our goal is to gain insight into how the
decapods’ specialized motor systems evolved. The axial (abdominal segment 6 and
telson)-uropod muscles are similar in burrowers: Hadrosquilla perpasta
(Lysiosquilloidea) and Miyakea nepa (Squilloidea) and foragers: Gonodactylus
chiraga (Gonodactyloidea), despite differing uses of the tailfan, and very similar to
their homologues in decapods (Paul et al. ‘85). The only major difference is the
Anterior Telson muscle’s direct insertion on the uropod rather than via the flexor
apodeme, as in decapods (Dumont & Wine, ‘87; Paul et al. ‘85); this difference
correlates with stomatopods’ superior ability to strongly depress the uropods. We are
investigating the innervation of this and other tailfan muscles. From OEG-stained,
serial sections, we are reconstructing the cytoarchitecture of the 6th abdominal
ganglion; the separate components of this phylo-/ontogenetic fusion of 2-3
segmental ganglia are more evident in stomatopods than in crayfish.
Thanks to Dr.C. Alexander (Townsville) for animals and A.H. Ahyong (Sydney)
for species identifications; R.Dijust and Dr. E.A. Ferrero (Trieste) for sharing
unpublished data; B. Abaloz for histological assistance.
Supported by grants from A.R.C. (D.L.M.) and N.S.E.R.C., Canada (D.H.P.)

300.16

300.15
LAMINAR CYTOARCHITECTURE AND TOPOGRAPHY OF SENSORY
NEURONS IN THE SCORPION PECTINE. J. M. Melville and P. H.
Brownell*. Department of Zoology, Oregon State University, Corvallis, Oregon
97331.
Scorpions (Arachnida, Arthropoda) use their pectinal appendages to sense
chemical and mechanical properties of substrates.
In sand scorpions
(Paruroctonus mesaensis) many thousands of short (<5pm) pore-tipped sensilla
are arranged in 2-dimensional arrays on 60-70 pectinal ‘teeth’.
By
electrophysiological criteria each sensillum is innervated by at least 5
chemosensory neurons and one mechanoreceptive cell. Between some of these
sensory neurons are synaptic connections capable of affecting the pattern of
evoked activity, in the manner of a local synaptic network. In this study we used
confocal laser scanning microscopy and light microscopy to image the 3dimensional structure of sensory neurons in single pectinal teeth. Neurobiotin
backfills of sensory axons treated with strepavidin-cy3 and the nuclear dye DAPI
clearly discriminated two classes of dendritic processes and at least two lamina
of cell bodies. The outermost layer contained bundles of small (1-3 pm) bipolar
cells resembling chemosensory neurons. The inner (proximal) lamina contained
larger (5-7 pm) monopolar neurons, each innervating a single sensillum and
resembling mechanoreceptors by fine structure. This laminar cytoarchitecture
suggests that chemical and tactile inputs to the pectine are processed in
topographic register before transmission to the CNS. These findings support the
hypothesis that the pectines of scorpions encode both spatial and spectral
information about chemical signals deposited on substrates and further suggest
that information about substrate texture is processed in parallel.
Supported by NSF (IBN-9320362)

GATING
OF AN
OSCILLATORY MEMBRANE
PROPERTY
BY
PROPRIOCEPTIVE FEEDBACK SWITCHES A COMMAND NEURON INTO A
SENSORY RELAY. D. Combes, G. LeMasson* and J. Simmers, Lab. Neurobiol.
des Reseaux, CNRS URA 1126, Univ. Bordeaux I, Arcachon F-33120.
We are interested in the modalities by which sensory feedback is able to influence
a central motor pattern generator. The model we study is the 16-cell gastric network
in the stomatogastric nervous system of the European lobster,
Modulatory Input
Homarus gammarus. It was shown previously (Simmers &
Moulins, 1988, J. Neurophysiol. 59, 740-777) that the gastric
network receives excitatory input from the higher order
commissural
gastric
(CG)
intemeuron
intercalated
disynaptically between the motor network and a single
mechanoreceptor, the anterior gastric receptor AGR (Combes
et al., 1995, J. Comp. Neurol. 363, 221-234). Generally CG
behaves as a passive relay for excitatory feedback from the
receptor to the gastric motor network. At other times,
however, intemeuron CG can express intrinsic membrane
properties that are characteristic of an endogenous cellular
oscillator. Under these conditions, AGR ceases to evoke
EPSP's in the postsynaptic CG and the receptor no longer has
access to the motor network.
Recently, we have found a further input to CG which is also excited by AGR, via
an axo-axonic synapse. This element exerts a suppressive modulatory effect on CG's
intrinsic oscillations, the latter being expressed when this input is hyperpolarized
with injected current. Therefore, in the absence of sensory feedback from AGR,
intemeuron CG can oscillate and entrain the gastric motor network to its own
intrinsic rhythm. When feedback from AGR occurs, the oscillatory properties of CG
are suppressed by the simultaneous activation of the indirect modulatory pathway,
and the intemeuron now operates as a simple linear relay for sensorimotor excitation.

300.17

300.18

A REALISTIC NEURAL NETWORK MODEL OF THE HEARTBEAT CPG OF
THE LEECH HIRUDO MEDICINAUS. J. Lu*, 0, H. Olsen, A. A.V. Hill, and R.
L. Calabrese. Biology Department, Emory University, 1510 Clifton Rd. Atlanta,
GA 30322
Inhibitory heart intemeuron (HN) pairs in ganglia 1 to 4 form a timing oscillator
which paces heart rhythm in the leech Hirudo medicinalis. 'We constructed an 8cell neural network model to study how synaptic interactions and intrinsic
membrane properties'influence the phase relations of heart interneurons, thus, the
oscillatory output of the network.
A network model consisting of 8 single compartment HN cells was created with
GENESIS simulation software. The model HN cells in ganglia 3 and 4 contained
10 intrinsic and synaptic currents based on voltage- and current-clamp experiment
previously described in Nadim et al. J. Computat Neurosci. 1995. Data on the
active conductances of HN cells in ganglia 1 and 2 are not available. Therefore,
these neurons were assumed to contain a fast Na+ current, K/ and K2+ currents,
and a voltage modulated spike-mediated synapse similar to those found in the other
HN cells. Each channel was implemented using voltage-dependent time constants
and steady-state activation values. The model has an oscillatory period of about 8
seconds which is in the range of period we measured in experiments. The model
also produces appropriate instantaneous spike frequencies of HN cells in ganglia 1
and 2 (2-5 Hz), and 3 and 4 (10-20 Hz). Further, the model produces a nice
overlap in the burst phase of the reciprocally inhibitory HN pairs of ganglia 3 or 4.
There is a relatively smooth transition from the inhibited phase to the burst phase
as expected in HN cells. Thus, the model has successfully replicated our
experimental results. We will continue our investigation of the phase relation
among the HN cells, and their response to perturbation, and to further test our
results with experiments. Supported by Jeane B. Kempner Fellowship to J. Lu, and
NIH grants NS24072 and NS-34975 to R. L. Calabrese.
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NEURAL AND BEHAVIORAL CHANGES ASSOCIATED WITH LARVAL
MOLTS IN THE MOTH, MANDUCA SEXTA J.E. Bestman, C.I, Miles* and
R, Booker. Section of Neurobiology & Behavior, Cornell University, Ithaca,
NY 14853.
The larval life of the moth Manduca sexta is characterized by feeding periods
that are interrupted by four molts. The process of molting lasts about 50 hours
and begins with the release of prothoracicotropic hormone (PTTH). A molt is
comprised of all the events that lead up to the shedding of the old cuticle, or
ecdysis. While the hormonal control and neural basis of the larval ecdysis have
been analyzed, surprisingly little is known about the period that precedes ecdysis,
a behavior known as “molt sleep”. We characterize molt sleep as beginning
approximately 20 hours after PTTH release; at this time a larva will slip its head
capsule and cease feeding. Although their reflexes remain intact, the larvae show
a dramatic decrease in spontaneous movement. We describe reflexive responses
of molting larvae compared to those of actively feeding larvae. In order to assay
neurobiological changes that are associated with molt sleep we have investigated
the activity of the foregut during the last larval molt. Throughout most of the
larval stages the foregut is constantly active and rhythmically peristalsing, but
during a molt we have found its rhythmic activity stops. By recording from the
frontal ganglion, the small set of neurons that control the foregut, we have
investigated the timing and control associated with this decrease in foregut
movement. The rhythmic neural output of the frontal ganglion and the
coordinated movement of the foregut are disrupted approximately halfway through
the molt cycle, only to reinitiate about 10 hours before the animal molts. When
feeding fifth instar larvae are exposed to hemolymph isolated from larvae in molt
sleep, the rhythmic output of the frontal ganglion and the peristaltic contractions
of the foregut are disrupted. Because the treated foregut mimics the activity of the
gut of a molting animal, this result suggests that a blood borne factor may be
responsible for the altered output of the foregut during molt sleep, [supported by
the USDA]

INVERTEBRATE MOTOR AND SENSORY SYSTEMS II
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SPIKE NARROWING IN PATTERN GENERATOR
INTERNEURONS DURING SWIM ACCELERATION IN THE
PTEROPOD MOLLUSC CLIONE LIMACINA. R.A.
Satterlief Dept. of Zoology, Arizona State
Univ. Tempe, AZ 85287
Pattern generator interneurons produce
broad action potentials (80-100ms), one per
swim haIf-cycle, during slow swimming. When
the animal accelerates to fast swimming,
action potential duration decreases by as much
as 40%. This change was recorded during
’’spontaneous" accelerations. Similar
decreases in action potential duration were
observed following bath application of 10'5M
serotonin, or during swim accelerations
triggered by stimulation of serotonergic
cerebral neurons that are known to produce the
change from slow to fast swimming.
The spike duration decrease appears to be
necessary, or at least permissive for allowing
the increase in cycle frequency noted during
fast swimming. Cellular mechanisms underlying
spike narrowing are currently being
investigated.
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300.20

THE CONTROL OF STEERING BEHAVIOR BY THE HALTERE EQUILIBRIUM
SYSTEM OF DROSOPHILA. M, H. Dickinson*. Dept. of Integrative Biology. UC
Berkeley, Berkeley, CA 94720.
Among all the groups of flying animals, flies are recognized as displaying the
most sophisticated suite of aerial maneuvers. Like all insects, flight control in Hies
is mediated in part by descending visual input to the steering circuitry within the
thorax. However, flies possess a unique flight control equilibrium sense that is
encoded by mechanoreceptors at the base of the halteres, small dumbbell-shaped
organs derived through evolutionary transformation of the hind wings.
In order to study the input of the haltere system onto the flight motor, I have
constructed a mechanically oscillating closed-loop flight arena. While flies orient to a
visual target, the entire arena swings back and forth while an opto-eleclronic device
records the compensatory changes in wing stroke kinematics. The results indicate that
the haltere system is used to detect angular velocity about the pitch and roll axes
during flight (defined with respect to the animals normal posture during hovering).
Pitching motions elicit a bilaterally symmetric modulation in stroke amplitude,
while rolling motions elicit a bilaterally asymmetric modulation. Pitch and roll
oscillations also elicit small increases in wing stroke frequency. In contrast, rotation
about the yaw axis does not strongly influence stroke kinematics.
The results are consistent with a model in which flight perturbations are encoded
by two separate submodalities of haltere mechanoreceptors. One submodality is most
sensitive to pure pitch and elicits bilateral increases in stroke amplitude. The other
submodality is most sensitive to pure roll and increases the stroke amplitude on one
wing while diminishing the amplitude of the other. The total response of the steering
system is a linear sum of the two inputs. Currently. 1 am attempting to localize
these two putative submodalities to the five fields of campaniform sensilla at the
base of each haltere.
Supported by Packard Fellowship and NSF grant IBN-9208765
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301.2

301.1
LARGER CONTRIBUTION OF PASSIVE STIFFNESS TO ANKLE
PLANTARFLEXOR MOMENT DURING GAIT AFTER STROKE. A. Lamontagne.
F. Malouin. C.L, Richards*. F. Dumas, D. Tardif.and F-_Conie.au. Physiotherapy Dept.,
Laval University, Quebec, Canada, G1K 7P4. (Supported by Health Canada)
Muscle stiffness contributes to the propulsive plantarflexor moment during gait. In
this study, we investigated the contribution of passive ankle stiffness (PSC) to the ankle
plantarflexor moment during gait after stroke, as well as the effect of gait velocity on
PSC in normal subjects (CTLs). Gait and passive plantarflexor stiffness were assessed
in 8 CTLs (34-62 yr.) and 4 subjects (32-68 yr.) with an hemiparesis (HP). Kinematics
(2D video system) and kinetics (AMTI force plate) were recorded during gait at natural
velocity in both groups, and at low and very low velocities in the CTLs. A Kin-Corn®
isokinetic dynamometer was used to impose passive dorsiflexions with knee positions,
as well as ankle displacements and velocities corresponding to those recorded during
the stance phase of gait. Electromyographic (EMG) activity of the tibialis anterior,
soleus and medial gastrocnemius muscles was recorded. Five passive ankle movements,
free of reflex or voluntary EMG activations, were retained for analysis. The momentangle slopes, between 0°and the angle corresponding to the peak plantarflexor moment
during gait, were calculated for gait (total stiffness due to both passive and active
stiffness) and. for passive movements (passive stiffness). PSC was estimated by dividing
the passive stiffness by the total stiffness. Compared to the non-affected side, there was
an average increase of 192.9% (Mann-Whitney-U tests, p<0.05) of the PSC on the
affected side (17% ±9.5%) of the HPs. The PCS of their non-affected side
(6.26%±4.3%), however, was similar to that in the CTLs (4.47%±2%). The larger PSC
on the paretic side suggests that HP subjects use relatively more the passive stiffness to
generate a propulsive force during gait. Lastly, in the CTLs, the PSC was not influenced
(ANOVA & post-hoc Scheffe, p>0.05) by the slower gait velocities, indicating that
passive stiffness adjusts to total stiffness, resulting in a PSC that is non-velocitydependent.

Department of Physiology, University of Bristol, UK
Human subjects performing a task that requires visual guidance of each step onto
irregularly placed ‘stepping stones’ consistently make a saccade to the next target
of footfall just before they lift the foot to be repositioned. Under conditions of
intermittent visual denial, in which all visual information was temporarily
removed at irregular intervals, this basic eye movement pattern was preserved.
Accurate saccades, followed by accurate steps, to the next footfall target were
almost always made even when it had been invisible for as long as 800 ms.
Despite delays in footlift caused by the different experimental conditions, the
mean time interval between the start of the eye movement and start of the swing
towards a target did not vary significantly. In contrast the mean interval between
saccade onset away from a target and a foot landing on that target was affected by
the different experimental conditions. Therefore, the close temporal relationship
between onset of saccade and footlift is preserved under experimental conditions
in which all visual information is temporarily removed. On circa 10% of occasions
subjects made an additional (secondary) saccade with a mean latency of 190 ms in
the same direction as the primary saccade. The mean amplitude (4°) of the
additional saccade did not vary significantly with amplitude of required gaze shift.
Furthermore secondary saccades were still observed in complete darkness and so
cannot simply be the result of a visually perceived error at the end of the primary
saccade. These additional saccades were accompanied by a significant delay in
footlift. However, the timing of'contralateral footfall relative to primary saccade
onset was unaffected. These results imply that the act of saccade generation is
itself useful even when it does not result in a foveal image, and provide evidence
for cooperation between oculomotor and locomotor control centres. (Wellcome Trust)

301.4

301.3
ACCURACY AND PRECISION OF CONTROL OF LIMB TRAJECTORY
OVER OBSTACLES IS INFLUENCED BY THE DURATION AND
PATTERN OF AVAILABLE VISUAL INFORMATION. Aftab E, Patla*,
Allan Adkin, Tonya Ballard Neural Control Lab, Department of
Kinesiology, University of Waterloo, Waterloo, Ontario, Canada N2L 3G1
Subjects (N=6) were instructed to approach and step over an obstacle
(either 0.5,18 or 38 cm high) in the travel path. Available visual
information in the approach phase (3 strides) was manipulated. Three
conditions included: full vision; intermittent but predictable vision (300ms
at every right foot contact (RF)) and intermittent unpredictable (delay
following RFC and different durations of visual sample at RFC). In both
intermittent visual condition (using footswitch triggered liquid crystal
goggles), total duration of visual sample was the same (900 msec). The
three conditions were counterbalanced. Key measures used to quantify
control of limb trajectory were: toe clearance (mean and standard
deviation), maximum toe clearance; and foot placement before the
obstacle. Results showed significant interaction effect of obstacle height
and vision condition on lead limb toe clearance (higher clearance for
intermittent compared to full vision condition), maximum toe elevation,
and foot placement before the obstacle (foot placed more anteriorly for
intermittent conditions); and main effect of vision condition on variability
in maximum toe elevation and trail limb toe clearance. These findings
clearly show that the duration and pattern of available visual information
influences locomotor behaviour: higher variability in limb elevation
measures under intermittent unpredictable vision condition may
predispose individuals to increased risk of tripping.
Supported by a grant from NSERC Canada.
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THE COMBINED DYNAMICS OF REACHING AND WALKING TO OPEN A
DOOR. B.J. McFadven. B.J.1*. H, Carnahan2, and C. Dugas3. 'Dep. Physiotherapie,
Univ. Laval, Quebec, Canada, G1K 7P4; 2Univ. of Waterloo, Waterloo Ont, YJQTR,
Trois Riviere, Que.
The compound task of reaching during locomotion is required daily. Carnahan et
al. (1996) have shown that the rhythmic swinging dynamics of the upper limb during
gait are exploited in order to reach the hand out to grasp an object. The present study
explores the more specific task of opening a door during continued walking. Eight
young adults wearing liquid crystal goggles were required to walk through a doorway
placed in the mid-walkway area. Four walking conditions included the door wide
open (i.e., no reaching required) or closed in combination with the goggles locked
open or closed. In the latter case, subjects controlled when and for how long to open
the goggles. Ground reaction forces were collected as well as kinematic data from
markers placed on the lower limb joints, fifth metatarsal head, acromion process,
elbow and wrist of the right side. A switch in the door frame indicated door opening.
Analyses to date show decreased walking velocity with increased* stance time just
prior to door opening compared to trials with no door, but stride length remained
unchanged. Vertical velocity of the wrist relative to the shoulder was increased prior
to toe-offjust before the door, but horizontal velocity appears less affected. Visual
sampling was quite variable but always used in the early part of the gait cycle, while
most subjects used a second sample beginning before the door. In the condition with
the door and goggles initially closed, five subjects opted to keep the goggles closed
during door opening for at least some of the trials. Results suggest no required fixed
sampling for the task, while hand transport continues to exploit the ongoing
horizontal arm displacement from locomotion with additional vertical trajectory
control for the final placement.
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301.5
HEAD-NECK-TRUNK MOTION AS A TWO JOINT MODEL IN PITCH DYNAMIC AND STATIC CONTRIBUTIONS, C. A. Pattin and E. A. Keshner*.
Dept. of Otolaryngology, Northwestern Univ. Med. School and Sensory Motor
Performance Program, Rehabilitation Institute of Chicago, Chicago, IL 60611
Orientation of the head with respect to the trunk are important for spatial orientation
and visual tasks. But the head compensates for trunk motion only through actions of
the neck. We have previously examined head re trunk motion using a single-joint
model. In this study, we determined the relative contributions of the head re neck
(~C1 -Skull) and neck re trunk (-C7-T1) axes to head stabilization. Five subjects were
seated with the trunk constrained and the neck and head free to move. Subjects
performed a mental distraction task to minimize voluntary head control. Infrared
markers were placed on the trunk, head, and neck, and videoanalysis employed to
determine motion about the two axes during dynamic head motions resulting from
±10° velocity ramps applied at the interaural axis, and during static holding following
the cessation of head motion. Two strategies were observed during forward dynamic
head motion. In one, subjects counterrotated both at the neck re trunk and at the head
re neck so that the head rotated forward of the neck. This head-neck-trunk alignment
was sustained during static holding. The other strategy was to overcompensate at the
neck re trunk so that the head actually moved less than the trunk in space. During
static holding the head and neck were locked to the trunk so there was little rotation at
either axis. Following backwards ramps, the head re neck axis was locked while
compensation occurred at the neck re trunk axis during dynamic head motion. During
the static holding period, subjects either locked the head and neck to the trunk or
attempted to orient the head and neck to the vertical. Consistent response strategies
across subjects following backwards ramps suggests a greater influence of mechanical
and anatomical constraints in this direction. Our data imply that direction of loading
and individual selection may determine the contributions of the two cervical axes to
head motion. This work was supported by NRSA DC00015 and NIH DC01125.

301.7

301.6

CHARACTERIZING HEAD DYNAMICS TO RAMP PERTURBATIONS USING
A SECOND ORDER SYSTEM. S. Li, C. Pattin. K.J. Chen. B.W, Peterson*, and
E.A. Keshner. Sensory Motor Performance Program, Rehabilitation Institute of
Chicago, and Departments of Physiology and Biomedical Engineering, Northwestern
University, Chicago IL 60611
Dynamic responses of the head and neck in the vertical plane have been modeled
previously as a 2nd order mechanical system (Viviani and Berthoz 1975; Peng et al.
1995), but with large variations in effective stiffness and damping coefficients. There
is also debate about the use of a 2nd order model to describe the head and neck system
which has nonlinear properties. The objective of this study was to characterize the
system during head free oscillation in the vertical plane. Four healthy and 5 vestibular
deficient subjects were seated with the trunk constrained and the neck and head free to
move. Subjects performed a mental distraction task to minimize voluntary head
control during ±10° velocity ramps applied at the interaural axis. After cessation of
each ramp and quiescence of neck muscle EMGs, all subjects demonstrated 2nd order
free vibration behavior in their heads, which was characterized by the model:
Iy+By+Ky=0. The parameters were determined using a constrained optimization
technique. Goodness of fit of the model to the observed head oscillation was
expressed using the integral of the relative error with 1.0 as perfect fit. The free
vibration responses of the 2nd order model were in good agreement with the observed
head oscillation of subject, regardless of perturbation direction or initial body position
in space. The fitting error ranged approximately from 0.7 to 0.9. There was no
significant difference in goodness of fit between the healthy and vestibular subjects.
The typical free head oscillation after the perturbation completed with more than one
cycle and lasted less than 1.5 seconds. The frequencies of damped vibration ranged
approximately from 8.7 to 13.3 rad/sec. Our data support characterizing dynamic head
responses to ramp perturbations as a 2nd order linear system. Supported by NIH
grants DC01125, NS22490, DC02072, and DC00015.

301.8

COORDINATION OF ONE LEG DURING FLEXION PHASE OF HUMAN LOCOMOTION IS ALTERED BY THE SENSORIMOTOR CONDITION OF THE CONTRALATERAL LEG. LH.Tinq*1,2. S A. Kautz13 D.A. Brown13. F.E. Zajac123.1 RR&D Ctr.,

VA HCS (153), CA 94304, Depts. of 2Mech. Eng. and 3Funct. Rest., Stanford, CA, 94305

As a model to study interlimb coordination during locomotion, pedaling allows
the legs to be independently manipulated without causing loss of balance. A
previous study showed that muscle coordination patterns and crank torques observed during two-legged pedaling were not reproduced in a mechanically
equivalent one-legged task. Negative work in the flexion phase decreased and
flexor muscle activity increased, even though subjects could have successfully
pedaled with the same muscle coordination pattern as in two-legged pedaling.
Thus, sensorimotor signals from the contralateral leg may be integral to generating the nominal locomotor muscle coordination pattern.
The current experiment tests the effects of various sensorimotor conditions of
the nonpedaling, contralateral leg on flexion phase coordination. Subjects pedaled a modified bicycle ergometer with independent left and right cranks. A
spring attached to the left crank provided assistance during flexion, allowing subjects to pedal normally. The right crank was controlled by a servomotor.
Though the left leg pedaled against the same load during ail conditions, left
crank torques varied depending on the state of the right leg. When the right leg
was stationary and relaxed, the left leg generated less negative crank torque than
normal during flexion, as in the first study. Negative crank torque during flexion
increased when subjects generated a rhythmic isometric force in alternation with
left leg downstroke, or when the right leg was relaxed but servocontrolled to be
180° out-of-phase with the left crank. Negative crank torques were greatest
when subjects generated a force with the right leg during extension while it was
servocontrolled, though the force did not directly affect motion of either crank.
Integration of contralateral sensorimotor signals reflect the inherently bilateral
nature of neural control of locomotion. Contralateral motion-dependent feedback and rhythmic muscle contraction contribute to the locomotor pattern.
Supported by NIH grant NS17662 & the VA Rehabilitation R&D Service.

301.9
RULES OF MUSCLE COORDINATION IN CYCLING. B. I, Prilutskv. R. J.
Gregor*. A, M, Albrecht and M. M. Ryan. Dept. of Health and Performance
Sciences, Georgia Institute of Technology, Atlanta, GA 30332-0110.
The rules of the stereotyped muscle selection to perform multi-joint skilled tasks
are not well understood. We have recently demonstrated that during the control of an
external force (Prilutsky and Gregor, 1997), load lifting (Prilutsky et al., 1997), and
the leg swing in running (Prilutsky and Gregor, 1996), patterns of muscle activation
seemed to correspond to the following rules of muscle coordination: muscles with a
long moment arm and a large physiological cross-sectional area are activated
preferentially, and muscles with similar functions are activated simultaneously
(synergistic action). In this study, we examined the application of the above rules of
muscle coordination to cycling. Five subjects pedaled a bicycle mounted on a fixedfork Velodyne trainer. Pedal forces, kinematics, and surface EMG of major leg
muscles were recorded. A musculoskeletal model of the leg, obtained joint moments,
and an optimization criterion that predicts muscle forces according to the above rules
of muscle coordination, were used to calculate muscle forces. The muscle forces
were compared with the corresponding low-pass filtered EMGs shifted in time to
account for electromechanical delay between EMG and joint moments. The muscle
force and EMG patterns in cycling were similar. Both forces and EMGs
demonstrated coactivation of one- and two-joint antagonists and reciprocal
activation of one-joint antagonists and two-joint antagonists. The forces and EMGs
of two-joint muscles were the highest/the lowest (p<0.05) when the muscles had the
agonistic/antagonistic action at the joints they cross. The coefficients of
determination calculated between force/EMG of two-joint muscles and the
difference in moments at joints crossed by the muscles were 0.90 to 0.98. Thus, it
appeared that in cycling, muscles are activated in accordance with the above rules of
muscle coordination.
Supported, in part, by NSF grant IBN-9311398.
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TRANSCRANIAL MAGNETIC STIMULATION OF THE CORTICOSPINAL
TRACT DURING WALKING IN MAN. Nicolas Petersen1'. Lars O.D. Christensen1 and
Jens Bo Nielsen2. Department of Medical Physiology, University of Copenhagen,
Blegdamsvej 3, DK-2200, Denmark and Department of Physiology, University of Kiel,
Olshausenstrasse 40, D-24098, Germany.
It has recently been reported that motor evoked potentials (MEPs) in the soleus
muscle evoked by transcranial magnetic stimulation (TMS) of the corticospinal tract
are smaller in the stance phase of walking than during voluntary tonic plantarflexion at
comparable background EMG-levels (Capaday et al. Soc. Neurosci. Abstr. 1996;
726.11). However, TMS activates not only direct excitatory, but also indirect
excitatory and inhibitory corticospinal pathways and the MEP therefore does not
reflect the activity of any single descending pathway (Nielsen et al., J. Physiol., 471,
223-243, 1993). H-reflex testing of the effect of subliminal (below MEP threshold)
TMS in contrast provides the necessary temporal resolution for a distinction between
effects mediated by these different pathways (Nielsen et al. 1993). The purpose of the
present study was thus to investigate the effect of subliminal TMS on the soleus Hreflex in mid-stance.
The experiments, which were approved by the local ethics committee, were
performed on 15 healthy human subjects. During tonic plantarflexion subliminal TMS
evoked a weak facilitation at a short latency followed by a much more pronounced
facilitation approximately 5-10 ms later. During dynamic plantarflexion and in midstance the short-latency facilitation was very large, whereas the later facilitation was
replaced by a pronounced and long-lasting inhibition
As the short-latency facilitation is likely caused by activation of the fast conducting
corticomotoneurones and as the facilitation has been shown to be influenced by the
excitability of these cells (Nielsen et al. 1993), the present data suggest that the
corticomotoneuronal pathway maybe involved in the activation ofthe soleus muscle in
the stance phase of walking. The presence of the late occurring inhibition during
walking provides a possible explanation for the smaller MEPs during this task as
compared to tonic plantarflexion. It is concluded that a much more complex activation
pattern of different descending pathways than what is seen when measuring MEPs may
be revealed using the H-reflex method. Supported by The Danish Council for Sports
Research and The Danish Society of Multiple Sclerosis Foundation.

301.10
UPPER BODY STABILIZATION IN THE ELDERLY DURING
LOCOMOTION. R.L. Cromwell* & L. Giordano. Dept. of Physical
Therapy, Temple University, Philadelphia, PA 19140.
Stability of upper body segments is essential to serve as a stable
platform for sensory systems. As sensory systems often become
compromised with age, adaptations in upper body movement are
expected to allow continued stabilization of these segments. This study
examined upper body stability of young and elderly adults during
walking. Mean age for the young adults was 26.0 years and 79.2 years
for elderly. Subjects walked 5 passes of a 10 m walkway. Head, neck
and trunk position in space were measured using a MacReflex infrared
camera system with a passive reflective marker system. Segmental
angles were calculated with respect to the horizontal. Power spectral
analyses were performed and descriptive statistics were calculated for the
angular position data. Average walking velocity and cadence were also
determined. Preliminary data indicate a decrease in average velocity for
the elderly as compared to the young adults. Predominant frequencies for
the head, neck, and trunk were near 2.0 Hz for both young and elderly
subjects. Average cadence for young and elderly subjects was also near
2.0 Hz indicating a link between upper body and lower extremity motion.
Angular position measures showed increased flexion of the trunk and
neck of elderly subjects compared to young adults. Mean head in space
position for the young and elderly was similar at 78.2° (±2.5°) and 78.8°
(±3.3°) respectively. This indicates that although the trunk and neck of
elderly subjects is in a greater degree of flexion, these subjects are
successful in maintaining head stability.

Supported by Temple University Research Incentive Fund.
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INTERSEGMENTAL COORDINATION IN THE LOWER LIMBS OF CHILDREN
AND ADULTS DURING STAIR ASCENT RA Black, CA Giuliani* & PA Genova
Center for Human Movement, UNC CH, Chapel Hill, NC 27499-7153
Stair climbing is a complex locomotor task requiring coordinated control of
many joints. Little is known about the development of children’s stair gait. The
purpose of this study was to describe and compare the dynamic relationship between
the thigh segment and knee angle in children and adults during stair ascent. Nine
non-disabled adults and 6 non-disabled children were videotaped climbing a 5 step
staircase. Thigh segment and knee angles were plotted throughout one gait cycle.
The shape of the trajectories of these angle-angle plots was used to determine the
dynamic joint kinematics and intersegmental coordination.
Adults had highly coordinated thigh segment and knee extension throughout the
stance phase of stair ascent. V
. children however, demonstrated a transput
episode of knee or knee and thigh segment flexion at the end of the stance phase,
prior to the knee flexion associated with swing. An adult female subject with severe
knee Osteoarthritis exhibited the same transient episode of knee flexion at the end of
stance as the children. A number of explanations for transient limb flexion are
proposed including: age and familiarity with the task, leg length/step height ratio,
difficulty decelerating body mass, inability to accurately gauge inertial
characteristics, difficulty dissociating interlimb movement, balance requirements,
and/or a momentum producing strategy.
This study demonstrated that children use different movement strategies when
climbing stairs than adults. The differences do not seem to be simply a function of
the relationship between leg length and step height, but instead reflect some
underlying component of immature development. The reason for the altered
intersegmental dynamics is not yet clear: however, it seems to be related to force
production rather fhan coordination. Supported in part by a grant fro :’ BHP.
HRSA.

301.13
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301.12

STUMBLING OVER OBSTACLES DURING HUMAN TREADMILL WALKING
A.M. Schillings. B.M.H, Van Wezel, Th. Mulder and J. Duvsens*.
Dept. Medical Physics and Biophysics, University of Nijmegen; and Dept. Research
and Development, St. Maartenskliniek, Nijmegen, The Netherlands.
Eng et al. (1994) described reflex responses occurring after mechanically induced
stumbles. Their subjects performed an elevating strategy (lifting the foot directly
over the obstacle) after perturbations in early swing, and a lowering strategy (placing
the foot first on the treadmill and then lifting it over the obstacle in the succeeding
swing) after perturbations in late swing. To study the phase-dependent modulation of
stumbling reactions in more detail, we mechanically perturbed the walking pattern in
early (5-25%), mid (30-50%), and late swing (55-75% of the duration of unperturbed
swing). The mechanical perturbations were caused by an obstacle (height 4.5 cm)
which was dropped on the belt in front of the subject and unexpectedly obstructed
the forward sway of the foot (Schillings et al., 1996). The two strategies described
above were observed, but the reactions differed in some aspects. In all subjects there
were electromyographic responses with short (about 40 ms), medium (about 70 ms),
and long (>100 ms) latencies in the leg muscles. Short latency responses (not
observed in the Eng et al. study) occurred only in the ipsilateral leg. In the biceps
femoris (BF) these responses were large (approximately 40% of the maximal activity
during normal walking) in late swing and small (4 % of maximum) in early swing. It
is suggested that these short latency responses are monosynaptic stretch reflexes due
to the collision of the foot with the obstacle. In contrast to the short latency
responses, the medium latency responses of the ipsilateral BF were largest (240 % of
maximum) in early swing and smallest (40 % of maximum) in late swing. Long
latency responses in the ipsilateral BF were prominent in all three phases. Hence the
monosynaptic and polysynaptic responses show different modulation patterns, which
suggests that they are controlled separately, (supported by NWO).

301.14

INTERSEGMENTAL COUPLING DURING NATURAL AND FAST
WALKING IN THE ELDERLY. Joel Monzee*, Francois Prince and Reiean

SPECTRAL ANALYSIS OF HEAD MOVEMENTS DURING LOCOMOTION.
E.Hirasaki. S.Moore, H.Kaufmann*, T.Raphan. B.Cohen, Depts. of Neurol., Mt.
Sinai Sch of Med.; CIS, Brooklyn Coll. CUNY, NY10029.
Walking induces head oscillations that elicit ocular stabilization movements
relative to the surround. This study examined the spectrum of head pitch and
vertical translation movements as a function of speed of gait Subjects (26-33 years
old) walked on a linear treadmill (Quinton Q55) at velocities of 0.5 to 2 m/sec
while fixating a visual target at 2 m. The head was modeled as a rigid body, and its
rotation and translation were determined in space coordinates using a video-based
motion analysis system (OPTOTRAK 3020, Northern Digital Inc; accuracy • 0.1°
and 0.1 mm, 2 to 4 m from the sensor). The frequencies of both head pitch and
vertical translation were linearly related to gait velocity, varying over a limited
range of 1.5-2.2 Hz for gait velocities of 0.5-2 m/sec. Head pitch lagged vertical
translation and this phase lag decreased with increasing gait velocity (range 94° to
16°). Thus, at faster walking speeds the head pitch better compensated the vertical
translation of the head. The amplitude of head pitch ranged from ±1.7°-3.5° and
head translation from ±10-25 mm. Vertical acceleration was about 0.4 G at 1.33
m/sec, and increased to 0.8 G at 2.0 m/sec. The frequencies and magnitudes of
acceleration during walking would be well above the threshold for activating both
the linear and angular VOR. The results show that despite a four-fold increase in
velocity, normal treadmill walking is characterized by a narrow frequency band
centered close to 1.8 Hz. To maintain this frequency, subjects tend to increase their
stride length rather than step frequency to walk faster.
Supported by DC03284and NY State HEAT Grant.

301.15

301.16

Dumais. Gait and Posture Laboratory, Geriatric University Institute,
U. Sherbrooke, Sherbrooke (QC) Canada, J1H 4C4.
In this study, we examined the reproducible angular patterns of leg segments
during walking. The relationships between such leg segments as the hip-knee and
the ankle-knee joints were evaluated. These patterns were assessed bilaterally in six
elderly subjects who walked at natural (1.1 m/s) and fast (1.4 m/s) speeds. Using a
three-dimensional position tracking system (Optotrak®), the XY coordinates of
LED’s attached to the skin of the trunk and legs were recorded at 60 Hz.
Normalized angle-angle diagrams were constructed for the hip-knee and the ankleknee. In addition, phase plane diagrams were assembled for each leg joint. The
shapes of the diagrams were expressed using an encoded chain technique (Hurley et
al.; Prosth. Orthot. Int., 1990,14:33). The encoded shape was plotted as a
sequential set of single digits (0-7) determined by the direction of the curve
between two XY coordinates. Cross-correlation of the encoded chains were used at
the two walking speeds to evaluate the symmetry between the legs as well as the
congruity between segments of the same leg. The results demonstrated first, that
the phase plane shapes were stereotyped and reproducible in all subjects and at both
walking speeds. Second, the coupling between the hip-knee (r = 0.96) and ankleknee (r = 0.81) for a single leg at the two different walking speeds was highly
congruent. Third, a high degree of symmetry with respect to the hip-knee (r = 0.93)
and ankle-knee (r = 0.82) joint changes was found between the two legs.
Accordingly, the intersegmental relationships did not change even though the
walking speed increased and the magnitude of the joint angles changed. These
results support the hypothesis that intersegmental relationship between different
joints is one of the parameters controlled during human locomotion. Supported by
Medical Research Council of Canada (MT 4343).

HUMAN HEAD DYNAMICS IN THE SAGITTAL PLANE USING A CHIRP
STIMULUS. K.J. Chen. T.C, Hain*. B.W, Peterson. Northwestern University
Medical School, Chicago, EL 60611.
Biomechanical models and experimental studies of head dynamics suggest
that there is substantial mechanical resonance at approximately 2 Hz. A technique
to characterize resonant behavior is the Chirp stimulus, a sinusoidal waveform that
linearly increases in frequency with time. Resonant behavior is identified by gain
peaks and phase changes.
We examined head movements elicited by the Chirp stimulus in three
normal subjects. A servo-controlled linear sled (Neurokinetics, Inc, PA) displaced
seated subjects. The trunk was fixed to the sled with belts and the head was
unrestrained. The stimulus scanned through 0.2 Hz to 4.2 Hz. Peak linear velocity
was held constant (150 mm/sec). Head movement was recorded with angular rate
sensors (Watson Industries, Wi). Data were analyzed using the Matlab systems
identification and signal processing toolboxes (Mathworks, Ma).
Behavior was similar in all subjects. Gain (head velocity/sled velocity)
increased uniformly over the entire frequency range, with a slope of approximately
20 dB/decade. Head velocity typically peaked at 100 deg/sec. A resonant peak was
not observed. Head velocity lagged sled velocity by 90 degrees at 0.2 Hz, and the
lag gradually increased to 180 degrees at 4.2 Hz. This behavior resembles that
reported by Keshner et al (1995) for rotatory input in the sagittal plane.
We conclude that resonance is not found in the head over this frequency
range, for linear inputs. Reflex controllers may dampen resonant behavior.
Another possibility is that subjects actively change neck mechanics to avoid
resonance in order to minimize head movement
Supported by NS22490, DC02072, DC01125.
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APERIODIC GALVANIC VESTIBULAR STIMULATION. A.E. Pavlik,
J.T. Inglis, M. Lauk, L. Oddsson and J.J. Collins*. Dept. of Biomedical
Engineering and NeuroMuscuIar Reseach Ctr., Boston University,
Boston, MA 02215.
Previous studies have shown that sinusoidally-varying galvanic
vestibular stimulation of human subjects can lead to sinusoidally-varying
postural sway. The interpretation of these results, however, is confounded
by the highly predictable nature of sinusoidal stimulation signals, i.e., it is
possible that the subjects were behaving as predictors instead of
responders. Accordingly, in this study, our objective was to test the
hypothesis that aperiodic galvanic stimulation of the vestibular system can
lead to coherent aperiodic postural sway. Five healthy subjects were
included in this study. Each subject stood on a force platform with their
head facing forward for multiple 30 s trials. Bipolar, binaural aperiodic
galvanic stimuli (amplitude: 0.6-2.0 mA peak-to-peak, frequency: 0-2 Hz)
were applied to each subject. Center-of-pressure (COP) trajectories were
measured with the force platform. Coherence analysis was used to
evaluate the dependence of the COP trajectories on the input galvanic
stimulus. We found that the mediolateral COP trajectories for 4 of the 5
subjects were significantly coherent (over a range of 0-1 Hz) with the
input stimulus. This finding supports our hypothesis and suggests that
individuals can behave as coherent responders to aperiodic vestibular
stimulation.

National Science Foundation
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DO THE CONTROL SIGNALS UNDERLYING OROFACIAL MOTION TAKE
ACCOUNT OF THE DIRECTION OF THE GRAVITATIONAL FORCE? D.J.
Ostry*, D.M. Shiller and P.L. Gribble, McGill University, Montreal, Quebec.
The effects of the gravitational force on the jaw and the other vocal tract articulators vary with the orientation of the head relative to gravity. This force, if
not compensated for, would change jaw orientation and position and may affect
tasks such as speech and mastication. In order to assess the extent to which
speakers adjust neural control signals to jaw muscles to compensate for these
effects, we report a combination of empirical and modeling studies in which subjects produce speech utterances and chew continuously on various food samples
under conditions where the orientation of the head and body relative to gravity
are varied. In the empirical studies subjects produce speech movements in which
utterances are chosen to vary the required spatial precision and magnitude of
jaw motion. In mastication, the characteristics of the bolus are manipulated to
vary the bite force requirements. The tasks are performed -with subjects in three
body orientations — vertical, supine (face up), and prone (face down). Jaw position and orientation are recorded using Optotrak along with the accompanying
acoustical signal during speech trials. The jaw orientation and position over the
course of each of the utterances are compared with predictions using a model
of jaw and hyoid motion (Laboissiere, Ostry and Feldman, 1996) in which the
control signals are not modified to account for the direction of the gravitational
force. In tests to date with four subjects, the observed changes in kinematic
patterns in speech with changes in orientation are comparable to those in the
simulations. This suggests that at least in the case of jaw motions in speech,
control signals are not adjusted to adapt to changes in load due to gravity.

Research supported by NIH DC-00594, NSERC-Canada, FCAR-Quebec

VESTIBULAR SUPPRESSION INDUCED BY TORSO ROTATION
IMPAIRS LINEAR LOCOMOTION IN HUMANS. N, Paquet* and D,

Watt. Aerospace Medical Research Unit, McGill Univ., Montreal, Canada, H3G 1Y6.
Torso rotation (TR), an active and rhythmical rotation of the eyes, head and trunk
performed for 30 min, has been found to significantly reduce horizontal, angular VOR
gain by 10-15% (Bouyer and Watt, 1996). Does TR-induced vestibular suppression
also affect otolithic function? Our objectives were 1) to determine the effects of TR on
stabilization of the head in the fore-aft direction during sudden perturbations along that
axis and 2) to determine the rate of recovery of head stabilization after stopping TR.
Ten healthy subjects stood in a carefully standardized upright position on a
treadmill. Their head movements were restricted to fore-aft and vertical linear motion
only, using a dental bite and a system of linear bearings. They were instructed to close
their eyes and then, to hold their heads in an imaginary, earth-fixed box as the
treadmill started up and ran for 4 sec at 29 cm/s. Start-ups occurred after random delays
and rapid, short steps were employed to minimize the use of natural walking cadences
as velocity references. Three series of 60 trials were performed, in the sequence 60
tests / 30 min break / 60 tests / 30 min TR / 60 tests.
AH subjects maintained their balance without difficulty during treadmill start-ups.
However, after about 1 sec, they tended to develop a rearward drift (mean velocities 3.2
± 4.9 cm/s and 3.0 ± 4.5 cm/s during the 2 pre-TR sessions). Immediately post-TR,
the mean rearward drift was significantly faster than pre-TR (mean 6.0±1.5 cm/s for
the first 2.3 min, p<0.05). Post-TR drift values returned progressively to pre-TR
levels, following a logarithmic function, with 67% recovery occurring in the first 3.4
minutes post-TR.
Our results indicate that normal, healthy individuals slightly underestimate fore-aft
linear accelerations during walking with the eyes closed. Linear acceleration estimates
are further impaired by prolonged rotations of the eyes, head and trunk. This supports
the theory that TR causes a non-specific suppression of vestibular function, involving
both canal and otolithic functions.
Projectfinanced by the Canadian Space Agency and a FRSQ fellowship for N.P.

301.20

301.19
ADAPTABILITY IN POSTURE AND MANUAL CONTROL DURING
EXTRAVEHICULAR MASS HANDLING. G.E, Riccio. P.V, McDonald*. B.T,
Peters. C.S, Lavne and J.J, Bloomberg. Neuroscience Movement & Coordination
Laboratory, NASA Johnson Space Center, Houston TX 77058
Extravehicular activity (EVA) will be the primary method for construction and
maintenance of the International Space Station. Challenges confronting the
extravehicular (EV) crewmember include reductions in: visibility, sense of
orientation, proprioception, range of motion, strength, and postural support due to
inadequate orientation and location of restraints. By implementing an empirical
approach analytically open to the peculiarities of adaptive and intentional control by
humans of human-machine systems, we sought to understand the skill of mass
handling during EV operations.
Utilizing NASA’s “precision air bearing floor” which permits “frictionless” motion
in the plane of the floor, subjects were tasked with maneuvering a mass with 5
degrees of freedom into a docking structure. Subjects wore a Shuttle EV mobility
unit (EMU) pressurized to 4.3 psi, and were attached to a foot restraint while oriented
on an air bearing sled such that postural movements were possible in 4 degrees of
freedom. Trials were repeated with the foot rest£aint in 6 different locations, with
varying degrees of freedom permitted for body motion, varying mass translation
trajectories, and under two conditions of docking accuracy. Force and moment data
were collected at the foot restraint and the mass handle. EMU and mass kinematics
were tracked relative to the foot restraint and the docking structure. Measures of
manual control, postural configuration and postural stability were derived.
The data presented will illustrate that the essential aspects of mass-handling skill
include: (a) management of the tradeoff between postural stability and mobility; (b)
control of multiaxis postural perturbations resulting from noncoplanar force couples
between the mass and the body restraint; and (c) sensitivity to the postural and
handled mass inertia tensors with respect to the mass trajectory and with respect to the
location and orientation of restraints, EMU, and the mass.
This work was supported by NASA Contract 199 16 11 48.

VIRTUAL REALITY EFFECTS PRODUCED BY HEAD-MOUNTED DISPLAY
(HMD)
ON
HUMAN
EYE-HAND
COORDINATION,
POSTURAL
EQUILIBRIUM, AND SYMPTOMS OF CYBERSICKNESS. R.S. Kennedy*. Essex
Corporation, Orlando, FL 32803; K.M. Stanney. University of Central Florida,
Orlando, FL 32816; J.M. Ordy. Neuroscience Research Associates, Pittsford, NY
14534; and W.P. Dunlap. Tulane University, New Orleans, LA 70118.
Rapid technological progress has been made in development of Virtual Reality (VR)
systems for industrial, educational, medical, entertainment, and military applications.
Major critical and unresolved human factors issues include: 1) transfer of possible
maladaptive perceptual, cognitive, and psychomotor performance from VR to realworld environments; and 2) potential symptoms of cybersickness, experienced in some
VR environments. The aims of this study were to evaluate VR effects produced by
a HMD on human eye-hand coordination, postural equilibrium, and symptoms of
cybersickness. The subjects were 15 males (19-28 years) and 22 females (18-31
years). All subjects were exposed in the VR system to stationary and/or moving visual
imagery produced by Virtual i*O i*glasses! mounted in HMD for 40 minutes. Eyehand coordination involving a finger pointing (FP) task was evaluated by instructing
all subjects to point and touch the center of a digitizing tablet and measuring their
displacement errors from the center target. Postural equilibrium was determined by
measuring lateral sway of subjects standing in the Tandem-Romberg position.
Symptom profiles of cybersickness were evaluated from responses to a symptom
checklist designed for VR. Analyses of variance and correlations were performed on
data obtained pre-post VR-HMD exposure. The 40 minute VR-HMD exposure
resulted in significant increases in-FP displacement errors from the target (p < .02),
significant decreases in postural equilibrium (p<.05), and significant increases in
symptoms of cybersickness (p < .01). The results provide information on such specific
neurobehavioral mechanisms as optic flow and vection, or illusory self-motion,
produced by visual imagery in VR-HMD, as possible sources of cybersickness.
Support: National Science Foundation and NASA, Houston

LIMBIC SYSTEM AND HYPOTHALAMUS III
302.1

EXPRESSION OF NOVEL SERINE PROTEASE IN THE
HYPOTHALAMUS. §, Ypshid.a.*, T. S.uemotp^ M._Taniguchi_and £

Shiosaka. Dept. of Structural Cell Biology, Nara Institute of Science and
Technology, lkoma, Nara 630-01, Japan
Serine proteases have been shown to have variety functions in the brain. In an
attempt to find novel serin protease, RT-PCR was performed from mouse brain
RNA. One of the amplified DNA fragment was designated as B59. cDNA for the
full length mRNA was cloned. Sequence analysis suggested that the mRNA might
be an alternative splicing variant of a mouse homologue of RNK-TRYP-2. RNKTRYP-2 is a serine protease which was first isolated in granules of rat natural killer
cells. This alternatively spliced mRNA might code a protein which has essential
active three sites for serin protease, although it lacks N-terminal signal sequence and
activating peptide. RT-PCR study revealed that this protease gene was expressed in
spleen, small intestin. lung and brain. In situ hybridization study was performed.
B59 mRNA was intensely expressed in neurons of arcuate nucleus and ventromedial
nucleus of hypothalmus and less intensely in preoptic nucleus, periventricular
nucleus, paraventricular nucleus of hypothalamus. This gene was also expressed in
the neurons of other limbic area such as pyramidal layer in CA1-3 of hippocampus,
amygdala, bed nucleus of stria terminalis and septal nuclei. During development
prominant expression was first observed in the placenta at embryonic day (E) 9.5.
Brain B59 mRNA was first detected at El8. At this stage B59 was expressed in all
the areas where B59 would be expressed at adult. Pineal gland and pituitary was
shown to express B59 during late embryonic stages but this expression disappeard
by birth. This expression may suggest B59 is related in regulations of emotion or
endocrine system.
Supported by Grant-in Aid from the Ministry of Education, Science and Culture
of Japan.
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302.2

STRAIN DIFFERENCES IN THE MEDIAL PREOPTIC NUCLEUS OF
INBRED MICE. W.B. Mathieson*. M. Andrew. J.C.Zhang and P.E.
Neumann. Dept. of Anatomy and Neurobiology, Dalhousie Univ., Halifax,
N.S., Canada B3H 4H7.
The medial preoptic nucleus influences diverse homeostatic processes
including thermoregulation, hormone secretion and reproduction. A compact
subnucleus of the medial preoptic nucleus (MPOpc) has been described as
being sexually dimorphic in nuclear size and synthesis of neuropeptides.
Robinson et al., (1985) reported a variant in preoptic morphology in the
C57BL/6J strain of inbred mouse, in which the MPOpc nucleus is lacking.
We report here experiments that further characterize strain and sex differences
in medial preoptic morphology in DBA/2J and C57BL/6J inbred mice. MPOpc
size, the distribution of galanin-ir, cholecystokinin-ir and NADPHD-reactive
neurons were compared in male and female parental strains, reciprocal FI
hybrids and F2 hybrids. A prominent MPOpc was present in both male and
female DBA/2J animals, but was absent from the medial preoptic nucleus of
C57BL/6J brains. Galanin-ir and NADPHD-reactive neurons were
concentrated within the MPOpc with higher numbers of galanin-ir neurons in
females. Cholecystokinin-ir neurons were observed infrequently. Segregation
analysis of MPOpc size in reciprocal FI and F2 hybrids revealed no parental
effects, sex effects or X-linkage, and was not consistent with Mendelian (single
locus) inheritance. Results of linkage analysis based on a genome-wide scan of
223 F2 offspring will be presented. Supported by MRC Canada.
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EFFERENT PROJECTIONS FROM THE ANTERIOR HYPOTHALAMIC
NUCLEUS IN THE CAT. Hideki KanemaruU. Hiroyuki Isavama^, Hirovuki
Nakamura*-^-. Masaru Kawabuchi-L and Nobutada TashinA ‘Dept. Anat. and
2Psyciat., Fac. Med., Kyushu Univ., Fukuoka 812; 3PRESTO, JST, Nihon
Univ. Sch. Med., Dept. Anat., Itabashi, Tokyo 173, JAPAN.
Electrical stimulation of the anterior hypothalamic nucleus (AH) induced
restlessness accompanied by tachycardia, blood pressure elevation and cardiac
arrhythmias in the cat. To investigate efferent connections, we injected an
orthograde tracer Biocytin into AH. In the hypothalamus, labeled axons and
terminals were distributed more densely in the medial regions than in the lateral
regions. Dense meshworks of labeled Fibers and terminals were observed in the
anterior hypothalamic area and the ventromedial hypothalamic nucleus (VMH).
Moderate labeling was also seen in the medial part of the lateral preoptic area and
the lateral hypothalamic area, the paraventricular nucleus, the parvocellular
hypothalamic nucleus, the periventricular comlex, the dorsomedial hypothalamic
nucleus, the posterior hypothalamic area, the dorsal hypothalamic area, the
anterior mammillary nucleus and the supramammillary nucleus. Weak labeling
was found in the medial and lateral septal nuclei and the nucleus of stria
terminalis. No labeling was recognized in the suprachiasmatic nucleus or the
mammillary nucleus. In the thalamus, a few terminals were seen in midline
nuclei such as the paraventricular nucleus, the parataenial nucleus, the rhomboid
nucleus, and the reuniens nucleus. In the subthalamus, in addition to the labeling
seen in the nucleus of zona incerta, we found labeling in the nucleus of fields of
Forel. In the amygdala, a little labeling was seen in the medial amygdaloid
nucleus. In the mesencephalon, labeling was observed in the periaqueductal gray
and the medial pretectal nucleus. The results suggest that the projection from AH
to VMH regulates the defensive behavior elicited by VMH stimulation that is
accompanied by cardiovascular responses. Supported in part by Japan Science and
Technology Corporation.

ADDITIONAL MARKERS FOR THE SEXUALLY DIMORPHIC NUCLEUS OF
THE QUAIL PREOPTIC AREA: AROMATASE mRNA AS DETECTED BY IN
SITU HYBRIDIZATION AND PROJECTIONS TO THE CENTRAL GRAY
IDENTIFIED BY RETROGRADE TRACING. L.V. Riters*. N. Aste. GC.
Panzica, N, Harada and J. Balthazart, Lab.Biochemistry, Univ. of Lifcge,
Belgium, Dept.Anatomy, Pharmacol.. & Forensic Med., Univ. of Torino, Italy
and Molecular Genetics, Fujita Health Univ., Toyoake, Aichi 407-11, Japan.
The sexually dimorphic, steroid-sensitive nucleus nreopticus medialis (POM),
as defined in Nissl-stained material, is significantly larger in males than in
females; it decreases after castration and recovers following testosterone (T)
treatment. The POM also plays a key role in the activation of male copulatory
behavior and T must be aromatized in this nucleus in order to activate behavior.
Neurochemical studies have shown that the entire POM can be outlined by the
resence of a high density of aromatase (ARO)-immunoreactive cells as well as
y a high density of a2-adrenergic receptors (para-amino-clonidine binding
sites). Additional anatomical studies now demonstrate that the quail POM is an
anatomically and functionally distinct entity. Dense populations of ARO-mRNA
expressing neurons were observed by non radioactive in situ hybridization
within the preoptic area (POA). These positive cells although present mostly in
the dorsolateral part of the POM clearly outlined the entire nucleus as defined in
Nissl-stained material. The specificity of the staining was confirmed by
demonstrating the absence of signal in sections that had been hybridized with a
sense probe. Castration resulted in a marked decrease in the number of ARO
mRNA-containing cells and this effect was totally reversed by T treatment.
Previous tract-tracing studies had shown that the POM projects to a number of
specific nuclei in the brain stem and, we researched here whether preoptic
projections to the central gray (GCt) specifically originate in the AROcontaining cells of the POM. Red latex fluospheres were stereotaxically injected
in GCt and retrogradely transported material was visualized by epifluorescence
in sections through the POA, that were in some cases double-labelled by FITC
for ARO. Retrogradely labeled cells in the POA clearly outlined the entire
POM, with an especially high density of labeled neurons being present in the
dorsolateral part of the nucleus. Many of these cells also contained
immunoreactive ARO. Taken together, these data indicate that the POM is
specifically identified by the presence of ARO neurons expressing the enzyme
and its mRNA and that these cells specifically project to the GCt, a pre-motor
relay that may be implicated in die organization of male copulatory behavior
Supported by NIMH 50388, FRFC 9.4565.96F, AC 93/98-171, EC-CT94-0472.

302.5

302.6

EFFERENT CONNECTIONS OF THE NUCLEUS INCERTUS AND
CENTRAL GRAY PARS ALFA: A PHA-L STUDY IN THE RAT.

C

Preoptic area inhibition of histaminergic tuberomammillary neurons in
vitro. T. L. Steininger*, D.R. Stevens, H.L. Haas, D. McGinty, and R.
Szymusiak Neurophysiology Research (I5IA3) V.A. Med. Ctr., Sepulveda, CA 91343,

M, Goto and N.S. Canteras* Dept. of Physiol. & Biophys., Inst. Biomed. Sci.,
Univ. of Sao,Paulo, SP, 05508-900, Brazil.
Although there is a vast literature on the connections and functions for most of the
structures situated in the pontine central gray, virtually nothing is known regarding
the hodology and putative functional roles of the nucleus incertus (NI) and the pars
alfaof the central gray (CGa). The NI is a midline structure in the ventral part of the
caudal pontine central gray, and appears to be contiguous with the CG&, that extends
laterally into the pontine central gray.
The organization of projections of the NI and CG3 has been examined in the rat
with small injections of the anterograde axonal tracer, Phaseolus vulgaris
leucoagglutinin (PHA-L). Our results reveal that the overall pattern of projections
of the NI and CGi is quite similar, with only quantitative differences in some
particular projections. These nuclei establish massive terminal fields in the medial
septal and diagonal band nuclei, lateral preoptic and lateral hypothalamic areas,
perifomical region, lateral part of the mediodorsal thalamic nucleus, ventromedial
thalamic nucleus, interpeduncular nucleus, superior central nucleus of the raphe,
districts of the pontine central gray, contralateral NI and CG&, prepositus
hypoglossal nucleus, and inferior olivary nucleus. It is noteworthy that the NI, and
to a lesser extent the CG&, may also provide direct projections to temporal parts of
the hippocampal formation, as well as to other cortical districts, including, the
prefrontal, entorhinal and retrosplenial areas.
Therefore,the NI together with the CG& may compose a distinct neural structure
in the pontine central gray, and the pattern of projections of this structure seems
most compatible with functional roles in somatomotor integration and general or
nonspecific behavioral arousal. Supp.FAPESP grants 93/0019-8 and 94/2868-5

The histaminergic neurons of the hypothalamic tuberomammillary (TM) nucleus
have been implicated in the generation/maintenance of wake, whereas the
preoptic/anterior hypothalamic area (POAH) has been shown to be involved in the
generation/maintenance of non rapid eye-movement (NREM) sleep. Inhibitory
projections from POAH to TM may underlie the generation of the NREM sleep
state. In the present study, intracellular recording techniques in horizontal brain
slices were utilized to investigate the physiology of the POAH-TM pathway.
TM neurons were identified by established criteria, (the presence of
hyperpolarization activated cation current, IH, and a transient outward current IA,
spontaneous activity (tonic 2-4 Hz firing), broad action potentials, and pronounced
after-hyperpolarization). Resting Vms were between -48 and -56 mV and input
resistances were 148-385 MF2. Bipolar stimulation of electrodes in the preoptic
area (verified histologically) evoked postsynaptic potentials (PSP) in TM neurons.
Of the 8 cells recorded with KC1 electrodes, the POAH stimulation-evoked PSPs
ranged from 1.5 to 10.8 mV, and in all cases were reduced by 44-99% with the
GABAa antagonist bicuculline (20pM). Recovery of the PSPs were seen following
drug washout. In K-acetate electrodes (n=4), POAH stimulation evoked an
inhibitory PSP (IPSP) with a reversal potential of about -80 mV. The IPSPs were
blocked by bath application of 20 pM bicuculline (60-100% blocked). These
results demonstrate that' the connection between the POAH region and TM neurons
is at least partially inhibitory.
(Supported by Dept. Veterans Affairs, and HHS MH47480)

302.7

302.8

CALCIUM-INDEPENDENT, GENISTEIN-SENSITIVE EFFECTS OF SERUM ON
THE MORPHOLOGY OF CULTURED PITUICYTES. P.Cobbetf & K.D.Ramsell
Dept Pharmacology & Toxicology and Neuroscience Program Michigan State
Univ, East Lansing, Ml 48824.
Activation of adenylate cyclase induces cultured neurohypophysial
astrocytes - pituicytes - to change from a protoplasmic, non-stellate form to
a stellate form. Stellation is inhibited and reversed by serum. The objective
of the present study was to examine the roles of Ca2+ and tyrosine kinase
in mediating these effects of serum. Stellation of cultured pituicytes in a
serum-free medium supplemented with forskolin was significantly reduced
when serum (0.5%) was added to the incubation medium. These effects of
forskolin and serum were not affected by replacement of Ca2+ (2mM) with
Co2+ in the medium or by treatment of cultures with thapsigargin (100nM).
However, genistein (50//M), a specific inhibitor of tyrosine kinase(s), reduced
the effect of serum on forskolin-induced stellation. Reversal of stellation
(destellation) was induced by incubation of stellate pituicytes in serumcontaining (forskolin-free) incubation medium. Replacement of Ca2+ in this
incubation medium with Co2+ or inclusion of thapsigargin in the medium did
not affect serum-induced destellation. In contrast, genistein significantly
attenuated serum-induced destellation.
The data demonstrate that
modulation of morphological changes exhibited by cultured pituicytes by
serum is independent of Ca2+ but may be mediated by the activity of
tyrosine kinase(s). Supported by NIH (NS28206 & NS07279)
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Physiologisches Institute, Heinrich Heine University, Diisseldotf, Germany, Dept. Psychol,
and Dept. Med. Univ. Calif., Los Angeles, CA

RESPONSES OF IDENTIFIED MEDIAL AND LATERAL SEPTAL NEURONS
EVOKED BY STIMULATION OF THE ANGULAR PORTION OF THE VERTICAL
LIMB OF THE DIAGONAL BAND IN VITRO. E.Brazhnik*. A.Stelzer and S.E.Fox
SUNY Health Sci.Ctr. Brooklyn, NY, 11203.
To characterize the relationships among the cholinergic and GABAergic medial
septum/diagonal band neurons (MS/DBNs) and the neighboring lateral septal
neurons (LSNs), we studied their responses to stimulation of the angular portion
of the vertical limb of the diagonal band of Broca (DBB; 0.1 ms, 20-200 pA).
Intracellular recordings were taken from 400 pm coronal septal slices. The
cholinergic and GABAergic MS/DBNs were identified on the basis of the duration
of their action potentials (APs) and the forms of their afterhyperpolarization (AHP).
Cells were filled with 2% biocytin to evaluate their location, morphological
properties and axon terminal arborization.
Single DBB stimuli evoked different patterns of response in the different septal
cell types. Most cholinergic MS/DBNs (long AP, slow AHP) responded to
stimulation with a short latency EPSP with a single spike at higher intensity (19 of
23 cells, latency 3.1-8.5 ms). In contrast, 5 of 11 GABAergic MS/DBNs (brief AP,
fast AHP) showed orthodromic EPSPs or IPSPs of short latency (2.0-3.5 ms),
while the other 6 cells responded with initial antidromic spikes (0.5-0.9 ms latency)
that were followed by postsynaptic potentials. Similar to the latter group of
GABAergic MS/DBNs, all LSNs responded with initial antidromic spikes, followed
by orthodromic postsynaptic potentials (latency 5-8.5 ms). Orthodromic EPSPs
and IPSPs were usually superimposed in both MS/DBNs and LSNs. Blockade of
GABA-A transmission by picrotoxin (50 pM) reduced IPSPs and sometimes
revealed EPSPs, or allowed APs to be evoked. The inhibitory component of the
responses could be due to either antidromic or orthodromic short latency activation
of local GABAergic cells in both medial and lateral septum. Biocytin-labeled axons
of both cholinergic and GABAergic MS/DBNs were found to project to lateral septal
area, and direct axons of LSNs were traced toward the angular portion of DBB.
The results suggest that (1) septal neurons, particular cholinergic MS/DBNs,
receive massive excitatory influences via the medial forebrain bundle, (2)
GABAergic MS/DBNs may synchronize the septal response to these influences
via their inhibitory axonal collaterals, (3) GABAergic MS/DBNs together with LSNs
contribute into descending efferent output. (Supported by NIH grant NS 17095).
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ORTHODROMIC AND ANTIDROMIC
RESPONSES TO FORNIX
STIMULATION IN CHARACTERISED RAT MEDIAL SEPTAL/DIAGONAL
BAND NEURONS.
G.A.Jones. S.K.Norris. S.J.Harris and Z.Henderson (SPON:
British Neuroscience Association) Dept of Physiology, University of Leeds, LS2
9NQ, UK.
The medial septal/diagonal band complex (MS/DB) has both afferent and efferent
connections with the hippocampus via the dorsal fornix. Blind whole cell patch clamp
recordings were made from submerged brain slices to study the effect of electrical
stimulation of this fibre tract on cells in the MS/DB. Optimal fibre integrity was
achieved by cutting 500pm thick longitudinal slices at a slight angle to the parasagital
plane from 21 day old rats. The slices were maintained in a standard oxygenated
ACSF (2mM Ca++) at 25-27°C. A concentric bipolar stimulating electrode was placed
in the dorsal fornix 1-4 mm away from the recording position.
All cells were characterised according to their electrophysiological properties and
ascribed to one of four previously described groups (Gorelova and Reiner,
J.Neurophysiol. 75: 695-706, 1996): Bursters (n=^18) which exhibit a burst of spikes in
response to a rheobase current injection from hyperpolarised membrane potentials
(-75mV); cells with a large, slow afterhyperpolarisation (sAHP) and no timedependant rectification (sag, n=4); cells with sag and sAHPs (n=35); and cells with
fast AHPs (n=10).
Cells projecting to the hippocampus were identified by the presence of antidromic
spikes in response to single shock of the fornix (1-80V, 0.1ms). Of the cells so far
recorded from, 19 were shown to project. These included 8 bursters, 9 sAHP with
sag, 1 sAHP with no sag and 1 fast AHP. In addition it was possible to evoke postsynaptic potentials in all neurons (1-50V, 0.1ms, 0.3Hz, subthreshold in antidromically
stimulated cells). 39% of the neurons exhibited EPSPs alone, 14% responded with
IPSPs alone, whilst in the remainder (41%) the response was mixed. Evoked EPSPs
were partially blocked by 5pM CNQX and completely abolished by the further
addition of 5pM AP-5. Atropine (5pM) failed to attenuate EPSP responses. IPSPs
were completely abolished by 20pM bicuculline.
(Funded by the British MRC)

CHARACTERISATION OF BURST-FIRING NEURONS IN RAT MEDIAL
SEPTUM/DIAGONAL BAND COMPLEX IN VITRO. N.P. Morris*, J.H. Beebv.
S.J. Harris and Z. Henderson. Dept. of Physiology, University of Leeds, Leeds,
LS2 9NQ, U.K.
The medial septum/diagonal band complex (MS/DB) provides an important
projection to the hippocampus which has been hypothesised to have a role in
shaping the hippocampal theta rhythm.
We have investigated the
electrophysiological and neurochemical nature of neurons in the MS/DB, with
particular emphasis on burst-firing neurons. 21 day old Wistar rats were deeply
anaesthetised (lOOmg kg'1 sodium pentobarbitone I.P.) and transcardially perfused
with sucrose containing artificial cerebrospinal fluid (ACSF).
Intracellular
recordings were made from 500pm thick parasagittal slices maintained using
standard oxygenated ACSF containing 2mM CaCl2. Classified neurons were filled
with 0.5% biocytin and slices were processed using double labelling
immunofluorescence for parvalbumin (PV-ir), which is localised in a population of
GABAergic septo-hippocampal projection neurons.
From recordings in 84
neurons, 20% were classified as slow firing, 70% fast firing and the remaining 10%
exhibited burst-firing. A sub-population of bursters (n=4) displayed a burst of 3
spikes on the crest of a large depolarising wave, of relatively short duration, when
depolarised from a membrane potential of -75mV. These neurons showed spike
frequency adaptation, time dependent inward rectification and the 2 processed for
immunofluorescence showed PV-ir. A second sub-population of bursters (n=4)
also displayed a burst of 2-3 spikes from -75mV, but on a less pronounced
depolarising wave of longer duration. These neurons displayed similar properties
to the first group, but were all PV-negative. The results indicate the presence of a
heterogeneous population of burst-firing neurons in the MS-DB. Future studies
will investigate the properties of these neurons more closely. (Research supported
by the British Medical Research Council)

302.11

302.12
EFFECTS OF STREPTOZOTOCIN-INDUCED DIABETES ON THE
BED NUCLEUS OF THE STRIA TERMINALIS IN THE RAT. S.S.W,
Tav and W.C, Wong*. Department of Anatomy, National University of
Singapore, Singapore 119260.
The present study describes ultrastructural changes in the bed nucleus
of the stria terminalis of male Wistar rats after induction of diabetes
mellitus by streptozotocin. During the acute phase (1-2 weeks),
degenerating electron-lucent dendrites and axon terminals were dispersed
in the neuropil. Degenerating dendrites were characterized by an electronlucent cytoplasm containing short segments of dilated rough endoplasmic
reticulum, swollen mitochondria and scattered ribosomes, while
degenerating axon terminals were characterized by an electron-lucent
cytoplasm, clustering of small spherical agranular vesicles and swollen
mitochondria.
Some apparently normal axon terminals formed
axodendritic synapses with the degenerating dendrites. During the mid
phase (1-6 months), some of the degenerating neuronal profiles had been
engulfed or removed by macrophages that infiltrated the neuropil. During
the late phase (9-12 months), degeneration still occurred in the bed
nucleus of the stria terminalis, similar to that of the acute phase. Several
degenerating neuronal cell bodies and activated macrophages were also
present in the neuropil. It is concluded that the ultrastructural changes in
the bed nucleus of the stria terminalis are the result of streptozotocininduced diabetes.

NEURONES OF THE BED NUCLEUS OF THE STRIA TERMINALIS (BNST):
ELECTROPHYSIOLOGICAL PROPERTIES AND THEIR RESPONSE TO
SEROTONIN. D.G, Rainnie*: Harvard Medical School & Brockton VAMC,
Department of Psychiatry, Brockton, MA 02401, USA
As a component of the extended amygdala, altered neuronal activity in the BNST has
been proposed as a substrate for the generation of several affective states, including
anxiety and stress. Evidence suggests that serotonergic input to the BNST may regulate
the expression of these states: 1) serotonergic afferents terminate on neurones of the
BNST, 2) serotonin facilitates anxiety, and 3) local injection of buspirone blocks lightenhanced startle. Consequently, I have examined the effects of serotonin on the
electrophysiological properties of BNST neurones.
Whole cell patch-clamp records were obtained from neurones of the rat BNST in an in
vitro slice preparation using standard techniques. Patch electrodes (6-10 MCI) were filled
with recording solution containing, in mM: KGluconate, 120; KC1, 10;
phosphocreatinine 10; MgCl2, 3; HEPES, 10; MgATP, 2; NaGTP, 0.2; and biocytin
0.25%. Stable records were obtained from 42 neurones of the dorsomedial and
dorsolateral subdivisions of the BNST. Neurones displayed a resting membrane
potential of -63 ± 0.6mV, an input resistance of 335 ± 39MC1, and a tau of 34 ± 4mS.
Preliminary data suggest a significant difference between passive properties of medial
and lateral neurones. Active properties include a Cs+-sensitive, time-dependent,
anomalous rectifier (Ih), a voltage-dependent low threshold Ca2+ current (IT), and a TTXsensitive, voltage-dependent inward current. Application of serotonin (5HT, 5-100 gM)
had a differential effect on membrane properties of BNST neurones (n=24). In 53% of
neurones 5HT caused a membrane hyperpolarization mediated by an inwardly rectifying
K+ conductance, 30% displayed a biphasic hyperpolarization and
delayed
depolarization, 13% displayed only a depolarization, and in 4% 5HT had no effect.
Experiments are in progress to determine the 5HT receptor subtypes mediating these
responses.

302.13
EFFECTS OF HIPPOCAMPAL LESIONS ON THE MEDIAL
MAMMILLARY NUCLEUS IN HUMANS AND NONHUMAN
PRIMATES, M. Efanov*, R. T. Knight and D. G. Amaral; Depts. of
Psychiatry and Neurology and Center for Neuroscience, University of
California at Davis, Davis, CA 95616
The subicular complex gives rise to fibers that travel through the fornix
to innervate the medial mammillary nucleus (MMN). Loss of these
projections, due to lesions of the hippocampal formation or transection of the
fornix, is followed by shrinkage of the mammillary complex (Zola-Morgan
et al., J.Neurosci., 1989, 9(3): 898-913). We sought to determine whether
this shrinkage is the result of neuronal loss, reduction in the volume of
MMN neurons or loss of space occupied by the fornix fibers. We analyzed
the MMN in a patient who suffered a unilateral (left) posterior cerebral
artery infarct three years prior to his death. As a consequence, the left
hippocampus and subiculum were atrophic and the left MMN was
considerably shrunken. We quantitatively analyzed the left and right MMN
in this patient and in two controls. In addition, we analyzed four monkeys
with unilateral transections of the fornix. Total cell number and cross
sectional area of cell bodies were analyzed throughout the entire extent of
the nucleus. The volume of the MMN on the lesioned side was reduced 4555% compared to the nonlesioned side. We found a modest decrease in the
total number of cells in the MMN (approx. 11 % in monkey -15% in human).
The major difference was in the cross sectional area of cells in the MMN;
cells on the lesioned side were smaller than those on the normal side. The
decreased size of the MMN is thus due to the decrease in volume of
individual neurons as well as to the loss of afferent fibers and is only
modestly dependent on cell loss.
This work was supported by NIH Grant NS 16980 and Primate Center
Grant RR 00169.
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THE DYNAMICS OF PREFRONTAL CORTICO-THALAMOBASAL GANGLIONIC LOOPS AND SHORT-TERM MEMORY
INTERFERENCE PHENOMENA, J. Gelfand1*. V. Gullapalli1. C.
Rave*. M, Johnson* and J, Henderson^. Dept. of Psychology1 and
Dept. of Computer Science^, Princeton University, Princeton, NJ
08544.
We present computer simulations of a model of the brain
mechanisms operating in short-term memory tasks that is consistent
with the anatomy and physiology of prefrontal cortex and associated
subcortical structures, and includes the dynamics of cortico-thalamobasal ganglionic loops (Gullapalli & Gelfand, Proc. NYAS, 769.375380, 1995) We discuss this model in terms of the representation of
input stimuli and goals. Groups of neurons corresponding to cortical
columns are used to form distributed representations of the internal
state of the organism or external state of the environment. These
representations, including the representation of the goal of the task,
are used by dynamical processes in prefrontal cortico-thalamo-basal
ganglionic loops to generate short-term persistent responses in
prefrontal cortex which correspond to short-term memory phenomena.
In this study, we report on priming and interference phenomena that
result from the interaction of these dynamical processes and lateral
projections within the cortical columns.
Supported by a grant from the James S. McDonnell Foundation and
NIA Grant #AG09253.
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303.2

SYMMETRY IN HIGHER BRAIN FUNCTION: THEORY AND
EXPERIMENT. Mark Bodner1. Temmv Chen2, Gordon L. Shaw1* and
Ken H. Tachiki1.1Dept. of Psychiatry and Brain Research Institute,
UCLA School of Medicine, Los Angeles, CA 90024; 2Dept. of Physics
and Center for the Neurobiology of Memory and Learning, UCI, Irvine,
CA 92717; ’Westwood VA, Los Angeles, CA 90024.

The trion model is a mathematical representation of Mountcastle’s
columnar principle of cortical organization, which predicts families
of symmetric spatial/temporal firing patterns inherent in cortical
activity. Although such activity is consistent with a number of
models, within the context of the trion model, symmetries of these
inherent firing patterns are used by the brain in short-term memory
to perform higher level computations. In the present study we
examine the potential role of symmetry in higher cognitive function
and the suggested relationship between symmetry in anatomy and
symmetry in function. Particularly how this relationship yields
families of symmetric patterns, and how learning and the presence
of these families enables recognition of symmetry in the
environment. In previous work, it was demonstrated in single unit
spike trains that symmetric temporal pattern families were present,
and that in many cases, the significance of these patterns could be
determined only by considering the entire pattern family. In the
present work, we extend these results to include spatial as well as
temporal patterns by looking for symmetric pattern families in EEG
data recorded from humans during a mental rehearsal task.
Supported by the Ralph and Leona Gerard Foundation

303.3

303.4

AN INTEGRATED COMPUTATIONAL MODEL OF DOPAMINE
FUNCTION IN REINFORCEMENT LEARNING AND WORKING
MEMORY.T.S. Braver. J.D. Cohen, and J.L. McClelland*. Dept. of
Psychology, Carnegie Mellon University, Pittsburgh PA 15213.

AN ANATOMICALLY-BASED MODEL FOR BRIEF SENSORY MEMORY AND
SHORT-TERM MEMORY SYSTEMS. Charles Q. Wu*, Tasking Inc., 333 Elm St.,
Dedham, MA02026, U.S.A.
Based on psychophysical findings about binocular rivalry (BR) as well as relevant
anatomical and physiological facts, I show that layer-4C in primary visual cortex
(VI) is the principal site of suppression in BR. Based on the time-course data of BR
and of iconic memory, I further show that layer-4C is the substrate for iconic
memory (or visual buffer) and also the site for representing visual surfaces. The
representation there corresponds to the vivid, panoramic, and 3D aspects of our
visual consciousness; and it is actively constructed within 200~300ms and then
actively erased, rather than passively decayed. I then generalize this conclusion to
all cortical areas and suggest that layer-4s serve as various brief sensory and shortterm memory (STM) systems for different types of information and with different
time-courses, that the difference between types of principal excitatory cells in layer48—spiny stellate cells in primary sensory cortices (e.g., VI, Al) and pyramidal
cells in other areas—is related to the difference between the very brief time-course of
sensory memory and the longer time-course of STM, and that cytochrome oxidase
(CO) activities in layer-4s of different cortices reflect their relative participation in
normal perception and cognition. Furthermore, I propose that layer-2&3s serve as
associative memory transforming information from a one level of abstraction to a
higher one, and layer-5&6s as associate memory performing opposite transforms.
For computational compositioriality, such a system needs a temporal coordinator
(i.e., attention controller, central executive), and I suggest that the thalamus fulfills
this function via phase-shifting relevant inputs and intermediate results to induce
synchronized firing cell assemblies (STM items) in layer-4s. Overall and abstractly,
the brain can thus be conceptualized as a N. Chomsky's type-0 language processor
with weighted transformation rules (or “rewriting rules”). Supported by CQW.

Previous models have put forth computational accounts of dopamine function
in both active maintenance of information (Cohen & Servan-Schreiber, 1992) and
reinforcement learning (Montague et al., 1996). However, there has not yet been a
model which accounts for both of these putative functions of dopamine in an
integrated manner. Here, we propose that activity in mesocortical dopamine
neurons serves to regulate access to working memory, by gating information into
prefrontal cortex where it can be actively maintained for short periods of time. This
gating action of dopamine is crucial for the proper function of working memory, in
that it allows maintained information to be protected from interfering and irrelevant
stimuli, and rapidly updated at task-appropriate junctures. The dopamine system
exploits simple neuromodulatory effects to simultaneously implement both a
gating and a learning function. Phasic dopamine activity occurs in particular
temporal and behavioral contexts to mediate reinforcement-based learning. These
coincident effects on learning allow the system to discover what information must
be maintained to perform a particular task. This integrated account provides the
system with both the capacity to control its behavior (by gating and stabilizing
representations within prefrontal cortex) and, critically, the ability to learn how and
when to do so on its own, thus avoiding the perennial problem of a homunculus in
most theories of executive control. An initial simulation is presented to
demonstrate how a system that learns to predict future rewards (based on temporal
difference learning, e.g., Sutton & Barto, 1990) can be simultaneously exploited as
a gating signal regulating access to active memory. Additional simulations
examine the model’s ability to account for empirical data from both normal and
schizophrenic subjects performing working memory tasks.

303.5

SEX HORMONES AFFECT WORKING MEMORY. J.S,
Janowskv*. E. Orwoll, and B. Chavez. Depts. of Neurology and
Medicine, Oregon Health Sciences Univ., Portland, OR 97201.
Sex hormones have been shown to modulate performance on a
variety of cognitive tasks. We examined the effects of sex
hormone supplementation on prefrontally mediated working
memory using the Subject Ordered Pointing Task (SOP; Petrides &
Milner 1982). We examined the effects of one month of
testosterone or estrogen supplementation on SOP in a double blind
placebo controlled study of healthy older men and women,
respectively (age 60-75). Older men and women perform worse on
SOP than matched groups of younger men and women (age 25-35),
and in contrast to younger subjects, do not show significant testretest improvement in performance. However, older men tested
first without supplementation then again after one month of
testosterone supplementation showed a significant improvement in
performance and fewer errors than men tested after a month on
placebo (p< .02). Preliminary data on estrogen supplementation
in older women suggests it did not affect performance. Other
cognitive measures did not show these effects suggesting specificity
of hormone action in the older men. This suggests that the
function of the prefrontal cortex can be selectively modulated by
exogenous testosterone administration. [Supported by NIH
AG12611 & NIH M01RR0034]
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303.6
RELATIONAL COMPLEXITY AND REASONING IN PATIENTS WITH
FRONTO-TEMPORAL DEMENTIA. B j, Knowlton*, J A Waltz, K,J, Holvoak,
K.B. Boone, and B.L. Miller. Dept. of Psychology, University of California, Los
Angeles, CA 90095 and Depts. of Psychiatry and Neurology, Harbor-UCLA Medical
Center, Torrance, CA 90509.
The frontal lobes have been found to play an important role in working
memory and, additionally, in a number of higher-level cognitive functions. In the
present study, 7 patients with fronto-temporal dementia were administered a set of 20
visual analogy problems taken from the Raven Standard Progressive Matrices Test.
The dependent measure was percentage correct. Patients were divided into two groups
based on the results of SPECT imaging: a group of 3 patients with hypoperfusion
predominantly in frontal cortex and a group of 4 patients with hypoperfusion in the
anterior regions of the temporal lobes. Average scores on the WAIS-R and a Mini
Mental State Examination did not differ between the two groups. On items requiring
the integration of two relational variations, 3 patients with evidence of reduced blood
flow in the frontal lobes showed significant impairment (M=9.5, SE=9.5), relative to
4 patients with evidence of anterior temporal-lobe hypoperfusion (M=89.3, SE=6.8),
l(5)=7.02, p<0.001. In contrast, for problems that required patients to consider only
a single relational variation, patients with frontal hypoperfusion were not
significantly less accurate (M=59.5, SE=21.2) than those with anterior temporal-lobe
hypoperfusion (M=96.4, SE=3.6), i(5)=2.03, p=0.10. The results of this study
support die hypothesis that the human frontal lobes figure prominently in the ability
to integrate multiple relational premises in the course of problem solving and
inference generation. The dependence of processing complex relationships on the
frontal lobes may be due to their role in working memory capacity.
This research was supported by an Ursula Mandel Fellowship from the UCLA
Graduate Division.
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RELATIONAL REASONING IN PATIENTS WITH FRONTO-TEMPORAL
DEMENTIA. J.A. Waltz*. BJ, Knowlton, K.J, Holvoak, K.B, Boone, and B,L,
Miller. Dept of Psychology, University of California, Los Angeles, CA 90095 and
Depts. of Psychiatry and Neurology, Harbor-UCLA Medical Center, Torrance, CA
90509.
The frontal lobes have been implicated in a number of higher-level cognitive
functions. We examined 9 patients with ftonto-temporal dementia on a test of
relational reasoning. Patients were divided into two groups based on the results of
SPECT imaging: a group of 5 patients with hypoperfusion predominantly in frontal
cortex and a group of 4 patients with hypoperfusion in the anterior regions of the
temporal lobes. The patients in the two groups did not differ in their average scores
on the WAIS-R and a Mini Mental State Examination. Patients were presented with
several propositions describing transitive relationships between individuals and
prompted to infer an additional unstated relationship between those individuals. The
dependent measure was percentage of correct inferences. When the propositions were
not presented in ascending order, but were instead scrambled (e.g., "Gary taller than
Bart," "Dave taller than Gary," "Bart taller than Nick"), patients with frontal cortical
hypoperfusion showed massive impairment (M=0.0, SE=0.0; chance=2.0), relative to
those with hypoperfusion centered in the anterior regions of the temporal lobes
(M=83.3, SE=16.7), in correctly ordering problem elements (Dave, Gary, Bart, Nick,
from tallest to shortest), 1(7)=2.82, p<0.05;. These results support the idea that
patients with frontal-lobe damage show impairment in the ability to integrate
multiple relational premises. This ability may depend critically on working memory
capacity, which has been linked to frontal lobe function.
This research was supported by an Ursula Mandel Fellowship from the UCLA
Graduate Division.

WORKING AND STRATEGIC MEMORY IN UNMEDICATED
SCHIZOPHRENICS. J. Singh*. K, Gonal. D.Yohanna. A. & DeWolfe.
Department of Psychiatry and Behavioral Sciences, Northwestern University.
This study examined working memory (WM) and strategic memory
capacities in unmedicated schizophrenics (SC, DSM-IV; Minimental Status
Examination Score: 26-30/30)) and 10 age- and education-matched normal
controls (NC). Working memory (defined as simultaneous processing and
storage of information) and strategic memory functions (tests which require
subjects to develop strategies for adequate performance) have been found to be
sensitive to frontal lobe dysfunction. In a previous study, we reported (Singh et
al., 1996, Bid. Psychiat.) working and strategic memory impairments in
medicated schizophrenics. The study did not address the effects of neuroleptics on
their performance. The present study aimed at assessing the nature of working
and strategic memory in a cohort of drag-free schizophrenics. We administered
one test of WM, three tests of strategic memory thought to depend upon WM
(Verbal Recall, Self-ordered Pointing, Temporal Ordering), and four tests of longterm memory thought to have little working and strategic memory demands
(Word Recognition, Memory For Abstract Designs, WAIS-R Vocabulary, and
Digit Span) to both groups.
The results of the present study replicated and extended our previous findings
with medicated schizophrenics. Medication-free schizophrenics showed working
(p < .01) and strategic memory failures (p < .01) as previously observed in
medicated SC. Thus, the effects were found in the absence of medication and
appear independent of medication effects. The strategic and working memory
tasks used in the present study arc known to be impaired in patients with frontallobe lesions. Impaired working and strategic memory in SC may indicate frontal
lobe dysfunction in schizophrenia.

303.9

303.10

PSYCHOMETRIC ANALYSIS OF AN N-BACK TASK: EFFECT OF
LOAD AND CATCH TRIALS. M.R. Dodge, R. Coppola, V. Mattav, L.L.
Bigelow*, D.R. Weinberger, T.E. Goldberg. Clinical Brain Disorders
Branch, IRP, NIMH Neuroscience Center at St. Elizabeths, Washington, D.C.
20032.
In an effort to measure working memory while maintaining control over a
gradient of difficulty levels and reducing problem solving and rule learning
demands, we developed a version of the so called “N-back” test (Gevins, et.
al., 1990). In this task a restricted set of numerical stimuli is visually
presented on a computer monitor and responses are recorded on a subjectcontrolled keypad. Subjects must retain and respond to each stimulus in
working memory for a variable period of time (1 back, 1.8 sec; 2 back, 3.6
sec), and selectively inhibit responses in “catch” trials which demand new
stimulus-response mappings. Data from thirty normal control subjects
demonstrated significant effects for both increasing load and inhibitory
“catch” conditions, in addition to an interaction between load and inhibitory
processing. Results also showed that task difficulty performance decreases
were monotonic. Data from schizophrenic patients on and off neuroleptic
medications will also be presented.

Supported by IRP, NIMH

Supported by NARSAD

THE EFFECTS OF THE DOPAMINE D2 RECEPTOR
ANTAGONIST, SULPIRIDE, ON PLANNING AND
SPATIAL WORKING MEMORY IN NORMAL HUMAN
VOLUNTEERS. M.A.Mehta*+, B.J. Sahakian-b, P.J. McKenna# and

T.W. Robbins’.+Universitv Department of Psychiatry, Level E4,
Addenbrooke's Hospital, Cambridge, CB2 2QQ, UK. #Fulbourn
Hospital, Cambridge, CB1 5EF, UK. ’University Department of
Experimental Psychology, Downing Street, Cambridge, CB2 3EB, UK.
There is a converging body of evidence from the animal and human
literature implicating central dopaminergic systems in cognitive
processes, particularly those dependent on an intact prefrontal cortex. The
aim of this study was to investigate the specific effects of the D2 receptor
antagonist sulpiride on a battery of computerised cognitive tasks. Normal
male volunteers aged 19-32 were seen on two occasions within a doubleblind placebo-controlled crossover design. Subjects were tested on
paradigms designed to assess visual memory, spatial working memory
and planning and attention. Psychometric control .tests included the
National Adult Reading Test (NART), visual analogue scales, and a
verbal fluency task. No differences were found between subject groups
in terms of age and estimated NART verbal IQ. On the first session only,
when the tasks were novel, subjects were impaired on tests of spatial
working memory, planning ability and sustained attention. These effects
were not present on the second session when the tasks were familiar to
the subjects. These results contrast with those of other studies using
methylphenidate, diazepam and clonidine on the same tests used in this
study.
Supported by a Medical Research Council studentship to M.M. and a Wellcome Trust
Programme Grant.

303.11
WORKING MEMORY MEDIATED BY NMDA CHANNELS:
IMPLICATIONS FOR SCHIZOPHRENIA. J-M Fellous* and
J.E. Lisman. Volen Center for Complex Systems, Brandeis
University, Waltham MA 02254-9110.
Working memory appears to be stored by the maintained firing of neurons in
prefrontal cortex. The content of the stored information is partly determined by the
particular subset of neurons that fire. How this firing is maintained is unclear, but it
is thought to involve a reverberatory synaptic process in which the active subset of
neurons selectively excite each other. We have used Hodgkin-Huxley modeling
techniques to study how the firing in the active subset of cells can be sustained
selectively even though all cells are connected to each other with equal synaptic
strength. We find that if synaptic transmission is mediated primarily by NMDA
channels, active cells selectively excite each other, without excitation spreading to
other cells. The selectivity occurs because of the known voltage-dependence of
NMDA channels. This work provides a mechanistic explanation for behavioral
working showing the importance of NMDA channels in working memory. Because
working memory is affected by dopamine, we have analyzed the known effects of
dopamine on prefrontal neurons. Our analysis reveals that dopamine's diverse
effects on voltage-dependent conductances, its downregulation of AMPA responses
and its upregulation of NMDA responses produce a coordinated enhancement of
the NMDA mechanism of working memory. This framework suggests ways of
reconciling dopamine and NMDA theories of schizophrenia, a disorder that appears
to involve working memory. Supported by the Sloan foundation.
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303.12
COGNITIVE PERFORMANCE OF PERSONS INFECTED WITH HIV. Cahill.
C. A.*, Macaniso, P.. Hodgson, J. and Harris. N, MGH Institute of Health
Professions, Boston, MA 02114.
Human Immunodeficiency Virus (HIV) infection of the central nervous system
(CNS) results in profound changes in neuronal function causing dementia in later
stages of the disease. New drug therapies effectively reduce or eliminate the virus
from peripheral blood but the effect inside the blood brain barrier is not clear.
Since peripheral viral load is not reflective of CNS viral effects, the purpose of this
study was to evaluate the relationship between fatigue, a significant clinical
symptom, CD4 counts and cognitive function in sero-positive and sero-negative
persons to determine the usefulness of these clinical parameters in monitoring the
progression of CNS infection.
Twenty HIV+ subjects and 20 HIV- controls were administered a batteiy of tests
selected to assess a broad range of cognitive functions. The battery contained
standardized measures such as Block Design and Digit Symbol from the WAIS-R,
California Verbal Learning Test, Rey Compex Figure, and Trails A and B. In
addition, more sensitive reaction time measures were included to reveal subtle
changes in cognitive performance. There were both simple response tasks (e.g.,
press a response key when the stimulus X is shown) and responses that require
rapid decision making (e.g., press a key when a digit -- but not a letter - is shown).
The first set of analysis consisted of group comparisons on the measures
collected. Tasks give rise to significant group differences are highlighted and
performance profiles of HI V+ subjects with low scores are described. Subsequent
correlational analyses examine for the HIV+ cohort the relationship between
cognitive performance, CD4 counts and subjective ratings of fatigue. Conclusions
are drawn with regard to the most revealing clinical signs of CNS involvement in
HIV+ individuals.
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304.1

INTRA-CAUDATE NUCLEUS INJECTIONS OF GLUTAMATE
SELECTIVELY ENHANCE S-R HABIT FORMATION. M. S.
Stanford*, L. A. Teather, & M. G. Packard, Department of Psychology,

Double dissociations of the mnemonic function of the hippocampus
and caudate nucleus following irreversible and reversible lesions
indicate that these two structures are parts of independent memory
systems. It is hypothesized that the caudate nucleus selectively
mediates the acquisition of stimulus-response habits, and that sensory
information necessary for the participation of the caudate nucleus in
S-R memory is provided via glutamatergic corticostriatal projections.
In studies examining the neurochemical bases of memory in the
caudate, post-training intra-caudate injections of the NMDA receptor
antagonist AP5 selectively impair memory in a visible, but not hidden
platform water maze task. The present study was designed to extend
these findings by examining the effects of post-training intra-caudate
injections of L-glutamic acid (glutamate) on memory.
Male Long-Evans rats received a single 8 trial (30 sec inter-trial
interval) training session on either a hidden or visible platform water
maze task, followed by a post-training intra-caudate injection of
glutamate (2, 5, or 10 ^g) or saline. On a retention test 24 hours later,
latency to mount the escape platform was used as a measure of
memory. Intra-caudate injection of glutamate enhanced memory in the
visible (5 ^g), but not hidden platform task (2, 5, or 10 ^g). The
findings indicate a dissociation of the mnemonic function of the
caudate nucleus, and provide further evidence for a role of
glutamatergic neurotransmission in the selective memory processes
subserved by this structure.

304.3

304.2

SULPIRIDE INFUSION INTO THE VENTROLATERAL CAUDATEPUTAMEN IMPAIRS MEMORY IN THE SPATIAL WATER MAZE. K
Setlow* and J. L. McGaugh. Center for the Neurobiology of Learning and
Memory and Departments of Psychobiology and Pharmacology, University
of California, Irvine, Irvine, CA 92697-3800.
Extensive evidence suggests that the caudate-putamen (CP) is involved
in memory consolidation in a variety of tasks. The present study sought to
investigate the effects of intra-CP infusion of the D2 dopamine antagonist
(-) sulpiride on memory in the spatial water maze. Male Sprague-Dawley
rats were implanted with bilateral intra-cerebral guide cannulae aimed at the
ventrolateral CP. The rats were given 1 session of 8 training trials in the
spatial water maze, and given immediate post-training infusions of sulpiride
(10.0 or 100.0 ng/side) or saline vehicle. Retention was tested 2 days later
with a 90 s probe trial. Latencies to reach both the trained platform location
and a platform location in the opposite quadrant of the maze, as well as
number of crossings and time spent in the trained platform location were
measured. Consistent with previous studies, there was no effect of sulpiride
on latency to reach the trained platform location. Surprisingly, however,
the sulpiride-treated rats had significantly shorter latencies to reach the
opposite platform location. Sulpiride-treated rats also spent significantly
less time in the trained platform location, and had a trend toward fewer
crossings of the trained platform location. These results suggest that the
ventrolateral CP plays a role in memory consolidation in the spatial water
maze.
This material is based upon work supported under an NSF Graduate
Fellowship (BS) and NIMH/NIDA research grant MH12526 (JLM).

304.4

DIFFERENCES BETWEEN EARLY AND LATE WIN-STAY LEARNING
ON THE RADIAL MAZE. I.R. Sage* and B.L Knowlton. Dept. of
Psychology, University of California, Los Angeles, CA 90095.
Previous studies have suggested that the caudate nucleus may play a
crucial role in stimulus-response (S-R) habit learning. In support of this
hypothesis, we found that caudate-dependent win-stay learning in rats on
the radial maze appears to be characterized by stimulus-response (S-R),
rather than stimulus-stimulus (S-S) associations, as assessed by a US
devaluation procedure. However, it is possible that the content of winstay learning changes with the amount of training. Perhaps this S-R
habit learning is preceded by a period of acquisition which requires active
recollection of the US representation. To test this hypothesis we once
again employed a US devaluation procedure using .conditioned taste
aversion (CTA). Rats were trained to enter baited arms on the maze that
were signaled by a light. After approximately half the number of
aquisition trials as had been previously tested, the food reinforcer used cn
the lighted arms was paired with LiCl injections for the US-devalued
group. Performance was then reassessed on the maze. Although the USdevalued group continued to approach the lighted arms with accuracy
similar to the control group, US devaluation significantly increased
latency. These results suggest that the US-devalued animals are actively
recalling the food, and as a result, are responding more slowly to the signal
for that food. While extended win-stay training may result in the
formation of S-R associations, early in training performance may be
mediated by S-S associations. This supports the view that the caudate
nucleus is involved in more than just S-R learning. Supported by UCLA
Psychology Dept. Funding.

304.5
Molecular Studies on the Role of the Neostriatum in Acquisition
of a Food Search Spatial Learning Task. C.S. Maldonado-Vlaar* and

S. Pena de Ortiz Department of Biology, University of Puerto Rico, Rio Piedras
P.R. 00931-3360.
Several anatomical subregions of the neostriatum play an important role in
spatial information processing and spatial memory. Lesion studies revealed that the
dorsal striatum is implicated in the control of approach responses to distal visual
cues that oriented the animal to food location in a radial arm maze (McDonald and
White, 1995). Other studies point at the ventromedial striatum, specifically the
nucleus accumbens, as an important substrate for spatial and exploratory behavior
involving glutamatergic neurotransmission (Maldonado-Irizarry and Kelley, 1995).
Little is known, however, about the molecular biological mechanisms involved
in striatal learning. We have been studying the expression of the immediate-early
gene hzf-3 in the brain as it relates to synaptic plasticity processes (Pefla de Ortiz
and Jamieson, 1996; Onton et al. SNA 1996). Our studies have identified strong
correlations between the hippocampal and striatal expression of hzf-3 mRNA and
acquisition of a Morris water maze spatial learning task (Pefia de Ortiz et al. SNA
1997). The present studies aim to characterize the role of striatal hzf-3 expression
in acquisition and performance of a food search spatial learning task by means of
translational disruption of the hzf-3 protein product using an antisense knockdown
approach. We have designed hzf-3 antisense oligodeoxynucleotides with a
phosphorothioate backbone to be used in intracerebral infusions within the dorsal
and ventral striatum during the acquisition and performance of the food search
spatial learning task
These studies will allow us to better understand the
molecular mechanisms of spatial learning that is dependent on neostriatal function.
This work is supported by NSF (S.P.O., EPSCoR-OSR 9452893 andIBN 9706664)
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DISSOCIABLE MNEMONIC ROLES OF DISCRETE STRIATAL
TERRITORIES: COMPARISON TO THE HIPPOCAMPAL SYSTEM.
B.D, Devan* and N.M, White. Department of Psychology, McGill University,
Montreal, Quebec, Canada, H3A 1BL
The following series of experiments tested two hypotheses: 1) that the medial
and lateral areas of the rat dorsal striatum (caudate-putamen; CPu) are functionally
heterogeneous, and 2) that the medial region, which receives limbic innervation,
may form a functional circuit with part of the hippocampal system. In Exps. 1 and
2, different versions of the radial maze task (win-stay and win-shift) previously
shown to be sensitive to large dorsal striatal lesions or fomix/fimbria (FF) damage,
respectively, were used. Discrete lesions of the medial CPu enhanced win-stay
and impaired win-shift performance in a similar manner to FF lesions, whereas
discrete lesions of the lateral CPu did not influence performance on either task. In
Exps. 3 and 4, a water -maze task that combined cue and place training was used,
followed by a test that measured competing cue-place response tendencies.
Bilateral lesions of the FF or hippocampus blocked acquisition of the place
component of the task and produced a cue response bias on the competition test.
Lesions of the medial CPu produced a similar cue bias on the competition test but
did not block place learning. Lateral CPu lesions produced a place bias on the
competition test but did not affect acquisition. In the final experiment unilateral
lesions of either hippocampus or medial CPu had no effect on acquisition or the
competition test in the water-maze, but a unilateral lesion of one structure
combined with a contralateral lesion of the other attenuated place acquisition and
produced a cue bias on the competition test that was similar to that resulting from
a bilateral lesion of either structure. These findings suggest that the medial CPu
and hippocampal system form a functional limbic circuit; the hippocampal part of
the circuit acquires spatial information and the medial CPu may influence whether
this information gains control over behavior in competitive response situations.
(Supported by the MRC of Canada)

304.6

THE EFFECTS OF BILATERAL LESIONS IN THE RAT
STRIATUM AND HIPPOCAMPUS ON SEQUENTIAL OPERANT
RESPONDING. X, Liu*, N. Vaz, G. Pasklin, X. Shen and J, Brener.
Dept. of Psychology, SUNY at Stony Brook, Stony Brook, NY
11794-2500.
To study the function of the rat striatum and hippocampus on
sequential operant responding, 12 rats have been trained to press
three beams in two sequences: left-right-center (left sequence),
and right-left-center (right sequence). At the. beginning of each trial,
one of the two sequences is signaled by illuminating either the left
light (for the left sequence) or the right light (for the right
sequence), with p = 0.5. As soon as the signaled beam is pressed,
the illuminated signal over the beam is extinguished. The
subsequent two presses in each sequence are not signaled. In
order to perform this task above chance level, rats must associate
the left and right signal lights with corresponding beam presses (SR association), and they must remember the second and last beam
presses following a correct first beam press (memory).
Performance accuracy and speed are indexed respectively by the
number of beam presses that are out of sequence (errors) and
timing measures including reaction times and inter-response times.
Following training to stable performance, one group of 6 rats will
receive bilateral striatal lesions and the other group of 6 rats will
receive bilateral lesions in the hippocampus. The effects of these
interventions on sequence timing and errors will be reported.
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304.7

FEEDFORWARD AND FEEDBACK CONTROL OF TARGET RESPONSE
FORCES IN RATS: ROLES OF BASAL GANGLIA AND CEREBELLUM. \L
Brener*, 1S. Carnicom, 1X. Liu. 1B. Anderson. 1J. Robinson. 2S.H. Mitchell and
1R.Strecker. 1Dept. of Psychology, SUNY, Stony Brook, NY 11794-2500 and
2Dept. of Psychology, University of New Hampshire, Durham, NH 038243567
Rats were trained to press force-sensitive beams with criterion forces.
Force-time analyses of press trajectories revealed an initial ballistic phase
followed by a controlled phase during which response force “homed in” on
the target force under feedback control. Over the course of learning, the
ballistic phase of the response came more closely to approximate the target
force and the feedback control phase of the response waned. Following
stabilization of beam press performance, external feedback of criterion
response forces was withdrawn, forcing animals to generate target forces in
an open-loop fashion. Since this manipulation did not influence response
accuracy, it may be concluded that response memory had been well formed.
Nigrostriatal dopamine depletion was induced by SNpc lesions or by
systemic or central administration of dopaminergic drugs. All these
treatments increased deviations from target forces of the peak forces
achieved during the ballistic phase of the response. This suggests that
during the premovement phase, the nigrostriatal dopamine system
participates in translating motor memories into motor plans. Further, since
most presses continued to meet the force target during the feedback phase,
it may be concluded that the nigrostriatal dopamine system is not involved in
maintaining memories of criterion forces. Finally, nigrostriatal dopamine
lesions did not influence the dynamics of the feedback phase that
compensated for the increased deviation of the ballistic phase from the force
target. Similar analyses applied to data prior to and following lesions of the
cerebellum will be presented. (Supported by HL-42366 to JB)

MONDAY AM

304.8

MULTIPLE REPRESENTATIONS IN THE BASAL GANGLIA LOOPS FOR
ACQUISITION AND EXECUTION OF SEQUENTIAL MOTOR CONTROL. &
Nakaham1. K, Dova*'. O, Hikosaka’. and S, Nagano*. 'Frontier Res. Prgm., RIKEN.
Saitama, 351-01, Japan. :Kawato Dynamic Brain Project, JST. ’Dept. of Physiol..
Juntendo Univ. Sch. of Med. 4Dept. of General Sys. Studies. Univ. of Tokyo.

The basal ganglia (BG) are known to play an important role in sequential motor
control but their computational roles are poorly uniferstood In recent studies using
"2x5 task”, in which a monkey learned to press five sets of two LED buttons in a
predetermined order, functional differentiation was observed between anterior and
posterior BG (Miyachi et al., Soc Neurosci Abstr 20: 357, 1994), as well as
presupplementary motor area (pre-SMA) and supplementary motor area (SMA)
(Miyashita et al.. Soc Neurosci Abstr 22: 1862, 1996), in acquisition and execution of
the sequential movement. Here, we propose a computational model on the functions of
those areas based on a theory of reinforcement learning (Nakahara, Ph. D. thesis, 1997).
The central idea of the model is that a visuomotor sequence is easier to learn in spatial
representation (e.g. visual coordinate) but is easier to control in body-based
representation (e.g. joint angle coordinate). Based on anatomical and physiological
evidence, we propose that the loop between anterior BC» and the prefrontal cortex,
perhaps togetherwith pre-SMA, learns the sequenceusing visual coordinate. The loop
between posterior BG and SMA learns the sequence using body coordinate. Although
both loops concurrently leam the sequence, because of the difference in the speed of
learning, the anterior loop is more critical in learning of new sequences and the
posterior loop is more involved in performance of well learned sequences. We then
performed computer simulations of the proposed model. The results replicated both
behavioral and neurophysiological data, and further provided several predictions which
are experimentally testable using the 2x5 task. Supported by JSPS, Grant-in-Aid from
The Ministiy of Edu. and Sci. and SPRF of RIKEN to HN. HFSP to KD, Uehara
Memorial Foundation and JSPS Research for the Future Program to OH.

304.10

304.9
ACTIVITY OF PRE-SMA NEURON FOR THE PERFORMANCE OF
SEQUENTIAL MOVEMENT IN MONKEYS K, Miyashita*. O, Hikosaka
Dept. of Physiology, Juntendo Univ. Sch. of Med, Tokyo, 113. Japan
We previously showed that muscimol-induced inactivation of the presupplementary motor area (pre-SMA), rather than SMA, produced deficits in
learning of new motor sequences (Miyashita et al., Soc Neurosci Abstr 22: 1862,
1996). This led us to hypothesize that pre-SMA neurons are activated preferentially
while the animal is learning new sequences. The present study verified this
hypothesis. We recorded neuronal activities while two Japanese monkeys performed
sequential button press task, “2 x 5 task” {J. Neurophysiol.74:1652-1661, 1995).
On pressing a home key, two of 16 (4 x 4) LED buttons (called "set") were
illuminated simultaneously. The monkeys had to press them in a predetermined
order which they had to find out by trial-and-error. A total of 5 sets ("hyperset")
was presented in a fixed order for completion of a trial. A hyperset was repeated as a
block of experiment until 10-20 successful trials were performed. Cell activities for
two kinds of hypersets were examined. New hypersets were newly generated such
that the monkeys experienced for the first time. Learned hypersets had been trained
daily and the monkey performed them with few errors and very quickly. For each
cell recorded, we examined 3-5 new hypersets and 3-5 learned hypersets. Among
344 task-related neurons, 78 cells were activated more strongly for new hypersets
than for learned hypersets (“new-preferential cells”). These cells were more
prevalent in pre-SMA (n=65) than SMA (n=13). Such a new-preferential cell, for
example, would fire vigorously before the first button press for every set for new
hypersets, but remained silent for learned hypersets except for the first trial. The
new-preferential activity typically decreased in 10-20 trials as the animal learned the
sequence. These results suggest that pre-SMA, rather than SMA, is involved in the
mechanisms of acquisition of new motor sequences by trial and error processes.
Supported by JSPS Research for the Future Program.

THE EFFECTS OF VARIOUS MOTOR SYSTEM LESIONS ON TIME
PERCEPTION IN THE RAT. S.P. Clarke*. R.B. Ivry. Dept. of Psychology,
University of California at Berkeley, Berkeley, CA 94720.
Thirty, male, Fisher 344 laboratory rats were trained on two temporal
discrimination bisection tasks and then subjected to one of three kainic acid lesions
of neural areas involved in motor control. The tasks involved discriminations of
short or long duration light stimuli presented within one of two temporal ranges
on alternate days.
The short range (SR) task required the animal to respond on one of two levers
extended into a standard operant chamber after presentation of one of eleven
stimuli ranging from 200 to 800 msec on each trial. The long range (LR) task
required the animal to respond on one of two levers after presentation of one of
eleven stimuli ranging from 20 to 43 seconds. This bisection procedure results in a
psychometric function which provides a point of subjective equality and variability
measure for each animal in both tasks.
After reaching criterion performance in each task, the rats were randomly
assigned to one of three lesion groups; lateral cerebellar cortex, dentate nucleus or
anterior caudate. These lesion sites were chosen based on findings of previous
studies implicating them in temporal discrimination tasks. The results demonstrate
a general inability of the caudate lesioned animals to perform either task, even after
a return to presurgery motor activity levels. Cerebellar lesioned animals exhibited
mixed deficits on each task that were dependent on the extent and exact location of
the lesions. These results will be discussed in terms of their implications for
localizing the neural substrates responsible for time perception. This work was
supported by grant #36-57859-2 from the Whitehall Foundation.

304.11

304.12
EFFECTS OF DEEP CEREBELLAR NUCLEI LESIONS ON
MOTOR AND SPATIAL LEARNING IN RATS.
C.C. Joyal*. C. Strazielle and R. Lalonde. Groupe de Recherche en

ACCELERATING ROTOROD SENSORIMOTOR LEARNING IN TWO
CEREBELLAR MUTANT MICE. N. Le Marec and R. Lalonde*.
Hotel-Dieu Hospital Research Center, Neurology Service,
Montreal, Quebec, Canada H2W 1T8.
E-mail: lalondr@ere.umontreal.ca
The sensorimotor motor skills of two mutant mice with
atrophy of the cerebellar cortex were evaluated on the
accelerating rotorod. Lurcher mutants are characterized by
degeneration of Purkinje cells, granule cells, and inferior
olive cells, while pcd mutants are characterized by
degeneration of Purkinje cells and inferior olive cells, with
relative preservation of granule cells. Lurcher mutants fell
sooner from the accelerating rotorod than normal littermate
controls. With repeated trials, there was an increase of
latencies before falling for both groups. The pcd mutants also
fell sooner than their littermate controls. By contrast to
lurcher mutants and either control group, pcd mutants did
not improve over days despite an increase in passive
rotation. These results indicate better acquisition of a motor
skill in a cerebellar mutant with a more massive cerebellar
pathology. The relative preservation of equilibrium in
lurcher mutants may be due to alterations of synaptic
activity in cerebellar efferent regions, taking over from lost
cerebellar function.
Funded by NSERC Canada
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Neuropsychol., U de Montreal, Canada H3C 3J7 and Laboratoire de
Neuroanatomie Fonctionnelle Oro-fadale, U de Nancy, France, 56115.
Rats with bilateral lesions of either the fastigial or lateral cerebellar nuclei were
used in the present study. The first group were evaluated for complex motor
learning using the rotating rod test. Lesioned animals were impaired as compared
to controls in motor coordination but not in motor learning, thus confirming
results previously obtained using a large battery of different complex motor
learning tasks (Joyal et al., Brain Res.,739,1-11,1996). The same rats were also
evaluated on a new oro-fadal motor learning task, introduced elsewhere by our
group (Meyer et al., J. NeuroscMethods, 72,117-122,1997), in which efficiency
of front paw coordination and ability to eat a revolving food pellet suspended from
a horizontal bar are evaluated. Again, motor coordination but not motor learning
was affected.
The second experimental group, composed of lateral cerebellar nuclei lesioned
rats, was evaluated on the Morris water maze spatial orientation test. They were
deficient as compared to controls in terms of distance travelled and heading
orientation but not in terms of swimming speed, thus confirming results of
Petrosini et al., (EurJ.Neurosci,,8,1882-1896,1996) with hemicerebellectomized
rats and our previous results with cerebellar hemispherectomized rats (Joyal et
al.,1996). Cytochrome oxydase staining of the cerebral hemispheres are presently
performed in order to detect any remote cellular hypometabolism.
Supported by NSERC (Canada) grant to R. Lalonde and NSERC and FCAR
(Quebec) scholarships to C.C. Joyal.
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304.13
PROCEDURAL KNOWLEDGE CAN BE ACQUIRED BY MEANS OF
MENTAL
REPRESENTATION.
EVIDENCE
IN
CEREBELLAR
LESIONED RATS. M, Molinari*, P, Neri, L.G. Grammaldo, M.G. Leggio.
and L. Petrosini Dept. of Psychology, University of Rome “La Sapienza”;
IRCCS S. Lucia, Rome and Experimental Neurology Lab, Institute of
Neurology, Catholic University, Rome, Italy 00168.
Recently we demonstrated a severe impairment in the procedural
components required by MWM testing in hemicerebellectomized rats.
Since preoperative training prevented these lesion-induced deficits, it
was also demonstrated that cerebellar lesion affects acquisition of
procedural knowledge but not its retrieval. There is growing evidence
that cerebellar structures, together with cortical areas, participate in
imaging an action without actually performing it. The dissociation
between acquisition and retrieval of spatial procedures provided us the
opportunity to test if motor imaging can sustain acquisition of a
procedural competence in rats. To this aim, normal rats have watched
about 400 MWM navigational trials performed by intact rats, without
performing any swimming tasks. After MWM observation, the animals,
under barbiturate anesthesia, were hemicerebellectomized and, once
recovered, tested according to the classical MWM paradigm. Lesioned
rats performed the spatial task as control animals. They did not display
any procedural deficit of cerebellar origin, as if they had preoperatively
acquired the procedural components of the task. This study
demonstrates that watching a task allows rats to acquire procedural
competence similarly to what happens when they actually perform it
suggesting that mental navigation shares some features with actual
navigation and that also in animals the gap between procedural and
declarative knowledge can be bridged through a representational system.
Supported by MURST and CNR grants to MM and LP.
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305.2

305.1
CORTICO-STRIATAL CIRCUITRY: EVIDENCE FOR A FUNCTIONAL
CONNECTION BETWEEN ANTERIOR CINGULATE CORTEX AND NUCLEUS
ACCUMBENS CORE IN PAVLOVIAN CONDITIONING. J. A, Parkinson .
Willoughby. T, W. Robbins. B. J. Everitt.*Department of Experimental Psychology,

University of Cambridge, UK.

The anterior cingulate cortex (Cing) has a direct projection to the nucleus
accumbens (Nacc) and has been hypothesised to form part of a cortico-striatal system
subserving learning and memory function. The present experiments compared
performance of rats with excitotoxic lesions of these structures, or a disconnection
procedure involving a unilateral lesion of each structure on opposite sides of the brain
on both appetitive and aversive Pavlovian conditioning tasks. Experiment 1 studied
aversive conditioning; by manipulating the trace delay between a clicker stimulus and
footshock it is possible selectively to condition subjects either to the CS or the context
in which the pairings took place. Animals with lesions of either the Cing or core
subregion of the Nacc showed a selective impairment in conditioning to the CS whilst
leaving contextual conditioning intact. Experiment 2 used an appetitive autoshaping
procedure which had previously been shown to be sensitive to both Cing and Nacc
core lesions. In the present study animals with a unilateral lesion of the Cing and a
contralateral lesion of the Nacc core also showed an impairment in acquisition of the
conditioned response (CR). Animals with only unilateral lesions of either structure,
sham operated controls and animals with lesions of the shell of the Nacc acquired the
CR normally.
The exact nature of the impairments produced by the above lesions differed,
suggesting a functional specificity among the cortical and striatal structures. These
results are discussed in terms of evidence for serial functioning of distinct corticostriatal learning systems, in this case one involving discrete projections from the
cingulate cortex to the core subregion of the nucleus accumbens.
This work was supported by the Wellcome Trust and MRC.

305.3

LESION OF THE ENTORHINAL CORTEX AFFECTS LEARNING-RELATED
MULTIPLE UNIT ACTIVITIES IN THE HIPPOCAMPUS. J. W. Ryou*, and H.
T. Kim. Dept of Psychology, Univ. of Korea, Seoul 136-701, Korea.
Recent researches have suggested the feasible interaction between cerebellum and
hippocampus during the classical conditioning of nictitating membrane response(NMR).
These studies indicated that the cerebellum is an essential structure for the expression
of learned responses, and plays an important role in the development and the retention
of learning-related activities in the hippocampus(Sears et al., 1990; Ryou et al., 1995).
It is possible that the learning-related output from the cerebellum may influence on
hippocampal activities through a major hippocampal afferent such as the entorhinal
cortex(EC). In the present study, to evaluate the effects of EC lesions on acquisition
of learning-related hippocampal activities, animal were first lesioned on EC bilaterlly
and then given the trace conditioning with 750msec interstimulus interval(ISI). The
conditioned stimulus(CS) was a tone(lKHz, 85dB, 200msec duration), and the
unconditioned stimuIus(US) was a corneal air-puff(3 psi, 100msec duration). Animals
with lateral lesions of EC showed only 30% conditioned responses(CR) by 9th sessiort,
whereas intact animals showed above 80% CRs. Lesions of EC, also, prevented
significantly development of learning-related activities of hippocampus activities(F(l,10)
=21.29, p<0.01). When the training was changed to trace conditioning with 300msec
ISI, all animals showed above 80% CRs, but animals with lesions of EC showed less
hippocampal activities than intact animals(F(l,10)=9.62, p<0.05). These results suggest
that the learning-related neuronal activities in the hippocampus depend on the
cerebellum, and that EC may be involved in a possible pathway from cerebellum to
hippocampus.
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ON THE FUNCTION OF AUDITORY SPACE MAPS IN THE SUPERIOR
COLLICULUS IN GUINEA PIG BEHAVIOUR. B, Platt. E, v. Unstow
Roloff, J.R. O'Neill. DJ, Withington*. E.M, Macphail and G. Riedel. Dept.
Physiol., Univ. Leeds, Leeds, UK and Dept. Psychol., Univ. York, York, UK.
Neurons localised in the deeper layers of the superior colliculus (SC) show
two electrophysiological characteristics: i) Spatially tuned responses to a broad
band noise; ii) Responses integrating at least three sensory modalities, namely
auditory, somatosensory and visual. The present study aimed at investigating
the behavioural significance of these characteristics of the deep layers of the SC
in guinea pigs. We compared controls with animals raised in complete darkness,
a procedure known to disrupt the auditory space map when exceeding a crucial
period of at least 32 postnatal days, and subjected animals to two appetitive
classical conditioning tests: a spatial auditory discrimination task and a positive
patterning paradigm, both performed using standard conditioning chambers.
In the spatial auditory discrimination test, animals were rewarded upon
termination of a 10 sec broad band noise (CS) coming from one of three
loudspeakers mounted in the walls of the conditioning box. Nosepokes during
the rewarded CS increased throughout training, but were not different between
deprived and control groups. Positive patterning required animals to increase
responding to the CS during which both light and noise were compounded, but
not when presented individually. Both groups acquired the task with similar
rate. Electrophysiological recordings confirmed perturbation of auditory space
maps in the deprived group, but not controls.
Our data suggest that visual deprivation for long postnatal periods does not
interfere with integration of sensory modalities in deeper layers of the SC,
although auditory space maps were disturbed. Apparently, such space maps may
not be required in order to perform normally in a spatial auditory discrimination
task with speakers at 90°. However, the SC may be important when the angle
between auditory stimuli is reduced.

305.4

NEURAL RESPONSES IN THE DEEP NUCLEI OF THE CEREBELLUM
IN RABBITS CONDITIONED TO BOTH A LIGHT AND TONE CS.
M.S. Weninger,* & R.F. Thompson. Neuroscience Program
University of Southern California, Los Angeles, CA 90089-2520.
The cerebellar deep nuclei appear to be necessary for classical conditioning
of the rabbit nictitating membrane (NM) response. Reversible lesions of the
anterior interpositus (IPA) prevent acquisition of the learned behavior in naive
animals, and abolish the learned response in trained animals (Krupa et al., 1993,
Science). Previous studies have shown that lateral IPA and the medial dentate
receive convergent projections from peripheral auditory, visual and somatosensory
stimuli and produce neural models of the learned NM response following
conditioning to a tone or light conditioned stimulus (CS). (Berg, & Thompson,
1995; Tracy et al, 1991,1993, Neurosci Abs). This study assessed the responses of
single neurons in the cerebellar deep nuclei in rabbits that were well trained to both
a light and tone CS.
Recordings were performed in rabbits reaching a learning criteria of 90%
to both a tone and light CS. Rabbits were first trained to a tone (350 msec) CS and
then trained to a light (600 msec) CS. Each CS precedes and co-terminates with an
air puff unconditioned stimulus (US) to the eye (100 msec, 3 psi). Neural models
are found in the lateral IPA and medial dentate that are time locked to the
conditioned NM response to both the light and tone CS. The neural responses to
the tone and light CS appear to be qualitatively the same. For example, if an
individual cell responds to the light CS with an increase in firing rate, then that
same cell also responds to the tone CS with an increase in firing rate. These neural
models precede the learned behavior an average of 108 msec.
SUPPORTED BY: NSF (IBN9215069), NIA (AF05142), and Sankyo.
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305.6

AMPA RECEPTOR BINDING IN THE CEREBELLAR CORTEX OF
CLASSICALLY CONDITIONED, PSEUDOCONDITIONED, AND NAIVE
RABBITS. S.A, Hauge*. J. A. Tracy. & R.F. Thompson. Neuroscience Program
University of Southern California, Los Angeles, CA 90089-2520.
It has been shown that the cerebellum and its associated circuitry are essential for
normal acquisition and retention of the classically conditioned eyeblink response in
the rabbit (Thompson & Krupa, 1994). Results from recording, lesion, & reversible
inactivation studies indicate that the plasticity supporting this response occurs
within the cerebellar cortex and/or deep nuclei. Furthermore, cerebellar long term
depression may result from a net decrease in the efficacy of the parallel fiberPurkinje cell synapse caused by modulation of AMPA receptors. In the present
study, levels of AMPA binding were measured in the molecular and granular layers
of the cerebellar cortex in classically conditioned, pseudoconditioned, and naive
rabbits to examine possible differences in AMPA receptor populations among the
three groups.
Male New Zealand White rabbits were chronically implanted with bipolar
stimulating electrodes in the right dorsolateral pontine nucleus (DLPN). Following
recovery, animals in the classically conditioned group were trained to a criterion of
8/9 CRs with a DPLN conditioned stimulus (CS, 60 uA, 200 Hz, 0.1 ms pulses) and
a peripheral airpuff unconditioned stimulus (US, 3 psi corneal airpuff, 100ms
duration). Animals in the pseudorandom group received uncorrelated presentations
of the stimulation CS and airpuff US in a number of sessions equivalent to that
experienced by the trained animals. Following sacrifice, 10 um coronal sections
were collected throughout the anterior-posterior extent of the cerebellum, and
lOOnM [3HJAMPA and 50nM [3HJCNQX binding was conducted.
Significant differences in the levels of [3H]AMPA binding were seen in the
molecular and granular layers of cerebellar cortical lobule HVI among all three
groups. No significant differences were seen, however, in the levels of [3HJCNQX
binding. SUPPORTED BY: NSF (IBN9215069), NIA (AF05142), and Sankyo.

CLASSICAL CONDITIONING OF DISCRETE MOTOR RESPONSES
USING ELECTRICAL MICROSTIMULATION OF CEREBELLAR
CORTEX AS BOTH CS AND US.

P.G, Shinkman*. M.S. Weninger. & R.F. Thompson. Neuroscience Program, Univ.
Southern California, Los Angeles, CA 90089-2520.
We have reported that intracerebellar electrical microstimulation (ICMS) can serve
as an effective CS and US for classical conditioning. In the present experiment,
rabbits were implanted with bipolar stimulating electrodes at the base of cerebellar
lobule HVI and an infusion cannula in n. interpositus. Thresholds for elicited
behaviors were ascertained; low levels of ICMS (50-75% of threshold) served as the
CS, and higher levels (200-300% of threshold) delivered over the same electrode pair
were used as the US. Rabbits in group M received infusions of muscimol (300ng)
into n. interpositus 1 hr before each of 5 daily sessions of paired training, followed
by 5 additional days of training with infusions of artificial cerebrospinal fluid (CSF).
Rabbits in group C received 10 days of paired training with CSF, and control rabbits
were trained with randomly unpaired CS and US presentations. Control rabbits did
not show CRs; in groups M and C some subjects learned to respond to the CS and
some did not. Of those that learned, rabbits in group M did not show CRs under
muscimol; both groups learned rapidly during paired training under CSF. There was
a trend for group M rabbits to learn faster than rabbits in group C. Pronounced
changes in CS threshold were seen over the course of training; thresholds declined
following paired training in group M, even in the absence of CRs, and declined
further following training under CSF; in group C thresholds declined following 5
days of training under CSF and remained low at the end of training. These effects
were not seen in rabbits that did not learn. We conclude that some cortical
associative changes took place during training with inactivation of n. interpositus but
were only expressed subsequently.
Supported by NSF (IBN9215069), NIA (AF05142), and Sankyo.

305.7

305.8

PARTICIPATION OF NUCLEUS RETICULARIS TEGMENTUS
PONTIS (NRTP) IN RABBIT EYEBLINK CONDITIONING M.C.
Cartford* and D.G. Lavond. University of Southern California,
Depts. of Psychology and Neurobiology, HNB 501, Los Angeles,
CA 90089-2520.
Classical conditioning of the rabbit eyeblink or nictitating membrane
response (NMR) is a well established model system of learning and
memory. Research using this model system has provided substantial
evidence that the cerebellum is the locus of the basic association of
conditioning and unconditioned stimuli, an association which results in a
learned behavioral output, the NMR. The complete neuronal circuitry
involved in this learning paradigm is still being worked out.
Recent work in our lab has shown that cells in the NRTP develop
changes in firing patterns that model the NMR (Clark, Gohl and Lavond,
1997). This learning related unit activity is abolished when the
interpositus nucleus (IP) of the cerebellum is reversibly inactivated with
cooling. Anatomical studies suggest that a direct reciprocal pathway
exists between NRTP and IP. However, IP is also known to send most of
its efferents to the red nucleus (RN). It is our hypothesis that learning
related unit activity in NRTP is projected from the IP. In the present
study we undertook to answer the question whether the learning related
unit activity in NRTP was projected directly from IP or by way of RN.
Rabbits were well trained using a 1 kHz tone conditioning stimulus
and corneal airpuff unconditioned stimulus. The red nucleus was then
temporarily inactivated using an implanted cooling probe. Inactivation of
red nucleus resulted in a significant decrease of learning related unit
activity in the NRTP. This result suggests that learning related unit
activity is projected from IP by way of the red nucleus rather than by a
direct pathway between IP and NRTP.
Supported by NIH 5-RO1 MH51197-03

305.9
LEARNING INDUCES RNA ENCODING A CDC2-RELATED KINASE
H. Gomi, W. Sun*. J, T. Chun, C. E. Finch, and R. F. Thompson.
Neuroscience Program, USC, Los Angeles, CA 90089-2520.
To elucidate the molecular mechanisms in learning and memory, we
analyzed the mRNA expression in rabbits undergoing eyeblink conditioning
by mRNA differential display (DD-PCR). Total RNA was isolated from the
deep cerebellar nuclei from brains of an experimental group trained with
paired tone and air-puff stimuli and a control group given unpaired tone and
air-puff stimuli. RNA was isolated at the time when the experimental group
reached criterion (>80% conditioned response). DD-PCR analysis of the
RNAs identified a 202-bp differentially expressed band, which increased
after conditioning. We screened a Xgtl 1 rabbit brain cDNA library using
this fragment as a probe and isolated a 3080-bp cDNA with a 1697-bp open
reading frame. The deduced amino acid sequence contains the KKIAMRE
motif, which is common among cdc2-related kinases. Northern blot analysis
identified a 4-kb transcript from brain, lung, kidney, and testis. Primary
cultured neurons preferentially expressed this kinase over astrocytes. These
results suggest that there is a new category of cdc2-related kinases in the
brain, whose function maybe important in learning and memory.
Supported by NSF (IBN 9215069), NIA (AF 05142), Sankyo, and AG13499 (C.E.F.)
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A COMPUTATIONAL MODEL OF THE CONTRIBUTIONS OF THE
INTERPOSITUS TO THE WELL-TIMED CONDITIONED RESPONSE,
T.S. Grethe*, R.F. Thompson
Neurosciences Program, Univ. of Southern California, Los Angeles, CA 90089-2520.

Current evidence argues very strongly that the essential memory trace for
the classical conditioning of discrete responses (e.g. eyeblink) is formed and
stored in the cerebellum (R.F. Thompson & D.J. Krupa 1994). One of the
more interesting features of classical conditioning of discrete responses is
that of the well timed response. Over the course of training, the timing of
the response to the conditioned stimulus (CS) becomes more precise. In the
earlier phases of training, the conditioned response occurs at long latencies.
Over the course of training, the onset of the conditioned response moves
forward in time. Eventually in the later stages of training, the peak of the
conditioned response coincides exactly with the onset of the unconditioned
stimulus (US) over the range of CS-US onset intervals that yield robust
conditioning.
Most, if not all, of the computational models of the cerebellar contributions
to the timing of the conditioned response rely only on the cerebellar cortex to
produce the appropriate timing. However, recent evidence suggests that
the cerebellar cortex is not necessary to produce an adaptively timed
conditioned response. L. Chen and colleagues (1996) have shown that pcd
mutant mice, which have a complete functional lesion of the cerebellar
cortex, are able to acquire and perform the classically conditioned eyeblink
response, albeit poorly. To examine the role that the interpositus nucleus
plays in the acquisition and performance of this adaptive response a
computational model of the interpositus was constructed that is able to
perform the well timed conditioned response.
The cerebellum has been hypothesized to play a role in a variety of
movement timing tasks that involve the processing of temporal information
on a variety of timescales. Models of the cerebellar contributions to
movement tuning cannot focus solely cn the cerebellar cortex but must also
consider the computational capabilities of the cerebellar deep nuclei as
well. Supported in part by the Human Brain Project Consortium grant NIMH
(MH52194), NSF (IBN9215069), and Sankyo.

305.10
APPLICATION OF HALOTHANE, A GAP JUNCTION BLOCKER, IMPAIRS
CEREBELLAR LONG TERM-DEPRESSION IN VITRO. S. Bao*, L, Chen and R,
F. Thompson. Neuroscience Program, Univ. of Southern Calif., Los Angeles, CA
90089-2520.
Glial cells have been implicated in long-term depression (LTD) of the cerebellar
parallel fiber-Purkinje cell (PF-PC) synapses (Shibuki et al., 1996). In the present
study, we investigated the effects of bath application of halothane, a gap junction
blocker that blocks interglial communication through gap junctions, on cerebellar
LTD.
Parasaggital slices of 400 pm were prepared from the cerebellar vermis of male
C57BL6/J mice (4 to 6 weeks). After one hour incubation in oxygenated artificial
medium containing 40 pM picrotoxin, cerebellar Purkinje cells were recorded
intracellularly with a sharp electrode. PF-PC EPSPs were evoked with an epoxycoated stainless steel stimulating electrode placed in the outer molecular layer. Longterm depression of PF-PC synapses was induced by pairing 1 Hz PF stimulation and
continuous depolarization that induced calcium spikes in PC for 2 minutes. This
paradigm produced initial post-pairing depression followed by a long-term
depression. For the treated group, slices were superfused with halothane (2 mM in
artificial medium) for 10 minutes baseline recording and 2 minutes pairing before
washout. Halothane did not change the basal synaptic transmission or input resistance
during the 10 minutes baseline recording. During the 2 minutes pairing, halothanetreated cells showed normal depolarization-induced calcium spikes. After the pairing,
PF-PC EPSP showed transient post-pairing depression but no long-term depression.
Thus the neuroglial interaction and interglial communication through gap junctions
appear to be important for cerebellar PF-PC LTD in slice.
Supported by grants from NSF (IBN9215069), NIA (AF05142), and Sankyo to RFT
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305.11

305.12

17β-ESTRADIOL REGULATES CEREBELLAR LONG-TERM DEPRESSION.
L. Chen*. S. Bao and R. F. Thompson. Neuroscience Program, Univ. of Southern
Calif., Los Angeles, CA 90089-2520.
17β-estradiol (E2) regulates synaptic transmission in hippocampus (M. Wong et al.,
1992). It also enhances the discharge rate of cerebellar Purkinje cells to glutamate in
vivo (M. M. Smith et al., 1987). In the present study, we investigated its effects on
cerebellar parallel fiber-Purkinje cell (PF-PC) synaptic transmission and plasticity in
slices.
Intracellular recording of PF-PC EPSPs was performed in cerebellar slices prepared
from central vermis of male C57BL6/J mice (4 to 6 weeks). The PF-PC EPSPs were
evoked with an epoxy-coated stainless steel stimulating electrode placed in the outer
molecular layer. In control slices, pairing of I Hz PF stimulation with continuous
depolarization that induced calcium spikes in PC for 2 minutes produced transient
post-pairing depression and a long-term depression. In experimental slice, bath
application of E2 (100 nM) for 30 minutes produced no evident changes in basal
synaptic transmission or input resistance. After LTD induction, E2 was washed out.
The pairing of PF stimulation and PC depolarization induced transient depression of
PF-PC EPSPs. The long-term depression in the E2-treated slices was significantly
smaller than that in control slices. This smaller cerebellar LTD is consistent with the
in vivo studies showing enhanced PC responsiveness to glutamate following E2
administration.
Supported by grants from NSF (IBN9215069), NIA (AF05142), and Sankyo to RFT

17-β-ESTRADIOL ENHANCES LONG-TERM POTENTIATION IN RODENT
HIPPOCAMPUS. M.R. Fov1* and R.F. Thompson2. 1Department of Psychology,
Loyola Marymount University, Los Angeles, CA 90045, 2Neuroscience Program,
University of Southern California, Los Angeles, CA 90089.
Electrophysiological changes in neurons have been reported in studies examining
the effects of sex steroids on nervous system tissues. Using the in vitro hippocampal
slice preparation and extracellular recordings, Teyler was the first to report that 17β-estradiol (E2). added to hippocampal slices, had a rapid effect (< 10 min.) of
enhancing synaptic transmission (facilitating monosynaptic field response recorded
from area CA1) in young adult male rats, but not in females. Using intracellular
recordings in CA1 pyramidal cells in vitro in ovariectomized young adult female
rats, Wong & Moss subsequently reported that in vivo estrogen-primed and in vitro
bath applications of E2 induced a prevalent increased excitability (prolonging EPSP
and inducing repetitive firing) and short-term facilitation (increasing EPSP
amplitude) of glutaminergic transmission, respectively, at the Schaffer collateralCA1 synapse.
In current work, we corroborate these above-mentioned results by finding a
significant increase in synaptic transmission in CA1 slices from normal, young adult
male rats following an acute bath application of E2 (100 pM). Moreover, we report a
pronounced, persisting and highly significant enhancement of long-term potentiation
(LTP), as well as an increase in post-tetanic potentiation, as indexed by both the
population field EPSP (f-EPSP) slope and f-EPSP amplitude in Entreated slices
compared to control, non-E2-treated slices. This observed increase in LTP following
application of E2 offers further evidence that E2 modulates synaptic plasticity in the
hippocampus, and that this enhancement of LTP might be correlated with a possible
role that estrogen has in memory formation and storage in the mammalian nervous
system. Supported by LMU grants (MRF) and NSF IBN-9215069, NIH AG-05142,
NIMH MH-52194, ONR N00014-95-1-1152, & Sankyo Corp. (RFT)

305.13

305.14

IMPAIRMENT OF ACQUISITION AND RETENTION OF THE
CLASSICALLY CONDITIONED EYEBLINK RESPONSE IN
RABBITS FOLLOWING OVARIECTOMY.

The Role of Ovarian Hormones in The Sexually Opposed Effects of
Stress on Classical Conditioning. G. E. Wood* & T. J. Shors.
Department of Psychology, Program in Neuroscience, Princeton
University, Princeton, NJ 08544-1010.

J.M. Lockard*. B.D. Cipriano. & R.F. Thompson. Neuroscience
ProgramUniversity o f Southern California, Los Angeles, CA 900892520.
Fourteen female New Zealand white rabbits were divided into two
groups. Ovariectomies were performed by a veterinarian on one group
o f seven rabbits (OVX group) with the remaining seven rabbits used as
a control group. Following recovery, all fourteen rabbits received three
days o f conditioning consisting o f 10 blocks o f trials per day. Each
block consisted o f 8 paired tone-airpuff trials, one tone-alone, and one
airpufF-alone trial. On days four and five the animals were exposed to
30 tone-alone extinction trials to test for retention. The control group
acquired the conditioned response (CR) normally and showed retention
on the two tone-alone sessions. The OVX group, however, showed
significant impairments in both acquisition and retention. Plasma was
withdrawn from the animals and assays will be performed to determine
levels o f 17-beta-estradiol for both the OVX and control groups.
SUPPORTED BY. NSF (IBN9215069), NIA (AF05142), and Sankyo.

Exposure to restraint and intermittent tail shock facilitates classical
eyeblink conditioning in males (Shors et al., 1992). In contrast, exposure to
the same stressful event impairs acquisition in females (Wood & Shors,
1996). To determine if the stress-impairment in females was dependent on
the presence of ovarian hormones, female Spraque-Dawley rats were
ovariectomized or subjected to a sham surgical procedure, implanted with
periorbital electrodes, and provided 5-7 days of recovery. Rats were exposed
to stressed or unstressed conditions. Stressed rats were restrained and
exposed to 30,1 mA, 1 s per minute tailshocks, and returned to their home
cage. Twenty four hours later, rats received either classical conditioning
(paired stimuli), or explicitly unpaired stimuli. The conditioned stimulus (CS)
was an 85 dB white noise burst, which was either paired or unpaired with a
0.7 mA periorbital shock unconditioned stimulus (US). Ovariectomy, which
eradicates circulating levels of estrogen and progesterone, had no effect on
learning alone, but eliminated the stress-effect on learning. There was an
overall interaction between stress exposure, ovariectomy, and training
[1(2,68) = 3.34; P = 0.04]. Specifically, ovariectomized females were not
impaired by stress (P<0.44). Consistent with previous results, the
performance of intact stressed sham females was impaired relative to
unstressed sham females (P<0.001). In conclusion, the female stressinduced impairment in learning is dependent on the presence of the
circulating ovarian hormones.
[McDonnel-Pew Foundation, Whitehall Foundation, NSF
(IBN-9511027), ONR (N00014-92-J-1897) toTJS).

305.15

305.16

SEX DIFFERENCES AND LONG DELAY LEARNING IN CONDITIONED TASTE
AVERSIONS ARE GREATLY REDUCED BY CS PREEXPOSURE IN RATS. IX
Mitchell1*. J. Rinehart2 and M.R. Fov2. lDept. Psychology, Univ. of Southern
California, Los Angeles, CA 90089, 2Dept. Psychology, Loyola Marymount Univ.,
Los Angeles, CA 90045.
Rats exhibit consistent sex differences in a variety of learning paradigms,
including conditioned taste aversions (CTAs). It is also common knowledge that
conditioned stimulus (CS) novelty greatly enhances CTAs, and that male rats are
more reactive to novelty than females. Given previous research demonstrating that
long delay learning, characteristic of CTAs, is largely mediated by nonassociative
learning processes known to modulate stimulus novelty (habituation and
sensitization), we reasoned that CS preexposure will mitigate both sex differences
and long delay learning in CTAs.
Accordingly, male and female rats were either preexposed or not preexposed to ad
lib saccharin for 5 days and gradually adapted to a restricted water schedule. They
were further subdivided into two groups that were either poisoned immediately or
following a 4-hr delay after drinking saccharin. A twenty-day, two-bottle preference
test (saccharin vs. water) revealed significant sex and temporal differences between
and among all four treatment conditions. Preexposure significantly reduced
saccharin avoidance in the immediately poisoned groups of both sexes. However,
long delay learning was essentially eliminated by preexposure in females and
strongly reduced in males. These results support theoretical assertions that both sex
differences and long delay learning in CTAs are mediated by common
nonassociative learning processes.
Supported by LMU and USC Faculty Research Grants

OLFACTORY MEMORY AND CONDITIONAL DISCRIMINATION
IN THE MOTH Spodoptera littoralis (Lepidoptera: Noctuidae). R.-J.
Fan and B. S. Hansson* Department of Ecology, University of Lund, S-223 62 Lund,
Sweden
Learning of behaviourally relevant odor cues has been documented in insects. We
studied the learning capabilities of the moth S.littoralis, using an olfactory
conditioning procedure, in which the moths displayed a good capacity to associate an
odor with a reward. The aim of the present study was to trace olfactory memory and
analyze the discriminative ability. Three experiments were conducted: (1) Female and
male moths were trained in 1 or 10 pairings to associate a conditioned stimulus (CS,
lOOfig geraniol) with an unconditioned stimulus (US, 40% sucrose solution). The
trained moths were tested for the presence of a conditioned proboscis extension reflex
(PER) by receiving the CS alone after post-training periods. In the short-term (2-120
min) testing, the response of the 10-trial group was higher than that of the 1-trial
group. Unlike the 10-trial group, the response dropped from 4 to 10 minutes in the 1trial group. Thus the memory was consolidated between 4 to 10 min. In the long-term
(6-48 hr) testing, the olfactory memory lasted at least for 48 hr. (2) Female moths
received 10 pairings using 5 different procedures: One group received a standard CS-US
pairing procedure. Other groups received non-associative pairings: (a) the CS and US
were presented randomly, (b) Air alone, (c) the CS alone and (d) the US alone. The
response of the CS-US pairing group was significantly higher than that of the CS-US
presented randomly, CS alone, US alone, and the air alone. (3) Female and male
moths received a differential conditioning with 8 times either CS+, CS- or CS-, CS+
pairings. Two odors (CSs, 100 \Xg geraniol and 10 |ig phenylacetalehyde) were
employed in the same animal, one (CS+) was paired with the US, while the othei
(CS-) was not. Acquisition of response to CS+ was higher than that to CS- which
indicated that the moths are indeed able to discriminate two odors. This research was
supported by a Swedish Agricultural and Forest Research Council.
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THE CONDITIONED EYEBLINK RESPONSE IS A COMPLEX RESPONSE
CONSISTING OF SEVERAL COMPONENTS ACQUIRED AND EXTINGUISHED
INDIVIDUALLY. M. Ivarsson* and P. Svensson. Dept, of Physiology &
Neuroscience, Lund University, S-223 62 Lund, Sweden.
It is well known that the unconditioned blink reflex in mammals consists of several
distinct latency components. The aim of these experiments was to see if different
components might also be discerned in the conditioned eyeblink response (CR).
Ferrets, decerebrated rostral to the superior colliculus and the red nucleus, were
trained in a classical conditioning paradigm. The conditional stimulus (CS) was a
train of electrical stimuli (15 pulses, 50 Hz, 1 mA) applied to the forelimb, and the
unconditional stimulus (US) was a train of electrical stimuli (3 pulses, 50 Hz, 3-4
mA) to the periorbital region. The CRs were studied by recording EMG from the
orbicularis oculi muscle. The animal received CS-US trials and the acquisition of the
CRs was studied. When the animal emitted CRs on at least 95% of the trials,
extinction training (CS-alone trials) was applied.
In well-trained animals, EMG records of the CR show a first, phasic component
(mean duration in 10 animals was 41 ms), followed by a pause in the EMG activity
(mean duration 15 ms) and then a second, less distinct, component (mean duration 90
ms). During acquisition of CRs, the early, shorter latency component appears first and
with additional training the late component occurs. The size of the early component is
not fully developed before the late component appears, both components continuing
to increase in size with further training. Extinction training shows the reverse pattern,
so that the late component is extinguished faster than the early component.
In conclusion, the eyeblink conditioned response is a complex response consisting
of at least two distinct confponents that are acquired and extinguished independently.
The early component is expressed earlier during acquisition and is more resistant to
extinction than the late component.
Funded by: The Swedish MRC (no. 09899), the Knut & Alice Wallenberg foundation.
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COMPARISON OF SINGLE UNIT RESPONSES TO TONE, LIGHT, AND
COMPOUND CONDITIONED STIMULI DURING RABBIT CLASSICAL
EYEBLINK CONDITIONING.
J. Tracv* and .i.e . Steinmetz. Department of Psychology and Program in
Neural Science, Indiana University, Bloomington, IN 47405.
Neural recordings of the interpositus and dentate nuclei of the
cerebellum, monitored during the acquisition and retention phases of
eyeblink conditioning, indicate that those brain regions are involved in this
kind of motor learning. Specifically, the nuclei show little or no response on
CS alone presentations before conditioning, but do respond strongly to the
same stimuli after conditioning. The resultant neural response occurs well
before the execution of the conditioned response suggesting that it may play
a causal role in the development of the eyeblink CR. The current study looks
at neural characteristics of CS processing in the cerebellum by training
animals to either: 1. A compound stimuli consisting of light and tone, or 2.
Alternating blocks of tone CS and light CS trials. All animals were tested for
behavioral and neural responses to CS alone trials which included tone alone
and light alone trials in the compound condition. Preliminary results indicate
that stimulus processing varies with CS presentation. Neural responsiveness
is reduced when light-alone or tone-alone trials are presented than when the
compound stimuli are delivered. These reductions are accompanied by
reductions in the behavioral responses. Neural responses in those animals
trained separately to both tone and light CSs show a variety of response
patterns that suggest that CS processing to the two modalities are more
different before training than after training. In the latter case the neural
responses seem to be related to the execution of the CR.
Supported by NIMH grant #MH51178 to JES.

306.3

306.4

LESIONS OF THE CAUDAL AREA OF RABBIT MEDIAL
PREFRONTAL CORTEX IM PAIR TRACE EYEBLINK
COND ITIO N ING .
M.A. Kronforst-Collins* and J.F. Disterhoft, Cell & Molecular Biology,
Northwestern University Medical School, 303 E. Chicago Ave., Chicago, IL 60611
USA.
The dorsolateral prefrontal cortex (dlPFC) of the primate is an area known to be
important for learning and memory. Non-human primates have been the subjects of
choice in the investigation of dlPFC involvement in working memory. Since the
discovery of a homologous area in sub-primate mammals, the caudal region of medial
prefrontal cortex (mPFC), rati and rabbits have also become important models of
human working memory. The dlPFC in primates and the caudal mPFC in sub
primate mammals are both intimately interconnected with the hippocampus, another
area that has long been recognized for its role in learning and memory. The
hippocampus and PFC have l)een shown to be similar in their involvement in and
types of unit activation resulting from a variety of tasks. Therefore, we hypothesized
that the PFC of the rabbit, more specifically the caudal region of mPFC, would be
necessary for the acquisition of the hippocampally-dependent trace eyeblink
conditioning task. Furthermore, we hypothesized that as a higher order processing
center, the caudal mPFC would not be necessary for the acquisition of the less
complex delay eyeblink conditioning task. A total of 16 young rabbits received
bilateral aspiration lesions of the PFC prior to conditioning. Six of the lesioned
subjects were unable to acquire the trace eyeblink conditioning task (within 800
trials), but were unimpaired when tested subsequently in the delay conditioning task.
The lesions of these 6 subjects were either limited to the caudal region of mPFC or
extended from the rostral pole into the caudal mPFC. The lesions of the other 10
subjects were limited to the rostral pole, and these subjects were not impaired in the
trace eyeblink conditioning task. Our results support our original hypothesis and
provide further evidence of the involvement of the sub-primate caudal mPFC in
working memory. (Supported by NIH MH47340 and NIH F32MH10837)

EXTINCTION, REACQUISITION, AND CROSS-MODAL
TRANSFER IN CONDITIONING OF THE RABBIT’S
NICTITATING MEMBRANE RESPONSE. E. J. Kehoe* and
Michaela Macrae. School of Psychology, University of Kew South
Wales, Sydney, 2052, Australia.
The present experiments examined savings after the extinction of a
conditioned response (CR) in the rabbit nictitating membrane
preparation. The experiments entailed three groups. First, a
reacquisition group (RAQ) received initial CS-US acquisition followed
by CS-alone extinction and then CS-US reacquisition with the same
stimulus. Second, a cross-modal acquisition group (CMA) received
initial acquisition and extinction with one stimulus, but received its final
stage of training with a stimulus from another modality. Third, a naive
acquisition group was designated as REST and received only the final
stage of CS-US training. In all three groups, tone and light were used as
CSs in a counterbalanced fashion. The experiments demonstrated four
types of savings: (1) spontaneous recovery during extinction, (2) rapid
reacquisition of the CR to the original CS in Group RAQ, (3) learning to
learn in Group CMA, that is, acquisition of a CR to the novel CS that
was faster than in Group REST but not as fast as reacquisition in Group
RAQ, and (4) in conjunction with cross-modal acquisition in Group
CMA, the CR on tests of the original CS showed concurrent recovery,
which was a new phenomenon and distinct from spontaneous recovery.
The results are discussed with respect to their implications for a layered
network model of classical conditioning, the relative stability of
excitatory and inhibitory learning, and the points of plasticity in the
known conditioning pathways of the rabbit NM preparation. (This
research was supported by Australian Research Council Grant
A79600502.)

306.5
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Trace Eyeblink Conditioning in the Freely Moving R at J.M. Power* R.I. Patel.
J.F. Disterhoft and C. Weiss. Department of Cell and Molecular Biology,
Northwestern University Medical School, Chicago, IL. 60611
The learning rates of rats trained with different trace intervals during eyeblink
conditioning have been compared. Male FI hybrid rats (Fischer 344 x Brown
Norway) were anesthetized with ketamine and xylazine for the surgical implantation
of eyelid EMG recording wires and a skull mounted connector. After recovery the
rats were placed within the conditioning chamber and connected to a tether which
relayed the EMG activity from the eyelid and provided the airpuff unconditioned
stimulus (US, 100 ms). The conditioning stimulus (CS) was a free field burst of
white noise (85 dB, 250 ms). Rats were randomly assigned to either a conditioning
group with a specific trace interval (0, 250, 500, 750 or 1000 ms) or to a control
group which received explicitly unpaired presentations of the stimuli. The
conditioned and unconditioned responses were analyzed from the rectified and
integrated EMG activity. Conditioned responses (CRs) were defined as those that
exceeded the mean baseline activity by 4 SD for a minimum of 10 msec. Responses
were also classified according to their latency, i.e., onsets less than 50 msec were
classified as alpha responses and responses during the last 200 msec of the trace
interval were classified as late CRs. The results indicate that rats trained with the 0 or
250 msec trace interval exhibited significant increases in the percentage of trials with
CRs when compared to the control group. The trace 0, i.e., delay, animals showed
increases in the percentage of CRs during the first session and reached a maximum of
about 85% CRs. The trace 250 animals showed increases in the percentage of CRs
during the first three sessions and reached a maximum of about 70% CRs. The
amplitude of these responses continued to increase with training in both groups and
were significantly greater than controls. Short latency responses were fewer than
10% in most cases. Animals trained with an interval of 500 ms or greater failed to
show significant differences from the control animals. This experiment indicates that
freely moving rats will acquire trace eyeblink conditioning when a white noise CS
and an airpuff US are presented within 250 msec of each other.
Support: NIH AG08796, MH47340, MH10826 & Illinois DPH 73880627

COMPARATIVE DEVELOPMENTAL STUDIES OF EYEBLINK
CONDITIONING IN INFANT RATS AND HUMANS. D. Ivkovich*1,
K. L. Collins1. C. O. Eckerman1. N. A. Krasnegor2. and M. E. Stanton3.
1Duke University, Durham, NC 27708-0086,2NICHHD, Bethesda, MD
2 0 8 9 2 ,3US EPA, RTP, NC 27711.
Classical conditioning o f the eyeblink response has become a model
preparation for studying the neural bases o f learning and memory in
several animal species, including humans. We have developed
procedures for studying eyeblink conditioning in infant rats and humans
that enable comparative studies o f the ontogeny o f associative learning.
In infant rats, eyeblink conditioning emerges postnatally and depends on
maturation o f associative processes involving the cerebellum (Stanton et
al., B e h Neurosci, 1992, 106, 657-665; Freeman et al., J. Neurosci
1995, 15, 7301-7314). In human infants, we have begun comparative
studies o f the development o f eyeblink conditioning. Both 4- and 5month-old human infants demonstrate comparable conditioning
following 30 paired trials o f a tone conditioned stimulus (1 kHz, 750
msec, 80 dB) and airpuff unconditioned stimulus (100 msec, approx. .05
psi at the eye). Infants exposed to either paired or unpaired tones and
airpuffs at 4-months o f age demonstrated facilitated conditioning on a
second visit one month later when all infants were given paired training.
SUPPORTED BY U.S. EPA Cooperative Agreement #CR-820-430 to
C O. Eckerman
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Eyeblink Conditioning in the Freely Moving Mouse: Auditory vs Visual CSs.
C, Weiss.* S. Lindemuller. E. Pak and J.F. Disterhoft. Dept, of Cell and Molecular
Biology, Northwestern University Medical School, Chicago, IL. 60611
Male C57BL/6 mice were anesthetized with ketamine and xylazine for the
surgical implantation of eyelid EMG recording wires and a skull mounted connector
which served to couple the conditioning stimulus (CS), airpuff unconditioned
stimulus (US) and EMG recording leads. The conditioning group received paired
presentations of the CS and US. The control group received explicitly unpaired
presentations of the stimuli. The 350ms CS was either a 1kHz tone or a flash of
green light. The US was a 100ms coterminating puff of air. Conditioned and
unconditioned responses were analyzed from the rectified and integrated EMG
activity. Conditioned responses (CRs) were defined as those that exceeded the mean
baseline activity by 4 SD for a minimum of 10 msec. Mice trained with the visual CS
exhibited more long latency CRs than mice trained with the tone CS. Only a portion
of conditioned mice exhibited learning to a criterion of 7 CRs within any block of 10
consecutive trials (5 of 16 with the visual CS, 4 of 6 with the tone CS). This criterion
effectively separated learners from nonlearners such that nonleamers were not
significantly different from the control mice in terms of the percentage of trials with
CRs. The CRs from conditioned mice were also greater in amplitude and area of
response than the sensitized or pseudoconditioned responses from mice which
received unpaired presentations of the CS and US. Eyeblink conditioning in the
freely moving mouse requires a careful analysis of responses to detect both
sensitization and pseudoconditioning. Our results indicate that a visual CS, or an
auditory stimulus that is distant from the critical frequency, will serve to differentiate
conditioning from pseudoconditioning. However, the visual CS has the added
advantage that it should work well with aging C57BL/6 mice which exhibit agerelated hearing losses, and with spatial tasks which are dependent on vision. Our
future goal is to increase the percentage of mice that exhibit conditioning by
manipulating the characteristics of the visual CS. Support: NIH AG08796,
MH47340, Alzheimer's Assoc. PRG94054 and Illinois Dept, of Public Health
73880627.

STRESS-INDUCED FACILITATED ACQUISITION OF THE CLASSICALLY
CONDITIONED EYEBLINK RESPONSE: ROLE OF ATTENTION R.J.
Servatius* and Dawn Beldowicz. Neurobehavioral Unit (127A), DVA Medical
Center, New Jersey Health Care System, East Orange, NJ 07018 and Department
of Neuroscience, New Jersey Medical School-UMDNJ, Graduate School of
Biomedical Science, Newark, NJ.
Exposure to inescapable stressors both enhance sensory reactivity and facilitate
acquisition of the classically conditioned eyeblink response (EB CR). The
relationship of sensory reactivity to the acquisition of the EB CR is critical to an
interpretation of the effects of stress on this type o f associative learning. Rats were
either exposed to inescapable stress (40, 2-mA tailshocks delivered over a 1 h
period) or remained in their home cage. Paired or explicitly unpaired training
commenced 24 h after stressor cessation. Using a delayed-type conditioning
paradigm, rats were trained with either 300, 500, 700 ms duration white noise
conditioned stimulus (CS). Eyeblinks emitted in the first 100 ms after CS onset
were scored as orienting responses (ORs); responses after this period to the onset
o f the periorbital stimulation (unconditioned stimulus, US) were scored as CRs.
As expected, stressed rat acquire the EB CR faster than nonstressed rats.
Moreover, stressed rats display more ORs than nonstressed rats. The patterns of
ORs and CRs over trials differ as a function of CS-US interval. At the 300 and
500 CS-US intervals, proportional responses over trial blocks increase with
training for both ORs and CRs. However, at the 700 CS-US interval OR patterns
do not resemble CR patterns; while rats exhibit CR acquisition curves,
proportional ORs were lower and do not change over trials. These preliminary
data suggest that attentional factors have less influence over CR acquisition at
loriger CS-US intervals. Exposure to inescapable stress enhances both attentional
and associative processes. Supported by DVA Medical Research Funds.

306.9

306.10

FOUR CHANNELS MULT1PLE-UN1T RECORDING DURING CLASSICAL
CONDITIONING OF RABBITS NICTITATING MEMBRANE RESPONSE
S. Y. Cho1. E. H. Baek1. S. Y. Hvun*. and H. T. Kim*1. Dept, of Psychology,
Univ. of Korea, Seoul 136-701, Korea1. Dept, of Psychology, Univ. of Taegu,
Taegu 713-714, Korea*.

THE COURSE OF RABBIT EYEBLINK CONDITIONING CAN BE SPED OR SLOWED BY
BRIEF TRAINS OF PRECISELY TIMED CEREBELLAR CORTICAL STIMULATION.
Donald B. Katz*. Megan R. Sullivan, and Joseph E. Steinmetz. Dept, of Psychology,
Indiana University, Bloomington IN 47405.
A pair of studies examined how brief (50 msec) trains of stimulation (100 Hz,
250 μamps), delivered to lobule H-VI of the cerebellar cortex, can affect eyeblink
conditioning (forward pairings of a tone conditioned stimulus [CS] with an airpuff
unconditioned stimulus (USJ). In Experiment 1, the timing of stimulation varied
randomly between blocks of 10 trials. Fully trained subjects made fewer
conditioned responses (CRs) on trials in which stimulation coincided with US onset,
compared to trials in which stimulation ended before US onset. Based on these
findings, a second experiment compared a group trained with stimulation always
delivered at US onset (late stimulation) to a group trained with stimulation delivered
at CS onset (early stimulation) and another group trained with stimulation always
always delivered between the two stimuli (middle stimulation), as well as to
unstimulated controls. Subjects in the late stimulation group learned slowest,
whereas animals in the middle stimulation group learned fastest; control and early
stimulation animals learned at intermediate rates. In both experiments, highly
trained subjects began making blinks in direct response to the stimulation.
H-VI output hyperpolarizes neurons in the interpositus nucleus (INP).
Stimulation coincident with US presentation could therefore be expected to interfere
with the induction of deep nuclear plasticity (that has been postulated to occur
during eyeblink conditioning). This mechanism, it is argued, may explain the poor
performance of the late stimulation group. The speedy learning of middle
stimulation animals, meanwhile, is hypothesized to reflect the consistent pairing of
US onset with an intrinsic rebound of INP neurons from hyperpolarization into
relative depolarization. Such a rebound could also explain stimulation-induced
blinks, as the direct result of an INP rebound that has been potentiated by
conditioning-related plasticity. Possible theoretical implications of a functional INP
rebound are discussed.
Funded by NIH grant #MH51178 (JES) and #MH 11329 (DBK).

Multiple-unit activities(MUAs) in the cerebellar interpositus nucleusflNT),
the red nucleus(RN), the hippocampal CA1 area(H), and the dorsal accessoiy
inferior olive(DAO) were recorded simultaneously during delay conditioning
fallowed by trace conditioning. MUA data of each site were divided into four
categories based on conditioned stimulus(CS)-alone trials, unconditioned
8timulus(US)-alone trials, paired trials with conditioned response(CR), and
paired trials without CR, and compared with behavioral data. As CRs were
developed across sessions, CR-related activities were established in each and
every site including DAO. CR-related INT activity preceding CR-related RN
activity was present on trials with CR but not on trials without CR. INT
and RN may participate sequentially and directly in motor command for CR H
showed CR-related activity, however relation of timing with MUA of the other
sites was not obvious. DAO showed large US-evoked activity, which
remained unchanged during training sessions, and of which latency became
shorter as training progressed especially on paired trials without CR. The
presence of CR-related DAO activity suggests that DAO may receive CRrelated feedback inform ation from cerebellum and may provide modified
information for CR to cerebellum. It could , be suggested that the neuronal
plasticity was established in lower level of brain structures to produce optimal
behavioral responses more efficiently.

306.11

306.12

NON-ASSOCIATIVE MODIFICATION OF EYEBLINK AND ITS
DEPENDENCE ON THE CEREBELLUM. G. Hesslow* & C.H. Yeo. Dpt. of
Anatomy, University College London, London WCIE 6BT, UK
Evinger and Manning have shown that loading movements of the upper eyelid
causes an adaptive increase in amplitude in the R2 component of the eyelid
reflex EMG.
To investigate this adaptation further, closure of the right, upper eyelid in
rabbits was restricted and blink reflexes were elicited by cutaneous electrical
stimulation to the lower eyelid. Sessions of right side stimulation (20 trials per
session) alternated with sessions of left side stimulation. Eyeblinks on both
sides were monitored by recording EMG from the orbicularis oculi (o.o.)
muscle and by measuring the movement of the nictitating membrane (NM).
With repeated stimulation, a new, long-latency, large amplitude compensatory
response developed in both the o.o. EMG and in the NM on the restrained side.
The latency to the onset of the EMG response was about 50 ms and the latency
to the peak amplitude about 100 ms.
In a second set of experiments, lesions of the cerebellar deep nuclei or the
cortex of lobule VI were made on the right side. Upper eyelid movements were
restrained on both sides and the lower eyelids were stimulated as described
above with alternating left and right side stimulation. The animals never learned
compensatory responses on the lesioned side. They did learn on the nonlesioned side, but the learning was markedly impaired.
The results extend previous findings on reflex adaptation and suggest that this
adaptation is mediated by the cerebellum and they are discussed in relation to
cerebellar learning and the effects of cerebellar lesions on classical eyeblink
conditioning. Supported by: UK MRC, Eur. Sci. Foundation, Swedish MRC.

INTRA-CEREBELLAR INFUSION OF NMDA RECEPTOR ANTAGONIST AP5
DISRUPTS CLASSICAL EYEBLINK CONDITIONING IN RABBITS. G. Chen*
and J. E. Steinmetz. Dept, of Psychology/Neural Sciences, Indiana Univ.,
Bloomington, IN 47405.
It has been well established that the NMDA receptor plays a critical role in the
induction of long-term potentiation in hippocampus. Behavioral studies also suggest
that NMDA receptor in amygdala may be involved in acquisition or retention in some
learning paradigms with rats, e.g. conditioned fear-potentiated startle, inhibitory
avoidance. On the other hand, cerebellum has been demonstrated to be essential in
rabbit eyeblink conditioning and there is evidence suggesting that cerebellar deep
nuclei express NMDA receptor. However, the role of NMDA receptor in cerebellum
is still unknown. This study is an attempt to explore the role of NMDA receptor and
the molecular mechanisms in rabbit eyeblink conditioning.
Rabbits were implanted with cannula just dorsal to the interpositus nucleus (IP)
unilaterally. After recovery, the rabbits received standard delay eyeblink conditioning
for 20 days (60 trials each day). Animals in experiment group received injection of
DL-AP5 (2 uL, 2.5ug/uL) in dayl to day5 and day 16 to day20. Animals in control
group received the same amount of AP5 in dayl 1 to dayl5. Injections began 5 min
before the start of training session and lasted 15min. The effectiveness of the cannula
locations were verified with muscimol upon finishing.
Our preliminary results show that rabbits injected with AP5 during dayl to day5
learned slower than other rabbits but could reach the same performance level after
injections stopped. Injections in day 16 to day20 appeared to have little effect on
performance or retention in these rabbits. Injection in dayl 1 to day 15 in control group
appeared to cause extinction in portion of the rabbits. Our tentative data suggest that
NMDA receptor in the IP may be involved in the processing of US information in
eyeblink conditioning and also implicate the IP as a site of plasticity. Supported by
NIMH Grant #MH51178 to J.E.S..
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R.F. Roaers(*). J. Tracv. and J.E. Steinmetz
Department of Psychology, Indiana University, Bloomington, IN 17405
The present research investigated learning-related cellular activity of the
interpositus nucleus in unrestrained rats during eyeblink conditioning. Although
the contribution of this nucleus to eyeblink conditioning has been well
characterized in rabbits, there exist only early evidence that this contribution is
conserved across species. For instance, Skelton (1988; Behav. Neurosci., 102:
586-590) found that lesions of the interpositus disrupt acquisition during rat
eyeblink conditioning. In the present study, we recorded from the anterior
interpositus of the unrestrained rat using chronically implanted electrodes during
eyeblink conditioning. Rats received 100 trials per day of either paired or explicitly
unpaired training. Paired trials consisted of a 450 ms tone CS (1000 Hz @ 85 dB)
which co-terminated with a US consisting of a 100 ms stimulation (1.25 - 2.0 mA
@ 60 Hz) of the posterior peri-orbital region (ITI = 30 s). Behavioral responses
were monitored through EMG recordings of the external eyelid muscle, orbicularis
oculi. To date, the data indicate that rats receiving paired conditioning can readily
acquire high levels of conditioned responding (> 85 %) within 5 - 6 days of training.
In these animals, cells of the interpositus exhibited both learning-related and
stimulus-evoked firing patterns. The learning-related activity was characterized by
a significant increases in activity that preceded the conditioned rer;oonse by 20-60
ms and developed with the acquisition of conditioned responding.
Although preliminary, the data thus far suggest that the contribution of the
cerebellum and its nuclei to reflexive motor learning is well conserved across
species. In light of this, the many benefits associated with the rat preparation
should greatly enhance the mechanistic study of simple motor learning.
(Supported by NIMH Grant #MH51178 to JES)

C.W. Anderson* and J. Keifer. Dept, of Anatomy and Structural Biology, Univ. of
South Dakota School of Medicine, Vermillion, SD 57069.
While there is little argument that the cerebellum is an important component to
motor learning, the necessity of the cerebellum during the conditioned eye-blink reflex
is still unclear. Using a previously developed in vitro model of the turtle conditioned
eye-blink reflex (Keifer et al., 1995),
we investigated the effect of cerebellar
and red nucleus lesions on the
acquisition, extinction and
reacquistion of classically conditioned
eye-blink responses. For the
unconditioned stimulus (US), neural
discharge was recorded from the
abducens nerve following single
shock electrical stimulation of the
ipsilateral trigeminal nerve. When
the US is paired with a train stimulus
to the posterior eighth nerve (the conditioned stimulus, CS), a positive acquisition
slope of conditioned responses (CRs) were measured in the abducens nerve (Figure
illustrates mean ± SE; n = 14). Following alternate pairing, the CR decreases to
extinction and then shows reacquisition when the pairing is resumed. These responses
are very similar to CRs obtained in an intact in vitro brainstem-cerebellum preparation
except that the timing of the CRs is altered. Following cerebellectomy, the latencies
of CRs are significantly shorter as compared to non-lesioned preparations. These data
support the idea that the cerebellum is not required for classical conditioning of the
turtle in vitro eye-blink reflex, however, it does play a role in the generation of
properly timed conditioned eye-blink responses. Supported by NIH NS-31930 to JK.

306.15
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REVERSIBLE CEREBELLAR INACTIVATION DURING EYELID
CONDITIONING: SIMULATIONS SUGGEST AN EXPLANATION FO I^
SEEMINGLY CONTRADICTORY RESULTS. J. F. Medina. M. D. Mauk
and P. M. Steele . Department of Neurobiology and Anatomy, University of
Texas Medical School at Houston, Houston, TX 77030.
Two reversible lesion experiments have yielded apparently contradictory
results regarding the role of cerebellar plasticity in eyelid conditioning. Welsh
and Harvey (1991) showed that rabbits retain conditioned responses when
previously trained during reversible inactivation of the interpositus nucleus with
lidocaine. In a similar experiment using the GABA agonist muscimol, Krupa et
al. (1993) observed the opposite result - prior training during inactivation of the'
interpositus nucleus yielded no sign of learning. We find that these seemingly
contradictory observations can be obtained by computer simulations of the
cerebellum that involve plasticity at the gr→Pkj synapses in the cerebellar
cortex and at mf→Nuc synapses in the interpositus nucleus. The simulations
implement the LTD/P observed at gr→Pkj synapses and, as suggested indirectly
from eyelid and VOR studies, LTD/P at mf→Nuc synapses that is controlled by
Purkinje cell inputs. Results suggest that while lidocaine prevents plasticity at
mf→Nuc synapses that are activated during training, muscimol would induce
LTD at those synapses. Therefore, during both types of inactivation, acquisition
takes place in the cerebellar cortex (accounting for the responses observed by
Welsh and Harvey), but this learning is counteracted by extinction in the nucleus
when muscimol is used (accounting for the lack of learning observed by Krupa
et al.) Our results suggest that these findings are only apparently contradictory
and support the hypothesis that eyelid conditioning is mediated by interactions
between plasticity in the cerebellar cortex and nucleus, (support: MH46904).

CLASSICAL CONDITIONING RESULTS IN BOTH EARLY AND LONG
TERM INCREASES IN PURKINJE CELL EXCITABILITY IN SLICES OF
RABBIT CEREBELLAR LOBULE HVI. B.G. Schreurs*1,2. P. Gusev2. D. Tomsic2
and T. Shi1,2. 1Behavioral Neuroscience Unit and 2Laboratory of Adaptive Systems,
NINDS, NIH, Bethesda, MD 20892.
Intradendritic recordings in Purkinje cells from parasaggital slices of cerebellar
lobule HVI made 24 hrs after three days of classical conditioning resulted in a
significant increase in membrane excitability relative to explicitly unpaired controls
(Schreurs et al., J. Neurophysiol., 76:86-92, 1997). Purkinje cells with increased
membrane excitability were located in a circumscribed area of lobule HVI that
corresponds to the region of area C3 involved in eyeblinks (Hesslow, J. Physiol.,
476:229-244, 1994). We have termed this area a “learning microzone”. Rabbits
given a single day of classical conditioning show levels of conditioning that range
from 0% to 70% conditioned responses (CRs). Intradendritic recordings made in
slices cut through the learning microzone of lobule HVI 24 hours after one day of
classical conditioning showed that the level of membrane excitability was highly
predictive of the level of conditioning (slope = -51.9, n=l 1). In contrast, recordings
in the same area in slices from rabbits given explicitly unpaired presentations
showed a relationship between responding and membrane excitability with virtually
zero slope (slope = -1.8, n=l 1). Rabbits tested one month after three days of
classical conditioning respond at levels of 80% CRs during tone alone extinction
(Schreurs, Learn. & Motivat., 24:293-303,1993). Intradendritic recordings made
from Purkinje cells in the learning microzone one month after 3 days of
conditioning showed that there was still an increase in membrane excitabilty when
compared to recordings from explicitly unpaired control subjects (p<.05).
Pharmacological experiments suggest that the observed increase in membrane
excitability may be mimicked by the blockade of calcium-dependent potassium
channels.

LEARNING-RELATED INTERPOSITUS ACTIVITY IS CONSERVED ACROSS
SPECIES AS STUDIED DURING RAT EYEBLINK CONDITIONING

THE CEREBELLUM IS NOT REQUIRED FOR CLASSICAL
CONDITIONING OF THE IN VITRO TURTLE EYE-BLINK REFLEX

306.17

306.18

SHORT TEST STIMULUS (CS) APPLIED TO THE MIDDLE CEREBELLAR
PEDUNCLE ELICITS DELAY CONDITIONED EYEBLINK RESPONSES IN
DECEREBRATE FERRET.
P. Svensson*. M. Ivarsson. G. Hesslow. Department of Physiology and
Neuroscience, Stilvegatan 19, S-223 62 Lund, Sweden.
In trace eyeblink conditioning, the conditional stimulus (CS) ends before the
unconditional stimulus (US) starts, so that a “trace” period with no ongoing CS
exists before US onset. During this trace period some CS-evoked neural activity
has to continue after the CS offset to (i) enable the CS to be associated with the
US and (ii) to elicit conditioned responses (CR) which appear after CS offset.
Several reports suggest that the CS is transmitted to the cerebellum through the
mossy fibres, but it is not clear if the maintained neural activity is set up in the
cerebellum or if it requires a precerebellar site. To answer this question we
wanted to see if a short test CS, applied directly to the mossy fibres, was
sufficient to elicit a CR.
Ferrets, decerebrated just rostral to the superior colliculus and the red nucleus,
were trained in a delay conditioning paradigm with electrical forelimb
stimulation as CS (15 pulses, 50 Hz) and electrical periorbital stimulation as US
(3 pulses, 50 Hz). The CR was recorded as EMG from the upper eyelid. In
welltrained animals, a test CS consisting of two pulses, leaving a trace period of
280 ms, was applied either to the forelimb or to the middle cerebellar peduncle
while the interstimulus interval of 300 ms was kept constant.
Both stimulation of the forelimb and of the middle cerebellar peduncle with
short test CSs could elicit CRs. The results suggest that precerebellar brainstem
sites are not required for the maintenance of the CS evoked activity and that the
neurons that maintain the CS evoked activity, which elicits the CR, are located in
the cerebellum. Funded by: The Swedish MRC (no. 09899), the Knut & Alice
Wallenberg foundation.

PERFORMANCE ON A STIMULUS-REWARD TASK IN RATS IS
FACILITATED FOLLOWING LESIONS TO THE CEREBELLUM.

S ociety f o r Neuroscience, Volume 23,1997

V. Sziklas*1 and j. D o v o ir 2. 1Dept. N eurology and N eurosurgery, M cGill University;
:Dept. Psychology, Laval University, Quebec, Canada.
Rats with lesions ol'the cerebellum (CB) or with a control operation (O C) were trained
on a win-stay task using the eight-arm radial maze. In this task, the anim als had to leam
that a light cue located at the entrance o f four random ly selected aim s signalled the
presence o f reward. They were required to visit each o f these arm s twice within a given
trial. T h e results dem onstrated that the perform ance o f rats in the CB group was
significantly better in com parison with that o f the OC anim als. This facilitation effect was
replicated in a second study using new groups animals and w as shown to be related, in part,
to a decrease in chaining behaviour in the cerebellar rats. By contrast, no group difference
was observed when the rats were subsequently trained on a place-learning task (w in-shift)
in which they were required to remember the locations o f anus they had visited so that they
would not return there. These results imply that the im provem ent in perform ance in the
CB group was specific to the increm ental learning o f stim ulus-rew ard associations. Such
findings, together with those from M cD onald and W hite (1993) w ho reported a deficit on
the win-stay task following dam age to the dorsal striatum , reveal a functional dissociation
between the striatum and the cerebellum , and suggest that, w hen intact, the latter structure
may even impede the ability to acquire this type o f learning. Finally, these results are also
consistent with recent hum an work (Laforce & Dovon, SFN abstract, 1997) which
indicates that the striatum , but not the cerebellum , plays a critical, role in perceptivom otor
learning m echanism s based on stim ulus-response types o f associations.
This work was supported by NSER C grant (O GPIN 012) to J.D.
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LEARNED IRRELEVANCE PRE-EXPOSURE INHIBITS ACQUISITION OF THE
CLASSICALLY CONDITIONED RABBIT EYEBLINK RESPONSE.
M.T. Allen* & M.A. Gluck. Center for Molecular and Behavioral
Neuroscience, Rutgers University. Newark, NJ 07102.
Pre-exposure effects such as latent inhibition (LI) have been explored in a
variety of behavioral paradigms including rabbit eyeblink conditioning.
Another pre-exposure paradigm which has not previously been tested in
rabbit eyeblink conditioning is learned irrelevance (L Irr). L Irr consists of
random presentations of both the CS and US which will later be paired in
training. We have developed a learned irrelevance procedure for rabbit
eyeblink conditioning based on previous LI studies (Solomon & Moore,
1975). The CS was a 1 KHz, 90 dB, 450 msec tone. The US was a 3 psi,
50 msec corneal air puff. Daily training sessions consisted of 100 trials
with an average inter-trial interval of 25 s. A L-Irr group (n=6) received
450 pre-exposures consisting of random presentations of the CS and US
either forward or backward paired with either a 5 sec or 10 sec delay
between them. A LI group (n=6) was exposed only to the CS 450 times for
pre-exposure while a SIT control group (n=6) sat in the restraint box in the
chamber while blank trials ran off the time for equivalent pre-exposure to
the conditioning chamber. After the half session of pre-exposure on the
fifth day, training was initiated. Training consisted of forward pairing the
CS and the US (ISI = 400 msec). A total of 450 paired trials were
presented for conditioning. L Irr rabbits were significantly slower in
acquiring conditioned responses as compared to both the SIT and LI groups.
Overall, it appears that learned irrelevance pre-exposures results in a
stronger inhibitory effect on classical eyeblink conditioning than latent
inhibition. Supported by Johnson & Johnson Discovery Award to MG.

LEARNING AND MEMORY: PHYSIOLOGY- AMYGDALA
307.1

307.2

FEAR CONDITIONING INDUCES LONG TERM POTENTIATION OF CSEVOKED FIELD POTENTIALS IN THE AMYGDALA. M.T. Rogan*. U. Staubli,
J.E. LeDoux. Center for Neural Science, New York University, NY, NY 10003.
The effect of fear conditioning to an auditory conditioned stimulus (CS) on CS
processing in the amygdala was measured in awake behaving rats equipped with a
recording electrode in the lateral amygdala. After recovery from surgery, rats were
connected to the electrophysiological recording apparatus and placed in a sound
isolated chamber equipped for videotaping of behavior and for delivery of calibrated
auditory CS and footshock unconditioned stimuli (US: .5s, .3mA,). Each CS consisted
of 20 auditory pips, (50ms, 1kHz, 75dB) delivered at 1Hz. During each CS
presentation, field potentials evoked by each pip were amplified and averaged to yield
the CS-evoked response. CS-evoked fear-related behavior (freezing) and CS-evoked
field potentials were measured starting from 2 days prior to conditioning to the end
of extinction training. On the first day of conditioning, rats first received 5
presentations of the CS with 5 explicitly unpaired US presentations (inter-CS interval,
120-190s). After a 5 min delay, conditioning began with 5 co-terminating CS/US
pairs. On the next day, conditioning continued with 5 more co-terminating CS/US
pairs. On the following day, extinction training began (5 CS alone per day) and
continued until extinction of behavioral response. Control rats received the same
pattern of CS presentations, but all conditioning trials were replaced by explicitly
unpaired CS/US trials. Both groups showed normal conditioning, conditioned animals
freezing more to the CS after training than controls. The slope and amplitude of CSevoked field potentials increased on conditioning days, relative to within-group pre
conditioning measures and relative to the control group on corresponding unpaired
CS/US days. Conditioned animals continued to exhibited these increases on extinction
days, while control animals showed no such effect. The. modulation of CS-evoked
field potentials by fear conditioning is similar to the effect of LTP induction in the
CS pathway on auditory evoked field potentials in the lateral amygdala, (Rogan &
LeDoux, 1995), suggesting that common mechanisms may underlie these two
phenomena..Supported by MH46516, MH38775, MH00956, and MH10919.

LATERAL AMYGDALA UNIT ACTIVITY AND BEHAVIOR
DURING A CONDITIONED DISCRIMINATION TASK. J.C.
Repa*, J. Muller, and J.E. LeDoux. Center for Neural Science,
New York University, NY, NY 10003.
The lateral amygdala is critical to the memory processes
underlying fear conditioning. Previous results from this laboratory
(Quirk et al 1995) indicate that lateral amygdala neurons alter their
firing properties in response to a tone CS after it is paired with a
footshock. However, the relationship between the changes in unit
activity and behavior was not measured in that study. Furthermore,
that study focused only on changes in firing properties to a single
CS, and therefore did not address the issue o f specificity o f learning
in the frequency domain. We therefore recorded from lateral
amygdala neurons in awake, behaving rats during a fear
conditioning task specifically tailored to address these two issues.
First, fear conditioning took place while animals lever-pressed for
food rewards; conditioned suppression of pressing during the CS
provided a sensitive measure of behavioral learning. Second, the
task was a discrimination one, including both a CS+ and a CS-,
where only the CS+ was paired with the footshock. Neuronal
responses in the lateral amygdala to both the CS+ and CS- were
then compared to behavioral learning during acquisition and
extinction of conditioned fear. Supported by MH46516.

307.3

307.4

EXTINCTION OF FEAR CONDITIONING INDUCES CORRELATED FIRING
OF NEURONS IN RAT AUDITORY CORTEX G.J. Quirk1*, and J.E.
LeDoux2. 1Dept. of Physiology, Ponce School of Medicine, Ponce, PR 00732;
C enter for Neural Science, New York University, NY, NY 10003.
Following the acquisition of a conditioned response, repeated presentations of
the conditioned stimulus (CS) in the absence of the unconditioned stimulus (US)
leads to extinction of behavioral responses. Extinction is thought to be an active
process that involves inhibition of responding, rather than decay of the CS-US
association. Lesions of auditory cortex (AC) retard extinction to an auditory CS
(Teich et al., Brain Res., 1989), suggesting that auditory cortex is part of the
circuit that mediates extinction. We studied acquisition and extinction of fear
associations in the rat by pairing a 2-sec tone CS with a mild footshock US,
while recording from multiple neurons in the AC of awake rats. Both toneevoked and spontaneous firing data were collected. Unlike cells in the amygdala,
conditioned increases in the early tone responses of AC cells (0-50 ms) persisted
throughout 30 extinction trials (Quirk, Armony, and LeDoux, Soc. Neuro. Abs.,
1996). In the present study, we used cross-correlations of spike trains to measure
the degree of correlation between simultaneously recorded cell pairs.
Synchronous firing (peak at 0 with 20 ms spread) was frequently observed during
spontaneous activity. Sustained firing during the tone (0.1-2.0 sec) showed little
correlation prior to, or immediately following, conditioning but developed
synchrony during extinction trials. The firing rate and spontaneous correlation in
these cell pairs was unchanged by extinction. Thus, similar to recent findings
(deCharms and Merzenich, Nature, 1996), certain features of an auditory CS may
be represented by coordinated firing in a network of cells, rather than in the
firing rate of single cells. It is also possible that extinction training potentiates a
common input to AC neurons. Supported by MH38774.

Society f o r N euroscience, Volume 23,1997

A SIMPLIFIED BIOPHYSICAL MODEL OF AMYGDALA NEURONS
J.L. Armony†* and J.E. LeDoux. Center for Neural Science, New York University,
New York, NY 10003 and †Dept. of Experimental Psychology, Oxford University,
Oxford OX1 3UD, UK.
Sensory information reaches the lateral nucleus of the amygdala from the
thalamus through two parallel pathways that often converge onto single cells (Li'et
al., 1996): a direct projection from the so-called extralemniscal areas of the
thalamus, and an indirect route, via primary and secondary sensory cortices. Either
pathway is sufficient for the processing of simple conditioned stimuli (such as an
auditory tone) that had been previously paired with an aversive signal, as well as for
some simple forms of stimulus discrimination. Recent physiological studies in our
laboratory, however, have shown that information arrives from the two pathways at
different latencies (thalamic first, cortical later), and that they may use different
glutamatergic receptor types. This raises the possibility that the thalamic and cortical
inputs to the amygdala may have different, and perhaps complementary,
contributions to the processing of emotional information.
We implemented a simple mathematical model of amygdala neurons to explore
some of these issues in a quantitative fashion. A model amygdala neuron consists of
a single compartment, whose membrane potential is determined by standard
Hodgkin-Huxley kinetics. Four synaptic currents were included in the model,
corresponding to the excitatory (AMPA and NMDA) and inhibitory (GABAa and
GABAb ) basic receptor types observed in amygdala neurons. Synaptic conductances
were modeled using the Destexhe-Mainen-Sejnowski formalism.
The model successfully accounts for a variety of experimental results, such as the
role of feedforward GABA-mediated inhibitory mechanisms, as well as the
differential effects of NMDA-receptor blockage on amygdala response to thalamic
and cortical stimulation. Furthermore, the model makes predictions about the
subthreshold interactions between excitatory and inhibitory inputs, and the temporal
integration of the early thalamus-mediated NMDA and the late cortex-elicited
AMPA currents. Supported by MH38774 and MH46516.
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PHYSIOLOGICALLY AND MORPHOLOGICALLY IDENTIFIED LATERAL
AMYGDALA NEURONS IN VIVO: RELATIONSHIP TO PARVALBUMINCONTAINING INTERNEURONS. X. F. Li*, W. Woodson, and J. E. LeDoux.
Center for Neural Science, New York University, New York, N. Y. 10003.
The lateral amygdala (LA) neurons (n=21) responding to stimulation of auditory
thalamus (MGm/PIN) and auditory cortex (TE3) were studied using in vivo
intracellular recording in rat. These cells had a relatively hyperpolarized resting
membrane potential (-70.59 ± 1.53mV; mean ± S£.) and had an average input
resistance of 44.77 ± 4.13 M il The majority of the LA neurons recorded had relatively
low rates of spontaneous spike firing (<lHz, n=15), with approximately 33% of the
neurons not exhibiting any spontaneous spike discharge. The average membrane time
constant was 13.82 ± 1.97 ms. Spontaneously occurring spikes had an average
amplitude of 57.65 ± 1.72 mV and thresholds of -58.22 ± 0.93 mV. For 19 out of 21
neurons tested, synaptic potentials evoked by MGm/PIN or TE3 stimulation always
consisted of an early EPSP (MGm/PIN average latency: 4.53 ± 0.63 ms; TE3 average
latency: 9.45 ± 0.85 ms) followed by an IPSP (MGm/PIN average latency: 22.46 ±
3.21ms; TE3 average latency: 30.16 ± 3.89ms). Single or multiple spikes were
triggered by the EPSPs. Most of the cells were pyramidal-like with 3 to 4 primary
spiny dendrites and many secondary processes. In fluorescent double-labeled material,
intracellular filled neurons were surrounded by parvalbumin immunoreactive (PARVIR) terminals and were enmeshed in a rich network of PARV-IR neuropil. PARV-IR
terminals made single or multiple contacts with the cell body and dendrite of the
recorded cell, as determined by confocal microscopy. It thus appears that these PARVIR interneurons are well situated to regulate the excitability of LA neurons in response
to sensory stimulation. Such an architecture could temporally modulate the LA neuron
membrane potential in order to correlate sensory information arriving from the
different sources in this parallel processing network. Supported by MH46516,
MH38774, and MH00956.

SEROTONIN MODULATES EXCITATORY ACTIVITY IN NEURONS OF
THE LATERAL NUCLEUS OF THE AMYGDALA. G.E. Stutzmann*. I.E.
LeDoux. Center for Neural Science, New York University, N.Y., NY 10003.
Glutamatergic pathways originating in the auditory thalamus and cortex and
terminating in the lateral nucleus of the amygdala (LA) are essential for fear
conditioning. In the present study we examined whether excitatory transmission
in these pathways is modulated by other neurotransmitter systems. The
amygdala receives a dense serotonergic input from the dorsal raphe nucleus, and
serotonergic compounds are known to have anxiolytic and stress-reducing
properties. Single unit activity was recorded in LA in response to iontophoretic
ejection of L-glutamate (10 mM, 5-40 nA) or in response to electrical stimulation
(0.1-0.8 mA, 0.3 Hz, 300 uS) of the auditory thalamus (MGm/PIN) or auditory
cortex (TE3) in male Sprague Dawley rats. One or more action potentials were
typically elicited by either local application of glutamate or electrical stimulation
of inputs. Iontophoretically applied serotonin (20 mM, 40-80 nA) inhibited
synaptically evoked action potentials from MGm/PIN stimulation in 6 of 12
neurons, increased activity in one neuron, and had no effect on the remaining 5
(cells were considered inhibited if the number of spikes was reduced by at least
50% relative to the preceding control period). Action potentials evoked from TE3
stimulation were inhibited in 6 of 13 neurons, increased in 2, and had no effect
on the remaining 5. Action potentials evoked from iontophoretically applied
glutamate were inhibited by serotonin in 11 of 16 cells, increased in 2, and had
no effect on 3 (all cells identified first by response to stimulation of MGm/PIN
and/or TE3). In summary, local application of serotonin mainly inhibits
excitatory transmission in auditory input pathways to LA. We conclude that
serotonin modulates the flow of sensory information through LA and thus may
regulate the processing of conditioned stimuli either during learning or during
expression of conditioned fear. Supported by Grant# MH465166-06.

307.7

307.8

IN-VITRO ANALYSIS OF SYNAPTIC INPUT TO THE DORSAL SUBDIVISION
OF THE LATERAL AMYGDALA. M.G. Weisskopf* and J.E. LeDoux. Center
for Neural Science, NYU, NY, NY, 10003
The amygdala plays a critical role in the memory processes underlying
conditioned fear. Previous work from this laboratory has shown that input to the
amygdala from both thalamic and cortical auditory regions synapse onto cells of
the lateral nucleus of the amygdala, in particular the dorsal subregion (LAd). In
addition, in-vivo experiments showed that the NMDA receptor antagonist APV
preferentially inhibits thalamic activation of LAd cells compared to cortical (Li
et al., 1995), suggesting possible synaptic profile and plasticity differences. We
set up an in-vitro slice preparation (coronal slices from 21-30d rats) in order to
examine the physiology of synaptic input to this region. Recording electrodes
were placed in the dorsal most portion of the lateral amygdala. Stimulating
electrodes were placed dorsal to the amygdala at the cortical layer Vl/extemal
capsule border (to activate cortical inputs) and medially towards the internal
capsule (to activate thalamic inputs). Inhibitory responses were blocked with
picrotoxin (10-50|iM). Extracellular field responses of either input pathway
showed long-term potentiation following tetanic stimulation (2-4x, 100Hz, Is)
that was blocked by D-APV (25^iM). Monosynaptic input onto particular
amygdaloid cells was investigated using the visualized whole-cell patch method.
EPSPs onto cells of LAd consisted of two components. A fast component showed
a linear current-voltage relation and was blocked by the non-NMDA antagonist
CNQX (5n.M). A slower component had a region of negative slope conductance
and was blocked by D-APV (25^iM). Initial results indicate that the APV
sensitive component is greater at the thalamic synapse than the cortical.
Furthermore, in current-clamp mode an APV sensitive synaptic potential could
be seen even at resting membrane potentials. These data confirm the previous
finding that synaptic input to LAd is glutamatergic and could explain the
differential APV sensitivity of action potentials elicited by thalamic and cortical
stimulation in-vivo (Li et al., 1995). Supported by MH46516.

RESPONSES
OF
ORBITOFRONTAL
NEURONS
TO
OLFACTORY CONTEXTUAL CUES IN A FEAR CONDITIONING
TA SK
P. A.. Lipton. and H. Eichenbaum*. Department of Psychology, Boston
University, Boston MA. 02215
In an effort to explore the relationship between cues and context, and their
representation within the cortex, we used a fear conditioning paradigm modified for
controlled presentation of contextual odor cues in addition to typical contextual
and phasic cues. Within a single training session there were four trial blocks
differing only in the odor present. Each trial consisted of the presentation, of an
odor preceded and followed by a period of fresh air. For each animal one odor
served as the context during which three tone CS’s and three foot shock US’s were
presented. Three other odors served as controls during which the CS was
presented without shock. After several CS-US pairings over several days,
presentation of the conditioned odor context alone elicited conditioned freezing.
Freezing responses to the odor and tone CS mimicked the responses often seen in
contextual conditioning paradigms with respect to the magnitude of freezing
elicited by a tone CS and background contextual cues. By contrast, no freezing
was observed during the presentation of the control odors or the during the CS’s
presented in the presence of the control odors. Prior to any training a driveable
bundle of electrodes was implanted into the orbitofrontal cortex to record the
neuronal responses within the cortex to events before, during, and after training and
testing. Previous recordings from the OF of the rat, which receives olfactory
inputs, have shown that approximately 30% of the cells are selectively responsive
to odors [Schoenbaum & Eichenbaum J. Neurophys. 74: 733, (’95)]. In the
present experiment the responses of cells were analyzed for odor specific and
experience dependent changes in firing. A preliminary analysis indicated that
some OF cells fire more to some odors than to others, independent of the task
demands, and a small subset of cells decreased firing to odors presented repeatedly.
Supported by NIMH & NIA

307.9

307.10

EFFECT OF CELL BODY LESIONS OF THE BASOLATERAL AMYGDALA
ON INSTRUMENTAL CONDITIONING. B.W.Balleine. J.C.Liebeskind*. Dept
of Psychology, UCLA and A. Dickinson. Univ. Cambridge, UK.
The effects of quinolinic acid lesions of the basolateral amygdala (BLA) on
instrumental outcome devaluation and sensitivity to changes in the instrumental
contingency were assessed using rats as subjects. After surgery, the rats were food
deprived and trained to perform two instrumental actions, lever pressing and chain
pulling, with one action earning food pellets and the other a polycose solution. The
lesion did not induce any detectable effect on the acquisition of either instrumental
action for either outcome. After acquisition, one of the two outcomes was devalued
using a specific-satiety procedure with each rat being fed one of the outcomes for one
hour. Immediately after this satiety treatment, sensitivity to outcome devaluation
was assessed in a choice extinction test on the levers and chains. Sham animals
showed a selective outcome devaluation effect; on test they performed fewer of the
action that in training had delivered the subsequently devalued outcome. The BLA
lesion abolished this effect with both actions being performed at a similar rate. This
effect of the lesion was not a failure of memory; in a subsequent test the valued and
devalued outcomes were delivered contingent on instrumental performance but the
lesioned group still failed to show differential performance. Finally, animals were
retrained on both actions and sensitivity to the selective degradation of one
instrumental contingency was assessed. To achieve this, in addition to being earned,
one of the instrumental outcomes was delivering non-contiguously. Although sham
animals reduced performance of the action that delivered the outcome that was the
same as that delivered non-contiguously relative to the other action, the BLA
animals did not and continued to perform both actions at an equally high rate. These
lesions of the BLA appeared severely to reduce, the ability of animals to encode
specific action-outcome relations whilst leaving the absolute rate of instrumental
performance relatively unaffected suggesting that the BLA may play a role in
representing the specific consequences of an instrumental action.
This research was supported by NIMH grant # MH 56446.

MULTIPLE UNIT ACTIVITY IN THE BASOLATERAL
NUCLEUS OF
THE
AMYGDALA IS PERSISTENTLY
SUPPRESSED IN RESPONSE TO STRESS AND RE-EXPOSURE
TO THE STRESSFUL CONTEXT. M.E. Chachich«. P.R. Mathew
and T.J. Shors. Program in Neuroscience, Dept, of Psychol, Princeton
University, Princeton, NJ-08544.

Society f o r N euroscience, Volume 23,1997

Unlike many classes of learning, the acquisition of the classically
conditioned eyeblink response is persistently facilitated by inescapable stress
in male rats (Shors et al., 1992). Furthermore, re-exposure to the context in
which the stress occurred reactivates the facilitation of the conditioned
response (Shors & Servatius, 1997). Recent evidence suggests that the
induction of the facilitated learning occurs in the basolateral nucleus of the
amygdala (Shors, Mathew & Chachich, 1997).
To determine whether stressor exposure and context reexposure alters
neurophysiological responses in the BLA, multiple unit activity was
recorded before and after a stressor of brief intermittent tailshock (30,
1mA, Is). In 6/6 male rats, exposure to the stressor significantly
suppressed multiple unit activity in the BLA, and the suppression persisted
for 48-96h after stressor cessation (z, p<.05). Further, re-exposure to the
context in which the stressor occurred reactivated the suppression of unit
activity (z, p<.05). These results provide electrophysiological support that
the BA is involved in the stress-induced
facilitation of classical
conditioning and reactivation of the facilitation in response to context reexposure.
[supported by NSF, Whitehall Foundation, McDonnell-Pew Foundation to
TJS]
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SPONTANEOUS SINGLE-UNIT ACTIVITY IN THE CENTRAL NUCLEUS
OF THE AMYGDALA OF FREELY-MOVING RATS. P. K. Tao. J. R.
Mover. Jr. and T. H. Brown*. Dept, of Psychology and Dept, of Cellular &
Molecular Physiology, Yale University, New Haven, CT 06520.
The central nucleus of the amygdala (ACe) appears to play an important role
as an output structure that controls some of the emotion-related functions in
which the amygdaloid nuclei have been implicated. In restrained rabbits,
aversive Pavlovian conditioning procedures can cause changes in unit firing in
the central nucleus of the amygdala in response to the conditioned stimulus (CS)
(Pascoe & Kapp, Behav. Brain Res., 1985). Although rats offer some advantages
for in vitro neurophysiology, they accept restraint less readily. We have
therefore been attempting to record ACe neuron activity in freely-moving rats.
Methods adapted from Kubie (Physiol. & Behav., 1984) were used to implant
a movable cannula guide containing 10 recording wires (25 pm nichrome) that
extended 1 mm beyond the guide and were positioned 0.5 mm above ACe.
Filters were set at 300 Hz and 5 KHz. The recording chamber and most of the
electrophysiological equipment are described elsewhere (Canli et al, Behav.
Neurosci., 1996; Lam et al, Learning & Memory, 1996). Experiments were
controlled and data were analyzed using commercial software (DataWave™
Technologies). After the experiment, a 40 pA, 8 s current was passed through
the wire that contained the highest-quality data. Following fixing and sectioning
the brain, the Prussian Blue reaction combined with a Nissl stain was used to
identify the tip location of the recording wire through which current was passed.
The object of this preliminary study was to establish the methodology and to
characterize ACe activity in our experimental environment. In 3 fats we
recorded more than 30 well-isolated units, one of which was held for 3 days. The
histology indicated that at least some of the wires were in or near ACe, but
much more data will be necessary to characterize differences among units within
and around ACe. We conclude that isolating and holding units will not pose a
difficulty. Supported by grants from the National Institutes o f Health (THB & JRM).

ASSOCIATIVE AND EEG AROUSAL-RELATED CHARACTERISTICS OF
AMYGDALOID CENTRAL NUCLEUS NEURONS IN THE RABBIT. B.S.
Kapp*. A.J. Silvestri. F.A. Guarraci, J.E. Movnihan, and M.E. Cain.
Department of Psychology, University of Vermont, Burlington, VT 05405-0134.
TTie spontaneous activity of a particular class of low rate (<lHz) amygdaloid
central nuclaus (ACe) neurons in the awake rabbit correlates with the state of
arousal as reflected in the EEG; the greater their activity, the less the power of slow
wave, delta (l-4Hz) activity (Kapp et al., Neuro. Abs.. 22, 1996). The low rate of
spontaneous activity of these neurons was similar to that of ACe neurons which
were previously observed to develop associative responding during Pavlovian fear
conditioning in the rabbit (Pascoe and Kapp, Behav. Br. Res.. 16, 1986). This study
determined if ACe neurons with spontaneous activity that correlates with the state
of arousal also demonstrate Pavlovian associative responding.
New Zealand rabbits were surgically prepared for the recording of ACe single
units and frontal cortex EEG. After surgical recovery they received Pavlovian
differential conditioning trials in which a tone of one frequency (CS+) was always
followed by an aversive unconditioned stimulus (US), while a tone of a second
frequency (CS-) was never followed by the US. Following the development of
reliable differential conditioning, single neurons .within the ACe with low
spontaneous activity were isolated to determine if their spontaneous activity
correlated with delta wave activity. Random presentations of the CS+ and CS- were
then presented to determine their associative response characteristics. The results
demonstrated that neurons with spontaneous activity that correlated negatively with
the power of delta activity demonstrated associative responding reflected in a
greater response to the CS+ vs. the CS-. Response latencies were <50 msec. The
results suggest a contribution for the ACe in spontaneously occurring neocortical
arousal as well as in neocortical arousal produced by fear-arousing conditioned
stimuli, perhaps via ACe modulation of cholinergic Ch4 and Ch5 cell groups.
Supported by NSF IBN 9319699.
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VAGUS NERVE
STIMULATION
INDUCES
BOTH
LONG-TERM
POTENTIATION AND DEPRESSION IN THE RAT HIPPOCAMPUS. K.B.
Clark*, D. C. Smith, andR,A, Jensen. Program for the Biopsychology of Learning
and Memory, Department of Psychology, Southern Illinois University, Carbondale,
IL 62901-6502.
Recent studies conducted in our laboratory demonstrate that vagus nerve stim
ulation (VNS) administered during the memory consolidation period enhances reten
tion performance by rodents and humans. These results indicate that activation of
vagal afferents, and several limbic and brainstem structures that receive vagal projec
tions, modulates the formation of memories. However, little is known about the
possible changes in neuronal activity that may occur following delivery of VNS. We
therefore investigated perforant path (PP)-evoked, multiunit potentials from the ipsilateral dentate gyrus (DG) for up to 75 min following left cervical-level VNS. Re
cording and stimulating electrodes were lowered into the DG molecular layer and PP,
respectively, of urethane-anesthetized Long-Evans rats, and positioned to maximize
the amplitude of the evoked population EPSP (pEPSP) and population spike
(pSpike). One hour later baseline responses were collected, then animals received ei
ther sham VNS or VNS at one of three intensities (0.2, 0.4, or 0.8 mA; 0.5-ms pulse
width; 30.0-s duration) and one of two frequencies (4 or 20 Hz). VNS delivered at
0.8 mA and 4 Hz produced a protracted decrease (-18.4 %, p < 0.05) in the mean
percent change of the DG pEPSP slope, with no significant change observed in the
pSpike slope or amplitude compared to control values. In contrast, a significant and
long-lasting (i.e., 75 min) increase in the mean percent change of the DG pSpike
slope (140.0 % ,p < 0.03) and amplitude (123.2 %, p < 0.05) followed VNS at 0.4
mA and 20 Hz. A similar but transient mean increase in pSpike slope (80.4 %, p <
0.05) and amplitude (38.0 %, p < 0.03) also occurred following VNS at 0.2 mA and
20 Hz. These findings provide evidence for a possible mechanism through which
suitable VNS parameters may either improve or impair memory, and suggest that
such plastic changes may be dissociatively expressed at hippocampal dendritic fields
and axonal segments.
Further, analogous changes may accompany the
administration of peripherally acting drugs that modulate memory storage processes
through the activation of vagal afferents.

Cholinergic Modulation Facilitates LTP in the Piriform Cortex.
M,M,_ Patil*,-C,..Linster, .E. Lubenov, and M .E. Hasselmo. Dept, of Psychology,
Harvard University, Cambridge, MA.
Previous studies have demonstrated that associative LTP can be induced by co
activation of afferent and intrinsic fiber stimulation in the piriform (olfactory) cortex
after blockade of the fast, GABA-A mediated IPSP (Kanter and Haberly, 1993, J.
Neuroscience 13(6):2477). Recent experiments in our laboratory using cholinergic
agonists have shown suppression of the fast IPSP in layer lb of piriform cortex during
bath application (Patil and Hasselmo, submitted). In this report, we show that
cholinergic suppression of fast inhibition is sufficient to allow associative LTP
between afferent (layer la) and association fibers (Layer lb).
Extracellular field potential recordings were obtained from layers la and lb of
piriform cortex in a slice preparation. Test stimuli in layer lb were 0.1 msec shocks
delivered at intervals of 20 s. Potentiation trains in layer la consisted of 10 sets of 4
pulses at 100 Hz delivered at 200 msec intervals. During pairing of strong and weak
stimuli, weak shocks were given at 5 Hz between the second and third pulse of the
four pulse burst. In control conditions, no changes in responses to test stimuli were
observed after pairing of weak and strong stimuli. After bath application of 50 (iM
carbachol, the observed response to weak stimulation in layer lb decreases to 72%
(+/- 11%, n=10) (Hasselmo and Bower, 1992, J. Neurophysiol. 67: 1222). After
pairing of weak and strong stimuli carbachol was washed out and after a period of 30 60 minutes responses to weak stimuli in layer lb was compared to the baseline
recorded at the beginning of each experiment. In 7 slices, the potentiation obtained by
repetitive (2-4) pairings pairing of weak and strong stimuli under carbachol resulted in
an increased response to weak stimuli (190% +/- 57%, n=5). In three slices, a single
potentiation was used and after washout, an average increase to 136% (+/- 36%, n=3)
could be obtained.
This work was supported by
grant # R 29-MH 52732-01.

308.3

308.4

PROGESTERONE MODULATES LONG TERM POTENTIATION IN
HIPPOCAMPAL RAT SLICES. D. A. Córdoba Montova and H. F. Carrer* Instituto de Investigación Médica M. y M. Ferreyra; C.C. 389 (5000), Córdoba.
Argentina.
Recently, the availability of NMDA-type glutamate receptors in CA1 was found
to change with circulating levels of estradiol (E2) and progesterone (P)
(Gazzalèy et al, J Neurosci, 16:6830, 1996). Long term potentiation (LTP) is
generaly accepted as an electrophysiological model of learning and memory and
is dependent on NMDA receptors. We used LÎP to assess the functional
significance of changes induced by P. Hippocampal slices were obtained from
ovariectomized rats treated 48 hours before with E2 (17-B-estradiol, 100
|ig/kg). The evoked potentials recorded from the hippocampal CA1 field by
stratum radiatum stimulation at 0.2 Hz, were taken as basal recording. High
frequency stimulation was applied using “theta pattern”, i.e. 5 bursts of 4
pulses at 100 Hz with the bursts separated by 200 ms; 2 groups with an
intergroup interval of 30 s (Staubli & Lynch, Brain Res, 435:227, 1987) and
the recordings repeated 20 and 40 min after tetanization. When LTP had been
induced the slices were perfused with 60 nM P and recordings obtained at
20, 40, 60, 90, 120 and 140 min. Statistical analysis showed that P added to
the bathing medium induced a significant increase in potentiation with a
maximum at 60 min, while at 90 min a gradual reduction appeared, so that by
140 min the response was at or below basal levels. Perfusion with 10 jaM RU
38486 (Mifepristone), a progestine antagonist, during 40 min, starting
immediately after tetanization suppressed the éxcitatory effect of P. These
results show that P has a biphasic action on synaptic plasticity (facilitationinhibition) and indicate the need for studies on the effects of P on behaviour
sustained by the hippocampus. Supported by CONICET and CONICOR; RU
38486 was kindly provided by D. Martini from ROUSSEL UCLAF.
S ociety f o r Neuroscience, Volume 2 3,1997

17 B-ESTRADIOL ATTENUATES THE OVARIECTOMY-INDUCED DECLINE
IN LONG-TERM POTENTIATION IN THE RAT HIPPOCAMPUS.

K.S.Panickar* and J.W.Simpkins, Center for Neurobiology of Aging,
University o f Florida Health Science Center, Gainesville, FTL 32610.
Long-term potentiation (LTP) is a form of synaptic plasticity which is manifested
in the form of a persistent increase in the magnitude of the synaptic response and
typically elicited by a high- j&equency stimulation of the afferent fibers. LTP in the
hippocampus is the primary model for studying the synaptic basis of learning and
memory. There is evidence that suggests that chronic estrogen treatment can improve
performance of rats in memory-related tasks. In the present study, LTP was examined
in the Schaffer collateral/commissural CA1 pathway in hippocampal slices in three
groups of animals: Intact (INT), ovariectomized (OVX), and ovariectomized +
estrogen replaced (E2). Extracellular recordings of excitatory postsynaptic potentials
(EPSPs) were made using glass microelectrodes in the stratum radiatum (SR) of the
CA1 region and a concentric bipolar stimulating electrode was placed at a distance of
800 pm from the recording electrode in SR. Single pulses (100-900 pA, 50 ps, 0.1
Hz) were delivered every 20s for 10 minutes and EPSP responses were collected for
baseline reading. To induce LTP a tetanus (100 Hz, 60 pulses) was delivered at the
same stimulus intensity used for baseline reading. EPSP responses were recorded
again every 20s for 20 more minutes. Results show that there was a 127 ± 4% and
67 ± 15% increase in the EPSP slope in the INT and E2 animals respectively during
the maintenance phase of LTP. In the OVX animals, however, a short-term
potentiation was produced that decayed to pre-tetanus levels within 10 minutes. It,
therefore, appears that chronic estrogen treatment can influence synaptic efficacy by
attenuating the decline in synaptic enhancement following ovariectomy in the rat
hippocampus. (Supported by NIH Grant AG 10485 to JWS).
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ALTERED SYNAPTIC PLASTICITY IN THE CA1
REGION AFTER BRIEF BEHAVIOURAL STRESS

LTP and LTD is inducible in vivo with 5 stimuli at 200Hz
given phase-locked with theta rhythm

L X u. C H olscher, R A n w y l1 and M J R o w an * D ept of
Pharm acology and Therapeutics, 1Dept of Physiology, Trinity
College, Dublin, Ireland
LTP induction is inhibited by inescapable behavioural stress
(Shors, 1989) and corticosterone (Diamond, 1990). Behavioural
stress facilitates the induction of LTD (Xu et al, Nature, 1997) in
freely behaving animals. Here we show LTD induction in the CA1
region of hippocampus in pentobarbitone anaesthetised adult rats.
LFS (3Hz, 5min) failed to induce LTD in non-stressed rats, and
subsequent HFS (200 pulses at 200Hz, 2s interval) induced LTP.
In contrast, in stressed rats (placement on an elevated platform for
30min), a single LFS reliably induced LTD in the test pathway
without inducing LTD in a control pathway (n=5, 91.2±3.2% of
baseline EPSP amplitude 30min after LFS, p<0.05). Repeated LFS
stimulation (3Hz, 6-15min) induced maximal LTD (n=5, 67±6%) in
the test pathw ay w ithout any changes in control pathw ay
(101.8±5.0% of baseline). LTD was reversed by HFS (n=5, from
83.0±3.4% of baseline 30min after LFS to 98.1±6.2% 30min after
HFS, p<0.05). Sim ilar results were obtained using paired-pulse
(inter-pulse interval 25 ms) LFS (0.5-1 Hz ) in stressed rats. In
contrast to the situation in awake animals, in which the ability to
induce LTD was rapidly lost within 20min after stress, LTD could
still be induced up to at least 3 h after stress in anaesthetised rats.

C Hölscher1*. L X u1, R Anwyl2, M J R ow an1 1Dept of Pharmacology
and Therapeutics, 2Dept of Physiology, Trinity College, Dublin 2, Ireland
LTP is usually induced using long trains of high-frequency stimulation
(H FS) w hile LTD is induced using long trains of low -frequency
stimulation. Here we show that stimulation in the presence of tail-pinch
induced theta rhythm in urethane anaesthetised rats can induce LTP with
bursts of 5 stimuli / 200Hz in unstressed rats while LTD can be induced
in stressed rats. A single burst of 5 pulses given on the positive phase of
theta rhythm reliably induced LTP (119±6% of baseline EPSP slope 60
m in later, p<0.01). Three bursts induced m axim al LTP (152±9% ,
pcO.OOl) which was similar to that induced by 10 bursts (156±11%) or
HFS (200 pulses / 200 Hz; 168±16%). Stimulation with 3 or 10 bursts
on the negative phase or on the zero phase of theta did not induce LTD.
However, stimulation with 10 (but not 3) bursts on the negative phase of
theta depotentiated previously established LTP from 142±7 to 110±8%
(pcO.OOl). In stressed rats, no LTP was induced by 3 or 10 bursts on the
positive phase of theta. However, 1 burst given on the negative phase of
theta induced LTD (81 ±5%, p>0.05). This LTD was reversed by 3 bursts
on the positive phase of theta ( 102±4% of baseline 60 min after the
second stimulation, p>0.05). Giving 3 or 10 bursts on the negative phase
of theta did not produce a larger LTD (80±7%, p<0.05) (n=6 per group in
all experiments). The fact that LTP or LTD can be induced with as few as
5 stimuli suggests that this stimulation protocol mimics natural processes
in the brain much better than HFS or LFS.
Supported by the Health Research Board of Ireland.

Supported by the Health Research Board of Ireland, the EU and the Welcome Trust
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A N O V E L EN VIR O N M EN T F A C ILITA TE S T H E INDUCTION O F LTP
A T T H E P E R F O R A N T P A T H -D E N T A T E G Y R U S S Y N A P S E

The induction o f LTP is optimal when stimulation parameters closely
resemble theta rhythm. Because such activity is observed during exploratory
behaviors, we assessed the effects o f novel environments on the magnitude
and probability o f LTP induction at medial perforant path-dentate gyrus
synapses in awake, freely-moving rats.
Adult male Fischer 344 rats (300-350 g) were implanted with a stainless
steel bipolar stimulating electrode in the medial aspect o f the angular bundle,
and a single recording electrode in the hilar region o f the dentate gyrus.
Baseline responses were evoked at current intensities eliciting responses that
were 50% o f the maximal field EPSP slope, and were collected daily for at
least 5 days. A single session o f theta-like stimulation (five 2 sec trains o f 10
msec, 100 Hz bursts delivered at 200 msec intervals) was delivered in either
the home cage or 5 min after placement in the novel environment containing
clean bedding and various objects and oderants. Exposure to the novel
environment did not alter responses during the 5 min period prior to
tetanization. However, both the magnitude o f LTP and the probability of
LTP induction were increased in the novel environment. LTP induced in the
novel environment also decayed more slowly, with the duration o f
potentiation increasing from 3-5 days to over 1 week.
Support: GM 08194 and a UTS A Faculty Research Award to BED.

SIMULATION OF LTP INDUCTION AND ERASURE IN HIPPOCAMPAL
FIELDS CA1 AND CA3 ASSOCIATE SENSORY INPUTS SEPARATED IN
TIME. K. Kilborn, G. Lynch, and R. Granger.* Bonney Center,
University of California, Irvine, CA 92697.
LTP priming and erasure rules (Larson et al., 1986;
Staubli et al., 1990) determine when LTP will be induced
and whether it will be sustained. These rules, operating
in the architectures of fields CA3 and CA1, are thought to
underlie phenomena of memory and of spatial navigation. We
asked what kind of network-level operations arise from the
known rules of LTP induction and erasure in these hippo
campal structures. A simulation of CA3 was previously
reported to sustain transient cues via reverberating
activity, acting as a short term memory (Taketani et al.,
1992; Granger et al., 1997). Simulation of priming in
field CA1 caused transitions between successive inputs from
CA3 to become potentiated; simulation of LTP reversal by
continuous repetitive low-frequency stimulation erased all
but the transitions between differing CA3 signals,leading
to a selective encoding in CA1 of the association between
two successively sensed inputs even when separated by many
seconds. Embedded in a larger system incorporating simpli
fied network models of dentate gyrus and subiculum, the
CA3-CA1 network was used as a navigational learning element
in a mobile robot. Under investigation is the behavioral
ability of the robot to use these LTP rules in these brain
circuit architectures to learn a real environment via
exploration.
This work was supported in part by the 0NR.

308.9

308.10

ANALOG PATTERN RECOGNITION IN A DENDRITIC SPINE MODEL WITH
CALCIUM DYNAMICS K.-H. Yang*. K.T.Blackwell Computational Sciences and
Informatics, George Mason University, Fairfax, VA 22030
Recent evidence suggests that dendritic spines are the smallest computational unit
of a neuron. The computational function of dendritic spines are not fully understood
yet, because direct experimental evidence regarding their computational role is very
limited due to their small size. We hypothesize that a set of spines could act as an
"analog pattern matching" device by learning a repeatedly presented pattern of
synaptic activation. In the present study, the plausibility of such analog pattern
matching was investigated in a detailed circuit model of a piece of dendritic
membrane with a small number of dendritic spines. Each spine head contained a
calcium permeable synaptic conductance in parallel with a calcium dependent
potassium conductance. A single decay time constant was used to model the
combined effect of calcium buffers and cytosolic pumps on spine calcium
concentration. Memory storage is represented as adaptation of the calciumdependent potassium channel to the intra-spine calcium concentration in response to
the “training” pattern. The input to the model was a pattern of synaptic activation,
and the output of the model was the time integral of postsynaptic membrane potential
('signal strength'). The results of our simulations demonstrate that signal strength is
greatest when synaptic input pattern equals the previously learned value, and smaller
when components of the synaptic input pattern are either smaller or larger than
corresponding components of the previously learned pattern. The decrease in signal
strength was proportional to the difference between input pattern and previously
learned pattern. Taken together, our results indicate that dendritic spines may act as
analog pattern matching device.
Acknowledgements. The partial support of this research effort by ONR, NINDS,
and NIMH is gratefully acknowledged.

MEMORY CAPACITY OF NEURONS WITH ACTIVE
DENDRITES

C. Davis-Hart* & B. E. D errick Division o f Life Sciences,
The University o f Texas, San Antonio, TX 78249.

S ociety for N euroscience , V olume 23,1997

Poirazi*P. and Mel , B., Dept, of Biomedical Engineering, USC, MC 1451,
Los Angeles, CA 90089.
We have studied the degree to which active dendrites augment the pattern
discrimination capacity of a cortical neuron. Previous work has shown that
dendrites containing excitatory voltage-dependent membrane mechanisms pro
duce functionally significant quadratic interactions among ri*righboring synap
tic inputs (Mel, B.W., J. Neurophysiol.,\. 70, 1993). To establish lower and
upper bounds on the capacity of a dendritic neuron, we have used mathem at
ical analysis and computer simulations to investigate the cases of pure linear
and quadratic classifiers in an old/new classification problem where all target
(old) and control (new) patterns are drawn randomly from $he same distribu
tion. Capacity for a given input dimension d is given by the relation between
training set size n and rate of classification error. For the linear case, we gener
ated capacity curves for 300 and 1000 dimensional input spaces, where patterns
were drawn from a Gaussian distribution with zero mean and unit variance.
Simulation results using conjugate gradient optimization were compared to
an analytical model based on the interactions of high-dimensional spherical
Gaussian blobs. Empirical curves for the quadratic case reveal the expected
large increase in discrimination capacity, and provided an upper bound for a
dendritic neuron. We are currently studying the intermediate, quasi-quadratic
case in which a linear classifier with d inputs is augmented with 0(d) selected
second-order terms. This case will allow us to quantitatively assess the impor
tance of active dendritic processing in neural learning and memory. Supported
by NSF and ONR.
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EXPERIENCE WITH SIGNALED LIGHT ALTERS THE RESPONSE OF THE
SUPRACHIASMATIC NUCLEUS TO UNSIGNALED LIGHT. C. Beaulé* and S.
Amir. Center for Studies in Behavioral Neurobiology, Concordia University,
Montréal, Québec, Canada.
Circadian rhythms in rats can be entrained to T-cycles (1 pulse of light/day) when
light falls at the period of the cycle corresponding to dawn. As was previously shown
by this lab using a skeleton photoperiod entrainment paradigm, Fos expression in the
suprachiasmatic nucleus (SCN) in response to a phase shifting light pulse can be
modulated by a conditioned stimulus (CS: air flow). The expression of this
immediate early gene was maximal when both CS and unconditioned stimulus (US:
light) used in a 10 days training period were presented together on test day. When the
US was presented alone, Fos expression was reduced in the SCN. The present study
investigated the effects of signaled (using the CS) and unsignaled light on Fos
expression in the SCN and intergeniculate leaflet (IGL) in a T-cycle entrainment
paradigm. Animals were first entrained to a 12 hour light:dark cycle, then switched
to a 24 hour T-cycle consisting of a 30 min light pulse. For half of the animals, the
US was preceded by a 20 min CS (air flow) with a 5 min overlap. The other half of
the animals received random presentation of the CS so that it never predicted light
onset. The entraining stimuli were given at the transition time corresponding to
dawn. The T-cycle regimen was maintained for 14 days. The behavioral measure of
circadian cyclicity was running wheel activity. On test day, animals were presented
with either CS-US (US=10 min) or with the US (US=10 min) alone and perfused 1
hour after US onset. Fos expression was measured in the SCN and IGL. Animals that
were entrained with CS-US pairings and that were tested with the CS-US displayed
more robust Fos expression in the SCN than their controls that received the US alone
(g < 0.05). There was no difference between the groups in Fos expression in the IGL.
Further, animals that were entrained with unpaired CS and US did not differ in their
Fos expression. These results suggest that stimuli that are associated with light onset
can alter the biochemical response of the circadian pacemaker to an entraining light
pulse.
Supported by the Medical Research Council, Canada.

CIRCADIAN PERIOD IS DETERMINED BY INDIVIDUAL CLOCK NEURONS
IN THE SUPRACHIASMATIC NUCLEUS. Chen Liu*. David R. Weaver, and
Steven M. Reopen Lab of Developmental Chronobiology, Mass General
Hospital and Harvard Medical School, Boston, MA 02114.
The mammalian suprachiasmatic nucleus (SCN) contains a circadian clock for
timing physiological and behavioral rhythms. Using a system for automated,
long-term monitoring of circadian firing rhythms in cultured neurons from
neonatal rat SCN, this laboratory discovered that single SCN neurons in the
same culture express circadian rhythms of widely different phases and
different period lengths (Welsh et al. Neuron 14:697-706). These data
provide strong evidence that the SCN is composed of multiple circadian
oscillators (clock cells). Since the mean period of clock cells in rats is almost
identical to circadian period in behavior in the whole animal, we hypothesized
that the circadian period in behavior is determined by the collective period of
individual clock cells. This hypothesis was tested by examining circadian
periods from clock cells obtained from different rodents (mice, rats and
hamsters) which have distinct free-running circadian periods and in the tau
mutant hamster, which have much shorter free-running periods than wildtype. Individual clock cells recorded from mice and hamsters showed phase
and period variations in culture similar to those from rats. Analysis of the
period of clock cells recorded for more than 3 cycles showed significant
differences in mean clock cell periods between rats and mice (mean±SD:
24.35±1.20 and 23.38±1.27 hours; n=17 and 12, respectively, P< 0.05),
and among wild type, hetero- and homozygous tau mutant hamsters
(23.41±1.34, 20.97±2.13, and 19.28±1.69 hours; n=14, 15 and 9,
respectively, P<0.05). These differences correlate nicely with the differences
in free running periods in the whole animal. These results reveal the cell
autonomous nature of circadian period determination in the mammalian SCN
and demonstrate that the period abnormality of the tau mutation is manifested
at the single-cell level. Supported by a grant from the AFOSR.
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DISTINCT PHARMACOLOGICAL MECHANISMS LEADING TO CFOS GENE EXPRESSION IN THE FETAL SUPRACHIASMATIC
N U C L E U .Shearman*
.P
L
and P . R. W eaver. Lab of Developmental

N.F. Rubv* and H.C. Heller. Department of Biological Sciences,
Stanford University, Stanford, CA 94305.
This study examined the effe ct'o f temperature on circadian
neuronal rhythms in the suprachiasmatic nucleus (SCN) in vitro.
Coronal brain slices (5 0 0 //m) containing the SCN were prepared
at the time of lights on (LD 12:12) from adult male W istar rats and
maintained in a perifusion medium at either 37 or 31 °C for up to
3 days. Firing rates recorded extracellularly from SCN neurons
were averaged hourly in 2 h bins using a 1 h lag. Time of peak
firing rate was used as the phase reference point to estimate
circadian rhythm (CR) period and phase.
Daily peak firing rate intervals were shorter at 31 than at
37°C . Mean (±SE) phase of peak firing rate occurred at circadian
time (CT) 5.0 ± 0.4 (n = 4) and at CT 6.0 ± 0.2 (n = 5) (CT 0 =
lights on) at 31 and 37 °C, respectively, on day 3 in vitro.
Exposure to 31 °C reduced peak firing rates by an average of 25%
on all 3 days. Mean period (i.e., tau) of circadian neuronal rhythms
was 23.25 and 24.00 h at 31 and 37°C , respectively; the Q10 for
tau was 0.95. Similar Q10s have been obtained in SCN from
hibernating ground squirrels (Ruby and Heller, 1996). It appears
that selection pressures for temperature compensation of circadian
pacemakers has not been relaxed in mammals despite the narrow
range of brain temperatures typically experienced by homeotherms.
Supported by NICHHD grant H D 07471.

Chronobiology, Pediatrics, Mass. General Hospital, Boston, MA 02114.
Maternal treatment with cocaine, nicotine, or the D1 agonist SKF 38393
induces c-fos gene expression in fetal rodent SCN (Proc Natl Acad Sci USA
89: 9201, 1992; Dev Brain Res 84: 46, 1995). Activation of D1-dopamine
receptors entrains the fetal circadian clock in the SCN (7 Neurosci 14: 5393,
1994). We are interested in identifying agents capable of inducing c-fos
mRNA in the fetal SCN as these agents may reveal mechanisms of
entrainment. The stimulant caffeine induces c-fos mRNA in adult rat
striatum (Neuroscience 59: 837, 1994). We examined whether maternal
caffeine treatment can induce c-fos gene expression in the fetal SCN and
whether its mechanism of action is distinct from that of SKF 38393. On
gestational day 20, timed-pregnant rats (Zivic-Miller) were pretreated with
the D1-dopamine receptor antagonist SCH 23390 (0.5 mg/kg, i.p.), the
nicotinic cholinergic receptor antagonist mecamylamine (5 mg/kg, i.p.), or
vehicle 30 min. prior to caffeine (100 mg/kg, i.p.) or SKF 38393 (10 mg/kg,
i.p.) treatment. Fetal brains were collected 30 min. after the second
injection. In situ hybridization was used to assess c-fos gene expression.
Prenatal treatment with caffeine or SKF 38393 resulted in a similar pattern
of c-fos mRNA, with prominent expression in the fetal SCN and striatum.
Levels of c-fos mRNA in the SCN of fetuses receiving antagonists or vehicle
only were detectable but low. The induction of c-fos mRNA by SKF 38393
was attenuated by SCH 23390, but not by mecamylamine, consistent with
action of SKF 38393 via D1 -dopamine receptors. In contrast, the induction
of c-fos mRNA by caffeine treatment was reduced by mecamylamine, but
not by SCH 23390. These findings indicate that distinct pharmacological
mechanisms exist for regulating c-fos gene expression in the fetal SCN.
Supported by HD14427.
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IS THERE AUTOREGULATION OF LIGHT-INDUCED C - F O S
EXPRESSION IN THE SUPRACHIASMATIC NUCLEUS? J.D. Best. J. de
Bono. S.J. Bray. E.S. Maywood & M.H. Hastings*. Dept. Anatomy, University
of Cambridge, Downing St. CB2 3DY, U.K.
Light pulses which reset the circadian clock of the suprachiasmatic nucleus
(SCN) also induce the immediate-early gene c-fos in the retinorecipient SCN. cFos protein may be causal to resetting. In other tissues, c-Fos exerts negative
autoregulatory feedback on the expression of its cognate gene, mediated via the
SRE of the promotor (Sassone-Corsi et al. Nature 1988). This study tested
whether autoregulation occurred for light-induced expression of c-fos in the
SCN. Syrian hamsters received a 15 min light pulse lh after lights off.
Immunocytochemistry (ICC) and Western blot analyses confirmed induction of
c-Fos protein in the SCN. Mobility shift assay of nuclear protein extracts of
SCN punches revealed an increase in AP-1 binding activity. ICC showed that cFos levels remained high for 2h following a light pulse but were basal after 3h.
A further group received a second pulse 2h after the first. If c-Fos exerted
negative autoregulation, the second pulse falling at a time of high abundance of
c-Fos should not be able to induce a second wave of expression. ICC revealed
this was not the case, lh after the second pulse the number of c-Fos-ir nuclei
was significantly greater than in animals 3h after a single pulse, and the same as
that seen lh after a single pulse. The study was repeated in free-running animals
held in dim red light for 30 days. The number of c-Fos-ir nuclei in the SCN was
high 3h after a CT 13 pulse, making it difficult to identify re-induction by ICC.
In situ hybridisation (ISH), was used to detect re-induction as de novo mRNA
expression. Light-induced expression of c-fos mRNA peaked 30 min after a
pulse at CT 13 and was undetectable 2 h later. When animals received a second
light pulse 2 h after the first (a time when protein levels were high) a second
wave of mRNA was induced. Under both entrained and free-running conditions
c-fos is not subject to autoregulation in the SCN. The elements regulating
expression in response to light may be different to those which contribute to
autoregulation. Supported by the Wellcome Trust (37667/93) & BBSRC.

CIRCADIAN OCILLITATION O F C -F O S m R N A E X P R E S S IO N IN
T H E R A T C O R T E X B Y IN SITU HYBRIDIZATION

S ociety f o r N euroscience, Volume 23,1997

H Onodera*1, J Imaki1, K Yoshida2. K Yamashita1. ’Dept, of Anatomy,
Nippon Medical School, 1-1-5, Sendaai, Bunkyo-ku, Tokyo, 113,
Japan; 2Dept. of Ophthalmology, Hokkaido University School of
Medicine, N17 W5, Kita-ku, Sapporo, 060, Japan
We previously reported that c-fos mRNA expression levels of retinal
cells showed circadian expression. To determine whether c-fos
mRNA expression in brain cortex shows the circadian rhythm, we
observed male SD rats kept in 12 hr Light / 12hr Dark. The rats were
deeply anethetized then perfused and brains were removed. In situ
hybridization was performed with35S - labeled rat c-fos cRNA probe.
In the rat cortex, c-fos mRNA expression showed significant
circadian rhythm. At the beginning of the lighting period, c-fos mRNA
expression in both neocortex and SCN transiently increased but soon
decreased following light period. Throughout the dark period, c-fos
mRNA expression was constantly high in the neocortex but no signals
in SCN.
To investigate the effect of photic signal to brain cortex, we also
studied the rat which were kept in a constant dark envolonment which
rats are kept in the same way to LD12:12, except for light exposure
on the last day of their 3 weeks housing. In constant dark group,
transiently increased c-fos mRNA expression was never observed in
both neocortex and SCN.
Expression of c-fos mRNA at the beginning of the light period is
similar to that of inner nuclear layer and ganglion cell layer and also
continuous expression of dark period similar to that of outer nuclear
layer. This results indicate that a same mechanism may contribute to
both retinal cells and brain neocortex.
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PROTEIN KINASE A (PKA) REGULATES A CIRCADIAN CLOCK
CONTROL POINT IN THE LATE DAY. E. A. Gallman* L. E.
Faiman1 and M. U. Gillette1,2 Depts. of Cell and Structural Biology1and
Molecular and Integrative Physiology2, University of Illinois at UrbanaChampaign, Urbana, IL 61801
The endogenous levels of cAMP in the suprachiasmatic nuclei (SCN) rise
at dusk and at dawn. Cyclic AMP analogs advance the circadian clock in the
SCN in vitro with maximal effect during midday, such that the clock shifts
towards the time of the endogenous late day rise in cAMP (Prosser &
Gillette, J. Neurosci., 1989). These analogs have no effect on clock phase at
night. Protein kinase A (PKA) mediates the effects of cAMP. Here we
examine the hypothesis that cAMP/PKA activity mediates critical regulatory
events at dusk but not at dawn. We studied the role of PKA activity in clock
control at the times of endogenous cAMP increase (CT 10 & CT 23). We
applied the specific PKA inhibitor, KT5720 (10 nM to 1.0 μM), to SCN
brain slices and determined the time of peak firing of the SCN neurons on the
following day. At CT 10, KT5720 induced a ~5 h phase delay. This is
consistent with the finding that the cAMP antagonist, Rp-cAMPS, applied at
CT 10, can delay the circadian clock (Prosser et al., Br.Res. 1994). A pulse
of KT5720 at CT 10, followed by another pulse 5 hr later, resulted in a
~ 10-hr phase delay. Similar treatment at CT 23 gave little or no delay.
These data suggest that inhibition of PKA at CT 10 rapidly returns the clock
to a CT 5-like state. We conclude that the endogenous rise in cAMP at the
end of the subjective day (in contrast to the rise at the end of subjective night)
is an important clock control point; activation of PKA induced by this rise is
required for the clock to progress from day into night. (Supported by NIH
NS22155)

A CIRCADIAN CLOCK CONTROL POINT IN THE LATE NIGHT:
REGULATION BY PROTEIN KINASE G S. A. Tischkau1*. A. M. Fox2. L.
E. Faiman1and M. U. Gillette1,2 Depts. of Cell and Structural Biology1and
Molecular and Integrative Physiology2, University of Illinois at UrbanaChampaign, Urbana, IL 61801
Activation of cyclic GMP-dependent protein kinase (protein kinase G,
PKG) during the subjective night resets the endogenous circadian rhythm of
the suprachiasmatic nucleus (SCN). cGMP analogs induce phase advances
during the subjective night, shifting the clock toward morning.
Autophosphorylation of PKG increases as the sensitivity to resetting by
cGMP analogs wanes. Therefore, cGMP and PKG may mediate a critical
regulatory event at the end of the subjective night. We examined 1)
endogenous cGMP over the course of a 24-h period using a scintillation
proximity assay; 2) the effect of blocking PKG activity, at the time when
endogenous phosphorylation of PKG increases, on the phase of the SCN clock
by applying the specific PKG inhibitor, KT5823 (1.0 pM), to SCN brain
slices and measuring the peak firing rate of the SCN neurons on the following
day; and 3) the effect of PKG inhibition on cGMP levels. A significant rise in
cGMP was detected at the end of the subjective night, peaking at CT 24. At
CT 22, PKG inhibition induced a -3.5 h phase delay. Prolonged (>3.5 h)
inhibition, or multiple pulses of KT5823, induced quantal increases in the
magnitude of this delay. cGMP levels decreased within 1 h of PKG inhibition.
However, 4 h after treatment, cGMP again rose to CT 24-like levels. The
data suggest that inhibition of PKG at CT 22 rapidly returns the clock to a
CT 19-like state. We conclude that the endogenous rise in cGMP at the end
of the subjective night is an important clock control point; activation of PKG
induced by this rise is required for the clock to progress from night into day.
(Supported by NIH NS33230, NIH NS22155 and NIH F2NS10170)

309.9

309.10

REVERSE TRANSCRIPTION-PCR AS A TOOL TO MEASURE GENE
EXPRESSION IN THE SUPRACHIASMATIC NUCLEUS. S.M.Biello.
J.M.Komhauser. J.BIanchard*and M.E.Harrington. Dept.of Psych, Univ. of Glasgow,
UK; Div.of Neuroscience, Children’s Hospital and Dept, of Neurobiology, Harvard
Medical School, Boston MA; Dept, of Psych, Smith College, Northampton MA.
Mammalian circadian rhythms originate in the hypothalamic suprachiasmatic nuclei
(SCN). Light pulses that phase shift circadian rhythms increase expression of specific
immediate-early genes within the SCN. These include members of the/os
protooncogene family. Because of both the anatomical and temporal specificity of
immediate-early gene responses in the SCN, it has been proposed that gene expression
may be a step in the transduction of photic information into phase shifts of the
circadian clock. Rhythmic neural activity in the SCN can be recorded in vitro for
several days. Application of neurochemicals such as glutamate can reset this rhythm
in a phase dependent manner in the hypothalamic slice preparation. Here we describe
a procedure for the sensitive measurement of c-fos mRNA in the hypothalamic slice.
Coronal hypothalamic slices containing the SCN were prepared from Syrian hamsters
housed under a 14L:10D light:dark cycle. Tissue was bathed in artificial
cerebrospinal fluid (ACSF). Slices were treated with ACSF or with glutamate at
ZT14. At ZT 15 slices were removed from the chamber, and SCN tissue was
homogenized in RNAzol. Total RNA (-0.1 |jg) was reverse transcribed and
polymerase chain reaction (PCR) amplified, using two sets of oligonucleotide primers
specific for c-fos and glyceraldehyde-3-phosphate dehydrogenase (GAPDH; used as an
internal control for amount of RNA and amplification efficiency). PCR products were
resolved by agarose gel electrophoresis and detected by ethidium bromide staining.
Levels of c-fos PCR product were higher after application of glutamate than ACSF
alone. This reverse transcription (RT)-PCR method may be used as a sensitive and
quantitative technique for measurement of gene expression in SCN brain slices.
Support provided by NIH grant NS26496 (MEH), & NIH NRSA NS09933 (JMK)

FUNCTIONAL CONNECTION BETWEEN THE CIRCADIAN AND
MOTOR SYSTEMS. S. Yamazaki*. V. E. Alones. G.D. Block and M.
Menaker. NSF Center for Biological Timing, Dept, o f Biology, Univ. of
Virginia, Charlottesville, VA 22903.
The suprachiasmatic nucleus (SCN) contains pacemakers for the
generation of the circadian locomotor activity rhythm. Because there are
no known direct neural connections between the SCN and motor
systems, it is likely that there are “ relay nuclei” connecting them. We
recorded electrical activity from several brain regions in freely-moving
hamsters; components of the motor system (caudate putamen, nucleus
accumbens, thalamus) showed high activity during night (or subjective
night) which matched the animal’s locomotor activity. However electrical
activity of the SCN itself and the bed nucleus of the stria terminalis
(BNST) was high during day (or subjective day). When we made
electrolytic lesions of BNST or habenula (Hb), the level of locomotor
activity declined markedly. There are neural connections between SCN
and BNST and the fact that this structure is in phase with the SCN while
all other regions of the brain appear to be out of phase suggests that the
BNST (and perhaps Hb) are strong candidates for “relay nuclei”.
Electrical activity in the lateral septal nucleus (LSN) is high at night (or
subjective night) which is out of phase with electrical activity in the SCN.
When we lesioned the LSN, the locomotor activity became arrhythmic
over the course of a month or more suggesting that the LSN may play a
role in regulating outputs from the SCN.
This research was supported by NSF Center for Biological Timing and a
grant from the U.S. Air Force (AFOSR F49620-94-1-0356) to M.M.

309.11

309.12

ELECTRICAL STIMULATION OF THE DORSAL RAPHE NUCLEUS
MODULATES CIRCADIAN PHASE IN HAMSTERS. M. A. Rea*. M.
J. Cato, and E. T. W eber. Biological Rhythms and Integrative
Neuroscience Research Institute, AL/CFTO, Brooks AFB, TX 78235
Systemic administration of serotonin receptor agonists causes phase
advances of the circadian activity rhythm when given during the
subjective day, and attenutates light-induced phase advances at night. In
this study, we investigated the effects of electrical stimulation o f the
dorsal raphe nucleus at CT8 on circadian phase, and at CT19 on lightinduced phase advances of the free-running activity rhythm in Syrian
hamsters. Animals were implanted with chronic, bipolar, twisted-pair
electrodes stereotaxically inserted into the anterior aspect of the dorsal
raphe nuclei. After recovery, animals were maintained in constant
darkness and wheel-running activity was monitored continuously by
computer (Dataquest). Each animal received 30 minutes of electrical
stimulation (0.3 mA, 2 msec pulse, 20Hz) beginning either at CT8, or 20
minutes prior to light exposure (10 min @ 20 lux) at CT19. Control
animals were attached to the stimulation apparatus without power. Some
animals were processed for Fos immunocytochemistry. In a preliminary
experiment, 3 of 9 animals that received electrical stimulation at CT8
showed reproducible phase advances (56 ± 1 2 min). Animals receiving
light at CT19 showed phase advances (90 ± 1 8 ; n=3) and typical patterns
of Fos expression in the SCN. In all animals tested, electrical stimulation
during light exposure completely blocked photic phase advances (0 ± 0
min; n=3) and greatly attenuated Fos expression in the SCN. These
results support a role for the dorsal raphe in the regulation of circadian
phase. Supported by United States Air Force Office of Scientific
Research AFOSR2312CA (MAR).

EFFECTS OF NEONATES AND ADULT UNILATERAL OPTIC NERVE
TRANSECTION ON THE SCN AND RHT IN HAMSTERS. I-H. Tang. D. M.
Murakami and C. A. Fuller*. Section of Neurobiology, Physiology & Behavior,
University of California, Davis, CA 95616-8519
Neural plasticity has been demonstrated in the retinohypothalamic tract
(RHT) when early removal of one eye changed the ratio between contralateral and
ipsilateral projections to the SCN of rats. In addition, a retinohypothalamic tract
lesion induced extensive axonal sprouting of retinal fibers along the RHT.
However, it was not known whether these aberrant axonal projections were
functional. This study examined the effects of unilateral optic nerve transections
(ONx), on the function and anatomy of the SCN and RHT in adults hamsters.
ONx was performed at two different ages; postnatal day 2 or 10 weeks old. Adult
animals were exposed to a one-hour 300 lux light pulse during the dark period to
induce c-Fos expression in the SCN. ONx reduced the number of light-induced cFos immunoreactive neurons more than 5 fold in the SCN. In addition, the lightinduced c-Fos expression was predominantly in the SCN ipsilateral to the
remaining eye. The ipsilateral SCN had approximately 2 times more c-Fos
immunoreactive neurons than that of the contralateral SCN. When ONx was
performed on postnatal day 2, the ipsilateral c-Fos expression pattern was less
prominent than in animals received ONx as adults. The total number of c-Fos
reactive neurons of early ONx was greater than that of the late ONx animals.
Changes in the pattern of RHT projection following early ONx, late ONx and intact
animals was examined by monocular injections of HRP. There was a symmetrical
bilateral projection from the RHT to the SCN in intact animals. Animals that
received ONx at postnatal day 2 or 10 weeks old also showed a similar symmetrical
bilateral projection. In conclusion, ONx altered the light induced c-Fos expression
in the SCN, however, the symmetry of the RHT projection remained unchanged
after early or late ONx.
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DISRUPTION OF CIRCADIAN RHYTHMS DURING
PROLONGED CONSTANT LIGHT HOUSING IS NOT
MEDIATED BY THE INTERGENICULATE LEAFLET IN RATS.
S. Amir* and K. Edelstein. Center for Studies in Behavioral
Neurobiology, Concordia University, Montreal, Canada H3G 1M8.
Prolonged constant light (LL) exposure disrupts the circadian
pacemaker located in the suprachiasmatic nucleus (SCN), resulting in
splitting of circadian activity rhythms in hamsters, and arrythmicity in
rats. Lesions of the intergeniculate leaflet (IGL) in hamsters prevents
these disruptions in rhythms under LL. We have shown that rats with
monosodium-glutamate (MSG) induced neurotoxic damage to visual
pathways free-run under LL, and hypothesized that M SG damaged the
retinogeniculate pathway, thus preventing LL-induced arrythmicity.
The present study demonstrates, however, that the IGL does not
mediate these effects in rats. Rats with bilateral electrolytic IGL
lesions showed the same rate o f disruption o f circadian temperature
and activity rhythms, as did sham-operated animals, housed under LL.
We also show that, unlike IGL-lesioned rats, rats treated neonatally
with MSG exhibit neuropeptide Y fiber staining in the SCN,
indicating that the geniculohypothalamic tract (GHT) is functionally
intact in MSG-treated animals. Taken together, these data suggest that
the GHT does not mediate the circadian response to LL in rats. The
mechanism underlying LL-induced arrythmicity remains unknown.
- Supported by NSERC, Canada

THE INTERGENICULATE LEAFLET IS NECESSARY FOR
ENTRAINMENT TO A SKELETON PHOTOPERIOD. K. Edelstein*
and S. Amir. Center for Studies in Behavioral Neurobiology,
Concordia University, Montreal, Canada H3G 1M8.
The suprachiasmatic nucleus (SCN) receives information about
external light-dark (LD) cycles directly from the retina via the
retinohypothalamic tract (RHT) as well as from the retinorecipient
intergeniculate leaflet (IGL). Because disruption of the RHT, and not
any other retinofugal projection, results in loss of entrainment to LD
cycles, it is thought that the RHT is both necessary and sufficient for
photic entrainment. The present study demonstrates that the IGL is
necessary for entrainment of circadian rhythms to a skeleton
photoperiod (SPP). Rats with bilateral electrolytic IGL lesions
entrained to LD 12:12, but exhibited free-running rhythms when
housed under a SPP consisting of two lh light pulses given at times
corresponding to dusk and dawn. In contrast, rats with either
incomplete or sham lesions entrained to the SPP. The ability to entrain
to the SPP correlated with neuropeptide-Y immunoreactivity in the
SCN. The circadian response to early-morning light, thought to be
essential for photic entrainment, was further examined using
expression of Fos protein in SCN neurons as a marker of cellular
activation. A greater number of Fos immunoreactive neurons was
found in the SCN of IGL-lesioned rats sacrificed lh after light onset
(under LD 12:12) as compared to controls. Because nocturnal rodents
experience light only at dawn and dusk in the natural environment, the
inability of IGL-lesioned rats to entrain to this LD cycle suggests that
the IGL is important for photic entrainment.
- Supported by NSERC, Canada

309.15

309.16

THE EFFECT OF BRN 3.2 KNOCKOUT ON RETINO-HYPOTHALAMIC
TRACT FUNCTION. D. M. Murakami*1. L. Erkman2. M. A. Kirby3. C. A.
Fuller1. M. G. Rosenfeld2. and D. H. Rapaport4. 1Section of NPB, Univ. of
California, Davis, CA 95616; 2Howard Hughes Medical Inst, and ^Dept. of Surgery,
Univ. of California, San Diego, CA 92093; 2Dept. of Pediatrics, Loma Linda Univ.,
Loma Linda, CA 92350.
Brain 3.2 (Brn 3.2), a POU domain gene, is involved in the normal development of
the visual system. Brn 3.2 deletion results in a specific loss of cells in the ganglion
cell layer of the retina. This study examined the effect of Brn 3.2 deletion on
retinohypothalamic control of circadian rhythms. Adult mice were monitored for
circadian variations in body temperature and activity (Minimitter) in LD12:12 at two
light intensities, 1 lux and 30 lux, for 2 weeks each. Circadian rhythms were
examined to compare the entraining effects of light between wildtype and knockout
mice. Half of the mice were exposed to a 1 hr. light pulse (300 lux) at CT 13.5,
immediately anesthetized, sacrificed, and prepared for immunohistochemistry.
Unexposed mice were also prepared. Sections through the SCN were stained with cFos antibody (Oncogene Sci.) and counterstained. The effect of a phaseshifting light
pulse to induce c-Fos activity within SCN neurons was compared for wildtype and
knockout mice. Both wildtype and knockout strains exhibited robust circadian
rhythms of approximately equal amplitude. In addition the cytoarchitecture of their
SCN’s were grossly similar. However, wildtype mice entrained to the LD cycles at
both lighting intensities, while the knockout mice continued to exhibit freerunning
rhythms at either intensity. The number of neurons immunoreactive to c-Fos in
response to a light pulse was severely reduced in the knockout mice relative to that of
the wildtype. The results suggest that deletion of the BRN 3.2 gene results in a
retinal phenotype that significantly reduces the ability of the retinohypothalamic tract
to entrain circadian rhythms to light.
Supported by NASA Grant NAGW-4552 to DMM, the Michael and Helen Schaffer
Foundation to MAK, and NIH Grant to MGR.

DISTRIBUTION OF CA2+-DEPENDENT PROTEIN KINASE C ISOZYMES IN
THE SUPRACHIASMATIC NUCLEUS OF THE DIURNAL MURID
RODENT, ARVICANTHIS NILOTICUS. A. Bull*# and L. Smale. Psych. Dept,
and Neurosci. Program, Michigan State Univ., East Lansing, MI 48824.
#Currently: Biol. Dept., Middlebury Coll., Middlebury, VT 05753.
The suprachiasmatic nucleus (SCN) is the primary circadian pacemaker in
mammals and contains a network of arginine-vasopressin (AVP) neurons. AVP
influences firing rates of SCN cells in hamster hypothalamic brain slices through
V ia receptors, which increase phosphoinositol turnover and activate protein kinase
C (PKC). The present study describes the immunocytochemical distribution of the
four Ca2+-dependent PKC isoforms (α , βI, βII, γ) in the SCN of a diurnal murid
rodent, Arvicanthis niloticus. PKCa was the most abundantly expressed isozyme
followed by PKCβI. PKCβII and PKCγ immunoreactivity were low. The density
of PKCα neurons was highest in the anterior SCN where the neurons were more
homogeneously distributed. In the middle, the PKCα neurons were concentrated
in the dorsomedial and ventrolateral aspects of the SCN, while the central area of
the SCN revealed only weakly stained neurons at lower densities. Posteriorly, the
highest density of PKCa neurons was found in the ventral aspect of the SCN.
PKCβI neurons were found in the perimeter of the SCN and were sparse in its
central area. PKCβ I and PKCγ mostly stained fibers scattered throughout the
SCN with an occasional faintly stained cell body. In addition, some PKCβII and
PKCγ stained fiber bundles penetrated the dorsomedial area of the SCN; these
appeared to originate from the paraventricular nucleus. The distribution of PKCa
and PKCβI neurons in the SCN of A. niloticus is very similar to that of the house
mouse (VanderZee and Bult, Brain Res. 701:99-107, 1995). Double labeling for
these two PKC isozymes and Fos in A. niloticus will be investigated and the
significance of the presence of Ca2+-dependent PKC isoforms in the SCN will be
discussed. Supported by grants from NIH (NS07279 to A.B.; MH53433 to L.S.)

309.17

309.18

PARAVENTRICULAR NUCLEUS OF THE THALAMUS: TARGET OF
SUPRACHIASMATIC NUCLEUS EFFERENTS? P. Nagappan. K. Thomas.
J.A. Whittaker, and J.W. Patrickson*. Neuroscience Institute, Morehouse
School of Medicine, Atlanta, GA 30310.
The paraventricular nucleus of the thalamus (PVT), a component of the
thalamic midline-intralaminar nuclear complex, projects to the nucleus
accumbens, and limbic structures such as prelimbic, infralimbic, perirhinal,
subiculum and entorhinal cortices, and the amygdaloid nucleus. The
suprachiasmatic nucleus of the hypothalamus (SCN), the circadian pacemaker,
has been reported to have major efferent projections to the PVT which
implicates PVT in circadian function. Activation of PVT neurons has been
reported to increase dopamine utilization in nucleus accumbens which has a
modulatory effect on motor activity. The present study was conducted to localize
the distribution of SCN efferent neurons to the PVT. The neuronal tract-tracer,
wheat germ agglutinin conjugated horseradish peroxidase (WGA-HRP), was
pressure injected into the PVT at various points along its anteroposterior axis
using stereotaxic techniques in Sprague-Dawley rats (210-300 g). Labeled
neurons were analyzed in 40yum thick coronal sections stained with tetramethyl
benzidine (TMB) as chromogen. Contrary to previously published reports, our
data indicate very few retrogradcly labeled cells within the SCN. However, a
large number of labeled cells were distributed in an area dorsolateral, and in
close proximity, to the SCN. Labeled cells were also found in the periventricular
nucleus and extending into the midline area between the bilaterally located
SCN. These observations suggest that the PVT does not receive direct SCN
efferent projections but instead receives projections from adjacent hypothalamic
areas. Support: NIH grants U54-NS34194, GM08248 and RR03034.

SUPRACHIASMATIC (SCN) EFFERENTS AND INTRINSIC CIRCUITS
ARE ORGANIZED INTO CORE AND SHELL SUBDIVISIONS
RK Leak*. JP Card, and RY Moore Depts. Neuroscience, Neurology and Psychiatry,
University of Pittsburgh, Pittsburgh, PA 15261
The SCN is divided into a ventrolateral core and dorsomedial shell on chemo- and
cytoarchitectural criteria and the pattern of afferent innervation (cf Moore,’97). We
investigated whether the SCN can be divided in the same way based c n the organization
of its efferent projections and intrinsic circuitry. Injections of cholera toxin B subunit
(CT) and/or Pseudorabies virus (PRV) Bartha (cf Card and Enquist,’95) were made into
several SCN targets in the albino rat. Following injections in the paraventricular
thalamic nucleus (PVT), dorsomedial hypothalamic nucleus (DMH) and medial preoptic
area (mPOA), both PRV and CT retrograde label is dense in the shell with few labeled
neurons in the core. However, injections in the paratenial thalamic nucleus and
presuprachiasiru tic area label both shell and core neurons. The use of a transynaptic
retrograde tracer, PRV, allows an analysis of intrinsic SCN circuitry. By varying the
survival timepoint and comparing the pattern of CT retrograde label to PRV, first and
second order transport can be distinguished. As viral transport progresses, ipsilateral
core neurons and contralateral shell neurons become transynaptically labeled following
injections in the PVT, mPOA, and DMH. This corroborates prior demonstrations of
dense ipsilateral projections from core to shell and commissural connections between
the two SCNs (Card et al,‘81; Buijs et al,‘93,‘94). Contralateral core neurons are not
significantly labeled until extremely late timepoints and after dense bilateral infection of
the shell, suggesting that commissural projections from the core to contralateral shell
are sparse. Our results suggest that: (1) shell neurons provide the input to several
synaptic targets of the SCN; and (2) intrinsic circuits within the SCN are
topographically organized. The borders of the shell are well delineated by both tracers
and conespond to chemoarchitectural data on the SCN. Thus, these data further support
the concept of core and shell as functional subdivisions of the SCN. Support NS-16304
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DEVELOPMENT OF THE MOUSE (MUS MUSCULUS, C57BL/6)
SUPRACHIASMATIC NUCLEUS (SCN): DETERMINATION OF TIME OF
ORIGIN OF CELLS USING BROMODEOXYURIDINE (BrdU)
IMMUNOCYTOCHEMISTRY. C . S. Kabrita* F . C. Davis Dept, of
Biology, Northeastern University, Boston, MA 02115.
One approach to understanding the neural mechanisms underlying circadian
function is to study the functional development of the SCN and its
cytoarchitectural oiganization. Mice are becoming increasingly important for the
analysis of circadian rhythms, yet little is known about the development of the
mouse SCN. A study was designed to determine the time of origin of SCN
neurons in C57BL/6 mice, and to test the hypothesis as to whether cellular
generation is heterochronous for different regions of the nucleus. Animals were
kept on a 14:10 LD cycle and pregnant dams received a single injection of BrdU
(50 μ / g BW) at 12-hour intervals from embryonic day 10 (E10) through E15.5.
Brains were collected from 3 week-old pups and processed for BrdU
immunocytochemistry. Neurogenesis was evaluated as % BrdU-Iabeled cells in
SCN. Our data suggest that peak activity in SCN cell production occurs
between El 1.5 and E13 and that SCN cell generation is heterochronous along
the caudorostral axis (peak neurogenesis occurs earlier in posterior regions
relative to middle and anterior areas) as well as between the ventrolateral and
dorsomedial subnuclei (peak labeling in ventrolateral SCN preceeds that in the
dorsomedial subdivision). This is the first study to describe SCN neurogenesis
in C57BL/6 mice - a valuable animal model for the genetic analysis of circadian
rhythms. Future goals involve determining the time of origin of specific cell
types as well as observing the migratory pathways SCN cells follow as they arise
from the third ventricular germinal epithelium.
Supported by NIH grant HD18686 to FCD.

SLEEP I
310.1

310.2

INTERLEUKIN-4 ATTENUATES SPONTANEOUS SLEEP IN RABBITS.
T.Kushikata. J. Fang. Y. Wang and J.M. Krueger*. Lab of Physiology and
Biophysics, The University of Tennessee, Memphis, Memphis, TN 38163
Proinflammatoiy cytokines, including interieukin-1β (IL-1β) and tumor
necrosis factor-α (TNFα ) are involved in physiological sleep regulation.
Interleukin-4 (IL-4) is an antiinflammatory cytokine that inhibits
proinflammatory cytokine production. If, as hypothesized, IL-1J3 and TNF-oc
are involved then IL-4 is predicted to inhibit sleep. Twenty-two rabbits were
implanted with electroencephalographic (EEG) electrodes, a brain thermister
and intracerebroventricular (i.c.v.) cannula. Three doses of IL-4 (2 5 ng, 25
ng, 250 ng) were used. The animals were injected i.c.v. with saline and one
dose of IL-4 on two separate days. The lowest dose (2.5 ng i.c.v.; n=7) had no
effect on the parameters measured. In contrast, the middle dose (25 ng i.c.v.;
n=8), after about a 8-10 delay, inhibited spontaneous non-rapid-eyemovement sleep (NREMS) across the remaining portion of a 23-h recording
period without significantly affecting rapid-eye-movement sleep (REMS),
EEG slow wave activity (SWA) or brain temperature (Tbr). The highest (250
ng i.c.v.; n=7) inhibited both NREMS and REMS. These results provide
additional evidence for the hypothesis that a brain cytokine network is
involved in the regulation of physiological sleep.

SLEEP DEPRIVATION INDUCES ACTIVATION OF NUCLEAR FACTORZutang Chen. Jidong Fang*. Janos Gardi. and James M. Krueger. Dept, of
Physiol, and Biophy., Univ. of Tennessee, Memphis, TN38163
Molecular mechanisms of sleep regulation are not well understood. Although
sleep-associated changes in mRNA expression o f some somnogenic substances,
e.g., interleukin-1β (IL-1β) and tumor necrosis factor alpha (TNF-α ) have been
demonstrated, how they affect sleep at the gene expression level has heretofore
been uninvestigated. IL-1β and TNFα , which are well defined sleep regulatory
substances, activate nuclear factor kB (NF-kB). Further, sleep inhibitory factors
such as IL-4 and IL-10 inhibit activation of NF- kB. Activated NF-kB
specifically targets several gene enhancer elements and thereby stimulates gene
expression. Some of those gene products promote sleep, e.g., IL-2 and inducible
nitric oxide synthase (NOS-2).
We investigated, therefore, the involvement of NF- k B in sleep regulation.
Mice (n=4) (B6X129 F-2) were sleep deprived for 6 hours, then 5 brain regions
(brain stem, cerebellum, cortex, hippocampus and hypothalamus) were
immediately isolated. Control mice (n=4) were sacrificed at the same time of the
day. Nuclear proteins were extracted from each brain tissue sample. Each
individual extract was examined using an electrophoretic mobility shift assay.
NF- kB was found in nuclei obtained from cortical samples after sleep deprivation
but not in cortical samples from control mice. NF-k B was not activated in other
areas of brain by sleep deprivation. Results are consistent with the hypothesis
that sleep deprivation induces a cascade of gene events, some of which result in
enhanced production o f sleep-promoting substances.
This work was supported by NS-25378 and N S-31453

310.3

310.4

IL-lp KNOCK-OUT MICE LACK THE TNFa RESPONSE TO SLEEP DEPRIVATION BUT
HAVE NORMAL SLEEP AND SLEEP RECOVERY. S.C. Veasev*. M. Mackiewicz. P.
Fenik. M. Ro. M.D. Ogilvie and A.I. Pack. University of Penna., Philadelphia, PA.
Several cytokines appear to be involved in the control of sleep and in the sleep
response following sleep deprivation. To evaluate the role of IL-1β in sleep-wake
activity and recovery sleep after acute sleep loss, we are studying mice homozygous
for the deleted IL-1 gene (EL-lβ KO's), using wild type age-, sex-, and strain-matched
animals as controls. Briefly, mice were implanted with EEG and nuchal EMG
electrodes; after a two-week recovery, sleep was recorded continuously for 5 days. At
baseline, there were no differences between groups in the frequency (% time in that
state/hour) and distribution of NREMS and REMS across the 24 hour cycle. Mice
(n=5 each group) were then subjected to 12 hours of sleep deprivation during the light
period. Both groups showed increases in % of time in NREMS and in REMS for the
first 6 hours of recovery sleep. There were no significant differences between groups in
the % increase in NREMS during recovery: controls, 46.3±22.0% and IL-1β KO's,
36.2±5.1%, N.S. Further, there were no significant differences in % increase in
REMS: controls, 121±25.0% and IL-1β KO's, 91.5+24.3%, N.S. To determine the
impact of IL-lβ deficiency on the TNF-α response to sleep loss, we sampled serum and
perfused hypothalami in controls and KO's before and after sleep deprivation (ELISA).
TNF-α in the serum was not detectable in either group at baseline. After sleep loss,
TNF-α increased in the serum of controls (308.3+45.7 pg/ml) but not KO's. Further,
baseline levels of TNF-α in the hypothalami were lower in the KO's than in controls
(640.2±201.7 pg/mg protein vs. 1164.0±384.0, p<0.05), and did not increase with
sleep loss (407.8+139.6), while the TNF-α in controls after sleep loss rose to
1780.2±209.2, p=0.01). Thus, the cytokines IL-lp and TNF-α appear not to be critical
for either normal sleep or for the sleep recovery after short term sleep loss, and
absence of IL-lβ reduces the TNF-α response to sleep deprivation. Supported in part by
NIH grants HL-02838, HL-42236, HL-07713.

A NOVEL SOMNOGENIC CYTOKINE: GRANULOCYTEMACROPHAGE COLONY STIMULATING FACTOR (GM-CSF).

S ociety for N euroscience , V olume 23,1997

kB.

M . K im ura. S. M . M cC ann. G. A. M arks. J. P. Shafferv. T. K odam a*.
S.-O. Zhang, and S. In o u e . Tokyo M ed. & D ent. U niv., T okyo 101,
TM IN , Tokyo 183, LSU , B ato n R ouge, L A 70808, and U T S outhw estern
M ed. C tr., D allas, TX 75235.
Granulocyte-macrophage colony stimulating factor (G M -C SF) is a
hemopoietic cytokine produced by lymphocytes and macrophages. As seen
with other cytokines, the production o f G M -CSF is induced by endotoxin
during infection. Infectious diseases often affect sleep because o f the
somnogenic activity o f cytokines. However, no study has been done regarding
the involvement o f G M -CSF in sleep regulation. The present study examined
the somnogenic actions o f GM -CSF in rats. U nder pentobarbital anesthesia,
adult male rats were implanted with E E G and EM G electrodes, a brain
thermistor, and an ICV cannula. G M -CSF was tested at the onset o f dark by
either a bolus injection or a 10-h infusion into the third ventricle. The baseline
was recorded the day before treatment. In a separate experiment, G M -CSF
was adm inistered locally into the hypothalamus, and changes in nitric oxide
(NO) production w ere analyzed. G M -CSF increased N R EM sleep (9%V but
not REM sleep, significantly for 6 h after a bolus injection at a dose o f 10-12M.
A 10-h infusion o f G M -CSF (1011 M ) induced further increases in both
N R EM sleep (64% during infusion h i - 3) and R EM sleep (258% during
infusion h 1 - 10) as well as brain temperature during infusion h 6 -1 0 . NOxin
the dialysate from the arcuate nucleus (AN) tended to increase during injection
o f G M -C SF into the AN but decrease for the next 15 min postinjection. The
results show that G M -CSF may induce sleep centrally, perhaps by affecting
NOergic neural activity. M ost somnogenic cytokines, but not GM -CSF,
promote only N R EM sleep. Thus, we suggest that G M -CSF can affect both
types o f sleep as a novel somnogenic cytokine. (Supported by MH51853 &
Monbusho 08771311)

MONDAY AM
310.5

SLEEP I

793
310.6

VENTRAL TEGMENTAL AREA NON-DOPAMINE NEURONAL
ACTIVITY DURING CORTICAL AROUSAL R.-S. Lee*. S C.
Steffensen and S.J. Henriksen. Scripps Research Institute, La Jolla, CA
92037
The ventral tegmental area (VTA) is an important component of the
mesocorticolimbic system and may play a role in locomotor activity,
cognition and in drug reinforcement. Though mesolimbic dopamine
(DA) transmission has been implicated in cortical arousal, DA neurons in
the VTA and substantia nigra are not significantly modulated during the
sleep-wake cycle while VTA non-DA, cortical, reticular and cerebellar
neurons evince increased firing rates during active wakefulness and REM
sleep relative to quiet wakefulness (QW). Here we describe a
homogenous population o f VTA non-DA projection neurons whose
firing rates are modulated differentially during the sleep-wake cycle.
VTA non-DA neurons are GABA neurons (see Steffensen, et al., this
meeting) and were characterized by short duration, rapid-firing, non
bursting action potentials (<500 }J.s; 18 ± 2.5 Hz) whose firing rates
increased during movement (85 ± 6 %). VTA non-DA neuron firing rate
decreased 43 % during SWS and increased 143 % during REM sleep
relative to QW. Furthermore, systemic injections o f the NMDA
antagonist MK-801 that decrease REM sleep also decrease the
spontaneous firing and driven activity of VTA non-DA neurons elicited
by stimulation of the ventrolateral thalamus. These findings indicate that
the firing o f VTA non-DA neurons is strongly affected by NMDAmediated neurotransmission and that their activity is more directly
correlated with cortical activation than motor behavior. This work
supported by PHS AA10075 to SCS and DA08301 to SJH.

EFFECTS OF PROPOFOL ON GAMMA RHYTHMS AND CONSCIOUSNESS
IN HUMANS. V.Bonhomme, G. Plourde*. P. Meuret. P. Fiset. S. Backman.
Dept of Anesthesia, Royal Victoria Hospital and McGill University, Montreal
(Quebec) Canada H3A 1A1.
Whether gamma rhythms reflect physiological processes linked to
consciousness is controversial. We examined the effects of propofol (PRO),
a general anesthetic, on consciousness and gamma rhythms, using the 40Hz auditory steady-state response (ASSR) in six volunteers (18-31 yrs).
Stimuli were 500 Hz tonebursts (10 ms: 82 dB PeSPL; right ear; 34-44/sec),
The ASSR was recorded from Cz-M2 (0.1-100 Hz). Consciousness was
defined as responsiveness to verbal commands. Propofol was given
intravenously by a computer controlled infusion pump to achieve stable
plasma concentrations. The target plasma concentrations were 1 g/ml, 2
µg/ml and the concentration just sufficient to produce unconsciousness
(mean = 3.3 g/ml). Recordings were obtained during the following periods:
baseline (BASE), propofol 1 µg/ml (PRO-1), 2 µg/ml (PRO-2) and
unconsciousness (PRO-3.3). The amplitude of the ASSR (measured by
FFTH//V) was ['mean(SD)] 0.27 (0.14) during BASE, 0.36 (0.21) for PRO-1,
0.18 (0.06) for PRO-2, 0.07 (0.03) for PRO-3.3. Significant differences
(p<0.05 - ANOVA/Tukey's HSD) were BASE>PRO-3.3, PRO-1 XPRO-2
and PRO-3.3). We conclude that loss of consciousness caused by propofol
is associated with a profound attenuation of the ASSR. These results, which
are similar those obtained previously with an inhaled general anesthetic [
Plourde et al., SFN 22:1996, Abstract#272.4], suggest that gamma
rhythms reflect physiological processes linked to consciousness and that
they are easily disrupted by general anesthetics. We also conclude that the
ASSR may be useful clinically to detect unintentional awareness during
surgery. (Support: FRSQ)
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BRAIN REGIONAL SUBSTRATES FOR THE ACTIONS OF THE NOVEL
WAKE-PROMOTING AGENT MODAFINIL IN THE RAT: COMPARISON
WITH AMPHETAMINE. T.M. Eneber*. S.A. Dennis. M.S. Miller and P.C.
Contreras. Dept, of Pharmacology, Cephalon, Inc., West Chester, PA 19380.
Modafinil is a novel wake-promoting compound for which the mechanism and
sites of action are unknown. We examined the neural substrates in the brain for the
actions of modafinil using 2-deoxyglucose autoradiography and compared the
findings to those obtained with amphetamine. Modafinil showed a relatively
restricted pattern of changes in brain regional metabolic activity, while amphetamine
altered glucose utilization in a wide variety of brain regions. Both modafinil and
amphetamine increased glucose utilization in all subregions of hippocampus
(subiculum, CA1-CA3 and dentate gyrus) and in the centrolateral nucleus of the
thalamus. Modafinil also increased glucose utilization in the central nucleus of the
amygdala, but amphetamine had no effect in this region. Brain structures in which
amphetamine increased metabolic rate, but modafinil had no effect, included regions
of basal ganglia, other nuclei of the thalamus, frontal cortex, nucleus accumbens,
ventral tegmental area and the pontine reticular fields. These findings suggest that,
while both modafinil and amphetamine promote wakefulness, they act via distinctly
different mechanisms. Modafinil appears to act on a specific subset of brain
pathways which regulate sleep and wakefulness, whereas amphetamine affects a
greater number of cerebral structures involved in regulation of these behavioral
states. Modafinil also lacks the pronounced effects on the extrapyramidal motor
system which are characteristic of amphetamine and other psychomotor stimulants,
implying that the effects of modafinil are not mediated by the dopamine system. In
summary, these findings suggest that modafinil exerts a selective action on brain
regions which regulate sleep and wakefulness via a mechanism different from that of
amphetamine.

CRH RECEPTOR BLOCKADE BY oc-hCRH OR ASTRESSIN
REDUCES SPONTANEOUS WAKING IN THE RAT. F.-C. Chang
and M. R. Opp*. Neuroscience Graduate Program & Department of
Psychiatry, University of Texas Medical Branch, Galveston, TX 775510431
Sleep-wake activity is regulated by the interactions of neural
and humoral mechanisms. We have previously hypothesized that
corticotropin-releasing hormone (CRH) contributes to the regulation of
physiological waking, in addition to its well-documented mediation of
responses to stressors. To further test this hypothesis, we administered
i.c.v. two CRH receptor antagonists prior to dark onset, and determined
changes in EEG-defined waking and sleep. The amount of time spent
awake was reduced by 16.2+5.2% during the first two hours
postinjection after administration of the 25 µ g dose of α -hCRH.
Astressin is a new CRH receptor antagonist that is reported to be 100
times more potent than α -hCRH at inhibiting ACTH secretion in vitro
(1). Injection of astressin into rats also reduced waking, but with a
different time course than α -hCRH; the 12.5 µ g dose reduced waking
by 7.6+3.7% during postinjection hours 7-12. These results suggest that
astressin is more potent and longer-lasting than α -hCRH. However,
three CRH receptor subtypes have been identified to date, CRH-R1,
CRH-R2α, and CRH-R2β. These receptors have different tissue
distributions and affinities for CRH and its antagonists. This may
explain the difference between α -hCRH and astressin in their effects on
waking. Nevertheless, these results support our hypothesis that CRH
contributes to the regulation of physiological waking, since interfering
with the binding of CRH to its receptor reduces waking in the rat.
(1) Gulyas, J., et al. PNAS 92:10575-10579, 1995. Supported in part by MH52275.
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Stimulation
of different
glutamatergic
receptor
subtypes in the nucleus basalis of Meynert of the rat
exert modulatory effects on the sleep-wake cycle.

THE SAME NITRIC OXIDE SYNTHASE INHIBITOR INDUCES OPPOSITE
EFFECTS ON SLEEP-WAKE CYCLE ACCORDING TO THE ROUTE OF
ADMINISTRATION. S. Burlet. P. Fort* and R. Cespuglio. Department of
Experimental Medicine, 8, avenue Rockefeller, Lyon 69373, France.
Nitric oxide (NO) acts as a biological messenger either in the central or in the
peripheral system. The fact that serotoninergic neurons of the nucleus raphe dorsalis
(nRD) also synthesize NO held our attention since the part played by 5-HT in sleep
preparation and initiation is now well-known. The development of a biosensor
allowing the direct detection of NO in situ and its use in rats in chronic conditions
equipped with poygraphic electrodes, led us to establish that throughout the sleep-wake
cycle the NO cortical release increases during wake and decreases during either slowwave sleep (SWS) or paradoxical sleep (PS). In the present study we examined how
the same NO-synthase (NOS) inhibitor, 7-Nitro Indazole (7-NI), influences sleep when
administrated via two different routes, i.e. intraperitoneally (i.p.) or locally in the
nRD.
A group of animals received i.p. injections of different doses of 7-NI. Another group
(implanted with a canula in the nRD) received local injection of 7-NI. All the
injections were performed at the beginning of the dark phase and polygraphic sleep
recordings were analyzed for the 12 hours of this period. By using of the biosensor
previously described, the effects of different doses of 7-NI (i.p.) were also checked on
the cortical release of NO in anaesthetized rats.
Regarding sleep, 7-NI administered i.p. induced a dose-dependent increase in SWS
but did not affect PS duration. Through the same route, 7-NI decreases the cortical NO
release by about 40% only. On the contrary, nRD local injections of 7-NI did not
affect SWS but decreased the PS duration. Data obtained through i.p. route are difficult
to interpret since involving both peripheral and central NO sources. Local injections
performed directly within neuronal sets containing NOS, i.e. nRD, are a more specific
procedure. Results obtained in these conditions may suggest that the NO fraction
contained within the 5-HT neurons exerts a control on PS occurrence.
Acknowledgments: work supported by INSERM U52, CNRS-ERS 5645.

A. Manfridi* A. De Lucia and M. Mancia. Istituto di Fisiologia Umana II,
Università' di Milano, Milano, Italy
The nucleus basalis of Meynert (NBM) in the basal forebrain is
known to be involved in regulation of the sleep-wake cycle. Several lines of
evidence suggest that the non-cholinergic projections to the NBM from the
peduncolopontine and laterodorsal tegmental nuclei may utilize glutamate
as neurotrasmitter. Moreover, glutamatergic afferents to the NBM from the
cortex are described and it has been shown that the glutamatergic system
can interact with the cholinergic system in the NBM in modulating the sleepwake cycle. We investigated the specific role of different glutamatergic
receptor subtypes in the NBM on the sleep-wake cycle. Kainic acid (4 ngr
and 8 ngr), NMDA (700 ngr) and AMPA (150 ngr) were microinjected into the
NBM in a volume of 100nl. These doses are excitatory and not toxic,
according to the literature and confirmed by post-mortem hystology. All the
different glutamatergic agonists used had a similar effect on the wake-sleep
cycle: i.e. a general increase of the wake state. This effect was not due to an
increase of the motor activation. Moreover, only AMPA showed a specific
effect on the REM sleep. To demonstrate the specificity of the different
agonists used, in a set of experiments we performed a double injection into
the NBM: a specific receptor antagonist (GAMS, AP-5, DNQX) was pre
injected 10 min before the agonist. This set of experiments showed that AP5 (4 (igr) was able to block the effect of NMDA and DNQX (500 ngr)
antagonized the effect of AMPA and kainic acid but not viceversa.
These results support the hypothesis that both NMDA and nonNMDA receptor are present in the NBM and have a role in the wake-sleep
cycle. Moreover, only the AMPA receptor seems to be involved in a
modulatory action on the REM sleep.
Society f o r Neuroscience, Volume 23,1997
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INHIBITION OF NITRIC OXIDE SYNTHASE SUPPRESSES SLEEP
REBOUND AFTER SLEEP DEPRIVATION. A. C. Ribeiro. J. G. Gilligan. H.-Y.
Chang and L. Kapas*. Dept. Biol. Sci., Fordham University, Bronx, NY, USA.
Nitric oxide (NO) has been implicated in sleep regulation. NO donors stimulate
sleep (1), whereas inhibition of NO production using the NO synthase inhibitor
N“-nitro-L-arginine methyl ester (L-NAME) suppresses spontaneous and cytokineinduced sleep (2). We hypothesize that increased NO production during the
behaviorally active phase of the day contributes to the homeostatic sleep increases
during the subsequent rest period (3). To test this hypothesis, we stimulated
homeostatic sleep-inducing mechanisms by sleep deprivation (SD) and measured the
subsequent sleep increases after the inhibition of NO synthase by L-NAME. Five
male rats were implanted with EEG and EMG electrodes and a brain thermistor. All
five rats were recorded under 3 different experimental conditions: 1) baseline days,
2) after 8 h SD; injected with vehicle during SD, and 3) after 8 h SD, injected with
100 mg/kg L-NAME intraperitoneally during SD. In vehicle-injected rats, in the first
and second 8-h period after the SD, the amount of rapid-eye-movement sleep
(REMS) was increased by 207 and 76%, and non-REMS (NREMS) was increased by
111 and 47%, respectively (p < 0.05 for all four). L-NAME injections significantly
suppressed the NREMS responses to SD; NREMS was increased only by 70.1
(p < 0.05) and 14.8% (n. s.) in the first two, and even suppressed by 26.1% (p < 0.05)
in the third 8-h time block after SD in L-NAME-treated animals.
L-NAME did not suppress the REMS responses to SD. In fact, REMS was increased
above baseline by 90% 24 - 40 h after the SD, a response absent in vehicle-injected
rats. These results support our hypothesis that NO plays a central role in the
regulation of sleep by stimulating homeostatic NREMS-inducing mechanisms.
1) Kapds, L., et al, Brain Res. Bull., 1996 41:293, 2) Kapds, L., et al, Am. J. Physiol.,
1994 266:R151, 3) Ayers, N., et a l,. Brain Res., 1996 707:127.
This study was supported by the NIH (NS-30514)

EFFECT OF PHYSOSTIGMINE ON PROPOFOL-INDUCED LOSS OF
CONSCIOUSNESS AND CHANGES IN EVOKED AUDITORY RESPONSES
IN MAN. P. Meuret. S. B. Backman*, V. Bonhomme. G. Plourde. P. Fiset.
Depts. Anaesthesia, Royal Victoria Hospital & McGill University, Montreal,
Quebec, Canada H3A 1A1.
Altered central cholinergic synaptic transmission may mediate the loss of
consciousness produced by anaesthetic drugs. This was evaluated in 7
human volunteers by studying the effects of the centrally-acting
anticholinesterase drug physostigmine (PHY) on the loss of consciousness
and on evoked auditory response changes produced by the anaesthetic drug
propofol (PRO). PRO was administered intravenously using a computer
controlled infusion pump to achieve stable target plasma concentrations.
Consciousness was assessed by the subjects' response to verbal commands.
Auditory steady state responses (ASSR) to tonebursts (500 Hz, 10 ms, 82
dB PeSPL, 34-44 sec) were recorded from scalp electrodes at Cz-M2 (0.1100 Hz) and were measured by FFT. Unconsciousness was produced with
a target PRO plasma concentration of 3.3 ±0.5 (SD) jug.ml'1 and was
associated with a decrease to 30 ±18% (0.07 ±0.03 //V) of the baseline
ASSR amplitude (0.27 ±0.14 //V, p<0.05). During the PRO infusion, PHY
30 ¿/g.kg'1 produced clear awakening in 5/7 subjects, and increased the
ASSR amplitude to 159 ± 57% baseline (0.43 ±0.24//V, p<0.001). 30 min
following termination of PRO infusion, with all subjects awake and alert, the
ASSR amplitude remained elevated (148 ±51% baseline, 0.37±0.20 //V).
These data support the hypothesis that the loss of consciousness produced
by anaesthetic drugs is partly mediated via changes in central cholinergic
transmission. Parallel changes in the level of consciousness and the ASSR
amplitude suggest that the ASSR may be clinically useful in assessing
unintentional awareness in the anaesthetized patient. (Support: FRSQ)
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RAPID EYE MOVEMENT SLEEP (REMs>LIKE ELECTROGRAPHIC AND RESPIRATORY
CHANGES FOLLOWING PONTINE CARBACHOL IN URETHANE ANESTHETIZED RATS.
R. L. Homer and L. Kubin*. University o f Pennsylvania, Philadelphia, PA 19104-4283.
Microinjection of a cholinergic agonist carbachol into the pontine reticular formation of
chronically instrumented intact or acutely decerebrate rats and cats has been used extensively
to study REMs mechanisms. Such injections produce eye movements, electroencephalogram
(EEG) desynchrony and upper airway muscle hypotonia, but respiratory rate is usually
decreased whereas in natural REMs it is often increased. To facilitate neural studies of REMs
mechanisms, we investigated the effects of pontine carbachol in urethane anesthetized rats a reduced preparation potentially capable of exhibiting REMs-related electrographic and
respiratory changes. Spontaneously breathing, vagotomized rats (n=14) were studied under
urethane anesthesia while recording EEG, hippocampal theta (θ), genioglossus (GG) and
inspiratory intercostal muscle activities. In steady-state periods with a high-voltage/lowfrequency EEG, carbachol injections (15-40nl, lOmM) aimed at the nucleus pontis oralis
were performed. After carbachol, REMs-like GG hypotonia (decrease 2 25%) occurred in
12/14 rats (latency and duration =2.5±0.5 [x±SE] and 14.6 ±5.3min). Typical of natural
REMs, 4 of the 12 showed EEG desynchrony and hippocampal 0 (latency and duration =1.9
±0.5 and 21.2±4.6min), increased respiratory rate (+14±3%, p<0.025) and marked
hypotonia of GG, but not intercostal, muscle (-74±9 vs. -2±2%). In the 8/12 rats without
EEG desynchrony and hippocampal 0 after carbachol, respiratory rate decreased (-7±3%,
p<0.038) and GG, but not intercostal, hypotonia also occurred (-53±6 vs. -6±3%). Similar
responses could be repeatedly produced within a rat from the same site, whereas injections
~lmm dorsal or ventral produced less profound and/or shorter GG hypotonia. Pontine
atropine prevented GG responses to subsequent carbachol injections in 2/2 rats. The
observed REMs-like GG hypotonia and electrographic changes demonstrate that this
preparation may be a useful tool to study REMs mechanisms. The dependence of the
direction of respiratoiy rate change on EEG desynchrony suggests that suprapontine
influences importantly contribute to respiratory rate acceleration seen in natural REMs.
(SCOR HL42236, HL47600. RLH is a Parker B. Francis Fellow in Pulmonary Research.)

MUSCARINIC RECEPTORS ARE CRITICALLY INVOLVED IN REM
SLEEP INDUCTION BY VIP INTO THE ORAL PONTINE TEGMENTUM
IN THE RAT
P. Bourgin. A Ahnaou. AM Laporte, B.Giros*. M. Hamon and J. Adrien.
INSERM U288, CHU Pitie-Salpetrtere, 75013 Paris, FRANCE.
In rats, rapid eye movement sleep (REMS) can be elicited by microinjection of
either the cholinergic agonist carbachol or the neuropeptide VIP (vasoactive
intestinal peptide) into the oral pontine tegmentum (PnO). We investigated
whether VIP and Ach interact in REMS regulation at this level. After
implantation of electrodes for sleep monitoring and of a guide tube for
microinjections, we examined sleep-wakefulness cycles after two successive (at
15 min interval) 0.1 jA infusions into the PnO of: 1-saline and saline, 2-saline
and VIP (10 ng dissolved in saline), 3-saline and carbachol (20 ng), 4- atropine
(200 ng) and saline, 5-VIP and carbachol or conversely (same doses), 6-atropine
and VIP (same doses), 7-pirenzepine (50, lOOng) and saline, 8- pirenzepine and
VIP (same doses).
Quantitative autoradiographic studies were performed using [3H] Quinuclidinyl
benzylate (InM, binding of total muscarinic receptors) and pirenzipine (500nM)
(for M l muscarinic sites ) to study the regional distribution of M1/M2
muscarinic receptors and the effects of various concentrations of carbachol
(lOOnM to ImM) on binding of [3H] QNB in the absence and presence of VIP
(lOOnM, 5nM)
When administered into the PnO, the combination of carbachol+VIP (n=8)
produced a REMS induction as compared to saline (+46.7 ± 3.6 % for 8h,
p<0,05). The REMS induction by VIP was totally prevented by infusion of
atropine (n=9), but not by pirenzepine (n=6). PnO exhibits very high density of
M2 muscarinic binding sites as compared to M l receptors. No direct effect of
VIP was detected on dissociation rate of the [3H] QNB receptor complex.
These data suggest that NON-MI muscarinic receptors play a key role in VIP
induction of REMS at the pontine level. A possible enhancement by VIP of the
total binding of [3H]QNB to the M2 muscarinic receptors is currently under
investigation.
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CHANGES IN CHOLINERGIC mRNAS IN THE LDT AND LC
DURING NORMAL SLEEP M.A. Greco*, R.W. McCarley and P.
Shiromani. Harvard Medical School, VA Medical Center, West
Roxbury, MA 021321
Acetylcholine plays an integral role in behavioral state regulation,
being released from specific brain regions during both waking and
REM sleep states. The LDT nucleus contains a high concentration
of cholinergic neurons; the LC is a target of LDT cholinergic
neurons. We have examined the expression of cholinergic mRNAs
in the LDT (chat mRNA) and LC (muscarinic receptor mRNA
subtypes m2, m3 and m5) nuclei of the brainstem across natural
sleep-wake states using semi-quantitative RT/PCR. Rats were
sacrificed during waking, slow wave sleep or REM sleep. In the
LDT, steady state chat mRNA levels are higher during non-REM
and REM states than during waking. The increase in chat mRNA
following 1.5-2.0 minutes of REM sleep is ~ 2-fold higher than that
observed in waking (p<0.01). Previous reports have shown that
m2/m3 stimulation influences REM sleep. In the LC, m2 and m5
mRNAs do not vary appreciably across state. Steady state m3
mRNA levels decrease from waking to non-REM sleep. An increase
in m3 mRNA levels is observed from non-REM (m3/cyclophilin ratio
of 0.77) to REM sleep states (m3/cyclophilin ratio of 2.14; p<0.001).
The variable expression of these mRNAs across natural sleep and
the proposed interaction of these nuclei in sleep-wake control
suggest that studies in this area of the brainstem may yield
information about intracellular mechanisms involved in behavioral
state homeostasis.
Supported by DVA Research and NS30140
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EFFECTS OF IN UTERO NICOTINE EXPOSURE ON SLEEP ONTOGENY
AND GENE EXPRESSION IN THE RAT: IMPLICATIONS FOR SIDS. Hilary K.
Srere† Marcos G. Frankt †Carlos Ledezma†. and H. Craig Heller*. Department
of Biological Sciences, Stanford University, Stanford, CA 94305.
Maternal smoking increases the risk for sudden infant death syndrome
(SIDS). Nicotine is a compound in cigarette smoke that alters the development
of brain cholinergic systems involved in sleep/wakefulness. Since SIDS may
represent failures to arouse during cardiorespiratory challenge, nicotine may
predispose infants to SIDS by altering developing sleep/wake mechanisms.
We investigated the effects of in utero nicotine exposure on sleep ontogeny
and cholinergic gene expression in the rat. Pregnant Sprague-Dawley rats
were implanted (gest. age 4) with osmotic mini-pumps that delivered either
vehicle (bitartrate salt) or nicotine at concentrations known to mimic blood
nicotine levels in smoking human mothers (2 mg/kg/day and 4 mg/kg/day).
Infant rats (n=7-8 in each group) were prepared (EEG and EMG) for
longitudinal, 24-hour sleep/wake recording on postnatal day (P)12, P16, P20
and P24. Additional siblings (n=6-7) were used to determine corresponding
changes in brain (seven regions) mRNA levels at each of these ages. In utero
nicotine exposure increased nonREM slow wave activity (SWA) and sleep
continuity in a dose-dependent fashion from P12-P16 (ANOVA, p<0.05), but
not from P20-P24. These behavioral changes were paralleled by dosedependent increases in hypothalamic (β2 nAChR subunit mRNA levels in the
nicotine exposed pups at P12, P16 and P20 (ANOVA, p<0.05), but not at
P24. Since increases in nonREM SWA and sleep continuity indicate
increased sleep depth, these findings suggest that in utero nicotine exposure
predisposes infants to SIDS by transiently increasing sleep depth during
development. The parallel changes in brain mRNAs suggests that transient
alterations in cholinergic systems during development may underlie this
increase in sleep depth.
†These authors have contributed equally to this work. Supported by NIH grants F32
DA05686-02 (to HKS), F50 HD29732-02 (to HCH) and a SIDS Alliance grant.
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GLYCINE IMMUNOHISTOCHEMISTRY AND C-FOS EXPRESSION IN THE
CERVICAL SPINAL CORD OF CATS DURING CARBACHOL INDUCED
ACTIVE SLEEP. C. Rampon. F.R. Morales*. P. Fort. P.H. Luppi. S. Samnogna
and M.H. Chase. Department of Physiology and the Brain Research Institute,
UCLA School of Medicine, Los Angeles, CA 90095 and INSERM U52, 8,
avenue Rockefeller, 69373 Lyon cedex 08, France.
Muscle atonia during active sleep results from the postsynaptic inhibition of
somatic motoneurons by glycinergic processes which are activated during this
state (Chase et al., /. Neurosci., Vol. 9, pp. 743-751, 1989). In the case of
trigeminal motor nuclei, the responsible inhibitory neurons are likely to be
located in the medullary reticular formation (Morales et al., Soc. Neurosci.
Abstr., Vol. 22, p. 690, 1996). In the present work, we focused our study on the
spinal cord cervical enlargement. We sought to determine whether a distinct
population of glycinergic interneurons become activated in this region during
active sleep induced by the pontine microinjection of carbachol (AS-carbachol).
Accordingly, glycine immunohistochemistry was combined with a determination
of nuclear Fos protein, a marker of neuronal activity. Carbachol or saline
(control) was injected in cats prepared for chronic recording of sleep and
wakefulness.
After two hours of AS-carbachol (or saline), cats were
anesthetized and subjected to standard perfusion-fixation procedures. Numerous
glycine-immunoreactivity cells were observed in lamina VII (within the
intermediomedial and lateral columns) and in lamina VIII (in proximity to
motoneuron pools). The majority of these cells did not express c-fos, which
suggests that they were not activated during AS-carbachol. Occasionally cells
with both glycine and Fos immunolabeling were present, mainly in lamina VO.
It remains to be determined whether these glycinergic interneurons contribute to
the postsynaptic inhibition, during active sleep, of motoneurons that are located
in the cervical region of the spinal cord. Supported by USPHS grants MH
43362, NS 23426 and NS 09999.
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RAPID LEARNING OF UNFAMILIAR CONSPECIFIC SONG BY ZEBRA
FINCHES. C. Pvtte* and R. A. Suthers. Dept, of Biol., Sch. of Med., and Center for
the Integrative Study of Animal Behavior, Indiana University, Bloomington, IN
47405.
Perceptual salience of several categories of auditory stimuli was examined in adult
male zebra finches using cardiac responses to playbacks as an assay. Stimuli
included the bird’s own song (n=l), familiar songs of conspecifics from the same
aviary (n=5), familiar songs of conspecifics from a separate aviary with which the
bird had acoustic and visual contact (n=6), unfamiliar conspecific songs (n-6),
segments of canary songs (n=6), and white noise (n=2). Each stimulus was
presented once in a randomized sequence that included all 26 stimuli. Three
presentations of the sequence were conducted in a day. Cardiac responses to
auditory stimuli exhibited a stereotyped change from the baseline heart rate. Stimuli
initially evoked a “startle response,” a rapid increase in heart rate, lasting several
hundred ms to a few s. This component was generally followed by an “attention
response,” a decrease in heart rate below the baseline rate, lasting a few s to as long
as 1 min. Heart rate then returned to the baseline rate, sometimes followed by a
short (2-5 s) rebound above baseline before stabilizing at the baseline rate. The
mean duration of attention responses to familiar songs was significantly shorter than
the mean duration of attention responses to unfamiliar conspecific songs, canary
songs, and white noise. By the third presentation of an unfamiliar conspecific song,
the duration of the attention response was less than the response to the first
presentation of the same song. Response duration following familiar songs did not
decrease with successive presentations. These results suggest that 2 presentations of
a single unfamiliar conspecific song are sufficient for at least short-term recognition
of the song. Supported by NIH and NSF.

311.2

DISCRIMINATION ABILITIES FOR SONG DEPEND ON THE
SIMILARITY BETWEEN BIRDS’ OWN SONGS AND SONGS TO BE
DISCRIMINATED IN ZEBRA FINCHES. H. UNO* 1and M. MAEKAWA2
1Dept. of Cognitive and Information Sciences, Chiba Univ, Chiba city 263,
Japan. 2 Dept, of Physiology, Dokkyo Univ. Sch. of Med., Tochigi 321-02,
Japan.
Male zebra finches have songs in which harmonic structures are involved.
The frequency components of the structure often vary in relative amplitude. In
this study, we investigated how the birds percept the amplitude patterns of the
harmonic components. We trained the birds on a GO/NO-GO operant
condtioning procedure to discriminate between 2 harmonic structures which
differ only by the presence or absence of the second harmonic. We also
counted the song notes including harmonic components whose amplitudes
were reduced by 6dB compared to neghbours. The counted number of the
notes negatively correlated with number of trials to achieve the learning
criterion. This result suggests that song discrimination abilities depend on the
similarity between the bird's own songs and songs to be discriminated.
Furthermore, we examined response probabilities to probe stimuli. The birds
used the presence or absence of the 2nd harmonic as the discriminative cue
regardless of the other frequency components. Some of the birds also tended
to use the fundamental frequency as a discriminative cue when the number of
harmonics was a few. These results suggest that birds use multiple strategies
for this type of harmonic structure discrimination.
This work was partly supported by a Grant-in-Aid from the Japan Ministry of
Education, Science and Culture to M. Maekawa (No. 05206113).

311.3

311.4

VIVE LA DIFFERENCE: GENDER PREFERENCES IN ZEBRA
FINCH CALLING BEHAVIOR. D.S. Vicario* and N.H. Naqvi.
The Rockefeller University, New York, NY 10021.
Vocal, communication between zebra finches involves a variety of
calls, as well as song. One of these, the long call (LC), is given in
specific social contexts; for example, it is exchanged between
individuals who can hear, but not see, each other. Although LCs are
used in similar contexts by males and females, male LCs differ from
female LCs in one or more of the following ways: shorter duration,
higher fundamental frequency, and presence of fast frequency
modulations. Males learn these acoustic features during development;
the simpler LCs of females are unlearned.
We have tested LC discrimination using a novel behavioral
paradigm: we count the number of LCs given by an isolated bird in
response to playbacks of 10 repetitions of 24 different LC stimuli
originally produced by different individuals (12M, 12F). Adult male
subjects (n=8) consistently responded much more to female LCs than
to male LCs (response ratio F/M: mean 2.5, range 1.3-4.6). Adult
female subjects (n=8) also responded more to female LCs, but the
effect was weaker (ratio F/M: mean 1.5, range 1.0-2.1).
Juvenile male subjects (n=17), aged 25-70d, did not have a strong
preference at 25-30d (n=4, ratio F/M: mean 1.16, range 1.0-1.4), but
began to show the adult preference thereafter (means: 30-40d, 1.72;
40-50d, 1.96; 60-70d 1.96).
These results show that zebra finches discriminate LCs that they
hear by the gender of the caller, and respond more to the LCs of
females. The stronger male preference for female calls develops
during the period of vocal learning.
(supported by MH40900)

ARE YOU MY MOTHER? NEUROBIOLOGICAL
CORRELATES OF SPECIES DIFFERENCES IN MATERNAL
CALL PREFERENCES. K. D. Long* and E. Balaban. The
Neurosciences Institute, 10640 John Jay Hopkins Dr., San Diego, CA
92121.
Congenital species differences in preference behavior are those that
persist when different species are reared in similar environments. It is still
unclear how subtle evolutionary changes in neural structures underlie the
striking differences in congenital behaviors among species with
quantitatively similar brain architecture. We studied the neuroanatomical
localization of maternal call preferences by chicken and quail hatchlings.
We transplanted specific portions of the developing neural tube from quail
to chicken embryos to yield healthy, behaving hatchlings possessing
chimeric brains. Differential approach tendencies of individual chimeras
and nonchimeric chickens and quail were assayed using one exemplar of
each of the species maternal calls in a simultaneous choice paradigm for 5
days, post hatching. As expected, the majority of nonchimeric birds spent
more time attempting to approach the speaker playing their species
maternal call. However, the preference of chimeric chickens for the
chicken maternal call depended on the location of the neural tube
transplant. Only chickens with quail neural tissue comprising the anterior
midbrain significantly preferred the quail maternal call suggesting a
neuroanatomical locus for this congenital call preference. Supported by
Neurosciences Research Foundation.
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DEVELOPMENT
OF
ISOLATION
INDUCED
AUDIBLE
VOCALIZATIONS IN NORMAL AND AUDITIVE DEPRIVED GUINEA
PIGS. E. Arch Tirado, I. Zarco de Coronado*, J. Saltiieral Oaxaca and F.
Galindo. Instituto Nacional de la Comunicación Humana, Universidad
Nacional Autónoma de México and Universidad Autónoma Metropolitana,
A.P. 19297, México D. F.
Vocalizations of different animals species require auditive feedback to
achieve enviroment adaptation. Induced audible vocalizations are elicited in
infant guinea pigs separated from their mother. The aim of the present
study is to analize the ontogeny of the isolated calls in deaf and normal
hearing juvenile guinea pigs.
Female newborn pigmented guinea pigs (Cavia porsellus) were kept with
their birth mother and water and dry food available ad libitum. One day
after delivery in the experimental group the cochlea was destroyed under
anesthesia with ketamine 100 mg/Kg of body weigth. The control group
were normal hearing animals. The vocalizations were recorded 6 minutes
with the mother, 6 minutes without mother and 6 minutes with the mother
again, since the animals were 3 days until 40 days old. The time that animals
were vocalizing was computed for each period of the recordings.
We found that the deaf animals vocalized more than the normal hearing
animals specially during the time that they were isolated from their mother.
The activity reached a peak around 15 days of life and almost disappear by
the 30th days. This result indicate that the auditory feedback modulates the
audible vocalic comunication of the guinea pigs.

MONDAY AM

311.6

ACOUSTIC PATTERN IRREGULARITIES IN BIRDSONG OF NORMAL AND
TUTOR-DEPRIVED ZEBRA FINCHES. S. A. Helekar*. D. B. Rosenfield. N.
Viswanath and H. Le. Stuttering Center Speech Motor Control Laboratory,
Department of Neurology, Baylor College of Medicine, Houston, Texas 77030.
Understanding the mechanisms of vocalization in song birds could provide insights
into speech motor control mechanisms and their abnormalities in humans. The male
zebra finch produces a learned song output that is characteristically stereotypic, and
is acquired from an adult male tutor during development. However, the acoustic
profiles of songs even in normally developed adult zebra finches show a variety of
irregularities. We have initiated a study to examine quantitatively acoustic
abnormalities in vocalization patterns of these birds under conditions that influence
neuromotor control mechanisms in various specific ways. As part of this study, we
have characterized and quantified interruptions in stereotypic female-directed song in
normal adult zebra finches, and have asked whether these changes are present and/or
accentuated in songs produced by birds that are deprived of adult male song tutors
during development (from postnatal day 15 or 20 to adulthood). The results of these
experiments show that female-directed song bouts examined as 40 sec acoustic samples
in normal adult birds (>120 day old) show three types of irregularities, namely
truncations (8.57±3.93% of total number of motifs), elongations (18.55+6.35%) and
alterations (13.74±6.21%) of song motifs. These changes are caused by song syllable
deletions (3.25±0.32% of estimated total number of syllables), insertions
(6.42±2.32%) and modifications (2.3±0.87%), respectively. A similar analysis of
songs in tutor-deprived adult birds (> 120 day old) show irregularities that are similar
in type to those in normal birds except for modest changes in incidence of truncated
(15.2±2.24%, a 44% increase) and elongated motifs (7.26±3.91%, a 60% decrease).
These data suggest that irregularities in normal birdsong may reflect resting
instabilities of the neuromotor pathways and mechanisms. They appear to be unlikely
to arise from variable influences of tutor-based sensory-motor learning during
development. Studies are currently underway to investigate acoustic pattern alterations
that may be induced by localized pharmacological manipulations of song control
circuits. This work was supported by Lowin Medical Research Foundation, M. R.
Bauer Foundation, and the Methodist Hospital Foundation.

311.7

311.8

AUDITORY HAIR CELLS ENCODING HIGH FREQUENCIES ARE
NOT REQUIRED FOR SONG MAINTENANCE IN THE ADULT
BENGALESE FINCH. E. W Rubel* and S. M. N. Woollev. Virginia
Merrill Bloedel Hearing Research Center, University of Washington.
Seattle, WA 98195
Previous work has shown that adult male Bengalese finches
Lonchura Striata domestica depend upon feedback from the hearing
organ (basilar papilla) for adult song maintenance. It is not known what
types of feedback information (e.g. sound frequencies, temporal cues)
are used by these birds to maintain song. We have developed a method
for manipulating the frequency range of auditory feedback available
for song maintenance by selectively killing different populations of
sensory hair cells in the basilar papilla. Hair cells o f the papilla are
organized tonotopically so that cells encoding high frequency sounds
lie near the base of the papilla and those encoding low frequencies lie
near the apex. We used daily injections o f an ototoxic aminoglycoside
to kill hair cells on the high frequency half of the papilla and used a
combination of aminoglycosides and sound exposure to kill nearly all
(95%) of hair cells across the entire papilla. We then recorded song
weekly for 4 weeks following treatment to determine whether birds
maintain normal pre-lesion song structure following either of these
manipulations. Birds missing hair cells in the high frequency half of the
papilla (which encodes the majority of frequencies comprising song)
maintained stable song over the testing period. In contrast, birds missing
nearly all hair cells showed rapid song degradation comparable to that
seen in surgically deafened Bengalese finches. Our results demonstrate
that hair cells encoding high frequencies are not needed for adult song
maintenance and suggest that low frequencies and/or temporal cues that
are encoded on the apical half of the basilar papilla are sufficient for
maintenance of stable adult song.
Supported by NIH grants DC02854 & GM10708.

A COMPARISON OF THE EFFECTS OF DEAFENING AND VOCAL
DENERVATION ON THE STABILITY OF CRYSTALLIZED SONG. H_,
Williams*. F.M. Mullins, and J.E. Danforth. Dept, of Biology, Williams College,
Williamstown, MA 01267.
Adult male zebra finches crystallize their songs upon reaching sexual maturity at
90 days and do not normally alter those songs thereafter. The effects of deafening
upon crystallized song are disputed: Price (1979, J Comp Physiol Psych 93:260)
found few changes in crystallized song after deafening, while Nordeen & Nordeen
(1992, Behav Neur Biol 57:58) found that few if any recognizable notes remained
several months after deafening. We followed the songs of five birds (aged 1.5 to 4
years) that had been deafened by cochlear removal and found that all birds retained
much of their original songs for over one year, although some rearrangements of
song structure and deletions or additions of notes occurred, and some birds sang very
infrequently. The changes in the songs of deafened birds were similar in most
respects to those seen after unilateral denervation of the avian vocal organ (Williams
& McKibben, Behav Neur Biol, 57:67). The songs of five males that were
deafened and also received unilateral syringeal denervation changed in a manner
similar to those of birds that received only one of the treatments.
These results seem to indicate that interrupting the link between the motor
commands that control vocalization and the auditory feedback produced by that
vocalization has consequences for the stability of learned song, and that these
consequences are substantially similar regardless of whether the motor or sensory
limb of the vocal-auditory feedback circuit is interrupted. However, after the right,
or dominant, HVc (a large forebrain nucleus important for producing vocalizations)
was lesioned, birds that had previously received ipsilateral vocal denervation
recovered more of their songs within two months of the lesion than did birds that
had been deafened, indicating that the lack of auditory feedback about song quality
may have precluded any possibility of a shift in vocal control to the left side.
Supported by grants from the Essel Foundation and the HHMI to Williams
College.

311.9

311.10

ANTERIOR FOREBRAIN LESIONS ELIMINATE D EA FENIN G INDUCED SONG PLASTICITY IN ADULT FINCHES. Michael S.
Brainard* and Allison J. Doupe. Depts. Phys. and Psych., UC San Francisco, 94143.
The anterior forebrain (AF) circuit of the song system is critical for song learning
in juveniles but is not required for normal song production in adults. Recent
experiments, however, suggest that the AF nucleus LMAN may regulate the capacity
for song plasticity in adults (Morrison and Nottebohm, 1993; Williams, 1995). We
tested this hypothesis in adult zebra and bengalese finches by comparing changes in
song that followed deafening to those that followed a combination of deafening and AF
lesions directed at LMAN.
As in prior studies, finches deafened as adults progressively altered both individual
song syllables and the sequences in which they were sung over a period of months. In
contrast, deafened birds that also received LMAN lesions retained relatively unchanged
syllables, and preliminary analysis suggests that changes in syllable sequencing were
also reduced. This apparent regulation by the AF of song plasticity in adults is
consistent with at least two hypotheses. First, the AF may normally provide an eiror
signal to the motor pathway reflecting the quality of match between the auditory
feedback from the bird’s own song and a previously memorized internal representation
of the song. Following deafening, an error signal reflecting the discrepancy between
the experienced and expected feedback would actively drive changes in the motor
pathway. LMAN lesions, by interrupting the signal, would prevent changes in song.
Second, the AF may establish conditions that are permissive for plasticity by virtue of
neural or trophic inputs to the motor pathway. Regardless of the source of signals
driving the deterioration of song in deafened birds, LMAN lesions would prevent
plasticity by removing those necessary conditions.’ Additional experiments will be
required to discriminate between these two hypotheses, which are not mutually
exclusive. Understanding how the AF regulates motor plasticity in the song system
may yield insights into the nature of instructive signals for learning and the
developmental regulation of plasticity.
Supported by a Burroughs W ellcom e Fund F ellow sh ip o f the Life Scien ces Research
Foundation and the John M erck Fund.
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EFFECTS OF RA-LESIONED COMPANIONS ON SONG
DEVELOPMENT IN EUROPEAN STARLINGS. M. Chaiken*
and M.-F. Cheng. Psychology Department, Rutgers University,
Newark, NJ 07102.
In a previous experiment, contact with a same-aged com
panion facilitated the development of song in European star
lings even when neither bird had been exposed to speciestypical song models. In order to differentiate the roles of vocal
and nonvocal social stimuli in achieving this effect, handreared male starlings were paired with same-aged male com
panions whose vocalizations were severely degraded through
lesions to the nucleus robustus archiastriatalis (RA), part of the
motor pathway for song production. Control pairs consisted of
tw o intact birds. The pairs were housed together in soundattenuated chambers from about six weeks after hatching until
the following spring, when their songs were recorded and ana
lyzed. The subjects copied the wheezy, unstructured vocali
zations of their RA-lesioned companions but also developed
some species-typical song elements and structures. Their
songs were more typical of starlings reared w ith normal conspecifics than of isolates. The results suggest that non-vocal
social stimulation provided by a conspecific can contribute to
the development of species-typical song. Supported by NIMH
Grant PHS MH54501-01 and Whitehall Foundation Grant
FA9601 to M. Chaiken.
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311.12

DEVELOPMENTAL REGULATION OF NMDA2B RECEPTOR BINDING IN THE
ZEBRA FINCH ANTERIOR FOREBRAIN. M.E. Basham*. E.J. Nordeen and
K.W. Nordeen. Neurosci. Program and Dept, of Brain and Cog. Sci., Univ.
of Rochester, Rochester, NY 14627
In zebra finches, song learning is restricted to a sensitive
developmental period. This learning requires activation of NMDA
receptors in or near the anterior forebrain song nucleus IMAN, and as
the propensity for learning declines, the density of IMAN NMDA
receptors decreases and their affinity for the antagonist M K-801
increases. Such changes in pharmacology likely reflect changes in
subunit expression, and in other instances of developmental plasticity
(e.g., visual cortex) a decline in expression of the NR2B modulatory
subunit is associated with closure of the sensitive period. Therefore,
we used ^H-ifenprodil receptor autoradiography to determine if the
expression of the NR2B subunit is developmentally regulated within the
IMAN of male zebra finches. Ifenprodil binds with high affinity to
NMDA receptors containing the NR2B subunit even in the presence of
pharmacological agents that mask other ifenprodil binding sites. We
measured 3 H-ifenprodil binding in the presence of (+)-3-PPP, 3 0
¡iM GBR-12909 and 1 mM trifluoperazine. Although specific binding
of ifenprodil within the IMAN was relatively low compared to
surrounding neostriatum, binding within this song region was
significantly greater in 30 day old males than in adult males. In
contrast, there was no developmental change in binding within another
song nucleus, Area X. These data are consistent with the hypothesis that
a decline in NR2B expression within the IMAN increases the threshold
for synaptic changes that underlie song learning. NIMH MH 45096

IBOTENIC ACID LESIONS IN BUDGERIGAR NLC AFFECT PRODUCTION,
BUT NOT MEMORY OF, LEARNED ENGLISH WORDS AND NATURAL
VOCALIZATIONS. P.A. Ban ta* and I.M. Pepperberg. Program in Neuroscience
and Dept, of Ecology and Evol. Biology, University of Arizona, Tucson, AZ 85721.
The aim of these experiments was to assess the effects of lesions in NLc (central
nucleus of the lateral neostriatum) on the production of learned English vocalizations
in order to investigate: (1) the role of NLc in the storage and production of learned
vocalizations, (2) whether lesions have differential effects on English vs. natural
vocalizations, and (3) whether lesions have differential effects on words produced under
elicited conditions (i.e., when birds are shown an object and required to respond with a
label) vs. when English words are produced spontaneously (i.e., incorporated into their
warble song).
Of seven budgerigars trained to produce English vocalizations, four received either
unilateral (2 birds) or bilateral (2 birds) ibotenic acid lesions in NLc that did not spread
into adjacent AAc (central nucleus of the anterior archistriatum). NLc lesions did not
cause memory impairments for the production of either spontaneous or elicited
English words or natural calls, and examples of all words identified pre-lesion were
identifiable post-lesion. Birds did, however, have impairments in "voicing", their
ability to produce sustained vowel sounds, which is potentially correlated with
impairment of the control of the lateral tympaniform membranes of the syrinx. We
will discuss the exact nature of these voicing impairments and their effects on the
production of words. Interestingly, only the bird receiving the most extensive
bilateral lesion had changes in call production. Numerous examples of abnormal
conspecific warble song elements, however, were observed in several birds.
Furthermore, in birds capable of producing elicited vocalizations, lesions significantly
affected elicited word productions. Three birds receiving control lesions had no
observable production impairments. We will discuss the implications of these
findings for the role of NLc in the production of both learned English and natural
vocalizations, and its role in processing vocalizations produced in an attempt to label
presented objects. This work was supported by the Whitehall Found, and the NSF.

311.13

LESIONS OF THE AVIAN SONG NUCLEUS LMAN AFFECT SONG
PERCEPTION IN AN OPERANT TASK. J.M. Burt*. E.A. Brenowitz. M.D.
Beecher and K.L. Lent. Dept, of Psychology, Univ. of WA, Seattle, WA 98195.
The avian song nucleus IMAN has been hypothesized to play a role in song
perception. IMAN neurons in a male zebra finch respond strongly to auditory
presentation of his own song (Doupe ’97). The size of IMAN in female cowbirds
correlates with their behavioral discrimination of males' songs (Hamilton et al. '97),
and in female warblers IMAN size correlates with conspecific male song repertoire
size (DeVoogd et al. ’96). No studies, however, have yet directly demonstrated that
IMAN acts in song perception at a behavioral level.
We tested this hypothesis in female roller canaries. Using a GO/NOGO operant
conditioning paradigm, we trained females to discriminate among synthetic sound
stimuli, different canary songs, and different song sparrow songs. As a control task,
these birds were also trained to discriminate among different visual stimuli including
colors, and different video images of canaries and budgerigars. When canaries
achieved an 80% correct response rate on both the auditory and visual tasks,
bilateral electrolytic lesions of IMAN (n=5) or sham lesions (n=2) were made. The
lesioned birds were then tested on all pre-lesion stimuli and were trained on new sets
of auditory and visual stimuli from each category.
Lesioned females had deficits in performance only on the classes of auditory
stimuli that were most difficult to learn: canary and song sparrow song. Some, but
not all, lesioned birds were able to learn new artificial and canary auditory stimuli.
No lesioned birds were able to learn to discriminate new song sparrow songs.
Performance and learning on the visual task was unaffected by the lesion. Sham
lesions did not affect visual or auditory performance. These results suggest that
IMAN plays an important role in song discrimination and perceptual learning.
(Supported by NSF IBN9120540 to EAB and NSF IBN9632193 to MDB.)
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ESTROGEN RECEPTOR IN LA RYNGEAL M USCLE O F X E N O P U S
FROGS. L a W u t D J . Kellev and M.L. Tobias. Dept. Biol. Sci.,
Columbia Univ. N.Y., N.Y. 10027.
Sex d iffe re n ces in lary n g eal m o to r neu ro n s and m uscle
fibers co n trib u te to sex d iffe re n c e s in c o u rtsh ip v o c a liz a 
tions o f X. la e v is . F o r ex a m p le, s y n a p tic s tre n g th at the
laryngeal synapse d iffe rs in the sexes: fem ale sy n ap ses are
stro n g er than m ales b ec au se m o re tra n s m itte r is re le a se d
fro m
th e
m o to r
te r m in a l.
D u r in g
p o s t- m e ta m o r p h ic
d evelopm ent, p rio r to v o cal b eh a v io r, th e la ry n g eal synapse
is w eak in both sexes; synapse stren g th in c reases fo llow in g
e x p o su re to e s tro g e n . L a ry n g e a l m o to r n e u ro n s do n o t
accum ulate rad io activ e estro g en su g g e stin g th a t they do not
express a receptor for this horm one.
An altern ativ e locus o f
action fo r e stro g e n ic effe c ts on sy n ap tic stren g th is v ia a
retrograde signal from lary n g eal m uscle fib e rs.
To determ ine if laryngeal m uscle ex p resses estrogen (ER)
receptor, R T-PCR w as used to d etect ER m RN A in adult m ale
and fe m a le la ry n g e a l m u s c le . D e g e n e ra te o lig o n u c le o tid e
p rim ers w ere designed from consensus am ino acid sequences
o f th e D N A
and
lig a n d
b in d in g
d o m a in s o f v a rio u s
v e rte b ra te s. A P C R p ro d u c t co m m on to b o th se x e s w as
generated as w ell as a sm aller product specific to m ale m uscle.
The PCR product present in both sexes could also be obtained
from liver and oviduct.
Sequence analysis o f this PCR product
confirm s that it is derived from an ER.
W e conclude that ER
mRN A is ex p ressed in la ry n g eal m u scle o f b oth m ale and
fem ale X. laevis.
Supported by NS23684.

ROLE OF TESTOSTERONE IN SEXUAL DIFFERENTIATION OF THE MUSK
SHREW. Louise M. Freeman*. Tania Arora and Emilie F. Rissman. Biology
Department, University of Virginia, Charlottesville, VA 22903.
In mammals, testosterone (T) influences the sexual differentiation of both brain
structure and behavior. We examined the effects of neonatal T on the musk shrew
Suncus murinus. Females were treated with T, vehicle or nothing on postnatal days 15. We measured adult copulatory behaviors and a sexually dimorphic nucleus of
aromatase-immunoreactive (AROM-ir) neurons in the medial preoptic area.
When gonadally intact, none of the control females showed any male-like
copulatory behavior, while 4/9 neonatally androgenized females mounted the stimulus
female. After T treatment to approximate normal male levels, all neonatally treated
animals mounted, as did 8/10 controls. However, females who had received neonatal
T had shorter mount latencies and mounted more frequently than did control females.
When paired with a stud male, early T-treated females did not differ from controls
in tail-wag latency or in frequency of mount attempts, mounts or intromissions
received. However, andrognized females received fewer deep intromissions, and
showed more aggressive behavior after starting to tail-wag, a behavior typically
associated with receptivity. Males paired with treated females had more missed
intromissions, fewer deep intromissions and longer ejaculation latencies. This effect
of early T could be the result of behavioral masculinization in the female and/or a
structural difference in the female external genitalia.
We measured the sexually dimorphic AROM-ir nucleus in neonatal T and oiltreated females, males castrated at birth and males castrated as adults. All animals
had equivalent T implants for at least 2 weeks prior to sacrifice. The sex difference in
size of the AROM-ir nucleus remained when adult T levels were equalized. However,
the nucleus appeared smaller in males castrated on PI and larger in females given T
on Pl-5, indicating an organizational effect of early androgens on this structure.
Supported by NIH MH01349, NSF 9412605 and NIH T32-DK07646.
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312.3

312.4

ESTROGEN MODIFIES AN ELECTROCOMMUNICATION SIGNAL OF AN
ELECTRIC FISH BY ALTERING THE ELECTROCYTE SODIUM CURRENT.
KD Dunlap. ML McAnellv* and HH Zakon. Dept. Zoology, Univ. Texas,
Austin, Texas 78712
Many species of electric fish emit sexually-dimorphic electrical signals that are
used in gender recognition. In Stemopvgus. mature females produce an electrical
organ discharge (EOD) that is higher in frequency and shorter in pulse duration
than that of mature males. EOD pulse duration is determined by ion currents in the
electrocytes, and previous studies showed that androgens influence EOD pulse
duration by altering the inactivation kinetics of the electrocyte sodium current. We
examined whether estrogen modulates the female-specific EOD and, if so,
whether it regulates the EOD pulse duration by acting on the same androgen
sensitive ion current in the electrocytes. We implanted adult, gonadectomized
Sternopvgus with either empty silastic capsules (control), one capsule filled with
estradiol-17b (E2, low dose) or three capsules of E2 (high dose). Twelve days
after implantation, E2-treated fish had plasma E2 levels -3.3 fold (low dose) or
-7.1 fold (high dose) higher than controls. After implantation, both E2-treated
groups had higher EOD frequency and shorter EOD pulse duration than controls
and their own pre-implantation values. Through immunocytochemistry, we
idenified immunoreactive estrogen receptors in the nuclei of electrocytes,
indicating that these cells are directly responsive to estrogen. In addition, voltage
clamp studies showed that E2 affected the electrocyte ion currents which
determine the EOD pulse duration: the sodium inactivation time constant was
significantly lower in E2-treated fish than in controls. Thus, sexual dimorphism in
the electrocommunication signal results, at least in part, from estrogens and
androgens acting in opposite directions on the same ion currents in the
electrocytes. This work was supported by NIH through a fellowship to KDD (1 F32
NS09633-01A1) and a grant to HHZ (R01-NS25513).

V A SO T O C IN
AND
C O R T IC O ST E R O N E
M ODULATE
NEUROPHYSIOLOGICAL RESPONSIVENESS OF OPTIC TECTUM
TO PHOTIC STIMULI. J. D. Rose1*. Glen Marrs1 and F. L. Moore2.
^ e p t. o f Psychology. Univ. Wyoming, Laramie, WY 82071 and
2Dept. o f Zoology, Oregon State Univ., Corvallis, OR 97331.
We have previously shown that rapid neurophysiological effects of
corticosterone (CORT) on medullary neurons are strongly modulated
by concurrent neural effects o f arginine vasotocin (AVT) in the
roughskin newt (Taricha granulosa). Since vasotocin content increases
in the optic tectum during the breeding season in Taricha, we studied
the influence o f AVT and CORT on light flash-evoked potentials
recorded from immobilized newts in breeding condition. Systemic
CORT administration produced a rapid (5-10 min), sustained, depres
sion o f OT evoked potentials. In contrast, local application o f AVT to
the OT recording site before CORT injection reversed the steroid’s
subsequent action to a rapid, sustained, increase in evoked potential
amplitude. AVT alone produced complex effects, involving increased
as well as decreased OT evoked potentials varying as a function o f time
after peptide application to the OT. Response depression was the
predominant AVT effect. These results suggest that seasonal variation
in OT AVT could regulate neurobehavioral responsiveness to ambient
light intensity and that neuronal membrane actions o f CORT could
interact with AVT to modulate responsiveness to light after stress.
Supported by NSF grants IBN-9410284 (J.R.) and IBN-9421175 (F.M .).

312.5

312.6

SECOND GENE FOR GONADOTROPIN-RELEASING HORMONE IN
HUMANS: CHROMOSOMAL LOCALIZATION, EXPRESSION AND

REGULATION OF PREPROENKEPHALIN (PPE) GENE EXPRESSION BY
ESTROGEN AND ITS INTERACTION WITH THYROID HORMONE. Y.S. Zhu*1.

F ernald*. Program in Neuroscience and Dept, of Biological Sciences*
Stanford University, Stanford, CA 94305-2130.
Gonadotropin-releasing hormone (GnRH) is a decapeptide widely know n
for its role in regulating reproduction by serving as a signal from the
h ypothalam us to pituitary gonadotropes. In addition to hypothalam ic
GnRH (GnRH-I), a second GnRH form (pGlu-His-Trp-Ser-His-Gly-Trp-TyrPro-Gly; GnRH-II) w ith unknow n function has been found in the midbrain of
many vertebrates. To discover whether hum ans have a second GnRH form,
we used reverse transcriptase polymerase chain reaction (RT-PCR) on
hum an thalam ic mRNA and obtained a partial cDNA encoding a putative
second GnRH. This cDNA was used to design oligonucleotide prim ers to
screen a hum an genomic P I artificial chromosome library w ith PCR. A
single clone was isolated and subsequent sequence analysis confirmed that it
contained the complete gene encoding GnRH-II. We then used fluorescence
in situ hybridization to map GnRH-II unam biguously to the p term inus of
chromosome 20, corresponding to band 20pl3, conspicuously different from
GnRH-I, which is located at 8p21-pll.2. The GnRH-II genomic and mRNA
structures parallel those of GnRH-I. However, in contrast to GnRH-I,
GnRH-II is expressed at significantly higher levels outside the brain (up to
30X), particularly in the kidney, bone marrow, and prostate. M olecular
phylogenetic analysis shows that this second gene is likely the result of a
duplication prior to the appearance of vertebrates, and predicts the
existence of a third GnRH form in hum ans and other higher vertebrates.
Supported by NIH NS 34950 to RDF.

Endo, Cornell University Medical College, laboratory of Neurobiology &
Behavior., The Rockefeller University, NY, NY 10021.
Estrogen receptors (ER) and thyroid hormone receptors (TR) are ligand-dependent
nuclear transcription factors. Estrogen (E2)-induced hypothalamic PPE gene
expression is related to E2-induced lordosis behavior in the rat. We have found that Einduced lordosis behavior in female rats is modified by thyroid hormone (T3). We
now report that PPE mRNA level in the ventromedial hypothalamus (VMH) was
significantly decreased in ovariectomized (OVX) female rats compared to intact
females. This decrease was reversed by E2 treatment. E2produced a dose- and timedependent increase in PPE mRNA level in VMH of OVX female rats. By analysis of
the rat PPE promoter using transient transfection and gel mobility shift assay,
functional E2 response elements were located within 437 bp of the rat PPE promoter
region. Interestingly, E2-induced PPE gene expression in VMH of OVX female rats
was diminished by T3 coadministration. During in vitro transfection analysis in CV1
cells, Er induced CAT activity in a PPE promoter controlled CAT construct was
inhibited by ligand TR. This ligand TR inhibition was TR-isoform specific with an
order of potency TRpl>TRP2>TRal. Although both ER(a) and TR (pi and a l)
could bind to the PPE promoter region, the T3-TR inhibition of E-ER action may also
involve the squelching of cofactors since T3 inhibition was also observed by
cotransfection of a mutant TRccl, which lacks binding to consensus T3 response
element. Our results indicate that ER-TR interactions on regulation of gene
expression are promoter dependent and TR-isoform specific. This may have wide
implications for joint E2 and T3 control of gene expression in certain tissues.
(Supported by NIH grant HD-05751 and Merck Foundation).
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DISTRIBUTION OF ANDROGEN RECEPTOR-LIKE IMMUNOREACTIVITY IN THE GREEN ANOLE BRAIN. E L. O’Brvant* and
J. Wade. Department of Psychology and Program in Neuroscience,
Michigan State University, East Lansing, MI 48824.
Male sexual behavior is regulated by testosterone and/or its
metabolites in the green anole lizard, Anolis carolinensis. In an effort
to determine the neuronal structures in which androgens are likely to act
in the display of courtship and copulation, we investigated the
localization of androgen receptors (AR) by immunohistochemistry.
Adult male and female anoles were perfused with saline followed by
4% paraformaldehyde. Brains were then sectioned frozen at 25 microns
and incubated with the AR antibody PG-21 at 2μ g/ml (generously
provided by Dr. Gail Prins). Reaction products were visualized with 33-diaminobenzidine tetrachloride (DAB) following incubation with the
secondary antibody and avidin-biotin complex. Labeling was identified
in several brain areas including the cortex, septum, regions of the
hypothalamus, and portions of the brainstem. While labeling was
detected in cell bodies, in several cases AR-like immunoreactivity
appeared to be in neuronal processes. Supported by MH54985.
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SEXUAL EXPERIENCE ALTERS FUNCTIONAL RELATIONSHIPS
BETWEEN BRAIN AREAS. J. Sakata. A.M. Crane*, and D. Crews. Inst.
Neuroscience and Dept. Zoology, University of TX, Austin 78712.
As behaviors are mediated by neural circuits, not by isolated nuclei, it is
important to investigate the correlations between behavior and brain
activity and the functional relationships between nuclei. Crews et al.
(1997) found that the metabolic capacity of brain nuclei differed between
sexually-experienced and sexual ly-naive male leopard geckos,
Eublepharis macularius, raising the question of how experience
modulates associations between nuclei.
Correlations between
cytochrome oxidase (CO) levels and sociosexual behaviors revealed that
the metabolic capacity of the periventricular nucleus of the preoptic area
(PP) was correlated positively with male-typical behaviors and negatively
with submissive behaviors. In sexually-naive males activity in the PP was
positively correlated with activity in four of fifteen other nuclei. Activity in
these four areas, in turn, were positively correlated with activity in other
areas. In sexually-experienced males, only one of the functional
associations in this circuit, that between the PP and preoptic area (POA),
remained significant. Further, all other correlations within the circuit were
depressed in experienced animals relative to naive males. This suggests
that the critical circuit underlying sexual behaviors lies between the PP and
POA and that sexual experience may selectively prune the other circuits.
Thus, correlational analyses on brain activity and behavior can complement
lesion studies and further our understanding of circuits underlying
sociosexual behaviors and of the effects of experience on the brain.
Supported by NSF DGE-9616181 to J.S. and NIMH 00135 to DC
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SEXUAL D IM O R PH ISM OF V ASO TO CIN SYSTEM IN TH E
JAPANESE QUAIL. C.Vi glietti-Panzica*. E.Garcia-Oieda. N.Aste. C.Castagna.
G.C.Panzica. Dept. Anatomy, Pharmacology, & Forensic Medicine, Univ. Torino, I10126 Torino, Italy.

PREOPTIC VASOTOCIN: A NEUROCHEM ICAL M ARKER OF THE
BRAIN C IR CU ITS M ED IATING SEXUALLY D IFFER EN TIA TED
CO PULATORY BEHAVIOR IN Q UAIL. C.Castagna*. G.C.Panzica.
C.Russo. O. Tlemçani. and J.Balthazart. Dept.Anatomy, Pharmacology, and Forensic
Medicine, Univ. of Torino (Italy), and Lab.Biochemistry, Univ. of Liège (Belgium).
Male copulatory behavior is sexually differentiated in quail: cloacal contact
movements (CCM) are never observed in females even after treatment with high doses
of testosterone (T). This sex difference in responsiveness to T is organized by the
estrogens of the female embrvo. We showed recently that the sexually dimorphic
medial preoptic nucleus (POM), a structure that plays a key role in the activation of
male copulatory behavior, is innervated by a dense steroid-sensitive network of
vasotocin-immunoreactive (VT-ir) fibers in male quail. This innervation is almost
completely absent in the female POM and, more interestingly, is not induced by a
chronic treatment with T suggesting that this neurochemical difference could be
organizational in nature. This was tested by injecting quail embryos of both sexes on
day 8 of incubation either with estradiol benzoate (EB, 25 μg) or with the aromatase
inhibitor, R76713 (10 (μg) or with the solvents as a control (C). At 4 weeks post
hatch, all subjects were gonadectomized and later they were implanted with Silastic
capsules filled with T. Two weeks later all birds were perfused and brain sections
processed for VT immunocytochemistry. Despite the similarity of the adult endocrine
conditions of the subjects (all were gonaaectomized and treated with T) major
ualitative differences were observed in the VT-ir innervation of the POM in the
ifferent groups. Dense fibers were observed in the POM of C males but not females,
EB-males hacl completely lost this immunoreactivity (and lost the capacity to display
copulatory behavior) and conversely, R76713-females displayed a male-typical VT-ir
innervation of the region (they also displayed high levels o f CCM). Similar changes
in immunoreactivity were seen in the lateral septum and nucleus striae terminalis but
not in the hypothalamo-hypophyseal tract. Tnese neurochemical changes closely
parallel the effects of the embryonic treatments on male copulatory behavior. The
VTergic innervation of the POMcan therefore be considered as an accurate marker of
the sexual differentiation of brain circuits mediating this behavior. In addition, recent
data demonstrate that VT plays a key role in the control of male sexual behavior so
that the sexual differentiation of the preoptic VTergic innervation probably represents
one key factor of the brain differentiaton that causally explains the sex differences in
copulatory behavior.
Supported by NIMH 50388, FRFC 9.4565.96F, AC 93/98-171, EC-CT94-0472.

An immunocytochemical technique was here used to investigate the presence of
sexual dimorphism in the distribution of vasotocin-immunoreactive (VT-IR) cells and
fibers in the brain of adult Japanese quail. In previous studies we already demonstrated
the presence of sexual dimorphism in a few regions [i.e. the lateral septum and the
nucleus of the stria terminalis (nST)]. The perfused brains of ten 3 month-old Japanese
quail of both sexes were serially sectioned and VT-IR structures were demonstrated by
means of a highly specific polyclonal antiserum using the biotin-avidin method. Large
intensely stained VT-IR cell bodies were observed in the paraventricular and supraoptic
regions. Small weakly stained IR neurons were observed in the nST, in the medial
preoptic nucleus (POM), around the mesencephalic nucleus rotundus and close to the
lateral geniculate nucleus. A strong sex dimorphism was observed in the nST and the
POM, having the male an higher number of IR cells. VT-IR fibres were observed in
selected regions of the telencephalon (lateral septum), in the whole diencephalon, in
the mesencephalon [optic tectum, nucleus intercollicularis (ICo), substantia grisea
centralis, area ventralis, and substantia nigra], in the pons (locus coeruleus and
tegmentum), and in the medulla (nucleus of the solitary tract). Moreover, several
scattered VT-IR fibres were observed in other nuclei all over the brain. Evident sexual
differences were observed in the density of IR fibers (higher density in male than in
female) in the lateral septum, the nST, the POM, the periventricular hypothalamus,
the ICo, and the locus coeruleus. These results demonstrate the existence of a large
sexual dimorphism in the VT innervation of the quail brain. This dimorphism is not
only restricted to regions involved in the control of sexual behavior (lateral septum,
nST, and POM), but involves several other regions related to different functions.
Work supported by grants from CNR, MURST and EU.
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NEURONAL PLASTICITY IN TH E M EDIAL PR EO PT IC NUCLEUS
OF THE AGED M ALE JAPA NESE Q UAIL: A M ORPH O M ETR IC
STUDY. G .C .Panzica°*. C .V iglietti-Panzica°, T. Dellovade§. E.R issm ann§.
N.Harada@. N. Thompson^. M.A.Ottinger^. °Dept.Anatomy, Pharmacol., & Forensic
Medicine, U. Torino, Italy., §Dept. of Biology, U. of Virginia, Charlottesville, VA,
USA; @Mol.Genetics, Fujita U., Aichi, Japan; ^Dept. of Animal and Avian Sci, U. of
MD, College Park, MD, USA.
The nucleus preopticus medialis (POM) of sexually mâture quail is characterized by
testosterone (T)-responsive cells; castration results in decreased cell size and T treatment
restores their size. T-sensitive neurons have been identified as the aromatase (ARO)
producing cells clustered within the POM. During aging plasma T decreases with the
loss of sexual behavior; both were associated with reduced number of AROimmunoreactive (ARO-IR) cells. In this study we investigated changes in the cell size
in the POM neuronal population in young sexually active (YA), old sexually inactive
(01), and old sexually active (OA) male quail. OA birds were either spontaneously
active or 01 birds treated with silastic implants of T. Morphometric analysis of Nissl
stained sections revealed no significant changes in the cell size in both the medial and
dorsolateral POM in YA and 01 birds. However OA birds (01 which were treated with
T) demonstrated a significant (p<0.05) increase of the cell size. These results were
compared to sections immunostained for ARO. There was a significant (p<0.05) in
crease in the cell size of OA birds (spontaneously active) in both the lateral and the me
dial portion of the POM. YA males had significantly more ARO-IR cells than aged
males. The decrease in both 01 and OA males was confined to the medial part of the
POM. This is in contrast to previous observations in YA castrated birds in which the
loss of ARO-IR cells was in the lateral rather than in the medial POM. In conclusion,
these results indicate that, in the old male quail stimulated by endogenous or exogenous
high levels of T, the dorsolateral population of ARO-IR cells compensates for the loss
in the medial population with an increase in their cell size (reflecting a probable
stimulation of protein synthesis). Compensatory mechanisms are hence different in
young and old male quail. Supported by a NRI (MAO) and NATO (GCP.MAO)
grants.

AROMATASE INHIBITION SPECIFICALLY REDUCES ESTROGENDEPENDENT COURTSHIP IN MALE BARBARY DOVES. L. Fusani. M.
Gahr and J.B. Hutchison*. MRC-NDB Group, The Babraham Institute,
Cambridge CB2 4AT, UK.
The courtship behavior of the male Barbary dove (Streptopelia risoria) is
regulated by the action of androgens and estrogens in the preoptic area (POA)
and the hypothalamus (HP). The courtship involves androgen-dependent
behaviors (chasing, bowing) and estrogen-dependent behaviors (nestsoliciting). The former decrease in frequency with the progession of the
courtship, whereas the latter increase. The decline of chasing and bowing and
the increase of nest-soliciting may be correlated with the increase in the
formation of estradiol by aromatization of testosterone in the POA and HP
after the beginning of the courtship.
To study whether aromatase modulates courtship behavior, we treated
sexually active male Barbary doves with Fadrozole (Ciba Geigy), a specific
non-steroidal aromatase inhibitor. Males were tested for courtship behavior
with receptive females, implanted with Alzet micro-osmotic pumps containing
Fadrozole (0.34 mg/ml and 3.40 mg/ml) or saline, and tested again. At the end
of the tests, the animals were killed, and the aromatase activity in POA and
HP was measured by means of a radioenzymatic assay.
Fadrozole at the higher dose specifically reduced estrogen-dependent nestsoliciting, whereas in controls nest-soliciting increased. Chasing and bowing
were not significanlty affected by the treatment. Aromatase activity in POAHP was lower in Fadrozole-treated males than in controls.
These results support the hypothesis that aromatase activity in POA-HP
modulates estrogen-dependent courtship beaviors in male Barbary doves.

312.13
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EXPRESSION OF AROMATASE mRNA IN THE RAT BRAIN. S.A. Klosterman. V.L.
Brooks*, and C.E. Roselli. Dept, of Physiology and Pharmacology, Oregon Health.
Sciences Univ., Portland, OR 97201.
We reported previously that an alternative P450 aromatase (AROM) transcript, not
associated with enzyme activity, is present in the rat brain (Abdelgadir et al., 1994).
Because the presence of this transcript confounds the anatomical analysis of AROM
mRNA expression by in situ hybridization (ISH), we designed and synthesized a new
AROM cDNA that recognizes only mRNA encoding functional AROM enzyme. After
deducing the region in which the 2 brain transcripts diverge, oligoneucleotide primers
were designed to synthesize an AROM cDNA that spans exons 2 and 3 using reverse
transcriptase-polymerase chain reaction (RT-PCR) of rat ovary total RNA. The RT-PCR
product (255 bp) was subcloned into a pGEM-7Zf(-) plasmid and sequenced. Southern
blot analysis revealed a PCR product of identical size in the preoptic area, medial basal
hypothalamus, and amygdala. A single protected band was identified in these same brain
regions by ribonuclease protection assay. Moreover, AROM mRNA content in the
preoptic area was significantly lower (p<0.01) in castrated males (13±0.6 fg/ug tRNA)
than in intact (30±0.3 fg/(xg tRNA) and testosterone-treated castrated males (27±1.7
fg/Hg). No AROM mRNA was detected in cingulate cortex, an area previously shown
to contain only the alternate transcript. We used a 33P-labeled cRNA probe transcribed
from this new rat AROM cDNA fragment to examine the distribution of AROM mRNA
in adult rats by ISH. High levels of mRNA were detected in the medial preoptic nucleus
(n.), bed n. of the stria terminalis, and medial amygdala. Lower levels were found in the
ventromedial hypothalamic n. and cortical amygdala. The magnitude of the hybridization
signals was greater in males than in females and altered by testosterone treatment in the
bed n. of the stria tereminalis and medial preoptic n. In summary, a new AROM cDNA
probe was developed and used to demonstrate the anatomical distribution and in situ
regulation of AROM mRNA in rat brain. {Supported by NSFIBN9421759).

ANDROGEN IMPLANTS MEDIATE ARGININE VASOTOCIN EXPRESSION IN
THE PREOPTIC AREA OF A SEX-REVERSING FISH. K. K. Mclntvre.
A. Canario®. and M. S. Grober* Life Sciences, Arizona State Univ. Wjest,
Phoenix, AZ 85069 and ©Univ. of Algarve, Faro, Portugal.
Arginine vasotocin (AVT) regulates reproductive behavior in non-mammalian
vertebrates. AVT-mediated behaviors are modified differentially by specific
steroids. Although it is known that AVT injections induce the spawning reflex
in killifish, few studies have investigated the interaction of AVT and steroids in
fish. In the sex-reversing bluehead wrasse, Thalassoma bifasciatum, AVT
mRNA production in the preoptic area (POA) of the brain, varies with sexual
phase. Large, nest-holding terminal phase (TP) males have high levels of
mRNA expression, whereas smaller, non nest-holding initial phase (IP) males
and females have lower levels of AVT expression. As a result of social
interactions, either IP sex can naturally transform into TP males. During the IPTP transition, levels of AVT mRNA increase dramatically, coincident with
increases in TP specific behavior. TP fish are also unique in having high levels
of the androgen 11-ketotestosterone (KT), which is undetectable in IP fish.
We propose that the rising levels of KT in fish changing from the initial phase
to the terminal phase, is responsible for the increase in AVT mRNA and
peptide production in the preoptic area. All sexual phases of bluehead wrasse
were given silastic implants of KT, isolated for ten days and then bled and
perfused with 4% paraformaldehyde. Immunocytochemistry and in situ
hybridization were used to examine peptide and mRNA respectively.
Preliminary results show that KT implants significantly increased blood levels
of the hormone relative to control implants and shams. KT implanted IP fish
showed an overall increase in the size and number of AVT-producing cells,
while TP fish showed a dramatic decrease in these measures, following KT
treatment. Our results support the role of KT in modifying brain chemistry
during sexual transformations in fish. Supported by grant NSF-IBN 9309555
and NIH-1P20RR09181-01 (MSG).
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SEX-SPECIFIC DIFFERENCES IN CENTRAL
MONOAMINERGIC ACTIVITY IN A SEX-CHANGING FISH.
E.T. Larson**^p .p . Norris *, P.J. Ronan^. K.J. Renner^, A.J.
E m erson^ and C.H. S um m ers^. 1Department of Environmental,
Population and Organismic Biology, University o f Colorado, Boulder,
CO 80309-0334. ^Department of Biology, University of South
Dakota, Vermillion, SD 57069.
Saddleback wrasse (Thalassoma duperrey), a sex-changing fish
from the Hawaiian Islands, have behavioral and monoaminergic
differences based on sex and social roles. Dominant, territorial
terminal phase (TP) males can develop from either females or initial
phase (IP) males. Fish were collected from reefs during time of daily
mating activity. Females showed increased turnover of norepinephrine
in the hypothalamus as indicated by MHPGiNE ratios. Females also
showed higher hypothalamic serotonin levels. Terminal phase males
showed increased serotonergic activity (5-HIAA:5-HT ratios) and
greater norepinephrine levels in the dorsomedial zone (amygdala).
Terminal phase males aggressively defend spawning sites, while
females maintain ovarian activity. These behavioral and reproductive
differences can explain the differences in neurochemistry. Initial phase
males engage in neither aggression, nor ovulation, and do not show
increased activity in either of these systems. These results demonstrate
gender-based differences in neurochemistry which possibly drive sexspecific differences in reproduction and behavior. This work was
supported by NIH (1 F31 M N 11595-01) and NSF (IBN-9412077).

SEXUAL DIFFERENTIATION OF ANDROGEN-DEPENDENT AROMATASE
ACTIVITY IN THE RAT BRAIN, C.E. Roselli*. S.A. Klosterman. J. West, and J. Nash.
Dept, of Physiology «fePharmacology, Oregon Health Science Univ., Portland, OR 97201.
Androgens regulate aromatase activity (AA) in the medial preoptic nucleus (MPN), bed
n. of the stria terminalis (BNST), and periventricular preoptic area (PVPOA). Moreover,
the levels of androgen-dependent AA within these nuclei are greater in males than in
females. The present study was designed to test the hypothesis that the capacity for
androgen-dependent aromatization in the brain is sexually differentiated. Timedpregnant rats were given daily injections of testosterone propionate (TP; 2mg/day),
diethylstilbestrol (DES; 10 ng/day) or vehicle on days 16-19 of pregnancy. Pups from
these pregnancies were then given hormone treatments for the first 5 days after they were
bom and fostered according to treatment. The following 5 pre-/postnatal treatment groups
were produced: oil/oil control males, oil/oil control females; TP/TP females; oil/TP
females and DES/DES females. The pups were weaned at 24 days and gonadectomized
at 30 days (prior to the onset of puberty). At 56 days, rats in each perinatal treatment
group were given T-filled or sham Silastic capsules. The rats were killed one week later
and AA was measured in specific brain nuclei. We found that T-stimulated AA in MPN,
BNST, and PVPOA was significantly greater in control males than in control females.
Females that were treated perinatally with TP and DES, or neonatally with TP, exhibited
significantly greater levels of T-stimulated AA than control females, whereas the Tstimulated AA levels in these groups were not different from levels in control males. In
contrast, the levels of T-stimulated AA in the anterior hypothalamus, ventromedial n.,
and medial amygdala were not affected by the perinatal hormone treatments. These
results demonstrate that the capacity for aromatization in specific brain nuclei is sexually
differentiated by exposure to T during perinatal development, and that non-steroidal
estrogens are just as effective as T in stimulating this aspect of sexual differentiation.
(Supported by NSF 1BN9421759).

312.17

Tamoxifen: Sex-Specific Neural Estrogen Receptor Regulation.S.E.
McKenna#, S.F. Lur andN.G. Simon*. Biological Sciences, Lehigh
University, Bethlehem, PA 18015. #LRDT, NIEHS, RTP, NC 27709.
We previously reported that tamoxifen (TAM) suppressed estrogen
(E^-induced lordosis and hypothalamic progestin receptor induction in
CFW female mice and when administered alone exhibited no
estrogenic activity. Conversely, TAM potentiated E-induced
aggression in intact CF-1 male mice and exhibited aggression-inducing
effects comparable to diethylstilbestrol, a synthetic estrogen, in
castrated CFW males. These studies suggested that the biocharacter
o f TAM may be sex-specific. To assess this possibility, the effects o f
TAM on hypothalamic estrogen receptor (ER) regulation were
examined by Western blot. Gonadectomized male and female CFW
mice were treated for four days with i) E2, ii) TAM, iii) E2+TAM, or
iv) oil vehicle. Hypothalamic extracts were separated by SDS-PAGE,
transferred to nitrocellulose, and probed with monoclonal anti-ER
antibody 1D5. TAM-treated males exhibited down-regulation o f ER
(similar to Entreated males) whereas TAM treatment did not suppress
ER levels in females (unlike E2-treated females). The data from
E2+TAM treatments suggest that TAM blocked E-induced downregulation o f ER in females. This study supports the presence o f sexspecific TAM effects in mouse brain.
Supported by NIH (HD 31696-01), NSF (IBN 95-2015), and the
H. F. Guggenheim Foundation.
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TRYPTOPHAN HYDROXYLASE IS LINKED TO ALCOHOLISM AND
SUICIDALITY IN FINNS. P. A. Nielsen*. J. Lappalainen. A. Rotondo. M.
Virkkunen. Mt Eggert. K.M. Stefanisko. L. Han. M.Linnoila and D. Goldman.
Section of Molecular Genetics, LNG, DICBR, NIAAA, NIH, Rockville, MD 20852
Low serotonin turnover is related to several behaviors characterized by a deficit in
impulse control, such suicidality and alcoholism. To understand these self-destructive
behaviors, we have been studying genes involved in serotonin metabolism.
We previously reported an association of a TP H 17 marker to suicidal behavior and
serotonin metabolism in a subgroup of Finnish alcoholic offenders. Studies have been
conducted on a new cohort of offenders to verify the previous results. A highly
significant association of the TPH 17 marker to suicidality was observed (p < 0.001, n
= 122) in impulsive offenders. When these results are combined with our previous
findings, the significance increases to p = 0.0002 (n = 178). Furthermore, sib-pair
analysis of the total population (offenders, relatives and controls) revealed linkage of
TPH 17 to suicidality in concordant unaffected sib-pairs. The power of this linkage
was derived from the non-slashing suicide attempts (p = 0.02).
The total population was analyzed for linkage to alcoholism (alcohol abuse plus
dependence). Linkage of the TPH 17 marker to alcoholism (p = 0.01) was
demonstrated using sib-pair analysis incorporating information across all three sibpair categories (158 concordant unaffected, 87 discordant and 121 concordant affected
sib-pairs). Linkage was also observed to KSP socialization score (p = 0.0004).
Sequencing of the TPH intron seven revealed two linked variants. One variant
resides in the polypyrimidine stretch immediately preceding the 3’ splice site. To
identify alterations in the splicing we sequenced amplified, reverse transcribed TPH
mRNA from lymphoblasts of patients with the UU or LL genotype. Accurate splicing
at the exon 7/exon 8 junction was observed and no aberrant mRNAs were detected.
If linkage of TPH 17 to suicidality, alcoholism and KSP socialization and the
association to suicidality is biologically significant we would expect a substitution
elsewhere in the TPH gene that affects TPH function. Several promoter variants and a
silent coding sequence substitution have been identified and are being characterized.
The relation of these variants to psychopathologies will be discussed.

TRYPTOPHAN DEPLETION AND AGGRESSIVE BEHAVIOR
IN MEN J.M. Biork?D.M. Dougherty. F.G. Moeller. Human
Psychopharmacology Laboratory, Dept, of Psychiatry, University
of Texas-Houston, Houston, TX 77030.
Previous research has suggested that acute lowering of plasma
tryptophan (Trp) levels using an amino acid beverage decreases Trp
uptake into the CNS for serotonin synthesis and transmission, and
that this technique has resulted in increased laboratory-measured
aggressive behavior in men. In this study, we prospectively
measure in men the rates of both aggressive and escape responses
to provoking stimuli in a laboratory model of aggressive behavior.
The behavior of each subject was compared following ingestion of
a Trp depletion beverage (T-), a Trp balanced beverage (T), and a
Trp loading beverage (T+) in a repeated-measures design. We
hypothesize that with the availability of an alternative effective
escape response to provoking stimuli, any increases in specific
aggressive behavior following ingestion would be minimal in most
subjects. Results indicate that following ingestion of a plasma
tryptophan-depleting amino acid beverage (compared to a loading
beverage with excess Trp), men do not emit more aggressive
responses when an escape response is concurrently available. This
suggests that previously documented increases in ostensibly
“aggressive” behavior following Trp depletion may have been
increases in non-specific (escape-oriented) responses to
provocation.
This research is supported by the Harry Frank
Guggenheim Foundation.
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AGGRESSIVE BEHAVIOR DECREASES CORTICAL 5HT IN RATS:
REVERSAL BY ETHANOL DRINKING A.M.M. van Erp* and K.A.
M iczek. Department o f Psychology, Tufts University, Medford, MA 02155
Ethanol self-administration leads to heightened aggressive behavior in
certain individual mice, rats and monkeys. The neurochemical mechanisms
underlying alcohol heightened aggression was studied in resident rats, using
in vivo microdialysis o f DA and 5-HT in prefrontal cortex (PFC) and n.
accumbens (NAC). Male Long-Evans rats, housed with a female, attacked a
smaller male intruder in their home cage during a 10 min test, immediately
following self-administration o f a 10% ethanol solution during a 10 min
access period. During a one-day microdialysis experiment two intruder tests
were scheduled, one with, one without ethanol self-administration. BAC
levels ranged from 5 to 50 mg/dl. In PFC, DA was increased to 130% in
aggressive animals, whereas 5-HT was decreased to 50% o f baseline. These
changes did not precede but actually followed the fight. In NAC, no such
changes in DA or 5-HT w ere observed. During ethanol drinking followed by
an intruder confrontation, DA levels were increased in NAC to 130% o f
baseline; no DA increase was observed during intruder confrontations
without ethanol. In PFC, ethanol attenuated the decrease in serotonin during
aggression. This may point to a role for PFC in the aggression heightening
effects o f alcohol. Whether individuals with alcohol-heightened aggression
show different basal 5HT or DA levels and/or different phasic changes
during aggression or ethanol consumption is currently under investigation.
(USPHS grant A A 05122)

3 1 3 .5

EFFECTS OF FLUOXETINE AND ALCO H O L ON M OUSE
AGGRESSION. D .A . W idm er*, C .J. C om ille and
G.C. W agner. Psychology Dept. Rutgers Univ. New Brunswick,
NJ 08903
Mice in the isolation-induced model o f aggression show
behavioral changes dependent on levels o f alcohol and serotonin.
Intruder mice, injected 24 h previously w ith saline, 8 or 16 mg/kg
fluoxetine (FLX), 500 mg/kg alcohol (EtOH), or their combination
were placed in a resident’s cage. EtOH doubled intruder latency
while FLX decreased number o f resident and intruder attacks and
increased time to the intruder’s first counter-attack. The combined
dose o f EtOH and FLX significantly reduced the aggression o f the
intruder compared to saline as evidenced by a 66% decrease in
attacks and 300% increase in latency.
Chronic injection of
intruders with FLX (8 mg/kg) for 2 weeks decreased their attacks
by 93% , 72 h after the last injection while increasing latency by
over 600%. Acute injection o f FLX (8 o r 16 m g/kg) caused a
decrease in 5-HIAA (up to 30%) and 5-HT turnover (to 48%) in
various brain regions when mice were sacrificed 24 h later; 2
weeks o f 8 mg/kg FLX caused a similar, albeit, blunted reduction
in both measures. Results indicate FLX decreases intruder
aggression.
Supported, in part, by ES 05022

3 1 3 .4
CHRONIC FLUOXETINE ADMINISTRATION PRODUCES CHANGES IN
BEHAVIOR AND 5HT1A RECEPTORS. J.D. Sokolowski*, R. Lew, andL.S.
Seiden. Dept. of Pharmacological and Physiological Sciences, Univ. of Chicago,
Chicago, EL, 60637.
Rats were treated for 21 days with either fluoxetine (10 mg/kg/day, ip) or
vehicle and were tested daily on a differential-reinforcement-of-low-rates 72 sec.
(DRL72) operant schedule which has been previously reported to be sensitive to
the effects of antidepressant drugs. Following the conclusion of fluoxetine
treatment and DRL testing, the effects of the serotonin (5-HT) 1A receptor agonist
8-OH-DPAT on core temperature were investigated. Rats were sacrificed seven
days after the last fluoxetine treatment in order to obtain tissue for radioligand
binding studies on the 5-HT transporter. Results from the DRL72 behavioral
testing indicated that fluoxetine initially produced a decrease in lever pressing, an
increase in the number of reinforcers, and an increase in peak location as
determined through an analysis of inter-response times (IRTs). In addition, these
effects were observed throughout the 21-day treatment regimen, though in the
analysis of lever presses and peak location it was found that these measures began
to approach control values as indicated by an effect of day and a group by day
interaction. Following administration of 8-OH-DPAT (0.3 mg/kg, sc), it was
observed that rats which received chronic fluoxetine did not exhibit the
hypothermic effects of the 5HT1A agonist, indicating a desensitization of the
5HT1A receptor population. Finally, in the examination of radioligand binding,
decreases in both transporter number and affinity for the radioligand were found
in hippocampus, striatum, and prefrontal cortex. These results indicate that
chronic fluoxetine administration produces profound behavioral and
neurochemical changes, and suggests that these may be mediated by fluoxetineinduced alterations in the 5HT1A receptor. (Supported by grants PHS MH-11191,
PHS MH-10562, and PHS T32-DA-07255)
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THE EFFECTS OF POSTNATAL HANDLING AND MATERNAL
SEPARATION ON THE SEROTONERGIC SYSTEM IN THE ADULT
RAT. M.R. Bodnar1*, S. Sharma1, P. Plotsky2, M.J. Meaney 1. 1Douglas
Hosp. Res. Ctr., Dept. o f Neurolog. Sci., McGill Univ., Montreal, Canada,
H4H 1R3. 2Dept. o f Psychiatry, Emory Univ., Atlanta, GA 30322.
Changes in the serotonergic system have been implicated in states of
anxiety. Postnatally handled and maternally separated adult rats show
behavioral differences in tests o f anxiety, leading us to hypothesize that these
differences may be associated with alterations in the serotonergic receptor
system and the expression o f the serotonin transporter in the CNS. For the
first 21 days o f life, handled rat pups were removed from their cage daily and
placed together in small containers before being returned to their cage and
their mothers fifteen minutes later; maternally separated pups, by contrast,
spent 180 minutes per day away from the home cage. Our preliminary data
suggest that maternally separated animals demonstrate increased 5-HT1A
receptor levels in the CA1 subfield and dentate gyrus o f the hippocampus
measured in vitro using receptor autoradiography with 3H-8-OH-DPAT.
Handled adult rats show decreased 5HT2 receptor binding in the
hippocampus and frontal cortex when 3H-ketanserin is used as a radioligand.
In vitro 3H-paroxetine autoradiography suggests a tendency for increased
serotonin transporter density in the dorsal hippocampus o f handled animals
compared to nonhandled animals. Our studies suggest that neonatal
manipulations may contribute to differences in the serotonergic system and
behavioral responses o f adult rats. (Supported by MRCC and NIMH)

3 1 3 .7

3 1 3 .8

CHARACTERIZATION OF AGGRESSIVE & SUBMISSIVE
BEHAVIOR AMONG MALE CRAYFISH RELATED TO THE
ENDOGENOUS LEVELS OF 5-HT & OTHER NEUROMODULATORS.
B.G. Spohn1, W.S. Neckameyer2, B. Peretz*3 and R.L. Cooper. Dept.of
Entomology.1, Univ. of Kentucky, 40546; Dept, of Pharm. & Physiol. Sci., St.
Louis Univ., St Louis, MO2; D ept. of Physiol., Univ. of Kentucky3; Sch. of
Biol. Sci., Univ. of Kentucky, Lexington, KY. 40506.

NEUROM ODULATOR EFFECTS ON PRIMARY SENSORY
NEURONS:
RAPIDLY
AND
SLOWLY
ADAPTING
PROPRIOCEPTORS.
Li Hao. E. W ard, H. Bradacs*1 and R.L. Cooper
Sch. Biol. Sci., University of Kentucky, Lexington, KY 40506; Institut
fur Zoologie der Univ. Graz, Abt. fur Neurobiologie, Graz, Austria 1.
Neuromodulators are known to influence the behavioral states of
crustaceans (Kravitz 1988. Science 241:1775-1781). Although, how the
behavioral state comes about by multiple sites of action among sensory,
central and motor neurons is still not fully understood. A number of
previous reports address neuromodulator effects on transmission of
various motor nerve terminals (Bradacs et al., 1997. J. exp.
Biol.200:677-691) and on primary sensory neurons (Pasztor &
MacMillan 1990. J. exp. Biol. 152:485-504). W e are continuing to
address questions of neuromodulators on the well defined abdominal
dynamic and static muscle receptor organs of the crayfish. We are
examining neuromodulator effects on input resistance, threshold of
activation, and resting membrane potential which may account for the
changes in firing frequencies. The neuromodulators we are examining
are 5-HT, Octopamine and molt related molecules to help in elucidating
the behavioral states associated with dominance, submission and
quiescence. Supported by Univ. of KY start up funds (R.L.C.) and
Undergraduate Research Fellowship from UK (E.W.).

Crayfish exhibit aggressive behaviors differently than previously
described in lobsters (Huber and Kravitz, Brain Behav Evol, 1995,46:72). For
example, antennae whipping does not appear to play a major role among
fighting male crayfish. Neuromodulators can have a role in eliciting
aggression in lobsters (Livingston et al., Science, 1980, 208:76). We wanted
to examine the effects of neuromodulators on behavior in crayfish and
correlate these levels with behavior, which has not been done previously.
After repeated pairing of isolated and identified crayfish, individuals within
a pair were determined as either dominant or submissive. We measured, by
HPLC, the levels of 5-HT and dopamine in hemolymph and in the entire
ventral nerve cords, which were withdrawn from animals after the final
pairing. Baseline levels of dopamine and 5-HT in both hemolymph and nerve
cords revealed that 5-HT levels were 15-20% of dopamine levels. We are in
the currently of measuring changes in 5-HT and dopamine levels over long
periods and it relation to social status in pairs of crayfish. Supported by NIMH
training grant (B.G.S.), NARSAD (W.S.N.) & U.K. start-up funds (R.L.C.).
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O V E R A C T IV A TIO N O F 5-H T2A R E C E P T O R S IM PA IR S RESPO N SE
C O N T R O L IN RA TS. T. K oskinen1, R. L appalainen1, E. Koivisto2, S.
R uotsalainen1, P. M ӓ nnistӧ3, an d J . Sirviӧ1*. A.I. V irtanen Institu te1,
D ept. o f N euroscience and N eurology2, D e p t o f Pharm acology and
Toxicology3, Univ. o f K uopio, FIN-70211 K uopio, Finland.
P u u m ala an d Sirviӧ (this m eeting) found th a t the index o f serotonin
‘turnover* (the ratio o f 5-H T/5-H IA A) m easured in the fro n ta l cortex
correlated inversely w ith the choice accuracy o f rats tested in an
attentional (5-choice serial reaction tim e, 5-CSRT) task, w hereas th a t
neurochem ical p aram ete r correlated positively w ith the probability o f
im pulsivity (IT I hole responses) o f rats tested in this task. This m eans th a t
the rats w ith high serotonin tu rn o v e r in the fro n tal cortex h ad lower
choice accuracy and higher im pulsivity than rats w ith low er serotonin
tu rn o v e r in this b rain area. T herefore, the present experim ents
investigated w hether the overactivation o f 5-H T2A receptors, w hich exist
in the fro n tal cortex, influence attention and im pulsivity in a 5-CSRT
task. T he results indicated th a t the systemic adm inistration o f 0.1 mg/kg
D O I, an agonist a t 5-H T2A receptors, slightly im paired the choice
accuracy o f w ell-perform ing rats, and significantly increased the
p robability o f p rem atu re responding. O n the o th e r h an d , D OI did n ot
affect food collection latency, w hereas it slightly reduced the probability
o f omissions indicating th a t this agent did n o t reduce the m otivation o f
rats fo r this task. These d a ta suggest th a t the overactivation o f 5-H T2A
receptors im pairs response control. Supported by the Academ y o f Finland.

EFFECTS OF KETANSERIN ON FEMALE RAT LORDOSIS
BEHAVIOR FOLLOWING PRIOR TREATMENT WITH DOI.
A. W olf*, M. DeLashaw, M. Caldarola-Pastuszka and L. Uphouse.
Department of Biology, Texas W oman’s University, Denton TX
76204.
Previously, we have reported that the 5-HT2 receptor antagonist,
ketanserin, inhibits lordosis behavior after infusion into the VMN; and
the 5-HT2 receptor agonist, DOI, increases lordosis responding. When
suboptimally hormone-primed, nonreceptive ovariectomized rats were
infused with DOI, facilitation of lordosis behavior developed within
20 min of the infusion. Co-infusion with ketanserin reduced the
effectiveness of DOI in producing the facilitation. Similarly, in
hormone-primed, sexually receptive ovariectomized rats, DOI reduced
the duration of inhibition attributable to ketanserin. However, it was
not clear from these findings if DOI had prevented or reversed
ketanserin's inhibition of the lordosis reflex. In these studies,
hormone-primed, sexually receptive, ovariectomized rats received VMN
infusion with 3000 ng DOI 15 min prior to infusion with 3000 ng
ketanserin tartrate. Under these conditions, DOI completely prevented
ketanserin from inhibiting lordosis behavior. A similar pattern was
evident in hormone-primed, nonreceptive rats that had been preinfused
with DOI. Although, in most animals, ketanserin prevented further
increments in the behavior from developing, ketanserin was relatively
ineffective in reducing lordosis responding. These findings lend
support to previous speculations that 5-HT2 receptor functioning in the
VMN may be more important for facilitation, rather than maintenance,
of female rat lordosis behavior.
Supported by NIH R01 HD28419 and GM08256.
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THE INHIBITORY EFFECT OF MDL 100,907 ON MK-801
INDUCED
HYPERLOCOMOTION
IS
MARKEDLY
COUNTERACTED BY RITANSERIN. P.M artin*, N.W . W aters,
E.S. W aters, A. Carlsson and M.L. Carlsson Dept. of Pharmacology,
Göteborg University, Sweden.

BEHAVIORAL AND BIOCHEMICAL EFFECTS OF CHRONIC
FLUOXETINE TREATMENT IN AN ANIMAL MODEL OF
REPETITIVE BEHAVIOR DISORDER. S.B. Powell1,2*, E. Wechsler1,
H.A. Newman1, & M.H. L e w i s 1 , 2,3 1Depts. of Psychiatry, Psychology &

Hoechst Marion Roussel Inc. is gratefully acknowledged for financial support.

3Neuroscience, University of Florida, Gainesville, FL, 32610.
Repetitive behaviors (e.g., stereotypies) are an important dimension of a
variety of neurobehavioral disorders. We have demonstrated the efficacy of a
5-HT uptake inhibitor in the treatment of these behaviors in individuals with
mental retardation. We chose Peromyscus maniculatus (deer mice) as a model
to study the neurobiological basis of abnormal repetitive behaviors. To
establish the predictive validity of this model, we treated deer mice exhibiting
high rates of spontaneous stereotypy with fluoxetine. Pre-treatment
observations were conducted over 5 days (a.m. & p.m.). Mice were injected
daily for 28 days with fluoxetine (10 mg/kg; n=10) or vehicle (n=10).
Observations were conducted at weeks 1, 2, and 3 and over the last 5 days of
the treatment phase. Using percent change from baseline over the last 5 days of
drug administration, fluoxetine treatment resulted in a significant decrease in
stereotypies compared to vehicle. Further analysis indicated significant
between-group differences for the a.m. observations at weeks 1, 3, and 4 but
not for the p.m. sessions. Following a 48 hr washout, mice were sacrificed and
the effects of chronic fluoxetine on the 5-HT transporter were examined.
Significant increases in the density and particularly the affinity (0.54 vs 0.04
nM) of the 5-HT uptake site were found using animals that exhibited a
fluoxetine related decrease in abnormal repetitive behaviors. These results
support the role of 5-HT in the mediation of abnormal repetitive behavior and
lend predictive validity to our animal model. Supported by MH56163.
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TWO DIFFERENT SEROTONERGIC LESIONS IMPAIR TRANSIENTLY THE
PERFORMANCE OF RATS IN AN ATTENTIONAL TASK, BUT DO NOT
CAUSE ANY MAJOR INTERACTION WITH CHOLINOLYTICS. S.
Ruotsalainen1*, R. Miettinen2, E. MacDonald3, P. Riekkinen S r1,2 and J. Sirviӧ1,
A.I. Virtanen Inst.1, Dept. of Neuroscience and Neurology2, Dept, of Pharmacology
& Toxicology3, Univ. of Kuopio, P.O.Box 1627, FIN-70211 Kuopio, Finland.
The present study investigated 1) the role of serotonin (5-HT), 2) possible
differences between muscarinic and nicotinic receptor mediated mechanisms and 3)
the interaction between the serotonergic and cholinergic systems in the modulation
of attention and response control by assessing the influence of cholinergic receptor
blockade and 5-HT lesions on the performance of rats in the 5-choice serial
reaction time task.
The neurochemical analysis indicated that the levels of 5-HT and 5hydroxyindoleacetic acid were reduced quite specifically in the hippocampi,
parieto-occipital and frontal cortices and also in the striatum of both pchloroamphetamine (pCA) and 5,7-dihydroxytryptamine (5,7-DHT) lesioned rats.
The behavioral results indicated that the pCA lesion caused a transient increase in
impulsivity, whereas the 5,7-DHT lesion temporarily reduced the motor activity
and slightly impaired attention. Furthermore, the blockade of central muscarinic
receptors by scopolamine (0.075 and 0.15 mg/kg), but not nicotinic receptors by
mecamylamine (1.0 or 3.0 mg/kg), impaired the choice accuracy, whereas the
blockade of both muscarinic and nicotinic receptors interfered with motor activity,
though possibly via peripheral mechanisms. Interestingly, mecamylamine (3.0
mg/kg) reduced impulsivity (the probability of premature responding), whereas
scopolamine slightly increased it. Serotonergic lesions did not make the rats more
susceptible to the effects of cholinolytics on choice accuracy.
This study was supported by the Academy of Finland.

SEROTONIN REVERSES DOMINANT SOCIAL STATUS
C liff H. Summers* and Earl T. Larson
Dept o f Biology, University o f South Dakota, Vermillion, SD 57069
Social stress from aggressive interaction is expressed differently in
specific brain regions o f dominant and subordinate male Anolis
carolinensis. Prior to aggressive behavior the outcome is predictable
via the celerity o f postorbital coloration: Dominant males exhibit more
rapid eyespot darkening. Serotonergic activation is manifest rapidly
(1 h) in hippocampus, n. accumbens and brainstem o f subordinate
males, and may be expressed more rapidly in dominant males.
Amygdalar serotonergic activation responds rapidly (1 h) in dominant
males, but is expressed slowly (1 w) and chronically in subordinate
males. We hypothesized that chronic (1 w) serotonin elevation,
manipulated by the selective serotonin reuptake inhibitor sertraline,
would decrease aggressiveness and result in subordinate status. When
both dominant and subordinate males were treated with sertraline (or
saline), or when subordinate males alone were treated with sertraline,
previously established social relationships remained stable or became
associative. However, when dominant males were treated with
sertraline their social status was reversed (43%) or negated (57%).
Latency to eyespot darkening was significantly retarded in dominant
males treated with sertraline, and aggressive displays and attacks were
reduced. Chronic 5-HT elevation is consistent with subordinate status.
Supported by NSF grant O SR-9108773

MK-801 is an un-competitive N-methyl-D-aspartate (NMDA) receptor
antagonist which induces a behavioral syndrome in mice that includes
hyperlocomotion (HLMA). Based on the “glutamate hypothesis of
schizophrenia” MK-801 HLMA in mice can be regarded as a model of
this disease. The potent and selective 5-HT2a receptor antagonist MDL
100,907 (M100907) efficiently counteracted the MK-801 (0.3 mg/kg
ip.) induced HLMA (cf. Abstract 809.7, 1995). However, concomitant
administration of the 5-HT2a/2c antagonist ritanserin (1 or 3 mg/kg ip.)
substantially counteracted the inhibitory effect of M l00907 (0.5 mg/kg
ip.) on MK-801 HLMA.
These result points out a clear difference between ritanserin and
M l00907 on MK-801 induced behavior. Data from experiments
designed to shed light on the mechanism o f action for the observed
difference will be presented. It is hypothesized that ritanserin, unlike
M l00907, reduces the inhibitory effects on locomotion exerted via 5HT2c receptors by endogenous serotonin in the hypoglutamatergic
state. Another possibility, that ritanserin acts as a preferential dopamine
D2 autoreceptor antagonist in the doses used, will also be illuminated.
Our results support the view that the failure of ritanserin in clinical
trials in schizophrenia does not necessarily impede the success of
M 100907 in such trials.
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STRESS EFFECTS ON LEARNING BEHAVIOR AND SEROTONIN
TRANSPORTER GENE EXPRESSION IN MALE AND FEMALE AGED
WKY RATS. W.P. Paré*, G.R. Blair, J. Kluczvnski and S.M. Tejanj-Butt.
VA Med. Center, Perry Point, MD 21902 and Dept. Psychiatry, Univ. Penn.
Sch. of Med., Philadelphia, PA 19104. Senescent organisms are assumed to
be less adaptive and more vulnerable to stress effects, but little supportive
evidence is available. Accordingly, young (4 mos) and old (24 mos) male and
female WKY rats were exposed to either an acute (1 session) or repeated (5
episodes) restraint plus cold, and stress effects were observed on food
consumption, open field (OF) response latency behavior and learning on two
avoidance tasks. Since the serotonin transporter (5-HTT) sites, located on
presynaptic neurons and terminals, play an important role in terminating the
action of 5-HT that is released following nerve stimulation, acute and chronic
stress effects were examined on 5-HTT mRNA levels in the midbrain region.
Stress decreased daily food intake in home cages, and response latency in the
OF, but poorer avoidance learning scores were age-, and not stress-, related.
5-HTT mRNA levels were unaffected by either age or gender in no-stress
control rats. Acute stress led to a significant decrease in mRNA levels in old
female, as compared to old male rats. Chronic stress led to an increase in 5HTT mRNA levels in young rats but this effect was significant only in female
rats. The results would suggest that old rats were less responsive to stress
stimulation and that 5-HTT gene expression may be more susceptible to stress
induced alterations in female rats as compared to male rats. (Supported by
VA Medical Research Service).
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THE INFLUENCE OF HALOTHANE ON COCAINE-INDUCED REGIONAL
BRAIN ACTIVATION: A 2DG STUDY. T Chou. AB Russ, JJA Marota, JB
Mandeville, C Ayata, R Weisskoff, M Moskowitz, B Rosen*, and BE Kosofsky.
Departments of Anesthesia, Neurology, and Neurosurgery; Laboratory of Molecular
and Developmental Neuroscience, and NMR Center, Massachusetts General
Hospital- East, Harvard Medical School, Boston, MA 02119.
Utilizing Sokoloffs 2DG method (J. Neurochem. 28:897-916,1977) we compared
the ability of cocaine to induce functional brain activation in halothane-anesthetized,
paralyzed (pancuronium) SD rats, as compared with awake behaving rats
administered cocaine identically (at doses of 0.0, 0.1, 0.5, or 1.0 mg/kg, iv). 2DG
was infused 1 minute after iv cocaine administration to synchronize the time of peak
2DG incorporation with the period of maximal behavioral response to iv cocaine in
awake animals. This experiment was designed to provide baseline data regarding the
pharmacologic specificity of cocaine-induced brain activation, and to explore the
influence of halothane anaesthesia on cocaine-induced brain activation, to facilitate
interpretation of parallel experiments utilizing fMRI and laser doppler methods.
Approximately 100 anatomic regions were selected and measured for glucose
uptake. Our results in awake animals demonstrate robust activation in striatum as
well as motor and limbic cortices (30-50% increase) following administration of
cocaine at doses of 0.5 and 1.0 mg/kg, iv, with some increased activation evident in
striatum and limbic cortices at the 1.0 mg/kg vs. 0.5 mg/kg dose. Results from
halothane-anesthetized (0.5%) animals demonstrate a somewhat altered dose-response
pattern in which modest activation is seen in striatum and limbic cortices following
administration of cocaine at 0.5 mg/kg and 1.0 mg/kg, iv. These 2DG findings
confirm results that others have obtained in awake rats, and extend those findings to
halothane-anaesthetized rats, which we have utilized in the 2DG experiments
described above, and in parallel fMRI and laser doppler experiments directed at
understanding the regional and temporal specificity of brain activation following
acute cocaine administration to naive SD rats (supported by DA09467).

COCAINE INDUCED CHANGES IN CEREBRAL BLOOD VOLUME AS
MEASURED BY FUNCTIONAL MRI S. L. Sell*, M. J. Quast, K. A. Cunningham
and J. P. Gallagher Univ. of Texas Med. Branch, Galveston, TX 77555-1143
Regional cerebral blood volume (rCBV) responses to cocaine were calculated using
contrast enhanced magnetic resonance imaging methods. Ten rats were divided into
two groups: drug naive rats (n= 5) and cocaine-pretreated rats (15 mg/kg i.p. BID for
14 days; n=5). All rats were intubated and artificially ventilated with halothane (0.8%)
in N2/0 2 and fitted with femoral artery and vein cannulas. Rats were positioned on a
3.0 cm proton surface coil and placed in a 4.7 T MRI system (Varian, Palo Alto, CA).
High resolution multislice spin echo (SE) imaging was performed before and after
intravenous injection of a superparamagnetic iron oxide contrast agent (Advanced
Magnetics, Inc., Cambridge, MA). Following administration of cocaine (15 mg/kg
i.p.), multislice images were collected over 5 minute periods for a timecourse of 45
minutes. Blood volume image intensities were correlated to a linear model assuming a
maximum response occurring within 5-10 min of injection and a prolonged duration
of action.
Drug naive rats demonstrated a variability in rCBV changes in response to cocaine
while cocaine-treated rats responded consistently with blood volume decreases in the
brain regions observed. The timecourse of the measured changes in both groups
appeared to be dependent on the specific brain region. In drug naive rats both positive
and negative correlations (0.8-0.9) occurred in such brain regions as dorsal lateral
septum, amygdala, hippocampus (CA1), hypothalamus, nucleus accumbens and dorsal
raphe, while only positive correlations were observed in cortical areas. In cocainetreated rats negative correlations only (0.8-0.9) were observed in the following brain
regions: prefrontal cortex, medial forebrain area, hippocampus (CA1), hypothalamus,
substantia nigra, medial forebrain bundle, ventral hippocampal commissure,
amygdala, septum, and ventral pallidum. Increases and decreases in rCBV in response
to cocaine ranged from 10 to 25%.
Supported by DA 07190, DA 00260, DA 06511
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LOCAL CEREBRAL METABOLIC CONSEQUENCES OF SHORT-TERM
COCAINE SELF-ADMINISTRATION IN MONKEYS D. Lyons*, M.A. Nader, P.P.
Friedman & L J. Porrino Department of Physiology and Pharmacology, Bowman Gray
School of Medicine, Wake Forest University, Winston-Salem, N.C. 27157.
One of the sustained interests of this laboratory is the impact of chronic cocaine
exposure on brain function. Previously we have shown that a bolus infusion of cocaine
(1 mg/kg) decreased local cerebral metabolic rates for glucose (LCMRglu) in the
striatum of monkeys with long-term cocaine self-administration experience (ca. 1.5
years; Lyons et al., Neurosci Abstr., ‘96). The present study investigated the functional
consequences of short-term cocaine self-administration in rhesus monkeys by
measuring LCMRglu after the 5th daily session of cocaine self-administration (0.03 or
0.3 mg/kg/inj; n=3-4/group; fixed-interval 3-min; 30 reinforced responses per session
resulting in total intakes of 4.5 and 45 mg/kg). Control animals (n=3) responded under
an FI-3 min schedule of food presentation. LCMRglu was determined by the
quantitative 2-[14C]deoxyglucose method. On the day of the experiment, the tracer was
injected 2 min after the last reinforcer of the final session. LCMRglu was measured in
the dorsal and ventral striatum. Preliminary data indicate that cocaine self
administration resulted in reduced rates of cerebral metabolism throughout the striatum.
Decrements were comparably equivalent across dorsal and ventral striatal regions and
were in general modest (5%-15%). The uniform nature of these changes in functional
activity was similar to findings in animals with long-term self-administration
experience. In contrast, they differ from the effects of an intravenous bolus of cocaine
administered to drug-naive animals in which reductions in LCMRglu were more
restricted to ventral striatal territories (Lyons et al., J. Neurosci.,‘96). The present data
suggest that self-administered cocaine has widespread effects in the striatum, and that
long-term exposure is not necessary to produce such homogenous alterations in striatal
functional activity. Furthermore, they serve to emphasize the potential significance of
the self-administration paradigm in characterizing the effects of cocaine. Supported
by PHS grant DA09085 (LJP).
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HETEROGENEITY OF LOCAL RATES OF CEREBRAL METABOLISM IN THE
PRIMATE STRIATUM. J.B. Daunais*, D. Lyons, M.A. Nader, D.P. Friedman, and
L.J. Porrino. Department of Physiology and Pharmacology, Bowman Gray School of
Medicine, Wake Forest University, Winston-Salem, N.C. 27157.
The chemoarchitectural organization of the primate striatum is known to be
markedly heterogeneous. In addition to the compartmental pattern of distribution of a
number of neurochemical markers, there are distinct rostro-caudal gradients, for
example, in the density of dopamine transporters (Kaufman and Madras, 1992) as well
as µ. opioid receptors (Voom et al, 1996). Our laboratory has recently shown that the
effects of chronic cocaine exposure on dopamine D1 receptor density (Moore et al,
1997) and preproenkephalin mRNA expression (Paunais et al,1996) vary along a
similar dimension. The present study examined the rostro-caudal distribution of rates
of glucose utilization (LCMRglu) in the dorsal and ventral striatum of rhesus monkeys
using the 2-[14C]deoxyglucose method. LCMRglu was measured at 6 anterior-posterior
levels through the striatum ranging from the rostral-most nucleus accumbens to the
level of the anterior commissure. Within the dorsal striatum of control monkeys,
LCMRglu displayed a rostro-caudal gradient with higher metabolic rates present in the
more caudal levels of the striatum analyzed. More posterior portions of putamen
exhibited 24-29% higher rates of metabolism than more anterior aspects. Likewise,
posterior portions of the caudate displayed values 15-18% higher than comparable
anterior regions. In contrast, LCMRglu were more homogeneously distributed within the
ventral striatum. Although only a narrow extent of striatum (5 mm) was assessed, clear
gradients in functional activity were evident. Furthermore, the effects of cocaine self
administration were largely focussed in more caudal striatal territories, reducing the
magnitude of the gradients observed in control monkeys. These data suggest that the
striatum is functionally as well as neurochemically heterogeneous and that the
responsiveness of the striatum to the effects of cocaine is not uniform, but varies along
a distinct rostro-caudal gradient. Supported by PA09085 (LJP), and PA07246 (JBP).
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REGIONAL CEREBRAL GLUCOSE METABOLISM DURING
INDUCED CRAVING FOR COCAINE: A PET FDG STUDY. K. R.
Bonson*, S. J. Grant, J. Matochik, R. L. Phillips, C. Contoreggi,
E. D. London. Brain Imaging Center, National Institute on Drug Abuse,
NIH, Baltimore, MD 21224.
We have previously demonstrated that human subjects who abuse cocaine
showed increases in regional cerebral metabolic rates for glucose (rCMRglc)
as measured by the [F-18] fluorodeoxyglucose (FDG) method using positron
emission tomography (PET) when exposed to cocaine-related stimuli.
Furthermore, brain activation during cue exposure was significantly
correlated with increases in rCMRglc in the amygdala, prefrontal cortex and
cerebellum. We have now replicated these findings using a Siemens HR
Exact+ tomograph, which can acquire volumetric images from 63 brain
slices with high resolution (4.5 mm in plane). Using the same protocol as in
the previous study, subjects participated in two experimental sessions, a
week apart, during which self-report and PET measurements were collected.
During the FDG uptake period, subjects were exposed to a videotape and
paraphernalia related either to arts and crafts or to cocaine use. Initial
inspection o f the data from the first 9 subjects (6 cocaine-abusers, 3
controls) revealed the same general pattern of activation seen in the previous
study. Specifically, cocaine abusers showed increased rCMRglc in frontal,
occipital, and temporal lobe structures during exposure to drug-related cues
that elicited cocaine craving. In addition, the high resolution of the new
scanner allowed measurement of rCMRglc in areas such as the nucleus
accumbens and basal forebrain (extended amygdala) which were not reliably,
visualized previously. Work in progress includes correlations of self-reports
and a comparison of a pixel-by-pixel analysis with the region of interest
(ROI) analysis used in our previous study. (The NIDA Brain imaging
Center is supported in part by the Office of National Drug Control Policy.)

EFFECT OF COCAINE-RELATED ENVIRONMENTAL STIMULI ON
THE SPONTANEOUS ELECTROENCEPHALOGRAM IN POLYDRUG
ABUSERS. D.B. Vaupel*, X. Liu, S. Grant and E.D. London. Brain
Imaging Center, National Institute on Drug Abuse, NIH, Baltimore, MD
21224.
Published reports on cerebral substrates of cue-elicited cocaine craving in
human subjects have been limited to an observation that cocaine-related
cues produce a diffuse decrease in the power of the spontaneous
electroencephalogram (EEG) (Bauer and Kranzler, 1994) and our finding of
specific metabolic activation of cortical and limbic brain regions (Grant et
al., 1996). In our study, we measured regional cerebral metabolic rates for
glucose using [F-18]fluorodeoxyglucose and positron emission tomography
(PET) while collecting EEG measurements and self-reports of cocaine
craving during two test sessions. In the first, a videotape on arts and crafts
was presented (neutral stimuli), whereas in a later session, the stimulus
complex consisted of cocaine-related scenes or objects (videotape of
cocaine-related activity, paraphernalia, and cocaine). The subjects were 17
male cocaine abusers and 5 controls. EEG data from the C3, C4, P3, P4, Cz
and Pz leads were analyzed with EEGSYS software. In cocaine users but
not controls, EEG power in the alpha, and alpha2 frequency bands was
significantly lower during presentation of the drug-related stimuli when
compared to the neutral session. Decreased alpha power was negatively
correlated with whole brain glucose metabolism, but not with either the time
course or magnitude of self-reports of craving. More specifically, EEG
power decreased while levels of cocaine craving were steady throughout the
30-min session. This dissociation between EEG power and craving suggests
that cue-elicited self-reports of cocaine craving are not simply due to
increases in changes in the state of arousal. On the other hand, EEG
desynchronization does have a relation to global brain metabolism. (The
NIDA Brain Imaging Center is supported in part by funding from the Office
on National Drug Control Policy.)

3 1 4 .7
CONDITIONED INCREASES IN LOCAL GLUCOSE UTILIZATION BY
COCAINE-ASSOCIATED CUES. A. Pert* and A. C. DeVries. Biological Psychiatry
Branch, NIMH, Bethesda, MD 20892.
Through classical conditioning, environmental, situational, and interoceptive cues
associated with cocaine and other drugs of abuse develop the ability to elicit some of
the behavioral and physiological effects produced by the drug alone. The classical
conditioning of drug effects to external and interoceptive cues in animals may underlie
the development of incentive motivation which is probably the primary neurobehavioral
substrate responsible for craving. The purpose of this study was to define the neural
circuitry activated by cocaine-associated cues as revealed by local glucose utilization.
Three groups of rats were employed. The first group (PAIRED) was exposed to
locomotor activity chambers for 30 min following injections of 30 mg/kg of cocaine and
then injected with saline 1 hr later in the home cage. The second group (UNPAIRED)
was exposed to the locomotor chambers under saline and injected with cocaine in the
home cages. The third group (CONTROL) received saline in both environments.
After seven days of training all of the rats were first injected with 150 µCi/kg of 14C-2deoxyglucose i.v., followed by saline i.p., and then placed in the activity chambers for
40 min. At the end of this test session, the rats were decapitated, and their brains
removed and processed for autoradiographic analyses. The PAIRED rats on the test
day had activity levels substantially higher than the two control groups. Concomitant
with such conditioned behavioral effects, increases in glucose utilization were found
in the medial frontal cortex, basolateral amygdala, core and shell of the nucleus
accumbens, VTA, and various midline thalamic nuclei of the PAIRED rats. Increased
metabolic activity in these structures appears to be related to the expression of
conditioned cocaine effects and may underlie the incentive motivational processes
responsible for craving. Supported by NIMH.

A G ING : N EUR O T R A N SM IT T ER S
3 1 5 .1
AGE-RELATED DECLINE IN STRIATAL DOPAMINE RELEASE AND
REGIONAL NEUROCHEMICAL CHANGES IN THE BRAIN OF BROWN
NORWAY/FISCHER 344 HYBRID RATS. P.M. Yurek1*, P.M. Gash2, S.
Delinks3 and G.A. Gerhardt3. Depts. of Surgery/Neurosurgery1 and Anatomy &
Neurobiology2, Univ. of Kentucky College of Medicine, Lexington, KY 40536, and
Pept. of Psychiatry3, Univ. of Colorado Health Sciences Center, Penver, CO 80262.
This study examined the effect of aging on motor activity and monoamine levels
in different brain regions of young (3-4 month), middle-age (18-19 month), or old
(24-25 month) Brown Norway/Fischer 344 hybrid rats (BN/F344).
Naive rats in three age groups were initially tested for their ability to perform on
the rod walking task. We observed an age-related decline in scores for rod walking,
which are consistent with scores observed in other rat strains (Friedmann and
Gerhardt, Neurobiol. Aging 13:325-332).
Dopamine tissue content in the ventral striatum and substantia nigra of old rats
was significantly lower than that observed in young rats; middle-age rats also had
significantly lower dopamine levels in the substantia nigra than young rats.
Turnover ratios (DOPAC/PA and HVA/PA) were elevated in the ventral striatum of
old rats. While 5-HT levels do not show statistically significant chainges with age,
tissue content of 5-HIAA is significantly elevated in medial prefrontal cortex,
nucleus accumbens, ventral striatum, dorsal striatum, substantia nigra, and
hippocampus; 5-H1AA/5-HT ratios measured in the nucleus accumbens, ventral and
dorsal striatum were significantly greater in middle-age vs. young rats.
Using microdialysis, basal and amphetamine-stimulated release of dopamine was
measured in the striatum of young, middle-age and old BN/F344 rats. Basal release
of striatal dopamine was significantly lower in middle-age or old rats vs. young.
Similarly, amphetamine-stimulated release of striatal dopamine was lower in middleage or old rats vs. young. An age-related decline in extracellular DOPAC levels was
also observed in striatal microdialysis samples. This research was supported by the
NIA Pilot Program (DMY), NSF BIR-913392 (GAG), and AG 06434 (GAG).
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A G E -R E L A T E D C H A N G E S IN M RN A EX P R E SSIO N OF
DIFFERENT NMDA RECEPTOR SUBUNITS EXHIBIT REGIONAL
HETEROGENEITY. K.R. Magnusson* and G.E. Sammonds Dept. of
Anatomy & Neurobiology, Colorado State University, Fort Collins, CO
80523
There is a decline in binding of glutamate to the N-methyl-D-aspartate
(NMDA) subtype of glutamate receptors during the aging process in
C57B1 mice that is greater in the cerebrum than the hippocampus.
Antagonist binding (CPP), however, is more similarly affected in these
two regions. The goal of the present study was to utilize in situ
hybridization to determine whether changes in NMDA subunit message
could account for the aging changes seen in the NMDA binding site.
Twenty micron horizontal brain sections were obtained from male,
C57B1/6 mice that were 3, 10 and 30 months of age. Oligonucleotide
probes (45mers) for the zeta and epsilon2 subunits were labeled with 33PdATP and hybridized to the tissue sections. Sections were exposed to
film with 33P tissue standards. The intensity of the hybridization signal
(cpms/mg tissue) for the zeta subunit mRNA was significantly reduced in
aged animals throughout the pyramidal and granule cell layers of the
hippocampus, but only one cortical region, occipital/temporal, showed
significant reductions in labeling with the zeta probe. Signal intensity for
the epsilon2 subunit was significantly reduced in 30 month old mice in
the frontal and parietal cerebral cortices, but only in one hippocampal
region, the ventral blade of the dentate gyrus. These results suggest that
the regional differences seen in agonist/antagonist binding to the NMDA
binding site in aged mice may be due to region specific changes in
different subunits. Supported by NIA FIRST award AG 10607 and
RCDA AG00659 to K.R.M.
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AGE-RELATED DECLINE IN MIDBRAIN TYROSINE HYDROXYLASE
mRNA IN RHESUS MACAQUES. S.G. Kohama*, V.T. Garyfallou and H.F.
Urbanski. Division of Neuroscience, Oregon Regional Primate Research Center, 505
N.W. 185th Avenue, Beaverton, Oregon 97006.
Perturbations in brain dopamine concentrations have been documented in aging
primates and have been associated with a functional decline in areas such as the
prefrontal cortex. In addition, aging macaques show aberrant changes in the cellular
morphology and architecture of the midbrain. To test the hypothesis that these
disturbances result in a regulatory change at the transcriptional level, the current study
compared levels of tyrosine hydroxylase (TH) mRNA in the rostral and caudal
nigra/ventral tegmental area (VTA) of juvenile (ca. 1 yr), adult (4-15 yr) and old (2230 yr) rhesus macaque monkeys. Sections from the rostral and caudal midbrain of
each animal were hybridized with a monkey-specific, radiolabelled antisense cRNA
probe. Following the in situ hybridization procedure, the sections were apposed to
Betamax Hyperfilm. The resulting autoradiographs were analyzed for mean optical
densities in areas of interest and total area (pixels) of hybridization was also noted.
In the rostral nigra, TH mRNA showed a significant (P<0.01) age-related decrease,
which was also reflected as a decrease of the size of hybridized area. The same trend
was also noted in the caudal midbrain, which showed a significant (P<0.05) agerelated decrease in optical density and exposure area in both the ventral and medial
neuronal populations. The decline in TH gene expression observed during aging in
the mesencephalon of rhesus macaques could thus be responsible for the reported
decrease in dopamine levels in major projection areas. This decrease in TH mRNA
expression may be due to a decrease in expression of a subpopulation of
dopaminergic neurons or possibly neuronal loss. However, since the young adult
monkeys also showed some disturbance in dopamine regulation, it seems unlikely that
overt cell loss would be the only mechanism involved.
Grant Support: Oregon Alzheimer's Alliance Pilot Grant, RR 00163.

EFFECTS OF CHRONIC ALCOHOL CONSUMPTION AND
AGING ON NEUROTENSIN mRNA. M.J. Dmse-Manteuffel*
and N.F. Tajuddin. Molecular and Cellular Biochemistry, Loyola U.
Chicago School o f Med., Maywood, IL 60153.
Previous studies from this laboratory investigated the combined
effects o f chronic ethanol consumption and aging on mesocorticolimbic brain areas; components o f the dopaminergic and
serotonergic systems and proenkephalin were measured. This report
extends those studies by examining the combined effects o f aging
and chronic ethanol consumption on the expression o f the gene
encoding the neuropeptide neurotensin (NT). NT is a tridecapeptide
neurotransmitter/neuromodulator.
In situ hybridization histochemistry was used to detect NT mRNA
in the septal region and two areas o f the hippocampus: CA1 and the
subiculum. NT mRNA was detected using a n 35S-labeled
deoxyoligonucleotide probe. NT mRNA was quantitated in 5 and
24 month male Fischer 344 rats that were pair-fed a control or
ethanol-containing liquid diet for 6 weeks. The results o f these
studies found that steady-state levels o f N T mRNA were not
changed by aging or chronic ethanol consumption.
Research supported by USPHS AA08451.

315.5
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BEHAVIORAL AND IN VIVO ELECTROCHEMICAL EVALUATION OF
DOPAMINE UPTAKE DURING AGING M.A. Hebert* and G.A. Gerhardt.
Psychiatry, Pharmacology and Neuroscience Training Program, University of
Colorado Health Sciences Center, Denver, CO 80262.
To examine the consequences of aging on nigrostriatal dopamine (DA)
function, neurochemical and behavioral measurements were performed in male
Fischer-344 rats 6, 12, 18 and 24 months old. Current evidence indicates that
altered regulation of DAergic neurotransmission may be responsible for agerelated deficits in locomotor behavior. To test this hypothesis, activity monitoring
was performed on rats of each age group in the presence and absence of the
uptake inhibitors nomifensine (5mg/kg), desipramine ( l0mg/kg), and citalopram
(5mg/kg). Systemic nomifensine treatment produced increases in the locomotion
of all groups, with the drug-induced locomotion significantly greater in the young
versus aged rats (p<0.001). No significant changes in total distance traveled were
observed in any age group treated with desipramine or citalopram (compared to
saline-treated). Spontaneous locomotor activity (total distance traveled, cm/hr)
was also decreased in the aged rats (18 and 24 mo, p<0.01) as compared to the
young adult rats (6 and 12 mo). The kinetics and modulation of dopamine uptake
within the striatum were examined using high-speed (5 Hz) jn vivo
electrochemical recordings and local drug application techniques. Signal
amplitudes and time courses recorded following local DA application were
significantly increased in the aged rats (18 and 24 mo) suggesting a deficit in DA
uptake mechanisms (p < 0.001 vs. 6 and 12 mo). Modulation of signal amplitudes
by uptake inhibitors was also found to be diminished in the aged versus young
animals. In summary, this study indicates that the kinetics of DA uptake are
altered as a function of age, and these alterations have behavioral consequences
related to locomotion. (Supported by USPHS NS09199 and AG06434).

STUDY OF THE ORIGINS OF AGE-DEPENDENT REDUCTION IN
C H O L IN E U PT A K E A N D M E T A B O L ISM .
T. S u g iy am a,
H. K onieczna, D.J. Ennulat* and B.M. Cohen. M cLean Hospital &
Harvard Medical School, 115 Mill Street, Belmont, MA 02178.
A dramatic reduction in choline uptake in brain is evident in living, el
derly human subjects (JAMA 274:902-7, 1995). As choline is an essen
tial nutrient, and is required for normal brain function, a progressive re
duction in choline uptake and metabolism is likely to have profound ef
fects on brain structure and function. In particular, this reduction may
partially explain why there is a selective loss of cholinergic neurons with
normal aging, and more profoundly, in neurodegenerative diseases such
as Alzheimer's disease. Similar age-dependent reduction in brain choline
uptake has been detected in rodent brain along with reduction of other
cholinergic markers. The mechanism involved in the progressive loss of
cholinergic transport and function with advancing age, is poorly under
stood. W e have initiated biochemical studies using male, Fisher 344 rats
to define the step(s) where choline transport and metabolism are affected
as a function o f age and thereby provide insights into the origins of this
deficit. Several key enzymes are currently under investigation. Choline
kinase (CK) catalyzes phosphorylation of choline, a process essential for
further metabolism and necessary to prevent loss o f choline following
transport into a cell. Measurement o f CK activity has revealed that there
is no difference in CK activity in young (2 month old) as compared to el
derly (18 and 24 month old) rats. These results suggest that decreased
choline uptake with age is due either to diminished transport or reduction
in the metabolism o f choline following phosphorylation. Determination
of these activities is underway. This work is supported by a grant from NIMH.

315.8

315.7

G A L A N IN R E C E P T O R S IN T H E H IP P O C A M P U S AND
ENTORHINAL CORTEX OF AGED FISCHER 344 M ALE RATS.
B. Planas*, P.E. Kolb, M.A. R askind, and M.A. M iller. Department
of Psychiatry, University of W ashington, Seattle, W A 98195.
Galanin (GAL) has been proposed to be an inhibitory modulator of
cholinergic memory pathways since it acts within the hippocampus to
inhibit the release and antagonize the post-synaptic actions of
acetylcholine. Here, we have used 1) slice binding and quantitative
autoradiography to assess the density and occupancy of GAL receptors
and 2) in situ hybridization histochemistry to assess expression of the
GALR1 receptor subtype in the ventral hippocampus o f 3 month and 21
month old Fischer 344 male rats. We detected a significant (p<0.0003)
age-related reduction in 125I. q a l binding site density in the ventral
hippocam pus and entorhinal cortex under both standard binding
conditions and following G TP-induced desaturation to unmask pre
existent GAL receptors occupied by endogenous ligand. GTP
pretreatment increased GAL binding to a sim ilar degree in both age
groups (p≤0.0001) suggesting that occupancy by endogenous ligand
did not differ in the basal state. The reduction in binding was not
associated with a significant change in GALR1 gene expression in the
hippocampus. Since a portion of GAL receptors in this region have
been postulated to function as pre-synaptic auto-receptors on
cholinergic fiber terminals, the reduction in GAL binding sites with age
may be a consequence of age-related alterations in G AL receptor
expression by basal forebrain cholinergic neurons which project to the
ventral hippocampus. This work was funded by NIH NS33606 and
NIA AG10917.
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CHRONIC TREATMENT OF SYRIAN HAMSTERS WITH LOWDOSE SELEGILINE INCREASES LIFE SPAN IN FEMALES BUT NOT
MALES AND IS INDEPENDENT OF MAO-B INHIBITION. U. Hafner1,
S. Stoll1,. B. Kränzlin2, A. Zimmermann1* and W.E. Müller3. Centr. Inst.
Mental Health, 68159 Mannheim, Germany1; Med. Research Center,
Klinikum Mannheim, 68135 Mannheim, Germany2; Biocenter, University of
Frankfurt, 60439 Frankfurt, Germany3
The only intervention conclusively shown to prolong life span in mammals is
caloric restriction. Selegiline, a selective, irreversible inhibitor of monoamine
oxidase B (MAO-B) is the first drug reported to reproducibly increase mean
and maximum life span in animals, although this has only been demonstrated
in male rats and mice. The effect on life span is commonly assumed to depend
on MAO-B inhibition, but final experimental proof is missing. Therefore, we
investigated the possible relationship between selegiline's effect on life span
and MAO-B by monitoring survival data and MAO activity in the brain of
Syrian hamsters of both sexes. Selegiline (0.05 mg/kg/day) significantly
increased life span in female Syrian hamsters, but not in male ones. In
contrast, MAO-B was inhibited equally in both sexes by about 38 %, although
females had a higher baseline MAO-B activity. No increase in MAO-B with
age was observed. Female control hamsters had a shorter life span than male
controls. Interestingly, this sex difference dissapeared in the selegiline treated
animals. These findings suggest that the increase of life span by selegiline
might be independent of MAO-B inhibition, but is possibly related to
mechanisms determining sex differences of life span. Similar experiments on
female NMRI mice are currently under investigation. (This work was partially
supported by ASTA Medica AG, Frankfurt, Germany.)
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ALTERATION IN NMDA RECEPTOR-MEDIATED NEUROTRANSMISSION
IN CA1 HIPPOCAMPAL NEURONS IN THE AGED RAT AND IN 192 IGGSAPORIN PRETREATED RAT.
A. Jouvenceau, P. Dutar* and JM. Billard, INSERM U161, F-75014 Paris, France.
Age-related alterations of non-NMDA responses were thoroughly investigated while
in contrast, less is known about possible modifications in NMDA responses in the
aged rats. We therefore compared the responses mediated by the activation of NMDA
receptors in young (3-4 month-old) and aged rats (23-26 month-old) using extra- and
intracellular recordings from CA1 pyramidal neurons in the hippocampal slice.
Stimulation of the stratum radiatum in young rats in a magnesium-free ringer and in
the presence of the non-NMDA receptor antagonist CNQX (10 μM) elicited
extracellularly recorded field EPSPs (fEPSPs) which were reversibly antagonized by
APV (30 (μM).The amplitude of these fEPSPs was significantly weaker in aged rats
for high intensities of stimulation while a significant increase in the duration was
recorded at any intensity. No significant modification in the intracellularly recorded
EPSP was found. On the other hand, bath application of NMDA in a control medium
induced a dose-dependent depression of the fEPSPs mediated by the activation of nonNMDA receptors which reflects the depolarizing effect of the agonist on the
pyramidal cells. No significant age-related alteration of the depressive effect of
NMDA (10, 25, 50 and 100 μM) was found. Considering the decrease in NMDA
binding sites reported in the literature, this result suggests that some compensatory
mechanisms may take place in aged rats. On the other hand, an increase in duration
and amplitude of NMDA-mediated fEPSP and unitary EPSP was found in pyramidal
cells after total cholinergic denervation with the immunotoxin 192 IgG saporin,
while no significant difference in the NMDA receptor density was observed. This
result suggest that the functionnal compensation affecting the NMDA receptors in
aged rats may be due for part to the cholinergic deficit occuring in these animals. This
and possibly other mechanisms might account for the absence of significant alteration
in NMDA receptor-mediated responses induced by weak stimulations while the
depression revealed with higher intensities may reflect the saturation of these
processes.

MODIFICATION UPON AGING OF EXTRACELLULAR ADENOSINE
METABOLISM IN RAT HIPPOCAMPAL SLICES. R.A. Cunha*1. MD.
Constantino and J.A. Ribeiro. Lab. Pharmacology, Gulbenkian Institute of
Science, Oeiras, Dept. Chemistry & Biochemistry, Univ. Lisbon, Portugal.
Upon aging, there is a decrease in the number of inhibitory adenosine A1
receptors together with an increase in facilitatory A2A receptors in the limbic
cortex (Cunha et al., 1995, NeuroReport 6, 1583). Adenosine can be formed
from the release of adenosine as such or from the extracellular catabolism of
released ATP through the ecto-nucleotidase pathway (Cunha et al., 1996a,
J.Neurochem. 67, 2180). Since activation of A1 and A2A receptors depends on
the source of adenosine (Cunha et al., 1996b, Br.J.Pharmacol. 119, 253), we
investigated the effect of aging on extracellular adenosine metabolism in
hippocampal slices of old (24 months) and young adult (6 weeks) Wistar rats.
Purine release from perfused hippocampal slices was changed with aging:
ATP release (pmol/mg)
[3H]adenosine release (Bq/mg)
young
60±20
(2.8±0.2)x105
aged___________ 17±4___________________(1.1±0.2)x105
Extracellular purinergic metabolism was also modified with aging:______ __
ecto-ATPase
ecto-5’-nucleotidase
adenosine removal
(nmol/min/mg)
(nmol/min/mg)_______(nmol/min/mg)
young
9±2
0.5±0.1
0.43±0.09
aged______ 4.4±0.6__________ 2.3±0.2___________0.21 ±0.04
It is concluded that, although less ATP is released upon aging, it may be
more efficiently converted into adenosine. Since adenosine formed from ectonucleotidases preferentially activates A2A receptors (Cunha et al., 1996b), and
the number of A2A receptors increases upon aging (Cunha et al., 1995), it is
anticipated that A2A-facilitation might prevail in the aged hippocampus.
Supported by Gulbenkian Foundation, JNICT, Praxis XXI and EU.

315.11
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MODULATION BY ADENOSINE OF [3H]ACETYLCHOLINE RELEASE
FROM THE RAT HIPPOCAMPUS IS MODIFIED UPON AGING. J.A.
Ribeiro*. T. Almeida and R.A. Cunha1. Lab. Pharmacology, Gulbenkian Inst.
Science Oeiras, 1Dept. Chemistry & Biochemistry, Univ. Lisbon, Portugal.
The brain cholinergic system has been implicated in cognitive changes that
occur during aging (Bartus et al., 1982, Science 217, 408). Acetylcholine
(ACh) release from rat hippocampal slices is modulated by adenosine
inhibitory A1 and facilitatory A2A receptors (Cunha et al., 1995a, Neurosci.Lett.
196, 41), and the effect of endogenous adenosine depends on the balance
between A1 and A2A responses (Cunha et al., 1994, J.Neurochem. 63, 207).
Since upon aging there is a decrease in the number of A1 receptors and an
increase in the number of A2A receptors in limbic areas (Cunha et al., 1995b,
NeuroReport 6, 1583), we now investigated the effect of aging on A1/A2A
adenosine receptor modulation of [3H]ACh release from perfused
hippocampal slices of old (24 months) and young adult (6 weeks) Wistar rats.
The A2A agonist, CGS21680 (30 nM), produced a marked increase of ACh
release in aged rats (63±19%, n=4), while it was virtually devoid of effect in
young adult animals (n=4). In contrast, the A1 agonist, CPA (250 nM), was
less potent to inhibit ACh release in aged rats (17±8%, n=4) than in young
adult animals (52±7%, n=4). This lower ability of CPA to inhibit ACh release in
aged rats was not due to a greater tonic inhibition by endogenous adenosine,
since the effect of CPA (250 nM) was similar in the absence and in the
presence of adenosine deaminase (2 U/ml, n=4), which converts adenosine
into its inactive metabolite, inosine. The present results demonstrate that
there are age-related changes in the balance between inhibitory A1 and
excitatory A2A adenosine responses in the hippocampus, with a decreased
ability to activate inhibitory A1 receptors and an increase effect of activation of
facilitatory A2a receptors.
Supported by Gulbenkian Foundation, JNICT, Praxis XXI and EU.

MODULATION OF SYNAPTIC TRANSMISSION IN THE HIPPOCAMPUS OF
AGED RATS BY INHIBITORY AND EXCITATORY ADENOSINE
RECEPTORS. A.M. Sebastiao*. R.A. Cunha. A. de Mendonca and J.A.
Ribeiro. Lab. Pharmacology, Gulbenkian Inst. Science, 2781 Oeiras, Portugal.
Inhibitory (At) and excitatory (A2a) adenosine receptors modulate excitatory
synaptic transmission in the hippocampus (Sebastiao and Ribeiro, 1996 Prog. Neurobiol., 48, 167). In the hippocampus from aged rats there is a
decrease in the density of adenosine A1 receptors and an increase in the
density of adenosine A2a receptors (Cunha et al., 1995 - NeuroReport, 6,
1583). We now investigated whether these age-related changes in the density
of adenosine A1 and A2a receptors are accompanied by modifications of the
ability of these receptors to inhibit or enhance synaptic transmission.
The experiments were performed in hippocampal slices from aged (2 years
old) and young adult (4-6 weeks old) rats. Field excitatory post-synaptic
potentials (fEPSPs) were evoked by stimulation (0.1 Hz) of the Schaffer
collaterals and were extracellularly recorded from the CA1 synaptic region.
The inhibition of fEPSPs caused by the selective adenosine A1 receptor
agonist, N6-cyclopentyladenosine (CPA, 40nM) in aged rats (37+6%), was
smaller (P<0.05) than in young rats (83+1%), due to a decrease (P<0.05) in
the apparent affinity (EC50) of CPA in the aged hippocampus. In contrast, the
adenosine A2a receptor selective agonist, CGS 21680 (10 nM) caused a
greater (P<0.05) enhancement of synaptic transmission in hippocampal slices
from aged rats (38 ± 6% increase in fEPSP slope) than from young adult rats
(18 ± 2% increase in fEPSP slope).
The results suggest that in the aged hippocampus Arinhibitory adenosine
receptor functioning is reduced, whereas A2a-excitatory adenosine receptor
functioning is enhanced, and reinforce the interest of the design of A2a
receptor agonists as cognitive enhancers.
Supported by Gulbenkian Foundation, Praxis and EU.

315.13
ENDOGENOUS ADENOSINE ATTENUATES DEPOTENTIATION IN THE
HIPPOCAMPUS OF BOTH YOUNG AND OLD RATS. A. de Mendonca*. R.
Cunha. A.M. Sebastiao. J.A. Ribeiro. Lab. Pharmacology, Gulbenkian Inst.
Science, Oeiras, and Centro Estudos Egas Moniz, Hospital Sta. Maria,
Lisboa, Portugal
It has recently been shown that endogenous adenosine, by acting through
adenosine A1 receptors, is able to attenuate long-term depression and
depotentiation (DP) in the hippocampus of 12-14 days old rats
(Neuropharmacol. 1997 36:161). We now compare the effects of the selective
adenosine A1 receptor antagonist, 1,3-dipropyl-8-cyclopentyl-xanthine
(DPCPX), on DP elicited in hippocampal slices taken from young (4 weeks
old) and old (2 years old) rats. Two separate sets of the Schaffer pathway
were stimulated (1 stimulus every 20 s). Evoked field excitatory postsynaptic
potentials were recorded extracellularly from CA1 stratum radiatum. DP was
induced by first applying high-frequency stimulation (HFS, 2 trains of 100 Hz,
100 stimuli, test intensity, separated by 30 s), and then delivering lowfrequency stimulation (LFS, 1 Hz, 900 stimuli, test intensity). In old rats, DP
was 44.3±6.5% in one pathway in the presence of DPCPX (50 nM) and
17.5±3.8% in the other pathway in the control solution (n=4, P<0.05, Student’s
paired t test). In a similar way, in Young rats DP was 28.0±0.9% in one
pathway in the presence of DPCPX (50 nM) and 18.6±3.5% in the other
pathway in the control solution (n=4, P<0.05, Student’s paired t test). The
larger DP observed in both old and young rats in the presence of DPCPX
should not be attributed to differences in the previous LTP, since the
magnitudes of LTP elicited by this strong HFS protocol were not different
depending on the presence or absence of DPCPX or the age of the rat
(P>0.05, ANOVA). These results suggest that the inhibitory effect of
endogenous adenosine on DP is not appreciably modified by ageing.
Supported by Gulbenkian Foundation, JNICT, Praxis XXI and EU.
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NITRIC OXIDE PRECURSOR L-ARGININE POTENTIATES DOMOIC
ACID INDUCED STATUS EPILEPTICUS IN MICE. P. J. S. Vig*. Z. Pin. M.
Sundaram. D. Desaiah and R. Kelley. Dept, of Neurology, Univ. Miss. Med.
Ctr., Jackson, MS. 39216
Our earlier studies and available literature suggest that nitric oxide (NO) plays
a role in status epilepticus (SE), but the exact mechanisms are unclear. The
present study was initiated to understand the role o f NO precursor L-Arginine
(L-Arg) in domoic acid (DA)-induced SE. Male ICR mice were divided into
different groups. Group I and II were given DA (5mg/kg) and (2mg/kg)
intraperitoneally (i.p.) respectively. Group III and IV received NO precursor LArg (500mg/kg, i.p.), followed 5 min later by DA (5mg/kg) and (2 mg/kg)
respectively. Group V animals were given only L -Arg (500mg/kg i.p.). Group
VI and VII animals served as controls and received normal saline. Group I, III,
and VI animals were sacrificed after 24 h and animals in group II, IV, V and VII
were sacrificed after 5 days o f treatment. L-Arg administration, markedly
worsened DA( 5mg/kg) - induced toxicity and all animals went into SE in 30 40 min and died. Whereas, the group that received DA (5mg/kg) alone, only
one animal went into SE. Other animals survived without SE and were
sacrificed after 24h. To assess the hippocampal damage after DA and L-Arg
treatment, the expression o f glial fibrillary acidic protein (GFAP) was
determined by western blot analysis. DA (5mg/kg) treated animals (sacrificed
after 5 days) demonstrated an increase in GFAP in the hippocampus. The groups
treated with sub-convulsive dose o f DA (2mg/kg) did not show any increase in
GFAP expression. However, some changes were observed in L-Arg + DA
treated group. Whether these changes are progressive is currently being
investigated. Supported by University o f M ississippi Medical Center.

IMAGING INTRACELLULAR CALCIUM INCREASE DURING THE
ACTIVATION OF POSTSYNAPTIC NMDA RECEPTORS IN EPILEPTIC
HIPPOCAMPAL DENTATE GRANULE CELLS. Masako Isokawa*. Brain
Research Institute, UCLA, Los Angeles, CA 90024-1761.
Intensive activation of the NMDA receptor is reported to temporarily reduce
GAB AA receptor-mediated IPSCs in the hippocampal dentate granule cells (DGCs)
in human epilepsy and in the pilocarpine model of chronic epilepsy (Isokawa, J.
Neurophysiol. 1996). This decrement of IPSCs can be effectively prevented by
the intrapipette application of a calcium chelator, BAPTA, as well as extracellular
bath application of an NMDA receptor antagonist, APV (Isokawa, Soc. for
Neurosci. meeting abstr. 1996), suggesting that an increase in the intracellular free
calcium during the synaptic activation of the NMDA receptor may play an
important role in inducing the response decrement of GAB AA IPSCs in epileptic
DGCs. The present experiment was designed to study spacial and temporal
distribution of intracellular calcium increase in epileptic DGCs in response to the
NMDA receptor activation with the use of calcium imaging technique. Whole-cell
patch clamp recording was obtained with a CsMeS03-pipette containing a calcium
indicator dye, Fluo-3 (100 μM) from DGCs in hippocampal slices prepared from
pilocarpine-treated rats with chronic seizures. Following the recording of GABAA
IPSCs at Vm = 0 mV, high frequency stimulation was applied to the perforant
path at Vm = -30 mV, and fluorescent signals were monitored with the use of a
cooled CCD camera. In contrast with virtually no detectable signals before the
stimulation, the intensive activation of the NMDA receptor with high frequency
synaptic stimulation at Vm = -30 mV induced elevated calcium signaling in
somata, proximal dendrites, and distal dendrites with differing intensities. The
intensities of calcium signals were also dependent on the membrane potential of
DGCs during the application of high frequency stimulation of the same
parameters, suggesting the possibility that this method can be sensitive enough to
address relative differences in the accumulation of intracellular free calcium within
aDGC of epileptic hippocampus. Supported by a NINDS grant NS31180.

316.3

316.4

SEIZURE-INDUCED CELL DEATH IN VITRO: ROLE OF INTRACELLULAR
Ca2+ STORES. M. R. Pelletier*. J. Wadia. L. R. Mills and P. L. Carlen. Playfair
Neuroscience Unit, Bloorview Epilepsy Research Laboratory, Toronto Hospital
Research Institute, Departments of Medicine (Neurology) and Physiology, University
of Toronto, Toronto, ON, Canada, M5T 2S8.
Seizures, independent of systemic sequelae, can produce brain damage. We
investigated the contribution of two types of intracellular Ca2+stores (Ca2+-induced
Ca2+release, CICR; IP3-induced Ca2+release, HCR) in seizure-induced cell death in
entorhinal cortex/hippocampal slices prepared from rats 30-70 days of age. Both
evoked and spontaneous epileptiform discharges, recorded extracellularly in CA1,
were produced reliably with repeated tetanic stimulation (100 Hz, 2 sec, every 10 min,
10 episodes) of the Schaeffer collaterals. Cell death was characterized by gel
electrophoresis of genomic DNA (Invitrogen) and in situ labelling of new 3'-OH ends
generated by DNA fragmentation (Boehringer Mannheim). We observed degradation
of DNA, appearing as a diffuse smear (100-400 bps), indicative of necrosis, isolated
from slices 12-14 hrs, but not 1 or 3 hrs, after tetanization. There was no indication
of degradation of DNA isolated from unstimulated time-matched controls.
Preliminary data from in situ labelling of DNA strand breaks demonstrated weak
labelling after 1 and 3 hrs and was not different compared to control. Qualitatively
more labelling was seen after 12 hrs in stimulated slices, which was not subregion
specific. Application of dantrolene sodium (30 μM; Sigma) or thapsigargin (1μM;
Sigma) had no effect on normal synaptic transmission or the induction of epileptiform
discharges, but prevented DNA degradation determined by gel electrophoresis. These
results demonstrate that blockade of Ca2+ release from internal stores is
neuroprotective and that Ca2+-mediated events occurring downstream from those at
the membrane might be useful therapeutic targets. Supported by Canadian
Neuroscience Network Centres o f Excellence, Bloorview Epilepsy Program and Natural
Science and Engineering Research Council o f Canada.

SEIZU RE-IN D UCED A PO PTO SIS AND N EC R O SIS IN T H E
D EV ELO PIN G RA T BRAIN IS A G E D EPEN DENT. R. Sankar*. D.H.
Shin. R. Lezama. H. Liu. D, Santos. M. Pulera. S. Shinmei, S. Allen, and C.G.
Wasterlain. Departments of Neurology and Pediatrics, UCLA School of
Medicine, Los Angeles, CA 90095 and the Epilepsy Research Laboratories,
Veterans Affairs Medical Center, Sepulveda, CA 91343.
There is evidence for p53-dependent apoptosis in adult rats subjected to status
epilepticus (SE). We have examined the types and patterns of neuronal cell injuiy
in developing rats subjected to lithium-pilocarpine (LiPC)-induced SE.
Wistar rats pups ages 1 through 4 postnatal weeks and adult rats were subjected
to LiPC-induced SE. After 24 hours, coronal brain sections were stained for
cytoplasmic eosinophilia and nuclear pyknosis or for DNA strand breaks using
the TUNEL reaction. DNA extracted from the hippocampi 24 or 72 hours after
SE was examined using agarose gel electrophoresis. Selected sections were also
subjected to electron microscopy (EM).
Neurons exhibiting eosinophilia and TUNEL staining were both seen in the
CA1 of 2-week-old pups. EM examination in this region revealed cells
displaying features of necrosis or apoptosis. 3-week-old pups displayed extensive
cellular damage in the hilus, CA3, and the external granule cell layer of the
dentate gyrus (DG), but TUNEL positive neurons were confined to the inner
layer of the DG granule cells. Age-specific patterns of injury were seen also in
the 4-week-old and mature rats.
SE-induced apoptosis appears to be a feature of the developing rat brain with
age-specific patterns. Apoptosis appears to be a less important mechanism of cell
loss in the adult animals in this model of SE.
Supported by NS01792 from NINDS-NIH to RS.
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R ESCU E FROM A P O P T O S IS U S IN G C E R E B R O L Y S IN , AN
ANTIDEMENTIA DRUG. S.M. D’Souza*. R.M.D. Holsinaer. E.E. Katsis.
G. Gray. F. Molaie. A. Baskys and N.W. Milgram. University of Toronto
at Scarborough, Division of Life Sciences, 1265 Military Trail,
Scarborough, Ontario, Canada, M1C 1A4.
Cerebrolysin® (CB) is a porcine brain hydrolysate containing numerous
peptides and free amino acids that has been shown in clinical studies to
improve cognition in Alzheimer’s patients. While the mechanisms of action
are unknown, there is evidence that CB can stimulate the production of
neurotrophins. One possible function of neurotrophins is to prevent
apoptotic cell death, which could account for or contribute to the clinical
efficacy of CB. To examine this aspect of CB function, we looked at the
effect of CB on the development of apoptotic cell death in response to
status epilepticus (SE) induced by systemic administration of kainic acid.
Rats were administered kainic acid (12 mg/kg) and at 24 and 48 hours after
a controlled period of status, were administered an intraperitoneal dose of
either 4 ml/kg or 8 ml/kg CB. The animals were sacrificed following a 72
hour survival period, and their brains processed for the presence of
apoptotic bodies using a nick end labeling technique (ApopTag, Oncor).
Compared to control animals, treated with kainic acid and then saline, more
intense labeling was seen in the animals treated with the 4 ml/kg dose. In
contrast, minimal apoptotic labeling was observed in the 8 ml/kg group.
We interpret these results to indicate that CB can either delay (4 ml/kg) or
prevent (8 ml/kg) apoptotic cell death, depending on dose level.
Supported by EBEWE Research Initiative Foundation grant to NWM.

NEURONAL MIGRATION DISORDERS IN RAT CEREBRAL CORTEX:
ELECTROPHYSIOLOGICAL AND ANATOMICAL CHARACTERIZATION.
HJ. Luhmann1*, N. Karpuk1 M. Qü2 and K. Zilles2- 1Institute o f Neurophysiology,
2C.&0. Vogt Institute of Brain Research, University o f Düsseldorf, POB 101007,
D-40001 Düsseldorf, Germany.
Neuronal migration disorders (NMDs) represent one of the leading causes of
pharmaco-resistant epilepsy. The cellular mechanisms underlying this pronounced
hyperexcitability are poorly understood. We used a focal freeze lesion model
(Dvorak & Feit 1977,1978) to produce NMDs in newborn rat cerebral cortex. This
model reproduced the cortical malformations described in humans (polymicrogyria,
4-layered cortex, heterotopia). In agreement with clinical data, the dysplastic rat
cortex also revealed a prominent hyperexcitability as expressed in propagating
epileptiform responses recorded in coronal slices. The spread of this activity over
>4 mm could be blocked by 10 μM NBQX, suggesting that AMPA receptors are
involved in the wide-spread horizontal propagation of epileptiform responses.
Intra- and extracellular recordings in dysplastic cortex revealed a long-lasting
APV-sensitive component at resting membrane potentials, indicating that NMDA
receptors contribute to excitatory synaptic transmission at potentials between -70
and -85 mV. Furthermore, stimulus-evoked GABA a and G A BA b receptormediated IPSPs were decreased in efficacy when compared to the controls.
Quantitative autoradiographical receptor studies, revealed a significant reduction
of GABA a and G ABA b receptors in dysplastic cortex. In addition, AMPA
receptor binding was markedly enhanced over a wide horizontal extent and NMDA
receptor density was locally increased at the side of the malformation. These
anatomical data correspond well to our electrophysiological observations and may
explain the therapy-resistance of epilepsy associated with NMDs.

Supported by DFG grants SFB194-A6 and SFB194-B4.
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CORTICAL SPREADING DEPRESSION SUPPRESSES SPIKE-WAVE
DISCHARGES IN THE WAG/RIJ RAT. H.K.M. Meeren1. N. Ates. A.M.L.
Coenen. E.L.J.M. Van Luiitelaar. R. Dirksen*. and W.H.I.M. Drinkenbura.
NICI, Dept. Comp.& Physiol.Psychol. / *Dept. Anesthesiol., Univ.of Nijmegen,
Nijmegen, The Netherlands.
WAG/Rij rats spontaneously show typical bilateral generalized spike-wave
discharges (SWDs) with a spike frequency of 7-10 Hz in their neocortical
EEG, and are considered a validated genetic model for human absence
epilepsy2. It has been established that these SWDs reflect highly
synchronous oscillations in the thalamocortical circuit. It is not clear, however,
whether both thalamus and cortex need to be functionally active for the
oscillations to develop. To assess whether an intact cortex is a prerequisite
for the occurrence of SWDs, the cortex was reversibly eliminated by the
technique of cortical spreading depression (CSD)3. Following the bilateral
application of 3 M KCI solution on the surface of the dura, clear signs of
cortical and thalamic EEG suppression were observed, during which SWDs
were totally abolished. Partial recovery of the cortical EEG amplitude was
accompanied by large slow waves (1-2 Hz) in the thalamic EEG.
Occasionally, the cortical EEG showed high-amplitude single spikes. After
complete recovery of the cortical background EEG, long thalamocortical
oscillations with changing amplitudes, frequencies and morphology could be
observed. The subpieces which showed a morphology resembling that of
SWDs, had a markedly decreased spike frequency of ~3 Hz. Normal SWDs
did not return until 1-2 hours after CSD induction. It is concluded that a
functionally intact cortex is a prerequisite for the appearance of SWDs.

VAGUS NERVE CHRONIC STIMULATION RETARDS AMYGDALOID
KINDLING DEVELOPMENT IN FREELY-MOVING CATS.

’Supported by the Dutch Organization for Scientific Research (NWO).
2Coenen AML et al. (1992) Epilepsy Res. 12: 75-86.
3Vergnes M & Marescaux C (1992) J. Neural Transm. [Suppl] 35: 71-83.

316.9

A. Femádndez-Guardiola*. A. Martinez-Cervantes. A Valdés-Cruz. V.M. MaedalenoMarlripal and R. Fernández-Mas. Div. de Invest, en Neurociencias, Inst. Mex.
Psiquiatria and Fac. Psicologia-UNAM. México, 14370 D.F.
The effects of chronic (daily) vagus nerve stimulation (VNS) on daily
amygdaloid kindling (AK) were analyzed in freely-moving cats. Fourteen adult male
cats were used, in four cats only AK was performed (controls). The remaining ten cats
were implanted in both temporal lobe amygdalae (AM), both lateral geniculate bodies
and prefrontal cortices. A bipolar hook (5 mm separation) stainless steel electrode
was implanted in the unsectioned left vagus nerve. These cats were recorded in the
following experimental condition: VNS (1.2 mA, 0.5 ms pulses, 30 Hz) during one
minute followed by inmediate AK (1 s train, 1 ms pulses, 60 Hz, 300-600 μA). After
that, VNS alone was also performed during one minute four times between 11:0014:00 hours. Behavioral changes as left miosis, blinking, licking, abdominal
contractions, swallowing, and eventually yawning, upwards gaze, meow, and short
head movements during VNS were observed. VNS induced also outstanding
polygraphic changes: a significant augmentation of rapid eyes movements apparition
and the corresponding evoked potentials, being the animal awake and quiet, with a
pseudo-hallucinatory behavior. A noticeable fact was an increase of the PGOs density
during REM sleep. AK was completed (stage 6) in the control animals without vagus
nerve implantation, in 30 AK trials. In the animals with VNS the AK was significantly
delayed, the cats staying for long time in the behavioral stages 1 and 2, and showing
no progression of AM afterdischarge duration and frequency. The behavioral stages 4,
5 and 6 were never reached. These stages were only reached when the vagus nerve
electrodes were broken accidentally. Supported by CONACYT 3605-N, DGAPAUNAM IN-203396 and PUIS-UNAM 4841 -707.

316.10

Epilepsy Association Of WNY Inc

GENE TRANSFER IN HUMAN AND RAT CORTICAL SLICES USING
DEFECTIVE HERPES SIMPLEX VIRUS (HSV) VECTORS . J.-O. H ahm 1*, Y.
Tsau3, K.C..N ew , J.-Y, Wu3, R .L .Martuza1, an d S.D. Rabkin1,2. Depts. of
N eu ro su rg ery 1, M icrobiology & Im m unology2, and GICCS3, Georgetown
University M edical Center, W ashington, DC 20007.
H erpes simplex virus (HSV) vectors are being developed for gene transfer
to the CNS as p o ten tial th erap ies for the treatm en t of neurological
d isorders. To determ ine w h eth er HSV vectors are capable of gene
d elivery to the h u m an brain, and w h eth er the genes delivered are
subsequently expressed, we have examined gene transfer by defective HSV
vectors in slices of rat and hum an cortex.
We studied tw o defective HSV vectors carrying the following genes: 1)
genes for glutam ic acid decarboxylase (GAD) and lacZ (as the reporter
gene); and 2) genes for hum an placental alkaline phosphatase (AP) on the
defective, and lacZ on the helper virus. Rat cortical slices (400μm thick)
w ere cut from the brains of 3-week-old rats. H um an cortical slices were cut
from blocks of hu m an cortex surgically resected for the therapeutic
alleviation of chronic epileptic seizures, or from norm al tissue rem oved to
perm it access to deeper structures. Small volum es of vector stock (400800nl) w ere injected into layers 3-5 of each slice. After 6-16 hours of
incubation, slices w ere fixed and processed for histochemical detection of
ß-galactosidase (lacZ expression) or AP.
In prelim inary data, lacZ expression was detected in slices injected w ith
vectors bearing GAD and AP in h um an cortical slices. In rat cortical slices,
lacZ expression was detected in slices injected w ith GAD and AP vectors.
Studies are ongoing to determine the functional consequence of GAD vector
injection and expression.
Supported by grants from NINDS.

316.11
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ANTI-SEIZURE PROPERTIES OF THE AMINE MODIFIED PROTEIN
ALPHA-2-MACROGLOBULIN Rebecca N. Russell. Idil Cavus and Timothy J.
Teyler* Neurobiology Dept. Northeastern Ohio Universities College of Medicine ,
Rootstown, OH 44272
Alpha-2-macrogiobulin (α -2-M) is an acute-phase protein in the rat which
exhibits protease inhibitory activity. The amine-modified form of alpha-2macroglobulin (mα -2-M) loses its protease inhibitory activity yet binds neurotrophic
factors and their receptors thereby inhibiting the actions and subsequent responses
normally elicited by these molecules. Neurotrophins are released in the brain during
seizure activity and are believed to be involved in the development of seizure foci.
Kainic acid (KA) injections and direct electrical stimulation have been utilized to
produce models of seizure disorder, including the development of seizure foci.
Since neurotrophins and their receptors, which are upregulated by such seizure
activity, appear to play a role ih the development of seizure foci, and ma-2-M has
binding affinity for those same molecules, mα -2-M was tested in seizure producing
paradigms for possible anti-seizure activity.
Wistar rats were implanted with
cannula's aimed at dentate gyrus or cannula/electrode combinations aimed at
perforant path, depending on seizure model. After recovery, rats were infused via
cannula with 10mg/ml mα -2-M or PBS vehicle for 30 minutes then injected with
KA (8 mg/kg IP). Ma-2-M or PBS infusion continued and seizure stage was
recorded throughout the test. Seizure activity was reduced in animals receiving ma2-M infusions as noted by a failure to achieve stage 5 seizure level. Stage 5 was
seen in each of the PBS controls. Seizure activity elicited via electrical stimulation
through cannula/electrodes produced higher levels of seizure activity than seen in the
KA paradigm. However, ma-2-M treated rats still showed reduced seizure activity
when compared to PBS controls. Ma-2-M appears to play a protective role in the
development of seizure activity evoked utilizing these two models of epilepsy.
Sponsored by a NEOUCOM President's Pioneer Award.

DIFFERENT EPILEPTOGENIC EVENTS RECORDED SIMULTANEOUSLY
FROM CLOSELY APPOSED TIPS OF BIPOLAR ELECTRODES. G.M. Peterson*
and O. A. Timofeeva. Dept Anat & Cell Biol, East Carolina Univ. Sch. Med., Greenville,
NC 27858 and Div Neurology, Medical College of Ohio, Toledo, OH 43699.
It has often been stated that recordings made from a monopolar electrode represent the
summation of all electrical activity between its tip and the reference electrode. This
assumption is relatively untested but often forms the basis for criticism against data
collected from monopolar electrodes. In our work we have employed a bipolar electrode
which is used for both stimulation and recording purposes in kindling-like studies of rat
brain epileptic activity. Electrodes were constructed from 100 μm diameter stainless steel
Teflon-coated wire and twisted about one another with the tips approximately 500 μm apart.
These electrodes were placed in either the anterior piriform cortex or the ventral
hippocampus. During recording we often observed very different epileptic events from the
two tips when recorded in monopolar mode with reference to an electrode in the frontal
bone. In some cases we were able to record spontaneous electrographic seizures from one
tip while isolated (interictal-like) spiking was simultaneously observed from the other tip.
When interictal spiking was recorded from both tips it often appeared synchronously
however occasionally the spiking recorded at the two tips was independent and
asynchronous and had different morphology. Furthermore during massed stimulation with
very low current intensity we were sometimes able to elicit afterdischarges from one tip
without involvement of the other. With increased current intensity the afterdischarges
became simultaneous in both tips but surprisingly shorter in duration and dramatically
different in configuration from that observed immediately prior to increase in current. This
particular observation suggests that the events induced by different current intensities
involve different neuronal ensembles. Together, these observations suggest that monopolar
electrodes are sampling and recording very localized events (even within 500 μm), that
epileptic activity differs greatly within a tiny brain region, and that bipolar electrodes may
in fact be summating more than monopolar electrodes.
[Supported by International Neurological Sciences Fellowship, NS05J28]

SUPPRESSION OF EPILEPTIC INDUCED FOCUS IN RAT
AMYGDALA BY HYPOTHALAMIC LESIONING J.G. Zoll*. A. Paciorek.
State University of New York at Buffalo, Buffalo, New York 14215
Some types of experimental seizures in animals have been shown to be
inhibited or eliminated by placement of lesions in the posterior
hypothalamus, mammillary nuclei, or paraventricular nucleus in the rat.
There is no apparent recording of such a procedure being applied to a
penicillin type focus in the rat amygdala. To determine the effect of
hypothalamic lesions on a discharging penicillin focus established in the
amygdala, this study incorporates the placement of sub-total single and
bilateral electrolytic lesions in the paraventricular nucleus and bilateral
posterior hypothalamic nuclear lesions in separate groups o f adult male
Fisher rats. Paraventricular nuclear lesioning produced aggravation of the
focus in some animals and suppression in others. Posterior hypothalamic
nuclear lesions produced questionable results. There were instances of
weight fluctuations and sluggish behavior. Subsequent re-establishment of
the epileptic focus following lesioning demonstrated no lasting effect. To
perceive whether any inliibition or excitation is due to hypothalamic
lesioning and not a result of a generalized brain effect that occurs by
lesioning any area of the brain, a few rats had lesions placed in the frontal
cortex. With this there was a short lasting suppression of epileptic activity
that did not last over five minutes. Lesioning of the paraventricular and
posterior nuclei of the hypothalamus has no consistent suppressive or
aggravating influence on a penicillin focus in the amygdala and any effect
that occurs is temporary.
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PROPAGATION OF SEIZURE BEYOND HIPPOCAMPUS BUT NOT MOSSY
FIBER SPROUTING IS CRITICAL IN PROGRESSIVE EPILEPTOGENESIS. O.A.
Timofeeva* and G.M. Peterson, Div Neurology, Medical College of Ohio, Toledo, OH
43699 and Dept Anat & Cell Biol, East Carolina Univ. Sch. Med., Greenville, NC 27858.
It has been shown that massed stimulation (MS) of the hippocampus does not result in
seizure progression, whereas alternate day rapid kindling (ADRK) produces reliable
kindling [Lothman and Williamson, 1994]. The goals of the present experiments were to
further examine the two phenomena and to determine if different effects are due to mossy
fiber sprouting and/or different seizure and postictal spike propagation patterns. Nine rats
underwent MS (66-70 stimulations separated by 5 min interstimulus-interval), six were
exposed to ADRK (4 stimulus days with 12 stimulations/day alternated by one stimulus-free
day), five rats served as control. All rats had electrodes implanted bilaterally in dorsal and
ventral hippocampi (VH) and 14 of them had additional electrodes in piriform cortex.
Animals were stimulated in the left VH at afterdischarge threshold. Our data showed that
there was no significant potentiation in seizure response even 7 weeks after MS of VH. In
contrast, ADRK produced not only kindling but also ongoing epileptogenesis resulting 4-7
weeks later in spontaneous seizures and development of a prolonged convulsive state in
response to initially subconvulsive stimuli. Both groups demonstrated significant mossy
fiber sprouting in VH. Epileptiform activity (seizure and postictal spiking) in the MS group
was mostly restricted to hippocampus, particularly VH, without significant involvement of
piriform cortex. In the ADRK group epileptiform activity was widely spread among studied
structures including piriform cortex. Seizures during MS were elicited frequently but did
not progress beyond stage 2 (Racine scale, 1972). During ADRK, evoked seizures were
infrequent but reached stage 4-7 by the end of the 3rd and 4th stimulus day and then
continued to progress further. We conclude: 1) frequent but local hippocampal seizures and
mossy fiber sprouting are not sufficient to produce significant enhancement in seizure
susceptibility, 2) the involvement of extra-hippocampal structures, possibly piriform cortex
could be necessary to result in a condition of progressive epileptogenesis.
[Supported by International Neurological Sciences Fellowship, NS05128]
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DETECTION BY M R I OF FU N C T IO N A L CHAN G ES IN RAT
B R A IN
F O L L O W IN G
S U B C L IN IC A L D O SE S O F
BICUCULLIN
Torsten Reese2. Börie Bieike*1. Andre Sauter2. M arkus Rudin2.
IMR-Center, Karolinska Institutet, Karolinska Sjukhuset 171 76
Stockholm. Sweden. 2Novartis Pharma. Basel. Switzerland
The aim of the study was to optimize the param eters for recording brain
activity using functional magnetic resonance im aging (fMRI). Male Sprague
Dawley rats b.wt. 200 g were used under isoflurane anaesthesia. The fMRI
recordings were perform ed every 10 second on a Biospec Avance 47/40
spectrom eter (Bruker, Karlsruhe, G ermany) w ith a 4.7 Tesla, 40 cm bore
diam eter magnet, equipped w ith a 12 cm self shielded gradient system
capable of switching 200m T/m in 250 us. A 35 m m birdcage resonator was
used for rf transm ission and reception. D uring the whole experim ent (40
min) respiration, body tem perature and blood pressure w ere recorded.
Bicuculline, wellknown to induce grand mal seizures, wras used as a CNS
stim ulant and adm inistered as a bolus i.v. in a subclinical dose of 0.05
m g /k g . No clinical seizures w ere detected bu t an increased breathing
frequency and d epth were observed im m ediately after the injection. A
b ilate ral cortical activation, as reflected by a v aso d ilata tio n w as
observed. This was followed by a long lasting vasoconstriction presum ably
reflecting a rebound inactivation of cortical activity. A sim ilar but w eaker
reaction was seen in striatum . Thus, fMRI is able to selectively detect
neuronal activity in discrete brain regions following subclinical doses of
bicuculline known to produce no overt grand m al seizures. Supported by
grants front.Hjӓ rnfonden, Ake W ibergs Stiftelse, M agn Bergvalls Stiftelse.

3 1 6 .1 4
INTERNEURONS IN ENDOPIRIFORM NUCLEUS AND DEEP PIRIFORM
CORTEX THAT MAY BE INVOLVED IN EPILEPTOGENESIS. M.E. Domroese*.
M. Behan, and L.B. Haberly, MD-Ph.D. Program, Neuroscience Training Program,
Comparative Biosciences, and Anatomy, Univ. of Wisconsin, Madison, WI 53706.
The endopiriform nucleus (En) has been identified as a source of epileptiform
activity in slices from kindled rats (Hoffman, Haberly, J Neurosci 76:1430), and may
correspond to the site in the “deep piriform cortex” from which generalized seizures
can be readily evoked (Stevens et al, Epilepsia 29:404). This study characterizes
intemeurons in the En and vicinity that are potentially involved in epileptogenesis.
Immunoreactivity for parvalbumin (PV), a Ca2+ binding protein in basket and axo
axonic cells that mediate strong feedback inhibition in hippocampus and neocortex, is
found in few cell bodies or boutons in En. This contrasts with the overlying piriform
cortex (Kubota, Jones, Br Res 600:339), claustrum, and the region immediately rostral
to En that may correspond to the “area tempestus” of Piredda and Gale (Nature
317:623), all of which contain dense concentrations of PV+ boutons, and many PV+
cells. Immunoreactivity for CCK, a second marker for basket cells in hippocampus,
was in few cells in En, but labeled many cells and perisomatic boutons in layer II of
piriform cortex. Immunoreactivity to calbindin (CB), that has been demonstrated in
probable basket cells and boutons in piriform cortex (Kuboda, Jones, Br Res 600:339),
was also relatively sparse in En. NADPH diaphorase activity and antisera to nNOS,
which identify NO-producing cells that may play a role in epilepsy, labeled many large
multipolar cells and processes in deep piriform cortex, but relatively few in En.
In contrast, immunoreactivity to NPY, a peptide in cells that are killed by seizures
in hippocampal formation, was present in a large number of cells and processes in En
and an immediately bordering zone in deep piriform cortex. Calretinin (CR) activity
was also found in En, but was largely confined to boutons in its dorsal-most part where
epileptiform events originate (Demir et al, this volume). This finding is potentially
relevant to epileptogenesis since CR is in interneurons that mediate disinhibition in
hippocampal formation and neocortex. Supported by ROl N S19865 from NINDS.
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DIRECT CORTICAL RAMP-SHAPED STIMULATION OF PRIMARY MOTOR
CORTEX IN RATS: SUPPORT FOR A NEW MODEL FOR FRONTAL LOBE
ONSET SEIZURES. E. Krupp and W. Löscher (SPON: European Neuroscience
Association). Dept, of Pharmacology, Toxicology, and Pharmacy, School of
Veterinary Medicine, Bünteweg 17, D-30559 Hannover, Germany.
In the direct cortical stimulation model in rats, electrical pulse trains which increase
in amplitude in a ramp-shaped manner are applied through chronically implanted
screw electrodes on the surface of the left and right primaiy motor cortex. The
bilateral stimulation is manually interrupted at the onset of an obvious minimal
seizure activity. The seizure threshold for this localized minimal clonic seizure
activity (TLS) can be determined repetitively in the same animal without postictal
threshold increase, thus allowing the evaluation of the time course of anti- and
proconvulsant drug effects in individual rats. The core symptom of the provoked
minimal seizure activity is an unilateral forelimb clonus with adversion of the head
and tonic elevation of the other forelimb. In order to test the hypothesis whether
minimal seizure activity in the direct cortical ramp-shaped stimulation model in rats
might be an appropriate model for human frontal lobe seizures, we determined the
efficacy of different doses of anticonvulsants which are known to be most effective in
human frontal lobe seizures, carbamazepine (CBZ), phenytoin (DPH) and valproate
(VPA). In addition to the TLS, the threshold for generalized seizures (TGS: bilateral
forelimb clonus, with rearing and falling) in the ramp model was determined for
comparing the anticonvulsant drug efficacy in localized and in generalized clonic
seizures. For further comparison, the anticonvulsant drug efficacy was also tested in
minimal clonic and maximal tonic-clonic electroshock threshold tests (EST) with
corneal stimulation, i.e. traditional models for generalized seizures. In the ramp
shaped stimulation model significant anticonvulsant efficacy determined as the dose
for 20% threshold increase (TID20) was found at TLS and TGS for CBZ and VPA
while DPH increased only TGS and not TLS. All TID20 for TGS were lower
compared to TLS. In comparison to EST both the TID20 for TLS and TGS in the
ramp model was significantly higher. This result is in striking agreement with the
need of higher therapeutic drug levels of anticonvulsants in human frontal lobe
seizures in comparison to generalized tonic-clonic seizures. We conclude that the
direct cortical ramp-shaped stimulation model in rats might be valuable for investi
gating the pharmacology' and pathophysiology of frontal lobe seizures in animals.
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PERINATAL HYPOXIA-INDUCED SEIZURES DECREASE GLUR2
AMPA SUBUNIT PROTEIN IN NEOCORTEX M. Corbett*. C. Rio.
G. Corfas and F.E. Jensen. Div. Neurosci., Children's Hosp, Harvard
Med. Sch., Boston, MA 02115
We have shown that global hypoxia acutely causes seizures in
postnatal day (P)10 rats and results in permanent increases in seizure
susceptibility . Hypoxic exposure in adult rats does not result in acute or
long term epileptic responses. In addition to the age-specificity of this form
of epileptogenesis, we have also demonstrated pharmacologic specificity, as
the AMPA antagonist NBQX preferentially blocks the epileptogenic effects
of hypoxia compared to the NMDA antagonist MK-801. Furthermore, we
have shown that hypoxia downregulates the AMPA subunit GluR2 mRNA
expression at 48 hours (Soc Nsci Abs. 1996;22:1658).
To determine whether there is an associated decrease in GluR2
protein levels, we performed western blot analysis on membrane proteins
extracted from neocortex of rats at 96 hours after hypoxia at P10 (n=5).
Membrane proteins were separated by SDS-PAGE and blots probed with
anti-GluR2 and anti-GluRl antibodies (courtesy Dr. R. Wenthold, NIH)
using 125I secondary antibody. Compared to cortex from litter mate controls
(n=5), GluR2 protein was decreased by 28 +. 8 % (+. SE) at 96 hours
following hypoxia-induced seizures (p<0.03). In contrast, no significant
changes were observed in GluRl protein. These results suggest that
hypoxia-induced seizures in the immature brain cause an early decrease in a
functionally critical AMPA subunit. A relative lack of GluR 2 subunit could
result in increased calcium permeability at AMPA receptors and contribute
to the epileptogenic effects of perinatal hypoxia. Taken together with the
previously observed therapeutic efficacy of AMPA antagonists in this
model, these experiments suggest that the AMPA receptor may play an
important role in the epileptogenesis of this very common clinical cause of
neonatal seizures (supported by NIH NINDS 31718).

GLUTAMATE RECEPTOR 1 FLIP MESSENGER RNA EXPRESSION IS
INCREASED IN THE HIPPOCAMPI OF CHRONIC EPILEPTIC RATS AND IN
RATS SUBJECTED TO REPEATED ELECTROCONVULSIVE STIMULATION.
M.L.N.M.Rosa*1. J.G.RJeffervs2. I.C.Reid3 and R.C.A.Pearson1. 1Department of
Biomedical Science, University of Sheffield, Sheffield S10 2TN, UK. department
of Phisiology, University of Birmingham, Birmingham, B15 2TT, UK.
3Department of Psychiatry, University of Dundee, Dundee, DD1 95Y, UK.
Seizure activity following intrahippocampal tetanus toxin (ttox) or
electroconvulsive shock (ECS) may induce changes in gene expression that have
long term consequences. Abnormalities in glutamatergic transmission are
associated with numerous pathological processes. Changes in the mRNA encoding
the AMPA glutamate receptors (GluR) have been found in kindling model of
epilepsy and following repeated ECS. We have studied the changes in the mRNA
encoding a specific isoform of AMPA receptor subunit in both ECS and epilepsy
induced by ttox. Ttox-epilepsy rats received intrahippocampal injections of ttox (25ng) while control rats received vehicle buffer. After 1, 2, 4 or 8 weeks the
animals were sacrificed and their brains prepared for in-situ hybridization (ISH).
ECS rats received a course of 10 ECS at 48 hours intervals induced transcranially
using ear-clip electrodes (200V, 50mA for 2sec). The control group were handled
identically but did not receive ECS. After 24 hours the rat brains were prepared for
ISH. We have used oligonucleotide probe for ISH to localize and quantify the
mRNA encoding the GluRl flip isoform in hippocampus. The expression of GluRl
flip mRNA was significantly increased in dentate gyrus and CA3 after repeated
ECS. In the ttox-injected rats a similar increase was found in dentate gyrus while
in CA3 a smaller non-significant increase was seen at 4 weeks. The GluRl flip
isoform may play a role in the alterations of neuronal function associated with the
ECS-induced seizures and with the spontaneous epileptic discharges induced by
ttox-injection.
Supported by CNPq, Brazil.
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OPTICAL IMAGING OF SEIZURE PROPAGATION IN PRIMATE VISUAL
CORTEX. M.M. Haglund*, D.H. Walker, P.J. Chase, and R. B. Look.
Departments of Surgery (Neurosurgery) and Neurobiology, Duke University
Medical Center, Durham, NC 27710
With the advent of newer imaging techniques, neocortical epileptic foci are
becoming an increasingly recognizable cause for medically intractable epi
lepsy. In order to better understand the patterns of propagation of neocorti
cal seizures, optical imaging of the primate visual cortex was performed after
creating an acute epileptic focus with focal application of bicuculline, a GABAA antagonist. Previous studies had demonstrated apparent alternating
waves of positive (excitation) and negative (?inhibition) intrinsic signal
(Haglund and Blasdel, Epilepsia 34:40,1993) when the entire cortex was ac
tivated by full field visual stimulation. The area of cortex activated was mini
mized by identifying single unit activity from a specific region in V1 and stimu
lating only this small receptive field to activate seizure activity.
Before and after creating an acute epileptic focus (0.5 x 0.5 mm) with focal
application of bicuculline, the small region of interest was stimulated while
performing optical imaging of the intrinsic signal. Activation of the epileptic
focus was observed as well as the propagation of the seizure wave away from
the focus. The propagation speed of the seizure was fastest near the center
where the adjacent negative intrinsic signal was weakest (7.2 mm/min), while
the speed slowed at sites further away from the focus where the negative
intrinsic signal was strongest (0.7-2.0 mm/min). Pathways of seizure propaga
tion correlated with regions having the weakest negative intrinsic signal.
The propagation of seizure activity across the neocortex spreads at rates
similar to the Jacksonian march of epilepsy across the motor cortex and
spreading depression (3 mm/min). The surrounding negative intrinsic signal
appears to play a major role in the propagation speed and the direction of
neocortical seizure propagation.
Supported by NIH K08-01828 and a Sloan Foundation Fellowship to MMH.

LIMBIC SEIZURES: BRAIN/BEHAVIOR EFFECTS IN INFANT MONKEYS
V. Gunderson, A. Unis, M. Dubach*, and P. Szot
Infant Primate Research Laboratory, University of Washington, Seattle, WA
This project examined the effects of early limbic seizures on behavioral development
and on the manipulated neuronal systems. Subjects were infant pigtailed macaques
(18 to 145 days of age at treatment). Complex-partial seizures were induced by
intracerebral microinfusions of bicuculline methiodide into a region of piriform cortex
called the area tempestas (AT). A cluster seizure or status epilepticus was evoked,
depending upon dose. Controls were infused in an adjacent region that did not trigger
seizures. During a one-year follow-up period, seizure animals exhibited impaired selfregulating of arousal, abnormal social behavior, and learning deficits. The monkeys
that had status were more impaired than animals that had cluster seizures; controls did
not differ from laboratory norms. At one year of age, animals were sacrificed and their
brains prepared for tissue slice autoradiography. Sections submitted for traditional
histopathologic review revealed no evidence of neuropathology. Saturation curves
revealed saturation binding in both sets of tissue sections at 1 nM, 125I-SCH23982.
However, the apparent Bmax for 125I-SCH23982 was approximately 50% lower in the
cortex of animals that had status in comparison to those that had cluster seizures. The
group differences were even more dramatic in the AT. In status animals, 125ISCH23982 specific binding was obliterated in the adjacent cortical areas examined; in
the caudate, specific binding was reduced by 50% in comparison to the cluster seizure
group. Because D1 receptors tend to be expressed by GABA-ergic intemeurons
(basket neurons) that are stimulated by dopamine, these data are consistent with a
decreased inhibition of glutamatergic cortical pyramidal neurons. The behavioral
anomalies exhibited by these animals in conjunction with these dopamine D1receptor
changes suggest that early limbic seizures may be a risk factor for the development of
psychopathology.
(Supported by MH01201,RR00166, HD02274, MH01082)
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DIFFERENT NEURAL MECHANISM BETWEEN RUNNING FIT (RF)
AND GENERALIZED TONIC-CLONIC SEIZURES
(GTCS)
IN
AUDIOGENIC SEIZURES
N .Ishid,
S .Y a su d a, A .H igashiyam a, S .J in d e , M .S a d a m a ts u ,
H .K anai, A .M asui, Y. T a k a h a s h i a n d N.Kato*. D e p t. of P sychiatry,
S h ig a Univ. of Med. Sci. O tsu , 520-21.
The im p o rta n t role of NMDA re c e p to r in inferior c o llic u lu s (IC)
h a s b e e n sh o w n in an im al m o d els of au d io g en ic s e iz u re s (AGS)
w h ich in c lu d e gen etically epilepsy p ro n e ra ts a n d tra n s ie n t n e o n a ta l
h y p o th y ro id ism ra t (propylthiouracil (PTU )-treated rat)(K ato et al.
Mol. B rain Res. 3 8 :85-9 0 1996). R ecent s tu d ie s have rev ealed th a t
NMDA re c e p to rs are a c tiv ated by au d ito ry in p u ts in th e ex te rn a l
co rtex of IC a n d th a t non-NM DA re c e p to rs are th e p rim ary rec e p to r
in th e c e n tra l n u cl. of IC. In th e p re s e n t s tu d y , we in v e stig ated
w h e th e r NMDA (1,3,5,10,20 µg /b ra in ) or AMPA (1,2,3,6 µg /b ra in )
a d m in is te re d in to c is te rn a am b ie n s could in d u c e A GS-like seizure
on
naive
ra ts.
The
in tra c is te rn a l
a d m in is tra tio n
w ith
NMDA(20µg /b ra in ) or AM PA(6µg /b ra in ) over IC im m ediately
in d u c e d RF a n d GTCS w h ich w ere sim ilar to AGS in PTU ra ts.
S u b clin ica l dose of AMPA (3µg) followed by au d ito ry s tim u la tio n
in d u c e d b o th RF a n d GTCS like AGS b u t th a t of NMDA (5µg) did n ot.
F u rth e rm o re we in v e stig ated th e effect of NMDA a n ta g o n is ts ; MK8 01(20 n m o l/b ra in ) a n d CPP (4 n m o l/b ra in ), on th e seiz u re in d u c e d
by 3 µg AMPA a d m in is tra tio n p lu s au d ito ry stim u latio n .
The GTCS
w ere com pletely blocked by MK-801 a n d CPP.
T hese r e s u lts
su g g e s t th a t b o th NMDA a n d AMPA re c e p to r ac tiv atio n m ay be
n e c e ss a ry to AGS a n d
th e au d ito ry s tim u la tio n m ay prim arily
c o rre sp o n d to NMDA re c e p to r activation.

NMDA AND AMPA ANTAGONISTS DISPLAY ANTICONVULSANT
ACTION DIFFERENTLY ON AUDIOGENIC SEIZURES (AGS) IN
THE RATS NEONATALLY EXPOSED TO PROPYLYTHIOURACIL
(PTU). T.N ishim ura, N.Ishida, A.Higashiyama.. S. Y asuda, H.Kanai..
A.Masui, Y.Sadam atsu, Y.Takahashi. K. Sato* and N.Kato. National
Inst. of Neurosci., NCNP, Tokyo 187, Japan. D ept. of Psychiat, Shiga
Univ. Med. Sci. Otsu 520-21, Japan.
M ature PTU rats, which exposed to 0.02% PTU through the m other's
milk at 0 to 19 post natal days, show running fits (RF) followed by
generalized tonic-clonic seizures (GTCS) by acoustic stimulation. Ishida
et al. reported th a t NMDA receptor in inferior colliculus (IC) contribute
to the audiogenic seizure in PTU rats (Soc. Neurosci. Abst. 20: 147G,
1995). In the present study, we investigated the effects of the NMDA
receptor antagonist and AMPA receptor antagonist on audiogenic
seizure of PTU rats. The systemic adm inistration with MK-801 dosedependent.ly inhibited both RF and GTCS. NBQX failed to block
audiogenic seizures but. significantly prolonged the interval from the
last RF to GTCS. The microinjection of CPP into the IC blocked both
RF and GTCS, while NBQX into the IC showed a significant,
suppression of GTCS without, effect on RF. The present results suggest,
that. NMDA and AMPA antagonists display anticonvulsant action
differently on AGS in PTU rats, and that, the neural mechanism of RF
may differ from th a t of GTCS in AGS of PTU rats.
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BEHAVIORAL AND MORPHOLOGICAL EVALUATION OF THE
PERMANENCE OF FOREBRAIN KINDLING AFTER REPEATED
AUDIOGENIC SEIZURES. O.Y. Galvis-Alonso*, J.A.C. Oliveira, M.A.
Furtado and N. Garcia-Cairasco. Physiology Department. Ribeirão
Preto School of Medicine. University of
Paulo, Brazil.
Repeated audiogenic seizures induce limbic seizures, raising the
question if this forebrain recruitment is permanent or not. The
transference of the brainstem to forebrain seizures and its
permanence were evaluated in an inbred strain of Wistar audiogenic
susceptible rats (n=24) and their controls (n=16). Both groups were
submitted to 80 acoustic stimulations (STIM ; 110 dB ; twice a day)
and after variable (100 and 160 days) intervals they were re-stimulated
to observe permanence. Additional limbic seizures were induced by
electrodes in the ventral striatum-amygdala transition. Behavior was
evaluated by means of brainstem and forebrain seizure indexes, and
morphological alterations by means of Neo-Timm staining. Our results
showed that the ratio (%) of brainstem (tonic-clonic) to forebrain (class
4-5) limbic seizures were 100/0 for STIM 1st, 50/25 for STIM 25th, 13/25
for STIM 80th and 73/0 for STIM 81st (recovery), which are suggestive of
forebrain recruitment with no permanence of the limbic seizures.
Additionally, no limbic seizures facilitation (electrical kindling) was
observed and no signal of dorsal hippocampal sprouting, whereas a
very strong Neo-Timm positive signal was detected in amygdala,
piriform and perirhinal cortex. Ongoing experiments are evaluating the
mechanisms of the interactions between these newly recruited areas
and the original brainstem networks.
Financial Support: CNPq and FAPESP, Brazil.

LIN K A G E ANALYSIS O F A U D IO G E N IC S E IZ U R E -S U S C E P T 1B IL IT Y IN
T H E F R IN G S M O U S E . Shana L. Skradski*1, H . Steve W h ite 1,2, Louis 1.
P tacek3. 1Dept. Phamacol. and Toxicol., 2Anticonvulsant Screening Project, 3Depts.
Neurology and H um an Genetics, University o f U tah, Salt Lake City, U T, 84112.
Frings audiogenic seizure-susceptible mice are a model for sensoiy-evoked reflex
seizures. T heir seizure phenotype is characterized by wild running, bilateral clonus,
tonic flexion, and tonic extension in response to high intensity sound stim ulation.
U nlike the D B A /2 mice, audiogenic seizure susceptibility in the Frings mouse
persists well into adulthood. T he Frings mice are an inbred mouse colony that had
not previously been genetically characterized; therefore, the m ode o f inheritance for
seizures in Frings mice was studied by means o f an outcross w ith the seizureresistant mouse strain C 57B L/6.
T he backcross breeding o f ((Frings x
C 57B L /6J)F lx Frings)F2 hybrid mice showed 391 o f 836 were seizure susceptible
(47% ) suggesting that the Frings audiogenic seizure m utation is a highly penetrant
recessive m onogenic trait. H om ozygosity m apping and linkage analysis of selected
pedigrees using M IT microsatellite m arker sequences localized the seizure gene to
a 1.1 cM region of distal mouse chrom osom e 13. C urrently, candidate genes in the
region are being analyzed for m utations, and a physical map of the region is under
construction utilizing bacterial and yeast artificial chromosom es. Identification of
the gene responsible for seizures in Frings mice and the possible hum an correlate
will provide inform ation about the pathophysiology o f epilepsy, and may lead to the
developm ent o f novel anticonvulsant agents.
Support for this research has been provided by the Am erican Foundation for
Pharm aceutical Education P re-D octorate Fellowship, and the University of U tah
Presidential G raduate Research Fellowship (SLS); N IH C ontract N 0 1 -N S -4 -2 3 1 1
N IN D S (H SW ); N IH G rant N S32711 (LJP).

S o c ie ty f o r N e u ro s c ie n c e , V o lu m e

23,1997

MONDAY AM

EPILEPSY: ANIMAL STUDIES ON CELLULAR MECHANISMS II

317.5

317.6

EXPERIMENTAL
MICROGYRI
DISRUPT
CYTOCHROME
OXIDASEIDENTIFIED BARREL FORMATION IN RAT SOMATOSENSORY CORTEX.

THE VENTROMEDIAL NUCLEUS OF THE HYPOTHALAMUS (VMH) AND
SEIZURE PROPAGATION IN C57BL/6J M ICE. C .D . Applegate* and R.J.
Ferland. Department of Neurology and Program in Neuroscience, University of
Rochester School o f Medicine and Dentistry, Rochester, NY 14642.
We recently have parametrically defined a model of epileptogenesis based on the
convulsant actions of flurothyl (HFE) in mice (Samoriski and Applegate, L
Neurosci., in press). In this model, 8 , daily generalized clonic seizures, followed
by a 28 day stimulation-free interval, results in a change in the generalized seizure
phenotype from clonic to tonic in nearly 100% of mice. In our experience,
generalized clonic seizures never promote the expression of Fos in the VM H.
However, following exposure to our paradigm, Fos expression in the VMH
precedes and predicts the change in seizure type from clonic to tonic. In this study
we examined the effects of VMH lesions on the reliable change in seizure
phenotype observed in this model system.
Male, mice (N = 16) received 8 (1/day), HFE generalized clonic seizures and
were then left undisturbed for 28 days. On rechallenge with HFE all mice
exhibited tonic seizures. On the next day, mice (N = 1 2 ) received bilateral, ibotenic
acid lesions (0.25/xg in 50nl/side), and 2 days later received a final HFE trial.
Control mice (N = 4 ) were handled identically except that lesions were made in the
DMH.
VMH lesions blocked the change in seizure phenotype in 9 of 12 mice. By
contrast, DMH lesions were effective in only 1 of 4 mice. Following the final
HFE trial, all mice received a comeal electroshock trial (ECS; 25 mA), and all
mice expressed tonic seizures. The tonic seizures expressed in mice exposed to
HFE in this paradigm are always preceded by generalized clonic seizures. Given
that VMH lesioned mice still express tonic seizures in response to ECS, our data
suggest that the VMH is involved in propagating clonic seizure activity to the tonic
seizure substrate. Supported by NS26865 and T32 M H 19963.

Neurological Sciences, Stanford Univ. Medical Center, Stanford, CA 94305.
A transcortical freeze lesion (FL) in P0 or PI rat pups produces a microgyrus and
an adjacent epileptogenic region o f neocortex (Jacobs, et al. Cereb. Cortex 6 : 514,
‘96) that can be used to model human polymicrogyria associated with epilepsy. We
hypothesize that excitatory afferents that have lost their targets within the lesioned
area, synapse instead in the paramicrogyral zone and contribute to generation o f
epileptiform activity. As a preliminary step to test this hypothesis, we have examined
the effect o f FLs on the pattern o f cytochrome oxidase (CO) staining within
ventrobasal thalamus and somatosensory cortex. Brief FLs ( < 6 sec at -50 C) were
made transcortically over somatosensory cortex with circular (3.0 or 0.5 mm diameter)
or rectangular (1x5 mm) probe tips in P0 or PI rat pups. Eight control rats and 13 FL
rats aged P22, and 5 FL rats aged P33-40 were perfused with a paraformaldehyde
fixative. Horizontal 80 |im sections through the thalamus and tangential 80 |am
sections through flattened cortex were stained for CO. In 2 control and 2 FL brains
alternating 40 fim sections were stained for Nissl. Contrary to previous reports (see
Seo and Ito EBR 65: 251, ‘87) which suggested that neonatal lesions produce a
displaced but intact barrelfield pattern, whisker barrels were deleted or the pattern
disrupted in 16 o f 18 FL brains. Large circular or rectangular lesions resulted in a
mean loss o f 23.9 barrels (N=12). Barrel disruption and loss extended 0.5-2.0 mm
from the microsulcus over the area previously identified as the epileptogenic region.
Although undifferentiated, CO staining was heavy in the region o f the lost barrels, and
had an intensity similar to that found within control barrels. Nissl-stained sections
confirmed that this region contained neurons, without an obvious decrease in packing
density relative to surrounding regions. Small lesions tended to shift the location o f
individual barrels adjacent to a small region o f barrel loss. There was no difference in
results between P22 and older rats. In 5 o f 6 FL brains that had total elimination o f
whisker barrels in the FL hemisphere, the contralateral barrelfield pattern was
undisturbed. In these same brains barreloids were clearly present in both ipsi- and
contralateral thalami. Loss o f the CO barrel pattern in the region adjacent to the lesion
may reflect development o f abnormally diffuse or restructured thalamocortical
afferents. Supported by the Pimley fu n d and NIH grants NS09806 and NSI2151.
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DECREASED TONIC SEIZURE THRESHOLDS AND INCREASED KINDLING
RATES IN C57BL/6J MICE EXPOSED TO REPEATED FLUROTHYL-INDUCED
CLONIC SEIZURES. R. J. Ferland* and C. D. Applegate. Program in Neuroscience,
University o f Rochester School o f Medicine, Rochester, NY 14642.
Repeated flurothyl (HFE)-induced generalized clonic seizures, followed by a 28-day
stimulation free interval (incubation), results in a progressive increase in the
probability o f an animal expressing a tonic seizure when rechallenged with HFE. The
aims of this study were to determine whether this change in behavioral seizure
phenotype is a result o f a lowered tonic seizure threshold or an increase in seizure
propagation. First, we determined the effects o f exposure to this HFE paradigm on the
threshold for tonic seizure expression. Ten mice were exposed to 8 HFE-induced
clonic seizures (1/day) and another 10 mice served as controls (no HFE exposure).
Minimal corneal ECS (mECS; 20 mA) was used to assay the animal’s tonic seizure
threshold at 3, 14 and 28 days following the last HFE trial. Mice previously exposed
to HFE exhibited a progressive increase in the percentage o f animals expressing a
mECS-induced tonic seizure at 3 (40%), 14 (70%) and 28 (90%) days following the
last HFE seizure. Control mice never had a tonic seizure at any time point. Second,
we determined whether seizure propagation was altered following exposure to this
paradigm. All mice were implanted with bipolar electrodes and kindled from the
olfactory bulb (OB). Mice exposed to the HFE protocol demonstrated significantly
faster kindling rates to stage 5 seizures compared to controls. Furthermore, animals
previously exposed to HFE demonstrated an increased probability o f expressing atonic
seizure after focally-elicited OB stimulation. Overall, results indicate 1) a significant
lowering o f the tonic seizure threshold during the incubation phase that correlates with
the change in behavioral seizure phenotype observed, 2 ) a facilitated propagation in
the clonic seizure system as a function o f previous exposure to HFE, and 3) an
increased interaction between the clonic and tonic seizure systems after exposure to
the flurothyl model.
Supported by NS26865 and T32 MH 19963.

INTRINSIC AND EFFERENT CONNECTIONS OF THE ENDOPIRIFORM NUCLEUS THAT MAY
CONTRIBUTE TO EPILEPTOGENESIS. M. Behan*. P. Sachdev, and L.B. Haberlv. Comp.
Biosciences, Anatomy, and Neurosci. Prog., Univ. o f Wise., Madison, WI 53706.
Much evidence suggests that the endopiriform nucleus (En) plays a key role in a
number o f models for temporal lobe epilepsy. It has been postulated that intrinsic
connections in En are required for the initiation o f seizure activity, and that a
projection from En to overlying piriform cortex (PC) underlies its spread to other
areas. Existing observations on connections o f En lack sufficient detail to allow
adequate interpretation o f physiological findings. In this study, connections of En in
the rat were visualized using the axonal tracer PHA-L. Small injections were placed in
anterior, middle and posterior parts o f En. Injections were also placed rostral to En at
the coordinates o f the "area tempestus" (AT) o f Piredda and Gale (Nature 317:623).
Extensive intrinsic connections are present in all parts o f En. From middle and
posterior parts these connections extend over the full rostro-caudal extent, but are
heavier in the caudal direction. In the anterior part o f En, intrinsic connections are
predominantly local. The projection from En to PC displays a striking lack o f spatial
order: small injections label a widespread area o f PC. From anterior and middle sites
label is rather uniform in density over the full extent o f PC; from posterior sites label
falls o ff in density in the anterior part. From anterior En label extends over the full
depth o f PC (including layer la); from mid and posterior parts label is heavier in layer
III and deep layer I. Confirming a previous report, En projects heavily to entorhinal
cortex and all cortical amygdaloid areas, but not to amygdaloid nuclei (Krettek &
Price, JCN 172:684). Other projections are to orbital cortex, agranular insula,
olfactory tubercle, and AON. The perirhinal cortex, which has also been implicated in
epileptogenesis (McIntyre et al. JCN 369:302), receives a light projection from mid
En. AT projects to rostral En, rostral PC, orbital cortex, AON, and olfactory tubercle,
but has minimal projections to the amygdala and entorhinal cortex. We conclude that
intrinsic connections consistent a role o f positive feedback in epileptogenesis are
present in En, that output of seizure activity from En could be direct to many temporal
lobe areas as well as indirect via PC, and that intrinsic and efferent connections o f AT
are less extensive than those o f En. Supported by ROl N S 19865 from NINDS.

3 17.9
REACTIVE SYNATOGEN ESIS FO LLOW ING RECURRENT SEIZURES IN THE
D EVELO PING RAT. G.L. Holmes*. N. Chevassus-A n-Louis, M . Sarkisian. Y.
Ben-Ari. IN SER M U29, Paris, France and H arvard M edical School, Boston.
M ASS. 02115
W e evaluated the effects o f daily o r twice daily pentylenetetrazol-induced
convulsions for 15 days in rats beginning at po stn atal (P) day 1, 10 o r 60. B oth
supragranular and term inal spro u tin g in th e CA3 hippocam pal subfield was
assessed using both a rating scale and density m easurem ents. Pro m in en t sprouting
was seen in the stratum infrapyram idale layer o f CA3 in all rats having 15 daily
seizures regardless o f the age w hen seizures began. Golgi staining dem o n strated
an increase num ber o f mossy fibers in the pyram idal cell layer o f CA3. Based on
control P10, P20, and P30 rats, th e term inal sprouting in CA3 appeal's to be
reactive svnaptogenesis as opp osed to a failure o f n o rm al regression o f synapses.
In addition to CA3 term inal sprouting, rats having twice daily seizures h ad
sprou ting n o ted in the d e n ta te su p rag ran u lar layer, predom inately in the inferior
blade. R ats subjected to twice daily seizures had a decreased seizure th resh o ld
w hen com pared to controls. Cell counts o f d e n ta te granule cells, CA3 and CA1
neuro ns, using unbiased stereological m ethods, d em o n strated n o differences from
controls in rats with daily seizures beginning at P I o r P10. A d u lt rats with daily
seizures, h ad a significant d ecrease in CA1 neurons. R ats th at received twice daily
seizures betw een P10-P25 had an increase in d e n tate granule cells. Repetitive
pentylenetetrazol seizures also resu lted in an increase in 5’-brom odeoxyuridine
labeled neurons in the d e n ta te granule cell layer.
This study d e m onstrates th a t like the m ature brain, im m ature anim als have
neu ro n al reorganization following rec u rren t seizures with sprouting in b o th the
CA3 subfield a n d supragranular region. In th e im m ature b rain repetitive seizures
also result in granule cell neurogenesis. (Su p p o rted by the N IN D S (NS27984),
F ogarty F ou n d atio n and Emily P. R ogers R esearch Fund)
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317.10
EXCITATORY AND INHIBITORY HIPPOCAMPAL REORGANIZATION IN
RATS WITH CHRONIC RECURRENT SEIZURES. Adnan H. Siddiqui*&
Shirley A. Joseph. Graduate Program in Neuroscience & Department of
Neurosurgery, University o f Rochester Medical Center, Rochester, NY, 14642.
A balance between excitatory and inhibitory neurotransmission is critical for the
normal functioning o f the hippocampus. Injections of kainic acid, an excitatory
glutamate analog, produces an initial status epilepticus, which is followed by the
development of spontaneous recurrent seizures in 8 to 12 weeks. It is believed that
kainate causes an initial imbalance creating an excitotoxic milieu via a family of
ionotropic glutamate receptors. Our previous studies suggest that in addition to
neuronal cell loss and subsequent proliferation o f glial elements in the
hippocampus, a distinct alteration in glutamate receptor subunits (AMPA) and other
neurochemical morphologies is also apparent and a documented pattern of
reorganization ensues.
GABA is the predominant inhibitory neurotransmitter in the hippocampus.
Therefore, in order to determine the effects of kainate induced spontaneous seizures
on GABAergic neurotransmission, the distribution pattern o f glutamic acid
decarboxylase (GAD) in the hippocampal formation was mapped. Following the
induction o f status epilepticus, rats were perfused at survival times ranging from 6
hours to 6 months. Rat brains were processed with immunocytochemical techniques
utilizing antisera against GAD and AMPA receptor subunits GluR-1 and GluR-2/3 .
Our data revealed that patterns of immunoreactivity correlated with the distribution
o f seizure-induced cell loss. Additional temporal parameters o f this process reveal a
distinct but similar pattern o f reorganization for both the excitatory and inhibitory
systems. Knowledge o f the reorganization o f selective excitatory and inhibitory
systems can help elucidate the anatomical substrate through which excitotoxic
injury becomes manifest in chronic limbic epilepsy.
Supported by NIH Grant# T32 MH19963
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317.12

EFFECTS OF BRAIN DERIVED NEUROTROPHIC FACTOR (BDNF)
NEUROPEPTIDE Y (NPY) AND SOMATOSTATIN (SST) ON SEIZURES IN
PRIMARY NEURONAL CULTURES N.S. Nadi*. O.T. Hoang. J. Carnahan1. A.
Depaulis2 and S. Reibel2. Naval Med. Res. Inst., Bethesda, MD 20889-5607; George
Washington Univ., Washington, DC; 'Amgen Ctr., Thousand Oaks, CA; 2INSERM
U398, Strasbourg, France.
Studies on seizures in vivo have implicated a role for BDNF, SST, and NPY.
However, their mechanism of action is controversial and difficult to evaluate in vivo.
To explore this issue, we chose a primary hippocampal neuronal culture system in
which repetitive seizures were induced by long-term exposure, then withdrawal of
glutamate antagonists. Two exposure times of 48 and 96 h were chosen for the
peptides. All peptides were added in the presence of peptidase inhibitors. The
addition of SST (20 ng/ml) into the culture medium had no effect on the seizures at 48
or 96 h. At 48 h, BDNF (10 ng/ml) had a protective effect: seizure onset time was
delayed and the duration was shortened. At 96 h, BDNF had an exacerbating effect:
seizure onset time was decreased and the duration of the seizures was increased.
Immunohistochemical studies showed that, at 48 and 96 h, exposure to BDNF
increased the expression of SST, NPY, and TrKB. At 48 h, the NPY, Y1 (20 ng/ml),
and Y2 (20 ng/ml) receptor agonists diminished the duration of seizures with the Y2
agonist being more efficacious. At 96 h, the seizures were not effected by the NPY
agonists. At 96 h, the neurochemical and anatomical characteristics of the BDNF
cultures had changed significantly compared to 48 h and the control cultures: the
NMDA receptors and the calcium-dependent glutamate release were increased while
the GABA system was unchanged. Also at 96 h, there was an increase in neuronal
sprouting as evidenced by T uJl and MAP2 staining. The results show that BDNF has
a biphasic effect on seizures, a short-term, protective one, possibly mediated or
enhanced by NPY and a longer-term deleterious one, possibly mediated by an
increase in neuronal processes, new synapse formation, and changes in the excitatory
amino acid system. (Supported by NMRDC work unit No. 61153N MR04101.001-1601)

EPILEPTOG ENESIS IN D U C E D BY RAPIDLY RECU R RIN G SEIZURES IN
GENETICALLY FAST BUT N O T SLO W K IN D L IN G RATS.
E. E lm er, M. Kokaia*. Z. K okaia, D. C. M c In ty re ! a n d O . L m d y a ll.
Section of Restorative Neurology, Department of Clinical Neuroscience, Wallenberg
Neuroscience Center, S-221 85 Lund, Sweden; IDepartment of Psychology, Carleton
University, Ottawa, Ontario, Canada, K1S 5B6.
K in d lin g is o ne of th e m o st ex ten siv ely s tu d ie d a n im al m o d els of e p ilepsy
b u t th e m ech an ism s for th e d e v e lo p m e n t a n d p e rm a n e n ce of th e in creased
ex citab ility are larg ely u n k n o w n . A b rie f p e rio d of ra p id ly re c u rrin g
h ip p o ca m p a l se iz u res can lea d to th e p ro g re ssiv e d e v e lo p m e n t of a
p e rm a n e n t in crease of se iz u re su sce p tib ility o v e r se v era l w eek s, so-called
" d e la y e d k in d lin g " . W e h a v e a n a ly z e d se iz u re p a ra m e te rs c ritical for the
in d u c tio n of d e la y e d k in d lin g in tw o stra in s of rats c h a ra c te rize d b y fast or
slo w rates of tra d itio n a l kin d lin g . F o rty seizu res w e re p ro d u c e d d u rin g ab o u t
3 h b y electrical k in d lin g s tim u la tio n s e v e ry 5 m in in th e v e n tra l
h ip p o c a m p u s. The fast rats d isp la y e d se v era l g e n e ra liz e d c o n v u lsio n s a n d
h a d lo n g p e rio d s o f e p ile p tifo rm activ ity , w h e re a s th e slo w an im a ls o n ly
ex h ib ited brief, focal seizu res. C h a n g e s in e x citab ility w e re d e te rm in e d
after 4 w e e k s u s in g 5 test stim u latio n s, a n d 2 w eek s late r b y su b jectin g all
an im a ls to tra d itio n a l h ip p o c a m p a l k in d lin g . The fast ra ts sh o w e d clearly
en h a n ce d resp o n siv en ess a t th ese tim e p o in ts, w h e re a s n o ev id e n c e of
p e rm a n e n tly in cre a se d se iz u re su sce p tib ility w a s o b tain e d in th e slo w rats.
O u r d a ta in d ic a te th a t th e lo n g -la stin g s tim u lu s-e v o k e d se iz u re s are
m ain ly resp o n sib le fo r in d u cin g d e la y e d k in d lin g , w h e re a s th e n u m b e r of
se iz u re ev en ts o r g e n e ra liz e d con v u lsio n s, a n d th e to ta l d u ra tio n of ep ile p ti
fo rm a c tiv ity are less im p o rta n t. W e h y p o th e siz e th a t lo n g se iz u re e p iso d e s
m ay b e necessary to trig g e r th e cascade of g en e c h an g es re g u la tin g th e
d e v e lo p m e n t of ep ilep sy . S u p p o rte d b y g ra n ts fro m th e M ed ical Faculty,
U n iv e rsity of L u n d a n d th e S w ed ish M RC.

317.13

E xpression of GABAa receptor su bun it mRNAs in
strains . M.O. Poulter1*. L.A. Brown1 and D. McIntyre2

fa st a n d slow k indling rat
1. Lab. Mol. Neuropharm, IBS,
NRC of Can, 2. Dept of Psychology, Carleton Univ., Ottawa, Ont CANADA K1A 0R6.
Previous studies have described two inbred strains of Long-Evan’s/Wistar hooded rats
which are either resistant (slow) or prone (fast) to the induction o f epileptic-like seizures
by kindling from the amygdala (Kokaia et al Neuroscience 75:197, 1996). These results
raised the possibility that these rats have either increased or decreased GABAergic
function respectively. In order to investigate this hypothesis the status of the GABAa
receptor expression was assayed by In situ hybridisation histochemistry. Using
complimentary DNA oligomers the expression of the a l - 5 , (31-3, y l-3 and 8 subunit
mRNAs in 12 (im brain sections prepared from fast, slow and normal rat brains was
compared and contrasted. In most regions there was little difference in the expression
patterns of these subunit mRNAs. However, a number of striking differences were noted
in areas where the kindling was done and which formed the basis of the inbreeding
selection. For example, a l subunit mRNA was not different in the normal, slow or fast
rats in the granule cells of the dendate gyrus whereas in the amygdala, piriform and
perirhinal cortex fast kindling animals displayed a marked decrease in a l subunit mRNA
expression in comparison to normal rats. In contrast, a l subunit expression was elevated
in slow kindling animals in these same areas. Preliminary data indicate a global decrease
in (33 subunit expression in the fast rats. Other differences not related to a localised or
global decrease or increase in expression were also observed. For example, a 5 subunit
mRNA, absent the LNA of normal and slow animals, was present in great abundance in
LNA of fast rats. Similar results were also obtained for a l and a3 subunit mRNAs. These
results imply that the GABAa receptor expression in fast and slow animals may account
for their relative sensitivity to kindling. These differences in kindling susceptibility may
not only result from changes in the relative abundance of subunit expression (eg. a l ) but
the inappropriate expression of subunit subtypes (eg a5).

317.14
TH E EFFECT OF NM DA RECEPTOR IN HIBITION DURING
STATUS EPILEPTICUS ON REFRACTORINESS TO TREATMENT
A.C. Rice* and R.J. DeLorenzo, Dept, o f Neurology, Virginia
Commonwealth University, Richmond, VA 23298-0599
Status epilepticus (SE) is a major health problem associated with high
morbidity and mortality. One o f the major problems with some forms o f
SE is the refractoriness to currently available anti-epileptic drugs. The
pilocarpine model o f SE mimics this situation, in that the SE is refractory
to initial diazepam (DZ) treatment. In this study w e have examined the
affect o f treatment with NM DA receptor antagonists on the response o f
pilocarpine induced SE to diazepam. Animals were injected with NMDA
receptor antagonists prior to pilocarpine or at varying time points after
onset o f SE. Diazepam w as administered at 1, 3 and 5 hr post onset o f
SE (as needed to control the seizure). In animals in which the NMDA
receptor antagonist MK-801 was administered before onset o f SE, DZ
abruptly terminated the seizure. In animals in which MK-801 was
administered 15 or 30 min post onset o f SE, DZ significantly reduced the
amplitude o f the EEG spike pattern within 10 min.
In animals
administered MK-801 1 hr after onset o f SE and DZ 5 min later, the EEG
pattern resembled that o f pilocarpine alone animals in that the seizure was
not responsive to the DZ. In conclusion, there is a window o f time in
which NMDA antagonists are effective in preventing the refractoriness o f
SE to benzodiazepine therapy. Supported by N IH grants PO1NS25630,
R 01N S23350 and T32NS07288-10.
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318.2

BEHAVIORAL, MOLECULAR, AND ELECTROPHYSIOLOGICAL CHANGES
IN MICE LACKING THE GABAA RECEPTOR p3 SUBUNIT GENE. T. M.
D e L o r e v 1. A. H andforth3 . H. K im 1. G.E. H o m an ics4 . B. M inassian^ . I.
Spigelm an2. A.V. Delgado-Escueta*3, and R. W. O lsen1. 1 Dept of Mol. & Med
Pharm acology, 2Sec of Oral Biol, Sch o f Dentistry, UCLA, Los Angeles, CA
90095; 3W est Los A ngeles VA M ed Ctr, Los Angeles, CA; 4 D ept of
Anesthesiology/CCM, Univ of Pittsburgh, PA 15261; 5Div o f Neurol, Hosp for
Sick Children, Univ of Toronto, Canada M5G 1X8
G A B A a receptor subunit polypeptides are involved in inhibiting synaptic
transmission, are developmentally regulated, and their deficit could be expected to
produce a pleiotropic neurodevelopmental disorder, including epilepsy. Recently, we
developed a knockout mouse line that specifically lacks a functional P3 subunit gene
(gabrb3). These m ice have a distinct phenotype that differs behaviorally,
physiologically and pharmacologically from that of wild-type control mice. We have
observed these gabrb3 deficient mice to have poor m otor learning, poor memory,
hyperactivity, and disturbed sleep-wake cycles. In intracellular recordings, CA1
neurons in hippocampal slices from heterozygote mice tended to have smaller
GA B A a receptor-mediated inhibitory postsynaptic potentials than those from wildtype mice. Investigating possible causes of these phenotypic traits has led to the
observation that mice lacking the P3 gene also have changes in gene expression of
other G A B A a receptor subunit genes. Furthermore, these m ice share features
typically associated with the human neurodevelopm ental disorder Angelman
syndrome (AS). AS is characterized by severe mental retardation with epileptic
seizures. The majority of AS probands have a deletion on maternal chromosome
15q 11-13 which eliminates a G A B A a receptor subunit gene cluster including the
GABRB3 gene. Both AS children and these knockout mice demonstrate the
emergence of epileptic seizures during adolescence. In both species the EEG displays
electrocortical activity dominated by a highly abnormal pattern typically associated
with severe cortical impairment. Supported by NS28772 and NSF 9531251.

BENZODIAZEPINE RECEPTOR DIFFERENCES IN GERBILS WITH
DIFFERENT EPILEPSY-INDUCED BEHAVIOR. V. Revilla1*, S. Robles1.
M.A. Candelas1. F.A. Stephenson2, A. Fernández-López
Dpt. Biología Celular.Universidad de León. León 24071. Spain. 2Dpt. of
Pharmaceutical Chemistry. Univ. London. School of Pharmacy. London
WC1N 1AX. UK.
Gerbil (M e rio n e s u n g uiculatu s ) epilepsy model has been widely used
because animals undergo tonic-clonic seizures elicited from external stimuli.
Based on the type and degree of the stimulus two gerbil populations were
established with respect to their sensitivity to the stimulus eliciting epileptic
seizures. Animals suffering less than four tonic-clonic epileptic episodes from
a total of ten stimulations, carried out over a period of ten weeks at one
stimulation per week, were considered as the low sensitivity population;
animals with at least four tonic-clonic crise were considered the high
sensitive population. After the ten week period of stimulation, the animals of
both populations were killed under three different experimental conditions: 1)
not suffering crisis 2) Immediately after recovering from the crisis and 3) half
an hour after recovering from the crisis. After sacrifice, brains were removed,
quickly frozen in liquid nitrogen and cut in coronal sections for quantitative
autoradiography.
[3H]Flunitrazepam was used as a radioligand for labeling BZ1 and BZ2
binding sites, and co-incubated with the specific BZ1 agonist zolpidem to
inhibit this subtype. More sensitive animals showed statistically significant
higher binding values than those of the less sensitive group in the
[3H]flunitrazepam binding of the nucleus geniculatus and periaqueductal gray
matter, and in zolpidem-inhibited [3H]flunitrazepam binding of the amydala.
This work has been supported by FISS 96/1442 and HB95-11. V. Revilla is
a fellow from Junta de Castilla y León.
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318.3

318.4

P H O S P H O R Y L A T I O N O F G A B A a R E C E P T O R B E T A S U B U N I T S BY
P ROTEIN K I N A S E A I N T O T T E R I N G M I C E . D.B. Williams*.
5 ....m i l m s h e t X y , a n d_,.D^.H
So.loffio g ,. C M B S a n d Dept.
P harmacology, C o l u m b i a U n iv. C o ll. P&S., N e w York,
NY 10032.
The m u t a n t m o u s e t o t t e r i n g (tg) is a w i d e l y
s tudied m o d e l f o r a b s e n c e e p i l e p s y .
T h e s e i z u r e s in
tg mic e are l i k e l y d u e to a n o r a d r e n e r g i c
hyperinnervation and i n creases in cAMP levels, and
in c A M P - d e p e n d e n t p r o t e i n k i n a s e (PKA) a c t i v i t y .
GABAa r e c e p t o r s c a n b e p h o s p h o r y l a t e d b y P K A on
t heir ¡3 s u b u n i t s , g e n e r a l l y r e s u l t i n g i n a d e c r e a s e
of Cl" c o n d u c t a n c e .
A s i m i l a r d e c r e a s e i n Cl~
c o n d u c t a n c e i n t g m i c e ha s b e e n d e s c r i b e d (Ther a n i &
Barnes, 1995, E p i l e p s y Res. 22: 13-21.) T h i s c o u l d
lead to the i n c r e a s e d e x c i t a b i l i t y a s s o c i a t e d w i t h
the tg p h e n o t y p e .
To test the hyp o t h e s i s that G ABAa
r e ceptors i n tg m i c e a r e h y p e r p h o s p h o r y l a t e d b y P K A
we p u r i f i e d G A B A a r e c e p t o r (3 s u b u n i t s f r o m w h o l e
fore b r a i n s of t g a n d w i l d t y p e m i c e , a n d p e r f o r m e d
b ack p h o s p h o r y l a t i o n a s s a y s u s i n g 5 m U p u r i f i e d P K A
c a t a l y t i c s u b u n i t a n d 10 p c i y [ 32P]AT P .
There were
no d i f f e r e n c e s i n P K A p h o s p h o r y l a t i o n o f th e
p u r i f i e d 3 s u b u n i t s b e t w e e n s t r a i n s as d e t e r m i n e d b y
s c anning t h e r a d i o l a b e l e d b a n d s . M o r e r e c e n t
d i s c o v e r i e s in G A B A a s u b u n i t e x p r e s s i o n c h a n g e s a n d
in C a 2+c h a n n e l d e f e c t s in t g m i c e a r e m o r e l i k e l y
e x p l a n a t i o n s fo r t h e e p i l o g e n e t i c p h e n o t y p e .

REDUCED EXCITATORY SYNAPTIC EFFICACY IN THALAMIC
SOMATOSENSORY NEURONS OF THE TOTTERING (tg) M UTANT MOUSE
MODEL OF GENERALIZED ABSENCE EPILEPSY. S. J. Caddick* C.F Fletcher*.
N.G.CopelandlN.A.Jenkins* .D.A.Coultei*andD. A. Hosforn . fDept Neurology, Med
Coll VA, Richmond VA; JNCI-Frederick Cancer Res/Dev Ctr, Frederick MD; * Div
Neurology/Dept Neurobiology, Duke/VA Med Ctrs, Durham NC.
Generalized absence epilepsy affects up to 1/5000 people. Intrinsic and
synaptic properties o f subpopulations o f neurons within the thalamocortical circuit are
central to the generation and propagation o f the spike wave discharges (SWD’s)
underlying this type of epilepsy. Recently, single gene mutations responsible for absence
seizures in 2 mutant mouse models, (tg) and lethargic (Ih) have been identified.
Mutations in each model are located within the genes encoding high threshold voltage
dependent calcium channel subunits: the cclA subunit in tg (Fletcher et al, Cell 87,6-7617,1996); and the 04 subunit in Ih (Burgess et al, Cell 88,1-20,1997). These calcium
channels are critical in synaptic transmission in the CNS. To date there have been no
in vitro studies in the thalamus o f the tg mouse.
Because o f the critical role o f thalamus in absence seizures, this study
employed whole cell recordings to investigate synaptic transmission in VB thalamic
neurons. A significant decrease in the maximal amplitude o f local stimulus- evoked
EPSPs was found in p21-28 tg mice (6.3±1.3mV) compared to non-epileptic (tg*)
littermates (11.7±1.3mV; P<0.05). No significant differences were observed in IPSPs
(tg 6.7±lm V; tg+ 4.2±2mV), resting membrane potentials (tg -60±l.lm V ; tg* 60±0.9m V), input resistances (tg lll± 1 2 .2 M fi; tg+ 93±8.3MQ), membrane time
constants (tg 38±3msec; tg+ 3 9± 10msec) or in low threshold calcium spikes (tg
23±2.2mV, tg+ 22±1.8mV). This specific decrease in EPSPs may result from a
differential involvement o f the mutant a l A subunit in control o f glutamate release.
Supported byNlNDS (DAH, DAC); VA M erit Aw ard (DAH); Klingenstein Foundation
(DAH), NCI.DHHS under contract with ABL (CFF, NGG, NAJ).
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PRODUCTION OF PARVALBUMIN-DEF1CIENT MICE BY GENE
TARGETING. B. Schwaller1. A. Wvss2. H. Bluethmann2. Y. Lana2. M.

EL (EPILEPTIC) MOUSE AS AN ANIMAL MODEL OF ANXIETY.
Y. Nakamoto*1. G. Muaishima1>2. S. Nakavama1. H. Niki3 and
M. Yoshii1. 1Dept. of Neurophysiol., Tokyo Inst, of Psychiat.,
Tokyo 156, 2Dept. of Psychol., Waseda Univ., Tokyo 162, and
3Lab. for Memory and Learning Frontier Res. Prog., Riken,
Saitama 351-01, Japan
We have reported recently that peripheral-type benzo
diazepine receptors (PBRs) are involved in the epileptic
seizures of EL mice and may also be associated with their fearresponse (Nakamoto et al., 1996). In the present study, we have
further investigated the role of PBR in inducing fear-responses of
EL mice using the elevated plus-maze (EPM) test, in which the
passages onto the closed arms, the time spent on them, the
transfer latency (TL), and the production of fecal boli are
indicative of increased anxiety. EL mice, which are hyperactive
by nature, made higher scores in the number of total arm entries
than DDY mice (control animal). After treatment with the PBR
agonist, Ro 5-4864 (5 mg/kg, i.p.), in contrast, the time spent on
the closed arms was increased. In DDY mice, the number of
open arm entries was decreased following the treatment with Ro
5-4864 (15 mg/kg, i.p.). The TL examination revealed that the
time to reach a closed arm from the far end of the open arm was
significantly shorter in EL mice than DDY for five consecutive
days. The number of fecal boli was always greater in EL mice
than DDY during the EPM tests. The results suggest that EL
mice develop anxiety as a consequence of PBR abnormalities.

Vecellio1. W. Hunziker2 and M.R. Celio1* 1 Institute of Histology and general
Embryology, University ■of Fribourg, CH-1705 Fribourg and 2HoffmannLaRoche, VFE and PRPN, CH- 4070 Basle, Switzerland
..The calcium-binding protein parvalbumin (PV) is expressed in a subset of
neurons which are often inhibitory and express the neurotransmitter GABA. It
has been suggested that the Ca2+ -buffering capacity of PV is essential to
allow these neurons to fire at a higher rate, and to protect them from a Ca2+
overload. In order to be able to test these hypotheses directly we have
generated by homologous recombination mice lacking PV. The reading
frame in exon 2 of the PV gene was disrupted by a neo-cassette
approximately 25 base pairs after the initial methionine. A substantial part of
the gene (half of the exon 2 and exons 3 & 4) was deleted. This was to
prevent the production of a truncated protein molecule, which could partially
restore the function of the wild-type parvalbumin. Several targeted clones of
embryonic stem cells were injected into blastocysts, and heterozygous
offspring from the highly chimeric mice demonstrated germline transmission
of the transgene. Hetero- and homozygous animals were bred and the
frequency of the latter was close to the expected value of 25%. Western blot
analysis of isolated proteins from different brain regions, kidney and muscle
revealed the absence of a specific PV signal in the homozygous- and a
reduced signal in heterozygous, mice. Immunohistochemistry confirmed a
total absence of parvalbumin in the homozygous mice. We postulate that the
elimination of the functional gene for PV will perturb Ca2+ homeostasis and
alter the activity and the survival of the inhibitory subpopulation of GABAergic
nerve cells expressing it. As a consequence, a tendency to develop
paroxysmal discharges, leading to epileptic phenomena, is expected.
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E F F E C T S O F A N TICO NVU LSA NTS ON SPO N T A N E O U S SE IZ U R E IN
TH E NOVEL G E N ETIC M O D EL O F EPILEPSY . S .Y a s u d a . S .A m a n o . N.
I h a r a , K .M o rita, N .Is h id a . A .M a su i* a n d N .K ato D e p a r tm e n ts o f
P s y c h ia try a n d P a th o lo g y a n d H o s p ita l P h a r m a c y , S h ig a U n iv . o f M ed.
Sci. S e t a t s u k in o w a - c h o , O t s u 5 2 0 - 2 1 , J a p a n
I h a r a ’s g e n e tic a lly e p ile p tic rat(IG E R ) i s t h e g e n e tic a lly e p ile p tic
m o d e l, d e riv e d fro m a n i n h e r i t e d c a ta r a c t r a t. T h e s e iz u r e o f t h e r a t
b e g in s w ith fa c e a n d h e a d m y o c lo n u s , fo llo w e d b y r e a r in g a n d
g e n e r a liz e d
t o n ic
c lo n ic
se iz u re s (G T C S ),
a ll o f w h ic h
a re
s y m p to m a to lo g ic a lly t h e s a m e a s lim b ic s e iz u r e . A lm o s t a ll m a le
a n im a ls h a d G T C S, s ta r ti n g fro m 5 m o n t h s o f a g e , a n d t h e f re q u e n c y
o f t h e s e iz u r e s i n c r e a s e d w ith a g in g (A m an o e t a l, A m . J . o f P a th o l.
1 9 9 6 ,1 4 9 :3 2 9 - 3 3 6 ).
In
th e
p rese n t
s tu d y ,
th e
e ffe c t
of
a n ti c o n v u l s a n t s o n G T C S a n d a g g r e s s io n o f IG E R w e r e in v e s tig a te d .
C a r b a m a z e p in e ( 5 0 ,1 0 0 ,1 5 0 m g / k g , p .o .), p h e n o b a r b i ta l ( 2 , 5, 2 0 m g /k g ,
i.p.) a n d p h e n y to i n ( 2 0 m g / k g , p .o .) w e r e a d m i n i s t r a t e d fo r s e r i a l 5
d a y s, a n d p la s m a c o n c e n tra tio n o f a n tic o n v u ls a n ts w ere m e a s u re d .
B e h a v io r w a s a s s e s s e d 5 d a y s b e fo re t r e a tm e n t, 5 d a y s u n d e r
tre a tm e n t a n d
5 d a y s a f te r t r e a tm e n t.
P h é n o b a rb ita l a n d
c a r b a m a z e p i n e d o s e - d e p e n d e n tl y s u p p r e s s e d G T C S, w h ile p h e n y to i n
fa ile d to i n h ib i t G T C S. T h e a n ti e p il e p ti c p ro file o f 3 d r u g s w a s d iff e re n t
fro m t h a t i n o t h e r e p ile p tic m o d e l r a t s , s u c h a s s p o n ta n e o u s ly
e p ile p tic r a t . It i s e x p e c te d t h a t IG E R b e c o m e s a u s e f u l m o d e l fo r
s tu d y i n g lim b ic s e iz u r e s , a n d e v a lu a t in g t h e a n ti e p il e p ti c e ffe c ts o f
no vel d ru g s.

DEFICIENCY OF PROTEIN L-ISOASPARTYL M ETHYLTRANSFERASE
C A U SE S

FA TA L

Yam am oto2. H.

PROGRESSIVE

Kurovanagi1. M.

EPILEPSY.

T.

Shirasawa1*,

Qgawara1 and H. M ori2. ’Lab.

of

N europhysiology, Tokyo Metro. Inst. G erontol., T okyo-173. 2Lab. o f M ol.
B iol., Tokyo Inst. Psychiatry, Tokyo-156
Protein L-isoaspartyl m ethyltransferase (PIMT) is suggested to play a
role in the repair o f aged protein spontaneously incorporated with isoaspartyl
residues. W e generated PIM T-deficient m ice by targeted disruption o f PIM T
gene to elucidate its biological role in vivo. PIM T-deficient m ice died from
progressive epileptic seizures with m yoclonus between 4 w eeks and 12
w eeks o f age. An anticonvulsive drug, DPA, improved their survival, but fail
to cure the fatal outcom e. L-isoaspartate, putative substrate for PIMT, was 9folds increased in the brain o f PIM T-deficient m ice. The brains o f PIMTdeficient m ice start to enlarge after 4 w eeks o f age when the apical dendrites
o f pyramidal neurons in cerebral cortices show ed the aberrant arborizations
with

microtubules

disorganization.

Based

on

the

biochem ical

and

pathological analyses o f this m odel m ice, w e conclude that m ethylation o f
m odified proteins with isoaspartyl residues are essential for the m aintenance
o f neuronal excitability and its deficien cy leads to a fatal epilepsy.
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31 9 .1
ULTRASTRUCTURAL FEATURES OF SYNAPSES AND
RECURRENT CIRCUITS OF SPROUTED MOSSY FIBERS IN
KAINATE-TREATED AND KINDLED RATS
J. Cavazos. P.
Zhang. T.Sutula* Dept, of Neurology, Univ. of Wisconsin, Madison, WI,
and Dept, of Neurology, Univ. of Colorado, Denver, CO
Sprouting o f m ossy fibers in the dentate gyrus o f kainate-treated and
kindled rats has been studied by Tim m histochem istry and dynorphin
imm unocytochem istry, and is accompanied by physiological and behavioral
abnormalities. Ultrastructural description o f the synapses and circuits
form ed by the sprouted collaterals w ould be useful for understanding how
seizure-induced sprouting may contribute to hippocam pal functional
abnormalities. Electron m icroscopic examination demonstrated that small
m ossy fiber boutons (<2.5 |im ) labeled by Tim m histochem istry or
dynorphin immunochemistry in the granule cell layer form ed asymmetric
axosomatic synapses with granule cells and basket cells in kainate-treated
and kindled rats. In the inner m olecular layer, small m ossy fiber boutons
o f sprouted collaterals form ed asymm etric axospinous and axodendritic
synapses. Giant m ossy fiber boutons were observed in the hilus, but not
in sprouted collaterals. Sprouted collaterals form ed recurrent excitatory
circuits with both granule cells and inhibitory interneurons. It is likely that
the functional effects o f sprouting are dependent on the relative number o f
m ossy fiber synapses on granule cells and basket cells, and on dynamic
variations in synaptic transmission in these recurrent excitatory and
inhibitory circuits. (Supported by N IN D S 2 5 0 2 0 and the K lingenstein Fund)

319.3
LONG-TERM AMYGDALA KINDLING, EMOTIONAL BEHAVIOR,
AND SEROTONIN RECEPTOR REGULATION IN RATS.

MONDAY AM

319.2
GAMMA OSCILLATIONS
AND RHYTHMIC ACTIVITY AS
ELECTROPHYSIOLOGICAL INDICATORS OF THE EPILEPTIC
BRAIN. A.Bragin*. C .L. Wilson. I. Fried. E. Vizentin. and J. Engel Jr.
Dept, of Neurology & Brain Research Institute, UCLA School of
Medicine, Los Angeles, CA
The functional role of gamma oscillations (GO) in the human or animal
brain is not yet clear. Several laboratories have attempted to implicate
(GO) in a variety of behavioral conditions that involve their participation
in an hypothesized “binding process”. The goal of our experiments is to
study GO under the pathological conditions found in the epileptic brain.
Rats exhibiting chronic spontaneous seizures 6-12 months after
unilateral intrahippocampal kainic acid injections were used in our
experiments. Unit activity and local field potentials o f the hippocampus
and entorhinal cortex were recorded during waking,SWS and REM sleep.
Gamma oscillations (40-150 Hz) were found both in the entorhinal
cortex and hippocampus mainly during SWS. GO occurred in association
with both local slow negative and slow positive waves, or in association
with interictal spikes (IIS).
Similar gamma oscillations were observed in entorhinal cortex and
hippocampus of patients with temporal lobe epilepsy. As found in
recording from the rat brain they were associated with local slow waves of
both polarities as well as IIS. Presumed intemeurons in both human and
rats preferably discharged in phase with the negative wave of the GO,
recorded from the same electrode. Frequency rate of the GO events in the
rats with chronic epilepsy was higher compared with naive rats. In naive
rats the frequency rate increases during kindling
Our data show that gamma oscillations can be a marker of the epileptic
brain in both rats and humans. (Supported by NIH grants NS-33310 and NS-02808)

319.4
EFFECT OF GESTATIONAL MALNUTRITION ON SEIZURE
SUSCEPTIBILITY IN A MODEL INDUCED WITH MONOSODIUM LGLUTAMATE (MSG) IN RATS. S. Orozco-Suárez. G. Maniarrez. A.

L .E. K a ly n ch u k * 1, J.C. M cE achem 3, J.P.J. Pinel2, C.A. Shaw3, & M.J.
M ea n ey 1. 'D ouglas Hospital Research Center, M cG ill U n iv., M ontreal, PQ,
H 4H 1R3, and D epts o f P s y c h o lo g y 2 and P h y sio lo g y 3, Univ. o f British
C olum bia, Vancouver, B .C ., V 6T 1Z4.
A m ygdala kindling in rats produces em otional behavior that m o d els the
fear and anxiety experienced by m any tem poral lo b e ep ilep tics. W e have
found that the m agnitude o f this e m o tio n a lity depends on the num ber o f
stim ulations the rats receive (K alynchuk et al, 1997), the site o f stim ulation
(K alynchuk et al., under review ), and the am ount o f tim e sin ce the last
stim ulation (K alynchuk et al., under review ). H ow ever, the p h y sio lo g ica l
correlates o f this em otionality have not been identified. B eca u se serotonin
has been im plicated in the m ed iation o f fear and anxiety, w e investigated
the degree to w h ich serotonin receptors are altered in the brains o f lo n g 
term am ygdala-kindled rats. In Experim ent 1, rats receiv ed either 100
kindling or sham stim ulations and their resistan ce to capture from an open
field was assessed. T hen, the rats w ere sacrificed and ligand binding to 5H T 1A receptors in several brain regions w as quantified using receptor
autoradiography. In E xperim ent 2 , rats received either 2 0 , 6 0 , 100, or sham
stim ulations and their resistance to capture was a ssessed. Then, they were
sacrificed and ligan d binding to 5 -H T iA and 5 -H T 2C receptors in several
brain regions w as quantified. In both experim ents, the kindled rats were
sign ifican tly m ore resistant to capture than the sham -stim ulated rats, and
they displayed sign ifican t alterations in binding to 5-H T receptors
com pared to the sham -stim ulated rats. T h ese alterations in serotonin
receptors m ay contribute to the em o tio n a lity observed in kindled rats and
m ay be im portant in understanding the fear and an x iety ex p erien ced by
tem poral lob e epileptics. (Supported by an N S E R C p ost do c fello w sh ip to
LEK, N SE R C grants to JPJP & C A S, and an M RC grant to MJM).

Feria-Velasco*. A.R. Del Anael. C. Beas-Zárate and L. Ontiveros. UIM
Enf. Neurol., CMN S-XXI, IMSS, México, D.F., Div. Patología, C.I.B.O.,
IMSS and Div. Patol. y Biotecnol. Ambiental, CIATEJ, Guadalajara, Jal.
MEXICO.
Restriction of nutriments at early stages of development induce numerous
changes in the brain, affecting its excitability and motor regulation. The
aim of this work was to assess the susceptibility of undernourished rats
during gestation, to the convulsive effect of MSG when given
intraperitoneally (i.p.). Female Wistar rats were fed 3 types of diets since 5
weeks prior mating, during gestation, and lactation: commercial diet for
rodents containing 23% protein (C-diet), corn-based diet containing 8%
protein and low tryptophan (M-diet), and commercial diet for rodents
containing 8% protein (HP-diet). Offsprings from all groups grew and
developed, and the experiments were made in the males when they were
60-day old. MSG aqueous solution (26 mM/kg), NaCI solution equimolar to
that of MSG, or physiological saline solution were i.p. injected to animals
from the groups receiving the 3 types of diet. Motor behavior was recorded
for at least the following 4 hr after the injection. Only the MSG-injected
animals showed hyperexcitability and convulsions. Latency period for
convulsions was shorter, and MSG-induced seizures were more intense in
the group corresponding to M-diet compared to data from C-diet and HPdiet groups. In conclusion, based upon previous data from our laboratory
using the same model of nutriments restriction, the alterations found in the
neocortical GABAergic and monoaminergic systems may explain in part,
the increased susceptibility of animals fed the M-diet to MSG-induced
convulsions.
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D e f i c i e n t s e n s o r i m o t o r g a t i n g f o l l o w i n g s e i z u r e s in a m y g d a l a k i n d l e d RATS. M. Koch*1, U. Ebert2 and P. Wlaz2. 1 Tierphysiologie, Universität
Tübingen, Auf der Morgenstelle 28, 72076 Tübingen, Germany. 2 Institut für Phar
makologie, Toxikologie und Pharmazie, Tierärztliche Hochschule Hannover, Bünte
weg 17, 30559 Hannover, Germany
Limbic epilepsy can be accompanied by psychotic symptoms in humans. We used
animal models for epileptogenesis and for psychosis to investigate some of the pos
sible mechanisms underlying the occurrence of psychoses in epileptics. Since defi
cient sensorimotor gating is the basis of some psychotic symptoms, we tested if chro
nic limbic epileptogenesis induced by kindling disrupts prepulse inhibition (PPI) of the
acoustic startle response (ASR), a measure of sensorimotor gating mechanisms. We
measured the effect of kindling (by repeated stimulation of the basolateral amygdala,
or by repeated treatment with pentylenetetrazole, or by a single injection of kainate)
on PPI. To induce PPI a weak acoustic prepulse was presented 100 ms prior to a
startling noise pulse. No significant effects on PPI were observed in epileptic rats one
week after the last generalized seizure, but a significant reduction of PPI was found in
amygdala-kindled rats 10 min after the elicitation of a seizure. We conclude that
kindling p e r se does not significantly affect sensorimotor information processing but
that sensorimotor gating is disrupted in amygdala-kindled rats immediately after a
generalized seizure. This observation could be explained by an acute overactivity of
those limbic brain structures involved in the generation of limbic epilepsy that are
also relevant for the regulation of sensorimotor gating. PPI is regulated by a neuronal
circuitry comprising the medial prefrontal cortex, medial septum, basolateral
amygdala, hippocampus, nucleus accumbens, parts of the caudodorsal striatum, and
ventral pallidum. Based on the present data we hypothesize that a disturbance of the
normal functioning of an interconnected network of these forebrain structures is the
basis of the occurrence of psychotic states in limbic epilepsy.
Supported by the DFG (SFB 307, SPP 1001 and Lo 274/5-1)

KA INIC A C ID -IN D U C ED SEIZU RES ALTER TH E HIPPO CA M PAL
EXPRESSION O F THE RAT m l AND m3 M USCARINIC RECEPTOR
GENES. N.S.Mingo- G.A.Cottrell. L.Ziang. M.C.Wallace. W.M. Burnham* and
J.H. Eubanks Playfair Neurosci. Unit and Dept, of Pharmacol., Univ. of
Toronto, Toronto, ON, Canada, M5S 1A8
The gene expression responses of the m l and m3 subtypes of the muscarinic
cholinergic system were examined after brief (5 minute) kainic acid (KA)-induced
seizures, using in situ hybridization with antisense riboprobes. Male Wistar rats
were given either KA (12 mg/kg, i.p.) or saline vehicle. When an animal
exhibited tonic-clonic seizure activity for 5 minutes, the seizure was terminated
by diazepam (5 mg/kg, i.p.), which was also given to the control subjects. At 3,
6 , or 24 hours after administration of KA, the subjects were anesthetized and
perfused for in situ hybridization. As early as 3 hours after KA administration,
m l expression was reduced in the CA1 and CA3 subfield and markedly reduced in
the dentate gyrus. At 6 hours, m l expression remained reduced in the dentate
gyrus and the CA1 and CA3 subfields. By 24 hours, m l expression was still
decreased in the CA1 and CA3 subfields, but had returned to normal in the dentate
gyrus. Alterations in the expression of the m3 subtype were less striking.
Reductions were found in the CA1 and CA3 subfields at 24 hours only. No
significant change in gene expression was observed in KA-administered animals
that did not seize. These results demonstrate that brief epileptiform activity
induced by KA administration promotes alterations in the expression levels for
both the m l and m3 muscarinic receptor genes, and suggest that the activity of
this neuromodulatory system in the hippocampus may be altered at early times
after seizures.
Supported by The Bloorview Epilepsy Research Program and The Heart and
Stroke Foundation of Canada.
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PERSISTENT
ELECTROENCEPHALOGRAPHIC
AND
HISTOLOGICAL
CHANGES FOLLOWING KAINIC ACID INJECTION IN THE HIPPOCAMPUS
OF ADULT MICE : A NEW MODEL OF FOCAL EPILEPSY ? V. Bouilleret1: A.
Depaulis1. A. Nehlig1. C. Marescaux1. V. Simonneaux2* and G. Le Gal La Salle3.
‘INSERM U. 398, Faculté de Médecine, Strasbourg, France. 2CNRS URA 1332,
Université Louis Pasteur, Strasbourg, France. 3UPR 2212, Institut Alfred Fessard, Gif
sur Yvette, France.
The main pathological substrate of temporal lobe epilepsy consists in pyramidal
cells loss in hippocampal CA1 and CA3 with a dispersion and vertical and columnar
pattern of the granule cells of the dentate gyrus. A model of extensive neuroplasticity
in mice has been described after injections of small doses of kainic acid into the dorsal
hippocampus. This leads to a neuronal loss in CA1, CA3 and a marked thickening of
the granular layer. The aim of the present study was (i) to establish if mice with
intrahippocampal injection of kainic acid develop recurrent seizures and (ii) to
determine if both histological and functional changes are reminiscent of temporal lobe
epilepsy. Injection of kainic acid into the dorsal hippocampus (50 ni; 1 nmol) of
adult mice resulted in recurrent paroxysmal discharges for up to 120 days. The
frequency of epileptiform activities increased gradually during sleep and clonic
seizures occurred occasionally. Fifteen days after kainic acid injection, the 2deoxyglucose technique showed a marked increase o f local cerebral glucose utilization
in the ipsilateral hippocampus. Using silver impregnation, cell loss was observed in
CA1 as soon as 2 hours after the injection, and spread overtime to CA4, CA2 and
finally CA3. An important thickening of the granule cell layer developed, as well as
mossy fiber sprouting. Our data describe the first histological, metabolic,
electropliysiological and behavioral evidence that discrete excitotoxic lesions of the
hippocampus in mice represent the m ost valid model of temporal lobe epilepsy
available.
Supported by a grant from the French Neurology Society and INSERM.

TOWARDS GENE THERAPY OF EPILEPSY: COMPARISON OF GAD-65,
GABA-A DELTA SUBUNIT AND GDNF VECTORS IN A RAT KAINATE
M ODEL. M.J. During»'1'. D.J. Nass*. H. Xie*'1'. A. Freese*. P. Leone**. ’•'Yale
University, New Haven, CT, U S A ;f University of Pennsylvania, Philadelphia, PA,
USA; *University of Auckland, Auckland, New Zealand.
Complex partial epilepsy refractory to anti-epileptic drugs is increasingly treated by
temporal lobectomy. An alternative approach to surgical resection, with its
significant risks and resulting deficits, is that of in vivo gene transfer of “antiepileptic” genes. Perhaps the simplest approach is the use of a GAD-65 expressing
vector thereby increasing GAB A levels and inhibition in the area surrounding the
transduced cells. This approach would be expected to be similar to local application
ofG A BA or GABA agonists into defined brain regions. GABA agonists have been
effective following microinjection into the substantia nigra, a gating nucleus in
which a critical level of GABA may protect against limbic seizures. Alternative
therapeutic genes include: i) the GABAaA subunit which in forming a heteromeric
GABA ion channel reduces desensitization and ii) GDNF which has been shown to
have anti-epileptic properties following intracerebroventricular administration. We
studied 4 groups of rats using an efficient non-viral vector, LPD (liposomeentrapped, polymer-condensed DNA). LPD complexes containing AAV plasmids
expressing GAD65; GDNF, GABAaA subunit and lacZ were generated. These vectors
were stereotactically injected into the substantia nigra of rats, one week prior to
kainate administration. Kainic acid was administered systemically (8 mg/kg) and
seizures recorded followed by gene expression studies and silver degeneration
staining. All lacZ animals and PBS controls had severe prolonged limbic seizures
leading to rearing ¿ind falling. 4 of 5 GAD animals had no seizures with the 5th
animal having wet dog shakes only. The GDNF vector had a weak antiepileptic effect
with Stage 2 seizures in the majority of animals. In those animals injected with the
GABAaA subunit vector, seizure severity appeared greater than the lacZ or PBS
controls. In summary, a non-viral GAD65 vector injected into the substantia nigra is
effective in blocking seizures in the systemic kainate model. [Funding- NIH]

319.9
PRE-EXPOSURE TO MELD HYPOXIA ATTENUATES THE BRAIN EDEMA
ASSOCIATED WITH KAINIC ACID-INDUCED STATUS EPILEPTICUS. M. R.
Emerson. F. E. Samson. S. R. Nelson*, and T. L. Pazdemik. Smith Research Center,
D eptof Pharmacology, Toxicology, & Therapeutics, University of Kansas Medical
Center, Kansas City, KS 66160.
Kainic acid (KA)-induced status epilepticus causes an initial cytotoxic edema, followed
by a vasogenic edema associated with necrosis. The piriform cortex and hippocampus
are involved in the seizurigenic response, and indeed, massive neuronal loss occurs in
these areas. A mild hypoxia pretreatment reduces the extent of this regional injury when
brains are viewed histologically [Pohle & Rauca, Brain Res. 644 (1994)]. We exposed
adult male Wistar rats to eight hours o f a mildly hypoxic atmosphere (9% 0 2, 91% N2).
Three days later, KA (14 mg/kg; i.p.) was given and symptoms were scored. Rats were
sacrificed 24 hours post-injection, and brains were removed and dissected for specific
gravity ((sg-1) ±S.E. X 104 g/cm3) analysis of edema formation. KA caused substantial
edema in the frontal cortex (404±22 vs 463±3), hippocampus (452±11 vs 467±3). and
piriform cortex; (412±14 vs 456±7), of non-pretreated rats when compared to salineinjected controls. While there was no difference in seizure score among groups of rats,
edema was abolished in the frontal cortex (461±10) and hippocampus (473±3) of
hypoxia-pretreated rats and the edema in the piriform cortex was attenuated (439±9). A
sham group, kept in the chamber and exposed to air for the duration of the pretreatment
showed slightly less edema than the non-pretreated KA group kept in the open room,
suggesting that being in the chamber itself caused a mild stress. Metallothionein(MT),
a small, inducible protein with antioxidant properties that is involved in heavy metal
disposition has been shown in our laboratory to be upregulated after KA administration.
Those rats pretreated with 9% hypoxia showed a doubling in the expression of MT in
piriform cortex when compared to the non-pretreated rats. Stresses such as mild hypoxia
may induce the expression of metallothionein and other stress-associated neuroprotective
proteins in these critical brain regions, thus allowing for attenuated edema associated with
KA-induced status epilepticus. Supported in part by: DAAH04-95-0217.

319.10
M ETRAZOL REACTIVATES A N EPILEPTIC FOCUS
IN D U C E D BY G A B A W ITH D R A W A L. S. B railow skv*
and T. M o n tie l. Instituto d e F isio lo g ía C elular, U .N .A .M .,
04510 M éxico D.F., MEXICO
Chronic or semiacute intracortical infusion of GABA followed
by w ithdraw al induces an epileptogenic "G A B A-w ithdraw al
syndrome (GWS)", in both monkeys and rats. This GWS,
induced w ith 120 m in of GABA application (50 pig/fil, 3 |il/h r),
lasts for several days, after which the EEG returns to pre
infusion patterns. One to four m onths after norm alization of a
GWS, systemic application of a subconvulsant dose of
pentylenetetrazol (PTZ) induced the reappearance of the
paroxysm al activity. The electrographic characteristics were
similar to those seen during the initial GWS. This reactivation
was observed in all 18 rats studied, though the length of the
GWS (range = 1-11 days) and of the predom inant EEG p attern
observed (focal a n d /o r bilateralized) varied. In 6 rats, a 20
m g/kg dose of PTZ produced the reactivation, while in the
remaining animals, 25 m g /k g of PTZ w as needed to produce the
same effect. Saline-infused or control rats (cortical im plantation
only) showed no epileptogenic response to this dose of PTZ.
These results indicate the persistance of a dorm ant
epileptogenic trace in GWS rats which m ay be relevant for the
comprehension
of
the
pathophysiology
of
human
epileptogenesis.
Supported in part by D G A P A -U N A M and C O N A C Y T (Mexico).
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A KETOGENIC DIET INCREASES THE RESISTANCE TO
PENTYLENETETRAZOLE-INDUCED SEIZURES IN THE RAT. K. J.
Bough and D. A. Eagles*. Department o f Biology, Georgetown University,
Washington, D.C. 20057.
The present study was designed to investigate the effects o f a ketogenic diet
on seizure threshold. A ketogenic diet (4:1, fats: proteins/carbohydrates) was
administered to male Harlan Sprague-Dawley rats for four weeks, while
control animals were fed rodent chow, ad libitum. Both groups were allowed
free access to water. Blood plasma was collected on days 8, 14, 28, and 35 to
determine the concentration o f beta-hydroxybutyrate (B-OHB) by
spectrophotometric analysis. The ketogenic diet was well tolerated for the
duration of the study and produced a significant (p < 0.01) elevation in betahydroxybutyrate levels during the first fourteen days. After thirty-five days,
the B-OHB levels had declined to levels o f insignificance but still remained
elevated with respect to controls. Seizures were chemically induced every
seven days by tail-vein infusion of pentylenetetrazole (PTZ).
After
administration of- a high-fat diet for three weeks, the ketogenic group
exhibited a highly significant (p < 0.001) increased resistance to PTZinduced seizures. These results support earlier evidence that the ketogenic
diet is an effective treatment for epilepsy and help to establish a working
animal model from which future studies can be basal.

PENTYLENETETRAZOLE SEIZURE RESPONSE IN C57BL/6J AND DBA/2J
CHROMOSOME 1 CONGENIC MICE. T.N. Ferraro*. D. Zamboni. G.T. Golden.
G.S. Smith. W.H. Berrettini. Thomas Jefferson University, Philadelphia, PA and
DVAMC, Coatesville, PA.
We recently mapped several loci which contribute to the large difference
between C57BL/6J (B6, relatively resistant) and DBA/2J (D2, relatively sensitive)
inbred mice in susceptibility to seizures induced by the convulsant drugs kainic
acid and pentylenetetrazole (PTZ) and showed that a locus on distal chr 1 (termed
Kaszl) accounts for a substantial portion of the genetic variance (> 20%) between
parental strains. In order to refine the map position of Kaszl and to assess the
influence of genetic background upon its control of seizure expression, we have
begun to generate and test reciprocal B6 x D2 congenic strains using a repeated
backcross design with marker introgression. A panel of DNA markers spanning a
2-LOD confidence interval for Kaszl on chr 1 are typed using DNA from a ‘tailclip’ taken at the time of weaning. The markers and their map positions are:
DlMit7 (43 cM) - DIMitll (60 cM) - DlMit54 (68 cM) ~ DlMit30 (75 cM) DlMitl6 (85 cM) - DlMitl50 (97 cM) - DlMitl7 - (108 cM). The two strains
under development (B6.D2-JTo£zldl and D2.B6-JTas2/dl) are currently in the N5
generation where the genetic background of the ‘inbred partner’ strain is about
93% ‘pure’ and with the 7% of ‘donor strain’ DNA including the chr 1 region
harboring Kaszl. Testing of mature (8-10 wk) N4 mice (single injection of PTZ,
80 mg/kg, sc) revealed a significant relationship between the presence of D2 alleles
near Kaszl and expression of a maximal seizure (p < 0.003, Fisher’s Exact Test).
Also, PTZ-testing of a commercially available congenic strain (B6.D2-Mfv- 77Ty)
carrying D2 alleles from a small region of chr. 1 (near DlMitl50) on a B6
background revealed seizure sensitivity similar to that of parental D2 mice. In
summary, preliminary results from N4 Kaszl congenic mice and full B6.D2-Aftv7*/Ty congenic mice suggest that the Kaszl seizure-related QTL is localized in the
vicinity of DlMitl50 and functions largely independent of the D2 genetic
background. Supported by NINDS grant R01-NS33243.

Supported by G.U. Dept, of Biology
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319.13
UPREGULATION OF NMDA RECEPTORS IN HIPPOCAMPAL
DENTATE GYRUS IN THE PENTYLENTETRAZOLE-KINDLING
MODEL OF EPILEPTOGENESIS.
of Medicine,Univ. of Patras
Recent evidence suggests that

N-methyl-D-aspartate

(NMDA)

receptors significantly contribute to the development of kindling. In the
model of Pentylentetrazole-kindled mice, we studied the density of NMDA
receptors by using ‘in vitro’ quantitative autoradiography and the NMDA
receptor channel blocker [3H]-MK801, as a ligand.
One week after the acquisition of stage 5 of kindling, we determined
a

significant

upregulation of about

13%

in NMDA

receptors

in

hippocampus of the kindled compared to control animals, which was
restricted in the molecular layer of dentate gyrus. A similar upregulation
in NMDA receptor density was observed in temporal cortex (layers 3-4)
of the kindled mice. The selective increase seen in hippocampal dentate
gyrus

is

consistent

with

electrophysiological

findings

showing

upregulation of NMDA receptor function in this brain area, which may
contribute to the enhanced sensitivity for the inductbn of generalized
seizures during kindling.
Supported by a grant from the Greek Secretariat of Research and
Technology to F.A.

EPILEPSY: HUMAN STUDIES
320.1

320.2

IMMUNOHISTOCHEMICAL EVIDENCE OF IgG AND COMPLEMENT ACTIVITY
IN THE BRAINS OF RASMUSSEN’S ENCEPHALITIS PATIENTS. K.D. Whitney3
and J.O. McNamara1,2,3*. Departments of Medicine (Neurology)1, Neurobiology2, and
Pharmacology3, Duke University, Durham, NC, 27710.
Rasmussen’s Encephalitis (RE) is a rare childhood-onset epilepsy which may be due
in part to an autoimmune attack on the glutamate receptor subunit GluR3. We have
recently shown that GluR3-immunized rabbits, which develop a syndrome like RE, have
anti-GluR3 antibodies that kill cultured rat cortical neurons in a complement (C)dependent manner. IgG immunoreactivity (IR) was found on neurons in the cortex and
hippocampi of ill but not healthy rabbits, suggesting that anti-GluR3 antibodies
penetrated the blood-brain barrier, bound neurons, and promoted C-mediated cell death.
To see whether similar mechanisms operate in humans with RE, we performed
immunohistochemistry in a blinded manner on brain tissue from 5 RE, 4 temporal lobe
epilepsy (TLE, negative controls), and 1 Alzheimer’s disease (AD, positive control)
patients. With 2 RE samples, we observed robust IR on neurons and apical dendrites in
the same circumscribed areas of adjacent sections probed with antibodies to human IgG
and C cascade components C4, C 8 , and the cytolytic membrane attack complex (MAC).
In the AD sample, dystrophic neurites, neuropil threads, senile plaques, etc., were
stained prominently as previously reported. In contrast, in all TLE and 3 RE samples,
no remarkable IgG or C IR was detected on cells. Capillaries were labelled by each
antibody in sections from all samples. Preincubation of each antibody with its
respective immunogen, but not an irrelevant protein, dramatically reduced capillary and
neuronal staining; no capillary or neuronal staining was seen in the absence of primary
antibody. The similar staining patterns seen with each of these antibodies suggests that
classical C pathway activation and MAC deposition primarily on neurons has occurred,
presumably triggered by anti-neuronal IgG binding to these cells. These data indicate
that neurons may be damaged by a C-dependent mechanism in RE. Supported by
NS17771 (JOM) & Howard Hughes Medical Institute (KDW).

CHANGES IN INTERNEURON MORPHOLOGY AND DISTRIBUTION IN THE
EPILEPTIC DENTATE GYRUS Zs. Maeloczkv1 Zs. Borheevi1. P. Halasz2. J.
Vaida3. S. Cziriak3. L. Wittner1 and T.F. Freund1 * Mnst. Exp. Medicine
Hungarian Acad. Sci., POB 67. H-1450 Budapest, 2Dept. Neurology o f Haynal
Univ., Pf 1. H-1281 Budapest, 3National Inst. Neurosurgery, H-1426 Budapest,
Hungary
The dentate gyrus (DG) is the most resistant part of the hippocampus in
epilepsy, although, its fine structure and connectivity does not remain intact after
seizures. We examined surgically removed hippocampal tissue from temporal lobe
epileptic patients (with therapy resistant epilepsy) after immunostaining for
calcium binding proteins calretinin (CR) and parvalbumin (PV), neuropeptide
somatostatin, and substance P receptor (SPR). All of the applied antisera labelled
nonprincipal cells in the DG. The types and distribution of these interneurons were
analyzed in the epileptic samples and compared to the normal human hippocampus
(post mortem samples).The number o f somatostatin-, CR- and PV-immunopositive
cells was reduced in the hilar region and str. moleculare, although the decrease was
more pronounced in the hilus. In contrast, the zone normally occupied by CRcontaining fibres at the top of the granule cell layer (originating from the
supramammillary nucleus) expanded in the epileptic DG to involve the outer
molecular layer. The majority of the SPR-immunopositive cells are present in the
hilar region in the control subjects, only occasional cells occur in other layers of the
DG. The distribution of these cells is remarkably different in the epileptic samples,
SPR-positive cells are rarely seen in the hilus, while they can be found in str.
moleculare in large numbers. In addition to the altered distribution, the dendritic
morphology of the cells is also different from normal.
These results suggest that reorganization in the dentate gyrus involves not only
the principal cells, but their subcortical afferent pathways, as well as the
distribution and morphology of interneurons regulating granule cell excitability.
The altered neuronal network of the DG in the epileptic temporal lobe may explain
the unique role of granule cells in the maintenance of the seizure activity.
Supported by grants Human Frontier Science Program; The Howard Hughes
Medical Institute; ETT 016/93; OTKA T16962.

320.3

320.4

ALTERATIONS IN CEREBRAL GABA AND GLUTAMATE IN HUMAN EPILEPSY
MEASURED IN VIVO E. J. Novotnv. Jr* . F. Hvder. K.L. Behar. O.A.C. Petroff. D.
Rothman Depts of Pediatrics, Neurology and Internal Medicine, Yale Univ. Sch. o f Med.,
New Haven, CT 05610
A method to non-invasively measure glutamate and GABA in the human brain would
greatly enhance studies of the mechanisms and cause of human epilepsy. Recent
proton(lH ) NMR techniques have been developed to obtain regional _quantitative
measurements of glutamate, GABA and other compounds. Since the etiology of epilepsy
is unknown in greater than 50% of subjects with generalized or multifocal epilepsy, the
objective of this study was to identify changes in neocortical GABA and glutamate in this
population. Proton NMR studies were performed on 14 subjects (1-40 y/o; 8 F/6 M) with
epilepsy and 13 controls (4 -43 y/o; 4F/9M).
The 1H NMR study measured the
concentration of GABA, glutamate and other compounds in a 1 2 cc volume of the occipital
lobe identified on MRI. Usually two separate measurements were obtained during each
study and four of the subjects with epilepsy and three of the controls had two or more serial
exams. Two subjects with epilepsy had elevations o f cortical glutamate (16.6, 17.5 vs. 9.5
+ 1 .5 (ig/m, n=23) greater than three SD above controls. Three other subjects had marked
depletion of cortical GABA (0.2 ,0 .6 ,0 .6 vs. 1.2 ± 0.2 |ig/m, n=l 9) greater than three SD
below control values. Our results are the first to identify changes in steady-state
concentrations of cerebral glutamate and GABA in human generalized epilepsies in vivo,
Changes in cerebral GABA have been identified in other forms of epilepsy by in vitro
techniques and by in vivo microdialysis, but have not been observed in generalized
epilepsies. Further in vivo NMR spectroscopic studies measuring the turnover of GABA
and glutamate can be performed to elucidate the mechanism by which the alterations in the
steady-state concentrations of these metabolites occur. These NMR studies can be
combined with molecular genetic approaches to identify the molecular basis o f this group
of “idiopathic” epilepsies and help guide pharmacologic therapies. Sponsored by grants
from Epilepsy Foundation of America (EJN) and NINDS {NS-28790, NS32518}.

SUBTYPE-SPECIFIC UPREGULATION OF GABAa-RECEPTORS
IN THE HIPPOCAMPAL FORMATION OF TEMPORAL LOBE
EPILEPSY PATIENTS. F. L o u d . H.G. Wieser. Y. Yonekawa. H.
Mohler* and J.M. Fritschv. Inst, of Pharmacology, Depts. of Neurology
and Neurosurgery, University of Zurich, CH-8057 Zurich, Switzerland.
Temporal lobe epilepsy (TLE) is associated with reduced in vivo
benzodiazepine binding in the region o f the focus, reflecting extensive
cell loss. In this study, alterations in the expression o f GABAA-receptor
subtypes in surviving neurons were investigated at the cellular level in
resected epileptic hippocampal tissue, using postmortem hippocampi
as controls. The distribution o f a l - , a2-, a3-, and y2-subunits, which
are highly expressed in normal hippocampus, was visualized immunohistochemically. In epileptic tissue, a marked, region-specific up
regulation o f these four GABAA-receptor subunits was observed. In the
dentate gyrus, granule cell number was reduced, but staining for all
subunits was strongly increased in the preserved cells. The a l - and a2subunit staining was augmented throughout the molecular layer,
whereas a3-subunit expression was limited to the soma and proximal
dendrites. Hilar cells were few, but enlarged and more intensely
stained for the a 2 - and y2-subunits than in control. Throughout,
intemeurons were selectively positive for the a l - and y2-subunits,
exhibiting a prominent increase in density and staining intensity in
epileptic tissue, even in CA1 that was almost devoid of principal cells.
These results demonstrate a subtype-specific upregulation o f GABAareceptors in TLE, reflecting possible compensatory mechanisms in
surviving neurons. Increased GABAA-receptor expression in
intemeurons suggests that disinhibition may be enhanced, contributing
to the maintenance o f seizure activity.
Supported by the OTT-Fonds.
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320.5
GABAA-MEDIATED INHIBITION IN DENTATE GRANULE
CELLS FROM PATIENTS W ITH TEM PORAL LOBE EPILEPSY.
Peter R. Patrvlo*. Dennis D. Spencer and Anne Williamson. Dept, of
Neurosurgery, Yale University Sch.. of Med., New Haven, CT, 06520
Alterations in G A BA a mediated neurotransmission can underlie
seizure generation in both in vivo and in vitro preparations and have
subsequently been hypothesized to contribute to some forms of
epilepsy. In this study intracellular recordings from hippocampal slices
were used to examine whether GABAA-mediated transmission was
compromised in dentate granule cells from patients with medial
temporal sclerosis (MTLE). Comparison tissue was from epileptic
patients in which the anatomical changes that characterize MTLE were
not seen (e.g. mass-associated TLE). Perforant path-evoked
polysynaptic inhibition appeared to be impaired in MTLE tissue, with
the fast IPSP conductance reduced relative to that seen in comparison
tissue (MTLE = 17.13 ± 1.3 nS, n= 7; comparison = 31.7 ± 4.9 nS, n=
30; mean ± s.e.m.). When monosynaptic IPSPs evoked in the presence
of the glutamate receptor antagonists APV and CNQX (50 |llM) were
examined, a similar impairment was noted. The conductance of the fast
monosynaptic IPSP in MTLE tissue was 15.9 ± 2.7 nS (n=8) and 40.4
± 17.5 nS in comparison tissue (n=3). Although additional experiments
are needed, these data suggest that there is a decrease in inhibitory
transmission at the GABAergic interneuron-granule cell synapse in
MTLE although the mechanism is unknown. Supported by NIH grants
06208 and 30619 to AW and DDS.

320.7
EXPRESSION
OF mGluRl
SPLICE
VARIANTS
IN
THE
HIPPOCAMPUS OF
PATIENTS
WITH
TEMPORAL
LOBE
EPILEPSY. A. Lie*1. I. Bltimcke2. R. Kuhn3. P .P . Wiestler2. C.E. Eiger1.
Dept, of Epileptology1 and Neuropathology2, Univ. Bonn Med. Ctr., 53105
Bonn, FRG; Novartis3, 4002 Basel, Switzerland.
Metabotropic glutamate receptor (mGluR) agonists modulate epileptiform
activity in vitro and induce neuronal cell loss and epileptic seizures in
animals. In the present study, we have analyzed the immunohistochemical
distribution of the mGluRla, m GluRlb, and m G luRlc splice variants in
human epileptic hippocampus. Hippocampal specimens from patients with
temporal lobe epilepsy (TLE) and a histopathological diagnosis o f
Ammon's horn sclerosis (AHS, n=14) or a focal lesion in the temporal lobe
not involving the hippocampus proper (n=4) were used. In addition, two
biopsy specimens from patients without seizures or hippocampal pathology
were studied.
In epilepsy and control specimens, m G luRlb immunoreactivity was
confined to neuronal cell bodies and, less prominently, to astrocytes.
Astrocytes were also stained for m GluRlc. However, significant changes
were observed for mGluR la immunoreactivity in TLE specimens. In
controls, a prominent neuropil staining was visible
only
in the CA1
subfield. In contrast, all TLE specimens either with AHS or with focal
lesions showed a significant up-regulation o f m GluRla-immunoreactive
neuropil in CA2 and dentate gyrus molecular layer. In addition, thin and
varicose dendrites, which most likely correspond to intemeurons,
were
found in all hippocampal segments. These data demonstrate a subregional'
up-regulation of excitatory mGluR la which may be related to the
pathomechanism or maintenance o f hippocampal epileptogenesis. This
work is supported by a DFG graduate program (Graduiertenkolleg) and
SFB400.

3 20.9
MOSSY FIBER SPROUTING CORRELATES W ITH LOSS OF SYNAPTIC
DEPRESSION BY GROUP III METABOTROPIC GLUTAMATE RECEPTORS
(mGluRs) IN THE AREA DENTATA OF PATIENTS WITH TEMPORAL LOBE
EPILEPSY (TLE). T.Kral*. D.Dietrich. H.Clusmann. J.Schramm. Department o f
Neurosurgery, Bonn University Medical Center, 53105, Germany.
The role o f mGluRs in the regulation o f excitatory synaptic transmission in
patients with TLE was investigated using extracellular recordings from dentate
gyrus granule cells. The perforant path in the area dentata o f surgical excised
hippocampi o f 12 patients with Ammonshom's sclerosis (AHS) and 4 patients with
a temporal lesion without AHS (non AHS) was stimulated with paired pulses. The
temporal lesion was histologically classified as pilocytic astrocytoma,
dysembryoblastic neuroectodermal tumor and glioneuronal hamartia in two cases.
Timm stain detected mossy fiber sprouting in the AHS group and was negative in
the non AHS group. The mGluR group III agonist L-AP4 (100fiM) depressed the
EPSP slope in the GCL o f the non AHS group by 28.8 ± 9.1%, whereas L-AP4 was
ineffecious in the GCL (6.9 ± 3.9%) and the ML (6.5 ± 3.5%) o f the AHS group.
The mGluR agonist (1S,3R)-ACPD suppressed the EPSP slope in both groups.
Paired pulse depression (slope ratio: 0.86 ± 0.12) converted to facilitation (slope
ratio: 1.07 ± 0.09) after L-AP4 application in the non AHS group. There was only a
small reduction of paired pulse depression (slope ratio: 0.80 ± 0.05 to 0.86 ± 0.06)
in the AHS group. L-AP4 depressed the population spike amplitudes in the GCL o f
AHS group by 9.4 ± 6.1% and in the non AHS group by 35.3 ± 16.4%. 500^M of
the mGluR group III antagonist MAP4 reversed the L-AP4 effect on EPSPs in GCL
by 46% in the non AHS group. These data suggest that pathological mossy fiber
sprouting in TLE with AHS correlates with a loss o f the depressing effect o f group
III m GluR's on the synaptic excitation o f hippocampal granule cells. Supported by
a BONFOR grant of the University o f Bonn.
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3 20.6
A U T O A N T IB O D IE S
TO
A M PA
SU B TY PE
OF
GLUTAM ATE
R E C E PT O R S (GluRI), CY C LIC G M P
AND
SER U M
Ca 2+
IN
C H IL D R E N W ITH D IF F E R E N T N E U R O L O G IC A L D ISEA SES
O .V .G loba , E.G .Sorokina, O .I.M aslova, V .G .Pinelis.*D pts o f Neurological
Diseases and m em branology, Inst, o f Pediatry, RA M S, M oscow, 117963,
Russia
In o ur previous work we showed the ap pearance o f au to an tib o d ies (aAB) to
fragm ents o f glutam ate receptors in the blood serum in children with epilepsy
(NS M eeting abstracts, 1996, V.22, P .l, 78.17). To evaluate th e changes in
content o f aAB to G lu R I the ’’paroxism al activity test" (PAT) elaborated by
Inst, o f H um an Brain, RAS was used in children with epilepsy and different
neurological diseases. In these patients C a2+ , and cG M P content were also
analyzed. W e examined 172 patients from 2 m o n th to 16 years o f age: 101 with
epilepsy, 39 with paroxism al nonepileptic conditions (PC), 32 - com parison
group (C G ) with different nonepileptic neurological diseases an d healthy
children. The content o f aAB was significantly increased in serum o f patients
with epilepsy and it was by 1,5 times higher th a n in C G in all age groups. In
patients with clinical remission o f seizures [aAB] was low er th a n in children with
seizures. In all age groups with PC the level o f aAB was higher in com parison
with C G , but lower th an in epilepsy. In 12,5% o f children with PC 0.2-1 year of
ages and in 28,5% of children with PC 1-6 years of ages who had high aAB level we
observed the typical epileptic seizures in 3-9 months after indication of [aAB], In all
age groups o f children with seizures and PC level o f cG M P was by 5-7 times
higher th an in CG. There was the correlation between th e increased the level of
cG M P and [aAB] in children with epilepsy. The negative correlation between
serum C a2+ level and [aAB] in patients 0,2-6 years old w ith seizures was
revealed. The results obtained showed th at ( 1 ) PA T is valuable fo r predictable
diagnostic o f epilepsy and its therapy. (2) The revealed changes in serum Ca2+
and cG M P level indicate the pathogenic role o f them in epilepsy.

320.8
GROUP II METABOTROPIC GLUTAMATE RECEPTORS POTENTLY
REDUCE SYNAPTIC EXCITATION AND PAIRED-PULSE DEPRESSION IN
DENTATE GYRUS OF EPILEPTIC PATIENTS. D.Dietrich*. H.Clusmann. T.Kral.
J.Schramm. Dep. o f Neurosurgery, Bonn Univ. Med. Center, 53105, Germany.
Modulation o f synaptic transmission by metabotropic glutamate receptors
(mGluRs) was examined in brain slices prepared from surgically excised human
epileptic hippocampus using extracellular and intracellular recordings from dentate
granule cells (GCs). All patients (n=13) suffered from pharmacoresistant temporal
lobe epilepsy and showed mossy fiber sprouting as revealed by the Timm
histochemical method. The specific mGluR agonist (1S,3R)-ACPD (ACPD) (40 jxM)
depressed field EPSPs (fEPSPs) in the GC layer, evoked by stimulation o f the outer
molecular layer, by 43 ± 11 %. This effect was concentration-dependent and rapidly
reversible with an EC50 value o f 30 ± 7 fi.M and a maximal depression o f 70 ± 7 % at
200 |iM. The effects o f ACPD could be mimicked by nanomolar concentrations of
the group II agonist DCG-IV while the group I agonist DHPG (100 ^M ) and the
group III agonist L-AP4 (100 ^M) were ineffective. The actions o f ACPD (40 |iM)
could be reversed with the mGluR antagonist S-MCPG (500 fiM) and with the
specific group II antagonist MCCG (200 |iM) by 61 ± 6 % and by 58 ± 13 %,
respectively. In contrast, the putative group III antagonist MAP4 (500 |nM) reversed
ACPD effects only by 11 ± 4 %. ACPD (40 nM) also reduced EPSP recorded from
single GCs by 40 ± 6 %, whereas it showed no effect on resting membrane potential
or on input resistance. When paired stimulations (40 ms) were applied, paired-pulse
depression was observed under control conditions (0.84 ± 0.09 %). Application of
ACPD (40 |iM) converted this paired-pulse depression into facilitation (1.15 ± 0.12
%). Adding 100 pM Picrotoxin to perfusion medium did not change the responses to
ACPD. These results demonstrate that presumably presynaptic group Il-like mGluRs
potently suppress the monosynaptic excitation o f epileptic human dentate GCs.
Supported by the Deutsche Forschungsgemeinschaft and a BONFOR grant.

320.10
MODULATION OF VOLTAGE-DEPENDENT CALCIUM CURRENTS BY
MULTIPLE METABOTROPIC GLUTAMATE RECEPTORS IN RAT AND
HUMAN HIPPOCAMPAL GRANULE CELLS Ralf Steffens1. Ingmar Blttmcke2,
Otmar D. Wiestler2. Christian E. Eiger* and Heinz Beck1*. Department of
Epileptology1 and Neuropathology2, Univ. Bonn Med. Ctr., 53105 Bonn, Germany
The modulation o f high threshold (HVA) Ca2+ currents by metabotropic glutamate
receptors (mGluRs) was investigated in isolated human and rat hippocampal granule
cells using the whole-cell patch clamp technique. L-AP4 (class III mGluRs) and
(1S,3R)-ACPD (class I/II mGluRs) reduced HVA currents in a rapid and reversible
manner in most rat and human neurons. These effects were irreversible after
intracellular dialysis with the non-hydroiyzable GTP analogue GTP-y-S and blocked
by pertussis toxin (PTX). The effects o f (1S,3R)-ACPD could be further differentiated
by more specific class I (DHPG) and class II (L-CCG-I) mGluR agonists. In human
neurons, the effects o f DHPG were occluded by nifedipine. Preapplication o f o>
Conotoxin GVIA (co-CgTx) abolished the effects o f L-CCG-I, indicating a
predominant action o f class I and class II mGluRs on L- and N-type channels,
respectively. In contrast, the activation o f class III mGluRs resulted in either a block
or a potentiation o f pharmacologically isolated L-type current in different neurons that
coexisted with a block o f the N-type current. Potentiating effects on the L-type current
also occurred rarely after activation o f class I mGluRs in rat and human neurons.
Potentiation o f HVA currents following activation o f class I/III mGluRs was not
affected by dialysis with GTP-y-S. These data indicate that multiple mGluR subtypes
modulate N- and L-type currents via different transduction pathways, suggesting that
the rationale for the cellular coexpression o f kinetically similar HVA current
components may be their differential modulation by intracellular transduction
pathways. Supported by the SFB 400 and the BONFOR program.
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320.11

320.12

NOREPINEPHRINE (NE) AND SEROTONIN (5-HT) IN HUMAN
TEMPORAL LOBE EPILEPSY (TLE) IDENTIFIED WITH IN SITU
MICROVOLTAMMETRY. S.V. Pacia**. W X Doyle*. O. Devinskyi. P.

CONNEXIN 32 EXPRESSION IN THE HIPPOCAMPUS OF EPILEPTIC
PATIENTS. D. Burdette. N. Allar. B. Smith*. K. Elisevich. Epilepsy Research
Lab, Neurosciences Institute, Henry Ford Health Sciences Center, Detroit, MI
48202
Gap junctions between cells allow for the rapid transmission o f electrical signal
and ostensibly for brief, synchronous activity in cell populations. Several authors
have identified an electrotonic linkage o f cells under conditions o f epileptogenicity
in the animal model. The immunocytochemical expression o f connexin 32 was
examined in the hippocampus o f humans with temporal lobe epilepsy.
Hippocampal tissue was fixed in 4% paraformaldehyde, sectioned at 7 microns,
and reacted with a monoclonal connexin 32 antibody (Chemicon) or stained with
cresyl violet. Comparisons of percent connexin-bearing neurons in the classic
subregions of the hippocampus were made to determine relative neuronal
expression in cases of classic mesial temporal sclerosis (MTS, 3 patients) and
extrahippocampal pathology (EHP, 2 patients). The mean ratios o f MTS and EHP
were as follows: dentate 0.57 v 0.29; CA4 1.12 v 0.66; CA3 0.93 v 0.69; CA2
0.81 v 0.02; lateral CA1 0.89 v 0.62; inferior CA1 0.76 v 0.79; subiculum 0.46 v
0.26. A significant difference was apparent only in subregion CA2. Prominent
connexin 32 expression was seen throughout the hippocampus. The pattern of
expression appears to differ in certain subregions according to the presenting
pathology.

Neurology1 and Neurosurgery2, NYU/HJD Comprehensive Epilepsy Center,
NY 10003 and The Department of Physiology and Pharmacology3’ City
University of New York Medical School at CCNY3, N.Y. 10031.
The precise roles of NE and 5-HT in human epileptogenesis are uncertain.
We studied the surgically resected temporal neocortex in two patients with
neocortical TLE (NTLE) due to cortical dysplasia and in one patient with
hippocampal epilepsy with in situ microvoltammetry. Each specimen was
immediately placed in Ringer's Lactate (RL); stearate indicator microelectrodes
were placed in antero-lateral temporal gray matter, Ag/AgCl reference
microelectrodes and auxiliary microelectrodes were placed 6 mm contralaterally
to the indicator microelectrode. NE and 5-HT were identified by their
characteristic oxidative potentials in vitro. The detailed methods have been
published (Broderick, Br. Res., 495;1989; Broderick, Neurosci. Lett. 95;1988).
The two patients with neocortical epilepsy and cortical dysplasia had no
identifiable NE in temporal neocortex while the patient with hippocampal
epilepsy and histologically normal temporal neocortex had high NE
concentrations. Conversely, moderate to high concentrations o f 5-HT were
identified in the temporal neocortex o f the two NTLE patients but lower 5-HT
concentrations were found in the neocortex o f the patient with hippocampal
epilepsy. These preliminary data indicate an association between NE depletion
and NTLE. The higher 5-HT concentrations in the patients with NTLE
supports a role for serotonergic mechanisms in epileptogenic neocortex.
(Supported by a grant from FACES, NYU)

320.13
NEUROPEPTIDE Y INHIBITS SYNAPTIC EXCITATION IN EPILEPTIC
HUMAN BRAIN W F Colmersr N Pronchuk1 C Torok-Both1. AR McQuiston1.
GJ Klapstein1 M .Tlo1. K Aronvk^. J McKean . DB Sinclair3 M. Javidana& AG
Beck-Sickinqer. Depts. Pharmacol.. 2Surqerv. & 3Neurol. Univ. of Alberta.
Edmonton, Canada, & Dept. Pharmazie. ETH Zurich, Switzerland.
Some epileptic foci show poor responses to conventional anticonvulsants,
necessitating surgical removal. Presynaptic action of Neuropeptide Y (NPY)
receptors has been shown to inhibit epileptic discharges in rat hippocampus in
vivo and in vitro. Here, we have tested the hypothesis that NPY and selective
agonists will inhibit synaptic excitation of neurons in human epileptic foci.
Hippocampus or temporal neocortex was resected en bloc from 14 patients
of both sexes, 7 adult (mean age 27.9 ± 3.13y, mesial temporal sclerosis), 6
pediatric (mean age 3.83 ± 0.95 y.,focal seizures), and a 15 y-o.(occipital lobe
focus). Tissue was sectioned in ice-cold saline at 350-700 |um, and kept at
room temperature in standard, bicarbonate-buffered ACSF (2 Mg, 2 Ca) until
recording, performed at 33 - 35°C. Whole-cell recordings were made blind or
using infrared videomicroscopy, with a K+-gluconate solution containing ATP,
and GTP. Tungsten electrodes placed in nearby tissue were used to elicit
synaptic potentials. Drugs were applied in ACSF via the bath.
Application of NPY or analogues reversibly inhibited synaptic excitation in 19
neurons, via a predominantly presynaptic action. Most were dentate granule
cells (DGC), but some neurons from layers ll-ll and V-VI of superior or medial
temporal gyri also responded. Inhibition varied between about 20 and 100%.
Most neurons responded to Y2 receptor agonists, like ahx[5-24]NPY. In one
DGC, structure-activity data confirmed Y2 receptor activity, but also suggesting
a small component consistent with Y^ or Y5 receptor activity. Cells from adults
were more likely to respond to agonists than those from children.
NPY Y2 receptors are potential targets for novel anticonvulsant therapies
Supported by MRC (C). AHFMR salary support for WFC,GJK,ARM,CT-B.

320.15
CHRONIC ELECTRICAL STIMULATION OF THE HIPPOCAMPAL FORMATION
BLOCKS INTRACTABLE CLINICAL AND EEG TEMPORAL LOBE EPILEPTO
GENESIS. M.Velasco*, F.Velasco, A.L.Velasco and I.Marquez.
Functional Neurosurgery, General Hospital and Neurophysio
logy, National Medical Center, IMSS. Mexico City.
This uork was performed on patients with intractable tempo
ral lobe seizures and unilateral epileptic foci, in whom
multipolar depth electrodes were implanted for topographi
cal diagnosis prior ablative surgery. In these patiens de
prived of antiepileptic drugs, the continuous electrical
stimulation of the anterior Hippocampal Formation ipsilateral to the epileptic focus (120/s; 450 us and 400 uA)
blocked complety the clinical and EEG signs of temporal lo
be epileptigenesis from 3-4 days after the onset of stimu
lation. This effect uas accompanied by a number of EEG
events at the epileptic focus which preceded, uere present
through and persisted after the stimulation period:
Deynchronization, DC. positive shifts, decrease ictal and
interictal epileptiform activities and a build up of a
peculiar monomorphic delta activity. At the completion of
the studies (3 weeks), surgical ablation of the temporal
lobe focus uas performed and the histopathological analysis
of the stimulated brain tissue revealed signs of acute
brain damage due to the electrode penetration. However, no
pathological differences were found between the stimulated
and non stimulated tissue along the electrode trajectory.
Partially supported by contracts C0NACYT F348A9301 and 0029
PM9506.
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320.14
EPILEPSY INDUCES ALTERATION IN GFAP AND OPIOID
IMMUNOREACTIVITY IN HIPPOCAMPUS OF EPILEPTIC
PATIENTS. CA. M eiíasf JA. Insemi. and AC. Se garra. Depts. of
N eurosurgery and Physiology, Univ. o f Puerto Rico, Medical Sciences
Campus, San Juan, Puerto Rico.
Patients that are refractory to pharmacological treatment are candidates
for surgical removal o f the epileptogenic region as a therapeutic procedure
to relieve complex partial seizures. Tissue obtained from epileptic patients
was compared to that obtained from fresh cadavers to investigate if
changes in the endogenous opioid system are associated with temporal
lobe epilepsy. Histological examination o f epileptic hippocampal tissue
indicated a 40% decrease in the dentate gyrus neuronal population
accompanied by an increase in GFAP immunoreactivity in the CA4
region. Changes in opioid immunoreactivity was also observed. In the
control hippocampus, the order o f immunoreactivity was as follows:
dynorphin > met-enkephalin > leu-enkephalin. The hippocampus excised
from the epileptic patient exhibited an increase in met-enkephalin and a
decrease
in
dynorphin
immunoreactivity,
leu-enkephalin
immunoreactivity was unchanged. These results suggest that opioids may
be associated with the sclerosis exhibited in temporal lobe epilepsy. (This
research was supported by R CM IG 12 R R 11126 and G12RR-03051, and
the Deanship for Academic Affairs, UPR, MSC; CAM is a recipient o f a
Amer. Psychol. Assoc. Minority Fellowship).

320.16
EEG ABNORMALITIES IN SLE. S. Khoshbin*. B.I. Glanz.
H. Neumeier. R. Davoudi. P.H. Schur. Departments o f Neurology
and Rheumatology, Brigham and W omen’s Hospital, Boston, M A
02115.
The medical records o f 441 patients meeting American College o f
Rheumatology (ACR) criteria for the classification as SLE were
reviewed. Eighty-three patients with a history o f seizures were
identified. They included 73 (88%) females and 10 (12%) males with
a mean age o f 41.3+10.5. Routine electroencephalograms (EEGs)
were available on 46 (55%) patients. EEGs were interpreted as
abnormal in 35 (76%), borderline in 3 (6%), and normal in 8 (17%)
(X2=38.74, pc.001).
Abnormal EEGs were analyzed for the presence o f unilateral and
bilateral abnormalities. Left hemisphere abnormalities were identified
in 23 (66%), right hemisphere abnormalities in 4 (11%), and bilateral
abnormalities in 8 (23%) SLE patients. There was a higher
prevalence o f left hemisphere than right hemisphere or bilateral EEG
abnormalities (X2=17.15, p<001). Left hemisphere abnormalities
included theta and delta slowing and sharp wave activity. These
findings suggest the possibility o f selective involvement o f the left
hemisphere in patients with SLE.
Brigham and W omen’s Hospital
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320.17
SPATIAL SAMPLING AND INTERPOLATION OF EPILEPTIC
SEIZURE ACTIVITY. K. Jeffrey Eriksen*, Don M. Tucker and
Norman K. So. Legacy Good Samaritan Hospital, EEG Dept.,
Portland, OR 97210.
The use of high density (64-256 electrodes) EEG recordings is
increasing in research settings. We are interested in determining the
necessity and sufficiency of high density EEG recording in clinical
epilepsy applications. One hour EEG recordings using 128 channel
Geodesic Sensor N ets’ were made on five subjects known to have
frequent waking interictal spike or sharp wave activity (IIS). The EEG
was recorded with a 128 channel Net Amps' at 250 samples/sec.
According to a review by a neurologist (N.K. So), four of these
subjects evidenced IIS during the recording session, One of these four
also had a typical seizure during the last five minutes of the recording.
The voltage topography was plotted for several cycles of the rhythmic
activity at seizure inset and showed a right frontotemporal inversion
with a dipolar field. The spatiotemporal progression showed a rotating
dipole that may indicate a progression of activity around the tip of the
temporal lobe. The 128 channel data was spatially down-sampled to
64, 32, and 19 channels and re-interpolated for mapping using a 3D
spline interpolant function. The 32 and especially 19 channel maps
clearly indicate loss of spatial detail that lead to different interpretations
of the location of underlying sources. Also evident from the downsampling is the inclusion of low spatial frequency features caused by
spatial aliasing. Thus for this seizure high spatial density recording is
required for proper capture of its true topography.
1. on loan from Electrical Geodesics, Inc., Eugene, OR 97403

ESTIM ATION OF INTRACRANIAL EEG COHERENCE DURING SEIZURE
ONSET: SIMULATIONS USING SYNTHETIC DATA. R. B. Duckrow* and W.
M. Kaminsky. University of Connecticut School of Medicine, Farmington, CT
06030-1840. (duckrow@neuron.uchc.edu)
To improve the diagnosis and therapy o f epilepsy, effective tools are needed to
define, detect, and characterize the initiation and spread o f epileptic brain activity.
Linear methods of signal analysis require an assumption o f stationarity that may be
difficult to justify when applied to biological signals such as the
electroencephalogram (EEG). Under controlled resting conditions, the scalprecorded EEG is considered stationary for intervals of 10 s duration. However,
during seizure onset and propagation the EEG contains changing patterns of activity
that may invalidate such an assumption, especially if signals are recorded
intracranially. We studied the effect of signal non-stationarity on the calculation of
mean squared coherence (MSC), a linear method used to characterize the similarity
of signals recorded during seizure onset in humans. Paired data sets of zero-mean,
stationary' signals with uniform or normal distributions were synthesized with a
random number generator. The MSC of each paired set was accurately specified at
0 .1 intervals from 0 to 1 and then varied over equal-length subsegments both
randomly and systematically. The weighted overlapped segment averaging (WOSA)
method of estimating MSC was applied to these time-varying data sets. Because the
assumption of stationarity was intentionally violated, the WOSA method was not
considered a valid estimate of MSC. However, the result was compared with the
time-weighted average of the specified and accurate MSC values of the input, as well
as true MSC estimates of stationary synthetic data sets. We found that the WOSAderived measure varied systematically with changes in the time-structure of the
simulated input and did not exceed the bias at MSC=0. We propose that this measure
can be used to estimate the similarity of time-varying signals within bounds
predicted by linear theory. (Supported in part by PHS NS30619)

320.19
C H A R A C T E R IZ A T IO N
OF
S U B C O R T IC A L
NEURONAL
H E T E R O T O P IA S IN C H IL D R E N W IT H E P IL E P S Y M arian Sq u ier1.
Anthony Hannan2. Sandrine Servotte2. Alla Katsnelson2. Colin Blakem ore2 and
Zoltán Molnàr2 (Sponsor: BRA) 1 Neuropathology Department, Radcliffe Infirmary,
Woodstock Road, Oxford, OX2 6 HE and 2University Laboratory of Physiology,
Oxford, OX1 3PT, UK.
Subcortical neuronal heterotopias are seen in various pathologies with diverse
etiologies and are associated with intractable epilepsy (Huttenlocher et al., 1994
N e u ro lo g y , 44:51). We examined tissue from 4 children with subcortical or
periventricular heterotopias: Case 1: Hemispherectomy at 8 years for severe epilepsy
following focal brain trauma at 17 weeks gestation. Case 2: Hemispherectomy at 11
years for hemimegalencephaly and intractable epilepsy. Case 3: Hemispherectomy at
6 years for focal cortical dysplasia and intractable epilepsy. Case 4: Dysmorphic
term infant with hydrocephalus and polymicrogyria, who died at 5 days of age. We
studied immunohistochemistry for GABA, glutamate, parvalbumin, calretinin (CR)
and Neuropeptide-Y (NPY), and connectivity, using carbocyanine dye (Dii) tracing
techniques. W ithin subcortical heterotopic nodules from all four cases,
immunostaining revealed numerous cells positive for CR, a few for NPY and
parvalbumin, as well as punctate GABA staining, possibly reflecting synapses. The
labelled cells did not seem to extend projections out of the nodules. In all cases,
there were clusters of CR- and to a lesser extent NPY-positive cells in the overlying
cortical plate, indicating m alpositioning of cortical neurons, never observed in
normal cortex. Dii crystal placement adjacent to subcortical nodules revealed, after 6
m onths incubation at 37°C , num erous fibers w ithin 2-3m m radius, but
surprisingly, in cases 2 and 4, although we observed several examples where labeled
fibers closely surrounded nodules, they did not penetrate them. Heterotopic nodules
consist of multiple neuronal cell types, are associated with malformation in the
overlying cortical plate, and are relatively connectionally isolated. This might affect
their differentiation and lead to their epileptogenic potential. Supported by the
MRC and Nuffield Medical Trust.

DEGENERATIVE DISEASE: ALZHEIMER'S—BETA-AMYLOID: PROCESSING
321.1
INTERACTION OF THE APP CYTOPLASMIC DOMAIN WITH
FE65, A PUTATIVE ADAPTOR. I.P. Shapiro*. B.G. Geertz.
M.D, Fry. G.H. Murdoch. F.D. Abendroth. Department of Pathology
L -l 13, Oregon Health Sciences University, Portland, OR 97201.
Cellular proteins which bind to the cytoplasmic domain o f APP (APPCBPs) may be involved in the trafficking & processing of APP, in
physiologic function(s) o f APP, or/and in the pathogenic role o f APP in
AD. Previously, we isolated four unique cDNAs encoding putative APPCBPs using a yeast two-hybrid screen of an adult rat brain cDNA library.
One cDNA encoded rat F%65 (FE65). COS-7 cells transfected transiently
with FLAG epitope-tagged FE65 (FE65-FLAG) revealed a predominant
nuclear localization, with some specific cytoplasmic labeling. FE65GAL4DBD was virtually exclusively nuclear and partitioned into a
detergent-insoluble fraction in COS cells. Co-expression of full length
APP, but not A-APP (cytodomain residues A PP653.695 deleted), with
FE65-GAL4DBD resulted in the recovery (or recruitment) o f many-fold
more FE65-GAL4DBD in the detergent-soluble fraction. APP and A-APP
were both expressed predominantly with a vesicular, Golgi-like
distribution and partitioned into a detergent-soluble fraction. Both FE65
fusions displayed more cytoplasmic staining in CHO than COS cells.
FE65-GAL4DBDconstructs only weakly activated transcription of a GAL4luciferase reporter (compared to activated CREBad-GAL4dbd). These data;
from mammalian cell transfection studies, yeast two hybrid studies, and in
vitro protein interaction studies supports a specific interaction of the APP
cytoplasmic domain with FE65. Consensus sequences for multiple
modular protein binding domains (WW and 2 PID domains) suggests that
FE65 may function as an adaptor protein, simlar to She, and may have
functions in signal transduction and/or membrane protein trafficking.
Funding from PHS AG12718.
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321.2
A PROLINE-RICH PROTEIN B IN D S TO THE WW D O M A IN OF
FE65,
AN
ADAPTER
PROTEIN
INTERACTING
W ITH
CYTO DO M AIN OF ALZHEIMER [3-APP. K. S. Erm ekova1. H. Linn1. N .
Zambrano2, P. de C an dia2, T. Russo2, and M. Sudol1*. h Mount S in a i
S chool o f M edicine, D epartm ent o f B iochem istry, N e w York, NY 10029;
2 U n iv ersità di N a p o li Federico II, D ipartim ento di B iochim ica e
B io tecn o lo g ie M ed ich e, 1-80131 N a p o li, Italy.
FE65, a b rain-specific adapter protein, contains tw o types of proteinprotein interaction domains: one W W and two PTBs.
The
carboxyterm inal FE65 FTB dom ain interacts w ith the in tra cellu la r
region of A lzh eim er P-am yloid precursor protein ((3APP) through its
NPTY m otif. The W W dom ain is a universal m odule that binds to
m olecules containing xPPxY or PPLP consensus sequences.
U sing
independent approaches including expression cloning, p h a g e -d isp la y e d
p ep tid e library screening, and biochem ical purification from brain
ly sa te s, w e id e n tifie d a po ten tia l ligand of FE65 W W dom ain. T h is
protein is of 80 kD a m olecular w e ig h t and contains a p roline-rich
region. Site-directed m utagenesis is being performed to document t h a t
the proline-rich region m ed iates th is interaction. The iden tifica tio n of
functional dom ains that m ed iate protein-protein interactions among
pAPP, FE65, and its ligands w ill h elp to understand the cellular and
m olecular m echanism s of (3APP processing in normal and p a th o lo g ic a l
conditions.
Supported by grants from T elethon (to T. R.) and from N a tio n a l
Institutes o f H ea lth (CA01605) and the K lingenstein Aw ard in th e
N eurosciences (to M. S.)
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cDNA CLONING, CHROMOSOMAL MAPPING AND CHARACTERISATION OF X11-LIKE, A
NOVEL APP-INTERACTING PROTEIN. DM McLouqhlin12*. G Blanco3 and CCJ Miller2.
Dept, of Neurology1 and Section of Old Age Psychiatry2, Institute of Psychiatry, London
SE5 8AF; MRC Mouse Genome Centre3, Harwell 0X11 ORD.
We have previously demonstrated, using the yeast two-hybrid system, that the
intracellular cytoplasmic domain of the Alzheimer's disease amyloid precursor protein (APP)
interacts with phosphotyrosine binding (PTB) domain proteins: Fe65, Fe65-like and X11like. These interactions appear to be via the PTB domains and the NPTY re-internalisation
signal motif within the cytoplasmic domain of APP. Therefore, these proteins may
somehow modulate the processing of APP and hence generation of B-amyioid peptide (AB).
Using 5'RACE we have identified full-length sequence for both human and mouse X1 M ike
and also human X I I . X11 and X11-like display close homology in their carboxy terminal
halves but diverge significantly in their amino ternini. Both proteins contain a single central
PTB domain and two PDZ domains located towards the C-terminus. PDZ domains are
believed to be involved in mediating protein-protein interactions. The presence of both PDZ
and the PTB domains in the X 1 1 proteins suggests that APP may be a part of a multimeric
membrane-associated signalling complex. While previous studies revealed that human X 1 1
is located on chromosome 9, using radiation hybrids we have localised human X11-fike to
chromosome 15. X11 and X11-like cDNAs were cloned from human and mouse cDNA brain
libraries. Transfection of epitope tagged X1 Is has revealed information on their subcellular
distribution. The X II s represent a new gene family coding for PTB and PDZ bearing
proteins that have implications for the pathogenesis of Alzheimer's disease.
Acknowledgements: This work was supported by the Alzheimer's Disease Society, the
Wellcome Trust and the MRC.

P A M Y L O ID PR E C U R S O R P R O T E IN P R O C E S S IN G : E F F E C T O F X I 1
B IN D IN G T O T H E Y E N PT Y M O T IF. M . S astre* . J-P . B org. B. M a rg o lis
an d E. L e v y . H H M I U n iv . M ic h ig a n ; D e p ts . P h a r m a c o lo g y and
P a th o lo g y , N ew Y o rk U n iv . M ed. C e n te r, N ew Y o rk , N Y 10016.
T h e p h o s p h o ty r o s in e
i n te r a c t i o n / p h o s p h o t y r o s i n e b in d in g
( P I/P T B ) d o m a in o f th e n e u ro n a l p r o te i n X I 1 b in d s to th e
Y E N P T Y m o tif w ith in th e c y to p la s m ic d o m a in o f th e P a m y lo id
p r e c u r s o r p r o te in ( p A P P ) . T h e p r o te o ly tic p r o c e s s in g o f p A P P
w h ic h r e s u lts in th e g e n e ra tio n o f A p , th e m a jo r c o n s titu e n t o f
th e a m y lo id d e p o s ite d
in th e b r a in
o f A l z h e im e r 's d is e a s e
p a tie n ts ,
p a rtia lly
o c c u rs
f o ll o w i n g
in te r n a liz a tio n
of
th e
p ro te in .
S in c e
th e
Y ENPTY
m o tif
has
a
ro le
in
th e
in te r n a liz a tio n o f P A P P , d e le tio n o f th is s e q u e n c e a f f e c ts th e
p r o d u c tio n o f A p . U s in g s it e - d i r e c t e d
m u ta g e n e s i s w e h a v e
id e n t i f i e d c r u c ia l r e s id u e s w ith in th e Y E N P T Y
m o ti f w h ic h
affe c t th e b in d in g o f X I 1 to P A P P . W e a re s tu d y in g th e e ffe c t o f
t h is b in d in g o n p A P P
p r o c e s s in g
in
d iffe re n t
c e ll
lin e s
t r a n s ie n t ly
o r p e r m a n e n tl y t r a n s f e c t e d
w ith
m u ta te d
v a ria n ts
o f p A P P . S e c re tio n o f s o lu b le P A P P i n c r e a s e s s ig n i f ic a n tl y in
c e lls t r a n s fe c te d w ith p A P P la c k in g th e
18 c a r b o x y l - t e r m i n a l
a m in o a c id s w h e n c o m p a re d to c e lls tra n s f e c te d w ith w ild -ty p e
c D N A . M u ta tio n s o f th e a m in o - te r m in a l t y r o s in e o r a s p a r a g in e
in th e Y E N P T Y m o tif o f P A P P a b o lis h i n te r a c tio n w ith X I 1 and
c a u se an in c re a se in s e c re tio n o f s o lu b le p A P P .
C o -tra n s fe c tio n
o f P A P P w ith X I 1 re s u lts in d e c re a s e d s e c re tio n o f s o lu b le p A P P .
T h e s e d a ta s u g g e st th a t p A P P i n te r a c t io n
w ith p r o te i n s th a t
c o n ta in a P I/P T B d o m a in , s u c h a s X I 1, p a r t i c i p a te s in th e
re g u la tio n o f th e p ro c e s s in g p a th w a y s o f p A P P .

321.5

321.6

C H O L IN E R G IC D EN ER V A TIO N AN D H IPPO C A M PA L
SY M PA TH ETIC IN G RO W TH A F F E C T T H E P R O C E S S IN G O F
AM YLOID P R E C U R S O R PR O TEIN . M .R . R o b e rs o n * . K. K o la s a . D .S .
P a r s o n s , a n d L .E . H a r r e ll. A lz h e im e r's D is e a s e C e n te r, D e p ts . o f
P s y c h o lo g y a n d N e u ro lo g y , VA a n d U n iv . o f A l a b a m a a t
B ir m in g h a m M ed. C t r s ., B ir m in g h a m , AL 3 5 2 9 4 .
R e c e n t s tu d i e s h a v e d e m o n s t r a t e d t h a t t h e m j a n d m 3
m u s c a r in i c a c e ty lc h o lin e r e c e p t o r s (m A C h R s) a r e in v o lv e d in
a m y lo id p r e c u r s o r p r o te i n (APP) p r o c e s s in g , w i t h s t i m u l a t i o n o f
m j / , A C h R s p r o d u c in g a n i n c r e a s e in s e c r e te d A PP. H o w e v e r, t h e s e
r e s u l t s a r e b a s e d o n s tu d i e s w ith n o r m a lly f u n c t i o n in g m A C h R s.
T h e r o d e n t m o d e l e m p lo y e d b y o u r l a b o r a to r y a ff o r d s t h e
o p p o r tu n i ty to s tu d y A P P p r o c e s s in g in a s y s te m w h o s e
h ip p o c a m p a l m A C h R a ff in ity h a s b e e n f o u n d to b e s ig n if ic a n tly
d e c r e a s e d 3 m o n th s fo llo w in g m e d ia l s e p ta l le s io n + s h a m s u p e r i o r
c e rv ic a l g a n g lio n e c to m y (HSI: c h o lin e rg ic d e n e r v a t io n + i n g r o w th
g ro u p ) o r le s io n + b i la t e r a l g a n g lio n e c to m y (CD: c h o lin e rg ic
d e n e r v a t io n a lo n e g ro u p ).
H ip p o c a m p a l s lic e s re c e iv e d n o t r e a t m e n t o r c a r b a c h o l +
g a lla m in e t r e a tm e n t. A lth o u g h p r e l i m i n a r y , W e s t e r n b l o tt in g
s u g g e s t s t h a t d e c r e a s e d m A C h R a ff in ity r e s u l t s i n i m p a i r e d A PP
s e c r e tio n , b a s e d o n m e a s u r e m e n t o f m e m b r a n e - b o u n d A P P. H SI
a n im a ls a p p e a r to e x p r e s s a s im il a r b a s a l lev e l o f A P P a s
c o m p a r e d to c o n tr o ls , b u t t h i s lev el d o e s n o t d e c r e a s e u p o n m A C h R
s ti m u l a ti o n . T h e s a m e e ffe c t o f d e c r e a s e d m A C h R a ff in ity o n A P P
lev el w a s s e e n in C D a n im a ls ; h o w e v e r, t h e C D g r o u p a p p e a r s to
e x p r e s s a lo w e r b a s a l lev el o f A P P t h a n d o H S I o r c o n tr o l a n im a ls .
S in c e o u r m o d e l s h a r e s c h a r a c t e r i s t i c s w ith A lz h e im e r's d i s e a s e
(AD), a n d s in c e t h e m A C h R /G -p r o te in c o m p le x is s u g g e s te d to b e
i m p a i r e d i n AD , o u r s t u d i e s m a y h a v e i m p l ic a ti o n s fo r t h e
t r e a t m e n t o f AD. S u p p o r te d in p a r t b y VA M e rit R e v ie w to LEH .

RELEASE OF SOLUBLE AMYLOID PRECURSOR PROTEIN IS
STIM ULATED BY IN TEGRIN-M EDIATED CELL ADHESION.
B.E. Slack*. D epartment of Pathology and Laboratory M edicine,
Boston University School of Medicine, Boston M A 02118.
Secretory cleavage of the amyloid precursor protein of Alzheimer's
disease releases a large soluble N-terminal derivative of this protein
(sAPP) into the extracellular space. sAPP exhibits neurotrophic and
neuroprotective properties, and promotes cell adhesion and neurite
outgrowth. Its release is stimulated by activation of neurotransmitter
receptors coupled to phosphoinositide hydrolysis. Our laboratory has
exam ined sAPP release in human embryonic kidney (HEK) cells
transfected with muscarinic m3 receptors (a gift from E. Peralta,
Harvard University). We have previously shown that m3 receptormediated sAPP release exhibits both protein kinase C and tyrosine
phosphorylation-dependent components, and is correlated with tyrosine
phosphorylation of the focal adhesion-associated proteins paxillin and
focal adhesion kinase (FAK ). W e now show that tyrosine
phosphorylation of paxillin and FAK, and release of sAPP, are also
increased within minutes when HEK cells are allowed to attach to
dishes coated with the extracellular matrix molecule fibronectin; these
responses are significantly greater than those observed in cells attaching
to p o ly -D -ly s in e . In p r e lim in a r y experiments, p h o s p h o r y l a ti o n and
sAPP release were only partially inhibited by soluble RGD-containing
peptides, suggesting that other binding motifs on fibronectin may
contribute to the response. Fibronectin is a ligand for cell surface
integrins. Integrin activation may initiate intracellular signaling cascades
leading to the release of sAPP, a putative adhesion molecule, possibly
reinforcing cell attachment. (Supported by NIH grant NS30791)

321.7
R E G U L A T IO N O F A PP C A T A B O L IS M B Y M A P K J. M ills*. D .L.
C h a rc st S.L. Pelech and P.B. R einer K insm en L ab o rato ry o f
N eurological R esearch, U niversity o f B ritish C olum bia and K inetek
Pharm aceuticals, Inc., V ancouver, B .C ., V 6 T 1Z3.
C atabolic processing o f the am yloid p recu rso r protein (A PP) is subject
to regulatory control involving both PK C -dependent m echanism s as well
as activation o f protein-tyrosine kinases. One such signal transduction
pathw ay m ay involve the sequential activation o f m itogen-activated
protein kinase kinase (M E K ) and m itogen-activated protein kinase
(M A PK ). In the present investigation we exam ined w hether o r not M A P K
is involved in N G F , PK C or N M D A receptor regulation o f A PP
processing. W estern blot analysis dem onstrated th at the synthetic M E K
inhibitor PD 98059 antagonized N G F stim ulation o f A P P S secretion and
M A P K activation in PC 12 cells. M oreover, PD 9 8 059 inhibited phorbol
ester stim ulation o f A P P S secretion and activation o f M A P K in b oth H E K
293 cells and cortical neurons. Finally, overexpression o f a dom inant
negative M E K inhibited P K C and N M D A receptor stim ulation o f A P PS
secretion in H E K 293 cells. O u r d ata indicate th at M A P K m ay be
critically im plicated in PK C , N G F and N M D A receptor regulation o f
A P P S secretion. C urrent experim ents are designed to determ ine whether
PK C -dependent decreases in A p secretion are also antagonized by M E K
inhibition. M A PK m ay provide a novel targ et fo r enhancing the
processing o f A PP via the nonam yloidogenic p athw ay while coincidently
inhibiting the production o f the am yloid p-peptide.
[Supported by the A lzheim er’s Society o f C anada; M R C ]
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ALTERED PROCESSING OF AMYLOID PRECURSOR
PROTEIN FOLLOWING SPECIFIC CHOLINERGIC
DENERVATION OF RAT CORTEX. S.-S. Zhan and C. Geula.
Harvard Medical School, Boston, MA 02215.
Beta amyloid protein (Ap), derived proteolytically from the amyloid
precursor protein (APP), is the major component of amyloid deposits in
Alzheimer's disease (AD) brain. The most consistent neurotransmitter
abnormality in AD is a severe loss of cholinergic markers in the cerebral
cortex. Little is known about the relationship between the cholinergic
deficit and amyloid plaque formation. Recent reports have indicated an
increase in APP synthesis and secreted APP derivatives (in CSF) in a rat
model of cholinergic denervation. In these studies, non-specific basal
forebrain lesions were induced by injections of excitatory amino acid
agonists. The findings indicate that cholinergic neurotransmission may
directly influence APP processing. The specificity of these findings to the
cholinergic denervation, however, has not been established. In the
present study, we employed intraventricular injections of the specific
cholinergic immunotoxin 192 IgG-Saporin to produce nearly complete
cortical cholinergic denervation. Immunohistochemical staining failed to
show any consistent change in APP immunoreactivity in cholinergically
denervated cortex. Using Western blot analysis, however, we found a
slight elevation of APP in the cerebral cortex of lesioned animals. The
precise mechanisms which give rise to this alteration are, at present,
unclear. (Supported by Sigma K appa Foundation)
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N -T E R M IN A L H E T E R O G E N E IT Y O F A B C A U S E D B Y T H E H C H W A -D
M U T A T IO N . D. W atson. M . M aat-S ch iem an . T. Saido. D. T ep lo w .
A .L. B iere*. R. R o o s an d D. S elk o e. C e n te r fo r N e u ro lo g ic D ise ase s,
B righam and W om en's H o sp ital and H arv ard M e d ic a l Sch o o l, B o sto n , M A .
N -te rm in a l h e te ro g e n e ity o f A p p e p tid e s h a s b e e n d e s c r ib e d in
A lzh eim er's d ise a se p laq u e s a n d v a sc u la r am y lo id . In v itro , N -te rm in a l
tru n c a tio n s o f sy n th e tic A p p e p tid e le a d to d iffe re n c e s in a g g re g a tio n
w hich co u ld be rele v a n t fo r th e p ro ce ss o f a m y lo id d e p o s itio n in b rain .
For these reasons, w e e x am in ed the N -term in a l h ete ro g e n eity o f A|3 and the
related p3 pe p tid e secreted fro m h u m an k id n ey 293 c ells sta b ly tra n sfe c ted
w ith pA P P c o n ta in in g the E 2 2 Q "Dutch^- m u ta tio n . C o m p a re d to th e A p
and p3 s e cre te d fro m c e lls stab ly e x p re s s in g w ild ty p e p A P P , th e E 2 2 Q
m u ta tio n c a u se s in c re a se d s e cre tio n o f A p b e g in n in g at A s p 1 a n d o f p3
b e ginning at G lu 11. W e also d e te rm in e d th e rela tiv e d istrib u tio n o f th ese
species in the co n g o p h ilic v a scu la r a n d d iffu se p a re n c h y m al A p d ep o sits in
H C H W A -D brain by im m u n o sta in in g w ith an tib o d ies sp e cific fo r v ario u s
N -te rm in i o f A p .
W e fo u n d th a t th e v a s c u la r a m y lo id w a s h ig h ly
h e te ro g e n e o u s , w ith A p sp e cie s b e g in n in g at A s p 1, is o m e riz e d A s p 1,
r a c e m iz e d A s p 1, p y r o g lu t a m a t e 3 , A rg 5 a n d p y r o g lu t a m a t e 11. N o
im m u n o -re a ctiv ity w as d e te c te d u sin g a n tib o d ies sp e cific fo r p3 (L e u 17),
lie -6 or V al-3. T he diffu se p aren ch y m al A P w as m o re u n ifo rm , co m p risin g
only A P i-4 2 . T a k e n to g eth e r, th ese d a ta su g g e st th at: (a) A p i . 4 2 is the
initiating species fo r pa re n c h y m al d iffu se p laq u e fo rm a tio n in H C H W A -D
brain; (b) the diffe re n c e s in A p N -te rm in a l h e te ro g e n e ity in th e v a scu la r
and p a re n c h y m al a m y lo id d e p o sits re fle c t d iffe re n c e s in th e ag e o f th e
d e p o sits; (c) in c u ltu re d c e lls e x p re s s in g th e H C H W A -D p A P P g e n e ,
enh a n ce d s e cre tio n o f tw o o f th e p re d o m in a n t A p sp e cie s d e p o s ite d in
vascular am yloid o f H C H W A -D b rain occu rs. (S u p p o rted : N IH A G 0 6 1 7 3 )

321.10
D E F IN IN G T H E y -S E C R E T A S E A C T IV IT Y T H A T G E N E R A T E S
T H E A L Z H E IM E R ’S A M Y L O ID 6 P R O T E IN . T. E. G o ld e* , L. J.
H ick m an , T. A. D ech art, and J. E. Sh o ck ley . D ept, o f P ath o lo g y a n d
L a b o rato ry
M ed icin e.
U n iv ersity
of
P e n n sy lv a n ia
SO M .
P h ilad elp h ia, P A 19104.
In o rd er fo r th e am y lo id 6 p e p tid e (AB) to be g e n erated , two
se q u en tial p ro te o ly tic cleav ag es m u st occu r. N o n e o f th e p ro te a ses
th at cleav e the a m y lo id 6 p ro te in p rec u rso r (A PP) to g e n e ra te AB
have b een id en tified ; how ever, the activities th at cleav e the A P P at
th e am in o and carb o x y l term in u s o f AB are refe rre d to as B- and ysecretase, resp ectiv ely . To fu rth e r d efin e the y-secretase activity we
are d e te rm in in g the ex act cleav ag e sites o f this activity w ithin th e
A P P seq u en ce by d ire c t se q u en c in g o f the 5 -6 k D a c a rb o x y l
term in al fra g m en t (C T F) g e n e ra ted a fter y -secretase cleav ag e. T h e
seq u en ce sp ecificity o f th e y-secretase cleav ag e is also b e in g
e v alu ated b y e x ten siv e site d ire c te d m u ta g e n e sis o f the p resu m e d ysecretase cleav ag e sites and an aly sis o f the
various AB species
g e n e ra ted by cells tran sfected with th ese m u ta n t A PPs. In ad d itio n
a n o th e r series o f m u tatio n s has b een g e n e ra ted w hich are d e s ig n e d
to alte r the lo catio n o f the y-secretase c leav ag e site in rela tio n to th e
m em brane. A n aly sis o f AB p ro d u ctio n fro m cells ex p re ssin g these
later m u tan t A PPs will help d e te rm in e w h eth er y -secretase cleav ag e
o ccu rs while the tra n sm e m b ra n e d o m ain o f the A P P is still b u rie d
w ithin th e m em b ran e o r o ccu rs in a lum inal o r cy to p la sm ic lo ca tio n .
Finally, p ro g ress on a no v el fu n ctio n al clo n in g strateg y in yeast,
referred to as “S e c re ta se T rap C lo n in g ” , th at is d esig n e d to isolate
8 - and y-secretase w ill be p resen ted .
(S u p p o rte d by a P aul B eeso n A w ard to T. E. G o ld e fro m th e
A m erican F ed e ra tio n F o r A g in g R esearch .)
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NOVEL p-SECRETASE CLEAVAGE OF p-AMYLOID PRECURSOR PROTEIN
IN THE ENDOPLASMIC RETICULUM/INTERMEDIATE COMPARTMENT OF
NT2N CELLS. A. S. C. Chyung*1, B. D. Greenberg2, R. W. P o m s1, and V. M .-Y.
Lee1. 'Dept, of Path. And Lab. Med., Univ. o f Penn. Sch. O f Med., Philadelphia, PA
19104.,
2Cephalon, Inc., West Chester, PA, 19380.
Amyloid p (AP) peptides and amyloid precursor protein (APP) fragments
cleaved at the amino terminus of the Ap domain (APPP) are proteolytically
generated and secreted by a variety of transfected and non-transfected cells.
Although Ap and APPp have not been recovered from cell lysates in these studies,
we showed that hum an neurons (NT2N) derived from a teratocarcinoma cell line
(NT2) process APP in a m anner that causes intracellular accumulation of these
fragments prior to secretion. In the present study, we examined more closely the
intracellular production o f APPp in NT2N cells. APPp was detected by a rabbit
polyclonal antisera specific for the term inal M et596 that is generated by p-secretase
cleavage. Our data demonstrate that p-secretase cleavage can occur earlier in the
biosynthetic pathway than previously reported. Three different procedures were
utilized to cease the transport of newly synthesized APP from the endoplasmic
reticulum (ER)/intermediate compartment (IC): pharmacologic inhibition with
Brefeldin A (BFA), temperature block at 15°C, and expression o f an APP construct
bearing the di-lysine ER-retrieval signal. All three methods, however, have failed to
abolish the production of APPp. We conclude, therefore, that in NT2N cells the
repertoire of proteolytic activity involved in APP processing include a novel psecretase cleavage that occurs in the endoplasmic reticulum or the intermediate
compartment.

INCREASED LONG-TAILED ISOFORMS OF AMYLOID P PROTEIN IN
BRAIN OF SUBJECTS WITH PRESENILIN 1 M U T A T IO N S A N D
ALZHEIMER'S DISEASE. A.Tamaoka*(l), K.Ishii(l)(2), N.Sahara(2), S.Shoji(l),

Supported by NIMH.
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P.H.St George-Hyslop(3), and H.Mori(2). Department of Neurology, University of
Tsukuba, Tsukuba, Ibaraki 305(1); Department of Molecular Biology, Tokyo
Institute of Psychiatry, Setagaya, Tokyo 156, Japan(2); Center for Research into
Neurodegenerative diseases, University of Toronto, Canada(3).
The presenilin 1 (PS-1) and presenilin 2 (PS-2) genes associated with early onset
familial Alzheimer's disease (FAD) are members of a novel highly conserved family
of genes whose function is currently unknown, but which are predominantly
expressed in the endoplasmic reticulum and Golgi. Their intracellular localization
and their modest homology to C.elegans proteins SPE-4 or SEL-12 thought to be
involved in protein/membrane trafficking or in intercellular signal transduction in
development, respectively, implies a similar function for the presenilins. Previous
studies of both cultured fibroblasts and plasma from het.erozygous carriers of
missense mutations in the PS-1 and PS-2 genes and transgenic animals with mutant
PS-1 transgenes have revealed modest elevations in the production of long-tailed
isoforms of the amyloid P peptide (AP) derivative of the amyloid precursor protein
(PAPP). To determine whether similar abnormalities of various full-length and Nterminal truncated Ap peptides occur in the brain of patients with PS-1 mutations,
we have measured the amounts of two A P species ending at residue 40 or at residues
42(43) in post-mortem cerebral cortex of affected PS-1 mutation carriers using
sandwich ELISA systems. Our results indicate that PS-1 mutations effect a
dramatic and accelerated accumulation in brain of the highly insoluble, potentially
neurotoxic long-tailed isoformes of the A p peptide such as Ap 1-42(43) and A px42(43).

321.13

321.14

ALZHEIMER AMYLOIDS Api-40 AND Ap1-42 ARE DIFFERENTIALLY
DEGRADED BY INSULIN DEGRADING ENZYME (IDE) FROM HUMAN
BRAIN. A.A. Pérez1. L. Morelli2. J.C. Cresto1. E.M. Castaño2*. 1CEDIE,
Endocrinology. Gutierrez Hospital. Gallo 1360 (1424) Capital Federal,
2IDEHU-Faculty of Biochemistry. University of Buenos Aires. Junin 956 4th
(1113) Capital Federal. Argentina
Progressive cerebral deposition of Ap is a central and early event in
Alzheimer’s disease (AD). The mechanisms of Ap generation from its
precursor protein and the factors that influence Ap aggregation have been
widely studied. However, the process of Ap degradation in the brain is poorly
understood. Rat brain IDE is able to bind and degrade Api-40 and it has
been proposed as one of the enzymes that participate in this process. The
degradation of Ap 1-40 and 1-42 by IDE purified from human brain was
investigated. IDE was able to digest 125l-synthetic Api-40 and Api-42 (18.9%
vs 9.1% at 30 min. respectively) as assessed by trichloroacetic acid
precipitation and SDS-PAGE and autoradiography. Ap degradation was
strongly inhibited by 1,10 phenanthroline, bacitracin and N-ethylmaleimide,
while pepstatin A, PMSF or leupeptin had no effect. This inhibitor profile was
characteristic of IDE, a known thiol metalloprotease. IDE was affinity labeled
with either 125l-Ap1-40 or 125l-Api-42 as a 110 kDa band on SDS-PAGE.
Both Ap degradation and cross-linking were specifically inhibited by an
excess of unlabelled insulin, Api-40 and Ap1-42. At 10'6 M, competition was
as follows: insulin >Api-40 >Api-42. These results suggest that Ap1-40 is a
better substrate than Api-42 for human brain IDE . We propose that an
imbalance between production and degradation of Ap soluble precursors may
contribute to the preferential deposition of Api-42 in the neuropil in normal
aging and AD.
Supported by University of Buenos Aires grant FA 111

INTRACELLULAR AB IN SH-SY5Y CELLS.
M. MorishimaKawashima* and Y. Ihara. Department o f Neuropathology, Faculty of
Medicine, U niversity o f Tokyo, Tokyo 113, Japan.
Alzheimer’s disease (AD) is a multigenetic disorder leading to a
common pathological feature: extensive formation o f neurofibrillary
tangles and deposition o f 13-amyloid protein (AB) in the cortex, the
latter o f which is considered to be the earliest pathological change o f
AD. There are tw o major species o f Aft, o f which AB42 is the species
deposited first and A1340 follows. Although AB is normally produced
and secreted from the cell, little is known about how and where AB is
generated and transported inside the cell. We sought to determine
intracellular AB levels using well-characterized tw o-site ELISA, but
found that the ELISA system could be problematic for the quantitation;
while BA27 was end-specific for AJ340, BC05, which was previously
thought to be specific for AJ342, was found to crossreact with 13amyloid protein precursor (APP). Although the extent o f BC05
reactivity with A PP is far less (-500 fold) than that with AJ342, APP
should affect the A13 quantitation in detergent-soluble fractions from the
cell. This is because the concentrations o f APP are much higher (>500)
than those o f A13 inside the cell. Thus the levels o f AJ342 in the cell
should be less than those previously estimated by the ELISA. M ost
interestingly, both AJ340 and AJ342 appear to be also present in
detergent-insoluble fractions where APP that shows significant
crossreactivity is no longer left. Further characterization o f A13 in the
detergent-insoluble fractions is in progress. (Supported by CREST o f
Japan)
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RECOMBINANT ADENOVIRUS AS VECTOR FOR ENDOCYTOTIC
PROTEIN TRAFFICKING STUDIES IN CULTURED NEURONS. H. Yuan1’4. R
Zhai1,4. L. M. Anderson2,4, J. Pan1, B. Thimmapava2, E.H. Koo3. N.R. MarquezSterling1*
'Departm ent o f Pathology, Northwestern University Medical School, Chicago, IL
60611; d e p a rtm e n t o f Microbiology and Immunology, Northwestern Univ. Med.
School; 3Department of Neurosciences, University o f California at San Diego,
LaJolla, CA 92093; Contributed equally to this work.
Endocytosis of mature, full-length p-amyloid precursor protein (APP) from the
plasma membrane contributes to the release o f p-amyloid peptide (Ap), and, hence,
potentially contributes to the molecular pathogenesis of Alzheim er’s disease (AD).
To address whether endocytosis o f APP by central neurons contributes to
amyloidogenic processing and cerebral Ap deposition, we have used biochemical
and cell biological methods to study endocytotic trafficking of neuronal APP. We
recently have demonstrated that APP is selectively endocytosed in a common
vesicular compartment with recycling synaptic vesicle proteins, but is then sorted
away from synaptic vesicles for retrograde transport to neuronal soma. In the
present study, we explore whether recombinant adenovirus can be used to upregulate APP expression in cultured neurons to thus facilitate further APP
trafficking studies in these cells. Using a replication-deficient (Ela-deleted)
recombinant adenovirus carrying an expression cassette for a lacZ reporter
(Ad5/CMV-lacZ), we demonstrate high efficiency o f transfection (30-35%) at low
multiplicity-of-infection ( 1 0 -2 0 ), with no significant toxicity or cytoarchitectural
change. In addition, we demonstrate that infection w ith the control virus does not
result in re-direction o f (endogenous) APP from usual endocytotic pathways. We
have prepared, using the same genomic background as the control virus, a
replication-deficient recombinant adenovirus carrying an expression cassette for
the neuronal isoform of APP (Ad5/CMV-APP). Infection o f cultured neurons with
Ad5/CMV-APP results in significantly increased immunoreactivity for endocytosed
APP, as determined by fluorescence microscopy, with preservation of usual
endocytotic trafficking. These results demonstrate that infection of cultured
neurons with recombinant adenovirus is an appropriate and effective method to
facilitate protein trafficking studies in these cells. Supported by N IH K08AG00681.

HERPES
SIMPLEX
VIRUS
BASED
VECTORS
TO
INVESTIGATE
INTERACTIONS BETWEEN PRESENILIN 1 AND AMYLOID PRECURSOR
PROTEIN IN CENTRAL NERVOUS SYSTEM NEURONS. C.E. Lillev*1. H.T.R.
Rupniak2, J.C. Richardson2. D.S. Latchm an1 and R.S. Coffin1, d e p a rtm e n t of
Molecular Pathology, Windeyer Institute for Medical Sciences, UCL Medical School,
London, W1P 6 DB, UK. 2Neurosciences Unit, GlaxoWellcome Medicines Research
Centre, Stevenage, SGI 2NY, UK.
Understanding the interactions between the presenilins and amyloid precursor
protein (APP) remains one o f the most challenging questions in Alzheimer’s
research. In vivo studies are currently lim ited to the introduction o f exogenous genes
into the germline to produce transgenic animals. The study of gene combinations
then requires generation and subsequent crossing o f multiple transgenic lines.
We report here the use of a system offering improvements to both cell culture and
animal studies of APP/presenilin interactions. This system is based on disabled
herpes virus vectors which can directly deliver genes to neurons either in vitro or in
vivo, allowing multiple mutations to be rapidly introduced and evaluated. The viral
vectors employed in this study have the capacity to express multiple exogenous genes
and have been shown to direct the stable expression of such genes in cell culture.
Introduction of wild type and mutant APP and presenilin 1 into these viruses both
individually and in combination will enable us to define more accurately the potential
role of presenilin 1 in the regulation of APP processing down the amyloidogenic
pathway.
These genes are being introduced into prim ary cultures of rodent hippocampal and
cortical neurons and into w ild type and APP knockout mice central nervous systems.
If Alzheimer’s Disease pathology can be reproduced in this manner, this system
should provide a powerful means by which presenilin 1/APP gene combinations can
be rapidly evaluated.
Supported by GlaxoWellcome and the Medical Research Council.

321.17
DIFFERENTIAL INTRACELLULAR LOCALIZATION OF APP AND APLP2
IN NTERA2 NEURONS: E. Campbell^. S.M. Bowes1. R.C .A . Pearson-. P.T.
Francis-. S.R. W right*1. D. Parkinson-. Dept, o f Biomedical Sci., Sheffield
Hallam University, UK., Dept, o f Biomedical Sci., University o f Sheffield,
UK ., 3UMDS, London, UK.
Altered processing of the amyloid precursor protein (APP) is implicated in
the pathogenesis of Alzheimer’s disease. The amyloid precursor-like protein 2
(APLP2) exhibits high structural homology to APP. This suggests that they may
perform similar cellular functions and may share similar routes o f subcellular
trafficking. NTera2 (NT2) cells, a human cell line, were selected for this study
because o f their ability to differentiate into a central nervous system neuronal
phenotype upon treatment with retinoic acid. A comparison o f the
undifferentiated stem cells and the fully differentiated neurons provides a model
of APP and APLP2 processing in human non-neuronal cells and CNS-neurons.
Indirect immunocytochemistry was performed on NT2 stem cells and neurons
in order to study the relative distributions o f APP and APLP2 within the cells,
using monoclonal and polyclonal antibodies. APLP2 was found to be restricted to
perinuclear vesicles in both stem cells and neurons, which were identified as the
Golgi apparatus in neurons by double immunofluorescent labelling. The common
epitopes in APP and APLP2 complicate the interpretation o f immunocytochemical
data because of cross-reactivity o f anti-APP antibodies with APLP2. When
labelled with anti-APP antibody the cistemae o f the Golgi apparatus were
immunopositive in both stem cells and neurons, but it is not clear whether this
was a combination of APP and APLP2 or purely APLP2. However, APP was
also detected in a reticular distribution in stem cells, where APLP2 was not
present. In neurons APP was located diffusely throughout the cell body as well as
along the length o f the processes. These results suggest that APP and APLP2
have different subcellular distributions in neurons. APPand APLP2 may be
adapted to perform similar functions in different compartments.
Supported by the Wellcome Trust
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O v e r e x p r e s s io n

o f P r e s e n il in -1 p o t e n t ia t e s C a 2+- m e d ia t e d r e s p o n s e s in
X e n o p u s o o c y t e s . B.A. P a u l * . I. P a r k e r . C .W . C q t m a n , F .M . L a F e r l a . D e p t ,
o f P s y c h o b i o l o g y , U n i v . o f C a l . , I r v i n e , C A 92697.
A significant number o f familial early-onset AD cases stem from missense
mutations in the PS-1 gene, located on chromosome 14. A potential involvement for
PS-1 in calcium signaling has been suggested based on the topology of the protein
and its intracellular localization (Sherrington et.al., 1995, Nature, 375:754-60). We
used the Xenopus laevis oocyte expression system to determine if PS-1 affects cellular
calcium homeostasis and report that PS-1 overexpression potentiates agonist- and
inositol-1,4,5 triphosphate (IP3)-evoked responses mediated by the endogenous
phosphoinositide messenger pathway. The level of PS-1 protein detected in cells
injected with the message-sense RNA was substantially higher (~8 -fold) than in
oocytes injected with either the anti-sense RNA or H20 controls. Calcium-activated
chloride currents evoked by bath application o f lOmM lysophosphytidic acid (LPA),
an agonist that activates endogenous IP3-linked cell surface receptors in the oocyte,
were larger than in control oocytes from the same frogs (control=0.0675±0.014,SEM
fxA; PSl-=0.242±0.042pA; p<0.001; n=17). In addition, the mean total charge
movement evoked by application o f LPA was enhanced in PS-1-injected oocytes
(control=3.23±0.63^C; PSl=16.65±4.89fiC; p<0.001; n=17). We further examined
calcium-activated currents evoked directly by photolysis o f caged-IP3 in order to
exclude the possibility that the changes arise at stages in the messenger pathway
between cell surface receptor and IP3 formation. PS1 injected cell currents were
significantly greater in peak amplitude (control=0.033±0.002|.iA; PS1=
0.065±0.01(jA; p<0.01;n=9) and in total charge transferred (control=0.049±0.009|iC;
PS1=0.137±0.01|^C; p<0.001; n=9) versus water injected controls. Furthermore, the
threshold amounts o f IP3 (flash duration) necessary to induce a response were also
smaller than control specimens. Alterations in regulation of calcium signaling
pathways would be expected to significantly affect cellular functions, including
increased susceptibility to apoptosis and perhaps altered signal transduction by
neurotransmitters involving IP3 mediated responses Supported by grants GM H8071,
N I A 12663 and NIGMS48071.
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322.2
CHARACTERIZATION
OF
PRESENILIN
OVEREXPRESSING
CEREBELLAR NEURONAL CELLS. S. Weaaen. A. Diehlmann: N.
Ida. C. Czech. A. Weidemann. C. Masters. O.P. Wiestler. K.
Bevreuther and T.A. Bayer*. Dept, of Neuropathology, University of
Bonn Medical Center, Sigmund-Freud-Strasse 25, 53105 Bonn and
ZMBH, Im Neuenheimer Feld 282, 69120 Heidelberg, FRG.
Transient overexpression of human presenilins in mouse PC12 cells
has been suggested to induce apoptotic cell death. Since carriers with
the E280A PS1 mutation reveal conspicious cerebellar amyloid
pathology,
we were prompted
to
investigate
presenilin
overexpression in a cerebellar neuronal cell line. We have cloned
expression vectors carrying wildtyp ot mutant human PS1 and mutant
PS2 and stably transfected the rat cerebellar cell line ST15A. This line
has been established by transfection of cerebellar precursor cells, with
a temperature sensitive SV40 large T antigen. Shifting the cells to
37°C induces expression of neuronal markers. Western blot analysis
of stable presenilin transfected ST15A cells showed high expression
of full-length as well as processed fragments of human presenilins.
TUNEL staining failed to reveal any immunostaining, which indicates
that apoptosis is not beeing induced. These observations suggest
that overexpression of human presenilins in neuronal cells is not
sufficient to induce cell death. Furthermore we nave generated a
panel of highly specific monoclonal antibodies against different
epitopes of PS1 and PS2. The mab's have been tested by
immunostaining and immunoprécipitation in presenilin transfected
cells. These mab's will be used to characterize the processing of
human presenilins in our cerebellar cell lines at permissive and nonpermissive
conditions.
(Supported
by
the
Deutsche
Forschungsgemeinschaft; SFB 317 and 400)
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P R O -A P O P T O T IC
A C T IO N S
O F M U T A N T P R E S E N IL I N - 1 :
RO LES O F A L T E R E D C A L C IU M H O M E O S T A S IS , O X Y R A D IC A L
M E T A -B O L ISM , AND T H E T R A N S C R IP T IO N F A C T O R N F - k B.
Gucfr.J. Xie. S. Christakos. and M. P. M attson. Sanders-Brown Research Center
on Aging and Dept, of Anatomy & Neurobiology, Univ. of Kentucky, Lexington,
KY 40536.
PC 12 cells expressing mutant PS-1 (L286V) exhibit enhanced elevations of
[Ca^+Jj following exposure to amyloid P-peptide (A(3), and agents that induce
Ca^+ release from ER (NeuroReport 8 : 379-383 [1996]). Studies of double-stable
PC 12 cell lines expressing m utant PS-1 under the control of a tetracyclineresponsive element showed that mutant PS-1 sensitizes cells to apoptosis induced
by trophic factor withdrawal and Ap, by a mechanism linked to perturbed calcium
homeostasis and increased oxidative stress (Guo et al., J. Neurosci., 17: June 1
issue [1997]). In order to further examine the roles of oxyradicals and calcium in
the adverse effects of mutant PS-1, we co-expressed mutant PS-1 and either Bcl-2
or calbindin in PC 12 cells. Bcl-2 and calbindin abolished the increased sensitivity
to apoptotic stimuli normally observed in cells expressing mutant PS-1. The
enhanced elevations of [Ca2+]| following exposure to Ap and agents that induce
Ca^+ release from ER were largely prevented in cells expressing either Bcl-2 or
calbindin. Because of previous data suggesting roles for the transcription factor
NF-kB in activating anti-apoptotic pathways (P N AS 92: 9328-9332 [1995]; J.
Neurochem. 6 6 : 869-872 [1996]), and because the data above suggest a role for ER
stress in perturbed ion homeostasis and oxyradical metabolism in cells expressing
mutant PS-1, we are now examining the role of NF-kB in the pathogenic process
engaged by mutant P S-1.

SEDIMENTATION BEHAVIOR OF RAT CORTEX PRESENILIN 1
ON SUCROSE GRADIENTS. O.l. Shamrai andT.V. Ftamabhadran*.

Supported by NIH and the Alzheimer's Association.

Neurogen Corporation, Branford, CT 06405.
The majority of early-onset familial Alzheimer’s disease (FAD) cases
have been linked to mutations in two related genes which encode the
presenilin-1 (PS1) and presenilin-2 (PS2) proteins. The function of these
proteins is unknown and is currently being investigated intensely. Recent
data from cells transfected with PS1 suggests that PS1 may form higher
order complexes either by self association or by complexing with other pro
teins. To address this question in brain, we are using sucrose density gradi
ent centrifugation to determine the relative molecular mass of rat cortex
PS1 as compared with standards of known molecular weight (MW). Rat
cortex homogenates were solubilized using 1 % Triton X-100 and
sedimented on linear 5-20% sucrose gradients. To determine the relative
molecular mass at which PS1 peptides sediment, sucrose gradient frac
tions were subjected to SDS-PAGE followed by Western blot analysis with
a PS1 specific N-terminal antibody, Ab-14. In rat cortex, Ab-14 detects the
full length 46 kDa protein as well as the 36 kDa and 28 kDa processing
products. Under the conditions used, the PS1 46 kDa and 28 kDa species
were solubilized while the 36 kDa was not. On sucrose gradients the
28 kDa N-terminal fragment (NTF) comigrated with a 25 kDa molecular
weight marker suggesting that the PS1 28 kDa species may exist in the cell
as a monomer. Alternatively, it is possible that experimental conditions were
harsh enough to disrupt biologically relevant 28 kDa complexes. The
46 kDa PS1 comigrated with a 45 kDa MW marker as well as with higher
MW markers. Thus, the full length protein may exist in both monomer and
complexed forms. Further studies addressing the question of complex for
mation are in progress.
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DISSECTING FUNCTIONAL DOMAINS OF PRESENILINS
Chang-Sook Hong* and Edward H. Koo, Department of Neurosciences,
University of California, San Diego, La Jolla, CA 92093
Functional homology has recently been demonstrated between
presenilin-1 (PS1) and presenilin-2 (PS2), the major genes in familial
Alzheimer's disease, and sel-12, a C. elegans gene involved in cell fate
during development. To determine if the presenilins play a role in
neuronal differentiation, we established NT2 cell lines stably transfected
of antisense PS1 and PS2. Inhibition of PS1 expression resulted in failure
of neuronal differentiation in NT2 cells after retinoic acid treatment.
Concomitantly, those clones were associated with increased apoptosis
under both basal condition and after retinoic acid treatm ent.
Overexpression of bcl-2 recovered neuronal differentiation and reduced
cell death. In contrast, antisense PS2 clones differentiated normally.
These studies suggest that PS1 play a role in differentiation or cell death
and that PS1 and PS2 have differing physiological roles in this paradigm.
This finding is also consistent with other studies showing a proapoptotic
effect of PS2 in both T cells and PC 12 cells. To understand the biological
diversity of presenilins, we are currently analyzing the functional domains
of the proteins. For this study, we are using DPS, the Drosophila
presenilin homolog. DPS shows the same percentage (53%) of amino acid
identity to PS1 and PS2 and appears to be similarly processed. Because
the large intracytoplasmic loop region between TM6 and TM7 is most
divergent among the presenilin gene family, cell lines expressing chimeric
presenilin proteins consisting of this loop domain are being established
and analyzed.
Supported by NIH (AG 12376 and NS 01812) and AFAR (Beeson Award)

DNA DAMAGE AND PRESENILIN 1. S. Bursztain*. S.A.Berman. N.K.Robakis
and R.L.Neve. Mailman Res. Ctr. Harvard Med. School, Belmont, M a 02178.
Programmed cell death or apoptosis has been implicated in neurodegenerative
diseases such as Alzheimer’s (AD). We have previously reported that single strand
DNA breaks in neurons can occur without the characteristic features o f apoptosis.
In this study we evaluated the effect o f overexpression o f a familial AD gene
Presenilin 1 (PS1) and mutated PS1 (A246) on single strand DNA damage. To this
end primary cortical cultures 5 days after plating were infected with herpes simplex
virus (HSV-1) vectors expressing human wild-type (S182 or Myc-S182) or mutated
(A246) constructs. Control cells were infected with the recombinant virus carrying
E.coli LacZ gene or with equal amounts o f vehicle. 12h o f infection with HSV the
HSVlac vector, resulted in 100% infectivity at 3X105 infectious units.
M orphologically, infected cells exhibited no indication o f cytotoxicity, and the
transgene expression was seen in cell bodies and processes. Cell survival assays of
cells infected with varying titers o f HSV-1 vectors using trypan blue exclusion and
mitochondrial function assays revealed no toxicity up to 48h o f continuous exposure
to the HSV vectors.
Immunocytochemistry, and W estern blots showed
up_regulation o f S I 82 protein with enhanced immunoreactivity around nuclei.
Quantitative analysis o f cells immuno- histochemically labeled with the DNA
Fragmentation Detection kit revealed no enhanced apoptosis in S I 82 infected cells.
This lack o f enhancement was supported by DNA fragmentation Elisa assay,
chromatin condensation assays, lack o f detectable nucleosome cleavage which forms
a characteristic ladder pattern on agarose gel in apoptotic cells, and southern blots.
Our results indicate that overexpression of S I 82 gene does not result in
enhancement o f apoptosis in postmitotic cortical cells and may have a major
implication in neuroprotective mechanisms. (Supported by NIH grants).
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TR ANSCRIPTIONAL R EGULATIO N OF THE
PR E SE N IL IN -1 G ENE.
N. M itsuda. A. D. R oses and M. P. Vitek*
The D ivision o f N eurology, Duke U niversity M edical
Center, Durham , NC 27710
The Presenilin-1 (PS-1) gene encodes at least three separate mRNA
transcripts from its 12 exons which are spread over 50kBp of mouse
DNA. The first transcript begins with Exon 1A while the other
transcripts begin with Exon IB. Different portions of Exon IB are
spliced to give long and a short mRNAs. The expression of all of
these transcripts depends on a single promoter located just upstream
of Exon 1A. Although this region lacks a TATA box and a number
of common initiator sequences, it does contains a CAAT box, a heatshock responsive element, a PEA-3 site (Polyomavirus enhancer
activator-3), an E tsl-3 site, multiple Spl and multiple Ap2 binding
sites typically found in eucaryotic promoters. We have combined a
reporter gene with various portions of this putative PS-1 promoter
and measured firefly-luciferase activity relative to an internal renillaluciferase standard. We identified a 25bp fragment spanning the 5'
transcription start site of exon 1A as containing the core of the
promoter activity. The sequences downstream of this region had
undectable promoter activity suggesting that this core element is the
gene’s only promoter controlling expression of all three transcripts.
Although human PS-1 mRNA expression is clearly different from the
mouse P S -1 mRNA pattern, the human and mouse core promoters
do share limited homology and function.
We thank NIH for supporting this work.

ISOLATION AND CHARACTERIZATION OF A NOVEL
PRESENILIN-BINDING PROTEIN, PRESEPHILIN.
A . Ka$hiwa_S.-..Lee, R, Dargusch, ç . K \^ n_j<Lml,,.an.d..hL
Kimura. Cellular Neurobiology, The Salk Institute, La Jolla,
CA 92037.
By using the yeast two hybrid system , we isolated a novel
protein designated presephilin (PSP), which interacts with
the cytoplasmic "loop" region of presenilin 1 (PS-1). The
length of the coding region of PSP cDNA is 6kb. PSP is
highly homologous to DOCKI8O, a putative effector molecule
transducing signals of phosphorylated tyrosine to Ras family
of proteins by interacting with CRK adaptor protein. Both
D O C K I 8O and PSP have one SH3 domain in their Nterminal region and two SH3 binding domains in their Cterminal region. These findings suggest that PS-1 and PSP
may be involved in the tyrosine kinase signal transduction.
PSP is expressed almost exclusively in the brain, mostly in
the cerebral cortex and hippocampus.
This work is supported by the grants from NIH and the
Alzheimer's Association.
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IDENTIFICATION OF PROTEINS THAT INTERACT WITH PS1
AND PS2. G. Tesco*. S. Guenette. J. Chen and R. E. Tanzi.
Genetics and Aging Unit, Department of Neurology, Mass. General
Hospital, Charlestown, MA, 02129.

E S T A B L ISH M E N T OF LACS W ITC H IN D U C IB L E E X P R E S S IO N
S Y ST E M OF W IL D -T Y PE OR FA D -L IN K E D M U T A N T PR E SE N IL IN
1 G ENE IN M O U SE N E U R O B L A S T O M A (NEU RO 2a) CE LL LIN E .
Y. Kawamura1. H. Komano1, S. Sudoh1. F. Ovama2. S. Sato3 and K.

Missense mutations in presenilin 1 (PS 1) and presenilin 2 (PS2) are
responsible for roughly 50% of early onset familial Alzheimer's
disease. The presenilins are transmembrane proteins localized in the
endoplasmic reticulum (ER) and Golgi. FAD mutations in these proteins
are associated with an increase in AB1-42 both in vivo and in vitro. It
has been suggested that PS1 and PS2 could play a role in the
processing of APP in the ER or Golgi. PS1 and PS2 exhibit a high
homology with Sel-12 which is a protein involved in the Notch pathway
in C. elegans . However, the function of the presenilins remains to be
elucidated. For this reason, we set out to identify proteins that interact
with PS 1 and PS2, using the transcription-based screening assay for
interacting proteins known as the "interaction trap". To identify proteins
that specifically associate with the N-terminal region of PS1 and the
large hydrophilic loop region for PS2 we have screened a human frontal
cortex acid fusion cDNA library . Several cDNAs were obtained which
encode potentially interacting proteins for both of these regions. W e will
discuss the putative function of the proteins encoded by these cDNAs,
the significance of their interaction with PS 1 and PS2 and their possible
role in the neuropathogenesis of Alzheimer's disease.
Supported by the NINDS, NIA. G. Tesco is the recipient of an NINDS fellowship.

Yanagisawa. 1
^Dept. of Dementia Research, Natinal Institute for Longevity
Sciences, Obu, Aichi 474, 2 Dept. of Neuropathology, Institute for Brain Research,
Faculty of Medicine, University of Tokyo, Bunkyo-ku, Tokyo 113, 3 Hu man Genomis
Center, The Institute of Medical Sciences, University of Tokyo, Minato-ku, Tokyo
108, Japan.
Mutations in Presenilin 1 (PS1) have been implicated as the most common cause
of early-onset familiar Alzheimer's disease (FAD). In order to develop model system
to investigate its pathogenic role and function, wre established mouse neuroblastoma
(Neuro 2a) cell lines, stably transfected with human wild-type (wt) or mutant PS1
(M146L, Aexon9) gene under LacSwitch inducible expression system which utilizes
elements of lactose operon to control gene expression in eukaryotic cells. In these cell
lines, the human PS1 gene expression is repressed until an inducer, IPTG (isopropyl(3-D thiogalactoside) is added in the media. The induction of human wt or mutant PS1
gene expression was observed 4 hours after the addition of IPTG. We precisely
examined the accumulation of PS1 protein with time after the addition of IPTG using
immunoblot method. The processed form ,-3 0 kDa N-terminal derivative of wt or
M146L mutant PS1 protein was accumulated with time, followed by the
overaccumulation of the 43 kDa full-length PS1 protein. This result indicates that the
accumulation of the endoproteolytic N-terminal PS1 derivative is saturable.' The high
level of accumulated Aexon9 protein reduced the production of 30 kDa N-terminal
derivative from the endogenous PS1, indicating that the high expression of Aexon9
leads to the inhibition of the proteolytic processing of the endogenous PS1 protein.
Our system should provide a powerful tool to investigate a bona fide effect of FADlinked PS1 mutation, since this system enables us to avoid nonphysiologic influences
of overaccumulated full-length PS1 protein by controlling PS1 gene expression level.
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INACTIVATION OF THE HUMAN PRESEN ILIN -1 HOMOLOG IN
MOUSE RESULTS IN DEVELOPMENTAL DEFECTS.
J.L. Stock. J. Cook. M. Roach. B.G. Sahagan* and J.D. McNeish.
Molecular Sciences, Pfizer Central Research, Groton, CT 06340.
The majority of early onset familial Alzheimer's Disease (FAD)
have been linked to two recently identified autosomal dominant genes,
Presenilin-1 and 2 (PS-1 & PS-2). The positional cloning of PS-1 and
PS-2 demonstrated these genes are without homologies to known
mammalian proteins. However, the human PS genes are homologous
with C. elegans genes, sel-12 and spe-4, involved in Notch signaling
and protein trafficking, respectively. Transgenic mouse experiments
have demonstrated that expression of mutant PS-1 proteins in mice
expressing human Amyloid Precursor Protein results in increased
production of the AB1-42 peptide. These results closely parallel those
found in FAD cases with presenilin mutation.
Although these
experiments are important in determining the role of PS-1 in AD, the
normal biochemical function of the presenilins remains unclear. In
order to study the normal role of PS-1, we have inactivated PS-1 in ES
cells derived from two murine strains, 129 and DBA/1. PS-1 -/offspring demonstrate a perinatal lethal phenotype. The -/- mutants have
severe developmental defects arising in tissues derived from different
embryonic cell lineages including skeletal and organ abnormalities,
cranial hemorrhaging and gastrointestinal hernia. These defects are
consistent with the embryonic expression pattern of PS-1. Here, we
will describe the mutant phenotypes observed in the two mouse strains,
as well as characterizing the mutant embryonic development.

E FFEC T S O F IN D U C IB LE EX PRESSIO N OF PR ESEN ILIN S
ON CELL PROLIFERATION AND CELL DEATH.
David E. Kang. Ania Kammescheidt*. and Edward H. K oo.
Department of Neurosciences, University of California, San Diego,
La Jolla, CA 92093
The mechanisms by which mutations in presenilin 1 and 2 (PS1
and PS2) result in the A lzheim er's disease phenotype are unclear.
The biological function o f the presenilins similarly remains to be
defined. We have recently shown that inhibition of PS1 expression
results in the loss of neuronal differentiation and increased cell death
in NT2 cells, a finding consistent w ith the functional hom ology
between presenilins and sel-12, a C. elegans gene involved in the
determination of cell fate. In addition, transient overexpression of
PS2 re su lts in a p ro -a p o p to tic p h e n o ty p e in c u ltu re . This
observation is in contrast to the apparently norm al phenotype of
stable cell lines and tra n sg en ic m ice o v e re x p re ssin g various
presenilins. H ow ever, stable overexpression o f potentially lethal
genes may lead to an attenuated phenotype or biased selection of
mutant cells. To avoid this problem, we have generated stable cells
lines overexpressing PS1 and PS2 under an insect steroid responsive
inducible system. Our preliminary observations in 293 cells indicate
that inducible expression of wildtype PS1 by m uristerone leads to
re ta rd a tio n o f c e ll g ro w th as c o m p a re d to c o n tro l c e lls.
Interestingly, expression of two different PS 1 m utations showed
either no change or an increase in the rate of cell proliferation. We
are currently exam ining the effects o f inducible expression o f
wildtype and mutant presenilins on apoptosis.
Supported by NIH (AG12376 and NS 01812) and AFAR (Beeson Award)
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Co-expression of Presenilin and mutated Amyloid Precursor
Protein in transgenic mice

INCREASED Ap LOAD IN TRANSGENIC MICE EXPRESSING BOTH
MUTANT PRESENILIN-1 AND AMYLOID PRECURSOR PROTEIN.
E. McGowan1*. L. Holcomb2. X. Yu1. S. Sanders1. D.G. Morgan2. M.N.
Gordon2. C.-M. Prada. S. Younkin1. C. Eckman1 and K. Duff1 Mavo Clinic
Jacksonville, FI. 32224 and University of South Florida, Tampa, FI. 33612.
Mice expressing mutant presenilin-1 (PS1) and amyloid precursor
protein (APP) were generated from crossing male mice expressing a mutant
APP gene with female mice expressing a mutant PS1 transgene. The
resulting progeny expressed 4 genotypes; PSAAP, APP, PS and nontransgenic. Mice were sacrificed between 5-7 months of age; one brain
hemisphere was snap frozen for Ap analysis using a sandwich ELISA, the
other hemisphere was immersion fixed and immunostained for Ap.
Both A(3(1-40) and A(3(1.42) levels were markedly elevated in the PSAPP
brains compared to Ap levels in APP transgenic mice alone.

C Czech*, S Dreisler, N Touchet, N Clavel, B Schombert, N Buron,
G Ret, S Moussaoui, L Pradier, and GL Tremp
Rhone-Poulenc Rorer S.A., GENE MEDICINE Department, Centre
de Recherche de Vitry-Alfortville, 94403 Vitry sur Seine, France
We have generated a transgenic mouse line expressing a
human triple mutant APP (SDL) at a moderate level in the brain.
Ap peptide production is clearly detected in these animals, but
without obvious formation of amyloid plaques. In a second step,
wild-type PS1 transgenic mice and rats and mutated PS1 mice
have been generated. Transgenic PS1 protein (wild-type or
mutant form) is subject to proteolytical processing in the brain
leading to the two characteristic N- and C-terminal fragments of
29 kDa and 20 kDa, respectively. That protein processing is
saturable in the high expressing lines with apparition of the fulllength (51 kDa) PS1 protein. The profile is not affected by the
mutation M146L. Single transgenic animals didn’t develop any
AD related pathology up to the age of 12 months.
Subsequently we created by breeding, mice expressing both,
mutated human APP and human PS 1 with and without the FAD
mutation M146L with the aim to study the interaction between PS
1 and APP in vivo. Analysis of APP processing in double
transgenic mice aged 3 months (mutant APP x wt PS-1 or mut
APP x PS-1 M146L) did so far not reveal significant changes in
total AR levels, however a possible increase of Ab 1-42 is currently
evaluated. The processing of either wild-type or mutant PS-1
remained
unchanged
in the double
transgenic
mice.
Immunohistological analysis of double transgenic mice is in
progress.

S ociety for N e u r o s c ien c e , V o lum e 2 3 ,1 9 9 7

Genotype

Ap^o (pm/g)

PSAPP

109.8±9 7

A p ^ (pm/g)
65.0+4.2

APP

27.3±3.0

5.5±1.2

(Values = mean± s.e., n=6)
Immunohistochemical analysis revealed numerous Ap deposits, which
were concentrated in the neocortex, in the PSAPP mice. Occasional Ap
deposits were localized in the hippocampal formation. No Ap deposition was
observed in the other 3 genotypes (APP, PS and non-transgenic).
The increased Ap levels in the PSAPP transgenic mice correlates with
the development of Ap plaques and gliosis associated with AD-type
pathology (see abstract by Gordon et. al).
Supported by P01 AG 14633
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APP/PS2 interaction in Transfected Cells.

TRAUMATIC
BRAIN
INJURY
INDUCES
AMYLOID
BETA
IMMUNOREACTIVE DEPOSITS IN THE BRAIN OF TRANSGENIC MICE
EXPRESSING MUTATED HUMAN AMYLOID PRECURSOR PROTEIN
(APP695). HISTOLOGICAL ANALYSIS OF THESE M ICE AND OF MICE
COEXPRESSING hAPP695 AND HUMAN PRESENILIN 1 (hPS-1). £
Moussaoui. V. Blanchard, B. Bonici. J. Rataud. M. Gohin. C. Czech, F. Wahl. L.
Pradier. V. Marv. M. Reibaud. J.M Stutzmann. G. Tremp. P. Bertrand* and A.
Imperato. RHONE-POULENC RORER, CNS Program, Vitry-sur-Seine, France.
Alzheim er’s disease (AD) is heterogeneous in terms of etiology. As causal
events, mutations have been identified in APP, PS-1 and PS- 2 genes on
chromosome 21, 14 and 1, respectively. The apolipoprotein-e4 (ApoE-s4) allele
on chromosome 19 is an important risk factor for the disease. Environmental
factors, including traumatic brain injury (TBI), are also found to trigger the
pathology of AD, and to increase the risk of AD through a synergistic relationship
with genetic factors. We demonstrated that repeated TBI induces A(3
immunoreactive deposits in the brain of transgenic mice that express hAPP695,
with the FAD mutations K670N, M671L, E693Q.V717I; no effect is observed in
control animals. Furthermore, we demonstrated that, in mice with w t hPS-1, with
mutated hPS-1 (M I46L) or with both mutated hPS-1 and mutated hAPP69s, hPS1 protein is found mainly in cell bodies and processes of neurons localized in
various cerebral structures, and also to a lesser extent in glial cells. In all these
mice, the distribution pattern of hPS-1 transgene is similar at 3 and 6 months of
age. Since the diagnosis of AD is made only if, in addition to cognitive decline,
senile plaques are present, we are performing various histological studies to
demonstrate 1) whether or not the overexpression of wt or mutated hPS-1 lead to
histological changes of AD pathology-type (i.e. extracellular Ap deposit and
neuronal loss), and 2 ) whether or not the co-expression in vivo of wt or mutated
hPS-1 with mutated hAPP695 increases such possible histological changes.

L. Pradier*, C. Czech, L. Delalonde, N. Clavel, T. Poyot, A.
Weidemann+ and B. Tocqué. Gene Medicine Dept., RhónePoulenc Rorer, 94400 Vitry, France and +ZMBH, 69120
Heidelberg, Germany.
Mutations in S182 and STM2 (presenilins, PS) genes have been
recently discovered in familial forms of early-onset Alzheimer’s
Disease. Along with APP and ApoE, elucidating the role of these
two new genes should shed new light on the pathophysiological
mechanism of AD. We have investigated in cell culture, the
possible interactions between these various gene products. APP
and PS2 were transiently expressed in COS1 cells. As recently
described (Weidemann et al., 1997, Nature Med. 3:1), APP could
be detected in PS2 immunoprecipitates. Interestingly, only the
immature form of APP was shown to interact with PS2 both wt and
mutant N141I in a g r e e m e n t with the endoplasmic reticulum
localisation of PS2. Coexpression in cells was necessary for
interaction as it could not be detected after mixing ÁPP and PS2
cell lysates. In a neuronal progenitor cell line endogeneously
expressing PS2, a similar interaction could be detected upon
APP transfection. This suggests that APP/PS2 interaction is not
dependent on PS2 overexpression.
By using several C-term
truncated forms of PS2, we have mapped the interaction domain
to the N-term part of PS2. Regarding APP, we could demonstrate
interaction of the last 100 amino acids of APP with PS2. This
physical interaction between APP and PS2 could be involved in
the misprocessing of APP leading to an higher A[31 -42 production
with mutated PS2 which we are currently investigating.
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IM M U NO HISTOCHEM ICA L C O -LO CA LISA TIO N O F PS-1 AND TAU IN
TRANSFECTED CELLS AND IN A L Z H E IM E R 'S DISEA SE BRAINS
L. Hendriks1*. A. Julliams1. U. Liibke2, C. De Jonghe1.1. Vanderhoeven1, J. Boons'", P.
Cras3, J.-J. Martin2. C. Van Broeckhoven1
!Lab of Neurogenetics, Flanders Interuniversity Institute for Biotechnology (VIB),
Born-Bunge Foundation (BBS), Univ. of Antwerp (UIA), Dept, of Biochemistry and
2Lab of Neuropathology & 3Neurobiology, Born-Bunge Foundation (BBS), Univ. o f
Antwerp (UIA), Dept, of Medicine , B-2610 Antwerpen, Belgium.
Alzheimer's disease (AD) is a neurodegenerative disorder of the central nervous
system. Mutations in the presenilin-1 (PS-1) gene cause presenile (age at onset before
65 years) AD. To investigate whether PS-1 mutations influence the phosphorylation
and/or expression of the microtubule associated protein tau, we transfected non
neuronal and neuronal cells with tau cDNA and/or PS-1 cDNA. Immunofluorescence
microscopy revealed a perinuclear staining pattern for PS-1, while tau has a peripheral
localisation. Possible variations in tau phosphorylation, due to PS-1 mutations are
currently being studied in these cells.
Immunolabelling with a PS-1 antibody (SB63) o f brain sections from AD patients,
predominantly showed a granular or diffuse strong perinuclear staining in a subset of
neurones and dendrites. Sometimes filament-like structures were observed in the
neuronal perikarya. PS-1 immunoreactivity was observed in tangle-bearing neurones
using immunofluorescence double labelling with anti PS-1 SB63 and anti-tau AT8 .
However, SB63 did not stain AT8 tau positive tangles.
This research was supported by the Flemish Biotechnology Program, the Fund of
Scientific Research-Flanders (FSRF), BIOTECH (BI02-CT94-2056) program of the
European Community, the Focused giving Grant program of Johnson & Johnson, AJ is
a recipient of a IWT bursary, CDJ is an aspirant of the FSRF. We thank Dr. Goedert
for providing the tau cDNA.

PRESENILIN-1
IS
CLOSELY
RELATED
W ITH
NEUROFIBRILLARY TANGLES IN THE ALZHEIM ER’S
BRAIN. Y. Tomidokoro*, K. Ishiguro, Y. Igeta, M. Shizuka, T.
Kawarabayashi, E. Matsubara, M. Kanai, Y. Harigaya, K. Okamoto,
M. Shoji Dept, o f Neurology, Gunma Univ. Sch. of Med., 3-39-15
Maebashi, Gunma 371 Japan.
Misssence mutations o f the presenilin-1 (PS-1) in chromosome 14
and presenilin-2 in chromosome 1 are causative genes associated
with early onset Alzheimer’s disease in AD3 and AD4 families. To
clarify the role o f these proteins in the AD brain, several antisera to
N-terminus o f PS-1 (HS-N2) and to C-terminus o f PS-1 (HS-C) were
prepared. These antisera recognized 41kD o f fl PS-1, 25kD o f NTF
and 17kD o f CTF in the lysate o f cultured COS-7 cells expressing
human PS-1. Antisera against N-terminus o f PS-2 recognized 114, 86,
54, 43, 30 and 28 kD proteins in cultured 293 cell lysate expressing
human PS-2. Both antibodies revealed the same molecular size o f fl
PS-1, NTF and CTF in human brain extracts. Full length o f PS-2 and
its NTF were also recognized in the human brain. There was no difference
in the amounts o f PS-1 and PS-2 level between AD and control brains.
In immunohistochemistry, these antisera labelled neurons and astrocytes
in control brain. In the AD brain, however, HS-N2 labeled some mature
form o f senile plaques. Antibody HS-C labeled neurofibrillaiy tangles
and neuronal threads in the AD brain. These immunoreactivities
disappeared in preabsorption studies. These findings indicate that PS-1
is closely related with A (3 deposits and tangle formation in AD brains.

322.19
PRESENILIN 1 IS INVOLVED IN CEREBRAL AMYLOID ANGIOPATHY OF
ALZHEIMER’S DISEASE AFFECTED BRAINS. ^ Y.Hayashi1} , ^R.Fukatsu**
N.Takahata0 Depts of 'Neuropsychiatry and 2)Microbiology, Sapporo Med. Univ.,
South 1, West 16, Sapporo 060, Japan, d e p a rtm e n t of Psychiatry, Sapporo Municipal
Hospital, Sapporo 062, Japan 4)College of Medical Care and Technology, Gunma
University, Gumna 371, Japan
Recent studies have shown that the majority of cases of early-onset familial
Alzheimer disease (FAD) are caused by missense mutations in the identified presenilin
1 (PS1) gene, located on chromosome 14, which is member o f an evolutionarily
conserved gene. PS1 protein, a 467 amino acid protein, is predicted to be an integral
membrane protein. The biological role(s) o f the presenilins and the mechanism(s) by
which the FAD-associated mutations exert their effect rem ain unknown
To understand the role and the m echanism for PS1 in AD, we raised 3 polyclonal
antibodies against synthetic peptides homologous to the N-term inal hydrophilic tail
(34-51), large hydrophilic loop (313-336), and C-terminal hydrophilic tail (410-424).
Immunohistochemical studies were performed on brain sections obtained from
A lzheim er’s disease, other neurological diseases, and age-matched controls, using a
set of the antibodies, monoclonal antibody to Ap, and end-specific antibodies against
Ap 40, and A(342. The PS1 antibodies clearly stained amyloid angiopathies in AD
affected brains, but no recognizable immunoreactions were observed in any other
vessels free from amyloid involvement in other neurological diseases and controls. Nterminus and loop antibodies labeled strongly vascular endothelial and smooth muscle
cells, but C-terminus antibody decorated the same cells only faintly. These antibodies
also reacted with neurons with varying intensity. Ap antibodies also decorated amyloid
angiopathies, showing most similar localization w ith PS1.
Our immunological data implicate that PS1 m ight be involved in the pathogenesis
o f amyloid angiopathy in AD brains.
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A Novel Presenilin-1 M utation at Codon 117 (P117L) in a Polish
Familial Alzheimer's Disease Kindred. T. Wisniewski1, K.Dowiat2.
J.Kulczvcki3. H.M.Wisniewski*4. J.Wegiel4. B.Franeione2. Dept.of
Neurol.1 and Pathol2 , New York University Med. Center, New York, N Y.
10016; Institute of Psychiatry and Neurology3, Warsawa, Poland; institute for
Basic Research in Developmental Disabilities4, Staten Is., N Y.
The majority o f early-onset familial Alzheimer's disease (FAD) has
been linked to mutations in presenilin-1 (PS-1). Some FAD kindreds
have also been linked to amyloid P precursor protein (pP P) and PS-2
mutations. We have identified a Polish FAD kindred with affected
individuals having a very early age o f onset (range o f 28-35 yr). We
screened for mutations in the PPP, PS-1 and PS-2 genes. These DNA
sequencing studies have shown that the disease in this family is linked
to a missense mutation at codon 117 in exon 5 o f PS-1, resulting in a
substitution o f proline by leucine (P 117L). Many o f the reported P S -1
FAD linked mutations have been found in exons 5 and 8.
Neuropathological examinations were done in four affected members
o f this family, showing extensive neuritic plaques, neurofibrillary
tangles,
congophilic
angiopathy
and
neuronal
loss.
Immunohistochemical studies o f this post-mortem tissue using
antibodies to various amyloid P, PS-1 and apolipoprotein E epitopes
is shown. In addition, studies on the biological fluids and lymphocytes
from young, pre-symptomatic, mutation carriers is presented.
Supported by NIH grants AG 08721 and AG05891.
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A P O L IP O P R O T E IN E P E P T ID E S C A U SE A R A P ID IN F L U X O F
C A L C IU M A N D N E U R O T O X IC IT Y IN R A T H IP P O C A M P A L
N E U RO N S. M. Tolar*. J.N. Keller# . M.P. M attson# _an_d K.A. Crutcher.
Dept, of Neurosurgery, U. o f Cincinnati, Cincinnati, OH 45267 and # SandersBrown Res. Ctr. on A ging and Dept, o f Anatomy and Neurobiology, U. o f
Kentucky, Lexington, KY 40536.
Apolipoprotein E (ApoE) is localized to amyloid plaques and neurofibrillary
tangles in Alzheim er’s disease (AD) brains and the E4 isoform is implicated in
familial and sporadic AD. However, the specific role that apoE may play in the
etiology of AD is unknown. Apolipoprotein E (apoE)-related synthetic peptides, as
well as the 22 kDa N-terminal thrombin-cleavage fragment o f apoE have shown
potent neurotoxicity in various neuronal cultures (Exp. Neurol. 130: 120-126;
1994, Neuroreport 7: 2529-2532, 1996). In the present study, the effects of
neurotoxic apoE-derived agents on intracellular calcium levels in cultured rat
hippocampal neurons were examined. Synthetic apoE peptides elicited a rapid and
profound increase in intracellular calcium levels, which was sustained over the
duration of experiment (20 minutes). Calcium influx correlated with neurite and
cell body degeneration and ultimately led to neuronal cell death.
Both the apoE peptide-dependent intracellular calcium rise and the resulting
cell death were significantly reduced by 4 (0.M o f RAP, a blocker o f the apoE
receptor LDL receptor-related protein (LRP). Removal of extracellular calcium, as
well as administration of 200 jiM o f the specific N-methyl-D-aspartate (NMDA)
glutamate receptor antagonist MK-801, provided significant protection from both
apoE peptide-mediated calcium influx and subsequent neurotoxicity. These results
suggest that the neurotoxicity of apoE peptides is mediated by interaction with
LRP-like cell surface receptors acting in conjunction with NM DA glutam ate
receptors and that toxicity is correlated with an influx o f calcium. (Supported by
NIH grants NS31410 (KAC), NS29001 (MPM) and NS30583 (MPM).)

NEONATAL
RAT
G L IA L
CELLS
PRO D U CE
APOE
F R A G M E N T S IN C U L T U R E .
S.N. Joshi*. M. A. M arques and
K-A-Crutcher. Department o f Neurosurgery, University o f Cincinnati, College
of Medicine, Cincinnati, OH 45267-0515.
Several lines of evidence suggest that inflammation may be important in the
pathogenesis of Alzheimer's disease (AD). Reactive glial cells (microglia and
astrocytes) are associated with senile plaques in AD where several markers of
inflammation have been detected. Glial cells are producers o f apolipoprotein E
(apoE) and the apoE4 isoform has been identified as a risk factor for AD. ApoE
has recently been implicated as a source of neurotoxicity through the production
o f fragments, with the fragments derived from apoE4 being more toxic than
fragments derived from apoE3 [Neuroreport 7, 2529-2532 (1996); Marques et al.,
this meeting]. Similar fragments are present in the brains and CSF o f control
and AD patients. To determine whether m icroglia and astrocytes produce apoE
fragments, mixed cortical glial cell cultures were prepared from P0-P3 neonatal
Sprague-Dawley rats. The confluent glial cultures were incubated for seven days
in serum -free medium . A fter seven days the conditioned m edium was
concentrated and peptide fragments were separated using SDS-PAGE. Western
blots were developed with polyclonal antiserum raised against human apoE.
Under these conditions, a variety o f apoE fragm ents were detected in the
conditioned medium, including a fragment with an apparent molecular weight of
22 kDa. These results suggest that glial cells may be a source o f apoE
fragm ents and could contribute to neurotoxicity following inflamm ation.
(Supported in part by the Alzheimer’s Association.)

323.3
L O C A L IZ A T IO N O F A P O L IP O P R O T E IN E IN T H E C Y T O P L A S M O F
N E U R O -2a C E L L S IS C Y T O T O X IC . R.B. DeMattos, J. M.Levine*, and D. L.
Williams. Dept. Pharmacology, SUNY at Stony Brook., Stony Brook, NY.
Recent genetic evidence indicates that apolipoprotein-E4 (apoE4) is a risk factor for
late-onset Alzheimer’s Disease (AD). In-vitro experiments reveal that apoE interacts
isoform-specifically with the cytosolic protein tau (the major constituent of
neurofibrillary tangles). A model has been proposed which dictates that apoE localized
to the cytoplasmic compartment interacts isoform-specifically with tau, yet no conclusive
evidence to prove that apoE is localized within this compartment has been presented. We
have designed a functional nuclear localization assay to sensitively test whether apoE is
localized within the cytoplasmic compartment of neuronal cells. The assay employs the
addition of either wild-type apoE or apoE + nuclear localization sequence (NLS) to
untransfected Neuro-2a cells and monitoring its subsequent localization (a positive
nuclear signal for cells fed apoE+NLS would indicate that apoE has access to the
cytoplasmic compartment).
Plasmids were constructed to create cell lines that
constitutively secrete both forms o f apoE in Neuro-2a cells. Key controls for these studies
were plasmids that artificially localized apoE and apoE+NLS to the cytoplasm ofNeuro2a cells to verify that the incorporated NLS is being recognized. Stable Neuro-2a
integrants for each vector were selected and characterized by northern blot, western blot,
ELISA, and immunocytochemistry. The stable cell lines for the secreted forms of apoE
exhibited high levels of expression, whereas apoE expression for the intracellular
localized forms of apoE (wt or NLS) was undetectable. A stable transfection efficiency
experiment for secreted apoE3 versus intracellular apoE3 indicated that cytoplasmic apoE
is cytotoxic. Transient expression of the intracellular constructs in Neuro-2a cells
verified the recognition of the incorporated NLS and validates the nuclear localization
assay. Preliminary results from this assay indicate that apoE does not localize within the
cytoplasmic compartment, yet a more detailed analysis with this system is needed prior to
a final conclusion.
This work is supported by NIH HL32868

323.5
A P O L IP O P R O T E IN E N E U R O T O X IC IT Y IS A T T E N U A T E D BY
P R O T E A S E IN H IB IT O R S . M.A. M arques*. M. Tolar and K.A. Crutcher.
D epartm ent of Neurosurgery, U niversity o f Cincinnati College o f M edicine,
Cincinnati, OH 45267-0515 and ApoLogic, Inc., Cincinnati, OH 45219.
Apolipoprotein E (apoE) shows an isoform-specific association with Alzheimer’s
disease (AD) such that the apoE4 isoform confers a much greater risk o f the disease.
In vitro toxicity assays demonstrate that synthetic apoE peptides cause neurite
degeneration [1] and that the 22 kDa thrombin-cleavage fragment o f apoE exhibits
isoform-specific neurotoxicity [2]. Purified full-length apoE also exhibits isoformspecific toxicity, which is accompanied by the presence o f a 22 kDa apoE fragment,
suggesting that metabolism of apoE may play a role in its toxic effects [3].
In order to determine whether proteolysis o f apoE is important for neurotoxicity,
protease inhibitors were added to cultures o f embryonic chick sympathetic neurons
treated with apoE that was purified from concentrated media o f transfected HEK cells
[2]. The N-terminal 22 kDa apoE4 fragment (produced from bacteria generously
provided by Dr. K. Weisgraber) and a synthetic apoE peptide, E( 1 4 5 . 1 5 5^ [1] were
used as controls. All the apoE agents exhibited significant neurotoxicity. The
addition of protease inhibitors reduced the neurotoxicity o f full-length apoE but did
not diminish the toxicity of either the apoE peptide or the 22 kDa apoE fragment.
Since apoE fragments are present in human brain [1] and produced by glia cells in
culture (Joshi et al., this m eeting), these results support the hypothesis that
metabolism of apoE is involved in apoE neurotoxicity. (Supported in part by the
Alzheimer’s Association).
References
[1] Exp Neurol, 130, 120-126 (1994).
[2] NeuroReport, 7, 2529-2532 (1996).
[3] Marques et al, Alzheimer’s Research (in press).

323.4
APOLIPOPROTEIN E4 INDUCES NEURONAL CELL DEATH
WHEN D E NOVO CHOLESTEROL SYNTHESIS IS INHIBITED.
M. Michikawa* and K. Yanagisawa
Department of Dementia Research, National Institute for Longevity
Sciences, 36-3 Gengo, Morioka, Obu, Aichi 474
Accumulating evidence demonstrates that the apolipoprotein E (apoE)
allele e4 is a major risk factor for sporadic and familial late-onset
Alzheimer's disease (AD). However, the biological mechanism underlying
the apoE4-mediated increase in the risk for AD remains unknown. In the
present study, we have investigated isoform-specific effects of apoE4 on
neuronal cell cultures prepared from E17 rat cortices. Dissociated neuronrich cultures were treated with rabbit (3-VLDL (protein 2-10^g/ml),
apoE3(25 jig/ml), E4(25 pig/ml) or compactin (lOO-lOOOnM), a potent
competitive inhibitor of hydroxymethylglutaryl-coenzyme A reductase, in
a serum-free medium. The combinations of the reagents were as follows:
apoE3 or apoE4, apoE3- or apoE4-enriched (3-VLDL, apoE3- or apoE4enriched (3-VLDL + compactin. Morphological changes were analyzed by
phase-contrast microscopy or immunocytochemical staining. Live and
dead cells were detected by viability/cytotoxicity kit (Molecular Probes
Inc). De novo cholesterol synthesis from 14C-acetate was quantified by
counting 14C-cholesterol radioactivity separated by thin layer
chromatography. Cholesterol synthesis in cultures was reduced to 40% of
that of control by compactin at higher concentrations of 300nM. Only the
treatment with apoE4-enriched (3-VLDL in the presence of compactin
(>300nM) enhanced neuronal cell death 2.1-fold over the control. These
results indicate that apoE4-enriched (3-VLDL, isoform-specifically,
induces neuronal cell death when de novo cholesterol synthesis is
inhibited.

323.6
A PO LIPO PR O TE IN E R ECEPTO R 2 IN N EU RONS,
ASTROCYTES AND M IC RO G LIA IN HUMAN BRAIN CELL
CULTURE
A K iu c h i*2 , Y. M otoi2 , Y.B. L e e 1, Y. M iy a m o to 1 , M. T a k a s a k i2 ,
M. W a ta n a b e *

O

, K. I k e d a

O

a n d S. U. K im

1 1

, D iv isio n o f N eurology,

D e p a r tm e n t o f M ed icin e, U n iv e rs ity o f B ritis h C o lu m b ia, V ancouver,
C a n a d a ; 2 D e p a r tm e n to f G e ria tric s , Tokyo M ed ical C ollege;^ D e p a rtm e n t
o f U ltr a s tr u c tu r e a n d H is to c h e m is try , Tokyo I n s t i tu t e o fP s y c h ia try , J a p a n
H u m a n ap o lip o p ro te in E re c e p to r 2 (apoE R 2) is a n e w ly c lo n ed m e m b e r of
th e L D L re c e p to r fam ily , p re d o m in a n tly e x p re s s e d in th e b ra in . To
d e te rm in e cell ty p e s t h a t e x p re s s ap o E R 2 , we e x a m in e d d isso c iate d cell
c u ltu r e s o f h u m a n fe ta l b r a in b y im m u n o h is to c h e m is try a n d R T -PC R
a n a ly s is. M A P 2 -p o sitiv e n e u ro n s w e re s tro n g ly im m u n o re a c tiv e to ap o E R 2
specific a n tib o d ie s, w h ile im m u n o s ta in in g o f G F A P -p o sitiv e a s tro c y te s an d
R C A l-p o sitiv e m ic ro g lia w a s m u c h w e a k e r. H ig h ly e n ric h e d p o p u la tio n s of
a s tro c y te s a n d m ic ro g lia w e re a lso a n a ly z e d b y R T -P C R a ssa y . PC R
p ro d u c ts w ith th e size o f 645 bp w e re o b ta in e d from R N A sa m p le s o f b o th
a s tro c y te s a n d m icro g lia. O u r r e s u lts s u p p o rt t h e re p o r t o f th e m a jo r b u t
n o n -ex c lu siv e lo ca liz a tio n o f ap o E R 2 in n e u ro n s in h u m a n C N S tis s u e
(M otoi e t a l:, t h is m ee tin g ) a n d f u r t h e r in d ic a te t h a t h u m a n a s tro c y te s a n d
m ic ro g lia co u ld p ro d u ce a sm a ll a m o u n t of a p o E R 2 co n s titu tiv e ly , a n d th e
p ro d u c tio n in th e s e cells co u ld in c re a se in p a th o lo g ica l co n d itio n s.

S ociety for N e u r o s c ien c e , V olum e 2 3 ,1 9 9 7
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TRANSGENIC APPROACHES TO STUDYING THE ROLE OF APOE.
G.A.Higgins*, R. Anderson, L. Fellows, F. Collins, J. Beesley, R. Arban+, C.
Pietra , J.C. Barnes. Neuroscience Unit, Glaxo-Wellcome Medicines Research
Centre, Gunnels Wood Road, Stevenage, Herts, UK; +GlaxoWellcome S.p.A, 37135
Verona, Italy

DISTRIBUTION AND CELLULAR LOCALIZATION OF APOLIPOPROTEIN E
IN BRAINS OF APOE4-MUTANT AND WILD TYPE (C57BL6) MICE.
J. Grootendorst*12. M. Mulder2. M. S. Oitzl1. L.M . Havekes2. E.R. de Kloet1. 1:
Div. of Medical Pharmacology, Leiden/Amsterdam Center for Drug Research,
University of Leiden, 2300 RA Leiden, The Netherlands & 2: Gaubius Laboratory,
TNO Prevention and Health, P.O.Box 2215, 2301 CE Leiden, The Netherlands.
It has been well established that apolipoprotein E4 (apoE4), one of the three
common isoforms of apoE, is a risk factor for the development of Alzheimer's disease
(AD). In order to elucidate the role of apoE4 in the pathogenesis of AD, it is
necessary to know the function of apoE in the central nervous system. It has been
suggested that apoE plays a role in synaptic plasticity and we have recently shown
that apoE-deficient mice are severely impaired in spatial learning and memory in a
water maze (Oitzl et al., Brain Res. 752 (1997), 189-196).
In the present study, we used wild type (C57B16) mice and mice that express a
human apoE4-mutant, so-called apoE3Leiden, and are deficient for the endogenous
mouse apoE. Previously, it has been shown that the human apoE is expressed in the
brain of these transgenic mice at high levels (approximately similar levels as found in
the liver). With immunohistochemical techniques using specific antibodies for
mouse or human apoE, we show here the distribution pattern of apoE in the brains
of these mice. In wild type mice, mouse apoE was distributed equally throughout the
brain and localized i) in fibrous and protoplasmic astrocytes, ii) in tanycytes lining the
third ventricle and iii) in Bergmann glia, but absent in neurons. In transgenic mice,
human apoE is present in the same cell types and regions of the brain as the mouse
apoE in wild type mice. We hypothesize that the disturbed behavior of the apoEknockout mice might be restored by the expression of human apoE in these mice,
(supported by IS AO and NWO grant # 100-007).

ApolipoproteinE (ApoE) genotype is a major risk factor for late onset Alzheimer’s
disease (Corder et al, 1993: Science 261, 921), however the mechanism(s)
underlying this susceptability remain unclear. In order to gain further understanding
of the role of ApoE in physiological/pathological processes we have investigated the
response of mice deficient in ApoE in models o f aging, CNS repair and trauma.
ApoE knockout (ko) mice derived from the colony established by Zhang et al (1992:
Science 258, 468-471) were used throughout. ApoE ko mice were investigated in
one of four studies: response to i) aging, ii) entorhinal cortex lesions (ECL), iii)
middle cerebral artery occlusions (MCAo), iv) acute kainic acid injection. In all
studies, genotype was confirmed either by measuring plasma cholesterol levels in a
subgroup of mice or by Western blot analysis. In the aging studies, no significant
differences in neurological or cognitive function were observed between ApoE ko
and wt’s in mice o f age up to 12 months. Similarly, there was no evidence o f either
elevated basal levels o f CNS lipid peroxidation or neurodegeneration as measured
by quantitative MAP2 or synaptopnysin immunocytochemistry. In the ECL study,
both wt and ko mice showed evidence o f reactive synaptogenesis in the denervated
hippocampus, although the rate o f recovery in the ko mice seemed slower.
Following MCAo, ko mice had a larger cerebral infarct volume measured 7 and 14
days post lesion. In the final study, following an acute kainate challenge (15 and
30mg/kg ip) the ko mice showed a greater seizure susceptibility compared to wt
controls. Tne extent o f neurodegeneration is presently being evaluated.
The results o f the present studies suggest that ApoE ko mice may be more
susceptible to acute CNS trauma. This m ight suggest that ApoE serves a protective
function. Interestingly, despite a recognised role for ApoE in synaptic remodelling
following ECL (Poirier, 1994: TINS 17, 525), ApoE ko mice show recovery
following this lesion suggesting that alternative factors may compensate for loss of
ApoE. Equivalent studies to tne above in the recently described hApoE isoform
transgenics (Xu et al, 1996: Neurobiol. o f Disease 3, 229) may provide a more
valuable means to elucidate the role o f ApoE.

323.9
NEW APOE RECEPTOR 2 IMMUNOREACTIVITY IS PRESENT
IN BRAIN NEURONS. Y. M otoi.l’^. T. Aizawa*. S. Haga*. S. Nakamura1. Y.
Namba1. Y. Mizuno2. Yamamoto K3. K. Ikeda1*. 1.Department of Ultrastructure
and
Histochemistry, ■Tokyo Institute of Psyciatry, Tokyo 156, Japan,
2.Department of Neurology, Juntendo University, Tokyo, Japan 3.Gene
Research Center .Tohoku University, Sendai,Japan
Apolipoprotein E (apoE) is closely associated with two pathological deposits,
i.e., senile plaques and neurofibrillary tangles, that occur in A lzheim er’s disease
brain. Thus far, three apoE-binding receptors have been identified in brain
neurons, that are the LDL receptor, LRP and the VLDL receptor. Among these,
LRP has been implicated in the pathogenesis of AD, and we and others have
shown that the VLDL receptor may also be involved. Very recently, a novel apoE
receptor (apoE receptor2; apoER2) was discovered, which is predominantly
expressed in the brain tissue (Kim et al., 1996, J Biol Chem, 271: 8373). We
therefore performed immunohitochemical studies to identify neural cell type(s)
that express apoER2 in human and rodent brains.
Two polyclonal antibodies were raised in rabbits against the synthetic
peptides corresponding to amino acid residues 448-459 and 865-880, respectively.
For monoclonal antibodies, a synthetic peptide ( 873-898 ) was used as an
immunogen. All the antibodies detected a 160 kDa band in immunoblot analysis,
using cell extracts of CHOI cells transfected with human apoER2 cDNA. By
immunohistochemistry, polyclonal antibodies strongly stained most neurons of
human, rat and mouse brain, including hippocampal neurons, Purkinje cells,
and spinal cord motoneurons. Monoclonal antibody strongly stained human
brain neurons. Immunoreactive deposits were seen in neuronal perikarya and
proximal neurites. Neuronal staining was also observed in rat primary cultures.
Our results demonstrate that apoER2 is localized in brain neurons, and suggest
its role in neurons for apoE-containing lipoprotein metabolism .

323.10
THE
EFFECTS
OF
APOLIPOPROTEIN
E
ON
THE
PHOSPHORYLATION OF TAU BY GLYCOGEN SYNTHASE KINASE 3
BETA G.M.Gibb*, J.Pearce, J.C.Betts1, S.Lovestone, W.P.Blackstock1 and
B.H.Anderton. Department of Neuroscience, Institute of Psychiatry, De
Crespigny Park, London SE5 8AF, UK and ’Biomolecular structure unit,
GlaxoWellcome Research and Development, Gunnels Wood Road, Stevenage,
Herts.,SE1 2NY, UK.
It has recently been reported that apolipoprotein E3 (apoE3) binds more
avidly to tau than apolipoprotein E4 (apoE4) and that neither isoform binds
hyperphosphorylated tau found in Alzheimer’s disease. This has led to
hypotheses about a possible protective role for apo E in stabilizing the
cytoskeleton, with the E3 isoform being more effective. We have investigated
the effects of apoE on tau phosphorylation by glycogen synthase kinase 3 Beta
(GSK3(3) and differences in phosphorylation induced by E3 and E4 isoforms.
Recombinant human tau was incubated for lh at 37°C in the presence or
absence of apo E3 or E4 prior to phosphorylating the protein with GSK3P,
and (y^Py-ATP overnight at 30°C. The sites of phosphorylation on tau were
identified by mass spectroscopy of peptides separated by 2D-peptide mapping.
Three additional phosphorylated peptides could be found in the presence of
apo E3 or E4 when compared to the untreated control sample. One of these
peptides contains a phosphorylated Ser 262 residue which has been strongly
implicated in tubulin binding. There appear to be subtle differences in the
phosphorylation between E3 and E4 treatment of tau.
This work was supported by The Wellcome Trust.

323.11

323.12

APOLIPOPROTEIN E-AII COMPLEX IN ALZHEIMER'S DISEASE.
Lefranc D .1, Dallongeville J.2. Vermersch P.*1-3. Delacourte A . 1 'INSERM
U422, 1 Place de Verdun, 59045 Lille cedex, France. 2Institut Pasteur de
Lille, 59019 Lille cedex, France. 3Clinique neurologique, CHR&U, 59000
Lille, France.
Apolipoprotein E (apoE) is a 34,200 kDa lipophylic glycoprotein with an
essential role in lipid metabolism. Recently, it has been described that to
inherit the s4 allele is a significant risk factor for Alzheimer's disease,
lowering age at onset and increasing duration o f the disease. When studying
the apo E fates and complexes in cerebrospinal fluid (CSF) we found that
decreased levels of an apolipoprotein E complex were associated with AD,
independently of the apoE phenotype. This complex, previously described in
plasma as an apoE-AII complex, resulted from the binding o f apoE and
apolipoprotein A ll via a disulfid bridge. Consequently, the presence o f apoEAII in CSF complex may reflect a protective activity against AD. To propose
a role for this complex we further investigate its ability to bind to amyloid
peptide. By solid phase binding and affinity chromatography analysis we
demonstrate that this apoE-AII complex did not bind to amyloid peptide A|3
1-42. This suggests that the apoE-AII complex in CSF is a way to regulate
the complexes formation with apoE in control cases. During Alzheimer's
disease, this inhibition may be removed and give rise to lower the CSF apoEAII complex. This probably reflect the comsumption o f apoE in transport o f
A(3 for its clearance and/or its aggregation.
D.L. received a fellowship grant from the Conseil régional Nord-Pas-deCalais and the C.H.&U of Lille.

ASSOCIATION OF AN INTRONIC POLYMORPHISM OF THE APOE GENE
WITH AD. M.-C. Chartier-Harlin* , 1 B. Frigard, 2 F. Pasquier,3 D. CottelJ P,
AmouyeiJ J.-Ch. L am b ert5. 1 CJF 95-05, Institut Pasteur de lilie, F 59019 Lille
Cedex. 2 Centre de gériatrie, Wasquehal F 59290. 3 Centre delà mémoire, CHRU
F 59037 Lille cedex.
The APOE s4 allele is a strong but not sufficient susceptibility genetic factor for
AD. Interaction with other biological factors, may modulate the possible effect of
the apoE isoforms. Previous work suggested that other mutations within the
APOE locus, influencing the effect of the e4 allele, may exist1. Mui et al. 2
described a G/C polymorphism (in the first intron o f the APOE gene), strongly
associated with AD. We have compared the distribution of this polymorphism in
a large AD sample (n=288, early and late-onset cases) to the one of a similar age
control population (n=305). Patients with at least one G allele had an increased
risk to develop AD (OR=2.00 [1.19-3.34], p=0.Q08, logistic regression ajusted on
sex and age). The OR was higher in the EOAD population (OR=4.21 [1.3712.94], p=0.006), than in the LOAD population (OR=1.60 [0.85-3.00], p=0.12).
However, this association, was largely explained by the presence or the absence of
the e4 allele, in strong linkage disequilibrium with the G\C polymorphism. The
effect of sex will be discussed in the poster.

S o ciety for N e u r o s c ien c e , V olume 2 3 ,1 9 9 7

1 Chartier-Harlin ct al. (1994),Hum. Mol. Genet., 3, 569-574.
2 Mui et al,. (1996) Neurology, 47, 196-200.
This work was supported by INSERM. J.-Ch. Lambert is a recipient of the
‘M inistère de 1’ enseignement supérieur et de la recherche’.
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323.13
SCREENING FOR MUTATIONS IN THE LOW-DENSITY
LIPOPROTEIN RECEPTOR GENE IN ALZHEIMER’S DISEASE
PATIENTS.
C. Arguing L. Théroux1. M. D anik1. D. Dea1. B. Charbonneau1. S. Gauthier2* and
J. Poirier1,2. Douglas Hospital Research Centre and Centre for Studies in Aging2,
McGill University, Montréal, Québec, Canada.
Apolipoprotein E (APO E) is a glycoprotein component o f several lipoprotein
complexes and serves as a ligand for their cellular uptake trough various cellsurface m embrane receptors such as the low-density lipoprotein receptor (LDLR).
The apo E e 4 allele (A PO E4) is a m ajor risk factor for both sporadic and familial
late-onset AD. However, approximately one-third o f late-onset AD patient do not
carry the e 4 allele. W e hypothesized that in these subjects there may be an
impairment in lipoprotein uptake due to a defect in one the pathw ays that involve a
receptor member o f the LDLR family.
The aim o f this study is to determine w hether mutations or polymorphism in the
gene coding for the LDLR represent another risk factor for AD. W e have thus
undertaken a screening process for the presence o f m utations in each o f the 18
exons coding for the hum an LDLR in several AD and control cases whose APOE
genotype w as determined. The methodology is based on PCR amplification of
individual LDLR gene exons and córresponding splice sites followed by solid- .
phase sequencing o f PCR products using an autom ated sequencer.
D N A sequencing o f exons 1 and 17-18 PCR products did not reveal any
differences betw een control and AD suggesting that defects in receptor signaling to
the endoplasmic reticulum and to clathrin-coated pits for internalization
respectively may not be m ajor risk factors in AD. Additional data regarding other
15 exons will be presented and discussed.
(Supported by the Fonds de la Recherche en Santé du Québec, Pharmacia Biotech,
Nova Molecular Inc. and the Medical Research Council of Canada)

323.15

BRAIN LEVELS OF APOLIPOPROTEIN E AND
APOLIPOPROTEIN C-lll IN ALZHEIMER’S DISEASE.
J. Poirier1. U. Beffert1. C. Ramassamv1. M. Tremblav2. J. S. Cohn2. J. Davianon2. M.
Farlow3 and P. Cécvre*1. 1Douglas Hospital Research Centre, Depts. of Neurology and
Neurosurgery, and Psychiatry, McGill University, and 2Hyperlipidemia and
Atherosclerosis Research Group, Clinical Research Institute of Montréal, Québec,
Canada, and 3Dept. of Neurology, Indiana U. School of Medicine, Indianapolis, IN

Inheritance of the e4 allele of apolipoprotein E (apoE) has been
determined to be a major risk factor for Alzheimer’s disease. We have
determined the cerebrospinal fluid (CSF) and brain tissue concentration
of apolipoprotein E (apoE) using a polyclonal enzyme-linked
immunoassay (ELISA) in Alzheimer’s disease (AD) subjects. CSF apoE
concentrations did not differ significantly between AD patients and
control subjects. Brain tissue levels of apoE were significantly lower in
AD hippocampus compared to controls, but were not significantly
different in the frontal cortex. Comparison of apoE genotypes did show
a decreasing linear trend of apoE levels in AD hippocampus with
increasing apoE e4 allele number. No significant apoE genotypespecific effect was seen in AD frontal cortex tissue. Apolipoprotein C-lll
(apoC-lll) levels in serum are typically 2-3 times higher than those for
apoE, but to date no apoC-lll has been detectable in the brain. Using a
sensitive ELISA method, we have determined levels of apoC-lll in the
brains of AD and control tissue. ApoC-lll levels in AD cortex and
hippocampus did not differ significantly from control tissue and were
found at levels 30 to 40 times lower than apoE. Together, these data
imply that apoE levels may play an important role especially in those
regions of brain particularly affected in AD. (Supported by the FRSQ,
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The Interaction of APOE 4 and APOCI A in Late Onset
Alzheimer’s Disease
E. Drigalenko. R.C. Elston, and S.E. Poduslo*.
Dept.
Epidemiology & Biostatistics, Case Western Reserve
University, Cleveland, OH and Dept. Neurology, Texas Tech
University Health Sciences Center, Lubbock, TX.
Alzheimer’s disease is a neurodegenerative disease
presenting with memory loss and cognitive impairment. The
disease is undoubtedly heterogeneous in that mutations in 5
genes thus far have been associated with it. The E4 allele of
APOE is known to be a risk factor for the disease. The A allele
of APOCI is in linkage disequilibrium with the E4 allele and can
also be considered to be a risk factor. We have examined the
interaction of APOE 4 and APOCI A loci in late onset
Alzheimer’s disease (defined as symptoms of the disease
occurring after the age of 65 years). Data from 238 patients
and 289 spouse controls were analyzed using logistic
regression. The APOE and APOCI genotypes as well as sex
and age were included in the analysis. Three models were
evaluated. It was found that the interaction between the
dominant effects of APOE 4 and APOCI A was significant.
Supported by funds from NIH GM28356, RR 03655 and the
State of Texas.

323.16
COMPARISON OF MORPHOLOGY OF HIPPOCAMPAL DENTATE
GRANULE CELLS IN APOE KO AND HUMAN E4 TRANSGENIC MICE.
S. M ann, 1 ,2 J. Varner. 1,2 P.-T. Xu. , 1,2 A. Saunders. 2,3 A.D. Roses,2,3* J.
Gilbert. 2,3 D.E. Schmechel. 2'3 G. Einstein.
Depts. o f Neurobiology1, Bryan
Alzheimer’s Disease Research Center2, & Division o f Neurology3, Duke Univ,
Durham, NC 27710.
We have shown recently that dentate granule cells in the hippocampus o f mice
transgenically altered to make no apolipoprotein E (apoE KO) show no significant
changes to their synapto-dendritic structures. However, one o f the human isoforms
of apoE, the E4 isoform, confers a susceptibility for late-onset, sporadic and
familial Alzheimer’s disease (AD). We wondered if mice that carry the human E4
gene might parallel the human condition and be at risk o f AD-like pathology. As a
first effort, we studied the dendritic morphology o f hippocampal dentate granule
cells - the same neuronal population studied in the KO - at 3, 6 , 9, and up to as old
as 15 months o f age. To visualize the neurons, we followed the same procedure as
for KO mice; brain slices were cut at 300 fxm, dentate granule cells were filled
intracellularly with Lucifer yellow, filled neurons were traced using a drawing tube,
and dendritic spine density was calculated. Preliminary findings reveal that spine
density at 3 months does not differ from that o f KO sib controls or 8 month old
C57BL6/J wildtype controls. However, starting at 6 months o f age, dendritic spine
density o f apoE4 mice tends to increase compared to their two control groups; at 9
months o f age we observe the same trend. We are currently studying the animals
older than 9 months to determine whether or noi, and for how long, this trend
continues. These results suggest that human apoE4 changes the synapto-dendritic
structures o f dentate granule cells in young, adult mice; whether these changes are
beneficial or detrimental remains to be determined. (Work supported by:
AG05218-18 and the Alzheimer's Association IIRG-95136.)

the MRCC and the Alzheimer Society of Canada).
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323.18

REGIONAL HETEROGENEITY OF CULTURED ASTROCYTES:
POTENTIAL INFLUENCE ON REGIONAL NEUROPATHOLOGY IN
ALZHEIMER'S DISEASE? D.S. Wolf. M. Gearing. R. McKeon. S.S. Mirra*.
Departments of Pathology and Laboratory Medicine and Anatomy and Cell
Biology, Veterans Affairs Medical Center and Emory University School of
Medicine, Atlanta, GA 30033.
Regional differences in the progression of neuropathology in Alzheimer's
disease (AD) may provide clues to the pathogenesis of this disorder. The
cerebral cortex and limbic structures in AD display Aß-positive neuritic
plaques containing fibrillar amyloid, as well as beta-amyloid (Aß)immunoreactive diffuse plaques without fibrillar amyloid. In the striatum and
cerebellum, however, the plaques are predominantly diffuse, regardless of the
duration of dementia (Gearing et al., J Neuropathol Exp Neurol 1995;54:833).
The Aß-immunoreactive plaques in cortex, hippocampus, and cerebellum co
label with antibodies to apolipoprotein E (ApoE), whereas the Aß-positive
plaques in striatum are ApoE-negative. Because astrocytes express proteins
that may influence amyloid fibrillogenesis, e.g. ApoE and alpha-1antichymotrypsin (ACT), we considered the possibility that astrocyte
heterogeneity plays a role in these regional differences. Thus, we established
primary astrocyte cultures from the cortex, hippocampus, striatum, and
cerebellum of neonatal Sprague Dawley rats. Using antibodies to ApoE, ACT,
glial fibrillary acidic protein (GFAP), and S100, we found that cultured
astrocytes were immunoreactive to each of these antibodies, regardless of the
region from which the cells were harvested. Significantly, astrocytes derived
from striatum expressed ApoE, as did those from other regions. These results
parallel our findings in reactive astrocytes surrounding vascular lesions in man
(Shao et al., J. Neuropathol Exp Neurol 1997;56:376) and militate against the
notion that heterogeneity of protein expression among astrocytes contributes
to regional differences in disease progression in AD. Supported by AG10130.

C H A R A C T E R IZ A T IO N O F A P O L IP O P R O T E IN E -C O N T A IN IN G
PA R TIC LE S F R O M CSF A N D C U LTU R ED A STR O C Y T E S^ M.Í. L a D iA

S ociety for N eu r o s c ien c e , V olume 2 3 ,1 9 9 7

H o l t z m a n ^ . ^ D e p t C ell a n d M o l Biol, N o r th w e s te r n U n iv M e d Sch;
^ D e p t N e u ro lo g y , W a sh in g to n U n iv M e d Sch; a n d ^ D e p t P a th o lo g y ,
U n iv of C hicago, C hicago, IL 60637.
Little is k n o w n a b o u t lip id tra n s p o rt a n d m eta b o lism in th e b rain . As
a n f u rth e r s te p to w a rd u n d e rs ta n d in g th e o rig in a n d fu n c tio n of CN S
lip o p ro te in s, w e h a v e c h a ra c te rize d th e lip id a n d p ro te in c o m p o sitio n of
CSF a n d a s tro c y te -d e riv e d lip o p ro te in s. F re sh h u m a n CSF a n d se ru m free c o n d itio n e d m e d ia fro m p r im a ry c u ltu re s of r a t a s tro c y te s w e re
fra c tio n a te d b y size a n d d e n sity . T he re s u ltin g fra c tio n s w e re a n a ly z e d
fo r e s te rifie d a n d free c h o le stero l (CE a n d FC), trig ly c e rid e (TG) a n d
p h o s p h o lip id (PL), as w ell as b y p ro te in im m u n o b lo ttin g fo r (3-am yloid
(A p) a n d a p o lip o p ro te in s (apo) E, A l, A ll, a n d J. A s id en tifie d b y b o th
lip id a n d p ro te in p ro file s, lip o p ro te in s fro m CSF a n d a s tro c y te s w e re
c o m p a ra b le in size a n d d e n sity to large, b u o y a n t H D L p articles. The CSF
lip o p r o te in s c o n ta in CE w h ic h is c h a ra c te r is tic of s p h e ric a l H D L
p a rtic le s , w h ile th e a s tr o c y te l ip o p r o te in s w e re d e fic ie n t in CE,
s u g g e s tin g a d isc o id a l H D L -lik e p a rtic le . N e ith e r of th e p a rtic le s
c o n ta in e d m e a s u r a b le a m o u n ts o f TG , a n o th e r c o re lip id .
CSF
lip o p ro te in s are h e te ro g e n eo u s in a p o lip o p ro te in c o n te n t w ith apoE , th e
m o st a b u n d a n t p ro te in c o m p o n e n t, lo ca liz in g to th e la rg e s t p a rtic le s ,
fo llo w e d b y ap o A I a n d apoA II. A poJ is d istrib u te d rela tiv e ly ev e n ly to
p a rticle s of all sizes. A(3 localizes to th e s m a lle r siz e d CSF p a rticle s. In
astro c y te lip o p ro te in s, apoE is th e p rim a ry p ro te in c o m p o n e n t. A s th e
co m p o sitio n of lip o p ro te in s is k n o w n to affect th eir a c tiv ity , s tu d y of th e
fu n c tio n a l p ro p e r tie s of th e se tw o C N S lip id p a rtic le s is n e c e ssa ry .
A H A F 95100, N IH AG13939, N IH AG13956.
;
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323.19
VO LU M E O F TH E EN TOR HINA L CO R TE X IN A L Z H E IM E R ’S
PA TIENTS W ITH D IFFE R EN T APOE G ENO TYPES. K. Juottonen1. &
Helisalmi2. P.J. Riekkinen Sr* 1,3 and H. Soininen1. Dept. Neuroscience and
Neurology1, and Clin. Genetics o f Dept. Gynecology and Obstetrics2, A.I.
Virtanen Institute3, Univ. of Kuopio and Kuopio Univ. Hospital, Kuopio,
Finland.
Recent evidence suggests that ApoE e4 allele is associated with increased
risk for developing Alzheimer’s disease (AD). It is also proposed to modulate
the formation of neuropathological hallmarks, which first appear in the
medial temporal lobe structures in AD. We measured the volume o f the
entorhinal cortex (EC) on MR images using our recently designed histology
based protocol in 16 AD patients with ApoE s4 (70.4±9.9 y), 12 AD patients
without ApoE e4 (70.0±7.4 y), and in 30 healthy age- and sex-matched
normal controls (72.0±4.1 y). AD patients met the NINCDS-ADRDA criteria
for probable AD and were in mild-to-moderate stages o f the disease. MR was
performed with a 1.5 Tesla Magnetom and a 3D-technique allowing the
reconstruction of 2 .0 mm thick contiguous slices perpendicular to the axis of
anterior-posterior commissure. AD patients without ApoE e4 had atrophy of
27% in the entorhinal cortex compared to control subjects. However, AD
patients with ApoE ¿4 had a more prominent shrinkage (45%) in the
entorhinal cortex (p=0.0001). The effect o f s4 for the EC volume was
especially strong in female AD patients compared to male AD patients
(p=0.02). Additionally, patients with ApoE i4 allele had inferior
performance in verbal and visual memory functions than patients without
ApoE e4. Our volumetric MRI measurements reveal that ApoE £4 is
associated with the degree of atrophy in the entorhinal cortex in early AD
and exerts its effect especially in female AD patients.
(supported by Kuopio University Hospital)

DEGENERATIVE DISEASE: OTHER— METABOLIC AND INFLAMMATORY
324.1

324.2

EVIDENCE FOR MAST C ELL AND HISTAM INE RELEA SE IN
THE PATHOGENESIS OF W ERNICKE’S ENCEPHALOPATHY
R.C. M cR ee*l. P.J. L a n g la isl. H.C. Pow ell^. R. Dimlich^.. M,
Terrvl. G .W eilersbacherl. J.B. Nalwalk^. and L. H ougtA Dept, of
Psychology, SD SU l. Neurology and Neuropathology Svc.. VA Med.
C trA Univ. of Cincinnati. OH=t. Albany Medical College. NY^
Increased vascular permeability and edema precede histopathological
lesions of Wernicke’s encephalopathy (WE) and suggest that increased
release of vasoactive substances like histam ine may be involved.
Results of three studies are reported which support this hypothesis. In
the first study, the in vivo release of histamine was observed to increase
significantly within medial and lateral regions of thalamus but not in
hippocampus of pyrithiamine-induced thiamine deficient (PTD) male
Sprague-Dawley rats. These increases were evident after 10 days of
thiamine deficiency when rats displayed few behavioral symptoms and
no obvious signs of necrotic or hemorrhagic change. In the second
study, ultrastructural analyses of thalamus of pre-W ernicke stage PTD
treated rats revealed degranulating mast cells, swollen astrocyte end foot
processes (EFP), and lipofuschin pigment within EFP's. Mild nuclear
changes were observed in a few cells but most myelin sheaths and
axons appeared normal. In the final study, injection of histamine
(70//g/0.5/d) into thalamus produced significantly greater damage in
prelesion PTD com pared to control rats. H istam ine infusion into
hippocampus produced little damage in PTD rats. These observations
suggest that an increased released of histamine from mast cells occurs in
early, prelesion stages of thiamine deficiency that may trigger a cascade
of events leading to cell death. Supported by funds from VA Merit
Award, NS33157, and NS14162.

IM M U N O H ISTO C H EM ICA L EV ID EN C E T H A T SU PERO XIDE DISM UTASE
IS UPREG U LA TED IN EX PER IM EN T A L TH IA M IN E D E FIC IE N C Y K.G.
Todd and R.F. Butterworth*. Neuroscience Research Unit, Hopital St. Luc, University
o f Montreal, Montreal Quebec, CANADA H2X 3J4
Experimental thiamine deficiency (TD) is a robust and reproducible animal model
of Wernicke encephalopathy, and allows examination of the pathophysiological
mechanisms involved in selective neuronal cell death. Factors contributing to neuronal
cell death observed in this model include blood-brain barrier breakdown, induction of
reactive glial cells and NMDA-mediated glutamate excitotoxicity. As previous reports
have shown that the free radical superoxide anion is produced upon NM DA receptor
stimulation and that reactive microglia are important sources of superoxide, the goal
o f the present studies was to investigate via immunohistochemical assessment of
superoxide dismutase (SOD, the enzyme responsible for the control o f superoxide
anion), if superoxide anion was implicated in neuronal cell death due to TD. Male
Sprague Dawley rats were made thiamine deficient by daily administration of
pyrithiamine and a thiamine deficient chow. Control rats were fed the same chow and
supplemented with daily thiamine injections. After different stages o f treatment animals
were sacrificed (n = 4 ), and the brains kept at -80°C until sectioning. Slices (20|iim)
were incubated with monoclonal Cu,ZnSOD antibody followed by silver enhancement
and cresyl-violet counterstaining. Adjacent slices were incubated with monoclonal E D -1
antibody for the assessment o f reactive microglia. Results showed that in TD animals,
both SOD and ED-1 immunoreactivity were increased in areas vulnerable to TD such
as the mammillary bodies and thalamus as early as 9 days after TD treatment, yet prior
to significant neuronal cell loss. Significant cell loss was observed in TD animals 12
days into the treatment protocol (p< 0.05). In contrast, regions not vulnerable to TD
such as the caudate nucleus, exhibited no increase in imm unoreactivity to either SOD
or ED-1 antibodies, and no neuronal cell loss was observed in animals from any
treatment group. These findings indicate an upregulation o f SOD enzyme and increased
reactive microglia at early stages o f TD, and as such suggest an involvement of
superoxide anion in experimental TD. [Funded by the Medical Research Council of
Canada]

324.3

324.4

EA RLY ALTERA TION S IN BLOOD -BRA IN B A R R IE R P E R M E A B IL IT Y T O
a-A M IN O ISO B U TY RIC ACID (AIB) D U RING E X PER IM EN T A L TH IA M IN E
D EFIC IE N C Y . A.S. Hazell* and R.F. Butterworth. Neuroscience Research Unit,
Hôpital Saint-Luc (University of Montreal), M ontreal, Quebec, Canada H2X 3J4
Recent studies indicate that pyrithiamine-induced thiamine deficiency (PTD) leads to
increased extravasation of large molecules such as albumin and IgG in histologically
vulnerable regions o f the brain that include the thalamus and inferior colliculus (Harata
and Iwasaki, 1995: Metab. Brain Dis. 10, 159-174; Calingasan et al, 1996: Exp.
Neurol. 134, 64-72). Although the data is consistent with blood-brain barrier (BBB)
leakage, the processes underlying alterations in integrity of the barrier are unclear. We
have therefore examined the influence of PTD on the unidirectional blood-to-brain
transfer constant (K;) for the low molecular weight species AIB as part o f an
undertaking to characterize BBB changes in this model. M ale Sprague Dawley rats
were fed a thiamine deficient diet and treated with pyrithiamine, while control animals
were pair-fed to their respective PTD counterparts and injected daily with thiamine.
At various stages during the development o f thiamine deficiency encephalopathy,
animals were administered [14C]-AIB intravenously as a bolus injection and K| values
established for several brain structures. Kj for AIB was increased by 89% (p < 0 .0 1 )
in medial thalamus on day 10 of PTD rats prior to the appearance of neurological
symptoms. Following loss of righting reflexes (day 14), and prior to the onset of
seizures, Kj was increased by 149% ( p < 0 .0 1 ) in the inferior colliculus. No alterations
in Kj were observed in non-vulnerable regions such as the cerebral cortex and
hippocampus at any stage of the disorder. These findings demonstrate early increased
transport of a small molecule with normally low penetrability across the BBB during
PTD. The discrepancy between the magnitude of the K| changes in thalamus and
inferior colliculus along with the temporal differences provide support for distinct
pathophysiological processes in the two structures. Such processes may contribute to
selective vulnerability of these brain regions to thiamine deficiency. (Funded by the
Medical Research Council of Canada)

EFFECT OF GALACTOSE ON SURVIVAL OF CULTURED, LEIGH’S DISEASE
FIBROBLASTS. L. E. Dyck*1. J. Toone2. D. Appleqarth2, R. Casey3. P.
Pabello3 & A. A. Boulton1. Neuropsychiatry Research1 & Medical
Genetics3, Univ. Sask., Saskatoon, SK, Canada S7N 5E4 and Biochem.
Diseases Lab2, B. C. Children's Hosp, Vancouver, Canada V6H 3 V4
Leigh's disease is a mitochondrial disorder which can be caused by a
deficiency of cytochrome C oxidase. Culturing fibroblasts in media
with gaSactose (Gal) substituted for glucose is a diagnostic aid for
mitochondrial disorders. Skin fibroblasts obtained from patients
suspected to have mitochondrial metabolic disorders were cultured in
Gal containing media. Cells were viewed by phase contrast microscopy
for up to 21 days. Only the fibroblasts obtained from a Leigh’s disease
patient with a proven cytochrome C oxidase deficiency were affected by
the Gal substitution. Phototranslucent, rounded-up cells appeared in
theaMEM+5mM Gal group 6 days after seeding and 7 days after
seeding with the DME+5mM Gal group. There were many more
translucent cells when the cells were grown in aMEM+Gal than in
DME+Gal media and the effect of 5mM Gal was more marked than that
of 40mM Gal. Examination and counting of cells by fluorescence
microscopy using the DNA staining agents, Hoechst 33258 and DAPI,
showed that fibroblasts cultured in aMEM+Gal had a lower cell density
and a greater percentage of condensed, budded nuclei than those grown
in aMEM+glucose. It is concluded that the reduced cell density of
Leigh's disease fibroblasts grown in Gal was due to apoptotic cell death.
Preliminary data suggest that the deprenyl-like drug, 2-heptylmethyl-propargylamine, antagonizes the effects of Gal on fibroblast
surivival. Supported by Sask Health and Novartis.
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NITRIC OXIDE AND SELECTIVE CELL DEATH IN AN ANIMAL MODEL OF
IMPAIRED OXIDATIVE METABOLISM. N. Y. Calineasan*. C. H. Park and
G. E. Gibson. Cornell University Medical College at Burke Medical Research
Institute, 785 Mamaroneck Avenue, White Plains, N ew York 10605.
Thiamine deficiency (ID ) models the molecular and cellular mechanisms by which
a chronic, generalized oxidative impairment leads to selective neuronal loss. In
rodent TD, breakdown o f the blood-brain barrier (BBB) is the earliest regionspecific pathological change in brain. This is followed by cell loss and accumulation
o f the amyloid precursor protein (APP) and amyloid precursor-like protein 2
immunorcactivity in perikarya and abnormal neurites. Since overproduction o f nitric
oxide (NO) can increase BBB permeability, the current studies tested the
contribution o f NO in TD-induced selective cell loss. TD was induced in adult mice
by dietary thiamine deprivation and daily injections o f the thiamine antagonist,
pyrithiamine. IgG accumulation, an indicator o f BB B breakdown, was associated
with increased expression o f the NO-producing enzyme nitric oxide synthase (NOS)
in blood vessels within vulnerable regions, as revealed by nicotinamide adenine
dinucleotide phosphate (NADPH) diaphorase histochemistry. Endothelial NOS
immunostaining was moderately increased in these vessels. These abnormalities are
accompanied by the occurrence o f reactive microglia, the principal glial source o f
NO in brain. Preliminary studies show that the inducible NOS inhibitor
aminoguanidine attenuates IgG extravasation and concomitant brain injury as
indicated by diminished APP accumulation. These results suggest that vascular and
glial NO contribute to TD-induced selective cell loss in brain. The TD model may
help elucidate the role o f NO in the pathogenesis o f selective neurodegeneration
where oxidative and vascular aberrations are implicated, including Alzheimer’s
disease, and direct future therapeutic strategies for treatment o f these disorders.
Supported by USPHS g rant A G -14600.

MICROPHYSIOMETRY OF MITOCHONDRIAL FUNCTION IN INTACT
LYMPHOBLASTS
FROM
LEBER’S
HEREDITARY
OPTIC
NEUROPATHY. Julie A. Bennett-Desmelik* and J.Timothv Greenamvre.
Department o f Neurology, Emory University, Atlanta, GA 30322
Leber’s hereditary optic neuropathy (LHON) results from mutations in complex I
o f the electron transport chain. Using a microphysiometer, we compared in intact
LHON and control lymphoblasts the physiologic responses (extracellular
acidification rates) to mitochondrial toxins and a calcium ionophore. LHON cells
were either homoplasmic for the 3460 mutation o f the ND1 gene or heteroplasmic
for the 14459 mutation in ND6 . Rotenone (100 nM) caused a 45% increase in the
extracellular acidification rate in control cells, and a 20% increase in 14459 cells,
but had no effect in 3460 cells. A complex II inhibitor, thenoyltrifluoroacetone (30
(j.M), caused a 15% reduction in acidification rates o f all 3 cell types. Antimycin
(lug/m l), a complex III inhibitor, increased the acidification rate by 90% in control
cells, but only 30% in both types o f LHON cells. The complex IV inhibitor sodium
azide (3 mM) increased acidification by 40% in control cells, 30% in 14459 cells,
and 20% in 3460 cells. Ionomycin (1 p.M), a calcium ionophore, increased
extracellular acidification by 50% in control cells, 60% in 3460 cells and only 30%
in 14459 cells. Furthermore, the peak response occurred in 30 minutes in control
cells but in only 15 minutes in both LHON lines. After ionomycin exposure, the
acidification rate returned to baseline within 90 minutes in control and 14459 cells,
but remained elevated for hours in 3460 cells. We conclude that microphysiometry
can be used to study mitochondrial function in intact cells, and that this technique
may be useful for identifying and defining mitochondrial defects in patient
populations. Further, the results: (i) suggest the 3460 mutation causes a severe,
selective defect in complex I function in intact cells; (ii) indicate a generalized
depression o f mitochondrial responses in LHON; and (iii) imply that cells
harboring these mutations have impaired calcium homeostasis. (Supported by a
Mallinckrodt Scholar Award and PHS grant A G 11755.)

324.7
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PALMITOYL PROTEIN THIOESTERASE DEFICIENCY IN
INFANTILE NEURONAL CEROID LIPOFUSCINOSIS. S. Cho* and
G. Dawson, Department o f Pediatrics, Biochemistry and Molecular
fetology* University of Chicago, Chicago, IL 60637.
Infantile neuronal ceroid lipofuscinosis (INCL, CLN1) is an autosomal
recessive storage disease primarily affecting the neurons in the central
nervous system and retinal epithelial cells. The defect was recently shown
to be a deficiency of palmitoyl protein thioesterase (PPT), a lysosomal
enzyme which removes thioester-linked palmitate from specific cysteine
residues in proteins. The storage material in CLN1 is suggested to be
palmitoyl-S-cysteine or palmitoyl-S-cysteine peptide. As an attempt to
isolate the stroge mateial, lymphoblasts or fibroblasts from normal and
CLN1 patients were pulse-chased with radiolabeled palmitate or cysteine.
Separation of lipid by HPTLC revealed the accumulation of unique
material in CLN1. Furthermore,we provide an enzymatic assay for PPT
using a total cell homogenates. The assay uses the [14C] palmitoylated
octapeptide IRYCWLRP, a sequence derived from myelin proteolipid
which is palmitoylated in vivo. After the incubation with a cell
homogenate of lymphoblasts from normal and CLN1 patients, the amount
of [14C] palmitate released from the peptide was quantified after the
separation from the radiolabelled substrate. In addition, the level of
transcript of PPT in lymphoblasts was determined by Northern analysis.
Compared to the cell lines from other origins (for example, neurons, liver,
kidney), the level of mRNA was low in lymphoblasts but it was
significantly lower in samples from CLN1. These studies confirm the
abnormality of PPT in CLN1 and may be useful for the clinical diagnosis
of the disease. Supported by USPHS grant NS-28549.

REGULATION OF Na,K PUMP AND Na+ & K+ CHANNELS IN DIABETIC
NEUROPATHY. D. Mavsineer*. J. Kriz. T. Hashieuchi1. & A. L. Padien.. Dept, of
Pharmacology & Therapeutics, McGill University, Montreal, QC, ‘Department of
Physiology, Tokyo Medical College, Tokyo 60, Japan.
Diabetic neuropathy (DN) is associated with a decrease in conduction velocity of
peripheral nerves presumably as a result o f metabolic dysfunction that affects Na,KATPase (NKA) activity and Na+ channels (NC). In order to characterize the
functional defect(s) in DN we have used peripheral nerves o f streptozotocin-induced
diabetic rats (STZ rats). For studies of regulation o f NKA and NC by growth factors
(NGF, EGF) we have used PC12 model system.
Findings: 1) The rate constant o f decay o f post-tetanic hyperpolarization (PTH;
trains o f 50-120 s, 50-300 Hz), an electrophysiological correlate o f Na,K-pumping
(as evidence by its blockade by 2,4-dinitrophenol, Na-azide, ouabain, low [ K ^ and
by [Li^o replacement of [N a j0.), was significantly decreased in peripheral nerves
from STZ rats (from 4.38 ± 1.2 x 10'3 /s to 3.63 ± 10'3 /s, n = 30; 3 months post STZ
injection); the area o f PTH was also decreased. These results correlated well with
decreased activity o f NKA in the same nerves. The slope o f frequency of
stimulation vs. area o f PTH was decreased in diabetic rats suggesting a more
pronounced defect in pumping at higher frequencies. Intra-axonal microelectrode
recordings from large myelinated axons in STZ rats showed decreased resting
membrane potential and possibly a decrease in inwafrd rectification. 2) Chronic
exposure o f PC 12 to NGF (5 d, 20 ng/ml) induced expression o f catalytic di subunit
Na,K-ATPase, in addition to Na+ channels. Exposure to EGF (5 - 15 min; 100
ng/ml) caused noticeable decrease in serine - threonine phosphorylation o f Na,KATPase. Neither EGF (5 ng/mL) nor insulinomimetic peroxovanadate (100 nM)
alone affected NKA but when combined, they led to a significant increase in
enzymatic activity. Studies o f Na,K pumping on PC12 are in progress. Conclusion:
These results demonstrate a functional defect in Na,K pumping in DN and
alterations in membrane conductances o f peripheral nerves in DN. This model
system may be useful for further studies o f DN mechanisms and for therapeutic
interventions. (Supported in p a rt by M RC o f Canada)
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ENHANCED NEUROFILAMENT PHOSPHORYLATION STATUS IN CELL
BODIES BUT NOT AXONS OF SENSORY NEURONES OF DIABETIC RATS.
D R. Tomlinson*. A. Gallagher and P.Fernvhough. Department of Pharmacology,
St. Bartholomews’ and the Royal London School of Mcdicinc and Dentistry,
QMW. University of London.
Chronic animal models of diabetic neuropathy show peripheral nerve
degeneration associated with ncuroniament loss and distal axonal shrinkage.
These studies were complicated by possible cffccts of morbidity, so we have re
addressed this problem by measuring ncurofilament levels and phosphorylation
status in sensory neurones of short-term diabetic rats. In this model no structural
abnormalities of nerve arc apparent, but underlying alterations in neurofilament
function may occur. Strcptozocin-diabetic rats of 6-12 weeks duration and agedmatched normal rats were studied. The dorsal root ganglia (DRG), dorsal root,
sciatic nerve and sural nerve were analysed for ncurofilament protein expression
using Western blotting. Diabetes did not induce any significant changes in NFHNP (nonphosphorylatcd; SMI-32). NFH-P (phosphor)latcd: SMI-31 and RT97),
NFM (phosphorylated) or NFL levels in central or peripheral axonal segments of
sensory neurones. However, in DRG of diabetic rats the levels of NFH-P and NFM
were raised 2-3 fold (p<0.05: ANOVA). and was reversed by insulin therapy.
NFH-NP levels did not change, therefore the ratio of NFH-P:NFH-NP was raised
to 1.75 in diabetic rats (from 1.0 for normal rats). This diabctes-induccd increase
in NFH phosphorylation in DRG was confirmed using immunohistochcmistry.
Northern blots of DRG total RNA showed transcripts for all the ncurofilament
proteins to be reduced by approximately 50% by 12 weeks of diabetes. Results arc
discussed with regard to cell body aggregation of ncurofilamcnt inducing reduced
sensor)7 neurone neurofilamcnt transcript synthesis. (Supported by The Wellcomc
Trust).

A NOVEL NON SELECTIVE CATION CHANNEL MEDIATES THE
CYTOTOXIC ACTION OF ALLOXAN AND H 2 0 2 IN THE INSULINSECRETING CELL-LINE CRI-G1. P.S. Herson. C.D. McCaig* and M.L.J.
Ashford. Dept, of Biomed. Sci., Univ. of Aberdeen, Inst, of Med. Sci.,
Foresterhill, Aberdeen AB25 2ZD, UK
Alloxan is cytotoxic to many cell types by a mechanism which is presently
unclear. However, strong evidence implicates the production of reactive oxygen
species. We report here that alloxan and H20 2 cause irreversible depolarization of
insulinoma cells by activating a novel non-selective cation channel. Current clamp
recording from the rat insulinoma cell line CRI-G1 have been performed with: (mM)
140 KC1, 0.6 M gC l2, 3.95 CaCl2, 5 EGTA, 10 HEPES, at pH 7.2 (free Ca2+ of
lp M ) in the pipette. Application of alloxan (Im M ) and the reducing agent cysteine
(Im M ) caused complete and irreversible depolarization of every cell tested (n=15).
H20 2 (l-44m M ) reproduced the actions of alloxan+cysteine (n=16). Application of
alloxan+cysteine induced the appearance of an inward current in 15 out of 2 0 cellattached patches (sodium in pipette), resulting in complete collapse of the resting
membrane potential. Similarly, H20 2 (4-44mM) activated an inward current in 16
out of 23 patches. Current-voltage relations following collapse of membrane
potential are linear with a reversal potential of 0 mV and single-channel
conductances of 6 8 .8 ± 1.1 pS (n=3) and 72.0±2.7 pS (n=5) for alloxan+cysteine and
H20 2 activation respectively. Excision of the patch resulted in cessation of channel
activity which was only recovered by the application of 8 -NAD+ (0.1-Im M ), (see
Reale et al. (1994), J. Memb. Biol. 142, 299-307). Thus alloxan causes complete
and irreversible collapse of the membrane potential of CRI-G1 insulin-secreting
cells by the opening of a previously quiescent novel non-selective cation channel.
We are currently attempting to identify similar free radical sensitive ion channels in
other cell types. Supported by Wellcome Trust and University of Aberdeen Research
Committee.
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CHEMICAL ANALYSIS OF MULTIPLE SCLEROSIS LESIONS BY FT-IR
MICROSPECTROSCOPY S. M. LeVine' and D. L. Wetzel. Dept. Mol. Integrative
Physiology, Univ. Kansas Med. Ctr., Kansas City, KS 66160; Microbeam
Molecular Spectroscopy Lab., Kansas State Univ., Manhattan, KS 66506
Chemical analyses of active lesion sites in multiple sclerosis (MS) brains can
yield insights about pathogenic mechanisms of demyelination. Biochemical
methodologies, which require tissue homogenization, can dilute locally concentrated
compounds beyond detection limits and disrupt their spatial distribution. Fourier
transform infrared (FT-IR) microspectroscopy is a powerful technique that can
provide information about the in situ chemical features from microscopic regions of a
tissue section. FT-IR microspectroscopy was used to collect infrared spectra from
white matter of 5 MS and 4 control (one normal and three Alzheimer) brains.
Experiments were designed such that 17 spectra were collected at 200 µm
intervals along a line that was partially or wholly within a MS lesion site or within a
representative white matter region of control tissue. Spectra were collected using a
24 x 24 µm aperture, 256 co-added scans and 4 cm· 1 resolution. Data analysis
was based on earlier in vitro studies which found that the carbonyl at 1740 cm· 1
increases when lipids become oxidized (Free Rad. Biol. Med. 16:591-601,1994),
and the amide I peak (CO stretch vibration of the amide group) at -1660 crrr 1
broadens towards lower wavenumbers when proteins become oxidized (FEBS
Lett. 362:165-170, 1995). Results: The C=O to CH2 (predominant in lipids) ratio
(1740 cm· 1:1469 cm·') was elevated in four out offive MS brains compared to
controls. Inspection of the amide I peak at 1657 cm·1 revealed that it was broadened
towards 1652 cm·1 in MS tissue. Thus, a first derivative function at 1652 cm· 1 was
applied to the data. Four out offive MS brains had greater first derivative values
Oess negative) than those for control tissues. Conclusions: These data suggest
that lipids and proteins are oxidized at active MS lesion sites. These results support
a pathogenic role for free radical damage in MS. Supported by NIH-NINOS.

831

324.12
THE PRODl!ClION OF TNF-a IS GENERATED BY THE VLA-4NCAM-l
INTERACTION BETWEEN MICROGLIA AND T LYMPHOCYTES. Chabot

S .. ar.d V.W. Yong*. Neuroscier.ce Research Group, University of Calgary, Calgary,
Canada. T2N 4Nl.
Tumor necrosis factor alpha (TNF-a) is a proinflammatory cytokine implicated in
the pathogenesis of multiple sclerosis (~S) due to its ability to damage the
oligodendrocyte/myelin complex. The mechanisms by wltich TNF-a is generated in
the central nervous system (CNS) of MS patients remain unc!ear although microglia,
the resident macrophages of the CNS, are known to produce it. We investigated
whether T lymphocytes known to infiltrate the MS brain can interact with microglia
to induce their production uf TNF-a. When human T lyr,1phocytes are exposed to
microglia in culture, the level of TNF-a detected using an ELISA assay is greatly
enhanced compared to controls (T cells or microglia alone) in which no TNF-a was
found. In order to study the mechanisms involved in TN-P-a production, the role of
soluble factors was examined by adding T lymphocytes into a cell cuture insert, i.e.
in close proximity, but not contacting, the microglia. The level of TNF-a protein
measured by ELISA was minimal suggesting that the production of TNF-a in T
lymphocytes/microglia co-cultures occurs in a contact dependent numner. With
respect to the molecules involved, we have found that the production of TNF-a. in T
cell/microglia co-cultures is inhibited in a dose dependent manner by the treatment
ofT lymphocytes with different doses ofanti-VLA-4. The cross-linking ofVCAM-1,
the ligand of VLAA on microglia, was also sufficient to induce the transcription of
TNF-a as shown by RT-PCR. We conclude that the VLA-4/VCAM-1 interaction
between T lymphocytes and microglia generates the production of Th'F-a.
(Supported by the Medic·al Research Council of Canada)

324.14
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primarily on grey matter degeneration in acute pathological conditions, e.g. stroke
Circumstantial evidence indicates that NO may also be involved in disorders of
white matter, such as demyelinating diseases. We have studied the potential of NO
to damage white matter using isolated optic nerve as an in vitro model and
quantitative histopathological techniques.
Wistar rat optic nerves were incubated at 37°C in an artificial CSF solution.
After 1 h preincubation, the nerves were exposed to different concentrations (0.3-3
rnM)
of sodium nitroprusside,
S-nitroso-N-acetyl-DL-penicillammc. Snitrosoglutathione or 3-morpholinosydnonimine for 1-8 h and were then allowed
up to 22 h recovery. All these NO donors caused degeneration of axons and
macroglia (oligodendroglia and astrocytes) in a time- and concentrationdependent manner. Control experiments indicated that the toxicity was attributable
to NO. To investigate whether bolus or enduring low-level NO exposures were
more effective, various NONOates having different half-lives (tu2) were added and
nerves were examined after 24 h. DENNO, which has a short 1112 (2 mm). al
concentrations up to lmM, had no effect while NONOates with longer l1<~ (e.g
DETA/NO, t 112 = 20 h) caused degeneration of axons and rnacroglia.
It is concluded that enduring exposure to a low level of NO is able to induce_
irreversible damage to both axons and macroglia in mammalian white matter. The
results may be relevant to conditions such as multiple sclerosis in which the
inducible isoform of the NO synthase, which produces NO continuously, has been
implicated. (Supported by The Wcllcome Trust)

ANALYSIS OF yo T CELL DEPLETION ON EXPERIMENTAL ALLERGIC
ENCEPHALOMVELITIS. A J. Rajan Y-L Gao P. Charles CS. Raine• and C F
.B..rnsn.fill.. Albert Einstein College of Medicine, Bronx, NY I 0461.
Experimental allergic encephalomyelitis (EAE) is a CD4+ T-cell mediated condition
that is a model for multiple sclerosis (MS). Previous results from this laboratory have
shown that y& T cells form a significant component of the inflammatory infiltrate
localizing to the edge of infiltrating lesions. We also showed that depletion of yO T
cells either immediately before the acute phase or during the chronic phase
significantly ameliorates disease progression. In the present study, we assessed the
effect of y& T cell depletion on cytokine and iNOS expression. Using mimic PCR we
semiquantitatively measured iNOS mRNA in spinal cords from depleted and control
EAE mice and found a significant reduction (~50%) in iNOS mRNA expression in
depleted versus control mice. Immunohistochemistry of the lumbar spinal cord
revealed prominent iNOS immunoreactivity in infiltrating macrophages and adjacent
astrocytes of control animals but barely detectable levels in depleted animals. To
assess for cytokine expression, we stained for intracellular cytokines and used an
RNA protection assay (RPA) for mRNA quantitation. Intracellular staining showed
that at disease onset, ~20% y8 T cells in the CNS expressed IFNy and ~IO% IL·4. At
the height of disease, ~25% expressed IFNy and ~5% expressed IL-4. During the
recovery phase of the disease, 1FNy immunoreactivity remained the same but the
number of IL-4 expressing cells increased to ~40%. By RPA, yO T cell depleted
animals showed a dramatic reduction in the levels of IL-1 and IL-6 immediately
before or concurrent with disease onset that was associated with a reduction in the
extent of meningeal inflammation. In contrast, levels of IL- I and IL-6 at the height
of disease were not significantly altered, and no significant changes were found in LT
and TNF at any stage of the disease. The results support the conclusion that y'5 T cells
contribute to the early stages of the inflammatory process regulating the influx of
cells into the central nervous system. Supported by NS319 l 9 and NS 11920.
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NOVEL ROLE OF HUMAN CD4 IDENTIFIED IN NEURODEGENERATION.
M..Jh!.!-.tin~hmd I E!iezer Masliah 2 Arie M Yafeh 2 Tony Wyss-Corav 1 and
l&nn.ill'!-~k..:.- Glac!stone Molecular N1::urobiology Program and Di;::partment of
Neurology, University of California, San Francisco, CA 94141-9100; 2Departmcnts of
Neorosciences und Pa~hology, University of California San Diego, La Jolla, CA 920930624. USA.
Activation of microglia, the resident mononuclear phagocytes cf the brain, has been
reported to contribute to numerous pathological processes in the central nervous system
(CNS). However, the molecular pathways which convert microglia into neuronotoxic
effec1or cells are largely unknown. Here we show that the human CD4 molecule (hCD4)
plays a ctiti~ai role in the production of neurotoxins by activated microglia. In hCD4
transgenic mice (hCD4 ll'.icc), activation of hCD4-bearing brain microglia by peripheral
lipopolysaccharide (LPS) challenge resulted in significant neuronal damage, as assessed
by laser scanning confocal microscopy of brain sections immunolabcled for MAP·2 and
synaptophysin. In non•transgenic control mice, the same treatment also resulted in
microglial activation but ha1 no effect on neuronal integrity. While no infiltration of
peripheral immune cells could be detected in the brain of LPS-challenged mice, induction
of ex!_)crimrntal . autoimmunl! cncephalomyclitis (EAE) res'Jlted in inflammatory
infiltration of the CNS by peripheral immune cells in hCD4-micc and non-transgenic
controls. However, similar levels of microglial activation aud neuronal damage were
detected in brains of LPS-challenged and EAE-challenged hCD4 mice.. These observations
suggest that the primary r.eurotoxic effector cells in immune-challenged hCD4 mice are
microglia. To detennine wether hCD4 may act as a mediator of neurodegeneration in
human disease, we examined postmortem brain tissue of AIDS patients because this
~ondition frequently combines peripheral opportunistic infections with CNS alterations
such as n':!uronal damage and microglial activation. In a subset of cases, neuronal damage
wa!: associated with the presence of hCD4-positive cells st,owing microglial
morphology. We condude that hCD4 may function as an important mediator of indirect
neuronal damage in infectious and immune-mediated diseases of the CNS. Supported by
USPHS grants NS34602 and MH45294.

ROLE OF Ca++ IN THE TGF-[31 RESCUE OF CORTICAL NEURONS

NITRIC OXIDE AND CNS WHITE MATTER DEGENERATION
G. Garthwaite D. A. Goodwin and J. Garthwaite. The Cruciform Project
University College London. I Wakefield St. London, WC!NIPJ. UK (SPON:
European Neuroscience 'Association).
The nitric oxide (NO) signalling pathway is involved in both physiological and

pathological events. In the CNS, interest in the toxicity of NO has centred
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FROM GPI20-MEDIATED APOPTOTIC DAMAGE. A Scorzjello T
Florio A Bajetto S Thellung M Paolillo 0 • and G. Schettini. Inst.
Pharmacology, Medical School, Univ. of Genova, Unit Neuroscience, Advanced
Biotechnology Center (CBA): Pharmacology, Natl. Inst. for Cancer Res. (1ST); Largo
R. Benzi IO, 16132, Genova, 0 lnst. Pharmacology Univ. Pavia, Italy.
Infection with HIV-I is frequently associated with neuronal death that induces
neurological deficits, referred as AIDS dementia complex. However, neurons are not the
main target .of the virus, since the neuronal damage is not associated with a productive
viral infection. It was hypothesized an indirect mechanism to explain the neuronal cell
death in patients infected by HIV-I. It was reported that the HIV-1 coat glycoprotein
gpl20 is a mediator of neurotoxicity and that affects neuronal survival through an
interaction with non-neuronal cell types such as monocytes, microglia and astrocytes.
The gpl20-induced neuronal damage may be triggered by an increase in [Ca2+L, which
is associated and apparently responsible for several forms of neurotoxicity. Here we
report the effects of gpl20 on the survival of cortical neurons in vitro. Mature cortical
neurons, cultured on a feeder-layer of type I astrocytes, were treated with gpl20 in a
defined culture medium in absence of serum. gp120 induced a time-dependent (5 to 7
days) neuronal death (+25±5 and +40±3%, vs. c"ontrol, respectively) evaluated by
means of counting intact nuclei and MTT assay, displaying apoptotic features as
revealed by in situ labelling of DNA fragmentation (TIJNEL). This effect was reverted
by the coincubation with TGF-Pl. Microfluorimetric studies revealed that the prolonged
exposure to gp120 increased basal neuronal [Ca2+Ji (+400±10%), while the coincubation
with TGF-P 1 completely prevented the impairment of neuronal Ca2+ homeostasis. These
data demonstrate that gpl20 induces apoptosis in cortical neurons, an effect that can be
related to the impainnent of Ca2+ homeostasis, and that TGF-P 1 reverts this effect likely
stabilizing neuronal [Ca"];. (Supported by ISS-AIDS grant N°9404-37. 1996)
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THE INTERACTION OF IMMUNE AND EXCITOTOXIC MECHANISMS
LEADING TO ALTERED INTRACELLULAR CALCIUM AND ULTRA
STRUCTURE IN RAT MOTONEURONS M.E.Alexianu1'2* V. La Bella 1,3 E.
Manole1,2. L. Siklos1,4. S.H.Appel1 1Dept of Neurology, Baylor College of Medicine,
Houston, TX; 2 titute of Medicine and Neuroscience, Bucharest, Romania; 3INSERM
U-382, Marseille, France; 4Institute of Biophysics, Szeged, Hungary.
Altered calcium homeostasis has been demonstrated in motoneurons following
immune-mediated or excitotoxic injury in vivo and in vitro. To determine the
interaction of immune and excitotoxic mechanisms on motoneuron injury, we injected
rats with ALS IgGand employed die oxalate-pyroantimonate technique to visualize the
distribution of calcium precipitates and the ultrastructural changes in rat motoneurons.
We also used high pressure liquid chromatography to measure the levels of amino acids
in rat CSF. As previously reported, 72 hours after IgG administration CSF levels of
glutamate and aspartate rose significantly in animals injected with ALS IgG compared
to controls. After 14 days of repeated injections, the lumbar motoneurons in the ALS
IgG injected animals showed profound dilatation and fragmentation of the cistemae in
the ER as well as disruption of mitochondrial cristae and membranes and disruption
of the tubules in Golgi complex. The markedly damaged organelles contained
significant calcium precipitates which were similar to levels observed in previous
studies after only 24 hours of ALS IgG, suggesting that the early signaling role
attributed to calcium is followed by a sustained alteration of calcium homeostasis over
2 weeks. The increase in CSF glutamate and aspartate and the motoneuron destruction
are associated with a significant glial response with GFAP-positive cell bodies and
processes in the lumbar ventral horn in ALS IgG injected animals. These findings
suggest that immune-mediated mechanisms both initiate and add to excitotoxic
mechanisms resulting in severe motoneuron damage through calcium-related pathways.
Supported by grants from NIH(NS33186), MDA, and Cephalon, Inc.

EVID E N C E FO R G LU TA M IN E R G IC H Y P E R A C TIV A TIO N IN BRAINS O F LPBM5 M U RIN E LEUKEM IA V IR U S IN FE C TE D M ICE. Y. Kustova. M. G. Espey.
J-H Ha. Y. Sei and A. S. Basile* Lab of Neuroscience, NIDDK, NIH, Bethesda,
M D and Dept. Anesthesiology, USU H S, Bethesda, MD.
Insights into the neurochemical pathologies contributing to A ID S dementia
complex w ere obtained by measuring neurotransmitter levels and glutamate
receptor density in mice infected with the LP-B M5 leukemia retrovirus. These
mice develop immunologic and cognitive deficits reminiscent of human HIV-1
infection. Significant decreases (60-70% ) in acetylcholine concentrations were
observed in the striatum, cerebral cortex and hippocampus by 12 weeks post
inoculation (PI). W hile striatal GABA concentrations decreased 84% at 8-12
weeks PI, cerebellar and cortical GABA levels increased 150-210% by 12 weeks
PI. Met-enkephalin and substance-P levels declined approximately 50% in the
striatum and hypothalamus beginning as early as 4 weeks PI. Hippocampal metenkephalin levels declined 50% only at 12 weeks PI. Striatal somatostatin levels
were unchanged. AM PA receptor density was significantly decreased in all brain
regions tested. This was manifested in the cerebellum as a selective decrease
GluR3 subunit expression by Purkinje neurons. To further investigate the role of
glutamate in the progression of these neurochemical abnormalities, the NM DA
receptor antagonists MK-801 or LY 274614 were administrated. These
compounds ameliorated the decline in striatal met-enkephalin levels observed in
mice at eight w eeks PI. In summary, the pattern of neurotransmitter alterations
in LP-B M5 infected mice suggest a chronic glutamatergic hyperactivation,
resulting in a compensatory decrease in AM PA receptor density. This is further
supported by the ability of NM DA receptor antagonists to ameliorate the
decrease in striatal met-enkephalin levels. These neurochemical changes may
contribute to the contemporaneous development of the cognitive deficits
observed in these mice.
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COGNITIVE ASSESSMENT IN ISCHAEMIC GERBILS: (1) PASSIVE
AVOIDANCE RESPONDING. R. Maj. M.A. Cervini. M Calabresi. L. Dho. R.
Ferrario. P. Salvati, W. Kozak*. R.A. McArthur and C. Post. Pharmacia & Upjohn,
CNS Research, Nerviano, (MI), 1-20014, Italy
Procedures such as passive avoidance (PA) responding and water maze
performance are commonly used to assess cognitive processing in models of
ischaemia. We have previously noted that gerbils, as opposed to rats and mice, tend
to re-enter a darkened compartment associated with a foot-shock in PA. We
examined the effects upon PA responding (training and step-through latencies) in
gerbils after a 5 min bilateral carotid occlusion (BCO) when allowed either
unlimited (1.5 mA) footshocks during a 300 sec PA training session, or when the
number of foot-shocks was limited to 5. Locomotor activity and hippocampal CA1
cell number was also assessed. BCO reduced CA1 neurons when compared to
shams (4.7 ± 0.8 vs 184.2 ± 1.5, p<0.001; n’s = 15). BCO also induced
hyperactivity (9435 ± 502.9 vs 4869 ± 306.9 counts/10 min; p<0.01), which was
not reflected in training step-through latencies. However, occluded gerbils re
entered the darkened compartment more often and received more foot-shocks (10.9
vs 3.9; p<0.01). Overall, BCO decreased 24 h recall step-through latencies (137 ±
21.6 vs 251 ± 15.0 sec; p<0.01) regardless of access opportunities during training,
although ischaemic gerbils with a limited number of shocks had shorter recall
latencies than those with unlimited number (92 + 26.8 vs 183 + 30.1 sec; p<0.03).
Access opportunity had no no effect on recall latency in shams. These data confirm
our observation that gerbils receive multiple foot-shocks during PA training. BCO
caused a further increase in foot-shocks received, which may partially explained by
associated hyperactivity. Notwithstanding, BCO shortened recall latency regardless
of foot-shocks received implying impaired memory processing.

COGNITIVE ASSESSMENT IN ISCHAEMIC GERBILS: (2) MORRIS WATER
MAZE PERFORMANCE. M.A. Cervini. R. Mai. F. Vaehi. G. Ukmar. M.
Calabresi. P. Salvati and R.A. McArthur*. C. Post. Pharmacia & Upjohn, CNS
Research, Nerviano, (MI), 1-20014, Italy
The Morris water maze (MWM) is commonly used to assess cognitive processing
in models of ischaemia. Generally, the effect of ischaemia on the learning of MWM
procedures is assessed. The aims of this study were to (1) assess the recall of a
MWM task in gerbils learned before sham and bilateral carotid artery occlusion
(BCO), (2) to compare these effects with the learning of the task in gerbils trained
after BCO, and (3) to examine the influence of occlusion time (5 and 10 min BCO)
on the recall of the task. Hippocampal CA1 cell number and spontaneous locomotor
activity (SLA) were also assessed. Two groups of gerbils underwent 5 min BCO. In
one group, gerbils were trained 3 days after BCO to find a submerged platform in
the MWM for 5 days with 4, 30 sec daily trials. No difference in place learning was
observed between sham and ischaemic gerbils even though BCO reduced CA1 cells
and induced a characteristc increased SLA. Five min BCO induced a small but
significant increase in the latency to find the submerged platform (19.3±1.0 vs
14.4±1.1, n’s=17 and 14, p<0.01) in gerbils trained in the MWM before BCO. A
third group of trained gerbils submitted to 10 min BCO showed a greater
impairment (22.3±2.4 vs 11.0±1.3, n ’s=16 and 12, p<0.01). Diazepam (20
mg/kg,ip, 15 min before 10 min BCO) reduced increased platform-finding latency
(15.2±1.8, n=16), CA1 cells loss and hyperactivity (5738±1134 vs 8931±1230).
These data indicate that (1) 5 min BCO does not impair the gerbil’s ability to learn
a MWM procedure but impairs its recall, (2) the extent of recall impairment is
related to the length of BCO, and (3) the neuroprotective effects of diazepam were
evident on all parameters examined.

325.3

325.4
C H R O N IC BRAIN IS C H E M IA P R O D U C E S P R O G R E S S IV E M E M O R Y
IM P AIR M EN T IN RATS DUE TO A D Y SFU N C TIO N O F TH E O XID A TIVE
E N E R G Y M ETA B O LISM N. P. Abdollahian*. Am v M .E . Cada. M.
McKinney. R. J. Sutherland. F. G onzalez-Lim a. J. C. de la To rre. Div. of
Neurosurgery, Univ. of N ew Mexico Sch. of M ed., Albuquerque, NM
87131, and Inst. Neuroscience, Univ. of Texas, Austin, T X 78712.
The effects of chronic cerebrovascular ischemia (C V I) on mem ory
function and cytochrome oxidase (C O ) activity w ere studied using an
established rat model. Rats, 13-15 months old, w ere subjected to
permanent bilateral ligation of the common carotid arteries (2-V O ). This
m oderate reduction in blood flow produced a partial visuo-spatial memory
im pairm ent at 7 weeks post-surgery, and significant impairm ent at 12
w eeks when tested on the Morris w ater m aze. Hippocampal CA1
neurons were stained with cresyl-violet and analyzed for neuronal
dam ag e and cell loss at each time point. In addition, N a+,K+-A TPase
immunoreactivity and C O activity of CA1 and other hippocampal regions
w ere exam ined. The CA1 region is reported to be involved in the
modulation of visuo-spatial memory. Mild and progressive neuronal
dam age with decreased M A P -2 immunostaining and increased glial
fibrillary acidic protein (GA P) density was observed at 12 w eeks following
2-VO . C O activity was reduced in the hippocampal region at 7 weeks and
reached significance at 12 weeks after 2-VO . The data suggests that the
progressive m em ory impairment resulting from chronic C VI m ay result
from a dysfunction of neuronal oxidative energy metabolism reflected by
reduced C O activity. C O m ay prove useful as a m arker to predict
eventual neuronal dam age and death prior to any identifiable structural
changes. (M H 43353).

AN INHIBITOR OF CASPASES PREVENTS IS C H E M IA -IN D U C ED
DECREMENTS IN LEARNING AND MEMORY IN THE GERBIL. T. Himi*, Y.
Ishizaki and S. Murota. Department of Physiological Chemistry, Graduate
School, Tokyo Medical and Dental University., 1-5-45 Yushima, Bunkyo-ku,
Tokyo 113, JAPAN.
We have shown in the previous study that ICE/Ced-3 cysteine protease
families (caspases) are involved in ischemia-induced neuronal death and that
an inhibitor of caspases, benzyloxycarbonyl-Asp-CH2-DCB (zD), rescued
neurons from ischemia-induced delayed neuronal death. In this study, we
analyzed the behavior of those animals treated with zD after transient global
forebrain ischemia.
Eleven-week-old gerbils were subjected to 5 min bilateral common carotid
artery occlusion followed by reperfusion, and were subsequently tested in passive
avoidance behavior (step-through and step-down test, post-ischemia day 4
and 5) and spontaneous locomotor activity. Consecutive intrahippocampal
administration of zD (10 nmol, 3 times; immediately, 12 hr and 24 hr post
ischemia) significantly increased the step-through latencies and significantly
decreased the number of step-downs, though it did not influence the ischemiainduced hyper locomotor activity. As shown in the previous study, the zDadministration rescued more than 80% of hippocampal CA1 pyramidal neurons
at day 8. These results indicate that zD protected not only neuronal viability
but also neuronal functions, and suggest that ischemia-induced increment of
locomotor activity is not simply due to neuronal loss.
Work supported by Uehara Memorial Fundation.
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VISUAL SYSTEM PATHOLOGY MAY UNDERLIE SPATIAL
LEARNING DEFICITS IN ISCHEMIC RATS. C.M Davidson. B.A. Pappas.
S.A.L. Bennett*. T. Fortin. Institute of Neuroscience, Carleton University,
Ottawa, Ontario, K1S 5B6.
Chronic and acute ischemia degrade performance of visuospatial learning
tasks such as the Morris water maze and the radial arm maze. We determined
if visual system pathology is responsible for visuospatial learning deficits in
middle aged rats with chronic ischemia caused by permanent bilateral
occlusions of the common carotid arteries (2-VO). Animals were trained on a
radial arm maze prior to surgery. Following 2-VO, approximately 50% of
the rats lacked a pupillary reflex when challenged with light. This subgroup
of 2-VO rats made more errors on the radial arm maze than did either 2-VO
rats with an intact pupillary reflex or sham operated controls. Conversely, 2VO rats with an intact pupillary reflex performed as well as control rats.
When tested on an explicitly visual cued water maze task, again only the 2VO rats who lacked the reflex, performed more poorly than the control group.
Histological analysis of retina demonstrated a significantly thinner outer
nuclear (photoreceptor) layer and a reduction of retinal ganglion cells only for
the 2-VO rats who lacked the pupillary reflex. It remains to be determined if
the absence of the pupillary reflex is a result of retinal ischaemia or is
secondary to ischemic damage to vision related areas in the brain. We conclude
that ischemia can affect the visual system, potentially confounding the
interpretation of the effect of ischemia on visuospatial learning. (Supported by
Ontario Heart and Stroke Fndn. and NSERC).

E N V IR O N M EN TA L EN R IC H M E N T M O D U L A TES N G FI-A
mRNA EXPRESSION AFTER M CA O CCLUSION IN RATS. P.
D ahlqvist. T. Olsson*. I-M. Johansson. B. M attsson 1. J.R. S e c k l2
and B.B J o h a n s s o n 1Dept Med, Umeå University Hospital, Sweden,
1Dept Neurol, Lund U niversity Hospital, Sweden and 2 Dept Med,
W estern Gen Hosp, Edinburgh, Scotland.
Housing rats in an enriched environment (EE) after middle cerebral
artery (MCA) occlusion significantly enhances functional recovery.
The aim of this study was to explore w hether the transcription factor
NGFI-A, known to be associated with plasticity-related phenomena,
might be a m ediator of neuronal plasticity in this model. Permanent
ligation of the right MCA was performed in adult male spontaneously
hypertensive rats. The animals were then transferred to standard
laboratory cages or to an enriched environment (i.e., a large wire-mesh
cage with toys which were changed daily). Hippocampal and cortical
NGFI-A mRNA expression was determined by in situ hybridization at
the dorsal hippocampal level 2, 3, 7 and 12 days after ischemia. In the
EE group N G FI-A gene expression in the dentate gyrus was
significantly reduced at 3 days. Levels returned to control values at 7
days. Twelve days after M CA occlusion NGFI-A mRNA expression
was significantly lower in the EE group. Thus in the CA1 subfield
NGFI-A expression in the EE group was 50% of standard environment
levels and in remote cortical areas the expression was down to 20% of
standard environment values. This study demonstrates that EE after
MCA occlusion is associated with profound changes in expression of
the transcription factor NGFI-A. This may be a mediator for the major
influence of environmental change on functional recovery after cerebral
infarction in rodents.

325.7
ACUTE ETHANOL ADMINISTRATION AND TRANSIENT GLOBAL ISCHEMIA,
S.McCrea*,A.Shuaib,T.Wishart,H.Miyashita,S.Ijaz and W.Howlett. Saskatchewan Stroke Research Center, University of
Saskatchewan, Saskatoon, Saskatchewan, Canada S7N 0W8
A clinically relevant question pertaining to stroke is
the extent to which ethanol intoxication might effect the
outcome of a simultaneous transient ischemic attack. Male
Mongolian gerbils were administered both a high (4g/kg)
and a low dosage (lg/kg) of ethanol (sc) 1 hour before the
induction of 5 minutes of ischemia by the bilateral occlus
ion of the carotid arteries. Treatment groups were divided
into an acute and withdrawal group(s), such that withdrawal
subjects were given the ischemia once the blood ethanol
levels had declined to zero. Later testing of acquisition
on the water maze along with histological evaluation of
subject's brains revealed no intergroup differences, altho
ugh there was a correlation between these measures (r=0.28,
p=0.07). The findings suggest that acute ethanol administr
ation during an animal model of stroke does not exacerbate
outcome. Future studies should examine this model after
chronic ethanol administration, subsequent withdrawal and
simultaneous ischemic induction given evidence of heighten
ed excitotoxicity during ethanol withdrawal from chronic
exposure. This research was supported by a grant from the
Heart and Stroke Foundation of Saskatchewan to A. Sbuaib.
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325.8
A P R A X IA A S A P R E D IC T O R OF F U N C T IO N A L O U T C O M E IN STR O K E.
R oy. E.A .. B arbour. K .L.. Ebert. P.L.. B lack. S.E.*. L aw rence. J . C ognitive
N eurology, S unnybrook H ealth S cience C entre, T oronto, O N M 4N 3M 5
L im b apraxia, a disorder affecting the ability to pantom im e and im itate gestures,
occurs in 53% o f left hem isphere stroke patients (R oy et al., 1993). F ew studies
have investigated its relation to activities o f daily living. Som e argue that apraxia
is only elicitable by clinical exam ination (S undet et al., 1988), w hile others
suggest it can im pact on daily function (F oundas et al., 1995). In this study, w e
investigated how w ell apraxia scores w ould predict ratings on the F unctional
Independence M easure (F IM ), a w idely u sed stroke rehabilitation outcom e scale.
A consecutive series o f 42 patients w ith left hem isphere stroke w ere exam ined on
a lim b apraxia battery, on the W estern A phasia B attery (W A B ), and on the FIM .
The apraxia b attery involved transitive (e.g., h am m er a nail) and intransitive
gestures (e.g., w ave goodbye) perform ed to pantom im e (i.e. from m em ory) and to
im itation. A com posite score, a com bination o f five d iffe ren t erro r types, w as
used to index perform ance on the apraxia b attery for each gesture type and
perform ance condition. P atients w ere adm inistered the apraxia battery and the
W A B w ithin 3 m onths o f onset and w ere rated on the FIM at 3 m onths and one
year. M ultiple regression, including all the apraxia subtests, age, and the W A B
score, revealed a significant correlation w ith F IM scores at th ree m onths (r2= 773,
p< .001) and one y ea r (r2= .883, p<.001). F orw ard stepw ise regression revealed
that pantom im e perform ance on transitive (tool use) gestures best p redicted FIM
scores at b oth three m onths and one year, explaining 56% and 60% o f the
variance respectively. T he W A B score w as the best p re d ic to r o f the
com m unication score on the F IM (79% o f the variance), w hile the pantom im e
transitive score (60% o f the variance) best predicted the self-care score on the
FIM at one year. W e conclude that this apraxia battery has ecological v alidity
and that assessm ent o f praxis m aybe useful in predicting functional outcom e.
O ntario H eart and S troke F oundation

325.9

325.10

P R E S E R V A TIO N
OF
M Y E LIN A TE D
AXONS
IN
M U LTIC Y S TIC
E N C E P H A LO PA TH Y .
K.M. W eidenheirri*
Dept. of Pathology
(Neuropathology), Albert Einstein College of Medicine, Bronx, N Y 10461
Multicystic encephalopathy (M C E) is a rare destructive lesion of infants in
which multiple cysts replace the brain parenchyma. W hile M C E m ay occur
after infectious and toxic insults, its more common etiology is an ischemic
event. Because much of the hemispheric white m atter is affected in M C E
and because developing oligodendrocytes are known to be susceptible to
ischemia, M C E has been classified as a primary lesion of myelin. In order
to test the hypothesis that myelin and oligodendrocytes are preferentially
affected in M CE, formalin-fixed, paraffin em bedded sections of the cerebral
cysts from seven cases of M C E previously classified as secondary to
ischemia (J Neuropathol Exper Neurol 1995;54:268-275) were evaluated by
light microscopy for the presence or absence of axons and myelin using
histochemical and immunohistochemical techniques.
Axons were
demonstrated with the Bodian silver histochemical method and with an
im munohistochemical method using the SMI31 antibody.
Myelin was
demonstrated with the Luxol fast blue histochemical technique and
immunohistochemical methods employing antibodies against myelin basic
protein (M BP) and proteolipid protein (PLP).
Bodian silver and PLP
immunohistochemistry were the more sensitive methods for detection of
axons and myelin respectively. Both axons and myelin could be identified
in the walls of the cerebral cysts in 5/7 cases. Axons, but no myelin, were
observed in 1/7 cases and neither axons nor myelin were detected in 1/7.
Although there is preferential loss of myelin in the lesions of M CE, a
population of mature oligodendrocytes is preserved at the border of the
cerebral cysts of M CE. The findings suggest that therapy that induces
proliferation and remyelination by these preserved oligodendrocytes might
be of value in these cases. Supported by U S P H S 47667 and 46815.

MRI-AUTOPSY CORRELATION OF SIGNAL HYPERINTENSITIES IN
LEUKOENCEPHALOPATHY. J. Intal. S. Sallowav*. E. Stopa. J. Donahue. Depts.
of Clinical Neurosciences and Pathology, Butler Hospital/Brown Univ., Providence,
R I02906.
Objective: The authors’ goals were to determine the pathological correlation and to
distinguish radiologic features in brains with leukoencephalopathy of varying
etiologies.
Methods: Three brains with subcortical disease selected from the Brown Brain
Bank (one with amyloid angiopathy, one with hypoxic injury and one with
hypertensive encephalopathy) were sliced in 1cm coronal cuts and placed in a brain
box for MRI scanning. 2mm coronal (0 gap) T1 (TR 600, TE 17), FLAIR (TR 9000,
TE 105, T I 180) and PD (TR 2500, TE J5) sequences were obtained Sections from
areas of high signal and normal white matter were stained with H & E, Luxol Fast
Blue, Bielchowsky, Congo Red, and Elastin. A sclerotic index (SI) was calculated
for small vessels in each section.
Results: FLAIR was more sensitive at detecting subcortical hyperintensities (SH)
than PD. There was a periventricular clustering of SH in the two cases of small
vessel narrowing and a more diffuse pattern o f SH in delayed hypoxic injury on
FLAIR. Tl hypodensities were helpfu l in distinguishing between the different
causes of SH. U fibers were spared in cases of microvascular disease but not in
hypoxic injury. The SI was higher in cases of microvascular disease. Each case
showed a different pattern of demyelination.
Conclusion. The MRI-autopsy protocol, utilizing the brain box, FLAIR imaging
and a sclerotic index, is a sensitive technique for determining pathological
correlations and distinguishing characteristics of leukoencephalopathic diseases
Source(s) of support: Dept. of Psychiatry, Brown Univ.
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REDUCTIONS IN PRE-FRONTAL CEREBRAL GLUCOSE METABOLISM IN
PATIENTS WITH DEMENTIA AND SUBCORTICAL STROKES. L.T. Kwan.
J.L. Eberling. B.R. Reed. G.J. Klein. N. Schuff. M.W. Weiner. W.J. Jagust*
Lawrence Berkeley National Laboratory, Berkeley, CA 94720 and University of
California, Davis and San Francisco.
Using PET and the glucose metabolic tracer, F18-fluorodeoxyglucose (FDG), we
investigated the relationship between subcortical strokes, cerebral glucose
metabolism and cognitive dysfunction. We studied 22 age-matched patients with
subcortical lacunar infarcts classified as either cognitively normal (N=8), impaired (N
= 5) or demented (N=9) and 11 age-matched, cognitively normal control subjects
without stroke. We compared glucose metabolism in dorsal lateral pre-frontal cortex
(DLF), orbital-frontal cortex (OF), inferior parietal cortex (IP), temporal cortex (T),
hippocampus (H), and primary visual cortex (PV). We defined regions of interest on
co-registered MRI scans and then used the MR data to atrophy correct PET data. For
all subjects, we analyzed metabolic rates as a ratio of regional counts to whole brain
counts, while in a subset of subjects who had arterial blood sampled (N=19), we
studied absolute glucose metabolic rates.
Repeated measures analyses of variance (ANOVAs) of groups X regions found: (1)
Patients with cognitive dysfunction had significantly lower (p = 0.05) absolute
glucose metabolism in cortical brain regions than those patients without cognitive
dysfunction. (2) Analysis of the regional count ratios showed a group X region
interaction and a follow-up analysis showed that patients with cognitive dysfunction
had significantly decreased (p = 0.04) activity in the right DLF region (Brodman areas
8,9, and 46). (3) Patient mini-mental scores decreased with decreasing relative
activity in the right DLF (r = 0.510, p = 0.02) and right OF (r = 0.487, p = 0.03)
regions. We conclude that dementia in patients with subcortical strokes is related to
both general metabolic reductions in cerebral cortex and a relative decrease in activity
in the right pre-frontal cortex. Supported by NIA Grants AG 12345 and AG 10129.

NM R IM A G IN G D U R IN G A ND AFTE R H YPO XIA/ISC H EM IA IN TW O AND
FO U R W EE K OLD RATS G. Ning. K.L. Malisza. P. Kozlowski. S. Bascaramurty.
M R Del Biqio and U I Tuor* Inst, for Biodiagnostics, NRC, R3B 1Y6 and Univ.
of Manitoba, Winnipeg, Manitoba.
Our previous studies showed that during a hypoxic/ischemic insult in neonatal
(1-w eek old) rats there are increases in intensity in both diffusion-weighted (DW )
and T2-weighted (T2) images which can temporarily reverse upon reperfusion.
Two and 4 week old rats were investigated in this study.
Wistar rats at two weeks (2-wk, n=9) and four weeks (4-wk, n=11) of age had
their right carotid artery occluded under isoflurane anesthesia. The 2-wk and 4w k rats were then exposed to hypoxia (8% 0 2 + N2 + 1.0% isoflurane) for 50-65
or 25-35 min, respectively. D W and T2 images were recorded during and for up
to 1 hr after hypoxia/ischemia, as well as the following day with a 9.4T magnet
(Bruker). The area of hyperintensity in the D W or T2 images was measured at
level of the anterior striatum.
In the 2-wk rats, increased intensity in D W (100% bilateral) and T2 images
was detected 10-20 min after the start of hypoxia. In the 4-w k rats, D W changes
(9% bilateral) were detected in all the animals 10-20 min after the start of
hypoxia, however mild T2 changes were observed in only 18% of the animals.
The mean area of T2 hyperintensity in the 4-w k rats (5.5±2.1% brain) was less
than that in the 2-wk rats (25.5±6.1% brain, p<0.01). After hypoxia, the D W
hyperintensity area disappeared immediately in the 4-wk rats, but it remained for
30 min in the 2-w k rats. The following day, a smaller area of hyperintensity in
D W and T2 reappeared in the 2- and 4-w k rats.
The increase in T2 intensity in images from 2-wk but not 4-wk rats during
hypoxia/ischemia likely reflects different mechanisms of cell injury detectable
with NM R imaging in immature vs older brain. The insulted area in a 2- or 4-wk
brain may have a normal D W or T2 image shortly after reperfusion and that is
detectable in both D W and T2 changes the following day.
(Supported in part by the Heart and Stroke Foundation of Manitoba).

325.13

325.14

M C A S U T U R E -O C C L U S IO N : C O R R E L A T IO N O F L O C A L C E R E B R A L B L O O D F L O W W I T H H IS T O P A T H O L O G Y B Y P IX E L B A S E D IM A G E A N A L Y S IS . W. Zhao*,
L. Belayev R .B u sto and
M.D. Ginsberg, Cerebral Vascular Disease Research Center, D ept, of Neurology (D4-5), Univ. of Miami, Sch. of Med., Miami, FL, 33101.
We performed this study to assess the manner in which acute alterations of local cerebral blood flow (1CBF) in the ischemic core and penumbra determine the
pattern of subsequent histopathology. Eighteen adult male Sprague-Dawley rats
underwent 2-hour right middle cerebral artery occlusion (MCAo) by insertion of
a poly-L-lysine coated intraluminal suture (Belayev et al, Stroke 27:1616-1623,
1996). Group A rats (n=8) were perfusion-fixed for histology 72 h later. In
Groups B and C (n=5 each), 1CBF was measured autoradiographically after 2-h
MCAo (B) or following 1-h reperfusion (C). Histopathological sections and autoradiographic images were digitized by means of a CCD camera (70 μ m /pixel).
Histological section boundaries and infarcted regions were assigned values of 0
(no infarction) or 1 (infarction) by means of an interactive VAX-based program,
and histopathological maps were generated depicting infarction frequency at each
pixel location. Corresponding autoradiographic sections in Groups B and C were
averaged to form group-mean images. All 3 data sets were mapped into a common template at 8 coronal levels, and 1CBF and infarction frequency were correlated on a pixel-by-pixel basis. There was a highly significant correlation between infarction frequency and averaged CBF (R = -0.964). Pixels having 1CBF
(at 2h MCAo) in the ischemic-core (0-20% of control) or ischemic-penumbra
(0-40% of control) ranges together accounted for 89% of the ultim ate infarct.
Relationship of
1CBF, 2h MCAo 1CBF, lh reperfusion Contribution
to Infarct
1CBF and Infarct
(m l/g/m in)
(m l/g/m in)
Ischemic core
0.14 ± 0.05
0.58 ± 0.35
68%
Ischemic penumbra
0.32 ± 0.07
0.48 ± 0.11
21%

Assessment of BW619C89 Treatment Using T2* and DW Imaging in a
Rat Model of Acute Focal Cerebral Ischemia.

This work was supported by USPHS Grant NS 05820.

325.15
D IFF E R E N TIA T IO N OF IRREVERSIBLY DAM AG ED BRAIN T IS S U E AND
A R E A S P RES E NTING W ITH BLO O D-BRAIN-BARRIER (BBB) DIS R U P TIO N
BY M R I A N D H ISTO PATHO LO G Y. A. Muller. D. Gohl. K. Urbschat. A. C.
Nacimiento*. W . Sem m ler. B. Kramann. G. Schneider.. Abteilung fur
Radiodiagnostik, Universitatskliniken des Saarlandes, D-66421 Hom burg/Saar
In an experimental study employing a rabbit model of cerebral ischemia, we
perform ed M R imaging (MRI) with two new contrast media (CM ), investigating
the potential for differentiation of reversible and irreversible tissue dam age.
Cerebral ischemia w as induced in 16 New Zealand White Rabbits, after selecti
ve catheterization of the internal carotid artery, by injection of embolization
particles. For MRI of both acute and subacute stages of brain infarction (6 h or
2 -1 0 d post induction), G d-DTPA (200 μmol/kg BW ) and Ultrasmall Superparamagnetic Iron Oxide particles (USP IO 's, 200 μmol Fe/kg BW ) w ere applied. MRI
of subacute cerebral ischemia was performed with Bis-Gadolinium-Mesoporphyrin (Bis-Gd-MP, 0,1 mmol Gd/kg BW ). Following MRI, histologic sam ples were
prepared and stained by HE, Kluver-Barreira, In Situ Nick Translation (ISNT)
and In Situ End Labelling (ISEL) technique.
A fter application of USPIO 's, T2-weighted MRI of acute brain infarction de
m onstrated a decrease of SI in still perfused brain tissue, delineating perfusion
failure against impairment. In corresponding T1-weighted MRI, increase of SI
was observed after administration of G d-DTPA in areas with BBB breakdown. In
areas with impaired perfusion/ BBB disruption, IS N T and ISEL demonstrated
heterogeneous degradation of chromatin. By comparing the results of contrastenhanced and unenhanced T2-weighted MRI with US PIO 's, of contrast-enhan
ced and unenhanced T1-weighted MRI and of histologic sections, the ischemic
penumbra can be delineated. In contrast to extracellular distributed CM like GdD TP A , Bis-Gd-MP demonstrates a slow, steady and prolonged accumulation in
the necrotic areas of the infarcted brain tissue. 150 min after administration of
CM , SI reached a maximum, with a strong increase of contrast between irreversibly damaged and viable brain tissue. (Financial Support by University Grant)
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†ΨN. G. Harris*.†J. Houseman, †AJBusza, †S.R.Williams. D.E.Saunders. M.M.
Brown †RCS Unit of Biophysics, ICH, University College London Medical School,
S
Ψherrington School of Physiology, St. Thomas’ Hospital, and ‘Division of Clinical
Neuroscience, St George's Hospital Medical School, London, England.
The glutamate release inhibitor BW619C89 has previously been shown to reduce
ischemic lesion size when assessed histologically at 24hrs in the rat middle cerebral
artery (MCA) occlusion model. This effect varies depending on the brain region
examined and between different studies and this appears unrelated to the time of drug
administration or drug dosage. The aim of this study was to assess the effect of
treatment during the acute phase of ischemia using magnetic resonance imaging to
monitor the area of the expanding lesion in untreated, MCA-occluded rats and
occluded rats that received BW619C89 (10 or 30mg/kg) at 30mins post-occlusion (n=
4, 2 and 4, respectively). The lesion was characterised using two MR-observable
physiological parameters: 1. the apparent diffusion coefficient (ADC) of water
obtained from diffusion-weighted (DW) images, an indicator of cell swelling and 2.
the area of reduced cerebral perfusion obtained from gradient-echo (GE) images. DW
images were acquired from all rats before occlusion and GE images were acquired
during the occlusion and after with DW imaging interleaved at 30min intervals, for a
total time of 4 hrs. The lesion area and mean ADC within the non-cortical and cortical
regions was similar in all 3 groups at all time-points, although there was considerable
variation in the cortex lesion area in the high dose group and the mean ADC was
generally higher at all time-points. The total area of decreased capillary perfusion at
30mins p.o. on the GE image was greater than the total lesion area defined by the DW
images at 4hrs p.o. for all groups. However this effect was 2-fold greater in the higher
dose group suggesting that the drug may have prevented expansion of the lesion and
demonstrating the value of combining the DWI and GE protocols.
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326.1
NEUROPATHOLOGICAL CORRELATES OF ABNORMALITIES ON
IN VIVO MRI IN INDIVIDUALS WITH AIDS. S.L.Archibald, C.A.
Fennema-Notestine*, E. Masliah, T.L. Jemigan, I. Grant and the HNRC
Group. UCSD School Of Medicine and DVA Medical Center, La Jolla,
CA 92093-0949.
Quantitative anatomical analysis was used to examine MRIs from 15
HIV positive subjects who died within one year of their MR examinations.
The MRI measures from these HIV+ subjects were compared to those
from 10 seronegative controls and to autopsy results. Anatomical
abnormalities observed in the HIV+ relative to the HIV- subjects
included: Decreased cerebral white matter, increased volume of white
matter with abnormally elevated signal, and increased ventricular and
subarachnoid CSF volumes. Both white matter reductions and elevated
white matter signal appeared to be evenly distributed throughout the
cerebral lobes.
At autopsy, of the 15 AIDS subjects, 4 were classified as having HIV
encephalopathy (HIVE), 3 as CMV encephalopathy (CMVE), and 8 were
considered normal (without any other CNS opportunistic infections or
encephalopathy on microscopic examination). While all three groups
demonstrated increased fluid and decreased white matter volumes, only
the HIVE subjects demonstrated significantly elevated signal areas in the
white matter. Microscopic evidence of vacuolar myelopathy was present
in 6 subjects (3 HIVE cases, 2 CMVE cases and one case with no
abnormality). Subjects with vacuolar myelopathy had decreased white
matter volume, increased ventricular volume, and decreased overall gray
matter volume compared to those without.
Supported by NIMH 2P50MH45294 and DVA Medical Research Service.

326.2

326.3
HIV-1 GP120- AND LPS-INDUCED MODULATION OF IL -iβ
SYSTEM, TNF-α AND TGF-(βl mRNA LEVELS IN THE RAT CNS.
& E, Ilyin*. D, Gayle.M .C. Flynn.and..C .R. Plata-Salamảo. Div. Mol.
BioL, Sch. Life HltH Sci., Univ. D el., Newark, DE 19716, USA.
HIV-1 and bacterial infections o f the CNS are associated with
inflammatory/immunological processes and neurological manifestations
which involve increased cytokine levels. Here, we show (n> 7/group) in
vivo HIV-1 gpl20- and LPS-induced modulation o f cytokines in the
brain. G pl20 was chronically ICV infused via osmotic minipumps (0.5
μg/24 h for 144 h; 0.1, 0.5 and 1.0 μ g/24 h for 72 h) and cytokine
mRNA levels in specific brain regions were determined by RNase
protection assays. Results show that g p l2 0 induced brain region specific
and highly intercorrelated profiles o f IL -iβ and IL-IRa that were
significantly different from the control group (p < 0 .0 5 ). TNF-α and
TGF-β l mRNA levels also increased, while no significant changes in IL1RI, IL-1R AcP(s) and TGF-α were observed. Data suggest specificity
of gpl20 action on cytokine feedback systems. For LPS (500 ng) acutely
infused ICV, the data show significant (p < 0.05) up-regulation o f IL-1β,
IL-1RI, IL-IRa and TNF- α
mRNA levels in brain regions from anorexic
rats (at 5 h). LPS did not significantly affect IL-1R AcP(s), TGF-β l,
NPY, or OB receptor mRNA. A dysregulation o f the balance between
stimulatory and inhibitory cytokine mechanisms may be critical in the
pathogenesis, severity and prognosis o f CNS infections.
Supported by Univ. Del. and the NIH (CRPS).

326.4
INTRAVENTRICULAR TNF-a INFUSION AS A MODEL OF AIDS
DEMENTIA. I. COGNITIVE IMPAIRMENT, WEIGHT LOSS,
AND VENTRICULAR ENLARGEMENT PREVENTED BY CPI1189. K. Biuestad1*, W.D. Flitter2, W.D. Garland2, G.C. Su1. and G.W.
Arendash1, 1 Depts. of Biology & Psychology, U. of South Florida, Tampa,
FL 33620 and 2Centaur Pharmaceuticals, Inc. Sunnyvale, CA 94086.
Increasing evidence indicates that the mechanism(s) responsible for AIDS
dementia complex (ADC) does not involve direct viral infection of the CNS,
but rather the release of inflammatory-related toxins by HIV-infected
macrophage/microglia cells. One such toxin, tumor necrosis factor alpha
(TNF-a), is consistently elevated in the brains of ADC patients compared to
non-ADC HIV infected patients. To model this aspect of ADC, TNF-a (50
ng/1 μ 1) or vehicle was infused i.c.v. bilaterally for 7 days into young adult
male Sprague-Dawley rats. Animals also received concurrent twice-daily
treatment with the synthetic antioxidant CPI-1189 (20 mg/kg orally) or
vehicle. TNF-a infusion induced a significant weight loss during the 7 day
treatment period. In post-treatment water maze testing over 7 days, TNF-a
infused animals were substantially impaired in both acquisition and memory
retention compared to controls. CPI-1189 treatment eliminated TNF-a
induced weight loss and completely prevented deficits in water maze
acquisition/memory retention. Moreoever, CPI-1189 also prevented a TNFa induced enlargement of the lateral ventricles. These results support TNFa as a toxic agent in ADC and provide initial in vivo evidence that CPI-1189
may protect HIV-infected patients against ADC. (Supported by Centaur Phar.)

326.5
INTRA VENTRICULAR TNF-a INFUSION AS A MODEL OF AIDS
DEMENTIA. II. INDUCTION OF APOPTOSIS PREVENTED BY
CPI-1189. W.D. Flitter1*. K. Biuestad2. W.D. Garland1, and G.W.
Arendash2. Centaur Pharmaceuticals, Inc., Sunnyvale, CA 94086 and
2Depts. of Biology and Psychol., Univ. o f South Florida, Tampa, FL 33620.
The mechanism of neuronal death in AIDS dementia complex (ADC)
appears to be apoptotic. Tumor necrosis factor (TNF-a), a cytokine which
is elevated in the brains of patients with ADC compared to non-ADC HIV
infected patients, is a powerful inducer o f apoptosis in vitro. To determine
the effects of TNF-a administration in vivo on brain apoptosis, TNF-a (50
ng!\i\) or vehicle was infused i.c.v. bilaterally for 7 days into young adult
male Sprague-Dawley rats. Animals also received concurrent twice daily
treatment with the synthetic antioxidant CPI-1189 (20 mg/kg orally) or
vehicle. Following i.c.v. infusions, animals were sacrificed and 6 fxm brain
sections were stained for in situ apoptosis using the NeuroTACS ™ kit.
Sections were blue counterstained to enhance apoptotic identification. A
significant increase in the total number of apoptotic cells, as well as in
apoptotic cells within the basal ganglion/septum and neocortex, was found
for TNF-a treated animals. CPI-1189 treatment completed prevented these
TNF-a induced increases in apoptosis. The results demonstrate that TNF-a
can induce brain apoptosis in vivo and that elevated brain TNF-a levels may
be responsible for the increased apoptosis/neuronal loss seen in AIDS. The
results further suggest that CPI-1189 treatment may protect HIV-infected
patients against brain apoptosis and neuronal loss. (Support by Centaur Pharm.)
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N euroscience, School o f M edicine, the U niversity o f Tokyo & D epartm ent o f Pathology
(N europathology), the U niversity o f N orth C arolina at C hapel H ill, C hapel H ill, NC
A ID S-dem entia com plex (A D C) is a final outcom e o f neurological com plications o f
A ID S. In general, hem ophilic A ID S is reported to present less com plications in the
central nervous system (C N S) including AD C from the clinical background. W c
conducted com parative neuropathological study o f hem ophilic and non-hem ophilic
AIDS in the U nited States and Japan with special attention to ADC. Serial A ID S autopsy
cases, 42 from US and 52 from Japan, were exam ined. H em ophilic A ID S cases consisted
o f 4 and 19 respectively. T he brain was fixed in form alin and several areas were
em bedded in paraffin for histological evaluation. In addition to routine
neuropathological m ethod, selected sections w ere stained im m unocytochem ically with
the antibodies against glial fibrillary acidic protein (G FA P), ferritin, toxoplasm a,
cytom egalo virus, JC and p28 o f H IV -1. In som e cases, hem ispheric sections were
evaluated for the change in the cerebral w hite m atter. N e uropathological findings were
categorized into H IV -specific pathology (A D C), H IV -related pathology, secondary
m alignancy and opportunistic infections, according to G ray ’s classification. The
Japanese hem ophilic A IDS cases presented with m uch higher incidence o f AD C than the
Japanese non-hem ophilic A ID S cases (7/19: 2/33). In contrast, the occurrence of A D C
am ong hem ophilic and non-hem ophilic A ID S in US were com parable (2/4: 13/40). The
incidence o f A D C am ong the Japanese hem ophilic A IDS was sim ilar to the incidence of
A D C am ong the US non-hem ophilic A ID S. Since alm ost all the Japanese hem ophilic
A ID S cases were infected through coagulation factor, that was im ported from US, we
speculated that c om parable incidence o f A D C am ong the Japanese hem ophilic A ID S and
the US non-hem ophilic A ID S m ay reflect the sim ilarity in viral species o f H IV -1.
(S upported in part by grants in aid from H um an S cience P roject, Japan)

326.6
NITRIC OXIDE OXIDATIVE DAMAGE PRODUCTS IN CEREBRAL SPINAL
FLUID OF PATIENTS WITH AIDS AND BATERIAL MENINGITIS. M.F. Wack1-2.
J.K. Radike1. L. Maidt3. K. Hensley3, and R.A. Flovd*3 ‘University of Oklahoma Health
Sciences Center, 2VA Medical Center and3 Oklahoma Medical Research Foundation,
Oklahoma City, OK 73104.
Excessive production of Reactive Nitric Oxide Species (RNOS) and Reactive Oxygen
Species (ROS) by activated glia produce a toxic environment for neurons due to the
formation of peroxynitrite from Nitric Oxide and superoxide. Dementia associated with
AIDS infection and bacterial meningitis are conditions that produce increased levels of
proinflammatory cytokines in brain which activate glia to produce increased amounts of
RNOS and ROS. Accordingly, analysis of cerebral spinal fluid (CSF) for products
indicative of RNOS and ROS formation would be helpful to determine the etiology of the
neuronal damage. We have found that CSF from patients with AIDS (CD4 cell count
<200) had significantly elevated amounts of nitrite content (3.64 ± 0.36/uM, n = 135)
versus non-AIDS patients (1.64 ± 0.20 /jM , n = 43); except for patients with acute
bacterial meningitis in whom CSF nitrite concentration were also found to be elevated
(4.90 ± 1.44 jjM., n = 10). Utilizing a newly developed protein digestion and HPLCelectrochemical array detection method we have analyzed the CSF proteins to ascertain
the 3-nitrotyrosine and dihydroxyphenylalanine content. The data implicate that RNOS
and ROS mediated processes are involved in neuronal damage in AIDS dementia and
bacterial meningitis. Supported in part by NIH grant NS 35747.
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326.7
PAF RECEPTOR EXPRESSION IN HIV-1. H. James. S.W. Perry. L.G. Epstein,
and H.A. Gelbard*. Depts. of Neurology, Microbiology and Immunology, Pediatrics,
and Pharmacology and Physiology, Univ. of Rochester, Rochester, N. Y. 14642.
We have previously demonstrated that neurons, perivascular macrophages and
microglia in brain tissue of patients with HIV-1 encephalitis (HIVE), but not HIV-1
without encephalitis, exhibit markedly increased numbers o f TUNEL-stained nuclei,
indicative of apoptosis (Gelbard et al„ 1995, Neuropathol. Appl. Neurobiol. 21:208217). We have also demonstrated that levels of the phospholipid mediator platelet
activating factor (PAF) are elevated in CSF of patients with HIVE; and that
antagonism of PAF receptors in vitro abrogates much o f the neuronal cell death
induced by conditioned media from activated HIV-1-infected macrophages. Based on
these findings, we hypothesized that PAF receptor activation may be an early step in
neurologic disease and neuronal cell death associated with HIVE. Using a polyclonal
antibody to the PAF receptor (1:1000), we have performed immunocytochemical
analyses following antigen retrieval on cortical and subcortical brain tissue from
HIV-1 seronegative patients, patients with HIV-1 without encephalitis, and patients
with HIVE. HIV-1 seronegative brain tissue was devoid o f PAF receptor expression,
but brain tissue from patients with HIV-1 without encephalitis showed increased
levels of PAF receptor expression in neurons, and some labeling of perivascular
macrophages and microglia. In contrast, patients with HIVE had occasional labeled
neurons, but markedly increased numbers o f labeled perivascular macrophages and
microglia. These findings suggest that increased expression o f PAF receptors in
neurons may be an early step in neuronal dysfunction and cell death during HTV-1
infection in the brain. Studies are currently in progress using a SCID mouse model
of HIV-1 encephalitis to examine PAF receptor expression in vulnerable neurons
adjacent to stereotactically injected HTV-1-infected microglia. (Supported in part by
NIH grant ROl MH56838).

32 6 .9
DIRECT EVIDENCE OF NEURONAL DEGENERATION IN
POSTMORTEM BRAIN TISSUE FROM PATIENTS WITH AIDS.
S. Frankl1*. M Ruitz1. and F. J. Denaro1. Texas Tech University Health
Sciences Center, Lubbock, Texas1.
Evidence of neuronal degeneration in patients with AIDS has been
identified by both direct and indirect techniques. Examples of the direct
methods include H&E and neuronal cell counts. However, the H&E
approach can suffer from lack o f sensitivity. This approach cannot reveal
degeneration of neuronal processes. Often the degenerating neurons can
be scattered at large distances from each other and be few in number.
This makes quantification difficult.
Methods which use unbiased
counting techniques can demonstrate neuronal loss but important
histological information is not readily revealed or appreciated by this
method.
An indirect approach which is very sensitive to
neurodegeneration is the identification of reactive gliosis. Reactive gliosis
can indicate neuronal damage and degeneration o f processes. Again this
approach is helpful but it cannot give an estimate o f neuronal cell death.
We have employed a silver degeneration stain to supplement the
observations which these approaches have yielded. It has been possible to
identify degenerating neurons and neuronal processes in human brains.
This direct approach was used in conjunction with an indirect approach
(GFAP immunocytochemistry). This permits both neuronal degeneration
and gliosis to be identified. Further studies are needed to associate the
neurodegeneration or gliosis with HIV infection, opportunistic infections,
or immunologic processes. However, this direct approach for revealing
degenerating and dying neurons with their processes has been valuable for
identifying such changes in AIDS. N S31857

326.11
EXPRESSION AND DETECTION OF PRIMARY ISOLATE HIV-1 GLYCOPROTEIN GP120/41 IN THE RAT BRAIN. R. Altmeyer, E.
Mordelet, M. Girard, C. Glaume* and C. Vidal. Virologie
molѐculaire, Institut Pasteur, Paris, France.
Current hypotheses in NeuroAIDS imply that the HIV enve
lope glycoprotein (gp) gpl20/41 expressed by infected
macrophage/microglia is toxic to CNS cells. Previous
studies have analysed gp-mediated neurotoxicity using
soluble gpl20 derived from laboratory adapted strains.
However, gp is more likely to be present as a membrane
bound and oligomeric protein gpl20/41.
We have used gp from a macrophage tropic isolate of
HIV-1 (BX08) which forms oligomers when expressed in cell
culture using the Semliki Forest Virus (SFV) system.
Stereotaxic injections of SFV infected microglia or SFV
particles were performed in the frontal cortex and the
striatum of the rat brain. Three days later, gpl20 could
be detected on brain sections near the injection site
using a conformation dependent human monoclonal antibody
(MAb) directed against gpl20. In contrast, a V3 loop
specific MAb failed to recognise gpl20/41.
These results show that gpl20/41 taken from a primary
isolate and expressed in microglia can be detected on
brain tissue using the appropriate antibody. This in vivo
approach appears promising for the study of neurotoxicity
of HIV proteins.
This work was supported by SIDACTION and ANRS, France.

S ociety f o r Neuroscience, Volume 23,1997

MONDAY AM

3 26.8

CEREBROSPINAL FLUID TAU PROTEIN IS NOT ELEVATED IN
HIV NEUROLOGIC DISEASE. R.J. Ellis*. P. Seubert. R. Motter. D.
Galasko. M. Heyes. J.H. Atkinson. I. Grant. HNRC, Univ. of
California, San Diego, CA 92103.
We sought to determine if elevated cerebrospinal fluid concentrations
of tau protein, a marker of neuronal injury, occur in HIV-associated
neurologic disease. Methods. Cerebrospinal fluid (CSF) tau levels were
measured using a sensitive, enzyme-linked immunosorbent assay
(ELISA) in 32 patients with HIV infection (HIVpos) and 9 seronegative
(HIVneg) controls. Of those who were HIV+, 9 had HIV-associated
neurocognitive disorders (dementia or minor cognitive-motor disorder),
and 9 had clinically diagnosed peripheral neuropathies. Results. CSF tau
concentrations in HIVpos subjects did not not differ significantly from
those in HIVneg (mean ± s.d., 270 ± 186 vs. 223 ± 106 pg/ml; p >
.50). CSF tau levels in subjects with HIV-associated neurocognitive
disorders were similar to those of matched HIV-positive subjects without
neurocognitive disorders (185 ± 83 vs. 304 ± 205; p =.10). Among
HIV-infected subjects, CSF tau levels in those with peripheral
neuropathies did not differ from those without neuropathy (320 ± 190 vs
251 ± 185; p > .20). Conclusions. Levels of CSF tau are not elevated
in patients with HIV-associated neurocognitive disorders or peripheral
neuropathy. These findings suggest that at least some of the pathogenic
mechanisms underlying HIV-associated neurologic disease (HIV-ND)
are different from those observed in Alzheimer’s disease or acute stroke.
HIV-ND may involve, for example, greater dendritic than axonal
pathology, or may result in widespread neuronal dysfunction, rather than
frank cell death.
Supported by NIMH 2 P50 MH45294.

326.10
ALTERED NEURONAL MORPHOLOGY AND NEURONAL CELL
DENSITY IN HIV INFECTED PRIMATES. M. Peralta*. M. Ruitz1. R.C.
Switzer. III2. R. Mervis3. A. Lackner4, J. Lane4 and F. J. Denaro1. Texas
Tech University Health Sciences Center, Lubbock, TX1; NeuroScience
Associates, Knoxville, TN2; NeuroMetrix Research, Inc., Columbus,
Ohio3;New England Regional Primate Research Center, Harvard Medical
School, MA4.
Identification of altered neuronal morphology has been reported in
postmortem CNS tissue from patients with AIDS. In experimental models
it has been found that HIV peptides can also cause alteration in the
neuronal morphology in rodents. Such alteration in neuronal morphology
may have important implications for understanding both the neurologic
and cognitive symptoms. In the present study Golgi impregnated tissue
from SIV infected primates was analyzed.
Changes in neuronal
morphology were identified which include: atrophic neurons, neurons
with decreased spines and in some instances varicosities. Jn addition,
special Nissl sections (75µ thick) were prepared for analysis with a
computer assisted optical dissector. Regional neuronal counts, adjacent to
multi-nucleated giant cells did not demonstrate neuronal cell loss. But
areas in which gliosis can be identified (with or without multi-nucleated
giant cells) presented with neuronal cell loss. Studies are under way to
characterize the spectrum o f morphologic changes. In addition, our work
with cell counts is continuing. Further data may reveal a pattern
associated with neuronal cell loss.
N S31857, RR00168, NS30769, NS35732

326.12
TOPICALLY APPLIED HIV-1 COAT PROTEIN GP120 ALTERS SYNAPTIC
PLASTICITY IN MOUSE CA1 HIPPOCAMPUS. T. Krucker*, T.A. Nuñez, and
G.R. Siggins. AIDS Research Center & Department o f Neuropharmacology, The
Scripps Research Institute, La Jolla, CA 92037.
GP120 has been reported to be toxic to several neuronal cell types maintained in
vitro. Recently we reported that synaptic plasticity is altered in transgenic (tg) mice
constitutively expressing gpl20 (Krucker et al., Soc. Neurosci. Abst., 1996); these
mice display neuronal and glial changes resembling abnormalities in HIV-infected
human brains (Toggas et al., Nature 367, 1994). To assess further the potential
neurodegenerative effects o f gpl20 in slice tissue, and to help control for compensatory developmental effects in gpl20 tg mice, we examined CA1 population excitatory
postsynaptic potentials (pEPSPs) in hippocampal slices from normal mice and topically applied recombinant gpl20 (rgpl20). After recording baseline values, we superfused 0.1, 10 and 100 pM rgpl20 for 10 and 20 minutes. Compared with untreated
slices, those superfused with 10 pM and 100 pM rgpl20 showed decreased normalized mean pEPSP amplitudes, although some individual slices showed a clear increase. However, application o f 0.1 pM rgpl20 significantly increased normalized
mean pEPSP amplitudes. All three concentrations produced: (1) an upward shift in the
mean input-output (IO) curve; (2) unchanged paired-pulse facilitation; and (3) significant reduction in the magnitude of CA1 long-term potentiation (LTP). These findings
indicate that topically applied rgpl20 has short-term effects on basal synaptic transmission and synaptic plasticity in hippocampus. Results obtained with 0.1 pM rgpl20
are strikingly similar to our findings in gpl20 tg mice, suggesting that effects o f the
transgene are not merely compensatory. Further, use o f the two gpl20 delivery methods may help dissect the processes involved in gpl20-induced neurodegeneration and
define more precisely the mechanisms underlying HIV-1 related dementia complex.
Supported by Novartis Pharma and NIH grant MH47680.
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HIV-1 TAT-EVOKED INWARD CURRENTS IN ACUTELY ISOLATED RAT
HIPPOCAMPAL NEURONS: NMDA RECEPTOR ACTIVATION BY A NOVEL
MECHANISM. L. Song*1. A. Nath2. A. Moore1. J.D. Geiger3 & S. Hochman1. Depts.
of Physiology1, Medical Microbiology & Internal Medicine2, and Pharmacology &
Therapeutics3. University of Manitoba, Winnipeg, MB. R3E0W3.

CORRELATION OF BEHAVIORAL, PHYSIOLOGICAL, VIROLOGICAL AND
NEUROPATHOLOGICAL VARIABLES ASSOCIATED WITH SIV INFECTION
IN RHESUS MACAQUES. J.K. Marcario*. R. Raghavan . S.V. Joag. , L.L.
Foresman, L.A.M. Raymond, O. Naravan, P.P. Cheney. Depts. o f Mol. & Integr.
Physiol.; Microbiol., Mol. Genetics. & Immunol., Lab. Animal Resources, and Smith
MRRC, Univ. Kansas Med. Ctr., Kansas City, KS 66160, USA.
Productive infection of Rhesus macaques with SIV can cause cognitive and motor
deficits similar to those seen in the HIV infection o f humans (Marcario, et. al., 1996).
Seven monkeys were behaviorally trained, infected with neurotropic strains of
SIVmac239 (R71&E17), and subsequently euthanized following development of
endstage simian AIDS. In addition to tracking behavioral variables, a number of
other physiological, immunological and virological parameters were measured at
regular intervals. Every 2-4 weeks, blood and CSF samples were collected, body
weights were recorded, and rectal temperatures were measured. Ear temperatures
were measured on all behavioral test days. Viral load (p27), CD4+/CD8+ cell counts
and white blood cell counts were measured from blood and CSF samples.
Histological analysis revealed inflammatory CNS lesions in five monkeys. The
degree o f neuropathology was severe in two animals, moderate in one and mild in
two. Although no functionally significant regions were found to be selectively
vulnerable, involvement o f white matter tracts o f the visual, corticospinal and sensory
pathways was consistently present. Associated with endstage disease, most monkeys
showed a weight loss o f about 15% o f total body weight, decreases in body
temperature and a rise in viral load. However, viral load and immune cell parameters
were not necessarily correlated with behavioral deficits, the severity o f clinical
symptoms or neuropathology. Neither was neuropathology strongly correlated with
the magnitude o f behavioral deficits. (Supported by NIH grants NS32202 and
HD02528)

The HIV-1 regulatory protein Tat is implicated in CNS neurotoxicity and depolarizes
neurons (Magnuson et al 1995; Cheng et al 1997). However, the cellular mechanisms
of the Tat-evoked actions remain incompletely understood. We employed voltage
clamp recordings from acutely isolated hippocampal neurons (rats P8-P14) to examine
possible cellular mechanisms. In nominally Mg2+-free solution, pressure pulse
application of highly-purified monomeric Tat (10-20 µM), evoked a voltage-dependent
inward current which displayed outward rectification and reversed at about 0 mV. In
the presence of 1 mM Mg2+, Tat-evoked currents were blocked or attenuated at
negative membrane holding potentials (Vh) and a negative slope conductance region
appeared between Vh -80 to -20 mV. Ketamine (10-20 µM), blocked the Tat-induced
inward currents at negative potentials but did not block the reversed outward currents at
positive potentials. The voltage-dependent block o f Tat-evoked actions by Mg2+ and
ketamine are consistent with an open channel block o f the activated NMDA receptor.
Further, application of the non-competitive NMDA receptor antagonist zinc (1 fiM)
decreased Tat-evoked responses. However, while kynurenate (1 mM), a non-selective
ionotropic glutamate receptor antagonist, abolished Tat-induced responses, the NMDA
receptor glutamate binding site antagonist AP-5 (50 (µM) atypically potentiated Tatevoked currents while the glycine site antagonist 5,7-dichlorokynurenate (5 µM) was
ineffective. CNQX (10 µM), the competitive AMPA/kainate receptor antagonist also
did not block the Tat-evoked response. We suggest that Tat directly excites neurons
via NMDA receptor activation. Moreover, the inability o f responses to be blocked by
AP-5 suggest receptor activation by a novel mechanism or, that Tat activates a novel
population of NMDA-like receptors. Supported by the NHRDP, Canada.

326.15

326.16

QUINOLINIC ACID AND LYMPHOCYTE SUBSETS IN THE
INTRATHECAL COMPARTMENT AS BIOMARKERS OF SIV
INFECTION AND SAIDS. T. M. Reyes. C. L. Coe. C. D. Pauza and
J. F Reinhard. Jr.* Harlow Center for Biological Psychology,
University of Wisconsin-Madison, Madison, WI 53715.
Cerebrospinal fluid (CSF) samples were collected from monkeys
(Macaca mulatto) infected with SIVmac251 (SIV) or HIV-l/SIVmac
chimeric viruses (SHIVHXBc2 and SHIV89.6P) to investigate quinolinic
acid (QUIN) levels in the intrathecal compartment. CSF levels of
QUIN were elevated in the SIV-infected monkeys especially in
animals with end-stage disease, and in those infected with pathogenic
SHIV89.6P. CSF QUIN was not elevated after infection with the
nonpathogenic construct SHIVHXBc2. QUIN elevations occurred in
association with reduced CD4+ and increased CD8+ lymphocytes,
cellular alterations that were more pronounced in CSF than in the
blood. Furthermore, there was no evidence to support disruption of
the blood-brain barrier (BBB) These findings support the view that
the intrathecal compartment provides a unique window on viral
infection, and are in keeping with the a priori prediction that QUIN
increases primarily in response to more pathogenic viral strains.
Supported by NIMH grant MH4I659, NIH grant AI33237, NAID grant
AI24591, and the Wisconsin Regional Primate Research Center R00167.

HSV-1 REPLICATES IN ASTROCYTES BUT NOT IN
MICROGLIA. M.L. Baker*. B.M. Gebhardt and C.L. Weill. LSU
Neuroscience Center of Excellence, New Orleans LA 70112
The subfamily Alphaherpesvirinae of which HSV-1 is a member, is
characterized by a short reproductive cycle, rapid spread in culture,
efficient destruction of infected cells, and a capacity to establish latent
infections primarily, but not exclusively, in neurons. The purpose of
this study was to examine the ability of herpesvirus to replicate in
astrocytes and microglia. Astrocytes and microglia were infected with
.0175, 0.175, and 1.75 plaque forming units/cell. Cell culture
supernatants were collected daily and assayed for infectious virus by
the viral plaque assay. In astrocytes, HSV-1 replicates well at each viral
dose used ( by day 2 the viral titers were 1, 2, and 2.6 pfu/ cell
respectively). In microglia, the virus does not replicate well at any dose,
(the maximum final viral titer was equal to .00045 pfu/ cell by day 5).
At .0175 pfu/microglia, no infectious virus was obtained from the
medium. Although no infectious virus was obtained from the medium,
viral DNA was extracted from the microglia and detected by the
polymerase chain reaction, only on days 4 and 8.

326.17

326.18

LOSS OF NEURONS IN THE P LAYERS OF THE LATERAL
GENICULATE NUCLEUS IN A PRIMATE MODEL OF AIDS
N.E.J. Berman*. L.A. Raymond. R. Raghavan. S.V. Joag. O. Naravan, and
P. Cheney. Departments of Anatomy and Cell Biology, Molecular and
Integrative Physiology and Merion Merrell Dow Laboratories, University of
Kansas Medical Center, 3901 Rainbow Blvd., Kansas City KS, 66160
Neurovirulent simian immunodeficiency virus (SIV) causes AIDS and
neuropathology in rhesus macaques. Visual evoked potentials from these
animals show increases in latency and decreases in amplitude. To determine
whether these deficits might be due to neuron loss in the visual pathways,
the lateral geniculate nuclei (LGN) of six SIV infected macaques were
examined for neuron loss using the unbiased optical fractionator method.
Estimates of the number of neurons in the parvocellular (P) layers of the
lateral geniculate nucleus of four normal age and sex matched control
monkeys ranged from 1.0 to 1.3 X 106, while the number of neurons in SIV
infected macaques ranged from 0.8 to 1.1 X 106, reflecting neuron loss of
up to 28 per cent of the population. Neuron loss was not observed in the
magnocellular (M) layers. In the animals which showed significant neuron
loss in the P layers, neuron density was decreased throughout the nucleus.
In all SIV infected animals, the total number of glia and glial density were
unchanged, although activation of both astrocytes and microglia was apparent
as assessed by GFAP and MHC-II staining, respectively. Loss of neurons in
the lateral geniculate nucleus was correlated with the pattern of
neuropathological changes. Neurons were lost in animals with encephalitis
concentrated in the brainstem and subcortical white matter and did not occur
in animals with diffuse encephalitis. Supported by NS32202, NS32203,
HD02528 and the Kansas Lions Eye Foundation.

NEUROVIRULENT SIMIAN IMMUNODEFICIENCY VIRUS CAUSES
EARLY NEUROPHYSIOLOGICAL SYMPTOMS AND LOSS OF
CIRCADIAN RHYTHM IN RHESUS MONKEYS
T. F. W. Horn*. S.
Huitrȯn-Resendiz, Mike R. Weed. Lisa H. G old S. J. Henriksen and H. S. Fox.
Dept. o f Neuropharmacology, The Scripps Research Institute, La Jolla, CA 92037.
SIV produces CNS changes in rhesus monkeys reminiscent of those seen in HIV,
including CNS damage and dy sfunction. Here we report the successful application
o f radio telemetry to characterize early physiological abnormalities in the SIV
model, enabling a correlation with measures such as virological and
electrophysiological characteristics of NeuroAIDS. Five Rhesus monkeys were
fitted with epidural electrodes comiected to a subcutaneousely implanted telemetric
radio transmitter capable of transmitting electroencephalogram (EEG), body'
temperature (BT) and gross motor activity. Data (activity7 counts per 10 min,
average body7 temperature and a thirty second EEG epoch) were collected
continuously in 10 min intervals both before (control) and after intravenous
inoculation with an SIV stock derived from serial microglial passage. During the
control period, stable circadian rhythms o f BT and gross motor activity were
detected. The acute infection caused rises in BT, observed in all 5 individuals,
starting at 8 to 13 days post infection, resulting in a disruption of the circadian
rhythm for 3-4 days. Such febrile episodes were accompanied by a reduction in
daily motor activity to 50 % of control levels. Power spectrum analysis of EEG
recordings revealed a reduction o f slow wave frequencies during sleep during the
acute infection period. Neurophysiological testing for auditory7 and visual evoked
potentials one month after infection showed changes in the brainstem auditory7
evoked potential peak latencies characteristic o f SIV (and HIV in humans).
Interestingly examination o f the CNS during acute infection (12 days) revealed the
brain stem as an early target for viral infection. The present results of early
detectable neurophysiological abnormalities of SIV, and the similarity between
rhesus and human viruses and brains, makes the SIV model ideal for testing new
therapies aimed at preventing or arresting cognitive decline induced by HIV.
Supported by NIMH (MH 55836 and MH47680).
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BEHAVIORAL,
ELECTROPHYSIOLOGICAL,
VIRAL
AND
IMMUNOLOGICAL EFFECTS OF SIV IN RHESUS MONKEYS: A CASE
STUDY. M.R. Weed*. I. Polis. T.F.W. Horn. S. Huitrȯn-Resendiz. G.F. Koob.
F.E. Bloom. S.J. Henriksen. H.S. Fox and L.H. Gold. The Scripps Research
Institute, Deptartment o f Neuropharmacology, La Jolla, CA 92037
Infection with simian immunodeficiency virus (SIV) in rhesus monkeys
recapitulates many aspects of infection with human immunodeficiency virus (HIV).
This case study incorporates behavioral, electrophysiological, viral and
immunological data to profile the progression of NeuroAIDS in a single monkey
with measures from each of these approaches. Two weeks after i.v. infection with
microglia-passaged SIV, an acute viremia occurred with virus detected in both blood
and CSF. The acute viremic stage did not manifest specific cognitive decline,
although a motivational decline was evident in performance under a progressive-ratio
schedule. Following the acute viremic stage, plasma virus decreased; however,
within a month viral titers returned to high levels while antibody levels remained
relatively low in this monkey. At approximately 6-8 weeks after infection CNS
effects were manifest. These effects included slowed reaction time (at 6 wks), and
slowing of both auditory and visual evoked potentials (at 8 wks), followed by
impaired fine motor performance (at 8-10 wks). Although motivation to work for
food reinforcement began to decline after 6 wks, a test of spatial working memory
(SWM) showed more dramatic impairments in performance relative to another test o f
memory using delayed non-matching to sample. The decline in SWM performance
was particularly pronounced when the monkey was challenged with probe tests
using more difficult performance conditions at 6 and 10 wks post infection.
Significant CNS pathology was found at necropsy at 12 wks after infection.
Performance of this monkey will be compared with that of uninfected control
monkeys and other monkeys infected with SIV which had longer time-courses of
disease progression.
These data illuminate the relationship between the
neurobehavioral sequelae of SIV infection to pathological changes in CNS and
immune function. Furthermore, these data illustrate the potential of the SIV model
for examining the mechanisms behind the behavioral impairments and for use in the
development of potential therapeutics. Supported by NIMH grant MH 47680.

DIRECT EVIDENCE OF NEURONAL CELL DEATH IN SIV
INFECTED PRIMATES. F. J. Denaro1*. R.C. Switzer. III2. A. Lackner3.
J. Lane3 and M. Ruitz1. Texas Tech University Health Sciences Center,
Lubbock, TX1; NeuroScience Associates, Knoxville, TN2; New England
Regional Primate Research Center, Harvard Medical School, MA3.
Characterization of neuropathology in animal models of HIV/CNS
infection is required if these models are to be used for development and
testing o f neuroprotectants, antivirals or vaccines. Neurodegeneration and
neuronal cell loss has been identified in primates infected with SIV.
However, there appears to be some differences as compared to the human
neuropathology. Multi-nucleated giant cells, the hallmark of HIV/CNS
infection have been identified both in humans and primates. The size of
these giant cells in the primate appear to be much larger and numerous.
This might suggest that neuronal cell death might be found in association
with the giant cells. In primates presentation of gliosis has not been a
consistent feature across studies. Demyelination is minimal and focal as
compared to humans. However, with the use of special silver stains for
neuronal degeneration it has been possible to identify neuronal death in
SIV infected primates. Degeneration of both cell body and processes can
be revealed. These changes include 1) Degeneration o f the neurosomata.
2) Terminal degeneration of synapses and 3) degeneration of axons.
These degenerating axons have been found in areas in which myelin
pallor is not demonstrated by myelin stains.
Therefore, when
demyelination is noted it may be secondary to axon degeneration. The
neurodegenerative changes have not been found consistently near the
multi-nucleated giant cells.
NS31857, RR00168, NS30769, NS35732
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TH E P H Y S IO L O G IC A L A N D M O L E C U L A R B A S IS O F L O N G -T E R M M EM ORY.
E.R . K a n d el1. E.M . S chum an2, U .F rey3 and J.C -P.Y in4 (C haired by R .G .M .M orris*5).
1H ow ard H ughes M edical Institute, C olum bia Univ., N ew York; 2D ept. B iology, Cal.
T ech.., Pasadena; 3F ederal Inst, for N eurobiol., M agdeburg, G erm any; 4C old S pring
H arbor Laboratory, N ew York; 5C tre for N eurosci., Univ. E dinburgh, S cotland.
T he cellular changes that underlie synaptic and behavioral plasticity, thought to be
the basis o f certain types o f m em ory, can be divided into short-term changes involving
the m odification o f pre-existing proteins (unaffected by inhibitors o f protein synthesis)
and long-term changes involving the synthesis o f new proteins.
K andel will d iscuss results from Aplysia, m ice and hum ans, suggesting that both
form s o f m em ory seem to share com ponents o f a com m on m o lecu la r sw itch to convert
STM into LTM . This sw itch involves the coordinated expression o f the cyclic A M P
re sponsive elem ent binding protein transactivator (C R E B -1), and other activators, and
the concom itant re lie f o f repression by C R E B -2. R em oval o f the repressor low ers the
threshold for m em ory storage and leads to im m ediate long-term m em ory. Schum an
will describe how the neurotrophins B D N F and NT-3 m ay stim ulate the synthesis o f
proteins in either axonal or dendritic com partm ents o f neurons, p roviding a m echanism
for synapses to exert local control over the com plem ent o f proteins expressed at
individual synaptic sites. Frey will consider how synaptic input-specificity could be
realised during protein synthesis-dependent late-LTP via the creation o f a protein
synthesis independent synaptic-tag that hijacks relevant n ew ly-synthesised proteins
during LTP. T he dynam ics o f synaptic-tagging and sequestering o f proteins will be
outlined. Yin will describe how induced over-expression o f the C R E B activator protein
isoform bypasses the requirem ent for repetitive training during olfactory learning in
Drosophila, and evidence that the activator/blocker (A /B ) ratio is actively m odulated
during LTM form ation. M olecular events crucial for LTM form ation include
m odulation o f phosphorylation (on residues other than the w ell-characterized serine
133) and m odulation o f protein dim er form ation. Use o f C R E B -resp o n siv e reporter
transgenes will help to identify cells activated during the process o f LTM form ation.

SYMPOSIUM. NON-TRAN SC RIPTION AL ACTIONS OF THE
STEROID HORMONE ESTROGEN: SITES AND MECHANISMS OF
ACTION.
RX.Moss, Univ. of Texas Southwestern Medical Center (Chairperson); D. M.
Dorsa, Univ. of Washington; M. J. Kelly, Oregon Health Sciences Univ.; J.
B. Becker, Univ. of Michigan.
Recent studies on a variety of nerve cells have addressed the nature of the
non-transcriptional actions of estrogen (E2) on membrane excitability. Bob
Moss will provide evidence that E2has an enhancing effect on kainate-induced
currents in CA1 hippocampal neurons that is mediated via an action on Gprotein-coupled receptors. This effect operates in concert with an internal
action of E2that modulates the cAMP dependent phosphorylation of the kainate
receptor channel. Dan Dorsa will present data from neuroblastoma and primary
cells that suggest E2 promotes transcription of certain neuropeptide genes
through cAMP-dependent , protein kinase and subsequent CREB
phosphorylation. In addition, E2 induction of c-fos transcription may be
mediated by the activation of the MAP kinases pathway. Martin Kelly will
report studies on hypothalamic β -endorphin neurons in which E2 activates a
PKA pathway that uncouples both µ-opioid and GABAb receptors from their
K+channels. These actions of E2are blocked by selective E2 antagonists. Jill
Becker will report studies that lead to a similar picture in that E2 modulates
dopamine release, calcium currents and sexual behavior via a G-protein-coupled
mechanism in the absence of the classical genomic estrogen receptor.
Collectively, the effects of E2 are rapid, steroid specific, cAMP-PKA
dependent, independent of protein synthesis and may involve specific
membrane receptors. These findings underscore the enormous potential of the
non-transcriptional actions by E2 on CNS-mediated functions.
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QUANTITATIVE ULTRASTRUCTURAL IDENTIFICATION OF GLUTAMATE
(GLU) AND GABA CONTAINING BOUTONS SYNAPSING ON SYMPATHETIC
PREGANGLIONIC NEURONS IN PARAPLEGIC RATS: AN IMMUNOGOLD
LABELING STUDY. J. B . Cabot* and W. Akmentin. Department of Neurobiology
and Behavior, SUNY at Stony Brook, Stony Brook, NY 11794-5230.
This study sought to determine whether SPNs receive GABAergic and
glutamatergic inputs from spinal intemeurons.
In paraplegic rats, (spinal
transection at T4-5, 10 days prior to sacrifice) adrenal medullary sympathetic
preganglionic neurons (SPNs) were retrogradely labeled with horseradish peroxidase
(HRP). Spinal cord segments T8-9 were vibratome sectioned in the horizontal plane,
DAB reacted for HRP visualization and plastic embedded. Immunogold labeling
was performed on thin sections. Gold particle density criterion values for the
identification of GABA(+) and GLU<+) terminals were determined as follows: (1)
Mean ‘"background” was estimated by sampling SPN somata with templates s in area
to an average-sized synaptic terminal. (2) The variance o f mean “background” was
estimated by ANOVA. And (3) GABA(+) and GLU(+) terminals had immunogold
densities > 99.5% of all values observed in “background.” Six (6) independent
analyses of GLU labeling were performed on 2127 terminals; 4 analyses o f GABA
labeling were performed on 1173 terminals. In paraplegic rats: (1) GLU(+) terminals
accounted for 19% of all boutons contacting identified, proximal SPN processes and
35% of all terminals associated with unidentified processes in the SPN neuropil.
And (2) GABA(+) terminals accounted for 37% o f all boutons contacting identified,
proximal SPN processes and 44% of all terminals associated with unidentified
processes in the SPN neuropil. When these values are compared with similar data
accumulated from rats with intact neuraxes, the observations suggest: (1) The vast
majority (if not all) of GABAergic input to SPNs arises from spinal intemeuronal
sources. And (2) it is likely that there are spinal and supraspinal sources of
glutamatergic input to SPNs. JBC is supported by MERIT award HL24103.
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331.2
DIFFERENTIAL EXPRESSION OF AMPA RECEPTOR SUBUNITS
GLUR1 AND GLUR2,3 IN SYMPATHETIC PREGANGLIONIC
NEURONS (SPN). IJ Llewellvn-Smith1*. CL Martin1. LF Amolda1. RJ
Wenthold2 and JB Minson1. 1Cardiovascular Medicine, Flinders University,
Bedford Park, SA AUSTRALIA and laboratory of Neurochemistry,
NIDCD/NIH, Bethesda MD.
Electrophysiological studies have implicated AMPA-type glutamate
receptors in the fast excitatory synaptic responses of SPN. We used
immunocytochemistry and retrograde tracing with cholera toxin B subunit to
investigate the expression of the AMPA receptor subunits GLUR1 and
GLUR2,3 in rat SPN that projected to the superior cervical ganglion (SCG)
or the adrenal medulla. At the light microscope level, immunoreactivity for
both GLUR1 and GLUR2,3 was localized throughout the cell bodies and
dendrites of some retrogradely labelled SPN. There was a significant
difference in the proportion of GLUR1-positive SPN supplying the SCG and
the adrenal medulla; 50.9% of SPN projecting to the SCG (1338/2631)
contained GLUR1 vs. 0.9% of sympathoadrenal neurons (28/3031). There
was also a significant difference in the proportion of GLUR2,3-positive SPN
supplying these two targets. GLUR2,3 was present in 24.9% of SPN
projecting to the SCG (785/3150) whereas only 3.9% of sympathoadrenal
neurons (120/3041) expressed this receptor subunit. Ultrastructurally,
immunoreactivity for GLUR1 and GLUR2,3 formed punctate deposits in
rough endoplasmic reticulum, Golgi and cytoplasm of neurons in the
intermediolateral cell column. Label was sometimes also seen in association
with post-synaptic densities and in presynaptic terminals. These results
suggest the possibility that some SPN may lack AMPA-receptor-dependent
responses to glutamate.
Supported by the National Health & Medical Research Council of Australia
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331.4

ELECTROTONIC COUPLING BETWEEN SYMPATHETIC PREGANGLIONIC
NEURONES. M.F. Nolan. D. Spanswick. S.D. Logan*. Dept.Biom ed.Sci.,
Institute of Medical Sciences, Univ. of Aberdeen, Aberdeen, UK. AB25 2ZD.
Electrotonic coupling enables synchronisation of electrical activity and transfer of
small molecules between cells. We have characterised some of the biophysical and
functional aspects of electrotonic coupling between sympathetic preganglionic
neurones (SPNs). Whole-cell patch clamp recordings were made from SPNs within
400 µM transverse slices of spinal cord from 8-16 day old rats (Logan et al. 1996
J.Physiol.496, 491-502). During single electrode recordings electronically coupled
SPNs were identified by demonstrating a short latency depolarisation (SLD)
following antidromic stimulation. SLDs were characterised by a constant latency and
waveform following stimulation at high and low frequencies, showed a stable all or
nothing threshold and could be revealed by spike collision testing. Electrotonic
coupling was also demonstrated by transfer of current between pairs of SPNs recorded
simultaneously: injection of polarising current into one SPN caused a corresponding
membrane polarisation in the follower SPN. Typical coupling ratios were in the
range 0.19-0.45; the junctional conductance was reduced by increases in the
transjunctional potential. A sub-population o f SPNs demonstrate spontaneous
biphasic membrane potential oscillations which can underlie rhythmic patterns of
action potential firing. Recent evidence demonstrates that electrotonic coupling is
required for the generation of these oscillations (Logan et al. 1996). In addition,
carbenoxolone (100 µM), a gap junction blocker, reversibly abolished spontaneous
oscillations and antidromic SLDs. The group I metabotropic glutamate receptor
agonist dihydroxyphenylglycine induced membrane potential oscillations in
previously silent SPNs. Such SPNs were shown to be coupled prior to agonist
perfusion, implying that the oscillations were induced by suprathreshold
depolarisation of adjoining coupled SPNs.
Coupling between SPNs enables generation of synchronised membrane potential
oscillations which underlie rhythmic action potential firing and may play a
fundamental role in generation of specific patterns of sympathetic nerve discharge.
Supported by the Wellcome Trust and the British Heart Foundation.

DIFFERENTIAL CONTROL OF SYMPATHETIC OUTFLOW TO
BROWN ADIPOSE TISSUE AND TO THE SPLANCHNIC BED
BY THE RAPHE PALLIDUS (RPa) AND THE ROSTRAL
VENTROLATERAL M EDULLA (RVLM). S.F. Morrison* Dept. of
Physiology, Northwestern Univ. Med. Sch., Chicago, IL 60611.
Sympathetic nerve activity (SNA) to brown adipose tissue (BAT)
regulates not only the blood flow to BAT, but also its level of metabolic
heat production, thereby contributing to thermal regulation. To examine its
central regulation, I compared BAT SNA in anesthetized rats to splanchnic
(SPL) SNA, which has a significant vasomotor component. BAT SNA was
quiescent at normal body temperature (37°C), whereas SPL SNA displayed
robust activity with bursts synchronized to the cardiac and respiratory
cycles. At 34°C, BAT SNA was increased in bursts between 1-4 Hz, which
did not cohere with the arterial pulse. Twin-pulse stimulation in either RPa
or RVLM elicited only long-latency responses in BAT SNA, but both early
and late responses in SPL SNA. Bicuculline microinjections in RPa
produced a dramatic increase in BAT SNA, but only a small elevation in
SPL SNA. BAT and SPL SNAs had no significant coherence, except
occasionally at the respiratory frequency. Bicuculline microinjections into
the RVLM elevated SPL SNA, but had no effect on BAT SNA. These
results indicate a heretofore unrecognized role of rostral raphe pallidus
neurons in thermal regulation and energy metabolism and suggest that BAT
SNA and SPL SNA are generated by independent brainstem oscillators.
Supported by NIH HL47196.

331.5
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NEUROANATOMICAL MAPPING OF GABAERGIC BULBOSPINAL CELLS
BY DETECTION OF GAD-67 MRNA: IDENTIFICATION OF PUTATIVE
SOURCES OF SYMPATHOINHIBITION. Ruth L. Stornetta*. Meerwais Razak and
Patrice G. Guyenet. University of Virginia Health Sciences Center,
Dept, of Pharmacology, Charlottesville, VA 22908
We identified cells in the medulla oblongata that contain mRNA coding for glutamic
acid decarboxylase-67 (GAD-67), a synthetic enzyme for the inhibitory
neurotransmitter, GABA and that project to the thoracic spinal cord. Microinjection of
fast blue (FB), a retrogradely transported tracer, was performed using sterile surgical
techniques into the upper and mid-thoracic levels of spinal cord in pentobarbital
anesthetized rats (n=6). After 10 days to 2 weeks, rats were sacrificed, brains removed
and sectioned on a vibratome. We made labeled riboprobes from the GAD-67 clone
(generously donated by A. Tobin) using either 33P-UTP (visualized with emulsion
autoradiography), or digoxigenin-11-UTP (visualized with alkaline phosphatase tagged
digoxigenin antibody) and the T3 Riboprobe System. We detected GAD positive
spinally projecting cells in the raphe magnus and obscurus, the gigantocellular reticular
nucleus, the paragigantocellular nucleus , the gigantocellular depressor area and the
parapyramidal area. Cells were mapped and counted using the Neurolucida system with
a Lucivid camera attachment. All FB + GAD-67 labeled cells and FB cells in half
coronal sections taken at different levels of the medulla were counted in 4 sections per
area from 3 different cases. The percentage of double labeled cells (FB + GAD-67)
increased in the more rostral sections (at the level of the area postrema, 5 ±3% of
spinally projecting cells were GAD-67 positive, at the level of the caudal ventrolateral
medulla, 9±5 % of spinally projecting cells were GAD-67 positive, at the level of the C1
area, 22±7% of spinally projecting cells were GAD-67 positive and at the level of the
facial nucleus, 46±7% of spinally projecting cells were GAD-67 positive.) Some of these
GAD positive bulbospinal cells could be a source of sympathoinhibitory input to
sympathetic preganglionic neurons in the intermediolateral column of spinal cord.
(supported by HL 28785 from NHLBI)

WHOLE-CELL PATCH-CLAMP ANALYSIS OF PRESYMPATHETIC
NEURONS ISOLATED FROM THE ROSTRAL VENTROLATERAL
MEDULLA (RVL) OF THE RAT. J. Lipski*. Y. Kawai. J. Qi. A.M.
Comer and J. Win. Dept. of Physiology, Univ. of Auckland, Private Bag
92-019, Auckland, New Zealand.
A distinct subpopulation of RVL neurons plays a key role in
controlling sympathetic vasomotor tone. To characterise these
presympathetic neurons under conditions in which all cell-to-cell
interactions (synaptic and non-synaptic) are eliminated, they were
freshly dissociated from 8-19 day old rats. Neurons projecting to the
upper thoracic segments were retrogradely labelled with fluorescent
beads and their catecholaminergic phenotype was examined with
immunocytochemistry or single-cell RT-PCR. Recordings were made
from spinally projecting and non-spinal neurons with pipettes containing
Lucifer Yellow. Cell input resistance measured with a potassium or
cesium-based pipette solution was 0.30±0.05 GQ (n=15) and 1.08±0.11
GQ (n=15), respectively. Cm was 40.2±2.9 pF in retrogradely labelled
cells, and 33.9±3.7 in non-spinal cells. Under current clamp, the
membrane potential recorded with K+ -containing pipettes in both
groups of neurons was -61.5±2.3 mV. No regular depolarisations
(autodepolarisations) or firing were observed. Regular firing or single
action potentials could be evoked with depolarising current pulses (spike
amplitude: 76.9±3.5 mV, spike width: 1.2±0.15 ms). Several voltagegated currents were revealed in the voltage-clamp mode in both the
spinally projecting (catecholaminergic and non-catecholaminergic) and
non-spinal neurons, including the transient and persistent sodium,
delayed rectifier and high-threshold calcium currents. These results, in
conjunction with a parallel study by Comer et al. (this volume), indicate
that dissociated RVL neurons provide a useful model for studying
biophysical and molecular properties of neurons involved in blood
pressure control (Supported by HRC of New Zealand).

331.7

331.8

ANALYSIS OF GENE EXPRESSION IN THE ROSTRAL VENTROLATERAL
MEDULLA (RVL) OF THE RAT USING MICROPUNCH AND SINGLE-CELL
REVERSE TRANSCRIPTION POLYMERASE CHAIN REACTION (RT-PCR)
TECHNIQUES. A.M. Comer*, J. Lipski, J. Oi. Y. Kawai and J. Win. Dept. of
Physiology, University of Auckland, Private Bag 92-019, Auckland, New Zealand.
The RVL contains a population o f bulbospinal neurons which are critically
involved in the tonic and reflex control of blood pressure. The objective of this study
was to identify genes which may be involved in the function o f these neurons. RTPCR analysis (using a semi-nested protocol) o f tissue micropunched from the RVL
region of adult rats established the expression of mRNA transcripts for glyceraldehyde
phosphate dehydrogenase (GAPDH), neuron-specific enolase (NSE), glial fibrillary
acidic protein (GFAP), the catecholamine synthesising enzymes tyrosine hydroxylase
(TH) and phenylethanolamine N-methyltransferase (PNMT), glucocorticoid receptor
(GCR), mineralocorticoid receptor (MCR), adenosine 5'-triphosphate (ATP) receptor
subunit P2X2-1, norepinephrine transporter (NET), glycine transporter 2 (GLYT2),
neuronal glutamate transporter (EAAC1) and glial glutamate transporter (GLT).
Single neurons were acutely dissociated from the RVL of 13 - 21 day old rats, and
classified as spinally projecting or non-spinal by the presence or absence of
retrogradely-transported fluorescent beads injected into the upper thoracic segments.
Expression of GAPDH and/or NSE was used as the criterion for selecting cells for
further analysis. A subpopulation of spinally-projecting neurons expressed PNMT or
TH, indicating that they were catecholaminergic. MCR, NET and EAAC1 expression
was observed in subpopulations of PNMT positive and negative bulbospinal neurons.
These results indicate that RT-PCR can be used to study the expression of multiple
genes in single bulbospinal neurons isolated from the RVL. This provides important
information about receptors and neurotransmitter transporters expressed by these
neurons. Supported by the Health Research Council of New Zealand.

SELECTIVE LESIONS OF Cl NEURONS IN THE ROSTRAL VENTROLATERAL
MEDULLA (RVLM) IN RATS. C.J. Madden*. L. Rinaman. R.G. Wiley 1 and A.F.
Syed. Univ. of Pittsburgh, Pittsburgh, PA 15260 and Vanderbilt Univ.1, Nashville, TN
37232.
The spinally-projecting neurons of the RVLM play an important role in the regulation
of cardiovascular function. This group of neurons is composed of two neurochemically
defined populations, those belonging to the Cl catecholaminergic cell group and those
that are non-catecholaminergic. The inability to selectively lesion either o f these subpopulations has impeded progress towards a more detailed understanding of their roles
in cardiovascular regulation. Selective lesions of the C l cell group have now been
accomplished with the use of a novel immunotoxin consisting of saporin, a ribosome
inactivating protein, bound to an antibody to dopamine beta hydroxylase (D(3H)
(Advanced Targeting Systems, Lot # ATS3-1). Unilateral microinjections of saporinantiDβH (21ng in 200nl artificial cerebral spinal fluid (aCSF)) in male Sprague-Dawley
rats two to four weeks prior to study produced an 84±4% (n=10) reduction in the
number of phenylethanolamine-N- methyltransferase (PNMT) positive neurons in the
RVLM compared to the uninjected side. In unilaterally toxin injected rats treated with
hydralazine, to acutely lower blood pressure, the presence of Fos positive, PNMT
negative neurons within the region o f C l cell depletion suggests that the lesions
produced by this toxin were selective for Cl cells. Other rats received bilateral
microinjections of saporin-antiDβH. Rats with bilateral lesions of the Cl cell
population survived, although they gained weight at a slower rate than control aCSF
injected rats for at least the first month postoperatively. Study o f blood pressure in rats
with selective lesions of RVLM Cl neurons should provide insight into the role of these
neurons in cardiovascular regulation. Supported by HL55687.
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LESIONS OF BARORECEPTOR AFFERENT NEURONS IN THE NODOSE AND
PETROSAL GANGLIA ALTER CALCITONIN GENE-RELATED PEPTIDE
(CGRP)-IMMUNOREACTIVITY IN THE NUCLEUS OF SOLITARY TRACT.
R.K.W. Chan* and P.E. Sawchenko The Salk Institute, La Jolla, CA 92037.
Baroreceptor activation provokes Fos induction in the nucleus of solitary tract (NTS)
in a pattern that conforms to the central terminations of the carotid sinus and aortic
depressor nerves. The lack of a definitive marker for these baroreceptor afferents has
hampered characterization of their anatomical and functional associations with targets in
the NTS. Of the neuroactive molecules expressed in the nodose (vagal) and petrosal
(glossopharyngeal) ganglia, CGRP is an attractive candidate for such a role. CGRPimmunoreactive (-ir) fibers are prominent in the dorsal commissural part of the NTS at
the level of the obex, as well as in the dorsal and dorsolateral subnuclei at the level of
the area postrema, thus resembling the distribution of baroreceptor afferents. To
determine the sources of this innervation, we have investigated the effects of various
means of ablating baroreceptor afferent nerves on CGRP-ir in the NTS. Unilateral
surgical extirpation of the nodose and petrosal ganglia markedly and selectively reduced
CGRP-ir fibers in the barorecipient zones of the ipsilateral NTS; the maximal effect
was observed 2-3 weeks after surgery. This supports the notion that these ganglia
provide the bulk of the CGRP-ir projections to the baroreceptive zones of the NTS. By
contrast, unilateral transections of the carotid sinus and aortic depressor nerves resulted
in a transient upregulation of CGRP-ir in the ipsilateral NTS that was evidenced at 1
week, and diminished by 2 weeks, after surgery. In an effort to selectively ablate
relevant cell bodies in the sensory ganglia, the retrogradely-transported toxic plant
lectin, ricin (RCA60), was injected unilaterally into the carotid sinus and aortic
depressor nerves. Ricin treatment resulted in a profound and preferential reduction of
CGRP-ir fibres in the baroreceptive zones of the ipsilateral NTS 2-3 weeks after
injection. This treatment was also effective in attenuating phenylephrine-induced Fos
expression in the ipsilateral NTS in a separate group of animals. These findings
support a role for CGRP-ir projections in the conveyance of baroreceptor inputs to the
NTS, and provide a basis for further exploration of the first synapse in the arterial
baroreceptor reflex, (supported by HL-35137 & AHA-California Affiliate)

HUMAN VISCERAL FOREBRAIN SITES IDENTIFIED BY fMRI. A.B. King. R.S.
Menon J.S. Gati, V.C. Hachinski*. andD.F. Cechetto. Robarts Research Inst., London,
ON, N 6A 5K8
Functional magnetic resonance imaging (fMRI) was used to identify regions of the
human brain involved in visceral representation. Prior to imaging, subjects were
monitored for blood pressure (BP) and heart rate (HR) while performing a series of tests
designed to activate visceral receptors: Valsalva's manuever (VM), maximal inspiration
(MX), and isometric hand grip (HG). Subjects were also administered a saline (SAL)
solution (0.17M) and a sucrose (SUC) solution (0.36M) as gustatory stimuli. BP was
recorded with a Finapres finger cuff, and HR was calculated from the Finapres pulse
pressure. After establishing BP and HR changes during these tests, the procedures were
performed during fMRI. Imaging was conducted on a 4 T Varians scanner (RT=50ms;
ET=10ms; flip angle=22°; FOV=200mm; resolution=64X64; slice thickness-5mm).
Activity levels during stimulation were compared with baseline using a student's t-test
(VM, MX, HG) or time-course cross-correlation (SAL, SUC). In the first 12 seconds,
MX increased brain activity in the anterior ventrolateral insular cortex (ICAVL) and the
medial region of the ventral posterolateral nucleus of the thalamus (VPLM). This activity
is likely the result of rapid lung afferent input to the brain; this is supported by the peak
changes in BP and HR 6 seconds after the start. From 12 to 18 seconds, VM elicited
activity in the ICAVL, the VPLM, and the infralimbic cortex (ILC), while HG activated the
medial ventral lateral insular cortex (ICMVL)and the ILC. For VM and HG, the time course
of BP changes suggests that this activity reflects baroreceptor input to these sites. During
gustatory stimulation, increased activity was seen in the anterior ventral insular cortex
(ICAV) during this time period. After 18 seconds, activity is still observed in the VPLMin
response to VM and in the prefrontal cingulate region in response to HG. The procedures
used in this study delineate, for the first time, the visceral regions of the human brain
(insular cortex, thalamus, and infralimbic cortex). In addition, the activation of specific
sites, in response to selective afferents, indicates a viscerotopic organization of the insular
cortex.
Supported by the Trillium Foundation.
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A COMPACT ENDOSCOPE IMAGING SYSTEM FOR NEURAL ACTIVITY
ASSESSMENT IN-VIVO. David M. Rector1, Robert F. Rogers2 and John S. George3*,
1Department of Neurobiology, University of California at Los Angeles, Los Angeles,
CA. 2Central R&D, E.I.DuPont and Co.,Wilmington, DE. and 3Biophysics Group, MS:
D-454, Los Alamos National Laboratory, Los Alamos, NM. 87545
We have developed a compact endoscope imaging system to record activity from large
neuronal networks. A cylindrical gradient index lens (~ 10 cm long, 1 or 3 mm diameter)
served as a relay lens for a microscope objective, and was placed in contact with the
tissue. The microscope objective could be adjusted independently, thereby changing the
focal plane below the surface the tissue without the need to reposition the gradient index
lens. The objective produced an image of a plane of interest within the tissue on a
miniature CCD camera ( 4 x 4 mm, 208 x 165 pixels) which could be read at high rates
(200 to 2kHz depending on the number of pixels selected for read-out). The camera
data acquisition system also collected physiological data which was streamed
continuously (along with images) onto a mass storage device. Illumination was provided
in one of two ways. A beam splitter placed between the objective and the CCD camera
allowed illumination light to pass through the objective and the gradient index lens onto
the tissue in an epi-illumination mode, or a ring of flexible plastic light fibers around the
perimeter of the gradient index lens provided diffuse illumination of the imaged tissue.
A number of different light sources were piped into the endoscope through light guides.
The advantages of this instrument include a small size (presently 30 cm x 6 cm x 6 cm )
which allowed mounting on a stereotaxic frame for in-vivo recording. The gradient
index lens allowed access through a minimal opening, established a firm surface to
minimize tissue movement and specular reflectance, and allowed different focus depths
to be achieved without perturbing the tissue. Continuing developments include further
miniaturization, more efficient optical coupling within the instrument, and refinement of
capabilities for confocal and spectral imaging.

LIGHT SCATTERING CHANGES FROM THE DORSAL BRAINSTEM DURING
PRESSOR CHALLENGES AND SPONTANEOUSLY EVOKED ACTIVITY.
Robert F. Rogers1*, David M. Rector2, Ronald M. Harper2, James S. Schwaber2 & John
S. George3. 1Central R&D, E.I.DuPont Co., Wilmington, DE., 2Dept. of Neurobiology,
University of California at Los Angeles, Los Angeles, CA. and 3Biophysics Group, MS:
D454, Los Alamos National Laboratory, Los Alamos, NM 87545.
Neural activity within the dorsal brainstem (NTS) was investigated in anesthetized rats
using a novel endoscope imager. Activity was examined in response to respiratory and
cardiac cycles and phenylepherine challenges. Rats were anesthetized (urethane,
1.3g/kg IP), femoral veins and arteries were cannulated, and the vagus nerve bundle was
dissected. Rats were paralyzed with veceronium bromide and artificially ventilated, and
a pneumothorax was performed to minimize movement. Tracheal pressure, arterial
blood pressure, and electrocardiogram, a were written onto a polygraph record and
digitized during the experiment. Dorsal brainstem exposure was achieved by flexing the
head ventrally ~60° and removing the dural sheet between the skull and first vertebrae.
The endoscope imager (detailed elsewhere) consisted of a gradient index lens, a
microscope objective, and a miniature CCD camera. The' lens was placed above
cardiorespiratory regions of the NTS, and tissue was illuminated through flexible fibers
secured around the perimeter of the lens. Tissue was illuminated with light (~790 nm)
from a laser diode array, and changes in back-scattered light were imaged onto the CCD
camera and digitized at 40 frames per second, along with physiological data (recorded
at 1kHz). Changes in back-scattered light have been shown previously to signal changes
in tissue activation. Administration of phenylephrine (0.5-1.0µg IV) increased blood
pressure, decreased heart rate, and caused a bi-phasic shift in light scattering. Triggered
averages revealed increases in apparent neural activity correlated with the cardiac cycle
and with the ventilation. Images of light scattering changes show a coarse spatial
distribution of activity patterns. Future work with this system promises to provide
improved spatial and temporal resolution of neural activity for the study of distributed
network control of physiological processes.

DEGENERATIVE DISEASE: ALZHEIMER'S—BETA-AMYLOID
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S100A1: A LINK BETWEEN PAIRED HELICAL FILAMENTS AND AB? D. B.
Zimmer*. Department of Pharmacology, University of South Alabama, Mobile,
AL 36688
This study tests the hypotheses that altered S100A1 expression contributes
to Alzheimer’s disease (AD) and that normalization of S100A1 expression will
reverse/slow the progression of AD. First, increases in S100A1 steady-state
mRNA levels were detected in all regions of AD brains except the
hippocampus which exhibited a decrease in S100A1 steady-state mRNA
levels (0.86 fold). The largest increases in S100A1 mRNA levels (1.43 to 1.67
fold) were observed in frontal lobe, occipital lobe, thalamus, corpus callosum,
paracentral gyrus, and pons. Other regions (temporal lobe, parietal lobe, and
amygdala) exhibited a 1.35 fold increase S100A1 mRNA. These results
suggest that increased S100A1 expression contributes to the progression of
Alzheimer’s disease. PC12 cells which express normal levels of (pControl
clones) or no (pAntisense clones) S100A1 were used to test the hypothesis
that decreased S100A1 expression would reverse the AD phenotype, in
particular render cells resistant to Ap toxicity. pControl cells exhibited a dosedependent toxicity in response to Ap treatment with approximately 60% viable
cells remaining at 10 µM Aβ. In contrast, pAntisense clones exhibited a 1015% increase in viability when treated with 0.1 to 10 Ap. This resistance to
Aβtoxicity was accompanied by a significant reduction in basal [Ca2+]1 (88% of
pControl clones), increased total α-tubulin levels (227% of pControl clones),
and increased polymerized tubulin (183% of pControl clones). Altogether,
these results suggest that S100A1 links two of the pathological features of AD,
p-amyloid plaques and neurofibrillary tangles. Furthermore, pharmacological
agents which inhibit S100A1 expression/function may partially reverse the
pathology of Alzheimer’s disease.
Supported by grants from NIH (NS-30660) and the Pine Family Foundation.
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332.2
A NEW TYPE OF MUTATION IN NON-FAMILIAL ALZHEIMER’S DISEASE AND
DOWN SYNDROME. F.W. van Leeuwen*1. E.M. Ho l 1 A. Neubauer13. J.A. Sluijs 1.
M.A.F. Sonnemans1. R.D.J. Ramdjielal3. A. Salehi F.G. Grosveld3. J.P.H. Burbach2.
D.P.V. de Kleijn1. 1Netherlands Institute for Brain Research, Amsterdam, 2Rudolf Magnus Institute, Utrecht, 3Erasmus University, Rotterdam, The Netherlands.
In the past decade considerable progress has been made in identifying mutations and
understanding the neuropathological mechanisms resulting in familial Alzheimer’s
disease (AD). Nevertheless, at least 60% of AD patients do not have a familial history
of the disease. For these sporadic cases a general mechanism must exist, ultimately
leading to neuronal degeneration. Since neurons become postmitotic around birth, it is
assumed that no major changes take place in their genome. However, we recently
identified a novel type of mutation in rat vasopressin neurons (Evans et al., PNAS USA
91: 6059, 1994). We found a dinucleotide deletion (AGA) within GAGAG motifs
resulting in +1 reading frames and “+1 proteins”. These mutations accumulated with age
and their frequency depended on cellular activity (Van Leeuwen et al., PNAS USA 86:
6417, 1989). Subsequently, +1 proteins were shown in human vasopressin neurons
(Evans et al., Neuroscience 71: 1025, 1996). Therefore we hypothesized that
dinucleotide deletions occur in other neuronal genes of postmitotic neurons (e.g. those
associated with AD). The resulting +1 proteins may gradually affect neuronal integrity
and contribute to neuropathology.
We will present evidence showing that similar mutations as in vasopressin neurons
occur in other neuronal genes, e.g. those associated with AD (e.g. β amyloid precursor
protein). Indeed +1 proteins encoded by these genes were found to be present in
dystrophic neurites of neuritic plaques, neuropil threads and tangles of AD and Down
syndrome patients, and also in aged controls, all showing various degrees of
neuropathology. In young controls no +1 proteins were found. Our results show that
dinucleotide deletions generated by a general but as yet unknown mechanism are a major
risk factor in the non-familial forms of AD, and possibly also in other neurodegenerative
diseases.
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INHIBITION OF ENERGY METABOLISM ALTERS APP SECRETION IN
ALZHEIMER’S DISEASE FIBROBLASTS L.Gasparini. L. Benussi. D.Curti^.
M.Racchi. S.Govoni^. A.Bianchetti. M.Trabucchi0 and G.Binetti*. A.Fa.R.,
Alzheimer's Disease Unit, IRCCS San Giovanni di Dio, Sacred Heart
Hospital-FBF, Brescia, Italy; ^Institute of Pharmacology, University of Pavia,
Pavia, Italy; “Department of Experimental Medicine and Biochemical
Sciences, University of Roma Tor Vergata, Roma, Italy.
An altered energy metabolism is a characteristic feature of Alzheimer's
disease (AD). In particular, a reduced cythocrome c oxidase (COX) activity
has been demonstrated not only in AD brain but also in platelets and
fibroblasts derived from AD patients. Recent findings in COS cells
transfected with APP695 suggest a link between COX activity and APP
metabolism. The COX inhibition with azide alters APP secretion leading to an
increased production of potentially amyloidogenic fragments.
Aim of this study was to evaluate the ability of aglycemia and sodium azide
treatment to influence sAPP secretion from skin fibroblasts derived from 11
AD patients and 11 control subjects. Aglycemia was able to reduce sAPP
release in the medium of both AD and control subjects to a similar extent
(control: 75.9± 11.1; AD: 75.7± 14.2) after 2h incubation. Treatment for 2h
with increasing azide concentrations (1mM-100mM) in glucose free medium
did not significantly affect sAPP secretion from control fibroblasts. However,
the same treatment was able to inhibit in a concentration-dependent way
sAPP secretion from AD fibroblasts (maximal inhibition 51%). No significant
differences in cell viability were detectable between AD and control cells
(control: 83.7±4.0; AD: 76.6±4.7 viability at the highest azide concentration).
APP expression was not altered by azide treatment either in AD or control
fibroblasts. In conclusion, the results suggest that the inhibition of COX
activity severly impaires non amyloidogenic APP processing from AD
fibroblasts due to the impaired COX activity characteristic of Alzheimer's
disease.

C O M P L E M E N T D E P E N D E N T P R O IN F LA M M A TO R Y PR O P E R TIE S O F
TH E A L ZH E IM E R 'S D ISEASE 3-PE PTIDE. N.R. C ooper*. B .M . Brad t.
Immunology Dept, The Scripps Research Institute, La Jolla, CA 92037.
Neuritic plaques (NP), largely composed of an insoluble fibrillar form of
the 40-43 residue β-amyloid peptide (Aβ ), are found in large numbers in
the hippocampus and neocortex of Alzheimer's Disease (AD) patients.
Dam aged (dystrophic) neuronal processes, increased numbers of
activated astrocytes and microglia, and components of the
proinflammatory complement system are also associated with NP. W e
and others have pointed out that the pathological changes which
characterize AD could all result from com plem ent activation in NP. W e
have shown that aggregated A β efficiently and independently activates
the alternative, as well as the classical com plem ent pathways, and
triggers the formation of covalent complexes of A β with the third
complement component (C3). A β mediated com plem ent activation also
generates the proinflammatory C 5a com plem ent activation product and
m ediates formation of the C 5b-9 m em brane attack complex (MAC) in
vitro.
Generation of these proinflammatory products is A β dose
dependent. MAC produced by A β induced com plem ent activation is
functionally active as it inserts into the m em brane of neuronal precursor
cells, and renders the cells perm eable to small molecules. These
findings cumulatively provide inflammation-based mechanisms to
account for the presence of complement components in NP, for the
dam age to neurons near NP, and for the influx and activation of glial
cells. The results also have important potential implications for the
therapy of AD.
Supported by grants from the NIH (N S 34682) and Novartis (S F P -1 141).
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M ICROGLIA AND 13-AMYLOID IN T E R A C T IO N S IN T R A N S G E N IC
M ic e a n d in V i t r o . G. M. Colei * .S.A. Frautschy1. . F. Yang1T.

BETA-AMYLOID POTENTIATED PHAGOCYTOSIS IS INHIBITED
BY PRO-INFLAMMATORY MEDIATORS IN MICROGLIA K.K.
Kopec*-and R.T. Carroll. Neuroscience Therapeutics, Parke-Davis
Pharmaceutical Research, Division of Warner-Lambert, 2800 Plymouth
Road, Ann Arbor, MI 48105-1047.
Senile plaques (SP) are mainly composed of fibrillar β-amyloid peptide
(Aβ), and are one of the neuropathological hallmarks of Alzheimer’s
disease (AD). Reactive microglia have been observed to cluster around
SPs, which implicates these cells as scavengers responsible for clearing
Aβ deposits. Thus, compromised microglial function may contribute to
accumulation of SPs due to inefficient removal of Aβ. To test this
concept, the rate of phagocytosis was measured in the BV-2 murine
microglial cell line. Fluorescent latex microspheres were coated with Aβ
1-40, Aβ 40-1, Aβ 1-42, or BSA prior to addition to BV-2 cultures, and
fluorescence of ingested microspheres was quantitated by flow
cytometry. Preaggregated Aβ 1-40 and Aβ 1-42 coated microspheres
were phagocytosed at a greater rate than were Aβ 40-1 and BSA coated
microspheres. Increases in phagocytosis were linear with increasing
concentrations of Aβ between 0-10 μM. Regardless of the coating used,
activation of microglia with interferon decreased phagocytosis rates close
to background levels after 24 hours. Addition of nitric oxide synthase
inhibitors reversed inhibition of phagocytosis observed with interferon.
These data suggest that the activation state of microglia may contribute to
reduced clearance of Aβ, thereby increasing the amyloid burden.
Supported by Warner-Lambert Co.

C. S aido2 and K. H siao3. 1Sepulveda VAMC, GRECC 11E,
Sepulveda, CA. 91343 and Dept. Med., UCLA., 2Depl. Mol.
Biol..Tokyo Metropolitan Inst. Science, Tokyo113 Japan and
3Dept. Neurol., Univ. Minn., Mpls, Mn. 55455
Microglial activation, a hallmark of the inflammatory
response in Alzheimer’s may be a cause or consequence of
injury or amyloid. Using Griffonia lectin and phosphotyrosine,
aging Tg(HuAPP695.SW E)2576 transgenic mice bearing the
"Swedish " NL double mutation (Tg2576) showed increased
numbers of intensely labeled and enlarged microglia massed
in and around amyloid deposits. Quantitative image analysis
revealed significant increases in morphological parameters of
microglial activation in transgene positive animals which were
most significant within plaque forming regions or layers.
Regression analysis of microglial density versus distance from
the plaque supported the theory that microglial proliferation was
Aβ related. The relationship of dystrophic neurites and amyloid
to microglial activation will be discussed in the context of Aβ
interactions with cultured rodent and human microglial cells
where we have explored Aβ aggregation, clearance, and
reactive oxygen production and their modulation by activation
state and NSAIDs. These in vivo and in vitro models are being
used to study the role of inflammation in plaque pathogenesis.
Supported by VA Merit and NIA (GMC, SAF), NS33249 (KH)
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REGULATION OF BETA-AMYLOID PRECURSOR PROTEIN
TRANSCRIPTION BY MULTIPLE CYTOKINES SIGNALING
THROUGH THE gpl30 SUBUNIT: CONVERGENCE VIA A
COMMON MECHANISM.
Garth E. Ringheim*. Wavne Petko.
Kendra Burgher. Susan Aschmies. and Ann Marie Szczepanik.
Neuroscience Disease Group, Hoechst Marion Roussel, Inc.,
Bridgewater, NJ 08807-0800
Alterations in beta-amyloid precursor protein (β-APP) expression is
a common feature associated with a number of CNS disorders
including ischemia, head injury, and Alzheimer's disease. These
conditions are also associated with the upregulation of cytokines that,
although known to bind unique receptor complexes, share a common
signaling receptor protein, the membrane glycoprotein gpl30. We
investigated the potential involvement of the gpl30 protein in
regulating β-APP transcription and expression in a cell line of human
neuronal origin. Five cytokines were tested including: interleukin-6
(IL-6); interleukin-11; leukemia inhibitory factor; ciliary neurotrophic
factor; and oncostatin M. All of these cytokines except IL-6, were able
to induce β-APP promoter activity as well as to elevate protein
expression and secretion. The effect of IL-6 on these cells was
minimal and found to correlate to low expression of IL-6 receptor
mRNA. Accordingly, addition of soluble IL-6 receptor to the culture
medium was able to confer IL-6 responsiveness to these cells. We
propose that the commonly observed alterations in J3-APP expression
associated with differing pathology and stress conditions may be
partially explained by the converging effects of cytokine family
groups like the gpl30 family that induce β-APP transcription and
expression by common mechanisms. Funding provided by HMR, Inc.

TRANSLATIONAL REGULATION OF AMYLOID PRECURSOR
PROTEIN (APP) BY INTERLEUKIN-1 IN PRIMARY ASTRO
CYTES AND ASTROCYTOMA CELLS J.T.Rogers. L.Nilsson*
S.S.Zhan. J. McPhee. H.Potter. L.Leiter. Dept. Neurobiology,
Harvard Medical School and Dept. Hematology, Brigham Women
Hospital, 220 Longwood Avenue, Boston, MA 02115, USA.
IL -la and IL-1 1β increased the synthesis of nascent APP protein in
primary human astrocytes without changing the steady state levels of
APP-mRNA (3-fold in response to IL-la and 4-fold in response to ILlp, n=12). There was no change in the steady-state levels of APPmRNA in primary astrocytes following IL -la stimulus over a time
course (2hr, 6hr, 16hr) when the expression level of the amyloidpromoting a r antichymotrypsin (ACT) mRNA was tenfold increased.
Astrocytoma cells (U373MG) showed a maximal 4-fold stimulus of
APP synthesis (average 2.26-fold stimulus, n=6). Similarly the APPmRNA level was unchanged in astrocytoma cells after IL-1 stimulus for
16hr. A 90nt element from the 146nt 5’-untranslated region (5’-UTR) of
the APP-mRNA confers 3-fold EL-1 responsive gene expression to CAT
reporter mRNAs in astrocytoma cells, accounting for the enhancement
in APP protein synthesis. RNAse protection and slot-blot analysis
shows that transfected hybrid APP/CAT mRNA levels are unchanged in
response to IL-1. The IL-1 responsive element in the APP 5’UTR is
structurally and functionally similar to the IL-1 responsive acute box
sequence in the 5’-UTR of ferritin mRNAs. The APP mRNA acute box
maps from +45nt to +145nt from the 5’-cap site. Sequence alignment
shows that APP-mRNA 5’-UTR is 76% homologous with the Iron
Responsive Element RNA stem-loop in the 5’UTR of the ferritin
mRNAs which regulate ferritin mRNA translation by iron.
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ACTIVATION OF APOPTOSIS INDUCED BY OKADAIC ACID MODULATES
A β PRODUCTION AND THE PROCESSING OF AMYLOID PRECURSOR
PROTEIN IN A TRANSFECTED NEURONAL CELL LINE. X. Sun*. S.A .

Different Effects o f R/A4-amyloid fragments on Calcium homeostasis,
survival and ApoE-levels o f cultured hippocampal astrocytes. U. Hamker.
V. Meske. F. Albert. U. Steffenhaaen and T.G.Ohm* Department of Clinical
Cell- and Neurobiology, Institute of Anatomy, Charité, Humboldt University,
10098 Berlin, Federal Republic of Germany
Experimental and neuropathological lesions of the brain increase
Apolipoprotein E (ApoE) levels provided by. astrocytes. ApoE plays a major
role in Alzheimer's disease by, at least, modulating onset and/or progression of
the disease. Experimentally, the pathological rank order of the 3 main isoforms
(E2, E3, E4) is reflected in the specific increase of free intraneuronal calcium
after incubation with ApoE-isoforms, an effect enhanceable by β/A4.. Only
ft/A4-amyloid is known to increase free calcium in neurons and to kill them. We
used the FURA imaging technique to measure intracellular calcium
homeostasis in cultured rat hippocampal astrocytes (P1, 14days in vitro) and
determined cell viability by a Life/Death-assay when these astrocytes were
challenged by various doses of (i/A4-amyloid fragments over a 72 hour period.
We used Western Blots and an ELISA (detection threshold 250 pM) to
measure the ApoE levels in the corresponding cell lysates and the conditioned
media. Of those fragments tested (1-11, 1-16, 1-28, 1-38, 1-40, 1-42, 1-43, 1020, 12-28, 22-35, 25-35 and 40-1), only the 10-20, 25-35, 1-40, 1-42 and 143mer fragments decreased free intra-astrocytic calcium significantly.
Morphologically, these cells resemble activated astrocytes. None of the
compounds tested caused astrocytic cell death within the 72 hour incubation
period (10pM) whereas control cultures of neurons showed marked cell loss.
ApoE levels in the medium were significantly time- and dose-dependently
lowered with strongest effects evoked by 1-43, 1-42, 1-38 and 1-40.
This work was supported by the DFG: SFB 507-C2, the Biomed ll-program,
the Hertie-Stiftung and the Forschungskommission der Charité.

F rau tsch v1, T. Chu1, B. Teter*, F.Y ang1, D, Schubert2 , and G.M. C ole1.
1Sepulveda VAMC, GRECC 11E; Depts Med. & Neurol., UCLA, CA 90095, 2Salk
Institute, La Jolla, CA 92037
Since familial Alzheimer’s disease (FAD) genes have been linked to both apoptosis
and increased A β/amyloidosis, an FAD neuronal cellular model for apoptosis was
established. B103 (rat CNS APP null neuroblastoma) cells were stably transfected
with human APP 695NL. Overexpression o f APP (compared to that from vector
alone) was confirmed by increased release o f amyloid protein (A β) in conditioned
media using sandwich ELISA. Media conditioned for 48 h from APP 695NL cells
contained 202.4±19 pM secreted A β, while vector alone had no detectable Ap. Okadaic
acid (OA) at 50 nM to 250 nM was used to induce time- and dosage-dependent cell
death. In response to OA, the neurites retracted and the cell bodies rounded up.
TUNEL staining, DNA laddering, and a site specific antibody labeling for apoptosis
confirmed that OA-induced cell death was apoptotic. Corresponding to morphological
changes in the APP 695NL cells, enhanced 4G8 staining was demonstrated
immunocytochemically, but not in vector alone. An anti-amyloid antibody specific for
free C-terminus of A β X-40 showed similar enhanced staining after OA treatment.
Enhanced APP staining in the OA-treated cell was also demonstrated
immunocytochemically by an anti-C terminal APP antibody. However, using double
staining and confocal microscopy, 4G8 immunostaining was primarily at or near the
plasma membrane, in contrast to anti-C terminal APP immunostaining which was
strongest in a perinuclear location consistent with localization in ER/Golgi. The
mechanism of the possible increase in intracellular production and extracellular
secretion of A β triggered by activation o f this cell apoptosis pathway is under
investigation. The results suggest that neuronal apoptosis could contribute to the Ap
deposition in AD (AG10685, VA merit, 5P50AG05131-13).
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INCREASED SECRETION OF 6-AMILOID AND 6-APPs IN
CEREBELLAR GRANULE CELLS UNDERGOING APOPTOSIS.
Cinzia Galli1,, Alesgandra Piccini1-3 Terega Ciotti1, Pietip Calissa.no1,
Damiano Zaccheo3 & Massimo Tabaton2-3*. l.Inst. of Neurobiology,
CNR, Roma. 2.Dep. of Neuroscience, Univ. of Genova. 3.1nst. or
Human Anatomy, Univ. of Genova (Italy).
Some clues suggest that neuronal disfunction induces a secondary
change of amyloid β-protein (Aβ) metabolism. We investigated this
issue analysing secretion of Aβ and processing of its precursor protein
(APP) in an in vitro model of neuronal apoptosis. Primary cultures of
rat cerebellar granules neurons were metabolically labeled with 35Smethionine. Apoptosis was induced by shifting [KCl]0 from 25mM to
5mM for 6hrs. Control and apoptotic neurons were then subjected to
depolarisation-stimulated release. Costitutive and stimulated release
media as well cell lysates were immunoprecipitated with antibodies
specific for Aβ, full lenght APP, α and β APP secreted forms.
Immunoprecipitated proteins were separated by SDS-gels and exposed
to phospnorimager quantification. While intracellular amount of full
lenght APP was not significantly changed following apoptosis, the
monomeric and oligomeric forms of 4.5k Aβ were 2 and 3 fold higher,
respectively, in costitutive and depolarisation-stimulated secretion as
compared to control neurons. Sucn increments were paralleled by a
corresponding increase of βAPPs/a APPα ratio in apoptotic secretion.
Immunofluoresce studies performed with an antibody recognizing an
epitope located in the Aβ sequence showed a clustering in the
cytoplasmic perinuclear region. These studies indicate that neuronal
apoptosis is associated with a significant increase of metabolic
products deriving from β-secretase cleavage, indicating that this
enzyme or a strictly related protease may be activated during apoptosis,
and suggest that an overproduction of Aβ may be the consequence of
neuronal disfunction ol various origin. Supported by grants from
Telethon (E126), Nato (CRG940642), CNR (960350 CT04 and PS
Apoptosi.
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333.1
PATHWAYS FOR TECTAL CONTROL OF VERTICAL EYE AND HEAD
MOVEMENT: A DOUBLE-LABEL STUDY IN MACAQUES. P.J. May1-3.
S. Warren*1 and B.-Z. Chen1. Depts. o f Anatomy1, Ophthalmology2 and
Neurology3, University o f Mississippi Medical Center., Jackson, MS 39216.
A portion o f the fields of Forel, the rostral interstitial nucleus o f the medial
longitudinal fasciculus (riMLF), and two midbrain nuclei: the interstitial nucleus
o f Cajal (InC) and nucleus of the posterior commissure (nPC) have been implicated as vertical gaze centers. The superior colliculus provides a critical input to the
preoculomotor neurons in these nuclei, but it also initiates vertical head move
ments. We investigated whether these nuclei subserve tectally controlled head
movement in primates. Biotinylated dextran amine (BDA) was injected into the
superior colliculus o f macaques to anterogradely label tectal efferent axons and
WGA-HRP was injected into the cervical cord to retrogradely label cells projecting to neck motoneurons. BDA labeled tectal axons terminated densely in the
ipsilateral nPC and sparsely in the contralateral nPC, but no WGA-HRP labeled
cells were observed. BDA labeled tectal terminals bilaterally in the InC, but the
degree of labeling was much less than in the nPC. A few interstitiospinal neurons
were present contralateral to the cord injection, but labeled cells were more com
mon adjacent to the InC. Labeled tectal terminals were found in close association
with these reticulospinal neurons. Thick BDA labeled axons ran forward to terminate densely in the ipsilateral riMLF and sparsely contralaterally. Scattered small
neurons labeled from the contralateral cord injection were present, and labeled
boutons were found in close association with them. In conclusion, the relatively
sparse InC tectal terminal density suggests this nucleus receives its main tectal
drive indirectly, via the riMLF, and that it differs from nPC in function. In macaques, spinal projection neurons in the vertical gaze nuclei receive direct tectal input, but the spinal projection is quite modest. This may reflect the greater capacity for independent eye movement in this species. Support: NIH grant EY09762 (PJM).
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O S C IL L A T IO N S O F T H E S A C C A D IC F E E D B A C K C IR C U IT IN
T H E M O N K E Y J.W. Gnadt*. O. Lilvnk & B. Brezncn. Dept. Neurobiology &
Behavior, SUNY at Stony Brook, NY 11794.
Using microslimulation in the superior colliculus (10-50jiA pulses at 200-667Hz).
we have tested the saccadic circuit for the step response and the frequency response
in Rhesus monkeys. The saccadic system behaves like an undcrdamped second-order
sysicm will» some biologically interesting departures from linear behavior.
To a step input, the saccadic system oscillates, producing a saccadc-like movement
with each cycle. The circuit oscillates because the naturally occurring “ latch” by the
inhibitory omnipause neurons (OPN) is defeated by tonic inhibition of the OPN during
stimulation. The oscillations bccome more rapid and smaller as a function of the step
size (frequency of stimulus pulses). For this to occur, analytical considerations predict
two ncccssary conditions: 1) the feedback circuit operates as a leaky integrator and 2)
the gains within the circuit change dynamically during the movements. This later
finding predicts synaptic adaptation as a function of the circuit’s own activity. These
non-linearities anise the damped oscillations to persist for the duration of the step input;
which explains both the classically described “ staircase movements’’ and the highly
damped, nearly smooth mos ements that occur at higher levels of stimulation (>500Hz).
To a sinusoidal input, a sccond-ordcr system should entrain to the input and should
exhibit rcsonancc near the circuit’s natural frequency. Experimentally, technical
considerations of the biological system require that the frequency input be added to the
step input. Thus, we stimulated the superior colliculus with a frequency-modulated
(FM) train of pulses riding on a constant step value. Because the saccadic system
exhibits sustained oscillations to the slop input, adding the FM should produce
intcrfcrcnce patterns in the ouput. We linve confirmed these predictions experimentalJy,
demonstrating entrainmcnt, rcsonancc and constructive/destructive interference (e.g.,
amplitude beating). Supported by EY08217 and Dean's Research Grant (Medicine,

SUNY at Stony Brook).

MONDAY PM

OCULOMOTOR SYSTEM: SUPERIOR COLLICULUS AND CORTEX

333.3

333.4

COLLICULAR SA C C A D E VECTO R S D EFINED BY S Y N C H R O N IZATION. M. Brecht*. W. Singer and A.K. Engel. Max-Planck-Institut fur
Hirnforschung, 60528 Frankfurt, Germany
Synchronization on a millisecond timescale is a prominent feature of neural activity
in the cortex and the superior colliculus (SC). In both structures the synchronization
of sensory responses depends upon activation of the respective cells with one coherent
stimulus. While the phenomenology of synchronous discharge has been studied in
great detail from a sensory perspective, little is known about how temporal correlation
patterns affect behavior. To probe the functional role of collicular synchronization we
analysed how electrically evoked saccadic eye movements were affected by varying the
temporal relation between microstimulation trains applied to two sites in the SC.
Small fixed vector saccades were evoked by electrical stimulation through
microelectrodes positioned in the anterior part of the SC of awake head-fixed cats.
Stimulation trains consisted o f pulse tripletts (pulse duration 0.3ms, pulse interval
1,2ms) delivered at a rate of 50Hz. The current strength was carefully adjusted for a
balanced efficiency of both stimulation trains and equaled 2-3 times threshold (20-150
μA). As expected, synchronous activation of two SC-sites led to vector averaging, i.e.,
to saccades with small variance and a vector corresponding to the mean of the saccades
evoked by stimulating the two sites individually. In contrast, asynchronous
stimulation (10ms or 5ms offset between the pulse triplets of the two stimulation
trains) led to vector summation: in this case, the saccades had the same direction as
those evoked by synchronous pulse trains, but showed larger variance and
approximately double amplitude. Very small temporal offsets (2.5ms) led to saccades
intermediate between vector averaging and vector summation. These data suggest that
vector averaging in the SC is restricted to synchronously active cells, that is, to cells
presumably representing a single object. Since millisecond changes in the coactivation
patterns of the collicular neurons lead to two radically different motor strategies it
seems questionable that the coding o f saccades can be understood solely on the basis of
average firing rates.
Supported by the Max-Planck-Society, by the Heisenberg-Program of the Deutsche
Forschungsgemeinschaft and by the Minna-James-Heineman Foundation.

ELECTRICALLY EVOKED GAZE SHIFTS DEPEND ON INITIAL EYE AND
HEAD POSITIONS. P. Lefevre1, R.J. Cowie2, D.L. Robinson1, L.M. Optican:*.
’Lab. of Sensorimotor Research, National Eye Institute, Bethesda, MD and zDept.
of Anatomy, College o f Medicine, Howard University, Washington, D.C., USA.
Electrical stimulation of the intermediate layers of the monkey superior
colliculus (SC) results in eye and head movements. It has been hypothesized that
only the site and parameters of such stimulation determine the amplitude of the
resulting gaze shift. However, the influence of initial gaze position has not been
fully explored.
We studied the effect of initial eye, head and gaze position on the amplitude of
electrically evoked eye and head movements. Two Rhesus monkeys, with eye and
head coils, fixated visual targets projected along the horizontal meridian (range =
±35 deg). Electrical stimulation (120 or 150 ms, 90 μA , 500 Hz) was applied 50
ms after the target disappeared.
We found that the amplitude of eye movements was tightly correlated with initial
eye position in the orbit (R = -0.96). Additionally, the head contribution to the
gaze shift, as well as the full head movement, correlated with the initial head
position (R = -0.64; R = -0.68, respectively). The contributions of both the eye
and head to the gaze shift increased as their initial positions were directed toward
the stimulated side. Accordingly, the amplitude of the evoked gaze shifts was
strongly correlated with initial gaze position (R = -0.94).
These results suggest that SC stimulation drives the eye and head without
determining eye, head or gaze amplitude. This contradicts the hypothesis that gaze
amplitude is determined only by the site and parameters of SC stimulation.
Behavioral studies have shown that gaze remains accurate independent of initial
eye and head position, and compensates for perturbations. This suggests that gaze
is under feedback control. Our results imply that SC stimulation disrupts this
feedback loop.
S u pported by N E l and the FNRS and STTC (Belgium )
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INSTRUCTIONAL DEPENDENCE OF PREPARATORY DISCHARGES OF
SUPERIOR COLLICULUS NEURONS. M.A. Sommer*. M. Paré & R.H. Wurtz.
Lab. of Sensorimotor Research, National Eye Institute, N.I.H., Bethesda, MD 20892.
The responses of saccade-related neurons located in the intermediate layers of the
superior colliculus (SC) were examined in an instruction-based ( GoJNo-Go ) task.
This task was designed to temporally dissociate visual stimulus presentation,
response instruction, and movement initiation. Rhesus monkeys were trained to
fixate a central blue stimulus. While fixation was maintained, an eccentric stimulus
appeared. After a 800-1200ms delay, the fixation stimulus changed color instructing
the monkey that the eccentric stimulus will become a saccadic target (green = Go
instruction) or not (red = N o-G o instruction). After another 800-1200ms, the fixation
stimulus turned blue again, signaling the monkey to make a saccade to the target
location (G o) or maintain fixation for 1000ms (N o-G o) before being rewarded. The
eccentric stimulus appeared in the response field of the neuron and it was presented
either for 200ms (memory trial) or throughout the trial (delayed trial).
Neurons were first categorized as buildup neurons (if showing low-frequency
discharges between target onset and saccade onset) or burst neurons (if lacking lowfrequency discharges). In both delayed and memory G o trials, buildup neurons
initiated their activity only after the G o instruction and displayed an increased level
of activity at saccade onset; they did not discharge in N o-G o trials. Burst neurons
exhibited only a high-frequency burst with the saccades produced in the G o trials.
These results indicate that the early low-frequency activity of buildup neurons is
unrelated to visual stimulation but depends on response instruction, being correlated
with the instruction to make a saccade. This supports the hypothesis that the buildup
neuron activity represents the preparation of a saccadic command. The existence of
parieto-tectal neurons showing far less instruction-dependent activity in the same
task (Paré & Wurtz, S oc N eu rosci A bstr, 1997) indicates that the SC preparatory
activity does not simply reflect the parietal cortex inputs.
S u pported by the N.E.Í.

DISCHARGE PROPERTIES OF LATERAL INTRAPARIETAL SULCUS NEU
RONS ANTIDROMIC ALLY ACTIVATED BY SUPERIOR COLLICULUS STI
MULATION. M. Paré* & R.H. Wurtz, Lab. of Sensorimotor Research, National Eye
Institute, N.I.H., Bethesda, MD 20892.
The primate superior colliculus (SC) - a crucial midbrain structure for the
generation of saccadic eye movements - receives strong projections from two major
cortical oculomotor areas: the frontal and parietal eye fields. Although the frontal
eye field inputs to the SC have been studied, the signals carried by parieto-tectal
neurons have not been explored. We have now recorded the activity of identified
parieto-tectal neurons located in the lateral bank of the intraparietal sulcus (LIP) in
three monkeys performing visuo-motor tasks: visually-guided, delayed, and memory
saccade tasks as well as a delayed and memory Go/No-Go task also used to study SC
neurons (Sommer, Paré & Wurtz, Soc N e u ro sci A bstr, 1997).
More than 100 LIP neurons were antidromically activated (as verified with the
collision test) by single pulses delivered by electrodes located in the intermediate
layers of the SC. The response latency ranged from 0.9 to 7.2ms. The activation
current threshold was usually <300μA, with minima as low as 5μA. Surprisingly,
given that they were antidromically activated by SC stimulation, a significant
proportion of LIP neurons were unresponsive in the visuo-motor tasks used. For the
LIP neurons that were responsive, the onset of the visual stimulus produced
sustained activities that peaked just before saccades directed towards a restricted
region of space. In the Go/No-Go task, the LIP neurons responded after stimulus
onset and remained tonically active after both the Go and No-Go instructions,
although they often displayed higher levels of activity in Go trials than in No-Go
trials. These instruction-dependent changes in activity were strikingly less
substantial than those observed for SC saccade-related neurons in the same task. In
contrast to the SC neuronal activity, the signal provided by LIP to the SC is related
to both visual stimulation and the preparation to make a saccade. Supported by the n e l
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RELATIONSHIP BETWEEN VISUAL DIRECTION TU NING A N D
M OVEMENT FIELD LOCATION IN SINGLE NEUR ON S OF THE
M ACAQUE SUPERIOR COLLICULUS. G. P . Horwitz* and W. T N e w so m e .
D ept. of N eurobiology, Stanford U niv. Sch. of M ed., Stanford, CA 94305.
W e previously reported that roughly 25% o f neurons in the
interm ediate layers of the superior colliculus reflect decisions m ade in a
2AFC direction discrim ination task (ARVO ’96). In these experim ents,
m onkeys reported the direction of m otion in a random dot stim ulus by making
a saccade to one of tw o visual targets corresponding to the tw o possible
directions o f motion. These neurons were silent on trials w h en stim ulus m otion
resulted in a saccade aw ay from their m ovem ent fields, but began firing w hen
the saccade w as directed to w a rd their m ovem ent fields. This activity
continued during a subsequent delay period but at a low er rate for som e
neurons, suggesting the presence of a purely visual com ponent to the response.
To characterize these visual responses further, w e m easured direction
tuning curves w h ile three m onkeys perform ed a visual fixation task. Of the
n eurons w ith decision related activity, roughly 25% y ield ed directionally
selective visual responses in this paradigm . The receptive fields o f these
cells: 1) were not u sually spatially coincident w ith the m ovem ent field of the
cell, 2) included the fovea, and 3) w ere directionally selective w ith a
preferred direction pointing toward the neuron's m ovem ent field. In other
experim ents, directional visual responses persisted ev en w h ile the m onkey
planned a saccade to a visual target presented o utside the m ovem ent field of
the neuron. It seem s unlikely, therefore, that the directionally selective
activity reflects covert planning of a saccade in the direction indicated by the
m otion of the visual stim ulus. The consistent relationship betw een preferred
direction and m ovem ent field location appears to reflect a sensorim otor
linkage betw een m otion direction and saccade m etrics appropriate for
m ediating performance on our task. Supported by NEI (EY05603).

PERISACCADIC ACTIVITY OF NEURONS IN THE INTERMEDIATE LAYERS
OF THE MONKEY SUPERIOR COLLICULUS DEPENDS ON THE PRESENCE
OF A TARGET. J. A. Edelman* and M. E. Goldberg Lab. of Sensorimotor
Research, National Eye Institute, Bethesda, MD 20892, USA.
Neurons in the intermediate layers of the superior colliculus (SC) respond to visual
targets and discharge immediately before and during saccades. These two responses
have been generally considered to be independent, with the visual response
dependent upon the nature of the stimulus, and the perisaccadic response dependent
upon the amplitude, direction, and perhaps speed of the saccade. However, Mohler
and Wurtz (1976) described a small class of neurons, visually triggered movement
cells, that discharged before the saccade but required a visual stimulus. In these
experiments we asked if this dependence upon the presence of a stimulus were a
more general feature of SC presaccadic neurons. We recorded the activity of
visuomovement neurons in the intermediate layers of the SC while the monkey made
saccades to the center of the neuron’s movement field in four different tasks: 1)
visually guided saccades to a suddenly appearing target; 2) visually guided saccades
to a target that had appeared several hundred ms before the appearance of the
saccade; 3) memory-guided saccades made to the spatial location of a recently
vanished stimulus; 4) anti-saccades made away from a suddenly appearing target.
Tasks were run in blocks of trials. Because discharge frequency of SC movement
neurons reaches a maximum near the start of saccades, we used the maximum spike
density in a 20 ms window centered on saccade onset as our index of activity. We
found that activity o f most SC neurons was greater in the tasks in which the saccade
was made to a currrently visible target. Although memory-guided saccades and antisaccades are usually slower than visually guided saccades, the difference in activity
could not be explained by the difference in saccadic velocity. In addition, the degree
of target dependence correlated with the intensity of the visual response. Supported
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NEURONS IN THE ROSTRAL SUPERIOR COLLICULUS ENCODE MOTOR
ERROR DURING PURSUIT, FIXATlON AND SACCADES. R.J. Krauzlis*. M.A.
Basso, and R.H. Wurtz, Laboratory of Sensorimotor Research, National Institutes of
Health, Bethesda, MD 20892, USA.
The monkey superior colliculus (SC) has long been known to contain a retinotopic
map of visual space. In the rostral SC, corresponding to the foveal portion of the
map, neurons tend to maintain a tonic discharge during fixation, but decrease their
firing rate during most saccades. These neurons have therefore been referred to as
“fixation cells” and are believed to be important for preventing the occurrence of
saccades. Recently, we have shown that these neurons are also modulated during
pursuit eye movements. We now show that these neurons encode small mismatches
between eye and target position consistent with their location in the SC map and that
their activity is independent of the particular eye movement made.
When we imposed small mismatches between target and eye position by stepping a
fixated spot to slightly eccentric horizontal locations, the activity of most neurons
was increased for small contralateral errors and decreased for larger contralateral
and all ipsilateral errors. Individual neurons were each tuned for slightly different
errors, ranging from barely ipsilateral to several degrees contralateral. These
neurons therefore appear to lie in the small amplitude end of the continuum of errors
mapped in the colliculus, rather than forming a functionally distinct zone.
Consistent with their tuning for small contralateral errors, these same neurons
decreased their firing rate during the initiation of pursuit eye movements toward the
ipsilateral side. During pursuit toward the contralateral side, neurons exhibited
different behaviors depending on their tuning for motor error: neurons tuned for
errors near zero decreased their firing rate, whereas neurons tuned for larger
contralateral errors increased their firing rate.
We suggest that a parsimonious explanation of these results is that these neurons
report motor errors for pursuit, as well as for fixation and saccades.

MONDAY PM

333.10
MICROSTIMULATION OF THE ROSTRAL SUPERIOR COLLICULUS
AFFECTS PURSUIT, FIXATION AND SACCADES. M.A. Basso*. R.J. Krauzlis,
and R.H.Wurtz, Laboratory of Sensorimotor Research, National Institutes of Health,
Bethesda, MD 20892, USA.
We have found that neurons in the monkey superior colliculus (SC) discharge in
relation to smooth pursuit eye movements as well as saccades and fixation. These
observations suggest that this activity encodes a motor error that can be used for
multiple types of eye movements. Whether or not the rostral SC signal affects other
eye movements can be tested using microstimulation. For example, if rostral SC
buildup neurons are also contributing to pursuit eye movement generation then
altering their activity with microstimulation should alter smooth pursuit behavior.
We electrically stimulated the intermediate and deep layers of the monkey SC at
sites previously identified as containing neurons that responded to small motor errors
while the monkey made saccades or smooth eye movements. We trained monkeys to
track a constant velocity target with pursuit eye movements and varied the initial
location of the target with respect to the stimulation site within the rostral SC.
Simultaneous with the onset of target motion we presented a train of unilateral,
subthreshold, stimulation to the rostral SC. In a separate experiment, we stimulated
the rostral SC during the VOR evoked by passive head rotation.
We found that unilateral stimulation in the rostral pole of the SC altered smooth
pursuit eye movements. The efficacy of the stimulation on pursuit depended upon
where the target motion onset occurred and that dependence was consistent with the
known errors coded by the stimulation site in the SC. As observed previously,
stimulation during fixation suppressed visually-guided saccades. In contrast,
microstimulation during the VOR had no effect, precluding a general inhibition of
the rostral SC on smooth eye movements. This set of stimulation results is consistent
with the hypothesis that the SC is providing a motor error not only for saccades but
one that has access to neural circuitry involved in smooth pursuit eye movements.
Supported by the National Eye Institute.

Supported by the National Eye Institute
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HOW FRONTAL EYE FIELD AND DORSOMEDIAL FRONTAL
CORTEX LESIONS AFFECT VISUALLY GUIDED EYE
MOVEMENTS. P. H. Schiller* and I. Chou. Brain and Cognitive
Sciences, MIT, Cambridge, MA 02139
In the frontal lobe two major areas contribute to the control of visually
guided eye movements: the frontal eye fields (FEF) and the medial eye
fields that reside in dorsomedial frontal cortex (DMFC). To elucidate the
functions of these two areas either the FEF or the DMFC was ablated in
rhesus monkeys. FEF lesions produced greatly increased saccadic
latencies to targets presented in the hemifield contralateral to the lesion
accompanied by decreased saccadic latencies to targets in the ipsilateral
hemifield attributable primarily to a higher incidence of express saccades.
Deficits could be seen even 22 weeks after the lesion for saccadic eye
movements made in a discrimination task where the correct target was of
a different color from several comparison stimuli. Lesions of the DMFC
produced only minor deficits on these tasks. Two notable deficits that
lasted 1-3 months were found after DMFC lesions: Firstly, when two
identical visual targets were presented simultaneously in opposite visual
hemifields, the animal greatly decreased the frequency with which he
made saccades to the target located in the hemifield contralateral to the
lesion. By introducing a temporal delay of 32 milliseconds in the onset of
the target presented in the intact field, an equal probability of target
selection could be reinstated. The second notable deficit was observed in
the execution of saccadic sequences made to successively presented
targets. We saw no deficits in reaching, grasping and bimanual
coordination. The magnitude and nature of the deficits induced suggest
that the FEF and the DMFC contribute differently to the execution of
visually guided eye movements.
Supported by NIH Grant EY08502

NEURONAL ACTIVITY IN PRIMATE FRONTAL EYE FIELD DURING
MEMORY GUIDED SACCADES. H.R. Friedman*. P .P . Burman. G.S. Russo.
E.C. Pias. P. Shi. G.B. Stanton, and C.J. Bruce. Section of Neurobiology, Yale
Univ. Sch. of Med., New Haven, CT 06520-8001.
Metabolic imaging and lesion studies suggest that the human frontal eye field
(FEF), is critically involved in memory guided saccadic eye movements (MemSac). In
the monkey, responses of some FEF cells in conjunction with MemSac have been
reported; however, a comprehensive analysis has not been made which would aid
interpretation of the human data as well as allow MemSac activity in macaque FEF to
be compared with other cortical areas such as posterior parietal cortex and dorsolateral
prefrontal cortex (dlPFC). We studied visual, visuomovement, and purely movement
types of presaccadic FEF cells from several monkeys; all had eccentric response fields
with a preferred vector (usually contralateral) as assessed with visually guided saccade
(VisSac) tasks. We found that: (1) Visual and visuomovement cells all responded to
the brief MemSac cues when in their receptive fields. (2) Visuomovement and
movement cells invariably burst before memory-guided saccades into their movement
field. (3) Most presaccadic neurons of all 3 types maintained activity above their
baseline rate during the memory period. (4) FEF neurons in a monkey with bilateral
removal of dlPFC responded similarly during MemSac tests, suggesting that FEF's
MemSac activity does not critically depend on its inputs from dlPFC. (5) Only a few
cells responded on the MemSac task more than on the VisSac task; and such cells
were all found to have an inhibitory visual response capable of suppressing their
presaccadic movement response. (6) Total FEF activity, averaging over all cells, was
very similar on the MemSac and VisSac tasks, suggesting that FEF's cerebral
metabolism during MemSac trials would not necessarily be greater than during VisSac
control tasks. Supported by PHS grants EY04740 & MH44866.

V ISU A L C O R TEX: EX T R A S T R IA TE IV
334.1

334.2

PULVINOCORTICAL AXONS TERMINATING IN EXTRASTRIATE CORTEX.
J. Andresen. K.S. Rockland*. D.L. Robinson, and R.J. Cowie. Dept. of Neurology,
Univ. of Iowa, IA 52242 and Lab of Sensorimotor Res., NEI, Bethesda, MD 20892.
Pulvinocortical connections have been reported to terminate in layers 3 and 5 of
extrastriate areas. We have recently re-examined the organization of these
connections by serial section reconstruction of individual axons anterogradely
labeled by injections of BDA into physiologically identified parts of the lateral
pulvinar in two macaque monkeys. Four axons have been analyzed in the inferior
occipital sulcus (IOS) and seven in the depth of the lunate sulcus (possibly V3).
Although there was some variability, most of these axons exhibited the same key
features. (1) multiple spatially separate arbors (4-7); (2) one or 2 principal arbors,
mainly in layer 3 (with involvement of layer 4); (3) smaller secondary arbors in
layers 5 or 6, and sometimes layer 1 (4 axons). Arbor size is typically small
(≤0.25mm), but more diffuse arbors, up to 0.75mm occur. Arbors in different
layers were not in vertical register, but were typically offset. For 10 axons, total
bouton counts ranged from 400-700 (1355 for one axon in the IOS). These results,
like those based on 3H-amino acids or WGA-HRP, show that pulvinocortical
terminations heavily target layers 3 and also 5, but further demonstrate that there
are multiple arbors, and that these tend to be small.
Morphologically,
pulvinocortical axons are similar to corticocortical axons (mixed stalked and
beaded boutons; small and multiple arbors), except for laminar distribution. The
actual functional interaction of these two systems remains for other investigations.
(MH 53598)

FEEDBACK AXONS FROM MT/V5 HAVE COMPLICATED LAMINAR AND
SPATIAL FEATURES. K.S. Rockland. T. Knutson, and C. Rockland*. Dept. of
Neurology, Univ. of Iowa, Iowa City, IA 52242.
Feedback connections from area MT/V5 are known to terminate divergently in
area VI. In order to determine the actual degree of divergence and other aspects of
fine morphology, single axons were labeled by anterograde injections of BDA in
area MT/V5 (in 2 squirrel monkeys) and analyzed by serial section reconstruction
(n=7). Although there was some variability, most of these axons exhibited the
same key features: 1) extreme divergence in VI, over territories at least 4.06.0mm2; 2) multiple arbors, usually in different layers, that are spatially offset.
Two axons arborized exclusively in layer 1 (the smaller, with 233 boutons,
extended over 5.0mm; the larger, with 1670 boutons, formed three large foci, each
separated by about 1.0mm AP. Total field: 4.0mm AP x about 10.0mm DV). Five
of the other axons had terminations in layers 1, 4B, and 6 (of the calcarine fissure).
Arbors could form clusters (about 0.15mm in diameter), especially in layer 4B or,
occasionally, layer 1. More commonly, boutons were arrayed along segments of
the main axon or linear side-branches (>0.75mm long). These fields were very
large (7.0-10.0mm; bouton counts ranged from 1186-2762), with some indication
of multiple distinct foci. One of the 7 axons arborized in both areas VI and V2.
These axons are dramatically more divergent than V2 to VI axons and appear to
cross over hypercolumn boundaries. (IBN 9421970)
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Temporal and Parietal Connections to Area Prostriata in the
Macaque Monkey. Brvan John Wellman1*. K. S. Rockland2, and Gary
W. Van Hoesen3 Div. of Neurosurgery1, Dept, of Neurology2,3, and Dept.
of Anatomy & Cell Biology3 ,Univ. of Iowa, Iowa City, IA 52242

ON THE FUNCTIONAL NEUROANATOMY OF BLINDSIGHT IN MAN.

Area prostriata is a poorly understood region located in the
anterior calcarine fissure between the parasubiculum of the hippocampal
formation and VI of the visual cortex. This area has been shown to have
both visual and motor associations (Morecraft et al., 1993).
We have injected the sensitive tracers PHA-L or BDA in several
cortical areas to re-evaluate connections to the prostriate cortex and to
further examine their fine morphology. Light to moderate projections to
prostriata were detected from tracer injections in several areas. Parietal
areas 7a and area LIP (but not area 5) projected mainly to the deeper
layers. Ventromedial TEO and TE (but not TF) projected mainly to layer
1 of prostriata and beyond into temporal cortex. Single axon
reconstructions from serial sections indicate that projections to area
prostriata from temporal areas are highly divergent (up to 12.85 mm in
L. 1), while projections from parietal areas have well defined arbors (325 x
200 nm).

These results provide further evidence that prostriata is involved
in visuomotor processes. They also indicate that prostriata is another site
of temporal and parietal convergence. (Supported by NS 19632).

P.Stoerig1*. R .G o e b e l2 . L.Muckli2. H. H a c k e d 2and W .Singer2. Inst. Medical
Psychology, Ludwig-Maximilians-University, D-80336 Munich1 and MaxPlanck-lnstitute for Brain Research, 60528 Frankfurt2, Germany.
What parts of the visual system still respond to visual information when
striate cortex (V1) is partially destroyed or deafferented? The residual visual
responses remaining in the affected visual field of the three patients (FS, GY,
and DH) who participated, have been extensively studied. In the two trauma
cases, the lesion involves the optic radiation (FS), and V1 plus some ‘
extrastriate cortex (GY); both radiation and cortex are affected by DH's
vascular damage. For 3D visualization and m easurem ent of Talairach
coordinates, high resolution T1-weighted 3D data sets (voxel size: 1x1x1
mm) were recorded with a 1.5 T scanner (Siemens M agnefom Vision).
Functional images were measured in 12 contiguous slices oriented parallel to
the calcarine fissure (voxel size: 1.6x1.6x3 mm). We used polar and annulus
checkerboard stimulation (Sereno et al., 1995) to delineate functional and
dysfunctional V1 subregions, and a motion stimulus (400 dots moving radially
outward) to delineate motion-sensitive areas. To see what structures were
visually responsive to stimulation of the cortically blind field, we alternated
presentation of a 8° coloured spiral turning around its axis between
corresponding positions in the normal and affected fields. This stimulus
activated extrastriate cortical areas bilaterally in all cases. In particular, dorsal
areas assumed to process motion responded, but no concomitant response
from the lesioned V1 itself was observed. It follows that extrastriate cortex is
involved in mediating the residual visual functions that remain in cortically
blind visual fields even in patients who have lost all conscious vision.
Supported by the DFG (Sto 206/4-3) and the Max-Planck-Society

334.5
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EXTRASTRIATE EFFERENTS DISTINGUISH A TRIPARTITE MODULAR
ORGANIZATION OF V2 IN THE PROSIMIAN PRIMATE GALAGO. J.D.
Boyd*, R. Guereuerian. and V.A. Casagrande. Depts. of Cell Biology' and
Psychology, Vanderbilt University, Nashville, TN, 37232.
In simian primates, visual cortical area V2 is characterized by alternating thin
and thick stripes of high cytochrome oxidase (CO) activity separated by stripes of
lower CO activity. The marked differences in the cortical projections and
physiological properties of neurons in these three CO compartments confer on their
efferent higher-order visual areas the segregation of separate cortical processing
streams that originates in V I. In the prosimian primate Galago, CO staining fails
to show a modular organization in V2, yet cells projecting to the extrastriate areas
have been reported to form modular, stripe-like patterns (Krubitzer and Kaas, Soc.
Neurosci. Abstr., 1986), suggesting that modular organization can exist cryptically,
without an attendant CO pattern. To test this hypothesis, the middle temporal (MT;
6 animals) and/or the dorsal medial (DM; 2 animals) cortical areas of galagos were
injected with the retrograde tracer cholera toxin subunit B (CTB), either free or
conjugated to 7nm colloidal gold particles (CTB-Au). Cortex was removed and
flattened, and sectioned tangentially. Free CTB was visualized by immunocytochemistiy with DAB, while CTB-Au was visualized by silver enhancement.
Selected sections were stained for myelin or CO to distinguish areal boundaries.
Retrogradely labeled cells in V2 were charted using a Bioquant (R&M Biometrics)
analysis system. Both cells projecting to MT and those projecting to DM formed
stripe-like arrays in V2 oriented roughly perpendicular to the VI/V2 border.
However, while the stripes of MT-projecting cells were approximately 1 mm apart,
the stripes of DM-projecting cells had a spacing o f about 2 mm, or roughly double
the spacing of those projecting to MT. Preliminary evidence from a single double
labeled case suggests that the clusters of labeled cells projecting to DM align with
every other cluster projecting to MT. Thus, three sets of modules can be
distinguished in galago V2 on the basis of connectivity: one set projecting to MT
alone; one set projecting to both MT and DM; and one set projecting to neither.

HUMAN BRAIN ACTIVITY RELATED TO DIRECTION DISCRIMINATION
TASKS, L. Cornette1'2. P Dupont*1,2. A. Rosier1,2. S. Sunaert3. L.
Mortelmans2 and G.A Orban1. 1Lab. Neurophvsioloqy. Medical School. KUL.
2PET Centre, Nuclear Medicine, UZ. 3Radiology, UZ, B-3000 Leuven,
Belgium.

Supported by EY01778; EY08126; HD15052 & Center for Cellular & Molecular Neuroscience.

The human cerebral network involved in direction discrimination was
studied with PET-rCBF (H215O) in 12 right-handed male subjects. Stimulus
configuration included motion of a random dot pattern (Rdp), dimming of a
central fixation point (Dfp) and a sound-burst (Sound). Dots moved either to
the right and up, or to the right and down. Discrimination tasks were:
identification (ID) and successive discrimination (TSD) of direction. Control
tasks included were: detection of motion (DET Rdp), of the dimming fixation
point (DET Dfp), of the sound-burst (DET Sound), and passive viewing (PV).
Regions more activated in TSD than in DET Rdp were: R middle fusiform
and R lingual gyrus, L and R inferior frontal gyrus, L anterior cingulate and R
thalamus. In TSD minus ID, isolating temporal comparison, R middle
fusiform and R inferior frontal gyrus were activated. Human MTA/5 was not
significantly involved in direction discrimination. Whereas DET Dfp as
control task hardly changed differential activities, targeting attention to the
auditive modality (DET Sound) unequally affected the differential activity in
the visual system. When comparing TSD to DET Sound, R middle fusiform
and R lingual gyrus activity remained unaltered, while enhanced activity was
observed in additional visual regions: R occipital gyrus, L posterior fusiform
gyrus, L superior and inferior parietal lobe. Using fMRI and the identical
stimulus configuration in 5 subjects, recruitment of middle fusiform and
lingual gyrus during direction discrimination was confirmed, in addition to a
more inferior located satellite region of the MTA/5-complex.
(Supported by FWO-Flanders & Queen Elisabeth Foundation)
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MACAQUE VISUAL CORTICAL AREAS INVOLVED IN COLOR
PROCESSING: A DOUBLE-LABEL DEOXYGLUCOSE STUDY. (W
Vanduffel*1. . R.B.H. Tootell2 and G.A. Orban1) Lab. Neuro- en Psychofysiologie,
Fac. Geneeskunde, KUL, B-3000 Leuven, Belgium1; MGH-NMR, Boston, USA2.
Purpose It has proven difficult to determine the specific role of individual areas in
color processing. For example, Zeki proposed (1973) that V4 is primarily involved in
color processing while lesion studies showed much greater deficits on pattern than on
color discrimination tasks (Shiller et al., 1990). To reveal the contribution of visual
areas in color processing, we applied the double-label deoxyglucose (DG) technique.
We compared DG uptake evoked during passive viewing to either an isoluminant
color grating or a luminance defined achromatic grating. Methods A monkey was
trained to fixate to a large, circular, expanding and contracting, sine-wave grating
(0.5 c/d). This was either a red-blue isoluminant or an achromatic grating with the
same mean luminance. Isoluminance was measured using VEP recordings from
foveal VI and was defined as the red/blue luminance ratio at which phase doubling of
VEPs occured to chromatic flicker (Previc, 1986). Metabolic activity evoked by the
isoluminant color-gratings was labelled with 3H-DG and that related to the
achromatic grating with 14C-DG. Results We observed in portions of areas VI, V2,
V4 and IT higher DG uptake evoked by the isoluminant colored grating when
compared to the luminance grating. In addition, area MT showed a repetitive pattern
of bands with high 14C and 3H-DG uptake. The bands near the foveal representation
showed higher DG uptake related to the achromatic grating in comparison to the
color grating. Conclusion Evidence is provided for color-processing in early visual
areas and ventral stream areas. Furthermore, the results agree with single unit
findings that MT neurons respond better to luminance defined than to isoluminant
stimuli. Supported by HFSP, NWO, GOA-95/96 and IUAP-22.

MACAQUE VISUAL AREAS INVOLVED IN MOTION PROCESSING: A
FUNCTIONAL IMAGING STUDY. (G.A. Orban*1. W. Vanduffel1. and R.B.H.
Tootell2) Lab. Neuro- en Psychofysiologie, Fac. Geneeskunde, KUL, B-3000
Leuven, Belgium1; MGH-NMR ctr., Boston, USA2.
Purpose Traditionally, one classified an area being “motion-selective” if the
majority of cells are direction selective. In human functional imaging studies,
however, one defines an area being motion selective if it is better activated by
moving versus stationaiy stimuli. To clarify the relationship between the macaque
electrophysiology and human imaging studies, we used the double-label
deoxyglucose technique. In a first experiment, we compared metabolic activity
evoked by a stationaiy random dot field with that related to a uniform moving
random dot field.
Methods A monkey (N=l) was trained to fixate (for ~90% of the experimental
duration) to a small red fixation spot overlying either 1) a stationary, 30 degree
diameter, circular random dot field or 2) the same random dot field moving
randomly in 8 different directions. The dot size was 3 arc-sec and the dot density
28.30 dots/deg2. The velocity of the dots in the moving condition was 4 deg/sec.
During the first epoch of the final DG experiment, we labelled metabolic activity
evoked by the moving random dot field with 3H-labelled deoxyglucose. During a
second epoch, activity related to the stationary stimulus was labelled with 14Cdeoxyglucose. Results Isolation and comparison of the two activity-linked maps
revealed higher motion-related DG uptake in portions of striate visual cortex and
extrastriate visual areas V2, V3/V3 A and V4, and in areas MT, MST, VIP, and LIP.
Conclusion The comparison of metabolic activity related to a moving random dot
field with a stationary random dot field confirmed the existence of many visual
areas involved in motion processing as defined electrophysiologically or by lesions.
Supported by HFSP, NWO, GOA-95/96 and IUAP-22.
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HIGH SPATIAL RESOLUTION M APPING OF M T/M ST AREAS OF
H U M A N V ISU A L CORTEX B Y fMRI A T 3.0 TESLA Keith R.
Thulborn. John A. S w eenev. S. Lalith Talagala. Carol L.Colhv*.
James T. V ovvod ic. M R Research Center, University o f Pittsburgh
M edical Center, Pittsburgh, PA 15213
F u n ctio n a l m a g n etic re so n a n ce im a g in g (fM R I) u se s
hem odynam ic responses induced by neuronal activity to produce maps
o f the neuronal circuitry sub serving the sen sory and co g n itiv e
processing o f presented paradigms. A t clinical magnetic field strengths
o f 1.5 T esla, fM RI studies are perform ed w ith gradient-echo pulse
sequences at low spatial resolution, typically at voxel dim ensions o f 3 x
3 x 5 mm 3, to detect sm all M R signal changes (1.5-3% ). At the higher
m agnetic field o f 3.0 T esla, the im provem ent (x2) in signal-to-noise
ratio (SNR ) has allowed higher spatial resolution (voxel size = 0.8 x 1.6
x 1.5 m m 3) and more selective spin-echo pulse sequences to be used.
T he M R signal change increased sign ificantly (12-15% ) despite the
marked decrease in voxel volum e and concom itant loss o f SNR. This is
due to the reduced partial volum e averaging effect for the discrete small
areas o f activation. The hem odynam ic response has been show n to be
focal and com plex with both increases and decreases in signal intensity.
Such p ositive and negative activation patterns are reproducible and
paradigm dependent. W e have used these strategies to characterize
activation patterns in areas MT and M ST o f visual cortex at high spatial
resolution. The dim ensions o f these patterns are consistent w ith the
focal hem odynam ic responses reported by others for in vasive optical
im aging studies in animals.
Support: Dept, o f Radiology and General Electric M edical System s

LESIONS OF PRIM ARY VISUAL AREAS IN ADULT CATS LEAD
T O T O P O G R A PH IC C H A N G E S IN SU B P O PU L A T IO N S OF
G A B A E R G IC N E U R O N S IN PM LS. K.R. Huxlin*. J. Lvons and
T. Pasternak Department o f N eurobiology & Anatomy and Center
for Visual Science, University o f Rochester, Rochester, NY 14642.
Damage to areas 17, 18 and 19 in the adult cat leads to significant
changes in response selectivities o f PMLS neurons (Spear, 1988). Since
no neurons are lost in PMLS after this lesion (Guido et al., 1990; Payne et
al., 1991; Guido et al., 1992), we hypothesise that these changes in
selectivity are due to altered levels and distribution o f neurotransmitters in
PMLS. This study examines the effect o f area 17, 18 and/or 19 lesions on
the inhibitory intemeurons o f PMLS. Ibotenic acid was injected into
specific topographic regions o f areas 17, 18 and/or 19 o f anaesthetised
adult cats. Their brains were examined 1 year later. Consecutive sections
were stained using Cresyl Violet and antibodies against GABA, Calbindin
and Parvalbumin. Neurons positive for each antibody were counted in
Layers II and III o f PMLS and their numbers expressed as a proportion
o f the total neuronal population at each site. We found a significant
decrease in the number o f Calbindin-positive neurons in portions o f
PMLS that correspond retinotopically to those damaged in areas 17, 18
and /or 19. A decrease in the proportion o f GABAergic neurons was
found only when the lesion involved all three areas. In all cases, the
proportion o f parvalbumin-positive neurons was unaffected. Our findings
indicate that removal o f the major excitatory cortical input to Layers II
and III o f PMLS results in a dowregulation o f the GABAergic and
calcium-binding activity o f a subpopulation o f inhibitory intemeurons.
This suggests that in PMLS, calbindin-positive cells may contribute to
those physiological properties lost or altered follow ing removal o f
primary cortical input.
Sponsored by grant EY06175 and a LEAD award, KRH is a C.J. Martin Fellow.
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AN ALYSES
OF
FU NC TIO N AL
SPE C IA L IZ A T IO N
IN
THE
HUM AN VISU AL CO RTEX USIN G A SU R FA C E-BA SED ATLAS
H.A. Drury* and D.C. Van Essen. Department of Anatomy and Neurobiology,
Washington University School of Medicine, St. Louis, MO, USA 63110.
We have analyzed the geometry, geography and functional organization of the
human cerebral cortex using a computerized surface reconstruction and cortical flat
maps of the left and right hemispheres generated from a digital atlas of the Visible
Man. The surface reconstruction was linked to the Talairach stereotaxic coordinate
space, allowing the locations of activation foci reported in neuroimaging studies to
be readily visualized on the cortical surface.
We estimated the boundaries of topographically organized visual areas (VI, V2,
V3, VP, V3A, and V4v) using measurements made along the cortical surface and
also by projecting the reported Talairach coordinates from studies of visual
topography. We introduce a method for visualizing the spatial uncertainties
associated with standard stereotaxic localization used in neuroimaging studies (due
mainly to imperfect registration to the stereotaxic space). We determined that a 10
mm radius around each activation focus captures most of the spatial uncertainty for
both PET and fMRI data. We used this method to analyze functional specialization
for visual processing by projecting the reported stereotaxic coordinates for 118 foci
from 12 PET and fMRI studies. Data were grouped according to the type of
activation involved (processing of color, motion, objects, faces, or spatial
relationships). Our analyses support a distinction between an anterior region in
ventral occipito-temporal cortex that is selectively involved in form processing and a
more posterior region (in or near areas VP and V4v) involved in both form and color
processing. Foci associated with motion processing are mainly concentrated in a
region along the occipito-temporal junction. We estimate that 20-25% of human
neocortex is implicated in visual processing. Supported by NIH Human Brain
Project MH52158 and NIH EY02091.

C O M P A R IN G H U M A N A N D M O N K E Y C O R T E X B Y W A R P IN G O F
C O R T IC A L F L A T M A PS . D .C . V an E s s e n * 1, H .A . D ru ry 1, S.C. Jo sh i2
and M .I. M ille r2. D ep artm en ts o f ‘A n ato m y & N e u ro b io lo g y an d
~
^Electrical E n g in eerin g , W a sh in g to n U n iv ersity , St. L o u is, M O 63110.
In o rd er to c o m p are th e o rg an izatio n o f co rtica l areas in hu m an s and
m acaq u e m o n k ey s, w e h ave a p p lied a sh ap e-b ased d e fo rm atio n
alg o rith m to c o rtical flat m aps o f th e V isib le M an an d o f a stan d ard
m acaq u e b rain. T h e alg o rith m d efo rm s th e m acaq u e m ap to m atch the
sh ap e o f the h u m an m ap. D e fo rm a tio n s w ere c o n stra in e d by co n to u rs
draw n alo n g the p e rim ete r o f th e m ap and alo n g su lcal lan d m ark s th at
are lik ely to b e in ap p ro x im ate co rre sp o n d e n ce in th e tw o species. The
p a rtitio n in g sch em e o f F ellem an an d V an E ssen (1991, C ere b ra l
C o rtex , 1:1-47) fo r th e m acaq u e, w h ich co n tain s 32 v isu al areas and 78
areas in total, w as carried p assiv ely alo n g w ith the d efo rm atio n .
C o rtical areas v isu alized on th e d efo rm ed m acaq u e m ap w ere
co m p ared to a fu n ctio n al m ap o f h u m an v isu al c o rtex , w h ich in clu d es
six to p o g ra p h ica lly o rg an ized v isu al areas p lu s reg io n s im p licated in
th e p ro cessin g o f m otion, form , co lo r, and spatial relatio n sh ip s, as
d e m o n stra te d in fu n ctio n al n e u ro im ag in g stu d ies an d re p re se n te d on
the V isib le M an flat m ap (D rury and V an E ssen , ab stra ct this volum e).
F o r exam p le, in the d efo rm ed m acaq u e m ap, areas sp e cialized fo r
m otion an aly sis (M T /M S T ) w ere in a p p ro x im ate reg iste r w ith m otionpro cessin g reg io n s o f h u m an c o rtex , an d areas sp e cia liz e d fo r form
an aly sis (the in fero tem p o ral c o m p lex ) w ere in a p p ro x im ate reg iste r
w ith fo rm -p ro c ssin g reg io n s o f hu m an co rtex . F u n c tio n a l h o m o lo g ies
such as th o se ju s t n oted can be used as ad d itio n al co n strain ts to g uide
su b seq u en t d efo rm atio n s, th ereb y lead in g to p ro g re ssiv e ly m ore
refin ed assessm en ts o f sim ilarities and d ifferen ces in co rtical
org an izatio n acro ss species. S u p p o rted by N IH H u m an B rain P ro ject
M H 5 2 1 5 8 and N IH E Y 0 2 0 9 1 .
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B R A IN STRUCTURE V O LU M E A N D SH A PE M ETRICS A S
M ARKERS OF N EUR O PSY C H IATR IC D ISE A SE J. G.
C sem ansky*, L, W ang, S, Joshi, A . Ratanasadudi. A . Baneriee. M.
Gado, and M. I. M iller. D epts. o f Psychiatry, R adiology and Electrical
Engineering, W ashington U niversity, St. L ouis, M O 631 1 0
W e have developed automated m ethods for the analysis o f brain
substructure volum e and shape. T hese m ethods in volve construction
o f an m agnetic resonance (M R) template containing information about
substructure boundaries, w hich then undergoes high-dim ensional
transformation through general pattern m atching, so that it is overlaid
onto the M R im ages o f a series o f target subjects. Quantitative
analysis o f brain substructure shape is accom plished by determining
the harmonics o f a surface carried through the transformations. W e
have previously demonstrated the favorable reliability and validity o f
these m ethods as compared to conventional manual outlining
techniques (Haller, et al, 1996 and 1997). In the present study, the
volum e and shape o f the hippocampus w as studied in 15 subjects with
schizophrenia and 15 controls, matched for age, gender, race and
parental socioecon om ic status. W hile volu m e determinations
suggested small decreases in hippocampal volu m e in the schizophrenia
subjects versus the controls, the shape com parison w as more powerful
in discrim inating the tw o groups. M oreover, the shape com parison
allow ed for the visualization o f a specific deform ation o f hippocampal
structure in the schizophrenia patients, w hich suggests that the
connections betw een the hippocam pus and the prefrontal cortex are
affected in this disease. Supported by the Center for Im aging S cience
and the Gregory B. Couch Endowm ent at W ashington U niversity.

LIMITED WORKING MEMORY CAPACITY IN SCHIZOPHRENIA:
‘HYPOFRONTALITY’ REVISITED DR Weinberger*. JH Callicott. A Bertolino.
VS Mattav. AKS Santha. K Finn. D Podell. RC Coppola. . JA Frank. TE Goldberg.
Clinical Brain Disorders Branch, NIMH, NIH Bethesda, MD 20892.
Patients with schizophrenia (SCZ) tend to physiologically underactivate prefrontal
cortex (PFC) when studied during certain neuropsychological challenges,
particluarly those involving working memory (e.g. the Wisconsin Card Sorting
Task). However, the mechanism for this relative deficit remains unclear. We
hypothesized that SCZ and healthy controls (HC) would show similar activation at
lower working memory load, but would differ in amount and distribution of
activation as load increased and as SCZ reached an information processing capacity
in PFC. We studied 7 SCZ and 7 HC (all right-handed, age-matched) with a whole
brain echo planar imaging (EPI) protocol (Mattay et al., Radiology 1996;(201):399404) while they performed a novel version of the “n” back working memory task at
increasing working memory loads (no back NB, one back IB, two back 2Bthe
groups were matched for various fMRI confounds including voxel variance and
motion. Data were assessed for both magnitude of signal change in individual
voxels (voxel-wise repeated-measures ANOVA;omnibus p < .05) and spatial extent
of activation (stringently-thresholded, voxel-wise student’s t test maps quantified
with blindly-drawn regions of interest or ROIs). In the left PFC, there was a
significant interaction of diagnosis by memory load (F (l,12)=9.1,p=.01); SCZ and
HC activated L PFC to an equal extent on IB, but HC activated LPFC to a greater
extent on 2B. In addition , as working memory load increased, SCZ tended to shift
activation towards parietal regions (decreasing PFC/PAR ratio) at 2B. Finally, while
performance and extent of activation were positively correlated as load increases for
HC (IB to 2B, Spearmans R=0.94,,p=.004) , the opposite relationship was seen for
SCZ (Spearmans R=-0.71,p=.l) suggesting both groups are operating on different
portions of a hypothetical load-response curve — perhaps as a result of limited SCZ
capacity. These results suggest that SCZ have limited working memory capacity,
but show normal physiological relationships within their capacity constraints.
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PREFRONTAL CORTICAL REGULATION
OF SUBCORTICAL
DOPAMINE IN PATIENTS WITH SCHIZOPHRENIA: A ‘HMAGNETIC RESONANCE SPECTROSCOPIC IMAGING AND IBZMSPECT STUDY
A Bertolino, MB Knable, JH Callicott, A Heinz, VS Mattay, K Kotrla*, JA
Frank, DR Weinberger. Clinical Brain Disorders Branch, NIMH, NIH
”
Bethesda, MD 2 0 8 9 2
Patients with schizophrenia manifest prefrontal cortical abnormalities,
including reduced relative concentrations of N-Acetyl aspartate (NAA, a
marker of neuronal integrity) as measured with proton magnetic
resonance spectroscopic imaging ('H-MRSI). Previous animal work has
shown that the prefrontal cortex (PFC) regulates tonic release o f
dopamine in the basal ganglia (BG). To assess the relationship between
PFC and subcortical dopamine in schizophrenia, we studied 14 patients
with both 'H-MRSI and IBZM-SPECT on two different days. Long echo
time (TE 272 msec) multislice ‘H-MRSI permits imaging of signals from
metabolites such as NAA, choline-containing compounds (CHO) and
creatine/phosphocreatine (CRE) from multiple brain slices with a nominal
voxel volume of 0.84 mL. Multiple anatomically defined regions o f
interest were drawn blindly on coplanar MR images. A measurement
proportional to equilibrium binding potential (Bmax/K d) was obtained from
prolonged IBZM-SPECT scanning when patients had been at least two
weeks off neuroleptics. Spearman correlational analysis showed a
significant correlation between NAA/CRE in dorsolateral prefrontal cortex
(PFC) (as measured by 'H-MRSI) and D2 binding potential in basal
ganglia (BG) (as measured by SPECT) (r= -.64, pc.Ol). No other
significant correlations were found between the ‘H-MRSI and SPECT
data. The finding of lower NAA relative concentrations predicting higher
D-2 binding potential is consistent with the hypothesis that altered
prefrontal cortex function leads to decreased tonic dopamine release.

‘H-MRSI ABNORMALITIES IN UNAFFECTED SIBLINGS OF PATIENTS
WITH SCHIZOPHRENIA: POSSIBLE GENETIC MARKERS M Egan*. JH
Callicott. A Bertolino. VS Mattay. D Podell . M Weschler. JA Frank. DR
Weinberger. Clinical Brain Disorders Branch, NIMH, NIH Bethesda, MD 20892.
Previous work has demonstrated regional abnormalities of N-Acetyl-containing
compounds (e.g. N-Acetyl-Aspartate or NAA, a neuronal marker) in the
hippocampus (HIPPO) and dorsolateral prefrontal cortex (DLPFC) in patients with
schizophrenia (SCZ). To gain further insight as to whether these abnormalities
represent trait or state findings, we studied 10 SCZ, 12 unaffected siblings (SIB) of
these patients, and 10 healthy controls (HC) with long echo time (TE 272 msec)
multislice proton magnetic resonance spectroscopic imaging ('H-MRSI), primarily
measuring NAA, creatine plus phosphocreatine (CRE), and choline-containing
compounds (CHO). ROI’s were drawn in a blinded fashion on coplanar MR
images and metabolites quantitated using relative ratios (NAA/CRE, NAA/CHO,
CHO/CRE).
Consistent with earlier findings in SCZ, unaffected siblings
demonstrated reductions in NAA/CRE in HIPPO and DLPFC (MANOVA, main
effect diagnosis, HIPPO df (2,30), F=11.6, p=.0002 and DLPFC df (2,30), F=6.7,
p=.004). These abnormalities were still present when we expanded the comparison
cohort to include all SCZ (n=40) and HC (n=40) scanned to date. While the relation
between these NAA reductions and potentially altered neurobiological processes
remains unclear, this pattern of neurochemical abnormalities may represent a brain
phenotype associated with schizophrenia. Such ‘intermediate’ phenotypes may
prove useful in future efforts to identify potential genetic loci contributing to the
development of neuropsychiatric illness.
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MR S P E C T R O S C O P Y O F GLUTAM ATE-CONTAINING P E A K S IN HIPPO CAM 
P U S IN SCHIZOPHRENIA. L.S. Keaeles. D.C. Shunqu. S. Chan. P. Malaspina.
J.J. Mann. J.M. Gorman. M. Laruelle. C.A. Kaufmann*. Division of Brain Imaging,
Depts. of Psychiatry and Radiology, Columbia University, New York NY 10032
Neurochemical hypotheses of schizophrenia include the classical dopamine
hypothesis as well as refinements involving dysfunction in the mutual regulation
of dopamine and glutamate (Glu) neurotransmission. P o s tm o rte m studies have
suggested glutamatergic deficits in the hippocampus in schizophrenia that may
be remedied by neuroleptic medication. In the same region, volumetric, greymatter, and Glu receptor deficits, often more severe on the left, have been
reported.
Proton magnetic resonance spectroscopy (M RS) permits localized
measurements of neurochemicals including the combination of Glu, glutamine
(Gin), and γ -aminobutyric acid (G AB A), designated Glx.
W e report
measurements of Glx in vivo in the hippocampus, of 12 patients with DSM-IV
schizophrenia or schizoaffective disorder (4 neuroleptic-medicated and 8
medication-free), and 7 normal volunteers. The M R S protocol used one
dimensional S T EA M CSI with TE=20 ms on a G E 1.5 Tesla Signa system to
obtain data from a 3 cc voxel placed in the anterior hippocampus bilaterally. The
ratio of Glx to Cho (choline containing compounds) was computed and a leftright index ((L-R)/(L+R)) derived; the means±S.D. were -0.18±0.20 for the
patients and +0.10±0.22 for the controls (p=0.01). The one medication-naive
patient had a value of -0.03 for the index, typical of the patient group. The ratio
of Glx to Cr (creatine plus phosphocreatine) yielded -0.07±0.27 for the patients
and +0.14±0.29 for the controls, showing a trend in the sam e direction. No
difference was found in NAA ratios, suggesting the effect may not be due to
neuronal density deficits. These in v ivo results corroborate prior p o s tm o rte m
results and are consistent with a relative left-sided Glu concentration deficit in
schizophrenia.
S u p p o rte d b y a N A R S A D Y ou ng Investigator a w a rd a n d b y the G. H a ro ld
a n d L e ila Y. M a th ers Ch aritable Trust

PROTO N MRS IN M ANIC DEPRESSIV E ILLNESS: M ON ITORING OF
LITHIUM INDUCED MODULATION OF BRAIN MYO-INOSITOL G.J. Moore*.
J. M. Bebchuk. H. K. Manji. Depts. of Psychiatry and Behavioral Neurosciences, and
Radiology,Wayne State Univ.’Sch. of Med., Detroit, MI 48201
The most widely accepted hypothesis underlying lithium's (Li) therapeutic efficacy
in Bipolar Affective Disorder (BD) is the inositol depletion hypothesis. This
hypothesis posits that lithium produces a relative depletion of myo-inositol (ml) in
critical areas of brain and it is this depletion which ultimately results in its
therapeutic effects. Despite the attractiveness of the inositol depletion hypothesis, it
has never been investigated in BD patients. Thus, there is a clear need to determine if
Li reduces the levels of m l in critical brain regions o f individuals with BD, and if
individual differences in m l concentrations determine resistance or sensitivity to Li
therapeutic effects.
Quantitative single voxel proton (1H) magnetic resonance spectroscopy (MRS)
exams were performed using a 1.5T clinical scanner . A short-echo (30ms) STEAM
pulse sequence was used to acquire spectra from approx. 8cc regions of interest (ROI)
in the frontal and occipital lobes. To date, we have investigated the effects of Li on
brain m l levels in 7 patients who meet DSM-IV diagnostic criteria for BD. Brain ml
concentration (mmol/kg wet wt) was measured in these patients at three different time
points via quantitative 1H MRS: at baseline, and after acute (5-7 days) and chronic (4
week) Li administration (900-1200mg/day).
As a group, the patients (n=7) in this study show significant decreases in levels of
brain m l in the frontal lobe following acute Li administration (mean decrease baseline
6.6±1.2(SD) to acute 5.4±1.7, p<0.05) which persist with chronic Li administration
(5.7±1.2, p<0.05 vs. baseline). No significant differences were observed in the
occipital lobe. Although preliminary, this data suggests that inositol depletion does,
in fact, occur in critical brain regions during Li administration in BD patients. The
hypothesis that Li-induced alterations in brain m l levels are associated with
responsiveness to its therapeutic effects is currently under investigation.
This work is funded in part by a NARSAD Young Investigator Award to G.J.M.
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NEUROANATOMIC BASIS OF MAJOR AND MINOR DEPRESSION
IN LATE LIFE: CONVERGENCE OF CLINICAL AND NEURO
BIOLOGICAL FINDINGS. A Kumar*. J. Zhisone. W.
Bilker. E. Schweizer. G. Gottlieb. University of Pennsylvania,
Philadelphia, PA 19104.
The purpose of our study was to examine the relationship of MRI
determined quantitative neuroanatomic measures to degrees of depression
in elderly patients with major (MDD), minor depression (MND) and
non-depressed controls. Our samples were comprised of 51 patients with
MDD (36 F, 15 M, Mean age 74.3 SD 6.6), 18 patients diagnosed with
MND using modified DSM-1V criteria (9F, 9M, Mean age 70.9 SD 8.7)
and 30 non-depressed controls (23 F, 7 M, Mean age 69.7 SD 6.2). All
patients were scanned using a 1.5 tesla GE signa scanner and a
segmentation program was used to separate brain parenchyma from
cerebrospinal fluid. Anatomical boundaries used in our image analysis
have been previously reported (Cowell et al. J Neurosci 1994) and
absolute and normalized global and focal neuroanatomical measures
were obtained A linear regression was used to examine therelationship
between neuroanatomic variables and degrees of depression while
controlling for age, gender and age by gender interactions. Our data
indicate that whole brain volume and absolute and normalized frontal
lobe volumes have an inverse relationship to severity of depression
(p<0.05). Patients with MDD had the smallest brain volumes followed
by the MND group and the non-depressed controls. These data
demonstrate a convergence between clinical and neuroanatomical
measures of severity of depression and suggest that there may be a
neuroanatomical basis to all forms of depression in late-life.

NEUROBIOLOGICAL ABNORMALITIES IN OFFSPRING AT RISK
FOR SCHIZOPHRENIA
M.S. Keshavan, P.M. Montrose, E.L. Dick, JK Pierri, J.A. Sweeney. S.P.
Mahadik*. Department o f Psychiatry, University o f Pittsburgh School o f
Medicine, Pittsburgh PA 15213.
Studies o f first-degree, relatives o f schizophrenics allow us to
characterize the risk factors for the development o f this illness. A series o f
offspring and siblings (n=18; age 13.7±3.4) o f a schizophrenic patient were
compared with age and sex matched healthy controls without family
psychiatric history in first degree relatives (n=15; age 13.8±5.3) on
psychiatric, Magnetic Resonance Imagine (MRI) and Magnetic Resonance
Spectroscopy (MRS) evaluations. All subjects were clinically evaluated
using K-SADS or SCID. Eight (44%) o f the high risk group had evidence o f
nonpsychotic psychopathology on Axis I (compared with matched healthy
controls (n=13), high risk subjects (n=10) had significantly reduced brain
volume (p=. 04), decreased left amygdala volume (p=. 005), and enlarged
third ventricular volume (p=.002). *H MRS studies demonstrated decreased
NAA creatine ratios in the high risk group (n=6; 1.00±.26) as compared to
controls (n=5; 1.27±.26; p = . 06, 1-tailed). High risk relatives with
nonpsychotic psychopathology (n=8) had lower IQ (93.14) compared to
healthy offspring and siblings o f persons with schizophrenia (n=10; 113.7;
p= . 03; 1-tailed). Follow-up studies o f these subjects are needed to confirm
the predictive value o f these measures for future emergence o f schizophrenia
in subjects at risk for this illness.
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SPECT MEASUREMENT OF BASELINE STRIATAL SYNAPTIC
DOPAM INE CONCENTRATION IN SCHIZOPHRENIA A. AbiDargham*. L. K egeles. D, Printz. Y, Zea-Ponce. J. Gorman. R. van
Heertum. M. Laruelle. Department o f Psychiatry and R adiology,
Columbia Univ. and N ew York State Psychiatric Institute, N ew York,
N Y 10032
Using SPECT and the selective D 2 radiotracer [123I]IBZM, w e
previously showed that amphetamine-induced dopamine (D A ) release
was elevated in patients with schizophrenia. This increased response
was associated with emergence or worsening o f positive symptoms
(Laruelle et al., PN A S, 1996, 93: 9235-9240). W hile this observation
indicates an abnormal responsivity o f D A neurons to amphetamine in
schizophrenia, it does not provide information about the baseline
synaptic D A concentration. Studies in m ice showed that D A synaptic
concentration can be calculated by comparing D 2 receptor availability
before and after acute D A depletion (Ross and Jackson, Naunyn
Schmiedeberg Arch. Pharmacol., 340:6-12, 1989). The feasibility o f
this method in humans was tested by comparing [123I]IBZM binding
potential (BP) before and after administration o f alpha-methyl-paratyrosine (4 gm in 2 days). In healthy volunteers, D A depletion
increased [123I]IBZM BP by 28 ± 16% (± SD , n = 9), suggesting a
baseline D 2 D A occupancy o f 21 ± 10%, and a D A synaptic
concentration o f 45 ± 25 nM (using a Ki value o f 160 nM). This
method is presently used to measure baseline D A synaptic
concentration in patients with schizophrenia, and to correlate this
measure with the intensity o f psychotic symptoms. Data in
schizophrenic patients w ill be presented at the meeting. Supported by
the S ta n le y , E JLB ,and M athers Foundations.

SEV ERITY O F TICS IN T O U R E T T E ’S SY NDROM E IS ASSOCIATED
W IT H M ID RA IN AND TH A LA M IC SER O TO N IN TR ANSPOR TER
A V AIL A B IL ITY . Michael B. Knable, Andreas Heinz*. Steven S. Wolf, Thomas
M. Hyde. Daniel R. W einberger. NIMH, CBDB, St. Elizabeth’s Hospital,
Washington, D.C., 20032
We sought to investigate the hypothesis that serotonergic input into brainstem
dopaminergic neurons may be related to symptom severity in Tourette’s syndrome
(TS). We studied 10 patients with TS and 10 age and sex-matched normal controls
with 1-123 (5-CIT SPECT, a radioligand with high affinity for dopamine and
serotonin transporters. Patients were free from psychotropic medications for 8
weeks prior to scanning. The Yale Global Tic Severity Scale, the Yale-Brown
Obsessive-Compulsive Scale, and the Clinical Global Impression ObsessiveCompulsive Scale were obtained on the day of scanning. Sixty minute scans were
obtained 24 hours after intravenous injection of 7 mCi 1-123 p-CIT. The ratio
(ROI-CBL)/CBL, or V3” , was determined as an outcome measurement based on
MRI co-registered SPECT images. A significant negative correlation was found
between the availability of serotonin transporters in the midbrain and the severity
of tics (r= -0.73) and the severity of obsessive-compulsive symptoms (r= -0.68).
Severity of tics was also correlated with serotonin transporter density in the
thalamus (r= -0.83). No significant correlations between symptom severity and
dopamine transporter density in the striatum were observed. There were no
significant differences between patients and controls for dopamine or serotonin
transporter density in any brain region. These data suggest that motor tics and
obsessional phenomena may be influenced by a dysfunction of brainstem and
thalamic serotonergic transmission.
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F R 0 N T 0 - P A R I E T A L C O R T I C A L A L T E R A T I O N S OF G A B A - A
R E C T O R S IN C A T A T O N I C S C H I Z O P H R E N I A : A C O M B IN E D
S P E C T - AND MRP S T U D Y
G. N o r t h o f f ( 1 ) , R . S t e in k e
( 2 ) , M. K r u g
(1 ),
A.
S.

P fe n n ig
( 1 ) , A. L e s c h in g e r
( 1 ) , H. O tto
D ie k m a n n
( 1 )* , D e p a rtm e n t o f P s y c h ia t r y

and N u c le a r M e d ic in e
M a g d e b u r g , FRG
C lin ic a l

s t u d ie s

(2 ),

in d ic a t e

U n iv e r s it y

th at

60

-

(2 ) ,
(1 J

of

80

% of

a c u te a k in e t ic
c a t a t o n i c p a t i e n t s sh o w a d r a m a t i c
t h e r a p e u t i c r e s p o n s e t o t h e G A G A -A p o t e n t i a t o r
l o r a z e p a m . We t h e r e f o r e i n v e s t i g a t e d
B e n z o d ia z e 
p in e r e c t o r s w it h
(1 2 3 J ) I o m a z e n i l S P E C T a n d
M o v e m e n t - r e la t e d p o t e n t i a l s
(M RP ) b e f o r e a n d
a f t e r an i n t r a v e n o u s i n j e c t i o n
o f 1 mg l o r a z e p a m
in
10 c a t a t o n i c ,
10 n o n - c a t a t o n i c s h i z o p h r e n i c s
a n d 10 h e a l t h y c o n t r o l s .
C a t a t o n i c p a t i e n t s sho w ed a s i g n i f i c a n t l e f t
f r o n t o - p a r ie t a l r e d u c t io n
o f G A B A -A r e c e p t o r s
t h a n t h e o t h e r g r o u p s . A f t e r lo r a z e p a m
fro n ta l
M R P 's w e r e s i g n i f i c a n t l y
l o w e r a n d p a r i e t a l M R P 's
s ig n ific a n t ly
h ig h e r in c a t a t o n ic p a t i e n t s . O ur
r e s u lt s
suggest le f t
f r o n t o - p a r ie t a l d y s fu n c t io n
o f G A B A -A r e c e p t o r s s p e c i f i c a l l y
in c a t a t o n ia .
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R A PID IN D U C T IO N O F C Y C L O O X Y G E N A S E (C O X )-2 B U T N O T
COX-1 IN T H E P IG L E T B R A IN A F T E R T R A N S IE N T ISC H E M IA .
D .W . B u sija .1 R. D e g i.12 F. B a ri.1,2 C. T h o re .1* T. B easley 1 and N.
T hrik a w ala .1 ‘D ept. P hy sio lo g y and P h arm acology, B o w m an G ray
School o f M edicine, W insto n -S alem , N C 27157, and 2D ept. P h y sio lo g y
/O phthalm ology, A lb ert S zen t-G y o rg y i M ed. U n iv ersity , Szeged,
H ungary.
W e investigated effects o f isch em ia on CO X-1 and C O X -2 levels in
cerebral tissues and arteries o f a n esth etized piglets. T otal, global isch em ia
w as induced by increasing in tracran ial p ressure fo r 10 m inutes. A t 1, 2, 4,
and 8 hrs o f reperfusion, sam ples o f large cerebral arteries, ch o ro id plexus,
hippocam pus, parietal cortex, and cerebellum w ere c o llected fo r R N ase
p rotection assay and im m u n o h isto ch em istry . For cerebral a rteries and
hippocam pus, the peak in crease in C O X -2 m R N A w as at 1-2 hrs
reperfusion. F or cortex, c e reb ellu m , and choroid plexus, m axim al C O X -2
m R N A increases occurred at 4 hours. A t 6 hours, in creased C O X -2
im m u n o reactiv ity (IR ) w as p resen t in th e end o th eliu m o f arteries and in
choroid plexus. A t 8 hours, in creased C O X -2 IR w as p resen t in layers 2/3
and 5 o f the parietal cortex, th e CA 1, CA 3, and den tate g yrus o f th e
hippocam pus, and B ergm an n glia o f th e cereb ellu m . P retreatm en t w ith 7nitroindazole (50 m g/kg, ip) to inhibit nN O S did not affect increased CO X -2
IR after ischem ia. In con trast, v ery little CO X-1 IR w as ob serv ed un d er
norm al conditions or after ischem ia. Thus, tran sien t ischem ia increases
b rain and arterial levels o f C O X -2 via m ech an ism s in d ep en d en t o f
neuronally-derived nitric oxide.
S upport by H L -30260, H L -4 6 5 5 8 & H L -50587

IN T E R A C T IO N B E T W E E N IN D U C IB LE NITRIC O X ID E S Y N T H A S E
AN D
C Y C LO O X Y G E N A S E -2
FO LLO W IN G
FO CAL
CEREBRAL
ISCHEM IA. S. Noaawa*. F. Zhana. C.L. Forster. M.E. Ross and C. ladecola.
Dept, of Neurology, Univ. of Minnesota, Minneapolis, MN 55455.
Cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS) are
expressed with a similar time-course after cerebral ischemia and contribute to
the late stages of ischemic brain damage (Am. J. Physiol 268:R286, 1995; J
Neurosci 17: 2746, 1997). Because NO can increase CO X-2 catalytic activity,
NO produced by iN O S in the postischemic brain could activate C O X-2 and
enhance its toxic potential. T o test this hypothesis, we investigated whether
iNOS and COX-2 are expressed in close proximity, allowing for NO, an agent
with a limited range of action, to activate COX-2. The rat middle cerebral artery
(MCA) was occluded for 2 hrs by an intraluminal filament. C O X-2 and iNOS
immunoreactivity were determined in adjacent brain sections 6-96 hrs later
(n=3/time point). iN O S immunoreactivity was observed in neutrophils and
blood vessels deeply within the infarct, whereas COX-2 immunoreactivity was
detected in neurons at the infarct border and in the adjacent normal brain. To
provide additional evidence for an interaction between NO and COX-2, rats
were treated with the iNOS inhibitor aminoguanidine (AG) (100 mg/kg; i.p.; 5
min and 6, 14 and 22 hrs after M C A occlusion). The COX-2 reaction product
P G E 2 was measured 24 hrs after ischemia by ELISA. In vehicle-treated rats
(n=8), P G E 2 was elevated in the ischemic cortex (21+4 ng/g, p<0.05), but not
contralaterally (10+2). Treatment with AG (n=6) did not affect the increase in
P G E 2 (19+2 ng/g; p>0.05 from vehicle). In contrast, treatment with the COX-2
inhibitor NS-398 (20 mg/kg; i.p.; 6, 14, and 22 hrs after ischemia; n=7)
reduced P G E 2 accumulation substantially (8±2, p<0.05 from vehicle). These
data suggest that,, due perhaps to the lack of spatial overlap between iNOS
and C O X-2, NO produced by iN O S does not influence C O X -2 activity.
Therefore, NO and COX-2 reaction products may contribute to ischemic brain
damage by separate pathogenic mechanisms. (Supported by NS35806)

S o c ie ty f o r N e u ro s c ie n c e , V olum e

23,1997

MONDAY PM

ISCHEM IA: O X ID A T IV E A N D A PO P T O T IC PR O T E IN S

849

336.3

3 3 6 .4

CYCLOOXYGENASE 2 INHIBITION DECREASES INFARCTION AFTER
TEMPORARY FOCAL ISCHEMIA IN RATS. M. Nakavama* S. Imamura,
0 . Miyanohara. K. Kawaguchi, J. Chen, S. H. Graham. Department of
Neurosurgery, Kagoshima Univ., Japan, and Dept. ofNeurology, Univ. of
Pittsburgh, PA 15213.
Two forms of cyclooxygenase (COX), the enzyme that catalyzes the
conversion of arachidonic acid to prostaglandins, have recently been cloned.
The second form, COX2, is the prominent form expressed in brain and is an
immediate early gene that is induced by neuronal activity. The hydroxy radical
is produced as a byproduct of COX actvity. Because oxidative stress may
contribute to the pathogenesis of neuronal death in many diseases, we
hypothesized that COX2 activty could promote neuronal death after ischemia.
Temporary focal ischemia was induced by transient occlusion of the middle
cerebral artery by the suture method in halothane anesthetized rats. Following
60 minutes of MCA occlusion, the suture was withdrawn to allow reperftision.
Rats were treated with 0 or 3 mg/kg of the highly selective COX2 inhibitor,
SC58125, p.o. at 1 hr prior to and 1 hr after ischemia. Twenty-four hours after
reperfusion, the rats were sacrificed and their brains removed. COX2 protein
expression determined by immunocytochemistry was increased in neurons in the
cortical mantle, the border zone region in this mode. There was no COX2
expression in the core of the infarction. SC58125 treatment significantly
reduced infarction volume and hemispheric swelling in TTC-stained sections.
These results suggest that COX2 expression may play an important role in
ischemic neural injury and that selective COX2 inhibitors could be effective
neuroprotective agents.
Support: Department of Veterans Affairs Merit Review

EFFECTS OF FETAL ASPHYXIA ON GLIAL FIBRILLARY ACIDIC
PROTEIN AND NITRIC OXIDE SYNTHASE IN THE RAT. ( Spon * ENA)
A.W.D. Gavilanes(1). C.F. Loidl(1). P.R. Rosias(1)E.H.J. van Diik(l). J.S.H.Vles
;3). H.W.M. Steinbusch (2) and C.E. Blanco (1) . Depts. o f Pediatrics (,),
Psychiatry & N europsychology (2) and Child Neurology (3). Academic
Hospital and University of Maastricht, Maastricht. The Netherlands.
Neuronal injury and astrocyte reactivity following asphyxia is described in a
variety o f neonatal and adult models. The aim o f this work was to study neuronal
and astroglial changes in response to fetal asphyxia in fetal and neonatal rats.
On day 17 o f gestation (El 7), Wistar rats were subjected to a midline
laparotomy inside a closed incubator to maintain core temperature. The uterine
and the ovarian arteries were clamped with non traumatic removable clamps for
15, 30 and 60 minutes. Thereafter the uterine horns were placed back
intra-abdominally. The control group was sham operated. Fetuses were sacrified
at El 7 immediately after insult without releasing the clamping of the arteries,
after a physiologic birth at term date (P0) or 14 days postnatal ly (PI 4). Cerebral
cortex and striatum were studied using Glial Fibrillary Acidic Protein (GFAP)
and Nitric Oxide Synthase (NOS) immunostaining. At E l7, there was a marked
loss o f GFAP and NOS activity after 30 and 60 minutes o f asphyxia. At PO and
at PI4, an increased number o f NOS-positive cells was observed after 60
minutes o f asphyxia. At P0 and P14, GFAP activity was similar to controls.
We conclude that 1) This model offers possibi lities for the study o f the effects
o f asphyxia on the fetus. 2) The loss o f GFAP and NOS activity at El 7 can not
be directly related to reperfusion. 3) Changes at E l7 were proportional to the
duration o f asphyxia. 4) Postnatal NOS overexpression suggests that NOSpositive neurons were affected.
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NEURONAL E N D O N U C LE A SE EX PR E SSIO N AND IN D U C TIO N :
EARLY MODULATORS OF NITRIC OXIDE INDUCED PROGRAMM ED
CELL DEATH. Y. Mohammad*. A. M Vincent, and K. M aiese. Neurology,
Anatomy and Cell Biology, Center for M olecular M edicine, W ayne State
University School of Medicine, Detroit, MI 48201
Neuronal survival is intricately linked to the maintenance of intact DNA.
In contrast, neuronal degeneration following nitric oxide (NO) exposure is
dependent, in part, on the degradation of DNA through program med cell death
(PCD) (Kue, et al., Soc. Neurosci Abs 22:1721, 1996). We therefore investigated
in primary rat hippocampal neurons the role of endogenous deoxyribonucleases,
enzymes responsible for metabolically derived DNA cleavage, during NO induced
neurodegeneration. Neuronal injury was assessed by using a 0.4% trypan blue dye
exclusion method 24 hours following treatment with the NO generators sodium
nitroprusside (300μ M) or SIN-1 (300μ M). DNA digestion studies using neuronal
cell extracts were employed to assess specific endonuclease activity. Twenty-four
hours following NO exposure, neuronal survival was reduced from 77+9% to
23±9% (p<0.001). Treatment with aurintricarboxylic acid (ATA) (5pM-100|i,M),
an endonuclease inhibitor, during NO exposure increased neuronal survival from
28+11% to 72+6% over a 24 hour period (p<0.001). E nhancem ent of
endonuclease activity alone with the membrane-permeable zinc chelator, N,N,N'N\tetrakis (2-pyridylmethyl) ethylenediam ine (TPEN) (0.05μ M -0.5μ.M) actively
decreased neuronal survival from approxim ately 80% to a m inim um o f
approximately 34%. In the presence of NO, neuronal injury was not significantly
altered by TPEN, suggesting that increased endonuclease activity was a principal
pathway for NO induced neuronal degeneration. DNA digestion assays revealed not
only two constitutively active endonucleases, a C a ^ + / M g ^ + -d e p e n d e n t
endonuclease (pH 6-8) and an acidic endonuclease (pH<6), but also a NO inducible
Mg2+-dependent endonuclease (pH 6-8). Our characterization of specific neuronal
endonucleases suggest that the constitutive endonucleases may play a role in the
initial stages of PCD, but the subsequent "down-stream" degradation of DNA may
ultimately be dependent upon the NO inducible endonuclease.
Supported by the Alzheimer's Association, AHA (National), J&J Focused
Giving Award, NIH NINDS, and the United Cerebral Palsy Foundation.

HIGHER NEURONAL VULNERABILITY TO ISCHEMIA IN AGED RATS IS
ASSOCIATED WITH LOWER IN F -a EXPRESSION AND LOWER CuZn
SUPEROXIDE DISMUTASE (SOD) RESPONSE
O.Zhai. N.Futrell. F. Chen*
Cerebrovascular Disease Laboratory, Medical College o f Ohio, Toledo, OH 43614
Aging is an important risk factor for stroke. The immunological and antioxidant
alterations with aging may play a key role on the outcome o f stroke. TNF-a is a major
mediator of immune response, with inhibition of endogenous TNF-a worsening cerebral
infarction in young rats. CuZn-SOD effectively reduces neuronal damage in cerebral
ischemia via scavenging superoxide radicals . To study the effect o f aging on cerebral
infarcts, right middle cerebral artery occlusion (MCAO) was induced in 12 old Fisher male
rats (24 months) and 12 young rats (2 months). Animals were sacrificed and infarct volume
was measured 24 hours later. Old rats had larger infarcts (18.02+3.01%) than young
(13.81±4.25%)(% o f the right hemisphere, P<0.05, student’s t-test). To elucidate the
association of this finding with TNF-a expression, right MCAO was produced in 3 old rats
(24 mouths) and 4 young rats (2 months). Rate were sacrificed at 6 hours after MCAO, when
TNF-a mRNA expression peaked in young rats, to study the effect o f aging on ischemiainduced TNF-a mRNA upregulation using direct in situ RT-PCR. We counted the number
of TNF-a mRNA positive cells, mainly neurons. There were fewer TNF-a mRNA positive
cells in aged (895±85) than in young rats (1206±116) (PO.Ol, student’s t-test). To disclose
the temporal association between TNF-a mRNA expression and the CuZn-SOD response,
monoclonal anti-CuZn-SOD antibody was used to perform immunohistochemistry on fixedembedded sections adjacent to those used in the TNF-a mRNA study. The infarcted
hemispheres o f aged rats (221+59) had a significantly smaller number o f CuZn-SOD
positive cells than young (1678+706) (P<0.05, student’s t-test). We conclude, after MCAO:
1) aged rats have larger infarcts than young; 2) lower TNF-a expression may be
responsible for larger infarcts in aged rats; 3) Lower CuZn-SOD response is temporally
parallel to lower TNF-a expression in aged rats; 4) TNF-a may have cytoprotective function
probably via induction o f an antioxidant enzyme.
Supported by National Stroke Association and NIH grants
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H IP P O C A M P A L IN F A R C T IO N A N D H O -1 IN D U C T IO N
F O L L O W IN G D IR E C T H E M E P R O D U C T IN JE C T IO N IN
T H E G E R B IL . M.T. M urrrell C. Turner. S.S. Panter* and F.R.
Sharp. Dept, o f N eurology, U niversity o f California and V A
M edical Center, San Francisco, CA 94121
In order to assess the effect o f hem e within the rodent
hippocampus, direct stereotaxic injections (2μ L, 0.23g/m L ) o f
stroma-free hem oglobin (SFH) and A Ө hem oglobin (chromatographically-purified SFH) w ere performed. In the gerbil, cresyl
violet staining 72h subsequent to the injections revealed ipsilateral
hippocampal infarct in the majority (88.9% ) o f SFH-injected
animals. Identical injections o f A ө hem oglobin produced infarct in
only 9.1% o f subjects; non-infarcted A ө -injected anim als exhibited
damage similar to that produced by B S A control injections. This
suggests that hem e alone is not the causal factor in the developm ent
o f the hippocampal infarct. IM injections o f the antioxidant
(m ethylprednisolone 100 m g/kg) or anticonvulsant fosphenytoin
(25 & 50m g/kg) failed to reduce the hippocampal dam age in the
gerbil. HO-1 imm unostaining w as performed at 4 and 24h follow ing
SFH injection and revealed intense m icroglial staining within the
injected hippocampus. SFH injections (3p.L,0.23g/m L) in the rat
produced moderate damage to the upper blade o f the dentate gyrus
surrounding the injection site. A ө injections in the rat produced
damage similar to B S A control injections. It is suggested that the red
blood cell contents, w hich is stroma free hem oglobin, produce
vasospasm and infarction o f the hippocam pus, and that this is not
produced by hem oglobin alone - at least in the gerbil hippocampus.

C ALPAIN ACTIV ATIO N IN BR E A K D O W N OF M A P2 A N D
SPECTRIN D U R IN G TR AN SIEN T FO REBR A IN ISCHEM IA IN
VIVO.
A. RAM I. H A. OELSCHLAGER* and J. W INCKLER.
Anatomy III, Dr. Senckenbergische Anatomy, J.W .G Univ. Clinic.
Frankfurt 60590. FRG.
Disturbances in neuronal calcium homeostasis and an overactivation o f
calcium-dependent neutral proteinases calpains are considered to be one
factor contributing to hippocampal damage after ischemia, exeitotoxicity,
traumatic injury and stroke. The cascade o f cellular pathology following
ischemia has been shown to involve alterations in the cytoskeleton o f neurons.
In the present study we, investigated the breakdown o f MAP2 and spectrin in
chronological terms under ischemic conditions. During and after the transient
global ischemic insult, there is a biphasic development o f spectrin proteolysis:
the early phase, which is reversible in nature, occurs within 10 min in the
whole hippocampus and the second phase takes place 2 hours and persists 48
hours post-ischemia only in the selectively vulnerable CA1 subfield. These
alterations in the immunostainig o f MAP2 and spectrin-proteolysis appear to
precede neuronal loss. This scheme o f spectrin proteolysis parallels the
desintegration o f MAP2 which never recovers in the CA1 v.s. CA3.
Moreover, these changes are counteracted by using inhibitors o f calpain like
leupeptin or M DL28,i70. In sum, the prolonged activation o f calpain in the
CA1 subfield is well correlated to the process o f delayed neuronal death and
the inhibition o f calpain-overactivation could provide a potential therapeutic
agent for the treatment o f ischemia.

Supported by NIH NS28167 and NS14543
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CPP32 ACTIVATION IN NEURONAL APOPTOSIS AFTER TRANSIENT
FOCAL CEREBRAL ISCHEMIA IN MICE. S. Nam ura1. J. Zhu1. K. Fink1. M.
Endres1. K.J. Tomaselli2, A. Srinivasan2, J. Yuan3, and M.A. M oskowitz1*. 'Stroke
and Neurovascular Regulation, Massachusetts General Hospital-Harvard Medical
School, Charlestown, MA 02129,2IDUN Pharmaceuticals, Inc., La Jolla, CA 92037,
dep a rtm e n t o f Cell Biology, Harvard Medical School, Boston, MA 02115, USA.
We have recently reported that inhibitors o f the interleukin 113-converting enzyme
(ICE) family prevent neurons from ischemic injury (Hara et al., Proc Natl Acad Sci
USA 94: 2007-2012, 1997). To clarify their m echanism o f protection, we examined
CPP32 (caspase 3) activation in SV-129 mouse brain after 2 h filamentous middle
cerebral artery occlusion. We used two different antibodies which recognize the Nterminus o f CPP32 or the C-terminus o f its cleaved product (p20), respectively.
Immunohistochemistry and Western blotting showed the CPP32 cleavage product in
the ischemic area 3 h to 24 h after reperfusion, and upregulation o f CPP32 (p32)
expression in the penumbral area after 12 h to 24 h, at time points when DNA
laddering was found. Double staining with CPP32 (p20) immunohistochemistry
and TUNEL showed CPP32 cleavage in apoptotic neurons. CPP32 enzyme activity
determined using the fluorogenic substrate ZDEVD-AFC was higher in the ischemic
than in the contralateral hemisphere 1 h after reperfusion.
These data suggest that activation o f CPP32 plays a critical role in ischemiainduced neuronal apoptosis, and that ICE family inhibitors might affect the
development o f the ischemic lesion via an anti-apoptotic mechanism.
Supported by Uehara Memorial Foundation (S.N.), DFG Fi600/2-l (K.F.) and
En343/1-1 (M.E.), ROINS34812 (J.Y.), NIH Interdepartmental Stroke Program
5P50-NS10828 (M.A.M.).

MORPHOLOGICAL AND GENETIC CHANGES OF MOUSE
CORTICAL ASTROCYTE UNDER ISCHEMIA H.W. Yung. H.K.
Wong. K.L. So and A.C.H. Yu*. Department of Biology, The Hong Kong
University of Science and Technology, Clear W ater Bay, Kowloon, Hong Kong.
Cerebral ischemia is common in brain stroke, brain trauma and cardiovascular
diseases. It can cause an extensive cell death which may involve necrosis and/or
apoptosis. The molecular mechanisms of astrocytic cell death under ischemia ate
still illusive. In this study, we attempted to investigate the mode of astrocyte cell
death under ischemia induced in an anaerobic chamber. Cell viability assay
showed that m ost of the astrocyte died after 8 hrs of ischemia
(Mean+SEM=10.30+1.47%). Apoptotic extent as reflected from TdT-mediated
dUTP nick end labelling (TUNEL) staining showed that more than half
(Mean+SEM=71.6+2.7%) of the astrocytes were positively stained after 6 hrs of
ischemia. This reflected that ischemia can induce both necrosis and apoptosis in
astrocytes. We further studied the apoptotic cell death in this model by examining
apoptotsis related gene expression. We have utilized quantitative RT -PCR of bcl2 splicing transcripts (a and P) and interleukin-lp converting enzyme (ICE).
Results demonstrated a gradual down-regulation of bcl-2a and bcl-2p genes
expression through the 8 hrs of ischemia incubation. Expression of ICE gene
•decreasedfrom 0 hr to 4 hrs, then increasedup to 8 hrs. The expression profile of
bcl-2 supports the current belief that bcl-2 serves as an anti-apoptotic gene. The
up-regulated ICE genes expression after 4 hrs of ischemia complied with the
observation in the TUNEL staining.
(Sponsored by : NORAM Association Foundation, Hong Kong.)
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GENETIC REGULATION OF NEURONAL DEGENERATION: THE
RETINOBLASTOMA GENE AND PROGRAMMED CELL DEATH. JL
Maiese* and J. Gallant. Neurology, Anatomy and Cell Biology, Center for
Molecular Medicine, Wayne State Univ. School of Medicine, Detroit, MI 48201
The retinoblastom a gene p roduct (pR b) is a llO k D a nuclear
phosphoprotein that coordinates cellular pathways o f growth and differentiation.
Hypophosphorylated pRb binds to and inactivates E2F transcription factors.
Phosphorylation of pRb deregulates E2F activity and, depending on the cell type,
can promote cell proliferation or tumorigenesis. To explore pRb's role in neuronal
cell injury, we characterized the induction of pRb following anoxia and nitric oxide
(NO) exposure and examined the relationship of pRb to program med cell death
(PCD). Primary hippocampal neurons were exposed to anoxia (95%N2, 5% C 02)
or to the NO generators sodium nitroprusside (300^M ) and 3-m orpholinosydnonim ine (300p.M). Expression of the pRb subtypes was exam ined by
imm unocytochemistry using phosphatase labeled purified antibodies and by
W estern blot analysis. DNA fragm entation was exam ined by term inaldeoxynucleotide transferase-m ediated dUTP digoxigenin nick end-labeling
(TUNEL). Approximately 70% of the neurons die over a 24 hour period following
exposure to anoxia or NO. Within the initial 2 hours following an anoxic or NO
insult, total (phosphorylated and hypophosphorylated) pRb expression decreased by
45+6% of the untreated controls (n = 6, p<0.001). The expression of pRb
gradually returned to control levels over the next 24 hours. Interestingly, the
expression of the activated, hypophosphorylated pRb markedly increased within the
same 2 hour period following anoxia or NO exposure to approximately 100% of
untreated control levels (n = 6, p<0.001). In cultures that were stained for both
pRb and TUNEL, increased expression of total pRb directly correlated with the
increased expression of DNA fragmentation in this same neuronal population,
suggesting a possible link between change in activity of pRb and the promotion of
PCD. Further dissection of the molecular pathways that determine pRb function
may yield greater insight into the determinants of neuronal degeneration.
Supported by the Alzheimer's Association, AHA (National), J&J Focused
Giving Award, NIH NINDS, and the United Cerebral Palsy Foundation.

CD95/FAS-LIGAND
EXPRESSION
IS
CORRELATED
WITH
LASTING
c-JUN
SERINE-73
PHOSPHORYLATION
AND
SUPPRESSION OF ATF-2 IN NEURONAL APOPTOSIS FOLLOWING
ISCHEMIA.
A.Martin-Villalba1.1.Herr2. T.Buschmann1. C. Winter1.
J.Schenkel1. M.Zimmermann1 and T.Herdegen1. (SPON: European
Neuroscience Association) 1 II. Institute of Physiology, University of
Heidelberg.2 German Cancer Research Center, INF 280, Heidelberg.
We studied the expression of CD95/Fas and CD95/Fas receptor, ATF-2,
c-Jun and its phosphorylation in ventroposterolateral (VPL) thalamus and
substantia nigra compacta (SNc) of adult rats following MCA occlusion.
These areas show a delayed neuronal death following transient ischemia.
The CD95/Fas-Ligand, a homologue of TNFa, binds to the CD95/Fasreceptor and induces apoptosis in non-neuronal cells. ATF-2 plays a role in
neuronal protection as shown by targeted disruption of the ATF-2 locus.
Moreover ATF-2 controls the c-jun induction and dimerizes with c-Jun.
Here we show that transient focal ischemia provokes neuronal cell death in
VPL and SNc 3-5 days following reperfusion. Expression of CD95/Fas was
selectively expressed in TUNEL-positive VPL and SNc neurons and
preceded c-Jun expression and ATF-2 suppression. Application of the
immunosuppressant FK-506 prevented CD95/Fas-Ligand expression,
ATF-2 suppression, phosphorylation of c-Jun, and apoptosis. These data
suggest that the phosphorylation of c-Jun, and the suppression of ATF-2 are
downstream modulators of CD95/Fas-Ligand triggered apoptosis in the
adult mamalian CNS.
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DIETARY OBESITY INDUCES DECREASED CENTRAL SENSITIVITY
TO EXOGENOUS OB PROTEIN (LEPTIN) WHICH IS REVERSED BY
WEIGHT LOSS. L.A. Campfield*, F. J. Smith, J. Yu, M. Renzetti, B. Simko,
M. Baralt, G. Mackie, R.Tenenbaum, W. Smith, Metabolic Diseases,
Hoffmann-La Roche, Nutley, NJ 07110
Obesity develops in many animals fed a high fat, energy dense diet. Our
demonstration that diet-induced obese AKR/J (DIO) mice required higher
IP doses of OB protein to reduce food intake contributed to the concept o f
OB resistance. In these studies, we determined the reduction of 6 hr
cumulative food intake (FI) by human OB protein injected into the lateral
ventricle (ICV) of DIO mice as they gain weight. ICV cannula were
implanted in female mice and 1 wk later, mouse chow was replaced by highfat diet for 2-16 wks. Overnight fasted mice received OB protein (0.9
fig/mouse) ICV and FI was measured. Serum insulin, OB protein and
glucose levels increased as body weight increased in DIO mice. ICV OB
protein reduced FI by 23% and 12% in DIO mice at 9 and 14 wks,
respectively, compared to 43% in non-obese mice on high-fat diet. After
16 wks on high-fat diet, DIO mice were switched back to mouse chow. After
2 wks, mice had reduced body weight to the mean weight of never obese
mice and now ICV OB protein reduced FI by 53%. DIO mice with
decreased central sensitivity to OB protein were responsive to high doses o f
OB protein given IP. These results demonstrate that expansion of the
adipose tissue mass, as a result of high-fat diet, is associated with decreased
central sensitivity to OB protein as a function of the time on the high-fat
diet. Decreased central sensitivity to OB protein was not observed in mice
remaining lean while on high-fat diet. These studies also indicate that
decreased central sensitivity to OB protein can be reversed by weight loss
resulting from removal of high-fat diet. Thus, these studies indicate that the
sensitivity to OB protein of the neural network in the brain controlling
energy balance is decreased by weight gain and can be reversed by weight
loss.
Supported by Hoffmann-La Roche Inc.
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LOC A L I Z A T I O N OF LEP T I N R E C EPTOR IMM U N O R E A C T I V I T Y IN THE
LEA N A N D OBESE ZUCKER RAT BRAIN. D.S.Knight*. P.O.
Yarnell. K.Hamilton. O.Tulp and P . T s o . Dept, of Cellular
B i o l o g y and Anatomy, LSUMC, Shreveport, L A 71130.
Leptin, a product of the obese (ob) gene, is secreted
by adipocytes, and c i r c ulating leptin c o ncentrations
correlate wit h percent b o d y fat. Lep t i n adm i n i s t r a t i o n
(icv) reduces food intake and fat-depot weights. A gene
defect in the Zucker obese rat (fa/fa) causes an amino
acid s u b s titution in the leptin r e c eptor and r e d uced
b i n d i n g a f f inity for leptin.
In this study, an a n t i serum
to A A 877-894 of the leptin r eceptor i n t r a c ellular dom a i n
was use d to label Zucker lean and obese b r a i n s e c t i o n s .
At an anti s e r u m dil u t i o n of 1:8000, cells in the basal
forebrain, p reoptic area, h y p othalamus and b r a i n s t e m were
m o d e r a t e l y or i n tensely labeled.
Intensely labeled
nuclei including anterior commissural, paraventricular,
supraoptic, centralis and fornical c o ntain neurons that
synthesize v a s o p r e s s i n or oxytocin. Additi o n a l cell
popula t i o n s in the cerebral cortex, basal ganglia,
hippocampus, dienc e p h a l o n and b r a i n s t e m were l i ghtly
labeled at g r eater ant i s e r u m concentrations.
There was
no obvious d i f ference in labeling b e t w e e n Z ucker lean and
obese rats.
P r e a b s orption of the a n t i s e r u m w ith A A 877894 (2 X 10-6 M) a b olished all labeling.
Red u c e d
leptin bin d i n g or transport in Zucker obese rats m a y
s u f f i ciently compromise leptin regul a t i o n of the H P A axis,
neurons that secrete n e u r o peptide Y or oth e r neurons to
cause obesity.
S u pported b y N I H DK32288.
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A FAST STIMULATES MAJOR HORMONAL AND SUBSTRATE
RESPONSES DURING THE DARK BUT RESPONSES ATTENUATE
DURING THE FOLLOWING LIGHT PERIOD. M. F. Dallman*, S.F. Akana, S.
Bhatnagar. ST. Choi, A, Chu. O. Meijer and A.M. Strack. UCSF, San Francisco,
CA 94143-0444.
A 24-hour fast in growing rats is a strong metabolic stressor. We measured
food intake, hormones, metabolites and fat depot w eight every 2 h for 26 h
after fasting was initiated at 16 h, 2 h before lights out (18 h-06 h). Controls
were fed ad lib. As previously (Akana, Endocrinol., 1994), fasted rats
exhibited 2 distinct ACTH peaks and a large increase in corticosterone (B)
between 18 h and 06 h during the dark period, at the times w hen fed rats ate
large meals; ACTH was low-normal between 06 h and 16 h the next day while
fasting continued (B remained slightly elevated). Free fatty acids (FFA)
increased rapidly, by 18 h, and body weight, glucose, insulin and leptin
decreased soon thereafter, by 20 h. White fat depot w eight decreased
(perirenal > epididymal > subcutaneous) during the next light period (06 h 16 h). In fed rats, there was a marked rhythm in plasm a leptin, highest in
dark, between 22 h and 06 h; this was essentially in phase w ith rhythm s in
insulin, B and food intake. The rhythm in FFA w as opposite, peaking during
the light period (08 h to 16 h); during the early light period (08 h to 12 h), FFA
were similar in fed and fasted rats. We conclude that: 1. ACTH is under
major control by both anticipated food and circadian signals; 2. decreased
leptin and insulin and increased B should augm ent the drive to food in fasted
rats; 3. changes in leptin do not account for the changes in food intake, ACTH
or B during the 24 h day in fed and fasted rats; and, 4. com pared to the
preceding dark period, differences in hormones and FFA were minor between
fed and fasted rats during the subsequent light period. (Supported in part by
NIH Grant DK28172).
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EFFECTS OF OB PROTEIN, LEPTIN, IN TH FEEDING RELATED HYPO
THALAMIC NEURONAL ACTIVITY AS AN IDENTIFICATION
OF
AFFECTING SITES. SHTRAISHI.T.1). SASAKI.K.2). NIIJIMA. A.3)
and
OOMURArY.*4)

1)Dept.of Neurophysiol. Tokai Univ. Sch. of Med., Isehara,

259-11 2) Dept.of Bio Inform. Eng. Fac.of Eng. Toyama Univ., Toyama 930 3)
Dept, of Physiol. Niigata Univ. Fac. of Med., Niigata 951 and 4) Bio-Act. Inst.
Nippon Zohki Pharmaceut. Co., Yashiro 673-14 Japan.
The effect of feeding suppression by leptin on the central and/or peripheral
feeding related neuronal network was not clear. To clarify, using Wistar SPF/VAF
male rats (350-450g), we investigated the suppression mechanism of recombinant
leptin by the recording neuronal activity on the hypothalamus and the vagal hepatic
afferent under urethane anesthetized and brain-slice preparations. Low doses (1
lOpg) of leptin (intraportal v.) inhibited glucose-sensitive vagal hepatic afferent
discharges with a dose dependent manner. On the contrary, high doses (lOOpg-lng)
but still physiological concentration of leptin dose dependently facilitated. Most
(40-75%) of neurons in the arcuate nucleus (ACN) were significantly inhibited their
neuronal activity by superperfusion o f leptin (100-10 pM) in vitro condition.
Electrophoretic applications of leptin to the feeding center (LHA) neurons, a
halves of both glucose-sensitive neurons (GSN) and non-GSNs were significantly
inhibited. To the satiety center (VMH) neurons, most of glucorecetor neurons were
significantly excited. The paraventricular nucleus (PVN) neurons tent to showed
enhancement o f neuronal activity by leptin. It has considered that leptin, expressed
by ob gene, released from the white adipocytes makes their lipotic information
ascend to the feeding related hypothalamic neurons, at least, in the LHA, VMH,
PVN and ACN. Thus, it has revealed the final target sites of leptin. Results suggeste
that the feeding suppression effects of leptin are mediated by signal transduction,
through both the central and the peripheral nervous systems.

337.5

337.6

LEPTIN RECEPTORS ARE LOCATED ON EPINEPHRINE
SECRETING CELLS IN THE ADRENAL M EDULLA OF THE RAT
G.-Y. Cao. R.V. Considine. R.B. Lvnn*. Dept, of Medicine, Jefferson
Medical College, Thomas Jefferson Univ., Philadelphia, PA 19107
Leptin, a hormone secreted by adipocytes, is the protein product of the
recently cloned obesity gene. The hypothalamus is a presumed site of
action, however, leptin receptor mRNA is found in a number of central
and peripheral sites. Little is known about the specific locations of the
receptor in peripheral organs. Urinary excretion of epinephrine is
reduced in the ob/ob mouse which lacks leptin, suggesting an effect by
leptin on the adrenal medulla. In the current study, the presence of the
leptin receptor was identified in the adrenal medulla of the rat using
multiple techniques. Immunohistochemical studies employed an
antiserum raised to amino acids 874-886 of the leptin receptor, which is
common to both the long (Ob-Rb) and short (Ob-Ra) isoforms. Leptin
receptor-like immunoreactivity was dense in the adrenal medulla with no
labeling in the adrenal cortex. Double immunofluorescent labeling found
that the leptin receptor was present on PNMT-like immunoreactive
(epinephrine secreting) cells. Leptin receptor mRNA in the adrenal
medulla was detected by RT-PCR with the majority of the mRNA coding
for the short isoform (Ob-Ra) of the receptor. Autoradiography was
performed using [ 125I]leptin and found specific binding in the adrenal
medulla with no specific binding in the adrenal cortex. These results
suggest that leptin may have a direct effect on epinephrine secreting cells
in the adrenal medulla. Epinephrine has potent anorectic effects and can
cause weight loss by a variety of mechanisms. Epinephrine may play a
role in mediating the effects of leptin to reduce body weight.

VENTROMEDIAL NUCLEUS (VM N ) - A PUTATIVE SITE OF NEGATIVE
FEEDBACK A C TIO N OF LEPTIN ON APPETITE: IM P LIC ATIO N FOR
LEPTIN RESISTANCE. P.S. Kalra*. M .G . Dube. B. Xu.VI.fi. Farmerie
and S.P. Kalra. Depts. of Physiology, Neuroscience and ICBR,
University of Florida College of M edicine, Gainesville, FL 3 2 6 1 0
A hallmark of central leptin action is to reduce appetite and control
body w eight, how ever, animals and humans may develop resistance
to leptin as they gradually gain w eight. W e undertook to identify the
site of leptin action and resistance in the hypothalamus.
Microinjections of the neurotoxin, colchicine (COL, 4 /μg/site) bilaterally
into the V M N rapidly produced transient hyperphagia for 4 days and
body w eight gain.
This w as accompanied by increased leptin
production and secretion as evidenced by increases in lipocyte leptin
mRNA and serum leptin levels. By day 25, when hyperphagia w as no
longer evident, serum leptin levels returned to the normal range. These
results suggested that disruption in neural signaling in the V M N caused
upregulation of leptin production concom itant w ith a loss in its ability
to suppress appetite. The resistance to leptin w as confirmed by the
ineffectiveness of 7 μ g leptin (Amgen, Inc.) injected icv to suppress
feeding during the period of intense hyperphagia induced by COL.
These findings reveal that the V M N m ay be the site of leptin action
and suggest the existence of a negative feedback loop betw een
lipocytes and the V M N . Thus, eliminating the V M N , the site of leptin
negative feedback action, results in leptin hypersecretion and
development of resistance to leptin action in lowering appetite.
(Supported by NIH N S 3 2 7 2 7 )
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L E P T IN
IM M U N O R E A C T I V I T Y
IN
THE
B R A IN
IS
C O -LOCALIZED W ITH G LU C O C O R TIC O ID R E C E P T O R TY PE
II. K.A. Berghorn* and J.T. Morrow. Lab. for Pregnancy and

NEUROTENSIN AS POSSIBLE M EDIATOR OF THE INHIBITORY
EFFECT OF LEPTIN O N FO O D INTAKE B. Beck*. A. StrickerK rongrad1, C. B urlet. INSERM U.308 - 38, ru e Lionnois - 54000
N ancy- France and 1 NOVARTIS Pharm a Inc, Basel (Sw itzerland)
N eurotensin (NT) inhibits food intake w hen it is injected in the
h y p o th a la m ic v e n tro m e d ia n (VMN) or p a ra v e n tric u la r (PVN)
nuclei. Leptin, the ob gene p ro d u c t sy n th etize d in the adipose
tissue, also inhibits food intake eith er centrally or pe rip h e ra lly
injected. Both pep tid es are influenced by diet com position and
particularly by fat. In the present experim ent, w e d eterm ined the
h ypothalam ic NT and leptin statu s of rats w ith m arked dietary
preference eith e r for c arb o h y d rates o r for fats. The rats w ere
selected am ong a population of 72 Long-Evans rats w hich could
freely choose betw een a high-fat diet and a high-carbohydrate diet.
N T in the parv o cellu lar p a rt of the PVN of the carbohydratep re fe rrin g (CP) rats w as sig nificantly lo w e r th a n in th e fatp referrin g (FP) rats (-25%; p<0.03). It. w as no t m odified in the
VMN. Plasm a leptin in the FP rats w as 75% higher than in the CP
rats (p=0.003). Both peptides w ere correlated w ith fat intake (p<0.05
or less). NT in the PVNp w as also strongly correlated w ith leptin
(r=0.56; p=0.003). These variations both tended to lim it food intake
in the FP rats. These data suggest that NT could be the central link
for the inhibitory effect of leptin. This is su p p o rted by the absence
of correlation betw een leptin and tw o peptides characteristic of the
dietary preference that is to say ne u ro p e p tid e Y an d galanin, an
o ther neuropeptide involved in the fat intake regulation.

Newborn Res., Dept. Physiology, Cornell Univ., Ithaca, NY
14853.
The hypothalamus is a major player in the central regulation
of energy hom eostasis in general, and feeding behavior in
particular. Recent studies focusing on the ob protein product,
leptin, have enhanced our understanding of the control of
feeding behavior. Hypothalamic NPY is a known regulator of
food intake and possibly leptin. Glucocorticoids also affect
energy balance, although the mechanism is unclear. To further
our understanding of leptin’s role in the central regulation of
feeding behavior, we conducted a developmental study to: 1)
Localize leptin in the brain; and, 2) If immunoreactive (ir) leptin
was identified, determine whether leptin neurons contained
glucocorticoid receptor type II (GR). Hypothalami of sheep
ranging in age from d l4 0 fetus (term=150 d) through adult
(N=8) were examined. Double label immunocytochemistry was
performed using antibodies to leptin (1:7K) and GR (1:100K).
Ir-leptin was limited to the ventromedial hypothalamus (VMH)
where abundant staining was observed and to a few cells in the
paraventricular nucleus (PVN). Preabsorption of the leptin
antibody with leptin protein resulted in the absence of staining
in the VMH and PVN. GR was co-localized with leptin in the
VMH.
Identification of ir-leptin in the VMH and its
co-localization with GR suggest additional areas of study in the
regulation of ingestive behavior. Supported by HD21350.
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PRO-OPIOMELANOCORTICOTROPIN (POMC) mRNA
IN THE ARCUATE NUCLEUS OF MALE C57BL/6J
MICE IS DECREASED BY FASTING, GOLD-THIOGLUCOSE, LEPTIN DEFICIENCY, AND LEPTIN
RESISTANCE. T. M. Mizuno*. S. P. Kleopoulos. and C. V.

Mobbs. Fishberg Center, Dept, of Geriatrics, and Neural Aging
Labs., Mt. Sinai School of Medicine, New York, NY 10029.
One of the products of POMC, α-MSH, has been implicated as
a satiety/anti-obesity peptide. We therefore used in situ
hybridization to assess the regulation of POMC mRNA in the
arcuate nucleus after fasting and in models of obesity in male
C57BI/6J mice. After a 48-hour fast, POMC mRNA in the arcuate
nucleus was reduced by 73% compared to normally-fed,
nutritionally-stimulated controls. In nutritionally-stimulated
genetically obese db/db (leptin-resistant) and ob/ob (leptindeficient) mice, POMC mRNA was reduced 79% and 71%
respectively, compared to nutritionally-stimulated wild-type
controls. Forty-eight hours after an i.p. injection of gold-thioglucose at a dose (0.8 mg/gm b.w.) which produces obesity,
lesions in the ventromedial hypothalamus were observed, and
POMC mRNA in the arcuate nucleus was reduced about 64% in
nutritionally-stimulated wild-type controls; GTG had no
significant effect on POMC mRNA in genetically obese mice.
These data are consistent with the hypothesis that POMC
mRNA leads to the production of a satiety factor, and that POMC
mRNA is stimulated by leptin. Supported by NIH (DK 50110).
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337.10
FOS EXPRESSION IN MEDULLARY AND HYPOTHALAMIC NUCLEI INDUCED
BY PERIPHERAL INJECTION OF LEPTIN-CCK OR CCK IN FASTED LEAN MICE.
L. W ang*. V. Martinez. M.D. Barrachina. J.Y. Wei and Y. Taché.
CURE/Digestive Disease Division, Dept. of Medicine and Brain Research
Institute, UCLA, Los Angeles, CA 90073.
We showed that in 24 h fasted lean mice the delayed reduction in food
intake in response to intraperitoneal (ip) injection of leptin was shifted to the
1st h of food exposure in presence of a subthreshold effective dose of CCK,
and that this leptin-CCK synergistic effect was prevented by a CCK-A
antagonist. To identify the related brain sites and underlying mechanisms
mediating the effect, we used immunohistochemistry for the protein product
of the transcription factor, c-fos. Male lean mice (C57BL/6, + / + )' fasted for
24 h were injected ip with vehicle, CCK (3.5 fjg/kg), leptin (120 jug/kg), or
leptin plus CCK. Fasted and ad libitum fed mice with no treatment were taken
as controls. In another experiment, the CCK-A receptor antagonist,
Devazepide (DVZ, 1 mg/kg) or its vehicle was injected ip 10 min before each
treatment. Fos immunohistochemistry was processed 2 h after the
treatments. Leptin did not increase Fos expression compared with vehicletreated mice. The numbers of Fos-positive neurons were increased by CCK
injected ip in the nucleus of the solitary tract (NTS), area postrema (AP) and
central nucleus of the amygdala (CeA). Co-injection of CCK-leptin enhanced
Fos expression in the paraventricular nucleus of the hypothalamus (PVN)
compared with CCK alone, without further significant augmentation in the
other nuclei mentioned above. Fasting induced high numbers of Fos positive
neurons in the arcuate and dorsomedial nuclei of the hypothalamus compared
with animals fed ad libitum, and this response was not modified by any
treatment. DVZ prevented Fos expression in the PVN induced by leptin-CCK,
and in the NTS and AP by CCK or leptin-CCK. The synergistic effect of leptin
and CCK to induce an early satiety signal may be mediated via CCK-A
receptor activation of neurons in the PVN, probably NTS and AP.
Supported by grants of MH 00663 and NIHDDK DK30110.

337.11
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INHIBITION OF FOOD INTAKE PRODUCED BY INFUSION OF
LEPTIN INTO TH E V EN TRO M ED IA L H Y PO TH A LAM U S IS
B LO CK ED BY GOLD TH IO G LU CO SE.
T a y lo r a n d H .T .
B e rg e n * . D ept. o f Human Anatomy and Cell Science, University of
Manitoba, W innipeg, Manitoba, Canada R3E 0W3
The ventrom edial hypothalam us has been im p licated in the
regulation of food intake. Since leptin receptors are localized in the
ventromedial hypothalamus this area may be involved in mediating
the inhibitory effects o f leptin on food intake. This study addressed
the hypothesis that the ventromedial hypothalamus is a potential site
for the effects of leptin on food intake. B ilateral cannulae were
s tereo tax ic a lly im p la n te d d ire c tly above the v e n tro m e d ia l
hypothalamic nucleus (VMN) o f adult mice (C57BL/6J). The mice
were infused with saline on 3 successive days before a low dose of
leptin (0.01 |μg per side) was infused into the VMN on 3 successive
days. L eptin significantly decreased body w eight change and
significantly inhibited food intake by 25% as com pared to saline
controls. Following the last infusion the mice were injected with gold
thioglucose (GTG), which produces a w ell-defined lesion in the
ventromedial hypothalamus and obesity, and 10-14 days later infused
w ith saline and leptin. In G TG -treated mice, intrahypothalam ic
infusion of leptin did not significantly inhibit food intake or decrease
body weight. These results suggest that hypothalamic neurons that are
lesioned by GTG may be involved in mediating the inhibitory effects
of leptin on food intake. (Supported by the C hildren’s H ospital
Research Foundation)

THE
M A G N OCELLULAR
PART
OF
THE
PARAVENTRICULAR
HYPOTHALAMIC NUCLEUS (PVN): A SELECTIVE SITE FOR INHIBITION
OF NPY-INDUCED FOOD INTAKE BY LEPTIN. M. Yokosuka*. B. Xu. S.
Pu and S.P. Kalra. Department of Neuroscience, University of Florida
College of Medicine, Gainesville, FL 3 2 6 1 0
To identify the CNS target site for leptin-neuropeptide Y (NPY)
interaction in the control of food intake, w e compared the effects of
lateral ventricular (icv) administration of leptin on NPY-induced food
intake and hypothalamic c-Fos immunoreactivity, a marker of neuronal
activation. Adult male rats received icv either 7μ g leptin in PBS or PBS
alone between 0 9 3 0 and 100 0 hrs. One hour later these rats received
additionally either NPY (2 nmole in PBS) or PBS icv. Food intake was
monitored for 2 hrs, then the rats were sacrificed and the brains were
processed for c-Fos immunohistochemistry. Brain sections passing
through various hypothalamic sites, implicated in the control of food
intake were quantitatively analyzed for c-Fos immunoreactivity (MCID
Image Analysis). Leptin preinjection significantly decreased NPY-induced
food intake (PBS/NPY 6 .9 ± 1 .0 g vs leptin/NPY 4.1 ± 0 .8 g; p <
0 .0 1 ). NPY alone stimulated c-Fos in the supraoptic nucleus (SON),
parvicellular (p) and magnocellular (m) PVN and dorsomedial
hypothalamic nucleus (DM N). Leptin preinjection reduced the number
of c-Fos-positive neurons in response to NPY (PBS/NPY 91 ± 8,
Leptin/NPY 55 ± 4, p < 0 . 0 1) selectively in the m PVN and either
increased further (DMN, PBS/NPY 3 8 4 ± 21; Leptin/NPY 5 4 2 ± 1 8, p
< 0 . 0 1) or produced no impact (SON) on NPY-induced c-Fos response.
These results show that within the hypothalamic orexigenic network,
neurons in the m PVN selectively participate in suppression of NPYinduced feeding by leptin (Supported by NIH grant D K -37273).
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A MONKEY MODEL FOR ASSESSING NEURAL PREDISPOSITION
TO ANXIOUS AND DEPRESSIVE BEHAVIOR. K Coleman and JL
Cam eron*. Oregon Reg Primate Res Ctr, Beaverton, OR 97006, and
Dept of Psychiatry, Univ of Pittsburgh, Pittsburgh, PA 15213.
While the etiology of anxiety and depression remains unknown, there
are certain behavioral and neuroendocrine characteristics associated with
these disorders, including behavioral inhibition and blunted growth
hormone (GH) responsiveness. However, studies in humans with anxiety
and depression are necessarily retrospective in nature, and therefore it is
not known if these correlates are trait-like markers1 or whether they
emerge after the onset of the disorders. We are testing the hypothesis
that behavioral inhibition and blunted GH are traits of individuals with an
increased predisposition to the development of anxious and depressive
behavior using infant rhesus monkeys reared under conditions of
maternal separation. We have developed paradigms to measure
temperament and GH responsiveness in young rhesus monkeys, which
are comparable to paradigms used in human subjects. To measure
behavioral inhibition two tests are performed: ( 1 ) a playroom test in
which a young monkey is placed in a novel room containing a set of
novel toys ana the level of exploratory behavior (amount of locomotion,
toy play, etc.) is measured, and (2) a novel food test in which an infant is
placed in a cage and presented with a novel food, and willingness to
touch, hold ana eat the food is assessed. We tested 18 monkeys, from
2-6 mo of age, and have found that behavior varies from very explorato
ry to very inhibited. Further, level of exploratory behavior in the
freeplay test is significantly correlated with propensity to inspect novel
food (rs=0.55, p<0.05). To measure GH responsiveness blood samples
are collected after iv administration of GHRH (10 μg/kg) and clonidine
(5μg/kg). GH responses have ranged from 810-2900 ng/ml/90 min.
Currently, we are examinng whether GH responsiveness correlates with
behavioral inhibition, and whether these measures can be used’to predict
the incidence of developing anxious and depressive symptoms subse
quent to rearing with maternal separation. (Supported by NIMH grant
MH41712-11)

STA BILITY O F IN VIVO PLA TELE T M EM BRANE PH O SPH O L IPID
M EASURES IN H E A LTH Y CO NTROLS. J.C. Soares, C. S. Dippold and A.G.
M allinger*. D ep artm en t of Psychiatry and Pharm acology, U niversity of
Pittsb u rg h School of M edicine, Pittsb u rg h , PA, 15213.
Membrane phospholipid abnormalities may be implicated in the pathophysiology
o f neuropsychiatric conditions. Platelets may be a valid model for human studies in
this field. This study was undertaken to investigate the reproducibility o f platelet
membrane phospholipid measures in human subjects over time. A method to
estimate the relative phospholipid membrane volumes (Mallinger et al 1993), using
high-performance liquid chromatography (HPLC) and scanning laser densitometry,
allowed the determination o f phosphatidylserine (PS), phosphatidylinositol (PI),
phosphatidylethanolamine
plus
lysophosphatidylethanolamine
(PE+LPE),
phosphatidylcholine (PC), sphingomyelin (SM), lysophosphatidylcholine (LPC),
phosphatidylinositol-4-phosphate (PIP), and phosphatidylinositol-4,5-bisphosphate
(PIP2). We now examined this m ethod’s reproducibility over a 3 week period in 9
healthy human subjects (mean age±s.d.=30.0±8.2 years; 4 males, 5 females), under
normal daily life conditions. The intra-assay coefficients o f variation were 3.92%19.57% for the major phospholipids (PC, SM, PE, PS), and 2.84%-19.89% for the
phosphoinositides. There was an overall small to moderate variation in the
phospholipid measures within the 3 week period, with mean percentage
differences±s.d. varying from 6.94±6.88% to 26.99±10.45%. Individually they
were: PS (14.58 ±7.12%), PE+ LPE (6.94±6.88%), PC (9.12±7.68%), SM
(4.98±5.45%), LPC (25.20±22.26%), PI (20.51±13.62%), PIP (22.45±15.49%),
and PIP2 (26.99±10.45%). Age was not a significant factor in this variability; in
some o f the subjects studied, it can be potentially due to variations in diet, interim
use o f drugs that were not endorsed by the subjects, or other non-identified factors.
Partly supported by NIMH grants MH 29618 and MH 30915, and by the Stanley
Center for the Innovative Treatment o f Bipolar Disorder, University o f Pittsburgh.
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Analysis of sleep EEC's microstructure in depressives
J. Roschke*. A. Sebus. A. Lehment P. Wagner. K. Mann
Dept. of Psychiatry, University of Mainz, Germany
We investigated the sleep EEG's microstructure of 13 unmedicated
depressive inpatients, suffering from a MDE according to DSM-III-R
criteria and 13 healthy controls matched in sex and age. Our hypothesis
(based on the work of Armitage et al.,1992) was that depressives depict an
alteration of the delta/beta activity across the night.
We digitized the sleep EEGs with a sampling rate of 100 Hz (bipolar
derivation Cz-Pz, 1440 single sweeps; 2048 data points each) and calculated
the time course of delta (1 - 3,5 Hz), theta (3.5 - 7.5 Hz), alpha (7.5 - 15
Hz), and beta (15 - 35 Hz) activity over the night and determined the
correlation coefficient of these different EEG rhythms separately for REM
and NREM sleep.
For both groups we could detect a clear difference between REM and
NREM sleep cycles. The most impressive changes occurred for the
delta/beta activities, which change their signs between NREM (negatively
correlated) and REM (positively correlated) sleep cycles. A statistically
significant group effect (p=0.002, 2-way ANOVA) between depressives and
controls was observable during NREM sleep for the delta/beta (p=0.011)
and theta/bota (p=0.018) interaction.
We could confirm our hypothesis that in depression the delta/beta interaction
of the sleep EEG is altered. In particular, we could detect these alterations
during the NREM sleep cycle, where the delta/beta as well as the theta/beta
activities were higher (negatively) correlated compared to healthy controls.
This is another hint for our hypothesis that the NREM sleep cycle plays a
major rote in depression. (Supported by Deutsche Forschungemeinschaft).

EFFECTS OF VENLAFAXINE ON BRAIN EXTRACELLULAR MONOAMINE
LEVELS AND OPEN-FIELD BEHAVIOR IN CHRONIC EXPERIM ENTAL
HEPATIC ENCEPHALOPATHY. G. Apelqvist. C. Wikell. P.B.F. Bergqvist*. S.
Hjorth and F. Bengtsson. D ept. o f Clin. Pharmacology, Lund University, S-221
85 Lund, and Dept, o f Pharmacology, University o f Gothenburg, Sweden.
Hepatic encephalopathy (HE) is a neuropsychiatric syndrom e that can be
observed in patients with chronic liver failure. An increased brain turnover of
serotonin (5-HT) has been found but without any alterations in the basal
neocortical 5-HT output. However, when provoked by e.g. local administration of
high K + o r p-chloroam -phetam ine, the 5-HT output is more increased in
experimental HE than in normal rats. Behavioral changes like lowered motor
activity and impaired diurnal rhythm have also been demonstrated in experimental
HE. In the present study, the effect o f a single challenge (10 mg/kg, s.c.) of the
mixed 5-HT/noradrenaline (NA) reuptake inhibitor Venlafaxine (VEN) was studied
in portacaval shunted (PCS) and sham-operated rats using in vivo microdialysis
and monitoring o f locomotion and rearing behavior in an open-field.
The basal levels o f NA, 5-HT and dopamine (DA) did not differ between PCS
rats and controls. The VEN challenge elevated 5-HT and NA dialysate in all rats,
but the 5-HT increase was significantly more pronounced in the PCS rats. VEN
decreased the 5-hydroxyindole-3-acetic acid (5-HIAA) in both groups o f rats. An
increase in DA could be detected in the sham-operated but not in the PCS rats. The
PCS rats had clearly higher levels o f VEN, and o f its m etabolite O-desmetyl
venlafaxine, in the dialysate, brain tissue and serum. The PCS rats showed lower
locomotor and rearing activity than sham-operated rats. This lowering was most
pronounced in the VEN treated PCS rats. The VEN treatment did not significantly
alter the behaviors o f the sham -operated controls. These results show
pharmacodynamic, pharmacokinetic and behavioral disturbances in PCS rats after
a single VEN challenge and thus further support a possible disturbance in the 5-HT
system in the brain, accompanying chronic HE. Furthermore, these results indicate
that some precaution is warranted regarding the use o f 5-HT active drugs like VEN
in patients with impaired liver function, until more information has been gathered.

338.5

338.6

STUDY OF DOPAMINE TRANSMISSION IN THE CHRONIC UNPREDICTABLE
MILD STRESS ANIMAL MODEL OF DEPRESSION: EFFECTS OF CHRONIC
DESIPRAMINE.

EFFECTS OF CO M PLEX EXPERIENCE A N D IS O L A T IO N ON
MEASURES OF DEPRESSION IN RA TS. J.E. Black*. M. Cohen, M.
Hartman. & J. Chan. Departm ent of Psychiatry & Neuroscience
Program, Beckman Institute, University of Illinois, Urbana IL 6 1 8 0 1 .

G. Tanda. P. Loddo, R. Frau. E.Carboni* and G.Di Chiara. Dept. of
Toxicology, University of Cagliari & Centre for Neuropharmacology - CNR,
09126 - Cagliari, Italy.
Feeding of a novel highly palatable food (Fonzies) increased rat
extracellular dopamine (DA), monitored by means of microdialysis, in the
nucleus accumbens shell (NAc) and in the medial prefrontal cortex (PFCX).
The possible role of changes in the responsiveness of DA transmission in these
areas was investigated by studying the effects of Fonzies feeding on in vivo DA
release in the chronic mild stress model of depression.
Two weeks of exposure to chronic unpredictable mild stress, did not
modify latency to eat and amount of Fonzies eaten. This regimen, however
prevents the increase of dialysate DA in the NAc and resulted in rapid
habituation of the increase of DA in the PFCX in response to Fonzies feeding.
Exposure to desipramine (DMI) (10 mg/Kg i.p./die x 15 days), for the
whole duration of the stress procedure, reverses the changes induced by the
chronic stress on the responsiveness of DA transmission in the NAc and in the
PFCX to Fonzies feeding.
These results show that chronic stress regimen blunts the response to a
reward (a highly palatable food) of DA transmission in the NAc and in the
PFCX in an antidepressant reversable manner. This suggest that mesolimbic
and mesocortical DA transmission might be involved in the pathogenesis of
depression and in the therapeutic effects of an antidepressant like DMI.

338.7
SYSTEMICALLY ACUTE ADMINISTRATION OF BUPROPION
INCREASES THE EXTRACELLULAR LEVELS OF DA AND NE IN
RAT HYPOTHALAMUS STUDIED BY IN VIVO MICRODIALYSIS.
X-M Li*. K. W. Perrv and D. T. W ong. Lilly Neuroscience, Lilly
Research Laboratories, Eli Lilly and Company, Indianapolis, USA.
A microdialysis analysis with on-line HPLC assays was carried
out in conscious rats to study the in vivo effects of bupropion on the
extracellular levels of DA, NE and 5-HT as well as their metabolites in
rat hypothalamus. Acute administration (s.c.) o f bupropion increased
the extracellular DA and NE levels in the hypothalamus in a dosedependently manner: initial dose of bupropion at 10 mg/kg did not
change, while sequential dose of 30 mg/kg bupropion induced similar
increases (2-fold) in the DA and NE levels. Sequential dose of 100
mg/kg bupropion produced highly significant increases in the DA
(827% of the baseline) and NE (605% of the baseline) levels (P<0.01
versus the levels found at 30 mg/kg bupropion). The increases appeared
30 min after the injection of bupropion and reached the peaks in 1 hr.
The effect of bupropion to increase the extracellular DA level in the
hypothalamus was not abolished by a D 2 agonist pergolide. Sequential
dose of bupropion at 100 mg/kg, but not at 30 mg/kg, produced a slight
increase (154% of the baseline) in the extracellular DOPAC level in the
hypothalamus. However, bupropion at the three sequential doses tested
did not alter the extracellular levels o f either 5-HT or its metabolite 5HIAA in the hypothalamus. In conclusion, the present studies suggest
that the antidepressant actions of bupropion may involve the DA and
NE, but probably not the 5-HT transmission in the hypothalamus. The
dissociation of DOPAC increase with the DA increase induced by
bupropion indicates that bupropion may inhibit DA reuptake in vivo.

S ociety for N e u r o s c ie n c e , V olume 2 3 ,1 9 9 7

Raising rats in a complex environment (EC) causes many brain
changes associated with learning and memory, along with a variety of
endocrine, somatic, and behavioral changes.
We have incidentally
noted th at EC rats placed back into individual caging ( IC) for
persistence studies tended to be unusually irritable. We are interested
in w hether rats transferred from EC to IC will manifest behavioral and
anatomical changes consistent with chronic stress and /or depression.
Four experimental groups of 7-week-old rats were placed in EC for
6 weeks, while a litterm ate control group of 7 rats remained in IC. At
th at point all EC rats were transferred to IC, and 7 EC and 7 IC rats
were then behaviorally tested and sacrificed. The remaining EC-IC
rats were then sequentially pulled out of IC in groups of 7, tested, and
sacrificed. Behavioral testing consisted of the Porsolt te s t and open
field behavior, both of which have been used in models of chronic
stress and depression. Neuroanatomical data collection is in progress.
Preliminary data analysis found significant behavioral differences
between EC & IC rats: in Porsolt, ICs struggled more and rested less
than ECs; and in open field, ICs were more active than ECs. The EC rats
transferred to IC tended to show more "depressed" behavior after 10
days, although overall they continued to m ost closely resemble ECs
with no time in IC.
(supported by NARSAD to J.E.B.)

338.8
NOVEL AMYGDALA GENES IN AN ANIMAL MODEL OF DEPRESSION,
THE WISTAR KYOTO (WKY) RAT. J. S. Berger. F. Aird*. E. Redei. The Asher
Center for the Study and Treatment of Depressive Disorders, Department of
Psychiatry and Behavioral Sciences, Northwestern University Medical School,
Chicago, IL 60611.
The Wistar Kyoto rat strain, derived from Wistar, shows excessive depressive
behavior that can be abolished by antidepressant treatment. We have used the
differential display-polymerase chain reaction technique to identify genes that are
differentially expressed in Wistar versus WKY amygdala, since this is the most likely
brain region with altered expression o f specific genes involved in depression.
Total RNA was isolated from the amygdala of Wistar and inbred WKY rats. RNA
from each strain was reverse transcribed into eDNA using an antisense primer targeted
to the mRNA poly(A) tail and its two preceding bases. The resulting cDNA was
amplified by PCR using the same antisense primer and a 10 bp arbitrary sense primer.
The PCR products (100-500 bp) were run on a polyacrylamide sequencing gel to allow
a side by side comparison of the PCR bands generated from Wistar and WKY RNA.
Bands displaying different intensities between the two strains were reamplified, and the
PCR products were cloned and sequenced.
Two cDNA clones were confirmed to be differentially expressed in the amygdala of
WKY and Wistar rats by differential hybridization of 32P-labeled cDNA probes derived
from Wistar and WKY amygdala RNA and by RT-PCR using primer pairs specific for
the identified DNA sequences. Both clone 29 (210 bp) and clone 30 (156 bp) show
higher expression in WKY than Wistar amygdala. A search of the GenBank/EMBL
sequence databases revealed no gene-specific homology to any known gene for either
clone. These sequences can now be used to isolate full-length cDNAs in order to study
the regulation and potential role of these novel genes in depressive behavior.
Supported by the Berman Foundation.
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P O L Y M O R P H IC P R O M O T E R A N D A L T E R N A T IV E
S P L IC IN G IN T H E H U M A N S E R O T O N IN T R A N S 
P O R T E R : A R E T H E Y P R E D I C T IV E O F M E N T A L
IL L N E S S ? N.L. Flattem . C. B radley. H .Y. M eltzer. M.C.
Austin*. D.A. Lewis, and R.D. Blakely . Dept of Pharm and Psychiat

C O M M O N E F F E C T S O F A N T IP A N IC D R U G S O N
C E R E B E L L A R G A B A a R E C E P T O R G E N E E X P R E S S IO N .
V .A .-M .I . T anav1*, G.B. B aker1,2,3. A.J. G reenshaw 2,3 and A.N.
B ateson1,3. D epartm ents of Pharm acology1 and Psychiatry2, and
Division of Neuroscience3, Faculty of Medicine, University of Alberta,
Edmonton, Alberta, T6G 2H7 Canada.
Panic disorder is an anxiety illness treated by drugs from a variety of
classes, such as phenelzine (monoamine oxidase inhibitor) imipramine
(tricyclic antidepressant) or alprazolam (benzodiazepine). Although
differing in their primary sites of action, each of these agents affects
GABAergic transmission: by increasing GABA levels (phenelzine) or
release (im ipramine), or by potentiating G A BA a receptor function
(alprazolam ). Thus, alterations o f G A BA ergic transm ission may
underlie the pharmacotherapy and/or etiology of panic disorder. As
long-term activation of GABA a receptors leads to changes in receptor
subunit gene expression, we explored the chronic effects of these drugs
on GABA a receptor subunit mRNA levels. Male Sprague-Dawley rats
were treated for 21 days with the above-m entioned antipanic drugs
delivered via subcutaneously implanted osmotic minipumps. Specific
GABA a receptor subunit mRNA levels were determined in different
brain regions using a m ultiprobe solution hybridization assay.
Common alterations in the steady-state levels o f specific cerebellar
GABA a receptor subunit mRNAs were observed with these antipanic
drugs. However, a different profile of gene expression changes was
produced by the anxiolytic (non-antipanic) drug buspirone. These data
may shed new light on the mechanism of action of antipanic drugs.

and Ctr for Mol Neurosci, Vanderbilt Univ Med Ctr, Nashville, TN 372326600, Dept of Psychiat, Univ of Pittsburgh Med Ctr, Pittsburgh, PA 15213.
The serotonin (5HT) transporter (SERT, 5HTT) is the major determinant of
5HT inactivation following release at synapses. SERT-selective reuptake
inhibitors (SSRIs) block 5HT clearance and induce compensatory
adjustments in brain signaling that ameliorate many affective disorders.
Twin studies indicate genetic influences on basal 5HT uptake in platelets
and model system studies reveal a pronounced second-messenger
regulation of human SERT (hSERT) gene expression. Alterations
observed in 5HT uptake or binding in depression and suicide warrant
consideration of the hSERT gene locus as one of a number of complex trait
loci that may predispose to mental illness. Recently, Lesch and coworkers
(Science, 274:1527-1531,1996) identified a polymorphism in the hSERT
promoter associated with anxiety traits in normal human populations. We
have cloned and characterized the hSERT gene locus on chromosome
17ql1.2, identified an alternatively spliced 5' noncoding exon contributing
to regulated hSERT mRNAs in brain and placenta, and confirmed the
location and polymorphic status of the hSERT promoter. We are currently
utilizing postmortem brains of depressed patients, suicide victims, and
substance abusers to assess the prevalence of hSERT promoter
polymorphisms and alternative mRNA splicing in these disorders. [NIH
award DA07390 (R.D.B.), NIH Center Grant MH45156 (D.A.L.)]

Funded by the Alberta Mental Health Research Fund, the Canadian Psychiatric Research
Foundation and the Alberta Heritage Foundation fo r Medical Research.
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INVESTIGATING SIGNAL TRANSDUCTION PATHWAYS IN NEURONAL
TISSUE OF BIPOLAR PATIENTS USING HUMAN OLFACTORY NEURONS.
G, Gomez*1. C. Hahn2, N. E. Rawson1, D. Restrepo3 and R. Jossiasen2. 1Monell
Chemical Senses Center, Philadelphia, PA; 2AIlegheny University o f the Health
Sciences, Norristown, PA; 3University o f Colorado Health Sciences Center, Denver,
CO.
Psychiatric patients that are diagnosed with bipolar or manic-depressive disorders
are often treated with lithium salts. Most studies investigating the possible site of
action of lithium chloride have used varieties o f non neuronal cells isolated from
human tissue. These studies have shown that lithium interferes with IP3
metabolism, causing a long-term activation o f various cellular messengers such as
calcium and protein kinase C. We are investigating the effects of lithium on
isolated human olfactory neurons (HONs) that were obtained from biopsies from
normal and bipolar subjects. Since HONs respond to certain odorants with an
increase in IP3 production that ultimately leads to changes in intracellular calcium
that are modulated by PKC, we tested isolated HONs with a mix o f six IP3producing odorants (Mix B) in the presence and absence o f 1 mM lithium chloride
and measured cell responses with calcium imaging techniques. In cells from
normal subjects, about 11% o f the cells responded to Mix B; these responses were
not affected by lithium. In cells from bipolar subjects, 50% o f the HONs that did
not respond to Mix B upon the first application responded to Mix B in the presence
of lithium chloride. These data suggest that one mode o f action for lithium may be
through the regulation of intracellular calcium concentrations. HONs provide a
unique advantage for the study o f the neural basis of psychiatric disorders and
cellular effects of drugs used to treat them because they are neurons that can be
obtained from a healthy and clinical population and thus differences in neuronal
metabolism can be studied.
Supported by NIH DC00566
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REGULATION OF DOPAMINE RELEASE IN RAT STRIATUM BY
HETERO-MULTIMERIC VOLTAGE-GATED POTASSIUM CHANNELS. 1A.
S aria*.1C.V. Seidl. 2R.O.A. Koch. 1S.Telser. 2S.G. Wanner. 1C. Humpel. 3M.L.
G arcia and 2H.-G. Knaus. 1University Hospital, Department o f Psychiatry,
Neurochemical Unit, in stitu te for Biochemical Pharmacology A-6020 Innsbruck,
Austria, d ep a rtm e n t of Membrane Biochemistry and Biophysics, Merck Research
Laboratories, Rahway, NJ 07065, USA.
The distribution of mono-iodo-tyrosine margatoxin ([125I]MgTX) receptors in rat
forebrain was investigated in autoradiographic studies. Rat striatum expresses a high
density of MgTX receptors, and therefore the effects o f margatoxin (MgTX),
charybdotoxin (ChTX), and iberiotoxin (IbTX) have been studied on [3H]-dopamine
([3H1-DA) release from rat striatal slices by in-vitro perfusion experiments. MgTX
(0.1-100 nM) and ChTX (10-1000 nM) increased the spontaneous [3H]-DA release in
a concentration-dependent manner, as well as the release induced by electrical field
stimulation (EFS). IbTX was without any effect up to concentrations of 1 |μM. [3HJDA release by M gTX was inhibited by TTX and ω -conotoxin, but not by atropine,
naloxone, Nω-nitro-L-arginine and neurokinin or neurotensin receptor antagonists, all
well established modulators of DA release. In the buffer solution used for release
experiments, [125I]MgTX labels a maximum of 0.12 pmol of sites / mg protein in rat
striatal membranes with a IQ of 5 pM. [l25I]MgTX binding was inhibited by MgTX
(K, o f 4 pM), ChTX (Kj of 162 pM) but not by IbTX. Immunoprécipitation studies
indicate that Kv1.2 > K V1.1 > Kv1.3 ~ K V1.6 > K v l.4 , but not Kv1.5 are constituents
o f the rat striatal MgTX receptor. We conclude that inhibition o f MgTX-sensitive
voltage-gated hetero-multimeric K+ channels increases striatal [3H]-DA release
presumably by inhibiting action potential repolarization. In contrast, IbTX-sensitive,
liigh-conductance Ca2+-activated K+ channels are not involved in [3H]-DA release.
Supported by the Austrian Science Foundation and the Austrian Academy o f Sciences

#Max-PIanck-Gesellschaft, 07747 Jena, Germany; ®Florida Atlantic University, Boca
Raton, FL 33431; +Hospital for Special Surgery Cornell University, NY 10021; *Dept.
of Physiology and Biophysics, The University of Iowa, Iowa City, IA 52242.

Oxidation of m ethionine residues in structural proteins plays im portant
physiological and pathophysiological roles. To study the importance of
methionine oxidation as a dynamic regulatory process, we studied voltagedependent ShC/B potassium channels heterologously expressed in Xenopus
oocytes.
We found that the voltage-dependent ShC /B potassium channel shows
broad variability in its inactivation time course. We hypothesized th a t
different oxidative states of the m ethionine in the channel's amino terminus
account for this variability. More specifically, fast N -type inactivation is
disrupted when the amino term inal m ethionine is oxidized to a sulfoxide.
C onsistent w ith this hypothesis, application of the oxidant, Chloram ine-T,
caused a loss of N -type inactivation.
Furtherm ore, m utation of th e
methionine to leucine accelerated the channel inactivation and elim inated
variability.
To test physiological relevance, the enzyme m ethionine
Sulfoxide reductase was co-expressed w ith S/hC /B channels. The m ethionine
reductase co-expression specifically increased the N -type inactivation tim e
course. These results indicate that the oxidation of an amino term inal
methionine reversibly disrupts N -type inactivation. Thus, the evidence
strongly suggests that methionine may play a role as a dynamic functional
regulator through cellular oxidation and reduction. We are now extending
this work by examining the effects of m ethionine oxidation on oth er
physiologically im portant channels. (Supported by HFSP and AHA).
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THE SMALL GTP-BINDING PROTEIN, RHO A, REGULATES A DELAYED
RECTIFIER POTASSIUM CHANNEL. T. G. Cachero*. A. D. Morielli, E. G .
Peralta. Department of Molecular and Cellular Biology, Harvard University,
Cambridge, MA 02138.
Tyrosine kinases activated by G-protein coupled receptors (GPCRs) can
phosphorylate and thereby suppress the activity of the delayed rectifier potassium
channel, Kvl.2. Recent evidence suggests a role for the direct binding of Src
tyrosine kinase in the suppression of a related channel, Kvl.5. However little more
is known about other proteins that may physically associate with potassium channels
to regulate their activity. We performed a two hybrid screen to identify additional
proteins that interact with Kvl.2. We describe a role for one such interactor, the
small GTP-binding protein, RhoA, in the regulation of Kvl.2. Coimmunoprecipitation experiments demonstrate that RhoA associates with the amino
terminus of K v l.2. Electrophysiological analyses revealed that overexpression of
RhoA, but not related small GTP-binding proteins, markedly suppressed current
generated by Kv 1.2 expressed in Xenopus oocytes. Further, in 293 cells expressing
Kvl.2 and ml muscarinic acetylcholine receptors (mAChRs), inactivating RhoA
using C3 exoenzyme blocks the suppression of K v l.2 current by the ml mAChR
receptor. These results demonstrate that RhoA associates with Kv 1.2 and regulates
both its basal activity and tyrosine kinase-dependent suppression by GPCRs. (NIH
GM42483-07).

NITRIC OXIDE MODULATES K+ CURRENTS IN
PITUITARY NERVE TERMINALS. G. P. Ahem. S-F Hsu and
M.B. Jackson*. D ept. o f Physiology, UW-Madison, Madison,
W I 53706.
Nitric oxide (NO) has been shown to either stimulate or inhibit
secretion from the posterior pituitary.
To understand the
mechanisms by which NO modulates secretion we have studied
the effects o f NO on K + currents in rat pituitary nerve terminals.
Whole terminal K+ currents were activated by depolarizing pulses
and consisted o f a fast transient component (A current) and a late
Ca2+-activated component (BK current). Photorelease o f caged
NO (included in the pipette solution) using a flashlamp reduced
the amplitude o f the A current (~ 10-30%) and substantially
increased the amplitude o f the BK current (~ 50-300%) without
affecting their activation/inactivation kinetics. NO effects were
maintained when intracellular ATP was replaced by a nonhydrolysable analogue, but could be transiently reversed by
inclusion o f 5-10 mM glutathione in the patch pipette suggesting
that NO acts independently o f phosphorylation via a direct
nitrosylatiôn reaction. Thus, variable actions o f NO on secretion
may be partly explained by opposing actions on nerve terminal K+
currents. (Funded by N IH grant NS 30016).
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TYROSINE PHOSPHORYLATION MODULATES A HERG-LIKE K+ CURRENT
AND CELL PROLIFERATION IN RAT BRAIN MICROGLIA. F.S. Cayabyab
& LC. Schlichter* Playfair Neuroscience Unit, Toronto Hospital & Department of

DISSOCIATION OF A POTASSIUM CHANNEL FROM THE ACTIN
CYTOSKELETON AS A MECHANISM FOR TYROSINE KINASE
DEPENDENT CHANNEL SUPPRESSION. A. P . Morielli*,. T. G. Cachero and
E. G. Peralta. Department of Molecular and Cellular Biology, Harvard University,
Cambridge, MA 02138.
Treatment of 293 cells expressing m l muscarinic acetylcholine receptors
(mAChRs), Kvl.2, and Kvβ2 with carbachol results in a strong tyrosine kinase
dependent reduction of the Kvl.2 current evoked by depolarization. Stabilizing the
actin cytoskeleton with phalloidin inhibited carbachol induced suppression of
Kvl.2. Conversely, disrupting the actin cytoskeleton with cytochalasin-B strongly
suppressed K vl.2 current. This suppression was independent of tyrosine kinase
activation since a form of K vl.2 resistant to tyrosine kinase dependent suppression
(Kvl.2Y132F) was equally suppressed by cytochalasin-B. Finally, analysis of
K vl.2 amino terminal deletion mutants demonstrated that both cytochalasin-B
suppression of Kvl.2 and carbachol mediated suppression occur by a voltage and
N-terminal independent mechanism.
Co-immunoprecipitation experiments revealed that K vl.2 associates with the actin
binding protein, paxillin. Further, activation of m l mAChRs with carbachol
dissociated Kvl.2 from paxillin. Disrupting the cytoskeleton with cytochalasin-B
also caused the separation of K vl.2 from paxillin. In contrast, stabilizing the actin
cytoskeleton with phalloidin inhibited carbachol induced dissociation of K vl.2 from
paxillin. Therefore, activation of ml mAChRs appears to result in the disruption of
the paxillin mediated association of K vl.2 with the actin cytoskeleton. In contrast,
carbachol had no effect on the interaction between paxillin and the suppression
resistant form of Kvl.2. Together, these data suggest that the receptor induced
dissociation of K vl.2 from the actin cytoskeleton may constitute, at least in part, the
mechanism by which tyrosine kinase dependent suppression of Kvl.2 occurs. (NIH
GM42483-07).

Physiology, University of Toronto, Toronto, Ontario, Canada MSS 1A8.
The human ether a-go-go related gene (HERG), which encodes a K+ channel, was first
cloned and sequenced from a hippocampal cDNA library, but it is not known what role it
plays in the brain. In the heart, HERG mediates a component of the delayed-rectifier K+
current, Ikr which is a major target of class III antiarrhythmic drugs, including E-4031.
Previously we have characterized both outward and inward-rectifier K+ currents (Kv, KIR)
in primary rat brain microglia (Schlichter et al., GLIA 1 7 :225-236, 1996). Microglia
proliferation is enhanced by colony-stimulating factor, via a tyrosine-kinase linked receptor.
We presented evidence that KIRwas involved in this proliferation. In contrast, in a highly
proliferative cell line that we established from these microglia, a different K+ current —
reminiscent of the cardiac HERG — was the major current. Thus the aims of this study
were to characterize the biophysical and pharmacological fingerprints o f this current and its
regulation by tyrosine phosphorylation, and to study the role of tyrosine phosphorylation in
microglia proliferation. Whole-cell patch-clamp recordings were made with high
intracellular and extracellular K+ concentrations. During depolarizing voltage steps in
microglia, there was little or no outward K+ current; however, upon repolarization, large
inward K+ currents (400-1000 pA) resulted. This behaviour is a fingerprint of cardiac
HERG currents. E-4031, a selective HERG blocker in heart, inhibited the HERG-like
microglia current in a concentration-dependent manner (IC50 ≈ 150 nM). At 100 |μM, the
tyrosine kinase inhibitor, genistein (but not its inactive analogue, daidzein), inhibited the
HERG-like current by ≈40%. Preincubation with 100 μM genistein for 48 hours also
significantly inhibited microglia proliferation. This is the first evidence that HERG-like
channels are expressed in microglia and regulated by tyrosine kinases. Thus, these channels
may contribute to microglia functions, particularly those associated with tyrosine kinase
activation. Support: the Heart & Stroke Foundation o f Canada a n d M.R.C. o f Canada.
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ENDOTHELINS REGULATE PROLACTIN SECRETION BY
AFFECTING PHOSPHORYLATION OF BKCa CHANNELS IN RAT
LACTOTROPHS B. Kanyicska*. S. E. Dryer and M. E. Freeman Department
of Biological Science, Florida State University, Tallahassee, FL 32306-4075
Endothelin-like peptides (ETs) modulate prolactin (PRL) secretion from the
anterior pituitary. The effects of ETs on PRL secretion are mediated in part by
modulation of large-conductance Ca2+-dependent K+ (BKCa) channels. Here, we
show that pharmacological inhibition of protein kinase C or protein phosphatase
1 and/or 2A reversed the PRL release-inhibiting effect of ET1. We also
examined the effects of kinase and phosphatase inhibitors on ET1-activated
BKca channels in cell-attached patch recordings from cultured lactotrophs.
Application of ET 1, staurosporine or okadaic acid all increased BKCa gating.
Prior to ET1 application, BKCa activity was very low. ET1 (20 nM), after a
long onset, caused a robust activation of BKCa channels. Treatment with either
staurosporine (100 nM) or okadaic acid (10 nM) also increased BKCa channel
activity albeit with differing characteristics. Although both inhibitors increased
the probability of the channel being open (Po), staurosporine affected the
frequency of BKCa activation whereas okadaic acid increased BKCa mean open
time from 5-20 ms to 2-3 s. Application of either inhibitor prevented any further
effect of ET1 on BKca channel activity. These data suggest that ET1-induced
modulation of BKCa channels requires phosphorylation, possibly at the level of
the channel molecules. They also suggest a plausible mechanism whereby ETs
regulate hormone secretion and cellular responsiveness to external stimuli.
Supported by NIH HD 11669, DK43200, and NS32748.

MOLECULAR
CLONING
AND
CHARACTERIZATION
OF
HUMAN ENDOSULFINE. Jean-Marc Roch*, Vikki Scott, Rachel Davis,
Eduardo Molinari, Kristi Anderson, Murali Gopalakrishnan, Ken Idler
and James P. Sullivan. D4MN, Neurological and Urological Disease
Research, Abbott Laboratories, Abbott Park, IL 60064.
Endosulfine is a 13 kDa protein described as an endogenous ligand for
the sulfonylurea receptor (SUR, see FEBS Letters 242:65-69, 1988).
Partial endosulfine amino acid sequences from porcine (Diabetologia
39: 135-141, 1996) and bovine (BBRC 223:583-586, 1996) brains were
used to identify endosulfine ESTs in the LifeSeq™ database (Incyte
Pharmaceuticals, Inc.). Two clones containing potential Met initiation
codons for endosulfine were sequenced. The first clone, endosulfine A,
contains an open reading frame (ORF) of 117 amino acids, while the
other clone, endosulfine B, encodes an additional 4 residues (GQVE) at
the C-terminus. Endosulfine A and B display 77% homology to the
phosphoprotein ARPP-19. In vitro transcription-translation experiments
showed that these clones enable the synthesis of proteins with expected
molecular masses, suggesting that the initiation codons are authentic.
Northern blot analysis with specific probes indicate that endosulfine A
mRNA is about 2.5 kb and is expressed at high levels in skeletal muscle,
moderate levels in heart and testis, and low levels in other tissues. In
contrast, the endosulfine B mRNA is 1.3 kb, present in high to moderate
levels in many tissues including kidney, colon, testis, pancreas, and brain.
Endosulfine A and B messages were at extremely low levels in lung and
liver. Preliminary evidence for an interaction with SUR was provided by
studies in pancreatic insulinoma RINm5F cells transfected with an
endosulfine B expression vector which showed a significant decrease in
the density, but not affinity of [3H]glyburide binding sites. As different
isoforms of SUR have been found in different tissues, it is tempting to
speculate that specific interactions of endosulfine with SUR subtypes
occur in particular tissues. Supported by Abbott Laboratories.
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339.9
THE INACTIVATING INW ARD-RECTIFYING AND THE M-LIKE
K CURRENT IN RAT LACTOTROPHS. R. Schäfer, F. Weinsberg,
C.K. Bauer. J.R. Schwarz*. Institute o f Physiology, UKE, Univ.
Hamburg, Martinistraße 52, D-20246 Hamburg.
In rat lactotrophs in primary culture an inactivating inward-rectifying
K current has been described (Corrette et al., J. Membr. Biol., 1996,
150:185-195). The corresponding inactivating inward-rectifying K
current in clonal rat anterior pituitary cells is blocked by the class III
antiarrhythmic agent E-4031 (Weinsberg et al., Soc. Neurosci. Abstr.
1996). In the present experiments a pharmacological characterization o f
this K current has been performed in lactotrophs (identified by
immunostaining) from lactating rats. Voltage-clamp experiments were
carried out with the whole-cell and perforated-patch configurations of
the patch-clamp technique in high-K external solution.. From a holding
potential o f -40 mV, membrane currents were recorded at potentials
between +40 mV and -120 mV. Application o f the class III anti
arrhythmic substances E-4031 (10 μM), WAY 123,398 (10 |nM),
almokalant (10 (iM) and MK-499 (5 μM) reduced the membrane
currents. The drug-sensitive currents showed inward rectification and
highly variable inactivation kinetics, best described by a fast- and a
slow-inactivating component, in addition to a steady-state component.
In contrast, the butyrophenone haloperidol (3 μM) predominantly
blocked the inactivating components o f the E-4031 rsensitive current.
The complete block o f the inward-rectifying K current revealed a non
inactivating M-like current. This current activated positive to -80 mV,
had a maximal conductance at about -10 mV and half-maximal
activation at about -40 mV.
This study was supported by the Deutsche Forschungsgemeinschaft.
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340.1

340.2

FACILITATION O F L-TYPE CALCIUM CU RRENT IN THALAMIC
N EU R O N S. P. T. K a m m e rm e ier* a n d S. W. Tones. D e p t. Physiol.
& B io p h y s., C ase W e s te rn R eserv e U niv., C lev elan d , O H 44106.
W e h a v e s tu d ie d fa c ilita tio n o f th e L -ty p e c a lc iu m c u rre n t in
n e u ro n s a c u te ly is o la te d fro m th e v e n tro b a s a l n u c le u s o f th e ra t
th a la m u s . C u rre n ts w e re re c o rd e d fo llo w in g p r e tr e a tm e n t w ith
1 μ M ω -c o n o to x in GVIA a n d 5 μ M ω -c o n o to x in MVIIC, to b e tte r
iso la te L -c u rre n t. Long, s tro n g d e p o la riz a tio n s in d u c e d slow
tail c u rre n ts a t n e g ativ e v o ltag es, b u t d id n o t affe c t c u rre n ts a t
v o lta g e s w h e re c h a n n e ls w e re m a x im a lly a ctiv ate d . T h e in itia l
p e a k ta il c u rre n t w a s n o t affected . T h e tim e c o u rs e o f re c o v ery
fro m fa c ilita tio n p a ra lle le d th e tim e c o u rs e o f th e ta il c u rre n t,
in d ic a tin g th a t fa c ilita tio n d o e s n o t o u tla s t c h a n n e l closing.
T h e k in a se in h ib ito rs s ta u r o s p o r in e a n d H -7, a n d th e
p h o s p h a ta s e in h ib ito r o k a d aic acid , h a d little o r n o effect o n
L -c u rre n t fa c ilita tio n . T h e GTP a n a lo g s G TP-γ-S a n d G D P -β-S
a lso d id n o t affe c t fa c ilita tio n . W e c o n c lu d e th a t L -c u rre n t
fa c ilita tio n in th a la m ic n e u ro n s d o e s n o t re s u lt fro m
p h o s p h o ry la tio n , a n d th a t th is fo rm o f fa c ilita tio n differs
k in e tic ally a n d p h a rm a c o lo g ic a lly fro m fa c ilita tio n in d u c e d b y
a c tiv a tio n o f G p r o te in - c o u p le d re c e p to rs.
S u p p o r te d b y N IH g ra n t NS 24471.

EVALUATION OF W HOLE-CELL Ca2+ CHANNEL CURRENTS
O F RAT SY M PATHETIC NEURONS IN H IG H EX TER N A L
[Ba2+]. W alter P. Robertson. James T. Limberis. Keith S. Elmslie &
Geoffrey G. Schofield.* D ept. of Physiology, Tulane U niversity
Medical Center, New Orleans, LA 70112.
Single calcium channels are typically studied with 100 mM
external Ca2+ or Ba2+, whereas whole-cell studies use 2-10 mM of
charge carrier. We compared whole-cell calcium channel currents of
rat superior cervical ganglion neurons using 5 or 100 mM external
Ba2+ to facilitate com parisons betw een w hole-cell and single
channel data. Increasing external Ba2+ from 5 to 100 mM shifted the
I-V relationship +30 mV and increased the average peak current
from -1.6 to -4.6 nA (n=7). After correcting for the voltage shift, the
scaled I-V relationships were found to be identical in 5 and 100 mM
Ba2+
Inhibition by 10 |μM norepinephrine (NE) was reduced from 48 ±
5% in 5 mM Ba2+ to 27 ± 9% in 100 mM B a2+ (n=5). The decreased
NE-inhibition did not result from desensitization, as the inhibition in
10 cells that received their first exposure to NE in high Ba2+ was 29
± 4% (n=10). In addition, the blunted NE-effect cannot be explained
by a decreased fraction of N -current in high B a2+. 30 μ M ω conotoxin GVIA blocked 75±2% (n=12) of the current in 100 mM
Ba2+, which com pares well with published results using low
divalents (77 ± 2%, Chu & Schofield, J N europhys 70, 1993).
Examination of NE dose-response relation shows the IC 50 in high
Ba2+ was 7 ± 2 |iM (n = 6 cells), an order of magnitude greater than
published values in low divalents (0.2 (μM, Schofield, Eur J Pharm
180, 1990), and can therefore explain the reduced effect of 10 (μM
NE.
Supported by LEQSF, AHA-La and NIH.

340.3
CHARACTERIZATION OF N-CHANNEL GATING RECORDED IN
THE PRESENCE OF NOREPINEPHRINE. Hve Kvung Lee & Keith
S. Elmslie.* Department of Physiology, Tulane University Medical
School, New Orleans, LA 70112.
The willing-reluctant model was developed to explain voltagedependent inhibition of whole-cell N-current by neurotransmitters, such
as norepinephrine (NE). This model makes several testable predictions.
First, the latency to first opening during a voltage step will be increased
and second, reluctant channels will open to a state characterized by low
open probability and brief open times (τ 0). Although the change in first
latency has been previously observed (Carabelli et al., 1996; & Patil et
al., 1996), reluctant openings were not. Since the model predicts that
reluctant channels require stronger voltages to open relative to control,
we have looked at gating over a range of voltages (+10 to +40 mV).
Cell-attached patches containing either 1 or 2 N-channels were
recorded from frog sympathetic neurons. In control patches open time
distributions were well fit by a single exponential (i.e. single open
state). τ0 increased with voltage from 0.7 ms at +10 mV to 2.1 ms at
+40 mV. In the presence of 100 |xM NE, the open time distributions at
+20 & +30 mV showed no evidence of reluctant openings since they
were well fit by a single exponential with τ0s similar to control.
However, the open time distribution at +40 mV was best described by 2
exponentials with τ0 = 0.7 ms and 2.9 ms. A depolarizing prepulse
increased the frequency of long openings relative to brief openings. Our
results are consistent with the willing-reluctant hypothesis where
reluctant channels begin to activate ~30 mV depolarized to normal
(willing) N-channels.
Supported by LEQ SF & NIH.
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340.4
SNX-482, A S E L E C T IV E
AN TA GON IST O F R-TY PE
CALCIUM
CH AN NELS, FR O M T H E VENO M O F T H E AFRICAN TARANTULA,
H Y S T E R O C R A T E S G I G A S . R. Newcomb*. B. Szoke. A. Palma. R. Cong.
K. Tarczv-Homoch. J. Loo. D.J. Doolev. W. Hopkins. R. Crea. G. M ilianich.
Neurex Corporation, 3760 Haven Ave., Menlo Park, CA 94025 and Depts. of
Chemistry and Neurosciences, Parke-Davis Pharmaceutical Research, Division cf
Warner-Lambert Co., 2800 Plymouth Rd., Ann Arbor, MI 48105.
The venom of H. gigas was found to possess antagonist activity against R-type
voltage-sensitive Ca channels. This activity resolved as a discrete peak by reverse
phase HPLC. The structure of the peptide in this peak, designated SNX-482, was
determined by Edman degradation, mass spectral analysis, and amino acid analysis of
acid and enzymatic hydrolysates. The 41 residue acidic peptide has the "omega"
cysteine pattern, but is unique in having significant sequence extensions both Nterminal to Cys-1 and C-terminal to Cys-6. SNX-482 is homologous to the shorter
peptides SIA (Ca channel antagonist) and Hanatoxin (K channel antagonist).
Sequence variations among this group of peptides cluster between Cys-2 and Cys-3
and between Cys-5 and Cys-6. Using either patch clamp electrophysiology or K
evoked Caflux, an IC50 of 15-30nM was obtained for block of R-type Ca channels.
At 140nM, SNX-482 had no effect on Na or K currents in IMR-32 cells, or
exogenously expressed K channels in oocytes (Kv1.1, Kvl.2, Kvl.4). At 300nM, SNX482 did not affect Ba current in oocytes expressing class A Ca channels, nor K evoked
Ca45 flux into rat brain synaptosomes. At 500-600nM, SNX-482 had no effect on Ltype or T-type Ca fluxes in GH3 cells. Low affinity block o f N-type Ca channels
(IC50>500nM) was observed electrophysiologically, but was only occasionally
observed against the K evoked N-type Ca flux in IMR-32 cells. Solid-phase synthesis
confirmed structure and bioactivity (Urge, et al., Soc. Neurosci. Abs. 23, 1997). As
the first selective blocker of R-type Ca channels, SNX-482 will be useful for
understanding the functions o f these channels. Supported by Neurex Corporation and
Warner-Lambert Co.
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340.5
INHIBITION OF HIGH-VOLTAGE ACTIVATED (HVA) Ca2+-CURRENTS
INDUCED BY NITRIC OXIDE IN RAT INSULINOMA RINm5F CELLS
C. Grassi*°. M. D’Ascenzo0. A. Valente0. E. Carbone^ and G.B. Azzena°
“ Institute of Human Physiology, Catholic University “S. Cuore” , 00168 Rome;
^Dept. of Neuroscience, University of Turin, 10125 Turin, Italy.
Nitric oxide (NO) is a highly diffusable free radical gas which has been
recently proposed to act as central and peripheral neuronal messenger. Aim of
the present study was to verify whether NO can affect HVA Ca2+-channels, in
secretory cells. Experiments were performed on RINm5F cells by using the
patch-clamp technique in whole-cell configuration and 10 mM Ba2+ as charge
carrier. Depolarizing pulses ranging from -40 mV to +50 mV were applied from
holding potential of -90 mV. The NO-donor sodium nitroprusside (SNP, 200
|j.M) reduced by 41±3% (n=21) peak-current amplitude measured at -10 mV.
This effect was dose-dependent; the reduction ranged between 28±3% and
60±7% at SNP concentrations of 20 and 400 μ M, respectively. The specificity
of NO action on Ca2+-channels was also supported by the following data: i)
when 200 μM SNP was administered together with the NO-scavenger carboxyPTIO (300 μ M), the Ca2+-current reduction was markedly smaller (7±3%, n=6);
ii) a different NO-donor molecule, S-nitroso-N-acetylpenicillamine (200-500
pM) induced effects qualitatively and quantitatively sim ilar to those elicited by
SNP. Finally, 8-Br-cGMP (500 μ M), a membrane-permeable analogue of
cGMP, mimicked SNP effects, causing a decrease in HVA Ca2+-currents of
46±6% (n=7).
These data show that NO markedly reduces Ca2+-currents in RINm5F cells,
probably by an increase in cGMP intracellular levels. NO might then
significantly influence the Ca2+-dependent neurotransmitter and hormone
release.

Supported by MURST grants.

340.6
ACTION
POTENTIAL WAVEFORMS
CAN
RELIEVE
G-PROTEIN
INHIBITION OF RECOMBINANT P/Q-TYPE Ca2+ CHANNELS AT 37°C.
David L. Brodv*. Jennifer G. Mulle, and David T. Yue Johns Hopkins
University, Department of Biomedical Engineering, Baltimore, MD 2 1205.
A variety of neurotransmitters acting through G-protein coupled receptors
decrease synaptic transmission largely by inhibiting the voltage-gated calcium
channels that trigger neurotransmitter release. However, little is known about
this inhibition at physiological temperatures. In HEK 293 cells transfected with
cloned A-class (P/Q-type) calcium channels and auxiliary subunits, we find
that GTPγS produces a kinetic slowing and inhibition of calcium currents both
at 24°C and 37°C. This inhibition can be relieved by strong depolarization. We
have offered evidence that bursts of action potential waveforms (APW’s) also
relieve this inhibition at 24°C (J.
> Physiol. 499 637-644). At 37°C,
0
350 Hz bursts of APW’s
can
60m
v
05 similarly relieve G-protein inhibition,
<
increasing current through inhibited
q
channels (figure), but not through
uninhibited channels. Significantly,
even these brief APW’s (0.37 ms at
half amplitude) produce the relief.
These findings strengthen the
5 ms
evidence favoring the idea that
relief of G-protein inhibition could occur during high-frequency action potential
activity (e.g. Gray & McCormick, Science 274 109-113). We suggest that this
may constitute a novel form of short term synaptic plasticity. Supported by a
NSF PFF grant to DTY and a MSTP fellowship to DLB.

340.7

340.8

CYTOPLASMIC MESSENGERS REGULATE ACTION POTENTIAL
BU RST-IN D U C ED R E L IE F O F G PR O T E IN -M E D IA T E D
INHIBITION OF N-TYPE C a2+ CURRENT IN PARASYMPATHETIC
NEURONS. James E. Simples. Jr.* & Stephen D. Meriney . Department
of Neuroscience, University of Pittsburgh, Pgh, PA 15260.
Somatostatin-induced G protein-mediated inhibition of N-type Ca2+
current in stage 40 parasympathetic chick ciliary ganglion neurons was
studied using both whole cell (WC) and perforated patch (PP) techniques.
The characteristics of somatostatin-mediated inhibition are dependent on
the activity of cytoplasmic second messengers (a nitric oxide (NO)-cGMP
dependent protein kinase pathway). Under PP recording conditions that
support the activity of this pathway, somatostatin inhibition is characterized
by modulated current that does not display kinetic slowing. Following
pharmacologic block of the NO-cGMP pathway during PP recordings or
during WC recordings where this pathway is lost due to dialysis, modulated
current is characterized by kinetic slowing (Meriney et al., 1994, Nature,
369: 336-9). We have tested the hypothesis that the sensitivity to voltage
prepulses of somatostatin-mediated inhibition of calcium current is altered
by cytoplasmic messengers in these cells, and further, that bursts of action
potentials (APs) can relieve G protein-mediated inhibition only when these
messengers are lost during WC dialysis. Relief of inhibition by 30 msec
voltage prepulses of varying amplitude revealed a left-ward shift such that
weaker voltages were sufficient when cytoplasmic messengers were lost.
Furthermore, bursts of AP waveforms (8 at 100 Hz) relieved 18 ± 1.2% of
the inhibition in WC recordings, but only 7.0± 1.5% in PP recordings. We
conclude that somatostatin-mediated inhibition is regulated by cytoplasmic
messengers such that in the absence of these messengers, AP waveforms
can relieve G protein-mediated inhibition. These cytoplasmic messengers
alter the stability (or resistance to bursts of APs) of the voltage-dependent
modulation. Supported by AHA 96012640 and NIH NS 32345.

G-PROTEIN B SUBUNIT MUTATIONS THAT SIGNIFICANTLY
INCREASE Ca2+ CHANNEL N-CURRENT FACILITATION. L.R.
Shekter*. H. Bae+. H. Hamm+ and R.J. Miller. Dept. Pharm./Phys. Sci. U.
Chicago, Chicago IL, +Dept. Biochem., Northwestern U., Chicago IL
We have recently described the different effects of G-protein By
subunits on cloned, human α1B and α1E generated currents in HEK 293
cells. In order to further understand the regulation of Ca2+ channels by
By subunits we have mutated 16 residues that have previously been shown
to be important in contacting the G-protein a subunit, and tested their
effects on N-(α1B) currents expressed in HEK 293 cells (Toth et al.,
(1996) J. N e u ro sc i. 16:4617). Each of the residues mutated was
converted to an alanine. In control cells the average Ca2+ current
facilitation, assessed using a depolarizing prepulse, was 1.10±0.07 fold
(n=6 ), while for cells overexpressing wild type β1γ2 subunits the
facilitation was 1.27±0.03 fold (n=5). Overexpression of two β1γ2
mutants produced much greater prepulse facilitation than wild type β1γ2
(Leu55 3.15±0.37 fold; n =8 and Ile80 3.27±0.69 fold; n=3). Leu55 and
Ile80 are < 15Å apart in the 3-D structure of the B subunit. None of the
other mutants exhibited any increased effect on the Ca2+ current
compared to wildtype β1γ2 subunits. We also tested
1γ2on R-(α1E)
β
currents stably expressed in HEK 293 cells. Control cells exhibited
voltage dependent inhibition after a prepulse (0.42±0.12 fold n=3).
While β1γ2 produced some facilitation (0.62±0.04 fold n=4) over control,
there was no additional facilitation caused by the Leu55 mutation
(0.59±0.05 fold n=3). These results indicate that the side chains of
Leu55 and Ile80 are important for the selective interactions of β1γ2 with
Ca2+ channels. This work was supported by PHS Grants DA-02575, DA-02121,
MH-40165 and NS-33502 to R.J.M.

340.9

340.10

PI 3-KINASE IS A RATE-LIMITING INTERMEDIATE IN THE RAPID
MODULATION OF CEREBELLAR CALCIUM CHANNELS BY INSULIN-LIKE
GROWTH FACTOR-1. L.A.C. Blair* and J. M arshall. Pharmacology. Yale

SEL EC TIV E A C TIV A TIO N OF C A LC IU M -A C TIV A T ED PO TA SSIU M
CHANNELS BY CO LOCALIZED CALCIUM CHANNELS IN ACUTELY
D ISSO CIA TED HIPPO CA M PAL CA1 NEURO NS. S.J. Tavalin* and N.V.
Marrion. Vollum Institue, OHSU. Portland, OR 97201.
Single inward Ca2+ and outward Ca2+-activated K+ channels were visualized in the
same patch during cell-attached recordings from acutely dissociated hippocampal CA1
pyramidal neurons. To record L-type Ca2+ channels, cells were pretreated with ω conotoxins M VIIC (5 μ M) and GVIA (1 μ M; ω CTxGVIA), and 200 nM α dendrotoxin to block P, Q, N, and A-type channels. Patch pipettes contained 160
mM C aC l2, 2 mM KC1, 5 pM coCTxGVIA, 200 nM α -dendrotoxin and were
supplemented with 4-AP (1 mM) and 3,4-DAP (1 mM) to block delayed rectifier and
A-type channels. Inward channel openings (~ -0.2 pA amplitude) were seen upon
depolarization of the patch to 0 mV (holding potential -40 mV). These openings were
inhibited by nimodipine (1-3 pM ) indicating they were due to L-type channels.
Openings of an outward channel (~0.4 pA amplitude) were observed following Ltype channel openings. Bath application of nimodipine reduced the number of
openings of both the inward and outward channels. Following excision into the
inside-out configuration, the outward K+ channels were activated by Ca2+. The
properties of the K+ channel were consistent with those of the small conductance
Ca2+-activated K+ channel (SK). However, large conductance calcium-activated K+
channels (BK) were not seen following activation of L-type Ca2+ channels, even
when they were known to be present in the patch.
In contrast, when nimodipine was substituted for ω CTxGVIA, single N-type Ca2+
channels were resolved. N-type channels could be distinguished from L-type channels
on the basis of their single channel amplitude at 0 mV (~ -0.4 pA) and inactivation
by holding at -40 mV. Openings of BK, but not SK channels were observed
following N-type channel openings, even though SK were known to be present in
the patch. These results suggest the selective activation of Ca2+-activated K+ channels
by colocalized Ca2+ channels; L-type channels provide Ca2+ for SK activation while
N-type provide Ca2+ for BK channels. Supported by NS29806.

University School of Medicine, New Haven, CT, and Molecular
Pharmacology, Physiology and Biotechnology, Brown University.
Low concentrations of insulin-like growth factor-1 (IGF-1) induce
within seconds a large, tyrosine kinase-dependent increase in N and L
calcium channel currents in cerebellar granule neurons at specific
membrane potentials. These responses utilize the IGF-1 receptor tyrosine
kinase (RTK), but the pathway mediating this response is unknown. To
identify essential signalling components, we used a molecular approach,
transfecting neurons in culture with dominant-negatives of potential
intracellular intermediates. Co-expression with the jellyfish green
fluorescence protein was used to detect transfected neurons. Neurons were
from p4-p5 rats, all cDNAs were in pcDNA3 expression vectors under
control of CMV promoters, and in most cases, modified calcium phosphate
precipitation techniques were used to transfect the cells. IGF-1 responses
were assessed by standard patch recording techniques.
We found that transient expression of inactive, dominant-negative
PI 3-kinase subunits fully blocked the rapid IGF-1-modulation o f N and L
channels. In addition, we found that over-expression of wild-type PI 3kinase subunits increased IGF-1 responses by up to 10-fold. Our results
demonstrate that PI 3-kinase is an essential and rate-limiting intracellular
messenger in the signalling pathway used by neuronal RTKs and strongly
suggest that RTK-modulation may control calcium-dependent processes,
such as neurotransmitter release and IGF-1-dependent differentiation
and/or survival. Supported by R29 NS 33914-02 (NIH) and SA047
(Council for Tobacco Research) to J.M.
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340.11
THE N-METHYL-D-ASPARTATE (NMDA) RECEPTOR-MEDIATED Ca2+INFLUX IN HUMAN NEUTROPHILS IS CRUCIAL IN REGULATING NADPHOXIDASE ACTIVITY. W.K.Kim=Park*_ M.A.Moore.1 K.K. Park and M.J. Kowolik.
Dept. o f Oral Biology, Indiana Univ., Sch. O f Dentistry, Indianapolis, IN. 46202 and
1Dankook Univ., Sch. O f Dentistry, Dept. o f Preventive Dentistry, Cheonan, Korea.
Since Ca2+ is required in activation o f the neutrophil NADPH-oxidase to produce
free radicals, it was an intriguing question to investigate if NMDA-receptors are
present in peripheral neutrophils. A putative Ca2+channel agonist in non-excitable
cells, NMDA, was tested along with glutamate, N-formyl-Met-Leu-Phe (FMLP) and
a phorbol ester, PMA, for ability to stimulate the respiratory burst measured as
Luminol-dependent chemiluminescence (CL). All results were recorded as 60
minutes integrals (millivolts.min) and compared by a two-tail Student’s t-test. Unlike
PMA or FMLP, Glutamate or NMDA (10-5M) alone did not stimulate CL generation
significantly in FMLP ( 10-11 M)-primed cells. However, a selective tyrosine
phosphatase inhibitor, vanadate in preincubation for 15 min. at 37° C, stimulated the
NMDA-mediated CL generation significantly (p<0.001) in a EGTA- (p<0.001) and
kinase inhibitor-sensitive (p<0.001)manner. The initial influx o f Ca2+by glutamate or
NMDA must be sufficient to activate phosphatase, masking the kinases, necessary for
the activation o f the NADPH-oxidase. In addition, the NMDA- or NMDA/vanadatemediated CL generation was significantly inhibited by a competitive inhibitor o f the
NMDA-receptor, AP7 (p<001), indicating the receptor specificity. The data
confirmed that NMDA-receptors are present in human neutrophils and regulate the
Ca2+ influx, affecting the kinase/phosphatase cycles, depending on the Ca2+
concentrations increased by the agonist. The transiently increased Ca2+ levels may be
crucial to activate the NADPH-oxidase via kinase/phosphatase cycles to produce free
radicals to kill the intruding pathogens. The actual changes in the Ca2+ flux by the
NMDA-channels are yet to be investigated. Supported by a grant from the Proctor &
Gamble Company.

DEVELOPMENTAL D ISO R D E R S I

341.1

341.2

INSTANTANEOUS HEART RATE VARIATION DURING HYPERCAPNEA IN INFANTS AT RISK FOR THE SUDDEN INFANT
DEATH SYNDROME. V.L. Schechtman*. A. Edner. J. Milerad. R.M.
Harper. R.K. Harper. M. Ericson. H. Lagercrantz. M. K atz-Salamon.
Brain Research Inst. & Dept. of Neurobiology, UCLA School of Medicine, Los Angeles, CA
90095;& Dept, of Woman & Child Health, Karolinska Inst., 171 77 Stockholm, Sweden.
Abnormal coordination of cardiovascular and respiratory control
occu rs in in fa n ts who la te r succum b to the Sudden In fa n t D eath
Syndrome (SIDS). To determine triggers for potential aberrant cardio
vascular responses, we assessed moment-to-moment heart rate changes
in response to h y p ercapnea in norm al in fan ts and in fan ts who had
experienced an apparent life-threatening event (ALTE; near-miss SIDS).
Twenty-seven control infants and twenty-two infants with histories
of ALTE were exposed to 4 % CO 2 during quiet sleep. Instantaneous
heart rate variation was assessed ju st prior to, and four min after, the
onset of the CO 2 stimulus.
Instantaneous heart rate variation increased significantly during
CO 2 breathing in the ALTE group, while the control infants showed no
such change in heart rate patterning. Partitioning changes in mean heart
rate in response to CO 2, showed that the differing responses of heart rate
variation paralleled differences in heart rate responses (Katz-Salamon,
in press, 1997). Thus, the changes in beat-to-beat variability in response
to CO 2 breathing appear to be mediated by mechanisms similar to those
that control the heart rate response. We speculate that an inappropriate
cardiovascular response to a respiratory challenge, such as hypercapnea,
may contribute to the fatal events in SIDS.
Supported by HD22695.

INSTANTANEOUS HEART RATE VARIATION IN INFANTS WITH
GASTROESOPHAGEAL REFLUX. R.K. Harper*. V.L. Schechtman. J.A.
Henslee & R.M. Harper. Brain Research Inst. & Dept. ofNeurobiology, UCLA Sch. of Med.,
Los Angeles, CA 90095; & Southwest SIDS Research Inst., Lake Jackson, TX 77566.
The term inal event in the Sudden Infant Death Syndrome (SIDS) is
often characterized by sudden profound bradycardia that precedes re
spiratory disturbances. Reflux of stomach contents into the esophagus
(G astroesophageal Reflux, or GER), a common occurrence in infants,
often elicits a marked reduction in heart rate, and has been suggested as
a mechanism triggering the fatal event in SIDS. We determined if infants
with GER show aberrant patterns of instantaneous heart rate variation
similar to those previously identified in infants who succumb to SIDS.
Recordings of ECG, end tidal CO 2, respiratory impedance, and eso
phageal pH were acquired from infants with suspected GER. Cardiac RR intervals (intervals between successive R waves in the ECG) were
com puted with .5 msec resolution, and one-interval vs. next-interval
scattergrams were used to assess beat-to-beat changes in heart rate.
Infants with excessive GER, as indicated by pH probe, showed sig
nificantly increased beat-to-beat heart rate variability at slow heart rates,
relative to infants without GER. In contrast, beat-to-beat variation at
slow rates was reduced in infants who later died of SIDS, relative to con
trols. Moreover, instantaneous heart rate variation at fast heart rates was
reduced in infants with GER, unlike future victims of SIDS. Thus, in
fants with GER have instantaneous heart rate patterns that differ signifi
cantly from those of other infants; however, these differences are unlike
those observed in infants who later succumb to SIDS.
Supported by HD22695.

341.3

341.4

RECOGNITION OF CONTRAST AND TEXTURE DEFINED LETTERS IN
INDIVIDUALS WITH DEVELOPMENTAL DISABILITIES. S. Oross III*. T.L.
Frver‡. & C.B. Woods‡ . *E.K. Shriver Center, Waltham, MA 02254, and
‡Austin Peay State University, Clarksville, TN 37044.
The intent of this project was to examine visual perception abilities that have
been linked to magnocellular and parvocellular functioning in individuals with
specific reading disability (SRD) and individuals with mental retardation (MR).
Individuals with SRD had a mean chronological age (CA) of 9 years 6 months,
mean I.Q. of 99.5, and reading scores 2.5 or more years below their age level.
Individuals with MR had a mean CA of 19 years 9 months, mean I.Q. of 65.6,
and mean mental age (MA) of 9 years 8 months. Additionally, CA and MA
control subjects matched to both clinical groups were tested. Two tasks were
presented: One assessed acuity for luminance contrast defined letters (96,
11, or 4% contrast) and the second measured discrimination of texture
defined letters. The texture defined letters were comprised of different
proportions of horizontal or vertical line segments where line segment density
(number of line segments in figure and background) or line segment
segregation (orientation of line segments in figure vs. background) could be
varied. Relative to control subjects, individuals with SRD exhibited
impairments in perceiving low contrast (11 and 4%) but not high contrast
(96%) or texture defined letters. Individuals with MR exhibited large
impairments in perceiving both low contrast (11, and 4%) and texture defined
letters varying in line segment density whereas they exhibited only small
impairments in perceiving high contrast (96%) and texture defined letters
varying in line segment segregation. Discussion will focus on possible
differential involvement of magnocellular and parvocellular pathways in these
developmental disabilities.

PHONOLOGICAL PROCESSING IN DEVELOPMENTAL DYSLEXIA: AN
FMRI STUDY. J.A. Frost. J.R. Binder. R.F. Newbv. T.A. Hammeke. P.S.F.
Bellgowan. J.A. Springer. S. Jaradeh*. Medical College of Wisconsin, Milwaukee,
WI 53226.
Functional MRI was used to identify brain areas involved in phonological
manipulation o f speech sounds in 10 adolescents with developmental dyslexia (ages
13-19) and 10 closely matched control subjects. Compared to controls, dyslexic
subjects were impaired on tests of reading, non-word decoding, and phoneme
deletion and blending.
Whole-brain imaging was performed with multislice, gradient-echo echo-planar
FMRI. A phoneme deletion (DEL) task was performed in which subjects deleted /s/
and /t/ from non-words. In a phoneme monitoring (PM) control task, subjects
detected occurrences of /s/ and /t/ in syllable sequences. In a phonetic short-term
memory (STM) control task, subjects detected repeat occurrences of non-words.
Performance was above chance on all tasks (DEL=74% dyslexics, 85% controls;
PM=95% dyslexics, 96% controls; STM=94% dyslexics, 93% controls). Statistical
parametric maps, thresholded at p < .0001, were generated showing t values for the
PM-rest, DEL-PM, STM-rest and DEL-STM contrasts for each group.
During PM and STM, activations occurred in bilateral superior temporal gyrus,
premotor cortex, and posterior inferior frontal gyrus in both groups. An additional
focus observed in controls, but not dyslexics, was located in the supramarginal
gyrus bilaterally. Relative to both control tasks, the DEL task strongly activated
bilateral inferior frontal gyrus, premotor cortex, supramarginal gyrus, superior
parietal lobule and intraparietal sulcus in controls. Only a small activation in left
inferior frontal gyrus was observed in dyslexics during this task.
Normal activation of the superior temporal region suggests intact early auditory
processing in dyslexia. The most prominent abnormality was observed in the
supramarginal gyrus in dyslexics. This occurred during the DEL task, which
emphasized mental segmentation of phonemes at a representational level, beyond
sensory processing. Impaired ability to manipulate internal representations of
phoneme segments may explain the impaired awareness of the relationship between
phonemes and printed letters that is observed in dyslexia.
Supported by NIH NS33576

Supported by HD29556 and the Tower Fund
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!MRI OF FRONTAL LOBE FUNCTION IN CHILDREN WITH
ATTENTION DEFICIT DISORDER ON AND OFF RITALIN
C. J. Vaidya* J. D. E. Gabrieli B. Ryprna J. Mak A Heberlcn J.E.

Desmond G. H. Glover G. Austin G. J. Krikorian H. W. Ridlchuber H. W.
Strauss F. L. Annis & H. Schell. Departments of Psychology Radiology
Nuclear Medicine and Program in Neuroscience Stanford University
Stanford CA 94305· Community/Academia Research Coalition Los Altos

CA 94304

Attention deficit disorder (ADD), a common but little understood

developmental disorder, is characterized by inattention. impulsivity, and

hyperactivity. These symptoms respond favorably to methylphenldate
(Ritalin). We used functional magnetic resonance imaging (fMRI) to

examine frontal lobe activation during response inhibition on a Go No-Go
task in ADD children. Subjects had to press a button for each letter (Go
phase) except "X" (No-Go phase). Each child was scanned once on Ritalin
and once off Ritalin during 6 alternating Go and No~Go-cycles. Eight coronal
slices (6 mm thick) anterior to the AC were acquired in a GE 1.5 T magnet
using a gradient echo spiral pulse sequence, with TR:::720, TE=40, and Flip
Angle=65 degrees. Activation during response inhibition (No-Go vs. Go
phases) was greater in anterior frontal regions (BA areas 8, 9, 10, 11 and 46)
when subjects were on than off Ritalin. Activation in the anterior cingulate
was relatively unaffected by Ritalin. Subjects tended to make fewer false
alarms when they were on than off Ritalin. These findings suggest that
inhibitory processes subserved by anterior frontal regions are enhanced by
methylphenidate in ADD.
Supported by funds from El Camino Hospital.
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341.6
MORPHOLOGICAL
DIFFERENCES
ON
QUANTITATIVE
MAGNETIC RESONANCE IMAGING IN WILLIAMS SYNDROME.
M.R. Harris-Collazo, S.L. Archibald, Z.C. Lai*, U. Bellugi, and T.L.
Jernigan. Brain Image Analysis Laboratory , University of California San
Diego, La Jolla, CA 92093, DVA Medical Center, San Diego, CA 92 I 61
and Laboratory for Cognitive Neurosciences, Salk Institute for Biological
Studies, La Jolla, CA 92037.
Williams Syndrome (WS) is a rare developmental disorder characterized
by mental retardation, relatively spared language function, and poor
visuospatial abilities. Previous quantitative imaging studies of a young

group of subjects with WS (mean age

~

14) revealed microcephaly and

disproportionately large cerebellar volumes in comparison to age matched

controls. The present study utilized higher resolution MRI and improved
anatomical techniques. An older group of subjects with WS (mean age
00

24) was examined. MRI volumes consisted of contiguous 4mm sections

of proton density and T2 weighted fast spin echo images. Raw images
were stripped, digitally filtered, and then segmented. The images were
then further analyzed to yield quantitative volume measurements of
separate anatomical regions of the brain.

Earlier findings regarding

microcephaly and disproportionately large cerebellar size in WS were

replicated. Our previous studies revealed age-related reductions in cerebral
gray matter during brain maturation. For this study, normalized cerebral
gray matter measures were computed and rcsidualized for the effects of
normal brain maturation. These values were significantly increased in the

WS subjects relative to their controls (p< .01 ).

course of brain maturation may be altered in WS.

This suggests that the

Supported by; National Institutes of Health, Grant P01HD3313 and
Oak Tree Philanthropic Foundation
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ELEVATED BRAIN MYO-INOSITOL CORRELATES WITH
COGNITION IN NON-DEMENTED DOWN SYNDROME (DS)
ADULTS. G.E. Alexander* W. Huang J.S Krasuski J. Szczepanik P.
Pietrini M.L. Furey. B. Levine K. Prasad M.J. Mentis S.I. Rapoport
M.B. Schapiro. Lab. ofNeurosciences. NIA, NIH, Bethesda, MD, 20892.
Mya-inositol (ml) is a key molecule in cellular signal transduction. In

THE HYPOTHALAMIC PITUITARY-ADRENAL (HPA) AND
HP-GONADAL ~SIN AUTISM.
SA TORDJMAN. S. BRAILLY-TABARD and P. FERRARI
Fondation Vallee, Univ. Med, Paris Sud, Paris, France.
Previous studies of adrenocorticotropin hormone (ACTH), Bendorphin (BE) and cortisol (CORT) in autism have usually
examined the compounds individually. These stress hormones are
secreted by the phypothalamo-pituitary-adrenal (HPA) axis.
In addii.on, other studies suggest a possible role of the androgens in
autism.
In order to better assess the HPA and HP-gonadal axes in autism,
we have measured these compounds along with ACfH, BE. CORT,
DHEA-S. Testosterone. <Estradiol, FSH and LH. We have
examined plasma levels of the'compounds in large groups of autistic
(AUT, N = 73 : 48 males, 25 females) and normal controls (NC, N
= 120) individuals.
The autistic subjects underwent a complete behavioral assessment
which include the ADOS, ADI, K-ABC. Y APA (Yale-Paris
Aggression Scales), Vineland. RACES, TORDJMAN Anxiety,
stereotypies and pain reactivity Scales. Groups or subgroups were
matched on the Basis of age, sex and stage of puberty (Tanner
Scale).
The grl.)up mean concentration of BE, CORT and LH were
significantly higher in the AUT group compared to the NC group.
Behavioral correlations will be presented, and the implications of the
findings with respect to HPA and HP-gonadal, Functionning in
autism will be discussed.
Supported by the INSERM (C.R.E. N°93 10-09).

DS (trisomy 21), we previously reported a 50 percent increase in ml in

cerebrospinal fluid and in brain with I H MRS, suggesting a gene dose

effect of the extra chromosome 21 on which the sodium/ml cotransporter

gene has been localized. To investigate the role ml might play in the
mental retardation of DS, we evaluated 19 healthy, non-demented DS
adults, aged 28-62 years, with in vivo I H MRS using a 1.5 T GE Signa

Scanner with a, quadrature head coil. Water-suppressed single-voxel
proton spectra were acquired from occipital and parietal areas, and from

an external standard plaeed adjacent to each subject's head. A

standardized battery of neuropsychological tests was administered. The
absolute concentrations of ml-containing compounds were negatively

correlated with measures of general cognitive function (p<0.05), memory
(p<0.02), and visuospatial skills (p<0.025) in parietal and occipital ROis;
and with language function (p<0.05) in the occipital ROI. After we
controlled for age, ml in the occipital ROI was inversely related to general
cognitive function (p<0.03), memory (p<0.02), and visuospatial skills
(p<0.02). The results demonstrate that higher concentrations of ml-

containing compounds in brain are related to poorer cognitive
performance in non-demented DS adults. That the association with
cognition remained significant after we controlled for age, suggests that

ml plays a role in the development of mental retardation in DS. The effect
may be due to an alteration in signal transduction involving

phosphatidylinositol. Supported by the NIA Intramural Research

Program.

341.9

DEVELOPMENTAL DIFFERENCES IN BRAIN SEROTONIN SYNTHESIS
CAPACITY IN AUTISTIC AND NON-AUTISTIC CHILDREN. D. C.

Chugani, * H. T. Chugani, K. Niimura, and 0. Muzik. Departments of
Pediatrics, Neurology and Radiology, Wayne State University and Children's
Hospital of Michigan, Detroit, Michigan.
Developmental studies in rats and nonhuman primates demonstrate
developmental changes of serotonin content, serotonin uptake sites, and
serotonin receptor binding, which are higher in the developing brain and decline
during puberty (Goldman-Rakic and Brown, 1982; D'Amato et al., 1987; Lidow
et al., 1991). Depletion of serotonin prior to puberty in rats results in reduced
size of the barrel fields (Bennett-Clarke et al, 1994), supporting a modulatory
role of serotonin in synaptogenesis. In the present study, we measured serotonin
synthesis in autistic and non-autistic children using cx[C-1 l]methyl-L-tryptophan
positron emission tomography. Global brain values for serotonin synthesis
capacity (K-complex) were obtained for whole brain for autistic children· aged 2-

12 years (n-15), their normal siblings aged 8-14 years (n-6), and epileptic

children without autism aged 3 months to 11 years (n=10). K-complex values
were plotted acc_ording to age in order to determine whether there were
developmental differences in serotonin synthesis. For non-autistic children,
serotonin synthesis capacity increased between ages 3 months and 3 years, and
remained approximately three times higher than adult values until the age of 8
years. Between 8 and 14 years of age, serotonin synthesis capacity declined to
adult values. In contrast, serotonin synthesis capacity in autistic children
increased gradually between the ages of 2 years and 12 years, with the highest
values reaching less than twice normal adult values. These data suggest that
humans also undergo a transient period of increased serotonergic
neurotransmission during the period of synaptogenesis, as has been
demonstrated in animal studies, and that this developmental process is disrupted
in autistic children. Supported by Mental Illness Research Assoc. of Michigan.
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INTRACELLULAR LOCALIZATION OF THE BATTEN
DISEASE GENE PRODUCT, CLN3. R.E. Haskell, T.A. Derksen, &
B.L. Davidson*. Department of Internal Medicine, University of Iowa,
Iowa City, IA 52242.
Neuronal ceroid lipofuscinoses (NCL) are lysosomal storage
diseases that affect 1:25,000 births. Clinical symptoms of juvenile NCL
(JNCL) include visual impairment which progresses to blindness,
accompanied by dementia, seizures, and premature death. The gene
responsible for JNCL (CLN3) has been cloned and encodes a protein of
unknown function (Lem er, 1995). We examined the intracellular
trafficking of CLN3 using a series of CLN3-GFP fusion proteins. A549
cells expressing GFP showed diffuse nuclear and cytoplasmic
fluorescence. In CLN3-GFP transfected A549 cells, CLN3 redirected
GFP fluorescence primarily to organelles near the nucleus with some
cytoplasmic distribution. When cells were treated with brefeldin A, the
fluorescence was not disrupted and dual antibody staining of cells for
GFP and beta-coat protein (B-cop) confirmed that CLN3-GFP was not
located in the golgi compartment. To test if CLN3 redirected GFP to
lysosomes, transfected A549 cells were also loaded with a vital lysosomal
stain which did not colocalize with CLN3-GFP. Dual staining with
antibodies to lysosome associated membrane protein (LAMP-1)
corroborated these results. Thus, by direct fluorescence of live cells or
immunohistochemical staining of fixed cells, we determined that CLN3 is
not a golgi or lysosomal resident protein. Therefore, JNCL is not a
classical lysosomal storage disease. CLN3 most likely resides in the
mitochondrial compartment, perhaps associated with or involved in the
degradation of ATP synthase subunit 9. This work was supported in part
by the Batten Disease Support and Research Association and the Carver
Foundation.

MONOCYTE SUBSET AS PREDICTOR OF DEMENTIA. L. Pulliam* R.
Gascon. M. Stubblebine. D. McGuire. J. Meriqhi and M.S. McGrath.
Depts. of Lab Medicine and Neurology, University of California, San
Francisco, CA 94143.
We recently reported that a unique monocyte subset, that expressed
CD69, was significantly elevated in patients with AIDS dementia as
compared to patients with AIDS or HIV-1-seronegative controls (Lancet
1997. 349:692-5). CD69 antigen is a member of the natural killer gene
complex. Supernatants from cultured monocytes of patients with AIDS
dementia caused significant apoptosis of human neural cells in vitro
compared to the controls. W e were interested in whether or not this
subset was elevated in patients with other neurological diseases
including Alzheimers (AD), Parkinson's (P), amyotrophic lateral sclerosis
(ALS) and multiple sclerosis (MS).
Controls included individuals
between 69 and 86 years old with no neurologic complaints or systemic
illnesses. The average % of CD14+/CD69+ cells in older controls was 8,
the same as younger controls from our previous study. The average %
of CD14+/CD69+ cells in patients with AD was 31%, which was
significantly elevated (p = 0.001) from controls but not as high as
patients with AIDS dementia (69%). Patients with ALS were comparable
to controls; patients with P varie d from 8 to 44% and patients with MS
varied from 13 to 34% (the patient with 34% was on p interferon
therapy). It will be important to determine if these cells also produce
"neurotoxic" products. Our results, while based on a small sample,
suggest that there may be a correlation between elevated CD69+
monocytes and neurological diseases affecting cognitive function.
Supported by NIH.

342.3

342.4

ROLE OF PRION PROTEIN IN COPPER BINDING AND RESISTANCE TO
OXIDATIVE STRESS David R. Brown. Jochen W. Herms. Axel Madlung. Alex
von Bohlen. Armin Giese. and Hans A. Kretzschmar* Institut fur Neuropathologie,
Universität Gottingen, Robert-Koch Strasse 40, 37075 Gottingen, Germany.
The cellular function of the prion protein (PrPc), a cell surface glycoprotein
expressed in neurones and astrocytes, has not been elucidated. Biophysical studies
have previously shown that a synthetic N-terminal repeat region binds copper. We
present data suggesting that PrPc is a major copper binding protein of neurons. Total
reflection X-ray fluorescence (TXRF) was used to analyse the copper content of
mouse brains. Brains of Pmp gene-ablated (Pmp%) mice lacking PrPc show reduced
binding of copper. This difference in copper content was localized to the cell
membranes, especially synaptosomes and endosomes. Phosphatidyl-inositol specific
phospholipase C which cleaves PrPc from the surface o f cells in culture was found
to reduce the copper content o f cell membranes of wild-type cerebellar cells but not
Pmpo/o cells suggesting the difference in copper content is related to PrPcexpression.
Prnpo/o mice show an altered phenotype including reduction in the activity o f the
anti-oxidant enzyme copper/zink superoxide dismutase and also altered
electrophysiological responses which may be a consequence o f loss o f copper
binding to neuronal cell membranes. The amplitude o f spontaneous inhibitory
currents recorded from Purkinje cells were decreased when 2 μM C u S 0 4 was
applied to Pmpo/o cerebellar slices but not to wild type slices. In cell culture Pm po/o
cells show an increased susceptibilty to oxidative stress and copper toxicity. These
findings may serve to explain other suggested phenotypes of Pm po/o mice and
indicate that PrPc may play a role in copper metabolism o f the brain. Supported by
BMBF, DFG and Sander-Stiftung.

BIOLOGICAL EFFECTS OF PRION PEPTIDES INCLUDING MUTATIONS
ASSOCIATED WITH FAMILIAL SPONGIFORM ENCEPHALOPATHIES.
G. Forloni*. N. Angeretti. E.Lucca. S. Gorla. P. Malesani and M.Salmona.
Istituto di Ricerche Farmacologiche "Mario Negri", 2 0 157 Milano, Italy
Prion-related encephalopathies (PRE) are a group of genetic an d /o r
transmissible neurodegenerative disorders characterized by the presence of
an altered form of prion protein (PrPsc) that aggregates in amyloid fibrils
and accumulates in the brain of affected individuals. We have shown that
synthetic peptide homologous to PrP 106-126 fragment induced in vitro
neuronal death by apoptosis and astrogliosis, the peptide exhibited a
partial resistance to protease digestion and conformed in p sheet structure.
Several point mutations of PRP gene has been associated with familial PRE,
however only one of these influences the sequence 106-126 (117 Ala→Val),to
investigate the effect of the mutations on the biological activity of PrP, the
study has been extended to the other PrP sequences including point mutations.
We exam ined the biological effects and the chem ico-physical
characteristics of the peptide homologous to the wild type and mutated
sequence of PrP 89-106 (102 Pro→Leu), 106-126 (117AIa→Val) 169-185
(178Asp→Asn), 195-213 (198Phe→Ser, 200Glu→Lys and 210 Ile→Val) and
201-220 (217GIn-*Arg). Neurotoxicity and astrogliosis was determined by
chronically exposure of rat primary neuronal and astroglial cultures to the
peptides. The resistance of peptides to protease digestion has been also
tested and their structures was examined by circular dichroism spectroscopy
analysis. In several cases the presence of mutations altered the biological
effects of the peptides, in particular PrP 89-106Leu was neurotoxic while
PrP89-106Pro did not influence neuronal viability. These data contribute to
understand the genetical influence on the pathogenesis of PRE, and identify
the biological active fragments of PrP. (Telethon ct.# E.343)

342.5

342.6

THE PRION PROTEIN CONFORMATIONAL CHANGES IMPLICATED IN THE
PATHOGENESIS OF PRION DISORDERS CAN BE INHIBITED AND/OR
REVERTED BY SYNTHETIC PEPTIDES DESIGNED AS β-SHEET BREAKERS.
C. Soto'. F. Prelli1. R.J. Kascsak2and B. Frangione1*. New York University Medical Center
aud 2New York State Institute for Basic Research in Developmental Disabilities.
It has been proposed that a central event in the pathogenesis of priou diseases is a protein
conformational change from a normal cellular protein (P rP ) towards a β -sheet rich
pathological confomier (P rP c). We postulate that this conformational transition can be
inhibited and/or reverted by small peptides homologous to the PrP fragments implicated in
the abnormal folding and containing specific residues acting as β -sheet blockers (anti-psheet peptides). Synthetic peptides spanning PrP 109-141 (called H 1H2 peptide) acquire
in vitro the three main characteristics of PrPK, namely: conformational transition of (x-belix
(random coil) to β-sheet. acquisition of proteinase K resistance and amyloid formation.
Anti-β-sheet peptides homologous to the human PrP fragment 115-122 were first screened
for inhibitory activity by using the HIH 2 peptide. Our results indicate that submolar
concentrations of a 13 residues anti-p-sheet peptide (iPrP13) effectively prevents the
adoption of a p-sheet conformation by PrP 109-141 as well as the proteinase K resistance
and amyloid formation associated to the conformational change. To study the ability of
iPrP13 to inhibit conversion of human P rP (30-35 kDa). the protein extracted from
platelets was incubated with the H1H2 peptide to induce proteinase K resistance, as
previously reported (Kaueko et al., Proc . Natl. Acad. Sci. USA 92:11160-64. 1995) Our
data showed a concentration-dependent inhibition of the PrP1 to PiPx-like conversion by
iPrP13 Indeed, the inhibitor peptide was able to restore the proteinase K sensitivity to the
P rP previously converted to PrP’Mike by incubation with PrP109-I41. Experiments are
underway to study the effect of our anti-β-sheet peptides on the properties of PrP* extracted
from scrapie-infected animals, as well as the influence of the peptides on prion infectivity
These findings suggest that β-sheet breaker peptides could be used as a novel therapeutic
approach to prevent the PrP conformational change associated to the pathogenesis of prioudiseases. Supported by NIH grants AG05 8 9 1, AG10953 to BF and MH56472 to CS
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Molecular studies of the Fronto-temporal dementia with Parkinsonism locus
on chr17q21 (FTDP-17) M. Hutton and J. Perez-Tur* for the Mavo dementia
research group. Mayo Clinic, Jacksonville, FI 32224.
We recently localized the locus for fronto-temporal dementia and
parkinsonism (FTDP) to a ~25cM interval on chr17q21 in a large Australian
family. The peak “affected only” two point LO D score in this family was 2.87
(D17S250 θ=0) which was in good agreement with Simlink predictions for
this pedigree (Emax = 3.05). The FTDP-17 locus in this family is consistent
with the localization of similar dementias in at least 13 other kindreds,
described to date. In each family the disease is characterized by presenile
(usually below 65 yrs) early personality change that progresses to dementia.
Parkinsonian features have been described in all families however the
degree to which this symptom appears has been reported to vary markedly
between families. At autopsy all patients with FTDP-17 display marked
atrophy of the frontal and temporal lobes with gliosis present in both white
and gray matter. Balloon neurons are present in most families and tau
positive inclusions are also frequently observed. The most likely explanation
for the disease in these families is that it is caused by different mutations in a
single gene. Analysis of the chr17 critical region in each family reveals that
the FTDP-17 gene is localized to a ~2cM interval between D17S800 and
D17S791.
W e are currently performing molecular studies on the FTDP-17
candidate region in attempt to identify the mutation bearing gene. Presently
we are utilizing a partial physical map to localize known genes and ESTs to
the critical region. In addition we have sequenced several candidate genes
for mutations in FTDP-17 families including Tau, GFAP, VAT-1, VHR
phosphatase, γ-tubulin, DLG-2 and FHF-3. The progress of these studies
will be presented. Supported by the Mayo Foundation.
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C LINICOPATHOLOGICAL E V ID EN C E F O R D E M E N T IA IN D E PE N D E N T O F
CORTICAL A T R O PH Y IN H U N T IN G T O N ’S D IS E A S E P .R . M outon*. M .W .

REDUCED
M E T A B O T R O P IC
GLUTAM ATE
RECEPTO R
E X P R E S S IO N
IN
H U N T I N G T O N ’S
D IS E A S E
T R A N S G E N IC
M O U S E B R A IN . J.-H .J. C ha*. B .H . Huffard. J.A . Kerner. L. M an g iarni. S .W .
Davies. G .P . B ates, and A .B . Y oung. D ept. N eurology, M a s s , General H ospital,
B oston, M A 02114, D ept. A natom y & D evelopm ental B iology, and D iv. M edical &
M olecular G enetics, U M D S , G u y ’s H ospital, L ondon.
Transgenic (tg) m ice expressing exon 1 o f the H u n tin g to n ’s disease (H D) gene
w ith expanded C A G repeats dem onstrate a progressive neurological phenotype
(M angiarni et al., C ell 87:493-506, 1996). G lutam ate (G lu) has been proposed to
play a role in the pathogenesis o f H D (D iF iglia, T rends N eurosci. 7:286-289, 1990).
W e com pared G lu receptor (G luR ) binding and expression o f G luR m R N A in tg HD
m ice to that in norm al control m ice.
Q uantitative autoradiography m easured binding to N M D A receptors, A M P A
receptors, group I m etabotropic G lu R ’s (m G lu R ’s), and group II m G lu R ’s. In tg
m ice N M D A receptor binding w as significantly decreased in the cortex (C TX ) (81%
o f control m ice), but was not different in the striatum (S TR ). A M P A receptor
binding w as decreased in both ST R and C T X (85% o f control). G roup I m G luR
b inding was decreased in S T R (61% ), but unchanged in C T X . G roup II m G luR
binding was decreased in ST R (73% ) and in C T X (59% ).
In situ hybridization studies o f G luR and actin m R N A dem onstrated significant
signal decreases in tg m ice for m G lu R l in S T R (51% o f control) and C T X (72% ).
m G luR 2 signal was slig h tly increased in C T X (126% ), but m arkedly decreased in
S T R (55% , p c.0 0 0 1 ). m G luR 3 signal w as significantly decreased in both S T R
(69% , p= 0.0135) and C T X (59% , p<0.0001). T here w ere no differences in signal for
m G luR 5, N M D A -R 1, and P-actin.
T hese data indicate that expression o f exon 1 o f the hum an m u tan t H D gene w ith
expanded C A G repeats can alter the expression o f G lu R ’s, especially m G lu R ’s.
A lterations in G luR expression could increase susceptibility to excitotoxicity in HD.
Su p p o rted by U SPH S grants N S01916, A G 1 1337, H ereditary D isease Foundation,
M edical R esearch Council, a n d Special Trustees o f G u y ’s H ospital.

Becher. N.A. B akhos. M olly V. W agster. A. R osenblatt. C .A . R oss, and D .L .
Price. Depts. o f P athology, N eurology, P sychiatry and N euroscience, the Johns
Hopkins School o f M edicine, B altim ore, M D , 21205-2196.
Studies of 79 autopsied cases accessioned by the Brain R esource C enter have
shown that diffuse 20-30% cortical atrophy is characteristic o f A lzheim er’s Disease
(AD), Parkinson’s Disease (PD ), and H u n tin g to n ’s D isease (H D ). T his degree of
cortical atrophy is generally uniform across diseases and exceeds that associated w ith
normal aging. In a m ultivariate correlational study, we assessed the im pact of
cortical degeneration on perform ance on the M ini-M ental State E xam ination
(MMSE) in 37 AD and 13 adult-onset HD cases. P atien ts were followed
longitudinally w ith neurological and psychological testing and total volum e of
cortex (Vtlx) and subcortical (Vsub) brain was m easured p o stm o rtem by unbiased
stereology. A N O V A show ed no differences in average V clx and final M M S E scores
for AD and H D cases, w hile average V sub w as significantly low er in H D com pared to
AD cases. M ultiple regression analysis o f AD cases revealed a hig h ly significant
correlation between final M M S E score and individual V clx m easurem ents that is
independent o f age and gender (p< 0.0008), w hile in H D cases M M S E score varied
independent o f individual V clx scores. In H D cases C AG repeat length was correlated
to earlier age at death (p< 0.03) and w as associated w ith increasing histopathological
grade in striatum (p<0.10). T he finding o f severe cortical degeneration in H D that is
not correlated to cognitive decline suggests different m echanism s for dem entia
associated with prim ary subcortical versus prim ary cortical degeneration.
Supported by U .S . P ublic H ealth S ervice, the A lzheim er’s A sso cia tio n , and the
Develbiss F oundation.
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3-NITROPROPIONIC ACID MODELS OF HUNTINGTON’S DISEASE IN THE
RAT, PIGEON AND GOLDFISH. T.K. Koutouzis1. C.V. Borlonaan2 S.G.
Poulos1. E.A Duckworth1. T.B. Freeman1. R.A. Hauser1. D.W. Cahill*1, and
P.R. Sanberq1. 1Div. Neurol; Surg.-Neurosci. Prog., Univ. South Florida Coll.
Med., 12901 Bruce B. Downs Blvd., Tampa, FL 33612; 2Dept. Anat. Cell Biol.,
Unif. Svcs. Univ. Hlth. Sci., 4301 Jones Bridge Road, Bethesda, MD 20814.
In recent years, animal models of Huntington’s disease (HD) have been
developed using the mitochondrial inhibitor, 3-nitropropionic acid (3-NP). One
of the most fascinating advantages of 3-NP is its systemic delivery which
results in specific and well-localized striatal damage reminiscent of the
neurodegeneration seen in HD. We first reported the progressive locomotor
dysfunction (from hyperactivity to hypoactivity, again resembling that of HD) in
3-NP-treated rats. In the present study, we showed that “dementia”, another
hallmark of HD, could be demonstrated in the 3-NP rat model. Using the Morris
water maze, rats treated with 3-NP (10 mg/kg, i.p., once every 4 days for 28
days) displayed significant retention deficits compared with vehicle-treated
rats. The 3-NP rat model, however, did not produce HD chorea as reported
previously. We thus initiated a pilot study to assess correlates of chorea
across species. Using a video camera, pigeons treated with 3-NP (30 mg/kg,
i.p.) were monitored in their home cage for 2 hours following injection. 3-NPtreated pigeons displayed stereotypic head tilting accompanied by side-to-side
shaking in a jerky fashion over a period of 1 hour following injection, but such
abnormal movements disappeared thereafter. On the other hand, 3-NP-treated
goldfish (exposed to 10 mg 3-NP in a liter of water for 1 hour) exhibited
significant increases in general spontaneous locomotor activities which were
sustained for 3 hours following injection as analyzed by the Digiscan monitor
system. These results showed that different forms of behavioral abnormality
exist across 3-NP-treated species which may be correlates of HD chorea.

C R E A T IN E P R O T E C T S A G A IN S T 3-N IT R O PR O P IO N IC A C ID -IN D U C ED
S T R IA T A L N EU R O T O X IC IT Y .
S.E. B row ne*. R .T . M atthew s. S .C . Berger.

342.11

R. Kaddurah-Daouk2 and M .F . Beal.

N eurochem istry Laboratory,

N eurology R esearch, and 'N M R C enter, M assachusetts General H ospital and Harvard
M edical School, B oston, M A ; 2A vicena G roup, C am bridge, M A .
S ystem ic adm inistration o f the m itochondrial com plex II in h ib ito r 3nitropropionic acid (3-N P) induces selective neuronal loss in the striatum m im icking
H untin g to n ’s disease.
C reatine m ay increase energy reserves in the brain follow ing
its phosphorylation to creatine phosphate.
W e investigated the effects o f oral
adm inistration o f 1% creatine for 3 w eeks on 3-N P lesion volum e.
3-N P (lO m g/kg,
b.i.d., i.p.) w as adm inistered to m ale S prague D aw ley rats (325-350g, n= 10 p er group)
for 5-7 days. A nim als were sacrificed in p airs when either a creatine-fed or control
anim al developed sym ptom s o f striatal toxicity (hind lim b paralysis).
C ontrol
anim als routinely developed sym ptom s prior to creatine-fed rats. 3-N P striatal lesion
volum e was reduced by 80% in the creatine-fed group, relative to rats fed a norm al diet
(p <0.0001).
In a separate group o f anim als w e investigated the effects o f 3-N P and
creatine on cerebral glucose m etabolism using [14C ]-2-deoxyglucose in v iv o
autoradiography. Local rates o f cerebral glucose use w ere m easured in conscious male
rats follow ing system ic adm inistration o f a sub-acute dose o f 3-N P (7.5 m g/kg b.i.d.
for 3 days, i.p.) or vehicle (PB S, 1 m l/kg) after 3 w eeks pre trea tm en t w ith 1% creatine
or norm al diet.
P relim inary findings indicate that 3-N P induced striatal lesions in
approxim ately h a lf the non-creatine fed rats at this tim e point.
In these anim als
glucose use w as m arkedly reduced (approxim ately 50% ) at the lesion site, b u t did not
differ from control levels in other regions.
In creatine-fed anim als, 3-N P did not
produce striatal lesions and glucose use w as unaltered in the striatum .
T hese results
show that oral adm inistration o f creatine exerts neuroprotective effects in vivo w hich
correlate w ith protection against decreases in striatal glucose m etabolism .
S upported by N IH grant NS 16367.
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CHANGES IN PARVALBUMIN AND CALBINDIN-D28K IMMUNO
REACTIVITY IN PURKINJE NEURONS OF PATIENTS WITH MACHADOJOSEPH DISEASE (SCA-3). J. D. Fratkin1. P. J. S. Vie. S. H. Subramonv. D.
O. McDaniel. D. Desaiah* and A. H. Koeppen2. D epts.of Neurology and
’Pathology, Univ. Miss. Med. Ctr., Jackson, MS 39216.2 D ept. o f Neurology,
VA Medical Center, Albany, NY 12208.
Our previous work has shown that immunoreactivity to the calcium binding
proteins, calbindin D28k (CaB) and parvalbumin (PV) is altered in patients with
spinocerebellar ataxia-1 (SCA-1). Since SCA-1 is CAG repeat mutation, we
initiated the present study to investigate whether calcium binding proteins are
affected in other SCA’s like Machado-Joseph disease (MJD/SCA-3). This
hereditary ataxia is also characterized by CAG repeat expansion. The
distribution o f CaB and PV was determined by immunohistochemistry in the
brains of patients dying with non-neurologic illness in comparison to patients
with MJD. Surviving Purkinje neurons in MJD cerebella strongly expressed
CaB; the areas marked by Purkinje cell dropout corresponded to the zones o f
decreased immunostaining. In contrast, the expression o f PV in surviving
Purkinje neurons varied from patient-to-patient. This variability ranged from
no change to slight decrease, versus controls. This spectrum o f variability is
different from the changes observed in Purkinje cells from SCA-1 patients. In
that group there was a significant decrease in the entire population o f PV
positive neurons.
These observations suggest that the alterations in
immunoreactivity to PV are related to the severity of Purkinje cell involvement
in SCA’s.
S u p p orted by N a tio n a l A ta x ia F o u n d a tio n

S o c ie ty f o r N e u ro s c ie n c e , V olum e

B .G . Jen k in s1.
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IN V IT R O M O D U L A T IO N O F C A S P A S E A C T IV A T IO N A N D A P O P T O T IC
C E L L D E A T H B Y TH E P O L Y G L U T A M IN E T R A C T IN M A C H A D O -JO S E P H
D IS E A S E P R O T E IN . W .J. H erring. G .A . O vler. J. M . H ardw ick. V. C olom ber,
C .A . R oss. A . K akizuka. V .L. D aw son, and T .M . D aw son*.

D epartm ents of

N eurology, N euroscience, P sychiatry, and Im m unology, Johns H opkins Univ.
Sch. o f M ed., B altim ore, M D 21287. D epartm ent o f Pharm acology, K yoto
U niversity F aculty o f M edicine, K yoto 606-01, Japan.
E xpansion o f C A G repeats encoding polyglutam ine w ithin diverse proteins leads
to selective neurotoxicity in H untington's disease and a grow ing num ber o f
dom inantly-inherited spinocerebellar ataxias. M achado-Joseph disease (M JD ),
allelic w ith SC A 3, is caused by expansions w ithin the M JD 1 gene on hum an
chrom osom e 14q32.1. T he function o f w ild-type M JD protein is unknow n, and
im m unohistochem ical studies show cytoplasm ic localization and w idespread
distribution o f the protein in m am m alian brain. P rior evidence suggests that
polyglutam ines (Q ) prom ote aberrant protein-protein interactions, ultim ately
triggering inappropriate apoptosis. T o investigate w hether M JD im pacts upon cell
death pathw ays directly, a c ell-free in vitro system is used to assess caspase
activation in the presence o f w ild-type and m utant M JD protein. P roteolytic
cleavage o f S 35-m ethionine labelled C PP 32, IC E , M JD Q 26 and M JD Q 79
proteins is com pared in the presence o f N O donors, G A P D H , cytochrom e c, dA TP,
and H ela cell S-100 fractions. A dditionally, enhancem ent o f apoptosis is assessed
follow ing co-transfection o f constructs expressing a hum an IC E /lacZ fusion along
w ith M JD cD N A s expressing Q 26 o r Q 79 repeats into m ouse neuroblastom a N 18
cells o r hum an kidney 293 cells. A 10-15% increase in cell killing is observed
w hen M JD constructs are co-expressed w ith IC E. T hese studies address the
hypothesis that p oly g lu ta m in e expansions w ithin M JD pro tein lead to slow
neuronal death by prom oting apoptosis in subsets o f susceptible neurons.
S upported by A .F .A .R .
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SPINOCEREBELLAR ATAXIA (SCA) WITH STABLE CAG REPEAT
EXPANSIONS IN THE CACNL1A4 GENE (SCA6): VARIABLE AGE OF
ONSET AND UNIQUE EYE MOVEMENT ABNORMALITIES. C. M. Gomez*
R. Thompson. J.T. Gammack. J. H. Anderson. Departments of Neurology and
Otolaryngology, Univ. of Minnesota, Molecular Biotechnology, Univ. of
Washington
Trinucleotide (CAG) repeat expansions in newly identified genes have been
associated with dominantly inherited neurodegenerative diseases, including three
forms of SCA. In these diseases intergenerational instability of repeat size
correlates with clinical severity and age of onset. We recently had the opportunity
to evaluate two large kindreds with SCA6, a disorder associated with expanded CAG
repeats in the gene, CACNL1A4. Age of onset for kindred A ranged from 24-60
and for kindred B, from 43-64 years. Quantitative recording of oculomotor and
vestubular function revealed a pattern unique among SCA subtypes, including
nystagmus with a strong horizontal and vertical components during lateral gaze, a
strong gain but poor visual suppression for the vestibulo-ocular reflex and a severe
vestibulo-spinal deficit affecting postural stability. Genetic analysis of kindred A
using polymorphic DNA markers revealed a maximum lod score of 3.56 at a
recombination fraction of 0.04, for a marker located 1 cM from the CACNL1A4
gene, which encodes a P/Q-type Ca+2 channel a subunit. Each clinically affected
member of kindred A and B had expansions of a polymorphic CAG repeat located in
the 3' portion of the gene. The lod score obtained for the CAG expansion itself
was 5.58 at a recombination fraction of 0. In spite of the variation in age of onset
within each of the kindreds the expansion was of uniform size, numbering 21 repeat
units for kindred A and 22 repeat units for kindred B. Thus, unlike other disease
associated CAG repeat expansions, these small expansions demonstrate no
intergenerational instability. More importantly, the variation in age of onset of 26
and 21 years for the two kindreds, respectively, cannot be explained by dynamic
repeat mutations. They suggest that other genetic or environmental factors play a
role in determining age of onset in this form of ataxia. Supported by NIH P01
NS33718, National Ataxia Foundation and Bob Allison Ataxia Research Center.
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C Y T O S O L I C P R O T E I N S B I N D I N G 5 -L E A D E R S E Q U E N C E C I S
E L E M E N T S IN T H E A N G I O T E N S I N A T j R E C E P T O R
mRNA
REGULATE
RECEPTO R
E X P R E S S IO N
K . S an d b erg *¥. K.
†P hys., G eorgetow n U niv., W ash., D C and # P eptide T ech., G aithersburg, M D
T he octapeptide, an giotensin II (A ng II), is the e ffe c to r o f the re n in an g io ten sin
system and plays a critical role in blood pressure re gulation and fluid hom eostasis
through activation o f A ng II receptors (A T R s) located in several tissues including
the brain, p ituitary and adrenal. T he 5' lea d er sequence (5'L S ) o f the type-1 A T R
(A Ti R ) m R N A shares distinctive features w ith other m R N A s that are controlled at
the level o f tran sla tio n . In R N A gel sh ift assa y s, w e h av e id e n tifie d a tissu e specific factor that binds to the 5’LS o f the A T 1 R m R N A in the brain, pituitary,
lung, spleen, adrenal, kidney, uterus and aorta o f the adult norm al rat. T he factor did
not form a com plex w ith the 5'LS m R N A after' treating the cytosolic ex tra ct w ith
p roteinase K (protease), N -ethylm aleim ide (alkylating agent) or diam ide (oxidizing
a g e n t), in d ic a tin g th at the fa c to r w as a p ro tein . T he b in d in g p ro te in (B P ) is
cy to so lic since R N A -p ro tein co m p lex fo rm a tio n w as fo u n d in the 130,000 g
supernatant. U V cro sslin k in g o f the R N A -protein co m p lex fo llo w ed by SD S gel
ele ctrophoresis indicates the m o lecu la r m ass o f the p ro tein is appro x im a te ly 100
kD a. In experim ents in w hich the 5'LS w as serially truncated by restriction enzym e
digestion, com plex form ation occurred w ith p ro b e s o f -271 to -1 (full length), -271
to -138 and -271 to -174 but not w ith a -271 to -240 probe, indicating the B P can
recognize an R N A cis elem ent w ithin a 65 nucleotide region betw een -239 and -174
in the 5'LS. D ietary sodium restriction and deo x y c o rtico stero n e acetate m arkedly
reduced the activity o f the 5'LS B P in forebrain and hypothalam us under conditions
know n to enhance A T j R ex p ression. F u rth erm o re , e stro g e n in cre ase d 5'L S B P
activity in the pituitary and adrenal in ovariectom ized fem ale rats u n d er conditions
th at m arkedly d ec rea sed A T , R expression. In conclusion, these studies suggest
th a t p h y s io lo g ic a lly -m e d ia te d c h a n g es in A T 1 R ex p ressio n are m ed iate d by
alterations in 5'LS B P activity. S upported by A H A E IA # 9640040N .

UPREGULATION OF ESTROGEN RECEPTORS IN THE FOREBRAIN OF
AROMATASE KNOCKOUT MICE. V.R Agarwal. C-L. Liang*. C. Fisher.
D.C. German andE.R. Simpson. Green Center for Reprod. Biol. Sciences, Depts.
o f Ob/Gyn, Biochemistry and Psychiatry, Univ. o f Texas Southwestern Medical
Center, Dallas, TX 75235-9051.
Estrogens have numerous functions in the brain such as regulation of
gonadotropin secretion, structural differentiation and sexual behavior. The
synthesis o f estrogens from androgens in brain is catalysed by aromatase
cytochrome P450. The actions o f estrogens are mediated by estrogen receptors
(ERs), and estrogens are believed to down-regulate their own receptors. Assuming
this to be true, if estrogens are removed there should be an upregulation in ERs. We
have developed a mouse model in which estrogen synthesis is completely
eliminated by homologous recombination to delete the gene encoding aromatase.
Estrogen receptor localization and density was studied in the brains of wild-type and
aromatase knockout (ArKO) male mice by using immunohistochemistry with a
peptide antibody (ER-21) and computer imaging. In the wild-type animals a high
density of ERs was found in hypothalamic cells; in medial preoptic area, median
eminence and periventricular, arcuate, supraoptic and ventromedial nuclei. A low
density o f ERs was observed in cells of the lateral preoptic area, bed nucleus o f stria
terminalis and in central, medial and anterior cortical amygdaloid nuclei. The
number o f cells containing ER-immunoreactivity was significantly increased (>2fold) in the ArKO mice. There was intense ER-immunostaining in cell nuclei in
both wild-type and ArKO mice. These data indicate that without estrogen there is
at least a 2-fold increase in the number o f ER-containing cells in hypothalamic and
limbic regions. Thus, we suggest that in normal animals estrogens down regulate
ERs. Supported by USPHS Grant R-37-AG-08174.

343.3
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E F F E C T O F F U L L A N D P A R T IA L M U S C A R IN IC A G O N IS T S O N
E X P R E S S IO N O F M l R E C E P T O R S IN V I T R O A N D IN V IV O . A
N
D
IN
V
IV
O
.E
.
M eier*. D ept. o f P harm acological Screening, M edicinal R esearch, H. Lundbeck
A /S, O ttiliavej 9, D K -2500 C openhagen, D enm ark.
U sing cel! lines expressing hum an m uscarinic m l and m 3 receptors, Fraser
and Lee (Life Sci, 5 6 , 899-906, 1995) dem onstrated a tim e dependent dow nregulation o f the m l receptor upon exposure to m uscarinic agonist w hile the
m3 receptor w as re sistant to agonist treatm ent for up to 24 hours. O n the other
hand, K oenig and Edw ardson (M ol. Pharm acol. 4 9 , 351-359, 1996) found little
loss o f m I and m3 receptors expressed in C H O cells w hile a substantial loss of
m2 and m 4 receptors w ere found after treatm ent w ith carbachol.
In order to further study these agonist effects on m uscarinic receptor expression
we exposed h m l/C H O -K l cells to m uscarinic agonists w ith various efficacies
on m l receptors for up to 24 hours. C arbachol w as used as a full ag o n ist (R .M .
= 1.00) and induced a significant decrease both in receptor binding activity and
agonist-induced phosphoinositol (PI) turnover after 6 hours, reaching a plateau
o f 70 - 80% o f that o f untreated cultures after 18 hours. X anom eline w hich is an
agonist w ith interm ediate efficacy (R .M . = 0.65) induced a decrease o f receptor
binding activity o f 95% , and no agonist-inducible stim u latio n o f PI h y drolysis
could be detected although the background level o f PI hydrolysis was
substantially increased. Lu 25 -1 0 9 -T is a partial m 1-agonist w ith low efficacy
(R .M . = 0.08) w hich did not induce any significant decreases o f m l b inding
activity or agonist-inducible PI hydrolysis.
In vivo sim ilar effects were observed since xanom eline produced substantial
dose-dependent decreases o f up to 65% in M l-re cep to r binding activ ity in rats
w hile treatm ent w ith Lu 2 5-109-T induced no dow n-regulation.

U P R E G U L A T IO N O F L EPTIN R E C E PT O R G E N E E X P R E SS IO N IN TH E
A N T E R IO R P IT U IT A R Y IN H U M A N G R O W T H H O R M O N E -R E L E A S IN G
H O R M O N E T R A N S G E N IC M IC E. A. Cai* and J. F. H yde. D ept. o f A natom y &
N eurobiology, U niversity o f K entucky C ollege o f M edicine, Lexington, KY 40536.
The recently cloned leptin receptor (O B -R ) is expressed in m any tissues, including
the anterior pituitary gland. It is not know n w hether its gene expression is regulated
by pituitary horm ones. In the present study, w e confirm ed the existence o f O B -R
long isoform (O B -R L) in the anterior pituitary o f norm al m ice using the reverse
transcriptase-polym erase chain reaction (R T -P C R ), but w ere unable to detect the
O B -R sh o rt isoform (O B -R s). In hum an grow th horm one-releasing horm one
(hG H R H ) transgenic m ice, w hich have high concentrations o f circulating GH , we
detected an approxim ately 15-fold increase in O B -R L m R N A levels in the anterior
pituitary as com pared to norm al sibling controls, and O B -R s gene expression was
detectable. In contrast, there w ere no significant differences in O B -R gene
expression for either isoform in the hypothalam us betw een these tw o groups. The
dram atic changes in the gene expression o f O B -R L w ere further confirm ed by R Nase
protection assay. To determ ine w hether G H and/or G H R H regulate leptin secretion
from adipose tissue, w e m easured plasm a leptin concentrations by RIA. hGHR H
transgenic m ice had significantly hig h er am ounts o f plasm a leptin than their norm al
sibling controls. In addition, w e m easured body w eight, daily food intake and w ater
consum ption in these tw o groups o f m ice, and found hG H R H -transgenic m ice had
significantly higher body m ass and consum ed significantly greater am ounts o f food
and w ater as com pared w ith controls. The plasm a leptin concentrations correlated
strongly w ith body w eight (r=0.82). This is the first study to dem onstrate that O B -R
gene expression in the anterior pituitary gland and leptin secretion is upregulated by
GH and/or G H R H . This w ork w as supported by U SPH S G rant D K-45981 (J.F.H .)

K r is h n a m u r th i†. W . Z h e n g * ¥. J .G . V e r b a lis ¥ & M .. K n ig h t# . D e p ts. ¥M ed . &
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RAT BRAIN ADENOSINE A1 RECEPTOR ANTISENSE DECREASES
SPECIFIC ADENOSINE LIGAND BINDING - T.H. Swanson*. S.E.
Krahl. S.A Rivkees. and O.A. Timofeeva - Department o f Medicine,
Medical College o f Ohio, Toledo, OH 43699.
Many inhibitory effects o f adenosine in the brain are mediated through
adenosine A1 receptors. Blockade o f A1 receptors has led to important
observations regarding the mechanism o f adenosine inhibition. However,
many adenosine antagonists have actions which may be independent o f A1
receptor inhibition. To study the effects o f A1 receptor antagonism
further, we developed antisense oligonucleotides to the A1 receptor.
Targeting the methionine initiator, 1st intracellular loop, 3rd intracellular
loop, and 2nd extracellular loop domains o f the A1 receptor messenger
RNA, we constructed 20 mer oligonucleotides in an antisense
configuration. These oligos were infused into the right lateral ventricle o f
the rat via osmotic minipumps at 0.45μL/hr for 7 days, along with sense
oligos, and saline as controls. Receptor binding assays using standard
autoradiography techniques with H3 dipropyl, cyclopentylxanthine,
demonstrated that the 2nd extracellular loop antisense decreased antagonist
binding. The other antisense were either toxic (caused tissue destruction)
or ineffective. Saline infusion was not toxic. Longer (14 day) infusions
were uniformly toxic. These data are the first to demonstrate an effective
antisense oligo to the adenosine A1 receptor in rat brain.

SELECTIVE INDUCTION BY SEIZURES OF THE EXPRESSION OF
GAMMA ISOFORM OF THE PEROXISOME PROLIFERATIONACTIVATED RECEPTOR (PPARy ) IN CEREBRAL CORTEX AND
HIPPOCAMPUS. M. Hardy. G. Allan. S. Nguyen. A. Ershov. H.J. Gould* and
N.G. Bazan. LSU Medical Center, Neuroscience Center, New Orleans, LA,
USA.
Seizure activity is marked by a rapid increase in free fatty acids, eicosanoids,
platelet-activating factor and other bioactive lipids. Some o f these short-lived
messengers may exert long-term effects on neuronal gene expression. The
PPARy is a member o f the steroid/retinoid superfamily o f ligand-dependent
transcription factors. There are three different PPAR subtypes α, β/δ, and γ ,
each with a specific tissue distribution. PPAR transcriptional activity is
stimulated by peroxisome proliferators, including fibrates and fatty acids, and
some potential ligands have been identified, including prostaglandin J2
derivatives and leukotriene B4. PPARs are thus thought to allow short-term
messengers to stimulate long-term effects. The ability o f seizures to activate
PPAR expression was assessed in two models, a single electroconvulsive shock
(ECS), and kainic acid (KA)-induced status epilepticus. Messenger RNA levels
for PPARγ were elevated by 7 hrs post-seizure in the hippocampus, but not the
cerebral cortex in the KA model, whereas levels were elevated in the cortex, but
not the hippocampus in the ECS model. Levels o f PPAR α and β/δ mRNAs
were unchanged in both models. PPARy induction in the KA model was greater
in animals showing more severe seizures. The seizure-induced PPARy
expression in brain may be part o f an injury-damage response. The cellular
localization o f this effect and other ongoing studies aims to define if this gene
induction is part o f a neuroprotective or damaging response. (NIH/NS23002).

Supported by NIH ROl #N S33539
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SEQUENCES REQUIRED FOR NEUROTENSIN RECEPTOR GENE
ACTIVATION IN A NEUROBLASTOMA CELL LINE. Daniel J.
Tavares. Keith Tullv. and Paul R. Dobner*. Dept. o f Mol. Genetics and
Micro., Univ. Mass. Med. Center, Worcester, MA 01655.
N1E-115 neuroblastoma cells differentiate neuronally in response to
treatment with DMSO and express the high affinity neurotensin receptor
(NTR), providing a model for understanding the factors controlling NTR
expression in catecholaminergic neurons. To examine NTR gene
expression, RNA was isolated from N 1E-115 cells at various times after
treatment with 1.5% DMSO and NTR mRNA was quantitated using an
RNAse protection assay. Treatment with DMSO resulted in a 4- to 5fold increase in NTR mRNA levels after 72 hr. To identify promoter
sequences required for induction, mouse NTR promoter-luciferase
reporter constructs were transfected into N1E-115 cells (+/- DMSO).
The starting construct (-1423 to -185 relative to the AUG codon) was
DMSO-inducible and displayed low basal expression. Deletion of 5'
sequences to -638 resulted in a large increase in basal activity, indicating
that a silencer element is located in the deleted region. Further deletion
to -443 abolished DMSO induction and greatly diminished basal
activity. DNase I footprint analysis identified six protected regions
(footprints 1-6). These footprints are located within the silencer region
(1), the region that confers high basal and DMSO-inducible expression
(2-5), and a promoter proximal region (6). Footprints 2 and 4 are
detected only when nuclear extracts from DMSO-induced cells are used.
The characterization o f proteins that bind to these novel DMSO response
elements should provide insights into the signaling mechanisms
controlling NTR gene expression during neuronal differentiation (This
work was supported by NIH grant ROl HL33307).

C O -L O C A L IZ A T IO N O F T H E N EU R O K IN IN 1 R E C E P T O R (N K 1-R ) W ITH (3A R R E S T IN S , G -PR O T E IN R E C E P T O R .K IN A S E S (G R K s) A N D G P R O T E IN S
IN T H E R A T E N T E R IC N E R V O U S S Y ST E M . K. M cC onalogue, E .F . Grady*,
N .W . B unnett. D epts S urg. & P hysiol. U C S F , S an F rancisco, C A 94143-0660.
A fter activation, the neurokinin 1 receptor (N K 1-R ) is phosphorylated by G protein
receptor kinases (G RK s). The receptor m ay then bind β -arrestins, w hich disrupt
interaction w ith G proteins and thus m ediate desensitization. L ittle is know n about
the tissue distribution o f G R K s, β-arrestins and G proteins in the enteric nervous
sy stem .‘W e have previously show n that in rat kidney epithelial cells transfected w ith
N K l- R there is an altered subcell alar distribution o f G R K s and β -arrestins after
exposure to substance P. A lterations in the subcellular distribution o f these proteins
suggest a role o f the proteins in regulating the N K 1-R . W e used
im m unocytochem istry to localize N K 1-R w ith G R K 2 and 3, β -arrestin 1 and 2 or
G e /1 1 in the rat ileum . Ileum w as rem oved from rats perfused w ith fixative and
postfixed overnight. Frozen serial sections o f 5μ m w ere prepared. Im m unoreactivities
for G R K 2 and 3, β-arrestin 1 and 2, and G q /1 1 w ere detected at the plasm a m em brane
o f m uscle cells. There w as w eak cytosolic G R K 2 and 3 im m unoreactivity in the
som a and in fibers o f a subpopulation o f m yenteric and subm ucosal neurons.
A ntisera to β-arrestin 1 and 2 strongly stained superficial vesicles in the som a and
fibers o f m any m yenteric and subm ucosal neurons. T he G q /1 1 antiserum strongly
stained the plasm a m em brane but not cell bodies o f a p opulation o f subm ucous aid
m yenteric neurons. B y exam ining serial sections we determ ined th at β-arrestin l and
2 w ere localized in cell bodies o f N K 1-R containing neurons. F ew cell bodies were
positive for G R K s, but those w hich were also had N K 1-R im m unoreactivity. A ll
ganglia appeared to have G q /1 1 staining, how ever, only a few ganglia had fibers
w hich were N K l- R positive. Since N K l- R cells contain G R K s a id β-arrestins and
occur in ganglia where G q /1 1 fibers are found, G R K s, β-arresiins and Gq/11 are
appropriately distributed to regulate the activity o f the N K l- R in the gastrointestinal
tract. β -arrestin 1 an d 2 antibody w as a generous gift, o f Dr. R. L efko w itz. Supported
by D K 43207.
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GENERATION OF NF1 CONDITIONAL KNOCK-OUT MICE. Y. ZHU and L F.
PARADA*. Center for Developmental Biology, Univ. of Texas, Southwestern
Medical Center at Dallas, Texas 75235.
Neurofibromatosis type 1 is among the most common human autosomal
dominant diseases, affecting 1 in 3500 humans. To understand the role of
NF1 during normal development and to create an animal model for human NF1
disease, we have previously generated NF1 null mutant mice by gene
targeting techniques. Unfortunately, the homozygous NF1 mice die in utero.
Our lab has showed that sensory neurons from NF1 mutant mice no longer
require rieurotrophins for survival unlike their wild type counterparts (See
Klesse and Parada, Abs. Soc. Neuro.). We are not able to extend our studies
to the neurons from later developmental stages and into adulthood. We are
also unable to assay the developmental consequences and potential
tumorgenesis related to this phenotypic change observed in neurons.
To circumvent early lethality of NF1 null mutants, I am attempting to utilize the
bacteriophage Cre-loxP system to disrupt the NF1 gene in a tissue- and timespecific manner. I have constructed two versions of targeting vectors. One of
the vectors will leave a neo marker within an intron. It is possible that this
insertion produces a hypomorphic allele rather than a null allele. In the second
construct, the neo gene can be removed by expression of Cre recombinase
which minimizes the risk that genetic modifications may affect normal NF1
gene function. The two targeting vectors have been successfully introduced
into embryonic stem cells, and used to generate chimeric mice. High
percentage chimeric mice for both targeting vectors have been produced.
Upon obtaining NF1 "flox" (flanked by loxPs) mice, I am going to use both
viral and transgenic Cre-mediated approaches to disrupt the NF1 gene in a
tissue- and time- specific manner. We believe that this system will allow us to
define the role of the NF1 gene during neuronal development and
turmorgenesis more precisely. This work is supported by NIH-NS34296-02
and National Neurofibromatosis Foundation.

GENDER DIFFERENCES IN BRAIN VOLUME AND SIZE OF CORPUS
CALLOSUM AND AMYGDALA OF RHESUS MONKEY MEASURED FROM
MRI IMAGES. H. Uno*. M. Franklin. G. Kraemer. S. Shelton, and N. Kalin.
Primate Research Ctr., Harlow Primate Lab., and Depts. of Pathology and Lab.
Med., and Psychiatry, Sch. of Med., Univ. of Wisconsin, Madison, Wl 53715.
Sexual dimorphic structures in the rodent brain are well documented.
Although the brain weight of the female rhesus monkey is lighter than that of
the male, regional sexual dimorphism is not well known in the brains of
nonhuman primates (Cupp and Uemura, 1981). Using a method of MRI image
analysis, we measured the whole brain volume and the size of the corpus
callosum (mid-sagittal) and amygdala (coronal section) in 41 MRI images of
juvenile to adult rhesus monkeys from 8 months to 7.2 years of age. For the
brain volume, 14 MRI images (T-1 weighted, 1.3 mm thick, 60 serial coronal
images) of 5 male and 3 female monkeys, 1.5 to 5.1 years of age, were used.
The sizes of the corpus callosum and amygdala were measured in 27 MRI
images (T-1 w., 3 mm thick, sagittal and coronal images) of 12 male and 15
female monkeys, 8 months to 7.2 years of age. The results revealed that the
brain volume of male monkeys slightly increased with age; 80.5 (cm3) at 1.5
years and 94.9 at 5.1 years. The brain volume of female monkeys was
unchanged from the age of 1.5 to 4 years; the range was 70.9 to 74.8. By the
age of 4 years, the average volume of the male brain was 88.2 ± 1.9 (SE) and
that of the female brain 72.2 ± 0.7 cm3. The average area of the corpus
callosum increases from 8 months to 3 years; 0.56 (c m 2 ) to 0.93 in males and
0.45 to 0.66 in females. The average area of the amygdala after the age of 8
months in both genders was unchanged; 1.08 ± 0.03 cm2. These data
suggest that the whole brain volume and the size of the corpus callosum of
young adult female rhesus monkeys are approximately 15% smaller than
those of young adult males. (Supported by NIH grant RR00167.)
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GENES IMPLICATED IN CEREBELLAR PATTERNS
OF FOLIATION (CPF) IN MICE. I. Le Rov. F. PerezDiaz and PL . Roubertoux*. UPR CNRS 7094,
Génétique, Neurogénétique et Comportement, Institut de
Transgénose, CNRS, France, 45071 Orléans Cedex 2.
Genetic variation is correlated with CPF and three
genes responsible for this variation have been mapped .in
non-mutant mice: Cfp-1 (Chromosome 4), Cfp-2 (Chr.
5), Cfp-3 (Chr. 7). The NZB/B1NJ (N) and C57BL/6JBy
(B6) inbred strains exhibit large differences for both the
CPF and Short Sequences o f Length Polymorphism
(SSLPs). A QTL (Quantitative Trait Loci) analysis was
performed with 260 reciprocal F2s employing 65 genetic
markers (SSLPs). Variation o f intraculminate fissure is
correlated to three genes: Cpfi-1 (Chr. 1), Cpfi-2 (Chr. 4,
corresponding to previously mapped Cfp-1) and Cpfi-3
(Chr. 19). The presence or absence o f the uvula fissure is
determined by a single genetic locus (Cpfu-1) which is
located on Chromosome 1. Four genes are implicated in
declival fissure: Cpfd-1 (Chr. 1), Cpfd-2 (Chr. 5), Cpfd-3
(Chr. 9) and Cpfd-4 (Chr. 13). The Cfp-2 and Cfp-3 do
not contribute to CPF variation between N and B6
strains.

G en e tic d isse c t io n an d QTL A n a l y sis o f F o r eb r a in ,
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HINDBRAIN, OLFACTORY BULB, AND CEREBELLUM
E. P. Gilissen* and R. W. Williams. CalTech 216-76, Pasadena, CA

91125 and Center for Neuroscience, Univ. Tenn., Memphis, TN 38163
Normal variation in the size of different parts of the brain can be much
greater than that of the whole brain (Gilissen and Zilles, 1996). With
this in mind we have begun to map quantitative trait loci (QTLs)
responsible for variation in the size of well-defined CNS structures,
such as the olfactory bulb and cerebellum, that have unique cell
architecture, connections, and patterns of gene expression. The
olfactory bulbs, forebrain, cerebellum, and hindbrain of 38 recombinant
inbred strains (26 BXD and 12 BXH) and 3 parental strains were
dissected and weighed after fixation (~5 cases per strain). All four
regions show significant variation among strains with coefficients of
variation between 8% and 11%. Weight of the olfactory bulbs ranges
from 15 to 23 mg, and that of the cerebellum from 46 to 64 mg. The
correlation between CNS components is moderately high with r2 values
ranging from 0.4 to 0.5. However, the size of the olfactory bulbs shows
surprising independence from the rest of the forebrain (r2 = 0.3). To
eliminate variation associated with overall brain weight, we computed
linear regression residuals for each region. These residuals were
mapped using MapManagerQT. Candidate QTLs with specific effects
on the size of the cerebellum were mapped to Chrs 8 and 12 (p nominal
< 0.001). We also identified a major effect QTL controlling the weight
of the forebrain on Chr 8, and confirmed the presense of a brain weight
QTL on Chr 11. QTLs that modulate the weight of the olfactory bulbs
and hindbrain have not yet been mapped. [Our thanks to Drs. D.
Goldowitz and J. Allman. Supported by ROl NS 35485.]
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R. W. Williams*. D. Goldowitz. and R. C. Strom. Center for
Neuroscience, University of Tennessee, Memphis, TN 38163
We have studied variation in brain weight in relation to body weight, age,
sex, and litter size in the mouse. Our sample of 1800 cases includes
many standard inbred strains, recombinant inbred strains, genetically
heterogeneous F2 intercrosses, and several species and subspecies of
mice (data available from N eurogenetics and The M ouse B rain A tlas
P roject at http://mickey.utmem.edu /neuron.html). A comparison of fresh
and fixed brains reveals a 3% reduction in mean weight (505 ± 7 SE mg
fixed vs. 522 ± 4 mg fresh; n - 42 BALB/cJ isogenic mice) that may be
due to the retention of dura on fresh brains and fixation itself. Brain
weight varies from a low of 300 mg in MOLF/Ei to a high of 526 mg in
BXD5. Such huge differences are generated by several polymorphic
genes (see abstract of Strom & Williams), two of which map to Chr 11.
The correlation between brain and body weight is 0.5. Thirty percent of
the total phenotypic variance can be accounted for by a combination of
body weight, age, and sex using the linear regression equation:
brain w eig h t in m g =

448 + 5.8(body w eig h t in gm ) - 72.3(log
age in days) + (11 if fem ale; 0 if m ale)

Each of the independent variables accounts for a significant portion of the
variance (P < 0.0001). The negative coefficient (-72.3) associated with
the logarithm of age does not mean that brain weight decreases with age,
but that mice, like humans, usually get larger and fatter with age,
resulting in a lower brain:body weight ratio. In fact, there is an intriguing
and statistically significant increase in brain weight (+25 mg, P < 0.01)
even in older mice (80 to 300 days). [Supported by ROl NS 35485]

G en e s t h a t C o n t r o l

V a r ia t io n in B r a i n

PR O G ENY

R.C. Strom* and R.W. Williams. Center for Neuroscience, University
of Tennessee, Memphis, TN 38163
Neuron number in the CNS can be highly variable. Quantitative trait loci
(QTLs) responsible for this variation may be involved in controlling both
cell production and cell survival. Zamenhof and van Marthens (1975)
have shown that there is close to a 1:1 ratio between cell number and
brain weight in neonatal and adult mice. In a survey of 27 standard
inbred mouse strains we have shown that brain weight ranges from 365
± 1 8 (SD) mg in LP/J to 513 ± 26 (SD) mg in BALB/cJ. We have
previously mapped a single brain weight QTL to proximal Chr 11 using
recombinant inbred strains. A more powerful method to map QTLs relies
on sets of backcross and intercross progeny from matings between
strains with high and low phenotypes. We have generated four F 2
intercrosses: A/J crossed to BXD5 (n = 542), BALB/cJ X CAST/Ei (n =
116), BXD32 X CAST/Ei (n = 144), and A/J X C3H/HeJ (n = 383). The
Fi progeny from these crosses all demonstrate partial or complete
dominance for high brain weight alleles. The correlation between brain
weight and body weight in F2 progeny ranges from 0.4 to 0.7.
Heritability ranges from 0.3 to 0.8. The minimum number of genes
responsible for brain weight variation in these crosses ranges from one to
three. QTLs controlling brain weight are being mapped using
microsatellite markers distributed at -3 0 cM intervals across the entire
genome. To increase efficiency we genotype only those F2 progeny with
low and high brain weight residuals. Interval mapping with
MapManagerQT suggests that there is a major effect brain weight QTL on
Chr 11 (~77 cM) distal to W nt3. [Supported by NIH ROl NS 35485]

344.7

344.8

M a p pin g G en e s t h a t C o n t r o l V a r ia t io n in E y e
W e i g h t , R e t in a l A r e a , a n d R e t in a l C e l l D e n s i t y
G. Zhou* and R. W. W illiams. Center for Neuroscience, Dept. Anat.
and Neurobiology, University of Tennessee, Memphis, TN 38163
We have recently mapped genes that control normal variation in retinal
ganglion cell number and brain weight. An important question is whether
these and other genes have selective or pleiotropic effects. Here we
address this question by measuring eye weight, lens weight, retinal area,
and retinal cell density in mice belonging to 38 recombinant inbred (RI)
strains, 10 standard inbred strains, and two large F2 intercrosses. Eye
weight among 38 RI strains (BXD and BXH) is distributed normally
with an average of ~ 17.5 ± 0.3 at 10 weeks. Eye weight ranges from 15
mg in BXD21 to 20 mg in BXH 12. Heritability is close to 0.4 in RI
strains and 0.2 in an F2 intercross. The correlation of eye weight to brain
weight is remarkably low (r = +0.16; n = 41 strains), that to retinal
ganglion cell number is intermediate (r = +0.4), and that to retinal area is
very high (r = 0.9). Surprisingly, the correlation between eye weight and
photoreceptor cell density is negative (r = - 0.7), whereas that to cell
density of the inner nuclear layer is close to zero (r = +0.1). These
results indicate that some aspects of eye weight, retinal area, and cell
number are under common genetic or developmental control, whereas
others are independent. For example, the locus on Chr 11 that controls
ganglion cell number (N n c l ) does not have pleiotropic effects on eye
weight. Quantitative trait loci that specifically control eye weight were
mapped to intervals on Chr 5 near P m v40 and Chr 15 near D 1 5 M itl3
(LODs > 3.5). These two QTLs, E y e l and E ye2, collectively control
more than half of the genetic variance in eye weight among the 26 BXD
recombinant inbred strains. [Supported by NIH R O l-6627]
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EXPRESSION IN

DEVELOPING MOUSE EMBRYOS.

1K,

H agino-Y am agishi. 2Y. Saiioh. 3Y. Yamazaki. 4 M. Ich ik aw a*, 1K.
Yazaki and 2H. Hamada.

1Dept.U ltrastructural Res., Tokyo

M etropol. Inst, o f Med. Sci., Tokyo, Japan.

2Inst. for Mol. and

Cellular Biol., Osaka Univ., Suita, Japan, 3M itsubishi-Kasei Inst,
o f Life Sci., M achida, Japan. 4Dept. o f Anat. and Embryol.,
Tokyo Metropol. Inst, for Neurosci., Fuchu, Japan.
we generated transgenic m ice harboring the DNA fra g m en t
that contains E.coli LacZ gene w hich expression was driven by
the Brn-2 upstream sequences. Specific expression of LacZ
gene was observed in a specific region of developing em bryos.
Brn-2 expression was detected at the same region in sim ilar
em b ryon ic ages, su ggestin g that the cis-actin g r egu latory
ele m e n t(s) exists in th e Brn-2 upstream seq u en ces.
We
id en tified two elem en ts in th ese Brn-2 upstream seq u en ces
w h ich activate exp ression o f a dow nstream rep orter g e n e
sp ecifically in differentiated P19 cultured cells. It is possible
that these elem ents are respon sib le for the activation of Brn-2
expression in the specific region of developing em bryos. This
work was supported by grants from the M inistry of,Education,
Science, and Culture, Japan.
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TISSUE-SPECIFIC EXPRESSION OF THE L1
CELL ADHESION
MOLECULE IS MODULATED BY THE NEURAL RESTRICTIVE SILENCER
ELEMENT. P. Kallunki, G. M. Edelman*. and F. S. Jones. Department of
Neurobiology, The Scripps Research Institute and The Skaggs Institute
for Chemical Biology, La Jolla, CA 9 20 37
The cell adhesion molecule L1 mediates neurite o u tgrow th and
fasciculation during embryogenesis and m utations in its gene have been
linked to a number of human congenital syndrom es. To identify DNA
sequences that restrict expression of L1 to the nervous system, we
isolated a previously unidentified segment of the mouse L1 gene
containing the prom oter, the first exon, and the firs t intron and
examined its activity in vitro and in vivo. We found th a t a neural
restrictive silencer element (NRSE) w ithin the second intron prevented
expression of L1 gene constructs in non-neural cells.
For optimal
silencing of L1 gene expression by the NRSE-binding factor
REST/NRSF, both the NRSE and sequences in the firs t intron were
required. In transgenic mice, an L1/acZ gene construct w ith the NRSE
generated a neurally-restricted expression pattern consistent w ith the
known pattern of L1 expression in post-m itotic neurons and peripheral
glia.
In contrast, a similar construct lacking the NRSE produced
precocious expression in the peripheral nervous system and ectopic
expression in mesenchymal derivatives o f the neural crest and in
mesodermal and ectodermal cells. These experim ents show that the
NRSE and REST/NRSF are im portant com ponents in restricting L1
expression to the em bryonic nervous system. This w o rk was supported
by U.S. Public Health Service Grants H D 33576 (to G.M.E.) and
NS34493 (to F.S.J.) and a grant from the G. Harold and Leila Mathers
Charitable Trust.

344.10
ELAV, A DROSOPHILA NEURON SPECIFIC PROTEIN IS
INVOLVED IN NEURAL-SPECIFIC ALTERNATIVE SPLICING
Sandhva P. Koushika and Kalpana White* Biology Dept., Brandeis
University, Waltham, MA 02254-9110, USA
ELAV, a Drosophila melanogaster RNA binding protein is
exclusively expressed in neurons and is important in the formation
and maintenance o f the nervous system. Neurons genetically
depleted of ELAV show a decrease in the immunohistochemical
signal of neurally expressed transcription factor ERECTWING and
the neural-specific isoform of Neuroglian generated by alternative
splicing. Drosophila neuroglian encodes a cell-adhesion molecule
of the immunoglobulin gene family and generates two isoforms : a
ubiquitously expressed 167 kD protein (Nrg167) and a neuralspecific 180 kD protein (Nrg180). The ratio of Nrg167/Nrg180
spliced RNA for adult head is 2 (SD = 0.15) and body is 7.8 (SD =
1.15), suggesting that tissue enriched in ELAV has a lower
Nrg167/Nrg180 ratio. ELAV mutant analysis is in progress and data
so far suggests that in a population o f embryos in which 25% are
elav-null the ratio o f Nrg167/Nrg180 RNA increases compared to
wildtype embryos at the same developmental stage. In neurons
ELAV is necessary and its presence in imaginal disc cells is
sufficient for the formation o f the alternatively spliced neuralspecific isoform o f Neuroglian protein. One role of ELAV is neural
specific alternative splicing.
T h is w ork w as supported by N atio n a l In stitu te o f H ealth gra n t G M 22350 and
confocal m icroscopy w as m ade feasible by N IH shared instrum entation gra n t R R
05615.
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G E N O M IC A N A L Y S IS O F A W IN G E D H E L IX T R A N S C R IP T IO N F A C T O R
E X P R E S S E D IN T H E E M B R Y O N IC C N S . S te p h an ie M . C ascio * , Jam es H icks,
Selw yn C h o w , W ilm ar S tep h en s and M .E . E p stein . D epartm ent o f N eurosurgery,
R hode Island H ospital an d B row n U niversity, P rovidence, R I.

P I 90 R H O G A P IS T H E M A JO R T Y R O S IN E -P H O S P H O R Y L A T E D P R O TEIN IN
T H E M O U S E B R A IN A N D IS R E Q U IR E D F O R N O R M A L N E U R A L
D E V E L O P M E N T . M .R. B rouns. S.F. M atheson* and J. S ettlem an. Lab. o f Signal
T ransduction, M G H C ancer C enter, C harlestow n, M A 02129.
R ho fam ily G T P ases m ediate intracellular signaling pathw ays that regulate various
actin-dependent biological processes. In the nervous system , R ho proteins have been
im plicated in grow th cone dynam ics and dendritic spine form ation and are likely to
control other m orphogenetic processes. p l9 0 R h o G A P (G T P ase-activating protein) is a
m ajor R ho re gulatory protein th at appears to link R ho and R as signaling pathw ays
through its assocation w ith R asG A P. W e find th at p 190 is expressed specifically in the
central nervous system d uring m ouse em bryogenesis. In addition, p 190 is the m ost
pro m in en t phosphotyrosine-containing protein in em bryonic as w ell as adult brain,
w here it appears to be w idely expressed and constitutively associated w ith RasGAP.
To exam ine the role o f p 190 in neural developm ent, w e disrupted the gene by
hom ologous recom bination. M ice expressing a m utated form o f p 190 that specifically
lacks the am ino-term inal G T P ase dom ain die soon after birth, and exhibit com plete
agenesis o f the m ajo r brain com m issures, including the corpus callosum and the
anterior com m issure. T hese defects m ay re su lt from an o bserved delay o f fusion o f the
cerebral hem ispheres at the m idline. A t late p renatal stages, staining w ith a
neurofilam ent antibody reveals consistent defects in the developing cerebral cortex o f
th e m utant, including m arked disorganization o f fib er tracts traversing the interm ediate
zone. A subset o f m utant m ice displays exencephaly, m ost likely resulting from
o bserved defects in neural tube closure. In addition, w e find th at in the nervous system
o f m ice lacking a functional p 190 protein, R asG A P is p re sen t in a conform ationally
distinct form from th at o bserved in norm al m ice, suggesting th at p 190 m ay
specifically m odulate R asG A P function during neural developm ent. C urrent
experim ents are addressing the nature o f signaling pathw ays in neural developm ent
involving p 190.

The w inged helix fam ily o f transcription factors includes a n u m b er o f proteins
involved in the em bryonic dev e lo p m e n t o f the C N S , such as the m o u se genes B rain
F actor 1 ,2 an d 3, H N F -36 an d fkh4 an d fkh5 (a lso identified a s H F H E 5.1). In the
m ouse, fkh5 is exclusively expressed in alm o st all ce lls o f th e m idgestation C N S
(em bryonic day 9), except the forebrain. T h is widespread ex p ressio n is condensed
dram atically in to a sm all n u m b er o f ce lls in the h y p o th alam u s by em bryonic day
16, and this p attern o f expression p ersists in the adult.
A hum an gen o m ic library cloned into the lam bda F IX II vector (S tratagene) was
screened w ith a m ouse cD N A p ro b e for fkh5 w hich in cluded the re g io n encoding the
entire 100 am in o acid D N A b inding dom ain. T w o clones w ere selected, bo th
containing inserts o f ov er 12kb, an d th e re g io n s c o n ta in in g ab o u t 30 0 base p airs of
the pro m o ter and the en tire transcribed reg io n w ere subcloned and sequenced. The
coding sequence o f hum an fkh5 is com pared to m o u se fkh5 as w ell as to other
m em bers o f the w inged helix fa m ily and p o ssib le m ech an ism s o f transcriptional
activation are discussed. T he p ro m o ter reg io n is analyzed fo r p u tativ e regulatory
sequences and the chrom osom al location o f this g en e in the hum an is identified.
S upported by a R h o d e Island H ospital D e velopm ent G ran t and by a gra n t from the
R hode Island F oundation.

344.13
AN ANONYMOUS LOCUS IN XQ28 GENERATES MULTIPLE
BRAIN-SPECIFIC TRANSCRIPTS THAT ENCODE A NOVEL PDZ
DOMAIN-CONTAINING PROTEIN
J.W. Fox*1,2. E.D. Lamperti1. Y.2. Eksioglu1. and C.A. Walsh1,2.
Department of Neurology, Beth Israel Deaconess Medical Center1,
Harvard Medical School2, Boston, MA 02115
In screening candidate genes for an X-linked neuronal migration
disorder, we found that an anonymous locus in Xq28, designated LU1,
generates multiple brain-specific transcripts that are larger than would be
predicted from the reported genomic sequence, suggesting that the LU1
transcriptional unit is more extensive or complex than previously thought.
LU1, part of a 360 Kb segment o f genomic DNA that has been
completely sequenced from Xq28 (GenBank accession #U 52111), was
originally identified by matches to anonymous expressed sequence tags
(ESTs) and by exon-prediction programs. We found by northern blot
hybridizations with fetal human RNA that probes for LU1 label two
messages of approx. 7.0 and 5.0 Kb that are prominent in brain, rare in
kidney, and absent in several other tissues. Both messages are
significantly larger than the total span of the predicted exons at this locus,
suggesting that the full LU1 transcriptional unit may extend into sequence
flanking the predicted locus or into adjacent genes. The predicted
translation product of the identified exons includes a PDZ domain, found
in a diverse group of cytoplasmic proteins which are known to be
involved in signal transduction and in the coordination of trans
membrane proteins. We have isolated and are characterizing LU1 clones
from a fetal human brain cDNA library, and are analyzing the ends of the
transcripts to determine the full extent of transcription from the LU1
locus. A more detailed analysis o f the expression pattern of LU1 in the
brain is also planned.
Supported by the NIH and the Human Frontier Science Program
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344.14
NEUROLOGICAL EXAMINATION OF HEREGULIN, ERBB2, AND
ERBB3 HETEROZYGOUS NULL MICE: NERVE CONDUCTIVITY
VELOCITY MEASUREMENTS, NERVE CRUSH ANALYSIS AND
BEHAVIOR. S. Ericksqiy . W.-Q. Gao1 . N. Shinskv1 , I. Kliavin1 , R.
Gerlai1, C.J. D 'A m a to 2 , and K.S. O'Shea2 . Genentech Inc, S.
San Francisco, CA1 , and Univ of Michigan, Ann Arbor, Mi2
Homozygous, heterozygous (het) and wild type (WT) mice were
generated for gene deletions of either heregulin (HRG) or the ErbB2
or ErbB3 receptors, to elucidate the role of this family in
development. Homozygotes for these deletions died mid-gestation
from cardiac anomalies while het mice lived and were fertile. Both
ErbB2 and ErbB3 hets showed a reduction in their respective
mutated receptors on Western blot. Peripheral nerve conduction
velocity measurements showed significant deficits in both sensory
and motor nerve conduction velocities in both ErbB2 and ErbB3
hets. A deficit in motor nerve conduction velocity was also seen
in HRG hets; sensory nerve recordings were not obtainable for this
genotype. Sciatic nerve crush was also carried out in these
animals. Initial observations indicate that there was a striking
reduction in nerve diameter and a more severe effect in HRG hets
than in ErbB2 or ErbB3 animals. When these mice were examined
in three behavioral tasks, HRG hets showed elevated activity in the
open field (novelty induced exploratory activity), increased duration
of time spent on the accelerating rod (motor learning and balance)
and a significantly decreased alteration in the T-maze (novelty
induced spontaneous alteration), suggesting an effect on
cerebellum and hippocampus. Interestingly, ErbB2 and ErbB3 hets
were indistinguishable from wild type littermates in all three tests.
Supported by Genentech, Inc.
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344.15

344.16

E C T O P IC E N G R A IL E D E X P R E S S IO N IN T H E D E V E L O P IN G C N S .
K. C am p b ell* . M . P. M atise and A .L . Joyner. D e velopm ental G enetics, S kirball
Inst. N Y U M edical C enter, N ew Y ork, N Y 10016. *W allenberg N euroscience C enter,
U niversity o f L und, S -223 62 L und, S w eden.
T he norm al developm ent o f the m id/hindbrain region including the cerebellum ,
tectum and tegm entum is know n to require the hom eobox gene Engrailed-1 (En-1) as
indicated by the lack o f cerebellar and p o sterio r m idbrain developm ent in E n - l'7'
m utants. F urtherm ore, in chick transplantation studies, grafts o f isth m ic tissue (or
F gF 8-coated beads) into the forebrain have been show n to respecify the p 1-2 region o f
the diencepahlon into m idbrain structures, subsequent to the induction o f En
expression. A lthough En-1 is clearly required fo r norm al m id/hindbrain developm ent,
it is unclear w hether En-1 is sufficient to regulate this process. T o test this, w e have
used gene targeting to ectopically express E n l in the forebrain under the control o f the
W nt7b gene, w hich is expressed in the dorsal telencepahlon and p2 region o f the
diencephalon. W nt7b is also expressed in the developing cerebellum in sagittal stripes
com plem entary to E n 2 ex pression, as w ell as in the ventricular zone o f the spinal
cord overlapping the region where po st-m ito tic En-1 expressing interneurons are
located.
A targeting vector w as m ade in w hich an E n l cD N A w as inserted into the
translation start site o fW nt7b. ES cells w ith the targeted allele, W nt7bEnIneo, w ere used
to generate aggregation chim eras. In this allele, th e n e o m ycin gene {neo) cassette
w as placed im m ediately 3 ’ o f the E n l cD N A and w as flanked by lo xP sites. N eo was
deleted to generate theW nt7bEni allele by breeding w ith transgenic m ice expressing C re
recom binase from the C M V prom oter. T he expression o f E n l in th e heterozygous
W nt7bEnlneo anim als at E 9.5 w as found to be very sim ilar to, b u t m u ch weaker than,
that o f end o g e n o u sW nt7b. H ow ever, in the W n t7 b Enl anim als th e expression o f E n l
under the control o f W nt7b is w as m uch stronger. T hese anim als are currently being
analyzed for any alterations caused from ectopic expression o f E n l in the forebrain,
cerebellum and spinal cord. P relim inary data fr o m W n t7 b EnIneo anim als suggests that
the cerebellum is enlarged w ithout any obvious change in the cytoarchitecture.
Su p p o rted by the N IN D S a n d H FSP.

ANALYSIS OF THE MIDBRAIN-CEREBELLAR BORDER IN SWAYING
(W ntlsw) MUTANT MICE. M. Sekiauchi1. H. Abe1. O. Tanaka1, and R.S.
Nowakowski*2. 1Dept. of Morphology, Tokai University School of Medicine,
Bohseidai, Isehara, Kanagawa 259-11, Japan and2Dept. of Neuroscience and
Cell Biology, UMDNJ-Robert Wood Johnson Medical School, Piscataway, NJ
08854, USA
The murine mutation swaying ( Wnt1sw) is a mutant allele of the Wnt1 gene
which occurred spontaneously in the Jackson Labs in the 1960’s and which
has a single base pair deletion that terminates translation of the Wnt1 protein.
The adult phenotype of swaying (and also of Wnt1 gene knockout mice) is
characterized primarily by a deletion of the caudal part of the midbrain and the
anterior part of the cerebellum. In Wnt1sw/Wnt1swmice, however, the size of
the deletion is variable both from specimen to specimen and on the two sides
of the brain of a single animal. The smallest deletions include only a portion of
the inferior colliculus, but the largest deletions extend anteriorly to include a
large portion of the superior colliculus. In general, larger midbrain deletions
were associated with larger cerebellar deletions. In addition, in about 25% of
the specimens a small (~200 pm in diameter) ectopic piece of apparently
normal cerebellum was inserted between the superior and inferior colliculli, i.e.,
surrounded by midbrain. During fetal development the midbrain-cerebellar
deletions and their size variability can be detected as early as E14. During
postnatal development the first detectable sign of the ectopic cerebellar insert
is the establishment of an ectopic external granule cell layer surrounded by
midbrain tissue. Thus, the reorganization of the midbrain-cerebellar border
produced by the absence of the Wnt1 in the swaying mouse leads,
secondarily, to variable defects in both the midbrain and cerebellum.
Supported by Tokai University and NIH NS33443 and NASA NAG2-950.

344.17

344.18

A NOVEL NEUROLOGICAL MUTATION OF M OUSE, yotari,
WHICH EXHIBITS reeler-L I K E PHENOTYPE BUT EXPRESSES
reelin. H. Y oneshimal. E. Nagata, M. Matsumoto, M. Yamada, K.
Nakaiima, T. Miyata. M. Ogawa and K. Mikoshiba. Dept. o f Mol.
Neurobiol., Inst, o f Med. Sci., Univ. of Tokyo; CREST, JST; Dept, of
Cognitive Neurosci., Osaka Univ. Med. Sch. Tokyo 108, Japan

RETROVIRAL INSERTIONAL MUTAGENESIS IN ZEBRAFISH
IDENTIFIES A TRANSCRIPTION FACTOR NECESSARY FOR
DEVELOPMENT OF THE PHOTORECEPTOR CELL LAYER.
T. Becker*, S. Burgess.,A. Amsterdam, M. Voas. M. Allende and N. Hopkins.

We describe a novel autosomal-recessive mutation in the mouse,
yotari. The phenotype o f yotari is very similar to that of reeler. yotari is
recognized by its unstable gait and tremor and die around the weaning
period. The cerebella of homozygous yotari are hypoplastic and have no
foliation. Molecular layer and granule cell layer can be identified but
Purkinje cells are scattered over in the granular layer and the white matter.
The laminar structure o f the cerebral cortices and the hippocampal
formation are also distorted, yotari heterozygotes were mated with reeler
homozygotes or heterozygotes and no abnormal offspring was born. The
expression of mRNA and protein of reelin were verified by Northern
blotting and immunohistochemistry using R eelin-specific monoclonal
antibody CR-50. Although the mutation of several genes including cyclindependent kinase 5, p35 and LIS1 in M iller-Dieker lissencephaly
syndrome reported to result in abnormal laminar structure in brain, no
abnormality was found in yotari by Western blotting with antibodies
against these molecules. The close similarity of phenotypes of yotari and
reeler and expression of reelin in yotari may suggest that the gene mutated
in yotari encodes a molecule that is on the same signaling pathway of
Reelin. yotari w ill provide valuable clues to explore the molecular
mechanism o f neuronal migration and orderly laminar structure formation
of brain. This study was supported by grants from the Ministry o f
Education, Science, Sports, and Culture of Japan, the Human Frontier
Science Program, the RIKEN (Institute o f Physical and Chem ical
Research), and the Ministry of Health and Welfare.

344.19
THE MOUSE ROD cGM P-GATED CHANNEL IN NEURAL
DEVELOPMENT: AN ANTISENSE STUDY. L. Leconte* and C.J.
Barnstable. Department of Ophthalmology and Visual Science, Yale
University School of Medicine, New Haven, CT 06520-8061.
Cyclic nucleotide-gated channels of rod and cone photoreceptors
mediate a major step in the phototransduction cascade by controlling the
flow of cations across the outer segment membrane in response to lightinduced changes in cGMP. The rod cGMP-gated channel gene is also
expressed in retinal ganglion cells (Ahmad et al., 1994, Neuron 12:155165) and in other CNS structures such as cerebellum, hippocampus,
olfactory bulb (Kingston et al., 1996, PNAS 93: 10440-10445) and visual
cortex (Soc. Neurosci. Abstr. 404.3, 1996).
To investigate the function of this gene in the development and the
physiology of the nervous system, we used a strategy in which expression
of the rod channel protein can be disrupted by the expression of a rod
cGMP-gated channel antisense RNA. A 815 bp fragment of the 5' mouse
rod cGMP-gated channel cDNA was amplified from total RNA extracted
from adult mouse retina and cloned in the antisense orientation in front of
the CMV promoter. Transient and stable transfection experiments and in
vitro protein synthesis showed that the antisense is functional and can
inhibit rod channel protein expression in vitro. This antisense construct has
been used to generate transgenic mice by microinjection of the DNA into
fertilized mouse eggs. Three transgenic mouse lines have been identified
using PCR and Southern-blot analysis. These mice are now being
investigated to determine the effects of the antisense transgene expression
on the development and physiology of the retina and central nervous
system.
Supported by the Johannsen Research Fund of Fight for Sight/Prevent
Blindness America, NIH grant EY 11356 and the Kemper research fund.
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C tr. fo r C ancer R esearch, D ept, o f B iology, M IT , C am bridge, M A 02139

In a small scale screen utilizing pseudotyped retrovirus as a
mutagen, we have isolated a mutation that disrupts formation of the
photoreceptor cell layer in zebrafish. Embryos homozygous for
insertion SFG399 develop a few deformed photoreceptors in isolated
patches, while ganglion cell-, inner plexiform- and inner nuclear
layers appear relatively unaffected. In situ hybridization reveals that
mutant retinae express red-, blue- and rod opsins, while UV opsin
expression could not be detected. Mutant cells, when transplanted
into wild type background, can form photo-receptors with apparent
normal morphology, although it is not clear whether these cells
represent all classes of rods and cones. Molecular cloning reveals
that the gene disrupted by the provirus encodes a leucine zipper
transcription factor highly homologous to human NRF1 and avian
IRB/F. We show that during normal development, this gene is
expressed in all three cellular layers of the eye, as well as in the CNS
and the developing ear. Expression is disrupted in mutant embryos.
These results demonstrate that insertional mutagenesis is a
powerful tool for isolation and cloning of genes essential in
vertebrate embryogenesis.
S u p p o rted b y D a m o n R u n y o n /W alter W in c h ell C an ce r R esea rch F u n d (T .B .),
H ow ard H ughes M edical Institute (A A ), N IH and A m gen Inc.(M .A . & N .H .)
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345.1
PROTEIN INTERACTIONS WITH D2 CYCLIN DURING CNS
DEVELOPMENT. J. H. Young* & M. E. Ross. Dept. of Neurology, Univ. of

345.2

MN, Minneapolis, MN 55455.
The D cyclins are key regulators of the G1 to S phase transition of the cell
cycle, and are an integral part of cell growth and differentiation. We previously
cloned from cerebellum a message form, MN20, of the D2 cyclin gene.
MN20/D2 cyclin has a highly restricted temporal and anatomic expression
pattern in developing brain that suggests a role in the transition of the
neuroblast from proliferation to a more mature neuronal morphology (J.
Neurosci., 16:210, ‘96). Using antisense oligodeoxynucleotides targeting D2
cyclin, we have demonstrated that downregulation of D2 expression impairs
both proliferation and differentiation of cultured cerebellar granule precursors
(Soc. Neurosci. Abst. 22:674.5 '96). To investigate molecular interactions
that coordinate cell division with neurodifferentiation and CNS histogenesis,
we used the yeast two hybrid system to screen for proteins that interact with
D2 cyclin. The coding region was inserted into the pAS2 plasmid for use as
the “bait” with which to screen an embryonic mouse library. The D2 bait
construct was demonstrated by western blot to produce a cyclin-gal4 fusion
protein of the expected apparent molecular weight. Among the proteins
found to interact with D2 cyclin was p57/KIP2, a cdk inhibitor (CDKI) known to
be expressed in brain. Isolation of this CDKI demonstrates that the bait can
bind appropriate proteins in this expression system. Not found in this screen
was the CDKI p27/KIP1, which interacts in other systems with D cyclins. Since
KIP1 null mice display increased cell growth in brain, the lack of its interaction
in this screen likely reflects a difference in the binding characteristics of p57
and p27 to D2 cyclin. Also not among proteins found to interact with D2 cyclin
in this screen was Rb protein, suggesting that the cyclin-cdk complex is
required for direct interaction with D2. Thus, the yeast two hybrid system
provides a means with which to investigate multiple protein interactions with
this cyclin during CNS embryogenesis. (NIH: NS31318 & HD07480)

T. G o to 1. V. S. C aviness. Jr.1
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C Y C L IN E A N D p27 m R N A E X P R E S S IO N IN E M B R Y O N IC M O U S E C E R E
B R A L W A L L E X P L A N T S. I. Delalle*1. S. M ivam a2-. P . G . Bhide1. T . Takahashi2.
,1N eurology, M ass. G en. H ospital & Harvard Med.

S chool, B oston, M A 02114; 2P ediatrics, K eio U niv. M ed. S ch o o l, T okyo, Japan.
N eocortical neuronogenesis in m ice occurs in a pseudostratified ventricular
epithelium (P V E ) from E 11-E 17. C ell cycle length increases due to increases in G1
phase length (T G I). T hrough E 14, T G I is graded from lateral to m edial across the
P V E w ith longer T G I laterally; the T G I gradient is steepest at E 13. W hen E13
cerebral w all w ith cerebral w all-striatum co n tin u ity in tact (T ype I explants) is
cultured with B U dR , the B U dR -labeling index (LI: labeled/total ce lls/u n it volum e) is
low er laterally than m edially, reflecting presum ably the T G I gradient. If the cerebral
w all is cultured alone w ithout the striatum (T ype II explants), the L I gradient flattens
due to a 15% increase in the LI in lateral P V E . T hus, striatum m ay ac t tonically to
decrease the LI in lateral P V E presum ably b y p ro longing T G I . C yclin E is a
regulatory subunit to the kinase C dk2, w hich drives cells thro u g h the G l/S trans
ition. p27 is a cycle progression inhibitor and b lo ck s passage through the restriction
point. In the neocortical P V E in v ivo, cyclin E m R N A expression is dow n regulated
in association w ith T G I prolongation w hile p27 expression h as no such system atic
relationship. W e m easure cyclin E and p27 m R N A expression in the lateral and
m edial regions o f the P V E in explants at E l 3. T he ex p la n ts w ere cultured for 9 hr.
S ections were hybridized w ith S 35 labeled antisense and sense (control) riboprobes.
C yclin E m R N A expression w as higher m edially than laterally in T y p e I explants, as
in vivo, but the m edial-lateral difference disappeared in T ype II explants due to higher
expression laterally. T hus cyclin E m R N A expression and B U dR L I are coordinately
regulated in the lateral P V E o f the tw o explant types. p27 m R N A expression in the
tw o explant types did not show significant difference. T o the ex te n t that the LI is
inversely related to T G I in this system , cyclin E m R N A expression in the explants
m im ics its relationship to in vivo T G I regulation. S upport: N S 12005 & 32657.

345.3
T R A N S IE N T C E L L C Y C L E A R R E S T A T T H E G2 A N D G1 “C H E C K P O IN T S ” IN
M U R IN E C ER E B R A L W A LL EX PLA N T S. T. T akahashi12*. T. G o to 1 ,2. S. M ivam a2.
P. G. B h id e1. and V. S. C aviness. J r.1 1D epartm ent o f N eurology, M assachusetts General
Hospital, H arvard M edical School, B oston, M A 02129, d e p a r tm e n t o f P ediatrics, K eio
U niversity S chool o f M edicine, T okyo 190, Japan.
A n a ly sis o f cell cycle regulation in the E l 3 m urine neocortical P V E has been
undertaken in vitro. E xplants o f the dorsom edial region o f the cerebral w all, im planted
in collagen gel, w ere incubated for 1 h r in m inim al m edium and then in m inim al m edium
containing B U dR . A fter 30 m in w ith B U dR (1.5 h r in vitro), the labeling index (LI,
labeled/total cells) w as 0.41 as com pared to the previously determ ined L I o f 0.38 in vivo.
The in vitro L I rem ained at 0.4 over the n ex t 7 h r o f co n tin u ed exposure to B U dR and
then ascended linearly to asym ptote at 0.73. T hese observations establish (1) that there
is a flux o f cells from G1 to S for the first 1.5 h r in vitro, (2) that this G1 to S flux is then
interrupted for the follow ing 7 h r b ut (3) that G1 to S flux is subsequently reestablished.
W e infer that cells w hich progressed into S during the initial 1.5 h r w ere already beyond
th e re stric tio n po in t o f G1 phase at the tim e o f explantation w hile those before the
restriction point w ere blocked fo r several hours before they p asse d the restriction point
and then proceeded through the G1 to S transition. In this sam e system , m itotic figures
w e re first labeled only after a 5 hr exposure to B U dR b u t then o v er 2 m ore hours all
m itoses becam e labeled. In vivo, by contrast, all m itoses b ecom e labeled during 2 h r o f
B U dR exposure. B y im plication there is a tran sie n t arrest in th e p ro g ressio n from S to
M phase w hich is evidently effective from the outset o f explantation and is overcom e
within 5 h r o f explantation. Thus, in these explants arrest in the pro g ressio n from S to
M and from G1 to S phases appear to be acting independently o f each other, presum ably
re flec tin g cell cycle arrest at the G2 and G1 “ch e ckpoints” classically re co g n ize d in
eukaryotic cells. W e suggest th at arrest in G2 and G1 co rresponds to specific
p h y sio lo g ic al states im posed by requirem ents o f cell adaptation to the stress o f
explantation and also the consequences o f culture in m inim al m edium .
S upported by N IH grants N S 12005 and N S 32657.

345.5
THE EXPRESSION AND ROLE OF BMP’S IN NEOCORTICAL
NEUROGENESIS
W. Li *. C. Cogswell, J. J. LoTurco. Department of Physiology and
Neurobiology, University of Connecticut, Storrs, CT 06269.
Members of the transforming growth factor-beta superfamily,
including BMPs play important, roles in many aspects of embryonic
development. We have studied the role of BMP-4 in the process of
neurogenesis in the ventricular zone (VZ) of embryonic neocortex. In
situ hybridization indicated that BMP-4 mRNA was expressed in Mphase cells at ventricular surface of E17 mouse cortex. In addition, an
antibody specific to BMP-4/2 was used in immunohistochemistry to
determine the distribution of BMP protein in the VZ. Similar to BMP-4
mRNA expression, BMP protein was detected at the ventricular
surface. In order to determine the role of BMP-4 in neurogenesis,
explants from E16 mouse cortex were incubated in BMP-4 at
lOOng/ml for 16 hours, then treated with bromodeoxyuridine (1-5 μ M)
for 1 hour. BMP-4 decreased the number of cells in S-phase. To
determine if BMP-4 promotes the differentiation of neocortical
precursors, dissociated cell culture of E13 mouse cortexes were
grown in the absence or presence of BMP-4 ( l 00ng/ml). Neurite
length was compared in these two conditions. In the control, the
average total neurite length was 200 μ m/neuron, while in the presence
of Bmp4, average total neurite length was 340 μ m/neuron . These
results indicate that BMP-4 promotes the generation of post-mitotic
neurons at the VZ surface during or soon after mitosis.
( Supported by a research grant from N IM H )
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T H E E F F E C T OF A G A P JU N C T IO N U N C O U PL IN G A G E N T , 1-O C T A N O L , O N
C ELL C Y C LE IN VITRO IN T H E N EO C O R T IC A L PR O L IF E R A T IV E EPIT H E L IU M
O F E M B R Y O N IC M IC E. T. G o to 1,2*. T. T ak a h ash i1'2. S. M iv am a1,2. P. G. B h id e 1. and
V. S. C aviness. J r .1 1D epartm ent o f N eurology, M assachusetts G eneral H ospital and
H a rv ard M edical School, C harlestow n, M A 02129, 2D e partm ent o f P ediatrics, K eio
U niversity School o f M edicine, T okyo 160, Japan.
The proliferative cells o f the neocortical pseudostratified ventricular epithelium (PV E)
are coupled by gap ju n ctio n s (L oT urco a n d K riegstein, Scie n ce 252:563-566, 1991).
H ere w e exam ine in a cerebral w all explant preparation in vitro the consequences o f the
gap junction uncoupling agent 1-octanol for G1 cell entry into S phase. E m bryonic day
13 (E l 3) explants o f the full w idth o f the m ouse cerebral w all, “pu n ch e d o u t” w ith a
glass p ipette tro ca r (inner diam eter 1500 μ m ), separated from the striatum (M iyam a et
al., Soc. N eurosci. Abstr. 122.13, 1995) and im planted in collagen gel, w ere cultured at
37°C in D M E M /F 12 m edium containing either 1.0 m M o f 1-octanol in dim ethyl
sulphoxide (D M S O ) o r D M S O alone (control). T he cultures w ere m ain tain ed initially
fo r 6 h r w ith the agents and then for an additional 0.5 h r after the addition o f fresh
m ed iu m containing 10 μM o f the S p hase m arker, 5 -b ro m o-2'-deoxyuridine (B U dR ).
F o llo w in g harvest B U dR labeling indices (L I) w ere dete rm in e d by d irect counts in
co ro n al 4 μ m section w ithin a 100 x 100 μ m sector o f the m edial (M C Z ) and lateral
(L C Z ) cortical zones o f the PVE, corresponding to distances o f approxim ately 1000 μ m
and 300 μ m , respectively from the caudato-pallial angle. U nder control conditions there
is a lateral to m edial ascending gradient in the B U dR L I in the P V E o f these explants,
although the slope o f LI is flatter than w hen explants w ere cultured w ith o u t separating
striatum . The overall L I in the M C Z o f the P V E w as identical at 0.35 and 0.36 in both
1-octanol-exposed and control explants. H ow ever, in the P V E o f the L C Z , the overall
LI in 1-octanol-exposed explants w as 15 % less than that in co n tro l explants (L I w ith 1octanol = 0.26, control = 0.30). T hese consequences o f 1-octanol exposure m ay reflect
tw o different effects o f gap ju n ctio n blockade w h ich decrease from lateral to m edial in
the PVE: (1) an increase in the fraction o f cells w h ich leaves the cycle after division (Q
fraction) and/or (2) a decreased length o f S phase relative to the total cell cycle length,
w hich is p robably due to an increase in the length o f G1 phase.
S upported by N IH grants N S 12005 and N S 32657.

345.6
CELL CYCLE REGULATION OF CONNEXIN 26 EXPRESSION IN
DEVELOPING NEOCORTEX. K. Bittman* & T. T. Loturco, Dept. of
Physiology and Neurobiology, University of Connecticut, Storrs, CT 06269.
Proliferating cells in the ventricular zone (VZ) of the mammalian
neocortex are coupled together via gap junction proteins. Neocortical
precursors couple maximally in late S and G2, uncouple in M and early Gl,
and re-couple through S-phase. Connexin26,32 and 43 are all expressed in
the developing neocortex. Since Connexin26 (Cx 26) levels vary with the
cell cycle in other systems, we analyzed Cx 26 expression as a function of th e
cell cycle in neocortical precursors. Pregnant dams of gestational day 16
were injected with bromodeoxyuridine (BrDU) and allowed to survive 2, 4,
or 8 hours.
Cells were double labeled for BrDU and Cx 26
immunoreactivity. Results indicate that Cx 26 immunoreactivity was
highest in cells following a four hour survival, or late S and G2 phase of
the cell cycle. This expression pattern is similar to the pattern of cell
coupling through the cell cycle, suggesting that Cx 26 underlies coupling
between neocortical precursors. We next examined the effects of blocking
gap junction channel communication on the cell cycle of neocortical
precursors. Explants of embryonic cortex from 16 day pregnant mice were
incubated in artificial cerebrospinal fluid and treated with 1 mM ocatanol
or halothane for 5 hours. The explants were then exposed to BrDU for
thirty minutes to label cells in S-phase. Tissue was fixed and processed for
BrDU immunohistochemistry. Results indicate that blocking gap junction
channels significantly reduces the percentage of cells that incorporate
BrDU. Therefore, coupling via Cx 26 is regulated through the cell cycle and
in turn influences the cell cycle of neocortical precursors in the VZ.
(Supported by NIMH)

868

GEN ESIS OF NEUR O N S A ND GLIA: CELL CYCLE

MONDAY PM

345.7

345.8

MOSAIC DISTRIBUTION OF CELLS IN DIFFERENT PHASES OF THE
CELL CYCLE IN THE PSEUDOSTRATIFIED VENTRICULAR EPITHELIUM
OF DEVELOPING MOUSE NEOCORTEX. L. Wang. N.L. Hayes*, and R.S.
Nowakowski. Dept. of Neuroscience and Cell Biology, UMDNJ-Robert Wood
Johnson Medical School, Piscataway, NJ 08854
The differential distribution pattern of proliferating cells in different
phases of the cell cycle in mouse neocortex on embryonic day 14 (E14) was
analyzed in animals that had been exposed to sequential injections of
tritiated thymidine (3H-TdR) and bromodeoxyuridine (BUdR). This labeling
paradigm produces three distinct populations of labeled cells: single labeled
with 3H-TdR (G2), single-labeied with BUdR (entering S) and double-labeled
cells (in S). All three populations are distributed non-uniformly in the
pseudostratified ventricular epithelium (PVE) in a plane parallel to the
ventricular surface. Quantitative methods are being used to study the
characteristics of this distribution. Nearest-neighbor analysis (1D and 2D)
indicates that most PVE cells in both single-labeled cell populations belong
to small clusters of 2-5 cells. Cross-correlations indicate that the two single
labelled populations have a complementary distribution, i.e., a region of the
PVE in which cells in G2 occur is less likely to contain cells entering S, and
vice versa. Autocorrelations are being used to investigate the possibility that
the small clusters of cells are periodically distributed across the ventricular
surface. These findings indicate that there is an underlying organization to
the mosacism of the PVE and that this mosaicism is related both to the
progression through the cell cycle and to the tangential position of the cells
in the PVE.
Supported by NIH NS33443 and NASA NAG2-950.

REGIONAL DIFFERENCES IN EXITING AND MIGRATION BEHAVIOR OF
PROLIFERATING CELLS FROM THREE FOREBRAIN REGIONS: A
COMPARATIVE STUDY OF RETROVIRALLY LABELED LINEAGES. L. Cai*.
N.L. Haves and R.S. Nowakowski. Dept. of Neuroscience and Cell Biology,
UMDNJ-Robert Wood Johnson Medical School, Piscataway, NJ 08854.
Regional differences in forebrain development were investigated using
lineage tracing methods. A replication-incompetent retrovirus encoding human
placental alkaline phosphatase (AP) was injected into the lateral ventricle of
E11 fetal mouse brains. After survival of 2, 3 or 4 days, AP-labeled lineages
were found in the ventricular zone (VZ) as well as in post-proliferative portions
of the hemispheric wall. In the neocortex, archicortex and striatum the cells of
a single lineage in the VZ were clustered and in apparent contact; however,
the associated post-proliferative cells were distributed in distinct patterns. In
the neocortex AP-labeled cells of a single lineage were restricted to a column
that spanned the VZ, the IZ and the cortical plate (CP). In the archicortex the
cells of a single lineage were also distributed radially, but the diameter of the
column was broader in the IZ and CP, resulting in a cone-shaped array. In the
striatum the post-proliferative cells were scattered broadly in the IZ such that
defining lineage relationships by location was not reliable. Thus, in all regions
of the forebrain the proliferating cells of a single lineage remain adjacent to
each other, but in different regions of the forebrain the post-proliferative cells
diverge to different extents as they exit the proliferating population and
migrate. This suggests that mechanisms limiting tangential dispersion in the
VZ are the similar in all regions of the forebrain, but that mechanisms
regulating radial vs tangential dispersion of cells in the post-proliferative
populations differ in different regions of the developing forebrain.
Supported by NIH (NS33443) and NASA (NAG 2-950).
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EFFECT OF FIBROBLAST GROWTH FACTOR 2 (FGF2) ON THE
CELL CYCLE DURING THE DEVELOPMENT OF THE CEREBRAL
CORTEX. R. Rahallo. Y. E. Hung. M. L. Schwartz*, and F.M.
Vaccarino. Child Study Center and Section of Neurobiology, Yale
University School of Medicine, New Haven, CT 06520.
The number of neurons in the cerebral cortex is dependent on the
number of progenitor cells and on the rate of their proliferation during
cortical histogenesis. Growth factors may play an important role in
coiticogenesis by regulating the proliferation or the survival of
progenitor cells. Microinjection of FGF2 into the lateral ventricles of
E15.5 rat embryos results in an increase in both the volume and total cell
number of the cerebral cortex. To test whether the action of FGF2 is due
to a proliferative effect on progenitor cells, dividing cells were labeled
with BrdU after FGF2 microinjection. This experiment showed that the
density of BrdU-positive nuclei in the intermediate zone and in the
cortical plate was increased in FGF2 microinjected embryos versus
controls. FGF2 could increase proliferation either by affecting the
kinetics of the cell cycle or by decreasing the natural cell death of
progenitor cells. To distinguish between these possibilities, cell cycle
studies based on a BrdU cumulative labeling protocol were carried out
in control and FGF2-microinjected embryos. Furthermore, control and
treated groups were examined to assess level of apoptosis using a
modified version of the TUNEL assay. These studies allow us to test
whether FGF2 is involved in the regulation of cell cycle kinetics or acts
by promoting cell survival.
Supported by the NSF #IBN-9514283 and NIH#NS22807.

FIBROBLAST GROWTH FACTOR 2 (FGF2) EXPANDS THE SIZE
OF THE CEREBRAL CORTEX. F. M. Vaccarino*, J. Nilsen, R.
Rahallo and M. L. Schwartz. Child Study Center and Section of
Neurobiology, Yale University School of Medicine, New Haven, CT
06520.
The molecular mechanisms that regulate the number of neurons
generated in the cerebral cortex are not well understood. Fibroblast
growth factor 2 (FGF2) increases the proliferation of progenitor cells of
the forebrain in vitro, particularly the progenitors of glutamatecontaining neurons (Vaccarino et al, Cerebral Cortex, 1:64, 1995).
FGF2 and FGF receptors are expressed by subpopulations of cells of
the germinal epithelium of the dorsal telencephalon, suggesting an
important role for this signaling system in a subset of progenitor cells
during corticogenesis. A single microiniection of FGF2 into the cerebral
ventricles of rat fetuses at E l5.5 resulted in a 50% increase in cerebral
cortical volume and a 70% increase in the total number of cortical
neurons five days later. This increase is primarily due to an expansion
of the cortical surface. Thus, FGF2 may be among the factors
controlling the timing and extent of cortical neurogenesis. To investigate
whether the effect of FGF2 is permanent, stereological morphometric
analyses of the cerebral cortex were carried out in adult rats
microinjected with FGF2 at E l5.5. These analyses provide an unbiased
estimate of the total number of neuronal and glial cells within the
cerebral cortex, and will determine the long lasting effects of fetal FGF2
treatment on different cell classes, including excitatory and inhibitory
neurons, as well as glial cells.
Supported by the NSF #IBN-9514283 and NIH#NS22807.

345.11
CELL CYCLE LENGTH OF PROGENITORS OF THE RAT OLFACTORY
BULB INTERNEURONS. C. M. Smith* and M. B. Luskin. Dept. of
Anatomy & Cell Biol., Emory Univ. Sch. o f Med., Atlanta, GA 30322
The anterior portion o f the neonatal telencephalic subventricular zone (SVZa)
contains progenitor cells that generate olfactory bulb (OB) intemeurons. In
contrast to the mitotic behavior o f immature neurons destined for other regions
o f the central nervous system, cells arising in the SVZa maintain the ability to
divide as they migrate from their site o f generation to their final destination
despite expressing a neuron-specific (3-tubuliii (Menezes et al., Molec. Cell.
Neurosci. 6:496-508, 1995). Because o f this unusual behavior, we decided to
determine the cell cycle length o f proliferating SVZa and SVZa-derived cells.
Following the methodology of Nowakowski et al. (J. Neurocvtol. 18:311-18,
1989), postnatal day 2 rat pups were exposed to BrdU for increasing periods o f
time before perfusion. By plotting the percentage o f nuclei undergoing DNA
synthesis in the SVZa at each time versus the BrdU labeling interval, we
determined that approximately 15% o f the SVZa population is actively dividing
and that these cells have a cycle length o f approximately 12 hr, significantly
less than the 18.6 hr determined to be the cycle length o f dividing cells in more
posterior, glia-generating regions o f the subventricular zone (Thomaidou et al.,
J. Neurosci. 17:1075-85, 1997). We are currently determining the cycle length
o f SVZa-derived cells that are dividing while migrating to the OB to see how, if
at all, their proliferative behaviors change after they leave the SVZa. In the
postnatal rat a relatively large number o f OB intemeurons needs to be
generated. Our work shows that this is partially accomplished by relatively
rapid divisions of OB intemeuron progenitor cells within the SVZa.
Work supported by the NINDS (C M .S.) and the March o f Dimes (M.B.L.).
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IMMUNOCYTOCHEMICAL STUDY OF THE VOMERONASAL
ORGAN IN NORMAL HUMAN EMBRYOS AND FETUSES AND
IN A FETUS WITH KALLMANN’S SYNDROME M. SchwanzelFukuda*. State University of New York, Brooklyn, N.Y.; K. L. Crossin, Scripps
Research Institute, La Jolla, CA.; T. Dellovade Rockefeller University, N.Y. N.Y.
The brains and nasal regions of early human embryos (28 through 42 days old)
and fetuses (12 and 19 weeks old) were examined for the presence of a developing
vomeronasal organ (VNO) and an accessory olfactory bulb (AOB). Antibodies to
olfactory marker protein (OMP), calretinin (CAL), and S100 were used as potential
markers for cells in these structures. In cresyl violet stained sections a vomeronasal
groove was seen in 42 (but not 28) day old embryos. The VNO was seen in 12
and 19 week old normal fetuses and in the Kallmann fetus. A putative AOB was
seen in all normal fetuses but not in the Kallmann fetus which showed agenesis of
both olfactory bulbs. Immunocytochemical examination of the embryos and
fetuses with antibodies to OMP showed no immunoreactivity (ir) at these ages.
Antibody to CAL revealed this calcium-binding protein in receptor cells in the
olfactory epithelia and in the epithelia of the VNO of normal 12 and 19 week-old
fetuses. The putative AOB and the olfactory nerve layers of the main olfactory
bulbs of the 12 and 19 week old fetuses also showed CAL-ir in cell bodies and
axons. At these ages, SlOO-ir was seen in cell bodies accompanying the VN
nerves into the putative AOB, in the olfactory nerve layer of the olfactory bulb, in
company with axons of the olfactory, vomeronasal and terminal nerves on the
nasal septum and in a few cells in the epithelium of the VNO. The presence of
CAL in the VNO and AOB of human fetuses is consistent with the association of
this protein with sensory neurons. At these fetal ages CAL may participate in cellto-cell signalling mechanisms which could facilitate the successive migrations of
cells from the medial olfactory pit into the forebrain. This research was supported
by NIH research grant ROl DC0088 (ORWH) to MS-F.

346.2
E n z y m a tic r e m o v a l o f t h e r e t i n a l an d p i a l
la m in a d i s r u p t s a x o n an d c e l l m i g r a t i o n

869

b asal

W. Halfter. D e p t . of Neurobi o l o g y ; U n i v e r s i t y of
Pittsburgh
To study the i m p ortance of basal lamina in the
ret i n a and b r ain c o l l a g e n a s e wa s in j e c t e d into
the vitr e o u s of the eye and into t h e v e n t r i c u l a r
c a v i t y of the optic t e c t u m of c h i c k and quail
embryos. H i s t o l o g i c a l e x a m i n a t i o n r e v e a l e d that
the colla g e n a s e d i s s o l v e d the ba s a l lamina of the
r e tina and d i s r u p t e d the pial bas a l lamina of the
brain. W e s t e r n blot a n a l y s i s s h o w e d that the
collagenase
dissolved
various
collagens
but
spared n o n - c o l l a g e n o u s e x t r a c e l l u l a r proteins. In
the retina, the d i s r u p t i o n of the inner limit i n g
m e m b r a n e c a used the v e n t r i c u l a r c e l l s to retr a c t
t h e i r e n dfeet processes, led to a i n c r e a s e in the
numb e r of g a n g l i o n cells and the loss of accu r a c y
of optic axons in the i r p a t h f i n d i n g t o w a r d the
o ptic disc. In the brain, the d i s r u p t i o n of the
pial basal lamina caus e d axons to exit the tectal
n e u r o e p i t h e l i u m and to w a n d e r into the a d j ac e n t
mesenchyme. A m a j o r p o r t i o n of o p t i c axons from
the retina even failed to e n t e r the brain. The
present
e x p e r iments
demonstrate
tha t
basal
laminae have an important f u n c t i o n in r e s t r i c t i n g
axonal gro w t h to d e f i n e d p a t h w a y s and to m a i n t a i n
an or g a n i z e d c y t o a r c h i t e c t u r e in the brain.

346.3

346.4

CLONAL EXPANSION AND DISPERSION IN THE RETINAE OF XINACTIVATION TRANSGENIC MOSAIC MICE AND IN CHIMERIC MICE
B E. Reese1. P .P .L. Tam2 and S.-S. Tan3* 1Neuroscience Research Institute and
Department of Psychology, University of California at Santa Barbara, U.S.A.,
Children’s Medical Research Institute, Sydney and 3Howard Florey Institute,
University of Melbourne, Australia
We have recently shown that clonal intermixing in the retina is cell-class specific:
some classes of retinal cell are segregated into discrete clonal columns, showing little
mixing between cells of adjacent clones, while other classes can readily intermingle,
showing tangential dispersion from their clonal columns of origin (Reese et al., PNAS.
1995,92,2494). The present study has examined the emergence of this clonal
organization of the retina before, during and immediately after the period of retinal
neurogenesis, using both X-inactivation transgenic mosaic mice (Tan et al. Nat. Genet.
1993,3,170) and chimeric mice produced by injection of 1-5 embryonic stem cells.
Standard enzyme histochemistry was used to detect the presence of the lacZ reporter
gene product, P-galactosidase, m embryonic and postnatal mice from E-10.51 o P-15.
On E-10.5, when the first retinal neuroblasts have departed the mitotic cycle, and
on E-12.5, the neuroepithelium of X-inactivation mosaic mice shows an intermixing of
transgene-active and inactive cells, while chimeric embryos containing a small
minority of transgenic cells show numerous single blue cells. This indicates that
neuroepithelial cells are free to intermingle as they proliferate. By P -l, the developing
neuroblast layer shows a conspicuous columnar appearance, indicating that these cells
disperse only radially after the onset of neurogenesis. As only half of all retinal
neurons are generated by birth, this pattern of cell dispersion must apply to both post
mitotic neuroblasts as well as dividing neuroepithelial cells. The ganglion cell layer
provides the exception to this rule, showing tangentially dispersed cells as soon as
columns are detected within the neuroblast layer. Individual cone, horizontal and
amacrine cells become tangentially dispersed only after an initial phase of radial
dispersion, after neurogenesis is complete during the first postnatal week.
These results using two independent approaches show that cell-cell interactions
command distinct dispersion patterns at different stages of retinal development.

FUNCTIONAL ANALYSIS OF A NOVEL TRANSCRIPTION
FACTOR
USING
A
BICISTRONIC
RECOMBINANT
ADENOVIRUS VECTOR SYSTEM. M. Hashimoto1*, T. Saitoh
and K. Mikoshiba1,2. 1Mol.Neurobiol. Lab., RIKEN, Tsukuba, Ibaraki
305, Japan, 2Inst. of Med. Sci., Univ. of Tokyo.
Replicadou deficient adenovirus vectors have a great advantage to
express a gene o f interest in a specific area at a given stage of
development. In order to analyze function of novel genes, we have
established a bicistronic adenovirus vector system, which can trace
iofectcd cel l with a marker.
The adenovirus vector contains
following elements in a sequential array: strong CAG promoter, a
unique Swai .site, internal ribosome entry site (1RES), and enhanced
green fluorescence protein (EGFP) gene. Recombinant adenovirus
vectors which carry a gene of interest at the Swai site express the gene
efficiently in cells infected with the adenovirus vectors. The infected
cells can be traced with fluorescence of EGFP in a living state. To
explore feasibility of this system, we have constructed recombinant
adenovirus vectors carrying sense or antisense sequence of a novel
homeobox gene, which is specifically expressed in developing retina
and CNS. The viruses were injected into E15.5 mouse retina and E12.
5 third ventricle with exo utero surgery. Several days after injection,
fluorescence of EGFP was detected in retinal cells and migrating cells
from the ventricular zone of the diencephalon, accompanied with
morphological changes. This result demonstrates that the bicistronic
recombinant adenovirus vector system is very powerful to study
functions of novel genes expressed during neural development.

Supported by the NIH (USA) and NH&MRC (Australia).
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OLFACTORY BULB PRECURSOR CELL PROLIFERATION,
MIGRATION AND SURVIVAL IN SMALL-EYE (SEY) MICE. T.L.
Dellovade*. D.W. Pfaff. and M. Schwanrp.l-Fulcuda1 Lab. o f Neurobiol. and
Behav.,Rockefeller Univ., New York, NY 10021. 1Dept. Anat. and Cell Biol.,
SUNY Health Sci. Center at Brooklyn, Brooklyn, NY 11203
A point mutation in the developmental control gene Pax-6 is responsible
for the Small-Eye (Sey) phenotype in mice. Heterozygotes (Sey/+) have a
variety of eye abnormalities and we found that olfactory bulb (OB) volume is
decreased in adults compared to wild-type mice. The glomerular and granule
cell layers, where Pax-6 mRNA is present, were the most affected. The
intemeurons (periglomerular and granule cells) located in these laminae are
primarily bom postnatally. The precursor cells arise in the subventricular zone
of the lateral ventricles and migrate along the rostral migratory stream (RMS)
to the OB where they differentiate into neurons and glia; a process that
continues throughout life in mice. This study asked whether precursor cell
proliferation, migration and/or survival was affected in Sey/+ mice to result
in decreased OB growth. On postnatal day 40, Sey/+ and wild-type littermates
were injected with bromodeoxyuridine (BrdU) and sacrificed either 2 hours,
2 days or 30 days later. Preliminary data indicated that 2 hours after BrdU
injection there was no difference in BrdU-immunoreactive cell number between
Sey/+ and wild-type mice, suggesting that precursor cell proliferation is not
altered. Two days after treatment, fewer BrdU-immunoreactive cells were
detected along the RMS and in the OB of Sey/+ indicating decreased cell
migration. Also, in the entire brain, BrdU cell numbers were decreased 2 days
after injection, suggesting that cell survival might also be affected. This
research is funded by NIH grants NS 09632-01 (T.L.D.) and ROl DC 0088
(M.S-F).
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M IG R A T IO N A N D D IF F E R E N T IA T IO N O F N E U R O S P H E R E C E L L S
G R A F T E D IN T O T H E S U B V E N T R IC U L A R Z O N E O F T H E A D U L T B R A IN .
I. C aillé . A. A lv a re z -B u v lla *. L a b o ra to ry o f N e u ro g e n e s is , T h e R o c k e fe lle r
U niversity, N ew Y ork, N Y 10021.
N e u ro g en e sis p ersists th ro u g h o u t ad u lth o o d in the ro d e n t s u b v e n tric u la r zone
(S V Z ) o f the lateral w alls o f the lateral v en tricles. T h e S V Z p ro life ra tin g cells
m igrate rostrally and differentiate into neurons in the olfactory bulb (O B ). In vitro,
som e S V Z cells can be induced to proliferate in response to E G F or b F G F form ing
spherical floating clusters o f cells called n eurospheres (R eynolds and W eiss (92)
S cience 255, 1707). N eurosphere cells display in vitro the ch a rac teristics o f stem
cells, i.e., proliferation, self-renew al and d ifferentiation into neurons and glia. W e
studied w hether neurosphere cells retain the m igratory and d ifferentiation potentials
o f S V Z cells in vivo.
E G F -induced neurospheres w ere p repared from the S V Z o f ad u lt tran sg e n ic m ice
carrying a neuron-specific reporter gene (N SE :L acZ ) (F orss-P eter e t al (90) N euron
5, 187), cu ltivated for 2 w eeks and grafted into the S V Z o f adult m ice (n= 10). O ne
m onth later, L ac Z -e x p ressin g cells w ere found in the gra n u la r and perig lo m eru lar
layers o f the O B . H ow ever, the nu m b er o f cells w hich m ig rated to the OB and
d ifferentiated into neurons w as very low (0-15 cells/O B , w hereas w e estim ated that
50000 cells w ere grafted). T he co rrec t p lac em en t o f the g ra ft into the S V Z w as
d ete rm in e d for all anim als. T ra n sp la n tatio n o f neu ro sp h ere ce lls p re p are d from
neonate (P4) anim als o r o f n eurospheres grow n w ith bF G F instead o f E G F did not
result in an increase in the num ber o f cells w hich m igrated and d ifferentiated in the
O B . In co n tro l ex p e rim en ts (n= 4) in w hich u n cu ltiv ated d isso ciated S V Z cells
(5 0 0 0 0 ) from a d u lt m ice w ere tran sp la n te d into the S V Z , th e n u m b er o f cells
w hich m igrated to the OB and d ifferentiated into neurons w as m uch h ig h er (5005000 /O B ).
T hese experim ents indicate that, w hile som e n eu ro sp h ere -d eriv e d cells retain the
ca p ac ity to m ig rate to the OB and d iffe ren tiate into OB in tern e u ro n s, the vast
m ajority o f them are not able to do this w hen grafted back into their site o f origin.
(N IH g rant H D 3 2 116)
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R O LES O F P A X -6 IN F O R E B R A IN D E V E L O P M E N T . N .W arren1 D .J.P rice1.
J.L .R .R ubenstein2. D .G oodav1*. 1P hysiology D ept. U niv. o f E dinburgh M ed. Sch.,
E dinburgh EH 8 9A G , Scotland. 2N in a Ireland Lab o f D ev. N e urobiol., D ept.
P sychiatry, 401 Parnassus, U C SF, San F rancisco, C A 94143-0984.
W e are studying developm ent o f the diencephalon and cortex in the brains o f m ice
w ith a point m utation in the P a x-6 gene (S m all-eye m ice). T he spatio-tem poral
pattern o f P a x-6 expression in the diencephalon suggests it m ay play a role in cell
proliferation, m igration, d ifferentiation and m aintenance. P a x-6 is ex pressed in the
d ie n c ep h alo n . before it subdivides into the pretectum , dorsal thalam us and ventral
thalam us. O ur previous studies in the S m all-eye m ouse show a defect in cell
proliferation specifically in P a x -6-expressing regions, th at leads to depleted cell
num bers and reduced volum es in ventral and dorsal regions o f the diencephalon in
later stage em bryos. W e are follow ing the m igration o f th ese cells using
brom odeoxyuridine, and studying their differentiation using vario u s m olecular
m arkers including So n ic h ed gehog (Sh h ), N kx-2.2, L im -1 and B F -2. In w ild-type
em bryos S h h is expressed at the border betw een dorsal and ventral thalam us, N kx-2.2
flanks Sh h expression at the zli, L im -1 is expressed in rostral diencephalon and the
pretectum , and BF-2 is expressed in rostral diencephalon. O ur w hole m o u n t in situ
hybridisation results include norm al Sh h expression and disrupted Lim -1 expression
in the diencephalon o f S m a ll eye m ice.
In the cortex, the m utation is characterised by a deficit in cell m igration leading to a
failure o f cortical p late developm ent, and abnorm al clusters o f cells in the
interm ediate zone. Im m unostaining w ith antisera to L 1 and the radial glial m ark e r
R C 2, have show n that the clusters o f cells do not express L 1, but w here radial glia are
present, L 1 labelled neuroblasts can be found. A cell-aggregation assay and a cellbinding assay have also revealed abnorm al adhesion properties in S m all-eye cortical
cells.
This w ork w as supported by the M RC.

DIRECTED MIGRATION OF NEUR A L PROGENITORS IN
THE A D U LT RODENT FOREBRAIN. S. Reid*, I.O. Opole,
L.L. Geary, M.R. Tabesh, J.H. Fallon. Department of Anatomy
and Neurobiology, University o f California, Irvine, CA 92717.
Neurotrophic factors from the epidermal growth factor (EGF)
family, including transforming growth factor alpha (TGFa), have
been shown to stimulate proliferation o f neural precursor cells
from the adult mammalian brain in vitro and in vivo. Recently,
TGFa was also shown to induce subependymal neural progenitors
to migrate en m asse into the adjacent striatum when it was infused
intrastriatally. In the present study, w e examined the effects of
altering the infusion parameters and other treatments on the radial
migration o f neural progenitors in the adult rat forebrain in vivo.
Immunohistochemical and histological techniques were employed
to identify and trace the movement o f the migrating cells. We
found that the shape, size, and final location o f the mass migration
o f neural progenitors could be influenced. In addition, neural
progenitors could be directed to migrate en m asse into other
regions o f the adult rat brain. Control over the radial migration
patterns o f stimulated neural progenitors in the adult brain may
allow selective neuronal repopulation o f injured brain regions
affected by neurodegenerative d isease, trauma, or stroke.
Supported by NIH Predoctoral T raineeship N S 0 7351-5, an
American Foundation for Aging Research Graduate Fellowship, a
University of California Chancellor’s Fellowship, and a UC Irvine
Com m ittee o f 1000 Graduate Fellow ship (all to S.R .) and
NIH/NINDS International Fellowship N S10175-01 (to I.O.O.).
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G A P -JU N C T IO N A L C O M M U N IC A T IO N IN G A N G L IO N C E L L S O F TH E
E M B R Y O N IC C H IC K R ETIN A
V iola B onness, Kate W hitley, D avid B ecker, and P eter M o b b s*. D ep t. o f P hysiology
and D e p t. o f A natom y, U niversity C ollege L ondon, G ow er St. London, W C 1E 6B T,
UK.
W e have investigated the tem poral and spatial pattern o f gap-junctional coupling o f
ganglion cells during em bryogenesis o f the chick retina. R etinae from em bryonic day
5-18 (E 5-18) chicks w ere rem oved and superfused w ith H E P E S -buffered R inger’s
solution gassed w ith O 2 at room tem perature. U sing the w hole cell patch-clam p
technique we filled single ganglion cells w ith a m ixture o f fluorescein dextran (m ol.
w t. 10 000, 5% ) and N eurobiotin (0.5% ). A fter tw o m inutes in w hole-cell
configuration, the electrode was pulled from the cell body and the preparation left for
30 m in during which the N eurobiotin w as free to diffuse through gap junctions
betw een the recorded neuron and any coupled cells. T he high m olecular w eight
F luorescein-dextran rem ains trapped w ithin the recorded cell.
Retinae w ere fixed fo r 12h in 4% paraform aldehyde and treated w ith C Y 3-labelled
avidin. Som e preparations w ere also labelled w ith antibodies to C onnexin 43, 32 or
26 and visualised using C Y 5-avidin. R etinae w ere m ounted in C itifluor and
exam ined using a Leica TC S 4D laser scanning confocal m icroscope.
The results o f these studies show that the developm ental pattern o f gap-junctional
coupling varies according to ganglion cell type. B ut as a rule, the num ber o f coupled
cells increased and m ore coupled cells w ere found in the Inner N u c le ar Layer at later
tim es. T hroughout the period exam ined we found coupling to cells that traverse the
w hole thickness o f the retina w hich m ay represent neurons in the process o f
m igration. W ith m aturation the location o f coupling betw een ganglion and other cells
changes from som a-som atic to dendro-dendritic.
S upported by the W ellcom e T rust

DISRUPTION OF NEURONAL MIGRATION IN NEOCORTEX
OF CONNEXIN43 NULL MUTANT MICE. S. Fushiki*2. J.F.
Bechberger1. C.C.G Naus1. 1Dept. o f Anatomy & Cell Biology,
University o f Western Ontario, London, Canada; 2Dept. o f Dynamic
Pathology, Kyoto Prefectural University o f Medicine, Kyoto 602,
Japan.
Gap junctional intercellular communication is very prevalent in the
developing nervous system. For example, it has been established that
both neurons and astrocytes in the developing neocortex are highly
coupled. One o f the most prevalent connexins in the developing
neocortex is connexin43, which has been reportedly expressed in
both astrocytes and neurons. To examine the role o f connexin43 in
neocortical development, we have made use o f transgenic mice with
a null mutation o f the connexin43 gene. To assess possible effects on
neuronal migration, pregnant heterozygote mice were injected with
BrdU at various times during gestation and the neocortex processed
for subsequent immunocytochemical localization.
Our results
indicate that there is an apparent delay in neuronal migration in the
connexin43 null mutant phenotype, supporting a role for connexin43
in neocortical development. Supported by the Ontario Mental Health
Foundation and the Ministry o f Science, Sports and Culture, Japan.
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CONNEXIN43 NULL MUTATION: EFFECTS ON BIOPHYSICAL PROPERTIES OF NEURONS. C.C.G. Naus1. J.
Perez-Valezquez2. J.F. Bechberger1. L. Zhang2. S.S. Jahromi*2. P.
Carlen2 1Dept. o f Anatomy & Cell Biology, University o f Western
Ontario, London, ON; 2Playfair Neuroscience Unit, Toronto Hospital
Research Institute, Toronto, ON Canada.
Gap junctional intercellular communication is a common
occurrence in the central nervous system. Although many connexins
appear to be expressed in the CNS, one o f the most prevalent is
connexin43. In order to examine the role o f connexin43-mediated
gap junctional intercellular communication, we have examined
neocortical neurons and astrocytes in mice with a null mutation o f the
Cx43 gene.
In acute slice preparations, electrophysiological
characteristics o f neurons were not significantly different between
wild type and null mutant mice. To assess gap junctional
communication, neurons were patched with microelectrodes filled
with neurobiotin. Preliminary results suggest that neuronal coupling
is decreased in connexin43 null mutant neocortex, and that neuronal
migration is disturbed. Supported by a grant from the Ontario Mental
Health Foundation.

CEREBRAL CORTICAL PHENOTYPE OF CDK5 DEFICIENT
MICE. E.C. Gilmore1, T. Ohshima2 ,A.B. Kulkami2. A . Goffinet3, K.
Heruup*1,4. Dept. o f Neuroscience1 and Neurology4, Case Western
Reserve Univ. Med. Sch. Cleveland, OH 44106. Gene Targeting Res.
and Core Fac.2, NIDR Bethesda, MD 20892. Dept. Human Physiol.
Fndp.3 Sch. Med. Bruxelles, Belgium.
Cyclin dependent kinase 5 (Cdk5) is a serine/threonine kinase
originally identified by its homology to other cyclin dependent
kinases, but unlike its relatives, Cdk5 is found only in post-mitotic
neurons. Mice in which the endogenous Cdk5 gene is disrupted
(Cdk5-/ -) die beginning two days before birth; none survive beyond a
few hours after birth (Ohshima, et al. PNAS 93:11173). Many parts
of the brain are disrupted in the mutants including the cerebral cortex.
BrdU injections into timed-pregnant females indicate that in Cdk5-/embryos there is an inversion o f neuronal layering with respect to
birthdate in this region, i.e. earliest bom neurons are ectopically
located near the pial surface. Condroitin sulfate immunostaining of
preplate and derivatives indicates that, despite the disordered layering,
the cortical preplate is split into subplate and marginal zone in Cdk5
/- mice. In addition, some axons in cerebral cortex are deployed in
oblique rather than radial pathways. The phenotypes o f the Cdk5-/cerebrum bear a resemblance to those found in the reeler mouse
mutant, but immunocytochemistry o f the mutant brain revealed little
or no abnormalilty in the location or concentration of the reeler gene
product, reelin. The presence o f this protein coupled with the clear
splitting o f preplate suggest that Cdk5 -/- mice have a phenotype of
cortical inversion according to birthdate that is distinct from reeler.
Support: NIH NS20591 to KH

S o c ie ty f o r N e u ro s c ie n c e , V olum e

23,1997

MONDAY PM

CELL D IF FE R E N T IA T IO N AND M IGRATIO N: FO R EB R A IN DEVELOPMENT

3 46.13
IMMUNOBLOCKING 9-O-ACETYLATED GANGLIOSIDES ARRESTS CELL
MIGRATION IN THE DEVELOPING CEREBRAL CORTEX
C. Hedin-Pereira1. E C.P. deMoraes1. R. Lent* & R. Mendez-Otero2. 1Depto.
Anatomia, ICB-UFRJ, 21941-590 Rio de Janeiro, Brasil; and 2Progr.
Neurobiologia, IBCCF-UFRJ, 21949-900 Rio de Janeiro, Brasil.
The expression of 9-O-acetylated gangliosides is developmentally regulated
in the central nervous system and correlates specifically with the periods o f cell
migration in several regions. We have investigated the role of 9-O-acetylated
gangliosides in radial neuronal migration in the cerebral cortex o f hamsters by
blocking their action with a monoclonal antibody (Jones mAb), and mapping
the migratory behaviour o f cortical cells by BrdU incorporation. BrdU
(60mg/kg) was injected intraperitoneally into E15 pregnant females 45 minutes
prior to removal o f the embryos. 200 μm coronal brain slices containing
cortical tissue were plated on Petriperm dishes and fed with culture medium
plus the antibody. Control slices were cultured using the A2B5 antibody against
another ganglioside or the culture medium alone. The slices were left in the
incubator for 48hs and then immunoreacted to reveal the presence o f BrdU.
Control slices presented a band of BrdU+ cells in the dorsal surface of the
cortical plate indicating normal migration. In contrast, the immunoblocked
tissue showed the labeled cells clustered within the ventral half o f the cortex,
indicating that radial migration had been stunted. This picture, however, was
not homogeneous throughout the cerebral cortex, showing consistent regional
differences that possibly correlate with differences in ganglioside expression.
Financial support: CNPq, FINEP, FAPERJ, IBRO.
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ALTERED PATTERNS OF CORTICAL NEURONS MIGRATION IN NCAM-180
KNOCKOUT MICE . A.A. Jacobs. N.A. O’Rourke and S.K. McConnell*. Dept. of
Biological Sciences , Stanford Univ., Stanford, CA 94305.
As the cerebral cortex develops, neuronal precursor cells divide in the ventricular
zone, adjacent to the ventricles. After their final mitosis, neurons migrate outward into
different layers of cortex. Many neurons migrate radially within the intermediate zone
along radial glial fibers, which deliver them into the cortical plate. However, some
migration occurs tangentially, with migrating neurons oriented parallel to the
ventricular surface. It has been hypothesized that tangentially migrating cortical cells
may employ axons as migratory substrates. Axons in the cortical intermediate zone are
rich in the neural cell adhesion molecule NCAM, which has been implicated in axonal
growth and guidance. NCAM is encoded by a single gene, with several splice variants
and various states of posttranslational modification by polysialic acid; these different
variants range from adhesive to anti-adhesive in nature. NCAM-180, the form of
NCAM with the largest cytoplasmic domain, is expressed by most neurons and is
localized to axons. NCAM-180 has been knocked out by homologous recombination
in mice (Tomasiewicz et al., 1993, Neuron II, 1163-74). A prominent feature of
NCAM-deficient mice is a disruption of cell migration from the cortical subventricular
zone into the olfactory bulb, a process of tangential cell migration that normally occurs
in early postnatal life. To examine the possible role of NCAM-180 in tangential cell
migration at earlier times in developing cortex, we obtained NCAM-180 deficient mice
and analyzed patterns of neuronal migration in the intermediate zone at El 8 (when
neurons destined for layers 2/3 and 4 are migrating). NCAM-180 -/- mice showed a
large increase in the fraction of cells migrating tangentially, particularly in the coronal
plane, relative to wild type controls. The fraction of cells migrating radially was
sharply reduced in knockout mice. At E18, the extracellular domain of NCAM-180 is
highly polysialated, which is thought to confer anti-adhesive properties onto cells or
processes expressing this protein. It is possible that the presence of polysialated
NCAM on axons may normally deter migrating neurons from moving tangentially
within the intermediate zone; removing NCAM-180 may divert migrating neurons onto
axonal substrates and away from radial glia. Supported by NIH MH51864.
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PROTEIN KINASE C MODULATES NCAM POLY SI AL YL ATION
H.C. G allagher*, O.A. Odumeru and C.M. Regan. Dept. of
Pharmacology, University College, Beliield, Dublin 4, Ireland.
The neural cell adhesion molecule (NCAM) regulates neuroplastic events
by prevalence modulations and the addition o f α 2,8 linked polysialic acid
(PSA) homopolymers. The signal transduction mechanism(s) which alter
NCAM poiysialylation state rem ain to be elucidated. We have observed
polysialic acid (PSA) expression in neuro-2A to be maximal during log
growth phase and to be dow n-regulated at contact inhibition.
These
changes were specific to PSA as im munostaining was eliminated by prior
treatment with endoneuraminidase-N and no modulation o f NCAM
polypeptide staining was detectable. Neuro-2A PSA appeared to be an
oligosialylated form as NCAM im munoblots did not reveal the
characteristic ‘smearing patterns’ associated with extended PSA chains.
PSA expression was activity-dependent as it was attenuated by KC1
(50mM), an effect which could be reversed by the concom itant
adm inistration o f tetrodotoxin (0.5μ M). In the neuro-2A system, maximal
PSA expression appeared to be negatively regulated by protein kinase C
(PKC) as it was stimulated by staurosporine (IC50 2nM) and calphostin-C
(50nM), in a concentration and time-dependent manner. Conversely,
exposure to phorbol-12-m yristate-13 acetate (20nM) inhibited PSA
expression and no effect was obtained with an inactive phorbol ester.
These effects appeared to be specific to a PKC pathway as forskolin
(IOjaM) stimulation o f adenylyl cyclase activity was without affect on PSA
expression. The calcium -independent, PKC 5 isoform is suspected to
regulate PSA expression as inis was significantly upregulated in cells which
lack polysialylated NCAM in contrast to the other PKC isoforms
α ,β,γ,ε,ζ,λ ,ι,μ which were unaffected. This work was supported by Forbairt
and -the EU Biotechnology Programme.

NEURONAL PSA-N-CAM IMMUNOPOSITIVE CLUSTERS IN THE
ADULT GUINEA PIG FOREBRAIN. A. T. M. S. Is la m . A . K u ra o k a . T.
Seki+. K. H ira ta and M. K a w a b u c h i *. D ep t. o f A n a to m y , F a c u lty
o f M ed., K y u sh u U n iv ., F u k u o k a 8 12-82, J a p a n ; +Dept. of
A n a to m y , Sch. o f M ed., J u n te n d o U n iv ., H o n g o , T okyo 113,
Ja p a n .
In th e a d u lt v e r t e b r a te b r a i n , h i g h l y p o ly s ia ly la te d is o fo rm
o f n e u r a l c e ll a d h e s io n m o le c u le (PSA -N -C A M ) is c o n s id e r e d So
be a s s o c ia te d w ith th e c o n tin u o u s g r o w th , g e n e r a t i o n and
m i g r a tio n o f th e o lf a c to r y as w ell as c e r e b e l l a r in t e r n e u r o n s .
In o r d e r to r e v e a l th e m o r p h o lo g ic a l b a s is o f PSA-N-CAM in
th e a d u lt c e r e b r a l n e u r o g e n e s i s an d n e u r o - g l i a l ( n e u r o n a l
a n d n e u r o g l ia l ) c o h e r e n c e in th e n e u r o n a l m i g r a ti o n p ro c e s s ,
we d e m o n s tr a te d an im m u n o b lo t as s a y a g a in s t an ti-P S A -N -C A M
a n t i- s e r a , as w ell as a d o u b le - la b e le d im m u n o f lu o r e s c e n c e
cy ty o c h e m i s t r y
o f PSA-N-CAM
w ith
th e
n itric
oxide
s y n th e s iz in g e n z y m e , n i t r i c oxide s y n th a s e (NOS), an d th e
b r a i n a s tr o c y te m a r k e r , S100 p r o te in (S 1 0 0 ), in th e ad u lt
g u in e a p ig f o r e b r a i n . P u n c ta te , b e a d e d , b la s tic im m a tu re
p r o f ile s of PSA-N-CAM im m u n o - r e a c tiv i tie s b o th in th e
s u b e p e n d y m a l la y e r an d in th e o u te r b o r d e r o f th e e x t e r n a l
g r a n u l a r la y e r o f th e a d u lt n e o c o rte x , r a n g i n g fro m fo c a l
c lu s te r s to n e u r o n a l lin e a g e s u g g e s t c r u c i a l r o le o f PSA-N-CAM
in th e ad u lt c e r e b r a l p la s tic ity .
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N EURONAL C O R TIC A L M IG R A T IO N : A CO M PA R ISO N OF
INTACT MOUSE VERSUS EXPLANT CULTURES. W. Hendelman* and
P. Humphreys. Dept. of Anatomy & Neurobiology and Dept. of Pediatrics, Univ. of
Ottawa, ON. Canada, K1H 8M5.
The developing cerebral cortex of the mouse (Paris R-3 strain) was studied in
time-pregnant mice using 5-bromodeoxyuridine (BrdU) to label dividing neurons.
Sections reacted with antibody to BrdU were analyzed using computer analysis
(IMAGE) at various times postnatally (PI, P9 and P22). The migration of neurons to
form the cerebral neocortex was documented graphically (using GraphPad InPlot)
showing that cells born at embryonic day 14.0 (E14.0) to E16.5 form the various
layers of the cerebral cortex. [Others have shown similar results for the rat, ferret and
cat, but have not used computer image analysis.] This method of analysis has
indicated a second wave of cell birth and migration, beginning at E l5.5, which
contributes to the formation of the upper layers (II & III) of the cortex.
Cortical cultures derived from E16 animals, given BrdU at E15.0, were grown in a
newly-devised system as three-dimensional explant cultures [P. Humphreys, S. Jones,
and W. Hendelman. J. Neurosci. Methods, 1996, 66: 23 - 33]. Cell stains (cresyl
violet) demonstrated that there was a relative lack of cortical layer formation in vitro,
compared to in vivo. Computer analysis of the cultures was done after 7, 11 and 14
days in vitro and graphed in the same manner. Neuronal migration does occur in
culture, but not to the degree found in the intact animal (injected at the same age).
Neuronal migration disorders are implicated in some cases of epilepsy and mental
retardation in children. Experimental studies of the process of neuronal migration are
possible using either the in vivo or in vitro model, and may be facilitated by analysis
and graphing in the manner shown.
(Our thanks to M. Dumont for assistance with the graphing. Supported by grants
from the Children’s Hospital of Eastern Ontario Research Institute, The Ontario
Mental Health Foundation, and the Bickell Foundation.)

THE CROOKED TA IL (Cd) MUTATION INTERFERES WITH
NEURONAL POSITIONING IN CEREBRAL CORTEX. M. L. Carter*.
C. Forster. P. G. Bhide1. V. S. Caviness. Jr.1 and M. E. Ross, Dept. of
Neurology, Univ. of MN, Minneapolis MN 55455; 1Dept. of Neurology Mass.
Gen. Hosp. & Harvard Med. Sch., Boston MA 02114.
Cd is a semidominant mouse mutation in which heterozygotes have
kinked tails and homozygotes have a high incidence of a rostral neural tube
defect, exencephaly. Approximately 28% of Cd homozygotes escape
exencephaly but express a runted phenotype (SMALL) in which Cd/Cd
animals weigh ≤ 40% of age matched normal siblings. In addition, the SMALL
cerebral cortex is thinned out of proportion to the animal’s overall runting,
neuronal lamination is less well defined and MAP2 staining reveals reduced
cortical dendritic arborization. We sought to examine the final distribution of
neurons born at various embryonic (E) birthdates in order to determine
whether neurons both originate within the ventricular neuroepithelium at
appropriate times and migrate to lamina commensurate with their date of
origin. Pregnant dams were injected i.p. with BrdU at selected gestational
dates and resulting litters were examined at postnatal day 14 (P14), by which
age cortical lamina should be well established. S-phase incorporated BrdU
was immunohistochemically detected in paraffin embedded coronal sections.
Among littermates receiving BrdU at E14.5, labeled neurons of medial
parietal cortex were seen predominantly in layers IV and V in +/+ animals. In
contrast, SMALL cortex revealed a broader distribution with labeled neurons
frequently observed in layers ll/lll as well as presumptive layer VI. We
conclude that the Cd gene has a role in the establishment of normal cortical
cytoarchitecture. This could involve the regulation of neuronal migration, or
possibly a desynchronization of birthdates for cells fated to particular cortical
layers. (Supported by NIH, NS30627)
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PAX6 IS REQUIRED FOR THE GENERATION OF ENI+
INTERNEURONS IN THE DEVELOPING SPINAL CORD. Lll,
Burrill* H. Saueressig L. Moran and M. Goulding. MNL-G, Salk
Institute, La Jolla, CA. 92037
We have used double label immunocytochemistry, and immunocytochernistry in combination with in situ hybridization on mouse spinal cords
(E9.5-E12.5) to determine what genes are expressed in progenitor cells
that give rise to different interneuron subtypes. Previously we have shown
that the transcription factors Pax2 and Enl are coexpressed in
interneurons ventral to the sulcus limitans and dorsal to motor neurons,
while Evx 1 and Pax2 are coexpressed in intemeurons immediately dorsal
to the En I+ interneurons. The progenitor cells located medial to En-I+ or
Evxl+ intemeurons express Pax6 but not Pax3 or Pax?, suggesting that
En-1+ or Evxl + intemeurons are derived from Pax6+ progenitor cells. In
addition, the cells medial to the Evx 1+ intemeurons express Dbx 1 in
addition to Pax6, suggesting that the combination of genes expressed in

REGIONAL IDENTITY IN PAX-6 MUTANT MOUSE EMBRYOS
GS. Mastick* GI . Andrews N.M. Davis and S S. Easter Jr.
Department of Biology, Univ. Michigan, Ann Arbor, MI 48109-1048

progenitor cells of the ventricular zone controls the type of intemeurons
they generate.

To investigate this we have begun to analyze the spinal cord of Sey
mice, which lack a functional Pax6 gene. At EI0.5 a subset of the Pax2+

intemeurons and the En 1+ interneurons are missing, while Evx 1 expression

appears normal. To determine whether the loss of En I is the result of
programmed cell death or a switch in cell fate we performed Tune!
analysis. At E 11, there was no increase in the number of cells undergoing
programmed cell death in the Sey spinal cords, suggesting that the loss of
En 1+ intemeurons is the result of a change in their cell fate. Examination
of E12.5 spinal cords has shown that a small number of EnJ+ cells are now
present, and that Evx 1 expression still appears normal. This suggests that
there maybe a Pax6 independent population of En 1+ cells that develops at
later stages.

The transcription factor Pax-6 regulates very early patterning events in the
developing forebrain. We recently found that Pax-6 mutations (Small eye) cause two
defects in the caudal-most neuromere, prosomere 1 (pl, presumptive pretectum): the
morphological boundary with mesencephalon (mes) is lost, and a p I -specific group
of posterior cornmissure (pc) neurons are missing. In the rostral prosencephalon,
axons wander, failing to pioneer the first longitudinal tract (tract of the postoptic
commissure, tpoc). We have now examined several molecular markers to identify
changes in regional identity that might underlie the neural defects.
Mouse embryos on E9.5-10.5 were labeled by whole mount in situ hybridization
and/or immunohistochemistry, and examined as whole mounts and sections. All
markers for dorsal pl were lost in the mutant, including markers for ventricular cells
(Gsh-1, Pax-6) and superficial cells (Lim-I). These lost markers were replaced by a
rostral expansion ofa marker for dorsal mes (Dbx). We suggest that this shift toward
a mesencephalic identity results in the loss of the pl-mes boundary and the plspecific dorsal pc neurons. In the rostral prosencephalon, longitudinal expression
domains (distalless, Nkx-2.2, Lim-], Gsh-1) delimited the wildtype tpoc axon
trajectories. In the mutant, the distalless and Nkx-2.2 strips were intact, indicating
that some aspects of regional patterning are independent of Pax-6 function.
However, Lim-I and Gsh-1 strips were lost or d{srupted, respectively, demonstrating
altered development that could ultimately disrupt tpoc axon navigation.
We conclude that Pax-6 specifies the identity of the regional
ify genes that potentially mediate Pax-6 function in regional identity, neuron
specification, and axon guidance.

(Support: NIH NS33337)

Supported by NS-3 l 249 to M.G., NS09865-02 to J.B.

347.4

347.3
Pax-5 REGULATES ISTHMUS ORGANIZER'S ACTIVITY THROUGH AN

INTERACTION WITH FGFS. J. Funahashi* and H. Nakamura. Lab. of Mo!.
Neurobiol., Inst. of Development, Aging and Cancer, Tohoku Univ. Sendai, Japan.
Midbrain-hindbrain junction (isthmus) acts as an organizer in the development
of CNS. When this tissue is transplanted to caudal prosencephalon, it keeps its
developmental fate and the surrounding host cells are induced to be mesencephalon.
Transcription factors En-1, En-2, Pax-2, Pax-5 and Pax-8 and diffusible factors
FGFS and Wnt-1 are known to be expressed in isthmus. Gene knock-out
experiments suggest that En-1, En-2, Pa.x-5 and Wnt-1 play a crucial role for
isthmus fonnation. Another line of experiment has shown that FGF8 protein
mimics the organizer's activity. To understand the molecular ba<;is for the isthmus
organizer's activity, we must study about the relationship between these factors.
From the analogy between insects and vertebrates, Pa.x-5 is a candidate of a key
factor that controls the organi:t.er because Pax-5 is orthologous to Drosophila

paired which is a member of pair-rule gene that regulates downstream segment
polarity genes engrailed and wingless; orthologues of En-11-2 and Wnt-1.
To study this possibility, we have cloned chick Pax-5 cDNA, constructed
expression vector, and transfected to neural tube of E2 chick embryos by IN OVO

ELECTROPORATION. High level of Pax-5 expression was induced and ectopic
expressions of FGF8, En-2 and Wnt-1 were observed throughout forebrain to
hindbrain. On the other hand, when FGF8 expression vector is clectroporated, Pa.x5 is also induced ectopically. These results suggest that Pa.x-5 holds higher position
in genetic hierarchy of the isthmus organizer.

Graded Expression of Emx-1 anti Emx-J, in Developing Rat Cortex.
RH Dyck* LJ Richards. C Akazawa JJA Contos 1...1,.C!llin 1 & DI;>_M O'Leary
Molecular Neurobiology Lab, The Salk Institute & 1Dept. Pharmacology,
Univ Calif San Diego, La Jolla, CA 92037.
The differential expression of regulatory genes in the neocortex during

neurogencsis may govern the developmental specjfication of functionallyspecialized ncocmtical areas, including area-specific efferent and afferent
projections. The Emx genes, homologues of the Drosophila homeobox gene
empty spiracles (ems )(Simeone et al. '92), are candidates for controlling tbis
process. Here we describe the cloning of full-length mouse Emxl and rat

Emx2, and their expression patterns during rat c01tica1 neurogencsis (which
spr.ns E12-E20), and later at ages. We sequenced 1562 bp of a clone
containing full-length, 771 bp coding region of mouse Emxl and 1528 bp of a
clone containing full-length, 780 bp coding region of rat Emx2. In silft
hybridization using full-lengtl1 antisense riboprobes shows that both Emxl and
Emx2 arc expressed in a graded manner in embryonic rat cortex. Emx2 is
expressed predominantly in the neuroepithelium throughout the period of
ncurogenesis, with highest levels caudally and medially, and lowest levels
rostrally and laterally. As neurogenesis diminishes and the neuroepit:helium
thins, Emx2 expression ceases. Em.xi is expressed in a similar graded manner;
however, Emxl is expressed in the neuroepithelium as well as in the
intermediate zone and cortical plate, indicating that it is expressed by both
cortical progenitors and post.mitotic cortical cells. A lower level of graded
Emxl expression is evident postnatally. Thus both Emxl and Emx2 arc
expressed highest in parts of neoc01tcx that wfll form more caudal and medial
areas, such as visual cortex, and lowest in parts that will form more rostral and
lateral areas, such as sensorimotor cortex. The maintenance of this graded

expression of Emxl and Emx2 tl,roughout neurogenesis suggests that the
gradient is position-dependent, rather than maturation-dependent, and may
impart area-specific identities to cortical cells. (Support: NINDS & NIMH).
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HOMEOBOX GENE EXPRESSION CORRELATES WITH NEUROPEPTIDE
LOCALIZATION IN THE RADIAL NERVE CORDS OF THE BRITTLE STAR
AMPHIPHOUS SQUAMATA. M.C Thorndyke* C Lowe 1 G Robinson and G.A.Wray1
School of Biological Sciences, Royal Holloway, University of London, TW20 OEX, UK
and 1Dept. Ecology and Evolution, SUNY, Stonybrook, NY 11794-5245.
The role of the homeobox gene family as transcriptional regulators of patterning,

OVEREXPRESSION OF HOX-B1 DURING CHICK HINDBRAIN
DEVELOPMENT. E.J.de H.Bell and A.G.S.Lumsden.*

s

boundary delineation and neuronal specification during development has been confirmed

throughout the animal kingdom. Most animal body plans follow a classic anterio-posterior
(AP) and dorso-vcntral polarity with segmental divisions.
Echinoderms have a unique pentaradiate symmetry which has proven difficult to relate

either to their putative invertebrate ancestors or their vertebrate successors both of which
exhibit classic AP polarity. However, the nervous system in Ophiuroids (brittle stars) has
been shown to exhibit a distinct segmental organisation with ganglionic clusters of
neuronal cell bodies following a reiterated pattern throughout the radial nerve cord which
extends the entire length of each arm.. In this study, we correlate the expression of

engrailed (en) protein (the product of the engrailed homeobox gene) with the appearance

of SALMFamide neuropeptide-containing neurons in the arms of the brittlestar
Amphipholis squamata. Standard immunocytochemical protocols were employed with both
whole mounts and sectioned material following application of the 4D9 monoclonal

antibody to the en protein and a polyclonal antiserum (NI) to the SALMFamide
neuropeptide S2. En protein is expressed segmentally throughout post~metamorphic
growth and development in close association with the radial nerve cords (RNCs). NI

immunoreactivity revealed a striking segmental and spatially ordered pattern of neurones
throughout the RNCs which mirrored. that seen with 4D9. Correlative microscopy shows
that en is expressed in clusters of cells which delineate the segmental ganglia and the
reiterated central axonal pathways. These :findings are in keeping with a model which
supports the notion that each RNC represents a replicate CNS with classic AP axis.

Funded by BBSRC (UK), NSF and Sloan Foundation (USA).
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Department of Developmental Neurobiology, UMDS, Guy's Hospital, London
Bridge, London SE1 9RT, UK.
During early development, the hindbrain forms a series of transient
segments, called rhombomeres, each having a specific neuronal architecture
and each endowed with its own repertory of gene expression. The Hox genes
are thought to confer identity upon individual rhombomeres, like their
Drosophila homologues; they are expressed in a two segment periodicity and
may establish positional value along the anterior-posterior axis of the
hindbrain. Hoxb-1 is an exception in that it is restricted to rhombomere (r) 4
at a crucial developmental stage, when neural crest cells migrate to the
second branchial arch and motor neurons are born. One specific class of
efferent neurons, the contralateral vestibule-acoustic neurons (CVAN) are
unique to r4 (Simon et al, 1993. Neuron. 11. 209-220). Null mutation of Hoxb1 (Studer et al, 1996. Nature. 384. 630-634) suggests that the contralateral
migratory behaviour of these cells is under the control of Hoxb-1. We have
investigated this by overexpressing Hoxb-1 in other rhombomeres using the
avian specific replication competent retroviral vector, RCAS(BP)B. Chick
embryos were infected with concentrated viral supernatant 4-5 hours post
incubation in order to ensure ectopic Hoxb-1 expression during early stages
of hindbrain development. Embryos were then harvested between
Hamburger and Hamilton (HH) stages 20-25, and neuronal patterns analysed
by retrograde Dil labeling. Preliminary data indicate that the CVAN are under
the control of Hoxb-1. When rhombomeres anterior to r4 express Hoxb-1,
CVAN were found in ectopic locations. We are currently analysing other
effects of Hoxb-1 on hindbrain development.
This work was supported by the Wellcome Trust.
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HOMEOBOX GENE EXPRESSION DURING REGENERATION OF THE
CNS IN A SIMPLE CHORD ATE. T. Bollner*. P.W. Beesley. M.C.
Thorndyke. School Biol. Sci. Royal Holloway U. London Egham TW20
OEX Surrey UK.
Regeneration of the CNS is generally limited to repair of relatively
minor damage. It is therefore rem arkable that a representative of the
chordates, a member of our own phylum, can regenerate its entire brain. In
Ciona intestinalis the whole brain regenerates following its ablation. It is
clear from immunocytochemical studies that the regenerating brain re
establishes the distributional pattern of neurons seen in the normal adult
brain. Immunocytochemistry shows a population of neurons expressing
cionin, a CCK like peptide to be restricted to the anterior part of both the
normal adult and regenerated brains. This indicates that there is a
mechanism controlling regionalisation of the brain. Homeobox containing
genes are involved in specifying positional information on a anteriorposterior axis in most animals and C. intestinalis orthologues of several
homeobox genes as well as the gene coding for the peptide cionin have
recently been cloned. We used RT-PCR to establish if and w hen the genes
for cionin, CiHbox 1 (80% identity to vertebrate Hox D3) and Ci-Dll-B
(80% identity to mouse Dlxl) are expressed during regeneration. Cionin,
which can be detected first at 14 dpa using immunocytochemistry, were
detected at 7 days post ablation (dpa) with RT-PCR. CiHbox 1 were
strongly expressed at 7 dpa whereas only weak expression was seen at 21
dpa. Ci-Dll-B was also detected at 7 but not at 21 dpa. None of these
homeobox genes were expressed in the normal adult brain. We are currently
investigating intermittent stages using the same technique as well as using
in situ hybridisation to localise the gene expressing cells. Funded by
BBSRC grant: INS 02819

3 4 7 .8
GRADED AND NUCLEI-SPECIFIC EXPRESSION OF HOMEOBOX
GENE Gbx-2 IN EMBRYONIC RAT DORSAL THALAMUS.
Y N akagaw a* and
P P M O'Leary.
M olecu lar N eurobiology
Laboratory, The Salk Institute La Jolla, CA 92037.
A crucial issue in neocortical differentiation and function is defining
the m echanism s that control the d ev elo p m en t o f area-sp ecific
thalam ocortical projections, w hich arise from nuclei o f the dorsal
thalamus. Since it is expected that position-dependent information in
the developing neocortex and dorsal thalam us control the development
o f area-sp ecific th a lam o co rtic al p ro je ctio n s, w e u sed in situ
hybridization to search for genes that show expression patterns that may
relate to this process. We have found that the homeobox gene Gbx-2 is
expressed in nuclei-specific and graded patterns in the em bryonic rat
dorsal thalamus. In E16 rat, Gbx-2 is strongly expressed in caudolateral
parts of dorsal thalam us, including the medial geniculate (MG) and
dorsal lateral geniculate nuclei (dLG), which project to auditory and
visual cortical areas, respectively, and expression dim inishes at
progressively more medial locations. Expression is high again near the
midline. At E l8, expression remains high in MG and the caudal part of
dLG, but is not detected in m ost of the v entroposterior (VP) or
ventrolateral (VL) nuclei, which project specifically to somatosensory
and motor cortical areas, respectively. Probing of single cell derived
cP N A am plified from individual projection neurons retrogradely
labeled from visual, auditory, somatosensory and m otor cortical areas
confirm s these findings. These results suggest that G b x-2 may be
involved in controlling the parcellation of dorsal thalam us and the
identity of specific thalamic nuclei. Further, the graded expression of
G b x - 2 may help reg u late the d ev elo p m en t o f area -sp e cific
thalam ocortical projections. (Supported by NS31558).

3 4 7 .9
THE R O L E O F T H E H O M E O B O X G E N E EMS IN P A T T E R N IN G
TH E D R O S O P H IL A E M B R Y O N IC B R A IN
B . H a rtm a n n * .
F. H irth. U . W a lld o rf and H. R e ic h e r t. In s titu te o f Z o o lo g y ,
U niversity o f B asel, CH -4051 Basel, S w itzerland.
W e are studying the m olecular m echanism s u n derlying em bryonic
brain developm ent in D rosophila. H ere w e report on the role o f the
hom eobox g ene empty spiracles (ems). W o rk by o th e r labs has
indicated that the ems gene has tw o em bryonic patterning functions: a
gap gene-like function during early stages and a h o m e o tic selector
gene-like function during later stages. T o investigate these postulated
g en e fu n c tio n s w e h a v e u s e d h ig h re s o lu tio n m o le c u la r
neuroanatom ical techniques to analyse the expression pattern o f ems
in em bryogenesis. In addition, w e have also an a ly sed the m utant
phenotypes that results in the developing brain, w hen the ems gene is
deleted. W e find distinct d ifferences in the ex p ressio n p attern s of
ems in the developing neuroectoderm as com pared to the developing
brain, w hich sug g ests th at sp atial restrictio n o f re g u la to ry gene
expression occurs not only in the neuroectoderm , but also w ithin the
d eveloping brain itself. T hese d ifferences are also reflecte d in the
effects o f m utations in the ems gene. T o further clarify the different
roles o f em s du rin g early and la ter stages in e m b ry o g e n e sis, w e
stu d ied the 5 ‘ reg u lato ry elem en ts o f the em s g en e . D iffe re n t
en h an cer co n stru cts w ere fused to a rep o rter g ene and the spatiotem p o ral e x p ressio n p attern w as e x a m in ed . T h e re su lts o f our
experim ents are discussed w ith resp ect to the co n cep ts o f gap gene
and hom eotic selector gene functions. S upported by the S w iss N SF.
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T H E H O M E O T IC G E N E S C O N T R O L E M B R Y O N IC B R A IN
P A T T E R IN G IN D R O S O P H IL A . F. H irth * , B. H a rtm a n n , S.
L e u z in g e r, an d H. R e ic h e rt. In stitu te o f Z o o lo g y , U n iv ersity o f
B asel, C H -4051 B asel, Sw itzerland.
W e have studied the functional role o f the hom eotic (HOM-C/Hox)
genes in building the em bryonic brain o f D rosophila. F or each o f the
eig h t genes in the H O M -C g ene clu ster, w e h ave ca rried o ut highr e so lu tio n e x p re ssio n stu d ie s u sin g la se r c o n fo c a l m icro sco p y
to g eth er w ith m olecu lar m arkers for n eu ro m eric b orders. F o r those
genes w hich are expressed in the em bryonic brain ( lab, pb, Dfd, and
Scr) w e have, in addition, analysed the m utant phenotypes that result
in the d ev elo p in g brain w h en th e g enes are d eleted . O u r resu lts
ind icate th at these develo p m en tal reg u lato ry genes are in v o lv ed in
brain pattering and regionalization, and that elim ination o f any one of
the genes generally causes m arked structural defects in defin ed brain
regions. In som e cases, specific axonal p ro jectio n d efects resu lt in
the m utant brains. T o analyse th eir fu nctional role further, w e have
u sed gen etic m ethods to o v erex p re ss the g enes in the d ev e lo p in g
b rain . T h e resu lts o f such o v erex p re ssio n ex p e rim en ts p o in t to
rem ark ab le sim ilarities in the fu n ctio n al p ro p erties o f th e h om eotic
g en es in the d ev e lo p in g e p id erm is an d in the d e v e lo p in g brain.
C o n sid erin g the ex p ressio n , loss o f fu n ctio n , an d gain o f fu n ctio n
p h en o ty p es o f the h o m eo tic genes in th e D ro so p h ila brain and in
m am m alian brain s, w e p o stu la te th at an e v o lu tio n a rily co n serv ed
p ro g ram involving the hom eotic genes un d erlies brain dev elo p m en t
in all higher anim als. S upported by the Sw iss N SF.
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M O L E C U L A R G E N E T IC T R A N S F O R M A T IO N O F T H E
E M B R Y O N IC B R A IN O F D R O S O P H IL A M E L A N O G A S T E R .
S. L euzinger. S. R ichter. F. H irth. B. H artm ann. R. F in k elstein . A.
S im eone. D . A cam pora. U. W alld o rf. W .J. G ehring. K. F urukuboT o k unaga. and H. R e ic h e rt* . In stitu te o f Z o o lo g y , U n iv ersity o f
B asel, CH -4051 B asel, S w itzerland.
W e are studying the roles o f the d ev e lo p m en tal co n tro l genes
o rth o d en ticle (otd) and w in g less (w g) in e m b ry o n ic b ra in
d evelopm ent o f D rosophila. T he otd gene is a m e m b er o f the head
gap gene class. It is involved in generating the anterior neurom ere o f
the brain. In transgenic flies carrying a copy o f the otd gene u nder
the control o f an inducible prom otor, dram atic transform ations o f the
d ev e lo p in g w ild ty p e brain and C N S can be attain ed th ro u g h o td
o verexpression. In otd m utants, phenotypic rescue can b e attained.
S im ilar effects result if the hum an h om ologs o f otd, O tx l or Otx2,
are used. T he regulatory control gene w g is in volved in cell-cell
signaling during developm ent. In the developing D ro so p h ila brain,
wg is ex p ressed an terio rly in a co m p lex sp atio -tem p o ral p attern .
M utational inactivation o f wg results in defects in the anterior pole o f
the brain. S pecifically tim ed reactiv atio n o f wg in co n d itio n a l wg
m utants leads to phenotypic rescue. E m b ry o n ic o v erex p re ssio n of
wg in transgenic flies results in a m ark ed size in crease o f the brain
and CN S. S im ilar expression patterns, lo ss-of-function phenotypes
a n d g a in -o f-fu n c tio n p h e n o ty p e s h a v e b e e n re p o rte d fo r the
m a m m a lia n g en e h o m o lo g s o f o td and w g in th e d e v e lo p in g
m a m m a lia n C N S .
T h is is in d ic a tiv e o f c o n s e r v e d g e n e tic
m echanism s for brain patterning. S upported by th e S w iss N SF.

EXPRESSION OF SONIC HEPGEHOG, PATCHEP A N P BMP-4 mRNA
IN PEV ELO PING TASTE PAPILLAE. T.E. Finger*, J.M. Hall, D . Kent,
K. Anderson, and J. H ooper. Dept. Cellular & Structural Biology, Univ.
Colorado Sch. o f Med., Denver CO 80262
Previous work by ourselves and others has established that taste buds
arise from local epithelium. In seeking the molecular events underlying
formation o f taste buds and their associated papillae, we have used in situ
hybridization to determine the time course and pattern o f expression of
several, related epithelial patterning genes: sonic hedgehog (Shh), its
receptor, patched (ptc), and the morphogen, BM P-4. Others have
reported the presence o f these mRN A ’s in developing lingual papillae, but
the timing and distribution o f gene expression is unclear.
In situ hybridization was carried out both on whole mount and sectioned
tongues from developing mice ( E ll to E18). At E11-E12, the tongue
primordium exhibits diffuse expression o f both Shh and p tc although a
slight anteroposterior gradient is evident. By E l 3.5, the Shh signal is
clearly localized to small punctate areas in the epithelium o f the rostral
part o f the tongue, apparently corresponding in location to the future
fungiform papillae. Similarly, p tc expression has coalesced into similar
sized, but less sharply-defined areas. BM P-4 expression also occurs in a
similar distribution at this time. All three mRN A ’s examined also were
expressed heavily at the site o f the developing circumvallate papilla in the
posterior tongue. By E l 6.5, Shh expression becomes punctate and
discrete in the fungiform epithelium while p tc expression forms an annulus
around the Sh h -positive regions. This late location o f Shh appears to
correspond to the site o f the future taste bud while the area expressing p tc
forms the surrounding epithelium o f the taste papilla.
Supported by NIH Grant PO l PC00244
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LOCALIZATION OF EPH MOLECULES IN THE INNER EAR. LM
Bianchi* ,NW Gale, GD Yancopoulos *Medical Univ South Carolina,
Charleston, 29425; Regeneron Pharm., Tarrytown, NY 10591
The largest known family of receptor tyrosine kinases is the Ephfamily. Ligands of the Eph family can be functionally divided into two
binding subclasses based on whether the ligands are m embrane bound by
linkage to glycophosphatidylinositol (GPI) or through a transm em brane
domain (Gale et al., Neuron, 17,1996). These molecules appear to be
involved in directing cell migration, axonal outgrow th and tissue
segmentation. The developing inner ear undergoes a series of
morphological changes in order to attain its m ature form. W hether Eph
molecules are involved in any of these processes is not yet known.
To investigate the distribution of Eph family members in auditory and
vestibular structures, immunohistochemical studies were conducted on
embryonic and postnatal rodent inner ears. Imm unostaining w ith
polyclonal antibodies (Santa Cruz) revealed that ligands and receptors of
the transm embrane subclass were largely associated w ith sensory hair
cells and afferent neurons. These molecules were first detected in early
embryonic development and continued to be expressed in adulthood.
Members of the GPI-subclass were expressed in complementary patterns in
the spiral limbus region of the cochlea. The areas of expression gradually
became more restricted during postnatal development. Imm unostaining
using Fc-tagged receptors and ligands revealed similar patterns of
expression. Thus, members of the Eph family are expressed in specific
regions of the inner ear and may be involved in regulating the
morphological development of auditory and vestibular structures.
(Supported by N IH /N ID C D DC03121 to LMB)
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Crossregulation between En-2 and Wnt-1 in the
chick tectal development. S. Sugivamal ,J. Funahashi1,
J. Kitajewski2 and H. Nakamura1* . 1D epartm ent o f M olecular

RETINAL EXPLANTS SHOW DECREASED OUTGROWTH ON
MIDLINE vs. LATERAL TECTAL GLIA . M.J. Young*. A.C. Sower. & S.
Jhaveri. Dept. of Brain & Cognitive Sciences, MIT, Cambridge, MA 02139.
During development, retinotectal axons approach, but do not cross, the
tectal midline. Glial cells at the midline appear to mediate this barrier
function: dissociated retinal neurons plated onto cultures of astrocytes from
midline tectum show significantly different growth properties compared to
those grown on lateral tectal astrocytes [Sower et al. (1996) Soc. Neurosci.
Abs., 22:33]. We have extended these observations by culturing retinal
explants on glia from either the midline or lateral tectum, showing that axons
emerging from these explants (i.e. axons of retinal ganglion cells) show an
even greater difference in the amount of growth on midline vs. lateral tectal
glia. Explants grown on lateral tectal glia show more numerous processes
than those grown on midline glia, and axons emerging from these explants
were significantly longer, with a 2-fold increase in the number of axons
extending >1 mm, and a 4-fold increase in the number of axons extending >2
mm after 48 h in vitro. The effect of extracellular matrix (ECM) harvested
from cultures of midline or lateral tectal glia was also evaluated, and a
similar, albeit diminished, difference in growth properties of retinal axons
was noted. The growth characteristics of retinal axons extending on ECM
substrates were quite distinct from those seen on glial substrates, with fewer,
less fasciculated, thinner processes seen on ECM.
Proteoglycans and/or glycosaminoglycans (GAGs) expressed at the
midline are believed to subserve the barrier function of the tectal midline.
Ongoing studies aimed at uncovering the molecular basis of the decreased
outgrowth seen on midline tectal glia/ECM will determine the impact of
specific GAG-lyases on the growth supporting properties of midline and
lateral tectal glia. These studies will provide insight into the formation of
barriers in the developing nervous system.
Support: NIH grant EY05504

N eurobiology, Institute o f D evelopm ent, A ging and C ancer, T ohoku
U niversity, A oba-ku, S endai 980-77, Japan. 2D epartm ent o f Pathology,
C olum bia U niversity M edical Center, 630W 168th St, N ew Y ork, N Y
10032.
B oth E n and W nt-1 are proposed to be essential signals for the
developm ent o f the optic tectum in chick em bryos. Drosophila engrailed
and w ingless , hom o lo g u es o f E n and Wnt-1 respectively, have been
show n to crossregulate each other. In th e p resen t study, w e report that
the crossregulation betw een En and Wnt-1 is preserved in the develop
m ent o f the chick optic tectum . W hen En-2 is overexpressed by the
replication com petent retroviral vector, Wnt-1 is induced ectopically at
the dorsal m idline o f the diencephalon. W hen Wnt-1 is introduced
extrinsically either by ectopic transplantation o f m esencephalon, or by
im plantation o f W nt-1 producing cells, En-2 is induced ectopically at the
dorsal m idline o f the tel-diencephalic border. Thus, ectopic expression
o f En-2 and Wnt-1 leads to crossregulation o f each other in the chick
brain. Since diencephalon transdifferentiate into the optic tectum by an
appropriate signal, crossregulation o f En-2 and Wnt-1 in the diencepha
lon m ay m im ic the relationship required for early developm ent in the
tectum .
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OCULAR INNERVATION AND GROWTH DYNAMICS IN THE DEVELOPING
LATERAL GENICULATE NUCLEUS. A. L. Williams*. Ci. Jeifeiv. B. E. Reese.
Institute of Ophthalmology, Dept. of Visual Science, Bath Street, London. EC1V
9EL; Neuroscience Research Institute and Dept. of Psychology, University of
California at Santa Barbara, 93106.
We have investigated the changes that occur in the shape of the ferret lateral
geniculate nucleus (LGN) during development. Novel numerical methods were
employed for analysing shape change in the nucleus as it appears in horizontal
section. Growth dynamics were studied in normal ferrets between embryonic day 31
and postnatal day 200 (E31-P200), and in ferrets monocularly enucleated on P0, and
killed between P5 and P47. Quantification of the two-dimensional LGN was
undertaken with elliptical Fourier analysis (EFA). Parameters describing each
outline were subsequently used in further statistical analysis.
Data from normal animals show that 30% of the changes in LGN shape have
occurred by birth, and full (shape) maturity is reached by the eighth postnatal week.
The rate of shape change is maximum at approximately two weeks after birth.
However, the results reveal that no discernable quantitative differences exist (in
horizontal section) between LGN growth in normal animals, and the ipsilateral or
contralateral LGN of monocularly enucleated animals. Fitting data from enucleated
animals to a function describing normal growth illustrates good correspondence
( r 2=0.99, contralateral; r2=0.93, ipsilateral). Nevertheless, deviations from the curve
are greater during later development due to the change in size between the
ipsilateral and contralateral nuclei.
This work suggests that postnatal patterns of innervation do not influence the
stmctural development of the LGN, although size is affected. Work is currently
under way to investigate shape changes that are occurring in three dimensions. Such
changes are important since they will also incorporate the rotation that the LGN
undergoes during development.
This work is supported by the Medical Research Council and the National
Institutes of Health.

THE INDUCTION OF A COMPARTMENT-BASED, ASYMMETRIC MAP OF
THE RETINA IN THE OLFACTORY CORTEX OF THE FROG. Scalia. F.*.
S. Eisner. S.M. Galoyan. E. Harris. W. Su and J.Y. Lettvin. Dept. Anat. & Cell
Biol., SUNY HSCB, Brooklyn, NY 112031, and Media Lab., MIT, Cambridge, MA
02139.
Displacing the optic nerve into the telencephalon in adult R. pipiens induces a
projection to olfactory cortex. We have examined the topographic organization of
this projection anatomically by injecting a mixture of biotin dextran (BDA) with 3Hamino acids into the affected eye immediately after making cuts across defined
sectors of the nerve fiber layer to trace the complementary patterns of anterograde
migration of BDA and 3H-label in the cut and intact retinal axons, respectively.
Fibers from the temporal side of the optic disc, terminated in an oblique band
along the posterior 2/3 or more of the ectopic projection-field. In contrast, fibers
arising in the nasal retina terminated in a parallel strip occupying the anterior 1/3
of the field or less. Varying the location of the cuts within each hemiretina did not
reveal any further organization along the nasotemporal or dorsoventral axes of the
retina. The retinal location of the cells involved in this projection was further
studied with injections of wheat germ agglutinin conjugated to horseradish
peroxidase into the olfactory cortex. Ganglion cells labeled by retrograde transport
were found throughout the retina, but they were much more numerous on the
temporal side, having a mean spatial density 3.7-7.4 times greater in the temporal
hemiretina, while the overall ganglion cell density (labeled plus unlabeled) was
roughly the same in the two halves of the retina. These data provide the first
example of a permanent projection in which the overall representation of the retina,
w'hile polarized in one axis (nasotemporal), is nevertheless non-topological within
each half-retinal projection, and is, therefore, only compartmentally organized.
(Supported by NIH Grant EY05284)
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SEXUAL DIMORPHISM IN RETINOIC ACID SYNTHESIS IN THE
DIFFERENTIATING SPINAL CORD OF THE WESTERN
MOSQUITOFISH, Gambusia affinis affinis. 1*E. Rosa-Molinar ,1B. Fritzsch,
and 2P. J. McCaffery. 1Dept Biomed. Sci., Creighton Univ. Sch. Med., Omaha,
NE 68178 and 2Dept Psychiatry, Harvard Med. Sch., and E. K. Shriver Ctr.,
Waltham, MA 02254.
Retinoic acid (RA) has not been previously considered to play a role in sexual
development and differentiation, an area accepted to be the domain of other
nuclear receptor ligands, specifically, estrogen and testosterone. In the teleost,
Gambusia affinis affinis, the Western Mosquitofish, the vertebral sex differences
seen between female and male G. a. affinis are reminiscent of changes resulting
from exposure to RA (Rosa-Molinar, et al., ActaAnat. 1994;151:20-35). We
investigated whether the immature spinal cord is a local source of RA which may
regulate the sexually dimorphic development of the “genital area” (RosaMolinar, et al., op cit). Spinal cord segment 8-16 corresponds to a sexually
dimorphic region of the G. a. affinis axial body plan, the “genital area.” The
differences in the endogenous retinoic acid levels correspond with a sex-specific
transformation and anterior transposition of the males’ anal fin and its
appendicular support, an event which is essential in the development of the male
sex-specific genital area.
Supported by the American Psychological Association Minority Fellowship
Program Pre-doctoral Fellowship in Neuroscience (NIMHT32MH18882),
Blanche Widaman Fellowship, and NSF (OSR9255225) to E.R-M; NTH Grant
(HD05515) to P. J. M.

PATTERNING OF GABAergic CELLS IN THE DEVELOPING SPINAL CORD.
I.E. Binor. J.L. Witten* and R.D. Heathcote. Dept. of Biol. Sci., University of
Wisconsin-Milwaukee, Box 413, Milwaukee, WI 53201.
Cellular patterns often result from mechanisms that determine cell fate. In
Drosophila, lateral inhibitory patterns depend upon the activity of neurogenic genes
such as Notch and Delta that help specify neuronal cell fate. In the developing
nervous system of vertebrates, homologous neurogenic genes are expressed. In
Xenopus laevis, catecholaminergic spinal cord neurons form a lateral inhibitory
pattern within one-dimensional columns of cells. To test whether other populations
of neurons differentiate in similar patterns, we analyzed the formation of a
population of GABAergic cells (Kolmer-Agduhr cells) in the ventral spinal cord of
Xenopus.
GABAergic cells differentiate in longitudinal columns along the ventral spinal
cord. GABA immunoreactivity begins to appear by 1.2 days (st 26), shortly after
neural tube closure (0.9 days, st 21). Immunoreactive cell bodies, axons and growth
cones are prominent in the spinal cord at this time. The cell pattern develops
gradually during embryogenesis, as the density of GABAergic cells increases. Two
longitudinal columns are heterogeneous with GABAergic cells apparently avoiding
contact with neighboring GABAergic cells. Spatial analysis at several embryonic and
larval stages showed that the GABAergic cell pattern in each column was nonrandom. This one-dimensional pattern resembles the catecholaminergic pattern.
Both GABAergic and catecholaminergic neurons form lateral inhibitory patterns in
the ventral spinal cord. We postulate that the mechanism that generates these
patterns could be shared by other spinal cord cell types. The GABAergic and
catecholaminergic patterns are similar to those generated by neurogenic genes in
Drosophila.
Supported by the University of Wisconsin-Milwaukee.

3 4 8 .7

3 4 8 .8

RALDH-2 ALDEHYDE DEHYDROGENASE IMMUNOLOCALIZATION IN
THE CHICKEN EMBRYO. C.J. Forehand*1. K. Beraaren1. P. McCaffery2.
U.C. Drager2 and H. Gronemeyer3. 1Dept. Anat. and Neurobiol., Univ.
Vermont Col. Med., Burlington; VT 05405,2Div. Devel. Neurobiol.,E.K.
Shriver Center, Waltham, MA, 02254 and 3lnst. Genet. Biol. Molec. Ceil.,
CNRS/INSERM/ULP, Col. de France, Strasbourg, France.
Manipulation of retinoid signaling in Stage 14-16 chicken embryos alters the
development of the sympathetic preganglionic cell column in the thoracic
spinal cord. To address the potential source(s) of endogenous retinoic acid in
these embryos, we have performed an immunohistochemical localization of
the synthetic enzyme, RALDH-2 aldehyde dehydrogenase. The antibody was
produced by injecting a NZW rabbit intranodally with recombinant RALDH-2
derived from a bacculovirus expression system. RALDH-2 localization was
determined in transverse sections through the thorax of Stage 12-17 and
Stage 20-22 embryos.
At early stages, immunolocalization of the enzyme was restricted to the
mesonephric duct. As development progressed, the adjacent intermediate
mesoderm and developing mesonephros became immunoreactive. The
immunoreactivity then extended into the lateral plate mesoderm, but was not
present in the thoracic somites, ectoderm or spinal cord. At Stages 20-22,
immunoreactivity was observed in the roof plate of the spinal cord as well as
in motor neurons and their axons. DRGs were not stained, but staining was
abundant surrounding the ganglia, possibly in migrating neural crest cells.
These results indicate that the mesonephric duct is likely to be a local
source of retinoic acid as it extends along the longitudinal axis of the early
embryo. Later during development, motor axons may synthesize retinoic acid
and thereby influence differentiation of peripheral tissues.
Supported by NIH NS30062 (CJF), EY01938 (UCD) & HD05515 (PM).

NEUROPHARMACOLOGICAL PROPERTIES OF BURST GENERA
TION IN ORGANOTYPIC HINDBRAINS-SPINAL CORDS FROM
EMBYRONIC MICE. J. P. Farber*. K. Miller. T. My ers and D. A.
M yers. Dept. Physiol., OUHSC, Oklahoma City, OK 73104.
Hindbrains-spinal cords were obtained from mice at embryonic day 14
( E l4) and prepared as organotypic cultures. Some neuropharmacological
aspects o f network bursting in this preparation were evaluated. For acute
studies, cultures were superfused at 2 ml/min with 3 1°C carbogen-bubbled
ringers solution (K+ = 5 mM). In several instances, preparations were
sectioned 1-3 times rostrocaudally so that effects on different burst generators
could be evaluated. Multiunit bursting activity was recorded from 50-100 μm
ID ringers-filled glass pipettes placed on the surface o f the preparation.
Blockade o f GABAAreceptors using bicuculline (5-10 μM) augmented burst
duration and/or amplitude, but had minimal effects on bursting rate. In
contrast, the non-NMDA glutamate receptor antagonist, CNQX (2-20 μ M),
eliminated bursting activity; this included suppression o f rhythm and burst
amplitude. The NMDA antagonist, MK-801 (up to 50 μ M), had little short
latency effect on bursting activity. Immunocyochemistry revealed the
presence o f choline acetyl transferase (CHAT) and tyrosine hydoxylase in
cells and fibers o f this organotypic preparation. Nevertheless, nicotinic and
muscarinic blocking agents failed to influence bursting, possibly because
CHAT-containing cells and fibers are dominated by output motor neurons
(with no target) which do not participate in pattern generating circuitry.
Studies with adrenergic agonists, antagonists, and reuptake inhibitors yielded
variable results; heterogeniety among burst generators at different recording
sites may be responsible. The respiratory bursts from in-vitro brainstems o f
neonatal rodents are also characterized by dependence on non-NMDA
glutamate receptors and minimal effects o f GABAAblockade on bursting rate.
Such neuropharmacological properties may then reflect an early expressed and
relatively widely distributed organization o f pattern generators. Supported by
HL-37318 from NIH and OU College o f M edicine Alumni Award.
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EXPRESSION OF BURSTING BY ORGANOTYPIC HINDBRAINS-SPINAL
CORDS FROM EMBRYONIC MICE. D. A. Mvers*. T. Myers. J. Trinh. and
J. P. Farber. Dept. Physiol, OUHSC. Oklahoma City, OK 73104.
Bursting activity from motor roots is found in acutely dissected hindbrains-spinal
cords from mice at embryonic day 14 (E14). For the present study, hindbrains-spinal
cords at E 14 were adhered to gas permeable membranes using a plasma-thrombin clot
and cultured for up to 5 weeks. The goals were to see if network pattern generators
continued to be expressed in culture and to evaluate the effects of different media on
pattern generation. Recordings were made extracellularly using glass micropipettes,
50-100 um ID, positioned on the surface of the preparation. For recordings, the
preparation was superfused with ringers solution (K+= 5 mM) bubbled with carbogen
gas. Temperature was maintained at 31 deg C for most experiments. Episodic as well
as rhythmic extracellularly-recorded multiunit bursts were obtained for as long as the
preparation was kept in culture. Rates of bursting could range from less than 10
bursts/min to over one bursts/sec. Long duration bursts (several sec) could be often
recorded from the same site as short bursts, lasting one second or less. Most
preparations showed waxing and waning of excitability over time intervals of approx.
1-3 min. Bursting activity was often synchronized between rostral and caudal
locations. To test whether there were multiple sites for burst generation, preparations
were sectioned up to 3 times rostocaudally, and recordings were made in the isolated
sections. Under these conditions bursting activity was observed independently in the
spinal cord and brainstem. The most complete media used for these preparations
consisted of minimal essential media (d-mem/f-12) with 17% bovine serum. Brains
grown with d-mem/f-12 or d-mem/f-12 to which heat inactivated /charcoal-treated
fetal calf serum was added, still had bursting discharges although the physical
appearance of the preparation differed from those grown in more complete media.
Organotypic hindbrains-spinal cords from E l4 have robust bursting behaviors which
may be useful for studying basic elements of pattern generation. (Supported by HL37318 from NIH and OU College of Medicine Alumni Award)

EPH-RELATED RECEPTOR TYROSINE KINASES/LIGANDS
INFLUENCE SEGMENTAL PATTERNING OF TRUNK NEURAL CREST
C- E- Krul l 1, R. Lansfo rd 1, N . Gale2, A. Collazo1, G. Yancopoulog2,
S. E. Fraser1. M. Bronner-Fraser1. Division of Biology, California Inst.
of Tech., Pasadena, CA 91125; Regeneron Pharm., 777 Old Saw Mill
River Rd., Tarrytown, NY 10591.
Trunk neural crest migrate segmentally through the somites, entering
the rostral, but not caudal, sclerotome. We are analyzing the roles of EPH
receptor tyrosine kinases (RTKs)/ligands in patterning the trunk neural
crest. Previously, we showed that neural crest expressed the RTK QEK10
(EphB3) whereas caudal sclerotomal cells expressed the ligand Elk-L
(ephrin-Bl). Application of ephrin-Bl-Fc to tru n k explants disrupted the
segmental patterning of neural crest Because some signalling may be
activated by this ligand-Fc, a monomeric ligand form, ephrin-Bl-myc,
was added to trunk explants. Segmental organization of neural crest
migration was also disrupted by ephrin-Bl-myc, in the absence of receptor
activation. To examine the direct effects of ephrin-Bl on neural crest,
stripe assays were assembled where isolated neural crest encountered
alternating lanes of ephrin-B l/fibronectin and fibronectin. N eural crest
avoided lanes containing ephrin-Bl; adding soluble ephrin-Bl to the
culture m edium mitigated these effect. The nature of this avoidance
response was analyzed via time-lapse confocal microscopy. N eural crest
often m ade filapodial and lam ellapodial contacts w ith the ephrin-Bl
stripes and displayed two types of behaviors: 1) collapse of the leading
process followed by full retraction from the ephrin-Bl stripe or 2) a lack
of directional movement. Experiments are in progress to explore the
potential roles of other EPH family members in patterning neural
precursors. (USPHS HD-15527 + MDA grant to MBF; MH-49176 to SEF)
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RHOMBOMERIC PATTERN OF VESTIBULOSPINAL AND VESTIBULOOCULAR NEURONAL POPULATIONS IN Q UAIL/CHICK CHIMERAS.
C.Diaz, T.C.Glover* and L.Puelles. D ept.M orphological Science, University
of Murcia, Spain and Dept.Anatomy, U niversity of Oslo, N orway.
W hile rhom bom eres are held to be genetically distinct developm ental
units, fate-mapping shows that m ost classical brainstem nuclei extend across
several rhombom eres (Marin and Puelles, Eur.J.Neurosci. 1995). In the
vestibular column, neuron clusters that differ in selective axon pathfinding
and target term ination are delimited by rhom bom ere boundaries at early
stages (Glover, Eur.J.Morphol. 1994). To w hat extent does this rhombomererelated pattern correspond to the m ature cytological and functional
organization of the vestibular column? Here, w e address this question by
combining homotopic grafts of single quail rhombom eres (either r3, r4 or r5)
w ith in vitro retrograde labeling a t later stages. Of the 3 vestibulospinal
groups defined by axonal trajectory, one is constrained mainly to r4 (some
superficial cells extend into r5), one lies exclusively in r5, and one lies in a
m ediolaterally interm ediate part of both r5 and r6. Of the 4 vestibulo-ocular
groups defined by axonal trajectory, one is largely constrained to r2, one lies
m ainly in r5 and r6 (but some cells lie in superficial r4 and m edial r7), and the
other 2 form jointly a typologically heterogeneous continuum across r2, r3, r4
and r5. Thus, some trajectory-defined vestibular groups correlate strongly
w ith one or two specific rhombomeres and a specific neuronal typology and
m ediolateral position. Consideration of cell typology and m ediolateral
position suggests that the other groups, although distributed over two to four
rhombomeres, nonetheless may be the sum of smaller individual components
w ith the same axon trajectory but differing in other properties potentially
related to rhombomeric domains. Supported by DGICYT grant PB93-1137 and
BARNEF BMHI CT94-1378 contract (L.P.) and the N ansen Fund (J.C.G.)

D -T Y P E C Y C L IN E X P R E S S IO N A N D CELL C Y C L E R E G U L A T IO N IN TH E
RHOM BENC EPHALON OF THE M O USE EM BRYO. P. Savatier*. F. Wiannv. C. Dehay*. F.
Real.. L. Vallier. H. K ennedy#, and J. Samarut. E cole Norm ale Supérieure de Lyon, C NRS
U M R 49, IN R A LA 913, 46 allée d'Italie, 69364, LYO N Cedex 07 and #INSERM U 3 7 I, 18
Avenue du D oyen Lépine, 69500 BRO N (France).
W e have exam ined the expression o f cyclin D1 and D 2 during the early stages o f neural tube
formation in the m ouse embryo. This study was carried out by in situ hybridisation on w hole
mount em bryos. Major variations in the RN A level o f cyclin D1 and D 2 were observed along
the A /P axis. A strikingly segm ented expression was observed in the hindbrain between E 8.25
and E 9.5, suggestin g that D type cy clin s could play a role in the sp ecification o f the
rhombomeres. At E 8.25, C yclin D1 R N A is strongly expressed in prospective rhombomere 4
whereas cyclin D 2 is more strongly expressed in the prospective rhom bom ere 3 (r3). A t later
stages (E 8.5-E 9.5) cyclin D1 show ed a much weaker expression in r3 and r5 than in the other
rhom bom eres. In contrast, cyclin D 2 show ed a stronger expression in r3 and r5, thereby
overlapping the expression dom ains o f Krox20. Therefore, w e are currently exam ining the
regulation o f cyl2, the gene encoding cyclin D 2, to determine if K rox20 might regulate cyl2
transcription in the neural tube.
A segm ented expression pattern was also observed in the chicken, characterized by a stronger
expression o f cyclin D1 in even-numbered rhombomeres.
C yclin Ds are major regulators o f the transit through the G1 phase o f the cell cycle. T o test
whether this alternated pattern o f expression in the rhombomeres could reflect a modulation o f
the cell cycle distribution o f precursors cells, we are currently exam ining the cell cycle kinetic
parameters o f the neuroblasts in the ventricular zone o f the hindbrain. In our previous work on
the cerebral cortex, we have been able to demonstrate that modulation o f the c ell-cycle kinetics
parameters o f neuroblasts contributes to the h istogenesis o f distinct cortical compartm ents
(cortical areas) in the primate and in the m ouse (Dehay et al., 1993; Polleux et al.,1997).
Bibliography: Dehay C. et al., Nature (1993); P olleux, Dehay and Kennedy (J. Comp. Neurol.,
1997 in press)
Supported by A ssociation pour la Recherche contre le Cancer and Ligue N ationale pour la
Recherche contre le Cancer, la Région Rhône-Alpes
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CELL MIGRATION FROM WNT-1 TRANSCRIBING ALAR PLATE OF
MURINE RHOMBOMERES 2-6. D.H. Nichols*. L.L. Bruce. P.R. Brauer.
Dept. of Biomed. Sci., Creighton Univ., Omaha, NE 68178.
Mouse embryos carrying a wnt-1 enhancer/lacZ fusion construct (WZT9B;
Echelard et al. , Development 120: 2213-24, 1994) were used to follow cell migration
from the alar plate of rhombomeres (r) 2-6 in mouse embryos from embryonic days
(E) 10-12. During E 10, the blue fl-galactosidase (β-gal) reaction product marking
wnt-1 transcribing (wnt-positive) cells is most extensive in r 2, 4 and 6. Many of
these cells then leave the neuroepithelium and migrate ventrally as the neural crest of
pharyngeal arches 1, 2 and 3 respectively. They leave behind a diminished
population of wnt-positive cells. The intensity of β-gal staining decreases in most
crest cells as they reach their destinations [however, stained cells can still be detected
in the septa of the E 12 truncus arteriosis]. Rhombomere 3 is located in the preotic
sulcus, while r 5 is adjacent to the otic placode. Transcription of wnt-1 is minimal
in the alar plate of these rhombomeres at this time (E 10), and no wnt-positive neural
crest cells were observed migrating directly from them. Beginning on E 11,
however, the wnt-positive region of the alar plate increases in size in r 3 and 5, while
maintaining its diminished extent in r 2, 4 and 6. Coinciding with the increase in
wnt-1 expression in r 3, many wnt-positive cells begin to migrate ventrally in the
subpial marginal zone of r 3. By E 12, cells migrating from the two sides have met
in the ventral midline. Thus, there are temporally distinct differential accumulations
of wnt-positive cells which in r 2, 4 and 6 coincide with ventrally directed, external
(to the neural tube) neural crest migrations and in r 3 coincides with a ventrally
directed, internal migration. In r 5, most, but not all, wnt-positive cells remain, at
least temporarily, in place. However, by E 18, the pontine nuclei, and a migratory
stream connecting them with the alar hindbrain, stain conspicuously for β-gal. We
suggest that this stream originates as the r 3 migration and might subsequently involve
r 5 wnt-positive cells as well. Supported by NIH P 50 DC 00215-09.

FATES OF FOREBRAIN POPULATIONS LABELED WITH A WNT1/LACZ ENHANCER CONSTRUCT IN MOUSE EMBRYOS. L.L. Bruce*
and D.H. Nichols. Dept. Biomed. Sci., Creighton Univ., Omaha, NE 68178.
The expression β-galactosidase (β-gal) reaction product was studied in mouse
embryos carrying a wnt-1 enhancer/lacZ fusion construct (Echelard et al.,
Development 120: 2213-24, 1994) from embryonic day (E) 8.5 to postnatal ages.
Five groups of neurons that express β-gal at E8.5-9.5 were followed at
progressively older stages to correlate identifiable nuclei with their place of origin
in the neural primordium. (1) β-gal-labeled cells appear in the roof plate at the
rostral pole of the telencephalon just prior to closure of the rostral neuropore
(~E9.5). These cells remain close to their place of origin, forming the anterior
preoptic area and subfornical organ, and contributing to the lateral septal nucleus.
(2) By E10.5 scattered large labeled cells extend from the olfactory epithelia,
through the olfactory bulb, diagaonal band and into the hypothalamus. With age,
greater numbers are seen in the hypothalamus, suggesting that they migrate
caudally. The migration and distribution of this group corresponds to that of the
terminal nerve/GnRH system. (3) A group of β-gal-labeled cells appears
immediately caudal to the evaginating optic vesicle around E9.5. These cells
remain in this position, forming the subthalamic nucleus, and are eventually
covered superficially by the internal capsule. (4) A thin sheet of cells in the roof
plate of the diencephalon appears at E8.5. Most cells remain in this position,
forming the medial habenular nucleus.
(5) Labeled cells in the dorsal
synencephalon (PI) extend laterally along the pial surface by E9.5. Some migrate
along the surface of the lateral posterior and medial geniculate nuclei and turn
inward along the edges of the medial geniculate. By birth these labeled cells form
parts of the lateralis posterior, suprageniculate, and posterior intralaminar thalamic
nuclei.
Supported by NIH grant P01 DC00215
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CADHERIN EXPRESSION IN THE EARLY DEVELOPING CHICKEN
CEREBELLUM. K. Arndt* and C. Redies. Institute of Biology III, University of
Freiburg, Schänzlestr. 1, D-79104 Freiburg i. Brsg., Germany.
Cadherins are calcium-dependent cell-cell adhesion molecules that preferentially
bind homophilically. During brain development, expression has been related to
early regionalization of the neural tube, formation of brain nuclei, and their
connections within distinct functional circuits (Redies and Takeichi, Dev. Biol.
180:413,1996). Synaptic complexes were found to express N-cadherin (Fannon and
Colman, Neuron 17:435,1996; Uchida et al., JCB 135:767,1996).
By immunohistochemical and in situ hybridization techniques, we show a
differential spatio-temporal expression pattern of three classical cadherins (cadherin6B, -7 and R-cadherin) during early cerebellar development (probes were kindly
provided by S.Nakagawa and M.Takeichi). Cadherin-6B and -7-positive cells and
neurites are found in the cerebellar mantle layer between E5 and E6. Subsets of
these cells (prospective Purkinje cells) seem to migrate to future cortical areas.
From the beginning of their migration, the cells keep contact through neurites
with subsets of prospective neurons of the deep cerebellar nuclei expressing the
same cadherin. Between E7 and E8, primitive cortical areas show distinct stripelike domains of cadherin expression. These early Purkinje cell domains remain
differentially connected to cadherin-expressing regions of the deep cerebellar nuclei
at later stages (see Arndt and Redies, Soc. Neurosci. Abstr. 639.6, 1996).
We suggest that the expression of cadherins in the early chicken cerebellum may
regulate the structural and functional transition of the cerebellum from its early
regionalized structure to its mature architecture.
(Supported by the Neurobiology Programm of the Land Baden-Württemberg.)

SPATIAL DISTRIBUTION AND CELL-TYPE SPECIFIC EX
PRESSION OF GENES IN THE LATE EMBRYONIC MOUSE
CEREBELLUM. S.M. Maricich*, R.R. Romito, K. Hemip Dept. of
Neuroscience and Neurology, Case Western Reserve Univ. Med. Sch.
Cleveland, OH 44106.
Specification of the cerebellar field begins at embryonic day 8 (E8)
when the expression of several transcription factors defines a region
of the neural tube at the midbrain/hindbrain junction. Soon after,
homeobox genes such as En-1, En-2 and Pax-2 are expressed
throughout the cerebellar ventricular zone. By E13 the production of
large neurons (Purkinje and deep nuclear neurons) is complete and the
pattern of the early transcription factors changes from uniform ex
pression to one with regional variations. One unanswered question is
the extent to which the variations are due to cell-type specific expres
sion as opposed to true spatial compartmentation. To approach the
problem of relating cell-type specific identity with group identity, we
have analyzed gene expression patterns using in situ hybridization.
The retinoic orphan receptor a (RORα), first expressed in the inter
mediate zone at E l3, is the earliest known marker of Purkinje cells.
We find that RORα is expressed in all Purkinje cells from E13 into
adulthood. RORα is also expressed in the thalamus and follows a
similar developmental program. Alternative splicing of the RORα
message gives rise to multiple transcripts; the spatial and temporal
patterns of their expression will be described. Expression patterns of
various patterned homeobox genes will also be assessed. High-resolution analysis of these patterns and comparison with the expression
of RORα will be used to determine precise group boundaries and celltype specificity.
Supported by the NIH (NS18381 and NS32779)
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H E T E R O G E N E IT Y O F C E R E B E L L A R P U R K IN JE C EL L S IN
HUMAN FETU SES. A. Milosevic*. B. Nikolic and N. Zecevic.
University of Connecticut, Farm ington, C T 06030,
Institute for
Biological Research, 11000 Beograd, Yugoslavia.
The transient expression of specific proteins during development may
be a main factor in directing grow th of afferent and efferent fibers to
their targets. In rat, transient P urkinje cell heterogeneity has been
suggested to play a role in form ation of projection m aps (W assef et al.,
1992). W e now investigated w hether sim ilar P urkinje cell heterogeneity
exists in human cerebellum. H um an fetuses (4 to 32 gestational weeks)
and one full-term new born w ere processed for immunocytochemical
analysis using antibodies to the intracellular calcium release receptors:
the inositol 1,4,5-trisphosphate type 1 (IP3R1) and the ryanodine (RyR),
as well as tw o calcium-binding proteins: the parvalbum in (PV) and the
calbindin D-28k (CB). IP3R1 and CB antibodies showed patchy
immunoreaction in the Purkinje cell layer from 18 gestational weeks on,
PV antibody from 23, and R yR from 27 gestational weeks on. However,
immuno-negative com partm ents showed the usual content of Purkinje
cells when counterstained w ith cresyl violet. In double labeling
experiments, some com partm ents w ere the same for all studied antigens,
while others w ere observed w ith only one antigen. In conclusion,
differential regulation of intracellular calcium plays a role in
com partm entalization of hum an P urkinje cells during second half of
gestation, and could influence the developm ent of cerebellar afferent and
efferent systems. Supported by grant M H53945.

3 4 9 .9

GENE EX PRESSION IN PA R A SA G ITTA L ZONES OF THE
DEVELOPING CEREBELLAR PURKINJE CELLS. T. Furuichi1*.
H. Yoneshim a1. F. Y oshikaw a1. D. Furutam a 2 and K. M ikoshiba1.
1Dept. Molec. Neurobiol., Inst. Med. Sei., Univ. Tokyo, Minato-ku,
Tokyo 108, and 2First Dept. Internal M ed., O saka Med. College,
Takatsuki-shi, Osaka 569, Japan.
We established several transgenic mouse lines carrying the ßgalactosidase (lacZ) gene driven by the promoter of the mouse type 1
IP 3 receptor (IP 3 R I) gene. From these lines, we found one line
whose cerebellum was sym m etrically stained as stripes in the
translobular direction with X-gal, a chromogenic substrate for lacZ.
This stripe pattern was due to transgene expression restricted to a
subset of Purkinje cells distributed in parasagittal zones. The zonal
expression were already detected in developing Purkinje cells as far
as E17. Complexity in the stripe pattern increased along with postnal
development up to around P 14, and num ber of lacZ-expressing
Purkinje cells gradually increased over the cerebellar cortex
afterwards. Each zone was characterized by density of heterogeneous
Purkinje cells in the transgene expression in addition to its width.
The zonal expression was preserved even in organotypic culture of
the cerebellum removed from cerebellar peduncles. The results
suggest that the property of this spatio-temporally controlled gene
expression is already inherent in immature Purkinje cells as far as
E l 7. The parasagittal zones o f gene expression in developing
Purkinje cells may be related with development of the compartments
for functional modules in the cerebellum.

3 4 9 .1 1

MOUSE Z i c l HAS AN EXSSENTIAL
CEREBELLAR DEVELOPMENT

ROLE

IN

Jun Aruga*. Osamu Minowa. Junko Kuno. Hirovuki Yaginuma.
Takeharu Nagai. Tetsuo Noda and Katsuhiko M ik o sh ib a. Mol.
Neurobiol. Lab., RIKEN, C ancer Institute, Univ. o f Tsukuba
Tsukuba, Ibaraki 305, Japan
Zic genes were found as a gene family encoding zinc finger proteins
expressed restrictedly in the adult mouse cerebellum. We recently
showed that the genes are expressed in the CNS of developing mice
and that they are the vertebrate homologues of D rosophila oddpaired, which may play essential roles in parasegmental subdivision
and in visceral mesoderm development.
To clarify the role of Zic genes in the cerebellar development,
we targeted Z ic l gene, which is a major species in the adult CNS
among the Zic family. Homozygous mutants showed remarkable
ataxia during their postnatal life and most o f them died within a
month after birth. Morphologically, the cerebellum was hypoplastic
and showed abnormal foliation pattern. The abnormality of cerebellar
foliation could be detected as early as 17 days post coitum. These
findings suggested that Z ic l has an essential role in the vertebrate
development. Further characterization on the family may reveal
genetic interactions with other genes involved in cerebellar
development.
Supported by grants from Japanese STA and MESC.
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CALBINDIN ORGANIZATION IN THE NEWBORN
MOUSE CEREBELLUM: GENEALOGICAL ANALYSIS OF
PURKINJE CELL COMPARTMENTS.
K. Ozol* and R. Hawkes. Dept. Anatomy and Neuroscience Research
Group, U. of Calgary, Calgary, Alberta T2N 4N1, Canada.
Vitamin D-dependent calcium-binding protein (calbindin; CaBP) is a
Purkinje cell specific antigen in the mouse cerebellum. In the adult, all
Purkinje cells are im m unoreactive, but in the neonate, CaBP
expression is topographically organized. To further our understanding
of neonatal cerebellar topography, anti-CaBP immunocytochemistry
was used to reconstruct CaBP-im m unoreactive clusters in the P0
mouse cerebellum. In the anterior lobe of the newborn mouse, CaBP is
expressed by subsets of Purkinje cells that are arranged in parasagittal
bands. The band distribution is symmetrical about the midline and
reproducible from individual to individual. In addition, transverse
expression boundaries were identified in lobules VI and VIII. Embryos
exposed to BrdU at embryonic days 11 and 12 reveal that birth-date
related Purkinje cells share a common CaBP phenotype at P0. These
neonatal PC birthdates/CaBP clusters were compared to Purkinje cell
compartments revealed by using anti-zebrin II immunocytochemistry
in the adult. This has allowed the construction of a genealogy relating
CaBP clusters of the neonate and parasagittal bands in the adult.
Funding was provided by the M edical Research Council of Canada
(R.H.). K.O. is supported by a studentship from the Alberta Heritage
Foundation for Medical Research.

3 4 9 .1 0
PARCELLATION OF CALBINDIN AND PARVALBUMIN IMMUNOREACTIVITY IN VERMAL BUT NOT HEMISPHERIC PURKINJE CELLS IN
FETAL HUMAN CEREBELLUM. L.J.Garey * and X.X.Yan. Depts. of
Anatomy, Charing Cross & Westminster Medical School, London W6
8RF, UK, and Hunan Medical University, Changsha 410078, P.R.
China.
The mammalian cerebellum is structurally and functionally modular.
In rodents Purkinje cells in the vermis are organized in compartments.
Little is known about cerebellar modules in man. The present study
explores periodicity of Purkinje cells in human fetal cerebellum using
calbindin D-28k (CB) and parvalbumin (PV). A t 13 weeks (W) of ges
tation, CB-reactive Purkinje cell precursors were found in the vermis
but not the hemispheres. Immunoreactive somata and their axons
were organized in sagittal compartments alternating with unstained
bands. PV was first seen by 15W, and Purkinje cells in both vermis
and hemispheres were labeled by CB and PV. The compartments were
congruent in neighboring folia, and extended anteroposteriorly and
dorsoventrally over the entire vermis. In contrast, hemispheric Purk
inje cell immunoreactivity was distributed evenly. A t later ages, the
compartmental distribution of Purkinje cells in the vermis was main
tained, but the number of bands increased while their widths de
creased. By term, the compartments were more numerous and irregu
larly oriented than in younger cases. Early expression of CB and PV in
Purkinje cells suggests that they may be involved in their maturation,
development and plasticity.
Supported by the National Educational Committee of China.

3 4 9 .1 2
T E N A S C IN -C IS O F O R M V A R IA B IL IT Y IN P O S T N A T A L DAY 6
M O U S E C E R E B E L L U M . A. Joester. A. N iehaus*. and A. Faissner.
D epartm ent of N eurobiology, INF 364, U niversity of Heidelberg, 69120
Heidelberg, Germany.
The extracellular matrix molecule tenascin-C (TN-C) is transiently ex
pressed by astrocytes during CNS development and is thought to play a
role in histogenetic events such as neuron migration and axon growth. The
sm allest mouse TN-C isoform consists of an amino-terminal cysteine-rich
sequence, subsequent 141/2 EGF-type and 8 fibronectin type III (FNIII-)
domains followed by a carboxyterm inal region exhibiting homologies to
fib rin o g en -(β and -γ . A dditional isoforms are generated by insertion of up
to six alternatively spliced FNIII-domains (named A l, A2, A4, B, C, and D)
between the fifth and sixth FNIII-domain of the basic structure. Each of the
alternatively spliced FNIII-domains is encoded by a single exon. Therefore,
independent splicing of these domains might result in a maximal number
of 64 isoforms for mouse TN-C.
In order to examine to which extent this combinatorial potential is real
ized in vivo, we analysed TN-C isoforms expressed in postnatal day 6
mouse cerebellar tissue which contains high levels of the glycoprotein. RTPCR analysis was carried out with primers located up- and downstream of
the alternative splice site and the resulting products were cloned. The
analysis of these clones revealed hitherto 26 different TN-C isoforms, most
o f w hich are novel. The highest degree of variability was found with
variants com prising three or four alternatively spliced FNIII-dom ains. In
contrast, the isoforms with one and five additional domains are composed
predominantly o f domain D and the combination A l, A2, A4, B, D, respec
tively. The com binatorial variation of TN-C opens the possibility for
topological specification of neural microenvironments.
Supported by D FG (SFB 317 and G raduiertenkolleg) and Schilling
Stiftung.
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IDENTIFICATION OF DIFFERENTIALLY EXPRESSED mRNAs IN THE
PONTINE NUCLEI DURING THE FORMATION OF CORTICOPONTINE
AXONAL CONNECTIONS. T.Takami. H.Takaai and M.Sato*
1st Dep. of Anatomy, Osaka City Univ. Medical School, Osaka , Japan
The corticopontine projection is a well suited model for studying the
mechanism of axon pathfinding and target recognition. It has been
suggested that the pontine nuclei release a diffusible activity that attracts
growing cortical axons and induces an interstitial branching from the axon
shaft in coculture studies in collagen matrices.
To understand this complicated mechanism, we have attempted to isolate
mRNAs differentially expressed in the pontine nuclei during the formation of
corticopontine axonal connections by the method of differential display and
in situ hybridization histochemistry. We have isolated three clones (#10-4,
#65-1, #67-1) which are expressed specifically and characteristically in the
pontine nuclei. #10-4 is expressed predominantly in the medial portion of
the pontine nuclei, while #65-1 is expressed in both the pontine nuclei and
the inferior olivary nuclei which are also the target tissue of corticospinal
tract. Sequence analysis has indicated that these three clones are not
closely related to any other sequences in DNA Databases. Northern blot
analysis has indicated that #10-4 are not only expressed in the pontine
nuclei, but also in the cerebral cortex and hybridizes with two mRNAs which
are considered to be splicing isoforms, and that #65-1 and #67-1 are
estimated to be about 5Kb in size and expressed specifically in thepontine
nuclei. Pons cDNA library screening and modified RACE (rapid amplification
of cDNA ends) are in progress for further sequence analysis.
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THE DROSOPHILA POU DOMAIN TRANSCRIPTION FACTOR,
A C J 6 , CO N TR O LS A SPEC TS OF N EU R O N A L ID E N T IT Y
N EC ESSA R Y FO R C O RR EC T AXON PA T H FIN D IN G AND
T A R G ET IN G .
S.J. C e rte l 1 . P. C lvne3 . J. C arlson3 ,W .A.
J o h n s o n 1,2* 1) G enetics Ph.D. Program , 2) D epartm ent of
Physiology and Biophysics, University of Iowa, Iowa City, IA 52242,
3) Department of Biology, Yale University, New Haven, CT 06511.
In many systems, POU domain transcription factors have been
shown to control the generation of neurons as well as several detailed
features of neuronal differentiation, such as axon pathfinding and
neurotransm itter production. W e have focused our efforts on
determining the role of a class IV Drosophila POU domain containing
protein, A C J 6 (previously described as I-PO U ) during CNS
development. a c j6 is prim arily expressed in a discrete subset of
motorneurons and interneurons which includes the serotonergic cells
in the em bryonic nerve cord. To address the function of the acj6
gene, we carried out a genetic analysis of this locus. Loss of acj6
function as well as ectopic expression of ACJ 6 cause distinct defects
both in interneuron and m otorneuron axon pathfinding and in
neurom uscular innervation. These results indicate acj6 controls
specific aspects of neuronal identity. Like other class IV members
including the Brn-3 genes, acj6 is alternatively spliced. W e are using
the G A L4/U A S system to investigate the functionality of the
alternatively spliced products in neuronal differentiation.
American Cancer Society RPG-97-023-01-DB
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DEVELOPMENTAL EXPRESSION OF THE GTP-BINDING PROTEIN Gzα IN
THE MOUSE NERVOUS SYSTEM Kelleher. K. Matthaei and I. Hendry*
Division of Neuroscience and Biochemistry and Molecular Biology, John Curtin
School of Medical Research, Australian National University, Canberra ACT 2600
There has been recent evidence that Gzα may play a role in the transmission of
the neurotrophic signal from nerve terminals to the cell bodies (1). We were
interested to examine the developmental expression of Gzα in the peripheral and
central nervous systems of the mouse, in order to further examine its potential role
in developmental signalling.
Our laboratory has developed a quantitative RT-PCR for Gzα which makes use of
a fragment of the PCR product shortened by 107 base pairs creating a standard
which mimics the original RNA. Serial dilutions of the mouse RNA with a
constant concentration of mimic RNA were made and the crossover point where
equal amounts of product are formed allows accurate measurement of Gra RNA in
the tissue.
We have demonstrated that in the developing mouse SCG, DRG and Trigeminal
ganglion the expression of Gzα message is highest at varying ages between a late
embryonic age and birth. From 3 weeks of age Gzα levels begin to fall to reach the
much lower levels found in the adult animal. These results suggest that Gzα is
being expressed at the time when peripheral innervation is occurring further
strengthening the hypothesis that it may be important in the transfer of
information from the target to the innervating cell. The developmental expression
of Gax in the cerebellum and the cerebrum differs slightly from the peripheral
nervous system in that the peak in Gzα expression is highest around birth to one
week postnatal and again the levels begin to decline as adulthood is approached.
1. Johanson, S.O., Crouch, M.F., and Hendry, I.A. (1996) Neurochem. Res. 21.
779-785
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Embryonic spinal neurons grow selectively on membranes from caudallyderived
muscles and muscle cell lines.
H. Wang, A.S. Norton, R.M.
Lewis, J.R. Sanes and M.B. Laskowski*. Dept. Of Biological Sci.,
University of Idaho, Moscow, ID
83843 and Dept. Anatomy and
Neurobiology, Washington Univ., St Louis, MO 63110.
Previous studies from our laboratories have shown that rostrally and caudally
derived spinal motor axons preferentially innervate rostral and caudal
muscles, respectively (Laskowski and Sanes, J. Neurosci 7:252, 1987). To
elucidate mechanisms that underly this selectivity, we used a stripe assay
based on that of Walter et al (Development 101:685, 1987). Membranes
from rostral (neck) and forelimb or cauda; (hindlimb) E l8 rat muscles were
arrayed in alternating lanes on a nitrocellulose filter. Transverse slices of
rostral (cervical) or caudal (lumbar) E l5 spinal cord were then cultured atop
the filters. Neurites from caudal slices grew almost exclusively on caudal
lanes in 79% of cocultures, and showed no preference in 21% (n=24).
Rostral neurites grew on caudal lanes in 52% of cultures, randomly in 48%
(n=66). Thus E l5 neurites, probably motor axons, recognize guidance cues
differentially expressed by rostral and caudal muscles. To extend this work
we tested membranes from immortalized, clonal myogenic cell lines derived
from neck or hindlimb muscles (Donoghue et al., Cell 69:67, 1992). Caudal
and rostral neurites grew selectively on caudal membranes in 93% and 71%
of cultures, respectively; other cultures showed random growth, and none
preferred rostral membranes (n=35). Thus, position-dependent cues are
retained by cell lines, which may be preferred sources for molecular studies.
Supported by NIH

S o c ie ty f o r N e u ro s c ie n c e , V olum e

23,1997

BODY WALL LOCATION AND CELL TYPE COMPOSITION OF SENSILLAR
AFFERENTS IN THE MEDICINAL LEECH. B.M. Campbell. K.M. Johansen*§. J.
Johansen§ and J. Jellies†. †Department of Biological Sciences, Western Michigan
University, Kalamazoo, MI 49008 and §Department of Zoology and Genetics, Iowa
State University, Ames, IA 50011.
During embryogenesis in the leech a heterogeneous population of sensory neurons
(sensilla) arise in the body wall and project axons toward the CNS. There are 14
sensilla in each midbody segment in 7 bilateral pairs (S1-S7) with SI located most
ventral. These sensilla differentiate in a characteristic order and project axons toward
the CNS in stereotyped patterns. Within the CNS the afferents bifurcate and fasciculate
into distinct tracts. Selection of particular tracts is correlated with differential
expression of particular epitopes. We are examining the hypothesis that pathway
selection within the CNS might be related to sensory modality and/or the dorsalventral position of sensilla across the body wall. We have begun to examine this by
using Lan 3-2, an antibody that recognizes all sensillar neurons, in combination with
focal injections of the carbocyanin dye, Dil. These dye injections have revealed that at
least some sensillar afferents extend along CNS fascicles for at least one ganglion
beyond the segment of origin. Thus, direct targets need not be restricted to a single
segment. To examine the possible heterogeneity of sensilla we prepared Lan 3-2
without detergent to stain external hair-like projections associated with a subset of
these neurons. This demonstrated that there is an unequal and non-random distribution
of these hair-bearing afferents amongst the sensilla. The ventral sensilla possess about
three times the number of these hair-bearing cells compared to the more dorsal ones.
SI, for example, has about 25 (n=42) in relatively young juveniles while age-matched
S7 has only 9 (n=12). This is consistent with the idea that heterogeneity in sensory
modality varies as a function of body wall position. Our next step in this will be to
examine whether particular fascicles chosen within the CNS are directly related to this
heterogeneity. Portions o f this work supported by an NSF grant (JJe) and an NIH
grant (JJo).
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SENSORY NEURON ACTIVITY AFFECTS THE DEVELOPMENT
OF SENSORY AXONS IN CAENORHABDITIS ELEGANS.
E.L. Peckol*. J.C. Yarrow and C.I. Bargmann
Howard Hughes Medical Institute, Departments of Anatomy and Physiology,
University of California, San Francisco, CA 94143.
Mutations in the C. elegans cyclic nucleotide-gated channel encoded by tax-2 and
tax-4 cause axon outgrowth defects of some sensory neurons. Defects in this sensory
neuron-specific cationic channel should alter sensory neuron activity. Animals with
mutations in unc-36, an α -2 calcium channel subunit, also display aberrant axon
outgrowth in several sensory neurons. To ask whether the corresponding axon defects
reflect a perturbation of an activity-dependent developmental process, we have
examined sensory axons in other mutants that should affect neuronal activity.
Additional evidence supports the hypothesis that a deficiency in sensory neuron
activity causes improper axon outgrowth. The sensory cilia of the bipolar
chemosensory neurons are required for sensory recognition, but are located far from the
growing axons. Mutants with truncated sensory cilia have sensory axon defects
similar to those of tax-2, tax-4, and unc-36 mutants. The presence of axon
abnormalities in mutants that affect the sensory cilia suggests that normal sensory
neuron activity is required for normal axon outgrowth of sensory neurons.
To characterize further the role of activity in axon outgrowth, we have expressed
exogenous delayed rectifying potassium channels in specific subsets of sensory
neurons. Expression of these channels should shunt any excitatory potentials, thus
mimicking sensory deprivation. Using green fluorescent protein to visualize these
neurons, we have determined that such channels alter cell migration and axon
pathfinding in some neurons. These defects strongly resemble those observed in the
mutants described above. In contrast, ion channel expression in other neurons perturbs
their function yet their development is unaffected.
Supported by grants from the UC Regents, Achievement Rewards for College
Scientists, Howard Hughes Medical Institute. CIB is an Assistant Investigator of the
Howard Hughes Medical Institute.
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INTRACELLULAR SIGNALING CASCADES MEDIATING
AXON EXTENSION AND TARGET RECOGNITION IN THE
DEVELOPING XENOPUS VISUAL SYSTEM
B. Lom* & C.E. Holt Biology Dept, UCSD, La Jolla, CA 92093.
Fibroblast grow th factor receptor (FGFR) signaling plays a role in
two aspects of Xenopus retinotectal projection development: retinal
ganglion cell (RGC) axon extension and targeting. Axons w ith
impaired FGFR signaling both extend slowly and fail to enter the
optic tectum (Neuron 17:245). Activated FGFRs stimulate a variety of
cellular responses via several different second messenger cascades
that include phospholipase C (PLC), Ras, protein kinase C, and
cytoplasmic tyrosine kinases. Previous studies of cerebellar neurons
in vitro dem onstrated that neurite outgrow th can be elicited by a PLC
signaling cascade (Development 120:1685). To elucidate the signaling
mechanism(s) em ployed by Xenopus RGC axons as they extend
through the optic pathw ay and recognize their target, w e applied
pharmacological inhibitors to block specific molecular components of
the PLC cascade in growing RGCs.
Inhibiting DAG lipase w ith RHC-80267 eliminated bFGF-induced
retinal neurite outgrow th w ithout influencing BDNF-induced neurite
outgrowth in vitro. Similarly, blocking Ca2+/calm odulin kinase
activity w ith KN-62 eliminated bFGF-, b u t not BDNF-induced retinal
neurite outgrow th in vitro. In vivo, RGC axon extension slowed
significantly in optic pathw ays exposed to the DAG lipase inhibitor,
but RGCs targeted properly to the tectum. These results suggest that
FGFR activity in retinotectal projection developm ent m ay employ
distinct signaling cascades to prom ote RGC axon extension and
mediate target recognition. (N IH EY 06739, N S 23780, & P e w S c h olars A w a rd ).

NEURITE GUIDANCE BY ASTROCYTES INVOLVES PROTEIN KINASE
C. E. M. Powell* and H. M. Gel1er. Department of Pharmacology, UMDNJRobert Wood Johnson Medical School, Piscataway, NJ 08854.
Astrocytes have been implicated in guiding neurites by forming
boundaries during development. We have developed a cell culture astrocyte
boundary model to elucidate mechanisms of neurite guidance. The boundary is
formed by the juxtaposition of permissive A7 and non-permissive Neu7 astrocytederived cell lines. Neurites from dissociated embryonic rat cerebral cortical
neurons recognized the A7/Neu7 boundary and >95% turned or stopped, while
fewer than 5% crossed. We now show that pharmacological modification of the
activity of protein kinase C (PKC) alters the neurite response to the boundary.
Activating PKC with phorbol esters (2 μM) decreased the efficacy of the
boundary and increased neurite crossing by two-fold. In addition, the overall
neurite extension was decreased. In another set of experiments, inhibiting PKC
with either staurosporine (50 nM) or H7 (100 nM) also increased neurite
crossing, but increased neurite extension. These results provide evidence that the
processes of neurite guidance and neurite extension are separate, and that simply
modulating the rate of neurite extension does not lead to a subsequent change in
neurite guidance. Previously, we have demonstrated that neurite guidance at the
astrocyte boundary is due to multiple guidance cues, including chondroitin and
keratan sulfate proteoglycans, tenascin, and specific carbohydrate residues. Each
of these guidance cues may act through different signal transduction cascades.
Our results from modulating PKC suggest that it is involved in the mechanism(s)
used by these guidance molecules.
Supported by NIH R01 NS-24168 to H.M.G. and NIH F31 MH-10S15
to E.M.P.
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ION PARAMAGNETIC RESONANCE OF THE NEUROFIBRE - THE
NEW DIAGNOSTIC METHOD. A.N.Volobuev, E.L.Ovchinnikov, L.A.Trufanov.
Samara State Medical University, Samara, Russia.
Ionic transport intensity defines the functional state of the membranes nerve and
inuscie fibre. Selective determination of the ion transport intensities for individual
kind of ions appeals to diagnostic aims. The problem raised here can be solved by
ion paramagnetic resonance appearing on the setting the organism under the
constant magnetic fields (CMF).
The essence of the resonance rise is following. Induction of the external CMF is
directed axially to the fibre. Ions moving perpendicular to the neuromembrane are
acted by LORENTZ force which directed along the membrane surface and
perpendicular to the fibre axis. That force creates the tangential components of the
movement velocity of the ions both diffusing between lipid molecules and moving
within the ionic channels. Tangential movement of the ions creates the circulating
current inside the nerve fibre. Current circle and its magnetic field having tore form
move along the fibre in common of the magnetic field bound with the current circle.
According the l a r m o r theorem magnetic moment will precession round the vector
of the external CMF. If the nerve fibre is placed in an electromagnetic field.
paramagnetic resonance arises at coincidence the frequency of magnetic moment
precession round the external CMF and electromagnetic field frequency of
precession. The resonance frequency accords the l a r m o r precession frequency and
it is individual characteristic of the ion penetrating through the membrane. The
method presented here allows to create the apparatus which can be used to diagnosis
in vivo the selective intensity of the ion transport through the cell membrane.

POLYHEMA SPONGES FOR REPAIRING INJURED SPINAL
CORD TISSUE. R. Pallini, S. Giannetti, A. Consales. L. Lauretti, E.
Fernandez*. Institutes o f Human Anatomy and Neurosurgery, Catholic
University, Rome, Italy.
Acrylic hydrogels, like the polymer o f 2-hydroxy ethyl methacrylate
(polyHEMA), are biocompatible, mechanically stable, porous materials
that can be coated with collagen or laminin acting as bioadesive
substrates. PolyHEMA sponges have been shown to support axonal
regeneration in the optic pathways o f the rat (Plant el al, 1995). In the
present work, the ability o f polyHEMA sponges to provide the injured
spinal cord (SC) neurons with a conductive substrate for their
regenerating axons was investigated in 22 adult W istar rats. Collagen
impregnated polyHEMA sponges (1 mm long) were implanted into
suction cavities o f the dorsal funiculus o f the SC. Two to 4 months after
implantation, the SC was removed and processed for histology, and
S I00 and GFAP immunohistochemistry. To study axonal regeneration
into the sponge, horseradish peroxidase (HRP) (Sigma VI, 8% solution)
was injected (0.05-0.1 ul) into the SC or brainstem. PolyHEMA sponges
integrated with the host SC tissue. The fibroglial reaction, accumulation
o f mononuclear cells, and angiogenesis at the interface with the sponge
were minimal. Cystic cavitation in the SC was virtually absent.
Anterograde HRP-labeled axons were seen to penetrate and to elongate
the full length o f the sponge. These results demonstrate that polyHEMA
sponges represent a safe supportive material for regenerating SC axons.
This work was partly supported by MURST, Italy
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D3-MEDIATED ALTERATIONS IN MESENCEPHALIC-DERIVED NEURO-

EXPRESSION
OF
DIFFERENT
mRNA
FOR
BDNF
AND
NEUROTROPHIN RECEPTORS IN CULTURES FROM EMBRYONIC
RAT MESENCEPHALON. G. Bustos*. E. Aliaea. F. Rage and L. TapiaArancibia. Lab. Biochemical Pharmacology, Faculty of Biological Sciences,
Catholic University of Chile, Santiago, CHILE and Lab. de Plasticité et
Adaptations Cellulaires, Université Montpellier 2, Montpellier, FRANCE.

TROPHIC ACTIVITY. P.M. Carvey* C. W. Tone and Z.D. Ling. Dept.
Neurological Sciences; Rush Medical Center, Chicago IL.
We previously demonstrated that the D3 preferring DA agonist pramipexole
(PPX) reduced the DA neuron loss in mesencephalic cultures (MesC) produced
by levodopa. Conditioned-media from MesC incubated with PPX increased the
survival and growth of DA neurons in recipient cultures suggesting increased
trophic activity. This activity was heat-labile, abolished by M PP+ pretreatment
o f the donor culture, and not present in non-DA culture systems. We
hypothesized that the neuroprotective effects o f PPX were due, in part, to its
ability to increase trophic activity. We have now evaluated the effects o f D3
receptor manipulation on the production o f this activity. The D3-selective agonist
7-OH-DPAT dose-dependently increased trophic activity and potentiated the
neuroprotective characteristics o f PPX while the select D3 antagonist U99194
(5,6-dimethoxy-N,N-dipropyl-2-indanamine monochloride) dose-dependently
decreased the neuroprotective effects of PPX. Similar manipulations using D2
agonists and antagonists did not affect PPX neuroprotection. Neutralization
studies using anti-GDNF and anti-BDNF failed to reduce ^he trophic activity
present in conditioned media. Centricon filtration studies o f the media placed the
MW o f the activity at 30 to 40 kDa. Gel electrophoresis o f conditioned media
from normal MesC, PPX-incubated cultures, and PPX-incubated cultures that
had been pretreated with MPP+ exhibited a band (MW~35,000) that was present
in normal cultures, increased by PPX incubation and absent in cultures exposed
to MPP+. These data suggest that a D3-mediated mechanism regulates the
production of an unidentified DA neuron autotrophic factor. (This project was
supported by Pharmacia and Upjohn and by NS33174.)

S o c ie ty f o r N e u ro s c ie n c e , V olu m e

23,1997

Brain-derived neurotrophic factors (BDNF) enhances the survival and
protects dopamine (DA) neurons in mesencephalic cultures from the
neurotoxicity induced by 6-OH-DA and MPP+. Therefore, we have searched for
the presence of mRNA from BDNF and neurotrophic receptors genes in primary
cultures of mesencephalic neurons.
Benztropine-sensitive 3H-DA uptake and double labeling with
fluorescent antibodies directed against MAP-2 and tyrosine hydroxylase, were
used to detect the presence of DA neurons in cultures from fetal rat
mesencephalon. The presence in these cultures of BDNF gene transcripts
derived from exons B and C were detected with RT-PCR. In contrast,
mesencephalon from adult rat only showed the presence of BDNF mRNA
originated from exons A and C. Finally, the mesencephalic cultures express
mRNA encoding Trk A, Trk B and Trk C, the preferred high affinity receptors
for NGF, BDNF and NT-3, respectively. Under our experimental conditions,
mRNA coding for TrkB seems to be the most abundant transcript.
The results suggest that cultures from embryonic mesencephalon could
be used to study the regulation of BDNF and neurotrophic receptors expression
in DA neurons (Supported by FONDECYT-Chile grant N° 897/0010 to G.B. and
N° 2960061 to E. A., and by a CNRS - France grant to L.T-A.).
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NEUROTROPHIN AND NEUROTROPHIN RECEPTOR mRNAs
ARE DIFFERENTIALLY EXPRESSED
IN FETAL MIDBRAIN
GRAFTS IMPLANTED INTO DOPAMINE-DENERVATED S T R IA 
TUM. K.B. Serooav*1. K.H. Lundaren1. J.A. Cooper5 and P.M. Yurek2.
Departments of 1Anatomy & Neurobiology and 2Surgery, University of
Kentucky, Lexington, KY 40536.
To test aspects of the trophic factor hypothesis of functional recovery
following neural transplantation in an animal model of Parkinson's disease,
the present study examined the cellular localization of mRNAs for select
neurotrophic factors and their receptors in donor graft tissue and in host
striatum following fetal mesencephalic graft implantation into rat dopaminedenervated striatum. One month after unilateral lesion of the nigrostriatal
pathway with 6-OHDA, the ventral mesencephalic region dissected from rat
donor embryos (E13-15) was implanted into the dopamine-denervated
striatum. At 1, 2, 3, or 4 weeks following transplantation surgery, the rats
were sacrificed, and the brains removed, cryostat-sectioned, and processed
for the in situ hybridization localization of mRNAs for the neurotrophins brainderived neurotrophic factor (BDNF) and neurotrophin-3 (NT-3), and their
respective tyrosine kinase receptors trkB and trkC, using 35S-labeled cRNA
probes. Robust expression of BDNF, trHB and trkC mRNAs was found within
the graft tissue, with highest levels of expression present during the first 1-2
weeks. Hybridization for NT-3 mRNA was relatively sparse within the
transplant at all the time points. In the host striatum, the 6-OHDA-induced
upregulation of trkB mRNA (Numan & Seroogy, Eur. J. Neurosci. 9:485,
1997) appeared to gradually downregulate in striatal regions adjacent to the
graft from weeks 1 to 4 post-transplantation. Striatal expression of trkC mRNA
was not altered. These data demonstrate that expression of select dopamin
ergic trophic factors and their receptors is differential and dynamic within graft
and host tissue during the first month of intrastriatal transplant development.
(Supported by NS35164, NS29994 and Regeneron Pharmaceuticals).
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NON-VIRAL APPROACHES FOR TROPHIC FACTOR GENE TRANSFER INTO
BRAIN. S. Wang1, J. A. Hughes2. M. A. King3 and E. M. Meyer1*. Departments of
1Pharmacology, 2P harmaceutics, and 3Neuroscience, University of Florida,
Gainesville, FL 32610.
Non-viral somatic NGF gene transfer into brain has been found in
hippocampus to improve memory related behavior despite low transfection
efficiencies. We are currently studying several mechanisms to increase NGF
expression by enhancing gene transfer into neurons with minimal toxicity. A nonviral gene transfer system composed of a 1:1 (w:w) mixture of the monocationic
lipid, 1,2 dioleoyloxypropyl-N,N,N-trimethylammonium (DOTAP) and dioleoyl
phosphatidlyethanolamine (DOPE) was used to transfer marker plasmid containing
CMV-driven (β-gal cDNA (pTR.(β-gal) into SK-N-SH cells and primary neonatal
neocortical glial cultures. X-gal staining of transfected SK-N-SH cells and primary
cultures demonstrate dose-dependent transfection efficiencies over increasing lipid
concentrations with peak transfection efficiencies occurring at a slightly positive
lipid:DNA charge ratio. Toxicity in SK-N-SH cells was dose-related, while no
detectable toxicity was observed with primary brain cultures. The addition of
dodecyl imidazole propionate (DIP), a novel biodegradable pH sensitive lipid, to
DOTAP/DOPE was hypothesized to enhance endosomal release of DNA and
increase transfection efficiency without cell death. In primary glial cultures,
enhancement of transfection efficiency was observed at high lipid.DNA charge ratios
without detectable cell death. These results demonstrate that gene transfer into brain
cells can be increased with the appropriate lipids. Ongoing studies utilize more
efficient promoters, particularly NSE, in both viral and non-viral gene transfer
systems to increase trophic factor expression in brain. This work was supported by
NIH Grant P01 AG-10485. SW was supported by NIH Training Grant AG-100196.
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NEUROTROPHIC FACTORS AND CYTOKINES SECRETED BY GENETICALLY
MODIFIED ASTROCYTES MAY STIMULATE NEUROREGENERATION IN
PARKINSON’S DISEASE: R. Gefen, F. Shalit, B. Sredni A. Zangen* and G. Yadid.
Department of Life Science, Bar Ilan University, ISRAEL.
Degeneration of the nigrostriatal dopaminergic neurons is characteristic for
Parkinson’s disease (PD). Recent advances in the understanding of physiological role
of neurotrophic factors have raised the question of whether they might have clinical
potential in the treatment of neurodegenerative diseases as PD. In this study we tested
the ability of a human fetal astrocyte cell line which has been genetically modified to
express the rate limiting enzyme for 1-dopa, tyrosine hydroxylase (SVG-TH), to
secrete growth factors spontaneously or by induction with dopamine (DA).
Supernatant obtained from SVG-TH cultures were analyzed by HPLC for 1-dopa
content. Growth factors were assayed by ELISA and by RT-PCR. Our results show
that SVG-TH consistently produced 1-dopa (300pm/lh/106 cells). SVG-TH
spontaneously secreted IL10, IL6 and IL1. Incubation of the cells with DA resulted in
increased IL’s secretion, in a concentration- and time-dependent manners, albeit to
different extents, with stimulation being most profound in the case of IL10 (140 folds;
24h) and least in the case of ILI (1.5 folds; 12h). Constitutive expression of GDNF’s
mRNA as well as intracellular GDNF (80ng/105 cells) were found, however no
spontaneously secretion was observed. Upon stimulation with DA (10 nM, 48h),
SVG-TH cells secreted 30% of their total GDNF content (28ng/105 cells) to the
media. Implantation of SVG-TH cells into the striatum of parkinsonian rats have
previously been shown to reduce rotation behavior by 85%. The results of the current
study suggest that SVG-TH, in addition to providing DA locally, may also support
dopaminergic cells with ILI and IL6 production as well as DA induced GDNF
production. IL10, an immunosuppressive cytokine, may play a role in protecting
against graft rejection. Thus, transplantation of this cells may provide a novel therapy
for the disease not only by controlling symptoms but also by promoting regeneration
of lost neurons.

DOWN-REG LLATION OF TRANSGENE EXPRESSION FOLLOWING INTRASTRIATAL
TRANSPLANTATION OF ASTROCYTES TRANSDUCED WITH AN NGF RETROVIRAL
vector.
R. Peterson. I. Lopez-Colberg. P. Castillo. J. Weingartner*. K.

Crutcher**, and L.A. Cunningham. +Dept. Neurosurgery, Univ. Cincinnati,
Cincinnati, OH 45267 and Dept. Neurosciences, Univ. New Mexico Sch. of
Med., Albuquerque, NM 87131.
Previous studies have suggested that astrocytes retrovirally transduced with
an NGF vector express higher levels of NGF in culture than following
intracerebral transplantation (Cunningham et al., 1994). To determine the time
course of transgene down-regulation, type I striatal astrocytes were retrovirally
transduced in culture with a vector harboring the mouse β-NGF sequence under
transcriptional control of the MoMLV 5’LTR promoter. Control or transduced
astrocytes were labeled by an 18 h pulse with 10 p.M bromodeoxyuridine
(BrDU) and implanted unilaterally into 3 sites within the adult rat striatum
(80,000 cells/site). At 1, 4, and 8 wks post-transplantation, striatal NGF content
was determined by two-site ELISA and astrocyte survival was verified using
BrDU immunocytochemistry. Comparing the grafted vs. non-grafted side,
transplantation of control astrocytes resulted in a transient increase in striatal
NGF content at 1 wk (52%), which returned to control levels by 4 wk. In
contrast, transplantation of transduced astrocytes resulted in a 93% and a 47%
increase in striatal NGF content at 1 and 4 wks, respectively, which returned to
control levels by 8 wks. ANOVA revealed significant effects of treatment
[F(l,26)=8.65,p<0.01], time [F(2,26)=16.53,p<0.01] and treatment vs. time
interaction [F(2,26)=6.46, 0<0.01]. BrDU-immunoreactive astrocytes were
observed throughout the striatum at all time points, indicating that the
reduction of NGF striatal content to control levels by 8 wks following
transplantation of the transduced astrocytes was not due to lack of astrocyte
survival. Supported by NINDS NS32562.
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CONSTRUCTION OF A RETROVIRAL VECTOR TO CONFER EXPRESSION OF
RECOMBINANT GLIAL CELL LINE-DERIVED NEUROTROPHIC FACTOR (GDNF) TO
PRIMARY CULTURED ASTROCYTES EX VIVO. C. Su. R. Neve+. L.A.

RETROGRADE BDNF GENE TRANSFER INTO RETINAL GANGLION
CELLS (RGCs) USING AN ADENOVIRAL CONSTRUCT. S.A. Singel*. G.M.

Cunningham*. +McClean Hospital, Harvard Med. Sch., Belmont, MA 02178
and Dept. Neurosciences, Univ. New Mexico Sch. of Med., Albuquerque, NM
87131.
Previous studies have demonstrated that primary astrocytes genetically
modified ex vivo by retroviral transduction can be used to deliver recombinant
neurotrophins to the CNS (Cunningham et al., 1991, 1994). For the present
studies, recombinant DNA techniques were used to assemble a retroviral vector
harboring the sequence for GDNF, a potent neurotrophic factor for midbrain
dopaminergic neurons (Lin et al., 1993). The GDNF cDNA, obtained by rtPCR
from B49 rat glial cell line RNA, was directionally subcloned into the pLIGns
plasmid, which contains the pBabe backbone (Morgenstem, 1990), the EMCV
IRES (Jang et al., 1989) and the geo sequence, (lacZ + neo fusion gene;
Friedrich and Soriano, 1991), to yield pLGDNFPgeo. Packaging lines were
obtained by transfection of ψ2-producer cells with pLGDNFβgeo by calcium
phosphate precipitation, selection with the neomycin analogue G418 (750
μg/ml), and expansion of single cell clones. Several high-titer producer lines
(>105 CFU/ml) were obtained that could confer increased GDNF mRNA
expression to type I astrocytes in culture, as assessed by rtPCR and Rnase
protection assay. Studies are currently underway to determine the rate of
secretion and the bioactivity of recombinant GDNF released by the tranduced
astrocytes in culture and following intracerebral transplantation in a rodent
model of Parkinson’s disease. Supported by NINDS NS32562 and the National
Parkinson Foundation.

S o c ie ty f o r N e u ro s c ie n c e , V olum e

23,1997

Bray and A.J. Aguayo. Centre for Research in Neuroscience, McGill University, The
Montreal General Hospital Research Institute, 1650 Cedar Avenue, Montréal QC H3G 1A4,
Canada.
We tested the hypothesis that neurotrophin genes can be introduced into RGCs by
retrograde axonal transport. In adult rats, an adenoviral construct containing the gene for
BDNF and a c-myc tag under control of the CMV promoter (Ad.BDNF) was injected into
the main RGC target region, the superior colliculus (SC). An adenoviral vector containing
the marker gene lacZ (Ad.LacZ) served as a control. At different times following viral
injections, the eyes and brains were taken for analysis: the BDNF/c-myc construct was
detected by RT-PCR and Southern blotting while the gene products were visualized by cmyc immunohistochemistry or β-Gal histochemistry. β-Gal positive cells were detected in
retina and brain as early as after 24 h. Gene product was detected in RGCs up to 16 days
following the injections. Transgene expression (mRNA) was detectable in the midbrain and
retinas from 2 to 10 days. The amount of protein and transgene expression both peaked at
6 to 8 days and declined by 10 days after injection. Because BDNF delays the onset of the
axotomy-induced death of RGCs (Mansour-Robaey et al, Proc.Natl.Acad.Sci.USA 91:163236; 1994), we investigated the effect of Ad.BDNF application in the SC and its expression
in the retina on axotomized RGCs. In adult Sprague Dawley rats, Ad BDNF or Ad.LacZ
control virus were injected into the right SC. All RGCs were retrogradely labelled with the
fluorescent marker Fluorogold. Seven days after the viral injections, the left optic nerve was
cut close to the optic disk. Ten days later, the retinas were removed for RGC quantitation.
In the Ad.BDNF group, 1204±266 RGC/mm2 (51±11%) survived axotomy compared with
521±196 RGC/mm2(22±8%) in the Ad.LacZ controls. Thus, application of an adenoviral
BDNF construct into the SC leads to transgene expression in the retina and a significant
increase in survival of axotomized RGCs. (Supported by the Canadian Medical Research Council,
the Neuroscience Network and Boehringer Ingelheim Fonds).
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EFFICACY OF ORALLY ADMINISTERED CB 1093, AN NGF-INDUCING
VITAMIN D RECEPTOR LIGAND, IN THE FIMBRIA FORNIX LESION
MODEL. E. Robbins*. P. D obrzanski. F. Haun. L. Aimone. L. Binderup1 M.
Miller and S. Carswell. Cephalon, Inc., 145 Brandywine Parkway, West
Chester, PA 19380; 1Leo Pharmaceutical Products, DK-2750 Ballerup,
Denmark.
NGF has therapeutic potential for the treatment o f Alzheimer’s disease
because of its ability to maintain the survival and enhance the function o f basal
forebrain cholinergic neurons in the CNS. Because NGF must be injected
directly into the brain, a peripherally administered compound that could
elevate endogenous levels o f NGF could be a rational strategy for the treatment
of Alzheimer’s and other neurodegenerative disorders. The present study
demonstrated that CB 1093, a low-calcemic analog o f vitamin D, increased
NGF mRNA 2-5 fold in the CNS in vivo. Based on this activity, CB 1093 was
tested for NGF-like efficacy in the fimbria fornix lesion model. The fimbria
fornix contains axons of cholinergic neurons o f the medial septum that project
to the hippocampus. Transection o f this pathway decreases choline
acetyltransferase (ChAT) activity in the hippocampus and ChAT
immunolabelled cells in the medial septum, and increases activity in the open
field test. Chronic ICV administration o f NGF attenuates each o f these effects.
Similarly, CB 1093 (1 ug/kg/day; p.o.) increased ChAT activity in the
hippocampus and increased the number o f ChAT-expressing neurons in the
medial septum, in both cases by approximately 25% over lesioned controls.
Importantly, CB 1093 also elicited an NGF-like reduction in hyperactivity.
These data support the use o f low calcemic vitamin D receptor ligands for the
treatment of NGF-responsive neurodegenerative disorders.

THE NEUROTROPHIC FACTOR INDUCING VITAMIN D RECEPTOR
LIGAND
CB
1093
PREVENTS
ACRYLAMIDE-INDUCED
NEUROPATHY IN RATS. L.D. Aimone*, S. Geliman, S. Carswell, L.
Binderup1 and M.S. Miller.
1Leo Pharmaceutical Products, DK-2750,
Ballerup, Denmark and Cephalon, Inc., West Chester, PA, USA 19380.
The ability o f an orally administered, neurotrophic factor inducing,
vitamin D receptor (VDR) ligand (see abstract by Robbins) to either slow
the onset, reduce the severity, or enhance recovery from acrylamideinduced neuropathy in rats was examined. Acrylamide administration
produces a central-peripheral distal axonopathy as measured by increased
landing foot spread (LFS), a measure of proprioception. A neuropathy was
produced by the administration of acrylamide (50 mg/kg, IP, 3x/week, for 3
weeks followed by a 3 week recovery period). A low calcemic VDR ligand,
CB 1093, was administered for the duration of the experiment at doses of
0.3 ,1 .0 and 3.0 ug/kg/day by oral gavage beginning 3 days prior to the first
dose of acrylamide.
The acrylamide-induced increase in LFS was
prevented by treatment with CB 1093 (3.0 ug/kg/day). The LFS measured
in these animals at the end of the acrylamide treatment period (day 21) was
not different from the LFS measured in the vehicle control animals (72.4 ±
5.6 vs 70.4 ± 5.2 mm). The inhibition of this measure of neuropathy was
sustained throughout the duration o f the experiment. A lower dose of CB
1093 (1.0 ug/kg/day) produced an intermediate effect, particularly during
the recovery phase. The lowest dose tested (0.3 ug/kg/day) was ineffective.
In summary, oral administration of CB 1093 produced a dose-dependent
attenuation of both the development o f the acrylamide-induced neuropathy
and the functional recovery from the lesion.
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Expression and Characterization o f the Neuropoietic Cytokine
Cardiotrophin-1 from E.coli
Rhona M .O ’Leary , Diane Pennica 1 and Gene Burton*
Dept of Process Sciences and Dept o f M olecular O ncology,
Genentech, South San Francisco, CA 94080
In the scarch for novel peptide-derived growth factors, Cardiotrophin-1 has
emerged as a cytokine with exciting potential as a neuronal survival factor.
Part of the family of cytokines that includes CNTF, LIF, Oncostatin M,
Interleukin-6 (IL-6) and Interleukin-11 (IL-11), CT-1 shares the g pl30
signal transducing receptor with the other family members. Originally
isolated from hypertrophied cardiac myocytes, recent investigations suggest
a much broader role for CT-1 in the long term survival of spinal
motoneurons (Pennica ct al 1996) and in the inhibition of apoptosis of
cadiac myocytes (Sheng ct al 1997).
Here wc describe the expression and isolation of cardiotrophin-1 from E.coli,
yielding mg quantities of purified active protein. The correctly folded CT-1,
appears to have at least 2-fold greater activity in the cardiac myocyte
hypertrophy assay than its glycosylaicd mammalian cell-derived counterpart,
and has equally high affinity for the LIF receptor- gp l3 0 complex.

SYNTHESIS AND PROPERTIES OF GREEN FLUORESCENT PROTEINTAGGED CNTF. A. Negro1, L. Grassato1, P. Polverino De Laureto1and S.D.
Skaper*2. 1Dept. Of Biological Chemistry, CRIBI, University of Padua,
35121-Padua. Italy and 2Research & Innovation S.c.ar.l., 36050-Vicenza,
Italy.
Ciliary neurotrophic factor (CNTF) biological effects require binding to the
specificity-conferring α component (CNTFRα) of the tripartite CNTF
receptor complex. Information on CNTFRα tissue expression and dynamics
would be aided by reagents suitable for studying the subcellular localization
and trafficking of CNTFRα. Here we describe the genetic construction,
synthesis and properties of a chimeric protein in which a highly fluorescent
form of the green fluorescent protein (GFP) has been fused to human CNTF.
The histidine-tagged fusion protein (termed GFP-CNTF) was readily purified
from transformed E. coli by immobilized Ni(II) chromatography. The
molecular mass of GFP-CNTF by mass spectrometry (54,755) agreed well
with its deduced relative molecular mass of 54,536. Importantly, the
absorbance profile of the GFP chromophore in GFP-CNTF was not altered.
Moreover, the fluorescence emission spectrum of GFP-CNTF overlapped that
of CNTF. Secondary structural analysis confirmed that the CNTF and GFP
domains of GFP-CNTF folded independently of each other. GFP-CNTF was
equipotent to human CNTF in supporting the survival of cultured
parasympathetic and dorsal root ganglion neurons. GFP-CNTF bound to
immobilized CNTFRα and labeled Purkinje cells in cerebellar slices, and was
displaced by excess CNTF but not by GFP or neurotrophins. GFP-CNTF
should be a valuable tool for elucidating the role of CNTFRα in nervous
system function.

351.13
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THE DEVELOPMENT OF NT-3 EXPRESSION AS REVEALED WITH A LACZ REPORTER AND OF INNERVATION DEFICITS IN NT-3 MUTANT MICE.
B. Fritzsch*, @I. Farinas and @L. Reichardt. Creighton University, Omaha, NE
68178, @UCSF, Dept. Physiology, San Francisco, CA 94143.
The developing sensory epithelia of the ear produce only two
neurotrophins, BDNF and NT-3, which support innervating ganglion cells via
only two receptors, TrkB and TrkC (Fritzsch et al., TINS 20:159). Data on
various single mutants show a complex pattern of ganglion cell loss that can
not be reconciled with available data on neurotrophin and neurotrophin
receptor expression. We used a lac-Z reporter to monitor the distribution of
NT-3 expression and analyzed in parallel the distribution of afferent
innervation in NT-3 mutants generated with this lac-Z construct, NT-3
expression becomes first visible at 9.5 dpc and forms by 10.5 dpc two adjacent
patches on the ear. By 13.5 dpc, these patches have differentiated into the
saccule and the cochlea. In addition, lac-Z expression is present in the basal
part of the spiral ganglion. By 19.5 dpc, the NT-3 expression extends
throughout the cochlea and saccule but is only expressed on thè perimeter of
the utricle and outside the sensory epithelia of the canal organs. These data
show that NT-3 expression is upregulated before hair cells become postmitotic
and is predominantly expressed in supporting cells of the ear and the ganglion.
NT-3 mutants show no defects until 12.5 dpc. By this stage the basal turn
innervation is somewhat reduced in density and a few fibers from middle turn
spiral neurons extend into the basal turn. By 13.5 dpc, no fibers extend from
the basal turn spiral neurons any more and fibers from the middle turn have
formed a conspicuous spiral bundle to reach all basal turn inner hair cells.
Apparently, the basal turn spiral neurons of NT-3 mutants degenerate rapidly
after they have extended their fibers to the cochlea, thus allowing expansion
of middle turn spiral neuron innervation. Supported by NIH (P50 DC 00215).

M EM BRANE DEPO LA RIZA TIO N PROM OTES SU RVIVA L AND BD NF
SYNTHESIS VIA DISTINCT INTRACELLULAR SIGNALING PATHWAYS IN
SPIRAL GANGLION NEURONS. X. Zha*, M.R. Hansen, Luis Victoria. X. Wu.
P. Abbas and S.H. G reen. Depts. of Biological Sciences & Otolaryngology,
University of Iowa, Iowa City, IA 52242.
Membrane electrical activity or depolarization is a potent neurotrophic stimulus,
particularly so for spiral ganglion neurons (SGNs). We have previously shown that
depolarization promotes survival by recruiting multiple independent pathways, includ
ing a cAMP-dependent pathway, an autocrine neurotrophin pathway, and at least one
other pathway. Each adds an increment to the full neurotrophic effect of depolarization.
Activity-dependent neurotrophin synthesis occurs in SGNs in vivo. SGNs can be deafferented in vivo by killing hair cells with kanamycin. This leads to dramatic downregulation of BDNF and NT-3 transcript levels in the spiral ganglion, as determined
by RT-PCR. Electrical stimulation of the deafferented spiral ganglion in vivo through
an implanted electrode results in return of BDNF and NT-3 transcripts to control or
greater levels. Exon I- and exon Il-containing BDNF transcripts respond slowly to
electrical stimulation but are upregulated within 8 h. Exon III- and exon IV-containing
BDNF transcripts, as well as NT-3 transcripts, are more rapidly upregulated (<4 h).
BDNF is up-regulated in cultured SGNs in response to Ca2+ entry following depo
larization by elevated [K+]0 or kainate/AMPA agonists (but is only marginally up
regulated by NMDA agonists). From studies using pharm acological inhibitors or
transfection of genes encoding dominant-negative mutants, we infer that this up-regulation of BDNF is not mediated by the CAMK-CREB pathway. In contrast, at least
part of the trophic effect of depolarization, presumably that pathway that is indepen
dent of the cAMP-dependent and autocrine neurotrophic pathways, does appear to
involve CAMK and CREB. The CAMK inhibitor KN-62 inhibits trophic effect of
depolarization on SGNs, as does transfection of CREB dom inant-negative mutants.
Transfection of truncated, constitutively active CAMKII or CAMKIV constructs, but
not of full-length, wild-type CAMKs, promotes SGN survival.
Supported by AOS, DRF, NIH grant DC02961 and NIH training grant DC00040.

S

o c iety f o r

N e u r o s c ie n c e , V o lu m e

23,1997

882

EXPRESSION AND REGULATION OF TROPHIC FACTORS: NEUROTROPHINS IV

MONDAY PM

351.15

351.16

RETINAL NEURONAL DEVELOPMENT IN NT-4%AND BDNF%/NT-4%MICE:
COMPARISONS WITH trkB ANTISENSE 'KNOCKDOWNS.' D. Rickman*1. T.
DeChiara2and G. Yancopoulos2. 1Dept, of Ophthalmology, St. Louis Univ., St. Louis,
MO 63104; 2Regeneron Pharmaceuticals Inc., Tarrytown, NY 10591.
The neurotrophins, particularly brain-derived neurotrophic factor (BDNF), have
purported roles in the survival and differentiation of developing retinal neurons and in the
formation and maintenance of retinal circuitry and connections to higher centers. The
high-affinity receptors for the neurotrophins are isoforms of the proto-oncogene, trkB. The
cognate receptor for BDNF [and neurotrophin-4 (NT-4)] is denoted trkB and, in the
rodent, is expressed embryonically by most developing neurons of the neuroblastic retina.
Postnatally, trkBis expressed by ganglion cells and some cells of the inner nuclear layer
(presumed amacrine cells). To better understand the role of trkB ligands in the
development of retinal neuronal phenotypes, we examined retinas from mice with a
targeted deletion of NT-4%(NT-4%) or BDNF and NT-4 (BDNF%
/NT-4%). Alternatively,
we treated early postnatal rat retinas with intraocular injections of an antisense
oligonucleotide targeted to the trkBmRNA to suppress trkBexpression. Eyes were fixed
in either 4% paraformaldehyde (PA) or 2% PA/2.5% glutaraldehyde for
immunohistochemistry or electron microscopy, respectively. Retinas from early postnatal
NT-47' animals appear histologically normal, whereas BDNF%/NT-4%retinas have a
reduced number of ganglion cells. Antisense treated retinas appear histologically normal,
suggesting that other survival factors are important in the postnatal retina. Using a cell
type-specific marker [namely, the calcium-binding protein, parvalbumin (PV)], we
determined that postnatal suppression of trkB affected the development of a central
intemeuron of the rod (scotopic) pathway-a bistratified, narrow-field (All) amacrine cell.
The number of PV-immunoreactive (IR) cells was greatly reduced (>50%) following
antisense treatment. PV-IR cells were similarly affected in BDNF%
/NT% , but not in
NT-4%
retinas. These studies suggest that BDNF, but not NT-4, is an important
endogenous ligand in the development of the mammalian rod pathway, R O I E Y /11389
NS

REGULATION OF BDNF PROTEIN LEVELS IN THE DEVELOPING VISUAL
SYSTEM J.E. Johnson*1. M.E. Forbes1, J. Anstrom1 and O. Yan2. 1Dept. of
Neurobiology & Anatomy, Bowman Gray Sch. Med., Wake Forest Univ., WinstonSalem, N.C. 2 7 1 5 7 ,2Neurobiology Pgm., Amgen Inc., Thousand Oaks, Ca. 91320
Chick retinal ganglion cell (RGC) axons first elongate over the surface o f the
optic tectum from the rostral to caudal pole between E7 and E l 1. Axon collaterals
then dive into the superficial gray layers o f the tectum (SGFS) where terminal arbors
synapse between E12 and E l 8. Brain-derived neurotrophic factor (BDNF) and its
cognate receptor TrkB are expressed in both the developing retina and in synaptic
target regions o f the tectum. Axotomy o f embryonic RGC axons on the fourth day
o f incubation (E4) or the blockade o f spontaneous RGC activity with TTX on E6 has
been previously shown by others to lower BDNF mRNA levels in the E7 optic
tectum by 43% or 32% respectively (Herzog et.al., 1994, Dev. 120., 1643-1649).
We have utilized a specific electro-chemiluminesence immunoassay (ECLIA) to
measure BDNF protein levels in subregions o f the developing chick optic tectum.
Regional sampling was used to map the topographical gradient o f BDNF levels in
retinal targets.
BDNF protein levels in the rostral pole o f the E9 tectum (about 45pg/mg) are twice that o f the caudal pole (2pg/mg). By E12, when the tectum is
entirely covered with RGC axons, all tectal subregions have risen to 7-8pg/mg. A
gradient o f rising tectal BDNF therefore closely matches the progress o f RGC axon
elongation over the tectal surface. However, in contrast to previous measurements
o f BDNF mRNA, the early spatial and temporal patterns o f tectal BDNF protein
concentrations are not regulated by retinal innervation. Both the quantity and the
topographical patterns o f BDNF levels in tectal subregions were unchanged in
embryos that received an early (E2) eye enucleation. These results indicate that the
initial patterns o f endogenous BDNF protein levels in the optic tectum are not
regulated by afferent input from the eye. We are currently investigating the potential
regulatory role of eye input on BDNF levels during later periods o f RGC axon
collateral and terminal arbor growth. Sponsored by NEI: EY11127 (JEJ).

351.17
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LOCALIZATION AND SEGMENTAL DISTRIBUTION OF BRAIN DERIVED
NEUROTROPHIC FACTOR IN PRIMARY AFFERENT NEURONS: A LIGHT
M ICROSCOPIC AND ULTRASTRUCTURAL OBSERVATION. X-F Zhou*. XG Luo. D. Cameron and R. A. Rush Department o f Physiology, Flinders University
o f South Australia, GPO Box 2100, Adelaide 5001.
Brain derived neurotrophic factor (BDNF) is a member of the nerve growth factor
(NGF) family that affects the survival and function of a number of neuronal
populations. It is synthesized in a subpopulation of primary sensory neurons during
development and in the adult animal. Recently we have found that this factor is
anterogradely transported to both the periphery and the spinal cord by these neurons
(1). In this study, we further investigated the localization and segmental distribution
o f BDNF in sensory ganglia and the spinal cord at the light and electronmicroscopic
levels. There is no significant difference in the percentage of BDNF-immunoreactive
(-ir) neurons between the dorsal root ganglia (DRG) at different segmental levels.
BDNF-ir neurons were also found in trigeminal, geniculate, vestibular-cochlear and
nodose ganglia, but the percentage o f neurons immunoreactive for BDNF varied from
28% in trigeminal to 95% in geniculate ganglia. BDNF-immunoreactivity was
localized in many subcellular organelles including mitochondria in neuronal somata
of the DRG. In laminae I and II of the spinal cord, BDNF immunoreactivity was
restricted to nerve terminals and synapses. The antigen was mainly localized to
dense-cored and clear vesicles of terminals forming types I and II glomeruli. Double
labelling experiments at the light microscopic level showed that 55% of BDNF-ir
neurons in DRG were colocalized with CGRP and many nerve terminals in laminae I
and II of the spinal cord contained both BDNF-ir and CGRP-ir. The results of double
labelling at the ultrastructural level showed that most BDNF-ir nerve terminals
contained CGRP or p75 but not vice versa. These results suggest that BDNF may be
released in parallel with neurotransmitters from nerve terminals in the spinal cord.
(1). Zhou, X.-F. & Rush R.A. (1996) Neuroscience 74, 945-951. Supported by
NH&MRC of Australia.

LIGHT AND ELECTRON M ICROSCOPICAL IDENTIFICATION OF BDNF
IMMUNOREACTIVITY IN THE RAT SPINAL CORD. J.C. H olstege*. J.H.H.
Kennis. A. van Rooijen-Boot, W.Taal, O. Yan1 and Ch.J. Vecht2 . Dept, of Anatomy,
Erasmus University Med. Sch., PO Box 1738, 3000 DR Rotterdam, The Netherlands.
1Amgen, Thousand Oaks, CA; 2 D. den Hoed Kliniek, Rotterdam, The Netherlands.

351.19
ENHANCED
M IC R O G L IA L
N E U R O T R O P IIIN
E X P R E S S IO N
IN V O L V E S N E -K B D E P E N D E N T M E C H A N IS M S . K. H eese, and U.
O t te n * .
D ept.
of
P h y sio lo g y ,
U n iv ersity
of
B asel,
C I I -4051
Basel/ Sw itzerland
Inflammatory processes involving reactive microglia associated with β -amyloid (Aβ)
containing neuriticand core plaques in Alzheimer’s disease (AD) appear to contribute
to neuronal degeneration. The fact, that increased nerve growth factor (NGF) protein
levels were found throughout brains of patients with A1) led us to investigate
neurotrophin (N’T) synthesis in a human microglial cell line, showing typical features
of microglia including expression of die N I s NGF, brain-derived neurotrophic factor
(BDNT), NT-3 and NT-4/5 as well as the NGF -receptors trkA and p75. Using RTPCR, competitive RT-PCR, Southern blot- and ELISA-techniques, a synergistic effect
between the cytokines IL -Iβ and tumor necrosis factor-α (TNT-α ) in triggering
microglial NGF synthesis was found. Exposure of microglial cells to complement
factor C3 a induced NGF a nd N T-3 mRNA transcription and protein release. To assess
die role of nuclear factor -k B (NF- k B) in inllaimnatory mediator-induced microglial
NT expression, we tested the specific NF- k B inhibitor pyrrolidine dithiocarbamate
l(PDTC). In the presence of PDTC (10-500 μM ), cytokines failed to activate microglial
NT mRNA expression and protein release. In contrast, the C3a-dependent mechanism
of NT synthesis in microglial cells was not affected by PDTC. In addition, microglial
neurotoxicity mediating β-amyloid fragments AB(l-40) and Aβ(l-42) did not alter NGF
synthesis, whereas Aβ(25-35) significantly stimulated NGF transcription and protein
release. In conclusion, mil animator) signals (cytokines and complement proteins) as
well as AB protein fragment (25-35) are potent stimulators of microglial NT synthesis
involving NF -KB-dependent and -independent mechanisms, thereby modulating
processes of neuronal de- and regeneration.
This study was supported by the Swiss National Foundation for Scientific Research
(Grant No 3100-049397.96/1) and by the DFG (SFB 1523) and the BMFT (Grant 01
KL 8904/6).
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In this study we have examined the localization of brain derived neurotrophic factor
(BDNF) in the spinal cord using light (LM) and electron microscopy (EM). For LM
rats were perfused with 4% paraformaldehyde containing 10% sucrose. The spinal
cord was removed, postfixed and 40 Jim frozen sections were cut, which were
incubated with BDNF antibody (Yan, Q. et al., Neuroscience 1997, in press), diluted
1:10.000 and processed with the ABC method. The labeling was then intensified with
the tyramide signal amplification (TSA) m ethod (NEN-Dupont). For EM, cold
fixative was used containing 0.1% gluteraldehyde followed by postfixation in 4%
para-formaldehyde (4-6 hours, 4 °C). Sections (80 (μm) were cut on a vibratome, and
incubated with BDNF antibody as above or diluted 1:1500 without amplification.
Light microscopic examination of the TSA-am plified sections showed labeling
throughout the spinal cord, mostly in varicose fibers, which were strongest in the
dorsal horn (laminae I and II outer), the central canal area and the intermedio-lateral
cell collumn (IML). The base of the dorsal horn (laminae V and VI) and the area of
the motoneuronal cell groups also showed punctate labeling. Lightly labeled neurons,
including motoneurons, were occasionally seen. In the electron m icroscope three
areas were analysed: the superficial dorsal horn, the motoneuronal cell groups and the
IML. Preliminary results show that in these 3 areas the púntate labeling, as seen with
LM, was mainly localized in terminals, many of which contained dense cored
vesicles, which were strongly labeled for BDNF. In lightly stained sections, the
labeling within terminals was present alsmost exclusively in dense cored vesicles.
These results show that BDNF is present in most areas of the spinal cord and is
preferentially localized in terminals, where it is highly concentrated in dense cored
vesicles. This suggests that BDNF is released in an activity dependent manner
through exocytesis of dense cored vesicles.
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IDENTIFICATION
AND CHARACTERIZATION OF A NOVEL
MEMBER OF THE FIBROBLAST GROWTH FACTOR FAMILY. R.
F. Alderson*. Y. L. LI, P. Yourey, Y. Yu. B. Shell. K.
Carter, and J. M. G reene. Human Genome Sciences, 9 4 1 0
Key West Ave., Rockville, MD 20850.
A new member of the fibroblast growth factor (FGF) family, FGF13, has been cloned, expressed in E. coli, and its biological activity
characterized. The gene encodes for a protein with the molecular
weight of approximately 22 kDa and contains a hydrophobic region
characteristic of a secretion signal sequence. The purified protein has
a molecular weight of approximately 22 kDa on denaturing SDS-PAGE.
FGF-13 is most homologous to FGF-8 and maps to chromosomal
location 8p21. In primary rat cortical cultures, FGF-13 treatment
increases the number of cells and the extent of neurite outgrowth.
This novel FGF induces a 3-fold increase in ChAT enzyme activity and
a rapid, within 24-48 hr, increase in neuronal specific high-affinity
GABA uptake. This rapid response and pCREB immunohistochemical
studies suggest that FGF-13 has a direct effect on neurons. FGF-13
administration also produces an increase in GFAP content. However,
this increase required approximately 96 hr, a much slower response
than was noted with the GABAergic neurons. Delaying the addition of
FGF-13 to the cultures by 72 hr results in the loss of the astrocyte
but not the neuronal response. In conclusion, a novel member of the
FGF family which acts on both CNS neurons and glia has been identified
by high throughput sequencing of an adult hippocampal library.

REGULATION OF C-MET EXPRESSION IN HUMAN GLIOBLASTOMA
CELLS. R. Abounader*. S. Raneanathan and J. Laterra. Johns Hopkins University
School of Medicine and Kennedy Krieger Institute, 707 N. Broadway, Baltimore, MD
21205, USA.
The c-met proto-oncogene encodes the tyrosine kinase receptor for Hepatocyte Growth
Factor (HGF) also known as Scatter Factor (SF). Besides stimulating cell motility,
proliferation, morphogenesis and carcinogenesis, a role for the HGF:c-met signaling
pathway in glioma malignancy is emerging. We have studied the effects of serum, HGF,
Transforming Growth Factor β1 (TGF-β1), Phorbol 12-Myristate 13-Acetate (PMA),
Dexamethasone, Forskolin, 3-Isobutyl-l-MethyIxanthine (IBMX) and Cycloheximide on
the expression of c-met mRNA in a human U 373 glioblastoma cell line, known to express
the c-met receptor. After treatment of the cells with the above mentioned compounds (1 48 hrs), total RNA was extracted and northern hybridization performed using a 32P
labelled c-met cDNA. The RNA was also re-probed with Glyceraldehyde 3-Phosphate
Dehydrogenase cDNA. The ratios of c-met/GAPDH densitometric signal in treated and
control cells were compared. Serum (10%) increased c-met expression 8-fold (maximal
effect after 16 hrs), HGF (50 ng/ml) 4-fold (maximal effect after 8 hrs) and PMA
(lOng/ml) 10-fold (maximal effect after 6 hrs). Dexamethasone (10 μM) led to a mild
(40%) decrease in basal c-met expression (maximum effect after 4 hrs) and TGF-pi (15
ng/ml) decreased basal c-met expression by 25% (maximal effect after 16 hrs).
Preliminary experiments also show that Dexamethasone decreases HGF and PMAinducible c-met expression. No change in c-met expression was however observed in cells
treated with a combination of Forskolin (30 μM) and IBMX (0.5 mM). Also,
cycloheximide (0,2 μg/ml) did not change PMA-inducible c-met expression. In
conclusion, we have shown that c-met expression in glioblastoma is induced by HGF and
Phorbolesters and repressed by TGF-β1 and Dexamethasone. cAMP agonists as well as
protein synthesis inhibitors have no effect on c-met receptor expression in gliobastoma
cells. Supported by NIH NS 32148.
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REGULATION OF MEMBRANOUS PROTEINS EXPRESSION BY CYTOKINES
IN CULTURED RAT HIPPOCAMPAL ASTROCYTES. K. Shimazaki*. M. Inaba.
Y. Hirose, K. Yoshida, H. Kagami. H. Sasaki and T. Kawase. Dept, of Neurosurgery,
KEIO Univ. Sch. of Med., Tokyo 160, Japan.
We have previously demonstrated that astrocytes have unique neurotrophic effects for
cholinergic neurons, which are enhanced by several cytokines such as fibroblast
growth factor (FGF), transforming growth factor-β1 (TGF-β l), etc.. The c-met proto
oncogene product (c-MET) has been identified as the cell surface receptor for
hepatocyte growth factor (HGF). We have recently demonstrated that some human
neoplastic and reactive astrocytes expressed c-MET, while normal astrocytes did not in
vivo. These results suggest that c-M ET might be an important mediator of neuronglia and glia-glia interactions. The neural cell adhesion molecule (NCAM) also plays
important role in neuron-glia interaction. In order to elucidate the roles of NCAM and
c-M ET during the regenerative process in the central nervous system (CNS), we
investigated NCAM and c-M ET expression in astrocytes and their regulation by
cytokines. Astrocyte-enriched cultures obtained from hippocampi o f new born rats
(Wister albino) were used for the present study. Immunocytochemical staining for cMET in cultured rat astrocytes revealed that c-MET was expressed in control and
cytokine-activated astrocytes. Immunocytochemical staining for NCAM revealed that
the localization of NCAM in astrocytes was not changed by cytokines. However,
basic FGF induced morphological changes in astrocytes. Western blot analysis
revealed that TGF-61 enhanced NCAM expression in cultured rat astrocytes. In
conclusion, it was suggested that the membranous proteins such as NCAM and cMET, which present on cytokine-activated astrocytes, may have important roles during
the regenerative process in the CNS. (Support: the Ministry of Education, Science and
Culture No.08671615)

DIFFERENTIAL REGULATION OF NEUROTROPHIC FACTOR EXPRESSION IN
ASTROCYTES BY LPS AND INFLAMMATORY CYTOKINES..E. Appel, 0 .
Kolman. G Kazimirskv. A. Tzukerman. and C. Brodie*.1Department o f Life Sciences,
Bar-Ilan University, Ramat-Gan, Israel.
During the course of brain injury and inflammation there is an increased secretion of
neurotrophic substances by astrocytes. Most studies have focused on the regulation of
NGF under various pathological conditions, whereas the regulation o f other neurotrophic
factors have not been reported. In this study we examined the regulation o f NGF, BDNF,
NT-3 and GDNF expression by LPS and inflammatory cytokines. Mouse astrocytes
express all these neurotrophic factors as measured by semi-quantitative RT-PCR,
intracellular staining and ELISA. Treatment o f the cells with LPS induced a strong
increase in the mRNA and protein level o f NGF, NT-3 and GDNF, whereas, no change
was obtained in the expression o f NT-3. Similar effects to that o f LPS were observed in
cells treated with the proinflammatory cytokines, TNF-a and IL -ip. In contrast, another
proinflammatory cytokine, IFN-γ, exerted an inhibitory effect on NGF expression and
a small increase in the expression o f NT-3 and GDNF. Different effects were obtained
in cells stimulated with the anti-inflammatory cytokines, IL-10 and TGF-0. Treatment
o f the cells with IL-10 increased the expression o f NGF, BDNF and GDNF, whereas
TGF-P induced the expression o f NGF, BDNF and NT-3, but did not affect the
expression o f GDNF. The cytokines IL-2 and IL-6 did not have significant effects on
the level o f any o f the neurotrophic factors examined. Our results suggest that during
instances o f injury or inflammation in the CNS, various cytokines may provide
neurotrophic support to specific neuronal populations via the induction o f different
neurotrophic factors. Moreover, the differential regulation o f the various neurotrophic
factors by the different cytokines may provide a system for identifying signals which
play a role in the r the induction o f these factors.
Supported by the Israeli Academy o f Sciences.
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DIFFERENTIAL INDUCTION OF NEURO TRO PHIC FACTOR mRNA BY
V A RIO U S ST IM U LA N T S IN IM M O R TA LIZED R A T A STR O C Y T E.
M .M orikaw a1,2. M .Kokubo1 K.Fujita1. M .Y amamoto1. K.Asai*1. T.Kishim oto2.
and T.Kato.1 1Dept, o f Bioregulation Res., Nagoya City Uni. Med. Sch., Nagoya
467, Japan. 2 Dept.of Psychiatry, Nara Med. Uni., Nara 634, Japan.
Astrocytes are functionally heterogenous and speculated to exhibit a site-specific
expression of various neurotrophic factors. This study was designed to investigate the
differential expression of neurotrophic factor mRNAs (glia maturation fafctor: GMF,
nerve growth factor: NGF) induced by various stimulants in immortalized monoclonal
astrocyte.
Asrtrocytes prepared from rat brain cortices o f 17-day-old embryos, were transfected
with a plasmid pSV3-neo encording the large T-antigen o f simian virus 40. One o f
immortalized cell lines, ACT-57, was m orphologically flat and polygonal cell
resembling type 1 astrocyte. They were placed into the defined medium (DMEM
containing 1% N-2 supplement) for 17 h and then treated with various stimulants. Six
h later, total RNA were extracted and subjected to Northern blot analysis for GMF and
NGF mRNA:
Phorbol ester (TPA) increased 2-fold both expression o f GMF and NGF mRNA, but
dibutyryl-cyclic AMP and carbacol did not. Hydrocortisone decreased NGF mRNA
(about 0.5-fold) but not GMF mRNA. While a variety o f neurotransmitters augmented
GMF mRNA (GABA: 1.7-fold, isoproterenol: about 1.5-fold, and L-glutamic acid: a
trace), but none o f them affected on NGF mRNA. General profiles o f NGF mRNA
induction were consistent with those in normal astrocytes except for a poor response o f
ACT-57 to isoproterenol.
These findings demonstrate that the identical stimuli cause a different expression
profile of neurotrophic factor mRNA in a monoclonal astrocyte, suggesting a
functional heterogeniety o f astrocytes reflecting their site-specific response to
exogenous stimulants. (Supported by Grant-in-Aid for Scientific Research on Priority
Areas. Ministry of Education, Science, Sports and Culture, Ja p an .)

PRODUCTION OF MACROPHAGE INFLAMMATORY PROTEIN-la
(MIP-1α) BY HUMAN ASTROCYTES AND MICROGLIA.
Y. Miyamoto and S .U.Kim*. Division of Neurology, University of British
Columbia, Vancouver, Canada
Macrophage inflammatory protein - 1α (MIP-1α) is a member of the
chemokine-beta family and has a major role in inflammatory process. The
expression and regulation of MIP-1α were investigated in human astrocytes and
microglia isolated from human fetal brain tissues. Purified populations of
microglia and astrocyte were treated with IL-1β , IFNγ, TNF-α, GM-CSF , LPS
or phorbol myristate acetate (PMA), and processed for RT-PCR and ELISA
analyses. MIP-1α mRNA was expressed in IL-1β activated astrocytes, but none
in unstimulated controls or astrocytes treated with other cytokines. Similarly,
MIP-1α protein was detected in the culture supernatants of IL-1β-stimulated
astrocytes by ELISA assay, but none in unstimulated controls or astrocytes
exposal to other cytokines/stimulants such as IFNy, TNF-α, GM-CSF, LPS and
PMA. Expression of MIP-1α mRNA was found in both unstimulated controls
and cytokine-activated microglia. While small amounts of MIP-la were detected
in culture supernatants of unstimulated microglia, a greatly increased MIP-1α
production was found in microglia stimulated with LPS and PMA. A smaller
increase of MIP-1α production was demonstrated in microglia treated with IL-1β,
TNF-α or IFNy. These results suggest that human astrocytes and microglia are
capable of expressing MIP-1α, a chemokine, and its expression in these cells is
dependent on the activation status of the cells. (Supported by the MRC of
Canada).
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CYTOKINE GENE EXPRESSIONS IN HYPOXIC-REOXIGENATED CULTURES
OF HIPPOCAMPAL NEURONS AND GLIA. S. P i Loreto*. D. Piancatelli. L.
Corvetti, S. Cencioni and D. Adorno. Inst. Tipizz. Tiss. C.N.R. 67100 L ’Aquila, Italy.
Brain injury like hypoxia-ischemia induces a dramatic increase in levels o f
proinflammatory cytokines. Many works showed that above all glial cells, like
astrocytes and macrophages, are involved in cytokine release. Using primary cultures
of rat hippocampus and astrocyte, we studied the effects o f hypoxia-reoxigenation on
gene expression o f tumor necrosis factor-alpha (TNF-α ) and interferon-gamma (INFγ). We also evaluated mRNA o f nerve growth factor (NGF) at the same time. Cultures
o f hippocampal cells were grown in N2 supplemented serum-free medium and placed
in hypoxic condition (95% N 2 and 5% CO2) for 6 hours. As we previously have
showed, no mortality was observed after this time o f hypoxia. Cultures were returned
back to normoxic condition for six hours more and at definite time points the gene
expression of cytokines and NGF were assessed by semiquantitative reverse
trascription-polymerase chain reaction (RT-PCR). Both TNF-α mRNA and INF-γ
mRNA were already detectable in normoxic hippocampal cultures. This value
increases from 3 hours to 6 hours o f reoxigenation. Cultures o f astrocytes were
obtained from cortices of 2-3 days postnatal rats (P2) and subjected to the same
experimental procedures of neuronal cells. Viability o f astrocytes was assessed by
phase contrast microscopy before and after hypoxic exposure. Time course o f TN F-a
expression in astrocyte cultures showed a slight increase at the end o f hypoxia
exposure and a higher peak 6 hours later, whereas no INF-γ mRNA was observed in 2
experimental sets o f astrocyte cultures. Both in neuronal and glial cultures NGF was
expressed with the same trend o f cytokines. These data suggest that proinflammatory
cytokines and NGF could modulate each other even in the absence o f blood-derived
cells, and this mechanism could be ensuing from activation o f N-metyl-D-aspartate
(NMDA) receptor in hypoxic injury. Supported by M.U.R.S.T., contract National
Research Program on Neurobiological Systems - NIRECO and by grant C.N.R.

STRESS-KINASE PATHWAYS IN NEUROINFLAMMATORY
RESPONSE : CONTROL OF CYTOKINE AND NITRIC OXIDE
RELEASE IN PRIMARY GLIAL AND NEURONAL CELL
CULTURES. J. da Silva, B. Pierrat, J. Nagel*, G. Fischer, J-L. Marv
and W. Lesslauer. Central Nervous System Department PRPN, F.
Hoffmann- La Roche, Basel, Switzerland
Increasing evidence supports an important role of proinflammatory
cytokines and other mediators such as nitric oxide in tissue injury in
neuroinflammation processes. The p42/44MAPK, p38MAPK and p54MAPK
cascades are prominent intracellular pathways activated in
neuroinflammation. The treatment of primary astrocyte cultures with
IL-1 and TNF activated all p42/44MAPIK, p38MAPK and p54MAPK pathways
as determined by immunoprécipitation kinase assays using specific
substrates and Western blot analysis with phospho-kinase specific
antibodies. To dissect the role of these kinases on gene expression of
inflammatory mediators, the effect of specific inhibitors was
investigated. The specific p38MAPK inhibitor FHPI blocked IL-6 and
iNOS protein expression in a dose-dependent fashion in TNF/IL-1stimulated astrocytes, whereas PD98059, a specific inhibitor of MEK1,
the upstream activator of p42/44MAPK, had only marginal effects.
Northern blot analysis showed that the p38MAPK control on IL-6 and
iNOS expression was exerted at the transcriptional level. The dual
specificity phosphatase M KP-1/CL100 is also induced and
transcriptionally regulated in TNF/IL-1-treated cells but through
activation of both p42/44MAPK and p38MAPKpathways. In contrast, FHPI
inhibited MCP-1 release from TNF/IL-1-treated astrocytes without
affecting MCP-1 mRNA levels, consistent with a p38MAPK translational
control. Similar experiments were performed with mixed glial/neuronal
cultures.

352.9
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EXPRESSION OF LEUKEMIA INHIBITORY FACTOR IN A SCHWANN
CELL LINE IS REGULATED WITH DISTINCT TIME COURSES BY
DIFFERENT SECOND MESSENGER PATHWAYS. K. NagamotoCombs* and R. E. Zigmond. Dept, of Neurosciences, Schl. of Med.,
Case Western Reserve Univ., Cleveland, OH 44106.
Axonal transection of neurons located in superior cervical ganglia leads
to phenotypic changes in the axotomized neurons. These changes
include increases in expression of vasoactive intestinal peptide and
galanin, peptides that are normally absent in these neurons. Some of the
changes that occur following axotomy are partly dependent upon
induction of a cytokine, leukemia inhibitory factor (LIF), in non-neuronal
cells. Previous studies from our laboratory have indicated that LIF
induction is triggered within 1-2 h after axotomy (Sun et al, Mol. Cell.
Neurosci., 7: 152, ‘96). In order to elucidate possible signaling
mechanisms that cause elevation of LIF mRNA levels, we examined
whether activation of different second messenger pathways leads to
induction of LIF mRNA in a Schwann cell-derived cell line, SC-1 cells
(Bolin et al, J. Neurosci Res. 33: 231, ‘92). Our results show that
treatment of SC-1 cells with 2 |iM forskolin, 100 nM TPA or 2 juM A23187
significantly increases LIF mRNA levels when measured by Northern blot
analysis. Interestingly, the time courses of LIF mRNA induction by these
reagents are strikingly different: forskolin slowly elevates LIF mRNA levels
by 3-4 fold over a period of 8 h, whereas TPA or A23187 causes the
levels of LIF mRNA to increase 4-fold within 2 h, followed by a rapid return
towards vehicle-treated control levels. Thus, LIF mRNA levels can be
regulated by multiple signaling mechanisms in SC-1 cells, and further
studies will focus on the signaling pathway(s) that are responsible for LIF
mRNA induction after axotomy. (Supported by NS17512).

REGULATION OF LEUKEMIA INHIBITORY FACTOR-mRNA
EXPRESSION IN CULTURED RAT SCHWANN CELLS.
Matsuoka. I.*, Nakane. A. & Kurihara. K. Faculty of Pharmaceutical
Sciences, Hokkaido University, Kita-Ku, Sapporo 060 JAPAN
Schwann cell is a cell type that forms myelin sheath and provides
trophic supports for neuronal cells by producing neurotrophic factors
such as neurotrophins and neurokines in both normal and traumatic
situations. It was recently reported that after lesion of sciatic nerve,
mRNA for leukemia inhibitory factor (LIF) is induced in nonneuronal
cells in the nerve. However, the source of LIF-mRNA and the
mechanism of LIF-mRNA regulation have remained largely unknown.
In the present study, we searched for factors regulating the LIF-mRNA
expression in cultured Schwann cells isolated from newborn rat sciatic
nerve. Among various growth factors and cytokines tested, TGFβ-1
exerted the most prominent effect on the induction of LIF- mRNA in the
cultured Schwann cells. However, the induction of LIF mRNA by
TGF-β1 was suppressed in the co-culture of the Schwann cells with
embryonic rat DRG neurons. The addition of ascorbic acid, which is
known to promote myelination in this co-culture system, further
suppressed the LIF-mRNA induction.
These results suggest that
Schwann cells respond to TGF-β1 in a lesion situation to produce LIF,
which may support neuronal survival and regeneration.
The re
establishment of neuron-Schwann cell interaction would in turn suppress
the LIF production to terminate its action during the lesion situation.

352.11
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EXPRESSION OF ACIDIC FIBROBLAST GROWTH FACTOR IN HUMAN
SCHWANNOMAS AND ITS

BIOLOGICAL ACTIVITIES. H

Kagami. K.

Yoshida*. H. Wakamoto, H. Sasaki. M. Inaba, K. Shimazaki an d T.Kawasc. Dept, of
Neurosurgery, KEIO Univ. Sch. of Med., Tokyo 160, Japan.
Fibroblasl growth factors(FGFs) are mitogen and differentiation factors, which were
detected not only in malignant tumors, but also in benign tumors. In the present
study, expression of acidic and basic FGF in brain tumors was investigated by Western
blot analysis. More than 80% of benign human schwannomas were found to express
acidic FGF. Subsequently, we

evaluated the biological activities of acidic FGF

expressed in human schwannomas. At first, FGF-sensitivity of rat schwannoma
RN22 was investigated. Acidic FGF promotes cell proliferation of RN22. Acidic
FGF-enriched fraction purified by heparin affinity chromatography from human
schwannoma display the same effect as acidic FGF. However, crude human
schwannoma extract (containing acidic FGF) had no significant effect. More over, the
proliferation effect of human recombinant acidic FGF was reduced by adding the crude
schwannoma extract.
These results indicate that the acidic FGF expressed in human schwannomas is
biologically active, and that some components of schwannoma may inhibit the
biological activity of acidic FGF. The acidic FGF may play an important role in the
pathogenesis of benign human schwannomas.

S o c ie ty f o r N e u ro s c ie n c e , V olum e 2 3 ,1 9 9 7

A PO LIPO PRO TEIN -A I AND CHICK CILIA R Y GA N G LIO N NEURO N
SURVIVAL AND REGENERATION. L. W entzek-Faee. R.J Kevnes* and A.M.
Tolkovskv Dept. Biochemistry, *Dept. Anatomy, University of Cambridge, Tennis
Court Road, Cambridge, UK
During development in vivo, chick ciliary ganglion neurons (CGN) are dependent
for their survival on structures in the eye. Separate neuron populations innervate
intraocular smooth and striated muscle targets. When the choroid coat, a smooth
muscle target tissue, is removed from El 5 chick embryos and cultured for 4 days in
vitro in a defined medium it produces a conditioned medium which supports the
survival of the entire neuronal population (Wentzek et al., J Neurosci 13, 31433154, 1995). To determine whether it is feasible to use the neurons as selective
molecular sieves which will bind and internalise the factors in the conditioned
medium that are required for their survival, we first produced radiolabelled
conditioned medium (CM*) by culturing choroid coats for 4 days in N2 medium
containing 500 μ Ci/ml [35S]methionine. When the CM* (depicted o f the free
[35S]methionine) was added to highly purified CGN, it supported their survival over
two days, during which time neurons cultured in the absencc of any additions had
died. The CM* was analysed by SDS-PAGE and was found to contain three major
labelled polypeptides with Mr of ~24, ~27 and ~40 kDa. To determine whether the
CGN were capable of internalising any of the CM* proteins, CGN were cultured for
24 hr with CM* in the presence of cycloheximide (to inhibit recycling of any
internalised proteins), washed extensively and neuronal extracts were separated by
SDS-PAGE. A 27 kDa protein appeared as a major band. This was concentrated and
sequenced and was found to encode the precursor and mature forms of chick
Apolipoprotein-A 1 (ApoA l). In chick, ApoAl has been suggested to fulfil the
functions of mammalian ApoE and is produced during neunte regeneration
following axonal injury. The possible roles of ApoAl in CGN survival and neurite
outgrowth will be described and discussed.
We are grateful for The support from the Wellcome Trust (AMT)
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GLIA REGULATE D E N D R I T I C G R O W T H IN R A T S Y M P A T H E T I C N E URONS
VIA BONE M O R P H O G E N E T I C P R OTEINS ( B M P ) . P.J.
Gallagher,
P.J. Lein, V. C handrasekaran, A.M. Hedges, D. Rueger, and
D. H i g g i n s * . Dept. Biology, Can i s i u s College, Buffalo, NY
14208; Dept. Pharmacology, SUN Y A B School of Medicine,
Buffalo, NY 14214.
Sympathetic neur o n s ex t e n d o n l y a single a xon w hen g rown
in the absence of ser u m or n o n n e u r o n a l cells; in contrast,
coculture with glia or exp o s u r e to r e c o m b i n a n t h u man OP-1
(aka BMP-7) causes these neur o n s to fo r m dendrites.
These
data suggest that glia might infl u e n c e d e n d r i t i c gr o w t h
via BMPs.
D e n d r i t i c g r o w t h in s y m p a t h e t i c n e urons g rown
with astrocytes or S c h w a n n cells was i n h i b i t e d b y 40-60%
in the pr e s e n c e of a mAb (12G3) r a i s e d agai n s t OP-1.
SDSPAGE analyses of p r o t e i n s i m m u n o p r e c i p i t a t e d fr o m neuronglia co-cultures b y m Ab 12G3 r e v e a l e d several bands, the
molecular weights of w h i c h c o r r e s p o n d e d to the c e llular
and secreted forms of OP-1.
I m m u n o c y t o c h e m i c a l analyses
of co-cultures indicate that b o t h ne u r o n s and glia express
cytoplasmic and surface s t a i n i n g for OP-1 and BMP-6.
Similar p atterns of i m m u n o r e a c t i v i t y were o b s e r v e d in glia
grown in the a b sence of neurons,- however, neur o n s cultu r e d
in the absence of glia express c y t o p l a s m i c but not surface
staining for OP-1 or BMP-6.
The s e data are c o n sistent
with a role for BMPs in g l i a l - i n d u c e d d e n d r i t i c growth.
Supported b y the HHMI P r o g r a m for U n d e r g r a d u a t e Science
Education (#71191-523701) and b y C r e a t i v e B i o m o l e c u l e s
(Hopkinton, M A ) .

T A R G E T TISS U E S I NFLUENCE D E N D R I T I C G R O W T H IN SYMPATHETIC
NE U R O N S V I A O S T E O G E N I C PROTEIN-1 ( O P - 1 ) . P.M. Dorsaneo,
A.M. Hedges, D. Rueger, D. Higgins, and P.J. L e i n * . Dept,
of Biology, Canisius College, Buffalo, NY 14208.
OP-1 has r e c e n t l y b e e n i d e n t i f i e d as a un i q u e trophic
factor that s e l e c t i v e l y induces d e n d r i t e form a t i o n in c u l 
tured sympa t h e t i c neurons. To e s t a b l i s h the relevance of
these in vit r o o b s e r v a t i o n s to neu r o n a l mo r p h o g e n e s i s in
situ, the cell type(s) that serve as sources of OP-1 for
d e v e l o p i n g symp a t h e t i c neu r o n s must be identified. Target
tissues of the sy m p a t h e t i c n e rvous system, p a r t i c u l a r l y
the kidney, express h igh levels of OP-1 m R N A in b oth the
em b r y o n i c and adult animal, s u g g e s t i n g that target tissues
m a y r e gulate de n d r i t i c gr o w t h in s y m p a t h e t i c neurons via
OP-1. To test this hypothesis, we u t i l i z e d the M D C K renal
epith e l i a l cell line g r own in serum-free, hormonallyd e f i n e d medium. I m m u n o c y t o c h e m i c a l analy s e s indicate that
M D C K cells express surface and c y t o p l a s m i c OP-1 immunor eactivity. D o t-blot a nalyses of c o n d i t i o n e d m e d i u m from
M D C K c u ltures suggest that M D C K cells s e crete OP-1. MDCKc o n d i t i o n e d m e d i u m induces de n d r i t i c g r o w t h in cultured
s y m p a t h e t i c neurons, and this d e n d r i t e - p r o m o t i n g a ctivity
is s i g n i f i c a n t l y i n h i bited b y m Ab to OP-1. These data
pr o v i d e support for the h y p o t h e s i s that t a r g e t - d e r i v e d OP1 m a y regul a t e de n d r i t i c g r o w t h in sy m p a t h e t i c neurons.
S u p p o r t e d b y the HHMI P r o g r a m for U n d e r g r a d u a t e Science
E d u c a t i o n (#71191-523701) and b y C r e a t i v e Biomol e c u l e s
(Hopkinton, M A ) .
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EVIDENCE FOR SECRETION OF INTERLEUKIN-1 BY HYPERTEN
SIVE RAT VASCULAR SMOOTH MUSCLE. M.O. Faison. W.D.
Steers* and J.B. Tuttle. Departments of Neuroscience and Urology,
University of Virginia Health Sciences Center, Charlottesville, VA 22908
Increased nerve growth factor (NGF) secretion by vascular smooth
muscle (VSM) cells may contribute to the pathophysiology of genetically
determined hypertension. Vessels and cultured VSM from spontaneously
hypertensive rats (SHRs) and from the derivative inbred hypertensive
(WKHT) strain produce more NGF than the normotensive control strains
WKY and WKHA (hyperactive). Elevated VSM NGF output is associated
with increased mRNA stability of NGF mRNA. NGF mRNA stability is
regulated in other cell lines by interleukin-Iβ (TL-lβ), the inflammatory
cytokine. We examined whether VSM from WKHT and WKHA rats se
cretes IL-1β and if the cytokine acts as an autocrine regulator of NGF
secretion. 24 h incubation with a peptide IL-1β receptor antagonist (0.1
ng/ml) (IL-1ra) decreased NGF secretion from WKHT VSM by 20-25%,
n=8, p <0.05 (LSD test), as measured by two-site ELISA of conditioned
medium. IL-1ra did not significantly decrease NGF secretion from WKHA
VSM. However, WKHA VSM responds to IL-1β with increased NGF
output (10 ng/ml, 24 h, 700% above control, n = 8, p < 0.05), an effect
that is attenuated by IL-lra. These results suggest: 1) VSM from WKHT
secretes IL-1β under basal conditions, unlike other VSM cells that require
induction of IL-1β expression. 2) IL-1β produced by WKHT VSM elevates
basal NGF secretion, perhaps via mRNA stabilization. 3) Basal expression
of IL-1β and its effect on NGF production may contribute to the pathophy
siology in this rat genetic hypertension model. Supported by grants from
NIH, HHMI and the VA Affiliate, AHA.

mRNA

352.17
NEONATAL CORTICAL LESIONS INDUCE RECIPROCAL REGULATION OF
ENKEPHALIN GENE REPRESSOR AND ENKEPHALIN GENE EXPRESSION
IN THALAMIC NEURONS. D.v. Aeoston* A. Eitel. A.L. Dobi. L. Webster1 and
P. Levitt2. MCN, LDN, NICHD, NIH, Bethesda, MD20892 and ‘Dept. Neuroscience
& Cell Biology, UMDNJ, Piscataway, NJ 08854 and 2Dept. Neurobiology,
University of Pittsburgh School of Medicine, Pittsburgh, PA 15261
Development-specific repression of genes plays critical role in sculpturing the
emerging phenotypic diversity of the developing CNS. We have previously identified
a far-distant (located at -2450 bp) A/T-rich DNA element [(ATT) 19] of the rat
enkephalin (rENK) gene which fullfills the criteria of a development-specific
repressor (Dobi et al., Neurosci. Abstr, 235.17. 1996). The abundance of the
repressor protein complex is maximal in the neonatal brain and shows perfect
negative correlation with ENKmRNA expression, i.e. one of the highest in neonatal
thalamic neurons. These neurons die if they Jose their cortical target which is
followed by macrophage invasion specific to the neonatal brain. This macrophage
response is mediated by an opioid substance (brain-derivedchemotactic factor, BDCF)
in a δ-opioid-receptor mediated fashion (Milligan et al., J. Immunol. 154:6571,
1995), Since thalamic neurons do not express ENK normally, we have hypothesized
that the loss of their cortical target may result in a loss of repressor mechanisms and
revert them to an ENK phenotype prior to their death. Nuclear proteins and total
cytoplasmic RNA were prepared from thalami 24 hr after their cortical target areas
were ablated (ipsilateral) and from control thalami (contralateral). This time is 24-48
hr before the onset of neuronal death in the thalamus. ENKmRNA levels showed
substantial increases in lesioned thalami. This change was paralleled with a
significant decrease in the abundance of the A/T-binding protein complex. These
results suggest that the opioid BDCF is likely produced by lesioned thalamic neurons
as the result of the de-repression o f the ENK gene prior to neuronal cell death.
Supported by intramural NIH grant and by NIDA grant DA09555.
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and B.A. Reynolds. NeuroSpheres Ltd. Calgary, Alberta, Canada T2N 4N1
Gene expression in undifferentiated and differentiated populations of mouse
neural stem cell progeny was characterized through the use of reverse
transcription-polymerase chain reaction (RT-PCR) and touchdown-polymerase
chain reaction (TD-PCR). Our goal has been to establish an mRNA transcript
profile for these cell populations and to compare and contrast the expression
patterns.
Mouse neural stem cell progeny, expanded in growth factor containing media,
were cultured under conditions favoring either proliferation or differentiation,
processed for RNA extraction, and reverse-transcribed to cDNA. The mRNA
transcripts of interest were amplified through the use of either the polymerase
chain reaction (PCR) or touchdown polymerase chain reaction (TD-PCR).
Genes of interest included those from the cytokine and growth factor,
transcription factor, and receptor and matrix-protein families. Primers for the
genes of interest were designed from sequences registered with GenBank.
The transcripts have shown one of three expression patterns: present in both
cell populations, absent in both cell populations, or present in one cell
population and not in the other. For some of those genes whose transcripts
were detectable in both populations, differences in the level of expression were
evident, which raises the point that perhaps it is not only the presence or
absence of expression that is important but also the level of that expression,
and whether or not that level is physiologically significant.
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AXOTOMY-INDUCED c-JUN EXPRESSION IS REGULATED BY NERVE
GROWTH FACTOR IN MEDIAL SEPTAL NEURONS. C. A. Haas A. Bach R.
Linke 1 and M. Frolschcr*. Institute of Anatomy, University of Freiburg, 7900l
Freiburg; 1Institute of Anatomy, University of Magdeburg, 39120 Magdeburg, FRG.
Transcction of the fimbria-fornix leads to axtomy of septohippocampal projection
neurons. In adult animals, the earliest molecular event after axotomy is the induction
of the proto-oncogene c-jun in medial septal (MS) neurons. Herc we invesligated the
lesion-induced c-JUN expression in young MS neurons and its regulation by nerve
growth factor (NGF). First, MS neurons were retrogradely labeled by Fast Blue
injection into the hippocampus at postnatal day I (Pl). Rats of different
developmental ages (P6, P9, P14, P21, P28 and P42) were then subjected to bilateral
fimbria~fornix transcclion (FFT). c-JUN immunoreactivity was observed in nuclei of
axotomized MS neurons of all slages examined, indicating that c-JUN expression is
an age-independent feature of axotomized MS neurons. Double imrnunolabeling for
choline acetyltransferase (ChAT) or parvalbumin and c-JUN, respectively, revealed
that cholinergic and GABAergic septohippocampal projection neurons express c-JUN
after axotomy. In addition, a temporal and spatial correlation between c-JUN and the
neuropeptide galanin was found, since both proteins were induced in the same MS
neurons after FFT. The regulation of c-JUN expression in axtomized MS neurons was
studied in organotypic MS cullures. Axotomizcd MS neurons in culture did not
express c-JUN in contrast to the in vivo situation. With the concept that nerve growth
factor (NGF) suppresses c-JUN expression, MS slice cultures were treated with antiNGF antibodies. This treatment caused a dose-dependent increase in c-JUN-positive
cells in MS cultures. Simultaneous addition of anti-NGF antibodies and NGF resulted
in the reversal of this effect. In summary, we present evidence for an age-independent
expression of c-JUN in axotomized medial septal neurons and its regulation by NGF.
(Supported by the Deutsche Forschungsgemeinschaft)

TROPHIC EFFECTS ON ADULT MOTOR NEURONS AND PLASMA
CONCENTRATIONS OF SUBCUTANEOUSLY ADMINISTERED
BRAIN-DERIVED NEUROTROPHIC FACTOR (BDNF) IN RAT
AXOfOMY MODELS.
Noriko Katayama Tohru Tatsuno Yohko Ishige Akiyoshi Kishino,
Hiroki Ogo, Chikao Nakayama* and Hiroshi Noguchi Sumitomo
Pharmaceuticals Research Center, 3-1-98, Kasugadenaka, Konohana-ku,
Osaka 554, Japan.
We studied the effects of BDNF on the axotomy-induced decrease in
ChAT immunoreactivity in the adult spinal and brainstem motor neurons.
The left sciatic nerve or facial nerve of adult male Wistar rats (7 weeks
old) was axotomized and the ChAT immunoreactivities of motor neurons
were examined 7 days later. In the sciatic nerve axotomy model, BDNF
was subcutaneously injected every other day. At 5 mg/kg and 20 mg/kg,
BDNF significantly attenuated the reductions in both the number of
ChAT-positive motor neurons and the optical density of ChAT
immunostaining in the retrodorsal lateral nucleus (RDLN) of the lumbar
spinal cord. At 1 mg/kg, BDNF showed no significant effect. The plasma
concentration of BDNF, determined by ELISA after final administration of
BDNF, paralleled the dose-dependent trophic effect of BDNF. The Cmax
(110 ng/ml) at the minimum effective dosage of 5 mg/kg was much greater
than that (12.7 ng/ml) at the ineffective dosage of 1 mg/kg. In addition,
delayed treatment with BDNF (from 7 days to 13 days after axotomy)
ameliorated the reduction of ChAT immunoreactivity in RDLN. In the
facial nerve axotomy model, BDNF (5, 20 mg/kg, s.c., daily) similarly
suppressed the decrease in ChAT-positive motor neurons in facial

353.3
NT-3 DOES NOT STIMULATE A REGENERATIVE RESPONSE
TO CLOSE AXOTOMY IN MOUSE CORTICAL NEURONS. E.J.
Elliott*, D.A. Parks, P.S. Fishman. Research Se1Vice, VA Medical Center, Baltimore, MD 21201.
Transcallosal cortical neurons in the mouse do not mount a detectable
regenerative response following axotomy, even when the lesion occurs as
close as 200 µm to the cell body. Nerther the growth-associated protein GAP43 nor the growth-specific cytoskeletal protein a1 tubulin are upregulated in
these neurons following such lesions (Elliott, Parks & Fishman, Brain Res. [in
press] and Soc. Neurosci. Abstr. 22: 1017, 1996). We are now studying
whether exogenously applied neurotrophic factors which enhance axonal
regeneration in several other systems can stimulate these particularly
unresponsive neurons to upregulate growth-associated proteins. The first
factor we have studied is neurotrophin-3 (NT-3), which is present in
developing cortex, and whose receptors persist into adulthood.
NT-3 injected into the brain near the time of the stab wound was washed
away by bleeding and CSF efflux. To overcome this problem, 0.5 µg NT-3 in
aqueous solution was applied to a small piece of nitrocellulose paper, which
was air dried briefly and then placed into the lesion immediately after a stab
wound. NT-3 could be detected immunohistologically in the surrounding
1
cortex up to 1 mm away from the lesion for at least 4 days after injury.
In srtu hybridization studies of brain sections taken 1, 2 and 4 days after
injury showed no biologically significant upregulation of a1tubulin mRNA in
axotomized transcallosal neurons (identified by prelabeling with Fluoro-Gold)
compared with nearby unaxotomized transcallosal neurons, or with
unaxotomized cortical neurons distant from the lesion and from the NT-3.
These studies are now being extended to other growth·associated markers,
such as GAP-43, and to other neurotrophic factors as we investigate the
mechanisms behind this particularly refractory response to injury.
Supported by Dept. of Veterans Affairs Merit Award.

nucleus. These results indicate that the trophic effect of BDNF on injured
adult motor neurons parallels its plasma concentration.

353.4
BDNF, BUT NOT NT-3, PROMOTE LONG-TERM SURVIVAL OF
AXOTOMIZED ADULT RAT CORTICOSPINAL NEURONS (CSN)IN VIVO.
E. N. L. Hammond 1 P. Mestres 1 W. Tetzla:ff2 and K. M. Giehl 1• (SPON: European
Neuroscience Association). 1Department of Anatomy, University of Saarland,
2Department of Zoology and Surgery, University of British
Homburg/Saar;
Columbia, Vancouver.
Death of CSN, an important CNS-motoneuronal population, is observed in the
neurodegenerative disease ALS. We have reported previously that death of half of
the adult rat CSN can be induced by their axotomy at internal capsule levels.
Application ofBDNF or NT-3 to lesioned CSN prevented this death within the first
week after axotomy. In order to determine whether this neurotrophin effect on CSN
survival is merely a delay of axotomy induced death or a long-lasting rescue of CSN,
BDNF or NT-3 were infused to Fast Blue labelled, axotomized CSN for 14 days.
After this treatment period, animals were allowed to survive for additional 28 days
without treatment and CSN survival was quantified. The axotomy of CSN was
verified by the injection of a second tracer, Rhodamine Dextrane, into both
corticospinal tracts immediately after the lesion. Survival of axotomized CSN was
significantly increased by BDNF (88.2±7 %, mean survival+s.e.m., n=6) as
compared to lesion only ,(68±3 %, n=7) and vehicle (67±3 %, n=l l ). In contrast,
NT-3 treatment did not promote long-lasting CSN rescue (77±4 %, n=7) although
this neurotrophic factor resulted in complete short term (7 days) rescue of
axotomized CSN. These results show that BDNF. but not NT-3, is able to promote
long-term survival of adult rat CSN in vivo.
The neurotrophins were generously supplied by Regeneron Pharmaceuticals.
This study was supported by grants from the Canadian MRC to WT, the ZFK of the
University of Saarland to KMG, and the DFG to KMG and PM.

353.5

353.6

NT-3 PREVENTS CELL DEATH AND ATROPHY OF AXOTOMISED
SPINAL CORD PROJECTION NEURONS
E.J BradbllJY...YJLKing,1* L. Simmons1 J.V.Priestlei and S B.McMahon1
I. Dept. Physiology, UMDS, London, SE! 7EH, UK. 2. Dept. Anatomy,
QMW, London, El4 NS, UK.
Following spinal cord injury, projection neurones are frequently axotomised,
and many of the damaged cells subsequently die. One goal in spinal injury
research is to preserve damaged neurons so that ultimately they are accessible to
regeneration-promoting strategies. Here we ask if neurotrophin treatment can
prevent atrophy and death of axotomised ascending spinal cord pathways.
In adult rats, a spinal cord hemisection was made at T8. Axotomised neurons
were retrogradely labeled with flourogold applied at the lesion site. The number
and size offluorogold-labeled cells in the lumbar spinal cord was assessed 1,2,3
and 4 weeks post-lesion. In three of four areas analysed (lamina I, deep dorsal
horn and lamina X) a progressive and significant degeneration over time was
observed with marked cell loss and atrophy evident by 4 weeks post-lesion.
This time point was used to assess neurotrophin effects. Rats were hemisected
as before and either NT-3 or BDNF (12µg/day, n=4 for both) or vehicle (n=4)
were delivered continuously to the lesion site via an osmotic minipump, In rats
treated with NT-3 (but not BDNF) the number of surviving cells and the cell
sizes were significantly increased compared to those of vehicle-treated controls,
and were not significantly different from cells labeled for 1 week (the minimum
time examined).
In a parallel series of experiments we found, using in situ hybridization, that
the majority of these spinal projection neurones (labeled as before), expressed
full length receptors for both NT-3 and BDNF (trkC and trkB, respectively).
Thus, neurotrophins may be of benefit in preventing the secondary cell loss
that occurs following spinal injllry.
Supported by the Special Trustees of St
Thomas' Hospital.

RESPONSE OF SENSORY PERIVASCULAR AXONS TO
EXOGENOUS NGF FOLLOWING DECENTRALIZATION OF
THE SUPERIOR CERVICAL GANGLION. M.CottinghamSellers A. Kamm C. Morgan D. Alfonso and L.G. Isaacson*
Center for Neurosci, Dept Zoology, Miami Univ, Oxford, OH
45056.
We have previously shown that adult sensory perivascular axons
associated with the extracerebral blood vessels respond with
increased neurotransmitter content to intracerebroventricular infusion
of nerve growth factor (NGF). Our present goal was to examine
whether sensory perivascular axons respond to NGF infusion in the
absence of sympathetic activity. Following a 2 week intracranial
infusion of NGF (15 µg), the density of calcitonin gene related
peptide (CGRP) immunoreactive axons associated with the anterior
cerebral artery (ACA) and intradural internal carotid artery (ICA)
increased by 206% and 265% respectively. Following I week
deafferentation of the superior cervical ganglion (SCG) and
subsequent 2 week NGF infusion (dNGF), perivascular density
was significantly increased (ACA:62% and ICA: 126%) compared
with YEH cases. However, the increase was less robust than in
cases receiving only NGF. Deafferentation of the SCG (dVEH) did
not affect mean CGRP perivascular density/mm vascular wall (23.3
vs.23.0). Our findings suggest that, in contrast to the heightened
response by CGRP immunoreactive axons following SCG removal
prior to NGF infusion, the absence of sympathetic activity did not
result in increased NGF-induced neurotransmitter plasticity by
mature sensory perivascular axons.(Supported by NS32876 to LGI)
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CHANGES IN FAST AXONALLY TRANSPORTED PROTEINS IN RAT RETINAL
GANGLION CELLS FOLLOWING AXOTOMY: EFFECTS OF BDNF.
L.Wodarczvk* and G.W.Perrv Neuroscience Research Laboratories, Center for
Complex Systems, Florida Atlantic University, Boca Raton, FL 33431.
Previously, we have shown that within 2 days of axotomy, rat retinal ganglion cells
(RGCs) initiate molecular changes in mRNA and fast transport protein patterns that
resemble a regenerative state; the abatement of this early response occurs within 5 days
of injury and is presumably due to the onset and progression of apoptosis (Wodarczyk
et al., J.Neurochem.68:1114,1997). Recently, BDNF has been shown to enhance the
survival of rat RGCs following axotomy. Therefore, we decided to determine the
effects of BDNF treatment on the regulation of those fast transported proteins
previously noted to be altered in axotomized rat RGCs.
The left eyes of Sprague-Dawley rats were injected with 5μg of BDNF or a vehicle
solution following intraorbital axotomy; the right eyes received sham injections only.
2 or 5 days later, the right and left eyes were injected with 35S-methionine. Following
5h incorporation, retinas and optic nerves were dissected. Fast transported protein
patterns were analyzed by 2D-gels,which revealed changes in vehicle and BDNFtreated eyes similar to those seen previously, following axotomy alone. Extracts of total
RNA were separated in agarose gels and electroblotted onto nylon membranes, which
were subsequently hybridized with 32P-labelled DNA probes for GAP-43 and T-26 and
autoradiographed. Northern analysis confirmed the enhanced induction of GAP-43 in
vehicle-injected eyes at 5 days post-axotomy. This induction also occurred and was,
indeed, further enhanced following injection with BDNF.
These results suggest that the regeneration-associated changes seen to occur in fast
transported proteins after axotomy are not attenuated, but sustained, during the period
of BDNF-enhanced RGC survival.
We are grateful to Regeneron Pharmaceuticals i'or their generous gift of BDNF.
Supported by EY06449

353.9

353.8
D E L A Y E D A D M IN IS T R A T IO N O F N E R V E G R O W T H F A C T O R (N G F)
R E V E R SE S D O R S A L SP R O U T IN G O F A 6 PR IM A R Y A FFE R E N T S
FO L L O W IN G SC IA T IC N E R V E T R A N S E C T IO N IN T H E A D U L T RA T.
G. G rant, C. R ivero-M eliân, P. S h o rtlan d , H. A ld sk o g iu s an d N. P.
E rik sso n * D ept, o f N eu ro scien ce, K a ro lin sk a Inst., Sto ck h o lm , Sw eden.
F o llo w in g sciatic n erve injury, ch o lerag en o id (C TB ) lab elled m y elin ate d
p rim ary a fferen ts sprout into lam in a II o f the d o rsal horn (W o o lf et al., '92
N atu re 3 5 5 :7 5 ).
T h ese sprouts m ay c o n trib u te to the sen so ry
h y p eresth esias rep o rted in h u m an n e u ro p a th ic pain co n d itio n s. Recently,
E rik sso n et al. (N eu ro scien ce, in p ress) rep o rted that N G F a p p lie d
im m ed iately to the in ju red sciatic n erv e for 2 w eeks p rev en ted d epletion of
S P levels and sp ro u tin g o f C TB fibres into lam in a II. The aim here was to
investigate if d elay ed ad m in istratio n o f N G F c o u ld rev erse the sp ro u tin g
o f C T B a fferen ts o nce they had g row n into lam in a II. T h e efficacy o f the
N G F a d m in istratio n w as assessed by a n aly sin g the ex te n t o f SP-IR .
A d u lt rat sciatic nerves w ere tran sected bilaterally , and tubes c o n ta in in g
cy to c h ro m e C were ap p lied u n ila tera lly in a p lastic tube, w hich was later
e x c h an g e d to one c o n ta in in g N G F. T he total p o sto p e ra tiv e survival tim e
e x c ee d e d fo u r w eeks. CTB an d SP w ere visu alized w ith sta n d a rd
im m u n o flu o resc e n c e m eth o d s.
T h e results show th at a delay ed a p p licatio n o f N G F is able to c o u n te ra ct
the ex p a n sio n o f ch o le ra g en o id lab elled p ro file s and the d ep letio n o f SPIR in a sim ilar way to w hen N G F was a p p lied im m ed iately after sciatic
n erv e tran sectio n . D elay ed ad m in istratatio n o f N G F can, th erefo re, reverse
som e o f the ax o to m y -in d u c e d ch an g es in p rim a ry a fferen ts. These results
m ay be c lin ically relevant. Support: S w ed ish M RC .

353.10

THE FREE RADICAL SCAVENGER S-PBN POTENTIATES
THE NEUROPROTECTIVE
EFFECTS
OF
BDNF
ON
AXOTOMIZED RETINAL GANGLION CELLS IN VIVO.
N. Klöcker1. A. Cellerino2. M. Bähr1*. 1 Dept, of Neurology, University of
Tübingen, FRG.2 Dept, of Ophthalmology, University of Tübingen, FRG.
Intraocular application of the neurotrophin Brain Derived Neurotrophic
Factor (BDNF) reduces axotomy-induced death of retinal ganglion cells
(RGCs). Several studies have shown that excitotoxicity contributes to
secondary neuronal death after injury and that excitoxic damage is partly
mediated by excessive production of free radicals. In this study, we tested
whether the neurotrophin BDNF and the free radical scavenger N-tert-butyl-(2sulfophenyl)-nitrone S-PBN can cooperate in promoting the survival of
axotomized RGCs in vivo. RGC rescue by intraocular BDNF was dosedependent with a maximal rescue rate of 27 % of the RGCs which would
otherwise die 14 days after optic nerve transection. Systemic S-PBN
significantly potentiated neuroprotection by BDNF and enhanced the RGC
rescue rate up to 68 %. This effect has to be synergistic, since single S-PBN
treatment did not influence the survival of axotomized RGCs. We hypothesize
that BDNF might limit its own neuroprotective efficacy in vivo by enhancing
free radical production. Antagonism of this adverse effect with spin trap
molecules would then unmask its full neuroprotective potential. In line with this
hypothesis, we observed colocalization of NO synthase and TrkB
immunoreactivity in the ganglion cell layer. Effects of BDNF on the expression
of NO synthase in the retina are currently tested.
Experiments were supported by the BMBF (neurotraumatology) and the
Human Capital Mobility Programme of the European Community.

THE EFFECT OF NGF ON THE CHARACTERISTICS OF REGENERATED
FIBRES IN THE LINGUAL NERVE. K.G. Smith* J.M. Yates & P.P. Robinson.
Department of Oral & Maxillofacial Surgery, University of Sheffield, UK.
Microsurgical repair of damaged lingual nerves enhances regeneration but the
level of recovery is variable and never complete. We are, therefore, investigating
the efficacy of placing neurotrophic agents at the repair site to minimise central
neural degeneration and support the regenerating axons. In anaesthetised adult cats
(alphaxalone and alphadolone acetate, 18 mg/kg i.m.) the left lingual nerve was
sectioned and repaired by suturing the ends into a silicone tube, leaving a 1mm gap
between them. In 6 animals the gap was filled with saline, in 6 others with 3μg of
NGF1, and in both groups the ends were sealed with fibrin glue. After recovery
for 6 months, under sodium pentobarbitone anaesthesia (induction 42mg/kg i.p.,
maintenance 3mg/kg i.v.) the extent of functional recovery was evaluated
electrophysiologically. Vasomotor responses in the tongue and submandibular
salivary secretion were evoked in both groups by electrical stimulation of the nerve
central to the repair site, with no apparent differences. Single unit recordings from
the lingual branch of the trigeminal nerve revealed that in the saline group (57 units
from 3 animals) all of the units were purely mechanosensitive. In the NGF group
(47 units from 2 animals) 77 % of the units were purely mechanosensitive but 23 %
also responded to thermal stimuli (P<0.005 X2). However, the conduction
velocity of the purely mechanosensitive units was significantly slower in NGF
group (median 13.7 m s-1, interquartile range 9.0-19.5 m s -1) than in the saline
group (median 16.8 m s-1, range 13.5-23.5 m s-1, P<0.05, Mann-Whitney U
test).
These preliminary data have revealed significant differences in the level of
recovery in the two experimental groups, but further parameters remain to be
evaluated.
1 (Alomone Laboratories, Jerusalem).
Supported by the Wellcome Trust.
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BDNF-INDUCED IPSILATERAL AND CONTRALATERAL EXPANSION OF
SAPHENOUS SPROUTING IN THE SPINAL CORD AFTER PRONASE
DEAFFERENTATION OF THE SCIATIC NERVE TERRITORY. C.C.
LaMotte.* M.E. Helaren. T. Duona. K. Arsenault, and S.E. Kapadia.
Depts. of Neursurg. and Surg., Yale Univ. Sch. of Med., and
Quinnipiac College, New Haven, CT. 06510.
Pronase injection of the rat sciatic nerve destroys sciatic ganglion
cells and their central axons. Two to four months later, the spinal
territory of the intact, ipsilateral saphenous nerve is expanded into
the sciatic territory. Using tracers specific to classes of primary
afferents, it has been shown that the sprouted saphenous afferents of
different diameters distribute to appropriate dorsal horn laminae
within their new territory. We examined the effects of continuous
intrathecal delivery of BDNF (Regeneron) (2 0 ug/day) over a one
month period after pronase injection of the sciatic nerve. Two
months after the pronase injection, the saphenous nerve ipsilateral
to the pronase injection was labeled with choleragenoid HRP (0.05
mg) which selectively labels myelinated afferents. The saphenous
nerve distribution was expanded from its normal location in laminae
I, III, IV and V of the dorsal horn into the ipsilateral intermediate
and ventral grey. In addition, many labeled afferents were found in
the contralateral dorsal, interm ediate and ventral grey.
Interestingly, the contralateral lamina II region was well labeled.
Dense label was also found in the ipsilateral and contralateral
lamina X. These results indicate BDNF enhances growth of intact
primary afferents into normal and foreign areas after destruction of
neighboring afferents.
Supported by grants NS10174 and NS34902.

TIME COURSE OF NT-3 ACTION ON AXOTOMIZED MUSCLE
AFFERENTS IN ADULT CATS. J. B. Munson*1. R. D. Johnson1 and L. M.
Mendell2. 1University of Florida, Gainesville, FL 32610 and 2SUNY-Stony
Brook, Stony Brook, NY 11794.
Chronic application of NT-3 directly to the cut end of the axotomized
medial gastrocnemius nerve in cats for 5 weeks (60 μg/d via osmotic
minipump) results in a substantial increase in the amplitude of the
monosynaptic EPSP evoked by the spindle afferent fibers (Munson et al., J.
Neurophysiol. 77: 2209, 1997). Here we have examined the time course of
this effect. We found evidence for changes within 8-11 days of application
of the NT-3: EPSP amplitude was larger than from untreated axotomized
afferents, and even slightly larger than those from intact afferents. After 3
weeks of NT-3 treatment the EPSPs from axotomized afferents became
larger still, and increased even further after 5 weeks of treatment,
suggesting that the effects of NT-3 are progressive over a long time course.
EPSPs in type F motoneurons (i.e. short AHP) were especially enlarged by
NT-3. EPSP amplitude was also elevated after NT-3 was administered
subcutaneously for 5 weeks via remotely implanted osmotic minipump, but
much less than after direct administration to the axotomized nerve.
Conduction velocity of axotomized afferents was reduced to 80% of normal
by 5 weeks axotomy and was restored to normal by 5 weeks direct but not 5
weeks systemic NT-3 application. We conclude that (i) administration of
NT-3 to axotomized afferents causes effects on both the afferents and their
central synapses after 1 week, (ii) this effect is progressive for at least 5
weeks, and (iii) direct application to the nerve yields a significantly greater
effect than does systemic administration. Supported by NIH. NT-3 was
provided by Regeneron Pharmaceuticals, Inc.
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NERVE TRANSPORT OF WGA-NGF TO THE BRAIN PREVENTS
CELL DEATH. Michael Russell*1’2, Yongjin Hou1,2, and Albert Chu2,3 .
1Dept. Anesth. Univ. Calif., Davis, CA 95616, 2Aaken Labs., Davis, CA
95616 , and 3E-Y Labs., San Mateo, CA 94401.
Site specific delivery within the brain would allow a number of proteins
including growth factors to be used as drugs without many of the toxic side
effects that occur when these materials are delivered systemically. We have
used a modified lectin, wheat germ agglutinin (WGA), as a carrier for nerve
transport of a growth factor as a model for drug delivery. Nerve growth
factor (NGF) was conjugated to WGA and tested for neurite outgrowth with
PC 12 cells and found to be biologically active. Then 28 adult rats (8 month
old females) were lesioned by cutting the fimbria-fomix. The animals were
then divided into three groups and treated by drip irrigation of either WGANGF, WGA-NGF-HRP, or nothing to the olfactory bulb for transport into
the brain. The treatments were repeated four times. After 10 days the
animals were sacrificed and their brains removed. The brain tissues were
sectioned and stained with an antibody for choline acetyltransferase and
examined under a light microscope. Both the WGA-NGF and the WGANGF-HRP treated groups showed significantly increased cell survival in the
diagonal band when compared to the control group p<0.02. This study
suggests that for regions within the nervous system that can be targeted by
nerve transport a lectin conjugate can be used to deliver active growth
factors and other drugs for site specific delivery past the blood-brain barrier.

TrkB-IgG DOES NOT INHIBIT MOSSY FIBER SPROUTING IN AN IN VITRO
MODEL. M. J. Routbort1*. T.E. Rvan2. G.D. Yancopoulos2, and J.O. McNamara1.
1Epilepsy Research Laboratory, Departments of Medicine, Neurology, and
Neurobiology, Duke University Medical Center, Durham, NC 27710 and
2Regeneron Pharmaceuticals, Inc., Tarrytown, NY 10591.
Mossy fiber sprouting (MFS) refers to the formation of recurrent synaptic
connections among hippocampal dentate granule cells identified in animal seizure
models and humans with epilepsy. MFS arises following intense seizure activity
and may contribute to the increased excitability o f the epileptic brain. The
molecular determinants underlying the process of MFS are largely unknown.
However, the morphoregulatory effects of neurotrophins such as BDNF, together
with the upregulation of their expression in granule cells following seizures, has led
to the hypothesis that neurotrophins may be involved in MFS.
We sought to test this hypothesis in a pharmacologically accessible model of
MFS: organotypic hippocampal explant cultures. In these cultures, kainic acid
causes a selective death of CA3 pyramidal neurons and a dramatic sprouting of
mossy fiber axons. trkB-IgG was used to inhibit signal transduction through the
trkB receptor. We incubated trkB-IgG at a concentration of 20 |ig/ml throughout
kainate administration and during the recovery/sprouting period. Mossy fiber
sprouting was assessed histochemically using the Timm stain.
Compared to untreated control cultures, cultures treated with kainic acid or
kainic acid/trkB-IgG had substantially elevated Timm scores. However, there was
no difference in the Timm scores of kaifiic acid/trkB-IgG treated cultures versus
those treated with kainic acid alone.
These results suggest that trkB receptor activation is not required for the physical
outgrowth or regional selectivity of mossy fiber axons as they sprout in the
epileptic hippocampus. Work to definitively establish the efficacy of trkB-IgG at
inhibiting neurotrophin function in slice cultures is in progress.
(Supported by Ruth K. Broad Biomedical Fund and NIH NS-32334)

353.15
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NG F-PRO DU CIN G G ENETICA LLY M O D IFIED NEUR AL STEM
CELLS PR OTECT N EO STRIA TAL NEUR O N S AG A IN ST
ST R O K E-IN D U C ED DA M AG E
Z. Kokaia*. G. Andsberg. A. Björklund*. O. Lindvall and A. Martinez-Serrano†.
Sections o f Restorative Neurology a n d 1Neurobiology, Wallenberg Neuroscience
Center, University Hospital, S-221 85, Lund, Sweden.
We have studied whether intrastriatal transplantation of a genetically modified
neuronal stem cell line (HiB5) producing nerve growth factor (NGF), can
improve the survival of striatal neurons following transient focal cerebral
ischemia. Three groups o f Wistar rats were either grafted with NGF-producing
HiB5 cells (HiB5-NGF; n=8), or with control HiB5 cells (HiB5-Control; n=7),
or injected with culture medium alone (Vehicle; n=6) in the striatum. One week
later, all animals were subjected to middle cerebral artery occlusion (MCAO) for
30 minutes on the grafted side. After 48 hours o f reperfusion, brains were
processed for immunocytochemistry. DARPP-32 (specific marker for striatal
GABAergic neurons) and NeuN (specific marker for neurons) positive cells were
quantified using stereology at 4 representative levels through the striatum. Thirty
minutes of MCAO led to a substantial decrease (62-94 % as compared to intact,
contralateral striatum) of the number of DARPP-32 positive cells at all 4 levels
in the vehicle-injected animals. Cresyl violet staining of adjacent sections
revealed the same pattern of cell death. Animals which had received HiB5-NGF
graft showed significantly more DARPP-32 positive striatal neurons as
compared to both HiB5-Control and Vehicle groups. A similar protective effect
of the NGF -producing cells was observed when the numbers of all neurons in
the striatum was quantified in NeuN-immunostained sections. This finding
indicates that transfer of a neurotrophic factor gene to a specific brain area could
influence the resistance of this area to neuronal damage following brain insults
(supported by a grant from the Swedish MRC B96-14X-0866-08C).

EFFECTS OF BRAIN-DERIVED NEUROTROPHIC FACTOR
(BDNF) ON FUNCTIONAL AND HISTOLOGICAL DAMAGE OF
RETINAL PHOTORECEPTORS INDUCED BY CONSTANT LIGHT.
Kazuhito Ikeda. Tohru Tatsuno*. Chikao Nakavama and Hiroshi
N oguchi. Sumitomo Pharmaceuticals Research Center, 3-1-98,
Kasugadenaka, Konohana-ku, Osaka 554, Japan.
BDNF has been shown to rescue retinal photoreceptor cells from
constant light-induced degeneration in albino rats (LaVail, M. M., et al.
Proc. Natl. Acad. Sci. USA, 8 9 , 11249-11253, 1992). We examined
whether BDNF protects retinal function against light damage by
electroretinography (ERG). Two-day exposure to constant light (2000
lux) resulted in almost complete disappearance o f the ERG a-wave in
response to the highest intensity stimulus flash. In contrast, little
degeneration o f photoreceptor cells was observed by histological
analysis. The a-wave amplitude gradually recovered to 60-70 % of
normal 10 days after light exposure. Intravitreal injection o f BDNF (10
μg) two days before light exposure seemed to improve the pattern of
ERG. However, the ampitude o f the ERG a-wave was not significantly
increased by BDNF treatment throughout the recovery period. On the
other hand, histological analysis showed that BDNF significantly
rescued photoreceptor cells from degeneration caused by a longer period
o f light exposure (5 d a y s). These results suggest that (i) the loss of
ERG a-wave caused by 2-day constant light exposure is a rapid event
which occurs independently o f photoreceptor degeneration, and that (ii)
BDNF has little effect on the short-term light induced dysfunction of
photoreceptors although it protects photoreceptor cells from lightinduced degeneration.
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BDNF AND NT-3, APPLIED UNDER THE WHISKER PAD, REVERSE
DENERVATION-INDUCED CORTICAL CHANGES IN NEONATAL R A S .
Eustachio Caliaa,b, Antonio M. Persicoa. Alfonso Baldia and Flavio Kellera*.
la b o ra to ry of Neuroscience and bService of Neurology, Libero Istituto Universitario
“Campus Bio-Medico’’, 00155 Rome, Italy.
Molecular mechanisms involved in the induction and maintenance of
somatotopic patterns in the trigeminal (V) system are poorly understood.
Development of somatotopy along the V neuraxis proceeds from the periphery
(brainstem V nuclei) to the somatosensory cortex. In fetal or neonatal rats, ablation
of whisker follicles, transection of the infraorbital nerve, inhibition of axonal
transport, but not impulse activity blockade, prevent formation of cortical barrels.
These findings suggest that a chemical signal, produced in the cutaneous periphery
and acting transsynaptically, is responsible for somatotopic pattern formation.
Neurotrophins (NFs) promote survival and differentiation of sensoiy neurons in
vitro and in vivo, and are expressed in the whisker pad during development.
Neonatal rats received gelfoam impregnated with NGF, BDNF or NT-3 under the
whisker pad following surgical denervation of rows D and E on P0. Barrel
formation in the somatosensory cortex was assessed on P7 by acetylcholinesterase
histochemistry and 5-HT-immunohistochemistry, two markers of thalamocortical
endings in layer IV. BDNF and NT-3, but not NGF, promoted differentiation of
cortical barrels corresponding to denervated rows of vibrissae. Furthermore. BDNF
and NT-3 prevented the expansion of adjacent row C barrels. Our results suggest
that BDNF and NT-3 from the whisker pad are signals that act transsynaptically to
promote barrel formation in the somatosensory cortex. These findings are
potentially relevant for the prevention of sensory disturbances that arise from the
reorganization of central sensory circuits after peripheral nerve lesions in humans.
This work was supported by the M argherita Lama Caputo Memorial Fund. Human
recombinant BD NF and NT-3 were generously provided by AM G EN INC.

BDNF A N D NT-4 INCREASE THE SU RVIVA L OF RA T CEREBELLA R
G R AN ULE CELLS, AN D PR O TEC T TH EM FROM GLUTA M ATEM EDIA TED NEU RO TO X ICITY IN CULTURE. N. M ori . T. Takeshima.
Y. W akutani*K. Nakashim a. Div. Neurol. Inst. Neurol. Sci. Tottori Univ. Fac.
Med. 36-1 Nishim achi, Yonago 683, Japan.
The neurotrophins, nerve growth factor (NGF), brain derived neurotrophic
factor (BDNF), NT-3 and NT-4 were tested to determine their possible, trophic
actions on rat cerebellar granule cells in culture. The long-term purpose o f
these experiments is to attempt to develop novel therapies for the treatm ent o f
hereditary and acquired cerebellar ataxia. Granule cells were prepared from
postnatal day 7-8 (PN7-8) rat, cerebellum. The cultures were primed with
10% fetal c a lf serum for 24 hr, and then grown in a serum -free medium,
supplem ented with the mitogen inhibitor cytosine arabinoside (AraC, 10^M).
The viability o f the neurons in culture was evaluated using the dyes calceinAM
and ethidium hom odim er, that stain live and dead cells green and red
respectively. The cultures were treated daily with NGF: 50 ng/ml; BDNF: 50
ng/ml; NT-3: 50ng/ml and NT-4: 50 ng/ml; from DIV3 to DIV8. At DIV9,
the viability o f those cultures treated with BDNF or NT-4, was significantly
higher than that o f control cultures. W hen cultures were exposed to 100 p.M
glutamate, for 15 min, at DIV6, there was massive neuronal death, as
indicated by viability testing. Pretreatm ent with BDNF and NT-4, but not with
NG F or NT-3, protected cerebellar granule neurons from glutam ate-induced
neurotoxicity. This selective, protective action o f BDNF and NT-4 on
cerebellar granule cells, suggests that additional experiments should be done to
determine if they may have a beneficial action in the treatm ent o f cerebellar
ataxia.(Supported by a grant for the Research Com mittee for CNS
Degenerative Diseases, M inistry o f Health and W elfare, Government o f Japan.)
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NEUROPROTECTIVE EFFECT OF NGF ON RATS WITH AMPA
EXCITOTOXIC LESION OF BASAL FOREBRAIN CHOLINERGIC
NEURONS. H.H D.Lam*. J.Berke. J.D.Cooper. M.V.Sofroniew. MRC
Cambridge Centre for Brain Repair, Department of Anatomy,
University of Cambridge, Forvie Site, Robinson Way, Cambridge, CB2
2PY, UK.
Unilateral lesion of the medial septal (MS) nucleus and nucleus of
the vertical diagonal band of Broca (vDBB) produced by alpha-amino3-hvdroxy-5-methy1-4-isoxazole propionic acid (AMPA) was used as a
neurodegeneration model to test for the neuroprotective action of nerve
growth factor (NGF). Rats received stereotaxic infusion of AMPA (5
nmol) or AMPA (5 nmol) with NGF (0.1 μg) and were fixed by
perftision with paraformaldehyde 3 or 14 days after treatment. The
resultant degeneration of cholinergic and p75NGFr positive neurons
was morphometrically assessed. Three or 14 days after AMPA
administration, the number of cholinergic neurons on the lesioned side
was depleted to about 5% while p75NGFr positive neurons decreased to
about 20% of the unlesioned control animals. NGF simultaneously
injected with AMPA largely prevented the decrease in ChAT and
p75NGFr positive neurons; the cell number was restorted to about 80%
of untreated animals at both 3 and 14 days. These results show that
acutely administrated NGF, delivered at the level of the cell bodies,
protects septal cholinergic and p75NGFr positive neurons against
AMPA excitotoxicity. This work was supported by the Medical
Research Council.

COLCHICINE INFUSIONS IN THE NBM LEAD TO A LESIONINDUCED INCREASE IN FUNCTIONAL NGF IN THE CORTEX
L. W. Shaughnessy*1, & S. Barone Jr.2, 1Curriculum in Neurobiology, UNC,
Chapel Hill & 2Neurotoxicology Division, U.S. EPA, RTP, NC 27711.
The goal o f the present research was to determine the functional
relevance of lesion-induced increases in endogenous neurotrophins.
Bilateral infusions o f either colchicine, a microtubule inhibitor, or vehicle
were made in the nucleus basalis magnocellularis of adult male Long-Evans
rats. The rats were sacrificed 3, 7, 14, 28, 35 or 84 days post-lesion.
Regional homogenates were assessed in neurotrophin ELISA assays, a
ChAT activity assay, and a PC 12 cell neurite outgrowth bioassay. ChAT
activity was initially decreased 30% in the parietal cortex, followed by
recovery to control levels at 84 days post-lesion. Neurotrophin protein
levels showed a persistent increase in nerve growth factor (NGF) only in
the parietal cortex following colchicine infusion and no change in BDNF
levels in the cortex or hippocampus. Neurite outgrowth assays indicated
NGF biological activity in the parietal cortex was increased 35% above
control levels at all time points following colchicine infusion, with addition
of NGF antibody blocking all activity. The data show a lesion-induced
increase in endogenous NGF in the target area o f the lesioned neurons
associated temporally and spatially with recovery o f a cholinergic marker,
suggesting that NGF may be physiologically important for this recovery.
(LWS was funded by USEPA/UNC Toxicology Research Program,
Training Agreements CT901915 and CT902908.)

B IO L O G IC E F F E C T S O F C Y T O K I N E S A N D O T H E R F A C T O R S :

S U R V IV A L F A C T O R S

354.1

354.2

GDNF AND NEURTURIN: RECEPTOR LOCALIZATION
AND SURVIVAL ACTIVITY FOR DEVELOPING
MIDBRAIN DOPAMINERGIC NEURONS. L.-C. Wang*. K.
Poulsen, J. M ilbrandt. E. Johnson. and M. H ynes. D epartm ent
of Neuroscience, Genentech, Inc. S. San Francisco, CA 94080,
Depts. of Path, and Pharm . W ash U., St. Louis MO 63110.
Among the m any candidate survival factors for
dopaminergic (DA) neurons, glial derived neurotrophic
factor (GDNF) has show n the m ost prom ise based on its
potent survival prom oting activity for DA neurons in vitro,
in vivo and for neurons com prom ised by toxins and lesions.
We have exam ined the survival prom oting activity of
neurturin (NTN), a recently discovered GDNF-like m olecule,
on embryonic m idbrain DA neurons. Both N TN and GDNF
promote survival of DA neurons, w ith a sim ilar potency and
efficacy. GDNF and NTN signal through m ulti-com ponent
receptor complexes in w hich an alpha com ponent binds
specifically to GDNF (GDNFα ) or N TN (NTNα ), and in
which the ret tyrosine kinase receptor is a com m on signaling
molecule (Treanor et. al., 1996, Klein et. al., subm itted).
Expression patterns of ret, GDNFα and N TN α , in the
developing em bryo suggest a possible role for GDNF and
NTN in establishing the projection patterns of DA neurons.

GDNF INHIBITS APOPTOTIC DEATH OF POSTNATAL SUBSTANTIA
NIGRA DOPAMINE NEURONS IN PRIMARY CULTURE DURING THEIR
NATURAL CELL DEATH PERIOD.
R.E. Burke1*. M. Antonelli1. D.
Sulzer1,2. 1Dept of Neurology, and 2Depts of Psychiatry and Neuroscience
of the NYS Psychiatric Institute, Columbia Univ., New York, NY, 10032.
Glial cell line-derived neurotrophic factor (GDNF) was identified on the
basis of its ability to enhance the development of embryonic mesencephalic
dopamine (DA) neurons. However, it remains unknown whether GDNF is a
physiologically relevant trophic factor for these neurons.
We have
previously shown that natural cell death among DA neurons of the
substantia nigra (SN) occurs largely postnatally (Dev Br Res, 1997). To
investigate whether GDNF may have the ability to support these neurons
during their period of natural cell death, we have used a postnatal primary
culture model. SN neurons were dissociated, plated onto glial monolayers
which had been grown to confluence over the preceding 2 weeks, and
grown in serum-free medium. GDNF (10ng/ml) increased the number of
tyrosine hydroxylase (TH)-positive neurons at the 4th and 6th days in vitro
(DIV) (DIV4: No GDNF: 200±12; GDNF: 415±48; DIV6: No GDNF: 16Q±61;
GDNF: 482±33). This effect of GDNF had both regional and cellular
specificity: GDNF did not increase survival of DA neurons of the ventral
tegmental area, and decreased the number of SN GABA-positive neurons.
These effects were highly specific to GDNF: TGFβ 1,2 and 3, BDNF, NT3,
EGF, TGFoc, and bFGF at 10ng/ml had no effect. GDNF decreased the
number of TH-positive apoptotic profiles on DIV1 by 57%, so the increased
number of these neurons is due, at least in part, to suppression of apoptotic
death. Thus, GDNF meets this criterion for a physiologically relevant
trophic factor for DA neurons of the SN. Supported by NINDS NS26836,
Shannon Award NIDA 07418, NIDA 10154, PDF, Smart Family Foundation.
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GDNF REGULATES NO N-PEPTID ERG IC N O CICEPTIV E NEURO NS. D.C.
Molliver*. D.E. W right†. M.L. Leitner, K. Poster. A. Sh. Parsadanian. D. W en‡. O.
Yan‡ and W.D. Snider. CSNSI, W ashington University School o f M edicine, St.
Louis, MO 63110; †Dept. Anat. & Cell Biol. Univ. Kansas Med. Ctr., Kansas City,
KS, 66160; ‡Amgen, Inc., Thousand Oaks, CA, 91320.
A major advance in the study of nociceptive processing has been the discovery that
NGF supports the survival of nociceptive neurons during development and regulates
functional properties of nociceptors in maturity. However, non-peptidergic nociceptive
neurons downregulate expression of the NGF receptor, TrkA, after birth, raising the
possibility that they may subsequently respond to other trophic factors. Recent
studies demonstrate that glial cell line-derived neurotrophic factor (GDNF) supports
DRG neurons in vitro and rescues them following axotomy. GDNF mediates its
biological effects via two receptors: c-Ret, a tyrosine kinase, and GDNFRα , a GPIlinked binding protein. To determine which classes of murine DRG neurons respond
to GDNF, we have characterized neurons that express GDNF receptors using in situ
hybridization, immunohistochemistry, and lectin binding. We show that in the adult
DRG, nearly 60% of neurons express c-Ret and GD NFRa. A subset of large neurons
expresses c-Ret as early as E l 1; these neurons coexpress the NT-3 receptor TrkC but
do not express parvalbumin, and are thus unlikely to be la proprioceptive neurons.
Analysis of central and peripheral projections indicates that some of these neurons
innervate hair follicles. Near birth, c-Ret expression is initiated by a population of
small neurons that lack neuropeptides, project to the interior o f lamina II and are
labeled by a-internexin and the lectin I-B4, markers selective for the population of
nociceptive neurons that downregulates TrkA postnatally. Preliminary results of in
vitro experiments indicate that GDNF supports the postnatal survival o f a substantial
number of TrkA-negative neurons. Our results suggest that a large population of
small nociceptive neurons switch trophic factor dependence from NGF to GDNF
during the first weeks of postnatal life, and may be regulated by GDNF in maturity.
The identification of distinct sources of trophic support for peptidergic and nonpeptidergic nociceptors may have im portant im plications for the processing of
nociceptive information. Supported by NINDS. MLL is a Howard Hughes fellow.
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CO-RELEASE OF GDNF AND TGF-B ACCOUNTS FOR THE
NEUROTROPHIC ACTIVITY OF CHROMAFFIN GRANULE
PROTEIN. P. Henheik*. K. Unsicker and K. Krieglstein. Dept, of
Anatomy and Cell Biology III, Ruprecht-Karls University of
Heidelberg, INF 3307, D-69120 Heidelberg.
C h ro m a ffin cells are k now n to sy n th esize, sto re and release
neu ro tro p h ic p ro tein s, w h ich h ave been sh o w n to pro m o te su rv iv a l o f a
nu m b er o f neuron p o p u la tio n s, i.e. c h ick cilia ry (C G ), do rsa l root
g a n g lio n ic and ra t hip p o ca m p a l n eurons. T h e C G n eu ro n a ssa y
rep resen ts a valid b io a ssa y fo r screen in g C N T F -lik e m o lecu les. In
a d d itio n , G D N F has been sh o w n to pro m o te su rv iv a l o f C G n eurons,
ho w ev er, o nly in th e presen ce o f 10% horse seru m . T G F -β is k now n to
be a m a jo r c o m p o n en t o f seru m -g ro w th fa cto rs. W e sh o w n o w th at
su rv iv a l o f C G can be a ch iev ed by the co m b in a to ry a ctio n o f G D N F and
T G F -β in the ab sen ce o f seru m , w h ile n eith er g ro w th fa cto r has a
sig n ifica n t e ffect on its ow n . It is know n th a t bo v in e ch r o m a ffin cells
sy n th esize both G D N F and T G F -β 1. W e pro v id e e v id en ce th a t both
g ro w th fa cto rs are. stored in c h ro m a ffin secreto ry g ra n u les (b y im m u n o 
flu o rescen ce) and can be release upon ch o lin erg ic stim u la tio n (im m u n o 
pre c ip ita tio n and b ioassay). N eu tra lizin g both T G F -β a n d G D N F entirely
ab o lish es th e su rv iv a l p ro m o tin g e ffect o f c h ro m a ffin g r a n u le-d eriv ed
p ro tein on C G n eu ron s un d er seru m -free co nditions.
O u r da ta su g g est th at G D N F requires T G F -β as a co fa c to r fo r a t lea st
so m e o f its fu n ctio n s and th a t this co m b in a tio n is b io lo g ica lly relevant,
sin ce c h ro m a ffin cells release the c o ck ta il o f both g ro w th fa cto rs in a
a c tiv ity -d ep en d en t m anner. Supported by SFB (317/D4) and DFG Un34/16-2.
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HEPATOCYTE GROWTH FACTOR (HGF/SF) IS AN ESSENTIAL
MUSCLE-DERIVED SURVIVAL FACTOR FOR A SUBPOPULATION
OF EMBRYONIC MOTONEURONS.
C. E. Henderson*. J. Livet.. R. A. Pollock. V. Arce. O. deLapevriere. Y.
Yamamoto. INSERM U.382, Developmental Biology Institute of
Marseille, Luminy Case 907, 13288 MARSEILLE Cedex 09, France.
Muscle-derived factors are known to be important for the survival of
developing spinal motoneurons, but the molecules involved have not been
characterized. Hepatocyte growth factor/scatter factor (HGF/SF) plays an
important role in muscle development and motoneuron axon outgrowth.
We show that HGF/SF has potent neurotrophic activity (EC50 = 2 pM) for
a subpopulation (40%) of purified embryonic rat motoneurons. Moreover,
HGF/SF is an essential component o f muscle-derived support for
motoneurons, since antibodies to HGF/SF specifically inhibited 65% of
the trophic activity of media conditioned by C2/C7 skeletal myotubes, but
did not inhibit the trophic activity secreted by Schwann cell lines. High
levels of expression of the HGF/SF receptor c-Met in the spinal cord are
restricted to subsets of motoneurons, mainly in limb-innervating
segments. Consistent with this distribution, cultured motoneurons from
limb-innervating brachial segments showed a more potent response to
HGF/SF than did thoracic motoneurons. By the end o f the period of
motoneuron cell death, levels of c-Met mRNA in motoneurons were
markedly reduced. The trophic effects of HGF/SF on purified embryonic
motoneurons were transient, suggesting that the effects o f HGF/SF may
be limited to the period of motoneuron cell death. HGF/SF may play an
important role during motoneuron development as a muscle-derived
survival factor for a sub-population of limb-innervating motoneurons.
Supported by INSERM, CNRS, AFM, IRME, and Wellcome Trust

CNTF AND LIF ARE SURVIVAL FACTORS FOR MAGNOCELLULAR
VASOPRESSINERGIC NEURONS IN VITRO. L. Vutskits. V. Bartanusz.
M.-F. Schulz and J. Z. Kiss*. Dept, of Morphology, University of Geneva
Medical School, Geneva, Switzerland.
Selective death of hypothalamic vasopressinergic (VP) neurons has been
reported in cases of hereditary and idiopathic diabetes insipidus and after
experimental lesions of the hypothalamo-neurohypophyseal pathway. To
explore the mechanisms that underlie this process, an in vitro model system
was established in which organotypic cultures of the hypothalamic
paraventricular nucleus (PVN) were maintained in chemically-defined
medium. We observe that the majority of magnocellular VP neurons die in
these cultures, while other cell populations such as corticotrophin releasing
factor producing parvocellular and oxytocin producing magnocellular cells
retain a well preserved cytoarchitectonic organization. Degenerating VP
neurons exhibit morphological signs of apoptosis and stained positively when
analyzed by the TUNEL assay. Partial survival of VP neurons occurred after
coculturing the PVN with neurohypophyseal explants, indicating that targetderived factors may be required for the survival of these neurons. Cell
survival is dramatically increased by the administration of CNTF and LIF,
but not by IL6 or the members of the neurotrophin family. RT-PCR followed
by Southern analysis shows the presence of CNTF mRNA in the
neurohypophysis. Thus, endogenous CNTF, produced by neurohypophyseal
cells may function as a physiological survival factor for neurosecretory
VP neurons.

354.7

354.8

HEPARIN-BINDING EPIDERMAL GROWTH FACTOR: EFFECTS
ON
PLURIPOTENT
PRECURSORS,
NEURONS,
AND
ASTROCYTES FROM THE CNS. H.I. Komblum1*, S.D. Zurchgr1, P.J.
Miettinen2,3,4 J. Wiesen4,5, z. Werb2,3,4,5, R. Derynck2,3,4,6, L. Opanashuk7
and K.B. Seroogv7, Depts. of 1Molec. and Med. Pharm. and Peds., UCLA, LA,
CA 90095, 2 Growth and Dev., 3Anat., 4Dev. Biol., 5Cell Biol., 6Lab. of
Radiobiol. and Environ. Health, UCSF, CA 94143-0640, and 7Dept. Anat. and
Neurobiol., Univ. Kentucky, Lexington, KY 40536.
Previous studies have indicated that the predominant ligand for the epidermal
growth factor receptor (EGF-R) in the brain is transforming growth factor alpha
(TGF-α). However, we have recently shown that one potential ligand, heparinbinding EGF (HBEGF) is expressed in the rodent brain in multiple regions.
Previous studies in other systems have shown that HBEGF produces effects similar
to those of other EGF-R ligands. However, one recent study demonstrates that
HBEGF is also capable of interacting with another, related receptor, HER-4. In the
present study, we examined the effects of HBEGF on plunpotent precursors,
astrocytes ana neurons from mouse and rat brain. HBEGF induced the proliferation
of pluripotent precursor cells derived from the neocortex and the striatal
subventricular zone of embryonic and early postnatal mice and rats. These
"neurospheres" could be clonally passaged and re-expanded with HBEGF in a manner
identical to TGF-a. HBEGF also induced the proliferation of astrocytes in vitro,
with maximal effects between 1-20 ng/ml in the absence of heparin. Both the
effects on "stem cells" as well as the effects on astrocytes were dependent upon
EGF-R expression, as no effects were observed in sister cultures prepared from
EGF-R null mutant mice. However both astrocytes and stem cells from knockouts
were responsive to FGF-2. HBEGF also increased the number of neurons present in
cultures derived from late embryonic rats compared to untreated controls. These
neurons did not incorporate BrdU during the culture period, although the number of
non-neuronal cells increased in the presence of HBEGF, indicating a possible
indirect trophic effect. In situ hybridization studies indicated that HBEGF mRNA
was widely expressed in the embryonic rodent brain and appeared as early as E14.
Taken together, these findings indicate that HBEGF is a potentially important
trophic factor in mammalian CNS development.
Supported by NIH grants NCICA57621, NS35164, NS01837 and American Cancer
Society grant ACS4184 and the Hereditary Disease Foundation.

INTERLEUKIN-6 PROMOTES SURVIVAL OF SENSORY NEURONS. P.G.
Murphv.*M. Altares. J. Gauldie. and P.M. Richardson. Dept. of Neurology and
Neurosurgery, Montreal General Hospital, 1650 Cedar Ave. Montreal, Quebec
H3G 1A4.
Previous results have demonstrated that interleukin-6 (IL-6) is present in a
subpopulation of medium and large sensory neurons after axotomy. Data also
indicate that cultured sensory neurons express the IL-6 alpha receptor GP80,
consistent with a possible autocrine loop. As IL-6 has been reported to be
neurotrophic in vitro for some cerebral neurons, survival assays were performed
on purified embryonic sensory neurons. Addition of exogenous IL-6 to low
density neuronal cultures in the absence of other exogenous neurotrophic factors
resulted in a dose dependent increase in neuronal survival dectable at 0.2 ng/ml
and maximal at 40 ng/ml with native but not heat inactivated IL-6. This survival
effect was dectable for 1 to 7 days in culture. To investigate possible mechanisms
by which IL-6 promotes neuronal survival, an anti-pan neurotrophic antibody
was incubated with IL-6 treated neurons at low density. The IL-6 induced
survival was inhibited by incubation with the pan anti-neurotrophin antibody and
the inhibition was overcome with exogenous NGF. RT-PCR and bioassay
indicate that cultured embryonic neurons, like some axotomized neurons, express
EL-6 mRNA and protein. High density neuronal cultures survive independently of
any exogenous neurotrophic factor and addition of anti-IL-6 blocking antibodies
to high density neuronal cultures resulted in a dose dependent decrease in
neuronal survival. This decrease could be rescued by preincubation with
exogenous but not heat inactivated IL-6. Incubation with normal sera or
complement inactivated antibody had no visible effect on survival. Survival of
neurons is promoted by IL-6, possibly acting in an autocrine fashion and
probably through some interaction with the neurotrophins.
Funded by MRC Canada and the Rick Hansen Man in Motion Foundation
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HEREGULIN-31 PROMOTES THE SURVIVAL OF CULTURED RAT
CORTICAL NEURONS. M.W. Miller* and J. Luo, Veterans Affairs Med. Ctr.,
and Dept, of Psychiatry, Univ. of Iowa Coll. of Med., Iowa City IA.
The epidermal growth factor receptor family includes c-Neu/erbB-2, c-erbB-3
and c-erbB-4. Candidate ligands for this receptor family are heregulins and
Neu differentiation factor. Studies indicate that these ligands and receptors are
expressed in the developing and the mature CNS, however, their biological
functions are not known. We examined purified primary cultures to investigate
the effects of heregulins on neuronal development. Neurons were obtained
from the dorsolateral cortex of rat pups on gestational day 16. The purity of the
cultures was determined to be greater than 90% neurons (i.e., MAP2-positive
cells). Cells were maintained in a 10% serum-supplemented or a serum-free
medium, and treated with 30 ng/ml recombinant human heregulinβ1(Neomarkers Inc., Fremont CA). The expression of c-erbB proteins was
determined by an immunoblot analysis. The effect of heregulin on cell
survival/proliferation was assessed by analyses of the total number of viable
cells, [3H]thymidine ([3H]dT) incorporation, and bromodeoxyuridine (BrdU)
labeling. Cortical neurons strongly expressed c-erbB-2 and c-erbB-4, but only
weakly expressed c-erbB-3. During two days in culture, the numbers of
neurons decreased by 30% (in serum-supplemented medium) and 56% (in
serum-free medium). Addition of heregulin-β1 completely prevented the cell
loss in serum-supplemented medium, and significantly reduced the cell loss in
serum-free medium. On the other hand, heregulin affected neither the amount
of [3H]dT incorporation nor the percentage of BrdU-positive cells. Thus,
cultured cortical neurons express c-erbB proteins. Heregulin-β1 prevents
neuronal death, but does not affect cell proliferation. We suggest that
heregulin-β1 is a potent regulator of neuronal survival. Supported by the V.A.
and N.I.H. (DE07734, AA06916, and AA07568).

FGF-9 IS AN AUTOCRINE/PARACRINE NEUROTROPHIC
SUBSTANCE FOR SPINAL M OTONEURONS. T. Kanda1*, T.
Iwasaki1, S. N akam ura2, A. Ueki2, H. M izusaw a1, T. Kurokawa3 and
K. Ikeda4. Department of Neurology, Tokyo Medical and Dental
University1 and Jichi Medical School Omiya Medical Center2,
Discovery Research Laboratories I, Takeda Chemical Industries, Co.,
Ltd.3, Department of Ultrastructure and Histochemistry, Tokyo Institue
of Psychiatry4, Tokyo, Japan
Motoneurons need muscle-derived neurotrophic substances for
their survival during the initial phase of their development, but after
maturation they become independent and can survive after axotomy.
This suggests that some neurotrophic substances other than targetderived ones control the survival of motoneurons in adults. Because
spinal motoneurons express fibroblast frowth factor-9 (FGF-9)
messenger RNA (Nakamura, 1997), we hypothesized that FGF-9
might be an autocrine or paracrine survival factor for motoneurons.
FGF-9 promotes the survival of motoneurons and upregulates the
choline acetyl transferase (ChAT) activity in the dissociated cultures
of anterior half of rat E l3 spinal cord. Externally added FGF-9 is
more effective in low density cultures, and polyclonal blocking
antibody against FGF-9 significantly lowered the ChAT activity.
Our results support an autocrine or paracrine role of FGF-9 in mediating
the survival of spinal motoneurons. Non-target-derived neurotrophic
substances for motoneurons including FGF-9 should be important in
the pathogenesis of motor neuron disorders in adulthood, such as
amyotrophic lateral sclerosis.
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SONIC HEDGEHOG IS NEUROTROPHIC FOR SPECIFIC
CNS N EURON POPULATIONS IN VITRO. N . M ia o , M.
Wang. T.A. Ott. T.S. D 'A lessandro. D. Platika*, N.K.
Mahanthappa. K. P an g. O ntogeny, Inc., 45 M oulton Street,
Cambridge, M assachusetts 02138.
Sonic h ed g eh o g (Shh), an axis-determ ining secreted
protein, is expressed during early vertebrate em b ryogen esis
in the notochord and ventral neural tube. In this site it
plays a role in the ph en otypic specification of ventral
neurons along the length o f the CNS. Shh expression,
however, persists bey o n d this ind uction period and w e have
asked w hether the protein sh o w s n o v e l activities b ey o n d
phenotype specification. U sin g cultures d erived from the
day 14,5-16 rat em bryo, w e sh o w that Shh is trophic for
dopam inergic m idbrain n eurons, G A B A -im m u n o rea ctiv e
(GABA-ir) m idbrain neurons, and GABA-ir striatal neurons.
Cultures derived from ventral spinal cord reveal that Shh is
again trophic for interneurons, m an y o f w h ich are GABA-ir
and som e o f w hich express the Lim-1 / 2 nuclear marker, but
does not appear to support m otorneuron su rvival.
Shh
does not support survival of sym pathetic or dorsal root
ganglion neurons.
(This w ork is sponsored b y O ntogen y, Inc..)

SECRETED Q i/Z ii SUPEROXIDE DISMUTASE IS AN ASTROCYTE-DERIVED
SURVIVAL FACTOR FOR HIPPOCAMPAL NEURONS IN CULTURE. J.W.
Winslow*. G.R. I.arainee. II.E. Raab. R.E. Soriano. L. Goodman, and R.G.
Hammonds. Depts. of Neuroscience and Protein Chemistry, Gencntech, Inc, South
San Francisco, CA 94080
The survival of CNS neurons such as embryonic hippocampal neurons is
dramatically enhanced by co-culture with astrocytes, presumably through the action
of secreted factors. Two approaches were taken to identify protein factors which
enhance hippocampal neuronal survival, some of which are expressed by astrocytes in
culture.
First, 130 known proteins representing mostly growth factors and
lymphokines were evaluated for hippocampal neuronal survival and process
outgrowth in low density culture. Modest effects were found with the addition of
BDNF, GAS6, FGE-2 and the related factors FGF-4 and FGF-9. The FGFs more
dramatically increased the proliferation of progenitor cells.
Secondly, by gel filtration of concentrated primary and immortalized astrocyte
conditioned media we identifiied a high molecular weight factor (60kDa) which
supports the survival and process outgrowth of hippocampal neurons in vitro (3050%; 3 DIV). Protein purification and direct sequence analysis, enzymatic assay, and
immunoreactivity identify the 60kDa protein as a secreted Cu/Zn superoxide
di.sinuta.se-similar or identical to rat extracellular SODT3 (EC-SOD B). RT-PCR and
pulse-chase experiments demonstrate that EC-SOD is expressed and secreted by
primary and immortalized astrocytes. These results suggest that astrocytes promote
hippocampal neuronal survival in part through secreted EC-SOD oxidative
protection. Astrocytic EC-SOD may play a physiological role in the protection of
hippocampal neurons, which are known to be exquisitely sensitive to oxidative
damage and inflammation as a result of ischemia or neurodegenerative diseases such
as Alzheimer's.

354.13
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E FFEC TS O F A N E W , B E H A V IO R A L L Y A C T IV E A C T H A N A L O G U E,
SEM AX O N C H O L IN E R G IC B A SA L F O R E B R A IN N E U R O N S I. A.
G rivenm kov*1, O. V. D olotov1, N. F. M y aso ed o v 1. I. B. B lack2 and C. F.
D reyfus2, in s titu te o f M o lecu lar G enetics R A S , M o sco w 123182, R ussia.
2Dept. N euroscience & Cell B iology, U M D N J/R o b ert W ood Johnson M ed.
Sch., P iscataw ay , N J 08854.
It is well know n th a t cholinergic n eurons o f th e basal forebrain (B F)
degenerate in th e A lzheim er's dem entia. T h ere a re virtu ally no therapeutically
useful agents th a t reduce th e cell loss. T o address th is problem , w e have
examined the role o f a new , b ehaviorally activ e analo g u e o f A C T H (4-10),
Semax (M et-G lu-H is-Phe-Pro-G ly-Pro). E ffects o f Sem ax w ere defined in
dissociated em bryonic day 17 B F m aintained in cu ltu re fo r 7 days in serum free medium. Sem ax (from 100 n M to 10 μM ), added to th e m edium on th e
day o f plating, significantly increased activ ity o f choline acetyltransferase, the
cholinergic synthetic enzyme. T o determ ine w h eth er this in crease represented
an increase in cholinergic cell num ber, cultures w ere stained for
acetylcholinesterase. A significant increase in cholinergic cells w as observed in
cultures tre a te d w ith th e peptide. T his effect exhibited a degree o f specificity.
There w as no effect o f th e peptide on th e n u m b er o f G A B A -neurons or on th e
total num ber o f B F neurons. W e conclude th a t Sem ax m ay enhance th e
survival o f a critical neuronal popu latio n th a t degenerates in Alzheim er's
disease. ( S upported by E x ch an g e P ro g ram F o r C o llab o rativ e R esearch in
D evelopm ental, M olecular and B ehavioral/C ognitive N euroscience From
M cDonnell Foundation ).

GLIAL GROWTH FACTOR - 2 PROMOTES THE SURVIVAL OF
MAMMALIAN NEURAL CREST CELLS. P.G. Bannerman*. A. Shieh. T. Oliver
and D.E. Pleasure. Neurology Research, Children’s Hospital of Philadelphia,
Philadelphia, PA 19104.
The survival of neural crest cells in vitro is known to be promoted by
soluble protein growth factors including fibroblast growth factor 1 (FGF-1), fibroblast
growth factor 2 (FGF-2) and as yet an unidentified factors) derived from the neural
tube. The recent finding that glial growth factor (GGF) promotes the survival of
NCC derived precursor cells which differentiate into Schwann cells suggests that this
growth factor may also modulate the survival of NCC themselves. To test this
hypothesis, nascent NCC derived from explanted E12 embryonic rat caudal neural
tubes were grown in chemically defined medium and used as an assay system to
investigate the effects of GGF-2 (a secreted form of GGF) on NCC survival. In
control cultures a significant proportion of NCC undergo cell death by a mechanism
involving DNA fragmentation as demonstrated by the TUNEL procedure. We show
for the First time that GGF-2 promotes the survival of NCC as evidenced by its ability
to increase the number of cells present in the NCC outgrowth zone and decrease the
percentage of TUNEL Positive NCC Present in treated versus control cultures. At a
concentration of lOng/ml, GGF-2 elicited a five-fold decrease in the number of
TUNEL cells present in the NCC outgrowth zone after 24 hr in culture. These
results suggest that GGF-2 be considered as a candidate for the one or more as yet
uncharacterized survival factors derived from the neural tube. We are currently
investigating whether or not GGF-2 modulates other aspects of NCC development
such as migration and proliferation.
This work was supported by NIH grants NS25044, NS08075, CA16420 and a
Florence Murray Fellowship.
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Neuregulin Stimulates DNA Synthesis in Cultured Embryonic Chick Heart
Cells. Bvron D. Ford* and Gerald D. Fischbach. Department of Neurobiology,
Harvard Medical School, Boston, MA 02115.
Neuregulins are a family of growth factors that have been shown to
promote the growth or differentiation of various cell types. Recently, targeted
mutations of neuregulin and its receptors in mice by homologous recombination
were shown to result in embryonic lethality associated with severe defects in
ventricular trabeculation and AV cushion formation in the heart. Here we assess
the expression of neuregulin and its receptors in midgestational embryonic chick
hearts and investigate a role for neuregulin in the growth of cultured chick
cardiocytes.
Neuregulin is expressed in the endocardium of early and
midgestational chick hearts. The receptors for neuregulin are expressed in myocytes
and the mesenchymal cells of the atrioventricular and epicardial cushions. Both the
α and β isoforms of neuregulin induced the tyrosine phosphorylation o f 180 kDa
proteins in cultured heart cells, although the β isoform was 100 times more potent.
Neuregulin also stimulated a 2-3 fold increase in [3H] thymidine incorporation in the
cell cultures. Immunohistochemistry revealed that the increased DNA synthesis was
primarily in mesenchymal cells and was not detected in myocytes, endocardial cells
or smooth muscle cells. ErbB receptor blocking antibodies significantly reduced
both basal and neuregulin stimulated mitogenesis. These data suggest that
neuregulin may function as a paracrine signal in mesenchymal-epithelial interactions
during cardiac development. This project was supported by grants from the
National Institutes of Health and Muscular Dystrophy Association. B .D .F. is
supported by a fellowship from the National Science Foundation.

EXPRESSION OF NEUREGULIN AND NEUREGULIN RECEPTORS IN
DEVELOPING MECHANORECEPTORS. D. M. Kopp* and W. J. Thompson.
Dept, of Zoology, University of Texas at Austin, Austin, TX 78712.
Golgi tendon organs (GTOs) and Pacinian corpuscles (PCs) are mechanoreceptors
that disappear following denervation during a critical period in early postnatal
development. The sensory nerve terminals of both types of mechanoreceptors are
closely associated with Schwann cells. Previous studies have shown that Schwann
cells of GTOs and PCs die by apoptosis following nerve resection in the neonatal rat.
Application of a neuregulin, glial growth factor 2 (GGF2), immediately following
denervation prevents Schwann cell death in vivo, suggesting that this factor mediates
the trophic dependence of these cells on axons (Kopp et al„ 1996, Soc. Neurosci.
Abst. 22: 760). If a neuregulin like GGF2 is an axon-derived trophic factor that
functions in vivo to maintain the Schwann cells associated with mechanoreceptors,
then the sensory nerve terminals should contain neuregulin protein and the Schwann
cells should express neuregulin receptors. Antibodies to Schwann cells (S-100),
neuregulin, and the neuregulin receptors erbB2, erbB3, and erbB4 were used to
examine this possibility in whole mounts and/or cryostat sections of GTOs and PCs
at postnatal day 5. In whole mounts, the Schwann cells o f GTOs and PCs stained
with antibodies to S-100 and erbB3. In sections of PCs, Schwann cells labeled with
antibodies to S-100, erbB2, erbB3 and erbB4. The sensory nerve terminals of PCs
double labeled with antibodies to synaptophysin and neuregulin. These results
suggest that Schwann cells in developing sensory end organs are trophically
dependent on sensory axon terminals and that iin axon-derived neuregulin mediates
this interaction. The apoptotic death and subsequent disappearance of these Schwann
cells following neonatal denervation, and therefore a lack of supply of Schwann cellderived substances, may partially explain why reinnervation of these structures is
absent or poor. Supported by NIH and PVA.
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MOLECULAR IDENTIFICATION OF MULTIPLE SPLICE
ISOFORMS OF THE NEURAL SPECIFIC PHOSPHATASE, PTP NE-4.
W.A. Kostich*, K. Sperle, L.R. Fitzgerald, and B.L. Largent;
CNS Research, DuPont Merck Research Labs, Wilmington, DE. 19880
Protein tyrosine phosphatases (PTPs) appear to function as more than
simple housekeeping enzymes. The discovery of multiple putative
receptor PTPs suggests that PTPs, like protein tyrosine kinases (PTKs),
transmit signals from the extracellular environment. The observation of
receptor PTPs specifically expressed in the developing nervous system
of drosophila (e.g., DLAR) led to the hypothesis that PTPs may be
involved in axon outgrowth and guidance. To identify PTP genes which
may play a role in the continual replacement and maturation of
olfactory neurons in the mammalian olfactory epithelium, we used
degenerate PCR targeted to conserved portions of the PTP catalytic
domain to clone PTPs expressed in rat olfactory epithelium (Neuron
11:387). The clone PTP NE-4, encodes a putative receptor PTP which
has at least two splice forms with alternative amino termini. The longer
splice form PTP NE-4l appears to arise from a 3.6 kb message and
encodes a 656aa protein. This form has been previously reported as
PTPBR7 (JBC 270:2337) and as PC12-PTP1 (JBC 270:49). A shorter
splice form termed PTP NE-4s, derives from a 3.0 kb message and
encodes a 535aa protein previously termed PTP-SL (Bioch. J. 305:499).
Both splice forms seem to be restricted to the rat nervous system and are
developmentally regulated. Only PTP NE-4l was detectable in RNA
blots from postnatal day 1 and 5 rat brain. Both splice forms are present
in adult rat brain but PTP NE-4s is much more abundant. In adult rat
olfactory epithelium only NE-4s is present. This differential regulation
of PTP splice forms during periods of active axonal projection and
neuronal differentiation suggests a role for PTP NE-4 in these
processes, (supported by NIH grant DC-01964)

REGULATION OF IRS PROTEIN LEVELS AND EFFECTS ON
NEURONAL INTRACELLULAR SIGNALING PATHWAYS. D.H.
Wolf*. S. Numan. E.J. Nestler. D.S. Russell. Division of Molecular Psychiatry,
Depts. Neurology and Psychiatry and the Interdepartmental Neuroscience
Program, Yale U. School of Medicine, New Haven, CT 06508
Insulin Receptor Substrate (IRS) proteins are a family of intracellular
signaling molecules that undergo rapid tyrosine phosphorylation in response
to insulin, IGF-1, and other tyrosine-kinase-linked growth factors including
cytokines and growth hormone. IRS proteins lack intrinsic enzymatic activity,
but regulate the activity of multiple SH2-containing proteins. PI3K is a lipid
and serine kinase which is activated in response to many growth factors;
tyrosine phosphorylation of IRS proteins is essential for insulin-mediated
activation of PI3K, which is critical for many cellular effects of insulin. While
the IRS proteins have been primarily studied in peripheral tissues (myeloid,
hepatic), the PI3K pathway has recently been shown to be essential for the
IGF-1 mediated survival of certain neurons in culture (Dudek, et al, Science
1997, 275:661). Our previous studies have identified several tyrosine kinase
signaling pathway proteins whose levels of immunoreactivity are regulated in
rat brain following chronic morphine administration. Use of a polyclonal IRS-1
antibody demonstrated significant down-regulation of an IRS-1-like protein
specifically in dopaminergic brain regions following morphine treatment. This
protein is not IRS-1 itself, and is also distinct from IRS-2; however, IRS-2 itself
is similarly down-regulated by morphine treatment. IRS-2 is also reduced
specifically in these brain regions following 6-OHDA lesioning, indicating its
presence within dopaminergic neurons. IRS-2, but not IRS-1, is abundant in
PC12 and SH-SY5Y neural cell lines. Treatment with insulin, but not NGF or
BDNF, induces rapid tyrosine phosphorylation of both IRS-2 and catalytic
PI3K. We are currently using these cellular models in conjuction with further
in vivo experiments to investigate the effects of IRS-2 regulation on neuronal
intracellular signaling pathways, and especially on its role in mediating plastic
changes in midbrain dopaminergic neurons, (support DA 00302, DA 10160)

355.5
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DIFFERING NEUROTROPHIN SIGNALING PATHWAY PROTEIN
EXPRESSION IN FISHER AND LEWIS INBRED RAT STRAINS.
D.S. Russell*. H. Schultz. S.N. Shuell. Division of Molecular Psychiatry,
Depts. of Neurology and Psychiatry, Yale University School of Medicine, New
Haven, CT 06508
The Fisher and Lewis inbred rat strains have been extensively characterized
for their different behavioral responses to stress and drugs of abuse.
Biochemical differences which may, in part, account for these differences
have been elucidated in the HPA axis, hippocampus and mesolimbic
dopamine system, including the ventral tegmental area (VTA). For instance,
within the VTA, tyrosine hydroxylase (TH) and neurofilaments (NFs) are
expressed at a higher level in Lewis rats, similar to levels in outbred rats
exposed chronically to drugs of abuse (Nestler, et al, Neuron (1993) 11:995).
The mechanisms underlying these diverse biochemical differences are
unknown. Many neurotrophic factors regulate an array of biochemical and
functional characteristics of neurons in specific brain regions, and regulate TH
and NFs in cell culture. Regulation of the intracellular signaling machinery for
these factors may lead to alteration of numerous biochemical features of
neurons. This study investigates differences in expression of receptor
tyrosine kinase signaling pathway proteins between Fisher and Lewis rats in
specific brain regions. Within the hippocampus Mek2 and Jnk1 are
expressed at lower levels in Lewis rats, while Mkp2 and perhaps Grb2 are
relatively overexpressed. Several signaling proteins including TrkB, Ras,
Mek1, Erks 1 and 2, PI3K, and others are not different. Interestingly, basal
hippocampal Erk1 and 2 phosphorylation is significantly higher in Lewis rats.
This suggests that the increased Mek2 and decreased Mkp2 in Lewis rats
may be compensatory to increased ERK pathway activity. Within the VTA,
phospholipase C-yand Grb-2 are specifically overexpressed in Lewis rats,
similar to outbred strains exposed to morphine chronically. The significance
of these alterations is being explored, (support: DA 00302, DA 10160)

ISOLATION AND IDENTIFICATION OF PROTEINS THAT
INTERACT WITH A STRIATAL ENRICHED FAMILY OF
PROTEIN TYROSINE PHOSPHATASES. Paul J. Lombroso* and
Tri-Hung Nguven. Child Study Center, Yale University School of
Medicine, New Haven, CT 06520
P rotein tyrosine phosphatases (PTPs) are thought to be
important regulators of neuronal development and m ature function.
D espite the large num ber o f PTPs that have been identified,
relatively little is know n about how these enzym es exert their
biologic effects within the CNS. To address this deficit, we have
isolated and identified proteins that interact with a family of protein
tyrosine phosphatases enriched within the basal ganglia and related
circuits. M embers o f this family, designated STEPs, are produced
by alternative splicing o f a single STEP gene. Two subfamilies
exist: one group has higher M W s and are m em brane-associated
proteins. The others have lower M W s and are cytosolic. Electron
microscopic and biochemical studies showed that STEP isoforms
are enriched in the endoplasm ic reticulum and postsynaptic
densities o f striatal neurons. One o f the m em brane-associated
isoforms, STEP61, contains two transmembrane domains, and two
putative SH3 binding sites.
To identify proteins that interact with STEP family members,
m etabolically labeled striatal prim ary cell cultures were lysed and
the resulting lysate was mixed with different STEP isoforms. Three
proteins o f relative m olecular weights o f approxim ately 200, 28
and 18 kDa bound to the STEPs and not to control fusion proteins.
W e will present the preliminary data characterizing these proteins.
(Supported by the NIM H and NINDS)

355.7
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IMMUNOHISTOCHEMICAL ANALYSIS OF IN VIVO PATTERNS OF TRAF-3 EXPRESSION,
A MEMBER OF THE TNF RECEPTOR-ASSOCIATED FACTOR FAMILY. S. Kraiewski*1. J.

CYCLIC AMP REGULATES SURVIVAL AND SUBSTANCE P
CONTENT OF SPINAL SENSORY NEURONS. J.E. Adler*.
Dept, of Neurology, Veterans Administration Medical Center and
Wayne State Univ. Sch. of Med., Detroit, MI 48201.
Nerve growth factor (NGF) regulates substance P content in cultures
of neonatal rat dorsal root ganglion sensory neurons. However, since
NGF (or glial cell line-derived neurotrophic factor) is also required for
survival of these neurons, relatively little is know n about signal
transduction pathways subserving peptidergic regulation. Sensory
neurons from adult rats do not appear to require trophic factors for
survival. Accordingly, cultures of these neurons provide a means to
elucidate second m essenger system s underlying substance P
regulation. To determine whether cyclic A M P (cAMP) plays such a
role, adult dorsal root ganglion neurons were grown in the presence of
forskolin or NGF. Both agents more than doubled substance P
content after 5 days. Further, while NG F had no effect on neuronal
survival (as reported by others), forskolin increased neuronal numbers
by almost a third. This was potentiated by adding NGF to the culture
medium. 8-bromo cAMP and isobutyl methyl xanthine duplicated the
action of forskolin. Moreover, the forskolin effect on substance P and
survival was not reversed by antiNGF. The effects of forskolin on
substance P in neonatal rat neurons mirrored those seen in the adult.
Maximal survival was achieved with either NG F or forskolin. Our
results suggest that cA M P directly regulates both survival and
substance P content in sensory neurons from adult and neonatal rats.
(Supported by a grant from the Veterans Administration)

M. Zapata1. M. Kraiewska1. T. Van Arsdale1. A. Shabaik2 and J. C. Reed1* 1The Burnham
Institute La Jolla, CA 92037, 2University of California at San Diego, San Diego, CA 92093

Recently, a family of homologous proteins has been identified which bind to the
cytosolic domains o f several o f the TNF-family receptors, termed TNF Receptor
Associated Factors (TRAFs; 1-6).. An immunohistochemical approach was used to
explore the in vivo expression of TRAF-3, a putative signaling protein that binds to
the cytosolic domains of CD30, CD40, and lymphotoxin-p receptors. TRAF-3
immunostaining was detected in many types o f cells throughout the human body. In the
central nervous system (CNS), many but not most neurons in the cerebral cortex, basal
ganglia, cerebellum and brain stem contained at least low levels of TRAF-3
immunostaining, with the intensity ranging from weak to strong (1-4+). Usually, the
TRAF-3 immunostaining was cytosolic. However, in some neurons, especially those
with morphological features consistent with ischemic degeneration (pyramidal cortical
neurons, Purkinje cells and granular cell neurons of the cerebellum), the
immunostaining overlay the nucleus. In peripheral nervous system (PNS), the large
neurons seen in the autonomic, dorsal root and cranial nerve ganglia contained weak to
moderate cytosolic TRAF-3 immunostaining (l-2 +) but occasional neurons contained
strong to very intense (3-4+) nuclear TRAF-3 immunoreactivity. In the anterior
pituitary gland (adenohypophysis), cords and clusters of small basophilic, ACTH
producing endocrine cells were found with strong cytosolic TRAF-3 immunostaining,
whereas the chromophobic and acidophillic cells appeared to be TRAF-3 negative. In
the adrenal gland, strong TRAF-3 immunostaining was seen exclusively in the
chromaffin cells of the adrenal medulla. These findings may be relevant to the hyperproductive of glucocorticoids reported for TRAF-3 knock-out mice. The findings
establish for the first time the cell type- and differentiation-specific patterns of
expression of a member of the TRAF-family of proteins, and suggest a role for TRAF3 in neurobiology.
W ork supported by 5 R01 CA67329.
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THE EFFECTS OF PACAP ON c-fos mRNA GENE EXPRESSION AND CELL
SURVIVAL IN RAT CEREBELLAR NEUROBLASTS ARE MEDIATED
THROUGH THE ADENYLYL CYCLASE PATHWAY. D. Vaudrv. B.J. Gonzalez.
M. Basille, Y. Anouar. A. Fournierϕ* and H. Vaudry. INSERM U413, IFRMP, Univ.
Rouen, Mt-St-Aignan, France. ϕ INRS-Santé, Univ. Québec, Montréal, Canada.
Pituitary adenylate cyclase-activating polypeptide (PACAP) binding sites are
expressed at high concentration in the external granule cell layer of 8-day-old rat
cerebellum. These binding sites correspond to functional receptors coupled to both
adenylyl cyclase (AC) and phospholipase C. The occurrence of PACAP and its
receptors in a germinative matrix suggested that the peptide could act as a trophic
factor during cerebellar development. In this study, we have examined the effect of
PACAP on cell survival and neurite outgrowth and we have investigated the
transduction pathway involved. After 48 hours of culture in conditions promoting
apoptosis, only 36% of control cells survived whereas after treatment with PACAP
(10-9M) 70% of the cells were still alive. Concurrently, PACAP caused a dose-related
stimulation of neurite outgrowth. VIP did not protect granule cells against apoptosis
indicating that the trophic effect of PACAP is mediated through type I PACAP
receptors. The action of PACAP on cell survival was mimicked by dbcAMP (10-3M)
but not PMA (10-7M) suggesting that only the AC pathway is involved in the
neurotrophic activity of PACAP. PACAP also caused a concentration-dependent
increase in c-fos mRNA level. The maximum effect was observed after one hour of
treatment and resulted in a 4-fold increase of c-fos level. The effect of PACAP ( 10-8
M) on c-fos gene expression was mimicked by dbcAMP (10-3M) but not PMA (10-7
M). In addition, the protein kinase A inhibitor H89 significantly reduced the effect of
PACAP on c-fos mRNA whereas the specific protein kinase C inhibitor chelerythrine
did not affect c-fos gene expression. The present study indicates that the effect of
PACAP on granule cell survival and c-fos stimulation are both mediated through the
AC pathway. These data also suggest that c-fos is involved in the trophic effect of
PACAP in rat cerebellar neuroblasts. Supported by a France-Québec Neuroscience
program (n°PVP73-9).

CL O N IN G A N D EXPRESSION O F A BRAIN SPECIFIC GEN E TH A T IS
REGULATED
BY R E T IN O IC A C ID
D U R IN G
NEURONAL
D IFFE R E N T IA T IO N .
W. M. W . C h eung*. A. H. C.hu. a n d N . Y. Ip.
D e p a rtm e n t of Biology a n d B io tech n o lo g y R esearch In stitu te , T he H o n g
K o n g U n iv e rsity of S cience a n d T e c h n o lo g y , C lear W a te r Bay, H o n g
Kong.
While it is generally accepted that retinoic acid (RA) plays an important role in
neurogenesis, relatively little is known on the mechanism underlying the actions of
RA in the process of neuronal differentiation, especially in the human central
nervous system. With the use of a human embryonal carcinoma cell line, NT2/D1
cells, we have previously suggested the possible involvement of Trk receptors and
neurotrophins in mediating neuronal differentiation in human CNS. By comparing
the expression patterns of transcripts obtained from NT2/D1 cells treated with RA
using RNA fingerprinting by arbitrarily prim ed PCR (RAP-PCR), we have
identified a panel of candidate genes that are regulated by RA during neuronal
differentiation. Northern blot analysis of one of the novel sequences (clone 29.2)
revealed two transcripts (~lkb and -11 kb) which were upregulated during the RA
induced neuronal differentiation. Northern blot analysis demonstrated that both of
the transcripts were detected predominantly in the brain and less abundantly in testis
and ovary. Interestingly, an extra ~6kb transcript was detected in testis. The clone
29.2 was recently identified to share a high homology with the human Dyrk6 gene,
which was suggested to be a member of the protein kinase family. NT2/D1 cell
lines overexpressing 29.2 as well as dominant negative cell lines were constructed
to examine the role of this RA -regulated gene in the process of neuronal
differentiation in human CNS. (Supported by the Research Grants Council of
Hong Kong HKUST 529/94M and the Biotechnology Research Institute).

355.11

355.12
ATP AND ADENOSINE PROMOTE SURVIVAL AND DIFFERENTIATION OF
MESENCEPHALIC DOPAMINERGIC NEURONS.

Neuronally restricted expression o f hum an β 2 adrenergic receptor in
NT2 cells resulting in an enhanced neuronal differentiation
Myles Fennell. Xavier Khawaja. Mark Cockett. Andrew Wood *.Wyeth-Ayerst
Research, Monmouth Junction, NJ 08543.
NTera 2/DI (NT2) is a human teratocarcinoma cell line which can be cultured
as a dividing population of precursor cells and upon treatment with retinoic acid (RA)
yields a population of post-mitotic neurons, which can be purified from other cell
types present.
Precursor cells were transfected with the human β2 adrenergic receptor,
controlled by the truncated rat synapsin-1 promoter, containing positive regulatory
elements. This construct was transferred into the pW El mammalian expression
vector containing a GPT selection cassette. Stably transfected precursor cells did not
display elevated expression of the β2 adrenergic receptor and no change was seen in
the receptor coupled generation of cAMP. Upon differentiation with RA the
transfected cells displayed elevated cAMP production induced by adrenergic receptor
agonists and an increased level of β2 adrenergic receptor binding. It was also
observed that the expression of the β2 adrenergic receptor in the neuronal NT2 cells
resulted in a significantly enhanced level of neuronal differentiation compared to the
untransfected NT2 cells. The level of staining for the neuronal marker MAP2 was
significantly greater in the recombinant line compared to wild type cells after 10 days
of retinoic acid treatment. The exact cause of this enhanced differentiation is
currently unclear, although it has been observed that the generation of cAMP is
critical in neuronal development in the CNS and neuronal cell lines.
The data presented describes the generation of NT2 cells overexpressing the
human β2 adrenergic receptor, restricted to the neuronal phenotype by the rat
synapsin promoter. This cell line displays a significant enhancement in neuronal
differentiation in response to retinoic acid when compared to wild type NT2 cells.

P.P. M ich e l*1. M. M a rie n 2. M. R u b e rà 1. F. C o lp ae rt2 and Y. A q id 1. 1IN S ER M
U289, Hopital de la S alpètrière, 75013 Paris, and 2Centre de R echerche Pierre
Fabre, C astres, 81100, France.
T h e lo cus c o e ru le u s-n o ra d re n e rg ic system (LC -N A ) is p roposed to play a
key role in the com pensatory m e chanism s w hich support or stim ulate neuronal
re co very and slow n e u ro de g en eratio n (C olpaert, 1994, Noradrenergic
Mechanisms in Parkinson’s Disease, C R C P ress). A de n osin e trip h osp ha te
(ATP), that is a co -tra n sm itte r w ith norad re na lin e , m ay contribute, w ith o th e r
e x tra c e llu la r purines, to the se n e u ro tro p h ic effects. W e have tested this
p o s s ib ility in a culture m odel o f cell death in w hich dop am in e (D A) n eurons
d e g e n e ra te sp on tan eo u sly and p ro gre ssive ly by apoptosis, sim ila r to the
n e u ro n a l death th a t is o bse rve d in P a rkin so n ’s d isea se (M ichel and Agid, J.
Neurochem ., 1996; A n g la de et al., Histol. H istopathol., 1997). W hen applied
e xo g e n o u sly to the cells, A T P and a d e no sin e pre ven ted cell loss in a d osedepen d en t m anner (50-1 OOOpM). [3H ]-D A uptake in creased as well, suggesting
th a t rescu ed cells w e re fun ctio na l and fully differentiated. The P2-p u rin ergic
receptor agonists, α β m ethylene- and b en zoylbe n zoic-A T P , and the a ctivato r
o f the A 2 a de no sin e receptor, N E C A (5 '-N -eth yl-ca rb o xam ido ad e no sin e),
m im icked the effects of ATP and adenosine, respectively. In contrast, inosine,
a d eg ra da tio n p ro du ct o f a de no sin e w a s in effective. S ince norad re ne rg ic
n e u ro n s are a source o f re le asa b le A T P in addition to n oradrenaline itself,
the se results are co m p atib le w ith the h ypo the sis tha t the LC -N A co ntribu tes
to the surviva l o f d o p am in e neurons, and th a t its dysfu n ction m ay perhaps
underly o r accele ra te p ro gre ssive neu ro de g en eratio n .
Supported by IN SER M and L aboratoires P ierre Fabre

355.13

355.14

Induction o f R eceptor Protein T yrosine P h osp hatase
m
/β
ζ R N A s F o llo w in g Sciatic N erve L esion

INHIBIT SURVIVAL EFFECTS OF POTASSIUM DEPOLARIZATION AND

J. Li* and S. R. J. S a lto n . F ish b erg R e se a rc h C en ter f o r N e u ro b io lo g y,
M ount Sinai School o f M edicine, N ew York, NY, 10029.

The receptor protein tyrosine phosphatase R PTP ζ/β is distributed
throughout the developing and adult rat nervous system, primarily in
astroglia, but also in certain neuronal populations. Three m ajor
isoforms of RPTPζ/β, generated by alternative mRNA splicing, can
interact with various heterophilic ligands, including several cell
adhesion m olecules, tenascin and pleiotrophin. Previously we
reported that R PTPζ/β mRNAs are induced in regions o f axonal
sprouting and glial scarring in response to CNS lesions. Our current
studies indicate that follow ing rat sciatic nerve crush lesion,
expression o f R PTPζ/β mRN A s encoding the long and short
phosphatase isoform s and the soluble phosphacan isoform are
induced in the distal segment of the injured nerve. The time course of
induction, which peaks at 7 day after lesion, correlates well with the
proliferation and differentiation profile of Schwann cells in this lesion
paradigm. No change of RPTPζ/β mRNA expression was observed in
the proximal segment of the nerve, or in the L4-L6 segments of DRGs
and spinal cord. Furthermore, we have found that the level of the
short transcript relative to the other two is higher in the PNS than in
the CNS. The protein encoded by the short transcript has been shown
to promote axonal outgrowth. Our results suggest that RPTPζ/β may
play a role in peripheral nerve regeneration by regulating axonSchwann cell interactions. Supported by grants from the NIH, Irma
T. Hirschl Trust and American Paralysis Association.

SPECIFIC INHIBITORS OF PI3-KINASE, WORTMANNIN AND LY294002,
BRAIN-DERIVED NEUROTROPHIC FACTOR IN CEREBELLAR GRANULE
NEURONS. K. Shimoke , T. Kubof T. Numakawa, Y. Abiru, Y. Enokido, N. Takei,
T. Ikeuchi and H. Hatanaka. Div. of Protein Biosynthesis, Inst, for Protein Research,
Osaka Univ., Japan.
We previously reported that brain-derived neurotrophic factor( BDNF ) prevented
apoptosis in cerebellar granule neurons and that a specific inhibitor of PI3-kinase,
wortmannin, decreased the protective effect. It is known that depolarization by high
potassium ( HK ) ( 26 mM K+ ) also prevents apoptosis. Here we report that
wortmannin and LY294002, both of which are specific inhibitors of PI3-kinase, induce
apoptosis in the condition of high potassium.
Cerebellar granule neurons were cultured for 4-5 days in HK MEM ( 26 mM )
containing 5 % horse serum and the medium was changed to low potassium ( LK )
MEM ( 5mM ), HK MEM or LK MEM with 50 ng/ml BDNF without serum. 100 nM
Wortmannin or 10μ M LY294002 was added at the time of medium change. Cell
viability was measured by M TT assay after 24 hours. Wortmannin and LY294002
induced cell death in the conditions of HK or LK+BDNF, and inhibitors of RNA and
protein synthesis prevented this cell death. The enzymatic activity of PI3-kinase was
also decreased by the PI3-kinase inhibitor, indicating that the molecular mechanism of
cell survival may involve PI3-kinase in cerebellar granule neurons.
Supported in part by Grants-in-Aid for Scientific Research, Ministry of Education,
Science and Culture, Japan.
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MEDULLOBLASTOMA CELL LINES WHICH
DEMONSTRATE RAPAMYCIN SENSITIVITY ARE
DEPENDENT UPON INSULIN LIKE GROWTH FACTOR
RECEPTOR-TYPE I FOR AUTONOMOUS GROWTH.
A. J. Janss*. K. H. Kerr, and P.C. Phillips. Children’s Hospital o f
Philadelphia, Division o f Neurology Research, Philadelphia, PA 19104
Several human medulloblastoma cell lines which demonstrate
rapamycin sensitivity are also dependent upon Insulin-like Growth
Factor Receptor, type I (IGF-IR) for autonomous growth. Rapamycin
is a immunosuppresive agent similar to FK506 in structure; however, it
interrupts cell growth via a different signal transduction pathway.
Medulloblastoma cell lines (DAOY, D283, D341, D425, D458, and
PFSK) and a glioblastoma cell line (H80) were grown in the presence
o f rapamycin then assayed for viability by the MTT assay. They were
either exquisitely sensitive (0.1-5ng/ml range) or resistant (>1000ng/ml)
to rapamycin. DAOY, a rapamycin sensitive cell line, was compared to
H80, a highly rapamycin resistant cell line, in serum-free plus insulin
and serum-free conditions. Under these autonomous growth conditions,
DA O Y ’s growth was inhibited by increasing levels o f antibody to IGFIR (α -IR3).
These experiments suggest that rapamycin exerts its effect in a cell
type specific manner and may interfere with medulloblastoma cell
growth via the IGF-IR signal transduction pathway.
(Funded by NIH K 1 1 AI01201.)

GM1 GANGLIOSIDE MODULATION OF THE ELECTRON TRANSPORT CHAIN IN AGED
RATS. D.S. Higgins*, M.E.R. Butchbach, T.G. Fong, N.H. Neff, M.H. Neff, Departments of
Neurology and Pharmacology, The Ohio State University, Columbus, OH 43210
Gangliosides have been shown to modulate the toxicity of the electron transport chain
poison MPTP. Furthermore, gangliosides alter the age-dependent decline in high affinity
choline uptake and choline acetyltransferase activity. We have examined the effect of
treatment with GM1 (30 mg/kg i.p x 30 days) on enzymes of the mitochondrial electron
transport chain in young (3 mo.) and aged (22 mo.) rats. [3H]Dihydrorotenone (DHR)
autoradiography examined the integrity of complex I with binding determined in the absence
(basal) and presence (enhanced) of NADH (200 μM). The relative activity of complex II
(succinate dehydrogenase, SDH) and complex IV (cytochrome oxidase, COX) were
demonstrated in histochemical assays. Ligand binding and enzyme activity were determined
in the striatum (s tr), dentate gyrus (dg), molecular layer of the cerebellum (cm ol) and outer
laminae of the somatosensory cortex (crx). NADH augmented [3H]DHR binding in all
regions studied. Neither age nor GM1 treatment significantly altered the extent of NADH
enhancement. [3H]DHR binding declined with age achieving statistical significance only in
the crx in the basal (-68.6%, p<0.01) and enhanced (-58.3%, p<0.005) assay. The magnitude
of decline was greater following GM1 treatment with significant reduction absent only in the
CMOL and crx in the basal assay. In contrast, although a trend towards increased SDH and
COX activity was suggested with age and GM1 exposure, in neither case was significance
achieved. The mechanism of GM1 neurotrophism has not been fully defined and modulation
of oxidative mitochondrial metabolism may be involved. A common locus for the production
of reactive oxygen species, reduction in complex I activity may curtail oxidative stress and
free radical damage. Characterization of GM1 effects on complex I is ongoing. (Supported by
the College o f Medicine and Department o f Neurology, The Ohio State University and NIA
Grants AG10530 andK08-AG00751-01)

355.18

355.17

NEUROTROPHIC ACTIONS OF IMMUNOPHILIN LIGANDS:
IDENTIFICATION AND CLONING OF A NOVEL PROTEIN THAT
INTERACTS WITH THE FKBP12/FK506 COMPLEX, M.M. Lai*.
P.E. Burnett. P.M . Sabatini. and S.H. Snvder. Dept, of
Neuroscience, Johns Hopkins University Sch. o f M ed., Baltimore,
MD 21205
FK506 is a potent immunosuppressive agent currently in clinical
use. Its principal cellular receptor, FKBP12, has been found in greater
abundance in the brain than elsewhere in the body. FK506 possesses
striking neurotrophic properties (Snyder and Sabatini, Nature Med
1:32, 1995). While the immunosuppressive effect o f FK506 is
mediated by the inhibition of calcineurin, its neurotrophic effects appear
to act via other pathways (Steiner et al, Nature Med 3:421, 1997). To
study components that lie in these pathways, we have sought to
identify additional molecules that interact with FKBP12 in an FK506dependent manner.
Using the yeast two-hybrid system and a yeast strain devoid of
endogenous FKBP12, we screened a rat hippocampal cDNA library
and identified three clones that interact specifically with FKBP12 in the
presence of FK506. The first, expectedly, is calcineurin B. The second
clone is derived from the carboxy-terminal of dynamin I. The third is a
novel protein. We have demonstrated that all three clones interact with
FKBP12 in an FK506-dependent manner, and that increasing
concentrations of FK506 augment the interactions. We are now
biochemically confirming these interactions, as well as investigating
their potential in mediating neurotrophic effects of FK506.

NEUROPHYSIOLOGICAL PINCIPLE OF THE CONSTANT MAGNETIC
FIELDS CMF THERAPY. E.L. Ovchinnikov. A.N.Volobuev. Dep. Biophys. of the
Samara Med. Univ. Samara, Russia.
The most sensitive to consant magnetic field (CMF) systems of human organizm
are nervous and cardiovascular systems. The-ir difference from other tissues is in
the fact, that they are always in the condition of permanent and periodical
stimulation. So, during the process of magnetotherapy, CMF influences the tissue,
being in stimulated condition.
The analysis show, that exactly stimulated tissue assimila-tes CMF. During the
process of stimulation the ions move through the canals. Ionic movement, mainly of
natrium inside the cells and kalium outside the cells, goes by spiral. This leads, first
of all, to the creation of membrane's own magnetic field and to the fact, that during
the process of stimulation the tissue begins to possess induction, the ability to hold
CMF. The induction of neuromembrane during stimulating forms 0.1 H/cnm52>i0.
In resting conditions the biological tissues don't possess the induction, so.they are
not reactive for CMF.
The magnetoprocedure would be effective, if in its process the tissue would
periodically

come

to

stimulated

condition.

If we

want

to

conduct

the

magnetoprocedure of other biological tissues, we must obtain their periodical
stimulation, in other words to create conditions, when the tissue possesses the
induction.

DEVELOPMENT AND REGENERATION: MOTOR NEURON CELL DEATH
356.1

356.2

EFFECTS OF LOW DOSES OF GLYCOSAMINOGLYCANS OR INSULIN
LIKE GROWTH FACTOR-I ON M OTOR NEURON DISEASE IN WOBBLER
MOUSE. A.M. Di Giulio*, C. Finco., L. Vergani, A. Torsello, E.E. M uller and
A.Gorio. Dept. Medical Pharmacology, Univ. o f M ilan, Via Vanvitelli 32,
20129 Milan, Italy
In this study we examined the effects of glycosaminoglycans (GAGs) or
insulin-like growth factor-I (IGF-I) on the progressive motor neuron disease in
wobbler mice. After clinical diagnosis at age 3 weeks of life, mice received
daily subcutaneous injections of IGF-I (20 μg/kg), or GAGs (5 mg/kg), or
vehicle for 6 weeks. The histometric analysis revealed that mean biceps muscle
fiber diameter of vehicle-treated wobbler mice was reduced, and the
distribution was skewed to the left with a large number of small atrophic fibers.
The morphological data was correlated with reduced forelimb grip strength,
shorter holding time and slower running speed. The number of surviving
triceps motor neurons dropped from 284 to 49. Either IGF-I or GAGs treatment
effectively prevented muscle fibre atrophy and loss of forelimb function; the
preventive effect was total until post-natal day 42, later there was a decline
significantly slower and smaller than that of vehicle-treated mice. The number
of surv iving triceps motor neurons in GAGs- or IGF-I-treated wobbler mice
increased to 109 or 97, respectively. This study suggests that administration of
GAGs or IGF-I delays the onset of motor deficit and increases survival of
motor neurons in wobbler mouse, an animal model of spinal muscular atrophy
(SMA).

IN V O L V E M E N T O F C O P P E R IN T H E D E A T H OF
PURIFIED
MOTONEURONS
IN
FAM ILIAL
A M Y O TR O PH IC LA TE R A L SC L E R O SIS. J.B org*,M .Azzouz,
S.G uettier, N.Leclerc, C.Andres, J.M .W arter and P.Poindron. Université
Louis Pasteur, Centre Recherche Pharmaceutique, BP 24, 67401 Illkirch
Cedex, France.
The mechanism of motoneurons (MN) loss has been studied in purified
spinal MN cultures originating from G93A transgpnic embryos. This
transgenic line overexpresses a mutated hCuZnSOD. Transgenic mouse
embryos were identified by PCR of DNA extracted from their amniotic
sac. Spinal MN were isolated from E13 em bryos by several steps
including density gradient centrifugation. C ultures were found to be
highly enriched in MN as evidenced by anti-ChAT, anti-neurofilament
and anti-islet 1 immunoreactivity (80 % of total cell number).
Several cytoplasmic vacuoles were found in G93A MN. M oreover,
neurite growth in G93A MN was reduced when compared to controls.
Survival of purified G93A MN was decreased by 46%, suggesting that
cell death in this FALS model was due to intrinsic factors and not to
interaction with other neighbouring cells. High concentrations of H20 2
significantly increased MN death in both groups. Treatment with copper
chelators (10μ M) increased the viability of G93A purified MN (275 %
and 233 % respectively ) but had no effect on wild-type cells.
W e conclude that MN death in G93A m ice is not related to
environmental factors. Moreover, the degeneration observed in basal
conditions was not mainly caused by a putative peroxidase activity of
mutated SOD in the presence of H2O2. MN death may thus be related to
copper accumulation in the MN due to its altered binding by the mutated
Cu,Zn SOD.
(supported by University grants)

The financial support of National Research Council (CNR project n°
96.02076.PS04) and Telethon (Project n° 671) of Italy are acknowledged.
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EVIDENCE THAT AVIAN SPINAL MOTONEURONS EXPRESS FUNCTIONAL
TH ROM BIN R E C E P T O R (S ) AN D A N T A G O N IS T IC E FF E C T S OF
NEUROTROPHIC FACTORS
V. L. Turgeon*. C. E. Milligan, and L. J. Houcnou. Department o f Neurobiology
and Anatomy, Bowman Gray School o f Medicine, Wake Forest University, WinstonSalem, North Carolina 27157.
Following injury to the blood-brain barrier via trauma or pathology,
neurons may be exposed to high levels o f the serine protease, thrombin. CNS
neurons are known to express the G-protein-coupled thrombin receptor. Recently, we
have shown that thrombin increases avian spinal m otoneuron (MN) cell death in
vitro and this effect can be prevented by prior or cotreatment with hirudin, a specific
thrombin inhibitor. However, .whether avian MNs express functional thrombin
receptors and the mechanisms through which thrombin induces MN death are still
unknown. Here, we have examined highly enriched avian spinal MN cultures from
embryonic day 5.5 chickens for indicators of apoptosis and the survival of the cells
following treatment with the thrombin receptor activating peptide, SFLLRNP. We
have also examined the ability o f chick m uscle extracts (CM X) and proven
neurotrophic factors to prevent thrombin-induced effects. The results show that
treatment with lOOnM thrombin increases the number o f TUNEL positive MNs by
30% compared to untreated controls. Treatment o f MN cultures with SFLLRNP
elicited responses, including cell death, similar to those obtained following thrombin
treatment, suggesting that avian MNs express functional thrombin receptors. In
addition, cotreatment with CMX, BDNF, GDNF, or IGF-1, but not CNTF and NGF,
prevented the deleterious effects of thrombin on MN cultures. Taken together with
previous evidence, our findings suggest that thrombin and thrombin receptor(s) play
an essential role in neuronal cell survival and differentiation during development and
in pathology. M olecular cloning of the avian thrombin receptor and electron
microscopic analysis of the morphological features o f MNs treated with thrombin are
currently underway and will also be discussed.
Supported by the MDA and Andrew's Buddies Coiporation.

356.4
G-PROTEIN MODULATION, NEURITE RETRACTION AND CALCIUM
SIGNALING IN MOTOR NEURONS EXPOSED TO THROMBIN.
B.A. Citron*. I.V. Smirnova. P.M. Arnold#. S. V am osti. T. Wieamanntt.
and B.W. Festoff. Neurobiology Research and Fluorescence Imagingf
Labs, VA Med. Ctr., Kansas City, MO 64128, and Depts. of Neurology,
Internal Medicine}: and Surgery (Neurosurgery)#, Univ. Kansas Med. Ctr.,
Kansas City, KS 66103
Thrombin, classical enzyme of the blood coagulation cascade, mediates
most of its known effects on cells through the unique G-protein-coupled
receptor, PAR-1, first in the family of proteolytically-activated receptors.
This receptor is involved in neurite retraction and intracellular calcium
mobilization. Since we have shown that PAR-1 is expressed in a motor
neuronal cell line, NSC19 (thrombin causes [Ca2+]j flux in these cells and
induces NSC19 neurite retraction by PAR-1 activation) we examined which
G-proteins are involved in thrombin’s effects on motor neurons by altering
both heterotrimeric and monomeric G-protein-coupling in response to
thrombin. We found that cholera toxin (CTX; stimulates Gs) and lovastatin
(Lov; blocks the monomeric 21 kDa Ras protein, Rho) prevented the
neurite retraction effect of thrombin, while pertussis toxin (PTX; inhibits
G0/Gi) and mastoparan (stimulates G0/Gj) exacerbated thrombin action.
We also studied [Ca2+]i flux by thrombin and found that CTX and Lov
inhibited thrombin mediated [Ca2+]i flux while PTX did not significantly alter
thrombin action. These data indicate that thrombin’s deleterious effect may
be approached in motor neuron disorders by G-protein effectors.
(Supported by Medical Research Service of the Department of Veterans
Affairs, ALS/Spinal Cord Research Fund, Kansas University Endowment
Association and Defense and Veterans Head Injury Program, Uniformed
Services University of the Health Sciences, Bethesda, MD).

356 .6

356.5
INJURY-INDUCED APOPTOSIS IN MODEL MOTOR NEURONS IN
CULTURE. S.X. Zhano. B.A. Citron. I.V. Smirnova. R.M. Salcedo. V. D.
Rowe* and B.W. Festoff. Neurobiology Research Lab, VA Medical
Center, Kansas City, MQ 64128 and Depts of Neurology and Surgery
(Neurosurgery), Kansas University Medical Center, Kansas City, KS 66160.
NSC19 motor neurons (from Dr. N. Cashman, Montreal Neurologic
Hospital, Montreal, Canada) were cultured to 70% confluency and then
mechanically-injured by scratching the monolayer with a plastic pipette tip.
At different time points after scratch, cells were stained by the in situ endlabeling (ISEL) technique which showed numerous stained nuclei compared
with control sister cultures. For quantification, an apoptotic index (A.I.) was
scored and compared with noninjured control cultures. Three days after
injury the A.I. increased threefold proximal to the injury (0.076±0.01),
compared to uninjured cultures (0.024±0.006). Similar low A.I. was found in
cells in the same wells but distal (peripheral) to the injury site (0.030±0.006).
These differences were statistically-significant (p<0.0004). To determine if a
diffusible factor(s) released from directly injured necrotic cells induced
apoptosis, we added unconcentrated conditioned media (CM) to naive
cells and detected an increase in apoptosis compared to untreated cells at
48 hours of incubation with CM from cells 72 hrs after injury. Thus,
mechanical injury has a direct, necrotic effect on epicenter neurons and a
delayed indirect, apoptotic effect on nearest neuronal neighbors.
Elucidation of this factor(s) may offer opportunities for treatment of
apoptosis after CNS injury.
(Supported by the Medical Research Service, Department of Veterans
Affairs, ALS/Spinal Cord Research Fund, Kansas University Endowment
Association and Research Insitute, KUMC).

NEONATAL AXOTOMY-1NDUCED MOTOR NEURON DEATH AND
MUSCLE DENERVATION ARE COUNTERACTED BY
GLYCOSAMINOGLYCANS. A Gorio*. L Vereanu A.M. P i Giulio and E.E.
M uller. Dept. Medical Pharmacology, Univ. of M ilan, Via Vanvitelli 32,
20129 M ilan, Italy
This study shows that sciatic nerve crush in 3-day-old rats causes extensor
digitomm longus (EDL) muscle atrophy and motor neuron loss, and that
treatment with glycosaminoglycans (GAGs) promotes EDL reinnervation and
increases the number of surviving motoneurons. EDL muscle denervationinduccd atrophy in vehicle-treated rats is progressive and reaches the highest
extent at 42 days after birth; this correlates with reduced EDL wet weight
increase. There is also a partial reinncrvation, as shown by the reduced number
of rcinncrvated EDL muscle fibres (71.2% of control) and by the poor
restoration of the indirect isometric twitch tension (62% of control), that is
even smaller under tetanic stimulation (44% of control). The number of
surviving motor neurons drops from 248 ± 16 to 92 ± 6. In GAGs-treated 42day-old rats the effects of neonatal sciatic nerve lesions on EDL muscle atrophy
and dencrvation are successfully reversed, the isometric twitch tension and the
capacity to hold tetanic stimulation arc also restored to almost control levels.
GAGs treatment (5 mg/kg s.c.) also increases the number of surviving EDL
motor neurons to 154 ± 10.

The financial support of National Research Council (CNR project n°
96.02076.PS04) and Telethon (project n° 671) of Italy are acknowledged.

NEURONAL DEATH III
357.1

357.2

IDENTIFICATION OF M AM M ALIAN CELLS AT VARIOUS STAGES OF

CNS APOPTOSIS: HOW SHALL IT BE DEFINED AND
RECOGNIZED? M.J. Ishimaru*. C. Ikonomidou. K. Dikranian and J.W.
Olnev. Dept of Psychiatry, Washington Univ., St. Louis, MO., 63110.
Recent claims that "apoptosis" plays an important role in both acute and
chronic diseases of the CNS, and that excitotoxic neurodegeneration may be
an apoptotic process must be greeted with skepticism, because these claims
are based on studies that have not used validated methods or criteria for
recognizing apoptosis. Originally, Wyllie et al. (1980) defined apoptosis in
terms of ultrastructural changes in certain non-CNS cells, and they cited (but
did not specifically illustrate) one example of a CNS apoptotic process,
namely physiological cell death (PCD) that occurs spontaneously in the CNS
during development. Since all can agree that PCD is a bona fide example of
CNS apoptosis, we propose that it could serve as a gold standard for
recognizing apoptosis in the CNS and, therefore, should be studied very
carefully by eleetfon microscopy to provide a detailed ultrastructural account
of what this phenomenon looks like in its several stages of evolution. We
have undertaken such a study, and at the NS meeting will illustrate the
ultrastructural appearance of PCD in the infànt rat brain, and will show that it
is fundamentally different from any excitotoxic process with which we are
familiar. We will also show that concussive brain injury in infant rats
induces an excitotoxic (non-apoptotic) lesion at the site of impact and a
delayed lesion at a distant site which has all of the distinctive features of
PCD (apoptosis). In addition, we will show that DNA fragmentation
methods are not valid for distinguishing between apoptotic and non-apoptotic
neuronal cell death because they are falsely positive for some excitotoxic
processes that bear no ultrastructural resemblance to PCD (apoptosis).
Supported by AGI 1355, DA05072, and RSA MH 38894 (JWO).

APOPTOSIS. G. Z h an g . V. G urtu, C. Spencer. P. W h aley * , a n d S.R. K airt.
CL O N T EC H L a boratories, Inc., 1020 E ast M ead o w C ircle, P alo A lto, C A
94303, USA.
A poptosis is an d istin c t form of p ro g ram m ed cell d e a th th a t p la y s an
im p o rta n t ro le in m an y b io lo g ical processes in clu d in g n e u ro n a l d e v e lo p m e n t
a n d reg en eratio n . A p o p to sis h a s

been c h a ra c te riz e d

by

a

num ber of

m orp h o lo g ic a l a n d biochem ical ch an g es in clu d in g cell s h rin k a g e , c h ro m a tin
s e g m e n tatio n , p h o s p h a tid y ls e rin e e x te rn a liz a tio n , a n d cle a v a g e of c e llu la r
p ro te in s by caspase fam ily p ro te a ses. A lth o u g h th ese c h a ra c te ristic s

of

a p o p to sis h a v e been w e ll docum ented, c e llu la r m ech an ism s b y w h ic h th e s e
events are trig g e re d a nd c o o rd in a te d a re p o o rly un d ersto o d . To in v e s tig a te
ap o p to tic cascade, w e h a v e e sta b lis h e d a series of a ssa y s to d e te c t th e s e
a p o p to sis-a sso cia te d changes. A c tiv a tio n of casp ase fam ily p ro te a ses a n d
cleavage of p o ly-(A D P -rib o se) p o ly m e rase (PARP) a p p e a rs to be one of t h e
e a rliest e v en ts o c curring d u rin g th e cell d e a th p a th w a y s. In conjunction w i t h
specific

caspase

asso c ia te d

in h ib ito rs,

c e llu la r

condensation,

changes,

we

fu rth e r

such

p h o s p h a tid y ls e r in e

as

d e m o n stra te
DNA

th a t

a p o p to s is -

fra g m e n ta tio n ,

e x te rn a liz a tio n ,

and

n u c le a r

m o rp h o lo g ic a l

c h an g es, all re q u ire casp ase-3 -lik e p ro te a s e activ ity . These fin d in g s su p p o rt
a n d extend e a rlie r o b serv atio n s th a t casp ase fam ily p ro te a ses act as t h e
c e n tra l m ed ia to rs of th e a p o p to tic m ach in ery .
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A RESTRICTED PERIOD OF HIGH SENSITIVITY TO APOPTOSIS IN
POSTMITOTIC RETINAL CELLS.

CLEAVAGE OF NUCLEAR DNA INTO HIGH MOLECULAR
WEIGHT DNA FRAGMENTS AS A HALLMARK OF APOPTOSIS IN
NEURONAL CELLS. V.T. Solovvan*. V. Huotari. P. Korhonen and A.
Salminen. Dept. Neuroscience and Neurology, Univ. Kuopio, P.O. Box
1627, FIN-70211 Kuopio, Finland.
We have investigated the pattern of nuclear DNA disintegration in NB-2a
neuroblastoma cells induced to undergo apoptosis by variety of treatments,
in neuronal primary cell culture treated with glutamate, and in brain
samples of Alzheimer’s disease (AD) patients. It has been shown that in
NB-2a cells genotoxic insults (etoposide and AraC) and non-genotoxic ones
(withdrawal of growth factors) both resulted in apoptotic changes in
nuclear morphology, detected by Hoechst staining, and in disintegration of
nuclear DNA detected by TUNEL assay. Examination of pattern of nuclear
DNA disintegration by agarose gel electrophoresis of “in-drop-agaroseembedded” cells revealed that only serum deprived NB-2a cells exhibited
characteristic DNA ladder. At the same time the formation of high
molecular weight (HMW) DNA fragments of about 50-100 kb was
observed in all cases of NB-2a treatments, including serum deprivation.
The treatment of both hippocampal and cerebellar primary cell cultures
with glutamate resulted in the HMW DNA cleavage without the formation
of oligonucleosomal DNA ladder. In nuclear samples of AD patients both
HMW DNA fragments and oligonucleosomal ladder were observed. It has
been concluded that the formation of oligonucleosomal ladder is not
obligatory event of apoptosis, while the cleavage of nuclear DNA into
HMW DNA fragments seems to represent the hallmark of apoptosis in
neuronal cells. (Sponsors: Academy of Finland, University of Kuopio)

S.K. Rehen1,3 *, D .M. Diniz1. L.R.G. Britto2 and R. Linden1, 'institute de Biofisica
da UFRJ, 2ICB-USP and ^ e p to de Anatomia da UFRJ, Rio de Janeiro, Brasil,
em ail: rehen@ibccf.biof.iifij.lHr
Programmed cell death has been extensively studied but its control during the cell
cycle and differentiation is poorly understood. Retinal cells located in the mitotically
active neuroblastic layer undergo apoptosis alter inhibition o f protein synthesis,
while protein synthesis is required for apoptosis o f differentiated ganglion cells
(Rehen et al, Development, 122: 1439, 1996). We studied the relationship among
apoptosis, the cell cycle and differentiation in the developing retina in vitro.
Intiaperitoneal injections o f the nucleotide analog Bromo-deoxyuridine (BrdU, 60
mg/kg) were scheduled to label all the proliferating cells in the retina o f neonatal
rats. In vivo labeling was used because we found that BrdU in vitro is highly toxic to
retinal cells. Then, retinal explants were incubated with the protein synthesis
inhibitor anisomycin (l|xg/ml) to induce apoptosis. In situ nick-end labeling o f DNA
strand breaks was combined either with immunocytocheniistry for BrdU or with
antibodies to various markers o f either neuronal or glial differentiation. Despite the
large number o f BrdU-labeled cells in the tissue, the vast majority o f the cells that
underwent apoptosis in this condition had not incorporated BrdU. Most o f these
postmitotic cells were unlabeled with antibodies to calretinin, calbindin, rodopsin or
to a Muller glial cell marker. All antibodies, nonetheless, stained large numbers o f
healthy-looking cells. The data suggest that during the cell cycle retinal cells are
resistant to inhibition of protein synthesis, whereas at late stages o f differentiation
apoptosis switches to a mechanism dependent on de novo protein synthesis. Within
a restricted period of early differentiation, recent postmitotic cells require proteins to
block a latent program o f apoptosis. (CNPq, FINEP, FAPERJ, FAPESP)

357.5

357.6

H UM AN N EURONAL SEQUENCE VARIANTS OF
THE M EDIATOR OF APOPTOSIS, MORT1. Brendan
Bingham1, Camelia Birsan2, Kathleen H. Young2, Stephen J.
Lombardi1, Karen Mattsson1, Nestor X. Barrezueta1* , and
Andrew Wood1.
1Wyeth-Ayerst Research and 2Cyanamid
Agricultural Research Center, Princeton, NJ, 08543.
We have found that MORT1, a gene initially cloned from
HeLa cells and identified as a member of the receptor mediated
apoptotic pathway, is expressed in the human neuronal cell
line, NTERA2. RT/PCR clones of MORT1 from NTERA2
differ from the previously described MORTl sequence by a
deletion of 21 base pairs. NTERA2 cells derive from a human
teratocarcinoma and are best believed to present a late
embryonic neuronal phenotype. Our MORTl clones from
fetal brain and from most non-neuronal tissue retain the 21 bp
intact, whereas MORTl clones from an adult human brain have
been found to be of two forms: the deleted form similar to that
of NTERA2, and a mutated form that produces an amino acid
juxtaposition similar to the deletion. Assessment of MORTl in
a yeast two hybrid assay indicates that the deleted and intact
forms differ in their capacity to interact with other members of
the apoptotic pathway.

PROGRAMMED CELL D E A T H OF DORSAL ROOT
GANGLION NEURONS IN D IA B E T E S. E.J. Kim. S.H. Park.
B.H. Lee. B.H. Min*. C.H. Moon. E.J. Baik Dept, of Physiology,
School of Medicine, Ajou Univ., Suwon, 442-749, KOREA
Dorsal root ganglion(DRG) might have been known to play a
critical role in the pathogenesis of sensory abnormalities in
peripheral neuropathy. But, the morphometric changes and functional
abnormalities of DRG in the diabetes have not yet been explored.
This studies was designed to assess the effect of the experimental
diabetes upon morphometry and mode of cell death in the DRG
neurons.
Male Sprague-Dawley rats weighed 200-220 g were used.
Diabetes was induced by a single injection of streptozotocin(40
mg/kg, i.p.) after 1 day fasting. The blood glucose level rose up to
more than 350 mg/dl. After 8 weeks, we examined the
morphometry of the DRG neurons. We measured the DNA contents,
DNA laddering and DNA fragmentation with TUNEL reaction.
We found a significant reduction of DRG neuron in diabetic rats.
To define the mode of DRG neuron loss in diabetes, we examined
DNA fragmentation. The onset of DNA fragmentation is a marker
of apoptotic cell death. We found the total DNA content of DRG
neurons is reduced and only occasional DRG neurons were
flourescent-labelled with TUNEL reaction. This onset of DNA
fragmentation showed the initial signs of apoptosis in DRG cell
death.
The DRG cell death might be suggested as a pathogensis of the
sensory diabetic neuropathy. As this result, it provided that the
programmed cell death partially contributes as the mode of the cell
death responsible for DRG cell loss in streptozotocin-induced rats.

357.7
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A ROLE FOR CALCIUM IN THE DURATION OF THE ACTIVE PHASE
OF APOPTOSIS.
C.A. Messam* and R.N. Pittm an. Dept. of
Pharmacology, Univ. of Pennsylvania School of Medicine, Philadelphia,
PA 19104.
Modulation of intracellular calcium has been implicated in a variety of
biochemical events in apoptosis. The role of intracellular free calcium in
apoptosis of undifferentiated PC 12 cells was investigated following serum
removal. The fluorescent indicator dye, fluo-3, was used to obtain
multiple measures in individual cells during the course of apoptosis.
Calcium levels were fairly constant at early times following serum removal;
however, there was a 2-fold sustained increase in intracellular free calcium
during the final 1-2 hours before cells died. This increase in calcium
correlated temporally with the onset of the active or execution phase of
apoptosis.
We attempted to decrease the rise in calcium occurring late in the
apoptotic process by blocking extracellular calcium entry and blocking
calcium release form intracellular stores. Most agents proved to be toxic
to PC12 cells. In an attempt to buffer intracellular calcium, PC12 cells
stably expressing the calcium binding protein, calbindin D28K, were
generated. Expression of calbindin had no effect on cell survival, DNA
laddering, or condensation of the nucleus following serum removal.
However, the duration of the active phase of apoptosis was reduced by
50% in cells expressing calbindin D28K. Time lapse video microscopy
was used to monitor the active phase of apoptosis which is characterized by
dynamic cell body blebbing and lasts for a restricted duration; 96 ± 6 min
in undifferentiated PC I2 cells or 92 ± 10 minutes in vector transfected
cells. The active phase of apoptosis in three cell lines expressing calbindin
were 37 ± 1 min 4 2 ± 2 min and 46 ± 2 min, respectively. These results
indicate that the length of the active phase of apoptosis in PC 12 cells may
be regulated by calcium dependent processes.
This work was supported by NIH grant NS32465

REGULATION OF MYOSIN LIGHT CHAIN DURING APOPTOTIC
MEMBRANE BLEBBING. N.L. Burkhardt-Stone. J.C. Mills. J.A. Erhardt.
R.N. Pittman and A. J. DiBenedetto*. Dept, of Pharmacology, Univ. of
Pennsylvania School of Medicine, Philadelphia, PA 19104
Dynamic membrane blebbing is a hallmark feature of apoptosis;
however, cellular mechanisms responsible for blebbing have not been
determined. A critical limiting factor for understanding events occurring
in the active or execution phase of apoptosis is that this process is
inherently asynchronous, with only a small percentage of cells in active
phase at any one time. To overcome this limitation, a paradigm has been
established in which apoptosis is initiated in PC 12 cells by removing serum
and cell death is blocked with the broad spectrum caspase inhibitor, zVADFMK. This results in a progressive accumulation of dynamically blebbing
cells in active apoptosis which appear to be "frozen" at the same point in
the apoptotic process. Interestingly, it has been noted that the kinase
inhibitor staurosporine induces apoptosis in numerous cell types, but fails
to induce characteristic membrane blebbing. To test the hypothesis that
blebbing during apoptosis results from key phosphorylation events,
staurosporine was applied to serum free/zVAD-FMK treated cells.
Cessation of blebbing within 15 minutes of staurosporine addition was
observed by time-lapse videomicroscopy. As staurosporine is a potent
inhibitor of numerous protein kinases, a series of more selective inhibitors
were screened.
Specific inhibition of myosin light chain kinase
dramatically attenuated blebbing, directly implicating the involvement of
myosin in this process. Studies are currently in progress to determine
whether the phosphorylation state of myosin light chain is modulated
during apoptosis, and to identify signaling pathways involved in regulating
myosin during apoptotic membrane blebbing.
This work was supported by NIH grant NS32465
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CERAMIDE-INDUCED DEATH OF HMN CELLS AS A MODEL
OF MOTOR NEURON APOPTOSIS. H. Zhou. G. R. Luthin*‡.
and R. N. Pittman. Dept, of Pharmacology, Univ. of Pennsylvania
School of Medicine, Philadelphia, PA 19104.‡ Dept.of physiology,
Allegheny Univ. of Health Sciences, Philadelphia, PA 19102.
HMN cells are a hybrid cell line previously shown to have many
characteristics o f spinal cord motor neurons (Salazar-Grueso et al.,
Neuroreport 2:505-508, 1991). A number of recent studies suggest
that ceramide acts as a lipid second m essenger in m ediating
apoptosis following activation of p75 NGF receptor, tumor necrosis
factor receptor, and CD95. C2 ceramide (a synthetic cell-permeable
ceramide analog) is currently being used to induce apoptosis in
HMN cells as an in vitro model o f motor neuron apoptosis. C2
ceramide induces a time-dependent and dose-dependent cell death.
Cells exposed to C2 ceramide undergo characteristic features of
apoptosis including DNA fragmentation, chromatin condensation,
and membrane blebbing. A broad spectrum caspase inhibitor,
zVAD-fmk, blocks cell death at low concentrations of C2 ceramide
(4 uM) but not at high concentrations (10 uM). In addition, zVADfmk does not block cell shrinkage and loss o f neurites following
exposure of cells to C2 ceramide. Insulin, however, inhibits cell
death at both high and low concentrations o f C2 ceram ide in
addition to blocking cell shrinkage and loss o f neurites. Studies to
identify pro-apoptotic signals and anti-apoptotic signals in this
model of motor neuron apoptosis are currently underway.
Supported by NS32465.

ANTIBODIES
TO
GLUTATHIONE
AND
γ -GLUTAMYL-CYSTEINE:
CHARACTERIZATION AND APPLICATION TO THE CENTRAL NERVOUS
SYSTEM. E. Rinvik1*. P.P. Hielle1. D. Huster2, W. Reichelt2, V. Ramirez-Leon3. R.
U lfhake3 and P.P. Ottersen1 1Department o f Anatomy, Institute o f Basic Medical
Sciences, P. P . Box 1105 Blindem, N-0317 Oslo, NPRW AY. d ep artm en t of
Neurophysiology, University o f Leipzig, GERMANY. 3Department o f Neuroscience,
Karolinska Institute!, Stockholm, SWEDEN.
Glutathione (GSH) serves important roles in the mammalian brain. It is an abundant
antioxidant and fullfils some o f the criteria o f a neurotransmitter or neuromodulator.
To resolve the cellular and subcellular localization o f GSH and its precursor, yglutamylcysteine (GC), antibodies were raised by immunizing rabbits with the
respective peptides coupled to a carrier protein by glutaraldehyde. Testing o f the
antibodies in model systems mimicking the conditions o f immunogold electron
microscopy revealed selective labelling of the peptide used for immunization although
the GSH antibody also recognized the oxidized form o f this peptide (GSSG). In all
areas investigated (cerebellum, retina, substantia nigra, and spinal cord) gold particles
signalling GSH were enriched in mitochondria and very high mitochondriaxytoplasm
particle ratios (>20) were found in some cells such as in the retinal Müller cells. A
gradient in the opposite direction was found for GC, indicating that the mitochondrial
content o f GSH depends on import rather than local synthesis. Strong enrichment of
GSH was found in subpopulations o f nerve terminals in the spinal cord, and some of
these terminals also contained glutamate as revealed by double immunogold labelling.
The substantia nigra displayed high levels o f GSH immunoreactivity in neuronal
somata and dendntes. Double immunogold labelling showed GSH immunoreactive
dendrites invested by GABA immunoreactive boutons, suggesting that the dendrites
belong to dopaminergic neurons. The highly differentiated pattern of GSH distribution
points to multifarious roles o f GSH in the CNS.
-Supported by NFR.
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DEVELOPMENT OF A RAPID ASSAY FOR NEURONAL
NEUTRAL SPHINGOMYELINASE. J. Bao*. T. M. Dawson, and
V. L. Dawson.
Depts. of Neurology and Neuroscience, Johns
Hopkins University, School of Medicine, Baltimore, M D 21287.
Sphingomyelin is a major phospholipid constituent of the plasma
membrane Its breakdown products, notably ceramide, initiate a series
of intracellular signaling pathways, which are involved in the regulation
of cell death and survival. Sphingomyelin is hydrolyzed by
sphingomyelinases into phosphocholine and ceramide. Two groups of
sphingomyelinases, neutral and acidic, control the intracellular ceramide
level. Purification and characterization o f neutral sphingomyelinase
(NSMase) are required to study its involvement in the regulation of
neuronal death and survival. W e employed a rapid micellar, radiometric
assay for NSMase. To prepare the radioactive substrate [N-methyl-14CJ
sphingomyelin, the choline moiety of sphingomyelin was demethylated,
followed by re-methylation using 14C-methyl iodide. In a typical assay,
the sample was incubated with
[ N - m e th y l - 14C]sphingomyelin
in potassium phosphate buffer, pH7.3, containing 0.5% Triton X-100.
The resulting water-soluble 14C-phosphocoline was recovered in the
aqueous phase after a chloroform/methanol extraction and was then
quantified by liquid scintillation counting. The assay is rapid and
sensitive, enabling one to assay over 100 samples per hour. It was
found that the majority of neuronal neutral NSM ase was in particular
fractions. This assay may be useful in the purification and molecular
characterization of neuronal NSMase. [Supported by NRSA
#1F32NS09951-01A1]

ROLE OF P53 IN APOPTOSIS AND DIFFERENTIATION OF THE CNS
NEURONAL CAD CELL LINE. J.K.T. Wane*+. Y. Qi+. H. Hai+ and P.M.
Chikaraish^. +Dept. of Neuroscience, Tufts Univ. Sch. of Med., Boston, MA
02111 and ''Dept. of Neurobiology, Duke Univ. Med. Center, Durham, NC
27710.
The CNS neuronal CAD cell line undergoes apoptosis when exposed to the
DNA damaging agent etoposide during cell cycling. Preceding the apoptotic
morphological changes, there is a transient increase in the level of the tumor
suppressor protein p53. To investigate whether upregulation of p53 level is
sufficient to induce apoptosis, we stably transfected the pLTRcG(valI35)
plasmid encoding a temperature sensitive (ts) p53 mutant into CAD cells. At
37°C, ts-p53 is in a mutant and inactive form that can dominant-negatively
inhibit endogenous p53 functions, while at 33°C it possesses the wild-type
conformation and activity. The ts-p53 transfected cells proliferated faster at
37°C than mock-transfected cells, consistent with an inhibition of the ability
of endogenous p53 to slow cell cycle progression. Despite the inhibition of
the endogenous p53 activity, the ts-p53 transfected cells at 37°C are sensitive
to etoposide-induced apoptosis, indicating that DNA damage can induce a
p53-independent apoptotic pathway in cycling CAD cells. Interestingly,
increasing the wild-type p53 activity by switching to 33°C resulted in
apoptosis of only a small fraction of the ts-p53 transfected cells, while most
cells ceased dividing and morphologically differentiated despite the presence
of serum in the culture media. Thus, in most cycling CAD cells upregulation
of the p53 level causes cell cycle arrest and morphological differentiation,
although in some cells there is induction of apoptosis in the absence of
etoposide treatment. These data further support the usefulness of the CAD
cell line for elucidating thé role of p53 in neuronal apoptosis and
differentiation. Supported by NIH grant NS30590.
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APOPTOTIC CELL DEATH IN CYCLING AND DIFFERENTIATED CNS
NEURONAL CAD CELLS.
Y . Qi2, J. K . T . Wang2 and D. M. Chikaraishi1*. 1Dept of Neurobiology, Duke Univ.
Med. Center, Durham, NC 27710, and 2Dept. of Neuroscience, Tufts Univ. Sch. of
Med., Boston, MA 02111
CAD cells are a catecholaminergic CNS neuronal cell line that can survive and
morphologically differentiate in the absence of serum or exogenously added growth
factors (J. Neurosci. 17(4): 1217-1225. 1997), possibly due to production of autocrine
factors or mutations that constitutively maintain their survival. However, CAD cells
can be induced to undergo apoptosis by drugs that induce DNA damage (etoposide) or
block protein kinases (staurosporine or K252a), as revealed by DNA laddering and
TUNEL staining. Etoposide (10 uM) induced apoptotic death of cycling CAD (cCAD)
but not of differentiated CAD (dCAD) cells, while 50 nM K252a, a
concentration that selectively inhibits Trks among tyrosine kinases, induced apoptotic
death in dCAD cells only. Staurosporine (50-100 nM), by contrast, induced
apoptosis in both cCAD and dCAD cells, although dCAD cells appear to be more
sensitive. The selective effect of K252a suggests that the survival of dCAD cells, but
not of cCAD cells, depends on signal transduction pathways activated by Trks. In
contrast, overexpression of human bcl-2 inhibited etoposide-induced death of cCAD
cells, but had little effect on K252a-induced death of dCAD cells. Finally, a general
ICE-like cysteine protease inhibitor (BOC-Asp-CH2F) partially protected against
staurosporine and K252a-induced death of both cCAD and dCAD cells. However, the
more selective ICE inhibitor I (YVAD-CHO) and a CPP32 inhibitor (DEVD-CHO)
had no effect on K252a-induced death of dCAD cells. These data suggest that
multiple apoptotic pathways exist in cycling and in differentiated CAD cells, and
support the usefulness of this cell line for studying mechanisms underlying neuronal
apoptosis. (Supported by NIH grant NS22675)

CHARACTERISATION OF SENSORY NEURONS EXPRESSING THE 75 kD
LOW AFFINITY NGF RECEPTOR (p75) IN THE NEONATAL RAT DORSAL
ROOT GANGLION. S.S. Murray and S.S. Cheema* Dept, o f Anatomy, Monash
University, Victoria 3168, Australia.
There is growing evidence that p75 mediates neuronal and other cell death in vitro
and in vivo under certain conditions. Our work and those of others have shown that
blocking the expression of this receptor in cultured neurons and axotomised neurons
in vivo promotes survival. Application of antisense oligonucleotides directed
against p75 prevents the death of a significant number o f sensory neurons in the
dorsal root ganglion (DRG) following axotomy. Here we analyse the p75+ neuronal
subpopulation in terms of size, numbers and neuropeptide content which may
provide insights into the vulnerability of DRG neurons following axotomy.
Neonatal rat pups were rendered unconscious by ice-induced hypothermia and
killed by excision of the heart. DRGs from cervical segments C7 and C8 were
dissected out, fixed in Bouin’s solution, dehydrated, embedded in paraffin wax and
sectioned at 5 μm. M atching sections were immunostained using antibodies against
p75 (gift from Prof. M. Chao, Columbia University) and a second antibody which
included CGRP, SP and parvalbumin. Outlines of negative, positive and intensely
positive neurons were traced by camera lucida, and areas were then determined
using a digitizer linked to a computer image analysis program (SigmaScan Pro. j
A total of 729 DRG neurons, with a mean diameter o f 18.8 μm, were analysed. Of
these, 48% (351) were p75+ and had a mean diameter o f 20.4 μm. W ithin the p75+
neuronal population, approximately 53% were intensely stained for the p75 protein,
and this subpopulation had a mean diameter o f 21.4 μm. Analysis o f 240 p75+
neurons showed that 15% also co-expressed CGRP. Further characterisation of the
p75+ neurons within the neonatal DRG is in progress.
Supported by Bethlehem Griffiths Foundation.
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ASSOCIATION OF REF-1 AND C-JUN WITH APOPTOSIS AND
DIFFERENTIATION IN THE DEVELOPING RETINA L B. Chiarini*.
F.G. Freitas. & R. Linden. Instituto de Biofísica, UFRJ, Rio de Janeiro, 21949-900,
Brasil, e-mail:chiarini@ibccf.biof.ufij.br
Inhibition of protein synthesis prevents apoptosis of ganglion cells and induces
apoptosis in the undifferentiated neuroblastic layer of the retina. These contrasting
effects have been associated with the stage of differentiation of retinal cells. We
examined the association of c-Jun and Ref-1 expression with both differentiation
and apoptosis in the developing retina in vitro and in vivo. Retinal explants were
maintained in vitro under various conditions to either induce or inhibit apoptosis.
Sections both from retinal explants and from the retinae of rats at various ages were
stained with antibodies to either c-Jun or Ref-1. Apoptotic cells were recognized by
condensed chromatin and in situ nick-end labeling of fragmented DNA. Nuclear
immunoreactivity to Ref-1 was found in relatively differentiated cells and increased
with maturation of the retina. In apoptotic cells, we found strong perinuclear
immunoreactivity to c-Jun, while Ref-1 was either absent or weakly present in a
perinuclear location. Immunoreactivity to c-Jun was not detected in any of the
various conditions in which apoptosis was blocked, while Ref-1 was always detected
in healthy differentiated cells. The results show a correlation of both accumulation
of c-Jun and downregulation of Ref-1 with apoptosis. The perinuclear location of cJun immunoreactivity suggests that it is not active as a transcription factor. The
results show that expression erfRef-1 is associated with the differentiation of retinal
cells, and that Ref-1 maybe a negative modulator of apoptosis. Since Ref-1 activates
c-Jun, the results suggest that inactive c-Jun accumulates in the cytoplasm of
apoptotic cells following downregulation of Ref-1. The contrasting effects of protein
synthesis inhibition upon cells in various stages of differentiation may be related to
differential expression of Ref-1. (CNPq, FINEP, FAPERJ. CEPG-UFRJ, CAPES)

DISTRIBUTION AND MOLECULAR FORM OF THE DEATH DOMAIN
RECEPTOR, TR3, IN THE CNS. P.R. Mavcox. A.M. Gormlev. M.J. Burton. J.
Meakin. K.B. Tan. A. Truneh and J. Price*. Neurosciences Research, SmithKline
Beecham Pharmaceuticals, Third Avenue., Harlow, Essex CM19 5AW, UK.
The death domain (DD) receptors (TNFR1, FAS) play a significant role in the
induction of apoptotic cell death. They form a subgroup of the TNFR superfamily
distinguished by the presence of a 60 - 80 amino acid cytosolic region known as
the death domain. Similar domains have been identified in other proteins,
including a series cytosolic proteins that are thought to transduce apoptotic
signalling (e.g., TRADD, FADD, RAIDD) via homotypic death domain
interaction with the death domain receptors.
Recently, a novel DD receptor, TR3 (DR3, WSL-1, AP03) has been
characterised by several groups. TR3 mRNA transcripts are widely distributed in
many tissues. The transcript length and the number of transcripts, however, vary
between different tissues. For example, the thymus contains a transcript doublet
at around 3.5 kb, whereas we have characterised a transcript doublet at 8.5 kb in
the CNS. Other tissues, e.g., the spleen, appear to contain both pairs of
transcripts. We used RT-PCR and Northern analysis to determine whether the
CNS transcripts (~8.5 kb) could produce full length TR3 and to characterise the
molecular form of TR3 present in the CNS. We have detected full length receptor
in most brain regions and compared this to tissues expressing the lower molecular
weight transcripts.
In order to characterise the role of TR3 in CNS pathology, we are presently
analysing the cellular distribution of TR3 in normal and disease brains.
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THE USE OF CHIMERIC SINDBIS VIRUSES TO EVA LU ATE
THE ROLE OF NF-kB IN NEURONAL APOTO SIS. K-l Lin. J. M.
Hardwick and R. R. Ratan.* Department of Neurology, Beth IsraelDeaconess Medical Center, Harvard Medical School, Boston, MA 02115
The transcription factor NF-kB has been shown to mediate pro-apoptotic
and anti-apoptotic responses, depending on the inciting stimulus.
Previous studies from our laboratory have established that NF-kB is
necessary for apoptosis induced by Sindbis virus (SV) in non-neuronal
cell lines. SV is a prototype alphavirus which induces neuronal apoptosis
in vivo and in vitro. In primary cortical neurons, SV induces translocation of
NF-kB to the nucleus prior to the onset of cell death. To evaluate the role
of SV-induced NF-kB in neuronal apoptosis, we used a recombinant form
of SV which has cloning sites for foreign genes. A super-repressor of NFkB, IkB ( mutated at serine 32 and serine 36) was inserted into the
recombinant Sindbis virus (SV-IkB). IkB in the reverse orientation was
used as a control (SV-kB-rev). Infection of cells with the SV-IkB but not
the SV-kB-rev resulted in inhibition of NF-kB activation by gel shift
assays, however, neither potentiation nor prevention of cell death was
observed. These results suggest that SV-induced NF-kB activation does
not influence the SV-induced cell death pathway in primary cortical
neurons.

PHOSPHORYLATION OF HIGH AND LOW MOLECULAR WEIGHT TAU
DURING DIFFERENTIATED PC12 CELL APOPTOSIS. P. K. Davis* and G. V.
W. Johnson. Depts. of Psychiatry and Pharmacology, University of Alabama at
Birmingham, Birmingham, AL 35294-0017
Neuronal apoptosis is a physiological cell death process which plays a crucial role
in the development of the nervous system and is implicated in pathological states
such as Parkinson’s and Alzheimer’s Diseases. The prominent features of apoptotic
cell death include cytoplasmic shrinkage and chromatin condensation. Apoptotic
induction of neuronally differentiated PC12 cells occurs in the absence of serum and
nerve growth factor (NGF). After 72 hours of serum and NGF deprivation, a
majority of PC12 cells were apoptotic. Because significant alterations of the
cytoskeleton are evident, the phosphorylation and protein levels of the microtubuleassociated protein tau, which functions in vitro to stabilize microtubules, were
examined during PC12 cell apoptosis.
Previously, we reported a significant increase in the phosphorylation of tau (low
molecular weight, LMW) at Ser/ and/or Thr/Pro sites within the epitope of the
phosphate-dependent Tau-1 antibody during PC12 cell apoptosis. Additionally, high
molecular weight (HMW) tau is hyperphosphorylated within the Tau-1 epitope
during apoptotic PC12 cell death. Hyperphosphorylation of HMW and LMW tau
significantly within this site occurs as early as 48 hours after serum and NGF
removal. LMW tau protein levels decrease to 60 % of control during apoptosis,
whereas HMW tau protein levels did not significantly change. Immunoprécipitation
of 32P-labeled tau from control and apoptotic cells indicated that the extent of tau
phosphorylation in apoptotic cells is also increased. The study of tau phosphorylation
during apoptosis may provide important information regarding the responsible
mechanisms and consequences of tau hyperphosphorylation in Alzheimer’s Disease.
This work is supported by NIH grants AG06569 and NS27538.

357.19

POSTTRANSLATIONAL MODIFICATIONS OF TAU DURING
NEURAL APOPTOSIS
N. Canu°*. L. Dus°. M. NovakA. T. Ciotti°. P. Calissano0, C. Barbato0,
A. BradburvA. ° CNR Institute of Neurobiology, Viale K. Marx 43, Roma
It has been postulated that apoptosis may play a role in
neurodegenerative diseases such as Alzheimer. The microtubule
associate protein tau is an integral constituent of paired helical
filaments (PHF), the histopathological hallmark of Alzheimer's disease.
Tau presents within PHF undergoes a number of different aberrant
posttranslational modifications, such as hyperphosphorylation,
ubiquitination, glycosylationand truncation. We have studied the effect
of apoptosis on these different posttranslational modifications in a
model system in which cerebellar granule cells are induced to undergo
apoptosis by the deprivation of potassium and serum. The state of tau
in these cells was assessed by western blot analysis and indirect
immunofluorescence using a panel of monoclonal antibodies recognising
different forms of tau. We have found that: 1) there is a reduction in the
pool of soluble tau with the onset of apoptosis, with some forms of
phosphorylated tau showing greater reductions than others; 2)
microtubule-associate tau becomes rapidly dephosphorylated 3-6 hours
after the induction of apoptosis 3) the amount of tau bound to
microtubules is reduced in cells undergoing apoptosis as compared to
control cells; 4) in actively dying cells immunoreactivity with mAb 7.51
(phosphorylation independent generic anti-tau) showed a general
decrease, while that with mAb tau-1 (tau dephosphorylated at 186-193)
decreased in neurites and increased in perikarya, perhaps as a result
not only of dephosphorylation but also of the redistribution of tau from
n eurites to soma. Supported by PS A poptosis to P.C.
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INFLAMMATORY RESPONSES IN BRAIN AND SPINAL CORD INJURY:
INFLUENCE OF RECRUITED CELLS ON SECONDARY LESION AREA .L
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DORSAL ROOT GANGLIA HAVE A TROPHIC DEPENDENCE
ON PERIPHERAL, BUT NOT CENTRAL, TARGETS. R. Wetts*
and J. E. Vaughn. Div. of Neurosciences, Beckman Research Inst, of
the City of Hope, Duarte, CA 91010.
There is abundant evidence that availability of trophic factors
regulates the number of neurons that survive during development. For
DRG neurons, at least some of these factors are produced in peripheral
target tissues, but it is not known whether additional factors are pro
duced in the CNS. To address this question, we used organotypic slice
cultures of embryonic rat thoracic trunk. E15 was chosen for these ex
periments because the period of cell death for DRGs in vivo begins on
this day, as revealed by terminal transferase nick end labeling.
In control slices, both spinal cord and peripheral trunk tissue was
present, and NADPH diaphorase-positive DRG neurons survived for at
least 15 days in vitro (div), the longest period examined. When the
peripheral target tissue was removed, DRG neurons disappeared after 3
div, unless NGF was added to the serum-free medium within this time
period. When the spinal cord was ablated, DRG neurons survived for at
least 8 div, even without NGF added to the medium. In summary, DRG
neurons can survive without contacting their central target provided that
peripheral tissue is present. Although DRG axons enter the spinal cord,
it does not seem to produce survival factors for primary sensory
neurons, and developmental cell death of these cells apparently is
regulated solely by the periphery. Supported by N IH grant NS25784.

Hugh Perrv2 ’Brain Research Inst., Univ.of Zürich, CH, 2Dept. o f Pharmacology,
Univ. of Oxford, UK, ‘institute o f Ophthalmology, London EC1V 9EL, UK.
Traumatic lesions of the CNS tissue evoke inflammatory responses with infiltration
of peripheral cells like neutrophils and macrophages and the activation o f resident glia
cells. In addition to the initial injury o f tissue and vasculature, secondary damage of
neurons and leakage of the BBB occur. Interestingly, available evidence suggests that
a stronger inflammatory reaction is evoked in the spinal cord following an
experimentally induced lesion as compared to the brain.
We have used C57BL/6J mice to examine the tissue reaction in forebrain and spinal
cord to a mechanical lesion o f comparable size involving both grey and white matter.
This evaluation included quantitative assessment o f neutrophils, activated
macrophages microglia and lymphocytes and the area o f the BBB breakdown, as well
as semiquantitative evaluation o f astrocyte activation and the upregulation o f vascular
cell adhesion molecules. Time points included 1, 2, 4 and 7 days (and also 10 and 14
days for the BBB) after lesioning. We found clear evidence that the acute
inflammatory response to traumatic injury is significantly greater in the spinal cord
than in the cerebral cortex.
In a second set o f experiments we markedly decreased the recruitment o f peripheral
cells into the lesion and the surrounding parenchyma by whole body irradiation o f the
animals prior to lesioning. This intervention resulted in a significant reduction o f the
vascular leakage preferentially in the spinal cord. In correlation with the reduced area
o f serum extravasation, the extent o f secondary tissue damage was also smaller. Our
results show that the inflammatory reaction to CNS injury is much stronger in the
spinal cord than in the cerebral cortex and that at least part o f the exacerbation o f the
primary lesion is due to infiltration o f inflammatory cells from the periphery.

358.3

358.4

GENETIC INFLUENCES ON THE EXTENT OF SECONDARY
DEGENERATION AND CAVITATION AFTER SPINAL CORD
INJURY IN MICE. Z. Zhang*. P.E. Schauwecker. L. Guth and O.
Steward. Department of Neuroscience, University of Virginia, School
of Medicine, Charlottesville, VA 22908.
Mice with different genetic backgrounds exhibit different neurodegenerative responses after kainic acid induced seizures (P.E.
Schauwecker and O. Steward, Proc. Natl. Acad. Sci., 94:4103-4108,
1997). Some inbred strains are highly susceptible to excitotoxic cell
death ( FVB/N and 129/SvEMS) while others (C57BL/6 and Balb/C) are
resistant. Because excitotoxicity is thought to contribute to secondary
degeneration after spinal cord injury, we evaluated lesion size and the
extent of cavitation 3 weeks after a crush injury to the spinal cord.
Adult female mice were subjected to T8 spinal cord crush injury; mice
were euthanized at 3 weeks post-injuiy, and sagittal paraffin sections
were stained with H&E. Lesion size and the extent of cavitation was
determined by quantitative morphometry. Lesion size was significantly
larger in FVB/N mice (0.504 mm2) than in C57BL/6 mice (0.336mm2)
or Balb/c mice (0.2 98 mm2). Lesion size in 129/SvEMS mice was
0.425 mm2, but the difference between 129/SvEMS and other strains
was not statistically significant. Average cavity size was significantly
(about 3-fold) larger in FVB/N and 129/SvEMS mice (0.069 mm2 and
0.071 ram2 respectively) than in C57BL/6 or Balb/C mice (0.019 mm2
and 0.02 mm2 respectively). Our results suggest that genetic differences
in vulnerability to excitotoxic cell death account for differences in the
extent of secondary cell death afer spinal cord trauma, (supported by
NIH32280 to O.S.)

GENETIC INFLUENCES ON THE EVOLUTION OF SECONDARY
DEGENERATION AFTER SPINAL CORD INJURY IN MICE. D .M . .Inman.
P.E. Schauwecker. L. Guth. and O. Steward*. University of Virginia Department
of Neuroscience, Charlottesville, VA 22908.
Different inbred stains of mice show substantial differences in vulnerability
to excitotoxic cell death. M ice of the C57B1/6 and Balb/c strains exhibit
minimal cell damage in the hippocampus following kainate-induced seizures,
whereas mice of the FVB/N and 129Sv/EMS strains exhibit severe excitotoxic
cell death. (P.E. Schauwecker and O.Steward, Proc. Nat. Acad. Sci. 94:41034108, 1997.) Because excitotoxic cell death is thought to play a role in
secondary degeneration following spinal cord injury (SCI), we compared the
development of the lesion in these four inbred mouse strains at early intervals
following crush injury to the spinal cord. Protein synthesis disruption early after
SCI served as the basis for estimating the extent of neuronal damage at early
post-injury intervals. To measure the volume of the cord in which amino acid
incorporation was abolished, mice received intracardiac injections of 14C-leucine
one hour prior to being euthanized at 3, 6, and 24 hours after a crush injury.
Spinal cords were sectioned longitudinally and prepared for film autoradiography,
and lesion volume was determined by quantitative morphometry. The volume of
the region in which 14C-leucine incorporation was abolished (lesion volume)
did not change significantly between 3 and 24 hours post-injury in C57B1/6,
Balb/c, and FVB/N mice. At all intervals, lesion volume was greatest in the
FVB/N mice. In contrast, lesion volume increased progressively in 129Sv/EMS
mice from an initial value at 3 hours that was significantly less than the other
strains to a value at 24 hours that was comparable to the volume seen in
C57B1/6 and Balb/c mice. These results demonstrate: 1) strain differences in
lesion volume at early intervals following spinal cord injury that correlate with
the previously described strain differences in vulnerability to kainic acid-induced
cell death; and 2) a strain difference in the development of the lesion over the
early postlesion period, (supported by NIH NS32280 to OS).

358.5

358.6

TIM E COURSE OF NEURONAL DEGENERATION AND ACTIVATION OF
ASTROCYTES AND M ICROGLIA IN THE DORSAL NUCLEUS OF THE
LATERAL LEMNISCUS AFTER TRANSECTION OF THE COM MISSURE OF
PROBST IN ADULT RATS. B.A . van. A dgl*, M . Ito , a nd J .B . Kelly. Lab. of
Sensory Neurosci., Institute of Neurosci., Carleton Univ. Ottawa, Canada, K1S 5B6.
The following study provides an anatomical description of axotomy induced cell
death in the dorsal nucleus of the lateral lemniscus (DNLL). Responses to injury
were investigated for survival times ranging from 1 day to 6 weeks after complete
surgical transection of the commissure of Probst (CP). Anterograde and retrograde
tract tracing methods were combined with histochemical (NADPH-diaphorase) and
immunocytochemical (NOS and GFAP) techniques. Surgical transection of the CP
resulted in m oderate to intense N A D PH -diaphorase reactivity, and NOS
imm unoreactivity bilaterally in axotom ized DNLL neurons. Imm unoreactive
astrocytes were labeled with anti-GFAP, revealing a pattern of anisomorphic fibrous
gliosis at the wound site, along the CP and bilaterally in DNLL. Transection of the
CP completely eliminated the transport of Fluorogold (FG) from the central nucleus
of the inferior colliculus (ICC) to the opposite DNLL and blocked the anterograde
transport of biocytin to either contralateral DNLL or ICC. Axotom ized DNLL
neurons pre-labeled with FG appeared normal 2 weeks post-transection and many
were colocalized with NOS activity, but by 4 weeks a significant loss o f FG labeling
in axotom ized DNLL neurons was observed. Some fluorescent labeling was
observed in animals that survived for 4 weeks or longer, but this was attributed to
microglia which sequestered FG via phagocytosis. Finally, cell counting o f Nisslstained and FG labeled neurons in the DNLL indicated that no contralaterally
projecting neurons survived CP transection. Our results suggest that transection of
the CP is a potentially valuable new model of neuronal death and tim e-dependent
responses to traumatic brain injury.
Research Supported by the Natural Science and Engineering Research Council
(NSERC) of Canada

THE EFFECT OF DISTANCE OF AXOTOMY IN THE SPINAL CORD ON NOS
EXPRESSION AND NEURONAL SURVIVAL IN THE LATERAL VESTIBULAR
NUCLEUS OF RATS. Yine Jin. D. Tav and K.-F. So. (SPON: The Hong Kong
Society o f Neurosciences). Department o f Anatomy. Faculty o f Medicine, The
University o f Hong Kong, Hong Kong, China.
NOS expressing neurons and neuronal survival in the lateral vestibular nucleus
(LVN) following hemisection o f the spinal cord at C3 or T1 in rats were investigated.
The NOS expressing neurons were studied using NADPH-diaphorase (NADPH-d)
histochemistry. One week post-lesion (wpl), the number o f NADPH-d positive neurons
in LVN was low in both groups and not significantly different from each other. The
percentages of NADPH-d positive neurons of the C3 group at 2, 3 and 4 wpl were 8.6
± 2.2 (mean ± SD), 10.6 ± 3 .8 and 8.5 ± 2.8 respectively. The results for the T1 group
at 2, 3, and 4 wpl were 3.9 ± 1.0, 3.0 ± 0.7, 2.8 ± 0.7 respectively. Thus, the
percentages o f NADPH-d positive neurons in the T1 group were significantly lower
(p<0.01) than those in the C3 group. Neuronal survival in LVN following hemisection
at C3 and T1 for the similar survival times was also examined. Up to 70% o f the
neurons still survived at 4 wpl but no significant difference (p>0.05) in neuronal
survival was observed following lesions at the C3 and T1 groups from 1 to 4 wpl. At 1
wpl, 85.7% ± 7.3 and 89.8% ± 2.3 o f the neurons survived after C3 and T1 lesions
respectively. There was an abrupt decrease (p<0.05) in neuronal survival at 2 wpl
(70.7% ± 6.1 and 76.8% ± 7.2 for the C3 and T1 groups respectively) but there was no
significant change (p>0,05) up to 4 wpl. We have also observed the effect of LNAME, a NADPH-d inhibitor, on the C3 group at 2 wpl. Injection of 1 mg/kg/day
(i.p.) o f L-NAME inhibited the expression of NADPH-d (p<0.05) but did not enhance
neuronal survival in LVN (p>0.05). In conclusion, 1) lesioning the spinal cord at C3 or
T1 resulted in a small percentage of neurons in LVN expressing NOS which was
influenced by the distance of axotomy, and 2) neuronal death was not severe following
similar lesions and it was not related to the distance o f axotomy in the spinal cord or
expression o f NOS in LVN. (Supported by a RGC grant from Hong Kong.)
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TEMPORAL PATTERN OF NOS EXPRESSION AND NEURONAL DEATH
IN
CLARKE’S NUCLEUS FOLLOWING TRAUMATIC INJURY AT
DIFFERENT LEVELS OF THE SPINAL CORD. L.W. Yick. W. Wu. and K.-F
So. (SPON: The Hong Kong Society o f Neurosciences). Department o f Anatomy,
Faculty o f Medicine, The University o f Hong Kong, Hong Kong, China.
The objective o f this study is to observe the time course o f NOS expression and
neuronal ucaih in Clarke’s nucleus at LI after hemisection at spinal levels T1 (HST1)
and T11 (HST11) in adult rats. The NOS expressing cells were stained using NADPIidiaphorase histochemistry or NOS immunocytochemistry. Our results showed that
significant neuronal death started by 5 days post-lesion (dpi) in both groups. The
percentages o f cells survived by 20 dpi were 60.5±3.5 (mean±SEM) and 34.1±3 .2 for
the HST1 and HST11 groups respectively. By 60 dpi, the percentages o f cells survived
were 16.1±1.6 and 10.3±2.8 for HST1 and HST11 respectively. The peak o f NOS
expression in the HST1 group occurred by 20 dpi while that in the HST11 group was
observed by 10 dpi. In addition, the peak percentage o f cells expressing NOS in the
HST1 group (44.1%±2.0) was significantly (P<0.05) lower than the HST11 group
(50.4%±1.6). Selected sections from each animals were stained immunocytochemically
with primary antibodies against three isoforms o f NOS (neuronal NOS, endothelial
NOS, and macrophage NOS). Only neuronal NOS was induced m the injured Clarke’s
neurons. We have also observed the effect o f a selective NOS inhibitor, N®-mtro-Larginine methyl esther (L-NAME), on the HST11-10 dpi group. We showed that
injection o f lmg/kg/day (i.p.) o f L-NAME inhibited NOS expression (p<0.001) and
prevented neuronal death (p<0.01). Higher dosages o f L-NAME (10 and 20
mg/kg/day) did not show a significant prevention o f neuronal death (p>0.05), although
lOmg/kg/day inhibited NOS expression (p<0.01). In conclusion, the expression o f
neuronal NOS in the Clarke's nucleus is related to the distance o f axotomy and may be
involved in neuronal death after traumatic injury o f the spinal cord. [Supported by a
research grant from The University o f Hong Kong]

THE TRYPTOPHAN METABOLITE, 3-HYDROXYKYNURENINE,
CAUSES CELL DEATH IN THE INTACT, MATURE SPINAL CORD.
M.F. Jacquin*. H. X. Dong. J.J.A. Arends & R. Schwarcz. Neurology and
the Center for the Study of Nervous System Injury, Washington University
School of Medicine, St. Louis, MO 63110; Anatomy and Neurobiology, and
Psychiatry, University of Maryland School of Med., Baltimore, MD 21201.
Many neurons and glial cells die after a contusion injury of the spinal
cord; yet, it is not clear how or why this occurs. In our continuing efforts to
resolve this issue, we have begun to examine the neurotoxicity of
kynurenines (endogenous tryptophan metabolites). In nervous tissue, these
substances are preferentially produced by glial cells. One of the metabolites,
3-hydroxykynurenine (3-HK), is found in increased concentrations in the
brains of patients with various neurological diseases and might also occur in
excess after spinal injury. Moreover, 3-HK has recently been shown to
produce oxidative stress in cultured striatal neurons, leading to cell death
(Okuda et al., PNAS 93:12553, 1996). Here, 3-HK (Sigma), dissolved in
saline at concentrations of <20 mM was pressure injected into the T10
spinal cord of mature mice under pentobarbital anesthesia. Spinal cords were
processed with anatomical methods to determine whether cell death patterns
differed from those of mice similarly injected with vehicle only. Nisslstaining revealed 3-HK-induced cell death in the vicinity of the injection site
after 1-5 days, with no clear distinction between these survival periods.
TUNEL+ staining was observed only after 1-2 days, mostly in grey matter
in the vicinity of the injection site. Hoescht staining failed to reveal nuclear
fragmentation. Thus, spinal neurons may undergo 3-HK-induced necrosis
after injury due to free radical accumulation and resultant oxidative stress.
Supported by USPHS grants NIH DE07734 and NS17763.

358.9

358.10

INCREASED ICE PROTEASE EXPRESSION IN THE INJURED
SPINAL CORD OF ADULT RAT. H.X. Dong*. H.C. Wang. G.S. Fan.
C.Y. Hsu & M.F. Jacquin. Depts. of Neurology and Pathology and the
Center for the Study of Nervous System Injury, Washington University
School of Medicine, St. Louis, MO 63110.
An ICE (interleukin-IB converting enzyme) protease processes the inactive
IL-B precursor to the proinflammatory cytokine and shows structural and
functional homologies to a cysteine protease encoded by a cell death gene.
There is evidence that ICE contributes to the apoptosis that occurs under
physiological, as opposed to pathological, conditions. We have begun to
determine whether ICE contributes to the various forms of cell death
observed following a contusion injury of the spinal cord. Here, we report
the effects of weight drop injury (50 g-cm) to T10 spinal cord inflicted by
the NYU device on ICE protein expression at and near the injury epicenter.
45kd ICE precursor protein levels were assessed in normal and injured
spinal tissues by Western Blot. The ICE precursor protein increased at 6 and
12 hr post-injury to its maximum level at 24 hr, then declined to baseline
levels by 5 days post-injury. Immunohistochemical experiments revealed a
few ICE+ cells at the injury epicenter by 6 hr post-injury with structural
features most closely resembling macrophages. The numbers of ICE+ cells
increased dramatically by 1 and 3 days post-injury with macrophage and
glial morphologies. The latter were most prevalent in the dorsal columns
bordering upon the injury epicenter. By 5 days, only a few glial cells in the
dorsal column were ICE+. Thus, the ICE protein is expressed at higher
levels following traumatic spinal cord injury. ICE may then contribute to the
spinal apoptosis induced by spinal trauma. NIH DE07734, NS 17763.

COOLING-INDUCED NEURONAL DAMAGE IN TROPICAL TOADS.
N. L. Palo*. G. A. Bracho and J. C. Pina-Crespo. Univ.
Centroccidental Lisandro Alvarado, P.O. Box 722, Barquisimeto,
Venezuela.
Some amphibian species are well equipped to resist cold
temperature (Rana pipiens) and other tolerate even freezing
condition (R. sylvatica), but tropical toads (Bufo marinus) barely
survived small cooling. A possible explanation of such remarkable
difference was the main aim of this study. Adult toads (53-250 g)
were caged separately into a cold room at 2 (±1) °C during 24 h.
Serum level of glucose and protein were measured before and after
cooling. Only 20 %(±10) of animals survived the cooling period and
those were let to recover for 48 h. The brain was fixed by perfusion
of buffered 10% formalin via the heart ventricle and further fixed for
1 week before staining. The histological findings included central
chromatolysis, condensed and hyperchromatic nucleus and
cytoplasm; previously described in conditions in which enhanced
release of excitatory amino acids are involved. Cooling damage
mimicked the histological lesions found after intrathecal injection of
40 nmol/20 |jL kainate but it was not prevented by urethane (0.4-1
g/kg) or ketamine (5-10 mg/kg) because both drugs are depressants
and conversely all animals died after cold exposure. Glucose
increased two fold while protein level remained unchanged. These
results suggest that neuronal damage is probably one cause of low
tolerance of tropical toads to cooling. This work was supported by
CDCHT of Univ. Centr. Lisandro Alvarado.

CEREBRAL CORTEX AND LIMBIC SYSTEM III
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VERBAL MEMORY FUNCTIONING CORRELATES WITH FRONTAL LOBE
MATURATION IN CHILDREN AGED 7 TO 16: A MAGNETIC RESONANCE
IMAGING (MRI) STUDY. Elizabeth R. Sowel† . Terry L. Jerniean£. Dean D e lis£.
and Edward Riley*. †UCLA, Laboratoiy o f Neuroimaging, Los Angeles CA, 90024,
department of Veteran’s Affairs Medical Center and UCSD School of Medicine, La
Jolla CA, 92093, * SDSU, Center for Behavioral Teratology, San Diego CA, 92120.
The purpose of this study was to describe neurobehavioral correlates of
peripubertal brain maturation using morphometric analyses of brain MRI and a test
of verbal memory functioning. Subjects were 31 normal children between the ages
of 7 and 16 years. Frontal and mesial temporal lobe grey matter volumes were
measured for each subject; and, within 4 months o f the imaging studies, each child
was administered the California Verbal Learning Test - Children's Version (CVLTC). Regression analyses for measures o f memoiy functioning revealed significant
improvements with age in the children’s memoiy for verbal information over a delay
period. Regression analyses for the brain morphological variables revealed agerelated cortical grey matter volume reductions in frontal cortex, as predicted given
earlier findings. Significant volume reductions were also observed in mesial
temporal lobe (MTL) structures. Analyses designed to show regionally specific
relationships between the brain and memoiy measures were conducted. Frontal lobe
grey matter thinning, but not MTL volume reduction, was predictive of delayed
verbal memoiy functioning. This relationship did not appear to be mediated by
chronological age. Numerous functional imaging studies have revealed activation in
frontal regions in adults during retrieval tasks. The findings here may be reflective
of the children's development towards more adult-like frontal lobe functioning during
memory tasks.
Supported by NIH Grants P01 DC01289, P50 NS22343 and the DVA Medical
Center.

APPLICATION OF THREE-DIMENSIONAL SURFACE
RENDERING IN MRI MORPHOMETRY: MEASUREMENT OF
PLANUM PARIETALE AREA. L.F Luevano*. D W. Jones, and
D R. Weinberger. Clinical Brain Disorders Branch, NIMH, NIH,
St. Elizabeth’s Hospital, Washington, DC 20032
Using in vivo magnetic resonance imaging (MRI), we examined
the use o f 3D surface rendering in a study o f what Jancke, et al.
(1994) term the planum parietale (PP), the posterior wall o f the
ascending ramus of the Sylvian fissure (SF). Using measurements of
serial MRI slices to determine surface area, Jancke, et al., found a
distinct rightward asymmetry o f the PP. With the aid o f 3D
renderings o f the perisylvian region, we analyzed the area o f the PP
in MRIs o f 7 norma!, strongly right-handed males. Using an
asymmetry coefficient, δPP = (R-L)/[0.5(R+L)], we found
significant R>L asymmetry [t(6) = -3.55, p < 0.02] o f the PP (mean
δPP = 0.69, s.e.m. = 0.22), findings consistent with those o f Jancke,
et al. (mean δPP = 0.53, s.e.m. = 0.11). Higher 5PP in our study
may be due to sample differences, as we did not include women or
left-handed individuals, 2 populations known to have reduced or
reversed cortical asymmetry. Application o f surface rendering
techniques to morphometry o f the perisylvian region appears to
replicate previous findings of asymmetry in this region.
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THE HUMAN RETROSPLENIAL CORTEX: CYTO-, MYELO-,
AND CHEMOARCHITECTURE.
R. Morris* and G. Paxinos. The University of New South Wales,
Sydney, Australia 2052.
In the macaque monkey, the portion of the retrosplenial cortex that
curves around the postero-ventral aspect of the splenium of the
corpus callosum was recently characterized architectonically (Morris
et al., 1996). This analysis was made possible by sectioning the
cortex in planes that were orthogonal to its axis of curvature (cross
sections) and which, therefore, preserved the laminar organization of
the region. The aim of the present study was to examine the
architectonic organization of the human retrosplenial cortex, along
with its postero-ventral extention below the splenium. Based on its
peculiar gross morphology, the latter area is referred to as the
“isthmus”. Cross sections through the retrosplenial region were
obtained by applying the sectioning technique developed in the
monkey (see above), so that explicit comparison between the
architecture of the human and the monkey retrosplenial area could be
performed. Different series of sections were subsequently processed
to reveal the cytoarchitecture, the myeloarchitecture, and the
chemoarchitecture of the region. The results of this microscopic
analysis illustrate the gradual transition of the different retrosplenial
architectonic fields into the fields associated with the hippocampal
formation via the isthmus. The results are discussed in terms of
comparative anatomy between human and non-human primates.
This work has been supported by FCAR du Quebec (Canada) and
NHMRC (Australia).
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359.4
SUBCORTICAL PROJECTIONS OF MACAQUE INFRALIMBIC CORTEX
(AREA 25). L.J. Freedman1*. J.-F. Paré2. T.R. Insel2. and Y. Smith1’2,
department of Neurology and 2Yerkes Primate Center, Emory University,
Atlanta, GA 30322.
In several species, including primates, stimulation studies indicate that the
infralimbic cortex, the most caudal part of ventromedial prefrontal cortex,
functions as a visceral motor region. In addition, recent PET studies implicate
this region in depression and mania. To determine the projections of this region
in primates, injections of Phaseolus vulgaris leukoagglutinin (Pha-L) or
biotinylated dextran amine (BDA) were placed in the dorsal part of area 25 of
one monkey and in the ventral part of area 25 (including adjacent area 14) of
another monkey. In both cases, labelled fibers were seen in the lateral septum,
bed nucleus of the stria terminalis, ventromedial caudate, midline and
mediodorsal thalamic nuclei, medial preoptic area, lateral, tuberal, dorsal,
anterior and posterior hypothalamic areas, midbrain periaqueductal gray as well
as medial and lateral parabrachial nuclei. Within the hypothalamus, there was
no labelling in the paraventricular, supraoptic, or suprachiasmatic nuclei. In the
amygdala, the parvocellular parts of the basal accessory and basal nuclei and
some of the intercalated nuclei were most heavily labelled. The more dorsal
injection also produced a significantly greater amount of labelling in the medial
septum as well as perifomical and tuberomamillaiy regions of the hypothalamus.
Both injections resulted in retrogradely labelled cells and a few fibers in the
nucleus of the solitaiy tract. These connections appear to support the role of this
cortical region in emotional and autonomic responses and may provide a link
between these two functions.
Supported by NIH Grant RR00165

359.5
PREFRONTOSTRIATAL PROJECTIONS IN RELATION TO CORTICOCORTICAL NETWORKS IN THE MACAQUE MONKEY. X.An. D. Oneur. J.L.
Price. Department of Anatomy and Neurobiology, Washington University, School
of Medicine, St. Louis, MO 63110.
Prefrontostriatal connections were examined using anterograde tracer injections
into restricted areas of the orbital and medial prefrontal cortex (OMPFC) and
retrograde tracer injections into several regions of the striatum. A complex pattern
of cortical projections emerged. The medial prefrontal areas 10m, 14r, 24b, 25 and
32 and the select orbital areas lOo, 1lm, 12o, 13a and Iai primarily project to the
medial part of the head and body of the caudate nucleus. Areas 13a, 25 and Iai also
give rise to projections to the medial part of the tail of this nucleus and the nucleus
accumbens. Only area 25 projects to the shell of the nucleus accumbens. All of these
areas together have been previously shown to be interconnected by cortico-cortical
axons, within a “medial network” in the OMPFC. The remaining agranular insular
areas (lam, Iai) send axons to the ventrolateral putamen, while other orbital areas
(111, 12r, 12m, 121, 13m) project to an adjacent, central band of the striatum
(including the lateral caudate nucleus and the central putamen). These areas were
previously recognized as the “orbital network.” Area 24c on the anterior cingulate
cortex projects mainly to the dorsal striatum (including the dorsolateral caudate and
putamen), in contrast to the projection from the adjacent area 24b to the medial
caudate nucleus.
These results indicate that the prefrontostriatal connections are organized in
relation to the networks within the OMPFC that were previously defined on the basis
of cortico-cortical connections. These networks link cortical areas that are not
necessarily contiguous, but which have common connections with each other and
with several subcortical structures, including the amygdala, hypothalamus and
periaqueductal gray, as well as the striatum. Supported by NIH Grant CD00093, the
Division of Biol, and Biomed. Sciences and the McDonnell Center for Higher Brain
Function at Washington University.

359.6
LIMITED COLLATERALIZATION OF PREFRONTAL CORTICAL
NEURONS PROJECTING TO THE NUCLEUS ACCUMBENS AND
CONTRALATERAL PREFRONTAL CORTEX IN THE RAT. A Pinto*.
LAH Miner and SR Sesack. Departments of Neuroscience and Psychiatry,
University of Pittsburgh, PA 15260.
The cognitive functions of the prefrontal cortex (PFC) involve both intrinsic
circuits and distributed outputs to cortical and subcortical targets. Given the
complexity of these functions, it is hypothesized that PFC pyramidal neurons
express considerable specificity in their efferent targets and a minimal degree of
collateralization. However, little is known regarding the extent of collateralization
of most PFC output neurons. Thus, we sought to determine the degree to which
PFC neurons in the rat collateralize to both a major cortical target, the contralateral
PFC, and a major subcortical target, the nucleus accumbens (NA). Fluorogold was
infused into the NA, and cholera toxin- p was injected into the contralateral PFC
of the same animals. Following retrograde transport, the extent of double-labeling
was quantified within the prelimbic division of the PFC ipsilateral to the NA
injection. Neurons retrogradely labeled from the NA were located primarily in
layers II, deep III, and VI, while cells projecting to the contralateral PFC were
located primarily in layers II, superficial III, and V. This differential distribution
of the two cell populations nevertheless exhibited some degree of overlap,
particularly within the superficial layers. Moreover, initial quantitative estimates
suggested that approximately 10% of PFC neurons were dually labeled by both
retrograde tracers. These findings suggest that the efferent projections of the rat
PFC to the NA and contralateral PFC arise from largely separate populations of
pyramidal neurons. Nevertheless, the limited degree of collateralization exhibited
by these projections suggests that the PFC does provide some coordination of
functional output to cortical and subcortical targets. Supported by MH50314.

359.7
TOPOGRAPHIC ORGANIZATION OF PROJECTIONS FROM THE BASAL
FOREBRAIN TO FUNCTIONALLY DISTINCT PREFRONTAL CORTICES
IN THE RHESUS MONKEY. H. Ghashehaei and H. Barbas* (Dept, of Health
Sciences, Boston University, Boston, MA).
The basal forebrain is a neurotransmitter specific structure that provides
cholinergic input to the cortex. Classically, the basal forebrain was thought to
have diffuse projections to the entire cortex. However, recent studies have
suggested that structurally and functionally heterogeneous prefrontal cortices
receive topographically organized projections from several subcortical
structures, including the hippocampus and the amygdala. In this study we
investigated the organization of projections from the basal forebrain to
functionally distinct limbic (areas Pall, Pro, and 32) and eulaminate (areas 8 and
46) prefrontal cortices using neural tracers. All prefrontal areas received
projections from each of the basal forebrain nuclei except the septal area. Most
projection neurons were found in Nucleus Basalis of Meynert (NBM), which
occupies the lateral extent of the basal forebrain. Within the NBM, there were
differences in the rostrocaudal organization of projection neurons directed to
limbic and eulaminate prefrontal cortices. Specifically, lateral eulaminate areas
received projections predominantly from the posterior aspect of NBM (NBMp),
whereas limbic prefrontal cortices were targeted mostly by the intermediate
subgroup of NBM (NBMi). The pattern of projections to areas situated between
lateral eulaminate and limbic cortices (e.g., areas 9,10,11, and 12) fell in
between the above extremes. Our findings suggest that there are topographically
distinct projections from the basal forebrain to different prefrontal cortices. This
specific input may contribute to the functional specialization of lateral
eulaminate areas in working memory and limbic areas in long-term memory.
Supported by NIH grant NS24760.

359.8
A 3-D QUANTITATIVE ANALYSIS OF POSTNATAL
MATURATION IN CATECHOLAMINERGIC INNERVATION OF
PREFRONTAL NEURONS OF RHESUS MONKEY. E.K. Lambe*.
L.S. Krimer. and P.S. Goldman-Rakic. Section of Neurobiology, Yale University
School of Medicine, New Haven CT 06510.
Multiple lines of evidence suggest that the dopaminergic innervation of the
prefrontal cortex changes dramatically between birth and adulthood. These changes
are noteworthy because dopamine influences the activity of both pyramidal and
nonpyramidal cells in the prefrontal cortex. To date, developmental changes in
dopamine innervation have not been explored at the level of synaptic inputs to
single neurons. Understanding the differential patterns of postnatal maturation in
dopamine inputs to pyramidal and nonpyramidal cells may help to elucidate the role
of dopamine in cortical and cognitive development.
We have conducted a quantitative 3-D analysis of the maturational changes in
tyrosine hydroxylase (TH) apposition density in area 9 of rhesus monkeys ranging
in age from 1 month to 5 years old. Individual pyramidal and nonpyramidal cells in
fixed slice were filled with Lucifer Yellow. After resectioning, a combination of
anti-Lucifer Yellow and anti-TH antisera was used to develop the filled neurons and
to reveal the catecholaminergic axons. The dendritic trees were reconstructed threedimensionally and TH apposition densities counted at 1890x magnification using an
Axioskop Zeiss microscope and Neurolucida software.
Preliminary results indicate that the TH apposition density on the dendrites of
pyramidal neurons in layer 3 quadruples to 0.8+0.1 per 100 microns between 1
month after birth and adulthood. Further analysis will address whether the changes
in densities of TH axons and varicosities differentially affect the number of
appositions to pyramidal cells and interneurons. This analysis will include subjects
of both genders at 2 weeks, 2 months, and 4 months after birth, in addition to
adolescent and adult monkeys. Supported by MH 44866.
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359.9
REARING CONDITION ALTERS COGNITIVE FUNCTION AND CORPUS
CALLOSUM SIZE IN INFANT RHESUS MONKEYS. M.M. Sánchez. E. Hearn. J.
Rilling. D. Do. J.G. Herndon* and T.R Insel. Yerkes Regional Primate Research
Center, Emory University, Atlanta, GA 30322.
This study investigated the effects of different rearing conditions on cognitive and
neural development of rhesus monkeys (Macaca mulatto). Infants raised individually
in a nursery from 2 to 11 months of age (experimental, n=9) were compared to agematched infants raised in a semi-naturalistic, social environment (controls, n=l 1). At
11 months of age, subsets of experimental (n=4) and control (n=3) infants were housed
in equivalent social groups for cognitive testing. On the acquisition of the Delayed
Non-Matching to Sample (DNMS) task, the nursery-reared animals required more trials
(p<0.05,288.00±25.77 vs. 160.00±34.64) and made more errors (p<0.01,70.8±3.5 vs.
42.00±7.0) than controls. However, the two groups did not differ in subsequent DNMS
performance when a 2 or 10 min delay was imposed. The nursery-reared monkeys were
impaired in object (p<0.05, 24.00±4.0 vs.l0.0±0.0 trials), but not in spatial, reversal
learning, although there were no differences in a Simple Object Discrimination task.
At 18 months of age, various brain regions were measured by MRI. Images were
acquired with a 1.5T magnet using both a gradient echo and an inversion recovery
protocol. Overall brain volumes were not different between nursery-reared and control
animals (82.99±2.38 vs. 78.1±1.97cc). Corpus callosum size, measured in mid-sagittal
sections, was decreased in nursery-reared macaques relative to controls (p<0.001,
area/brain vol. ratio: 0.82±0.017 vs. 0.94±0.018). Group differences were evident in
most of its subdivisions: genu, medial and caudal midbody, and splenium, but not in the
rostral midbody. The decrease in c. callosum size persisted after 6 months of social
housing in a peer-group. No group differences in prefrontal cortex volumes were
detected. A study of the amygdalo-hippocampal complex is currently ongoing. In
summary, monkeys raised in a nursery environment showed sustained, selective
cognitive deficits and evidence of reduced cross-hemispheric projections.
[Support from NIH RR 00165]

359.10
DISTRIBUTION OF CORTICOSPINAL PROJECTION NEURONS IN THE
NEOCORTEX OF THE FETAL MACAQUE MONKEY. H.P. Killackev*. C.
Dehav. P. Giroud. M. Berland and H. Kennedy INSERM U371, 18 Ave du Doyen
Lepine, 69675 Bron, Centre Hospitalier Lyon Sud, Pierre Benite, (France)
In the neonatal macaque monkey, the areal distribution of corticospinal neurons is
roughly centered on the same areas as in the adult but covers an area that is twice as
large (Galea and Darien-Smith, 1995). We have determined the earlier status of this
projection by injecting fast blue into the spinal cord below the pyramidal decussation
in a fetal monkey (E 95) externalized by cesarean section. The fetus was returned to
the uterus for two weeks and sacrificed on E108, perfused and the brain removed.
The brain was sectioned in the parasagittal plane at 40 microns and sections
examined with a fluorescent microscope.
At E108, labeled neurons are appropriately located in layer Vb. However, their
distribution is much larger than that reported for the neonatal monkey. In the rostral
caudal dimension, a continuous band of labeled neurons which varied in density
extended from behind the frontal pole to the posterior lip of the lateral sulcus. This
band of labeled neurons extended over most of the lateral and medial surface of the
neocortex.
Two other features of this early widespread band of projections neurons are note
worthy. First, the band was distinctly wider in the posterior part of frontal cortex,
presumptive motor cortex, and also, in this region the number of labeled neurons per
unit area of layer Vb was ten times greater than in area 18. Second, area 17 was
essentially free of labeled neurons.
These observations suggest both common developmental mechanisms across
mammalian species involved in sculpting distributions of cortical projection neurons
and that elements of regional specialization can be detected at relatively early
developmental stages in the macaque monkey.
Supported by HFSP grant RG5594B.

359.11
MORPHOLOGY OF LAYER 2/3 PYRAMIDAL CELLS IN PARIETAL
CORTEX OF NEONATAL RAT. M. Fowler*. C. J. Wilson. R. S. Waters AND
R. C. Foehring. Dept, of Anatomy and Neurobiology, Univ. of Tenn., Memphis,
TN. 38163.
While many neonatal pyramidal cells exhibit adult-like firing characteristics
(repetitive firing or RF), others show extreme spike adaptation (completely
adapting or CA) to 1 sec current injection. We have never seen the CA pattern in
adult cortical cells. In light of this observation, we have tested whether this
immature physiology is correlated with an immature morphology. Subsequent to
making physiological recordings from cortical slice preparations, the neuron was
filled with biocytin, fixed, sectioned and stained with DAB, resulting in a group of
44 filled cells with accompanying physiology (from 35 Sprague-Dawley rats,
postnatal day (PND) 6-30). Of these initial 44 neurons, 29 were RF and 13 were
CA (2 cells could not be classified). An initial assessment of morphological
maturity was made by examination of the filled neurons using a light microscope.
We looked at the prevalence of growth cones, protospines vs. mature spines and
dendritic varicosities, as well as the degree of dendritic branching. Differences
between CA and RF neurons were only observed in the superficial cortical layers
and in PND 10 or less animals. The paucity of CA neurons in layer V and in any
cortical layer of older animals precluded further comparisons. We therefore selected
only layer II/III cells from PND 6-10 rats for more detailed analysis. Three RF and
3 CA cells were serially reconstructed from sections using Neurolucida, the neuron
drawing apparatus and software. We found that the CA neurons had fewer dendrites
which were less branched than the RF neurons, i.e., thè CA neurons had a smaller
dendritic arbor than the RF neurons. Supported by NIH grants NS 33579 (R.C.F.)
and NSF-IBN-9400318 (R.S.W.).

359.12
MONOCLONAL ANTIBODY CAT-315 RECOGNIZES A PERINEURONAL
CHONDROITIN SULFATE PROTEOGLYCAN SYNTHESIZED BY NEURONS.
C. Lander*. H. Zhang and S. Hockfield. Section of Neurobiology, Yale Univ.
School of Medicine, New Haven, CT 06520-8001
Monoclonal antibody Cat-315 was generated as part of an immunization strategy
designed to produce antibodies against molecules related to the Cat-301 neuronal cell
surface chondroitin sulfate proteoglycan (CSPG). In vivo, Cat-315 recognizes a
CSPG that is expressed on the surface of a subset of neurons distinct from the
subset recognized by Cat-301 (Lander et al. J. Neurosci. 17:1928). In primary rat
cortical cultures, Cat-315 recognized a CSPG which co-migrates on Western blots
with the Cat-315 antigen from cortical homogenates of equivalent age, both before
and after the removal of chondroitin sulfate glycosaminoglycans. As in vivo, Cat315 also recognized a subset of cortical neurons in culture. These data indicate that
Cat-315 recognizes related, if not identical, antigens in vitro and in vivo.
Live cell labeling demonstrated that the surface-associated staining observed with
Cat-315 in culture is localized to the extracellular surface of neurons. Further, the
Cat-315 antigen partitioned entirely in the aqueous phase with Triton X-114,
demonstrating that the Cat-315 CSPG lacks a transmembrane domain and that the
entire molecule, and not just the Cat-315 epitope, is extracellular.
Intracellular, perinuclear immunoreactivity was sometimes observed in neurons
with cell surface associated Cat-315 staining. This suggests that neurons with cell
surface staining may also be the site of synthesis for the Cat-315 antigen. A
double-labeling experiment utilizing Cat-315 and a monoclonal antibody that
recognizes Golgi complex showed that the perinuclear Cat-315 immunoreactivity
precisely colocalized with the Golgi complex. Together, these observations indicate
that the Cat-315 antigen is produced by the neurons that carry Cat-315 cell-surface
immunoreactivity. They also provide evidence that neurons contribute to the
extracellular matrix of the brain. Supported by EY06511.

359.13

359.14

GABA EXPRESSION IN EARLY NEOCORTICAL CELLS
OF EMBRYONIC MOUSE SLICE CULTURES.
J.E. Crandall* and S.A. Tobet. The Shriver Center, Waltham, MA
02254 & Dept. Neurol., Harvard Med. Sch., Boston, MA 02115.
During the formation of the cerebral cortex the insertion of waves of
postmigratory neuronal cohorts in the midst of the preplate (PP) to form
the cortical plate remains a fundamentally key process about which few
molecular cues are understood. Several studies (e.g., Behar et a l., 1996,
J. N e uro sci. 16:1808) have suggested that the neurotransmitter, gammaaminobutyric acid (GABA) may be involved in cell migration and
chemotropism in early cortical histogenesis. We are investigating the
expression of GABA using live slices taken from whole heads of
embryonic day 13 mice and cultured in serum-free medium for 1-3 days.
Many PP cells extend their neurites parallel to the pial surface in a
tangential orientation. By contrast, many intermediate zone (IZ) cells are
more intensely GABA-immunoreactive (GABA-ir) and are radially
oriented. Quantitative analyses of GABA-ir cells in these cortical slices
indicate that the number of GABA-ir cells nearly doubled between day 0
and day 1 in vitro. Over half of the total number of GABA-ir cells were
located in the IZ. Further, the orientation of the GABA-ir cell population
depended on which embryonic cortical layer the cells were located. In
the PP, more than twice as many GABA-ir cells were tangentially
oriented compared to radially oriented. Conversely, in the IZ, there were
twice as many radially oriented than tangentially oriented GABA-ir cells.
A chemotropic effect of GABA-ergic cells in the outer PP may result in
migrating neurons being attracted beyond the lower edges of the PP,
changing their orientation and thus, splitting the preplate to form the
cortical plate. Supported by NS24386, IBN-9421697 and MR Core HD04147.
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Laminar Variation in Neuronal Viability in a Slice Preparation of the Neonatal Rat
Brain M.M. Niblock*. D.R. Riddle, and J.K. Brunso-Bechtold Program in
Neuroscience and Dept, of Neurobiology and Anatomy, Bowman Gray School
of Medicine, Wake Forest University, Winston-Salem, NC 27157
Organotypic slice culture is a common and useful tool for studying the effects
of a variety of factors on neuronal growth and differentiation. One frequently
noted advantage of the organotypic slice over dissociated culture is the greater
preservation of cellular context and relationships. It cannot be assumed,
however, that the cellular environment is similarly preserved throughout the
slice; different cell populations within organotypic slices may respond
differentially to slice preparation and culture conditions. We have examined
regional differences in neuronal survival within cultured slices of the neonatal rat
brain using the Live/Dead viability/cytotoxicity assay from Molecular Probes. In
initial experiments, coronal slices (400 pm thick) were prepared from rat brains
at postnatal days 4, 6, and 8 (after the periods of cell birth and migration for all
6 cortical layers). Slices were maintained on membrane inserts for 4 days over
serum-supplemented media with normal or with high (25 mM) potassium. Cell
survival in three areas (thalamus, sensorimotor cortex, and hippocampus) was
notably greater in slices from P4 animals than in slices taken at later ages. Less
neuronal death was apparent in slices cultured in the high-potassium media than
in their counterparts at each age sampled. In order to examine spatial and
temporal patterns of neuronal survival, slices from P4 rats were cultured for 0,
1,6, 12, 24, 48, or 96 hours over high potassium media. An early peak (between
1 and 12 hours in vitro) in cell death occurred in the intermediate region of cortex
(layer 4 ) . Cells in the more superficial cortex (layer 2/3) began to die after 24
hours in vitro. These noticeable decreases in the density of viable cells were
accompanied by a change in morphology, and followed by a second peak in cell
death that began by 96 hours in vitro. Ongoing immunohistochemical and
morphological studies are directed at identifying the cell types that are most
susceptible in the slice and understanding the reasons underlying the regional
differential vulnerability. Possibilities include deafferentation, loss of trophic
support, or developmental stage at the time of culture.
1 P01 AG 11370
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359.15
SPONTANEOUS POPULATION ACTIVITY IN LAYER 1 OF
DEVELOPING RAT NEOCORTEX. T. H. Schwartz1. D. Rabinowitz2 andR.
Yuste3 *. Depts. of ‘Neurological Surgery, 2Biological Sciences and 3Statistics,
Columbia University, New York, NY 10027
Little is known about the circuitry and cellular properties of layer 1 although
Cajal-Retzius (CR) cells are thought to play a critical role in establishing the
laminar organization of the neocortex. We imaged spontaneous and evoked calcium
dynamics simultaneously in 50-200 layer 1 cells loaded with fura-2 or calcium green
in isolated, perfused hemispheres (n=28) and in slices (n=47) from PND1-8 rat
neocortex. Cell types were identified with DIC and calretinin immunicytochemistry.
Spontaneous activity was characterized by rapid and slow calcium influxes into all
cell types with CR cells exhibiting less activity than other cells. There were
significant (p<0.01) correlations in the calcium transients between cells, as shown
by a Monte Carlo simulation under the null hypothesis of no association, assuming
that the neurons fired according to independent Poisson processes (n=5). Slowly
propagating waves were also observed.
We investigated the mechanisms underlying the spontaneous activity using
pharmacology and electrical stimulation. In the presence of TTX (2uM), all
significant correlations were eliminated indicating they were mediated synaptically
(n=3). CR cells were activated by glutamate (100)lM), NMDA (100|iM), AMPA
(50p.M), NE (lOOpM), glycine (ImM) and muscimol (25|iM). Non-CR cells were
activated by glutamate (100|iM), NMDA (50)iM), AMPA (50|iM), NE (lOOjiM),
carbachol (100|iM) and muscimol (25|iM). Bipolar stimulation with tungsten
electrodes (n=25) particularly activated CR cells and was reversibly blocked by TTX
(2pM), Ni+ (1 mM) and propranolol (50jlM).
Although CR cells exhibit less activity than surrounding cells, correlated calcium
transients indicate a circuit in layer 1 that involves several receptor types. The
spontaneous activity in this circuit may play a role in cortical organization.
Supported by March of Dimes, Sloan, EJLB & Klingenstein Foundations

359.17
RELEASE OF A NOVEL PEPTIDE (HCNP) FROM THE HIPPOCAMPUS BY
NMDA RECEPTOR ACTIVATION IN VITRO, K. Oiika*. Y. Tsugu. Y. Otsuka.
2nd Dept, of Internal Med.. Med. Sch., Nagoya City Univ., Kawasumi, Mizuho-ku,
Nagoya, 467 Japan.
A novel undecapeptide. hippocampal cholinergic neurostimulating peptide
(HCNP). purified from young rat hippocampus stimulates cholinergic phenotype
development of the medial septal nucleus in vitro (Ojika, K. et al. Brain Res. 572
164. 1992). Although no basic amino acid residue is found near processing site,
HCNP aligns at the N-terminal region of its 21 kDa precursor (Tohdoh. N. et al. Mol.
Brain Res., 30: 381, 1995) is processed by the specific cleaving enzyme in the
hippocampus (Otsuka, Y. et al, Neurochem. Res. 21: 369, 1995) where expression of
its mRNA is highest (Taiji, M. et al, J. Neurosci. Res. 45. 202, 1996).
To verify the release of the peptide, we used the hippocampal tissue cultures from
Wistar rat embryo at day 17 of gestation. The cultures grew well and expressed
antigen to the anti-HCNP antibody by 9 days in vitro. When the cultures were
incubated with various transmitters supplemented to the incubation solution at 37°C
for 10 min. in the supernatant of the culture with glutamate the antigen was
detectable by RIA. whereas with other transmitters or high potassium concentration
was not. The antigen release was stimulated by NMDA and by calcium lonophore
A23187 similar as glutamate, but no by AMPA or t-ACPD. Further, the release was
completely abolished by NMDA receptor antagonist APV and by high concentration
of magnesium (5 mM), but not by noa-NMDA receptor antagonist CNQX. In
addition, the antigen release was dependent on age of the culture in vitro, and on the
concentration of glutamate and hydrogen ion in the incubation solution. An analysis
by combination method with HPLC and RIA revealed that the antigen released by
glutamate and the ionphore was identical retention time with deacetylated HCNP.
more potent form of HCNP. These results suggest that during development HCNP is
released from the hippocampus by NMDA receptor activation.

359.19

ELECTROPHYSIOLOGICAL AND MORPHOLOGICAL PRO
PERTIES OF PRIMATE ENTORHINAL CORTICAL NEURONS. A

Alonso*1, P.S. Buckmaster2’3, D. Canfield3, and D.G. Amaral2’3, ’Dept, of
Neurol. & Neurosurg., MNI and McGill Univ., Montreal, Qc, Canada and
2Dept. of Psychiatry, Ctr. for Neuroscience, and California Regional Primate
Research Ctr., Univ. of California, Davis
The entorhinal cortex (EC) occupies a pivotal position between the hippo
campus and neocortical regions. Questions persist about the local circuitry of
the EC and the electrophysiological properties of its neurons, which have not
been examined m primates. We used a slice preparation to obtain intracellular
recordings and label single cells in macaque monkeys who were being
euthanized for reasons unrelated to this project. Neurons in layers II, III, V,
and VI displayed electrophysiological features generally similar to those of
rats. However, clear differences were detected; e.g., layer II stellate neurons
m primates generate subthreshold oscillations with slower frequency (2-4 Hz)
than those reported for rats (8 Hz), and bursting neurons were abundant in
layer III. Axon collaterals of layer II neurons arborized extensively in layers I
and II, suggesting associational connections between layer II cells. Axon
collaterals of layer V and VI neurons projected to layers I-III, suggesting
communication between the layers of the EC that receive output from the
hippocampus and the layers that project into the hippocampus. Supported by
HFSP, NIH (NS01778, NS 16908, and RR00169), and the Burroughs
Wellcome Fund.
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359.16
D istin ct P attern s of Sp on tan eous In tracellu lar C alcium
Fluctuations in Neocortical Precursor Cells. David F. Owens* and

Arnold R. Kriegstein. Depart, of Neurology & Center for Neurobiology and
Behavior, Columbia P&S, NY, NY 10025
An experimental preparation using an intact cortical mantle and confocal
laser microscopy was utilized to examine the spatial-temporal pattern of
spontaneous calcium (Ca2+) fluctuations in neocortical ventricular zone
(VZ) cells in situ. We examined embryonic rats aged E15-E21. We
observed three distinct patterns of spontaneous fluctuations in
intracellular free calcium concentration (tCa2+]i) that we termed ‘singlets/
‘doublets/ and ‘clusters.’ The majority of activity consisted of singlets;
single cells that displayed independent spontaneous [Ca2+]i fluctuations.
These events were insensitive to tetrodotoxin (TTX), bicuculline
methiodide (BMI), lanthanum (La +), 6-cyano-7-nitroquinoxaline-2,3-dione
(CNQX), and 2-amino-5-phosphonopentanoic acid (AP-5), but were blocked
by thapsigargin, suggesting they were chiefly mediated by release of Ca2+
from intracellular stores. Clusters consisted of coordinated spontaneous
increases in [Ca2+]i confined to groups of adjacent cells. The morphological
and developmental characteristics of these cells correspond to clusters of
gap junction coupled cells in the VZ known to consist of cells in S, G1 and
G2 phases of the cell cycle. Doublets consisted of two adjacent coactive
cells at the ventricular surface that demonstrated synchronous
spontaneous [Ca2+]i increases. These cells had a rounded morphology and,
based on Syto-11 staining, were M-phase cells. These results demonstrate
distinct patterns of spontaneous [Ca2*^ change in different populations of
cortical precursor cells, and raise the possibility that these dynamics may
contribute to intercellular signaling and the regulation of developmental
events.
Supported by NIH/NINDS 2R01 NS 21223-10 and March of Dimes FY950879.

359.18
HUMAN POSTNATAL DEVELOPING HIPPOCAMPUS: INTERHEMISPHERIC MORPHOMETRIC COMPARISONS OF THE
DENTATE GYRUS. D. W. Zaidel *. J. K. Chiong. and G. J. Merris.

Dept, of Psychology, UCLA, Los Angeles, CA 90095-1563.
The bulk of developmental studies on the hippocampus comes from
experimental animals. The dentate gyrus formation (DG) was found to
be unique among the hippocampal subfields in that new neurons develop
there well after birth. The morphology of the developing left and right
human hippocampi, by contrast, is less understood.
In this study, 20 cases who died unexpectedly ( x age=10.1 wks, all
post-partum) underwent routine neuropathology examination. No
pathological brain abnormalities were found. Bilateral coronal sections
of hippocampal tissue were mounted on microscope slides (20 pim,
Nissl-stained) and digitized. Computerized morphometric measurements
consisted of first isolating the DG and then measuring its cross-sectional
area with NIH-Image. One of us (DWZ) determined DG neuronal
density within the 20 pim tissue on a light microscope. Stronger left than
right DG cross-sectional area expansion as well as left density decline
with brain growth were revealed. The data further revealed sex-related
asymmetries in neuronal proliferation vs neuronal maturation (e.g.,
earlier right DG neuronal maturation in females). Previously, sex-related
asymmetry in DG neuronal density was found in epilepsy (l). The
results have implications for memory and cognition in human brain
development and for diseases of the brain.
1. Zaidel DW, Esiri, MM, & Oxbury JM(1994) J Neurology. 141.620-623.
Neuropathologist, Professor M. M. Esiri, Oxford, made the study possible.
Supported by Wellcome Trust, Wellcome-Burroughs Fund, and NIH NS-20187.

359.20

ORGANIZATION OF ASSOCIATIONAL CONNECTIONS IN THE
MONKEY ENTORHINAL CORTEX. J.J. Chrohak* & D.G. Amaral
Department of Psychiatry and Center for Neuroscience, University of
California, Davis, CA 95616.
The entorhinal cortex is a critical part of a distributed neural
network supporting memory formation in the mammalian brain.
Recent findings in the rat suggest that there may be anatomically
segregated circuits within the entorhinal-hippocampal system. We
sought to determine to what extent associational connections might
integrate or segregate information processing within the macaque
monkey entorhinal cortex. We also investigated the extent to which the
deep layers give rise to associational connections to superficial layers.
Data are based on the distribution of the anterograde tracers, Phaseolus
vulgaris leucoagglutinin (PHA-L) and biotinylated dextran amine
(BDA) injected into the deep (V-VI) layers of the entorhinal cortex.
Moderate and dense labeling within the deep layers was restricted to
bands extending less than 2mm mediolaterally and extending 4-5 mm
rostrocaudally. Labeling within these rostrocaudally oriented bands
was also prominent in the superficial layers (I-III) and was distributed
more extensively than in the deep layers. Injections located at different
mediolateral positions, resulted in rostrocaudally oriented band-like
labeling that retained the relative transverse position of the injection
site. These bands are similar to those observed in the rat, although in
the monkey the bands appear to have a more limited rostrocaudal
distribution. These findings define anatomical constraints on
information processing within the entorhinal cortex, and suggest the
existence of anatomically distinct parallel processing domains within
this structure. Supported by NIH Grants NS 16980 and RR 00169
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360.1
DEVELOPMENT OF FUNCTIONAL CONNECTIONS BETWEEN THALAMIC
FIBERS AND THE VISUAL CORTEX AS REVEALED BY CURRENT SOURCE
DENSITY METHODS AND ANATOMY IN THE WALLABY (MACROPUS
EUGENII) IN VIVO. A.R. Pearce, A.C. James, L.R. Marotte and R.F. Mark*.
Developmental Neurobiology, Research School of Biological Sciences, Australian
National University, Canberra, Australia.
The development of functional connections in the visual cortex as revealed by the
current source density (CSD) method follows a timecourse which can be divided into
two distinct stages. Evoked potentials in response to optic nerve stimulation were
recorded from the pouch young of wallabies of known gestational age anaesthetised
with 20% urethane, intraperitoneally at a dose of 1 ml/kg body weight. These
electrophysiological results are supported by concurrent anatomical studies using
biocytin markers and electrolytic lesioning to identify recording sites within the
cortex, and evidence of birthdays and laminar fate of cortical cells labelled with 3H
thymidine during development. In our earliest recordings, postnatal days (P) 25-44,
while stimulating the optic nerve and recording from the visual cortex no responses
indicative of synaptic activity were present even though thalamocortical afferents are
widely distributed in the cortical plate from P15 (1). We believe this to be the first
stage in the timecourse and call it the nerve conduction stage since potentials
recorded at these developmental ages were attributable only to conduction in the optic
nerve. The second stage is identified by the onset of synaptic activity at P45 when
evoked potentials in the visual cortex were first recorded, and confirmed by CSD at
P46. The earliest cortical sinks correspond to the laminar location of cells that will
form layer VI. Cortical evoked potentials change characteristically with age; latencies
shorten, sinks deepen and the accompanying current sources become clearer.
Furthermore, the number of short latency sinks and their position within the cortex
appears to correspond with the formation of thalamocortical connections first with
layer VI, then layer IV and finally superficial layers as they differentiate from the
cortical plate.
(1) Sheng, X.M., Marotte, L.R. and Mark, R.F. (1991) J.Comp.Neurol. 307, 117
138.
Source of Funding: Special Development Fund, ANU
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360.2
SYNAPTIC MECHANISMS REGULATING THE ACTIVATION OF A Ca2*MEDIATED PLATEAU POTENTIAL IN DEVELOPING LGN CELLS W. Guido*
& F-S Lo. Dept of Anatomy and Neuroscience Center, LSU Medical Center
New Orleans, LA 70112.
LGN cells possess an L-type, high-threshold Ca2+ conductance, however its
functional significance and the underlying synaptic mechanisms regulating its
activation remain unresolved. Using whole cell recordings, in an isolated (in
vitro) rat brainstem preparation, we examined how postsynaptic responses of
LGN cells (n=124) affect the activation of a Ca2+ mediated plateau potential. In
newborn rats, stimulation of optic tract (OT) fibers evoked an EPSP that gave
rise to a large plateau-like depolarization. This response was triggered by
NMDA receptor activation and abolished by L-type Caf+ channel blockers.
Generation of this plateau potential depended on the spatial and/or temporal
Isummation of retinally evoked
.. ' EPSPs. Its threshold of activation
\ by
OT
stimulation
was
\.
modulated
by
GABAa
activity and its
v ^ duration by
------ -— ---------- G A B A B
activity. This potential was prevalent before eye opening (>85%) and virtually
absent in adults. This may be due to two factors. Developing LGN cells show
a higher incidence of spatial summation because they receive inputs from 7-12
retinal ganglion cells whereas adult cells do not. In mature LGN cells GABAa
activity serves largely to shunt subsequent excitatory events thereby preventing
the activation of the plateau potential via temporal summation. This shunting
may be related to the late maturation of triadic synapses. Since the
mechanisms underlying the activation of this plateau potential vary with age, its
prevalence early in life may contribute to activity dependent refinement of
retinogeniculate connections. (NSF 9396270)

Nitrendipine "

360.3
ACTIVITY SCALES THE QUANTAL AMPLITUDE OF CORTICAL
PYRAMIDAL NEURONS THROUGH A POST-SYNAPTIC MECHANISM. K.R.
Leslie*. S.B. Nelson. & G.G. Turrigiano. Department of Biology and Center for
Complex Systems, Brandeis University, Waltham, MA 02254.
The strength and number of synapses change dramatically during learning and
development: how do neurons maintain stable firing rates despite large changes in
total synaptic input? We have previously shown that cortical pyramidal neurons scale
the amplitude of their excitatory inputs up or down in response to changes in
activity. Here we show that this change in synaptic strength is slow and cumulative,
and is mediated by changes in the post-synaptic responsiveness to glutamate.
Dissociated cultures were made from P3-6 rat visual cortex. Whole cell voltage
clamp recordings were obtained from pyramidal neurons previously grown under one
of four conditions: control, or 15, 26, or 48 hours of activity blockade (0.1 |J,M
TTX). Activity-blockade led to a slow and cumulative increase in the amplitude of
miniature excitatory post-synaptic currents (mEPSCs) with treatment time (one way
ANOVA, p < 0.002). There was no change in average rise and decay kinetics with
TTX treatment. This increase in synaptic strength was shown to have a post-synaptic
origin using a glutamate puffing experiment (10 ms puff of 0.5 mM glutamate).
Glutamate induced post-synaptic currents were recorded in the presence of TTX and
APV, from both control and 48 hour TTX treated cultures. The amplitude of the
glutamate induced postsynaptic currents in the TTX treated cultures were 278 ± 39%
of control (p < 0.001, Student’s t-test). To ask whether it is pre or postsynaptic
activity that scales quantal amplitude, we blocked synaptic transmission and elevated
firing rates with high potassium (2x). Preliminary results suggest that this
manipulation decreased quantal amplitude relative to synaptic blockade with normal
potassium levels. These data suggest that quantal amplitude is scaled as a function of
postsynaptic firing rate (Supported by NIH, NSF, the Whitehall and Sloan
foundations, and a HHMI Predoctoral Fellowship to KRL)

360.4
DEVELOPMENT AND ACTIVITY-DEPENDENT HETEROSYNAPTIC
INTERACTIONS OF RETINOTECTAL SYNAPSES IN XENOPUS
LARVAE
L. Zhang. H-z. Tao. C. E, Holt. W. A. Harris*, and M-m. Pqcl Dept, of Biol.
Univ. of California at San Diego, La Jolla, CA 92093
Synaptic currents from tectal neurons of Xenopus larvae were recorded by
in vivo whole cell patch clamping to examine the development and activitydependent refinement of retinotectal projections. Extracellular loose-patch
electrodes were used to stimulate retinal ganglion cells in the contralateral
eye, and monosynaptic evoked excitatory synaptic currents (EPSCs) were
recorded from neurons at different sites in the tectum. At stage 40, each
retinal ganglion cell innervates a large population of tectal neurons, with
ganglion cells in the center of the retina apparently innervating neurons that
distribute across at least 1/3 of the entire tectum. The amplitude of EPSCs
recorded in the tectal neurons exhibited rostral-caudal and lateral-medial
gradients, with higher amplitudes found in neurons of more rostral and lateral
locations, confirming the gradient of synaptic maturation across the
developing tectum (Wu, et. al. Science 274, 972). Using two stimulation
electrodes at the retina, EPSCs evoked by two retinal ganglion cells or two
non-overlapping groups of ganglion cells were routinely recorded in a single
tectal neuron. Repetitive electrical stimulation of one input was found to
result in long-term hetero-synaptic potentiation or heterosynaptic depression
of the non-stimulated input in different experiments. The precise
experimental conditions under which a particular pattern of heterosynaptic
interactions occurred remained to be determined. This Xenopus preparation
may provide a useful in vivo system for examining synaptic mechanisms
underlying activity-dependent refinement of developing connections.
(Supported by NIH grants NS 22764).

360.5
DEVELOPMENTAL SYNAPTIC PLASTICITY IN THE RETINOGENICULATE
PATHWAY
C.A. Leamey1, W. Guido2 and M.Sur1*
1Dept of Brain and Cognitive Science, MIT, Cambridge, MA, 02139 and 2Dept of
Anatomy and Neuroscience Center, LSU Medical Center, New Orleans, LA, 70112
We have studied changes in the amplitude of the evoked field potential in the dorsal
lateral geniculate nucleus of neonatal rats following trains of electrical stimuli applied
to the fibres of the optic tract. We used a novel in vitro physiological preparation
which leaves intact the entire dorsal thalamus and a large segment of the optic tract.
The stimulation protocol used was designed to mimic the spontaneous firing patterns
of retinal ganglion cells during development. Stimulus intensity was maintained at
half-maximal amplitude. Baseline and post-stimulation values were sampled every
30s. The stimulus train was administered as 3s of 20Hz pulses applied once every
30s for periods ranging between 15 minutes and 1 hour. In hooded rats aged between
postnatal day (P)12 and P16, the stimulation resulted in a long-lasting (60-90 minute)
depression of 30-50% of the synaptic response. In P12-13 animals, longer periods of
stimulation (lhr) were required to induce reliable, long-lasting depression, but in
older (P14-16) animals, 15 minutes was sufficient to induce a depression of similar
magnitude. Control preparations that were stimulated by single shocks (l/30s) for
similar periods did not show any depression. Preliminary pharmacological studies
have suggested that the depression is not mediated by NMDA receptors, as it is not
blocked by the addition of AP5 (50^tM). However, the depression was blocked by
the application of bicuculline (10|aM), indicating the involvement of GABAergic
mechanisms. In contrast, more limited data from younger animals (P5-8) indicates a
tendency towards potentiation following the same stimulus protocol. This transition
occurs during the period of eye-specific segregation (P5-10), suggesting a correlation
between retinal wave-driven synaptic plasticity and retinogeniculate pattern
formation.
Supported by NIH Grant EY11512 and NSF Grants IBN9602143 and 9396270
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DUAL D IR E C T IO N S P E C IF IC IT Y IN R E C E P T IV E FIELD S O F
S U P E R IO R C O LLIC U LU S O F D E V E L O P IN G RATS. S. Fortin*1. S.
Itava2. I. Dumont1, S. Chem tob3, and S. Molotchnikoff1.
Dept. Sci. Biol., Univ. de Montréal, Montréal, Qc, Canada H3C
3J7. 2 Dept. Biomed. Sci., Univ. S. Alabam a, Mobile, AL 36688. 3
Dept. Pédiatrie, Hôpital Ste-Justine, Montréal, Qc, Canada.
W e studied the evolution of receptive field properties in the
superior colliculus of developing rats. Since the eyelids open at
about postnatal day 14 (P14), we carried out experiments between
days 12-13 and day 20. Immature rats were anesthetized with
urethane and placed in a custom m ade head holder. Single cell
extracellular activity was recorded with glass micropipettes.
Receptive fields w ere initially characterized on a translucent screen,
then quantitative data w ere obtained with electronic means. In
general, receptive fields of developing animals are much broader
than in adults, with little direction selectivity. However, in many fields
we observed a local direction selectivity. For these cells the
receptive field contained at least two subareas, each exhibiting
opposite direction selectivity. To our knowledge, this pattern has not
previously been reported and is lacking in adult rats. W e propose
that this dual direction selectivity in developing rats is due to double
afferents which produce such an atypical response pattern; with age
one of the afferents withdraws permitting the expression of a single
axis of direction selectivity.
Supp. by FCAR, C R S N G and G R EN E.
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360.7
TOPOGRAPHIC REFINEMENT AND FUNCTIONAL SEGREGATION MEDI
ATED BY NONLINEAR MECHANISMS OF CORTICAL DEVELOPMENT
C. Piepenbrock, C. Weber*, K. Obermayer and M. Stetter
Fachbereich Informatik, Technische Universität Berlin, Germany
We propose a Hebbian development model for simple cell receptive fields and
cortical maps that is based on discretely firing neurons in a probabilistic framework.
It minimizes a given global objective function and is similar to well studied mod
els of cortical development in two limiting cases. In the case of model neurons with
rate coding and linear transfer functions we obtain a correlation based learning model
[Miller 94]. As a consequence, the properties of the cortical receptive fields depend
on the second order statistics of the activity patterns. This may lead to ocular dom
inance or to ON / OFF segregation. However, the topographic retino-cortical map
ping and the refinement of the receptive field size does not emerge from the learning
dynamics and has to be externally imposed. In the other limiting case, the model
resembles a self organizing map and the receptive field profiles are determined di
rectly by the activity patterns [Obermayer et al. 90]. As a result, a topographic map
emerges and the receptive fields refine. In the model, a change in the nonlinear neu
ronal activity dynamics leads to a transition between a self organizing map and the
linear correlation based learning model. Simulations show that in case of the linear
correlation based model joint development of ocular dominance and ON / OFF seg
regation is not possible. For this scenario we suggest a modified Hebbian learning
dynamics, which derives from the assumptions of a geometry-dependent interaction
between synapses on a given postsynaptic neuron and clustering of left-eye and righteye driven subgrups of synapses. The modified learning rule leads to simultaneous
ocular dominance and ON/OFF segregation both with linear and nonlinear transfer
functions.
Supported by a Boehringer Ingelheim Fonds scholarship, HFSPO grant RG-98/94,
TU Berlin grant FIP 13/41 and DFG grant Ob-102/2-1.

360.8
MODELLING THE EMERGENCE OF ORIENTATION SELECTIVITY MAPS IN
THE VISUAL SYSTEM BY AXONAL GROWTH AND RETRACTION
INDUCED BY RETINAL ACTIVITY WAVES M. Thiede. A.B. Ribera* and C.
M. Müller Max-Planck-Institute for Developmental Biology, Tübingen, Germany
The primary visual cortex reveals multiple, overlying maps of stimulus features,
e.g. retinotopy, stimulus orientation, and ocular dominance. Accumulating evidence
suggests that orientation selectivity (OS) and its corresponding map are already
established prior to eye opening and rely on a highly ordered connectivity pattern
between visual thalamus and cortex. We developed a computer simulation based on
a two-layer model with unidirectional connectivities revealing a coarse topographic
projection initially. Activity-dependent reorganization of the projections is based on
axonal growth upon coincident pre- and postsynaptic activation and synapse
elimination upon non-coincident activity. Activity patterns in the input layer are
assumed to be oriented wave fronts known to occur in the developing retina and
transferred to LGN neurons. As the duration of activity bursts and the propagation
speed of activity waves result in a successive recruitment of all afferent axons to a
given postsynaptic cell over a time span of a few seconds, we assumed mechanisms
for coincidence-detection in the subsecond range.
Emergence of OS in the postsynaptic layer strongly depends on the activationthreshold of the target neurons. Low activation thresholds, exciting a high
proportion (>40%) of postsynaptic cells by a given stimulus, fail to induce
orientation preference, while high thresholds leading to activation of only a
subfraction (<25%) of postsynaptic cells result in highly orientation-specific
connectivities. Due to lateral growth of afferent axons, OS reveals a topographic
mapping as described in vivo, without the need for horizontal connectivities.
The dependence of OS on the activation threshold can explain how retinal activity
waves induce orientation selectivity in the cortex, without the emergence of a clear
(supported by the MPG and DFG, Mu 908/4-1)
OS in the thalamic relay.
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361.1
SURVIVAL AND DIFFERENTIATION OF RAT SPINAL CORD STEM CELLS
GRAFTED INTO NORMAL AND INJURED ADULT SPINAL CORD. S.Y.
Chowa*, J.„.Moul,\ Y...Liua, B.T.Himesab, M. Obrockaa, A, Tesslerab & I. Fischer*.
Dept, of Neurobiology & Anatomy, Allegheny U., Phila, PA 19129s; VA Hospital,
Phila, PA 19104b.
Multipotential stem cells from mammalian CNS offer a potential therapeutic
strategy for cellular replacement in the damaged spinal cord (SC). Neural stem cells
from the SC of E14 Sprague-Dawley rats were isolated and expanded as neurospheres
in the presence of EGF and bFGF. They have been maintained for at least 18 passages
over a 9 month period. Our experiments examined 1) the phenotype of the cells
following differentiation in vitro 2) genetic modification of the cells with a
recombinant adenovirus (AdCMVlacZ) containing the P-galactosidase reporter gene
and 3) survival and differentiation of the cells following transplantation into normal
and injured SC. Our results showed that stem cells dissociated and plated in the
presence of fetal calf serum induced a variety of phenotypes (>75% astrocytes, 5-10%
neurons, and remaining cells nestin-positive) demonstrating the multipotent properties
of the SC stem cells. The cells were efficiently infected with the recombinant
adenovirus. When transplanted into the SC, alone or mixed with a cell suspension of
primary embryonic SC cells, they survived and continued to express the reporter gene
for at least 6 wks in intact SC (mixed cell suspension) and 2 wks in hemisected SC
(stem cells alone). In the graft region, cells containing the reporter gene expressed
neuronal or glial phenotypes. These results demonstrate that a population of
multipotential CNS stem cells isolated from rat SC can be genetically modified using
recombinant adenoviral vectors. When transplanted into intact or injured adult SC,
they differentiate into both neurons and glia. Thus, stem cells expressing transgenes
such as neurotrophins could replace as well as rescue injured neurons and provide a
supportive environment for the regeneration of host axons. Supported by NIH grants
NS24707, HD07467, NS10090, and the Res. Service of the VA.

361.3

NGF Gene Therapy in the Spinal Cord of Adult Primates.
TMiller1*2. J Roberts3.R Grill1,2 W Wiederfaolt*.1. MH Tuszvnski1>2.

*Dept Neurosci., Univ Calif-San Diego, La Jolla, CA; 2VA Med Ctr, San Diego,
CA.; ^UC-Davis, Davis, CA.

Previously we have reported that intact and injured spinal cords of
adult rats retain robust responsivness to neurotrophic factors regionally
delivered by gene therapy. In the present experiment, we extended
these studies to primate models to determine whether patterns of
trophic factor responsiveness exhibited by rodents are maintained in
the phylogenetically distinct primate spinal cord.
Primary autologous fibroblasts from adult rhesus monkeys (n=4)
were genetically modified to produce and secrete the active, B-fragment
of human NGF. Uninfected fibroblasts served as controls. NGFtransduced cells made 13.0 + 2.2 ng hNGF/106cells/d in vitro. Cells
were grafted to the intact thoracic spinal cords of 4 monkeys (105cells/
ul, 5 ul/site). No gross functional deficits occurred. 3 mo later,
surviving grafts were present in all subjects examined to date. Grafts
integrated well into host tissue. Fibroblasts differentiated to a greater
extent than seen in rodent grafting models; abnormal graft growth did
not occur. Augmented penetration of NGF-secreting grafts by primary
afferent sensory axons was observed, recapitulating responses in
rodents. On the other hand, penetration of cerulospinal axons into
grafts was not observed, unlike findings in rodent models. These
results confirm that adult primate axons exhibit chemotropic responses
to locally delivered neurotrophins, but patterns of responsiveness are
distinct from rodents. The biological basis of these differences are
being explored. Supported by the E. Zobel Foundation and Veterans Affairs.
S o c ie ty f o r N e u ro s cie n c e , V olum e 2 3 ,1 9 9 7

361.2

GRAFTING FIBROBLASTS GENETICALLY MODIFIED BY ADENOVIRUS
INTO ADULT RAT SPINAL CORD
J MouP. Y. Liua. B. T. Himesa,b*. B. Trvona*. J. M. Nothiasa. A. Tesslera,b and I.
Fischer1
aDept. of Neurobiology and Anatomy, Allegheny U. of the Health Sciences,
Phila, PA 19129 and bPhiladelphia VA Hospital.Phila, PA 19104
Ex vivo adenovirus (Ad) mediated gene transfer represents a very promising
approach for delivering genes of therapeutic importance into the spinal cord.
Cultured skin fibroblasts isolated from newborn Sprague-Dawley rats were
infected with a replication defective recombinant Ad carrying a (i-gal gene driven
by CMV promoter (AdCMVlacZ).We found that a pfu/cell ratio of 50-100
allowed a 90-100% infection rate. The infected cells showed minimal
cytopathology and could be continuously passaged in vitro. We transplanted the
genetically modified fibroblasts (3 jj.1, 1x 10scell/p-l) into mid-thoracic spinal cord
of adult rats immunosuppressed with cyclosporin A (CsA). One week, 1 and 2
months later, the grafted fibroblasts were identified by vimentin
immunocytochemical staining and by their characteristic morphology. Graft size
remained constant and approximated the original volume that had been grafted,
suggesting that minimal cell death or proliferation had occurred. A portion of the
cells continued to express the transgene; the level of transgene expression
decreased over time, but remained detectable for at least 2 months. GFAP and OX42 immunocytochemistry showed a mild glial and microglial activation. The
present study demonstrates: [1] fibroblasts genetically modified with recombinant
Ad survive transplantation in spinal cord of immunosuppressed adult rats; [2]
some of the modified cells continue to express the transgene for at least 2 months
despite promoter inactivation and down-regulation.
Supported by NIH grants NS24707; NS24725 NIH training grants NS 10090 and
HD07467 and the Research Service of the Veterans Administration.

361.4

ENHANCED SPROUTING OF CORTICOSPINAL AXONS
BY LIF/CDF PRODUCING FIBROBLASTS AFTER
SPINAL CORD INJURY.
A. Blesch*. R. Grill. H.S. Uv and M.H. Tuszvnski
Dept, of Neurosciences-0608, Univ. of California at San Diego, La
Jolla, CA 92093 and VA Medical Center, San Diego, CA 92165
Genetically modified cells producing neurotrophins have been shown
to promote specific regenerative responses after grafting to rats with
spinal cord injury (SCI).
To examine the effect of a new neurotrophic factor we genetically
modified fibroblasts to express LIF/CDF. LIF/CDF or control (bgalactosidase) transfected cells were grafted to the dorsally-hemisected
spinal cord. Axonal growth responses were analyzed 2 weeks later.
Anterograde labeling showed a significant increase of corticospinal
axonal growth through host gray matter at the lesion site in animals with
LIF/CDF secreting cells compared to control cells. At this relatively
short time point enhanced sprouting was not observed distal to the lesion
site. Primary sensory axons sprout into the graft, to a degree that did not
differ from control grafted animals. Longer time points with LIF/CDFsecreting cell grafts, influences of grafted cells on host neurotrophin
expression, and functional effects of grafts are currently under
investigation.
Supported by grants from Veterans Affairs, International Spinal
Research Trust, and the Deutsche Forschungsgemeinschaft.
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361.5
SCHWANN CELLS IN THE CNS: A FAVORABLE OR UNFAVORABLE
CONDITION? T.T. Sims* and S.A. Gilmore. Department of Anatomy,
University of Arkansas for Medical Sciences, Little Rock, AR 72205
The introduction of Schwann cells into the CNS is a strategy directed at
repair of myelin abnormalities or at promoting regrowth of injured axons. In
general, these procedures involve placement of Schwann cells derived from
cultures or as a constituents of peripheral nerve grafts into the brain or
spinal cord. A radiation-induced, glia-depleted model developed in this
laboratory induces the presence of Schwann cells within the rat spinal cord
(Anat. Rec., 160:675, 1968 and 171:517, 1971). These intraspinal Schwann
cells proliferate and myelinate or ensheathe axons in the dorsal funiculi
(Brain Res., 239:365, 1982 and 276:17, 1983) and appear to support CNS
functions. In some cases intraspinal Schwann cells develop in the spinal
ventral gray matter (Brain Res. Bull., 30:339, 1993). Quite unexpectedly, the
Schwann-cell occupied neuropil in these animals shows a marked decrease
in synaptophysin immunoreactivity, suggesting a loss of synapses (Glia,
18:261, 1996). Contiguous neuropil lacking Schwann cells is heavily
immunoreactive for synaptophysin, confirming that the loss of
immunoreactivity in adjacent Schwann-cell occupied regions is not due to the
earlier exposure to radiation. Additional immunohistochemical and
ultrastructural examinations of this material have confirmed the loss of
synapses; these data will be presented. Data will be presented also on the
injection of cultured Schwann cells into the gray matter of radiationinduced, glia-depleted animals and their non-irradiated littermates. Under
both conditions the sites occupied by Schwann cells appear to undergo a
reduction in synapses. These observations raise very important questions
with respect to the placement of Schwann cells into the CNS as a
therapeutic strategy. Supported by NIH grant NS04761.

361.6
QUANTITATIVE MORPHOMETRIC ANALYSIS OF SPINAL CORD
REMYELINATION BY TRANSPLANTED GLIA. K.L. Lankford*, T. Imaizumi, &
J.D. Kocsis Dept, of Neurol.,Yale Univ. Med. School, New Haven CT 06510
Although numerous studies have shown histological evidence that transplanted glial
cells can remyelinate demyelinated CNS axons and this lab has also found evidence for
restoration of conduction by transplanted Schwann cells (Honmou et al 1996, J.
Neurosci. 16: 3199-3208), little attempt has been made to quantify the extent of
remyelination achieved by different transplant protocols or to assess the technical merits
of different transplant strategies. This study presents an approach for serially sectioning
chemically demyelinatd lesions in adult rat spinal cords and quantifying the extent of
remyelination produced by transplanting one or more types of myelin-producing cells
into such lesions, as well as for evaluating the types and pattern of axons remyelinated.
Neonatal rat Schwann cell + astrocyte mixtures, embryonic olfactory ensheathing cells
(OECs), or other glia were injected into 6-10 mm long demyelinating lesions in the rat
lumbar dorsal column produced by X-irradiaton and ethidium bromide injections. Three
weeks after cell transplantation, animals were sacrificed and spinal cords were processed
and sectioned. Numbers of myelinated axons were counted in representative myelinrich and myelin-poor areas of the dorsal column in sections taken at 0.25 mm intervals
and used to calculate of the total amount of axon length remyelinated. Sizes of
myelinated axons in dorsal, ventral, and medial regions of the dorsal column were also
measured. Initial results indicate that both embryonic OECs and neonatal Schwann cells
(3X104 cells per lesion) are capable of remyelinating tens of thousands of millimeters of
dorsal column length and restoring at least 14% and 11% respectively of the level of
myelination observed in unlesioned spinal cords, compared with only 2% of axons being
spared or spontaneously remyelinated in control lesions with no cell transplantation.
Both OECs and Schwann cells myelinated axons in all regions of the dorsal column, but
both cell types appeared to preferentially remyelinate larger diameter axons, compared
with unlesioned controls. (Supported by NIH and the VA.)

361.7

361.8

SCHWANN CELLS GRAFTED TO THE INJURED ADULT
SPINAL CORD REMYELINATE CENTRAL AXONS IN A
PHENOTYPICALLY APPROPRIATE FASHION

SPINAL TRANSPLANTATION OF HUMAN FETAL SPINAL CORD
CELLS IN NON-IMMUNOSUPPRESSED RATS. E.A. Zompa1*. L.D. Cain1.
M.P. Mover2, and C.E. Hulsebosch1. *Mar. Biomed. Inst., Univ. Texas Med.
Br/. Galveston, TX 77555 and 2The Cell and Gene Therapy Inst., Univ. Texas
Health Sci. Ctr., San Antonio, TX 78258.
The use of fetal spinal cells in spinal cord injured patients is promising. We
report the use of long term cultured and phenotypically analyzed normal
human fetal spinal cord (HFSC) for transplantation. To test graft survival, 5.0
x 105 (3 to 5 pi total volume) HFSC cells were injected into the left L4 dorsal
horn grey matter, into deep laminae of male Sprague Dawley rats that were
not immunosuppressed. Survival times were 30, 60 and 120 days. After
sacrifice, the spinal cords were removed, and prepared for in situ hybridization
(ISH) and immunocytochemistry (ICC). For the ISH procedure, ONCOR oligo
probes for the 23 human centromeric chromosomes were labeled with True
Blue to uniquely identify transplanted HFSC. We report a survival of HFSC
cells that ranged from 1.4 to 5.2% in the transplant groups examined. In
addition, many cells migrated up to 12.5 mm away from the site of injection.
ICC results for vimentin, chromagranin A, GFAP and human neuron specific
enolase will be reported at the meeting.
In conclusion, we found no evidence of tumorigenicity based on
morphological criteria. In addition, the HFSC cells migrated away from the
injected site, did not form graft directed tissues but remained dispersed in the
host. (Supported by NS 11255 and the Waldrep, RGK and L.T. Hulsebosch
Foundations.)

361.9

361.10
FETAL TISSUE TRANSPLANTS IMPROVE HINDLIMB FUNCTION IN ADULT
SPINAL RATS. S. K. Stackhouse. M. Shibavama. M. Bowes, and M. Murray*. Dept,
of Physical Therapy, Beaver College, Glenside, PA 19038, and Dept, of Anatomy and
Neurobiology, Allegheny University of the Health Sciences, Philadelphia, PA 19129.
Fetal spinal tissue transplanted into spinalized neonatal rats increases the likelihood
that the rats will develop weight supported hindlimb (HL) stepping (Miya, et al.,
1997); administration of the serotonergic agonist, quipazine (QPZ), acts synergistically with the transplant to further increase function (Adipudi, et al., 1997). Trans
plants of fetal central nervous system tissue placed into transected adult spinal cord
survive and integrate with host tissue. In this study, we examined whether transplants
and/or QPZ would improve HL function in rats spinalized as adults.
Complete spinal cord transections (T8) were made in adult rats (200-300g) and
fetal spinal tissue inserted into the cavity. After 19 weeks of treadmill training
(approximately twice/wk), 2 spinal (transection only) and 4 transplant (TP) rats were
video-taped on the treadmill and in an open field, after administration of saline or
QPZ (.3mg/kg). The videotapes were used to analyze HL kinematics during treadmill
exercise and HL function in an open field test (BBB Locomotor Rating Scale).
TP animals showed greater HL range of motion (ROM) compared to spinals ip <
.01). There was a tendancy for QPZ to increase ROM in both groups (p = .058).
Baseline scores on the BBB Scale were greater (p < .05) for TP (Z = 4.25) than spinal
rats (scores: 0 & 1). All TP animals had greater BBB scores following QPZ adminis
tration, while 1 spinal rat showed an increase in score.
These results indicate that transplants and QPZ may increase joint ROM during
treadmill exercise and improve HL function in the open field. Increased HL function
is likely due to several factors including the rescue of axotomized neurons from cell
death and an increase in central pattern generator discharge. This study was supported
by the ISRT, NS24707, & IRP.

N Weidner1’*, I Miller1, A Blesch1 and MH Tuszynski1,2. ^ e p t Neurosci.,
Univ Calif-San Diego, La Jolla, CA; 2VA Med Ctr, San Diego, CA
Schwann cells contribute to axonal regeneration in the PNS in several
ways, including the remyelination of injured axons. Previously we
reported that Schwann cells genetically modified to secrete
pharmacological amounts of human NGF elicited substantial growth and
remyelination of cerulospinal axons and primary afferent nociceptive
sensory axons after grafting to injured spinal cord. In the present
experiment, we sought to elucidate patterns of Schwann cell myelination
and underlying signaling mechanisms in CNS grafting paradigms.
Primary Schwann cells were genetically modified to produce and
secrete human NGF and were grafted to the T7-lesioned spinal cords of
adult Fischer 344 rats (n=5) to induce regeneration of cerulospinal and
sensory axons. Control animals received uninfected Schwann cell grafts
(n=4). 6 mo later, immunofluorescence double labeling demonstrated that
CGRP-containing primary sensory axons penetrating NGF-secreting grafts
were unmyelinated, whereas TH-labeled cerulospinal axons were
myelinated by Schwann cells immunolabeled for P0, which reflects
myelination patterns of these projections in the normal spinal cord. These
findings indicate that 1) Schwann cells re-myelinate CNS axons in a
phenotypically appropriate manner, 2) signals for re-myelination in vivo
are intrinsic to the axon, and 3) similar signals for myelination are
expressed and recognized in the CNS and PNS. Experiments in progress
are examining the role of known signals for myelination, such as TGF-ß 1,
in these grafting paradigms.
Supported by the Hollfelder Found., Int. Spinal Res. Trust, and Veterans Affairs.

BEHAVIORAL ASSESSMENT AFTER SPINAL TRANSPLANTATION OF
HUMAN FETAL SPINAL CORD CELLS IN NON-IMMUNOSUPPRESSED
RATS. C.E. Hulsebosch1*. A.W. Everhart1. M.P. Mover2, L.D. Cain1 and E.A.
Zompa1. ^ar. Biomed. Inst., Univ. Texas Med. Br., Galveston, TX 77555 and
2The Cell and Gene Therapy Inst., Univ. Texas Health Sci. Ctr., San Antonio,
TX 78258.
A concern with transplant paradigms in spinal injury is the potential for
continued growth of the transplant with undesirable behavioral outcome.
Therefore, a concern for successful therapeutic intervention is that the
intervention not worsen the behavioral outcome. Four groups of rats with
transplants were examined: a) vehicle control alone, b) fibroblast transplant
control, c) 9 week human fetal spinal cell (HFSC) transplants, d) 14 week
HFSC transplants. We tested all groups using three tests of locomotor skill: the
open field, the beam balance and the foot-fault tests. By all three locomotor
tests, we demonstrated a progressive recovery over time for all transplant
groups and no worsening of behavioral outcome. There was no statistically
significant improvement in the final outcome of the behavioral recovery in
transplants when compared to controls. The recovery for the HFSC transplant
groups approached but did not achieve statistically significant improvements
(p=0.08) compared to the control groups in the beam balance test. However,
in the open field test, when (group x time) interaction was considered, the
results were statistically significant (p=0.0001). This indicates that while all
groups eventually recovered to the same level of behavioral performance, the
animals receiving human FSC transplants did so at an accelerated rate.
(Supported by NS 11255 and the Waldrep, the RGK and the L.T. Hulsebosch
Foundations.)
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legheny University, Philadelphia, PA, 19129.
Rats receiving transplants of fetal spinal cord are significantly more likely to develop use
ful weight supported stepping (WSS) using their hindlimbs than their spinalized littermates
(Miya et al 1997). Since 5-HT axons originating in the brainstem regenerate modestly
through the grafts (Miya et al 1997), drugs that augment activity of endogenous 5-HT
might enhance locomotor performance. Therefore, quipazine, a nonselective serotonergic
agent with good affinity and efficacy at 5-HT receptors was administered (0,0.15,0.3
and 0.6 mg/kg, i. p.) to neonatally transected (n=§), transplanted (n=20) and normal (n=10)
rats. The rats were trained to locomote on a treadmill and videotaped before and after drug
administration. The videotapes were analyzed quantitatively by observers blind to treat
ments. Quipazine increased WSS in a dose-related fashion in transplanted rats that showed
less than 75% (but >20%) weight supported stepping (p<0.01). Quipazine had little effect
in transplant rats with very good (>75%), or very little (<20%) baseline weight support, or
in spinal or normal rats. In previous studies, the direct 5-HT agonist DOI, also improved
motor function in transplants (Miya et al 1995). To assess2whether the effect was due to
release of 5-HT from regenerated axons, we tested indirectly-acting 5-HT agents that block
reuptake of 5-HT (sertraline) or that block reuptake and stimulate release of 5-HT
(fenfluramine) in spinal (n=5), transplant (n=9) and control (n=4) rats. Neither sertraline
(1.0,3.3 and 10.0 mg/kg, i.p.) nor fenfluramine (5.0 mg/kg, i.p.) altered WSS in any oper
ates. Fenfluramine but not sertraline produced severe tremors and hypermetria in operated
rats. Our results suggest that direct serotonergic agonists act synergistically with fetal trans
plants in neonatally transected rats to improve locomotor performance. The results with
sertraline imply that physiological release of 5-HT is insufficient to improve motor func
tion. Supported by PVA, IRP, NS24707, H007467.

361.12
ORIGINS OF CNS NEURONS WHOSE AXONS GREW INTO SCHWANN CELL
CONTAINING MINI-GUIDANCE CHANNELS IMPLANTED INTO ADULT
RAT SPINAL CORDS. SX ZhangU PsrschbacW.K, Smith* 1 J . Asbischfid and
X.M. Xu1. ‘Dept Anat &Neurobiol., St Louis Univ. Sch. of Med., St Louis, MO 63104;
*Gene Therapy Center, CHUV, Lausanne Univ. Med. Sch., Lausanne, Switzerland.
Schwanncells (SCs) inmini-guidance channels successfully promoted axonal growth into
the channel environment in the partially lesioned adult rat spinal cord (Soc. Neurosci. Abs.
21:820,1995). Presently, we employed the retrograde tracer Fast Blue (FB) to study the
origin of neurons whose axons had extended into this SC-channel construct. SCs were
purified in culture, suspended in a 3:7 solution ofMatrigel.DMEM (M/D), and placed in
semipenneable mini-channels (1.25 x 3 mm, MWCO=SO KDa; 120 x 106cells/ml). M/D
channels served as controls. Adult Fischer rat spinal cord was hemisected at T9 and the SCchannel was implanted into the lesion site. 30 days later, the dorsal wall of the channel was
opened and0.1 ^1of 2%FB was injected into the middle of the tissue cable. The animals
were perfused after 7 days. The graft and its attached cord segments (T8- T10) were cut
horizontallyfor evaluation of the injection site and labeled cell counts. Coronal sections of
the remaining cord segments and entire brain were collected serially, and FB labeled ceils
were mapped (SC-channels, n=6; M/D channels, n=3). In all cases with SC-channel grafts,
numerals FB labeled cells were found in the spinal cord (778 ± 188; mean ± SEM) most
ofwhichwere seen in laminae VH andthe medial portion of lamina VIII although scattered
labeling in laminae IQ-VI and X was also seen. The majority of labeled cells were found
closer to the graft. In contrast, fewer labeled cells (178 ± 32) were seen in M/D channels.
In 4 out of 6 SC-channel grafts, 1-3 labeled cells were found in supraspinal regions.
However, supraspinal FB labeled cells were observed in the other 2 cases (108 & 156).
Most of these labeled neurons were located in the brainstem reticular formation, raphe,
vestibular andrednuclei. InM/D channels, 0-3 labeled supraspinal neurons were seen. No
cortical labeling was observed in either SC-grafts or M/D controls. We suggest that SCs
in mini-channels promote robust axonal ingrowth from propriospinal neurons and, in the
best instances, may induce the ingrowth of particular groups of supraspinal neurons without
Ihe addition of other factors. (Supported by the Paralyzed Veterans of America, the RGK
Foundation and The Daniel Heumann Fund for Spinal Cord Research to XMX).

361.13
FETAL SPINAL CORD TISSUE IN GUIDANCE CHANNELS PROMOTES
AXONAL GROWTH IN THE PARTIALLY LESIONED ADULT RAT
THORACIC SPINAL CORD. N.I. Bamber. H.Y. Li. J.A. Heckroth*. and X.M. Xu
Saint Louis University School of Medicine, Saint Louis, MO 63104.
Semi-permeable guidance channels were employed to direct the longitudinal growth of
axons within solid fetal spinal cord (FSC) transplants. Adult female Fischer rats were
subjectedto a mid-ihoracic spinal cord hemisection followed by transplantation of a small
diameter semi-permeable guidance channel (1.25 x 3 mm, MWCO = 50 KDa) seeded with
FSC tissue. Fetal tissue from 13-15 days gestation was taken as needed from donor rats,
Ihe spinal cords were dissected out under Leibovitz’s L-15 medium, and solid segments of
thoracic FSC were gently aspirated into the guidance channels. Experimental cases were
compared against controls whose FSC transplants were exposed to 5 freeze/thaw cycles (5
minutes each at -41.5°C). Care was taken to maintain the rostral-caudal orientation of the
FSC segments. Twenty-eight days following transplantation, the animals were perfused,
the rostral andcaudal raids of the grafts processed for immunofluorescence, and the center
of the grafts processed for EM and axonal counts. All cases examined had intact tissue
cables of various diameters although some degree of cavitation and ED-1+ macrophages
were consistently present. Immunofluorescent staining indictated integration of host-graft
tissues at both interfaces. Staining also demonstrated the presence of numerous
neurofilament positive fibers within the grafts and a subpopulation of these fibers which
were CGRP positive indicating their PNS origin. 5-HT and DBH positive fibers were
limited to the interface zones. Cross sectional analysis of the cento* of the tissue cables
stainedwithtoluidine blue demonstrated 856±347 (meartfcS.E.M. ; n=5) myelinated axons
in viable FSC grafts and 112±62 (n=5) in controls. We suggest that viable FSC grafts
within guidance channels may modify the host-graft interface and serve as a permissive
substratefor longitudinally directed axonal elongation (Supported by The RGK Foundation
and The Daniel Heumann Fund for Spinal Cord Research to XMX).

361.14
ENHANCED AXONAL GROWTH INTO SCHWANN CELL CONTAINING
MINI-GUIDANCE CHANNELS GRAFTED INTO CHRONICALLY INJURED
ADULT RAT SPINAL CORDS. H. Li1. J. Perschbacher*. X. Lu1. W.L. Siler*2 . P.
Aebischer*. andXM Xu1. ‘Depts. Anat. & Neurobiol. & Phys. 2Therapy, St Louis Univ.
Sch. ofMed., St Louis, MO 63104;3Gene Therapy Center, CHUV, Lausanne Univ. Med.
Sch., Lausanne, Switzerland.
Schwann cells (SCs) in guidance channels effectively promote axonal regeneration in
both acutely transected (J. Comp. Neurol. 351:145-160, 1995) or hemisected (Soc.
Neurosci. Abstr. 21:820,1995) adult rat spinal cord. In the present study, a chronic spinal
cord injury was introduced in adult rats and the influence of SCs on the regrowth of
chronically injured axons was tested. SCs were purified in culture from adult rat sciatic
nerves, suspended in a 30:70 solution of Matrigel:DMEM (M/D), and placed in
semipenneable mini-channels (1.25 x 3 mm, MWCO=50 KDa; density = 120 x 10s
cells/ml). M/D channels saved as controls. The adult Fischer rat cord was hemisected at
T8 on the right 14 days before a second surgery to remove a 2.5 mm hemicord segment at
the site of initial injury. The SC-channel was then grafted into the gap. One month later, a
regenerating tissue cable bridged rostral and caudal cord stumps. Numerous SMI-31
immuno-labeled axons were observed to grow into the grafts where they were double
labeled with S-100 protein, a markerfor SCs. A subpopulation of ingrowing axons stained
positivelyfor calcitonin gene related peptide confirming their PNS origin. Toluidine blue
stained cross sections oftissue cables at their mid-point demonstrated that more myelinated
axons (MA: 1595+296; mean+SEM), blood vessels (BV: 149+12) and larger cable surface
areas (CSA: 0.447+0.042 mm2) were observed in SC-containing channels (n=8) than in
M/D controls (MA: 220+68; BV: 56+28; CSA: 0.157+0.074 mm2; n=3). We suggest that
chronically injured neurons are capable of regenerating their axons vigorously if a
permissive environment, such as the SC-guidance channel construct, is provided
(Supported by International Spinal Research Trust to XMX).

361.15
EXTENSIVE AXONAL REGROWTH AND REENTRY INTO HOST SPINAL
CORD OF ADULT RATS FOLLOWING THE TRANSPLANTATION OF
SCHWANN CELL CONTAINING MINI-CHANNELS AND INFUSION OF
TWO NEUROTROPHINS, BDNF AND NT-3, INTO DISTAL SPINAL CORD.
XM Xu*1. N. Bamber1. H. Li1. S.X. Zhang1. X, Lu1. P. Aebischer2. and M. Qudega3.
1Depts. Anat & Neurobiol., St. Louis Univ. Sch. of Med., St. Louis, MO 63104; 2Gene
Therapy Center, CHUV, Lausanne Univ. Med. Sch., Lausanne, Switzerland;3The Miami
Project, Univ. of Miami Sch. of Med., Miami, FL 33136.
Schwann cells (SCs) in mini-guidance channels successfully promoted axonal ingrowth
into the channel environment in the partially lesioned adult rat spinal cord (Soc.
Neurosci. Abs. 21:820,1995). The axonal outgrowth from the grafts to the host cord
tissue, however, was relatively limited. In the present study, two neurotrophins (NTF),
BDNF and NT-3 (Regeneron Pharm., Inc.), were tested in their ability to stimulate
axonal reentry from the SC-grafts to the distal cord in this model. SCs were purified in
culture, suspended, and placed in mini-channels (1.25 x 3 mm, MWCO-50 KDa; 120
x 10*cells/ml). Adult Fischer rat spinal cord was hemisected at T8 and the SC-channel
was implanted into the lesion site. An infusion cannula was then inserted into the distal
cord 3 mmfromthe graft The cannula was attached to an Alzet pump filled with BDNF,
NT-3, or BDNF+NT-3 (5 ^g/day/factorfor 28 days). One month later, SC-grafts bridged
rostral and caudal cord stumps and contained 906+121 (mean± S.E.M.; BDNF, n=4),
861+253 (NT-3, n=4) and 935 ±322 (BDNF+NT-3, n=3) myelinated axons. When an
anterograde tracer,phaseolus vw/gam-leucoagglutinin (PHA-L), was injected into the
rostral cord in either BDNF or NT-3 treated group, numerous PHA-L labeled axons were
seai extendingthe entire length ofthe SC-grafts. More significantly, many of these axons
penetrated the distal host-graft interface and elongated in the host spinal cord for a
considerable distance (>6 mm). These axons coursed in the gray matter, formed terminal
boutons and accumulated heavily aroundthe infusion cannula. In grafts with no SCs, NTF
infusion did not encourage axonal ingrowth within the grafts nor reentry into the distal
cord. We suggest that both BDNF and NT-3 are able to modify the distal host-graft
interface andpromote robust axonal elongation in the distal host spinal cord (Supported
by Paralyzed Veterans of America and The Daniel Heumann Fund for Spinal Cord
Research to XMX).

361.16

361.11
SEROTONERGICAGONISTS ACT SYNERGISTICALLYWITH FETALTRANS
PLANTS TO INCREASE WEIGHT SUPPORTED STEPPING IN RATS WITH
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CO-IMPLANTATION OF CARBON FILAMENTS WITH FETAL TISSUES
ENHANCE THE GROWTH OF CALCITONIN GENE RELATED PEPTIDE
(C G R P)-PO SITIV E NEURITES ACROSS THE TRANSECTED SPINAL
c o r d . MB, Chauhan*, s , Sayers,J LEiglawi«, L,S, Liu, B,C, Chauton, T, K im
Neuroregeneration Laboratory, RR & D, Edward Hines Jr. Veterans Affairs Hospital,

Hines, IL 60141; Department of Neurology, Loyola University Chicago, Maywood,
IL 60153.
The effect of implantation of carbon filaments and fetal spinal cord tissues,
separately and together, on the growth of CGRP-positive sensory neurites following
severe contusion in female Spraugue-Dawley rats was investigated by in situ
immunoflourescence. Contusion injury to the spinal cord was performed by
subjecting anaesthetized animals (N=20) to a laminectomy at T9-10 followed by a
weight drop, which resulted in a severe contusion injury. All animals were divided
into 5 groups (N=5/group): Group 1, normal controls; Group 2, surgical controls;
Group 3, with carbon filament implants, consisting of a 5mm long bundle (-10,000
carbon filaments/bundle); Group 4, with fetal spinal cord tissue implants; Group 5,
with fetal spinal cord tissue implants co-cultured on carbon filaments. After a ten
week survival period, all animals were perfused with 4% buffered (lOOmM phosphate
buffer, pH 7.2) paraformaldehyde. Immunoflourescence studies were performed on
12fim-thick paraplast sections to assess immunoreactive CGRP. Results: (1) CGRPIR was found to increase at the edges of the lesion but not within the lesion following
severe contusion injury compared to normal controls (2) Implantation of carbon
filaments, and fetal tissues resulted in the attritional sprouting of CGRP-positive
neurites within die lesion cavity (3) Co-implantation of carbon filaments together
with fetal tissues further enhanced the growth of CGRP-positive neurites within the
lesion cavity. Conclusion: The co-implantation of carbon filaments together with
fetal tissues provide a suitable milieu for the growth of sensory neurites across the
lesion site of severely contused spinal cord. Supported by Rehabilitation R & D
Service, DVA (TK B742-RA).
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362.1
LOCALIZATION OF A VOLTAGE-GATED SODIUM CHANNEL (NACH6 /
SCN8a) WITH SUBTYPE-SPECIFIC ANTIBODIES. J.H. Caldwell*. P.M.
Krzemien, and K.L. Schaller Dept, of Cellular and Structural Biology, Univ. of
Colorado Health Sciences Center, Denver, CO 80262
Multiple sodium channel (NaCh) genes exist in mammals. A NaCh recently
isolated from rats (NaCh6, Schaller et al., 1995) and mice (SCN8a, Burgess et al.,
1995) is present in the central and peripheral nervous systems. Mutations of this
gene in mice (med and jolting) cause neurological disorders.
Rabbit polyclonal antibodies were generated against two epitopes, one
intracellular and one extracellular. These antisera were affinity-purified and
characterized by (1) immunoblot, (2) immunoprecipitation, (3) colocalization
between mRNA (in situ hybridization) and protein (immunohistochemistry), and
(4) absence of immunohistochemical labeling in med mice (which lack this NaCh).
The antisera label a protein of 260-280 kDa in immunoblots and
immunoprecipitate a protein recognized by a pan-specific anti-NaCh antibody.
Antibodies to the intracellular epitope and to the extracellular epitope show similar
immunohistochemical labeling; this labeling is absent when the antibodies are
preincubated with their antigenic epitopes.
Extensive labeling of neurons in olfactory bulb, cortex, hippocampus, cerebellum
and spinal cord was observed. Some neurons with long projection axons, e.g.
spinal motor neurons and dorsal root ganglion neurons, had intense labeling of the
cytoplasm and axoplasm. Nodes of Ranvier in peripheral nerve were unlabeled.
Axonal processes were labeled up to, but not including, the presynaptic motor
nerve terminal.
Supported by NIH grant NS 26505.

362.2
CLONING AND EXPRESSION OF PN4 AND PN4A, A NOVEL VOLTAGEGATED SODIUM CHANNEL AND A SPLICE VARIANT, FROM RAT DORSAL
ROOT GANGLION. P.S. Dietrich. J.G. McGivern. S.G. Delgado. B.D. Koch. D.K.
Rabert. J.C. Hunter, and L. Sangameswaran.* Center for Biological Research,
Neurobiology Unit, Roche Bioscience, Palo Alto, California 94304.
A novel sodium channel fragment was identified by RT-PCR of rat dorsal root
ganglia (DRG) RNA using degenerate oligonucleotide primers to sodium channel
domain IV. A full length cDNA clone was assembled using a combination of cDNA
library screening and RT-PCR, which also identified a splice variant. PN4 (Peripheral
nerve sodium channel 4) was found to be highly homologous to the rat brain SCP6
(Schaller et al. J Neurosci 15:3231, 1995) and mouse brain SCN8A (Burgess et al.
Nature Gen 10:461, 1995) channels. The splice variant PN4a contains a 10 amino
acid insertion in the interdomain I/II loop and is very similar to the splice variation in
this region of rat Brainl/Ia. Distribution of PN4/4a in rat tissues was characterized by
RT-PCR. PN4 was most abundant in brain, moderately abundant in spinal cord,
followed by DRG, nodose ganglia, and superior cervical ganglia. Unlike the splice
variants of rBI and rBIII, splicing of PN4 is tissue dependent. PN4a was absent from
brain, was much less abundant than PN4 in spinal cord, and was nearly as abundant as
PN4 in DRG. PN4 was not found in sciatic nerve, skeletal muscle or heart.
Electrophysiology of PN4 and PN4a by macropatch recording of cRNA injected
Xenopus oocytes gave Vhalf ~ -40 mV for activation and ~ -100 mV for steady state
inactivation. PN4 and PN4a were not significantly different by most measures. By
two electrode voltage clamp, PN4 was found to be very sensitive to tetrodotoxin, with
an IC5() ~1 nM; co-expression with the sodium channel (3,, but not p2 subunit,
accelerated inactivation kinetics of PN4. We also report the sequence of a fragment of
the human homologue of PN4 and its tissue distribution by RT-PCR.

362.3

362.4

A NOVEL VOLTAGE-GATED SODIUM CHANNEL IN HUMAN
DORSAL ROOT GANGLIA. D.K. Rabert*, M.J. Ilnicka, B.D. Koch,
S.L. Naylor1, J.C. Hunter and L. Sangameswaran. Center for
Biological Research, Roche Bioscience, Palo Alto, CA 94304,
1 University of Texas Health Science Center, San Antonio, TX 78284.
Human PN3 (hPN3) is a tetrodotoxin-resistant (TTX-R), voltagegated sodium channel that was cloned from a human dorsal root
ganglia (DRG) cDNA library. The channel was assembled from six
cDNA clones and three PCR fragments, and has an open reading frame
of 5868 nucleotides encoding a 1956 amino acid protein. It is
proposed that hPN3 is the human ortholog of rat PN3 (rPN3). hPN3 is
most closely related to rPN3 with 83% identity for the amino acid
sequence, while the human heart 1 sodium channel is the most closely
related human sodium channel (i.e., 64% identity). The human and rat
PN3 channels share several features: unique cAMP-dependent
phosphorylation sites in domain II and interdomain II/III, identical
TTX-R consensus sites, similar tissue distribution profiles, and
localization of the hPN3 gene to a region on chromosome 3 which is
syntenic with the locus containing rPN3 and cardiac sodium channels
on chromosome 9 in mouse. Expression studies in Xenopus oocytes
have demonstrated that hPN3 is a functional channel with an IC50 for
TTX of > 7 6 ± 11.9|aM (n=3).

DISTRIBUTION OF THE NOVEL TETRODOTOXIN-SENSITIVE
SODIUM CHANNEL PN4 IN RAT NEURAL TISSUE
S. D. Novakovk^E. Tzoumaka,L. Sangameswaran, K. R. Gogas* and
J. C. Hunter. Center for Biological Research, Neurobiology Unit, Roche
Bioscience, 3401 Hill view Avenue, Palo Alto, CA 94304, USA.
PN4 is a novel tetrodotoxin-sensitive (TTX-S) sodium channel cloned
from a rat dorsal root ganglion (DRG) cDNA library (Dietrich et al., this
meeting). This channel is highly homologous to the SCP6, sodium
channel previously cloned and found in many neural and glial cells in
the rat peripheral and central nervous system (Schaller et al., J.Neurosci
15(5), 1995).
We have used in situ hybridization and
immunohistochemistry to study the cellular distribution of PN4 in rat
neural tissue involved in pain processing. 41-mer sense and antisense
probes were synthesized for PN4, and antiserum was raised in rabbits
against a peptide specific for PN4 channel and affinity purified. In
normal DRG, both PN4 mRNA and protein were found in small and
large neurons. PN4 immunoreactivity was of variable intensity but
without a specific labeling pattern or distribution by cell size. This was
therefore similar to our observations with another novel TTX-S sodium
channel PN1 (Hunter et al., this meeting) and in contrast to the
predominant localization of the novel tetrodotoxin-resistant channel,
PN3, in small DRG neurons (Sangameswaran et al, J.Biol. Chem. 1996;
Hunter et al., this meeting). In the spinal cord, PN4 was widely
distributed, but more prominent in superficial laminae of the dorsal
horn. The immunolocalization of this particular sodium channel
isoform is to be determined in neuropathic animal models as to assess
possible changes in distribution following nerve injury.

362.5

362.6

ISOLATION OF A HUMAN BRAIN SODIUM CHANNEL TYPE III
ALPHA-SUBUNIT GENE SEQUENCE. C.-M. Lu* and G.B. Brown.
Dept, of Psychiatry and Behavioral Neurobiology. Univ. of Alabama at
Birmingham. Birmingham, AL 35294
Sodium channels are voltage-gated transmembrane proteins that are
involved in the generation of action potential. These proteins are
typically composed of a large a-subunit and one or two (3-subunits.
The primary structure of a-subunits is highly conserved among
different subtypes and different species. Based on these conserved
sequences, Malo et al. (PNAS 91: 2975-2979, 1994) have assigned a
270 bp fragment which carries the IIIS5 transmembrane region, to a
putative human brain sodium channel III a (SCN3A) gene.
To extend this fragment, two primers were designed, one specific to
subtype Ilia, the other common to all different subtypes. Using these
primers, a 5’-RACE reaction was performed and a 4.5 Kb product was
obtained as expected. Part of this 4.5 Kb fragment has been sequenced
and BLAST search showed highest homology to rat brain sodium
channel type III a-subunit (89%). We, therefore, recognize this 4.5 Kb
fragment as an extension, in the 5’-direction, of SCN3A. Information
from this 4.5 Kb fragment will be used to obtain 5’ regulatory
sequences for SCN3A gene and for further comparison of the
regulation mechanism among different human brain sodium channel
subtypes.
Supported by NINDS grant NS33945

ION CHANNEL PLASTICITY: DIFFERENTIAL EFFECTS OF
ELECTRICAL ACTIVITY ON SODIUM CHANNEL SUBTYPE MRNA
LEVELS. M.L. Beckman, A.J. Lombardo, R. Zhai and G.B. Brown*.
Dept, of Psychiatry and Behavioral Neurobiology, Univ. of Alabama at
Birmingham, Birmingham, AL 35294
The input-output properties of neurons are obviously dependent upon
the density and distribution of various ion channels in the neuronal
membrane. Changes in the transcription of ion channel genes as a
function of state or various stimuli could therefore present a potential
modality of plasticity within the nervous system. Previously, we have
shown that the relative mRNA levels of brain sodium channel genes are
altered in human epilepsy (Lombardo et al., Molec. Brain Res. 35: 84
90,1996). We now report differential effects on rat sodium channel mRNA
levels (subtypes 1-3 and 6) in three models of altered electrical activity: a)
kainate-induced seizures, b) E-18 primary neocortical cultures subjected to
chronic depolarization, and c) intermittent stimulation of the cultures via
electric field stimulation (EFS). All mRNA measures were made using an
assay based on single nucleotide primer extension (SNUPE; Lombardo and
Brown, Nucleic Acids Res. 24: 4812-4816,1996). Following kainateinduced seizures, a and P-subunit mRNA levels exhibited phasic changes
over time. Chronic depolarization resulted in decreased a-mRNA levels
for subtypes 2 and 3, but not 1. Intermittent stimulation (50Hz, 5sec train
every lOsec., 24hr) increased a-mRNA levels of subtypes 1-3, but not 6 .
These data reinforce the idea that transcription of ion channel genes may
be modulated to reflect state- or stimuli-dependent variables, thus
providing adaptive or plastic response capabilities.
Supported by NIH grant NS33945.
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362.7
RESTRICTED EXPRESSION OF 9 NA+CHANNEL a-SUBUNIT ISOFORMS IN
RAT TISSUES. S. Mittman* and W.S. Agnew. Depts. of Anesthesiology/CCM and
Physiology, The Johns Hopkins Univ. Sch. of Med., Baltimore, MD 21287-7294.
Clinical exploitation of voltage-dependent Na+channel modulation could be
achieved by selective targeting of isoforms with restricted expression and distinctive
regulatory and pharmacological properties. Expression of the 9 identified rat asubunit isoforms was analyzed by RT-PCR in 8 tissues: sympathetic chain, dorsal
root ganglia and anterior spinal cord (all of the lumbar region), sciatic nerve, skeletal
muscle, cardiac ventricle, occipital cortex and uterus. 01igo-(dT)-primed cDNA
derived from no more than 1.8 |ag of tissue was amplified in a first-round PCR with a
unique, low-degeneracy primer pair highly-conserved among all mammalian Na
channel a-subunit cDNAs. This PCR amplified a large segment at the 3' end of all
Na+channel a-subunit cDNAs by ~105-fold. Aliquots of first-round product were re
amplified (>106-fold) in nested PCRs with isoform-specific primer pairs and analyzed
by gel electrophoresis. All isoform-specific PCRs yielded a single band whose
identity was confirmed by sequencing; amplification of RT- controls yielded no
product. The Table summarizes our preliminary results. The method can detect
transcripts isolated from <900 pg of tissue and is now being adapted for the analysis
of Na+channel a-subunit expression in single cells. The degenerate-primer PCR may
Pattern of SCNuA expression in rat*
also be useful in the
isolation of new
1 2 3 4 5 7 8 9 10 members
of the Na+
+ +
++
+
sympathetic chain
channel
a-subunit
dorsal root ganglia ++ ++ + ++ ++ ++ ++ -H- gene family.
-H- + + +
anterior spinal cord + + + +
Supported by a
+
sciatic nerve
Richard S. Ross
++
+
skeletal muscle
Clinician Scientist
++ ++
+ Award (SM) and the
cardiac ventricle + +
++ ++ ++
++
+
cerebral cortex
MDA and NS17928
+
+
uterus
(WSA).

362.8
TIPE REGULATES SODIUM CURRENT EXPRESSION AND FIRING
PROPERTIES OF EMBRYONIC DROSOPHILA NEURONS.. D. D. Hodges*.
C. F. Preston. L. M. Hall and D. K. O’Dowd. Depts. Anat. & Neurobiol., and Dev.
& Cell Biol., U.C., Irvine, CA 92697
tipE is a Drosophila transmembrane protein which increases sodium currents by 30
fold when co-expressed with para (sodium channel a subunit) in Xenopus oocytes
(Feng et al., 1995, Cell 82,1001-1011). However, sodium current density in tipE
embryonic neurons is only decreased by 30-40% (O’Dowd and Aldrich, 1988,
J. Neuroscience 8(10), 3633-3643). To further examine the role of tip-E +in
regulating para expression and firing properties we utilized a single cell RT-PCR
approach to analyze the molecular and electrophysiological properties of wild type
and tipE embyronic neurons. Multiplex amplification of para and tipE*in single
neurons indicates that >90% of wild type neurons which express para mRNA also
express tipE¥message. Neurons from the tipE mutants express wildtype para
message but only the mutant form of the tipE message. Mean sodium current density
is reduced by 40% -50% in the tip-E mutants, relative to wild type, while the
potassium currents appear to be similar in the two genotypes. In addition, the
majority of tipE mutant neurons fire only a single AP, whereas the majority of wild
type neurons fire repetitive trains of APs in response to maintained depolarizing
current. These data suggest that, although tipE protein is not necessary for sodium
current expression in embryonic Drosophila neurons, it increases peak sodium current
density and thereby affects the firing properties of these cells. Future experiments
will determine if the current and AP phenotypes described above can be rescued by
heat shock induced expression of wild type tipE in the mutant neurons. In addition,
examination of action potential properties in tipE neurons at elevated temperatures
will be important for determining how these electrophysiological changes contribute
to the temperature sensitive paralytic phenotype observed in adult flies. Supported by
NIH grants NS27501, NS01854 and American Heart Grant 95-98.

362.9

362.10
ALTERNATIVE SPLICING OF THE SODIUM CHANNEL SCN8A PREDICTS
SYNTHESIS OF A TRUNCATED, TWO-DOMAIN PROTEIN IN FETAL BRAIN
AND NON-NEURONAL CELLS. N.W. Plummer. M.W. McBiirnev1 and M.H.
Meisler*. Department of Human Genetics, University of Michigan Medical School,
Ann Arbor, MI 48109 and department of Medicine, University of Ottawa, Ottawa,
Canada K1H8M5.
The voltage-gated sodium channel a subunit SCN8A is an abundant sodium
channel in brain and spinal cord. Various mutations of SCN8A result in ataxia,
dystonia, muscle weakness and progressive paralysis in the mouse. Complete loss of
SCN8A results in loss of evoked neurotransmitter release at the neuromuscular
junction. We have identified two alternatively spliced exons, 18N and 18A, that
encode transmembrane segments S3 and S4 in Domain III. Exon 18N is expressed in
fetal brain and non-neuronal tissues. Transcripts with exon 18N have a conserved in
frame stop codon that predicts the synthesis of a truncated, two-domain protein similar
to the fetal form of the muscle calcium channel. The proportion of transcripts
containing exon 18N is highest in mouse fetal brain between E12..5 and PI.5; at later
ages transcripts containing exon 18A predominate. This developmental program is
recapitulated in P19 cells during retinoic acid induced neuronal differentiation. Non
neuronal tissues contain a low level of SCN8A transcripts containing exon 18N.
SCN8A thus provides a new model of differentiation specific splicing. Genomic
analysis of SCN8A from human, mouse and fish demonstrated a conserved structure in
which exon 18N is located 300 to 500 bp upstream of exon 18A. Duplication of
exon 18 thus preceeded the divergence of fish and mammals. The genomic
organization, developmental regulation, and coding content of exons 18N and 18A
closely resemble the previously described alternate exoas 5N and 5A of the neuronal
sodium channel genes. The hypothesis that the evolutionary origin of exons 18N and
18A was by duplication of exons 5N and 5A is consistent with other evidence that the
four-domain cation channels arose by duplication of a single-domain ancestral channel.
Supported by NIH research grant NS34509 (MHM) and the Neuroscience Network
of the Canadian National Centres of Excellence (MWMcB)

* SCN7A - Akopian et al. 1997, SCN9A - Toledo-Aral et i 1997; SCN10A
Akopian et al. 1996, blank - no signal, + - weak signal, ++ - strong signal

SING LE CELL R T -P C R A N A L Y S IS O F T H E N a + C H A N N E L A LPH A
S U B U N IT m RNAs IN C U L T U R E D RA T SP IN A L C O R D N E U R O N S .
Younasuk Oh. A n aeliau e Bordev*. Y o u n q -Jae Lee, and Harald
Sontheimer. Departments of Medicine and Neurobiology, University of
Alabama at Birmingham, Birmingham, AL 35294.
Multiple genes encoding for distinct N a+ channel
subunits have
been cloned from the rat nervous system.
In this study, w e used
single cell R T -P C R in com bination with w hole-cell patch clam p
recordings in order to correlate biophysically and pharmacologically
distinct N a+ currents with the different N a + channel a subunit mRNAs
expressed at the single cell level. P C R primers w ere designed
corresponding to regions which are 100% homologous betw een rat
brain N a+ channel subunit type I, II, III, and
so that the sam e primer
could be used to amplify four different N a + channel a subunits
simultaneously. Using these primers, m RNAs for the expected four
different N a+ channel
subunits w ere amplified from rat brain cD NA
and cultu red rat n e u ro b la s to m a cells .
A t th e end of
electrophysiological recordings, the cellular contents w ere aspirated
into the pipette tip and expelled into a microcentrifuge tube with a
picospritzer.
R T reaction w as perform ed by A M V reverse
transcriptase. H alf of the RT-reacted solution w as used to amplify
N a + channel
subunits, and the other half to amplify (3-actin. W e
found (i) the expression of multiple N a+ channel
subunits in single
neurons, (ii) heterogeneous expression pattern of N a + channel
subunit m RNAs in different neurons, and (iii) expression of several
novel isoforms, possibly derived via alternative splicing, in single
neurons. [Supported by NIH grants, NS 34877 and NS 31234]
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a

TYPE I AND TYPE II NA+ CHANNEL a-SUBUNITS EXHIBIT
DISTINCT SPATIAL AND TEMPORAL PATTERNING, AND
ASSOCIATION WITH AUXILIARY SUBUNITS IN RAT BRAIN R
Gong. K. J. Rhodesl. Z. Bekele-Arcuri. and J. S. Trimmer*. Dept.
Biochem. & Cell Biology, SUNY, Stony Brook, NY 11794 and *CNS
Disorders, Wyeth-Ayerst Research, Princeton, NJ 08852.
Using subtype-specific antibodies, we find that two major Na+
channel (NaCh) a-subunit isoforms, type I and type II, are quite
abundant in adult rat brain, where both interact quantitatively with the
covalently bound (32 auxiliary subunit. Levels of type I and type II asubunits vary across brain regions, with the highest levels of type I in
brainstem, cortex, substantia nigra and tectum, and the highest levels of
type II in globus pallidus and hippocampus. Immunohistochemical
staining shows that the subcellular distribution of these two channel
isoforms partially overlaps but is qualitatively distinct. Type I
immunoreactivity is seen in the cell bodies and dendrites. Type II
immunoreactivity is present predominantly on fiber pathways, but is
also concentrated at the junction of the somata and apical dendrite of
cortical pyramidal cells. Developmentally, type I NaChs are first
detected at postnatal day 7, with the largest increases in expression
during the third postnatal week, while type II NaChs are already quite
abundant at birth, and reach peak adult levels by the end of the second
postnatal week. While type I NaChs are found quantitatively associated
with auxiliary (32 subunits at all ages, (32 subunit-free type II NaChs are
the sole form present during the first two postnatal weeks, and persist as
a substantial pool through three months of age. These distinctions
between type I and type II NaChs suggest that they perform distinct
functions in brain. Funded by Wyeth-Ayerst, NIH and HHMI.
S o c ie ty f o r N e u ro s c ie n c e , V olum e 2 3 ,1 9 9 7

362.12
INTERACTION BETWEEN NEURONAL VOLTAGE GATED SODIUM
CHANNELS AND THE EXTRACELLULAR MATRIX PROTEIN,
TENASCIN. J. Srinivasan, P. Laeng, M. Schachner, and W. A. Catterall*.
Depts. of Pharmacology and Neurological Surgery, University of
Washington, Seattle, WA 98195 and Dept, of Neurobiology, Swiss Federal
Institute of Technology, Zurich, Switzerland.
The rat brain Na+ channel is composed of three subunits: a large poreforming a subunit and two smaller modulatory subunits, (31 and (32. The
mechanisms by which Na+ channels are sorted to the axonal surface and
localized at nodes of Ranvier are unknown, but the (31 and (32 subunits,
which increase channel expression, may play a role. The (32 subunit
(Mr=33kD), which is disulfide-linked to a, contains an immunoglobulin
like motif in its extracellular domain and shows a high degree of
homology to the neural cell adhesion molecule, contactin. Because
contactin has been shown to bind tenascin, which may play a role in axonal
outgrowth, we investigated the binding of purified sodium channel to
tenascin (TN). Incubation of Na+ channels with TN-C immobilized on
microtiter plates revealed saturable and specific binding with an apparent
K d of 30 nM. Fusion proteins incorporating glutathione-S-transferase and
the different domains of TN-C and TN-R were immobilized on microtiter
plates or on a glutathione-Sepharose affinity matrix and assessed for their
ability to bind Na+ channel. Na+ channels bound specifically to the
fibronectin (FN) repeat region of both TN-C and TN-R, but displayed low
affinity for the epidermal growth factor-like repeats. Maximum binding
was observed for the related FN repeats 6-8 of TN-C and TN-R. The
binding of neuronal sodium channels to extracellular matrix proteins such
as tenascin may play a crucial role in localizing or immobilizing channels
along the cell surface and at the nodes of Ranvier.
Support: National Multiple Sclerosis Society Fellowship FA-1220-A-1
(J.S.) and NIH Research Grant NS25704 (W.A.C.).
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362.13
E X P R E S S IO N O F T H E RA T BRAIN I S O D IU M C H A N N E L IS O F O R M
IN X E N O P U S O O C Y T E S . R.D. Smith* and A.L. Goldin. Departm ent of
Microbiology & Molecular Genetics, University of California, Irvine, CA,
92697.
Three voltage-gated sodium channel isoforms are expressed in the
rat brain. Types II and III have previously been cloned and their
functional properties have been well characterized in X e n o p u s
oocytes. In contrast, the type I sodium channel w as previously cloned
(Noda et al. 1986, Nature (320: pp. 188-192), but it did not express
functional channels in oocytes. This channel may be particularly
interesting, because it is located at the axon hillock, which suggests
an important role in the initiation of action potentials. W e have used
oligonucleotide primers that are uniquely com plem entary to the
published type I sequence to amplify large regions by R T -P C R . These
regions have been assem bled together with the type II brain sodium
channel in the form of chimeras. At the amino acid level, the type I and
II sodium channels share 87% sequence similarity. O ne such chimera
contains 88% type I sequence (from domain IS5 to the carboxy
terminus). By initial analysis, this chimera expresses sodium currents
that are similar to the type II sodium channel with respect to current
magnitude, voltage-dependent activation and inactivation, and the
kinetics of fast inactivation. A detailed electrophysiological and
pharmacological analysis will be presented. Construction of a fulllength type I sodium channel is currently underway.
This research w as supported by grants from the N IH and AHA.

362.15
IMMUNOHISTOCHEMICAL LOCALIZATION OF MDEG / BNAC1, A
NOVEL CLASS OF NEURONAL SODIUM CHANNELS. T.H. Olson. M. Riedl.
J. Wang, R.A. North*. and R. Elde*. Dept, of Cell Biology and Neuroanatomy,
University of Minnesota, Minneapolis, MN 55455, USA and #Glaxo Wellcome
Research and Development, Plan-les-Ouates, 1228 Geneva, Switzerland.
Recently, a new superfamily of two transmembrane domain ion channels has
been identified. Discovered on the basis of their homology to the degenerins of C.
elegans, MDEG/BNaCl and ASIC/BNaC2 represent a distinct new division of this
family, which in addition to the degenerins include the ENaCs and the
FMRFamide gated channel of H. aspera. MDEG/BNaCl has been cloned from
both human and rat brain, and has shown a pattern of expression restricted to the
brain and spinal cord.
We have developed polyclonal antisera against the C-terminus of rat
MDEG/BNaCl in an effort to examine the distribution and targeting of the
protein. In order to establish the specificity of the polyclonal antiserum for
MDEG/BNaCl, cells transfected with epitope-tagged FLAG-BNC1 (courtesy of
M. Welsh), a homologue of MDEG cloned from human brain, were double labeled
with anti-MDEG/BNaCl and anti-FLAG. In these experiments, BNaCl/MDEGimmunoreactivity (-ir) colocalized with FLAG-ir, and the BNaCl-ir was absent
when the antibodies were pre-incubated with C-terminal peptide. When antiserum
was incubated on sections of rat brain, MDEG/BNaCl-ir was evident in a subset
of cerebellar Purkinje cells, the medial habenular nucleus, and the interpeduncular
(IP) nucleus. Double labeling with antisera against substance P and
acetylcholinesterase (AChE) was used to further localize MDEG/BNaCl-ir with
regards to immunocytochemically defined regions of the IP nucleus.
MDEG/BNaCl-ir is distinct from, and immediately lateral to, the substance P-ir,
and within a subset of the AChE-ir varicosities within the IP nucleus.
A more detailed examination of the expression patterns of both MDEG/BNaCl
and ASIC/BNaC2 may aid in the search for a putative ligand and further the
understanding of the physiological importance of this new ion channel. Financial
support was provided by NIDA.

362.17

ACTION OF PYRETHROID INSECTICIDES ON HOUSE FLY
SODIUM CHANNELS EXPRESSED IN XENOPUS OOCYTES.
Timothy J. Smith*. Patricia J. Ingles. Si Hveock Lee. Douglas C.
Knipple and David M. Soderlund. Dept, of Entomology, New York
State Agric. Expt. Station, Cornell Univ., Geneva, NY 14456.
Voltage-sensitive sodium channels encoded by the Vsscl gene of the
house fly (Musca domestica) were expressed in Xenopus oocytes either
alone or in combination with the tipE gene product of Drosophila
melanogaster and were characterized by two-electrode voltage clamp.
Vsscl alone produced very small (50-150 nA) sodium currents, whereas
the combination of Vsscl and tipE produced robust (>1 |uA), rapidlyinactivating sodium currents. The voltage dependence of activation and
the TTX sensitivity of the Vsscl/tipE channels were similar to the
reported properties of D. melanogaster para sodium channels
coexpressed with tipE. These results imply the existence of an as-yetunidentified tipE-orlhologous gene in the house fly. Cismethrin, a
pyrethroid that produces Type I effects on intact nerve, slowed the
inactivation of sodium currents carried by Vsscl/tipE channels during a
depolarizing pulse and induced a tail current following repolarization
that decayed with a first-order time constant of -425 msec.
Cypermethrin, a pyrethroid with Type II effects on intact nerve, also
prolonged inactivation and induced a tail current. However, the
cypermethrin-induced tail current was extremely persistent, decaying
with a first-order time constant of -50 sec. Unlike cismethrin, the effect
of cypermethrin was use-dependent, requiring repeated depolarizing
pulses for the full development of modified sodium currents. (Supported
by USD A NRI/CGP grant number 94-37302-0408 and by DowElanco)

S o c ie ty f o r N e u ro s c ie n c e , V olum e 2 3 ,1 9 9 7
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362.14

MULTIPLE SODIUM CHANNEL GENES ARE EXPRESSED IN THE
RAT RETINA J. Fjell*, S. Dib-Hajj, K. Fried1, J.A. Black, S.G Waxman.
Dept, of Neurology, Yale School of Medicine, New Haven CT 06510;
Neuroscience Research Center, VA Medical Center, West Haven 06516 and
*Dept. of Neuroscience, Karolinska Institute, S-177 77 Stockholm, Sweden.
Action potential electrogenesis in the axons of retinal ganglion cells is
supported by voltage-gated sodium channels, and a tetrodotoxin inhibitable
sodium conductance participates in anoxic injury of these axons in the optic
nerve. To better understand the molecular basis for sodium conductance in
optic nerve, we studied mRNA expression of different sodium channel
isoforms in the adult rat retina using RT-PCR/restriction enzyme analysis
and in situ hybridization. With RT-PCR, sodium channel mRNA al, all,
alii and aNa6 and two beta subunits, ßl and ß2 were found in the rat retina.
Sodium channel mRNA NaG, SNS and PNI were present in trace amounts or
were not detectable with this method. Using non-radioactive in situ
hybridization, mRNA for sodium channels al, all, alii, Na6, ßl and ß2
were detected in the retinal ganglion cell layer. A weaker signal for aNa6
could be seen in the inner nuclear layer, possibly due to sodium channel
mRNA expression in Müller glia or bipolar cells. Retinal ganglion cells thus
express multiple sodium channel mRNAs, suggesting that they deploy
several different types of sodium channels to optic nerve axons. [Supported
by Medical Research Service, Dept, of Veterans Affairs, NMSS and Blinded
Veterans Association]

362.16

A POINT MUTATION IN A HOUSE FLY SODIUM CHANNEL
GENE CONFERS INSECTICIDE RESISTANCE. Si Hveock Lee.
Timothy J. Smith. Patricia J. Ingles. Douglas C. Knipple and David M.
Soderlund*. Dept, of Entomology, New York State Agric. Expt. Station,
Cornell Univ., Geneva, NY 14456.
The kdr and super-kdr insecticide resistance traits of the house fly
CMusca domestica), which confer reduced neuronal sensitivity to DDT
and pyrethroid insecticides, exhibit tight genetic linkage to a sodium
channel gene (Vsscl) that is orthologous to the para gene of Drosophila
melanogaster. DNA sequence analyses of Vsscl alleles from kdr and
super-kdr fly strains identified a single amino acid substitution
(Leul014-»Phe) common to all resistant strains and a second
substitution (Met918->Thr) found only in highly-resistant super-kdr
strains. We have initiated a functional analysis of these putative
resistance-conferring mutations by constructing full-length Vsscl
cDNAs containing each mutation alone or both togeyther, expressing the
wildtype and mutated channels in Xenopus oocytes, and assessing the
actions of pyrethroid insecticides on expressed channels by twoelectrode voltage clamp. The Leul014—>Phe substitution reduced the
sensitivity of house fly sodium channels to the pyrethroid cismethrin at
least 10-fold and increased the rate of decay of pyrethroid-induced
sodium tail currents. These results document that the resistanceassociated Leul014-»Phe mutation confers a reduction in the sensitivity
of house fly sodium channels to pyrethroids that is sufficient to account
for the level of resistance in kdr strains to the toxic actions of
pyrethroids. (Supported byUSDA NRI/CGP grant number 94-37302
0408 and by DowElanco)
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363.1
TRANSFECTION WITH A MALIGNANT HYPERTHERMIA RYANODINE
RECEPTOR MUTATION DOWN-REGULATES A SODIUM CHANNEL
SUBUNIT IN L6 CELLS. SL Stewart*1. SJ Wieland1. DH MacLennan2. and JE
Fletcher1. 1Dept of Anesthesiol., Allegheny U of HS, Phila, PA 19102 2Banting and
Best Dept of Med Res, U of Toronto, Ontario, Canada MSG IL6

Malignant Hyperthermia (MH) is a potentially fatal anesthesiainduced disorder of skeletal muscle. A number of mutations in the
calcium release channel of the skeletal muscle sarcoplasmic
reticulum, the ryanodine receptor {ryrl), have been associated with
the disease. Also, the expression of the embryonic sodium channel a
subunit (SkM2) is down-regulated in cultures and muscle biopsies
from MH subjects. The goal of this study was to investigate the
effects of a particular ryanodine receptor mutation (C1843T) on the
expression of SkM2. The DNA plasmid pcDNA3 containing either
the wild type or mutant ryrl sequence was transfected into L6 cells
using a CaP04 mediated method. Total RNA was harvested from the
cells 48 hours following transfection. Poly A RNA was reverse
transcribed into cDNA, and used in a quantitative competitive PCR
assay. Preliminary results demonstrate that the levels of SkM2
transcript are down-regulated 20 -fold in response to transfection with
the mutant ryrl, in agreement with observations in biopsied muscle.
These results support down-regulation of SkM2 as a secondary
response in MH muscle. This may be the final common pathway for
phenotypic expression of the MH genotype. Supported by APA/MFP
(SLS) and NIH GM55585 (JEF).

363.3

UP-REGULATION OF Na+ CHANNEL SUBUNIT mRNAs AND
THEIR CELL SURFACE EXPRESSION BY ANTIEPILEPTIC
VALPROIC ACID IN ADRENAL CHROMAFFIN CELLS. R

Yamamoto. T. Yanagita. H. Kobavashi. K. Masumoto. H. Yokoo and A.
Wada*. Dept, of Pharmacology, Miyazaki Medical College, Miyazaki
889-16, Japan.
Chronic (>24 h) treatment of adrenal chromaffin cells with a therapeutic
plasma concentration (0.6 mM) of valproic acid (VPA) raised the number
of [3H]saxitoxin binding sites up to 1.4-fold without altering the Kd
value. It was completely prevented by cycloheximide, an inhibitor of
protein synthesis. VPA also raised Na+ channel a- and Pi-subunit mRNA
levels 1.4- and 1.7-fold at 24 h, and 1.6- and 1.8-fold at 72 h, respectively.
Chronic (but not acute) exposure to VPA enhanced the maximal influx of
22N a+ caused by veratridine with no change in the EC 50 value of
veratridine, and did not affect an allosteric activation of Na+ channels
caused by veratridine and Ptychodiscus brevis toxin-3. Chronic exposure
to VPA also augmented veratridine-induced 45Ca2+ influx via voltagedependent Ca2+ channels and catecholamine secretion, but had no effect
on 4?Ca2+ influx and catecholamine secretion caused by high K+, a direct
activation of voltage-dependent Ca2+ channels. Furthermore, chronic
exposure to VPA enhanced nicotine-induced 22Na+ influx via the nicotinic
receptor-ion channel complex, thereby increasing the nicotine-induced
4?Ca2' influx via voltage-dependent Ca2J channels and catecholamine
secretion. These results suggest that chronic treatment with VPA upregulates cell surface expression of N a+ channels via the
transcription/translation-dependent mechanisms, and probably of nicotinic
rcccptors, thereby resulting in the enhancement of Ca2+ channel gating and
catecholamine secretion.

363.5
NGF REGULATES THE EXPRESSION OF A TETRODOTOXIN-RESISTANT
SODIUM CHANNEL IN CULTURED SENSORY NEURONES.
R.J.A. Helliwell, J. Winter*. P. McIntyre, S. Bevan. Novartis Institute for Medical
Sciences, 5 Gower Place, London WC1E 6BN. UK.
In adult rats, NGF has been shown to differentially regulate the
chemosensitivity of DRG neurones in culture (Bevan and Winter 1995. J Neurosci.
15:4918-4926) and to increase the expression of substance P and calcitonin gene
related peptide (Lindsay et al 1989. Neurosci. 33: 53-65). Evidence is
accumulating to suggest that NGF modifies the electrophysiological properties of
both cultured sensory neurones and neuronal cell lines. It has recently been shown
that multiple sodium channel alpha-subunits are present in DRG neurones. Of
particular interest is SNS (Akopian et al,1996. Nature 379:257-262) a TTXresistant sodium channel whose expression is restricted to sensory neurones. In the
present study, we have examined the effect of NGF on the expression of SNS
mRNA and correlated this with the presence of TTX-resistant sodium currents in
cultured adult rat DRG neurones.
Adult DRG cells were cultured in the presence or absence of NGF for 7
days. Changes in the expression of SNS mRNA were detected using non
radioactive in situ hybridization and quantified using image analysis. Voltageclamp recordings of TTX-resistant and TTX-sensitive sodium currents were made
from cells that had been cultured under identical conditions. In the absence of
NGF, a small number of cells express low levels of SNS mRNA. Treatment with
NGF for 7 days was found to significantly increase both the level of expression as
well as the number of cells that express SNS mRNA. In the absence of NGF
approximately 45% of cells had a TTX-resistant sodium current. This increased to
61% in the presence of NGF. The amplitude of this TTX-resistant component was
significantly higher in the presence than in the absence of NGF.
These results demonstrate that NGF can regulate the expression of the
TTX-resistant sodium channel in a subgroup of DRG neurones. The precise
identification of the responsive neurones is currently under investigation.
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363.2
THE GENOMIC ORGANIZATION OF A SODIUM CHANNEL GENE IN A
HYDROZOAN JELLYFISH. J.D. Spafford*. A.N. Spencer and W. J. Gallia Dept,
of Biological Sciences, Univ. of Alberta, Edmonton, Canada.T6G 2E9
The earliest voltage-gated Na+channels were probably derived from Ca2+channels
in the common ancestors of all metazoans at least 650 m.y. ago. Extant cnidarians
are the simplest metazoans with nervous systems and thus are preferred organisms to
study the evolution of the Na+channel gene. We have isolated a voltage-gated Na+
channel gene from the hydrozoan jellyfish, Polyorchis penicillatus and analysed its
structure. The coding region of the mRNA encompasses 5.3 kb. The gene extends
over 14.5 kb of genomic DNA and contains at least 21 exons with introns varying in
size from 77 bp to 2.5 kb. 17 of the 20 introns are in identical positions to introns in
the human skeletal muscle SCN4A (23 introns) and the cardiac SCN5A (27 introns)
Na+channel genes. The sites that vary between all three channel genes lie outside
the transmembrane regions of the protein, in regions that have low similarity in
amino-acid sequence, that vary extensively in size between Na+channel proteins and
that are responsible for many of the channels’ distinctive properties. These regions
include the extracellular loop joining segments 5 and 6 in domain I, the intracellular
loop connecting domains I and II, and the intracellular loop connecting domains II
and III. At least 10 of the 17 intron sites shared among jellyfish and mammalian
genes are also found in the Para Na+channel gene of Drosophila spp. The Para
gene structure differs from the jellyfish and mammalian genes in that there are unique
introns in conserved regions, at least three, and these are located in the pore loop (s5s6) in domains II, III and IV.
Conservation of intron sites among jellyfish and mammalian genes, similarities in
amino-acid sequence (approx. 60% similarity, 40% identity) and similarities in
electrical and kinetic properties of Polyorchis jellyfish and mammalian currents are
consistent with the origin of voltage-gated Na+channels in the common ancestor of all
metazoans.
This research was supported by grants from NSERC of Canada to W.J.G. and
A.N.S.

363.4
CHRONIC DIBUTYRYL-cAMP TREATMENT ENHANCES SODIUM
CURRENT IN ADULT RAT DORSAL ROOT GANGLION NEURONES.
S.Engiand & S.Bevan*. Novartis Institute for Medical Sciences, 5 Gower
Place, London WC1E 6BN.
We have recently shown that acute application of PGE2 increased the
excitability of rat sensory neurones (DRG) and was due to the facilitation
of the tetrodotoxin-resistant sodium current (TTX-R INa, J.Physiol.
495.2:429-440, 1996). Moreover, the effect was mimicked by dbcAMP and
abolished by an inhibitor of protein kinase A. We have attempted to
reproduce the effect of chronic exposure of DRG to inflammatory agents
such as PGE2 and 5-HT, by treating cells long-term with dbcAMP, the
stable and membrane-permeable analogue of cAMP. Cells were exposed to
dbcAMP (1, 10, lOOpM) for 7-9 days, prior to voltage-clamp recordings of
TTX-R and TTX-S (sensitive) INa. Currents were separated by virtue of
their differing inactivation properties. dbcAMP caused a concentrationdependent increase in the magnitude of INa, with lOOpM dbcAMP
producing a 103% and 110% increase in peak TTX-S and TTX-R
respectively, compared to INa recorded from time-matched control cultures.
Both TTX-S and TTX-R currents were markedly enhanced at potentials
just positive to the threshold for activation. The steady-state inactivation
curve for INa was unchanged by dbcAMP treatment.
In conclusion, chronic dbcAMP treatment produced a general increase in
INa in adult rat DRG, and we are investigating whether this was due to
increased channel density or modulation of channel gating properties.
Agents which increase cellular cAMP may promote hyperalgesia in chronic
inflammatory conditions via the enhancement of INa.

363.6
LOCALIZATION OF SODIUM AND POTASSIUM CHANNELS IN DEMYEL
INATED AND REMYELINATED CENTRAL AXONS. T.J. Deerinck. M.H.
Ellisman. S.R. Levinson , *T.L. Schwarz2. P.A. Felts , and K.J. Smith . Dept, of
Neurosci., UCSD Sch. of Med., La Jolla, CA, 92093; Health Sci. Center, Univ. of
Colorado, Denver, CO, 80262; Dept. Mol. and Cell Physiol., Stanford Univ.,
Stanford, CA, 94305; 3Dept. of Neurol., UMDS, Guy’s Campus, London SE1 9RT.
Sodium channels are present at high density at the node of Ranvier but at low
density in the intemode. Delayed rectifier potassium channels, such as Kvl.l, are
present at low density at the node, but high density in the juxta-paranodal region. It
has been demonstrated in the peripheral nervous system that, following segmental
demyelination, these regions of high channel density are initially lost, but are re
established upon remyelination. The effects on channel distribution of demyelination
and remyelination in the central nervous system, such as occurs in multiple sclerosis,
are not known, and yet the altered glial environment of the CNS makes extrapolation
of results from the PNS unreliable. We have therefore examined the distribution of
sodium and potassium channels in the CNS during demyelination and remyelination.
Demyelinating lesions were induced in the dorsal columns of Sprague Dawley rats by
the direct intraspinal injection of ethidium bromide. Thirty three days later the lesions
contained a mixture of demyelinated, remyelinated, and partially myelinated axons,
and were prepared for immunohistochemical examination using antibodies against rat
brain voltage-sensitive sodium channels and against the potassium channel Kvl.l.
Confocal and electron microscopic observations indicated that in demyelinated axons
sodium channel labelling was confined mainly to discrete clusters which were
distributed sparcely along the axolemma. Such clusters were not observed in
demyelinated axons with the antibody against the Kvl.l potassium channel, although
diffuse, relatively low-intensity immunoreactivity was present. During remyelination,
sodium channels were present at high density at newly formed nodes. Newly formed
nodes also exhibit intense juxta-paranodal potassium channel labelling, typical of
normal nodes. In partially reformed hemi-nodes of Ranvier, sodium channel
immunoreactivity was observed on the axolemma adjacent to the paranode and Kvl.l
immunoreactivity appeared localized to the juxtaparanodal region and diffuse labelling
was observed on the adjacent axolemma.
Supported by NIH NS14718 and NS26739 to MHE; and NMSS of GB and NI; St.
Thomas Special Trustees to PAF and KJS.

912

SODIUM CHANNELS II

363.7

MONDAY PM

363.8

DIFFERENTIAL REGULATION OF TETRODOTOXIN-RESISTANT
(PN3) AND TETRODOTOXIN-SENSITIVE (PN1) SODIUM
CHANNELS FOLLOWING PERIPHERAL NERVE INJURY IN RATS
J. C. Hunter, E. Tzoumaka*, M. Haraguchi, L. Sangameswaran, K.
Wong, K. R. Gogas and S. D. Novakovic. Center for Biological
Research, Neurobiology Unit, Roche Bioscience, 3401 Hillview Ave, Palo
Alto, CA 94304 USA.
We have previously reported the cloning and functional expression of
novel sodium channel isoforms from a rat dorsal root ganglion (DRG)
cDNA library: tetrodotoxin-resistant, PN3 (Sangameswaran et al,
J.Biol.Chem.271:5953,1996),
and tetrodotoxin-sensitive, PN1
(Sangameswaran et al, J.Biol.Chem, in press). To study the distribution
of these channels in normal and neuropathic rats, we have used in situ.
hybridization and immunocytochemical methods. Under normal
conditions, both PN3 mRNA and protein were found predominantly in
small (<700|im2) DRG neurons. In contrast, PNl-immunoreactivity of
variable intensity was present in all DRG neurons without a specific
localization pattern. The distribution of PN3 and PN1 was then studied
in two animal models of neuropathic pain: the chronic constriction
injury (CCI) and the neuroma. The CCI rats which exhibited both cold
allodynia and heat hyperalgesia were euthanized on different post
surgery days and tissue collected for further analysis. There was no
change in pattern, or intensity of PN1 labeling in DRG neurons. In
contrast, the intensity of PN3 immunolabeling appeared to decrease in
small DRG neuronal somata and to increase in their peripheral axons, in
both models. The change in PN3 immunolabeling was attributed to
translocation of presynthesized intracellular protein to the peripheral
axons and its subsequent accumulation at the site of injury. The time
course of these changes corresponded to the period of maximum
histopathological changes in injured nerves.

NERVE GROWTH FACTOR INDUCES TRANS-SPLICING OF
THE SNS SODIUM CHANNEL JC Okuse. A. Akopian. V. Souslova.

363.9
TRANSCRIPTIONAL REGULATION OF HUMAN BRAIN SODIUM CHANNEL
GENES: MAPPING THE PROMOTER REGION OF TOE SUBTYPE II GENE. S.D.
Schade*. C.-M. Lu and G.B. Brown. Dept, of Psychiatry and Behav. Neurobiology.
Univ. of AL at Birmingham, Birmingham, AL 35294.
Voltage gated sodium channels are responsible for the rising phase of the action
potential in excitable cells. Human neuronal sodium channel subtype-specific mRNAs
are differentially distributed regionally (Lu et al., FEBS Lett.. 303(1)53, 1992),
suggesting differential transcriptional regulation. Previously we described cloning,
sequencing, and putative transcriptional start sites by primer extension and 5’ RACE
(rapid amplification of cDNA ends) techniques for the subtype II gene (Eichelberger
et al.. Soc. Neurosci. Abs. 20,33.14, 1994) and beginning functional analyses (Schade
et al., Soc. Neurosci. Abs. 22, 32.14, 1996). Continuing these studies, we have
isolated the promoter region of this gene to within 404 nucleotides.
A 1.7 kb intron is inserted 52 nts upstream of the translational start site identified by
Ahmed et al . PNAS 89: 8220,1992. The 404 nts immediately upstream of this intron
were cloned into the basic and enhancer pGL, luciferase vectors. Luciferase
expression shows this region contains a strong promoter in transient transfections in
the human neuroblastoma cell line, SH-SY5Y. Within this 404 nts is a GC box, a
potential silencer element, and a 42 nt AT rich stretch. The 404/enhancer construct did
not further increase, but rather decreased luciferase expression as compared to the
404/basic construct. Sequential deletions of the 5’ 50 and 100 nts of this 404 nt region
also decrease luciferase expression compared to the 404/basic construct. Further
deletion constructs and analysis of this region will isolate the promoter sequence and
other regulatory elements.
Supported by NINDSR01NS 3394 S.

363.10
THE SODIUM CHANNEL SNS DOES NOT CONTRIBUTE TO ALLODYNIA IN
TWO NEUROPATHY MODELS
SR Chaplan*. ZD Luo. K Okuse. AN Akopian. JN Wood. BP Scott. NA Calcutt. TL
Yaksh. P Tavlor: UC San Diego, 9500 Gilman Dr, La Jolla CA 92093
Existing evidence suggests that accumulations or other alterations of sodium
channels in injured peripheral nerves may play a role in the creation of post nerve
injury pain syndromes. The post nerve injury state may display a marked therapeutic
response to low plasma concentrations of local anesthetics/antiarrhythmics (sodium
channel blocking drugs). SNS is a recently described sodium channel subtype of
particular interest in the study of painful sensory abnormalities. SNS message is
found only in sensory neurons and is associated mainly with the cell bodies giving
rise to C fibers, which have been thought to contribute to establishment of allodynia.
We studied the role of SNS in two behavioral models of allodynia (touch-evoked
neuropathic pain). Using RNase protection assays, we compared SNS message levels
in the dorsal root ganglia of rats with streptozotocin-induced painful diabetic
neuropathy with those in a parallel group of controls. We compared SNS message
levels in the L5-6 dorsal root ganglia of Sprague-Dawley rats subjected to L5-6 tight
nerve ligation, with marked allodynia, with those of similarly ligated Holtzmann rats,
a strain that does not develop allodynia. We also treated neonatal rats with capsaicin
to destroy C fibers; subsequently performed nerve ligations resulted in allodynia not
differing from vehicle-treated littermates.
We found that amounts of SNS message did not differ between diabetic and control
rats. Nerve ligation decreased the amount of SNS message. However, no difference
was seen between Holtzmann (no allodynia) and Sprague-Dawley (allodynia) rats.
Capsaicin treatment markedly depleted SNS message, with further decreases when
combined with nerve ligation.
Conclusion: Change in SNS mRNA levels may not be the mechanism underlying
allodynia after mechanical nerve injury or diabetic neuropathy.
Support: NIH#NS 01769

363.11

363.12

NG F HAS OPPOSING EFFECTS ON NA+ CHANNEL III AND S N S GENE
EXPRESSION IN SPINAL SENSORY NEURONS. J.A. Black*. K Lanaworthv.
A..W- Hinson, S,.D, .Qife-htejj 31k LS <3, Waxman- Dept, of Neurology, Yale
Univ. Sch. of Med., New Haven, CT and Neuroscience Research
Center, VA Medical Center, West Haven, CT 06516
Following sciatic nerve transection, the expression of sodium channel
III (a-lll) transcripts increases and SNS (a-SNS) transcripts decreases in
smalt (<25 pm dia.) dorsal root ganglion (DRG) neurons, which may
reflect an interruption of retrograde transport of peripherally-derived
factor(s) involved in the regulation of these channels. To test the
hypothesis that the neurotrophin nerve growth factor (NGF), which is
abundant in peripheral targets, participates in the modulation of the
expression of these sodium channel transcripts, we examined the
hybridization signal of a-SNS and a-lll mRNAs in small DRG neurons
that had been dissociated and maintained for 7 days in the absence or
presence of exogenous NGF. Neurons maintained in control (no added
NGF) cultures showed changes in a-lll and a-SNS hybridization signal
similar to those induced by axotomy, with increased a-lll mRNA levels
and decreased a-SNS mRNA levels, as compared to those observed in
small DRG neurons at 1 day in vitro. The addition of exogenous NGF to
DRG cultures attenuated these alterations in transcript levels,
decreasing a-lll mRNA and increasing a-SNS mRNA expression.
These results suggest that NGF participates in the regulation of
membrane excitability in small DRG neurons by pathways that include
opposing effects on different sodium channel genes.
[Supported by Med. Res. Serv., VA and NMSS]

S ociety for N eu r o s c ien c e , V olume 2 3 ,1 9 9 7

S.McMahon+ and J.N. Wood* Biology Dept., University College, London WC1E
6BT, and +Physiology Dept. St Thomas Hospital,London SE1 7EH, England.

A subset of sensory neurons express a tetrodotoxin-insensitive
sodium channel named SNS. We examined the transcriptional regulation
of SNS expression. SNS mRNA levels decrease in axotomised DRG,
and are unaffected in DRG from animals treated with Freund’s
adjuvant. Total SNS mRNA levels are also unaffected by treatment
with NGF, but a novel splice variant is induced. This alternativelyspliced transcript (SNS-A) encodes a protein that contains an identical
repeated segment comprising 3 exons (12-14) encoding 4 additional
membrane spanning segments (S1-S4) of domain 2. Exons 12-14 are
not duplicated in genomic DNA, implying that the novel transcript
must be the product of trans-splicing. The alterations in SNS and SNSA mRNA levels were examined using RNase protection assays and RTPCR. Treatment of adult sensory neurons in culture for 7 days with
NGF massively upregulates (> 10-fold) the appearance of the SNS-A
splice variant mRNA without substantially altering the total levels of
SNS mRNA. These data suggest a novel post-transcriptional regulatory
role for Nerve Growth Factor, and are the first evidence for trans
splicing in the nervous system. Supported by the Wellcome Trust and MRC.

NA CHANNEL DENSITY IS UP-REGULATED IN SH-SY5Y
NEUROBLASTOMA CELLS BY BRAIN DERIVED NEUROTROPHIC
FACTOR-INDUCED DIFFERENTIATION. F.N. Quandt*. Kamel Toukan
and Mohannad Al-Jawousi. Dept, of Molec. Biophys. and Physiol, and
Multiple Sclerosis Center, Rush University, Chicago, IL 60612.
Mechanisms responsible for the regulation of Na and K channel expression
in neurons are largely unknown, but may be influenced by neurotrophic
factors. As a model system, the effects of differentiation of the SH-SY5Y
human neuroblastoma cell line by retinoic acid with brain-derived
neurotrophic factor (BDNF) on voltage-gated Na and K channel production
was tested. Whole cell patch clamp was used to determine membrane current
density. Cells in normal growth medium for up to 4 days after plating
exhibited a wide range in the peak Na channel density (at -10 mV), ranging
from 0 to 13 pA/pf. Terminally-differentiated neurons are produced when the
culture is grown for three weeks in the presence of 1 fiM retinoic acid with 50
to 100 ng/ml BDNF, and selected with 1 fig/ml aphidicolin. Under this
condition, mean Na channel density was found to be 57 pA/pf. The mean
ratio of peak Na current at -10 mV to K current at 70 mV for each cell
increased from 0.1 in undifferentiated cells to 0.6 in differentiated neurons.
Reverse transcription-polymerase chain reaction of whole cell RNA suggests
that a type II Na channel is expressed in these neurons. In addition, REST
transcription factor mRNA is present in undifferentiated cells. Future
experiments are aimed at determining whether up-regulation of the Na
channel under this condition involves the REST gene. Supported by the
Michael Reese Trust and the National Multiple Sclerosis Society.
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363.13
INHIBITORY EFFECT OF SSRLs ON VOLTAGE-ACTIVATED TETRODOTOX1N SENSITIVE SODIUM CHANNELS IN N1E-115 MOUSE NEUROBLASTMA CELLS. K. Frederiksen* and C. Sánchez. Research & Development,
H.Lundbeck A/S, Ottiiiavej 9, DK-2500 Copeohagen-Valby, Denmark.
Selective serotonin uptake inhibitors (SSRIs) have previously been shown to inhibit
electroshock-induced convulsions in mice and to potentiate the anticonvulsive effect of
phenytoin (Hyttel J, Amt J, Sánchez C. Rev Cont Phaim, 1995; 6: 271). In the present
study it was investigated if the anticonvulsive effect of SSRIs might be explained by a
direct effect on voltage-activated Na+ channels and/or if the effect on phenytoin
potentiation might be explained by interaction with (he metabolism of phenytoin.
The concentration of phenytoin in the serum of mice treated with phenytoin alone or
in combination with SSRIs (citalopram, fluoxetine or paroxetine) was determined. Pre
treatment with SSRIs did not increase the concentration of phenytoin in the serum.
Thus, it could be excluded that the potentiation of the anticonvulsive effect of phenytoin
obtained with these SSRIs were due to a pharmacokinetic interaction,
The direct effect of SSRIs on voltage-activated TTX sensitive sodium currents were
studied in N1E-115 neuroblastoma cells. Cultured cells were voltage-clamped at -80
mV and voltage-activated Na+ currents were elicited by stepping the membrane
potential to -10 mV for 20 msec with a frequency of 1/5 Hz. The anticonvulsant drug,
phenytoin, blocked the Na+ current with an ICjo=53 /iM. Likewise, all SSRIs tested
showed an inhibition of the sodium current with the following rank order of potencies
(1C» values in jttM): sertraline (12), femoxetine (55), paroxetine (60), fluoxetine (80),
fluvoxamine (120), citalopram (350) and the two main metabolites, demethylcitalopram
(220) and didemethylcitalopram (280). In experiments where phenytoin and SSRIs were
tested in combination an additive effect on inhibition of sodium currents were obtained.
In conclusion, all SSRIs showed a concentration-dependent inhibition of the voltageactivated sodium current in N1E-115 mouse neuroblastoma cells in vitro, which might
explain some of the in vivo anticonvulsant effects of SSRIs.

363.14
Cardiac Na channel rHl is expressed in cultured spinal cord astrocytes and may
underlie the TTX-R current in these cells. S. D. Dib-Haji*12, J. A. Black1-2, A.
Hinsen1-2, S. A. Cohen3,4 and S. G. Waxman1’2. ’Dept, of Neurology, Yale Univ.
School of Medicine, New Haven, CT; Neuroscience & Regeneration Research
Center, VA Medical Center, West Haven, CT. 06516; 3Dept. of Medicine,
Cardiology Division, Univ. of Penn.; and 4VA Medical Center, Philadelphia, PA
19104.
Astrocytes are important for ion homeostasis in the CNS. Cultured
astrocytes manifest 2 morphological classes: process bearing (stellate) and non
process bearing (flat or pancake). Two distinct types of voltage-gated Na currents
have been characterized in spinal cord astrocytes in culture. A rapidly
inactivating,TTX-sensitive type in the stellate astrocytes and a more slowly
inactivating type which is TTX-resistant in flat astrocytes.
Transcripts of a number of Na channel a-subunits have been detected in
astrocytes both in situ and in culture. Currents from only few of these subunits
have been individually characterized in heterologous expression systems; none of
those fit the observed properties of the currents in the flat astrocytes. We used RTPCR and in situ hybridization to determine the Na channel a-subunit mRNA profile
in astrocytes cultured from P0 Sprague-Dawley rat spinal cord, after 7 days in
culture. In addition to al, -II and -III subunits that were previously demonstrated in
these cells, we document the presence of a-VI, -NaG and rHl mRNA. The
presence of the a-rHl protein was then verified using isoform-specific antibody.
The presence of a-rHl may underlie the TTX-resistant current in these astrocytes.
[S. G. W. is supported in part by the Medical Research Service, VA and NMSS; S. '
A. C. is supported by a Merit Review Award from the Dept, of Veterans Affairs].

363.15
SkMl- SNS Na channel a-subunit chimera used to analyze the functional role of

363.16
DOWN-REGULATION OF TETRODOTOXIN-RESISTANT Na+ CURRENTS
AND UP-REGULATION OF A RAPIDLY REPRIMING TETRODOTOXINSENSITIVE Na+ CURRENT IN SMALL DORSAL ROOT GÁNGLION
NEURONS FOLLOWING NERVE INJURY. T.R. Cummins* and S.G. Waxman.
Dept, of Neurology, Yale Univ. Sch. of Med., New Haven, CT 06510 and
Neuroscience Res. Ctr., VA Medical Center, West Haven, CT 06516.
Clinical and experimental studies have shown that dorsal root ganglion (DRG)
neurons become hyperexcitable following axonal injury and this could be
attributable to changes in Na+ currents. In this study we show that small (C-type)
rat DRG neurons express Na+ currents with dramatically different kinetics
following axotomy produced by sciatic nerve ligation. Uninjured C-type neurons
express both slowly-inactivating tetrodotoxin resistant (TTX-R) Na+ current and a
fast-inactivating tetrodotoxin sensitive (TTX-S) Na+current that reprimes slowly (x
= 61 ±29 ms, n=45). Following axotomy, the TTX-R current density was greatly
reduced. No difference was observed in the density or voltage-dependence of
vTTX-S currents following axotomy. However, TTX-S currents in axotomized
neurons reprimed four times faster (t = 14 ± 6 ms, n=16) than control TTX-S
currents. These data indicate that axotomy of DRG neurons is followed by downregulation of TTX-R current and by the emergence of a rapidly repriming TTX-S
current, and suggest that this may be due to the upregulation of a Na+ channel
isoform that was previously unexpressed, or expressed at low levels, in these cells.
These axotomy-induced changes in Na+ currents are expected to substantially
alter excitability and could underlie the molecular pathogenesis of some chronic
pain syndromes associated with injury to the axons of spinal sensory neurons.
(Supported in part by the NMSS, Medical Research Service, Veterans
Administration and the Spinal Cord Research Foundation).

S. G. Waxman. Department of Neurology, Yale University School of Medicine,
New Haven, CT. and Neuroscience & Regeneration Research Center, VA Medical
Center, West Haven, CT. 06516.
Na channel subunits aSNS and aSkMl produce currents that are slowly
inactivating/TTX-resistant and rapidly inactivating/TTX-sensitive, respectively.
Sequences encoding these two subunits share all of the distinguishing features of Na
channels. The TTX phenotype is primarily determined by a single amino acid in
the S5-6 linker in domain 1 (Dl) of Na channels. Based on phylogenetic analysis,
we constructed a SkMl variant that has an extra tetrapeptide immediately Nterminal to S4 in D4 which is SNS-specific. The chimera construct was then
introduced into HEK293 cell line and the Na currents analyzed.
Preliminary results show that the chimera channel produced a Na current
that is rapidly inactivating similar to that of the parental aSkMl. However, “re
priming” or recovery from inactivation is twice as fast as that of the wild type
construct at -lOOmV. This suggests that this region may contribute to the rapid
repriming of the TTX-resistent current in DRG neurons. To further investigate the
role of this tetrapetide and other D4 sequences, we constructed chimera channels by
replacing D3-D4 linker and the highly conserved portion of D4 of aSKml with that
of aSNS. Analysis of this chimera is underway.
This work is supported in part by the Medical Research Service, VA and NMSS.

363.17
DIFFERENTIAL EFFECTS OF DIVALENT CATIONS AND LOCAL
ANESTHETICS ON Na+ CURRENTS IN CONTROL AND AXOTOMIZED
SMALL SPINAL SENSORY NEURONS. X. O. Gu*. T. R. Cummins and S.
G. Waxman. Dept, of Neurology, Yale Univ. Sch. Of Med., New Haven, CT
06510; Neuroscience Res. Ctr (127A), VA Medical Center, West Haven, CT
06516.
Dorsal root ganglion (DRG) cells of rat express several different types of
Na+ currents. In uninjured small DRG neurons slowly inactivating TTX-R
(TTX-resistant) Na+ current predominates. By contrast, in axotomized DRG
neurons fast-inactivating TTX-S (TTX-sensitive) Na+ currents predominate.
We used whole-cell patch-clamp methods to study the effects of divalent
cations and local anesthetics on TTX-R and TTX-S Na+ currents in control
and axotomized small DRG neurons. While the TTX-R Na+ currents in
control neurons are relatively sensitive to inhibition by Cd2+ (IC50 = 0.12
mM), the TTX-S Na+ currents in axotomized neurons are relatively
insensitive (IC50 = 1.9 mM). On the other hand, the TTX-S currents in
axotomized neurons were 5-fold more sensitive to use-dependent inhibition
by lidocaine (50 (iM) and intracellular QX-314 (200 (iM) than the TTX-R
currents in control neurons. Externally applied QX-314 had similar, small
effects on TTX-S and TTX-R Na+ currents (IC50 > 2 mM).
Changes in Na+ current properties following axotomy might explain why
some Na+ channel blockers are able to inhibit ectopic activity in peripheral
nerves at concentrations that do not block nociception.
(Supported in part by the NMSS, Medical Research Service, Veterans
Administration and the Spinal Cord Research Foundation).
S o c ie ty f o r N e u ro s c ie n c e , V olum e 2 3 ,1 9 9 7
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364.1
CALCIUM REGULATION OF a j NICOTINIC ACETYLCHOLINE
RECEPTOR BINDING IN RAT HIPPOCAMPUS. J.A. Ospina. R.T.
Robertson and F.M. Leslie*. Departments of Pharmacology and Anatomy
& Neurobiology, University of California, Irvine, College of Medicine,
Irvine, CA 92697.
In this study we have used quantitative receptor autoradiography to
compare the binding properties of a j nicotinic acetylcholine receptors
(nAChR) in the adult and embryonic day (E)19 rat hippocampus. At E19
there are high levels of [ 1 2 5 I]-a-bungarotoxin (a-BTX) binding throughout
field CA1, with a corresponding intense expression of a j mRNA. By adult,
binding has decreased in this region except in the stratum oriens-alveus
border of CA I where it remains high. The affinity of a-BTX binding, as
well as nicotine and a-cobratoxin (a-CBT) potency to displace a-BTX, did
not change with age. There was, however, a trend towards increased Hill
coefficients for nicotine displacement curves in the adult. The addition of
Ca2+ (2.5 mM) to the assay buffer did not significantly affect a-BTX
binding, or a-CBT inhibition of a-BTX binding, to the adult or embryonic
hippocampus. However, Ca2+ significantly increased the affinity of nicotine
for the a 7 nAChR at both ages. The potency of Ca2+ in increasing agonist
binding affinity was similar at both ages, with EC5 o's of 0.45-0.55 mM.
Furthermore, Ca2+ significantly increased the cooperativity of nicotine
binding curves in the adult, but not in the embryo. TTiese findings indicate
that ( 1 ) there is a developmental appearance of positive cooperativity of
agonist binding which is regulated by Ca2+, and (2) whereas Ca2+ has no
effect on antagonist binding, it enhances agonist affinity similarly in the
developing and mature brain. This ionic effect on agonist binding may
result from the stabilization of a desensitized state of the a 7 nAChR.
Supported by PHS grant # NS 30109.

364.3
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CA LC IU M
M O D U LA TIO N
OF
BRA
DESENSITIZATION INDUCED BY NONACTIVATING CONCENTRATIONS OF
NICOTINE. T.K. Booker*. K.W. Smith. A.C. Collins Institute for Behavioral
Genetics, University of Colorado, Boulder, CO 8 03 09.
Over the last several years, studies have shown that the function of
various nicotinic receptors in brain is modulated by extracellular calcium.
We have shown that the function of putative a4S2 receptors from mouse
thalamus is potentiated by physiologically relevant increases in extracellular
calcium, as measured using an 86Rb+ ion efflux assay.
Few studies,
however, have reported any effect of calcium on receptor desensitization.
With the 86Rb+ assay, we can induce desensitization of the receptors by two
methods. Application of agonists such as nicotine at concentrations high
enough to activate the receptor OuM) for several minutes induces a
desensitization that is not significantly altered by changes in extracellular
calcium.
Desensitization can also be induced by preexposure to
concentrations of nicotine that are too low to stimulate receptor activation
(nM).
Desensitization induced by n M concentrations o f nicotine is
modulated by extracellular calcium. Concentration-response curves were
constructed to examine the ability of different concentrations of nicotine
(10-1000nM ) to induce desensitization, as measured by response after
preexposure to an application of 10//M nicotine. Concentration-response
curves were shifted to the left when the calcium concentration was raised
from 0 to 2mM, with more than a two-fold increase in the potency of
n ic o t in e
to
in d u c e
d e s e n s it iz a t io n
( K t v a lu e s :
OmM
calcium = 9 2 .3 6 + 2 0 .09nM , 2mM calcium= 3 9 . 8 5 ± 8 . 24nM ).
Thus,
nonactivating doses of agonist induce desensitization better under normal
resting conditions where extracellular calcium concentrations are high than
when the calcium concentrations are lower due to increased neuronal
activity. Supported by DA 056 8 1 , DA 0 3 1 9 4 , DA 001 9 7 .

Taiantova1 and R. Giniatullin1. Int. Sch. Adv. Studies (SISSA), 34013 Trieste,
Italy and *Kazan Med. Univ., 420008 Kazan, Russia.
The role of [Ca2+]i in desensitization of nAChRs was investigated on rat
cultured chromaffin cells using combined whole-cell patch clamping and
confocal laser scanning microscopy with fluo-3. At -70 mV holding potential,
pressure-applied (20 ms) nicotine (1 mM) elicited inward currents with
associated [Ca2+ji rises which were blocked by 10 jiM d-tubocurarine but were
insensitive to 1 |xM a-bungarotoxin. Sustained applications (2 s) of nicotine
evoked inward currents which rapidly faded to 23±4 % of the peak amplitude,
presumably due to receptor desensitization since no change in reversal potential
or voltage-sensitivity of the response was observed. [Ca2+]j rises grew slower
than currents, and peaked when the charge transfer through nAChRs was
complete. No correlation was found between degree of current decline and
extent of [Ca2+]i increase at the end of the nicotine pulse. Adding BAPTA to or
omitting any buffers from the patch pipette did not affect current fading. To
study the rate of recoveiy from desensitization after a conditioning pulse (2 s)
of nicotine, test pulses of the same agonist were applied at 0.033 Hz. Slow
recovery was related to sustained elevation of [Ca2+];. Recovery from
desensitization was significantly faster when BAPTA was present in the patch
pipette. While nAChR desensitization seemed to develop independent of [Ca2+]i
changes under the present experimental conditions, a sustained rise in [Ca2+]i
prolonged recovery of nAChRs from desensitization.
Supported by grants from CNR, INFM, MURST, RFFR and ICGEB.

364.4
NICOTINIC ACETYLCHOLINE RECEPTORS ARE MODULATED BY
MULTIVALENT CATIONS. J. García-Colunga & R. Miledi*. Centro de
Neurobiología, UNAM-UAQ, Junquilla. A. P. 1-1141, C. P. 76001, Querétaro, Qro.
& Dept, of Psychobiology, University of California, Irvine, 92717, CA, USA.
The modulation of muscle and neuronal nicotinic acetylcholine receptors
(nAChRs) by multivalent cations was studied in Xenopus oocytes, using the two
microelectrode voltage-clamp technique. The current induced by the agonist is
affected by cations such as Ca2*, Mg2*, La3+, Zn2* y Hg2*. Previously, it has been
found that La3+ modifies the neuromuscular transmission (Dennis & Miledi, Nature
232, 126-8, 1971). Our preliminary results show that multivalent cations, that
modulate y-aminobutiric acid receptors (Calvo, et al., Proc. Natl. Acad. Sci. USA 91,
12725-9, 1994) modulate also the nAChRs. La3*, Zn2^ and Hg2* alone did not
generate significant membrane current. However, these ions increase the amplitude of
the ACh-current in oocytes expressing muscle nAChRs. The effects were dosedependent and the strength of potentiation followed the sequence: La3* > Zn2+ > Hg2+.
The effects were reversible, except for the ACh-current potentiation with Hg2+, which
persisted after two hours of washing out La3*. In contrast, La3* exerted an opposite
effect on neuronal nAChRs, inhibiting the ACh-current. The enhancement of the
response (in muscle nAChRs) as well as the inhibition (in neuronal receptors), in the
presence of La3* was voltage-independent. This results suggest that La3*, Zn2+y Hg2*
act directly upon nAChRs. The interaction between Hg2+ and the nAChR was
stronger than the interaction with La3* and Zn2*. La3* appears to interact on the
external domain of nAChR, without affecting the permeability of the cations that
generate the current. The dual effects of La3* on nAChRs suggest that the
mechanisms of action, and the interacting site(s) with the receptors should be studied
in more detail and be compared with the effects of other cations, including
lanthanides. This will help to establish if all these cations act on the same sites or on
different sites, as Zn* and La3do on gabaergic receptors.

364.5

364.6

PERSISTENT RISE IN [CA2+]i DELAYS RECOVERY OF NEURONAL nAChRs FROM
DESENSmZATION IN RAT CHROMAFFIN CELLS. A. Nistri*. L. Khiroug. M.

POLYAMINES REGULATE NICOTINIC RECEPTOR FUNCTION IN RAT
STRIATUM. L. P. Dwoskin*, S. T. Buxton and P. A. Crooks. College of
Pharmacy, University of Kentucky, Lexington, KY 40536.
This study examined the regulatory role of polyamines at the nicotinic receptor
(putatively the a3P2 subtype) regulating dopamine release in rat striatum in vitro.
Striatal slices preloaded with [3H]DA were superfused with various concentration
(1.0 nM - 1.0 ¡xM) of spermidine, spermine or putrescine. Exposure of striatal
slices to these polyamines alone did not evoke [3H]DA overflow. With the
addition of nicotine (10 /xM) to the superfusion buffer, spermidine and putrescine
significantly enhanced the effect of nicotine to evoke [3H]DA overflow.
Spermidine (EC50=50 nM ) was more potent and had a greater maximal effect
compared with putrescine (EC50= 100 nM). However, spermine did not augment
nicotine-evoked [^D A overflow. Experiments were performed to determine the
effect of superfusion with various concentrations (30 nM - 30 /xM) of ifenprodil,
a polyamine antagonist. Ifenprodil (300 nM - 30 /xM) evoked [3H]DA overflow,
however, concentrations below 300 nM were without effect. Ifenprodil alone did
not augment nicotine-evoked f’HJDA overflow. Superfusion of slices with inactive
concentrations of ifenprodil and spermidine did not alter [3H]DA overflow.
Moreover, ifenprodil (30 nM - 100 nM) completely blocked the spermidineinduced enhancement of the nicotine-evoked [3H]DA overflow. These result
suggest that there may be a polyamine regulatory site on the <*302 subtype of the
nicotinic receptor in rat striatum. This research was supported by a grant from
Tobacco and Health Research Institute, Lexington, KY 40506.
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REGULATION OF NON-«4p2 NICOTINIC ACETYLCHOLINE
RECEPTORS (nAChR) IN IMR-32 NEUROBLASTOMA CELLS BY
CHRONIC TREATMENT WITH NICOTINIC AGONISTS. DâvilaGarcia. M.I.*. Briggs. E. Mever. E.L.. and Kellar. K.J. Dept, of
Pharmacology. Georgetown University School of Medicine, Washington,
D.C. 20007.
The human neuroblastoma cell line IMR-32 originates from neural crest
cells and is used as a model in which to study ganglionic nicotinic
acetylcholine receptors (nAChRs). These cells have been shown to contain
mRNA for a3, a5, a7, P2 and P4 subunits, however, the subunit
composition of its functional receptors is not known. We have recently
studied the binding of [3H]cytisine, [ HJnicotine aad [3H]epibatidine in IMR32 cells and showed that neither [3H]cytisine nor [3H]nicotine bind nAChRs
in these cells with high affinity. [3HjEpibatidine on the other hand, appears
to bind at least two receptor sites. Using 86Rb+ efflux assays, we have found
that these receptors are functional, that they respond to acute stimulation by
both nicotine and epibatidine in a concentration-dependent manner (EC50
values * 5uM and 5nM, respectively), and that this stimulation is blocked by
mecamylamine. Chronic treatment with nicotinic agonists (epibatidine,
cytisine, nicotine, carbachol and ACh) increases the number of
[ Hjepibatidine binding sites in a concentration-dependent manner. This
increase is not blocked by mecamylamine. In addition, chronic treatment
with agonists decreases the functional response of nAChRs to both nicotine
and epibatidine-induced 86Rb+ efflux.
This research was supported by NIH grants DA06486 and AG09973.
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364.7
Effects of General Anesthetics on ACh evoked currents in Autonomic Neurons
in Vitro.
P. Flood* and L. Role. Departments of Anesthesiology and Anatomy and Cell
Biology in the Center for Neurobiology & Behavior, Columbia Univ., P&S, 722 W.
168th St. NY, NY 10032.

364.8
MODULATION OF THE NEURONAL NICOTINIC ACETYLCHOLINE
RECEPTOR CHANNEL BY THE NOOTROPIC DRUG NEFIRACETAM. WL
Oyaizii and T. Narahashi* Dept, of Mol. Pharmacol, and Biol. Chem.,
Northwestern Univ. Med. Sch., Chicago, IL 60611.
The neuronal nicotinic acetylcholine receptor (nnAChR) plays an important role
in memory function, and its down-regulation is known to be associated with some
brain dysfunction including Alzheimer’s disease. Previous studies haye shown that
nefiracetam, a new pyrrolidone nootropic drug, modulates the activity of the high
voltage-gated calcium channels (Yoshii and Watabe, Brain Res. 642, 123, 1994)
and the GABAa receptor channel (Huang et al., Neuropharmacology 35, 1251,
1996) through interactions with G proteins and PKA. Modulation of the GABAa
system suggests that nnAChR is also affected by nefiracetam. We investigated the
effects of nefiracetam on nnAChR of PC 12 cells using the whole-cell patch clamp
technique. Bath application of 10 nM nefiracetam potentiated the current induced
by 10 ^M ACh to 123.4 ± 4.8 % of control (n = 5). This effect was absent with the
internal application of 0.6 |iM KT 5720, a specific PKA inhibitor. When 10 (iM
ACh and 3^M nefiracetam were co-applied for 60 sec, the peak current was
suppressed (56.3 ± 4.8 %, n = 4) and desensitization was accelerated. Two co
application experiments with lfiM nefiracetam showed 12.4 % and 23.8 %
suppression of peak current. Desensitization was accelerated in both case. After 30
min washout of nefiracetam, the peak current recovered to the control level, but
the desensitization still remained accelerated. Thus, nefiracetam has a dual effect
on nnAChR of PC 12 cells, the potentiation of peak current and the acceleration of
desensitization. These effects appear to be mediated by the PKA pathway.
Supported by NIH grant NS14144 and Daiichi Pharmaceutical Co.

364.9
MODULATION OF NICOTINIC ACETYLCHOLINE -INDUCED
CURRENTS BY STEROIDS IN RAT SUPERIOR CERVICAL GANGLION.
M. Uki* ,J. Nabekura and N. Akaike. Dept. Physiol., Kyushu Univ. Fac.
Med., Fukuoka 812-82, Japan
The effects of various steroids on the nicotinic acetylcholine receptor-channel
complex were investigated in the neurons acutely dissociated from the rat
superior cervical ganglion by using a nystatin perforated patch recording under
the voltage-damp.
ACh induced a peak followed by a gradual decrease of an inward current at a
holding potential of -40mV in our experimental condition. Hydrocortisone,
17beta-estradiol, androsterone and aldosterone suppressed the ACh-induced
currents (IACh) at a concentration greater than 10^M. 17alpha-estradiol,' an
inactive form of estrogen, also blocked the IACh- Biit cholesterol showed no
effect on the IACh- The inhibition of lACh by the steroids was reversible and
non-competitive, and showed no voltage dependency at a holding potential more
hyperpolarized than OmV.
In addition to the blocking actions of steroids on the lACh> °nl> androsterone
caused a currents which was inhibited by bicuculline, picrotoxin and strychnine,
suggesting that androsterone also increased Cl ~influx receptor .
In conclusion, the structural characteristics as a steroid is necessary for the
blocking action on the nicotinic lACh hi the rat superior cervical ganglion.

364.10
INHIBITORY EFFECTS OF THE OXAZOLINE RILMENIDINE ON
NEURONAL NICOTINIC RECEPTORS IN RAT CULTURED
SYMPATHETIC NEURONS. J.Trouslard and E.Jover*. Université Louis
Pasteur, Institut de Physiologie, URA 1446 CNRS, 67804 Strasbourg Cedex,
France.
The oxazoline rilmenidine is a ligand of the I] imidazoline binding site which
is mainly involved in the central regulation of cardiovascular functions. In the
present study, we investigated the effects of rilmenidine on the neuronal
nicotinic receptor expressed in rat sympathetic neurons isolated from rat
superior cervical ganglia. Whole-cell nicotinic currents were evoked by pressure
applications of nicotine or acetylcholine and recorded by means of the patchclamp technique. Rilmenidine (3 to 300 fiM) reversibly blocked nicotinic
currents in a dose dependent manner. The IC50 of the blocking effect of
rilmenidine was a fonction of the concentration of agonist tested. At -60 mV the
IC50 was 30 nM when the cell was challenged with 3 mM of nicotine, this IC50
increased to 220 nM when 10 fiM of nicotine was used. In addition the blockage
was stronger at hyperpolarized membrane potentials. Imidazoline compounds
such as efaroxan, cirazoline. clonidine. idazoxan mimicked the effect of
rilmenidine whilst noradrenaline and agmatine (up to 100 jiM) had no effect on
the nicotinic current.
We conclude that the inhibition of the nicotinic receptors by rilmenidine is non
competitive. This suggests the existence of an imidazoline binding site on the
neuronal nicotinic receptor of sympathetic neurons. The localisation of this site
within the receptor (luminal and/or non luminal) remains to be determined.
Supported by Servier France.

Isoflurane causes partial inhibition of the autonomic function when
used clinically as a general anesthetic. Autonomic inhibition may occur by
postsynaptic inhibition at the autonomic ganglia and/or via presynaptic
inhibition of CNS centers of autonomic control. Our previous studies
demonstrate that isoflurane inhibits heterologously expressed a3(34 and
a4p2 neuronal nicotinic acetylcholine receptors (nAChRs). We have
assessed the effects of isoflurane on the acetylcholine (ACh)
responsiveness of sympathetic and CNS neurons to examine whether
nicotinic receptor blockade is involved in the substantial inhibition of
cholinergic function by volatile anesthetics in vivo.
Embryonic day 11 chick sympathetic ganglia neurons or PND 3
mouse VTA neurons are enzymaticly dispersed and maintained in vitro for 4
days prior to experimentation. Whole cell voltage clamp recording was used
to measure steady state response to 100
ACh in the presence and
absence of locally perfused isoflurane from 160 juM to 3.2 mM (0.5-10 x
clinical ECS0).
Isoflurane causes a dose dependent inhibition of the macroscopic
current responses to ACh. The ICso is about 250 ^iM isoflurane and
saturates at about 950 ^M. The Hill number is 3.2. Thus, isoflurane inhibits
the response of sympathetic ganglia neurons at clinically relevant
concentrations, inhibiting synaptic transmission at the autonomic ganglia.
Resulting thoracic and lumbar sympathetic inhibition would result in
vasodilatation, a common result of treatment with isoflurane. Direct
autonomic inhibition may be responsible, at least in part, for this common
side effect of isoflurane. Ongoing experiments will examine the effect of
isoflurane on synaptic transmission in the ganglia and at sites where
nAChRs are implicated in CNS functions.
Supported by The Council for Tobacco Research (to LR).

364.11
NALTREXONE, AN OPIOID ANTAGONIST, INHIBITS NICOTINIC RECEPTOR
ACTIVITY IN HIPPOCAMPAL NEURONS. Almeida. L.E.F.1: Pereira. E.F.R.2:
Albuquerque. E.X.*123. 1Lab. Mol. Pharmacol. II, IBCCF and 3Dept. Bas. Clin.
Pharmacol., ICB, UFRJ, Rio de Janeiro, RJ 21944, Brazil; 2Dept. Pharmacol. Exp.
Ther., Univ. Maryland Sch. Med., Baltimore, MD 21201.
Naltrexone (NAL), a drug used in the treatment of opioid addicts, has been
shown to interact with muscle nicotinic receptors (nAChRs; Eur. J. Pharmacol.
140: 331,1987). Using the whole-cell mode of the patch-clamp technique, we
investigated the effects of NAL on the nAChRs present on rat hippocampal
neurons in culture. The majority of the neurons responded to acetylcholine (ACh)
with fast-desensitizing, type IA currents, which are subserved by a7-bearing
nAChRs (J. Pharmacol. Exp. Ther. 265: 1455, 1993). Co-application of NAL
(0.01-100 pM) plus ACh (0.3 mM) to these neurons resulted in reduction of the
amplitude of ACh-evoked type IA currents; the IC50 for NAL was about 30 pM.
Pre-exposure of the neurons to NAL did not alter its apparent potency in inhibiting
ACh (0.3 mM)-elicited type IA currents, suggesting that NAL may not interact with
the closed state of the a7-containing nAChR channels. The effect of NAL on type
IA currents was non-competitive with respect to the agonist and was reversible
upon washing the neurons with external solution. In addition, NAL-induced
inhibition of type IA currents was voltage dependent, being more intense as the
membrane potential was made more negative. This finding suggests that the
binding site for NAL on the a7-bearing nAChRs is sensitive to the electric field of
the membrane, and that NAL may act as an open-channel blocker at a7-bearing
nAChRs. At 300 pM, NAL reduced by 50% the amplitude and accelerated the
decay of type II and type III currents, which are subserved by a4p2 and a3p4
nAChRs, respectively. A delayed peak current, characteristic of open-channel
blockade (J. Pharmacol. Exp. Ther. 268: 503,1994), appeared at the end of the
response to pulse application of NAL plus ACh to a neuron that responded to ACh
with type III currents. Our results show that NAL inhibits the activity of a7, a4p2,
and a3(34 nAChRs, probably by interacting with the open state of these channels,
being more potent at the a 7 nAChRs.
(Support: USPHS grant NS25296; CNPq & FINEP-Brazil)
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365.1
BRAIN OPIOIDS IN NICOTINE LONG-TERM USE AND ITS WITHDRAWAL.
R. Dasgupta. M.S. Kindv and A.A. Houdi*. College of Pharmacy, Department of
Biochemistry and THRI, University of Kentucky, Lexington, KY 40546.
Little is known about the neuropharmacological action(s) of nicotine that
contributes to tobacco use. One transmitter that may relate to long-term nicotine use
and its withdrawal is enkephalin, a 5-amino acid opioid peptide derived from
proenkephalin A family. We previously demonstrated that acute nicotine increased
synthesis and release of Met-enkephalin in selected brain regions. In the present
studies we determined the effect of acute and chronic nicotine treatment and its
withdrawal on the preproenkephalin A mRNA (PPE) in specific brain regions using
northern blot analysis in male Sprague-Dawley rats. Treatment with acute nicotine
(0.6 mg/kg, s.c.) produced a significant increase in PPE mRNA in striatum,
hypothalamus, hippocampus and frontal cortex between 0.5 2 hr after treatment and
returned to almost control level 6 hr after treatment. Chronic treatment with nicotine
(0.6mg/kg, s.c. twice a day for 14 days) caused a significant decrease in PPE mRNA
in striatum, hippocampus and frontal cortex compared to saline treated rats 2 hr after
the last injection. In the striatum there was a rebound increase in PPE mRNA 24 hr
following the last nicotine treatment compared to the 2hr response, a decrease after 72
hr with an increase 7 days later (almost back to saline level). In the hippocampus, and
frontal cortex there was also a rebound increase in PPE mRNA 24 hr following the
last nicotine injection. In the hypothalamus chronic nicotine produced an increase in
PPE mRNA 2 hr and 24 hr following the last nicotine treatment which declined
approaching the saline level 72hr later followed by a rebound increase 7 days. Chronic
treatment with nicotine and its withdrawal did not cause appreciable changes in PPE
mRNA in the cerebellum. These effects of nicotine were blocked by pretreating rats
with mecamylamine (1 mg/kg, sc) 20 min prior to nicotine but not by pretreatment
with naltrexone (1 mg/kg, sc). These data strongly suggest that brain opioid
system(s) are involved in mediating nicotinic responses and its withdrawal differently
in different brain regions. This may have clinical implications in treating nicotine
addiction. In addition, this enkephalin system may be a sensitive marker for
dependency on nicotine and chronic nicotine use. Supported by KTRB.
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365.2
POSSIBLE INVOLVEMENT OF BRAIN OPIOID SYSTEM IN THE
DEVELOPMENT OF NICOTINE DEPENDENCE IN RATS. C. G. LIU*
and J. P .XU. Institute of Pharmacology and Toxicology, Academy of Military
Medical Sciences, Beijing, 100850, China.
It has been reported in literature that opioid-like abstinence syndrome could
be precipitated by mecamylamine or naloxone in nicotine-dependent rats,
developed by continuous subcutaneous (sc) infusion of nicotine . The purpose of
this study was to explore the roles of brain opioid system in the development of
nicotine dependence.
Nicotine was sc administrated to rats 6 times a day for 9 days, and the doses of
nicotine were increased everyday by 0.5 mg/kg step from 0.5 to 4.0 mg /kg.
These nicotine-dependent rats received 1.0 mg/kg mecamylamine within l-2h
after last injection of nicotine at d9, and displayed abstinence syndromes:
gasps/writhes, teeth chatter /chews, shakes/ tremors and ptosis, et al. Instead of
mecamylamine, the opioid receptor antagonist naloxone (4.0 mg/kg, sc) could also
precipitate abstinence syndromes in nicotine-dependent rats, and these signs were
the same as those precipitated by mecamylamine. Either Morphine (1.0 mg/kg, sc)
or nicotine(0.5 mg/kg, sc) could alleviate the abstinence syndromes precipitated
either by naloxone or by mecamylamine.
In nicotine-dependent rats, the (3-endorphin and leucine-enkephalm
contents of four brain regions (cortex, hippocampus, striatum and hypothalamus)
were increased significantly from d3 to d9 .While the affinity of brain |ireceptors was decreased and their density was lowered in nicotine-dependent rats,
which were coincident with increased (3-endorphin and leucine-enkephalin
contents in nicotine-dependent rat brain tissue. It shows that opioidergic neurons
may release endogenous opioid peptides continuously in the development of
nicotine-dependence in rats.
These results provide further validation for quasi-opioid abstinence
syndrome(QOAS) in nicotine abstinence syndrome and indicate that brain opioid
system may involved in nicotine dependence.

365.4

365.3
NEONATAL DEVELOPMENTAL EFFECTS OF NICOTINE IN MICE: DEFI
NED PERIOD FOR INDUCTION OF PERMANENT CHANGES IN BRAIN
NICOTINIC RECEPTORS AND BEHAVIOURAL RESPONSE TO NICOTINE.
E. Ankarberg. A. Fredriksson and P. Eriksson*. Dept, of Environ. Toxicol.,
Uppsala University, S-752 36 Uppsala, Sweden.
Neonatal exposure to low doses of nicotine has been shown to prevent the
development of low-affinity nicotinic binding sites, and to elicit a different behaviour
response to nicotine in adult mice. This study indicates a defined period during
development of neonatal mouse brain for the induction of these permanent changes.
Neonatal mice, aged either 3-, 10-, or 19 days were exposed to nicotine, 66 fig
nicotine-base/kg b.w., s.c. twice daily, on 5 consecutive days. In the cerebral
cortex, high- and low-affinity (HA- and LA) nicotinic binding sites were assayed
(3H-nicotine/nicotine) in neonatal male mice aged of 8-, 15-, and 24 days and in
adult mice aged 4 months. Spontaneous behaviour and nicotine-induced behaviour
were observed in 4-month-old male mice. The spontaneous behaviour test indicated
no difference between saline- and nicotine-treated mice, whereas challange to nicoti
ne (40 ng and 80 fig nicotine-base) revealed a hypoactive response to nicotine,
though only in mice given nicotine on days 10-14. The response of controls and the
other age categories to nicotine was an increased activity. This effect of neonatal
exposure to nicotine was also dose-response related. Mice neonatally exposed to 3.3
fig nicotine-base showed no change in response to nicotine and in mice exposed to
33 fig nicotine-base a decreased activity was only seen at the highest nicotine dose
(80 fig nicotine-base). Furthermore, in the adult mice exposed to nicotine between
days 10-14, challange to lower doses of nicotine (1, 10, 20 fig nicotine-base), did
not induce any increased activity. Analysis of nicotinic receptors revealed that
throughout the neonatal period, LA binding sites could not be found after nicotine
treatment, but the persistent of this effect was seen only in adult mice that were
exposed on days 10-14, mice that also showed altered response to nicotine.

C O M P A R IS O N OF ST R AIN-SP EC IFIC nAChR S U B U N IT LOCI A N D
NICO TIN E O RAL PREFERENCE. K.S.Skiles. J.A . S titzel. J. Cao. J .M .
B lanchette, and A .C . Collins*. University of Colorado, Boulder, CO
80309.
Inbred m ouse strains differ in sensitivity to nicotine for a number of
behavioral and physiological m easures. One such behavior is oral
preference for nicotine. W hen given free access to tw o w a te r bottles,
one w ith w a te r and the other w ith w a te r plus nicotine, som e mouse
strains will ingest relatively high daily doses of nicotine (up to
1 2m g /kg/day) w hile other strains will consum e considerably less (3
m g/kg/d ay for the low end extrem e). This behavior correlates highly
(r = .8 9 ) w ith sensitivity to nicotine-induced seizures such th at strains
th at are more sensitive to the convulsant e ffe c ts of nicotine consum e
less nicotine in the tw o -b o ttle choice test. Sensitivity to nicotineinduced seizures has been show n to co-segregate w ith strain-specific
variants of genes th a t encode the a5 and a l nicotinic acetylcholine
receptor (nAChR) subunits. To determ ine if there is any relationship
betw een oral preference for nicotine and the strain-specific variants
of a5 and a l , F2 mice derived from a cross b etw een C 3 H /2 lb g (low
preference) and D B A /2lbg (high preference) w ere subjected to the
tw o -b o ttle choice paradigm and subsequently genotyped for the
strain-specific ah and a l variants. Prelim inary data indicate th a t there
are significant differences (t = 2 .7 6 2 , p = .0 0 6 1 ) in oral nicotine
consum ption betw een anim als th at are hom ozygous for either the
C 3H or DBA variant of a5. Results for a l versus preference are not
yet com pleted. Supported by D A - 0 3 1 9 4 , D A -1 01 5 6 and D A -0 0 1 9 7 .
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(Supported by the Swedish RJ, RALF and SEPA grants.)

IDENTIFICATION BY DIFFERENTIAL DISPLAY-PCR
CLONING OF GENES EXPRESSED IN RATS SELFADMINISTERING NICOTINE. M. D. Li1-2. J. D. Valentine1. S. fi.
Matta1,2 and B. M. Sharp.1,2* ^ndocrine-Neuroscience Laboratories,
Minneapolis Medical Research Foundation, and departments of
Medicine, Hennepin County Medical Center and the University of
Minnesota, Minneapolis, MN 55404
Differential display polymerase chain reaction (DD-PCR) was used
to identify genes differentially expressed in rat brain regions in
response to nicotine, using a novel model of unlimited access to
nicotine self-administration (SA). This SA model is robust across a
range of nicotine doses; low dose infusions result in 24 hour nicotine
intake that is similar (mg/kg b.wt.) to humans. More than 10 DDPCR clones have been identified that are uniquely or more abundantly
expressed in the brainstem, hypothalamus, amygdala and cortex of
animals self-administering nicotine compared to yoked saline controls.
Sequence comparisons with all entries in GenBank indicated that two
of the DD-PCR clones were identical to hypertension or a calcium
binding protein mRNA. Subsequent RT-PCR analyses confirmed the
DD-PCR results, showing that expression of these two genes
increased with chronic exposure to nicotine in various brain regions.
The significance of these two genes in the CNS plasticity that may be
due to nicotine SA is under investigation, (supported by DA03977)
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Nicotinic Receptor-Induced Apoptosis in Hippocampal
Progenitor Cells
F. Berger F. H. Gage and S. Vijavaraghavan*
Laboratory of Genetics, The Salk Institute, 10010 N. Torrey Pines
Road, La Jolla CA 92037 and Department of Physiology, University of
Colorado Health Sciences Center, Denver, CO 80262.
Nicotine, a drug commonly abused by cigarette smokers, has
many powerful effects on the fetal and adult central nervous system
(CNS). However, very little mechanistic information is available to
explain these effects of nicotine. We show here that treatment of
immortalized hippocampal progenitor cells with low levels of nicotine
results in apoptotic cell death of undifferentiated cells. These cells,
however, are no longer susceptible to the effects of nicotine once
neuronal differentiation has been initiated. We provide evidence
implicating a nicotinic acetylcholine receptor (AChR) subtype that binds
the snake venom toxin, alpha bungarotoxin (cxBgt-AChR), and show that
the induction of cell cycle-related proteins p53 and p21 might underlie the
toxic effects of nicotine. We also show that the susceptibility of
undifferentiated progenitor cells is calcium dependent and might be due
to their poor ability to buffer intracellular free calcium ([Ca]¡). This is
suggested from the finding that the intracellular calcium buffer,
calbindin, is expressed in these cells only after differentiation has been
initiated. These results show that nicotine use might have profound
consequences for neuronal progenitors that express AChRs in both the
developing fetus and in adult brains. Supported by American Heart
Association, California Affiliate, NIA, NINDS.
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(-)-NICOTINE INCREASES CORTICAL AND HIPPOCAMPAL LEVELS
OF mRNA ENCODING THE VESICULAR ACETYLCHOLINE
TRANSPORTER I N VIVO. M.A. Prendergast*. D.J. Morton, and J.J,
Buccafusco Medical College of Georgia, Dept. Pharm. Tox., Alzheimers Research
Center and Dept. Vet. Aff. Med. Ctr., Augusta, GA.
(-)-Nicotine has been reported to induce the expression of several mRNA species
both in vivo and in vitro. These inductions are often associated with functional
changes which likely contribute to the pharmacological effects of (-)-nicotine. In
thepresent study, the effects of (-)-nicotine on the expression of mRNA encoding
the vesicular acetylcholine transporter (VAChT), a proton antiporter responsible
for accumulation of acetylcholine in secretory vesicles, and the glycolytic enzyme
gIyceraIdehyde-3-phosphate dehydrogenase (G3PDH) were examined. Adult male
rats were administered (-)-nicotine (0.8 mg/kg, s.c.) 1 h before frontal cortex and
whole-hippocampal samples were taken. Total RNA was isolated from each region,
reverse-transcribed and amplified (RT-PCR) to produce a 440 bp VAChT cDNA
fragment and a 400 bp G3PDH fragment. cDNA products were injected separately
onto an anion exchange HPLC column and relative levels of cDNA abundance were
determinedby UV detection. In frontal cortex samples, the abundance (peak area)
of cDNA product derived from mRNA encoding the VAChT was increased by
greater than 50% above control (saline) levels following (-)-nicotine administration.
Inhippocampal samples, the level of this cDNA was increased by approximately
20%above control levels. The abundance of cDNA derived from G3PDH mRNA
was increased by approximately 35% and 64% above control levels in the frontal
cortex and hippocampus, respectively. These data indicate that acute nicotinic
receptor stimulation increases levels of mRNA encoding proteins associated with
synaptic storage and release of ACh and with brain glucose utilization.
Supported by Dept. Vet. Aff. Med. Ctr., Augusta, GA.
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N IC O TIN IC M AN IP U LA TIO N OF S E C R E TE D
A M Y L O ID PR EC URS O R PR O TEIN LE V E LS
RATS.

A L Z H E IM E R 'S pIN TH E CSF OF

T. Utsuki. M. Shoaib. T.T. Soncrant*. W.C. Wallace. V. Haroutunian.
D.K. Ingram. A. Kaiehua. O.S. Yu. H.W. Holloway. N.H. Greig. Lab. Cellular &
Mol. Biol., GRC/NIA/NIH, Baltimore, MD 21224; Cure Inc., Silver Spring, MD
20906; Inst. Psychiatry, London, and The Mt. Sinai Sch. Med., New York, NY
10468
The amyloid p-peptide (A(3) that aggregates to form the core of senile plaques in
Alzheimer's disease derives from a family of large integral membrane glycoproteins,
P-amyloid precursor protein (P-APP). In rat, lesion-induced forebrain cholinergic
deficits increase levels of secreted p-APP, containing the Ap portion, in the CSF. In
normal rats (n = 8 to 10) nicotine, 8.0 mg/kg/day (xl4) s.c. by osmotic pump, also
significantly elevated CSF p-APP levels, whereas a 1.0 mg/kg/day dose did not. The
nicotine-induced CSF P-APP elevation was blocked by the nicotinic antagonist
chlorsondamine, 5 ug/kg i.c.v. Neither chlorsondamine nor the antagonist
mecamylamine, 9.0 mg/kg/day (xl4) s.c. by osmotic pump, administered alone
altered P-APP CSF levels. In contrast, the muscarinic antagonist, scopolamine 0.5
mg/kg/day (xl4) s.c. by osmotic pump, significandy elevated CSF P-APP levels.
The addition of elevating doses of nicotine and scopolamine produced no greater
effects than either agent alone. However, the novel acetylcholinesterase inhibitor
phenserine, 2.5 mg/kg i.p. bid, completely inhibited CSF P-APP elevations due to
either cholinergic lesions, or to scopolamine and nicotine. These results indicate that
brain P-APP and potentially Ap levels can be manipulated by cholinergic deficiency
and by cholinergic drugs, with specific examples of the latter offering potential for
therapeutic intervention at the level of P-APP and its processing.
Supported by intramural NIA and NIH-ROl (V.H)
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LONG-LASTING INACTIVATION OF NICOTINIC RECEPTOR
FUNCTION IN VITRO BY PROLONGED TREATMENT WITH HIGH
NICOTINE CONCENTRATIONS. P.P. Rowell* Dept, of Pharmacology &
Toxicology, Univ. of Louisville Sch. of Med., Louisville, KY 40292.
Exposure of nicotinic acetylcholine receptors (nAChR)s to brief pulses of
nicotine results in a concentration-dependent increase in dopamine release
with an EC50 of approximately 1 |iM. Conversely, more prolonged
treatment (> 2 min) with low, non-stimulating concentrations of nicotine
(«10 nM) produces a reversible blockade of a subsequent nicotine
challenge as a result of nAChR desensitization. We have observed that,
following prolonged treatment with stimulating (micromolar)
concentrations of nicotine, there is incomplete reversibility of
desensitization. In this study we have investigated this non-reversible
nAChR “inactivation” process by characterizing the ability of a brief
nicotine challenge to stimulate pHjdopamine release from rat striatal
synaptosomes following recoveiy from nicotine pretreatment.
Brief (12 sec) exposure to 30 pM nicotine, or longer exposure (up to 5
min) with lower concentrations of nicotine (down to 0.3 pM), produced a
long-lasting decrease in nAChR function. The maximal inactivation
achieved with any treatment was approximately 50%. Recovery of nAChR
function was not achieved even after 5 hours whereas recovery from
desensitization occurred by 20 min. Determinations of the concentration of
nicotine in the superfusion chamber indicated that residual nicotine could
not account for the observed decrease in response as a consequence of
desensitization. These results indicate that high concentrations of nicotine
can produce a long-lasting nAChR inactivation which can be distinguished
from reversible nAChR desensitization. (Supported by NIDA 07479)

AGONIST INDUCED UPREGULATION OF NICOTINIC
ACETYLCHOLINE RECEPTORS IN PC12 CELLS. Havner. PJ.*.
Davila-Garcia. M I. and Kellar. K.J. Dept, of Pharmacology. Georgetown
University School of Medicine, Washington, D.C. 20007.
Nicotinic acetylcholine receptors (nAChRs) are found in brain, ganglia,
and neuromuscular junctions. The receptors are heteromeric proteins
composed of a and P subunits that can combine to form a variety of ligand
gated ion channels, each possessing distinct physiological and
pharmacological characteristics. Ganglionic nAChRs differ from those in
brain in a variety of ways. Among other things, rat ganglia do not contain
the a4(32 receptor subtype, which appears to be the predominant nAChR in
the rat brain. The PC 12 cell line, from a rat adrenal pheochromocytoma,
serves as a model system in which to study ganglionic-type nAChRs. These
cells have been shown to contain mRNA for a3, a5, a7 and (32, P3, and P4
subunits. The exact subunit composition of the functional receptors is not
known, but binding assays using [3H]epibatidine suggest the presence of at
least two receptor sites. Chronic treatment of these cells for 8 days with
nicotinic agonists (epibatidine, cytisine, nicotine, carbachol and ACh)
increases the number of [3H]epibatidine binding sites in a concentrationdependent manner. This increase is not affected by mecamylamine, a non
competitive nicotinic receptor antagonists. In preliminary studies,
[3H]epibatidine binding to cells grown in the presence of NGF (20ng/ml)
and nicotine (lOOuM) was three times higher than in cells treated with
nicotine alone.
This research was supported by NIH grants DA06486 and AG09973.

366.3

3 6 6 .4

NICOTINE
CAUSES
FUNCTIONAL
DEACTIVATION OF THE MAJOR NEURONAL
NICOTINIC RECEPTOR BY A PROTEIN
KINASE C DEPENDENT MECHANISM
H. Eilers1. E. Schaeffer2. P. E. Bidder1, and J. R.
Forsaveth*3
'Department of Anesthesia, University of California San
Francisco, CA 94143-0542; 2Central Research Laboratories,
Pfizer Inc., Groton, CT 06340; 3Neurex Corporation, Menlo
Park, CA 94025
The effect of nicotine on the major human neuronal nicotinic
receptor (a4 and p2 subunits) was studied in transfected
HEK-293 cells. Prolonged exposure to low concentrations
of nicotine (1 jiM) increased epibatidine binding, but
abolished Ca++ influx in response to an acute nicotine
challenge. Deactivation could also be caused by downregulating protein kinase C (PKC) with 0.5 mM PDBu, or
by incubating cells briefly with a PKC inhibitor, NPC15437. Recovery from both nicotine-stimulated and PKCmediated deactivation occurred slowly (4-6 h). Reversal of
nicotine-stimulated deactivation was accelerated by the
addition of inhibitors of phosphatase 2 A and 2B. These data
suggest that nicotine-stimulated deactivation occurs by a
process that involves dephosphorylation of desensitized
receptors. Supported by a postdoctoral fellowship from the
Deutsche Forschungsgemeinschaft (DFG) to H.E. and by a
grant to J.F. from Pfizer Inc.
S o c ie ty f o r N e u ro s c ie n c e , V olum e 2 3 ,1 9 9 7

H IG H -P O TA S S IU M T R E A T M E N T IN C R EA SES A L PH A 7 N IC O TIN IC
R E CEPTO R-G A TED C U R R EN TS IN C U L T U R E D R A T HIPP O C A M PA L
NEURONS. N. G. Castro*. H. S. Ribeiro. Departamento de Farmacologia
Basica e Clinica - Universidade Federal do Rio de Janeiro - CC S - llha do
Fundao - 21941-590, Rio de Janeiro, RJ, Brazil.
Neurons from the rat superior cervical ganglion (SC G ) express several
types of nicotinic receptor (nAChR) subunits. In cultured SC G cells, it has
been shown that a high-potassium treatment increases selectively the
expression both of a 7 subunit m RNA and of surface a-bungarotoxin
binding sites, the other nAChR subunits being unaffected (J. Neurosci.
15:7966-78, 1995). W e have tested the effect of high KCI on functional
nAChRs in cultured rat hippocampal cells, measuring acetylcholine-gated
currents using the whole-cell patch-clamp technique. Neurons from E18E20 rat fetuses w ere cultured for at least 14 days and, 24 or 48h before
the experiments, KCI w as added to the medium to yield a final
concentration of 40mM. Recordings w ere m ade in 7-23 neurons sampled
from each culture dish^ always matching a KCI-treated with an untreated
control dish from the sam e culture batch. In the presence of tetrodotoxin
(0.3pM) and atropine (Ip M ), acetylcholine 1mM applied for 0.5s evoked
fast-desensitizing (type I) currents in more than 90% of the cells. Currents
of this type w ere previously shown to be due to the activation of a 7
nAChRs (J. Pharmacol. Exp. Therap. 265:1455-73,1993). In the 8 culture
batches tested (227 neurons sampled), the m ean current amplitude was
from 1.7 to 5.5 times larger in KCI-treated dishes. The effect of the KCI
treatment was significant (P < 0.01, A N O VA) both in the 24-h (3 batches)
and in the 48-h (5 batches) groups. Our results suggest that
depolarization promotes up-regulation of functional a 7 nAChRs in
cultured rat hippocampal neurons.
(Support: FUJB/UFRJ, CNPq, CA PES, Finep/UMAB and PR O N EX .)

918

ACETYLCHOLINE RECEPTORS: NICOTINIC—UP- AND-DOWN REGULATION

366.5
PHARMACOLOGICAL CHARACTERISATION OF INTRACELLULAR AND
EXTRACELLULAR
ASPECTS
OF
NICOTINIC
UPREGULATION.
C.G.V.Sharples*. P.Whiteaker and S.Wonnacott. Dept, of Biology and
Biochemistry, University of Bath, Bath, BA2 7AY, UK.
Chronic nicotine upregulates the number of high affinity nicotinic
acetylcholine receptors (nAChR) in the brain (Wonnacott, TIPS,11: 216,1990).
Upregulation in vitro of an analogous nAChR comprised of a4 and p2 subunits
has been demonstrated in M10 cells (Peng et al., Mol. Pharmacol.,
46:523,1994). W e have studied this phenomenon, using the novel radioligand,
(±)-[3H]epibatidine ([3H]EP). Cultures were exposed to drugs for two days prior
to assay. All agonists tested upregulated [3H]EP binding sites with EC5o values
typically 10-100 fold higher than their respective competition binding K, values.
Maximum increases in [3H]EP binding ranged from 40-250%. Antagonists
tested either failed to upregulate or upregulated mildly at high concentrations.
Exposure to high concentrations of epibatidine (one of the less effective
upregulators) plus nicotine resulted in less upregulation than nicotine alone,
showing epibatidine is a partial agonist. In contrast, of the antagonists tested at
non-upregulating concentrations, only d-tubocurarine significantly inhibited
agonist induced upregulation. Comparison of [3H]EP displacement by
membrane impermeant ligands in intact and membrane preparations of M10
cells indicated that most [3H]EP binding sites are intracellular. Confocal
microscopy using mAbs290/270 versus the p2 subunit reinforced this finding.
To examine if upregulation is triggered at the cell surface, methylcarbamylcholine (MCC) was tested. MCC upregulated [3H]EP binding sites (EC5o=1pM):
assuming MCC remains impermeant on chronic application, this suggests a
surface interaction alone can elicit upregulation. W e conclude that the trigger
for upregulation is neither the active nor the high affinity desensitised state of
the nAChR, and an alternative conformation is proposed.
Supported by MRC and a BBSRC studentship . Thanks to Jon Lindstrom for mAbs.
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366.6
NT-3 DOWNREGULATES NICOTINIC RECEPTOR EXPRESSION
IN MEDIAL HABENULA NEURONS IN CULTURE
R. Krauss. K. Wietasch. K. M. Rosen*, and G. D. Fischbach
Dept, of Neurobiology, Harvard Medical School, Boston, MA 02115.
Regulation of neurotransmitter receptor expression is considered critical for
synapse formation and function. We are interested in identifying factors that regulate
the expression of neuronal nicotinic receptors (nAChRs) in the CNS. These
receptors have been implicated in modulation of synaptic transmission and
mediation of the behavioral effects of nicotine. We found no evidence that a whole
extracellular domain of Ig-like domain neuregulin ¡31, a molecule that regulates
muscle nicotinic receptor synthesis, alters the level of nAChR subunit mRNAs in
rat medial habenula neuronal cultures under a variety of conditions. However we
demonstrate that NT-3, a neurotrophin, downregulated the expression of oc3, a4, (32
and (34 mRNA in these cultures. No change in <x7 mRNA was observed. In parallel,
NT3 treatment reduced the number of neurons that exhibit ACh induced currents that
desensitize relatively slowly. In vivo, NT-3 mRNA was readily detectable at birth in
the mhb nucleus and it decreased during the first postnatal week. Several nAChR
subunit mRNAs increased postnatally, while a7 remained unchanged. We suggest
that the increase in nAChR expression arises as a consequence of the
downregulation of NT-3 and a subsequent release of inhibition. We propose that
neurotrophins have a role as regulators of nAChRs. Supported by NIH to GDF.

366.7
DISTINCT MECHANISMS OF NICOTINE-INDUCED UPREGULATION AND
PERSISTENT
INACTIVATION
OF
NICOTINIC
ACETYLCHOLINE
RECEPTORS (nAChR).

R.J. Lukas*. L. Ke. C.M. Eisenhour and J. Frvcr.
Division of Neurobiology, Barrow Neurological Institute, Phoenix, AZ 85013.
Our previous work has shown that chronic nicotine exposure induces numerical
upregulation (UR) and persistent functional inactivation (PI) of all nAChR
subtypes tested. However, nicotine potencies and the rates of onset and
magnitude of these effects differ for UR or PI of a given nAChR subtype and for
either process across nAChR subtypes. Pharmacological studies now also reveal
mechanistic differences between UR and PI. Nicotine is the most potent and
efficacious of all nicotinic ligands tested in inducing UR of muscle-type nAChR
expressed by TE671/RD human clonal cells. By contrast, UR is induced with
much lower potency and efficacy by nAChR agonists cytisine, DMPP, or
carbachol. None of the other agents mentioned below induces UR alone or
blocks agonist-induced UR. These and other findings suggest the hypothesis that
only nicotinic agonists gaining access to the cytoplasm are capable of inducing
UR by facilitating assembly and/or inhibiting degradation of nAChR and/or their
precursors. PI is induced by agonists nicotine, cytisine, DMPP, carbachol,
tétraméthylammonium, acetylcholine (in the presence of eserine) or by functional
antagonists d-tubocurarine, décaméthonium, forskolin, tetraethylammonium, or
TMB-8. PI is not induced by pancuronium or alcuronium, which instead prevent
PI induced by any of the effective agents via an apparently competitive
mechanism. These findings indicate that PI can be induced or blocked by agents
that neither induce nor block UR, highlighting mechanistic distinctions between
UR and PI. Furthermore, they suggest the hypothesis that PI reflects a unique
state conversion of cell surface nAChR induced by binding of any of a number of
different agents to a site occluded in the presence of competitive antagonists such
as alcuronium or pancuronium. Funded by NIDA, ADCRC and STRC.
EXCITATORY AMINO ACIDS: PHARMACOLOGY— NMDA
367.1
[3H]-HOMOQUINOLINATE BINDS TO A SUBPOPULATION OF
NMDA RECEPTORS AND ALSO TO A NOVEL BINDING SITE.
D.A. Skitter, V.J. Andaloro, J.C. Brown, H.W. Tse, D. Jane, J.C. Watkins'
and D.T. Monaghan* Depts. of Pharmacology, University of Nebraska
Medical Center, Omaha, NE 68198 and Univ. of Bristol, Bristol, UK.
Multiple subtypes of N-methyl-D-aspartate (NMDA) receptors
display subtle pharmacological differences in the mammalian brain.
Discovery of subtype selective radioligands would enable NMDA
receptor subpopulations to be directly characterized. Homoquinolinate
(HQ) has been shown to selectively interact with a subpopulation of
native NMDA receptors in rat brain and to be selective for NR2A- and
NR2B-containing NMDA receptors expressed in Xenopus oocytes. The
present study describes the binding characteristics of [3H]homoquinolinate to a subpopulation of NMDA receptors and to a novel
binding site. Optimal binding of [3H]-HQ occurred at 0°C after 20
minutes and a pH between 6.0 and 7.0. Quantitative receptor
autoradiography of [3H]-HQ showed a binding distribution similar to
that of NR2B subunit expression. Relatively low levels of [3H]-HQ
binding were found in regions enriched in NR2C and NR2D subunits.
[3H]-HQ binding to most regions was potently inhibited by glutamate
and NMDA. However there was a population of binding sites which
were not inhibited by glutamate and NMDA. These sites were found in
the purkinje cell layer of cerebellum, medial striatum, septum, parietal
cortex, CA1 and CA3 region of hippocampus, pyriform cortex, stratum,
retculothalamic nucleus, amygdala, lateral reticular nucleus, pons,
superior colliculus, and olfactory bulb. 2,3-Carboxy-methyl-quinoline,
a derivative of HQ, inhibited the novel binding at 1 mM without
inhibiting the NMDA site. (Supported by a grant from US Army
(DAMD-17-94-C-4050).
S ociety for N e u r o s c ien c e , V olume 2 3 ,1 9 9 7

367.2

CP-283,097, A CONFORMATIONALLY RESTRICTED ANALOG
OF CP-101,606: STRUCTURE ACTIVITY RELATIONS. T.W.
Butler. B.L. Chenard. M.A. Collins. M.F. Ducat. F.S. Menniti. M.J.
Pagnozzi. W.F. White* Central Research Division, Pfizer Inc., Groton,
CT 06340
CP-101,606 was recently identified as a potent NMDA antagonist
with selectivity for the NR2B receptor subtype. This compound
possesses two chiral centers and may exist in several conformations.
In order to better understand the conformational requirements for
affinity at the NR2B subunit containing receptors, a series of
rotationally restricted analogs was synthesized. Rotational restriction
was generated through introduction of a, ring linking the pendant
methyl group of CP-101,606 to the phenolic aromatic ring. In this
manner, indanol, chromanol and tetrahydronaphthol based NMDA
antagonists were prepared and several interesting structure activity
observations were noted. First, 6,6 fused ring systems tended to
increase potency. Second, the new ring resulted in significantly
reduced a l adrenergic receptor affinity (an undesired activity
associated with ifenprodil-like structures). Finally, the preferred
relative stereochemistry in the new fused ring series was reversed from
that of CP-101,606: erythro relative stereochemistry in the fused ring
analogs had the greatest inhibitory activity. The combination of
structural modifications is exemplified by CP-283,097, a new NMDA
receptor antagonist with potency and selectivity for the NR2B subunit
containing receptor equivalent to CP-101,606.
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367.3
CP-283,097, A POTENT ANTAGONIST OF FOREBRAIN NMDA RECEPTORS.
F.S. Menniti*. T.W. Butler. L.K. Chambers. B.L. Chenard. M.A. Collins. M.F.
Ducat. M.J. Pagnozzi, S.B. Sands. W. Volberg. W.F. White Pfizer Inc., Central
Research Division, Groton, CT 06340
CP-283,097 [(+)-3R,4S 3-[4-(4-fluorophenyl)-4-hydroxy-piperidin-l-yl]-chroman-4,7diol] is a potent and selective antagonist of NMDA receptors containing the NR2B
subunit. Inhibition results from a high affinity interaction with an allosteric
modulatory site on the NMDA receptor labelled by racemic [3H]CP-101,606. CP283,097 inhibits racemic [3H]CP-101,606 binding to rat forebrain membranes with a
Kj of 12 ± 2 nM. In contrast, the compound fails to displace ligands interacting with
the glutamate and glycine agonist binding sites or with the channel pore site labelled
with TCP. The racemic [3H]CP-101,606 binding site appears to reside with the
NR2B subunit of the NMDA receptor. Accordingly, CP-283,097 is both more potent
and efficacious for inhibition of ion flux through NR2B-containing than for NR2Acontaining receptors expressed in Xenopus oocytes (NR2B: IC50= 206 nM, 81 %
block; NR2A: 6% block @ 30 |iM). CP-283,097 potently blocks glutamate-induced
neuron loss in primary cultures of rat hippocampal neurons with an IC5() (8 ± 5 nM)
similar to its affinity for the racemic [3H]CP-101,606 binding site. In contrast, the
compound is 400-fold less potent for inhibition of glutamate toxicity in rat cerebellar
granule neuron cultures. This difference in neuroprotective efficacy is consistent with
expression of the NR2B subunit in hippocampal neurons but not cerebellar granule
neurons. In vivo, CP-283,097 inhibits accumulation of fos protein following needle
injury to cortex in rat (MED = 3.2 mg/kg iv) and expression of cfos mRNA following
a subconvulsant dose of NMDA in mouse (ED50= 4 mg/kg ip). The compound also
inhibits induction of catalepsy by haloperidol in rats: potency is similar when given
subcutaneously (ED50= 0.3 mg/kg) or orally (ED50=1.2 mg/kg). Thus, CP-283,097
is a potent antagonist of NMDA receptors expressed in forebrain that warrants
investigation as a treatment for neurodegenerative disorders.
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367.4
A C R ITIC AL A S PA R A G IN E R E SID U E IN T M 2 (C H A N N EL) DO M AIN
O F N M D A R E C E P T O R NR1 S U B U N IT A F F E C T S S P E R M IN E
P O T E N T IA T IO N A N D BLOCK. X. Zhenq*. L. Zhanq. M.V.L. Bennett
and R.S. Zukin Dept. Neurosci. Albert Ein. Coll. Med., Bronx N Y 10461
A single Asn residue in the channel domains of the N M D A receptor
subunits NR1 and NR 2 critically affects channel permeability and
voltage-dependent block by Mg2+. Spermine and other polyamines are
important endogenous modulators of brain N M D A receptors. To
functionally map the sites at which spermine produces potentiation and
block of N M D A currents, w e engineered mutations in and around the
T M 2 domains of each subunit and examined recombinant N R 1/N R 2
receptors expressed in X e n o p u s oocytes. Exchange of Asn598 in
NR1 to Gin substantially reduced potentiation of N M D A responses by
sperm ine, but had little or no effect on voltage-dependent spermine
block. Exchange of A sn598 to Arg abolished spermine potentiation
and block of N M D A currents. These findings indicate that a single
residue can control both potentiation and block by spermine. PC P
com peted with spermine for block of N M D A currents. Moreover, the
N /Q and N /R mutations both reduced block by PC P, suggesting that
sperm ine and P C P produce their block at overlapping, but non
identical sites within the channel. Neutralization of a stretch of six
negatively charged residues on the first intracellular loop just
preceding T M 2 had little or no effect on sperm ine or P C P block,
despite evidence of permeation and/or internal block by the drugs.
This work was supported by NIH grant NS20752 (to RSZ).

BIOLOGICAL STABILITY OF CONANTOKIN PEPTIDES; SUBUNIT
SELECTIVE NMDA ANTAGONISTS. R.T. Laver*. L.-M. Zhou. J.S.
Nielsen. C.S. Walker and R.T. McCabe. Cognetix, Inc., Salt Lake City,
UT 84108.
Conantokins comprise a family of small peptides (17-26 amino
acids) isolated from the venom of marine cone snails, and are characterized
by the presence of 4 to 6 y-carboxyglutamate residues. Three members of
the conantokin family, conantokins G, T and R (Con-G, -T and -R), act as
subunit-selective, functional antagonists of the N-methyl-D-aspartate
(NMDA) receptor. Moreover, these compounds posses potent antiseizure
activity in vivo at doses well below those required for behavioral toxicity.
Many peptide drugs are limited by poor biological stability. We
determined the stability of Con-G, -T, -R, and several synthetic derivatives
in different biological media composed of serum (FS, 20%), and
homogenates of liver (ML, 5%), kidney (FK, 25%), and brain (FB, 25%)
from Frings audiogenic mice. Peptides were added to biological media and
incubated at 37°C. Peptide aliquots were removed at timed intervals and
analyzed by reversed-phase HPLC. Con-G, [ala7]Con-G, Con-T, and ConR were stable in all biological media up to 4 hours. The derivatives EConG and ECon-R, (y-carboxyglutamate residues replaced with glutamate),
demonstrated rapid degradation in FL (T,,= 25.5s and 2.4 min,
respectively); and ECon-G demonstrated rapid degradation in FB (T,/2= 1.6
min) and FK (Tt/= 35.5 s). These data indicate that the presence of ycarboxyglutamate residues in Con-G, -T, and -R may confer favorable
biological stability profiles. Bioavailability data will also be presented.

367.6
[3H]CGP 61594: A PHOTOAFFINITY LABEL FOR THE GLYCINE
SITE OF THE NMDA RECEPTOR SUBTYPE NR1/2B.
M. Honer*. D. Benke. J. Kuhse°. B. Laube0. R. HeckendonA H. Allgeier§. C.
Angst8. H. Monver1. P. Seeburgf. H. Betz° and H. Mohler.
Institute of Pharmacology, ETH and University of Zurich, CH 8057 Zurich; 8CNS
Research, Pharmaceuticals Division, Novartis, CH 4002 Basel; °Max-Planck-Institut
für Hirnforschung, Abteilung Neurochemie, D 60528 Frankfurt; fZentrum für
Molekulare Biologie der Universität Heidelberg, Abteilung Molekulare
Neurobiologie, D 69120 Heidelberg.
The structural organization of NMDA receptors was analyzed using the newly
developed photoaffinity ligand [3H]CGP 61594. This compound interacts selectively
and with high affinity (K = 23 ± 2 nM) with the glycine site of NMDA receptors as
shown by drug displacement studies using rat brain membranes. By covalently
linking [3H]CGP 61594 to NMDA receptors a protein of 115 kDa was labeled. This
protein corresponds in size to the NR1 subunit, suggesting that the glycine
recognition site resides on this subunit. This was confirmed by photolabeling of
immunopurified NMDA receptors and the lack of [3H]CGP 61594 binding to
receptors containing a mutated NR1 subunit (Phe466His). In autoradiograms of brain
sections, the [3H]CGP 61594 binding site showed a pattern of distribution which
corresponded to that of receptors containing the NR2B subunit. Moreover,
immunoprécipitation of photolabeled native receptors with subunit-specific antisera
suggested a preferential binding to NR1/2B receptors. This subtype-selectivity was
confirmed by radioligand binding assays and electrophysiological studies with
different heteromeric recombinant NMDA receptors. Thus, the photoaffinity ligand
[3H]CGP 61594 differentiates NMDA receptor subtypes by their glycine site and
represents a novel tool in the analysis of the molecular architecture of NMDA
receptors.
Supported by grant #31-36327.92 from the Swiss National Science Foundation.

$67.7
EFFECTS OF CLOZAPINE AND CHLORPROMAZINE ON NR1-NR2A AND
NR1-NR2B SUBTYPES OF THE N-METHYL-D-ASPARTATE (NMDA)
RECEPTOR. A.Miller, N.W. Kleckner*. Bates College, Lewiston, ME 04240.
Recently a potential role for NMDA receptor hypofunction has been proposed for
the disorder of schizophrenia (Olney and Farber 1995). It has been postulated that
augmenting glycine transmission at the receptor improves the negative symptoms of
schizophrenia, which are treated most effectively by the atypical antipsychotic drugs
(Lindenmayer 1994). The present study examined whether a typical antipsychotic
agent, chlorpromazine, and an atypical antipsychotic agent, clozapine, differentially
affected the affinity of NMDA receptors for glycine. Subtypes of the NMDA
receptor (NR1-NR2A and NR1-NR2B) were expressed in Xenopus oocytes and tested
for their sensitivity to clozapine and chlorpromazine. Contrary to initial hypotheses,
there were no significant differences between the activities of the two drugs. Neither
drug acted to increase the affinity of the receptor for glycine, as shown by the lack of
shift in the glycine EC50 in the presence and absence of drug. Both drugs acted as
noncompetitive antagonists at concentrations between 30 and 1000 uM. Antagonist
dose-response analysis indicated an IC50 of 177 uM (SD = 129) for clozapine at the
NR 1-NR2A receptor; at the NR1-NR2B receptor an IC50 of 275 uM (SD = 86) was
observed. The IC50 for chlorpromazine was 92 uM (SD = 93) at the NR1-NR2A
receptor and 149 uM (SD = 44) at the NR1-NR2B receptor. These data suggest that
the two drugs act at similar sites on the receptor complexes, but do not support the
hypothesis that enhanced activity at the glycine site differentiates the two drugs, and
thus treats the negative symptoms of schizophrenia. Future research should focus on
further clarifying the activities of these drugs at the NMDA receptor. Funded by the
Howard Hughes Medical Foundation and the Bates College Student Research Fund.

THE NOVEL NMDA/GLYCINE SITE ANTAGONISTS, L-701,324 AND
ACEA-1021 ARE POTENT INHIBITORS OF NMDA-INDUCED CA2+
FLUXES, PKC TRANSLOCATION, AND NEUROTOXICITY. A. Wagner*.
A. Cebere. G. Cebers and S. Liljequist. Dept of Clinical Neuroscience, Divisions
of Neurology and Drug Dependence, Karolinska Institute, Stockholm, Sweden.
Effects of the novel NMDA/glycine site antagonists, L-701,324 and ACEA-1021,
on NMDA-produced enhancement of functional Ca2+responses, protein kinase C
(PKC) translocation, and neurotoxicity were studied in rat cerebellar granule cells.
All the NMDA/glycine site blockers antagonized NMDA-induced elevation of
cytoplasmic free Ca2+ ([C<?+],), an effect which was reversed by in-creasing
concentrations of glycine. Similarly, all antagonists were potent inhibit-ors (L701,324> ACEA-1021>7-chlorokyrenate) of both glutamate- and NMDA-produced
enhancement of 4SCa2+uptake. They also inhibited NMDA-induced stimulation of
4-b-[3H]phorbol-12,13-dibutyrate- ([3H]PDBu) binding, indicati-ve of an inhibition
of PKC translocation. Finally, the antagonists fully blocked NMDA-produced cell
death, assessed by measuring the ability of cells to trans-form MTT into formazan,
whereas they failed to completely antagonize glutamate-produced neurotoxicity.
Since we and others have shown that the currently examined novel NMDA/-glycine
site antagonists do not cause psycho-tomimetic side effects, our data suggest that
these compounds may represent a new class of therapeutically useful
pharmacological agents for the treatment of various diseases known to involve an
overactivity of glutamatergic neurotrans-mission.
(Supported by the Swedish MRC, No. 7688, and the Karolinska Institute)
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367.10
DIFFERENTIAL REGULATION OF RAT BRAIN NMDA RECEPTOR
GENE EXPRESSION AFTER ACUTE AND CHRONIC EXPOSURE TO
ANTIPSYCHOTIC DRUGS. F. Tasceddaab‘. E. Lovatib. N. Brunello3 G.
Racaenib and M.A. Rivab,c. “Department of Pharmaceutical Sciences, Univ. of
Modena, Modena, Italy, bCenter of Neuropharmacology, Univ. of Milan, Milan,
Italy; cDi.Bi.T., San Raffaele Hospital, Milan, Italy.
The neurochemical mechanisms underlying the effects of antipsychotic drugs
(APD’s) are not well understood. More recently, based on anatomical evidence
and functional interactions between dopamine and glutamate, new hypothesis on
their mechanisms of action have been put forward. Using a sensitive RNase
protection assay, the gene expression of two NMDA receptor families (NR-1 and
NR-2) was studied in different brain regions following either a single ip injection
or a 21 day ip treatment of young adult male rats (Sprague-Dawley) with typical
(haloperidol lmg/kg/day) and atypical (clozapine, quetiapine 30 and 25
mg/kg/day) neuroleptics. A single injection with haloperidol significantly
increased the expression of NR-1 and NR-2B in accumbens and that of NR-2A
and NR-2B in hippocampus. Acute treatment with the atypical antipsychotics
clozapine and quetiapine resulted in a similar increase of NR-1 and NR-2 in the
accumbens without changing the mRNA levels in other brain structures. When
haloperidol was injected for 21 days this produced a significant increase of NR-1
and NR-2 in the striatum, whereas clozapine, consistent with its relative weaker
influence on nigro-striatal dopamine function, did not affect the expression of NR
subunits in this region. Interestingly, a prolonged treatment with atypical drugs
but not with haloperidol decreased the mRNA levels for NR-1 and NR-2C in the
accumbens. The regulation of NMDA receptor subunits by ADP’s in different
brain structures may provide useful information to discriminate between
therapeutical and side effects of these drugs, and may represent a novel and
important mechanism through which ADP’s affect the brain.
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THE GLYCINEb ANTAGONIST, MRZ 2/576, IS ANTINOCICEPTIVE IN
BEHAVIOURAL TESTS. M.McClean1. P.M.Headlev1& C.G.Parsons.2
[SPON: Brain Research Association] Dept. Physiology, University of Bristol, BS8
1TD, UK1& Dept. Pharmacology, Merz + Co., 60318 Frankfurt/Main, Germany.
Mrz 2/576 is one of a group of selective and systemically active antagonists at the
glycines modulatory site of the NMDA receptor complex that reduce nociceptive
synaptic responses in vivo (McClean et al, 1996; Soc. Neurosci. 22: 604.19).It has
now been compared with morphine in paw pressure, paw thermal (Hargreaves), paw
weight bearing and rotarod tests in conscious Sprague Dawley rats. Dose response
curves were constructed (n=8 per point) and data were analysed as differences from
baseline values, obtained prior to i.p. injection of compounds. During hyperalgesia
studies, nociceptive thresholds were measured for both hind paws 1 hour before and
3 hours following carrageenin injection into a hind paw.
In non-inilamed animals, time course analysis showed that effects of Mrz 2/576
peaked 5 minutes after i.p. injection. Mrz 2/576 and morphine both caused dose
dependent increases in thermal and mechanical thresholds. Mrz 2/576 increased
paw pressure threshold at a dose (5 mgkg'1; p<0.001) that did not impair rotarod
performance. Morphine 5 mgkg-1 enhanced paw pressure threshold, but decreased
rotarod performance.
In animals with an acutely inflamed paw a reversal of both thermal and
mechanical hyperalgesia was produced by Mrz 2/576, with the same potency as in
normal animals. The potency of morphine in the thermal test was twice that found
in normal animals.
Mrz 2/576 is therefore an NMDA antagonist with ready systemic availability that
produces antinociception at doses below those causing motor impairment and with
a potency comparable to morphine.

ETHANOL INHIBITION OF NMDA-GATED CURRENTS IN
NEURONS: CORRELATION WITH EXPRESSION OF mRNA FOR
THE NMDAR2B SUBUNIT AND THE NMDAR1 EXON 5 SPLICE
VARIENTS. H E. Criswell*. T.J. McCown. A.L. Morrow. F T. Crews
and G.R. Breese. Bowles Center for Alcohol Studies, Univ. N.Carolina.
Chapel Hill NC 27599.
Each NMDA receptor is assembled as a pentamer from a set of
subunits and its pharmacological properties are determined by the
particular subunits present. The effect of ethanol on NMDA function for
a given cell has been associated with the presence of the NMDAR2B
subunit. Because NMDAR2 subunits must assemble with an NMDAR1
subunit to form a functional receptor, we examined the influence of the
NMDAR1 exon 5 splice varients on the effects of ethanol. Whole-cell
voltage-clamp of cultured cerebrocortical cells was used to evaluate the
effect of varying concentrations of ethanol (10 to 100 mM) on currents
evoked by 100 urn NMDA. Following determination of the
concentration-response curve for the effect of ethanol on NMDA
currents, cytoplasm was aspirated into the recording pipette and
subsequently analyzed using standard single-cell RT-PCR techniques.
NMDA evoked inward currents in all neurons studied. Ethanol
decreased the effect of NMDA in a dose-related fashion with larger
effects in younger cultures. mRNA for the NMDAR2B subunit was
found in all cells. Some neurons contained mRNA for NMDAR1
subunits containing the exon 5 insert while others did not. Because
ethanol blocked the effect of NMDA in both cases we conclude that the
exon 5 insert was not necessary for ethanol action.
Supported by USPH grant AA-32620

EXCITATORY ACTION OF N-METHYL-D-ASPARTATE ON THE
RAT LOCUS COERULES IS MEDIATED BY NITRIC OXIDE. S. Hall
B.Milne. K. Jhamandas and *A. Jackson * Depts. of Pharmacology &
Toxicology, Anaesthesia and Medicine, Queen’s Univ., Kingston,
Ontario, Canada K7L 3N6.
Biochemical, electrophysiological and behavioural studies have
suggested that activation of NMDA and non-NMDA receptors contributes
to the hyperactivity of noradrenergic neurons of the locus coeruleus (LC)
associated with opiate withdrawal. Using in vivo voltammetry we have
examined the effect of NMDA application on the response of LC neurons
in opiate-naive animals. In the anaesthetized rat, perfusion of NMDA
(5mmol) solution into the LC through a microdialysis probe (2 //1/min) for
9 minutes resulted in a rapid increase in the catechol oxidation current
(CA*OC) recorded from the LC using differential normal pulse
voltammetry. An injection of the selective non-competetive NMDA
receptor antagonist (+) MK-801 (0.5 mg/kg IV), given 45 minutes after
NMDA infusion, resulted in a rapid restoration of the CA*OC signal to
baseline levels. Intraventricular pretreatment of animals with Nco-nitro-Larginine methyl ester (L-NAME), at a dose which inhibited nitric oxide
(NO) synthase activity in the LC, blocked the NMDA-induced activation
of LC neurons. The results suggest that NMDA-induced excitation of LC
neurons is dependent upon NO and it mimics the LC response elicited
during antagonist-precipitated opiate withdrawal. (Supported by Medical
Research Council of Canada)
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AN INDU CIBLE NM DA R E C E PTO R STABLE CELL LINE W IT H AN
INTRACELLULAR CALCIUM R E PO RTER. P. Besnard*. S. Renard. M.
Partiseti. C. Drouet-Petre. S.Z. Langer and D.G raham . Synthelabo
Recherche, 92500 Rueil Malmaison, France
NMDA receptors are composed of many different subunits subdivided in
two families: NR1 (8 splice variants) and NR 2 (4 related subunits A 
D). As subtype-selective drugs could help determine the composition
and role of the different native NM DA subtypes we developed a novel
strategy to establish stable cell lines expressing various NM DA
receptor subunit combinations and the calcium reporter aequorin.
These cell lines w ere established using a tetracycline inducible
promoter upstream of the NR1A subunit to protect the cells against
cytotoxicity induced by NM DA receptor expression. A clone showing
high levels of NR1 subunit in absence of tetracycline w as
surtransfected with d ifferent N R 2 subunits. S e veral eell-lines
expressing binary combinations of N R 1A /N R 2(A -D ) w ere obtained.
The N R 1A /N R 2A expressing cell line w as characterized in detail.
Expression of NR 1A/NR2A subunits was demonstrated using subunit
specific antibodies and cytotoxicity in absence of tetracycline. This cell
line was used to develop a very efficient functional assay using
aequorin to determine the interactions of antagonists at various sites
on the NM DA receptor. The functional and pharmacological properties
of this recombinant NR 1A /N R 2A receptor evaluated with this assay
produ ced sim ilar results to those ob tain ed p reviously in
electrophysiological and radioligand binding studies of this receptor
subtype expressed in a transient form.
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REGULATION OF NMDA-STIMULATED ACETYLCHOLINE AND GABA
RELEASE BY NITRIC OXIDE, IONOTROPIC AND METABOTROPIC
GLUTAMATE RECEPTOR AGONISTS IN RAT STRIATUM
T. Hanania* and K. M. Johnson. Dept, of Pharmacology and Toxicology, Univ.
of Texas Med Branch, Galveston, TX 77555-1031
Phencyclidine (PCP) has been shown to alter locomotor activity in rodents. This
effect is largely mediated by the ability of PCP to block striatal NMDA receptors. In
this study, release of [l4C]GABA and [3H]acetylcholine (ACh) from striatal slices
was measured to determine the role of NMDA receptors, particularly in the context
of the other glutamate receptor subtypes. The nitric oxide synthase inhibitor
nitroarginine (NA) reduced by about 50% NMDA-stimulated GABA, but not ACh,
release. The increase in basal GABA and ACh release induced by the GABA
transporter inhibitor, NO-711, is TTX-sensitive, suggesting that the increased
release is due to blockade of reuptake of GABA from spontaneously active neurons.
This enhanced release, like NMDA-stimulated release, was also inhibited by about
50% by NA. We previously demonstrated that NMDA-stimulated GABA release is
about 50% dependent on reversal of the GABA transporter. However, these data
show that the mechanism of NO is not mediated by reversal of GABA transporter.
AMPA and kainate (KA) interact additively with NMDA to increase GABA release.
Interestingly, KA stimulates ACh release apparently by releasing glutamate which
then releases ACh through activation of NMDA receptors. NMDA-stimulated
GABA release is potentiated by group 1 mGluR and inhibited by group 2 mGluR
agonists. NMDA-stimulated ACh release is also inhibited by a group 2 mGluR
agonist. Pharmacologic experiments also suggest that GABA, acting through
GABAa receptors, can potentially augment the release of both ACh and GABA
itself. These data help to better understand the context in which blockade of
NMDA receptors by PCP alters glutamatergic transmission in the striatum.
Supported by DA 02073.
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TETANIC STIMULATION POTENTIATES THE ACTION OF
MK-801 ON NMDA-MEDIATED EVOKED POTENTIALS IN
THE SPINAL CORD. D.L. Tauck* and J.J. Kendig. Dept, of
Anesthesia, Stanford University, Stanford, CA 94305.

EFFECTS OF NR2B-SELECTIVE ANTAGONISTS ON FUNCTIONAL
RECOMBINANT NMDA RECEPTORS. J.C. Brimecombe*1. K.A. Hartnett1.
S.R. Arden1. M.J. Gallagher2. D.R. Lynch2, and E. Aizenman1. 1Dept. of
Neurobiol., Univ. Pittsburgh School of Medicine, Pittsburgh, PA 15261; 2Dept.
Pharmacology and Pediatrics, Univ. Pennsylvania, Philadelphia, PA 19104.
Haloperidol and ifenprodil are specific NR2B antagonists. Binding assays
using site-specific mutants suggest that these two drugs may act at distinct sites
on the NR2B subunit, with E201 being critical for haloperidol sensitivity, and
R337 being important for ifenprodil block (Gallagher et al., Soc. Neurosci. Abstr.
22:726; 1996). Other studies, however, suggest that these two sites may
pharmacologically overlap (Coughenor and Cordon, JPET 280:584;1997). In
this study, we have characterized the properties of NR1/NR2B(E201R) receptors
transiently expressed in CHO cells, as NR1/NR2B(R337K) channels are
paradoxically non-functional, in spite of having apparently normal 125I-MK801
affinity (Gallagher et al., JBC 271:9603; 1996). In a luciferase expression assay
(Boeckman and Aizenman, JPET 279:515;1996), we observed that both
haloperidol (HAL) and CP101,606 (CP; an ifenprodil analog) sensitivity were
substantially decreased in NR1/NR2B(E201R) receptors, when compared to wild
type channels. In single-channel studies, NMDA (10 nM)-activated NR1/NR2B
channel open time was unaffected by HAL (10 ^M), although this drug produced
a significant 77% decrease in the frequency of channel opening. CP (1 pM)
induced a 2.1 ms decrease in wild-type channel open time and a 77% decrease in
opening frequency. In NR1/NR2B(E201R) receptors, HAL’s effect on frequency
were significantly decreased to 24% inhibition. The effects of CP on the mutant
channels were not uniform across all patches, with some showing similar
properties to wild-type receptors, while some had decreased sensitivity in both
open time and frequency. In conclusion, wild-type and mutant channels have
overlapping but distinguishable properties. NIH NS29365 and QA07130

MK-801, a non-competitive open-channel blocker antagonist at
NMDA receptors, is often used to test the role o f NMDA receptors in
the induction of phenomena such as long-term potentiation (LTP).
We have previously described apparent block of LTP in spinal cord
by MK-801 but not by competitive antagonists. The present study
tests the hypothesis that the apparent block of LTP by MK-801 is
due to additional irreversible block o f the response itself during the
inducing tetanic train.
In the neonatal rat spinal cord, NMDA channels mediate a
component of the population EPSP underlying the monosynaptic
reflex (MSR). MK-801 (100 nM) depressed the NMDA-mediated
component of the EPSP to 78.9% ± 9.0 o f control (Mean ± SD).
Tetanic stimulation (10 Hz for 60 sec) increased the depression to
35.8% ± 10.9. This apparent increase in efficacy persisted for at
least one hour after the tetanus. Tetanic stimulation in the absence
of NMDA antagonists had no effect on the EPSP. Tetanic
stimulation also did not affect block by the competitive NMDA
antagonist CPP (100 nM). These results suggest that MK-801 is not
a reliable probe fo r the role of NMDA receptors in synaptic plasticity
when NMDA receptors contribute to the test response.
Supported by NIH grant NS13108 to JJK.

367.17
EFFECT
OF
ARGININE
AND
NITRERGIC
DRUGS
ON
[3H]D-ASPARTATE RELEASE.
M. Reiser*. G. Keilhoff. G. Wolf. Inst. Med. Neurobiology, Univ.
Magdeburg, D-39120 Magdeburg, Germany
There are conflicting reports in the literature regarding the effects of nitric
oxide (NO) as well as the involvement of the cyclic GMP-pathway on the
transmitter release. Experiments were performed where different nitrergic
drugs and the NO-precursor arginine have been used to delineate the in
volvement of intra- and extraneuronal NO transducing systems. Rat striatal
slices, preloaded with [3H]D-aspartate ([3H]D-Asp) were incubated and the
radioactivity released into the bathing medium was measured. The effect of
the NO-donors sodium nitroprusside (SNP), SNAP, and SIN-1 depends on
the presence of ascorbate in the incubation medium. SNP has an
irreversible effect on the release mechanism. The NO-precursor arginine
stimulated concentration-dependently (0.01 - 10.0 mM) both the basal and
the high potassium-induced efflux of [3H]D-Asp. Since this effect was
abolished by the NO-synthase inhibitor L-NAME, it is concluded that the
elevation is mediated by NO. Both the cGMP analog 8-Br-cGMP and the
guanylyl cyclase inhibitor ODQ, as well as the lack of external calcium did
not prevent the arginine effect. The massive elevation of [3H]D-Asp efflux
by 48 mM K+, reducible by tetrodotoxin and the glutamate receptor
antagonist MK801, can be further increased by arginine. The role of
endogenous arginine in the high K+ stimulated [3H]D-Asp efflux was
demonstrated in an arginine free medium, in that L-NAME, again, at
tenuated the release. The results are discussed in terms of a presynaptic
NO-action, that was further substantiated by the electron microscopical
localization of NO-synthase predominantly in presynaptic elements.
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BEHAVIOURAL CHARACTERISATION OF AMINO-ALKYL-CYCLOHEXANE
DERIVATIVES - NOVEL UNCOMPETITIVE NMDA RECEPTOR ANTAGONISTS
W. Danvsz*1. C.G. Parsons1. M. Karcz-Kubicha1, K. Wedzony2. M. Gold1. S.
Hölter3. I. Kalvinsh4, V. Kauss4 and A. Jirgensons4, Dept. Pharmacol., Merz + Co,
60318 Frankfurt / Main, Germany1, Institute of Pharmacology, Cracaw, Poland2 ,
Max Planck Institute for Psychiatry, 80804 München3, Institute of Organic Synthesis,
1006 Riga, Latvia4.
Although the concept of clinical use of uncompetitive NMDA receptor antagonist
has been widely criticised in the past, until now, channel blockers are the only
clinically used NMDA receptor antagonists (dextromethorphan, memantine,
remacemide, amantadine). Recently a refreshment of the concept of uncompetitive
NMDA receptor antagonist with moderate affinity has been observed. In line with
this trend , we describe NMDA antagonistic properties of 40 new agents (Parsons et
al., this meeting). The majority of these substances block MES-induced convulsions
in mice with potencies corresponding to their in vitro affinity for NMDA receptors.
The therapeutic index was much better than e.g. for MK-801 (anticonvulsive vs
ataxic/myorelaxant potency). Although they all produced stereotyped behaviour in
mice and rats, this effect only appeared at relatively high doses. Selected agents (e.g.
MRZ 2/579) were characterised in a number of animal models which indicate that
they have therapeutic potential in opioid abuse (Popik et al., this meeting) and strong
neuroprotective activity (Wenk et al., this meeting). Moreover, MRZ 2/579 inhibited
haloperidol-induced catalepsy, reserpine-induced sedation and produced rotation in
rats with unilateral lesion of the nigro-striatal system (10-30 mg/kg) suggesting
antparkinsonian-like activity. MRZ 2/579 failed to show anxiolytic activity in the
plus-maze test, did not change prepulse inhibition and produced partial
generalisation to ethanol cue in drug discrimination test. Hence, MRZ 2/579 and
related agents represent a new chemical class of NMDA channel blockers with
favourable behavioural profile that could possibly be used in drug dependence,
Parkinson’s disease and as neuroprotective agents.
. ,
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PHARMACOKINETIC CHARACTERISATION OF TWO DISTINCT CLASSES OF
NMDA RECEPTOR ANTAGONISTS USING BRAIN MICRODIALYSIS
M.B. Hesselink*1’2, H. Smolders1’2. W. Danvsz1. B. Lorenz1. B. Eilbacher1. A.G. de
Boer2 and P .P. Breimer2. Pept. Pharmacol., Merz + Co, 60318 Frankfurt / Main,
Germany1, Leiden / Amsterdam Center for Prug Research, 2300 RA Leiden, The
Netherlands2.
The clinically used uncompetitive NMPA receptor antagonists memantine and
amantadine are accumulated in brain tissue as compared to serum and CSF levels as
evidenced by animal experiments and studies in humans (Kornhuber et al.,
Neuropharmacology 34, 1995, 713). However, the precise ratio between extracellular
fluid (ECF) and serum concentration is unknown. ECF concentration was determined
using brain microdialysis with in vivo recovery based on the zero-net flux method.
After 14 days s.c. infusion with memantine (20 mg/kg/day) the whole brain tissue
concentration was 25 fold higher than the serum concentration. The free brain ECF
concentration (0.71 fiM) however, was comparable to the serum concentration (1.02
joM), indicating that after clinically-relevant doses the free concentration in the ECF
is within the range of affinity for the NMDA receptor. For amantadine (100
mg/kg/day) the ECF concentration was considerably lower than the serum
concentration (1.31 and 8.69 pM resp.). The inhibitoiy effect of memantine on MESinduced convulsions in mice (lasting up to 4 hours) was unaffected by
coadministration of the organic acid transporter probenecid. Similar experiments
were performed with agents belonging to a new class of NMDA receptor antagonists
(pyridazine quinoline derivatives, MRZ 2/570; 2/571 and 2/576) acting at the glycine
site. Those agents have moderate affinity at NMDA receptors (0.1-0.8 pM) and
reached concentration of 2-6 nM in the brain after administration of 30 mg/kg
i.p..They also inhibited potently (EPso=7-16 mg/kg) MES-induced convulsions in
mice with a rather short lasting action (20-30 min.). Probenecid prolonged both the
duration of anticonvulsive action (120-180 min.) in mice and the brain half-life
measured by striatal microdialysis in rats.
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NOVEL UNCOMPETITIVE NMDA RECEPTOR ANTAGONISTS - IN VITRO
EFFECTS OF AMINO-ALKYL-CYCLOHEXANE DERIVATIVES
C.G. Parsons1* W. Danvsz1. T. Frankiewicz1, S. Hartmann1. A. Bartmann1. M.
Gold1.1. Kalvinsh2. V. Kauss2 and A. Jirgensons2.
The observation, that the high affinity NMDA receptor channel blocker MK-801
produces phencyclidine-like psychotropic symptoms in man and other side effects
such as memory impairment and neuronal vacuolisation in rats has led to the
conclusion that uncompetitive antagonism of NMDA receptors is not a promising
therapeutic approach. However, more recent biophysical data indicate that agents
with low to moderate affinity such as memantine and amantadine may have a better
therapeutic index due to their strong voltage-dependency and rapid unblocking
kinetics. Merz has therefore developed a series of novel uncompetitive NMDA
receptor antagonists based on amino-alkyl-cyclohexanes. All compounds displaced
pH]-MK-801 (5nM) binding to rat cortical membranes with Kis of between ljiM
and 300jiM. Inward current responses of cultured hippocampal neurones to NMDA
were antagonized by these same compounds in a strongly voltage-dependent manner
with rapid blocking/unblocking kinetics similar to those of memantine. The more
potent compounds provided near complete protection against glutamate (100|aM)
induced neurotoxicity in cultured cortical neurones at 5-20|jM. There was a good
cross correlation between potencies in these three in vitro assays (Coeffs. > 0.70, p <
0.001). One representative example, namely Mrz 2/579 was also protective against
hypoxia/hypoglycaemia induced depression of fEPSPs in CA1 of hippocampal slices
at concentrations below those required to block the induction of LTP in the same
preparation. These compounds are also NMDA receptor antagonists in the CNS
following systemic administration and have good therapeutic indices in a variety of
in vivo behavioural models where glutamate is known to play a pivotal role (Danysz
et al. this meeting). In view of their relatively low affinity and associated rapid
kinetics, they should prove to be useful therapeutics in a wide range of CNS
disorders.
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Identification o f am ino acid residues in G IuRS an d GluR6
kain ate receptors th a t control functional behavior.
G.T.
Swanson*. R.W. Gereau IV. T. Green and S.F. Heinemann. Molecular
Neurobiology Laboratory, The Salk Institute for Biological Studies, La
Jolla, CA 92037.
GluR5 and GluR6 kainate receptors differ in their responses to a variety
of agonists, despite their relatively high primary sequence homology. We
have used this feature to carry out a structure-function study whose
objective was to identify the amino acid residues which play a critical role in
producing the divergent responses to the agonists AMP A, domoate and
kainate. Results from patch-clamp analysis of chimeric GluR5-GluR6
receptors indicated that important kinetic sites, particularly that determining
low-affinity AMPA sensitivity, were localized on the C-terminal side of
TM1. We subsequently made point mutations to the GluR6 receptor which
converted single amino acids to the analogous residue in GluR5, at all sites
between TM3 and TM4 which differed between the kainate receptor
subunits. Our results suggest that amino acid N692 controls the sensitivity
to AMPA and the slow current decay rate after removal of domoate.
Mutation of the homologous site (S691N) in GluR5 had reciprocal effects,
resulting in a channel that was insensitive to AMPA and which had slowed
domoate decay rates. Additionally, mutation of A660 in GluR6 slowed
kainate desensitization. Reduced binding affinities were observed with these
two GluR6 mutants. These results support a critical role for these two S2
residues in channel activation. Supported by grants from the NIH and the
McKnight Foundation to SFH and NRSA fellowships to GTS and RWG.

RAT GLUR7 IS A FUNCTIONAL KAINATE RECEPTOR WHICH IS
MODIFIED BY SPLICING. H.H. Schiffer*. G.T.Swanson. D.E.Vetter and
S.F. Heinemann. Molecular Neurobiology Laboratory, Salk Institute, La
Jolla, CA 92037
Recently we have been pursuing experiments to localize and identify new
RNA editing or splicing sites in glutamate receptors. As a result, we have
isolated a new splice variant of the kainate receptor subunit GluR7 mRNA
which has a 40 nucleotide insertion 3’ to the region encoding TMIV. This
introduces a frameshift in the GluR7 transcript, which encodes a receptor
with a novel C-terminal amino acid sequence. The spliced receptor, named
GluR7b, is 9 amino acids shorter than GluR7.
Patch-clamp analysis of the GluR7 subunits after expression in HEK293
revealed that, in contrast to previous results, GluR7 formed functional
homomeric and heteromeric kainate receptors. GluR7 receptors exhibited
fast desensitizing currents when activated by glutamate. Preliminary
concentration-reponse curves yielded a peak (non-desensitized) EC50 for
glutamate of ~3 mM. GluR7 was unresponsive to both domoate and
AMPA. Coexpression of GluR7 and KA1 produced channels which were
weakly sensitive to domoate and AMPA. Currently, we are examining
functional properties of GluR7b, as well as mapping the distribution of
GluR7b mRNA, which is expressed in brains of embryonic and adult rats.
A recent report described RNA editing in the transcript coding for the
human GluR7 homologue (EAA5). To determine whether these editing
events occur in rat GluR7 mRNA, we sequenced GluR7 genorriic DNA and
RT-PCR products, and quantitated editing at these sites using a primer
extension assay. No editing in rat GluR7 transcripts was detected.
Our results show that GluR7 is a functional member of the kainate
receptor family, showing unique molecular and physiological properties.
This work was supported by the Deutsche Forschungsgemeinschaft, an NRSA
fellowship, and the NIH and the McKnight Foundation.
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G L U R 5 M U T A N T M IC E H A V E A L T E R E D K A IN A T E
RECEPTOR
RESPO N SES
IN
DORSAL
ROOT
G A N G L IO N
N E U R O N S . A ndreas Sailer. G eo ffrey T.
Swanson. Richard H. Dyck. Yukiko Goda*. Stephen O ’Gorman#.
and Stephen F. H einem ann. M olecular N eurobiology Laboratory,
#Gene Expression Laboratory. The Salk Institute for Biological
Studies, La Jolla, CA 92037, USA.
Editing at the Q/R site o f mRNAs coding for glutamate receptor
subunits has been shown to alter the C a2+-perm eability, rectifi
cation, and single channel conductance of the ion channels. Analysis
of total brain mRNA for GluR5 showed that about 40% o f the
mRNA transcripts are edited. To address the physiological role of
glutamate receptor mRNA editing in the brain, we have made mutant
mice which express 100% edited GluR5 mRNA (GluR5 R/R), as
well as GluR5 knockout mice using ES-cell-mediated transgenesis.
In a first step we have analyzed the electrophysiological response
to agonist application in acutely isolated dorsal root ganglion (DRG)
neurons. We find that, in DRG neurons of editing m utant animals
less cells respond to domoate application (30% GluR5 R/R versus
59% GluR5 wt/wt) and that the peak amplitude in the responding
cells is reduced by a factor of six (21mA GluR5 R/R versus 136mA
GluR5 wt/wt). No responses could be detected in DRGs from
GluR5 (0/0) mice. W hether this changed electrophysiology in
mutant animals is also reflected in alterations in different paradigms
for pain sensation is currently under investigation.
This work was supported by grants from the SNF and DFG to
AS, the NIH to GTS, SOG, and the M cKnight Foundation to SFH.

TRANSCRIPTION FACTOR BINDING SITES CONTROLLING
THE
EXPRESSION
OF THE
KAINATE-PREFERRING
GLUTAMATE RECEPTOR SUBUNIT KA2, S. Scherer* and V.
Gallo. Lab. Cell. Mol. Neurophysiol., NICHD, NIH, Bethesda, MD
20892,
The G RIK5 gene encodes the rat kainate-preferring glutamate
receptor subunit KA2. We have previously demonstrated that 2 kb of
5’ flanking sequence is sufficient to direct tissue-specific expression
of GRIK5 in both cell culture and transgenic mice. Furthermore, this
GC-rich promoter lacks a TATA box, contains multiple transcription
initiation sites and two sets of trinucleotide repeats. The combination
of sequence analysis and transcription assays using the reporter gene
CAT, led us to search for transcription factor binding sites in the
proximal 5 ’ region upstream of the primary transcription initiation
site at -272 with respect to the ATG codon in the mature transcript.
Here, using the electrophoretic mobility shift assay, we report that
two of the four consensus binding sites for the transcription factor
S p l, located 172 and 293 bp upstream of the primary transcription
initiation site, together with an AP-2 site at -198, are specifically
bound by nuclear proteins extracted from the glial cell line, CG-4.
These results have been confirmed in the case of the proximal S pl
site by DNase I footprinting analysis. Further deletion and mutational
studies are currently aimed at determining whether these sites are
functional and what further ds-acting elements are required for the
tissue, region and cell-type specific transcription of GR1K5.
Supported by IRTA Fellowship, NICHD.
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MUTATIONAL ANALYSIS IDENTIFIES A NOVEL NEGATIVE
REGULATORY ELEMENT IN A GLUTAMATE RECEPTOR GENE. F*
Huanq. L.-J. Chew and V. Gallo*. Lab. Cell, and Mol. Neurophysiol.,
NICHD, NIH, Bethesda, MD 20892.
The gene GRIK5 encodes the rat kainate receptor subunit KA2. We have
previously demonstrated that a 500 base pair DNA fragment of intron 1
negatively regulates GRIK5 transcription. We have now performed
mutational analysis of the nuclear protein binding site within this fragment
and defined a novel 11 nucleotide DNA element (CCTCTGACCTT)
accounting for the negative activity. Gel shift assays performed with
nuclear extracts from the oligodendrocyte cell line CG-4 indicated that
mutation of 10 nucleotides in this region completely prevented binding of
the relevant protein(s) and the inhibitory effect of the intragenic element on
GRIK5 transcription, as determined by reporter gene analysis. Mutations of
1-3 nucleotides either resulted in a partial recovery in binding activity and
reporter gene transcription, or did not produce any significant effect. Base
substitutions upstream or downstream of this element did not affect nuclear
protein binding or reporter gene transcription. Gel shift analysis revealed
that the DNA-binding activity is present at much higher levels in rat brain
nuclear extracts than in heart, kidney or liver. In the brain, the relative
levels of this activity were higher between embryonic day 16 and postnatal
day 6, and drastically declined in the adult. Higher DNA-binding activity
was found in glia than in neurons. We conclude that a novel DNA
regulatory element modulates GRIK5 transcription, and that differential
regulation of the functional activity of the binding protein(s) might modify
GRIK5 transcription in distinct neural cell types during development. We
are currently isolating cDNA clones of this DNA-binding nuclear protein(s)
by using a one-hybrid system.

KAINATE RECEPTOR CLUSTERING ACTIVITY OF PSD-95.
E.P. Garcia. J. Shang. S. M ehta and J. M arshall*. Molecular
Pharmacology, Physiology and Biotechnology, Brown University,
Providence, RI.
Recently, it has been demonstrated that PSD-95/SAP90 mediates
the clustering o f NMDA receptors. Here, we demonstrate that co
expression of the KA2 subunit of kainate receptors and PSD-95 in COS
cells mediates clustering of KA2 subunits. Cells were transiently
transfected with either myc-tagged KA2 cDNA or myc-tagged PSD-95
cDNA, or co-transfected with both. Clustering was assessed by indirect
immunofluorescence using either anti-myc epitope or anti-KA2 antibodies.
We find that when KA2 subunits are expressed by themselves, KA2
immunoreactivity is diffusely distributed. Similarly, expression of PSD-95
alone results in a diffuse distribution of that protein. However, co
expression of PSD-95 + KA2 results in numerous clusters. Intriguingly,
KA2 does not have the consensus sequence "ET/SXV", thought to be
responsible for clustering NR2 NMDA receptor subunits and Shaker-type
voltage-gated K channels and present at the C-terminal tails o f these
proteins. To determine the region o f KA2 responsible for clustering, we
recombinantly expressed in E. coli and purified the C-terminal region of the
KA2 subunit. We find that this region of KA2 is capable of binding the
PSD-95 protein.
We also find that co-expression o f the GluR6 subunit o f kainate
receptors and PSD-95 in COS cells mediates clustering of GluR6 subunits.
Interestingly, co-expression of KA-2 and PSD-95 with GluR6 in COS
cells causes a synergistic increase in receptor clustering, increasing the
cluster size by several-fold. W e are currently attempting to determine the
domains on PSD-95 responsible for these interactions.
Supported by R29 NS 33914-02 (NIH) and SA047 (CTR) to J.M.
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369.1
A TRANSLATIONAL IN H IB IT O R Y M O T IF RESIDES IN TH E
GLUR2 5'-UNTRANSLATED LEADER. S.J. Mvers*. J.B. Re,vfinnanrh and
R. Dingledine. Dept, of Pharmacol., Emory Univ. Sch. of Med., Atlanta, GA 30322.
GluR2 is the key subunit controlling calcium permeability and rectification
properties of AMPA receptors in neurons. Previous analysis of rat brain GluR2
mRNAs by 5'RACE and primer extension revealed multiple transcription initiation
sites giving rise to long (from -286 to -481 bases, relative to the GluR2 AUG
initiation codon), and differential GC-rich GluR2 5'-UTRs. Furthermore, different 5'leaders would also contain 3-5 upstream AUG codons that could lead to premature
translation initiation, and consequently, abortive GluR2 expression in neurons.
We investigated the role of the 5'-UTR in modulating GluR2 translation in both a
cell-free reticulocyte lysate assay and by functional expression in Xenopus oocytes.
Deletion of all but 7 bases from the full-length GluR2 leader resulted in an -18 fold
increase in translated GluR2 protein in vitro. Additional deletion constructs that
sequentially removed portions of the 5'-end of the GluR2 leader indicate that the
majority (-10 fold) of the inhibitory activity of the GluR2 5'-UTR mapped to a region
from -302 to -429 bases upstream from the GluR2 initiation codon. Additional
translational inhibition can be relieved when multiple AUG codons are removed within
a given construct. When in vitro transcribed mRNAs from selected GluR2 5'-UTR
constructs were coinjected with GluRl into Xenopus oocytes and the GluR2
abundance estimated by fits of the AMPA receptor I-V plots to the Woodhull model
for internal polyamine block, similar results were observed as those found in the
reticulocyte lysate assays. Here, deletion of the entire GluR2 leader resulted in a
similarly, large 30-40 fold increase in GluR2 expression above that of the full-length
GluR2 control, and again most of the activity mapped to the -302 to -429 base region.
These results indicate that GluR2 translation is 1) repressed predominantly by an
inhibitory motif in the 5' distal region of the UTR, 2) is negatively influenced,
although less severely, by the presence of multiple upstream AUG codons, and 3) may
be regulated in vivo since the region of translational suppression spans the region of
transcription initiation site clusters previously identified from rat brain mRNA.
Supported by Bristol-Myers Squibb (RD) and an NRSA (SJM).

369.3
REGULATION OF AMPA RECEPTOR PROMOTER ACTIVITY BY
NEUROTROPHIC FACTORS. S. Brene*. C. Messer. H. Okado1. S.F.
Heinemann1. and E.J. Nestler. Laboratory of Molecular Psychiatry, Yale Univ.
Sch. of Med., New Haven, CT 06508; 1The Salk Institute, La Jolla, CA 92186.
Recent findings demonstrate that AMPA receptor levels are regulated by
psychotropic drugs and by excitatory amino acids in the brain. In some cases,
changes in AMPA receptor subunit levels coincide with the regulation of
subunit mRNA levels, for example, regulation of GluR2 in hippocampus after
treatment with the glutamate receptor agonist, kainate. These findings
suggest that one mechanism of AMPA receptor regulation may be at the level
of gene transcription. Cloning of a 6 kb portion of the 5'-promoter region of the
AMPA receptor GluR2 gene revealed some features shared by certain other
neuron-specific genes, such as the lack of a TATA/CAAT box and the
presence of a neuron-restrictive silencer element. We also have analyzed
GluR2 promoter activity using transient transfections in neuronal cell lines of a
1.4 kb promoter fragment driving a luciferase reporter gene. As a first step, we
examined regulation of promoter activity by neurotrophic factors. BDNF (brainderived neurotrophic factor) and GDNF (glial-derived neurotrophic factor)
induced a 2-fold and a 4-fold increase, respectively, in GluR2 promoter activity.
Levels of endogenous GluR2 immunoreactivity measured by western blot
were also increased under these conditions. We are now further characterizing
functional response elements in the promoter by transiently transfecting
GluR2 promoter constructs in which we have deleted or mutated specific sites
in the promoter. These constructs have provided preliminary information
concerning the sites in the promoter that mediate induction by BDNF and
GDNF. Regulation of promoter activity by various second messenger pathways
is also under investigation. Together, these findings are consistent with the
possibility that one mechanism of regulation of AMPA receptor function occurs
at the transcriptional level. (Supported by MH25642.)

3 6 9 .5

IDENTIFICATION OF AMPA INTERACTING PROTEINS BY
THE YEAST TWO HYBRID SYSTEM P. O sten. S. Srivastava.
G. T. Inman. S. Villim. L. Lee. L. Khatri and E.B. Ziff. HHMI
and Dept, of Biochemistry, NYU Medical Center, 550 First
Ave, New York, NY 10016
AMPA receptors mediate fast synaptic transmission in the
brain. These receptors consist of a family of four highly
homologous subunits: GluRl through 4. According to the
accepted topology of the receptor, each of the subunits is a
transmembrane protein with a large extracellular Nterminus, four transmembrane domains and an
intracellulary located C-terminus. Several proteins have been
shown to interact at the C-termini of other types of ionic
channel receptors including the NMDA receptor and
acetylcholine receptor. Using the 50 amino acids of the GluR2
C-terminus, we have screened the rat-brain cDNA library by
the yeast two-hybrid method. We have recovered several
interacting proteins, among them a new PDZ domain
containing protein named PSD 96 [Srivastava et al. (1997)
Neurosc. Abstr.] Other clones are currently being investigated
to verify their interactions in mammalian cells, as well as to
asses the functions of these interactions on the properties and
metabolic processing of the receptor. [Supported by the
Howard Hughes Medical Institute.]
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CLONING AND PROM OTER ACTIVITY OF THE 5’ FLANKING
REGION OF THE RAT GLUR1 GENE. K. Borges*. S. Pavne and
R Dinpledine. Dept, of Pharmacology, Emory University, Atlanta Ga.
The relative expression levels of GluR2 and the other AMPA receptor subunits
determines calcium permeability, single channel conductance, blockade by internal
and external poly amines. Expression of glutamate receptor subunits is cell-specific
and is differentially altered in disease states or in cultured cells grown under different
conditions. The promoter of the GluR2 subunit is currently studied in our lab,
however genetic control of the other AMPA receptor subunits is as critical in
determining the physiological parameters of the receptors. We chose to investigate
genetic regulation of the GluRl gene, since it is coexpressed with GluR2 in many
cells and seems to be differentially regulated compared to GluR2. We cloned and
sequenced 5 kb of the 5 ’ flanking region of the rat GluRl gene, which harbors a
B2 type Alu repeat, a 90 bp ACAT tetranucleotide repeat and a 60 bp GA repeat.
A 1772 bp fragment (from -1957 to -185 bp relative to the 1st ATG) and a 1097 bp
fragment (position -1090 to +7 bp) were cloned in front of the promoterless Renilla
luciferase reporter gene and these constructs were transfected into primary cultures of
rat cortical neurons and glia. The 1.8 kb GluRl fragment seems to have promoter
activity, since luciferase activity was 3-fold higher in neurons when it was inserted
in the forward compared to the reverse direction. In neurons, promoter activity of the
1.1 kb region was about 4-fold lower than the 1.8 kb fragment, whereas in glia
there was no significant difference between the two fragments. Compared to the
GluR2 promoter-Renilla luciferase construct (-1251 to -109 bp relative to the first
ATG), the 1.1 and 1.8 kb GluRl fragments were 28-fold and 6-fold less active in
neurons. However, in glia both the 1.1 and 1.8 kb GluRl constructs had 2.5-fold
higher luciferase activity than the GluR2 construct. Thus, the GluRl upstream
sequence appears less neuron-specific than the GluR2 promoter. Differential
regulation of the GluRl and GluR2 genes can now be studied in cotransfection
experiments.
Supported by Deutsche Forschungsgemeinschaft and the Bristol-Myers Squibb Co..

3 6 9 .4
CALNEXIN AND BIP CO-IMMUNOPRECIPITATE WITH AMPA RECEPTORS.
M.E. Rubio*. R.J. Wenthold. Lab. of Neurochemistry NIDCD, NIH, Bethesda, MD
20892
To identify proteins that interact with AMPA receptors, we investigated proteins
that co-immunoprecipitated with detergent-solubilize AMPA receptors from rat brain.
Total membrane fractions of rat forebrains were solubilized with 1% Triton-X in 50
mM Tris buffer, pH 7.5, containing 0.5 mM PMSF, 2.5 mM EDTA, 10 )lM
leupeptin and 10 |J.M pepstatin, for 30 minutes at 4°C. AMPA receptor subunits were
immunoprecipitated using subunit-specific antibodies for GluRl, GluR2/3 and GluR4
attached to protein A-agarose, and were analyzed by silver staining and Western
blotting. By silver staining, the characteristic Mr=108,000 band corresponding to
AMPA receptors was clearly seen along with several other bands migrating in the
range of Mr=17,000-100,000. Based on their molecular weights, we identified several
candidates which co-immunoprecipitate with AMPA receptor subunits. Two of them
are the molecular chaperones, calnexin (a membrane-bound protein of 90 kD) and BiP
(a lumen binding protein of 78 kD), that have been described to cooperate sequentially
in facilitating folding of nascent proteins within the endoplasmic reticulum
(Hammond and Helenius, 1994, Science, 266:456-458). We used specific antibodies to
calnexin and BiP to determine the interaction of AMPA receptor subunits with these
molecular chaperones. When we immunoprecipitate calnexin and BiP, we also found
that GluRl and GluR2/3 co-immunoprecipitated. To determine the distribution of
calnexin and BiP and their relationship to AMPA receptor subunits in neurons, we
analyzed hippocampus and cerebellum by immunocytochemistry. Pyramidal cells in
the hippocampus and Purkinje cells of the cerebellum were immunopositive for both
calnexin and BiP with staining extending from the cell bodies to proximal and distal
dendrites. By double immunofluorescence, we found areas of the cell bodies and
dendrites where AMPA receptor subunits and the chaperones colocalize. Our studies
show that AMPA receptor subunits interact with calnexin and BiP and that this
interaction may exist in cell bodies as well as in dendrites. (Supported by NIDCD
Intramural Program).

3 6 9 .6
SYNAPTIC DISTRIBUTION OF GLUR2 IN HIPPOCAMPAL GABAERGIC
INTERNEURONS AND PYRAMIDAL CELLS: A DOUBLE LABEL IMMUNOGOLD ANALYSIS. Y. He*. W.G.M. Janssen. P. Vissavaiihala. J.H. Morrison.
Neurobiol. of Aging Labs, Mt. Sinai Sch. of Med., New York, NY 10029.
GluR2 is the regulatory subunit in the AMPA family of glutamate receptors
(GluRs), in that its presence inhibits calcium flux and dominates the
current/voltage characteristics of AMPA receptors. Studies from other
laboratories (e.g., Geiger et al., Neuron, 1995) have shown that GABAergic
intemeurons have a lower ratio of GluR2/GluRl mRNA than pyramidal cells, as
well as possessing AMPA receptors that have a higher relative permeability to
calcium. We hypothesized that such differences might be related to differences
in the subunit stoichiometry at the AMPA synapses in each cell class, and used
a GluR2-specific monoclonal antibody in a double label immunogold protocol
with Anti-GABA to compare the GluR2 representation at asymmetrical synapses
in GABA neurons to that of pyramidal cells in rat CA1. Virtually all CA1
pyramidal cells as well as the majority of GABAergic interneurons were GluR2positive. EM immunogold labeling also showed that GABAergic intemeurons had
distinctive ultrastructural features, and contained GluR2 in both their soma and
dendrites, as did the spines and shafts of pyramidal cells. GluR2
immunoreactivity was frequently located at asymmetric synapses on both
pyramidal cell spines and dendritic processes and soma of GABAergic
interneurons, however, the labeled synapses on GABA neurons had a
significantly lower number of immunogold particles than those on pyramidal
cells. In fact, 90% of the asymmetrical synapses on GABAergic cells had 1-3
gold particles, whereas greater than 70% of the asymmetric synapses on
pyramidal cells had 4 or more gold particles associated with the synapse. These
data suggest that while both cell classes contain GluR2, they differ in the
relative representation of GluR2 at their AMPA synapses, and such differences
in synaptic stoichiometry might lead to differences in calcium permeability,
functional characteristics and selective vulnerability across these two cell
classes. Supported by NIH grant AG06647 and The Dana Foundation.
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COLOCALIZATION OF AMPA TYPE GluR1 AND 2 SUBUNITS IN RAT BRAIN
P.Vissavaiihala*. W. G. M. Janssen. C. Brown. J. H. Morrison. Neurobiol.
of Aging Labs and Fishberg Research Center for Neurobiology, Mt. Sinai
School of Medicine, New York, NY 10029.
AMPA type GluRs 1, 3, and 4 which are not subjected to RNA editing
can form homo- or heteromeric channels and result in Ca2+ permeable
AMPA receptors. The presence or absence of GluR2 and the degree to which
it is edited ultimately regulates the Ca2+ influx in the GluR-containing
heteromeric AMPA channels in the CNS. Well characterized antibodies for
both GluR 1 (pplyclonal; INCSTAR) and GluR2 (monoclonal; Vissavajjhala etal.
1996, Exp. Neurol. 142, 296), which do not cross react with other AMPA/KA
type GluRs (1-7) were used to study the distribution of GluR1 and its
colocalization with GluR2 in rat brain.
A rabbit polyclonal antibody to the GluR1 subunit was raised against an
antigen comprising the C-terminal peptide of rat/human sequence
(KMSHSSGMPLGATGL:893-907 amino acid residues) conjugated to bovine
thyroglobulin. In order to characterize the subunit specificity of the polyclonal
antibody in respect to the other highly homologous (40-70%) rat AMPA/KA
type GluR subunits, the cDNAs of AMPA/KA GluRs (1-7) were expressed in
transformed human embryonic kidney cells and were screened with the
antibody by Western blotting as well as immunostaining. This antibody was
was shown to be immunoreactive only for GluR1 both in the denatured and
native/paraformaldehyde fixed form in the in vitro expression. Corresponding
immunoreactive proteins to the recombinant GluR1 were also noticed in the
Western blotting with rat, macaque monkey and dog brain cortical extracts.
GluR1 is evenly distributed in the soma and dendrites of hippocampal and
neocortical neurons and often colocalized with GluR2 in both pyramidal
neurons and interneurons. Currently, electron microscopic studies of GluR1
and GluR2 colocalization are being pursued. Supported by NIH grant AG06647.

GLUR2 ANTISENSE KNOCKDOWN REVEALS DEVELOPMENTAL
R EG U LA TIO N OF EPILE PT O G EN IC ITY AND H IPPO CA M PA L
N EU ROD EG EN ER A TIO N. L.K. Friedm an* and J. Veliskovd. Depts
N euroscience and Neurology, A lbert Einstein College o f M edicine,
Bronx, N Y 10461
In pup rats, resistant to kainic acid seizure-induced hippocampal
damage, GluR2 mRNA and protein expression remain constant in CA3
neurons and may contribute to their survival. GluR2 knockdown in P I 3
pups leads to seizure-like behavior and CA3 cell death. To investigate
w h eth e r alte ra tio n s in b eh a v io r c o rresp o n d to ch a n g es in
electroencephalography (EEG) patterns and w hether behavioral and
neurodegenerative changes are developmentally regulated, we examined
the effects of unilateral microinfusion (2-4 days) o f GluR2 antisense
oligodeoxynucleotides (ODNs) into hippocam pus at three ages (P9,
P I 3, and adult). At P I 3, pretreatm ent o f G luR2 antisense ODNs
resulted in spontaneous seizure-like behavioral m anifestations. EEG
recordings revealed interm ittent bursts o f high frequency and high
am plitude d ischarges asso ciated w ith vigorous and co ntinuous
scratching. N eurodegeneration of CA3 neurons was observed distant
from the cannula injection site. 33p GluR2 antisense autoradiography
showed the ipsilateral dorsal hippocampus was selectively labeled. In P9
pups and adult rats, GluR2 protein was decreased in the absence of
behavioral m anifestations; distant hippocam pal dam age was not
observed. Results indicate that a localized reduction o f hippocampal
G lu R 2 su b u n it e x p re s s io n in d u c es s e iz u re -lik e b e h a v io ra l
manifestations, alterations in EEG recording patterns, and the loss of
CA3 neurons, during a specific postnatal period (2nd-3rd week), when
GluR2 expression peaks in developm ent and glutam atergic inputs are
maturing.
[supported by March of Dimes]
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The Expression Patterns of AMPA Receptor Subunits by Single Striatal
Neurons. Q. Chen*. W.i. Song. D. J. Surmeier. and A. Reiner. Dept.
Anat. & Neurobiol., Univ. of Tennessee, Memphis, TN 38163.
AMPA-type glutamate receptors are composed of subtype specific
subunits, namely GluR1-GluR4. Knowledge of AMPA subunit compo
sition in single striatal neurons is critical for understanding the
functioning of striatal neurons and the selective vulnerability of stri
atal neurons to putative AMPA receptor-mediated diseases such as
global ischemia. In the present study, single cell RT-PCR analysis was
carried out to determine the presence of AMPA receptor subunit
mRNAs in both striatal projection neurons and interneurons. Striatal
neurons were identified to be projection neurons by their expression
of either ENK and/or SP mRNAs, and to be cholinergic intemeurons by
their expression of CHAT mRNA. Our results showed that 93.8% of
ENK+ neurons (n=16), 75% of SP+ neurons (n=12), and 86.7% of
ENK+/SP+ neurons (n=15) expressed GluR1 subunit mRNA. All the
sampled striatal projections (n=43) contained GluR2 message. In
contrast, 31.2% of ENK+ neurons (n=16), 16.6% of SP+ neurons
(n=12), and 60% of ENK+/SP+ neurons possessed GluR3 mRNA. No
GluR4 mRNA was detected in the striatal projection neurons. Most
CHAT+ neurons showed only very weak signal for AMPA receptor sub
unit mRNAs. Our results showed that there is a differential expres
sion patterns of AMPA receptor subunits by single striatal neurons.
Further studies are underway to correlate AMPA receptor subunit ex
pression by single neurons with resultant receptor functions.

DIVERSITY OF AMPA RECEPTORS IN NEOCORTICAL NONPYRAMIDAL
CELLS. M.C. Angulo. B. Lambolez*. E. Audinat. S. Hestrin. J. Rossier. Laboratoire
de Neurobiologie, ESPCI, 10, rue Vauquelin, 75231 Paris, cedex 5.
The fast excitatory synaptic transmission in the central nervous system is mainly
mediated by a-amino-3-hydroxy-5-methylisoxasole-4-propionic acid receptors
(AMPARs). These receptors are multimeric assemblies of four different subunits,
GluRl-4. Further diversity is generated by alternative flip/flop splicing of all subunits
and mRNA editing. In order to study the role played by the molecular composition in
determining the functional properties of native AMPARs, we studied these receptors
from layer IV/VI neocortical nonpyramidal cells of 13-20-day-old rats. Their
functional and molecular properties were analysed by combining fast glutamate
application on outside-out patches and single cell RT-PCR techniques.
Consistently with previous works, we found considerable variations of AMPARs
molecular composition from one cell-type to another. We confirmed that the
expression of flip/flop subunit proportions is cell-type dependent and that splicing of
each subunit is independently regulated at the single cell level. In contrast, our data
suggest that the R/G editing is not independently regulated for each subunit. We
confirm that permeation properties are regulated by the expression of GluR2. In
contrast, the regulation of kinetic properties could not be attributed to any of the
molecular determinants considered, suggesting more complex struture-activity
relationships. In previous studies, the described AMPARs show fast desensitizationinward rectification and slow desensitization-no rectification. Here we observed new
types of native AMPARs characterized by fast desensitization-no rectification or slow
desensitization-inward rectification. The existence of these latter receptors supports
the view that permeation and kinetic properties of native AMPARs are coupled in a
cell-type dependent manner and that their molecular determinants are not the same.
This work was supported by Centre National de Recherche Scientifique (CNRS),
France.

Supported by NS-19620, NS-28721 (AR) and NS 26473 (DJS).
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S E L E C T IV E B LO C K A D E BY A D A M A N TA N E D ER IV A T IV E S O F
A M P A/K AIN A TE R E C E P T O R S A T T H E E X C IT A T O R Y IN P U T S
IN T O
H IP P O C A M P A L
IN T E R N E U R O N S
S.L.Buldakova*,
M .V.Sam oilova, K .V . Essin, and L .G . M agazanik L ab. o f Biophysics,
Sechenov Inst, o f Evol. Physiol, a. Biochem. RA S, St.-Petersburg, Russia
It has been shown th at adam antane derivatives cause use- and voltagedependent block o f open channels o f recom binant A M P A receptors
expressed in Xenopus oocytes: hom om eric G lu R l and G luR 3 exhibiting a
m uch higher sensitivity to channel block than those gated by receptors
containing edited G luR 2(R ) subunits (M agazanik et al. 1997, in press).
Effects o f these open channel blockers have been exam ined using whole
cell recordings and kainate application in the neurons freshly isolated by
vibrodissociation from the rat hippocam pal slice preparation. A lthough
the hippocam pal neurons differed little in the voltage-current relations
and sensitivity to kainate, a prom inent difference was found in their
susceptibility to the blocking action o f adam antane derivatives studied.
Pyram idal neurons had 700 times low er sensitivity to the open channel
blockers in com parison w ith the neurons which m ight be assigned m ost
probably to the group o f inhibitory interneurons. G roup o f neurons o f
interm ediate sensitivity have also been found. The selective effect o f the
sam e antagonists on the excitatory inputs in the inhibitory interneurons
has been dem onstrated in the experim ents on the hippocam pal slice
preparation. Enhancem ent o f the field spike and excitatory postsynaptic
potential am plitude was observed in the presence o f adam antane
derivatives. A dditional treatm ent o f the prep ara tio n w ith a G AB A
receptor antagonist, bicuculline, did no t p otentiate this effect. In
conclusion, the observed pharm acological properties o f the channels o f
A M P A /kainate glutam ate receptors in the inhibitory interneurons m ay be
effectively used for detailed analysis o f the brain synaptic transm ission.
Suppoted by R F F I 96-04-48619.

GENE -TARGETED MICE EXPRESSING AMPA RECEPTORS
WITH ALTERED PROPERTIES IN GABA-ERGiC
INTERNEURONS
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E. Fuchs. P. Jonas1. P.H. Seeburq and H. Monver* ZMBH, University of
Heidelberg, and 1lnst. of Physiol., University of Freiburg, Germany
Fast excitatory transmission in the central nervous system is mediated by
AMPA receptors. Single cell studies had shown that these receptors in
interneurons differ from those of principal cells by faster kinetics and higher
Ca2+ permeability. This difference in AMPA receptor property could be
traced to the low expression level in interneurons of the GluR-B subunit
relative to that of other AMPA receptor subunits. It is not clear to which
extent the high Ca2+ permeability and the fast kinetics of AMPA receptors
are critical for interneuron function, such as orchestrating the activity of
principal cells in neuronal networks. To address this issue, we made use of
homologous recombination in embryonic stem cells to generate genetargeted mice expressing the rat GluR-B subunit under the transcriptional
control of the endogenous GAD67 gene, a marker gene for GABAergic
interneurons. To facilitate the expression analysis of the targeted rat GluR-B
minigene, a dicistronic GluR-B expression cassette had been constructed
by us. In this cassette, an IRES element and XhelacZ gene are fused 3' of
the GluR-B coding region. Thus, cells expressing the rat GluR-B subunit in
the targeted mice can be readily visualized by X-gal staining. When
measured in nucleated patches from hippocampal interneurons in the acute
brain slice of mice expressing the GAD67 gene-targeted dicistronic rat GluRB minigene, AMPA receptors are expected to show a sharply reduced Ca2+
permeability and slower gating kinetics when compared to wild-type litter
mates. The functional consequences will be determined.
Supported by the graduate program "Molecular and Cellular Neurobiology”, DFG
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369.13
IDENTIFICATION AND CHARACTERIZATION OF A NEW SPECIES OF
GLUR2 SUBUNIT OF AMPA RECEPTORS IN RAT FOREBRAIN.
Steve Standley*, Georges Tocco, Naveed Wagle, and Michel Baudry. Neuroscience
Program, University of Southern California, Los Angeles, CA 90089-2520.
AMPA receptors are thought to be pentameric proteins exhibiting various
combinations of GIuRl-4. Among the GluR subunits, GIuR2 is the most abundant
in rat forebrain, and plays a key role in determining the ion permeability properties
of functional receptors. Binding studies with 3H-AMPA have indicated the
existence of high and low affinity binding sites. Autoradiographic analysis of 3HAMPA binding to rat brain sections following preincubation at 0 °C or 35 °C has
revealed that high affinity sites are temperature sensitive and predominantly
localized in the cell bodies. In the present study, we performed subcellular
fractionation of rat forebrain tissue as well as of preincubated frozen-thawed brain
sections to further characterize the properties of the high affinity binding sites.
Antibodies against the C-terminal domain of GluR2/3 subunits labeled two bands in
Western blot with apparent molecular weights of 108 Kd and 103.5 Kd. The lower
band was enriched in microsomal fractions, and was depleted in fractions obtained
following preincubation of sections at 35 °C, a manipulation which also depleted
high affinity binding sites.
Incubation of subcellular fractions containing
predominantly the higher molecular weight form and those containing predominatly
the lower molecular weight form with N-Glycopeptidase F produced a species with
the same molecular weight (99 Kd), indicating that the difference in molecular
weights of the two bands was due to differences in N-linked, glycosylation state.
The results support the hypothesis that high affinity binding sites represent
intracellular receptors. They also indicate the existence of a large pool of partially
glycosylated GluR2 subunits located in intracellular compartments, and suggest that
GluR2 may undergo unique oligosaccharide processing.
Supported by grant NS 18472 from NINDS.
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PORE-LINING RESIDUES OF THE AMPA RECEPTOR
CHANNEL M2 SEGMENT. T. Kuner*. C. Beck. P.H. Seebura. Bert
Sakm ann Max-Planck-lnstitute for Medical Research, 69120 Heidelberg, Germany
Glutamate receptor channels of the AMPA subtype are critical con
stituents of excitatory neurotransm ission and synaptic plasticity. In
AMPAR channels, a single amino acid position (Q/R-site) of the M2
segment, regulated by RNA-editing, determines permeability of calcium
ions, single channel conductance and blockade by intracellular
polyamines. The structural environment created by adjoining residues of
the M2 segment and their contribution to a narrow constriction remained
unclear. Three positions on each side of the Q/R-site (designated as
position 0) were investigated with the SCAM technique. Homomeric
channels, assembled from GluR-D subunits, were probed from both
sides of the membrane with MTSET (+) and MTSES (-). Wild type (wt)
channels were persistently inhibited by externally or internally applied
MTSET. Channels with the native cysteine at position +3 replaced with
serine were not susceptible to covalent m odification and exhibited
similar functional properties as wt. Thus, the GluR-D(C+3S) subunit was
taken as a host for cysteine substitutions. Mutant positions A-3C, F-2C
and M-1C were inaccessible to MTSET from either side, Q0C was only
accessible from the external side, and Q+1C, G+2C and C+3 from both
sides. The negatively charged MTSES had access to QOC only from the
external side, and to the flanking positions A-3C and C+3 only from the
internal side. The results suggest that positions A-3, Q0, Q +1, G+2 and
C+3 are exposed in the lumen of the channel, with Q0 located at the tip
of the M2-loop segment. The flanking A-3 and C+3 positions appear to
be located on the cytoplasm ic side of a narrow constriction, possibly
formed by residues Q+1 and G+2.
Supported by SFB 317 grant B9 to P.H.S. and a VCI doctoral fellowship to C.B.

369.15
DESENSITIZATION AND RECOVERY FROM DESENSITIZATION OF
NATIVE NON-NMDA RECEPTORS FROM HIPPOCAMPAL PYRAMIDAL
NEURONS. R.E. Petroski*. A. Ghetti. and S.F. Heinemann. Molecular
Neurobiology Laboratory,. The Salk Institute, La Jolla, CA 92037.
The desensitization properties of native non-NMDA receptors from hippocampal
pyramidal neurons were compared with cloned non-NMDA receptors expressed in
HEK293 cells. Non-NMDA receptor currents were activated by rapidly applying
glutamate to excised patches via a piezo-driven perfusion system.
Two distinct populations of native non-NMDA receptor currents were identified
by their rate of desensitization. Some patches exhibited rapidly desensitizing
currents which were well fit by a single exponential decay with a time constant (x)
of ~4 ms. In contrast, some patches exhibited more slowly desensitizing currents
which also decayed with a single exponential (x 10-20 ms). Most patches exhibited
an intermediate decay rate that was best fit by the sum of two exponentials (xfast
~4 ms and xsiow 10-20 ms). The time course of the recovery from desensitization
was fit to a single exponential with a time constant of 100-200 ms for all patches
regardless of the desensitization rates they exhibited (fast, slow, or mixed).
The fast desensitization rate closely resembled the desensitization rates measured
from cloned AMPA receptors (GluRl, GluR4) and kainate receptors (GluR6).
However, the slow desensitization rate was not seen in any of the cloned nonNMDA receptors tested.
Moreover, the time course for recovery from
desensitization was unlike that measured for cloned AMPA receptors (t 20-40 ms)
or kainate receptors (t 3 sec). Since the desensitization properties could not be
explained by the simple combination of properties from cloned homomeric
subunits, native non-NMDA receptors are probably comprised of novel (untested)
combinations of cloned subunits. Alternatively, the desensitization properties of
native non-NMDA receptors may be modified by accessory proteins within the
context of the neuron, but not found in HEK293 cells. Supported by NS28709.
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RECOM BINANT EX PRESSIO N OF A SOLUBLE LIGAND BIN DIN G
D OM AIN FROM G LUTAM ATE R E C E P T O R S U B U N IT G L U R 6
T. G reen. M. N anao. S. Choe. S.F. H einem ann* & Y. S tern -B a ch f The
Salk In stitu te, La Jolla, CA 92037 and fD ept. of A nat. & Cell Biol., The
H ebrew U niversity - H ad assah D ental School, Jeru salem , Israel.
The consensus view of th e s tru c tu re of th e ionotropic g lu ta m a te
receptors h as u ndergone several revisions since th e firs t s u b u n it was
cloned, an d is still based la rg ely on p rim a ry sequence a n a ly sis and
m utagenesis. To define th e stereo-chem istry of th e ligand binding site
precisely, by X -ray crystallography, we h ave overexpressed th e agonistbin d in g dom ain of th e k ain ate-selectiv e su b u n it G luR 6 as a soluble
polypeptide. The two dom ains previously d em o n strated to be n ecessary
an d sufficient for ligand binding, S I and S2, w ere assem bled to g eth er in
th e baculovirus tra n sfer vector p F astB ac l. The construct consisted of th e
signal peptide from GluR6 to direct expression to th e cu ltu re m edia, th e
S I an d S2 regions s e p arated by a sh o rt lin k er pep tid e, an d a hexahistid in e sequence added to th e C-term inus to aid purification.
The G luR 6S lS 2 polypeptide is soluble, an d ru n s as a monom er in gel
filtration. The p rotein binds [3H ]-kainate w ith nan o m o lar affinity, and
th is b in d in g is disp laced by th e k a in a te re c e p to r lig a n d s CNQX,
Domoate and Q uisqualate, b u t n ot AMPA. The pharm acology is sim ilar
to th a t seen for recom binant GluR6 homom ers. U sing th is system we are
able to purify several m illigram s of th e G luR6 S1S2 p ro tein p er litre of
culture m edium . These resu lts d em o n strate th a t th e ligand-binding site
of G luR6 is com pletely contained w ith in su b u n its an d oligom erisation
is n ot necessary for binding.
Fu n d in g for this work was provided by the K lingenstein F und, N IH &
the M cK night Foundation.

FUNCTION AND EXPRESSION II

3 7 0 .1

3 7 0 .2

P R O P E R T IE S
O F D EFIN E D
CH A N N EL STA T E S
O F AN
IONOTROPIC GLUTAMATE RECEPTOR
C. Rosenmund* and C.F. Stevens+ MPI Biophys.Chemistry, Gottingen, FRG*, and
Salk Institute, La Jolla, CA, USA+.
The notion that channels occupy specific conformational states is central to the
understanding of channel function, but the existence of such states is almost always
inferred from gating kinetics or conductance levels. Because of desensitization,
measurement errors, and uncertain relations between conformational states and the
associated conductances, the usual approaches are of uncertain validity. We have
developed an experimental scheme that measures single channel properties of
nondesensitizing glutamate channels (HEK293 cells transfected with a GluR3/6
chimer; Stern-Bach, 1994,Neuron 13,1945-57) in one-channel outside-out patches.
With rapid application of high agonist concentrations, the channel opened to a
apparent 23 pS state with 89% open probability, allowing an accurate verification of
one-channel patches. States are then defined by stepping the extracellular solution
from saturating concentrations of slowly unbinding antagonist (NBQX, 30 pM) to
saturating agonist (quisqualate, 1 mM). When the switch is made, the receptor should
proceed from all sites occupied by antagonist to all but one occupied by antagonist
(with the other site immediately occupied by agonist), etc, until all sites are occupied
by agonist. Although the precise time of each occupancy change is unknown, the
order is invariant. We find that the channel progresses through three identifiable gating
and conductance modes. Dwell time analysis, assuming independent binding of
ligands, indicates that the three modes are associated with 2, 3 and 4 bound agonist
molecules. Conductance analysis of the three modes reveals four equally spaced
conductance levels, 2 for the first mode, 3 for the second, and 4 for the fourth. All
conductance levels have the same reversal potential; gating (Qio=2.7), but not
conductance (Qio=l .36), is strongly temperature dependent. We suggest that opening
of each active subunit is associated with a conductance level. This work was supported
by a Helmholtz fellowship (C.R.) and the Howard Hughes Medical Institute (C.F.S.).

MOLECULAR DETERMINANTS OF LIGAND SPECIFICITY AT AMPA-TYPE
GLUTAMATE RECEPTORS. J.S.Sessom s*rM .Sturgess, and Todd A.
Verdoorn. Dept, of Pharmacology, Vanderbilt University, Nashville, TN.
37232-6600.
Molecular modelling of the structure of the agonist-bound AMPA-type
glutamate receptors predicts both leucine 672 (GluRD numbering) and
lysine 678 are located in the ligand binding pocket. The functional role
of these specific S2 amino acid residues in ligand binding and receptor
activation was examined by site-directed mutagenesis. The conserved
leucine(672) in the N-terminus of the S2 domain was changed to a
threonine in GluRDi. This mutation generated receptors with reduced
apparent affinity for both glutamate and kainate as determined by two
electrode voltage-clamp in Xenopus oocytes expressing homomeric
recep tors(A ve ra ge EC50 in ]jM :glutam ate Diwt, 31.85; DiL672T,
481.2;kainate Diwt, 49.5; DiL672T, 410.) Amino acid 678 is a lysine in
all AMPA-type glutamate receptors (GluRA-D) and is a methionine in
kainate-type receptors. This residue in GluRDi was replaced with a
methionine to exam ine'the possibility that it contributes to functional
differences between the AMPA (GluRA-D) and kainate receptors. Wild
type and mutant receptors were expressed in HEK293 cells and cur
rents were evoked by rapid application of 1mM glutamate or kainate.
Preliminary data suggests the lysine to methionine mutation does not
affect the desensitization properties of the mutant receptor with
respect to wild-type Di. Additional mutagenesis studies are in progress
to determine amino acids critical for functional ligand binding at AMPAtype glutamate receptors. Funding Source:AHA96008440.
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KINETIC ANALYSIS OF GLUTAMATE RECEPTOR CHANNEL BLOCK BY
PHILANTHOTOXIN. R. Bahring* and M.L. Maver. LCMN, NICHD, National
Institutes of Health, Bethesda, MD 20892.
Glutamate receptors are blocked from the extracellular side by polyamine toxins
present in spider and wasp venoms. We studied the action of philanthotoxin 343
(PhTX 343) on recombinant kainate receptors generated from GluR6(Q) transiently
expressed in HEK 293 cells. PhTX 343 was applied to outside-out patches with 150
mM Na+ on both sides of the membrane using a rapid perfusion system.
Block of domoate-activated currents by PhTX 343 was use- and voltage-dependent.
The voltage-dependence showed anomalous behavior for a channel blocker in that with
hyperpolarization the affinity for channel block did not increase as an exponential
function of membrane potential. Equilibrium K j values obtained from dose-inhibition
experiments at different holding potentials were 19.6 |J.M at +40 mV and 69 nM at
-40 mV. However, further hyperpolarization to -80 mV, K j 56 nM, caused little
increase in affinity. The rate of onset of block by 1 }iM PhTX 343 showed an
exponential increase with hyperpolarization with x 14.6 s at +20 mV, 1.4 s at -40
mV, and 159 ms at -100 mV; however, at membrane potentials negative to -40 mV
the extent of equilibrium block by 1 (iM PhTX 343 saturated at 95%. Recovery from
block was dependent on the presence of agonist and could be accelerated by
hyperpolarization. These results suggest that recovery from block is in part due to
permeation of PhTX 343 and support the view that PhTX 343 acts as a weakly
permeable open channel blocker. However, other features of PhTX 343 block suggest
an allosteric interaction with the channel: Increasing the concentration of PhTX 343
above 3 |J.M failed to produce a linear increase in rate of onset of block. Such
saturation suggests, in contrast to simple binding within the channel, a rate-limiting
step following the binding of PhTX 343. Experiments with different permeant ion
concentrations will examine the flux-dependence of PhTX 343 action on glutamate
receptor function.
Supported by the NIH

3 7 0 .4
ROLE OF GLUR6 M l—M3 RESIDUES IN BLOCK BY INTERNAL
POLYAMINES. M.L. Maver*. V. Panchenko. C. Glasser, K. Partin^. Lab Cellular &
Molecular Neurophysiology, NICHD, NIH, Bethesda, MD 20892. ^Dept Anatomy &
Neurobiology Colorado State University, Fort Collins, C080523.
Biphasic rectification in AMPA and kainate receptors results from ion channel
block by cytoplasmic polyamines. RNA editing in GluRB, GluR5 & GluR6 regulates
polyamine block which is strong for GluR6(Q) but absent for GluR6(R). Dingledine et
al (1992) described mutational analysis in GluR3 which showed that rectification was
reduced on neutralization of a conserved D/E residue 4 amino acids downstream from
the Q/R site, and proposed that in the RNA edited (R) forms of AMPA and kainate
receptors formation of a salt bridge between the side chains of the R0 and D/E+4
residues disrupted a site critical for rectification. To further test this hypothesis, and to
define additional residues involved in polyamine block, we made point mutations at the
Q/R site (position 590) and in M l—M2 and M2—M3 linkers.
Constructs were generated in pGEM/HEGluR6(Q), which gave robust responses
(G-80 >50 |iS) when expressed in Xenopus oocytes. In contrast to the complete loss of
function observed for GluR3, small (G_80 <5% wt) biphasic rectifying responses were
obtained in GluR6 Q590D and Q590E, with weaker maximum block and a larger
conductance increase at +80 mV than for wild type, suggesting that polyamine binding
was not enhanced as might be expected following introduction of a negative charge at
the Q/R site. Results for other mutants at the Q/R site were similar to those for GluR3
with 590 A, S, or N all producing weaker rectification than GluR6(Q).
Neutralization of charged residues within M2 and within the M l—M2 and M2—
M3 linkers produced little effect on polyamine block with the exception of the E+4
residue (E594Q & E594N), for which block was greatly reduced, and relief from block
at +80 mV 15-20 fold greater than for wt. Two additional sites, E557Q and E572Q,
produced a much smaller increase in relief from block with G+so/G-80 approximately
2-fold greater than wt. In spermine the terminal amine groups are separated by
approximately 17 A making it likely that multiple residues within the pore region
contribute to binding. Further work is required to identify these sites.
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RAPID BLOCK OF GLUTAMATE RECEPTORS BY INTERNAL POLYAMINES
IS CONSISTENT WITH AN OPEN-CHANNEL BLOCK MECHANISM. Derek
Bowie* and Mark L. Maver. Laboratory of Cellular & Molecular Neurophysiology,
NICHD, NIH, Bethesda, MD 20892.
We have shown previously that equilibrium block of Q-forms of kainate and
AMPA receptors by the endogenous cytoplasmic polyamines, spermine (Spm) and
spermidine (Spd), accounts fully for their complex rectification properties (Neuron,
15, 453-462, 1995). In excised patches containing GluR6(Q) channels, kinetics of
internal block were studied in voltage-jump experiments. In the presence of Spm (530|ilM), Spd (15-100|lM) and Philanthotoxin-343 (PhTX; l-100|i.M), a synthetic
wasp toxin analogue, the current elicited by depolarising voltage steps from -lOOmV
decayed exponentially to a new steady-state level. Current relaxations were not
observed in the absence of internal polyamines suggesting that the current decay
reflected the time course of polyamine block. The rate of onset of block (xon)
increased with blocker concentration and, at +35mV, plots of Xon"' against blocker
concentration were linear and thus consistent with a bimolecular reaction scheme
where the blocker molecule enters and occludes open channels. The rate constant for
binding of Spm, Spd and PhTX estimated from the slope of Xon-1 against blocker
concentration was 9.0 x 107, 5.3 x 107 and 1.9 x 107 M 'V respectively. At
physiological pH, Spm and Spd have overall valencies close to +4 and +3
respectively which may account for their different entry rates into the channel. In
contrast, PhTX, which is a bulky analogue of Spd with a total charge of +3, may need
to enter the channel in a particular orientation for block to occur. The voltagedependence of the rates of binding (1.4 x 107 M 's-1, e-fold per 168mV) and
unbinding (545 s"1, e-fold per -25mV) for 100|iM PhTX suggested that the voltage
dependence of block was almost entirely due to the unbinding rate. This could be
explained by an asymmetrical inner barrier as occurs for Mg^+-block of ATPdependent K-channels (Davies et al, 1996). Our data are consistent with a rapid onset
of polyamine block at physiological concentrations that could be well established
during synaptic transmission. Supported by the NIH.

PHARMACOLOGICAL CHARACTERIZATION OF RECOMBINANT HUMAN
AMPA RECEPTORS STABLY EXPRESSED IN HEK293 CELLS. M. A.
Varnev*. C. Jachec. S. Rao. F.-F. Lin. L. Daaaett. S. Hess. G. Velicelebi. E. C.
Johnson. SIBIA Neurosciences, Inc., La Jolla, CA 92037.
Stable cell lines expressing homomeric human GluR1 -flip (hGluRlj),
hGluR2|(Q), hGluR3i and hGluR4| and heteromeric hGluR1/hGluR2i(R) were
established in HEK293 cells. We confirmed the expression of GluR2j(R)
subunit in the heteromeric GluR1/2 cell line by lack of sensitivity to HPPspermine and glutamate-induced outward current at positive potentials.
Robust glutamate-evoked [Ca2+]j responses were observed with all of these
cell lines in the presence of cyclothiazide.
We used [ H]-AMPA competition binding experiments to compare the
pharmacology of the recombinant AMPA receptors to that of rat forebrain.
Overall, a similar pharmacological profile was observed between the stable
cell lines and rat forebrain, although several compounds showed subtype
selectivity. The pharmacology of rat forebrain was most similar to recombinant
receptors containing GluR2i(Q). Among the recombinant hGluRs,
fluorowillardiine was 70-fold less potent at hGluR3i than other recombinant
hGluRs, and kainate was 5-10-fold more potent at hGluR^ than at the other
subunit combinations. Although there was excellent, correlation in the IC50
values of antagonists determined by [Ca2+]| measurements and binding
studies, there was poor correlation for agonists. For a given recombinant
receptor, glutamate, AMPA, and kainate had similar agonist potencies with
[Ca2+]| measurements but in [3H]-AMPA binding, we observed:
AMPA»glutamate»kainate. These potency differences may reflect [3H]AMPA binding to mainly the desensitized state, while the [Ca2+]j
measurements examine the nondesensitized state.
Our results indicate that recombinant AMPA receptors expressed in
mammalian cell lines represent useful experimental systems to study the
functional and pharmacological properties of human AMPA receptor subtypes.
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PAN-AMPA AND GLUR1-FLOP SPECIFIC MONOCLONAL ANTIBODIES.
P. Streit*1, B. Stierli1, J. Tönnes1. T. Behrmann1. R.A.F. Mcllhinnev2 and E. Molnar2.
’Brain Research Institute, University of Zürich, CH-8029 Zürich, Switzerland; 2MRC
Anatomical Neuropharmacology Unit, Oxford University, Oxford OX1 3TH. U.K.
In ongoing efforts to develop monoclonal antibodies (mAb) that are suitable to
characterize certain classes or subunits of ionotropic glutamate receptors we
immunized mice with a glutathion S-transferase fusion protein containing residues
724-781 of the AMPA receptor subunit GluRl. The sequence used shows a high
degree of similarity between the four different AMPA receptor subunits and
comprises the entire GluRl Flop module, one of the two alternatively spliced
modules in the extracellular loop between the two last transmembrane domains.
In immunoblots on extracts from COS-7 cells transfected with the Flip and Flop
splice variants of GluRl-4, one of the antibodies selected, mAb 19B10, reacted with
all the eight forms of subunit proteins and, thus, was defined as a pan-AMPA receptor
antibody, while mAb 8E11 was specific for GluRl Flop. In histoblots of adult rat
brain sections, mAb 19B10 yielded patterns that were compatible with its pan-AMPA
reactivity. The histoblot patterns obtained with mAb 8E11 were typified by strong
labeling in the dentate molecular layer and in CA1, particularly in the stratum
radiatum, and absence of labeling in CA3. Staining in the hippocampal formation was
present shortly after birth already with mAb 19B10, first in the hilar region and CA3.
In contrast antibody 8E11 immunoreactivity was not apparent until after the first two
postnatal weeks. GluRl Flop immunoreactivity was detected first in the dentate
molecular layer and only a few days later in CA1. Although this developmental
sequence is similar to that of GluRl Flop mRNA (Monyer et al., Neuron 6, ‘91) the
transcript seems to precede the appearance of the receptor subunit protein by several
days.
Supported by Swiss National Foundation (31-49385.96).

PHYSICAL AND FUNCTIONAL ASSOCIATION OF AMPA
RECEPTOR WITH PROTEIN TYROSINE KINASE LYN.
T. Hayashi1, H. Umemori1, D. W. Saffen*2. M. Mishina3,
and T. Yamamoto 1 ^Dept. of Oncology, Inst, of Med. Sci.,
Univ. of Tokyo, Tokyo 108, Japan; 2Dept. of Neurochemistry
and 3Dept. of Pharmacology, Faculty of Medicine, Univ. of
Tokyo, Tokyo 113, Japan.
a-amino-3-hydoroxy-5-methyl-4-isoxazole propionate
(AMPA) receptors play crucial roles in excitatory synaptic
transmission and plasticity. Several ion channels have
been shown to interact with the protein tyrosine kinase
(PTK) Src. We found that the Src family PTK Lyn was
physically associated with AMPA receptor through the
unique and Src homology (SH) 3 domain of Lyn in the
cerebellum. Lyn was rapidly activated upon stimulation of
the AMPA receptor. Activated Lyn kinase bound with a PTK
Pyk2 through SH2 domain of Lyn and recruited an adaptor
protein Grb2 to AMPA receptor complex. Consequently,
MAP kinase signaling pathway was activated. Thus, we
propose that the AMPA receptor is not only an ion channel
but also functions as a signal transducer through Lyn
kinase.
Supported by a grant from the Ministry of Education,
Science and Culture of Japan.
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DETECTION OF Ca2+-PERMEABLE AMPA RECEPTORS IN CULTURED RAT
CEREBELLAR GRANULE CELLS USING Mn2+ QUENCH OF FURA-2.
I R Savidge & D R Bristow* Division of Neuroscience School of Biological
Sciences University of Manchester M13 9PT UK
It is now clear that certain subtypes of a-amino-3-hydroxy-5-methyl-4isoxazalepropionic acid (AMPA) receptor are permeable to Ca2+. We have investigated
Ca2+permeable AMPA receptors on individual cerebellar granule cells (CGCs) using
Mn2+quench of fura-2 fluorescence as a specific measure of Ca2+ entry and single cell
analysis of AMPA stimulated intracellular Ca2+ ([Ca2+]i) rises.
AMPA (100 |jM) alone stimulated a rise in [Ca2+]i or rapid Mn2+ quench in around
8% of cells. In the presence of cyclothiazide (CYZ, 100 jaM) all cells responded to
AMPA with an average peak [Ca2+]i increase of 827 ± 49 nM (mean ± SEM, n=41)
and Mn2+ quench rate (% decline in fura-2 fluorescence/sec) of 1.93 ± 0.09 %/sec
(n=42). These responses were unaffected by AP5 (100 p.M) and MK-801 (10 (iM)
respectively, but could be reversibly blocked by 6,7-Dinitroquinoxaline-2,3-dione (100
|iM). AMPA/CYZ stimulated Mn2+quench was reduced in cells from the same culture
when extracellular Na+ was removed, but all cells still responded. AMPA/CYZ
stimulated [Ca2+]i rises in the absence of extracellular Na+ were lower than in the
presence of Na+in the same cells (peak [Ca2+]; rise of 232 ± 34 in the absence and 748
± 41 nM in the presence of Na+, n=41). There was a wide variation in the effect of
removal of extracellular Na+ on AMPA/CYZ induced peak [Ca2+]j rises; around 25%
of cells showed a much reduced response to less than 100 nM, while in 10% of cells
the response was largely unaffected.
These data confirm CGCs express Ca2+ permeable AMPA receptors and indicate
Mn2+quench of fura-2 fluorescence is a sensitive assay for them. Single cell analysis
of AMPA/CYZ stimulated [Ca2+]i rises in the presence and absence of extracellular Na+
reveals a heterogeneous expression of Ca2+permeable AMPA receptor between cells.
Supported by Medical Research Council (UK) and Zeneca Central Toxicology Lab.
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THE RATIO OF GluR A+C+D/GluR-B AMPA RECEPTOR SUBUNITS
DURING DEVELOPMENT OF THE OVINE BRAIN. D.T. Theophilopoulos.
T.S. McGraw. M.S. Sapper, D.J. Burchfield, and K.J. Anderson*. Departments of
Pediatrics, Physiological Sciences and Neuroscience, University of Florida,
Gainesville, FL 32610.
Introduction: Following global hypoxia-ischemia, extracellular concentrations of
glutamate or other related excitatory amino acids rise, causing an overstimulation of
glutamate receptors. This, in turn, leads to an increase in intracellular calcium which
triggers a cascade of events ultimately causing neuronal cell death. The AMPA
glutamate receptor consists of four subunits (GluR A-D) that can be expressed in
alternatively spliced isoforms termed flip and flop. Native AMPA receptors appear to
be assembled from several subunits. The GluR-B subunit, whether expressed alone or
in combination with other subunits, forms ion channels that are calcium impermeable.
This unique property of the GIuR-B subunit places it in a pivotal position with regard
to hypoxic-ischemic brain damage. Hypothesis: During ovine CNS development, a
higher number of GluR-A, GluR-C, and GluR-D subunits relative to GluR-B subunits
renders the immature brain more vulnerable to hypoxic-ischemic insults. Methods:
Brains from fetal sheep at 0.8 term and term, and lambs at 2 days, 10 days, and adult
were serially sectioned. Using in situ hybridization with 35S-labeled probes to all
four AMPA receptor subunits and both flip and flop isoforms, the distribution and
density of mRNA coding for all AMPA receptor subunits in specific brain regions of
interest were determined. The ratio of GluR A+C+D to GluR-B was quantified by
computer-assisted densitometry. A high value of this ratio would suggest that a
greater number of native AMPA receptors are calcium permeable. Preliminary
Results: In the dentate gyrus and CA1 region of the hippocampus, the ratio of GluR
A+C+D to GluR-B was high prenatally and then declined into adulthood.
Conclusion: During early ovine CNS development, certain brain regions, such as the
dentate gyrus and the CA1 region of the hippocampus, express more GluR-A, GluRC, and GluR-D subunits relative to GluR-B subunits, and thus may be more
vulnerable to AMPA receptor-mediated excitotoxicity. Funded by AG08843,
American Heart Association-Florida affiliate, Children’s Miracle Network, and The
Bryan W. Robinson Neurological Foundation.

370.11

3 7 0 .1 2

DIFFERENTIAL LOCALIZATION OF GluR1 AND GluR2 AMPA
RECEPTOR PROTEINS IN THE KAINATE-LESIONED ADULT RAT
HIPPOCAMPUS. S.Y. Grooms* M.V.L.Bennett & R.S.Zukin. Dept.
Neuroscience, Albert.Einstein College of Medicine, Bronx, NY 10461.
Kainate(KA)-mediated excitotoxicity leads to delayed neuronal
degeneration in adult rat CA3 pyramidal neurons. W e used the KA
model of status epilepticus to determine if altered AMPA receptor
subunit expression contributes to glutamate pathogenicity. In control
rats, GluR1 and GluR2 immunofluorescence was prominent
throughout stratum pyramidale. In stratum radiatum, densely labeled
apical dendrites were interspersed with punctate cells immunopositive
for GluR1 and GluR2. Dentate gyrus granule cells exhibited intense
GluR1 and GluR2 immunolabelling, as did scattered polymorphic
interneurons in the hilar region. Colocalization of GluR1 and GluR2
immunoreactivity occurred primarily in the pyramidal and granule cell
layers. 24 hrs after induction of status epilepticus, but prior to
substantial cell loss, GluR2 immunolabeling per neuron was reduced
in CA3 pyramidal cells, whereas labeling of dentate gyrus granule cells
was dramatically increased. In contrast, GluR1 immunoreactivity was
essentially unchanged following seizure induction. Thus, GluR2 (Ca2+
limiting AMPA receptor subunit) immunoreactivity is markedly reduced
in vulnerable CA3 pyramidal neurons; in dentate gyrus granule cells,
which are resistant to excitotoxic cell death, GluR2 immuno
fluorescence is increased. These findings are consistent with a role for
Ca2+ permeable AMPA receptors in delayed neurodegeneration
following KA-induced status epilepticus. Supported by NIH MH18882
(SYG) and NS 31282 (RSZ).

POTENTIATION OF RECOMBINANT NR1/NR2 NMDA RECEPTORS
BY ACTIVATION OF m G LU RI: MOLECULAR MECHANISM OF
ACTION. R.S. Zukin*. X. Zheng. T. Opitz. H. Shen. A. Wana. and
M.V.L.Bennett Dept. Neurosci. Albert Ein. Coll. Med., Bronx NY 10461
Activation of postsynaptic metabotropic glutamate receptors that
activate phospholipase C (PLC) increases neuronal excitation and
excitability and enhances NMDA receptor mediated LTP. To examine
a possible direct interaction between mGluR and NMDA receptors,
recombinant mGluRI and NR1/NR2 receptors were expressed in
Xenopus oocytes. Activation of m GluRI by the relatively selective
agonist ACPD resulted in a 2.5 to 3-fold potentiation of NR1/NR2A and
NR1/NR2B receptors measured in external Ca2+ or Ba2+. Activatjon of
m GluR I by ACPD produced little or no potentiation of NR1/NR2C
receptors. Potentiation of NMDA currents by ACPD was blocked by
the PKC inhibitor staurosporine (100 nM), the PLC inhibitor U73122
(10 pM), by thapsigargin (which prevents release of Ca2+ from internal
stores) and by the Ca2+ chelator BAPTA. Potentiation of NMDA
responses by the protein kinase C (PKC) activating phorbol ester TPA
precluded potentiation by ACPD.
These findings indicate that
potentiation of NMDA currents by m GluRI activation is mediated via
PKC and PLC, and requires a rise in intracellular Ca2+ concentration,
presumably from internal stores. This work was supported by NIH grant
NS20752 (to RSZ).

3 70.13
OVEREXPRESSION OF AMPA RECEPTORS MODULATES SEIZURE
ACTIVITY EVOKED FROM AREA TEMPESTAS. A.Kondratyev*. R.Neve. S.
Rogers, B.Wolfe, and K.Gale. Dept, of Pharmacology, Georgetown Univ. Med. Ctr.,
Washington, DC 20007.
The area tempestas (AT), an epileptogenic site within the rostral piriform cortex,
triggers limbic motor seizures in response to the focal application of GABA
antagonists or glutamate agonists. The AMPA subclass of glutamate receptors are
crucial for AT-evoked seizure initiation. However, the subunit composition of AMPA
receptors and their functional significance in this area of brain have not been studied.
The purpose of the present study was to determine levels of expression of GluRl and
GluR2 subunits of AMPA receptors in AT and to test the hypothesis that selective
overexpression of these subunits in AT will alter the epileptogenic activity of this
region. GluRlflip (i) and GluR2i were overexpressed in AT using defective Herpes
Simplex Virus (HSV) vectors. Sprague-Dawley rats received unilateral microinjections
(1 \i\ at ~108 pfu/ml) of either pHSVGluRli, PHSVGluR2i or pHSVLacZ (control
vector) into AT. After 72 hrs, the animals were tested for seizure sensitivity using a
threshold dose of the GABA antagonist, bicuculline, infused into AT. Site specificity
and the ability of vectors to express foreign proteins was confirmed by j5-galactosidase
staining and Western blotting both in vivo and in cultures. Native GluRl appeared
more abundant than GluR2 in AT tissue of noninfected rats. Vector infection with
GluRl or GluR2 resulted in a selective increase in expression of the respective
receptor subtype. Rats infected with pHSVGluRli developed severe and prolonged
seizure episodes in response to threshold or subthreshold convulsant stimulation of
AT. This effect was reversed by the AMPA antagonist NBQX in AT. In contrast, rats
infected with pHSVGluR2i did not exhibit an enhanced sensitivity to convulsant
stimulation, but instead tended to show diminished seizure sensitivity. The response
of pHSVLacZ infected rats was comparable to that of uninfected animals. Our results
suggest that overexpression of GluRli, but not GluR2i, in AT facilitates seizures
evoked from this area and demonstrate the utility of viral vectors as a tool to evaluate
the functional significance of AMPA receptor subtypes in regulating limbic
excitability. (Supported by NIH grants # NS28130, NS20576, NS35191).

S o c ie ty f o r N e u ro s c ie n c e , V olum e

23,1997

927

3 7 0 .1 4
D IF F E R E N T IA L
L O C A L IZ A T IO N
OF
AM PA
RECEPTOR
SUBUNITS IN DOPAMINERGIC NEURONS IN RAT MIDBRAIN.
D.S. Albers* and D.G. Standaert. Dept, of Neurology, Massachusetts General
Hospital and Harvard Medical School, Boston, MA 02114.
Dopaminergic (DA) cells of the substantia nigra (A9) and ventral tegmental area
(A10) differ in their function and susceptibility to pathological processes. Glutamate
plays a major role in the control of activity of these midbrain DA neurons.
Moreover, under some circumstances, glutamate may be toxic to DA neurons and is
thought to participate in their degeneration in Parkinson’s disease (PD). The AMPA
type of glutamate receptor is an important mediator of fast excitatory transmission,
and is composed of several subunits which convey distinct physiological properties.
In the present studies, we utilized dual label immunohistochemistry and confocal
microscopy to localize AMPA receptor subunits (GluRl, GluR2/3, GluR4) in
tyrosine hydroxylase (TH(+)) neurons of rat midbrain. In A9, there was intense
immunoreactivity (ir) for GluRl and GluR2/3 whereas little GluR4-ir was present in
the pars compacta region. Labeling for GluRl was heterogeneous, more intense in
the dorsal portion and less intense ventrally, while GluR2/3-ir was homogeneously
distributed throughout this region. The TH(+) neurons of the A10 region were
immunoreactive for GluRl and GluR2/3 but were stained less intensely than neurons
in A9; GluR4 was not present. These data demonstrate that AMPA receptor subunits
are differentially expressed in TH(+) neurons. These differences may contribute to the
response of these neurons to the effects of glutamate and their vulnerability to
excitotoxic processes.
Supported by USPHS grant NS31579, NS34361 and a Cotzias Fellowship from
the American Parkinson Disease Association.
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D IF F E R E N T IA L S E N S IT IV IT Y O F W E A V E R M O U S E A M P A
GLUTAM ATE RECEPTO R C URRENT TO ETH A N O L
IN H IB IT IO N . B.E. ARinshola*12. and P. Liesi2. Dept of Pharmacology,
Howard University College of Medicine, Washington, DC. 20059 and Lab.
of Molecular and Cellular Neurobiology, NIAAA, NIH, Bethesda, MD
20892-8205.
The weaver mouse gene defect (wv) is a point mutation in the pore region of
the GIRK2(wv) potassium channel gene in cerebellar granule neurons (Nat.
Genet., 11:126-129,1995; Neuron, 16: 321-331,1996), and has been proposed
to be responsible for the weaver phenotype. Granule neurons of the
homozygous (wv/wv) mice fail to migrate, and die during the first two weeks
o f postnatal life. Glutamate receptors are found widely in the mammalian
brain where they constitute the major excitatory neurotransmitter system,
and are believed involved in neuronal cell death when overstimulated. W e
studied normal (+/+) and weaver (wv/wv) postnatal day 23 (P23) mouse
cerebellar mRNA, expressed in X enopus laeves oocytes. AMPA (a-amino-3hydroxy-5-methyl-4-isoxazole propionic acid) receptor ion-channel currents
were elicited from (+/+) and (wv/wv) mRNA injected oocytes, with 200 ^M
kainic acid (KA) and blocked by 5 nM CNQX. Preliminary results indicate
that AMPA P23(wv/wv) receptor currents are larger in amplitude than AMPA
P 2 3 (+/+) receptor currents. Furthermore, AMPA P2$vv/wv) receptor currents
were less sensitive to ethanol inhibition than AMPA P23(+/+) receptor currents.
AMPA glutamate receptor may be involved in the mechanism of cell death
associated with the weaver mouse. This work was supported by NIAAA, NIH.
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IN VITRO BINDING CHARACTERISTICS OF A POTENT, SELECTIVE AMPA
RECEPTOR ANTAGONIST (3H)Ro 48-8587 IN RAT BRAIN.
J.G. Richards*. J. Messer. Z. Bleuel. P. M alherbe, A. Kiinaelschmidt,
M.M. Clifford1. G. J. Ellis1 and V. M utel. Pharma Division, Preclin CNS Res,
F.Hoffmann-La Roche Ltd, CH-4070 Base!, Switzerland and ^ m e rs h a m
International pic, Cardiff Labs, Whitchurch, Cardiff, Wales CF4 7YT, UK.
a-Am ino-3-hydroxy-5-m ethyl-4-isoxazolepropionate (AMPA)
receptors are ligand-gated cation channels for L-glutamate, the major
excitatory neurotransmitter in the m am m alian CNS. AMPA receptors,
hetero-oligomeric proteins com posed of the subunits GluRl-4 (flip and
flop forms), play key roles in brain physiology and pathology.
Ro 48-8587 (9-imidazol-l-yl-8-nitro-2,3,5,6-tetrahydro-(l,2,4)triazolo(1,5c)
qulnazoline-2,5-dione) is, to-date, the most p ote nt and selective AMPA
antagonist. It has anticonvulsive properties in vivo and is m oderately
neuroprotective in a focal brain ischemia model. In rat whole brain
homogenates, (3H)Ro 48-8587 bound with a high affinity and cdpacity
(KD= 3+1 nM ; Bmax= l±0.2pmoles/mg prot); non-specific binding (in
presence of 10|iM quisqualate) was <10% of total binding. In com petit
ion binding experiments, the rank order of affinities (Ki, nM) o f reference
compounds was: Ro 48-8587 (4), NBQX (14), YM900 (50), CNQX(83).
Q uantitative receptor radioautography and im age analysis revealed a
high density of high-affinity specific binding to rat cerebral cortex (layers
1,2» 3 -6), hippocam pal formation, striatum, lat septum, retie thalam ic
nucleus and cerebelldr molecular layer. There was a g ood correlotlon
between the distribution of binding sites and of GluR 1-4 transcripts.
We conclude that Ro 48-8587, due to Its potency, high specificity and
pharm acological selectivitiy, is currently the radioligand of choice for
future studies on the subtype selectivity of AMPA antagonists.
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INFLUENCE OF CRE SITES ON PROMOTER ACTIVITY OF THE
NMDAR1 GENE. P.W. Hoffman*. S. L. Getz. G. Bail, and J.W. Kusiakl.
Dept, of Biology, College of Notre Dame of Maryland, Baltimore, MD
21210, IMolec. Neurobiol. Unit, LBC NIA NIH, Baltimore, MD 21224.
The NMDA subtype of glutamate receptors has been shown to play an
important role in synaptic plasticity, the induction of LTP, and excitotoxicity.
We have investigated the control of transcription of the NMDAR1 gene
through analysis of its promoter. We have previously shown that the first
356bp 5 ’ of the ATG start codon is sufficient to direct basal transcription and
NGF regulated activity. This sequence contains two invariant sites for the
transcription factor CREB. We used site directed mutagenesis to disrupt these
sites. When transiently transfected into PC12 cells, constructs containing a
mutation of the proximal site increased promoter activity 83%; constructs
containing a mutation of the distal site decreased promoter activity 91%;
constructs containing both mutations showed a 38% decrease relative to wild
type. We have also studied the effect of these mutations on promoter
responses to factors known to positively regulate CREB in PC 12 cells. In
stably transfected lines, NGF and cAMP alone stimulate activity of all
constructs 2-8 fold. However, a combination of NGF and cAMP stimulate
activity of the wild-type promoter 7 fold while activity of constructs
containing a mutation in the proximal site increased 28 fold and activity of the
construct containing the distal mutation increased 14 fold. Our results suggest
that CRE sites are involved in NMDAR1 promoter activity and may regulate
basal activity in a manner distinct from neurotrophin regulated activity. We
are currently continuing our investigation of NMDAR1 gene expression by
examining protein binding to the potential CRE sites and through studies
designed to uncover intracellular and extracellular signals which foster
expression of this gene. Supported by IRP NIA/NIH.

3 7 1 .2
ISO L A T IO N AND ANALYSIS OF TH E P R O M O TER AND 5 ’
UNTRANSLATED REGION OF THE RAT NMDAR2A GENE. J.J. Luo*. P.P.
Norton. M.S. Prenger. J.W. Kusiak and G. Bai. Molec. Neurobiol. Unit, LBC NIA
NIH, Baltimore, MP21224
The NMPA subtype of glutamate receptors is encoded by two gene families:
NMPAR1, an apparently common subunit and NMPAR2A-P, four apparent
modulatory subunits. NMPAR2A gene expression is distributed in a similar manner
as the NMPAR1 gene in the fore- and mid-brain and is regulated during development
and by multiple physiological and pathological factors. To understand its control at the
gene level, we isolated and analyzed the 5* flanking sequence of the NMPAR2A gene.
We used cPNA primers in a PCR reaction and generated a 1.6kb genomic fragment.
Using this 1.6kb fragment, we screened a rat genomic library and isolated a 13.5kb
clone. PNA sequencing revealed that this 13.5kb clone contained the 5' UTR of the
NMPAR2A cPNA in its 3’ end. 5'RACE experiments indicated that the 5' UTR
consisted of three exons and contained multiple atypical ATG sequences. CA repeats
were found in the first exon that blocked further 5'RACE extension. Mapping the 5'
end with an RNase assay revealed one transcription start site which was 838 n.t. from
codon 1. Sequence analysis did not reveal any TATA or CAAT boxes upstream of the
transcription start site. PNA sequence 2kb upstream of the transcription start site
contained motifs for one NF-kB, five AP2, one STAT1 and two invariant CRE. We
tested the activity of this 2kb promoter fused to all or part of the 5' UTR sequence
linked to a luciferase reporter gene. When transfected into PC 12 cells or rat embryonic
cortical cell cultures, this 2kb promoter had weak activity compared to either the
NMPAR1 356 bp promoter or the SV40 early gene promoter. Peletion of the
sequence containing atypical ATGs in the 5' UTR increased the reporter activity more
than 5 fold. Our results suggest that the NMPAR2A promoter has distinct
characteristics which differ from NMPAR1 promoter including a single transcription
start site, multiple untranslated 5' exons and apparently weak basal promoter activity.
Its 5' UTR may participate in the regulation of gene expression, possibly at the
translational level. Supported by IRP, NIA/NIH.

3 7 1 .3
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SINGLE STRAND DNA BINDING PROTEINS PARTICIPATE IN
TRANSCRIPTIONAL CONTROL OF THE NMDAR1 GENE. J.W.
Kusiak*. M.S. Prenger. P .P . Norton, and G. Bai Molec. Neurobiol. Unit,
LBC NIA NIH, Baltimore, M P 21224
NMPA ionotropic receptors are widely expressed in mammalian brain.
They contain a common NMPAR1 subunit which exhibits neuron-specific
expression. Our previous results showed that a proximal region of the
promoter for this gene is sufficient for cell-type specific expression. This
study examines possible mechanisms of this regulation. Peletion or mutation
of a neuron restrictive silencer element (NRSE) in the 5’ untranslated region
enhanced expression of NMPAR1 promoter/luciferase constructs in the non
neuronal cells. However, other factors may be involved in this neuronspecific expression. EMSAs showed that two complexes, SCI and SC2,
specifically bound to single-strand PNA at a region spanning the GSG/Spl
element. SC2 was robust, weak, or absent; while SCI was weak, moderate, or
robust in neuron-like PC12, C6 glioma or HeLa cell nuclear extracts,
respectively. A high SC2/SC1 ratio correlated with high promoter activity in
P C I2 cells. Competition experiments showed that SCI binding required a
poly dG sequence and SC2 required a core TG(3)A plus flanking sequence. A
32 kPa protein crosslinked to PNA in the SCI complex while several large
proteins made up the SC2 complex. Antibody to cellular nucleic acid binding
protein (CNBP, a single-strand PNA binding protein) weakly supershifted
SCI complex and CNBP oligonucleotide sequence prevented SCI complex
formation. Our results suggest that cell-type expression of the NMPAR1 gene
may be controlled in part by a combination of an NRSE and single-strand
PNA binding protein elements in the proximal NMPAR1 promoter.
Supported by IRP NIA/NIH.

ESSENTIAL ROLE OF THE FOSB GENE IN CHRONIC ACTIONS OF
ELECTROCONVULSIVE SEIZURES: REGULATION OF NMPA RECEPTOR
SUBUNIT EXPRESSION ANP TOLERANCE TO MOTOR SEIZURE. N. Hiroi*L
J R- Brown2, H _Ye2, F. Saudou2, V.A. VaidyaiJM._ChM toni, R.S. Puman», M.E,
Greenberg2. E.J. Nestler1 department of Psychiatry, Yale University School of
Medicine, New Haven, CT 06508; 2Pivision of Neuroscience, Children’s Hospital,
Harvard Medical School, Boston, MA 02115.
Previous studies have shown that repeated seizure is associated with induction of a
long-lasting AP-1 complex and associated Fos-related antigens (FRAs) of 35-37 kPa,
which have been shown to be isoforms of a truncated form of FosB (AFosB) (Hiroi et
al., Soc. Neurosci. Abstr. 22:386, 1996). The present study was designed to identify
potential target genes and function of these unique FRAs. Repeated electroconvulsive
seizure (ECS) administration selectively increased levels of immunoreactivity of the
NMPAR1 and NMPAR2B, but not of NMPAR2A, subunits in the rat frontal cortex.
Increased levels of these subunits were associated with the induction of a long-lasting
AP-1 transcription factor complex composed of the unique isoforms of AFosB
complexed with JunP. Pouble-labeling immunohistochemistry demonstrated that
induction of the AFosB isoforms and up-regulation of the NMPA receptor subunits
occurs within the same cortical neurons. The long-lasting AP-1 complex demonstrated
specific binding to an AP-1 site present in the 5’ promoter region of the NMPAR1
gene. Moreover, ECS-induced up-regulation of NMPAR1 was absent in/twB mutant
mice, which also lacked induction of the AP-1 complex and the associated AFosB
isoforms. Repeated administration of ECS induced progressively shorter motor seizures
in both rats and wild-type mice, but this effect was markedly attenuated in fosB mutant
mice. These findings demonstrate that repeated seizure is associated with dynamic
reorganization of NMPA receptor composition as well as tolerance to the generation of
motor seizure, and that this neural and behavioral plasticity depends on transcriptional
regulation by fosB gene products. (Supported by PA08227)
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371.5
ACTIVITY-DEPENDENT REGULATION OF NMDA RECEPTOR EXPRESSION
IN THE VISUAL CORTEX. G. N asei. J. Weishaupt^-. P. S te m l. W.
Singer*-^- and H. Monver^-. *MPIH, D eutschordenstr. 46, D-60528

NMDA RECEPTOR SUBUNIT mRNAs IN RAT NEOSTRIATAL,
NEOCORTICAL, AND HIPPOCAMPAL NEURONAL POPULATIONS
I.K. Fribera. G.B. Landwehrmeyer. J.B. Penney. Jr.. and D.G. Standaert*.

Frankfurt and ^ ZMBH, Im Neuenheimer Feld 282, 69120 Heidelberg.
NMDA receptors have received much attention because their
slow kinetic properties enables them to function as coincidence
detectors in many different forms of synaptic plasticity. The assembly
into functional receptors requires the presence of the NR1 subunit and
one of the four NR2 subunits. The latter are subject to marked
developmental regulation and exhibit functional differences. Previous
studies have shown a shortening of the NMDA receptor mediated EPSCs
during development that coincide with the time of decline of plasticity
in this brain area. We investigated the NMDA receptor subunit
composition of layer IV principal cells in the visual cortex during
development using single cell-PCR analysis in the acute slice
preparation. The main subunits expressed in these cells are NR2A and
NR2B. We analyzed three time points to assess the relative amounts of
NR2 subunits. The most drastic change pertained to the increase of the
NR2A subunit. Thus, the relative expression levels are NR2A 16.5%,
NR2B 77.6%, NR2C 3.4%, NR2D 2.4% at P I2 and NR2A 51.9%, NR2B
39.4%, NR2C 1.75% and NR2D 5.8% at P25. Of particular note is the
fact that this developmental change is activity dependent, since darkrearing delays the increase of the NR2A subunit. Whilst at P20 the
NR2A levels are 43% in control rats, they are only 23% in dark-reared
rats. At P25 this difference is still significant with 51.9% relative
amounts of NR2A in control rats versus 37.8% in dark-reared rats.
Supported by Max Planck Society and DFG grant Mo 43213-lto H.M.

Dept, of Neurology, Mass. Gen. Hosp., Boston and Albert-LudwigsUniversity-Freiburg, Germany.
NMDA receptors are composed of proteins from two families: NMDAR1,
which are required for channel activity, and NMDAR2, which modulate
properties of the channels. We used quantitative double-label in situ
hybridization to examine the expression of NMDAR1, NMDAR2A and
NMDAR2B mRNA in six neurochemically defined populations of neurons:
preproenkephalin (ENK-) and preprotachykinin (SP-) expressing projection
neurons, and somatostatin (SOM-), glutamic acid decarboxylase 67
(GAD67-), parvalbumin (PARV-), and choline acetyltransferase (ChAT-)
expressing interneurons. In the neostriatum, NMDAR1 was expressed by all
neurons: strongly in ENK, SP, PARV and ChAT neurons, and less intensely
in SOM and GAD67 positive cells. NMDAR2A mRNA was present at
moderate levels in all neostriatal neurons except those containing ChAT.
Labeling for NMDAR2B was strong in projection neurons and ChAT
interneurons, and only moderate in SOM, GAD67 and PARV interneurons. In
both neocortical and hippocampal interneurons expressing SOM, GAD67 or
PARV, all three NMDAR subunits were moderately abundant.
These data suggest that all striatal neurons have NMDA receptors, but
different populations have different subunit compositions which may affect
function as well as selective vulnerability.
Supported by USPHS grant NS34361, NS31579, AG 11337 and a Cotzias
Fellowship from the American Parkinson Disease Association.
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Supported by SFB505 and USPHS grants NS31579 & AGU337.

3 7 1 .8
ETHANOL AND POST-TRANSCRIPTIONAL REGULATION OF THE
NMDA R1 RECEPTOR SUBUNIT. M eena Kumari and M .K Ticku*.
Department of Pharmacology, The University o f Texas Health Science
Center, San Antonio, TX 78284-7764
Previous studies from our laboratory have shown that chronic ethanol
treatment differentially regulates the expression of the NMDA R1 and R2
subunit mRNAs in vivo and in vitro (Follesa and Ticku, Mol. Brain Res.
29:99, 1995; Hu et al., Mol. Brain Res. 36:211, 1996). In cultured fetal
cortical neurons, chronic ethanol treatment had no effect on the NMDA R1
mRNA levels, although similar treatment resulted in increased levels of the
NMDA R1 polypeptide (Follesa and Ticku, J. Biol. Chem. 271:13297,
1996). To further delineate the effects of chronic ethanol treatm ent on the
NMDA R1 regulation, we have determined the cytoplasmic stability and
the rate of NMDA R1 gene transcription in cortical neurons grown in the
presence or absence of ethanol. Our results dem onstrate that 1) ethanol
had no effect on the rate of NMDA R1 gene transcription, and 2) ethanol
completely stabilized the NMDA R1 mRNA over the time period examined
(24 h). To determine whether ethanol stabilizes the NMDA R1 mRNA by
promoting its storage as messenger ribonucleoprotein particles (mRNPs),
we compared the levels of free versus membrane bound NMDA R1
mRNA. The membrane-associated and non-m em brane-associated mRNAs
were separated by differential centrifugation from neurons cultured in the
presence or following chronic ethanol treatment. Isolated RNA samples
were processed for analysis by ribonuclease protection assay. Our results
indicate that the NMDA R1 mRNA does not exist in a free cytosolic form
(mRNPs) suggesting that storage of R1 mRNA as mRNP particles is not a
mechanism involved in R1 stabilization seen following chronic ethanol
treatment. Further experiments are in progress to dissect the "potential"
mechanism(s) that could explain this phenomenon.
Supported by NIH-NIAAA grant #10552.
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2B OR NOT 2B? NMDA RECEPTOR SUBUNIT EXPRESSION IN THE
HIPPOCAMPUS OF PREWEANLING RATS POSTNATALLY EXPOSED TO
ETHANOL. K. Nixon*. P. Hughes. A. Amsel. & S.W. Leslie. Department of
Psychology, Institute for Neuroscience, and Col. of Pharmacy, University of
Texas, Austin, TX78712.
The teratogenic effects of ethanol (EtOH) exhibit regional differences within
the central nervous system, including a primary site of “preference” for the
N-methyl-D-aspartate(NMDA) receptors of the hippocampus. The NMDA
receptor is formed by the NR1, or primary subunit, and the heteromeric
assembly with one of the four NR2, or secondary, subunits. Different
functional properties result from the presence of particular secondary
subunits. At least one of the functional properties, sensitivity of the receptor
to the voltage dependent magnesium block, is affected by the administration
of EtOH. A larger percentage of receptors are in the high affinity, or less
sensitive, state in the rat brain after postnatal EtOH exposure. Postnatal
EtOH exposure, the equivalent of the third trimester in humans, coincides
with NMDA receptor ontogeny. Therefore, EtOH affects processes that
control the sensitivity of the receptor at some point during its development,
leading us to analyze the expression of the proteins which form the receptor.
A western blotting procedure was used to analyze the expression of the
NMDA NR2A and NR2B subunits in rats intubated with EtOH, isocaloric
control diet or in ad-ib control rats. Rats receiving EtOH administration were
intubated once aday with adose of 4.25g/kg of EtOH in a milk diet (20% v/v)
from postnatal days (PND) 4 - 9. Pair-fed rats were intubated with an isocaloric
milk diet, while ad-lib controls remained in the litter. Protein isolated on PND
14 from the hippocampi of each subject was probed by rabbit polyclonal
antibody raised against NR2A and NR2B in a standard western blot
procedure. Densitometric analysis of the bands for NR2A and NR2B showed
that there were no significant differences (p>.05) in the expression of these
proteins at PND 14 between ethanol-exposed, control, or pair-fed pups.
(Supported by NIAAA 07471-09)

EXPRESSION OF NMDA RECEPTOR SUBUNITS IN THE CEREBRAL
CORTEX OF RATS PRENATALLY EXPOSED TO ETHANOL. S. Giannetti
and A. Granato*. Inst, of Anatomy, Catholic University, Rome, 00168, Italy.
Prenatal exposure to ethanol is able to modify the development of the
cerebral cortex, leading to deep alterations of the cortical circuitry. These
early changes can affect the expression pattern of cortical
neurotransmitters and their receptors. N-methyl-D-aspartate (NMDA)
glutamate receptors, which are thought to play a critical role in cortical
development and plasticity, represent a potential target of ethanol induced
modifications.
We investigated the immunocytochemical expression of NMDAR 1 and
R2A/B subunits in the sensori-motor cortex of adult rats exposed to
ethanol during the third week of foetal life. Offspring of pair-fed animals
were used as controls.
Preliminary results can be summarized as follows: a) R1 and R2A/B
subunits are widely expressed in the sensori-motor cortex of both ethanol
exposed and control animals. Immunostaining is detected in the soma of
pyramidal and granule cells, aswellasinthe neuropil; b) the analysis of the
radial distribution of the immunolabeling indicates a relative decrease of
positive granule cells in layer 4 of ethanol exposed rats, with a simultaneous
increase of layer 6 labeled neurons. Such differences are more evident for
R1 immunostaining.
These modifications could be partially explained by an alteration of the
migratory pattern of neurons expressing NMDA receptors. Alternatively,
the altered expression of the NMDA receptors could reflect a plastic
response to the ethanol induced damage of the cortical circuitry.

371.7

NMDA-RECEPTOR SU BU N IT m RN A E XPR ESSIO N IN
IDENTIFIED HUMAN STRIATAL NEURONS .
Freiburg, Germany and 2Dept. of Neurology, Mass. Gen. Hosp. Boston, USA.

NMDA-receptors (NRs) are com posed of five different subunits
(NR1 and NR2A-2D). The expression p attern of NR subunit mRNAs
was studied in h u m an p o stm o rtem striatum . D ual label in situ
hybridization w as used to sem iq u an titativ ely assess NR mRNA
expression in neurochem ically id en tified n e u ro n s labeled w ith
digoxigenin-tagged m arkers for projection neurons and interneurons
(preproenkephalin (ENK) and preprotachykinin (SP); som atostatin
(SOM), glutam ic acid decarboxylase 67kD (GAD67) an d choline
acetyl transferase(ChAT), respectively). H ybridization signals w ere
differentially d istrib u ted in h u m an striatal neurons. Intense NR1
signals were found over all striatal neurons; how ever, SOM-positive
neurons displayed significantly low er signals than all other neuronal
populations. NR2A signals w ere high over GAD67-positive neurons
and intermediate over SP-positive neurons. ENK- and SOM-positive
neurons d isp la y ed low signals. C hA T -positive n eu ro n s w ere
unlabeled. NR2B signals were intense over all neuronal populations in
striatum. Signals for NR2C and 2D w ere low. These results indicate a
differential expression of NR by h u m a n striatal n eu ro n s. The
expression p a tte rn of N Rs re p o rte d here differs from the one
previously d e m o n stra te d in ra t s tria tu m su g g estin g species
differences in NR distribution at the cellular level.
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TIMING OF INHIBITION OF GLIAL PROLIFERATION ALTERS
NMDA RECEPTOR SUBUNIT EXPRESSION IN CORTICAL NEURONS
IN VITRO. J.D. Sinor* and E, Aizenman. Department of Neurobiology,
University of Pittsburgh School of Medicine, Pittsburgh, PA 15261.
The susceptibility of cortical neurons in culture to NMDA excitotoxicity is
known to change with in vitro developmental age. In an effort to understand the
key elements that may trigger this process, we have examined the developmental
expression of NMDA receptor subunits in these cells. E16 rat cortical neurons in
dissociated culture were grown in 80% DMEM, 10% F-12 and 10% calf serum.
After 15 days in vitro (DIV), cells were treated once with 2 fiM Ara-C, and the
amount of serum in the media was reduced to 2%. Neurons grown under these
conditions exhibit maximal sensitivity to NMD A-induced excitotoxicity only
after 25 DIV, which is substantially later than what other investigators have
reported. RNase protection assays revealed a dramatic increase in the expression
of NR2A in these cells after 2-3 weeks in culture, while NR2B expression
remained relatively constant throughout the lifetime of the cultures. NR1 levels
were initially elevated, but continued to increase with developmental age. This
profile is reminiscent to that shown by Zhong et al. (Mol. Pharm. 45:846; 1994)
in cortical cultures. In order to address the issue of the onset of NMDA
excitotoxicity, we altered the timing of Ara-C treatment, a procedure that
sometimes differs at various laboratories. Sister cultures were treated with Ara-C
at 8 or 15 DIV. RNA from these two treatment sets were isolated at 15 DIV.
RNase protection assays demonstrated a substantial increase in NR1, NR2A, and
NR2B expression in the cultures mitotically inhibited at 8 DIV, in spite that these
cells had been in 2% serum for a week prior to harvesting. Zhong et al. (ibid.)
had reported that low serum concentrations decreased the levels of NR2A
expression. Experiments are underway to determine if earlier Ara-C treatment
shifts the onset of excitotoxicty. Supported by NIH NS29365
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QUANTIFICATION OF THE EXPRESSION OF THE PUTATIVE NMDA
RECEPTOR SUBUNIT NRL' DURING DEVELOPMENT IN RAT AND
HUMAN BRAIN
D.J. Balderson. P. Slater and F. Owen (SPON: Brain Research Association),
Division of Neuroscience, 1.124, School of Biological Sciences, University of
Manchester, Manchester, M l3 9PT, UK.
There is evidence that a special role of the NMDA receptor in developing brain is
accompanied by changes in the properties of the receptor in early postnatal life
(Williams et al, 1993), consistent with reorganisation of the subunit composition of
the receptor (Monyer, 1994). These changes may represent a switch in the
functional role of the receptor from developmental (eg. neuronal migration) to
more mature functions (eg. learning). It is hypothesised that any disruption during
development may affect subunit gene expression, thus in abnormal or pathological
conditions, immature NMDA receptors may persist into adulthood where they
function inappropriately. Sucher et al (1995) identified a novel ionotropic
glutamate receptor in rat brain, termed NRL, which resembles the NMDA subunit
structure and is developmentally regulated. Transcript levels, measured by
northern blotting, were elevated just before and during the first postnatal week but
were dramatically reduced following postnatal day 7 through to adulthood. In the
present study a sensitive RT-PCR technique was used to quantify levels of NRL
and the ubiquitous NMDA subunit NR1 mRNA in neonatal and adult rat brain, and
in brains from human subjects aged from 25 weeks gestation through to adulthood.
Data indicate that both NRL and NR1 expression is significantly reduced in adult
compared to postnatal day 1 rats. However, a comparable age-related decline in
expression in human brain was detected only for NR1.
sMonyer H et al (1994) Neuron 12; 529-540.
Sucher N et al (1995) J Neurosci 15; 6509-6520.
Williams K et al (1993) Neuron 10; 267-278.
This work was supported by The Wellcome Trust.
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INDUCIBLE EXPRESSION OF NMDA RECEPTOR CHANNELS FROM
CLONED cDNAS IN HEK293 CELLS. R. Del Bo1. M G. Giribaldi. L. Faravelli.
C- Post*. I. Chiossone1: M.S. Fabbrini1, M R. Soria1. L. Monaco1andL. Benatti.
1DIBIT Research Center, HSR, Milano and Pharmacia & Upjohn, CNS Research,
20014 Nerviano, Italy.
NMDA-specific glutamate receptors are involved in pathologies such as
epilepsy, Alzheimer’s, Parkinson’s and Huntington’s diseases. The combination of
the NR1 subunit with subunits NR2A-2D leads to the formation of channels
possessing unique pharmacological and functional properties. To develop a drug
screening system and to override problems of toxicity, cDNAs encoding rat
NMDAR subunits were subcloned into the Tet-inducible eukaryotic vector
pUHD10.3. HEK293 cells were stably transfected with the direct transactivator
responding to the Tet analogue doxycycline, and the best clone was selected on the
basis of optimal inducibility of the luciferase reporter gene. NR1, either alone or in
combination with NR2A-2D, was transfected into this clone. Cell death, measured
as LDH release, was observed only upon induction of NR1/NR2A expression by
removal of doxycycline from the medium. RT-PCR confirmed the expression of the
other subtype combinations. To determine the factional properties of the expressed
receptor subtypes, whole cell currents induced by the co-application of lOOmM
NMDA and 10 mM glycine were analysed in the transfected cells. At different
concentrations of extracellular Mg2+, NR1/NR2A and NR1/NR2B channels were
characterized by a stronger voltage sensitivity to the Mg2+ block than NR1/NR2C
and NR1/NR2D. Ifenprodil inhibited currents through NR1/NR2B receptors with a
100-fold higher affinity than with the other ones. Also spermidine selectively
potentiated NMDA-evoked currents for NR1/NR2B only. Selection and
characterization of clones stably expressing NR1/NR2A and NR1/NR2D is in
progress.
(Supported by a grant from the PNR/Neurobiologia MURST-Italy).

NMDAR 1-GFP FUSION PROTEIN EXPRESSED IN P19
EMBRYONAL CARCINOMA CELLS
R.P. Mollov*. T.E. Hughes
Depts. o f Ophthalmology and Neurobiology,
Yale Univ. Sch. of Med., New Haven, CT 06520
It is difficult to determine the location of NMDA receptors in living
cells. Previous efforts have relied on indirect measurements-calcium
imaging, fluorescent peptides or physiological responses to locally
applied agonists. We attempted to create a more direct assay by
transfecting fluorescent NMDA receptors into a continuous cell line
(P I9 embryonic carcinoma) that can be induced to differentiate into
neurons. The plasmid pJM l expresses the obligatory NMDAR 1
subunit with the green fluorescent protein fused to the carboxy
terminus of the receptor. W e transfected this plasmid into p l9 cells via
the calcium phosphate method. G418 resistant cells were pooled and
induced to differentiate with retinoic acid (McPherson and McBumey,
Methods 7,239). The distribution of expressed protein in living cells
was observed using confocal microscopy. Results obtained to date
indicate that the fluorescent NMDA subunit is expressed in these cells
after induction o f differentiation, and that the pattern of fluorescence
changed as cells acquired a neuronal phenotype. Fluorescence was
broadly distributed shortly after plating but diminished and became
more punctate with increasing time in culture. Most fluorescence was
observed near the cell body. Present work is focusing on identifying
the compartments to which the protein is targeted and the extent to
which it is co-localized with other glutamate receptor subunits.
Supported by EY08362.

3 7 1 .1 5

3 7 1 .1 6

FUNCTIONAL CHARACTERISTICS OF NMDA RECEPTOR MEDIATED
WHOLE-CELL CURRENTS AND NMDA RECEPTOR mRNA EXPRESSION
IN SINGLE SUPERFICIAL DORSAL HORN NEURONS.
U. Karlsson, H. Carlqvist, T. Sjodin. A. Eriksson, H. Brandin, L. Wikstrorn
T. Wallin and T. Nasstrom*. Department of Cellular and Molt cular
Pharmacology, Astra Pain Control AB, S-141 57 Huddinge, Sweden.
Co-expression of the rat NMDA receptor subunit NR1 with NR2A-D
respectively in HEK 293 cells produced cells with separable functional
characteristics. The sensitivity of glutamate induced currents to magnesium
and ifenprodil as well as the off-rate and agonist potency of glutamate
induced currents were import parameters to separate between subunits.
The aim of the present study was to investigate the potential correlation
between mRNA expression and functional characteristics of glutamate
induced whole-cell currents in acutely dissociated rat superficial dorsal horn
neurons using single cell PCR analysis.
400 |xm thick slices of the L5 region of the spinal cord were treated with
pronase and protease after which the superficial laminae were dissected out
and single neurons were obtained by trituration. The amphothericin B
perforated-patch technique was used to record whole-cell currents under
voltage-clamp conditions. Drugs were delivered by a fast application system
in the presence of 10 (iM NBQX and 10 fiM glycine. The expression of
mRNA for splice variants a and/or b of NR1 as well as the NR2 subunits
NR2A-D were investigated using nested primer PCR.
Comparison of the sensitivity to magnesium and ifenprodil as well as the
off-rate and agonist potency of glutamate induced currents with the NMDA
receptor mRNA expressed, indicated a more complex pattern relative to the
data obtained from HEK 293 cells.

NMDA RECEPTOR SUBUNIT EXPRESSION IN THE SPINAL CORD._L

S o c ie ty f o r N e u ro s c ie n c e , V o lu m e

23,1997

Sjodin. H. Fernandes. U. Karlsson. T. Nasstrom, K. Enkvist*. T. Wallin, L.
Wikstrom. Department of Cellular and Molecular Pharmacology, Astra Pain
Control AB, Halsovagen 7, S-141 57 Huddinge, Sweden.
The NMDA receptor subunit expression is well studied in brain but has
remained controversial for spinal cord. We have mapped the mRNA
expression in rat spinal cord by single cell PCR and in situ hybridization. We
developed a nested primer PCR approach with the capability of detecting
N R la /b and NR2A-D simultaneously in the same cell. Analysis of
individual neurons dissociated from the lumbar dorsal horn showed a large
variability in expression pattern. NR1 a and/or b was found in all cells
studied, in combination with one or several NR2 subunits. The most
common combination was N R la/b , NR2A, B and D. NR2C was expressed
in few neurons. In some neurons we detected only NR1. A total of 36
neurons were studied. In situ hybridization of sections from different levels
of the adult rat spinal cord revealed that the expression level of the NR2
subunits varies between spinal cord levels. Quantification by X-ray film
autoradiography shows high expression of NR1 throughout the spinal cord.
NR2A and NR2D signals were low or very low at the cervical and lumbar
level, and moderate at the thoracic level. NR2B signals were low or very low
at the cervical and thoracic level and below detection with this technique in
the lumbar spinal cord. Very low NR2C signals could be detected only at the
lumbar level. All subunits could be detected at all levels by dark-field
microscopy, although in some cases the signal was close to background. Our
results show that all NMDA receptor subunit mRNAs are expressed in rat
spinal cord, but that the amount of message for each subunit varies between
spinal cord levels. Individual neurons may express a variety of subunit
combinations.
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AUTORADIOGRAPHIC LOCALISATION OF THE GLYCINE
BINDING SITE OF THE NMDA RECEPTOR IN MONKEY BRAIN
USING [3H]L-689,560. G. Fresu*. R. McKeman. P. Hutson and J.R.
Atack Merck Sharp & Dohme Research Laboratories, Neuroscience
Research Centre, Harlow, CM20 2QR, U.K.
The JV-methyl-D-aspartate (NMDA) subtype of glutamate receptors is
activated by the binding of glutamate and glycine co-agonists at distinct
recognition sites. The development of antagonists of the glycine binding
site of the NMDA receptor resulted in the identification of a series of
(mm)-2-carboxy-4-substituted tetrahydroquinolines from which the
radioligand [3H]L-689,560 was synthesised (Grimwood et al, 1992, Mol.
Pharmacol., 41:923-930). In the present study, this compound has been
used to identify the autoradiographic distribution of [3H]L-689,560 binding
sites in sections of rhesus monkey brain. Twenty }iM thick coronal and
horizontal sections of rhesus monkey brain were extensively washed to
remove exogenous glutamate and glycine and incubated with 5nM
[3H]L-689,560 for 2 hr. at 4°C then washed and dried. Non-specific binding
being defined in the presence of ImM glycine. In general, highest specific
binding was observed in cortical compared to subcortical (basal ganglia and
thalamic) regions. Within cortical regions, the hippocampus showed
highest levels of expression of [3H]L-689,560 binding sites and the
entorhinal, temporal and cingulate cortex had higher levels of expression
relative to other cortical regions. Moreover, binding sites in the cortex
were enriched in superficial rather than deeper laminae. Within the basal
ganglia, [3H]L-689,560 binding was greater in the caudate nucleus,
especially the head of the caudate, than in the putamen and globus pallidus.

3 7 1 .1 8
QUANTITATIVE AUTORADIOGRAPHY OF [3H]-GV150526A BINDING SITES IN
RAT BRAIN. M. Mugnaini1'2, B. Bunnemann1, M. Corsi1, S. Tacconi1*, D.G. Trist1,
N.G. Bowery2
’GlaxoWellcome Medicines Research Centre, Verona, Italy and
Medical School, Dept, of Pharmacology, Edgbaston, Birmingham.
[3H)-GV150526A (3-[2-(Phenylaminocarbonyl)ethenyl]-4,6-dichloroindole-2carboxylic acid sodium salt) is a new, selective, high affinity antagonist at the
glycine site of the NMDA receptor. In the present study we have determined the
distribution of [3H]-GV150526A binding sites in rat brain sections and compared
it with that of the NMDA site antagonist [3H]-CGP39653 and the mRNAs
encoding the NMDA receptor subunits (NR1/2A/2B/2C/2D).
1) Preincubation of the sections for 1 h at 25 °C, incubation for 90 min at
4 °C and a washing step of 90 min at 4 °C were found to optimize the ratio of
specific to non specific binding (determined in the presence of 30 p.M
GV150526A). 2) The highest levels of [3H]-GV150526A binding were found in
the stratum radiatum of the CA1 region of the hippocampus and in the midline
thalamic nuclei. High levels were found in the other subfields of the
hippocampus, in the amygdala, in the cerebral cortex and in the granular layer of
the cerebellum. Medium to low binding intensity was observed in the
hypothalamus, the striatum and the brainstem. 3) In all brain regions glycine
displaced binding to a lesser extent than unlabelled GV150526A. However, ther
was a high correlation (r=0.95, p < 0.0001) between the distribution of the
glycine-sensitive and the glycine-insensitive [3H]-GV150526A binding sites,
suggesting that these two binding components are related to the same receptor.
4) A moderate (r=0.48) but significant (p< 0.0001) correlation was found when
comparing the distribution of [3H]-GV150526A and [3H]-CGP39653 binding
sites. 5) The regions containing the highest density of [3H]-GVl 50526A also
showed a high level of NR2D mRNA, indicating a possible preferential binding of
the radioligand to this subunit.
It is concluded that [3H]-GVl 50526A labels the glycine site of the NMDA
receptors in sections of rat brain and can be therefore considered as a new tool to
investigate the properties of this site by means of receptor autoradiography.

371.19
Autoradiographic L o c a l i z a t i o n of N M D A Rece p t o r s In The Ra t
Lung And I m p lication s In L u n g Injury.
B. R o b e r t s o n 1, R.
D. Dev1, L. J. H u f f m a n * 2, M.J. P o l a k 3 a nd S. I. S a i d 4 .
Departments of A n a t o m y 1, P h y s i o l o g y 2, and P e d i a t r i c s 3, W e s t
Virginia
University,
and
He a l t h
Effe c t s
Laboratory
Division2, N a t i o n a l Inst i t u t e For O c c u p a t i o n a l He a l t h and
Safety, Morgantown, w v 26506 an d N o r t h p o r t V A Medi c a l
Center, Northport, NY a nd U n i v e r s i t y M e d i c a l Center, Sto n y
Brook, NY 11794 4 .
We
recen t l y
described
a
model
of
acute
highpermeability p u l m o n a r y ede m a i n d u c e d by a d d i t i o n of N M D A
and L -arginine to perfnr-.rd rat lungs.
We have n o w
examined
the
l o c a l i z a+- ¡.on and
distribution
of
NMDA
receptors in norm a l ar i N M D A - t r e a t e d
rat lungs.
NMDA
receptor b i n d i n g and
ltoradiograms we r e e v a l u a t e d in
cryostat sections of rat lungs i n c u b a t e d in 630 p M of 125iMK-801 w i t h o r w i t h o u t c o l d MK-801.
Speci f i c b i n d i n g for
MK-801 avera g e d 36% in sections c o n t a i n i n g only per i p h e r a l
lung tissue and 50% in sections c o n t a i n i n g m a j o r airways
and pulmonary b l o o d vessels. A u t o r a d i o g r a p h i c grains w e r e
localized o ver the v a s c u l a r smooth m u s c l e of pu l m o n a r y
vessels and the al v e o l a r walls.
In one study, specific
binding in p e r i p h e r a l lung in c r e a s e d to 56% aft e r infus i o n
of 1 m M N M D A a nd 10 m M L - a r g i n i n e for 1 hr; p u l m o n a r y
vascular pr e s s u r e incr e a s e d after infusion.
The results
show that N M D A r e c e ptors are p r e s e n t in the lung on
alveolar wal l s and p u l m o n a r y ve s s e l s and th a t recep t o r
binding i ncreases in r e s p o n s e to N M D A challenge.
The
findings also pr o v i d e an a n atomic basis for the indu c t i o n
of p ulmonary ede m a by NMDA.
(Supported by N I H and the VA)
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M OLECULAR
D E T E R M IN A N T S
OF
A G O N IS T
D ISC RIM IN A TION BY N M D A R EC EPTO R SU B U N ITS. IL
Laube*. H. Hirai. M. Sturgess. J. Kuhse and H. Betz. Department of
N eurochem istry, M ax-P lanck-Institute for B rain Research,
DeutschordenstraBe 46, D-60528 Frankfurt, Germany.
The Af-methyl-D-aspartate (NMDA) subtype of ionotropic glutamate
receptors mediates excitatory neurotransmission and plays an essential
role in higher brain functions and neurodegenerative diseases. The
native receptor is composed of transmembrane-spanning NR1 and NR2
subunits and requires both L-glutamate and the co-agonist glycine for
channel activation. The glycine binding site of these heteromeric
receptor proteins is formed by regions of the NR1 subunit that display
sequence similarity to bacterial amino acid binding proteins. Here, we
demonstrate by site-directed mutagenesis that the glutamate binding site
is located on the homologous regions of the NR2B subunit. Substitution
of residues within the N-terminal domain and the loop region between
membrane segments M3 and M4 significantly reduced the efficacy of
glutamate, but not glycine, in channel gating. Homology-based
molecular modelling of the glutamate and glycine binding domains
indicates that the NR2 and NR1 subunits use similar residues to ligate the
agonists’ a-aminocarboxylic acid groups, whereas the configuration of
specific amino acid substitutions determine the selective interaction with
the ligands' side chain.

EVIDENCE THAT GLUTAMATE GATES NMDA RECEPTORS
THROUGH INTERACTIONS WITH THE NR2 SUBUNIT S.C.R.
Lummis. E.J. Fletcher* and T. Greent Neurobiology Division, MRC
Laboratory of Molecular Biology, Cambridge CB2 2QH, UK, Dept of
Zoology, University of Cambridge, CB2 3EJ, UK, and fSalk Institute, La
Jolla, CA 92037.
Two regions of ionotropic glutamate receptors, termed SI and S2, are
known to be important for channel activation by agonists. Extensive
mutagenesis of these regions in the NMDA receptor subunit NR1 revealed
residues important for glycine, but not glutamate, efficacy. We therefore
investigated whether mutations in the NR2 subunit would affect glutamate
efficacy. We mutated the rat NR2A subunit at a series of residues, chosen
either because homologous residues in other glutamate receptors were
involved in activation by glutamate, or because the residue was conserved
in all ionotropic glutamate receptor subunits except NR1. Mutant receptor
function was examined using Ca2+ imaging, electrophysiology and
radioligand binding in transiently transfected HEK293 cells. Glutamate
EC50S from single cell Ca2+ imaging data were significantly different
from control (EC50=1.1±0.1^M, n=13) for E394Q (17±0.2^iM, 10),
K465D (10±0.7}iM, 15), and G669S (870±94^M, 5). Mutation to K465Q
was not significantly different to control. EC50s determined from whole
cell patch clamp were similar (n=5): 1.4±0.2|iM (control), 23.8±2.4|iM
(E394Q), 9.3±1.0jiM (K465D) and 1.3±0.2jiM (K465Q). Such analyses
of mutants alone cannot distinguish between direct changes to the agonist
binding site, and changes elsewhere in the structure which affect channel
activation. These mutations do show, however, that NMDA channel
activation by glutamate and glycine is equivalently mediated by the NR2
and NR1 subunits respectively, and emphasise the central role played by
the NR2 subunit in NMDA receptor function.
Funding fo r this work was provided by the M edical Research Council,
Wellcome Trust and the Royal Society

S o c ie ty f o r N e u ro s c ie n c e , V olum e

23,1997

931

932

NMDA RECEPTORS: STRUCTURE, FUNCTION AND EXPRESSION II

3 7 2 .3
GLYCINE-INDEPENDENT DESENSITIZATION OF NMDA RECEPTORS
IS MEDIATED BY THE N-TERMINUS OF THE NR2 SUBUNIT.
J. Krupp*. B. Visselt. S. Heinemannf & G. L. Westbrook. Vollum Institute, Oregon
Health Sciences University, Portland OR and f Salk Institute, La Jolla CA.
NMDA receptor desensitization affects the ongoing processing of synaptic
information and can shape the response at central synapses (Rosenmund et al., J
Neurophysiol. 73, 1995; Tong et al., Science 267, 1995). For recombinant NMDA
receptors glycine-independent desensitization is present in NRl-la/2A heteromers,
but absent in NRl-la/2C heteromers (Krupp et al., Mol. Pharmacol. 50, 1996). Using
chimeric constructs we explored the molecular basis for this NR2 subunit specificity
in recombinant receptors expressed as NR1/NR2 heteromers in HEK293 cells.
Protocols were designed to avoid contamination by Ca-dependent inactivation.
Glycine-independent desensitization was completely abolished by introducing
the N-terminus of NR2C into NR2A. Likewise, a chimera which incorporated the Nterminus of NR2A into NR2C showed typical desensitization. Exchange of the
extracellular loop between TMiii and TMiv of NR2A for NR2C did not significantly
affect desensitization. We constructed a series of N-terminal chimeras to identify
critical regions essential for desensitization. Exchange of a short segment located
before TMi in NR2A for the respective segment in NR2C slowed the rate into
desensitization, as did a single point mutation in NR2A. However, desensitization
was not abolished in these constructs. Likewise the mirror mutations did not induce
desensitization in NR2C, suggesting that additional N-terminal regions are also
involved. Preliminary evidence suggests however that the putative agonist binding
domain (SI) in the N-terminus is not critical to glycine-dependent desensitization. A
region proximal to TMi is well positioned to sense a conformational change
associated with agonist binding. Because TMi is thought to contribute to the external
vestibule of the channel pore (Wo and Oswald, TINS 18, 1995), an adjacent region in
the N-terminus also is a good candidate to control receptor desensitization. S upported
by NIH (M H 46613), H F SP (JK & BV] and J Aron C haritable Foundation (BV).
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SINGLE-CHANNEL ANALYSIS OF RECOMBINANT NMDA RECEPTORS
WITH N to G MUTATION IN M2 SEGMENT OF. L. S. Premkumar*1. L. P.
Wollmuth2. T. Kunera and A. Auerbach1. *Dept. Biophysics, SUNY at Buffalo,
Buffalo NY 14214,2Cell Physiology Division, Max-Planck-Institute and 3Center for
Molecular Biology (ZMBH), Heidelberg University, Germany.
Mutation of QRN residues in the M2 segment of NMDA receptors alters channel
conductance and divalent cation permeation and block. NMDA receptors composed
of rat NR1 and NR2A subunits bearing a glycine (G) instead of asparagine (N) at the
N0 position (G/G) were expressed in Xenopus oocytes, and single-channel currents
were recorded from outside-out patches. In- the absence of extracellular Ca2+ (1.5
mM EGTA) multiple conductance levels were observed. Openings had four different
conductance patterns, each with a main and a sub level. The largest and most
common had a main level of 150 pS and a sub level of 122 pS. The second had a
main level of 137 pS and a sub level of 110 pS. The third had a main level of 89 pS
and a sub level of 63 pS. The smallest had a main level of 32 pS and a sub level of
20 pS. The main and sub levels were differentially sensitive to Ca2+ and Mg2+. Upon
increasing extracellular [Ca2+] or [Mg2+], there was a monotonic reduction of the
single channel current for the largest conductance pattern. Ca2+ reduced the main and
sub levels with Kms of 135 and 550 jiM, respectively. Mg2+ reduced the main and sub
levels with Kms of 14 and 719 fiM, respectively. Even at high (50 mM) [Ca2+], a
residual sublevel remained (not blocked by Ca2+), similar to that observed with the Nto -Q mutated subunits (Q/Q). Aside from the multiple conductance patterns of G/G
receptors, there are notable differences between G/G and Q/Q receptors. In Q/Q
receptors the sub level has ~ 35 times higher affinity for Ca2+ than the main level,
while the G/G receptor sub level has only a ~ 4 fold higher affinity. In Q/Q
receptors, the sub level has - 5 times higher affinity for Ca2+ compared to Mg2+,
while in G/G receptors the sublevel has a ~ 10 times lower affinity for Ca2+ compared
to Mg2+. (supported by NS-23513).
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MUTATIONS IN THE M3 SEGMENT OF NMDAR SELECTIVELY
AFFECT OPEN CHANNEL BLOCK.
K.S. Jones. H.M.A. VanDongen and A.M.J. VanDongen*
Dept of Pharmacol, Duke Univ. Med. Ctr. Durham, North Carolina
The N-methyl D-aspartate (NMDA) receptor is a member of the ionotropic
glutamate receptor (iGluR) family. Recent topological models of the iGluRs
predict three hydrophobic membrane spanning domains (M l, M3, and M4),
while M2 lines the pore as a hairpin loop. Functional NMDA receptors are
multimeric complexes assembled from heterologous NR1 and NR2 subunits.
Amino acid alignment of NMDAR subunits with other iGluRs displays a
perfectly conserved stretch of 10 amino acids within M3. The purpose of this
study was to investigate the function of M3 in the open channel block of
NMDA receptors. To address this queston, two-electrode voltage clamp
experiments were performed on Xenopus oocytes expressing mutant NMDA
receptors. Activated NMDA receptors are susceptible to open channel
blockers including phencyclidine (PCP), Mg2+, Zn2+, and dizocilpine maleate
(MK-801). Most of these compounds block in a voltage-dependent manner,
suggesting that the binding site resides at least partially within the membrane
field. MK-801, however, can effectively block at a wide range of holding
potentials. Additionally, competition between these blockers is observed
during co-application, suggesting that they share the same binding site.
Mutations within the C-terminal part of M3 affected MK-801 induced block
but not that of ketamine, Mg2+, or Zn2+. These results indicate that M3 may
contain residues exclusively involved in MK-801 mediated block, suggesting
the existence of unique open channel blocker sites.
Supported by American Psychological Association’s Minority Fellowship Program
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TH E HIGH AFFINITY ZINC INHIBITION O F NMDA N R1-N R 2A
RECEPTORS IM POSES A REEVALUATION OF TH E NR2A-SPECIFIC
FAST AND REVERSIBLE REDOX MODULATION. P. P ao letti* . P.
A sc h er a n d J . N ev to n . L a b o rato ire de N eurobiologie, Ecole N orm ale
S u p érieu re, 46 ru e d ’Ulm, 750 0 5 Paris, France.
N ativ e NMDA re c e p to r s a r e a n ta g o n iz e d b y m ic ro m o la r
c o n c e n tra tio n s o f Z n 2+ th ro u g h a d u a l m e c h a n is m involving b o th a
v o lta g e -in d e p e n d e n t a n d a v o lta g e -d e p e n d e n t in h ib itio n (Legendre
a n d W estbrook, 1990, J . Physiol. 4 2 9 , 429; C h ristin e a n d Choi, 1990,
J . N e u ro sc i, 10, 108). T h e re la tiv e c o n tr ib u tio n o f th e s e tw o
m e c h a n is m s a n d th e ir s u b u n it sp ecificity w ere in v e stig a te d u s in g
re c o m b in a n t NMDA r e c e p to rs e x p re s s e d in HEK 2 9 3 c e lls a n d
X en o p u s oocytes. We fo u n d th a t th e v o lta g e -d e p e n d e n t in h ib itio n is
s im ila r in N R la-N R 2A a n d N R la-N R 2 B re c e p to rs . In c o n tr a s t, a s
a lre a d y p a rtia lly re p o rte d (M o sh av er a n d R ay m o n d , 1 996, Soc.
N eu ro sci. A bs., 22, 6 7 1 .2 ), th e IC50 o f th e v o lta g e - in d e p e n d e n t
in h ib itio n is h ig h ly s u b u n it specific -d e p e n d in g b o th o n th e NR1
(NR l a or NR lb) an d th e NR2 (NR2A, NR2B, NR2C) s u b u n its - a n d ran g es
from 10 nM in th e ca se of N Rla-N R2A recep to rs to 10 |i.M in th e ca se of
N R la-N R 2C rece p to rs. T he h ig h affinity of N R la-N R 2A re c e p to rs for
Z n 2+ is d u e to a p a rtic u la ry slow d isso cia tio n of Zn2+ from its b in d in g
site. We hav e fu rth e r o b serv ed th a t u n d e r co n tro l co n d itio n s, i.e in
zero n o m in a l Z n2+ so lu tio n s, th e a d d itio n of low c o n c e n tra tio n s of
heav y m e tal c h e la to rs m a rk ed ly p o te n tia te s th e re s p o n s e s of N R laNR2A re c e p to rs b u t n o t th o s e o f N R la-N R 2B re c e p to rs . T h is r e s u lt
s u g g e s ts th a t tra c e s o f a h eav y m e tal (p ro b ab ly Z n2+) c o n ta m in a te
s ta n d a r d s o lu tio n s a n d to n ic a lly in h ib it N R la-N R 2 A re c e p to rs .
C h elatio n o f a c o n ta m in a n t m e tal c o u ld also a c c o u n t for th e ra p id
N R 2 A -s u b u n it sp ecific p o te n tia tio n p ro d u c e d b y th e r e d u c in g
co m p o u n d s DTT a n d g lu tath io n . (CNRS, UPMC, FRM).
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REDOX-MEDIATED INTERACTION BETWEEN NMDA RECEPTOR
SUBUNITS NR1 AND NR2A ALTERS CHANNEL GATING.
W.K. Potthoff*. J.C. Brimecombe. E. Aizenman. Department of Neurobiology,
University of Pittsburgh School of Medicine, Pittsburgh, PA 15261.
Sulfhydryl reductants potentiate NMDA receptor-mediated responses while
oxidants reverse this effect and can depress native responses (Tang and
Aizenman, J. Physiol. 465:303; 1993). Molecular studies have established the
presence of at least two redox sensitive sites, one formed by cysteines 744 and
798 of the NR1 subunit, and a second one on the N-terminal of NR2A (Sullivan
et al., Neuron 13:929; 1994; Kohr et al., Neuron 12:1031; 1994). Here we evaluate
whether the two redox sites can act independently from each other. NR1/NR2A,
NR1C744S/ NR2A and NR1/NR2B receptor-mediated whole cell currents in
transiently transfected CHO cells were potentiated 2-fold by a 3 min treatment
with 4 mM DTT, while 0.5 mM DTNB (1 min), reversed the actions of DTT and
produced a partially reversible 30% decrease in the amplitude of the native
responses. NR1C744S/NR2B, however, was insensitive to redox agents. Single
channels obtained from NR 1/NR2A-transfected cells exhibit a ~2 ms difference
in mean open time between reduced and oxidized conditions, while NR1/NR2B
channels do not; redox agents alter open channel frequency similarly in both
subunit combinations (Brimecombe et al., Soc. Neurosci. Abstr. 22:593; 1996).
We thus hypothesized that open time changes may be due to the redox site on
NR2A, while changes in frequency of channel opening may be mediated by the
NR1 site. Surprisingly, not only were the redox-induced changes in open
channel frequency virtually identical in NR1C744S/NR2 A-containing patches
when compared to wild type channels, but the effects on open time were
dramatically accentuated (up to 7 ms difference). This suggests that a redoxsensitive interaction between NR1 and NR2A can alter channel gating behavior.
Supported by NiH NS29365

M U L T I P L E C Y S T E IN E R E S ID U E S O N D IF F E R E N T
SU B U N ITS A R E IN V O L V E D IN R E D O X M O D U L A T IO N O F
N R 1/N R2A R E C E P T O R S . Yun-Beom Choi*. H.-S. V incent Chen,
and Stuart A. Lipton. Dept, of Neurology, Children's Hospital and Prog,
in Neuroscience, Harvard Medical School, Boston, M A 02115.
Redox modulatory sites on the NM DA receptor are defined by the
effect of the sulfhydryl reducing agent, DTT, which enhances and the
oxidizing agent, DTNB w hich decreases N M D A responses. In
recombinant NMDA receptors, two cysteines of NR1 (C744, C798) are
required for at least the persistent form of redox modulation (Sullivan et
al., Neuron 1994). Redox modulation of NR1/NR2A receptors shows
an additional reversible redox component which was localized to the Nterminal 370 amino acids of NR2A by chimeric studies (Köhr et al.,
Neuron 1994). To investigate which, if any, cysteines in that region
may form the reversible redox site, we m utated all 3 cysteine residues
(C87, C231, and C320) to alanine and co-expressed the mutant with
NR1 or NR 1C744, 798A in Xenopus oocytes. The reversible component
of DTT (3 mM) potentiation of NM DA (200 jiM )-evoked currents (in
Ba2+-Ringers) decreased in NRl/NR2Ac87,23l,320A receptors (220% ±
18% o f N M D A re sp o n se ; m ean ± SE M , n = 7) and
NRlc744,798A/NR2A (191% ± 8%; n = 11) compared to NR1/NR2A
w ild-type (291% ± 20%, n = 12). Inhibition o f the reversible
com ponent of D TT potentiation was greater in N R l c 7 4 4 , 7 9 8 A
/ N R 2 A c 8 7 , 2 3 1 , 3 2 0 A receptors (137% ± 8%, n = 14).
These results
suggest that there are multiple cysteine residues on different subunits
contributing to redox modulation of NR1/NR2A receptors.
Supported by P01 HD29587 & R01 EY05477 (to S.A.L).
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DEVELOPMENTAL REGULATION OF TYROSINE PHOSPHORYLATION
OF THE NMDA SUBUNIT NR2D PROTEIN IN RAT BRAIN. A. W.
Dunah12*. R. P. Yasuda12. S. Vicini2-3. and B. B. Wolfed Department of
Pharmacology1, Interdisciplinary Program in Neuroscience2, and Department
of Physiology and Biophysics3, Georgetown University School of Medicine,
Washington, DC 20007.
Using a subunit-specific NR2D antibody along with an antiphosphotyrosine antibody, the developmental profile of the tyrosine
phosphorylation of NR2D and its functional regulation by a protein
phosphatase inhibitor were examined. The results indicate that the NR2D
subunit is tyrosine phosphorylated both in rat brain and transfected TSA-201
cells. The quantified data examining the developmental profile of tyrosine
phosphorylation of NR2D in the thalamus show that 1.2±1.2%, 3.2±1.6%,
8.5±1.8% and 14.4±1.5% of NR2D subunit is tyrosine phosphorylated at P1,
P7, P21 and P49, respectively. In addition, the protein phosphatase inhibitor
orthovanadate was found to increase tyrosine phosphorylation of NR2D
subunit 4-fold in slices of P12 rat thalamus and midbrain, and 3-fold in cells
expressing the NR2D subunit. Moreover, the fraction of TSA-201 cells
expressing NR1/2D receptors that were positive for glutamate-activated
currents was increased in the presence of orthovanadate compared to control
following whole cell patch clamp electrophysiological recordings. These
studies demonstrate a developmentally regulated tyrosine phosphorylation of
NR2D protein in the brain suggesting that tyrosine phosphorylation may be
important for regulating the functions of NR2D in the mammalian central
nervous system. (Supported by NS28130, AG09973, NS36246 and the
AHAF).

372.10
EFFECTS OF ETHANOL AND PHOSPHORYLATION ON C-TERMINUS
DELETION-MUTANT NMDA RECEPTORS. D.L. Anders*. T. Mirshahi. K.
Ronald and J.J. Woodward. Dept, of Pharmacology and Toxicology, MCV/VCU,
Richmond, VA 23298.
Exposure of NMDA receptors to physiologically achievable levels of ethanol
results in a marked inhibition of receptor activity. In contrast, phosphorylation of
NMDA receptors by protein tyrosine kinases has been demonstrated to potentiate
the activity of these receptors in a subunit-dependent manner. The most likely
targets for phosphorylation lie within the carboxy termini of the NR1 and NR2
subunits of the NMDA receptor. To investigate the potential modulatory role of
these domains, C-terminal deletion mutants of NR1 (NR 1-837) and NR2 (NR2A842) subunits were generated by PCR and cloned into appropriate expression
vectors. Messenger RNA for wild-type and truncated subunits were expressed in
Xenopus oocytes and NMDA-induced currents were measured in barium-containing
Ringer's solution using two-electrode voltage clamp. Both NR1-837/NR2A and
NR1/NR2A-842 subunit combinations generated robust currents upon activation by
NMDA and glycine. Treatment of oocytes with 0.8 pM insulin for 30 minutes to
activate endogenous protein tyrosine kinases potentiated the NMDA-activated
current of wild type NR1/NR2A receptors by approximately 2-fold. This
potentiation was not observed in oocytes expressing the NR1/NR2A-842 subunit
combination. As shown previously, ethanol significantly reduced NMDA-induced
currents in oocytes expressing wild-type NR1/NR2A subunits. This inhibition was
not reduced by pretreatment of oocytes with insulin. The inhibitory effects of
ethanol also were not altered by truncation of the C-termini of the NR1 or NR2A
subunits. These results indicate that the potentiation of NMDA-induced currents by
insulin requires the C-terminus of the NR2 receptor subunits. Furthermore, these
results suggest that ethanol’s major site of action is probably not contained in the
C-termini of the NMDA receptor. Supported by DA07027 (DLA), AA09986
(JJW), and P50DA05274 (JJW).
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NMDA RECEPTOR SUBUNIT EXPRESSION AND PHOSPHORYLATION IN
CULTURED CORTICAL NEURONS. J. H. Li1. Y. W. Wang2. A. W. Dunah2, B.
B. Wolfe2. L. F. Kromer3*, K. E. Krueger3. S. Vicini1. Department of Physiology1,
Pharmacology2, and Cell Biology3, Georgetown University Medical Center, 3900
Reservoir Road NW, Washington DC 20007.
NR2 subunit expression may regulate NMDA receptor-mediated synaptic
transmission. Using immunoblots with specific polyclonal antibodies, we found
that the NR2A and NR2B subunits show a similar developmental profile in
primary cultured cortical neurons as observed in vivo, i.e. a selective and gradual
increase of the NR2A subunit. In cortical neurons from newborn rats cultured 3
days in vitro (DIV 3), treatment for 4 days with NMDA (100 jiM) resulted in a
greater down regulation of NR2A and NR2B subunits than the NR1 subunit.
Blocking neuronal activity with chronic TTX treatment for 4 days, delayed the
developmental increase of the NR2A subunit protein. The same treatment
procedure with the NMDA receptor antagonist CPP (100 joM) failed to affect NR2
subunit expression. In contrast, 4 days of treatment with BDNF (100 ng/ml)
accelerated the expression of NR2A subunits. Phosphorylation analysis showed
that BDNF produced a strong initial autophosphoiylation of the TrkB receptor,
which persisted at a reduced level throughout the treatment. Although both NR2A
and NR2B subunits are tyrosine phosphorylated in cultured cortical neurons,
BDNF failed to affect their endogenous tyrosine phosphorylation. When cells were
treated for 4 days with both BDNF (100 ng/ml) and NMDA (100 jxM), NR2A and
NR2B subunit expression was reduced to an even larger extent than when cells
were treated with NMDA alone. Our results indicate that neuronal activity,
BDNF, and NMDA regulate NR2 subunit expression. They also imply that BDNF
potentiates the effect of NMDA on NR2A and NR2B subunit expression.
(Supported by NINDS grants NS28130, NS01680, NS31445).

PKC MODULATION OF NMDA RECEPTOR CURRENTS EXPRESSED
FROM SPLICE VARIANT NR1/2A HETEROMERS DIFFER FROM
NR1/2B HETEROMERS. S.M. Loaan* and J.P. Leonard. Department of
Biological Sciences, University of Illinois at Chicago, Chicago, II 60607.
The NR1 cDNA clones of the eight splice variants, when expressed as
homomeric channels in Xenopus oocytes, produce currents which are
potentiated by PKC depending on the presence or absence of three alternatively
spliced exons: an N-terminal exon, Exon 5 (N1) and two C-terminal exons, Exon
21 (C1) and Exon 22 (C2). We have furthered our study by examining the effect
PKC stimulation has on the splice variants co-expressed with the NR2A or NR2B
modulatory subunits. In our studies, we compared current magnitudes before
and after an eight minute incubation in 20nM of the PKC activating agent phorbol
ester dibutyrate. In solutions containing barium, (BOS), the NR1/2A heteromers
potentiate by 1.5-2.0 fold. This degree of potentiation is lower than that seen for
the homomers which ranged 2.5-5.0 fold under the same experimental
conditions. Remarkably, the NR1/2B heteromers show a robust degree of
potentiation ranging from 3-8 fold with individual heteromers matching and
sometimes exceeding the degree of potentiation seen in their homomeric
counterparts. In every case, the amount of modulation is significantly greater
when the splice variant is co-expressed with NR2B than when co-expressed with
NR2A. PKC modulation differs not only between the NR1/2A and NR1/2B
heteromers, but also between the heteromers and the homomers. Both
NR1/2A and NR1/2B heteromers show that, for most cases, C1 decreases the
amount of potentiation even in the absence of calcium, contrasting with the
homomeric data which demonstrate that this C1 effect is calcium-dependent.
Additionally, homomers show a greater degree of potentiation in calcium
containing solution than in BOS compared to the NR1/2B heteromers which, with
one exception, show that the opposite is true.
Supported by NIH NS31962.
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A N T IP S Y C H O T IC A C T IO N S A T N M D A R E C E P T O R S :
E V ID E N C E F R O M B R A IN A N D H E T E R O L O G O U S
EXPRESSION SY STEM S. D. R. Lvnch*. E.R. Grant. S. Singh and
M. J. Gallagher Dept. Neurol., U. PA. Med. Sch., Phila, PA, 19104.
Haloperidol inhibits NMDA receptors with a 10 fold higher affinity
for NMDA receptors com posed of NR 1/ 2B com pared with NR
1/2A. This difference has been found both in, ligand binding and
electro p h y sio lo g ical p arad ig m s, req u ires sp ecific stru ctu ral
determinants within the N terminal segment of NR 2B, and matches
developmental changes in affinity seen with changes in NR 2 subunit
expression. To assess w hether any o f the clinical effects of
haloperidol and other antipsychotic agents are mediated through this
action, we examined the ability of a variety of drugs with neuroleptic
actions to inhibit NMDA receptors function. M any antipsychotic
agents inhibit 125I-MK 801 binding to the NMDA receptor with IC50
values in the low micromolar range. The rank order o f potency for
inhibition of binding to adult rat forebrain was trifluperidol (TFP)
>clozaril=fluphenazine>reducedhaloperidol=spiperone=trifluoperazin
> b u ta c la m o l» p im o z id e = risp e rid o l= su lp irid e . T FP was m ore
efficacious at inhibiting neonatal receptors. This finding matched the
m olecular biological specificity of the agents, w ith trifluperidol
having a m arked preference for NR 1/2B receptors. Further
experim ents w ith chim eric receptors and site directed m utant
receptors will help determine if each of these agents acts at the same
site on the NMDA receptor. These results will be compared to the
clinical actions of each drug to determine if these properties in vitro
correlate with reported clinical effects of these diverse agents.
NIDA 07130
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INPUT-SELECTIVE IMPAIRMENT OF NMDA RECEPTOR FUNCTIONS IN
MICE LACKING NMDA RECEPTOR el OR e2 SUBUNIT. I. Ito, K. Futai,
H. Katagiri, M. Watanabe*1, K. Sakimura2, M. Mishina3, H. Sugiyama.
Department of Biology, Faculty of Science, Kyushu University, Fukuoka, Japan,
department of Anatomy, Hokkaido University, School of Medicine, Sapporo,
Japan, department of Cellular Neurobiology, Brain Research Institute, Niigata
University, Niigata, Japan. 3Department of Pharmacology, Faculty of Medicine,
University of Tokyo, Tokyo, Japan.
The NMDA (TV-methyl-D-aspartate) receptor plays a key role in synaptic plasticity,
which is thought to underlie memory and learning. Multiple e (NR2) subunits are
major determinants of the NMDA receptor diversity, and the four e subunits are
different in distribution, ontogenic expression, functional properties and regulation.
Analyses of mutant mice defective in respective e subunits suggest the differential
physiological roles of the multiple e subunits. Here, we studied the effects of
targeted disruption of the el or e2 subunit gene on NMDA currents and long-term
potentiations (LTPs) of two types of synapses in hippocampal CA3 pyramidal
neurons. We found that a single CA3 pyramidal neuron received both
commisural/associational ,(C/A) and fimbrial (Fim) inputs, and that the el subunit
disruption significantly reduced NMDA currents and LTP in the C/A-CA3 synapse
whereas the e2 subunit mutation diminished NMDA currents and LTP in the FimCA3 synapse. These results suggest that NMDA receptors with different subunit
compositions function within a single CA3 pyramidal cell in an input-selective
manner.
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of the G luRel and G luR el subunits. The distinct laminar distribution
suggests that different synaptic targeting mechanism exerts between
mossy fiber-CA3 synapse and other hippocampal synapses.
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ESTABLISHMENT OF NOVEL TWO SITE ENZYME IMMUNOASSAY
FOR AMPA AND NMDA RECEPTORS
K. Ibaraki . H. Imai.* and H. Nawa
Department of Molecular Neurobiology, Brain Research Institute, Niigata
University, Niigata 951, Japan
^Department of Neurology, Juntendo
University, School of Medicine, Tokyo 114 Japan
Glutamate receptors including AMPA and NMDA receptors play
important roles in fast synaptic transmission and synaptic plasticity in the
brain.
It has been difficult to correlate the electrophysiological
phenomena with their structural and positional changes in the thin slice
preparation because of limited amounts of the receptor proteins. In present
study, we attempted to establish a two site enzyme immunoassay for
AMPA and NMDA receptors that is sensitive enough to detect trace
amounts of the receptor proteins. Peptides sequences were chosen from Nterminal and C-terminal regions of GluRl and NMDAR1 which do not
share any homology with other receptor subunits. Antibodies for these
peptides were produced in rabbits and purified by antigen-coupled affinity
chromatography. In the sandwich immunoassay, the N-terminal antibody
was coated on the plate as the first antibody and biotinylated anti-Cterminal antibody was used as the secondary antibody. Concentrations of
each receptor protein in the crude tissue extract were measured as compared
with those of the standard receptor protein that was purified from rat
hippocam pi with the anti-C-terminal antibody. Adjustment of the
concentrations of these antibodies in the assay increased sensitivity to <30
pg for the AMPA receptor containing GluRl and <100pg for the NMDAR1A
receptor. Plastic changes in their expression and intracellular distribution
are currently analyzed in hippocampal slice preparations. Supported in
part by JSPS-RFTF-L00203.
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DISTINCT SUBCELLULAR DISTRIBUTIONS OF NR2A- AND NR2BLIK E IM M UNOREACTIVITIES IN THE RAT HIPPOCAMPAL

SINGLE CHANNEL STUDIES OF NMDA RECEPTOR SPLICE
VARIANTS EXPRESSED IN XENOPUS OOCYTES. R. Araneda.* J.
Lan. R.S. Zukin. M.V.L. Bennett A. Einstein Coll. Med., Bronx, NY 10461
The NMDA receptor NR1 gene undergoes alternative splicing of three
exons (exons 5, 21 and 22) to generate as many as eight splice variants.
Exon 5 encodes a splice cassette of 21 amino acids (termed N1) that is
inserted near the distal end of the NHrterm inal domain. Expressed in
Xenopus oocytes, N1 containing receptors produce substantially larger
whole-cell currents than do N1 lacking receptors, suggesting that N1
containing receptors have a larger single channel conductance or open
probability. In addition, potentiation by spermine is less in N1 containing
receptors than in N1 lacking receptors, suggesting that the effect of the
N1 insert may occlude potentiation by spermine. To address these
issues we examined single channel properties of receptors containing or
lacking the N1 insert expressed in Xenopus oocytes. NR100Q/NR2B
channels have a conductance of 58 pS in 0.1 mM C a* and mean open
time of 8 ms. NR1100/NR2B channels have a conductance of 58 pS and
a mean open time of 10 ms. The conductance of both types of channel
is reduced to 52 pS in 1 mM Ca2+. These results indicate that the
observed differences in whole cell currents are not due to differences in
conductance or mean open time, but to differences in frequency of bursts
or in burst duration.
Supported by NIH NS 20752 (RSZ)

D IF F E R E N T S Y N A P T IC L O C A L IZ A T IO N O F N M D A
R E C E P T O R C H A N N E L S U B U N IT S B E T W E E N M O S S Y
F IB E R -C A 3 S Y N A P S E A N D O T H E R H IP P O C A M P A L
S Y N A P S E S . M. W atanabe1. K. Sakimura2. T. Manabe3 . M.
Mishina^. Y. Inoue1* JDept. r Anat., Hokkaido Univ. Sch. of Med,
Sapporo 060, 2Dept. of C Neurobiol., Brain Res. Inst., Niigata
Univ., Niigata 951, and 3 Dept, of Neurophysiol., Inst, for Brain Res.
and ^Dept, of Pharmacol., Facult. of Med., Univ. of Tokyo, Tokyo
113, Japan.
Hippocampal synapses express two distinct forms of long-term
potentiation (LTP), i.e., NMDA receptor-dependent and -independent
LTPs. To understand its molecular-anatomical basis, we produced
antibodies against the GluRel (NR2A), GluRe2 (NR2B), and G luR el
(NR1) subunits of the mouse NMDA receptor channel, and determined
their distributions in the hippocampus. Using NMDA receptor subunitdeficient mice as the specificity controls, we found here that section
pretreatment with proteases was very effective to detect authentic
subunits by immunohistochemistry. As the result, all three subunits
were detected in most neuropil layers of the hippocampus, being at the
highest level in the strata oriens and radiatum of the CA1 subfield.
However, the stratum lucidum, a mossy fiber-recipient layer of the CA3
subfield, selectively lacked the GluRe2 subunit and contained low levels

H. Nawa. Brain Research Institute, Niigata Univ., Niigata, 951 Japan.
NMDA receptor complexes, which are involved in neuronal
developm ent as well as synaptic plasticity, com prise several subunits out
o f NR1, NR2A, NR2B, NR2C and NR2D. Pharm acological features of
the receptor com plexes are determ ined based on which of the four NR2
subunits (NR2A-D) is coupled with NR1. To understand the significance
o f the NR2 variety therefore requires discrimination of these molecules
in vivo.
We have raised antibodies against NR2A and NR2B, respectively, and
the distributions of the two subunits are investigated by
im m unohistochem istry in the adult rat brain. No crossreaction with the
other molecule is observed. Our results reveal distinct subcellular
distributions o f the two subunits in the hippocam pal pyram idal cells.
The apical dendrites are stained dom inantly rather than their cell bodies
with the anti-NR2A antibody. In contrast, NR2B-like im munoreactivity
displays a punctated distribution in the proxim al dendritic region,
suggesting its practical confinem ent to postsynaptic sites.
These observations imply that the NMDA receptor com plexes
containing NR2A are likely to be localized in distinct postsynaptic sites
from those with NR2B, and that NR2A and NR2B therefore differently
contribute to the NMDA receptor functions in spite of their structural
similarity.
Supported by JSPS RFTF-L00203.
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SPLICE ISOFORMS OF NMDA RECEPTOR-1: Nl AND Cl CASSETTES
ARE PRESENT IN THE CENTRAL NERVOUS SYSTEM OF THE
ELECTRIC FISH APTERONOTUS LEPTORHYNCHUS.
IX Bottai*1. L. Maler2 and R. J. Dunn1 (1) Center for Neurosci., Montreal
General Hosp. (2) Dept of Physiol., University of Ottawa.

MOLECULAR DISSECTION OF NATIVE MAMMALIAN FOREBRAIN NMDA
RECEPTORS CONTAINING THE NR1 C2 EXON: DIRECT DEMONSTRATION OF
NMDA RECEPTORS COMPRISING NR1, NR2A AND NR2B SUBUNITS WITHIN
THE SAME COMPLEX. Paul L. Chazot. Lvnda M. Hawkins and F. Anne Stephenson*
School of Pharmacy, University of London, 29/39 Brunswick Square, London. WC1N
1AXUK
The subunit compositions of the NR 1 C2 exon-containing NMDA receptors of adult
mouse forebrain were determined using a combination of
immunoaffinity
chromatography and immunoprécipitation studies with NMDA receptor subunit-specific'
antibodies. NMDA receptors were solubilised by sodium deoxycholate (DOC), pH 9 and
purified by anti-NRl C2 antibody affinity chromatography. The purified receptor
subpopulation showed immunoreactivity with anti-NRl C2, NR1 N 1, NR1 C2', NR2A and
NR2B NMDA receptor antibodies. The NR1 C2-receptor population was subjected to
immunoprécipitation using anti-NR2B antibodies and the resultant immune pellets
analysed by immunoblotting where anti-NRl C2, NR1 C2’, NR2A and NR2B
immunoreactivities were found. Quantification of the immunoblots showed that 46% of
the NR1 C2 immunoreactivity was associated with the NR2B subunit. Of this, 87% (i.e.
40% of the total) were NR1 C2/NR2B receptors and 13% (6% of total) were as NR1
C2/NR2A/NR2B thus identifying the triple combination as a minor receptor subset. These
results demonstrate directly for the first time, the coexistence of the NR2A and NR2B
subunits in native NMDA receptors. They show the coexistence of two splice forms of the
NR1 subunit, NR1 C2/NR1 C21, in native receptors and additionally, they imply an
NMDA receptor subpopulation containing four types of NMDA receptor subunit, NR1
C2, NR1 C2', NR2A and NR2B which in accord with molecular size determinations,
predicts that the NMDA receptor is at least tetrameric. These results are the first
quantitative study of NMDA receptor subtypes and demonstrate molecular heterogeneity
for both the NR1 and NR2 subunits in native forebrain NMDA receptors.
These studies were funded by the BBSRC (UK) and Astra Pain Control (Sweden).

The electrosensory system of the electric fish Apteronotus
leptorhynchus is a particularly useful model for the study of sensory
transmission. Glutamate is the principle excitatory neurotransmitter in this
system, and both NMDA and non-NMDA receptors are involved. We have
initiated a molecular analysis of these receptors in neurons of the electrosensory
system.
We now report that the A. leptorhynchus NMDAR-1 amino add
sequence is 83% identical to rat NR1. The alternative RNA splicing
mechanisms are also well conserved. The A. leptorhynchus exon 5 (Nl
cassette) is highly conserved in comparison to other vertebrates (20/21 amino
acids). The isoform with the Nl insertion (NT) is more abundant in caudal
areas such as the ELL and brainstem, while forebrain contains very low levels
of the N l+ transcript. The Cl alternative cassette is also well conserved in A.
leptorhynchus maintaining 84% homology in comparison to rat. RT-PCR and
RNase protection studies show that the isoform containing the Cl cassette
(C l+) is present at relatively low levels in apteronotid CNS, with the highest
relative levels in the hypothalamus. We could not detect the presence of the
other splice insertion at the 3’end (C2 cassette) in A. leptorhynchus CNS,
which indicates a marked evolutionary difference in the splicing at the carboxyl
terminus of the NR1 gene. In situ hybridization studies are being undertaken to
determine the cellular localization of each of the NR1 splice isoforms in the
electrosensory lateral line lobe of A. leptorhynchus.
Research support by grants to R. Dunn and L. Maler from the MRC of Canada
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DIFFERENTIAL EXPRESSION OF NMDA RECEPTOR-ASSOCIATED
PSD PROTEINS IN RAT CORTEX. R.J Weinberg*. V.N. Kharazia.
J.G. Valtschanoff. L. Mavbodi. Y.-P. Hsueh. and M. Sheng. Dept, of Cell
Biology & Anatomy, UNC, Chapel Hill, NC 27599; and HHMI Dept, of
Neurobiology, Mass. Gen’l Hospital, and Harvard Med. School, Boston.
The NMDA receptor is concentrated at the postsynaptic density (PSD) of
a large fraction of glutam atergic synapses. The anchoring of these
receptors involves a num ber of proteins, including a -actin in and
members of the PSD-95/SAP90 family. GKAP, a recently-described
PSD-95-binding protein concentrated in the PSD, may also participate in
anchoring of the receptor complex. We performed immunocytochemistry
on sections of ra t cortex, to assess the cellular distribution of a-actinin
and GKAP, compared to th a t of CASK, a PDZ domain-containing protein
found in neurons. Staining with antibodies to a-actinin and GKAP was
mainly in non-pyramidal neurons, whereas CASK stained a population
of large pyramidal neurons in layer V. α -actinin was concentrated in
the somata of numerous small GABA-positive neurons, whereas GKAP
was concentrated in the somata of a more restricted population of larger
GABA-positive neurons. T h at different classes of cortical neurons
express different NMDA-anchoring proteins demonstrates the hetero
geneity of the PSD, and raises the possibility that, rath er than acting
merely as a framework for receptors, the PSD may play an active role in
regulation of neuronal communication. Supported by USPHS award #
NS29879 (to RJW).

372.23
PUTATIVE INTERACTION BETWEEN NMDA
RECEPTOR
SUBUNITS AND TUBULIN D. van Rossum*, J. Kirsch, J. Kuhse and
H. Betz. Max-Planck-Institut for Brain Research, Deutschordenstrasse 46,
D-6032$ Frankfurt, Germany.
The NMDA receptor channel complex is composed of at least 2
different types of subunits, the NR1 and one or more of the NR2 (A-D).
These respective subunits were most recently reported to interact directly
with cytoskeletal proteins including a-actinin as well as with SAP90
(PSD-95), SAP97 and SAP 102, members of an emerging family of
membrane -associated guanylate kinase proteins. The aim of the present
study is to identify novel protein interaction(s) with the cytoplasmic Cterminal (CT) domain of the NMDA receptor subunits.
Glutathione S-transferase (GST)-NR1 CT and -NR2B CT fusion
proteins were generated in E. coli. Following purification on glutathione
affinity columns, the respective immobilized fusion proteins were
incubated with brain fractions enriched with cytoplasmic or solubilized
membrane proteins. Tubulin as well as microtubule-associated proteins
(MAPs) specifically bound to GST-NR1 CT and -NR2B CT but not to
GST. Significant binding was also observed with the purified tubulin
and/or MAP fractions. Moreover, we performed co-polymerization
assays with the fusion proteins and tubulin and/or MAP fractions. The
respective GST fusion proteins did not appear to co-precipitate
significantly with the newly formed microtubules suggesting that the
observed interaction(s) might be indirect or that the NR1 and NR2B CT
domains bind preferentially to the monomeric form of tubulin. A direct
link between NMDA receptor subunits and microtubules and/or
associated proteins thus remains to be confirmed. Such molecular link
may contribute to the receptor-cytoskeleton interactions during synaptogenesis as well as in adult neuronal plasticity. Supported by HFSPO.

372.22
SOLUBILIZATION AND PARTIAL PURIFICATION OF NMDA
RECEPTORS WITH [3H]TCP OR [3H]MK801 BINDING ACTIVITY.
H. Hirbec. M. Mersel$, A.Privat* and J. Vignon. INSERM U336,
Montpellier, France, 34296; $CNRS UPR 416, Strasbourg, France,
67084.
Optimal conditions were determined for the solubilization of native
NMDA receptors from rat brain with retention of [3H]MK801 or
[3H]TCP binding. In previous experiments it was observed that the
addition of a competitive NMDA antagonist in the incubation medium
after the obtention of the equilibrium prevented the dissociation (tl/2=
245 days) of the bound radioligand. Bound [3HJTCP was solubilized
with 0.5% CHAPS using a glass/teflon potter homogenizer. The
solubilized fraction was isolated by centrifugation on a discontinuous
sucrose gradient. This procedure allowed the solubilization of about 1015 % of the total proteins and 40-60 % of [3H]TCP or [3H]MK801
binding sites. In this solubilized fraction, enriched 6 to 10 times
relatively to a synaptosomal preparation, polyclonal antibodies specific
for NR1, NR2a and NR2b NMDA subunits labeled proteins of 116, 163
and 174 kDa respectively.
The solubilized fraction was further purified by isoelectric focusing.
Bound radiactivity was detected at 5.6-5.8 and 6.3-6.8 isoelectric points.
The analysis of these two fractions by SDS/PAGE electrophoresis
revealed enrichement of several bands mainly of molecular weights (35
to 70 kDa) lower than those of predicted NMDA receptor subunits. This
may suggest that in their native forms NMDA receptors comprise, or are
associated to other proteins.
Supported by the INSERM and DRET (Grant 95-256A/DRET to JV)

372.24
INCREASED BINDING O F NM DA R E C E PT O R SUBUNITS NR2A AND
NR2B T O SH2-DOM AINS O F PLC -γ, SR C AND FYN FO LLO W IN G
TRANSIEN T G L O B A L ISCH EM IA .
J.W. Gurd*, N. Takagi. and M.C. Wallace. Division o f Life Science, University of
Toronto at Scarborough, West Hill, ON, M IC 1A4 and Playfair Neuroscience Unit,
The Toronto Hospital, Toronto, ON N5T 2S8
Src homology 2 (SH2) domains bind to phosphorylated tyrosine residues of
proteins which are involved in intracellular signalling pathways. The NMDA
receptor has recently been shown to be phosphorylated on tyrosine residues. We have
reported that transient global ischemia results in a marked increase in tyrosine
phosphorylation of NMDA receptor subunits NR2A and NR2B in the hippocampus
(Takagi et al., 1997, J. Neurochem. in press) and that NR2A and NR2B can bind to
the SH2 domains of PLC-γ (Gurd and Bissoon, 1997, J. Neurochem. in press). In
order to determine if increased tyrosine phosphorylation o f NMDA receptor subunits
in the post-ischemic hippocampus m ight be involved in altered signal transduction
we have investigated changes in the interaction of the receptor with the SH2 domains
of PLC-γ, Src and Fyn. Transient (15 min) global ischemia was produced in the rat
by the four vessel occlusion procedure. SH2 domains o f PLC-γ, Src and Fyn were
expressed as GST-SH2 fusion proteins and were bound to glutathione-agarose (SH2agarose). The binding of hippocampal proteins to SH2 domains was analyzed by
incubating hippocampal homogenates with SH2-agarose. Analysis of immunoblots
of SH2~bound proteins with antibodies specific for NR2A and NR2B subunits
confirmed that these subunits bound to the SH2 domains o f PLC-γ, Src and Fyn in
the sham operated controls and demonstrated that binding was increased in the postischemic hippocampus. Furthermore, the increase in binding o f Src and Fyn SH2
domains (> 10-fold relative to sham) was greater than the increase for the SH2
domains o f PLC-γ (3 to 4-fold relative to sham). The results suggest that increased
tyrosine phosphorylation of NMDA receptor subunits in the ischemic hippocampus
may result in changes in signal transduction pathways involving PLC-γ, Src and Fyn.
Supported by The Heart and Stroke Foundation of Ontario.
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T U R N O V E R AND R E G U L A T IO N O F IO N O T R O P IC G L U T A M A T E
R E C E P T O R S IN C U L T U R E D C E R E B E L L A R G R A N U L E C E L L S .
K.H. H uh* and R J . W enthold. Laboratory of Neurochemistry, NIDCD, NIH,
Bethesda 20892
Ionotropic glutamate receptors such as NMDA and AM PA receptors mediate the
majority of excitatory synaptic neurotransmission in the CNS. Previously, we
have used cultured cerebellar granule cells to study the turnover o f NMDA and
AMPA receptors by pulse-chase labeling (Neuroscience Abstract 237.12, 1996). In
that study, it was found that the turnover of NR1 subunits is much faster than that
of GluR2 and GluR4 subunits. However, in a study with biotinylation of surface
receptors, we have observed that half-lives of NR1 subunits are comparable to those
of AMPA receptors (> 20 hrs), suggesting that NMDA and AM PA receptors in the
neuronal membranes have relatively long half-lives. In addition, these results show
that there is a cytoplasmic pool o f NR1 subunits or NR1 subunit-containing
receptors which are rapidly turned over. Application o f non-conditioned media in
cultured granule cells have been shown to induce excitotoxicity (Proc. Natl. Acad.
Sci. USA., 87, 1193, 1990). We have found the same effect in granule cells o f 8 10 DIV and investigated the involvement of glutamate receptors in relation to this
excitotoxic events. Thirty miniutes after application o f the new media, there was a
dramatic decrease of NR2A and GluR2/3 subunits as demonstrated by Western
analysis. This effect appears to be mediated mainly through NM DA receptors
since most of it was blocked by AP-5, but not by CNQX. Considering the
turnover rates of NMDA and AMPA receptors, one of the possible mechanisms for
this down regulation could be rapid degradation o f subunit proteins. (Supported by
the NIDCD intramural program)
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D EVELO PM EN T OF GLUTA M ATE RECEPTO RS AT PA RALLEL AND
CLIM BING FIBER SYNAPSES ON PU RKINJE CELLS. H.-M. Zhao. R.J.
W enthold. and R.S. Petralia*. Lab. o f Neurochemistry, NIDCD, NIH, Bethesda,
MD 20892.
Cerebellar Purkinje cells receive 2 major excitatory inputs: climbing fibers
originating from inferior olive neurons, and parallel fibers originating from granule
cells o f the cerebellar cortex. Activity in both o f these afferents may be necessary for
plastic changes (i.e., long-term depression) needed to modulate responses o f Purkinje
cells. The crucial period in the development o f these synapses is postnatal days 1015 (P10-15) when climbing fiber innervation o f Purkinje cells is reduced to a single
fiber and when most parallel fiber synapses develop. A postembedding immunogold
method was employed to localize the distribution o f antibodies to GluR2, GluR2/3,
delta 1/2 and the metabotropic receptor, m G lu R la , in parallel and climbing fiber
synapses during development. Ages o f rat studied included P2, P5, P10, P14/15,
P21 and adult. Immunogold labeling for GluR2 and GluR2/3 at P10 and in adults
was more common in climbing fiber synapses than in parallel fiber synapses; also
the average num ber o f gold particles per synapse was higher in climbing fiber
synapses than in parallel fiber synapses. Findings for delta 1/2 were sim ilar to
findings rep o rted prev io u sly for P 1 0 and ad u lts, using preem bedding
immunoperoxidase (Zhao et al., 1997; J. Neurochem. 68:1041). With immunogold,
at P10 and P14/15, antibody to delta 1/2 labeled the m ajority o f parallel and
clim bing fiber synapses. At P21 and in adults, immunogold labeled most of the
parallel fiber synapses. However, immunogold labeling was uncommon in adults in
climbing fiber synapses (one or two gold particles were found in a few examples), in
contrast to the high levels o f labeling seen at the early postnatal ages. Delta also
was found in synapses at P2 and P5 but was uncommon. In adults, immunogold
labeling for m G lu R la was common at parallel fiber synapses. The number o f gold
particles was generally low and the particles were distributed mainly to the periphery
of the postsynaptic membrane and the perisynaptic region. A similar distribution
was found for climbing fiber synapses.
(Supported by the NIDCD Intramural Program)
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NM DAR1, GluR2 AND mGLUR5 ARE EX PRESSED IN THE
ACCU M BA L N EURONS PR O JE C TIIN G TO TH E V EN TRA L
PALLIDUM AND THE VENTRAL TEGMENTAL AREA. X.-Y. Lu*.
L. Churchiil and P.W. Kalivas. Alcohol and Drug Abuse Program,
W ashington State University, Pullman, W A 99164-6520.
Accumbai neurons are the targets of glutamatergic and dopaminergic
inputs. Our previous studies indicated that dopam ine D2 receptor
subtype was selectively located in the accumbai neurons innervating the
ventral pallidum, whereas dopamine D1 receptor subtype was contained
in both the pallidal and the mesencephalic projections. This study tests
the hypothesis that glutamate receptor subtypes are differentially
expressed in the two major populations of accumbai projection neurons.
In the present study, in situ hybridization was combined with FluoroGold retrograde labeling to determ ine the distribution o f mRNAs
encoding NMDAR1, GluR2 and mGluR5 in the accumbai neurons
projecting to the ventral pallidum and the ventral tegmental area. Our
prelim inary data demonstrated that a high percentage o f accumbai
neurons innervating the ventral pallidum expressed NMDAR1 (80%; 109
of 136 cells), GluR2 (82%; 189 of 231 cells) and mGluR5 (72%; 131 of
180 cells), and a moderate proportion of accumbai neurons innervating
the ventral tegmental area contained NMDAR1 (57%; 20 of 35 cells) and
mGluR5 (49%; 97 of 191 cells). Further analysis on shell/core
differences within the nucleus accumbens will be evaluated. These data
support the functional differences in the two major efferent pathways
from the nucleus accumbens. Supported by the USPHS grants MH40817, DA-03906 and a Research Career Developm ent Award DA00158 to P.W.Kalivas.

CLONING OF A NOVEL GENE FOR A SUBUNIT OF AN NMDA
RECEPTOR-LIKE COMPLEX. J. Mach. K. Kumar* R. Pal. J. Huschenbett.
and E. Michaelis. Dept, of Pharmacol. & Toxicol, and Ctr. for Neurobiol. &
Immunol. Res., Univ. of Kansas, Lawrence, KS 66045.
N-methyl-D-aspartate (NMDA) receptors play important roles in several
physiologic processes such as long-term potentiation, neuronal development,
and memory formation. They are also implicated in the expression of many
neurodegenerative processes. In addition, to the NMDAR1 and NMDAR2
proteins that form functional NMDA receptors, there is another group of four
proteins that has ligand recognition sites characteristic of NMDA receptors.
Following purification of this complex of proteins from synaptic membranes
and its reconstitution into planar lipid bilayer membranes, single ion channels
are detected that are activated by NMDA and L-glutamate. Three of the four
proteins, the glutamate-binding (GBP), the CPP-binding (CBP), and the
glycine-binding (GlyBP) proteins, have been purified and the cDNA’s cloned.
In the present studies, polyclonal antibodies raised against the last
component of this complex, a 36 kDa protein, were used to screen a rat
hippocampal cDNA library. A 1.3 kb clone was identified and sequenced.
Based on the sequence, this appears to be a new cDNA not previously
cloned. However, the clone is a partial clone and further screening was
initiated to identify the complete clone. In situ hybridization using an [35S]oligo probe shows the expression of this protein in hippocampal and cortical
pyramidal neurons, in granule cells of the dentate gyrus and cerebellum, and
neurons of the olfactory tubercle. The pattern of expression of this protein is
similar to that for the other subunits of this complex. The ligand binding
characteristics of the cloned and expressed protein have not yet been
defined. These are pending the cloning of the complete cDNA. (Supported by
AA04732, AA11419, and AG12993 and a fellowship from L. & A. Self)
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CO -LO CA LIZA TIO N O F TH REE SUBUNITS O F AN NM D AR-LIKE
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PHARMACOLOGICAL AND MOLECULAR DISCRIMINATION OF NMDA-SENSITIVE
GLUTAMATE RECEPTOR SUBTYPE CONTRIBUTIONS TO NMDA-INDUCED CALCIUM
INCREASES IN CULTURED NEURONS. D. Moore-Nichols. X. Chen. R. Raaan. M. Davev.
H. Nquven. N. Ranciat. K. Kumar. J. Li, C. Biqqe. and E. Michaelis* Dept, of Pharmacol, and
Toxicol. & Ctr. Neurobiol. and Immunol. Res. University of Kansas, Lawrence, KS 66045
Neuroscience Chemistry, Parke-Davis Pharmaceutical Research Division, Ann Arbor, Ml
48106
Heterogeneity of cellular responses to stimulation by NMDA are well characterized in
many tissues, indicating participation of multiple subtypes of receptors in response generation.
A novel quinoxaline dione derivative, 6-azido-7-chloro-5-nitroquinoxaline-2,3-dione
(PD158759), inhibited binding of D-serine sensitive, strychnine-insensitive, [3H]glycine binding
to synaptic membranes with characteristics of interaction with two or more binding sites
(IC5o=14nM; 84μM). Binding of PD158759 at the glycine sites exhibited only partial reversibility
and, additionally, was capable of inhibiting NMDA-sensitive L-[3H]glutamate binding in
synaptic membranes. Consistent with the binding data, PD158759 produced inhibition of
NMDA-induced intracellular calcium increases in cultured neurons through interactions with
more than a single site. This inhibition was likewise only partially reversible but became fully
reversible following exposure of the cells to 1mM 2-AP5. Cells treated with anti-sense
oligonucleotides to the Glutamate Binding Protein subunit (GBP) of an NMDA receptor-like
protein complex exhibited decreased calcium responses to NMDA application. Furthermore,
the partially reversible component of PD158759-induced inhibition of NMDA responses was
greatly decreased following treatment with GBP anti-sense oligonucleotide. This is consistent
with the observed inhibition of NMDA-sensitive L-[3H]glutamate binding in synaptic
membranes by PD158759. That these GBP-containing, NMDAR-like complexes play such an
active role in NMDA stimulated Ca2+ increase, suggests that GBP itself may be a component
of some subtypes of NMDA receptors. Further evidence of this role is provided by the finding
that a mAb raised to the GBP subunit, when applied in the absence of agonist, act as a partial
NMDA receptor agonist in increasing intracellular calcium. This action is blocked by 2-AP5
and PD158759.[Supported by grants AA04732, AA11419 and AG12993.]

Dept, of Pharmacol. & Toxicol, and Cent, for Ment. Ret. Res. and Neurobiol.and
Immunol. Res., Univ. o f Kansas, Lawrence, KS 66045.
A group of four proteins isolated from synaptic membranes has recognition sites
for NMDA receptor ligands and forms Na+ conducting channels upon
reconstitution in planar lipid bilayers. In brain, three o f the four proteins , a
glutamate-binding (GBP), a CPP-binding (CPP-BP) and a glycine-binding protein
(Gly-BP), were shown to be expressed in pyramidal neurons o f the cerebral cortex
and hippocampus and granule cells o f the dentate gyrus and cerebellum. In the
present study, we examined the possible co-expression and co-localization of
these proteins in cortical as well as hippocampal neurons in primary cultures. To
determine the general distribution pattern o f individual proteins, detergentpermeabilized neurons were labeled using the anti-GBP(chicken, 1:800), anti-CPPBP (rabbit, 1:400) and anti-Gly-BP antisera (rabbit, 1:400) and a CY-3 conjugated
anti-rabbit secondary antibody. In studies o f co-expression and co-localization,
combinations o f either anti-GBP/anti-CPP-BP or anti-GBP/anti-Gly-BP were used
to visualize the antigenic sites o f non-permeabilized neurons. The anti-GBP
antibody was raised in chicken (Promega). Labeled proteins were visualized using
CY-3-conjugated anti-chicken and CY-5-conjugated anti-rabbit antibodies.
Confocal laser microscopy and image analysis was used to obtain images of
neurons at different planes. These images indicated the co-expression, and
frequently the co-localization, o f pairs o f the GBP/CPP-BP and GBP/Gly-BP in
~90% o f neurons labeled. This further supports the idea that these three proteins
are part o f a complex located in neuronal membranes. (Supported by PHS grants
AA 04732, AA 11419, AG 12993, and HD 02528).
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IONOTROPIC GLUTAMATE RECEPTORS IN C. ELEGANS
J e rr y E. M ellen* Yi Zheng and Andres V. Maricq
Dept, of Biology, University of Utah, Salt Lake City, UT 84112 U.S.A.
Glutamatergic neurotransmission has been implicated in a number of diverse
processes, such as cell death and learning and memory. Because the neurons in C.
elegans are readily identifiable and the ease of genetic study, we are using both a
molecular and genetic approach to determine the expression and function of
ionotropic glutamate receptors in the simple nervous system of C. elegans.
Mutations in the C. elegans glutamate receptor subunit, GLR-1, have been
shown to affect the worm's ability to respond to specific sensory inputs (Maricq et
al; Hart el al, 1995). The C. elegans genome sequencing project has now identified
a number of additional genes that encode predicted ionotropic glutamate receptor
subunits. These genes encode receptors similar to members of the AMPA/kainate
or NMDA family of glutamate receptors. Do these gene products act in concert
with glr-1 or do they subserve distinct functions in cell excitability and behavior?
To determine the cellular localization of each of these gene products, we have
generated transgenic worms that express transcriptional and translational fusions
with Green Fluorescent Protein (GFP). A glr-3::GFP transgene is strongly
expressed in neurons located in the head and tail, including those neurons that are
known to express glr-1. To assess the contribution of the different receptor
subunits to the behavior of the worm, we are generating null mutations in these
genes using a T el transposon based approach. To date, we have isolated a strain of
worms with a T el transposable element inserted near the 3' end of the glr-2 gene
and have identified a deletion mutation. We are also screening for insertions in the
other identified genes. Characterization of the receptor deletion mutations should
provide insight into the functional roles of each receptor subunit. We hope to gain
an understanding of how these receptors are assembled and localized at synapses,
and how they contribute to neuronal excitability and behavior.
(Supported by NIH grant R01-NS35812)

GENETIC ANALYSIS OF TWO C. ELEGANS PUTATIVE NM DA RECEPTOR
SUBUNITS, nmr-1 AND nmr-2. P. J. Brockie*.D. M. Madsen and A. V. M aricq.
Dept, of Biology, University of Utah, Salt Lake City, Utah 84112 U.S.A.
Neurons express an assortment of ionotropic neurotransmitter receptor subunits.
We are pursuing a genetic and molecular approach to a) define the molecular
machinery required for the proper expression and localization of ionotropic glutamate
receptors, and b) determine how cells use different combinations of receptor subunits
to control specific behaviors. We are particularly interested in the genetic analysis of
NMDA-type glutamate receptors because of their suggested role in the cellular
processes of learning and memory. C. elegans has certain advantages for such a study
including powerful genetics and a simple nervous system consisting of 302 invariant
and identifiable neurons. The C. elegans sequencing project has identified two genes
encoding putative glutamate receptor subunits, nmr-1 and nmr-2, belonging to the
NR1 and NR2 family of NMDA receptors, respectively, nmr-1 encodes a putative
subunit with highest identity to vertebrate NR1. By generating transgenic strains that
express GFP reporter constructs, we have determined the expression pattern of
NMDA-type glutamate receptors. Strong expression of GFP in transgenic worm
strains is detected in only six neurons. A subset of these neurons is known to be
required for the control of forward and backward movement. To determine the function
o f each gene product we have generated deletion mutants. Imprecise excision of the
transposable element T el has deleted 1.9 kb of nmr-1 genomic sequence, including
that which encodes the ion channel pore of the receptor. This is expected to result in
a complete loss of function of NMR-1. nmr-2 encodes a putative glutamate receptor
subunit with highest identity to vertebrate NR2A. Imprecise T el excision has
generated a nmr-2 deletion mutant removing approximately 2 .6 kb of genomic
sequence beginning proximal to transmembrane domain III and extending distal to the
predicted stop codon. Characterization of these deletion mutants will allow us to
determine the functional role each receptor subunit plays in distinct behaviors of C.
elegans.
(Supported by NIH grant R01-NS35812)
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374.1
ANALYSIS OF THE MEMBRANE TOPOLOGY OF A
METABOTROPIC GLUTAMATE RECEPTOR. R.W. Gereau
IV* and S.F. Heinemann. Molecular Neurobiology Laboratory. The
Salk Institute for Biological Studies, La Jolla, CA 92037.
The metabotropic glutamate receptors (mGluRs), together with
the calcium sensing receptors and the recently cloned GABAb
receptors, comprise a new family o f G protein-coupled receptors.
Although hydrophobicity plots o f the mGluRs indicate that there are
seven hydrophobic regions which may represent transmembrane
domains, these receptors share no obvious sequence homology with
other G protein-coupled receptors for which the 7TMD structure has
been confirmed. Therefore, although these receptors clearly couple
to G proteins, the structure o f the mGluRs may differ from other G
protein-coupled receptors. We are using glycosylation site tagging
to map the membrane topology o f mGluR5. Preliminary studies in
which all six native glycosylation consensus sites are mutated to
remove the Asn residues show a large shift in the mobility of
mGluR5 protein on SDS PAGE, consistent with the idea that
mGluR5 is extensively glycosylated on these native sites. Current
studies are underway in which additional glycosylation sites are being
introduced to determine which regions o f the receptor are
extracellular when expressed in HEK293 cells. Supported by grants
from the NJH and the McKnight Foundation to SFH and an NIH
postdoctoral NRSA to RWG.

374.2
EVIDENCE THAT METABOTROPIC GLUTAMATE RECEPTOR
la FORMS DISULFIDE-DEPENDENT DIMERS. C. Romano*. J.
Miller. S. Smout. K.L. O'Malley. Depts. of Ophthalmol./Visual
Sciences and Anat./Neurobiol., Washington Univ. Medical School,
St. Louis, MO 63110.
We have previously demonstrated that metabotropic glutamate
receptor mGlu5 is a disulfide-dependent dimer. Here we extend those
studies to examine the other major Group I mGluR. mG lula.
Western blot analysis of membranes from rat cerebellum indicated
mGlula migrated as a =260 kD species under non-reducing conditions
but =150 kD in the presence of DTT or 2-ME. Similar results were
observed in HEK 293 cells transfected with mGlu,. encoding vectors.
Treatment of cerebellar membranes under non-reducing conditions
with SDS, low pH, or heat did not shift the high molecular weight
species to a lower molecular weight which suggests that this is a
covalent complex. To determine if the high molecular weight species
was due to receptor dimerization, HEK cells were co-transfected with
wt mG lula and a mutant mGlula in which a wt epitope was replaced
with an HA-sequence. In cells expressing both receptors, anti-HA
immunoprecipitated the wt m G luIa, and anti-wt immunoprecipitated
the HA-tagged mutant. In contrast, the antibodies only
immunoprecipitated their cognate receptor from
cells singly
transfected with the individual receptors. Thus, m G lula, like mG lu5,
forms disulfide linked dimers. Experiments on the detailed
mechanisms of mGluR dimerization are in progress.
Supported by AG11355, EY02687, and an unrestricted grant from
Research to Prevent Blindness.
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CHANGES IN THE EXPRESSION OF METABOTROPIC GLUTAMATE
RECEPTOR 1 IN THE MOUSE CEREBELLUM DURING AGING
A.Simanyi, J . Xia. W.G.Wood* and G. Y, Sun. Dept. Biochem. Univ. Missouri,
Columbia, MO & GRECC VA Medical Center, Minneapolis, MN
Metabotropic glutamate receptors (mGluRs) have many roles in the central
nervous system but are thought to be especially important in the processes of
neuromodulation and synaptic plasticity. Cerebellar long-term depression can be
blocked by selective antagonists or antibodies against mGluR l and is deficient in
transgenic mice lacking mGluR 1. Activation of mGluRl leads the formation of
diacylglycerol and inositol 1,4,5-trisphosphate (IP3) and mobilization of Ca2+from
intracellular stores. These second messengers have been reported to be altered
during aging. A marked decrease in IP3 binding was found in the cerebellum of
aged Fisher 344 rats and gerbils. Although the strong implication of mGluRl in
memory processes, its role in normal aging has not yet been examined. In this
study, cerebella from male C57BL/6J mice at age 5,15 and 24 months of age were
used. In situ hybridization with an oligonucleotide probe specific for mGluR 1
(complementary to regions common to all published splice variants) showed a
significant increase in mGluR 1 mRNA level in the granule cell layer at 24 months
of age but no change in the Purkinje cells. Interestingly, a decreased level of
mGluRla protein was found in the same age using Westem-blot. [3H]IP3 binding
experiments indicated no changes in Kd but a decrease in Bmaxin both the 15 and
24-month-old animals. The level of IP3 receptor type 1 mRNA in the Purkinje
neurons was also declined but did not reach the level of significance. These
observations suggest that changes the mGluRl and/or IP3second messenger system
may be involved in the development of age-related decrease in cerebellar functions.
(Alzheimer’s Disease and Related Disorders Program in Missouri)
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w ith
s p lic e
fo rm
s p e c i f ic
a n ti s e n s e p r o b e s
w as u sed
to
d e te r m in e w h ic h o f th e o th e r s p lic e fo rm s m ig h t b e p re s e n t.
O f all th e k n o w n s p lic e fo rm s o n ly th e m G l u R ld s p e c ific
p ro b e p ro d u c e d a ro b u st sig n a l in SN c.
T h e p r e s e n c e o f m G l u R ld in S N c c o u ld c o n tr ib u te to the
s e le c tiv e v u ln e r a b ility o f S N c n e u ro n s in P a r k in s o n 's d ise a s e
a n d m ig h t be u sed as a ta rg e t to d e v e lo p h ig h ly s p e cific dru gs.
S u p p o r te d b y U S P H S g r a n ts N S 3 1 5 7 9 , A G I 3 6 1 7 ; D F G g r a n t
K o l 6 9 6 /1 -2.
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PRESYNAPTIC mGluR lb EXPRESSION IN THE HIPPOCAMPUS OF KAINATETREATED EPILEPTIC RATS. I. Bliimcke*1. C. Scheiwe1. H. Beck2. R. Steffen i
R. Nitsch3. A. Waha'. R. Kuhn4, and P .P . W iestler1. Dept, o f Neuropathology 1
and Epileptology2, Univ Bonn Medical Ctr, 53105 Bonn, F.R.G.; Dept, o f
Anatomy3, Charité, 10098 Berlin, F.R.G.; Novartis4, 4002 Basel, CH.
Metabotropic glutamate receptors (mGluR) exert modulatory excitatory and
inhibitory actions in the CNS. Class I mGluRs (mGluRl and mGluR5) may be
involved in epileptogenesis since their phamacological activation causes
proconvulsive effects. In the present study, we analyzed the expression patterns of
mGluRla and mGIuRlb splice variants in hippocampal specimens from 10 adult
Sprague-Dawley rats obtained 4-6 weeks after intraperitoneal kainate treatment.
Immunohistochemistry was performed using polyclonal antibodies against the
mGluRla and mGIuRlb splice variants. In addition, a competitive RT-PCR assay
was employed for the quantitative detection o f mGluRl mRNA transcript.
Compared to sham injected and normal control animals, the hippocampus of
kainate-treated rats showed an up to three-fold increase o f mGluR 1 gene transcript.
Whereas m GluRla immunoreactivity did not change significantly in these
animals, de novo mGIuRlb immunoreactive axonal puncta occurred in the dentate
gyrus molecular layer, hilus and CA3 stratum lucidum. This staining pattern is
reminiscent of collateral mossy fiber sprouting. Immunoelectron-microscopy
confirmed presynaptic mGIuRlb labelling. The staining o f neuronal cell bodies
visible in control and sham injected rats, however, disappeared, indicating a
redistribution of the receptor protein into the axonal compartment. The increase of
mGIuRlb in the mossy fiber system may (1) significantly contribute to
hippocampal hyperexcitability and/or ( 2 ) play a functional role for neurite
outgrowth and axonal reorganization. The work is supported by DFG grants
Wo571/2-1 and SFB400.

EXPRESSION OF GROUP I METABOTROPIC GLUTAMATE
RECEPTORS (mGluRs) IN PC12 CELLS: ROLE OF NERVE GROWTH
FACTOR, RAS AND SERUM CONDITIONS. M.D. Kane* and RD .
Schwarz. Neuroscience Therapeutics, Parke-Davis Pharmaceutical Research,
Division of Warner-Lambert Company, 2800 Plymouth Road, Ann Arbor, MI
48105.
The role of metabotropic glutamate receptors in neuronal function is not
fully understood, in part, due to the contribution of ionotropic glutamate
receptors in many neuronal models. PC12 cells have been extensively used to
model growth factor-induced differentiation, neuronal function and
neurotoxicity in vitro and do not express ionotropic glutamate receptors.
When PC12 cells were screened for expression of group I mGluRs,
mGluR5a/b, but not mGluR la/b, were detected by RT-PCR and western blot
techniques. NGF-induced PC12 cell differentiation did not significantly alter
mGluR5a/b expression, however, NGF treatment resulted in the expression of
mGluRla/b. PC12 cells which constitutively express dominant negative ras
(N17ras-PC12) were used to investigate the role of the ras pathway in NGFinduced mGluR expression. N17ras-PC12 cells showed mGluR5a/b
expression similar to wild-type PC 12 cells. However, N17rasPC12 cells did
not show mGluR la/b expression following NGF treatment indicating
mGluRl expression is dependent on ras pathway activation in these cells.
Interestingly, PC12 cells grown or differentiated in the absence of horse
serum did not show mGluR 1 and mGluRi immunoreactivity yet receptor
mRNA expression was detected suggesting a component(s) of horse serum is
required for receptor expression in the membrane in these cells. These results
suggest PC 12 cells are a useful model of group I metabotropic receptor
expression and function, free of ionotropic glutamate receptor effects.
( S u p p o r t e d b y W a r n e r - L a m b e r t C o .)
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HEAT SHOCK ENHANCES THE EXPRESSION OF PHOSPHOLIPASE C
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LEARNING ENHANCES THE EXPRESSION OF mGluR5 RECEPTOR
PROTEIN IN RAT HIPPOCAMPAL CA1 REGION. G. Casabona, B. Platt*. F.
Nicoletti and G. Riedel. IMN-Neuromed, Pozzilli (IS), Italy; Dept. Biomed. Sci.,
Aberdeen, UK; Inst. Pharmacol., Sch. Pharm., Catania, Italy; Dept. Psychol., York,
UK.
We have investigated whether acquisition training induces changes in the
expression o f particular metabotropic glutamate receptor (mGluR) subtypes. Male
Lister hooded rats were trained in a combined context and cue conditioning
paradigm, as previously described by Phillips and LeDoux (Behav.Neurosci. 106,
274 285; 1992). They received 5 sessions with two trials, in which freezing during
a 20 sec pre-Cs period was measured as an index o f contextual conditioning, and
during a 20 sec tone period was recorded as cue conditioning. The tone was
followed by a 500 msec shock (1 mA). Control rats were exposed to the
conditioning chamber with tone presentation, but in this case no shock was
delivered. Training of rats resulted in a significant increase in freezing during both
context and cue period in the shocked group, while unshocked animals were freely
exploring the conditioning chamber during each trial. Twenty-four hours after the
last trial, animals were decapitated, the brains quickly removed and hippocampi
dissected into CA1, CA3 and dentate gyrus, tissue was homogenised and
centrifuged to obtain crude synaptosomal m embrane preparations. Western analysis
was performed by using a polyclonal antibody raised against a carboxy-terminal
sequence o f mGluR5. Expression o f mGluR5 protein was markedly enhanced in
extracts prepared from the CA1 region o f trained animals as compared to extracts
from control animals. The increase was less substantial, or virtually absent, in the
dentate gyrus and CA3 region o f trained animals. These results are indicative of a
role o f CA1 mGluR5 in the transsynaptic mechanisms underlying aversive
contextual conditioning.

Pharmacology, Georgetown University Medical Center, Washington, DC 20007.
We have determined that the expression o f phospholipase C-coupled (group I)
metabotropic glutamate receptors in CHO cells can be greatly enhanced by such
stress factors as heat shock. Application o f heat shock (42°C for 2 h) to CHO cells
permanently expressing m G luRla receptors under the control o f heat-insensitive
CMV promoter, caused a 5-10 fold increase in receptor activity measured as
phosphoinositide (PI) hydrolysis. The effect was the most pronounced at one day
after treatment. A similar increase in receptor activity was observed in CHO cells
expressing mGluR5a, but not in cells expressing the cAMP-coupled receptors
mGluR2 and mGluR 6 . The effect o f heat shock appears to be receptor-related, rather
than resulting from increased phospholipase C activity since untransfected CHO
cells showed no enhancement o f PI hydrolysis and, more importantly, heat shock
also enhanced the ability o f m G luRla to increase cAMP formation. The immunoblot
analysis of cells expressing m G luRla showed a large, time-dependent increase in
receptor protein after heat shock treatment. Both the 142 kDa monomeric receptor
protein, as well as the receptor dimer were increased. The effect o f heat shock was
also observed in HEK-293 and CHO cells transiently transfected with m G luRla and
mGluR5a receptors where the amplitude o f agonist-induced intracellular Ca2+ signals
and the number o f responding cells were increased. At present, the molecular
mechanism o f heat shock effect on mGluR expression remains unclear. However,
since the increase in receptor expression was not abolished by the protein synthesis
inhibitor cycloheximide, it appears to be caused by changes in the rate o f receptor
degradation or by posttranslational modifications, rather than by new protein
synthesis. These observations may be significant in view o f the possible role that
phospholipase C- coupled mGluRs play in glutamate neurotoxicity and in neuronal
cell death induced by oxidative stress. (Supported by NIH grants NS28J30 and
NS01720.)

374.9
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SU R FA C E E X P R E S S IO N A N D R E C Y C L IN G O F T H E
M ETABOTROPIC GLUTAM ATE RECEPTORS mGLUR2 AND
m G LU R 5. K .W .R o c h e * and R .J .W e n th o ld . L aboratory o f
Neurochemistry, NIDCD, NIH, Bethesda, MD 20892
Metabotropic glutamate receptors are seven transmembrane
domain (7 TM D) receptors which are linked to various second
messenger systems. Other 7 TMD receptors, such as the {^-adrenergic
receptor and the thrombin receptor, have been shown to internalize
upon prolonged exposure to agonist. U nlike the (^ -a d re n e rg ic
receptor, the throm bin receptor internalizes in both an agonistdependent and an agonist-independent fashion.W e have chosen two
subtypes o f metabotropic glutamate receptors, mGluR2 and mGluR5,
which we will use to characterize the recycling of glutamate receptors.
mGluR5 and mGluR2 are representatives of Type I (phospholipase Clinked) and Type II (adenylate cyclase-linked) metabotropic glutamate
receptors, respectively. In order to characterize the surface expression
and internalization/degradation of m etabotropic glutamate receptors,
we are using prim ary cortical cultures as well as H EK-293 cells
transiently expressing either mG luR2 or mG luR5. The prim ary
cultures express both mGluR2/3 and mGluR5 after 7 days in culture.
Using biotinylation o f surface proteins, we have labeled both
mG luR2/3 and mGluR5 in these two system s and observed a
relatively rapid degradation of both receptor subtypes in both primary
cultures and transiently transfected cells.
Supported by the NIGMS PRAT program and the NIDCD
intramural program.

IMMUNOCYTOCHEMICAL LOCALIZATION OF METABOTROPIC
GLUTAMATE RECEPTOR SUBUNITS IN THE CAT RETINA. W. Cai. O.
Tai. P. Pin and R.G. Pourcho*. Department of Anatomy and Cell Biology,
Wayne State University School of Medicine. Detroit, MI 48201.
The goal of this study is to determine the cellular and subcellular
distribution of metabotropic glutamate receptor (mGluR) subunits within the
cat retina. Immunocytochemical techniques were employed to visualize
mGluR subunits l a and 2/3 at both the light and electron microscopic levels.
The procedure involved the use of biotin and avidin conjugated reagents.
Reaction products were silver intensified for enhanced viewing.
Immunoreactivity for mGluRla and mGluR2/3 were observed in both the
outer and inner retina. Staining for mGluRla was seen in numerous large
punctae in the outer plexiform layer (OPL) which were identified as rod
spherules. A number of amacrine cell somata were also stained and their
processes were seen to ramify throughout the inner plexiform layer (IPL).
These processes were post-synaptic to cone bipolar cells in both sublaminae.
Retinas processed with antiserum against mGluR2/3 showed staining in Atype horizontal cells and their processes in the OPL. Staining was also seen
in numerous amacrine and displaced amacrine cells. The amacrine processes
exhibited a laminar pattern in the IPL with concentrations in s2, s3/4 and s5.
Processes within s5 were seen to make reciprocal synapses with rod bipolar
terminals, leading to their identification as A17 amacrines. Thus mGluRla
appears to be presynaptic in the OPL and postsynaptic in the IPL whereas
mGluR2/3 is postsynaptic in both plexiform layers. The specific distribution
of mGluR subunits positions these molecules for unique contributions to
glutamatergic neurotransmission in the retina. Supported by NIH EY02267.
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LAMINAR, CELLULAR, AND SUBSYNAPTIC DISTRIBUTION OF
METABOTROPIC GLUTAMATE RECEPTOR SUBTYPES 2 AND 3
(mGluR2/3) IN PRIMARY SENSORY CORTEX. V. Meskenaite* and
K.A.C. Martin. Institute of Neuroinformatics, Gloriastrasse 32, Zuerich,
CH-8006, Switzerland.
The metabotropic glutamate receptor family consists of at least 8 receptor
subtypes with diverse pharmacological properties. Subtypes 2 and 3 are
coupled to the cAMP cascade and may act to reduce synaptic efficacy. We
used immunocytochemical techniques to localise the mGluR2/3 in rat
somatosensory, and in cat and monkey primary visual cortex. In all species,
similar patterns of immunoreactivity (IR) were found: layers 1-3 had the
densest IR, layers 5-6 were labelled moderately, and thalamo-recipient layer
4 was almost devoid of IR. Electron microscopy revealed that the mGluR2/3
receptor subtypes were localised on membranes of small glial processes,
which surrounded asymmetric synapses, and within asymmetric synaptic
structures. mGluR2/3 was found in the preterminal bouton away from the
site of the synaptic specialisation. These boutons formed synapses with
dendritic spines and shafts of pyramidal and smooth neurons. The density of
mGluR2/3-IR boutons was higher in superficial than deep layers. Both in
superficial and deep layers, a separate population of asymmetric synapses,
formed mainly with dendritic shafts, displayed mGluR2/3-IR at postsynaptic
membrane.
Both pre- and postsynaptic sites could be involved in
modification of synaptic transmission.
Supported by the Swiss National Science Fund SPP, HFSP, EU.

EX PR ESSIO N OF G R O U P II A N D III m G lu R m R N A s IN
IDENTIFIED STRIATAL A N D CORTICAL N E U R O N S.

S ociety f o r N euroscience, Volume 23,1997

I.A. K e rn e r*, D .G. S ta n d a e rt, I.B. P e n n e y . lr.. A.B. Y o u n g , a n d G.B.
L a n d w e h r m e v e r . D ept, of N e u ro lo g y , M ass. G en. H o sp ita l, B oston &
A lb e rt-L u d w ig s-U n iv e rsity -F re ib u rg , G erm an y .

We studied the expression of group II (mGluR2 & mGluR3) and
group III (mGluR4 & mGluR7) m etabotropic glutam ate receptor
mRNA by in situ hybridization. N eurochemically identified neurons
were labeled w ith probes for som atostatin (SOM), preproenkephalin
(ENK), p rep ro tach y k in in (SP), glutam ic acid decarboxylase 67
(GAD67), parvalbum in (PARV), or choline acetyltransferase (ChAT).
In the striatum , projection neurons labeled by ENK or SP strongly
expressed mGluR3 & mGluR7, lightly expressed mGluR4/ but
expressed no mGluR2. SOM interneurons did not express any of the
mGluR receptors studied. GAD67 & PARV interneurons expressed
mGluR2 lightly and mGluR3 moderately, b ut not mGluR4 or mGluR7.
ChAT interneurons were strongly labeled for mGluR3, moderately for
mGluR2, and lightly for mGluR4 & mGluR7. In the cortex, SOM
neurons had moderate signal for mGluR7, light signal for mGluR3, but
no signal for mGluR2 or mGluR4. GAD67 neurons dem onstrated
moderate labeling for mGluR2 & mGluR3, but no labeling for mGluR4
or mGluR7. PARV neurons labeled m oderately for mGluR2 &
mGluR3, lightly for mGluR4, but did not label for mGluR7.
These distributions are distinct from those of group I mGluRs and
dem onstrate highly selective expression of sets of mGluRs w ith
different functional properties.
Supported by USPHS grants NS31579 & AG11337,DFG grant SFB505.
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EVIDENCE FOR A METABOTROPIC GLUTAMATE RECEPTOR IN
LIVER. 1L. Bertino. 2M. Storto.2G. Casabona.1G, Caruso, 1,3A. Copani*.
3Fr g.pmella, 3A. Trovato salinaro, 4R, M erger,. 1T.Knӧpfel and 1,2F.
Nicoletti. Institutes 1of Pharmacology and3 Biochemistry, Univ. of
Catania; 2I.N.M. Neuromed, Pozzilli, Italy. 4Cell Control, D-82152
Martinsried, Germany.
The group-II mGlu receptor agonist, 4-carboxy-3-hydroxyphenylglyrine
(4C3HPG) reduced norepinephrine-stimulated cAMP formation in slices
from adult rat liver. Furthermore, both 4C3HPG and 1S,3R-ACPD
potentiated responses to forskolin in liver slices from newborn animals, as
well as in the HEPG-2 hepatoma cell line. These pharmacological data
suggested the expression of mGlu receptors in liver cells. Immunoblots of
extracts from neonate or adult liver showed a single band with an antibody
recognizing an epitope present in the carboxy-terminus end of group-II mGlu
receptors. However, the size of the labeled protein was 140 kD, which is
significantly larger than that of mGlu2 or -3 receptors detected in brain
tissue (about 85 kD). No such protein was detected in extracts from rat
kidney, gut, lung, testis or spleen. No immunolabeling was obtained with
antibodies recognizing the carboxy-terminus end of mGIuRla and -5
receptors. Surprisingly, RT-PCR analysis using primers designed to
amplify a portion of mGlu5 receptors revealed a corresponding message in
liver, whereas no amplification product was detected using primers
designed to amplify a portion of mGlu2 or -3 receptors. We propose that
liver cells express a novel mGlu receptor subtype, sharing properties of
group-I and -II mGlu receptors.
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374.14
DISTRIBUTION OF mGluR4 and mGIuR7 IN THE PIRIFORM CORTEX OF
THE RAT. P. Grandes1*. J. M. Mateos1. R. Benitez1. E. Lázaro1. I. Elezgarai1. R.
Sarna1. J. Azkue1. H. van der Pu tten l R. Kuhn2 and T . Knopfel1. 1Dept. of
Neurosciences, Fac. of Med. and Dent., Basque Country Univ., 48080 Bilbao,
Spain. ‘CNS Research, Novartis, CH-4002, Basel, Switzerland.
The metabotropic glutamate (mGlu) receptor family consists of at least eight
different subtypes OnGluRl- 8 ). The subtypes mGluR4, mGluR 6 , mGIuR7 and
mGluR 8 are designated as group III mGlu-receptors, are selectively activated by LAP4 and mediate an inhibition of calcium channels and synaptic transmission.
The lateral olfactory tract (LOT) fonned by axons of olfactory bulb mitral and
tufted cells provides an input to the pirifonn cortex which is sensitive to modulation
by L-AP4. The mRNA expression for mGluR7 is very high in mitral and tufted
cells, but mGluR4 is almost inexistent in both cell types. In the piriform cortex,
mGluR7 mRNA is expressed from moderate to high levels while mGluR4 mRNA
expression is low.
The goal of this study was to detennine the distribution of mGluR4 and mGluR7
in the piriform cortex by means of polyclonal antisera raised against a peptide
sequence of the C-tenninal domain o f each* receptor in combination with
immunocytochemical methods for light and electron microscopy (EM).
mGluR7 staining was restricted to layer la which disappeared in mGluR7 knockout
mice. The EM localization of mGluR7 was in presynaptic terminals. Strong labeling
for mGluR4 was observed in layer la, but also a moderate staining appeared in layer
lb. mGluR4 stained dendrites ascending from layers II and III penetrated into layer lb.
From these preliminary results, it seems likely that mGluR7 has a presynaptic
localization in LOT synaptic terminals, while mGluR4 might be distributed
presynaptically in association fibers and postsynaptically mostly in pyramidal cell
apical dendrites. Ongoing EM studies will clarify this issue.
Supported by DGICYT grant PB95-0347 and GV grant PI94/77. J.M .M .
(BFI95.154), J.A.(BFI95.017). R.B. is in receipt o f a grant from B.C.University.
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ISOLATION AND ANALYSIS OF SPLICE VARIANTS OF THE RAT
METABOTROPIC GLUTAMATE RECEPTORS, mGluR7 and mGluR 8 . C. Corti. J.
M. Rimland. M. Corsi and F. Ferraguti*. Dept. Pharmacology, GlaxoWellcome
Medicines Research Centre, 37135 Verona - Italy

DISTRIBUTION AND ONTOGENIC PROFILE OF THE mGLUR7
METABOTROPIC GLUTAMATE RECEPTOR IN THE RAT BRAIN USING A
SUBUNIT SPECIFIC ANJ1BODY. K. L. Prvbvlowski. A. W. Dunah. B. B.
Wolfe, and R. P. Y asuda*. Department of Pharmacology, Georgetown
University School of Medicine, Washington, DC 20007.
Rabbit polyclonal antibodies to a fusion protein corresponding to
amino acids 873-915 in the C-terminal region of the mGluR7 metabotropic
glutamate receptor were generated and affinity purified. On a Western blot
these antibodies labeled a single band of molecular size 117 kDa in rat brain.
A doublet at 113 and 125 kDa was observed in BHK cells transfected with
mGluR7 cDNA, but not in untransfected BHK cells. The antibody is specific
for mGluR7 receptors and does not show cross-reactivity with HEK-293 cells
transfected with mGluR4 or mGluR8 cDNA. Using dilutions of membranes
from whole rat brain to generate a standard curve, the distribution of mGluR7
receptors was quantified in nine regions of rat brain aged day 7 and 49. A
widespread distribution of mGluR7 expression w as seen, with highest levels
in cortex and hippocampus and intermediate levels in the midbrain, thalamus,
and striatum. Lower levels were seen in the medulla, cerebellum, spinal cord,
and olfactory bulb. Ontogenic studies of sam ples from between embryonic
day 14 (E14) to postnatal day 49 (P49) using telencephalic tissue were
performed to determine developmental changes in receptor levels. mGluR7
receptor w as barely detectable at days E14 and E18 and rose sharply after
birth to a peak at day P7, followed by a gradual decline to levels seen in the
adult. The wide distribution of mGluR7 in the CNS and its high expression in
the early postnatal period indicate that it may have w idespread effects in the
CNS and play a role in the regulation of postnatal development. (Supported
by AG09973, NS28130
, DA07291, and the AHAF.)

Eight metabotropic glutamate receptors (mGluRs) have been identified to date.
According to sequence similarities and signal transduction mechanisms, mGluRs
have been subclassified into three groups. The third group includes mGluR4, 6 , 7 and
mGluR8 . Two alternative splice forms with different C-terminal domains have been
described for mGluR4. Here we report the cloning, by RT-PCR from rat cerebral
cortex mRNA, of two alternative mRNA forms for both mGluR7 and mGluR 8 . The
splice variant mGluR7b differs in the 3* coding region by an out-of-frame insertion of
92 bases, which contains a stop codon. This exchanges the last 16 amino acids of
mGluR7a with 23 different amino acids in mGluR7b. In rat mGluR 8 b we also
observed, as for mGluR7b, an out-of-frame insertion o f a 55 bp cassette. The
mGluR8 b cassette contains a stop codon that is expected to result in the substitution
of the last 16 amino acids o f mGluR 8 a with 16 different amino acid residues. In situ
hybridization with specific oligonucleotide probes for the four forms showed a
differental distribution in the adult rat brain. mGluR7a was found to be more
expressed in the locus coereleus than mGluR7b, and to be the unique form present in
the olfactory bulb. Moreover, mGluR7a and mGluR 8 a appear to be the predominant
forms in the adult rat brain. To study the pharmacology and signalling of group III
mGluRs, G-protein coupled inwardly rectifying potassium channel subunits (Kir 3.1
and 3.4) were co-expressed with mGluRs in Xenopus oocytes. No glutamate (Im M )
induced potassium currents were elicited when oocytes were injected with mGluR7a
or b or mGluR4a cRNAs, whereas currents were recorded when rat mGluR 8 cRNAs
were injected. Interestingly, mGluR2, which belongs to the group II mGluRs, elicited
a large potassium current when stimulated with its preferential agonist L-CCG-I or
with glutamate. In conclusion, other members of the group three mGluRs exist as
alternative splice forms with different C-terminal domains and different expression
patterns. The coupling with the inwardly rectifying potassium channel discloses
possible functional distinctions among subgroups.

374.17
AGONISTS OF GROUP III METABOTROPIC GLUTAMATE RECEPTORS
(mGluR) REDUCE POST-TRAUMATIC NEURONAL LOSS IN VITR O ,
WHEREAS ANTAGONISTS EXACERBATE INJURY. A.I. Faden*. S. Ivanova.
A. Yakovlev, and A. M ukhin.
Georgetown Institute for Cognitive and
Computational Sciences and Dept, of Neurology, Georgetown University Medical
Center, Washington, D.C. 20007.
CNS trauma causes glutamate release. Subsequent activation o f ionotropic and
group I metabotropic glutamate receptors contribute to the pathobiology of posttraumatic neuronal injury. Group III mGluRs (mGluR4, m GluR 6 , mGluR7,
mGluR8 ) are negatively coupled to adenylate cyclase and may act presynaptically to
inhibit glutamate release, suggesting that their activation may be neuroprotective.
We utilized a recently developed in vitro trauma model (Mukhin et al, J Neuroscience
16(19):6012-20, 1996) to examine the effects of group III mGluR agonists and
antagonists on post-traumatic neuronal loss. Trauma was produced in 18 DIV rat
brain neuronal-glial cultures using a punch causing 28 parallel cuts; neuronal death
was assessed by LDH release and ethidium homodimer assay. RT-PCR showed
expression of mRNA for mGluR4, mGluR 6 and mGluR7 in these cultures.
Treatment with the selective group III agonists L-AP4 or L-SOP provided significant
dose-dependent neuroprotection, with EC5() values of 0.3|im and 6 ^im, respectively.
Effects were markedly attenuated by treatment with the cAMP analog 8 CTP-cAMP
(500jim). In contrast, treatment with the group III antagonists M SOP and MAP4
caused a dose dependent exacerbation of injury and attenuated the neuroprotective
actions of group III agonists. The neuroprotective actions of L-AP4 were additive to
that of the NMDA receptor antagonist MK-801 in this model. These findings
suggest that activation of group III mGluR may serve a endogenous neuroprotective
role and that group III agonists may be of therapeutic benefit in CNS trauma.
CDC R49 C C R 3 0 6 6 3 4 -0 7 ,
DOD D A M D 17-93-V -3018
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375.1
BEHAVIORAL SENSITIZATION TO A D1-DOPAMINE AGONIST
DOES NOT LEAD TO ENHANCED EXPRESSION OF STRIATAL CFOS. G.R. Breese*. S.S. Mov. G.E. Duncan. D.J. Knapp. H.E. Criswell
and K.B. Johnson. Univ. of North Carolina Neuroscience Center and
Center for Alcohol Studies, Chapel Hill, NC 27599.
Rats given selective lesions of dopaminergic neurons as neonates
demonstrate enhanced activation in response to treatment with SKF38393, a selective Dl-dopamine receptor agonist, and this effect can show
progressive increases with repeated exposure to the drug. In this study,
behavioral “priming” of SKF-38393 effects was compared to induction
of striatal fos protein, measured as fos-like immunoreactivity (Fos-LI).
Male and female Sprague-Dawley rats were given selective dopamine
lesions or sham lesions on day 3 of life. Animals were tested as adults in
circular locomotor chambers with either SKF-38393 (3.0 mg/kg) or saline
before each of four sessions, with one session per week. Following this
priming regimen, the effect of pretreatment with either MK-801 (0.3
mg/kg) or CGS-19755 (10.0 mg/kg) was tested on both behavioral
activation and striatal Fos-LI induced by SKF-38393 in the four groups
of animals: unprimed sham-lesioned; primed sham-lesioned; unprimed
dopamine-lesioned; and primed dopamine-lesioned. SKF-38393 induced
high levels of activity only in the primed dopamine-lesioned group, and
this stimulant effect was not changed by pretreatment with either NMDA
antagonist. Striatal Fos-LI was not detected in the sham-lesioned groups
after any of the drug treatments. Surprisingly, SKF-38393 induced FosLI equally robustly in the primed and unprimed dopamine-lesioned
animals. Pretreatment with CGS-19755 reduced Fos-LI in the primed
dopamine-depleted rats in the dorsal (and not ventral) striatum. The
results from this experiment demonstrate that highly sensitized behavioral
responses are not necessary for an enhanced induction of fos-like proteins
(supported by NARSAD Young Investigator Award).

375.3
EFFECT OF PHENCYCLIDINE ON EXTRACELLULAR GLUTAMATE
LEVELS IN RAT STRIATUM : IN VIVO MICRODIALYSIS STUDIES.
Y.Yamamoto1).2), K.M aedaM *)1, T.Kakigi1), T.Hashimoto1) and
C.Tanaka2). 1) Neuropharmacology Lab., Hyogo Institute Aging Brain
and Cognitive Disorders; 520, Himeji, JAPAN 2) Dep. of Psychiatry &
Neurology, Kobe Univ. Sch. of Med.; Kobe, JAPAN
The effect of phencyclidine (PCP) on extracellular glutamate (Glu)
levels in rat striatum was studied using an in vivo microdialysis tech
nique. Local perfusion of high K+(100 mM) increased extracellular
levels of Glu to 730+ 155 % of basal release. Extracellular Glu release
increased 139+ 29 % and 1496+ 490 % of baseline by addition of
N-methyl-D-aspartate (NMDA; 0.15 and 0.5 mM) to the dialysis perfusion
solution dose dependently. PCP alone (1 mM in the perfusion stream)
caused no significant effect on basal levels of Glu. Local co-perfusion of
PCP (0.2 and 1 mM) with high K+ caused 35% and 70% reductions in
the release of Glu. NMDA (0.5 mM)- induced increase was reduced by
87% by prior per fusion of PCP (1 mM). Dizocilpine, a non competitive
NMDA receptor antagonist (MK801; 0.2 mM), almost completely
abolished NMDA (0.5 mM)- induced Glu release. Prior perfusion with
tetrodotoxin (10/^ M), a selective Na+ channel blocker, reduced NMDA
(0.5 mM)- induced Glu release by 88%. These results suggest that most
of NMDA- induced Glu release is neuronal origin and PCP might inhibit
Glu release through an NMDA receptor- mediated mechanism.

375.2
DECODING PEPTIDE BINDING SPECIFICITY OF PDZ
DOMAINS
N. Strieker and M. Li* . Departments of Physiology and
Neuroscience, Johns Hopkins University School of Medicine,
725 N Wolfe Street, Baltimore, MD 21205
Modular PDZ domains mediate protein-protein interaction by
specific association with a small carboxy-terminal peptide of
target protein. The orphan PDZ domain of nitric oxide synthase
(nNOS) is thought to play an important role in determining the
subcellular localization of nNOS activity. To systematically
determine the peptide binding specificity of nNOS-PDZ domain,
we have screened 13 billion random peptides.
Sequence
analyses have revealed a consensus that differs from other
known PDZ binding motifs (Strieker et al., 1997 NatureBiotechnologv 15:336). To understand the peptide-PDZ domain
interaction at the molecular level, we have carried out
experiments to investigate the specificity of peptide-PDZ domain
association. The results of these experiments will be presented.
(This work was supported in part by a grant from National
Institutes of Health)

375.4
COPPER
SUPPRESSES
LTP
IN
RAT
HIPPOCAM PUS
Y.Yanovskv. N. D oreulee and H .L . H aas* Institute o f Physiology,
H einrich-Heine-University, D üsseldorf, Germany
Cu2+-ions are known to interfere with GAB A- and glutamateoperated ion channels from experiments with isolated neurons. Such
actions are likely involved in the pathophysiology o f W ilsons
disease. We have now studied the effects o f Cu2+ in 57 hippocampal
slices. The free ion concentration is not exactly known in slices but
is low er than the bath concentration. Field EPSP-slopes
(representing AMPA-component) in the CA1 region were unaffected
by 1 μ M , but depressed by 10 μ M (to 85%) and 100 μ M (to 50 %).
Full recovery took upto 2 hrs. A paired pulse test revealed no
difference in facilitation in the presence or absence o f Cu2+,
indicating a postsynaptic action. A late component o f intracellularly
registered EPSPs in M g2+-free solution was reduced to 80% by 10
μM Cu2+. The NM DA component o f the field EPSP, isolated by
adding CNQX and bicuculline in M g2+-free solution, was reduced to
75% by 1/iM and to 50% by 10μM Cu2+. Long-term potentiation,
evoked by a standard protocol (3 x 50 pulses at 100 Hz, 20 s
distance) amounted to 132 ± 11% 90 min after tetanization under
control conditions but was absent in the presence o f 1μM Cu2+ in
the bath (101 ± 7 %). Thus low concentrations o f copper can
interfere with synaptic plasticity.

375.6

375.5
NOVEL PHOSPHOSERINE PHOSPHATASE INHIBITORS.
M. Acosta-Burruel. J.E. Hawkinson. N.D. Ta and Paul L. W ood*.
CoCensys, Inc., 213 Technology Dr., Irvine, CA 92618.
Phosphoserine phosphatase (EC 3.1.1.3) catalyzes the final step in
the major pathway o f L -se rin e biosynthesis in brain. This enzyme may
also regulate the levels o f glycine and D-serine, the known and putative
co-agonists for the glycine site o f the iV-methyl-D-aspartate receptor in
rostral and caudal brain regions, respectively. The glycerol ester of
phosphorylcholine, glycerylphosphorylcholine, was found to be a
potent, uncompetitive inhibitor o f phosphoserine phosphatase (IC50 18
μM). Glycerylphosphorylcholine probably binds a novel site on the
enzyme since the known allosteric inhibitor L-serine is highly selective
for its feedback regulatory site, indicated by the inactivity o f 25 Lserine analogs. Fluoride ion (IC50 770 μM) may bind the active site as
has been shown for other Mgz+-dependent enzymes. The sulfhydryl
reagent p-chloromercuriphenylsulfonic acid is a potent, noncompetitive
inhibitor o f the enzyme using L-phosphoserine as substrate (IC50 9 μM)
but is > 300-fold less potent using D-phosphoserine as substrate.
Substrate-dependent differences are also observed with the sulfhydryl
alkylator N-ethylmaleimide, which inhibits L-phosphoserine, but
stimulates D-phosphoserine hydrolysis. These novel inhibitors may
prove useful in determining the contribution o f phosphoserine
phosphatase to the biosynthesis of glycine and D -s e rin e in brain.
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SPERMINE AS A NON-COMPETITIVE INHIB ITOR OF [3H]-GLYCINE
BINDING ON THE NMDA RECEPTORS FROM PLEXIFORM LAYERS OF
CHICK RETINA. A.M. López-Colomé*. F. Calderón and A. Rodriguez-Contreras.
Instituto de Fisiología Celular, U.N.A.M. Apdo. 70-253, México, D.F., 04510.
Endogenous polyamines like spermine and spermidine have multiple effects in the
central nervous system (CNS) and recently have been suggested as neuromodulators
or neurotrasmitters. These molecules interact with the NMDA receptor evoking
different effects which indicates the presence o f more than one polyamine bindingsite on this receptor channel. In the present work, spermine was found to act as an
inhibitor o f the strychnine-insensitive [3H]-glycine binding in a non-competitive
manner. We used membranes from synaptosomal fractions from the outer (P,) and
the inner (P2) plexiform layers o f 1-3 day old chick retinas; equilibrium binding
assays were performed at room temperature and stopped by centrifugation. Specific
binding for glycine and 1-aminocyclopropane carboxilic acid (ACPC) assays was
60% and the maximal effect o f spermine was 90% at 1 mM concentration. Glycine
and ACPC exhibited similar potencies as agonists at the glycine site coupled to the
NMDA receptor complex (IC 50 =1.00 μM for P) and 6.06 μM for P 2 with ACPC and
IC50=1.36 μM for P, and 11.01 μM for P 2 with glycine) while strychnine showed low
affinity for inhibiting [3H]-glycine binding (IC50=155 jxM for P, and 240 μM for P2),
suggesting that we are dealing with NMDA receptors. [3H]-glycine binding was
inhibited by spermine in both plexiform layers (IC50=35 jaM for P, and 32 μM for
P2). Kinetic experiments with [3H]-glycine showed a KB~140 nM in both fractions;
receptors seem to concentrate in P 2 since the Bmax is higher in this fraction (Pj=3.40
pmol/mg protein; P2=7.26 pmol/mg protein). In both plexiform layers spermine (100
HM) modifies only the Bmax (P1 .=
0.84 pmol/mg protein; P2=0.81 pmol/mg protein),
indicating a non-competitive modulation. These results indicate that the NMDA
receptor in chick retina differs from those in other regions o f the CNS. Partially
supported by a grant from CONACYT.
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CHARACTERIZATION OF ANGIOTENSIN II TYPE-2 RECEPTOR (AT2)-MEDIATED
REGULATION OF NMDA RECEPTOR SIGNALING IN NEURONAL CELLS. W .R.
Schelman. R.L.Berdeaux. S.E.Clemmens. B.A.Orr and J.A.Wevhenmever*. Dept,
of Cell and Structural Biology, University of Illinois, Urbana, Illinois, 61801.
The N-methyl-D-aspartate (NMDA) receptor plays a critical role in synaptic
plasticity, neuronal development and neurologic disease. Tyrosine phosphorylation
of NR2B has been shown to modulate the function of the NMDA receptor channel.
In the present study, we examine the effect of AT 2 induction, which has been
shown to activate a protein tyrosine phosphatase, on NR2B phosphorylation and
on glutamate/NMDA cytotoxicity in undifferentiated PC12W cells and in
undifferentiated NG108-15 cells. We have previously demonstrated that NMDAmediated nitric oxide and cGMP production is attenuated by agonist binding of the
AT2 receptor in PC12W and NG108 cells (Schelman et al., in press). Here,
Western analysis in NG108 cells revealed a dose and time-dependent increase in
NR2A/B phosphorylation following addition of NMDA with maximal
phosphorylation being observed between 1 and 5 min with 100 μM agonist.
Tyrosine phosphorylation of NR2A/B in cells treated with 100 μM NMDA for 1
min was decreased by addition of angiotensin II (Angll). Pretreatment with the
isoform specific AT 2 antagonist, PD 123319, attenuated the inhibitory effect of
Angll on phosphorylation. Examination of glutamate and NMDA-mediated
cytotoxicity using MTT analysis showed a dose-dependent decrease in cell viability
upon addition of glutamate (maximum effect at 500 μM) and NMDA (maximum
effect at 1 mM) in NG108 cells. Preliminary studies suggest that the cytotoxic,
effect of NMDA, but not glutamate, are attenuated by co-treatment with 1 |iM
Angll in these cells. Similar experiments using PC12W cells also reveal a dosedependent decrease in cell viability upon addition of NMDA with a maximal
response being observed with 1 mM agonist. (Supported by NSF IBN-9320158.
W.R.S. is supported by AHA SS-06/CS-02).

375.10

375.9
NMDA RECEPTOR SUBUNITS REGULATION IN RAT CEREBELLAR
GRANULE NEURONS. L.Corsi and S. Vicini* Dept, o f Physiology, Georgetown
University Medical Center, W ashington D.C.
We performed whole-cell patch-clamp recordings from cerebellar granule neurons
to evaluate the relative contribution of different NM DA receptor subunits to the
functional NMDA receptors during development in vitro. Prim ary cultures of
granule neurons were obtained from 7 day old rat pups and were grown in 25 mM
KC1 containing Basal Eagle Medium. From NM DA dose-response studies with a
potassium gluconate-based intracellular solution, we observed an increase o f the
NMDA-induced current density from 32±I3 pA/pF (n -1 3 ) at 4 days in vitro
(DIV4) to 65±23 pA/pF (n=15) at DIV13, accompanied by a decrease o f the half
maximal concentration. Ifenprodil (10 pM), a non competitive antagonist which
discriminates NMDA receptors comprising the NR1/NR2B subunit, weakly
reduced the response to NMDA in cells at DIV13 (21±11%, n= 6 ) as compared to
cells at DIV4 (54±9%, n= 8 ). These observations indicate a decrease o f NMDA
receptors comprising heteromers of NR1/NR2B subunits during development in
culture. Chronic NMDA (100 nM) treatm ent o f cerebellar cultures at DIV4 and
DIV 13 for 24 hours, induced a down regulation of functional NM DA receptors,
resulting in a decrease of the NMDA-induced current density by almost 50%.
Ifenprodil antagonism, however, was unchanged, indicating the lack of a selective
decrease of NR2B subunit. In contrast 24 h treatm ent w ith KN93, a specific
inhibitor of the Ca 2+-calmodulin-dependent kinases, produced an increase in the
Ifenprodil antagonism (67±14%, n=9 at DIV4; 42±6%, n = 6 at DIV13) indicating a
selective increase of receptors comprising NR2B subunit. This increase of NR2B containing NMDA receptors was proportionally greater at D IV 13. Our results
show that the expression of NR2A and NR2B subunit in cerebellar granule cells
changes during development in culture and it can be rapidly modulated. Supported
by NINDS grants P01NS28130 and K04 NS01680 to S. V.

375.11
C A L B IN D IN -D 28K IN H IB IT S T H E O N S E T O F C a 2+-D E P E N D E N T
C H A N G E S IN N M D A -R E C E P T O R D E S E N S IT IZ A T IO N . C .J. P ric e * 1.
G.L. R intoul2, K .G . B aim b rid g e 2 and L.A . R a y m o n d 1.
D epts. o f
Psychiatry 1 and Physiology 2, U niv. O f B ritish C o lu m b ia, V an couver, B.C.
V 6 T 1Z3.
N -m ethyl-D -aspartate (N M D A ) rec e p to r activ atio n resu lts in the opening o f
a slowly desensitizing, C a2+ p erm eab le ion ch an n el. R ep eated activation of
N M D A receptors results in a C a2+-d ep en d en t in crease in the rate and extent
of desensitization. In tracellu lar C a2+ b u fferin g by c a lciu m -b in d in g proteins,
such as c a lbindin-D 28k, could c o u n teract this n eg ativ e feed b ack m echanism .
To test this hypothesis, hum an em bryonic k idney-293 cells w ere transiently
co-transfected w ith cD N A 's fo r calb in d in , NR 1 an d N R 2A . In control cells
β-gal was co-expressed w ith NR1 and N R 2A . N y statin p erfo rated patch
recordings w ere perform ed.
C ells w ere rapidly ex p o sed to 100 μ M
glutam ate and 50 μ M glycine fo r 2 s once p er m inute. T h e d esensitization
tim e constant (τ d) fo r both c o n tro l and c a lb in d in cells w ere initially sim ilar
(approxim ately 700 m s and 600 m s resp ectiv ely ; p > 0.45). τ d d ecreased to
approxim ately 175 m s over tim e in both groups o f cells.
Sim ilarly, the
steady-state to peak current ratio (SS/P) also c h an g ed from approxim ately
0.55 to 0.05 in both control and c alb in d in cells. In co n tro l cells the change
in τd and S S/P began w ithin 10 m in., h o w ev er, in c alb in d in cells the latency
for response onset w as delay ed to b etw een 20 an d 30 m in. This effect of
calbindin could have im p licatio n s fo r N M D A receptor-m ediated
excitotoxicity and N M D A -m ed iated synaptic p lasticity.
Supported by M R C (C anada) and H eart and S tro k e Fou n d atio n o f B ritish
C olum bia & Y ukon.

S o c ie ty f o r N e u ro s c ie n c e , V o lu m e

SUBUNIT-DEPENDENT MODULATION OF NMDA RECEPTOR FUNCTION
BY REDUCING AGENTS, OXYRADICALS AND NO
M. Gbadegesin1*. S. Vicini1,2, D. A. Wink3 . C. Colton 1,2 Program in
Neuroscience1, Dept, o f Physiology2, Georgetown Univ. Med. Cntr., Wash., DC
20007, Radiation Biology, NCI, NIH3, B ethesda, MD 20892
We have examined the effects o f the disulfide reducing agent dithiothreitol
(DTT), and of the oxyradicals hydroxyl radical, superoxide and nitric oxide (NO),
on HEK 293 cells transfected with NMDA receptor subtypes. In cells transfected
with NR1 and NR2A cDNA and voltage-clamped with the whole cell patch clamp
technique, treatment with DTT resulted in a reversible 118 ± 4% increase in the
peak response to application o f 30 μM glutamate. The potentiation observed for
NR1/NR2B transfected cells was 157 ± 8 %, while that for NR1/NR2A/NR2B
transfected cells was 125 ± 3 %. Treatm ent with H 20 2 + Fe2+ (which generates
OH ) resulted in a reversible decrease o f the peak responses to 72 ± 2 % for
NR1/NR2A, 45 ± 5% for NR1/NR2B, and 49 ± 3 % for NR1/2A/2B transfected
cells. Treatm ent with a mixture of xanthine and xanthine oxidase (which
generates superoxide anion) resulted in a reversible reduction o f peak responses to
71 ± 5% for NR1/NR2A transfected cells, and 51 ± 1% for NR1/NR2B transfected
cells. Our results suggest a difference in the susceptibility o f these heteromeric
receptors to the effects o f reducing and oxidizing agents with NR1/NR2A being
less sensitive to DTT, superoxide and hydroxyl radical than NR1/NR2B, while
NR1/2A/2B is in between. Treatm ent o f NR1/NR2A and NR1/NR2B transfected
cells with the NO donor PAPA-NO (NOC-15) (100 μM ) resulted in a reversible
potentiation o f response o f 158 ± 21% and 154 ± 1 1 % respectively, which was not
observed with expended controls. This suggests that contraty to previous reports,
NO m ight potentiate rather than inhibit NM DA channel response (Supported by
Alzheimer foundation grant # PRG-95077).
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INTERACTION OF THE NMDA RECEPTOR NR2D SUBUNIT WITH c-ABL
TYROSINE KINASE.
A.L. Buller* T.E Smithaall D.J. Emrv. R.T. Glover. J.Y.J. Wanq and D.T.
Monaahan. Dept. Pharmacol.. & EpplevInstitute. Univ. Nebraska Med. Cnter,
Omaha, NE 68198-6260; Dept. Biol. UCSD, La Jolla, CA 92093
The C-terminal domain of the NR2D subunit contains proline-rich
sequences that have striking homology to sequences known to bind to the SH3
domain from a number of cellular signaling proteins. Using an epitope-tagged
NR2D fragment containing this proline-rich region, SH3 domain binding assays
were performed. The proline-rich fragment of the NR2D subunit (NR2D
)
specifically and selectively bound to the c-Abl SH3 domain but not to the SH3
dom ains from Src, Hck, Fyn, Grb2, GAP or PLCy. Abl is a non-receptor
TOsine kinase that localizes to both the nucleus and cytoskeleton. The SH3
omain of c-Abl plays an important role in the negative regulation of Abl kinase
activity. To determine whether the interaction o f NR2D86tM064 with the Abl SH3
domain affected Abl kinase activity, Abl was expressed either alone or with
NR2D866'1064 in 293T human embryonic kidney cells. Autophosphorylation of
Abl was readily observed when Abl was expressed alone. However, co
expression o f Abl with NR2D866"1064 completely suppressed auto
phosphorylation. This effect required the Abl SH3 domain, as NR2D866"1064 was
unable to inhibit autophosphorylation of an Abl mutant lacking the SH3 domain
(ASH3). Interestingly, co-expression of 2D866-1064 with p210 Bcr/Abl, the fusion
protein associated with chronic myelogenous leukemia, had no effect on
Bcr/Abl autophosphorylation. Co-expression of the full length NR2D with Abl
also inhibited Abl autophosphorylation.
The role of Abl in the brain is not clear although it has been localized
to regions known to express NMDA receptors, including the hippocampus. Abl
interacts with several proteins and binds both actin and DNA. The NMDA
receptor has been shown to be associated with structural proteins that may link
it to the cytoskeleton. The co-localization of Abl and NMDA receptor to the
sam e subcellular compartment, together with the findings that the NR2D
proline-rich region binds to the Abl SH3 domain and inhibits Abl kinase activity,
su g g ests that these proteins may interact in a biologically relevant manner.
(Suppported by NIHAA0153)

S

375.12
HIGH AFFINITY BINDING OF des-tyr-Dynorphin A (2.I7) TO THE
NM DA RECEPTOR COMPLEX. Josephine Lai*. Oingbo Tang and
Frank Porreca. Department o f Pharmacology, The University o f Arizona
Health Sciences Center, Tucson, AZ 85724.
P re v io u s ob serv atio n s h ave su ggested th at th e n o n -o p io id effects o f the
n eu ro p ep tid e dynorphin m ay be m ed iated by N M D A receptors; how ever, the
m olecular m echanism s by w hich N M D A receptors m ediate such effects have not
b een elu cid ated . T o test th e h y p o th esis th at som e o f th ese effects m ay result
from a d irect interaction b etw een dyn o rp h in and th e N M D A rec e p to r com plex,
w e io d in ated d e s-ty r-d y n o rp h in A (2.17) at L y s 10 and an aly zed its b inding
ch a ra c te ristic s to co rtical m em b ran e p rep aratio n s from ad u lt rat brain. U nder
low salt con d itio n s, [125|lys l0]d es-tyr-d ynorphin A (2.17) e x h ib ited h igh affinity,
specific binding to extensively w ashed m em branes w ith a K d v alu e o f 10.5 ± 2.5
nM and a B max v alu e o f 2.5 ± 0.7 p m o l/m g protein. Sp ecific b in d in g w as also
observed at high ligand concentrations, indicating m ultiple binding sites for [ 125Ilysw]des-tyr-dynoryhm A (2.I7). N o n -sp ecific b in d in g w as d efin ed b y 200 p M o f
unlabeled ¿fes-fyr-dynorphin A (2.17). W e found th at the h ig h a ffin ity b in d in g for
[n5l4 y s 10]des-tyr-dynor$)\\n A (2_17) (at 1 nM ) w as m o d u lated by N M D A recep tor
antagonists. AP5, chlorokyneurenic acid, (+)H A 966 and ifenprodil enhanced the
specific binding, w hile M K801 attenuated the specific binding o f the radioligand.
These N M D A antagonists had no effect on the low affinity b inding sites for [ 125Ily s 10]des-tyr-dyn o rp h in A (2_17) (at 2 pM ). G lu tam ate and gly cin e had no
significant effect on the binding o f [n5\d y s !0]d es-tyr-d yn o r^h m A (2.17). Thus, we
have identified a novel high affinity b in d in g site for ¿/es-zyr-dynorphin A (2.17) on
the N M D A recep to r com plex.
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375.13
RECOMBINANT NMDA RECEPTORS ARE DIFFERENTIALLY
REGULATED BY PKC BASED ON SUBUNIT COMPOSITION AND
TIM E IN VITRO. E.R. Grant*, B.J. Bacskai, D.E. Pleasure, and D.R.
Lynch. Depts. of Pharmacology and Neurology, Univ. of Pennsylvania and
Children's Hospital of Philadelphia, Philadelphia, PA 19104
NMDA receptor activation increases intracellular calcium and thus may
activate protein kinase C (PKC). PKC, in turn, may regulate NMDA receptor
activity by either stimulating or suppressing receptor function in a neurontype specific manner. In this study, the effects of PKC activation on
recombinant NMDA receptor-mediated increases in [Ca2+]i were investigated
in HEK-293 cells. Cells were cotransfected with NMDA receptor subunits
and green fluorescent protein (GFP). 24 or 48 hrs later, cells were loaded
with the calcium indicator indo-1, and changes in [Ca2+]i were measured by
ratiometric confocal imaging of indo-1 fluorescence in GFP positive cells. At
24 hrs post-transfection, 30 min pretreatment with 1 μM phorbol 12-myristate
13-acetate (PMA) significantly stimulated glutamate induced NR la/2A
mediated Δ[Ca2+]i compared to vehicle (vehicle=0.73± 0.29μ M;
PMA=6.77±2.58μM; p<0.001). This effect of PMA was reversed by the PKC
inhibitor bisindolylmaleimide (BI; 2μM BI and l μM PMA=0.217±0.05 μM,
p<0.01 versus PMA alone, nonsignificant versus vehicle). Conversely, at 48
hrs post-transfection, PMA pretreatment significantly inhibited glutamate
induced NRla/2A mediated Δ[Ca2+]i compared to vehicle (vehicle=l.l±0.37
μM; PMA=0.136±0.07; p<0.05). This effect of PMA was also reversed by BI
(BI and PMA=0.565+0.17 p,M, p<0.01 versus PMA alone, nonsignificant
versus vehicle). In contrast, the effect of PMA pretreatment on small
glutamate induced NRla/2C mediated Δ[Ca2+]i at 24 hrs diverged from the
NRla/2A combination. In the NRla/2C, PMA significantly attenuated the
Δ[Ca2+]i (vehicle=0.183+0.08 jiM; PMA=0.051±0.02 p<0.05). These results
suggest that PKC can regulate the activity of recombinant NMDA receptors
in a time-dependent as well as a subunit specific manner. NS01789

375.14
PHOSPHORYLATION-DEPENDENT INTERACTION OF
NMDA RECEPTOR e2 SUBUNIT WITH
PHOSPHATIDELINOSrrOL 3-KINASE. C.Hisatsune. H .
U memori*. M. Mishina, T. Yamamoto.
Dept, of Oncology, Inst, of Med. Sci, Univ. of Tokyo., 4-6-1
Shirokanedai Minato-ku Tokyo 108 Japan.
The N-methyl-D-aspartate receptor ɛ2 subunit (NMDARɛ2) is a
major tyrosine phosphorylated protein in post-synaptic density. The
phosphorylation of NMDARɛ2 increases during long-term
potentiation (LTP). However, the biological significance of the
tyrosine phosphorylation event is unclear. One possibility is that
NMDARɛ2 may transduce signals to proteins containing SH2 domain
via phosphotyrosine residues. To identify proteins which bind to
NMDARɛ2 in a phosphorylation-dependent manner, we performed in
vitro binding assay with phosphorylated GST-NMDARɛ2 fusion
protein. We found that NMDARɛ2 phosphorylation-dependently
interacts with phosphatidylinositol 3 (PI 3)-kinase a subunit.
Furthermore, immunoprecipitates with anti-NMDARɛ2 antibody from
mouse brain lysates contain PI 3-kinase activity, suggesting that
NMDARɛ2 physically interacts with PI 3-kinase in vivo. Investigation
of the role of PI 3-kinase in the NMDARɛ2 signaling during LTP is
under way.
Supported by a grant from the Ministry of Education, Science and
Culture of Japan.

375.15

375.16

EFFECT OF COMPARTMENTAl SUPEROXIDE GENERATION ON NMDA RECEPTOR
ACTIVITY IN RAT CEREBELLAR GRANULE CELLS IN CULTURE. N. S. Ranciat*. H.
Nguven. M. Davev. D. Moore-Nichols. X.Y. Chen. M.L. Michaelis and E. K. Michaelis.
Dept. Pharmacol. &Toxicol., Univ. of Kansas, Lawrence, KS 66045
Oxidative stress in neurons can be induced by hyper-activation of NMDA receptors
(NMDAR’s). Excessive generation of reactive oxygen species(ROS) may be the cause of
cell damage and death. Superoxide (02*-) is an ROS that is rapidly formed and can affect
the structure and function of proteins, DNA and lipids. NMDAR’s could themselves be the
target of 02*-. We investigated the effect of 02*- on NMDAR function in cerebellar granule
cells in culture using the Ca2+ indicator fura-2. Two distinct systems of 02*- generation
were employed: 1) oxidation of xanthine (X) by xanthine oxidase (XO) and 2) exposure to
paraquat (PQ). The X/X0 system allows us to study the effects of extracellular 02*- while
PQ generates 02*- by interacting with microsomal membranes to generate intracellular
02*-. The compartmentalization of 02*- was confirmed by measuring the activity of the
redox sensor aconitase after exposure of the neuronal cultures to 25 μM X and 0.01 U/ml
XO or 2.5 mM PQ for 1 hour. A 10-minute exposure to X/XO decreased both the
amplitude and the rate of the Ca2+ influx in response to NMDA stimulation. The effect of
extracellular 02*- generation was reversible after a 10-minute wash. Treatment of isolated
brain synaptic membranes with X/XO (5 μ M and 0.02 U/ml respectively) decreased the
Bmax of NMDA-sensitive L-[3H]glutamate binding by 60-80%. Such inhibition of the binding
sites in isolated membranes did not recover following treatment with superoxide dismutase
and catalase and multiple washes, suggesting the need for a cell-mediated process to
induce recovery. A 60-minute exposure to PQ increased basal [Ca2+]J and resulted in
decreased Ca2+ influx in response to NMDA. The mechanism of the effects of PQ on
resting [Ca 2+ ]are currently under investigation. (Supported by grants AG12993 and
AA11419)

GLYCINE SIT E ANTAGONISTS AND PARTIAL AGONISTS IN H IB IT NMDA
RECEPTOR MEDIATED [ 3H]ARACHIDONIC ACID RELEASE. R . T r u l l a s ,
E .V i u , A. Z a p a t a , J . C a p d e v i l a , L .H . F o s s o m * , P . S k o l n i c k .
N e u r o b i o l o g y U n i t . I IB B /C S I C . B a r c e l o n a , 0 8 0 3 4 S p a i n . L a b .
N e u r o s c i e n c e , NIDDK/NIH, B e t h e s d a , MD 2 0 8 9 2 .
T h e e f f e c t o f g l y c i n e s i t e l i g a n d s o n NMDA r e c e p t o r
m e d i a t e d [ 3H ] a r a c h i d o n i c a c i d (AA) r e l e a s e w as e x a m in e d i n
r a t c e r e b e l l a r g r a n u l e c e l l c u l t u r e s . G lu ta m a te p r o d u c e d a
c o n c e n t r a t i o n d e p e n d e n t (EC50= 1 3 ± l μM ; Emax= 4 7 3 ± 6%) r e l e a s e o f
[3H]AA t h a t w as p r e v e n t e d b y r e m o v a l o f e x t e r n a l Ca 2+. NMDA
re le a se d
[ 3H]AA
w ith
a
s ig n ific a n tly
lo w e r
e ffic a c y
(Emax= 2 8 5 ±2 4% ) a n d p o t e n c y (EC50 = 6 2 ± μ M) t h a n g l u t a m a t e . The
[ 3H]AA r e l e a s e e v o k e d b y a m a x i m a l ly e f f e c t i v e c o n c e n t r a t i o n
o f g lu ta m a te
(1 0 0 μM) w as b l o c k e d b y t h e g l y c i n e s i t e
a n t a g o n i s t s 7-CKYN, 5,7-DCKYN a n d b y a lo w e f f i c a c y , g l y c i n e
p a r t i a l a g o n i s t , (+ )H A -9 6 6 ). 1 - A m in o c y c lo p r o p a n e c a r b o x y lic
a c i d (A C PC ), a h i g h e f f i c a c y g l y c i n e p a r t i a l a g o n i s t , d i d
n o t m o d if y
[ 3H]AA r e l e a s e
e v o k e d b y 10 0 μM g l u t a m a t e .
H o w e v e r, ACPC b l o c k e d t h e [3H]AA r e l e a s e i n d u c e d b y NMDA (100
μM)
w ith
an
IC 50 o f
1 3 1 ±2 μM.
F u r th e r m o r e ,
L -tra n s p y r r o l i d i n e - 2 , 4 - d i c a r b o x y l a t e (PD C ), a c o m p e t i t i v e i n h i b i t o r
o f t h e g l u t a m a t e t r a n s p o r t e r , a l s o r e l e a s e d [ 3H]AA (Emax a n d
EC50 o f 1 2 7 ± 4% a n d 30±1 μM ). ACPC, 7-CKYN a n d ( ± ) 2 - a m i n o - 7 p h o s p h o n o h e p t a n o i c a c i d ( A P - 7 ) , a c o m p e t i t i v e NMDA r e c e p t o r
a n t a g o n i s t , p r e v e n t e d [ 3H]AA r e l e a s e e v o k e d b y PDC. T h e s e
r e s u l t s d e m o n s tra te t h a t b o th g ly c in e s i t e a n ta g o n is ts and
p a r t i a l a g o n i s t s c a n i n h i b i t NMDA r e c e p t o r m e d i a t e d [ 3H]AA
re le a se ,
an a c tio n
c o n s is te n t w ith th e n e u ro p r o te c tiv e
e f f e c t s o f t h e s e c o m p o u n d s . ( S u p p o r t e d b y DGICYT P B 9 4 - 0 0 1 7 ) .
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REGULATION OF ARGININE UPTAKE AND NITRIC OXIDE SYNTHASE IN
AVIAN RETINAL CULTURES. R .Paes-de-C arvalho*. C. Lobo-Jr. and M.C.P.
A lm eida. D epartm ent of N eurobiology, Institute of Biology, F ederal Flum inense
University, Niterói, RJ 24001-970, Brazil.
Nitric oxide synthase (NOS) is regulated in neurons by the influx of calcium ions
after activation of NMDA receptors and by the availability of the su bstrate arginine
th at is taken up by a specific transport system . H ere we studied the regulation of
NOS by activation of NMDA receptors and also th e uptake of arginine by cultured
retinal cells. D issociated cells from 8-day-old chick em bryo retinas w ere plated in
high density (107cells/dish) on 35 mm plastic culture dishes (com plex
cultures,C C s) or at low density (8 X 1 05cells/dish) in dishes treated with poly-Lomithine (purified cultures, PC s). CCs w ere w ashed and incubated for 30 m inutes
with H anks’ containing 0.145 pCi/ml fH )arginine in th e ab sence or presence of
1 mM glutam ate. A ntagonists w ere added 30 m inutes and glycine 10 m inutes
before the stimulation period. The cells w ere lysed with w ater and the fH Jcitrulline
form ed w as sep arated from (3H )arginine in a Dowex AG50WX8 colum n and
determined by liquid scintillation counting. For the arginine uptake, CCs or PCs
w ere incubated for different tim es in H anks’ containing fH )arginine, lysed with
w ater and the radioactivity determ ined. G lutam ate prom oted a 28% increase in
NOS activity th at couid be further increased to 125.5% by the sim ultaneous
incubation with 2 mM glycine. MK-801 (50 pM), but not CNQX (10 |j M), blocked the
stimulation by glutam ate. The incubation with 1 mM N itroarginine blocked 58% of
th e enzym e activity but did not inhibit fH Jarginine uptake.The uptake attained
equilibrium after 30 m inutes in CCs but a rapid d ecrease in intracellular
radioactivity w as observed in the glial-free PC s after 5 m inutes of incubation, a
phenom enon th at could be blocked by Nitroarginine. The results show th at NOS
is regulated by NMDA receptors in early retinal developm ent and indicate th at
citruliine is released from neurons and taken up by glial cells.
F inancial su p p o rt: CNPq, Finep and Faperj

LITHIUM ACUTELY INHIBITS NMDA RECEPTOR CALCIUM RESPONSE
IN RAT CEREBELLAR GRANULE CELL CULTURES. C. Houah*.
Nonaka#. N. Ozaki#. M. Rogawski+, D.-M. Chuang#. *Department
of Psychiatry, USUHS; #Biological Psychiatry Branch, NIMH;
+Epilepsy Research Branch, NINDS, Bethesda, MD
The effect of lithium, applied acutely (10 sec), on NMDA receptormediated intracellular calcium increase was studied in primary
cultures of rat cerebellar granule cells by fura 2 fluorescence
m icrophotom etry. Lithium altered NMDA-induced calcium
responses in a glycine and lithium concentration-dependent manner.
At optimal glycine concentrations, lithium had an inhibitory effect
on NMDA-induced calcium responses. A t suboptimal glycine
concentrations, lithium at low concentrations could potentiate the
NMDA receptor response while higher concentrations inhibited. At a
given lithium concentration, the glycine concentration dependence of
the NMDA-induced response showed an apparent leftward shift and
decrease in cooperativity. Inhibition by lithium of the calcium
response was reversed upon washout. The effects of LiCI on the
NMDA receptor response were distinct from those of KCi but similar
to the effects of carbamazepine. It is thus interesting that two drugs
used commonly in the treatment of bipolar mood disorders have
similar effects on this important receptor system. We also
document that longer treatments with lithium (hours to days)
increase basal calcium levels in these cells.
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INTERACTION OF EXTERNAL Mg2+ W ITH PERMEANT CATIONS DURING
BLOCK OF NMD A-ACTIVATED CHANNELS. S. M. Antonov* and T. W. Johnson.
Department of Neuroscience, University of Pittsburgh, Pittsburgh, PA 15260.
We studied the effects of external and internal permeant cations on open-channel
block of native NMDA receptors by external Mg2+. Single-channel currents were
recorded from outside-out patches excised from cultured rat forebrain neurons. The
results deviate considerably from the predictions of conventional models of open-channel
block by external Mg2+.
The apparent rate constant of Mg2+ binding (k+app) increased at membrane voltages
(Vras) from -20 to -80 mV when the internal Cs+ concentration ([Cs+];) was decreased
from 130 to 25 and then to 8 mM. The decrease of [Cs4^ did not cause significant
changes of k+app at Vms from -80 to -150 mV. At a fixed [Cs+]f of 25 mM, decreases of
the external Na+ concentration ([Na+]0) from 140 to 105 and then to 70 mM caused
increases of k+app at Vms from -70 to -150 mV, but did not cause significant changes of
k+,aPPat Vms from -30 to -60 mV.
Under control conditions ([Na+]0 = 140 mM and [Cs+]f = 130 mM) the apparent rate
constant of Mg2+ unbinding (k app) decreased with hyperpolarization at V ms from -40 to
-90 mV. Further hyperpolarization to -1 1 0 mV did not cause an additional decrease of
k app. With hyperpolarization from -1 1 0 to -1 5 0 mV, k_ app appeared to increase,
supporting the idea that external Mg2+ can permeate the NMDA-activated channel at
hyperpolarized Vms. Decreases of [Cs+]j did not affect k_ app at any of the Vms tested.
Decreases of [Na+] 0 caused increases of k. app at nearly all of the Vms tested, suggesting
that external Na+ can prevent Mg2+ from unblocking to the external solution.
The data show that experimentally measured rate constants of Mg2+ block are strongly
influenced by permeant cations. A model that is consistent with our data suggests the
existence of two binding sites for permeant cations in the external vestibule of the NMDA
receptor. In this model, occupation of either site by permeant cations prevents both M g2+
block from and Mg2+ unblock to the external solution. Supported by NIMH.

INTERNAL PERMEANT CATIONS AFFECT INHIBITION OF NMDAACTIVATED CURRENT BY EXTERNAL Mg2+. A. Qian* and J. W. Johnson.
Department of Neuroscience, University of Pittsburgh, Pittsburgh, PA 15260
Evidence from single channel studies suggests that permeant monovalent cations
influence channel block of native NMDA receptors by extracellular Mg2+ (see Antonov
and Johnson, this volume). Here we studied the possible effects of permeant cations
(internal Cs+) on inhibition by external Mg2+ of whole-cell NMDA-activated currents.
Currents activated by 10 joM NMDA and 30 |jM glycine were recorded in the whole
cell patch-clamp configuration from cultured rat cortical neurons. NMDA-activated
currents in the absence of Mg2+ and in the presence of external Mg2+ concentrations from
1 |jM to 300 |iM were used to estimate Mg2+ IC 50 from -105 to -25 mV. In control
experiments, the main permeant cations were 140 mM Na+ in the external solution and
125 mM Cs+ in the pipette solution. In low Cs+ experiments, the extracellular Na+
concentration was kept the.same while the intracellular Cs+ concentration ([Cs+]i) was
lowered to 8 mM; the impermeant cation NMG was used as a Cs+ replacement.
When results of control and low Cs+ experiments were compared, we observed that: 1)
the Mg2+ IC 50 was decreased by lowering internal [Cs+] in the voltage range studied; 2)
The decrease showed voltage dependence, i.e., the effect became increasingly more
pronounced as the membrane potential was stepped towards more depolarized voltages.
For example, at -85 mV, lowering [Cs+]t caused a decrease in the IC 50 of about 4-fold;
while at -45 mV, lowering [Cs+], caused a decrease in the IC 50 of about 13-fold.
These results suggest that at the whole:cell level, the affinity of the blocking ion Mg2+
for its binding site can be affected by permeant ion concentration. The results are
consistent with a model in which occupation by Cs+ of a permeant ion binding site
prevents access of external M g2+ to its blocking site. Supported by NIMH.
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ANTINOCICEPTIVE ACTIVITY OF A NOVEL NMDA RECEPTOR GLYCINE
ANTAGONIST: GV196771A. M .Ouartaroli. R. Arban. L. Bettelini. M. Corsi. R.
Pi Fabio. S. Giacobbe. A. Pecimioso. A. Reeeiani*. D. Trist & E. Ratti.
GlaxoWellcome S.p.A., Medicines Research Centre, Dept, of Pharmacology, 37135
Verona, Italy.
Hyperalgesia following peripheral tissue injury results from an increased
sensitivity of primary afferent nociceptors, and an enhanced excitability of neurones
in the spinal cord (central sensitisation). Since NMDA receptors have been shown
to be involved in the induction and maintenance o f the central sensitisation, NMDA
receptor antagonists could be potential analgesics in established pain states. This
work describes the in vitro pharmacological profile and the antihyperalgesic
activity of a new glycine site antagonist of the NM DA receptor: GV196771A (E4,6-dichloro-3-(2-oxo-l-phenyl-pyrrolidin-3-ylidenemethyl)-lH-indole-2-carboxylic
acid sodium salt, GV). GV was found to possess a high affinity for the glycine
binding site on rat cerebral cortical membrane (pKi=7.56±0.09) and high potency
in blocking glycine-induced ionic currents, in the presence of NMDA, in spinal
cord and cortical neurons from embryonic rats (pKB values 8.04 (7.86-8.33) and
7.53 (7.42-7.66), respectively). The antihyperalgesic effect o f GV was tested on an
acute inflammatory model in mice (formalin test) and in a model of painful
mononeuropathy in rats (chronic constriction injury of the left sciatic nerve ,CCI;
Bennet and Xie, Pain, 1988, 33:87-107). GV (0.1-10 mg/kg po) dose-dependently
inhibited the duration of licking during the second phase of the formalin test
(ED50=0.6 (0.1-2.1) mg/kg). In the CCI model GV (3 mg/kg po twice a day) given
before and for ten days after the nerve ligature, blocked the development o f thermal
hyperalgesia, measured as thermally induced paw withdrawal latency, in
comparison with vehicle-treated anim als (p<0.05 on day 14 and 21). Moreover, GV
( 1-10 mg/kg po) dose dependently reversed hyperalgesia for up to 8 h after
administration in anim als where thermal hypersensitivity was already established
(ED50=2.95 (1.50-8.44) mg/kg). These data suggest that GV196771A is a potential
antihyperalgesic compound for the prevention and treatm ent of chronic pain.
Supported by Glaxo Wellcome S.p.A., Verona, Italy
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R E C IP R O C A L IN T E R A C T IO N S B E T W E E N G L U T A M A T E A N D
G L Y CIN E S IT E S ON NM D A R E C E P T O R S F R O M A D U L T R A T
C E R EB R A L C O R T E X . G. von Euler*. A.-C. Laiho. Y. Liu and P. B.
Hedlund. Dept, of Neuroscience, Karolinska Institutet, S-17177 Stockholm,
Sweden.
We have analyzed the interactions between glutamate and glycine binding
sites on N -methyl-D-aspartate (NMDA) receptors using [3H]MK-801 binding
assays in membrane preparations from the cerebral cortex o f adult male rats. In
order to study the activating effects of glutamate and glycine, corresponding to
increases in non-equilibrium [3H]MK-801 binding, we developed a novel way of
analyzing binding data which takes into account the concentrations o f residual
endogenous amino acids. Using this analysis, we found that glutamate stimulated
[3H]MK-801 binding with a Hill coefficient close to unity, suggesting that one
glutamate site per NMDA receptor complex is regulating channel activation. The
ECS0 of glutamate decreased in the presence of 10 |aM glycine, suggesting that
glycine increases the affinity of glutamate binding. Glycine stimulated [3H]MK801 binding with a Hill coefficient o f 0.6 under basal conditions and 1.8 in the
presence of 1 0 nM glutamate, suggesting that two glycine binding sites per
NMDA receptor complex are regulating channel activation, and that glutamate
changes a negative cooperativity between the two glycine sites into a positive
cooperativity. The potency of glutamate to decrease the affinity o f [3H]MK-801
binding, which is observed under equilibrium conditions in the presence o f M g2+S
was increased by 10 piM glycine. Conversely, the potency o f glycine to decrease
the affinity of [3H]MK-801 binding was increased by 10 μM glutamate. In
conclusion, the present study shows reciprocal interactions between glutamate and
glycine binding sites on NMDA receptors in the cerebral cortex o f the adult rat.
Supported by the Swedish MRC, the Magn. Bergvall Foundation, and the
Swedish Society for Medical Research.

S o c ie ty f o r N e u r o s c ie n c e , V o lu m e

C a2+, K +, A N D N a + A N T A G O N IZ E T H E G L U T A M A T E - A N D
G L Y C IN E -IN D U C E D D E C R E A S E O F [ 3H ]M K -8 0 1 B I N D I N G
O B SER V ED IN TH E PR ESEN CE O F M g 2+ A T L O W p H . Y. L iu * a n d G.
v o n E uler. D e p t, o f N e u ro s c ie n c e , K a ro lin s k a I n s titu te d S-171 77
Stockholm , Sw eden.
W e ha v e p rev io u sly fo u n d , u sin g m em b ran e p re p a ra tio n s fro m th e rat
c e re b ra l co rtex , th a t g lu ta m a te d e c re a s e s [3H ]M K -801 b in d in g to N m e th y l-D -a s p a rta te (N M D A ) r e c e p to rs in th e p re s e n c e o f M g 2+, a
d e c re a se w h ic h m a y c o rre sp o n d to a d e c re a se in th e b in d in g a ffin ity of
M g 2* to its v o lta g e -d e p e n d e n t site in th e N M D A re c e p to r c h a n n el p o re.
T h is d ec re a se w a s p a rtly b lo ck e d b y 10-300 m M C a2+ a n d b y lo w p H .
H o w e v e r, th e d e c re a se w a s fu lly b lo c k e d in K re b s b u f fe r a t lo w p H ,
su g g e stin g th a t so m e c o m p o n e n t of th e K reb s b u ffe r a n ta g o n iz e s th e less
H +-se n s itiv e d e c re a s e in [3H ]M K -801 b in d in g (L iu a n d v o n E u le r,
N eu ro ch em . Int. 28,401-415,1996). H ere, w e fo u n d th a t a t p H 6 , C a2+, K+,
a n d N a + a n ta g o n iz e d th e g lu ta m a te -in d u c e d d e c re a s e in [3H ]M K -801
b in d in g w ith a ra n k o rd e r of p o te n c y N a + < K+ < C a2+, su g g e stin g th a t
p h y sio lo g ical co n cen tratio n s of th ese c a tio n s m a y b lo ck th e d ecrease. The
s am e r a n k o rd e r of p o ten c y w a s o b se rv e d fo r th e se c a tio n s to a n ta g o n iz e
th e g lu ta m ate -in d u c e d d ecrease in [3H]M K-801 b in d in g a t p H 7.4 in th e
p rese n c e of 1 m M M g2+ a n d 10 m M C a2+, s u g g e stin g th a t th e less C a2+s e n sitiv e d e c re a se c o rre s p o n d s to th e less H +-se n s itiv e d e c re a se . The
d e c re a se w a s b lo ck e d n o t o n ly b y th e g lu ta m a te site a n ta g o n is t D -C P P
b u t also b y th e glycine site an ta g o n ists 7 -ch lo ro k y n u re n a te a n d L-701,324,
s u g g e stin g th a t b o th g lu ta m a te a n d g ly cin e are re q u ir e d to d e c re a se
[3H]M K-801 b in d in g a t lo w p H . S u p p o rte d b y th e S w e d is h M RC, th e
M agn. B ergvall F o u n d atio n , a n d th e S w ed ish Soc. fo r M ed ical Research.
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D IFFE R EN TIA L E FF E C T S O F P R O T E IN KINASE C ON N M D A-EVO KED
R E LEA SE O F ADENOSINE AND [3H] NO RA DRENA LIN E FR O M RAT
C O R TIC A L SLICES. Y. Wang and T. D. W hite*. Department o f Pharmacology,
Dalhousie University, Halifax, Nova Scotia, Canada B3H 4H7.
We studied the effects o f activators and inhibitors o f PKC on NMDA-evoked
release o f adenosine and [3H]noradrenaline from slices o f rat parietal cortex.
Adjacent slices (6 each) were placed in each o f two baths and superfused either with
or without drug treatments. In the absence o f M g2+, 100μM NMDA released both
adenosine and [3H]NA from cortical slices. The PKC activator phorbol 12-myristate
13-acetate (1μ M PMA) by itself did not release either adenosine or [3H]NA but it
potentiated the NMDA-evoked release o f NA. PMA had no effect on NMDA-evoked
release o f adenosine from the same slices. The potentiating effect o f PMA on
NMDA-evoked [3H]NA release was reversed by the PKC inhibitor GF-109203X (1
μM GFX). GFX by itself had no effect on NM DA-evoked release o f either [3H]NA
or adenosine. In the presence o f Mg2+, NM DA-evoked release o f [3H]NA was
essentially abolished whereas adenosine release persisted. In the presence o f Mg2+,
PMA did not permit NMDA-evoked release o f [3H]NA to occur, nor did PMA
increase NMDA-evoked adenosine release, suggesting that the activation o f PKC did
not relieve the voltage sensitive Mg2+ block o f the NMDA receptors. These results
indicate that: 1) activation o f PKC does not play an essential role in the release of
either adenosine or NA produced when NMDA-receptors are activated; 2) activation
o f PKC does however potentiate the NMDA-evoked release o f NA, but not by
relieving the voltage-sensitive Mg2+ block o f NMDA receptors; 3) activation o f PKC
has no effect on NMDA-evoked formation o f extracellular adenosine. It appears that
activation o f PKC should potentiate excitatory NMDA receptor functions (eg NA
release) while not potentiating inhibitory functions mediated by adenosine. Thus
activation o f PKC will have the effect o f greatly promoting NMDA-mediated
excitation in the cortex. Research supported by the M RC o f Canada.
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(2s .3s .4s )-alpha-(carboxycyclopropyl)glycine (LCCGI)
Attenuates the NMDA Response of Cortical Neurons H.J.
Flavin* and N.W. Daw Dept. Ophthalmology and Visual
Science, Yale University School of Medicine, New
Haven, CT. 06520-2089.
Recent
evidence
suggests
that
metabotropic
glutamate receptor (mGluR) activation can modulate a
neuron's ionotropic response. The current study examined
the effect of
the Type II
(mGluR 2,3)
agonist
(2s .3s .4s)-alpha-(carboxycyclopropyl)glycine (LCCGI) on
the NMDA response of rat visual cortical neurons. Whole
cell recordings were obtained for each cell with
iontophoretic drug application. In all layers, LCCGI
consistently attenuated the NMDA response. Data are
presented as the mean ratio of the NMDA+LCCGI response
to
control
NMDA
response.
Layer
I I/III,
0.684
(n=6cells); Layer IV, 0.381 (n=3); Layer V, 0.512 (n=5);
and Layer VI, 0.518(n=23). LCCGI by itself had no
consistent effect on membrane depolarization.
In Layer
VI, the cell resistance did not change during LCCGI
application. In addition, preliminary data for Layers V
& VI with GDP-jS-S in the patch pipet showed that it did
not abolish the LCCGI attenuation (n=2 cells/layer).
Thus, in Layers V & VI, the LCCGI attenuation of the
NMDA response is most likely a presynaptic effect. Such
regulation may be important in the reduction of neuronal
response to uncorrelated visual activity which is
necessary in visual cortical plasticity.
Supported by R01EY11353 and F32EY06591.
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C H R O N IC IN T E R M IT T E N T E T H A N O L (C IE ) T R E A T M E N T A L T E R S
N M D A R E C E P T O R F U N C T IO N A N D G E N E E X P R E S S IO N IN
C O R T IC A L C U L T U R E D N E U R O N S.
X -J. H u * a n d M K. T ic k u .
D ep artm en t o f P h arm aco lo g y , The U niversity o f T ex as H ealth S cien ce
C enter, San A ntonio, T X 7 8 2 8 4 -7 7 6 4
C IE (50 m M ethanol, 12h ex p o su re/1 2 h w ithdraw al, 5 c y cles) tre a tm e n t
p ro d u ce d long -la stin g in creased N M D A rec e p to r fu n ctio n in co rtica l
neurons, as m ea su red by in creased [3H ]M K -8 0 1 b in d in g an d N M D A m ediated increase in [C a2+]i (H u and Ticku, B rain Res. in p ress). T h ese
changes w ere still p resen t fo llo w in g 7d w ithdraw al fro m C IE tre a tm e n t.
T he m o le c u la r m echanism s u n d e rly in g this p h e n o m e n o n h av e yet to b e
elucidated.
In the p rese n t study, u sin g R N ase p ro te c tio n assay, we
investigated the e ffect o f C IE treatm en t on th e N M D A rec e p to r su b u n its
gene e xpression. W e fo u n d that C IE in creased the N M D A rec e p to r R2B
su bunit m R N A levels by -4 5 % relative to the co n tro l values, and this
increase in gene ex p ressio n o f this su b u n it was m ain tain e d at - 3 0 % a fte r
7d ethanol w ithdraw al, su g g estin g a lo n g -la stin g effect. In co n trast, the
N M D A receptor R1 subunit m R N A levels w ere n o t c h a n g ed fo llo w in g C IE
treatm ent. T hese results p ro v id e ev id en ce fo r N M D A rec e p to r g e n e
e x p re ssio n changes u n d e rly in g th e C IE tre a tm e n t in c o rtical n e u ro n s .
T aken together, with our p rev io u s ch ro n ic e th an o l studies (H u et al. M o l.
B rain Res. 1996), C IE p ro d u ce d sim ilar effects to ch ro n ic e th a n o l
treatm ent on N M D A recep to r R1 and R2B gene ex p ressio n , how ev er, in the
case o f C IE treatm ent this effect was lo n g -lastin g .
T h ese resu lts also
suggest that chronic e th an o l and C IE treatm en ts d iffe re n tia lly reg u la te th e
N M D A rec e p to r gene ex p ressio n in c o rtical n eu ro n s. T h e effects o f C IE
on N M D A recep to r poly p ep tid es and o th er su b u n it m R N A lev els are u n d e r
investigation.
T his is th e first in vitro m o d el sy stem to study th e
c o nsequences o f C IE treatm en t on N M D A and o th er rec e p to r system s.
Supported by N IH -N IA A A g ran t # 1 0 5 5 2

CA LM O D U LIN M ED IA TES C A LCIU M -D EPEN D EN T D ESEN SITIZA TIO N
B ernhardt and R ichard L. H uganir. D ept, o f N euroscience, H H M I, Johns
H opkins U niv., School o f M edicine, B altim ore, M D 21205
Because of its voltage-dependent M g2+blockade and high Ca2+ permeability,
the N-methyl-D-aspartate (NMDA) receptor is critical for activity-dependent
synaptic plasticity. Increases in intracellular Ca2+, particularly by NMDA receptor
channel-mediated Ca2+ influx, desensitize the NM DA receptor. This Ca2+-dependent
desensitization (CDD) of the NMDA receptor serves as a negative feedback
mechanism to regulate the Ca2+ influx. Despite extensive characterization of the
CDD, its mechanism is not well understood. Our recent finding that calmodulin
decreases the open channel probability of NMDA receptors by binding to the Cterminus of the NR1 subunit of the NMDA receptor (Cell, 84:745) motivated us to
further investigate the involvement o f calmodulin m odulation o f NM DA channels in
the CDD. Recombinant NMDA receptors consisting of the NR1 and NR2A subunits
showed CD D similar to that seen in neurons. The CDD was quantified by the
plateau to peak ratio (Iss/Ipe) o f the whole-cell current responses to 2 -second
glutamate pulses and was typically measured about 50%. Intracellular infusion of a
calmodulin inhibitor peptide but not a control peptide reduced CDD of these
receptors. Deletion or point mutation of the calmodulin binding site in the CO
region o f the NR1 C-terminus, which disrupted the calmodulin binding capability of
the site, blocked CDD by reducing the Iss/Ipe ratio to around 90%. These results
indicate that the inactivation of NMDA receptors by calmodulin through its binding
to the CO region o f the NR1 C-terminus underlies the majority o f the CDD.
Supported by NIH grant T-32-NS07368 and HHMI grant.
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376.4

BOTH PROTEIN TYROSINE KINASES AND PH O SPHA TA SES ARE
INVOLVED IN THE MODULATION O F NMDA R E C E PT O R S BY
INSULIN. G u ey-Yina Liao* and J o h n P. Leonard . D epartm ent of
Biological S cie n ces, University of Illinois a t C hicago, C hicago, IL
60607.
Modulation of NMDA receptors may play an important role in
synaptogenesis, synaptic plasticity and excitotoxicity. G enes for five different
NMDA receptor subunits from m ouse have been identified. Assembly of the
common
subunit with different ɛ (ɛ 1 , ɛ2 , ɛ3, ɛ4 ) subunits gives rise to ζ 1
heteromeric channels with distinct properties. NMDA receptor currents are
modulated by insulin in a subunit-dependent manner. Insulin potentiated
NMDA currents from ɛ 1/ζ 1, ɛ2/ζ 1 , and ɛ4 /ζ 1 receptors by 50-100% , but had
no effect on currents from the ɛ3/ζ 1 receptor. To determine whether protein
tyrosine kinases (PTKs) or phosphatases (PTPs) or both are involved in the
signal transduction pathways of insulin, Xenopus oocytes expressing different
e/C1 heteromeric channels were treated with specific PTK or PTP inhibitors
prior to insulin application. A selective PTK inhibitor, lavendustin A (100 μM
for 30-60 min), significantly reduced the insulin-induced potentiation of ɛ2/ζ 1
and ɛ4/ζ 1 NMDA currents. The inactive analog, lavendustin B, allowed
normal insulin-mediated potentiation. The effect of lavendustin A and B on
the modulation of e1/C1 NMDA current by insulin is also under investigation.
Phenylarsine oxide (PAO, 35 μM, 10 min), a specific PTP inhibitor, also
significantly reduced the potentiating action of insulin on NMDA currents from
ɛ1/ζ 1, ɛ2/ζ 1, and ɛ4 /ζ 1 receptors. The vehicle control of PAO, 0.06% DMSO,
did not influence the function of insulin. These results suggest that both
protein tyrosine kinases and phosphatases are involved in the modulation of
NMDA receptors by insulin. Supported by NIH R 01-N S31962.

NMDA-INDUCED REVERSAL OF mGLUR5 DESENSITIZATION IN XENOPUS
OOCYTES. S. Alagarsamy* and P.J. Conn. Dept, o f Pharmacology, Emory Univ.
School o f Med., Atlanta, GA 30322.
Glutamate regulates neuronal function by acting on both ionotropic receptors,
such as the N-methyl-D-aspartate receptor, and metabotropic receptors (mGluRs).
Previous reports have shown that activation o f NMDA receptors potentiates the
electrophysiological and biochemical responses o f group 1 metabotropic glutamate
receptors, possibly mGluR5. Recent studies have shown that mGluR5 receptors
rapidly desensitize via a protein kinase C-dependent pathway. Thus we examined
the possibility that NMDA potentiation o f mGluR responses is mediated by reversal
o f desensitization. Xenopus oocytes were injected with cRNA for mGluR5a, and the
NMDA receptor N R la and NR2b subunits. Two electrode voltage clamp recordings
were performed 3-5 days after injection. Saturating concentrations o f IS, 3R-ACPD
and NMDA were used as agonists to elicit responses. IS, 3R-ACPD produced an
inward chloride current that rapidly desensitized. The maximal responses evoked
by subsequent applications of 1S,3R-ACPD did not return to original amplitude until
20 minutes after first agonist application. Two to five minutes after the first IS, 3RACPD application, the response to the second application was virtually abolished
(1.06%± 0.23 o f first current; n=4). However, if NMDA was applied following the
first application o f 1S,3R-ACPD then there was almost full recovery o f currents
within 2-5 minutes (90.6%± 4.67 o f first current; n=5). 1S,3R-ACPD responses do
not recover when the NMDA receptors are not activated or are blocked by Mg2+.
Additionally, the mGluR recovery is blocked by the phosphatase inhibitors, 1 mM
sodium orthovanadate (17.5%± 9.3 o f first current; n=4) and 250 μM cyclosporin-A
(16.9%± 9.9 o f first current; n=3). These data suggest that NMDA reverses mGluR5
desensitization by activation o f a phosphatase or a cascade o f phosphatase activity.
Supported by NIH NINDS grant N S31373 (PJC).
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376.5
THE IFENPRODIL ANALOGUE, CP-101,606, INH IB ITS NMDA R E CEPTO RS
BY ENHANCING PROTO N INH IB ITION . Sunan Zhang,
David D. Mott. James J. Doherty and Rav Dingledine*. Department o f Pharmacology,
Emory University School of Medicine, Atlanta, GA 30322
The ifenprodil analogue CP-101,606 is a non-competitive and subunit selective
antagonist of NMDA receptors that protects against glutamate neurotoxicity. The
mechanism by which CP-101,606 antagonizes NMDA receptors has not been clearly
defined. To better understand its mechanism o f action, we examined the effect o f CP101,606 on heteromeric NMDA receptors expressed in Xenopus oocytes.
We have previously found that CP-101,606 inhibits NMDA receptors that lack the
alternatively spliced exon 5 o f the NR1 subunit (NRla/N R2B receptors) with a 2.5
fold higher potency than NMDA receptors which contain exon 5 (NRlb/NR2B
receptors). Because of the interaction between CP-101,606 and exon 5, we examined
whether CP-101,606 also affected proton inhibition o f the receptor. CP-101,606
strongly enhanced proton inhibition o f NRla/NR2B (exon 5 lacking) receptors,
shifting the IC50 for proton inhibition from pH 7.4 to pH 9.3 at supramaximal
concentrations (3 μM). The presence o f exon 5 in the NR1 subunit o f the receptor
reduced proton inhibition of the receptor at pH 6 .8 by 50%. CP-101,606 restored this
proton inhibition, shifting the IC 50 for proton inhibition from pH 6.4 to pH 8.2 at a
supramaximal antagonist concentration.
Spermine (100 μM), which causes a pH-dependent potentiation o f exon 5-lacking
receptors, produced a 45 fold reduction in CP-101,606 potency in the presence and an
84 fold reduction in the absence o f exon 5. This large effect suggests that there was a
direct interaction between spermine and the CP-101,606 binding site on the receptor.
These results indicate that CP-101,606 inhibits NMDA receptors by enhancing proton
inhibition. This effect appears to occur through an interaction at or near the polyamine
binding site. Taken together, these data indicate that CP-101,606 acts through a novel
mechanism for a neuroprotective drug. Supported by the Epilepsy Foundation and
NS-27452.

376.7
NMDA RECEPTOR INHIBITION BY ZN2+ IS REGULATED BY SUBUNIT
COMPOSITION. M.F. Burgess* and S.F. Travnelis Dept, of Pharmacology,
Emory University, Atlanta, GA 30322
Zn2+ is present in synaptic vesicles in som e neurons, can be released during
synaptic activity, and has been hypothesized to play an important role in
neuronal excitability and neurotoxicity. Extracellular Zn2+ is known to inhibit
NMDA receptors in neurons by both voltage-independent and voltagedependent mechanisms, and both aspects of inhibition appear to be subunit
dependent. To further explore the structural basis of Zn2+ inhibition on NMDA
receptor function, we have examined the Zn2+ sensitivity of different
combinations of the NMDA receptor subunits and splice variants NR1-1a,
NR1-1 b, NR2A, NR2B, NR2D expressed in Xenopus oocytes. We recorded
current responses to 20 μM glutamate plus 10 μM glycine under voltage clamp
at -40 mV, a holding potential at which much of the inhibition observed was
voltage-independent. We found that NR1 and NR2 subunits influence the
concentration-dependence of Zn2+ inhibition. The rank order of sensitivity of
the receptors we studied w as (most sensitive) NR1-1a/NR2A > NR1-1b/NR2A
> NR1-1a/NR2B > NR1-1b/NR2B > NR1-1a/NR2D = NR1-1b/NR2D (least
sensitive; n=39 oocytes). Current-voltage curves constructed by ramping the
holding potential from -80 to +40 mV suggested that voltage-dependent block
by Zn2+ occurs at high concentrations for NR1/NR2A and NR2B combinations,
but is less prominent for NR1/NR2D combinations. W e also found that the
substitution of arginine for the asparagine (Asn616) decreased the
voltage-dependent Zn2+ block (n = 8-15) for NR2A or NR2B containing
receptors. We conclude that subunit composition of the NMDA receptor is an
important determinant of the ability of Zn2+ to influence excitatory synaptic
transmission in the CNS. In addition, the differential subunit sensitivity may
hold clues to the structural basis of Zn2* inhibition.
This w ork w a s g e n e r o u s ly su p p o rte d by th e NIH a n d th e Joh n M erck Fund.

376.9
ROLE OF THE CARBOXY TERMINAL DOMAIN OF THE NMDA
RECEPTOR IN PKC POTENTIATION M.V.L. Bennett* L. Zhana. X.
Zhena & R.S. Zukin. Albert Einstein Coll. Med., Bronx, NY 10461.
NMDA receptors are Ca2+ -permeable glutamate-gated ion channels
whose physiological properties are regulated by protein kinase C (PKC).
The cytoplasmic C terminal domain of the NR1 subunit has 4 forms
generated by alternative splicing of exon 21, encoding the C1 cassette,
and exon 22, encoding either the C2 cassette, or if a downstream
alternative splice site is used, the C2’ cassette. C1 contains 4 series,
which are the only sites known to be phosphorylated by PKC (Ehlers et
al., 1995). However, C1 lacking variants (expressed in Xenopus
oocytes) have increased PKC potentiation suggesting that there are
other phosphorylation sites on NR1, on NR2 or on an accessory
molecule. Changing the 4 serines in C1 to alanines increases PKC
potentiation to the level observed for receptors lacking C l Changing
the serines to glutamates increases potentiation, but less than for the
alanine substitution. Replacing C2 with C2' modestly increases
potentiation in C1 lacking receptors. Truncation of NR1 just before the
Of splice junction increases PKC potentiation but less so. Receptors
truncated just after TM4 exhibit PKC potentiation as great as that of Of
lacking,CT containing receptors. Thus, the C-terminal domain of NR1
appears to act primarily as a negative modulator of PKC potentiation.
Supported by NS 20752 (RSZ).
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KAINATE RECEPTO R S: IN H IB ITIO N BY PR O TO N S AND PO TENTIA TION
BY SPERM IN E. David D. M ott*. Mark S. Washburn and Rav Dingledine.
Department o f Pharmacology, Emory University School o f Medicine, Atlanta, GA
30322.
Extracellular protons normally inhibit NMDA but not AMPA-type glutamate
receptors with an IC 50 near physiological pH. The pH decline during intense seizures
or ischemia may serve as a negative feedback mechanism to inhibit NMDA receptor
activity. In addition to NMDA receptors, AMPA- and kainate-type glutamate
receptors have also been suggested to contribute to neuronal damage during epilepsy
and ischemia. While AMPA receptors are not sensitive to physiological
concentrations o f protons, the proton sensitivity o f kainate receptors has not yet been
examined.
Using recombinant GluR 6 receptors expressed in Xenopus oocytes and HEK 293
cells, we have found that kainate receptors are selectively inhibited by protons over a
physiological pH range (IC 50 = pH 7.6), suggesting that, as reported for NMDA
receptors, kainate receptors are under partial tonic inhibition by ambient proton
concentrations. Proton inhibition o f kainate receptors is voltage independent and does
not involve a shift in reversal potential. This voltage insensitivity is similar to proton
inhibiton o f NMDA receptors, suggesting that, as with NMDA receptors, protons do
not cause inhibition by acting at a site within the kainate receptor channel.
The endogenous polyamine, spermine, potentiates kainate current through
GluR 6 (R) receptors in a pH dependent manner, with greater potentiation at lower pH
values. Spermine potentiation is voltage independent and causes only a small shift in
the EC 50 for kainate. These results suggest that similar to its action on NMDA
receptors, spermine potentiates kainate receptors by relieving proton inhibition of the
receptor. Furthermore, they indicate that the mechanism by which protons inhibit
kainate receptors may be similar to that by which they inhibit NMDA receptors.
Supported by NS27452.

376.8
SYNTHESIS AND BIOLOGICAL EVALUATION OF 1-(ARYLALKYNYL)-4
BENZYLPIPERIDINES AS SUBTYPE-SELECTIVE NM DA ANTAGONISTS
J.L. Wright. T.F. Gregory. C.F, Bigge. P.A. Boxer, and L .D . W is e * Departments of
Chem istry and Therapeutics, Parke-D avis Pharm aceutical Research, Division of
Warner-Lambert Company, Ann Arbor, MI 48105.
Z.L. Zhou. E. W hittem ore. R. W oodward, and S.X. C a i. C oC ensys, Inc., 213
Technology Drive, Irvine, CA 92618.
The neuronal degeneration associated with stroke has been linked to toxic increases
in calcium ion flux into neurons. This flux may be caused, at least in part, by
hyperactivation of N -m ethyl-D -aspartate (NM DA) receptors by high levels of
excitatory neurotransmitters. Hence, NM DA antagonists may be useful in combating
the neuronal damage caused by stroke. Reaction o f alkynyl tosylates with benzyl
piperidines followed by palladium-catalysed coupling with aryl halides gave a new
series of rigid compounds (I) related to the NM DA antagonist, Ifenprodil. These
OH

compounds are selective antagonists at the N R la/2B combination of subunits of the
NM DA receptor expressed in Xenopus oocytes. A systematic SAR study o f I revealed
that R 1 could be varied with little effect on N R la/2B activity. Benzyl (X=CH 2) was
preferred whereas phenoxy (X =0) significantly reduced N R la/2B activity. The alkyne
linkage appeared optimal at n=2 or 3; most propyne (n = l) analogs had significantly
reduced activity. Finally, a hydrogen-donating group in the 4- position of the aryl ring
(e.g., R 2 = OH) greatly improved NR la/2B activity.
Supported by Warner-Lambert and CoCensys, Inc.

376.10
GLYCINE SITE AGONISTS EXHIBIT SUBUNIT SPECIFIC EFFECTS ON
NMDA RECEPTORS EXPRESSED IN XENOPUS OOCYTES. J.M.
K rueaer. A .J. O 'Connor. S.R . K elso*. Dept, of Biol. S ciences and
Com m ittee on N euroscience, Univ. of Illinois at Chicago, C hicago, IL
60607.
Previously, we have show n th at D -cycloserine (DCS), a partial agonist
active at the glycine site of the NMDA receptor, exhibits subunit specific
effects on NMDA receptors ex pressed in Xenopus oocytes. Specifically,
DCS evokes a larger respo nse than glycine from ɛ3/ζ 1 heterom ers. DCS
is le ss efficacious than glycine for cells expressing ɛ l / ζ 1, ɛ2/ζ l, or ɛ4/ζ l
heterom ers.
We w ere interested in determ ining if the effects of DCS on the ɛ3/ζ1
heterom er w ere specific for this com pound or if other glycine site agonists
also evoked larger resp o n ses than glycine. Using in vitro transcription,
cRNA w as synthesized for th e ζ 1 and ɛ l - ɛ4 subunits of m urine NMDA
receptors. This cRNA w as subsequently injected into Xenopus oocytes
and resp o n ses to tw o glycine site agonists, 1-am inocydopropane-1carboxylic acid (ACPC) and D -serine, w ere determ ined using standard
two electrode voltage dam p techniques.
ACPC and D -serine both exhibited a g reater efficacy than glycine on th e
e 3 /tl heterom eric com plex, evoking resp o n ses 50% and 30% greater
than glycine, respectively. T hese two com pounds did not evoke
resp o n ses larger than glycine for the cells injected with ɛ l / ζ l, ɛ 2 /ζ , and
ɛ4/ζ l cRNA. Thus, it appears that the ɛ3/ζ l heterom eric com plex
p o sse sse s unique binding properties at the glydne site.
Supported by th e UIC Epilepsy C enter.
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376.12

INTERACTION OF CANNABINOIDS WITH NMDA AND NON-NMDA
GLUTAMATE RECEPTO RS. A. Charkrabarti. E. S. Onaivi. F. Sulser*and
B. E. Akinshola Dept, of Pharmacology and Psychiatry, Vanderbilt University,
Nashville, TN 37232, NRI, Antioch, TN. 37013 and Dept, of Pharmacology,
Howard University College of Medicine, Washington DC, 20059
There is mounting evidence that cannabinoids may interact with
glutaminergic NMDA and non-NMDA receptors with implications in both
nervous and immune systems. We have combined differential display
polymerase chain reaction (DDPCR) and voltage clamp techniques to
determine whether the differential expression of genes following treatment
with anandamide may be linked to the AMPA receptor. Mice were treated
with anandamide 1.0 and 10.0 mg/kg for 14 days. Upon isolation of pooled
RNA and reverse transcription, the display of the cDNAs produced in the form
of bands was excised from the gel, reamplified by PCR, cloned and then
sequenced. The inhibition of kainate-activated current response to
anandamide using two electrode-voltage and whole cell patch techniques
was studied in vitro. This was accomplished by the expression of the AMPAtype GluR1-4 subunits in Xenopus laeves oocytes. Each subunit cDNA was
cloned in pbluescript plasmid vector and used as a template for the in vitro
transcription with T3 RNA polymerase. The resulting cRNA transcripts were
injected individually or in combination in Xenopus laeves oocytes. After
incubation and receptor expression, the oocytes were used for
electrophysiological recording. We present evidence that the anandamide
inhibition of the homomeric and heteromeric GluR receptors expressed in the
oocytes involves a cAMP dependent mechanism. It is unknown if any of the
genes turned on/off by anandamide in vivo is related to AMPA receptor but,
AMPA receptor current sensitivity to anandamide in vitro appears to be
influenced by the GluR2 subunit. Supported by NHLBI K01 HL03319 to ESO.

MODULATION OF NMDA-MEDIATED CURRENTS BY SERINE/THREONINE
PROTEIN KINASES. R. Raouf. Z.-G. Xiong. W.-Y. Lu. R. Lickteig. E.M. Dudek.
M. D. Browning*, B. A. Orser and J.F. MacDonald. Depart. Physiology, Univ. of
Toronto, Toronto, Canada, M5S, 1A8.
Chen and Huang (1992) reported that PKC enhances NMDA currents in
isolated trigeminal neurons by reducing the Mg2+ block o f these channels. We have
examined the effects o f the catalytic fragment o f PKC (PKCM), and to a lesser extent
the catalytically active CAMKII (CAMKAT), on NMDA-evoked currents in
hippocampal neurons. The patch electrode was perfused with PKCM (2 μM) and
NMDA-evoked currents monitored before and after kinase application. PKCM
enhanced NMDA currents by 21.7±4.9% ( n = ll) compared to controls (perfusion of
dialysis solution). Co-application of PKCM and the inhibitory peptide PKCI I9.36 failed
to enhance these currents. PKCM did not alter the block by Mg2+ although cultured
neurones demonstrated a wide range o f sensitivities to Mg2+ (IC 50 range: 0.11 to 1.5
mM). Intracellular applications o f CAMKAT also enhanced NMDA and AMPA
receptor-mediated currents in these neurons by 23 ± 5.6% (n= 6 ) and 21 ±7.2% (n=5),
respectively. In inside-out patches applications of PKCM, but not PKCM and PKCI,9.
36, enhanced the probability o f opening o f NMDA channels. Pyramidal neurons were
also acutely isolated from the CA1 region o f the hippocampus. Inclusion of PKCM in
the recording pipette resulted in a gradual enhancement of NMDA currents to
28±10.7% (n=15) which was not observed in a control series o f recordings. Inclusion
in the patch pipette of PKCM and PK CI 19.36 prevented this run-up of NMDA currents.
Also PKCM did not cause a detectable change in the block by Mg2+ although the
sensitivity to Mg2+ was much more consistent (IC 50 mock 60 ±7.9 μ.M, n = 6 ; PKCM
6 8 ±11.9μ M, n = 6 ) in these cells. Our results demonstrate that PKC and CAMKII
can act via a phosphorylation-dependent mechanisms to potentiate NMDA-evoked
currents in hippocampal neurons without changing the sensitivity o f the channels to
Mg2+. (Chen & Huang, 1992. Nature 356 (6369): 521-523. Supported by the Medical
Research Council o f Canada.

376.13
PEROXIDE
DECREASES
SYNAPTICALLY-EVOKED
NMDA
R ESPO NSES THROUGH A REDOX SITE. T. C. Pellmar*. RPT,
AFRRI, 8901 W isconsin Ave., B ethesda, MD 20889-5603
The redox sensitivity of synaptically-evoked NMDA receptor
m ediated resp o n ses (NMDA-PSPs) w as a s s e s s e d in field CA1 of
guinea pig hippocam pus in vitro. Hippocampal slices w ere prepared
by standard techniques.
In DNQX, a blocker of non-NMDA
glutam ate receptors, and low Mg4* solution, a synaptic resp o nse
w as elicited that w as completely blocked by the NMDA antagonist
APV. Hydrogen peroxide concentrations betw een 147 ¿iM and 580
yM significantly d ecreased the NMDA-PSP but had no effect on field
potentials in standard conditions. The actions of peroxide on the
NMDA-PSP w ere not reversible with w ash and w ere not prevented
by pretreatm ent with th e antioxidant Trolox C or the iron chelator
desferal. T h ese results su g g est that peroxide is not acting through
hydroxyl radical formation. The oxidizing a g en t DTNB c au sed a
similar irreversible d e crea se in the NMDA-PSP. Actions of DTNB
and peroxide w ere not additive. The reducing a g en t dithiothreitol
had no effect on the NMDA-PSP unless the tissue w as pretreated
with peroxide or DTNB.. T h ese d ata support the conclusion that the
NMDA receptor of CA1 hippocampal pyramidal cells is m odulated by
a redox site and that under the conditions of the experiment, the
NMDA receptors are initially in a fully reduced state.
Supported by AFRRI Work Unit #00105.

376.15
NEOMYCIN MODULATES NMDA CHANNEL ACTIVITY IN HIPPOCAMPAL
NEURONS. W.-Y. Lu. Z.-G. Xiong and J.F. M acDonald*. Depart, o f Physiology,
Univ. of Toronto, Toronto, Canada, M5S 1A8.
Neomycin maybe a full agonist at the polyamine site on the NMDA receptor
(Pullan et al. 1992). We have examined the effects of neomycin, spermine and Mg2+
on NMDA-evoked currents in acutely isolated neonatal rat or cultured fetal mouse
hippocampal neurons. Recombinant NRI A/NR2A or NR1A/NR2B receptor subunits
expressed in HEK293 cells were also examined. In all isolated CA1 pyramidal
neurons spermine enhanced (glycine-dependent and -independent) as well as caused
a voltage-dependent depression o f NMDA currents extending previous observations
in cultured neurons (Benveniste & Mayer, 1993). In contrast, neomycin more
consistently enhanced NMDA currents recorded in both high (3 μM, EC S0 = 131 ±28
μM) and low concentrations o f glycine (0.3 μM, EC 50 = 53±13 μM). Little apparent
block of NMDA currents was detected with neomycin (holding potentials from -80 t o '
+60 mV). Nevertheless, in recordings from outside-out patches neomycin caused
both a voltage-dependent reduction in single channel conductance (channel block) as
well as a dramatic increase in the frequency o f channel openings. Neomycin also
increased the apparent affinity of the receptor for glycine and a fixed concentration
( 1 0 0 μ.M) of neomycin shifted the spermine dose-response curve (in high glycine) to
the left without altering the apparent maximal response suggesting that both act at the
same site(s). At a positive membrane potential (+40 mV) in the presence of high
glycine (3 μM) Mg2+ and neomycin both enhanced NMDA-evoked outward currents.
Mg2+ (3 mM) potentiated the responses to low concentrations (10-100 |aM) but
depressed the responses to higher concentrations (1-3 mM) o f neomycin suggesting
that this divalent cation likely acts as a partial agonist at the same site as neomycin.
Currents from HEK293 cells expressing NRI A/2 A subunits were enhanced by
neomycin and spermine (0.3 |aM glycine) but depressed in high glycine. Both
polyamines enhanced NRlA/2B-mediated currents in high and low glycine. Pullan
et al. 1992. J. Neurochem. 59: 2087-2093. Benveniste & Mayer 1992, J. Physiol.
464:131-163. Supported by the Medical Research Council of Canada.
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376.14
PERFORANT PATH LESION-INDUCED NMDAR1 PLA STICITY IN THE
DENTATE GYRUS IS NOT REGULATED BY ESTROGEN. A.H. Gazzalev*7.
N.G. W eiland2. W .G .M . Ja n sse n 7. B.S. M cEwen2. and J.H . M o rriso n /
la b o r a to r ie s fo r Neurobiology o f Aging, Fishberg R esearch Center fo r
Neurobiology, The M ount Sinai School o f Medicine, New York, N Y 10029,
2Laboratory o f Neuroendocrinology, Rockefeller University, New York, N Y 10021
Estrogen replacement in ovariectomized rats has been demonstrated to increase
NMDAR1 levels in dentate gyrus granule cell somata of intact rats (Gazzaley et al,
1996, J. Neuro: 16), as well as facilitate the sprouting o f commissural-associational
afferents into the outer molecular layer (OML) of entorhinal cortex lesioned rats
(Morse et al, 1986, Exp. N eurol.: 94). The primary objective of this study was to
determ ine the effects o f variations in estrogen levels on the upregulation of
NMDAR1 protein that occurs in the OM L o f the dentate gyrus following
transection of the perforant path input from the entorhinal cortex (Gazzaley et al,
1997, J. Neuro: 17). One week following ovariectomy o f young adult female rats,
we performed a perforant path transection on all rats, and treated half of them with
estradiol for five days. Microscopic analysis revealed a lesion-induced increase in
NMDAR1 immunofluorescence intensity in the dendrites of the OML relative to the
inner molecular layer (IML) on the ipsilateral, lesioned side o f both estrogen-treated
and untreated ovariectomized rats, comparable to that previously documented in
young adult male rats. Quantitative confocal laser scanning microscopy indicated
that there was no statistically significant difference in the OML/IML intensity ratio
on the lesioned side of estrogen-treated ovariectomized rats compared to untreated
ovariectomized rats. This study reveals that estrogen does not regulate lesioninduced NMDAR1 plasticity in the dentate gyrus o f female rats five days after
perforant path transection. It is possible, however, that estrogen exerts effects on
deafferentation-induced GluR plasticity in other regions o f the hippocampus, e.g.
the CA1 field, where a regionally specific estradiol effect on spine density was
described. Supported by The Charles A. Dana Foundation, NIH grants AG06647
(J.H.M.), NS-30105 (N.G. W.) and NS-07080 (B.S.M.).

376.16
GLYCINE ENHANCES NMDA-STIMULATED cGMP RELEASE IN
ADULT RAT HIPPOCAMPUS. M.D. Temple* T.M. D elahuntv. R.J.
Hamm. B.G. Lveth. L.L. Phillips, and J.T . Povlishock. D epts. of
Psychology and Neurosurgery, VA Commonwealth Univ./Med. College
of VA, Richmond, VA 23298-0693.
Several studies indicate th a t cGMP is produced in a calcium dependent m anner following NMDA receptor activation. Many studies
have been unable to detect NMDA-stimulated cGMP in the adult ra t
hippocam pus (HI), an area im portant for learning/m em ory and is
vulnerable to insult. The aim of this study was to determ ine if co
adm inistration of the NMDA co-agonist, glycine, affected levels of
NMDA-stimulated cGMP in adult ra t HI, in a fresh tissue preparation.
Each HI w as tested u n d e r 5 conditions; non-stim ulated an d two
concentrations of NMDA (500μM, 1 μ M) in the p resence/absence of
glycine (10μM). All drug conditions included the phosphodiesterase
inhibitor, IBMX (500μM). Values were expressed as fmol/cGMP per mg
protein an d converted to % change over non-stim ulated. R esults
in d icate th a t NMDA alone
(1 μ M) can stim ulate cGMP
p ro d u c tio n . However, th e
a d d itio n
of
g ly c in e
significantly enhanced NMDAstim ulated cGMP production
a t b o th c o n c e n tra tio n s of
NMDA (p=.014). These results
illu stra te the im portance of
adding the co-agonist glycine
to s tu d y NM DA-stimulated
intracellular signalling in the
adult HI. (Supported by NS 12587).
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SUBTYPES OF N A T IV E N M D A R E C E PT O R S IN N E W -B O R N H IPP O C A M PA L
GRANULE C ELLS A N D S T R IA T A L N E U R O N S . J. P ina-C respo* an d A. J. Gibb.
Department o f Pharm acology, U niversity C ollege L ondon, L ondon W C 1E 6 B T, UK.
The biophysical and pharm acological properties o f re co m b in an t N M D A
receptors are strongly determ ined by th eir subunit com position. T he differential
assembly o f NM D A recep to r subunits and th eir segregation to partic u la r neuronal
populations during developm ent are th ought to be re sponsible fo r N M D A receptor
heterogeneity in the brain.
NM DA-channel currents induced by glutam ate o r N M D A and glycine w ere
recorded in outside-out patches from striatal and dentate gyrus granule cells in brain
slices from 0-day-old rats. Single channel current am plitudes, open tim es, shut tim es
and direct transitions betw een conductance levels w ere m easured and the action o f the
NR2B-subunit selective N M D A recep to r antagonist ifenprodil studied.
In striatal neuron patches (n= 10), 83% o f N M D A channels opened to a 50 pS
level with sym m etric direct transitions to a 38 pS level. In hippocam pal granule cell
patches, NM DA channels opened to 2, 3 and, in som e cases, 4 co n d u c tan ce levels. In
granule cell patches (n= 4) show ing only 2 conductances levels, 84% o f events opened
to a 48 pS level w ith sym m etric direct transitions to a 36 pS level. In patches (n= 4),
with 3 and 4 conductance levels, 47% o f events o pened to a 48 pS level w ith
symmetric direct transitions to 38 pS (39% ) and 29 pS (4% ) events, no direct
transitions to 16 pS (10% ) events w ere observed. D irect transitions betw een 38 and
16 pS events w ere asym m etric, w ith 60% going from 38 to 16 pS. Ifenprodil had no
effect on channel conductance but it p roduced a m arked reduction in the P open o f the
highest conductance events. T hese results suggest th at high co n d u c tan ce channels
contain NR2B subunits w hile low conductance channels, prob a b ly contain N R 2D
subunits. Supported by MRC, R o ya l S o cie ty a n d N u ffield F oundation. J.P-C . is
supported by a C O N IC IT /U C L A -Scholarship, Venezuela.

376.18
CA1 NMDA-MEDIATED FIELD EPSPS ARE DIFFERENTIALLY
SENSITIVE TO ETHANOL ACROSS MULTIPLE HIPPOCAMPAL
SLICES FROM INDIVIDUAL RATS. C. A. Grover*K. A. Wallace, and G
D. Frye. Dept, of Pharmacology & Toxicology, Texas A&M University,
College Station, TX 77843-1114.'
Previously we have reported ethanol insensitivity, stable inhibition, and acute
tolerance to ethanol inhibition of evoked NMDA-mediated dendritic field
excitatoiy postsynaptic potentials (fEPSPs) in the CA1 region of individual
hippocampal slices from different rats (Grover, Frye, & Griffith, Br. Res.
1994). Here we report variations in ethanol sensitivity across multiple slices
from any given rat. Using standard extracellular recording techniques ethanol
(60 mM) inhibition of NMDA-mediated fEPSPs from multiple transverse
hippocampal slices from single Sprague-Dawley rats ranged from 18 to 70 %.
Generally, within a hippocampus greater ethanol inhibition (> 30%) occurred
in the more dorsal and/or more ventral transverse slices, whereas the more
medial slices showed only 10-20% inhibition. Also, during the 15 min bath
perfusion of ethanol stable inhibition or inhibition followed by acute tolerance
were observed in separate slices from the same hippocampus of individual
rats. Finally, ethanol and ifenprodil, the NMDA-polyamine site antagonist,
showed similar stable inhibition (30 to 80 %), or similar inhibition followed by
acute tolerance (90 to 100 % reversal of inhibition) in a subset of slices first
perfused with ethanol for 15 min, then washed for 15 min, and finally perfused
with ifenprodil (10 μM ). Slices with less than 20% ethanol inhibition also
showed less than 20% ifenprodil-induced inhibition. These results point to
surprising diversity of ethanol sensitivity across the hippocampal CA1 region
of individual rats. Supported by AA10067 (GDF).

376.19

376.20

THROMBIN TREATMENT OF CULTURED HIPPOCAMPAL NEURONS
ATTENUATES Mg BLOCK OF THE NMDA RECEPTOR. MB Gingrich* NF
Ciliax and SF Travnelis. Dept, of Pharmacology, Emory University, Atlanta,

EVIDENCE FOR DIFFERENTIAL MODULATION OF NMDA-INDUCED [Ca2+],
TRANSIENTS BY ARACHIDONIC ACID AND NITRIC OXIDE IN CULTURED
HIPPOCAMPAL NEURONS D A. Richards’. T.V.P. B liss*1, and C D Richards 2
d iv is io n of Neurophysiology, National Institute for M edical Research, M ill Hill,
London, NW7 1AA, and d e p a rtm e n t of Physiology, Royal Free Hospital School of
Medicine, London, NW3 2PF, UK.
Arachidonic acid (AA) and nitric oxide (NO) are candidate retrograde messengers in
hippocampal long-term potentiation (LTP). To investigate the possible postsynaptic
actions of these candidate messengers, we have studied their effects on NMDA-induced
[Ca2+]i transients in cultured hippocampal neurons loaded with fura-2.
Responses to multiple Is iontophoretic applications of NMDA were measured
before and during the application of 2pM AA. In 11/14 cells there was an increase in
the integrated [Ca2+]i response in the presence of AA, relative to the response before
the application of AA (mean change (± sem) for all 14 cells was 32.0 ± 12.8%). In a
control group the mean change over the same time period was -4.0 ± 5.3% (p < 0.05,
t-test). The AA-induced effect was due both to an increase in the peak height, and to a
prolongation of the decay phase. No such increase was seen with two other C20 fatty
acids, eicosadienoic acid and eicosapentaenoic acid (-10.7 ± 8.2% and -7.8 ± 5.4%
respectively, n.s.).
A larger rundown of the response was observed when the irradiating UV light was
blocked for 100s (-31.8 ± 7.8%, n=10, p<0.05). This dark effect was abolished in the
presence o f L-nitro arginine (L-NA), an inhibitor of nitric oxide synthase (-6.4 ±
6.5%, n=9). A possible explanation of these findings is the following: NO is known
to depress NMDA receptor-mediated responses. Rundown may be due to the generation
of NO by activation of the Ca2+-dependent enzyme NO synthase; rundown would be
reduced in the presence of UV light which neutralizes NO; in the dark, therefore,
rundown would be accentuated. In the presence of L-NA these NO-dependent effects
would be abolished, as observed. Two substances implicated in synaptic plasticity,
AA and NO, may thus differentially modulate NMDA-receptor-mediated Ca2+ entry.

GA 30322.

Recent evidence from cell culture studies show that the serine protease
thrombin may affect neuronal development and excitotoxicity. mRNA for the
thrombin precursor protein is widely distributed in rat brain and extrusion of
thrombin from blood vessels may occur during pathologies such as stroke. To
determine whether thrombin changes the functional properties of the NMDA
receptor, a glutamate receptor involved in excitotoxicity and development, we
treated hippocampal cultures with thrombin or buffer only and recorded whole
cell currents under voltage clamp. We compared ratios of current responses to
20 μM glutamate and 10 μM glycine at -50 mV with or without 200 μM Mg. All
drug solutions contained 2 μM NBQX. Mg inhibited current responses
following 30 minute thrombin treatment by 5% (20 μM, n=5), 10% (1 p.M, n=6),
28% (100 nM, n=11), and 15% (10 nM, n=3), each significantly less (p<0.05)
than 44% inhibition in control cells (n=12). The EC50for this effect was 12 nM
thrombin. Similar results were found in HEK293 cells transfected with cDNAs
encoding NMDA receptor subunits (n=10). In situ hybridization shows a subset
of hippocampal neurons contain thrombin receptors that couple to second
messengers which could modify NMDA receptor function. Alternatively,
thrombin might directly change function by proteolysis of a specific thrombin
cleavage site in the NR1 subunit that we previously identified (Soc. Neurosci.
Abs. 22:1761). Experiments are underway to distinguish between these two
mechanisms. Reduction in Mg block of the NMDA receptor by thrombin could
influence neuronal excitability, excitotoxicity, synaptic plasticity, or neruonal
development. Supported by the John Merck Fund (SFT), The American Epilepsy
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Foundation (SFT) and NIMH (MBG).

376.22

376.21
NMDA RECEPTOR SUBUNIT AND SPLICE VARIANT mRNA
EXPRESSION IS ALTERED IN THE RAT CEREBRAL CORTEX DURING
ETHANOL DEPENDENCE AND WITHDRAWAL. P. Hard*A n d P. W ilce.
Alcohol Research Unit, Department of Biochemistry, The University of
Queensland, St Lucia, Australia, 4072.
The NMDA receptor has been implicated in the ethanol dependence and
withdrawal phenomena. This study examined the effects o f chronic ethanol
administration and withdrawal on the expression o f several NM DA receptor
subunit mRNAs in the rat cerebral cortex. M ale W istar rats were exposed to
increasing concentrations of ethanol vapour over a 7 day period and their blood
ethanol levels held above 200 mg/dL for a further 5 to 7 days to induce ethanol
dependence. Ethanol cessation led to severe behaviours which peaked at 9 to
12 hours post withdrawal. Total RNA was extracted from the cerebral cortex
of pairfed controls and chronically treated anim als 0, 12, 18, 24 and 48 hours
after withdrawal. Ribonuclease protection was used to assay mRNA coding for
NMDA receptor subunits NR1, NR2A, NR2B and NR2C, as well as the N l,
C l and C2 optional inserts in the NR1 subunits. GAPDH mRNA was used as
an internal control.
There were no detectable changes in the relative
expression of NR1, NR2A or NR2C during dependence or withdrawal. NR2B
mRNA expression was elevated during dependence but returned to normal
levels 18 hours after withdrawal. NR1 transcripts incorporating the N l insert
were down-regulated during dependence and this effect persisted during
withdrawal. C l and C2 insert expression were unaffected. These data imply
that changes in NMDA receptor subunit composition may underlie the
development of ethanol dependence and may be im portant in precipitation of
withdrawal hyperactivity This project was supported by the National Health
and Medical Research Council o f Australia in the form o f a project grant.

S o c ie ty f o r N e u r o s c ie n c e , V o lu m e
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ABNORMAL DENDRITIC MORPHOLOGY IN NMDA-RECEPTOR-LIKE
(NMDAR-L) DEFICIENT MICE. M. Takasu. S. Das. Y. Sasaki. N.J. Sucher1,2,
S.A. Upton1. N. Nakanishi.* Depts. of Neurobiology and 1Neurology, Harvard
Medical School, Boston, MA 02115; 2Hong Kong Univ. Sci. Technol., Kowloon,
Hong Kong.
The NMDAR-L (or x-1) gene was isolated by homology to NMDAR subunits
NR1 and NR2 (Sucher et al., 1995; Ciabarra et al., 1995). The expression level
of NMDAR-L is elevated at late embryonic stages, continues to be highly
expressed during the first two postnatal weeks, and subsequently decreases.
This suggests that NMDAR-L may play a role in development. To investigate
the physiological role of NMDAR-L in vivo, the NMDAR-L gene was disrupted
by homologous recombination in embryonic stem cells. Gene targeting resulted
in successful elimination of NMDAR-L mRNA and protein, while expression
levels of NR1, NR2A, and NR2B protein were unaltered in NMDAR-L-/- mice.
NMDAR-L-/- mice revealed no gross abnormalities in CNS structures. Golgi
stained pyramidal neurons of cortical layer IV from postnatal day 14 mice were
reconstructed by camera lucida drawing. Total length of dendrites and total
number of branches were not significantly different between control and mutant
neurons. However, NMDAR-L-/- dendrites were decorated with more spines
than control cells for both basal dendrites [106 ± 10 (knockout) versus 32 ± 4
(wild-type), p<0.001] and apical dendrites [246 ± 24 (knockout) versus 67 ± 11
(wild-type), p<0.001]. In addition, the morphology of dendritic spines was
altered; specifically, the heads of the spines were enlarged and the spine
necks were elongated in NMDAR-L-/- dendrites. Since cortical neurons from
NMDAR-L-/- show increased NMDA-evoked currents (see accompanying
abstract, Rothe et al.), the abnormal dendritic morphology in NMDAR-L-/neurons may be a result of the high levels of calcium in the spine.
Supported by R01 MH53535-01 to N.N., and P01 HD29587 and R01
EY05477 to S.A.L..
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376.24

INCREASED NMDA CURRENTS IN CEREBRAL CORTEX OF NMDAR-L
DEFICIENT MICE. T. Rothe*. H.-S.V. Chen, N.J. Sucher2, S. Dasi . N.
NakanishP. S.A. Lipton. Depts. of Neurology and ^Neurobiology, Harvard Med.
Sch., Boston, MA02115; 2Hong Kong Univ.Sci.Technol., Kowloon, Hong Kong.
An NMDA receptor-like subunit (designated NMDAR-L or x-1) was recently
shown to be expressed in the rodent central nervous system in a developmentally regulated fashion (Sucher et al. 1995; Ciabarra et al. 1995). In Xenopus
oocytes, co-injection of NMDAR-L decreased NMDA-induced currents in
NR1/NR2 recombinant channels. To establish the function of NMDAR-L in the
developing brain, an NMDAR-L deficient mouse was generated by gene
targeting (see accompanying abstract, M. Takasu et al.). Whole-cell patchclamp recordings were performed in freshly dissociated neurons from cerebral
cortex of NMDAR-L-deficient mice (KO) and wild type controls (WT) at post
natal days (P) 5 to 13. Both genotypes displayed similar properties for the
following: whole-cell capacitance (WT: 12.4 ± 0.6 pF, n=95; KO: 11.9 ± 0.7 pF,
n=97), maximal sodium currents at Vh=-60 mV (WT: 73 ± 8 pA/pF, n=83; KO:
75 ± 8 pA/pF, n=79), and kainate-induced currents (WT: 6.1 ± 0.8 pA/pF, n=56;
KO: 6.4 ±1.4 pA/pF, n=38). In contrast, NMDA-induced currents were signifi
cantly larger in KO mice compared to WT controls (WT: 1.6 ± 0.3 pA/pF, n=78
vs. KO: 3.0 ± 0.4 pA/pF, n=79, p<0.002). Additionally, more neurons from KO
mice manifested no NMDA-evoked currents than their WT counterparts (WT:
30 out of 78, KO: 21 out of 79). By logistical regression it was estimated that
WT neurons without NMDA currents were nine times more likely to be larger
than 13 pF than neurons from KO mice (p=0.002). In neurons expressing
NMDA-induced currents no significant association between genotype and size
was found (p=0.61). A significant increase in NMDA-induced current was
evident in KO neurons larger than 13 pF (WT: 1.5 ± 0.3 pA/pF, n=17 vs. KO:
3.8 ± 0.5 pA/pF, n=28; p<0.001) but not in KO neurons smaller than 13 pF
(WT: 3.2 ± 0.5 pA/pF, n=31 vs. KO: 4.4 ± 0.7 pA/pF, n=30). The enhancement
of NMDA-induced currents appeared to be more pronounced in P5-7 than in
P11-13 KO animals. These data suggest that a deficit in NMDAR-L subunits
can increase NMDA-induced currents in a subpopulation of large cortical
neurons early in postnatal development in vivo. Supported by P01 HD29587
and R01 EY05477 to S.A.L., and R01 MH53535-01 to N.N.

DEVELOPMENTAL CHANGE IN NM DA RECEPTOR GLYCINE AFFINITY IN
ACUTELY DISSOCIATED RAT CORTICAL NEURONES. J.N.C. Kew*. J.G.
Richards and J.A. Kemp
Pharm a Division, Preclinical CNS Research, F.
Hoffmann-La Roche Ltd, CH-4070 Basel, Switzerland.
Glycine is believed to be present at low micromolar concentrations in the
extracellular space, levels that are believed to be saturating at the NMDA receptor.
However, a number o f studies have suggested that in certain preparations the
glycine site is not saturated. Moreover, recent studies with recombinant NMDA
receptors have illustrated a clear difference in the glycine affinity o f different
subunit combinations. Using whole-cell voltage clam p recordings from acutely
dissociated rat cortical neurones, we have studied the developmental change in
NMDA receptor affinity for both glutamate and glycine. Neurones from 2-3 day
old anim als exhibited a monophasic glycine concentration-response curve with a
microscopic KB (mKD) of 18nM and a maximum response at l μM glycine.
Neurones from 27-29 day old anim als generated biphasic curves with mKDs of the
high and low affinity components of 41 and 790 nM, respectively. Notably, the
maximum response was achieved with approximately 30|iM glycine and l μM
elicited an approximately 60% maximal response. 14-15 day old anim als yielded a
mixed population of neurones, some of which exhibited monophasic, and some
biphasic, curves. Glutamate concentration-response curves from all 3 age groups
were monophasic with similar mKDs (1.5, 1.9 and 2.5 μM for 3-4, 14-15 and 27-29
day old animals, respectively) and maximum responses at approximately 300μM
glutamate. These observations suggest that in mature anim als a population of
NMDA receptors appears with a lower affinity for glycine whose activity might be
regulated by changes in extracellular glycine concentration or by modulation of
receptor glycine affinity. These observations will be discussed with regard to
developmental changes in NMDA receptor subunit expression and ifenprodil
sensitivity.

376.25

376.26

PACAP MODULATION OF NMDA RECEPTOR CHANNEL ACTIVITY IN
CULTURED EMBRYÓNIC CHICK CORTICAL NEURONS. Guo Jun Liu and
Barry W. Madsen*. Dept of Pharmacology, University of W estern Australia, WA
6907, Australia
The perfused outside-out patch clamp recording technique was used to examine
the modulatory effects of two isoforms o f PACAP, PACAP 27 and PACAP38, on
NMDA receptor channel activity. Low concentrations of PACAP 38 (0.5 - 10 μM)
increased the frequency of channel openings due to 20 μ.M NMDA and 1 μM
glycine several fold, with a peak effect at 2 nM PACAP 38 of 15 + 9.8 (mean ± sem,
n = 7) relative to control; higher concentrations (100 and 1000 nM PACAP38)
reduced opening frequency to 0.19 ± 0.16 (n = 3) and 0.027 ± 0.006 (n = 2) of
control respectively. PACAP 27 had a similar biphasic effect but was less potent,
with increased opening frequency seen at 100 nM PACAP 27 (5.6 ± 0.96, n = 3) and
inhibition at 1000 nM (0.26 ± 0.10, n = 3). The two peptides did not have intrinsic
agonist activity and did not markedly alter single channel conductance or the
duration of openings and bursts. At concentrations up to 100 nM, biphasic
modulatory effects of both peptides on channel opening frequency were readily
reversed by 10 μM glycine. The potentiation caused by 2 nM PACAP 38 was blocked
by 10 μM 7-chlorokynurenic acid (an NMDA receptor glycine site antagonist) but
remained unaffected by 200 μM NMDA, 10 μM ifenprodil, and 1 μ.M PACAP 6.38
(a PACAP 38 receptor antagonist). The presence of 100 pM GDP-(3-S (a GTP
inhibitor) in the patch pipette caused only a marginal reduction in the stimulatory
effect of 1 0 0 nM PACAP27. These results suggest there may be a direct interaction
between both forms of PACAP and the NMDA receptor, with modulatory effects
mediated via the glycine co-agonist site(s).

EFFECTS OF TOLUENE AND OTHER ABUSED SOLVENTS ON
RECOM BINANT NMDA RECEPTORS EXPRESSED IN Xenopus
O O C Y T ES. S.L. C ru z 1. R.L. B alster2 and J.J. W oodw ard2*.
1CINVESTAV, IPN. M exico, 2Dept. o f Pharmacology/Toxicology
VCU, Richmond, VA, 23298.
W e have previously shown that toluene, as ethanol, dosedependently inhibits recombinant NMDA receptors at concentrations
that do not alter general membrane properties. This inhibition was
rapid, almost complete and reversible. The R1/2B combination was
the most sensitive receptor subtype tested with an IC 50 value for
toluene of 0.2 mM. W e now report on the effects o f other abused
solvents on NM DA-induced currents measured in X enopus oocytes
expressing R1/2A or R1/2B subunits. 1,1,1-trichloroethane (TCE),
m-xylene and flurothyl, at the highest concentration tested (10 mM),
had no effects on the resting membrane potential of uninjected eggs.
TC E and m -xylene dose-dependently inhibited N M DA induced
currents. The R1/2B receptor subtype was at least 2 times more
sensitive to these compounds than R1/2A. O verall, the potency of
TCE and xylene was ten fold less than that observed for toluene.
Flurothyl, a convulsant agent with physicochemical properties similar
to other abused solvents, had no effects on NMDA-induced currents.
These results complement previous studies on the behavioral effects of
volatile solvents and suggest that NMDA receptor blockade may be an
important mechanism of action underlying their effects. (Supported by
NIDA INVEST fellowship (S.L.C.) and by grants DA03112 (R.L.B)
and AA09986 (JJ.W .)).
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SINGLE-AXON IPSPS IN HIPPOCAMPAL SLICES OF THE ADULT RAT:
MODULATION BY DIAZEPAM. H.M.Pawelzik’. Royal Free Hosp. Sch. of
Med., Dept, of Physiology, Rowland Hill Street, London NW3 2PF, U.K.
To characterize further the pharmacology o f identified local inhibitory
contacts in the hippocampus, paired intracellular recordings with biocytin filling
were performed. In transverse hippocampal slices o f the adult rat, intemeurone
to pyramidal cell connections were recorded in stratum pyramidale (SP) of
CA1. The inhibitory intemeurones were characterized by their discharge
characteristics and/or by their ability to trigger short and constant latency IPSPs
in the postsynaptic neurone. The slices were subsequently processed
histologically to visualize filled neurones and to identify the class o f the
presynaptic intemeurone.
The single-axon IPSPs were between 0.6 and 2mV in average amplitude (at
membrane potentials between -61 and -54mV) and were enhanced between 6
and 6 8 % following addition o f diazepam (l-20μ M, n=3). In two cases a strong
postinhibitory facilitation developed in the presence o f the drug. The increase
in IPSP amplitude was less pronounced than in a similar population o f single
axon IPSPs treated with 250/tM pentobarbitone (PB) where the amplitude was
increased by 12 to 147% (n=7). In clear contrast to PB, which approximately
doubled the IPSP duration, diazepam did not markedly change the time-course
of the IPSPs. Bicuculline blocked the IPSPs (n=2). In two cases where the
intemeurones were recovered histologically one of the axons almost exclusively
ramified in SP (basket cell). The other also ramified in SP but extensive
collateralization was apparent in stratum radiatum and stratum oriens.
This work was supported by the M.R.C.

PHARMACOLOGIC INTERACTIONS OF DIAZEPAM AND FLUMAZENIL OH
CORTICAL EE6 AND BEHAVIOR IH RATS. K_a_Lee*,_E. J . Parrk_S_K
Kim. Department of Pharmacology, School of Medicine, Kyungpook
National University, 2-101 Dong-In-Dong, Taegu 700-422, Korea
Diazepam, a benzodiazepine (BDZ) agonist, produces sedation and
flumazenil, a BDZ antagonist, blocks these actions. The aim of th is
study was to study the pharmacologic effects of BDZs on cortical EEG
and behavior in ra ts. The recording electrodes were implanted over
frontal and p arietal cortex b ilaterally , and the reference and the
ground electrodes over cerebellum under ketamine anesthesia. To
assess the effects of diazepam and flumazenil, rats were injected
with diazepam (1 mg/kg, i.p .) and/or flumazenil (1 mg/ kg, i.p .) , and
the EEG and behavior were recorded before and after drugs. In normal
ra ts, there were 7 Hz peak during movement, irregular fast rhythm
superimposed on the fluctuating 7 Hz rhythm during awake immobility,
and interm ittent delta spindle (3.5 Hz) and slow rhythm (1.25 Hz)
during sleep. Diazepam reduced the mobility of the ra t and induced
sleep with interm ittent 13-15 Hz spindles (fast spindles) and slow
activ ity , which were different from EEG patterns in normal sleep.
Intense sound awakened rats and remove fast spindles and increased
slow activ ity . Flumazenil blocked both diazepam-induced sleep and
EEG changes. These resu lts suggested th at the presence in the fast
spindles reflec t consequences of both BDZ-induced behavioral change
and BDZ actions on the GABA-BDZ receptor. However, since differences
between EEG patterns of normal waking and of waking from BDZ-induced
sleep s t i l l ex ist, i t is suggested th at the EEG effects of the BDZ
may be consequences of subtle behavioral changes which can not be
recorded in th is experiment. This study was supported by a grant
from Kyungpook University Hospital Research Institute in 1996.
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CLOZAPINE ANALOGUES AS POTENTIAL GABA-A RECEPTOR
BLOCKERS. J .- F . L ié g e o is1,2- J. B ruhw vler3 . J.M. R igo*2 . J.
Damas2. J. D elarge1 and R.F. Squires4 Lab. M edicinal Chemistry 1,
Lab. Physiology2 Liège Univ., Liège B-4000; Therabel Research^
Brussels, B-1180; Nathan S. Kline Institute for Psychiatric Res.4,
Orangeburg, N Y 10962
Recently, It was shown that various N -aryl piperazines were
moderately to highly potent GABA antagonists (Squires & Saederup,
Neurochem. R es. 18,787,1993). Several clin ic ally effective
antidepressants (amoxapine, mianserin) and antipsychotics (clothiapine,
loxapine, clozapine) among the more potent N-aryl piperazine were
found to be GABA antagonists. It was speculated that antipsychotic
effects of various drugs might be in part due to selective blockade of
subsets of G A BA -A receptor com plexes (Squires & Saederup,
Neurochem. Res. 16,1099,1991). This raised the question of the role
of GABA in schizophrenia.
In this context, we decided to examine the activity of original pyridine
analogues o f clozapine (Liégeois et al., J. Med. Chem. 36,2107,1993
and 37,519,1994) d ev elo p ed as p o te n tia l an tip sy ch o tics or
antidepressants, in the -^S-TB PS system (Squires & Saederup, Brain
Res. 414,357,1987).
The majority of compounds were found to be GABA antagonists in
this model. Nevertheless, the structure-activity relationship was very
different from that previously established for DA, 5-HT and muscarinic
receptors. Pyridobenzoazepine derivatives could thus be considered as
promising template for preparing partial GABA blockers as potential
antipsychotics.

377.5
LOW
LEVEL
HYPERBARIC
EXPOSURE
ANTAGONIZES
FLUNTTRAZEPAM POTENTIATION OF GABAa RECEPTOR
FUNCTION IN C57BL/6J MOUSE BRAIN VESICLES. D.L. Davies*. MB.
Boleer. RD. Brinton and R.L. Alkana. Alcohol and Brain Research Lab.,
Department of Molecular Pharmacology and Toxicology, School of Pharmacy,
University of Southern California, Los Angeles, CA 90033, USA.
Previous behavioral studies in C57BL/6J and LS/IBG mice indicate that
exposure to 12 atmospheres absolute (ATA) helium oxygen gas (heliox)
selectively antagonizes the effects of allosteric modulators of GABAa receptor
function (e.g., ethanol, diazepam, pentobarbital) without altering the effects of
direct agonists and antagonists (e.g., THIP, picrotoxin). We found similar
selective pressure antagonism by 12 ATA heliox (pressure) on drug-induced
changes in GABAa receptor function in LS mouse brain microsacs.
Collectively, the results suggest that pressure acts by uncoupling allosteric
modulation of receptor function. The present experiment tests the effects of 12
ATA heliox versus 1 ATA air on flunitrazeparn-potentiation of GABAactivated 36CT uptake in C57BL/6J mouse brain vesicles (microsacs).
Microsacs were added to a solution containing 5 pM GABA, ° Cf and
flunitrazepam (0 - 10 μM) at 35 °C. Flunitrazepam significantly increased
GABA’s effect on 36Cf uptake when exposed to 1 ATA air. Exposure to 12
ATA heliox antagonized flunitrazepam’s effect without altering the effect of
GABA per se. Overall, these findings extend to a second genotype the
biochemical evidence that low level hyperbaric antagonism is selective for drugs
that act via allosteric modulation of receptor function. The lack of pressure
antagonism of GABA’s direct agonist action is also consistent with the
hypothesis that pressure acts via uncoupling of allosteric modulation of receptor
function. (Supported by NIAAA, NIH grant R01AA03972).

377.7

MODULATION OF GABAA-INDUCED CURRENTS VIA THE
BENZODIAZEPINE SITE IN YOUNG AND AGED BASAL
FOREBRAIN NEURONS. S.C. Hall* and W.H. Griffith. Dept.
Medical Pharmacol. & Toxicol., Texas A&M Health Science Center,
College Station, TX 77843-1114.
Benzodiazepine (BZD) site modulation o f GABAA-induced chloride
currents was explored in young and aged acutely dissociated medial
septum/diagonal band (MS/DB) neurons. Previously using whole-cell
patch clamp techniques, we have demonstrated differential effects o f
midazolam (MD) in young versus aged to be dependent on
experimental protocol and concentration o f GABA applied (Hall and
Griffith, Neurosci. Abstr.. 22:1284, 1996). The purpose o f this study
was to characterize the pharmacological profile o f other compounds
acting at the GABAa/BZD site. We compared the concentrationresponse curves o f young and aged neurons to zolpidem (0.001- 0.3
μM ) using low GABA (1μ M ) and found no age-related differences in
amount o f potentiation (young n = 7-9, aged n = 4-10). We are
currently investigating the age-related effects o f bretazenil, a BDZ
partial agonist, and P-CCM, a BDZ inverse agonist, on several
different GABA concentrations (1.0-10.0 μ M). Our data suggests that
age-related effects seen with BD Z’s may be influenced by the GABA
concentration applied, but in addition may be modulator type specific
(Supported by NIH grant AG07805).

377.6
DIFFERENCES IN PHARMACOLOGICAL PROPERTIES OF THALAMIC
NEURONS ARE RELATED TO VARIANCE IN GABA RECEPTOR SUBUNIT
EXPRESSION. G. Akk*. S.H. Browne. L.W. Chiang, C.L. Cox. H. Schulman. J.R.
Huguenard and D.A. Prince. Departments o f Neurology and Neurological Sciences &
Neurobiology, Stanford University School o f Medicine, Stanford, CA 94305.
Activation o f GABA-mediated synaptic currents in the thalamus underlies the
generation o f synchronized thalamocortical oscillations such as those occuring during
slow wave sleep, sensory processing and absence epilepsy.
Previously, we have demonstrated that the decay time constant o f inhibitory
postsynaptic currents (IPSCs) measured in the reticular thalamic nuclei (nRt) was 3
times slower than in the ventrobasal complex (VB), and that GABA responses from
both regions could be modulated by benzodiazepines.
Here, we have continued studies o f spontaneous
nRt
VB
[CZP]
GABA-mediated synaptic currents and effects o f low
3.56
1.7
0
doses o f clonazepam (CZP) in the nRt and VB
1.5
10 nM
3.3
complexes using thalamic slices. The results show that
50 nM
5.2*
1.6
CZP had a concentration-dependent effect on the
6 .6 *
2.1
100 nM
integrated area o f spontaneous (s)IPSCs in nRt but not
in VB neurons (see Table, values in pC * , significantly above control, p<0.05). Thus,
CZP can be used to modulate inhibitory currents in specific areas o f the thalamus.
Differences in the kinetics o f IPSCs from nRt and VB regions as well as differential
effects o f CZP on these synaptic currents can be explained by regional differences in
GABA receptor subunit expression as has been shown elsewhere by in situ
hybridization and staining with subunit-specific antibodies. We have studied GABA
receptor subunit expression in neurons from nRt and VB complexes using single cell
RT-PCR. Preliminary results demonstrate differences in the expression o f a-subunits,
and similarities in the expression pattern o f y-subunits. Our data support the view that
the presence o f a y-subunit is required for benzodiazepine-mediated action on GABA
receptors while the a-subunit is the major determinant o f pharmacological properties
o f the benzodiazepine binding site. (Supported by NS06477, MH48108, PMA and
Pimley Research Fund).

377.8

FLUNITRAZEPAM POTENTIATES GABA a RECEPTOR-MEDIATED
CURRENTS 'IN THE RAT SUPRACHIASMATIC NUCLEUS
G.J. Strecker*. W.K. Park, and F.E. Dudek. Dept. Anatomy and Neurobiology,
Colorado State Univ., Fort Collins, CO 80523.
The suprachiasmatic nucleus (SCN) is composed almost entirely o f
GABAergic neurons. GABA receptor composition appears to vary with
development and location in the brain, suggesting differences in receptor function.
Benzodiazepines (BZDs) have been shown to alter the firing rate o f some SCN
neurons recorded in vivo extracellularly, however, cultured SCN neurons recorded
intracellularly did not show BZD sensitivity. Immunochemical studies suggest that
GABAA receptor subunit composition m ight be unusual in the SCN. In order to
extend our understanding o f the function o f GABA receptors in the SCN we
conducted whole-cell patch-clamp recordings from acute hypothalamic slices to
determine the BZD sensitivity o f SCN neurons from 2-month-old rats.
Brief applications o f GABA (-5 0 ms, 25 |liM in ACSF) were delivered
(~ 1/15 s) to voltage-clamped SCN neurons via pressure pipette. The addition of
the BZD flunitrazepam (100 nM) to the bath solution increased the GABA-evoked
current significantly (P < 0.05, t-test) in 7 o f 8 neurons by a factor o f 1.8 ± 0.2
(mean ± SEM) over control.
This effect was readily reversible (n = 3 ).
Spontaneous GABAergic postsynaptic currents (PSCs) displayed slightly longer
decay constants (one-exponential fits) in flunitrazepam (n = 2 cells, P < 0.05, t-test)
by a factor of 1.15 ± 0.02, but PSC amplitudes were potentiated in only 1 o f 4 cells.
These results suggest that most SCN neurons are directly BZD-sensitive. In
previous work we showed that most SCN neurons are moderately sensitive to zinc,
suggesting that SCN neurons can display both the zinc- and BZD-sensitive
phenotypes, which are subunit-specific.
Supported by a grant from the AFOSR.
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SY N A P T IC T R A N S M IS S IO N D U R IN G F L U R A Z E P A M W IT H D R A W A L IN
T H E H IPP O C A M PA L F O R M A T IO N . P. Poisbeau. S.R. W illiam s and Istvan
M odv* UCLA D epartm ent o f N eurology, L o s A ngeles, CA 90095, USA.
B enzodiazepines are com m only used as anxiolytic, antiepileptic, sedative-hypnotic
and m uscle relaxant agents. H ow ever, their usefulness in chronic therapy is lim ited
by a com bination o f tolerance, side-effects, abuse potential, and interaction with
ethanol. F urtherm ore, w ithdraw al sym ptom s develop follow ing prolonged exposure
to benzodiazepines, and these m ay occur even after low to m oderate doses. W hole
cell patch-clam p recordings w ere m ade from CA1 pyram idal and dentate gyrus
granule cells (G C s) in hippocam pal slices to assess the effects o f w ithdraw al from
chronic flurazepam (FR Z) treatm ent on the function o f synaptic G A B A A receptors.
W ithdraw al (2-5 days) from chronic in-vivo F R Z treatm ent (40-110 m g/kg, p.o.)
resulted in a reduced m ean am plitude (-60% ) and frequency (-80% ) o f G A B A A
receptor-m ediated m iniature IP S C s in CA1 neurons but not in G C s. In CA1
neurons, the w ithdraw al-associated reduction o f IPSC s started at day 2 and reached a
m axim um at day 5, w hen 40% o f the neurons w ere silent. In this subpopulation o f
neurons, stationary fluctuation analysis o f baseline noise failed to detect any changes
in the corner frequency suggesting that no IP S C s w ere buried in the noise.
Interestingly, the m IP SC am plitudes and frequencies re turned to control values at
day 6 follow ing w ithdraw al. D uring the w ithdraw al period the m IP SC s w ere still
sensitive to F R Z (30)iM ) as show n by the increase o f the decay tim e constant w hich
w as sim ilar to that observed in controls. Taken together, our results are consistent
w ith the hypothesis that chronic benzodiazepine treatm ent leads to a transiently
reduced num ber o f functional synaptic G A B A A receptors in a region-specific m anner
which m ay stem from differences in the subunit com position o f synaptic G A B A a
receptors.
This w ork was supported by grant N S -30549.
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377.9
EFFECTS OF ZOLPIDEM ON mIPSCs AND OCCUPANCY OF GABAa
RECEPTORS IN CENTRAL SYNAPSES
D. Perrais* and N. Ropert, Institut A. Fessard, CNRS, 1 avenue de la
Terrasse 91198 Gif sur Yvette, France.
The benzodiazepine agonist zolpidem was tested on miniature GABAmediated inhibitory postsynaptic currents (mIPSCs) recorded from large
layer V pyramidal neurones of the visual cortex, cerebellar Purkinje cells,
and dentate gyrus granule cells using whole cell recording in the in vitro
slice preparation of the rat, at room temperature. Zolpidem (0.1-100 μM)
enhanced both the amplitude (max -140 % of control value) and the
duration (~ 220 %) of mIPSCs in the three cell types. At high concentration
(100 μM), the effect of zolpidem on mIPSC amplitude was less pronounced
than at 10 pM in the three cell types. The EC50s calculated from the effect
of zolpidem on the mIPSC duration are different for the three cell types,
being lower for Purkinje cells (110 nM) than for dentate gyrus granule cells
(1.1 μM) and pyramidal cells (5.8 μM). Currents were elicited on outsideout patches from pyramidal cells by short (1 ms) applications of GAB A. At
the concentration of 500 pM, estimated to be reached in the synaptic cleft,
the amplitude of the current was not maximal, since 10 mM GAB A elicited
a 60 ± 23 % higher amplitude response. Zolpidem (10 μM) decreased on
outside-out patches the currents elicited by fast application of 10 mM
GABA to 54 ± 10 % of control value, and enhanced the decay constant (161
± 40 % of control) of the current. Zolpidem, by enhancing the affinity of
GABAa receptors for GABA, increases mIPSC amplitude, hence we
propose that the receptors are not saturated during miniature synaptic
transmission in control conditions in the three cell types studied.
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377.10
THEMODYNAMC KINETICS OF BENZODIAZEPINE ON GENE EXPRESSED
HUMAN GABA RECEPTORS. Y.-H Jin*. M. Munaktaand N. Akaike. Department of
Physiology, Faculty of Medicine, Kyushu Univ. Fukuoka 812-82, Japan.
The benzodiazepine receptor (BZR) is incorporated with the GABAa receptor-Clchannel complex. The BZR agonists modulate the function of GABAa receptor,
thereby producing profound behavioral effects. The BZR has been pharmacologically
classified as BZ I and BZ II. Several compounds such as zolpidem and CL218 872 have
much higher affinities for BZ I than BZII. Acording to biochemical binding study,
However, the difference in affinity reduces as the temperature increases from 4°C to
the room temperature, although it has not been fully addressed at physiological
temperature. In the present study, we investigated the effects of zolpidem on the
recombinant human GABAa receptors possessing BZ I or BZ II phenotypes at various
temperatures, using whole-cell voltage clamp configuration. Two recombinant forms,
α l β2γ2L (BZ I) and α3β2γ2L (BZ II) were expressed in the baculovirus/SF-9 insect
cell system. In both forms, the application of 105M GABA induced an inward Cl~
current and the pretreatment of zolpidem potentiated the GABA response in a
concentration-dependent manner. At 16°C, zolpidem showed a high selectivity for
αlβ2γ2L with affinity ratio of 13.8-fold. The apparent KD values in a 1p2y2L and
α3β2γ2L forms were 3.73xl0-8 and 5.15x10s, respectively. When the temperature
increased to 37°C, an physiological temperature, the selectivity still remained,
although the affinity ratio was reduced to 6.9-fold. The van't Ifoff plots for the KD
values for zolpidem were linear in both recombinant forms over thetemperature range
tested (16-37°Q. The slope for αlβ2γ2L was more steep than that for a3p2y2L.
The estimated enthalpy changes (DH) for αlβ2γ2L and α3β2γ2L forms were -14.5
and -8.7 Kcal/mol, respectively, whereas the entropy changes (DS) for two forms were
very small. As a result, the binding of zolpidem is enthalpy-driven in both forms with
a negligible contribution from DS. The difference in DH values between two forms
may cause different temperature dependency, resulting in decreased selectivity among
BZ I and BZ II at physiological temperature.

377.11
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A POINT MUTATION IN THE 7 2 SUBUNIT OF y-AMINOBUTYRIC ACID TYPE
A RECEPTORS RESULTS IN ALTERED BENZODIAZEPINE BINDING SITE
SPE CIFIC IT Y . A. B u h r 1. Ch.R. B ader* 2 , and E. Stee l1. D ept. Pharm acol.,
U niversity o f Bern, 3010 Bern, Sw itzerland and 2 D ept.
Physiol., CM U,
1211 Geneva 4, Switzerland.
Benzodiazepines allosterically modulate γ-aminobutyric acid (GABA) evoked
chloride currents of G A B A a receptors. Coexpression o f either rat γ2 or γ 3 in
com bination with α1 and β 2 subunits results both in receptors displaying high
[3 HJRo 15-1788 affinity. However, receptors containing a γ 3 subunit display a
178-fold reduced affinity to zolpidem as compared to γ 2 containing receptors. Eight
chim eras between γ 2 and γ 3 were constructed followed by nine different point
mutations in γ 2 each to the homologous amino acid residue found in γ 3 . Chimeric or
m utant γ subunits were coexpressed with a i and β 2 in HEK 293 cells to localize
amino acid residues responsible for the reduced zolpidem affinity. Substitution o f a
m ethionine-to-leucine at position 130 o f γ 2 (γ2M 130L) resulted in an 51-fold
reduction in zolpidem affinity while the affinity to [3 H ]Ro 15-1788 rem ained
unchanged. The affinity for diazepam was only decreased about 2-fold. The same
mutation resulted in a 9-fold increase in Cl 218872 affinity. A second mutation
(γ 2M57I) was found to reduce zolpidem affinity about 4-fold. W ild type and γ 2M130L
containing receptors were functionally expressed in Xenopus oocytes. Upon mutation
allosteric coupling between agonist and modulatory sites is preserved. Dose response
curves for zolpidem and for diazepam showed that in functional experiments the
zolpidem but not the diazepam apparent affinity is drastically reduced. The apparent
GABA affinity is not significantly affected by the γ2M130L mutation. The identified
amino acid residues may interact directly with zolpidem and additional ligands of the
benzodiazepine binding site and therefore, define part of the binding pocket.
(Supported by: Swiss N SF 31-37192.93 and EU BIQ4-CT96-0585 (BWW 96.0010))

B IC A R B O N A T E , B U T N O T C H L O R ID E , F L U X IS R E D U C E D T H R O U G H
H IP P O C A M P A L CA1 C E L L G A B A a R E C E P T O R S
(G A B A R s) A F T E R
P R O L O N G E D B E N Z O D IA Z E P IN E (B Z ) T R E A T M E N T . X .J. Zeng* and E.I.
T ietz. D epartm ent o f P harm acology, M edical C ollege o f O hio, T oledo, O H 43699
T he reduction in G A B A R α1 and β 3 subunit m R N A and p ro tein expression in the
CA1 region after 1 w eek flurazepam (F Z P ) treatm ent suggested th at a change in
G A B A R subunit com position m ay relate to the altered postsy n ap tic G A B A response,
i.e. a reduction in the am plitude o f evoked, G A B A R -m ediated IP S Ps and of
spontaneous (s) and m iniature (m ) IP S C s, in CA1 pyram idal cells. S lices (500 μ M )
were cut from rats sacrificed 2 days after F Z P treatm ent (100 m g/kg X 3 days; 150
m g/kg X 4 days, p.o.), w hen residual B Z s are n o t detected in hippocam pus. W hole
cell patch recordings w ere m ade in F Z P-treated o r control cells in extracellular buffer
[(in m M ): 126 N aC l, 3 KC1, 2.4 C a C l2, 2.4 M g C l2, 1.2 N a H 2P 0 4, 10 D-Glucose)]
containing 26 m M N aH C O j (5 % C 0 2 /9 5 % 0 2 ) or 26 m M H E P E S (100 % 0 2 ) to
m easure synaptic conductance due to H C O 3' and C l', or CT flux alone. Since m IP S C
frequency w as not altered after 1 w eek F Z P treatm ent, th e G A B A available for release
w as equivalent in both groups. T hus, synaptic conductance pro v id ed a reasonable
m easure o f postsynaptic G A B A R conductance. A stim ulating electrode w as placed in
the str. oriens/pyram idale (S P ) o r str. lacunosum /m oleculare (S L M ) to evoke
m axim al som atic or dendritic G A B A R -m ediated IP S C s. V oltage-clam p recordings
(-70 to + 70 m V ) were m ade w ith m icropipettes (6-10 M i i ) filled w ith 135 m M C l'
(m M : 130 C sC l, 1.0 E G T A , 0.5 C a C l2, 2.0 M g C l2, 2.0 A T P , 10.0 H E P E S , pH
7.2). G A B A -m ediated conductance in H C O 3’ buffer w as significantly reduced in F Z P treated neurons follow ing either SP (C on, n = 6 ; F Z P -treated, n = 7, p < .0 1 ) o r SLM
(C on, n= 7; F Z P-treated, n = 8 , p < .0 1 ) stim u latio n .
T here w as no difference in
G A B A R -m ediated conductance betw een groups recorded in H E P E S buffer (SP: C on,
n = 6 ; F Z P -treated, n= 9, p= .98; SLM : C on, n = 8 ; F Z P -treated, n = 10, p= .94). A
change in G A B A R channel ion selectivity due to a change in G A B A R subunit
co m position, or a shift in anion gradients, m ay be related to the altered H C 0 3' flux
and decreased postsynaptic G A B A R -m ediated inhibition in CA1 pyram idal cells after
chronic B Z treatm ent. N ID A grants R 01-D A 04075 and R SD A K 02-D A 00180.
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STRUCTURAL REQUIREMENTS FOR LIGAND RECOGNITION AT THE
GABAa RECEPTOR BENZODIAZEPINE SITE.
M. Davies. J.G. Newell and S.M.J. Dunn*. Department of Pharmacology,
Faculty of Medicine, University of Alberta, Edmonton, Alberta, Canada, T6G
2H7.
The GABAa receptor is a a heteropentamer composed of subunits which
belong to several different families. Of these subunits, it appears that those
belonging to the a subunit family are especially important in determining the
recognition properties of the benzodiazepine site. Previously, others showed
that the histidine residue in position 101 of the rat α l subunit was crucial for
benzodiazepine agonist recognition and we have shown that the homologous
residue in the bovine α l subunit is the site of photolabelling by
[3H]flunitrazepam. We have further examined the importance of this residue
for ligand recognition by making multiple amino acid substitutions at this
position in the rat a l subunit. The histidine residue was substituted with
phenylalanine, lysine, or glutamate. The effects of these substitutions were
determined by radioligand equilibrium binding studies on membranes prepared
from cells expressing the mutated rat a l subunit along with β2 andγ2 subunits.
In all cases, the affinity of the receptors for [3H]Ro 15-4513 increased with
respect to wild type, while the affinity for [3H]Rol5-1788 decreased. The
phenylalanine mutation resulted in a decreased affinity for [3H]flunitrazepam
while the latter two substitutions resulted in the complete loss of
[3H]flunitrazepam binding. This suggests that ligand recognition at the
benzodiazepine site is dependent on the space-filling characteristics of the
residue in position 101 rather than on its charge.
This work was supported by MRC Canada.

D IF F E R E N T IA L E F F E C T S O F C H R O N IC F U L L AND P A R T IA L
B E N Z O D IA Z E P IN E
A G O N IS T
TR EA TM EN T
ON
GABAa
R E C E P T O R M RNA L E V E L S : C O R T IC A L & C E R E B E L L A R a l - 6 .
M.I. Arnot . * 1 A.N. Bateson . 1,2 and I.L. M artin1,2. ‘Dept. Pharmacology and 2Div.
Neuroscience, University of Alberta, Edmonton, Alberta, Canada, T 6 G 2H7.
Benzodiazepines produce their overt effects by interaction with GABAa receptors.
Chronic treatment with full agonist benzodiazepines produces tolerance to certain
aspects o f their pharmacological profile. We have quantified steady state mRNA
levels of GABAa receptor a subunits in the cortex and cerebellum of rats chronically
exposed to diazepam (DZ), which produces tolerance, or partial agonists, bretazenil
(BR) and RP 60503 (RP), which do not exhibit tolerance.
Rats were injected daily for 14 days with either 15, 0.2, 7.5 mg/kg DZ, BR or RP,
respectively, or vehicle (50% DMSO/50% propylene glycol). Following sacrifice,
brain RNA was isolated and GABAa receptor α l - 6 subunit levels determined using
S 1 nuclease protection.
DZ treatment significantly increased cortical α3- and α5-subunit mRNA levels
compared to BR/RP treatment. In contrast, BR/RP treatment significantly decreased
cerebellar a l mRNA levels compared to DZ treatment, while the latter significantly
decreased α2-, α4-, and α5-subunit mRNA levels relative to BR/RP treatment.
These drugs demonstrate unique “fingerprints” of GABA a receptor mRNA
expression that differ between brain regions. Moreover, there are specific differences
between DZ, which causes tolerance, and the partial agonists, BR/RP, which do not.
We believe these specific changes in gene expression may underlie the molecular
mechanism o f tolerance development, resulting in GABA a receptor subtypes that are
less sensitive to benzodiazepine modulation. Further, the expression of these less
sensitive subtypes are a particular consequence of chronic full agonist treatment.
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This work was supported by the MRC (Canada), MIA holds an AMH studentship from
AHFMR and ANB is an AHFMR scholar.
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DIFFERENTIAL EFFECTS OF CHRONIC FULL AND PA R T IA L
BENZODIAZEPINE
AGONIST
TREATMENT
ON
GABAa
RECEPTOR MRNA LEVELS: CORTICAL & CEREBELLAR p l-3
AND yl-3. A.N. Bateson*1,2. M.I. Amot1and I.L. Martin1,2. ‘Dept. Pharmacology
& 2Div. Neuroscience, University of Alberta, Edmonton, Alberta, Canada, T6G 2H7.
The overt effects of the benzodiazepines are produced by interaction with GABAa
receptors. Chronic treatment with full agonist benzodiazepines produces tolerance to
specific aspects of their pharmacological profile. We have quantified steady state
mRNA levels of GABAa receptor p and y subunits in the cortex and cerebellum of rats
chronically exposed to diazepam (DZ), which produces tolerance, or partial agonists,
bretazenil (BR) and RP 60503 (RP), which do not exhibit tolerance.
Rats were injected daily for 14 days with either 15, 0.2, 7.5 mg/kg DZ, BR or RP,
respectively, or vehicle (50% DMSO/50% propylene glycol). Following sacrifice,
brain RNA was isolated and GABAa receptor pl-3 and yl-3 subunit levels determined
using SI nuclease protection. DZ treatment significantly increased cortical p3- and
significantly decreased p2- and y3-subunit mRNA levels compared to mRNA
expression of BR/RP treatment. In the cerebellum, BR/RP treatment significantly
decreased yl-subunit mRNA levels when compared to DZ treatment.
These drugs, therefore, demonstrate unique “fingerprints” of GABAa receptor
mRNA expression that differ between brain regions. Moreover, there are specific
differences between DZ, which causes tolerance, and the partial agonists, BR/RP,
which do not. We believe that the molecular mechanism of tolerance development
may involve specific changes in gene expression, resulting in subtypes of GABAa
receptors that are less sensitive to benzodiazepine modulation. Expression of these
less sensitive subtypes are a particular consequence of chronic full agonist treatment.
This work was supported by the MRC (Canada), MIA holds an AMH studentship from
AHFMR and ANB is an AHFMR scholar.

951

377.16
TH E E FF E C T O F C H R O N IC D IA Z E PA M E X P O S U R E ON
TRANSCRIPTION OF THE GABA a RECEPTOR y2-SUBUNIT GENE
IN RAT CEREBELLUM AND CORTEX. R. A. Holt*1, I.L. Martin1'2 and
A.N. Bateson1,2. Department of Pharmacology 1 and Division of Neuroscience^,
University of Alberta, Edmonton, Alberta, T6 G 2H7 Canada.
In the mammalian brain, the expression of different GABAa receptor
subunits can vary with development, topography, and exposure to various
drugs which modify GABAergic transmission (1). The mechanism by which
GABAa receptor expression is regulated is currently unknown. To determine
the potential role of transcription in this process, we have measured the effect
o f diazepam - an allosteric modulator o f this receptor - on the rate of
transcription of the 72 -subunit gene in rat cortex and cerebellum.
Adult, male, Sprague-Dawley rats were injected sub-cutaneously once daily
for 14 days with 15 mg/kg diazepam in 1 ml of “slow release” sesame oil
vehicle. We have previously shown changes in the steady-state level of
G A BA a receptor subunit mRNAs using this dosing regime (2). Following
sacrifice, cortical and cerebellar nuclei were isolated and nuclear run-off
assays performed. In cortex, a significant decrease was observed in the rate of
nascent y2-subunit RNA production after diazepam treatment. The magnitude
of this decrease was to 35.3+/-3.4% (mean+/-S.E., n=5, p<0.05) of control
values. No significant difference was observed between vehicle treated and
untreated animals. In cerebellum, a significant increase in the level of
expression of the y2-subunit gene to 141.6+/-4.8% (n=4, p<0.001) of control
values was observed. The present study shows that the cellular response to
benzodiazepine stimulation includes modification of the rate o f transcription
of a GABA a receptor subunit gene, in a brain region specific manner.
(1) Sieghart W. (1995) Pharmacol. Rev., 4 7 ;181. (2) Holt R.A., Bateson A.N.
and Martin I.L. (1996) Neuropharmacol., 35;1457.
Funded by the Alberta HeritageFoundation fo r M edical Research and the
M edical Research Council o f Canada.
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CHRONIC ABECARNIL ADMINISTRATION TO DIAZEPAM-TOLERANT MICE
RESTORES FULL ANTICONVULSANT ACTIVITY OF DIAZEPAM. F. Natolino.
A. Zanotti. M. Lipartiti. A. Contarino. P. Giusti*. Dipartimento di Farmacologia,
Université di Padova, Largo Meneghetti, 2, 35131 Padova, Italy
Chronic benzodiazepine (BDZ) administration can produce tolerance to its
anticonvulsant actions (Rosenberg et al., 1985). While many studies have exploited
the development of anticonvulsant tolerance and cross-tolerance to differentiate BDZ
receptor ligands, few studies have investigated the effect of chronic BDZ receptor
ligand treatment on animals already tolerant to a different BDZ. Here we examined
the effect of chronic abecamil administration, a p-carboline that binds with high
affinity to BDZ receptors and shares several effects in common with conventional
BDZs, on the anticonvulsant activity of diazepam in diazepam-tolerant mice. Mice
first received twice-daily diazepam (25 mg kg"1; p.o.) for 17 days. Next, they were
treated orally twice a day for an additional 4, 8 or 15 days with abecarnil (20 mg kg'1)
or diazepam. Forty-eight h after the last drug injection each group of mice was then
challenged with bicuculline, and the anticonvulsant ED50 of diazepam was assessed.
Furthermore, [3H]-flumazenil binding was performed in mice sacrificed 18 h after last
drug treatment. As expected (Natolino et al., 1996), 17-day administration of
diazepam induced tolerance to its anticonvulsant effect. Additional treatment with
diazepam did not affect tolerance. Conversely, tolerance to diazepam progressively
decreased after chronic abecamil, with a complete recovery of diazepam efficacy after
8 days of abecarnil administration. Binding experiments showed the Kd values did not
differ among treatment groups. A significant decrease in B ^ was observed in the
cortex of diazepam-treated mice. Among abecarnil-treated animals, only those
receiving the P-carboline for 4 days exhibited a significant decrease in Bniax, whereas
chronically diazepam-treated mice, which further received abecamil for either 8 or 15
days showed B ^ values similar to those of vehicle-treated mice. It is suggested that
replacement therapy with abecarnil after long-term treatment with conventional BDZs
may provide a novel approach for reducing tolerance to their anticonvulsant effects.

ENDOGENOUS BENZODLAZEPINE-RECEPTOR LIGAND PLASMA
LEVELS IN PATIENTS W ITH HEPATIC ENCEPHALOPATHY: A
COMPARATIVE STUDY. C. A. Hernandez-Avila1^*, W. J. Shoemaker1
and H. A. Ortega-Soto2. d ep a rtm en t o f Psychiatry, University o f
Connecticut Health Center, Farmington, CT 06030. 2Instituto Mexicano
de Psiquiatría, Division de Investigaciones Clínicas, Mexico D.F.
Hepatic Encephalopathy (HE) is a complex neuropsychiatrie disorder
secondary to acute or chronic liver failure. Although the exact causes o f HE
have not been clarified, enhanced neuronal inhibition by the GABA-benzodiazepine receptor complex mediated by increased levels o f endogenous benz
odiazepine receptor ligands (BZRL) has been proposed as one pathogenic
mechanism. Nevertheless, research exploring this hypothesis have yielded
contradictory findings. We conducted a cross-sectional study, using radio
receptor assay, the presence and levels o f BZRL in plasma from patients with
HE (n= 24) and three control groups: patients with liver cirrhosis without
encephalopathy (LC; n= 10), patients with uremic encephalopathy (UE; n= 4),
and a group o f healthy subjects (n= 9). Results show that patients in the HE
group had significantly higher plasma BZRL levels compared to patients with
UE and compared to healthy subjects, but not compared to patients with LC, in
whom these compounds were also detected in significant concentrations.
When patients were classified according with severity o f HE, plasma levels o f
BZRL show a modest correlation with stage o f severity (r= .37). Interestingly,
approximately one third o f patients with HE did not show detectable levels o f
BZRL. Our findings suggest that endogenous BZRL may play a role in the
pathogenesis o f HE, although, neuropsychiatrie symptoms in HE are difficult
to explain in terms o f these compounds alone. (Supported in part by NIAAA)

3 7 7 .1 9
UNCOUPLING OF GABA AND BENZODIAZEPINE-RESPONSIVE
REGIONS OF THE GABAA RECEPTOR USING Y2/OC1 SUBUNIT
C H IM ERA S. A. J. B oileau*. A. M . Kucken and C. C zajkowski. Dept,
o f N europhysiology, U niversity o f W isconsin, M adison, W I 53706.
Although G ABAa receptor a subunits are important for binding GABA
and benzodiazepines (BZDs), the presence o f a y subunit is required for
high affinity BZD binding and potentiation of GABA-mediated Cl"
current. Chimeric protein combinations of rat 72 and a'i subunits (%)
were generated and expressed with wild type a \ and P2 subunits in HEK
293 cells (Boileau et a l, 1996). Chimeras with >160 N-terminal amino
acids from 72 exhibit near wild type levels of [3 H]flunitrazepam and
[3H]muscimol binding. When co-expressed with wild type cq and P2
cRNA in Xenopus oocytes chimeras also display diazepam potentiation of
GABA-mediated chloride current, but with considerably lower efficacy
than wild type oqp 2 Y2 In order to determine how potentiation was reduced despite wild type
binding of both ligands, we performed Ab-labeling experiments to test
expression and binding-potentiation experiments to test for coupling.
Anti-Y2 Ab’s indicated surface expression levels for OC1P2 X similar to
a lP 2 Y2 , in agreement with Bmax values for binding. Although aip2Y2
showed GABA-induced enhancement of [3 H]flunitrazepam binding in a.
concentration-dependent manner, ocip 2 % subunit combinations did not.
These results indicate that although chimeras possess both GABA and
BZD binding regions, allosteric coupling between them is greatly reduced.
Further experiments will delineate domains of 72 required for allosteric
coupling of BZD and GABA binding sites. This work was supported in
part by funds from March o f Dimes and NIH grant NS34727 to CC.
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ANTAGONISM OF HUMAN HOMOMERIC GABAp, RECEPTORS BY
STEROIDS. D. J. Catvo*t and R. Miledi. Lab. Cellular & Molecular Neurobiology,
Dept. Psychobiology, Univ. of California Irvine, CA 92697 USA & flnst. Biol. Cel. y
Neurociencias Prof. De Robertis, F. de Medicina, UBA, Buenos Aires, Argentina.
The inhibitory neurotransmitter gamma-aminobutyric acid (G A B A) acts on three
classes of specific receptors, known as A , B and C. G A B A a and the recently
discovered G A B A c receptors are ligand-gated chloride channels, while the GABA®
are G-protein coupled receptors. G A B A c receptors have distinct physiological and
pharmacological properties. For example, they are strongly activated by rigid G A B A
analogs, like trans-aminocrotonic acid, a weaker G A B A a agonist. Moreover, the
G A B Ac-currents are insensitive to the competitive G A B A a antagonist bicuculline
G A B A c receptors are made of p subunits, o f which three types are known (pi, 02 and
Pj). Homomers made up of pi or p2 subunits, expressed in heterologous systems, give
functional G A B A c receptors.
The effects of various steroids on cloned human GABAp^ receptors were
characterized by expressing pi subunits in Xenopus oocytes, followed by recording of
membrane currents elicited by GABA In contrast to GABAa receptors, GABApi
receptors were insensitive to steroid action in the nanomolar range, as was previously
shown. However, at micromolar concentrations several steroids had antagonistic
actions. Pregnanolone (50-pregnan-3a-ol-2O-one), was the most potent, inhibiting
reversibly GABApi -currents (GABA= 1 fiM) with an IC50= 8 p.M. 50dihydroprogesterone (5P-pregnane-3,20-dione), 170-estradiol (1,3,5(10)-estratriene3,17P-diol) and progesterone (4-pregnene-3,20-dione) ail decreased the GABAcurrents less potently. In contrast, alphaxalone (5a-pregnan-3a-ol-l 1,20-dione),
allopregnanoione (5a-pregnan-3a-ol-20-one) and 5-aTHDOC (5a-pregnan-3a,21diol-20-one), all of which are strong allosteric modulators of GABAa receptors, were
ineffective on the GABAp, receptors.
Supported by the U S P H S MH48358 and the PEW Foundation.

GABA RECEPTOR RHO SUBUNITS CONTAIN BINDING SITES
FOR y-THIOBUTYROLACTONES AND BARBITURATES.
K.L.
Rothman1*. Washington University School of Medicine, St. Louis, MO 63110 and
2University of Texas-Houston, Houston, TX 77030.
GABAa receptors, unlike GABACreceptors, are positively modulated by a diverse
group of compounds including benzodiazepines, barbiturates, and ythiobutyrolactones. The drug specificity for GABAa, but not GABAC, receptors
suggests that the GABAC receptors lack crucial binding determinants for these
compounds.
In order to identify crucial molecular determinants of ythiobutyrolactone activity, chimerae were created from GABAa and GABAC
subunits. A Hindlll restriction site was introduced to create chimerae containing
GABAa sequence (a, and P2) from the amino terminus through the TM1 with the
remainder containing GABAC ( p j sequence. The reciprocal chimerae were also
created. Xenopus oocytes injected with the chimera x(Pi/P2) responded in a dosedependent fashion to GABA. Submaximal GABA responses (EC20=2 fiM) were
potentiated by 10 mM a-ethyl-a-methyl-y-thiobutyrolactone (a-EMTBL) as well as
by 3 mM phenobarbital. The reciprocal chimera x(fVPi) did not respond robustly
to GABA, but co-injection with xOVPi) fed to larger responses to GABA. Once
again, submaximal GABA responses (EC10=0.8 }iM) were potentiated by 10 mM
a-EMTBL. Despite the insensitivity of GABAC channels to barbiturates and ythiobutyrolactones, the GABAC channels must contain binding sites for these
compounds. These compounds are probably unable to induce a conformational
change in the GABAC receptor/ionophore despite the preservation of their binding
sites. Supported by grants NS14834 and NS07027.

378.3
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REGULATION OF GABA p1 RECEPTORS BY CHRONIC GABA AND ETHANOL
TREATMENTS. L.-H. Lin*. Y.-L. Pan and T.-S . Din. Department of
Pharmacology, Chang Gung College of Medicine and Technology .Taiwan.
The present study investigated how the function and expression of
the GABA pi receptor are regulated by its own ligands such as GABA
and ethanol. Immediately after the injection of p i cRNA, the Xenopus
oocytes were exposed to 1-10 mM GABA or 100 mM ethanol. Two to
three days after drug treatments, oocytes were washed and then
incubated in regular medium for at least 30 min prior to a recording
of GABA-activated chloride currents using two-electrode voltage
clamp. W e found that chronic GABA treatment resulted in an
enhancement of apparent GABA potency (EC50 changed from 0.84 to
0.§4) and GABA current amplitude {increased by 1-3 folds). The
effects occurred within 6 h and reached plateau after 24 h. To
investigate whether the enhancement of GABA current amplitude
resulted from an increase of p i proteins, we treated the oocytes with
the translation inhibitor, cycloheximide. W e found that
cycloheximide completely blocked the chronic GABA effect. The result
suggests that prolonged occupancy of pi receptors by GABA upregulates
the translation of the p i subunit. On the other hand, chronic ethanol
treatment was found to suppress the amplitude of GABA-activated
currents by 20% -45% without affecting GABA potency. W e also
examined the role of cycloheximide in the chronic ethanol effect. As
ethanol could no longer inhibit the GABA current amplitude in the
presence of cycloheximide, we conclude that the chronic ethanol effect
on GABA current amplitude may result from a downregulation in the
translation of the p i subunit. (Supported by grants from Chang Gung
Memorial Hospital and National Science Council, Taiwan).

H U M A N A N D R A T p, G A B A R E C E P T O R S S H O W
D IF F E R E N T S E N S IT IV IT IE S T O E X T R A C E L L U L A R pH

378.5
P O IN T M U T A T IO N S R E V E A L A M IN O A C ID S R E S P O N S IB L E
F O R T H E D IF F E R E N C E IN p H S E N S IT IV IT Y O F T H E R A T
A N D H U M A N Pl G A B A R E C E P T O R S .
K. Wegelius*. C. Rivera. M. Reeben. M. Saarma. K. Kaila and M. Pasternack Dept,
of Biosciences, Div. of Animal Physiology, P.O.Box 17, and Insitute of
Biotechnology, P.O.Box 56, FIN-00014 University of Helsinki, Finland.
We report in an adjoining abstract a difference in the sensitivity of the human and rat
Pi GABA receptors to extracellular pH, which is due to the 11 amino acid
differences in the extracellular domain between the human and rat receptor subunits
(see Pasternack, M. et al.). To find out which amino acids are responsible for this
difference in pH sensitivity, we made point mutations to the human p, cDNA. The
mutations were designed to cover the 11 different amino acids in clusters of 2-3
mutated amino acids and were made so that the amino acids in the human sequence
were replaced with the respective ones in the rat sequence. Mutation cluster 2 which
had three mutated amino acids (E42-»G, V43-*A and E45->D) did not change
appreciably the pH sensitivity of the human GABAC receptors when expressed in
HEK 293 cells. Mutation cluster 1 with one mutation (M30-»P) and one insert (S35)
did not give any response to GABA, suggesting that the changes in the amino acid
sequence change the secondary structure of the human p, subunit so that it either
does not assemble with other subunits to form functional receptor channels, or that
the receptor does not respond to GABA. The results from measurements of mutation
cluster 3 with three mutations (V51->G, R56->K and P59->S) suggest that this
extracellular region is responsible for the pH sensitivity of the rat p, subunit
observed at alkaline pH. To identify the amino acid that is responsible for the
alkaline pH sensitivity, we will test three point-mutated human p, subunits, each
with only one of the mutations (G, K or S) of the mutation cluster 3.
Supported by Academy of Finland

S o c ie t y

for

N e u r o s c ie n c e , V o l u m e 2 3 , 1 9 9 7

M. Pasternack*1. K. Wegelius1'2, M. Reeben2, M. Saarma2. K. Kaila1and C. Rivera1
University of Helsinki, 'Dept, of Biosciences, Div. of Animal Physiology, P.O.Box
17 and institute of Biotechnology, Biocenter 1, P.O.Box 56, FIN-00014 Helsinki,
Finland
We have examined the sensitivity of heterologously expressed human and rat pi
GABA receptors to variations in extracellular pH (pH0) using the whole-cell patch
clamp technique. The GABA-induced chloride conductance mediated by the rat p,
receptor was decreased by extracellular protons throughout the pH0 range studied
(pH0 9.0 to 5.5). pH-titration of the GABA-induced conductance revealed two
proton binding sites on the rat p receptor, with a low and a high proton affinity.
Unlike the rat pi GABA receptor, the human pi receptor was sensitive only to
changes in pH0 at acidic pH0 levels below pH0 7.4. Titration of the human p,
response could be fitted using a model of a single H+ binding site with an affinity
similar to the value for the low affinity proton site on the rat receptor. A chimeric
receptor, containing 246 putative extracellular amino acids from the rat p, cDNA
and 229 carboxy-terminal amino acids from the human p, receptor, displayed a
proton sensitivity similar to that observed for the rat receptor. This indicates that the
high affinity proton binding site, present only on the wild-type rat receptor, is
attributable to the 11 amino acid differences between the rat and human p 1 receptor
extracellular domains.
Supported by Academy of Finland and Swedish Natural Science Research
Council.

378.6
PROPERTIES OF THE PICROTOXIN SITE ON THE GABA-hRHOl RECEPTOR.
K. T. Min and J. Yang*.. Dept. Anesthesiol. & Pharmacol. / Physiol., Univ. Rochester
Med. Center, Rochester, NY 14642.
Picrotoxin (PTXN) exhibits both competitive and noncompetitive blockade of the
GABA induced current in homomeric rhol receptors. We characterized the kinetics,
butyrolactone pharmacology, and the amino acid dependence of PTXN blockade in
human rhol receptors expressed in Xenopus oocytes. The steady-state PTXN
blockade of current induced by 1 jiM GABA was well described by a Hill equation
with IC50=0.6 fxM and n=1.3. The time course of blockade was well described by a
single exponential decay where the time constant of the onset of blockade decreased
with increasing concentrations of PTXN. However, the 1/x-decay vs. [PTXN] was
curvilinear indicating that the blockade is not due to a simple bimolecular mechanism.
The rate of recovery from PTXN blockade was independent of the [PTXN]. Increase
in the GABA concentration to 4 pM resulted in approximately 15-fold decrease in the
apparent PTXN sensitivity confirming the presence of a competitive component to
PTXN blockade. a-IMGBL, a butyrolactone PTXN site-antagonist well characterized
in hippocampal neurons had no effect on the PTXN blockade of the rhol receptor.
Next, we examined the effect of a point-mutation of a residue on the outer-mouth of
the M2 region previously identified as the determinant of PTXN interaction with the
GABA-A (3-subunit homomers. The rhol (I-322-N) mutant is six-fold less sensitive to
PTXN (IC50 = 3 fj.M, n = 1.17) while maintaining a similar degree of competitive
component of the PTXN blockade. Surprisingly, a-IMGBL exhibited an inverseagonist behavior potentiating the GABA induced current in this mutant. Our results
are consistent with the idea that drags acting at one PTXN-site are allosteric
modulators. The final effect of these PTXN-site active drugs on the GABA induced
current depends on both the nature of the drag itself and the amino acids on the
receptor which define the allowable modulator-induced conformational changes of
the ion channel.
(Supported by a fellowship from the Yonsei Univ. Sch. Med. and GM52325)
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NEURONAL E X P R E SS IO N O F F U N C T IO N A L G A B A R H O 1
RECEPTORS U S IN G A D E N O -A S S O C IA T E D V IR U S (A A V )
VECTOR G E N E T R A N S F E R . T J. M cC ow n*. H E. Criswell. F T.
Crews. G.R. Breese. X. Xiao and R. J. Samulski. Gene Therapy Center
UNC N euroscience Center and Center for A lcohol Studies, University
of North Carolina, Chapel Hill, N C 27599
GABA R hol receptors are insensitive to bicuculline, more sensitive to
GABA than G A BA a receptors and do not desensitize, so local
expression o f these receptors might attenuate focal seizure genesis.
Therefore, w e sought to transfer and express G A B A Rho 1 subunit
proteins in neurons using A A V vectors. Recombinant A A V vectors
were constructed containing a C M V promoter and a human G A B A Rho
1 cDNA. Three days after A A V infection o f primary neuronal cortical
cultures, whole cell patch clamp analysis identified neurons where
GABA (3 0 jiM ) evoked small, distinct chloride currents in the presence
of bicuculline (50 ^M). Control neurons show ed no response to G A BA
in the presence o f bicuculline. Although these results indicate the
expression o f functional G A BA R ho 1 receptors in neurons, focal
seizure activity w as not altered follow ing microinjection o f this A A V
vector into a site o f long-term, stable gene transduction, the inferior
collicular cortex. Thus, A A V vectors can transfer and express
functional R h ol receptors in neurons, but the efficiency o f
receptor assembly does not appear sufficient to alter seizure activity.
(Supported by N S 35633, H D 0 3 11, A A 06069).

SINGLE-CHANNEL CONDUCTANCE OF HOMOMERIC pi
GABA RECEPTORS EXPRESSED IN XENOPUS OOCYTES.
Yongchang Chang*. David S. Weiss. Department of Physiology
and Biophysics, and Department of Neurobiology, University of
Alabama at Birmingham, Birmingham, AL 35294.
Exogenously expressed p i GABA receptor subunits cloned
from the mammalian retina have similar pharmacological
properties as the native GAB Ac receptor in retinal bipolar cells,
in this study we examined the single channel properties of the
homomeric p 1 GABA receptor expressed in Xenopus oocytes
by using the outside-out patch-clamp technique. Unlike native
GAB A c receptors in retinal bipolar cells, which have a
conductance of 7-8 pS (Feigenspan, et al, 1993, 1994),
homomeric pi GABA receptors expressed in oocytes have a
single-channel conductance of 0.72 ± 0.27 pS (rneaniSD),
suggesting that native GABAc receptors may not be
homomeric pi GABA receptors. [NS35291]

378.9

3 7 8 .1 0

ION PERMEATION IN HOMOMERIC p i G A BA RECEPTORS.
V.E. Wotring* and D. S. W eiss. Department o f N eurobiology,
University o f Alabama at Birmingham, Birmingham A L 35294-0021.
The GABAc receptor is abundant in retina and certain brain regions,
and is thought to be com posed o f p subunits. The purpose o f this study
was to characterize the ionic permeation o f p i homomers.
GABA receptors com posed o f ccl{32y2 subunits and p i homomers
were expressed in X enopus oocytes for two-electrode voltage clamp
studies. Reversal potentials o f GABA-elicited currents w ere measured
in standard OR2 bathing solution and in OR2 that had 50 mOsm Cl'
replaced by other anions. Anionic permeabilities relative to chloride
were calculated using the measured reversal potentials and the
Goldman-Hodgkin-Katz equation. The permeability order w as SCN' >
I' > Br' > Cl' > For' > H C 0 3' for both a i p 2 y2 receptors and p i
homomers. This corresponds to the lyotropic or Hofmeister series o f
anions. The permeabilities relative to chloride for a l j32y2 receptors
were (mean ± S .D .) SC N ', 6.2 ± 0.17; I', 2.65 ± 0.23; Br', 1.57 ±
0.18; F o r ', 0.51 ± 0.27; and H C 0 3\ 0.06 ± 0.07. These values are in
good agreement with those previously reported for native G A BA a
receptors from spinal cord neurons (Bormann et. al, 1987). For p i
homomers, the relative permeabilities were SC N ', 18.16 ± 3.06; I',
7 .9 ± 1.69; B r , 2.75 ± 0.62; For' , 0.54 ± 0.14; and H C 0 3\ 0.34 ±
0.13. The relative permeabilities for SC N ', I', and Br' were
significantly higher in p i homomers than in a l p 2 y2 receptors.
[NS35291]

GABAc RECEPTORS INTERACT W ITH
POSSIBLE MECHANISM FOR CLUSTERING?

3 78 .1 1
EXPRESSION OF BICUCULLINE INSENSITIVE IONOTROPIC GABA
RECEPTORS ON IDENTIFIED GLIAL CELLS OF ADULT RAT
HIPPOCAMPAL SLICES. LK.Bekar*. R.Jabs. W.Walz.
Department of
Physiology, University o f Saskatchewan, Canada
In this study, we set out to examine the expression of ionotropic GABA
receptors on hippocampal glial cells. 150 |im thick hippocampal slices were
prepared from adult wistar rats. All cells were collected in the stratum radiatum of
the CA1 subfield. Glial cells were visually selected and analyzed employing the
whole cell patch-clamp technique. Here we focus on a subtype of hippocampal
glial cells, "complex" cells, which were previously characterized by a typical
whole cell current pattern, including an A-current, delayed rectifying current,
inward rectifying current and small sodium currents. Positive labeling for
glutamine synthetase, a specific antigen in astrocytes, verified glial identity. Using
symmetrical Cl' concentrations, the application of the GABAa receptor agonist
muscimol induced significant inward currents at -80 mV holding potential. The
IN curve of the induced currents revealed two effects of muscimol: A transient
opening of a receptor channel and a longer lasting blockade of voltage gated K+
outward currents. The receptor current is characterized by a linear I/V curve with a
reversal potential of approximately 0 mV. In contrast to glial cells in other slice
preparations, the muscimol responses in this study were insensitive to bicuculline.
Similar properties have been recently described for a GABAC receptor in retinal
neurons. Therefore, we conclude that adult hippocampal glial cells express a
non-GABAAionotropic GABA receptor.
Supported by Medical Research Council o f Canada and the Humboldt
Foundation Germany
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J.G.HanlevS. F. B edford^. R. Goold+. P. G ordon-W eeks+.
C.N.ConnolIvS*. and S. J. MossS.
§MRC Laboratory for
Molecular Ceil Biology, University College London, WC1E 6BT,
UK.
+The Randall Institute, Kings College London, UK.
GABAc receptors are believed to exist as homo-oligomers of p (13 ) subunits , and have a predom inantly retinal p a tte rn of
expression in adult mammals. They are found in tig h t clusters
distinct from GABAa receptors on the axon terminals o f retina!
interneurons. The mechanism of clustering o f GABAc receptors
at these synaptic sites is currently unknown.
To address this question, we have used th e large intracellular
loop of the pi subunit as a bait to screen a yeast 2 hybrid retinal
library, which led to th e identification of th e m icrotubulebinding protein MAP 1 b as a potential anchoring protein for
GABAc receptors.
Interestingly, this interaction is specific to
pi, showing no binding to the related a 1 , aZ , [32 and y2 subunits
of GABAa receptors.
The M A P Ib -p l interaction has been
confirm ed by in vitro binding o f GST-fusion proteins and
coim m unoprecipitation from retina.
We have localised the
binding site on MAP 1 b to a site close to one of the microtubulebinding domains.
The im portan ce o f this in te ra ctio n in
controlling th e distribution of GABAc recep tors is currently
under investigation.
This work was funded by the UK Medical Research Council.

3 7 8 .1 2
CHARACTERIZATION OF CL' DEPENDENT GABA RECEPTOR IN
RAT SPINA L D OR SA L HORN J-S. Park . T. K oh n ot , H. H igashi
& M. Yoshim uraf t Dept. P h ysiol., Kurume U niv. Sch. M ed.,
Kurume, 830, tD ep t. A nesthesiol., N iigata U niv. Sch. M ed., N iigata
951 and tD ep t. Ph ysiol., Saga Med. Sch., Saga 8 49, Japan
GABA is the main inhibitory neurotransmitter in the mammalian central
nervous system. T w o major GABA receptors subtypes (G A B A a and
GABAB) are distinguished by their pharmacological properties. GABAA
receptor is a ligand-gated chloride channel that is antagonized
com petitively by bicuculline, whereas GABAB receptor regulates K+ or
Ca2+ channels through G proteins. Recently, G A B A c receptor has been
identified in mammalian and fish retina which is characterized as a ligandgated chloride channel and insensitive to bicuculline but activated by cis4-aminocrotonic acid (CACA). W e report here a novel bicuculline (100
nm) resistant GA BA response using blind patch-clamp recordings from
substantia gelatinosa (SG; lamina I I ) neurons in the spinal cord slices (
500 (¿m ) obtained from adult rats (7 - 16 w eek old). The response was
mediated by chloride'channels and was insensitive to strychnine (2 |im)
but blocked by picrotoxin (100 ¡¿M). Different from GABAC, the
response was not m im icked by CACA (1 mM) and was not antagonized
by im idazole-4-acetic acid (I4AA, 300 nm) which was a com petitive
antagonist for GABAC receptor. Moreover, the novel response was
augmented by benzodiazepine (flunitrazepam, 100 nM) or barbiturate
(thiopental, 10 nM). Thus, pharmacological characteristics o f the novel
GABA response in SG are distinct from those o f the responses mediated
by GABAA, GABAB and GABAC receptors.

G A BA B R E C E P T O R S: CELLULAR A N D MOLECULAR S T U D IE S

954

MONDAY PM

379.2

379.1
STRU CTU RE,
CH ROM O SO M AL

PH ARM ACO LO G Y
L O C A L IZ A T IO N
OF

AND
G A B A -B

R E C E P T O R S . K. Kaupm ann. T. M osbacher. V. Schuler. P. I.
Flor. W . Froesth H . Bittiger. B. Som m er* and B. Bettler. N ovartis
Pharm a AG, K -1 2 5 .6 .2 0 , C H -4 0 0 2 Basel, Sw itzerland.
W e have recently reported the isolation of ra t GABA-B
receptors using expression cloning with a novel, high-affinity
radioligand (N ature 3 8 6 , 2 3 9 - 2 4 6 , 1 9 9 7 ). The cloned GABA-B
receptors have similarity to m etab otrop ic glutam ate receptors. W e
now have isolated the corresponding hum an receptors and show
th at they have com parable pharm acological properties. PAC and
BA C clones com prising the hum an and m ouse G A BA -BR 1 genes
have been isolated. The mouse gene has been m apped to Chr 1 7 ,
the hum an gene to Chr 6 p 2 1 .3 , in the vicinity o f the locus for
Juvenile M yoclonic Epilepsy (JM E ). Therefore the G ABA-BR1 is
an attractive candidate gene for inherited form s of epilepsy. W e
did not find an activation of Kir 3 .0 potassium channels by
heterologously expressed G ABA-B receptors. O th er attem pts to
functionally couple the cloned G ABA-B receptors in various host
systems will be presented.
Supported by N ovartis Pharm a AG

DISTRIBUTION OF THE GABA-BR1 mRNA IN RAT BRAIN.
COMPARISON WITH THE GABA-B BINDING SITES. Bischoff*. S.
L eonhard, N. Revmann. V. Schuler. K. Kaupmann and B. Bettler,
Novartis Pharma AG, CH-4002 Basel, Switzerland
The recent cloning of GABA-B receptors revealed the existence of two
splice variants (G A BA -BRla and G A BA -BRlb) (Nature 386:239-246,
1997). In this study we mapped the spatial distribution o f R la and R ib
mRNA in brain and compared their distribution with that o f radioligand
binding sites. In situ hybridization was performed with 35S -lab eled
antisense riboprobes for R la and R ib , and a pan probe synthesized
from a DNA fragment common to both. Binding sites were localized by
quantitative autoradiography using the selective GABAg receptor anta
gonist [3H]CGP 54626. The two splice variants are broadly distributed
throughout the brain with R la exhibiting much higher expression levels
than R ib. A major difference between R la and R ib was detected in the
cerebellum: R la was exclusively expressed in the granular layer whereas
R ib was expressed in Purkinje cells. The marked expression found in
superior colliculi is due to R la , whereas expression in the medial
geniculate is due to R ib. Variations were found in the relative levels of
expression throughout the brain. R la yielded a stronger signal in the
cortical mantle than in subcortical structures. As compared to the
cortical layers, R ib mRNA was more abundant in the basal forebrain, the
thalamic and hypothalamic nuclei. Moderate to high expression levels of
both R la and R ib were found in the mitral cells o f the olfactory bulb,
the m edial habenula, the pyramidal and granule cells o f the
hippocampus, and the interpeduncular nucleus. The spatial distribution
pattern o f the pan probe reflected that o f the sum o f the la and lb
probes. These results show that the R la and R ib receptors have distinct
cellular localizations which suggests that they may fulfill different
physiological roles.
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IMMUNOLOGICAL CHARACTERIZATION OF GABAq RECEPTORS
IN RAT BRAIN
B. Malitschek1. P. Koulen2. D. Rueaa1. J. Heid1. J±

D is tr ib u tio n o f G A B A b R e c e p to r
m R N A in t h e
R o d e n t R e t in a . C.-X. Zhana1*. K. Kaupmann2. B. Bettler2.

Bittiqer1. J.H. Brandstatter2. W. Frostl1. K. Kaupmann1. B. Bettler1. FL
Kuhn1* 1Novartis Pharma AG, Therapeutic Area Nervous System, CH4002 Basel, Switzerland: 2Max-Planck-lnstitut fur Hirnforschung,
Deutschordenstr. 46, D-60528 Frankfurt, Germany
Recently a G-protein coupled receptor for the inhibitory
neurotransmitter GABA, the GABAb receptor (GABAgRI) was cloned
(Kaupman et al., Nature 386:239-246, 1997). Two receptor variants
(R1a and R1b) were identified which differ in the N-terminal region.
Using C-terminal peptides or GST-fusion proteins we raised antisera
that
detect
GABAb
receptors
on
western
blots
and
in
immunocytochemistry. We show that the immunoreactive proteins in rat
cortex are identical with the proteins labeled by the iodinated
photoaffinity ligand CGP71872. Western blot analysis reveals that in
adult rat brain tissues the R1b variant is predominant, with the exception
of the striatum. In contrast, we find in early postnatal development R1a
to be more abundant. Using [125I]-CGP71872 we demonstrate that the
native R1a and R1b receptors have comparable affinity for L-baclofen.
W e will also present immunocytochemical data on the cellular
distribution of GABAgR.
This work was supported by N6vartis Pharma AG

and R.M. Duvoisin1. 1Dyson Vision Research Institute, Dept, of
Ophthalmology, Cornell University Medical College, New
York, NY 10021; 2Therapeutic Area Nervous System, Novartis
Pharma Inc. CH-4002 Basel, Switzerland.
GABA mediates its effects through ionotropic (GABAa and
GABAc) and metabotropic (GABAb) receptor systems. The
ability of GABAb receptors to modulate the opening of
potassium channels and the closing of calcium channels is
important, in the outer vertabrate retina, in the generation of
center-surround antagonism, and in the inner retina, in the
control of transient and sustained signals (Slaughter and Pan,
Prog. Brain Res. 9 0: 47-60). To analyze the localization of
GABAb receptor expression in rodent retina, we performed
whole mount in situ hybridization histochemistry. GABAb 1a
and G A B A s Ib splice variant-specific dig-U TP-labeled
antisense RNA probes were prepared using fragments of the
recently cloned GABAb receptor cDNA (Kaupmann et al.
N ature 386: 239-246). Transcripts for both splice variants
were detected in horizontal, amacrine and ganglion cells.
These findings are consistent with the described physiological
functions of GABAb receptors in the retina.
Supported by EY09534, and Research to Prevent Blindness.

379.5

379.6

mRNA EXPRESSION AND AUTORADIOGRAPHY OF GABAB RECEPTORS IN
HIPPOCAMPAL SCLEROSIS.
A.Billinton*1, P.Meoni1. V.H.Baird1. K.Kaupmann2. B.Bettler2. & N.G.Bowerv1.
'Dept, of Pharmacology, Medical School, University of Birmingham, UK, &
2Novartis Pharma Inc., CH-4002 Basel, Switzerland.
A decrease in inhibitory neurotransmission involving GABAB receptors has been
reported in animal models of temporal lobe epilepsy (TLE), and this may contribute to
the production of seizures (Mangan & Lothman, J.Neurophysiol., 1996, 76:1282-96;
Haas et al., J.Neurosci., 1996, 16:4250-60). We have now examined for possible
changes in GABAB receptor binding and mRNA levels in sections of hippocampus
obtained from patients undergoing surgical resection for intractable TLE (n=12) and
tissue from control post-mortem human brain (n=6). Receptor autoradiography was
performed under GABAB preferring conditions using [3H]-GABA, on 10 Mm cryostat
sections. In situ hybridisation studies employed a standard protocol using 35S-labelled
antisense oligonucleotides on paraformaldehyde fixed sections (10 pm). The density
of GABAB receptor binding was lower in hippocampal subregions CA1 (82%
reduction), CA2 (45%), CA3 (55%), hilus (52%), and dentate gyrus (21%) as
compared with post mortem controls. A decrease in neuronal density, as measured by
a 3D counting method (Williams & Rakic, J.Comp.Neurol., 1988, 278:344-52), was
also observed in all regions of TLE tissue, CA1 (89% reduction), CA2 (33%), CA3
(65%), hilus (77%) and DG (59%) as compared with post mortem controls. However,
levels of GABAB mRNA were not significantly different from post-mortem brain in
all regions measured except subiculum, where a significant increase (73%) was
observed. These receptor binding data support previous findings that there may be a
reduction in GABABergic transmission in hippocampal sclerosis associated with TLE.
However, mRNA expression appears inconsistent with this view. Ongoing studies at
the cellular level are examining this more closely.
AB is an MRC (UK) student.

INCREASED EXPRESSION OF mRNA ENCODING GABAb RECEPTORS IN
FRONTAL CORTEX IN A RAT MODEL OF ABSENCE EPILEPSY. D.A.
Richards*1. A. Billinton1. K.S. Hand1. P. Meoni1. K. Kaupmann2. B. Bettler2 and
N.G. Bowerv1. 'Department of Pharmacology, Medical School, University of
Birmingham, UK, B15 2TT & 2 Novartis Pharma Inc, CH-4002 Basel, Switzerland.
The Genetic Absence Epilepsy Rat from Strasbourg (GAERS) has been validated
as a model of human absence epilepsy. There is strong evidence that excessive
GABA-mediated transmission plays a critical role in the generation of absence
seizures, particularly at GABAB receptors which are located both pre- and postsynaptically. Using autoradiographic techniques with a relatively low affinity
ligand, we have previously been unable to demonstrate any difference in GABAB
receptor density or affinity in various brain regions between GAERS and non
epileptic controls. Following the recent cloning of the GABAB receptor, we have
now used in situ hybridisation techniques to compare the levels of GABAB receptor
mRNA in the frontal cortex and ventrolateral thalamus of these animals. Frozen
brain sections from GAERS and controls (n=3 for each group) were
paraformaldehyde-fixed prior to overnight incubation with 3SS-labelled
oligonucleotides. After washing and drying, the sections were apposed to film for 10
days prior to density analysis.
Preliminary findings indicate that although there appeared to be no difference in
GABAB receptor mRNA expression in the thalamus (2.24 ± 0.03,2.27 ± 0.06
atmol/mm2, mean ± SEM, GAERS and controls respectively), expression of GABAB
receptor mRNA in the cortex was significantly greater in GAERS than in controls
(1.83 ± 0.02,1.61 ± 0.01 atmol/mm2, mean ± SEM, GAERS and controls
respectively, p<0.0001, Student's t-test).
Whether this apparent change in cortical mRNA contributes to the production of
absence seizures or results from the changes in thalamocortical transmission in
GAERS remains to be determined.
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379.7
GABAb RECEPTOR M ED IATED IPSPS IN N EOCORTEX A N D
HIPPOCAMPUS: PAIRED INTRA CELLU LA R RECO RDING S IN
VITRO. A lex M. Thom son and D avid C. West* Dept. Physiology,
Royal Free Hospital School o f M edicine, London N W 3 2PF and Dept.
Visual Sciences, Institute o f Ophthalm ology, London EC IV 9EL, UK.
To determine whether the IPSPs generated by single presynaptic
intemeurones could be mediated solely by G A B A a receptors, solely by
GABAb receptors, or whether they could be mediated by both classes
of receptors, dual intracellular recordings w ere performed in slices o f
adult rat neocortex and hippocampus. In som e cell pairs, short latency
bicuculline-sensitive IPSPs w ere the only responses apparent in the
postsynaptic pyramidal cell, even with trains o f presynaptic
intemeurone action potentials. In others, only a long latency (2050msec), bicuculline-insensitive hyperpolarizing event w as elicited and
in these cases, 4-6 presynaptic action potentials at a frequency above
50-100Hz were apparently required. In a third group, trains o f
presynaptic action potentials elicited short latency IPSPs that summed
to a plateau w hose decay was slow er than the decay o f an IPSP elicited
by a single spike. B icuculline blocked the ’fast 5 IPSPs revealing a slow
2-OH-Saclofen/CGP35348 sensitive event. Som e inhibitory connections
may therefore be mediated solely by G A B A a receptors, others solely
by GABAb receptors, w hile som e are mediated by both.
Funded by the M RC, W ellcom e Trust and N ovartis Pharma (Basel).

379.9
GABA a RECEPTOR-MEDIATED Ca2+ TRANSIENTS IN DEVELOPING
NEURONS ARE DEPRESSED BY GABAB RECEPTOR ACTIVATION.
K.Obrietan* and A.N. van den Pol Department of Biological Sciences Stanford
University, Stanford, CA 94305. Department of Neurosurgery Yale University, New
Haven, CT 06520.
•
In the mature nervous system, both the GABAa and GABAb receptor subtypes
decrease neural excitability, whereas in many developmentally-immature neurons, the
GABAa receptor increases neural excitability and raises cytosolic Ca2+ levels. Fura2 Ca2+ digital imaging was used to test the hypothesis that GABAa receptormediated Ca2+ rises in developing neurons are inhibited by GABAg receptor
activation. In young embryonic day 15-18 hypothalamic neurons cultured for 3-7
days, cytosolic Ca2+ rises triggered by GABAa receptor activation were dramatically
depressed in a dose-dependent manner (100 nM-100 (iM), by application of the
GABAg receptor agonist baclofen. 10 (lM baclofen depressed the GABAa receptormediated Ca2+ rise by >80% in 85% of assayed neurons, n=59. GABAb receptor
activation depressed Ca2+ rises triggered either by synaptic release of GABA or by
bath application of the GABAa receptor agonist muscimol in the presence of
tetrodotoxin. Our data suggest that GABAg receptor activation reduced GABA
excitation both by decreasing presynaptic GABA release and by decreasing the
postsynaptic Ca2+ rise triggered by GABAa receptor activation. The GABAg
receptor antagonist 2-hydroxy-saclofen (200 |iM) reduced the inhibitory action of
baclofen (1 |lM). The GABAg antagonist alone elicited a reproducible Ca^+ rise in
27% of all synaptically active neurons, suggesting that synaptic GABA release exerts
an ongoing inhibitory tone on GABAa receptor-mediated Ca2+ rises via GABAg
receptor activation. These data suggest that GABAg receptors play a role in
modulating Ca2+ rises elicited by GABAa receptor activation.
Supported by NIH NS34887, NS10174, NSF, and AFOSR.
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379.8
Evidence that a progesterone effect upon neocortical GA BA b recep
tors depends upon protein kinase A. M.I. Al-Dahan*. M.H.Jalilian
Tehrani. and R. H. Thalmann, Baylor Coll. o f Med., Houston,TX
77030.
Progesterone in viv o (Brain Res, 1996, 727, 40-48)or in vitro (see
below ), without the necessity o f estrogen priming, is associated with
increased G A B A g receptor density in neocortex. Neocortical slices
from ovariectom ized rats were exposed to progesterone for 4 hours in
a physiological, oxygenated buffer. Incubation o f these slices with
progesterone (~ l/2 m a x 30nM ) increased binding o f the G A BA b ago
nist baclofen as much as 2 fold. The multikinase antagonist staurosporine (5nM -500nM ) prevented the effect o f progesterone without itself
affecting baclofen binding. The selective protein kinase A antagonist
H -89 (10|j.m) similarly blocked the effect o f progesterone. However,
the protein kinase antagonist KT 5720, at a concentration that should
be selective for protein kinase A (50nM ), slightly augmented binding
to G A BA b receptors in the absence o f progesterone, but did not appear
to interact with the affect o f progesterone. Progesterone also increased
cyclic AMP, when forskolin was also present (Thalmann, et al, this
m eeting). Notwithstanding the in conclusive effects o f KT 5720,
present data suggest that the cyclic AM P-protein kinase A system may
be com ponents o f a signalling pathway from progesterone to GABAb
receptors. Supported by NIH grant N S 2 1 7 1 3 .

379.10
GABAb RECEPTOR mRNA EXPRESSION IN SPINAL CORD AND
DORSAL ROOT GANGLIA OF NEUROPATHIC RATS. S.Towers1.
P.Meoni1, A. Billinton1. K.Kaupmann2. B.Bettler2. L.Urban3 N.G.Bowerv1&
A.E.Spruce1*. ’Dept, of Pharmacology, Medical School, University of
Birmingham, B15 2TT, UK. 2Novartis Pharma Inc, CH-4002, Basel,
Switzerland & 3London, WC1E 6BN, UK.
GABAb receptor activation on pain fibre primary afferent terminals within
the spinal cord reduces the release of nociceptive neurotransmitters and this
may be the basis for the analgesic action of baclofen in acute pain models.
However, in chronic pain GABAb receptor agonists have only limited
antinociceptive activity and one reason for this may be plasticity in the
GABAb receptor system. To examine this we have initially chosen a
neuropathic pain model to determine the level of GABAb receptor mRNA
expression in spinal cord (SC) and dorsal root ganglia (DRG). Lumbar SC
and DRG (left and right) were obtained from rats 17 days after complete
section (mid thigh level) of the left sciatic nerve and frozen in liquid
nitrogen. In situ hybridization was performed using a standard protocol
with 35S-labelled antisense oligonucleotides on paraformaldehyde - fixed
sections (10|j.m). GABAb mRNA expression was significantly (p<0.05)
decreased by 76% in ipsilateral but not contralateral DRG of axotomised
animals compared to controls (0.17 ± 0.14 atmol/mm2 ipsilateral, 0.52 ±
0.12 contralateral, 0.72 ± 0.19 control; n=3 in all cases). No significant
change in GABAB mRNA was observed in SC of axotomised rats compared
to controls. These preliminary data suggest that whilst the density of
GABAb receptors on neurones within the SC would not be expected to
differ from controls, the receptor density on primary afferent terminals
ipsilateral (but not contralateral) to the axotomy would be reduced.

379.11

379.12

BACLOFEN REDUCES GABA a RECEPTOR CURRENT IN DISSOCIATED
NEURONS OF BULLFROG DORSAL ROOT GANGLIA. T. Akasu*, Z.-X. Xi,
K. Yamada and M. Tsurusaki. Dept. Physiol., Kurume Univ. Sch. Med., Kurume
830, Japan.
The effect o f baclofen on the function of y-aminobutyric acidA (GABAa)
receptor was examined in acutely dissociated bullfrog DRG neurons by using a
whole-cell voltage-clamp method. Baclofen (0.1-100 |.iM) depressed the inward
currents produced by GABA (100 p.M) and muscimol (100 fiM). Baclofen shifted
the concentration-response curve for GABA (1 }iM-l mM) to the downward
direction. Lineweaver-Burk plot showed that baclofen decreased the maximum
response (V™x) to GABA without changing the apparent dissociation constant (A'd),
suggesting a non-competitive antagonism. GABAb receptor antagonists blocked
the effect o f baclofen on the GABA current in a competitive manner. The rank
order of antagonist potency was CGP 55845A » CGP 35348 > saclofen »
phaclofen. Baclofen produced an irreversible depression o f the GABA current in
neurons dialyzed with an internal solution containing GTPyS (100 |iM).
Intracellular application GDPPS (100 |uM) blocked the inhibitory effect of baclofen
on the GABA current. Forskolin (10 jxM) and dibutyryl-cyclic AMP (200 fiM)
depressed the GABA current. Inhibitors for protein kinase A (PKA), such as H-9
(40 |xM) and HA- 1004 (50 |nM), reduced the baclofen-induced depression o f the
GABA current. The inhibitory effect of baclofen on the GABA current was blocked
by PKI(5-24), a specific PKA inhibitor, but not by PKC( 19-36), a specific protein
kinase C inhibitor. We suggest that activation o f GABAb receptors downregulates
the GABAa receptor function through a G-protein linked to adenylyl cyclase-PKA
pathway in bullfrog DRG neurons.

DIFFERENT SUBTYPES OF GABA b RECEPTORS ARE PRESENT AT
PRE- VERSUS POSTSYNAPTIC SITES OF RAT DORSOLATERAL
SEPTAL NUCLEUS (DLSN) SYNAPSES. K. Yamada and J.P. Gallagher*.
Dept, of Pharmacology & Toxicol., Univ.of Texas Med. Br., Galveston, TX 77555.
Chronic cocaine administration (15mg/kg, I.P., 2xdaily forl4 days) induces
behavioral sensitization and also alters pre- but not postsynaptic GABAb receptor
efficacy (Shoji et al., 1997) when studied in vitro. These persistent effects of
cocaine result in enhanced excitatory and inhibitory transmission. Heteropresynaptic vs. postsynaptic GABAb receptors at DLSN synapses were
distinguished by monitoring glutamate mediated excitatory postsynaptic potentials
(EPSPs), isolated pharmacologically, in the absence of any postsynaptic inhibitory
potentials. Sharp recording electrodes filled with 2M CsCl2 were combined with
superfusion of the GABAb antagonist CGP35348 (100 |iM) to minimize a direct
action mediated by postsynaptic GABAb receptor activation while allowing an
assessment of a hetero-presynaptic GABAb receptor on glutamate neurons.
Three different GABA b agonists: ±-baclofen; CGP44533; and SKF97541
(lOOnM-lOp-M) depressed EPSPs while inducing variable degrees of postsynaptic
membrane hyperpolarization. The hyperpolarization induced by all three agonists
was reduced while selectively unmasking a presynaptic action of these drugs to
depress glutamate release.
Under these conditions, neither baclofen nor
SKF97541 could provide as selective a presynaptic action at GABA B hetero
receptors on glutamate terminals as did CGP44533. These data support the
concept of multiple GABA B receptors and suggest a drug able to discriminate
among GABA b receptor subtypes. Selective presynaptic GABA B agonists could
be useful in the treatment of chronic cocaine abuse. (Supported by DA-07190)
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GAMMAHYDROXYBUTYRATE (GHB) INCREASES HIPPOCAMPAL
PAIRED-PULSE FACILITATION. Michael A. King, Jeffrey S.
Thinschmidt, Don W. Walker? VA Medical Center and Department of
Neuroscience, University of Florida College of Medicine, Gainesville
FL 32610-0244.
Transverse hippocampal slices were prepared from adult male
Long-Evans rats and perfused with artificial cerebrospinal fluid in a
submersion chamber. Micropipettes filled with 4M NaCI (ca. 1-5 Mi3)
were placed in CA1 stratum pyramidale to record extracellular field
potentials generated in response to electrical activation of stratum
radiatum afferents through concentric bipolar electrodes. The slopes
of the rising phase of these responses were measured for pairs of
stimuli delivered 50 msec apart at multiple current intensities
between response threshold and population spike threshold. The
slope of the second response was facilitated to 178+5% of the slope
of first (p<0.006). As described previously proportionately less
facilitation occurred as the slope of the first response increased.
After 15 min. exposure to 10 mM GHB, the first synaptic responses
were reduced, replicating our previous results. At the same time,
paired-pulse facilitation (PPF) was increased to 225+7% (p<0.05),
even when normalized for the reduced size of the first response.
This increased PPF occurred in 4/4 slices at every test intensity, but
was most pronounced at the lowest intensities. The GABA-B
antagonist 2-hydroxy saclofen inhibited the increased PPF, and the
agonist baclofen mimicked it, indicating that GHB acts at least in part
via GABA-B receptors. Sucrose isosmotic to GHB had no effects,
and although 40mM sucrose depressed the evoked responses it had
no effect on PPF.
Supported by the VA Research Service and NIAAA Grant AA00200.
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FURTHER EVIDENCE THAT y-HYDROXYBUTYRATE (GHBA)-INDUCED
ALTERA TION S OF THE FIRING PATTERN OF NIG RAL DOPAMINE
NEURONS ARE INDUCED BY ACTIVATION OF GABAB-RECEPTORS. R
N issbrandt*, S. Erhardt. B. A ndersson and G Engberg. Departm ent of
Pharmacology and Physiology, Karolinska institute, S 171 77 Stockholm and
Department of Pharmacology, Goteborg University, S-413 90 Goteborg, Sweden.
Previous studies have shown that administration of y-hydroxybutyric acid
(GHBA) or the GABAg receptor agonist, baclofen, is associated with a decrease in
firing rate, a régularisation of firing rhythm and a decrease of burst activity of
dopamine (DA) containing midbrain neurons.
In the present study the ability of the new selective GABA b receptor antagonist,
SCH 50911, and the putative antagonist of the GHBA receptor, NCS-382, to
antagonise the effects of baclofen or GHBA on the neuronal activity of DA neurons
were investigated in anaesthetised Sprague-Dawley rats. SCH 50911 (75 mg/kg,
i.v.) was found to antagonise the decrease in firing rate, the régularisation of firing
rhythm and the decrease of burst activity, induced by both baclofen (1-32 mg/kg,
i.v.) or by GHBA (12.5-1600 mg/kg, i.v.). NCS-382 (100 mg/kg, i.v.) had no
effect on the baclofen-induced changes in neuronal activity of DA neurons. Neither
was the drug able to influence the GHBA-induced alterations in firing rate or burst
activity, although NCS-382, to some extent antagonised the régularisation of the
firing rhythm observed following low doses of GHBH ( 100 mg/kg).
The results of the present study give further support for that the GHBA-induced
electrophysiological effect are mediated by stimulation of GABAg receptors.
Supported by Swedish M edical Research Council and Ahlén, Lundbeck and
Osterman Foundations.
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GTPy[35S] AUTORADIOGRAPHY REVEALS THAT y-HYDROXYBUTYRATE ACTS NEITHER AS AN AGONIST NOR AN ANTAGONIST AT THE
RAT BRAIN GABA„ RECEPTORS. J.T . Laitinen and J. Koistinaho*. Depart
ment of Physiology and A.I. Virtanen Institute, University of Kuopio, Finland.
It is widely assumed that y-hydroxybutyrate (GHB) acts as an agonist or pro
drug of y-aminobutyric acid (GABA). In particular, GABAb receptors have been
implicated as possible mediators of central actions of GHB. GABAb receptors
are widely distributed within the CNS and modulate synaptic transmission
apparently through presynaptic inhibition. The GABA„ receptors couple to Gi/0,
the inhibitory class of G proteins. Expression cloning uncovered two pharm a
cologically identical GABab receptors in rat brain. The present study utilized
GTPy[35S] autoradiography in order to reveal regional activation of Gi/0 in tissue
sections of rat brain in response to GHB, GAB A and baclofen, a prototypic
GABAb receptor agonist. Initial studies using adenosine deaminase and 8-cyclopentyl-l,3-dimethyl-xanthine (DPCPX), a selective adenosine A1 receptor antago
nist, revealed that endogenous adenosine via A1 receptors significantly contribut
ed to GTPy[3SS] binding in "basal" sections, especially in several GABAb (and
Al) receptor-enriched areas, including the cerebellum, cortex, hippocampus,
thalamus and striatum. To block the adenosine signal, all incubations therefore
contained 10 /¿M DPCPX. Consistent with GABAb receptor distribution, both
GABA and baclofen elicited dose-dependent and region-specific increments in
GTPy[35S] binding, most notably to cerebellar, striatal, cortical, hippocampal
and thalamic structures. In sharp contrast, GHB (0.02-2 mM) failed to elicit any
binding response of its own, thus questioning the postulated existence of Gi/0coupled receptors for GHB in rat brain. Further, GHB proved totally ineffective
in modulating GTPy[3SS] binding responses to the GABAergic agonists. We
therefore conclude that GHB acts neither as an agonist nor an antagonist at the
central GABAb receptors. This study received no external funding.

CHARACTERIZATION
OF
PRESYNAPTIC
AND
POSTSYNAPTIC
GABA-B
RECEPTORS
IN
ADULT
HUMAN
NEOCORTICAL NEURONS RECORDED IN VITRO. K.D. Phelan*.
H.R. Mahler, and F. A. B oop 1. Depts. o f A natom y and Neurosurgeryf,
U niversity o f Arkansas for M edical Sciences, Little Rock, AR 72205.
Although a number of studies have characterized presynaptic GABAb
receptors using cortical synaptosomes prepared from surgical samples o f
human neocortex, there has not yet been any studies o f these receptors in
intact brain slice preparations. In the present study, intracellular
recordings were obtained from adult human neocortical neurons in slices
prepared from surgical samples o f temporal lobectomies. Intracortical
stimuli invariably evoked synaptic responses consisting of EPSP-IPSP
sequences. Superfusion o f the GABAb agonists baclofen or SKF 97541
produced a dose-dependent membrane hyperpolarization and decreased
resistance which was accompanied by a variable decrease in the
amplitude o f the evoked responses. IPSPs were more effectively reduced
than EPSPs by similar concentrations o f drugs. No desensitization o f
presynaptic or postsynaptic effects were observed during prolonged drug
application. These effects were completely antagonized by CGP 55845A,
but were only partly blocked by phaclofen or CGP 35348. Pretreatment
with the alkylating agent, N-ethylmaleimide (NEM, 100 |iM) blocked the
synaptic GABAb IPSP and significantly reduced the baclofen induced
membrane hyperpolarization. However, it failed to completely block the
presynaptic GABAb receptor-mediated inhibition o f evoked responses
indicating that pre- and postsynaptic GABAb receptors are likely to be
coupled to different G-proteins. These results support the conclusion that
presynaptic and postsynaptic GABAb receptors in human temporal
neocortex are physiologically and pharmacologically distinct.
(Supported by NIH grant NS33959).
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LATE MATURATION OF AGONIST- AND SYNAPTICALLY-EVOKED
GABA b CURRENTS IN CA1 PYRAMIDAL CELLS OF RAT HIPPOCAMPUS.
S. Nurse* and J.-C. Lacaille. Département de physiologie and Centre de recherche en
sciences neurologiques, Université de Montréal, Montréal, QC, H3C 3J7.
The development of postsynaptic GABAb responses occurs more slowly than the
maturation of other GABAergic receptor systems, such as postsynaptic GABAa and
presynaptic GABAb. The aim of the study was to examine the developmental time
course of postsynaptic GABAb currents in CA1 pyramidal cells. We recorded
synaptically- activated and baclofen-evoked currents in animals of 3 age groups (12
14,22-24 and 35-45 days postnatal). CA1 pyramidal cells were visually identified in
hippocampal slices and whole-cell voltage clamp recordings made with patch
electrodes containing (in mM): 140 K-gluconate, 5 NaCI, 2 MgCl2, 10 HEPES, 0.5
EGTA, 2 ATP, 0.4 GTP and 0.1 % biocytin. Postsynaptic GABAb currents were
activated by either electrical stimulation in the presence of NMDA, non-NMDA and
GABAa antagonists (IPSCB) or by bath application of (+/-)baclofen (20 |_iM). IPSCBs
were enhanced by using trains of stimuli (10 pulses at 300 Hz). GABAb currents were
elicited reliably using both protocols in the older groups (22-24 and 35-45 days
postnatal). However, GABAb currents were immature at 12-14 days postnatal. IPSCBs
were either absent or barely discernible (mean peak amplitude at -50 mV was 1.6 pA
at 12-14 days vs 24.3 pA at 22-24 days and 27.7 pA at 35-45 days). Other properties
of IPSCBs were similar in all age groups; Erev was near EK(-84 mV) and responses
were antagonized by 500 nM CGP55845A. Baclofen evoked currents (IBAC) developed
similarly. Mean conductance of IBACa t-95 mV was smaller at 12-14 days (0.5 nS)
than at 22-24 days (3.6 nS) and 35-45 days (6.9 nS). These results indicate that both
agonist- and synaptically-evoked GABAb currents appear in the 3rd postnatal week
suggesting that postsynaptic GABAb mechanisms mature during this period. The late
development of GABAb IPSCs may thus be due to a late appearance of functional
GABAb receptors.
(Supported by MRC, FRSQ, FCAR and HSFC)

DEVELOPMENTAL CHANGES OF GABAb INDUCED MODULATION
OF VOLTAGE DEPENDENT CALCIUM CURRENTS IN RESPIRATORY
NETWORK OF MOUSE. W. Zhang*1, F. P. Elsen2, J. M. Ramirez" and D. W.
Richter1. 1Center of Physiology, University of Göttingen, Germany; Department
ofOrganismal Biology and Anatomy, University of Chicago, USA
Transverse medullary slice preparation of mouse containing the pre-Bôtzinger
complex (pBc) generates spontaneous respiratory rhythmic activity at different
postnatal stages (P1-P20). During this time maturational changes occur in the
respiratory motor pattern, synaptic transmission and the underlying network
organization. GABA is the main inhibitory transmitter in the CNS. It has been
shown that the GABAb receptor agonist baclofen modulates calcium currents
through a G-protein dependent pathway in various preparations. There were
indications that GABAb receptors are present in brainstem of mouse. In the present
study we investigated developmental changes of modulation of voltage-dependent
calcium currents by GABAb receptor agonist baclofen using the transverse slice as
an in vitro model. Whole cell patch clamp recordings were obtained from neurones
within the pBc which showed synchroneous burst activity with hypoglossal (XII)
rootlets. In the present of TTX, the high (HVA) and low voltage activated (LVA)
calcium currents were separated using different voltage step protocols. Baclofen (10
30 fiM) reduced voltage-dependent calcium currents at different postnatal stages (PlP20). The effect of baclofen on the HVA was partially blocked by Nifedipine and toCgTX. There was also evidence that baclofen showed different effects on various
components of the HVA calcium current at different postnatal stages (P1-P20). Our
results indicate that GABAb induced modulation of voltage -dependent calcium
currents is already present at early postnatal stage. The functional significance will
be discuissed.
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GABAa RECEPTORS EX PRESSED IN H U M A N T E R A T O C A R C INOMA NT2 STEM CELLS D IF F E R F R O M T H O SE EX PRESSED BY
DIFFERENTIATED N EU RON A L NT2-N CEL LS. Torben R. Neelands**.
Jie Zhang#, John Greenfield*. R. Scott Tum er+& and Robert L. M acdonald+®.
Graduate Program in the Neurosciences#, and the Departments of Neurology*
and Physiology®, University o f Michigan Health Sciences Center and
Department of Veteran Affairs Medical Center&, Ann Arbor, MI. 48104
Treatment of human NT2 teratocarcinoma cell line twice weekly for four
weeks with 1 |iM retinoic acid causes them to differentiate into neuron-like
NT2-N cells. In pilot studies we noted that GABA-evoked whole cell
currents were significantly larger in the neuronal cells than the stem cells. To
determine whether this difference was due to changes in increased surface
area, channel density or GABAa receptor subunit composition we
investigated whether the GABAa receptors expressed in the NT2 stem cells
differed from those expressed in the neuron-like NT2-N cells using whole cell
voltage-clamp electrophysiological techniques and reverse transcription
polymerase chain reaction (RT-PCR). Both cell types were replated onto 35
mm dishes 1-7 days for electrophysiological recording and were assayed for
GABA, loreclezole, zinc, furosemide, and benzodiazepine-site sensitivity.
Total RNA was harvested from 10 cm dishes o f NT2 cells or 10 cm plates
treated for 4 weeks with retinoic acid. RT-PCR performed using this RNA
showed a developmental shift in subunit subtype expression from the stem
cells to the neurons which include the addition o f a 2 and a3 subunit
subtypes. [Supported by R01-NS33300 to R L M and the Dept, o f Veterans
Affairs].

380.2
CHARACTERIZATION OF GABAa RECEPTORS IN DIFFERENTIATED
P I 9 CELLS A.C. Grobin1*, L.L. Devaud1. J.R. Inglefield2. R.D. SchwartzBloom2 and A.L. Morrow1 Bowles Center for Alcohol Studies, UNC, Chapel
Hill, NC and Dept, o f Pharm., Duke Univ. Med. Ctr., Durham, NC.
The P19 cell line is derived from a murine tetracarcinoma and can be
manipulated and maintained in vitro as most transformed cells lines. However,
treatment with retinoic acid will induce these cells to differentiate into neuron
like and glia-like cells express GABAa receptors. The presence o f GABAa
receptor a j , a 2, 013, Pi, P2> P3, Y2, and 73 subunit mRNAs was determined in
differentiated and undifferentiated cells by RT-PCR analysis. Using subunit
specific antibodies we observed the appropriate size band for oq, a 4 and P2/3
subunits by Western blot analysis. Functional analysis o f GABAa receptors in
these cells was performed by fluorescence imaging o f chloride influx using
the permeant form o f the Cl~ sensitive dye, MEQ. Cells were preloaded with
MEQ and th e jo s s o f fluorescence monitored as Cl" moves into the cell.
Preliminary data show a concentration-dependent muscimol-induced (10-50
fiM) Cl- flux that was blocked by bicuculline (10 |uM). Chronic exposure o f
differentiated P19 cells to ethanol resulted in distinct morphological changes,
yet all previously observed GABAa receptor subunit mRNAs were detected
in the ethanol exposed cells. In preliminary functional studies, ethanol
exposed cells exhibited decreased basal fluorescence and a blunted response
to muscimol. These results suggest that differentiated P I 9 cells have
characteristics o f neuronal GABAa receptors and will be a useful system for
investigation o f the molecular mechanisms that regulate GABAa receptor
function. Supported by grants A09013, ES07126 and the N.C. Gov. Inst.

380.3

380.4

ION CHANNELS AND GABA a RECEPTOR EXPRESSION IN P 1 9
CELLS. J. Wana. M. Callahan. P. Yeh & H. H. Yeh*. Dept. Pharmacology &

GABAergic FUNCTION IN DIFFERENTIATED P19 NEURONS

Program in Neuroscience., UConn Health Center, Farmington, CT 06030.
P19 cells can be induced to differentiate into a neuronal phenotype upon
exposure to retinoic acid. The purpose of this study is to correlate the
emergence of functional ion channels and GABA a receptors (GABAaR) with
mRNA expression in P19 cells in the course of differentiation.
Whole-cell patch clamp recording and single cell RT-PCR techniques were
combined to examine cultured P19 cells before and after retinoic acid (5X10'7
M)-induced differentiation. Voltage-dependent sodium currents were
detected only in the differentiated state and potassium-mediated outward
currents were present at all times. RT-PCR-based mRNA profiling indicated
expression of the sodium channel mRNA only after differentiation, while the
potassium channel message was evident in both undifferentiated and
differentiated P19 cells. In all but one case , undifferentiated P19 cells were
unresponsive to GABA (100 |a,M). This was in sharp contrast to differentiated
P19 cells which displayed robust bicuculline-sensitive GABA responses. Two
types of GABA-responsive cells could be discerned based on the presence
or absence of sensitivity to potentiation by diazepam. A few GABAaR subunit
mRNAs, notably that of y2S, could be detected even in individual
undifferentiated P19 cells. Upon differentiation, P19 cells expressed mRNAs
encoding multiple GABAaR subunits and this was then correlated with the
presence of functional GABAaRs . Our observations thus far suggest that the
functional emergence of ion channels and transmitter receptors during
neuronal differentiation is subject to differential regulation by both
transcriptional and translational factors.
Supported by PHS grants NS24830 and AA0986.

380.5
GABA-A RECEPTOR GENE SEQUENCE FROM THE CENTRAL
NERVOUS SYSTEM OF THE CUTTLEFISH, SEPIA OFFICINALIS.
R.R Kirby1. S. Farley1,2 and R. Williamson1,2*. Plymouth Marine
Laboratory1, Citadel Hill, Plymouth, England, and Dept. Biol.2, Univ.
Plymouth, Plymouth, England.
There has been conflicting evidence about the presence of y-amino butyric
acid (GABA) in the cephalopod CNS, with perhaps the strongest evidence
coming from an immunohistochemical study showing weak, but widespread
GABA-like staining in the neuropil and cell layers o f many o f the brain lobes
of the Northern octopus, Eledone (Cornwell et al., Brain Res. 1993,
621:353-357). As part o f a programme to map neural pathways in the
cephalopod CNS we set out to identify cells that express GABA receptors
and could therefore be targets for the neurons showing GABA-like staining.
We designed degenerate oligonucleotide primers from previously sequenced
invertebrate and vertebrate GABA-A receptor beta subunits. A 600bp
fragment of the cuttlefish GABA-A beta subunit was obtained by PCR.
Primers designed from this cDNA fragment were used to obtain the full
length cuttlefish DNA sequence by 5' and 3' RACE (rapid amplification of
cDNA ends) methods. The entire coding portion o f the gene was cloned into
an expression vector using primers designed from the RACE products. The
coding portion of the gene obtained is 1461 base pairs, representing a 56,604
kDa protein. The amino acid sequence shows 67% homology to the GABAA subunit previously isolated from Lymnaea stagnalis (Mollusca)
[S P 1P267141].
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L.C. Mahan. P-X Lin, and K. Kusano* Laboratory of Neurochemistry, National
Institutes of Health, NINDS, Bethesda, MD 20892.
We have examined functional responses to GABA and the expression of
subunit mRNAs of the GABAa receptor in differentiating cultures of P19 cells.
Electrophysiological analyses in post-mitotic neurons, between 3-42 days after
retinoic acid differentiation, showed more than a doubling in the negative shift of
GABA-mediated l-V responses. Gramicidin-patch clamp analyses revealed that,
as neurons matured in culture, EGABA (calculated from EGABA = (RT/ZF)ln(a[CI‘
]in/a[CI']9Ut) fell from approximately -20 mV to -50 mV, suggesting a calculated
drop in intracellular Cl" activity from approximately 70 to 20 mM. These changes
were concurrent with a steady decrease in depolarizing membrane conductances
elicited by GABA and muscimol and the onset of the formation of inhibitory
synapses.
Depolarizing responses to GABA resulted in an increase in
intracellular Cai+ that was attenuated by lowering extracellular Ca2+, or by the
addition of bicuculline and picrotoxin. Initially these responses were selectively
blocked by co-conotoxin indicating a preference for the opening of N-type voltageactivated calcium channels. RT-PCR analysis (3-30 days) confirmed an earlier
and more robust expression of mRNA for N-type vs. L-type channels. In addition,
RT-PCR analysis of subunit mRNAs of the GABAa receptor revealed an initial
increase in a3, a 5, p2, p3, y, and y2 subunit mRNAs followed by subsequent
increases in a,, a2, a4, j^, and y3 mRNAs. Significant expression of a6 and 5
subunit mRNAs was not observed at any time in culture. This pattern of
expression is generally similar to that observed in embryonic neurons of the
developing telencephalon in mammalian CNS. Thus P19 cells provide a useful in
vitro model for the study of early, embryonic-like as well as mature neuronal
GABAergic resonses.

380.6
THE STEREOSELECTIVE EFFECTS OF ETOMIDATE ON GABA a
RECEPTORS AND TADPOLES S. L. Tomlin. A. Tenkins, W, R. Lieb & N, P.
Franks*. Biophysics Section, The Blackett Laboratory, Imperial College of
Science, Technology and Medicine, South Kensington, London SW7 2BZ U.K.
R(+) etomidate (hypnomidate) is a drug which is administered
intravenously for the induction of general anesthesia.
We have
investigated the effects of R(+) etomidate and its optical isomer S(-)
etomidate on GABAa receptors (bovine (X1 P1Y2 L stably transfected into
mouse fibroblast L-cells) and tadpoles (Rana temporaria). While both the
R(+) and S(-) isomers potentiated whole-cell GABA-induced currents at low
GABA concentrations, the R(+) isomer was between 5 and 10 times more
effective, depending upon the anesthetic concentration. The degree of stereo
selectivity (ratio of potentiations) increased monotonically from 5.6 ± 0.5 at
1 jiM etomidate to 9.8 ± 0.7 at 10 jxM etomidate at a GABA concentration of
1 |iM. The control GABA concentration-response curve (EC50 = 17.8 ± 1.6 JiM;
n n = 1.5 ± 0.2) was' shifted to the left with increasing concentrations of
etomidate (EC50 = 10.1 ± 0.4 p.M; n n = 1-7 ± 0.1 at 3 jiM R(+)-etomidate).
R(+) etomidate on its own, at the highest concentration used (300 fiM),
induced a current of only about 0.5% of the maximum GABA-induced current.
The stereoselectivity observed with the GABAa receptors was also found
with tadpoles. Using the loss of righting reflex as an end-point, the R(+)
isomer gave an EC50 = 3.4 ± 0.1 |i.M, n n = 1-9 ± 0.1 while the S(-) isomer
exhibited virtually no anesthetic activity at concentrations up to 30 jiM.
Supported by grants from the Medical Research Council (U.K.).
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380.7
GABAa RECEPTORS IN CULTURED MYENTERIC NEURONS OF GUINEA-PIG
SMALL INTESTINE. X. Zhou* and J. J. Galligan, Department of Pharmacology and
Toxicology, Michigan State University, E. Lansing, MI 48824
GABA is contained in some myenteric neurons of guinea pig small intestine. The present
study investigated the pharmacological and electrophysiological properties of responses
caused by GABA using the whole-cell patch clamp technique. In >80% of neurons, GABA
caused an inward current with a rise time of <100 ms. GABA currents desensitized with a
double exponential time course (xl=0.8 ±0.1 s; x2=10.8 ± 4.4 s, n=3). Acetylcholine also
caused fast inward currents in neurons responding to GABA. The amplitude of GABAinduced currents was linearly related to membrane potential and reversed at 0 mV (n=5).
Muscimol, a GABAareceptor agonist, was equipotent with GABA; EC50values for GABA
and muscimol were 17.5 (n=6) and 16.2 (aM (n=5), respectively. GABA- and muscimolinduced currents were associated with a conductance increase. The GABAb receptor
agonist, baclofen, at concentrations up to 300 fiM had no effect in any cell tested (n=9).
The GABAa receptor antagonist bicuculline (10 (iM) reversibly blocked GABA-evoked
responses (n=7). Pentobarbital (30 |iM) potentiated GABA-induced currents (23.9 ± 2.5%,
n=13, P<0.05) without causing a measurable membrane response itself. Diazepam (1 nM)
did not facilitate GABA responses or cause an inward current itself (n=l 5). Diazepam in
the concentration range of 0.1 -100 nM also was without effect (n=5). Immunohistochemical
studies showed that 4/7 neurons responding to GABA also expressed calbindin 28K
immunoreactivity, a marker for enteric sensory neurons. These data indicate that most
myenteric neurons in primary culture express GABAa receptors that are allosterically
modulated by pentobarbital but not diazepam. These pharmacological properties differ from
GABAa receptors expressed by myenteric neurons in the intact plexus. (Supported by
NS01738 and NS33289)

G A B A A R EC E P T O R S: ALCOHOL
381.1
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HIGH
BEHAVIORAL
SENSITIVITY
TO
NEUROSTEROIDS
ASSOCIATED WITH LOW ENDOGENOUS CONCENTRATIONS IN
AN ALCOHOL-SENSITIVE RAT LINE. M. Uusi-Oukari.1 E. Romeo.2 C
Fumari.2 M. Reale.2 A. Guidotti.3 M. Sarvihariu.4 P. Rosenberg5. I.
Holopainen.*’6 R. Makela.4,7 and E.R. Korpi1,4. ’Dept, o f Pharmacol., Univ.
o f Turku, Finland, 2Tor Vergata Univ., Rome, Italy, 3Psychiatric Inst., Univ.
o f Illinois at Chicago, USA, 4Natl. Public Health Inst., Helsinki, 5Dept. o f
Anesthesiol., Univ. o f Helsinki, 6Ped. Neurol., Univ. Hosp. o f Turku,
7Tampere Univ. Sch. o f Med., Tampere, Finland.
Motor-impairing effect o f a sedative neurosteroid agonist, pregnanolone,
and the response o f endogenous neurosteroid concentrations to a moderate
dose o f ethanol were studied in two rat lines selected for differential
sensitivities to ethanol-induced motor impairment. Pregnanolone impaired
motor performance significantly more in the alcohol-sensitive ANT rats than
in the alcohol-insensitive AT rats. The concentrations o f endogenous
neurosteroids were significantly lower in various brain regions o f the ANT
than AT rats, and acute ethanol administration increased them less in the
ANT rats. There were no clear differences in the effect o f allopregnanolone
on GABA a receptor-associated [35S]t-butylbicyclophosphorothionate binding
in brain sections between the rat lines. The results indicate that the
mechanisms responsible for behavioral differences between the rat lines to
ethanol and sedative drugs are not directly explained by the levels o f
endogenous neurosteroids. (Supported in part by the Academy o f Finland)

G A B A a R ECE PT O R S U B U N IT IN T E R C H A N G E IN H U M A N
A L C O H O L ISM . P. R. D odd*. A .L . Eckert. P. F. F olev and J. M.
L e w o h l. C lin ica l R esea rch L a b o ra to ry, R o y a l B risb a n e H o sp ita l
R esearch Foundation, Q 4029, AUSTRALIA.
Human chronic alcoholism is associated with regional neuronal losses
accompanied by altered G A B A a receptor pharmacology. Permutations o f
G A B A a subunits form receptor com plexes with different pharmacological
properties. Hence, variations in subunit expression may account for these
G A B A a site variations. Sam ples o f superior frontal and primary motor
cortex were obtained at autopsy from 10 controls (average consumption
<20 g/day ethanol), 9 uncomplicated alcoholics and 7 cirrhotic-alcoholics
(>80 g ethanol/day) matched for age and post-mortem delay. W hile tissue
amino acid concentrations show ed marked regional variations, especially
in basal ganglia, cortical G A B A did not vary with alcoholism . The
expression o f a j _3 isoform m R NA s was analysed in total extracted RNA
by com petitive RT/PCR using primers designed to amplify their common
conserved region, w hile other isoform m R N A s w ere measured by SI
nuclease protection assay. Western blots with isoform -specific antibodies
were used to assess subunit protein levels in synaptic plasm a membrane
preparations. W hile the expression o f m ost m R N A species varied little
betw een cases, a i , (X3 and P 3 transcripts w ere more strongly expressed
in both a lcoholic groups than in controls. In contrast, a i protein
expression was invariant across cases, (X3 protein expression follow ed the
corresponding m R N A in frontal but not motor cortex, and less protein
was detected by P2/3 antibody throughout the brains o f alcoholics than in
controls. D ifferences in expression o f these various GABAa"antecedents
may suggest divergent mobilisation o f subunit reserves in alcoholics.
Sup p o rted b y NHM RC.

381.3

381.4

POSTNATAL ETHANOL EXPOSURE AND THE DEVELOPMENT
OF GABA a RECEPTORS IN CEREBELLAR PURKINJE NEURONS.
S.-H. Hsiao1*. J.R. West2. J.C. Mahoney2 & G.D. Frve1. Dept. Med.Pharmacol.
& Toxicol.1, Dept. Med. Anat.2, Texas A&M Univ. Coll. Med., College Station,
TX 77843-1114.
Recently we have shown that postnatal ethanol can inhibit the maturation o f
GABAa receptors in developing MS/DB neurons (Hsiao et al., Neurosci. Abst.,
1996). Thus these receptors may represent a target for ethanol as part o f the fetal
alcohol syndrome. The present study focused on ethanol’s impact on GABAa
receptors in a different brain area, the developing cerebellum, where Purkinje
neurons are known to be vulnerable to ethanol toxicity (Harme & West, Alcohol.
Clin. Exp. Res., 17:610, 1993). During postnatal day (PD) 4-9, rat pups were
artificially reared and exposed to ethanol (4.5 g/kg/day) or maltose-dextran
solution. GABA (0.3-300 pM) responses were concentration-dependent in
developing Purkinje neurons (PD 11-16). Maximum GABA response for neurons
in the ethanol exposed group (306.91 + 15.37 pA/pF, n=19) was not significantly
different from that o f neurons from artificially reared controls ( 313.69 + 34.04
pA/pF, n = ll;/»0.05). The EC^ values were also unchanged after ethanol (4.27
+ 0.46 jjM vs 4.08 + 0.39 jjM; p> 0.05). Meanwhile, there were no significant
differences between artificially vs normally reared controls, respectively
(maximum response: 313.69 ± 34.04 vs 288.18 + 35.52 pA /pF,/»0.05; EC*,:
4.27 + 0.46 vs 4.02 + 0.36 yM, /» 0 .0 5 ). These data suggest that GABAa
receptors in surviving Purkinje neurons are less sensitive to ethanol-mediated
insults than those in MS/DB neurons. Supported by A A 10067 (GDF) and
AA05523 (JRW).

GABAERGIC REGULATION OF THE SEDATIVE PROPERTIES OF
ALCOHOL IN THE STRIA TUM OF W ISTA R RATS. H.L. June*, G.
Cheatham, M. Fredericks, C.R. Cason, A. Chen, J. C ook, T. Gan, and
J.M. Murphy. Dept, o f Psychology, IUPUI, Indianapolis, IN 4 6 2 0 2 and
Dept, o f Chemistry, University o f W isconsin-M ilw aukee, 53211.
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The neuroanatom ical substrates m ediating the sedative properties o f
alcohol are not w ell understood. The purpose o f the present study was to
investigate whether G A B A -a benzodiazepine (B D Z ) receptors in the
striatum m ediate the sedative properties o f alcohol. The B D Z receptor
in v erse a g o n ist R Y -0 0 8 (5 0 -5 0 0 ng) and the se le c tiv e G A B A -a
antagonist, SR 95531 (5 0 ng) were unilaterally m icroinjected into the
striatum o f Wistar rats (N =10) to determine their capacity to block a low
(0.75 g/kg) or a moderate (1.25 g/kg) dose o f EtOH. A ctivity testing was
then conducted in the open field for 10 min. The results o f the study
show ed that the 0.75 and 1.25 g/kg d oses o f EtOH reduced activity by
46% and 78% o f control levels, respectively. R Y -008 dose-dependently
blocked the sedative effects o f the low dose o f alcohol. The EtOH-induced
sedation was attenuated by as much as 12% o f control levels with the 500
ng dose o f R Y -008. A sim ilar p rofile o f effects w as observed for the
G A B A -a antagonist SR 95531, but the m agnitude o f attenuation was
only about 25% o f control lev els. G iven alone, both R Y -008 and SR
95531 reduced activity in the open field by 15% o f control levels. Neither
R Y -008 nor SR 95531 altered the sedative effects o f the moderate EtOH
dose (1.2 g/kg). T hese results suggest that low doses o f alcohol mediate
their sedative properties, in part, via G A B A -a B D Z receptors in the
striatum, w hile higher doses are mediated through other CNS mechanisms.
(Supported in p a r t b y grants A A 10717 a n d A A 0 7 6 1 1 )
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GABAERGIC REGULATION OF THE REINFORCING PROPER
TIES OF ALCOHOL IN W ISTA R R ATS. C.R. Cason, H.L. June, M.
Fredericks, G. Cheatham, A. Chen, J. C ook, T. Gan, and J.M.
Murphy*. Dept, o f Psychology, IUPUI, Indianapolis, IN 4 6 2 0 2 and
Dept, of Chemistry, U niversity o f W isconsin-M ilw aukee, 53211.

PRE- A N D PO ST-SY NA PTIC ACTIONS OF ETHANOL ON
G A B A a RECEPTOR-M EDIATED SYN A PTIC TR AN SM ISSIO N
IN R AT HIPPOCAM PAL CA1 PY R AM ID A L N EU R O N S. J.L.
W einer*. K.R. Svoboda. C.R. Lupica and T.V. D unw iddie. U niversity
o f Colorado Health S ciences Center, Depts. o f Pharm acology &
N euroscience and V A M edical Center, Denver, CO 80262.
Num erous studies have suggested that ethanol acts, in part, by
enhancing synaptic transm ission at G A B A a receptor-gated synapses.
H ow ever, it is still not clear how ethanol acts to m odulate GAJBAa
receptor-gated synaptic responses. In this study, w e used the w hole
cell patch clamp technique to record from hippocam pal CA1
pyramidal neurons in slices prepared from 3-5 w eek old male
Sprague-Daw ley rats. W e compared the effects o f ethanol on evoked
and spontaneous G A B A a IPSCs w ith the actions o f flunitrazepam and
pentobarbital, two w ell characterized allosteric modulators o f G A B A a
receptor activity. A ll three o f these com pounds significantly
prolonged the decay o f evoked and spontaneous G A B A a IPSCs, an
effect that is consistent with a direct interaction with postsynaptic
G A B A a receptors. Flunitrazepam (1 p.M) and pentobarbital (80 (aM)
had no effect on the frequency o f spontaneous IPSCs. In contrast,
ethanol (80 m M ) significantly increased the frequency o f spontaneous
events. These preliminary results suggest that, unlike benzodiazepines
and barbiturates, ethanol m ay m odulate G A B A a receptor-gated
synaptic transmission via both pre- and post-synaptic mechanism s.
Supported b y N IH grants # A A 0 3527, A A 05425 A N D D A 07725.

The purpose o f the present study w as to determ ine whether G A B A -a
BDZ receptors in the nucleus accum bens (N A ) m ediate the reinforcing
properties o f alcohol. B D Z receptor ligand s w ith varying intrinsic
efficacies [RY-008, 0.5-1.5 jig ; ZK 93426, 0 .5 -3 .0 jig; TG, 2 0 0-500 ng]
were examined for the capacity to antagonize the reinforcing properties o f
EtOH in Wistar rats (N =6) follow ing unilateral microinjections. Rats were
trained 1 hr daily to initiate EtOH (10% v/v) and saccharin (0.0125 g/v)
responding under a concurrent F R 4-FR 4 u sin g the saccharin-fading
procedure. RY 008, the inverse agonist, decrease EtOH responding with
the 0.5 and 0.75 fig d oses by 52% - 63% o f control levels; how ever, the
1.5 fig dose n o n selectiv ely suppressed responding. Z K 9 3 4 2 6 , the
selective BD Z antagonist decreased EtOH responding w ith the 0.5 and
|ig doses by 66% o f control le v e ls , h ow ever, n o n selectiv ley
suppressed responding with the larger dose. TG, a lon g acting inverse
agonist decreased EtOH responding on day 1 and 24 hours post-drug
administration by as m uch as 68% o f control lev els. The results are
consistent with previous reports su ggestin g a prom inent role for the
GABAa/BDZ complex in the reinforcing properities o f alcohol. The results
also confirm previous reports in our lab with system ic administration o f
GABAergic modulators, and suggest these effects are mediated, in part,
via the NA. (Supported in p a r t by grants A A 10717 an d A A 07611)

1.0

GABAA RECEPTORS: STEROID PHARMACOLOGY
382.1
ONTOGENY OF CHICK OPTIC LOBE GABA a RECEPTOR CHANNEL
AND ITS MODULATION BY NEUROSTEROIDS
S, Fiszer de PlazasT M. C. Gravielle and A. Mitridate de Novara. Instituto de
Biologia Celular y Neurociencias, Prof. E De Robertis, Facultad de Medicina,
Universidad de Buenos Aires, Paraguay 2155, 1121, Buenos Aires, Argentina.
GABA, the major inhibitory neurotransmitter in vertebrates, enhances
chloride ion flux across nerve membranes. Moreover, several compounds have
been found to affect the function o f the GABA-gated chloride channel. In
previous work we studied the GABA a receptor complex modulation by
benzodiazepines, barbiturates and neurosteroids during chick optic lobe
development.
The aim o f this research was to determine the ontogenetic profile o f
the functional GABAa receptor channel by means o f 36C1' uptake assays using
microsacs prepared from optic lobes at different developmental stages.
Modulation by a neurosteroid, allopregnanolone, was then evaluated. GABA
potentiation of “ CF uptake was observed at all stages (embryonic days 10 and
14 and postnatal days 1, 3, 6, 8 and 50) wiht the highest maximal stimulation
at postnatal day 1 (180 %). The addition o f allopregnanolone induced a
decrease in EC30 values with a maximal effect near hatching. In conclusion,
these findings demonstrate the presence in chick optic lobe o f a functional
GABAa receptor channel from early developmental stages (embryonic day 10)
which is modulated by neurosteroids with an age-dependent sensitivity.
Supported by grants from Universidad de Buenos Aires and CONICET

382.3

382.4

CHANGES IN GABAa RECEPTORS AND IN NEUROSTEROIDS CONTENT
IN THE RAT BRAIN DURING PREGNANCY (PR) AND POST-PARTUM (PP)
A. Concas*. M.C. Mostallino. P. Porcu. M.L. Barbaccia*. R.H. Purdv§ and G.
Biqqio Dept. E x p . Biol.. Univ. of Cagliari. 09123 Cagliari. Italy: *Dept. E x p .
Medic., Univ. of Rome “Tor Vergata”, 00133 Rome, Italy, *Dept. Psych.
UCSD, San Diego 92161 CA, USA.
The relation between changes in cerebral and plasma concentration of
neurosteroids and brain GABAa receptor function during PR and PP was
investigated in rats. Cerebral and plasma contents of pregnenolone,
progesterone and allopregnanolone (AP) increased progressively during PR,
peaking between 15 and 19 day and returning to control (females in estrus)
levels before delivery (21 day). THDOC (allotetrahydrodeoxycorticosterone)
and corticosterone markedly increased by day 19, with values having returned
to control levels by 21 day of PR. Cerebral and plasma steroid levels
remained unchanged 2 days PP. The density of [3H]GABA, I3H]Flunitrazepam
and [35S]TBPS binding sites rose significantly by day 15 of PR, peacked
(«+40%) by day 19 and returned to control values by day 21. In contrast,
receptor densities dropped significantly («-25%) 2 days PP and returned to
control values within 7 days. These changes were paralleled by a reduction in
the affinity of binding sites on day 19 of PR. Moreover, in pregnant rats (day
19) muscimol (5 pM) was less effective (+ 101% above the basal value) in
stimulating ^Cl' uptake with respect to control rats (+123%), while produced a
higher stimulation (+ 157%) 2 days PP. Diazepam and AP also enhanced
muscimol-stimulated ^ C f uptake to a less extent in pregnant rats (19 days)
with respect to control females. In contrast, diazepam and AP were more
effective in stimulating this parameter 2 days PP. The time-dependent
relationship between the marked alterations in the density and function of
GABAa receptors and the modifications of cerebral and plasma neurosteroids
level during PR and PP will be discussed.

S o c ie t y

382.2
DECREASE IN GENE EXPRESSION OF SPECIFIC GABAa RECEPTOR
mRNA AND POLYPEPTIDE SUBUNITS DURING PREGNANCY IN RAT
BRAIN. P. Follesa*. G. Tulipi. S. Floris, C. Mostallino, A. Concas, and G. Biggio.
Department of Experimental Biology, Neuroscience Section, The University of
Cagliari, Cagliari, Italy, 09123.
The levels of the GABAa receptor subunit mRNAs, polypeptides, and the
receptor function were investigated during pregnancy (5; 10; 15; 19; 21 day) and
after delivery (2 and 7 day) in rat hippocampus and cerebral cortex. We found
a progressive decrease (s25%) in the levels of the y2L subunit mRNA during
pregnancy with a minimal value at days 19 and 15 in cerebral cortex and
hippocampus respectively. The values returned to the control levels nearby the
delivery day (22nd), significantly increased at day 2 as compared to day 19 to
decrease again and remain low for at least 7 days after delivery. A similar
pattern was observed for the oc5 mRNA subunit. At the contrary no significant
changes were observed for the al, a4, J32, and y2S subunit mRNAs. hi addition,
the y2 and a l polypeptide subunit levels were measured using specific
antibodies raised against these antigens. Accordingly with the mRNA results
we found a decrease of the y2 subunit polypeptide and no change in the al. The
decrease in GABAa receptor gene expression correlates with the changes in
receptor function measured as muscimol-stimulated 36C1- uptake. A maximal
decrease (=25%) of muscimol-stimulated 36Cl uptake was observed between
days 15 and 19 of pregnancy as compared to estrus. At this time the ability of
diazepam and allopregnagnolone to stimulate 36C1- uptake was also reduced.
At the contrary two days after delivery the stimulation by muscimol
dramatically increased as compared to day 19 of pregnancy. Taken together our
results suggest that the changes in receptor function during pregnancy could be
due to the decrease in gene expression of a specific population of GABAa y2L
and a5 containing receptors.

for
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a l AND « 4 CHIM ERIC GABAA RECEPTO R POLYPEPTIDES SHOW
D IFFEREN TIA L SENSITIVITY TO GABA AND TH E NEUROACTIVE
STEROID ALPHA XA LON E. H .Y. Kim . M .G ordey*. and R .W .O iscn.
Department of Pharmacology, Menial Retardation Research Center. UCLA, Los
Angeles, CA 90095.
'
GABAa receptor function in Xenopus oocytes was enhanced by the neuroactive
anesthetic steroid alphaxalone to a higher extent with a l ( J>2y2s subunits than
u4f}2y2s subunits. GABA sensitivity, however, is higher with u4p2y2s
subunits than u ip 2 y 2 s subunits. To map the regions of the a subunit
polypeptides that affect the sensitivity of the receptor to GABA and the
neuroactive steroid alphaxalone, and subsequently study the mechanisms by which
different subunits form pharmacologically distinct receptors, we have generated a
series of chimeric subunit polypeptides using the rat a l and the <x4 GABAa
receptor subunits. The chim eric subunit polypeptides were expressed in
combination with f?2 and y 2s subunit polypeptides in Xenopus oocytes, and the
resulting GABA a receptor (unction was determined using the two-electrode
voltage clamp. Chimeric u l / a 4 subunits indicated that the N-terminal region of
the a subunit primarily controlled the alphacxalone sensitivity. In addition,
receptors containing « 4 polypeptide with C-terminal regions replaced by <x I
sequence show significantly higher sensitivity to GABA compared to the receptors
containing either the wildly pe « I or the wildtype u 4 polypeptide. (Supported by
NIH grant to R.W.Olsen NS28772).
.
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N EU R O STE R O ID M O D U L A TIO N O F GA BA a R E C E P T O R S:
STU DIES W IT H C H IM E R IC y2-5 SUBUNITS. J.F. Wang. W.J.
Zhu. M.R. Santi*. S. Vicini and K.E. Krueger1. Departments of Physiology,
and Cell Biology1, Georgetown University Medical Center, Washington DC.
We have previously shown that heterooligomeric GABAa receptors containing
8 subunits were less sensitive to neurosteroid modulation. THDOC (3a,
21dihydroxy-5a-pregnan-20-one)-induced potentiation of GABA-gated
currents was investigated in transfected HEK293 cells. A comparison was
performed between combinations of a l , p3 subunit cDNAs cotransfected with
either y2, 8 or y2-5 chimeras. As we previously reported THDOC (10-100
nM) significantly potentiated GABA-gated currents, but cotransfection of 5
subunit cDNA inhibited this potentiation without affecting the direct Cl'
channel activation by THDOC at higher concentrations (1-10 p.M). In cells
where THDOC potentiation was not observed we made sure we could achieve
maximal responses with higher GABA concentrations. Substitution of the
extracellular, amino terminal domain of the 8 subunit with the equivalent
domain from the y2 subunit, resulted in the recovery of potentiation by
THDOC. To insure that this chimera was expressed we tested and confirmed
potentiation by flunitrazepam (1-10 jiM). When the extracellular, amino
terminal domain of the 5 subunit was fused with the remaining portion
contributed by the y2 subunit THDOC potentiation was abolished. These
results suggest that the extracellular, amino terminal domain of the 8 subunit
inhibits GABAa receptor modulation by neurosteroids. Supported by NINDS
grants NS32759 andNS01680.

CHRONIC NEUROSTEROID TREATMENT MODULATES KINDLING
INDUCED EPILEPTOGENESIS IN RAT HIPPOCAMPUS
H.J.A. Beldhuis*, E.A. Slagter, T. Suzuki, S.F. de Boer and B. Bohus. Center for
Behavioral and Cognitive Neurosciences, Dep. Animal Physiology, University
of Groningen, PO Box 14, NL-9750 AA Haren, The Netherlands.
Neurosteroids can rapidly alter the excitability of neurons by direct action
on different types of membrane ion channels. For example, allopregnanolone
(ALLO) is a potent positive modulator of G A B A a receptors, whereas dehydroepiandrosterone (DHEAS) is a positive modulator of N M DA receptors. Because
the physiopathological consequences of these opposite actions on
neurotransmission in intact organisms is still poorly understood, the main goal
of this study was to examine the effects of neurosteroids on kindling induced
epileptogenesis in the Schaffer collateral pathway to pyramidal ceils in CA1
hippocampus in freely moving rats.
Animals were chronically implanted with electrodes in the dorsal
hippocampus to stimulate the Schaffer collaterals (SC), and recording electrodes
to record dendritic pEPSPs in the CA1 stratum radiatum. Epileptogenesis was
induced by repeated SC stimulation in freely moving rats. Chronic manipulation
of NS levels was performed by sc infusion of synthetic neurosteroids, i.e.
DHEAS and ALLO , using osmotic minipumps allowing an undisturbed in vivo
delivery at controlled rates for a period of 4 weeks.
Rats treated with A LLO required significantly more daily stimulations to
become fully kindled compared to vehicle-treated rats. Especially, the transition
from focal (MS class 1-2) into generalized (MS class 4-5) seizures was retarded.
D HEAS increased kindling development. These findings indicate that
neurosteroids are involved in the pathogenesis of epilepsy.
Supported by grant A95-03 from the Dutch National Epilepsy Foundation.

382.7
DIFFERENTIAL EFFECTS OF THE NEUROACTIVE STEROID
ALLOPREGNANOLONE IN SELECTIVELY-BRED RHA AND RLA
RATS. B. Zimmerberg and C. D. Critchell. Program in Neuroscience,
Williams College, Williamstown, MA 01267
Roman High Avoidance (RHA) and Roman Low Avoidance (RLA)
rats were selectively bred from Wistar rats using an active-avoidance
paradigm. RLA rats, in addition to lower rates of avoidance and more
freezing behavior, have fewer benzodiazepine binding sites and
decreased GABA-stimulated Cl" uptake in cortex. This experiment
investigated whether response to the neuroactive steroid
allopregnanolone (AP), a positive modulator of the GABAa receptor,
would also differ in these two lines. Rats were tested as neonates (one
week) and as adults using measures of both emotional behavior and
activity. In neonates, AP, as previously reported by this laboratory,
decreased the number of ultrasonic vocalizations after maternal
separation. RHA pups vocalized more and were more active than RLA
pups and were more sensitive to AP on both measures. As adults, RHA
rats had a greater anxiolytic response to AP on the plus maze test
compared to RLA rats. Although RHA rats were more active than RLA
rats, there were no differences in response to AP. RLA rats also had
increased plasma levels of AP after swim stress. These results suggest
that behavioral differences in these two psychogenetically bred lines
may be due to divergent functioning of the neuromodulatory
neurosteroid system.

382.8
ANXIOLYTIC AND DISCRIMINATIVE-STIMULUS EFFECTS OF
THE NEUROACTIVE STEROIDS CO 6-0549 AND CO 2-6749 IN
PIGEONS. S. Abrol . J. E. Barrett?R. Carter1, E. Muth and S.
Rosenzweig-Lipson. Wyeth-Ayerst Research, Princeton, NJ 08543 and
‘CoCensys Co. Irvine, CA 92718.
The anxiolytic-like effects of the neuroactive steroids Co 6-0549 and
its root compound Co 2-6749 were evaluated in pigeons responding
under a conflict procedure. Under this schedule, completion of an FR30
in the presence of a white key resulted in 3-sec access to mixed grain and
completion of an FR30 in the presence of a red key resulted in 3-sec
access to mixed grain and a mild electric shock (punished responding; 1
3 mA, 200 msec). When administered orally, Co 6-0549 (10 -56 mg/kg)
and Co 2-6749 (3-30 mg/kg) produced dose-dependent increases in
punished responding at doses that did not effect unpunished responding.
The effects of Co 2-6749 were also evaluated in pigeons that were
trained to discriminate chlordiazepoxide (3 mg/kg, im) from saline and
in pigeons trained to discriminate pentobarbital (5.6 mg/kg, im) from
saline using two-key drug discrimination procedures. Completion of an
FR30 on the injection-appropriate key resulted in 3-sec access to mixed
grain. In pigeons trained to discriminate CDP from saline, CDP (0.1 5.6 mg/kg) produced dose-dependent increases in responding on the
CDP-associated key. Similarly, Co 2-6749 (3-30 mg/kg) produced dosedependent increases in responding on the CDP- key. Maximal
substitution occurred at 30 mg/kg, with 75% of responding occuring on
the CDP- key. In pigeons trained to discriminate PENT from saline,
PENT (1-10 mg/kg) produced dose-dependent increases in responding
on the PENT- associated key. Similarly, Co 2-6749 (3-30 mg/kg)
produced dose-dependent increases in responding on the PENT- key,
with full substitution occuring in all pigeons. These result suggest that
Co 6-0549 and Co 2-6749 may have therapeutic potential as anxiolytics.
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382.10
EFFECT OF THE PREGNANE- RELATED GAB A-ACTIVE STEROID
ALPHAXALONE ON MICE PERFORMANCE IN THE STAIRCASE TEST
C G. Pick1*. Y. P eter1. L. Paz1. S. Schreiber2 and R. W eizman3
d ep artm e n t of Anatomy and A nthropology, Sackler Faculty o f
Medicine, Tel Aviv University, Tel Aviv; Israel. 2Department o f
Psychiatry,
H adassah-Hebrew
U niversity
Medical C en ter,
Jerusalem; Isra e l. 3Tel Aviv Community Mental Health C e n te r
and Sackler Faculty of Medicine, Tel Aviv University, Tel A viv;
Israel.
We evaluated the modulatory effect of the GABA-active
neurosteroid alphaxalone on the staircase test behavior o f
mice.
Results were compared
with the b e n zo d ia z e p in e
alprazolam, the GABAa agonist muscimol and the p e r ip h e r a l
steroids corticosterone and progesterone.
Alphaxalone a n d
alprazolam
reduced rearing
activity in a d o s e -d e p e n d e n t
manner, at doses that did not suppress climbing. The r e a r i n g suppression effect of alprazolam, but not of alphaxalone, w as
blocked by the benzodiazepine antagonist flumazenil. No s u c h
dissociation between the effect on rearing and climbing was
obtained with muscimol, and both activities were su p p re ssed ,
in
a
flum azenil-insensitive
pattern,
at
high
doses.
Corticosterone and progesterone did not affect the behavior o f
the mice. The lack of sensitivity of both phenobarbital a n d
alphaxalone to flumazenil indicates that neither agents act v ia
the benzodiazepine recognition
site at the GABAa re c e p to r
com plex.

MODULATION OF GABAa RECEPTOR FUNCTION BY ALFAXOLONE
AND ALLOPREGNANOLONE IS DIFFERENTIALLY INFLUENCED BY
THE SUBUNIT COMPOSITION OF THE RECEPTOR. R. Maitra and J N
Reynolds*. Dept. Pharmacology & Toxicology, Queen’s University, Kingston,
Ontario, K7L 3N6, CANADA.
Neuroactive steroid metabolites of progesterone are potent and highly
effective modulators of GABAa receptor function in the central nervous
system. To assess the influence of subunit composition on the ability of
allopregnanolone (ALP) and the closely related synthetic compound alfaxolone
(ALF) to modulate GABAa receptor function, we have expressed different
constructs of human recombinant GABAa receptors in Xenopus oocytes, and
examined the effects of these steroids on GABAa receptor-activated
membrane current (IOABA) using the two-electrode voltage-clamp technique.
ALF had a greater efficacy to potentiate I q ^ when the P1 subunit was present
in GABAa receptors composed of a 1P(x)y2L (where x = 1 or 2), whereas the
endogenous neurosteroid ALP did not differentiate between these receptor
isoforms. However, ALP was dramatically more effective to potentiate Iqaba
in a 1P1 receptors compared to a 1p2 receptors. In contrast to previous reports,
ALF was a potent and highly effective positive modulator of IQABAin aip 2
receptors. ALF decreased the EC50 for GABA and significantly increased the
maximal GABA response. In contrast, ALF produced a parallel leftward shift
in the GABA concentration-response relationship in aip2y2L receptors.
These data support+he notion that these two closely related neuroactive
steroids may have distinct sites and/or mechanisms to act as modulators of
GABAa receptor function. (Supported by the Medical Research Council^
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382.12
DIFFERENTIAL MODULATION OF GABA-GATED CHLORIDE
ION INFLUX IN THE RAT BRAIN BY DHEA AND ITS
METABOLITES. M. Imamura and C. Prasad* Sect of Endocrinology,
Department of Medicine, LSUMC, N ew Orleans, LA 70112.
Dehydroepiandrosterone or DHEA (D) is a member of the family of
steroid hormones known as neurosteroids. D and its metabolites elicit
a variety of biologic activities including, memory enhancement, and
decrease in anxiety. Furthermore, the dose of D needed to elicit
different biologic activities varies widely. The mechanism by which D
elicits different biologic activities is not understood; however, a role
for GABA-gated chloride ion influx has been suggested. To further
explore into the mechanism of D action, we have examined the effect
of D and two of its m etabolites, DHEAS (DS) and delta 4androstenedione (A ), on G A B A -stim ulated C l-in flux by
neurosynaptosomes isolated from rat brain regions (cerebellum,Ce;
pons-medulla,PM; striatum ,St; hip pocam pu s,H i; cortex,Cx;
hypothalamus,Hy; mid brain,MB). Basal Cl-uptake (n m o l/sec/m g
prot) was similar in all regions except Hy and Cx. GABA (30 or
lOOµM) led to a dose-dependent stimulation of basal Cl-uptake in all
regions with the highest stimulation in Hi followed by Cx, Ce, St, Hy,
MB and PM. DS (10, 30, 100|iM) resulted into a dose-dependent
inhibition of Cl-uptake in the presence of 30)iM GABA. At 30|iM DS,
the inhibition was much higher in Hi and Ce compared to other
regions. D exhibited an almost similar inhibition pattern w ith much
lower potency than DS. In contrast, A did not have any significant
effect on neuronal Cl-uptake. These data suggest regional differences
in sensitivity of GABA-gated Cl-influx to D and its metabolite may
help explain some of the pharmacologic differences. [Funded by AFOSR]

INCREASE IN 3α ,5α-TH-PROG (ALLO) AND 3ct,5p-TH-PROG CONTENT IN

CEREBROSPINAL FLUID (CSF) OF DEPRESSED PATIENTS FOLLOWING
FLUOXETINE TREATMENT.
V. Uzunova, D. P. Uzunov*,Y.Sheline1, E. Costa and A. Guidotti. The Psychiatric
Institute, Department o f Psychiatry,UIC College o f Medicine, Chicago, IL 60612 ,
‘Department o f Psychiatry, Washington U., St.Louis , MO 63110
Single doses or long- term fluoxetine administration selectively increase ALLO brain
content in adrenalectomized/castrated rats (PNAS 93,12604,1996).This drug and other
selective serotonin reuptake inhibitors (SSRIs) are widely prescribed for the treatment
o f mood disorders. Therefore, we studied whether a correlation exists between
depression severity (HAMD-score) and CSF neurosteroid content (measured by
GC/MS-NICI) before and after SSRI treatment in 15 patients with unipolar major
depression. The concentrations o f ALLO and o f its GABAA receptor-active
stereoisomer, 3 α ,5β-TH-PROG, were significantly increased in all CSF fractions after
successful treatment with SSRIs (fluoxetine or fluvoxamine). Interestingly, the largest
increase in these neurosteroids occurred in patients showing the greatest improvement
in their HAMD- scores. Although we observed age- and gender-related differences in
the absolute amounts of CSF neurosteroid content, successful antidepressant treatment
was consistently associated with an increase o f ALLO and 3 α ,5β-TH-PROG content.
For example, before SSRI treatment in 5 female patients, aged 25 - 48 years, the levels
o f ALLO and 3a,5P-TH-PPOG were 23±2.8 fmol/mL and 40±4.6 fmol/mL,
respectively. Following successful antidepressant treatment, the content o f ALLO and
3 α ,5β-TH-PROG increased up to 60 and 200 fmol/mL, respectively. Patients who failed
to respond successfully to the SSRI treatment, also failed to show a significant increase
in ALLO and 3a,5p-TH-PROG content in post-treatment CSF. The CSF content of
other neurosteroids remained unaltered following SSRI treatment. A stimulation of
ALLO and 3 α ,5β-TH-PROG biosynthesis may be operative in the beneficial therapeutic
action o f these two SSRIs. Supported by Grant MH52361

382.13
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NICOTINE STIMULATES 3 α -HYDROXY-5 α -PREGNANE-20-ONE
PRODUCTION BY CULTURED RAT OVARIAN CELLS. G A . Dyer
R.Tognacci, R.H. Purdy, and S. C.Hempleman* Dept. o f Biol. Sci.,
Northern Arizona University, Flagstaff, AZ 86011-5640
The anti-anxiety neuroactive steroid derivative o f progesterone, 3 α hydroxy-5α -pregnane-20-one (allopregnanolone), alters physiologic
responses to γ -aminobutyric acid (GABA). Cyclical ovarian production of
allopregnanolone contributes significant amounts to brain content o f this
steroid. Our preliminary data indicates that the major steroid product o f rat
ovarian theca/interstitial (T/I) cells is allopregnanolone. Additional
experiments were conducted to define the characteristics of
allopregnanolone production by luteinizing hormone (LH)-stimulated T/I
cells. T/I cells established from immature rats were cultured in serum-free
medium, after 48 hr the supernatants were collected, extracted and the
steroids separated by HPLC before radioimmunoassay. Allopregnanolone
was the major steroid product o f the T/I cells. Its production increased with
increasing LH concentration and time in culture.
Nicotine, at
concentrations found in smoker’s plasma, caused LH-stimulated T/I cell
allopregnanolone production to be increased by 4 fold. We suggest that
nicotine may cause an increase in ovarian production o f allopregnanolone,
providing additional psychological effects o f calming for women who
smoke. This work was supported by Arizona Disease Control Research
Commission, Contract No. 9707.

WITHDRAWAL FROM THE NEUROACTIVE STEROID 3a,5a-THP
INCREASES SEIZURE ACTIVITY IN FEMALE RATS. M.H. Moran and S. S.
Smith* Dept. of Neuro. and Anat., Allegheny Univ. of the Health Sci., Phila., PA.
Ongoing studies from this lab have demonstrated that the GABA-modulatory
steroid 3α -OH-5α -pregnan-20-one (3α ,5α THP) exhibits withdrawal properties,
increasing anxiety (Gallo and Smith, 1993) and producing benzodiazepine (BDZ)
insensitivity (Costa et al, 1995) upon abrupt discontinuation after chronic
administration of 3α,5α -THP or its parent compound progesterone (P). The purpose
of this study was to examine the withdrawal effects of P (P wd) on incidence of
seizure-like activity induced by inverse agonist (IA, N-methyl-β-carboline-3carboxamide, 37.5 mg/100 g, i.p.) 24 hours after removal of P capsules (crystalline
P/silastic tubing, lOmm/lOOg body weight, implanted s.c. for 3 weeks). In some
cases rats were treated with the BDZ diazepam (DZ) either alone or in conjunction
with P for the 3 week period. Following P wd, IA administration produced seizure
like activity of greater duration and intensity, after a shorter latency, compared with
effects seen in sham animals (P<0.05). The pro-convulsant effects of P wd were

382.15
PR O G E STER O N E W ITHDRAW AL ALTERS M O D U LA TIO N OF GABA
CU RR EN T O F RAT HIPPO CA M PAL PY RAM IDA L CELLS IN ASSOCIA
TION W ITH INCR EASES IN T H E α4 SU BUN IT OF TH E GABAA R E C E P 
TOR. F.C. Hsu. O .H. G ong, X. L i, R.S. M arkow itz*, J.M .H. ffrench-M ullen**, and
S.S. Smith. D e p t. o f Neurobiology and Anatomy, Allegheny Univ. o fth e H ealth Sci.,
Phila., PA; **Dept. o f Pharmacology, Z eneca Pharm aceuticals, Wilmington, DE.
Responses o f pyram idal cells acutely isolated from CA1 hippocam pus o f female
rats 24 hrs after chronic progesterone (P) treatm ent (s.c. capsules, 3 wks) [P wd] to
lorazepam (LZM ) were determ ined as a percent change in GABA-evoked Cl"
current using whole cell patch clamp techniques. N euronal responses after P wd
were characterized by a m arked reduction in sensitivity to the normally potentiating
effect o f LZM (10 -10 M, P< 0.05), as we have rep o rted (Costa et al., 1995). In
contrast, potentiation o f GABA -m ediated current by barbiturates was enhanced
30-152% after P wd (P< 0.05); reduced sensitivity to inverse agonist effects
(P< 0.05) and agonist-like effects o f R 015-1788 on GABA current w ere observed.
Significant increases in hippocam pal m RNA for the cc4GA BAa receptor subunit
were observed 8 hrs after P wd, using semi-quantitative PC R techniques,
while 200% increases in a4 protein levels were noted 14-24 hrs after P wd
with W estern Blot techniques using specific antibodies to the rat a4 subunit.
Intraventricular infusion o f anti-sense, but not sense, oligonucleotides
to
the a 4 subunit (5 µgs/day, 1 µl/hr/48-96 hrs using osmotic minipumps) p re 
vented the LZM insensitivity after P wd. These results suggest that with
drawal from chronic P reduces the G A BA -m odulatory effect o f LZM as a
result o f increases in expression o f the a 4 subunit o f the G A B A a receptor.
(Supported by DA09618 to SSS)
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limilsf to throe aeett following tod from DZ, as has been reported. Combined
administration of both P and DZ, however, produced a 2 to 3-fold potentiation of
seizure activity, assessed by intensity and duration of seizure-like responses induced
by IA, compared to either drug alone (P<0.05). Withdrawal from elevated P levels
produced using a pseudopregnant rat model, (PP, 20 I.U. PMSG on Day 27, i.p.; 10
I.U. hCG on Day 29, i.p.; P wd induced by ovariectomy on day 11) also resulted in
significantly greater seizure-like activity after induction by I.A. (26 mg/100 g in
saline, i.p.; P<0.05) or picrotoxin (,25mg/kg in oil, sc.; P<0.05). The pro-convulsant
effects of P wd were blocked by MK-906 (25 mg/kg, i.p.), a 5α -reductase blocker,
suggesting that 3α ,5α -THP is the active agent. These results suggest that the
withdrawal properties of 3a,5a-THP are similar to those of other GABA modulators,
such as the BDZ, and include pro-convulsant sequelae. (Supp. by DA09618 to SSS.)
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TRUNCATED DESENSITIZATION-DEFECTIVE MUTANTS OF THE RAT
SUBSTANCE P (SP) OR NEUROKININ 1 RECEPTOR (NK1-R). O. Déry, S.K.
Böhm. N.W. Bunnett*. Depts Surg. & Physiol. UCSF, San Francisco, CA
94143-0660.
Desensitization of G-protein coupled receptors is mediated by receptor
phosphorylation by G-protein receptor kinases and second messenger
kinases and agonist-mediated receptor endocytosis. We have previously
identified endocytic domains in the C-tail of the NK1-R (JBC, 272, 23632372, 1997). In the present study we mutated the NK1-R to identify
important domains for desensitization. NK1-R wild-type (wt) and truncated
mutants (truncated at 6354, 6342, 6324) were stably expressed in KNRK
cells. They were appropriately localized to the plasma membrane, determined
by immunofluorescence, and expressed at similar levels (Bmax for 125I-SP
binding 58.4±4.9 fmol/105 for NK1-R-wt). In cells expressing NK1-R-wt, 30
pM SP stimulated a rapid increase in [Ca2+]j, which declined to basal levels
after 33±4 s. Acute activation of protein kinase C (PKC) with 4oc-phorbol12,13-dicanoate (PDB) abolished the Ca2+ response, whereas the PKC
inhibitor GF109203X induced a prolonged SP response that was still 51 ±5%
of maximal at 33 s. The response to PDB was abolished by GF109203X.
Similar results were obtained in NK1-R-Ô354 cells. In cells expressing NK1-R5342 or -6324, 30 pM SP induced a rapid but markedly sustained Ca2+
response that was respectively 72±2% and 77±5% of maximal at 33 s, when
the response of NK1-R-wt and NK1-R-6354 cells was at basal levels. Notably,
activation or inhibition of PKC had no effect on SP-induced Ca2+ responses
in NK1-R-Ô342 or-6324 cells. In a similar manner, SP stimulated transient
l(1,4,5)P3 generation in NK1-R-wt cells, whereas responses in NK1-R-Ô-342
and -6324 cells were sustained. Thus, activation of PKC attenuates NK1-R
signaling. The domain between residues 354 and 342 of the C-tail, which
contains numerous Ser and Thr residues that are potential PKC sites, is of
critical importance for PKC-mediated desensitization. Supported by DK 43207.

THE NPY-Y1 RECEPTOR PROMOTER DRIVES NEURON-SPECIFIC 6GALACTOSIDASE EXPRESSION IN ADULT AND DEVELOPING TRANSGENIC
MICE FOREBRAIN. Oberto A., Tolosano E.a, Brusa R., Musso R.. Sprengel R.b,
Panzica G., Altruda F.* and Eva C*. Dept. of Anatomy, Pharmacology and Forensic
Med.1 Dept. Genetics, Biology and Medical Chem., University of Torino andbCenter
for Molecular Biology, University of Heidelberg, Germany.
The NPY-Y1 receptor and its mRNA are highly expressed in several regions
of rat forebrain. By transient transfections studies we demonstrated that the NPY-Y1
receptor gene contains a functional promoter which is active in cultured neuronal cells.
In this study the NPY-Y1 receptor promoter has been ligated upstream the bacterial
lacZ gene and used to generate transgenic mice. The transgene was detected
specifically in the brain of adult mice from one transgenic line, while no specific 6-gal
activity was found in other organs such as heart, liver, and kidney. Detailed analysis
revealed 8-gal staining in several areas of the forebrain, including deepers layers of
cerebral cortex, hippocampus, preoptic area, most of thalamic nuclei, anterior and
medial nuclei of the amígdala. Ectopic expression of the transgene was found in the
triangular nucleus of septum and hypothalamic area. During development 6-gal
expression was detected at E 14.5 in dorsal thalamus, at E 16.5 the 6-gal staining was
observed in a larger number of diencephalic nuclei and at E 18.5 was found in several
thalamic and hypothalamic nuclei, preoptic area and hippocampus. These results show
that the expression pattern of B-gal activity is comparable with the regional distribution
of the NPY-Y1 receptor and its mRNA in adult and developing rat brain suggesting
that the 1.3 kb regulatory region of NPY-Y1 receptor gene contains the cis-acting
elements required for neuron-specific expression in vivo. The Y1R promoter//acZ
expressing transgenic mice represent an interesting model to study transcriptional
regulation of the NPY-Y1 receptor expression by different conditions, i.e. reproductive
hormonal cycle and anxiety.
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EXPRESSION CLONING OF A NOVEL GALANIN RECEPTOR (GALR2) FROM
RAT HYPOTHALAMUS. K.E. Smith*, C. Forrav, M.W. W alker, K.A. Jones, J.A.
Tamm, J.A-. Bard, S. Daouti, N. Shen, T.A. Branchek, D. Linemever and C. Gerald.
Synaptic Pharmaceutical Corporation, Paramus, NJ 07652.
The neuropeptide galanin is widely distributed throughout the peripheral and central
nervous systems and is associated with the regulation of processes such as nociception,
cognition, neuroendocrine regulation, insulin secretion, smooth muscle contraction and
feeding (for review, see Bartfai et al., Crit. Rev. Neurobiol. 7:229, 1993). Within the
brain, highest levels are found in the hypothalamus where galanin injected into the
paraventricular nucleus (PVN) stimulates feeding in satiated rats (Corwin et al., Eur. J.
Neurosci. 5:1528, 1993). Multiple galanin receptors are predicted to underlie its
physiological effects, but highly selective pharmacological tools are not yet available.
We now report the isolation by expression cloning of a rat galanin receptor cDNA
distinct from GALR1. The receptor, termed GALR2, was isolated from a rat
hypothalamus cDNA library using a 125I-galanin (125I-GAL) binding assay. The rat
GALR2 cDNA encodes a protein of 372 amino acids exhibiting 38% amino acid
identity with GALR1. Genomic Southern blot analysis indicates that GALR2 is
encoded by a single intron-containing gene. Northern blot analysis reveals a ~1.61.8 kb hybridizing transcript in brain, as well as heart, lung, liver and testes. 125I-GAL
binding to transiently expressed rGALR2 receptors is saturable (Kq = 0.2 nM) and
displaceable by galanin peptides and analogues in a rank order similar to that observed
for GALR1: pGalanin > G al(l-16) >Gal (3-29). Activation of GALR2 receptors with
porcine galanin in transiently or stably transfected mammalian cells increases inositol
phospholipid turnover and intracellular calcium levels. Further, activation o f GALR2
receptors expressed in Xenopus oocytes results in an inward current whose properties
resemble those of the calcium-dependent chloride current. These data suggest that in
contrast with GALR1, GALR2 is coupled to its effectors via a Gq-type mechanism
involving activation of phospholipase C.
This work was supported by Synaptic Pharmaceutical Corporation.

CLONED GALANIN RECEPTORS: PHARMACOLOGY OF GALR1 AND GALR2
RECEPTOR SUBTYPES. M.W. Walker*, K.E. Smith, B. Borowskv, R. Zhou, Z.
Shaposhnik, R. Nagorny, P.J.-J. Vavsse, C. Gerald and T.A. Branchek. Synaptic
Pharmaceutical Corporation, Paramus, NJ 07652.
Galanin is a 29 or 30 amino acid neurotransmitter proposed to play a role in several
physiological processes, including feeding, insulin secretion, analgesia and cognition.
Pharmacological studies suggest several G protein-coupled galanin receptor subtypes.
The first to be cloned was GALR1. Both rat and human GALR1 homologs (sharing 91%
amino acid identity) can be expressed in COS-7, LMTK- or CHO. Membranes from rat
GALR1-transfected cells were labeled with porcine 125I-galanin to generate a rank order
o f binding affinity: porcine galanin ~ M15, M32, M35 > C l, M 40 > [D-Trp2]-galanin,
porcine galanin 3-29. Rat GALR1-transfected LMTK- cells were stimulated with
forskolin to generate a similar rank order of potency for reduction of [cAMP]: porcine
galanin (0.07 nM) ~ M15, M32, M35 > C l, M40 > [D-Trp2]-galanin (> 1000 nM),
porcine galanin 3-29. We now report the cloning of a second galanin receptor subtype,
GALR2. Amino acid identity is 38% for rat GALR1 vs GALR2 and 39% for human
GALR1 vs GALR2. Rat and human GALR2 homologs (sharing 85% amino acid
identity) can be expressed in COS-7, LMTK- or CHO. Membranes from rat GALR2transfected cells were labeled with porcine l25I-galanin to generate a rank order of
binding affinity: porcine galanin ~ M35, M40 > [D-Trp2]-galanin, M15, M32, C l >
porcine galanin 3-29. Rat GALR2 activation in stably transfected CHO cells produced
phosphatidylinositol and arachidonic acid hydrolysis. Rank order of potency derived
from arachidonic acid assays was: porcine galanin (1.7 nM) ~ M35, M40, M15, M32,
C l > [D-Trp2]-galanin (14 nM) > porcine galanin 3-29. GALR2 is distinguished
pharmacologically from GALR1 by higher affinity for [D-Trp2]-galanin, and also by a
primary signal transduction pathway involving activation of phospholipase C.
This work was supported by Synaptic Pharmaceutical Corporation.

383.5

383.6

LIGAND ATTACHMENT TO BOTH CENTRAL AND PERIPHERAL
NEUROPEPTIDE Y (NPY) Yt AND Y2 RECEPTORS IS DIRECTLY
ASSISTED BY PH OSPHATIDYLINO SITO L - SPECIFIC
PHOSPHOLIPASE C. S. L, Parker1 /* , M . S . Parke d 1/and W. R.
Crowlev11 Dept, of Pharmacology, University of Tennessee College of
Medicine1, and Dept, of Microbiology, University of Memphis2', Memphis,
TN 38163
While the role of phosphatidylinositol-processing phospholipase C (PtdlnsPLC) enzymes in signal transduction involving neuropeptide Y (NPY) is generally
recognized, there is no information on direct coupling of Ptdlns-PLC with NPY
receptors, or the importance of such linking in ligand attachment to these receptors.
We therefore studied effects of inhibitors of phospholipase enzymes on the binding
of Y, receptor-selective NPY receptor ligand [125I]-(Leu31,Pro34)human peptide YY,
and of Y2 subtype-specific ligand human PYY(3-36) (P336), to particulates from rat
brain areas (parietal and piriform cortex, anterior hypothalamus and hippocampus),
and also from rabbit kidney. The binding of both ligands was irreversibly
inhibited by Ptdlns-PLC blockers, U-73122 (IC50 4-6 µM at Y„ and 15-30 µM at
Y2 receptor) and Et-18-OCH3 (IC50 20-30 µM at Y„ and 50-70 jiM at Y2sites),
with a parallel inhibition of Ptdlns-PLC activity. The control aminosteroid U73343, the inhibitor of phosphatidylcholine-specific PLC, D609, and
phosphatidylinositol 3-kinase inhibitor wortmannin were not active, while the
phospholipase A2 blocker quinacrine produced a weak reversible inhibition. PtdlnsPLC inhibitors also potently dissociated prebound NPY receptor ligands. With
solubilized Y2 receptor (a 300-500 kDa complex), half-inhibition of P336 binding
by U-73122 occurred below 2 µM, and a substantial binding activation by Gprotein agonists also indicated a direct coupling of Ptdlns-PLC activation and
ligand attachment to the receptor site. Ligand attachment to the NPY Y x and Y2
receptors thus could be generally dependent on a physical association of the
receptor with a Ptdlns-specific phospholipase C present in an enzymatically active
form. Based on the existing reports, a similar direct coupling could be expected for
receptors of other neuropeptides, e.g. oxytocin. (Supported by NIH 13703)

SYNTHESIS OF NEUROPEPTIDE Y DERIVATIVES CONTAINING A
PHOTOREACTIVE AMINO ACID: BINDING AND PHOTOAFFINITY
LABELING OF NPY RECEPTOR SUBTYPES.
P.J. Emmerson1*, M. Zhao2, M. A. Weiss2 and R. J. Miller1 Depts of Pharm/Phys
Sci.1and Biochem. and Mol. Biol.2, University of Chicago, Chicago, IL 60637
Neuropeptide Y, a 36 amino acid peptide, is widely distributed in both the central
and peripheral nervous systems and mediates the regulation of cardiovascular,
neuroendocrine, and food intake systems. NPY binds to a family of at least six G
protein - coupled receptors which differ in their ability to recognize N- and Cterminally modified forms of the peptide. To study the molecular determinants
involved in the binding of NPY to its receptor subtypes, analogs containing the
photoreactive amino acid p-benzoyl-L-phenylalanine, L-BPA, were synthesized.
Receptor binding of these peptides was examined in membranes from HEK293 cells
stably expressing the Y l, Y2 or Y5 receptor subtypes. N-terminal substitution of LBPA (L-BPA ,-Lys(biotin4)-NPY) was found to have little effect on the recognition
of NPY at the Y l, Y2 and Y5 receptors. L-BPA,-Lys(biotin)4-NPY displaced the
binding of [l25I]PYY from all three receptors with an ICS0 of 1 nM. L-BPA34-NPY
exhibited reduced affinity at Yl (IC50 = lOOnM), Y2(ICS0 = 250nM), and Y5 (IC50 =
40nM) receptors. L-BPA34-NPY photoaffmity labeling of the Y l receptor was
indicated by an increase in wash - resistant binding of the peptide following a 30
minute exposure to UV light (100W). A smaller increase in wash resistant binding
in Y2 and Y5 containing membranes suggests that these receptors may also be
photoaffmity labeled by L-BPA34-NPY. The use of NPY photoaffmity labels will
aid in the determination of peptide - receptor contact points involved in the
recognition and pharmacological selectivity of NPY binding to its receptor subtypes.
(This work*was supported by PHS grants DA-02575, DA-02121, MH-40165, NS33502 to R. J. M., DA-07255 to P.J.E.)
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RECONSTITUTION OF AN NPY1 RECEPTOR GTPy^S BINDING RESPONSE
BY CO-INFECTION WITH G-PROTEIN SUBUNITS IN St9 CELLS. R.M.

IN VITRO AUTORADIOGRAPHY OF GTPγ[35S] BINDING AT ACTIVATED
NPY RECEPTOR SUBTYPES IN ADULT RAT BRAIN. R.J. Primus*, E. Yfivinh
and D.W. Gallaaer. Neurogen Corporation, Department of Pharmacology,
Branford, CT 06405.
GTPγ[35S] binding to receptor-activated G proteins has been described for
several neurotransmitter receptor systems (Sim et al., 1995). In the present
study, treatment of rat brain slices with selective agonists for the NPY receptor
subtypes in the presence of 2000 p.M GDP was shown to discriminate
populations of NPY receptor subtypes. By using the pharmacological
specificity of NPY receptor subtype agonists, stimulation of GTPγ[35S]
binding was used to demonstrate the differential distribution of these
subtypes in rat brain. Activation of a NPY Y1 receptor subtype by human
[Leu31Pro34]NPY was shown to stimulate GTPγ[35S] binding in the rank
order:
fro n ta l/p a rie ta l
co rtic e s> d en tate
gyrus>inferior
colliculus>hypothalamus>thalamus. NPY Y2/Y5 peptide agonist, human
PYY(3-36), was shown to stimulate GTPγ[35S] binding in the rank order:
hypothalamus>substantia
nigra>hippocam pus>frontal/parietal
cortices>inferior colliculus. Stimulation of NPY Y5 receptors subtypes by a
NPY Y5 selective agonist, rat/human DTrp32NPY, was shown to stimulate
GTPγ[35S] binding in the hypothalamus and discrete nuclei of the thalamus,
comparable to levels measured following stimulation of NPY Y1 receptors.
Little GTPγ[35S] binding in the dendate gyrus, frontal/parietal cortices, or
inferior colliculus was measured following stimulation with DTrp32NPY.
Stimulation of GTPγ[35S] binding by [Leu31 Pro34]NPY, but not by the other
NPY receptor agonists, was blocked by the selective NPY Y1 receptor
antagonist, BIBP 3226. In conclusion, functional coupling at NPY receptor
subtypes can be shown in rat brain and populations of NPY receptor subtypes
can be anatomically discriminated by NPY agonist stimulation of GTPγ[35S]
binding in rat brain.

Brodbeck. C.O. Baltazar. and D.W. Gallaaer*. Department of Pharmacology,
Neurogen Corp., Branford, CT 06405
Neuropeptide Y (NPY) elicits a broad range of physiological effects through
activation of at least 5 G-protein coupled receptor (GPCR) subtypes. NPY Y1 is
endogenously expressed in SK-N-MC cells where it is known to couple nega
tively to cAMP production, presumably through a Gi subtype G-protein. In order
to more fully understand G-protein coupling to the Y1 receptor, we co-infected
S/9 cells with virus encoding hY1, and/or a combination of G α , β1 and γ sub
units. Since S/9 cells contain only minimal levels of Gαm and G 0, reconstitution
with various G-protein subunits allows biochemical and pharmacological char
acterization of the coupled receptor in this expression system. Receptor activa
tion was monitored by measuring the agonist stimulated binding of GTPγ 3 5 .
While
binding signal, if G-proteins are co-expressed with the receptor, a marked
increase in NPY induced GTPy^S binding signal can be generated (2-5X in
crease above Y1 alone). With respect to the GTP binding signal, the rank order
of potency for Ga subunits is as follows: i2 > O = i1 = i3 » q = 11 = Z = S, with the
ranking of G0 and G's closely related to the level of Ga protein expression in the
cell. EC5ovalues determined for select peptides by this system (Gi or G0) were in
the same rank order as when determined via inhibition of cAMP production from
LMTK- cells stably expressing hY1 (hNPY < pNPY2-36 < pNPY13-36 < hPYY336). Furthermore, when the Y1 selective antagonist BIBP 3226 was used to
inhibit hNPY, an IC50 was generated (9.0nM) comparable to its binding affinity
(2.0nM) and IC5o generated in both the above described cAMP assay (4.2nM)
and from SK-N-MC cells (2.6nM). In conclusion, we have shown that we can
selectively co-express a receptor and G-proteins in a system essentially devoid
of G-proteins, and utilize a receptor activation assay to characterize which Gprotein subtypes can productively couple with the receptor. Such an approach
should provide valuable insight into how G-proteins regulate the function of GPCR’s.

2

383.9
SEVERAL NEUROPEPTIDE Y (NPY) RECEPTORS SUPPRESS
PARASYMPATHETICALLY AND SENSORY C FIBER MEDIATED
CONTRACTIONS IN THE GUINEA PIG AIRWAYS L. Grundemar*.
Department of Clinical Pharmacology, Lund University Hospital, S-221 85
Lund, Sweden.
NPY is able to suppress the release of transmitters from various nerve
terminals in the periphery and brain. The aim was to examine which NPY
receptors that are coupled to inhibition of atropin-sensitive and capsaicinsensitive contractions of the isolated guinea pig airways. In a series of
experiments, electrical field stimulation (EFS, 2 Hz, 1 ms, 40 V) of tracheal
rings evoked a rapid twitch, which was abolished by atropine. NPY, PYY, the
Y2 receptor agonist C2-NPY, as well as NPY 5-36 and 13-36 inhibited the
electrically stimulated twitches. The Yl receptor antagonist BIBP3226 ( l µM)
failed to prevent the NPY-induced inhibition. Although less potent than NPY,
also the Yl (and Y4-Y6) receptor agonist [Leu^l,Pro34]NPY inhibited the
stimulated twitches. BIBP3226 virtually abolished the inhibition evoked by
[Leu31,Pro34]NPY. Human pancreatic polypeptide (Y4-Y6 receptor agonist)
was inactive. In another series of experiments on bronchial rings pretreated
with atropine, EFS evoked contractions which were sensitive to capsaicin.
NPY and C-terminal NPY fragments concentration-dependently inhibited the
stimulated contractions. Pretreatment with BIBP3226 attenuated the NPYevoked inhibition. In conclusion, it seems that NPY can suppress
parasympathetically and sensory C fiber- mediated contractions in the guinea
pig airways via both Y2 and Yl receptors. (Supported by the Swedish MRC
(12207) and Crafoord foundation).

383.10
CHARACTERIZATION OF THE RECEPTOR MEDIATING THE
HYPOTHERMIC EFFECT OF NPY. J. J. Hwa, M. B. Witten, R.
Burrier, B.Salisbury, E. Parker*, H. Davis, C. D. Strader. ScheringPlough Research Institute, Kenilworth, NJ 07033
Intracerebroventricular (ICV) administration of neuropeptide Y (NPY)
has been shown to decrease energy expenditure, induce hypothermia
and stimulate food intake. Recent evidence has suggested that the Y5
receptor may be a significant mediator of NPY-stimulated feeding. The
present study attempts to further characterize the role of NPY receptor
subtypes in feeding and thermoregulation. Satiated Long-Evans rats
with temperature transponders implanted in the subscapular brown fat
area
displayed a dose-dependent decrease in body temperature
(∆Tmax=-1.32±0.42°C) and an increase in food intake (max
FI=5.28±0.84 g) when administered ICV NPY. Human peptide YY (336), which selectively activates the Y2 and Y5 receptors, produced
dose-dependent hypothermia (ATmax=-1.40±0.42°C,) and feeding
(max FI=5.70±1.80 g). Significant decreases in body temperature
(∆Tmax=-1.24±0.24°C ) and increases in food consumption (max
FI=4.64±1.43 g) were also elicited by the Y4/ Y5 selective agonist
human pancreatic polypeptide (hPP). Neither the Y2 selective agonist
NPY (13-36) nor the Y4 selective agonist rat PP stimulated food intake
or produced hypothermia. These findings suggest that the Y5 receptor
may play a principal role in the mediation of NPY-induced hypothermia
as well as feeding.

383.11

383.12

EXPRESSION OF THE NEUROPEPTIDE Y Y5 RECEPTOR mRNA IN THE
HUMAN BRAIN: AN IN SITU HYBRIDIZATION STUDY. D Jacques1*, Y.
Tong2, S.H.Shen2, and R. Ouirion1 1Douglas Hosp. Res. Ctr, Dept Psychiatry,
McGill Univ., M ontréal, Q.C., Canada, H4H 1R3; 2National Research Council
Canada, Biotechnology Research Institute, 6100 Royalmount Ave., Montréal, Q.C.,
Canada, H4P 2R2.
Early pharmacological studies have suggested that the hypothalamic NPY receptor
involved in the stimulation of food intake is distinct from the conventional Y t
receptor subtype (Stanley et al. 1992, Peptides 13. 581-587; Jolicœ ur et al. 1991,
Brain Res. Bull 26: 309-311). More recently, a newly cloned receptor termed Y5,
was proposed to be the food intake receptor subtype (Gerald et al., 1996 Nature 382:
168-171). Last year at this meeting, Gustafson et al. (Soc. Neuroscience Abstr.
22(3): 1682, 1996) reported that the Y5 receptor mRNA is expressed in various areas
of the rat brain including the paraventricular, lateral and arcuate nuclei of the
hypothalamus. Hybridization signals were also detected in the hippocampal
formation and various thalamic nuclei. In the present study, we investigated the
expression of the human Y5 receptor gene using in situ hybridization (35S labelled
cRNA probe) in various regions of the normal hum an brain, post mortem.
Interestingly, significant levels of expression were particularly noted in the arcuate
nucleus of the hypothalamus and the dentate gyrus o f the hippocampal formation.
Other regions were not enriched with the Y5 receptor mRNA. Hence, it appears that
the expression of the Y5 receptor in the hum an brain is more restricted than in the
rat brain. Moreover, the distribution of the Y5 receptor mRNA is clearly distinct
from that of the Y1 receptor as recently reported by us (Jacques et al. 1996;
NeuroReport 7:1053-1056). Supported by MRCC.

PHARM ACOLOGICAL CHARACTERIZATION OF THREE NPY
R E C E P T O R S U B T Y P E S FR O M Z E B R A F IS H U S IN G CTERMINALLY MODIFIED AND LOOP-DELETED NPY MOLECULES
M. M. Beralund*, I. Lundell, B. Rist#, A. Beck-Sickinaer# and D.
Larham m ar Dept. Med. Pharmacol., Uppsala Univ., Box 593, S75124 Uppsala, Sweden. #Dept. Pharmacy, ETH, CH-8057 Zürich.
Neuropeptide Y (NPY) and peptide YY (PYY) are found in all
vertebrates and are involved in many physiological processes. Five
receptor subtypes have been cloned in mammals. Our lab has
previously cloned three separate receptor subtypes in zebrafish. zYb
and zYc are 70%. identical to each other and both are 50% identical
to zYa. We have tested porcine NPY with alanine substitutions in
positions 33-36 and three peptides modified in the loop; Ahx 8-20,
Ahx 8-20 Pro34 and Ahx 5-24. In these peptides the aa 9-19 or 6-23,
have been replaced with an ε -aminocaproic acid-bridge.
As expected zYb and zYc bound similarly to all peptides. The
greatest loss of affinity for zYb and zYc (16000 and 7000 times lower
respectively) occured when amino acid 35 was replaced with alanin.
Ala35-NPY biding to zYa was 200 times lower than for pNPY. All
three receptors lost binding when position 33 was replaced (500,
3000 and 1200 times for a, b and c). When aa 9-19 were removed
the affinity to zYa actually increased about twofold. zYa also bound
Ahx 5-24. The Ahx 5-24 affinity to zYb and zYc was in the micromolar
range (10.000 times lower than to pNPY). Ahx 8-20 bound to zYb and
zYc ten times stronger when position 34 was replaced with proline.
Taken together this shows that zYa displays a unique binding
profile compared to all known mammalian NPY receptors. zYb and
zYc show a binding pattern similar to Y1 receptors although
sequence comparisons show that neither zYb nor zYc is the Y1
orthologue in zebrafish.
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CLONING AND CHARACTERIZATION OF MURINE
NEUROPEPTIDE Y Y5 RECEPTOR H. Chen1, S. Adams1, E.

DISTRIBUTION OF THE NEUROPEPTIDE Y Y5 RECEPTOR
m R N A IN PERIPHERAL TISSUES. E. T. Grant, M. Fidock1 and
I. M. Allen*. D ivision of B iochem istry & M olecular Biology,
U niversity of G lasgow , G lasgow G12 8QQ Scotland, UK and
1Pfizer Central Research, Sandw ich, Kent, UK
A t least six different receptor su b typ es have b een identified
for N eu r o p e p tid e Y (NPY) and m em b ers o f th is fam ily of
p ep tid es. Five of th ese (Y1,Y2,Y4,Y5 and Y6 ) h a v e been
cloned. The Y5 receptor h as b een im p licated in the regulation
of in gestive behaviour; the predom in ant location b ein g in the
h yp oth alam u s, sp ecifically the paraventricular nu cleu s. To
characterise features of the Y5 receptor, the h u m an receptor
w a s isolated from h yp othalam ic cD N A b y PCR and u sed to
in vestigate the presen ce o f the receptor m R N A in various
peripheral hu m an tissu es b y N orthern b lot analysis. The Y5
receptor m R N A could be readily detected in k id n ey and to a
lesser extent in the sm all intestine, liver and lun g. N o signal
w a s observed in other tissu es in c lu d in g th e sp leen . A rat
gen om ic library w a s screen ed w ith three o lig o n u c leo tid e s
h o m o lo g o u s to the 5 ’ region of the rat Y5 receptor. Three
plaq ues w ere identified as p o sitiv e after second ary screening
and w ere further characterised after excision from ph age and
preparation of D N A for Southern blot analysis.
E.Grant is in receipt o f a BBSRC C ASE studentship

Mcwhinnie1, M. Bayne1, R. Gadski-, R. Kamboi*1 and R. Zastawny1CNS Dept. Allelix, Mississauga, Ontario, Canada L4V 1V7
2Lilly Research Laboratories, Eli Lilly and Company, Lilly Coporate
Center, Indianapolis, IN 46285
Neuropeptide Y (NPY) is one of the most abundant neurohormones
in the mammalian peripheral and central nervous system. The 36-amino
acid peptide belongs to the pancreatic polypeptide family and is
considered to be one of the most powerful central appetite stimulants
known. By homology cloning, we cloned a gene encoding a novel NPY
receptor from a murine genomic DNA library. This gene encodes a
467 amino acid protein which shares 98% amino acid and 94%
nucleotide identity with the rat Y5 receptor-the so called feeding
receptor. Northern analysis showed it is expressed only in brain tissue.
Interestingly, the murine orthologue has an extra 21 amino acid insert in
the 5’ end of the coding region. Using a site-directed mutagenesis
method, we constructed a short version of the mouse Y5 gene which
lacks this 21 amino acid region. Both the wild type and short version
were cloned into pCI-neo vector for mammalian expression and a
binding assay showed both forms bind to 125I labelled porcine PYY with
high affinity. A pharmacological characterization of both forms of the
mouse Y5 receptors will be presented, (supported by Eli Lilly)

383.15
AN ORPHAN HUMAN G PROTEIN-COUPLED RECEPTOR GENE HIGHLY
EXPRESSED IN BRAIN AND SPINAL CORD. P. DonohueL S. M a n te y 3.
L. Hampton1, A. Braun2 . R. J e n s e n 3 , and J. Battey1, 1Laboratory of
Molecular Biology and 2VSLB, NIDCD and 3Digestive Diseases
Branch, NIDDK, NIH, Rockville, MD 20850
We are interested in identifying and characterizing members of
the G protein-coupled receptor family; in particular those related
to the bombesin receptor subfamily. We have characterized a
novel human receptor having minimal protein sequence identity
(-23% overall) to the G protein-coupled receptor superfamily
members endothelin-B and gastrin-releasing peptide. RNA gel
blot hybridization analysis indicated high mRNA levels in human
brain and spinal cord, intermediate levels in testes and low level
expression in liver and placenta. Regional distribution of this
mRNA in human brain revealed high levels in corpus callosum and
substantia nigra, intermediate levels in medulla and caudate
nucleus, with the remaining tissues expressing a basal level. We
have been unable to detect binding of bombesin-like peptides or
endothelin-1 to this novel receptor. Additional peptides and
ligands are currently being screened in an attempt to identify the
natural ligand for this receptor.
Supported by NIDCD IRP Z01 -DC-00028-02

383.16
CLONING AND CHARACTERIZATION OF A GOLDFISH
GONADOTROPIN-RELEASING HORMONE RECEPTOR. M. L
H e 1, K W . C h e n g 1, K. L. Y u **, K. W . D o n e 2, B. K. C. C h o w 1 a n d U i
C h an g 3. d e p a r tm e n t o f Z oology, The U n iv ersity o f H ong K ong, Hong
K ong, 2T h e Jo n es In stitu te f o r W o m e n ’s H e a lth , E a s te rn V irg in ia
M edical School, N orfolk, V A 2 3 507, and 3D e p a rtm e n t o f B io lo g ical
Sciences, The U niversity o f Alberta, Edm onton, T 6G 2E9, Canada.
In goldfish, gonadotropin and grow th ho rm o n e release are stim ulated
b y tw o n a tiv e g o n a d o tro p in -re le a sin g h o rm o n e s (G n R H s), n a m e ly
sG nR H and cG nR H -II. A cD N A encoding the g o ld fish G nR H recep to r
(gfG nR H -R ) has b een cloned and functionally exp ressed in C O S -7 cells.
T h e 2 4 1 6 b p cD N A e n co d es a 380 a m in o a c id (aa ) p ro te in w ith a
tran sm em b ran e topology sim ilar w ith th at o f o th e r G p ro tein -co u p led
sev en -tran sm em b ran e rec e p to rs. T h e g fG n R H -R h as a p red ic te d aa
sequence th at is 78% identical to th at o f the A fric a n ca tfish G nR H -R
(cfG n R H -R , T e n se n e t a l, (1997) E u r. J. B iochem . 2 4 3 , 134-140) and
44% id en tica l to th at o f th e m am m alia n G n R H -R s (m G n R H -R s).
C om pared to the cfG nR H -R , transm em brane d o m ains T M 2 to T M 7 and
intracellular loop 2 are m ost highly co n serv ed (> 90% ) in the gfG nRH -R.
In co n trast, e x tracellu lar loop 1 is the m o st h ig h ly c o n serv e d (> 70% )
dom ain co m pared to the m G nR H -R s. S im ilar to th e cfG n R H -R but in
contrast to the m G nR H -R s, gfG nR H -R co ntains an in tracellu lar carboxyterm inal dom ain o f 52 am in o acid resid u es. F u n c tio n a l stu d ie s reveal
th at the gfG nR H -R , w h en tra n sie n tly e x p re sse d in C O S -7 c ells, can
tra n s d u c e th e stim u la tio n o f in o sito l p h o s p h a te s p ro d u c tio n an d
intracellular C a2+ in response to the tw o native G nR H s. T he cloning and
ch aracterizatio n o f this g fG n R H -R p ro v id e s th e stru c tu ra l b a sis fo r a
G nR H -R w hich can m ediate the response o f b o th sG n R H and cG nR H -II
in goldfish.

383.17

383.18

THE EFFECTS OF ALTERING THE POSITION OF THE CONSERVED
ASP-ARG MOTIF WITHIN HELIX 3 OF THE MOUSE GONADOTROPINRELEASING HORMONE RECEPTOR WITH ALA INSERTION SCANNING.
S. Kitanovic*, K. Konvicka, H. Weinstein and S.C. Sealfon. Fishberg
Research Center for Neurobiology and Dept, of Neurology, Dept, of
Physiology and Biophysics, Mount Sinai Medical Center, New York, NY
10029
All G-protein coupled receptors have an Arg residue at the cytoplasmic
end of transmembrane domain (TMD) 3, where it is preceded by an Asp in
nearly all receptors.To determine the positional requirements of this
conserved Asp-Arg pair for receptor activation and high-affinity agonist
binding, 1-4 alanine residues were introduced proximal to the Asp residue
of the motif in the mouse GnRH receptor.
The effects on receptor function were evaluated with agonist- stimulated
phosphatidyl-inositol hydrolysis. No function was detected for any of the
insertional mutants. However, mutants with 2, 3 and 4 inserted alanines
exhibited high-affinity agonist binding. Agonist affinity was nearly 10-fold
higher for constructs with 3 and 4 inserted alanines compared to the wildtype receptor. No agonist binding was observed for the mutant containing 1
inserted alanine, indicating that the orientation of the Asp-Arg pair on the
helix face is critical for binding. The levels of mutant receptor expression
were found to be much lower than for the wild-type receptor (< 10%), but
among the contructs that bind the agonist, the expression was highest for
the 3 alanine insertionai mutant and lowest for the 2 alanine insertional
mutant.
The restoration of binding with 2-4 alanines suggests that assembly
of a receptor with a high-affinity agonist binding site requires the orientation
of the Asp-Arg on a specific face of the helix. In contrast, receptor activation
is sensitive to the particular positioning of the Asp-Arg pair in TMD 3, as
activity was detectable only for the wild-type receptor.
Supported by NIH grant R01DK46943.

M E L A N O C O R T IN R E C E P T O R B IN D IN G A S S A Y IN R A T B R A IN
H O M O G EN A TE: IDEN TIFIC A TIO N O F TET R A PEPTID E LIG A N D S FR OM
A C O M B IN A T O R IA L L IB R A R Y C .T. D o o lev * , C. G rev Spaeth, and R.A.
H o u g h ten T o rrey Pines In stitu te fo r M o le c u lar Studies, San D iego, C A 92121.
T h e m elanocortin receptors are a group o f receptors w h ich m ed iate a variety o f
p h y sio lo g ical effects, in cluding reg u latio n o f ad ren al g lu co co rtical and
a ld o stero n e p ro d u ctio n (th ro u g h A C T H ), co n tro l o f m elan o cy te gro w th and
pigm ent production, therm oregulation, im m unom odulation and analgesia. Five
m elanocortin receptors have recently been cloned and expressed in cells lacking
en d o genous m elan o co rtin receptors. A rec e p to r bin d in g assay in brain tissue
hom ogenate, an assay w hich represents conditions clo ser to those found in vivo,
has not been reported. W e have developed a recep to r binding a ssa y u sin g [ 125I]lab eled H P 228 (an a -M S H an alo g ) in rat b rain hom o g en ate. B in d in g o f this
rad io lig a n d (K d = 0.3 nM ) and [ 12SI]-la b e led N D P (K d 2 n M ) to brain
hom ogenate is com parable to that found in cloned m elanocortin receptors (M C3
and M C4). B inding characteristics o f these ligands and m elanocortin analogs will
b e describ ed .
C o m b in ato rial lib raries rep resen t th e m o st rap id and
com prehensive m anner to identify n ew ligands fo r these receptors. A p o sitio nal
scanning library com posed o f 65 m illion different tetrapeptides w as screened in
th e receptor binding assay using tissue h om ogenate; 84 individual peptides were
synthesized. The m ost active peptide identified had an IC 50 value o f 52 nM . The
screen in g d a ta and activ ities o f th e indivdual c o m p o u n d s w ill be d escrib ed .
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T his w o rk w as funded by H o u g h ten P h arm aceu ticals, Inc., San D iego, CA .
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383.19
E FF E C T O F M E M O R Y -E N H A N C IN G PE P T ID E S O N H IP P O C A M P A L
SY N A PTIC T R A N S M ISSIO N . V .G .Skrebitsky, A .N .C h ep k o v a, I.N .Sharonova.
V .S .V orobiev, and V .L .E zrokhi*. B rain R esearch Institute, R ussian A cad em y o f
M edical Science a nd
Institute o f H ig h er N ervous A ctivity and
N europhysiology*,
R ussian A cad em y o f Science, 5
O bukha
by-street,
M oscow 103064, Russia.
M odulation o f
excitatory
synaptic transm ission in th e h ip p o cam p u s
by m etabolic fragm ents o f "m em ory peptide" arginine vaso p ressin (A V P),
[pGlu 4,C yt6] A V P 4 . 9
an d [pG lu 4,C yt 6lA V P 4 . 8 as w ell as som e synthetic
pG lu-containing dipeptides
(p G lu -A sn N H 2, pG lu -A laN H 2) sharing the
properties o f m em ory enhancers w as studied. T w o experim ental m o d els
w ere u sed to exam ine the synaptic and m em b ran e effects o f th e peptides:
1.hippocam pal slice preparations; 2. acutely iso lated py ram id al cells. It has
been found that 2 0 m in b ath ap p licatio n o f any o f th e p ep tid es u n d er study
(A V P fragm ents in n ano m o lar
an d
p G lu -d ip ep tid es
in m icro m o lar
concentrations) pro d u ce d slow ly dev elo p in g an d persisten t enhancem ent o f
hippocam pal field responses. In tracellular reco rd in g o f synaptic activity
from CA1 pyram idal cells rev ealed long -lasting enhancem ent o f excitatory
postsynaptic potentials (E PSPs) un d er the in fluence o f A V P 4 . 8 , w hich
w as
resistant
to
bo th N M D A and G A B A recep to r antagonists. Single
local application
o f A V P 4 . 9 to CA1 h ip p o cam p al p y ram id s b u t n o t
cerebellar Purkinje cells in d u ced slow
long-lasting
en h ancem ent
of
transm em brane currents activated b y A M P A, a specific agonist o f glutam ate
receptors
m ediating
fast
EPSPs. Persistent enhancem ent o f excitatory
synaptic transm ission in th e h ip p o cam p u s is suggested to m ed iate
m em o ry
enhancing
effects
o f pG lu -co n tain in g A V P -like p ep tid es . This w o rk has
been supported by R F B R g rant 96-0 4 -4 9 5 9 5 an d IN TA S g ran t 94-2060.
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ESTROGEN REGULATES GALANIN BUT NOT TYROSINE
HYDROXYLASE GENE EXPRESSION IN THE RAT LOCUS
CERULEUS. J.Y. Tseng, P.E. Kolb, M.A. Raskind and M.A.
M iller*. Department of Psychiatry, University o f Washington,
Seattle, Washington 98195.
The neuropeptide galanin (GAL) is coexpressed by the majority of
noradrenergic neurons in the rat locus ceruleus (LC) and may function
as an inhibitory modulator of noradrenergic transmission. Because
estrogen has been shown to induce GAL expression in other brain
regions and modulate noradrenergic transmission, we used in situ
hybridization histochemistry to assess the effects of chronic estrogen
treatment on GAL and tyrosine hydroxylase (TH) gene expression in
the LC of ovariectomized female rats. We found that GAL mRNA
levels were significantly elevated in rats that were chronically
implanted with a Silastic capsule containing estradiol compared to
sham-implanted controls. Both the average optical density (p<0.05)
and the labeling area (p<0.007) differed significantly between the
groups. In contrast, TH gene expression measured in alternate brain
sections did not differ between the groups. If GAL functions as an
inhibitory modulator of noradrenergic transmission as postulated,
these findings suggest that chronic estrogen treatment could reduce
the noradrenergic tone of the brain in the absence of significant
alterations in TH expression by enhancing the level of cosecreted
GAL. This work was funded by NIH NS33606 and NIA AC10917.

M OD ULA TION O F SYNAPTIC TRANSM ISSION BY D IFFE R EN T
SUBTYPES O F GALANIN R E C EPTO R S IN T H E RA T HY POTHA LAM US
USING AN IN VITR O SLICE PR EPAR ATION . G.A. Kinney* and R.J. Miller.
Dept. o f Pharmacol, and Physiol. Sci., The Univ. o f Chicago, Chicago, IL 60637.
Galanin (Gal), a 29 amino acid peptide, has been shown to be involved in a variety
o f biological functions, including the stimulation o f food intake. Consistent with this,
galanin binding has been demonstrated throughout the brain, with high levels being
observed in the hypothalamus. At present, 2 Gal receptors have been cloned.
However, based on binding data it is thought that at least 4 subtypes o f Gal receptors
exist. In an effort to characterize the actions o f Gal within the hypothalamus, a study
o f the effects o f Gal and its analogues on synaptic transmission was undertaken
using an in vitro slice preparation o f rat arcuate nucleus. Application o f Gal (lOOnM)
caused a significant reduction in the amplitude o f evoked EPSCs (55.54±4.03%,
n= 18/20). The fragment Gal 1-16 (100 nM) produced a robust depression o f synaptic
transmission (51.84±7.60%, n=7/9). The fragment Gal 1-15 (100 nM) also produced
significant depression, albeit in a lower percentage o f cells (56.65±7.28%, n=4/10).
The Gal fragment 3-29 (1 pM), produced a lesser degree o f depression
(21.28+1.37%, n=4/l 1). The chimeric peptides C7 (100 nM) (29.91±4.39%,
n=7/14), M15 (100 nM) (30.63±4.51%, n=7/10), and M40 (100 nM) (40.14±7.53%,
n=7/14), all produced varying degrees o f depression o f evoked EPSCs. In addition,
Gal caused a depression o f transmission in the presence o f C7 (41.03±6.69%,
n=6/9), M15 (33.44±5.93%, n=5/7), and M40 (37.00±17.09%, n=3/7). In a minority
o f cases C7 (n=3/7), M l5 (n=l/5), and M40 (n=l/3) antagonized the actions o f Gal.
Finally, preliminary analysis o f mEPSCs in the presence o f TTX and cadmium
indicates a presynaptic site o f action o f Gal downstream o f calcium entry. Thus,
evidence indicates that Gal acts via several subtypes o f presynaptic Gal receptors to
depress synaptic transmission in the rat hypothalamus. (PHS grants DA-02575, DA02121, MH-40165 and NS-33502 to R.J.M.).

384.3
GALANIN AND NEUROPEPTIDE Y MODULATION OF CALCIUM CHANNELS
IN NEURONS OF THE RAT NUCLEUS TRACTUS SOLITARIUS (NTS). CC.Lee*
and RJ. M iller. Dept. Pharmcol. & Physiol., Univ. of Chicago, Chicago, IL 60637.
The NTS receives primary afferents from the autonomic system and plays a critical
role in the modulation of cardiovascular, respiratory, and gustatory system.
Neuropeptides such as galanin(Gal) and neuropeptide Y(NPY) have dramatic effects
on these autonomic functions and synaptic transmission within the NTS. The
purpose of this study was to characterize the types of galanin and NPY receptors
present on acutely dissociated neurons of the NTS, and the modulation of ICa by the
activation of these receptors. Application of NPY and its analogs produced
characteristic G-protein linked receptor blockade of ICa, which was partially relieved
by a pre-pulse. The application o f NPY(45/112 cells), PP(21/65 cells), and
PYY(16/60 cells) in concentration of 100-200 nM produced 20-30% inhibition of ICa.
We observed neurons that only responded to a single neuropeptide as well as neurons
responding to multiple neuropeptides Additionally, in NPY responding neurons,
similar concentration of D-Trp 32 NPY(n=18), Leu 31Pro 34 NPY(n=15) and 1336NPY(n=5) produced negligible changes in ICa. Gal(52/120 cells), Gal 1-15(4/11
cells), and Gal 1-16(7/20 cells) also inhibited ICa, while Gal 3-26 had no effect (0/15
cells). Gal and its analogs also inhibited ICa by 20-30%, and the block was partially
relieved by a pre-pulse. The putative Gal antagonists M 15(10/25 cells) and
M32( 12/30 cells) produced an inhibition of ICa similar to Gal and but had on effect on
Gal block of ICa. Other Gal antagonists M 40(0/18 cells) and C7(0/16 cells) produced
no changes in ICa and were also unable to block Gal effects. Based on these
pharmacological data, neurons within the NTS contain m ultiple types of NPY and
Gal receptors. NTS neurons may express both G alRl and/or GalR2. However, the
lack of effect of M40 on these neurons suggests the presence of another type of Gal
receptor tKat has not been fully identified. (Support via grants NIH DA-02575, DA02121, MH-40165, and NS-33502 for RJM and 5T32GM07151-22 for CCL.)
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384.4
AUTORADIOGRAPHIC LOCALIZATION OF THE GALR2 RECEPTOR
SUBTYPE IN THE RAT CNS. T.A. Branchek*, E.L. Gustafson, M.W. W alker,
C. Forrav, K.E. Smith, C. Gerald and M.M. Durkin. Synaptic Pharmaceutical
Corporation, Paramus, NJ 07652.
Galanin is an inhibitory neuropeptide that is widely distributed throughout the rat
CNS and is involved in diverse physiological processes, such as the stimulation of
feeding, the impairment of working memory, the regulation of neuroendocrine
function, a protective role in nerve injury, and the modulation of nociceptive
information. Pharmacological differences in the receptors mediating these processes
identified using galanin analogs and chimeric peptides (M.W. Walker, this meeting)
have suggested heterogeneity in the galanin receptor family (T. Bartfai, 1995). The
subsequent expression cloning of the GalR2 receptor (K. Smith, this meeting)
confirmed the existence of an additional galanin receptor subtype. We examined the
distribution of the GalR2 receptor subtype employing receptor autoradiography
using0.1 nM [ 125I]porcine galanin and selective GalR2 displacement with [D -Trp]
g.alanin(i_29). The addition of l|iM porcine galanin completely displaced the
[ 25I] galanin binding from the rat brain tissue sections. Binding sites attributable to the
GalR2 receptor, as defined by their sensitivity to [D-Trp 2]galanin(i_29),were determined
by subtractive densitometry. We found a substantial overlap in the distribution of both
GalRl and GalR2 receptor subtypes in many brain areas. GalR2 binding sites were
identified in the septum, paraventricular hypothalamic nucleus, thalamus and
amygdala, and superior polliculus. A lower density of GalR2 binding sites was detected
in the piriform and entorhinal cortices, globus pallidus and various hypothalamic and
amygdaloid nuclei. In the midbrain, GalR2 receptors were detected in the central gray
and parabrachial nucleus. [D-Trp 2]galanin(1.29) did not displace total binding in the
olfactory bulb, the nucleus of the lateral olfactory tract, the nucleus accumbens, ventral
hippocampus nucleus caudalis and dorsal horn of the spinal cord. The anatomical
distribution of the GalR2 receptor suggests a possible role as a regulator of synaptic
transmission in various brain regions, as a mediator of neuroendocrine functions, in
addition to mediating galanin’s effects on cognition and sensory modulation.
This work was supported by Synaptic Pharmaceutical Corporation.
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C-FOS EXPRESSION INDUCED BY GALANIN IN BRAINSTEM
NUCLEI OF THE RAT. Z. Diaz, P. Marcos, M.P. Cordón, R. Coveñas,
I.A. Aguirre, P.B., Hedlund#, K. Fuxe#, S. González-Barón and I. A.
N arváez*. Dept. de Fisiología, Facultad de Medicina, Universidad de
Málaga (Spain) and #Dept. of Neuroscience, Karolinska Institute,
Stockholm (Sweden)
We have investigated the site of action of Galanin in the
brainstem by using c-Fos expression as a marker of neuronal activity.
Groups of rats received a dose of 3.0 nmol of Galanin intracisternally
and they were sacrificed 90 minutes or 6 hours after injections. One group
of rats received artificial cerebrospinal fluid (aCSF) alone and another
groupof rats was sham operated. These two groups were used as controls.
The presence of c-Fos in brainstem was study by immunofluorescence and
its possible coexistence in TH-immunoreactive cells was analyzed. In
sham-operated animals and in rats which received aCSF no c-Fos
expression was found. 90 minutes after Galanin injection a weak c-Fos
staining was detected although 6 hours latter c-Fos expression was
stronger and more intense. The presence of C-Fos was observed in the
nucleus of
the
solitary
tract,
the
nucleus
reticularis
paragigantocelularis, the nucleus reticularis lateralis and the nucleus
reticularis. No co-localization of C-Fos was observed in THimmunoreactive cells in any of the sections studied. These results
indicate that Galanin induces c-Fos expression in brainstem nuclei
involved in autonomic regulation and thus, this fact could reflect the
site of action of this peptide for its role on cardiovascular control,
nociception and other autonomic functions. Furthermore, it could be
suggested that Galanin does not stimulate TH-immunoreactive cells.
This work has been supported by the Spanish CICYT (PB93-0992).

CART PEPTIDE IMMUNOREACTIVITY IN THE NUCLEUS ACCUMBENS
OF M ONKEYS: ELECTR ON M IC RO SCO PIC AN A LY SIS AND C O 
LOCALIZATION STUDIES. Y. Smith*, J.-F. Paré, E. Kovlu, P. Coucevro, E.
Ince, A.I. Levev and M.H. Kuhar. Yerkes Regional Primate Research Center and
Dept of Neurology, Emory Univ., Atlanta, GA 30322, USA.
CART (Cocaine- and amphetamine-regulated transcript) peptides are proposed to
be involved in the action o f psychostim ulants as neurotransm itters or
neuromodulators. To better understand the role of CART peptides in behavioural
and physiological changes following administration of psychostimulants, we
characterized the source and ultrastructural localization of CART peptideim m unoreactive structures in the shell of the nucleus accum bens (Acc) in
monkeys. This was achieved by means of single and double immunocytochemical
studies at the light and electron microscopic level.
A dense plexus of CART-labelled fibres and varicosities in register with
medium-sized neuronal perikarya were found in the medial tip of the shell of the
Acc. In the electron m icroscope, CART im m unoreactivity was associated
exclusively with neuronal structures including perikarya, dendrites, spines as well
as nerve terminals packed with electron-lucent and dense-core vesicles. Most of the
labelled terminals formed symmetric axo-dendritic synapses and displayed GABA
immunoreactivity. The possibility that those terminals arose from intrinsic striatal
neurones was tested by co-localization studies. We found that CART-containing
neurones were non:immunoreactive for various markers of striatal interneurones
(parvalbumin, somatostatin, choline acetyltransferase) or for calbindin D-28k, a
marker of projection neurones. However, some of them displayed D1 dopamine
receptor immunoreactivity. In line with this finding, double immunostaining at
the electron m icroscopic level showed that CART-imm unoreactive structures
received symmetric synaptic input from dopaminergic terminals. These findings
strongly suggest that CART peptides in the shell of the A cc.:(l) may be a co
transmitter with GABA in a subpopulation of projection neurones and (2) are
controlled by midbrain dopaminergic afferents. (Supported by Grant RR00165).

384.7

384.8
CART PEPTIDE IMMUNOHISTOCHEMISTRY IN RAT . E
Koylu*, P Coucevro, P Lambert, K McGirr, M J Kuhar. Yerkes
Regional Primate Research Center, Emory University, Atlanta GA.
Cart mRNA is a novel transcript that has been related to
psychostimulant action in brain. The predicted CART peptide
contains a leader sequence and several pairs o f basic amino acids
suggesting that it is processed and released. We have made
polyclonal antisera against several peptide fragments that span the
parent polypeptide and are possible processed fragments (we
acknowledge Drs E DeSouza and N Ling for some peptide synthesis).
Using immunostaining with DAB, we found CART peptide
immunoreactivity in the same cell groups that contain CART mRNA
which indicates that the mRNA is translated. These immunoreactive
cells were found throughout the brain and in the pituitary and adrenal
medulla. Antisera raised against different peptide fragments showed
somewhat different staining patterns, suggesting that the full length
CART peptide is processed into smaller peptides. We have also
found differences in mRNA levels between Lewis and Fischer rats.
These data suggest that CART peptides are putative peptide
neurotransmitter/cotransmitters involved in several physiologic
processes including feeding, drug reward, autonomic control, sensory
function and stress responses. Supported by RR00165.

CART PEPTIDES HAVE A PHYSIOLOGICAL ROLE IN THE CENTRAL
CONTROL OF FOOD INTAKE. P. D. Lambert1, P. R. Coucevro1.,E. O. Kovlu1, N.
C. Ling2, E. B. DeSouza2 and M. J. Kuhar1. Yerkes Regional Primate Research
Center, Atlanta, GA1; and Neurocrine Biosciences Inc., San Diego, CA2.
Administration o f cocaine decreases food intake, however, the mechanism o f action
remains little understood. Acute administration o f cocaine in the rat has been shown
to increase expression of a novel mRNA transcript called CART (cocaine and
amphetamine regulated transcript). CART encodes for a novel putative polypeptide of
116 or 129 amino acids and at least one fragment o f the full CART peptide exists in
the hypothalamus. We have synthesized fragments o f the full CART peptide based
on likely cleavage sites in vivo. Antisera raised against these peptides show
immunoreactivity in many brain areas involved in the control o f feeding behavior
including the paraventricular nucleus o f the hypothalamus.
The following
experiments investigate the effect o f central injection o f CART peptide fragments and
central immunoneutralisation o f endogenous CART peptides on food intake. Male
Sprague-Dawley rats were cannulated into the lateral ventricle, allowed to recover
from surgery and divided into groups (n=5-12). CART peptide fragments or
polyclonal antisera were infused (lul/m in) and total food eaten in the first 2 hours o f
the dark phase was measured. All studies were o f crossover design with 48 hours
between treatments. Two o f the three CART peptide fragments tested produced a
significant (* p<0.05) decrease in dark phase-induced food intake (0.9% saline (2 pi)
4.1±0.3g; CART frag A 3.2±0.2g*; CART frag B 4.5±0.4g; CART frag C
2.6±0.3g*). Injection o f a polyclonal antisera raised against CART frag A (5ul)
significantly increased (p<0.05) food intake (4.9±0.5g) compared to injection o f preimmune serum (3.1±0.6g). These data are the first evidence o f behavioral effects of
novel CART peptides and, along with immunohistochemical localization, are strong
evidence to suggest a physiological role for endogenous CART peptides in the central
control o f food intake. (Supported by grant RR00165).
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CART PEPTIDES HAVE A ROLE IN COCAINE-INDUCED LOCOMOTOR
ACTIVITY. P. R. Couceyro1*, P. D Lambert1, E. O. Koylu1, N. C. Ling2, E. B.
DeSouza2 and M. J. Kuhar1. Yerkes Regional Primate Research Center, Atlanta, GA1;
and Neurocrine Biosciences Inc., San Diego, CA2.
Administration o f cocaine causes a robust increase in locomotor activity in rodents.
Acute administration o f cocaine in the rat has been shown to increase expression o f a
novel mRNA called CART (cocaine and amphetamine regulated transcript). CART
encodes for a novel putative polypeptide o f 116 or 129 amino acids. We have
synthesized peptide fragments based on likely cleavage sites o f the full CART
peptide. Antisera raised against these peptides show immunoreactivity in brain areas
involved in the control of locomotor activity such as the nucleus accumbens. The
following experiments investigate the effect o f central injection o f CART peptide
fragments and central immunoneutralisation o f endogenous CART peptides on dark
phase and cocaine-induced locomotor activity. Male Sprague-Dawley rats were
cannulated into the lateral ventricle, allowed to recover from surgery and divided into
groups (n=5-12). Rats were pretreated with CART peptide fragments or polyclonal
antisera (lul/m in) 30 minutes before injection o f saline or cocaine (lOmg/kg, i.p.) and
distance moved (cm) in the first 1 or 2 hours o f the dark phase was measured. All
studies were o f crossover design with 48 hours between treatments. Two o f the three
CART peptide fragments tested produced a significant (* p<0.05) increase in
locomotor activity (cm/2hr) (0.9% saline (2 pi) 16078cm; CART frag A 38660cm*;
CART frag B 15290cm; CART frag C 46454cm*). Injection o f a polyclonal antisera
raised against a CART fragment (5ul) significantly decreased (p=0.048) locomotor
activity in the first hour following treatment with cocaine (6302±814cm) compared to
injection of pre-immune serum (7547±1174cm). These data are the first evidence o f
psychostimulant-like behavioral effects o f novel CART peptides and are suggestive
o f a role for endogenous CART peptides in reward and reinforcement. (Supported by
grant RR00165).

SUBSTANCE P INDUCES OSCILLATIONS OF SPINAL MOTO
NEURONS IN LAMPREY. E. Svensson, D. Parker, M. Wikstrom* and S.
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Grillner. Nobel inst. for Neurophysiology, Dept, of Neuroscience, Karolinska
institute, Stockholm, Sweden.
The lamprey spinal cord is a model system for investigating spinal locomotion
pattern generation. Tachykinin immunoreactivity is found in the ventro-medial
plexus that also contains 5-HT and dopamine. Whilst the effects o f dopamine and 5HT have been investigated, the effects of tachykinins are largely unknown, and thus
have been investigated here.
The effect of substance P was examined by recording intracellularly from identified
motoneurons and extracellularly from the corresponding ventral root. Rapid
perfusion of the spinal cord with 1 µM substance P increased the ventral root
activity, and depolarised motoneurons and induced oscillations. The oscillations
were blocked by preincubation of tetrodotoxin (1.5 µM TTX) and by the
glutamatergic antagonist kynurenic acid (1-2 mM). Substance P in the presence of
TTX depolarised motoneurons and increased spontaneous synaptic transmission and
input resistance. These effects o f substance P was blocked by the tackykinin
antagonist spantide 11 (2 µM).
The NMDA-receptor antagonist APV (100 µM) reduced the frequency and the
amplitude of the substance P-induced oscillation. Substance P also potentiates
responses to pressure applied NMDA. The non-NMDA-receptor antagonist CNQX
(10 µM) reduced or abolished the oscillations. In the presence of the glycinereceptor antagonist strychnine (5 µM), substance P caused a stronger depolarisation
and longer lasting oscillations. Oscillations were also induced in lateral interneurons
and crossed caudal interneurons. These results demonstrate that substance P
depolarises motoneurons and network interneurons.
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IDENTIFICATION OF THE RECEPTOR SUBTYPE INVOLVED IN THE
ANALGESIC EFFECT OF NEUROTENSIN. P. Kitahgi*1. 1. Duhuc2. P.
Sarret1. C. LabbS-Jullie1. LMu-Bflttft1. J. Martinez3. J. Costentin2.
J.P. Vincent1 and J. Mazella1. 'IPM C CNRS, 06560 Valbonne;
2CNRS UA 1969, 76803 St-Etienne du Rouvray; 3CNRS ESA 5075,
34060 Montpellier; France.
To date, the most efficient treatment o f pain remains
morphine and its opioid derivatives. However, unwanted side
effects of these drugs have led pharmacologists to search for
non-opioid analgesics. The neuropeptide neurotensin (NT)
elicits a potent naloxone-insensitive analgesic response after
brain injection. Recent pharmacological evidence obtained
with NT agonists and antagonists suggests that the analgesic
effect of NT is mediated by a receptor distinct from the
initially cloned high affinity NT receptor (NTRH). The recent
cloning o f a second NT receptor (NTRL) prompted us to
evaluate
its
role
in
N T -induced
analgesia.
Intracerebroventricular injections in mice o f antisense oligodeoxynucleotides from the NTRL markedly decreased NTRL
mRNA and protein, and blocked NT-induced analgesia. This
effect was specific since NTRH levels were unaffected and
sense oligodeoxynucleotides had no effect. Structure-activity
studies revealed a close correlation between the analgesic
potency of NT analogues and their affinity for the NTRL, and
disclosed potent and selective agonists for this receptor. These
data demonstrate that the NTRL mediates NT-induced analgesia
and may lead to the development of a new class of non-opioid
analgesics.

ONTOGENY OF AVIAN SEXUALLY DIMORPHIC VASOTOCINERGIC
NEURONS IN THE NUCLEUS OF THE STRIA TERMINALIS. A. Jurkevich*. S.
Barth†. W.J. Kuenzel‡ and R. Grossmann†*. lnst. for Small Anim. Res., 29223
Celle (Germany), +Inst. of Ecology, Vilnius (Lithania) and ‡Dept. of Anim. and
Avian Sciences, Univ. Maryland, College Park, MD, 20742.
Vasotocinergic cells in the nucleus of the stria terminalis (nST) of adult chickens
are sexually dimorphic. In males, there are well defined vasotocin (VT) synthesising
parvocellular neuronal groups in the nST and a nucleus dorsal to the paraventricular
nucleus (PVN) and VT immunoreactive (-ir) fibers in the lateral septal nucleus (SL)
while in hens VT circuits in corresponding structures have not been revealed
(Jurkevich et. al. Cell Tiss. Res. 287, 69-78, 1997). The present study traced the
ontogeny of VT neurons in the chick brain from day 12 of embryonic development
(E12) until onset of sexual maturation using immunocytochemical and in situ
hybridization methods in male and female brains. VT-ir cells are first detectable in
the area of the nST and its sub-nucleus dorsal to the PVN at day E 12 in males and
females. On days 1 and 2 of postnatal development (D1 and D2) both parvocellular
VT containing perikarya in the nST and its sub-nucleus are clearly visible in both
sexes. They are more numerous in males. Between D1 and D35 the cell number and
intensity of labelling in females decline rapidly. On D35 only weakly scattered
labelled perikaiya and fibers can be seen in the nST and SL (fibers only). By D70
the VT-ir elements have disappeared completely. In males, the number and intensity
of labelling of VT-ir neurons remains unchanged until the onset of sexual
maturation when there is an increase in VT synthesis. Sexually dimorphic VT
neurons in the nST are formed early in development, probably by sex-related downregulation of VT gene expression or by selective elimination of cells during sexual
differentiation of the brain. This sexual differentiation of a neuroendocrine system
in the developing brain may underlie subsequent sex differences in behavior and
autonomic regulation during adulthood.

384.13
Pharmacological characterization and distribution of binding sites for a
linear V ia antagonist, NEX-310, in male prairie vole brain. N.B.
Hastings*, H.M. Chao, L.R. Lucas, A.C. DeVries1, C.S. Carter1, and B.S.
McEwen. The Rockefeller University, New York, NY,1University of
Maryland, Dept. Zool., College Park, MD.

3 84.14
ORTHODROMIC ACTIVATION OF PEPTIDERGIC CELLS IN THE
MEDIAL AMYGDALA. S. Murphy, I. Beall, A. Renner and T. Smock*.
Behavioral Neuroscience Program, Department of Psychology, University
of Colorado, Boulder, CO 80309.
Cells in the medial amygdala synthesize a peptide similar to arginine
vasopressin and project peptidergic fibers elsewhere in the limbic system,
including the septum and the hippocampus. Here a peptidergic response
can be obtained and can be shown to be mediated by a vasopressin-like
peptide since it is blocked by a vasopressin antagonist. The peptidergic
cells become active, and the response is obtained, specifically around social,
and especially sexual, behaviors in males (Exp. Brain Res: 97:444 and
111:35).
As the system seems likely to organize some aspect of sexual behavior,
we decided to see if stimulation of olfactory structures associated with
pheromonal recognition would activate the peptidergic cells. In 23 male
Sprague-Dawley rats, acutely anaesthetized, the accessory olfactory bulb
was stimulated with single square constant-current pulses (6.1-7.6 mA,
0.02-0.08 msec). In 10 cases in which placement in both the accessory
olfactory bulb and the medial amygdala was verified histologically, the
stimulation activated single units and set up a field potential in the
peptidergic cells. However, in no case was it possible to obtain the same
result by applying pheromones to the vomeronasal organ.

An increasing amount of evidence from a number of animal models
suggests a role for arginine vasopressin (AVP) in the regulation of social
behavior. In the male prairie vole, the activation of the V ia subtype of
AVP receptor (VlaR) is necessary and sufficient for the induction of
pairbonding which includes, among other behavioral elements, selective
affiliation with a mate.
In the present study, we provide the
pharmacological characterization of an iodinated linear V ia antagonist,
[12SI]NEX-310, and compare the distribution of binding sites for NEX310 in the male vole brain to that of VlaR mRNA. Previous reports have
used other iodinated Via antagonists, such as [125I]Sarc-AVP to map areas
of functional VlaR binding in various species, including the prairie vole.
Our results indicate that NEX-310 is more useful than Sarc-AVP for
quantitative applications since it results in lower non-specific binding at
concentrations of ligand required to saturate VlaRs. Presently, we have
co-localized Via mRNA and receptors to sensory (olfactory and visual)
and limbic areas of the prairie vole brain. The identification of V ia
synthesis and binding in these regions is consistent with a general
mechanism by which AVP could regulate mammalian social behavior and
is appropriate for a putative neurocircuit for pairbonding in this species.
Supported by GM07524 (NBH), HD36275 and MH01050 (CSC), and
MH41256 (BMc).

384.15
ARGININE VASOPRESSIN INCREASES THE MEMBRANE
CONDUCTANCE OF NUCLEUS TRACTUS SOLITARIUS NEURONS.
A, A, Hegarty* and R .L .FeUter, Dept. of Internal Medicine and
Cardiovascular Center, University of Iowa College of Medicine, Iowa City,
IA 52242.
We have observed that arginine vasopressin (AVP) has a
predominantly excitatory effect on nucleus tractus solitarius (NTS) neurons.
(Am. j. Physiol., in press). We have also reported that AVP may act to
enhance baroreflex control of sympathetic outflow (Am. J. Physiol.,
269:H1080,1995). This in vitro study was designed to determine whether the
excitatory effects of AVP on NTS neurons are caused by changes in
membrane properties. Transverse and horizontal slices (400 µm thick) of the
caudal NTS were superfused with an oxygenated physiological solution (3436°C). Intracellular recordings with sharp glass electrodes containing 3 M
KC1 (resistance 90-120 MΩ) were made from 13 NTS neurons (average
resting potential, -53.3±1.8 mV; average action potential height, 91.2±2.8 mV;
mean±SEM). Perfusion of the slice with 0.5-1 µM AVP increased the
spontaneous discharge rate of the NTS neurons by 87% (p=0.01), from
3.77±2.7 spikes/s to 7.04±6.2 spikes/s. AVP also induced spontaneous
discharge in one neuron which was silent at rest. Input resistance decreased
26% (p=0.0003) during AVP perfusion, from 128.2±17 MΩ to 94.8±15 MΩ.
Discharge rate and input resistance returned to baseline values following
wash-out of the drug. AVP perfusion did not change the average resting
membrane potential of these neurons (-52.6±1.6 mV). The change in input
resistance suggests that an alteration in membrane conductance may lead to
the excitatory effects of AVP on NTS neurons. Supported by an AHA Grantin-Aid (AAH) and a VA Merit Review (RBF).
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384.16
EFFECTS OF ANTIPSYCHOTIC TREATMENTS ON NEUROPEPTIDE mRNA
EXPRESSION IN THE HIPPOCAMPAL FORMATION OF THE RAT.
O. Zachrisson,1 M.M. Marcus,2 G.G. Nomikos,2 A.A. Math6,3 T.H. Svensson2 and
N. Lindefors.1* Karolinska Institutet; Depts. 1Clin. Neuroscience, Karolinska
Hospital, 17176 Stockholm, Sweden, 2Physiology & Pharmacology, 3Clin.
Neuroscience, S:t Gorans Hospital.
The medial temporal lobe in general and specific layers of the entorhinal cortex in
particular as well as the hippocampus are affected in schizophrenia, both regarding
cytoarchitectural abnormalities and neuronal transmission. The effects of
antipsychotic treatments in this part of the brain remain obscure. Neuropeptide
mRNA levels in the hippocampal formation including the entorhinal cortex were
studied by means of in situ hybridisation histochemistry after different antipsychotic
treatments, namely, three weeks of daily injections with haloperidol, clozapine,
amperozide and raclopride, six weeks of electroconvulsive shock (ECS) and four
weeks lithium administration. Different effects on the levels of preprotachykinin-A
(PPTA) mRNA expression were seen after neuroleptic drug treatment; haloperidol
and amperozide increased whereas raclopride and clozapine decreased the mRNA
expression. No consistent pattern of adaptional changes of PPT-A mRNA were seen
following the various neuroleptic drugs. Thus, we have no evidence to suggest the
involvement of tachykinins such as substance P in this part of the brain in the
antipsychotic mechanisms of these drugs. No effects on CCK or PPT-A mRNA
were detected after ECS. However, the levels of CCK mRNA were decreased in the
inner entorhinal cortex after lithium administration, an area we have previously
found sensitive to lithium administration measuring other neuropeptide mRNA
levels indicating alteration of the neuronal activity in this brain region. A study on
the effects of neuroleptic drugs on the expression of mRNA coding for
cholecystokinin (CCK) and its receptor, CCKB, is presently being undertaken.
Supported by grants from The Swedish Medical Research Council.
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AFFERENT PROJECTIONS TO THE RAT LOCUS COERULEUS COMPLEX
EXPRESSING CHOLECYSTOKININ mRNA IDENTIFIED BY RETROGRADE
TRACING IN COMBINATION WITH IN SITU HYBRIDIZATION. A. E. Kresse*
and Y. Taché. CURE/VA Med. Center, UCLA, Los Angeles, CA 90073, U.S.A.
The neurons of the locus coeruleus complex (LCC) are activated by sensory stimuli
implying a crucial role of the LCC in the control o f behaviour as well as the
integration of pain- and stressful stimuli towards visceral and behavioural responses
to various types o f stress. Several neuropeptides are involved in the modulation of
LCC function, one of which is cholecystokinin (CCK), however, little is known so far
about the underlying anatomic pathways. In order to investigate this, fluorescent latex
beads (lOOrjl) as retrograde tracer were unilaterally pressure-injected into the LCC of
male Sprague-Dawley rats. In situ hybridisation for the detection o f CCK mRNA was
performed using a 35S-radiolabelled oligonucleotide probe. After hybridisation,
emulsion-dipped slides were analysed for double labelling. Retrogradely labelled
cells were found throughout the brain over all matching well previous findings by
Luppi et al. (1995). Additional labelling was detected ipsilaterally in cortical
structures such as the anterior cingulate (ACg), insular, frontal temporal and
perirhinal cortices as well as in the central and medial amygdala. Subcortical
structures containing projection neurons that have not been described before included
the basal nucleus of Meynert, the lateral habenula, and the interpeduncular nuclei.
Virtually all cortical projection neurons were also found to express CCK mRNA.
Other structures that contained double labelled cells were the medial preoptic,
Edinger-Westphal, lateral parabrachial and solitary tract nuclei. M ost interesting
seems to be the finding of CCK-ergic projections from the ACg considering that the
LCC plays a major role in the control o f colonic motor activity and that the cingulate
cortex has been implicated in the mediation o f acute and chronic pain and stress
responses which seems to be impaired in patients with irritable bowel syndrome
Supported by NIH grant DK 33061.

CHOLECYSTOKININ (CCK) INCREASES TONIC INHIBITION OF CA1
PYRAMIDAL CELLS THROUGH THE EXCITATION OF HIPPOCAMPAL
INTERNEURONS. C.R. Lupica* and K.R. Svoboda. University of Colorado Health
Sciences Center, Department of Pharmacology and Program in Neuroscience,
Denver, CO 80262.
The neuropeptide CCK is known to co-exist with the inhibitory neurotransmitter
GABA in interneurons throughout the hippocampus. We have previously reported
that the sulfated octapeptide, CCK-8S, directly excited GABAergic interneurons in
stratum radiatum of area CA1, via the activation of CCKB receptors coupled to the
inhibition of a K + leak conductance (Society fo r Neuroscience Abstracts, 21, 1995).
We have extended these findings by examining the effects of CCK-8S (500 nM) on
inhibitory postsynaptic currents (IPSCs) recorded from CA1 pyramidal neurons,
using CsCl-filled micropipettes and whole-cell voltage clamp techniques. In
addition, all recordings were performed after elimination of excitatory synaptic
transmission by the glutamate antagonists APV (40μM) and DNQX (10μM). CCK8S had no significant effect upon IPSCs elicited by electrical stimulation in s.
pyramidale (n = 8 ), nor did it alter the frequency or amplitude of action potentialindependent miniature IPSCs (n = 7 ) recorded in tetrodotoxin ( l μM). In contrast,
we found that CCK-8S significantly (p < .001, paired t-test) increased the frequency
of spontaneous action potential-dependent IPSCs in every cell tested (control = 8.0
± 2.5 Hz, CCK = 23.2 ± 5.3 Hz, n = 6 ). Also, CCK-8S significantly increased
spontaneous IPSC amplitudes in 4 of these cells (p < .0 0 1 , K-S test). We conclude
from these data that CCK increases the tonic inhibition of pyramidal cells by
increasing the spontaneous firing rates o f interneurons, and not through actions at
inhibitory terminals, or at postsynaptic GABAA receptors. In addition, the finding
that CCK could increase spontaneous IPSC amplitudes suggests that it may do so by
recruiting additional inhibitory terminals. Supported by NIH grant DA 07725.
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AND ENDOTHELIN-3-LIKE IMMUNOREACTIVITY IN THE
R a t B r a in . J.C. Lehmann*, R.C.-S.Lin, L.Katolik, A.Y. Jena and
J.M. Sluck. Depts. Neurosurgery and Neurobiology and Anatomy,
Allegheny University, Philadelphia, PA 19102-1102; Research
Dept., Novartis Pharmaceuticals Corp. Summit NJ.

N eu ro n s
lik e ly
to
u se
e n d o th e lin
(E T )
as
a
neurotransmitter/neurohormone were mapped in the rat brain using
polyclonal antibodies directed against endothelin-converting enzyme
(ECE), ET-1, and ET-3. Anti-ECE antibodies produced the most
robust staining, permitting best visualization of the distribution and
morphology of neurons. Labeled neurons were found in the dorsal
thalamic nuclei and reticular thalamic nucleus, medial preoptic area,
pontine nucleus, and locus ceruleus. ECE-like immunoreactivity was
found in the nucleus of the diagonal Band, septal nuclei, and globus
pallidus. Strong ECE-like immunoreactivity was found in a
continuous band of neurons throughout the neocortex primarily in
layer V, extending into the cingulate gyrus and piriform cortex.
Cranial nuclei including the oculomotor facial and trigeminal nuclei
were also ECE-immunoreactive. In the cerebellum, Purkinje cells
were stained. A few medium-sized bipolar or stellate cells were found
in the ventro-lateral sector of the caudate-putamen. ECE-, ET-1-, and
ET-3-like immunoreactivities were generally found co-existing in
given nuclei. The diversity o f neurons immunostained for ET
suggests potentially diverse functions of the peptide in the CNS.
Supported by N IH .

NATRIURETIC PEPTIDE m R N A s DURING POSTNATAL DEVELOPMENT OF
RAT BRAIN. M.C. Rvan* and A.L. Gundlach. Univ. of Melbourne, Dept of Med.,
Austin and Repatriation Med. Ctr, Heidelberg, VIC 3084, AUSTRALIA.
The natriuretic peptides, atrial natriuretic peptide (ANP) and C-type natriuretic
peptide (CNP), are widely distributed throughout the CNS and are involved in blood
fluid homeostasis and cardiovascular and endocrine function. Natriuretic peptides have
also been implicated in cellular growth in a variety of peripheral tissues and been
shown to enhance the survival of neurons and inhibit astrocyte proliferation in vitro
(Appel, 1992; Farinelli et al., 1996). The developmental pattern of ANP binding sites
in rat brain has been determined with differential temporal and, in some regions,
transient expression observed, suggesting ANP may be involved in CNS development
As such, it was of interest to determine the ontogenic expression of the natriuretic
peptide mRNAs in the developing rat brain. Groups of rats (n=4-8) were studied at
postnatal day (P) 4, 7, 10, 13,21, 28 and 60 (adult). ANP and CNP mRNAs were
localized by in situ hybridization histochemistry of two specific [35S]- or [33P]-labeled
oligonucleotides, complementary to non-overlapping regions of the respective cDNAs.
ANP mRNA was observed in many brainstem, but only some forebrain, regions at
P4. Regional differences in the temporal expression of ANP mRNA were apparent
with ANP mRNA detected in the medial preoptic area and medial habenular nucleus at
P4, and in other areas including the arcuate and dorsomedial nuclei and in olfactory and
limbic regions at P10. A number of regions also exhibited transient expression of
ANP mRNA such as the bed nucleus of the stria terminalis and the medial cerebellar
nucleus. In contrast, CNP mRNA was detected at relatively high levels in most
regions on P4 including in olfactory nuclei, the hippocampus and the pontine nucleus.
The level of expression increased significantly by P10 and P13 and exceeded levels
observed in the adult rat This level of hybridization was reduced to equivalent to adult
levels by P28. The differential and transient expression of the natriuretic peptides
during postnatal development further suggests that they may be involved in
developmental processes in the rat CNS. Supported by the NH&MRC of Australia.
Appel R.G. (1992) Am. J. Physiol. 262:F911-F918.
Farinelli S.E., Friedman W.J. and Greene L.A. (1996) Soc. Neurosci. Abstr. 22:1485.
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DIFFERENTIAL CHANGES IN 5-HTia AND 5-HT? RECEPTOR mRNA EXPRESSION
IN RAT BRAIN REGIONS BY METHYLENEDIOXYMETHAMPHETAMINE AND pCHLOROAMPHETAMINE. A. Garcia-Osta, D. Frechilla, N. Aguirre and J. Del Rio*.
Dept. of Pharmacology, University of Navarra Medical School, Pamplona, Spain.
The selective 5-hydroxytryptamine (5-HT) neurotoxins, p-chloroamphetamine
(PCA) and 3,4-methylenedioxymethamphetamine (MDMA), destroy fine 5-HT
terminals, producing a lasting reduction in 5-HT content in different rat brain regions.
It was found (Aguirre et al: J.Neurochem. 68,1099,1997) that 5-HTia receptor density
was increased in the frontal cortex and decreased in the hippocampus and brainstem
after subacute MDMA treatment. In this study, 5-HTia and 5-HT7 receptor mRNA
expression was measured in the same rat brain regions at different survival times
after MDMA (20 mg/kg/day ip, bid for 4 days) or PCA (5 rng/kg/day β , for 2 days).
Gene transcripts were measured by quantitative RT-PCR, using p-actin as internal
control. 5-HTia receptor mRNA levels in rat frontal cortex and hippocampus were not
changed by PCA. However, MDMA increased cortical and decreased hippocampal 5HTia receptor mRNA expression. In the brainstem region containing the raphe nuclei,
both PCA and MDMA decreased the amount of 5-HTia receptor mRNA, a change
especially marked with PCA, which reduced mRNA levels in this region by more than
90%. 5-HT7 receptor mRNA levels were significantly increased in the brainstem after
MDMA or PCA. While no changes were found in the hippocampus after either
neurotoxin, PCA decreased 5-HTz receptor mRNA levels in the frontal cortex. The
effects on receptor transcription induced by PCA were more apparent after a 15-day
survival time. Other mechanisms, not related to 5-HT loss, probably account for the
differential effects of MDMA and PCA. (Supported by CICYT, SAF94-1381 and EEC,
BI04 CT96-0752).

REGION SELECTIVE DECLINE OF 5-HT1A AND A l RECEPTOR BINDING IN
AGING RAT FOREBRAIN C. Nvakas, B. J. Oosterink, J. Keiiser, G.I. De Jong, B.
Bohus* and P.G.M. Luiten. Department of Animal Physiology, Univ. Groningen,
Haren,The Netherlands and Central Research Division, Haynal Univ. Health Sci.,
Budapest, Hungary.
5-HT 1A and adenosine-1 (A l) receptor mediated cellular processes are known as
endogenous neuroprotective mechanisms playing a remarkable role during aging and
neurodegeneration. The effect of aging on these receptors were studied in
hippocampus, neocortex and basal forebrain cholinergic system and in several other
forebrain areas in rats of 3-, 24- and 30-months old by receptor autoradiography using
[3H]8-OH-DPAT and [3H]N6-cyclohexyladenosine as ligands.
Autoradiographic measurements demonstrated a marked region-specific decline of
5-HT1A receptor binding in: (i) the basal forebrain cholinergic cell groups, i.e. the
medial septum, diagonal band nuclei and magnocellular nucleus basalis, (ii) the frontal
and parietal neocortex and (iii) the dentate gyrus of the hippocampus; and that of Al
receptor binding in: (i) the dentate gyrus and the CA2 to CA4 sectors of the
hippocampus, (ii) the neocortex and (iii) the cholinergic septal nuclei. No change or
only a slight decrease of the 5-HT1A receptor density was found in other areas
investigated: the CA1 and CA3 sectors of hippocampus, the cingular and perirhinal
cerebral cortex and the lateral septum. No age-related change was found in the A 1
binding in the CA1 hippocampaf area as well.
The results clearly show that with increasing age the decrement of 5-HT 1A and Al
receptor binding in the rat forebrain is remarkably region-selective and particularly
affects the cholinergic cellgroups and their innervation areas, i.e. the cortex and
hippocampus. This phenomenon appears to be especially significant in relation to the
neuronal substrates underlying the age-related decline in endogenous neuroprotection
and mental performances. Supported by grants NWO-OTKA 048-011 -006, GpD
970-10-005 and OTKA 017618.
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THE A B IL ITY O F F L U O X E T IN E T O IN C R E A S E C O N C EN TR A TIO N S
OF 5-HT IN T H E STR IA TU M A F T E R T H E D ESEN SITIZA TIO N O F
5-HT1A R E C E P T O R S .
J. M. Chou-Green* and I. Lucki. Departm ents of
Psychiatry and Pharmacology, Institute o f Neurological Sciences, University of
Pennsylvania, Philadelphia, PA 19104.
It has been hypothesized that the ability o f chronic adm inistration o f
selective serotonin (5-HT) reuptake inhibitors (SSRIs) to desensitize 5-HT1A
autoreceptors is an important component o f their therapeutic response due to a
resulting potentiation of 5-HT transmission (Blier and de Montigny, 1994). The
present study used neurochem ical responses to exam ine this hypothesis by
measuring desensitization o f the 5-HTiA autoreceptors produced by the repeated
administration o f the 5-HTlx receptor agonist 8-OH-DPAT, and its subsequent
effects on the ability of a challenge dose o f fluoxetine to increase extracellular
concentrations of 5-HT in the striatum.
The studies w ere conducted using in vivo m icrodialysis in awake,
unrestrained rats. Separate groups o f rats were administered either the 5-HT1A
receptor agonist 8-OH-DPAT (1 mg/kg, s.c., N=9) or saline (N=5) for 7 days.
This treatment regimen did produce significant desensitization o f 5-HT1Areceptors
as measured by the development o f significant tolerance to the 5-HT-decreasing
effects o f a challenge dose o f 8-O H -D PA T (1 m g/kg, i.p.) on striatal
concentrations of 5-HT.
Twenty-four hours later, the effect o f 5-HT1A receptor desensitization on the
ability of a challenge dose o f fluoxetine (20 mg/kg, i.p.) to increase concentrations
of 5-HT in the striatum was examined. It was hypothesized that 5-HT1A receptor
desensitization would potentiate the ability o f SSRIs to increase concentrations of
5-HT. However, preliminary results indicated that chronic treatment with 8-OHDPAT did not change the ability o f the acute fluoxetine injection to increase
extracellular levels o f 5-HT in the striatum.
Supported by USPHS grant M H 48125.

D A ILY INJECTIO NS O F FLU O X ETIN E IN D U CE D O SE-D E PEN D EN T
D E SEN SITIZA TIO N OF H Y PO TH A LA M IC 5-H T 1A RECEPTO RM ED IA TED NE U R O EN D O C R IN E RESPON SES TO 8-O H -D PA T. O. Li*, D.
K. Raap, S. Evans, F. G arcia, G. B attaglia and L. D. Van de K ar. D ept. o f
Pharm acology, Loyola U niv.-C hicago, Sch. M ed., M ayw ood, IL 60153.
W e previously reported that fluoxetine (10 m g/kg/day, ip) produces a
m axim al desensitization o f hypothalam ic 5-H T 1A receptors after 14 daily
injections. The present studies exam ined the m inim al dose that w ould produce
desensitization o f hypothalam ic 5-H T 1A receptors. In expt. 1, m ale rats were
injected (ip) daily for 14 days with fluoxetine doses o f 0 (saline), 0.3, 1, 3, or
10 m g/kg/day. In expt. 2, rats w ere injected (ip) daily for 14 days with
fluoxetine doses o f 0 (saline), 5, 7.5, or 10 m g/kg/day. 18 hr after the last
injection, the rats w ere challenged with either a 5-H T IA agonist (8-O H-DPA T,
50 p.g/kg, sc) or saline 15 m inutes before sacrifice. T runk blood w as collected
for the RIA o f ACTH, corticosterone and oxytocin. In expt. 1, only the 10
m g/kg/day dose o f fluoxetine and none o f the other doses blocked the
neuroendocrine responses to 8-OH -D PAT. In expt. 2, a fluoxetine dose o f 5
m g/kg/day significantly, though incom pletely reduced the neuroendocrine
responses to 8-OH -D PAT. The 7.5 m g/kg/day dose o f fluoxetine further
reduced the neuroendocrine responses, and the 10 m g/kg/day dose o f fluoxetine
com pletely blocked the neuroendocrine response (as seen in expt. 1). These
results indicate that the lowest fluoxetine dose that will produce a partial
desensitization o f hypothalam ic 5-H T 1A receptors in rats is 5 m g/kg/day for 14
days. This dose was reported (Fuller et al. Biochem . Pharm ., 1978) to produce
a 77% inhibition o f 5-HT uptake in vivo, suggesting that a high percentage o f
5-H T uptake sites has to be blocked in order to produce desensitization o f postsynaptic 5-H T 1A receptors. (Supported by USPHS N S 34153)
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W ITHDRAW AL FROM CH RO NIC FLU O X ETIN E PR O D U C ES A
GRADUAL REVER SAL OF D E SEN SITIZA TIO N OF 5-H T IA RECEPTO RM EDIATED NE U R O EN D O C R IN E RESPO N SES TO 8-O H -D PA T. D.K.
Raap*, F. G arcia, G. Battaglia, N .A . M um a and L.D. Van de K a r. D ep t. o f
Pharmacology, Loyola Univ. Chicago, Sch. M ed., M ayw ood, IL 60153.
We previously reported that daily injections o f fluoxetine (14 days) produce
complete inhibition o f neuroendocrine responses to 8-O H -D PA T, a 5-H T,A
agonist, suggesting desensitization o f hypothalam ic 5 -H T 1A receptors. The
present study investigated how long it w ould take to reverse this desensitization
when adm inistration o f fluoxetine w as stopped. M ale rats w ere injected with
fluoxetine (10 m g/kg/day, ip) for 14 days and were sacrificed either 2, 4, 7, 14,
28, or 60 days after the last fluoxetine injection. Rats w ere challenged with
saline or 8-O H -D PA T (50μ g/kg, sc) 15 m inutes prior to sacrifice, and trunk
blood was collected for RIA o f corticosterone, ACTH, and oxytocin. O nce the
fluoxetine injections stopped, there was a gradual return o f the A C TH response
to 8-OH -D PAT through 7 days o f withdraw al. By day 14 o f w ithdraw al and
throughout the rem aining 60 days, the A C TH response to 8-O H -D PA T was not
different from controls. Furtherm ore, on day 2 o f w ithdraw al, the 8-O H -D PA T
challenge produced a significant elevation in plasm a AC TH. W e have
previously observed a com plete blockade o f the neuroendocrine response to 8OH -DPA T in anim als w ithdraw n from fluoxetine for 18 hours. The present
results suggest that blockade o f 5-HT reuptake sites m ust be m aintained in
order to sustain desensitization o f postsynaptic hypothalam ic 5 -H T iA receptors.
Understanding the role o f 5-H T 1A receptor desensitization during withdraw al
from fluoxetine m ight be valuable in predicting potential relapse. C orticosterone
and oxytocin data will be reported at the m eeting. (Supported by USPHS
NS34153)

E S T R O G E N D E S E N S IT IZ E S T H E N E U R O E N D O C R IN E R E S P O N S E OF
H Y P O T H A L A M IC 5 -H T 1A R E C E P T O R S T O 8-O H -D PA T . L. D. V an de
Kar*, D. K. R a a p , F. G arcia, W .A . W o lf, L.L. D o n C a rlo s, N .A . M u m a and
G. B a tta g lia . D e p t. o f P harm aco lo g y , L o y o la U n iv .-C h icag o , Sch. M ed.,
M ayw ood, IL 60153.
D esen sitizatio n o f 5 -H T 1A receptors m ay be a necessary ad aptive
m echanism for the th erap eu tic effectiv en ess o f SSR Is (e.g. flu o x etin e) in
tre a tin g several affective disorders. A d m in istratio n o f estro g en to
o v ariecto m ized rats w as rep o rted to p ro d u ce d e sen sitizatio n o f 5 -H T 1A
receptors m ed iatin g th e in h ib itio n o f m atin g b e h avio r (U p h o u se et al, B rain
Res. 1994). T he p resen t study in v estig ated w h eth er estro g en w ould
d esen sitize h y p o th ajam ic 5 -H T 1A receptors by ex am in in g th e neuro en d o crine
response to 8 -O H -D PA T , a 5 -H T 1A agonist. O v ariecto m ized SpragueD aw ley fem ale rats w ere injected w ith 10 μ g e strad io l-b en zo ate (sc)
fo llo w ed 24 hours later w ith ano th er in jectio n o f th e sam e dose. 24 hours
later, rats w ere challen g ed w ith a su b-m axim al d ose o f 8 -O H -D P A T (50
μ g/kg, sc) o r saline 15 m inutes p rio r to sacrifice. T ru n k b lo o d levels o f
corticosterone, A C T H , and o x y to cin w ere analyzed u sin g rad io im m u n o assay.
8 -O H -D P A T produced a sig n ifican t increase in p lasm a oxy to cin ,
cortico stero n e and A C T H levels in ovariecto m ized rats. E stro g en treatm ent
sig n ifican tly reduced th e m ag n itu d e o f oxytocin, c o rtico stero n e and A C T H
resp o n ses to 8 -O H -D PA T , su g g estin g desen sitizatio n o f h y p o th alam ic 5H T 1A receptors, in ag reem ent w ith beh av io ral studies. T h ese resu lts further
indicate th at 48 h r ex p o su re to estrogen is su fficien t to d esen sitize
hy p o th alam ic 5 -H T IA receptors. (S u p p o rted by U S P H S N S 3 4 1 5 3 )

385.7
CHRONIC HIGH LEVELS OF CORTICOSTERONE ALTER CAl
HIPPOCAMPAL PYRAMIDAL PHYSIOLOGY. N.K. Mueller*, and
S.G. Beck Department of Pharmacology, Loyola University Medical Center,
Maywood, IL 60153.

385.8
ANTIDEPRESSANT TREATMENTS ENHANCE THE TONIC ACTIVATION OF
THE RAT DORSAL HIPPOCAMPUS 5-HT1A RECEPTORS.

Prolonged excessive corticosterone (CT) secretion leads to pathological states such
as depression and anxiety and enhances neurotoxic vulnerability of hippocampal
pyramidal cells. The hypothalamic-pituitary-adrenocortical (HPA) axis controls the
levels o f plasm a CT in the rat. CT receptor activation in the hippocampus provides
feedback inhibition of the HP A axis. The hippocampus, CT, and 5- hydroxytryptamine (5-HT) neurotransm itter system have been implicated in the etiology and
treatment o f psychiatric disease states. CT regulates the synthesis, 5-HT receptor
mediated responses, 5-HT receptor m R N A , and 5-HT receptor number in the
hippocampus. An important interaction may occur between 5-HT and CT in the
regulation o f hippocampal physiology. We have previously shown that basal levels o f
CT regulates C A l hippocampal physiology; however the effect o f chronically high
levels of CT is unknown. Three treatm ent groups were used: ADX (bilateral
adrenalectomy) HCT (200 mg CT pellet implant) and Naive. All treatments were for
2 weeks. Standard intracellular recording techniques in a hippocampal brain slice
were used to collect data.
Active and passive membrane characteristics as well as the magnitude o f th e 5-HTiA
receptor mediated hyperpolarization were measured. 5-HT1A receptors in the C AI
region of the hippocampus are linked through a G protein to an inwardly rectifying
potassium conductance. The characteristics, i.e., Emax, ECso and slope, o f the 5-HT
mediated concentration response curve for the 5-HT1A receptor were measured. The
ECS0 was significantly higher for cells from HCT versus N aive rats. A shift in the
E C 5o by chronic CT levels may indicate that CT alters the efficacy of the 5-HT)A
receptor effector coupling. Supported by PHS NS28512 and RSDA MH-00880.
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N. Haddieri*, P. Blier and C. de Montiany. Neurobiological Psychiatry Unit,
McGill University, Montréal, Canada H3A 1A1.
Considerable evidence has accumulated to suggest that antidepressant
treatments enhance 5-HT neurotransmission through different adaptative
changes. We report here the first direct functional evidence of an increased
activation of postsynaptic 5-HT1A receptors by antidepressant treatments. As
the activation of 5-HT1A receptors of dorsai hippocampus CA3 pyramidal
neurons produces a hyperpolarization, an in vivo electrophysiological paradigm
was used whereby the degree of disinhibition produced by the selective 5-HT1A
receptor antagonist WAY 100635 (100 μg/kg, i.v.) was determined.
Unexpectedly, no disinhibition could be detected in control rats, suggesting that,
under the experimental conditions used, these 5-HT1A receptors are not
tonically activated. In rats treated for 3 weeks with the selective 5-HT reuptake
inhibitor paroxetine, the selective and reversible monoamine oxidase-A inhibitor
befloxatone, the α 2-adrenergic antagonist mirtazapine or for 2 weeks with the
5-HT1A receptor agonist gepirone, WAY 100635 induced a marked increase
(60-200%) in the firing activity of dorsal hippocampus pyramidal neurons. These
data indicate that these antidepressant treatments, which act on entirely
different primary targets, share the property of enhancing the tonic activation of
postsynaptic 5-HT1A receptors in the dorsal hippocampus and provide the first
direct in vivo functional evidence of an increased 5-HT neurotransmission
induced by antidepressant treatments. In keeping with the clinical data
suggesting an enhanced 5-HT neurotransmission in healthy subjects and
depressed patients treated with antidepressants, the present data suggest that
an enhanced activation of postsynaptic 5-HT1A receptors might contribute to the
alleviation of depression.
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PRENATAL COCAINE ALTERS POSTNATAL EXPRESSION OF
5-HTiARECEPTORS IN DEVELOPING RAT BRAIN. J.M. Lauder1*, D.
Lubin2, K. Meter2, M.W ilkie1, J. Raymond3, D.R. Grayson4, J. Liu1, and J.J. Johns2.
1Dept. of Cell Biology and Anatomy, and 2Dept. of Psychiatry, Univ. of North
Carolina Sch. of Medicine, Chapel Hill, NC 2 7 5 9 9 ,3Dept. of Medicine, Duke Univ.
Medical Ctr., Durham, NC 27710, and 4Dept. of Psychiatry, Allegheny Univ. o f the
Health Sciences, Pittsburgh, PA 15212
Previous studies have reported that prenatal cocaine exposure reduces expression of
S-lOOp, a trophic signal for 5-HT neurons, and decreases growth o f 5-HT neurons in
offspring. These effects can be reversed by postnatal administration o f a 5-HT i A
receptor agonist, suggesting altered expression o f 5-HT i Areceptors may underlie these
effects (Abkari et al.,’92,’94). We have investigated the effects o f prenatal cocaine
exposure on postnatal expression of 5-HT1A receptor peptide and mRNA using 12SIprotein A immunobinding assays with a highly specifc 5-HT1A antibody and
competitive quantitative RT-PCR with internal standards. Pregnant Sprague-Dawley
rats received a daily dose of 25-30 mg/kg cocaine or saline (in 2 s.c. injections) from
gestational day 1-20. Following birth, pups were placed with surrogate mothers until
sacrifice on postnatal day (PND) 1, 4 or 10. Animals were randomly selected from 23 litters for analysis. For immunobinding, anim als were perfused, brains removed and
cryostat sectioned. For RT-PCR, fresh brains were rapidly removed, dissected, and
frozen at -80°C until assay. At PND 1, 5-HT1A peptide expression was increased in
most brain regions of cocaine exposed animals. Changes in 5-HT1A mRNA generally
followed this pattern. By PND 4, these increases in 5-HTjA peptide expression had
disappeared, and by PND 10, most brain regions exhibited reduced expression. These
findings suggest that developmental expression of 5-HT1A receptors undergoes
dynamic changes following chronic in utero exposure to cocaine. Supported by NIDA
grant DA08456.
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385.10
FLESINOXAN TREATMENT REDUCES HIPPOCAMPAL 5-HT1A RECEPTOR
mRNA INDEPENDENT OF HIGH PLASMA CORTICOSTERONE LEVELS.
I.C. CQ.mpaan*1 .,Q,C, Mgijgr2, R,_„S.il?ug2, L .van dw J jiig te n 1,. B, Qliyisr 1, and
E.R. de Kloet2. 3Universiteit Utrecht, Dept. o f Psychopharmacology,
Sorbonnelaan 16, 3584 CA Utrecht, and 2Div. Med. Pharmacol., Sylvius Lab.,
P.O. Box 9503, 2300 RA Leiden, The Netherlands.

Flesinoxan (Fles) acts as a full 5-HT1A receptor agonist and shows
anxiolytic properties in a variety of animal models. 5-HT1A agonists,
including fles enhance also plasma corticosterone (cort) levels. Fles and
cort injections reduce 5-HT1AmRNA in the hippocampus, and modulate 5HT turn-over and release. We studied whether reduction by fles of 5-HT1A
mRNA was due to the 5-HT system itself or to elevation of plasma cort.
Therefore, male rats were adrenalectomized (ADX) and received a cortpellet (20/80 mg cort/cholesterol s.c.), while another group was sham
operated (sham) and received a cholesterol pellet. After 3 days the animals
were treated with fles (1.0, 10.0 mg/kg s.c.) or vehicle (saline 0.9%) and
decapitated 3 h later. Fles treatment dose-dependently reduces 5-HT1A
mRNA in CA1 and DG, as compared to vehicle treated animals. ADX did
not affect the reduction of 5-HT1A mRNA. The sham group showed a
significant rise in plasma cort levels 3 h after fles treatment, while ADXcort-pellet rats showed basal cort levels. Accordingly, flesinoxan reduces
5-HT1Areceptor mRNA not via its stimulating effect on cort release, but
basal circulating corticosteron levels might be necessary. We suggest that
flesinoxan regulates 5-HT1Areceptor mRNA directly due to its effects on
hippocampal 5-HT,A receptors.This effect may require corticosteroid
receptor occupation. The results demonstrate effects of 5-HT,A receptor
activation on mRNA levels in the brain.

385.11
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DOWNREGULATION OF 5-HT 1A mRNA IN HIPPOCAMPUS FOLLOWING
ACUTE STRESS. J. F. López*, I. Liberzon, D. M. Vázquez, E. A. Young and S.
J. W atson. Mental Health Research Institute and Department o f Psychiatry, Univ.
of Michigan, Ann Arbor, MI 48109-0720
The serotonin (5-HT) 1A receptor in rat hippocampus is sensitive to circulating
corticosteroids and to chronic stress. When rats are subjected to chronic
unpredictable stress for two weeks, a significant decrease in hippocampal 5-HT1A
mRNA and bidding is observed. However, one single session o f swim stress does
not result in 5-HT1A changes in hippocampus (Lopez et al, submitted). W e wanted
to investigate: 1) whether chronic unpredictable stress, administered for shorter
periods of time, would result in decreases in 5-HT 1A gene expression in
hippocampus ; and 2) whether a more severe acute stressor would cause
downregulation of 5-HT 1A mRNA in the same region.
Adult male Sprague-Dawley rats were divided in four groups (n = 6 per g ro u p ).
One group (Acute Stress) received a single session of restraint stress, followed
immediately by swim stress and then by ether anesthesia. Rats were sacrificed
immediately after the stress session and brains were removed for in situ
hybridization. Another group (Delayed Stress) was stressed identically, but was
sacrificed one week after the stress session. A third group (Chronic Stress) received
daily sessions o f variable stressors for one week and was sacrificed the day after the
last stressor. A fourth group served as control. We found that the Acute Stress
group showed a decrease in 5-HT 1A mRNA levels across all hippocampal subfields
compared to controls, although the decrease only achieved statistical significance in
CA1 and the dentate gyrus. No significant differences in 5-H TIA mRNA levels
were detected in the Delayed Stress or in the one week Chronic Stress group. We
conclude that, although one week o f chronic unpredictable stress is not sufficient to
cause significant decreases in hippocampal 5-HT 1A mRNA levels, a severe and
prolongued acute stress is capable of downregulating, at least transiently, 5-HT 1A
mRNA gene expression in hippocampus.
Supported in part by NIMH grants MHO 1164 (JFL) and MH422251 (SJW).

5HT1A RECEPTOR AGONIST INFLUENCES THE 5HT-1A
RECEPTOR MRNA EXPRESSION AFTER
ADRENALECTOMY(ADX) IN ADULT RAT HIPPOCAMPAL
DENTATE GYRUS. J. Huang* and E. C. Azmitia. Dept, of Biology,
New York University, NY, NY 10003.
Adrenalectomy has been shown by several laboratory to increase 5HT-1A
receptor binding and mRNA expression. This effect has been attributed to a
direct corticosterone inhibition of 5-HT-1A expression. However, there are
several lines of evidence compounding this issue. 1. There is no steroid
repressor site on the promoter region of the 5HT-1A gene. 2. Adrenalectomy
results in a rapid"decrease in 5HT turnover, which could lead to receptor upregulation. 3. Ipsapirone, a 5HT1A agonist, can reverse some of the
morphological changes seen after adrenalectomy, and 4. In long-term
adrenalectomy animals, 5HT-1A mRNA is decreased and this can be
increased by Dexamethasone regulation.
Adult female rats were adrenalectomized and injected s.c. with ipsapirone.
Two 30mer oligodeoxynucleotides complementary to different segments of the
5HT-IA receptor mRNA were labeled with S35 using terminal
deoxynucleotidyl transferase. Preliminary observation judged by film emulsion
suggested that After 5 day, 9 day and 18 day ADX, 5HT-1A receptor mRNA
expression may be influenced by 5-HT-1A receptor agonist. Densitometric
measurements are currently being collected.
NIA POI AG 10208
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SEROTONIN,ARECEPTOR TURNOVER AS A FUNCTION OF AGING AND BRAIN
REGION FOLLOWING INACTIVATION BY EEDQ. B.J. Keck*, and J.M. Lakoski.
Depts. Pharmacology & Anesthesia, Penn State Univ. Coll. o f Med., Hershey, PA 17033.
Serotonin 5-HT1A receptors were irreversibly inactivated by EEDQ (Nethoxycarbonyl-2-ethoxy-l,2-dihydroquinoline) administration to investigate agedependent receptor turnover characteristics in the hippocampus, frontal cortex and
amygdala. Young and old (3 and 22 mo, respectively) female Fischer 344 rats were
treated with EEDQ (6 mg/kg, s.c.) or vehicle and sacrificed at 1, 2, 7 or 14 days
following injection to evaluate the time-course o f recovery for 5-HT1A receptors.
Scatchard analyses using [3H]8-OH-DPAT were conducted and receptor turnover
parameters were calculated for each brain region and age group.
In 3 mo rats, EEDQ-dependent decreases in 5-HT1Areceptor density were observed
at day 1 for the hippocampus (65%), frontal cortex (37%) and amygdala (53%) compared
to vehicle-controls. Young animals demonstrated region-specific patterns o f recovery
with densities returning to control levels by day 2 in frontal cortex and amygdala, and by
day 14 in hippocampus. In 22 mo rats, significant reduction in 5-HTIA receptor density
was observed only in the hippocampus by day 1 and returned to control level by day 7.
In young rats, rates of 5-HT1Areceptor synthesis (r) and degradation (k) were greatest in
frontal cortex (rank order, frontal cortex » hippocampus > amygdala); correspondingly,
receptor half-life was shortest in frontal cortex (frontal cortex « hippocampus <
amygdala). In old rats, receptors in frontal cortex and amygdala were not inactivated
significantly by EEDQ and recovery was assessed only in the hippocampus. Decreases
in 5-HT1Areceptor affinity following EEDQ treatment were demonstrated in all tissues
and age groups; the greatest decrease was demonstrated in the frontal cortex o f 22 mo
animals (6.3-fold decrease, independent o f a change in BMAX) but returned to the control
value by day 7. Overall, data revealed region-dependent and age-related differences in
5-HT1A receptor inactivation and turnover properties following EEDQ administration.
Pub. No. 82A supported by PO I AG 10514 (JML) and F 3 2 AG 05728-02 (BJK).

SENSITIVITY OF 5-HT1A RECEPTORS IN DORSAL RAPHE NUCLEUS AFTER
2-WEEK TREATMENTS WITH ALNESPIRONE AND 8-OH-DPAT J.M.
Casanovas*1, M.T. Vilaró1, G. Menaod1, C. Muñoz2, M. Lésourd2 and F.
Artiaas1 1Dept. of Neurochemistry, IIBB-CSIC, 08034 Barcelona, Spain, and
2lnstitut de Recherches Internationales Servier, Courbevoie, France
The full somatodendritic 5-HT1Areceptor agonist alnespirone reduces
the extracellular 5-HT concentration (5-HText) in the rat midbrain and
forebrain. Given the therapeutic potential of selective 5-HT1A agonists in the
treatment of depression, we have examined the functional state of
somatodendritic 5-HT1A receptors in the dorsal raphe nucleus (DRN) after
continued s.c. administration (with minipumps) of alnespirone (0.3 and 3
mg/kgday) and 8-OH-DPAT (0.1 and 0.3 mg/kgday) using microdialysis in
unanesthetized rats. Microdialysis experiments were conducted 24 h after
removal of the minipumps. Baseline 5-HText did not differ between groups.
However, the ability of a challenge alnespirone dose (0.3 mg/kg s.c.) to
reduce 5-HText in FC and DRN was significantly (p<0.05) attenuated in
animals pretreated with 3 mg/kg day alnespirone. By contrast, pretreatment
with 0.1 or 0.3 mg/kg day 8-OH-DPAT failed to alter the ability of two
subsequent challenge 8-OH-DPAT doses (0.025 and 0.1 mg/kg) to reduce 5HText in DRN and FC. Further autoradiographic analysis of brains of these
animals revealed a significant dose-dependent reduction of [3H]8-OH-DPAT
and [3H]WAY-100635 binding to 5-HT1A receptors in the DRN -but not in
areas rich in postsynaptic 5-HT1A receptors- of rats treated with alnespirone,
but not with 8-OH-DPAT.
These data indicate that continuous treatment with 3 mg/kg s.c.
alnespirone rapidly causes a functional desensitization of somatodendritic 5HT1a receptors in the DRN which may be predictive of antidepressant activity
in humans. S upported b y grants from S ervier an d FIS (9 5 /2 6 6 ).
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5-HTiA RECEPTORS, TRYPTOPHAN HYDROXYLASE, AND GALANIN IN
Razani. P.B. Hedlund*,
Hedlund*. A.C. Hansson,
Hansson
THE RAPHE NUCLEI OF THE RAT. H. Razani,
Institutet
K. Fuxe and S.O. Ogren. Departm ent of Neuroscience, Karolinska Institutet,
S-171 77 Stockholm, Sweden
physiologii
Serotonin (5-HT) is a neurotransm itter involved in a number of physiological
n<
events and pathological conditions such as mood disorders. The ascending 5-HT neu
synthetic
rons are mainly located in the raphe nuclei o f the brain stem. 5-HT is synthetized
hydro;
from the amino acid tryptophan and the rate limiting enzyme is tryptophan hydroxy
lase (TPH). Galanin is a neuropeptide colocalized with 5-HT in a large proportion of
galai
the 5-HT neurons in the rat. A reciprocal interaction between 5-HT1A and galanin
agor
receptors is known to exist in the brain. The effects of the 5-HT1A receptor agonist
(+)-8-OH-DPAT administered s.c. (0,3mg/kg) on the mRNA expression o f the 5s
HT1Areceptor, TPH and galanin were examined in the raphe nuclei using the in situ
Q fMJ T^DAT induced
i n o nan tnP
fOQCA of
rtf the
tKo labeling
1
rr fnr
hybridization technique. 8-OH-DPAT
increase
for ftid
the 5HT1Areceptor by 105% of the control level in the dorsal raphe nucleus 30 min. after
the injection. At later time points the levels had returned to control levels. In the me
dian raphe nucleus a biphasic regulation of the 5-H T1A receptor mRNA levels was
observed. When analyzed 30 min. after the injection 8-OH-DPAT induced a decrease
in the labeling by 42%. At 8 h following the 8-OH-DPAT injection the effect had
shifted to an increase of the labeling by 68%. No significant effects on the mRNA
expression of TPH and galanin were seen after 8-OH-DPAT. The results suggest an
important and complex mechanism for regulation of 5-HT1Areceptor gene expression.
This differential regulation of the raphe nuclei may be of importance for the activity
of the ascending 5-HT neurons, and hence for mood regulation.
Sources of support: Swedish Medical Research Council, Ake W iberg’s Foundation,
Magnus Bergvall’s Foundation and The Swedish Brain Foundation.

INCREASED STRIATAL LEVELS OF CHRONIC FRAs,
AND OF
PRODYNORPHIN AND PREPROTACHYKININ mRNAs IN M ICE LACKING 5HT1B RECEPTORS. J.J. Lucas. N. Hiroi‡. A. Yamamoto, M.C. Buhot*, E. Nestler‡
andR. Hen. Center for Neurobiology and Behavior, Columbia University, New York,
NY 10032.‡Div. of Mol. Psychiatry, Yale Univ. Sch. of Med. New Haven CT 06508.
Knockout mice lacking the 5-HT IB receptor (KO) behave as if they were sensitized
to cocaine as evidenced by increased self-administration of cocaine, increased locomotor
response to acute cocaine and decreased striatal induction of c-Fos by cocaine. In wildtype mice (WT), chronic cocaine treatment induces Fos-like proteins of 35-37 kDa,
termed chronic FRAs, in the striatum. Chronic FRAs and their associated AP-1
binding activity remain elevated long after cessation of treatment, and have thus been
postulated to mediate some of the long-term effects of cocaine on gene expression.
Chronic FRAs have been shown to be products of thefo sB gene, and to be recognized
by an antibody raised against its N-terminal sequence1.
Western blot analysis with an antiserum raised against a peptide sequence common
to Fos family members revealed increased levels of chronic FRAs in the striatum of
KO compared to WT. To gain anatomical resolution of the increased chronic FRA
levels, we performed immunohistochemistry on brain sections with an N-terminus
FosB antibody. In agreement with the Western data, the number of immunoreactive
cells was higher in KO than in WT. The highest levels of FosB were found in the
NAc, particularly in the shell subdivision. Gel shift assays also showed heightened
levels of AP-1 DNA binding activity in KO striatal nuclear extracts. Increased striatal
AP-1 activity indicates possible changes in expression of striatal AP-1 responsive
genes, prodynorphin (PD), proenkephalin (PE) and preprotachykinin (PPT). Northern
blot analysis revealed that both PD and PPT mRNA is increased in KO compared to
WT, while PE levels showed no detectable difference.
Increased levels of chronic FRAs in the KO is further support that these mice
resemble a sensitized state to cocaine's effects. The increased levels o f PD and PPT,
which are selectively localized in D1 expressing neurons, suggest this neuronal
subpopulation plays a crucial role in compensations that account for this phenotype.
1 (Hiroi et al, 1996: Soc. Neurosci. Abstr. 22.386).
(Supported by NIDA 09862)
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PURIFICATION o f S2AF, A TRANSCRIPTION FACTOR
REQUIRED FOR THE EXPRESSION OF HUMAN SEROTONIN
5-HT2A RECEPTOR GENE. J. X u*, K. Chen and J. C. Shih.
Dept. o f Mol. Pharm. and Tox., Sch. o f Pharmacy and Dept, o f Cell
and Neurobiology, Sch. o f Medicine, Univ. o f Southern California,
1985 Zonal Ave., Los Angeles, CA 90033.
S2AF protein was previously shown to be an essential element for
the expression o f human serotonin 5-HT2A receptor (5-HT2AR)
gene. It regulates 5-HT2AR gene expression by binding to a specific
site located in its promoter region. In order to study the mechanism of
S2AF-mediated transcription activation and to clone its gene, we
started to purify the protein. Nuclear extracts isolated from Hela cells
were used as the starting material. The presence o f S2AF was
monitored by gel retardation assay. S2AF was found to be
hydrophobic and was fractionated by ion exchange and DNA affinity
chromatography. Fractions eluted from the DNA affinity column
showed very low or undetectable specific DNA binding activities
individually. But when some o f these fractions were combined,
significant DNA binding activities were obtained, suggesting that
S2AF is present as a protein complex. Further characterization o f the
S2AF complex will be discussed. (Supported by NIMH grants R01
M H37020, R37 M H39085 (MERIT Award), K05 M H00796
(Research Scientist Award), and the Boyd and E lsie Welin
Professorship).

d-FENFLURAMINE INDUCES FOS EXPRESSION IN THE PVN, CINGULATE
CORTEX, AND FRONTAL CORTEX BY STIMULATING SEROTONIN 5HT2A/2c RECEPTORS. A. JAVED*, k P - VAN.,P E KAR AND. T-S- GRAY.
Neuroscience Program, Loyola University Medical Center, Maywood, IL 60153
d -fenfluramine (¿-fen) is a commonly prescribed drug for the treatment

of obesity. Studies from our lab indicate that d-fen induces Fosimmunoreactivity (Fos-ir) in the paraventricular nucleus of the
hypothalamus (PV N ), cingulate cortex, and frontal cortex via the release
of serotonin. In the P V N , most o f the corticotropin-releasing factor (CRF)
cells contain Fos-ir. Since both serotonin 5-HT1A and 5-HT2A/2C receptors
have been shown to stimulate the secretion of CRF, we hypothesized that
d-fen elicits Fos-ir in the PV N and cortex by activating either 5-HT1A
and/or 5-HT2A/2C receptor subtypes. Adult male rats were handled to
reduce background Fos expression. The rats received either vehicle or a
serotonin 5-HT2A/2C receptor antagonist (ritanserin 0.4 mg/kg i.p.) one
hour prior to d-fen injection (5 mg/kg i.p.). Two hours after ¿-fen
administration, rats were deeply anesthetized and perfused. Brains were
processed for Fos immunohistochemistry. Ritanserin blocked the effects
of d -fen on Fos expression in the PV N , cingulate cortex and frontal
cortex. It did not alter d-fen induced Fos expression in other brain
structures such as the bed nucleus o f the stria terminals and amygdala.
Our results indicate that d-fen activates neurons in the PVN and cortex via
5-HT2A/2C receptors. Since the PVN is thought to play an important role in
feeding behavior, it is likely that stimulation of this region by d-fen via 5HT2A/2C receptors is important in mediating the anorectic effects of d-fen.
Studies are in progress to determine the involvement o f 5-HT1A receptors
in mediating the Fos expression induced by d-fen. Supported by NIH
NS20041 and NS 34153.
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EFFECT OF DOI TREATMENT ON SEROTONIN-2 A (5-HT2A)
RECEPTOR mRNA LEVELS AND BINDING SITES IN RAT
FRONTAL CORTEX. A. Anji, G.L. Brvan, and J.G. Hensler*. Dept.
Pharmacol., U. of Texas Health Sci. Center, San Antonio, TX 78284.
Gene expression can be regulated at the level o f transcription, posttranscriptional mRNA processing, mRNA stability, translation and
protein degradation. The regulation 5-HT2A receptor expression in
brain is anomalous. Chronic treatment with 5-HT2A receptor agonists
or antagonists, or many antidepressants results in a decrease in the
density o f 5-HT2A receptors in brain. In the present study we
determined the effects o f acute and chronic treatment of rats with the 5HT2 receptor agonist (±) 2,5-dimethoxy-4-iodophenyl-2-aminopropane
(DOI) on 5-HT2A receptor mRNA levels and binding sites in frontal
cortex. Following a single injection o f DOI (lm g/kg, s.c.) we
observed no change in 5-HT2A receptor mRNA levels at lhr, 3 hrs, or
6 hrs post-injection, as measured by ribonuclease protection assay, and
no change in 5-HT2A receptor sites as determined by 3H-ketanserin
binding. No change in 5-HT2A receptor mRNA levels was detected
following treatment of rats with DOI (lm g/kg, s.c., q.d.) for 2, 4 or 8
days. A significant decrease in 5-HT2A receptor sites was measured
following' 4 and 8 days o f DOI administration. This apparent
dissociation between the density of receptor binding sites and mRNA
levels seen at 4 and 8 days o f DOI treatment suggests that
downregulation of 5-HT2A receptors in frontal cortex may not be due
to a decrease in mRNA stability or changes in the rate of transcription.
The decrease in 5-HT2A receptor density following chronic DOI
administration may be due to an increase in receptor degradation or a
change in the rate of translation. Supported by USPHS MH 52369.

SEROTONIN DEPLETION BY PCPA LOWERS 5-HT2A RECEPTOR
IMMUNOREACTIVITY BUT INCREASES ITS mRNA LEVELS IN
ADULT RAT BRAIN. V. Cornea-Hébert *1, S. Vermette1, S. Garcia l ,
N. Laprade2, C. Wu 3, j.-j, Soghomonian 2 and L. Descarries 1. 1 Dép.
pathologie and CRSN, Université de Montréal, Montréal H3C 3J7, 2 Centre
de recherche en neurobiologie, Hôpital l'Enfant-Jésus, Québec G1J 1Z4,
Québec, Canada, and 3 PharMingen, San Diego, CA 92121, USA.
The short-term effects of a severe 5-HT depletion by PCPA on 5-HT2A
receptor protein distribution and production were examined in adult rat
brain, by means of immunocytochemistry with a specific antibody against
5-HT2A receptor (Wu et al., J Neurochem, submitted) and in situ hybri
dization with a cDNA probe. PCPA (400 mg/kg, i.p.) or saline alone was
administered daily for 3 days, the rats were sacrificed 2-6 h after the last
injection, and sections from PCPA-treated and control rats were processed
simultaneously. In all PCPA-treated rats, 5-HT2A immunoreactivity of
neuronal cell bodies, dendrites and/or axons was reduced by comparison
with controls. In many regions such as neocortex, striatum, globus
pallidus, and thalamus, the attenuated dendritic labeling appeared to be
more uniform and to involve greater dendritic lenghts than in controls.
Moreover, in these and other regions, glial labeling could be observed. In
contast, mRNA encoding for 5-HT2A receptor was increased, at least in the
striatum and the neocortex, where average values 60% and 30% above
control could be respectively measured by densitometry. These results
suggest that the 5-HT2A receptor protein content of brain neurons is
dependent on 5-HT concentration in the extracellular space. A hypothesis
which takes such changes into account is that these receptors act as
neuronal sensors of ambient 5-HT level in CNS tissue.
[Supported by MRC grant MT-3544 and NSERC-01 55607].
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385.21
THE DISTRIBUTION OF 5-HT2A RECEPTORS ON
PYRAMIDAL (PN) AND NONPYRAMIDAL (NP) NEURONS OF
RAT MEDIAL PREFRONTAL CORTEX (mPFC): DOWNREGULATION BY KETANSERIN (KET) IN LAYER V
H.-M. Chu* and F.M. Benes. Laboratory for Structural Neuroscience,
McLean Hospital, Belmont, MA, Program in Neuroscience and
Department of Psychiatry, Harvard Medical School, Boston, MA.
The 5-HT2Areceptor has been implicated in the therapeutic effect of
atypical antipsychotic drugs. It is currently not known, however, whether
this receptor binding activity (RBA) is distributed on PNs and/or NPs, and
how it is regulated in mPFC. To explore these questions, high-resolution
autoradiography has been used to assess 5-HT2ARBA on small (SN,
)μm
2) and large (LN, >100 μm2) neurons, as well as in neuropil (NPL100<
in mPFC of rats treated for 48 hrs with either vehicle (VEH) or KET
36μg/kg/hr), a specific 5-HT2Aantagonist, delivered with Alzet osmotic(
,pumps. Total and inhibited RBA were determined in layers l-VI of mPFC
and specific binding was calculated by subtracting the inhibited (2nM
-3H]KET +10μM mianserin) from total (2nM [3H]KET) binding. In 5 VEH[
and 5 KET-treated rats, RBA was found to be highest in layer III, but was
also present in other laminae. Both SNs and LNs showed 5-HT2A RBA
equivalent to that seen in NPL. In layer V, KET-treated rats showed a
reduction in binding (p= 0.038), but this occurred only on SNs 26%
p=0.047), but not LNs or NPL. Overall, these results are ,41%(
consistent with recent suggestions that the 5-HT2Asubtype may be
found on b o th PNs and NPs of rat mPFC; however, the data further
-suggest that acute antagonism of this receptor may only result in a down
regulation occurring preferentially on interneurons in layer V of this
region. Supported b y M H 00423, M H 42 26 1 (FM B), an d fellowships from
.)the Dupont-W arren Trust and the A P A /P M R T P Program (H M C

MONDAY PM

385.22
THE ATYPICAL ANTIPSYCHOTIC DRUG, CLOZAPINE, ALTERS
THE SUBCELLULAR DISTRIBUTION OF SEROTONIN 2A
RECEPTORS IN VITRO AND IN VIVO. D.L. Willins*, L. Alsaveah, S.
Berry, N. Khan and B.L. Roth Departments of Psychiatry,
Biochemistry and Neurosciences, Case Western Reserve University,
School of Medicine, Cleveland, Ohio 44106.
The mechanism by which 5-HT2A antagonists down-regulate
5-HTja receptors is unknown. W e here report that clozapine induces
a change in the subcellular distribution of 5-HT2A receptors in vitro
and in vivo. In GF-62 cells, 10 jjM clozapine caused a pronounced
internalization of 5-HT2A receptors as measured by confocal
microscopy and a biotin-trap technique. Computerized analysis of
confocal images disclosed a 7-fold increase in 5-HT2A-like
immunoreactivity following 30 minutes of clozapine exposure. In vivo
administration of clozapine (20 mg/kg, sc, x7 days) also caused a
change in the subcellular distribution of 5-HT2A receptors. For these
studies, serial confocal images are reconstructed and subjected to
image analysis. Preliminary results disclosed that clozapine caused
more than a 2-fold increase in intracellular immunoreactivity.
Additionally, chronic clozapine administration was associated with a
decrease in labelling of apical dendrites on pyramidal cells. These
results show that clozapine causes a change in subcellular
distribution of 5-HT2A receptors in vitro and in vivo. (Supported by
M H 01366, GM52213, and Scottish Rite (to BLR) and a NARSAD
Young Investigator Award (to DL.W)

385.23

385.24

ANTISENSE INHBTTION OF SEROTONIN2A RECEPTOR INDUCES AN
ANTIDEPRESSANT-LIKE EFFECT IN MICE. E. Sibille*1, Z. Sarnvai2, D.
Beniamin3, H. Baker4 and M. Toth1, 1Department of Pharmacology, Cornell
University Medical C ollege;' la b o ra to ry of Neuroendocrinology, Rockefeller
University; 3Center of Alcohol Studies, Rutgers University; 4Cornell University
Medical College, Burke Medical Research Institute.
Serotonin 2A (5-HT2A) receptor levels are decreased during antidepressant treatment.
This downregulation is temporally correlated with the onset o f clinical efficacy,
raising the possibility that receptor downregulation is involved in drug action. To
determine whether receptor attenuation is an essential part of antidepressant drug
action, the 5-HT2A receptor was reduced directly and specifically by a non-

TESTOSTERONE OR ESTROGEN INCREASES 5-H T 2A
RECEPTOR DENSITY IN MALE RAT FOREBRAIN. B. Sumner
and G. Fink*. MRC Brain Metabolism Unit, University Department
of Pharmacology, 1 George Square, Edinburgh EH8 9JZ, UK.
The density of 5-hydroxytryptamine2A (5-HT2A) receptors is
increased significantly by estrogen in the forebrain of the female
rat(1’2). This might be one explanation for the potent effects of
estrogen on mood and behaviour in the human and other mammals.
We have now investigated the effect of sex steroid hormones on the
density of 5-HT2a receptors in male rats and show that castration
decreased while acute treatment (~ 32h) with either testosterone or
estradiol, but not 5α -dihydrotestosterone, increased the density of
5-HT2A binding sites in frontal, cingulate and piriform cortex,
olfactory tubercle and nucleus accumbens. These results show for
the first time that testosterone increases the density of the 5-HT2A
receptor density in the male forebrain, and that this action probably
depends upon the conversion of testosterone to estrogen by
aromatase. Our findings may be significant for the changes in mood
and mental state that occur around the time of the andropause and the
menopause in the human.
1. Sumner, B.E.H. & Fink, G. (1995). J. S tero id B iochem . M ol.
Biol. 54, 15-20.
2. Fink, G .& Sumner, B.E.H. (1996). N ature 383,306.

pharmacological approach. Here we report that intracerebroventricular injection of
antisense oligonucleotides selectively downregulated the 5-HT2A receptor and
resulted in an antidepressant-like effect in mice. Mice with low 5-HT2A receptor
showed less immobility in the Porsolt’s forced swim test (FST) which is an
established animal model to identify drugs with antidepressant effect. The overall
locomotor activity of receptor deficient animals was not altered, demonstrating the
specificity of the behavioral change in FST. Decreased immobility in FST was
accompanied by a greater c-Fos response in piriform cortex, presumably due to
disinhibition of specific neural pathways. Since 5-HT2A receptors have been
localized on GABAergic interneurons, the inhibitory activity of these neurons may
be impaired at low receptor levels leading to a greater c-Fos response in the
piriform cortex and decreased immobility in FST. These experiments demonstrate
that downregulation of the 5-HT2A receptor alone is sufficient to achieve an anti
depressant-like effect in mice and suggest that receptor downregulation may be an
essential part of the antidepressant drug action. Supported by NARSAD.

385.25

385.26

NOVEL REGULATION OF HUMAN 5-HT2A RECEPTORS IN VITRO.
AL. Mitchell, S. Phipps, D.G. Grahame-Smith and J.M. Elliott* Oxford University
SmithKline Beechara Centre for Applied Neuropsychobiology, University
Department of Clinical Pharmacology, Radcliffe Infirmary, Oxford, 0X2 6HE.
5-HT2Areceptors are paradoxically regulated by antagonist treatment, in that they
are (town-regulated or unchanged following chronic treatment. Here we report the
ability of mesulergine to increase receptor levels and functional response of human
5HT2Areceptors in vivo.
Human neuroblastoma SH-SY5Y cells stably transfected with human 5-HT2A
receptor were grown to confluency. Membranes were prepared by homogenisation
and thoroughly washed then assayed for specific binding of [3H]ketanserin. For
functional studies, cells were pre-labelled with [^inositol. Cells were washed,
incubated with lOmM LiCl, then stimulated with 5-HT and [3H]inositol phosphates
were extracted.
Treatment for 24 hours with 900nM mesulergine caused a significant increase in
receptor binding (Bmax=144±10% of control, n=5, p<0.01). This effect was
reversed by co-incubation with 30nM ketanserin (Bmax=l 13±8% of control, n=3).
2μM andr lOμM mesulergine also increased receptor levels (Bmax=46±5% and
61±4% of control respectively, n=3, p<0.05). Following 900nM mesulergine 24
hour treatment, a significant shift in pEC50 was observed (control
pEC50=6.86±0.06, treated pEC50=7.11±0.06, p<0.05, n=4). An increase in
5-HT2A receptor levels (Bmax=146±9% of control, n=3) was also seen in C6 rat
glioma cells following 200nM mesulergine treatment for 24 hours.
We conclude that mesulergine up-regulates human 5-HT2A receptor levels and
function in this cell-line. This effect appears unique to mesulergine since no upregulation was observed with any antagonists we have studied previously. The
ability to increase receptor levels is not species specific since mesulergine also
increases 5-HT2Areceptor binding in C6 rat glioma cells. [Support: MRC]

MIANSERIN AND DOI UP-REGULATE 5-HT2A RECEPTOR
BINDING SITES
BY
DISTINCT MECHANISMS
IN
CEREBELLAR GRANULE CELLS. E. Chalecka-Franaszek*, H.
Li and D.-M. Chuang. Section on Molecular Neurobiology, Biol.
Psych. Branch, NIMH, NIH, Bethesda, MD 20892-1212.
We have reported that stimulation with a 5-HT2A receptor agonist,
DOI, increases the levels of 5-HT2A receptor sites by a mechanism
that requires Ca2+ influx and a calmodulin-dependent process. DOI
induced 5-HT2a receptor up-regulation was closely associated with a
marked increase in AP-1 DNA binding activity. Here we show that
phosphorylated CREB, CREB, Jun D and c-Fos are transcription
factors present in the AP-1 DNA binding complex. CREB is likely
to be activated by DOI stimulation because transient phosphorylation
of CREB at serine 133 was detected. In addition, we found that 5HT2a receptor binding is markedly increased by treatment for 16 hr
with mianserin (10 μ M), a 5-HT2A receptor antagonist with
antidepressant activity. Unlike the effect of DOI, mianserin-induced
5-HT2a receptor up-regulation does not involve a change in AP-1
DNA binding activity. Moreover, c-fos mRNA is unaffected by DOI
but rapidly and transiently down-regulated by mianserin, similar to
the effects of other antidepressants. Thus, our results demonstrate
that distinct mechanisms underlie homologous up-regulation of 5HT2a receptor sites by agonist and antagonist, suggesting an
involvement of different signalling pathways for these two
processes. Supported by NIMH.
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S E R O T O N IN R E C E P T O R S A N D R A T H IP P O C A M P A L
S E IZ U R E S . W a ta n a b e K.\ M inabe Y .1, Katsumori H .1, Ashby
C.R.2, Narita N .1* 1Div. of Cortical Function Disorder, Natl. Inst,
of Neurosci., N C N P , Tokyo 187, Japan; 2P H S Dept., St.John’s
Univ., NY, U SA .
We assessed the effects of various 5-HT receptor agonists, antagonists,
fluoxetine, p-chlorophenylalanine(PCPA) on seizure threshold, severity of
hippocampus-generating partial seizures elicited by electrical stimulations in
rats. Seizure threshold and severity were determined using pulse number
threshold(PNT), primary and secondary afterdischarge duration(pADD,
sADD), Latency of secondary afterdischarge and duration of behavioral
seizure. 8-OH-DPAT did not alter any seizure parameters, WAY-100635
increased both pADD and sADD(0.1 mg/kg), decreased latency of secondary
afterdischarge(0.3mg/kg). DOI decreased
latency of secondary
afterdischarge(3.0mg/kg). MDL100907 increased pADD (1.0mg/kg).
SKB200646A and SR57227A had no effect at any tested doses.
Granisetron decreased pADD(1 .Omg/kg) and latency of secondary
afterdischarge(3.Omg/kg). Fluoxetine increased PNT and decreased
pADD(2.Omg/kg). PCPA decreased PNT and sADD(400mg/kg). These
results suggest that serotonin seems to suppress hippocampus-generating
partial seizure and each 5-HT subtype modulates seizure parameters of this
animal model.
Supported by the grant from the Ministry of Health and Welfare, Japan.

PRESYNAPTIC INHIBITION BY SEROTONIN OF SYNAPTIC
GLUTAMATE CURRENTS IN THE RAT NUCLEUS ACCUMBENS
SLICE. J. Grenhoff*, M. Muramatsu, M.D.S. Lapiz and E. Tanaka. Dept.
Physiology and Pharmacology, Karolinska Institutet, S-171 77 Stockholm,
Sweden.
Rewarding effects of drugs are mediated via the nucleus accumbens septi
(NAS) in the basal forebrain. Still, the mechanism of action of these drugs
on NAS neurons is not fully elucidated. We used standard whole-cell
recording in brain slices from adult male rats. Lucifer Yellow-filled cells
were identified as medium spiny neurons. In the presence of bicuculiine (30
μ M) or picrotoxin (25 μM), electrical stimulation close to the recorded cell
evoked an excitatory inward current (EPSC) at -90 mV. The EPSC was
blocked by CNQX (10 μ M), implicating mediation by non-NMDA
glutamate receptors. Serotonin (5-HT; 10 μM) reduced the EPSC by 20-70
%. The dose-response curve of 5-HT was shifted to the right by pindolol (1
μ M) and cyanopindolol (100 nM), antagonists at 5-HT1A/B receptors.
Ketanserin (1 μ M), a 5-HT2 antagonist, and tropisetron (ICS 205-950; 1
μ M), a 5 -HT3 / 5 -HT4 antagonist, did not antagonize the action of 5-HT. The
5-HT effect was mimicked by the 5-HTi agonist TFMPP (0.3 - 1 μ M), but
not by the 5-HT2 agonist DOI (30-100 μM). These results indicate that 5HT reduces the EPSC via 5-HT j receptors. Frequency, but not amplitude, of
miniature synaptic currents was reduced by 5-HT, indicating a presynaptic
site of action. The action of 5-HT was potentiated by citalopram (0.1-1 μM)
and by 0.3-3 μ M of cocaine, concentrations relevant for human drug abuse.
Financial support from the Swedish MRC and the Ake Wiberg Foundation.

386.3

386.4
EFFECT OF A PROLONGED PAROXETINE TREATMENT ON THE
RESPONSIVENESS OF POSTSYNAPTIC 5-HT RECEPTORS IN RAT
ORBITOFRONTAL CORTEX. M. El Mansari* and P. Blier. Neurobiological

SEROTONIN REDUCES SYNAPTIC EXCITATION VIA A PRESYNAPTIC
MECHANISM IN THE SUPERFICIAL LAYERS OF THE ENTORHINAL
CORTEX.
P . Schmitz, T. Gloveli, R. M. Empson*, A. Draguhn and U. Heinemann. Institute for
Physiology at the Chanté, Dept, o f Neurophysiology, Humboldt University Berlin,
Tucholskystr. 2, 10117 Berlin, Germany.
The superficial layers II and III o f the entorhinal cortex receive a large
serotonergic projection from the raphe nuclei and express 5-HT-receptors at high
density. Any effect of serotonin in this region will also influence the function of the
hippocampus which receives its input through the perforant path from neurons in these
layers. We therefore investigated the effects o f serotonin on field potentials, intrinsic
and synaptic properties of layer II and III neurons. At low concentrations (0.1-10 μM)
serotonin reduced two synaptic components o f the complex evoked extracellular field
potential. Intracellular and patch clamp recordings revealed that serotonin
hyperpolarised most o f the cells through a potassium conductance via a GTPdependent process. However, the most pronounced effects o f serotonin were on
electrically evoked synaptic potentials/currents. Both types o f polysynaptic inhibitior
(fast and slow IPSPs) were reduced by 5-HT at low concentrations (app. 50%
reduction at 1 μM), while the monosynaptic fast IPSPs were inhomogeneoüsly
affected and monosynaptic slow IPSPs required higher concentrations than the
polysynaptic IPSPs. Serotonin also depressed mixed as well as isolated AMPAR- and
NMDAR-mediated excitatory postsynaptic potentials/currents (EPSP/Cs). This effect
was unaltered in whole cell patch versus intracellular recordings, did not require
intracellular GTP and was not visible in glutamate-applications to excised patches.
Miniature-EPSCs recorded under tetrodotoxin and bicuculline were reduced in
frequency but not altered in amplitude. We therefore conclude that serotonin potently
suppresses excitatory synaptic transmission in layers II and III o f the entorhinal cortex
by a presynaptic mechanism. Due to the intense connection of these cells to the
hippocampus this modulation will be o f major importance for the function of the
limbic system.
Supported by the BMBF and DFG grant INK21/A1-1

Psychiatry Unit, McGill University, Montréal, Québec, Canada H3A 1A1.
Several lines of evidence suggest that an enhancement in the function of
the 5-HT system is implicated in the therapeutic effect of selective 5-HT
reuptake inhibitors (SSRI) in obsessive-compulsive disorder (OCD).
Considerable evidence also indicates that the orbitofrontal cortex (OFC) is
involved in the symptomatology of this disorder. In previous studies, we
showed a desensitization of terminal 5-HT1D autoreceptor after an 8-week but
not a 3-week treatment with the SSRI paroxetine, which result in an increase
of 5-HT release in the OFC. However, this increase could be cancelled out
by an attenuation of the sensitivity in postsynaptic 5-HT receptors. The effects
of iontophoretically applied DOI (a preferential 5-HT2A receptor agonist) and
mCPP (a preferential 5-HT2C receptor agonist) were thus examined in the
OFC of control and 3-week treated rats with paroxetine (10 mg/kg/day; s.c.
with minipumps). No difference in firing rates of spontaneous and
quisqualate-activated neurons recorded in the OFC was observed in control
versus paroxetine-treated rats. In controls, the firing rate of most neurons was
reduced by the two agents. After three weeks of paroxetine administration,
the responsiveness of OFC neurons to DOI and mCPP was unchanged
compared to that of the controls. Our data extend results of previous
electrophysiologic studies in the hippocampus showing that SSRI produce no
change in the sensitivity of postsynaptic 5-HT1A receptors after 3-week
treatments. In the light of these results, experiments are underway to
examine the sensitivity of postsynaptic 5-HT receptors in the OFC of rats
treated with paroxetine for 8 weeks.

386.5
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PINDOLOL SUPPRESSES SEROTONERGIC NEURONAL ACTIVITY (BY A
WAY100635-SENSITIVE MECHANISM) AND DOES NOT BLOCK THE
NEURONAL INHIBITION PRODUCED BY 8-OH-DPAT IN AWAKE CATS.
C. A. Fomal *, F. I. Martín, C. W. Metzler and B. L. Jacobs. Program in
Neuroscience, Princeton University, Princeton, NJ 08544.
The beta-adrenoceptor blocker pindolol has relatively high affinity for
central 5-HT1A receptors, where it is thought to act as an antagonist.
Recently, there has been a great deal of interest in pindolol, since the drug
was found to enhance the therapeutic efficacy of certain antidepressant drugs,
presumably by blocking the feedback inhibition of serotonergic neuronal
activity mediated by somatodendritic 5-HT1A autoreceptors. The aim of the
present study was to characterize the action of pindolol on the single-unit
activity of serotonergic dorsal raphe nucleus neurons in freely-moving cats.
Serotonergic neurons were recorded using methods previously described
(Fomal et al., JPET 278: 752-762,19%). Hie i.v. administration of (±)-pindolol
produced a dose-dependent suppression of neuronal activity (ED50 - 0.25
mg/kg). Administration of the active enantiomer (-)-pindolol (1 m g/kg, i.v.)
also suppressed neuronal activity (maximal decrease = 88%). Furthermore,
s.c. administration of (±)-pindolol produced a long-lasting suppression of
neuronal activity at doses as low as 1 m g/kg. A dose of 10 m g /k g decreased
neuronal activity by 75% within 15 min, with little or no recovery over the
next 6 h. In all cases, the subsequent administration of the 5-HT1A antagonist
WAY-100635 (0.1-0.2 m g/kg) rapidly reversed the effect of pindolol on
neuronal activity. We also examined the ability of (±)-pindolol (0.1-1 m g/kg,
i.v.) to reverse the neuronal suppression produced by 8-OH-DPAT (10 Mg/kg,
i.v.). Pindolol had no significant effect on the inhibitory response to 8-OHDPAT Overall, these results indicate that pindolol acts as an agonist rather
than an antagonist at 5-HT1A autoreceptors. Supported by AFOSR (F 4962094-1-0128) and NIMH (MH 23433).

PINDOLOL DOES NOT REVERSE THE SUPPRESSION OF SEROTONERIC
NEURONAL ACTIVITY PRODUCED BY FLUOXETINE IN AWAKE CATS.
C. W. Metzler *, C. A. Fomal, F. T. Martin and B. L. Tacobs. Program in
Neuroscience, Princeton University, Princeton, NJ 08544.
Pindolol has been shown to enhance the therapeutic efficacy of selective
serotonin reuptake inhibitors (SSRIs) (e.g., fluoxetine) in depressed patients.
Although the precise mechanism underlying this effect of pindolol remains
to be determined, it is generally believed that the drug acts by blocking the
feedback inhibition of serotonergic neuronal activity mediated by
somatodendritic 5-HT1A autoreceptors. The present study examined the
ability of pindolol to restore the discharge activity of serotonergic dorsal
raphe nucleus neurons after acute treatment with fluoxetine in freely-moving
cats. Serotonergic neurons were recorded as described previously (Fomal et
al., IPET 278, 752-762,1996). Drugs were injected via an indwelling jugular
catheter. (i)-Pindolol was administered in increasing doses at 6-min intervals
starting 15 min after fluoxetine administration.
Fluoxetine (5 m g/kg)
decreased the activity of serotonergic neurons to approximately 5% of
baseline levels. Administration of pindolol (0.1 -5 m g/kg) had no significant
effect on the neuronal suppression produced by fluoxetine. In contrast,
administration of WAY-100635 (0.1 m g/kg) following pindolol rapidly
restored neuronal activity to baseline levels or above. (-)-Pindolol (1 m g/kg)
was also ineffective in restoring neuronal activity after fluoxetine. In addition
to lacking efficacy as an antagonist in these experiments, pindolol produced
a further decrease in neuronal activity following the administration of a low
dose of fluoxetine (0.5 m g/kg), which mildly suppressed neuronal activity.
Since pindolol apparently lacks 5-HT1A autoreceptor antagonist activity, the
ability of pindolol to augment the antidepressant response to SSRIs may be
unrelated to a restoration of serotoninergic neuronal activity. Supported by
grants from the AFOSR (F 49620-94-1-0128) and the NIMH (MH 23433).
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DIRECT INHIBITION OF NMDA-RECEPTOR MEDIATED RESPONSES IN
PYRAMIDAL CELLS OF THE RAT MEDIAL PREFRONTAL CORTEX (mPFC) BY
THE SELECTIVE 5-HT3 RECEPTOR AGONIST SR 57227A AND 5-HT: INTRA
CELLULAR STUDIES. R.Y. Wang* and X. Liana. Dept. of Psychiatry, SUNY/SB,
Stony Brook, NY 11794-8790.
It is generally recognized that the 5-HT3 receptor is a ligand-gated ionic
channel. However, we have previously presented evidence suggesting the
existence of metabotropic 5-HT3-like receptors in the mPFC. In the present study,
we used the techniques of intracellular recording to examine the action of 5-HT
and SR 57227A in pyramidal neurons of the mPFC in in vitro brain slice
preparations. To pharmacologically isolate the effect produced by the activation
of 5-HT3receptors on NMDA response, we have routinely included the following
compounds in theACSF: glycine, CNQX, bicuculline, CGP 52432, WAY 100635
and MDL100907 (for voltage-clamp recordings, TTX was also included). Under
these conditions, both 5-HT and SR 57227A depressed significantly NMDAevoked membrane depolarizations, action potentials and inward current in
pyramidal cells of the mPFC. The depressant action of 5-HT and SR 57227A had
a slow onset and exhibited little or no desensitization. Perfusion of Ca2+-free or low
Ca2+ plus Cd2+ ACSF, which prevented neurotransmitter release as evidenced
from the abolition of electrical stimulation evoked EPSPs and EPSCs, did not alter
5-HT and SR 57227A's inhibitory action on NMDA responses. Corresponding to
the above-mentioned results, bath application of SR 57227A produced a
significant inhibitory action on the monosynaptic, pharmacologically-isolated,
NMDA receptor-mediated synaptic responses. These modulatory actions
produced by SR 57227A were blocked by the selective 5-HT31but not other 5-HT
receptor subtype, antagonists. In conclusion, the results from the present study
have demonstrated that activation of 5-HT3-like receptors by either 5-HT or SR
57227A inhibits directly NMDA-evoked response and NMDA receptor-mediated
EPSCs in pyramidal cells of the mPFC (Suported by USPHS grant MH-41440).

DIRECT INHIBITION OF NMDA-RECEPTOR MEDIATED RESPONSES
PYRAMIDAL CELLS OF THE RAT MEDIAL PREFRONTAL CORTEX (mPFC) B
Y
THE SELECTIVE 5-HT3RECEPTOR AGONIST SR 57227A AND 5-HT: SIGNA
L
TRANSDUCTION MECHANISMS. X. Uana* and R.Y. Wana. Dept. of Psychiatry
SUNY/SB, Stony Brook, NY 11794-8790.
We have previously demonstrated that activation of 5-HT3-like receptors b
y
either 5-HT or SR 57227A inhibits directly NMDA-evoked response and NMD
A
receptor-mediated EPSCs in pyramidal cells of the mPFC. The aim of the presen
t
study was to examine the possible signal transduction systems involved in the
inhibitory action of 5-HT and SR 57227A. The inhibitory action of SR 57227A was
abolished in ACSF containing either the membrane-permeable Ca2+-chelato
r
BAPTA-AM, thapsigargin (a Ca2+-ATPase blocker that depletes intracellular Ca2+
stores), the PKC inhibitor chelerythrine, the calmodulin antagonists calmidazolium
or W-7, or the selective CaMKII inhibitor KN-93 (the inactive isomer KN-92 was
without effect). Bath application of the PKA inhibitor H-89 did not affect the
depressant action of SR 57227A. Chelerythrine and KN-93 did not alter GABA's
inhibitory action on NMDA responses, further indicating that the inhibitory action
of SR 57227A was not indirectly mediated via GABA interneurons. Moreover, thr
PKC activator PMA, but not its inactive isomer 4a-Phorbol, mimicked the inhibitory
action of 5-HT and SR 57227A and inhibited NMDA responses with an EC50value
of 15 nM, whereas the adenylate cyclase activator forskolin was without effect,in
addition, intracellular injection of the selective PKC inhibitor PKC(19-31), or
CaMKII inhibitor [Ala286](281-302), but not PKC and CaMKII substrates, abolished
the depressant action produced by SR 57227A and PMA on NMDA responses
Taken together, these results indicate the requirement of CaMKII and PKC
activities in the inhibitory action of SR 57227A. Although the precise interactions
between CaMKII and PKC during the activation of 5-HT3-like receptors have not
been elucidated, our results suggest that they have functional cross-talk
(Supported by USPHS grant MH-41440).
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386.10

THE SELECTIVE 5-HT1A ANTAGONIST WAY 100635 BLOCKS THE
SEROTONIN-EVOKED DECREASE IN EPSP IN THE CA1 REGION OF RAT
HIPPOCAMPAL SLICES. A.M. Pugliese, M B. Passani and R.Corradetti*. Dept.
of Preclinical and Clinical Pharmacology, Univ. of Florence, V.le Pieraccini 6,
50134 Florence, Italy
Serotonin (5-HT) is known to decrease excitatory neurotransmission, and indirect
evidence, obtained by using 5-HT agonists and non-selective antagonists, converges
in indicating that this action is mediated by 5-HT1Areceptors.
By using WAY 100635 (N-(2-(-4(2-metoxyphenyl)-l-piperazinyl)ethyl)-N-(2pyridinyl)cyclohexane carboxamide), a recently synthesised, selective and potent
5-HT1A receptor antagonist, we re-evaluated the role of 5-HT1A receptors in the
5-HT-induced decrease of excitatory neurotransmission in the CAl region of the rat
hippocampus. EPSPs, elicited by stimulating the CAl stratum radiatum in
submerged hippocampal slices superfused with oxygenated aCSF, were
intracellularly recorded from CAl pyramidal cells. The neurones (n=19) had a
r.m.p. of -63±2 mV (mean±SEM) and a total input resistance (R J of 45±2 MΩ.
Most of the experiments were done in the presence of bicuculline (10 pM) in order
to block GABAA receptor-mediated inhibition. 5-HT (10-30 fiM) caused a 7±1 mV
hyperpolarisation of pyramidal cells accompanied by a 31±10 % decrease in R^
and decreased the amplitude of the EPSP (-15 %, n=7, p<0.05). WAY 100635 (10
nM) per se neither modified the r.m.p. nor changed the Rm, while it fully
antagonised the hyperpolarisation, the decrease in Rm and the decrease in EPSP
amplitude caused by 5-HT. The same effect of WAY 100635 was observed on
AMPA or NMDA components of the EPSP, isolated by superfusing APV (50 μM,
n=6) or NBQX (10 μM, n=6), respectively. In conclusion, 5-HT decreases
excitatory neurotransmission mainly by acting on 5-HT1Areceptors.

Serotonin2A receptor-induced EPSC s in apical dendrites
o f layer V pyram idal cells o f prefrontal cortex: block by
[i-opiate receptor agonists. G.J. Marek* and G.K. Aghajanian.
Dept. of Psychiatry, Yale Sch. of Med., New Haven, CT 06508.
Serotonin (5-HT), via 5-HT2A receptors, increases excitatory
postsynaptic currents (EPSCs) in apical, but not basilar, dendrites of
neocortical layer V pyramidal cells, in part, by increasing glutatmate
release from a subset of presynaptic terminals (Aghajanian & Marek,
1997, NeuropharmacoL). Opiates are known to have presynaptic
modulatory actions. Therefore, we investigated the effect of opiates
on 5-HT-induced EPSCs in rat brain slices by intracellular and whole
cell recording. Met-enkephalin (ENK;30 μ M) and the specific μ agonist DAMGO (300 nM) completely suppressed 5-HT-induced
EPSCs in layer V pyramidal cells in the medial prefrontal cortex;
ECso's for ENK and DAMGO were 2 μ.M and 70 nM. Consistent
with a presynaptic action, DAMGO did not induce direct outward
currents in layer V pyramidal cells. The ji-antagonist CTOP (100-300
nM), but not 5 or k antagonists (naltrindole and nor-binaltorphimine),
blocked the effect of ENK (30 μ M). The K-agonist U50,488 (1 μ M)
and the 8-agonist DPDPE (1 μ M) suppressed 5-HT-induced EPSCs
only slightly (<25%). We conclude that μ -agonists suppress 5-HTinduced EPSCs through a presynaptic action on a subset
glutamatergic terminals containing 5-HT2A and ju-receptors that
project onto apical dendrites of layer V pyramidal cells.
Supported by NIM H and NARSAD

supported by a grant from the EC(BIO4-CT96-0752

386.11
ON THE MECHANISM UNDERLYING THE 5-HT4 RECEPTOR INDUCED
DEPOLARIZATION IN RAT HIPPOCAMPUS. R. Andrade*, S. Haj-Dahmane.
and E.M.Chapin, Dept of Psychiatry and Behavioral Neurosciences and
Cellular and Clinical Neurobiology Training Program, Wayne State Univ. Sch.
of Medicine, Detroit, MI 48201
Administration of serotonin to pyramidal cells of the CAl region in the
presence of 5-HT1A receptor antagonists results in a slow depolarization and a
reduction of the afterhyperpolarization (AHP). We have previously shown that
both these effects are mediated by the activation of 5-HT4 receptors and that
the reduction of the AHP involves the production of cAMP and activation of
protein kinase A (PKA). We have now used intracellular recordings in
hippocampal brain slices to elucidate the mechanism underlying the 5-HT4
induced depolarization.
Previous studies by others have demonstrated that several neuro
transmitters, including serotonin, can elicit a membrane depolarization by
enhancing a voltage sensitive cation current (Ih) through a mechanism
involving cAMP but not PKA. This suggested that a similar mechanism could
account for the 5-HT4 depolarization in hippocampus. Consistent with this
idea, the ability of serotonin to elicit a membrane depolarization persisted
following PKA inhibition with staurosporin. However voltage clamp
experiments indicated that serotonin had little effect on Ih in the CAl region.
Furthermore, 5-HT4 receptors activation elicited a membrane depolarization
even following Ih blockade using 2 mM cesium. Instead, in most cells tested,
the 5-HT4depolarization was associated with an apparent increase in input
resistance and diminished with hyperpolarization. These results suggest that
5-HT4 receptors depolarize pyramidal cells of the C Al region through a PKA
independent mechanism probably through a reduction in potassium
conductance. Supported by MH43985.
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386.12
THE SELECTIVE 5-HT2ARECEPTOR ANTAGONIST MDL100907 FACILITATES
NMDA RECEPTOR MEDIATED TRANSMISSION AND LONG TERM
POTENTIATION (LTP) INTHE RAT HIPPOCAMPAL SLICES. V.L Arvanov* and
R.Y. Wana. Dept. Psychiatry, SUNY/SB, Stony Brook, NY 11794-8790.
We have previously shown that MDL 100907 dramatically enhanced NMDAinduced inward current in pyramidal cells of the medial prefrontal cortex (mPFC).
Moreover, MDL 100907 markedly enhanced the amplitude and duration of
EPSPs/EPSCs evoked by electrical stimulation of the forceps minor (Arvanov and
Wang, submitted to Neuropsychophrmacology). The aim of the present study was
to determine whether we could extend the finding of MDL 100907 in the mPFC to
hippocampal CA1 pyramidal cells and whether MDL 100907 enhances the
induction of LTP. Using the techniques of intracellular recordings, we
demonstrated that MDL 100907 (100 nM), but not its inactive stereoisomer
MDL100009, produces a 350-550% facilitation of NMDA-induced inward current
in hippocampal CA1 pyramidal neurons of Fisher-344 rats. In addition,
MDL100907 significantly increased the amplitude and duration of EPSCs evoked
by electrical stimulation of Schaffer collaterals (Vh - -30 mV; the effect of MDL
100907 was abolished by NMDA antagonist d-AP5). In contrast, MDL 100907 did
not alter AMPA responses. The facilitating effect of MDL100907 on NMDA
responses was not accompanied with changes of the resting membrane potential
and input resistance. In consonant with the above results, MDL100907 (100 nM)
converted short term potentiation (STP) elicited by a “weak" tetanus to LTP in CA1
region. When d-AP5 was included in the ACSF, the same “weak”tetanus induced
only posttetanic potentiation (PTP) and MDL 100907 failed to alter this PTP.
Taken together, these results suggest that MDL 100907 enhances NMDA synaptic
currents and the induction of LTP in hippocampal CA1 region, which may partially
account for the potential antipsychotic action of this compound. Furthermore, MDL
100907 might be an effective nootropic to enhance learning, memory and
cognitive functions (Supported by USPHS grant MH-41440).
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SEROTONIN (5-HT)2C RECEPTORS INHIBIT THE ACTIVITY OF
MESOCORTICAL AND MESOLIMBIC DOPAMINERGIC PATHWAYS: A
COMBINED DIALYSIS AND ELECTROPHYSIOLOGICAL ANALYSIS.
F. Leieune*. A. Gobert. J.-M. Rivet and M. J. Millan. IdR Servier, 125 Chem in de
Rotide, 78290 Croissy (Paris), France.

PHARMACOLOGICAL CHARACTERIZATION OF A RAT 5-HT3R-As
EXPRESSED IN XENOPUS LAEVIS OOCYTES. I.D.Mair*, J.J.Lambert. J.A.Peters.
Neuroscience Institute, Dept. of Pharmacology, University of Dundee, Dundee,
Scotland, DD1 9SY.
Intraspecies variation in pharmacological responses are established for both native 5HT3 receptors and mouse and human recombinant 5-HT3 receptor subunits (5-HT3RA). Here we report a pharmacological characterization of the 5-HT3R-As isolated
from rat superior cervical ganglion using conventional two-electrode voltage-clamp
technique on cRNA injected Xenopus laevis oocytes. Additionally these data are
compared with those obtained previously for the human 5-HT3R-As (Belelli et al Mol.
Pharmacol. 48, 1054-1062, 1995)

Herein, we examined a putative role of 5-HT2C receptors in the modulation of
cercbral dopamine (DA) release. Rats were implanted with a cannula in the
frontal cortex (FCX) or with a cannula in the nucleus accumbens (ACC). Rats
were dialysed and DA and 5-HT m easured by HPLC with coulometric detection.
Samples were taken every 20 min. Three basal samples (= 100 %) and three
samples over the 60-120 min following drug (s.c.) administration were taken.
Change (Mean in %) are relative to basal. Extracellular unit activity of
ventroteginental (VTA) dopaminergic neurones was recorded in anaesthetized
rats: drugs were given i.v.
<- FCX ->
ACC
Dose
DA 5-HT DA
Dose
Class__________Drug
mg/kg (1.4) (0.8) (6.6) mg/kg
5-HT2c AGO RO 60-0175
2.5
70
95
85
0.25
5-HT2B/2c ANT SB 206,553
10.0
207 102
135
1.0
5-HT2BANT SB 204,741
10.0
109 106
91
5-HT2aANT MDL 100,907 0.04
106 104
99
0.004
-_______ Vehicle ________
98
96
92
-

< - VTA-T ->
% FR % burst
(4.9)
(8.5)
83
56
157
503

NT

NT

89
100

98
100

AGO = agonist; ANT = antagonist; % FR = % firing rate, relative to basal firing
rate (= 100 %); NT = not tested. Basal levels are given in parentheses; dialysis
(pg/20 min). FR (Hz) and bursts (number/sec).
These data suggest that 5-HT2c receptors may tonically inhibit VTA-localized
dopaminergic neurones projecting to the FCX and, though less markedly, the
ACC.
This work was supported by Servier Pharmaceuticals.

386.15
Further Characterization of 5-HT-3 Receptor Binding in Rat Brain and
NCB-20 Cell Membranes. W.A. Hewlett*, B.L. Trivedi, D.E. Schm idt
Z.-T. Zhang, T. DePaulis, M.H. Ebert Department of Psychiatry,
Vanderbilt University School of Medicine, Nashville, TN 37232.
Understanding the functional significance of the serotonin-3 receptor
subtype (5-HT-3) is of continuing interest. Since these receptors are
present in the brain in low densities, cloned cells offer an attractive al
ternative for these studies. However, the interpretation of these stud
ies warrant caution, because the cloned receptors may be functionally
different from the true mammalian receptors. We have compared dis
placement of 5-HT-3 specific binding by ligands with high affinity for
5-HT receptors and otner neurotransmitter binding sites in NCB-20
(neuroblastoma x Chinese hamster brain cell hybrid) and rat brain
membranes using [125I]-DAIZAC, a highly selective 5-HT-3 a n ta g o n 
ist. Out of more than 200 ligands studied, 36 were found to signifi
cantly displace the bound ligand. We have found 16 of these ligands
bind to both of the receptors with similar affinity (corr = 0.75 PcO.Ol).
For another group of 16 ligands, there also was a significant correla
tion between binding to the two receptor populations (corr = 0.93 P<
0.01), but the affinity of the binding in the NCB-20 derived receptors
was 2.5- to 6 -fold lower, as compared to rat brain receptors. Finally,
the binding affinity of some 5-HT-3 agonists was significantly lower
(3- to 10-fold) in NCB-20 derived receptors, as compared to rat brain
membranes, and did not fit either of the correlation curves above.
These data suggest that despite the similarity between NCB-20 and
rat brain 5-HT-3 agonist binding sites, there may also be significant
differences in their ability to bind certain 5-HT-3 agonists and other
ligands. Supported by the Vanderbilt Univ. OCD/Tourette Program.

386.17
DESENSITIZA TION AND D EACTIV ATION K IN ETIC S O F RECOM BIN ANT
5-HT3 R E C E PT O R CHANNELS. Stephen F. Travnelis* and David D. Mott.
Department of Pharmacology, Emory Univ. School o f Med., Atlanta, GA 30322.
Using a rapid application system (exchange time < 0.5 ms) to apply serotonin (100
fiM), we have examined desensitization and deactivation kinetics o f recombinant
mouse 5HT3A receptors. 5-HT3 responses from outside-out patches and whole cells
were recorded from stably transfected HEK 293 cells under voltage clamp. Using this
technique, we have previously found that desensitization o f the 5-HT3 receptor (time
constant = 1 4 1 + 3 3 ms) is faster than receptor deactivation (time constant = 555 ±115
ms). In the present study we have further examined deactivation and desensitization
of this receptor.
To explore the possibility that rapid desensitization o f 5-HT3 receptors reflects
5-HT3 channel block, we examined the voltage dependence o f desensitization and
deactivation o f 5-HT3 responses over a range o f membrane potentials (-100 to +80
mV). In 3 o f 3 excised patches desensitization o f the 5-HT3 current during a 5 sec
agonist pulse was the same at -100 mV and -40 mV, suggesting that channel block by
5-HT is not responsible for the rapid desensitization. Interestingly, we found that the
desensitization rate was voltage independent in only 4 o f 8 whole cells, suggesting that
desensitization may be modulated by a process present in whole cells but not in
excised patches. Similar to desensitization, receptor deactivation produced by a 1 ms
pulse o f 5-HT was voltage independent in both excised patches and whole cells (n=3).
Desensitization and deactivation were compared by varying the duration o f 5-HT
pulses. While the response to long and short pulses o f agonist decayed as discussed
above, the response to a pulse o f intermediate duration initially declined like the
response to a long agonist pulse and then became slower, after removal o f the agonist,
with a time constant similar to a short pulse. This rapid reversibility o f 5-HT-induced
desensitization is consistent with a low affinity site for 5-HT whose occupancy after
activation might facilitate rapid desensitization. Supported by the NIMH.
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Agonist

Rat 5-HT3R-As (EC50)

Human 5-HT3R-As (EC50)

5-HT
1.1 ± O.ljiM
3.1 ±0.1^iM
2-Me-5-HT
4±0.3^iM
5.3±0.5*iM
PBG
3.3 ± 0.2|iM
8 4 ± 9 mM
mCPBG
130 ± lOnM .
3 .6 ± 0 .4 p M
2,5diCBPG
11± InM
1 1 7±5nM
3,5diCPBG
20.4 ± 3.7nM
105± 5 n M
5-HT and 2-methyl 5-HT do not discriminate between the species isoforms. However,
by contrast phenylbiguanide and the mono and di chloro phenylbiguanide derivatives
clearly favour the rat isoform. These pharmacological differences in conjunction with
cloning studies of 5-HT3 receptor subunits from different species, may facilitate the
elucidation o f key amino acids involved in the binding of agonists and antagonists
given the high degree of sequence homology across species isoforms.
Supported by the Wellcome Trust. l.M. is in receipt o f a Dundee University
Scholarship

386.16
5-HT3 SEROTONIN RECEPTORS LOCALIZE TO PRESYNAPTIC SITES ON
DIFFERENTIATED NG108-15 CELLS AND INDUCE CHANGES IN Ca2+ AND
EXOCYTOSIS. P. Rondé and R. A. N ich o ls* ,D epartm ent o f Pharmacology,
Allegheny University o f the Health Sciences, Philadelphia, PA 19129.
The neuroblastoma X glioma hybrid cell line NG108-15 forms functional presynaptic
elements (terminals and varicosities) upon differentiation. NG108-15 cells also express
5-HTj receptors. Using laser-scanning confocal microscopy, we have previously
measured increases in presynaptic [Ca2+], on application o f 5-HT3 receptors agonists to
synaptosomes from rat corpus striata. Here, we have employed the same imaging method
to measure responses in differentiated NG108-15 cells. Upon addition o f the specific 5HT3 receptor agonist m-chlorophenyl biguanide (mCPBG; 1 μM) to differentiated cells
loaded with the Ca2+ indicator Oregon Green BAPTA and preincubated with tetrodotoxin
(TTX) to prevent agonist-induced impulses, increased [Ca2+], was observed in their cell
bodies, varicosities and terminals. The onset o f the changes in Ca2+ in the presynaptic
elements was slow (4-8 s), when compared to the rapid responses obtained on K+-induced
depolarization. In addition, the presynaptic Ca2+ responses in the NG108-15 cells were
transient, contrasting with the slow but sustained Ca2+ responses observed on agonist
stimulation of striatal synaptosomes. Using similar conditions the 5-HT3 receptor agonist
was also observed to induce exocytosis, as measured using the membrane-binding
fluorescent styryl dye FM1-43 in confocal imaging. To confirm that these physiological
responses resulted from activation o f 5-HT3 receptors expressed at presynaptic sites,
differentiated cells were immunostained with an anti-5-HT3 receptor antibody (gift of A.
Spier & S. Lummis, MRC, Cambridge). Intense staining for the receptor was observed
in the varicosities and terminals o f the cells visualized using confocal imaging, with
significant but less intense staining evident in the cell bodies. Taken together, these
results demonstrate that 5-HT3 receptors possess an inherent capacity to localize to
presynaptic sites, and at these sites, function to induce Ca2+ entry which, in turn, can
evoke secretion. (Supported by a grant from the Allegheny-Singer Research Institute)

386.18
METFORMIN MAY ALLOSTERICALLY MODULATE 5HT3 RECEPTOR
BINDING. K. J. Miller*®. H. A. Gonzalez® and L. Cubeddu*. ®Dept.
Pharmaceut. Sci., Nova Southeastern Univ., Ft. Lauderdale, FL 33328
and #Dept. Pharmacol., Central Univ., Caracas, Venezuela.
2-methylbiguanide (metformin, Glucophage™) has been recently
approved in the U.S. for the treatment of non-insulin dependent diabetes.
Some of the most common reported side effects of metformin use
include nausea, vomiting and diarrhea. Other biguanide derivatives,
namely phenyl-substituted biguanides, act as agonists at the serotonin
5HT3 receptor. Therefore, we hypothesized that the side effect profile of
metformin use may be due to agonist activity at the 5HT3 receptor. We
prepared membranes from N 1 E -11 5 cells as a source of 5 H T 3 receptors
for radioligand binding studies. 100 μM metformin displaced 1nM 3HGR65630 binding by 12±7%. Metformin produced a small inhibition of
3H-GR65630 binding at
lower concentrations but not in a dose
dependent manner. In order to determine if metformin could influence the
binding of agonist ligands at the 5HT3 receptor we co-incubated
metformin with 1-phenylbiguanide. 1μM 1-phenylbiguanide produced a
24+2% decrease in 3H-GR65630 binding alone but in the presence of
10nM metformin produced a 44±7% decrease. 100μM 1-phenylbiguanide
produced a 82±3% decrease in 3H-GR65630 binding but in the presence
of I^M metformin produced a 115+10% decrease. 100nM serotonin did
not inhibit 3H-GR65630 binding but in the presence of 100μM metformin
there was 57% inhibition. The data suggest that metformin may
allosterically modify the agonist binding site of the 5HT3 receptor.
Metformin potentiation of agonist binding at 5HT3 receptors may explain
the side effect profile of this biguanide derivative.
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F U N C T IO N A L A N T A G O N IS T IC P R O P E R T IE S O F C L O Z A P IN E A N D
P R O G E S T E R O N E A T T H E 5-H T 3 R E C E PT O R . B. H erm an n , C h. W e tz e l
Ch. Behl, E. Pestel. Ch. H auser, W . Z ieg lg an sb erg er, F. H olsboer, R.
R u p p r e c h t* . M a x -P la n c k -I n s titu te o f P s y c h ia try , C lin ic a l I n s titu te ,
K raepelinstr. 10, D -80804 M unich, G erm any
T he atypical neurolep tic clo zap in e is th o u g h t to e x e rt its psy ch o pharm acological actions thro u g h a variety o f n eu ro tran sm itter recep to rs. It
preferentially binds to D 4 and 5-H T 2 receptors, h o w ev er, little is k now n on
its interaction w ith the 5-H T 3 receptor. U sin g a cell line stably ex p ressin g the
5 -H T 3 receptor, w hole-cell v o ltag e-clam p a n aly sis rev e a led fu n ctio n al
a ntagonistic properties o f clozapine at low n an o m o lar c o n cen tratio n s in view
o f a binding affinity in the up p er nan o m o lar range. A s co n cen tratio n s
required for an interaction w ith the 5 -H T 3 recep to r are ach iev ed by
th erapeutical doses o f clozapine, fu n ctio n al an tag o n istic p ro p erties at this
ligand-gated ion channel m ay con trib u te to its u n ique p sy ch o p h arm aco lo g ical profile. M oreover, progesterone, in addition to its effects v ia progesterone
receptors, m ay also act as an en d o genous fu n ctio n al a n tag o n ist at th e 5-H T 3
receptor. T he antagonism o f p ro g estero n e at this lig an d -g ated ion channel is
not m ediated via the estab lish ed an tag o n ist b in d in g site b u t v ia direct
binding to a novel allosteric b inding site w ithin th e ex tra c ellu la r d o n ain o f ’
th e receptor. T hese findings suggest a p utative ro le fo r p ro g estero n e as an
endogenous antiem etic, anxiolytic and atypical a n tip sy ch o tic agent, w hich
m ay be significant in the dev elo p m en t and co u rse o f n au sea during
pregnancy or in psychiatric disorders.
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COMBINED TREATMENT WITH L-TRYPTOPHAN AND THE 5-HT! a
(AUTO)RECEPTOR ANTAGONIST W AY100635 ELEVATES 5-HT
OUTPUT IN THE RAT FRONTAL CORTEX - BUT NOT IN THE DORSAL
HIPPOCAMPUS. H.J. Benqtsson*, H. Peilot and S. Hiorth. Dept. of

D EXFEN FLU RAM INE-IND UCED D E FIC IT S IN PR ESY N A PT IC
SER O T O N E R G IC TER M IN A LS DO N O T PR O D U C E CO M PEN SA TO R Y
A LTER A TIO N S IN PO ST-SY N A PTIC 5-H T 1A O R 5-H T2A/2CR E C E P T O R S .
W. Pinto*, L. D. Van de Kar and G. Battaglia, Neuroscience Graduate Program and
Dept, o f Pharmacology, Loyola University Chicago, Stritch School o f Medicine,
M aywood IL 60153.
Previous studies have shown that 5,7-DHT, which destroys both 5-HT cell bodies
and terminals, can upregulate post-synaptic 5-HT receptors and produce denervation
supersensitivity in receptor-mediated functional responses. This study investigated
whether dexfenfluramine (d-fen) induced deficits in presynaptic serotonin (5-HT)
terminals would produce compensatory biochemical or functional alterations in
postsynaptic 5-HT receptor subtypes. Adult, male Sprague-Dawley rats (300-350 g)
were treated with either saline or d-fen (12.0 mg/kg s.c., b.i.d., 4 days). Two weeks
post-treatment, rats were challenged with either saline, the 5-HT1Aagonist, 8-OHDPAT (30 μ g or 200 μig/kg, s.c., 15 min. prior to decapitation) or the 5-HT2a/2c
agonist DOI (2.0 mg or 5.0 mg/kg, i.p., 30 min prior to decapitation) in order to
determine receptor-mediated functional responses. Despite large deficits in
biochemical indices o f presynaptic 5-HT terminals (-77 to -87% reductions in cortical
5-HT content and 5-HT uptake sites), there were no alterations in densities o f
postsynaptic 5-HT ia or 5-HT2a/2c receptors. Additionally, there were no functional
alterations, as determined by measuring receptor-mediated elevation o f the plasma
hormones oxytocin, ACTH or corticosterone. These results indicate that there are no
compensatory changes in either the density or the responsiveness o f post-synaptic
5-HT ia or 5-HT2a/2c receptors at 2 weeks post-treatment, despite persistent
presynaptic deficts. The lack o f compensatory changes in receptors may be because: a)
the magnitude o f presynaptic deficit attained was insufficient to initiate postsynaptic
compensatory responses, b) 2 weeks post-treatment was insufficient time for receptor
alterations to be apparent, or c) regulatory alterations o f post-synaptic hypothalamic
5-HT receptors are mechanistically different in response to d-fen versus 5,7-DHT
induced presynaptic deficits. (Supported by the Loyola University Potts Foundation).

Pharmacology, Univ. of Göteborg, Göteborg, SWEDEN.
Previous studies have yielded discrepant results regarding the effects
of L-tryptophan (TRY) on the overflow of 5-HT in the rat forebrain.
Differences in the experimental conditions applied, including the brain
area examined, likely contributes to this variation. The present study
addressed the possibility that 5-HT-1A autoreceptor-mediated feedback
may limit increases in 5-HT release following systemic TRY admini
stration, and that there may be regional variations in this response. To
this end, we used in vivo microdialysis in chloral hydrate-anaesthetized
rats, with probes placed in dorsal hippocampus (DH) and frontal cortex
(FCx), and perfused with artificial CSF containing the 5-HT reuptake
inhibitor citalopram (1 μM). Given alone, TRY (100 mg/kg IP) and the
selective 5 -H T ia receptor blocker WAY100635 (WAY; 0.3 mg/kg SC)
had minor or no effect on the output of 5-HT in either brain area. The
combined TRY/WAY treatment, however, resulted in a marked increase
of dialysate 5-HT in the FCx. By contrast, the 5-HT level in the DH
after TRY/WAY remained essentially unchanged vs. pretreatment base
line. Our data indicate i) that systemic TRY treatment leads to an activa
tion of 5-HT-] a autoreceptors in the midbrain raphe, probably as a
result of increased formation, and subsequently extracellular levels, of
5-HT in this area, and ii) that this 5-HT release-limiting mechanism
is relatively less important in median than in dorsal raphe 5-HT pro
jections — represented in this study, respectively, by the DH and FCx.
Supported by the Sw. MRC, Astra, EC Biotech and Wiberg’s Fund.
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387.4

SEROTONIN (5-HT)2A, BUT NOT 5-HT2C, RECEPTORS PROVOKE
CORTICOSTERONE (CS) SECRETION IN RATS. J.-M. Rivet*, A N e w m a n Tancrediand M .J.M illan. IdR Servier, 125, C hem indeR onde, 78290 Croissy (Paris),
France.

EVIDENCE FOR 5-HT2 RECEPTOR SUBTYPE INVOLVEMENT IN
THE REGULATION OF IN VIVO DOPAMINE RELEASE IN THE
NUCLEUS ACCUMBENS: A MICRODIALYSIS STUDY IN THE
AWAKE RAT. Q-S. Yan*, M.E.A. Reith, P.C. Jobe and J.W. Dailey.
Department of Biochemical and Therapeutic Sciences, University of
Illinois College of Medicine, Peoria, IL. 61656.
This study was designed to assess the involvement of the 5-HT2
receptor subtype in the regulation of in vivo dopamine (DA) release in the
nucleus accumbens (NACC). Under anesthesia, a guide cannula was
stereotaxically implanted over the right NACC of male Sprague-Dawley rats.
Seven days later, a dialysis probe (2 mm in length) was inserted into awake
rats and left overnight with the probe being perfused with ACSF at 0.5
μl/min. In the next morning, ACSF flow rate was increased to 2 pl/min and
20-min samples were automatically injected into the on-line HPLC-fcC
system. No treatments were administered until basal release of DA was
stable. (±)-2,5-Dimethoxy-4-iodoamphetamine (DOI), a selective 5-HT2A/2C
receptor agonist, was administered at concentrations ranging from 10 to
1,000 μM in ACSF via a dialysis probe into the NACC of separate groups of
rats for 2 h. The results showed that perfusion with DOI elicited a significant
and concentration-dependent increment in dialysate DA. DA levels returned
to control values within 120 min after terminating the perfusion with DOI.
Furthermore, the increase in extracellular DA produced by perfusion with
100 μM DOI was completely prevented by co-perfusion with 100 μM
ketanserin, a selective 5-HT2A/2c antagonist. These findings suggest that
there is a modulation of DA release in the NACC mediated via 5-HT2
receptors.

Serotoninergic meclianisms exert a m ajor modulatory influence upon the activity of
the hypothalamo-pituitary axis. Both 5-HT i A as well as 5-HT2A and 54rr2C
receptors have been implicated, but the latter are difficult to distinguish
pharmacologically. Employing several novel ligands, we examined which of these
sites may be the more important. Binding studies were performed conventionally as
described previously . Systemic plasm a levels of corticosterone secretion (CS) were
measured oy a transcortin assay as described previously 60 m in following s.c.
injection o f an antagonist or vehicle and 30 m in following s.c injection of an
agonist or vehicle. Doses are in mg/kg, base.
___________________________________<----- p K j-------»_____ <r- CS (ng/ml) ->
Activity
Drug
(dose)
5-HT2A 5-HT2C + Vehicle
+ DOI (0.63)
62 ± 19
292 ± 4 3
Vehicle________-_________ -_______
Agonist
DOI
(0.63)
7.5
7.6
265 ±23'*
RO 60-0175 (2.5)
6.2
1.9
72 ± 2 0
Antagonist MDL 100,907 (0.04)
9.2
7.0
22 ± 17
20 ± 10*
Ketanserin
(0.63)
8.7
7.2
37 ± 1 4
44 ± 1 8
SB 200,646 (0.63)
5.9
6.7
48 ± 13
429 ± 7 0
SB 206,553
(0.63)
6.1
1.9
40 ± 27
283 ± 20
* P < 0.05 to vehicle in Dunnett's test following ANOVA. Affinities are pKiS.
The selective 5-HT2C agonist, RO 60-0175, did not increase CS levels, in contrast
to the mixed 5-HT2A/2c agonists, DOI and mCPP. Further, the selective 5-HT2A
antagonist, MDL 100,907, but not the 5-HT2B/2c antagonists, SB 200,646 and
SB 206,553, blocked the action of DOI. These data suggest a predom inant role of
5-HT2A rather than 5-HT2C receptors in the induction o f CS secretion in rats.
1 M illan et al, J. Pharmacol. Exp. Ther., 262: 451-463, 1992.
This work was supported by Servier Pharmaceuticals

S ociety for N eur os c ien c e , V olum e 2 3 ,1 9 9 7

SEROTONIN RECEPTORS V

MONDAY PM
387.5

387.6

5-HT1D AGONIST SKF99101H INCREASES LOCOMOTOR ACTIVITY AND
SUPPRESSES BASAL 5*HT IN THE HYPOTHALAMUS OF THE GUINEA
PIG. Michael F O'Neill, Stephen N. Mitchell, Graham Saneer. Jane Gurline.
Nicholas A Moore* and David R. Dobson. Lilly Research Centre, Erl Wood Manor,
Sunninghill Rd., Windlesham, Surrey, GU20 6PH, UK.
This study examined the effect of SKF99101H on locomotor activity in the
guinea pig. This compound is a high affinity (pKi = 8.55) agonist at 5-HT1D
receptors (J. Psychopharm, 1995, 9, 234-241). Its effects are compared with 8OHDPAT a selective 5-HTIA receptor agonist that has previously been shown to
increase locomotor activity (Br. J. Pharmacol 1994,112,861-866).
Both SKF99101H (10-30mg/kg s.c.) and 8-OHDPAT (0.6-1.25mg/kg s.c.)
significantly increased locomotor activity in guinea pigs. The locomotor stimulant
effect of SKF99101H (20mg/kg) was reversed by the 5-HT1B/D antagonist
GR127935 (0.1-0.5mg/kg s.c.) and attenuated by the selective 5-HTIA antagonist
WAY 100635 (0.125-0.5mg/kg s.c.) while 8-OHDPAT-induced behavioural
activation was reversed by WAY100635 (0.006-0.025mg/kg s.c.) but not by
GR127935 (0.25-1.Omg/kg s.c.). GR46611 an agonist with high affinity for
5HT1A and 5HT1D receptors and the selective 5-HT1B agonist anpirtoline (both
lOmg/kg sc) had no effect on locomotor activity. In vivo microdialysis showed that
both GR46611 and SKF99101H (both lOmg/kg sc) suppressed basal concentrations
of 5-HT in the hypothalamus of the guinea pig. These findings suggest that
activation of 5-HT1D as well as 5-HTIA receptors may result in an increase in the
locomotor activity of guinea pigs. The attenuation of SKF99101H-induced
hyperactivity by GR127935 suggests that it is at least in part mediated by activity
at 5-HT1D receceptors. However as WAY100635 also produced a significant
attenuation although at higher doses, 5HT1A receptors are also implicated. The
differential effects of GR46611 and SKF99101H in increasing locomotor activity
suggest that while both appear to modulate central 5-HT function and have
functional activity at 5HT1D receptors, they may possess distinct pharmacological
properties which have yet to be identified.

ELEVATED EFFICACY OF SSRI IN THE HIPPOCAMPUS OF NULL MUTANT
MICE LACKING 5-H TlB RECEPTORS: IN VIVO MICRODIALYSIS STUDIES.

387.7

D. P on s1. A-C. Trillat1, 1, Malagie1, E. Goyvaertz1. C, Jacquot1, R. Hen2 and A.M .
Gardier*1. 1- JE Pharmacol. 92-372 Fac. Pharmacie Univ. ParisXI, F92296 ChatenayMalabry, France. 2-Cent. Neurobiol. Bchav., Columbia Univ., NY 10032, U.S.A.
Various in vivo microdialysis studies have shown that 5-HT1A reccptor antagonists
may potentiate the effects o f antidepressant drugs such as selective serotonin reuptake
inhibitors (SSRI) on extracellular levels of serotonin ([5-HT]exl) at brain scroloninergic
nerve terminals (Malagie et al., Naunyn-Scmiedeberg’s Arch Phanm col. 354: 785
1996). This potentiation, observed following the acute administration o f SSRI to rats,
is likely due to the prevention of a negative feedback action o f 5-HT at somatodendritic
level by the autoreceptor antagonist. To examine whether the blockade o f another
autoreceptor, o f the 5-H T1B sub-type, could also potentiate the SSRI response, we
monitored the effects o f an acute administration o f SSRI on [5-HT]exl in the frontal
cortex (FC) and ventral hippocampus (VHPC) by using in vivo microdialysis in
awake, freely moving homozygous mice lacking 5-HTIB receptor gene (5-HTll}-/-).
Thus, responses to an acute intraperitoneal fluoxetine injection (Fix, 1, 5 and 10
mg/kg) or paroxetine (5 mg/kg) were compared between conscious 5-HT,B-/- mice and
their wild-type 129/Sv littermates. Fix increased [5-HT]ctl in a dosc-depcndcnt manner
in the two strains o f mice when compared to control-saline treated mice. In the VHPC
o f 5-HT1B-/- m ice, the increases in [5-HT]cxl induced by Fix was dramatically
potentiated following administration o f the 5 and 10 mg/kg doses (maximal increase to
329% and 489% o f basal, respectively), when compared to the wild-type mice
(maximal increase to 242% and 359% o f basal, respectively). Furthermore, the
maximal effects induced by Fix were higher in the VHPC than in the FC in the two
strains o f mice. In the FC o f 5-HT,B -/- mice, increases in [5-HT]cxl induced by Fix did
not differ from those measured in the wild-type mice at any Fix dose tested. These data
fully agree with the 5-H T1B reccptor distribution found in autoradiographic studies in
mice (Boschert et al., 1994). To confirm the modulatory role o f these presynaptic
terminal autoreceptors in the VHPC in the SSRI mechanism of action, further studies
using the selective 5-H T1B/1D receptor antagonist GR 127,935 arc needed.

387.8

LESIONS OF
THE
RAPHE
NUCLEI:
BEHAVIORAL
AND
NEUROCHEMICAL
CORRELATES. C. Dutze, D. E. Schmidt* and E. S. Onaiyi. Department of
Pharmacology and Psychiatry, Vanderbilt University, Nashville, TN 37232
and NRI, Antioch, TN. 37013.
Aggression is a behavior displayed by animal species and involves rage
like syndrome characterized by first act of hostility or offense or attack. In
this study, aggression and hyperactivity were assessed following electrolytic
lesions of two serotonergic pathways in rodent brain: Medial raphe nucleus
(MRN) and Dorsal raphe nucleus (DRN). Locomotor activities were measured
in activity monitors while aggression was estimated using a scale of 0-5 in a
cage population of 5-10 mice. Neurochemical alterations in monoamines and
their metabolites after the MRN, DRN and MRN+DRN lesions were
determined in several brain regions using HPLC with electrochemical
detection. We determined the effect of drugs acting via the serotonergic and
non-serotonergic mechanisms on the aggression and hyperactivity induced
by the lesions. MRN but not the DRN lesions induced persistent aggression
which became progressively severe and was responsive to drug treatment.
Hyperactivity was maintained for many months after the MRN lesions but was
sustained for a few days after the DRN lesions. There were large depletions
in 5-HT in the areas analyzed after the DRN lesions while the extent of the
depletions was 1-2 fold lower in the same brain areas following MRN lesions.
There was a 2-3 fold decrease in NA in the DRN whereas there was no
significant aiteration in NA in the MRN after the lesions. Although multiple
neurotransmitters systems may be involved in aggression and hyperactivity,
the brain structures with projections from the MRN may provide a model for
studying neurochemical and molecular basis of hyperactivity and aggressive
behavior. Supported by IBRO and NHLBI K01 HL03319.
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387.9
ENHANCEMENT IN EXTRACELLULAR SEROTONIN LEVELS BY
5-HYDROXYTRYPTOPHAN LOADING AFTER ADMINISTRATION OF
WAY 100635 AND FLUOXETINE. L. J. Dreshfield* and D. T. Wong. Lilly
Neuroscience Research, Lilly Research Laboratories, Indianapolis, IN 46285.
It has been demonstrated that synthesis of 5-hydroxytryptamine (5-HT) is dependent
on the availability of precursor (Fernstrom, 1977) as well as the activity of 5-HT
neurons (Sharp et al., 1992). We examined whether the 5-HT]A antagonist, WAY
100635, could enhance the effects of 5-HTP loading to facilitate the increase in
extracellular 5-HT levels in hypothalamus beyond the potentiation seen with the
combined treatment with W AY 100635 and fluoxetine. Rats were implanted with
microdialysis probes under chloral hydrate/pentobarbital anesthesia. After a 48-hour
recovery period, artificial CSF was perfused through the probe. The output dialysate
was passed on to an analytical column for HPLC electrochemical detection of 5-HT and
its primary metabolite, 5-HIAA. In the first experiment, fluoxetine alone (10 mg/kg
i.p.) caused 5-HT levels to increase to 150% over basal levels. Subsequent dosing of
5-HTP at 10, 20, and 40 mg/kg i.p. caused 5-HT levels to increase to a maximum value
of 254%, 405%, and 618%, respectively. In the second experiment, either vehicle or
WAY 100635 (1 mg/kg/hour s.c.) was infused continuously as previously described
(Dreshfield, Wong, Perry, and Engleman, 1996), then fluoxetine (10 mg/kg i.p.) and
5-HTP (10 mg/kg i.p.) were administered. By itself, WAY 100635 led to a slight but
significant increase in hypothalamic 5-HT levels one hour after the start of infusion
(123%). In the WAY-treated group, fluoxetine (10 mg/kg) caused an increase of 240%
over basal levels after one hour, which rose to 290% over basal levels after two hours.
Subsequent administration of 5-HTP further increased 5-HT levels to 580% over basal
levels after one hour. In the vehicle-treated group, fluoxetine caused an increase of
160% over basal levels which was stable over two hours, and subsequent administration
of 5-HTP led to a slight increase in 5-HT levels of 220% after one hour. These results
suggest that blockade of the 5-HT)A autoreceptor increases neuronal activity, thus
leading to increased synthesis of 5-HT when additional precursor is administered.
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ABILITY OF 5-HYDROXYTRYPTAMINE TO MODULATE GLUTAMATE
RELEASE IN RAT
cgyT HIPPOCAMPUS
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Medical School, University of Birmingham, Birmingham B15 2TT UK.
All presently known mammalian 5-hydroxytryptamine (5-HT) receptors are likely
to be expressed in the hippocampus, although relatively little is known about their
physiological significance in this brain region.
In the present study we assess the ability of 5-HT and related agonists to modulate
endogenous glutamate release from rat hippocam pal slices via non-5-HTiA/iB
receptors (blocked by the inclusion of (±)pindolol, 10 μM; these latter receptors have
previously been demonstrated to modulate glutamate release in the rat hippocampus).
Samples of Krebs buffer containing released glutam ate were collected every 2
minutes, agonists were applied after 8 minutes of basal release analogous to our
protocol to quantify dopamine release (Steward et al., Br. J. Pharmacol., 117, 55-62,
1996.) Glutamate, following o-phthalaldehyde (OPT) derivatisation, was quantified
by HPLC with fluorescence detection.
Administration of 5-HT (1 μM) maximally increased the release of glutamate from
rat hippocampal slices by 156 ± 14% of basal levels (mean ± S.E.M., n = 5; ANOVA
P=0.04). Maximal or near maximal stimulation of glutamate release was achieved
throughout the application of 5-HT (8 minutes).
5-Methoxytryptamine (5-MeOT; 1 μ.M) maximally increased glutamate levels by
273 ± 78% (mean ± S.E.M., n = 5; ANOVA P=0.01) within 2 minutes of agonist
exposure. The agonist-induced stimulation declined with the continued presence of
5-MeOT, with glutamate levels approaching basal levels within 4 minutes.
The present studies indicate that non-5-HT[ a /IB receptors modulate glutamate
release from rat hippocampus. Current studies are pharmacologically characterising
these receptors.
We are grateful to Dr. Doug Richards for his advice with the HPLC system.
Supported by The Wellcome Trust.

387.10
EFFECTS OF 5-HTiA RECEPTOR ANTAGONISTS ON THE
MODULATION OF FLUOXETINE-INDUCED INCREASES IN
EXTRACELLULAR SEROTONIN IN THE FRONTAL CORTEX
OF THE FREELY MOVING RAT.
L.A. Dawson, H.O. Nguven & J.A. Mover *
CNS Disorders, Wyeth Ayerst Research, Princeton, NJ 08543
It has been well established that the onset of antidepressant (AD)
activity, following treatment with a serotonin specific reuptake
inhibitor (SSRI), requires a period of chronic treatment before this
activity can be observed. Recent data has suggested this may be
due to the requirement for desensitization of the inhibitory
somatodendritic 5-HT1Aautoreceptor in response to SSRI-induced
increases in serotonin levels. Clinical data using co-administration
of an SSRI with pindolol has demonstrated a shortened time to
onset of AD activity, which has been attributed to the antagonist
effects of pindolol at the presynaptic 5-HT1Areceptor. In this
study, we demonstrate that fluoxetine-induced increases in
extracellular serotonin (20mg/kg s.c.), as measured by
microdialysis in the frontal cortex, can be potentiated by 5-HT1A
receptor blockade using WAY 100635, the silent and selective 5HT1Areceptor antagonist. WAY100635 at doses as low as
0.03mg/kg s.c. maintained this potentiation effect across a range of
fluoxetine doses. In addition, using antagonists with a variety of
intrinsic agonist activity for the 5-HT1Areceptor (buspirone>(+)
WAY100135>WAY100635), we have determined that only
compounds with very low intrinsic activity can produce a
potentiation of the fluoxetine-induced increases in extracellular
serotonin in the frontal cortex.
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SLEEP AND WAKING FOLLOWING MICRODIALYSIS PERFUSION OF A 5-HT
ANTAGONIST INTO THE DORSAL RAPHE NUCLEUS IN RATS. V. Mundai and
B. Biorvatn*. Dept. o f Physiology, University o f Bergen, N-5009 Bergen, Norway
We use microdialysis as a method to examine dorsal raphe nucleus (DRN) function
in sleep and waking. Perfusion o f the selective 5-HT1Aagonist 8-OH-DPAT (10 μM)
causes an increase in REM sleep compared to aCSF periiision. The other sleep/waking
stages were not significantly altered. There are no studies on vigilance effects
following 5-HT antagonists perfused in rat DRN. Systemic administration o f the nonselective 5-HT antagonist methiothepin increased light slow wave sleep (SWS-1),
whereas the other stages were reduced.
Male Spraque-Dawley rats were stereotaxically implanted with electrodes for
EEG/EMG recordings and a guide cannula aimed at the DRN. Before the microdialysis
experiment rats were EEG/EMG recorded during baseline conditions (no perfusion).
Then rats were either continuously perfused (1 μ1/min) with methiothepin (10 μM, 6
rats) or aCSF (5 rats) into DRN through microdialysis probes (CMA/12, 1 mm)
inserted one hour before EEG/EMG recording. Sleep data from the microdialysis
experiment were related to the baseline recording to reduce possible inter-individual
differences. Probes were histologically verified in the DRN.
Methiothepin perfusion increased SWS-1 and NREM sleep, whereas waking was
reduced compared to aCSF perfusion. REM sleep was not affected. Both perfusion
conditions affected sleep compared to their own baseline recording. The sleep
disturbance was especially pronounced following aCSF perfusion with increased
waking and reduced SWS and REM sleep.
Methiothepin perfusion in DRN will block 5-HT autoreceptors and may possibly
increase 5-HT neurotransmission. Thus the increase in slow wave sleep and reduction
in waking following methiothepin perfusion into DRN may seem inconsistent with the
hypothesis that 5-HT is primarily involved in waking mechanisms.
Supported by the Norwegian Research Council.

TRANSMITTERS IN INVERTEBRATES I
388.1

388.2

5-H T AND NO C O -L O C A LIZED IN NEURO NS O F FE E D IN G AND
L O C O M O T O R N ETW O R K S M AY IN TER A C T TO R E G U L A TE H U N G ER
STA TE IN P LE U RO BRAN C H A EA . R. Gillette*1, L. L. M oroz1, . R.Fuller2. P.
Floyd2 and J.V. Sweedler2. Depts. Molec. & Integrative Physiology1 and Chemistry2;
University of Illinois, Urbana, IL 61801.
In the opportunistically predatory sea-slug P.californica, both 5-HT and NO
stimulate feeding motor activity in intact anim als and in the isolated CNS. NO
synthase (NOS) activity is co-localized with 5-HT-immunoreactivity in identified
neurons of Pleurobranchciea, including the paired, metacerebral giant neurons
(MCGs) and locomotor neurons. Injection of the 5-HT precursor 5-HTP in intact
animals raises general activity levels and lowers feeding thresholds > 100-fold within
4 hours, and also stimulates feeding in previously satiated animals. NO donors
stimulate spontaneous feeding behavior in intact anim als and induce fictive feeding
in isolated CNS. In animals satiated by feeding, levels o f NOS activity in the CNS
are significantly reduced relative to hungry animals: densitometry of histochemical
NADPH-diaphorase (NADPH-d) reaction product, a marker for NOS, showed
markedly lighter staining in all ganglia; in particular NADPH-d activity in MCGs of
satiated animals was <40% of hungry animals (p< 0.0002). Single cell and ganglion
homogenate measures of NOS activity confirmed histochemical results. Capillary
electrophoresis (CE) and fluorescence measures of cilrulline (the NO coproduct of
NOS) and 5-HT showed that incubation with 100 |xM 5-HT enhanced citrulline
levels up to 400-900 % (N=4), and that the NOS inhibitor L-MMA 100 (J.M (N=2)
decreased 5-HT levels in the CNS; the inactive optical isomer D-MMA was
ineffective. These data suggest that 5-HT and NO stimulate each other's levels in a
positive feedback relationship. We speculate that feeding-induced down-regulation of
5-HT levels is causal to reduced NOS activity, and that a consequent reduction of the
excitable state of the feeding network underlies both the state of satiation and its
behavioral sequelae. Supported by NIH R01NS26838; N S 31609 & NSF CHE-57024.

SYNAPTIC TRANSMISSION IN OCTOPAMINE DEFICIENT DRO SO PHILA.
M.J. Coleman*, K. White and L.C. Griffith. Brandeis University, Dept.
of Biology & Volen Center, Waltham, MA 02254.
Glutamate is the major excitatory transmitter at the D ro s o p h ila
larval neuromuscular junction. A subset of the motoneurons
innervating the larval body wall muscles also show octopamine
immunoreactivity. Previously, we showed that bath application of
octopamine increased the amplitude of evoked excitatory junctional
potentials (EJPs) in a muscle innervated by an octopamine
immunoreactive motoneuron. In order to examine how neurally
released octopamine may influence synaptic transmission, we
compared EJP amplitudes in wildtype larvae (Canton S) to those in a
mutant that is unable to synthesize octopamine (Monastirioti et al., J.
Neurosci. 16:3900). This mutant, Tph-null, lacks tyrosine-fJhydoxylase, the enzyme that converts tyramine to octopamine.
We found that EJP amplitudes in the Tph-null larvae
(46.2±10.6mV) were significantly larger than those of wildtype
larvae (42.3±3.8; p<0.001). This suggests that there may be
developmental regulation of synaptic strength at this muscle and that
the increase of synaptic strength provided by neurally released
octopamine in wildtype D ro s o p h ila is compensated by an overall
increase in synaptic strength in D ro s o p h ila lacking octopamine.
In order to test whether the increase in synaptic strength is due to
increased quantal content, we will compare mini excitatory junctional
currents of wildtype and Tβh-null larvae.
LCG is an Alfred P. Sloan Fellow. Work supported by NSF grant
IBN9421360 (LCG) and NIH grant NS07293 to Brandeis (MJC).

388.3
EFFECTS OF KHEYLRF-NH2 ON SECOND MESSENGER LEVELS
IN ASCARIS SUUM MUSCLE TISSUE.
J.P.Davis.
M.J.Larsen, M.Thomas, J.W.Bowman, T.G.Geary and
P.P.Thompson*. Animal Health Discovery Research,
Pharmacia & Upjohn, Inc., Kalamazoo, MI 49006.
KHEYLRF-NH2 (AF2) is one of numerous FMRFamide-related
peptides (FaRPs) that have been isolated from parasitic and
free-living nematodes.
At concentrations as low as 1 pM,
AF2 induces a profound excitatory response in neuromuscular
strips prepared from the body wall of the parasitic
nematode Ascaris suum.
To determine if this response is
mediated by G proteins and second messengers, vye measured
the concentration- and time-dependent effects of AF2 on
cAMP, cGMP and IP3 levels following tissue-bath tension
recordings from neuromuscular strips isolated from A . suum.
AF2 induced a concentration- and time-dependent increase in
cAMP, beginning at 1 nM; at 0.1 uM, cAMP levels increased
steadily by over 100-fold within 45 min. cGMP levels were
slightly
depressed
by
A F 2 , while
IP3
levels
were
unaffected.
The effect of AF2 on cAMP levels was
unaffected by denervation, or by high concentrations of
choleratoxin, IBMX or SDPNFLRF-NH2 (PF1, an inhibitory
peptide in nematodes which blocks AF2 effects on A. suum
muscle tension). Within an alanine-scan series of AF2
analogs, only KHAYLRF-NH2 stimulated cAMP production with
equipotency to A F 2 . Another excitatory FaRP present in
nematodes,
KNEFIRF-NH2
(AF1)
also
stimulated
cAMP
production, but was about 100-fold less potent than A F 2 .
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REGULATION AND ROLES OF NITRIC OXIDE SYNTHASE IN THE
INJURED LEECH CNS. O.T. Shafer1 D.Y. Scott1, S.M. Kumar1, A.Chen2,
K.T Muller2 and C.L. S a h lev 14. 1Dept. Biological Sciences, Purdue
University, West Lafayette, IN 47907.2Dept. Physiology and Biophysics,
University of Miami School of Medicine, Miami, FL 33136.
Nitric Oxide (NO) production following injury or the onset of disease
has been detected in a wide range of nervous systems. Through the use of
Nitric Oxide Synthase (NOS)-like immunocytochemistry and NADPH
diaphorase histochemistry, we have established the appearance of a
NOS-like protein at sites of injuiy in the CNS of the leech, Hirudo
medicinalis. The presence of a NOS in Hirudo was corroborated through
the use of the citrulline assay, a method of gauging NO production
through the detection of the major byproduct of NO synthesis, Lcitrulline. Enzyme extracts from the CNS of Hirudo were found to contain
NOS activity as measured by the conversion of [3H]-arginine to l3H]citrulline. Furthermore, the existence of a NOS in the leech CNS w ? j
confirmed through a Western blot analysis of CNS extract.
The possible roles of calmodulin in injuiy induced NOS expression and
NO production were investigated through the use of various calmodulin
antagonists applied in vitro to sections of injured CNS. The inhibition of
NOS activity by commercially available arginine analogues was also
investigated. These reagents, thus characterized, were then used to
investigate possible roles for NO in injury induced microglial accumulation
and axon pruning. Supported by NS34927 (CLS).
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ID E N T IFIC A T IO N A N D C H A R A C T E R IZ A T IO N O F A M Y O M O D U L IN U K E NEU RO PEPT ID E IN TH E LEECH.
Y. W a n g 1, D . A . P ric e ,2 T.
S tro n g 1* a n d C . L. S a h le y 1. 1. D e p a r tm e n t o f B io lo g ic a l S c ien c e s,
P u r d u e U n iv e r s ity , W L a f a y e tte , I N 4 7 9 0 7 .
2.
T h e W h itn e y
L a b o r a to r y , U n i v e r s i ty o f F lo r id a , St. A u g u s t in e , F L 32 0 8 6
N e u ro n a l m o d u la tio n b y n e u ro p e p tid e s p la y s a n im p o rta n t ro le in
nervouos system function. T h e m y o m o d u lin p e p tid e fam ily w a s f ir s t
id en tifie d in A p ly s ia a n d h a s been sh o w n to h a v e m o d u la to ry actio n s cn
the r a d u la r closure m uscle. U sing th e a n tib o d y a g a in s t A p l y s i a
m yom odulin, w e h a v e p rev io u s ly id e n tifie d a set of p u ta tiv e m yom odulin
containing n e u ro n s in th e C N S o f th e leech , H irudo m e d ic in a lis . S y n th e tic
A p ly s ia m yom odulin A p e p tid e causes a sm all d e p o la r iz a tio n a n d a
b arrag e of a ction p o te n tia ls in th e leech R e tz iu s (R) cell. V o ltag e c la m p
e xperim ents in d ic a te th a t th e d e p o la riz a tio n is d u e to th e sm a ll in w a rd
current c a rrie d in p a rt b y N a +. T h is m o d u la tio n o f th e R cell m a y p la y a
role in m e d ia tin g a sso c ia tiv e le a rn in g in th e leech .
N ow we h a v e
b iochem ically p u rifie d th e m y o m o d u lin -lik e p e p tid e from th e leech using
reverse p h a s e H P LC in c o m b in atio n w ith rad io im m u n e a ssa y . Sequence
an aly sis show s th a t th e p e p tid e is a h e p ta m e r a n d it s h a re s th e C
term inal -L R Lam ide m o tif w ith m em b e rs o f m y o m o d u lin fam ily from o th e r
anim als, m o stly m a rin e sn ails. T h e sta in in g p a tte rn re v e a le d b y t h e
a n tib o d y used in our o rig in a l im m u n o cy to ch em ical stu d y is c o m p le te ly
blocked b y p re a d s o rp tio n w ith s y n th e tic lee c h m y o m o d u lin -lik e p e p tid e .
M oreover, p e rfu sio n of th e s y n th e tic p e p tid e o n to th e leech g a n g lia induces
the sam e effect o n th e R cells a s w e o b serv ed using A p ly s ia m yo m o d u lin A
p e p tid e . T he id e n tific a tio n o f th e m y o m o d u lin -lik e p e p tid e in th e le e c h
has laid th e g ro u n d w o rk fo r fu tu re n e u ro n a l a n d c irc u itry m o d u la tio n s tu d y
in b e h a v in g an im a ls.
R 01 M H 4 4 7 8 9

388.6
CELL TYPE-SPECIFIC TRANSCRIPTIONAL REGULATION OF
THE DROSOPHILA FMRFAMIDE NEUROPEPTIDE GENE. R .J.
Benveniste*. K. Certel1. W. Johnson2, and P.H. Taphert. D ept. of
Anatomy, W ashington Univ. Sch. of Med., St. Louis, MO 63110, and
Ph.D. Program in Genetics1and Dept, of Physiol.2, Univ. of Iowa,
Iowa City, IA 52242
The Drosophila FMRFamide neuropeptide gene (dFMRFa) is
transcribed in a restricted but heterogeneous population of CNS
neurons. dFMRFa transcriptional regulation displays many cell typespecific features. Here we study mechanisms of transcriptional
regulation with two different approaches. First, we describe deletion
analysis of an enhancer within the dFMRFa gene promoter that is highly
specific for the six Tv neuroendocrine cells, which normally express
dFMRFa. We show that the 446-bp enhancer sequence contains several
distinct cw-elements that contribute to activate transcription in Tv cells,
as well as several distinct silencer elements that suppress transcription
outside the Tv cells. We are currently trying to clone regulatory proteins
that interact with these sequence elements. Second, we describe
biochemical and genetic experiments to suggest that Drifter, a POU
homeodomain protein, regulates dFMRFa expression in the two MP1
intemeurons. Drifter is expressed in the MP1 and SP1 neurons at the
same time as is dFMRFa. Recombinant Drifter protein binds two
conserved sites within the dFMRFa gene promoter in vitro. Preliminary
phenotypic analysis is consistent with the hypothesis that Drifter
regulates dFMRFa: hypomorphic alleles of drifter do not display
dFMRFa expression in MP1 cells, while SP1 and all other dFMRFaexpressing neurons appear normal.

388.7
DROSOPHILA TRIPEPTIDYL-PEPTIDASE II, AN ENZYME IMPLICATED IN
NEUROPEPTIDE DEGRADATION: CLONING, PURIFICATION, AND
CHARACTERIZATION. S.C.P. Renn*1. B. Tomkinson2. and P.H. Taqhert1.
1) Dept, of Anatomy and Neurobiology, Washington University, St.
Louis, MO 63110 2) Dept. of Veterinary Medical Chemistry, Swedish
University of Agricultural Sciences, Uppsala Sweden
The enzyme Tripeptidyl-Peptidase II (TPPII) is a serine peptidase
of the subtilisin family that removes N-terminal tripeptides from
larger peptides. Recently Rose et al. (1996 Nature 380, 403-9)
proposed that TPPII inactivates C CK-8 to regulate feeding behavior.
W e intend to test the suggested specificity of peptidase function
through genetics. Toward this goal, we have cloned a Drosophila
homolog, dT P P II, that is highly conserved with the mammalian enzyme
(34% ) as well as with a predicted C. elegans protein (27% ).
W e have partially purified TPP II-like activity from adult fly
extracts using a two step purification scheme and demonstrate
coelution of an immunoreactive protein of the size predicted for
dTPPII. Characterization of this enzyme preparation reveals
conservation of TPPII activity. HPLC analysis demonstrates
tripeptides to be the major cleavage products. The substrate
specificities of fly and human TPPII are similar, an investigated
through the cleavage of various chromogenic substrates. The fly and
human enzymes also display similar inhibitor sensitivities. The fly
TPPII-like activity is strongly inhibited by the TPPII specific
inhibitor Butabindide, developed against the cholecystokinininactivating activity from rat brain, supported by n i h n s -2 1 7 4 9

388.8
SEROTONIN-STIM ULATED CILIO-EXCITATION IS M EDIATED
BY A PHORBOL ESTER-IN SEN SITIVE ISOFO RM OF PKC IN
EM BRYONIC CILIATED CELLS FROM HELISOM A TRIVOLVIS.
K. J. Christopher. K. Young. J. P. Chang, and J. I. G oldberg*. Dept,
of Biological Sciences, Univ. of Alberta, Edmonton, AB, T6G 2E9.
During development, embryos of the pulmonate gastropod, Helisoma
trivolvis, display a cilia-driven rotation behavior that is in part modulated
by the neurotransmitter serotonin (5-HT). W hen released directly onto
the pedal ciliated epithelium by a pair o f embryonic neurons, 5-HT
stimulates ciliary beat frequency (CBF) through an influx of extracellular
C a 2+. In the present study, we tested w hether the cilio-excitatory
response to 5-HT is mediated through the activation of protein kinase C
(PKC). Tim e-lapse videom icroscopy was used to measure CBF in
dissociated embryonic ciliated cells. Addition of the diacylglycerol
analogs, DiCs (sn- 1,2-dioctanoylglycerol; 100μM) or OAG (l-oleoyl-2acetyl-m-glycerol; 100μM), partially mimicked the 5-HT-like increase in
CBF. The specific PKC inhibitors, bisindolylm alem ide ( l 00μM) or
Calphostin C ( l 0μM), significantly inhibited the 5-HT-stimulated cilioexcitation, suggesting a role for PKC in mediating 5-HT's actions.
Addition of TPA (phorbol 12-myristate 13-acetate; O.lnM, lOOnM,
ljlM ), a phorbol ester used to activate PKC, did not result in an increase
in CBF. Further, addition of TPA ( l μM) did not significantly affect 5HT-stim ulated increases in CBF. Addition of another phorbol ester,
phorbol 12β, 13α-dibenzoate (10μ M) also did not significantly increase
CBF. Together, these results suggest that a phorbol ester-insensitive
isoform of PKC mediates the 5-HT-induced increase in CBF in ciliated
cells of Helisoma trivolvis embryos.
This research was supported by NSERC of Canada.
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MECHANISM OF 5HT ANTAGONISM TO FMRFAMIDE ON
BUCCAL MUSCLE OF BUSYCON CANALICULATUM.R .B .HILL* ,
P.P.BROOKS,T .FORT and H.HUDDART. Dept. of Biol.
Sci., U.R.I., Kingston RI 02881.
5HT has multiple effects on molluscan muscle
some of which may be mediated by cAMP. The
inhibitory effect of 5HT on FMRFamide is
mimicked by agents which increase cAMP levels.
Maitotoxin, which may release IP3 shows two
contrasting effects: decrease or potentiation
of force elicited by FMRFamide. The contraction
elicited by FMRFamide is abolished by
substitution for the P-form of any of the amino
acids. Metoclopramide blocks Maitotoxin
inhibition of FMRFamide, which thus may be
presynaptic.
IBMX enhances the inhibition of
the FMRFamide response, by dibutryl cAMP, which
resembles inhibition by 5HT. Forskolin inhibits
the FMRFamide response, and this effect is
enhanced by IBMX. FLRFamide, YFMRFamide and
W-NLE-RFamide are more effective in inducing
force than FMRFamide.
pQPPFLRFamide and
N-acetylF-NLE-RFamide antagonise the response to
FMRFamide.
These results may be useful in
deducing structural charactistisc required for
activation of the peptidergic receptors.

N eural mechanisms underlying tran sien t and sustained coloration displays in
cephalopods P.K. Loi*1. N.J. Tublitz1and J.B. Messenger2. l)Institute o f Neuroscience,
U. o f Oregon, Eugene OR. 97403. 2) Dept. o f Animal and Plant Sciences, U. of
Sheffield, Sheffield S10 2TN, U.K.
Cuttlefish and other cephalopods generate a wide range o f body coloration patterns
used for camouflage and intra- and inter-species communication. Some o f these
patterns are held for many hours while others are quite transient. Our previous work
has determined that the muscles responsible for controlling the size o f individual
chromatophores are regulated by FMRFamide-related peptides (FaRPs). FaRPs induce
chromatophore muscle contraction and chromatophore expansion, as does glutamate,
another putative excitatory neurotransmitter in this system. Interestingly, FaRPs
produce a much longer lasting expansion o f chromatophores than glutamate and this
raised the possibility that FaRPs may be involved in sustained pattern formation while
glutamate may be the primary regulator o f transient patterns.
Several experiments were performed to test the hypothesis that glutamate is the fast
neurotransmitter at the chromatophore neuromuscular junction. In the European
cuttlefish Sepia officinalis, glutamate mediated chromatophore expansion is partially
blocked with CNQX, a blocker o f AMPA glutamate receptors in mammals.
Glutamate-like immunoreactivity is also present in the cell bodies o f putative
chromatophore motoneurons in the brain. Intriguingly, these glutamateimmunopositive cells are also strongly FMRFamide immunoreactive.
To determine if there are differences in the roles o f FaRPs and glutamate, these
substances were tested in a variety o f cephalopod species, some which, like squid, only
produce transient patterns. Chromatophores from 5 different squid species were
unresponsive to FMRFamide or other FaRPs, whereas chromatophore expansion was
observed in skin samples from octopus or cuttlefish, species that produce cryptic
coloration patterns. In contrast to the FMRFamide results, chromatophores o f every
species tested responded to glutamate application by expanding. From these data we
propose that FaRPs mediate sustained patterning whereas glutamate is primarily
responsible for the generation o f transient patterns. Study supported by NSF.

This work was supported in part by the
Wellcome Trust and the Royal Society.
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Distribution of orphanin FQ-like immunoreactivity in the
perioesophageal ganglia of the snail Helix aspersa. m Sanchez-Aivarez1.

N IT R IC OX IDE SYNTHASE ISO FQ RM S IN PLEU RO BRAN C H A EA,
TRITO N IA A N D A P L Y S IA . W.J. H u rsf. L.L. Moroz2. M.U. Gillette1 and R.
Gillette2. 1Dept. o f Cell & Structural Biology, 2 Dept. o f M olecular & Integrative
Physiology, University o f Illinois, Urbana, IL 61801 USA
We tested different antisera against specific isoforms of mam m alian nitric oxide
synthase [neuronal (nNOS), inducible (iNOS) and endothelial (eNOS)] by Western
analysis and immunocytochemistry to detect isoenzymes of NOS in the CNS and
peripheral tissues of the marine sea slug, Pleurobranchaea californica and the
related molluscs, Tritonia diomedea and Aplysia californica. Polyclonal antisera
against NOS isoforms displayed greater immunoreactivity than the respective
monoclonal antisera. Cross-reactivity o f antisera with molluscan tissue extracts
varied in localization, antigenic type, molecular weight and relative levels o f NOS
protein in the three species tested. Western analysis using polyclonal anti-nNOS
revealed immunoreactive bands at approximately 250, 185, 170, 155, 100, 75 and
65 kD in Pleurobranchaea CNS, salivary gland and esophagus but not in gill or
muscle extracts. Similar results were found for Tritonia with bands at 250, 200,
120/110, 100, 69, 65 and 60 kD. Blots o f Aplysia samples displayed 200, 190, 69
and 60 kD bands in salivary and esophagus extracts but only 69 and 60 kD bands in
CNS extracts. Polyclonal antisera against iNOS and eNOS labelled similar
molecular weights as the anti-nNOS, but displayed different affinities for select
bands. In all species tested, NOS immunoreactivity was found only in tissue
exhibiting NADPH-diaphorase activity, excluding the esophagus. These data
demonstrate that: (i) NOS-like proteins are present in the molluscan CNS and these
may represent both constitutive and inducible isoforms; (ii) 155 kD protein in
Pleurobranchaea CNS has the same molecular weight as mam m alian nNOS and is
a likely candidate for molluscan nNOS; and (iii) the differences in nNOS isoforms
and patterning among the grazers Tritonia and Aplysia and the active predator
Pleurobranchaea may reflect distinct roles for NO in regulation o f feeding networks
and behavior.
[Supported by NIH grants NS33240, NS26838, GM07143]

B Antón2*. E Sánchez-lslas M León-Olea *. 1. Lab. Histología. Div. Neurociencias and 2.
Div. Investigaciones Clínicas. Instituto Mexicano de Psiquiatría. Av. México-Xochimilco
101. CP 14370, México, D.F., México. 3.

The identification of a fourth member of the opioid receptor family, the opioid
receptor-like-1 (ORL-1) and the isolation of its putative endogenous ligand orphanin
FQ (OFQ), also called noeiceptin, led us to look for its existence and anatomical
distribution at lower levels of the phylogenetic scale such as invertebrates. The interest
of this study was to identify the OFQ-like immunoreactivity (OFQ-LI) in the
perioesophageal ganglia of H. aspersa. Peroxidase and fluorescence immunohistochemical techniques, with an antisera generated against the C-terminal sequence to
orphanin FQ (J.A. Fein, et al., Soc.Neurosci. abstr. 22:2003, 1996) were carried out
on serial transverse sections (15 μm thick) of the perioesophageal ganglia of H. aspersa.
Our results show the presence of OFQ immunopositive fibers in the neuropil throughout
the perioesophageal ganglia. OFQ-like-IR was localized in different groups of little (715 μ) and middle (15-80 μ) neurons in pedal, parietal, visceral and cerebral ganglia.
Specificity of staining to OFQ was examined by preadsorbed antisera with 100 (aM of
full lenght synthetic orphanine. Preadsorption experiments did not show IR. OFQ has
been related to nociceptive processes both in mammals and molluscs (Kavaliers and
Perrot-Sinal, Peptides, 17, 1996). This fact together with the widely diffused nervous
system expression of OFQ-LI found in the present experiments point to an ancient early
origin of this nociceptive related function. Further co-localization studies are being
carried out to look for the possibility of co-existence of OFQ with other neuropeptides
in the snail. This research was partially supported by CONACYT-MLO-1183-N9203
andFUNSALUD.

388.13
G A B A -E R G IC ,
D O P A M IN E R G IC
AND
P E P T ID E R G IC
S E N S O R Y C E L L S IN TH E E P ID E R M IS O F E A R T H W O R M S .
U. Sporhase-Eichm ann. M. W inkler and F.-W . Schurm ann*. I.
Zoological Institute, Univ. of Gottingen, D -3 707 3 Gottingen,
Germ any.
In the earthworm Lumbricus terrestris L., the giant fibers and
m otoneurons of the ventral nerve cord receive input from
sensory organs of the epidermis. To detect the neuroactive
compounds of their sensory cells, w e em ployed peroxidase or
im m unofluorescence techniques to stain putative GABA-ergic,
dopaminergic, and FM R Fam ide containing cells in sections and
whole mounts. Staining revealed segm ental distribution
patterns of sensory cells in the skin. As a characteristic feature
rows of stained sensory cells w ere found at the border and
midline of each segment. Putative G ABA-ergic, dopaminergic
and the peptidergic cells can be discerned from each other due
to their distribution in the skin and their distinct fiber
projections.
For instance,
putative
GABA-ergic
and
dopaminergic sensory cells are grouped together in the sam e
sensory organ but project into different neuropils in the nerve
cord. Thus our results point to a specific chemical layout and
projection pattern of epiderm al receptor cell types, indicating
functional diversity, and differing from the transmitter
equipm ent
typically
present
in
arthropods.
(Supported by the Dorothea-Erxleben-Program , U. SporhaseEichm ann).
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FU N C T IO N A L C O N SEQ U EN CES O F A D ISR U PTE D SER O TO N IN
TRANSPORTER: PHARMACOLOGICAL CHALLENGES AND THE 5-HT1A

THE EFFECTS OF MDMA ON MONOAMINE NEUROTRANSMITTER LEVELS AND
TEMPERATURE IN MICE WITH A DISRUPTED SEROTONIN TRANSPORTER. A. M.
Andrews*. C. H. Wichems. D. Bengel, K,-P. Lesch and D. L. Murphy. Lab. of C linical
Science, NIMH, Bethesda, MD and Dept. of Psychiatry, University of Wurzburg, Germany.
(+)3,4-Methylenedioxymethamphetamine (MDMA; 4 x 20 mg/kg, sc, at 2 hour
intervals) was administered to mice lacking a functional serotonin transporter (5-HTT) to
evaluate the role of the 5-HTT in potential serotonergic neurotoxicity. One week post
treatment, regional brain neurochemistry revealed a significant 40% decrease in striatal
dopamine (DA) in nonmutant CD-I mice with no observable effect on cortical or
hippocampal serotonin (5-HT). 5-HTT heterozygous and homozygous mutant mice, bred
into a CD-I background, showed similar 40% decreases in striatal DA accompanied by no
change in cortical or hippocampal 5-HT. These results demonstrate that the effects of
MDMA on brain neurochemistry are limited to the dopaminergic system in CD-I mice and
confirm what has been shown previously in C57B1/6J mice (1).
Additionally, body temperature was measured with a rectal temperature probe 30 minutes
after each injection of MDMA. In contast to an MDMA-induced hyperthermia previously
reported to occur in rats and C57B1/6J mice (1), nonmutant CD-I mice and heterozygous 5HTT mutant mice exhibited a 3°C decrease in temperature 30 minutes after the first
injection of MDMA with temperature returning essentially to baseline after the second
injection of MDMA in CD-I mice, and after the third injection of MDMA in heterozygote
mice. Homozygote 5-HTT mutant mice showed a significant decrease in temperature
measured after all injections of MDMA (peak decrease -5°C following the second injection
of MDMA). The differential response to MDMA was statistically significant between
genotypes after the second, third and fourth injections of MDMA. Therefore, despite
agreement with previous results regarding the specificity of the neurotoxicity of MDMA
for DA in the mouse, the present findings contrast with previous studies and show that
MDMA causes hypothermia in the CD-I strain of mice. The latter may be mediated by a 5HTT-related mechanism. Finally, while MDMA is reported to be relatively selectively
neurotoxic to serotonin nerve terminals in rats and nonhuman primates, these data indicate
that MDMA may not prove to be a useful tool in transgenic mouse models for the continued
study of the role of the 5-HTT in serotonin neurotoxicity. (A. M. A. and C. H. W. were
supported by NIMH Intramural Research Training Awards.)
1•
J- P. O’Callaghan, D. B. Miller, J Pharmacol Exp Ther 270, 741-51 (1994).

RECEPTOR. C.H. W ichem s*. A. M. Andrews. D. Beneel. K.P. Lesch and
D.L. Murphy. Laboratory of Clinical Science, NIMH, Bethesda, MD 20892, and
Department of Psychiatry, University of W ürzburg, W ürzburg, Germany.
The brain serotonin transporter (5-HTT) is a key regulator o f serotonin (5-HT)
neurotransmission and has been implicated in depression, anxiety and substance
abuse. To further study the function o f the 5-HTT and its im pact on the
serotonergic system, we have generated transgenic m ice lacking the 5-HTT by
hom ologous recom bination. Pharm acologic challenges suggest that m ajor
com pensatory m echanism s have occurred in the 5-HT system which may
contribute to the superficially normal phenotype o f these mice.
In the present study, the functional status o f the presynaptic 5-H TiA receptor
was assessed by evaluating the hypotherm ic response to 8-hydroxy-2(di-npropyl(amino)tetralin (8-OH-DPAT). Baseline temperatures did not differ between
the wild type, heterozygous and homozygous mutant mice, and both 0.1 and 0.5
mg/kg 8-OH-DPAT s.c. produced a significant reduction in core temperature (2
and 2.5'C , respectively, 20 minutes post-treatm ent) in wild type m ice and
heterozygous littermates. In contrast, the hypothermic response to 8-OH-DPAT
was com pletely absent in the hom ozygous m utant m ice at both doses.
Autoradiography of brain 5-HT ia receptors using [3H] 8-OH-DPAT showed that
the density o f 5-HT ia receptors was not significantly different between the wild
type and mutant mice, indicating that the desensitized response to 8-OH-DPAT in
the m utant mice does not involve a reduction in 5-H T ia receptor numbers.
Further characterization o f the 5-HT ia receptor in these mutant mice is currently
underway. This wojk was supported by the IRP o f NIMH. C.H.W. and A.M.A.
were supported by an Intramural Training Research Award from NIMH.
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LACK OF MPTP NEUROTOXICITY IN DOPAMINE TRANSPORTER
KNOCKOUT MICE Raul R. G ainetdinov*. Fabio Fum agallL Sara R. Jo n e s

DELETION OF THE MOUSE DOPAM INE TRANSPORTER REVEALS A ROLE
O F DOPAM INE DURING PITUITARY DEVELOPM ENT. F.Fum agalli. R.Boss6.

and Marc G. Caron. Howard Hughes Medical Institute Laboratories, D ept. of Cell
Biology, Duke University Medical Center, Durham, NC 27710
The neurotoxic effect of l-m ethyl-4-phenyl-l,2,3,6-tetrahydropyridine (MPTP)
was tested on mice lacking the dopamine transporter (DAT -/- m ice). W hile the
importance o f the DAT in transport o f the toxic M PTP metabolite, l-m ethyl-4phenylpyridinium (MPP+) has been well documented in vitro, the role of the DAT
in MPTP neurotoxicity in vivo has been exclusively inferred from the protective
effect of DAT inhibitors. The availability o f genetically altered mice lacking the
DAT provides a unique opportunity and an in vivo m odel to directly test the
dependence of M PTP toxicity on the DA transporter. Striatal tissue dopamine (DA)
content and index of reactive gliosis, glial fibrillary acidic protein (GFAP) mRNA
expression, were assessed as markers o f M PTP neurotoxicity. M PTP (30 mg/kg,
s.c., b.i.d.), produced an 87% decrease in tissue DA levels and a 29 - fold increase in
GFAP mRNA in the striatum of wild type animals 2 days after administration. The
effects of M PTP in wild type mice were demostrated also 5 days after neurotoxin
administration (75% decrease in striatal DA content and 7-fold GFAP mRNA
elevation). Conversely, there were no significant changes in these parameters in
DAT -/- mice neither 2 nor 5 days after MPTP. Heterozygotes demonstrated partial
sensitivity to M PTP administration as shown by an intermediate value (48%) of
tissue DA loss 2 days after MPTP. Northern blot studies revealed also a decrease in
tyrosine hydroxylase (TH) mRNA in the substantia nigra o f wild type, but not DAT
-/- mice treated with M PTP. D irect infusion o f 10 mM o f M PP+ via a
microdialysis probe into the striatum, produced a massive efflux of DA in wild type
mice (>320 fold). In the DAT -I- mice the same treatment produced a much smaller
increase in extracellular DA (6 - fold) which is likely secondary to tissue damage due
to the implantation of the dialysis probe. These observations unequivocally show
that the DAT is a mandatory component for expression o f M PTP toxicity in vivo.
Supported in part by Tourette Syndrome Association, Inc. fellow ship to R.R.G.
and NIH grant N S 19576 and a Bristol Myers Squibb Unrestricted Award to M.G.C.

R.R.Gainetdinov. C.M issale. and M.G. Caron.* HHMI Labs, Cell Biology, Duke
University Medical Center, Durham, NC 27710
W e have recently developed a new strain of m ice lacking the dopamine
transporter (DAT) gene. The DAT -/- mice show increased spontaneous locomotor
activity and fail to further increase locom otion in response to cocaine and
amphetamine. In the hypothalamus, dopamine (DA) controls neuroendocrine functions
and although the physiological significance o f dopamine uptake in this process is still
obscure, two striking phenotypes o f these m ice point to a possible disfunction of the
hypothalamo-pituitary axis. First, females do not nurse their offspring and second,
D A T -/- m ice are dw arf-sized. HPLC m easurem ents show that both in the
hypothalamus and pituitary there is an increased dopaminergic turnover as quantified by
DOPAC/DA and HVA/DA ratios. Interestingly, DA T deficiency results in pituitary
hypoplasia and reduction of both prolactin- (PRL) and growth hormone- (GH) secreting
cells and in failure of both cell types to to display the norm al anterolateral to
caudomedial gradient usually found. Furthermore, the reduced complement of PRL- and
GH- secreting cells do not respond normally to specific secretagogues in DAT -/- mice
despite normal basal PRL and GH plasma levels. To determine why increased DA
might lead to a reduction in both PRL and GH cell number, expression o f a common
transcription factor, Pit-1, was assessed. Examination of Pit-1 at embryonic day 16.5
revealed no difference between wild type and DAT -/- mice suggesting that normal
proliferative events are preserved during ontogeny. In the adult DAT -/- mice, Pit-1
m RNA is decreased by 50% suggesting a possible contribution of this decrease to the
lack o f PRL-secreting cells. Northern blot experiments showed that hypothalamic
growth factor releasing hormone (GHRH) is reduced in DAT -/- m ice suggesting that
elevated DA indirectly reduces GH cell development via a mechanism involving reduced
GHRH levels. These data show the critical role o f DAT in the control of the
hypothalamo-pituitary axis and also assign an unexpected and crucial role to D A in the
control o f developmental events in the pituitary gland. Supported by N IH grant #
N S19756 and unrestricted Bristol-Myers Squibb Neuroscience Award.

389.5
HETEROZYGOTE VMAT2 KNOCKOUT MICE DISPLAY ALTERED
AMPHETAMINE LOCOMOTION, SENSITIZATION, LETHALITY
AND MPTP TOXICITY. N. Takahashi*. M. Funada. R.S. Revav*.
I. Sora and G.R. Uhl Mol Neurobiol, IRP-NIDA/NIH, & Depts Neurol
& Nsci, JHUSM Balt, MD 21224, #Current address: Dept. Neurol. Osaka
University Medical School, Osaka, Japan
Vesicular monoamine transporters (VMAT2) pump monoamine
neurotransmitters and dopamine neurotoxins from neuronal cytoplasm
into synaptic vesicles, from which amphetamines can cause their release.
To assess vesicular contributions to dopaminergic neurotoxicities and to
amphetamine-induced locomotion, lethality and sensitization we have
tested influences of amphetamines in transgenic VMAT2 knockout mice
that lack half of wildtype levels of VMAT2 and display modest alterations
in monoamine markers, heart rate and blood pressure. In these mice,
amphetamine produces enhanced locomotion, enhanced lethality and
reduced sensitization. D l, but not D2 antagonists reduce lethality.
Cocaine sensitization is intact in these mice. MPTP produces more than
twice the dopamine cell losses found in wildtype mice. These mice
provide novel information about the contributions of synaptic vesicular
actions of short- and long-term administration of monoaminergic drugs
and neurotoxins.
Supported by NIDA-IRP, NIH, Osaka Univ Med. Sch. Osaka, Japan.

389.6
REDUCED
A C T IV IT Y ,
P O S T -N A T A L
S U R V IV A L ,
B R A IN
M O N O A M IN E L E V E L S AND R E S P O N S E T O A M P H E T A M IN E IN
V M A T2 K N O C K O U T M IC E . E.A. Fon. E.N. Pothos. B-C Sun. J. Kwan. Y.
Liu*. N. Killeen. D. Sulzer, R.H. Edwards. Departments of Neurology, Physiology,
Microbiology & Immunology, UCSF School of Medicine, S. F., CA 94143-0435
and Department of Neurology and Psychiatry, Columbia University, NY, NY 10032.
The vesicular monoamine transporter-2 (VMAT2) mediates the packaging of
monoamine neurotransmitters into synaptic vesicles in neurons. To determine how
VMAT2 modulat.es synaptic transmission and behavior, we have removed the first
protein coding exon o f the VM AT2 gene by hom ologous recom bination.
Homozygous null mice (-/-) were born at an expected mendelian ratio of -1 /4 and
express no detectable VMAT2 protein by western analysis. Membranes prepared from
the brains of -/- mice show no reserpine-sensitive uptake of serotonin. Although
indistinguishable from their wild-type (wt) litter mates at birth, the knockout mice
show few if any spontaneous movements but were able to move in response to
noxious stimuli. In addition, the -/- mice fail to suckle, do not gain weight and die
within ten days. Anatomic analysis of the brain did not reveal any gross or
microscopic abnormalities. Brain monoamine levels were markedly reduced in the -/m ice as compared to wt litter mates whereas metabolites (HVA, DOPAC and 5HIAA) were near wt levels, suggesting an important role for vesicular transport in
protecting m onoamines from degradation. Furthermore, im m unohistochem istry
shows no detectable 5-HT in fibers, but serotoninergic cell bodies in the raphe nuclei
appeared to stain normally implying different regulation of monoamine metabolism
in the nerve termini and cell body. In the heterozygous (+/-) mice, brain dopamine
and 5-HT levels were reduced to 58% and 67% respectively of wt levels indicating
that vesicular transport limits the amount of stored monoamine. We also prepared
primary neuronal cultures from the midbrains of -/- and wt mice. Stimulation by 40
mM K+ failed to induce monoamine release from -/- cells. However, amphetamine
did induce release from -/- cells, but at a much lower level than wt, demonstrating
that vesicular storage makes a major contribution to amphetamine-mediated release.
Supported by MRC of Canada, Parkinson's Disease Foundation and NIH.
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T A R G E T E D D IS R U P T IO N O F T H E M U R IN E G L A S T G E N E .
K. W atase* 1. K. H a sh im o to 2 , 3 . m . K a n p 3 . K. Y am ad a4 . M . W atanabe4 .
Y. Jn o u e 4 . S. O k u v a m a 5 .T. S ak ag aw a5 . S. H o ri6 . M. T a k im o to 6 .
K. W ada1 and K. T a n a k a L 1D ept. o f D egen. N eurol. D iseases, Natl. Inst,
of N eurosci., NC NP, K odaira; 2 D ept. o f Physiol., Jich i M ed. Sch., T o c h ig i;
3Lab. for N euronal Signal T ran sd u ctio n , R IK E N , W ako; 4 D ept, o f A nat.,
H okkaido U niv. Sch. o f M ed., S apporo; 5 T aish o P harm . C o. Ltd., O h m iy a;
6 lntl. Res. Labs, C iba-G eig y Jap an Ltd.; T ak arazu k a, Ja p an
In the m am m alian c ereb ellu m , tw o su btypes o f astro cy tic g lu ta m ate
transporters, G L A S T and G L T -1, h ave been id en tified . H ow ever, the ro les
of each tra n sp o rte r in c ereb ellar synaptic tran sm issio n and n e u ro to x ic ity
are still unclear, b ecause o f the absence o f su b ty p e specific in h ib ito r. In
this study, we g en erated k n o c k o u t m ice d eficien t in G L A ST , w hich is
abundantly e x p re sse d in B erg m an n glial cells, and ex p lo re d its fu n ctio n in
the c erebellum . G L A S T k n o c k o u t m ice d ev elo p ed n o rm ally and c o u ld
m anage sim ple co o rd in a te d tasks, such as stay in g on a slow ly (10 rp m )
rotating rod, but co u ld -n o t adapt to m ore ch a lle n g in g task such as stay in g
on a quickly (20 rpm ) ro tatin g rod. E lectro p h y sio lo g ic a l e x a m in a tio n
revealed that P urkinje cells in the m u tan t m ice rem ain ed to be m u ltip ly
innervated by c lim bing fibers even at the ad u lt stage. W e also fo u n d that
edem a volum e in the m utant m ice in creased sig n ifican tly after c o ld induced cere b e lla r injury. T hese results su g g est that G L A S T plays active
roles both in the cere b e lla r c lim b in g fib e r synapse fo rm atio n an d in
p rotecting cereb ellu m fro m ex cito to x ic dam ag e after acute b rain in ju ry .
Supported in part by reseach g ran ts fro m th e M inistry o f E d u c a tio n ,
Science and C ulture o f Japan, the M inistry o f H ealth and W elfare o f
Japan, the S cience and T e c h n o lo g y ag en cy o f Japan, and C R E ST (C ore
R esearch fo r E volutional S cience and T e c h n o lo g y ).

T A R G E T E D D IS R U P T IO N O F T H E M U R IN E G L T -1 G E N E .
K. T a n a k a * 1, K. W atase 1, T. M a n a b e ^, K. Y am ad a- \ M. W atan ab e^.
K. T a k a h a sh j4 . H. Iw am a^ .T. N ishikaw a^ . N. Ic h ih a ra 5. T. K ik u c h i5 . S.
O k u v a m a 6 . N. K aw ash im a^ . S. H o ri7. M. T a k im o to ? . and K. W ad al .
iD e p t. o f D egen. N eurol. D iseases, N atl. Inst, o f N eurosci., NCNP,
K odaira; 2 D ept. o f N eu ro p h y sio l., Faculty o f M edicine, U niv. o f T o k y o ,
T ok y o ; ^D ept. o f A nat., H o k k aid o U niv. Sch. o f M ed., Sap p o ro ; 4 D ep t.
o f M ent. D isorder, N atl. Inst, o f N eurosci., NCNP, K odaira; 5 D ept. o f
A nim al M odels fo r H um an Disease, Natl. Inst, o f N eu ro sci., NCNP,
K odaira; 6 x a is h o P harm . Co. Ltd., O hm iya; ^ C ib a-G e ig y Japan,
T ak arazu k a, Jap an
The ex tra c ellu la r c o n c en tratio n o f the ex citato ry n e u ro tra n sm itte r L g lu tam ate in the m am m alian central n erv o u s system m ust be kept low to
en su re a h igh sig n al-to -n o ise ratio d u rin g synaptic activation and to
p rev en t n e u ro n al d am ag e fro m ex cessive activ atio n o f g lu tam ate
recep to rs. This co n tro l is ach iev ed by N a+-d ep e n d e n t tran sp o rters. F o u r
su b ty p es o f glu tam ate tra n sp o rters have been iso lated (G L T -1, G L A ST,
E A A C 1, & E A A T 4 ). H ow ever, the roles o f g lu tam ate tra n s p o rte r
su b ty p es are n o t k n o w n b ecau se su b ty p e-sp ecific in h ib ito rs are n o t
available. We have th e re fo re g en e ra ted m ice that lack GL T-1 b y
h o m o lo g o u s re c o m b in a tio n .
H o m o z y g o u s m ice d e ficien t in G LT-1 show lethal sp o n ta n e o u s
seizures and ex cito to x ic death o f h ip p o cam p al CA1 p y ram id al n e u ro n s
as well as in creased su scep tib ility to acute co rtical injury. T h e se effects
can be a ttrib u ted to elev ated levels o f residual g lutam ate in the brains o f
these m ice.
S u p p o rte d in p art by research grants fro m the M inistry o f E d u c a tio n ,
S cience and C ulture o f Japan, the M inistry o f H ealth and W elfare o f
Japan, the S cien ce and T e c h n o lo g y A g en cy o f Jap an .
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389.9
D IS R U P T IO N O F T H E M U R IN E H IG H A F F IN IT Y L -P R O L IN E
TRANSPORTER
GENE
(P R O T )
BY
HOM OLOGOUS
R E C O M B IN A T IO N . D Kleven1. D M alone2. L Javanthi2. M M ag n u so n 2. J
V N adler1*. R D Blakelv2 . and R T Fremeau. I f.1. Dept, o f Phannacol. and
N eurobiol., Duke Univ. M ed. Ctr., D urham , NC 2 7 7 1 0 1; and Ctr. Mol.
Neurosci., Vanderbilt Univ. Med. Center, Nashville, TO 372322.
M am m alian brain PROT exhibits sig n ifican t am ino acid sequence
conservation with a gene family o f Na+ -(and Cl*)-dependent plasm a membrane
transport proteins that include transporters for several neurotransm itters,
osm olytes, and m etabolites. The brain specific expression o f PR O T in
subpopulations of putative glutamatergic neurons suggests a physiologic role for
this carrier in excitatory neurotransmission. To investigate the functional role of
PROT, we generated transgenic mice lacking a functional PROT protein by
homologous recombination. Targeted disruption o f the PROT gene eliminated
high affinity L-proline uptake in whole brain synaptosom es; low affinity Lproline uptake was not altered. GGFL, a com petitive peptide inhibitor o f
mammalian brain PROT, reduced wild-type L-proline uptake to null levels, but
had no effect on residual transport in the knockouts. W hole brain synaptosomal
uptake of glutamate and GABA were not significantly different between null and
w ild-type anim als. Im m unoblotting on w hole brain synaptosom es using
antibodies raised against amino- and carboxy-terminal regions confirmed that the
PROT protein is absent from null mice. Levels o f G lu R l, NM DA-R1, and
synaptophysin were normal. Null animals were viable, fertile and had no obvious
abnormalities. No growth or size differences existed through 25 days o f age.
Further characterization o f the molecular, physiological, and behavioral features of
the PROT knockout mice are underway. Supported by grants from the NIH (RTF,
JVN, and RDB) and a NARSAD Established Investigator Award (RDB).
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CLO N IN G OF D IFFE REN TIA LLY EX PR ESSED H Y PO T H A LA M IC G ENES
IN V O LV ED IN TH E R E G U L A TIO N OF E N ER G Y B A LA N C E BY
R EPRESEN TA TIO N A L D IFFEREN TIA L A N A LY SIS. Z. Liu*. P. Zheng. J.
Ng. J. W ang. F. Lee. C. Kadia, and S.F. Leibowitz. The R ockefeller U niversity.
N ew York, N ew York 10021.

D IV E R S E
G E N E T IC
CO N SEQ U EN CES
OF
D O P A M IN E R G IC
S T IM U L A T IO N IN T H E RA T S T R IA T U M . J.D. Berke*. R.F. Paletzki. E.E.
Perry. S.E. Hyman and C.R. Gerfen. Laboratory of Neurophysiology, NIMH, and
Molecular Plasticity Section, NINDS, Bethesda MD 20892; Program in Neuroscience,
Harvard University, Boston MA 02115.
Dopamine D1 receptor stimulation causes striatal gene expression changes in animal
models of psychostimulant abuse and Parkinson's Disease. D1 receptors are also
involved in LTP, a model of memory formation. We have used differential display PCR
to identify downstream targets of the Dl/cAM P/CREB signal transduction cascade, in
the dopamine-depleted rat striatum.
Male Sprague-Dawley rats (200-250g) were unilaterally lesioned with 6hydroxydopamine and left for 3 weeks. To restrict most mRNA changes to the D1 cell
population, the D2 agonist quinpirole (lm g/kg/day, s.c.) was given continuously for 5
days. Then the rats were given the D1 agonist SKF38393 (5mg/kg, i.p.) or vehicle,
and killed after one hour. Differential display was performed using one-base-anchored
primers, with RNA polymerase initiation sites (T7, SP6) to allow direct in vitro
transcription and sequencing. Gels were run on a Genomyx-LR sequencer for 16 hrs,
producing a highly reproducible pattern of bands from roughly 500bp to 2kb. Candidate
bands were excised and reamplified, then riboprobes were generated using 35S-UTP or
33P-UTP and in situ hybridization was performed to confirm differential expression.
We have found more than a dozen novel genes which respond to D1 stimulation.
Most are also induced by cocaine or eticlopride. The genes have various time courses:
some reach a maximum within one hour and fade rapidly, while others take longer to
reach a maximum and are still highly upregulated at 8 or 24 hours after the stimulus.
Spatial distribution is also variable, with some genes expressed throughout the striatum
and parts of cortex, others restricted to striatum, and still others induced only in specific
striatal regions. The role of this diverse set of novel genes and expression patterns in
long-term neuronal adaptations is currently under investigation.
(Supported by NIH)

The importance o f the hypothalam us in obesity is reflected in the fact
that lesions in discrete areas o f this structure lead to obesity and that a num ber o f
obesity genes are expressed in the hypothalam us. In order to investigate other
genes that m ay be involved in various obesity conditions, a subtractive
hybridization technique, Representational D ifferential Analysis (RDA ), was
adapted and m odified to identify and clone these genes. The m odified RD A, in
w hich m RNA is used to subtract cDN A fragm ents, gains the advantage o f
com paring the expression profiles o f a num ber o f sam ples sim ultaneously, while
retaining the efficient subtraction pow er o f the RD A technique. The
reproducibility o f this technique was dem onstrated by the fact that the sam e set
o f genes was repeatedly isolated from different groups o f anim als in independent
RD As. The m odified RDA is equally or m ore sensitive in gene identification and
cloning than the published technique. A num ber o f genes has been identified
from hypothalam us o f various rodent m odels o f obesity. The association o f these
genes to obesity was established by the fact that: ( 1) som e are found to interact,
w ith know n obesity genes (e.g. O B R and TU BBY ); (2) based on their sequence
analysis, some are evidently related to the regulation o f energy balance; and (3)
the genes are differentially expressed in hypothalam ic areas related to obesity as
dem onstrated by N orthern blots and in situ hybridization. These data suggest
that the m odified RD A is a powerful m ethod for cloning novel genes that are
differentially expressed in anim al m odels o f obesity. (Supported by N IH grant
M H 43422 and a grant from the Price Foundation).

390.3
ID E N T IF IC A T IO N O F D IF F E R E N T IA L L Y E X P R E S S E D m R N A s IN
N E U R O N A L D E G E N E R A T IO N - R IB O S O M A L P R O T E IN L7.
E. K tiugistO, V- H u p tari* , and A, S alm in en. D ept. N e u ro sc ie n c e and
N eurology, U niv. K uopio, P .O .B o x 1627, F IN -7 0 2 1 1 K u o p io , Fin lan d .
Signal tran sd u ctio n path w ay s th at are rele v a n t to n e u ro n al d eg en eratio n
are p oorly characterized. P ro tein kin ases are k n o w n to p lay an im p o rtan t
role in several n europath o lo g ical p ro cesses. In o rd er to id en tify th ese
kinases w e have p erform ed d ifferen tial d isp lay w ith d e g e n era te , gene
fam ily specific prim ers. W e u sed a p rim e r sp ecific to a co n serv ed reg io n
o f the protein tyrosine k in ase (PT K ) fam ily in co m b in a tio n w ith an
anchored o ligo-dT prim er fo r th e P C R am p lific atio n o f th e 3 ’ en d s o f
P T K cD N A s. D ifferential d isp lay assay s from cu ltu red d e g en eratin g
c ereb ellar granule neurons and from th e b rain o f y o u n g a n d 3 0 -m o n th -o ld
W istar rats show ed a n um b er o f genes w h ich w ere sp e cific a lly up- o r
dow n -reg u lated d u rin g aging and in vitro d eg en eratio n . W e c lo n ed and
sequenced som e o f them and the co m p ariso n to d atab ase seq u en ces
indicated both novel and p rev io u sly ch ara c te rize d gen es. M o st o f th e
genes w e re non-P T K s due to th e low strin g en cy P C R c o n d itio n s. O n e o f
th e clones w as identified as th e rib o so m al p ro tein L7 w h ich sh o w ed a
p rom inent d ow n-regulatio n in cu ltu red d eg en eratin g ce re b e lla r gran u le
neurons. H ow ever, N orth ern b lo t assay s sh o w ed a sig n ific a n t upregulation o f L7 in the hip p o cam p u s, c ereb ellu m and co rte x o f 3 0 -m o n th old rats. T h e u p -regulatio n o f th e m u ltifu n c tio n a l p ro te in L 7 in b rain
during aging m ig h t enhan ce th e se n sitiv ity o f n e u ro n s to a p o p to sis as
previously observed in c ertain n o n -n eu ro n al cells. (S u p p o rted b y
A cadem y o f F inland and U n iv e rsity o f K u o p io )
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390.4
IN D U C T IO N O F A N O V E L S T A T H M IN -L IK E G E N E B Y
N E U R O N A L S T IM U L A T IO N . E.J. Beilharz1, E ^ hukpvsky \ A,A .
Lanahan \ P.Worlev2. K.Nikolich. 1 and L.J.Goodman1*. ‘Lynx
Therapeutics Inc., 3832 Bay Center Place, Hayward, CA, 94545,
dep artm en t o f Neuroscience, Johns Hopkins University School of
Medicine, Baltimore, MD, 21205.
As a step towards understanding the mechanisms underlying neuronal
plasticity, differential cDNA cloning techniques were used to identify
genes upregulated by
electrically induced seizure activity (maximal electroconvulsive seizure,
MECS) in rats as described by Yamagata et al (1993).
We identified a novel gene, with a predicted amino acid sequence of
216 residues, which shows significant homology to members of the
stathmin family o f signaling molecules. Members o f this family have
previously been shown to be involved in various growth and
differentiation pathways. Based on nucleotide sequence, this novel gene is
most closely related to XB-3, a brain-specific Xenopus gene. However, a
distinguishing feature is the presence o f a unique, highly charged, 27
amino acid sequence, encoded by an exon which appears to be subject to
alternative splicing. Northern analysis and in situ hybridization show that
this novel gene is expressed predominantly in the brain and peripheral
nervous system.
Expression of the novel stathmin-like gene is induced rapidly in dentate
gyrus granule cells after seizure activity and in NGF-treated PC 12 cells.
Yamagata, K et al (1993) Expression of a mitogen-inducible
cyclooxygenase in brain neurons: regulation by synaptic activity and
glucocorticoids. Neuron 11, 371-386
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Identification by Biolistic Transfection o f a Novel Purkinje
Cell Specific and Calcium Responsive Element in the
Promoters o f Two Calcium Binding Proteins D onald B.

DEPENDENCE OF TRANSCRIPTION RATE ON STIMULUS PATTERN AND
FREQUENCY
MODELED
BY
COMPETITION
BETWEEN
TRANSCRIPTIONAL ACTIVATOR AND REPRESSOR. P. Smolen*. D. A.
Baxter, and J. H. Byrne. Dept, of Neurobiology and Anatomy, The University of
Texas Medical School, Houston, TX 77225.

Arnold* and N athaniel H eintz. H H M I an d R ockefeller U niversity
W e have developed a novel m ethod fo r identifying cell specific
elem ents in the prom oters o f genes ex p ressed in th e CN S. Calbindin
D28 encodes a calcium binding pro tein th a t w ithin the cerebellum is
expressed exclusively in Purkinje cells. P revious attem pts to identify
elem ents in the prom oter o f calbindin u sin g tran sg en ic m ice have been
ham pered by position effects. W e h ave used biolistic tran sfectio n o f
organotypic slices o f P12 cerebellum to identify a novel 40 bp elem ent
from the calbindin prom o ter th at is necessary and sufficient for
Purkinje cell specific expression in this tra n sie n t in situ assay. This
elem ent (P C E 1) is also p resen t in th e calm odulin II prom oter, which
regulates expression o f a second Purkinje cell C a 2+ binding protein.
PCE1 w as show n to be calcium sensitive b y tw o m ethods: expression
o f high levels o f exogenous calbindin o r calretinin decreased
transcription m ediated b y PC E1 in Purkinje cells 2 .5 -3 .0 fold,
w hereas the presence o f 1 μ M ionom ycin in th e ex tracellu lar m edium
increased expression. T hese results dem onstrate th at PC E1 is a
com ponent o f a novel cell specific and C a2+ sensitive transcriptional
regulatory m echanism th a t m ay p lay a key role in setting the C a2+
buffering c a pacity o f Purkinje cells.
Supported b y the H H M I an d th e M R C (C anada).
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Signal transduction pathways often phosphorylate and thereby regulate the
activity of transcription factors. In previous computer simulations, we used
differential kinetics o f phosphorylation of transcriptional activators and repressors
to suggest an explanation for the greater efficacy of spaced training sessions as
opposed to massed training sessions in forming long-term memory. These
simulations also demonstrated that either different phosphorylation rates, or
different dephosphorylation rates, for activators and repressors, could explain the
greater efficacy of spaced training. However, we now find that these model
variants yield distinct behaviors when subjected to stimuli that are grouped into
bursts or that are evenly spaced. As the number of stimuli per burst and the inter
burst interval are proportionately increased, the variant with different
dephosphorylation rates exhibits a sharp tuning curve of transcription rate vs.
inter-burst interval with an optimal burst frequency for transcription. We clarified
the importance of key model parameters, and of transcription factor dimerization,
for shaping this tuning curve. The model has also simulated an optimal stimulus
frequency for suppression of constitutive transcription of the neural cell adhesion
molecule L I produced by repetetive electrical stimulation (Itoh et. al, 1995).
M athematical models such as these can help interpret observed dependencies of
transcription on stimulus pattern in cultured neurons (e.g. Sheng et. al., 1993) and
in vivo (Chergui et. al., 1996). Supported by NIH grants T32 NS07373 and R01
R R 11626.

390.7
NOVEL REGULATORS OF G-PROTEIN SIGNALING: DIFFERENTIAL
DISTRIBUTION OF NINE RGS mRNAs IN ADULT RAT BRAIN S. J. Gold*. Y.
G. Ni and E. J. Nestler. Lab of Molecular Psychiatry, Yale University, New
Haven, CT 06508
The RGS's comprise a novel family of signal transduction proteins involved
in the negative regulation of G-protein signaling. As a first step in
understanding the role of RGS's in brain function, in situ hybridization was
used to characterize regional distributions of 9 RGS mRNAs (RGS3-RGS11)
(Koelle and Horvitz, 1996). Highly specific patterns of RGS mRNA
expression in both neurons and glia were observed. RGS3 cRNA labeling
was restricted to thalamus and white matter. R G S4 cRNA labeling was
enriched in neocortex, dorsal striatum, medial septum, and thalamus. RGS5
cRNA hybridized to select neuronal groups including paraventricular
hypothalamic and basolateral amygdaloid nuclei. Notably, RGS5 mRNA was
diffusely distributed in hippocampal molecular layers, suggestive of glial
expression. RGS6 cRNA modestly labeled neocortex and densely labeled
reticular thalamic, subthalamic, medial habenular, and pontine nuclei. RGS7
cRNA labeling was the most widespread. RGS8 cRNA labeling was most
dense in cerebellar Purkinje cells. Additionally, RGS8 cRNA densely labeled
olfactory bulb, deep and superficial neocortex, striatum, pyramidal cell layers
of hippocampus, thalamus and brainstem nuclei involved in basal ganglia
function. RGS9 mRNA expression was striking for its exclusive enrichment
in striatum. RGS10 cRNA labeling was most dense in dentate gyrus, with
less dense labeling of olfactory bulb granule cell layers, neocortex, piriform
cortex, striatum and dorsal raphe. R G S 1 1 cRNA labeling was found
exclusively in subfornical organ and caudal locus coeruleus. The remarkable
differential distributions of RGS subtype mRNAs may provide novel
mechanisms of G-protein signaling as well as pharmacological targets for
treatment of neuropsychiatric diseases. (Supported by DA 08227).

390.8
DOW NREGULATION OF RGS4 mRNA BY cAMP IN PC-12 CELLS. D.J.
Pepperl1, S. Basu1 , A. Moritz1, D.H. VanLeeuw en1 , K.A. S erpa1, L.T
M e ltz e r1 , H.B. Gutstein2 , S.J. W atson2 and R.G. M acK enzie*1. Cell
Biology, P arke-D avis Pharm aceutical R esearch D iv., W arnerLambert Co., Ann Arbor, Ml 4 8 1 0 5 1 and M ental Health Research
Institute, U. Mich. Sch. Med., Ann Arbor, Ml 4 8 1 092 .
The Regulators of G -protein Signaling (R G S) are a protein family
marked by a shared sequence domain of some 120 residues. Originally
discovered in yeast, the R GS family has grown to include > 16
mammalian RGS, of which two, RGS4 and RG S7, are uniquely expressed
in neurons. RGS proteins are thought to regulate G protein-coupled
signaling by acting as GTPase activating proteins (GAPs) for G-protein
alpha subunits. RGS4 is a GAP for the Gi alpha subunit. In the present
report, we show, by ribonuclease protection assay, that RGS4 mRNA is
expressed in PC12 cells and that the cAMP activator forskolin or cAMP
analogs decrease RGS4 transcript levels by more that 50% within 3 h
without affecting the level of the control transcipt for rat cyclophilin.
This effect is seen in both undifferentiated and nerve growth factordifferentiated PC -12 cells. It has been reported (Morton et al., J
Neurosci. 12, 1839, 1992) that cAMP induces Gi alphal expression
in PC-12 cells, perhaps as a compensatory response to inhibit further
cAMP production by adenylyl cyclase. A coordinate decrease in the
expression of the Gi alpha inactivator, R G S 4, could potentiate a
com pensatory response of Gi alpha upregulation to cA M P
overstimulation. W e are extending the study of R G S4 regulation in
vivo using in situ hybridization techniques to quantitate R GS4
transcipt levels in rat brain. Supported by W arner- Lambert Corp.
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390.10
DISTRIBUTION OF HETEROTRIMERIC G PROTEIN SUBUNITS
IN THE RAT BRAIN. M. Betty*. J. Liang. X. Z. Khawaja. S. W.
Hamish. K. J. Rhodes and M. I. Cockett. W yeth-Ayerst Research,
Princeton, NJ 08543, USA.
Heterotrimeric G proteins, comprising α , (β and γ subunits, have been
shown to play a central role in coupling multiple receptors to a variety
of enzymes and ion channels. To date, five (β, eleven γ and around
twenty distinct α subunits have been identified by molecular cloning.
In vitro studies have demonstrated the existence of selective
interactions between various α , [β and γ subunits, as well as between
specific heterotrimers and target receptor and effector proteins.
However little is known of the physiological relevance of such
associations, and the determinants of specificity in G protein signaling
within the brain remain largely unidentified.
To investigate the
possibility that specific heterotrimeric interactions result from discrete
localizations of the G protein subunits within the brain, we have used in
situ hybridization and immunohistochemical techniques to map the
distribution of G protein α , β , and γ subunits in the rat brain. The
localisation of these subunits, and their potential coupling to various
receptor/effector systems, will be discussed.

G 0 S8 /R G S 2 m R N A IS R A P ID L Y A N D T R A N S IE N T L Y IN C R E A S E D
IN R A T S T R IA T U M F O L L O W I N G A C U T E P S Y C H O S T IM U L A N T
A D M IN IS T R A T IO N . S. A . B u rch ett* . M . V o lk . M . J. B annon and J.G .
G rannem an. D e p t. o f P sy c h ia try and B eh av io ral N e u ro scien ces, W ayne State
U n iv ., D etro it, M I 48201.
RG S proteins are a fam ily o f recen tly id en tified neg ativ e reg u lato rs o f G
pro te in signalling. U sing R T -P C R an aly sis w ith o lig o n u cleo tid e p rim ers
co rre sp o n d in g to the c o n serv ed R G S d o m ain seq u en ce, w e identified the
ex p ressio n o f R G S 2, 3, 4, 5, 8, 9 and 16 in rat striatu m (ST r) and nucleus
accum bens (N A cc). N o rth ern b lo t an aly sis d em o n strated th at R G S 2 , 4 , 5, 9
and 16 are abundantly ex p ressed in the S T r an d N A cc w h ere th ey exist as
single m R N A species o f ap p ro x . 1.7, 3 .3 , 4 .4 , 3 .3 and 2 .4 k b , respectively.
T o d eterm ine w h eth er psy ch o stim u lan ts affect RG S e x p ressio n , m ale F ish er
rats (125-150g) w ere treated i.p . w ith eith er 25 m g /k g cocaine, 7 .5 m g /k g
am phetam ine o r 10 m g/k g m eth am p h etam in e an d sacrificed 1 h o u r later.
C o m p ared to v e h icle-treated rats all th re e p sy ch o stim u lan ts in creased R G S 2
m R N A by 2 to 4-fold in the S T r, w h ile R G S 2 m R N A in the N A cc w as not
consistently changed. RG S 4 , 5, and 9 w ere also n o t co n sisten tly affected in
eith er the S T r o r the N A cc. T h e am p h etam in e-in d u ced in crease in RG S 2
m R N A w as rapid and tran sien t: R G S 2 m R N A peak ed at 1 h o u r, and declined
to baseline by 2 h o u rs p o st-in jectio n . T h ese d a ta su g g est that in the S T r RG S
2 m ay be involved in the ho m eo static resp o n se to acute psy ch o stim u lan t
ad m inistration. S upported by N IH g ran t D A 06 4 7 0 .
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D IF F E R E N T IA L R E G U L A T IO N O F C A L M O D U L IN G E N E E X P R E S 
S IO N IN T H E R A T B R A IN . K . G u ly a * , A . Palfi a n d S. V iz i. D ep t, o f
Z oo lo g y and Cell B io lo g y , Jo z se f A ttila U n iv e rsity , S z e g e d , H u n g ary .
T here are at least three g enes c o d in g fo r th e c a lm o d u lin (C aM ) p ro te in
in the rat b rain. A lth o u g h the co d in g a n d n o n c o d in g se q u en c e s o f th ese
g enes are d iffe re n t, and p ro d u ce d istin ct p rim a ry tra n sc rip ts, th eir m a tu re
gene p ro d u cts have identical am in o a cid seq u en ces. S in ce th ere are d a ta
fo r the d ifferential reg u la tio n d u rin g o n to g en e sis, a n d fo r th e re g io n specific reg u la tio n o f these genes in th e a d u lt rat, w e in v estig a te d th e r e 
gional distrib u tio n o f the C aM I, II an d III g enes w ith in situ h y b rid iz atio n
m ethods in the rat brain.
C om puter-assisted im age an aly ses o f th e in situ h y b rid iz a tio n a u to r a 
d io g ram s o f the [3 5 S ]-lab e le d sense and a n tisen se C aM cR N A p ro b e s
show ed that regions o f the co rtices, th e h ip p o ca m p u s, th e lateral sep tu m ,
the striatum , the a m y g d a la -c o m p le x a n d th e c e re b e llu m e x h ib ited CaM
gene e x pression p a tterns d iffe re n t fro m each o th er, w h ile o th er b rain areas
disp la y e d cells that ex p re sse d C aM gen es sim ilarly . C aM g en es w ere e x 
pressed p rom inently in the p y ram id al cells o f th e C A 1 -C A 3 reg io n s o f the
h ip p o ca m p u s and the d e n tate g y ru s. W hile C aM I e x h ib ited stro n g e x 
p ressio n in the str. rad iatu m , str. lac u n o su m m o le c u la re a n d str. m o le c u lare o f the h ip p o ca m p u s, C aM II and III gen es h a d lo w e r e x p re ssio n s in
th ese areas. L ow C aM II and III, b u t h ig h er C aM I, ex p re ssio n w as c h a r 
a c teristic to the lateral sep tu m . C aM III g ene e x p re ssio n was p ro m in e n t in
the basolateral am y g d alo id area a n d th e h a b e n u la . In th e c e re b e llu m , th e
g ran u la r and P u rk in je cell lay ers sh o w ed h ig h C aM g en e ex p re ssio n ; in
ge neral, C aM III gene ex p re ssio n was w eaker, w hile C aM I a n d II g en es
ex h ib ited stro n g e r gene e x p re ssio n s. O u r d a ta are p rese n ted as m R N A
copy n u m b er fo r each C aM gene in e v ery b rain a re a stu d ied . S u p p o rte d
by O T K A (H ungary) F22 6 5 8 and T 2 2 8 2 2 .

cD N A C L O N E S E N C O D IN G N O V E L B IN D IN G PR O T E IN S FO R TH E
N E U R O N A L G R O W T H A S S O C IA T E D P R O T E IN G A P-43. K. Pratt, C.
S an teu fem io , C. J. M u rp h y and R. L. N eve* D ept, o f G enetics, H arvard
M ed ical School, M cL ean H ospital, B elm ont, M A 02178.
T h e n euronal gro w th asso ciated pro tein G A P-43 p lays a role in the
m o d u latio n o f neu ro n al p lasticity du rin g d e v elo p m en t and learning. GA P43 h as b een im plicated in m u ltip le signal tran sd u ctio n p athw ays, but we
lack un d erstan d in g o f th e relatio n sh ip o f its p a rticip atio n in these diverse
sig n alin g pro cesses to its kn o w n ro les in n eu rite outg ro w th and
n eu ro tran sm itter release. O n e w ay th at w e can ad d ress this question is to to
id en tify m o lecu les w ith w h ich G A P-43 interacts. W e created b acteriaily
exp ressed G A P-43 to use as a ligand fo r th e screen in g o f expression brain
cD N A libraries. W e chose th is ap p ro ach becau se it allo w ed us to
m an ip u late C a+ 2 levels in th e screen, so th at w e w o u ld isolate cD N A s for
p ro tein s th at bind to G A P-43 in th e presen ce o f Ca¿ 2.. w h en GA P-43 is
p resu m ab ly in a co n fo rm atio n th at p reclu d es its b in d in g to calm odulin. W e
have id en tified tw o d ifferen t reco m b in an t ph ag e w h o se ex p ressio n products
bind to G A P-43. Im m u n o p récip itatio n s from c u ltu red neu ro n s and brain
h om o g en ates h ave been used to co n firm th e in teractio n s b etw een the
p ro d u cts o f th ese cD N A s and G A P -4 3 . In ad d itio n , im m uno-electron
m icro sco p y has rev ealed th e c o -lo calizatio n o f G A P-43 w ith th e protein
p ro d u cts o f th ese cD N A s in th e p resy n ap tic term in al. C u rren t studies are
d irected to w ard s delin eatio n o f the fu n ctio n al sig n ifican ce o f the
in teractio n s betw een G A P-43 an d its n ovel b in d in g p ro tein s at the synapse.
S u pported by N IC H D .
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“M E G A -L IP ” : TRANSGENIC M IC E OVER-EXPRESSING PHOSPHORYLATED GAP-43 DEM ONSTRATE A TW O-FO LD INCREASE IN LONG
TER M POTENTIA TION (LTP).
A. Routtenberg*. P .A Serrano and I.
Cantallops. Cresap Neuroscience Laboratory, Northwestern University Institute for
Neuroscience, Evanston, IL 60208.
GAP-43, the protein formerly known as F I, is an intrinsic determinant o f axonal
growth (Benowitz and Routtenberg, TINS 1997). Although converging evidence
exists for its role in synaptic plasticity and learning, it is correlative in nature. To test
whether G A P43 can alter LTP, we studied 3 transgenic mouse lines overexpressing
GAP-43 (Aigner, et al., Cell 1995). Two lines contain a single amino a d d mutation
at the PKC phosphorylation site: one line over-expresses a permanently phosphorylated form (GAP-43/ASP), the other one cannot be phosphoiylated (GAP43/ALA). The third line over-expresses a phosphorylatable form (GAP-43/WT).
Here we report that perforant path LTP in vivo in GAP-43/ASP is at least twice as
large as the potentiation seen in non-transgenics, GAP-43/ALA or GAP-43/WT
mice. LTP in GAP-43AVT mice is discemibly higher than in the GAP-43/ALA and
non-transgenic mice. NMDA receptor blockade, which prevented LTP in nontransgenics as expected, did not block LTP in GAP-43/ASP mice, only diminished it
The present results indicate that GAP-43 in its phosphoiylated state is a permissive
determinant of synaptic plasticity setting the stage for exuberant hyper-reactivity of
the terminal to the tetanus. The presence o f LTP after APV suggests a pathway
parallel to the NMDA one which, along with the phosphoiylated G A P43 transgene,
permits synaptic enhancement Since increased GAP-43/ASP immunoreactivity is
present in the inner-third of the molecular layer, the target of mossy cells of the
dentate hilus shown to be important for LTP (Serrano et al. this meeting) the
enhancement observed in perforant path LTP may also depend on GAP-43/ASP in
these mossy cell terminals. Supported by NSF postdoctoral fellowship (PS), “la
Caixa” (IC), Merit Award (AR).

M IG H TY MENSA MOUSE:
OVEREXPRESSION O F GAP-43 IN
TRANSGENIC M OUSE IM PROV ES LEA RN IN G AND M EM ORY
PERFORM ANCE IN OLTON MAZE. S. Zafiuto1. M.T. Kelly1. O.K. Samov1.
P.A. Serrano1. R.A. Linsenmeier*2. & A Routtenberg1. 1C resap Laboratory and
2Biomedical Engineering, Department of Psychology and Northwestern University
Institute for Neuroscience, Evanston, IL 60208
Transgenic mice overexpressing GAP-43, the protein formerly known as FI, show
enhanced axonal sprouting in the hippocampus (Aigner, et al., Cell 1995) and “megaLTP” of the perforant path (Routtenberg, et al., this meeting). Here we study their
learning ability comparing performance o f 3 different lines, 2 o f which contain a single
amino a d d mutation at the PKC phosphoiylation site: one line over-expresses a
permanently phosphoiylated form (GAP-43/ASP), the other one cannot be
phosphoiylated (GAP-43/ALA). The third line over-expresses a phosphorylatable
form (GÁP-43/WT). Using a win-shift paradigm, the food-deprived mice in an 8-arm
Olton-maze selected food-reward from 4 arms on trial 1. After a 0, 1, 20, or 60 min
delay the mice searched for the remaining 4 food rewards (trial 2). Errors on trial 2
were scored when arms entered on trial 1 were visited Over-expression of GAP43/WT or GAP-43/ASP enhanced learning. GAP-43AVT mice performed with nearly
half as many errors as GAP-43/ASP mice in the 0 min delay task and in the early trials
of the 1 min delay task. Performance was similar in the later trials of the 1 min delay
task and in the subsequent 20 min delay task, i.e., GAP-43/ASP mice showed
improvement These differences could not be accounted for by locomotor activity. In
over-trained mice, the different GAP-43 overexpression mutants employed different
search strategies. Controls simply M e d to learn the delayed spatial habit, as previously
described (McNamara et al., Mol Brain Res, 1996). These results show that aquisition
is enhanced by over-expression o f GAP-43 and that learning strategy is regulated by
the phosphoiylation state of the GAP-43 molecule. (Supported by NU predoctoral (SZ)
and NSF postdoctoral (PAS) fellowships and a MERIT Award (AR)).

390.15
DEVELO PM EN TA L CH ANGE O F SPLICIN G PATTERNS OF
NEUREXIN IN RAT BRAIN
A, Yoshida*, H. U ed a.T .N o m u ra, T. Yoshioka
M olecular Pharmacology & Neuroscience, Nagasaki Univ. Sch. o f
Pharm aceutical Sci., N agasaki 852 JAPAN. Dept, o f m olecular
Neurobiology, W aseda Univ., Tokorozawa, Saitama 359, JAPAN.
Neurexins are transm em brane proteins localized on synaptic
region. The extracellular domain of the a-form of neurexins contained
repeated sequences with hom ologies to some extracellular matrix
proteins. Alternative splicing in the extracellular domain may cause
expression of hundreds o f different proteins. In this study, we
examined whether the splicing of neurexin is regulated by stimulation
of growth factor and during development. The expression o f many
splicing forms was detected in PC 12 cells by RT-PCR m ethod using
primers corresponding to the flanking region o f the first splicing site in
rat a-neurexin 1. A size o f major amplified fragment was about 200
bp in the PC 12 cells without treatment o f nerve growth factor (NGF).
A new larger fragment (230bp fragment) was transiently appeared two
week after treatment o f NGF and then disappeared four week after
treatment. A fragment similar to the 230 bp fragment was amplified
from cDNA of newborn rat brain, and not detected at postnatal day 21.
These data showed the splicing pattern of neurexin was regulated by
stim ulation o f a grow th factor and depended on the stage o f
development.
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SYNAPTIC ELONGATION FACTOR 2 PHOSPHORYLATION: A LINK
BETWEEN SYNAPTIC ACTIVITY AND PROTEIN TRANSLATION A.J.
Scheetz. M. Constantine-Paton* and A. C. Nairn+- Yale University, Department of
Biology and + Rockefeller University.
Many forms o f synaptic plasticity, including activity-dependent structural changes,
involve synthesis of new proteins in response to the plasticity-inducing signal. These
new proteins may become associated with recently activated synapses, thereby
altering synaptic function. There is ample evidence for control of this protein
synthesis at the transcriptional level. However the cellular nature of transcriptional
regulation requires an additional mechanism to target new proteins to specific
synapses. An alternative or additional mechanism involves local, synaptic regulation
of protein translation in response to plasticity-inducing events. All of the protein
synthetic machinery required for such a mechanism is localized to dendrites,
including ribosomes, numerous mRNAs and the proteins involved in translational
control, but a link between regulation of protein translation and synaptic plasticity
has yet to be established. We have reported that activation of NM DA receptors,
which are involved in many forms of synaptic plasticity, leads to the phosphorylation
of the eukaryotic translation elongation factor 2 (eEF2), a protein having a key role in
controlling protein translation. Phosphorylation of eEF2 by a unique calcium and
calmodulin-dependent kinase transiently halts protein synthesis and may prepare cells
to translate a new set o f mRNAs. We now show that this phosphorylation occurs in
dendrites and at synaptic sites. Moreover, under certain conditions this
phosphorylation can be restricted to segments of the dendritic tree, suggesting that
neurons can control eEF2 phosphorylation levels at specific synaptic sites. Finally,
eEF2 phosphorylation levels in visual target structures are increased by visual
stimulation. These observations suggest that synaptic activation of NM DA receptors
can lead to local modulation o f dendritic protein translation. W ork supported by
USPHS grant EY 06039 to MCP and GM 50402 to ACN.
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CORTEX-ENRICHED EXPRESSION O F A NOVEL PROTEIN W ITH AN
S H a DOM AIN. J. E. Maraulies*†t . O. S pirinat and J. B. W atson#.
tD e p artm en t of Surgery, C edars-S lnai M edical C enter, Los
Angeles, CA 90 0 4 8 , #M en tal R etardation R esearch C enter,
Department of Psychiatry and Biobehavioral Sciences, UCLA School
of Medicine, Los Angeles, CA 90024.
A novel protein has been identified in rat brain by subtractive
cDNA hybridization. A C Pu8 cDNA clone detects on Northern blots
a brain-enriched transcript of 2 .3 KB which is expressed
predominantly in the postnatal cortex. Conceptual translation of
the nucleotide sequence of a full-length cDNA clone predicts a 131
amino acid sequence with a region of high sequence similarity to
SH3 domains found in a variety of proteins including guanine
nucleotide binding proteins. In vitro translation of the m RNA
yields a protein of approxim ately 17 kD a consistent with the
length of its primary amino acid sequence. In situ hybridization
with 35S-labeled riboprobes detects CPu8 m RNA primarily in the
neocortex and at lower levels in the hippocampus, cerebellum and
striatum. CPu8 may be a new m em ber of a growing family of
proteins which act as regulators of GTP-binding proteins in signal
transduction. Supported by N IH grant N S32521 (J.B .W .) and
Hawaii Community Foundation grant 954582 (J.E .M .).

ESSENTIAL R O LE O F H IPPO CA M PAL H ILA R C ELLS IN PERFORANT
PA TH L O NG -TERM POTENTIA TION (LTP) IN VIVO: DOUBTS ABOUT
LTP’S MONOSYNAPTIC THEISM .
P.A. Serrano* and A. Routtenbere.
Cresap Laboratory, Northwestern Univ. Inst, for Neuroscience, Evanston, DL 60208.
We have recently proposed that hilar cells o f the hippocampal dentate gyrus
(Amaral, J. Comp. Neurol, 1978) play a central role in perforant path LTP
(Namgung, et al., Soc. Neurosci. Abst. 1996). After such LTP in vivo, hilar cells
demonstrated increased levels o f GAP-43 mRNA positively correlated with
perforant path synaptic enhancement suggesting that the granule cell => hilar cell
=> granule cell circuit may play a critical role. To test this hypothesis directly we
eliminated hilar cells selectively, sparing granule cells and perforant path fibers,
using KA injections o f 147pmol in a volume o f 21nl delivered over a 30 min period
by directly monitoring the movement o f the solution meniscus in the micropipette.
The positioning of the pipette in the hilus was determined by the laminar profile.
Two days post-injection saline controls and KA-treated mice showed nearly identical
potentiation in the first 30 minutes after tetanus. However, within 40 min after
tetanus the potentiated response began to decay in KA-treated mice, returning to a
baseline, non-potentiated level, 160 min after tetanus. Evidence converging with the
present findings (Cantallops, et al.; Routtenberg, et al.; this meeting) points to the
mossy cells, with their high endogenous levels o f GAP-43, as the hilar cell type
essential for the persistent response. These data question the view that the mono
synaptic perforant path input and its modification are critical to sustain the
persistence of LTP, since they are wholly intact yet LTP persistence is blocked. This
suggests that synaptic plasticity may require coordinated inputs from multiple
sources to achieve persistent enhancement o f LTP. Since perforant path activation
is necessary h it not sufficient for LTP, the synaptic mechanism for LTP persistence
must be sought beyond the perforant path synapse. Supported by NSF postdoctoral
fellowship (PAS), Merit Award (AR).
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EFFECTS OF M IRTAZAPINE ON BEHAVIORAL, HORMONAL, AND NEURO
CHEMICAL PARAMETERS IN M ATERNALLY-SEPARATED RATS. C.O.
Ladd. P.J.Lvss. M.J. Owens*, and P.M. Plotskv. Stress Neurobiology Laboratory,
Dept, of Psychiatry & Behavioral Sciences, Emory Univ., Atlanta, GA 30322
Adult rats previously exposed to daily, prolonged maternal separation exhibit
numerous behavioral, hormonal, and neurochemical alterations reminiscent of
untreated depression. We have assessed the efficacy of chronic antidepressant
treatment to normalize these parameters in male Long Evans rats exposed to maternal
deprivation for either 180 min (MS 180) or 15 min (MS 15) on postnatal days (PND)
2-14 and then reared normally. Mirtazapine (MIR, 3.0 mg/kg/day, sc), an atypical
antidepressant and potent noradrenergic α -2 receptor antagonist, or vehicle (VEH) was
administered by osmotic minipump during PND 59-90. Four groups, MS 15-VEH,
MS15-MIR, MS 180-VEH, and M S180-M IR (n=7-8/group) were examined for
anxiogenic behavior, pituitary-adrenal responses to a 20-min restraint stressor, and
regional expression of CRF, glucocorticoid receptor (GR), and mineralcorticoid
receptor (MR) mRNA. In an elevated plus maze test, MS 180 rats exhibited greater
anxiogenic behavior compared to the MS 15 group (p<0.05). M IR decreased loco
motion of both MS 15 and MS 180 rats in the plus-maze. In both basal and stressinduced conditions, ACTH concentrations were selectively increased in the MS 180VEH rats (p<0.05, M S180-VEH »M S180-M IR>M S15-M IR >M S15-V EH). MIR
also hastened the return of corticosterone to baseline following restraint in the
MS 180 but not MS 15 animals. No significant changes due to rearing or MIR
treatment were observed in CRF mRNA expression in the PVN or amygdala as
measured by in situ hybridization. Although rearing was without significant effect,
hippocampal GR mRNA expression was reduced in both the M S180-MIR and
M S15-MIR groups. Hippocampal MR mRNA expression was reduced in MS 180 vs
MS 15 rats (p=0.05) and normalized in the M S180-M IR animals (p<0.001). Overall,
even at the low dose tested, M IR appears to selectively normalize pituitary-adrenal
responsiveness and M R mRNA expression in the MS 180 animals while influencing
both groups equally with respect to aspects of anxiogenic behavior as well as C R F
and GR m RNA expression. (Supported by grant M H 50113)

EFFECTS OF LOCAL APPLICATION OF SEROTONIN (5-HT)
INTO THE DORSAL OR MEDIAN RAPHE NUCLEI ON
HALOPERIDOL-INDUCED CATALEPSY IN THE RAT. M.-L.
Wadenbera. £. Hicks*. KL Young and X Richter. Department of
Psychiatry, Scott and White Clinic, Temple, Texas 76508.
Recently, it has been shown that catalepsy (CAT) in rats
induced by dopamine (DA) receptor blocking agents can be
reversed by stimulation of 5-HT-1A autoreceptors in the
median raphe nuclei using local application of the 5-HT-1A
receptor agonist 8-OH-DPAT (0.5 or 2.5 pg, -10 min).
The present study examined the effects of local application
of 5-HT into the dorsal (DR) or median raphe (MR) nuclei on
haloperidol-induced CAT. Animals were observed for CAT at
different time intervals on an inclined (60°) grid. The degree of
CAT was scored according to a square root transformation of
raw data. It was found that local application of 5-HT (40 pg, 10 min) into the DR or MR produced a reversal of haloperidolinduced CAT.
The results show that 5-HT in this paradigm is significantly
less potent than 8-OH-DPAT in reversing CAT induced by DA
receptor blockade. Furthermore, the observed effects of 5-HT
are mediated by both DR and MR serotonin pathways.

391.3
ROLE OF THE 5-HT1ARECEPTOR IN ANTIDEPRESSANTINDUCED BEHAVIORAL CHANGES IN THE OLFACTORY
BULBECTOMIZED RAT
A. Mar* & J. Rochford, Douglas Hospital Research Center, Department
of Psychiatry, McGill University, Montreal, P.Q., H4H1R3.
It has been shown that long-term antidepressant treatment changes the
pharmacological profile (i.e., affinity, number) of monoaminergic
receptors. The behavioral relevance of these receptor changes has not
been studied extensively. Moreover, the evidence that is available has
been gathered on “pathology-free” animals. Consequently we have
employed the olfactory bulbectomized (OBX) rat as a model that
displays a variety of behavioral deficits which are reversed by chronic
antidepressant administration. The present study examined putative
changes in 5-HT1A function in OBX animals following chronic
fluoxetine treatment by measuring the impact of the 5-HT1A agonist, 8OH-DPAT, on open field behavior. One week following sham surgery
or bilateral aspiration of the olfactory bulbs, rats were injected daily with
either saline or fluoxetine (10 mg/kg, i.p.) for 21 days. Two days
following the last injection animals were administered saline or 8-OHDPAT (0.1-0.5 mg/kg, i.p.) 30 min prior to open field testing. OBX rats
made fewer entires and spent less time in the central portion of the arena
than sham-operated animals. Chronic fluoxetine increased the entries
and time spent in the center in OBX animals, but decreased these
measures in shams. Administration of 0.1 mg/kg 8-OH-DPAT increased
both entries and time spent in the central area in all animals except OBX
animals treated with chronic fluoxetine. These results suggest that
chronic antidepressant treatment may differentially regulate 5-HT1A
receptor function in normal vs OBX animals, and may contribute to the
restoration of observed behavioral deficits (Funded by the MRCC).
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5-HT1A RECEPTOR ANTAGONISTS STIMULATE LOCOMOTION AND
INDUCE DOPAMINE (DA)-ASSOCIATED BEHAVIOURS. D. M. Jack
son*. C Wallsten. AM Deveney and L-M Lindgren. Dept o f Pharmacology,
Astra Arcus AB, Preclinical R & D, S-151 85, S6dertSlje, Sweden.
Selective 5-HT1A antagonists exert few measurable functional
(biochemical, behavioural, electrophysiological) effects on their own at doses
that block 5-HT,A receptors (see Waszczak et al. Soc. N eurosci Abstr.,
Vol.22, part.2, p. 1322,1996.). This probably reflects the lack of tonic inhibi
tory tone in the 5-HT1A system during normal conditions. However, using
rats habituated to a number of automatic activity meters, we noted that
WAY-100 635 and the new selective 5-HT1A antagonist NDL-249 stimulated
locomotor activity (both antagonists given sc). A detailed study indicated
that both antagonists produced a significant increase in horizontal (WAY100 635, 1.8 μmol/kg; NDL-249, 3 and 30 ¡imol/kg) and peripheral (WAY100 635, 1.8 and 5.4 ^mol/kg; NDL-249, 3 and 30 μmo1/kg) activities and
rearing (WAY-100 635, 1.8 μ mol/kg; NDL-249, 3 ^imol/kg). In comparison,
the 5-HT1A agonist, 8-OH-DPAT, also increased horizontal and peripheral
activities (0.73 and 2.92 μmo1/kg) but decreased rearing to zero. PCPAinduced depletion of 5-HT blocked the stimulant effect o f NDL-249 but not
that of 8-OH-DPAT. Observational analysis indicated that NDL-249 in
creased sniffing, intense grooming, vacuous chewing and rearing, and de
creased stillness and that, in another study, the increase in sniffing and
rearing induced by NDL-249 (10 ¿imol/kg) as well as the decrease in stillness
were blocked by prior pretreatment with raclopride (0.5 mg/kg) or SCH23390 (0.05 mg/kg), which had minimal effect by themselves on the scored
behaviours. These data suggest that 5-HT1A antagonists under certain con
ditions increase motor functions by a DA-dependent system.
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S IB L IN G R E U N IO N IN M A L E M IC E IN D U C E S O P IO ID -D E P E N D E N T
A N A L G E S IA .
F .R . D ’A M A T O 0 a n d A . Z O C C H I * . ° In s t.
P s y c h o b io lo g y
and
P s y c h o p h a rm a c o lo g y ,
CNR,
D e p t.
P s y c h o lo g y , "L a S a p ie n z a " U n iv e rs ity , R o m a , Ita ly .
S ib lin g r e c o g n itio n in m a le m ic e h a s a lr e a d y b e e n
d e m o n s tra te d .
B ro th e rs
sh o w
lo w e r
le v e ls
o f o l f a c to r y
i n v e s tig a tio n
a n d m o re a ff i li a ti v e c o n ta c t b e h a v io r s in
a 2h o u r s o c ia l s e s s i o n . O u t b r e d
m a le
m ic e e n c o u n te r in g
a
b ro th e r
in
a d u lt h o o d
sh o w
a ls o
an in c r e a s e
in
p a in
t h r e s h o ld ( ta i l- f l i c k t e s t ) t h a t r e a c h e s th e m a x im u m le v e l
12 0 m in a f t e r p a i r f o r m a ti o n . P a in s e n s i t i v i t y s h o w n o
c h a n g e in p a ir s o f u n r e la te d a n d u n f a m i li a r m a le s . B r o th e r s
s e p a r a te d w i th in 2 4 - 3 6 h o u r s f ro m
b irth
and rea re d by
d i f f e r e n t m o th e r s
s h o w a n a lg e s ia d u r in g s ib lin g re u n io n in
a d u lt h o o d . T h is
s u g g e sts
g e n e ti c
r e c o g n i ti o n
r a th e r th a n
p r e v io u s f a m ilia r ity to r e p r e s e n t th e k e y m e c h a n is m . T h e
r o le o f t h e e n d o g e n o u s o p i o id s y s te m
o n a n a lg e s ia th a t
f o llo w s k in re u n io n w a s in v e s tig a te d . N a lo x o n e ( 5 .0 m g /k g ,
i.p .) tre a tm e n t is a b le to b lo c k a n a lg e s ia in s ib lin g p a ir s a n d
h a s n o e ff e c t o n p a in s e n s itiv ity in c o n tr o l p a irs . M a le s s h o w
a s ig n if ic a n t
a n a lg e s ic r e s p o n s e a t l o w e r m o rp h in e d o s a g e
(2 .5 , 5 .0 m g /k g , i.p .) w h e n in th e p r e s e n c e o f t h e i r s ib lin g s ,
th a n
d u rin g
in te r a c tio n
w ith
u n r e la te d
a n im a ls .
T hese
re s u lts
s u g g e s t t h a t e n v ir o n m e n t ,
a ff e c tin g
th e
a n im a l's
p h y s io l o g ic a l b a c k g r o u n d , is
a b le
to m o d u la t e
i ts d r u g
s e n s itiv ity .
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391.6
D RUG D ISC R IM IN A T IO N W IT H T H E M O R R IS SW IM
TA SK. D, A. Ziegler, J. R. Keith. W. J. M ansfield, S. E. Redmond
and M. Galizio*. Department o f Psychology, University o f North
Carolina at W ilmington, Wilmington, NC, 28403.
The present study evaluated the possibility o f training morphine
discrimination in rats using the Morris Swim Task because rapid
spatial learning has been demonstrated with this procedure. The
apparatus was a circular tank (1.5 m in diameter) filled with water
made opaque with white powder. Rats received daily training
sessions (12 trials) during which they were placed in the tank at
random locations and could escape by swimming to a submerged
platform. During training sessions, morphine (5.6 mg/kg) or saline
was injected 15 min prior to the first trial. The position o f the
platform depended on the drug condition, thus forming the basis for
discriminative responding. A correct response was defined by rats
swimming to the platform without approaching within 10 cm o f the
condition-inappropriate platform area. The discrimination was
readily acquired, and was followed by weekly 1-min probe sessions.
Probe sessions were preceded by administration o f morphine (0 ,1 ,3 ,
5.6, 10 or 20 mg/kg), and were conducted with no platform present.
Time spent in the morphine appropriate area was determined and
generated a morphine dose-response function. The results showed
the utility o f the swim task in the study o f drug discrimination.

391.7

391.8

FU N C T IO N A L L Y D IFFE R E N T IA T IN G TW O nN O S ISO FO R M S T H R O U G H
A N T IS E N S E M A PP IN G : E V ID E N C E F O R O P P O S IN G N O A C T IO N S O N
M O R P H IN E A N A L G E S IA A N D T O L E R A N C E
K o le s n ikov Y A .*.P a n .Y X ^ B ab ey A M , Jam S, W ilson R a n d , P a stern a k G$ L
D epartm ent o f A nesthesiology and the C otzias L a b o rato ry o f N e u ro -O n co lo g y ,
M em orial Sloan K e tte rin g C an cer C enter, N Y N Y 10021
Several isoform s o f th e m ajo r form o f nN O S (n N O S -1 ) h av e b een d escrib ed ,
inclu d in g one in w hich exons 9 and 10 h av e been d eleted th ro u g h a ltern ativ e
sp licin g (nN O S-2). U sin g an an tisen se m ap p in g ap p ro ach w e can selectiv ely
d ow nregulate the m R N A levels o f eith e r o f th ese tw o nN O S isoform s.
D o w nregulation o f nN O S -2 leads to a sig n ifican t su p p ressio n o f m o rp h in e
analgesia both spinally and supraspinally. C o n v ersely , lo w erin g nN O S-1 levels
has little effect upon m orphine analgesia in n aive m ice, bu t th e treatm en t b lo ck s
the d e velopm ent o f m o rp h in e to lerance. A n a n tisen se p ro b e targ e tin g iN O S is
inactive in th ese m odel. T h ese stu d ies su g g est a c o m p le x in te rac tio n o f nN O S
w ith opioid analgesia. T his is su p p o rted by stu d ies lo o k in g a t b o th spinal and
su p ra sp in al a d m inistratio n o f th e N O S in h ib ito r N O A rg . G iv en sup rasp in ally ,
N O A rg blocks the developm ent o f m orphine to leran ce and p o ten tiates m orphine
a n a lg e sia in naive m ice. In trath ecally , N O A rg d ram a tic a lly red u c e s m o rp h in e
a n a lg e sia acutely, im p ly in g a p red o m in an t ro le fo r th e n N O S -2 isoform on
m orphine actions at the sp in al level. T he lack o f effe c t o f N O A rg sy stem ically
appears to reflect the su m m atio n o f th ese o p p o sin g nN O S system .
Supported by D A 07242.

AN TA GON ISM OF TH E A N TIN O CICEPTIV E AND DISC RIM IN A TIV E
STIMULUS EFFECTS OF MU OPIOIDS BY THE DOPAMINE D3 AGONIST (±)7-HYDROXY-DIPROPYLAMINOTETRALIN ([±]-7-OH-DPAT). Charles D. Cook.
Andrea A. Chiba* and Mitchell J. Picker. Department of Psychology, University of
North Carolina, Chapel Hill, NC 27599-3270
The purpose of the present experiment was to examine the ability of the dopamine
D3 receptor agonist (±)-7-O H -D PA T to antagonize the antinociceptive and
discriminative stimulus effects of mu opioids. Using the hot water tail-withdrawal
procedure in rats, (±)-7-O H -D PA T dose-dependently antagonized m orphine’s
antinociceptive effects. For example, the 1.0, 3.0 and 10.0 mg/kg dose of (±)-7-OHDPAT shifted the morphine dose-effect curve to the right in a parallel manner at both
52° and 55° C water. In an examination of morphine's time course, maximal effects
were obtained at 60 min post-injection, whereas control levels were obtained by 240
min post-injection. A dose of 10.0 mg/kg (+)-7-OH-D PAT blocked completely
morphine’s antinociceptive effects up to 60 min post-injection. In pigeons trained to
discriminate 5.6 mg/kg of the mu opioid butorphanol from saline, (±)-7-OH -D PAT
dose-dependently antagonized the discriminative stimulus effects of butorphanol along
with the butorphanol-like stimulus effects of nalbuphine and m orphine. At the
highest dose combinations tested, these opioids produced predom inately salineappropriate responding. Due to the rate-decreasing effects of the combinations of (+)7-OH-DPAT with high doses of butorphanol, nalbuphine and m orphine, the
magnitude o f these shifts could not be quantified. That the antinociceptive and
stimulus effects of mu opioids can be antagonized by the D3 agonist (±)-7-OH-DPAT
indicates that dopamine is an essential component to the expression of the analgesic
and discriminative stimulus effects o f mu opioids. (Supported by NIDA grants
DA 10277 and DA07244)

3 91.9
REPEATED TESTING WITH NALOXONE CHANGES ETHANOLINDUCED CONDITIONED PLACE PREFERENCE TO PLACE
AVERSION. C,.L, .Cunningham*, C M, H enderson. Behavioral
Neuroscience, Oregon Health Sciences University, Portland, OR 97201.
Previous studies have suggested that administration o f naloxone (1.5-10
mg/kg) prior to testing facilitates extinction of conditioned place
preference induced by ethanol (2 g/kg) in mice (Cunningham et alM
1995). The present studies examined the effect o f repeated testing with
naloxone in the absence o f additional ethanol conditioning trials. The first
experiment showed that mice pretreated with naloxone (10 mg/kg) at the
time of testing initially expressed an ethanol-induced conditioned place
preference, but that the magnitude of preference diminished over time
during the first 60-min test session. During subsequent test sessions,
naloxone pretreated mice actually displayed a significant aversion to the
ethanol-faired floor, while saline-pretreated control mice continued to
show a significant preference. The second experiment examined the effect
o f naloxone (1.5 or 10 mg/kg) pretreatment during repeated testing of an
ethanol-induced conditioned place aversion in mice. Place aversion was
conditioned by administering ethanol after exposure to CS+ rather than
before. This experiment showed that place aversion was maintained
longer in naloxone-treated mice than in saline controls. There appear to be
two possible interpretations of these findings: (1) Repeated testing with
naloxone may establish (Exp. 1) or maintain (Exp. 2) conditioned
aversion to the CS previously paired with ethanol through Pavlovian
conditioning, or (2) Naloxone may selectively interfere with conditioned
rewarding effects of ethanol-paired CSs (presumably mediated by
endogenous opioids), unmasking aversive effects that were originally
conditioned to the CS by ethanol. [Supported by AA07702, AA07468]
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391.10
C H AN G ES IN PO TEN C Y O F M U AN D K A PPA O PIO ID S
FOLLOWING CHRONIC ADMINISTRATION OF BUTORPHANOL.
M ark A. Smith. Ellen A. Walker* and Mitchell J. Picker. Department of
Psychology, University of North Carolina, Chapel Hill, North Carolina
27599-3270.
The purpose of the present investigation was to examine the ratesuppressing effects of opioid compounds in rats chronically treated with
the mu/kappa opioid butorphanol. To this end, rats were trained on a
fixed-ratio schedule of food reinforcement and subsequently tested with
a variety of mu- and kappa-selective opioids. Prior to chronic treatment,
butorphanol, morphine, fentanyl, sufentanil and U50,488 decreased rate
o f responding in a dose-dependent m anner. W hen 30 m g/kg
butorphanol was administered daily for a period of six weeks, the doseeffect curve for each opioid tested was shifted rightward in a generally
parallel manner. The curves for morphine, fentanyl, sufentanil and
U 50,488 rem ained shifted even w hen 47 hours separated the
administration o f the last maintenance dose of butorphanol and the
following test session, suggesting that the effects observed during
chronic treatment were not due to antagonist activity possessed by
butorphanol. During butorphanol treatment, a single injection of 30
mg/kg naloxone induced both weight loss and diarrhea, indicating that
physical dependence had developed. These findings suggest that
tolerance is conferred to the rate-suppressing effects o f both mu and
kappa opioids in butorphanol-dependent rats. (Supported by NIDA
grants DA10277 and DA05713)
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NICOTINE AND CAFFEINE SELF-ADMINISTRATION IN FISCHER RATS
G. J. Gatto* and S. I. Dworkin. Department of Physiology and Pharmacology,
Bowman Gray Sch. of Med., Winston-Salem, NC 27157.
Previous evaluations from this laboratory on the reinforcing effects of
nicotine have resulted in equivocal findings with regard to the conditions
under which nicotine can engender and maintain self-administration in
Fischer rats. The present study examined whether nicotine and/or caffeine
self-administration is dependent upon the speed of delivery of the drug
solution. Adult male Fischer rats (n=6) were food deprived for 24-48 h, and
trained to press a lever on a FR-1 schedule of food reinforcement. Once
trained, each animal was prepared with chronic intravenous catheter
implanted in the jugular vein. Self-administration sessions were initiated on a
FR-1 schedule with a 30 sec signaled time-out utilizing a high speed syringe
pump (50 pi at 100 pl/sec) with each session lasting 60 min. The first study
characterized the reinforcing features of nicotine (10-60 pg/kg/inf; base;
pH=7). Under these conditions, nicotine (30 pg/kg/inf) availability resulted in
the mean number of 16.3±1.9 infusions in 2 of the 6 Fischer rats. The
second study examined caffeine (250-300 μg/kg/inf) self-administration in
the four rats which failed to acquire nicotine self-administration. Three weeks
elapsed between the last nicotine session and the first caffeine session.
Under similar conditions, caffeine engendered and maintained responding
(14±2 infusions) at the highest dose tested in 3 of the 4 rats. Following the
increase in the ratio requirement from FR-1 to FR-3, caffeine availability
resulted in the mean number of infusions of 25.3±2.8. The present study
suggest that, under somewhat restrictive conditions, stimulants commonly
used by humans can engender and maintain intravenous self-administration
in rodents.(Supported by a gift from R.J. Reynolds Tobacco Co.)

391.13
PRENATALLY MALNOURISHED RATS SHOW INCREASED SENSITIZATION TO
COCAINE INDUCED STEREOTYPY. P.L. Shultz*. J. Tonkiss and J.R. Galler. Center
for Behav. Dev., Boston Univ. School o f Med., Boston, MA 02118.
Repeated administration o f the psychomotor stimulant cocaine produces a progressive
increase in the amount and intensity o f stereotypical behaviors elicited by the drug. This
phenomenon has been termed sensitization. Our laboratory has reported alterations in
the rate at which sensitization to the behavioral effects o f cocaine occur in adult female
rats following dietary manipulations o f fat and protein content. Since dietary
manipulation which occur early in life have been shown to have even longer lasting
consequences, the present study investigated whether prenatal protein malnutrition
would also result in an altered response to cocaine in adulthood. Therefore, the adult (70
days old) male and female offspring o f female Sprague-Dawley rats that were fed either
a low (6% casein) or adequate (25% casein) protein diet five weeks prior to mating and
throughout their pregnancy were studied. Once every three days (for six injections
total), half the rats from each nutritional treatment group (repeated exposure) were
injected with cocaine (30mg/kg, IP) and the total amount of stereotypy (rearing, forepaw
treading, compulsive sniffing & head bobbing) was monitored for 90 minutes. The
remaining rats received five saline injections followed by a cocaine injection on the last
injection day (acute exposure). All subjects in the repeated exposure groups exhibited
a significant increase in the total amount o f stereotypy from the first injection to the sixth
( p<.0001), indicating that sensitization had occurred. Overall, females exhibited
significantly more stereotypy than the males (p<.0001). All prenatally malnourished
subjects exhibited significantly more stereotyped behavior following repeated injections
than their well-nourished counterparts (p<.001). However, there was a gender specific
effect o f prenatal malnutrition in the acute exposure groups. Prenatally malnourished
males, but not females, exhibited significantly more stereotypy than well-nourished
controls (p< 01). Supported by NIH g ran t HD22539.

391.15
FU N C T IO N A L
IM P L IC A T IO N S
OF M E T A B O T R O PIC
GLUTAMATE RECEPTORS ACTIVATION IN THE VENTRAL
STRIATUM.
S. Attarian and M. Amalric*. Lab. de Neurobiologie Cellulaire et
Fonctionnelle, CNRS, 31 ch. J. Aiguier, Marseille 13402 cdx 20, France.
Although the striatum has one of the highest density of metabotropic
glutamate receptors (mGluRs) binding sites in the brain, little is known
about their physiological role. In this study we characterized the
contribution of mGluRs localized in the ventral part of the striatum, the
nucleus accumbens, to the control of extrapyramidal motor function.
Activation of mGluRs by l-aminocyclopentane-lS,3R-dicarboxylic acid
(lS,3/?-ACPD, 25, 50 and 100 nmol/0.5p.l), a selective agonist locally
infused into the nucleus accumbens, induced a dose-dependent increase
of locomotor activity in rats. The co-administration of MCPG
(a-methyl-4-carboxyphenylglycine), a mGluRl and mGluR2 subtypes
antagonist at doses x'ith no effect on spontaneous locomotion decreased
the locomotor response to lS,3/?-ACPD. This effect appears to be
dopamine-mediated, since blockade of dopamine receptors with
haloperidol (0.05 and 0.1 mg/kg i.p.) dose-dependently reduced
lS,3/?-A C PD -induced lo c o m o to r a ctiv atio n . F u rth erm o re,
D-amphetamine (0.5 mg/kg, i.p.) combined with intra-accumbens
infusion of 15,3/?-ACPD (100 nmol) potentiated the locomotor
hyperactivity response to a higher level than that seen with a single
treatm ent of each drug. In contrast, D-am phetam ine-induced
hypermotility was abolished by MCPG (100 nmol) infusion in the
nucleus accumbens. These results demonstrate that glutamate may control
extrapyram idal motor function through metabotropic receptors.
Furthermore, activation of metabotropic glutamate receptors appears to
act in synergy with the dopamine system at the level of the nucleus
accumbens to produce a motor stimulant response.
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391.12
THE ROLE OF DA IN THE STIMULUS EFFECTS OF COCAINE AND
NOMIFENSINE. B. Simon* and J. B. Appel. Behavioral Pharmacology Lab., Dept.
o f Psychology, Univ. o f South Carolina, Columbia, SC, 29208, USA
Thirty-two rats were trained to discriminate either the relatively non-selective DA
reuptake inhibitor cocaine or the more selective DA reuptake inhibitor nomifensine
from saline. They were then tested with: 1) different doses o f both training drugs,
2) various Dj and D2 agonists (both alone and in combination) and, 3) putatively
selective D! and D2 antagonists (again, both alone and in combination).
The stimulus effects o f cocaine and nomifensine were dose-related and similar to
each other. The D t agonist SKF 77434 substituted more completely for both cocaine
and nomifensine than the D2 agonist (-)-NPA. While the D, antagonist SCH 39166
significantly blocked the effects o f cocaine, it had minimal effects on nomifensine.
The D2 antagonist YM 0-9151-2 significantly and completely blocked the cocaine
cue, but had only minor effects on the nomifensine cue. Combination tests indicated
that coadministration o f the agonists SKF 77434 and (-)-NPA only slightly enhanced
the effects o f SKF 77434 alone. Combining SCH 39166 and YM 0-9151-2 produced
effects only slightly greater than YM 0-9151-2 alone.
The results suggest that the stimulus effects o f cocaine and nomifensine are
mimicked best by DA reuptake inhibitors and generalize more to D, than to D2
agonists. While D2 antagonists are more effective than D t antagonists in blocking the
cocaine cue, neither D2 nor D, antagonists have much effect on nomifensine.
Combining selective DA agents does little to enhance their abilities to either mimic or
block the effects o f cocaine or nomifensine. Therefore, it appears that activation of
D, and D2 receptor subtypes are not the only mechanisms through which DA reuptake
inhibitors produce their stimulus effects.
Supported by USPHS Research Grant 5 R37 DA02543, from the National Institute
1 on Drug Abuse.

391.14
EFFECTS OF COCAINE ON LOCOMOTOR BEHAVIOR:
DEPENDENCE UPON SELF-ADMINISTRATION VS.
NONCONTINGENT DELIVERY. G. Sizemore and S. Dworkin .
Dept. Phys & Pharm, Bowman Gray Sch. of M ed., Winston-Salem, NC
27157.
This study evaluated the effects o f cocaine on locomotor behavior in
subjects with a history of intravenous infusions of either cocaine or saline.
A procedure in which each o f 3 male littermates (Fischer 344 rats) was
implanted with an indwelling jugular catheter was used. One rat (SA) of
each triad self-administered cocaine (0.33 mg/inf). O f the other 2 rats of
each triad, one received an identical cocaine infusion (yoked cocaine; YC)
and one received saline (yoked saline; YS) at the same time the SA rat
produced an infusion. After commencement of the daily sessions,
locomotor sessions were conducted once per week for each triad group.
Rats were placed in the chambers for 1 hr, at the end of which they were
injected with cocaine (10.0, 17.0 or 30.0 mg/kg ip) or saline and behavior
was measured for the succeeding 1.5 hrs. Cocaine produced dose
dependent increases in locomotor behavior for all three groups (SA, YC,
and YS). There was a significant effect of group, and pairwise comparisons
revealed that the SA group was significantly different from the YS group at
both 17.0 and 30.0 mg/kg. The time course at the 2 larger doses was also
analyzed. At the 17.0 mg/kg dosage, mean ambulatory counts reached
about 400/6 min for the SA and YC groups within the first 30 min
whereas, for the YS group, mean ambulatory counts were never above
200/6 min. These data indicate that the effects of cocaine on locomotor
behavior depend on whether rats have a history of iv cocaine infusion and
whether or not these infusions are response-dependent vs. responseindependent. Supported by DA-06634 and DA-07246.

391.16
PSYCHOMOTOR BEHAVIOR, BASAL GANGLIA AND MGLUR SUBTYPES. AN
IN VIVO STUDY. U.O. Kronthaler* and W.J. Schmidt. Dept o f Neuropharmacology,
University Tübingen, 72074 Tübingen, Germany
The basal ganglia are a group of forebrain nuclei, crucially involved in the control of
psychomotor behavior. Their input structures receive glutamatergic and dopaminergic
afferents converging on the same neurons. Acute and chronic dysfunction of the
glutamatergic system plays a key role in hum an diseases as epilepsy, stroke and
schizophrenia and Parkinson’s disease respectively. During the past decade only the
role of ionotropic glutamate receptors (iGluRs) was intensively investigated, although
metabotropic receptors (mGluRs) are a promising target for intervention. The purpose
of this study was to examine the psychomotor effects of i.c.v. and local infusions of
mGluR ligands in rats. In addition interaction o f mGluRs, iGluRs and dopamine
receptors was addressed. Psychomotor behavior was quantified in an open-field with
hole-board (exploration and locomotion), an experimental chamber (sniffing
stereotypy) and a catalepsy test (akinesia). The following ligands were used in this
study: L-CCG I an agonist on group II mGluRs, 4C-3HPG a combined group II
agonist and group I antagonist and MK-801 a NMD A receptor antagonist. In
summary the detailed results presented show: 1. 4C-3HPG lacks motor effects
following i.c.v. infusion. 2. L-CCG I activating presynaptic group II has motor
depressant effects following i.c.v. and local, striatal infusion. 3. L-CCG I even
counteracts motor stimulation induced by systemic injection o f MK-801. Obviously
postsynaptic blockade o f NMDA receptors and presynaptic reduction of glutamate
release cause opposite behavioral effects but one may only speculate about the
mediating anatomical structures.
Nevertheless these results indicate, that a
neuroprotective approach addressing the presynaptic term inals is probably not limited
by psychotomimetic side effects associated with NMDA receptor antagonists.
Moreover, combining this presynaptic approach with the highly efficient postsynaptic
approach may counteract the psychotomimetic side effects linked with the
postsynaptic approach.
Supported by the DFG SFB 307/A4
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E F FE C T S O F (+)-MK801 ON L O C O M O T O R A C TIV IT Y AND
PR EPU LSE IN H IB IT IO N IN R A TS: C O M PA R ISO N O F
PO T E N T IA L A N T IPSY C H O T IC S B ET W E EN ASSAYS. N.F.
Nichols*1. T.B. Virden2. K.A. Svensson1 1CNS Diseases Research,
Pharmacia & Upjohn, Inc., Kalamazoo, MI 49001, 2Visiting scientist
from Western Michigan University
The non-competitive NMDA antagonist, (+)-MK801, has been
reported to stimulate locomotor activity, disrupt long-term potentiation
and working memory in animals, and disrupt sensorimotor gating. Non
competitive NMDA antagonists have also been reported to induce
psychosis in non-schizophrenic people, as well as to exacerbate
psychotic symptoms in schizophrenics. Several potential antipsychotics
will be reported in a comparison of their antagonism of (+)-MK801 in
rats in either of two assays: one for locomotor activity and another
assay for startle/prepulse inhibition (PPI).
W hile remoxipride,
amisulpiride, haloperidol and olanzapine all antagonize the locomotor
stimulation of (+)-MK801, only olanzapine antagonized the disruption
of PPI caused by (+)-MK801.

THE EFFECT OF REPEATED ADMINISTRATION OF 20kHz ULTRASOUND
ON SEIZURE PRODUCTION IN RATS. M. Graham and C.A. Marsden iSPON:
Brain Research Association). Dept. o f Physiology and Pharmacology, University of
Nottingham, Medical School, Nottingham NG7 2UH, UK.
Artificially generated 20kHz ultrasound results in the production of a defence-like
response characterised by intense running and jum ping behaviour (Beckett et al,
1996, Psychopharmacol. 127, 384-390). Previous studies indicate that this response
does not habituate when ultrasound is given repeatedly (Graham et al, 1996, J.
Psychopharmacol. 10, suppl. 3, P188), although some rats developed tonic clonic
seizures (unpublished observations). The present study investigates whether
repeated exposure to ultrasound results in an increased incidence of seizures.
Male hooded Lister rats (200-250g, n=8) were exposed to 20kHz ultrasound twice
weekly over a period of 6 weeks. On test days, the rats were placed in an open field
arena containing a wall-mounted speaker. After a 2 minute basal period, they
received a 1 minute ultrasound pulse (91, 98 or lOldB SPL) followed by 2 minutes
without sound. This was repeated for each sound intensity with an inter-procedure
interval of 1 minute.
O f the 8 animals tested, 5 exhibited tonic-clonic seizures, with a total of 16
seizures during the 6 week period. 3 animals experienced 4 seizure episodes, 1
animal had 3 seizures and the remaining animal seized on only 1 occasion. The
majority of seizures were manifest following the 5th exposure to ultrasound at the
lOldB SPL intensity.
These results demonstrate that repeated exposure to 20kHz ultrasound does appear
to result in increased seizure behaviour in susceptible animals, and this approach
may provide a novel method for identifying pro-convulsant compounds.
This work is funded by Nottingham University and SmithKline Beecham.

391.19
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THE EFFECTS OF ANTI-SEIZURE TREATMENTS ON THE BEHAVIORAL
EFFECTS OF ULTRASOUND PRESENTATION IN LISTER HOODED RATS.
R.L. Commissaris*. S.R.G. Beckett, and C.A. M arsden. Physiol. & Pharmacol.,
Queens Med. Coll., Univ. Nottingham, Nottingham, England.

A N X IO S E L E C T IV E P R O F IL E O F LY 297996, A N O V E L 5 -H T 1A
R E C E P T O R A N T A G O N IS T , IN TH E M O U S E E L E V A T E D P LU S -M A ZE .

In stressful situations, rats emit ultrasounds in the 18-22 kHz range, prompting
some to refer to these as 'distress calls'. Lister hooded rats exhibit bursts of
locomotion when exposed to a 20 kHz acoustic stimulus; this ultrasound-induced
locomotion has been suggested as a potential model for panic attacks (Beckett et al.,
Psychopharmacol. 127:384-386, 1996). Although ultrasound presentation rarely
induces seizures, the locomotor bursts exhibited resemble pre-seizure running. The
present studies determined the effects of the antiseizure agents pentobarbital (PB; 0.610 mg/kg) and ethosuximide (ETHO; 50-200 mg/kg) on behavior in Lister hooded rats
elicited by experimenter-presented ultrasounds. The latter agent was selected because
of its lack of efficacy in the treatment of anxiety and/or panic disorder. Behavior in a
circular arena (75 cm diameter) was viewed live and traced electronically. In Exp 1,
brief (15 or 60 sec) exposure to an ultrasound stimulus (20 kHz, at 91 or 98 dB SPL)
typically resulted in short (5-10 sec) intensity-related bursts of locomotion in control
rats. PB or ETHO treatment reduced this ultrasound-induced locomotion in a doserelated manner. In Exp 2, exposure to the ultrasound stimulus (20 kHz at 98 dB) for a
longer period, 9 minutes, resulted in irregular cycles of bursts of locomotion followed
by periods of relative inactivity in control rats. Both agents reduced the magnitude and
frequency of occurrence of these locomotor bursts. In both Exps PB and, to a lesser
extent, ETHO, produced sedative effects, as measured by a reduction in locomotion in
the absence of the ultrasound stimulus. Thus, there may be a relationship between
ultrasound-induced locomotor bursts and seizure-like activity. (Support: Wellcome
Fund grant to RLC; British MRC grants to SRGB and CAM).

R.J. Rodaers* and B.-J. Cao. Ethopharmacol. Lab., Dept. Psychol., Univ.
Leeds, Leeds LS2 9JT, U.K.
Recent work (e.g. Cao & Rodgers 1997 Psychopharmacology 129: 365371) has shown that, in contrast to full and partial agonists, a range of 5HT1A receptor antagonists produce potent and anxioselective effects in
the murine elevated plus-maze test. In the present study, we have
compared the plus-maze profiles of three novel compounds (donated by
Lilly Research Labs. USA) differing in intrinsic efficacy at 5-HT1A
receptors: LY293284 (full agonist; 0.01-0.3 mg/kg), LY315712 (partial
agonist; 0.03-3.0 mg/kg) and LY297996 (antagonist; 0.03-10.0 mg/kg).
Subjects were adult male Swiss-Webster mice, test duration was 5 min,
and compounds were administered i.p. 30 min prior to testing. Test
sessions were videotaped and subsequently scored using ethological
methods (conventional spatiotemporal measures plus a range of specific
behavioural acts and postures). Results showed that LY293284 dosedependently inhibited all active behaviours (non-specific profile) while the
only effect observed with LY315712 was a reduction in risk assessment at
higher doses (1.0-3.0 mg/kg). In contrast, LY297996 increased all open
arm activity measures (open entries, % open entries and % open time)
and also reduced risk assessment. These anxiolytic-like effects of the
antagonist were seen at doses (3.0-10.0 mg/kg) that did not affect closed
arm entries (the primary measure of locomotor activity), head-dipping,
rearing, sniffing or grooming. Present data are strikingly similar to those
recently obtained with other 5-HT1A receptor antagonists under identical
test conditions, and confirm the anxiolytic potential of agents of this
series.
(supported by the Wellcome Trust)
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G A B A a RECEPTO R SU BU N IT EX PRESSIO N IN H Y PO PH Y SIO TR O PIC
C R H N E U R O N S. W illiam E. C u llm a n * . D e p a r tm e n t o f B asic H e a lth
Sciences, C o llege o f H e a lth S ciences, M a rq u e tte U n iv e rs ity , M ilw a u k e e ,
W I 53201-1881.
T he C R H n e u ro n s of th e h y p o th a la m ic p a ra v e n tric u la r n u c le u s (PVN )
a re k n o w n to s e rv e a s th e o r ig in o f th e fin a l c o m m o n p a th w a y o f
g lu c o c o rtic o id s e c re tio n f o llo w in g s tr e s s f u l e p is o d e s . E v id e n c e fro m
p re v io u s m o rp h o lo g ic a l, p h a rm a c o lo g ic al a n d e le c tro p h y sio lo g ic al s tu d ie s
h a s s u g g e ste d a p ro m in e n t ro le for G A BA ergic affe ren ts in th e re g u la tio n of
C R H n e u ro n s , a n o tio n s u p p o rte d b y re c e n t d a ta in d ic a tin g th a t G A B A a
re c e p to r ag o n ists d e liv e re d lo cally to th e P V N a re c a p ab le o f b lu n tin g th e
c o rtico ste ro n e re sp o n se to im m o b iliz a tio n stre ss. T h e p re s e n t e x p e rim e n ts
w e re u n d e rta k e n in a n effo rt to d isclo se th e s u b u n it c o m p o sitio n o f G A B A a
r e c e p to rs e x p re s s e d in C R H n e u ro n s . A d u a l in situ h y b r id i z a t i o n
histo c h e m ic al p ro to c o l w a s e m p lo y e d to d e te c t e x p re ssio n o f C R H m R N A
w ith tra n s c rip ts e n c o d in g G A B A a s u b u n its ( a l , a l , a n d B l-3 ). A n o n 
iso to p ic (d ig o x ig en in -lab eled ) cR N A p ro b e w a s e m p lo y e d to d e te c t CR H ,
w ith in d iv id u a l G A B A a re c e p to r s u b u n its d e te c te d u s in g 35S - la b e le d
r ib o p ro b e s. R e su lts in d ic a te d th a t a 2 , B l , a n d B3 s u b u n it tra n s c rip ts a re
p ro m in e n tly ex p re sse d in m o st C R H n e u ro n s w ith in th e p a rv o c e llu la r PV N.
L ow levels of e x pression o f th e a l a n d B2 su b u n it m R N A s w e re d e te c ted in a
s u b p o p u la tio n o f C R H n e u ro n s ; th e s e tra n s c rip ts w e r e p r o m in e n tly
e x p re sse d w ith in m ag n o c e llu la r PV N n e u ro n s . C u r r e n t e x p e rim e n ts h a v e
e x te n d e d th is a n alysis to y su b u n its o f th e G A B A a rec e p to r, as w ell to th e
p o ten tial re g u la to ry effects o f g lu co c o rtic o id s o n ex p re ssio n lev els o f th ese
m olecules. S u p p o rte d by: N a tio n a l A llian ce fo r R e se a rc h o n S c h izo p h re n ia
a n d D e p re ssio n (NA RSAD ).

ID E N T IF IE D H Y PO T H A L A M IC N E U R O SE C R E T O R Y N E U R O N S IN
DISPERSED PRIMARY CULTURE: A MODEL FOR PROBING REGULATORY
INFLUENCES ON THE CRF NEURON. R.L. Cole* and P.E. Sawchenko. The
Salk Institute, La Jolla, CA 92037.
Although studies in primary cultures and explants derived from whole hypothalamus
have provided insights into the synaptic and transcriptional regulation of genes
encoding corticotropin-releasing peptides, important questions remain as to what extent
such influences are exerted on hypophysiotropic neurons, specifically. We are
developing a system in which neurosecretory neurons can be identified in primary
dissociated hypothalamic cell culture, thereby permitting in situ analytic methods to be
used to specify and characterize regulatory influences upon them. In this model,
newborn rat pups are injected intraperitoneally with the retrogradely transported
fluorochrom e, fast blue, which results in discrete labeling o f acknowledged
hypothalamic neurosecretory neuron populations. Upon sacrifice of the injected rat
pups on postnatal day 6, hypothalamic blocks, dissected so as to exclude the supraoptic
and suprachiasmatic nuclei, are dissociated, plated on chamber slides and maintained in
serum-containing media. The fluorescent signal in the neurosecretory neurons persists
in culture, discrete and undiminished, for at least 5 days, and can be visualized by
fluorescence microscopy with as many as two additional neuronal/glial markers. We
show that the retrograde tracer is present in a subset of MAP2-positive neurons, but not
in GFAP-stained glia. The fluorescent tracer can also be converted to a stable DABbased reaction product using immunoperoxidase methods, which permits localization of
additional proteins or RNAs in the identified neurosecretory neurons. Hybridization
histochemical methods demonstrate the expression of corticotropin-releasing factor
(CRF) and arginine vasopressin (AVP) mRNAs in these cultures, c-fos mRNA
expression is robustly induced throughout the cultures 45 minutes after treatment with
forskolin (10 |iM ) and KC1 (40 mM). Work is in progress to define the conditions for
optimal survival, and to characterize the responses of identified neurosecretory neurons
to various stimuli in a defined corticosteroid environment. This system should provide
insights into the regulation o f CRF and AVP gene expression that can inform
complementary studies, in vivo. (Supported by N S-21182)
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IN TER A C TIO N
BETW EEN
G L U C O C O R T IC O ID S
AND
CORTICOTROPIN R E L E A S IN G H O R M O N E IN T H E R E G U L A T IO N O F
PITUITARY C R H R E C E P T O R m R N A IN VIVO IN T H E R A T. 1
Ochedalski. C R abadan D iehl and G A g u ilera * . Section on E n docrine
Physiology, D E B , N IC H D , N IH , B ethesda, M D
A cute stress increases
pituitary CR H receptor (C R H -R ) m R N A after a tran sien t fall, b u t it causes a
prolonged decrease in ad ren alecto m ized rats. T h e in teractio n b etw een C R H
and glucocorticoids regulating pituitary C R H -R m R N A levels w as studied by
in situ hybridization in intact and ad ren alecto m ized (A D X ) rats receiv in g
doses of C R H and corticosterone (B) to m im ic stress levels. In jectio n o f B (2
mg, sc) decreased C R H -R m R N A and P O M C h n R N A fo r 6 h r. C R H
injection (1 ^tg, sc) d ecreased C R H -R m R N A (-4 4 % ) and in cre a se d P O M C
hnRNA (+ 7 5 % ) by 2 hr, but levels returned to basal by 4 h. C R H -R m R N A
levels also recovered 4 h r after h ig h er C R H doses (10 fig) o r a second
injection at 2 h r w hich caused sustained elevations in p lasm a C R H and
pituitary PO M C hnR N A , indicating that n eith er C R H cle a ran c e from the
circulation nor receptor desensitization can account for the reco v ery o f C R H R m RNA levels. W hile C R H injection in A D X rats d ecreased C R H -R m R N A
up to 6 hr, sim ultaneous injection o f B and C R H resto re d C R H -R m R N A
levels by 4 h in intact or adrenalectom ized rats. The data show that interaction
between C R H and glucocorticoids counteracts individual in h ib ito ry effects o f
each regulator alone. Such effects likely c o n trib u te to the reg u la to ry p a tte rn
of pituitary C R H -R m R N A d u rin g acute stress.

392.5
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392.4
C O R T IC O S T E R O N E FACILITATES AS W ELL AS IN H IB IT S C R H G EN E
E X P R E S SIO N IN T H E RAT H Y P O T H A L A M IC P A R A V E N T R IC U L A R
NUC LEUS. S.M. Tanimura* & A.G. W atts. NIBS, USC, Los Angeles, CA 90089
W e have previously reported that sustained hypovolem ia leads to increased levels o f
corticotropin-releasing horm one (C RH ) and proenkephalin (pENK) mR NAs in the
dorsal aspect o f the medial parvicellular part o f the hypothalamic paraventricular nucleus
(PVHmpd) in the intact rat. In adrenalectomized animals, however, there is a significant
decrease in C R H m R N A , w hile p E N K m R N A levels still increase. Here, we
investigated the role played by basal levels o f circulating corticosterone (C OR T) in
modulating CRH gene transcription in the PVH m pd in the presence and absence o f
hypovolemia. Three groups o f SD rats were anesthetized with halothane and bilaterally
(or sham) adrenalectomized, implanted subcutaneously (sc) with Omg (ADX) or 25m g
slow-release C O R T pellets (ADX/CO RT: Innovative Research o f America) and allowed
to recover for six days. T he 25m g C O R T pellets maintain plasma C O R T at levels
comparable to that seen in the intact, unstressed animal during the late morning/early
afternoon. O n the morning o f the seventh day water, saline and food were removed and
rats injected sc with 5ml o f either 40% polyethylene glycol (PEG: w/v) or 0.9% saline
under brief halothane anesthesia. Five hours after injection, animals were anesthetized,
blood samples drawn and perfusion-fixed. Frozen 15 |Im coronal sections were ciit
through PVH and hybridized using cR N A probes for CR H hnR N A , and CR H and
pEN K mRNAs. In the absence o f the stressor, C RH hnR N A levels exhibit a similar dosedependency on low maintained levels o f plasma C O R T as has been reported o f the
m R NA. However in the A D X ’d group, sustained hypovolem ia significantly decreases
CR H hnRNA, suggesting that the ability o f the transcriptional machinery o f the CRH
gene to mount the activated response seen in intact animals is compromised. In contrast,
C R H hnR N A , and C R H and p EN K m R N A s in h ypovolem ic A D X /C O R T rats
increases in a manner that is not significantly different from intact animals. These results
suggest that C O R T acts on C R H gene transcription in the PVH m pd using two
mechanisms. First, an inhibition which contributes to the classic negative feedback loop;
and second, a facilitation which maintains gene transcription in the presence o f sustained
stress, perhaps by modifying precursory signalling mechanisms. (Supported by N S29728)

392.6

CORTICOTROPIN-RELEASING FACTOR (CRF) GENE EXPRESSION IN
THE PARAVENTRICULAR NUCLEUS (PVN) AFTER INTRACEREBROVENTRICULAR (ICV) ADMINISTRATION OF CRF RECEPTOR
AGONIST OR ANTAGONIST. T. Imaki*, K. Nakajim a, S. H arad a, N.
C h ik a d a , M. N a r u s e , a n d H. D em ura . D ep t. o f M edicine, Tokyo
W omen's M edical College, Tokyo, 162, Jap a n
CRF type-1 re c e p to r (CRFR-1) a n d ty p e-2 re c e p to r (CRFR-2)
are d is trib u te d th ro u g h o u t th e b ra in . In th e PVN, CRFR-2 is
d o m in an tly e x p re sse d in th e PVN in b a sa l sta te , w hile CRFR-1
expression in th e PVN is s u b sta n tia lly in c re a se d in re s p o n se to
stress.
To e lu c id ate th e ro le o f re c e p to r s u b ty p e in th e
reg u latio n o f CRF g en e e x p re ssio n in th e PVN, th e e ffe c t o f icv
in je c tio n o f CRF (CRFR-1 a g o n ist), u ro c o rtin (CRFR-1 a n d R-2
agonist), o r α -h e lic a l CRF (CRFR-2 a n ta g o n ist) o n CRF mRNA
expression in th e PVN w as ex am in ed . oCRF, r a t u ro c o rtin , o r a helical CRF d isso lv ed in 5 μl o f v e h ic le, o r v e h ic le a lo n e w as
in jected in to th e la te ra l v e n tric le o f m ale W istar ra ts, a n d the
b ra in was p e rfu s e d tra n s c a rd ia lly 2 h o u rs a fte r icv in je c tio n
u n d e r p e n to b a rb ita l a n e s th e sia .
B rain se c tio n s w ere
h y b rid ized w ith 35S -lab eled CRF cRNA p ro b e s. Icv in je c tio n o f
1 μ g o f CRF in c re a se d CRF mRNA levels in th e PVN. By c o n tra st,
low dose o f u ro c o rtin (0.01 μ g) d e c re a s e d CRF mRNA levels in
the PVN. 100 μ g o f α -h e lic a l CRF s ig n ific a n tly in c re a s e d CRF
mRNA levels in th e PVN. T h ese re s u lts su g g est th a t CRF g ene
ex p ressio n in th e PVN m ig h t be u p -re g u la te d o r dow nre g u la te d th ro u g h CRFR-1 o r CRFR-2 re c e p to r, re sp e c tiv e ly .
(S u p p o rte d b y th e g ra n t fro m J a p a n M in istry o f E d u catio n ).

CELLULAR D E H Y D R A T IO N IN H IB IT S T H E H Y PO V O L E M IA -IN D U C E D
G EN E EXPRESSION FO R CRH , B U T N O T c-FOS, pENK, O R CRH-1
RECEPTO R IN T H E H YPO THA LAM IC PARAVENTRICULAR N U C LE U S. G .
Sanchez-Watts* & A.G. W atts. Neuroscience Program, USC, Los Angeles CA 90089.
W e have previously reported that the two types o f dehydration— cellular dehydration
(C D ), characterized by increased plasma osmolality, and extracellular dehydration,
characterized by hypovolemia— have differential effects on peptidergic gene expression in
the medial parvicellular part o f the paraventricular nucleus (PVHm p). C D leads to a slow
(2-3 days) decrease in CRH gene expression only, whereas hypovolemia induces a rapid (35h) coordinate increase in CRH , proenkephalin (pENK), neurotensin, and c-fos gene
expression. Here we investigate whether the suppression o f C RH gene expression by C D
in the unstimulated animal affects its subsequent response to hypovolemia. Male SpragueDawley rats were allowed unlimited access to food and water or hypertonic saline (Lights
on 06.00-18.OOh). Animals were dehydrated by replacing drinking water with 2.5% saline
for 3 days. Control animals remained with water. At 06.30h on day 3 animals were briefly
anesthetized with halothane, and injected sc with 5mls o f either 40% polyethylene glycol
(w/v) or 0.9% saline. Five hours later all animals were anesthetized, blood samples taken
for hematocrit and osmolality measurements, and then perfused intracardially with 4%
paraformaldehyde in pH 9-5 borate buffer. Frozen 15|im coronal sections were cut
through the PVH and hybridized with cR NA probes for CR H , CRH -1 receptor (-R1),
pENK, c-fos, and CRH hnRNA (the primary transcript). Semi-quantitative analysis o f the
X-ray films showed significant increases in the levels o f C R H hnRN A, CRH , CRH -R1, cfos, and pEN K mRNAs in the PVHmp o f PEG-injected euhydrated animals. However, in
C D animals PEG injections were followed by increases in C R H -R 1, pENK, and c-fos
mRNAs only. CRH hnRN A and CRH m R NA levels were not significantly different in
C D PEG-injected animals and their respective controls. These data suggest that C D has
selective inhibitory effects on gene activation mechanisms in the PVHmp; inhibiting the
activation o f the CRH gene at or before the level o f transcription, but leaving unaffected
the gene activational mechanisms for C R H -R 1, pENK and c-fos. (Supported by NS
29728 & KO-4 01833. W e thank Neurocrine, La Jolla for the CRH-1 receptor cD NA).
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392.8
ENDOTOXIN INCREASES STEADY-STATE GENE EXPRESSION
OF CORTICOTROPIN RELEASING FACTOR (CRF) IN THE
PARAVENTRICULAR NUCLEUS OF CRF RECEPTOR 1(CRFR1)-DEFICIENT MICE. Soon Lee*. George W. Smith. Kuo-Fen Lee and

KAINIC ACID (KA) ADMINISTRATION SELECTIVELY INDUCES
c-Fos EXPRESSION IN PVN CRH NEURONS. T.I. Koenig* and R. T.
H anda, M aryland Psychiatric Research Center, Baltimore, MD 21228
and D epartm ent of Cell Biology, Anatom y and N eurobiology, Loyola
University School of Medicine, M aywood, IL 60153.
Glutamate receptors have been
localized
in
the
paraventricular nucleus (PVN) and their activation results in
stimulation of the secretion of corticotropin-releasing horm one (CRH)
from PVN neurons w ith concomitant increases in ACTH and
corticosterone levels. G lutamate receptor activation in other brain
regions, i.e. the hippocam pus, augments the expression of the
immediate early gene, c-fos. We have explored w hether glutamate
receptor activation by KA also increases expression of c-fos in CRH
neurons of the PVN and amygdala. Ovariectomized female rats
receiving estrogen were treated w ith KA (10 m g/kg, RBI) or saline
vehicle. Two hours later the rats w ere anesthetized w ith an overdose
of pentobarbital and were perfused w ith ice-cold saline followed by
4% paraform aldehyde. Immunocytochemistry w as perform ed on
cryostat-cut sections through the PVN and central am ygdala with
antisera for c-Fos (Oncogene Science) and CRH (Dr. John Olchowka,
Univ. of Rochester). Saline treatm ent p roduced little or no induction
of c-Fos expression in PVN CRH cells. However, KA treatm ent
induced an increase in c-Fos staining selectively in CRH cells of the
PVN, b u t not the amygdala. These studies suggest that glutamate
receptor stimulation in PVN CRH cells induces c-Fos expression and
perhaps, AP-1 binding activity. Moreover, there appears to be
regional specificity in the response to KA, suggesting th at glutamate
receptor activation may be differentially coupled in different areas of
the brain. (Supported by NSF grant 94-08890 to RJH.)

S ociety for N euroscience , V olume 2 3 ,1 9 9 7

Catherine Rivier. The Clayton Foundation Laboratories for Peptide Biology, The
Salk Institute, La Jolla, CA 92037
CRF is the hypothalamic peptide that represents the primary mediator of the
activity of the hypothalamic-pituitary-adrenal (HPA) axis. CRF synthesis, measured
by increases in steady-state m RNA levels, is upregulated by a variety of
homeostatic threats. CRF exerts its effect by initially binding to a membrane-bound
receptor. In order to investigate the role played by CRF receptor type 1 (CRF-R1)
in modulating the ability of the endotoxin to act on hypothalamic neurons that are
important for the activity of the HPA axis, we administered endotoxin [4 mg/kg,
intraperitonealy (ip)] to wild-type mice and mice carrying a CRF-R1 null mutation.
Under basal conditions, CRF expression was significantly increased (P=0.006) in
the paraventricular nucleus (PVN) of the hypothalamus of CRF-R1 deficient mice,
compared to wild-type animals. In contrast mRNA levels o f vasopressin (VP),
another key regulator of the HPA axis, were only modestly augmented (P=0.09)
over those of control mice. Finally the constitutive gene expression of nitric oxide
(NO) synthase, the enzyme responsible for NO formation which is important for the
activity of the HPA axis, was comparable in wild-type and CRF-R1 deficient mice.
Endotoxin injection induced a significant increase in the transcripts of the immediate
early gene NGFI-B, which peaked 2 h after treatment in the PVN region that
represents the main site of CRF neurons. CRF mRNA expression was also
upregulated, with a maximum response at the 4 h time point. While these changes
were observed in both wild-type and CRF-R1 mutant mice, endotoxin-induced CRF
gene expression in CRF-R1 deficient mice was significantly greater (P=0.001) than
in wild-type mice. Collectively, these results indicate that the ip injection of
endotoxin remains capable of significantly activating CRF biosynthesis in mice
lacking CRF-R1. Supported by NIH grant MH-51774.
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INDUCTIO N OF TR AN SC RIPTIO N A L CHANGES IN
C O R TIC O TR O PIN -R ELEA SIN G FACTOR (C R F) AND
ARGININE VASOPRESSIN (AVP) BY ALCOHOL (EtOH):
INFLUENCE OF THE ROUTE OF ADMINISTRATION.

R E P E A T E D E X P O S U R E T O A L C O H O L B L U N T S T H E A C T IV IT Y
O F T H E H Y P O T H A L A M IC -P IT U IT A R Y -A D R E N A L (H P A ) A X IS:
P O S S IB L E
M E C H A N IS M S . C atherine R ivier*. K athleen M. Ogilvie,
T.M. Kerr. F. Weiss and Soon Lee. Clayton Foundation Laboratories for Peptide
Biology, The Salk Institute, and Department of Neuropharmacology, The Scripps
Research Institute, La Jolla, CA 92037.
We have shown that 3 daily treatments of male rats with alcohol (EtOH, 3g/kg
BW , intragastrically) blunt the release of adrenocorticotropin (ACTH) and
corticosterone (CORT) induced by an acute EtOH challenge given 1 week later. While
our previous work ruled out the possibility that changes in EtOH metabolism might
account for this phenomenon, we show here that altered corticotrope sensitivity to
vasopressin is similarly not involved. Furthermore, the diminished HPA response to
the second EtOH challenge does not primarily depend on increased plasma levels of
ACTH or CORT evoked during EtOH pretreatment because administration of a potent
corticotropin-releasing factor (CRF) antagonist prior to each of the 3 daily EtOH
injections failed to prevent the development of neuroendocrine tolerance. The finding
that EtOH-evoked increases in hypothalamic mRNA levels of the immediate early
gene NGFI-6 were blunted in EtOH pretreated rats, suggests that neuroendocrine
hyporesponsiveness during the second EtOH challenge may arise from a defect either
in the afferent pathways to the paraventricular nucleus of the hypothalamus (PVN), or
in the ability of CRF neurons to respond adequately to the second drug challenge. The
fact that serotonergic activity is decreased by chronic EtOH exposure, together with
the ability of serotonin (5HT) to stimulate ACTH secretion, led us to hypothesize
that 5HT participated in this phenomenon. Indeed in a pilot experiment, the rise in
5HT content after administration of pargyline (a drug which blocks metabolism of
5HT) was reduced in the PVN of EtOH-pretreated rats, suggesting decreased activity of
serotonergic projections to the PVN. Taken together, our data indicate that repeated
exposure to EtOH evokes long-term changes in neuronal systems within or projecting
to the PVN, resulting in the diminished HPA response to a subsequent challenge with
EtOH. Supported by NIH grant AA-06420 and the Foundation for Research.

K a th le e n M . O g ilv ie * . S o o n L e e , a n d C a th e rin e R iv ie r . T h e C la y to n
F o u ndation L a boratories fo r P e p tid e B io lo g y , T h e S alk In stitu te, L a Jolla,
C A 92037
T h e a d m in istratio n o f E tO H e v o k e s a d o s e -d e p e n d e n t s e cre tio n o f
a d re n o c o rtic o tro p in (A C T H ) an d c o rtic o s te ro n e . W e h a v e in v e s tig a te d
the neu ro e n d o c rin e resp o n se to E tO H (1, 2, o r 3 g /k g B W ) ad m in iste re d
v ia in tra p erito n e a l (ip) o r in tra g astric (ig ) c a n n u la e to in ta c t m ale rats.
W ithin each dose, A C T H secretio n w as co m p arab le in th e tw o parad ig m s.
In contrast, blood alcohol levels (B A L s) w ere lo w er in rats th at receiv ed 3
g/kg B W o f the drug ig. R eg ard less o f its ro u te o f a d m in istratio n , E tO H
(3 g/kg B W ) in d u ced sig n ific a n t in cre a se s in stead y state ex p re ssio n o f
the im m ediate early gen e N G F I-β m R N A in th e p a ra v e n tric u la r n u c le u s
(P V N ). H o w e v e r the tim e c o u rse s d iffe re d , w ith p e a k e x p re s s io n o f
N G F I-8 o c c u rrin g late r in rats g iv en E tO H ig (1 2 0 vs. 6 0 m in a fte r ip
injection). B ecau se E tO H m ig h t a ct v ia d iffe re n t m e c h a n ism s a fte r ip or
ig d e liv e ry , w e c h a ra c te rize d tra n sc rip tio n a l c h a n g es in P V N C R F and
A V P a fte r each m ode o f in je c tio n . L e v e ls o f A V P h e te ro n u c le a r (hn)
R N A w ere e le v a ted 120 -240 m in a fte r in je c tio n o f th e d ru g v ia e ith e r
ro u te . S im ila r to o u r p re v io u s re p o rt, e x p re s s io n o f C R F p rim a ry
tra n sc rip ts w as m ea su rab le 30 m in a fte r ip E tO H in je c tio n a n d p e rsiste d
u n til 240 m in later. In co n trast, lev els o f C R F h n R N A w ere u n d e te c tab le
3 0 -240 m in a fte r ig d eliv ery o f th e d rug. T h e se d a ta in d ic a te th at E tO H
s tim u la te s A V P n e u ro n s in th e P V N , r e g a r d le s s o f r o u te o f
ad m in istratio n . In c o n trast, the e ffe c t on C R F p rim a ry g en e tra n sc rip tio n
is dim in ish e d or a bsent after ig E tO H in jectio n , p e rh a p s d u e to th e lo w er
B A L s achieved after a d m in istratio n o f th e d ru g v ia th is ro u te .
S u p p o rted by N IH g ran t A A -0 6 4 2 0 and th e F o u n d a tio n fo r R esearch .
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A CUTE AND REPEATED R E STRA IN T D IFFE R EN TIA LLY AC TIV A TE
SUBSETS OF CORTICOTROPIN-RELEASING FACTOR (CRF) EXPRESSING
NEUROSECRETORY NEURONS IN THE PARAVENTRICULAR NUCLEUS.
V. Viau* and P.E. Sawchenko. The Salk Institute, La Jolla, CA 92037.
The mechanisms by which the central limb of the axis adapts to meet the differing
demands of acute versus repeated stress are poorly understood. Fos induction was
monitored, alone and in combination with axonal transport and histochemical methods,
to characterize the manner in which hypophysiotropic CRF-expressing neurons in the
dorsal medial parvocellular part (mpd) of the paraventricular nucleus (PVH) may be
differentially recruited to activation in response to acute vs repeated restraint stress.
Acute exposure to a single 30 min restraint episode provoked a biphasic pattern of Fos
expression in the PVH, with cells in the ventral mpd (mpdv) and adjoining parts of the
periventricular region (pv) showing induction that peaked at 30 min post-stress. This
preceded the m ore num erically prom inent Fos response in the heart o f the
hypophysiotropic CRF population (dorsal mpd, or mpdd) at 2 hr after the challenge.
Relative to this acute response profile, rats subjected to 14 daily restraint sessions
display a monophasic response pattern in which early m pdv/pv responses are
attenuated and delayed, while the later-occurring activation in the mpdd is essentially
abolished. A majority of the Fos-ir neurons in the m pdv/pv of both acutely and
repeatedly stressed rats were retrogradely labeled following intravenous injection of
fluorogold, identifying them as putative neurosecretory cells. Combined immuno- and
hybridization histochemical analyses revealed the Fos-ir neurons in this region to be
phenotypically diverse, with a sizable subset expressing CRF mRNA. Examples of
identified neurosecretory neurons that displayed restraint sensitivity and CRF mRNA
were regularly encountered in triply labeled material.
These spatially distinct
activation patterns of neurosecretory CRF neurons are reminiscent of the distribution
of vasopressin-positive and -negative subsets described by Whitnall et al. under certain
conditions (J. Comp. Neurol., 275:13, 1988) , and raise the possibility that distinct
complements of hypophysiotropic CRF cells may be preferentially involved in
initiating the HPA responses to acute stress and sustaining them in the repeated
condition, (supported by NS-21182)

HANDLING-INDUCED
DOWN-REGULATION
OF
HYPOTHALAMIC
CORTICOTROPIN RELEASING FACTOR (CRF)-mRNA PRECEDES CHANGES IN
HIPPOCAMPAL GLUCOCORTICOID RECEPTOR-mRNA S. Avishai-Eliner, M. EghbalAhmadi. C.G. Hatalski, L. Schultz and T.Z. Baram* Depts. of Pediatrics and Anatomy &
Neurobiology, University of California, Irvine, IRVINE CA 92697-4475.
Daily handling of immature rats during the first 10 days of life results in profound alterations
in both central and peripheral components of the hypothalamic pituitary adrenal (HPA) axis.
These changes, particularly increased glucocorticoid receptors (GR) and GR-mRNA levels in
hippocampal CAI and decreased CRF-mRNA and peptide levels in the hypothalamic
paraventricular nucleus (PVN), have been documented in young adulthood and persist
throughout the neonatally-handled animal’s life. A mechanism proposed for these changes
involves a primary effect of handling on neuronal plasticity in the hippocampus with
upregulation of GR which, in turn, augments negative input into the PVN, leading to decreased
activity of CRH-producing neurons. This hypothesis predicts that, subsequent to handling,
hippocampal GR-mRNA levels would increase prior to changes in CRF-mRNA levels in the
PVN. Handling was carried out on postnatal days 2-9 and handled and non-handled groups
were sacrificed on day 10. Levels of CRF-mRNA in PVN and of GR-mRNA in hippocampal
CA I, cingulate cortex, PVN and amygdala were examined in both groups using semiquantitative in situ hybridization histochemistry. Handling resulted in a significant reduction of
CRF-mRNA levels in the PVN compared with non-handled controls (0.24± 0.04 and 0.47±
0 . 1 uCi/g, respectively). GR-mRNA levels were not altered by handling in any of the brain
regions examined. This study demonstrates early alterations in hypothalamic CRH-gene
expression, preceding changes in hippocampal GR-mRNA levels. These results indicate that
the PVN-CRF-mRNA is affected by handling independently from and earlier than GR in the
hippocampus. These findings are consistent with a scenario in which early handling-induced
reduction of PVN-CRF (perhaps via input from the central amygdala) leads to reduced HPA
"tone". Lower peripheral glucocorticoid output would then result in upregulation of
hippocampal GR-mRNA (Supported by NS 2 8 9 12).

392.13

392.14

THE CORTICOTROPIN RELEASING FACTOR RECEPTOR CRF2 IS DOWN-REGULATED
IN MATERNALLY DEPRIVED NEONATAL RATS. M Eghbal-Ahmadi, S Avishai-Eliner, CG
Hatalski, A Gerth, SR Snodgrass*,TZ Baram. Depts. Pediatrics and Anatomy & Neurobiology,
University of California, Irvine, CA 92697 and U Mississipi, Jackson, MS 3 9 2 16
Rationale: The distinct distribution of CRF2-mRNA within the hypothalamic ventromedial
nucleus (VMH) renders this receptor a likely candidate for mediating the behavioral and
anoretic effects of the stress neurohormone, CRF. Our goal was to study the regulation of
CRFr mRNA within the VMH of neonatal rats subjected to the stress and lack of feeding
associated with maternal deprivation. Methods: On postnatal day (PND) 8, pups were divided
into 3 experimental groups: I) individual maternal deprivation (l-Dep) pups were placed in
individual containers, 2) group maternal deprivation (G-Dep) pups were kept with their
littermates, and 3)non-deprived pups (NMD) were left with their mothers. Pups were
maternally deprived for 24 hours (I2h light/dark cycle) and kept euthermic. All rats were
sacrificed on the morning of PND 9 and brains were frozen and sectioned coronally. CRF2
-mRNA was determined via in situ hybridization histochemistry. Results: Maternal deprivation
resulted in an average loss of 6.25% (ρ-Dep) and 6.8% (G-Dep) of body weight, and in
elevation of basal morning plasma corticosterone levels (ρ-D ep= 7.0 ± .7: G-D ep=7.8 ±.4;
N M D =2.2±. 1μ /dl), consistent with our previous studies. VMH- CRFr rmRNA levels of IDep rats were significantly lower (ρ < .005) than those of NMD rats (7 1± 2 vs 100 ± 8 nCi/g).
CRF2-mRNA signal intensity was also significantly lower in the G-Dep (52.5±2 nCi/g)
compared to NMD pups (ρ <.005). Maternal deprivation as a group (G-Dep) led to
significantly greater reduction in CRF2-rmRNA compared with individual deprivation (ρ-Dep,
ρ <.05). Conclusion: This study demonstrates that deprivation of the nutritive and non
nutritive (e.g., touch) components of maternal care alters CRF2-mRNA levels within the VMH.
Whether the observed down-regulation of CRF2 gene expression is due to food deprivation
or a “stress"-induced increase of CRF secretion is currently under study. (Supported by NIH
NS289I2).

D U R A T IO N -D E PE N D E N T EFFEC TS O F M A TE RN A L STR ESS ON TH E
DEVELOPMENT OF CORTICOTROPIN-RELEASING FACTOR CONTAINING
NEURONS IN HYPOTHA! A M IC PARAVENTRICULAR NUCLEUS OF THE
FETAL RAT. T. F u i i o k a t . Sakata. I. Tobe. T. Shibasaki2 and S. Nakam ura
Dept.of Physiol, and !Dept.of Obstet.and Gynecol., Yamaguchi Univ. Sch. of Med.,
Ube, Yamaguchi 755, and 2Dept.of Physiol., Nippon Med. Sch., T o k y o ll3 , Japan
We have previously reported the ontogeny of corticotropin-releasing factor(CRF)
containing neurons in the rat fetal brain. CRF immunoreactive(-ir) neurons and CRF
mRNA first appeared at embryonic day(E) 15 in the hypothalamic paraventricular
nucleus (PVN). With development, the expression of the CRF immunoreactivity and
mRNA increased rapidly until E18. In the present experiments, using the methods of
im m unohistochem istry and in situ hybridization, we investigated the effect of
prenatal stress on the developm ent of CRF neurons in PVN. A fter pregnant rats
were imm mobilized in a small cage daily for either 30min or 240min from E15 to
E17, the fetal brains were obtained on E18 for later investigations. In the 30min
stress group, the number of CRF-ir neurons in PVN was greater and their neuronal
processes were more numerous compared to the control. The CRF-ir fiber bundle at
median eminence(ME) became larger in the 30min stress group. In addition, in the
30min stress group, the varicosites of CRF-ir fibers in ME were smaller in size and
intervals between the varicosities were shorter than in the control. In the 240min
stress group, neuronal cell death including apoptosis frequently occurred, whereas
only a small num ber of PVN neurons revealed cell death in the control and the
30min stress group. CRF mRNA expression in PVN was higher in the 30min stress
group than in the control, but not significantly increased in the 240min stress group.
The results suggest that maternal stress causes dual effects on the development of
CRF-containing neurons in rat fetal PVN: Short-duration stress treatment facilitates
the development of the CRF containing neurons, whereas long-duration stress exerts
neurotoxic effects.
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392.15
TREATMENT WITH DOPAMINERGIC D1/D2 AGONISTS DECREASES
IMMUN ORE ACTIVITY FOR CORTICOTROPIN RELEASING FACTOR IN
DISCRETE HYPOTHALAMIC NUCLEI OF ob/ob MOUSE. K. G. Bina*. J. Li. S.
Hodge. & A. H. Cincotta. ErgoScience Inc., 100 First Ave., Boston, MA 02129.
Corticotropin releasing factor (CRF) synthesized by neurons in the
paraventricular nucleus of the hypothalamus (PVN) and released into the median
eminence, arcuate nucleus and dorsomedial hypothalamus (DMH) has been shown
to play a critical role in feeding and metabolism via its regulation o f plasma
corticosterone levels and sympathetic tone. We have previously shown that
treatment with the dopamine receptor D|/D 2 agonists (SKF38393 and bromocriptine
respectively)
in
ob/ob
mice
decreases
hyperphagia,
hyperglycemia,
hyperinsulinemia, and obesity. We, therefore, examined whether metabolic changes
resulting from the Di/D2 agonist treatment are accompanied by decreases in density
of CRF immunoreactivity in discrete hypothalamic nuclei. Female ob/ob mice (3035g) were treated daily at 1 hour after light onset with SKF38393 (20mg/kg) and
bromocriptine (15mg/kg) or vehicle for two weeks. Vehicle-treated lean mice
(C57BL/6J; 18-21g) also served as controls. Following pretreatment with
colchicine 24 hours prior to sacrifice, levels o f CRF immunoreactivity in the
hypothalamus were measured. Treatment with the dopaminergic agonists caused a
45-50% decline in levels o f CRF in the PVN and DMH compared to obese controls.
In addition, high levels o f plasma corticosterone levels seen in obese controls (275
ng/ml) were reduced to lean levels following treatment (119 ng/ml). These findings,
taken together with reductions in body weight, food consumed (39%), blood
glucose (52%), free-fatty acid (54%), and triglycerides (63%), suggest that time of
day-dependent dopaminergic D,/D2 coactivation may improve hyperphagia,
hyperglycemia and obesity in the ob/ob mouse, in part, by normalizing elevated
levels of hypothalamic CRF to that in lean animals. ErgoScience Develop. Corp.

392.17
PROTEIN DEPRIVATION INCREASES CRH mRNA IN
CALORICALLY-RESTRICTED RATS. L. Jacobson*. D ept. of
Medicine, Harvard Medical School, Boson, MA 02115.
We previously have shown that dietary protein deprivation in rats
increases plasma ACTH and anterior pituitary pro-opiomelanocortin
mRNA. To determine if increases in corticotropin-releasing hormone
(CRH) are associated with this enhanced drive for ACTH production,
we analyzed CRH mRNA expression in the hypothalamic
paraventricular nucleus. In situ hybridization was performed using an
^S-riboprobe complementary to a 608 bp Sty I-Msc I fragment of the
rat CRH cDNA. Male rats were adrenalectomized and received
corticosterone replacement via a sc pellet. Rats were given normal or
protein-free diet, or were pair-fed normal diet according to the reduced
voluntary food intake in die protein-deprived group. Rats were
weighed on day 4 and killed without stress on day 5 o f the
experimental diets. Normal diet controls gained weight, whereas
protein-deprived rats lost, and pair-fed rats just maintained, body
weight. Plasma glucocorticoids in rats replaced with a constant dose of
corticosterone varied as a function of body weight, with levels being
significantly higher in pair-fed vs. normal diet rats, and significantly
higher still in protein-deprived vs. pair-fed rats. Although CRH
mRNA levels tended to be lower in both protein-deprived and pair-fed
rats relative to normal diet controls, CRH expression was elevated in
protein-deprived relative to pair-fed rats. W e conclude that protein
deprivation can at least partially offset the inhibition o f CRH mRNA
expression induced by caloric restriction or corticosterone.

392.16
Fluoxetine induces the transcription o f genes encoding
c-fos, CRF and its type 1 receptor in rat brain.
G- Torres* I .M. Horowitz N. L aflam m et S. R iv e stt.
B eh avioral N e u r o sc ie n c e Program . D ep artm en t o f
P sychology. State U niversity o f New York at Buffalo.
B uffalo, New York 14260; Laboratory o f M olecular
E n d o c r in o lo g y , CHUL R esearch C enter and Laval
University!, Qjiebec, P.Q,, Canada G1V 4G2.
The present experiments were carried out to assess the effects
of fluoxetine on c-fos expression throughout the ra t brain. In
addition, intron-directed in situ hybridization analysis was used
to examine fluoxetine regulation of CRF heteronuclear (hn) gene
transcription in the PVh of the hypothalamus. Because the actions
of'CRF are m ediated by CRFi receptors, we also evaluated the
stimulation of such receptors after acute fluoxetine exposure. We
found that fluoxetine induced widespread c-fos mRNA expression
throughout the brain parenchyma. In contrast to this, fluoxetine
induced the expression of CRF hnRNA only in neurosecretoiy nerve
cells of the PVh. Significant changes were also observed in CRFi
mRNA levels in PVh of rats treated with fluoxetine. In addition, we
failed to detect gender-related differences in the acute response to
fluoxetine, as both female and male rat brains showed a comparable
induction of the above mRNA species. These findings are discussed
in terms of specific sequences of nuclear events that couple
fluoxetine-based serotonin input to changes in gene expression in
selective neurons. Supported by a RFA of SUNY to GT, and a MRC of
Canada to SR.

392.18
CRF-BINDING PROTEIN mRNA IN THE BRAIN OF FED AND FOODDEPRIVED LEAN AND OBESE ZUCKER RATS. E. Timofeeva*. R. Rivest.
F. Picard. Y. Deshaies. and D. Richard. Department of Physiology, Faculty of
Medicine, Laval University, Québec, Canada, G1K 7P4.
The recent demonstration of the ability o f CRF (6-33), a ligand inhibitor of
CRF-binding protein (CRF-BP), to reduce body weight gain in obese (fa/fa)
Zucker rats points to a role of CRF-BP in the regulation o f energy balance
(Heinrichs, S.C. et al., PNAS, 93: 15475-15480, 1996). In this respect, this
study was carried out to investigate the main and interactive effects of food
deprivation and obesity on transcription in the brain of the CRF-BP gene. The
experiments were performed in lean (Fa/?) and obese (fa/fa) Zucker rats that were
either fed a d libitum, food deprived or food deprived and refed. The food
deprivation and refeeding periods lasted, respectively, 24 and 6 hours. The mRNA
levels encoding CRF-BP were determ ined using in situ h y b rid izatio n
histochemistry. Basal expression of the CRF-BP gene was found to be abundant
in structures such as the cortex, the hippocampal formation, the amygdala, and
some brainstem nuclei. The basal level of CRF-BP expression was very low in
most of the hypothalamic nuclei. However, food deprivation led to a marked
increase in the levels of CRF-BP mRNA in the dorsal region of the medial
preoptic area (MPOA) as well as in the basolateral nucleus of the amygdala
(BLAN). This effect of food deprivation was seen in lean rats as well as in obese
mutants and was attenuated by refeeding. The levels of CRF-BP mRNA in the
M POA and BLAN of fed, deprived and re fed fa/fa rats tended to be higher than
those of Fa/? animals.
Given the anorectic and thermogenic effects of CRF, an increase in the
expression of CRF-BP, which limits the action of CRF, could represent a
mechanism whereby energy balance is regulated in conditions of increased
energetic efficiencies.

NIDDK 49333

392.19
LEPTIN BLUNTS TH E ACTIVITY O F T H E HYPOTHALAMICPITUITARY-ADRENAL (HPA) AXIS IN O BESE {OB/OB) MICE.
Q.L. H u a n g , F. P ic a rd , Y. D e s h a ie s , a n d D. R ichard*.
D e p a rtm e n t o f
P h y sio lo g y , S c h o o l o f M e d ic in e , L av al
University, Q uébec, C an ad a, G IK 7P4.
T h e effects o f le p tin o n th e le v e ls o f c o r tic o tr o p in r e le a s in g fa c to r (CRF) m R N A in th e p a r a v e n t r i c u l a r
h y p o th a la m ic n u c le u s (PVN) , o n th e n u m b e r o f a c tiv a te d CRF
cells in th e PVN, a n d o n th e p la s m a lev els o f c o rtic o s te ro n e
w ere in v e stig a te d in fed a n d fo o d -d ep riv ed le a n (+ /?) a n d
obese {ob/ob) m ice. Food d e p riv a tio n la s te d 2 4 h o u r s a n d w a s
u s e d m a in ly to e n h a n c e th e HPA a x is a ctiv ity in o b e se m ice.
In s itu h y b rid iz a tio n h is to c h e m is try w a s u s e d to d e te rm in e
th e PVN levels of CRF mRNA a n d th e levels of n e u ro p e p tid e Y
(NPY) mRNA in th e a rc u a te n u c le u s (ARC). T h e a ctiv ity of th e
PVN C RF cells w a s d e te rm in e d from th e n u m b e r o f PVN cells
colocalizing th e p ro te in F o s (m a rk e r o f n e u ro n a l a ctiv atio n )
a n d C R F mRNA. L e p tin r e d u c e d p l a s m a le v e ls o f
c o rtic o s te ro n e in fed a n d fo o d -d ep riv ed o b /o b m ice. It a ls o
p re v e n te d th e a c tiv a tio n o f th e PVN C RF c e lls a n d th e
o v e re x p re ss io n o f CRF a n d NPY t h a t w e re led to b y food
d e p riv a tio n in o b /o b mice. T h e p r e s e n t re s u lts d e m o n s tra te
th a t le p tin h a s th e a b ility to re d u c e HPA a x is a c tiv ity i n
o b /o b m ice a n d s u g g e s t th a t th is effect c a n b e lin k e d to th e
n e g a tiv e effe c t le p tin is e x e r tin g o n ARC NPY mRN A
e xpression. S u p p o rted by th e MRCC.

392.20
ROLE OF AMYGDALA AND A1 NORADRENERGIC NEURONS IN CRF
AND OXYTOCIN CELL RESPONSES TO RESTRAINT
C.V. Davas. K.M. Buller and T.A. Dav*. D ept. of Physiology and
Pharmacology, University of Queensland, AUSTRALIA 4072.
In the rat, psychological stressors evoke the release of oxytocin (OT) and ACTH
and both the amygdala and brainstem noradrenaline (NA) cells have been
implicated in these responses. Using c-fos as a marker for neuronal activation, we
have found that restraint (15 min) activates significant numbers of amygdala cells
and noradrenergic cells of the caudal medulla, as well as hypothalamic OT and
corticotrophin releasing (CRF) cells. Within the amygdala the majority of Fospositive cells were seen in the medial (MeA) rather than the central (CeA)
amygdala, a surprising outcome given the emphasis in the literature on the
responsiveness of the CeA to stressors. Furthermore retrograde tracer injection
into the paraventricular nucleus (PVN), which contains both OT and CRF cells,
showed that 20 % of retrogradely labelled cells in the MeA were activated by
restraint compared to 1 % of retrogradely labelled cells in the CeA. We then tested
whether the amygdala is involved in mediating restraint induced activation of
neuroendocrine cells by examining the effects of bilateral amygdala lesions on
responses to restraint. Bilateral lesions of the MeA and CeA significantly reduced
both CRF and OT cell responses. Lesions to the CeA alone also reduced OT
responses to restraint but had no effect on CRF cell responses. Finally we also
tested the role of A1 NA cells of the caudal ventrolateral medulla in generating
neuroendocrine cell responses to restraint by testing the effects of unilateral A 1
lesions. A1 lesions had no effect on CRF cell responses but did produce a
significant reduction in the activation of OT cells. (Supported by NHMRC.)
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C e n t r a l E x p r e s s io n o f I n f l a m m a t o r y C y t o k i n e s in
A f r i c a n T r y p a n o s o m i a s i s — A M o d e l f o r C h r o n ic B r a i n
I n fe c tio n
by P a r a s it e s .
M. Herkenham*. N. Ouan.
A.N. McCov. M.B. Whiteside. J.D.M. Mhlanga. and K. Kristensson.
Section on Functional Neuroanatomy, NIMH, Bethesda, MD 20892 and
Department of Neuroscience, Karolinska Institutet, Stockholm, Sweden.
Centrally acting pro-inflammatory cytokines mimic some of the
neurological symptoms in African sleeping sickness. We investigated the
mRNA expression of interleukin-1β (IL -1β ), tumor necrosis factor-a
(T N Fa), IL-1 receptor antagonist (IL-1RA), and interleukin-1β converting
enzyme (ICE) in the brain at selected time points after rats were infected
with Trypanosoma brucei. By in situ hybridization histochemistry, no
mRNA expression of these cytokines was seen on day 10 after the
infection, during the first peak of parasitemia. On day 22, when infected
animals began to show weight loss, the cytokine mRNAs were induced in
the choroid plexus, meninges, median eminence, and area postrema. On
day 36, significant weight loss was seen, and the mRNA levels increased in
the choroid plexus and the CVOs. Labeling was also observed in areas
surrounding the CVOs. On day 43, the labeling reached peak levels and
had spread further into the parenchyma. On day 51, when many animals
were dying, labeling was less intense. These results show that proinflammatory cytokines are induced in brain cells after trypanosome
infection, first in the choroid plexus and CVOs, then in the brain
parenchyma. The progression of the cytokine expression parallels the
severity of the disease. Generation of central cytokines may, therefore, be
responsible for certain pathophysiological manifestations of this disease.
(Support: NIMH IRP, SIDA, Sweden, and UNDP/W orld Bank/WHO)

INHIBITION OF HUMAN ASTROCYTE INDUCIBLE NITRIC OXIDE
SYNTHASE EXPRESSION BY INTERFERON-BETA. L.L. Hua. J.S.H. Liu.
C.F. Brosnan and S.C. Lee*. Dept, o f Pathology, Albert Einstein Coll. o f Med.,
Bronx, NY 10461.
Significant species- and cell-specific differences exist in the expression o f
inducible nitric oxide synthase (iNOS: N 0S2). We have previously reported
that in cultures o f primary human glial cells, astrocytes but not microglia
express iNOS; and for human astrocyte iNOS expression, IL-1/β provides an
essential inducing signal, while IL -lra completely abolishes iNOS expression (J.
Immunol. 157:3569, 1996). To study the regulation o f astrocyte iNOS
expression in human astrocytes, we screened various cytokines and growth
factors for their ability to suppress iNOS expression in cultured human
astrocytes. Astrocytes were stimulated with IL-I/β/IFNγ or IL -l/β/T N Fa in the
presence or absence o f the putative inhibitory cytokine, and iNOS activity was
examined by the Griess reaction. Remarkably, IFN/β showed selective and
potent inhibition o f both IL-I/S/IFN γ and IL -l/β/TNF γ induced iNOS expression
in human astrocytes. IFN/β at 10 ng/ml exerted 45% and 25% inhibition o f
astrocyte nitrite induced by IL-I/3/IFN γ and IL -l/β/TNF γ , respectively; at 100
ng/ml o f IFNjS, 85% and 75% inhibition o f nitrite induction was achieved. In
contrast, I FGF, TGFβ2, EGF, IGF1, IGF2, LIF, M IP -lα , M IP-l/β, RANTES,
and MCP-1 had no inhibitory effect. As reported previously, TGF/S1, IL-4 or
IL-10 did not show inhibition o f human astrocyte iNOS expression. Northern
blot analysis showed that IFN/β-mediated astrocyte iNOS inhibition was at the
level o f mRNA expression. Selective inhibition o f human glial cell iNOS
expression by IFN/β may provide a mechanism by which this cytokine can
ameliorate inflammation and cytotoxicity in the central nervous system of
multiple sclerosis patients (Supported by NMMS RG2771, MH55477, N S 1 1920
& T32GM07288).
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PR O M IN E N T EX PRESSIO N O F C H E M O K IN E CIO IN EX PER IM EN T A L
INFLA M M A TO RY DEM Y ELINA TING DISEASES O F TH E C N S
V . C __ A s e n s io .__A __ P a g e n s te c h e r __ a n d __L__ L. C a m p b e ll* . D e p t.
N e u ro p h a rm a c o lo g y , The Scrip p s R esearch In stitu te , La Jolla, C A 92037.
T he m e c h a n ism s u n d e rly in g th e tra ffic k in g o f m o n o n u c le a r cells in
in f la m m a to r y p r o c e s s e s in th e C N S a re u n k n o w n h o w e v e r , th e
c h e m o a ttra c ta n t cy to k in e s c alled ch e m o k in e s m a y b e of g re a t im p o rta n c e .
W e e x a m in e d c e re b r a l c h e m o k in e e x p re s s io n in th e e v o lu tio n o f
n e u ro in f la m m a to ry d ise a s e in tra n s g e n ic m ic e w ith a s tro c y te (G FA P)ta r g e te d e x p re s s io n of th e c y to k in e s IL-3 (d e m y e lin a tin g d ise a s e ), IL-6
(n e u ro d e g e n e ra tiv e dise a se ) o r IF N -α (n e u ro d e g e n e ra tiv e d ise a se ) a n d in
m ice w ith EAE (d em y e lin a tin g disease). H ig h ex p re ssio n of CIO a n d CIO-like
an d low e x p re ssio n of M IP -1β, a n d M CP-1 w as fo u n d in th e c e re b e llu m a n d
sp in a l c o rd of GFAP-IL-3 b u t n o t in GFAP-IL6, G F A P -IF N a o r co n tro l m ice. In
EA E, h ig h e x p re s s io n of CIO w a s a lso o b s e rv e d in s p in a l c o rd w h ile
significant expression of a n u m b e r of o th er c h em o k in e genes w a s also o b serv ed
in clu d in g , RANTES, M IP-2, M CP-1, M CP-3 a n d crg -2 /IP -1 0 . In s y m p to m a tic
a n im als, CIO R N A w a s lo calized to in fla m m a to ry lesio n s in w h ite m a tte r in
th e cerebellum , b ra in stem a n d sp in al c o rd of GFAP-IL3 m ice a n d sp in a l c o rd
of m ice w ith EAE. In b o th m o d els, CIO RN A a n d p ro te in ex p re ssin g cells w ere
id e n tifie d to b e m a c r o p h a g e /m ic r o g lia a n d fo am y m a c ro p h a g e s p r e s e n t
w ith in d e m y e lin a tin g le s io n s as w e ll in p e r iv a s c u la r in filtr a te s a n d
m e n in g e s . T h e s e f in d in g s d e m o n s t r a t e p r o m i n e n t e x p r e s s io n b y
m a c r o p h a g e /m ic r o g lia l cells o f th e c h e m o k in e CIO in in fla m m a to r y
d e m y e lin a tio n of the C N S a n d s u g g e st CIO m a y p la y a c e n tra l ro le in th e
re c ru itm e n t a n d p o s s ib ly th e fu n c tio n of m a c r o p h a g e /m ic r o g lia l cells in
in fla m m a to r y d e m y e lin a tin g d is o r d e rs . U S P H S G r a n ts M H 5 0 4 2 6 &
M H47680: IPSEN F oundatio n .

CNS APOPTOSIS IN G F A P-TN Fa TR A N SG EN IC M ICE A.K.. Stalder*. A
P a g e n ste c h er. l.L . C am p b ell. T h s Scripps R esearch In stitu te, Dept, of
Neuropharmacology, La Jolla, CA 92037.
TN F-a is a proinflammatory cytokine that may play a role in many inflammatory
CNS disorders e.g. bacterial meningitis, HIV encephalopathy and MS. To study the
mechanisms by which TN F-a may contribute to the clinicopathological alterations in
these disorders, we used a transgenic (tg) approach to target expression of murine TNFa to astrocytes using a GFAP/TNFα fusion gene. These mice develop lymphocytic
encephalomyelitis with significant demyelination and neurodegeneration in the spnal
cord and the cerebellum. Apoptosis has recently been linked to the pathogenesis of
degenerative neurological diseases. In addition, in vitro. T N F-a is a major inducer of
apoptosis. Therefore, we examined the CNS of GFAP-TNFα -JL6 -IL 3 and -IFNot tg
mice for the presence of apoptotic nuclei using a commercial TUNEI, labeling kit.
Apoptotic nuclei were rarely if at all present in the CNS tissue from wild tyoe and
GFAP-I.L6 or -IFNoc mice. In contrast, in the CNS tissue of symptomatic GFAPT N Fα mice, numerous apoptotic nuclei were observed surrounding and within the
mononuclear infiltrates. To a lesser extent, apoptotic cell bodies were also seen in nonsymptomatic GFAP-TNFα mice without evidence of infiltrating mononuclear cells. In
situ hybridization demonstrated co-’ocalization of TNF-α expression and occurrence of
apoptosis suggesting a direct effect of TN F-a. To further investigate the mechanism of
apoptosis. immunohistochemistry for FAS antigen, a apoptosis associated marker, was
performed and demonstrated FAS expression v/as predominantly associated with
infiltrating mononuclear cells. These findings indicate that overexpression of TN F-a in
the CNS promotes massive apoptotic cell death within inflammatory lesions and to a
lesser extent in non-affccted tissue. TNF-induced apoptosis may play an important role
in both the turnover of infiltrating immunoinflammatory cells in the brain as well as
contribute 10 death of neural cells in these tg mice. These GFAP-TNFα tg mice should
be a valuable tool to further study the mechanisms and functions of apoptosis in the
CNS. Supported by the National Multiple Sclerosis Society and USPHS #50426.

393.5
C E R E B R O S P IN A L F L U ID L E V E L S O F IN T E R L E U K IN -1 A N D
I N T E R L E U K I N -6
IN C R E A S E
AFTER
IN T R A V E N O U S
LIPOPOLY SACCHA RIDE IN H EALTH Y HU M AN S
G. H. Pelton*. C.J.
M cD oude, L. Carpenter, G. M. Anderson. J. A. Gudin, L. H. Price. R.T. Malison.
P. Kirwin. G. R. Heninger. Clin. Neurosci. Res. Unit, Dept, o f Psychiatry, Yale
Univ. School of Med., 34 Park St., New Haven, CT. 06519.
Intravenous (IV) lipopolysaccharide (LPS) administration induces peripheral
cytokine release and produces a number of central nervous system (CNS) effects. In
order to evaluate possible m echanism s of CNS effects, repeated plasm a and
cerebrospinal fluid (CSF) cytokine levels have been obtained following IV LPS.
M E T H O D S : Continuous CSF sampling was obtained in four healthy human
volunteers, aged 28 to 40 years, via an indwelling lumbar catheter (1 ml every 15
min over a 13-hour period). Before and for 10 hrs after IV LPS (2 ng/kg), plasma
and CSF samples were collected for the analysis of interleukin-1-beta (IL -lb),
interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-a), interleukin-1-receptor
antagonist (IL-l-ra), beta-endorphin, ACTH, cortisol and growth hormone (GH).
LPS-induced changes in CSF measures were then evaluated relative to changes in
body temp., blood leukocytes and subjective symptoms. RESU LTS: LPS produced
a reliable and robust increase in all plasm a cytokines and hormones m easured,
consistent with our previous findings. In the CSF, there was a 400% increase in IL1-b, 300% increase in IL-6, 100% increase in TNF-a and a 100% increase in IL-lra.
The onset of CSF and plasma cytokine level increases were similar, but the change
tended to last longer in CSF than plasma. Plasma IL -lb peaked after ACTH, betaendoiphin and cortisol levels peaked but at the same time as GH. CO N C LU SIO N :
LPS induces a robust increase in CSF cytokine levels in healthy humans.
Comparison of changes in CSF and plasma IL -lb suggests that the LPS-induced
increases in CSF IL -lb are a result o f increased production w ithin the CNS or
endothelium o f the blood-brain barrier. This paradigm offers a direct way of
examining neuro-immune interactions in the clinical setting.
(Supported by Stanley Foundation, NARSAD, and NIMH)
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393.6
SUBSTANCE P (SP): THE NEUROTRANSMITTER THAT BRIDGES THE
NEURAL-HEMATOPOIETIC CROSSTALK. P. Rameshwar*. P. Gascon.
J. Qian. R.J. Donnellv. U. Thacker. Depts of Medicine-Hematology and
Biochem./Mol Biol, UMDNJ-New Jersey Med. Sell., Newark, NJ 07103.
Crosstalk between the nervous and hematopoietic systems is supported by:
1) innervation of the bone marrow (BM) and, 2) presence of soluble products
and their respective receptors that can elicit functional responses in either
system. We have studied the role of SP in the neural-hematopoietic link. SP
is derived from each of four alternately spliced transcripts of the
preprotachykinin-I (PPT-I) gene. The BM, major site of hematopoiesis has
two sources of SP, nerve fibers and stromal cells. We have determined PPT-I
induction in BM stroma using ELISA for SP and quantitative RT-PCR (exons
3-7). We have found that the PPT-I gene is induced by cytokines and
neurotrophic factors. Most of the released SP is anchored onto the
extracellular matrix that surrounds the stroma. Since this is similarly observed
with hematopoietic growth factors, the data suggest that SP may also be a
neural regulator of hematopoiesis. In fact, in vitro studies indicate that SP and
the other major peptide of the PPT-I gene, NK-A, exert opposite
hematopoietic effects. Understanding the molecular mechanisms of PPT-I
induction is the key to elucidating the role of SP on hematopoiesis. We
therefore cloned 1.1 kb upstream of the PPT-I gene (PromoterFinder DNA
libraries). This fragment is currently being analysed for regulatory sites. The
data indicate that the PPT-I gene products could be the link between the
nervous and hematopoietic systems. This study has implications for depressed,mediated immune dysregulation and hematologic diseases. (Supported by NIH
grants:HL-54973, HL-57675; UMDNJ Foundation: #31-97).
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393.7
THE EFECT OF ENDOTOXIN ON NEURONAL EXCITABILITY IN HIPPO
CAMPAL ORGANOTYPIC CULTURES. M. Arditi. S. Ge* and C. E. Niesen.
Divisions of Neurology and Infectious Diseases, Childrens Hospital Los Angeles,
Los Angeles, CA 90027.
Lipopolysaccharide (LPS) or endotoxin, a component of gram-negative bac
terial outer membrane, is responsible for the systemic and local inflammatory
changes associated with gram-negative infections. Though its CSF concentra
tion has been correlated with the development of seizures in children with gramnegative meningitis, its mechanism of epileptogenesis is unknown. To study the
effects of endotoxin on central neurons, we used the static organotypic slice pre
paration of Stoppini et al. (1991). Hippocampal slices were exposed to 100
ng/ml of LPS for 15-18 hrs and field potentials and whole-cell properties of CA1
neurons were recorded immediately afterward. This LPS concentration was
chosen because similar levels have been measured in the CSF of children with
meningitis. Compared to controls, the LPS-treated slices exhibited smaller
population spikes but larger field potentials, suggesting abnormal dendritic mem
brane properties. Spontaneous, recurrent depolarizing bursts, lasting 200-400
msec, were recorded in LPS-treated CA1 neurons when the resting membrane
potential was depolarized 10-15 mV. These bursts were present throughout the
recording but were not observed in control slices. Evoked synaptic potentials
were also abnormal in LPS slices. Though the threshold to generate a spike was
not different than controls, suprathreshold stimulation in LPS-treated neurons
produced long duration postsynaptic potentials (PSPs). These PSPs appeared
to be produced by changes in polysynaptic pathways since a second, often
larger, depolarizing wave was present after the initial spike and EPSP. We have
shown that endotoxin, at relevant physiologic doses, can produce marked
changes in spontaneous and evoked synaptic responses in CA1 neurons.
Supported by NIH R29-AI40275 and K08-NS01747.
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393.8
CYTOKINES AS EXTRACELLULAR SIGNALS FOR NEURONAL CONTROL
OF VIRAL TRANSCRIPTION
Gail Lewandowski & Elena Battenberg*. Dept. of Neuropharmacology, The Scripps
Research Inst., La Jolla, CA 92037
During the establishment of herpes simplex virus (HSV) latency in neurons viral
transcription is terminated. Importantly, the establishment of HSV latency requires
an efficient interferon-gamma (IFN-y) response, that is synergized by tumor necrosis
factor-alpha (TNF-a). Gene transcription is regulated by regulatory transcription
factors (RTF) binding to promoter-associated consensus sequences. Transcriptional
enchancers include members of the A P I, CRE, OCT-1, and S pl RTF families.
Transcriptional repressors include members of the YY1, CRE, OCT-1, and Spl RTF
families. Using the electrophoretic mobility shift assay (EMSA) we determined if
IFN-y and T N F-a could alter protein binding to known RTF consensus sequences.
Nuclear extracts were prepared from OBL neurons treated with IFN-y (100 U/ml) and
TNF-α (30 ng/ml). EMSA changes in treated cells relative to control included (i)
significantly increased YY1 binding activity at 2 hours post-treatment (hpt), (ii) 2
hpt, API and CRE binding shifted to lower mobilities (ie, formation of larger
complexes), (iii) OCT-1 binding dissappeared after shifting to a lower mobility at 2
hpt, (iv) significantly increased Spl binding at 10 min post-treatment.
Next we examined brain nuclear extracts from control and HSV-1-infected mice for
changes RTF binding activities. EMSA changes in HSV-1-nuclear extracts relative
to control extracts included (i) Spl binding was induced at ~3 days postinoculation
(dpi), (ii) significantly increased YY1 binding between 3.5 & 5 dpi, (iii) significantly
decreased CRE, API and OCT-1 binding activities at 3 dpi.
From these data we postulate that during HSV-1 latency establishment, IFN-y and
other cytokines act as extracellular signals to mediate neuronal changes that repress
HSV gene transcription. With our two model systems we are now (i) identifying
proteins binding RTF sequences, (ii) evaluating other RTF families, and (iii)
determining if cell-free HSV transcription is repressed by extracts from HSV-infected
brain and cytokine-treated cells.
Supported by NIMH grant R29MH51926 (GL).
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393.9
BETA -EN D O R PH IN M O D U LA TIO N O F N E U R O L O G IC A L D IS E A SE
INDUCED BY TH E M U R IN E C O R O N A V IR U S , J H M V . W e n d v G ilm ore*.
Chi-hua W a n a. Y u zh u a n a Su and S im o n L i.
D e p a rtm e n t of
Neurology, USC S cho ol o f M edicine, Los A n g e le s , C A 90033.

TRANSGENIC EXPRESSION OF IL-12 IN ASTROCYTES LEADS TO DIFFUSE
LYMPHOCYTIC ENCEPHALOMYELITIS. A. Pagenstecher*. A. K. Stalder and I.
L. Campbell. Dept. Neuropharmacology,The Scripps Research Institute, La
Jolla, CA 92037.

Beta-endorpin (β-end) is a naturally occurring opioid peptide that
exhibits a large variety of biological activities, including the regulation of
lymphocyte and macrophage activities. Our laboratory has previously
found that intracerebral (i.e.) administration of β-end results in an altered
course of disease induced by the neurotropic murine coronavirus, JHMV.
Thus, i.e. |3-end administration on days -1, 0 or +1 post-infection (p.i.)
significantly reduced the incidence and severity of virus-induced paralyticdemyelinating disease. By contrast, administration on day 3 p.i. or later
facilitated virus-induced encephalitis, resulting in an overall poor prognosis
for recovery. The encephalitis was associated with an increase in the
number of peripheral immune celis infiltrating the brain, especially in the
first 24 hr after β-end injection. In this communication, we report that virus
replication, measured by plaque assay, persists longer in mice receiving fi
end on day 3 p.i. (1 μg/mouse; i.e.), relative to control mice receiving i.e.
PBS or [β-end on day 0. immune cells isolated from the brain or the
cervical lymph nodes of mice receiving late administration of p-end
produce little or no gamma-interferon, an anti-viral lymphokine produced
by T lymphocytes and natural killer (NK) cells. None of these phenomena
were observed if the opioid peptide, dynorphin B, is substituted for p-end.
These data have implications not only for the understanding of opioid
regulation of immune function, but also for the treatment of neurological
diseases with an inflammatory component.

Interleukin-12 (IL-12) was shown recently by us to be produced locally in the brain
by microglia and astrocytes and is implicated in the development o f cell-mediated
immune responses in the CNS in infection and in MS and EAE. In order to further
elucidate the function of IL-12 in the brain, we developed transgenic (tg) mice in which
the expression of the IL-12 p35 and p40 genes was targeted to astrocytes using GFAPIL12 fusion genes. Several founder mice that expressed IL-12 at high levels died between
8 days and 3 months. Three independent GFAP-IL12 transgenic lines (C, F and H) with
different levels (F>C>H) of EL-12 mRNA expression were established. An additional
line (H40) expressed only the non-bioactive p40 subunit of the IL-12 heterodimer. In all
lines, transgene expression was highest in the hindbrain, while forebrain and spinal cord
revealed lower expression.The phenotype of the lines correlated with the level of
transgene expression. Mice of the F line were runted and developed a progressive ataxia
before dying at 3 to 4 months, while mice of the C line were normal to about 6 months,
at which age a progressive ataxia, weight loss and decreased muscle mass became
evident. Animals of the H and H40 line were normal without clinical symptoms up to
10 months. Histological examination showed diffuse and perivascular lymphocytic
infiltrations of the brain and spinal cord consisting predominantly of CD4+ and CD8+
cells, while B-cells accounted for only a small percentage of mononuclear cells.
Moreover, severe spongiosis was observed in areas of high transgene expression (cerebral
white matter). Animals of the F line showed severest infiltration, while mice of the H
line showed only occasional perivascular infiltrations. Analysis of cytokine mRNA
expression revealed induction of IL -lα and β, TNFα and β and IFNy in regions of
transgene expression. Our findings indicate that expression of IL-12 in the CNS
promotes recruitment, infiltration and activation of lymphocytes in a T hl-like response
in the brain causing severe neurological disease.
S upported by NIH grants MH50426, D eutsche Forschungsgem einschaft and MS Society

Supported by NIH grant NS 2981 1-01A2

393.11
TR A N SG EN IC M ICE W IT H ASTRO CYTE-TARG ETED EX PRESSIO N O F
IN T E R FE R O N -α ARE RESISTANT TO LETH A L N E U R O T R O PIC VIRAL
IN F E C T IO N BU T D E V E L O P PR O G R ESSIV E E N C E P H A L O P A T H Y .
Y. A kw a* a n d I.L. C a m p b e ll. D e p t. N e u ro p h a rm a c o lo g y , T h e S c rip p s
Research In stitu te, La Jolla, C A 92037
C y to k in e s b e lo n g in g to th e in te rfe ro n (IFN ) fam ily a re p iv o ta l in th e
h o s t res p o n s e to v ira l in fectio n . W e e s ta b lis h e d th a t IF N -a is a p o te n t
n e u ro p a th o g e n ic fac to r in th e C N S in m ic e (A k w a e t al., 1996, Soc.
N eurosci. Abs. 22:1355). T w o tran sg en ic lines, GIFN -39 a n d GIFN -12, w e re
g e n e ra te d in w h ic h m o d e ra te a n d lo w levels of IFN -α m R N A e x p re ssio n
resp e c tiv e ly , w a s ta rg e te d to a stro c y te s u s in g th e p r o m o te r fo r G FA P.
G IFN m ice w e re ru n te d , ataxic, d e b ilita te d a n d su sce p tib le to seizu res. In
the CN S, n e u ro d e g e n e ra tio n , gliosis, a n g io p a th y w ith m o n o n u c le a r cell
c u ffin g a n d p r o g re s s iv e c a lc ific a tio n a ff e c tin g b a s a l g a n g lia a n d
cerebellum w e re p ro m in e n t a n d a d o se -d e p e n d e n t u p -re g u latio n of th e IFN a resp o n se genes w a s n o ted . A lth o u g h IF N -a h a s a m ajo r ro le in a n tiv ira l
d efense, c o m p a re d w ith th e p e rip h e ry , its p ro d u c tio n in th e C N S d u rin g
v ira l in fe c tio n is a lm o st u n d e te c ta b le (S a n d b erg e t al., 1994, J. V irol.
68:7358). In the p re s e n t s tu d y , G IFN o r co n tro l m ice w e re c h a lle n g ed i.e.
w ith LCM viru s. A t d a y 8 p o st-in fe c tio n (p.i.), 1 /2 4 c o n tro l litte r m a te s
s u rv iv e d c o m p a re d w ith 1 3 /2 3 G IFN -12 m ice. S u rv iv in g G IF N m ice
re m a in e d alive a t 28 d a y s p.i. a t w h ic h tim e n o d e te c tab le v iru s c o u ld b e
fo u n d in th e b ra in . C o m p a re d w ith in fe c te d c o n tro l m ice, G IF N m ice
s h o w e d a s ig n ific a n t r e d u c tio n in LC M v iru s a n d R N A as w e ll as
in fla m m a tio n in th e b ra in a t d a y 5 p.i. T h erefo re, c e re b ra l e x p re s s io n of
I F N -a o n the one h a n d can co n fer resista n c e to a leth al n e u ro tro p ic v iru s
infection w hile on the other, in d u ce s C N S in ju ry a n d n e u ro lo g ica l disease.
S u p p o rte d b y USPHS g ra n t MH47680.

S ociety for N euroscience , V olume 2 3 ,1 9 9 7

393.12
CHEMOKINES PREVENT NEURONAL CELL DEATH
ASSOCIATED WITH THE HIV ENVELOPE PROTEIN (GP120)
J. Hauser*. M. Ruff. D.E. Brenneman. T. Schall and C .Pert. Sec.
Dev. and Mol. Pharm., NICHD, NIH, Bethesda, MD 20893; Dept.
Physiol. Biophys. Georgetown Univ Sch. o f Med., W ashington, DC
20007; Mol. Med. Res. Inst., Mountain View, CA 94043.
Picomolar concentrations o f the envelope protein (gp!20) from the
human immunodeficiency virus (HIV) produce neuronal cell death in
CNS cultures derived from rodents. Chemokine receptors have been
shown to bind various gpl20's and serve as co-receptors with CD4 for
HIV infectivity. Peptide T, a modified octapeptide derived from
gpl20, has been shown to be a ligand at CKR5 chemokine receptors,
which are present in cerebral cortical cultures. Chemokines were
shown to be neuroprotective for cerebral cortical neurons treated with
gpl20 for five days. The rank order potency of protection was a CKR5-like profile: RANTES> M IP-lalpha>M IP-lbeta>>>MCP. G pl20
from various HIV strains all produced neuronal cell death, although at
very different potencies. RANTES (1 nM) was completely effective
in preventing neuronal death in cultures treated with gpl20 from the
following strains: CM, RFII and MN; whereas only partial protection
was evident against gpl20 from LAV and SF2, while peptide T (10
nM) was fully protective for all strains. Chemokines and Peptide T
may provide an effective therapeutic strategy against gpl20 toxicity.
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393.13
EFFECT OF SUBSTANCE P AND CGRP ON TN F-a AND NO RELEASE
FROM BRAIN CELLS UPON STIMULATION W ITH CELL WALL
COMPONENTS FROM S. PNEUM. D. Frever, U.-S. Sehmsdorf, A. Ziegenhorn, R. Manz. A. Meisel. K. Anqstwurm. M. Lautenschlaaer, U. Dirnaql. G.
Ransmavr* *. J.R. Weber. Dept, of Neurology, Inst, of Pharmacology and
Toxicology, Humboldt University, Berlin, * University of Innsbruck, Austria
It has been shown that substance P (SP) and calcitonin gene related peptide
(CGRP) contribute to vascular responses to endotoxin from gram-negative
bacteria. W e have shown previously a release of NO and TNF-α from
cerebral microvascular endothelial cells (EC) and from astrocytes after
incubation with PCW. This study was undertaken to investigate the effect of
SP and CGRP on the expression of iNOS and TNF-α in these cells after
incubation with cell wall components from gram-positive Streptococcus
pneumoniae (PCW), the major cause of menigitis in adults.
Cell cultures of astrocytes or EC from rats were coincubated with PCW (e.q.
5 x 105cfu/ml) and neuropeptides. TNF-α and nitrite in the cell culture super
natant were quantified after 8-10 h using a bioassay and after 48 h using the
Griess reaction, respectively.We found a decrease of NO-release in both cell
PCW+CGRP
PCW +
PCW +
release PCW Cont.
(100 nM)
SP (10 nM) CGRP(1nM)
of [%]
81 ± 54
100
0
82 ± 22
Astro TNF-a
94 ±35
NO
100
0
106 ± 33
83 ± 59
65 ±28
103
±38
EC
100
0
107
±
33
120
±
58
TNF-a
NO
100
0
75 ± 59
80 ±35
85 ±31
The findings indicate that SP is capable to modulate the iNOS expression in
astrocytes. The effect of neuropeptides on vascular response to endotoxin is
possibly due to modulation of eNOS activity. Supported by DFG, SFB
507/A3; INK 2 1/A 1-1/B8

393.15
NEUROIMMUNOMODULATORY ROLE OF SEROTONIN DURING THE
ACUTE PHASE RESPONSE OF THE ENDOTOXIC SHOCK. A. Giovambattista1.
A. N. Chisari1. R.C. Gaillard2 and E. Spinedi1*. 1. Neuroendocrine Unit, IMBICE
and School of Exact Sciences, UNLP, 1900 La Plata, Argentina; and 2. Div. of
Endocrinology and Metabolism, CHUV, CH 1011 Lausanne, Switzerland.
Since serotonin (5HT) is able to up-regulate in vitro B and C lymphocytes as well
as natural killer cell proliferation, the aim of the present work was to elucidate an in
vivo modulatory role of 5HT on tumor necrosis factor (TNF) a release in plasma
during the acute phase of the endotoxic shock. For this purpose, plasma glucose (G,
enzymatic assay), TNF α (L929 cells bioassay) and ACTH (IRMA) levels were
measured 2 h after ip administration of 0.5 ml of vehicle (VEH) alone or containing
50 fig of bacterial lipopolysaccharide (LPS) in adult male Fischer rats (n = 8-10 rats
per group) without any previous treatment (CONTROL) and in those having received
the 5HT receptor blocker metergoline (MET; 3.2 mg/Kg BW, ip, 1 h before LPS).
The results (mean + SEM) indicate that LPS administration in both M ET-treated and
-untreated rats induced a significant (P < 0.05) hypoglycemia (G in g/1: 1.07 + 0.03
and 1.06 + 0.02, respectively, vs. 1.22 + 0.02 in VEH-injected rats). LPS treatment
enhanced ACTH release in plasma from 46 + 4.7 (VEH-injected) to 641 + 37 pg/ml
in CONTROL rats and it was significantly (P < 0.05 vs. CONTROL group) reduced
by MET pretreatment (440 + 38 pg/ml). Finally, as expected, basal plasma TN Fa
levels (2.71 + 1.93 ng/ml) were several fold increased (P < 0.05) by LPS
administration in CONTROL animals (86.1 + 9.8 ng/ml) and, interestingly, MET
pretreatment completely abolished LPS-stimulated TN Fa output in plasma (1.73 +
1.25 ng/ml). Our results corroborate that the serotonergic pathway is involved in the
regulation of the hypothalamo-corticotrope function and indicate that this
monoaminergic system plays a stimulatory role on the secretion of T N Fa by LPSstimulated immune cells, thus providing evidence for another link between the
immune and neuroendocrine systems. (Supported by CIC-CONICET and the SNRF)

393.17
EXPRESSION OF NEUROTROPHIN RECEPTORS IN B CELL LINES OF
NORM AL AND M ALIGNANT ORIGIN. M. D ’O nofrio*1. U. de Grazia1. P.
Trivedi1. P. Spinsanti2. L. Cuomo1. A.Calogero K L. Frati1,2 and G. Ragona1,2.
istitu to Neurologico M editerraneo, IRCCS Neuromed, 86077 Pozzilli, Isemia,
Italy; 2Dipartimento di Medicina Sperimentale e Patologia, Università* di Roma
"La Sapienza", Rome, Italy.
The neurotrophins are structurally and functionally related trophic factors
involved in the development, survival and maintainance of neurons. They mediate
their effects through binding to two classes of receptors, tyrosine kinase receptors,
members of the trk family, trkA, trkB and trkC and the low affinity receptor, p75.
There is increasing evidence that nerve growth factor (NGF) exerts effects on
cells of the immune system, playing a role as a B cell growth and differentiation
factor and interacting with other cytokines involved in B cell activation. NGF in
vitro enhances T and B cell proliferation, increases surface expression of
Interleukin-2 receptor on human T cells and Ig production by human lymphocytes.
Instead Interleukin-4 reverses the inhibitory effect o f NG F on Ig secretion and
decreases the expression of p75. Since functional receptors were identified on B and
T lymphocytes, NGF is proposed as a signalling molecule mediating cross-talk
between the immune and nervous system. In order to understand the role of these
molecules in the immune system, we analyzed trkA, trkB, trkC and p75 expression
by RT-PCR in B cell lines of normal and malignant origin. A set of Epstein Barr
Virus (EBV) transformed Lymphoblastoid cell lines (LCLs) and EBV positive and
negative Burkitt Lymphoma cell lines (BLs) was chosen for this purpose. Our
results show that trkA and trkB are expressed in a high majority of LCLs and BLs.
Trk C also is expressed in LCLs (3/8, 37.5%) and BLs but only in the EBV
genome negative subgroup (3/5, 60%). The p75 expression seems to be restricted
to LCLs only. Expression of neurotrophin receptors in B cells will be discussed in
relation to their significance for regulation of proliferation and differentiation.
Supported by M inistero della Sanita’ and M inistero della Ricerca Scientifica
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393.14
REGULATION OF CHEMOKINE CXC-4 RECEPTOR EXPRESSION BY
IMMUNOGENIC CHALLENGE. M.E Charlton*. P.M. Sweetnam1 and R.S.
Dum an. Laboratory of Molecular Psychiatry, Yale University School of
Medicine, CMHC, 34 Park St., New Haven, CT 06508, 11nstitute of Research
Technologies, Bayer Corp., West Haven, CT, 06516.
The mechanism by which the human immunodeficiency virus (HIV)
infects CD4+ cells has recently been elucidated. A family of chemokine, Gprotein coupled receptors has been demonstrated to act as cofactors in
conjunction with the CD4 receptor to mediate HIV infection. For example, the
CXC-4 receptor has been demonstrated to act with CD4 to mediate infection
of T*tropic isolates of the virus. Studies in our laboratory have focused on
the cellular expression of CXC-4 mRNA in glial cell cultures and in brain and
the regulation of this receptor by immunogenic agents. Expression of CXC-4
is highly enriched in cultured primary astrocytes and microglia. These cells
originate from the same progenitor cells as peripheral white blood cells,
which also express very high levels of CXC-4 receptor mRNA. We have
found that treatment with immunogenic agents, such as lipopolysaccharide
(LPS) or zymosan, significantly down-regulates the expression of CXC-4
receptor mRNA in microglia and astrocyte cell cultures. LPS also causes a
time- and dose-dependent down-regulation of CXC-4 receptor mRNA in a
microglial cell line. Finally, treatment of rats with LPS significantly
decreased expression of CXC-4 mRNA in several brain regions. These data
reveal that immune challenge regulates CXC-4 receptor function in the
central nervous system and may contribute to our understanding of the
mechanisms by which glial cell responses contribute to the etiology of AIDS
dementia and HIV related CNS disorders. We are also studying the regulation
of CXC-4 expression by chronic drug abuse treatment, which has been linked
to a higher incidence of HIV infection. Supported by MH25642 and DA08227.

393.16
LIPOPOLYSACCHARIDE STIMULATES COX ACTIVITIES IN RAT
HYPOTHALAMIC ASTROCYTES VIA THE ACTIVATION OF
MULTIPLE PATHWAYS. G. Pistritto. G: Pozzoli*. C. Mancuso. G. Tringali.
P. Preziosi and P. Navarra. Inst, of Pharmacology, Catholic University Medical
School, Rome, Italy.
At variance with interleukin- l β (IL-lβ), lipopolysaccharide (LPS) stimulates
prostaglandin E2 (PGE2) production by primary cultures of rat hypothalamic
astrocytes as from 1 h of incubation. The early onset of response suggests that
constitutive cyclo-oxygenase (COX-1) activity is implicated, and that the
increase in PGE2 production ensues to increased arachidonic acid availability,
possibly via the activation of phospholipase A2 (PLA2). Infact, a peptide from
the primary sequence of lipocortin-1, Ac2-26LC-l, significantly inhibits LPSinduced PGE2 release. After 24 h of incubation, about 20-30% of total PGE2
production is accounted for by COX-1, the remainder being antagonised by the
specific inhibitor of inducible COX (COX-2) activity, NS 398. The long-term
effect of LPS on PGE2 production appears to be mediated by the endotoxin
induction of secondary pathways such as the increased production of the
inflammatory cytokines IL-1 and tuinor necrosis factor (TNF), as well as the
increased formation of nitric oxide (NO) and carbon monoxide (CO). In fact,
LPS-induced PGE2 production is antagonised by cytokine inhibitors, such as
IL-1 receptor antagonist as well as thalidomide and pentoxyfilline (to block IL1 and TNF respectively), and by the inhibitors of NO and CO biosynthesis
through the inducible NO synthase and heme oxygenase pathways,
aminoguanidine and Sn-mesoporphyrin-9.
Supported by M.U.R.S.T., Fondi Ateneo 1995

393.18
INTERFERON-y SUPRESSES GLUTAMATE TRANSPORT IN U373
MG HUMAN ASTROCYTOMA AND SK-N-MC HUMAN
NEUROBLASTOMA CELLS. T. C. Pappas*. W. A. O ’Brien . R. B.
Pollard, and M. Nokta. Department o f Internal Medicine, University o f
Texas Medical Branch, Galveston TX, 77555-0835.
Cytokine modulation o f cell signaling and survival has been implicated
in the pathology o f CNS diseases associated with viral infection. Our
studies indicate that interferon-y (IFN-γ) suppresses glutamate (GLU)
transport in tumor cells expressing neuronal and glial phenotypes. These
cells contain the human glutamate transporters EAAT1 and EAAT3,
which are responsible for clearing glutamate from the synapse and may be
involved in protection from excitotoxic cell death. Recombinant human
INF-γ induced dose- and time-dependent suppression o f radiolabeled LGLU and D-aspartate uptake in U373MG and SK-N-MC cells grown
either in serum-containing or defined media. Uptake suppression was not
seen before 4 h and was robust by 48 h. At 48 h, IFN-γ at 1 ng/ml
suppressed L-GLU uptake by 25%. IFN-γ at 1 pg/ml suppressed L-GLU
uptake nearly 60%, but concentrations as low as 10 pg/ml effectively
suppressed uptake. The suppressive effects o f 1 ng/ml IFN-γ could be
completely reversed with 200 pM tyrphostin A25, a specific tyrosine
kinase inhibitor. This suggest the action o f a protein tyrosine kinase in
this effect. However, the NOS inhibitor N G-methyl-L-arginine at
concentrations up to 5 mM did not affect IFN-y-mediated GLU uptake
suppression. This suggest that IFN-γ induction o f iNOS is not involved in
suppression o f L-GLU transport in these cells. Supported by the James
W. McLaughlin Fellowship Fund.
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ANALYSIS OF ADRENOCORTICAL SECRETORY FUNCTIONS FOLLOW ING
ACUTE AND CH RO NIC IM M U NE CH ALLENG ES IN INFLA M M A TION SUSCEPTIBLE AND -RESISTANT RAT STRAINS. I. W ahlstrӧm▫ . J. Lorentzen.
M. Schalling♦ * and A. Ericsson▫ . ▫ Lab. Rheumathol and ♦ Neurogenetics Unit, Centre
Molecular Medicine, The Karolinska Institute, Stockholm. Endogenous corticosterone
(CS) secreted during immune challenges may serve to restrict the inflammatory process.
Genetic variations in this neuroendocrine-immune dialogue may influence the individual
sensitivity to develop chronic inflammatory disorders. We have tested inflammationsusceptible DA and resistant, MHC-congenic, PVG.1AV1 rat strains for their abilities
to secrete endogenous CS in response to immune challenges with bacterial lipopolysaccharide (LPS) and yeast B-glucan. The rats were injected intravenously with LPS (1
(Xg/kg), or vehicle alone, plasma samples were collected at 90 and 180 min postin
jection and total plasma CS content was analysed. LPS triggered potent secretion of CS
in both DA and PVG.1AV1 rats, as compared to saline injected control rats (p<0.0001,
n=7, Kruskal-Wallis test). This was matched with similar patterns o f cellular activation
(induction o f c-Fos) in the endocrine hypothalamus. Interestingly, peak levels of CS did
not differ significantly between these rat strains (p's>0.4). Intradermal injection of Bglucan (2.5 mg/kg) caused severe, m onophasic, polyarthritis in DA rats while
PVG.1AV1 responded with significantly milder joint inflammations. Peak inflamma
tory scores were obtained on day 17 postimmunization in both rat strains. Importantly,
serial sampling of plasma from glucan injected DA and PVG.1AV1 rats did not reveal
elevated levels of plasma CS at any time from day 1-30 postinjection, as compared to
preinjection values, in spite o f the ongoing inflamm atory processes (p>0.4, n=8,
Wilcoxon's test). Interestingly, adrenalectomized, glucan challenged, DA rats responded
with an aggravated arthritic process, suggesting an anti-inflammatory role for basal
levels of endogenous CS. In contrast, adrenalectomy did not affect the mild, selflimiting
inflammation observed in glucan-challenged PVG.1AV1 rats, suggesting that these rats
contend the arthritic process via CS-independent m echanism s. In conclusion, the
hypothalamic-pituitary-adrenal axis in both DA and PVG.1AV1 rats exhibited strong
activation after systemic challenge with low doses of LPS. This contrasted to the basal
CS levels observed in DA and PVG.1AV1 rats during a more long lasting arthritic
process. Basal levels of endogenous CS appeared to mediate the recovery from glucaninduced arthritis in DA rats whereas resistence to the artritic process in PVG.1AV1 rats
may be mediated via CS-independent mechanisms. (K97-19X-11241-03A)

THE EFFECTS OF INTRAVENOUS ADMINISTRATION OF SERUM FROM
MULTIPLE SCLEROSIS PATIENTS ON CLINICAL SIGNS IN EXPERIMENTAL
AUTOIMMUNE ENCEPHALOMYELITIS.
G. R. John. N. A. Gregson. N. Dmitrieva* and K. J. Smith. Department of
Neurology, UMDS, Guy’s Campus, London SE1 9RT.
The mechanisms underlying relapses in multiple sclerosis (MS) are poorly
understood. While the role of inflammatory cells is not disputed, a role for the
humoral arm of the immune response is unproven. In the present study we have
examined the effects of sera taken from MS patients in relapse on the clinical course
and pathology o f an animal model of CNS autoimmune inflammatory disease.
Passive transfer experimental autoimmune encephalomyelitis was induced in female
Lewis rats (n=42) by intravenous injection of syngeneic MBP-specific T cell blasts.
Forty-eight hours later, when the blood-brain barrier was open, the rats received by
intravenous injection 0.5ml serum from MS patients who were not undergoing
therapy, either w ithin one week of clinical relapse onset (M S-lwk) (n=9), or between
one and two weeks of relapse onset (MS-2wk) (n=7). Control animals received T cell
blasts followed by either 0.5ml serum from normal human controls (n=8), or 3mg of
the anti-MOG monoclonal antibody 8-18C5 (n=15), or saline (n=10). Animals were
examined daily by a blinded observer. Twelve days after cell transfer the CNS was
fixed and examined histologically by a blinded observer. Rats given early relapse MS
sera (M S-lwk) had significantly more severe clinical signs (P<0.01) than rats given
MS sera from later in the course of relapse (MS-2wk), and clinical severity was
inversely correlated with interval after relapse (P<0.05). Rats given early relapse MS
sera (M S-lwk) also had significantly more severe (P<0.05) clinical signs than rats
given sera from normal human controls. Rats given the anti-MOG antibody 8-18C5
had significantly more severe clinical signs than rats in all other groups (P<0.01).
This work was supported by the Multiple Sclerosis Society o f Great Britain and NI.
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DIFFERENTIAL BEHAVIORAL RESPONSE IN A U T O IM M U l^ MICE TO
SEROTONERGIC AND DOPAMINERGIC MODULATORS. B. Ŝakiċ*. J. A. Denbure
and H. Szechtman. Departments o f Psychiatry, Biomedical Sciences and Medicine,
McMaster University, Hamilton, CANADA L8N 3Z5.
MRL-lpr mice develop behavioral dysfunction at the onset o f spontaneous
autoimmune, lupus-like disease. In comparison to congenic MRL +/+ controls, MRL-lpr
mice float excessively in the forced swim test, show decreased exploration o f novel
objects and places, blunted responsiveness to palatable stimuli (sucrose and saccharine)
and reduced isolation-induced aggression. To probe the neurochemical basis o f this
autoimmunity-associated behavioral syndrome (AABS), the present study compared the
behavioral responses o f young autoimmune MRL-lpr and age-matched MRL +/+
controls to injections o f sertraline (a serotonin-reuptake inhibitor), quinpirole (a D2/D3
receptor agonist) or risperidone (a 5-HT2A/D2 receptor blocker). Animals were tested
between 5 and 10 weeks o f age after acute and chronic treatment protocols. In
comparison to controls, a 4-week treatment with sertraline (5 mg/kg/day) failed to
prevent in MRL-lpr mice excessive floating in the forced swim test. Acute injection o f
quinpirole (0.5 mg/kg) increased floating. In a continuous preference test chronic
treatment with quinpirole (10 injections/4 wks) further reduced sucrose intake in MRLlpr mice, and treatment with risperidone (0.1 mg/kg/day) abolished substrain differences
in responsiveness to sucrose. The results obtained indicate a differential behavioral
response in autoimmune MRL-lpr mice to serotonergic and dopaminergic modulators.
It is hypothesized that early overexpression o f the cytokine IL-6 and infiltration by
lymphoid cells in MRL-lpr brains (both demonstrated in earlier studies) amplify
serotonergic and dopaminergic activity, thus accounting for AABS.

IN D U C IB L E N ITR IC O X ID E SY N TH A SE A N D N IT R A T IO N O F PR O T E IN
T Y R O S IN ES IN M A C R O P H A G E S, G L IA A N D E N D O T H E L IA L C E LLS IN
M S A N D E A E . J.E . M e rrill. C .P .G e n a in . J .F .P a rk in s o n . P. M e d b errv ;
M . H a lk s -M ille r* . V . D el V e c c h io . S. K a rd o s. a n d S .P .M u rp h v . D ept,
o f Im m u n o lo g y , B e rle x B io s c ie n c e s, R ic h m o n d , C A 9 4 8 0 4 , D ept,
o f N e u ro lo g y , U C S F M e d ic a l C e n te r, S an F ra n c is c o , C A
9 4 1 4 3 and
D e p t, o f P h a rm a c o lo g y , U n iv e rs ity o f Io w a C o lle g e o f M e d ic in e
Io w a C ity , IA 52 2 4 2
T h e re is e v id e n c e fo r th e in d u c tio n o f fu n c tio n a l in d u c ib le
n itric o x id e s y n th a s e (iN O S ) in tis s u e s o f p a tie n ts w ith m u ltip le
s c le ro sis (M S )
as w e ll in r o d e n t m o d els o f M S , e x p e rim e n ta l a ll
e rg ic e n c e p h a lo m y e litis (E A E ). H o w e v e r, in th e s e s tu d ie s o f M S
a n d E A E b ra in a n d sp in a l c o rd tis s u e , th e c e llu la r so u rc e o f N O
h a s b e e n c o n tro v e rs ia l.
In th is stu d y w e d e m o n s tra te a n d q u a n 
tita te iN O S a n d n itro ty ro s in e (N T ), a fo o tp r in t fo r N O p ro d u c tio n
in
c e lls , b y d o u b le im m u n o c y to c h e m is tr y u s in g a n tib o d ie s
s p e cific fo r c e ll m ark ers an d fo r iN O S o r N T . W e sh o w iN O S m R N A
by in situ h y b rid iz a tio n as w ell as iN O S a n d N T sta in in g in m a c 
ro p h a g e s a n d m ic ro g lia , a n d fo r th e f irs t tim e iN O S a n d N T in
a s tro c y te s a n d a s s o c ia te d w ith e n d o th e lia l c e lls in M S a n d m a r
m o se t E A E tis s u e s.
T h e s ta in in g , n o t fo u n d in n o rm a l c o n tro l
b r a in , c o rr e la te d w ith le s io n s at d iff e re n t s ta g e s o f d e v e lo p m e n t.
T h e s e d a ta s tr e n g th e n th e p o s s ib ility th a t b o th in fla m m a to r y
a n d e n d o g e n o u s g lia c o n tr ib u te to p e r o x y n itr ite f o rm a tio n a nd
lip id p e ro x id a tio n , r e s u ltin g in le s io n fo rm a tio n in th is d ise a s e .

Supported by Pfizer Canada Inc. and NSERC.
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INDUCTION O F SPE C IFIC UNRESPONSIVENESS TO EX PER IM EN T A L
AUTOIM M UNE EN CEPH A LO M Y ELITIS BY A D OPTIV E TR A N SFER O F
B CELLS EX PRESSIN G TH E E N C EPH A LITO G EN IC DETERM IN A N T O F
PR O TEO LIPID PR O TEIN .
C. C. Chen. A. Rivera. J. P. Dougherty. L. Peng*, and Y. Ron. Dept. Mol. Gen. &
Micro, and Dept. Neurosci. & Cell Biol.* UMDNJ-Robert Wood Johnson Medical
School, Piscataway, NJ 08854
Experimental autoimmune encephalomyelitis (EAE) is an experimental animal
model for T cell-mediated demyelinating disease o f the central nervous system. The
disease is mediated by MHC class II-restricted CD4+ T cells specific for various
antigenic determinants on proteolipid protein (PLP) or myelin basic protein.
Extrathymic induction of antigen-specific unresponsiveness o f mature T cells can be
achieved by incomplete activation o f T cells. It has been demonstrated that
engagement of the T cell receptor in the absence o f a costimulatory signal will result
in such unresponsiveness. In this study, efficient retroviral vector mediated gene
transfer protocol was used to introduce a gene encoding for an encephalitogenic
determinant of PLP into normal splenic B cells in vitro. The retroviral vector used
also included a lysosomal targeting sequence (the cytoplasmic tail o f lysosomal
acidic phosphatase) fused to the encephalitogenic determinant. Various doses o f the
transduced B cells were then adoptively transferred into EAE susceptible BALB/c x
SJL mice. One to three weeks following adoptive transfer, EAE was induced by
direct injection with pl39-151 o f PLP. After challenge with the specific antigen, 10
out of 16 treated mice were totally protected and have not shown any sign o f disease.
In contrast, 98% of all control mice, both the normal unmanipulated groups and the
ones that were adoptively transferred with a similar MLV-based vector , became
severely paralyzed. We are now testing the efficacy o f other sources o f B cells which
should prove more potent in inducing antigen-specific unresponsiveness. (Supported
by a National Multiple Sclerosis Society grant RG 2626A2).

C H E M O K IN E
RECEPTO R
U P -R E G U L A T IO N
IN
LUM BAR
S P I N A L C O R D S O F R A T S W IT H E X P E R IM E N T A L A L L E R G IC
E N C E P H A L O M Y E L IT IS (E A E ).
Y . J ia n g . M .N . S a la fra n c a . S .
A d h ik a ri. W .J .
S tre it. a n d J .K .
H a r r is o n * . D e p a rtm e n ts o f
P h a rm a c o lo g y a n d T h e ra p e u tic s , a n d N e u r o s c ie n c e , U n iv e rs ity o f
F lo rid a , G a in e s v ille , F L 3 2 6 1 0 -0 2 6 7 .
A n u m b e r o f g e n e s e n c o d in g c h e m o k in e p e p tid e s h a v e b een
s h o w n to b e u p -re g u la te d in b o th ra t a n d m u rin e E A E . E A E is an
in fla m m a to ry d e m y e lin a tin g d is e a s e c o n s id e re d to b e a re a s o n a b le
m o d e l f o r h u m a n m u ltip le sc le ro sis . R e c e p to rs f o r c h e m o k in e p e p tid e s
h a v e b e e n id e n tifie d b y m o le c u la r c lo n in g m e th o d s a n d th e y are
m e m b e rs o f th e la rg e G -p ro te in c o u p le d , s e v e n tra n s m e m b ra n e s p a n 
n in g , r e c e p to r s u p e rfa m ily . W e e x a m in e d th e e x p re s s io n o f c h e m o k in e
r e c e p to r g e n e s (k n o w n to b e e x p re s s e d in th e c e n tra l n e rv o u s sy ste m )
in ra t E A E . M ale L e w is ra ts w e re in je c te d in th e h in d fo o tp a d w ith
m y elin b a sic p ro te in (M B P ) e m u ls ifie d w ith c o m p le te F r e u n d ’s
a d ju v a n t (C F A ) su p p le m e n te d w ith Mycobacterium tuberculosis.
A n im a ls w e re m o n ito re d a n d s c o re d f o r clin ica l s ig n s o f th e d ise a s e .
A p p ro x im a te ly tw o w e e k s p o s t M B P /C F A in je c tio n , a n im a ls w e re
a n e sth e tiz e d a n d p e rfu s e d w ith ste rile p h o s p h a te b u ffe re d sa lin e . T otal
R N A fro m th e lu m b a r e n la rg e m e n t o f th e s p in a l c o rd s w a s ex tra c te d
a n d s u b je c te d to N o rth e rn b lo t a n a ly s is . S te a d y state le v e ls o f m R N A
o f C C R 5 , C X C R 4 , a n d th e C C c h e m o k in e r e c e p to r- lik e g e n e , R B S 1 1,
w e re e le v a ted in a n im a ls d is p la y in g v a ry in g d e g re e s o f clinical
s y m p to m s (fla c c id tail to to ta l h in d lim b p a ra ly s is ). T h e d a ta in d ic a te an
in v o lv e m e n t o f c h e m o k in e p e p tid e s /re c e p to rs in ra t E A E . (Supported

S ociety for N euroscience , V olume 2 3 ,1 9 9 7

by grants from the National Institutes o f Health and the National
Multiple Sclerosis Society)
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Effect of InterferonP-lb (IFNP) and Human Aggregated IgG (HAG) on Non-Specific
Suppressor Function (NSSf) of Peripheral Blood Mononuclear Cells (PBMC) in vitro
in M ultiple Sclerosis (MS). Z-X. Ou. M.A. Jensen, and B.G.W. Amason*.
Department o f Neurology, University of Chicago, Chicago, IL 60637.
MS is a demyelinating disease of the central nervous system. The immune system
is thought to play a role in the pathogenesis o f the disease since: 1) activated
mphocytes are found in CNS lesions; 2) neuroantigen reactive cells are found in
die blood; and 3) the disease responds favorably to therapy with immunomodulators.
NSSf, as measured in the Con A suppressor assay, is decreased in MS PBMC during
active disease. IFNp, an approved drug for the treatm ent o f relapsing rem itting MS,
augm ents NSSf. We investigated the effects o f combining EFN3 and HAG
(aggregated with heat or glutaraldehyde) on N SSf o f PBMC in vitro in MS patients
and in normal controls To measure NSSf, PBMC are cultured in medium alone or
activated with Con A in the presence or absence of IFNP and/or HAG for 48 hours.
Cultured cells are then treated with mitomycinC and assayed for their ability to
inhibit the proliferative response o f freshly isolated PBMC to Con A. The results
indicate that (1) heat aggregated IgG augments N SSf in controls (25±2 vs 16±1
p < 0 0 0 5 ) and MS (22±2 vs 13±1 p<.0001); (2) glutaraldehyde aggregated IgG
augments NSSf (23±2 vs 14±1 p< 005); (3) IFN P-lb augments NSSf in controls
(27±2 vs 16*1, p<0003) and MS (24±2 vs 13±1, p<.0001); (4) HAG together with
IFNP leads to greater NSSf than that observed with either agent alone. Controls
(36±4 vs27±2 (IFN, p < 0 3 )o r 24±2 (HAG, p <006)). MS patients(32±2 vs24±2
(IFN, p<.005) or 22±2 (HAG, p< 001)). HAG potentiates the ability o f IFNP to
augment NSSf in MS patients and controls. Study supported by PHS-PO-1-NINDSNS 24575; a gift from the Butz Foundation; a grant from Berlex, Inc. (all to
B.G.W.A.).
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SO L U B L E IN T E R L E U K IN -6 R E C E P T O R IS D E C R E A S E D
IN C E R E B R O S P IN A L F L U ID O F P A T IE N T S W IT H
M U L T IP L E S C L E R O S IS
F. P a d b e rg * 1. P.A . K ö rs c h e n h a u s e n 2, H .U . K ö tte r 1. C. S c h n e id e r 1. D.
S c h o e n ^ T . S u n d e r la n d 3. H .-J. M ö lle r1 a n d H. H a m p e l1
’Department of Psychiatiy, Ludwig-M aximilian University, School of Medicine,
80336 Munich, Gennany, 2Marianne-Strauss-Hospital, M ultiple Sclerosis Center,
Kempfenhausen, Germany, 3National Institutes of Health, National Institute of
M ental Health, Geriatrie Psychiatry Branch, Bethesda 20892, MD, USA
The immunomodulatory effects of interleukin-6 (IL-6) in health and disease are
mediated via the interleukin-6-receptor-complex (IL-6R-C*) including the high
affinity membrane bound IL-6 receptor and the soluble IL-6 receptor (SIL-6R).
Increased IL-6 levels have been reported in cerebrospinal fluid (CSF) of multiple
sclerosis (MS) patients. To explore the role of sIL-6Rs in MS, which are known to
augment IL-6 activity, we have measured CSF concentrations of sIL-6R in 22 MS
patients and 20 healthy controls (HC). CSF samples were diluted adding the
protease inhibitor Phenyl-Methyl-Sulfonacid-Flurid (PMSF). SIL-6R levels were
determined using a commercially available ELISA (R&D Systems, Minneapolis,
USA, sensitivity 17.5 pg/rnl for diluted samples). We found significantly lower CSF
SIL-6R levels in MS patients (mean concentration: 174 ng/dl) compared to HC
(mean concentration: 260 ng/dl, p = 0.0002). SIL-6R levels in MS patients did
neither correlate with the presence o f blood-brain-barrier dysfunction nor with
serum SIL-6R levels (r = 0 .2 9 ,p = 0.19), CSF cell count (r = - 0.03, p = 0.90), CSF
protein content (r = - 0.19, p = 0.41) and intrathecal immunoglobulin synthesis
given as tlie CSF/serum IgG-index (r = 0.15, p = 0.5). Our data suggest a role of
SIL-6R within in the complex iinmunopathogenesis of MS. Combined analysis of all
IL-6R-CxCompounts is required to further interprete our results.
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THE INTERLEUKIN-6-RECEPTOR-COMPLEX IN CSF OF
PATIENTS WITH ALZHEIMER’S DISEASE: DOWNREGULATION
OF GP130 AND THE SOLUBLE INTERLEUKIN-6-RECEPTOR.

ANTIDEPRESSANTS INFLUENCE TNF INDUCED APOPTOTIC CELL DEATH IN
LYMPHOCYTES
OF
TRANSGENIC
MICE
EXPRESSING
TYPE
II
GLUCOCORTICOID RECEPTOR ANTISENSE RIBONUCLEIC ACID. J.M.C.
Blomac*. N. Bardenb. F. Tasceddaac N. Brunellob and G. Racaeni3. aCnt.
Neuropharmacology, Univ. of M ilan, CDpt. Pharmaceutical Sciences. Univ. of
Modena, Italy, and ‘’Molecular Psychogenetics, CHUL, Québec, Canada.
Given the concerns regarding the carcinogenecity and the tumor promoting activity
o f antidepressants, the present study tested the hypothesis that TNF activation of
apoptosis contributes to lymphocyte lysis and that the cell lysis induced by TNF is
affected by antidepressants in transgenic mice that display enhanced susceptibility to
induced tumorigenesis. The transgenic mice used, serve as an animal model o f major
depression and are characterized by impaired glucocorticoid receptor function and
HPA-immune axis dysfunction. Adult transgenic (TG) and control (C57xB6C3,
CNTR) mice were killed by cervical dislocation, and spleen and thymus were
removed. Cells were then incubated either for lh, 3 or 10 days, in the presence of
different compounds: DMBA 1 μM , Desimipramine 1 μM (DMI), Fluoxetine 1 pM
(FLU), Dexamethasone 0.1 μM , or Estradiol 0.1 μM. Overall apoptosis increased
over time both in thymocytes and in splenocytes and DNA fragmentation was always
significantly higher in thymocytes. Comparison between the thymocytes of TGs vs
CNTRs indicates that at lh and 3 d, apoptosis was enhanced in TGs (50% and 100%
resp.), whereas at 10 d, apoptosis was significantly higher in CNRTs. In splenocytes
of TGs, apoptosis did not change at lh , was enhanced after 3 (40%), but suppressed
after 10 d (40%). Furthermore, the antidepressants FLU and DMI rapidly (lh )
induced resistance to apoptosis in the thymocytes of TG mice. Prolonged treatment
(10 d), did not reduce TNF-induced apoptosis. In CNTRs, antidepressants inhibited
TNF induced apoptosis only after 3 days o f treatment. Splenocytes o f TGs displayed
significant resistance to apoptosis only after 3 days o f antidepressant treatment. FLU
treatment did not prolong resistance, but DMI still induced resistance after 10 days.
The same pattern of resistance was observed in CNTR splenocytes treated with FLU,
whereas DMI provoked a fast resistance (lh ) that rapidly declined after 3 days.

H. H a m p e l* 1. D. S c h o e n 1, H .U . K ӧt t e r 1, C. S c h n e id e r 1. M .J. S c h w a rz 1, T.
S u n d e rla n d ^ . R. D ukoff2. J . L e w 2. N. M ü lle r 1, F. P a d b e rg 1, S. S tü b n e r 1.
K. B u c h 1, a n d H .-J. M o lle r1. Dept. of Psychiatry, Geriatric Psychiatiy Branch,
Ludwig-Maximilian University, School o f Medicine, 80336 Munich, Germany and
National Institutes of Health, National Institute o f Mental Health, Geriatric
Psychiatry Branch, Bethesda 20892, USA.
The interleukin-6-receptor-complex (IL-6R-CX) mediates inflammatory processes
in the brain, holds neuroprotective properties and is hypothesized to indirectly alter
the normal processing of the amyloid precursor protein in Alzheim er’s disease (AD).
Interleukin-6 (IL-6) activities are mediated and augmented via the membrane bound
IL-6-receptor (IL-6R), as well as via soluble IL-6Rs (SIL-6R). IL-6 transduces its
signal at target cells via the [s-]gpl30 unit. To answer the question whether the
expression of the IL-6R-CXis altered in AD, we have investigated IL-6, SIL-6R and
sgpl30 levels in cerebrospinal fluid (CSF) of 25 patients with clinically diagnosed
AD compared with 19 age- and sex-matched healthy control subjects (HC). All
parameters were measured using a commercially available sandwich ELISA (R&D
Systems, Minneapolis). We could demonstrate a statistically significant decrease in
CSF levels of both JL -6R (p - 0.029) and sg p l3 0 (p = 0.0097) between AD (mean
values: 213 ng/dl, 92 ng/ml) and HC (mean values: 260 ng/dl, 112 ng/ml) subjects.
The cytokine IL-6 itself did not show any alteration between the investigated groups.
Age, gender, degree of cognitive impairment and blood-brain-barrier dysfunction did
not correlate with the decrease of SIL-6R/Sgp l3 0 values. Our data indicate, that
combined measurement of the soluble ligands and receptors of the IL-6R-CXin CSF
may serve as a diagnostical tool in the diagnosis o f AD.

393.29
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INTERLEUKIN-6 PLASMA CONCENTRATIONS IN CANCER PATIENTS WITH
DEPRESSION D.L. Musselman. T.L. Pisell. B. Lewison. B.D. Pearce. B.T. Knight. P.T.
Ninan. C.B. Nemeroff. A.H. Miller Emory Univ. Sch. of Med., Atlanta, GA 30322
Patients with various types of cancer exhibit high prevalence rates of mood disorders,
especially depression. The puipose of this study was to investigate whether cancer patients
with depression exhibit increased plasma concentrations o f interleukin-6 (IL-6) similar to
those reported in depressed patients without cancer.
Our study population consisted of patients diagnosed with: pancreatic, esophageal, gastric,
and breast cancer with and without depression. Control groups were patients with major
depression (without cancer) and normal controls. The Structured Clinical Interview for
DSM-III-R (SCID) and dimensional measures o f depression (Hamilton Depression Rating
Scale and Canoll Rating Scale for Depression) were obtained. Plasma IL-6 was measured
using ELISA (Endogen).
Plasma IL-6 was significantly (p<.05) elevated in depressed CA patients (244.6 SE 92.46
pg/ml) compared to nondepressed CA patient controls (32.7 SE 26.87 pg/ml). Depressed
patients without CA (152.7 SE 55.2 pg/ml) also exhibited elevated plasma IL-6 levels
(p<.05) compared to normal controls (10.5 SE 8.10 pg/ml).
Depressed CA patients exhibited the greatest increases in plasma concentrations of IL-6,
albeit significant increases were also found in depressed patients without CA.
Nondepressed CA patients and normal controls exhibited relatively similar IL-6 plasma
concentrations. Increased levels o f the proinflammatory cytokine, IL-6 , may contribute to
“sickness behavior” in depressed cancer patients with accompanying anhedonia, listlessness,
and social withdrawal. Further investigation will determine what role these proinflammatoiy
cytokine alterations may play in the pathophysiology of both cancer and mood disorders.
(Supported by NIMH MH4923 and MH47674 and NIH DK07298).

PLASMA NEOPTERIN IN MAJOR DEPRESSION: RELATIONSHIP TO BASAL
AND STIMULATED PITUITARY-ADRENAL CORTICAL AXIS FUNCTION.
S.M. O ’Toole,1'2 F. Chiappelli,3 R.T. Rubin1*. 'Neurosciences Research Center,
M CP4 Hahnemann School of Medicine, Allegheny University of the Health Sciences,
Pittsburgh, PA; 2Graduate School of Nursing, Duquesne University, Pittsburgh, PA;
3School of Dentistry, U.C.L.A., Los Angeles, CA
We measured plasma neopterin, at baseline and after oCRH and ACTH124 stimula
tion tests, in 35 unmedicated, adult major depressives (mean age = 41 ± 12 years), and
in 35 individually matched normal control subjects. Neopterin is released by y-interferon-stimulated macrophages; because γ-interferon is secreted by activated T-lymphocytes, elevated circulating neopterin is considered to reflect activation of the cellmediated immune system. Plasma ACTH j_39 and cortisol also were measured.
Baseline plasma neopterin did not differ significantly between patients and controls
(medians = 1.58 and 1.66 μg/L, respectively), but the baseline neopterinrcreatinine ratio
showed a trend toward lower values in the patients (p < 0.07). There was no apparent
plasma neopterin change from baseline (area under the curve-AUC) following oCRH or
A CTH1_24 administration in either group of subjects. As with baseline neopterin, there
was no significant patient-control difference in neopterin AUC following either hormone
challenge, but there were trends toward lower neopterin:creatinine ratios in the patients
following both challenges. In the patients, neither baseline neopterin nor neopterin AUCs
following hormone challenge were significantly correlated with age, duration of depres
sive episode, lifetime number of episodes, melancholic subtype, Hamilton Depression
Scale total score, Hamilton factor scores, or the Hamilton suicidality item score.
This aspect of immune function thus does not appear to be dysregulated in major
depressives. The lack of relationship of immune function to clinical aspects of the
depressive episode suggests it will not be a useful marker for such dimensions of ill
ness as duration of present episode or cumulative lifetime depression.
(Supported by NIH grants MH28380, MH47363, and RR00425, and the U.C.L.A. Program
on Psychoneuroimmunology)
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MAJOR DEPRESSION: LOW ER ALBUMIN IN SERUM BUT NOT
IN CSF. H. U. Kotter*. H.-J. Moller and H. Hampel.. Psychiatric Hospital,
Ludwig-Maximilian-University, Munich, Nussbaumstr. 7, 80336 Munich,
Germany.
Alterations in serum content of the acute phase protein albumin patients
with Major Depression [MD] are reported in literature. In our investigation
we raised the question how total serum and CSF levels of albumin are
altered in MD compared to patients with Alzheimer's diseases [MD] and
healthy age matched controls. Serum and CSF levels of albumin were
examined in 29 patients with MD (20 female and 9 male), 51 AD patients
(24 f, 27 m) and 11 controls (6 f, 5 m). We have found significantly lower
serum albumin in MD (3698+/-433 mg%) compared to healthy control
subjects (4220+/-879 mg%; p<0.001) and AD patients (3939+/-536 mg%;
p < 0,04). No differences of CSF albumin levels, however, could be
demonstrated (MD 22,1+/-11,1, AD 21,8+/-8,8, controls 22,7+/-7,l mg%).
In MD a subset of 37 % presented lower serum albumin levels [< 3500
mg%] compared to only 20% in AD patients and 18% in controls subjects.
As reported in literature “negative“ plasma levels of albumin, in MD may
be caused by alterations in gene transcription which is primarily regulated
by the cytokine Interleukin-6 [IL-6].

393.32
ANTIBODIES (AB) TO S100 BRAIN PROTEIN INFLUENCE UPON REPRODUCTIVE
FUNCTIONS IN MAMMALS A.B.Poletaev *. B.B.Gnedenko. Q.V.Kudryashova.
N.K.Vabvshevich Fund “ Chernobyl-Test” , M oscow, RUSSIA

Phenomenon: Low doses o f polyclonal rabbit A B to SI 00 protein o f IgG class were
administrated (i.v., more effective, or i.p., less effective) to pregnant females o f rats,
minks, raccoons, and foxes. A fter the single injection o f AB used during the first
trimester o f pregnancy, the number o f youngs at the animals was increased by 1030% comparatively with the average meaning at the control females groups (animals
o f the same species, who were treated by the equivalent doses o f “non-immune”
rabbit IgG). Using the higher doses o f AB to SI 00 one can lead to births o f animal’s
youngs with different kinds o f abnormalities (palsies and inborn deformities). There
are indirect evidences that AB to S I 00 possess the inhibitory influence upon
excessive embryos resorption which can be considered as a possible background of
the phenomenon noted. The active immunization o f fem ales against SI 00 protein
revealed negative effects on the number o f youngs. Interpretation: W e suppose, that
the phenomenon described there could be an unusual example o f reproductive
function dependence on peculiar neural-immune interactions. Its principal mechanism
is unknown now, but as working hypotheses here could be supposed a) “ Central or
indirect link” - possible influence o f AB upon SlOO-producing hypothalamic
pituicytes, and according central endocrine regulation o f embryogenesis due to the
short-term clearance o f endogenous S I 00 and the consequent specific modulation o f
pituitary secretory activity; b) “ Peripheral or direct link” - possible specific
influence upon the embryogenesis via the immune system due to the short-term
inculcation o f exogenous anti-SlOO IgGs in immune network o f recipient and
modulation o f humoral regulatory mechanisms which are involved in excessive
embryos resorption.

393.33
LIF COORDINATES NEURONAL AND INFLAMMATORY RESPONSES TO
NERVE INJURY. P.H. Patterson* . S.-Y. Kou. S. Sugiura, R. Lahav and L.R.
Banner. Division of Biology, Caltech, Pasadena, CA 91125.
Prior work has shown that the cytokine leukemia inhibitory factor (LIF) is
strongly induced at sites of physical injury in the adult PNS and CNS. Moreover,
LIF is required for appropriate peripheral neuron responses to injury. The induction
of several neuropeptides in sympathetic and sensory neurons by axotomy is not seen
following such an injury in knockout mice lacking LIF (Rao et al„ 1993; Sun and
Zigmond, 1996; Corness et al„ 1996). We now find that L IF mice also display a
markedly deficient initial inflammatory response to sciatic nerve crush. Unlike wild
type mice, L IF mice exhibit very few neutrophils and mast cells at the site of injury
24hr following crush, and the macrophage response is diminished as well. At later
time points the difference between the mutant and wild type responses becomes
progressively smaller, indicating that the response in the mutant is delayed rather
than abolished. The effect of LIF could be directly on the immune cells, as we find
that 100 pM LIF can induce chemotaxis in mouse peritoneal macrophages in a
microchamber assay. Therefore, LIF appears to be a critical positive mediator of the
early inflammatory response to nerve crush. This result is in striking contrast to its
role in the skin, where LIF acts as a strong anti-inflammatory agent in the response
to complete Freund's adjuvant (Banner et al., 1996).
(Supported by the NINDS and the Della Martin and Japanese Research Foundations)
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EFFECTS OF NATURAL VESTIBULAR STIMULATION ON VENTRAL
MEDULLARY RESPIRATORY NEURONS OF THE CAT. S.F. Woodring* and
B.J. Yates. Depts. of Otolaryngology and Neuroscience, Univ. of Pittsburgh,
Pittsburgh, PA 15213.
Previous studies demonstrated that respiratory nerve activity o f the cat is influenced
by the vestibular system. Selective vestibular activation by electrical or natural
stimulation produces changes in activity in the abdominal and phrenic nerves. In
particular, rotations in the pitch (sagittal) plane that activate otolith organs appear to
modulate respiratory nerve activity. Electrical stimulation of the vestibular nerve also
affects the activity of neurons in the ventral respiratory group (VRG), but not the
dorsal respiratory group (DRG). In this study, we examined the responses of VRG
neurons in decerebrate, paralyzed and artificially ventilated cats to whole body tilt in
vertical planes, typically following a vagotomy and spinal cord transection at C4 to
eliminate non-vestibular inputs that could be produced by body movement.
Stimulating electrodes were placed in the spinal white matter just rostral to the cord
transection to antidromically activate descending projections of VRG neurons.
Inspiratory activity was recorded from the hypoglossal nerve so that VRG cells could
be classified as inspiratory (I), expiratory (E) or phase-spanning (PS). The activity of
only a small fraction of VRG neurons (20/80 I, 12/59 E, 4/16 PS) was affected by
tilts as large as 15°; the same stimuli were demonstrated to powerfully modulate
respiratory nerve activity. Only 5% of spinally-projecting VRG respiratory neurons
responded to vestibular stimulation.
Furthermore, many VRG neurons with
vestibular inputs had different properties than did the vestibulo-respiratory reflex; the
VRG neurons had a wide distribution of response vector orientations, and many
received semicircular canal inputs. These data suggest that neurons other than those in
the VRG participate in relaying vestibular signals to spinal respiratory motoneurons.
Supported by NIH grant R01 DC02644

S ociety for N euroscience , V olume 2 3 ,1 9 9 7

997

394.2
RELEASE OF ENDOGENOUS GLUTAMATE FROM THE FERRET
NTS BY STIMULATION OF AIRWAY RAPIDLY ADAPTING
RECEPTORS. M.A. Haxhiu*. P . Bedol. and B.Yamamoto. School of
Medicine, CWRU, Cleveland, Ohio, 44106. Sensory fibers from the
airways terminate in the NTS. Lung deflation activates airway rapidly
adapting receptors (ARARs) causing an increase in cholinergic outflow
to the airways. The neurotransmitters involved in the transmission o f
these afferent signals are poorly characterized. In this study we used
microdialysis technique and HPLC to define whether stimulation of
ARARs influence glutamate release from the medial part o f the rostral
NTS. As a control, a probe was placed in ventromedial medulla
oblongata at the same level. Experiments were performed in ferrets
(n=7), anesthetized, paralyzed and ventilated with 100% oxygen. In a
control period there was a steady release o f glutamate from both studied
sites. Following intermittent stimulation o f the ARARs for a period of
30 min, the efflux of glutamate significantly increased only from the
NTS region (47.7±6 : 85.2±13.5 pg/|il dialysate; p<0.02). Blockade of
nonNMDA glutamate receptors attenuated airway reflex constriction,
but had no effect on lung deflation induced increase o f glutamate
release. These results provide evidence for the role of glutamate in
transmission o f the inputs from the airway sensory system to the NTS,
where it acts postsynaptically. Supported by NIH grant HL-50527.
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A IR W A Y H Y P E R R E S P O N S IV E N E S S IN A N A N IM A L M O D E L O F
C H O L IN E R G IC S E N S IT IV IT Y V.J Djuric, D.H. O verstreet1, G. Cox, L.
Smith, A. Dragom ir and M. S te in e r. Father S ea n O'Sullivan Rsrch.
Cntr., St. Joseph's Hospital, M cM aster Univ., Hamilton, Ontario,
C anada L8N 4A 6 and 1Skipper Bowles Cntr. for Alcohol Studies,
Univ. of North Carolina, C hapel Hill, N C 2 7 5 9 9 -7 1 7 5 , USA
The excitatory innervation of the airway smooth muscle is primarily
cholinergic in nature. However, neural m echanism s underlying airway
hyperresponsiveness (AHR, one of the hallmarks of asthm a) are not
fully understood. In this study, cholinergic hypersensitive Flinders
Sensitive Line Vats (FSL) and their control counterparts Flinders
Resistant Line rats w ere repeatedly challenged with different doses
of nebulized methacholine (0, 4, 16, 64 and 2 5 6 mg/ml) for 5 min.
Airway responsiveness (AR) w as assessed in spontaneously
breathing, unrestrained animals by m eans of w hole body
plethysmography (Buxco Electronics). Increased A R of FS L rats was
evidenced as a m ore pronounced increase in Penh value (enhanced
pause, an index of bronchoconstriction) across 5 different
concentrations of methacholine (F 1,29 = 17.79; p < .001). Our
preliminary data indicate that A H R of the FSL rat is paralleled by its
increased susceptibility to allergen-induced bronchoconstriction. This
study provides further evidence that neural factors play an important
role in determining A R and thus m ay be relevant for the expression
of asthm a. In addition, the FSL rat m ay be a useful m odel for studies
of AH R . (Supported by the St. Joseph's Health C are Foundation and
the Ontario Thoracic Society)

A HYPERBARIC CHAM BER FO R INTRACELLULAR RECORDING IN
BRAIN SLICES: EFFECTS O F COM PRESSION AND DECOM PRESSION ON
NEURONS IN RESPIRATORY NUCLEI O F TH E M EDULLA OBLONGATA.
J.B. Dean. D.K. Mulkev* and J.D. Arehart1. Department o f Physiology and Biophysics,
Instrument Shop1, Wright State University, Dayton, OH 45435.
We have designed and built a hyperbaric chamber for intracellular recording in
brain slices (rat, 300 |im) to study the effects o f pressure-induced trauma on brain
stem function. The chamber (volume -7 2 L) has a maximum working pressure o f 975
psi (66.3 atmospheres) and seals with a double bolt yolk style door. The door can be
opened in < 30 seconds at room pressure, which allows easy access to the interior of
the chamber for changing the microelectrode. Two windows and internal fiber optic
lighting permit stereoscopic observation o f the microelectrode and brainstem nuclei.
Media, warmed (36-37°C) and aerated at room pressure, are pumped into the hyper
baric chamber to the brain slice using two HPLC pumps (2 ml/min). Changes in tis
sue pressure and ambient pressure are produced by the addition and removal of 100%
helium to the chamber at 16-22 psi/min (1.1-1.5 atm/min). Our initial results show
that stable intracellular recordings are maintained during stepwise compression from
0 to 5, 10, 50, 100 and 200 psi in the nucleus tractus solitarius, dorsal motor nucleus
o f vagus, and hypoglossal nucleus. The primary effect o f compression on neurons
tested to date was decreased excitability and decreased or unchanged conductance;
however, other neuronal responses to pressure were also noted. On-going studies in
clude: the interaction between increased pressure and hypoxia and pressure-induced
inhibition o f C 0 2/H+ chemosensitivity. (Supported by NIH HL46308 and W.S.U.,
including: BRSG Program, Research Initiation Grant Program, Dept, o f Physiology
and Biophysics, School o f Medicine, College o f Science and Math, and BMS Ph.D.
Program)

394.5
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M EDULLARY RESPIRA TO RY NEURONAL GRO U PS: RESPO N SES TO
C A RD IO PULM O NA RY R E C E PT O R STIM ULA TION .
V.C. C hitravanshi* and H.N. S apru.. D epartm ents o f N eurosurgery &
Pharm acology, New Jersey M edical School, N ew ark, N J 07103.
The predominant response following the stimulation of medullary respiratory
neuronal groups, by injections (10-20 nl) of L-glutamate (20 mM), was identified in
urethane-anesthetized rats; coordinates of the regions explored (in mm) with respect
to the calamus scriptorius are stated in parentheses. Extracellular single neuronal
activity was recorded from areas identified in this manner and the responses of these
neurons to the stimulation of cardiopulmonary receptors by right-atrial injections of
phenylbiguanide (PBG; 40-50 μg/kg) were studied. A cessation o f phrenic nerve (PN)
activity (for 10-30 sec) was elicited by glutamate-injections into the caudal ventral
respiratory neuronal group (cVRG; 0.2 caudal-1 rostral, 1.4-2.2 lateral, 2.2-2.4 deep)
and Botzinger complex (BotC; 1.6-2.8 rostral, 1.4-2.4 lateral, 2.2-2.4 deep). Mostly
expiratory neurons were encountered in cVRG and BotC; right-atrial injections of PBG
excited these neurons and simultaneously inhibited the PN. The PN responses to
microinjections of glutamate into the pre-Botzinger complex (Pre-BotC; 1.4-1.7 rostral,
1.6-1.8 lateral, 2.2-2.4 deep) included an increase in the background discharge,
frequency and amplitude of bursts for 10-30 sec. In the rostral ventral respiratory
neuronal group (rVRG; 0.9-1.6 rostral, 1.8-2.4 lateral, 2.2-2.4 deep), microinjections
of glutamate elicited an increase in the frequency and amplitude o f PN bursts. Mostly
inspiratory neurons were encountered in Pre-BotC and rVRG; right atrial injections of
PBG simultaneously inhibited these neurons and PN. These results provide
background information regarding the possible pathways mediating the respiratory
responses to the activation of cardiopulmonary receptors.
Support: NIH: HL24347 and AHA (NJ).

NEUROTRANSMITTER EXPRESSION IN COCULTURES PREPARED FROM
RAT MEDULLARY RAPHE. J.H. Pizzonia*. W. W ang and G.B. Richerson.
Departments of Neurosurgery* and Neurology, Yale University School o f Medicine,
New Haven, CT 06520 and VA M edical Center, West Haven, CT 06516.
The medullary raphe (MR) is one o f the candidate regions for respiratory
chemoreception, and in rat slices and prim ary culture contains some neurons
stimulated, and others inhibited, by respiratory acidosis. We have further
characterized neurons derived from the M R o f neonatal rats and grown in primary
culture by determining neurotransm itter expression patterns using an
immunocytochemical approach. Immunohistochemical analysis o f M R tissue has
shown that neurons in this region contain a variety o f excitatory and inhibitory
neurotransmitters. In the present study we looked for several neurotransmitters,
including serotonin, substance P, thyrotropin-releasing hormone and GABA.
Neuronal/glial cocultures were prepared from microdissected regions o f the
ventromedial medulla containing raphe pallidus, raphe magnus, and raphe
obscurus. Cells were fixed after 14-35 days in vitro and were stained using
Vectastain® reagents and protocols. Neurons exhibited a variety o f morphologies
including: 1) those with medium- to large-sized, irregular somas, and often three
m ajor poles (i.e. a triangular or pyramidal shape), and; 2) those with small* to
medium-sized, fusiform somas, and two major processes, one coming off each pole
o f the soma. These two morphologies have previously been found to correlate with a
response to respiratory acidosis o f stimulation, and inhibition, respectively.
Immunostaining showed that neurons with both of these morphologies could stain
positive for any of these four neurotransmitters. We conclude that cultured neurons
express a variety o f neurotransmitters consistent with those expressed in vivo in the
M R o f the rat, and that this system will be ideal for correlating neurotransmitter
expression o f individual neurons with their chemoreceptor response.
This work was supported by VAMC and N IH HL-52539.

394.7

394.8

MULTIMODAL MEDULLARY RAPHE NEURONS AND THE VENTRAL
RESPIRATORY GROUP (VRG): MODULATION OF BREATHING. Z. Li*, K.F.
Morris, P.M . Baekey, R. Shannon and B.G. Lindsey. Department o f Physiology and
Biophysics, Neuroscience Program, University o f South Florida HSC, Tampa, FL
33612.
Medullary raphe neurons have been implicated in the modulation o f breathing,
cardiovascular function and antinociception. Functional links have been found
between raphe neurons and the VRG. We addressed two hypotheses. First, raphe
neurons form a network modulated by combinations o f chemoreceptor, baroreceptor
and high-threshold mechanoreceptor (HTM) inputs. Second, common subsets o f this
network contribute to similar changes in breathing in response to perturbations of
different afferent systems. Experiments were performed on decerebrate, vagotomized
and artificially ventilated adult cats (N=13). Carotid chemoreceptors were stimulated
by close injection of C 0 2 saturated saline, baroreceptors by occlusion o f the
descending aorta, and HTMs by pinching pad skin o f a hind paw. Spike trains were
recorded simultaneously from rostral (R), caudal VRG (V) and n. raphe obscurus (O).
O f 129 raphe neurons, the activities o f 31 increased and 12 decreased with
chemoreceptor stimulation. Baroreceptor stimulation resulted in enhanced activity in
30 cells, whereas 20 (15.50%) showed decreased activity. HTM stimulation increased
the activity o f 35 neurons; the rates o f 25 declined. Chemoreceptor and HTM
stimulation, which increase ventilation, similarly influenced 14 neurons; 12 increased
and 2 decreased firing rates. Activities o f 10 cells were altered by all three types of
stimuli. Cross-correlation identified functional links among simultaneously recorded
neurons. Evidence for paucisynaptic interactions was found for 82 o f 468 0 - 0 cell
pairs, 79 of 661 O-R cell pairs, and 62 o f 723 O-V cell pairs. Data support the
hypothesis that multimodal medullary raphe neurons play a role in the modulation of
breathing induced by activation o f peripheral chemoreceptors, baroreceptors and
high-threshold mechanoreceptors. Supported by grant NS19814.

H A B IT U A T IO N A N D R E B O U N D O F R H Y T H M IC R E S P IR A T O R Y
M O T O R R E S P O N S E S T O V A G A L S T IM U L A T IO N
M .S. Siniaia*.
D .L. Y oung and C.-S. P oon. H arv ard -M IT D ivision o f H ealth Sciences and
Technology, M .I.T ., Cam bridge, M A 02139.
R espirator)/ rhythm in m am m als is profoundly influenced by vagallym ediated pulm onary stretch receptor feedbacks b u t the characteristics o f central
processing o f vagal inputs are not clear. R ecent in-vitro studies in rats (Zhou,
C ham pagnat & Poon, J. N eu ro sci., 1997; Z hou & Poon, this volum e) have
d em onstrated a phasic accom m odation o f synaptic transm ission in the subregions o f the nucleus tractu s solitarius (N T S ) th at receive cardiopulm onary
afferent inputs, including vagal inputs. In anesthetized, paralyzed, bilaterally
vagotom ized and m echanically ventilated rats (n = 8), continuous electrical
stim ulation (at 40 o r 80 H z) o f the central end o f the vagus nerve elicited
ab ru p t, frequency-dependent decreases in the am plitude (5 % , 12 % o f control)
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and frequency (25 %, 60 % ) o f integrated phrenic activity (JPhr) bu t the
responses g rad u ally recovered in ~10 min, suggesting a h abituation to the vagal
stim ulus. M oreover, term ination o f vagal stim ulation resulted in a b rie f rebound
in the frequency (15 %, - 1 0 sec) bu t no t in the am plitude o f JPhr. Blocking
N M D A receptors with M K -801 (i.v.; n = 4) abolished the rebound in frequency
and altered the hab itu atio n process. T h e habitu atio n o f the respiratory response
in vivo is consistent with the reported accom m odation o f synaptic transm ission
in N T S cells in vitro. Finally, the N M D A -recep to r dependent changes in
h abituation and p ost-stim uius rebound o f respiratory activity suggests the
p resence o f other adaptive p rocesses within the resp irato ry pattern generator.
(Supported by N IH g ran t H L 5292$ and O N R g ran t N 0 0 0 1 4 -95-1-0863).
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394.9
CARDIORESPIRATORY EFFECTS OF O-ISOBUTYL S-[2-(DIETHYLAMINO)ETHYL]METHYLPHOSPHONOTHIOATE.
S.C. Goutv. L.C. Eder.
R. Caudill. J.A . Doebler. J.H . McDonough* and F .-C .T .C hang. Pharmacology
Division. USAMRICD, APG, MD 21010-5425.
O-isobutyl S-[2-(diethylamino)ethyl]methylphosphonothioate (VR) is a
structural isomer of a more well-known chemical warfare agent O-ethyl S[2(diisopropylamino)ethyl]methyl-phosphonothioate (VX). In this study,
cardiorespiratory effects of VR (22.6 μg/kg, sc) were evaluated in urethaneanesthetized guinea pigs acutely instrumented for concurrent recordings of
medullary respiratory units (RRUs), diaphragm EMG, electrocorticogram
(ECoG), Lead II ECG, blood pressure (BP), end-tidal C 0 2 and arterial pH
and 0 2/C 0 2 tensions. The first sign o f intoxication was a state o f combined
arrhythmia and progressive bradycardia (5-10 min post-VR). The heart rate
was finally reduced to «20-30% of control (10-15 min post-VR). Respiratory
system responses (bradypnea) and compensatory increases in BP typically did
not emerge until 2-5 min prior to apnea. Another notable toxicity component
of VR, based on blood pH and 0 2/C 0 2 data, was the emergence of a state of
combined hypercapnia, acidemia and hypoxemia during the development of
bradypnea. Simultaneously recorded inspiratory and expiratory RRUs showed
that respiration invariably failed in an end-expiratory position as manifested by
a sustained period of expiratory RRU discharge. Nonetheless, further
examination of RRU and ECoG data indicated little, if any, significant CNS
perturbation prior to the development o f bradypnea. In conclusion, among
various variables measured in this study, the peripheral cardiorespiratory
mechanisms appeared to be particularly sensitive to perturbation by VR.

394.11
CARBONIC ANHYDRASE ACTIVITY IN RAT OLFACTORY RECEPTOR
NEURONS DURING EARLY DEVELOPMENT. C.M.Q. Wells and E.L.
Coates*. Neuroscience Program, Departments of Biology and Psychology,
Allegheny College, Meadville, PA 16335.
Previous studies (Brown et al., 1984; Coates etal., 1996; Okamura et al.,
1996) have shown that the enzyme carbonic anhydrase (CA) is present in
olfactory receptor neurons, and that CA is required for the detection of elevated
nasal C 0 2 by CO2-sensitive olfactory neurons (Coates and Smith, 1995). It has
been hypothesized that these C 0 2-sensitive olfactory neurons mediate the
depression in ventilation observed when elevated C 0 2 is administered to the
nasal cavities of amphibians, reptiles, and mammals. The objectives of this
study were to determine 1) the specific location of CA-positive cells in rat nasal
epithelia and 2) whether the density of the CA-positive cells changes during
development. Olfactory tissue from two embryonic stages (E16 and E19) and
three postnatal stages (P0, P5, and P15) were used. The entire nasal cavity of
each rat was cut in 25 urn serial cryo-sections. CA activity was determined
using a modification of a technique described by Hansson (1967). The results
showed that CA activity was detected in some olfactory receptor neurons at
each developmental stage. Quantitative analysis revealed that there was a
significant increase in the density of CA-positive cells from embryonic to
postnatal stages. Cells in the vomeronasal organ and respiratory epithelium
rarely exhibited CA activity. These data show that while the majority of olfactory
receptors neurons do not exhibit CA activity, many olfactory receptor neurons,
distributed throughout the rat nasal cavity, do contain CA. In addition, these
data show that the density of the CA-positive olfactory receptor neurons is
dependent on the developmental age of the rat. Supported by the Class of
1939 Senior Research Fund (intramural funding).
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394.10
N E U R A L-M E C H A N IC A L C O U P L IN G O F B R E A TH IN G IN R EM
S LE E P
C.A. Smith. K.S. Henderson. L. Xi. C-M . Chow. P.R.
Eastwood. G .S. Mitchell*, and J.A. D em psey. The John Rankin
Laboratory o f Pulm onary Medicine, University o f Wisconsin School o f
M edicine, Madison, W l 53705.
Ventilatory responses to airway occlusion are reduced in REM sleep.
This could be due to reduced chemosensitivity, REM-induced
m echanical impairm ent of the chest wall, or phasic REM events that
interrupt or fractionate ongoing diaphragm (Di) EM G activity. To
differentiate betw een these possibilities, 3 dogs were studied during
N R E M and phasic R EM sleep. Di E M G and airflow rates or tracheal
pressures (Ptr) w ere obtained during eupnea, 15-20 seconds of airway
occlusion, and the post-occlusion period. In R E M sleep (vs. N R EM )
w e found: 1) For a given Tl the m ean electrical activity (M EA) of Di
E M G w as similar or reduced. 2) For a given Di EM G M EA the flow or
pressure output w as similar or reduced. 3) For com parable durations
of airway occlusion the Di E M G M E A and m ean inspiratory Ptr tended
to be sm aller and more variable. 4 ) Significant fractionations of the Di
E M G during airway occlusion occurred in about 4 0 % of breathing
efforts. W e conclude that the reduced ventilatory responses in REM
sleep are due to reduced neural activity of the diaphragm resulting
from reductions in chemosensitivity and/or fractionated or truncated
breaths. Increased distortion of the chest wall is not a significant
contributor to the blunted ventilatory responses during phasic REM
sleep in the dog.
Supported by N H LB I and N H & M R C (Australia)

394.12
A MODEL STUDY OF THE HYPEREXCITABILITY OF SMOOTH MUSCLES
OF BRONCHI IN ASTHMATIC PATIENTS. Yury Molokanov* Elena Poddubnava.
Dept, o f Experimental Physics, Dnipropetrovsk State Univ., Ukraine, 220100.
Hyperexcitability o f the smooth muscles o f bronchi in asthmatic patients is a
phenomenon, that has attracted the interest o f many physiologists and physicians. The
researches o f the causes o f hyperexcitabilitv on the membrane level are practically
unrealizable. We used mathematical model for investigating o f the mechanisms of
this behavior.
The Yamada-Koch model has been used as a kernel for a model o f electrical
activity o f the smooth muscles o f bronchi. Proposed model includes four voltagedependent currents (fast sodium INa, HVA calcium ICa, delayed rectifier potassium Ik,
muskarinic potassium IM), one SK Ca-dependent potassium current IAhp) and the leak
current. The conductivity o f the muskarinic potassium current is decreased by ACh
synaptic stimulus. Calcium internal concentration is defined by Ca2+ entry, buffer
processes and ATP-dependent pump. Electrical response of the membrane on
different electrical and synaptic stimuli is computed by normal and pathological state.
Pathological state is modeled by increase o f the calcium pump's time constant, that
increases stationary Ca-concentration and leads metabolic processes, that decreasing
maximal conductivity of Ca-dependent potassium current. The graphic of the
dependence response-strength is computed for both state. Model reproduces normal
behavior of the smooth muscles of bronchi and hyperecxitability's effects. Increase
pump's time constant increase the angle o f the incline o f the graphic of the dependence
response-strength and decrease the threshold of the transition to second range.
Use o f the calcium antagonists returns smooth muscles to normal state. Our
investigations corroborate, that an effective method o f the hyperecxitability's
correction is application of medicaments - Ca-antagonists.
Supported by National Ukrainian Academy o f Science.

394.13

394.14

FICTIVE VENTILATORY ACTIVITY IN THE ISOLATED BRAINSTEM PREPARATION OF THE
TADPOLE, RANA CATESBEIANAL C.S. Toraerson. M l Gdowln. and Jl. Bemmers*.
Dept of PhysloL Faculty of Med, Univ. of Calgary. Calgary, AB, Canada, T2N 4N1.

CORRELATION OF NEURAL MUSCULAR, AND MECHANICAL ACTIVITY DURING GILL AND
LUNG VENTILATION IN THE SPONTANEOUSLY BREATHING TADPOLE. HAMM
CATESBEIAM MJ. Gdovln*. C.S. Toroerson. and JJL Bemmers. Dept. of
Physiology, Unly. of Calgary, Faculty of Medicine, Calgary, AB, Canada. T2N 4N1.

The discharge profile of efferent neural activity recorded from the isolated brainstem
preparation of the premetamorphic tadpole, Rana catesbeiana, was examined in order to
elucidate the neural mechanisms of fictive amphibian ventilation. Recordings of cranial nerve
(CN) roots V, VII, X, spinal nerve (SN) root II and the laryngeal branch of the vagus (Xl ) showed
a coordinated sequence of rhythmic bursting activity characterized by two distinct patterns:
high-frequency, low-amplitude bursts and high-amplitude, low-frequency bursts. These bursts
corresponded to fluctuations in buccal and lung pressures and to bursts of activity in the buccal
levator muscle (H3a) EMGs of decerebrate, spontaneously breathing tadpoles, verifying that the
rhythmic bursting activities recorded in vitro represent fictive gill and lung ventilation. CN V, VII
and X roots, innervating antagonistic muscle groups of the buccal and pharyngeal cavity,
exhibited both gill and lung burst activity in vitro. Similarly, Xl which innervates glottal dilators
and constrictors, displayed efferent bursts in phase with fictive gill and lung ventilatory patterns
recorded from CN V, VII and X roots, suggesting fictive glottal constriction during gill ventilation
and glottal dilation during lung ventilation. By contrast, SN II, innervator of buccal elevators and
depressors, showed efferent bursts of activity coincident with and restricted to fictive lung
bursts in CN VII and Xl The fictive gill ventilatory cycle was characterized by sequential bursts
in CN V, VII and X roots having the following latency/duration (msec), respectively:
0.00/416.82 , 442.85/469.05, 828.19/658.08. Comparatively, the onset of fictive lung
ventilatory activity began with gradual CN VII discharge leading to an augmenting peak that
occurred simultaneously with CN V, X, SN II and Xl. The characterization of endogenous cranial
and spinal nerve activities in vitro permits clear distinction between fictive gill and lung
ventilatory activity and establishes a framework for investigating ontogeny of neural-respiratory
control, respiratory rhythm generation and central respiratory chemoreception. (Supported by
Grant MA-9719 from the MRC of Canada).
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We described previously a decerebrate, spontaneously breathing tadpole preparation in
which simultaneous recordings of buccal pressure (PB), lung pressure (PL), electromyogram
(EMG) of the buccal levator muscle (H3a), and the neural activities of cranial nerves (CN) V, VII,
or X permitted the discrimination between neural gill and lung ventilatory activities. To further
characterize the mechanical, and neural components of gill and lung ventilation in the
spontaneously breathing, premetamorphic tadpole, we recorded efferent motor activity from
spinal nerve (SN) root II, PB and PL during gill and lung ventilation. In addition, concurrent
recordings of CN V and VII bursting activities were made in a subset of animals to assess the
phase relation between these two cranial nerves during both gill and lung ventilation. Analysis of
the latency and duration of neural (CN V, VII, X, SN II), muscular (H3a EMG), and mechanical
(Pb and PL ) components showed a progressive neural->muscular—>mechanical activation
pattern during both gill and lung breathing. SN II, unlike CN V, VII and X, did not exhibit
rhythmic bursting activity during gill ventilation, but rather, displayed efferent bursts of activity
in phase with lung inflation. These data quantify neural, muscular, and mechanical elements of
gill and lung ventilation, and establish SN II as a unique marker for lung ventilation in the
premetamorphic tadpole. Characterization of this exclusive identifier of lung ventilation is
essential to investigation of this dual central pattern generator system (gill and lung) with
regard to respiratory rhythmogenesis and chemoreception (supported by grant MA-9719 from
the MRC of Canada and a University of Calgary Fellowship and Alberta Heritage Foundation for
Medical Research Fellowship awarded to MJG).

1000

SOMATIC A N D V ISC E R A L A F F E R E N T S: CNS ST U D IE S

MONDAY PM

395.1

395.2

FOS STAINING IN THE SPINAL CORD AFTER CORNARY ARTERY
LIGATION: ARE THERE SEX DIFFERENCES? M.L. Weiss*. G.K. Fitch. L.-J.
Xu and T.l. Musch. Dept of Anatomy and Physiology, Kansas State University,
Manhattan, KS 66506-5602
Ligation of the left anterior descending coronary artery produces ischemia to
portions of the left ventricle of the heart. Cardiac ischemia is associated with
angina in humans. There is some suggestion of a “silent ischemia" in women
after heart attack. This prompts the question as to whether the neural
innervation is different between the sexes? Previous work has indicated that
sympathetic and parasympathetic afferents innervate the heart without
addressing possible sex differences. Here, we examined the pattern of Fos
immunocytochemical staining in the spinal cord (cervical 4 through thoracic 6)
of male and female rats 5 hours following left coronary artery ligation. The Fos
staining pattern was compared to sham-ligated control rats with identical survival
times. Data was analyzed using ANOVA followed by Bonferoni test for planned
comparisons. Hypothetically, Fos staining would be elevated in laminae I and
II of the dorsal horn of the thoracic spinal cord level 3-6 due to activation of
sympathetic afferents. We found that coronary artery ligation significantly
increases Fos staining in the spinal cord dorsal horn strictly on the left side of the
spinal cord (ispilateral to the tie) at levels T3-T6 and, unexpectedly, we found
more Fos staining on the left at C5. Overall, no significant difference between
Fos staining in the spinal cord was found between the sexes. Our results
indicate that ischemia of the left ventricle activates second-order sympathetic
afferents in the left side of the spinal cord at T3-T5. Our results suggest that pain
threshold differences may explain the emergency room presentation of “slient
ischemia” in women. Supported by American Heart Association (Kansas
Affiliate) and KSU College of Veterinary Medicine.

LASIX-INDUCED FOS STAINING IN RAT BRAIN AND SPINAL CORD IS
ALTERED BY ANGIOTENSIN BLOCKADE. G.K. Fitch* and M.L. Weiss. Dept of
Anatomy and Physiology, Kansas State University, Manhattan, KS 66506-5602
LASIX, a diuretic agent, increases renal afferent nerve activity in cats and
plasma renin activity in rats. We investigated the CNS structures that are activated
by LASIX treatment by using Fos staining as an indicator of neuronal activation.
First, rats were given LASIX (5mg, sc) or saline (0.1 ml, sc) and sacrificed 1.75 hr
later by perfusion. The brain and spinal cord were immuno-stained for Fos.
Compared to the controls, LASIX increased Fos staining in the dorsal horn at
spina! cord levels T„ - T13. In the brain, the subfornical organ (SFO), organum
vasculosum of the lamina terminalis (OVLT), supraoptic nucleus (SON), and
nucleus of the solitary tract (NTS) had increased Fos staining. Hypothetically, Fos
activation in the spinal cord and NTS resulted from renal sympathetic afferents
whereas Fos in the SFO, OVLT, and SON resulted from angiotensin ll’s action.
Therefore, blocking angiotensin converting enzyme (ACE) or angiotensin II
receptors in the brain should abolish the Fos response to LASIX in the SFO,
OVLT, and SON, but not in the spinal cord or NTS. Thus, we administered (1) the
angiotensin II receptor antagonist Losartin (LOS), (2) captopril (CAP), an ACE
inhibitor, in a dose that blocks ACE both peripherally and centrally (high CAP), or
(3) CAP in a lower dose that blocks ACE peripherally, but not centrally.
Subsequent to CAP or LOS, in each experiment, animals received either LASIX
or saline. As predicted, LOS and high CAP eliminated LASIX-induced Fos in the
SFO, OVLT, and SON. These data suggest that activation of these brain regions
after LASIX depends on increased angiotensin II action. Unexpectedly, however,
LOS and CAP eliminated Fos staining in the NTS and spinal cord. These data
suggest that angiotensin II may sensitize some portion of the renal afferent
pathway. This suggestion is fortified by the results of the low CAP experiment, in
which LASIX-induced Fos staining was present in the brain, as expected, but was
eliminated in the thoracic spinal cord. Supported by NIH NS-34160.

395.3

395.4
SUPERIOR LARYNGEAL NERVE INJURY AND FOS INDUCTION IN CAT
MEDULLA OBLONGATA. R. Ambalavanar* and C. L. Ludlow. VSS, NIDCD,
10 Center Drive MSC 1416, Bethesda, Maryland, MD 20892-1416.
Fos, the protein product of the c-fos protooncogene may be involved in
mediating long-term plastic reponses of the neurons of the central nervous
system to injury. Peripheral nerve injury may release growth factors and cause
plastic changes in the central nervous system. We determined whether injury to
the laryngeal afferents contained in the internal branch of the superior laryngeal
nerve (ISLN) causes Fos expression in cat medulla oblongata, lday and 2 weeks
following injury. Four experimental and 4 control cats (5-71bs) were anesthetized
with ketamine (25-30mg/kg, i.v) and Butorphanol tartrate (Torbugesic, 0.30.4mg/kg, i.v). The right ISLNs were exposed in all 8 cats and cut only in 4
experimental cats. One day (2 experimental and 2 control cats) and 2 weeks (2
experimental and 2 control cats) after the surgery, cats were deeply anesthetized
with pentobarbital (100 mg/kg, i.p) and perfused transcardially with 0.1M
phosphate buffered saline ( pH 7.4) followed by Zamboni fixative. The brain
stems were removed and postfixed overnight in the same fixative. From the level
of the obex rostrally, serial 50pm transverse frozen sections were made through
the medulla oblongata and immunostained for Fos protein using an antibody
against Fos (Oncogene Sci., Ab-2) and avidin-biotin technique. Substantially
more Fos-like immunoreactive nuclei were found in the caudal trigeminal nucleus,
nucleus tractus solitarius and the lateral tegmental field of the reticular formation
of all the experimental cats than in the controls. Long-term expression of Fos in
these brainstem areas after injury may indicate persistent activity in the injured
nerve or the effect of growth factors released by the injured ganglion nerves on
brainstem neurons. Supported by NIDCD, NIH.

THE EFFECT OF DORSAL COLUMN LESIONS UPON THE CENTRAL ACTIONS
OF PANCREATIC AFFERENT FIBERS IN THE RAT. Andrea K Houghton*. ChiaChuan Wang. Sheila Kadura. William D Willis and Karin N Westlund. Dept, of Anatomy
& Neurosciences, Univ. of Texas Medical Branch, Galveston, TX 77555-1069.
A midline dorsal column (DC) lesion lias been shown to be an effective surgical
treatment for the relief of pelvic visceral pain in patients. The effectiveness of such a
lesion for the relief of pancreatitis pain lias not yet been investigated. The aim of this
study was to examine the effects of dorsal column lesions on i) behavioral changes which
occur after induction of pancreatitis in rats and ii) responses of tlialamic cells to
pancreatic stimulation. Homecage activity was measured in rats with pancreatitis (n=8 ) or
sham surgery (n=8). Pancreatitis was induced by infusion of glycodeoxycholic acid (10
mM) into the common bile/pancreatic duct under Nembutal anesthesia (50 mg/kg i.p.)
and six hourly i.p. injections of cerulian (total dose 72 Mg). Homecage activity was
measured in rats after either a DC lesion of the Cl spinal cord (SC; n=9) or a sham DC
lesion (n=9) and pancreatitis. In other rats (n=9) responses of tlialamic cells (n=42) were
recorded extracellularly under deep anesthesia (Nembutal 22 mg/kg/h; i.v.). Responses to
brush, press and pinch stimuli applied to the peripheral receptive field and after topical
application of bradykinin (BK, 10'5 M) to the pancreas were characterized. Once a cell
was found to be excited by bradykinin application, a DC lesion of the Cl SC was made
and the responses to each stimulus recorded again.
A significant reduction in rearing activity was observed in rats with pancreatitis when
compared to sham animals. DC lesions reversed this reduction in rearing. Activation of
pancreatic afferents by BK resulted in increases in the firing rate of 8 thalamic cells
(mean increase was 194% of baseline). DC lesions significantly reduced the excitatory
effects of bradykinin when applied to the pancreas. Cells excited by BK were localized on
the border between the VPM and VPL nuclei.
This study suggests that the DC pathway is involved in transmitting pain sensation from
the pancreas to the brain. (Supported by NIH grants NS11255, NS09743, and
NS32778).
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DOES VISCEROTOPIC ORGANIZATION EXIST IN PRIMATE
VENTROPOSTEROLATERAL (VPL) THALAMUS? R.D. Foreman* and
M.J. Chandler. Dept. Physiology, Univ. of Okla. HSC, Okla. City, OK
7 31 9 0 .
Somatic and visceral spinal inputs excite spinothalamic tract
neurons located near the region of afferent entry and inhibit distant
cells. Furthermore, pelvic visceral inputs excite neurons in gracilis
nucleus, whereas cardiopulmonary sympathetic afferent (CPSA) input
excites cuneothalamic neurons. W e hypothesize that effects of
visceral inputs on VPL thalamic neurons are organized similar to
somatotopic organization of VPL thalamus. Extracellular action
potentials of 29 VPL cells were recorded in 10 anesthetized monkeys.
Cells were recorded from VPL regions located by multi-unit responses
to tapping proximal forelimb or hindlimb. Responses of single neurons
were examined to stimulation of CPSA and splanchnic (SPL) fibers,
urinary bladder distension (UBD), and innocuous and noxious
stimulation of skin and muscle. CPSA excited 14 cells; excitatory
somatic fields were on upper body for 10 cells, lower body for 2 cells
and both areas for 2 cells. CPSA inhibited 6 cells; all somatic fields
were on lower body. SPL excited 10 cells and inhibited 6 cells.
Overall, responses of VPL cells that responded to both CpSA and SPL
were the same in 11 cells and opposite in 1 cell. UBD excited 12
cells and inhibited 5 cells. Overall, responses of VPL cells that
responded to both CPSA and UBD were the same in 5 cells and
opposite in 9 cells. Thus, visceral responses in VPL showed general
viscerotopic distribution. (NIH grants H L2 27 3 2 , H L52986)

MEDIATION BY VAGAL GLUTAMATERGIC AFFERENTS OF ARTERIAL
PRESSOR RESPONSE TO DISTAL, ESOPHAGEAL DISTENSION. H.H.Dong.
C.W.Loomis and D.Bieeer*. Division of Basic Medical Sciences, Faculty of
Medicine and School of Pharmacy, Memorial University of Newfoundland,
StJohn’s, Canada, A1B 3V6.
Distention of the distal part of the rat esophagus causes an arterial pressor
response that can be blocked by vagotomy and may be related to esophageal
nociception. In the present work, the afferent vagal pathway of this reflex was
further studied in urethane-anesthetized rats with a view to examining the
involvement of glutamate in primary afferent transmission. Distal esophageal
distention was applied for 20 seconds by means of a water-filled balloon (capacity
200 jxl), and glutamate antagonists were applied directly to the nucleus tractus
solitarii (NTS) surface (at the rostral edge of the area postrema, 700 nm lateral)
or microejected in the intermediate/caudal NTS (at depths of 400-500 (.im below
the surface). 6,7-dinitroquinoxaiine-2,3-dione (DNQX) produced a strong
reversible inhibition, while 2-amino-5-phosphonovaleric acid (AP-5) produced a
smaller inhibition of the reflex. Increases in basal blood pressure were evident
only after NTS surface application of antagonists. Ejection of glutamate (0.2M,
200pl to lnl) in the same region produced a small pressor response preceded by a
short-latency esophageal contraction. Dorsal to this region, glutamate ejection
produced depressor responses. Our results confirm that the arterial pressor
response to distal esophageal distension is a vagally mediated reflex. The afferent
fibers of this reflex terminate near the NTSc region and activate second-order
neurons via glutamate receptors of both the NMDA and non-NMDA subtype.
(Supported by the Medical Research Council of Canada)

S ociety for N eu r o s c ien c e , V olume 2 3 ,1 9 9 7

MONDAY PM

SOMATIC A N D V ISC E R A L A F F E R E N T S: C NS S T U D IE S

395.7
BRAINSTEM RESPONSE TO CERVICAL SELF-STIMULATION:
PRELIMINARY PET-SCAN ANALYSIS
Keves, J A iRutgers, The State University of NJ, Newark, NJ 07102, and
2P.E.T. Center. Bowman Gray School of Medicine, Winston-Salem, NC
27157
We recently reported that women with a diagnosis of “complete” spinal
cord injury (SCI) above the level of entry into the spinal cord of the
genitospinal nerves showed analgesia to cervical self-stimulation, and
some could feel the stimulation. We hypothesized that in women the
vagus nerves convey sensory activity directly from the cervix to the brain,
bypassing the spinal cord. Recent neuro-anatomical and functional
evidence in rats, from our laboratory and others’, supports this role of the
vagus nerves. To test this hypothesis in women, we performed a PET scan
analysis of the medulla oblongata in the region of the nucleus of the
solitary tract (NTS), the site of termination of the vagal afferent projection.
The PET scan image series was registered to magnetic resonance image
series for identification of anatomical regions. 0 15-labeled water injected iv
was the tracer for the PET scans, providing data on regional blood flow, as
the index of regional brain activity. Regional levels of activity were
quantified and compared under conditions of cervical self-stimulation and
two control conditions: foot stimulation and resting. Activity levels of the
region of the NTS increased during the cervical self-stimulation compared
to the control conditions in the two women with complete spinal cord
injury, and the one non-injured woman for whom data are available. By
contrast, the somatosensory region of the thalamus showed lower activity
in the two women with SCI relative to the non-injured woman, consistent
with the SCI. Activity in additional brain regions will be reported.
Support: 1R01HD30156: BRMRB-NCMRR-NICHD(BRK&BW).

395.9
CHOLECYSTOKININ-8 -LIKE IMMUNOREACTIVITY (CCK-8-LI) IN
RAT LUMBOSACRAL LAMINAE VII AND X DOES NOT VARY WITH
THE ESTROUS CYCLE. D.C. Phan* and B.W. Newton. Dept, of Anatomy,
University of Arkansas for Medical Sciences, Little Rock, AR 72205
Our laboratory has previously shown that CCK-8-LI is sexually
dimorphic in the lumbosacral (L-S) spinal cord with male (M) CCK-8-LI >
female (F); and that L-S galanin (GAL)-LI is sexually dimorphic (M > F)
and varies with the estrous cycle. Because both GAL- and CCK-8-LI levels
are 1) regulated by estrogen in the hypothalamus and 2) colocalized in
nerve terminals in laminae I, II & X; this study was performed to
determine if the hypothesis that L-S CCK-8-LI would vary with the
estrous cycle was correct. 24 Sprague-Dawley rats which exhibited at
least 4 consecutive, normal, estrous cycles (as determined by daily vaginal
smears) were used. The rats were perfused for the PAP technique of
Stemberger. The CCK-8 antiserum was purchased from IncStar. The data
reveal that, unlike galanin-LI, there are no grossly visible changes in
CCK-8-LI within L-S laminae VII & X throughout the estrous cycle. Thus,
although hypothalamic GAL and CCK-8 are both regulated by estrogen, it
appears that L-S GAL, but not CCK-8, responds to changing estrogen titers.
Therefore, estrogen-responsive CCK-8-LI neurons within the
hypothalamus probably do not significantly contribute to the CCK-8-LI
afferents found within L-S laminae VII & X. It is thought that the
sexually dimorphic distribution of L-S CCK-8 (M > F) plays a role in
regulating pelvic organs and reproductive behavior, and may contribute to
the sex differences observed in pain perception. Funded by Grants from
UAMS CAGSRF (D.C.P.) and UAMS MREF (B.W.N.).

395.11
OROFACIAL MECHANICAL FREQUENCY DETECTION AND
INTENSITY CODING IN PARKINSON'S DISEASE. A. Biswas.
S.M. Barlow *. K. Forrest. Department of Speech and Hearing
Sciences, Program in Neural Science. Orofacial Physiology Lab.
Indiana University, Bloomington, IN 47405.
A constellation of sensorimotor impairments accompany
Parkinson’s disease [PD] including disturbances in gait, posture, and
speech. These systems are traditionally characterized in terms of
the distribution and extent of dystonia, tremor, bradykinesia, and
rigidity. However, an unknown proportion of PD patients experience
deficits processing somatosensory inputs. The manifestations of
sensory processing deficits in the orofacial system of PD patients
remain largely unknown, in spite of significant changes in speech
and swallowing function. In order to assess some of the suspected
changes in sensory function, a digitally-controlled linear motor was
used to obtain mechanical frequency detection thresholds in PD
subjects and age/gender matched controls.
A 2-interval, 2alternative, forced choice mechanosensory task was also used to
assess intensity and duration discrimination.
Degradation in
mechanosensory detection and discrimination coding for PD
subjects is considered in relation to the maintenance of orofacial
motor skills associated with the production of speech. Supported by
NIDCD (R01 DC 00365-08) and Neuro Logic.
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SCIATIC NERVE SECTION FAILS TO ALTER THE LAMINAR
DISTRIBUTION OF TRANSGANGLIONICALLY LABELLED SOYBEAN
AGGLUTININ FIBRES IN ADULT RAT SPINAL CORD. H. Wang1. P.
Short!and13, & C. Molander*1,2. Depts. of (1) Neuroscience, (2) Surgery, Divn, of
Rehabilitation, Neurogenic Pain Unit, Karolinska Institutet, Stockholm, Sweden &
(3) Anatomy, Queen Mary & Westfield College, London El 4NS, UK.
Peripheral nerve injury alters the laminar distribution of myelinated primary
afferents in the spinal cord (Woolf et al., 1992, Nature 355:75) and is reported to
increase the SBA binding pattern in the deeper laminae (Cameron et al. 1992, Brain
Res. 575:151). Recently, we showed that the plant lectin soybean agglutinin (SBA)
could be used as a transganglionic tracer to label primary afferents that terminate in
lamina I-II of the dorsal horn (Wang et al., 1995, Neurosci. Abstr.21:454.8). Thus,
the aim of this study was to examine the distribution of SBA-labelled afferents in the
dorsal horn after sciatic nerve section. Two-to fourteen weeks after nerve section, 1%
SBA or SBA-HRP was injected proximal to the injury and 3 days later the spinal
cord segments were processed using standard immunofluorescent or tetramethyl
benzidine histochemical techniques. SBA-labelled terminals were identified in lamina
I-II at all survival times and showed no signs of depletion. Occasional fibres were
found in lamina III on the control and experimental sides but there was no consistent
increase in SBA labelling in the deeper laminae after injury. Other sections stained
for SBA binding after nerve injury also failed to consistently show increased binding
in laminae III-IV as previously reported. Our results suggest that, firstly, SBA is a
useful tracer to identify the central terminals of unmyelinated afferents following
nerve injury and that SBA fibres do not sprout into the deeper laminae as previously
suggested. Thus, A- and C-fibres appear to react differently to nerve injury.
Supported by Tore Nilsons fond.

395.10
PERCUTANEOUS URETERAL LIGATION AS A MODEL OF ACUTE
RENAL PAIN: SITES OF C-FOS EXPRESSION IN THE RAT SPINAL CORD.
A. Avelino. A. Almeida*. F. Cruz and A. Coimbra. Institute of Histology and
Embryology, Faculty of Medicine of Porto, 4200 Porto, Portugal.
The sites of renal pain processing in the rat spinal cord were studied by mapping
the sensory neurons expressing c-fas after acute ureteral distension due to
obstruction induced by a new percutaneous experimental model.
Adult female Wistar rats were anesthetised with halotliane, and the left ureter was
exposed using a low abdominal incision and then loosely surrounded by a loop of
6-0 nylon suture. The end of the threads were exteriorized dorsally and the animals
allowed to recover for 8 days. In the day of the stimulation the loop was pulled and
held by a knot. Control experiments were performed in animals where the suture
was not pulled or was pulled against retroperitoneal tissue. Four hours later, the
animals were perfused with fixative and transversal sections of segments T8-S1
were immunoreacted for the Fos-protein. In all the cases the ureter above ligation
was compared with the contralateral ureter to confirm dilation.
C-fos expression occurred at spinal segments T8-S1 with a peak at LI-L2. The
activated neurons were concentrated in laminae I, lateral IV-V, medial VII and X.
While in lamina I nearly all Fos-immunoreactive cells were ipsilateral, in deeper
laminae 60% cells were ipsilateral and 40% contralateral to the distended ureter.
The Fos immunoreaction in the two types of sham-operated controls was very low
at segmental levels of maximal activation by the ureteral occlusion.
It is suggested that renal nociceptive input giving rise to conscious pain
perception is transmitted through ipsilateral lamina I, whereas input triggering
autonomic reflexes may be mainly processed, ipsi and contralaterally, in the deep
laminae.
(Supported by JNICT project n° PECS/C/S AU/185/95)
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396.1
DESENSITIZATION OF BLADDER SENSORY FIBERS BY INTRAVESICAL
RESINIFERATOXIN IS DOSE-DEPENDENT. A C-FOS STUDY IN THE RAT.
F. Cruz*. A. Avelino and A. Coimbra. Institute of Histology and Embryology, Faculty
of Medicine of Porto, 4200 Porto, Portugal.
Pungency of intravesical (i.v.) capsaicin (CAP) may prevent its use in patients with
hiperreflexia or instability. Resiniferatoxin (RTX), an ultrapotent CAP analog, may
be an alternative to CAP, since is more potent but less irritant than CAP. However,
ideal doses of i.v. RTX have not been established. We used c-fos expression in the rat
spinal cord to monitor activity of bladder afferents after i.v. RTX. This method has
showed before (Pain, 64:553,’96) that 1 mM CAP, which has been used in several
clinical trials, is the dose required for complete bladder desensitization.
In adult female rats instillation of 0.5inl of InM, lOnM, lOOnM or lOOOnM RTX
solutions, or its vehicle (10% alcohol in saline) during 30 minutes was followed 24 h
later by 0.5 ml of 1% acetic acid. Two hours later rats were fixative perfused. Spinal
cord segments L5-S1 were removed and immunoreacted against Fos-proteins. In
another series of animals, 0.5 ml of the most effective of the RTX solutions or ImM
CAP were instilled into the bladder. Two hours later the rats were perfused for Fos
immunoreaction.
Rats treated with lOnM, lOOnM or lOOOnM RTX solutions had significantly less
Fos-IR cells in the spinal cord than InM or vehicle treated rats. Decrease was more
pronounced around the central canal and in the intermediolateral gray matter than in
the superficial dorsal horn. The lOOnM solution caused the highest decrease, 93%,
followed by lOnM and lOOOnM solutions. Intravesical lniM CAP induced more FosIR cells in the spinal cord than lOOnM RTX.
We conclude that a lOOnM RTX solution is very effective to induce desensitization
of bladder sensory fibers without causing appreciable pungency, and should therefore
be assayed in future clinical trials.
(Supported by JNICT project PECS/SAU/185/95).

396.3
DIFFERENTIAL EFFECTS OF n- AND k -OPIOID RECEPTOR AGONISTS
ON RESPONSES OF GASTRIC VAGAL AFFERENT FIBERS IN THE RAT.
J.N.Sengupta*. N.Ozaki and G.F.Gebhart. Dept. Pharmacology,
Univ.Iowa, Iowa City, IA 52242.
Chronic idibpathic dyspepsia is associated with hypersensitivity of
vagal and spinal afferents innervating the upper gastrointestinal tract.
This study was undertaken to investigate the peripheral effects of the
prototypical n-opioid receptor agonist morphine and the peripherally
acting tc-opioid receptor agonist EMD 61753 on responses of
mechanosensitive vagal afferent fibers innervating the stomach of the
rat. Single fiber recordings were made from the cervical vagus nerve.
Vagal afferent fibers innervating the stomach were identified by
distending the stomach (60 mmHg). Ten fibers responded to gastric
distension (GD). All fibers exhibited an ongoing resting activity (mean:
9.0 ± 4.5 imps/s) and monotonic increase in firing with increasing
distending pressure (5-60 mmHg). Six fibers tested with morphine (101000 H9/kg) exhibited dose-dependent increases in resting activity.
The excitatory effect of morphine was completely blocked by naloxone
methiodide (NLXM, 30 M-g/kg). Resting activity and responses to GD of
three fibers were studied after EMD 61753 (0.5-32 mg/kg). EMD
61753 dose-dependently attenuated resting activity and inhibited
responses of these fibers to GD. In one fiber, pretreatment with a nonselective dose (300 M-g/kg) of NLXM produced a significant block of
the inhibitory effect of EMD 61753. These results suggest that p. - and
K-opioids act differently at the receptive endings of vagal afferent
fibers innervating the stomach. Supported by NS 19912.

396.5

A N T IG E N C H A LLEN G E E N H A N C E S THE A FF E R E N T
ACTIVITY
OF
M ESENTERIC
N ERVES
OF
RATS.
G .N .A koev*.
L.V.Filippova
and N .O .Sherm an. Lab.
of
Physiology o f Sensory Receptors, Pavlov Institute o f Physiology,
RAS, N ab.M akarova 6, St.Petersburg 199034, Russia.
Sprague-Dawley rats (130-150g) were sensitized by i.p. injection
o f chicken egg albumin (EA ) (lOmg/kg) with appropriate amount
o f Freud's adjuvant to stimulate IgE antibody production. Twenty
days later blood o f these animals and control group was taken for
the analysis. We used leukocyte migration inhibitory factor as an
indicator o f animal sensitization. The migration o f leukocytes
incubated in the presence o f EA was compared to that without
antigen for the calculation o f migration index (M I). MI o f
sensitized animals differed statistically from MI o f control animals.
In acute electrophysiological experiments intraarterial or
intraluminal EA (100jjg/ml) challenge evoked a 10% enhance o f the
resting activity o f mesenteric nerves o f small intestine. Afferent
nerve activity o f control animals was not changed during EA
challenge. Intraluminal injections o f stimulator o f mast cell
degranulation com pound 48/80 (20-30|.ig) was shown to increase
afferent discharges in intact rats. A ntagonist o f Hi histamine
receptors clemastine reduced the effect o f com pound 48/80. Results
provide evidence that immediate hypersensitive response may
involve changes in mesenteric nerve activity.
(Supported by the Russian Academy o f Sciences)
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396.2
SENSITIZED AFFERENTS FROM THE INFLAMED COLON ARE NOT
INVOLVED IN THE MAINTENANCE OF VISCERAL HYPERALGESIA. S.V.
Coutinho.* J.N. Sengupta and G.F. Gebhart. Department of Pharmacology,
University of Iowa, Iowa City, IA 52242.
We have recently demonstrated that administration of intracolonic zymosan
produces visceral hyperalgesia (i.e., results in enhanced responses to colorectal
distension [CRD] in the rat). The present study was undertaken to characterize the
time-courses of the behavioral hyperalgesia and sensitization of pelvic nerve
afferent fibers innervating the colon following inflammation. In the first series of
experiments, visceromotor responses (VMR) to a noxious intensity of CRD (80
mmHg) were recorded in awake rats prior to and following treatment with either
intracolonic zymosan or saline. An increase in the magnitude of responses was
evident at 1 hour post-zymosan. This increase peaked between 3 to 5 hours, and
was maintained at 24 hours. In the second series of experiments, pelvic nerve
afferent fibers in the decentralized SI dorsal root innervating the colon were
identified by electric stimulation of the pelvic nerve and noxious CRD (80 mm Hg,
30 s). Stimulus-response functions to graded intensities of CRD (5 to 100 mmHg,
30s) were recorded prior to and following treatment with either intracolonic
zymosan or vehicle. Intracolonic zymosan produced an increase in the magnitude
of responses beginning 30 min post-treatment. However, in contrast to the
behavioral observations, there was no progressive sensitization of afferent fiber
responses with time and response magnitudes were back to control values by 3
hours. In addition, NS398, a cox-2 selective inhibitor (4 mg/kg, intraarterially )
was without effect once sensitization had been established 30 min post-zymosan.
Taken together these results suggest that zymosan-produced visceral hyperalgesia
is not maintained by persistent input from sensitized afferents and that products of
cox-2 are not involved in maintaining sensitization of afferents from the inflamed
colon. (Supported by NS 19912.)

396.4
SHAPE AND ORIENTATION ENCODING OF INDENTATION BY A SPATIAL
POPULATION OF MECHANORECEPTORS IN MONKEY FINGERPAD. PS
Khalsa*, RM Friedman. K Greenquist, C Lu. and RH LaMotte. Dept, of
Anesthesiology, Yale University School of Medicine, New Haven, CT 06510
The shape & orientation of an object can be perceived by indenting it into the skin.
Previous studies have typically estimated how a mechanoreceptor population would
encode indentation by recording the response of a single afferent to indentation of an
object at different positions with respect to the center of its receptive field (RF). In
the current study, we recorded the responses of a spatially distributed population of
rapidly and slowly adapting mechanoreceptors (RAs and SAs, respectively) during
indentation of objects at a fixed position on the monkey fingerpad. The neural
responses of single afferents (53 RAs & 58 SAs, approximating the innervation
density of a 7 mm2 area of the fingerpad) were recorded using standard
electrophysiological techniques from teased filaments from the median and ulnar
nerves in anesthetized monkeys (N = 5). RFs were mapped using calibrated filaments
(von Frey). An object was indented for 4s using a maintained contact force of 15 gwt into the same location on the fingerpad (either digits 2, 3, 4, or 5). The toroidal
objects had a radius of 5mm on the major axis, and a radius of 1, 3, or 5mm on the
minor axis. Orientations were 0, 45, 90, and 135° with respect to the long axis of the
finger. The SA population unambiguously encoded both the shape and orientation of
the toroids, while the RA population did neither. Shape, while not isomorphically
represented, was best discriminated during the first 100 - 300 ms of contact, but
devolved with increasing time of contact (1 - 4 s). The spatial area of the SA
population response was greater than actual contact area of the shape. The magnitude
of the spatial integration of the population response (at discrete time intervals)
decreased with reduction in shape curvature. The peak amplitude of the population
response decreased while its spatial width increased with decreasing curvature along
the minor axis of the shape. (Supported by NS 15888)

396.6
A MODEL OF COLD RECEPTOR TRANSDUCTION V. S. Markin
and D. L. Tanelian*. Department o f Anesthesiology and Pain Mgt.,
UT Southwestern Medical Center, Dallas, TX 75235
The cold receptor o f the rabbit cornea was electrophysiologically
studied using quantitative thermal stimuli. A model o f cold receptor
activity
was developed based upon the
receptor
response
characteristics. The thermal receptor was assumed to have an intrinsic
tendency to generate rhythmic activity with frequency A 0. This
activity is modulated by the receptor potential which is influenced by
excitatory (n) and inhibitory (m) parameters such that:
A = A q /[l+exp(6 -n +m)].
The time-dependence o f n and m is described by first-order kinetics.
Three different types o f receptor activation were analyzed:
temperature steps, ramps and sinusoids. The model predicts a fast
dynamic response to step or ramp temperature change with rapid
adaptation to a plateau o f tonic activity and a transient reduction in
activity upon returning to the baseline temperature. For a sinusoidal
stimulus, action potential activity versus temperature is represented by
a hysteresis loop with counter-clock wise rotation at low frequencies.
The loop size changes nonmonotonously with frequency. These
qualitative features are identical to those observed experimentally. The
model also predicts reversal o f rotation in the hysteresis loop at higher
frequencies, which remains to be experimentally verified.
Supported by the Sid W. Richardson Foundation.
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396.7
IN VITRO CHARACTERIZATION OF FUNDUS DISTENSION (FD)
RESPONSIVE GASTRIC VAGAL AFFERENTS (GVAs) IN RATS. JY Wei*.
DW Adelson and YH Wang. Dept, of Med., CURE Digest. Dis. Res. Cent,
and BRI, UCLA Sch. of Med., Los Angeles, CA 900 9 5 .
Although distension-responsive GVA terminals have been well
documented in vivo, because of structural differences between different
segments of Gl tract, their functional implications remain controversial
(Am J Physiol 268:G 355, 1995). A modified in vitro gastric vagusstomach preparation allows selective distension of discrete segments of
the stomach with minimal disturbance to adjacent regions, so that the
properties of mechanoresponsive GVAs from defined regions can be
compared. Here the results of 24 single units, recorded from lower-thorax
ventral vagus of 3 SD rats are presented. Ongoing activity was defined
as absent (n = 4 ), low (n = 13, median 0 .3 6 impulse/sec) or high rate
(n = 7, median 1.44 impulse/sec). Each units were tested for responses
to balloon inflation of the fundus (FD), local mechanical stimulus, ia saline
injection, and subdiaphragmatic esophageal distension (ED). Eight FDresponsive units were identified: 3 with rapidly-adapting (RA) and 5 with
slowly-adapting (SA) discharge to FD. RA units was graded with FD
intensity, while SA responses were more complex. All FD-responsive units
were activated by brush pressing against the fundus, 1 responded to ia
saline. ED enhanced the responsiveness of 4 FD-responsive units and
suppressed the other 3. Two units with fundus mechanoreceptive fields
were not activated by FD, in one of these, ongoing activities was inhibited
by FD. The results indicate that GVAs innervating the anatomically
simplest region of the stomach, the fundus, form a heterogeneous
population. The different effect of ED on the FD units suggests different
mechanisms are involved. (Supported by NIH Grant DK 48476)
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396.8
NEUROGENIC PLASMA EXTRAVASATION IS MEDIATED BY NKr
RECEPTORS AND DOSE DEPENDENTLY MODULATED BY CGRP IN THE
PIG SKIN. Fr.-K. Pierau*: S. Ladewig, S. Müller and S. Basile. MPI für Physiol,
und Klin. Forschung, Parkstr. 1, D-61231 Bad Nauheim, Germany.
In contrast to rodents skin, neurogenic plasma extravasation (NPE) cannot be
induced by capsaicin or antidromic nerve stimulation in either human or pig skin.
To investigate possible mechanisms for this phenomenon NPE was induced by
histamine (10 fiM) perfusion in a blister base model in the pig skin. Pre- and co
perfusion of tachykinin agonists and antagonists and CGRP and the CGRP
antagonist CGRP8.37 had different effects on NPE. While the reduction by the NK1
receptor antagonist SR140333 (50 jiM) was not significant, NPE was significantly
inhibited by the NK2-receptor antagonist SR48968 (50 n,M). Accordingly, the
plasma extravasation induced by [ß-Ala8] NKA was only inhibited by the NK2antagonist but not by the NKr antagonist. These results indicate that in contrast to
other species NPE in pig skin is mediated by NK2-receptors.
CGRP (1 fiM) inhibited both the histamine-induced NPE and the NKA-induced
plasma extravasation, but not the plasma extravasation induced by substance P. This
inhibitory effect of CGRP was largely attenuated by the antagonist CGRP8.37. The
inhibitory action of CGRP might be the reason for the inability of capsaicin and
antidromic nerve stimulation to induce NPE. However, in higher concentrations
(5 fxM) CGRP significantly enhanced the NKA-induced plasma extravasation. It is
suggested that the inhibitory action of the low concentration of CGRP on plasma
extravasation, which is mediated by CGRP receptors on venules is cancelled by the
vasodilatation mediated by CGRP receptors on arterioles. Alternatively, CGRP
receptors with different affinity to CGRP might mediate inhibitory or facilitatory
actions by activating different intracellular messenger systems.

396.9

396.10

THE PACINIAN (P), AS WELL AS THE NON-PACINIAN CHANNELS,
CONTRIBUTES TO THE PERCEPTION OF ROUGHNESS. S. J.
Bolanowski*, J. Cohen, and L. Pawson Institute for Sensory Research and
Dept. Bioeng. and Neurosci. Syracuse Univ. Syracuse, NY 13244.
Previous experiments using textured stimuli have hypothesized that it is
the slowly-adapting (SA) and possibly the rapidly-adapting (RA)
receptors that mediate roughness perception. Given the high sensitivity o f
Pacinian corpuscles (PC) to temporally varying stimuli (vibrations), we
conducted experiments to test if PCs also are involved in the perception o f
roughness. The experiments were conducted both on the fingertip and the
thenar em inence and determined the effects of selective adaptation of the
PC-mediated P channel (250-Hz, 20 dB SL adaptor) on roughness
perception. Observers (n=4) magnitude estimated the perceived roughness
of various grades (particle size, 16-905 jim) of sandpaper and
photoetched, raised-dot patterns (dot height, 350 fim) having different
inter-dot spacings (0.8-6.2 mm). The observers made these estimates in
sessions during which the vibratory adapting stimulus was interspersed
between the textured-surface presentation and in sessions where no
adapting stimulus was present (control). The 250-Hz adaptor elevated the
P channel’s threshold by about 11 dB, but had no effect on the sensitivity
of the NP channels as measured with a 5-Hz stimulus, indicating selectivity
of adaptation. For both the fingertip and the thenar eminence, regardless
of the textured surfaces used, selective adaptation significantly affected
roughness perception (e.g., raised-dots, fingertip, p < 0 .0 0 1 ; thenareminence, p < 0.01). The effect was particularly robust for the finer
textured surfaces. Additional experiments using a 5-Hz, 15 dB adaptor
which adapted the SA-RA mediated NP channels, but not the P channel,
also showed a significant affect on roughness perception for the body sites
and textured surfaces used (p < 0.001). It is concluded that PCs, as well as
SAs and RAs, are involved in the perception of roughness. Work partially
supported by NIMH/NIH and Unilever, Corp.

DIFFERENTIAL EFFECTS OF DENERVATION ON ESCAPE
RESPONSES TO UTERINE AND VAGINAL DISTENSION AND ON
UTERINE AND VAGINAL TONE IN THE RAT. J.L.Temple.
H.B.Bradshaw and K.J.Berklev*. Program in Neuroscience, Florida St.
Univ., Tallahassee, FL 32306-1051.
The rat uterine horns are innervated mainly by the hypogastric nerve
while the vaginal canal is innervated mainly by the pelvic nerve, and the
external genitalia by the pudendal nerve. This study tested the
hypothesis that escape responses to distension of the uterine horn and
vaginal canal would be eliminated by hypogastric and pelvic neurec
tomies, respectively, and that part of the mechanism might be a re
duction in their tones (i.e., the pressures produced by distension would
be reduced). Using tail pinch as the initial stimulus, 21 rats were trained
to perform an operant escape response. The probabilities of their
escaping various volumes of uterine or vaginal distension produced by
the inflation of small latex balloons were then measured along with the
pressures produced by the distensions. Bilateral hypogastric neurectomy
(but not sham or pelvic neurectomy) eliminated uterine escape responses
and significantly reduced uterine tone. In contrast, bilateral pelvic
neurectomies had no effect on vaginal escape responses or tone. Adding
pudendal and hypogastric neurectomies reduced but did not eliminate
vaginal escape responses; elimination required addition of bilateral L6-S1
spinal neurectomy. None of the nerve transections affected vaginal tone.
These results attest to huge organizational and functional differences in
the peripheral innervation of two pelvic visceral structures, the uterine
horn and vagina. Supported by NIH grant N S 11892.

396.11

396.12

A PSYCHOPHYSICAL AND ELECTROPHYSIOLOGICAL STUDY OF THE
EFFECTS OF PROLONGED NOXIOUS MECHANICAL CUTANEOUS
STIMULATION. D. Andrew* and J. D. Greenspan. Department of Oral &
Craniofacial Biological Sciences, University of Maryland Dental School, Baltimore,
MD 21201.
Adriaensen et al., (Human Neurobiol. 3: 53-58; 1984) reported that prolonged,
(120s) constant intensity, noxious mechanical stimulation of skin evoked a gradually
increasing sensation of pain. However, C-fiber discharge, recorded simultaneously,
was substantially reduced within 30s; thus producing a clear mismatch between
trends in pain intensity and nociceptor activity. The study of Adriaensen et al., did
not investigate the responses of A-fiber nociceptors to the same stimuli. We repeated
the psychophysical study on 11 subjects using constant intensity forces (25, 50 and
lOOg), and performed parallel electrophysiological experiments on rat cutaneous
nociceptors. For psychophysical experiments mechanical stimuli were applied to
digital web skin with a cylindrical, flat-tipped probe (area 0.1 mm2) for 120s; the
subjects rated the intensity of the pain every 10s using a finger span device. Identical
stimuli were applied to the receptive fields of single nociceptors dissected from the
sciatic nerve in methohexitol anesthetized rats. Pain ratings increased significantly
over time for both the 50g (P<0.02, ANOVA) and lOOg forces (P<0.001, ANOVA).
No significant increase in pain occurred with the 25g force. In preliminary
experiments recordings were made from 9 cutaneous nociceptors with receptive
fields on the plantar surface of the hindpaw. As reported previously C-fiber activity
rapidly adapted; in most cases to less than 1 Hz after 60s. Approximately half of the
A-fibers rapidly adapted to the mechanical stimulus whilst the remainder responded
with a sustained discharge rate throughout the period of stimulation. Thus, at least
some A-fiber nociceptors have distinctly different mechanical adaptation properties
than C-fiber nociceptors, and these properties are more consistently related to evoked
pain. Supported by NSFgrant 1BN-9696127.

THE EFFECTS OF SKIN TEMPERATURE ON THE DETECTABILITY
AND DISCRIMINABILITY OF TACTILE STIMULATION. G.A. Gescheider*.

S o c ie ty f o r N e u ro s c ie n c e , V olum e

23,1997

J, M, Thprpç, J, Qooflarz aP.d..SJL.B.QlanQwski. Department of Psychology,
Hamilton College, Clinton, NY 13323
Detection thresholds and intensity-difference thresholds were measured on
four subjects ranging in age from 19 to 22 years. The stimuli were 250-Hz
bursts of vibration applied through a 3.0 cm^ contactor to the thenar eminence
of the right hand. Detection thresholds were substantially higher at 20° C than at
30° or 40° C and were only slightly higher at 40° C than 30° C. When the
intensity-difference threshold was expressed in relative terms, as the proportion
by which two stimuli must differ in amplitude to be discriminated (Ac}>/<J>),
discrimination capacities were unaffected by surface-skin temperature. The results
are consistent with the hypothesis that surface-skin temperature alters the
sensitivity of tactile receptors, and that, because of the “near miss” to Weber’s
law, the relative difference threshold is unaffected substantially by skin
temperature. It was concluded that,,at least a partial explanation of the “near
miss” lies in the fact that, at low to moderate sensation levels, the P channel is
exclusively activated while, at moderate to high sensation levels, because of
recruitment of NP channels, neural information for intensity discrimination is
additionally provided by channels which have superior discriminative capacities.
NIH, P01DC00380
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396.13

396.14

DIFFERENTIAL SENSITIVITY OF MECHANOSENSITIVE AND -INSENSITIVE CFIBERS IN HUMAN SKIN TO TONIC PRESSURE AND CAPSAICIN INJECTION.

A THROMBOXANE A2 MIMETIC, U46,619, INHIBITS THE KNEE JERK
REFLEX VIA A VAGAL REFLEX FROM THE LUNG. J.G. Pickar* and L.L.
Stephens. Kansas State University, Department of Anatomy & Physiology,
Manhattan, KS 66506.
Chemical stimulation of visceral afferents from the heart (JAP
272:H827,1997) and lungs (J. Physiol. 206:345,1970; JAP 74:103,1993)
inhibits the knee jerk reflex and locomotion via a vagal reflex in the cat. The
purpose of the present study was to determine if endogenous metabolites can
inhibit the knee jerk reflex via a vagally-mediated reflex. The thromboxane A2
mimetic, U46.619 (0.5-1.25pg/kg), was injected through a catheter placed in
the jugular vein near the right atrium (iv), the carotid artery near the aortic
arch (ia) or the pericardial sac (ipc) of chloralose-anesthetized cats. The
knee jerk reflex was elicited at 1.5-s intervals by striking the patellar tendon
with a reflex hammer attached to a solenoid. The magnitude of the knee jerk
reflex was determined using a force transducer placed against the tibia. The
mean magnitude of the knee jerk during a 15-s control period represented
100% in each cat. Twenty seconds after U46,619 iv the knee jerk reflex was
inhibited -20% in 9 of 11 cats. Bilateral cervical vagotomy abolished the
inhibition. U46.619 ia and ipc did not inhibit the knee jerk reflex.
# OF
PREVAGOTOMY
U46,619
POSTVAGOTOMY
INJECTION
CONTROL U46,619
CATS
CONTROL U46.619
iv
9
100±4%
100±2%
97±7%
81 ±11%
2
iv
104±2%
100± 1%
104±2%
100± 1%
7
100±2%
104±5%
ia
100± 1%
106±4%
ipc
4
100±2%
103±1%
103±1%
100± 1%
The results suggest that the release of thromboxane A2 under
pathophysiology conditions such as asthma or endotoxemia could reflexly
alter muscle activity. Supported by NIH grant HL-49221.

M. Schmelz*1. R. Schmidt2. A. Bickei1. H O. Handwerker1 and H.E. Torebjork2.
Dept, of Physiology I, University of Erlangen, Germany1 and Dept, of Clin.
Neurophysiology, University of Uppsala, Sweden2.
Microneurography techniques were employed for recording from C-fibers in the
peroneal nerve of healthy volunteers to further study the differential
responsiveness of mechanosensitive (CMH, "polymodal'' nociceptors) and insensitive ("silent" nociceptors and CH units) afferent C-fibers in human skin.
Twelve units which did not respond to stimulation with a von Frey filament
exerting a force of 0.75N and 10 CMH units were compared.
A tonic pressure stimulus of 12N was applied by a blunt stimulus probe, 6 mm
in diameter, for 2 min to the innervation territories of C-fibers. The responses
of CMH units were characterized by high initial discharge rates which slowly
adapted toward low rates. In contrast, mechano-insensitive C-units initially did
not react to these tonic pressure stimuli but became activated after a delay of 1
min, on average, and then showed increasing discharge rates till the end of the
stimulus.
All units tested were excited by intradermal capsaicin injection (20|jl, 0.01%).
However, CMH units were usually inactivated after a short excitation period
whereas mechanoinsensitive units generally showed prolonged ongoing
activity after capsaicin.
It is concluded that mechanoinsensitive C-fibers contribute to the slowly
increasing painfulness of tonic pressure stimuli and also to long lasting pain
sensations observed after intradermal capsaicin injection.
Remote sensitization which would be an argument in favor of a peripheral
mechanism of pin-prick hyperalgesia was not observed.
Supported by the Max Planck Prize to H.E. T., by the Foundation for Brain
Res. (Sweden, for R.S.) and by the SFB 353

396.15
MULTICHANNEL INTRANEURAL ELECTRICAL STIMULATION FOR
PROSTHETIC SENSORY FEEDBACK
Daniel J. DiLorenzo1. David J. Edell1,2,3. Ron R. Riso*4. Mark J. Koris3. Bruce
C. Larson1. Lisa P. Devanev1. ^arvard-MlT Division of Health Sciences and
Technology, Cambridge, MA 02139; 2MIT Lincoln Laboratories, Lexington,
MA, 02173; ^A/est Roxbury VA Medical Center, West Roxbury, MA 02132;
4Center for Sensory-Motor Interaction, Aalborg University, Denmark
The functionality of prosthetic limbs is restricted by the limited
availability of sensory feedback. The goal of the present research is the
development of a multichannel microelectrode array for the presentation of
sensory information directly to the sensory afferent neurons of the
transected peripheral nerve of an amputee. Intraneural electrode arrays
were developed and implanted in the sciatic nerve of New Zealand White
rabbit animal models and monitored for chronic functionality. Several novel
nerve regeneration implant designs employing axially oriented wire arrays
and regeneration tubes were explored. Somatosensory evoked potentials
were monitored via chronically implanted epidural electrodes. A behavioral
technique was used to monitor stimulus perception; an electrical stimulus
was delivered to the implanted nerve followed by an airpuff to the eye with
monitoring of the resultant eye-blink reflex. Through this classical
conditioning technique, the rabbits associate the two stimuli such that
electrical stimulation of the sciatic nerve, in the absence of an airpuff, elicits
an eye-blink. Animal studies to date demonstrate chronic single channel
electrode functionality greater than 2 years to date. This research supports
the possible viability of such a neuroelectric interface in providing chronic
sensory feedback.
This research was funded NIH-NICHD Grant #HD-30214.

396.17
N eonatal C apsaicin adm inistration in the ra t produces m aternal
b e h a vior alterations in a d u lth o o d . P. Carrillo*, MJ. Rovirosa, J. Manzo,
P. Pacheco, and M. Salas. Neurobiol. del desarrollo, INE, Univ.
Veracruzana, Xalapa and Instituto de Investigaciones Biomédicas,
UNAM. México.
The neurotoxic effect by neonatal Capsaicin (Cap) over the
"capsaicin-sensitive fibers" (C and Aó) has consequences for the
perform ance of some social and reproductive behaviors later in life.
Using a behavioral model, we describe here the Maternal Behavior
(MB) after parturition, and the long terms changes p roduced by
neonatal C ap treatment. During the second day of life litters of Wistar
rats were treated with Capsaicin (50 m g/kg sc.) (10 % Tween 80, 10 %
Ethanol and 90 % Saline 0,9). Controls were injected only with the
solvent. At day 21 postpartum weaning occurred. At 90 days of life the
females were m ated with intact adult males. From this procedure we
o btained 9 births from experimental animals (EG) and 9 from controls
(CG). Every other day, starting a t parturition we studied the parameters
of pup retrieval and the behavioral profile showed by both groups.
Results: Previous to the retrieval test we found that Cap-females
showed more grooming and scratching behaviors (p<0.05). The
parameters of pup retrieval during the MB perform ance was
unchanged in the C ap-group. The post retrieval mother-pups
interaction, showed that the Cap-females were less in rearing (p<0.05),
and crouching (p<0.05) and more in scratching (p<0.05) than controls.
From this d ata it is clear that the mother-pups interaction is altered by
modifications in behaviors d ependent of thermal and cutaneous
perception in the mother.
conacyt , p cc-92264
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B e h a v io r a l e v id e n c e f o r m e c h a n ic a l H y p er a l g e s ia a n d
ALLODYNIA AFTER TIBIAL NERVE LESION IN RATS. L.Timmermann. J.U.Stegmann. H.-J.Habler. M.Michaelis and W.Janig*. Physiological Institute of the
Christian-Albrechts University, 01shausenstr.40, 24098 Kiel, Germany
We investigated in rats the time course and intensity of abnormal behavior
to mechanical stimulation of the hindpaw following tibial nerve lesion.
In anesthetized (60mg/kg Nembutal® i.p.) male Wistar rats the tibial nerve was
crushed (n=15), cut and resutured (n=17) or exposed without any lesion (sham
operation, 11=8 ) about 40mm proximally to the innervation territory. For up to 14
weeks the animals were kept at standardized conditions. The response behavior to
v.Frey hair stimulation of the hindpaw plantar skin was tested once a week using
three different stimulus intensities (20,4, 151, 288mN). Reactions were divided into
4 categories: 0, no reaction; 1, lifting the paw; 2, prolonged (>3s) lifting the paw; 3,
prolonged paw lifting with additional licking and guarding behavior.
Reactions on the lesioned sides were observed already within the first two weeks
after injury. Compared with sham operated controls, animals with a nerve lesion
showed a significantly higher rate of paw withrawal for all three v.Frey hairs
(20,4mN: p< 0.05; 151mN: p<0.001; 288mN: p<0.001; ANOVA). Testing with the
151 and 288mN hairs evoked class 2 and 3 reactions in animals with a nerve
lesion; these were rarely observed in sham operated controls (sham vs. nerve lesion:
p<0.001). Stimulation of the contralateral paw with the 151 and 288mN hairs led to
a significantly higher paw lifting frequency in nerve lesioned animals than in sham
operated controls. Class 2 and 3 reactions on the contralateral sides to contralateral
stimulation were almost absent in lesioned and sham operated animals.
In conclusion, tibial nerve lesion is followed by hyperalgesia- and allodynia-like
behavior, probably due to sensitization of regenerating nociceptive afferents and/or
central sensitization. Early reactions on the lesioned side may indicate collateral
sprouting of nociceptive afferent fibres.
(Supported by the Deutsche Forschungsgemeinschaft.)
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CORTICOTECTAL AND CALLOSAL PROJECTIONS FROM RAT
SI NEOCORTEX ORIGINATE FROM DISTINCT POPULATIONS
OF PYRAMIDAL NEURONS. Duncan Geron. Tanva George, and L.
J. Cauller*. GR41, Cognition and Neuroscience Program, University o f
Texas at Dallas, Richardson, TX 75083-0688.
This study employed retrograde fluorescent tracers to distinguish the
neurons in primary somatosensory cortex (SI) that project to the
superior colliculus (SC) from those that project to contralateral SI. A
preparation o f Rhodamine DextranAmine (RDA) we have developed
to produce retrograde Golgi-like filling o f the dendrites o f layer Vb
neurons in rat neocortex was pressure injected into the deep layers o f
the SC o f one hemisphere. In addition, Diamidino Yellow (DY) was
injected into middle layers o f SI contralateral to the SC injection.
Superimposed images o f the D Y and RDA labeling in SI cortex
ipsilateral to the SC injection showed two distinct subpopulations o f
pyramidal cells in layer Vb. The RDA-labeled cells that projected to
SC were only found in layer Vb and these had profuse layer I dendrites
of the morphological type sensitive to top-down cortical influences
(Cauller and Connors, 1994). DY-labeled cell bodies projecting to
contralateral SI were found throughout layers III and V. The DY cells
in layer Vb were smaller than and mutually exclusive o f the RDA cells.
The layer Vb neurons in SI labeled by injections o f RDA into
homotopic contralateral SI had relatively sparse distal dendrites.
This study was supported by the Whitehall Foundation.

INTERHEMISPHERIC
MODULATION
OF
SENSORY
TRANSMISSION IN VPL THALAMUS AND SI CORTEX SJ,
Coll. of Med. Hallym Univ., Chunchon, +Dept. of Psychol, Chungnam
Nat'l Univ. Taejon, Korea
Temporal changes of sensory responsiveness to the stimulation of
the contralateral receptive field (CRF) of single neurons of the
primary somatosensory (SI) cortex and ventral posterior lateral (VPL)
thalamus were monitored in anesthetized rats following injection of
local anaesthetic (TD, temporary deafferentation) to the ipsilateral
homologus RF (IHRF). Eight VPL thalamic units showed reversible
facilitation of afferent sensory transmission arising from the
stimulation of the CRF following TD to the IHRF. Facilitation (7.76
± 2.2) of afferent sensory transmission to VPL thalamic cells was
already evident during the 5 min post-TD, reaching a maximum by
20 min (19.22 ± 5.3%), and returning to the pre-TD level by 60 min
(6.37 ± 1.7%). In contrast to the VPL thalamic cells, follwoing TD to
the IHRF, nine SI cortical units exhibited transient suppression of
afferent sensory transmission evoked by the stimulation of the CRF.
Significant suppression of afferent sensory transmission to SI cortical
cells was evident during the 5-35 min post-TD period and it returned
to the pre-TD level by 40 min (-4.03 ± 5.9%). These findings
suggest that afferent sensory transmission to the VPL thalamus and
the SI cortex in one side of the brain may also be
interhemispherically modulated by the temporary deafferentation to the
ipsilateral homologus receptive field, (supported by the ‘95 Basic
Medical Science Grant from the KME to HCShin and in part by the
’93 Nondirected Research Fund from the KRF to JHSohn).

397.3
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THALAMOCORTICAL AND INTRACORTICAL SYNAPSES EVOKE
UNIFORM QUANTAL E P S P s. 7. G il 1 . B.W. Connors 2 and Y. Amitai
Dept, o f Physiology, Ben-Gurion University, Israel, 84105, an d 2Dept. of
Neuroscience, Brown University, RI, 02912.
Neurons in the neocortex receive most o f their dxcitatory synapses from
intracortical sources, and a minority from the thalamus. We used
thalamocortical slices and whole-cell recordings to compare the quanta! size
of thalamocortical (TC) and intracortical (IC) AMPA receptor-dependent
EPSPs on single pyramidal cells in layer 3b o f rat SI. Stimuli to either the
ventrobasal thalamus or a horizontal layer 3 pathway evoked small (1-2 mV)
monosynaptic EPSPs. In the presence o f C d 2+ (10-20 p.M) the amplitudes of
evoked EPSPs were greatly reduced and failures were frequently observed,
implying a large reduction in the probability o f transm itter release. The timeto-peak histograms o f both TC and IC unitary EPSPs in C d2+ could be fitted
by a single Gaussian and were indistinguishable, with a mean of 1.1 msec.
Amplitude distributions o f TC- and IC-evoked EPSPs in C d 2+ also did not
differ significantly, and indicated a mean unitary peak o f about 0.40±0.03
and 0.41 ±0.04 mV respectively. When extracellular Ca2+ was replaced with
Sr2+, single TC or IC stimuli evoked asynchronous transm itter release with
EPSP latencies lasting up to 1 sec. Amplitude distributions o f asynchronous
TC and IC EPSPs in Sr2* were similar to each other, and to that of
spontaneous EPSPs (0.38±0.03, 0.35±0.02 and 0.38±0.03 mV, respectively).
Our results suggest that two different classes o f glutamatergic synapses
within the neocortex, arising from distinct cell types but converging onto
single pyramidal cells, have equal quantal size.
Supported by the ISF (Y.A.) and a FIRCA (Y.A. and B.W.C).

PROPAGATION OF EPILEPTIFORM ACTIVITY IN THE RAT
NEOCORTEX. R .C erne* and M.M. H a g lu n d . D ep artm en ts o f
S urgery
(N e u ro su rg e ry )
and
N eu ro b io lo g y ,
D uke
U niversity M edical Center., Durham , NC 27710.
O ptical im aging of the intrinsic signal was com bined w ith
w ho le-cell
voltage reco rd in g s
to study
the spread
of
ep ilep tifo rm
activ ity
in
the
rat
n eo c o rtica l
s lic e
p re p a ra tio n .
E p ilep tifo rm
activity
was
induced
w ith
electrical stim u latio n of w hite m atter in the p resen ce of 5
|iM
b ic u cu llin e,
a GABA-A an tag o n ist.
In the o p ti c a l
reco rd in g s,
electrical
stim u latio n
evoked
a p o s iti v e
in trin sic signal follow ed by a n eg ativ e optical
ch an g e. T h e
area of p ositive optical signal in the cortex was o f t e n
su rro u n d ed
by an ad jacen t reg io n
of n eg a tiv e
o p ti c a l
signal. The in itial spread of the p ositive optical signal w as
vertical in the d irectio n tow ards the pial su rface, fo llo w e d
by lateral spread co n fin ed to lam inae II-IV . In addition to
the co n tin u o u s spread o f optical signal, th ere were f o c a l
areas that were a p p ro x im ately
0.3 mm in d iam eter a n d
co n fin ed to layers II-IV . E le c tro p h y s io lo g ic a l
re c o rd in g s
obtained from in d iv id u al neu ro n s in the areas of p o s itiv e
optical
signal
d em o n strated
p aro x y sm al
d e p o l a r iz a tio n
shifts
(PDSs) and
p ro lo n g ed
d ep o larizin g
(ic ta l-lik e )
episodes. The excitato ry phase of the PDS and ic t a l - l i k e
episodes w ere follow ed by a period of reduced e l e c t r i c a l
activity
c o rre s p o n d in g
to the n eg a tiv e
optical
s ig n a l.
S upported
by NIH K08-01828 and a Sloan
F o u n d a tio n
Fellow ship to MMH.
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IRREGULAR SPIKE PATTERNS PRODUCED BY PERIODIC INHIBITION
OF A REGULARLY FIRING RAT NEOCORTICAL NEURON. K. A.
Schindler, C. A. Bernasconi, R. Stoop, P. H. Goodman, R. J. Douglas, K. A.
C. M artin*. Institut fur Neuroinformatik, ETHZ/UNIZH, Gloriastrasse 32,
CH 8006 Zurich
There is increasing evidence that precise spike timing is important in neural
coding and synaptic plasticity. The factors that control spike timing are obscure.
Here we explore the possible role of inhibition, which has been shown to
synchronise neuronal discharge. Contrary to previous reports, we found that
periodic inhibition of regular firing neurons in rat somatosensory cortex does not
invariably lead to entrained periodic firing pattern. Instead some frequency
regimes of periodic inhibition can produce highly irregular firing patterns.
Detailed analysis showed that when a stimulus-evoked inhibitory postsynaptic
potential (ipsp) is inserted between successive spikes, it either shortens or
lengthens the interspike interval, depending on the ipsp’s time of arrival after a
spike. Using methods of nonlinear dynamics we constructed a map that describes
the interspike intervals induced by a train of periodic ipsps. Depending on the
frequency of ipsps, the map indicated the presence of regular and irregular
behavior and correctly predicted the experimentally measured firing patterns.
The same pattern was obtained in a computer simulation programmed in
NEURON. That periodic inhibition can induce irregular spiking behaviour could
be important for decorrelating or desynchronising the activity of clusters of
neurons, so increasing the information bandwidth of the channels concerned,
and controlling potentiation or depression of synapses.
(Partially supported by the Swiss National Science Foundation, the Maurice E.
Mueller Foundation and the Helmut Horten Foundation)

A FFERENT
STIMULATION
FREQUENCY
DETERMINES
SPATIAL DISTRIBUTION OF EXCITATION IN NEOCORTEX. A
VOLTAGE-SENSITIVE DYE STUDY. Diego Contreras* , M utsuyuki
Sugimori and Rodolfo Llinas. Dep. of Physiology and Neurosciences,
NYU Medical Center, 550 First Avenue, New York, NY, 10016.
The role of afferent activation frequency on the spatial distribution of excitation in
the neocortex was studied in vitro, in guinea pig neocortical slices from visual aixi
somatosensory cortices, by means of combined optical recordings with voltage
sensitive dyes and intracellular recordings with sharp electrodes. Slices (400 jim
thick) were stained with the voltage-sensitive dye RH795 (Molecular Probes) and
optical signals monitored with a fast CCD camera (Fujix HRDeltaron 1700) with
128x128 pixels and step resolution of 0.6 ms. Single shocks (1-5 V, 100 us) to the
white matter gave rise to the activation of the overlying cortical column followed by
lateral spread of excitation that proceeded mainly through layers VI and I-II of the
cortical mantle. Stimulation at 10 Hz did not alter the spatial pattern, although it
increased the amplitude of the response in different areas. By contrast, stimulation at
40 Hz restrained the area of excitation to the column directly excited by the
stimulating electrode. Intracellular recordings revealed that, during high frequency
stimulation, cells wilhin the column of excitation displayed strong temporal
summation of EPSPs, while cells located lateral to the column were dominated by
powerful! inhibition. To determine if the spatial organization is due to dynamic
sculpturing by local inhibition, localized injections of bicuculline in the slice were
implemented. Blockage of inhibition produced a reorganization of the geometrical
patterns of activity distribution that were dependent on the size and concentration of
the injections. We conclude that spatiotemporal patterns of coherent activity in the
neocortex are dynamically determined by local inhibitory networks.
Supported by NIH-NINDS grant NS13742 and by the Human Frontier Science
Program.

S o c ie ty f o r N e u ro s c ie n c e , V olum e

23,1997

1005

1006

SOM ATOSENSORY CORTEX A N D THALAM OCORTICAL R E L A T IO N SH IPS II

MONDAY PM

397.7

397.8

LOCAL SUPERFUSION Of BMI IN THE HINDPAW REPRESENTATION OF SI
CORTEX HAS A DIFFERENTIAL EFFECT ON THE NEURONAL RESPONSE
CHARACTERISTICS AND UNMASKS MULTIPLE RFs. A. Benali. F. Spengler. B.
Godde* and H.R. Dinse. Inst, für Neuroinformatik, Ruhr-Universität, D-44780
Bochum, Germany.
Our study characterize the effects of GABAA-receptor inhibition by application
of its antagonist bicuculline-methiodide (BMI) on response amplitudes, latencies
and peak area. The fore- and hindpaw representation in the somatosensory cortex
(SI) of urethane anaesthetized rats was mapped by handplotting. Spontaneous
neuronal activity and neuronal responses (PSTHs) to tactile stimulation were
recorded in layer IV. BMI was locally superfused (single application of 1 ml,
washed out after 1 h) onto a cortical surface restricted in size (0.4 (+/- 0.2) mm2)
by coverage with paraffin film (Benali et al., Soc. Neurosci Abstr. 22:1356, 1996).
Three months old rats were tested with buffer solution (n=5) and BMI solution
(n=29). We could distinguish BMI effects on response amplitudes, latencies and
peak area: the first effect is a complete suppression of tactile-driven activity for
about 10 to 20 min following BMI superfusion paralleled by an increase of
spontaneous activity, which showed epileptiform burst discharges at about 3 Hz.
After this period, tactile responsiveness was restored, and we found that neuronal
response amplitudes and peak area were increased. Response peak area declined
towards control conditions after 180 minutes and the response amplitudes after 340
minutes. Latencies were prolonged after the return of responsiveness and went
back to normal conditions after 30 minutes post BMI application. In the
unresponsive area between fore- and hindpaw representation we found cells with
multiple RFs. These cells responded to afferent tactile stimuli to the fore- and to
the hindpaw. The results indicate that GABAA-receptor mediated inhibition
appears as a major mechanism controlling spontaneous activity, shaping RF-size,
uncovering cells with multiple RFs, modulating neuronal synchronisation, neuronal
excitability and neuronal latencies.

SO M ATO SENSO RY CO RTEX
HAS A HIGHER
DENSITY OF
N ITRIDERG IC NEURONS THAN VISUAL CO RTEX IN DIFFERENT
MAMMALIAN SPECIES. J.G. Franca*, E. Volchan. K.C. Catania1. N.
Jain1, R.L.S. Oliveira, M. Jablonka. F.F. Hess, and J.H. Kaas . Lab. of
Neurobiology II, Institute of Biophysics Carlos Chagas Filho, Federal
University of Rio de Janeiro, RJ, 21949-900, Brazil; dep artm ent of
Psychology, Vanderbilt University, Nashville, Tennessee 37240.
NADPH-diaphorase (NADPHd) histochemistry is considered a marker
for nitric oxide synthase. A small population of heavily labeled neurons is
detected in mammalian neocortex processed by this method. These
neurons do not seem to be randomly distributed. In the present work, we
compare the distribution of NADPH-d positive neurons in the gray matter
of visual and somatosensory cortical areas. Cell densities were evaluated
in tangential sections of flattened cortices. Four species were examined:
the marmoset (Callithrix jacchus, n=3), the Lister Hooded rat (n=2) and
two opossums (Didelphis marsupialis aurita, n=1; Monodelphis domestica,
n=1). Somatosensory areas were mapped by multiunit recordings in
opossums. In marmosets and opossums, alternate brain sections were
stained for NADPHd and cytochrome oxidase. The latter was used to
determine the borders of S1, S2 and V1 in marmosets. In the rat,
NADPHd reactive neuropil reveals barrel fields. The somesthetic cortex is
far more populated with NADPHd-positive neurons. In all four species,
density of labeled neurons in the somatosensory cortex is at least twice
that in the visual cortex. The somatic and visual cortices present many
similarities in their morpho-functional organization .The reason why they
differ in respect to the distribution of nitridergic neurons is still under
investigation.
Funding Sources: CNPq/NSF, FINEP, CEPG.

Supported by DFG and the Institut für N euroinform atik, R U B, Germany

397.9
OPTICAL IMAGING IN VITRO REVEALS NOVEL CHARACTERISTICS OF
CORTICAL RESPONSE. A. Kohn*. A. Pinheiro. M.A. Tommerdahl. and B.L.
Whitsel. Curriculum in Neurobiology and Departments of Statistics, Biomedical
Engineering, and Physiology, University of North Carolina, Chapel Hill, NC 27599.
Although it is recognized that the response of cerebral cortex to afferent drive is
columnar, relatively little is known about the spatial distribution of activity both
across (tangential to the pial surface) and within (across layers) a cortical column.
These issues were investigated using the method of intrinsic signal optical imaging
in vitro. Slices were prepared from sensorimotor cortex of young adult rats and were
stimulated with trains of electrical pulses delivered by electrodes placed either in the
upper layers (II/III) or at the layer VU white matter (WM) border. Evoked potentials
and optical images were recorded simultaneously. Upper layer stimulation resulted
in a symmetric circular-shaped optical response positioned symmetric to the stimu
lating electrode. Layer W W M stimulation evoked a columnar-shaped response
with an approximate width of 500 microns. A wide range of stimulus intensities
(1-4 x threshold for evoked potentials) were investigated and revealed that the
optical response: ( 1) was strongest in the upper layers at all intensities; (2 ) was
weakest in layer IV at all intensities; and (3) was of an intermediate value in the
layers V and VI. Further analysis revealed that the columnar response to layer
VI/WM stimulation was not spatially homogenous. Rather, the intensity of the
columnar response showed periodic variations in a direction parallel to the surface
with a spatial frequency of 35-60 microns/cycle. Based on anatomical considera
tions and previous studies, we believe these periodic variations reflect activity in
individual minicolumns. The characteristics of minicolumnar activation in each
cortical layer is now under investigation. Supported by the Whitehall Foundation.

397.10
LINEARITY OF MEMBRANE AND DISCHARGE RESPONSE OF
NEOCORTICAL CELLS TO SINUSOIDAL AND STEPPED CURRENT.
P. H. Goodman*, K. A. Schindler, R. J. Douglas, Inst, of Neuroinformatics,
ETH/University of Zurich, Gloriastrasse 32, CH 8006 Zurich, Switzerland
. The visual system has been studied for response linearity in vivo using
sinusoidal grating stimuli. Surprisingly, sinusoidal stimuli have not beeen used
to study the linearity of sub- and suprathreshold responses of neurons in vitro,
where cellular responses can be more easily separated from network interactions.
We compared stepped and 1-Hz sinusoidal current injections in a rat
neocortical slice interface preparation. Neurons in layer 5/6 of somatosensory
(barrel) cortex were impaled by sharp micropipettes. Stepped current injection of
50 to 500 ms duration ranged from -.6 to +1.8 nA. Sinusoidal current, of
sufficient amplitude to induce a low rate of firing, was superimposed on negative
and positive dc-offsets to achieve a dynamic discharge range similar to the
stepped current protocol.
The slopes (resistances) of the membrane voltage-current relationships were
highly linear, considered separately below and above threshold. Above
threshold, the resistances dropped abruptly, by about half. These transfer
functions did not differ significantly for stepped and sinusoidal protocols.
Discharge frequencies rose linearly with injected current, in response to both
steps and sinusoids. Discrepancies between protocols were less than five Hz/nA
in the majority of cells. Instantaneous frequency along the upslope of the
sinusoidal waves correlated better with step responses than did mean-wave rate.
We conclude that (1) cortical neurons can exhibit a bilinear transfer function
with respect to threshold, (2 ) discharge rates can rise linearly with current, and
(3) responses are comparably for stepped and sinusoidal current injection.
(Supported by Swiss National Science Foundation, Maurice E. Mueller
Foundation, Helmut Horten Foundation, and University of Nevada, Reno)

397.11

397.12

IN VIVO CALCIUM DYNAMICS IN NEOCORTICAL PYRAMIDAL NEURONS DURING
HIGH VOLTAGE SPINDLES STUDIED WITH INTRACELLULAR RECORDINGS AND 2PHOTON LASER SCANNING MICROSCOPY. G. Buzsaki*1. K. Svoboda2. W. Denk2.
D.W. Tank2. Ctr. Mol. Behav. Neurosci.1, Rutgers Univ., Newark, NJ 07102, Bell
Laboratories2, Lucent Technologies, Murray Hill, NJ 07974.

MECHANISMS UNDERLYING IN VIVO DENDRITIC CALCIUM DYNAMICS IN
NEOCORTICAL PYRAMIDAL NEURONS STUDIED WITH INTRACELLULAR DENDRITIC
RECORDINGS AND 2-PHOTON LASER SCANNING MICROSCOPY. K. Svoboda*. W.
Denk. D.W. Tank. Bell Laboratories, Lucent Technologies, Murray Hill, NJ 07974.
Calcium transients in neocortical layer 2/3 pyramidal neurons are spatially
inhomogeneous, peaking in the proximal apical dendrite and rapidly diminishing with
distance from the soma to undetectable levels in the branches of layer 1 (Nature (1997)
385:161). What are the mechanisms underlying this spatial distribution of calcium influx?
To address this issue we used beveled sharp electrodes (containing 400 mM KAcetate
and 3mM Oregon Green Bapta 1) to record the dendritic membrane potential in layers 1&2
of somatosensory cortex (S1); we used the high resolution provided by 2-photon laser
scanning microscopy (2PLSM) to simultaneously measure dendritic calcium dynamics.
2PLSM reconstructions also allowed us to locate the site of the microelectrode
impalement. Experiments were performed on rats (120 - 450 gm) under urethane or
ketamine anesthesia. Periodic whisker deflections (5 Hz) produced synaptic potentials
(psp) which occasionally carried action potentials (AP). For layer 2/3 neurons, the size of
the AP decreased with increasing distance of the recording site from the soma; typical
values were 20 mV, 100 mm from the soma. In contrast, psps recorded in dendrites were
large (up to 40 mV). The decrease of the AP associated calcium influx with distance form
the soma can therefore be explained by the strong attenuation of the backpropagating AP.
The presence of voltage gated calcium channels in distal dendrites was revealed by slow
regenerative potentials evoked by dendrite current injections, which produced very large
calcium transients. In layer 2/3 neurons these calcium spikes never occurred
spontaneously or elicited by sensory stimulation. We occasionally (n=3) recorded from
thick dendrites with a branched tuft in layer 1 and somata too deep to be imaged
(>600mm). In these putative layer 5 pyramids whisker deflection produced slow potentials
which were associated with large dendritic calcium influx. (Supported by Lucent Tech.)

High voltage spike-and-wave spindles (HVS) are large rhythmic features at 4 - 7 Hz in the
cortical EEG, synchronized over most of cortex, constituting a rat model for generalized
epilepsy. We used intracellular recordings and optical imaging of intracellular calcium to
study the dynamics of single layer 2/3 pyramids during HVS in the ketamine anesthetized
rat. Sharp microelectrodes (containing 400 mM KAcetate and 3mM Calcium Green 1) were
used to record membrane potential from somata and dendrites in layers 1&2 of
somatosensory cortex. 2-photon laser scanning microscopy (2PLSM) was used to
simultaneously measure calcium dynamics. Cellular morphology determined from highresolution image stacks acquired during the recording session allowed us to locate the
impalement site. Pyramidal cells showed brief depolarizations to —60 mV, from a
hyperpolarized potential of -80 mV, in synchrony with repetitive HVSs. The depolarizations
were often accompanied by bursts of sodium action potentials (SAPs). Between episodes
of HVS the membrane potential either locked into the depolarized state or the
hyperpolarized state. Both behaviors were sometimes seen in the same neuron.
Intradendritic recordings showed that the amplitude of SAPs was greatly reduced in the
apical dendrites. Calcium influx was only detected in association with SAPs. The amplitudes
of calcium transients were found to be spatially inhomogeneous, peaking in the proximal
apical dendrite and rapidly diminishing with distance from the soma to undetectable levels
in the branches of layer 1. This spatial profile of calcium transients and its strict dependence
on SAPs is similar to that previously observed with whisker deflections (Svoboda, Denk,
Kleinfeld, Tank. 1997. Nature 385:161). Although the transient depolarizations during HVS
resemble low threshold calcium action potentials, we did not observe calcium influx
characteristic of regenerative calcium currents. (Supported by Lucent Technologies).
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HISTOCHEMICAL ORGANIZATION OF SOMATOSENSORY AREA
3B AND SURROUNDING CORTEX IN CHIMPANZEES
H.-X, Qi*. N, Jain. T,M. Preuss, and J.H. Kaas. Dept, of Psychology,
Vanderbilt University, Nashville, TN 37240, and Div. of Behavioral
Biology, Univ. of Southwestern Louisiana-New Iberia Research
Center, New Iberia, LA 70560.
We examined the cortex surrounding the central sulcus in the
brains of three chimpanzees (Pan troglodytes). Brains were fixed in
4% paraformaldehyde and frozen-sectioned. Series of sections were
stained for Nissl, myelin, AChE, parvalbumin (PV), calbindin (CB),
MAP2, SMI-32, and Cat-301 antigen.
As in other anthropoid primates, chimpanzee area 3b is largely
confined to the posterior bank of the central sulcus. Area 3b was
easily distinguished from the surrounding areas due to the presence of
a cell-dense layer IV (containing a large number of cells that stain
for CB and PV), relatively small cells in layer III, a pale layer V, and
overall lighter staining by Cat-301 and SMI-32. Immunostaining in
area 3b was patchy (CB, PV, Cat-301 and SMI-32) with regional
variations along its mediolateral axis (Cat-301 and SMI-32). In the
fundus of the central sulcus, area 3a had a less dense but distinct
layer IV and large pyramidal cells in layer V that increased in size
more rostrally as it joined motor cortex. In this part, layer IV is
considerably less distinct than in the caudal part. The dorsal border
between area 3b and 1 was easily defined by nearly all the staining
methods. Area 1 had more numerous and larger pyramidal cells in
layer III and a less distinct layer V. Layer III pyramidal cells of
area 1 stained darker than area 3b with Cat-301 and SMI-32.
(Supported by NS 16446 and USL-NIRC]

L A M IN A R AND
T E M P O R A L -S P E C I F I C
D IS T R IB U T IO N
OF
IO N O T R O P I C G L U T A M A T E R E C E P T O R
S U B U N IT S
IN T H E
ADULT
AND
D E V E L O P IN G
P R IM A T E
S E N S O R Y -M O T O R
C O R T E X . A . M uñoz. T. M. Woods. M . M. Huntsman. G. J. Popken . A . K.
Doan and E. G. Jon es* Department of Anatomy and Neurobiology, University o f
California, Irvine, CA 92697.

The patterns of mRNA expression for AMPA/kainate (GluRl-GluR4), kainate
(GluR5-GluR7) and NMDA (NR1, NR2A-NR2D) receptor subunits were studied in
the sensory-motor cortex of adult, and pre- and early postnatal-monkeys (Macaca
mulatta and M.fuscata). In situ hybridization histochemistry was used to determine
the predominant receptor subtypes on an area- lamina- and temporal-specific basis.
Radioactive complementary RNA antisense probes transcribed from cDNAs
subcloned from rat receptor subunit sequences were used. Film autoradiograms of
parasagittal serial sections were quantified by densitometry, using a microcomputer
imaging device, Nissl staining revealed cytoarchitectonic boundaries, and
immunohistochemistry, using antibodies against GluRl, GluR2/3, GluR4,
GluR5/6/7, NR1, N2A/B, NR2A, NR2B and NR2C subunits, allowed identification
of cell types expressing the different subunits in the adult. The findings indicate
laminar- and sublaminar-variability in the density of expression of different
AMPA/kainate, kainate and NMDA glutamate receptor transcripts across the
different architectonic areas in the adult cortex. They suggest the assembly of
functional receptors from different arrangements of available subunits in specific
neuronal populations. Variations in the laminar expression of certain transcripts at
pre- and post-natal ages imply different aggregations of potential glutamate receptor
subtypes, in comparison with adults. These might be involved in developmental
processes such as synaptogenesis and the establishment of topographic maps and
may contribute to activity-dependent regulatory effects in the adult sensory-motor
cortex. Supported by NIH grant NS21377 and the HFSP.

398.3

398.4

FUNCTIONAL AND STRUCTURAL REORGANIZATION IN
SOMATOSENSORY CORTEX OF ADULT MACAQUE MONKEYS
AFTER FORELIMB INJURY. S.L. Florence*. H.B. Taub and D.C.
Lvon. Dept. Psych., Vanderbilt Univ., Nashville, TN 37240.
As part of our ongoing studies o f the mechanisms underlying cortical
reorganization after injury we mapped primary somatosensory cortex
(area 3b) and studied the distribution of intracortical connections in
macaque monkeys (M acaca mulatta) that had long-standing, accidental
injuries to the hand or arm. PHS guidelines for care and use o f the
animals were strictly observed. In one monkey that had an arm
amputation, the portion of area 3b where the arm representation would
normally be located contained representations o f the face, laterally, and
shoulder, medially. Additionally, some neurons responded to stimulation
of both the face and shoulder. In this monkey, an injection o f 2% WGAHRP into area 3a labeled only a small region o f area 3b. In another
monkey that had amputation of all digits on one hand, there was an
expanded representation o f the palm in area 3b, and injection o f area 1
produced a remarkably widespread distribution of label in area 3b. For
example, the injection which measured 0.75 mm in diameter produced
label over more than 6 mm in area 3 b, whereas in a normal monkey, a
similar injection labeled a 3 mm extent in area 3b. A third monkey had a
wrist fracture that healed in a ventroflexed position that rendered the hand
virtually useless. Receptive field properties in area 3b o f this monkey
were much larger than normal, and 1.2 mm injection of area 1 labeled a 7
mm extent in area 3b. These findings show that there can be substantial
reorganization o f cortical connections after injury in adult animals, and
indicate that structural change in cortex may play a role in functional
reorganization. Supported by NS 16446 and NS36469.

BILATERAL REPRESENTATION OF THE ARM AND TRUNK IN
THE MONKEY POSTCENTRAL SOMATOSENSORY CORTEX.
M. Taoka. T. Toda. and Y. Iwamura*. Dept, of Physiology, Toho Univ.
Sch. of Med., Tokyo 143, Japan
We recorded responses of single units in the arm and trunk region of
postcentral somatosensory cortex of awake monkeys to investigate
receptive field characteristics of bilateral or ipsilateral neurons. A
total of 1608 units were isolated from four hem ispheres of two
animals. The receptive field (RF) and submodality were determined
for 1162 units. Among 530 skin neurons, 6.2% were driven bilaterally
and 0.8% ipsilaterally. RFs of the bilateral skin neurons almost
always included the midline structures of the trunk or head. Among
618 deep neurons, 11.5% were driven bilaterally and 8.1%
ipsilaterally. 83.5% of the bilateral or ipsilateral deep neurons were
activated by manipulation of the shoulder, elbow, wrist and/or digit
joints, mostly by that of the shoulder. The bilateral/ipsilateral skin
neurons were found in all the cytoarchitectonic subdivisions of the
postcentral gyrus, while the bilateral/ipsilateral joint neurons were
restricted to areas 2 and 5, the hierarchically higher stages of the
postcentral somatosensory information processing.
Supported by the M in istry o f Education, Science and Culture of
Japan and b y Japan Society for the Promotion o f Science.

398.5

398.6

OPPOSING CORTICAL EFFECTS OF SAME-SITE MECHANICAL AND
THERMAL SKIN STIMULATION. K. A. Delemos*. M. Tommerdahl and B. L.
Whitsel. Dept, of Physiology, University of North Carolina, Chapel Hill, NC
27599-7545.
In a recent report we showed that nonnoxious mechanical stimulation
(vibrotactile or tapping) of the skin of anesthetized squirrel monkey (Saimiri sciureus) is accompanied by the development of an intrinsic optical signal (IOS) in
areas 3b and 1, whereas a skin-heating stimulus applied to the same site results in
no discernible IOS in those areas, but evokes a strong IOS within a circumscribed
part of area 3a (Tommerdahl, et al., 1996). The purpose of the present study was
to examine the time course of these effects by comparing the IOS evoked in areas
3b/ 1 and 3 a at various times during the presentation of nonnoxious mechanical or
skin-heating stimuli to the same skin site. The results show that although each
stimulus activates a well-defined cortical region in either areas 3b/1 or area 3a, the
time course of IOS development is very different for the two types of stimulation.
For mechanical stimulation, the IOS appears shortly after stimulus onset and at
tains a maximum within 1.5 - 3.5 seconds, whereas for thermal skin stimulation,
the IOS develops more slowly and continues to increase with increasing stimulus
duration. Furthermore, as the IOS develops for the activated cortical area (3b/1 or
3a), the IOS in the other region exhibits a concurrent decrease in cortical activa
tion. It is concluded that nonnoxious mechanical and thermal stimulation of the
same skin site exert opposing effects on the activity of areas 3b/1 and 3a. More
specifically, nonnoxious mechanical stimulation activates the topographically ap
propriate region of areas 3b and 1 and inhibits a neighboring region of area 3a,
whereas thermal stimulation activates a restricted region of 3a and exerts an in
hibitory influence on the region of areas 3b and 1 that represents the stimulated
skin field. (Supported by NIH R29 NS32358,R01 MH48654, and POl DE07509.)

OPTICAL RECORDING OF NEURONAL RESPONSES TO MECHANICAL
STIMULATION OF A DIGIT IN THE SOMATOSENSORY CORTEX OF THE
AWAKE MONKEY. T. Iiiima*. M. Inase. B.-M. Li. I. Takashima. K. Tsukada.
Molecular and Cellular Neuroscience Sect., Electrotechnical Lab., Tsukuba, Ibaraki
305, Japan.
By performing the optical recording of neuronal activity using a voltage-sensitive
dye, we recorded neuronal responses to mechanical stimulation of a digit in the
primary somatosensory cortex of awake monkeys (Macaca fuscata). The optical
signals in the awake animals were quite different from those obtained from
anesthetized monkeys, which we presented before. Under the anesthetic condition the
optical signal showed a upward deflection representing depolarizations with a latency
of 15 ms, which lasted for more than 100 ms. On the other hand, in the awake
monkeys, the optical signal showed a transient upward deflection (depolarizations)
lasting for about 50 ms, which was followed by a downward deflection representing
hyperpolarizations. The downward deflection lasted for about 200 ms. The latency for
the upward signal was the same as that under the anesthetic condition. The overall
waveform of the signal under the awake state well resembled that of the signal
changes to whisker stimulation in the rat barrel cortex, which we previously
demonstrated. The stimulation of each digit evoked somatotopically organized
responses: the response to D1 stimylation was observed more lateral, and that to D5
stimulation was located more medial on the postcentral gyrus. However, the evoked
response to each digit stimulation was spread in a highly overlapping manner. The
spatial spread of the evoked response was also observed in the primary motor cortex
beyond the central sulcus. (Supported by the Japanese Agency of Industrial Science
and Technology and CREST of Japan Science and Technology Corporation)
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398.7
SI CORTICAL RESPONSES TO LOW AND HIGH FREQUENCY VIBRATORY
STIMULI DIFFER IN SPATIAL PATTERN AND TIME COURSE. R. L. Mosher.
M. Tommerdahl. K. A. Delemos. and B. L. Whitsel*. Dept, of Biomedical
Engineering, CB#7575, UNC Chapel Hill, Chapel Hill, NC 27599-7575
The responses of anterior parietal (SI) cortex to 25 Hz and 200 Hz vibrotactile
stimulation were evaluated and compared using the method of near-infrared intrinsic
optical imaging in squirrel monkeys and cats maintained under halothane/N20
general anesthesia and skeletal neuromuscular block with Norcuron. Vibrotactile
stimulation at 25 Hz initially results in a slight decrease in reflectance over a large
area of SI cortex. After the initial 2-3 seconds of continuous stimulation this pattern
becomes progressively more focused into one or more smaller regions of highly
decreased reflectance bordered by areas with reflectance at or above baseline.
Changing the location of the stimulator on the skin yields similar results except that
the region of maximal activation shifts position in a manner consistent with
predictions based on previously published maps of SI topographical organization.
High frequency (200 Hz) vibratory stimulation at the same skin site evokes a
response that differs from the response to 25 Hz in two major respects. First, there is
a decrease in reflectance in areas of cortex corresponding to those activated by 25 Hz
which peaks at about 2-3 seconds, but as the 200 Hz stimulus continues this
component of the reflectance pattern often disappears entirely. Second, an increase in
reflectance occurs in a spatially extensive region of SI cortex and this component of
the response becomes more pronounced with increasing stimulus duration. The
results indicate that the spatiotemporal SI intrinsic optical signal patterns evoked by
25 Hz and 200 Hz same-site stimuli are very different, with the component
presumably associated with neuronal inhibition (increased reflectance) being much
more prominent and widely distributed with 200 Hz stimulation.
Supported by NTH Grants R29 NS-32358 (M. T.) and R01 NS-34979 (B. W.) and by
Whitehall Foundation Grant S93-10 (M. T.)

398.8
THE NEURAL CODING OF VIBROTACTILE PURE SINUSOIDS AND
SINUSOIDAL MODULATION. A.J. Brisben*. S.S. Hsiao. & K.O. Johnson.
Krieger Mind/Brain Institute and the Department of Neuroscience, The Johns Hopkins
University, Baltimore, MD, 21218
The neural coding of amplitude and frequency modulated (AM and FM), sinusoidal
vibrations were investigated in neurophysiological experiments on peripheral
mechanoreceptive afferents in monkeys (Macaca mulatto) and in psychophysical
experiments in humans. Individual afferents were isolated and recorded from
anesthetized monkeys, using standard neurophysiological techniques. The vibratory
stimuli consisted of pure and modulated (AM, FM, in-phase AMFM, and antiphase
AMFM) vibratory stimuli delivered by a cylinder, which was placed on the afferent’s
receptive field with a 20 gram contact force. Modulated stimuli were presented with
carrier frequencies (fcs) of 40 and 300 Hz, and modulating frequencies of 1, 2, 4, and
8 Hz for a 40 Hz fc, and 2, 5, 10, 20, 50, and 100 Hz for a 300 Hz fc.
Responses to pure and modulated sinusoidal vibrations were recorded from 13
slowly-adapting type I (SAI), 29 rapidly-adapting (RA), and 20 Pacinian (PC)
afferents. SAI afferents did not respond to either 40 or 300 Hz stimuli delivered by
the cylinder. RA afferents responded to 40 Hz stimuli but not to 300 Hz stimuli. PC
afferents responded to both 40 and 300 Hz stimuli. Only PC had thresholds that could
account for vibration detection at 40 and 300 Hz.
The mean RA and PC firing rates did not change with the modulation level;
however, both the instantaneous rate modulation and phase modulation increased with
the modulation level. A comparison of the human psychophysical and the peripheral
monkey neurophysiological data indicates that at 40 Hz modulation detection is coded
by instantaneous rate modulation and phase modulation in predominantly the PC
afferent population. This coding scheme does not account for the psychophysical
data obtained at 300 Hz.
Supported by NIH NS 18787, NIH NS34086, and the W. M. Keck Foundation.

398.9
THE PERCEPTION OF MODULATED SINUSOIDAL VIBRATIONS. K.O.
Johnson*. A.J. Brisben. and S.S. Hsiao. Krieger Mind/Brain-Institute and the
Department of Neuroscience, The Johns Hopkins University, Baltimore, MD, 21218
The perception of sinusoidal vibrations modulated in amplitude/frequency
(AM/FM) space was investigated in psychophysical experiments on six human
subjects. Stimuli were delivered by a cylinder (1 inch diameter) that vibrated in a
parallel direction to the skin. The subject’s hand was restrained and the cylinder was
placed along the palm with a 20 gram contact force. Modulated sinusoidal vibrations
were delivered with a carrier frequency (fc) of 40 or 300 Hz and a carrier amplitude 10
times the subject’s absolute detection threshold. The modulating frequency (fm) was 1,
2, 4, and 8 Hz for a 40 Hz fc, and 2, 5, 10, 20, 50, and 100 Hz for a 300 Hz fc. AM
and FM modulation levels were varied separately from 0% to 100% of the center
amplitude and frequency (e.g., 0% AM and FM = pure tone vibration). The subject’s
task was to detect the modulated vibration in an ongoing pure sinusoid with the same
center frequency and amplitude.
Vibrotactile modulation detection thresholds varied with the AM and FM
modulation level, the fc and the fm. In AM/FM space, modulation detection thresholds
formed elliptical contours. At 40 Hz, the threshold contour was oriented so that the
long axis had a negative slope (i.e. maximum thresholds occurred with increasing AM
levels and decreasing FM levels); at 300 Hz the contour was oriented so that the long
axis had a positive slope. At both fcs the threshold contours had the same orientation
as the subjects’ isointensity curves. At low fms and at both fcs, the threshold contours
were highly elongated. The contours became more circular as fm increased. These
changes in contour shape indicate that, at low fms perception is dominated by intensive
cues, but at higher fms subjects become more sensitive to temporal cues and less
sensitive to intensive cues. The data support the hypothesis that modulation detection
is based on perceiving changes in the instantaneous intensity and frequency evoked by
the modulating stimulus.
Supported by NIH NS 18787, NIH NS34086, and the W. M. Keck Foundation.

398.10

398.11

398.12

FUNCTIONAL MRI ANALYSIS OF HUMAN SOMATOSENSORY CORTEX:
EVIDENCE FOR TOPOGRAPHY AND MULTIPLE REPRESENTATIONS IN
THE POSTCENTRAL CORTEX. J. Moll. P. A. Andreiuolo. C. H. Sousa and R.
Gattass*. Federal University of Rio de Janeiro, Labs Exames Complementares,
Tecgraf Puc-Rio, Rio de Janeiro, RJ, 21941-900, Brazil.
Electrophysiological mapping studies in non-human primates have shown at
least four distinct somatosensory areas in the postcentral gyrus. The existence of
multiple representations in the human somatosensory cortex is still not well
established. Functional magnetic resonance imaging experiments were performed
in six normal, healthy volunteers on a whole-body MRI scanner operating at 1.5
Tesla. Seven axial or seven parasagittal slices were obtained with a T2*- weighted,
gradient-echoplanar technique. The parameters were the following: TR/TE=
800/40ms, 9= 15®, slice thickness= 10mm, 128x128 matrix, FOV= 240mm. A
series of 96 images was obtained simultaneously at each section location, during
alternating 30s periods of rest and stimulation of the skin with a 2”x l” velcro
patch in the foot, trunk, hand and face. The detection of brain activation was
performed by the analysis at each pixel with two different methods: independent
Student's t-test on the pixel-by-pixel subtraction and crosscorrelation between the
time course of the square stimulation function and the echoplanar images data set.
Using a correlation coefficient of 0.5 and p<0.05 we detected discrete areas of
brain activation at different locations in the post-central cortex. The topographic
location of the activated areas matched a mediolateral representation of the body
surface in the postcentral gyrus. In each individual a limited area of tactile
stimulation yielded two or more activated loci in the parietal cortex.
Supported by LABS, TECGRAF, CNPq, FAPERJ and CEPG.

EFFECT OF TACTILE INTERFERENCE STIMULATION ON
SOMATOSENSORY EVOKED MAGNETIC FIELD (SEF)
FOLLOWING POSTERIOR TIBIAL NERVE STIMULATION.
D.Nglgi*, g. Koyama, Y. Kangpke, and R. Kafrigi. Dept, of Integrative
Physiol., Natl. Inst, for Physiolog. Sci., Okazaki, 444, Japan.
In a previous study, we attempted to analyze the underlying mechanism
of interference interactions in the human cerebral cortex caused by tactile
stimulation on SEF following electrical peripheral nerve stimulation using
magnetoencephalography (MEG). We studied eleven normal volunteers
(four women and seven men) aged 25-43 years. The transcutaneous
electrical stimulation was delivered to the right posterior tibial nerve at the
ankle at a rate of 1Hz. SEF was measured with 37-channel magnetometer,
and the center of the probe was placed on the Cz. Continuous tactile
stimulation using a soft paper was delivered to the ipsilateral and
contralateral sole of the foot and the ipsilateral palm of the hand. Changes
in amplitude of each component between control and each interference
session were analyzed statistically using the paired Mest. Four components
of SEF shorter than 120 ms in latency were identified clearly in all subjects.
When the tactile interference stimulation was applied to the ipsilateral
foot, all components but the third response (3M) were attenuated
significantly (p<0.001). There was no significant difference between the
control and the session of the ipsilateral tactile interference stimulation.
After the tactile interference stimulation o f the contralateral foot, only
3M was enhanced significantly (p<0.01). The all equivalant current dipoles
of each component were located in the primary sensory cortex (SI) in the
contralateral hemisphere on magnetic resonance imaging (MRI). These
phenomena were probably due to intra- and inter-cerebral interactions.
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NEURAL CORRELATES OF SOMATOSENSORY PSYCHO
PHYSICS IN HUMANS USING SIGNAL DETECTION ANALYSIS
OF CUTANEOUS STIMULUS DISCRIMINATION. Mark Jackson*,
Andrew Scheifele and Larry Cauller, Cognition and Neuroscience Program,
GR41, University of Texas at Dallas, Richardson, TX 75083-0688.
In this phase o f a project to characterize neural correlates o f subjective
touch discrimination in humans using a 128 channel EEG (Geodesics
Netstation), behavioral responses to cutaneous stimulation were analyzed
by signal detection theory. Electrical and mechanical stimuli were
compared for their subjective equivalence, and the scalp potentials
evoked by these stimuli were examined . We found that discrimination
performance increased with increased intensity differences, but decreased
as the overall intensity o f stimuli increases. Electrocutaneous stimuli
were found to evoke psychophysical behavior equivalent to mechanical
stimuli (solenoid-driven). Also the N100 portion o f the somatosensory
evoked potential was identified in humans and compared to previous
studies o f the behaviorally relevant N1 somatosensory evoked potential in
monkeys (Kulics, 1981). This preliminary study identifies parallels
between humans and monkeys with respect to the behavioral and neural
characteristics o f cutaneous stimulus detection and provides a framework
to relate the neural basis o f the SEP found in monkeys to somatosensory
discrimination in humans.
Supported by a grant from the Whitehall Foundation.
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398.14

LACK OF SOMATOSENSORY ACTIVATION IN IPSILATERAL CEREBRAL
CORTEX OF SPLIT-BRAIN PATIENTS AS REVEALED BY FMRI. M. Fabri*.
GLEfrlfinara5i-'.A» .Quaurini0, U, SalyflliniljM X JManrani- institute of Human
Physiology, University of Ancona; °Epilepsy Centre, Ancona Regional Hospital;
§Department of Neuroradiology, University of Ancona, 1-60020 Ancona, Italy.
The present study was devised to verify whether the activation of the second somatic
sensory cortex (SII) to tactile stimulation of the ipsilateral hand may be mediated by
the corpus callosum (CC). To this purpose, one group of patients subjected to
surgical resection of CC for treatment of severe epilepsy and one of normal subjects
were studied by low-field (1.0 tesla) fMRI.
Twelve normal volunteers (21-59 years old; 5 males, 7 females) and three patients
with total callosotomy (19-41 years old; 1 male; 2 females) gave their informed
consent to the experiments. They were placed in a 1.0 T unit (General Electric Signa
Horizon, 23 mT/m gradient) and received 2-4 echo planar scans of 2:30 min each,
with ten 7mm-thick slices parallel to the coronal and axial planes. Tactile
stimulation was performed by brushing the subject's right or left palm and fingers
back and forth (0.5-1 Hz) with a rough sponge. The entire stimulation paradigm
included five alternating 30-sec periods of rest and stimulation.
In all subjects, tactile stimulation of the hand provoked an increase (1-5%) in the
signal, temporally correlated with the stimulus, in two cortical regions of the
contralateral hemisphere. One activated area was in the postrolandic cortex and
corresponded to the first somatic sensory area; the other was in the parietal opercular
cortex forming the upper bank of the sylvian sulcus and corresponded to SII. In
control subjects, an activation focus was also present in the ipsilateral parietal
operculum, in a region roughly symmetrical to that activated in the contralateral
opercular cortex. In callosotomized patients, no activation was observed in the
ipsilateral parietal opercular cortex.
These results suggest that tactile activation of ipsilateral SII may be mediated by
the contralateral hemisphere via the CC.

EFFECTS OF PROPOFOL ON REGIONAL CEREBRAL BLOOD FLOW DURING
VIBROTACTILE STIMULATION IN MAN: A POSITRON EMISSION
TOMOGRAPHY (PET) STUDY. P. Fiset*. V. Bonhomme. P. Meuret, T. Paus,
G. Plourde, S. Backman, C. Bushnell. A.C. Evans. Depts. of Anaesthesia,
Royal Victoria Hospital and Brain Imaging Centre, Montreal Neurological
Institute, McGill University, Montreal (Quebec), Canada H3A 1A 1.
The aim of this study was to measure the effect of the anaesthetic drug
propofol on regional cerebral blood flow (rCBF) in human volunteers with
and Without vibrotactile stimulation (VBS) of the right forearm. Propofol was
given intravenously by a computer controlled infusion pump to sequantially
achieve stable plasma concentrations of 0.5, 1.5, and 3.5 //g/ml. The level
of sedation was assessed clinically and unconsciousness was defined as a
lack of response to verbal commands. VBS (110 Hz), provided by an electri
cal vibrator (1cm2 surface area), was alternatively applied for five sec. to six
adjacent sites. A total of ten scans were aquired: baseline, propofol levels
of 0.5 , 1.5, and 3.5 //g/ml, and following termination of propofol infusion
(recovery), for both conditions VBS on and off. All subjects were awake at
a propofol level of 0.5 //g/ml, lightly sedated at 1.5 //g/ml, and unconscious
at 3 .5 //g/ml. Baseline rCBF during VBS was significatively increased in
contralateral S1, bilateral S2, and thalamus, but decreased in ipsilateral S 1.
A t all target plasma levels of propofol, VBS failed to produce significant
increases in rCBF in S1 and S2!. Regression analysis of rCBF for targeted
plasma concentrations demonstrate that CBF in the thalamus decreases as
a function of propofol concentration, replicating earlier' results (Soc. For
Neurosci. 22: 3 5 7 .1 1 , 1996). It is concluded that propofol induces specific
and replicable changes on brain activity and appears to attenuate cortical
activation evoked by vibrotactile stimulation, even at sub-anesthetic doses.
Support: A.A.Q.

Support: MURST 40%, CNR CT04 95.02330
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Magnetic source analysis of human somatosensory cortical responses using spa
tial filter array and moving mesh method.
Y. Takanashi1. K. Iwamoto1. H. Ohshima2. K. Yoshikawa3. T. Kurotani*3. K. Toyama3.
Y. Kondo4. S. Tomita4. Y. Yoshida4
Depts. o f Neurology1, Neurosurgeiy2 and Physiology3, Kyoto Prefectural Univer
sity o f Medicine and Technology Research Laboratory, Shimadzu Co., Kyoto, Ja
pan4
Biomagnetic source imaging is a promising way to map the brain activities with
high temporal resolution. However, the spatial resolution o f the current source
imaging was strongly hampered by the inverse problem to estimate the current
sources from the magnetoencephalographys (MEGs). The present work proposes
two ways to overcome this problem. The first way is to use spatial filter array (SFA)
to transform the MEGs to the current sources, and the second one is to resolve the
inverse problem assuming that MEGs are generated by currents passing across a
moving mesh (MM) inside the brain. Both methods were capable o f estimating
current sources roughly comparable to PET or fMRI. SPA was capable o f estimat
ing the time course o f the current responses in the focused part o f the brain but
lacked depth resolution, and had to be used in combination with dipole analysis.
MM had an advantage that it can estimate the three-dimensional distribution o f
current sources but was practically incapable of estimating the time course of the
current responses.

SOMATOSENSORY CORTEX AND THALAMOCORTICAL RELATIONSHIPS I V
399.1
TRANSIENT SYNCHRONY IN NEOCORTEX DURING PROPA
GATING ACTIVITY. D. Golomb*,E. Kozhinsky,I.A. Fleidervish and
M.J. Gutnick. Zlotowski Center for Neuroscience and Dept, of Physiology, Ben-Gurion University, Beer-Sheva 84105, Israel.
Stereotypic paroxysmal discharges that propagate in neocortical tissues
following electrical stimulations are used as a probe for studying cortical
circuitry. We use modeling to investigate the effects of sparse connec
tivity, heterogeneity of intrinsic neuronal properties, and synaptic noise
on synchronization of evoked propagating neuronal discharges in exci
tatory networks with spatially-decaying connectivity. Cross-correlations
between neurons, averaged over all pairs of neurons at the same dis
tance in the system, are used to quantify the global level of synchrony.
Spike synchronization between neurons emerges as a result of the tran
sient activity. System-average cross-correlation between neurons does
not depend on their mutual distance, except for a time shift. Spike
synchronization occurs only when M , the average number of synapses
a cell receives, is large enough. As M increases, there is a cross-over
from an asynchronized to a synchronized discharge. Synaptic depres
sion reduces the M value at the cross-over, but the strengths of AMPA
and NMDA conductances affect it only weakly. Spike synchronization
is robust even with large levels of heterogeneity. Synaptic noise reduces
synchrony, but strong synchrony is observed at a noise level that cannot
evoke spontaneous discharges.
Dual local field potential recording are carried out to test the prediction
that the system reveals local, 2-cell spike synchrony, but not global spike
synchrony.
Supported by Israel Science Foundation grant no. 429/96-1 to D.G..
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399.2
SIMULATIONS OF COUPLED NEURAL CHAOSCILLATORS WITHIN
ANATOMICALLY REALISTIC THALAMO-CORTICAL AND CORTICOCORTICAL REENTRANT NETWORKS ENCOMPASSING DYNAMICS ON
MULTIPLE TIME SCALES: THE ROLE OF PHYSIOLOGICALLY
ASSYMETRIC CONNECTIVITY. J. Patterson*. M. Jackson. K. Paul

L. Cauller. Neuroscience Program, University of Texas at Dallas, GR41,
Richardson, TX 75083-0688.
www.utdallas.edu/~lcauller
The dynamical behavior o f reciprocal thalamocortical and
corticocortical interactions was analyzed using a large-scale GENESIS
simulation consisting o f interconnected networks o f reconstructed
neuron models with active kinetics and realistic synapses. Connections
between cortical areas were based upon neuroanatomical tracing
(Cauller et al, 1997) and intracellular neurophysiological experiments
(Cauller and Connors, 1994). These experiments have identified the
assymetry o f forward/backward projections: backward projections are
non-topogrphically distributed to the distal apical dendrites and evoke
long-lasting (>50 ms), purely excitatory PSPs; forward projections
preserve the sensory topography with focal terminations that evoke a
brief excitatory PSP (<10 ms) followed by a long-lasting IPSP (>50 ms).
Over a wide range o f connection parameters this system generated
chaotic activity and can be described in terms o f coupled
"chaoscillators" within an extensively reentrant architecture with
multiple time scales. The assymetry ensured the network activity visited
a wide range o f attractor states.
Supported by a grant from the Whitehall Foundation.
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399.4

GAMMA BAND ACTIVATION OF THE CORTICOTHALAMIC (CT)
PATHWAY RESULTS IN A DISTINCT SHORT TERM FACILITATION: AN
IN VITRO STUDY. C. Pedroarena* & R. Llinas. Dept, of Physiology &
Neurosciences. New York University Medical Center.New York NY 10016.
Feedback corticothalamic connectivity represents a major fraction of the synaptic
inputs to the thalamic neurons, however, the role of this connectivity has not been
elucidated. Analysis of the fuctional properties of this pathway was studied in
thalamocortical slices from young adult mice (21 to 45 days old) (Agmon &
Connors, 1991). Synaptic transmission was intracellularly recorded in ventrobasal
neurons. Bipolar electrodes placed in the white matter of the cortex or directly in the
internal capsule activated the CT pathway. Single pulses at low frequencies (0.3 to 1
Hz) induced short latency EPSPs of very low amplitude (0.5 to 3 mV), even using
supramaximal stimulating currents. The synaptic potential amplitude was greatly
and progressively enhanced by repetitive stimulation at high frequency (15 to 50
Hz). The mean increase in the responses (n=10) following a 250 ms train of stimuli
ranged from 1.4 times at 10 Hz. to 4.1 times the control response at 40 Hz. Paired
pulses also induced facilitation. The time course of this latter facilitation, defined as
the fractional increase in the EPSPs (Ft=At0-At/At0) showed peak facilitation of 1.6
at 30 ms followed by a rapid decay to 0.4 at 100ms. The time course of the
facilitated EPSPs did not differed significantly from the control, indicating that this
effect was not due to polysynaptic contamination, nor to an increase in the
synchronicity of the synaptic volleys. More over, changes of the membrane
potential did not modify the degree of facilitation, indicating no dependance on
postsynaptic voltage gated conductances. Functionally this facilitation results in a
higher probability of spike activation and in time locking with the stimulii at 20 to
50 Hz. This gamma band sensitivity of CT synapses may be fundamental in the
selective conjunction of relevant activity in thalamocortical focii allowing the
formation of coherent transient assemblies of neurons between these two level of the
neuraxis. (Supported by Pew Fellowship and NIH/NINDS NS 13742)

SENSORY-EVOKED HIGH FREQUENCY (GAMMA-BAND) OSCILLATING
POTENTIALS
IN
SOMATOSENSORY
CORTEX
OF
THE
UNANESTHETIZED RAT M.S. Jones* and D.S. Barth Dept, of Psychology,
Univ. of Colorado, Boulder, CO 80309.
A 64 channel epipial electrode array was used to investigate high frequency
(y—band) oscillations in somatosensory cortex of the unanesthetized and
unrestrained rat. Oscillations were evokedby manual stimulation of the vibrissae
and mystacial pad. Stimulation of the contralateral vibrissae resulted in a
significant increase in y—power when comparing the power spectrum of 128 msec
epochs taken just before and after stimulus onset. Stimulation of the ipsilateral
vibrissae was completely ineffective in evoking y—oscillations in any animals.
Sensory evoked y—oscillations were constrained to primary (SI) and secondary (S1I)
somatosensory cortex. When averaged to an arbitrary reference of peak times in one
of the channels, these oscillations exhibited a systematic temporal organization,
propagating from the rostral portion of SI to the barrel field proper, and finally to
SII. These spatiotemporal characteristics were probably produced by intracortical
pathways within rodent somatosensory cortex. The rostrocaudal propagation of
y-oscillations within the barrel field may also reflect whisking patterns observed
when the vibrissae are used as a sensory array, suggesting that synchronized
y-oscillations may play a role in assembling punctate afferent information
provided by the vibrissae into a coherent representation of a somatosensory
stimulus.
Supported by NSF Grant IBN-9119525 and NIH Grant 1-R01-NS2575
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SUBPOPULATION OF CORTICO-CORTICAL NEURONS EXPRESSING A SET
OF NEUROACTIVE SUBSTANCES IN THE RAT. Y.Arimatsu*. K.TakiguchiHavashi. M.Ishida & M.Koiima. Mitsubishi Kasei Inst. Life Sci., Tokyo 194, Japan.
We have previously shown that a 29kDa protein, named latexin, is expressed in a
subset of neurons in infragranular layers of lateral, but not dorsal, neocortical areas in
the rat. To characterize functional properties of latexin-expressing neurons, double
immunofluorescence labeling experiments were performed for latexin- and glutamateand for latexin- and GABA-immunoreactivities. In all of six cytoarchitectonic areas
examined including the secondary somatosensory area (S2), more than 85% of
latexin(+) neurons were glutamate(+) while less than 2% of them were. GABA(+).
Thus, it seems most likely that the vast majority of neocortical latexin-expressing
neurons are excitatory projection (pyramidal) neurons.
To identify target regions of latexin-expressing neurons in S2, retrograde labeling
experiments were performed using fluorogold as a fluorescent tracer. When fluorogold
was injected into the ventroposterior and posterior thalamic nuclei, numerous layer 6
neurons were retrogradely labeled in ipsilateral S2. Latexin(+) neurons were distributed
among the fluorogold(+) corticothalamic neurons, but none of latexin(+) neurons were
fluorogold(+). In contrast, when fluorogold was injected into the primary
somatosensory area (SI) or into the motor cortex (Me), considerable fluorogold(+)
neurons in layer 6 (but not in layer 2/3) were also latexin(+). The results indicate that
latexin-expressing neurons in S2 project substantially to ipsilateral neocortical areas
including SI and Me but not to the thalamus.
We also examined colocalization of latexin with protein phosphatase inhibitor-1
(PPI1) and with Kl-opioid receptor (k IR). Restricted and similar distribution profiles
within the neocortex were observed for latexin(+), PPI1(+) and k 1R(+) neurons. In
S2, all of latexin(+) neurons were PPI1(+) and more than half of latexin(+) neurons
were k 1R(+). Thus, although it has been thought that chemical diversity of neurons in
the neocortex is mainly a feature of the nonpyramidal cell populations, the present data
demonstrate the presence of a subpopulation of neocortical pyramidal cells that
specifically expresses a set of neuroactive substances and contributes to particular
cortical circuits. Supported by Mitsubishi Kasei Inst. Life Sci. and HFSP.

NEURAL ENSEMBLE ENCODING OF TACTILE INFORMATION BY MULTIPLE
CORTICAL AREAS IN PRIMATES. M.A.L. Nicolelis1*. L.M.O. Oliveira1. A.A.
Ghazanfar1. M.G. Shuler1. T.K. Chapin2. R.T. Nelson3, and I. H. Kaas4. !Dept. of
Neurobiology, Duke Univ., 2Dept. Neurobiology and Anatomy, Allegheny Univ.,
3Dept. Anatomy, Univ. of Tennessee, 4Dept. of Psychology, Vanderbilt Univ..
Somesthetic sensations emerge from the interactions between neural ensembles
distributed across many cortical areas. Despite the fact that the properties of single
neurons in these cortical areas have been characterized, little is known about the
neuronal interactions within and between them during processing of tactile
stimuli. Here, we approached this issue by simultaneously recording the tactile
responses of large numbers of single neurons located in the deep layers of the
motor cortex and the anterior, lateral, and posterior parietal cortices of three Owl
monkeys. Quantitative analysis of single neuron receptive fields and population
maps revealed that tactile information is processed in a distributed manner across
the entire parietal and motor cortices. At the single neuron level, multidigit
receptive fields were found in all parietal cortical areas in both awake or lightly
anesthetized monkeys. At the population level, independent stimulation of different
digits elicited distinct spatiotemporal patterns of responses across a large potion of
the hand representation in each cortical area. Concurrent activation of motor and
parietal cortical areas was observed 10-15 ms after the stimulus onset. Use of
principal component analysis (PCA) to quantify neuronal ensemble interactions
revealed that distinct cortical areas can be identified by mapping the distribution of
variance in the spontaneous firing of simultaneously recorded cortical neurons.
PCA also revealed that distinct tactile stimuli generated unique neuronal
population vectors in each of the simultaneously recorded cortical areas,
suggesting that different functional associations between neurons, within and
between cortical areas, were formed for each stimulus. Overall, these findings
support the hypothesis that different attributes of tactile stimuli are represented by
the concurrent and distributed activation of large neural ensembles across the
parietal cortex. Supported b y the M cD onnell-Pew Foundation (MALN) a n d NIHcontract QKC a n d MALN).
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Local Corticocortical Interactions in Primary Somatosensory Cortex. S. A.
Roy* and K. D. Allowav. Dept, of Neuroscience & Anatomy, Pennsylvania State
University College Of Medicine, Hershey, PA 17033.
We investigated changes in functional connectivity between airjet responsive
cells in primary somatosensory cortex (SI) of anesthetized cats to determine how
different stimuli (moving vs. stationary airjets) evoked different patterns of
synchronicity. Experiments were performed on 3 adult cats previously implanted
with a stainless steel recording chamber. By lowering a linear array of 3-4 tungsten
electrodes into SI we were able to isolate individual neuronal discharges and record
spike trains simultaneously from multiple units with overlapping receptive fields. At
each recording site we presented separate blocks of stationary and moving airjet
stimuli to the receptive fields of the isolated units (usually the forearm
representation) and analyzed the firing patterns using cross-correlation analysis. We
recorded 107 neuron pairs that showed significant interactions on the crosscorrelogram (CCG) (p<.05). Of these 58 showed increases in correlation compared
to spontaneous activity in response to either stationary, moving or both types of
airjet stimulus. Interactions were found among neuron pairs recorded from the same
probe (n=20) and among neurons from adjacent probes (n=39, 300 - 400^m
separation). Moving stimuli were more likely to cause significant interactions than
stationary stimuli. Analysis of CCG peak half-widths indicated that moving stimuli
also produced tighter synchronization in the timing of cortical discharges. However,
neuron pairs that responded to both moving and stationary stimuli did not show
significant differences in the strength of interactions as measured by correlation
coefficients for the two paradigms. We believe that these stimulus-induced changes
in functional connectivity reflect the recruitment of intracortical connections that
synchronize neuronal activity, thus binding multi-unit responses into a single
peripheral stimulus.
Supported by NIH grant NS29363-06

CAPTURING SENSORY ORDER BY HORIZONTAL CORTICAL CONNEC
TIONS.
O. V. Favorov*. J. T. Hester, and D. G. Kelly. Depts. Biomedical
Engineering and Statistics, Univ. of North Carolina, Chapel Hill, NC, 27599.
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Long-distance horizontal connections are a prominent feature of cortical architec
ture. These connections enable cortical columns to have complex lateral interactions
in determining their response to sensory stimuli. Physiological evidence suggests
that these connections can enhance the response of cortical cells to weak stimuli and
suppress the response to strong stimuli. We have developed a model of cortical
upper layers that reproduces this behavior. The two major features of the model are:
( 1) pyramidal cells vary their effective dendritic membrane length constant as a
function of their sensory (as opposed to lateral) inputs, thus at high strength the
contribution of the more distal lateral inputs is greatly reduced; and (2) all lateral
connections are plastic, including the inhibitory ones, becoming stronger when preand postsynaptic cells have more similar activity. An interesting property of the
model is the way it reflects orderly relations among sensory events when such
relations are imposed on the stimulus patterns. Specifically, an event that is
positively correlated with another evokes a representation of the second event when
it is absent. However, when both events occur together they suppress each other’s
representation.
For negatively correlated events, the presence of one alone
suppresses the representation of the other; when present together they enhance each
other’s representation. These effects of sensory order on the network’s response to
stimuli might underlie a variety of perceptual phenomena, such as pop-out, surface
fill-in, and contour completion.
Supported, in part, by ONR grant N00014-95-1-0113.
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SPINAL TRANSECTION BLOCKS TACTILE ALLODYNIA, BUT NOT
THERMAL HYPERALGESIA, IN RATS WITH NERVE LIGATION INJURY.
F. Porreca*. D. Bian. Z. Chengmin and M.H. Ossipov. Department of Pharmacology,
University of Arizona Health Sciences Center, Tucson AZ 85724.
Tight ligation of the L5/L6 nerve roots produces behavioral signs of neuropathic pain
including tactile allodynia and thermal hyperalgesia. It is possible that different neuronal
pathways may underly such abnormal sensory responses following nerve injury. Here,
the possibility that local circuitry in the spinal cord or spinal-supraspinal loops might be
involved in tactile allodynia and thermal hyperalgesia of the hindpaws was investigated
by transecting the spinal cord of sham-operated or L,/L 6 nerve ligated male, S.D. rats.
Spinal transections were made at Ts 7 days after the nerve injury. The rats were kept in
a sling and monitored for tactile allodynia by measuring withdrawal thresholds to probing
with von Frey filaments 24 hr after the transection. Responses to thermal stimuli were
determined by measuring paw and tail withdrawal thresholds using water baths
maintained at 46, 47, 48, 49, 50 and 52°C. Spinal transection completely abolished
tactile allodynia; the withdrawal threshold was 2.35 ± 0.36 g before transection and 15
± 0 g after. Thermal nocifensive responses were still evident since both ligated and shamoperated rats demonstrated temperature-dependent paw and tail withdrawal latencies from
nociceptive water baths. Thermal hyperalgesia was evident in both paws of the spinal
transected, Ls/Lfi ligated rats. Tail-flick latencies (52°C water bath) were decreased in
both sham-operated and nerve-injured rats following spinal transection. These
observations suggest that the thermal hyperalgesia of the paw seen after nerve injury
involves a local spinal circuit, while the tactile allodynia depends on a supraspinal loop.
This difference may reflect afferent inputs associated with different fiber types. The
supraspinal sites and descending pathway involved in nerve-injury induced tactile
allodynia remain to be explored. Supported by DA 08657, DA 06284 and DA 00185.

ANATOMICAL STUDIES OF THE CELLS OF ORIGIN OF THE
SPINOHYPOTHALAMIC TRACT IN MONKEYS. X. Zhana*. D.W. Risher. E.
Kostarczvk. A.P. Gokin. C.N. Honda and G.J. Giesler. Jr.. Dept, of Cell Biol. &
Neuroanat., Univ. of Minn., Minneapolis, MN 55455.
Previous studies have demonstrated that large numbers of neurons in the
spinal cord of rats project directly to the hypothalamus. The goal of this study
was to determine whether a similar projection exists in monkeys. WGA-HRP
or a mixture of fast blue and true blue was injected into the hypothalamus of
monkeys. Injections were centered in one side of the hypothalamus and did
not spread to the thalamus, zona incerta or midbrain. After these injections,
retrogradely labeled neurons were observed bilaterally at all examined levels
of the spinal cord. Based on cell counting in 18 segments and application of
correction factors to reduce the effect of double-counting split neurons, it was
estimated that a total of roughly ten thousand neurons were labeled in the
most effective case. Thirty two percent were found in cervical segments, 24%
were in thoracic spinal cord, 31% in lumbar segments and 13% in sacral
segments. Approximately 65% of the labeled neurons were contralateral to the
injection. The labeled neurons were located in the superficial dorsal horn, the
deep dorsal hom, the intermediate zone/ventral horn and the area surrounding
the central canal. In cervical segments, most labeled neurons were found
within the deep dorsal horn; in the other segments, the intermediate
zone/ventral horn contained the most labeled neurons. These results indicate
that a large number of neurons in all levels of the spinal cord project directly to
the hypothalamus in monkeys. The total number of spinohypothalamic tract
neurons is similar to that of previous estimates of spinothalamic tract neurons
in monkeys. Spinohypothalamic tract neurons may be involved in autonomic,
neuroendocrine, and emotional responses to noxious stimuli in primates,
possibly including humans. Supported by NIH grant NS25932 and DA09461.
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PHYSIOLOGICAL CHARACTERIZATION OF SPINOHYPOTHALAMIC
TRACT NEURONS IN THE LUMBAR ENLARGEMENT OF MONKEYS. G.J.
Giesler. Jr.*. X. Zhana. H.N. Wenk. A.P. Gokin and C.N. Honda. Dept, of Cell
Biol. & Neuroanat., Univ. of Minn., Minneapolis, MN 55455.
Preliminary studies have demonstrated that large numbers of neurons in the
spinal cord of monkeys project directly to the hypothalamus. The aim of this
study was to characterize these neurons physiologically. To date, nine neurons
in the lumbar enlargement of monkeys have been antidromically activated
using pulses of <30 pA in the contralateral hypothalamus. The points at which
antidromic activation thresholds were lowest were found in the supraoptic
decussation (7) or in the medial hypothalamus. The recording points were
located in the superficial dorsal horn (1), deep dorsal horn (6) and
intermediate zone (2). The mean antidromic conduction velocity was 48 m/s.
Cutaneous receptive fields were determined using innocuous and noxious
mechanical stimuli. All examined neurons had receptive fields on the
ipsilateral hindlimb. The receptive fields varied in size; the smallest covered
three toes, the largest covered the entire hindlimb. Each of 6 tested neurons
responded exclusively or preferentially to noxious stimuli. Five were classified
as wide dynamic range and one as high threshold. Six spinohypothalamic tract
neurons were also antidromically activated from the ventral posterolateral
nucleus of thalamus (VPL). In all cases, the antidromic latency from VPL was
shorter than that from the hypothalamus. These findings suggest that some
neurons previously identified as spinothalamic tract cells may have had axons
that continued rostrally and medially into the hypothalamus. These results
indicate that spinohypothalamic tract neurons provides a direct route by which
nociceptive information originating in the spinal cord may reach the
hypothalamus. This input may play a role in the production of autonomic,
neuroendocrine, and emotional responses to noxious stimuli in primates,
possible including humans. Supported by NS25932, DA09461 and DE07288.

The Effects of Anterior Pretectal Nucleus Lesions on the Biphasic
Formalin-Pain Response. C.K. Kvser* and V.C. Cox. Dept.of
Psychology, University of Texas at Arlington, Arlington, TX 76019.
The present study was designed to determine if anterior pretectal nucleus
(APtN) lesions would affect formalin-induced pain responding. The APtN
is one potential termination site for fibers that in a previous study were
disturbed by midbrain lesions that resulted in attenuation of the initial
phase of the biphasic formalin-pain response. Based on our previous work
it was hypothesized that lesioning the APtN would diminish the first phase
of pain responding. One group (n=8) of rats received electrolytic lesions of
the APtN. A second group (n=8) served as sham-surgery controls. Both
groups received a single subcutaneous injection of formalin in the dorsal
surface of one hindpaw. Lesioned subjects sustained between 43 to 73%
damage to the APtN with comparable damage to the lateral posterior
thalamic nucleus (LP). The APtN damage failed to affect the first phase of
formalin pain responding. The second phase of pain responding was
increased. We cannot exclude the possibility that the apparent hyperalgesia
in the second phase might have been due wholly or in part to damage to
the LP which is immediately adjacent to the APtN. However, the LP has
not been implicated in any previous research in nociception. Our finding
of hyperalgesia suggests that the APtN and/or LP may play an inhibitory
role in pain modulation of tonic pain represented by Phase 2 of the
formalin pain response, but not Phase 1. Results regarding Phase 1
suggest that the attenuation of Phase 1 formalin pain responding by
midbrain lesions in a previous study in our laboratory was not due to
disturbing nociceptive fibers ascending to the APtN.
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REDUCTION OF FORMALIN-INDUCED PAIN FOLLOWING AN
INJECTION OF LIDOCAINE INTO THE SUBSTANTIA NIGRA PARS
COMPACTA. IE , Magnusson*. H R . Clemmons. G.J.. Mader. Jr.. M.S.
DeLatte. & A L. Vaccarino. Department o f Psychology, University o f New
Orleans, LA 70148.
Pain has an important sensorimotor component in which an organism
must exhibit behavioural responses to actual or potential injury to minimize
damage. Considering the role o f the substantia nigra in sensorimotor
modulation, this area could possibly be involved in pain processing. In the
present study, we investigated the involvement o f the substantia nigra in the
development o f formalin-induced pain. Under sodium pentobarbital
anaesthesia, rats were implanted unilaterally with a guide cannula aimed at
the substantia nigra pars compacta (SNc) or the substantia nigra pars
reticulata (SNr). Following a 7-10 day recovery period, rats received an
infusion o f 1% lidocaine (0.5fil over a 1-min period) or saline into the SNc
or SNr. Five minutes after the infusion o f lidocaine or saline, rats received
a s.c. injection o f 50 jul o f 1% formalin into the plantar surface o f the paw
contralateral to the cannula. The rats were observed for pain-related
behaviours (paw elevation) for the subsequent 70 minutes. It was found that
an injection o f a local anaesthetic into the SNc, but not the SNr, resulted in
a reduction o f formalin-induced pain. These results implicate the SNc, and
possibly the nigrostriatal pathway, in pain processing. This research was
supported by a Louisiana Education Quality Support Fund (LEQSF).

COVARIANT MATURATION OF NOCIFENSIVE BEHAVIORS AND C-FOS
EXPRESSION IN RAT SUPERIOR COLLICULUS (SC). J.G. McHaffie*. B.E.
Stein. S. Wangl. N. Woodi-and P. Redgravel. Dept. Neurobiol. & Anat., Bowman
Gray Sch. Med., Winston-Salem, NC 27157; 1 Dept. Psychol., Univ. Sheffield,
Sheffield, U.K.
Injections of formalin into the rodent paw elicits a rapid orientation of the head and
mouth to the source of discomfort, followed by licking and biting the injected area.
If, however, the formalin is injected into the perioral region, similar turning
movements are made, but now the paw is brought to the face to rub the injection
site. The present experiments were initiated to examine the ontogeny of these
nocifensive behaviors and to determine whether they are correlated with the functional
maturation of SC responses to noxious stimuli as indicated by c-fos
immunohistochemistry. Rat pups at various postnatal ages received formalin
injections in either the hindpaw or perioral regions. Behavior was videotaped, and,
after 120 min, animals were sacrificed and the brain and spinal cord processed for cFos-like immunoreactivity (FLI). Uninjected controls were treated identically.
Formalin-induced oral responses and the expression of FLI in the SC were virtually
absent until 10 days postnatal. However, from day 1, animals were able to use a limb
to localize the perioral injection site, and FLI was present in many other structures
(e.g., spinal cord, parabrachial area, PAG). From day 10 onward, there was a
progressive increase in oral nocifensive behaviors (pcO.OOl) and FLI in the SC
(pcO.OOl) . These observations are consistent with the hypothesis that the normal
elaboration of pain-induced oral nociceptive behavior is initiated only after a
functionally active SC has developed. They also support previous observations that
link the SC specifically with nocifensive behaviors involving coordinated movements
of the head and mouth (Redgrave & Wang, Soc. Neurosci. Abstr. 22:110, 1996).
Supported by NATO Collaborative Grant CRG 930363 and NIH Grant NS35008).
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EFFERENT PROJECTIONS OF NEURONES IN THE ANTERIOR
HYPOTHALAMUS WITH VISCERAL INPUTS. R.K. Snowball and B.M.
Lumb. SPON: Brain Research Association. Dept, of Physiology, University of
Bristol, Bristol, BS8 1TD, U.K.
Noxious visceral inputs to the ventrolateral periaqueductal grey (VL PAG) are
thought to trigger sympathoinhibitory responses to visceral pain (Bandler and
Shipley, 1994). Neurones in the anterior hypothalamus (AH) may have a similar
role. The present study investigated whether neurones in the AH that respond to
noxious visceral inputs project to other sympathoinhibitory centres (VL PAG
and/or nucleus raphe obscurus, NRO).
Fluorescent latex microspheres were injected into physiologically-identified
depressor sites in the VL PAG and caudal NRO of pentobarbitone-anaesthetised
rats (60 mg.kg'’ i.p.). After recovery of 5 days, the rats were reanaesthetised and
given a noxious visceral stimulus (0.5ml of 3.5% acetic acid i.p.). Brains were
processed to visualise Fos and fluorescent tracers in the hypothalamus.
Fos-labeiled neurones were distributed throughout the AH with high numbers in
the paraventricular nucleus, supraoptic nucleus, periventricular area and ventral
hypothalamus. Very few of these neurones were also retrogradely labelled from
the NRO or VL PAG; the largest proportion of Fos-positive neurones projecting to
the VL PAG was found in the lateral area of the AH (2%). These results suggest
that only a small proportion of neurones in the AH that are excited by visceral
inputs send efferent projections to the VL PAG and/or caudal NRO. Interestingly,
however, a substantial proportion of neurones in the lateral hypothalamic area
(28%), ventromedial nucleus (22%), dorsal region of the caudal AH (20%) and
preoptic area (medial 29%, lateral 23%) that project to NRO also send collaterals
to the VL PAG.
Supported by the Wellcome Trust. RKS is a Medical Research Council scholar.
Bandler R. and Shipley M.T. (1994) Trends Neurosci. 17, 379-389.

4 00.8
THE PRIMATE MDvc CONTAINS NOCICEPTIVE NEURONS. A D. (Bud)
Craig5*, Div. of Neurobiology, Barrow Neurological Institute, Phoenix, AZ 85013.
The ventral caudal portion of the medial dorsal n. (MDvc) is a distinct region in
primate thalamus that receives a topographic lamina I trigemino- and spino-thalamic
input (Ganchrow, ‘78; SN 16:1144, ‘90; Nature 372:770, ‘94). It projects to area
24c in the anterior cingulate sulcus (SN 22:111, ‘96), where noxious and pruritic
stimuli produce PET activation in humans. MDvc might be an important locus for the
inhibition of pain by thermosensory activity that could account for the thermal grill
illusion and perhaps central pain (Nature 384:258, ‘96); similar integration may
occur in the analogous structure (n. submedius) in the cat (JCN 371:497, ‘96). The
goal of the present study is to characterize MDvc physiologically.
Recordings were made with tungsten microelectrodes in pentobarbital-anesthetized
cynomolgus monkeys. Histological reconstructions from thionin sections and
labeling obtained from tracer injections verified the recording sites in MDvc. Robust
tonic responses to graded noxious mechanical (pinch) and noxious thermal (heat and
cold) stimuli could be evoked within a compact region (24 multi-unit clusters and 18
single units in 3 monkeys). Receptive fields were medium (eg, lips and nose, medial
hand) or large (all face, face and upper limb) in size and were contralateral only or
bilateral with contralateral dominance. Low threshold stimuli were ineffective.
Inhibition of ongoing activity by innocuous cool or warm or by pinch applied outside
the receptive field was observed in several units. A somatotopic organization was
found with face posterior to arm and leg, consistent with anatomical findings.
The presence of a concentration of nociceptive neurons in primate MDvc confirms
its role in a medial lamina I spino-thalamo-cortical pathway and establishes a solid
basis for the PET and EEG activation of human anterior cingulate cortex by noxious
stimuli. Integration of pain, temperature and homeostatic afferent activity in this
lamina I pathway could underly the thermal grill pain illusion and the central pain
syndrome, (supported by NS 25616)
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ELECTROPHYSIOLOGICAL AND BEHAVIORAL STUDIES OF LASER-VOKED
THALAMIC NOCICEPTIVE'RESPONSES. M-M Hsu. L-H Huang. M-J Tsai* and BC Shyu. Graduate Inst, of Life Sci., National Defense Medical Center and Inst, of
Biomed. Sci., Academia Sinica, Taipei, 115, Taiwan, R.O.C.
The purpose of this study is to investigate the role of lateral thalamus in the C-fiber
nociceptive information transmission. Microelectrode was used to record neuronal
activities in the VPL nucleus following the short C 0 2 laser pulses stimulation of the
hindpaw in rats anesthetized with a-chloralose. The laser-evoked nocifensive behavior
assessment method was used in studying the effects of the thalamic lesion.
58 rats were used in the present study. The latency of VPL units responded to
mechanical stimulation of the hindpaw was 13.9 ± 2.9 ms (mean ± S.E.M.). The
latency of the VPL units following laser stimuli was 157.4 ± 21.5 ms. All of the
nociceptive units recorded from VPL were wide dynamic range nociceptive neurons
and the receptive fields were mostly in the contralateral side. The effect of the VPL
lesion was tested in 12 rats. The laser-evoked foot withdrawal threshold values in both
sides were not altered significantly after the VPL lesion. The frequencies of four
behavior elements, Fj, Fe, Fm and Lk were counted and no significant changes were
observed after the VPL lesion. The frequency of the licking behavior (Lk) was
significantly decreased after the lesion of both the VPL and the medial thalamus
(p<0 .01 ).
Our results indicated that the laser-evoked thalamic nociceptive responses were
mediated by C-fibers inputs. The lateral thalamus did not play significant role either on
the descending modulation of the segmental nociceptive withdrawal reflex or in the
initiation of nocifensive behaviors. However, the present study suggested that the
synergistic cooperation of both lateral and medial thalamic nuclei is essential to initiate
and maintain the nocifensive behavior such as licking.
This study was supported by grants from the National Science Council and the
Academia Sinica, ROC.

LOCALIZATION OF MU OPIATE RECEPTORS ON AMYGDALOID
PROJECTION NEURONS IN THE PARABRACHIAL NUCLEUS OF THE RAT.
N.L. Chamberlin*. F. Torrealba*. and C. B. Saper Dept. Neurology, BIDMC,
Harvard Medical School, Boston, MA 02115; ^Facultad de Ciencias Biologicas,
Universidad Catolica de Chile, Santiago 1 Chile
The parabrachial nucleus (PB) is a major relay of visceral sensory information from
the medulla and spinal cord to the forebrain. A large body of evidence has
accumulated elucidating the subnuclei, their afferent and efferent connections, and
neurotransmitter and receptor content. However, it is not yet clear which receptors
mediate signal processing in particular PB pathways. We therefore undertook an
examination of the distribution of mu opioid receptors (MOR) at the subnuclear and
cellular level in the PB, using light and electron microscopy. In addition, we
combined fluorescence retrograde tracing with immunohistochemistry to localize mu
receptors with respect to parabrachial neurons that project to the central nucleus of
the amygdala. We found mu receptor immunoreactivity concentrated in the external
lateral and external medial parabrachial subnuclei. Ultrastructural study revealed that
the majority of mu receptors in the external lateral subnucleus were located on
dendritic membranes. Dendritic labeling was not restricted to postsynaptic densities,
but present mostly on extrasynaptic membranes, forming small patches about 0 .2 0.5 (ixm in length. These MOR-ir patches were not in close relation with any
particular type of axon terminal. Less frequently we found MOR-ir on a type of axon
terminal characterized by an unusually large number of dense core vesicles, in
addition to smaller, clear synaptic vesicles. The mu opioid receptor labeling was
present on the membrane and the cytoplasm of the terminal. Finally, fluorescence
microscopy revealed dendrites of amygdaloid projection neurons within the
parabrachial nucleus that exhibited mu receptor immunoreactivity. These results
indicate that mu opioid receptors in the PB may mediate or modulate parabrachial
information sent to the amygdala. In addition the present results favor a non-synaptic,
volume transmission effect of opioid peptides on PB neurons.
Supported by NS22835
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PROJECTIONS FROM THE NOCICEPTIVE RESPONDING AREA OF
THE CENTRAL NUCLEUS OF THE AMYGDALA: A PHA-L STUDY
IN THE RAT. L. Bourgeais and T.F. Bernard*. INSERM U 161, 2 rue
d A lesia, F-75014 Paris, France.
M icroin jection s of the an terograd e tracer Phaseolus Vulgaris
le u c o a g g lu tin in (PH A-L) w ere m ad e in th e central (Ce) and
basolateral (BL) nuclei of the am ygdala (n=50) w ith a special interest
for the lateral capsular su b d ivision of the Ce(CeLC) that has b een
m ore sp ecifically sh ow n to be in v o lv e d in n ocicep tive p rocesses
(Bernard et al. 1992, J. N europhysiol. 68: 551-569; Bernard et al. 1993
J. C om p. N eu rol. 329: 201-229). Serial sections w ere reacted w ith
im m u n och em istry p erm ittin g the d em on stration of the efferen t
projections of the CeLC and adjacent areas.
A ll portions of the CeLC send a high den sity of projections in on ly
tw o adjacent forebrain regions: the substantia innom inata (SI) and the
ventral lateral sub d ivision of the bed n ucleu s of the stria term inalis
(BSTvl). A substantial density of term inals w as also found in the pars
lateralis of the substantia nigra. Furthermore, the lateralm ost aspect of
the CeLC a n d /o r the adjacent p ortion of the BL n u cleu s sen d a
m arked projection to the rostralmost portion of both the frontal and
cingulate cortex. Interestingly, the projections to the solitary tract
nucleus, the parabrachial area and the lateral dorsal subdivision of the
b ed of the stria term in alis origin ate prim arily from the lateral
subdivision of the Ce.
In conclusion, the present stud y show s that the spino-parabrachioam ygd aloid n ocicep tive pathw ay further exten d s prim arily to tw o
regions, the SI and the BSTvl. This netw ork cou ld p lay an im portant
role in the genesis of fear in response to noxious events.

R ESPONSE PRO P E R T I E S OF C A U D A T E - P U T A M E N A N D GLOBUS
PAL L I D U S NEU R O N S TO NO N - N O X I O U S A N D NOXI O U S T H ERMAL
S T I M U L A T I O N IN A D U L T RATS.
E.H. C h u d l e r *.
Dept,
of A nesthesiology, Univ. of Washington, Seattle,
WA
98195-6540.
P revi o u s expe r i m e n t s ha v e shown that a large p r o p o r t i o n
of c a u d a t e - p u t a m e n (CPu) and globus pa l l i d u s (GP) neurons
in rats are res p o n s i v e to n o xious m e c h a n i c a l stimu l a t i o n
of the skin.
T hese n e urons are concen t r a t e d along the
b o r d e r of the C P u and GP.
In the p r e s e n t study, the
res p o n s e p r o p e r t i e s and locations of C P u and GP neurons
to non- n o x i o u s and n o xious thermal st i m u l a t i o n w ere
exa m i n e d in a n e s t h e s t i z e d rats.
To date, 49 C Pu and GP
ne urons res p o n s i v e to thermal st i m u l a t i o n (baseline
te m p e r a t u r e of 38°C; p l a t e a u temp e r a t u r e b e t w e e n 40° and
50°C) of the hi n d p a w h ave be e n isolated.
Thermallyres p o n s i v e n e urons that a lso resp o n d e d to mec h a n i c a l
st i m u l a t i o n had large re c e p t i v e fields that w e r e often
bilateral.
Some n e urons re s p o n d e d w i t h an increase in
di s c h a r g e freq u e n c y on l y dur i n g the increase or decre a s e
in temperature.
O t h e r n e urons enc o d e d the p l a t e a u
stimulus i n t e nsity w i t h increases or decr e a s e s in
d i s c h a r g e frequency.
These d a t a s u ggest that CPu and
GP n e urons p l a y a role in s i g n aling the occ u r r e n c e of
n o c i c e p t i v e events and m a y med i a t e a m o tor respo n s e to
a void or m i n i m i z e tissue damage.
(Supported in p a r t b y N IH g rant DE11838-01)
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401.1
THE EFFECT OF INTRATHECAL ADMINISTRATION OF PROTEIN-TYROSINE
KINASE INHIBITOR ON THE DEVELOPMENT OF INFLAMMATORY
HYPERALGESIA IN RATS. Y. Takano*. M. Takano. E. Sato. I. Sato. Dept, of
Anesthesiology, Koshigaya Hospital, Dokkyo Univ., School of Medicine. Koshigaya,
Saitama, 343 Japan.
It is reported that NMDA receptor-mediated whole cell currents and intracellular Ca2+
responses in spinal dorsal horn neurons are depressed through inhibition of proteintyrosine kinases(PTKs). Recent evidences show that the activation of NMDA receptor
in the spinal dorsal horn neurons are involved in the development and the maintenance
of hyperalgesia induced by inflammation. We examined the possibility of
antinociceptive effect of intrathecally administered PTK inhibitor in rat with
inflammatory hyperalgesia using hot plate test and paw pressure test. Approved by the
Institutional Animal Care Committee, Dokkyo Univ., male Sprague-Dawley rats (250300g) were prepared with chronic intrathecal catheters. Carrageenan (4%) and kaolin
(4%) were mixed (CK) and total volume of 0.4ml was injected to the base of the tail.
Four hours after the inoculation, hot plate tests and paw pressure tests were initiated to
assess thermal and mechanical nociceptive thresholds, respectively. In a separate group
of rats, Lavendustin A (Lav-A; PTK inhibitor) dissolved with 20% cyclodextrin
solution was injected intrathecally, 10 min prior to the inoculation of CK. The dose of
Lav-A was 0.1 or 1.0 pg. Twenty percent cyclodextrin was used as the control vehicle.
Acute effects of intrathecal Lav-A were also examined. Data are expressed as %MPE.
The difference in mean values are compared with Student’s t-test. CK produced
mechanical hyperalgesia which was detected 4 hours after inoculation by the paw
pressure test, but no thermal hyperalgesia was detected by the hot plate test.
Pretreatment of Lav-A significantly abolished mechanical hyperalgesia. Although the
inoculation CK did not produce any hyperalgesic effects as presented in the hot plate
test, pretreatment of Lav-A showed an antinociceptive effect in the hot plate test. Lav-A
i.t. by itself did not show any antinociceptive effect acutely in both tests. The
administration of Lav-A did not produce any behavioral changes in rats at the doses used
in the experiment.These results show that PTK is involved in the development of
hyperalgesia induced by inflammation, presumably acting at the spinal cord. This
research was supported by the Ministry of Education, Japan.

401.3

THE ROLE OF THE NMDA RECEPTOR IN JUVENILE
HYPERRESPONSIVENESS. R.J. Brennan. D. Guendelman. Y. SchviroPatishi and H. Frenk*. Dept, o f Psychology, Tel Aviv University, Ramat
Aviv 69978, Israel.
Wind-up in the spinal cord, underlying hyperalgesia and allodynia in the
adult animal, has been attributed to activation o f the NMDA receptor.
Wind-up also underlies hyperresponsiveness in rat pups, which consists of
pups responding to thermal stimuli at lower than adult threshold up to post
natal day 12, and responding with faster than adult latencies to noxious
stimuli thereafter. Intrathecal administration o f the NMDA antagonist,
dextrorphan (25-200 nmol) increases response latencies, without abolishing
responses, to a stimulus o f 41° C in pups (3-9 days o f age) and, to a
stimulus o f 49° C at 200 nmol, in pups (12-20 days o f age). Thus, although
activation o f the NMDA receptor does not cause subthreshold responding
in pups younger than 12 days, it may be the reason for the fast withdrawal
latencies observed until post-natal day 20.
Spinalization reduces nociceptive response latencies in adult rats and
dextrorphan (75 mg/kg) increases withdrawal latencies from water at 50° C
in spinalized adult rats without altering these latencies in intact animals.
Since descending inhibition on nociceptive reflexes becomes functional
only at postnatal day 21, it is likely that fast withrawal latencies, but not low
response thresholds, in juvenile rats can be attributed to incomplete
descending inhibition.
Supported by the Israel Science Foundation.

401.2
DIFFERENTIAL EFFECTS OF NMDA RECEPTOR ANTAGONISTS ON
NOCICEPTIVE REFLEXES OF SOMATIC AND VISCERAL ORIGIN.
Teresa Olivar. Jennifer M.A. Laird* and Fernando Cervero. Dept, of Physiology,
University of Alcalá, 28871 Madrid, Spain.
NMDA receptors appear to play little part in nociceptive responses evoked by
acute stimulation of normal somatic tissues, but rather to be involved in
hyperalgesic responses after peripheral injury and inflammation. Previous
studies from this laboratory have shown important differences in the neural
organisation of somatic and visceral nociceptive pathways. Therefore, we have
now explored the role of NMDA receptors in processing acute visceral
nociceptive input, compared with somatic nociceptive responses.
The left ureter was cannulated close to the bladder in adult female Wistar rats
anaesthetised with pentobarbitone (50 mg.kg-1 i.p.). Graded distensions of the
ureter (30s, 25-80 mmHg) evoked increases in blood pressure. These
responses were dose-dependently inhibited by the NMDA receptor ion channel
blockers ketamine and memantine (IDS0 = 2.4 ± 1.6 and 14.5 ± 1.3 mg.kg'1, i.v.),
and by the Merz glycine site antagonist Mrz 2/576 (ID50 = 4 ± 1.0 mg.kg-1).
Pinch stimuli (30s, 2-4 Newton) of one hind-paw evoked similar pressor
responses which were not affected by ketamine (up to 10 mg/kg).
These results show that NMDA receptor antagonists inhibit nociceptive
reflexes evoked from the normal ureter, and suggest that NMDA receptors are
involved in the processing of acute nociceptive inputs from viscera. We
conclude that acute stimulation of normal visceral tissue provokes intense
responses that recruit neural mechanisms mediated by NMDA receptors.
However, in somatic pathways, these mechanisms are recruited only by an
enhanced input produced after more intense injury or inflammation.
(Supported by DGICYT grant PB-93-0491, Boehringer Ingelheim and the
Comunidad Autónoma de Madrid: FPi Program).

401.4
INTRATHECAL NMDA-INDUCED RELEASE OF SPINAL ADENOSINE AND
AMINO ACIDS. C.M. Conwav*. M. Marsala. G.T. Somogvif. and T.L. Yaksh.
Department of Anesthesiology, University of California, San Diego, CA 92093OS18. tDepartment of Pharmacology University of Pittsburgh, PA.
N-methyl-d-aspartate (NMDA) re ;eptor activation has been implicated in spinal
nociceptive transmission and ischemia. Cerebral microdialysis has shown that topical
delivery of NMDA provides a pov erful stimulus for amino acid (e.g., glutamate,
taurine) and adenosine release, and increased extracellular adenosine can modulate
NMDA receptor current. If spinal ? .MDA-evoked excitation also serves to release
adenosine this may provide a spinal feedback mechanism through which the
excitatory process can be controlled. The effect of intrathecal NMDA on spinal
adenosine and amino acid levels was assessed using chronic intrathecal
microdialysis. Loop dialysis catheters [1] (coupled with intrathecal (i.t.) catheters for
drug delivery) were implanted intrathecally in male Holtzman-Sprague-Dawley rats.
Five days later, spinal dialysate (10 pJ/min) was collected under 1% Halothane. After
a 30 min washout and two baseline collections, NMDA (3 pg; 10 |il) was injected i.t.
Dialysate content was quantified by phenylisothiocynate derivatization using an
HPLC and fluorescence detector (adenosine) or UV detector (amino acids). Internal
standards were added to each sample and content quantified on the linear relationship
between the peak heights and the amounts of corresponding standards. Timedependent differences in dialysate co.itent were assessed using a one-way analysis of
variance followed by Tukey’s HSD. .ntrathecal NMDA produced significant (p<.05)
time-dependent increases in the dialysate content of adenosine and the amino acids
glutamate, taurine, glycine, and glutamine with peak release occurring within five
min of NMDA injection. By 10 m i after NMDA all levels returned to baseline.
Spinal delivery of NMDA results ii a rapid time-dependent increase in release of
spinal adenosine and select amir 3 acids. These data suggest that secondary
adenosine release may play an imj ortant role in the modulation of transmission
initiated by the activation of spin? NMDA receptors as may occur after spinal
ischemia or in spinal nociceptive processing. References: 1. J. Neurosci. Methods
62:43,1995. Supported by NIH grants NS 16541 (TLY) and NS32794 (MM).

401.6

401.5
ANTISENSE OLIGONUCLEOTIDES TO NMDA RECEPTOR SUBUNITS
ALTER NOCICEPTION IN THE RAT. R.Y. Yukhananov*. A. Saulvs and G.
Crosbv. Department of Anesthesiology, University of Wisconsin, Madison, WI
53706.
NMDA receptor in the brain and spinal cord form heteromeric complexes
compose of NMDAR1 and one of NMDAR2A-D. NMDAR1 subunit is
necessary for the formation of functional NMDA receptors, whereas NMDAR2
subunits modify the properties of the receptor. Administration of competitive
and non-competitive antagonists confirmed that NMDA receptor contributes to
pain-induced neuroplasticity, but the involvement of various NMDA receptor
subunits in this process are unclear. In this study, we used phosphodiester
antisense oligonucleotides (ASOs) to examine the role of the NMDAR1 and
NMDAR2C and NMDAR2D subunits on formalin-induced nociception in the
rat. Antisense oligonucleotides to NMDAR1, NMDAR2C and NMDAR2D were
via lumbar subarachnoidal catheter three times each 12h (3 doses, 10 nmol
each); the corresponding control group received a sense or missense
oligonucleotide. The intensity of formalin-induced nociceptive behavior was
quantified 12 hrs after the last subarachnoidal injection by a blinded observer.
The ASO to the NMDAR1 subunit decreased flinching during both the first and
second phase of the formalin response (50 - 65% decrease) whereas the
NMDAR2C ASO reduced flinching only during phase 2 (54% decrease). The
NMDAR2D ASO had no effect. Neither the sense nor missense oligonucleotides
altered flinching. These data suggest that the R1 and R2C subunits of the
NMDA receptor are involved in the development of spinal sensitization
following noxious peripheral stimulation. (Supported by NIH GM 42466).

ANTISENSE OLIGONUCLEOTIDES TARGETING GROUP I mGLURs
ATTENUATE NERVE CONSTRICTION-INDUCED HYPERALGESIA AND
ALLODYNIA. M.E. Fundvtus*. K. Fisher. A. Drav. J.L. Henry and T.J. Coderre.
Pain Mechanisms Lab. Clinical Res. Institute of Montreal, ASTRA Research Centre
Montreal, Depts of Physiology & Psychology, McGill Univ., Montreal, QC, Canada.
Recently, studies have assessed the potential efficacy of antisense oligonucleotides
(AS) in the treatment of pathophysiological conditions in vivo. There has also been
an interest in glutamate and spinal metabotropic glutamate receptors (mGluRs) in
the development of hyperalgesia/allodynia associated with nerve injury. In the
present study, we examined whether chronic intrathecal (i.t.) infusion of
phosphodiester AS targeted to group I mGluRs (mGluR, or mGluR5) would
attenuate hyperalgesia and allodynia associated with chronic constriction of the
sciatic nerve (Mosconi & Kruger, Pain 64: 37, 1996). Rats were continuously
infused i.t.. via osmotic pump, with either artificial CSF. or 50 pg/day missense
(MS) or AS targeted to base pairs 371-388 or 380-397 of the rat mGluRj gene, or
base pairs 262-279 or 277-295 of mGluR5 gene for 7 days, starting 3 days prior to
nerve constriction. Mechanical allodynia was assessed using von Frey hairs, by
measuring the decrease (compared to baseline) in 50% response threshold (grams),
on days 4, 8 . 12 and 16 after nerve constriction. Thermal (hot and cold)
hyperalgesia was assessed by measuring the decrease in response latency (compared
to baseline) on Hargreaves plantar apparatus, as well the increase in response
(lifting of hindpaw) frequency when rats stood in a 1 cm deep 1°C water bath for 75
sec, on days 4, 8 , 12 and 16 after nerve constriction. AS-treated rats exhibited a
significant reduction in mechanical allodynia and cold hyperalgesia on days 4, 8 , 12
and 16 following nerve constriction as compared to both ACSF- and MS-treated
rats. These results suggest that group I mGluRs may be involved in the induction of
hyperalgesia/allodynia associated with chronic nerve constriction injury. (Supported
by the MRC Canada and ASTRA Research Centre M ontreal.)
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EFFECTS OF INTRATHECAL MK-801 AND GLYCINE ON THERMO- AND
MECHANONOCICEPTION AS WELL AS FOS EXPRESSION INDUCED IN RAT
LUMBAR SPINAL CORD NEURONS BY NOXIOUS HEAT STIMULATION. W,

M K-801 A N D H-7 M ODIFY TETA NIC -IN D UC ED CHANGES IN
SCIATIC-EVOKED FIELD POTENTIALS IN THE RAT SPINAL
D OR SA L HORN. G. M iletic & V. M iletic*. Dept. Comp. B iosci.,
Univ. o f W isconsin, Madison, WI 53706-1102.
Sciatic-evoked field potentials (FPs) were recorded in the spinal
dorsal horn o f urethane-anesthetized control and ligated rats. After 15
m in o f baseline recordings the N M D A receptor antagonist MK-801
(1 m g/kg) w as injected in som e control and ligated rats. In other
control and ligated rats, the protein kinase C inhibitor H-7 (1 mg/kg)
w as administered. In both cases, FPs were monitored for another 15
min, and then tetanic stimulation was applied to the sciatic nerve (a
400 m s train o f 0.1 m s pulses at 50 Hz). The FPs w ere then recorded
for up to 4 hrs post-tetanus. In control animals, M K-801 attenuated
the tetanic stimulation-produced initial increases in FPs, but did not
affect the decreases that fo llo w the early potentiation. On the other
hand, H -7 abolished both the initial potentiation and the later
depression in control rats. In ligated animals, both M K-801 and H-7
abolished the long-lasting increases in FPs that persist throughout the
4-hr recording period.
These data support suggestions that both N M D A receptors and
protein kinase C play a role in the long-term m odification o f sciaticevoked potentials in the spinal dorsal horn. [Supported in part by
NIH N S 34870].

Our preliminary study suggested that thermo- and mechanonociceptive hyperalgesia
of the chronic sciatic nerve constriction rat model was mediated by excitatory
glutamate subtype NMDA and inhibitory glycine receptors, respectively. The current
study examined the effect of NMDA receptor antagonist (MK-801) and glycine
receptor agonist (glycine) on thermo- and mechanonociceptive responses in noninjured
rat. c-fos-hke immunoreactivity in lumbar spinal cord neurons induced by noxious
heat stimulation in presence or absence of intrathecal MK-801 or glycine was
examined. Experiments were performed in three groups of animals with intrathecal
administration of saline (n=6 , 0.1M), MK-801 (n=6 , 0.1 (i.m/20 |il) or glycine (n=6 ,
0.1 (J.m/20 fil). Withdrawal thresholds of thermo- and mechanonociceptive responses
were measured before and after treatment. Thirty minutes after the treatment, a heat
noxious stimulation (52 °C) was applied to the hindpaws. Fos positive neurons was
examined 90 minutes after noxious heat stimulation. MK-801 significantly attenuated
the withdrawal threshold of thermonociceptive responses and markedly decreased the
number of Fos positive neurons induced by the heat stimulation as compared to the
values seen in the spinal cord tibial and peroneal territories of laminae I-II at L4-6
segments of the rats treated with saline (14 ± 3.8 vs 67 ± 13 per side, per section,
n=6 ). Glycine significantly blocked mechanonociceptive withdrawal threshold, with a
small effect on thermonociceptive withdrawal threshold, and failed to influence the
number of Fos-like immunoreactive neurons induced by the heat stimulation. This
study suggests that normal thermo- and mechanonociceptive responses are probably
modulated by different neurotransmission pathway. Fos-like immunoreactivity
corresponding to thermonociceptive activity is predominantly mediated by spinal
NMDA receptor, but not spinal glycine receptor.
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THE NMDA RECEPTOR ANTAGONIST, MK-801, INHIBITS
SWIM STRESS- AND OPIOID-INDUCED ANALGESIA IN RATS.

EFFECTS OF GLUTAMATE ANTAGONISTS UPON C-FO S EXPRESSION
IN AN ISOLATED PREPARATION OF MAMMALIAN SPINAL CORD.
Elise Morgan, Li Ping Zhang, J. Bagust*, & R G Williams. Dept of Physiology
and Pharmacology, Southampton University. Southampton, S016 7PX. UK.
c-fos is expressed in some dorsal horn neurones following noxious afferent
stimulation and we have previously demonstrated its induction in isolated
preparations of rat spinal cord in response to high intensity dorsal root
stimulation (Zhang et al, 1993). In the present study we have investigated the
effects of bath applied CNQX, and the NMDA antagonists AP5 and 7-C1 KYNA
upon c-fos expression in the dorsal horn of an isolated spinal cord preparation
from 18-20 day old rats maintained in vitro at 27°C. Test compounds were added
to the bathing medium and trains of electrical stimuli (0.5ms pulses, 10Hz for 10
min) were delivered to a lumbar dorsal root at 20 times the threshold stimulus.
After two hours incubation cords were processed for c-fos like immunoreactivity
and counts made of the number of dorsal horn cells expressing c-fos like activity
in the lumbar cord expressed as a percentage of untreated controls.

M.C. Ko1, S. Kishioka2, H. Houshyar2, J.H. Broadbear*1, and J.H. Woods1-2.
Depts. of'Psychology and 2Pharmacology, Univ. of Michigan, Ann Arbor, MI 48109.
MK-801, a noncompetitive N-methyl-D-aspartate (N M D A) receptor
antagonist, has been reported to block nonopioid, stress-induced analgesia in
mice. The purpose o f the present study was to characterize pharmacologically
swim stress-induced analgesia (SSIA) in male Wistar rats. After rats were
exposed to 20°C water for 3 minutes, they expressed a slight, transient
analgesia measured by a warm water (50°C) tail-withdrawal assay. By
contrast, morphine (3.2-10 mg/kg s.c.), fentanyl (0.01-0.056 mg/kg s.c.), and
U 50,488 (10-100 mg/kg s.c.) produced a much larger, prolonged analgesia,
which was antagonized by naltrexone (0.032-0.32 mg/kg s.c.), an opioid
receptor antagonist. These low doses o f naltrexone, however, can not suppress
the SSIA and a much higher dose o f naltrexone (10 mg/kg) was only partially
effective. On the other hand, systemic administration o f MK-801 (0.01-0.1
mg/kg s.c.) dose-dependently inhibited SSIA. Interestingly, the same dose
range o f MK-801 also dose-dependently inhibited the analgesia induced by
low doses o f the above mentioned opioids. In addition, 0.1 mg/kg o f M K -801
alone showed a slight, but significant, hyperalgesia. However, 0.032 mg/kg
o f MK-801, which can partially inhibit SSIA and opioid-induced analgesia,
did not change any baseline pain threshold. These results indicate that NMDA,
but not opioid receptors, play an important role in SSIA. (Supported by USPHS
Grant DA00254 and DA05799, and the M.H. Seevers Fellowship Fund).

cell count (%)
Control
CNQX
AP5
7-C1 KYNA

100

91.5
44.1
65.1

SEM
0
6.1

11.5
3.3

n
5
4
4
2

P
-

p>0.05
p<0.01
pcO.Ol

The results support the suggestion that NMDA receptors are involved in the
expression of c-fos in the spinal cord in response to high intensity afferent
stimulation.
Zhang, L.P., Williams, R.G., & Bagust, J. (1993) J. Physiol. 473, 261P.

401.11

401.12

DUAL ROLES FOR EXCITATORY AMINO ACID (EAA) TRANSMISSION IN
THE ROSTRAL VENTROMEDIAL MEDULLA (RVM). M.M. Heinricher* and
S. McGaraughty. Div. Neurosurgery, Oregon Health Sciences University,
Portland, OR 97201.
Two classes of neurons with distinct responses to opioids have been
identified in the RVM, a region with a well-documented role in nociceptive
modulation. “On-cells” are directly inhibited by opioids. There is evidence
that, under various conditions, these neurons can facilitate nociception or
interfere with antinociceptive actions of opioids. “Off-cells” are activated,
albeit indirectly, by opioids, and are likely to exert a net inhibitory effect on
nociceptive processing. We showed previously that EAA neurotransmission
is crucial to the nocifensor reflex-related on-cell burst, but plays little role in
maintaining ongoing activity of off-cells or nociceptive responsiveness. The
aim of the present study was to determine whether EAA transmission
contributes to the activation of off-cells and concomitant behavioral
antinociception that ‘bllow systemic opioid administration.
The non-selective EAA receptor antagonist kynurenate was infused into
the RVM (1-2 nmol, 200-500 nl) of lightly anesthetized rats prior to adminis
tration of morphine (1.5 mg/kg iv). On-, off- and neutral cell firing and TF
latencies were recorded. As we previously showed, RVM kynurenate
infusion suppressed on-cell firing. Kyn also attenuated or blocked the
characteristic opioid activation of off-cells. Although TF latency was
unaffected by RVM kynurenate, opioid inhibition of the TF was attenuated.
These results demonstrate that EAA transmission has at least two distinct
and opposing roles within the RVM, activating on- and off-cell classes under
different conditions. The EAA-mediated activation of off-cells has an
important role in opioid analgesia.
Supported by a grant from NIDA (DA05608).

GLUTAMATE NEURONS IN THE PERIAQUEDUCTAL GRAY
IS RESPONDING TO TAIL PINCH IN RATS. Y. YamadaD. Y.

S ociety for N eu r o s c ien c e , V olume 2 3 ,1 9 9 7

Saito1)*. Y. KosakaQ. K. Kimura2) and K. Matsubara2) Departments o f
i)Anesthesiology and 2>Legal Medicine, Shimane Medical University,
Izumo, Shimane 693, Japan.
Glutamate regulates the neuronal activity in the periaqueductal gray
(PAG) which exerts a descending inhibition on spinal pain processing.
Peripheral noxious stimulation induce antinociceptive responses which
would be regulated by the PAG. However, there was no report on
glutamate release in the PAG associated with noxious stimulation.
Male Sprague-Dawley rats weighing 2 8 0 ~ 3 5 0 g were used.
Extraceller glutamate was measured in the PAG o f freely moving rats
using the microdialysis (AP; -7.8 mm, L; + 0.6 mm, bregma; -4 .0 mm)
and subsequent HPLC analysis. After the basal level o f glutamate was
determined, a 20-m in tail-pinch was performed at the tail about 5 cm
from the tip using a metal clip. The second pinch was performed one
hour after the end o f the first trial. The dialysate samples were
collected every 20 min during the experiment.
The first stimulation induced the immediate increase in extraceller
glutamate to 180% o f basal levels. The extraceller glutamate levels
were then decreased after the stimulation but did not return to the basal
levels within one hour. The second pinch also increased the glutamate
level, however the extent was smaller than that elicited by the first
pinch. The presaent results supported the hypothesis that the
descending inhibitory system is mediated by glutamate release in the
PAG during peripheral noxious stimulation.
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KAINATE RECEPTOR ANTAGONIST SYM 2081 ATTENUATES
MECHANICAL ALLODYNIA AND THERMAL HYPERALGESIA IN A RAT
MODEL OF NERVE INJURY J.L. Sutton1, P.P. Hesson3. J.M. Goldman1. G.W.
Kinp*1 and K.C. Kaiander12. ’Departments of Oral Science and 2Cell Biology &
Neuroanatomy, University of Minnesota, Minneapolis, MN 55455; 3Symphony
Pharmaceuticals Inc., Philadelphia, PA 19104.
NMDA receptor antagonists, including MK-801, attenuate mechanical allodynia and
thermal hyperalgesia in animal models of neuropathic pain. Recently, a kainate
receptor antagonist (SYM 2081) has been developed. We evaluated if this drug
reduces neuropathic pain associated with nerve injury. Adult, male, Sprague
Dawley rats (250-300g, n=42) were tested with calibrated von Frey filaments and a
radiant thermal source. Number of mechanical withdrawal responses and thermal
withdrawal latencies were measured on three days. Then, the chronic constriction
injury was produced. Briefly, animals were anesthetized, and the left sciatic nerve
was exposed and loosely ligated with four chromic gut sutures. Rats were given a
minimum of two post-operative days of rest before testing resumed. At 4-8 days
following injury, animals that displayed mechanical allodynia and thermal
hyperalgesia were injected intraperitoneally with SYM 2081 (25,50,75, or 100
mg/kg), MK-801 (0.1 mg/kg), morphine (4 mg/kg), or vehicle. Responses were
tested up to 30 min after drug injection. SYM 2081 (75 and 100 mg/kg)
significantly attenuated mechanical allodynia (Wilcoxon, p<0.05) and thermal
hyperalgesia (ANOVA and Duncan’s, p<0.05). Morphine and MK-801 also reduced
allodynia and hyperalgesia. Vehicle, 25, or 50 mg/kg SYM 2081 had no effect on
responses. These results suggest that kainate receptors may play a role in the
mechanical allodynia and thermal hyperalgesia associated with nerve injury. This
research was supported by grants from the National Institutes of Health (R43NS35827 and R01-NS29567).

ANALGESIC EFFECTS OF AMPA/KAINATE ANTAGONIST LY293558 IN HUMAN:
REDUCTION OF CAPSAICIN-EVOKED ALLODYNIA AND HYPERALGESIA BUT
NOT PAIN SENSATIONS IN NORMAL SKIN. CN Sang. M Hostetler. R flracelv A
Chappell, S Iyengar*. GLee. R Caruso. S Whitcup. and MB Max. Natl. Inst. Dent. Res., NIH,
Bethesda, MD, and Lilly Res. Labs., Indianapolis, IN
Animal data are conflicting regarding the role of AMPA antagonists. In the rat formalin paw
assay, NBQX reduced the acute phase response (Hunter and Singh, 1994),while LY293558
reduced the late phase (Iyengar, unpublished). We studied the effects of the competitive
AMPA/kainate antagonist LY293558 in 2 types of experimental pain in human volunteers that
are analogous to the 2 phases of formalin response, brief pain sensations in normal skin and
mechanical allodynia (MA)/pinprick hyperalgesia (PH) after the injection of intradermal (ID)
capsaicin (Cap). Dose escalation/Effect on pain in normal skin (n=18): Escalating doses of
LY293558 woe given as 15 min IV infusions to determine each subject’s maximum tolerated
dose (MTD). During each session, we evaluated electrical detection (DT)/pain thresholds
(PT) (2 ms pulse constant current), warm/cool/heat pain DT/PT (Peltier probe), and pain
intensity (PI)/discomfort (PD) of 2 s stimuli at 1°C, 2°C and 3°C above pre-drug heat pain
threshold. Mean MTD was 1.2 (range 0.9-1.8 ) mg/kg.There were no significant changes in
electrical/warm/ cool DT/PT, and PI/PD of 3 heat pain stimuli. Tests of cognitive/neurological
function were unchanged.Side effects were mild (lightheadedness/headache/foggy vision).
Electroretinogram, visual evoked response, and visual fields were unchanged from baseline
during repeat infusions at 1.8 mg/kg in one subject. Effect on Cap-evoked pain Cn=7):
Subjects then entered a double-blinded 3-period crossover study. Study drug infusions
(100%MTD vs. 33% MTD vs. placebo) began 10 min after ID injection of 250 meg Cap in
volar forearm.Spontaneous PI/PD (20 point scale), areas of MA/PH, and side effects were
determined every 5 min fa* 60 min. Spontaneous PI/PD and area of MA over the experiment
were significantly lower with 33%MTD (overall mean PI=8.3/20, PD=7.9/20, MA=20.5cm2,
PH=44.8cm2) and 100%MTD (PI=7.5, PD=7.1, MA=16.9, PH= 33.4) than placebo (PI=10.2,
PD=9.4, MA=25.2, PH=45.8). PH was significantly lower in subjects receiving 100%MTD
vs. placebo. These results suggest that AMPA/kainate receptor blockade has little effect on
pain transmission following brief noxious stimuli to normal skin, but may block the spinal
neuron sensitization that mediates Cap-evoked allodynia and hyperalgesia.
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REDUCTION OF TEMPORAL SUMMATION OF NOCICEPTIVE FLEXION
(RIII) REFLEX AND PAIN AFTER LOW SYSTEMIC DOSES OF KETAMINE.
P.JpuhasstaL i. F. Qufrimand, SLPuppnt, and M ., ,Q m m i n s e r m U-161 and
Dept, of Anaesthesiology, Ambroise Par6 Hospital, Paris, France.
In animals, the responses of spinal nociceptive neurons and nociceptive reflexes
increase progressively during repetitive electrical stimulation of peripheral C-fibres.
This "wind up" phenomenon, which is due to the temporal summation of
nociceptive signals in the spinal dorsal horn, is reduced by NMDA receptors
antagonists such as ketamine. In the present study we evaluated in man, the effects
of low systemic doses of ketamine on the temporal summation of both the
nociceptive flexion (RIII) reflex and pain sensation.
The RIII reflex elicited by electrical stimuli of the sural nerve at the ankle was
recorded from the ipsilateral biceps femoris in 6 healthy volunteers. We studied both
before and after the randomized intravenous injection of 0.15 mg/kg ketamine or
placebo : 1) the RIII reflex threshold; 2) the recruitment curve of the reflex up to
the tolerance threshold ; 3) the temporal summation of the reflex and pain during a
series of repetitive electrical stimuli (frequency: 1 Hz ; duration : 15 s ; intensity :
1.2 x the reflex threshold).
The threshold of the RIII reflex and its recruitment curve were not significantly
altered after the injection of ketamine or placebo. During the series of 15 electrical
stimuli, a progressive increase of both the reflex reponses and pain sensation (which
peaked approximately at the fifth stimulus) was observed. These facilitatory effects
were significantly reduced after ketamine but not modified after placebo.
These results show that the temporal summation of nociceptive stimuli facilitates
the RIII reflex. They suggest that the wind up phenomenon can be elicited by the
stimulation of A delta peripheral fibres through ketamine sensitive processes. The
RIII reflex might constitute an interesting tool to quantify and analyse in man, the
mechanisms underlying the central temporal summation of nociceptive inputs,
which may have a significant role in the pathophysiology of both acute and chronic
pain syndromes.

H-OPIOID RECEPTOR PLASTICITY IN THE SUPERFICIAL DORSAL HORN
FOLLOWING SCIATIC NERVE TRANSECTION. J.F. deGroot*. R.E.
Cogeeshall. and S.M. Carlton. Department of Anatomy and Neuroscience and
Marine Biomedical Institute, University of Texas Medical Branch, Galveston,
Texas, 77555-1069.
Some neuropathic pain states have been shown to be resistant to intravenous
opioid therapy. It has been postulated that this effect may be due to a decrease in
opioid receptor levels in the dorsal horn following peripheral nerve or dorsal root
injuiy. The present study was designed to quantitate changes in (j. receptor levels in
the dorsal horn following sciatic nerve transection.
Male Sprague-Dawley rats (n=3) were perfused with mixed aldehydes either 14 or
31 days after sciatic transection. Standard immunocytochemistry processing was
performed on spinal segments Lland L4-L6 using a (j. opioid receptor antibody
(MORI). Each superficial dorsal horn was divided into a lateral, middle and medial
third and the integrated optical densities (IOD) were determined in each third using
an image analysis system.
At 14 days post-injury, there was a significant decrease in staining in L4-L6
ipsilateral to the lesion in the lateral, middle and medial thirds when compared to
the contralateral side (17%, 34%, and 49% decreases, respectively; p<0.05). On the
nerve-injured side, a significantly denser band of staining remained in lamina II
inner compared to laminae I and II outer. This differential staining pattern was not
seen on the control side, where laminae I and II were homogeneously stained. At 31
days post-injury, none of these changes persisted. There were no changes in ^
receptor staining density in the LI segment at either 14 or 31 days.
We conclude that }.i receptor staining densities decrease transiently in the
superficial dorsal horn following sciatic nerve transection and that these changes
may contribute to the varying sensitivities to opiate pain management observed in
nerve-injured patients. (Supported by NIH grants NS11255, NS27910, and
NS10161).
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UPREGULATION OF AMPA RECEPTORS IN LAMINAE III-V FOLLOWING
DORSAL
RHIZOTOMY:
EVIDENCE
FOR
GLUTAMATE
SUPERSENSITIVITY. G. L. Hargett*. R.E. Cogeeshall and S.M. Carlton. Dept,
of Anatomy and Neuroscience, Marine Biomedical Institute, University of Texas
Medical Branch, Galveston, Texas 77555-1069.
Glutamate receptors are found on primary afferent neurons and intrinsic cells of
the dorsal horn. Since glutamate is a major sensory neurotransmitter in the spinal
cord, changes in the concentration or distribution of glutamate receptors may alter
sensoiy transmission. The goal of the present study was to analyze the changes in
AMPA receptor distribution following loss of primary afferent fibers.
Five rats were anesthetized and at least 5 consecutive lumbosacral dorsal roots
were transected on one side. Three days postsurgery, the animals were
reanesthetized and perfused with aldehydes. The rostral-caudal extent of the
rhizotomized segments were verified and the middle segment removed, sectioned
and immunostained for CGRP or for the GluRl, or GluR2,3 subunits of the AMPA
receptor.
CGRP staining density was markedly decreased on the operated side, confirming
the success of the rhizotomy. For the AMPA subunits, GluR2,3 staining density
was decreased in laminae I and II on the deafferented side. Thus, removal of fine
primary afferents terminating in this region results in loss of the GluR2,3 subunits
localized on these fibers. GluRl staining density was increased in laminae III-V on
the deafferented side. Thus, removal of large diameter primary afferents
terminating in this region results in an upregulation of receptors on intrinsic
neurons in laminae III-V. This is morphologic evidence suggesting the
development of supersensitivity for the GluRl AMPA subunits in these deeper
laminae. These changes in receptor density may contribute to chronic pain states
that sometimes follow deafferentation. (Supported by NIH grants NS 11255.
NS27910 and NS1016I).

5HT2ARECEPTORS IN PERIPHERAL SENSORY AXONS IN RAT GLABROUS
SKIN Susan M. Carlton* and Richard E. Coggeshall. Department of Anatomy and
Neuroscience, Marine Biomedical Institute, University of Texas Medical Branch.
Galveston, Texas 77555
Serotonin (5HT) is a well known inflammatory mediator and algesic substance.
It has been hypothesized that 5HT has a direct action on peripheral axons, but
serotonergic receptors have not been anatomically localized on peripheral primary
afferents. The goal of the present study was to identify 5HT2A receptors on sensory
axons in the rat.
Male Sprague-Dawley rats (125-200 gm, N=3) were anesthetized and perfused
with mixed aldehydes. Glabrous skin from the plantar surface of the toe was
removed and cut into blocks (lOO^m). Blocks were immunostained using an
antibody against the 5HT2A receptor (PharMinGen, 1:250). Following osmication.
blocks were dehydrated and embedded in plastic. Bundles of unmyelinated axons at
the dermal/epidermal junction were photographed and percentages of 5HT: a
labeled axons determined.
Analysis showed that 32% of the unmyelinated axons at the dermal-epidermal
junction were stained for 5HT2A. Furthermore, encapsulated nerve endings in
Pacinian corpuscles were also immunostained. Axons that were positively stained
often had reaction product either diffusely distributed within the axoplasm or
associated with discrete patches of axonal membrane.
This study presents evidence for direct serotonergic control of unmyelinated and
myelinated sensory fibers in the skin through 5HT2A receptors. 5HT has been
shown to potentiate pain produced by other inflammatory mediators. The findings
suggest that peripherally acting 5HT antagonists would reduce pain of peripheral
origin by preventing activation of 5HT receptors or by inhibiting synergistic
interactions which result in pain and hyperalgesia. (Supported by NIH grants
NS11255 and NS27910).
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GLUTAMATE RECEPTORS ON POSTGANGLIONIC SYMPATHETIC
AXONS: EVIDENCE FOR A LOCAL SENSORY-SYMPATHETIC
REFLEX. R.E. Coggeshall*. K. Chung. Z. Ding and S.M. Carlton. Dept, of
Anatomy and Neuroscience, Marine Biomedical Institute, UTMB, Galveston,
TX 77554
Postganglionic sympathetic neurons (PSN) are a major source of peripheral
noradrenaline (NA) and other substances that influence local circulation and
exacerbate certain pain states. Understanding the control o f PSNs is of
considerable importance. These neurons are controlled by the classic
presynaptic drive from preganglionic neurons. The present study provides
evidence that glutamate may also control PSNs.
Male Sprague-Dawley rats (n=6) were perfused with mixed aldehydes. The
L2-L6 sympathetic ganglia with attached grey rami were removed and
immunostained with antibodies against subunits o f the ionotropic glutamate
receptors: NMDAR1 (NMDA), GluRl (AMPA) or GluR5,6,7 (kainate).
Percentages o f labeled axons were determined for each antibody. Counts of
unmyelinated axons in the grey rami demonstrated that 36% were labeled for
NMDAR1, 10% for GluRl and none were labeled for the kainate subunits.
If these localizations indicate the presence o f functional glutamate receptors,
this would imply that glutamate released from primary afferent terminals could
activate these receptors resulting in the release o f NA or other substances from
PSN. This interaction would constitute a non-synaptic, sensory-sympathetic
peripheral reflex that might be important in local vascular control and in pain
states that have a sympathetic component. (Supported by NIH grants
NS11255, NS27910, and NS10161).

INHIBITION
OF
FORMALIN-INDUCED
NOCICEPTIVE
BEHAVIOR
FOLLOWING INTRAPERITONEAL INJECTION OF AN ANTAGONIST OF THE
GLYCINE MODULATORY SITE OF THE NMDA RECEPTOR. S. Zhou* and S.M.
Carlton. Department of Anatomy and Neuroscience, Marine Biomedical Institute.
University of Texas Medical Branch, Galveston, TX 77554
5,7-Dichlorokynurenic acid (DCKA) is a potent excitatory amino acid receptor
antagonist and binds to the strychnine-insensitive glycine site located on the NMDA
receptor complex. Previous work in our lab demonstrated that NMDA receptors were
present on peripheral unmyelinated axons and that intraplantar injection of NMDA
resulted in pain behaviors. The present study investigated whether systemic DCKA
could decrease formalin-induced nociceptive behaviors in rats.
DCKA (0.1, 10, or 60 mg/kg) or saline was injected i.p. into male SpragueDawley rats (n=7 in each group). Thirty minutes later, 2% formalin (50ul) was
injected into one hindpaw in the same animals. Formalin-induced flinching and
lifting/licking behaviors were recorded for 5 minute intervals for 75 minutes post
formalin injection.
Compared to the saline group, DCKA produced a dose-dependent decrease in
nociceptive behaviors. At 60mg/kg, DCKA decreased phase 1 and 2 flinching and
licking/lifting. Glycine (120mg/kg, i.p.) injected 90 minutes before DCKA prevented
the antinociceptive effects of DCKA.
DCKA has little effect on central nervous system activity since it does not cross the
blood brain barrier at this dose. Hence, we hypothesize that DCKA attenuates
formalin-induced nociceptive behaviors by antagonizing peripheral glycine sites
associated with the NMDA receptor. The data indicate that drugs in this class may be
useful therapeutic agents for treating pain of peripheral origin. (Supported by NIH
grants NS11255 and NS27910).
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EFFECT O F NOCICEPT1N (ORPHANIN FQ) ON PREG NANCY AND
OVARIAN SEX STEROID-INDUCED ANTINOCICEPTION. M. DawsonBasoa and A.R. Gintzler*. SUNY Health Sciences Center at Brooklyn,
Brooklyn N.Y. 11203.
Nociceptin (Orphanin FQ) is a newly discovered endogenous
heptadecapeptide substrate for the opioid-receptor-like 1 receptor
that bears striking amino acid sequence homology to opiate
receptors.
In rats, its intrathecal (i.t.) administration is without
effect on basal thresholds for responsiveness to electric foot shock.
During either late gestation or its hormonal simulation, however,
when nociceptive thresholds are elevated by approximately 70% ,
i.t. nociceptin substantially attenuates jump thresholds in a dosedependent fashion. Nociceptin's hyperalgesic effect is not limited to
attenuating the gestational or sex steroid-induced increment in pain
thresholds. Following i.t. application of 20 nmol of this peptide, the
gestational or sex steroid-induced increment in jump thresholds is
not only abolished but pain thresholds are significantly lower than
those observed prior to conception or sex steroid administration.
These results underscore the importance of the hormonal milieu to
nociceptin hyperalgesic sensitivity. The potential contribution of
spinal nociceptive pathways that utilize nociceptin to the etiology of

NOCICEPTIN/ORPHANIN FQ BLOCKS ANALGESIA PRODUCED BY
OPIOID AND NON-OPIOID COMPOUNDS IN MODELS OF ACUTE
AND FACILITATED PAIN.
RD Smith.* ME Grzelak. M Latranvi. JE Lachowicz. VL Coffin and EJ
Svbertz Schering-Plough Research Institute, Kenilworth NJ 07033.

Central injections of the newly-identified neuropeptide
nociceptin/orphanin FQ (N /O F Q ) have been associated with
the production of hyperalgesia in mice. In order to determine
whether an interaction between N /O F Q and agents known to
produce therapeutic analgesia may exist, hyperalgesia
produced by N /O F Q in the mouse tail-flick assay or rat yeast
paw, was challenged with either morphine or baclofen, or
morphine or acetam inophen, respectively. N /O F Q given
alone at a dose of 10 nmol produced a modest reduction in
tail-flick reflex latency (hyperalgesia). Naloxone was
ineffective in blocking this hyperalgesia. N /O F Q also
inhibited tail-flick analgesia produced by either morphine,
dynorphin or baclofen in a dose-dependent manner.
Alternatively, analgesia produced with acetam inophen in the
rat yeast paw was not affected by N /O F Q . Thus N /O F Q is
able to diminish analgesia through the blockade of opioid or
GABAergic, but not antipyretic, mechanisms.

extraordinary painful pregnancy and labor should not be ignored.
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DIFFERENTIAL EFFECTS OF AXOTOMY ON THE SENSITIVITY OF
DORSAL ROOT GANGLIA (DRG) CELLS TO MORPHINE AND
NOCICEPTIN. Fuad A. Abdulla and Peter A. Smith*. Department of
Pharmacology, University of Alberta, Edmonton, T6G 2H7, Canada.
Hie management of sympathetically-maintamed chronic pain caused by peripheral
nerve injury is a therapeutic challenge because there is considerable debate as to the
effectiveness of opioid analgesics in this situation. Nociceptin is an endogenous ligand
for the opioid-like LC132 receptor which, in physiological experiments, produces
effects similar to morphine. In some behavioral effects however, nociceptin has been
reported to produce hyeralgesia. The aim of the present study was to investigate die
effects of nerve injury (axotomy) on the sensitivity of DRG neurones to morphine and
nociceptin. 2-7 weeks after axotomy, DRG cells were dissociated and examined by
whole-cell recording. In control cells, both morphine and nociceptin (both at l(iM)
decreased the action potential duration and increased the excitability of the small
cells. These effects invoked suppression of Iq, and Ca2^-sensitive K+conductance(s).
Naloxone (1 |iM) blocked the effects of morphine but not that of nociceptin.
Medium and large cells were affected to a lesser extent than the small-cells.
Nociceptin but not morphine selectively blocked T-type Ca2+ channels in a
concentration-dependent manner. After axotomy, the response of DRG cells to
morphine was decreased (i.e. morphine caused less increase in excitability and less
suppression of 1^). In contrast, the response of the DRG cells to nociceptin was
significantly increased after axotomy. The decreased sensitivity of DRG cells to the
analgesic opioid morphine and the increase in sensitivity to to the potentially
hyperalgesic nociceptin may play be pertinent to the aetiology of chronic pain
syndromes invoked by peripheral nerve injury, and may also explain the low efficacy
of morphine in the management of this type of pain.
Supported by Alberta Heritage Foundation and MRC of Canada.
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INTRATHECAL SELECTIVE AGONISTS OF OPIOID RECEPTORS AND
NOCICEPTIN REDUCE CHRONIC MECHANICAL- AND C O lD ALLODYNIA IN SPINALLY INJURED RATS. X.-J. Xu*. J.-X. Hao. W. Yu
and Z. Wiesenfeld-Hallin. Section of Clinical Neurophysiology, Karolinska
Institute, Huddinge University Hospital, S-141 86 Huddinge, Sweden
Ischemic spinal cord injury in rats leads to chronic pain-related behaviors.
Thus, rats exhibit allodynia-like reactions to innocuous mechanical and cold
stimuli applied to skin at or rostral to the dermotome innervated by the injured
spinal segments. Intrathecal (i.t.), but not systemic, morphine alleviates the
chronic allodynia-like behavior at doses higher than those required to induce
thermal antinociception. We now assessed the effect of selective agonists of
various opioid receptors, as well as nociceptin, in alleviating mechanical and cold
allodynia.
I.t. DAMGO (selective |j. receptor agonist), DPDPE (selective 8 receptor
agonist) and nociceptin dose-dependently relieved the chronic allodynia-like
behavior without notable side effects. The anti-allodynic effect of DAMGO and
DPDPE was reversed by the selective |_i and 8 receptor antagonists CTOP and
naltrindole, respectively. The potency of the anti-allodynic effect of DAMGO and
DPDPE was similar to their antinociceptive effect measured with the tail flick
test. The potency of the anti-allodynic effect of nociceptin, which was not
reversed by naloxone, was stronger than its antinociceptive effect. In contrast, the
selective k receptor agonist U50488H did not alleviate the allodynia-like
behavior, but rather enhanced it. No significant effect by U50488H on the tail
flick latency was observed. The antinociceptive and anti-allodynic effect of i.t.
DAMGO was blocked by U50488H.
Activation of spinal p. and 8 , but not k, opioid receptors as well as receptors
for nociceptin, produced anti-allodynic effect in this model of central pain. Drugs
which act selectively on opioid receptor subtypes may be useful in managing
chronic central pain of spinal origin with reduced side effects and tolerance.
Supported by the Swedish MRC and Astra Pain Control
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NOCICEPTIN: DIFFERENT DOSES FOR ANTINOCICEPTIVE VS.
ANTI-HYPERALGESIC EFFECTS J. Ritchie* and J.L. Henrv. Depts.
of Physiology & Psychiatry, McGill University, Montreal, QC H3G 1Y6
Nociceptin, the endogenous ligand for the ORL-1 receptor which is
negatively coupled to adenylate cyclase, shares sequence homology with
prodynorphin, and one might expect nociceptin to have antinociceptive
properties. However, the earliest report suggested that nociceptin is pronociceptive when given i.c.v. The present study determined the effects of
spinal administration of nociceptin in 4 paradigms of nociception, including
one of acute nociception and 3 of hyperalgesia. Male Sprague Dawley rats
(300-350 g) were used in the tail-flick test. In awake rats (n = 6),
nociceptin decreased baseline reaction time only at the highest dose of 6.5
nmol intrathecally (ith.). However, the hyperalgesia induced by ith.
administration of substance P (6.5 nmol, n = 6) and the hyperalgesia
induced by ith. administration of NMDA (1 nmol, n = 6) were depressed
at doses as low as 0.065 nmol. Control animals given CSF ith. (n = 10)
exhibited normal responses to substance P and NMDA administration. In
rats anesthetized lightly with pentobarbital (20 mg/kg) and chloral hydrate
(120 mg/kg), and given 10 mg/kg naloxone, immersion of the tip of the tail
for 90 s in water at 55°C elicited the previously-reported hyperalgesia. A
second immersion in control rats (n = 8) and in rats given 0.065 nmol of
nociceptin (n = 4) elicited an identical hyperalgesia; in those given 0.65
nmol of nociceptin (n = 4) just after the first hyperalgesic response, the
second such response was not observed. It is possible that the highest dose
produced "antinociception" via motor inhibitory actions. Our data support
the idea that nociceptin at the spinal level has anti-hyperalgesic properties.

REVERSAL OF PAG MEDIATED ANTINOCICEPTION BY A LOCAL
ACTION OF ORPHANIN FQ IN THE RAT. M.M. Morgan*. J.E. Grisel.
C.S. Robbins, and D.K. Grandv. Dept, of Psych., Washington State Univ.,
Vancouver, WA 98686, & The Vollum Inst., OHSU, Portland, OR 97201.
Microinjection of morphine or kainic acid (KA), an excitatory amino acid,
into the periaqueductal gray (PAG) produces antinociception. Orphanin FQ
(OFQ), the endogenous ligand for its own opioid-like receptor, has been
reported to attenuate the antinociceptive effects of morphine by a supraspinal
mechanism (Grisel et al., 1996; Heinricher et al., 1996; Mogil et al., 1996).
The objective of the present study was to determine whether: 1) OFQ reverses
antinociception evoked from PAG, and 2) OFQ inhibition is specific for
antinociception mediated by opioids.
Male Sprague-Dawley rats were implanted with a guide cannula aimed at
the ventrolateral PAG. At least 1 week following surgery, morphine (5 |ig/0.4
|il) or KA (40 pmol/0.4 |il) was injected into the PAG and antinociception
assessed with the tail flick test to 52 °C water. Rats in which tail flick
inhibition was produced were injected with OFQ (10 nmol/0.4 |xl) or artificial
CSF and tested again.
OFQ microinjection reversed the inhibition of the tail flick reflex produced
by morphine or kainic acid administration. This reversal had a rapid onset and
comparable magnitude for morphine and KA (54 and 37% of the morphineaCSF and KA-aCSF treated groups, respectively). These data are consistent
with previous reports showing that i.c.v. or RVM administration of OFQ
reverses antinociception produced by morphine administration, and extend
these findings by demonstrating that this inhibition is not specific for opioid
antinociception, but may reflect a general inhibition of PAG neuronal activity.
Funded by NIDA grant DA08562 to D.G. J.G. was supported by NIAAA
grant AA07468.
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402.7

402.8

EFFECT OF ORPHANIN FQ ON FORMALIN PAIN AND ACUPUNCTURE
ANALGESIA IN RATS*. C.B. Zhu. H.F. Chen. X.D. Cao. S.F.Xu. G.C.Wu . State Key
Lab. of Med. Neurobiology, Shanghai Med. Univ., Shanghai 200032, China.
Although previous works in our and other labs have demonstrated the involvement of
orphanin FQ (OFQ) in nociception and' antinociception in physiological state, the effect of
OFQ on inflammatory pain is yet to be clarified. The present experiment was carried out
to investigate the action of OFQ on formalin induced inflammatory pain and the
inhibition by acupuncture in rat model. Formalin (5%, 60 p 1) was injected
subcutaneously into the plantar surface of one rear paw, OFQ was injected
intracerebroventricularly (icv) just before the formalin injection. Electroacupuncture (EA)
was applied at “Zu-San-Li” (St 36) and “Kun Lun”(UB60) points in the hindlimb with
injected paw 30 min before the formalin injection.
The results showed that the formalin induced pain behaviors were not affected by 0.1
¡j g (55 pmol) OFQ. When larger doses of OFQ (1, 5, 10 or 20 Mg) was given, the rats
showed longer lifting and more frequent licking, biting or shaking the affected paw, and
the pain intensity rating was higher than in control rats (P<0.05 or 0.01), which were
dose-related, indicating OFQ enhanced the formalin pain. However, 10 (j g and 20 Mg
OFQ induced obvious ataxia of rats 30 min after icv injection (about 40% and 90%,
respectively). Repeated icv treatment of rats with antisense oligodeoxynuceotide (ODN)
to OFQ receptor resulted in the decreased pain behavior, at such instance, OFQ did not
show the enhancing effect in formalin pain. Mismatch ODN had no such effect. EA had
obvious analgesic effect in formalin test, showing in the shortening the time of lifting,
licking orbiting. Icv injection of OFQ (0.1 ja g) attenuated EA analgesia. When antisense
but not mismatch ODN was repeatedly injected into the rat brain, the OFQ did not alter
the EA action on formalin pain. The results in present study suggest that OFQ dosedependently enhances the pain behavior of rats and antagonizes acupuncture analgesia in
inflammatory state. ‘Supported by NSFC (No39670901) and STCS(No95XD 14004).

NOCICEPTIN (ORPHANIN FQ) MODULATES RESPONSES OF TRIGEMINAL
NEURONS EVOKED BY EXCITATORY AMINO ACIDS AND SOMATOSENSORY
STIMULI, AND BLOCKS THE SUBSTANCE P INDUCED FACILITATION OF
NMDA-EVOKED RESPONSES.X-_M^Wang^ K. M. Zhang and S.S. Mokha. Department
of Anatomy and Physiology, Meharry Medical College, Nashville, Tennessee 37208.
We reported recently [Wang et- al- (1996). J. Neurophysiology, 76: 3568-3572] that
nociceptin (orphanin FQ), an endogenous ligand for the ORLj receptor, primarily inhibits
the responses of trigeminal neurons evoked by excitatory amino acids and somatosensory
stimuli. The present investigation was designed to carry out a detailed analysis of the
effects of nociceptin administered microiontophoretically in the medullary dorsal horn or
given intracerebroventricularly (icv) on responses evoked by excitatory amino acids,
noxious and non-noxious stimuli, and on the substance P induced facilitation of NMDAevoked responses. Extracellular single-unit recordings were made from nociceptive specific
(NS), wide dynamic range (WDR) and low threshold (LT) neurons in the superficial and
deeper dorsal horn of the medulla (trigeminal nucleus caudalis) in anesthetized rats
(urethane or pentobarbital) using the central barrel of a seven-barrel micropipette. The
remaining barrels were filled with freshly made solutions of the following drugs: nociceptin
(5mM in double-distilled boiled water, pH 5.0); NMDA; AMPA; AP5; U-50, 488H; and
naloxone hydrochloride. Microiontophoretic application of nociceptin reduced the NMDAevoked responses in 85% of neurons and AMPA-evoked responses in 86 % of neurons.
Nociceptin also reduced the responses evoked by noxious and non-noxious stimuli.
Microiontophoretically applied naloxone that antagonized the effects of DAMGO or UU50,488H did not reverse the effects of nociceptin. Nociceptin blocked the induction and
maintenance of substance P induced facilitation of NMDA-evoked responses in 95 % of
neurons. Nociceptin administered icv reduced the NMDA-evoked responses in 70 %
neurons whereas the AMPA-evoked responses were facilitated in 64 % of neurons. Based
on the predominantly inhibitory modulation of responses by nociceptin, we suggest that
nociceptin produces antinociceptive action in the medullary dorsal horn.
Supported by NIH (DE 10903; RR 03032) and NSF (HRD-9255157)

402.9

402.10

GENDER-SPECIFIC MODULATION OF RESPONSES OF TRIGEMINAL
NOCICEPTIVE NEURONS BY KAPPA OPIOIDS. K.-M. Zhang*, X.-M. Wang and S.S.
Mokha. Department of Anatomy and Physiology, Meharry Medical College, Nashville,
Tennessee 37208.
It was reported recently that kappa opioids produce significantly stronger analgesia in
women than in men [Gear et al. (1996). Nature Medicine, 2: 1248-1250]. The present
investigation was designed to find neural correlates for these clinical observations, and to
determine if gonadal hormones contribute to gender-specific modulation by kappa opioids.
Extracellular single-unit recordings were made from nociceptive specific (NS), wide
dynamic range (WDR) and low threshold (LT) neurons in the superficial and deeper dorsal
horn of the medulla (trigeminal nucleus caudalis) in anesthetized (urethane) rats using the
central barrel of a seven-barrel micropipette. The remaining barrels were filled with freshly
made solutions of the following drugs: NMDA; AMPA; U-50,488H; and U-69,593. In the
superficial dorsal hom, microiontophoretic application of U-50,488H reduced the NMDAevoked responses in 100 % (3/3) of NS and 67 % (4/6) of WDR neurons in the female as
compared to 0% of NS (0/3) and 17 % (1/6) of WDR neurons in the male. Kappa opioids
in the male reduced the NMDA-evoked responses of 11 %, facilitated the responses in 56 %
and produced a biphasic change in the responses of 22% of nociceptive neurons (NS,
WDR) as compared to the inhibitory effect on 78% of nociceptive neurons in the female.
Further, the duration of inhibition was longer in the female as compared to the male. In the
deeper dorsal hom, U-5Q,488H reduced the NMDA evoked responses in 100% of WDR
neurons in the female as compared to 33 % (3/9) of neurons in the male. A biphasic effect
was observed in the remaining 6/9 neurons in the male. Inhibition was produced at lower
currents in the female than the male. In preliminary studies on ovariectomized rats, effects
of U-50,488H appear to be similar to those observed in the male. Our observations provide
a neural correlate for the clinical observations of the greater efficacy of kappa opioids in
women and indicate a possible role for gonadal hormones in generating gender-specific
actions of kappa opioids.
Supported by NIH (DE 10903; RR 03032) and NSF (HRD-9255157)

ACTIVATION OF OPIOID RECEPTORS Qi , 6 , k ) MODULATES THE NMDAAND THE NON-NMDA-EVOKED RESPONSES OF TRIGEMINAL NEURONS. S.S.
Mokha*, K.rM. Zhang and_X.-M. Wang. Department of Anatomy and Physiology,
Meharry Medical College, Nashville, Tennessee 37208.
We reported recently that selective opioid agonists at the mu and delta opioid receptors
modulate NMDA-evoked responses of neurons in the superficial and deeper dorsal hom
of the medulla [Zhang, Wang and Mokha, Brain Research (1996) 719: 229-233]. The
present investigation was designed to examine the effects of activation of opioid receptors
(p. , 6, k) on the NMDA and non-NMDA (AMPA, Kainate) receptor mediated responses
of trigeminal nociceptive and non-nociceptive neurons. Extracellular single-unit recordings
were made from nociceptive specific (NS), wide dynamic range (WDR) and low threshold
(LT) neurons in the superficial and deeper dorsal hom of the medulla (trigeminal nucleus
caudalis) in anesthetized (urethane) male rats using the central barrel of a seven-barrel
micropipette. The remaining barrels were filled with freshly made solutions of the
following drugs: NMDA; AMPA; Kainate; DAMGO; DPDPE; U-50,488H; BNTX;
naloxone hydrochloride. Activation of mu and delta opioid receptors produced a
predominantly inhibitory modulation of the NMDA-evoked responses of 148/173 neurons
(NS, WDR, LT), AMPA-evoked responses of 44/58 neurons and KA-evoked responses
of 29/34 neurons. In contrast, the kappa opioid agonists reduced the NMDA-evoked
responses of 6/20 and facilitated or produced a biphasic effect on the responses of 13/20
neurons. The AMPA and Kainate-evoked responses were predominantly reduced by kappa
opioid agonists. Inhibitory effects of DAMGO and DPDPE were antagonized respectively
by naloxone and BNTX. We conclude that opioid receptor activation with the exception of
kappa opioid receptors produce a predominantly inhibitory modulation of NMDA and nonNMDA receptor mediated responses of medullary dorsal hom neurons.
Supported by NIH (DE 10903; RR 03032) and NSF (HRD-9255157)
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402.11

402.12

ANTAGONISTIC MODULATION BETW EEN THE DELTA-OPIOID
AGONIST BW373U86 AND THE M i/ OPIOID AGONIST FENTANYL
IN MICE. H. O. Pettit*. S. J. O’Neill. M. Collins. R. W. McNutt & K-J.
Chang. Delta Pharmaceuticals, Inc. Research Triangle Park, NC 27709.
This study was performed to assess the interactions that occur between
delta and mu opioid receptors by studying effects o f the systemically
active nonpeptide delta agonist, BW373U86 and the mu agonist, fentanyl
in mice. Concentrations o f the compounds were varied and analgesic
responses were determined by 55°C hot-plate assays. BW373U86
produced hot-plate antinociceptive activity along with convulsive side
effects.
These effects could be antagonized by the selective deltaantagonist, naltrindole. Fentanyl produced hot-plate antinociceptive
activity with Straub tail and hyperactivity as side effects. When
BW373U86 and fentanyl were co-administered, BW373U86 convulsive
activity was attenuated by fentanyl in a dose-dependent manner and the
fentanyl-induced Straub tail effect was antagonized by BW373U86, again
in a dose-dependent manner. Hot-plate analgesic activity was additive
between the two compounds. The delta antagonist naltrindole partially
antagonized the ability of BW373U86 to block the fentanyl-induced
Straub tail effect. The m u antagonist P-FNA antagonized the fentanylinduced blockade of the convulsive effects o f BW373U86. These data
suggest that complex inhibitory interactions take place between mu and
delta receptors in mice. Future studies are clearly needed to study the
neuromodulatory effects of opioid receptors. The wide spread clinical use
o f mu agonists indicates that a large number of patients exist which could
greatly benefit from the conjunctive use of delta pharmaceuticals.

ADL 01-0001-6, ADL 01-0002-4 AND ADL 01-0003-2, NOVEL
OPIATE ANTMYPERALGESIC AGENTS. L. Cortes-Burgos*. V.
Kumar. J.D. Daubert. R.N. DeHaven and D.L. DeHaven-Hudkins.
Adolor Corporation, Malvern, PA 19355.
ADL 01-0001-6, ADL 01-0002-4 and ADL 01-0003-2 are
analogs o f our development compound ADL 2-1294 and are opiate
agonists with affinity for the jj. (K j = 4.0, 2.2 and 2.5 nM,
respectively), 5 ( K ; = 120, 68 and 15 nM) and k ( K j = 1400, 2200
and 4700 nM) subtypes o f the cloned human opiate receptor.
Intrapaw (i.paw) injection o f ADL 01-0001-6, ADL 01-0002-4 and
ADL 01-0003-2 results in potent antinociception during the late
phase o f formalin-induced flinching in the rat (A50 = 4.8, 4.9 and
19 pg, respectively). In the Freund’s adjuvant-induced hyperalgesia
model, peak antinociception for each compound occurs between 12 hr following i.pl. injection o f 300 pg, and at 15 min following
i.paw injection in the tape stripping-induced hyperalgesia model.
The ED50values for ADL 01-0001-6, ADL 01-0002-4 and ADL
01-0003-2 in the latter model are 363, 184 and 221 fig. ADL 010001-6, ADL 01-0002-4 and ADL 01-0003-2 are antinociceptive in
three models o f inflammation-induced hyperalgesia, and these
compounds have potential therapeutic utility as antihyperalgesic
agents.

402.13

402.14
CROSS-TOLERANCE BETWEEN ANALGESIA PRODUCED BY XYLAZINE
AND SELECTIVE OPIOID RECEPTOR SUBTYPE TREATMENTS. T. Ware.
and D. Paul*. Department of Pharmacology and Centers for Neuroscience and
Alcohol and Drug Abuse, LSU Medical Center, New Orleans, LA 70112.
Opioid receptor agonist - alpha2-adrenoceptor agonist rotating schedules have been
proposed in treating chronic pain patients in an effort to avoid adverse effects of these
drugs and retard the development of tolerance. However, opioids produce their
effects through multiple opioid analgesic systems. To understand how multiple opioid
analgesic systems interact with alpha2 adrenoceptor analgesic systems, analgesic
cross-tolerance between the alpha2 adrenoceptor agonist xylazine and opioid receptor
agonists was studied using the mouse tail-flick assay. Groups of mice (n > 10 per
group) received either xylazine or saline for five days with testing for percent mice
analgesic on days one and five. On day six, each group of mice received a dose of
either subcutaneous (s.c.) xylazine, intracerebroventricular (i.c.v.) [DAla2,MePhe4,Gly(ol)5]enkephalin (DAMGO), intrathecal (i.t.) Tyr-Pro-Trp-Gly-NH2
(Tyr-W-MIF-1), i.c.v. or i.t. [D-Pen2,D-Pen5]enkephalin (DPDPE), i.c.v. [DAla2]deltorphin II (deltorphin II), or s.c. trans-(+ -)-3,4-dichloro-N-methy-N-[2-( 1pyrrolidinyl)-cyclohexyl] benzenacetamide (U50,488). Mice tolerant to xylazine (20
mg/kg) required 4.57 (c.i. 0.978-33.19)-fold more xylazine to elicit the same response
as saline treated animals. Xylazine tolerant mice also showed a 2.55 (c.i. 0.71513.13)-fold shift in i.c.v DAMGO and a 3.37 (c.i. 1.39-15.74)-fold shift in i.c.v.
DPDPE. No cross tolerance was seen with i.c.v. deltorphin II, i.t. DAMGO, i.t.
DPDPE, i.t. Tyr-W-MIF-1 or s.c. U50,488). These results suggest alpha2
adrenoceptor mediated systems modify mu, and supraspinal delta, opioid analgesic
circuitry.
Supported by the National Institute on Drug Abuse (DA07379).

EFFECTS OF PERIPHERAL ADMINISTRATION OF 5 OPIOID
RECEPTOR AGONISTS IN MODELS OF INFLAMMATORY
HYPERALGESIA. S.L. Gottshall and D.L. DeHaven-Hudkins*.
Adolor Corporation, Malvern, PA 19355.
Several 5 opioid receptor agonists were tested for antinociception
against late phase formalin induced-flinching and Freund’s adjuvant
(FCA)-induced hyperalgesia using male Sprague-Dawley rats. The
peptide 5 opioid agonists DPDPE and deltorphin II were inactive in
the formalin assay following i.paw administration o f 100 fig.
However, the nonpeptidic 8 opioid receptor agonists SNC-80 and
TAN-67 produced maximal antinociception against formalin-induced
flinching when 300 pg was administered i.paw, with an A 50o f 21 pg
for SNC-80. Treatment with 100 fig SNC-80 i.paw inhibited
flinching behavior when administered from 10 to 90 minutes prior to
observation. Additionally, s.c. administration o f SNC-80 produced
antinociception in the formalin assay with an A 50 o f 0.49 mg/kg.
SNC-80 resulted in a dose-dependent motor impairment in the
rotarod assay with an ED50 o f 9.5 mg/kg s.c. Both peptide 8 opioid
agonists were inactive against FCA-induced hyperalgesia at 100 pg
i.pl, as was SNC-80 when tested at 300 jj,g i.pl. The nonpeptidic 8
opioid agonists exhibit efficacy when hyperalgesia is produced by a
short term inflammatory stimulus, but are ineffective against
hyperalgesia that results from prolonged inflammation.

402.15

402.16

CENTRAL OPIOID MODULATION OF MUSTARD OIL-EVOKED JAW
MUSCLE ACTIVITY INVOLVES M U AND KAPPA BUT NOT DELTA
OPIOID RECEPTOR MECHANISMS. C.H. Tambeli. B.J. Sessle and J.W.
Hu*, Faculty o f Dentistry, University o f Toronto, Ontario M5G 1G6 Canada
We have previously documented that systemic as well as intrathecal
administration o f the non-selective opioid antagonist naloxone induces a
“rekindling” o f increased electromyographic (EMG) activity reflexly evoked
in jaw muscles by injection o f the C-fibre excitant and inflammatory irritant
mustard oil (MO) into the temporomandibular joint (TMJ) region o f rats.
The purpose o f this study was to test the specific involvement o f mu, kappa
and delta opioid mechanisms in this rekindling effect.
In 20 rats
anaesthetized with halothane/N20/02, EMG activity was recorded
bilaterally from digastric (DIG) and masseter (MASS) muscles for 20 min
and then MO (20%, 20 pi) was injected into the TMJ region. The specific
mu receptor antagonist CTOP (0.18 jig, n=7), kappa antagonist nor-BNI
(15pg, n=6), or delta antagonist NTI (0.1 mg, n=7) was applied (30 pi,
intrathecally) 30 min after MO application and the EMG activity was
continuously recorded for another 50 min. Post-CTOP, nor-BNI or NTI
EMG activity was statistically compared to pre-MO baseline activity in
order to determine if any significant increases in EMG activity occurred
(Mann-Whitney U-test, P<0.05). CTOP produced significant rekindling in
ipsilateral (IP)-MASS (mean±S.D.: 194±60%), contralateral (CL)-DIG
(204±67%) and IP-DIG (186±24%), and nor-BNI induced significant
rekindling in IP-DIG (131±11%) and IP-MASS (1 10±5%). In contrast, NTI
administration did not induce significant rekindling in any o f the muscles
studied. These data provide further evidence for a centrally based opioid
modulation o f jaw muscle activity reflexly evoked by noxious stimulation o f
the TMJ, and further point to the specific involvement o f kappa and
especially mu opioid receptor subtypes in the modulation o f this nociceptive
reflex. Supported by NIH DEI 1995.

01 OR 02 OPIOID RECEPTOR-MEDIATED ANTINOCICEPTION:
ROLE OF BULBOSPINAL SEROTONERGIC NEURONS. PJL
Banfor. S. N. Thorat. L. Skrocki. and D. L. Hammond*. Dept, of
Anesthesia & Critical Care, Univ. of Chicago, Chicago, IL 60637.
This study examined whether the antinociception produced by
microinjection of the 5, opioid receptor agonist [D-Pen2'5]enkephalin
(DPDPE) or the 02 opioid receptor agonist [D-Ala2,Glu4]deltorphin
(DELT) into the ventromedial medulla is mediated by activation of
bulbospinal serotonergic neurons. Sprague-Dawley rats were
anesthetized and prepared with an intrathecal (i.t.) catheter and a
guide cannula aimed either at the nucleus raphe magnus (NRM) or
nucleus gigantocellularis pars a (NGCpa). One week later, nocicep
tive thresholds were assessed using the radiant tail-flick test.
Microinjection of 3.8 nmol of DPDPE in either the NRM or the NGCpa
increased tail-flick latency (TFL). This increase was completely
prevented by i.t. pretreatment with 30 pg of methysergide (MSG), a
serotonin receptor antagonist. In contrast, the increase in TFL
produced by microinjection of 1.2 nmol of DELT in either the NRM or
the NGCpa was not antagonized by i.t. pretreatment with MSG. By
comparison, the increase in TFL produced by microinjection of 0.1
nmol of [D-Ala2,N-Me-Phe4,Gly*-ol]enkephalin, a p opioid receptor
agonist, was also antagonized by i.t. pretreatment with 30 pg of MSG.
These results indicate that the antinociception produced by
microinjection of 5, and p opioid receptor agonists, but not that
produced by 52 opioid receptor agonists, is mediated by bulbospinal
serotonergic pathways. Supported by USPHS grant DA 06736.
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ROLE OF MEDULLARY 5, OR 52 OPIOID RECEPTORS IN
ANTINOCICEPTION: STUDIES WITH SUBTYPE SELECTIVE
ANTAGONISTS. S. N. Thorat* and D. L Hammond. Dept, of
Anesthesia & Critical Care, Univ. of Chicago, Chicago, IL 60637.
This study examined whether microinjection of the 51 opioid receptor
antagonist 7-benzylidinenaltrexone (BNTX) or the 52 opioid antagonist
naltriben (NTB) in the ventromedial medulla (VMM) altered nociceptive
threshold. It also determined the ability of these antagonists to
differentiate the antinociception produced by microinjection of the 51
opioid receptor agonist [D-Pen25]enkephalin (DPDPE) or the 62 opioid
receptor agonist [D-Ala2,Glu4]deltorphin (DELT) in the VMM. SpragueDawley rats were anesthetized and prepared with a guide cannula
aimed at the VMM. Behavioral testing was conducted one week later.
Microinjection of 0.01 nmol BNTX did not alter either tail-flick or hot
plate latency. This dose was 10-fold higher than the dose (0.001 nmol)
that selectively antagonized the antinociception produced by DPDPE,
but not DELT. Microinjection of 0.1 nmol NTB in the VMM also did not
alter tail-flick or hot-plate latencies. This dose of NTB selectively
antagonized the antinociception produced by DELT, but not DPDPE.
However, microinjection of 1.5 nmol of NTB alone significantly in
creased tail-flick and hot-plate latencies, suggesting the occurrence of
a non-selective agonist action at higher doses. Although these results
suggest that VMM neurons do not receive a tonic, inhibitory enkephalinergic input mediated by 5, or 52 opioid receptors, they do continue to
support a role of ^ and 62 opioid receptors in the VMM in the
production of antinociception. Supported by USPHS grant DA 06736.
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KAPPA2 OPIOID RECEPTORS IN SPINAL CORD: A PHARMACOLOGICAL
TARGET FOR THE CONTROL OF HYPERALGESIA.
R.M. Caudle*1. E. Eliav1. A.A. Finegold1. U. Herzberg2, A.J. Marines3. M.D. Tobias3.
D.R. Kenshalo1- M.J. Iadarola1. 1 PNMB/NIDR, 2CNB/NINDS, NIH, Bethesda MD
20892; 3 Dept, of Anesthesiology, Univ. of Pennsylvania, Philadelphia, PA 19104.
Previous work demonstrated that, in rats, intrathecal GR89,696, a putative k 2
opioid receptor agonist, inhibited hyperalgesia to noxious heat in an inflamed hind paw
(anti-hyperalgesic effect). Non-inflamed paws were not influenced by k 2 receptor
activation. Agonists for |j. or 5 opioid receptors inhibited the response to heat of both
hind paws (analgesic effect). A selective Ki agonist produced no effect. In this study,
GR89,696 was tested in rat models of peripheral neuropathy and neuritis for an effect
on hyperalgesia to heat, pin prick, Von Frey hairs, and cold. Binding studies were also
performed on rat, guinea pig, monkey and human spinal cord to compare the ratios of
Kj to k 2 opioid binding between species. [3H]-Bremazocine saturation experiments were
performed in the presence of selective |X, 8 and k 5 blockers to determine the Bmax and
Kj for bremazocine at k 2 binding sites in each species. [3H]-U69,593 saturation
experiments were used to determine the Bmax and Kd for U69,593 at k , binding sites.
GR89,696 (6 nmoles, i.t.) completely reversed the hyperalgesia observed in both the
neuropathy and neuritis models in all sensory tests. However, it did not alter sensory
function in nqn-injured limbs. Naloxone (1 mg/kg, i.p.) reversed the anti-hyperalgesic
effects of GR89,696 in all sensory tests except heat.
In the binding experiments, k 2 opioid binding sites outnumbered K) binding sites in
the spinal cord of all species tested. Bremazocine’s Kd for k 2 binding sites was
approximately 15 nM for all species and U69,593’s Kd for iq binding sites was
approximately 5 nM for all species. These findings suggest that the k 2 opioid receptor
may be a useful pharmacological target for controlling hyperalgesia in humans while, at
the same time, sparing normal sensory function.

402.19
EFFECTS OF CI-977, ICI-204448 AND MEMANTINE IN RAT MODEL OF
FACIAL PAIN. P. Broqua, L. Diop*, C. Lambert and SG Dahl. Inst. Rech. Jouveinal, 39 rue de la Loge, 94265 Fresnes, France.
Subcutaneous administration of formalin (FT) into the vibrissal pad in rats produces
a biphasic face grooming response consisting of an early phasic phase ( 1st phase: 0-6
min) and a delayed tonic phase (2nd phase: 15-45 min). Both phases were previously
shown to be inhibited by morphine and the non-competitive NMDA antagonist
memantine. The aim of the study was to investigate the effects of a third class of
antinociceptive compounds: k-opioid agonist, in comparison to memantine. When
administered 20 min before FT (preventive application), the prototypical k-opioid
agonist CI-977 (0.003-0.1 mg/kg, s.c.) produced dose-related and complete inhibition of
the behavioral nociceptive responses (face grooming) observed during both the 1st phase
(ED50 = 30 (ag/kg) and the 2nd phase (ED50 = 32 (ag/kg). Preventive application of the
peripheral selective k-opioid agonist ICI-204448 (3-15 mg/kg s.c.) did not affect face
grooming during the 1st phase. During the 2nd phase, a maximum of 47% inhibition was
achieved with the highest dose of ICI-204448. Preventive application of memantine (110 mg/kg s.c.) dose-dependently reduced to a maximum of 65% the face grooming
response that occurred during the 1st phase, and fully inhibited this response during the
2nd phase (ED50 = 3.34 mg/kg). When administered 9 minutes after FT injection
(remedial application), CI-977 (0.003-0.01 mg/kg, s.c.) still produced dose-related and
complete suppression of face grooming during 2nd phase (ED50 = 16.5 jag/kg). In
contrast, remedial application of ICI-204448 (10 and 15 mg/kg s.c.) had only little or no
effect. Remedial application of memantine (10 mg/kg, s.c.) reduced face grooming
during the 2nd phase by 55% only. In conclusion, only a CNS penetrating k-opioid
agonist can produce complete antinociception after either preventive or remedial
application. Full inhibition of face grooming during the 2nd phase by preventive
administration of memantine could be partly related to its antinociceptive action during
the 1st phase.

PAIN MODULATION: PHARMACOLOGY— OPIATES III
403.1

403.2

CENTRAL SPECIFIC RECEPTOR ANTAGONIST MICROINJECTION
STUDIES A N D THE ROLE OF EN DO GENOUS OPIATES IN
ILLNESS-INDUCED & CONDITIONED HYPERALGESIAS:
f. L. Carriere. D. Koski, & E. P. Wiertelak*. Department of Psychology,
Macalester College, St. Paul, MN 55105.
The intraperitoneal (IP) administration of lipopolysaccharides (LPS;
pyretic) or lithium chloride (LiCl; em etic) results in a potent
hyperalgesic state (increased pain sensitivity) in the tailflick test. In
addition, the presentation of signals for impending illness, such as the
taste of a unique flavor previously paired with illness, can result in the
production of a learned, or conditioned hyperalgesia (CH). We have
previously reported (EPW, SFN Abstract, 1996) evidence that LPS,
LiCl, and CH mechanisms rely on spinal opiate activity, as
intrathecal (IT) naltrexone (10 ug) antagonized these hyperalgesias in
rats previously implanted (one week earlier, to allow for recovery)
with IT catheters.
ThtTpresent experiments examined the ability of specific opiate
antagonists (CTOP, Naltrindole, Nor-Binaltorphimine) to block these
hyperalgesias. CH was established in IT-implanted rats in response to
a novel taste paired with illness. Compared to vehicle controls, IT
injections of these agents differentially affected CH and the illnessinduced hyperalgesias resulting from LPS or LiCl. At this writing, fina l
control IT studies using these specific antagonists are in progress. To
date, the results suggest differing roles for mu, delta, and kappa opiate
receptors in the mediation of CH, LPS, and LiCl-induced hyperalgesias
Supported by grant DA09289-03 from the National Institute on Drug
Abuse at the National Institutes of Health to EPW.

ANALGESIC EFFECTS AND KINETICS AFTER EPIDURAL
DELIVERY OF ENCAPSULATED MORPHINE IN DOGS.
JC Dragani. MLRathbun. TL Yaksh*. H Powell. RR Mvers. FR Kohn#
Department of Anesthesiology, University of California, San Diego, La
Jolla, 92093-0818 CA, and T)epoTech Corp, San Diego, CA 92121
We examined the effects and kinetics of morphine sulfate (MS) injected
epidurally in a multivesicular liposome (DepoFoam™:DF) formulation
(DF-MS) in dogs. In these studies, adult Beagles (12-15 kg) were
prepared aseptically with i) lumbar epidural injection catheters inserted
percutaneously at the L7 interspace, passed to the T13/L1 spinal level and
connected to subcutaneous injection ports, and ii) with lumbar intrathecal
sampling catheters passed to the LI spinal level from the cisterna.
Epidural MS (5 mg) showed a higher lumbar cerebrospinal fluid (CSF)
concentration (Cmax) and a shorter mean residency time (MRT) than DFMS (30mg). A potent antinociception, as measured by the thermallyevoked skin twitch response latency, was observed after both treatments.
However, the duration and the analgesic index (area under the time effect
curve) was significantly less for MS(5mg) than for DF-MS (30mg).
Epidural
Cmax
MRT
A nalgesic Index
Drug
xlOOO
(hrs)*
Time After Epidural Injection
Injection
ng/ml
_____
<10 hrs 10-24hrs 24-48hrs
MS (5mg):
39
0.8
9.6
8.4
2.4
DF-MS (30mg):
14
12.8*
8.3
.12.8*
14.0*
(* p <0.05) as compared to control.
DF-MS encapsulation yielded a sustained release of MS after epidural
delivery, and an extended interval of antinociception. (All work was
carried out under protocols approved by UCSD IACUC. Supported by
funds from DepoTech Corp.)

S o ciety for N eu r o s c ie n c e , V olume 2 3 ,1 9 9 7

1020

PA IN M ODULATIO N: PHARMACOLOGY— O P IA T E S III

403.3
Influence of the estrus cycle on tail-flick latency and morphine
serum blood levels. J.A. Gasiewski and P.E. Stewart*, Department
of Physiology and Pharmacology, Philadelphia College of
Osteopathic Medicine and Central High School Philadelphia, PA
Previous studies of morphine, in rats, showed no difference in tailflick latency (TFL) behavioral response, ED 50, slope of the Dose
Response Curve or duration of effect among male and age- or
weight-matched females. However, these studies did not control for
the female estrus cycle. The current study is two-fold: first, to
determine if there is a difference in the TFL response to morphine
based on stage of estrus, and second, to determine if serum blood
levels of morphine are influenced by gender or estrus stage.
Following baseline TFL measurements, female Sprague-Dawley
rats in each stage of estrus or males controls (n=7 per group) were
injected with morphine sulfate (1 mg/Kg, s.c.). Thirty min later TFL
was obtained and blood was withdrawn for radioimmunoassay
analysis. There was no difference between any group in the TFL
response ( P > 0.4). Preliminary results of serum blood levels
showed no difference between males and any female group.
However, females in estrus differed (P < 0.01). from those in either
metestrus or diestrus. This suggests that the tail-flick assay may be
an inappropriate method when studying gender since it is not
sensitive to differences in serum blood levels.
Supported by
intramural funding from PCOM.

403.5
RESPONSE OF THE PREW EA NIN G RAT TO LO C A L OPIOID
ADM INISTRATION IN THE FO RM ALIN TEST. E.R. LIM ON III
A N D G.A. B A R R *. B iop sych ology Doctoral Program, Dept, o f
Psychology, Hunter C ollege-C U N Y , NY, N Y 10021 and N ew York
State Psychiatric Institute, NY, N Y 10032.
In the adult rat, opiates have been show n to produce analgesia in
inflam ed tissue when administered locally or via central m echanism s.
However, it is not known if opiates exhibit similar antinociceptive
properties in neonates. This experiment exam ined the effects o f the
administration o f D AM G O (Tyr-D -M ePhe-G ly-ol-enkephalin), a |Xspecific opioid agonist, on behavioral response to inflam mation in the
2 1 -day-old rat. Rats received injections o f D A M G O (veh icle, 0.125
fig/kg, 0.625 jig/kg) by either intraplantar (i.pl.) injection into the left
rear hindpaw or subcutaneous (s.c.) injection. After five m inutes, rats
then received injections o f the biphasic inflammatory agent formalin
(10%, lOjLtl) into the plantar pad o f the sam e rear hindpaw. Im m ediately
afterwards, behavioral scoring was performed by noting the behavior(s)
o f the rat at one-m inute intervals for a period o f one hour. I.pl. injection
resulted in a slight suppression o f nociception during the second phase
o f formalin action at high d oses (0.625{ig/kg) only, whereas
s.c.injection produced no such response, suggesting that D A M G O is
capable o f inducing nociception in inflam ed tissue in the preweaning
rat and may be doing so w ithout the tapping o f central m echanism s.
Supported by N S 36130.
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403.4
TACTILE ALLODYNIA IN DIABETIC RATS: ATTENUATION BY MORPHINE
AND ADENOSINE KINASE (AK) INHIBITOR TREATMENT. J.J. Lvnch III*.
M.F. Jarvis and E.A. Kowaluk. Neurologic and Urologic Diseases Research, Abbott
Laboratories, Abbott Park, EL 60064.
Diabetic neuropathy with anomalies in pain perception often occurs in diabetic
patients, and diabetic neuropathic pain represents one of the most frequently
encountered neuropathic pain syndromes. The present study characterizes the
development of tactile allodynia in a streptozotocin (STZ)-induced rat model of
diabetes, and examines the effects of administering morphine and the AK inhibitor 5’deoxy-5-iodotubercidin (5’d-5IT) on this neuropathic pain response. AK inhibitors
potentiate local concentrations of the endogenous neuromodulator adenosine at sites of
tissue injury, and may have potential as novel analgesic agents. Male SpragueDawley rats (200-300 g) were injected with 75 mg/kg STZ (i.p.), and blood glucose
levels were determined 3 weeks later. Diabetic (blood glucose levels >250 mg/dL) and
vehicle-injected control rats were examined weekly for tactile allodynia, which was
assessed by measuring the threshold for hind paw withdrawal with von Frey hair
aesthesiometers. Withdrawal thresholds were reduced below 10 g in approximately
one-third of STZ-injected rats by 7 weeks following STZ treatment and the allodynia
persisted for at least 7 more weeks. Vehicle-injected rats showed normal withdrawal
thresholds (mean = 13 g) throughout the 14 week post-injection period. Morphine
sulfate (2-8 mg/kg, i.p.) was found to produce a dose-dependent attenuation of tactile
allodynia, and near-complete relief of allodynia at 8 mg/kg (10.5 |j.mol/kg) for up to 2
hr. post-dosing. 5’d-5IT (2.5 and 5 fimol/kg, i.p.) also dose-dependently attenuated
allodynia, providing near-complete relief of allodynia for 2 hr at the higher dose. The
present study describes the development of tactile allodynia in STZ-induced diabetic
rats, and demonstrates the anti-allodynic effects of morphine sulfate and the AK
inhibitor 5’d-5IT in this model of neuropathic pain.
Funding source: Abbott Laboratories
1

403.6
MORPHINE DOES NOT AFFECT POSTURAL ABNORMALITIES
ASSOCIATED WITH A RAT MODEL OF PAINFUL NEUROPATHY. S*
Bingham. P.T.Davev. A.J. Hunter* and A.A. Parsons. Neurosciences, SmithKline
Beecham Pharmaceuticals, 3rd Ave, Harlow, Essex CM 19 5AW, UK
In neuropathic pain postural changes may reflect pain and/or sensorimotor
deficits due to nerve injury. We have used morphine to assess the effects of
analgesia on foot posture after partial ligation of the sciatic nerve in rats (Selzer
et al. (1990) Pain 43: 205-218. Sham animals were also prepared. 14 days after
surgery animals were selected on the basis of a postural change of the operated
foot and an ipsilateral/contralateral ratio of <80% for withdrawal latency to a
radiant, thermal stimulus. Morphine (5mgkg-^) or saline was given on days 1521 and rats were observed for postural abnormalities. Thermal hyperalgesia was
tested on days 15, 17, 21, 24 and 28 after surgery and withdrawal latencies
recorded for ipsilateral (ipsi) and contralateral (contra) feet. Postural
abnormalities were seen only in ligated animals and were not affected by
morphine. On day 15 morphine inhibited thermal hyperalgesia to a similar
extent in ligated (ipsi=21.3+0.9 s, contra=20.5+l.l s, n=10) and sham
(ipsi=20.4±0.8 s, contra=21.1±0.7 s, n=15) animals and both groups developed
tolerance to the same degree (Day 21 ligated ipsi=12.2±1.4 s, contra= 15.4+1.3
s, n=10; sham ipsi=14.8+0.6 s, contra=15.4+0.6 s, n=15). These data
demonstrate that morphine at an analgesic dose affects the ligated and non
ligated sides equally and has no effect on postural abnormalities associated with
a model of neuropathic pain, suggesting they are not painful in origin.

403.7

403.8

PAIN-RELATED DISABILITY AND EFFECTS OF CHRONIC MORPHINE IN
THE ADJUVANT-INDUCED ARTHRITIS MODEL OF CHRONIC PAIN. MD
Lindner*. JM Francis. MR Plone. DF Emerich.CK Cain. CytoTherapeutics,
Inc., Four Richmond Square, Providence, Rl 02906
Functional disability has been identified as one of the most important
aspects of chronic pain, yet modeling pain-related disability has received little
attention. Adjuvant-induced arthritis was induced, and one group of arthritic
rats was implanted with subcutaneous 75mg morphine pellets 1 week post
adjuvant, and reimplanted every 2 weeks thereafter. The results confirm that
the rodent adjuvant-induced arthritis model of severe chronic pain can be used
to model pain-related disability: (1) spontaneous activity levels and ambulatory
function were reduced in arthritic rats and they exhibited substantial weight
loss, and (2) the operant delayed non-matching to position task can be used
as a measure of pain-related disability, which may be especially relevant to the
effects of chronic pain on performance in a work setting. The delayed non
matching to position operant bar-pressing task is an "apical" test that is
sensitive to deficits across a wide range of behavioral functions: motor ability,
attention, motivation, learning and memoiy, and arthritic rats were severely
impaired in this task.
addition, analgesic treatments that impair functional
abilities in normal healthy rats may actually improve the performance of rats
exhibiting pain-related disability. Chronic morphine attenuated the degree of
pain-related disability exhibited by arthritic rats in the test of ambulatory
function and the delayed non-matching to position bar-pressing test. These
results demonstrate that novel analgesic treatments can be screened
preclinically both with respect to their direct analgesic effects, and with respect
to their ability to reduce pain-related disability. Funded by CytoTherapeutics,
Inc. and ASTRA AB.

FUCOIDIN
INHIBITS
STRESS-INDUCED
OPIOID
ANTINOCICEPTION IN INFLAMMATION. H. Machelska1,2 P.J.
Cabot2. L. Zhou1,2 and C. Stein*1,2. Dep. Anesthesiology and Critical
Care Medicine1, Johns Hopkins, Preclin. Pharmacol. IRP/NIDA/NIH2,
Baltimore, MD 21205, USA.
Under inflammatory conditions various types o f immunocytes have
been shown to produce and contain opioid peptides. These immunederived opioids (predominantly p-endorphin) are released during
environmental stressful stimuli and inhibit pain by interacting with
opioid receptors located on peripheral sensory nerve terminals. The aim
o f the present study was to determine whether blocking immunocytes
extravasation by the polysaccharide fiicoidan, into inflamed tissue will
result in a decrease o f opioid antinociception in a rat model o f unilateral
hind paw inflammation. Fucoidin (5-25 mg/kg) was administered i.v. 5
min before Freund’s complete adjuvant (FCA)-induced inflammation
and 6, 12 and 24 h later the cold water swim (CWS) stress test was
performed. Nociceptive thresholds were evaluated 1 and 5 min after
CWS using Randall-Selitto paw pressure test. 6 h after FCA
inoculation fucoidin
dose-dependently
inhibits
CWS-induced
antinociception. This effect was still present 12 h and disappeared 24 h
after FCA. Fucoidin also slightly decreased inflammatory parameters as
assessed by paw volume and temperature. These results indicate that
the blockade o f immunocyte extravasation attenuates stress-induced
peripheral opioid antinociception in inflammatory conditions.
This study was funded by NIH/NINDS grant R01NS32466.

S ociety for N e u r o s c ie n c e , V olume 2 3 ,1 9 9 7

MONDAY PM

PA IN M O DULATIO N: PHARMACOLOGY— O P IA T E S III

1021

403.9
ENHANCED ANTINOCICEPTIVE POTENCY AND EFFICACY OF OPIOID
RECEPTOR AGONISTS IN A MODEL OF CENTRAL INFLAMMATION. C.M.
Cahill*. A. Drav and T.J. Coderre. Pain Mechanisms Laboratory, Clinical Research
Institute of Montreal and ASTRA Research Centre Montreal, Quebec, Canada.
Central inflammation is an important clinical problem associated with various
CNS pathological states, including central pain. However, it’s etiology has not been
well studied due to the lack of a good animal model. Recently, Walker et al., (Pain
65:211, 1996) developed a model of hyperalgesia due to central inflammation by
administering endotoxin, lipopolysaccharide (LPS), into the lateral ventricle of rats.
We have adapted this model by administering LPS into the subarachnoid space of
rats via lumbar puncture. Intrathecal administration of LPS (20 ng/rat), following a
priming dose of LPS (2 jig/rat), induces both tactile allodynia and thermal
hyperalgesia. In this model, we compared the effectiveness of the intrathecal
administration of subtype-selective opioid receptor agonists. The |j.-opioid agonists,
morphine and DAMGO. induced dose-dependent antinociceptive effects in both
thermal and mechanical nociceptive tests. The potency of both agonists was shifted
to the left in the LPS-treated rats compared to control rats; however, the efficacy of
H-opioid-induced antinociception was not significantly altered. The 8 -opioid
agonists, D-[Ala]2Deltorphin, D-[Pen]’,sEnkephalin and SNC80, produced dosedependent antinociceptive effects in control rats. In LPS-treated rats, the
antinociceptive potency of each of the 5-opioid agonists was shifted to the left as
much as 10 fold, and the efficacy was also greatly enhanced. These .data suggest that
intrathecal administration of LPS induces the development of hyperalgesia, and that
opioid agonists are more effective analgesics in this model compared to control
conditions. (Supported by MRC Canada and ASTRA Research Centre M ontreal).

403.10
MK801 PREVENTS THE ANTINOCICEPTIVE TOLERANCE TO A
SELECTIVE M U -OPIOID AGONIST IN RATS J. Mao*. P.P. Price. J. Lu.
R.Dent. and D.J. Maver. Pept. Anesthesiology., Medical College of Virginia,
Richmond, VA 23298
Our previous studies have suggested possible interactions between the spinal cord
mu- opioid and the N-methyl-P-aspartate (NMPA) receptors in mechanisms of opioid
tolerance. These studies were carried out using morphine as a mw-opioid agonist.
Although morphine acts primarily on the mu-receptor, it also activates other subtypes
of opioid receptors. In the present study, a selective ww-opioid agonist, DAMGO,
was used to further test the hypothesis. Repeated intrathecal (i.t.) administration of
6 |ig DAMGO (twice/day) in rats for 7 days resulted in the development of the
antinociceptive tolerance as indicated by an about 20 -fold rightward shift of the
cumulative dose-response curve (the tail-flick test) on Day 8 as compared to that on
Day 1. This rightward shift of the dose-response curve was prevented by the i.t. co
administration with DAMGO of the NMDA receptor antagonist MK801 (10 = 5 >
2.5 » 1.25 nmol > saline). Further, a lower dose range of MK801 (2.5 > 1.25 nmol
» saline) was effective to prevent the antinociceptive tolerance to a lower dose (1.5
jig) of DAMGO using the same i.t administration regimen. In addition, thermal
hyperalgesia (the foot-flick test) occurred on Day 8 in the same rats made tolerant to
the antinociceptive effect of 1.5 or 6 ng DAMGO, a phenomenon reported in our
previous studies of morphine-induced tolerance. This thermal hyperalgesia also was
prevented by the co-administration of DAMGO and MK801. Thus, the present
results provide further evidence supporting a cellular and intracellular model of
opioid tolerance involving interactions between the mu- opioid and the NMDA
receptors in the spinal cord.
Supported by PHS grant DA08835.

403.11
SELECTIVE OPIOID ANTAGONISTS AND SPINAL OPIOID
ANALGESIA IN AMPHIBIANS C. W. Stevens* and L.C. Newman
Oklahoma State Univ., Coll. Osteopath. Med., Tulsa, OK 74107-1898.
Spinal administration o f mu, delta, and kappa opioids produces
analgesia in amphibians. To further characterize spinal sites o f opioid
analgesia in the Northern grass frog, Rana pipiens, the mu antagonist (3FNA, the delta antagonist, naltrindole, and the kappa antagonist, nor-BNI,
were tested against mu, delta, and kappa opioids following spinal
administration. Nociceptive thresholds were estimated using the acetic acid
test. Intraspinal (i.s.) injection o f p-FNA (20 nmol) did not produce any
observable effect on the nociceptive threshold measured with the acetic acid
test. Concurrent injection o f the mu opioid, fentanyl (30 nmol) and P-FNA
(20 nmol) produced a significant block o f fentanyl analgesia. Fentanyl
analgesia was antagonized for up to 10 days after p-FNA pretreatment. The
analgesia produced by the spinal administration o f the mu opioids,
morphine and fentanyl, was blocked by 24 hour pre-treatment with P-FNA,
whereas the analgesia produced by delta (DADLE, DSLET) or kappa
(bremazocine, U50488) opioids was not. The present studies show that pFNA acts solely as a mu opioid antagonist in amphibians, with no kappa
opioid agonist effects seen in mammals. Other results with naltrindole and
nor-BNI are forthcoming. In general, the opioid receptor selectivity profile
of p-FNA antagonism appears similar in both classes o f vertebrates,
suggesting common mechanisms o f opioid analgesia among earlier-evolved
and later-evolved vertebrates Supported by the Whitehall Foundation and
National Institutes o f Health, NIDA grant DA07326.

4 03.12
THE EFFECT OF SYSTEMIC OR INTRATHECAL MORPHINE ON SPINAL CFO S INDUCTION BY MECHANICAL
OR THERMAL NOXIOUS
STIMULATION OF THE SKIN. S.P. Rebelo.** S. Cunha.* D. Moura § D. Lima*
and A. Coimbra* Institute of Histolology and Embryology* and Institute of
Pharmacology and Therapeutics^ of the Faculty of Medicine, and Laboratory of
Pharmacology of the Faculty of Pharmacy* of the University of Oporto, 4200 Porto,
Portugal.
This study evaluates the contribution of spinal opioid receptors to the inhibitory
effect of morphine on the spinal c-fos expression induced by mechanical or thermal
cutaneous noxious stimulation. Adult male Wistar rats were stimulated under
halothane anaesthesia by pinching or heating the right thigh, with or without
treatment with systemic or intrathecal morphine, naloxone or naloxone followed by
morphine. In both stimulation conditions, systemic morphine (2.5, 5.0 and 10.0
mg/Kg, i.v.) depressed in a dose-dependent manner c-fos activation in all spinal
laminae, the effect being reverted by naloxone (10.0 mg/kg, i.v.). The maximal
decrease in c-fos expression was lower after mechanical than thermal stimulation in
laminae I (50% / 85%), III (45% / 55%) and IV (65% / 95%), and similar in
laminae II (60%) and V (90%). Intrathecal morphine (10.0 jj.g/jj.1) did not affect cfo s expression in laminae I, III and IV after mechanical or thermal stimulation. The
inhibitory effect was similar to that observed after systemic morphine in lamina V
and slightly lower in lamina II. These data indicate that the opioid-dependent
depression of spinal neuronal responsiveness to nociceptive input is mainly due to
the activation of supraspinal receptors in laminae I, III and IV and of spinal
receptors in lamina V. It is further suggested that different descending actions
involving supraspinal opioid receptors may be responsible for the differential effects
of morphine on neuronal activation by mechanical or thermal nociceptive input in
laminae I, III and IV. (JNICT project PBIC/C/SAU/1555/92; PRODEP II).

403.13

4 03.14

IV MORPHINE INCREASES NITRIC OXIDE RELEASE IN SPINAL CORD BY AN
ADRENERGIC AND CHOLINERGIC MECHANISM. Z. Xu*. C. Tong. H-L. Pan. S.
Cerda. J. Eisenach. Department of Anesthesiology, The Bowman Gray School of
Medicine of Wake Forest University, Winston-Salem, NC 27157-1009
Systemic opioids produce analgesia in part by activating bulbospinal noradrenergic
pathways. Spinally released norepinephrine (NE) stimulates acetylcholine (ACh) release,
which may in turn stimulate nitric oxide (NO) synthesis. We examined the effect of IV
morphine on spinal cord NO in vivo and further examined the mechanisms in vitro.
Experiments were performed on 23 adult ewes with previously implanted thoracic
intrathecal catheters. IV morphine, 1 mg/kg was administered alone or preceded by
intrathecal injection of antagonists to anesthetized sheep and nitrite measured in dorsal
horn interstitial fluid by microdialysis by fluorometric assay. To examine the
concentration-dependent effects of spinal adrenergic stimulation, isolated rat spinal cord
tissue was perfused with the a2-adrenergic agonist clonidine alone and with antagonists.
IV morphine increased dorsal horn microdialysate concentrations of nitrite, a stable
metabolite of NO, and this increase was antagonized by prior intrathecal injection of the
a 2-adrenergic antagonist, idazoxan, the muscarinic antagonist, atropine, and the NO
synthase inhibitor, n-methyl-l-arginine (NMLA). Clonidine increased nitrite in the spinal
cord tissue perfusate, an effect blocked by co-administration of idazoxan, atropine, and
NMLA.
These data implicate spinally released NO in the analgesic effects of systemic opioids.
In addition, these data provide the first evidence for a positive feedback whereby spinally
released nitric oxide increases NE release and which has not previously been described.
Supported in part by NIH grant GM 35523.

IV MORPHINE PRODUCES ANTINOCICEPTION BY A SPINAL ACTION
INVOLVING NITRIC OXIDE. J.C. Eisenach*. H-K. Song. H-L. Pan. Department of
Anesthesiology, The Bowman Gray School of Medicine of Wake Forest University,
Winston-Salem, NC 27157-1009
The role of nitric oxide (NO) in analgesia from opioids is controversial. On the one
hand, IV morphine analgesia is enhanced by IV injection of NO synthase inhibitors. On
the other hand, IV morphine results in increased release of NO in the spinal cord. There
have been no behavioral studies examining the interaction between IV morphine and
intrathecal (i.t.) injection of drugs which affect NO synthesis or pharmacokinetics.
After ACUC approval, rats were prepared with chronic lumbar i.t. catheters and were
tested at least 2 days after surgery. Antinociception was determined in response to a heat
stimulus to the hindpaw before and after IV injection of morphine, 2.5 mg/kg. Twenty
min after morphine injection, rats received i.t. injection of saline or the NO synthase
inhibitors, NMLA or TRIM, the NO scavenger, PTIO, or the NO synthase substrate, 1arginine. Two i.t. injections, separated by 15 min, were made in each rat, since morphine
antinociception was stable for 60 min in control experiments, and measurements obtained
every 5 min.
Morphine produced a 60-70% maximal antinociceptive effect in all animals. NO
synthase inhibitors and the NO scavenger produced dose-dependent decreases in
morphine antinociception, whereas 1-arginine had no effect.
These data support previous studies which demonstrated increases in cerebrospinal
fluid or dorsal horn microdialysate nitrite following IV morphine injection, and suggest
that synthesis of NO in the spinal cord may be important to the analgesic effect of IV
morphine. Since IV injection of NO synthase inhibitors enhance, rather than block IV
morphine analgesia, these data also suggest that supraspinal NO synthesis may inhibit
opioid analgesia.
Supported in part by NIH grant 35523.
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4 03.16

EFFECTS OF \i OPIOID AGONISTS ON RAT SPINAL LAMINAE I
AND II NEURONS RECORDED IN WHOLE-CELL, TIGHT SEAL
MODE IN VIVO. A.R. Light. H.H. Willcockson. and S.P. Schneider*.
Dept, o f Physiology, UNC- Chapel Hill, NC 27599-7545.
The effects o f DAMGO, a fj.-opioid agonist, were tested on superficial
dorsal horn neurons, using the in vivo whole-cell recording procedure
described previously (Soc. Neurosci. Abst. 22:861, 1996). O f 10 tested
neurons, 6 were nociceptive, 3 were innocuous mechanoreceptive, and 1
responded only to cooling. DAMGO was added to the superfusing arti
ficial CSF (final conc. 3-5 |iM). Four neurons hyperpolarized with con
ductance increases, 2 were unaffected, and 4 showed no effect on mem
brane potential, but demonstrated profound inhibition o f excitatory in
puts. For two neurons, naloxone was administered to the bath (final
conc. 0.3 |liM), which reversed the effects o f DAMGO. Three o f 4 o f the
hyperpolarized neurons were nociceptive, with 2 o f three responding to
heat, pinch and cooling. The innocuous mechanoreceptive neuron hy
perpolarized by DAMGO responded only to slow brush. DAMGO af
fected PSPs evoked by adequate stimulation o f the neurons’ excitatory
receptive fields in all neurons whose evoked action potential frequency
was altered by DAMGO. PSPs evoked by noxious inputs were reduced
both in size and frequency by DAMGO. No neurons were excited by
DAMGO. These results indicate that the responses o f rat superficial
dorsal horn neurons to opioids recorded in vivo in whole-cell mode re
semble the responses o f these same neurons recorded in vitro (Soc.
Neurosci. Abst. 20:1730, 1994). They additionally indicate selective
effects o f DAMGO on noxious inputs from excitatory receptive fields.

FUNCTIONAL EXPRESSION OF MET-ENKEPHALIN IN MOUSE DORSAL
HORN AFTER CUTANEOUS INFECTION WITH A PROENKEPHALINENCODING HERPES VIRUS Yeomans. D.C.. Lu. Y.. and Wilson. S. P.t*
Depts. of Anatomy and Cell Biology and Anesthesiology, University of Illinois

S u pported by N IN D S grants N S16433, NIDA D A 04420 (ARL), an d
N S25771 (SPS).

at Chicago. Chicago, IL 60612 and ^Department of Pharmacology, University
of South Carolina School of Medicine, Columbia, SC, 29208.
Previous experiments have demonstrated that infection of mouse hindpaw
hairy skin with a recombinant herpes virus (KPE) containing a CMV promoterhuman proenkephalin (PE) cassette produces a naloxone-reversible
antihyperalgesic effect. The purposes of this study were to provide anatomical
evidence that PE was expressed in sensory neurons and transported to the
dorsal horn and to determine whether PE was processed to form biologically
active products such as Met-enkephalin (met-Enk).
The dorsal hindpaw skin of 6 wk old Swiss-Webster female mice was
infected with 108 pfu of KPE. After 4 to 35 days, the animals were deeply
anesthetized and transcardially perfused with 4% paraformaldehyde.
Thereafter, the spinal cord was removed, blocked and soaked overnight in 30%
sucrose. Lumbar cord was cut into 30 |jm sections on a cryostat. After pre
blocking, the sections were incubated overnight at 4°C in a mixture of mouse
anti-human PE (1:1000, provided by Barbara Spruce) and rabbit anti-met-Enk
(1:500, Peninsula) primary antisera. Sections were then rinsed 3X in PBS and
incubated for 1 hr at room temperature in a mixture of goat anti-mouse IgG
conjugated with Texas Red and sheep anti-rabbit IgG conjugated with
fluorescein. Sections were then mounted, coverslipped with fluoromount and
examined using epifluorescence microscopy.
Met-Enk immunofluoresence (IF) was concentrated in the superficial dorsal
horn. PE IF was observed in numerous dorsal root fibers and axon terminals.
A large proportion of these fibers and terminals were also IF for met-Enk.
Supported by USPHS DA08256 (DCY) and USC Research & Productive
Scholarship (SPW).

403.17

403.18

OPIOID RECEPTORS WITH HIGH APPARENT AFFINITY FOR OPIOID
AGONISTS AND ANTAGONISTS MODULATE A PAIN FACILITORY
ACTION OF B-ENDORPHIN IN THE RAT PAG. A.A. Hawranko* and
D.J. Smith. Dept, o f Pharmacol. Robert C. Byrd, HSC, Morgantown, WV.
Under certain conditions, opioids facilitate pain responses (JPET 265:286,
1993). Exposure o f rats to stress may decrease the antinociceptive response
to narcotics (Brain Res. 155: 69, 1978). The periaqueductal gray (PAG) region
o f the brain is associated with spinopetal pain modulatory processing, and
the integration o f physiological responses to stress (Prog. Neurobiol. 40: 631,
1993). In the current study, we evaluated the sensitivity o f the pain facilitory
processes, activated by the microinjection o f low doses o f 6-endorphin into
the PAG o f awake rats (Neurosci. Abs. 22: 1364, 1996), to the opioid receptor
antagonists CTP (D-Phe-Cys-Tyr-D-Trp-Lys-Thr-Pen-Thr-NH2) and naltrexone.
In rats, stressed by repetitive exposure to noxious heat, B-endorphin fails to
produce antinociception (tail flick test). However, a pain facilitory effect is
noted at doses lower than those normally associated with pain inhibition. In
addition, doses o f CTP and naltrexone lower than those associated with the
antagonism o f B-endorphin’s antinociceptive response in non-stressed rats,
reversed the pain facilitory effect and completely restored 6-endorphin’s
antinociceptive potency. Moreover, in non-stressed rats, these same low
doses o f CTP also shifted 6-endorphin’s dose response curve to the left.
Thus, pain facilitory systems in the PAG are activated via opioid receptors
with a high affinity for opioid receptor agonists and antagonists. The
balance between opioid activated pain facilitation and inhibition is
influenced by environmental conditions such as stress.
NIH GM0076

Morphine Suppresses Formalin-Induced Activation o f the
Periaqueductal Grey in the Rat. Pamela E. Paulson*, Thomas J.
Morrow, Kenneth L. Casey. Veteran Affairs Medical Center and
University of MI, Depts of Neurology and Physiology, Ann Arbor, MI.
Morphine is effective in reducing pain in humans and other
animals. However, the mechanism by which morphine produces
pain relief is not well understood. We measured regional cerebral
blood flow (rCBF) in the rat to determine the forebrain mechanisms
by which morphine produces analgesia in the formalin test. rCBF
was assessed 20 minutes after injection o f 2.5% formalin into the
hindfoot (0.05 cc subcutaneous) in animals given morphine (10
mg/kg, i .p ). Morphine d ec rea sed the formalin-induced increase in
rCBF in several structures, including: the periaqueductal grey, the
habenular complex, the interpeduncular nucleus and the
paraventricular nucleus o f the hypothalamus. These results are
consistent with a recent PET study from this lab showing that
fentanyl produces a decrease in the periaqueductal grey in humans
during cutaneous heat pain. In contrast, morphine produced an
increase in rCBF in the basolateral amygdyla and the dorsal
hippocampus, structures that were not affected by formalin alone.
While still preliminary, these data provide exciting new insights into
forebrain mechanisms o f analgesia and pain modulation.
This work is supported by grants from the Veteran’s Affairs and NIH.

403.19

403.20
THE EFFECT OF MORPHINE ON RESPONSES OF NUCLEUS
VENTROPOSTEROLATERALIS (VPL) NEURONS TO COLORECTAL
DISTENSION IN THE RAT. S.W. Yang, K.A. Follett* and J.G. Piper.
Division of Neurosurgery, The University of Iowa Hospitals and Clinics,
Iowa City, IA 52242.
In 61 halothane-anesthetized rats, we characterized the responses of
single VPL neurons to a noxious visceral stimulus (colorectal balloon
distension, CRD), and studied the effects of intravenous morphine
(Mor) on these responses using standard extracellular microelectrode
recording techniques. Ninety-four neurons were isolated. Fifty-three
(56%) responded to CRD. Forty-three (81%) had excitatory and 10
(19%) had inhibitory responses. Neurons showed graded responses to
graded CRD pressures (20-100 mmHg), with maximum excitation or
inhibition occurring at 80 mmHg. Responses to noxious (pinch, heat)

SELECTIVE OPIATE MODULATION OF PAIN PROCESSING IN HUMANS.
K.L. Casev*. P. Svensson. L. Houe. T.J. Morrow. R.A. Koeppe and S. Minoshima
Div. Nuc.Med., Univ. Michigan and Neurology Res., VAMC, Ann Arbor, MI 48105.
Regional cerebral blood flow (rCBF) increases to left hand (90 sec) immersion in
noxious (1°C) and innocuous (29°C) cold water (N =ll) and to sham and contact
vibration of the left hand (N=9) were detected in normal right-handed males (ages
18-28) using H2150 PET. The two intensities of water or vibratory stimuli were
applied during 3 conditions: stimulation alone, i.v. saline placebo, and i.v. fentanyl
(1.5jxg/Kg). After anatomical co-registration of individual images and stereotactic
realignment, significant (Z> 4.0) and borderline (Z^3.5) responses, compared to
normalized global CBF, were identified on subtraction images by individual voxel
analysis, corrected for multiple comparisons. Fentanyl increased feelings of sedation
and pleasantness (325 and 133%), reduced the mean blood pressure and heart rate
responses to cold pain (37 and 31%), and reduced the average VAS (0-10) rating of
pain intensity from 6.3+/-1.3sd to 3.4+/-l.lsd; the responses to innocuous stimuli
were unaffected. Subtracting the effects of sham and innocuous stimulation showed
that fentanyl alom activated the anterior cingulate and occipital (B19) cortices
bilaterally and the S2 cortex ipsilaterally; there were no subcortical responses.
Vibratory activation of the contralateral SI cortex was unaffected by fentanyl, but
contralateral S2 and borderline medial thalamic and cerebellar activity was
suppressed. Fentanyl eliminated all pain-associated cortical (bilateral insula,
contralateral S2, ipsilateral prefrontal and premotor) and subcortical (bilateral
cerebellum, ipsilateral and medial thalamus, and medial dorsal midbrain) responses
except for the anterior cingulate (bilaterally) and borderline activation of the
contralateral thalamus and ipsilateral cerebellum. These results suggest that opiate
analgesia could be mediated by both direct activation of forebrain and direct or
indirect activation of spinal mechanisms.
Supported by the Dept, of Veteran’s
Affairs and NIH Grant POl HD33986.
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•nd innocuous (brush» tap) cutaneous stimuli

studied In 44 GAO*

responsive neurons. Forty of these neurons (91 %) had cutaneous
receptive fields, of which 39 (98%) were small and contralateral, 1
(2%) was large and bilateral. Ninety-five percent of these neurons had
wide dynamic range responses, 5% were nociceptive-specific.
Cumulative doses of Mor (0.125, 0.25, 0.5, 1, and 2 mg/kg) produced
dose-dependent attenuation of neuronal activity. Naloxone (0.4 mg/kg
IV) reversed the effects of Mor. Mor and naloxone had no effects on
spontaneous activity. These data support the involvement of VPL
neurons in visceral nociception and are consistent with a role of VPL in
sensory-discriminative aspects of nociception.
Funding: Univ. of Iowa Department of Surgery
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404.1
RABBIT RETINAL GANGLION CELLS THAT PROJECT TO THE MEDIAL
TERMINAL NUCLEUS ARE DIRECTIONALLY-SELECTIVE. C. Brandon and
M.H. Criswell. Department of Cell Biology and Anatomy, The Chicago Medical
School, North Chicago, IL 60064.
Much circumstantial evidence supports the notion that eiectrophysiologicallyidentified ON-Center, directionally-selective retinal ganglion cells (ON-DS-GC’s)
are the same cells that project their axons to the Medial Terminal Nucleus of the
midbrain (MTN-GC’s); however, this notion has never before been tested directly.
We have now recorded from unequivocally-identified MTN-GC’s. Fluorescent
microbeads were injected stereotaxically into the rabbit MTN; after enucleation
one week later, labeled retinal ganglion cells were impaled with a glass recording
microelectrode, while moving sinusoidal grating stimuli were focused onto the
retina. These identified MTN-GC’s: 1) produce robust, sustained spike responses
to light, even to stationary diffuse light stimuli; 2) respond best to slow-moving
stimuli (ca. 0.8mm/sec, i.e. <5 deg/sec), consistent with previous studies of ONDS-GC’s; 3) demonstrate a strong directional preference. Their intracellular
responses consist of 1) regular, graded oscillations in the membrane potentials
which follow the cyclic changes in grating contrast during movements in BOTH
the preferred and null directions, and 2) action potential bursts generated during
the rising (graded depolarization) phase of each grating cycle, during
movements in the preferred direction ONLY. When moving stimuli are oriented
slightly off the preferred/null axis, however, the non-preferred directional
response exhibits a spike burst during the rising phase of each grating cycle
(appearing as an ON-transient-like response), while the preferred directional
response consists of a sustained spike train which continues throughout both
phases of each grating cycle. This work confirms the long-standing supposition
that ganglion cells which project to the MTN are directionally-selective neurons,
and further characterizes these cells as sustained-firing ganglion cells.
Supported by the Illinois Society for the Prevention of Blindness.
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404.2
INHIBITORY CONTROL OF TRANSIENT GANGLION CELL RESPONSES
M.C. Bieda*# and D.R. Copenhagen. Department of Opthalmology, UCSF, San
Francisco, CA 94143. # Neurosciences Program, Stanford University, Stanford,
CA 94305.
We used extracellular and whole cell recording methodologies in the tiger
salamander retinal slice preparation to study the extent and locus of light-evoked
inhibitory (GABA and/or glycine-mediated) control of the transient responses of
ganglion cells (GC's).
We measured the effects of blocking inhibition on spike patterns from single
GC's. Co-application of 150 pM picrotoxin and 1 pM strychnine led to large and
mostly reversible increases in the number of ON spikes produced in response to
steps of light (n=5, mean =786% of control). Application of the GABAB blocker
CGP35348 (500-750 jiM) in the presence of picrotoxin and strychnine led to an
increase in the number of ON action potentials in most cells(n=4/7; mean=133%
of control). These findings indicate that light-evoked inhibition significantly
truncates the burst of spikes, but does not convert transient GC’s to sustained
GC's.
Whole cell voltage clamp recordings were used to localize these inhibitory
effects. We monitored the "pure" EPSC by holding them at Vh=EQ. Application
of picrotoxin and strychnine led to large increases in the amplitude (n=5, mean =
569% of control) and, often, the duration of the EPSC. This result implies a
strong presynaptic role for inhibition, probably localized at the bipolar cell.
Comparison of EPSC’s recorded at Vh=Eci to those at other potentials allowed
dissection of the postsynaptic inhibitory inputs. Inhibitory currents served to
shorten the EPSC, indicating an important role for inhibition directly onto the
ganglion cell in controlling excitation. We conclude that inhibition acts both
presynaptically and postsynaptically to control the magnitude and duration of lightinduced excitation.
Research supported by NIH. M.C.B. is a Howard Hughes Predoctoral Fellow.

404.3

404.4

THE ELECTRORETINOGRAPHIC RESPONSE OF RAT AT LIGHT
OFFSET. F. Naarendorp* and G.E. Williams. Northeastern University,
Boston, MA 02115.
This study examines whether a small, rod-driven positive component
present in the off-response of the rat clectroretinogram (ERG) is produced by
hyperpolarizing bipolar cells. Corneal ERGs were recorded from dark- and light
adapted eyes o f adult, male, albino rats using 4 sec Ganzfeld flashes, acamplification and long lime constants. The dark adapted ERG showed at light
offset, a rapid negative off-response (NOR); the retinal potential, thereafter,
slowly returned to baseline. With mesopic flash intensities, a small positive
component briefly interrupted the slow return. Light adaptation reduced NORamplitudes but had no effect on the rising phase of the positive off-component.
However, it altered the falling phase significantly by facilitating the rise of a
second positive off-ccmponent (POC-2) which developed at a slightly slower rate
than the lirst positive o£f-co:nponcnt (POC-1). Recordings from eyes treated with
aspartate indicated that POC-2 and “slow PHI-off’ were identical. After a brief
but strong bleach, we tracked changes in sensitivity during dark adaptation with
scotopically matched (red and blue) stimuli. POC-1 appeared after a few minutes
in the ERG a;id could be eveked only with red flashes suggesting involvement of
cones. After about 20 minutes, the scotopically matched stimuli produced
identical off-responscs. Piperidine-2,3-dicarboxylic acid, which selectively
suppresses hypeipolarizing ccnc bipolar cell activity, selectively eliminated POC1 from the ERG off-response. The results suggest that hyperpolarizing bipolar
cells contribute to the off-response o f the rat ERG at mesopic intensities. The
response o f these cells can be driven by rods.
Supported by NSF Grant IBN 96-04206

ORIGINS OF CORRELATED FIRING A M O N G RETINAL
G A N G LIO N CELLS.
I. H. B rivanlou. D; K. W arland.* and M. M eister. MCB D ept.,
Harvard U niversity, Cam bridge, M A 02138.
Parallel observation of spike trains from m any retinal ganglion
c ells has s h o w n th at n earby n e u ro n s o fte n fire in near
syn ch ron y. W e a n a ly z e d th e p a ir w ise correlation s am on g
ganglion cell spike trains recorded from tiger salam ander retina
in darkness and steady light. Three types o f correlation function
can be distin guished: broad (a central peak o f > 40 m s w idth),
m ediu m (10-50 m s) and narrow (< 1 m s). Broad correlations are
ab olish ed w h e n chem ical syn ap tic tran sm ission is blocked,
w hereas m ediu m and narrow correlations persist. The w id th of
broad correlations decreased w ith background light, su ggestin g
that this spontan eou s activity originates in photoreceptors. The
activity u n d erlyin g m ed iu m and narrow correlations, on the
other hand, m u st originate in neurons electrically cou p led to
ganglion cells: other ganglion or am acrine cells. Sim ulations of
this electrical netw ork su g g ested that the m ed iu m correlations
reflect slow fluctuations in the m em brane potential of a shared
inp ut neuron, w hereas narrow correlations result from spiking
input. It appears that electrical co u p lin g can stron gly shape
neural activity in the inner retina. Furthermore, the inner retina
contains a substantial source o f noise and spontaneous firing.
Supported b y a P ew Scholarship and an NSF grant to MM.

404.5

404.6

A NOVEL PATHWAY FOR ROD SIGNALS IN THE MOUSE RETINA
BYPASSES ON-BIPOLARS AND CONE PHOTORECEPTORS. E.R. Soucv^Y.
Wang? S. N irenberg*!. Nathans^M. Meister! Dept, of Molecular and Cellular
Biology, Harvard University; Dept, of Molecular Biology and Genetics2and
HHMI,3Johns Hopkins University School of Medicine.
In mammalian retina, rod photoreceptor signals are transmitted by rod ONbipolar cells and ultimately enter the cone pathway before reaching ganglion
cells. Rod-driven light responses resistant to APB, a drug that blocks input to
ON-bipolars, have been recorded from rabbit retinal ganglion cells, and
attributed to an alternative pathway from rods through electrical junctions
with cones to cone OFF-bipolar cells. Here we report that the mouse retina
shows similar APB-resistant rod-driven responses. Furthermore, such
responses persist in a transgenic mouse that lacks virtually all cones. This
suggests the existence of a pathway for rod signals that does not require an
ON-bipolar cell or the rod-cone junctions. To test whether this pathway is the
same in the corjsless and the normal retina, we performed an extensive
comparison of their light responses. In dim light, retinal ganglion cells in the
two retinae have very similar properties, as judged by their receptive field
structure, integration time, and response latency. In both retinae, APB
eliminates all light responses near the absolute intensity threshold. Increasing
the mean light level to 10-100 Rh*/rod/s restores rod-driven OFF responses. In
both retinae, these APB-resistant responses have a transient time course, with
similar latency, time-to-peak, and duration. This suggests that they rely on the
same retinal circuitry. Thus, it appears that the normal mouse retina offers a
novel pathway for rod signals.
Supported by a Pew Scholarship and a Presidential Faculty Fellows Award
(MM) and the Howard Hughes Medical Institute (JN).

GAP JUNCTION AND SYNAPTIC CONNECTIONS BETWEEN
CULTURED RAT RETINAL AMACRINE CELLS . K. Haas*. S.

S ociety for N eur os c ien c e , V olume 2 3 ,1 9 9 7

N aw v. Depts. of Ophthalmology & Neuroscience, Albert Einstein College
of Med., Bronx NY 10461.
Amacrine cells are a heterogeneous class of primarily GABAergic
inhibitory intemeurons which mediate lateral communication in the inner
plexiform layer of the retina. The A ll amacrine cells form gap junctions
with cone bipolar cells and other A ll amacrine cells, and the regulation of
this coupling has been proposed to contribute to the switch between cone
and rod photoreceptor based vision. In order to study amacrine-amacrine
cell connections electrophysiologically, we developed a rat amacrine cell
culture. Dissociated retina cultures from P0 rats were comprised of
m orphologically distinguishable large amacrine cells and small
photoreceptor cells. We used dual-cell whole cell patch clamp recording
to examine amacrine-amacrine cell synapses and gap junction coupling.
We found gap junction coupling between 43% of amacrine cell pairs
in culture. The amplitude of electrical synapses was reduced by the
decoupling agent carbenoxolone. Homologous amacrine gap junctions had
small slope conductance, 0.8 nS, were not strongly voltage sensitive and did
not desensitize. Coupling was visualized with the gap junction permeant
compound Neurobiotin. 23% of cell pairs were connected through chemical
synapses, while few were connected both synaptically and via gap
junctions. Synaptic potentials were blocked by bicuculline and picrotoxin,
and reversed at the Cl" reversal potential. We are examining modulation
of amacrine cell synapses by neuromodulators and second messenger
systems.
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404.7
EVIDENCE THAT NEGATIVE POTENTIALS IN THE PHOTOPIC
ELECTRORETINOGRAMS OF CATS AND PRIMATES DEPEND UPON
SPIKING ACTIVITY OF RETINAL GANGLION CELL AXONS S. Viswanathan.
L.J. Frishman* College of Optometry, University of Houston, TX 77204-6052
The photopic electroretinograms (ERGs) of cats and primates contain negative
potentials following the b-wave at light onset and again at light offset that are reduced
by manipulations that suppress activity of inner retinal neurons. To separate the
influence of the spiking activity of ganglion and amacrine cells from all activity of
those neurons, we compared the effects of intravitreal tetrodotoxin (TTX) vs n-methylDL-aspartate (NMdlA) on the ERG. To assess specifically the contribution of retinal
ganglion cells, we compared effects of the two drugs on intraretinal field potentials in
the area centralis where retinal ganglion cells are most dense, with their effects in and
around the optic disc, where the ganglion cell’s axons are most concentrated. In
anesthetized cats, at the same time as ERG responses to 750 ms red LED ganzfeld
flashes on a steady blue adapting background (3.6 log scot-td) were recorded with a
silver wire in the vitreous, a microelectrode was used to record intraretinal field
potentials at several retinal depths. We found that TTX (4 mM) greatly reduced the
negative potentials in the ERG and that NMdlA (1.3-3.8 mM), after TTX, enhanced
the effect. The K+ channel blocker Ba2+ (1.3 mM) had a similar effect on the ERG.
suggesting glial mediation of the responses. Intraretinally, when stimulus intensities
were low, TTX alone eliminated almost all field potentials at each recording site. At
higher stimulus intensities, whereas field potentials around the disc were greatly
reduced or eliminated, those in the area centralis were not reduced in amplitude after
TTX, but were reduced after NMdlA. At all stimulus intensities the TTX-sensitive
potentials were larger near and within the optic disc than in the area centralis. The
coincidence of the increased presence of TTX-sensitive retinal potentials, with the
increase in nerve fibers in the vicinity of the optic disc, suggests that the TTX-sensitive
ERG components depend toa large extent upon spiking activity of retinal ganglion cell
axons. Support: NIH grants EY06671, EY07751, and a Wm. C. Ezell fellowship (SV).
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404.8
SPIKING PROPERTIES OF INTACT CAT RETINAL GANGLION CELLS TO
MAINTAINED DEPOLARIZATIONS D.W. Robinson and L.M. Chalupa*.
Section of Neurobiology, Physiology and Behavior, University of California at
Davis, Davis, CA 95616.
The perforated-patch variation of the patch-clamp technique was used to
assess the spiking properties of gangfion cells to maintained depolarizations in
relation to two morphological classes: alpha and beta. Anatomical identification
of the cells from which recordings were made, was achieved by incorporating
the fluorescent probe Lucifer Yellow into the electrode. All recordings were
conducted at 35°C and the wholemount was continually perfused with
oxygenated EMEM. Successful recordings were obtained from 19 alpha and 60
beta cells. The average resting membrane potential of these neurons, which did
not vary appreciably with cell class or somal size, was -53.8 mV and in all cases
regenerative firing was observed at this potential. No significant differences
(p>0.05) were observed in the half-spike width, which had mean values of 1.7
and 1.6 msecs in alpha and beta cells, respectively. Furthermore, no differences
were observed in the spike rise- and decay- times which had means of 3.7msec
and 2.2 msec, respectively. In response to constant current depolarizations both
classes responded with maintained discharges and the number of spikes elicited
increased linearly with the magnitude of the injected current. Underlying this
maintained firing pattern was a transient component, the characteristics of
which were also similar between the two cell classes. The only difference
observed to date was that the maximum firing rate obtained in response to
maintained depolarizations was significantly higher (1.7 times; p<0.01) in beta
cells than in alpha cells. The results provide evidence that the excitable
membrane properties underlying spike generation and spiking patterns are
qualitatively similar in alpha and beta cells. Supported by NIH grant EY-039911

4 04.9

404.10

CHROMATIC ADAPTATION AND THE TIME COURSE OF OPTIC NERVE
RESPONSES IN RAINBOW TROUT. L. Beaude&nd C.W. Hawrvshvn. Dept.
Biology, University of Victoria, Victoria, B.C., Canada V8 W 3N5.
In this paper, we describe the'effects of chromatic adaptation on the spectral and
temporal characteristics of optic nerve responses in juvenile rainbow trout. Under
various chromatic backgrounds, we documented ON inputs from the ultraviolet,
short, middle and long wave cone mechanisms. The OFF response received inputs
from the middle and short wave cone mechanisms. Short wave OFF input was
present only when sensitivity of the middle mechanism was depressed, suggesting
inhibitory interactions between these two mechanisms, or a preponderance of inputs
from the middle mechanism.
Response implicit time at a given wavelength depended on stimulus intensity and
adapting conditions. Increases in stimulus intensity caused a shortening of the
implicit time of both ON and OFF responses, following a logarithmic function.
Light adaptation caused a relative decrease in the implicit time of the response at
threshold and in the absolute value of the slope of the implicit time versus stimulus
intensity curve. Generally, the most adapted cone mechanisms responded with the
shortest implicit time under a given background. Differences of up to 30 ms in the
implicit time at threshold between isolated and adapted cone mechanisms were
found. Finally, the long cone mechanism exhibited unusually long implicit times
and high rate of implicit time decrease with stimulus intensity. We suggest that
chromatic adaptation under natural conditions may play an important role in
shaping the temporal aspects of neuronal interactions in the visual system. (Funded
by NSERC and Fonds FCAR)

Time course of light adaptation in PKC-immunoreactive bipolar cell
terminals of goldfish retina U. D. Behrens* Stefan Lutz, H.-J. Wagner,
Anatomisches Institut der Universität Tübingen, Österbergstr. 3, D-7274
Tübingen, Germany
Purpose: In fish retinae, the morphology o f axon terminals o f mixed rodcone bipolar cells (Ma and Mb) shows prominent adaptation-dependent
changes mostly concerning the number o f spinules and o f telodendria. Here
we report observations on the time course o f these changes during light
adaptation. Methods: Fish were sacrificed at the beginning of the light
phase at 10 min intervals until to 90 min after light on and retinae fixed in
paraformaldehyde. Mb-BCs were visualized with PKC immunoreactivity. The
number o f telodendria was determined in series o f optical sections obtained
with a Zeiss confocal LSM. Spinules were counted in PKC stained material
prepared for electron microscopy. Results: PKC-immunoreactive (ir) MbBCT have 1-5 small lateral appendages (telodendria) which displayed a
heterogeneous morphology. The number o f telodendria undergo changes during
light adaptation. 10 min after light on PKC-ir BCT have a lower number of
telodendria (2.26/BCT, n=168) compared to 3.33/BCT after 30 min (n=86)
and 3.98/BCT telodendria/BCT (n=40) after 60 min o f lights on. During
daytime we observed 4.6/BCT (n=125). Additionally we observed changes of
the number o f spinules o f PKC-ir BCT. 51% o f Mb-BCT analysed in short
series o f sections have spinules 10 min o f light on compared to 26% o f BCT
60 min after of lights on. Conclusion: Mb-BCTs change their morphology
during light adaptation. We suggest that the adaptation dependent plasticity of
BCTs reflects the synaptic activity at the beginning o f the light phase and may
be associated with rod-cone input o f the Mb-BCT.

404.11

404.12

NOVEL SHIFT IN HALF-ACTIVATION OF A POTASSIUM CHANNEL IN THE
CRAYFISH PHOTORECEPTOR DURING LIGHT ADAPTATION. C. S. Miller *
and R. M. Glantz. Dept, of Biochemistry and Cell Biology, Rice University, Houston,
TX 77005.
Light adaptation leads to decreased sensitivity and faster responses in all
photoreceptors. This study sought to determine the role of membrane ionic
conductances in the adaptation-dependent changes in visual sensitivity. The
steady-state current-voltage (I-V) function reveals an outward current which is
activated at 5-10 mV above membrane resting potential. The current is likely to be
carried by potassium since it is blocked by TEA and intracellular cesium. During
light adaptation, the photoreceptor exhibits a sustained depolarization proportional to
the logarithm of the intensity and the activation potential (Eact) of the outward current
shifts in a positive direction. The effect of this shift on the light-elicited voltage
response amplitude and speed is opposite the overall effect of light adaptation.
Steady-state (but not transient) variations in the holding potential and elevated
extracellular potassium produce positive shifts in Eact but they are less effective than
light adaptation. These results indicate that Eact may shift due to the elevation in
membrane potential seen in light adaptation, elevated potassium concentration outside
the microvilli, or both. Attempts to measure increases in external potassium
concentration accompanying light adaptation were inconclusive. Perfusions with
calcium-free van Harreveld's solution (with EGTA) indicated that external calcium
and/or inward calcium currents do not affect the behavior of this channel. One
possible interpretation of these results is that light adaptation produces an outward
potassium current in the microvillar membrane and an elevation in external potassium
around the microvilli. The consequent shift in potassium equilibrium potential could
shift Eact as seen in yeast cell membranes.
W. M. Keck Center for Computational Biology and National Library of Medicine No.
1T15LM 07093. NSF Grant No. IBN- 9507878

MULTIFOCAL ELECTRORETINOGRAM RECORDINGS IN RAT AND
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and H. M. Petry Depts. of Ophthalmology & Visual Sciences and Psychology,
Univ. of Louisville, Louisville, KY 40292.
Our key objective was to determine whether multifocal electroretinograms
(ERGs) could be obtained in small-eyed animals and especially those with roddominant retinas. Multifocal recording refers to the use of a nonlinear systems
analysis technique to obtain responses from independently-stimulated retinal
areas during simultaneous recording (Sutter, 1992; Sutter & Tran, 1992). In
humans, multifocal electroretinography has been used to evaluate topography
and function in normal and diseased retinas (e.g., Bearse & Sutter, 1996). We
measured non-invasive multifocal ERGs in the rod-dominant albino rat
(Sprague Dawley) and in the cone-dominant tree shrew (Tupaia belangeri).
Monocular recordings were made using DTL electrodes (referred to the
unstimulated eye) in anesthetized animals with dilated pupils. Stimuli were
generated on a monochromatic monitor, and responses were analyzed using a
VERIS system (EDI, Inc.). The stimulus field consisted of 61 hexagons that
subtended a 49° by 53° field which alternated between dark and light according
to a binary m-sequence. Recordings were tnade at luminances from 2 to 317
cd/m2. Results showed that the waveform of the response varied in shape,
latency, and amplitude in accordance with stimulus conditions. Differences
were noted across the visual field and between species.
Our results demonstrate that multifocal recording techniques can be applied
to small eyes with rod-dominant as well as cone-dominant retinas. Thus, this
technique should have applications to assess animal models of retinal disease.
Supported by NIH EY08519; the Vitreoretinal Foundation, Louisville; the Murray
Foundation; the Kentucky Lions Eye Foundation; Research to Prevent
Blindness, NSF-KY-EPSCoR (#OSR-9452895), and a private donor.
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404.13

404.14

MODEL OF THE FUNCTIONAL PROPERTIES OF POSTNATAL CAT
RETINAL GANGLION CELL. G. Benison. J. Keizer, and D.W. Robinson*
Section of Neurobiology, Physiology and Behavior, University of California,
Davis, CA 95616.
It is now well accepted that retinal ganglion cell (RGC) activity is essential to
the reorganization and refinement of axon terminals in the sub-cortical targets
during ontogeny. Current-clamp experiments in isolated cat RGCs revealed
marked changes in the spiking properties exhibited by these neurons during this
developmental period. Subsequent voltage-clamp studies also revealed ontogenic
changes in the expression and the activation and inactivation properties of a
number of voltage-gated conductances. As a first step towards gaining a greater
understanding of the mechanisms underlying the observed changes in
excitability, we have developed a mathematical model of the ionic currents
characterized in postnatal RGCs. Following the approach of Hodgkin and
Huxley, we have determined rate equations for the activation and inactivation
properties of the IA, I k , I k l , I n 3, IcaL , IcaN currents. Combining these with a
simplified model of the calcium-activated potassium current, we have solved and
analyzed the resulting differential equations. For values of whole cell
conductances in the experimental range, we find that only IK, IcaL, Inh, and the
leak ( I r l ) contribute appreciably to tonic spiking and the amplitude, shape, and
frequency of the generated spikes are similar to those we recorded. Further
simulations, exhibit a depolarization threshold for tonic spiking, a spike
frequency that increases with depolarization, and a loss of activity when the
sodium current is blocked. It should now be straightforward to modify the model
in order to examine the functional consequences of the ontogenetic changes in
activation and inactivation properties of ionic conductances expressed by prenatal
RGCs. Supported by NIH grant EY-03991 & Agricultural Experiment Station at
UC Davis.

DECIPHERING THE NEURAL CODE FOR VISUALLY-GUIDED
BEHAVIOR IN L IM U L U S
C.L. Passaglia. F.A. Dodge*, and R.B. Barlow. Marine Biological Lab.,
Woods Hole, MA. 02543; Center for Vision Research, SUNY Health
Science Center, Syracuse, NY 13210.
Horseshoe crabs reliably detect objects resembling an adult female
crab under a variety of lighting conditions despite large differences in
the contrast of their carapace. Such visual performance is remarkable in
view of the relatively simple design of their lateral eyes.
We have constructed a realistic model of this retinal network that
computes the eye's input to the brain for underwater scenes recorded as
an animal moves in its natural habitat. Computed patterns of optic nerve
activity were confirmed by single fiber recordings and showed that the
eye transmits robust signals to the brain about objects having the size,
contrast, and motion of a horseshoe crab. Large retinal responses to .
other visual stimuli such as flickering light created by overhead waves
interfere with those generated by crab-like objects. How does the animal
distinguish behaviorally relevant objects in the neural image the eye
transmits to brain?
Integration of optic nerve inputs by brain neurons (x = 30Q-500ms)
enhances responses to behaviorally relevant objects and suppress those
to other stimuli. Such synaptic time constants were routinely recorded
from neurons in the lamina, the first optic ganglion of the brain. They
appear well suited for deciphering patterns of retinal activity that encode
potential mates and help explain how Limulus sees.
Supported by NIH (MH49741 & EY00667) and NSF (BNS9309539).

404.15

FROM RGB SPACE OF COLOR MONITORS TO SML SPACE OF
CONE SIGNALS. Harald Teufel and Christian Wehrhahn*.
Max-Planck-Institut fur biologische Kybemetik, Tubingen/Germany.
In experimental studies of color vision and related phenomena
color monitors with three guns for red, green and blue [RGB] are used
for stimulation. In general there is an interface that (through a computer)
mediates the setting of the intensity of the guns at a triplet of numerical
values forming a point in RGB space. The strength of the signals of the
three cone types in the human retina (sensitive to the short, middle and
long [SML] wavelength part of the spectrum) is known through
intracellular recordings as a function of wavelength (Schnapf et al.
1986, Vis. Neuroscience 1: 255). These signals are the input into the
brain e. g. for the computation of color. A triplet of cone excitations is
represented by a point in SML space. Most experiments designed to
relate color perception with brain function use SML space to specify
stimuli. Transformations from RGB space into SML space are available
(reviews: W ysecki & Stiles, Wiley & Sons, NY, 1982; Kaiser &
Boynton, OS A, Washington, 1996). Access to SML space has been
achieved by using the dichromatic confusion points, determined in CIE
space (the international standard representation of colors). „Text book
attempts to explain all this in just a page or two are certain to leave the
student confused“ (Boynton (1996) JOSA A 13:1609). We asked the
question at which positions in SML space the dichromatic confusion
points are situated. We propose a linear transformation from CIE space
into SML space converting the confusion points into these positions.
Supported by the Deutsche Forschungsgemeinschaft (DFG).

VISUAL CORTEX: STRIATE IV
405.1

405.2

A MODEL OF POSITION INVARIANT PATTERN RECOGNITION BASED
ON LATERAL INHIBITION AND TEMPORAL CODING. D. Buonomano*. M.
Merzenich. Keck Center, UCSF, San Francisco, CA 94143.
Numerous studies have suggested that the brain may encode information by the
temporal firing patterns of neurons. A related issue that must be addressed is how
sensory information comes to be temporally encoded and why? To generate a
temporal code, neuronal properties that can change the temporal structure of neuronal
responses must be in place. Lateral interactions and lateral inhibition in particular,
may fulfill such a role. As a result of lateral inhibition, both the firing rate and
temporal structure of neuronal responses can be significantly altered by neighbouring
neurons and by the local spatial structure of stimuli. The simplest temporal feature
that may be changed is spike latency. The temporal encoding of a spatial pattern can
have the interesting and computationally beneficial feature of exhibiting position
invariance.
If we consider a simple ‘retinal’ network with lateral inhibition the presentation of
two different input patterns (e.g., ‘T’ and *+’) will activate the corresponding retinal
units. If we consider the temporal dynamics and the change in latency produced by
lateral inhibition it can be seen that for the V , the four extremes reach threshold
first. However, tHe center unit will be the last, because it is inhibited by four
neighbouring units." In other words the latency histograms are distinct for the ‘T’ and
V , and independent of position. To determine whether networks that generate
temporal codes can be used to recognize real world patterns, a network inspired by
visual cortex organization was developed, and tested with handwritten digits. Lateral
interactions took place in the form of crossorientation inhibition and isoorientation
excitation. To determine whether the latency histograms generated by the network
were sufficient to code for all digits in a position-independent manner and if it could
generalize across samples, we presented 100 hand-written numbers to the network
and used the latency histograms to train a standard backpropagation network. The
network was trained on 50 patterns (5 of each digit). After training the network
correctly classified 95% of the 50 test digits. We have shown that lateral inhibition
represents a simple and biologically plausible mechanism by which the nervous
system could encode information in the temporal domain. Furthermore we suggest
that one of the computational benefits of encoding information in the temporal
domain may be to generate position-invariant codes. Supported by the ONR and HRI.

CORTICAL MECHANISM FOR PERCEPTUAL GROUPING IN
RATS. D. D. Kurvlo*. Department o f Psychology, Bowdoin College,
Brunswick, ME 04011.
An investigation was made to explore whether the mechanism that
establishes visual forms by means o f perceptual grouping represents a
distinct neural operation o f visual processing. Rats were initially
conditioned to discriminate a series o f horizontal lines from vertical
lines. Following training, rats were presented with test stimuli that
consisted o f bistable arrays o f disjunct dots. On each trial, a grouping
cue o f greater spatial proximity was randomly assigned to either the
vertical or horizontal orientation. The effectiveness o f the cue to
establish form was based upon rats’ selection o f the cued orientation.
Grouping thresholds were derived by means o f the method o f constant
stimuli. Rats then underwent a highly confined cortical lesion within
visual cortical areas, after which performance was again measured. It
was found that lesion sites either disrupted grouping ability as well as
the discrimination o f solid lines, or did not interfere with either
perceptual ability. These results indicate that the mechanism mediating
grouping by proximity does not differ anatomically from mechanisms
necessary to discriminate simple solid shapes.
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405.4

ATTENTIONAL MODULATION OF NEURONAL RESPONSES IN MACAQUE
AREA VI. W.A. Press* and D.C. Van Essen. Dept, of Anatomy and Neurobiology,
Washington University School of Medicine, St. Louis, MO 63110.
Stimuli outside the classical receptive field (CRF) can suppress responses to
stimuli within the CRF. We have previously shown that directing spatial attention
to the CRF can significantly attenuate this surround suppression in macaque primary
visual cortex (Press et al., 1994 SN Abstract 349.10). Here, we examine whether
responses to isolated stimuli are affected by the location to which attention is directed
or by task difficulty.
We recorded single-unit responses from VI of a monkey trained both in a passive
fixation task and in a difficult orientation discrimination task. On each trial, an
optimally oriented bar was presented both within the cell's CRF and in the opposite
hemifield. The monkey was cued either to fixate passively or to attend to one of the
two locations. The bar stimuli were presented alone or surrounded by oriented
distractors, but here we analyze only the bar-alone condition.
Compared to passive fixation, responses to single-bar stimuli were reduced on
average by >10% (p<0.001) when attention was engaged in the contralateral
hemisphere (51 cells). When attention was directed to the CRF, responses were
significantly greater than when attention was directed contralaterally (p<0.001), to
levels indistinguishable from those obtained during the passive condition (less than
5% suppression, p>0.1). Although mean eye position can vary slightly with
attentional condition, we show that these biases do not account for this attentional
effect. These results indicate a modest, but previously unrecognized, aspect of
attentional modulation of VI responses, perhaps in part due to the difficulty of the
attentional task. This work was funded by ONR grant N00014-95-1-0416.

THE EFFECT OF EXPERIENCE AND BEHAVIOR ON INTERAREAL
INTERACTION. A. von Stein*. C. Chiang. P.Konig. The Neurosciences Institute,
10640 J.J. Hopkins Dr, San Diego CA 92121.
Synchronization of neuronal activity has been found to indicate binding of
neurons into functional cell ensembles. Previous studies have emphasized the role of
global stimulus properties (i.e. Gestalt laws) for formation of synchronization
patterns. However results presented in an accompanying study (Chiang et al. 1997)
indicate that it is also dependent on the behavioral context. Here we investigate the
dependence of synchronization on experience and expectancy.
Local field potential recordings were made from different cortical layers in
primary visual cortex and parietal association cortex of behaving cats. Cats were
trained to associate two different behaviors with two different stimuli (go/nogo). The
data were analysed separately for the trials with correct and with incorrect
sensorimotor association and response. Also novel stimuli, which did not elicit a
particular associative response, were presented intermittently.
We found, first, that synchronization during the first 500 ms of stimulusprocessing differed according to the type of response the animal was going to give.
During correctly answered go-stimuli we found a high degree of low (4-7 Hz) and
middle (8-12 Hz) frequency synchronization between visual and sensorimotor cortex,
while during incorrect ones the degree of synchronization was low. For nogo trials
the opposite pattern was seen. Thus, errors in the animals motor-association were
reflected in the pattern of synchronization. Second, processing of novel stimuli
strongly affected the synchronization pattern. Compared to the pattern found upon
presentation of trained stimuli, the interareal interaction within the low and middle
frequency bands was absent. On the other hand, synchronization in the gamma band
(20-100 Hz) increased significantly. These data show that the interaction between
primary visual cortex and parietal association cortex is dependent on novelty/
familiarity of a stimulus and the elicited behavior.
Supported by Neurosciences Research Foundation..

405.5

405 .6

INTERAREAL COUPLING IN THE AWAKE BEHAVING CAT IS DEPENDENT
ON THE BEHAVIORAL CONTEXT. C. Chiang*. A. von Stein, and P. Konig. The
Neurosciences Institute, 10640 John Jay Hopkins Drive, San Diego CA 92121.
To investigate the behavioral relevance of synchronization of neuronal activity, the
interaction between primary visual cortex (area 17) and parietal association cortex
(area 7) was examined during a visuomotor GO/NO-GO task in the awake cat. Cats
were trained to respond to two different target stimuli which emerged from a neutral
mask, by either pressing a lever (GO) or by continuing to track the target visually
(NO-GO). Local field potentials in both areas were recorded with bipolar electrodes,
and synchronization within and between cortical columns of each area was assessed
by cross-correlation analyses. Recordings during the prestimulus period, used as
baseline, were dominated by power in the low frequencies (1-5 Hz). The mask
stimulus elicited a strong evoked potential but only a moderate increase (<2) in
synchronization between areas 17 and 7. In contrast, the subsequent target stimuli
elicited a weak evoked potential but a much greater degree of synchronization (NOG O ^ ; GO:x7) both within area 7 and between area 17 and area 7. This increase was
strongly dependent on the associated behavior. Synchronization of both types was
most prominent in the middle frequency range (5-20 Hz), particularly alpha (5:1
increase, GO compared to NO-GO). While alpha frequencies are usually associated
with behavioral inactivity and lack of attention, in a parallel study (von Stein et al.,
1997), we present evidence that this increased coupling was specific for trials in
which the cat was attentive and responded correctly. Here, we also report that
immediately after appearance of the stimulus, the synchronization between the two
areas was layer-specific, whereas at the time of the paw press in GO trials, the full
extent of the two columns were involve in the interaction. In conclusion, our results
provide direct physiological evidence that temporal coding is behaviorally relevant
and specifically that, in a highly trained paradigm, intra- and inlercolumnar
synchronization at middle frequencies may be used to link the neural substrates
involved in visuomotor integration.
Supported by Neurosciences Research Foundation.

TEMPORAL TUNING FOR COLOR AND LUMINANCE IN
MACAQUE VI M.J. Hawken*. R.M. Shaplev. F.M. Mechler. D.R.
Ringach. M.P Sceniak & E. Johnson. Center for Neural Science, New
York University, 4 Washington PI., NY, NY 10003.
We have investigated the temporal properties of responses to colored
and black/white sine wave gratings cells in monkey V I. Single neu
rons were sampled in all cortical layers of V 1 in the anesthetized, para
lyzed monkey (M acaca fa scicu la ris). The temporal frequency tuning
was determined at the optimal spatial frequency, orientation and drift
direction. Tuning for luminance (black/white), equiluminant (red/
green) and cone-isolating stimuli was determined. More than half of
our sample responded to high contrast equiluminant gratings; this tem
poral frequency tuning was similar to that observed with low contrast
luminance gratings. The main characteristic of this tuning is selective
attenuation at high temporal frequencies. A small number of cells are
selectively responsive to chromatic stimuli; they respond briskly at
equiluminance and weakly if at all to black/white gratings. These cells
often show high contrast sensitivity to the colored gratings. The chro
matically sensitive cells show a range of temporal frequency tuning
suggesting that there is more than a single factor that determines the
temporal response of these cells. Our results suggest that the signals at
high chromatic contrasts are carried by both chromatically selective
and non-selective cells. Furthermore, the contrast dependence of tem
poral frequency tuning indicates the operation of a contrast dependent
low-pass filter in VI in the luminance and chromatic domains.
Supported by NIH grants EY08300, EY01472, and Sloan Foundation.

405.7

405 .8
HUE/SATURATION COLOR SELECTIVITY ORIGINATES IN VI, NOT INLGN, OF THE
MACAQUE MONKEY. A. Hanazawa*. I. Murakami. H. Kondo. and H. Komatsu. Lab.
of Neural Control, Natl. Inst, for Physiological Sciences, Myodaiji, Okazaki 444,
Japan.
We have reported neurons in VI which appeared to be selective to a
particular hue or saturation of color (Hanazawa et al., 1996 in this meeting).
Such selectivity requires some nonlinear transformation of signals from three
types of cones. On the other hand, neurons in the parvocellular layers of the
lateral geniculate nucleus (pLGN) have been reported to sum cone signals
linearly (Derrington et al., 1984). To identify the earliest locus for
hue/saturation selectivity, we compared color selectivity of neurons in pLGN
and VI of awake macaque monkeys. Responses of neurons to rectangles larger
than the receptive field (for pLGN) or bars with the optimal size and
orientation (for VI) were recorded, and colors were varied systematically on an
isoluminant plane in color space. Neurons whose color selective responses
were well described by a model assuming linear summation of three types of
cone signals were classified as linear type. Most of the color selective neurons
in pLGN (85%) and about one-third of those in VI (38%) located in both layer
II/III and V/VI were classified as linear type. Importantly, in the rest of the
color selective neurons, one-third of VI neurons but none of pLGN neurons
were hue/saturation selective. Also, there was a difference between the linear
type neurons in these loci: in pLGN, all of the linear type neurons were tuned
to directions along the cardinal axes (L-M and S-(L+M) axes), whereas, in VI,
tuning directions were distributed in various directions in color space. These
results suggest the followings. Up to pLGN, three types of cone signals are
transformed by two linear functions, L-M and S-(L+M). Signals from pLGN are
summed linearly in some of VI neurons to construct tuning to various
directions in color space. In some of the other VI neurons, the earliest
representation for hue/saturation is constructed by nonlinear transformation
of linear-type VI and/or pLGN signals. Suppor ted by JSPS-RFTF96L00.202 and
Grant 08279102form Min. of Educ.

GENICULOCORTICAL INNERVATION OF PHYSIOLOGICALLY DISTINCT
CYTOCHROME OXIDASE BLOBS IN MACAQUE VI. S. H. C. Hendrv*. C. E.
Landisman. T. Yoshioka & D. Y. Ts’o. Department of Neuroscience, Johns
Hopkins University, Baltimore, MD and Laboratory of Neurobiology, Rockefeller
University, New York, NY.
Periodic patches of high cytochrome oxidase activity (blobs or puffs) in macaque
VI are the sites of geniculocortical innervation by koniocellular (K) neurons of the
lateral geniculate nucleus (Hendry and Yoshioka, 1994; Science 264: 575). The K
neurons, immunoreactivite for the a subunit of type II calmodulin-dependent protein
kinase, occupy well-defined layers ventral to each of the magno and parvo layers and
also form clusters within these principal layers. Their pattern of VI innervation
was examined by injecting fluorescent dextran amines into blobs that had been
identified by optical imaging of the VI opercular surface and characterized by
electrophysiological recording of single unit properties. Every blob injection
produced retrograde labeling of a pair of K layers. An eye-specific relationship was
observed in which K cells in or ventral to magno layer 1 and parvo layer 4
innervated blobs dominated by the contralateral eye; K cells in or ventral to magno
layer 2 and parvo layer 3 innervated ipsilateral-eye blobs. Up to forty K cells send
axons to a single parafoveal blob. This basic pattern was observed when dextrans
tagged with different fluorochromes were injected into blobs that differed in
chromatic tuning (red/green-opponent versus blue/yellow-opponent; see Ts’o and
Gilbert, 1988; J Neurosci 8: 1712). With these injections a strong tendency existed
for immunoreactive K cells innervating R/G blobs to form clusters within the P
layers, whereas cells innervating B/Y blobs were present in the K layers,
themselves. These data suggest that a common pattern of geniculocortical
innervation is modified for projecting different cone signals to different blobs in
macaque VI. Supported by NIH Grants EY 06432 (SH) and EY 08240 and the
McKnight Foundation (DT).
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A COMPUTATIONAL MODEL OF THE EFFECTS OF
NEUROTROPHIC FACTOR ON THE CRITICAL PERIOD FOR
OCULAR DOMINANCE COLUMN DEVELOPMENT. A.E.Harris1,
G.B.Ermentrout2,S.L.Small3* Center for the Neural Basis of
Cognition1,Dept, of Mathematics2,University of Pittsburgh, Pgh, PA
15261, Dept, of Neurology3, University of Maryland, Baltimore, MD
21201 .
Ocular dominance (OD) column plasticity is sensitive to environmental
manipulations such as monocular deprivation (MD), but only if MD is
performed early enough. If MD is performed too late, it has no effect on OD
column morphology. We have recently constructed a model of OD column
development based on competition for neurotrophic factor (NT), which
accounts for the prevention of OD column development when excess NT is
applied to the developing neocortex. Here, we present further results from that
model which predict several untested effects of neurotrophic factors on the
duration of the critical period, model dynamics alone are sufficent to produce
a critical period for MD; there are no required changes to model parameters
during a simulation. Varying the amount of NT available has a non-monotonic
effect on the critical period. For very low amounts of NT, the critical period is
lengthened due to an unstable initial state of the weight trajectory. For high
amounts of NT, the critical period is also lengthened, because the trajectory
takes longer to reach the point after which it is no longer as sensitive to MD.
For intermediate levels of NT, the critical period is shortened, as the trajectory
takes off quickly from its initial state and quickly reaches its limiting point. The
results are more robust for a single cell than for a large scale network, but
they hold for a full network and make testable experimental predictions.

Supported by MD/PhD Program, U. Pittsburgh

405.11
OPTICAL IMAGING REVEALS EFFECTS OF A SINGLE-ORIENTATION
ENVIRONMENT ON ORIENTATION MAPS IN CAT VISUAL CORTEX.
Petra Stawinski*, Frank Sengpiel and Tobias Bonhoeffer. Max-Planck-lnstitut
fur Psychiatrie, 82152 Munchen-Martinsried, Germany
For many years it has remained controversial whether exposure to contours
of a single orientation during the critical period affects orientation selectivity in
the visual cortex. In order to address this issue, we determined the overall
layout of orientation domains of stripe-reared kittens using optical imaging of
intrinsic signals, thus avoiding the problem of sampling bias associated with
single-cell recordings.
Kittens were reared in the dark from the day of birth. Starting at 16 days of
age, they were placed in cylinders, which were painted with evenly spaced, 4
cm wide black and white stripes of a single orientation. The animals were
exposed to this visual environment binocularly or monocularly for an average
of 4 hours a day, until a total exposure of 70 to 80 hours was reached. At this
point, optical imaging of areas 17 and 18 revealed that ~30% of cortical
territory responded preferentially to the experienced orientation in all animals,
while only 10-20% of territory responded preferentially to each of the
orthogonal and two intermediate orientations.
In addition, we observed
unusually large areas responding with similar strength to all 4 orientations,
indicative of reduced orientation selectivity, in a binocularly experienced
kitten. In some kittens, which had initially been monocularly deprived,
occlusion was now reversed and they were exposed to the orthogonal
orientation for another 70 to 80 hours (Rauschecker & Singer, 1979).
Subsequent imaging showed that the orientation experienced by the newly
opened eye was now over-represented in the visual cortex. However, the
overall layout of orientation domains remained stable despite the fact that the
two eyes had viewed different orientations at different times. We conclude
that restricting experience to a single orientation shifts the balance of
representation towards this orientation without affecting the overall structure
of the orientation map.
Supported by the Max-Planck-Gesellschaft

405.13

VISUAL ORIENTATION SENSITIVITY IN MIGRAINE.
T. Crotogino and F. Wilkinson* Dept, of Psychology, McGill
University, Montreal, QC H3A 1B1
In approximately 10% of individuals with migraine, transient
hemifield visual disturbances (auras) preceded the onset of
headache. Chronicle & Mulleners (1994) suggested that repeated
aura episodes may lead to a selective loss of GABA-ergic cortical
inhibition, which might be reflected in impairment of visual
functions such as orientation discrimination.
Thresholds for orientation discrimination were measured using a
narrow-band stimulus in groups of subjects with migraine with
aura (MA), migraine without aura (MO) and control subjects with
no history of migraine (NC) both foveally and at 6 deg in left and
right visual fields. Right-handed NC subjects showed no visual
field differences suggestive of hemispheric specialization for this
task. The MA group showed no evidence of a visual field
difference that might be linked to the side of their visual auras.
Thresholds did not differ significantly across groups either
foveally or peripherally. Foveal thresholds for all groups (.59-.80
deg) are in the range reported in the literature for normal
psychophysical observers (e.g., Orban et al, 1984).
Thus orientation sensitivity, which depends in part on cortical
inhibition (e.g., Sillito et al, 1980), is not adversely affected in MA
contrary to the prediction of Chronicle & Mullener's hypothesis.
Supported by the Medical Research Council of Canada
(MA12493) & the G.W. Stairs Fund of McGill University.

S ociety f o r N e u ro s c ie n c e , V olum e

23,1997

1027

405.10
NEUROTROPHIC INFLUENCE ON SYNAPTIC PLASTICITY AND
FUNCTIONAL MAP FORMATION - MATHEMATICAL MODELING S. Tanaka*
and D.-S. Kim. Lab. for Neural Modeling, FRP, The Institute of Physical and Chemical
Research (RIKEN), Wako, Saitama 351-01, Japan
In recent years, much evidence has been accumulated suggesting that members
of the neurotrophin family, in particular, BDNF and NT4 are involved in the activitydependent plasticity of developing neocortex: neurotrophins and their high affinity
receptors have been shown to be expressed during the course of pre- and postnatal
development; their mRNA levels are regulated by neuronal activity and/or visual
stimulation; and exuberant application of neurotrophins interferes with normal cortical
development as well as effects of monocular deprivation. These lines of evidence suggest
that neurotrophins are an attractive candidate contributing to a key step in activitydependent cortical development. However, not much is known about the cellular and
kinetic mechanisms of neurotrophic interaction on synaptic plasticity yet. In the present
study, we propose a mathematical model of the effect of neurotrophic factors on local
structural changes at synaptic junctions. We hypothetized that such structural changes
could be caused by a successive kinase activities triggered by the binding of trophic
factors to their receptors on both, pre- and postsynaptic sites. The amount of secretion
of trophic factors was assumed to depend on neuronal activities. Analytical and
simulation results were compared to recent findings of the influence of exogenous
neurotrophins on the formation of functional maps under normal and deprived visual
conditions. Excellent agreements between theoretical and experimental results were
obtained regarding the following points: a) the failure of ocular dominance segregation
in cat area 17 under normal visual environment with exogenous BDNF infusion, andb)
a paradoxical shift of ocular dominance for cortical infusion of BDNF under monocular
deprivation. Our model could also account for the reversal of ocular dominance shift
observed after infusion of GABA-A agonist, muscimol, under monocular deprivation.
Furthermore, we found that the "floating threshold hypothesis" for switching between
homosynaptic LTP and LTD could be understood in terms of the amount of activity.dependent expression of BDNF mRNA at presynaptic sites. Since a key assumption of
our model was the action of neurotrophins on pre- and postsynaptic sites, we suggest
that BDNF acts not only as retrograde but also as anterograde messengers to regulate
synaptic plasticity during development.

405.12
CO M PO N EN T-PERIM ETRY : A N EW V ISU A L FIELD TE ST FOR
DIFFERENT VISUAL FUNCTIONS IN N EUROLOGICAL PATIENTS.
G. B achm ann*. & M. F ahle. Sektion V isuelle Sensorik, U niversity Eye
Clinic, D-72072 Tübingen, Germany.
Lesions of the visual pathway lead to different types of visual field de
fects which are often not consciously experienced by the patient. W e de
veloped a perimetric method to examine separately the perception of dif
ferent visual components or functions (color, motion, temporal resolution,
line orientation, stereoscopic depth, acuity, figure-ground segmentation).
The whole visual field is tested in parallel with perimetric patterns that are
specific for the different visual functions. To evaluate the reliability of the
method we com pared the size o f visual field defects revealed by our
method with those of conventional perimetry in neurological patients and
normal controls. Visual fields of 40 patients with circum scribed brain le
sions and 20 controls were examined with both, com ponent- and conven
tional perimetry. We correlated the results obtained with the different types
o f com ponent-perim etry with those o f conventional perim etry and with
the localization of the brain lesions. Visual field defects of all patients with
lesions between the optic chiasm and V I were detected by com ponentperimetry. A control group showed no false positive results. For another
group of patients with lesions including extrastriate visual areas, visual
field defects obtained with some types of com ponent-perimetry are larger
than those obtained with conventional perimetry. In contrast to conven
tional perimetry the results of com ponent perimetry provide information
about the localization and etiology of the lesion and differentiate between
lesions of the dorsal versus ventral visual processing stream. Componentperimetry is a useful tool for fast screening of the visual field regarding
different visual functions and distinguishes between different disorders of
visual perception.
Supported by DFG (Klinische Forschergruppe Neuroophthalmologie)

405.14
CEREBRAL BLOOD FLOW AND CEREBRAL METABOLIC RATE
OF OXYGEN RESPOND DIFFERENTLY TO THE RATE OF VI
SUAL STIMULATION. M. Vafaee*, E. Meyer, S. M arrett, T. Paus,
A.C. Evans, and A. Gjedde1 McConnell Brain Imaging Centre, Mon
treal Neurological Institute, Montreal, Canada H3A 2B4, xAarhus,
Denmark.
We studied the relationship between the rate of visual stimula
tion and regional cerebral blood flow (rCBF) in the human brain
and compared it with the results of cerebral metabolic rate of oxygen
(CMRo2) obtained during the same stimulation in a previous study.
CBF was measured in four healthy normal volunteers (age 19-23) with
the ECAT/HR+ 63-slice PET scanner and calculated using the twocompartment, weighted integration method of Ohta et al. (1992). In
dividual PET images were co-registered with the corresponding MRI
scans. A yellow and blue annular checker-board (diameter of 15°-20°
of visual angle) reversing at frequencies of 1, 4, and 8 Hz, was pre
sented for a total of 7 min (starting 4 min before the onset of a 3-min
scan). In the baseline condition, subjects began fixating a cross-hair
30 s before the scan and continued throughout the 3-min scan. CBF
in the primary visual cortex increased as a function of stimulus rate,
and peaked at 8 Hz (t=14). Our previous results with CMRo2 showed
that oxygen metabolism peaked at 4 Hz (t>3.5). We conclude that
the rate of visual stimulation has different effects on regional cerebral
blood flow and regional cerebral metabolic rate of oxygen in the visual
cortex.
This work was supported by MRC (Canada) Grant SP-30.
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405.15
A FUNCTIONAL MRI STUDY OF ADAPTATION TO INVERTING
SPECTACLES: NO UPRIGHT VISION AND NO ALTERATION OF THE
RETINOTOPY OF THE VISUAL CORTEX. D.E.J Lindeift H. Lanfermann.
F.E. Zanella. W. Sinaer. and R. Goebel. Max-Planek-lnstitute for Brain
Research, 60528 Frankfurt/M., Ffiö ; Institut für Neuroradioloaie, Klinikum
der Johann Wolfgang Goethe Universität, 60528 Frankfurt/M., FRG.
Adaptation to inverting spectacles is commonly thought to occur within a
week and to involve a reversal of the visual image (Stratton, 1897; Kohler,
1964). Recently an electrophysiological study snowed cells with bilateral
receptive fields in area V1 of monkeys after adaptation to right-left reverting
prisms (Sucjita, 1996). W e performed two experiments with numan subjects
in order to investigate whether the psychophysical effects of the inversion of
the visual image are paralleled by similar indicators of early visual cortical
remapping in humans. One subject wore 180° rotating prisms for ten days
and another an up-down reverting mirror for six days. During th.ese periods,
subjects' visuomotor skills and psychophysical performance were
monitored. The retinotopy of the visual cortex was mapped using functional
magnetic resonance imaging. Fifteen slices parallel to the calcarine sulcus
ana centered on that sulcus and fifteen slices perpendicular to the calcarine
sulcus were acquired (GE EPI sequence, 1.5 tesla Siemens Magnetom
Vision, voxel size = 1.6x1.6x3 mm3). The stimulus was a rotating
checkerboard disk segment covering 45° of the visual field.
Subjects showed a nigh degree of visuomotor adaptation to the inverted
image of the world. Performance of everyday tasks improved markedly in
the First four days of each experiment. However, no switch from inverted to
upright vision was reported during the experimental period. The retinotopy
of visual cortical areas V1-V3, measured with fMRI, was the same during
the experiment as pre- and post-experimentally. On the other hand, the
perception of shape from shading became increasingly ambiguous and
almost returned to baseline level on days 4-6 of the second experiment,
although the mirror was still worn. Thus perception of shape from shading
does not, as previously thought (Kleffner & Ramachandran, 1992), seem to
be determined by the retinotopy of early visual areas. W e propose that the
visuomotor adaptation and psychophysical changes in subjects wearing
inverting spectacles reflect the plasticity of higher cortical areas.

405.16
OCULAR DOMINANCE MAPPING WITH ECHO-PLANAR
FUNCTIONAL MAGNETIC RESONANCE IMAGING. E. R. Cohen*1-2, E.
Yacoub1. T.H. Le1. K. Ugurbil1, and X. H u1 C en ter for MR Research,
University of M innesota, Minneapolis, MN 55455; 2SUNY H ealth Science
Center, Syracuse, NY 13210
In this paper, we report our results from the functional m apping of ocular
dom inance columns in hum ans using a high-resolution segm ented echoplanar imaging (EPI) technique. EPI is expected to be more efficient due to
its high tem poral resolution. Experim ents have been co nducted in 5
volunteers using a 4 Tesla whole body MRI system w ith a head gradient
insert and a surface coil m ade for the occiput. T2*-weighted images w ith a
resolution of 0.5 x 0.5 x 5 m m 3 and a TE of 30 ms w ere repeatedly acquired in
a sagittal plane, 5 mm off the m idline, in 16 segm ents each lasting 0.3 s.
D uring the repeated im age acquisition, the subject w as p resen ted w ith
periods of flashing light in both eyes, in the right eye, or in the left eye,
alternating w ith periods of darkness. Six images w ere acquired during each
period. Functional m aps were generated by contrasting im ages obtained
d u rin g left eye stim u latio n w ith im ages o b tain ed d u rin g rig h t eye
stim ulation. Resultant m aps exhibit spatially distinct patterns for left eye
and right eye stim ulation. The response to a specific (left eye or right eye)
stim ulation w as confirm ed by signal changes time-locked to the visual
stim ulus. The spatial p attern of the activation appeared as thin strips 1
mm in w idth. This study dem onstrates that BOLD based fMRI is capable of
p roviding high spatial resolution m aps, and that echo-planar im aging can
be used to resolve functional anatom ical structures at the level of the
cortical column.
Work supported by NTH (grants RR08079 and R01MH55345).

Supported by the Max-Planck-Gesellschaft

405.17

405.18

OPTICAL MONITORING OF LAMINAR ACTIVITY IN SLICES OF
PRIMATE VISUAL CORTEX. L. C. Sincich* and G. G. Blasdel. Dept,
o f Neurobiology, Harvard Medical School, MA 02115.
Previous work has shown that optical techniques can be used to trace paths of
electrically induced activity in slices taken from the primary visual cortex of rats
(Tanifuji et ol. 1994), ferrets (Nelson & Katz 1995), and primates (Haglund &
Blasdel 1992). Given the highly organized anatomy of monkey striate cortex (V-l),
such techniques should prove useful in determining the flow of activity between
layers. We found that slices taken from V-l at the conclusion of in vivo
experiments could show robust responses to electrical stimulation for many hours.
With the aid of a voltage-sensitive dye (RH155), we could monitor neural responses
independently of the cell swelling that accompanies activity. Consistent with the
sparsity of thalamic afferents, which provide roughly 15% of the excitatory drive in
middle layers (Douglas & Martin 1990), we found that bipolar stimulation in the
white matter, just below layer 6 , produced a weak response in layer 4C.
Stimulation in layer 4CP produced much more reliable responses in layer 3, where
activity spread at least 1.2mm laterally. Simultaneously measured field potentials
showed that these optical signals represent neural activity because: ( 1) the number of
peaks in the field potential correlated with the size of the optical signals; (2) TTX
cleanly blocked the signal; and (3) drugs that interfere with synaptic transmission
(CNQX 50pM; cadmium 200fxM) eliminate postsynaptic peaks in the field
potential and reduced optical signals in layer 3. These methods allowed us to
dissociate presynaptic from postsynaptic events. The results suggest that a small
set of layer 4C(3 afferents can induce activity that spreads across many cortical
columns in the upper layers of V-l through the recruitment of neurons in layer 3.
Supported by NIH EY06586-08 and the Human Frontier Science Program.

DIFFERENCES IN TIME-COURSES FOR DEPRESSIONS OF PEAK N 166
AMPLITUDE AND BRAIN NOREPINEPHRINE LEVELS FOLLOWING ACUTE
CARBON DISULFIDE EXPOSURE. J.E. Graff. D.W. Herr*. Neurotoxicology
Division, NHEERL, US EPA, RTP, NC 27711.
Earlier research by this lab has shown carbon disulfide (CS^) to selectively
alter portions of flash evoked potentials (FEPs) in a dose- ana time-related
manner. Peak N^g amplitude was decreased 4 and 8 hours following acute
exposure while peak N166 amplitude was depressed at 1 hour. Peak N ^
amplitude is affected by experimental protocols designed to modulate arousal
levels. NE, by modulating cellular excitability, has been implicated as one of the
neurotransmitters involved in behavioral arousal. Carbon disulfide is known to
decrease NE levels. We examined the effects of CS2 on FEPs and NE levels in
rat brain. FEPs were recorded from 90 day male Long-Evans rats prior to and
1,4, 8 and 24 hours after a single dose (ip) of CS2 (0 ,1 0 0 ,2 0 0 or 400 mg/kg).
Following electrophysiological testing, biogenic amines in the striatum, posterior
cortex, brainstem and cerebellum were assayed by HPLC. CS? depressed
peak N^gg amplitude at 1 hour without dramatic effects on peak Noq,
corroborating earlier findings. Maximum decrease in NE concentration occurred
at 4 hours, a time when peak N^gg amplitude was returning to control levels. In
addition to changes in NE levels, mPLC analysis found increased levels of
dopamine (DA) and its metabolites. Maximal changes in DA and metabolites
appeared to occur at 4 hours, matching the maximal decrease of NE levels.
These findings suggest that the time-course of the decrease in NE does not
follow the time-course of peak N-jgg amplitude depression. The data further
suggests that NE may not be the primary neurotransmitter responsible for the
modulation of peak N 166 amplitude under experimental conditions designed to
alter arousal levels.

405.19

405.20

TOPOGRAPHICAL ANALYSIS OF MOTION TRIGGERED VISUAL
EVOKED POTENTIAL IN MAN
Y. Nakamura. K. Ohtsuka. and M. Sawa*. Dept, o f Ophthalmology,
Sapporo Medical Univ. Sch. of Med., Sapporo, Hokkaido 060, Japan.
The middle temporal (MT) area is involved in the visual motion
analysis in the cortex of the monkey. In the present study, we studied
topography and stimulus speed dependency of motion triggered visual
evoked potential (mVEP) in man.
The mVEP was recorded in six normal subjects o f 24-26 yr of age. A
laser dot fixation point was placed in the center of the stimulus field. An
array o f 80 randomly located dots is plotted in rapid succession
projected onto the stimulus field (25x25 deg) by a data projector. The
dots moved horizontally rightward and leftward reciprocally for 500 ms
with interstimulus intervals of 2 sec. The speed o f motion was varied
with five steps (5, 10, 15, 20 and 25 deg). The 15 electrodes were
placed on the occiput around Oz with 5 cm intervals. After
amplification, 124 epoches of 500 ms duration were averaged. A color
topography o f mVEP voltage for each moving speed was made, and
overlapped on the three dimensional MR image o f the brain in each
subject.
We observed positive wave with a latency o f about 100 ms (P100)
and negative wave with a latency o f about 140 ms (N140). Voltages of
P100 and N140 were higher at faster stimulus speeds. The latency of
N140 was shorter as the stimulus speed was faster. The topography
analysis showed that P100 represents the activity around the occipital
cortex, where corresponds to the area V I, while N140 represents the
activity around the occipital and the right occipitotemporal cortex, where
corresponds to the area MT.

/M R I REVEALS GLUCOSE MODULATION OF CORTICAL
ACTIVITY ASSOCIATED W ITH CHANGES IN VISUAL
SEN SIT IV IT Y . S.E. Joe-Yen. S.C. Huckins. E. Boudreaux. D.C. Moore. B.
Farrell, and R.B. Barlow* Center for Vision Research, SUNY Health Science
Center, Syracuse, NY 13210.
We investigated the influences of blood glucose on visual cortex activity and
visual contrast sensitivity in humans using psychophysical and functional
imaging methods. Levels of blood glucose were reduced by fasting and increased
by ingestion of a glucose tolerance test beverage.
After fasting for 10-20 hours, a subject entered the imager (1.5 T MRI scanner
G.E. Signa) and had his or her blood glucose levels measured via finger prick and
a glucometer (Accu-Chek Advantage, Boehringer Mannheim). The MRI scanner
collected image data from axial brain sections while the subject attended to
computer generated stimuli through a fiber-optic display system.
The visual stimuli consisted of 15s or 24s of rotating contrast gratings followed
by an equal duration of a uniform gray field. This sequence was repeated 7 times
for each of three contrast levels (0.15,0.3,0.6). Between scans a computer driven
two-interval forced choice test measured the subject’s contrast sensitivity. The
subject then ingested 75g glucose (Trutol 100, Custom Laboratories, Inc.), rested
for 45 minutes as blood glucose levels peaked, and repeated the imaging series and
contrast sensitivity tests.
/MRI showed that cortical activity increased with stimulus contrast. Elevated
blood glucose levels (-60 to -120 mg/dl) augmented the cortical response at each
contrast level (increased Student’s t-values in active voxels and increased number
of active voxels). Elevated blood glucose levels evoked a 2 to 3 fold increase in
visual contrast sensitivity.
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405.21

CHARACTERIZATION OF MAGNITUDE AND SPREAD OF
fMRI RESPONSE IN VI TO DISCRETE VISUAL STIMULUS
F.M. Miezin*. A.L. Roskies. E. Akbudak. J.M, Ollinger, T.E. Conform
M.E. Raichle & S.E. Petersen. Department o f Neurology, Washington
University School of Medicine, St. Louis, MO 63110.
In PET, the cortical extent of responses appears to increase with
response magnitude, due at least in part to partial volume effects and
filtering. Does a similar relation between magnitude and areal extent
hold in fMRI?
In a first study, flicker frequency of a radial checkerboard was varied,
similar to a paradigm used in early PET studies. Unlike the results from
PET, no modulation o f the fMRI response with flicker rate was found
for a full-contrast checkerboard, even with flicker rates as low as 0 Hz.
The expected magnitude modulation o f the hemodynamic response was
observed, however, when Grass goggles were used.
As a second approach, luminance contrast was varied instead of
flicker rate. A discrete (16 degree 2 visual angle) 8Hz flickering
checkerboard wedge was presented parafoveally in lower right visual
field, at contrasts ranging from .8% to 95%. A region in upper left
calcarine cortex was consistently activated. Although response
magnitude varied monotonically with contrast, no variation in response
extent was observed. Thus, unlike PET, areal extent o f the fMRI
response is not a function of the magnitude of the measured response, at
least not at the resolution employed (3.75 mm in-plane).
fMRI appears to be superior to PET for determining the extent of
neural tissue activated. However, since in certain instances the fMRI
response does not show the dynamic range of the PET response, caution
should be exercised in interpreting magnitude differences.
Supported by NS-06833, the Charles E. Dana Foundation, and the
McDonnell Center fo r Studies o f Higher Brain Function.

VISUAL CORTEX: EXTRASTRIATE V
406.1

406.2

FUNCTIONAL TOPOGRAPHY OF BASKET CELLS REVEALED
WITH OPTICAL IMAGING IN THE VISUAL CORTEX OF THE CAT
P. Buzas*, U.T. Eysel , Z.F, Kisvarday,

SPECIFICITY OF LATERAL CONNECTIONS REVEALED W ITH
OPTICAL IMAGING AND SINGLE CELL LABELLING
Z.F- Kisvarday*, IVBuzas , U.T. Evsel

Ruhr-Univ. Bochum, Inst. Physiol. 44780 Bochum, F.R.G.

Ruhr-Univ.Bochum, Inst.Physiol.44780 Bochum,F.RG.

Previous studies have shown that large basket cells of layer III can mediate direct
perisomatic inhibition to locations representing a broad range of orientations. In this
preliminary study, other basket cell types, the layer IV clutch cell and layer V basket
cell were analysed whether they show a similar or dissimilar functional topography to
that of layer III large basket cells.
Orientation (OS), direction (DS) and ocular dominance (OD) maps were obtained
in area 18 using optical imaging of intrinsic signals (Imager 2001). Biotinylated
dextrane-amine was then extracellularly injected into the imaged regions. Labelled
basket cells were morphologically identified, their laminar location determined and
the entire axonal and dendritic fields reconstructed in 3-dimensions (Neurolucida).
The clutch cell axon was typically restricted to layer IV in an area not larger than
400x600 (im when viewed from the cortical surface. Comparison between the axon
and the orientation map showed that the soma was in an orientation domain and more
than 80% of the synaptic boutons were located in zones representing isoorientation
(±22.5 deg) with respect to the orientation preference at the parent soma-dendritic
field. The bouton distribution showed high selectivity for DS. The OD map revealed
that this neuron provides equal input to sites representing both eyes.
The layer V basket cell axon projected bilaminarly to layers V and III avoiding
entirely all other layers. In layer V, the axon occupied an elongated field (2.3x1.42
mm) from which two distinct axon tufts ascended into layer III. The OS map showed
that the soma-dendrite was in a region of an orientation centre. Here the majority of
boutons could be assigned to a broad range of orientations. Distal and proximal
boutons in layer V occupied zones which were orientationally similar. In layer III,
however, boutons of the two tufts, one centred above the soma-dendritic field and the
other 500 fim laterally, showed very different orientation distributions.
The results suggest that individual inhibitory basket cells could perform different
operations depending on the topography of the axon with respect to functional maps.
Local accumulation of the boutons indicate specificity for one or more modalities.
This work was supported by the Deutsche Forschungsgemenischaft (SFB509, TP A6 to
Z.F.K. and Ey8/23).

Recent data obtained in cat visual cortex indicate that the axon topography
o f the excitatory long-range lateral network is not specific but shows a
moderate preference in linking regions o f similar orientations. These findings
raise the question whether the above non-specific property o f the network
derives from the projection pattern o f the cellular components to orientation
(OS), direction (DS) and ocular dominance (OD) maps. In addition we were
interested in the relationship between the electrophysio-logical tuning charac
teristics o f single cells with respect to the functional topography o f their axons.
Pyramidal neurons o f layers III and V labelled intracellularly or extra
cellularly with biocytin were reconstructed in 3-dimensions (Neurolucida) in
regions that had been mapped for OS, DS and OD using optical imaging
(Imager 2001, Optical Imaging, Inc.).
The results showed that the majority o f layer III patches (52-88% o f
boutons) were in regions o f isoorientation (±33 deg) with respect to the
preferred orientation o f the soma-dendrite; distal projections were less isoori
entation specific than proximal projections; layer V projections were less
patchy and occupied a broader range o f orientations than layer III projections.
Comparison o f DS and OD with the reconstructed axons showed that DS and
OD changed from patch-to-patch while the soma-dendrite region could be nonselective for DS and OD. The electrophysiologically measured tuning charac
teristics generally matched those calculated from the optical images for the
entire bouton distribution o f each cell.
The results suggest that different parts (e.g. patch) o f the same pyramidal
axon could be highly specific for OS, DS and OD, respectively. On the other
hand, when the entire axon o f the same cell is viewed it shows a functional
topography resembling those seen at the network level.
This work was supported by the Deutsche Forschungsgemenischaft (Ey8/23 and SFB509,TP
A6 to Z.F.K.).

406.3

4 06.4

SPARING RETINAL GANGLION CELLS LEADS TO HIGHER
SPATIAL FREQUENCY TUNING IN EXTRASTRIATE CORTEX
FOLLOWING NEONATAL PRIMARY VISUAL CORTEX DAMAGE
Kurt R. Illig*. Yuri P. Danilov. Aneeq Ahmad. Charlene B. Y. Kim
and Peter D. Spear1. Psychology Department and Center for
Neuroscience, University of Wisconsin, Madison, WI 53706, and
University of Colorado, Boulder, CO 80309.
Monocular enucleation spares medium-sized retinal ganglion cells
that normally degenerate following a neonatal lesion o f primary visual
cortex (VC) in cats. We hypothesized that this sparing leads to an
enhanced retino-geniculo-extrastriate X-cell pathway, allowing the
development of cells that respond optimally to higher spatial frequencies
than normal in extrastriate cortex. To test this hypothesis, we compared
the responses of neurons in posteromedial lateral suprasylvian (PMLS)
cortex in cats that received a VC lesion and monocular enucleation on the
day of birth (L+E), animals that received a VC lesion only (LES), and
normal animals. The percentage of PMLS cells that responded optimally
to high spatial frequencies (>.75 c/deg) was higher in L+E animals
(14/45 cells) than in normal or LES animals (1/40 cells and 2/20 cells,
respectively; chi square =14.3 , p < 0.01). Thus, the results suggest that
a novel X-cell input to extrastriate cortex leads to the development of an
anomalous high spatial frequency response in PMLS neurons. We will
present analyses of other response properties that also may be influenced
by this pathway.
Supported by the University of Wisconsin-Madison Graduate School.

NEURAL ACTIVITY CORRELATED WITH OFFSET OF SACCADIC EYE
MOVEMENTS IN THE CAT VISUAL CORTEX. Junghvun Park and
Choongkil Lee*. Dept, of Psychology, Seoul National Univ., Seoul, Korea 151742.
It has been shown that the activity of some neurons in the visual cortex increases
in relation to saccadic eye movements (Toyama et al, 1984, Fischer et al, 1996, for
examples). If the increased activity reflects efference copy signal fed into the
visual system, the onset or peak of the activity is expected to couple with
movement onset rather than offset. We sought to determine this relation.
Two cats with scleral search coil implanted, were trained for water reward to
make saccadic eye movements to briefly-presented (50msec) LED targets in a
darkened room, and single cell activities in areas 17 or 18 were recorded. In three
other untrained cats, multiple unit activities were recorded from areas 17 or 18
during spontaneous eye movements in dark. Spike density functions were derived
by convoluting sequence of action potentials with a gaussian kernel with a fixed
width, and they were summed over saccades aligned either at their onsets or offsets.
Neural activity associated with visually-guided saccades was observed typically
near offset of saccades. In more than half of single cell sample that showed
saccade-related activity in trained cats, the peak of spike density aligned at offset of
saccade was higher than that aligned at onset indicating that for these cells eye
movement-related activity is more correlated with saccade offset. The correlation
between the time of neural activity onset and the time of saccade offset was
stronger than correlation between the times of activity onset and saccade onset.
Thus, it is unlikely that these activities signal the initiation of saccade. Since those
activities typically started to build before saccade offset, it is also unlikely that they
signal the completion of saccade. The functional role and the mechanism by which
the peak of spike density is coupled to saccade offset is open to further
investigation. (Supported by Korean Ministry of Science and Technology).

S o cie ty f o r N e u ro s c ie n c e , V olum e

23,1997

1030

V IS U A L C O R T E X : E X T R A S T R IA T E V

406.5
ORIENTATION-DEPENDENT BINOCULAR INTERACTIONS IN CAT
EXTRASTRIATE CORTEX. R. M. Vickerv* and J. W. Morlev. School of
Physiology and Pharmacology, UNSW, Sydney, NSW 2052, Australia.
Suppression o f the visual image in one eye may be an important mechanism
employed by the visual system to deal with perceptual ambiguity. In binocular
rivalry this perceptual suppression alternates between eyes. The results of
recent psychophysical and neurophysiological studies suggest that the neural
site for binocular rivalry may be in extrastriate regions o f the cortex (Leopold
& Logothetis, Nature, 379:549; Logothetis et al., Nature, 380:621, 1996).
Area 21a is an extrastriate region o f cat cortex that contains mainly binocular
neurons that display relatively tight orientation selectivity. We investigated
orientation-dependent binocular interactions in extrastriate cortex by recording
from single neurons in area 21a. The optimum orientation, spatial and temporal
frequency for a sinusoidal luminance grating were determined monocularly for
each cell studied. Binocular stimulation consisted of simultaneous presentation
o f a grating to the dominant eye at the optimum orientation for the cell, with a
grating to the other eye at an interocular orientation difference in the range 0 to
90 deg. Most of the binocular area 21a cells studied displayed strong
interocular interactions, with on average a five fold modulation in response over
the range o f orientation differences tested. Both binocular facilitation and
suppression were observed, often in the same cell, with interocular suppression
being more common and more potent. The interocular suppression may well be
due to local inhibitory circuits because there is no evidence for this sort of
binocular interaction in cat primary visual cortex (DeAngelis et al.. J
Neurophysiol., 68:144, 1992).
Supported by National Health & Medical Research Council of Australia.

MONDAY PM

406.6
FIGURE-GROUND DETECTION IN AREA 19 OF THE CAT.
P. S. Khayat1, D. Saint-Amour1, S. Molotchnikoff1, F. Lepore1, J.-P.
Guillemot*1,2. ]Groupe de Recherche en Neuropsychologie Expérimentale,
Université de Montréal and 2UQAM, C. P. 8888, Succ. A, Montréal, H3C 3P8.
Motion is an important feature in specifying an object from the background.
Area 19 of the cat receives its main input from the Y and W pathways. These
inputs are presumed to be involved in movement detection and ambient vision.
Cells in area 19 are very sensitive to moving stimuli and would thus be
particularly well suited to differentiate figure-ground in the environment using
this cue. In order to test this hypothesis we examined the sensitivity of cells
representing central visual field of area 19 in anesthetized and paralyzed cats to
various patterns, in part composed of noise having different texture densities
(32-256 pixels): a textured bar on a uniform white background (T/W); a white
bar on a textured background (W /T) and a kinematogram. In this latter, both the
bar and the background had the same texture density so that the bar could only
be defined by movement. Thus the boundaries of the bar could only be perceived
when the pixels on the edges were coherently moving in the same direction. In
all cases, the drifting bar was of optimal size, direction and velocity. The results
indicate that when stimulated with the T/W or the W/T stimuli the majority of
cells had a robust response independently of the density of the textured bar or
background. A small proportion of cells showed either an increase (20%) or a
decrease (20%) in their response rate with increasing texture density. When
stimulated with the kinematograms, 95% of cells responded to the motion
defined bar or to the edges. Of these cells, response rate decreased linearly with
increasing density but 35% and 43% still responded to the highest textures
density tested (128 and 256 pixels, respectively). On the other hand, 17%
responded only to low texture density (64 and 32 pixels). These results show
that most cells in area 19 are sensitive to a form defined by movement.
Furthermore the density of either the textured figure, background or both seems
to influence figure-ground detection. Supported byN SE R C andFC AR.

406.7

406.8

CORTICOCORTICAL C O N NECTIONS BET W E E N AREA 19
AND EXTRASTRIATE A R EA S, PM L S A N D 21A , A R E
M ODULARLY ORGANIZED. Tara Stewart & Jpanng MatSttfraq * .
Dept, of Ophthal. Univ. Brit. Col., Vancouver, V5Z 3N9 Canada
Recent findings from our lab suggest that primary visual cortex of the
cat (areas 17 and 18) possesses segregated and modularly organized
outputs to extrastriate areas, PMLS and 21 A. These output columns
colocalize with the CO blobs in primary visual cortex. Area 19 of the cat
receives from both CO blob and interblob compartments of primary visual
cortex and thus displays an anatomical organization that is reminiscent of
the stripe and interstripe compartments in primate V2. Here we address the
question of whether area 19 of the cat also displays segregated output
columns to extrastriate areas PMLS and 21 A.
Large, multiple injections of cholera toxin conjugated to colloidal gold
and wheat-germ agglutinin conjugated to HRP were made into area 21A or
the PMLS. Labeled cells were charted in flattened tangential sections of
visual cortex. Area 19 was identified as a belt of tissue staining lightly for
CO adjacent to the dark CO stained oval of tissue comprising areas 17 and
18. Two groups of retrogradely labeled cells, one arising from the PMLS
injections and the other from the 21A injections were charted in area 19.
Each group formed a broad, band-like pattern spaced approximately 1.52.0 mm apart. The direction of elongation of the bands was approx.
medial-lateral, perpendicular to the 18/19 border. In cases in which both
PMLS and 21A were injected in the same hemisphere, we found that the
two sets of projection cells were roughly interdigitated. These results
indicate that cat area 19 possesses segregated modules that project to
extrastriate visual areas reminiscent of the pattern of organization seen in
primate V2. (This work funded by MRC Canada MT-13363).

SINGLE NEURONS IN AREA PMLS ARE SENSITIVE TO
SPATIAL DISPARITY. B.A. Bacon (1), F. Lepore* (1) and J.-P.
Guillemot (1,2). (l)Groupe de Recherche en Neuropsychologie
Expérimentale, Université de Montréal; (2)UQAM, Canada, H3C 3J7.
The postero-medial lateral suprasylvian (PMLS) area is generally
regarded as an important integration area for a parallel visual system
involved in the analysis o f spatio-temporal cues. An important
proportion o f single units in this area have been shown to respond to
velocity cues indicative o f stimuli moving along the Z-axis. However,
it is unclear whether PMLS cells take into account spatial cues when
evaluating stimulus depth. The present study aims at evaluating the
sensitivity to spatial disparity o f PMLS binocular cells in order to
assess whether these cells are tuned to spatial depth cues. The activity
o f 114 single cells was recorded in area PMLS of paralyzed ana
anesthetized cats. Upon isolation o f a binocular cell, the receptive
fields were separated using prisms, then stimulated simultaneously
with two light bars adjusted to the size o f the receptive fields. The
stimuli drifted in the optimal direction at optimal speed. A temporal
delay was introduced between the arrival or the bars in the receptive
fields to generate the desired spatial disparities (-3 to +3 degrees, in
0.5 or 1 degree steps).
Most cells were binocular and several units responded to stimuli
appearing on the fixation plane by increasing (tuned excitatory cells,
43%) or decreasing (tuned inhibitory cells, 14%) their response rate.
A non-negligible proportion o f cells increased their rate o f firing in
response to crossed (near cells, 10%) or uncrossed (far cells, 6%)
spatial disparities, hence demonstrating respective preference for
stimuli appearing in front or behind the fixation plane. As area PMLS
can code for both spatial and temporal aspects o f stimuli, this area
might be involved in the dynamic integration o f spatio-temporal depth
cues. Supported by grants from FCAR and NSERC.

406.9

406.10

RESPONSE PROPERTIES OF CELLS IN THE CAT’S AMLS CORTEX.
K. Minville*. L. Merabet. A. Desautels. A. Marois. C. Casanova. École
d’optométrie, Université de Montréal, Québec, Canada.
The extrastriate lateral suprasylvian (LS) region of the cat has been generally
subdivided into six areas along the suprasylvian sulcus. Among these, only the postero
medial lateral suprasylvian area (PMLS) has been extensively studied in the past and
has been associated with motion and optic flow field perception. Very few data from
the other parts of the LS cortex are available making it difficult, if not impossible, to
associate these areas to specific aspects of visual processing. As a first step to unveil the
role of the different regions of the LS cortex, we have investigated the response
properties of cells in antero-medial lateral suprasylvian area (AMLS), and particularly
their motion sensitivity and spatio-temporal characteristics. Response properties of
AMLS cells were characterized using stimuli such as bars, spots, visual noise and
sinusoidal drifting gratings. Experiments were performed on anesthetized normal adult
cats. Results can be summerized as follows: cells in the AMLS cortex were very often
difficult to drive with conventional stimuli and the boundaries of their receptive fields
were often diffuse. Out of the 56 cells recorded to date, a total o f44 (78.6%) responded
to visual stimuli. The most efficient stimulus consisted of sinusoidal gratings as 70% of
the visual cells could be driven by this stimulus. All units except three were orientation
selective with a mean bandwidth for the orientation tuning function of 31.4°± 2.8. Half
of the cells were direction selective and the mean direction index was 0.58 ± 0.06. The
spatio-temporal characteristics of this area were also investigated. The mean optimal
spatial frequency was 0.16 ± 0.04 c/deg and half of the cells exhibited low pass tuning
functions. The band pass cells were characterized by a tuning width of 1.62 ± 0.05
octaves. The mean preferred temporal frequency was 2.73 ± 0.27 Hz and mean
bandwidth 1.60 ± 0.11 octaves. Also, 47% of AMLS cells responded to the motion
visual noise. The tuning function was generally broader for noise than for gratings
(bandwidth of 41.9° ± 7.1). Our results indicate that most cells in AMLS are visually
responsive. However, given the differences between response properties in AMLS and
PMLS (e.g., visual noise sensitivity, direction selectivity) it is likely that the AMLS
cortex is involved in the analysis of visual attributes other than those generally
associated to its neighboring area, i.e. PMLS cortex. Supported by MRC, FCAR, FRSQ.

LONGER PROCESSING LATENCIES AND SLOWER TEMPORAL
PROPERTIES IN NEURONS RESPONDING TO SECOND-ORDER
STIMULI. I.Mareschal. C.L. Baker* and J. Lei. McGill Vision Research
Unit, Dept, of Ophthalmology, McGill, Montreal, Canada, H3A 1A1.
Stimuli that are not defined by variations in luminance but rather by
some second-order characteristic such as contrast are referred to as
second-order or non-Fourier. In the motion domain an example of this is
an “envelope stimulus” which consists of a high spatial frequency carrier
whose contrast is modulated by a moving low spatial frequency envelope.
The motion of these stimuli is invisible to linear motion energy detectors,
yet neurons in cat area 18 have been found which respond selectively to
them. We previously showed that both the spatial frequency of the carrier
and the envelope are critical in eliciting a response from these neurons. In
addition, neurons typically display bandpass selectivity to the temporal
frequency of the drifting envelope which is always lower than that
measured using a luminance sinewave grating. In this experiment, we
investigated the notion of slower temporal processing of second-order
stimuli by examining the latency to response or integration time in area 18
neurons. This was carried out on simple cells displaying strong modulated
responses in their post stimulus time histograms using both envelope
stimuli and luminance gratings. Measurements of latency were obtained by
plotting the phase of the fundamental of the response against the test
temporal frequency on linear axes and calculating the slope of the linear
regression. We found that a given neuron’s latency to response to the
envelope stimuli was substantially slower than to luminance gratings,
supporting the idea of a separate “sluggish” processing stream for secondorder stimuli.
Support: MRC grant MA-9685 (C.B), FCAR fellowship (I.M)
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406.11

406.12

NONLINEAR SPATIAL INTERACTIONS IN VISUAL CORTICAL RESPONSES
REVEALED BY fflGH-DENSITY RECORDINGS OF EVOKED POTENTIALS.
S.P. Ahlfors*. G.V. Simpson. J.J. Foxe and J. Hrabe. Depts. Neurology and
Neuroscience, Albert Einstein College of Medicine, Bronx, NY 10461.
Multiple stimuli can be perceived as independent entities and as conjoined wholes.
We examined whether there are cortical representations which remain as
independent entities when multiple locations of the visual field are stimulated
simultaneously and/or whether they interact to form a conjoined representation.
Visual evoked potentials of 5 normal subjects were recorded from 128 scalp sites.
Wedge-shaped checkerboard stimuli extended 1-4 degrees eccentricity, and were
centered along the diagonal in each quadrant subtending 50 deg. polar angle. The
stimuli were presented in either one or two quadrants of the visual field. The
duration of the stimuli was 250 ms and the stimulus onset asynchrony was random,
ranging from 500 to 750 ms. The evoked potentials revealed multiple peaks of
activity with differing surface topography, indicative of changing cortical source
configurations over time. The main deflections occurred around the latencies of 80,
110, 130-150, and 250-270 ms. The response at 80 ms (PI) did not show nonlinear
response interactions for any pairs of stimuli. In contrast, the amplitudes of the
components peaking at 130-150 ms and 250-270 ms were decreased during paired
stimulation as compared with the sum of the responses to single quadrant
stimulation. In some subjects, the negative deflection peaking at 130-150 ms showed
a shorter latency for the response to the paired stimulus presentation. For two of the
subjects, a characteristic feature of the difference waveforms between paired and
single presentation of lower visual field stimuli was stimulus-locked oscillatory
activity in the alpha frequency range. The results suggest that the early responses
(possibly visual areas V1/V2) could maintain the integrity of the individual inputs
from the two visual fields. On the other hand, amplitude decreases for the later
components suggest that these cortical representations interact. (NS27900-GVS)

CALLOSAL AND THALAMIC CONNECTIONS OF EXTRASTRIATE
VISUAL CORTEX IN TREE SHREWS. D.C. Lyon*, N. Jain, and J.H.
Kaas Dept o f Psychology, Vanderbilt University, Nashville, TN, 37240.
In previous studies of the ipsilateral cortical connections of tree shrews
(Tupaia belonged), we provided evidence for four extrastriate visual areas
lateral to V2; the immediately bordering temporal anterior (TA), temporal
dorsal (TD), and temporal posterior (TP) areas, and a temporal inferior
area lateral to TD. Here we report callosal and thalamic connections after
injections o f different tracers in one or more of the proposed subdivisions
of visual cortex. Callosal connections were not as widespread and were
less dense than ipsilateral connections. The densest callosal label occurred
at the mirror image of the injection site. Injections in central V2 labeled
cells in contralateral VI within l-2mm of the vertical meridian, central
V2, TD and TA. Injections placed in lateral and rostral V2 labeled cells in
contralateral peripheral VI near the vertical meridian, V2, and the
temporal cortex adjacent to the injection site. An injection in TA labeled
cells in contralateral TA, V 1, V2. Injections in TD labeled V 1 near the
vertical meridian, and V2, labeled cells in V2 were more numerous. There
was also label in cells of contralateral TD and TA. An injection in TP
resulted in label only in cells of area TP and a strip of cortex extending
laterally towards the posterior end o f primary auditory cortex.
VI injections labeled a restricted region of cells that progressed across
LGN layers. V2 injections labeled fewer cells scattered across layers in a
crude topographic fashion. Injections in temporal visual cortex also
labeled a small number o f cells in the LGN. All o f the injection sites
labeled cells in the pulvinar. The results support the conclusion that tree
shrews have a number o f visual areas, and allows for comparisons with
primates.
Supported by NEI grant EY-02686.
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INTRINSIC CONNECTIONS IN THE DORSOLATERAL VISUAL
AREA OF SQUIRREL MONKEYS. R.E. Weller*. P .M . White and
M.G. Walton. Dept, of Psychology, UAB, Birmingham, AL 35294.
Iontophoretic injections o f biocytin (n = 2 ) or pressure injections of
wheat germ agglutinin-conjugated to horseradish peroxidase (WGAHRP; n = 2 ) were made in the caudal subdivision o f the Dorsolateral
Area (DLc) o f mature squirrel monkeys (Saimiri). Cortex in one o f the
biocytin cases was sectioned coronally and cortex in the other cases was
flattened and sectioned tangentially. The overall pattern of intrinsic
connections in DLc was latticelike or patchy, extending up to 3.5 mm
from the edge o f an injection. Although variable in shape and size,
patches were often oval, with a mean width o f 250 /urn. Individual
biocytin-labeled intrinsic axons ( n = l l ) were drawn at high power
(1000X) and serially reconstructed. Individual axons could be followed
for up to 1285 ¿¿m in a single tangential section. Boutons were primarily
en passant and ranged in density from 3.3-15.8 boutons/100 yum linear
extent o f axon. Boutons formed clusters in some axons. As part o f a
planned comparison o f intrinsic connections in areas o f the ventral
cortical pathway, we are in the process o f analyzing similar data for
intrinsic connections in caudal and rostral subdivisions o f inferior
temporal cortex o f squirrel monkeys.
Supported by NIH grant NS32245 and a UAB Graduate School Faculty
Research Grant.

FEEDFORWARD AND FEEDBACK CONNECTIONS OF V2 AFTER
INJECTION OF CHOLERA TOXIN IN V4 OF CEBUS MONKEY. S,
Nascimento-Silva. M.C. Piñón. J.G.M. Soares, A.P.B. Sousa* and R.
Gattass. Department of Neurobiology, Instituto de Biofísica Carlos Chagas
Filho, UFRJ, Rio de Janeiro, RJ, 21941-900, Brazil.
In the present work we studied the origin of the ventral stream of visual
processing in area V2 using sub-unit B cholera toxin as an anterograde and
retrograde tracer. Two Cebus apella monkeys anesthetised with a mixture of
N20 :0 2 (70:30) and Fluothane 2.0% received two 0.5 |il injections of cholera
toxin into dorsal V4. After seven days survival time the animals were deeply
anesthetised and perfused with saline. The brain was removed and blocked
and the block containing V2 and the injection site in V4 was flattened. Frozen
40 |iim thick tangential sections were obtained. Alternate sections were stained
for cholera toxin immunohistochemistry or for cytochrome-oxidase (cytox)
histochemistry. Analysis of the sections revealed that V4 projecting cells and
V4 terminals are localized in thin cytox stripe and in the interstripes of V2.
The cells are however restricted to the granular and supragranular layers,
while the terminals are observed in the infragranular layers. The pattern of
distribution of V4 projecting cells in the different modules of V2 is similar to
that previously described (Nascimento-Silva et a!., Neurosci. Abstract,
21:903, 1995) and corroborates the site of origin of the ventral stream in V2.
In addition, the backward projections were also found in the same cytox
modules.
Supported by: FINEP, FAPERJ and CNPq.
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FEEDBACK CONNECTIONS FROM V2 MODULATE INTRINSIC
CONNECTIVITY WITHIN VI. J.M. Hupe*. A.C. James1. P. Girard and J.
Bullier. INSERM 371, Bron, France, Center for Visual Science, ANU,
Australia1.
We reversibly inactivated with pressure ejections of 100 mM GABA a
small region of V2 of anaesthetized and paralyzed macaque monkeys.
Extracellular recordings of neurons were performed in the region of VI in
retinotopic correspondence with the inactivated region in V2. We measured
the responses of VI neurons to flashing bars displayed in the center and the
surround of their receptive fields (RF). Two types of effects were observed: a
decrease of the response to the bar flashed in the RF center (1/4 of all the
effects), and an increase of the response to stimulation of the RF surround
(the remaining 3/4 of the effects). This last effect meant that the neurons gave
a strong response to stimuli which elicit little or no response when V2 is
intact. Effects of inactivating V2 were in some cases selective to the
orientation of the bars composing the surround stimulus and to their spatial
repartition (along the axis of preferred orientation versus covering the whole
surround of the RF). The decrease of the center response and the increase in
the surround response were sometimes observed in the same neurons. When
center and surround bars were flashed together, we observed a classical
modulation of the response. This modulation was affected during GABA
blocking only for neurons with effects on the center or surround responses.
These results suggest two roles for the feedback connections from V2 to
VI: A facilitation of the response to center stimulation, and an inhibition of
surround responses, which are probably mediated by excitatory VI intrinsic
connections. Thus, feedback connections from area V2 modulate but do not
create center-surround interactions in VI neurons.
Supported by INSERM and HFSP contract n°55-94.
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NEURAL MECHANISMS OF FIGURE-GROUND SEGREGATION IN
MONKEY AREA V2. B. Heider'. V. Meskenaite2. and E. Peterhans'*.
Department of Neurology, University Hospital Zurich, and Institute of
Neuroinformatics, UZ/ETHZ2, CH-8091 Zurich, Switzerland.
We studied cortical representations of static and dynamic mechanisms of
figure-ground segregation in area V2 of the alert rhesus monkey. During periods
of active visual fixation, we recorded the responses of single neurones in stimulus
conditions which induced the perception of objects (bars or rectangles) defined
either by occlusion cues, or motion. Control conditions included the same types of
cue but failed to induce distinct percepts of figure and ground.
We localised mechanisms of figure-ground segregation by correlating the
physiological results with the anatomical cytochrome oxidase pattern (confirmed
by Cat-301 immunoreactivity). Neurones sensitive to objects defined by occlusion
cues were found most frequently in the pale stripes (47%, 7/15), but rarely in the
thick (12%, 4/32) and thin stripes (25 %, 1/4). Neurones sensitive to objects
defined by motion were found most frequently in the thick stripes (52%, 12/23),
less frequently in the pale (42%, 8/19), and rarely in the thin stripes (10%, 2/20).
In addition, sensitivity to stereoscopic cues also concentrated in the thick stripes
(40%, 95/236).
These results suggest that different mechanisms of figure-ground segregation
are implemented in distinct compartments of area V2. While mechanisms based on
occlusion cues concentrated in the pale stripes, mechanisms based on motion cues
and stereoscopic depth seemed to predominate in the thick stripes. The thin stripes
generally lacked such properties. We conclude that area V2 not merely segregates
classical visual information but includes novel grouping mechanisms for initiating
the segregation of figure and ground at early levels of processing.
Supported by SNF grant #5002-044891.
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CORTICAL AND SUBCORTICAL INPUTS TO MACAQUE AREA V3.
A. Angelucci*, J.B. Levitt, K.R. Gegenfurtner, T. Reisbeck & J.S. Lund.
Institute of Ophthalmology, University College London, EC1V 9EL, UK.
Recent physiological studies indicate substantial convergence of color and motion
signals in macaque area V3. We therefore investigated the distribution of cortical and
subcortical inputs to the area, using the highly sensitive neuronal tracer cholera toxin
B (CTB). Under physiological guidance, we made pressure injections of CTB into
dorsal V3. We found substantial inputs from both VI and V2. The projection from
VI arose primarily (>95% ) from layer 4B, but also from layers 2/3 (with no
consistent relation to the cytochrome oxidase (CO) blobs). The projection from V2
arose from layer 3, and appeared essentially continuous across V2, i.e. labeled cells
were not restricted to particular CO stripes. In agreement with previous reports, we
also found substantial inputs to V3 from several extrastriate areas including V3A, V4,
V4t, MT, MST, and ventral V2, V3 (VP), and V4. In addition, we found labeled
cells in ventral cortex anterior to V4v, as well as in medial temporal and
parahippocampal cortices. Inputs from dorsal areas arose from infragranular layers
only, or added a supragranular component as well. In ventral cortex, inputs from
areas rostral to V4v arose from infragranular layers, while those from areas caudal
to V4v provided inputs from both supragranular and infragranular layers. Subcortical
inputs arose from several thalamic nuclei: multiple strong foci in the pulvinar,
sparser label in the LGN (restricted to the parvocellular and intercalated laminae),
and nonspecific (intralaminar) nuclei. We also found subcortical inputs from the
amygdala, claustrum, hypothalamus, and brainstem (pontine reticular formation and
possibly locus coeruleus). We conclude that the multiple inputs to area V3 provide
ample substrates for both chromatic and motion information to reach the area.
Supported by MRC G9408137.

FUNCTIONAL IMAGING OF THE VISUAL CORTEX USING fMRI
IS ENHANCED BY REMOVING RESPIRATORY AND CARDIAC
FLUCTUATIONS J.T. Vovvodic*. MR Research Center, Radiology
Dept., University of Pittsburgh Medical Center, Pittsburgh, PA 15213.
Functional magnetic resonance imaging (fMRI) detects small changes
in tissue magnetic properties and as such is sensitive to changes in blood
oxygenation, blood flow , tissue motion, and magnetic field
inhomogeneities. Physiological fluctuations due to respiration and
cardiac pulsation therefore pose problems for interpreting cortical
activation signals using fMRI. Increased signal sensitivity available
when imaging at high magnetic field strengths makes these problems
particularly noticeable and can be a significant obstacle when attempting
high spatial or temporal resolution imaging. To address this issue I have
developed software tools to compensate for these physiological
oscillations both retrospectively and prospectively. Retrospectively,
heartbeat and respiration are recorded and then used in statistical post
processing to separate out the signal variance due to the physiology.
Prospectively, the paradigm software analyzes heartbeat and respiration
in real-time and then triggers either the stimulus or the MR scanner to be
phase-locked to a particular combination of phases of the two cycles.
When MR images were phase-locked for physiology they showed less
intensity variability across time than normal scans (TR > 6 secs). When
stimuli were phase-locked for physiology (with or without temporal
offsets) they resulted in improved temporal sensitivity. These software
tools are applied with different types of stimuli to explore different
aspects of visual cortical activation.
Supported by Dept, of Radiology, University of Pttsburgh

406.19
SUBDIVISIONS OF VISUALLY RESPONSIVE REGIONS OF THE DORSAL
VENTRICULAR RIDGE OF THE IGUANA (Iguana iguana). P.Manger. 7. Molnar*.
D. Slutsky & L.Krubitzer. Center for Neuroscience, Univ. of Cal. Davis, CA 95616.
The dorsal ventricular ridge (DVR) of reptiles is one of two regions of the
telencephalon that receives input from the thalamus.
Whether the DVR is
homologous, analogous, or both, to mammalian neocortex is an issue that is still
presently debated. Anatomical studies demonstrate that two visual thalamic nuclei,
lateral dorsal geniculate and rotundus, send afferents to the telencephalon, and in many
ways these pathways resemble visual pathways described for mammals. However,
physiological studies of the DVR are limited. The present study was designed to
determine the functional organization of visual regions of DVR. Five adult iguanas
were anesthetized (80mg/kg ketamine, lOmg/kg xylazine, IM), a craniotomy
performed to expose the cortical mantle, and microelectrode mapping techniques were
used to determine visually responsive regions of the DVR. Neurons responsive to
visual stimulation were restricted to the anterior and medial two thirds of the DVR.
Within this visually responsive region, two topographically organized subdivisions of
the visual field could be determined. These subdivisions are based on neural response
properties and reversals in receptive field progressions, although no architectonic
distinctions were observed. As recording sites moved from dorsal to ventral in the
DVR, receptive fields moved from the upper posterior quadrant toward the lower
anterior quadrant. At approximately the middle of the visually responsive regions, the
progression of receptive fields reversed, and at the most ventral portion of the visually
responsive regions, receptive fields were again located toward the upper posterior
quadrant. As recording moved from rostral to caudal in the DVR, the sets of receptive
fields recorded showed a slow progression from the upper half of the visual field to the
lower half, covering the entire visual field. These results demonstrate that there are at
least two physiologically defined visual subdivisions in the DVR of reptiles. Like the
subdivisions of the mammalian neocortex, these regions are topographically organized,
and show receptive field reversals at their boundaries. Although it is uncertain whether
the DVR is homologous to the cerebral cortex of mammals, some of the
organizational principles appear to be similar in both structures.

AUDITORY SYSTEMS: IMAGING AND EVOKED POTENTIALS
407.1

4 07.2

“WHAT” VS. “WHERE” IN THE AUDITORY CORTEX: A FUNCTIONAL MRI
STUDY. J. R. Binder*. J. A. Frost. T. A. Hammeke. J. A. Springer. P. S. F.
Bellgowan. S. M. Rao. Medical College of Wisconsin, Milwaukee, WI 53226.
FMRI was used to test the hypothesis that there are functionally specialized
processing streams in the auditory cortex analogous to the ventral (form recognition
or “what”) and dorsal (spatial or “where”) pathways in the visual system. Speech
perception was considered as an auditory analog of form recognition, and pitch
perception as an auditory analog of spatial processing.
FMRI was performed at 1.5T using a gradient echo, echoplanar sequence.
Twenty iTght-handed subjects were imaged during 3 auditory stimulus conditions.
In each condition the subject heard trains of auditory stimuli and responded by
button press when a train started or stopped. Stimuli in the Word condition were
concrete English nouns. Stimuli in the Backward condition were the stimuli from
the Word condition played backward. Stimuli in the Tone condition were pure tones
that randomly changed frequency (shifted location in pitch “space”) within a range
from 50 to 2400 Hz. Statistical parametric maps were generated for each subject
comparing each stimulus condition to rest and to the other conditions. SPMs were
transformed into standard stereotaxic space and averaged across subjects.
Word and Backward conditions resulted in nearly identical, diffuse activation
of bilateral superior temporal gyri (STG). Both conditions activated ventral STG
cortex near the superior temporal sulcus (STS) more strongly than did the Tone
condition. Conversely, the Tone condition resulted in stronger activation than either
of the speech conditions in the dorsal temporal plane (planum polare and planum
temporale) and in left parietal operculum.
These results are evidence for a ventral-dorsal functional organization within
human auditory cortex. The ventral stream is engaged by complex auditory patterns
such as those contained in speech, which likely undergo phonetic categorization by
cortex near the STS before being passed on to a polymodal semantic system located
further ventrally in middle and inferior temporal gyri (Vandenberghe et al, Science
1996,383:254). The dorsal stream is engaged by stimuli exhibiting salient location
and motion within the pitch domain, and may enable pitch perception as a mapping
between tonotopic and spatial representational systems.
Supported by NIH NS33576

EFFECT OF STIMULUS INTENSITY ON AUDITORY CORTEX USING
FMRI. W.M. Kina . C.M. Mohrb . A.J. Freeman b & C.M. L eo n ard * Deots.
o f Communication Processes & Neuroscience®, University o f Florida,
Gainesville, FL 32610
Understanding the impact o f variations in the acoustic signal is critical for
the development o f auditory fMRI as an experimental tool. We describe the
dependence o f the BOLD signal on the stimulus intensity o f speech stimuli.
Seventeen subjects were imaged with a spiral scan on a 1.5T M RI scanner.
Speech stimuli were English monosyllabic words (test NU- 6 ) played at 5
intensity levels chosen to cover a wide delectability range (65 to 110 dB).
During data acquisition, subjects internally repeated the words and signaled
when hearing two targets. Each functional trial consisted o f 4 cycles (30s: off
-30s: on). Five oblique slices covering the frontal operculum (FO), the planum
temporale (PL) and the posterior superior temporal sulcus (STS) were imaged.
Activated voxels were identified by correlation to a shifted square wave
function and overlaid onto a high resolution 3D anatomic data set.
All 17 subjects demonstrated activation in the grey matter along the PL and
the STS, as well as in the FO. Maximum activation was reached at the 4th
sound intensity (90-95dB; 90 to 100% word detectability). Intensity had a
significant effect on the volume o f activation in the posterior but not the
anterior quadrants. The left hemisphere had a 25% greater activated volume
than the right but a similar response to intensity level. Intersubject differences
in activation extent, asymmetry, and dependence on intensity were striking.
Individual differences in vascular physiology, cognitive strategy, and the
relation between task demand and physiological response must be considered
in the interpretation o f fMRI experiments. S u p p o rte d by the N a tio n a l H ig h .
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DEPENDENCE OF FMRI ACTIVATION IN THE HUMAN INFERIOR
COLLICULUS AND HESCHL'S GYRUS ON NOISE BURST RATE M.P. Harms.
R.M. Weisskoff. J.R. Melcher* Mass. Eye and Ear Inf. Boston MA 02114, Dept, of
Radiology Mass. General Hospital Boston MA 02129, Speech and Hear. Sci. Prog.,
Mass. Inst, of Tech. Cambridge MA 02139
Stimulus rate is a fundamental parameter of physiological investigations of the
auditory pathway. In the case of functional imaging studies, little is known about the
dependence of activation on stimulus rate, particularly for stimuli used routinely in
auditory electrophysiology such as noise bursts. The present functional magnetic
resonance imaging (fMRI) investigation examines activation in the inferior colliculus
(IC) and Heschl's gyrus (HG) using noise bursts presented at different rates.
Three subjects were imaged using a 1.5T GE scanner equipped for echo-planar
imaging. The imaged slice passed through the IC and HG (the site of primary auditory
cortex). During functional imaging, the subject's electrocardiogram triggered the
scanner so images could be acquired every other heart beat. Images were corrected for
fluctuations in interimage interval. Stimuli were 2/s, 10/s, or 35/s binaural noise
bursts (25 ms duration) presented during 30 s "on" periods, alternated with 30 s "off'
periods. Activation maps were derived by comparing image signal strength during
stimulus on and off periods using a t-test. The IC and HG were delimited in
anatomical images acquired during the same session as the functional images.
Activation within each anatomically-defined IC and HG was quantified in terms of (1)
percent signal change of the lowest p-value voxels within the region of interest, and
(2) "voxel count", the number of voxels with p < 0.01 (voxel volume 3 x 3 x 7mm).
Activation in the IC and HG showed distinctly different dependences on stimulus
rate. In the IC, average percent change was greatest at 35/s and least at 2/s (p < 0.01,
t-test) (2/s 0.4±0.1; 10/s 0.7±0.1; 35/s 1.2±0.2). Average voxel count showed the
same trend. In HG, percent change was smallest at 35/s and greatest at 2/s and 10/s (p
< 0.01) (2/s 1.2±0.1; 10/s 1.2±0.1; 35/s 0.5±0.1). Average voxel count showed the
same trend. Thus, the stimulus rate producing greatest activation can differ
substantially within the auditory pathway. (NIH P01DC00119 R03DC03122-01
T32DC00038-04)

IN VIVO MICROELECTRODE TIP LOCALIZATION USING MAGNETIC
RESONANCE IMAGING. S.H. Fung1, D. Burstein2 and R.T. Bom1*. 'Dept, of
Neurobiology, Harvard Medical School, Boston, MA 02115, 2Dept. of Radiology,
Beth Israel Hospital, Boston, MA 02115.
The ability to record neuronal signals from an animal who is alert and performing
a task has greatly advanced our understanding of the physiological basis of perception
and behavior. One major drawback of present methodology is that little or no
anatomical information about recording sites is available because the long survival
times necessary for behavioral studies preclude adequate localization of recording sites
on the post-mortem histology. Ideally, one would like to anatomically characterize
recording sites while the animal is still alive.
This problem has led us to develop a non-invasive, magnetic resonance imaging
(MRI) technique. We made long electrode penetrations in the brains of anesthetized
rats (n=12). Recording sites along the microelectrode tracks were marked by depositing
iron with anodic current from the tip of a stainless steel electrode. The iron deposits
were visible as punctate 100 (im-wide marks using gradient echo sequences in a 4.7T
MRI scanner. By comparing the MRI scans directly to the post-mortem histology, we
found that the microelectrode tracks could be reliably reconstructed with MRI in an
animal surviving up to two months after the initial deposition of iron, even though
no lesions were visible in histological sections. We were able to make marks using
either direct current (1-2 pA for 5-15 s) or biphasic current pulses (-40 pA for 0.2 ms,
a 0.1 ms pause, followed by +40 pA for 0.2 ms at 200 Hz for 10-60 s). The biphasic
pulse trains, which were similar to those used in microstimulation experiments in
alert monkeys, caused very little tissue damage while producing iron deposits that
were clearly visible on MRI scans. This method should prove useful for obtaining
anatomical information during chronic electrophysiological studies of the brain.
Supported by the Milton Fund and NIH EY 11379

407.5

407.6
AUDITORY DISCRIMINATION: A COMPARISON OF BEHAVIORAL
ESTIMATES AND CORTICAL ACTIVATION MEASURED BY
POSITRON EMISSION TOMOGRAPHY (PET). A.C. Eddins. J.C.
Stout*. D. A. Eddins. C.S. Watson. Dept, of Speech & Hear. Sci. and Prog,
in Neur. Sci., Indiana University, Bloomington, IN 47405
Normal-hearing subjects often show large individual differences in
performance on auditory discrimination tasks with complex non-speech and
speech stimuli. Using 150 PET activation, we evaluated the relationship
between psychophysical performance and cortical activation patterns in two
normal-hearing subject groups; those who performed better on speech than
non-speech tasks and those who performed better on non-speech than speech
tasks. Changes in regional cerebral blood flow (rCBF) were measured while
subjects discriminated changes in a tonal sequence (non-speech) or in a
temporally analogous syllable sequence (speech). Subjects with better
psychophysical performance on speech tasks showed increased activation in
the left superior and middle temporal gyri (Brodmann’s areas 21, 22) when
discriminating the syllable versus the tonal sequence, whereas subjects with
better performance on non-speech tasks showed greater activation in the
inferior mesial frontal lobe (Brodmann’s area 11) during syllable
discrimination. The results suggest that different patterns of cortical
activation may underlie differences in auditory processing strategies used by
normal-hearing listeners.
Supported by the Physiologic Imaging Research Center, IU Sch. of Med.

REPRESENTATION OF SOUND FREQUENCY AND INTENSITY IN
AUDITORY CORTEX REVEALED BY INTRINSIC SIGNAL OPTICAL
IMAGING. R.V. Harrison*. N. Hareh E. Raveh. A. Kakigi, R.J. Mount. Dept,
of Otolaryngology, Hospitalfor Sick Children, Toronto, Canada MSG 1X8.
Using optical imaging of intrinsic signals we have mapped sound frequency
and intensity responses in primary auditory cortex of the anesthetized
(ketamine) chinchilla. Temporal cortex was exposed via a 10mm craniotomy; a
windowed chamber was mounted. Pure tones were presented via the
contralateral ear (4s, 0-80 dB SPL). The cortical surface was illuminated with
540nm light and video images captured in 0.5s bins for 7.5s (OI Imager 2001).
Intrinsic signals are maximal 2-3 s after stimulus onset and decay over several
seconds. Activated areas correspond with electrophvsiologicaliy defined Al
cortex. A low to high frequency tonotopic organization is seen along the
anteroventral to posterodorsal axis. Low frequencies activate much broader
cortical areas than higher frequencies. Intrinsic signals are detectable for
stimulation levels 20-40 dB above auditory threshold.

3s post 8kHz stimulus onset

No stimulus

Supported by MRC (Canada) and the Masonic Foundation of Ontario.
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M O D U L A T IO N O F H U M A N A U D IT O R Y C O R T E X A C T IV A T IO N
AS R E V E A L E D BY S IN G L E T R IA L A N A LY SIS O F M E G N E T O E N C E P H A L O G R A P H IC S IG N A L S L.C. Liu1 *, A.A. Ioannides1'2,
J.G. Taylor1, J. Gross1, J. Dämmers1, F. Boers1 and H.-W. Müller-Gärtner1
in s titu te of Medicine, Research Centre Jülich, D-52425 Jülich, Germany;
2Physics Department, The Open University, Milton Keynes MK7 6AA, U.K.
We have used the BTi twin MAGNES system (2x37 channel) to record the
MEG signal from groups of 5 right-handed healthy males in 3 auditory experi
m e n ts ^ subjects participated in all experiments): (1) simple tones (1kHz, 50
ms long), (2) Contingent Magnetic Variation (CMV) protocol and (3) process
ing of continuous speech (German). Optimal placement of the probe over the
auditory cortex and use of novel analysis allowed us to identify the activity in
the left and right auditory cortex in all single trials. Epoch distribution pat
tern (EDP) in the pre-stimulus period defines a stable baseline from which the
stimulus-related activity can be differentiated, and serves as epoch classifier.
The probability distribution of the remainder of mean-free prediction and ac
tual single trial levels, computed as a function of time and offset lag, provides a
quantification of single trial variability. We found that (1) the EDP shows a set
of response profiles which we interpret as the excitation of different pathways;
(2) the average highlights a subset of responses and mixes different contribu
tions, making the extraction of temporal order problematic; (3) the range of
responses and hence variability decreases dramatically when the stimulus car
ries information or acts as a cue for action. In summary, our analysis suggests
that the auditory cortex activity is modulated by coupling to other modules
composed of overlapping networks and pathways. A stimulus-independent os
cillatory background is associated with the maintenance of the entire system,
but the stimulus onset at each trial selects one of the networks and gives rise
to the EDP.
This study was supported by the Research Centre Jülich GmbH.

ACUTE PLASTICITY OF ADULT FERRET AUDITORY CORTEX: MULTIPLEUNIT MAPPING AND OPTICAL IMAGING. H. Versnel*. J. E. Mossop and D. R.
Moore. University Laboratory of Physiology, Parks Road, Oxford, OX1 3PT, UK.
We have recently obtained evidence for plasticity in the binaural organization of
the adult ferret primary auditory cortex (Al) (Moore et al., Soc. Neurosci. Abs.
21:669, 1995). In this study we compare the topographic organization of ipsilateral
responses in Al before and after removal of the contralateral cochlea in the
barbiturate-anaesthetized adult female ferret. Midway through each experiment the
cochlea is destroyed to allow within-animal comparison. In one series of experiments
we recorded multiple-unit responses to tone bursts at various sites at about 200 pm
separation using tungsten microelectrodes. In another series of experiments we
mapped Al by means of optical imaging of intrinsic signals (Imager 2001, Optical
Imaging, Inc.) using a 546 rim light source (cf. Dinse et al., Soc. Neurosci. Abs. 22:
424, 1996). Stimuli were narrow band, frequency modulated tones (modulation
frequency: 4 Hz; modulation amplitude: 10 %; duration: 2 s) with various carrier
frequencies (1 -1 6 kHz) and intensities (50-80 dB SPL).
Multiple-unit recordings before ablation revealed that about half of the Al area that
responds to contralateral stimuli also responds to ipsilateral stimuli. Typically the
ipsilateral patches were centrally located along the isofrequency contours. In one
animal (out of five) thé ipsilateral area extended after ablation of the contralateral
cochlea to virtually the entire Al area (previously responding to contralateral stimuli).
The other four animals only showed a small enlargement of ipsilateral responsive
areas. A decrease in rebound activity after ablation, suggesting a reduction of
inhibitory input, paralleled the increase in excitatory responsiveness. The patches of
optical activation induced by ipsilateral sounds were at similar tonotopic locations as
the contralaterally evoked patches, but the signals were much weaker. Preliminary
data indicate that immediately after ablation the optical signal evoked by ipsilateral
tones is stronger, and the corresponding activation patch larger than before ablation.
Supported by the MRC, Oxford McDonnell-Pew Centre, NOHR, NSERC (Canada).
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4 07 .9
Principal c o m p o n e n t a n a ly s is for o p tica l reco rd in g o f intrinsic s ig n a ls
in m ultim odal m apping ex p e r im e n ts
A. Hess* and H. Scheich, Federal Institute for Neurobiology (IfN), 39118 Magdeburg, Germany
Optical recording of intrinsic signals (ORIS) has recently been shown to be a brain imaging
technique with the capability to demonstrate spatially high resolved network characteristics
of various cortical fields (visual cortex: Blasdel et al., Grinvald et al., barrelfield: Masino et
al., 1994, auditory cortex: Hess & Scheich, 1996). Interestingly only in the case of the
auditory cortex a systematic spatial propagation of ORIS activity over time has been
described (Hess & Scheich, 1996). To further analyze these dynamics of ORIS activity we
recorded simultaneously optical activity in the auditory as well as in the visual cortex and in
the barrelfield of the same specimen. For spatio-temporal analysis we introduced a
principal component analysis (PCA) of optical recording data. With this analysis we
determined the number of the principal components and reconstructed their spatial
distribution necessary to describe the time course of the optical recording activity within the
different sensory cortices. Awake gerbils (n=4) were chronically prepared with a skull
anchor and an optiqal recording chamber. They were stimulated in a random order
acoustically with pure tones of 1 and 8 kHz (250 ms stimulus, 250 ms pause, 4 repetitions)
at 45dB SPL (free-field) in a soundproof chamber, visually by a light (LED) in front of the
eyes, flickering at 8 Hz and by deflecting single whiskers at 5 Hz. Each stimulus was
averaged 10 times and for each presentation 16 frames were acquired at video rate during
6400 ms (Imager 2001 Optical Imaging) in which the first frame was acquired without
stimulation. The image-series for each stimulation was divided by the first frame of the
series. This method corrects best for the local cortical activity status just before each
stimulus presentation. Results are (1) optical signals of different sensory cortices could be
mapped successfully within one animal in one experiment. (2) Applying a PCA to the
temporal profile of each pixel, up to 7 different components were found. The spatial
reconstruction from all pixels with the first one or two principal components reproduced the
specific sensory response areas, whereas the higher components reflected different
responses of the vascular system. (3) Only for the auditory stimulation a second principal
component was found which covered the corresponding sensoiy cortex. This second
principal component represented a different time course of activation. Its factor loadings
were lower and the corresponding pixels covered in comparison to the first principal
component a larger response area. Therefore we concluded, that this second principal
component reflects the spread of activity, specifically for the auditory modality.

MONDAY PM

407.10
PERIODOTOPIC ORGANIZATION OF THE CAT AUDITORY CORTEX
DEMONSTRATED BY OPTICAL RECORDINGS.
G. Langner*, H. R. Dinse1, B. Godde1, and T. Langner. 'inst. of Neuroinformatics,
Ruhr Univ. of Bochum, Inst, of Zoology, Techn. Univ. of Darmstadt, Germany.
Acoustic signals with periodic envelopes are essential in speech, animal vocaliza
tions, and music. They result from vibrations of sound sources and elicit the percept
of periodicity pitch. In the auditory midbrain, this periodicity is represented topo
graphically in a map roughly orthogonal to the tonotopic organization. In a magnetoencephalographic study the localization of neuromagnetic fields evoked in the hu
man auditory cortex was found to be in accordance with an orthogonal arrangement
of periodicity pitch and frequency (Langner et al., J. Comp. Physiol. A, 1997).
In order to investigate the periodotopic organization in an animal, we recorded
optical responses of the cat auditory cortex to pure and amplitude modulated tones
and to harmonic complexes with a set of fundamental frequencies (50- 1200 Hz) and
cut-off frequencies (0.4-2.4 kHz). Sounds were produced by a sampler (Akai S 2000)
and an electrostatic headphone (STAX Professional) at 50 dB SPL. For optical
measurements (Dinse et al., Europ. J. Neurosci. 9, 1997, 113) we used a Lightstar II
imaging and acquisition system (LaVision) with a 2 MHz A/D converter and a
Peltier cooled, slow scan 12 bit digital CCD-camera. Images were obtained with
acquisition times of 80 ms. Averaging was achieved by adding intertrial sequences
consisting of 5 images with 80 ms duration, which were averaged over 6 to 12 trials.
The cortex was illuminated with a 546 nm light source. Images were computed by
subtracting or dividing a stimulus from a non-stimulus condition. The spatial distri
butions of reflectance changes were color-coded and computed in terms of cortical
area for 25, 50 and 75 % of the maximal reflectance changes.
The results obtained in Al in several cats indicate that in the auditory cortex
periodicity is mapped dorso-ventrally, roughly orthogonal to the tonotopic gradient.
Supported by DFG, SFB 269 to G. Langner and SFB 509 to H.R. Dinse.

407.11

407.12

DYN A M ICA L
C H A R A C TE R IST IC
OF
STIM ULUS-IN DU CED
S TO C H A STIC
NEU RAL
R E S P O N S E S AND SPO N TA NEOU S
A C TIV ITIES O BSERVED IN A UDITORY CORTEX BY O PTIC A L
IM AGING W ITHOUT A VERA G IN G . R. Tokioka*. K. Fukunishi. T.
Miyashita, Advanced Res. Lab., Hitachi, Ltd., Hatoyama, Saitama, 350-03, Japan
Previously, we discussed the deterministic dynamical neural activities in guinea pig
auditory cortexes in response to various sounds by our developed optical recording
system with voltage sensitive dye. The optical responses in these discussions were
obtainable by averaging the successive stimulus induced data.
Recently, we have renewed the optical recording system in order to measure the
spatio-temporal auditory neural response to only one sound stimulus. Non averaging
measurements by this new system have revealed us the stochastic dynamical responses
as well as the deterministic responses in the auditory cortex for various sound stimuli.
The spatio-temporal characteristics of the stimulus induced stochastic responses
(SISR) is discussed statistically in relation to the spontaneous activity (SA).
Comparing to the SAs, the SISRs were enhanced by the sound stimulus in the
meaning of the statistical values such as the spike number and variance of the neural
activities. Eminent statistical variability was observed in the SISRs by successive
stimulus, by different stimuli and by different animal. However, the significant
relations between the variability and these experimental condition were not found. The
PSDs (power spectral density) of these two stochastic variables, SISR and SA,
suggested the existence of oscillatory activities of predominant frequencies of 4-12 Hz
in the both stochastic neural activities. Interestingly, the tone induced stochastic
responses were not correlated with the tone response area, but were enhanced spatially
in the caudal area rather than in the rostral, as same as the SAs. Concerning to the
anesthetized condition, although by small number of experimental evidences, both
SISR and SA are probably suppressed by using pentobarbital (only two experiments)
than by the ketamine narcosis (27 experiments). Conclusively, the oscillatory
stimulus-induced stochastic neural responses might have the same dynamical
generating mechanism with the spontaneous neural activities in the auditory cortex.

FUNCTIONAL IMAGE OF THE COCHLEA IN
THE GUINEA PIG AUDITORY CORTEX. J.G.
Arenberg. S. Furukawa and J.C. Middlebrooks* Kresge
Hearing Research Institute, Univ. o f Michigan, Ann
Arbor, MI 48109.
We are examining the characteristic distributions o f
activity in the auditory cortex that are elicited by
particular cochlear stimuli. We refer to these
distributions as the “cortical images” o f stimuli. We
record with silicon-substrate thin-film probes that
permit us to record single unit activity at as many as 16
sites simultaneously. The cortical image o f a pure tone
consists o f a discrete focus o f maximum activity. The
location o f the peak shifts systematically as a function
o f frequency. An artificial neural network can
recognize cortical images on single trials and thereby
estimate the frequencies o f tonal stimuli. Research
supported by U-M BMRC & OVPR to B E. Pfingst,
NCRR to U-M CNTC and NIDCD training grant
DC00011.

407.13

407.14

A LAMINAR ANALYSIS OF STIMULUS EVOKED LOW FREQUENCY
OSCILLATIONS IN THE AUDITORY CORTEX, H.W. Mahncke*. C.E.
Schreiner, and M.M. Merzenich. Keck Center for Integrative Neuroscience,
University of California, San Francisco, SF, CA 94143-0732
Many studies have demonstrated that brief visual, somatosensory, or auditory
stimuli can evoke low frequency oscillations in the alpha band (4-15Hz) in sensory
cortices in anesthetized animals. These oscillations occur in awake humans as well
(Poeppel et. al. 19* j ) and may play a role in processing temporal information in the
range of hundreds of milliseconds. However, the anatomical source of these evoked
oscillations is unclear, making it difficult to constrain hypotheses about their
functional role. The purpose of this study was to define the laminar distribution of
these oscillatory phenomena in the primary auditory»cortex.
Evoked local field potentials were recorded at IOOji intervals from the pia
through the white matter in perpendicularly-oriented penetrations through the primary
auditory cortex of pentobarbitol anesthetized female rats. Evoked electrical activity
was filtered from l-100Hz to isolate field potentials and responses to fifty
presentations of a 250|is positive going click were recorded at each depth. Recordings
were made either sequentially with a single carbon fiber electrode or in parallel with a
16 channel probe. After recording was completed, small lesions were made in the
cortex at various depths to verify electrode placement and depth after perfusion.
We divided the evoked response into two parts, an onset response consisting of
the total power in the first 50ms post-stimulus, and an evoked alpha band response
consisting of the power in the 4-15Hz frequency range from 50-400ms post
stimulus. The evoked alpha band power was relatively low and constant in layers 1,2
and 3. It began to increase in layer 4, reached a peak in layer 5, and then decreased
through layer 6 and the white matter. The peak alpha band power evoked in layer 5
was about three times that evoked in the supragranular layers. The strength of the
onset response closely paralleled the strength of the evoked alpha band response in
the infragranular layers, but did not in the supragranular layers. Results are consistent
with the known bursting properties of layer 5 cells in vitro and suggest that the
evoked alpha band responses seen previously in anesthetized animals and awake
humans may originate predominately in layer 5. [Supported by HHMI, NIH Grant
NS-10414, and HRL]

EVENT-RELATED POTENTIALS (ERPs) IN THE RAT
DURING AN AUDITORY DETECTION TASK. S. MenesesOrtegailY*. D. AguiarH). A. Checaf 1 T. Montiel (2), Instituto de
Neurociencias, Universidad de Guadalajara (1); Instituto de Fisiología
Celular, UNAM(2).

S ociety for N eu r o s c ien c e , V olume 2 3 ,1 9 9 7

Interested in determining the neural origins o f ERPs we report late
components obtained during an auditory detection task in the rat.
We trained male Wistar rats in an auditory detection task. They had
to sustain a lever pressed during a 2 - 5 sec. interval, after that an
auditory stimulus was presented (4kHz. 100 mseg.). The rat had to
release the lever in less than a second to obtain water reinforcement (0.1
ml). After a learning period, we prepared rats for chronic EEG
recordings with electrodes in frontal, somatosensory and visual cortices,
and in the amygdala, hippocampus and thalamic regions.
In cortical regions, we found 3 negative components at 14, 51 and 78
mseg., and 3 positive components at 31, 72 and 108 mseg. (mean
latencies). While in subcortical regions, an additional positive wave (218
mseg. latency) was recorded, followed by a slow wave. These
components showed higher definition in the thalamic regions than in the
other areas.
Supported by CONACYT 465100-5-1492PH
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407.15

407.16

TUNING CHARACTERISTICS OF EVOKED FIELD POTENTIALS
AND THEIR RELATION TO UNIT DISCHARGES WITHIN THE
AUDITORY CORTEX.
V.V. GALVAN, J. CHEN & N.M. WEINBERGER.* Cntr. Neurobiol.
Learn. Mem. & Dept. Psychobio. Univ. California, Irvine CA 92697.
Unit recordings have been used to characterize the tuning of auditory
cortex (e.g., rat, Sally & Kelly, J. Neurophysiol. 59,5:1627-1638, 1988)
and its plasticity during learning (Bakin & Weinberger, Brain Res.
536(l-2):271-86). However, extracellular discharges do not reveal
synaptic potentials and continual intracellular recording in behaving
animals is not feasible. Evoked field potentials (EFPs) can reflect
synaptic potentials (Nicholson & Llinas, J. Neurophysiol. 34:509-531,
1971). This study investigated (a) the tuning of EFPs and (b) their
relation to unit discharges. Pure tone stimuli (0.9 - 30.0 kHz, 0-90 dB)
were presented to the ear contralateral to the primary auditory cortex in
rats (n=16) under genenal anesthesia (sodium pentobarbital). Surface
EFP recordings revealed a systematic mapping of frequency (anterior to
posterior = high - low). Depth recordings of EFPs and unit discharges,
recorded simultaneously by differential filtering, also revealed the same
frequency map. At both surface and depth, the bandwidth of tuning of
EFPs increased as a direct function of stimulus level. The best frequency
of EFPs and units were highly correlated. However, the threshold of
EFPs was 10-20 dB below that of units, and "predicted" the BF of units at
their threshold. These findings indicate that EFPs provide adequate maps
of frequency and suggest that they can reveal the tuning of synaptic
potentials at levels subthreshold for cellular discharge. EFPs may be
useful in studying the relationship of learning to synaptic activity in the
primary auditory cortex.
Supported By NIDCD #DC02346-04 to N.M. Weinberger and APA
Minority Fellowship to V.V. Galvan.

EVOKED POTENTIAL DISTRIBUTION REFLECTS TONOTOPIC
ORGANIZATION OF THE AUDITORY CORTEX OF MACAQUE
MONKEY. G. KARMOS*. ZS. PINCZE. I. ULBERT. P. LAKATOS,
and P. CSONKA. Institute for Psychology o f the Hungarian Academy
o f Sciences, Budapest, H-1394 Hungary
Macaque monkeys may serve as an animal model to study
elementary processes o f auditory information processing since their
auditory cortex has an orientation in the the temporal lobe like the
human auditory area. In the present study auditory evoked potentials
(AEPs) were recorded in six intact pentobarbital anesthetized monkeys
using 15-30 needle-electrodes, inserted into one or both sides o f the
scalp. Furthermore, AEPs to tone stimuli were recorded from 30
chronically implanted epidural electrodes in three monkeys in awake
and anesthetized conditions. Amplitude distribution maps were made
from the averaged AEPs elicited by different frequency tone bursts. In
anesthetized animals only two early positive components appeared. In
case o f the second positive component (peak latency :18-20 ms) there
was an obvious shift from frontal toward the central region with higher
frequency tone stimuli. The amplitude maximum o f the first positive
component (peak latency 8-10 ms) remained constant. In the alert
animals in addition to the early components, longer latency
components were also elicited. The amplitude distribution o f the
negative component corresponding to the human auditory N1
displayed only moderate frequency dependence.

407.17

407.18
THE REPRESENTATION OF AUDITORY P50 EVOKED POTENTIALS BY
PARAMETRIC EQUIVALENT DIPOLE COMPONENTS. H. L. Gillary*.
Department of Physiology, University of Hawaii, Honolulu, HI 96822.
Averaged auditory evoked potential (EP) data that include the P50 wave have
been analyzed to test a procedure that involves their decomposition into surface
potentials generated by overlapping parametric spatio-temporal equivalent dipole
current sources in a homogeneous spherical volume conductor. The location and
orientation of each dipole component (DC) was constant over time, and the magni
tude function Gaussian. Each of the 18 epochs of 14-channel band-pass filtered
data analyzed were evoked by one of 2 clicks, 500 ms apart and presented every 78 s, during 3 recording sessions from each of 3 normal adults. Each epoch of data
(ED) was first segmented at time points of minimum variance and DCs succes
sively fitted to a tapered subepoch comprised of the P50 segment (ca. 45-65 ms)
and contiguous segments, using a simplex algorithm to minimize residual variance.
Ultimately each ED was represented as the sum of 4 to 6 DCs and a residual, and
each P50 segment as the sum of a single DC with a maximum within the segment,
the tails of DCs with peaks in adjacent segments, and a residual. Summary
measures for each ED and its computed components were used to assess variability
with respect to subject, click, and session. These included 1) the parameters of all
fitted DCs, 2) the standard deviation across channels for the data, summed DC
potentials, and residual, 3) the scalp location, latency, and amplitude of maximum
potential for the P50 data segment and the DC that peaked in it, and 4) properties
related to the P50 segment’s residual, including its distribution of potential and
power, and the proportion of unexplained variance. For each of the EDs, despite
marked differences between them, the DCs conformed to their contours without the
imposition of constraints on orientation and peak latency, and revealed consistent
topographic patterns. The general strategy used here shows promise as a basis for
analyzing and summarizing the dynamics other types of EP data.

NEURAL RESPONSES IN AUDITORY CORTEX DURING A
SELECTIVE ATTENTION TASK
Gene R. Stoner*. Salk Institute, La Jolla, CA 92037.
Responses of single neurons were recorded from the auditory cortex
of a rhesus monkey as she selectively attended to rapidly presented
tones in one ear and ignored tones of a different pitch in the opposite
ear. The ear to be attended was indicated by an auditory cue
preceding each trial. The monkey’s task was to touch a bar when she
heard a relatively rare “target” tone in the attended ear. Targets were
of slightly less intensity than “standard” tones. Standard and target
tones in the other ear were to be ignored. Attend-left and attend-right
conditions were presented in blocks of 40 trials.
The responses to identical attended and unattended sounds were
compared. For both standard and target tones, attended stimuli
typically elicited a sm aller response than unattended stimuli.
Employing a very similar paradigm, non-invasive work in humans
has demonstrated that, relative to unattended stimuli, attended
stimuli elicit event related electrical potentials (ERPs) (Woldorff et
al., 1987) and magnetic fields (ERFs) (Woldorff et al., 1993) of
larger amplitude. This discrepancy could simply reflect a difference
in training or between species. More interestingly, it may be due to
a dissociation between EDP/EHF amplitude and the average firing
rate o f single neurons. For example, attention-related increases in
EDP/EHF amplitude may be due to increased neural synchrony rather
than an increase in average firing rates.
Supported by MH 50706.

407.19

RELATIONS AMONG EEGS FROM ENTORHINAL CORTEX,
OLFACTORY BULB, SOMATOMOTOR, AUDITORY AND
VISUAL CORTICES IN TRAINED CATS
G. Gaal*. B. Burke and Walter J. Freeman. Department o f Molecular
& Cell Biology,University of California at Berkeley, CA 94720
We are testing the hypothesis that a rapid exchange o f corollary
discharges and perceptual signals occurs between the limbic system
and the primary sensory cortices (PCSs), preceding a CS and between
a CS+ and a CR in a fixed ITI appetitive bar press paradigm, and can
be revealed in epochs lasting -5 0 - 100 ms o f EEGs simultaneously
recorded from electrode arrays on the EC and PSCs. Data from
multiple sessions with 6 s records o f 20 trials are screened with power
spectra, coherence, phase plots and cross correlograms in sliding
windows. Auto and coherence spectrographs are "1/f"-type with
excess power in the gamma band (centered on 40 Hz) and beta (15-25
Hz) band. The auditory cortex (Al) led the EC by 6-20 ms in the beta
band during the auditory evoked potential on average, and the EC led
the A l before the onset of the sensory stimulus in the auditory task in
the beta band on some, but not all days o f auditory tasks. Evidence
was also found for zero time-lag synchronization greater in task than in
rest. The center stripe of sliding cross correlograms calculated for AIEC, AI-VI and VI-EC pairs of normalized recordings was stronger and
narrower in both visual and auditory tasks. More prominent patches
were seen in the center stripes in the beta band just before the onset of
the CS stimuli on several, but not all task days investigated. These
findings may give us access to corollary discharges related to
anticipation of sensory stimuli.
Supported by NIH R37 MH06686-35 and ONR-OOO14-93-1-0938.
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408.2

ADAPTATION PRODUCES SIMILAR CHANGES IN TASTE RESPONSE
PROFILES IN THE NUCLEUS OF THE SOLITARY TRACT AND THE
PARABRACHIAL NUCLEUS OF THE PONS IN THE RAT. C. H. Lemon.
P. M. Pi Lorenzo* and M. D. Kawamoto. Department of Psychology, Binghamton
University, Binghamton, New York, 13902-6000.
Previous studies have shown that adaptation of the tongue to various taste stimuli
can modify response profiles of taste cells in the nucleus of the solitary tract (NTS).
The present experiment shows that these effects are similar in the parabrachial nucleus
of the pons (PbN), the main target of the NTS. Electrophysiological responses to
taste stimuli were recorded from single units in the NTS and the PbN following
adaptation of the tongue to 1 of 4 tastants: NaCl (0.1 M), sucrose (0.5 M), quinine
HC1 (0.01 M), and HC1 (0.01 M). Following individual presentations of each
stimulus, one stimulus was chosen as a target for adaptation and each of the remaining
tastants then served as test stimuli. The adaptation-test procedure was repeated until
each stimulus had served as both target and test stimulus following adaptation to each
target stimulus. Preliminary analysis of approximately 30 cells in each structure
shows that responses to test stimuli can vary dramatically depending on the target
stimulus to which the tongue is adapted. Both enhancement and suppression of
responses were noted, although suppression was far more common. Approximately
one third of NaCl responses in the NTS were enhanced following adaptation to sucrose
or quinine: However, no instance of this effect has been observed in the PbN thus far,
suggesting that these changes in NaCl responses following adaptation may not be
transmitted upstream from the NTS. Analyses of across unit patterns (AUPs) of
response in both structures showed that, although adaptation to any of the target
stimuli resulted in AUPs that were very different from those produced before
adaptation, the AUPs evoked by the test stimuli remained distinct from each other.
This suggests that taste stimuli presented when the tongue is adapted to another
stimulus can still be distinguished from each other, but the neurons that are important
for this discrimination may be different from those that are important for normal
discrimination of taste stimuli.
Sponsored by NSF grant IBN9630326 to PMD.

INHIBITION OF CARBONIC ANHYDRASE WITH ACETAZOLAMIDE
ALTERS PERIPHERAL TASTE NERVE SENSITIVITY. B.P. Brvant*.
Monell Chemical Senses Center, Philadelphia, PA 19104.
The perception of taste stimulus quality depends upon the orderly
transmission of taste receptor input across a pattern o f afferent nerves. Agents
that disrupt the order o f this pattern would be expected to cause alterations of
taste. Carbonic anhydrase, the enzyme which catalyzes the reversible hydration
o f C 0 2 to ultimately produce H C 03', is an important element o f ion
homeostasis in many tissues and organs. This enzyme is present in taste bud
cells and may be involved in ion homeostasis there. Patients receiving
acetazolamide, a sulfonamide inhibitor of acetazolamide (ACZ) formerly
prescribed for glaucoma, frequently report side effects o f dysgeusia and
paresthesia. Single unit extracellular recordings from the chorda tympani in
anesthetized Sprague Dawley rats were obtained to determine if ACZ changed
the response profiles and hence the cross fiber pattern o f taste nerves. ACZ (
15 mg/kg) in Ringers ( or control) was administered via jugular injection after
having obtained responses to test stimulation with NaCl (30mM), sucrose
(1M), HC1 (lOmM), and quinine (ImM). Responses were then obtained for 420 min after ACZ injection. Compared with control injected animals,
significantly more units were observed in ACZ-treated animals to be either
totally suppressed or to have a change in their “best” stimulus. In addition,
single units that were initially silent became sensitive to the panel o f stimuli
after ACZ. These effects support the interpretation that disruption o f the cross
fiber pattern is a peripheral basis o f dysgeusia and suggest an important
influence o f taste bud ion homeostasis on taste function.
Supported by P-50 DC 00214

408.3

408 .4

DIFFERENTIAL SENSITIVITY OF TASTE CELLS TO FATTY ACIDS IN FATPREFERRING AND FAT-AVOIDING RATS MAY BE DUE TO DIFFERENCES IN K
CHANNEL EXPRESSION. Lidonq Liu. Insook Kim*. George A. Brav. David A. York and

DISTRIBUTION OF AMILORIDE-SENSITIVE SODIUM CHANNELS IN HAMSTER
TASTE CELLS. Timothy . A...Gilbertson*, Huai Zhang, Scott B. Schuber, Nikki L.

Timothy A. Gilbertson. Pennington Biomedical Res. Ctr., LSU, Baton Rouge LA 70808.
Recently we have shown that c/s-polyunsaturated fatty acids (PUFAs) exert powerful effects
upon the activity of isolated taste receptor cells (TRCs) through a direct inhibition of delayed
rectifying K channels (Gilbertson et al. Am J Physiol 272,1997). To determine the correlation
between peripheral sensitivity to PUFAs and underlying macronutrient preferences, we have
used whole-cell patch clamp recording on isolated fungiform TRCs from fat-prefemng
(Osbome-Mendel, O-M) and fat-avoiding (S5B/PI) rats. Delayed rectifying K channels in TRCs
from S5B rats were inhibited to a significantly greater degree by PUFAs than were those from
the O-M rats. Thus, there is an inverse correlation between degree of inhibition and dietary
preference for fats. To determine if this strain difference was due to differences in PUFA
sensitivity (affinity) or the relative expression of the PUFA-sensitive channel, we have
examined the effects of several K channel inhibitors in TRCs from S5B and O-M rats. Similar to
the effect of PUFAs, the antihistamine terfenadine inhibits a greater proportion of the total K+
current in S5B than in O-M rats, though the ECso for both strains was 1.8 |jM. Because PUFAs
act only extracellularly and terfenadine acts cytoplasmically, these data are consistent with
there being a difference in relative proportion of PUFA- (and terfenadine-) sensitive K channels
in the 2 strains. Thus, outward K currents in O-M TRCs are made up of both PUFA-sensitive
and -insensitive components while in TRCs from S5B rats, there are predominantly PUFAsensitive K channels. Consistent with this interpretation, K* current densities are significantly
lower in TRCs from S5B than in O-M rats (50±4 pA/pF vs. 88±11 pA/pF; p<0.01), possibly
implying that TRCs from S5B rats may lack the PUFA-insensitive K channel. Cell size,
determined by capacitance, was identical in the 2 strains. Other K channel blockers, like
bupivacaine and perhexiline, did not show any strain differences suggesting that these
compounds likely inhibit both the PUFA-sensitive and -insensitive K channels.

DeBenedetto and D. Troy Fontenot. Pennington Biomedical Research Center,
Louisiana State University, Baton Rouge LA 70808.
Amiloride-sensitive sodium channels (ASSCs) have been shown to play a role in the
transduction of sodium salts in a variety of species. While nearly all taste buds show
sodium sensitivity, recent work from our laboratory (Doolin and Gilbertson, J Gen Physiol
107:545,1996) has demonstrated that in rat only the fungiform taste buds and a minority of
foliate taste buds contain functional ASSCs. These results suggested that there may be a
correlation between those taste buds innervated by the chorda tympani nerve and those
which express functional ASSCs. To determine if this relationship holds in another species
which differs significantly in their behavioral response to sodium salt. We have investigated
the distribution of ASSCs in taste receptor cells (TRCs) isolated from the oral cavity of
Golden Syrian hamsters which, unlike rats, find sodium salts aversive. Taste buds from the
fungiform, foliate and vallate papillae of the tongue and from the soft palate were recorded
from using the whole-cell variation of the patch clamp technique. Voltage-independent
sodium currents were isolated pharmacologically and by ion substitution and amiloridesensitivity was determined by use of the ASSC inhibitors, amiloride (30 (jM) and benzamil
(10 pM). Unlike the rat, TRCs from all areas of the oral cavity of hamster contained
functional ASSCs. The relative percentage of TRCs containing ASSCs was fungiform,
60%; foliate, 63%; vallate, 71%; palate, 67%. The amiloride-sensitivity of these areas was
confirmed by monitoring amiloride-sensitive sodium transport across the epithelia
containing each of these taste bud populations in an Ussing chamber. These results
suggest that innervation by the chorda tympani is not required for expression of ASSCs in
TRCs in hamster. Moreover, the differential distribution of ASSCs in the oral cavity of rat
and hamster may be important for understanding the physiology underlying the disparate
behavioral responses of rats and hamsters to NaCl.

Supported by NIH NIDCD grant DC02507 to TAG

Supported by NIH grant DC02507 and a grant from Novartis Pharmaceutical Corp. (TAG)
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STIMULATION OF THE LARYNGEAL OPENING WITH TASTE STIMULI
INCREASES FOS EXPRESSION IN THE RAT AMYGDALA AND
HYPOTHALAMUS. R.D. Sweazev* and Erik M. Peden. Dept, of Anatomy, Indi
ana Univ. Sch. of Med., Fort Wayne, IN 46805.
Previous investigations have described an increase in Fos expression in brain
stem taste and autonomic nuclei following applications of taste stimuli to the la
ryngeal opening, but little information exists concerning possible forebrain in
volvement in chemically evoked laryngeal reflexes. Using immunohistochemistry,
we examined the distribution of Fos immunoreactive (Fos-ir) neurons in the fore
brain following stimulation of the laryngeal opening with taste stimuli.
Rats were anesthetized and a stimulus solution containing 0.5 M KC1 and 0.01
N HC1 dissolved in distilled water was infused into the laryngeal opening. The
mixture was applied for 1 min and then removed by rinsing with saline. This
sequence was repeated 10 times over a 30 min period, and then repeated twice at
15 min intervals for the next 60 min. The animals were overdosed and sacrificed
30 min after the completion of the stimulus protocol. Brains were removed from
the skull, sectioned and processed for the demonstration of Fos-ir.
Stimulation of the laryngeal opening produced significant increases in Fos-ir
relative to surgical controls in the amygdala and hypothalamus. In the amygdala
there was a 500% increase in the number of Fos-ir neurons primarily restricted to
the lateral capsular division of the central nucleus. In the hypothalamus a 130%
increase in the number of Fos-ir neurons was observed in anterior hypothalamic
areas in and around the paraventricular nucleus.
These data suggest that in the rat, laryngeal chemosensory information is
transmitted to forebrain regions involved in the control of visceral functions, and
to forebrain nuclei that receive taste related information.
Supported in part by an IUSM development grant.

SUBNUCLEAR LOCATION
OF OROSENSORY NEURONS IN THE
NUCLEUS OF THE SOLITARY TRACT. H. Hu. J. Travers and S. Travers*
Oral Biology, Ohio State Univ., Columbus, OH 43210.
The rostral division of the nucleus of the solitary tract (rNST) can be
parcellated into subnuclei based on cytoarchitectonic structure (Wnitehead,
‘88) and connectivity (Halsell et al., ‘96, Whitehead, ‘88). Primary gustatory and
oral somatosensory afferent fibers terminate mostly in the rostral central (RC)
and rostral lateral (RL) subnuclei. Efferent connections also exhibit relative
specificity. Ascending projections to the parabrachial nucleus arise
preferentially from RC but local reticular projections arise differentially from the
ventral subnucleus (V), prompting the hypothesis that V plays a key role in
orosensory-motor brainstem functions. Despite meager afferent projections to
V, orosensory signals may be able to influence this subnucleus via intranuclear
pathways (Whitehead, ‘88; Becker, ‘92). Neurophysiological evidence of
orosensory function in V, however, is limited (e.g., McPheeters et al., ‘90). The
present study investigated the subnuclear distribution of rNST neurons
responsive to gustatory stimulation of several oral taste receptor
subpopulations and/or mechanical stimulation of oral mucosa. Single neurons
(n=26) were recorded extracellularly with micropipettes filled with 1.5%-3%
biocytin or biotinylated dextran dissolved in 0.5-2.0M NaCl, and recording sites
were marked iontophoretically. Transverse sections were incubated in avidinbiotin peroxidase complex, reacted with nickel-enhanced DAB, then stained
with neutral red to delineate subnuclei. About one-third (9/26) of the orosensory
neurons were in V (n=7) or the caudally adjacent ventral lateral (n=2)
subnucleus. Neurons in V had varied receptive fields which included sites
throughout the mouth, and exhibited sensitivity to both gustatory (n=3) and
somatosensory (n=5) stimulation. One V neuron unresponsive to tastants at
gustatory concentrations responded to 2.5M KCI applied to the soft palate.
Neurons in the overlying RC (n=13) were also heterogeneous but a higher
proportion (11/13) were cnemosensitive, either in response to tastants (n=8) or
2.5M KCI (n=3). The remaining neurons were in RL (n=4) and none exhibited
chemosensitivity; instead, they were exclusively responsive to oral mechanical
stimulation. These results demonstrate a substantial proportion of orosensory
neurons in V and suggest that response properties of rNST cells are related to
subnuclear location. Supported by NIH DC00416 to SPT and DC00417 to JBT.

S ociety for N eur os cience , V olume 2 3 ,1 9 9 7

1037

G U ST A T O R Y S E N S E S : CENTR A L PATHW AYS

MONDAY PM

408.7

408.8

AMILORIDE SENSITIVITY OF THE GREATER SUPERFICIAL
PETROSAL NERVE IN SPR AG UE-DAW LEY A N D FISCHER 344
RATS. S. I. Sollars* and D . L. H ill. University o f Virginia,
Charlottesville, V A 22903.
While there exists a great deal o f research regarding taste response
properties o f the chorda tympani nerve (CT) innervating anterior tongue,
little focus has been placed on characterizing the gustatory profile o f the
greater superficial petrosal nerve (G SP) w hich innervates palatal
receptors. The CT has been described as the taste nerve most
responsive to salt stimulation and possibly the only gustatory nerve in
which amiloride is an effective sodium transport blocker. In the present
report, we examined salt and sugar sensitivity o f the G SP and the effect
of amiloride on these neural responses. In addition to Sprague-Dawley
(SD) rats that have CT responses typical o f m ost rat strains, w e included
Fischer 344 (F344) rats w hose CT responses to NaCl are significantly
higher than those o f other strains (Bernstein, Longley & Taylor, 1991).
The GSP o f adult SD and F344 rats w as exposed in the tympanic bulla
and electrophysiological responses were recorded to taste stimuli applied
to the entire palatal field. Follow ing a stimulation series in which water
served as the rinse, a series o f stimuli w as presented in 100 jxM
amiloride. R esponses were expressed relative to a 0.5 M N H 4C1
standard. The G SP was highly responsive to N aCl, sodium acetate
(NaAc), N H4C1 and sucrose, with NaCl and N aA c responses strongly
suppressed by amiloride. Relative responses to N aCl (0.05 to 0.5 M)
were significantly higher in F344 than SD rats. In summary, the GSP is
highly sensitive to salt as w ell as sugar stimulation, and palatal taste
receptors have a considerable degree o f amiloride sensitivity.
Supported by NIH grants DC02406, DC00407 and DC00179.

EVOKED RESPONSES IN THE PRIMARY GUSTATORY NUCLEUS IN
GOLDFISH: ELECTROPHYSIOLOGICAL FINDINGS IN THE VAGAL LOBE.
CA. Smeraski*. Dept, of Cellular and Structural Biology, University of Colorado
Health Sciences Center, Denver, CO 80262.
Previous behavioral and anatomical studies in the goldfish, Carassius auratus, have
shown that the palatal organ and gill arches in the oral cavity are responsible for
sorting out “tasty” foodstuffs from surrounding substrates. Primary gustatory
afferents of the vagus nerve that innervate the orobranchial cavity terminate in
superficial layers of a dorsal medullary structure called the vagal lobe, which is
equivalent to the gustatory portion of the nucleus of the solitary tract in mammals. I
sought to survey the responses evoked in the vagal lobe following stimulation of the
orobrachial region with amino acids and quinine HC1, chemicals that have
previously been found to produce behaviorally different responses (swallowing and
rejection).
Vertical penetrations using tungsten or sodium chloride-filled glass microelectrodes
were made through the vagal lobe in goldfish anesthetized with Saffan (alphaxalone,
18-24 mg/kg). Chemical stimuli (mM solutions of alanine, arginine, proline or
quinine) were either a)injected into the respiratory flow of water that passes over the
palatal organ and gills or b) applied directly to the palatal organ with a cannula
inserted through the opercular slit. Superficial layers of the vagal lobe (150-750 fim
deep) exhibited distinctive single unit and multiunit activity. The activity of some of
these units could often be driven by chemical stimulation of the oral cavity.
This study is the beginning of a series of electrophysiological and anatomical
studies which seek to characterize the responsiveness of central units evoked by
primary gustatory afferents. The discrete laminar organization of the vagal lobe
should allow us to determine whether stimulus quality is related to the
cytoarchitectural units within the primary gustatory nucleus.
Supported by NIH grant DC00147.

408.9

408.10

INTRAVENOUS GLUCOSE INJECTIONS SUPPRESS RESPONSES OF
SUGAR-SENSITIVE TASTE NEURONS IN THE RAT NST.
B. K. Giza. S. A. McCaushev. C. L. Scott. L. Zhang, and T. R. Scott.*
Department of Psychology, University o f Delaware, Newark, DE 19716.
When a rat is given an intravenous load o f 0.5 g/kg glucose, multiunit
responses o f taste cells in the nucleus o f the solitary tract decline sharply for
8-10 min, then recover gradually through the next hour and beyond. In
parallel, the rat’s perception o f glucose intensity is reduced. The issue
addressed here is which cells are responsible for this effect. We monitored
the responses o f 37 single neurons to 4 basic stimuli (1.0 M glucose, 0.1 M
NaCl, 0.03 M HC1, 0.01 M QHC1) before and after iv glucose infusions.
Across all cells, the decline to glucose as a taste stimulus during successive
20-min post-infusion periods was 19%, 34%, and 18%. In accord with the
multiunit data, smaller declines were observed in responses to NaCl and HC1,
while those to QHC1 were unchanged. Cells could be divided into 3
subgroups (sodium-, acid-, and sugar-oriented) according to their pre
infusion response profiles. The impact o f the iv load on glucose responses
was carried almost totally by neurons o f the sugar subgroup. Mean
discharge rate (spikes/s) to glucose among the 32 cells o f the other groups
declined from 9.6 to 9.5 (1%) in the first 20 min following the iv load, while
that of the 5 cells in the sugar subtype decreased from 20.1 to 5.5 (73%).
Responses to other taste stimuli in sugar-sensitive cells did not decrease
significantly. Thus the effect o f iv glucose was to reduce taste responsiveness
primarily to glucose, and the effect was carried by the sugar subtype o f
neuron. These data offer support for a gustatory channel crucial to the
afferent code for sugars. (Supported by grant DK30964 from NIDDKD).

DIFFERENT D ISTR IB UTIO N OF VOLTAGE-GATED C H A N 

408.11

Department o f Biochemical Engineering and Science, Kyushu Institute
o f Technology, Iizuka 820, Japan
We investigated the distribution o f voltage-gated channels in taste
buds in a peeled tongue epithelium under voltage-clamp conditions.
Each taste bud were divided into four areas, a middle circle (Division
1) and three concentric circles (Divisions 2-4) with the same area.
Taste bud cells (TBCs) elicited TTX -sensitive Na current (/Na), TEAsensitive outward current

(/k )

and several classes o f Ca currents (/c a)

on depolarization, and inward rectifier currents (/i.r.) on hyperpolariza
tion. The membrane capacitance o f TBCs was in a range between 3-5
pF and independent o f the location o f TBCs. /k and / c a were
ubiquitous in all divisions, though / c a remained to be classified. In
contrast, the magnitude o f /n e and/j r. depended on the location o f
TBC s generating the respective currents. Both currents were
decreased in order o f D 1>D 2>D 3>D 4. TBCs are suggested to be bom
at the peripheral part o f taste each bud and migrate to each central part
in maturation. Therefore, these results indicate delayed expression o f
voltage-gated Na and inward rectifier channels in mouse TBCs.
Supported b y M inistry o f Education, Japan.

408.12

THE cAMP CASCADE AFFECTS SODIUM A N D CHLORIDE
CURRENTS IN RAT TASTE RECEPTOR CELLS. M. Scott Herness.
Indiana University School of Medicine, Muncie, IN D . 47306.
Cyclic AMP is an important second messenger in taste receptor cells
(TRCs) recognized in both sweet and bitter transduction cascades. In rat
posterior taste cells, we have previously documented that cAMP inhibits
an outward potassium current in a phosphorylation-dependent manner.
Using standard whole cell patch clamp techniques, this investigation ex
plored the possibility that cAMP may influence other conductances.
Two novel effects of cAMP and its cascade are noted—inhibition of voltage-dependent sodium currents and an enhancement of an outwardlyrectifying calcium-dependent chloride current. Isolated sodium currents
were inhibited up to 33% in magnitude by bath application of 100 |nM
8cpt-cAMP. N o obvious changes in activation or inactivation kinetics
were observed. Chloride currents, on the other hand, were enhanced up
to 33% by application of the P-adrenergic agonist isoproterenol (100
fiM). Additionally, the isoproterenol enhancement was blocked by pro
pranolol (10 fiM), a (3-antagonist. Since |3-adrenergic receptors operate
via the cAMP second messenger system, these observations collectively
suggest that the actions of cAMP extend to a wider array of ionic con
ductances than was previously appreciated. cAMP may play multi
functional roles within the taste cell, perhaps by acting as an integrator
of extracellular tastant and transmitter stimulation.
Supported by N IH DC00401.
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MICE LACKING THE METABOTROPIC GLUTAMATE RECEPTOR 4
SHOW ALTERED TASTE PREFERENCE. S.D.Roper*1. D.R.Hampson2
and N.Chaudhari1. 1 Dept, of Physiology and Biophysics, Univ of Miami
School of Medicine, Miami, FL 33101 and 2 Faculty of Pharmacy, Univ
of Toronto, Toronto, Ont M5S 2S2.
Chaudhari et al (1996) suggested that metabotropic glutamate
receptor 4 (mGluR4), expressed in rat taste buds, is involved in the taste
of monosodium glutamate (MSG). Recently, Pekhletski et al (1996)
produced mice that lack the gene for mGluR4. To test whether this
mutation would influence the animals’ ability to taste MSG, we conducted
2 bottle taste preference assays. First, we determined taste preferences
for stimuli that elicit "sweet” (sucrose, 10-300mM), and "salty” (NaCl, 10100mM) tastes in humans. The taste preference for each of these
substances, when presented against water, was similar between wildtype (WT) and mutant (KO) mice. In contrast, W T and KO mice differed
in their preference for MSG (0.3-100 mM). Unexpectedly, KO mice
strongly preferred MSG compared to W T mice (KO vs. WT: 83 ± 3% vs.
64 ± 5% at 10mM MSG; 85% ± 3% vs. 63 ± 8% at 100mM MSG; mean
± s.e.m.). The Na component of MSG does not appear to account for
this result. KO (but not W T) mice also prefered MSG when they were
presented a choice between equimolar MSG and NaCl. Although the
mechanism of action of mGluR4 in taste buds remains elusive, the
results support a key role for this receptor in MSG taste.
Supported by grants from NIH (P01 DC 03013) and MRC Canada.
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CHARACTERIZATION
OF
METABOTROPIC
GLUTAMATE
RECEPTOR cDNA EXPRESSED IN
RAT TASTE BUDS.
A. Fedorov and N. Chaudhari*. Dept, of Physiology and Biophysics,
Univ of Miami School of Medicine, Miami, FL 33101
By RT-PCR and in situ hybridisation it was previously shown that
metabotropic glutamate receptor 4 (mGluR4) is expressed in taste
buds but is absent from neighboring non-taste epithelial cells in the rat
tongue (Chaudhari et al., 1996). The earlier study only examined
sequences in the central 30% of the coding sequence of mGluR4,
including the first three putative transmembrane segments. W e have
now cloned and sequenced the complete coding region of mGluR4
cDNA from rat taste tissue. The taste-derived mGluR4 cDNA was
found to differ substantially at the 5’-end from the earlier characterized
mGluR4 from brain. Preliminary analyses indicate that this may
represent a taste-specific form of the mGluR4 mRNA, presumably
derived by alternative splicing. The taste-specific mGluR4 cDNA is
predicted to encode a receptor with a shorter N-terminus than the brain
form. A large segment of the putative glutamate binding domain is
deleted in the taste-specific form, including residues thought to be
important for high affinity glutamate binding (O’hara et al., 1993).
Supported by a grant from NIH (P01 DC 03013).

P L A S M ID S
EXPRESSING
TH E
C A L M O D U L IN
BINDING
D O M A IN OF THE P L A S M A M EM B R A N E C A LC IU M PUMP
C A USE REDUCED CHEM O R ESPO NSE TO G LUTAMATE
IN
P A R A M E C IU M . J. Y a n o *. V. Rakochv. and J. L. Van H o ute n.
D ept, of Biology, University of V e rm on t, Burlington, V T
05405.
Param ecia are attrac ted to chem ical stimuli through at
least three d ifferen t signal transduction p ath w ays.
Tw o of
these are thought to involve the plasm a m em brane calcium
pump, w hich is calm odulin regulated and w e have dow n-regu
lated calm odulin levels in order to perturb pum p activity w ith 
out killing the cells.
N o w in a d ifferen t approach, w e have
expressed a part of the pump gene th a t includes the calm odu
lin binding dom ain of the pump in P. tetraure/ia. The calm odu
lin binding dom ain is an autoinhibitory for the pump activity.
Calm odulin binding or phosphorylation activate the pump by
preventing the binding of the dom ain to the pump. W e have
sho w n th at the recom binant calm odulin binding dom ain will
bind calm odulin.
T he expression of th e calm odulin binding
dom ain in P. tetraure/ia is m onitored w ith W estern blots of cell
hom ogenates using an antibody against a peptide from the C
term inus of the pump. Transform ed cells expressing the pep
tide have a reduced response to g lu tam ate as m easured in
population behavioral assays.
Response to N H 4CI is normal
and the response to a c e ta te is variable.
These results are
consistent w ith our model in w hich the p ath w ays for ace tate
and g lutam ate include the pum p activation, w hile the path w ay
for NH Cl does not.
Supported by NIH DC 0 0 7 2 1 and DC 0 1 8 1 9 , and VC C .

408.15

408.16

TR A N S FO R M A TIO N W IT H P L A S M ID S T H A T EXPRESS A N T ISE N S E -C A L M O D U LIN RN A SELECTIVELY IN H IB IT PA RA M ECI
U M CHEM O R ESPO NSE PATHWAYS. J.L. Van H o u te n *. W . E.
Bell, and J. Yano.. D ept, of Biology, U niversity of V erm ont,
Burlington, V T 0 5 4 0 5 .
Param ecia have a t least three signal transduction path
w a y s for a ttra c ta n t chem ical stimuli and a calm odulin-regulated
calcium pump is thought to figure into tw o of these path w ays.
In order to perturb pum p function w ith o u t killing th e cells, w e
have dow n regulated calm odulin w ith oligonucleotides and
found th a t the response to one stim ulus (acetate) w a s inhibited
w hile response to N H 4CI w as not. Therefore, one p a th w a y of
tw o w a s inhibited. T he third pathw ay, for g lu tam ate could not
be evaluated because the m ethod of introducing the oligos,
electroporation, disrupted this p a th w a y apart from the e ffe c ts
of the oligos.
Therefore, to te s t th e e ffe c ts on glutam ate,
plasmids w ere designed for expression of the calm odulin gene
in the antisense configuration.
Plasmids w e re m icroinjected
into the cells and transform ed cells w e re selected and studied
for their population responses to ace tate, N H 4CI, and glu
tam ate. T he anti-sense expressing cells had less calm odulin
m R N A and less calm odulin protein. T h e y consistently show ed
reduced response to glutam ate, sho w ed variably reduced
response to ace tate and sho w ed norm al response to NH Cl.
These results are consistent w ith our m odel in w hich the
calm odulin regulated calcium pump is activated as part of the
signal transduction pathw ay.
Supported by NIH DC 0 0 1 8 1 9 and VC C.

NUCLEOTIDE SEQUENCE ANALYSIS OF A COMPLEMENTARY DNA
LIBRARY ENRICHED FOR SEQUENCES SELECTIVELY EXPRESSED
IN GUSTATORY EPITHELIUM. C. Brvan2. N. Ryba1. J. Battev2. and M.
Hoon1*. 1Orai Infection and Immunity Branch, NIDR, and lab o rato ry of
Molecular Biology, NIDCD, NIH, Bethesda, MD 20892.
We are interested in obtaining cDNA clones from genes selectively
expressed in gustatory epithelium as a prelude to our long-term goal of
understanding the molecular mechanisms governing gustatory signal
transduction. A directional cDNA library was constructed from rat
circumvallate papillae, and was subsequently enriched about ten-fold for
sequences selectively expressed in gustatory epithelium by eliminating
cDNAs in the library that are also expressed in tongue tissue not related
to taste. Plasmid DNA from individual cDNA clones was purified and
subjected to restriction endonuclease digestion to identify clones that
do not contain an insert, or clones that contain a cloning artefact (about
10% of the clones in the library). An aliquot of the plasmid DNA was
analyzed by hybridization to labelled cDNA from tissue not related to taste
to identify and eliminate cDNAs expressed at moderate levels. All cDNAs
clones containing an insert that failed to hybridize were sequenced from
their 5' ends to look for sequence motifs that suggest a potential function
for the gene product (i.e., kinase, DNA binding protein, G-protein
coupled receptor, etc.). Clones with interesting sequences were used as
probes for in situ hybridization studies to determine cell-type specific
pattern of expression. About 2000 cDNAs have been analyzed using this
approach, and a number of interesting novel genes that are selectively
expressed in gustatory epithelium have been identified.
Supported by NIDCD IRP Z01-DC-00028-02

408.17

408.18

ORAL AND GASTRIC PROJECTIONS TO THE
PARABRACHIAL
NUCLEUS IN THE RAT. H. Karimnamazi*. S. Travers. R. Rogers. J. Travers.
Section of Oral Biology and Dept, of Physiology, Ohio State University,
Columbus, OH 43210.
Oral and visceral signals are important parameters that determine meal size.
Inputs from these loci synapse in opposing poles of the nucleus of the solitary
tract (NST) yet subsequently converge upon overlapping regions in the
parabrachial nucleus (PBN) (Hermann & Rogers '85). The functional nature and
degree of overlap of these inputs, however is unclear. To further clarify the
organization of oral and gastric representation in the PBN, 5 adult male SpragueDawley rats were laparotomized and implanted with gastric balloons. Small
iontophoretic injections of 10% biotinylated dextran were made in the caudal
NST (cNST) at sites responsive to gastric distension. In 2 experiments 15%
rhodamine dextran was also deposited in the rostral NST (rNST) at sites
responsive to taste and tactile stimulation of the tongue. After 7-14 days, animals
were perfused and brains were processed for tracer visualization. Projections
from cNST and rNST terminated throughout the rostrocaudal extent of PBN in
many of the same subdivisions. Thus, label from both cNST and rNST was
present to varying degrees in PBN subdivisions dorsal to the brachium, including
the ventral, central, and external lateral (inner) PBN. In addition, the dorsal, ana
external lateral (outer) subdivisions also contained cNST label but were devoid of
rNST fibers. Ventral to the brachium, the dorsal medial and the most medial
region of the central medial (CM) subdivisions were heavily labeled by cNST
fibers. In contrast, rNST terminals were found predominantly in the more lateral
regions of CM and in the external and ventral medial subdivisions. Although
fibers originating from cNST and rNST reached many of the same subdivisions,
the terminal fields only exhibited partial overlap. Thus, dorsal to the brachium,
terminal fields of projections from cNST and rNST were dorsoventrally
interdigitated across multiple subnuclei in a laminar fashion. Ventral to the
brachium, however, terminal fields partially overlapped in central medial PBN.
The results suggest possible PBN substrates for convergence of oral and gastric
signals. Electrophysiological investigation of oral and gastric convergence in the
PBN is presently underway. Supported by DC00416 (SPT) and DC00417 (JBT).

A NEURONAL PLEXUS IS PRESENT IN DEVELOPING TASTE BUDS OF
NEONATAL RATS. J. C. Kinnamon* andM. F. Dunlap. Dept, of Biological Sci., Univ.
of Denver, Denver, CO 80208 and the Rocky Mountain Taste and Smell Center, Den
ver, CO 80262.
Previous studies of the gustatory system have provided evidence that a significant
portion of taste bud development occurs during the first two weeks of postnatal life in
rodents. We are interested in elucidating the ultrastructural changes in developing taste
buds of the rat. We examined animals aged day 0 through 14 days using transmission
electron microscopy. Developing circumvallate taste buds contain many nerve fibers
that form a large, intragemmal nerve plexus that is most apparent during postnatal days
1 through 4. At day 1, much of the taste bud volume is filled with nerve fibers coursing
among the taste cells. After postnatal day 2 the nerve plexus steadily decreases in vol
ume. Simultaneously, the taste cells begin to differentiate, assuming a more spindleshaped appearance. By postnatal day 6, the nerve plexus is no longer visible. All that
remains are the scattered nerve profiles characteristic of adult taste buds.
The most common synapses found in developing taste buds are afferent synapses, like
those found in adults. However, there are numerous neuro-neuronal synapses in the
nerve plexus of developing taste buds. Afferent synapses were observed as early as
postnatal day 0 from undifferentiated taste cells onto nerve processes. As a taste bud
matures, most synapses are associated only with type II taste cells, there being a steady
decline in the number of neuro-neuronal synapses. After day 9 virtually no neuro-neu
ronal synapses are observed. At this time that we see the first afferent synapses from
type I cells onto nerve processes. By day 14, there are approximately equal numbers of
afferent synapses associated with both type I and type II cells. The significance of the
nerve plexus during early development is not known, but we speculate that this plexus
may be intimately involved in the differentiation of taste cells and organization of the
taste bud.
This work was supported by NIH grants DC00285 and DC00244.
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SOME PONTINE PROJECTION NEURONS IN THE RAT ROSTRAL NST EXPRESS
NMDA RECEPTORS. M.S. King* and C.A. Wallace. Biology Department, Stetson
University, DeLand, FL 32720.
The rostral nucleus of the solitary tract (rNST) receives gustatory information, processes
it and disseminates it to local brainstem nuclei as well as higher order centers via the
medial parabrachial nucleus (mPBN) in the pons. The neural circuitry in the rNST that
processes gustatory information and the neurotransmitters that operate within it are not
well-defined. The current study was designed to determine if rNST neurons that project to
the mPBN (“pontine projection neurons”) express NMDA receptors. Pontine projection
neurons were retrogradely labeled following stereotaxic injection of Dil (Molecular
Probes) into the mPBN and visualized in 40|jm thick coronal sections using a rhodamine
filter set and epifluoresoent light source. In the same tissue, the distribution of NMDA
receptors (NMDAR) in the rNST was determined by immunoperoxidase-labeling of
NMDAR subunits 2a&b (Chemicon). The distributions of the two labels were
distinct, with some overlap. The projection neurons were concentrated in a diagonal
band crossing the central portions of the rNST, with few neurons located
medioventrally and dorsolaterally within the nucleus. Neurons expressing NMDAR
were scattered throughout the rNST with the highest density in the medial portions
of the nucleus. Several NMDAR-positive somata were located in the region of
retrogradely-labeled projection neurons and, in feet, a few perikarya contained both
labels. Therefore, it is concluded that some, but not all, pontine projection neurons in
the rNST express NMDAR. Since activation of NMDAR elicits action potentials in
all rNST neurons tested in brain slices (Bradley et al., Chem. Senses, 21:311, 1997), a
glutaminergic input to pontine projection neurons that express NMDAR would cause
transmission of information from the rNST to the mPBN. Future investigation will
determine the number and distribution of double-labeled neurons within the rNST.
These studies will improve the understanding of the neural circuitry in the rNST that
processes gustatory information. [Stetson University and NSF IBN-9603184].

REFLEX FUNCTION II
409.1

409.2

INTRATHECAL 2-AMINO-7-PHOSPHONOHEPTANOIC ACID (AP-7)
ATTENUATES CLASP KNIFE REFLEX IN DECEREBRATE CAT. J.F.
Miller,* K.D. Paul, W .Z. Rymer and C.J. Heckman. Dept, of
Physiology, Northwestern University Medical School and the V.A.
Lakeside Medical Center, Chicago, IL 60611.
Interruption of bulbospinal pathways in the dorsolateral spinal cord
by surgical lesion or focal cooling converts the normal pattern of
hindlimb extensor stretch reflex of decerebrate cats to that of the clasp
knife reflex. This pathological alteration in stretch reflex is thought
due to disinhibition of segmental reflex pathways activated by small
diameter primary afferents. As polysynaptic spinal reflexes are thought
to be mediated in part by excitatory amino acids (EAAs) acting at
spinal N-methyl-D-aspartate (NMDA) receptors, we investigated whether
intrathecal (i.t.) administration of selective NMDA antagonists might
reverse the clasp knife-like changes in reflex function observed in
precollicular decerebrate cats during spinal cold block.
During bilateral cooling of the T10-L1 dorsolateral spinal cord,
ramp-and-hold stretches of the medial gastrocnemius muscle evoked
only brief reflex excitation, followed by a powerful, prolonged
inhibition of force output (clasp knife). I.t. microinjections of (+)-AP-7
(1-4 |j.moles, cumulatively) dose-dependently attenuated clasp knife
inhibition, with marked improvement in both the peak force evoked by
the ramp, as well as sustained reflex force during the hold phase of the
stretch.
The dose response curve was non-monotonic, and a
decrement in reflex force was produced by an 8 fimole cumulative
dose. These findings suggest that i.t. NMDA antagonists may be
beneficial in the treatment of spasticity of spinal origin. (This study
was supported by the American Paralysis Asssociation, Grant #HA29502, and by the Medical Research Service, Dept, of Veterans Affairs
through Merit Review to W.Z.R.).

VARIABILITY OF THE STRETCH REFLEX DURING QUANTIFICATION OF
SPASTICITY USING CONSTANT VELOCITY RAMP STRETCHES
Brian D. Schmit*. Julius P.A. Dewald. Joseph D. Given and W. Zev Rvmer
SMPP, Rehab. Inst, of Chicago, Chicago, IL 60611
Constant velocity ramp stretches were applied at the elbow to estimate spasticity
in hemiparetic stroke subjects. Accurate estimates of stretch reflex hyperexcitability
(i.e. spasticity) are necessary for the assessment of spasticity reducing interventions.
The results of this study suggest that approximately 30 trials are required to character
ize the stretch reflex and its accommodation due to repeated stretches.
Spasticity was quantified by examining the stretch reflex response to constant ve
locity ramp flexion and extension of the elbow joint. Elbow torque, position, and
velocity were measured along with surface EMG's of the biceps, triceps and brachioradialis. The reflex threshold was defined as the angle at which the reflex torque ex
ceeded passive torque by 0.1 Nm. We defined reflex stiffness as the average slope of
the torque/angle relation within a 30° window beginning at reflex threshold.
The elbow flexion/extension of the initial 10-15 trials resulted in stretch reflex
accommodation in some subjects, reflected as an increase in reflex threshold and a
decrease in reflex stiffness. Following this initial accommodation, no significant
trends in either reflex threshold or stiffness were detected. These data suggest that
passive ranging of the elbow reduces spasticity in some hemiparetic stroke subjects,
consistent with clinical observations made during passive range of motion exercises.
Proper quantification of spasticity required estimates of accommodation as well as 1015 post-accommodation trials to account for inter-trial variability. These effects
should be considered when assessing interventions for spasticity reduction using
quantification methods that require ranging of the joint
This work is supported by NIH grants F32-NS10203-01 and NS-19331-11,
NIDRR grant H133B30024 and the Whitaker foundation. We also thank Biodex
Medical Systems Inc. for their support of this project.
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Quantitative Assessment o f Spasticity using Surface Electromyographic
(sEMG) Records. AM Sherwood1*. MM Priebe. M .D.2 'Physical Medicine and

THE VARIABILITY OF H REFLEX RESPONSES WERE DIFFERENTIALLY
AFFECTED BY PRE AND POSTSYNAPTIC MECHANISMS IN THE RAT. J R.
Eeuibar1*. G. López1,2. E. Maniarrez1 and M. Roncagliolo3. institute of Physiology
and 2Faculty of Chemical Sciences, BUAP. Puebla, Pue. México. 3Dept. of
Physiology, Faculty of Sciences, Univ. de Valparaiso, Chile.
We reported in the previous Neurosci. meeting (Soc. Neurosci. Abs.,
22:1096) that the variability of the successive H reflexes, measured in the lumbrical
muscle, fluctuates in spite of constant sciatic nerve stimulation. This variability of
the H reflex was diminished by conditioning stimulation of the common peroneus
nerve. In the present study we analyzed the effects of presynaptic and postsynaptic
inhibition on the variability of the amplitude on H responses measured in the
lumbrical muscles in rats of 6 to 8 weeks of age. The rats were anesthetized with
urethane, the sciatic nerve was dissected and stimulated with silver hook electrodes.
The H reflexes were recorded with platinum electrodes. The records were amplified,
converted and stored in a computer.
Our experiments showed that conditioning stimulation of PBSt nerve,
applied 25 ms before test pulse, produced a reduction in the coefficient variation
from 35.28 to 23.69 after PBSt stimulation and also a diminution in the mean peak
amplitude of the reflex (n=6). This reduction is attributed to presynaptic inhibition.
On the other hand, conditioning stimulation of the sural nerve, one or two shocks
applied 5 to 25 ms before test pulse, decreased the peak amplitude of the H reflex
and practically do not change the coefficient variation (n=5). These results indicate
that postsynaptic inhibition do not affect the mechanism of fluctuations in the reflex
pathway. Our data showed that analysis of the variability of successive H reflex in
rats is a useful tool to test pre- and post-synaptic mechanisms in the spinal cord.
This approach is also an alternative preparation for the direct recording from
ventral roots. Partly supported by C.ONACyT, M éxico, grant 5221P-N (JRE) and

Rehabilitation, Baylor College of Medicine, Houston TX 77030, and 2Physical Medicine and
Rehabilitation, U.T. Southwestern Medical School, Dallas, TX, ams@bcm.tmc.edu

We previously described a multi-channel sEMG technique which provides objective,
quantifiable and reproducible data regarding the subject’s altered motor control, or motor
behavior under a variety of conditions. Surface electromyography (sEMG) was used in a
group of 2 female and 96 male spinal cord injury (SCI) subjects with lesions ranging from
C2 to T12 during a comprehensive protocol to assess the type and severity of their spasticity.
The protocol used clinical measures and sEMG recordings from quadriceps, adductors,
hamstrings, tibialis anterior and triceps surae muscles bilaterally. sEMG data were analyzed
from the EMG envelope calculated post-hoc using a root mean square (RMS) algorithm. We
then averaged activity over a 5 second window. The sEMG data were reduced to form
composite indices. Summary indices formed in different ways derived from the average
sEMG activity were compared with each other, and a high correlation (0.8 - 0.9) was found
for selected indices. Subjects showed the expected range from no spasticity to extreme
spasticity with clinical and sEMG criteria. The full range of sEMG responses to passive
movement was observed for subjects with an Ashworth score of 3. Plantar stimulation
responses, reinforcement maneuver responses and burst activity in relaxation were also
evaluated as measures of hyperactivity. sEMGs were more sensitive than were the clinical
measures in characterizing the features of spasticity. Use of sEMG data when it does not
agree with mechanically derived data is defended. It is argued that 1) sEMG reflects CNS
activity and hence metabolic demand on the subject; 2) “underestimation” by sEMG
measures may reflect contractures, not spasticity, and 3) provocative maneuvers may
generate “diagnostic” responses, avoiding the need for long-term monitoring, which is
problematic w.r.t. interpretation in the absence of detailed contextual information. We
conclude that sEMG measures may be usefully applied to provide objective, quantitative
data regarding spasticity in SCI subjects and extend the information obtained by clinical
examination.
Support provided by DVA Rehabilitation R&D.
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MODULATION OF REFLEX MECHANICS WITH PERTURBATION
PROPERTIES IN NORMAL AND SPASTIC SPINAL CORD INJURED
SUBJECTS. Mirbagheri1*. R.E. Kearney1. H. Barbeau2. and M. Ladouceur2.
Department of Biomedical Engineering1, and School of Physical and Occupational
Therapy2, McGill University, Montreal, Canada H3A 2B4
The objective of this study was to determine the nature of the abnormalities in
stretch reflex mechanics in spastic spinal cord injured (SCI) subjects through
examining effects of perturbation properties.
Ankle reflex dynamic stiffness was examined by applying pseudobinary random
sequences with different amplitudes and frequencies in normal and SCI spastic
subjects while subjects maintained tonic contractions in the ankle extensors
(gastrocnemius-soleus) at 10% of maximum voluntary contraction. Intrinsic and
reflex contributions to the stiffness dynamics were separated using a new parallelcascade identification method. Reflex stiffness dynamics were described accurately by
a linear, third-order system relatively half-wave rectified velocity to reflex-torque.
Reflex Modulation with Amplitude. Reflex stiffness, first increased, then decreased
in control and SCI subjects as amplitude increased. Reflex gain was significantly
higher in SCI than in control subjects. The reflex threshold, the minimum velocity
which elicited stretch reflex response, was smaller in SCI than in normal subjects.
Reflex Modulation with Frequency. Reflex stiffness decreased in both normal and
SCI subjects as frequency increased; however, it was significantly higher in patients
than in normal subjects at all frequencies. On the other hand, normalized reflex gains
of patients were well matched to those of normal subjects, implying that abnormal
reflex mechanics were not due to presynaptic inhibition only.
These findings demonstrate two abnormal reflex mechanics in SCI spastic patients,
a decrease in reflex threshold and a significant enhancement of reflex gain.
(Supported by a grant from the Medical Research Council of Canada)

The Effect of Treadmill Gait Training on Low Frequency Depression of the
Soleus H-reflex: A Case Study of a Spinal Cord Injured Man. C.G. Kukulka.
M.H. Trimble and A .L Behrman. Dept, of Physical Therapy, University of
Florida, Gainesville, FL 32610-0154.
Recent evidence suggests that low frequency depression (LFD) of
monosynaptic reflexes in animals and H-reflexes (HR) in humans are
influenced by descending pathways. LFD of the soleus (S) H-reflex (HR) has
been shown to be reduced in spinal cord injured (SCI) individuals due to a
release of descending inhibition. Since most SCIs are incomplete, we
theorized that training utilizing a task which demanded rate depression of
primary afferent input may modify LFD at rest. METHODS: H-reflex
recruitment curves were obtained at 0 .1,1 , and 5 Hz in the S of an incomplete
SCI man (level T9 sensory, 12 motor) on 11/13/96 and 4/24/97 and on 13
neuroiogically normal individuáis. LFD was calculated by the formula 100[(HR at 1Hz/0.1 Hz)X100J. Training consisted of treadmill walking at the speed
matching his overground fast walking. The subject trained 30 min. every other
day for 10 days under supervision and then continued 3X/wk at a health club.
RESULTS: The maximum H/M ratios of the right (78%) and left (76%) S were
greater than that of the normals (67%). Following training the H/M ratio did not
change (79% right). LFD of the normal subjects and the SCI subject S HR was
inversely proportional to the amplitude of the HR. The mean LFD for the
normal subjects was 43%, whereas, mean LFD of the SCI subject was 16%
(right) and 21% (left) Following training, the mean LFD increased to 29%
(right). This corresponded to 47% and 45% increases in the subject's self
selected and fast gait velocities, respectively. CONCLUSIONS: We conclude
that training induced adaptations enabled the SCI subject to increase his gait
velocity due to an improved ability to gate peripheral afferent feedback during
gait.
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TRANSMYOCARDIAL PERFUSION IMPROVES SPINAL REFLEXES IN
NEONATAL RAT SPINAL CORD, IN VITRO. T. Senpoku*. D.J. Morassutti. P.M.
Green and D.S.K. Maenuson. Depts. of Anatomical Sciences and Neurobiology
and Neurological Surgery, U. of Louisville School of Medicine, KY. 40202.
The technique of transmyocardial perfusion, used commonly for fixation, has
been applied to the in vitro neonatal rat spinal cord preparation in an effort to
reduce blood-derived toxins that might compromise tissue health. This procedure
can also improve tissue histology by reducing the number of red blood cells
retained in the specimen. Transmyocardial perfusion using lOmls of ice-cold,
oxygenated artificial cerebrospinal fluid was performed on 13 early postnatal (P4P12) rats. Paired litter mates were used as unperfused controls. Ventral root
reflexes were recorded to compare the responses elicited from spinal cords
isolated from perfused and unperfused rats. Averaged responses were recorded
from L4 and L5 ventral roots to 3 and 5 times threshold (3T and 5T) stimuli
delivered to the L4 dorsal root. Both the amplitude and duration of responses
from P4-P9 perfused spinal cords were found to be greater than those of the
unperfused spinal cords. In addition, the amplitudes of responses from hemisected
spinal cord isolated from P10-P12 perfused animals were also found to be
significantly greater than those of the unperfused hemisected spinal cords. These
differences in the quality of the responses suggest that transmyocardial perfusion
prior to the isolation of the spinal cords can improve the health and integrity of
the dorsal root fibers, motoneurons and/or interneurons involved in the mono- and
polysynaptic ventral root reflexes.
The perfusion technique appears to improve the health of the in vitro rat
spinal cord allowing electrophysiological experiments to be done on animals as
old as P I2. This technique also enhances the histology of the spinal cord tissue
by nearly eliminating the presence of red blood cells. It is also possible to add
neuroprotectants to the perfusate to further improve tissue viability and extend the
range of usable postnatal ages. Supported by a Kentucky Spinal Cord and Head
Injury Research Trust grant to DSKM.

DECREASES OF PRESTIMULUS INHIBITION OF THE RAT’S ACOUSTIC
STARTLE REFLEX PRODUCED BY APOMORPHINE ADMINISTRATION: A
COMPARISON OF ANALYSES. D, S, L e it n e r l * . £ &L flirten 1 and D, L
Carmodv2. ^Psychology Dept., St. Joseph’s Univ., Philadelphia, PA 19131, and
¿Psychology Dept., St. Peter’s College, Jersey City, NJ 07306.
If a weak sensory event (a prestimulus) is presented prior to the onset of a startleeliciting stimulus (SES), the amplitude of the subsequently elicited startle reflex will
be reduced. Administration of dopamine receptor agonists has been shown to decrease
the reduction. The present research used analyses based on signal detection theory
(SDT), and amplitude, percent, and difference scores to quantify this effect.
The same procedure was used in all experiments. A test session consisted of 200
startle-eliciting noise bursts, 20 (±4) s apart, presented against a 65 dB noise
background. On 100 of these trials a pulse of noise, 20 ms long, preceded the SES by
100 ms. Startle amplitude on each trial was recorded. The number of test sessions the
subjects were exposed to in each experiment was determined by the factorial
combinations of the independent variables. Experiment 1 studied the effects of varying
the intensity of the prestimuli (68, 70 and 74 dB) and SES (95 and 110 dB) on startle
inhibition. Experiments 2 and 3 studied the effects that apomorphine administration
had on startle inhibition using the 68/110 and 68/95 configurations, respectively. The
drug dosages used (vehicle (.1 % sodium metabisulfite in distilled water, 1 ml/kg), 0.5,
1.0 and 2.0 mg/ml/kg) were administered s. c. five minutes before startle testing.
The results of all four types of analyses performed on the data indicated that
apomorphine administration decreased startle inhibition. Percent amplitude reduction
and the SDT analyses were consistently similar in the trends that they identified. The
percent amplitude reduction for a given prestimulus intensity, though, varied with the
SES intensity, while sensitivity to the prestimulus as quantified by the SDT analyses
did not change. Analyses of percent amplitude reduction may be measuring the same
changes in sensory processing being assessed by SDT analyses.
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EFFECTS OF BICUCULLINE INFUSED INTO THE NUCLEUS
RETICULARIS PONTIS CAUDALIS ON BASELINE ACOUSTIC
STARTLE AMPLITUDE
AND
PREPULSE
INHIBITION.
S.G.
Birnbaum*, 0 Tg . Meloni and M. Davis, Interdept. Neurosci. Program,
Dept. Psychiatry, Yale Univ., New Haven, CT 06508.
The amplitude of the acoustic startle response can be reduced by the
presentation of either a weak auditory or visual stimulus 50-200 msec prior
to the presentation of a startle-eliciting stimulus (prepulse inhibition, PPI).
The present experiments were conducted to determine whether PPI inhibits
startle via a GABA-ergic mechanism at the level of the nucleus reticularis
pontis caudalis (PnC), an obligitary nucleus in the startle pathway.
Rats were implanted bilaterally with cannulas aimed at the PnC. One
week later, rats were presented with startle stimuli alone (110-dB white
noise) and startle stimuli preceded 100 msec earlier by an auditory
prepulse (72, 74, or 78-dB tone) or 50 msec earlier by a light flash in a
semi-random order for 30 min. Either bicuculline (0.1^ig/0.5fil) or saline
was infused im mediately prior to testing. Bicuculline enhanced the startle
amplitude by approximately 100%, but had no effect on prepulse
inhibition. To .directly com pare percent PPI, the experim ent was repeated
using a 100-dB startle stimulus during bicuculline treatm ent and a 110-dB
startle stimulus during vehicle treatment to match baseline startle levels.
Percent PPI was similar in the two groups.
To verify and extend these findings, we are currently conducting a
dose-response study and analyzing the effect of bicuculline on the
threshold of the startle response. W e are also doing a double-labeling study
to determine the source of these GABA-ergic projections. These results
indicate that GAB A tonically inhibits startle am plitude at the PnC. Hence,
treatments which increase startle amplitude (e.g. fear-potentiated startle)
may be mediated via disinhibition at the PnC. [Supported by MH 47840,
MH 00004 and AFOSR F49620 DEF to M.D.].

EFFECTS OF INSTRUCTIONS ON VO C AL RESPONSE S TO PITCH
SHIFT STIM ULI. C.R. Larson*. T .A . Burnett. S. Singh. S. Kirhan.
Communication Sciences and Disorders, Northwestern University,
Evanston, IL 60208.
Previous research has demonstrated that subjects’ voice fundamental
frequency (F0) responses to pitch shift stimuli consist o f an early (VR1)
and a late (V R2) component. Study o f other motor system s has shown
that reflexes may be modulated by attentional factors. In order to
determine if the vocal responses to pitch shift stimuli (PSS) are also
affected by attentional or instructional factors, subjects were instructed to
(1) not respond to a change in pitch feedback, (2) change F0 in the same
direction as the PSS, or (3) change F0 in the opposite direction o f the
PSS. Increasing or decreasing PSS o f 100 cents w ere randomly
presented to the subjects w hile they phonated /ah/. Subjects responded
with either a single brief response (V R1), a single long duration
response, or both VR1 and V R2. VR1 latency was found to be shorter
when its direction follow ed the PSS than when it opposed the PSS.
Instructions to respond in a certain direction caused a significant
increase in the amplitude and a reduction in latency o f VR1 compared
with the Don't Respond condition. They also caused a significant
increase in the likelihood o f VR2 occurrence. W hen both VR1 and VR2
were observed, VR1 was in the correct direction only half the time
whereas V R2 was always in the correct direction. The amplitude o f
V R2 was significantly larger than that o f V R 1.
Results demonstrate that instructions to respond to the stimuli caused
a change in the amplitude and latency o f V R1, indicating that attentional'
factors modulate the vocal response to a change in voice pitch feedback.
Supported by NIH D C 0 2 7 6 4 -0 1
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URETHRAL AFFERENTS ASSOCIATED WITH THE
SENSORY
PUDENDAL NERVE OF THE CAT: ACTIONS AND MODULATION
DURING MICTURITION. S. J. Shefchvk* and R. R. Buss. Dept. Physiol.,
University o f Manitoba, Winnipeg, Canada R3E 0W3
The sensory pudendal nerve is comprised o f cutaneous afferents (i.e. dorsal
penile or clitoral) and afferents associated with urethral flow receptors (Todd,
1964, Q.J.Exp.Physiol. 49:258). Previous studies did not separate these two
components and thus examined the combined actions o f these afferents. In the
present study the urethral afferent branch (urSPud) was examined in isolation
of the cutaneous component (cutSPud) in the decerebrate cat. Recordings from
peripheral nerves or intracellular recordings from individual motoneurons
revealed that electrical stimulation o f the urSPud evoked excitatory responses
in urethral and anal sphincter nerves at rest. The evoked response was greater
in the urethral than anal sphincter efferents and differed from responses evoked
by the cutSPud afferents. Examination o f excitability changes in urSPud
afferent fibers during micturition revealed a biphasic (increase then decrease)
change in excitability just before and during the void. In addition, the urSPudevoked EPSPs were modulated during micturition, first being attenuated during
the first half of the void then potentiated for the last part o f the void; a time
course similar to the excitability changes observed in single afferents. Finally,
in several animals in which distension o f the bladder failed to evoke a
micturition reflex, electrical stimulation o f the urSPud with trains o f stimuli
produced a coordinated bladder contraction and sphincter relaxation. Supported
by the MRC o f Canada.

EXCITABILITY CHANGES IN HINDLIMB CUTANEOUS AFFERENTS
DURING MICTURITION IN THE DECEREBRATE CAT. R. R. Buss* and
S. J. Shefchvk. Dept. Physiol., Univ. Manitoba, Winnipeg, Canada, R3E 0W3.
Activation o f several motor circuits in the lumbosacral spinal cord result in
alteration in transmission from cutaneous afferents. Fedirchuk and Shefchyk
(J. Neurosci. 1993,13:3090) showed that postsynaptic potentials evoked by
hindlimb cutaneous afferents in sacral hindlimb and sphincter motoneurons
were attenuated during micturition. Perrault et al. (Soc.Neurosci. 1994,
20.2:#716.3) demonstrated that transmission in cutaneous afferents in the lower
lumbar and sacral regions was depressed during fictive locomotion. Angel et
al. (J. Physiol. 1994, 479:451) demonstrated excitability changes in perineal
afferents (sensory pudendal) during micturition. The present study examines
excitability changes in hindlimb cutaneous afferents terminating in the S 1
segment during micturition and in response to hindlimb muscle afferent
stimulation. In 48% o f cutaneous afferents examined in SI there was an
excitability increase during micturition (6/7 caudal cutaneous femoralis, 6/20
sural and 3/4 superficial perineal). In addition, examination o f excitability
changes evoked by electrical stimulation o f hindlimb muscle afferents revealed
the presence o f strong Group II, but little evidence for Group I, muscle afferent
evoked excitability increases. We hypothesize that micturition activates
interneurons which mediate primary afferent depolarization o f cutaneous
afferents in SI and that these intemeurons may be closely related to those
active during locomotion and a group recently described by Jankowska and
Riddell, (J. Physiol. 1993, 465:561). Supported by the MRC o f Canada.

409.13
TESTOSTERONE ALTERS RECRUITMENT IN AN ANDROGEN-SENSITIVE
NEUROM USCULAR SYSTEM . M.W . Hartv*. D.R. Senqelaub, & A .C ,
E d d in s .
Program in N eural S c ien c e, In d ian a University,
Bloomington, IN 47405.
The spinal nucleus of the bulbocavernosus (SNB) is an androgensensitive population of motoneurons innervating the bulbocavernosus
(BC) muscle. Testosterone regulates several electrophysiological
aspects of this system including presynaptic inhibition (Tanaka &
Arnold, 1991), and motoneuron rheobase (Collins, 1984). W e used
EMG techniques to further assess androgen-mediated effects in the
SNB/BC neuromuscular system.
Young adult male rats were left intact, castrated, or castrated and
given testosterone implants. Six weeks later rats were transected,
the sacral plexus exposed, and a stimulating electrode attached to the
lumbosacral and L6-S1 trunks. A recording electrode was inserted
into the BC. EMG was collected and paired with the delivered current
pulse m easured by a current probe.
Paired data were used to
calculate direct activation of the BC (M -wave) and the frequency of
EMG as determined by FFT.
Castration attenuated M-w ave recruitment and induced an earlier
plateau, significantly reducing the M-w ave at higher current levels
(P = .02); testosterone-treated castrates did not differ from intact
males. Castration induced changes in M -w ave recruitment likely
reflects castration induced atrophy in the BC.
In contrast, EMG
frequencies were not different across treatm ents or changes in
current level.
The stability of frequency implies that the BC is
receiving a stable input pattern that does not change with stimulus
intensity or androgen level. Supported by N S F -D IR -9413220.

SPINAL CORD AND BRAINSTEM I
410.1

410.2

OPERANT LEARNING AT THE LEVEL OF THE SPINAL
CORD: INDUCTION AND RETENTION. R. L. Jovnes*. S.
McLemore & J. W. Grau. Department of Psychology, Texas A&M University,
College Station, TX 77843.
Prior work suggests that spinal neurons can support a simple form of
operant learning. In a typical experiment, spinal rats (Exp. Group) are given
shock to one hind leg whenever the leg is extended. Yoked subjects experience
the same amount of shock irrespective of leg position. Rats in the Exp., but
not the Yoked, group learn to maintain a flexion response. In a subsequent test
phase, all subjects receive controllable shock. Rats in the Exp. group show
faciliated learning (positive transfer), while subjects that previously experienced
inescapable shock fail to learn (a learned helplessness-like effect).
The present experiment explores the conditions needed to induce this
learning effect. Spinal rats received 30 min of controllable shock with a
minimum shock duration of 40, 80 or 160 msec (training phase). Immediately
after training, all rats received controllable shock for 30 min with a min shock
duration of 80 msec (testing phase). Eighty msec minimum shock duration in
training resulted in robust learning and positive transfer during testing.
Decreasing the minimum shock duration undermined acquisition of the flexion
response. While exposure to longer shocks rapidly induced a flexion response,
they did not induce positive transfer. Instead, training with a minimum shock
duration of 160 msec appeared to have the opposite effect (negative transfer). A
similar effect was observed when response-reinforcer contiguity was disrupted by
delaying shock offset. Studies examing the retention of these learning effects
will also be reported. Supported by MH48994 to J.W.G.

F TERMINALS ON PRIMATE MOTONEURONS AFTER OPERANT
CONDITIONING OF H-REFLEX: VESICLE NUMBER, TERMINAL VOLUME,
AND MITOCHONDRIAL VOLUME. P.M. Maniccia* P.S. Uonal. C.L. Vaughan. J.
Roper. K.C. Feng-Chen. and J.R. Wolpaw. Wadsworth Center, New York State
Department of Health and State University of New York, Albany, NY 12201.
Average contact length of F terminals on the cell bodies and immediately adjacent
dendritic segments of primate (Macaca nemestrina) triceps surae (TS) motoneurons is
larger after down conditioning of the TS H-reflex than after up conditioning (PNAS,
93:9206-9211,1996). This difference is accompanied on the cell body by a comparable
difference in F terminal active zone coverage. To evaluate further the functional
significance of the difference in contact length, the present study determined whether it
is also accompanied by differences in vesicle number (assessed from cross-sectional
vesicle number and contact length), terminal volume (assessed from cross-sectional
terminal area and contact length), and mitochondrial volume (assessed from crosssectional mitochondrial area and contact length).
A total of 1886 F terminals on 62 TS motoneurons of 11 operantly conditioned
monkeys (6 up-conditioned and 5 down-conditioned) were assessed. Cross-sectional
vesicle number, cross-sectional terminal area, and cross-sectional mitochondrial area
were linearly related to contact length. Differences in these measures between up and
down animals were similar to the difference previously noted in contact length.
The results indicate that total vesicle number, and terminal and mitochondrial volumes
(as calculated from cross-sectional vesicle number and cross-sectional terminal and
mitochondrial areas, and contact length) are linearly related to contact area, and that
larger terminals are not thicker. The fact that the differences in these measures between
up and down animals paralleled their difference in contact area suggests that the
difference in contact area is functionally significant. (Supported by NIH NS22189.)
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ASSESSMENT OF MOTONEURON PRIMARY AFFERENT TERMINALS AND
THEIR PRESYNAPTIC TERMINALS. K.C. Feng-Chen* and J.R. Wolpaw.
Wadsworth Center, New York State Department of Health and State University of New
York, Albany, NY 12201.
Operant conditioning of the triceps surae (TS) H-reflex affects F terminals and C
terminals on TS motoneurons (PNAS, 93:9206-9211, 1996), but its effects on
motoneuron primary afferent terminals and their presynaptic terminals have not been
defined. To address this question, we are developing efficient methods for detection
and analysis of these relatively infrequent terminals in the new rat model for H-reflex
operant conditioning (J Neurophysiol 73:411-415, 1995).
Cholera toxin-HRP (CT-HRP) is injected under anesthesia into one soleus muscle of
Sprague-Dawley rats to retrogradely label motoneurons. Three days later, the animal
is anesthetized, the proximal ends of the L4-6 dorsal roots are bathed in 5% biocytin in
TRIS buffer for several hours, and the animal is perfused with paraformaldehyde and
glutaraldehyde. Coronal vibratome sections of lumbar spinal cord are incubated in
avidin-HRP with Triton X-100 and processed according to the avidin-HRP-DAB
method (King et al., Br. Res. 497:361-367, 1989). Sections with CT-HRP-labeled
elements are processed for electron microscopy. Ultra-thin sections are treated with
GABA antiserum and immunogold to identify GABAergic terminals (Soc. Neurosci.
Abst. 21:414, 1995).
Soleus motoneuron cell bodies and dendritic segments are identified by the presence
of CT-HRP label. Terminals on them that are filled with biocytin label are identified
as primary afferent terminals. P (i.e., presynaptic) terminals and some F terminals show
immunogold labeling (i.e., at least 8 times background level). P terminals are
recognized by their proximity to primary afferent terminals and by their extremely
heavy immunogold labeling (e.g., >50 times background). We are currently evaluating
the specificity of labeling and exploring methods for improving the preservation of
ultrastructure. (Supported by NIH NS22189.)

TWITCH AND DISCHARGE CHARACTERISTICS OF TRICEPS SURAE
MOTOR UNITS OF DECEREBRATE RATS: METHODS DEVELOPMENT. J.S.
Carp* and J.R. Wolpaw. Wadsworth Center, New York State Department of Health
and State University of New York, Albany, NY 12201.
Operantly conditioned change in H-reflex size appears to be due to changes in
intrinsic properties of motoneurons and possibly also in their oligosynaptic group I
inputs (J Neurophysiol 72: 431-442, 1994; 73: 1365-73, 1995). Evaluation of this
hypothesis requires data from more motoneurons than is routinely practical with
intracellular recording techniques. Thus, we are developing methods for recording
single motor unit discharges in peripheral nerve and calculating from them
motoneuron properties.
Under isoflurane anesthesia, rat triceps surae muscles are separated and their cut
tendons are attached to force transducers. Individual triceps surae nerves are dissected
and mounted on a small recording platform. Decerebration is performed by aspiration
of the brain rostral to the superior colliculi and isoflurane is discontinued. Intraaxonal (or intra-myelin) recordings are performed with glass microelectrodes. To
determine motor unit type, contractile properties of individual motor units are
measured after activation by injection of brief current pulses (Gardiner, J
Neurophysiol 69: 1160-1170, 1993). Motor unit discharge properties are then
recorded in response to tibial nerve stimulation at different levels of background
activation.
From these recordings, we plan to determine in both naive and operantly
conditioned rat populations the fraction and type of motor units recruited by the Hreflex stimulus and to estimate postsynaptic potential shape and motoneuron firing
threshold (Miles et al., Exp Brain Res 77: 628-636, 1989; Turker and Miles, J
Neurosci Meth 39: 103-107, 1991). (Supported by NIH 22189.)
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UP CONDITIONING OF H-REFLEX IN SPINAL CORD-INJURED RATS. X.Y.
Chen*1. L.B. Jakeman2. B.T. Stokes2. & J.R. Wolpaw1 1Wadsworth Center, NYS Dpt
Hlth & SUNY, Albany, NY 12201 and 2Dpt Physiol, OSU, Columbus, OH 43210.
Rats can increase or decrease the soleus H-reflex (HR), the electrical analog of the
spinal stretch reflex, when exposed to an operant conditoning task (J Neurophysiol
73:411-415,1995). Thoracic spinal cord injury impairs HRdown conditioning, and the
degree of impairment is correlated with tissue loss (J Neurotrauma 13:755-765, 1996).
We have now studied injury effects on HRup conditioning.
Sprague-Dawley rats (n=14, female, 200-300 g) with calibrated contusion injuries
of T8 spinal cord (i.e., 0.7 mm (mild) or 0.9 mm (medium) displacement of dorsal
surface (J Neurotrauma 9:187-195, 1992)), were implanted under anesthesia with EMG
electrodes in soleus muscle and stimulating electrodes on posterior tibial nerve.
Electrodes connected to a head-mounted tether cable. When background EMG
remained in a specific range for a randomly varying period, stimulation at M response
threshold elicited the HR. Under control mode, no reward occurred. Under HRup
mode, food reward occurred 200 ms later if HR size was above criterion. Data were
collected under control mode for 10-20 days and then under HRup mode for 50 days.
In 4 rats with medium injury, final HR size was 110(±4SE)% of control, and none
(0%) was successful (i.e., increased at least 20%). In 10 rats with mild injury, final HR
size was 120(±8)%, and 5 (50%) were successful. These 14 rats differed from 11
normal HRup rats in which final HR size was 158(±16)% (P<0.02, t test), and 9 (82%)
were successful (P<0.05, Fisher exact test).
These results illustrate the importance of descending pathways for HRup
conditioning. Correlations between HRup conditioning and tissue loss are under study.
HR conditioning may provide a sensitive new means for assessing spinal cord function
after injury and for initiating and guiding recovery. (Supported by the American
Paralysis Association (XYC), the Paralyzed Veterans of America Spinal Cord Research
Foundation (XYC), NIH NS10165 (BTS), and NIH NS22189 (JRW).)

RECOVERY OF INTERLIMB COORDINATION AND ITS
NEURAL SUBSTRATE IN ADULT CATS FOLLOW ING SPINAL
CORD COMPRESSION INJU R IES. D R. Howland! L A. Ritz. R.D.
Johnson. W. O'Steen. O. O'Steen and D.K. Anderson. Dept, of Neuroscience,
Univ. of Florida College of Medicine and Brain Institute and Veterans Affairs
Medical Center, Gainesville, FL 32610.
Activity between the forelimbs and hindlimbs is coordinated during quadrupedal
forms of locomotion in the normal cat. It is believed that the anatomical substrate
responsible for this forelimb-hindlimb coordination is the long propriospinal
pathway connecting the cervical and lumbosacral spinal cord where the spinal
pattern generators for locomotion for the forelimbs and hindlimbs lie, respectively.
We are using three kinematic analyses to evaluate recovery of interlimb coordination
following different severities of low thoracic spinal cord compression injury: 1)
El-F interlimb phase interval, 2) interlimb swing phase coordination and 3) support
pattern diagrams. Cats are evaluated during quadrupedal treadmill locomotion and
conditioned overground locomotion for at least five months post injury. WGAHRP tract tracing and terminal electrophysiology are being used to determine the
integrity of descending and ascending long propriospinal connections in these
animals. All of the spinal cord injured cats in this study recovered the ability to
walk on a treadmill and cross a 12” wide runway. In the normal cat, locomotion is
characterized by a consistent tight coupling of the hindlimbs with the forelimbs
identified by analysis of the El-F interval. Recovery of the tight form of
coordination following injury is correlated with sparing of the long propriospinal
systems. Long propriospinal connections, however, do not appear to be required
for recovery of alternate forms of interlimb coordination identified by interlimb
swing phase analysis. Even in the relative absence of long propriospinal
connections, some cats recover altered forms of interlimb coordination. It is likely
that spared descending supraspinal systems are mediating this less rigidly linked
form of coordination following injury. Supported by NIH POl NS35702, State of
Florida BSCIRTF, Dept of Veterans Affairs and the CM&KE Overstreet Foundation

4 10.7
EVIDENCE FOR A ROSTRO-CAUDAL GRADIENT OF TONIC PAD IN
PAIRS OF COLLATERALS OF SINGLE MUSCLE SPINDLE AFFERENTS
IN THE SPINAL CORD OF THE CAT. J. Lomeli. J. N. Ouevedo*. P. Linares
and P. Rudomin. CINVESTAV-IPN, Physiol. Biophys. & Neurosci. México 07000.
We have reported previously (Neurosc. Abst. 22: 723.9, 1996) that in the
anesthetized cat, stimulation of the motor cortex, reticular formation and nucleus
raphe magnus, as well as stimulation of cutaneous and articular nerves produced no
PAD but was able to inhibit the PAD generated by group I volleys in segmental and
ascending collaterals of the same muscle spindle afferent. The inhibition of PAD
was usually larger in the L3 than in the L6 collaterals, and was attributed to
differences in the level of tonic PAD in each collateral. We have now found a
substantial number of muscle spindle afferents (7/25) in which stimulation of
cutaneous and descending pathways increased the resting intraspinal threshold of
the L3 collateral, practically without affecting the intraspinal threshold of the L6
collateral. These effects were reduced during low thoracic spinal conduction block
in 4 experiments and had no relation with the small blood pressure changes
produced by the conditioning stimuli. It is suggested that the rostral collaterals of
muscle spindle afferents are subjected to a stronger tonic PAD of descending origin
than the caudal collaterals and that this tonic PAD is inhibited by stimulation of
cutaneous and articular afferents and by stimulation of reticulo-, cortico-, and raphespinal fibers. The differential inhibition of PAD could be part of a mechanism that
adjusts the information ascending to the cerebellum via Clarke’s column neurons
relative to the information flowing to segmental levels. Partly supported by NIH
grant N S09I96 and CONACyT grant 41739
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PROJECTIONS FROM THE SECOND (S2) AND PARIETAL
VENTRAL (PV) SOMATOSENSORY AREAS TO THE SUPERIOR
COLLICULUS IN A PROSIMIAN PRIMATE.
Jon H. K aas*. C arolvn W .H . W u. and N a rcisse P. B ic h o t
Departm ent o f P sy ch o lo g y , V anderbilt U niversity, N ash ville, TN
37240.
In m am m als, the deep layers o f the superior colliculus (D SC ) play
an important role in the generation o f orienting m ovem ents. Several
reports h a v e sh ow n that m any n eurons in D S C respond to
som atosensory as w ell as visu al inform ation. Furthermore, a w ell
organized som atotopy in D S C has been docum ented. H ow ever, the
sources o f som atosensory inputs to D SC are not com pletely known,
esp ecia lly in primates. A lthough there is ev idence that part o f this
input originates from cortical areas that integrate som atosensory and
visu al inform ation, there m ay be additional direct som atosensory
input from purely som atosensory cortical areas. T he present study
addresses the p ossib ility o f direct som atosensory input to D SC by
injecting anterograde tracer W GA-HRP into the electrophysiologically
id en tified som atosensory areas S I , S 2, and P V o f the prosim ian
primate, G a la g o . A fter a fiv e to seven day survival tim e, the brains
were cut coronally or parasagitally. Sequential sets o f brain sections
w ere p ro ce ssed for parvalbum in, cy to ch ro m e o x id a se, N is sl
substance, or reacted for T M B. Projections were revealed from both
areas S2 and PV , but not area S I , to D SC . Since D S C project to the
brain stem premotor nuclei, the input from areas SII and PV m ay be
im portant for generating orien tin g resp o n ses to som atosensory
stimulation.
(Supported by N IH grant N S 16446)
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IDENTIFICATION OF BRAINSTEM NEURONS THAT GIVE RISE TO A
LOCOMOTOR COMMAND PATHWAY. P.M. Green*. D.W. Ballard. T.
Sengoku. T.C. Trinder, and D.S.K. Magnuson. Departments of Anatomical
Sciences and Neurobiology and Neurological Surgery, University of Louisville,
School of Medicine, Louisville, KY 40202.
Neonatal rat brainstem/spinal cord preparations, maintained in vitro, were
used in electrophysiological and histological studies to localize neurons involved
in a locomotor command pathway. This preparation exhibits rhythmic locomotor
activity in response to electrical stimulation of a specific VLF (ventrolateral
funiculus) pathway and/or in the presence of serotonin and N-methyl-D-aspartate.
Brainstem field potentials were elicited by single stimuli delivered to the VLF.
Involvement of the stimulated pathway in locomotor output was confirmed by the
successful induction of rhythmic, alternating ipsi-contralateral L3 ventral root
activity by short train stimulation of the VLF site. The medulla was divided into
a grid of 24 equal areas and field potential recordings were made at
predesignated depths in each grid area both ipsilateral and contralateral to the
VLF stimulating electrode. Cranial nerve exit points and the anteromedian vein
served as landmarks to standardize the recording site grid. Retrograde labeling
techniques were employed to identify neurons with axons in the pathway. Field
potentials suggest that neurons are dispersed rostrocaudally throughout the
ventromedial medulla, principally ipsilateral to the stimulus site. An axonal
decussation was tentatively identified in the mid-medulla. These findings suggest
that there are specific neurons located in the ventromedian medulla that are part
of a locomotor command pathway. The relationship that these neurons have with
the central pattern generator for locomotion in the lumbar spinal cord will be
explored. Supported by a Kentucky Spinal Cord and Head Injury Research Trust
grant to DSKM.

M O D U L A T IO N OF O L IG O SY N A P T IC E PSPS PR O D U C E D B Y
STIM U L A T IN G THE M ESEN CEPH A LIC LO COM OTOR R EGION
(MLR) D UR ING FICTIVE LOCOM OTION. A. M. D egtvarenko*. E. S.
S im on. T. M . N orden-Krichm ar. and R. E. B urke. Lab. o f N eural
Control, N IN D S, N IH , Bethesda, M D 20892-4455
R ep etitive low frequency stim ulation o f the M LR in paralyzed,
decerebrate cats produces patterns o f rhythmic discharge in m uscle nerves
(fictive locom otion), accompanied by locom otor drive potentials (LDPs)
in active m otoneurons (M N s). Individual M LR v o lleys produced EPSPs
with disynaptic central latency (1.2 - 1.8 m s) in both extensor and flexor
M N s; these EPSPs were largest w hen the M N exhibited depolarizing
L D Ps, as described by S hefchyk and Jordan (J. Neurophysiol. 53:1345,
1985). The disynaptic M LR EPSPs resem ble disynaptic EPSPs produced
in lumbosacral M N s by stimulation o f reticulospinal fibers running in the
m edial longitudinal fasciculus (MLF; Floeter et al, Exp. Br. Res. 92:407, 1993;
Gossard et al, Exp. Br. Res. 109:277, 1996). H ow ever, disynaptic MLF EPSPs
in flexor digitorum longus (FDL) M N s w ere facilitated only during the
extension phase o f fictive locom otion, even when (as usual) FD L M N s
w ere depolarized and active on ly during early flex io n . In contrast,
disynaptic M LR EPSPs w ere facilitated only w hen FD L M N s exhibited
depolarizing L D P s. i.e., usually during early flexion . We conclude that:
1) the last-order excitatory intemeurons in the MLR to M N pathways may
participate in producing depolarizing LD Ps in M N s (including FDL)
during fictiv e locom otion ; and 2) on the b asis o f their differential
m odulation, MLR pathway intem eurons are different from the last-order
intemeurons that produce disynaptic M LF excitation .
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M U L T I-S E G M E N T A L IN N E R V A T IO N P A T T E R N O F S IN G L E
V ESTIBULOSPINAL AXONS IN TH E CAT SPINAL CORD. B. Kuze. T.
Matsui. K. Matsuvama* and S. M ori. Dept, of Biological Control System, National
Institute for Physiological Sciences, Okazaki 444, Japan.
An anterograde neural tracing technique u tilizing P h a s e o lu s v u lg a r is
leucoagglutinin (PHA-L) has an advantage of revealing fine morphology of long
descending axons (Matsuyama et al., 1997). By using PHA-L, we have recently
studied the fine morphology of vestibulospinal fibers (Kuze et al., 1997). In this
study, we addressed the question whether or not branching patterns of single
vestibulospinal axons observed at the cervical cord can be commonly seen at the
thoracic and lumbar levels. For this purpose, PHA-L (5% solution, 0.3jil) was focally
injected into the Deiters' nucleus. PHA-L was transported to more caudal level of the
spinal cord as the survival period of the animal was prolonged. After survival periods
of 3 to 10 weeks, the cats were transcardialy perfused, and 50 |im serial transverse
sections of the spinal cord were made. These sections were reacted according to the
PHA-L immnohistochemical procedure. From these serial sections, branching patterns
of single vestibulospinal axons were reconstructed as much as possible. In each cat
with survival period of 3, 6, 10 weeks, PHA-L labelled single vestibulospinal axons
were traced in continuity in the cervical, thoracic and lumbar spinal cord, respectively.
Such single axons were observed to give off multiple axon collaterals at each spinal
cord level. Terminal fiber were distributed mainly in laminae VII and VIII in the
ipsilateral ventral horn. These results demonstrated that single long descending
vestibulospinal axons have similar branching characteristics throughout the whole
length of the spinal cord.

RESPONSE PROPERTIES OF PONTOMEDULLARY RETICULOSPINAL
CELLS TO TH E STIMULATION OF TH E LOCOMOTION INDUCING
REGIONS IN TH E MESENCEPHALON AND TH E CEREBELLUM IN
DECEREBRATE CATS
Matsui T.. Kuze B.. Matsuvama K.. Mori S.* Dept, of Biological Control System,
National Institute for Physiological Sciences, Okazaki, 444, Japan
In acute precollicular-postmammillary decerebrate cats, stimulation of the
mesencephalic locomotor region (MLR) evokes quadrupedal locomotion on the
surface of a moving treadmill. We have recently found that stimulation of the
cerebellar white matter also evokes locomotion as that evoked by the MLR
stimulation (Mori, 1997). In this study, an attempt was made to answer the
question whether or not the stimulus effects of the MLR and the cerebellar white
matter are relayed to the spinal cord by common reticulospinal cells. For this
purpose, pontomedullary reticulospinal cells (n=136, mean conduction velocity;
76.9m/s) were antidromically activated by stimulating Ll-2 segments in the
decerebrate cats (n=6). Their activity were extracellulary recorded. After
identifying the effective MLR and cerebellar regions for evoking locomotion,
single (0.2ms duration) or train pulse (3.3ms interval) stimulations were delivered
to each of these two regions and response properties of the identified
reticulospinal cells were analyzed. Forty (30%) cells were activated
orthodromically by both the MLR and the cerebellar stimulations with latencies of
1.0 to 12.6 ms and 1.0 to 1.8 ms, respectively. Seven (5%) cells and 18 (13%)
cells were activated with latencies of 1.3 to 9.4 ms and 1.0 to 1.6 ms by the MLR
and the cerebellar stimulations, respectively. These results suggest that locomotor
releasing signals originating from the MLR and the cerebellar white matter are
relayed to the spinal cord, in major part, by the common reticulospinal cells. The
differences in the response latencies also suggest that the manner of synaptic
connections between the MLR descending fibers and the reticulospinal cells is
different from that between cerebellofugal fibers and the reticulospinal cells.
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SHORT-TERM AFFERENT AXOTOMY ALTERS EFFICACY BUT NOT
FREQUENCY MODULATION AT IA-MOTONEURON SYNAPSES IN RAT.
K.L. Sebum* and T.C. Cope. Dept, of Physiology, Emory Univ., Atlanta, GA
30322.
A reduction in synaptic efficacy at Ia-motoneuron synapses has frequently been
reported after long-term axotomy (> 2 wks). However, the decline is not immediate,
and synaptic efficacy measured in axotomized or intact cells initially increases,
reaching a peak 3-days after section of the medial gastrocnemius (MG) nerve in the
rat (Miyata et al., Neurosci. Res 5:1988). To examine the mechanism for this early
increase in synaptic efficacy we measured the amplitudes of composite excitatory
postsynaptic potentials (EPSP) in rat MG motoneurons during short high-frequency
bursts (32 pulses @ 167 hz). Modulation of EPSP amplitude observed using this
stimulation paradigm varies among motoneurons as a function of amplitude and is
altered after axotomy (Mendell et al., J. Neurophysiol. 73(2): 1995). We compared
facilitation/depression (F/D) of EPSP amplitude during the burst (30th&31 st/control
EPSP) as well as post-tetanic potentiation (PTP) (EPSP@50ms postburst/control EPSP)
of EPSPs generated in MG motoneurons by the lateral gastrocnemius-soleus (LGS)
nerve in rats in which LGS was either untreated, or cut and ligated 3-days earlier.
Despite a significant increase in LGS EPSP amplitude (2.1±l.lmV vs. 3.2±1.2mV;
p<0.05), no changes were observed in either F/D (0.49±0.07 vs.0.53+0.06,p=0.8) or
PTP (1.0±0.06 vs. 1.1 ±0.05,p=0.2). In support of these findings we found no
difference in F/D or PTP of EPSPs produced by treated and untreated afferents in the
same motoneurons. Thus, this increase in EPSP amplitude can be uncoupled from
F/D and PTP. In fact, the significant correlations of F/D and PTP with EPSP
amplitude seen in untreated rats are lost 3 days after axotomy. We conclude that the
increased EPSP amplitude is caused by pre- and/or postsynaptic factors other than
alterations in either the probability of transmitter release or transmitter depletion.
These data also suggest that F/D and PTP are not dependent upon trophic support of
Ia afferents by their peripheral target. Supported by NIH grant R01 31563

RECURRENT INHIBITION AND FACILITATION IN MOTONEURON
POOLS INNERVATING DORSIFLEXORS OF THE CAT HINDLIMB.
Tamara V. Trank*. Vladimir V. Turkin. and Thomas M. Hamm. Barrow
Neurological Institute, St. Joseph's Hospital, Phoenix, AZ 85013.
Previous reports from this laboratory have provided evidence supporting
the hypothesis that recurrent inhibition is organized according to common
patterns of locomotor activity and is reduced or absent in motor nuclei that
act at the digits and express individualized patterns of activity (McCurdy and
Hamm 1992). As a further test of this hypothesis, we have examined the
motor nuclei that innervate extensor digitorum brevis (EDB), extensor
digitorum longus (EDL), and the anterior and posterior parts of tibialis
anterior (TAa and TAp, respectively).
TAa and TAp share a common mechanical action at the ankle with the
EDL, which also acts at the toes along with EDB. These nuclei innervate
muscles that are active during the swing phase o f forward walking.
However, only EDB is active during stance of backward walking (Trank and
Smith 1996), which indicates that EDB has unique functions at the toe and
may not be tightly coupled to TAa, TAp, and EDL.
TAa and TAp motoneurons (MNs) exchanged strong recurrent inhibition.
Both motoneuron pools received significant inhibition from semitendinosus
and facilitation from extensors. These recurrent patterns are consistent with
the similar, stereotyped patterns of activity seen during locomotion.
EDB nerve stimulation occasionally produced small IPSPs in EDL and
TAa MNs. Half of the EDB MNs studied received no PSPs from other motor
pools. The rest received facilitation from extensor motor nuclei and mixed
responses from EDL, TAa, and TAp. These results indicate that the EDB
motor pool has weak recurrent connections with other motor nuclei,
including the synergist EDL. This lack of strong coupling is consistent with
EDB producing motor patterns that are mutable and behaviorally determined.
Supported by USPHS grants R01 NS22454 and NS07309.
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SYNCHRONIZATION BETWEEN HINDLIMB MOTONEURONS AND
NEUROGRAMS DURING FICTIVE LOCOMOTION IN THE CAT.
Vladimir V. Turkin. Tamara V. Trank, and Thomas M. Hamm*. Barrow
Neurological Institute, St. Joseph’s Hospital, Phoenix, AZ 85013.
Previous work from this laboratory utilized coherence spectra analysis to
demonstrate synchronization between motor nuclei of hip and ankle
extensors (McCurdy and Hamm, Soc. Neurosci. Abst. 19:540, 1993) and
between motor nuclei of hip and ankle flexors (Turkin and Hamm, Soc.
Neurosci. Abst. 22:1841, 1996) during fictive locomotion. To determine the
contribution of common synaptic drive to motoneurons producing this
synchronization, we have examined coherence spectra between the locomotor
drive potentials (LDP) of motoneurons and electroneurogram (ENG) activity.
Experiments were performed in unanesthetized, decerebrate cats.
Stimulation o f the mesencephalic locomotor region produced fictive
locomotion. Intracellular recordings from flexor and extensor motoneurons
were made with electrodes containing potassium citrate and the sodium
channel blocker QX314 in order to eliminate neuronal spikes. The raw,
intracellular records were then compared to the rectified ENGs.
We observed significant coherence between the depolarized phase of the
LDP and the ENG recordings of agonists bursting in phase. Synchronization
occurred at higher frequencies (40-120 Hz), which corresponded to
components in the power spectra of the motoneuronal LDPs. Coherence
spectra between ENG pairs contained significant components at these
frequencies; they also contained components at higher frequencies which
were likely the result of harmonics introduced by rectification. We also
observed significant coherence between the hyperpolarized phase o f
motoneuron potentials and the activity of antagonist nerves, suggesting that
the inhibitory intemeurons producing the hyperpolarized phase of the LDP
receive the same input that is distributed to the antagonistic motor pools.
Supported by USPHS grants NS22454, NS30013, and NS07309.

WHAT IS THE CONTRIBUTION OF THE DEVELOPMENT OF VENTRAL
DESCENDING PATHWAYS TO THE ONTOGENY OF MOTOR ACTIVITIES IN
THE NEONATAL RAT ? F. Brocard. F. Clarac* and L. Vinav. Lab. Neurobiologie
et Mouvements, CNRS, 31 chemin Joseph Aiguier, F-13402 Marseille cx 20, France.
Ventral pathways descending from the brain stem are involved in the control of
posture and locomotion. The use of anatomical techniques has shown that most of
them reach the lumbar enlargement at birth in the rat. However, few studies have
investigated the functional development of these pathways. In the present study, we
tried to correlate their development during the first postnatal days (PO-6) with that of
motor activities. We have studied in vivo the motor responses evoked by the
inclination of the whole animal in a vertical plane. Pitch tilt (nose up) evoked an
extension of the whole hindlimb in P6 animals. Responses were almost absent at
birth, and when present, the extension involved essentially proximal joints.
Recordings from ankle extensors (triceps surae) during this task showed that both
dynamic and static components of the response increased with age, thus confirming
that the use of distal segments increases throughout this period of the development.
The development of ventral descending pathways was investigated using both
extracellular recordings of lumbar ventral roots (with suction electrodes) and
intracellular recordings from motoneurons in the in vitro brain stem / spinal cord
preparation of the neonatal rat. The amplitude of ventral root potentials and
excitatory post-synaptic potentials (EPSPs) evoked by the stimulation of the ventral
funiculus at the Cl level increased with postnatal age. This increase was more
important in caudal lumbar segments than in rostral ones. Motor neurons of muscles
distal in the limb tend to be most caudal in the cord (Nicolopoulos-Stournaras & lies,
J. Comp. Neurol. 217 (1983): 75-85). The timing of the rostro-caudal development
of descending pathways in the lumbar spinal cord suggests that the descending
control at birth is exerted primarily on proximal muscles whereas the control over
distal muscles increases during the very first days after birth.
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GROUP I AFFERENT OLIGOSYNAPTIC PATHWAYS DURING DIFFERENT FICTIVE
MOTOR PROGRAMS. M-rC-Perreault*, M.Enriquez^Denton .and H.H.ultbom, MFI,

CATEGORIZATION OF EMG IN CEREBRAL PALSY. A.Woiciechowski*,
M.Hulliger, H.Z.Darwish, I.O’Callaghan, G.Bishop & J.P.A.Foweraker. Dept, of
Clinical Neurosciences, University of Calgary, AB, Canada T2N 4N1.
Quantitative categorization of multivariate (global) EMG patterns is a
non-trivial problem, especially for pathological EMG, yet it is needed for gait
evaluation in diagnostics and intervention outcome studies. We have explored
the scope of EMG principal component (PC) analysis to quantitate normal and
pathological EMG patterns and to identify correlations with clinical scores.
Surface EMG recordings were made from 8 leg muscles as control and
cerebral palsy children (4 to 6 years) walked with minimal assistance at a com
fortable speed along a walkway. The EMGs were digitized at 500/s, low pass
filtered (12.5 Hz), rectified and normalized within each step cycle. Principal
component (PC) analysis was applied for data reduction and identification of
consistent patterns of EMG activity (synergies) across the 8 EMG profiles. The
variability of these synergies within and between groups was determined from
PC phase plots. The degree of abnormality of cerebral palsy patterns was fur
ther characterized by calculating the magnitude of the normal EMG synergies
that could be identified in pathological patterns.
Quantitative analysis of muscle synergies showed that the EMG patterns
were mostly consistent between control children. In cerebral palsy, EMG pat
terns revealed significant variability in the muscle synergies during walking. In
order to characterize the range of patterns observed, an average normal pattern
was calculated (using a common space of PC weight factors), and individual
pathological activity patterns were examined for remnants of this normal EMG
activity. Results indicate that cerebral palsy patients utilize patterns of muscle
activity ranging from: a) rudimentary-normal, where elements of the normal
pattern could be identified in the pathological muscle activity profiles; to b)
extremely pathological, where no remnants of the normal muscle activity pattern
could be detected. Preliminary analysis revealed good correlations with clinical
indices.
These observations suggest that with a larger sample of patients quantita
tive criteria for statistical classification of pathological gait EMG patterns can
be established. Supported by AHFMR and NCE Canada.

Panum Institute, University of Copenhagen, Copenhagen, Denmark.
At rest, oligosynaptic responses evoked by stimulation of hindlimb extensor
group I afferents are predominantly inhibitory in extensor motoneurones. During,
fictive locomotion, the same stimulation excites extensor motoneurones. Two
pathways that contribute to increased excitation are the disynaptic (McCrea et
al. 1995, Angel et al. 1996) and the “longer” latency (Gossard et al. 1994) pathways.
These pathways may reinforce on-going extensor activity during the stance phase,
contributing to propulsion and weight support. Their contribution to other fictive
motor programs is unknown, but it maybe expected that during scratching they would
contribute less since extensor loading is likely to play a minor role. Group I afferentevoked oligosynaptic responses were recorded in extensor motoneurones during the
following conditions 1) fictive MLR-evoked locomotion 2) alternating activity of
scratching and, 3) tonic extensor activity (“weight support") contralateral to
scratching.
When disynaptic and longer latency epsps were evoked in extensor motoneurones
during locomotion, t hey were also present during scratching. As during locomotion,
the responses evoked during scratching were phasically modulated. When scratching
was induced contralateral to the recorded motoneurone, oligosynaptic epsps were also
evoked. Altogether these results show that the disynaptic and the longer latency
pathways are open for transmission during scratching and may potentially be used for
load compensation.
The similar modulation of the pathways during both locomotion and scratching
provides additional evidence that the same neural network operates during both motor
programs. Fictive scratching may thus be a useful motor program for further
investigation of the intemeurones that mediate the group I-oligosynaptic excitatory
responses. Supported by the Danish MRC.

CIRCUITRY AND PATTERN GENERATION: GASTROPODS AND LEECH
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COMPUTATIONAL MODEL OF A MULTIFUNCTIONAL CENTRAL PATTERN
GENERATOR (CPG) THAT UNDERLIES CONSUMMATORY FEEDING BEHAVIOR
OF APLYSIA. D.A. Baxter*. V.C, Patel. A.J. Susswein and J.H. Byrne. Dept, of
Neurobiology and Anatomy, Univ. of Texas Medical School at Houston, Houston, TX
77030 and Dept. Life Sciences, Bar llan University, Ramat Gan 52900, Israel.
Consummatory feeding behaviors of Aplysia are mediated primarily by a CPG in
the buccal ganglia. This CPG is multifunctional and can generate several different
buccal motor programs (BMPs), which in turn mediate different aspects of feeding
such as ingestion and rejection. Previous studies have identified several key
neurons and synaptic connections within the CPG. For example, neurons B31/32,
B35 and B63 appear to mediate the protraction phase of BMPs, whereas B64
appears to mediate the retraction phase. In addition, B4/5, B34 and B51 have been
implicated in mediating the switching between ingestion and rejection BMPs
(Nargeot et al. 1997; Kabotyanski et al. 1997; Susswein et al. 1996). To examine
how this ensemble of neurons might generate different BMPs, we simulated the
neurons and their interconnections using the neural network simulation program
SNNAP (Ziv- et al. 1994). The electrical properties of neurons and synaptic
connections were described with Hodgkin-Huxley type equations and values for
parameters were adjusted so as to fit available experimental data. An initial series
of simulations addressed the issue of how the protraction phase of the BMP is
generated (Thome et al. this volume). Preliminary simulations of the expanded
model indicate that at least one key element has yet to be identified. Namely, a
neuron(s) or synaptic connection(s) that mediate the transition from the protraction
to retraction phase. Current simulations are developing predictions about the nature
of the missing element and the cellular mechanisms underlying switching between
the BMPs for ingestion and rejection. Supported by NIH grant R01-RR11626.

CONTROL OF MULTISTABILITY IN SIMPLE PATTERN-GENERATING
CIRCUITS. J. H. Byrne*, C. C. Canavier, D. A. Baxter, and J. W. Clark.
Dept, of Neurobiology and Anatomy, The University of Texas Medical School,
Houston, TX 77225 and Dept, of Electrical and Computer Engineering, Rice
University, Houston, TX 77251.
We hypothesize th at the essential dynamics of some biological central
pattern generators (CPGs) can be captured by a model consisting of N neu
rons connected in a ring, which is the simplest possible configuration, and we
further propose a simple control scheme that could be implemented to select
among the possible patterns that such a circuit can exhibit. These circuits,
like any oscillatory nonlinear circuit of sufficient complexity, are capable of
multistability, th at is, of generating different firing patterns, distinguished by
the phasic relationships between the bursts of firing in each circuit element
(neuron). Moreover, a shift in firing pattern can be induced by a transient
perturbation. A systematic approach based on phase response curve (PRC)
theory was used to determine the optimum timing for perturbations th at in
duce a shift in the pattern generated by a simple ring circuit. We explored a
simple control scheme by using a circuit emulator th at assumed the essential
dynamics of each neuron were captured by its PRC. Then the entire space of
initial conditions for the circuit can be reduced to N-l dimensions, consisting
of the last burst-firing time of all but one neuron relative to the burst-firing
time of one neuron designated as the reference. The emulator was used to
quickly delineate the attractive basins, or sets of initial conditions th at result
in a given pattern. Each stable pattern is represented by a single point in the
N -l space, and the minimum perturbations can be determined by finding the
shortest distance from that point to the surface of its attractive basin. Then
the PRC for each neuron can be examined to determine the appropriate time
to deliver a perturbation th at has effects similar to those of the optimum
perturbation. This method has been successfully applied to networks of up
to four neurons, and suggests that switching between multistable patterns is
a viable strategy for pattern transitions observed in biological CPGs.
Supported by a research grant from the ONR.
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SIMULATING INTERCONNECTIONS BETWEEN APLYSIA PROTRACTION
PHASE NEURONS B31/B32 AND B63. R. Thome*, A.J. Susswein, D. A. Baxter &
J.H. Byrne, Dept. Life Science, Bar Ilan University, Ramat Gan 52900, Israel; & Dept.
Neurobiol. & Anatomy, University of Texas Medical School, Houston TX 77025
Depolarizing either neuron B31/B32 or B63 in the buccal ganglia of Aplysia can ini
tiate the protraction phase of buccal motor programs, during which both are active. To
examine whether the activity patterns in B31/B32 and B63 arise from intrinsic proper
ties of the neurons, or via interactions between them, we simulated the neurons and
their interconnections using SNNAP (Simulator for Neural Networks and Action Po
tentials; Ziv et al. 1994). A single B31/B32 neuron was modeled with slow active cur
rents generating a plateau potential, but not with conventional fast Na+ and K+ currents.
A single B63 neuron was modeled with fast Na+ and K+ currents, but no slow currents.
The neurons were electrically coupled, and B63 elicited a weakly facilitating EPSP in
B31/B32. The model simulated many features of the activity of the neurons; 1) Depo
larizing either neuron caused a patterned burst in both. 2) B31/B32 activity was char
acterized by a 30 mV sustained depolarization, while B63 fired conventional spikes. 3)
Bursting in both neurons was maintained after the initiating stimulus was terminated.
4) A just-threshold stimulus to either neuron elicited activity only after a delay. 5) A
series of sub-threshold stimuli elicited a burst. 6) Hyperpolarizing B31/B32 during a
plateau caused a transient decrease in activity, but did not turn it off. 7) The plateau
potential terminated spontaneously fairly abruptly. 8) A large IPSP to both neurons
could also terminate a burst. We examined how changing the simulation affected ac
tivity. Removing facilitation from the B63 to B31/B32 EPSP eliminated the ability of
successive sub-threshold depolarizations to B63 to induce activity. Placing fast, con
ventional Na+ and K+ currents into B31/B32, in addition to the slow currents, made the
system too excitable. Activity was elicited with even weak depolarization and no delay
in the activation was observed. These results indicate that both intrinsic electrical prop
erties (i.e., a plateau potential) and the excitatory feedback loop (electrical and chemi
cal synaptic coupling between B31/32 and B63) were necessary for the properties of
the protraction phase neurons.

SINGLE-CELL KILLING VIA PHOTO-INACTIVATION OF BUCCAL GANGLIA
NEURONS IN APLYSIA. T. Haran, Z. Malik & A.J. Susswein*, Dept. Life Science,
Bar Ilan University, Ramat Gan 52900, Israel
The function of a single neuron that is embedded within a complex circuit can be
determined by removing the neuron from the circuit, and examining the properties of
the circuit in its absence. Neurons can be removed from a circuit by killing them via
injection with a photoactive material, and then illuminating the preparation. This tech
nique has never been successfully used in Aplysia neurons. In other molluscan prepa
rations, levels of illumination orders of magnitude larger than those needed in arthro
pods were needed to kill neurons. In addition, selective photoinactivation was obtained
only in laboratory-reared animals, in which neurons are relatively unpigmented (Elliot
& Kleindienst, 1990).
We performed preliminary experiments to determine whether Lucifer Yellow or carboxyfluorescein could be used to kill Aplysia neurons. These experiments were unsuc
cessful. Procedures identical to those that kill insect neurons within minutes had no
effect in 0.5 - 2.0 hours of illumination.
Subsequent experiments tested the effects of chlorin e6, a porphyrin with high photo
activity both in vitro and in vivo, for effecting photodynamic damage. This substance
emits great quantities of singlet oxygen upon illumination with a high-intensity con
tinuous light source of 380 - 460 nm. In 8 of 8 neurons, injection of chlorin e6 into buc
cal ganglia neurons of various sizes caused no signs of damage, until the preparation
was illuminated. Illuminating the preparation caused depolarization and firing of the
injected neurons within 4 minutes. The neurons were dead (zero resting potential) in 15
- 30 minutes. Control recordings from neurons adjacent to those injected with dye
showed that the illumination did not damage these neurons. These experiments indicate
that a reliable method of quickly killing Aplysia neurons now exists. This method will
be used to determine the contribution of identified central pattern generator and com
mand-like neurons in the buccal ganglia and cerebral ganglia of Aplysia to the buccal
motor programs that are recorded in these ganglia.

4 1 1 .5

4 1 1 .6

A SENSORY FUNCTION FOR THE PRE-MOTONEURON B51 OF
APLYSIA. C.G. Evans*, and E.C. Cropper. Mt. Sinai Schl. Med. NY, NY
10029.
Although behavioral studies suggest that sensory feedback plays an
important role in feeding, little data is available at the cellular level as to how
this is achieved in gastropod molluscs. B51, a characterized
premotoneuron thought to be important in generating buccal rhythms in
Aplysia, also functions as a sensory neuron. B51 has an axon in the radula
nerve which enters tissue overlying the 14 muscle group. Axon (A) spikes
are elicited in B51 when 14 muscles contract. The 14 complex can be divided
into at least two motor units; a unit innervated by the B8 neurons, and a unit
innervated by a B44-like neuron. The B44-like neuron innervates a much
larger portion of 14 than B8 and causes a backward rotation and opening of
the radula (i.e., a swallowing-like movement). B8 causes radula closure.
Contractions evoked by motor neuron elicit A spikes in B51-the B44-like
neuron is most effective. If the radula is restrained during backward rotation
there is an increase in the frequency of B51 A spikes.
The B8s are followers of B51. B51 A spikes are ineffective at eliciting
EPSPs in B8 if B51 is at resting membrane potential. If B51 is depolarized
10-20 mV, as it is during feeding motor programs, B51 A spikes are 1:1 with
EPSPs in B8 and spiking in B8 results. This suggests that afferent activity
in B51 may significantly affect follower neurons but that it may be gated by
the feeding motor program. In nervous system-buccal mass preparations in
which carbachol-induced feeding motor programs are elicited B51 fires
vigorously throughout swallowing movements. Without the periphery less
activity is seen in B51. These data suggest that afferent input significantly
alters the activity of a premotor pattern-generating interneuron during
ingestive feeding in Aplysia. This afferent activity is likely to be elicited at
least in part by contractions of<the feeding musculature.
Supported by NIMH and an award from the Hirschl Foundation.

SCP-CONTAIN ING
SENSORY
NEURONS
IN
APLYSIA
ARE
PERIPHERALLY ACTIVATED AS A RESULT OF MOTOR NEURON
ACTIVITY D. Borovikov1. S. C. Rosen2, and E.C. Cropper*1. 1Mt. Sinai Med.
Schl., NY, NY 10029; Columbia Univ., NY, NY 10032.
Feeding motor programs in Aplysia can be modified by the activity of SCPcontaining sensory neurons in the buccal ganglion. This cluster, which
includes cells B21 and B22, innervates the subradula tissue (SRT). Effects
of B21/B22 on motor programs will obviously depend on how these cells
are activated. B21/B22 respond to touch and have receptive fields on the
food-grasping portion of the radula. We have suggested, therefore, that
B21/B22 are activated as the radula closes on food (i.e., during the
closing/retraction phase of ingestive feeding). Recordings of neuronal
activity during motor programs elicited by the command-like neuron CBI-2
are consistent with this idea. B21/B22 are depolarized and spike during
closing/retraction. Although B21/B22 clearly respond to touch recent data
have shown that the SRT contracts when buccal nerves are stimulated. SRT
contractions can elicit afferent activity in B21/B22 in the absence of touch.
The functional significance of this mechanism of activation is not
understood. To address this issue we have identified a SRT motor neuron.
This cell is located on the caudal surface of the buccal ganglion (near B48)
and has an axon in nerve 3. Motor neuron stimulation elicits EJPs in SRT
muscle fibers, contractions of the SRT, and axon (A) spikes in B21/B22.
When the SRT motor neuron is stimulated in buccal mass preparations
radula opening results. Motor neuron-elicited contractions of the SRT are
likely to occur rhythmically during ingestive motor programs. SRT
contractions and motor neuron activity are observed when patterned activity
is elicited by depolarizing CBI-2. These data suggest, therefore, that
processes that regulate afferent activity in B21/B22 may be quite complex
and may operate during radula opening as well as radula closing.
Supported by NIMH and an award from the Hirschl Foundation.
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COMPARATIVE NEUROBIOLOGY OF FEEDING IN THE GASTROPOD
MOLLUSCS, HEUSOMA AND APLYSIA. K. M. Karas-Hedrick. J. Zilberstein. and
A.P. Murphy*. Dept. Bio. Sci., Univ. Illinois at Chicago, Chicago, IL 60607.
Distantly related molluscs, even from different classes (Polyplacophora,
Gastropoda), can have similar feeding mechanisms. Closely related gastropods
can have very diverse feeding modes. Thus, molluscs offer ideal substrata for
comparative analyses of the conservation and diversification of central pattern
generators (CPGs). We hypothesized that an efficient, flexible CPG should be
highly conserved in distantly related animals as long as there were not major
changes in the behaviors mediated by the CPG. Helisoma and Aplysia are
distantly related gastropods (subclasses Pulmonata and Opisthobranchia) that
have relatively similar feeding mechanisms. Aspects of the neural basis of feeding
have been examined in these gastropods, but little previous effort has gone into
comparing data on the neural bases of feeding, and integrating these data into a
common framework.
We previously described a triphasic buccal neural pattern that mediates the
most typical feeding behaviour in Helisoma trivolvis. This and other neural
patterns arise from a multifunctional tripartite buccal CPG. Here we describe a
triphasic buccal neural pattern in Aplysia califomica and suggest that it arises from
a similar tripartite CPG. Several factors can obfuscate buccal CPG organization.
These CPGs produce multiple motor patterns mediating a variety of oral
behaviors. CPG subunits can be independently activated and need not be linked
in the typical 1-2-3 pattern. Neurons can receive synaptic input from multiple CPG
subunits, and PSPs from a single source may have multiple components. Finally,
multiple identified interneurons comprising a CPG subunit may initiate firing at
different times within a cycle. Therefore the initiation and termination of action
potential bursts in particular identified motor neurons do not necessarily fall on
boundary lines between the three phases of the cycle. (Supported by the Campus
Research Board, Univ. III. at Chicago).

FUNCTIONAL SPECIFICITY OF A COMMAND-LIKE INTERNEURON
IN THE FEEDING SYSTEM OF APLYSIA. S. C. Rosen*. K. R. W eiss1 and
I. Kupfermann. Cntr. Neurobiol. & Behav., NYS Psychiat. Inst., NY, NY
10032;1Dept. Physiol. & Biophys., Mt. Sinai Sch. of Med., NY, NY 10027.
The cerebral ganglion has 12 pairs of identified cerebral-to-buccal
intemeurons (CBIs 1-12) th a t make diverse synaptic connections to neurons
in th e buccal ganglion th a t are im plicated in feeding behavior. H a lf of
th e CBIs can in itia te buccal motor programs when fired individually.
Since many of the CBIs are also activated by a food stimulus applied to the
lip s, we h a v e proposed th a t th e CBIs are part of a command system for
feeding. The CBI-driven motor programs are, however, h ig h ly variable
and depend upon th e cell fired, th e le v el of stimulation, and th e state of
the other neurons in the system. In order to determine w hether individual
CBIs are essential for initiating specific components of feeding behavior, or
w hether commands per se emerge as a consequence of p arallel and
distributed information flow across th e total CBI network, we h ave
investigated th e motor programs th a t are produced by single CBI's
including their capacities to generate recognizable components of behavior.
A dissected buccal mass preparation was used to record opening and closing
movements of the radula and jaws, and forward and backward rotations of
the odontophore. CBI-2 alone produced coordinated jaw, odontophore and
radula movements characteristic of biting. Buccal sensory input inhibited
CBI-2. Stimulation of th e buccal mass or buccal ganglion produced
swallowing or rejection movements, but never biting movements. The results
support, but do not prove, th e notion of functional specificity for CBI-2.
Supported by grants MH35564,36730 and GM320099.
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INVOLVEMENT OF NEURON B4/5 IN BIASING THE BUCCAL CPG TOWARD INGESTION
LIKE FICTIVE FEEDING IN APLYSIA. E.A.Kabotvanski*. D.A.Baxter and J.H.Bvrne. Dept, of
Neurobiology and Anatomy, Univ. of Texas Medical School, Houston, TX 77030.
Consummatory feeding in Aplysia consists of different behaviors such as rejection and
ingestion (Kupfermann, 1974). They are distinguished by the timing of the radula closure, which
coincides mainly with the protraction phase during rejection, and with the retraction phase during
ingestion. Similarly, the activity of motor neurons that control radula closure (e.g., B8A/B) shifts
so that it occurs mainly in phase with protraction during rejection, and in phase with retraction
during ingestion-like buccal motor programs (BMPs) (Church and Lloyd, 1994; Morton and Chiel,
1993). The neuronal mechanisms of this phase shift are currently unknown. A switch from one
type of BMP to another occurs for extended periods of times when animals eat or when ganglia
are perfused with dopamine (Kabotyanski et al., 1994). In addition, phase shifts can occur on
cycle-by-cycle basis when BMPs are elicited by nerve stimulation (Nargeot et al., 1996). One
neuron that may be involved in such phase shifts is B4/5. Its firing rate is decreased during the
retraction phase of ingestion-like fictive feeding induced by dopamine (Kabotyanski et al, 1994),
and B4/5 elicits IPSPs in B8A/B (Gardner, 1977). We tested the hypothesis that a suppression of
B4/5 activity during retraction may contribute to an increase of B8A/B activity during retraction.
Intracellular recordings were made in isolated buccal ganglia. First, we examined whether
firing in B4/5 could inhibit spiking in the ipsilateral B8A/B. One B4/5 was hyperpolarized for 2-10
min. Upon the occurrence of a spontaneous burst in B8A/B, the B4/5 was released to fire a postinhibitory rebound burst of spikes. This burst reduced or interrupted firing in the ipsilateral
B8A/B. We next examined whether inhibition of B4/5 could affect the phase distribution of
activity in B8A/B. Normally, preparations exhibited spontaneous rejection-like patterns (0-9% of
B8A/B activity coincided with retraction phase). When one B4/5 was hyperpolarized at the onset
of the retraction phase, significantly more spikes (16-47%, p<0.005) in both ipsilateral B8A/B
occurred during the retraction phase. Rejection-like patterned activity was restored if B4 was not
hyperpolarized. Similar effects were observed with B31/32-induced patterned activity.
Our results indicate that inhibition of B4/5 redistributes the activity of B8A/B toward the
retraction phase, and suggest that B4/5, possibly in concert with B51 (see adjacent abstract by
Nargeot et al.), may be involved in switching between rejection-like and ingestion-like BMPs.
Supported by a grant from the AFOSR.

DYNAMIC RECRUITMENT OF NEURONS INTO THE CENTRAL PATTERN GENERATOR
(CPG) FOR FEEDING IS ASSOCIATED WITH MOTOR PATTERN SELECTION IN
APLYSIA. R. Naraeot*. D.A. Baxter and J.H. Bvrne. Dept. Neurobiol. and Anat., Univ. of
Texas Med. Sch. at Houston, Houston, TX 77030.
Buccal motor patterns (BMPs) that have been correlated with ingestion and rejection in
Aplysia are distinguished by the phase relationship of motor activities mediating radula
movements (i.e., protraction, retraction and closure). Ingestion-like patterns differed
primarily from rejection-like patterns by the occurrence of closure motor activity during the
retraction phase of these patterns (Morton and Chiel, 1993). Expression of this closure
motor activity can depend, in part, on slow processes taking place during several cycles of
the rhythmic BMPs and on rapid changes that occur between immediately adjacent BMPs
(i.e., cycle by cycle). In the present study, we investigated the neuronal modifications
associated with cycle-by-cycle switching between the BMPs. In isolated buccal ganglia, we
monitored ingestion-like and rejection-like patterns with recordings from peripheral nerves 12
n., R n.1, n.2,1 and from identified cells (e.g., B8, B51). Tonic stimulation of nerve n.2,3 was
used to elicit sustained rhythmic motor activity and to induce a state associated with rapid
transition among the different patterns. During such rhythmic activity, the premotor neurons
B51 can switch, cycle by cycle, from an active to an inactive state. We found that, in its
active state, B51 fired during the retraction phase of BMPs and produced strong
monosynaptic EPSPs in the closure motor neuron B8. Comparison of the different BMPs
demonstrated that B51 fired predominantly during ingestion-like patterns rather than during
rejection-like patterns. Moreover, for ingestion-like patterns, the duration of B51 firing was
significantly correlated with the duration of closure motor activity recorded during the
retraction phase. Finally, manipulation of B51 firing modified the occurrence of closure
activity during the retraction phase and thereby significantly changed the proportion of
occurrence of ingestion-like patterns. B4 also regulates closure motor activity during the
retraction phase (Kabotyanski et al., adjacent abstract), but the dynamic (i.e., cycle by cycle)
recruitment of B51 into the CPG appears particularly important for the rapid switching
between different BMPs. Supported by E. Knobil fellowship and a grant from the AFOSR.
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Cerebral Peptides 1 And 2 Modulate Feeding Motor Programs In Aplysia.
Peter T. Morgan. Rav Perrins. Philip E. Llovd. Joseph Goldfarb* and Klaudiusz R.
Weiss. Dept, of Physiology and Biophysics, Mount Sinai School of Medicine, New
York, NY 10029.
Recent work on the neuromuscular junction in Aplysia has characterized a
role for peptide cotransmitters when they act combinatorially - even when in
partial opposition to each other (Brezina, V., et. al., Science. 1996, 273: 806-810).
In the Aplysia CNS, the cerebral-buccal interneurons (CBIs) may use peptides to
influence the control of feeding-related buccal motor programs (BMPs).
Previously, both myomodulin (MM) and cerebral peptide 2 (CP-2) have been found
in CBI-12, while CP-2 only has been found in CBI-2. We determined that CBI-12
is immunopositive for cerebral peptide 1 (CP-1) and that CBI-2 is not.
Complementary studies explored the effect that exogenous application of MM has
on the BMP elicited by CBI-2. Similarly, we studied the effects of CP-1 and CP-2
on the BMPs elicited by CBI-2 and CBI-12. Both motor programs consist of two
phases thought to correspond to protraction and retraction of the radula. At 100
nM, CP-2 increased the cycle period of the CBI-2 induced motor program, whereas
concentrations of l|iM and higher significantly decreased the cycle period. At
l|iM there was a 25% decrease in cycle period that reflects a 37% decrease in the
amount of time spent in protraction, a 5% increase in the amount of time spent in
retraction, and a 29% decrease in the time spent neither in protraction nor
retraction. CP-1 had an effect similar to that of CP-2 on the CBI-2 motor program.
Furthermore, CP-2 affected the CBI-12 induced motor program in much the same
way as it affected the CBI-2 program. As the effects of MM on the CBI-2 program
are at least partially in opposition to the effects reported here for CP-2, and as the
motor programs elicited by CBI-2 and CBI-12 are very similar, we propose to
investigate if peptides released by CBI-2 and CBI-12 act characteristically to shape
a coherent motor output.

MODULATION OF FEEDING MOTOR PROGRAMS AND PATTERN
GENERATING INTERNEURONS IN APLYSIA BY THE PEPTIDE
MYOMODULIN. Rav Perrins* and Klaudiusz R. Weiss. Dept. Physiology &
Biophysics, Mount Sinai School of Medicine, New York, NY 10029.
Flexibility of output is an important characteristic of most patterngenerating networks. One way of achieving such plasticity is by the release of
peptide co-transmitters to affect specific neuronal elements of the central pattern
generator (CPG) and thus modify the final motor output. Cerebral-buccal
interneurons (CBIs) have been implicated in the control of feeding-related buccal
motor programs (BMPs) in Aplysia and recently the peptide myomodulin (MM)
has been found in three of the twelve identified CBIs (Xin et al. Soc. Neurosci.
Abstr. 1996, 26: 805.6). We therefore investigated the effects of exogenously
applying MM on the buccal ganglion. We first investigated the changes MM
produced in the ingestive-like BMP induced by firing in CBI-2 (which itself does
not contain MM). 500 nM MMa doubled cycle period, compared to control. Within
each cycle MM reversibly increased the duration of the phase associated with
protraction of the radula by 28%, while reducing the duration of the retraction
phase by 65%. MMb, the member of the MM peptide family with the most different
sequence to MMa, had similar effects. Because of the specific effect on retraction,
we then investigated the effects of MM on neuron B64. This has been shown to be
an important interneuron during retraction, and for the switch from protraction to
retraction (Hunvitz & Sussvvein, J. Neurophysiol. 1996, 75: 1327-1344). One
property of B64 which is likely to be extremely important for its pattern-generating
functions is its ability to generate plateau potentials. We found that MMa both
raised the threshold for induction of the plateau potential in B64 and reduced the
duration of the plateau. We propose that during the CBI-2 induced BMP
application of myomodulin: 1) decreases the duration of the retraction phase at
least in part by reducing the duration of the plateau potential in B64 and; 2) delays
the switch to retraction by increasing the threshold for inducing the plateau,
resulting in prolonged protraction. We will now be able to compare these effects
with those of firing in the MM-containing CBIs. (supported by HFSP).

411.13

411.14

SEROTONERGIC AND PEPTIDERGIC MODULATION OF THE 12 MUSCLE IN APLYSIA.
I. Hurwitz*. E.C. Cropper, F.S. Vilim, V. Alexeeva. I. Kupfermann and K. R. Weiss, Mt. Sinai
Schl. Of Med., NY, NY 10029.
Exposure of Aplysia to a food stimulus induces an arousal state which leads to a progressive
increase in the speed of biting and an increase in the amplitude of the protraction phase of the
biting response. Based on a variety of studies it has been hypothesized that alterations of the
size of contractions are to a large extent implemented by peripheral (neuromuscular)
modulation, while alterations of the frequency of responding are due mostly to alterations of the
central program (though additional compensatory peripheral modulation are needed for the
proper functioning of the system). Two types of peripheral modulation have been postulated:
one mediated by the 5-HT innervation of the feeding musculature and another implemented by
peptides cotransmitters of the motorneurons. This hypothesis, however, is based on studies of
the ARC muscle, a muscle whose contractions have not been investigated in the context of
food induced arousal. Since the protraction phase has been shown to be enhanced during
arousal we investigated the modulatory processes in the 12 muscle (a protractor).
Using immunocytological techniques we demonstrated that several modulators are present in
neural processes within the 12 muscle. Processes displayed 5-HT-like and myomodulin-like
(MM) immunoreactivity. The presence of 5-HT-like immunoreactivity suggests that like the
ARC, the 12 muscle is modulated by the metacerebral cells, the general modulators of the
system. Using a combination of immunocytological and biochemical techniques, the 12
motoneurons (B31, B32, B61 and B62) have been identified as the source of MM in the muscle.
5-HT and MMs potentiated muscle contractions although at higher concentrations MM A
depresses the contraction amplitude. The potentiating actions of the modulators appear to be
mediated by cAMP. cAMP is also likely to mediate a second type of modulation that is exerted
by peptides, i.e. enhancement of the relaxaton rate of muscle contractions. Interestingly, this
latter form of modulation may be required when muscles contractions increase in size or
frequency as is observed during the food induced arousal stgte. In summary, our data are
consistent with the idea that peptidergic and serotonergic modulation play a major role in
implementing the state of food induced behavioral arousal.

SYN A PTIC MODULATION APPEARED D U R IN G REJECTION OF
SEAWEED IN A P L Y S IA K U R O D A I. T. NAG AH AM A*. Dept, o f
B io l., Fac. o f S c i., Kobe U n iv ., Kobe 657, Japan
Japanese species, A kurodai, usually feeds Ulva w ell, but rejects
Gelidium { G e l) o r Pachydictyon (Fac.) with different patterned
movements o f the jaw s and radula. During ingestion, the activity o f the
jaw -closing m uscles (mm) always starts later than that o f the jaw-opening
m uscles (ma) at the radula-retraction phase, w hile the onset o f the mm
activity advances toward that o f the ma activity during rejection. For the
ingestive response w e previously show ed that the buccal MA neurons may
generate the delay o f firing o f the buccal jaw -closing motor neurons (JC)
by producing monosynaptic IPSP during depolarization at the radularetraction phase. In the present experiments, the firing patterns o f the MA
during responses induced by the seaw eed extract w ere explored by the use
o f semi-intact preparations. During the Pac. response the duration and the
firing frequency o f the burst o f MA spikes w ere decreased in comparison
with the Ulva response w hile they were not changed during the Gel.
response, suggesting that similar patterned movements during rejection o f
Pac. and Gel. may be generated by different neural m echanisms.
Moreover, w e found that the size o f the MA-induced IPSP in the JC w as
largely decreased during the Gel. response in the reduced preparations
consisting o f the tentacle-lips and the cerebral-buccal ganglia . The voltage
clamp experiments on the JC also show ed that the size o f synaptic current
induced by the M A spikes w as decreased during the response. The
decrease w as also induced even w hen the buccal ganglia w ere bathed in a
solution to block polysynaptic pathways. These results suggest that the
advance o f the onset o f the JC firing during the G el. response may be
caused by the decrease o f the size o f the MA-induced IPSP in the JC, and
som e cerebral neurons may contribute to this synaptic modulation.
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RELATION BETWEEN SPIKE TIMING AND INPUT CURRENTS IN
ISOLATED NEURONS OF LYMNAEA. G. J. Mpitsos*. P. M. Hermann. W.
C. Wilderinq. A. G. M. Bulloch, and J. P. Edstrom. Oregon State. Univ.,
Hatfield Mar. Sci. Ctr., Newport, OR 97365 USA, and The Neurosci. Res.
Group, Faculty of Med., Univ. of Calgary, Alberta T2N 4N1, Canada.
In previous work, we have conducted linear perturbation studies in
simulations of Hodgkin-Huxley type membrane in order to examine how
different firing patterns emerge in networks in which neurons are activated
discontinuously by delayed, spike-activated synapses. Small input currents
were applied to perturb the timing of spikes produced by a slightly
suprathreshold excitatory postsynaptic current. Transfer functions were
obtained that relate the timing of multiple discrete input currents to the
timing of the output spike. The shape of these input/output (i/o) functions
resemble the subthreshold impulse response function (IRF) and the
suprathreshold average current trajectory (ACT) obtained in a number of
biological neurons. The work reported here is a first step in exploring the
existence, nature and role of the i/o functions in complex biological
• neurons. Three identifiable neurons in Lymnaea were individually isolated
and examined in cell culture: the giant dopamine neurons RPeD1, which
regulates the cardio-pulmonary central pattern generator (CPG), the giant
neuron RPD2, which is involved in regulation of heart function, and the
small, RPA class mantle motor neurons. The responses of these neurons
were quite variable, but neurons consistently distinguished small
differences in the input currents, generating i/o functions similar to those
produced by the model neurons. The findings suggest that the i/o functions
capture impedance properties that may be common to many neurons, and
that the complex, suprathreshold, nonlinear, spike activity of neurons in a
network, may be approached using simple linear process theory.
(Supported by ONR and the Heritage Foundation of Alberta).

A SLOW-ACTIVATING CALCIUM CURRENT MEDIATES SYNAPTIC
TRANSMISSION BETWEEN LYMNAEA RESPIRATORY CPG NEURONS RPeDl
AND VD4. Feng, Z-P.*, Hamakawa, T., Takasaki, M., Lukowiak, K. and Syed, N.I.
Respiratory and Neuroscience Research Groups, Faculty of Medicine, 3330 Hospital
Drive, NW. The University of Calgary, Calgary, Alberta, Canada

Respiratory rhythm generation in Lymnaea is a function of network
properties o f the identified central pattern generating neurons (CPG). Little
is known, however, regarding the intrinsic ion channel properties of
individual CPG neurons and their contribution to rhythmogenesis. In this
study, we have identified and characterized Ca2+ currents in right pedal
dorsal 1 (RPeDl) - the giant dopaminergic neuron. RPeDl was isolated in
vitro and maintained under cell cultures that do not permit neurite outgrowth.
Whole-cell voltage clamp (ruptured patch) recordings revealed two types of
Ca2+ currents in RPeDl: a fast and a slow inactivating type. The decay rate
o f the fast inactivating Ca2+ current ranged from 15 to 60 ms and the
maximal current amplitude (1 ^ ) was reached at OmV. The decay rate of the
slow inactivating current was about 5 times greater and Imax was achieved at
5mV. Both of these currents were [Ca2+]0 dependent and were blocked by
Cd2+ (1/*M). Higher concentrations o f Ni2+ (O.lmM) selectively blocked the
fast inactivating Ca2+ current. The slow-inactivating Ca2+ current was
selectively blocked by both w-conotoxin - TxVII (10/xM) and sevoflurane, an
inhalation anesthetic. Since we also found that sevoflurane blocked synaptic
transmission between RPeDl and its postsynaptic target neuron, visceral
.dorsal 4 (VD4), we suggest that the slow-inactivating Ca2+ current in RPeDi
mediates synaptic transmission with VD4 during respiratory rhythmogenesis.

411.17

411.18

MOTOR OUTPUT AND CONTROL OF THE BUCCAL PATTERN
GENERATOR IN FREELY BEHAVING LYM N A E A STA G N A L IS DURING
FEEDING AND EGG LAYING BEHAVIOR. Rene F. Jansen.*. Anton W.
Pieneman and Andries ter Maat. Graduate School Neurosciences Amsterdam,
Research Institute Neurosciences Vrije Universiteit, Faculty of Biology, De
Boelelaan 1087, 1081 HV Amsterdam, The Netherlands.
Much of what is known about pattern generator circuits is based on in vitro
studies. Much less, however, is known about the way these circuits operate in intact
animals. We investigated during two different behaviors (feeding and egg laying) the
behavioral output of the buccal pattern generator as well as the electrical activity of a
pair of identified interneurons involved in the pattern generator (PG). Analysis of the
quantile plots of the parameters that describe the behavior (movements of the buccal
mass) reveals that during egg laying the duration of one specific part of buccal motor
program is prologed compared to feeding.
In freely behaving animals we recorded the electrical activity of the cell bodies
of the cerebral giant neurons (CGCs). The CGCs have been shown to gate and
modulate the activity of the pattern generator by means of multiple synaptic contacts
with neurons in the buccal ganglion (Yeoman et al., J. Neurophysiol. 75:11-25,
1996). Correlated with the changes in the behavioral output of the PG were changes
in the firing rate of the CGCs. Interval- and autocorrelation histograms of the
behavioral output and CGC spiking show that both the PG output and the spiking
properties of the CGCs are different when comparing egg laying animals to feeding
animals. Analysis of the timing relations between the CGCs and the behavioral
output of the PG showed that both during feeding and egg laying the electrical
activity of the CGCs is largely in phase with the PG output. These results lead to
specific predictions about the kinds of changes that are likely to occur when the
animal switches the PG from feeding to egg laying and how the hormones that cause
egg laying are likely to be involved. We are currently analyzing the recordings of
the motor activity in the buccal nerves.

MECHANISMS OF PATTERN GENERATION OF ESCAPE
SWIMMING AND POTENTIAL ROLE OF cAMP-GATED CATION
CURRENT IN THE SEA SLUG PLEUROBRANCHAEA. J. Jing*. L.C
Sudlow and R. Gillette. Department o f Molecular and Integrative
Physiology, University o f Illinois, Urbana, IL 61801.
The escape swimming behavior o f Pleurobranchaea is a rhythmic series
o f alternating dorsal and ventral body flexions. The central pattern
generator is formed by at least 8 bilaterally paired cerebropleural
intemeurons. Dorsal flexion is mediated by 4 serotonergic cells, A3ac/A8b, and the strongly electrically coupled set o f A 1-A 10. Ventral flexion
is mediated by the A3d cell and Ivs (as yet unlocated). The oscillatory
pattern arises from three mechanisms: recurrent excitation, recurrent
inhibition and reciprocal inhibition. Excitation in the swim network is
largely due to recurrent excitation among A3a-c/A8b, in the form o f long
lasting compound EPSPs. A 1-A 10 are recruited into bursting by recurrent
excitation between A1-A10 and A3a-c/A8b. The switch from dorsal to
ventral flexion is accomplished by recurrent inhibition between A1-A10
and A3d/IVs, and the alternating phase relation is ensured by reciprocal
inhibition between A3a-c/A8b and Ivs- cAMP-gated cation current is
prevalent in the identified network elements, similar to cAMP-gated
currents activated by 5-HT in the pedal neurons and modulated by NO in
buccal neurons, and is being assayed for its role in neuromodulatory
excitation o f the network. Supported by NIH ROl NS26838.

411.19

411.20

SEROTONIN RELEASED FROM TRITONIA CPG NEURONS IS NECESSARY
AND SUFFICIENT FOR EVOKING A SWIM MOTOR PROGRAM. P.S. Katz*f
and L.M. Tian*. f Department of Biology, Georgia State University, Atlanta, GA
30303 and JUniv. of Texas Med. Sch., Houston, TX 77030.
The dorsal swim intemeurons (DSIs) of the nudibranch mollusc, Tritonia
diomedea use serotonin (5-HT) for both neurotransmission and neuromodulation in
their role as members of the central pattern generator (CPG) for escape swimming.
Previous work showed that bath-applied 5-HT can evoke a swim motor program
(McClellan et. al, J.Comp.Phvsiol. 174: 257-66, 1994). Normally, the CPG is
activated by a command-like neuron, the dorsal ramp interneuron (DRI), that
synapses on the DSIs but not on other members of the CPG (Frost & Katz, PNAS.
93:422-26, 1996). We examined whether 5-HT released from the DSIs, as the next
step in the pathway, is necessary and sufficient to evoke the behavior and whether
patterned DSI activity is also required.
We found that injection of the lidocaine derivative, QX-314, into all 6 DSIs
blocked action potential production in those cells and prevented nerve stimulation
from evoking a swim motor program, indicating that the DSIs are necessary for
activation of the behavior. Moreover, we found that a rhythmic motor pattern can be
produced when one or more DSIs were driven to fire tonically at physiological rates,
indicating that unpattemed DSI activity is sufficient to elicit a bursting pattern of
activity in the other neurons. We further found that after a short exposure of the
nervous system to the chemical precursor of 5-HT, 5-hydroxytryptophan (5-HTP),
the synaptic and modulatory effects of the DSIs were enhanced and brief
depolarization of a single DSI caused the production of a long-lasting rhythmic
motor pattern. Paradoxically, the DSIs themselves were not rhythmically active
during these motor patterns nor during nerve-evoked motor patterns after exposure
to 5-HTP. Together, these results suggest that the 5-HT released from the DSIs is
sufficient to elicit rhythmic activity and that the cycle-by-cycle synaptic actions of
the DSIs are not needed to produce the oscillations, but rather help shape the burst
profiles of other neurons in the circuit.
Supported by NIH grant NS-35371.

USING OPTICAL IMAGING AND DEMODULATION TECHNIQUES TO
CHARACTERIZE NEURONS ACTIVE IN PHASE WITH LEECH SWIMMING.
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T. Cacciatore*. R. Wessel. W.B. Kristan Jr.. and D. Kleinfeld. Departments of Biology and
Physics, University of California at San Diego, La Jolla, CA 92093.
To determine the constituents of neuronal circuits and their phase relationships, one
traditionally needs to record intracellularly from every neuron in the ganglion
individually. This method gives in-depth information about each neuron but is
inefficient as a search strategy, in addition, it is limited to a few simultaneous
recordings, which hinders determination of the temporal relationships of the activity
among many neurons. We used optical signals from a voltage-sensitive dye as a search
technique to localize cells that are active during a rhythmic behavior and to determine
the relative phasing of their rhythmic activity. We tested this procedure using the
swimming motor rhythm generated in the isolated nerve cord of the medicinal leech.
We imaged the dorsal side of the ganglion and recorded extracellularly from the
dorsal posterior (DP) nerve which contains axons of motor neurons active in
swimming. The voltage sensitive dye Di-4-ANEPPS was applied to the bath and
images were taken during swimming with a CCD camera. Demodulation of the
imaging data using the nerve signal as a reference highlighted some neuronal somata
in the posterior region of the dorsal side of the ganglion, which is the location of
known swim motor neurons (Brodfuehrer et al., 1995). The relative phase fo r
activity at the swim frequency within each pixel was further determined. At least
two distinct phases were discernible in single trials at our present signal-to-noise
ratios. The technique is fast enough to be performed on-line, so that active cells can
be positively identified by intracelluar recording and dye-filling. Supported by NIH
Training Grant GM08107 and Research Grant MH43396.
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ROLE OF SENSORY FEEDBACK IN GENERATING COORDINATED
SWIMMING MOVEMENTS IN LEECHES (H IRU D O M E D IC IN A L IS).
X. Yu and W.O. Friesen*. Department of Biology and Center for Biological
Timing, University of Virginia, Charlottesville, VA 22903
Previous studies have shown that most leech ganglia contain functional
swim oscillators and that these individual oscillators express a range of intrinsic
cycle periods. During normal swimming activity, however, the individual
oscillators generate a common rhythm because of extensive intersegmental
interactions. Our aim is to understand the mechanisms that underlie inter
segmental coordination between these individual segmental swim oscillators.
Some 60 years ago Schulter, through visual observations of swimming leeches,
claimed that such intersegmental coordination can only occur through intact
nerve-cord connectives. Subsequent experiments on “fictive swimming” in
isolated nerve cords demonstrated that lateral nerve cord connectives are
necessary and sufficient for coordination of swimming activity in the absence of
the body-wall. We are now exploring the role of sensory feedback in generating
undulations of intact, swimming leeches. We sever the leech nerve cord in the
mid body and implant hook extracellular electrodes into anterior and posterior
ends to make in situ recordings of swim motor neuron (DE-3) activity in
peripheral nerves. The nearly intact leeches are tethered in a deep glass dish
and are stimulated to elicit swimming behavior. Extracellular records obtained
from the hook electrodes and simultaneous video records show that swimming
activity is strongly coupled in the two ends of the leech even in the absence of
neuronal interactions between the severed ends of the nerve cord. These results
demonstrate that intact leeches can achieve intersegmental coordination by
sensory feedback alone, without the intersegmental interactions normally
conveyed by the ventral nerve cord. We conclude that sensory feedback, perhaps
via previously identified stretch receptors, plays an important role in
coordinating swimming movements in leeches.
Supported by the National Science Foundation (IBN 94-10779).

SENSORY FEEDBACK STRONGLY AFFECTS SWIMMING ACTIVITY IN
THE MEDICINAL LEECH. Craig G. Hocker* and Wolfgang O. Friesen.
Department of Biology and Center for Biological Timing, University of Virginia,
Charlottesville, VA 22903-2477
Most of our previous research on the control of leech swimming movements
has centered on the isolated nerve cord, which expresses rhythmic activity closely
approximating that of the intact animal. In addition to the known increase in
intersegmental phase lags mediated by sensory input, we have now discovered
two additional, strong effects: a) the caudal part of the nerve cord requires
sensory input to maintain a normal swim pattern and b) sensory input from a
rhythmically stretched flap of body wall in a nearly isolated leech preparation can
initiate and entrain the swim pattern. To observe the first effect, we monitored the
swim motor neuron (DE-3) in peripheral nerves with suction electrodes after
cutting the lateral intersegmental connectives just posterior to M12 in an isolated
nerve cord (M2-Tail). Receiving only tonic excitation from the rostral part, the
caudal part displayed irregular, slow oscillations (period -2-3 s) or tonic activity
but no well-coordinated swimming activity. However, the caudal third of the
animal (including midbody ganglion 13 through the tail) suspended in saline,
generates swimming movements with normal swim period and normal phase
relationships (period -0.7-0.8 s, phase lags ~20°/segment). Second, we
rhythmically stretched, with a period ranging from one-half to two seconds, a
section of ventral body wall innervated by two midbody ganglia (M8-M9) of an
otherwise isolated nerve cord (M2-Tail). Extracellular records showed that this
local sensory input is sufficient to initiate fictive swimming and to entrain the
whole cord near its natural frequency. We conclude that local sensory feedback
provides phasic input to the central nervous system that is strong enough to play
an important role in maintaining the observed swim pattern of the intact animal.
Supported by the National Science Foundation (IBN 94-10779).

411.23

411.24

EXPOLORING THE ROLE OF Ih ON THE RHYTHMIC OUPUT OF LEECH
HEART INTERNEURONS WITH THE DYNAMIC CLAMP. A.A.V. Hill*. J. Lu.
and R.L. Calabrese. Biology Dept., Emory Univ., Atlanta, GA 30322.
We are studying how the intrinsic voltage-dependent currents of individual
neurons affect the rhythmic output of a pattern generating network. In the leech
pairs of reciprocally inhibitory heart intemeurons (HN cells) in ganglia 3 and 4
oscillate in isolation. HN cells alternate between an inhibited (hyperpolarized) phase
and a burst (depolarized) phase due to synaptic and intrinsic currents. Computer
models have shown that a hyperpolarization-activated current (Ih) is crucial in
determining the cycle period (Olsen et al., J. Computat. Neurosci. 2, 1995). Ih
promotes the “escape” of a hyperpolarized neuron from synaptic inhibition by
slowly depolarizing it, bringing it to the transition to the plateau phase. In the model
an increase in the maximal conductance of Ih in both HN cells of a pair led to a
decrease in cycle period because of faster escape from inhibition. The effects of Ih
are being tested in vivo with the dynamic clamp, a technique that allows artificial
conductances to be added to real neurons. The membrane potential of a neuron is
sampled and used by a computer to compute the appropriate amount of current to
inject based on the kinetics and reversal potential of the conductance. Intracellular
recordings were made from one HN cell in discontinuous current-clamp mode while
spikes in opposite HN cell were monitored with a suction electrode placed over the
cell body. The addition of 10-30 nS of Ihwith the dynamic clamp to one cell of a
pair did not significantly affect cycle period. There was, however, a substantial
change in the oscillation waveform and a significant increase in the duration of the
burst phase. Experiments in which Ih is added to both cells of a pair are being
carried out, and computer modeling is being done to help understand the results.
Supported by NIH grants NS-24072 and NS-34975 to R.L.C. and fellowship NS10130 to A.A.V.H.

NEURODATABASES IMPLEMENT EVOLVING NEUROPHYSIOLOGY
DATA STRUCTURES USING A N OBJECT-RELATIONAL MODEL.
Daniel Gardner* and Steven M. Erde. Dept, of Physiology & Office of
Academic Computing, Cornell Univ. Med. Coll., N ew York, NY 10021.
Our invertebrate and som atosensory cortical neurop h ysiology
database projects continue developm ent of com m unity system s for
storage of time series and other physiology data, neuron descriptions,
and searchable metadata. Access will be open to any networked desktop
via the Web and Java. Ongoing design has evolved by comprehensive
incorporation of n eeds expressed by neuroscience collaboratorconsultants and by adoption of enhanced tools for data management.
N e u r o p h y s i o l o g y : Physiology datasets w ill reference a new protocol
datatype (based on USC Brain Project work) providing context-dependence
for records and markers for behavioral or stim ulus events. A new
conductance datatype includes records illustrating gating, kinetics, and
selectivity, as w ell as pharm acology and sequence links. N euron
datatypes incorporate both additions. Enhanced targeted uses include
electroanatomical/functional correlation/collaborative data exchange
and meta-analyses, m od el/data linkage, and data authentication.
N e t w o r k e d D a t a b a s e M a n a g e m e n t S y s t e m s : Object-oriented extensions
to the relational m odel now permit creation of neuroscience datatypes
as first-class objects in standard relational databases. A dvantages
include ease of query parsing using Structured Query Language,
convergence on a common m odel by other neurodatabase projects as
w ell as other users, and robust data handling by supported engines.
See http://ganglion.m ed.cornell.edu/ o r http://cortex.m ed.cornell.edu/

Supported by NINDS: NS36043, NIMH: MH57153, & NSF: BIR-9506171
MUSCLE I
412.1

412.2

SHORT-DURATION LOW FREQUENCY STIMULATION OF PARALYZED
MUSCLES INCREASES ENDURANCE WITHOUT REDUCING CONTRACTILE
FORCE OR SPEED. N. Tvreman. R.B. Stein* & T. Gordon. Div. of Neurosci.
University of Alberta, Edmonton, AB. Canada T6G 2S2.
Muscle force and endurance are reciprocally regulated such that
muscles and motor units (MU) are generally specialized for one or the other.
Low frequency (20Hz) chronic stimulation in a 50% duty cycle 24 hours/day
dramatically increases muscle and MU endurance but reduces contractile
force and speed, concurrent with fast to slow conversion (Gordon et al., 1997,
J. Neurophysiol). In view of the high endurance of fast fatigue-resistant MUs
which experience much less daily activity than slow MUs, 5% as compared
to 50% or more, we have stimulated muscles with 5% daily activity in a 3 hour
block to determine whether we could promote muscle endurance without
concurrent fast-slow conversion and loss of muscle force. Cat fast-twitch
medial gastrocnemius and tibialis anterior muscles were paralyzed by
unilateral deafferentation and hemisection and electrodes implanted for daily
stimulation and weekly monitoring of endurance, force and speed. Muscle
length and loading were manipulated using a spring loaded boot or a cast to
minimize muscle shortening. We found that the 5% stimulation paradigm was
as effective in increasing muscle and MU endurance as 50% stimulation for
stimulation periods of more than 150 days but the 5% stimulation did not
reduce muscle force or speed. The changes in endurance, force and speed
were not affected by light spring-loading nor by isometric conditions imposed
either in shortened or lengthened muscle positions. These studies
demonstrate that relatively short periods of functional electrical stimulation are
effective in increasing endurance of paralyzed muscles without compromising
their strength and speed of contraction (Supported by MRC of Canada)

E X C IT A T IO N R A T E S T H A T O P T IM IZ E F O R C E O U T P U T
F R O M H U M A N T H E N A R M O T O R U N I T S B. Bigland-R itchie,
C. K. Thom as. J. T Stitt* and R. S. Johansson. Pediatrics Dept., Y ale
U niv., N ew H aven, CT 0 6 5 2 0 , U niv. o f M iami Sch. o f M ed., Miami
FL 3 3 1 3 6 and Physiol. Dept., U m ea U niv. M ed. Sch., Um ea, Sweden.
The pattern o f pulses that op tim izes force output w as assessed by
"interval tests" given to 21 o f 4 5 human thenar motor units exam ined by
intraneural motor axon stim ulation (W estling et al., 1990, J. N euro
physiol. 64: 1331-1338). T w o pulses were delivered 1 s apart, then at
progressively shorter intervals until 5 ms apart. A ll units produced most
force with twin pulses either 5 ms or 10 ms apart. Peak forces were 1.7
to 6 .4 tim es the single-pulse twitch amplitude, and 20-67% o f the unit's
maximum tetanic force. Single shocks som etim es evoked a second EMG
response (F-w ave) 10.0-13.5 ms after the initial potential, seen in 7 o f
the total 4 5 unit population, but in only 3 o f the interval tested units.
Each elicited forces similar to those from the sam e units stim ulated by
twin pulses 10 ms apart. T he first interval was then set at its optim al
value (either 5 ms or 10 m s) w hile another p ulse w as d elivered at
progressively shorter intervals, as before. T h is p rocess w as repeated
until 5 optimal intervals were defined. For the second to fifth shocks the
greatest fo rce w as produced by so m ew h a t lo n g er in tervals, but
shortening them from 80 to 15 ms caused surprisingly little change in the
forces elicited. The first series o f pulses also potentiated the initial twitch
peak force o f each unit by 0.8 - 1.35 fold, often with som e further force
increase after subsequent stim uli. T his proved to be a sen sitive w ay to
evaluate the magnitude o f twitch potentiation for each unit in relation its
other contractile properties.
Support: U SPH S grants N S -14756, N S -3 0 2 2 6 and MRC o f Sweden.
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412.4

VARIATION OF COMPOUND MUSCLE ACTION POTENTIALS EVOKED BY
A SECONDARY STIMULUS. J. Fang. K. Yan. B. T. Shahani*. and U. K.
Dhand. Dept, of Rehab. Med., Univ. of 111. at Chicago, Chicago, IL 60612.
The configuration of compound muscle action potential (CMAP) is an
important parameter in clinical EMG tests. Normally, it is considered to be
constant by supramaximal electrical stimulation.
However, based on our
investigation, we have observed a significant variation of CMAP configuration
evoked by a secondary stimulus. We recorded surface CMAPs in 6 normal subjects
on the abductor pollicis brevis muscle evoked by two supramaximal electrical
stimuli over median nerve at the wrist with different inter-stimulus intervals,
ranging from 50ms to 500ms. Surface CMAP by the second stimulus was of
higher amplitude and shorter duration (up to 10% difference) than the conditioning
CMAP. However, the secondary CMAP waveforms converged towards the
waveforms of the conditioning CMAP in a systematic manner as inter-stimulus
interval increased. The entire converging process may take up to 500 msec. Force
recordings revealed that the waveform deviation of the secondary CMAP potential
was closely correlated with muscle twitches. It is suggested that the waveform
deviation of the secondary CMAP may be due to the propagation of electrical
signal in a shortened muscle during contraction rather than by nerve refractoriness
or by neuromuscular junction effect. This phenomenon was also observed in a
relaxed APB muscle when its length was manually altered. Our study indicates
that surface CMAP can be significantly affected in an active muscle and may
influence results of some clinical procedures involving the measurement of
secondary CMAPs, e.g., repetitive stimulation study, collision study, H-reflex and
F-wave studies. Such variability may also imply the non-linear additivity of motor
unit potentials in an active muscle.
Sponsored by the departmental fund.

PERIPHERAL NERVE SUPPLY TO TH E TW O CO M PO NEN TS OF THE
HUMAN LATERAL PTERYGO ID MUSCLE. M. A. Aziz and R. J. Covvie*
Anatomy Dept., College of Medicine, Howard University, Washington,
D.C., 20059.

Based on electromyographic studies, it has been proposed that the two
heads of the human lateral pterygoid (LPt) muscle be considered as
separate entities. However, complete partition should depend on the
embryonic origin, fascial enclosure, and the independence of peripheral
(and central) neural controls. To test the degree of peripheral neural
separation we analyzed 18 dissection room specimens using whole mount:»,
photographs and drawings.
We found that while the superior (SLPt) and interior (ILPt) heads
receive many independent branches they also receive innervation from a
common source. Each head receives independent branches directly from the
mandibular nerve in 16 cases (SLPT=9; ILPt=7). In 10 specimens the long
buccal n. supplied separate branches to each head, w hile the deep
temporal n. was the origin to both in 5 cases. However, both heads shared
a single branch from the long buccal n. in 12 cases. Only in one instance did
neither component receive a contribution from the long buccal n.
These findings demonstrate that the superior and inferior heads of LPt
are substantially separated based on peripheral nerve supply. However,
because of the significant amount of shared peripheral innervation, any
proposal for complete separation must await studies based on the degree of
independence of the related motoneurons.

412.5

412.6

TETANIC POTENTIATION AND NEUROMUSCULAR PROPAGATION
AFTER REPETITIVE ACTIVATION OF THE PARALYZED SOLEUS
MUSCLE IN HUMANS. R.K. Shields*. Y.J. Chang. A.E. Littmann. Physical
Therapy Graduate Program, The University of Iowa, Iowa City, IA 52242.
Fast fatigable motor units potentiate (progressive increase in force output) with
successive activations several minutes following fatiguing stimulation (Powers
and Binder, JNeurophys. 1991). Human paralyzed muscle, composed of
primarily fast fatigable fibers, may also potentiate after repetitive activation. We
examined the extent of tetanic potentiation after repetitive activation of the
paralyzed soleus muscle in humans. We further explored the relationship
between skeletal muscle potentiation and neuromuscular propagation. Five
individuals with complete spinal paralysis had the right soleus muscle activated
for 667 milliseconds every 2 seconds for 120 contractions. The stimulator
delivered 10 pulses at a 15 Hz frequency using a pulse width of 500
microseconds. The same protocol was delivered at 5, 10, and 15 minutes post
fatigue to examine the effects of time on the extent of potentiation. The M wave
from the soleus muscle was measured using a bipolar surface electrode. The peak
torque, M wave amplitude, and M wave duration were analyzed. Before fatigue,
the soleus was fully potentiated within the first couple contractions (mean=2.1).
On average, 6.2, 11.3, and 17.5 contractions were required before the muscle
was fully potentiated at 5, 10, and 15 minutes post fatigue, respectively. The
magnitude of the potentiation increased from 10% torque enhancement at 5
minutes to 70% torque enhancement at 15 minutes post fatigue. The M wave
amplitude and duration were unchanged during the potentiation in torque. These
findings indicate that torque potentiation is not associated with improved
neuromuscular propagation. Possible mechanisms for the potentiation and the
clinical implications for FES will be discussed.

THE PHYSIOLOGICAL RELEVANCE OF POTENTIATION IN MAMMALIAN
FAST-TWITCH SKELETAL MUSCLE. Ian E. Brown* and Gerald E. Loeb. Dept,
of Physiology, Queen’s University, Kingston, ON K7L 3E6, CANADA
While studying the force-output of fast-twitch muscle during physiological
patterns of activation, we observed large and progressive changes consistent with
the development of post-tetanic potentiation. This observation led us to conduct the
present study of the conditions under which potentiation develops and its effects on
contractile properties. Experiments were conducted on feline caudofemoralis (CF)
muscle, which has >95% fast-twitch fibers with little series compliance, stimulating
CF through the ventral roots (nerve and blood supply intact, 37°C).
We applied various physiological patterns of activation while observing the level
of potentiation (peak isometric twitch force at L0). The previously quiescent muscle
potentiated rapidly in response to a few brief trains of stimulation (8 pulses each);
the level of potentiation remained constant and near-maximal for a wide range of
stimulus frequencies (15-60pps, covering the physiological firing frequencies for
fast-twitch motor units) and stimulus intervals (1 -10s). This suggests that the
potentiated state is the normal operating condition during cyclical behaviors such as
locomotion, rather than the “dispotentiated” state produced by most experimental
protocols with long intervals between test stimuli.
The second series of experiments compared potentiated and dispotentiated
muscle with respect to twitch and tetanic force-length (FL), force-velocity (FV) and
rise and fall dynamics. The dispotentiated state resulted in a large rightward shift of
twitch FL, a flattening of tetanic FV around zero velocity and a slowing of twitch
relaxation time. In general, the properties of the potentiated state were more easily
modeled mathematically and were more easily reconciled with classical views of the
physiological processes underlying the generation of force.

412.7
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REPEATED ENDURANCE TESTS IN LEFT AND RIGHT HANDS. I Ziidewind*.
MJ Zwarts* and D Kernell. Dept. Med. Physiol., University of Groningen;
# Dept. Clin. Neurophysiology, University of Nijmegen, The Netherlands.
Even a very restricted task, such as the abduction of an index finger, can
result in fatigue which can be felt throughout the body. We were interested
whether the fatigue induced by such a task might influence the fatiguability
of subsequent motor actions. The same fatiguing task was performed
consecutively in two hands of 8 healthy right-handed subjects. The fatigue
test consisted of a series of repeated voluntary isometric contractions of the
first dorsal interosseus (FDI) at 30% MVC for 20 s followed by an MVC and
5 s rest. At the end of each 20 s contraction, during each MVC and each
rest period three supramaximal stimuli (double pulse, 11 ms interval) were
given to skin over the FDI muscle. The test was ended when the subjects
could not maintain 30% MVC for 5 s or when subjects stopped the
contraction despite vigorous encouragement. The first test was given to the
right hand (R1) immediately followed by a test to the left hand (L1). The left
FDI was tested again after a recovery period of 30 min (L2).
Our results showed no systematic difference in endurance time between
R1 (t = 604 ± 243 s) and L1 (t = 758 ± 274 s) while L1 was significantly
longer than L2 (t = 445 ± 147 s; P < 0 .02). The R1 and L2 test showed no
significant size-difference in the MVC-superimposed twitch at the end
versus at the beginning of the test; however, in L1 a significant increase
was found. A striking increase in the MVC superimposed twitch was found
at the beginning of L2 compared to the start of L1; maybe this reflects a
difficulty of starting a new task in a fatigued situation.
Our results showed no marked cross-reactions of fatigue between the
right and left FDI after a simple test, although there was an influence of
repeating the test in the same muscle.
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Funded by the Canadian Medical Research Council Group in Sensory-Motor
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A S S E S S M E N T O F M E T H O D S FO R E S TIM A TIN G T H E N U M BER
O F M O T O R UN IT S IN M U S C LE U S IN G A C O M P U T E R
S IM U LA TIO N O F F O R C E A N D EM G . A. J. Fuqlevand* and H M.
Seifert. Dept. Physiology, University of Arizona, Tucson, A Z 85721.
The num ber of motor units in human skeletal muscle can be
estimated by dividing the electromyographic (E M G ) or force
response to maximal stimulation of a peripheral muscle nerve by the
average response arising from activation of single motor units
(M cC om as et al. J Neurol Neurosurg Psychiatry 34:121-131, 1971).
The accuracy of this method w as evaluated using a motor-unit based
model of muscle in which the number of motor units was known and
possible sources of experimental error w ere eliminated. Force and
surface EM G responses were simulated for ten levels of stimulation
in which each level activated an additional motor unit. Activated
motor units w ere randomly selected from a population of 120 units.
Motor-unit number w as calculated as the ratio of force or peak-topeak EM G arising from simultaneous activation of all units to the
average increment in force or EM G associated with single-unit
stimulation.
This process was repeated for 10 trials involving
different sets of randomly selected units. The m ean ± SD motor unit
count based on force was 138 ± 53 (range 70 - 268 ) and based on
EM G w as 152 ± 86 (range 4 6 - 352). Both methods, therefore,
overestim ated the actual number of units and w ere associated with
large variabilities. These findings suggest that a major component of
inaccuracy in motor-unit counting is unrelated to experimental error
and is likely due to the implicit assumption of a symmetric, rather
than skewed, distribution of motor-unit sizes.
Supported by N IH grant AR 42893.
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M o t o r U nit S y n c h r o n i z a t i o n L i nearizes t h e S i m u l a t e d EMGFORCE R e l a t i o n s h i p . W. Yao. A.J. Fuglevand. and R.M. Enoka*.
Dept. K inesiology, University o f Colorado, Boulder, CO 80309-0354
and Dept. Physiology, University o f Arizona, Tucson, AZ 85721.
Computer simulations of the EMG-force relationship for a hand mus
cle indicate that the linearity o f the relationship is influenced by the up
per limit of motor unit recruitment (Fuglevand et al. J N europhysiol 70:
2 470,1993). When the upper limit of recruitment was set at experimen
tally observed values (-50% MVC force), the shape o f the simulated
EMG-force relationship was not consistent with that observed experi
mentally. Because the simulated EMG did not include any synchro
nized activity among the motor units, we examined the influence of
three motor unit synchronization schem es on the simulated EMG-force
relationship: (1) the percentage of action potential discharges o f each
motor neuron that were synchronized to other motor neurons; (2) the
percentage of the motor neuron pool over which the discharges o f a sin
gle motor neuron were synchronized; and (3) variable distribution of
common input across the pool so that it was greatest among motor neu
rons o f similar recruitment thresholds and then declined in a Gaussian
manner over the rest of the pool. A ll three synchronization schemes
had a qualitatively similar effect on the EMG-force relationship. This
effect was to linearize the relationship so that with an upper limit o f
motor unit recruitment set at about 50% M VC force the simulated
EMG-force relationship was similar to that observed experimentally.
Submaximal levels o f synchronized activity among motor units appear
to influence the shape of the EMG-force relationship.

LENGTH-TENSION RELATIONSHIPS OF THE PRIMARY WRIST MOVERS,
T. Cameron. P.M. Gillard and A. Prochazka*. Division of Neuroscience,
Department of Physiology, University of Alberta, Edmonton, AB T6G 2R3
The relationship between wrist joint torque and angle during electrical activation
of wrist extensor and flexor muscles was examined. Each subject was seated with
his or her forearm fixed in a half-supinated posture. Their hand was placed into a
rigid cast with the fingers tightly wrapped into a fist. A pair of stimulating
electrodes activated wrist flexors. The active electrode was place over the median
nerve at a level 10 cm proximal to the medial epicondyle of the humerus while the
indifferent electrode was place on the distal forearm. An active electrode, to
stimulate the wrist extensors, was placed over the radial nerve approximately 1 cm
proximal to the lateral epicondyle. The wrist was moved sinusoidally by a torque
motor through a range of 50° flexion to 50° extension. The wrist flexors or
extensors were electrically stimulated with a 33 /sec pulse train (biphasic, 100 (isec
pulses).
The maximal torque for wrist flexor stimulation occurred between 20-30° of
extension and the maximal torque for wrist extensor stimulation occurred at around
0° wrist angle. The normal operating range of the wrist joint is between 20° flexion
to 30° extension. Thus, the wrist flexors would normally work on the ascending
limbs of the length-tension curve, while the wrist extensors would work about the
plateau region. This result agrees with those of Loren et al. 1996 who found similar
relationships between sarcomere length and wrist angle for the wrist flexor and
extensor muscles.
This work was supported by Alberta Heritage Foundation for Medical Research
and the Canadian Neuroscience Network of Centres of Excellence.

Supported by NIH grants N S 20544 (RME) and AR 42893 (AJF).
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V I S C O E L A S T I C - L I K E P R O P E R T Y OF H U M A N FPL M U S C L E
U N D E R V A R I O U S V O L U M T A R Y C O N T R A C T I O N LEVELS. K.
Akazawa*,!.
K i k utani a n d M. Y o s h i d a . Dep.
of
C o m p u t e r an d Systems Engineering, Kob e University,
K obe 657, J a p a n
The p u r p o s e of this s t u d y is to i n v e s t i g a t e the
r e l a t i o n b e t w e e n v i s c o e l a s t i c - l i k e p r o p e r t y of
m u s c l e a n d v o l u n t a r y c o n t r a c t i o n level.
Fle x o r po l l i c i s longus (FPL) m u s c l e s of sev e n

MUSCLE ACTIVATION IS NOT ACCURATELY ESTIMATED BY
TWITCH INTERPOLATION TECHNIQUE. G.H. Yue*. and V. Siemionow.
Departments of Biomedical Engineering & Rehabilitation Medicine, The
Cleveland Clinic Foundation, Cleveland, OH 44195

healthy
male
forc e d l y w h e n

volunteers
were
ramp-stretched
the co n s t a n t isome t r i c force was

m aintained, an d their s t r e t c h - e v o k e d forces(S)
w e r e measured. O b s e r v e d force was e x a m i n e d ove r the
interval from onset of the p e r t u r b a t i o n to 3 5 [ms]
w h e n no effects of s t r e t c h r e f l e x w e r e included.
The target v o l u n t a r y c o n t r a c t i o n levels(P) w e r e
1 0,20,3 0 , 5 0 , 7 0 a n d 90% MVC.
S t r e c t h - e v o k e d force i n c r e a s e d w i t h P; uni q u e
S-P r e l a t i o n s h i p like ex p o n e n t i a l f u n c t i o n to ba s e
P, S=a • Pb (where a, b: c o n s t a n t , 0 < b ^ l ) , was o b 
t ai n e d at fixed time.

Twitch interpolation technique was widely used for estimating the
maximality of muscle activation. “True maximal muscle force” was estimated
by either measuring the twitch force evoked on the MVC force or
extrapolating from a series of twitch forces evoked on submaximal voluntary
contractions. The twitch force was obtained by applying an electrical
stimulation on muscle or muscle nerve when a voluntary force was held
stable. It has been shown that motor neuron excitability is higher during the
ascending phase of force production than during the descending phase or a
period when a constant force is held (Butler et al., Brain Res., 632, 95-104,
1993). It is possible that the twitch force evoked during an ascending phase of
the voluntary force is higher than that during a period when a constant force is
maintained, with the voluntary force at which the twitch force is elicited being
the same for the two conditions. The purpose of this study was to determine
whether the evoked twitch force during voluntary contractions depended on
the phases of voluntary force production. A short train of stimuli (3 pulses at
100 Hz, 1-3 ms pulse duration, maximal output of the stimulator) was applied
to the biceps brachii muscle of the left arm through 2 rubber electrodes (50 X
50 mm) at 20, 40, 60 80, 90, and 95% MVC force while the voluntary forces
were either held stable, or rising quickly. On each voluntary force level, the
twitch force obtained during the rising phase was significantly higher than
that measured during a steady period. The H reflex recorded from the
brachioradialis muscle indicated that the motor neuron excitability was higher
when the force was ascending than it was constant. Interpolated twitch force
does not accurately estimate levels of muscle activation.
Supported by an NIH grant (NS 35130-01).

This work is s u p ported by RF T F of JSPS.
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EFFECT OF NEURAL FACTORS ON FORCE-TIME CURVE
CHARACTERISTICS. Tihanyi J*. and J. Laczko. Hungarian University o f
Physical Education. Budapest.
The mechanical characteristics of voluntary isometric contraction affected by
several factors (muscle fiber distribution, area ratio o f different fiber types,
motor unit recruitment pattern, contraction time o f different motor units, firing
rate, motor unit synchronization etc.). In some cases significant relationship
was found between rate of tension development (RTD) and contraction time
and fiber distribution. Others could not confirm this finding. The effect o f
neural factors on force-time properties was rarely studied that is very difficult
to do in vivo. Therefore a computer simulation was developed to analyze the
effect of recruitment pattern, contraction time (CT) o f the individual motor
units (MUs) and the time gap of the recruited MUs on the maximum RTD. At
the first approach the contracting muscle had 50-50% slow and fast MUs with
same number of fibers and same fiber cross-sectional area. The recruitment
order was either normal (size principle) or reversed. The CT was set either 50
ms for fast and 100 ms for slow MUs or it ranged from 20 to 120 ms for the
individual MUs in step o f 10 ms. The time gap was changed from 0 to 8 ms in
step of 2 ms. The study indicated that the RTD was higher at any conditions if
the MUs was recruited on the basis o f size principles. However, the time to
reach maximum RTD was shorter at reversed recruitment pattern. The RTD
was higher when CT was different for each MUs, than in the case when CT
was the same for slow MUs or fast MUs. The RTD decreased in the increasing
time gap. The highest RTD was calculated when the CT was different for each
MUs, the recruitment pattern based on the size principle and the time gap was
4 or 6 ms. Supported by AMFK 848/96

RATIOS OF SLOW TO FAST EXTRAFUSAL FIBERS IN RECEPTIVE
FIELDS OF GOLGI TENDON ORGANS IN CHICKEN LEG MUSCLES.
Alfred Maier* Department of Cell Biology, University
of Alabama at
Birmingham, Birmingham, AL 35294.
The architecture of serially sectioned and reconstructed chicken leg
muscles (tibialis anterior, extensor digitorum longus, gastrocnemius, deep
posterior leg muscles) with various percentages of immunohistochemically
typed slow (Sweeney et al., Circ. Res. 61:287-295, 1987) and fast extrafusal
fibers was analyzed. The muscles were examined to determine, if relative to
their proportions in more distant fascicles, more slow or fast extrafusal fibers
were located close to Golgi tendon organs where their contractions would be
expected to cause an afferent discharge. Tendon organs were observed in
regions that were homogeneous for slow or fast fibers, or in regions
containing various percentages of the two types. Most of the receptors
attached to aponeuroses instead of tendons of insertion. In the mixed
muscles, there was good agreement (r = 0.7-0.8) between ratios of fibers that
lay within receptive fields (up to 100 pm from receptor) and those in regions
farther removed from tendon organs. Thus, Golgi tendon organs monitor
fairly accurately the fiber type composition of the extrafusal fiber fields which
they occupy or adjoin. As in the mixed muscles slow and fast fibers
attached on the same receptor, and muscle units are typically not
heterogeneous for fiber type, it follows hat single tendon organs can monitor
the tension output of more than one type of muscle unit. Yet, the number of
slow fibers and their cross-sectional areas were on average smaller than
those of fast fibers, indicating that in mixed muscles fast motor units are likely
to exert a greater influence on shaping the characteristics of the lb afferent
signal from tendon organs than do slow fibers.
Supported by departmental funds.
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WHOLE MUSCLE LENGTH-TENSION PROPERTIES VARY WITH
ACTIVATION IN AREFLEXIVE CAT SOLEUS T. G. Sandercock*
and C.J. Heckman Physiology, Northwestern U. M ed. Sch., Chicago
IL, 60611.
During maximal tetanic stimulation, the length-tension properties
of muscle are w ell accounted for by overlap o f the sliding filaments.
However, at low stimulus rates the ascending limb of the length-tension
curve becomes steeper and the peak shifts to longer lengths, probably due
to changing calcium sensitivity. In this study the length-tension
characteristics o f whole cat soleus muscle were measured in a decerebrate
preparation during activation by the crossed-extension-reflex, thus
preserving normal recruitment and firing rate patterns. An ipsilateral dorsal
rhizotomy eliminated reflex modulation o f the soleus. The soleus was
attached to a servomechanism to control length and measure force. Each
trial began by mechanically compressing the contralateral leg to reflexively
activate the soleus. Following an 8 mm release, force was allowed to
redevelop. Thus, force could be measured at tw o lengths, the start length
and end length after the step. Repeat trials at different lengths allowed
estimates o f the full length-tension curves at activation levels generating
force between 10 and 80% of maximal tetanic tension. All length-tension
curves were steeper than those measured during tetanic stimulation at 100
Hz. The steepness o f the ascending limb was inversely correlated with the
level o f activation. Furthermore, length-tension characteristics were
strongly influenced by activation history. During a sustained contraction
the ascending limb became steeper within 8 s. These results suggest that
the length-tension characteristics o f normally activated muscle are of
primary importance to whole muscle properties, and need to be
incorporated in mathematical models, (supported by NIH AR 41531)

PRELIMINARY ANATOMIC EVIDENCE OF PARTITIONING IN THE
HUMAN RECTUS FEMORIS MUSCLE. B.W. Bakkum*. The National
College of Chiropractic, Lombard, IL 60148.
Many mammalian muscles appear to be partitioned into
neuromuscular segments. Each segment of a muscle is a subvolume
of fibers that is innervated by an individual muscle nerve branch
and contains motor unit territories with a unique array of
physiological characteristics. The human rectus femoris muscle has
not been investigated for anatomic evidence of these neuromuscular
segments. From each of 8 embalmed adult cadavers, one thigh (5 right, 3 - left) was dissected to expose the rectus femoris muscle
and the muscular branches of the femoral nerve. In another cadaver,
the dissection was performed bilaterally (n=10). In all cases,
perimysium separated the muscle fibers into three groups. One
group began from a deep tendon that started as the reflected head of
the muscle (DEEP LAT). Another group arose parallel with the
fibers of a superficial tendon that began as the straight head of the
muscle (SUPF MED LONG). The third group arose obliquely from the
deep surface of this same tendon (SUPF MED OBL). All of the fibers
of the DEEP LAT group inserted into a tendon (POST) that formed the
deep surface of the muscle. In 6 muscles, all fibers of the SUPF MED
LONG and OBL inserted into the POST tendon. In the other 4 muscles,
the SUPF MED OBL fibers inserted into the POST tendon, while the
SUPF MED LONG fibers inserted into a superficial tendon that could
be identified going to the region of the patella. 80% of the time, 3
primary nerve branches supplied this muscle, one to each of the
three identified groups: DEEP LAT, SUPF MED LONG, and SUPF MED
OBL. Supported by National College of Chiropractic.

412.17
COMPARATIVE
STUDY
ON
THE
MORPHOLOGY
AND
IMMUNOCYTOCHEMISTRY OF LOWER URINARY TRACT AUTONOMIC
GANGLIA. J. Neuhaus*. M. Hanani. N. Maudlei. M. Mewe and W. Dorschner.
Clin, for Urol., Leipzig Univ., D-04103 Leipzig, Germany and Hadassah Univ.
Hospital, Mount Scopus, Jerusalem 91240, Israel.
Micturition and continence as the major Lower Urinary Tract (LUT) functions are
controlled by cortical, spinal and local neuronal circuits. Main coordination is
effected via reflex arcs involving sympathetic, parasympathetic and somato-motoric
pathways. Local control of the muscle tone and the fine tuning of the different
muscles, however, are likely to be mediated by autonomic ganglia of the pelvic
plexus and by intramural ganglia in the bladder wall.
We investigated human and guinea pig intramural ganglia using whole-mount
preparations and 3-D reconstructions from serial sections to visualise the morphology
of the ganglia and immunocytochemistry to further characterize neuronal and glial
elements. In both species we found two types of intramural ganglia. The ,compact‘
type consists of closely packed neurons with a distinct capsule of connective tissue. In
the ,loose' type some of the neurons are clustered but large nerves pass through the
ganglion proper. In this type ,displaced4 neurons are found within or attached to the
nerves in the near vicinity of the ganglion. Clear differences between human and
guinea pig were seen in the distribution and the size of the ganglia. Whereas in
guinea pig bladder the ganglia were found all over the bladder wall and contained 2
to 15 neurons, in humans the ganglia were much larger (20 to 90 neurons) but were
restricted to the bladder neck. This important region may require special control
mechanisms to coordinate muscular function. In immunocytochemical stainings all
neurons stained positive for PGP-9.5. A small sub population showed NPYImmunoreactivity (NPY-IR). Glial cells were positive for S-10013 within the ganglia
and in the nerves, in contrast, we found GFAP-IR only within the nerves.
In general, the human LUT neuroanatomy is comparable to that in guinea pigs.
The increased size and the distinct distribution of ganglia may be required for
efficient control in the human bladder.
Supported by APOGEPHA, Dresden and by the Israel Science Foundation.
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PRACTICE RELATED CHANGES IN MOTOR LEARNING
MEASURED BY fMRI.
LG. Qiemann, F.NL Migzin, &
Akbudak. TJE. Conturo. M.E. Raichle and S.E. Petersen. Washington University,
School of Medicine, Box 8111, St. Louis, MO 63110.
In previous PET studies we found that a shift in brain activations could be
observed as an effect of motor practice. The present study was performed to
determine if similar results could be obtained with fMRI. Six normal right handed
subjects were instructed to move a pen with their right hand continuously in a
clockwise direction through cut-out mazes and squares as quickly and accurately as
possible with their eyes closed. Three different mazes were used. Subjects traced
each maze during six sessions of 1 min. To control for effects of movement speed
and distance, brain activations were also measured while subjects were tracing a
square at high as well as low speed. Using a Siemens l.ST vision scanner with
contiguous-slice BOLD-weighted whole brain asymmetric spin echo echo-planar
imaging, subjects were scanned during 13 runs (9 maze and 4 square runs). Each
run consisted of three 40 sec. control sessions (holding pen without moving) and
two 60 sec. tracing sessions. Tksk minus control images were created after
realignment and normalization across time.
Over the course of practice, an increase in movement velocity and a decrease in
errors was observed. These behavioral changes were accompanied by BOLD signal
decreases in right premotor and parietal cortex, as well as left cerebellum, while
signal increases were found in supplementary motor area (SMA) and left primary
motor cortex. In the over-learned square conditions, only the latter two areas were
activated, with activations in left primary motor cortex being related to movement
speed. As was found in the PET studies, activation shifted from right premotor,
right parietal cortex, and left cerebellum to activation of SMA. Changes in time
courses in these areas will be correlated to changes in behavior.
Supported by. NIH Grant NS 32979, NIH training grant NS 07205, Charles
A. Dana Foundation, and McDonnell Centerfor Higher Brain Function.

TIME OF DAY EFFECTS IN IMPLICIT LEARNING.
E.W. Peterson and D.B. Willingham*
Department of Psychology, University of
Virginia, Charlottesville, VA 22903.
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Many studies have reported circadian variations in
explicit m em ory tasks, but the effects o f tim e o f day
on im plicit m em ory is unknown. Two experim ents
are presented which investigated tim e o f day effects
in im plicit learning. Experiment 1 exam ined time o f
day effects in m otor skill learning using a serial
reaction time task to measure implicit learning o f a 12
unit sequence. Participants were tested at both 8am
and 8pm. A greater reliance on sequence knowledge
for im provem ent o f performance was observed in the
morning. Experiment 2 exam ined tim e o f day effects
in repetition priming using a stem com pletion
paradigm. A significantly greater num ber o f stems
were com pleted with target words in the evening.
Based on the results o f these experiments, it appears
that tim e o f day has a small but significant effect on
im plicit learning. The results are interpreted in light
o f existing arousal theories o f circadian variations in
m em ory.
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TEMPORAL SEQUENCE LEARNING: CAN PEOPLE LEARN
IMPLICIT RHYTHMS? J. Salidis*, D.B. Willingham. Dept,
o f Psychology, Univ. o f Virginia, C harlottesville, VA
22903.
Previous research indicates that people can learn
spatial perceptual-m otor sequences even in the
absence o f conscious awareness o f the sequence.
Much
less is known about people’s ability to learn im plicit
temporal sequences.
Five experim ents were conducted
to assess whether people could im plicitly learn to
respond to a sequence o f temporal intervals.
Experiment 1 indicated that people could not learn a
temporal sequence which was 12 units long.
M anipulating task variables in four further
experim ents also did not produce reliable learning.
Experiment 2 reduced the sequence to 6 units long and
provided tw ice as much practice. Experiment 3 changed
the intervals from response to stimulus intervals to
inter stimulus intervals. Experiment 4 made the
intervals more distinct from each other, and
Experiment 5 relied on auditory interval delim iters
instead o f visual ones. These experiments may indicate that
temporal sequences associated with motor sequences
can only be learned in conjunction with
spatial
in fo r m a t io n .

DIFFERENCES • IN ACTIV ATIO N BETW EEN EXPLICIT A N D
IMPLICIT LEA RN ING OF A VISU O M O TO R SEQUENCE: A fMRI
STUD Y . J. Dovon*1. A. Kami2. A.W. Song2. M.M. Adams2. J.M. Maisog2. and L.G.
Ungerleider2 ‘Dept. Psychology, Laval University, Quebec, Canada;2 Lab. Brain and
Cognition, NIMH, NIH, Bethesda, MD, USA.
Using fMRI, we previously demonstrated that healthy subjects show a similar increase
of BOLD signal in the contralateral motor-related cortical regions, and a comparable
decrease in the ipsilateral cerebellum, after extensive practice of a repeating sequence
of movements that they either knew explicitly or learned implicitly (Doyon et al., 1997;
Neuroimage, Vol. 5(4)). We now report the differences in activation that were found as
subjects were acquiring the motor sequence in the two learning conditions. Subjects were
scanned on three different sessions while they performed a version of the Repeated
Sequence Test, in which stimuli were 1) either presented randomly (R), 2) followed a
repeating 10-item sequence taught explicitly prior to scanning (Explicit learning [E]), or
3) followed a mirror-reversed sequence that repeated itself unbeknown to the subjects
(Implicit learning [I]). Practice for both E and I conditions (each 1-hour long) occurred
between sessions. Twenty-eight contiguous horizontal slices were acquired with a 1.5T
GE Signa Horizon Scanner using single-shot, gradient-recalled echo-planar imaging
(24cm FOV; 64x64; TR=4000ms; TE=40ms). FMRI data were analyzed using multiple
regression. Significant increases of activity in the contralateral premotor and SMA
regions, as well as in the ipsilateral ventrolateral and dorsolateral prefrontal cortex, were
observed on Sessions 1-3 in the E condition, while such increases were seen only on
Session 3 in the I condition. By contrast, activity in the contralateral striatum was
present on Sessions 2 and 3 in the I condition, but only reached significance on Session
3 in the E condition. These findings suggest that the motor-related regions and the right
prefrontal cortex are engaged early in the learning process when subjects are explicitly
aware of the motor sequence to execute, whereas the striatum is engaged early in
learning when subjects are performing a motor sequence under implicit control.
This work was supported in part by a NSERC grant (OPGIN 012) to J.D.
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TIME COURSE OF EVENT-RELATED DESYNCHRONIZATION DURING
IMPLICIT AND EXPLICIT LEARNING. P. Zhuang*. C Gerloff J. Grafman.
N. Dang. M. Hallett. Human Motor Control Section, Cognitive Neuroscience
Section, NINDS, NIH, Bethesda, MD 20892.

THE LACK OF THE MEMORY FOR SEQUENTIAL ORDER OF LOW
SPATIALLY FILTERED STIMULI. M.L. Berg. J.G. Mav. G. A. Olson*.
Department of Psychology, University of New Orleans, LA 70148.
Local and global components of a visual scene are thought to be processed by
different physiological mechanisms (p- and m-cells, respectfully). ITie present
investigation sought to determine if information about the sequencing of local and
global aspects of stimuli are stored differently. Compound stimuli (large arrows
composed of small arrows) were employed in a choice reaction time (RT)
paradigm in which the subjects had to quickly indicate whether local or global
components pointed to the right or left. Conditions in which the order of the
stimuli could be learned (particular order of eight stimuli was repeated) were
employed. Low spatially filtered stimuli (mediated by p-cells) were compared to
unfiltered stimuli (mediated by p-cells locally and both types of cells globally) to
determine if learning was compromised when m-cells were not employed in
performing the task. A between subjects design was used and subjects were
queried after the RT task to determine if memory for the sequence was implicit or
explicit. In the unfiltered global condition, RT decreased as a function of trials,
and increased with the advent of a new randomization (last two trial blocks)
indicating learning. A similar, but non-significant, trend occurred for the unfiltered
local condition. No decline in RT occurred in the low spatially filtered conditions
(indicating a lack of learning). Data from post-trial queries indicated that for some
subjects, who showed RT indications of sequence learning, knowledge of stimulus
sequence was poor (indicating implicit memory), but quite good for other subjects
(indicating explicit memory). The results indicate that information concerning the
sequencing of local and global components is mediated by channels tuned to low
spatial frequencies (m-cells) and such learning can occur both implicitly and
explicitly.
Unfunded Research

Event-related desynchronization (ERD) is an index of cortical activation.
Previously, we demonstrated that the 10 Hz ERD at C3 (sensorimotor region)
computed over long epochs (2 s) differs during successive stages of procedural
learning in a serial reaction time task (Zhuang et al. 1997, Electroenceph. Clin.
Neurophysiol., in press). In the present report, we measured the spatial extent
and temporal behavior of the ERD in alpha and beta frequencies (9-11 Hz, 13-15
Hz, 16-22 Hz, and 22-30 Hz). Spatiotemporal maps at time intervals of 128 ms
wore calculated, and a repeated measure ANOVA was performed.
The topographic ERD maps showed similar spatial and temporal patterns
across frequency bands. During implicit learning, the onset of ERD was in the
contralateral sensorimotor region at 360 msec prior to movement onset (just
after stimulus presentation), became gradually more generalized over the left
frontal, sensorimotor, and parietal areas, and was replaced by event-related
synchronization (ERS) after movement onset. During explicit learning, the
ERD began in the left fronto-centro-parietal regions at 190 msec before
movement onset, becoming bilateral after that. Maximal ERD during explicit
learning was more widespread, involving fronto-centro-parietal and occipital
regions, and lasted longer after movement onset (total duration of about 700
ms).
These findings give further evidence to the view that implicit and explicit
learning involve separate neural circuits. The ERD time course suggests
particular engagement of the contralateral sensorimotor region prior to
movement during implicit learning, and after movement onset during explicit
learning, perhaps reflecting enhanced monitoring of performance.

413.7

413.8

WHEN PRACTICE MAKES PERFECT: TIME DEPENDENT EVOLUTION OF
SKILLED MOTOR PERFORMANCE. C. Rev-Hipolito^. M.M. A d a m s L .G .
Ungerleider ^ and A. Kami*
^Lab. o f Brain and Cognition, NIMH, Bethesda MD
20892 and ^Neurobiology, Weizmann Institute o f Science, Rehovot 76100 Israel.

CO N SO LID A TIO N OF V ISU O M O TO R SKILLS IN H U M A N S: A
PSYCH OPH YSICAL STUD Y . P.L. Jackson*. J. Forget. M-C. Soucv. M. Leblanc.
J-F. Cantin. and J. Dovon. Dept. Psychology & Rehabilitation Research Group, Laval
University, Quebec, PQ, Canada.
Kami and Sagi (1994) were the first to demonstrate that performance on a basic
perceptual, texture-target discrimination task is enhanced after a latent period of several
hours in which healthy subjects received no subsequent practice; a process referred to
as consolidation. Following this observation, Shadmehr and colleagues (e.g., BrashersKrug et al., 1996) reported a similar phenomenon in the visuomotor modality with a new
task in which subjects were learning to make reaching movements with a robotmanipulandum in a haptic environment controlled by a force field. The present
experiment was designed to study whether this consolidation effect is generalizable to
other types of visuomotor skills, and to specify the time-course of this effect in two skill
learning tasks often used to study procedural memory. Six groups of eight normal
subjects matched for age, education and gender participated in this study. Subjects were
tested twice on the rotor pursuit (RP) and mirror tracing (MT) tasks; the order of
presentation of these two tests was counterbalanced within each group. In Session 1,
subjects were trained until asymptotic performance (defined by no improvement in
performance across three blocks of trials) was reached. They were then retested on the
same day (Session 2) either 1, 2, 4, 6 ,8 or 10 hours after training was completed. A
significant improvement in performance on the RP task (i.e., time on target) was
observed only in groups who were tested 1, 6, 8 and 10 hours later. By contrast, no
difference in mean completion time or number of errors was found for the MT task
following any of the six delay periods. The difference in results between the RP and the
MT task are discussed in relation to the “closed versus open-loop” models of skill
learning. These findings confirm and extend those of Brashers-Krug et al. (1996), and
suggest that a latent period of at least 6 to 10 hours is necessary before a consolidation
effect is observed after practice of a visuomotor skill, as measured with the RP task.
This work was supported by a NSERC (OGPIN 012) grant to J.D.

Behavioral and neurophysiological studies suggest that the time course of skill
learning reflects the dynamics of basic neuronal mechanisms of plasticity subserving
memory storage in the adult cortex [Kami & Sagi, Nature 1993; Brashers-Krug et al,
Nature, 1996]. We have recently shown that a few minutes of daily practice on a
sequence of finger movements induces large, long-lasting and specific gains in
performance, and a concurrent expansion of the representation of the trained sequence
of movements in primary motor cortex [Kami et al, Nature 1995]. Here, we test the
proposal, suggested by our neuroimaging data, that the motor skill evolves in two
distinct phases: “fast” learning, occurring within the practice session, and “slow”
delayed gains in performance emerging after practice, following a latent phase of
several hours duration (consolidation).
The effects of practice on the speed and accuracy of sequential finger movements
before, immediately after, and on the day following a single training session were
recorded in 12 young adults. Subjects were instructed to tap, as fast and accurately as
possible, two short, matched, finger-to-thumb-opposition sequences, using their non
dominant hand and with no visual feedback, over a test interval of 30 seconds. Then,
one of the sequences was randomly chosen to be performed in a paced manner in 6
short training intervals (40 sec each). Training induced a significant gain in both speed
and accuracy for the trained sequence. Some improvement in speed, but not accuracy,
was noted for the untrained sequence. On the following day, however, with no
additional training, a significant gain, compared to the immediate post-training
performance, in both speed and accuracy was found for the trained sequence only
(“slow”, delayed learning). These results support the conjecture that training can
trigger, not only within session learning, but also specific, time-dependent, neural
processes that continue to evolve after practice has ended. These processes may
subserve the consolidation of the skill.
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CALLOSAL CONTRIBUTION TO PROCEDURAL LEARNING IN
CHILDREN. E. de Guise* and M. Lassonde. Groupe de Recherche en
Neuropsychologie Expérimentale, Université de Montréal.
In a previous set of studies (de Guise et al., 1995, 1996), we have
demonstrated a major role of the corpus callosum (CC) in a procedural learning
that requires the participation of both hemispheres. Since normal children often
display deficits in interhemispheric communication (e.g. Lassonde et al., 1991).
We wanted to assess whether they could learn a procedural skill that involved the
participation of the CC from either both or only one hemisphere. Forty normal
children divided into four age groups (6-8 yrs, 9-11 yrs, 12-14 yrs, 15-16 yrs)
performed a modified version of a serial reaction time task (Nissen and Bullemer,
1987). On each trial, a light appeared at one of four locations. Subjects were
instructed to press one key, out of a set of four keys, that was directly below the
light. Two interhemispheric conditions were used. In the first one (bimanual
condition), subjects rested the middle and index fingers of both hands on the four
keys and learned the task with both hands simultaneously. In the second condition
(interhemispheric transfer), subjects rested the index, middle, third and little
fingers of one hand on the four keys during the first part of the training and the
other hand, in the second part. All children learned the visuomotor skill in the
unimanual condition and showed transfer of this skill from one hemisphere to the
other. By contrast, only the two older groups (12-14 yrs and 15-16 yrs) learned
the task in the bimanual, interhemispheric condition. These findings indicate that
the development of the CC affects the interhemispheric learning of a procedural
skill in two different ways. The ability to transfer a skill learned by one
hemisphere to the other appears to be present early in life whereas skills that
require the simultaneous contribution of both hemispheres appear to be mastered
at a much later stage in life and perhaps not before puberty.
* Supported by grants from NSERC (Canada) and FCAR (Québec) to Maryse
Lassonde.

FRONTAL MIDLINE THETA ACTIVITY AS AN INDICATOR OF
BEHAVIOURAL INTEGRATION S. J. Laukka*. T. Jarvilehto
Laboratory of Developmental Neuropsychology, University of Oulu, P.O. Box 222,
Linnanmaa, 90571 Oulu, Finland.
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The occurrence of the human EEG theta rhythm (4-7 Hz) on the frontal midline
area was studied in a simulated driving task. Two interdependent decisions had to be
made at two crossroads guided by two traffic signs. The subject had to find the
correct way to drive a car through a set of roads in a computer game. Feedback on
the quality of the performance was given after each trial. Each trial lasted about 10 s
with a pause of 2 s between trials. The EEG was recorded from Fz. Theta activity
was analysed during seven consecutive phases (1610 ms) of the task.
The theta activity was observed at every analysed phase, but it was especially
concentrated on the sections following the presentation of the signs guiding the task
performance, and increased here during the learning of the task. More theta was also
found in connection with a correct road selection than with an incorrect one.
We suggest that this dynamics in the theta appearance indicates the integration of
separate phases of performance into a complete execution of the task. Thus, in the
beginning of the learning of the task, the behaviour of subject consists of separate
acts from one traffic sign to another. By learning, a new behavioural organization
develops in which the separate behavioural phases are integrated into a complete
action system already in the beginning of the performance. We propose that the
appearance of theta at the specific phases of performance is a sign of this integration
process.

413.11

413.12

CEREBELLAR ACTIVITY RELATED TO ACQUISITIO N OF INTERNAL
MODELS OF A NEW TOOL: A FUNCTIONAL MRI STUDY. H. Imamizu*1. S.
Miyauchi2. Y. Sasaki2. R. Takino3. B. Pütz1, and M. Kawato.14 1ERATO KDB,
Kyoto, Japan; 2CRL, Tokyo,. Japan; 3Shiraume Gakuen College, Tokyo, Japan;
4ATR HIP, Kyoto, Japan.
Human motor control is characterized by its great adaptability to complex
external environments. For example, we can manipulate many external tools
as extensions of our bodies. Recent computational studies have proposed hat
the cerebellum acquires internal models of the motor apparatus, which play
essential roles in rapid and smooth control. In this study, to find th'e activities
involved in acquiring internal models of tools, we compared cerebellar activities
in human subjects when using a familiar tool (a computer mouse) in an ordinal
manner to those when learning to use a new tool (a "rotated" mouse).
Subjects moved the mouse so that the corresponding cursor would follow a
randomly moving target on the screen as closely as possible. The position of
the cursor was altered by a kinematic transformation, namely a 120° rotation
around the center of the screen, in the test periods; however, no transformation
was imposed in the control periods. Functional images were taken by a 1.5 T
Siemens VISION scanner with an EPI booster. All images were motion
corrected before correlational analysis. The errors which were measured by
the distance between the cursor and the target decreased with practice in the
test periods. In the early stage of the learning process strong activities were
observed in a wide area in the lateral part of the cerebellum on both sides
whereas only a restricted area (simple lobule) was active in the later stages.
The latter area was active even when the target velocity in the control periods
was modulated to make the errors in the control periods approximately the
same as in the test periods. These results suggest that the cerebellum is not
simply a detector of sensory-motor error, and that the activity observed in the
later stages was related to the activities of the internal models necessary for
smooth control of the mouse under the kinematic transformation. Supported
by HFSP and Basic Research System Core Japan

RELATED VARIABILITY IN CONDITIONED RESPONSES AND
TIMED-INTERVAL TAPPING INDICATING A COMMON
CEREBELLAR COMPONENT. J. T. Green*1. R. B. Ivrv2. and D. S.
Woodruff-Pak*. ^Dept. o f Psychology, Temple Univ., Phila., PA 19122.
^Dept. o f Psychology, University o f California, Berkeley, CA 94720.
The relationship between the timing o f conditioned responses (CRs) during
eyeblink classical conditioning (EBCC) and the timing o f taps in timed-interval
tapping was assessed in 132 adults aged 20-89 years. The proper timing o f
CRs and the consistency o f repetitive tapping are associated with the lateral
cerebellum. All participants were tested separately in the 400-ms delay EBCC
paradigm and timed-interval tapping, in which they tapped to a series o f
evenly-spaced (550-ms) tones and then self-paced their taps. One set o f partial
correlations was calculated controlling for age, number o f CRs, and standard
deviation o f CR onset latency. Results revealed a significant positive
correlation between the standard deviation o f CR peak latency and the
consistency o f tapping. The standard deviation o f CR peak latency was not
correlated with the motor component o f tapping. A second set o f partial
correlations was calculated controlling for age, number o f CRs, and standard
deviation o f CR peak latency. Results revealed a significant negative
correlation between standard deviation o f CR onset latency and the consistency
o f tapping. The standard deviation o f CR onset latency was not correlated with
the motor component o f tapping. The results provide evidence for a common
timing function o f the lateral cerebellum that controls the timing o f CRs during
EBCC and variability due to timing in timed-interval tapping.
Supported by AG 09752 to D SW -P

413.13
LEARNING TO CLASSIFY PROBABILISTICALLY: CHANGES IN
CORTICAL ACTIVITY R EVEALED B Y FUN CTION A L MRI. R. A.
Poldrack*!. V. Prabhakarani . C. S eg er*. J. E. D e s m o n d * . 2. G. H.
G lo v er^. and J. D. E-G abrieli*. D epartm ents o f P sy c h o lo g y 1 and
R a d i o l o g y 2 , Stanford University, Stanford, CA 94305.
Probabilistic classification requires judgments on the basis o f cues that
are probabilistically related to outcom es. E vidence from patients with
amnesia and Parkinson’s disease suggests that the medial temporal lobe
is not involved in learning early in this task but may be involved in
advanced learning, whereas fronto-striatal circuits are important for
learning at all stages o f the task [Knowlton et al., 1996, S cien ce!. We
used FMRI to investigate the neural bases o f learning in the task. In
each o f four successive scans, subjects alternated betw een a weather
prediction task (25 trials/scan) with probabilistic cues and a perceptual
decision task using the same stim uli. Functional im age data were
acquired from 16 4 mm coronal slices at 1.5 T using a T 2*-sensitive 3-D
gradient echo spiral sequence (TR = 900, TE = 40, flip angle = 22°, four
spiral interleaves). Initial performance o f the weather prediction task
resulted in activation o f dorsolateral prefrontal cortex, superior and
inferior parietal cortex, and posterior occipital cortices. Practice-related
reductions in activation were observed in posterior occipital cortex and
dorsolateral prefrontal cortex, w hile increases w ere observed in inferior
occipito-temporal cortex. Learning in this task may involve a reduction
in reasoning and an increase in direct rule-based categorization o f
stimulus patterns.
This study supported by NIH grants M H 53673 and A G 12995 and the
M cDonnell-Pew Program in Cognitive Neuroscience.
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KEEPING THE PACE: THE EFFECT OF PACED AND UN-PACED
VERBAL FLUENCY IN SCHIZOPHRENIC PATIENTS. M. J. Weschler. M.
R. Dodge. C. Coneiero*. D. R. Weinberger, T. E. Goldberg . Clinical Brain
Disorders Branch, IRP, NIMH Neuroscience Center at St. Elizabeths,
Washington, D.C. 20032.
This study examined factors contributing to decrements in semantically based
verbal fluency among schizophrenic patients using different paced and unpaced
verbal fluency tasks. Previous studies of semantic verbal fluency have reported
decreased patient performance on tasks demanding generation of category
exemplars. However, phonologic fluency, which involves producing words
beginning with a specific letter, was relatively unimpaired. It has been theorized
that the differential performance on these two types of fluency tasks is due to a
breakdown at the semantic level, which is further evidenced in the disorganized
speech or thought disorder of schizophrenic patients.
The current study used two paced verbal fluency tasks in addition to a
traditional, unpaced verbal fluency. The three conditions were administered to a
group of schizophrenic patients and healthy controls in counterbalanced order.
Both semantic and phonologic fluency were measured using Animals and Fruits
as categories, and F and S as phonemes. For the paced conditions, subjects were
instructed to generate a word each time a cue was presented on a computer screen
at the rate of 3.5 or 2.25 second intervals. Each paced condition had a duration of
45 seconds. The unpaced condition required subjects to generate as many words
as possible in 45 seconds. Crucially, significant group x condition and group x
pacing x condition interactions were found in a repeated measures MANOVA.
Patients performed differentially worse than normal controls on the unpaced
category fluency. S u p p o rte d by IR Pj N M

SEX DIFFERENCES IN BRAIN ACTIVITY ASSOCIATED WITH WORD
GENERATION: AN fMRI STUDY. A. M. Smith*. A. Mendrek. K. Kiehl. B. B.
Forster. A. L. MacKav. P. F. Liddle. Dept, of Psychiatry, University of British
Columbia, Vancouver, BC V6T 1Z3, Canada.
We used functional magnetic resonance imaging (fMRI) to examine sex
differences in the pattern of brain activity during word generation task. Wholebrain imaging was performed on 1.5T GE scanner with a gradient echo echoplanar (EPI) sequence (TR=5 s, TE=80 ms, FOV= 24 cm). Three females and
three males were scanned during four 5-min. runs consisting of alternating 20-sec
periods of paced word generation and finger tapping. During the word generation
condition subjects were presented visually with letters of the alphabet and
subvocally generated a word in a specific semantic category (i.e., animals, food,
names, or places) that began with the given letter. In the comparison condition
subjects were presented with a string of asterisks and tapped their right index
finger to the rhythm of the noise produced by the scanner.
Data analysis using Statistical Parametric Mapping (SPM 96) revealed
statistically significant activation in the left dorsolateral prefrontal cortex (DLPFC;
BA 46) and very consistent bilateral activation in the premotor cortex (BA 6)
during word generation as compared to finger tapping. Bilateral activation in
posterior medial temporal gyrus and some activation in precuneus and thalamus
was also detected (p<0.05 corrected for multiple comparisons). Although the
overall pattern of brain activity was similar in men and women, women exhibited
significantly stronger activation in the left DLPFC, whereas men activated their
left premotor area to a greater degree. These results suggest that despite
similarities between the sexes, women employ different strategies than men when
generating words.
Supported by Norma Colder Foundation

414.3

414.4

COMPARISON OF OVERT AND SILENT VERB GENERATION
USING PET H. Rosen. I.G. Oiemann. J. Fiez. M. Raichle and S.E. Petersen*.
Washington University, School of Medicine, Box 8111, St. Louis, MO 63110.
Some fMRI researchers have adapted language tasks previously used in PET. To
avoid the noise artifacts caused by speech movement, some subjects are asked to
generate verbal responses to stimuli, but not to say them out loud. One possible
outcome of this adaptation would be that the regions activated in the silent version
would be the same regions activated in the overt version of the task, except for the
regions associated with motor control for speech production.
To test this prediction, we compared overt and silent reading and verb generation
tasks in a single group of subjects with PET scanning. Four subjects were each asked
to read four lists of single, visually presented nouns every 1500ms. Following this,
each list was repeated with the same presentation parameters, but subjects were now
asked to generate a verb for each of the words seen. Each task was completed silently
on two lists and aloud on two. PET scanning was performed for all eight tasks.
Left inferior frontal cortex (-43,23,-2, at or near BA 47) and anterior SMA (-7,
11,50) showed similar activation in overt and silent verb generation. As expected, left
motor cortex (-45, -7, 36) showed significantly higher activation in overt than silent
verb generation. However, an area in left frontal cortex (-45,19,22) showed the
opposite effect. The relationship between this region and motor cortex showed a
highly significant task by region interaction with ANOVA (p=0.0017). Another area
in left parietal cortex (-27,-53,42, at or near BA 40) also appeared to be associated
with silent, but not overt verb generation.
These results suggest that images from silent cognitive processing may reflect
altered behavioral strategies and should not be used as a simple substitute for well
characterized cognitive tasks done overtly.
Supported by N IH Grant NS 06833, NIH Training Grant NS 07205, Charles A.
Dana Foundation, and McDonnell Center fo r Higher Brain Function

BOLD fMRI SIGNAL IN LEFT PREFRONTAL CORTEX DEPENDS ON
SPECIFICITY OF SEMANTIC RETRIEVAL. M.T. Far ah*1. M. D'Esposito2.
G.K. A guirre2. & S.L. Thompson-Schill1. Departm ents of Psychology1 and
N eurology2, U niversity of Pennsylvania, Philadelphia, PA 19104.
Increased activity in left, inferior prefrontal cortex (LIPC) during tasks
req u irin g retriev al of sem antic k n o w led g e (e.g., verb generation,
abstract/concrete classification) has suggested that LIPC is involved in
accessing semantic associations. H ow ever Wise et al. (1991) failed to
detect rCBF changes in LIPC during similarity judgm ents of w ord pairs
(e.g., fruit-apple). The current experim ent com pares global similarity
judgm ents (as used by Wise et al.) w ith judgm ents of specific similarity,
w ith reg ard to a single attrib u te (e.g., color). M ultiple w hole brain
echoplanar scans w ere collected from five Ss an d analyzed w ith a
m odified general linear m odel for auto-correlated observations. D uring
global sim ilarity judgm ents, Ss picked w hich of tw o w ords was more
similar to a target word. D uring specific similarity judgm ents, Ss picked
w hich of two w ords had a more similar color (or function or shape) to a
target word. D uring the baseline condition, Ss picked which of two words
w as identical to the target word. A dditionally, in a more difficult global
similarity condition, Ss picked which of fo u r words was m ost similar to a
target w ord. Specific similarity judgm ents w ere associated w ith increased
activity in LIPC relative to both global sim ilarity conditions. However,
sim ilarity judgm ents w ith tw o versus four alternatives differed only in
posterior regions and not in prefrontal cortex. This result suggests that it is
not the degree of semantic processing that is related to LIPC activity but
rather the extent to which specific semantic know ledge m ust be selected
and irrelevant semantic know ledge ignored (see com panion abstract by
Thompson-Schill et al.).
(Supported by James S. M cD onnell Foundation)

4 14.5

414.6

CATEGORY SPECIFIC OBJECT NAMING DIFFERENCES: A
FUNCTIONAL IMAGING STUDY. C.J. Moore* and C.J. Price. Wellcome
Department of Cognitive Neurology, Institute of Neurology, London, UK
Brain damage can cause remarkably selective deficits in naming specific
categories of objects. The most frequently reported dissociation is an
impairment in naming animate relative to inanimate objects. Such an
impairment could reflect a highly compartmentalised segregation of different
categories within the brain where, for example, there is an animal specific area.
Alternatively the dissociation could reflect the differential weighting of
cognitive processes according to the demands that certain categories of objects
place. Animate objects may increase demands on structural processing because
category exemplars are similar to one another. We present a study that
investigates these views. Eight healthy right handed volunteers were scanned
using positron emission tomography (PET) whilst naming two categories of
animate objects: i) animals and ii) vegetables; relative to two complexity
matched categories of inanimate objects i) multi component and ii) simple
shaped. Objects were presented either as black and white outlined drawings or
filled with colour. We do not demonstrate activations specific to animals or
vegetables. Enhanced activation was demonstrated in right temporal areas (the
right temporal pole, the right middle temporal cortex and the right occipitotemporo-parietal junction) for both animals and vegetables relative to inanimate
objects. Animals and vegetables share few semantic features and the
commonality is that within each category exemplars have similar structures
thus increasing demands on structural differentiation. In support of this, the
observed differences were reduced when exemplars were made more distinct from
each other by adding colour.
CJM is funded by the Brain Research Trust and CJP is sponsered by the
Wellcome Trust.

ORGANISATION OF THE SEMANTIC SYSTEM - DIVISIBLE BY WHAT?
C. J. Mummery*. J. Hodges. K. Patterson and C. J. Price. Wellcome Department of
Cognitive Neurology, Institute of Neurology, London, WC1N 3BG, UK.
Studies of patients with brain damage suggest that the semantic system is not
homogeneous. Patients have shown several types of category specific deficit, the
dissociation receiving the most attention being that between performance with animate
concepts and with inanimate concepts. The debate continues as to whether these
specific deficits reflect category neural implementation directly, or some more basic
properties of brain organisation. The present study aimed to address this issue, looking
explicitly for differential activation for (i) types of knowledge; (ii) animate and
inanimate categories and (iii) interactions between type of knowledge and category,
using a word task to avoid any possible confound with object processing.
Positron emission tomography (PET) was used to study 10 right handed male
volunteers performing a matching-to-sample task on word triads. Subjects matched one
of two words to a target according to a perceptual or associative similarity. The control
task required subjects to match word triads for syllable number. Both tasks were
performed under two conditions; with words denoting animate and words denoting
inanimate objects. Statistical parametric mapping (SPM96) was used to compare
regional cerebral blood flow.
Semantic judgements activated an extensive distributed system, common to differing
categories and tasks. However, some differential activation was seen when the semantic
system was weighted for a certain type of task. The left posterior temporo-parietal
region showed enhanced activity for associative decisions, whereas ventral temporal
cortex and caudate was differentially activated for perceptual decisions. Differences for
animate and inanimate categories were much weaker, but consistent differential
activation for inanimate objects in the left posterior middle temporal gyrus was found.
Very few interactions between category type and knowledge type were observed. This
suggests that for words, within a distributed semantic system, the observed differences
for category type are in the main secondary to the type of knowledge that is most
central to that category; category type in and of itself is less important.
CJM is funded by the Medical Research Council, and CJP by the Wellcome Trust.
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414.8

ERP EVIDENCE FOR SEMANTIC AND RIME PRIMING IN SPOKEN
WDRD RECOGNITION. M. Radèauf M. Besson, E. Fonténeau and
S.L. Castro. Université libre de Bruxelles and F.N.R.S.,
Belgium; C.N.R.S. Marseille, France; Université de Genève,
Zwitserland; Universidade do Porto, Portugal.
Auditory and repetition priming between spoken words
with a semantic association or with a final phonological
overlap of the rime was investigated in different
experiments using reaction times (RTs) and event-related
brain potential (ERP) measures. The behavioral data showed
that RTs were faster for target words preceded by a
semantically or pbonologically related prime than by an
unrelated prime, the facilitation effect being greater for
semantic than for rime priming and faster on repetition
than on first presentation. At the electrophysiological
level, both effects were associated with a decrease in the
amplitude of the N400, a negative component peaking 400 ms
after target onset. The decrease was larger for semantic
than for rime priming. Furthermore, repetition effects
were significant for semantically related but not
phonologically related pairs. Vie will also present
analyses of the topographical distribution of these
effects.

COMPREHENSION OF COMPOUND NOUN PHRASES VS PREPOSITIONAL
PHRASES IN SENTENCE ANOMALY JUDGMENTS - NEW EVIDENCE FOR
THE SEMANTIC COMPONENT OF WORKING MEMORY. R. Martin and Y-L.
Pin*. Dept, of Psychology, Rice Univ. Houston, TX 77005.
Martin and Romani (1994) postulated semantic and syntactic components of
working memory in addition to the phonological and articulatory components of
Baddeley's (1986, 1990) working memory model. They found that increasing the
number of nouns in a noun phrase impaired sentence comprehension, but more so
when the nouns came before the verb rather than after the verb. It was hypothesized
that the delayed integration of the nouns with the verb in the "before" condition put
a strain on semantic retention. Aphasia patients ML and AB, who show evidence of
semantic retention deficit, showed a greatly exaggerated effect with near chance
performance in the delayed integration condition.
These findings led to the prediction that the semantic retention load of nouns in a
noun phrase before the verb would be minimized if the nouns could be integrated
with each other, as when all but the head noun appear in a prepositional phrase.
To test this prediction, subjects were asked to make sentence anomaly judgments
for 216 sentences with a compound noun phrase before the verb and 216 sentences
with one head noun followed by a prepositional phrase before the verb. Half of the
target sentences were sensible and half anomalous. There were either 0, or i, or 2
nouns (namely distance) between the first noun and the verb. For normal subjects,
when the distance reached 2, there was a significant effect as predicted, with poorer
performance in the compound noun phrase condition. Contrary to our predictions,
however, patient ML performed poorly in both conditions, with performance
decreasing as the number of nouns increased. It is possible that he was unable to
quickly perform the integration signaled by the preposition. This hypothesis is
currently being investigated.
[Supported by NIH Grant DC 00218 to R. Martin.]

414.9

414.10

RIGHT HEMISPHERE DAMAGE AND DISCOURSE ENCODING. IX
Titone. A. Wingfield^ G. Waters, D. Caplan, and K. Prentice. Volen
National Center for Complex Systems, Brandeis Univ., Waltham, MA
02154 and Neuropsychology Laboratory, Massachusetts General
Hospital, Boston, MA 02114.
Individuals with right hemisphere (RH) damage have specific
deficits in recalling elements of complex discourse (e.g., Joanette, Goulet,
& Hannequin, 1990). This suggests an important RH contribution to the
detection of higher-order organization in narrative structure. The
present study investigates whether hemispheric differences in
comprehension are accompanied by differences in encoding. Spoken
passages that varied in terms of high- and low-level text variables were
presented in a segment by segment fashion to 12 patients with RH
damage following stroke and 12 age-matched controls. Subject-controlled
pause durations between segments were measured. Pause durations for
RH damaged subjects were more influenced by low-level text variables
than by high level text variables. In contrast, pause durations for
elderly control subjects were influenced by low- and high-level text
variables. Taken together, these results suggest that hemispheric
differences in discourse encoding underlie differences in comprehension
and recall performance.

LEXICAL MEMORY IS PART OF DECLARATIVE MEMORY: H.M. IS WORSE
AT IRREGULAR THAN REGULAR PAST TENSE AND PLURAL FORMATION
M.T. Ullman*u and S. Corkin2. ‘GICCS, Georgetown Univ., Wash., DC 20007.
2Dept of Brain and Cog. Sciences, and CRC, MIT, Camb., MA 02139.
Background: Double dissociations in language suggest that the mental lexicon
(the dictionary of words) is part of a temporal lobe declarative memory system for
facts and events, whereas grammar rules (which combine words into larger words and
sentences) are processed by a frontal/basal-ganglia procedural system for motor,
perceptual, and cognitive skills. Alzheimer’s disease (AD) patients, whose temporal
lobe degeneration yields declarative memory impairments, made more errors
producing past tenses of irregular verbs (“dug”), which are retrieved from lexical
memory, than of regular verbs (“looked”), which need an “-ed” suffixation rule.
Parkinson’s disease patients, whose basal ganglia degeneration may yield procedural
impairments, showed the opposite pattern (Ullman et al., 1993, 1994, 1997).
Motivation: Damage in AD extends beyond the medial temporal lobe structures
which subserve the acquisition of declarative knowledge. To see if medial temporal
structures alone also underlie the memory for established lexical and semantic
knowledge, we tested a patient whose medial temporal lesion spared most neocortex.
M ethod: H.M. is an amnesic subject who at age 27 underwent bilateral excision
of medial temporal lobe structures. Afterwards, he was impaired at learning new
declarative knowledge, and had some lexical retrieval deficits (Corkin, 1984). We
asked H.M and 10 age- and education-matched control subjects to produce past tenses
for 20 irregular and 20 regular verbs. H.M was also asked to produce plurals for 9
irregular and 9 regular nouns.
Results: H.M. was worse producing past tenses for irregular (81% correct) than
regular (100%) verbs (p<.05). The control subjects were not: 95% vs 98% (p>.20).
H.M. was also worse producing irregular (44%) than regular (100%) plurals (p<.05).
All errors were over-regularizations ( “gooses,” “tooths”).
The evidence suggests: H.M. has a deficit of lexical memory, but not of
grammatical rule processing. Medial temporal lobe structures appear to play a role in
the memory for established lexical knowledge. More generally, lexical memory is
part of declarative memory.
Grant support: NIH AG06605 and RR00088, and Army DAMD17-93-V-3018.

This research was supported by NIH grants AG00204, AG04517 and
A G 0 9 6 6 1. We also acknowledge support from the W. M. Keck
Foundation.
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A fMRI STUDY OF MORPHO-SYNTACTIC PROCESSING USING A
SELECTIVE ATTENTION PARADIGM. M. Dapretto. S. Bookheimer. J. Wang*.
M. Cohen. Division of Brain Mapping, UCLA School of Medicine, Los Angeles, CA
90095.
Reports in the literature indicate that a subgroup of children with developmental
language disorders have particular difficulty with certain morpho-syntactic structures
(e.g., the tense marker '-ed'). As part of an ongoing effort to map language processing
in normal and language-disordered children, we first examined whether fMRI can be
used to identify the neural network supposed to underlie this distinct aspect of language
processing in a sample of 6 normal adult volunteers. We used a selective attention
paradigm with two activation conditions where subjects always heard a simple
declarative sentence, saw two pictures, and had to chose the one that matched the
sentence they heard. However, we manipulated the type of linguistic information
(morpho-syntactic vs. semantic) the subjects had to rely upon in order to perform the
task. In the Morpho-Syntactic condition, processing of the morphological markers in
the sentences was crucial to make a correct choice, whereas in the Semantic-Control
condition the choice could be made on the basis of word meanings alone. fMRI
images were collected on a GE 3 Tesla Signa MR scanner with ANMR upgrade for
EPI (128x128, TR=2.5 sec, min TE). Images were acquired over 15 axial slices (4 mm
thick, 1 mm gap). For each subject, pixel-wise comparisons with Student's t tests
were conducted between each activation block and its adjacent rest blocks. The
corresponding tresholded maps of statistical significance were superimposed on coplanar high resolution images for localization and comparison between activation
conditions. Not surprisingly given that the task demands and type of stimuli were
identical in the two activation conditions, a similar pattern of cortical activity was
observed during the two language blocks. However, in all subjects, reliable differences
between conditions were also observed in several areas, in terms of magnitude, spatial
extent, as well as localization of cortical activity. The data indicate that fMRI can
successfully be used to study the neural correlates of distinct aspects of language
processing in normal and language disordered individuals.

EVOLVING THE BRAIN BASIS OF PROTOLANGUAGE FROM THE
ROLE CONCEPTS OF ALTRUISM. WILLIAM H. CALVIN*, University of
W ashington, Seattle WA 98195-1800.
http://xvww.WilliamCalvin.com
I earlier addressed how a Darwinian process can operate in neocortex
quickly enough to shape up quality movement commands, such as language
needs. But understanding a lingua ex machina will also involve evolutionary
considerations (how to get from ape to human mentality in easy steps). While
protolanguage (seen in pidgins, children under two, etc.) seems largely un
structured, the fancier forms of language exhibit phrase structure, such as
nested embedding (I think I saw him leave to go home has four verbs), and forms
of remote reference such as pronouns and that. But it also includes argument
structure, which identifies roles that particular w ords play in the little story
that the sentence tells (as w hen give sends you searching for three required
nouns: an actor, a recipient, and the object given).
Derek Bickerton (1996) proposes that evolving argum ent structure might
have been aided by the nonlanguage mental tasks associated with reciprocal
altruism, such as remembering who owes w hat to whom. This promotes
concepts such as giver, recipient, beneficiary, source, and goal. Given that the
high payoffs from reciprocal altruism may be prevented by such drags as
cheating, a particularly im portant schema m ight be fairness or imbalance.
Once individuals and objects are effectively linked in a sentence via such
concepts, any ambiguities of phrase structure w ould be easier to resolve. This
suggests that the physiological basis of sentence construction and understand
ing first resolves the role requirements of such prominent words as the verbs
and prepositions, with a second phase addressing any unresolved embedding
issues. It is the latter that may involve neural machinery shared with ballistic
m otor program ming, and perhaps prom oted by the evolutionary success of
accurate throwing and hammering.
F u n d in g ;-) via m y two new Looks,
H o w B ra in s Think (BasicBooks 1 9 9 6 ) and The C erebral C ode (MIT Press 1996).
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A PET STUDY OF SPEECH PROSODY IN TONE LANGUAGES. P. Wong1* I
Gandour2. D. Van Lancker*. G. Hutchins4. 1,4Indiana Univ. Sch. of Med., Indianapolis, IN;
2Purdue Univ., West Lafayette, IN; 3USC Sch. of Med., Los Angeles, CA.
PET studies have activated the right prefrontal cortex in monolingual English speakers
discriminating pitch differences in monosyllable pairs (Zatorre et a l, 1992,1996), a finding
consistent with a right-hemispheric role in pitch perception. However, it is unclear whether
this activation pattern in two conditions (consonant, pitch) is due to pitch p e r se or to pitch
that is not phonologically significant at the syllable level in English. Since pitch patterns in
tone languages are phonologically significant at the syllable level, the aim of this PET study
was to compare the brain regions activated during pitch processing in a linguistic and
nonlinguistic context for 5 Thai and 5 English speakers (all right-handed, musically
untrained).
Subjects were presented binaurally with sound pairs consisting of either monosyllabic Thai
words or their speech-filtered versions. Four stimulus conditions were presented twice for a
total of 8 tasks: baseline (B), pitch (P) , consonant (C), and tone (T). PET images were
averaged for each group and brain regions that showed statistically-significant increase in
regional cerebral blood flow were mapped in Talairach space. Response accuracy, bias, and
time all yielded no significant group effects.
The left frontal operculum (BA 44/45) was activated in both the T-P and T-C subtractions
for the Thai group only. This group also showed activation in the left inferior frontal gyrus
(BA 44) at nearby foci for T-B, T-P and T-C, although this gyrus was not significantly
activated in the P-B. Both groups showed activation of the superior temporal gyrus (BA 22)
on both sides for the 3 baseline subtractions, left anterior cingulate gyrus (BA 6/32) across
subtraction conditions (T-P, T-B, C-B, P-B), and right cerebellum (Thai: P-B; English: T-B,
P-B). The major finding is that Broca's area was activated only when pitch patterns were
presented in a linguistic context to tone-language speakers. A similar pattern was not found
when both groups were presented pitch patterns in a nonlinguistic context. Thus, the
functional properties of auditory stimuli play critically in perception of speech prosody.
(Supported by PIRC)

INTERHEMISPHERIC INTEGRATION OF VERBAL AND PROSODIC
ELEMENTS OF EMOTIONAL SPEECH IN THE INTACT BRAIN. »HE.
McNeelv*and ^SJE. Parlow. »Dept of Psychology, Univ. of Waterloo, Waterloo,
ON, N2L 3G1, »Dept of Psychology, Carletoo Univ., Ottawa, ON, K1S 5B6.
In the present study, behavioural laterality and interhemispheric integration of
verbal and prosodic elements of emotional speech were assessed in 73 university
students (20 male, S3 female) using dichotic listening methods. Verbal Emotional
Contexts (VEQ and Emotional Prosody Recognition (EPR) tests were used to
screen for adequate verbal and prosodic abilities. The Dichotic Emotion
Recognition Test (DERT) was then administered to provide a measure of
interhemispheric integration of verbal and prosodic speech elements. The Fused
Rhymed Words Test (FRWT, Wexler & Hawles, 1983) provided a measure of
language laterality. In a standard multiple regression analysis, 4 variables (gender,
VEC, EPR, and FRWT laterality quotients) predicted DERT total scores, F (4,68)
= 4.48, p = .0029, although this accounted for only 20.84% of the variance. The
FRWT laterality quotient accounted for the majority of the explained variance in
DERT total scores; the unique proportion of variance accounted for by this
variable was 14%. Higher scores on the DERT were associated with greater left
language lateralization, contrary to what would be expected given current
inhibitory models of callosal function. Further, these results suggest that
processing of emotional speech involves interhemispheric integration of verbal and
prosodic elements, above and beyond the contributions of either hemisphere alone.
We conclude that in the intact brain, the corpus callosum performs either an
excitatory or an inhibitory role depending on task processing demands.
Supported by a Carleton University Graduate Student Research Grant.

414.15
M O U T H M O V E M E N T A N D V O C A L IZ A T IO N , A H U M A N
M O VEM ENT-RELATED CORTICAL POTENTIAL STUDY. I. M.
Tarkka*. Neuron, Kortejoki, 71130 Kuopio, Finland.
Movement-related cortical potentials (M RCP) are w ell understood in
relation to voluntary m ovem ents o f lim bs. Voluntary activation o f facial
m uscles or vocalization is also reflected in the electroencephalogram.
The purpose o f this study was to compare MRCPs elicited by a soundless
mouth m ovem ent and a similar m ovem ent w ith vocalization in healthy
human subjects. EEG was recorded w ith 30 A g-A gC l electrodes placed
on the scalp using a bandwidth D C -50 Hz. M RCPs were created by
averaging according to the onset o f rectified surface EMG collected
bilaterally on orbicularis oris m u scle. W ave form s were 700 m s in
duration, 400 m s pre- and 300 m s post-onset o f EMG. Individual and
grand average w ave forms w ere created, peak latencies and amplitudes
were analyzed and multiple dipole m odels w ere developed using the
B ESA program. A 4-shell spherical head model with individual head
radii were used for spatio-temporal model development in order to suggest
sources for the full 700 ms w ave form. MRCP components related to
mouth m ovem ent show ed low er amplitudes and shorter durations than
those related to vocalization. Seven-dipole m odels explained the silent
mouth movements, however, an additional frontal lobe dipole was needed
to explain the sources for vocalization.

COGNITION: LANGUAGE— READING AND SPEECH RECOGNITION I
41 5 .1

415.2

BRAIN FUNCTIONAL CONNECTIVITY DURING SINGLE WORD
READING. B. Horwitz1, E. T. Bullmore3 . B. C. Donohue2 and J. M.

EVENT-RELATED FMRI: WORD READING. O. Josephs. R. Vandenherghe.
R. Turner*. K. Friston. Wellcome Department of Cognitive Neurology,
Institute of Neurology, Functional Imaging Laboratory, 12 Queen Square,
London. WC1N 3BG. U.K.
The occurrence of event-related fMRI responses is formulated in terms of the
General Linear Model, i.e. multiple linear regression. This permits the detection
of time-locked activations using established statistical techniques that correct for
multiple comparisons in the context of spatially smooth and serially correlated
data. Responses are modelled using event-related temporal basis functions.
Inferences are then made about all components of the model, using the F-ratio
at all voxels in the image, to produce a Statistical Parametric Map, SPM{F}.
The extra sum of squares principle is used to compare different models and
orders of model and to allow inferences about differential activation while
discounting common effects, and vice versa. The method allows for the
experimental design to relate the timing of events to the acquisition of data to
give a temporal resolution (with respect to the event-related response) far better
than the scanning repeat time.
As an illustrative application we present an experiment in which subjects
viewed serially presented single sentences or random word sequences (4 s),
separated by consonant letter string sequences (13 s). The distributed regions
which showed event-related activation by word sequence and single sentence
reading were identified.
This work was funded by the Wellcome Trust.

Ru m sey*2 . 1Lab. Neurosci., NIA, 2Child Psychiatry Branch, NIM H,
Bethesda, MD, 20892 and in s titu te of Psychiatry, London UK .
W e measured regional cerebral blood flow (rCBF) using PET in
14 young men each of whom performed two pronunciation tasks
(phonologic: read aloud pseudowords; orthographic: read aloud
words with irregular spellings).
D ata w ere stereotactically
normalized and smoothed to 20mm x 20mm x 12mm; values of rCBF
for each subject were standardized by dividing rCBF for each pixel
by global CBF. The functional connectivity between regions was
assessed by evaluating the b etw een -su b ject interreg ional
correlations within each task and perform ing a principal
components (PC) analysis. The largest PC for each task, accounting
for 19% and 18% of the variance respectively, were very similar
and had large (> .5) loadings of opposite sign for regions in left
(frontal and high parietal) and right (frontal, superior temporal,
inferior parietal, and cingulate) cortex. The next largest PC for the
phonologic task ( 12% of the variance) had almost exclusively large
loadings for regions in the left hem isphere, including areas in
occipital, superior tem poral, inferior parietal, and prefrontal
cortex. None of the largest PCs for the orthographic task had large
loadings for regions in both left anterior and posterior cortex.
These results suggest that pronouncing words requiring explicit
rule-based grapheme-to-phoneme transformations necessitates use
of a left hemisphere network of regions linking frontal cortex with
temporoparietal language areas and visual extrastriate regions.
(Supported b y NIH)
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THALAMIC CORRELATES OF POOR READING:
N1 AND P3a DIFFERENCE POTENTIALS, AND GLUCOSE
METABOLISM.
Garrett, FB

READING
MEDIATED BY
INHIBITORY NETWORKS
IN
MAGNOCELLULAR
STREAMS, T.A. Lawton*. Nano Tech Services
(NTS). 591 Katherine Ave. Oak View, CA 93022 USA nanotechf«)west.net
A natural assumption is that reading relies on the higher resolution

W ood Dept, of Neurology, Bowman Gray Sch. of Med., Winston-Salem, NC 27157.
We used 18-fluorodeoxyglucose positron emission tomography (18-FDG PET) to
compare glucose metabolism profiles in adult normal and poor readers. The 18-FDG
PET scans were acquired following a 40 minute glucose uptake phase during which all
subjects performed a continuous performance (letter identification) task. Concurrently
with the task, evoked response potential (ERP) measurements were made and averaged
across the glucose uptake session. From a subject pool of normal volunteers and
dyslexics identified in childhood, twenty poor readers were selected who had
converging scores below the 16th percentile on the word identification and word attack
subtests of the Woodcock-Johnson-Revised achievement battery. They were compared
to twenty normal readers who had scores above the 25th percentile on both tests.
Normal and poor readers did not differ with respect to age, gender, or task
performance. Both thalami of poor readers were found to be significantly less
metabolically active than that of good readers. Poor readers also differed from normal
readers in having a strong negative correlation between the N1 (180 ms) difference
potential (relevant vs. nan-relevant ERP) and left thalamic metabolism. Furthermore,
normal readers differ from poor readers in having a strong negative correlation
between the P3a (320 ms) difference potential and bilateral thalamic metabolism. The
results suggest (1) that poor readers utilize the thalamus less than normal readers when
identifying alphabetic symbols, and (2) the thalamic correlates of poor reading involve
at least two different stages of information processing reflected in the ERP waveform,
suggesting that the role of the thalamus in poor reading is complex, involving several
processes.
Supported in part by the General Clinical Research Center of the Bowman Gray School
of Medicine, grant number M01 RR07122.

parvocellular
networks,
and
magnocellular
networks,
signaling
movement, merely control eye movements.
To investigate whether
magnocellular networks play a major role in reading, we measured
reading rates for continuously scrolled text both before and after
Contrast Sensitivity Functions (CSF) to discriminate left-right movement
were measured. For a random sample of 35 children aged 5-8 years old,
the direction discrimination CSFs were 2-17 fold lower in children when
compared to a normal adult, these CSFs being 3-4 fold lower in
dyslexics, those with reading problems, than age-matched normals.
Whereas, the CSFs of dyslexics ressembled a 5 year old's CSF, the CSFs
of normal children improved significantly as the child increased from 5-8
years. Furthermore, the CSFs of normal and dyslexic children revealed a
different pattern of results when test and background frequencies were
equal, requiring inhibitory networks for discrimination, revealing a critical
period for movement discrimination in 6-7 year olds, thereby enabling
rapid and early screening for dyslexia. Rapid remediation, 5-10 min/week
for 8-12 weeks, by using feedback and practice, significantly improved
both direction discrimination CSFs up to 8 fold, and reading rates up to 9
fold, improving 2-4 fold more for filtered, than for unfiltered text.
Moreover, grayscale text was always read 30% faster than equiluminant
colored text. This study provides conclusive evidence that it is the
inhibitory networks within magnocellular streams, and not parvocellular
steams, that
play a major role in reading, both in directing eye
movements and in letter recognition.
Supported by NTS & JPL-NASA.
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415.6

HEMISPHERIC SPECIALIZATION FOR R E A D IN G IN SUBTY PE S
OF C H IL D R E N W ITH D E V E L O P M E N T A L D Y S L E X IA . K .E .
W aldie* and J.L. M o slev . D evelopm ental N eu rop sychology Research
Group, Department o f P sych ology, C algary, A lberta, Canada T 2N
1N4.
Behavioral laterality effects w ith lingu istic stim uli w ere used to
evaluate the differential p rocessin g efficien cies o f the tw o cerebral
hem ispheres in d yslexic subtypes and norm al children m atched for
chronological age and for reading age. D y slex ic s (N = 4 5 ) were
classified into one o f three subtypes differentiated by (i) problem s in
processing phonics and analytic-sequential stim uli (dysphonetic), (ii)
problems learning sight-words and in processing sim ultaneous-gestalt
stimuli (dyseidetic), and (iii) problems processing both types o f material
(mixed). A lateralized lexical decision task (manual go/n o-go paradigm
with concrete nouns and nonw ords) w as em p loyed to exam ine tw o
m odels o f hemispheric functioning (D irect A ccess and C allosal Relay;
Zaidel, 1983, 1990). A dual task consisting o f silent and oral reading
(standardized to each participant's reading level) during speeded finger
tapping was also em ployed. The findings from both groups o f normal
children revealed a right visual field advantage in accuracy and latency
and significantly greater right hand interference effects w hile reading.
In contrast, for each dyslexic subtype a different pattern o f lateralization
was revealed. The results also suggest a new subclassification within
the d y sp h o n etic d y s le x ic su b ty p e w h ic h m ay h elp ex p la in
inconsistencies in previous research findings.
(Supported by the Natural Sciences and Engineering R esearch Council
o f Canada [NSERC] and the Surrey Place Foundation)

EVOKED M A GNETIC R E S P O N S E S D U R IN G
A WORD R E C O G N IT IO N TASK. S. Kovama*.
S. Watanabe.
D .N aka
and
R. Kakigi
Dept, of Integrative
Physiol., Natl. Inst, for Physiolog. Sci., Okazaki, 444, Japan.
Prediction and expectancy play an important role in word
recognition. M agnetoencephalograms (MEGs) w ere recorded in
order to investigate the area in the cortices associated with
expectancy in word recognition. Six right-handed Japanese
subjects (one female, four males) w ere participated in. One
hundred and ten Japanese idioms consisting of four Kanji
characters were used as stimuli. In each trial, the former part of
idioms (S i, two Kanji) w ere followed by the latter part (S2, two
Kanji). S i an d S 2 were adequately paired (True S2 trials)in h alf of
the trials, and they were inadequately paired (False S2 trials) in the
other half of the trails. Subjects were asked to read S i and to try to
imagine an adequate S2 (a sort of stem-completion task). The
evoked magnetic responses w ere recorded with dual SQUID
gradiometers with 37 sensors (BTi Inc.) from the temporal site of
the brain. A clear magnetic com ponent w as observed 350-450 ms
after the onset of False S2 presentation. This com ponent was
observed in the left hem isphere in all the subjects. The source of
the component, estimated using single dipole model (Sarvas, 1987),
was located around the left peri-Sylvian areas including the insula.
In the right hemisphere, the difference betw een the responses to
True S 2 and those to False S2 w ere not consistent betw een the
subjects. The False S2-specific activity in the left hem isphere is
probably related to the processing of the word which subjects can
not predict in advance.

415.7

415.8

INTRACRANIAL POTENTIALS EVOKED BY WORDS AND PSEUDOWORDS
DURING READING AND LEXICAL DECISION. E. Halgren*, E. Jamet, K.
Marinkovic & P. Chauvel. INSERM, Rennes, France; West-LA VA & BRI, UCLA.
Evoked Potentials (EPs) were used to help identify the timing, location, and intensity
of word-processing stages. EP generators were localized using intracranial recordings
in 18 patients from about 2000 sites in the occipital, temporal, parietal and frontal
cortices, and limbic system (amygdala, hippocampal formation and cingulate gyrus).
Tasks used words (regular/irregular; high/low frequency; with many/few meanings),
nonwords (pronounceable or noripronounceable), and strings of pseudo-letters. Overt
reading was delayed until a cue 1 sec after the stimulus to prevent buccal artifacts.
The largest and most clearly task-related activity was recorded in left hemisphere sites
including the ventromedial temporal lobe, temporo-parieto-occipital junction, and the
ventral and lateral frontal lobe. Active areas in the basal temporal lobe included a strip
of cortex extending from near the temporal pole (presumed perirhinal cortex) to the
posterior parahippocampal and fusiform gyri. In Wernicke’s area, inversions of later
components were observed between the supramarginal and angular gyri. In the frontal
lobe, activity appeared to be generated both in the posterior inferior frontal gyrus
(Broca’s area) and near area 46. Typically, peaks were observed at about 220, 380
and 650 ms after stimulus onset in all areas. During the reading task, these
components were largest to irregular, rare words and were 50-90% reduced to regular,
frequent words. The potentials were also reduced to pronounceable nonwords that
resembled frequent words as compared to those that resembled rare words. Similar
components were generally observed during the lexical decision task. However, the
components generated in Broca’s area tended to be larger during reading. In
conclusion, frontal and posterior language cortices may interact during multiple stages
from about 200ms after word presentation. Involvement of Broca’s area in languageprocessing seems to be relatively more dependent on overt task requirements.
Supported by NS 18741, ONR, HSFPO, INSERM, VA.

INDIVIDUAL DIFFERENCES IN LITERACY EXPERIENCES AND
PERFORMANCE IN LEXICAL DECISION TASKS. Judith G. Fov*. Charlotte
Bautista. Gina Ruffinelli. Melanie Seeo. and Nancv Jang. Dept, of Psychology.
Loyola Marymount University, Los Angeles, CA 90045.
Familiarity effects on responses in lexical decision tasks are well known.
Individual differences in exposure to print have also been shown to be correlated
with differences in vocabulary, general knowledge, and reading skill, but have not
yet been linked with familiarity effects and specific cognitive processing abilities.
We hypothesized that frequent literacy experiences would automate processing of
linguistic information.
In this study we investigated the relation between individual differences in literacy
experiences and responses in lexical decision tasks in adult college students. We
measured academic achievement, vocabulaiy, reading comprehension, and language
skills using standardized and experimental tests, and obtained detailed information
on the participants' reading habits and attitudes towards reading. Four separate
computerized lexical decision tasks were completed in a second testing session. We
replicated findings (t-tests at .05 alpha) showing that response time decreases for
high frequency (>100/ million) vs. low frequency words (<25/million), semantically
related vs. unrelated (but associated) word pairs, and for rhyming vs. nonrhyming
word pairs. We also found visual field effects for high and low frequency words and
pseudowords. In addition, priming effects in lexical decision tasks were correlated
with literacy experiences and reading comprehension skills.
Literacy experiences may modulate relative automatization of component subskills.
It may be important to consider literacy experiences in studies of reading
comprehension and semantic processing in adults.
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HEMISPHERIC ASYMMETRY OF CORTICAL ACTIVATION AS REFLECTED BY
THE MISMATCH NEGATIVITY REVEALS WHEN A SOUND IS PROCESSED AS
SPEECH. T. Rinne1. K.Alho1. P. Alku2. M. Holi1. J. Sinkkonen1. J. Virtanen1-3. 0. Bertrand4.
M.Tervaniemi*1andR.Naatanen1. Cognitive Brain Research Unit1, Dept, of Psych., P.O.Box
13, 00014 Univ. of Helsinki, Finland. Acoustics Lab.2, Helsinki Univ. of Tech., Finland.
Dept, of Radiology3, Helsinki Univ. Central Hospital, Finland. EMSERM U2804, Lyon, France.
One hundred years ago Carl Wernicke postulated on the basis of deteriorated speech
perception in patients with local brain lesions that the memory images of speech sounds are
stored in the posterior third of the left superior temporal gyrus. Accordingly, modem brain
research methods have demonstrated enhanced activity during phonetic stimulation in the
left-hemisphere temporal lobe. However, they have not truly added to our view of the char
acteristics of cortical ’speech images’ suggested by Wernicke. Here we addressed the ques
tion of the difference between speech and non-speech: When does the brain consider a
sound as speech? We used high-density electroencephalogram (EEG) combined with stateof-art analysis methods to measure neural activation related to brain’s automatic change
detection, based on cortical comparison of sensory inputs with the auditory memory traces
and reflected electrically by the mismatch negativity (MMN). There were eight different
stimulus conditions gradually changing from non-phonetic to phonetic. We found that the
dominance of neural activation, elicited by changes in these stimuli, shifted from the right to
the left-hemisphere as the stimulus became increasingly phonetic. Correspondingly, the
stimuli which caused the activation of left-hemisphere speech-specific processes were cat
egorized as vowels in a separate classification condition. Thus, we were able to measure the
activation threshold of left hemisphere speech-specific memory traces. Although previous
PET and fMRI recordings have shown a left-hemisphere dominance in discriminatory pro
cessing of attended speech sounds, no such lateralization was observed in response to unat
tended speech. However, we were able to reveal that hemispheric lateralization occurs already on
a pre-attentive stage of speech processing. Supported by the Academy o f Finland
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ATTENTION CAN ELIMINATE THE MMN TO IGNORED
SPEECH SOUNDS by M.D. Szymanski1, E.W. Yund1, D.L. Woods1*2,
and G.H. Recanzone2*, department of Neurology, VA, Northern
California System of Clinics, Martinez, CA 94553. 2Center for
Neuroscience, University of California, Davis, CA 95616.
Auditory event-related potentials (ERPs) to speech sounds were
recorded in a demanding selective attention task to test the idea that
phonemes are automatically processed by the brain. Participants
attended to one ear and responded to intensity or phoneme targets in
that ear, while similar vowel-consonant-vowel (VCV) stimuli were
presented in the opposite ear. A robust mismatch negativity (MMN)
was evoked in the attended channel by both target and nontarget
deviants. Contrary to our expectations, the MMN was not elicited by
phoneme deviants in the ignored channel. Maximal MMN amplitudes
occurred along the midline and left frontal electrodes, regardless of
deviant type or ear of stimulation. This asymmetry is consistent with
left hemispheric dominance for linguistic processing and suggests a
phoneme-specific generator for this MMN. Attentional difference
waves associated with phonetic and acoustic processing also were
isolated. Our results indicate that high task demands on auditory
attention can virtually eliminate the MMN to deviant speech stimuli in
an ignored channel, and that this mechanism for abolishing the MMN
is different for intensity and phoneme deviant stimuli. In sum,
attention may be a very important factor in generating a speechspecific MMN. Supported by NS32893 and VA Research Service.

415.11

415.12

MEG REVEALS INFLUENCE OF PHONETIC CATEGORY ON
NEUROMAGNETIC RESPONSES OF AUDITORY CORTEX TO VOWELS

DYNAMIC COMPONENT ANALYSIS OF AUDITORY EVOKED
NEUROMAGNETIC FIELDS. D. Poeppel. H. Attias*. H.A. Rowlev. and C.E.
Schreiner. Biomagnetic Imaging Lab, Sloan Center and Keck Center, UCSF,
513 Parnassus Ave, San Francisco, CA 94143.
Multichannel neuromagnetic (MEG) recordings are well suited to observe brain
activity with good spatial (~5mm) and excellent temporal (~lms) resolution.
However, the identification of the sources underlying the measured fields is
mathematically ill-posed due to the indeterminacy of the inverse problem. This
study demonstrates a new method for determining the sources contributing to
evoked neuromagnetic fields. Specifically, we separate the problem of source
localization from that of determining the number of sources and their time
course, permitting localization of one source at a time, rather than simultaneous
localization of multiple sources. The dynamic component analysis algorithm
(DCA; Attias and Schreiner 1997) performs blind separation of source signals
from the observed sensor recordings assuming that the former, though correlated
on a longer time scale, are statistically independent on the 1msec time scale.
Auditory evoked fields elicited by pure tone (100Hz, 1000Hz) and virtual pitch
stimuli (AM tones, 1000Hz carrier, 100Hz/200Hz mod.) were recorded
contralaterally using a 37-channel biomagnetometer (Magnes, BTi, San Diego,
CA). DCA showed that for pure tones, M60 is dominated by a single source,
whereas two sources provide the dominant contribution to M100 and M200. For
evoked fields elicited by AM tones, different source peak latencies indicate that
one source underlies the peak in spectral density (carrier freq.) and a separate
source underlies the pitch percept (mod. freq.), consistent with known frequencylatency correspondence (Roberts and Poeppel 1996).
[Supported by Biomagnetic Technologies Inc., the Sloan Foundation, and the
Office of Naval Research]

T, ftLRpterfoPtPrepiK?!*.

H,Rpwky. K,QK>vmtiaraian*. A..Maramz*.

UCSF, 513 Parnassus Ave, San Francisco, CA 94143^University of Delaware,*MIT.
A vowel is characterized by bands of spectral energy at the fundamental
frequency (F0) and at a series of hannonics, or formants. F0 carries
information about speaker voice (e.g. male/female/child), while the formants
indicate phonetic category (e.g. /a/ vs. /u/). We investigated the
neuromagnetic evoked responses to synthetic vowels (/a/, /i/, /u) as a function
of their pitch (F0), phonetic category and hemisphere, with recording
contralateral to presentation. Specifically, the latency of die evoked M100
field was determined using a large array biomagnetometer (MAGNES II,
Biomagnetic Technoplogies Inc, San Diego, CA). Six subjects were studied.
Changes in the latency of the M100 were found in both hemispheres as a
function o f vowel category (with /a/ sounds having the shortest latencies),
but not as a function of FO. This is consistent with observations with pure
tone stimuli which indicate a latency dependence on frequency, with shortest
latencies occurring in response to tones of approx. 1kHz (which is the
frequency where much of the /a/ vowel energy is concentrated), but further
points to the dominance of the linguistically relevant formants as the prime
determinator of this effect and not the more prominent F0. To verify this
observation, simpler single formant (i.e. FO and FI) vowels were
synthesized, /a/ sounds (Fl=720Hz) had consistently shorter M l00 latencies
than Ivd sounds (Fl=300Hz). No dependence on F0 was found, confirming
the dominance of higher frequency components. In conclusion, we
demonstrate that although vowel sounds contain pitch and phonetic
information, represented by FO and formants, respectively, the auditory
evoked M l00 response appears to encode in its latency a shift dominated by
the higher spectral components (formants), rendering it sensitive to
acoustically relevant phonetic information, but insensitive to the pitch o f
presented vowel stimuli.

415.13
PATTERNS OF LONG RANGE INTRINSIC CONNECTIVITY IN AUDITORY
AND LANGUAGE AREAS OF THE HUMAN TEMPORAL CORTEX
K.E. Schmidt1. W. Schlote2, H.Bratzke3. T. Rauen1*. W. Singer1and R.A.W.
Galuske1. 'MPI for Brain Res., Depts. of 2Neuropathology and 3Forensic Medicine of
the University, Deutschordenstr. 46, 60528 Frankfurt/M, FRG
Neuropsychological and functional imaging studies indicate that important steps in
language related processing of sensory information occur in the temporal cortex.
Primary auditory regions are activated bilaterally during auditory information
analysis including language tasks. However, language specific information
processing in secondary auditory areas is lateralized in the left hemisphere involving
particularly left area 22. In order to gather deeper insights into the cerebral
microcircuitry responsible for language analysis we examined the patterns of long
range intrinsic connections in Brodmann areas 41 (primary auditory cortex) and 22
(Wernicke's area) by use of post-mortem tracing with Dil and DiA.
In both areas long range intrinsic connections were identified bridging distances of
several millimeters. They discretely connected certain cortical volumes at fixed
distances forming a regular patchy network. The layout of these networks differed
between areas 41 and 22 in several aspects. First, the size of the interconnected
clusters of cells was markedly larger in area 22 (400vs.700jxm). Second, the
interpatch distance (IPD) of the clusters was larger in area 22 (900vs.l300|om). Third,
the IPD in area 22 was significantly larger on the left side (1400vs. 1200jjim), while in
area 41 such asymmetries were absent. The size of the interconnected cell clusters
did not differ between the hemispheres in both examined areas.
The increased IPD in the left area 22 could reflect a language specific
specialization of the functional architecture in this area since it is known from other
cortical areas that long range patchy connections link cortical cells according to their
functional properties. The specificity of our findings for language related neural
processes is supported by the absense of comparable differences in the primary
auditory cortex.
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NO RELATIONSHIP BETWEEN CHILD AGE AND PLANUM
TEMPORALE ASYMMETRY. H. Steinmetz*. S. Preis*. Y. Huang and L.
Jäncke**. Depts. of Neurology and Pediatrics, Heinrich-Heine-Univ., POB
101007, D-40001 Düsseldorf, ^Research Center Jülich, D-52425 Jülich, FRG.
Studies using in vivo MRI morpho
metry have shown that asymmetry of
the planum temporale (PT) is correlated
with behavioral features acquired or
determined early in human life, such as
handedness, language dominance, or
perfect pitch. Twin studies have shown
that PT asymmetry is mainly nongenetic in origin. This opens the
question o f possible "use-dependent"
anatomic changes before or after birth.
Increasing brain volume may be another
age (years)
factor influencing asymmetry.
We evaluated the high-resolution 3D-FLASH MRI data from 61 neuropsychiatrically normal right-handed children aged 3-14 years (mean/SD: 8.4/2.6 years;
32 boys, 29 girls). As expected, age and brain volume were correlated (R=.22;
P=.04). We found no relations between age and degree o f PT asymmetry dPT=
(r-l)/[0.5(r+l)] (R=.09; P=.46), or between brain volume and dPT (R=.14,
P=.27). Mean dPT/SD was -0.27/0.31, and did not differ significantly from our
adult samples. For the age range studied, the data suggest no developmental
increase in PT asymmetry with age or brain volume. This confirms previous
postmortem findings by others that dPT is mainly determined earlier. [Support:
DFG, H. & L. Schilling Foundation; study approved by Ethics Committee]

RELATIONSHIP BETWEEN SIZE AND ASYMMETRY OF RIGHT VS.
LEFT PLANUM TEMPORALE. L. Jäncke*. S. Preis*. Y. Huang** and H.
Steinmetz**. Research Center Jülich, D-52425 Jülich, Depts. o f *Pediatrics and
**Neurology, Heinrich-Heine-Univ., POB 101007, D-40001 Düsseldorf, F.R.G.
It has been suggested that structural and functional cerebral asymmetries
are primarily determined by a larger variability o f the smaller or weaker
side [eg, right planum temporale (PT) size or left hand skill in most
individuals]. As a general result, asymmetry would then imply a smaller
right+left amount compared to symmetry.

.
dPT

/

500 1000 1500 2000 2500
PT left (mm2)

w

500 1000 1500 2000 2500
PT right (mm2)

dPT

416.1

0

1000 2000 3000 4000
PT (left + right) mm2

We analyzed 3D-FLASH MRI data from 221 normal subjects aged 4-40 years
(mean/SD: 21.4/3.5 yrs). We found a negative correlation between the degree o f
asymmetry dPT=(r-l)/[0.5(r+l)] and the size o f the left PT (R= -.37; P<01),
and a positive correlation between dPT and the size o f the right PT (R=.51;
P<01). There was no correlation between dPT and left+right PT size (R=.04;
P=.55). In contrast with the aforementioned contention, our data suggest similar
contributions o f both sides to the strength o f left-right asymmetry. [Support:
DFG, H. & L. Schilling Foundation; study approved by Ethics Committee]

416.3

416.4

EFFECTS OF AGE OF ACQUISITION ON CORTICAL ORGANIZATION FOR
AMERICAN SIGN LANGUAGE (ASL): A FUNCTIONAL MAGNETIC
RESONANCE IMAGING (FMRI) STUDY. A.Newman1. D.Corina2. A.Tomann3.
D.Bavelier3*- A.Braun4.V.Clark4. P.Jezzard4. H.Neville1. U,Oregon, Eugene OR1;
U.Washington, Seattle WA2; Georgetown U., Washington DC3; NIMH, Bethesda MD\
We previously reported that when native speakers of English read English sentences
there is repeated and robust cortical activation (as indexed by fMRI) within classical
language areas and the superior temporal sulcus of the left hemisphere (LH), but little
activation within the right hemisphere (RH). Parallel studies of native signers viewing
ASL reveal similar activation within the LH, as well as extensive activation within
frontal and temporal regions of the RH. Several lines of evidence suggest that LH
specialization for English is dependent on early exposure to language. The present study
was designed to assess the hyposthesis that early exposure to ASL is essential for the
recruitment of RH regions for its processing. M ethods: Changes in blood
oxygenation/flow level (MR imaging at 4T: 8 sagittal slices (5mm), gradient echo
MBEST< 64x64, TR-4sec,TE-28ms,FOV-16cm) were recorded while 21 normally
hearing, right-handed, young adults viewed filmed ASL sentences that alternated with
nonsigns formally similar to ASL signs. Ten of the subjects were native signers, born
to deaf parents from whom they acquired ASL at the normal age for primary language
acquisition. These participants also acquired aural-oral English. Eleven subjects learned
English as a first language and then aquired ASL at the age of >15 years in the course
of becoming trained as interpreters of ASL. All subjects were certified interpreters.
Results: The hearing native signers displayed activation within inferior frontal and
STS regions bilaterally. By contrast, the late learners displayed asymmetrical activation
most pronounced within the LH. These results imply that, as has been noted for other
natural languages, delayed exposure to ASL disrupts the normative (i.e. native-like)
pattern of cerebral organization for that language. Supported by NINDS DC00128 and
the McDonnell-Pew Foundation. A.N. supported by a NSERC (Canada) PGS A.

CEREBELLAR SPATIAL DYSGRAPHIA. M.G. Leoaio*. M.C. Silveri. S.
Misciaona and M. Molinari. Dept, of Psychology, University of Rome “La
Sapienza” and Institute of Neurology, Catholic University, Rome, Italy.
New data about the cerebellar system are challenging the traditional
view of the cerebellum as a purely motor center. The cerebellar output is
not confined exclusively to the motor areas. Patients with different
cerebellar pathologies are impaired in non-motor functions such as
judging the timing of events, procedural learning, solving perceptual and
spatial reasoning problems, language abilities. Cerebellar activity is
detected during perceptual and cognitive behaviors. All these evidences
impose to redefine the functional role of the cerebellum. W e describe
two cases of spatial dysgraphia induced by cerebellar lesions. A 67 years
old man with cerebellar atrophy and 26 years old woman with a
haemorrhagic infarct involving the vermis and part of the right and left
cerebellar hemispheres presented typical cerebellar symptoms and a
writing deficit with the characteristics of the peripheral dysgraphia. In
both cases stroke and letter omissions and repetitions were detected with
a moderate tendency to sloping down writing lines. Letters with repetitive
strokes were more error prone while no written spelling errors were
detected. The evidence of the same deficit in a patient with degenerative
lesion and in a patient with acute focal lesion strongly supports the
hypothesis of a cerebellar contribution to higher-order writing processes.
In light of the hypothesized role of the cerebellum as time and procedural
controller and of its recently stressed importance in sensory
discrimination, we interpreted cerebellar spatial dysgraphia as lack of
synchrony between motor program and sensory feedback. Difficulties in
precisely timing these two sets of information will result in a decreased
ability to evaluate the correctness of the writing movements. Supported
by MURST and CNR grants to MM.

416.5

416.6

HOW OFTEN DO INDIVIDUAL NEURONS IN HUMAN TEMPORAL CORTEX
SHOW QUALITATIVELY SIMILAR ACTIVITY DURING DIFFERENT
VERBAL BEHAVIORS? George Oiemann*. Julie Schoenfield-McNeill. Department
of Neurological Surgery, Univ of Washington, Seattle 98195

PHYSIOLOGIC CORRELATES OF DEFECTIVE WORD RETRIEVAL IN
PROGRESSIVE ANOMIC APHASIA. T.J. Grabowski*. H. Damasio.
S.W. Anderson. Division of Cognitive Neuroscience, Department of Neurology,
The University of Iowa, Iowa City, IA 52242.
In normal subjects, visual naming of manipulable entities is accompanied by
increased activity in the left inferotemporal and left frontal regions. We used ,50
PET to investigate defective word retrieval in a 74 year old woman with progressive
anomic aphasia.
She and 11 normal control subjects (aged 40-70) underwent 9 injections of 45 mCi
of [150]water while performing three tasks: 1. naming manmade, manipulable
entities; 2. generating veibs associated with manipulable entities; and 3. (control)
deciding the structure of unnamable manipulable entities. The target subject
performed the control task normally, but was defective on the other tasks. PET data
were analyzed in Talairach space with a pixelwise ANCOVA that tested the
hypothesis that her task effect differed from that generated by normals.
During visual naming, the target subject activated left hemisphere regions more
than normal subjects, mainly the middle frontal gyrus (including area 46), left
inferotemporal cortex and left face sensorimotor cortex. Oibitofrontal cortex was
also activated, unlike normals. Right hemisphere regions were deactivated more
than in normal subjects. The correlates of verb generation, on which the subject was
less defective, deviated less from the normal pattern.
The subject’s defective word retrieval was correlated, in the left hemisphere, with
significant hyperactivation in the surround of areas normally engaged by this task.
Right hemisphere homologues of these regions were not recruited. Rather, right
hemisphere regions were deactivated to a greater degree than observed in normals.
The method used here permits analysis of PET activation data from single subjects
with cognitive defects. (Supported by the Charles A. Dana Foundation Clinical
Hypotheses Program, and NINDS P01NS19632.)

Among the issues in modeling the neural networks that subserve human cognition is
the extent of similar changes with different behaviors in the activity of an individual
neuron. We addressed this issue by recording activity of human lateral temporal
association cortex neurons during four verbal tasks: object naming, word reading,
recent memory for objects and recent memory for words. Extracellular recordings
were obtained from 15 neurons in superior and middle temporal gyri of 7 consenting
patients undergoing awake craniotomy for epilepsy. Statistically significant changes
in overall frequency of activity, compared to control measures were present for one of
the tasks in the 3 neurons, 2 tasks in 9, 3 tasks in 3, and all 4 and no tasks in 0.
Only two neurons showed qualitatively similar changes (excitation or inhibition) in
multiple tasks, both with the same changes during both recent memory measures.
Thus 13/15 neurons show changes in activity to only one task or qualitatively
different changes to multiple tasks. Five subjects had recordings of 2 or 3 nearby
neurons through one microelectrode. None had similar patterns of changes in activity
with the four tasks. Most neurons in human temporal association cortex are part of
the network for at least one verbal behavior, but are seldom active in a qualitatively
similar way in the networks subserving other verbal behaviors.
Supported by NIH Grants NS21724 and NS36527 and Pew-McDonnell
Foundation.
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416.8

CBF CHANGES DURING WORD-GENERATION IN PRESURGICAL
SEIZURE PATIENTS. D. Klein*. B. Milner. R.J. Zatorre. I. Johnsrude.
A.O. Olivier. M. Petrides. L. Taylor. E. Mever & A.C. Evans. Montreal
Neurological Institute, McGill University, Montreal, Quebec, Canada,
H3A 2B4.
W e have previously conducted several positron emission
tomography (PET) studies in order to examine the brain regions
activated during word generation in normal right-handed volunteers
using inter- and intra-subject averaging techniques. These studies
characterize the most common CBF patterns associated with the task,
and also capture the unique patterns related to individual differences.
Sixty patients, all with well lateralized lesions, underwent similar
scanning protocols. The patients were divided into subgroups on the
basis of the side and location of lesion, handedness, gender and side of
major speech representation as determined by preoperative intracarotid
sodium amobarbital testing of the left and right hemispheres. Regional
cerebral blood flow (CBF) was measured by the H2150 intravenous
bolus method with inter- and intra-subject averaging, and co-registration
of magnetic resonance and PET images. In the activation scan, patients
performed a synonym-generation (semantic search) task, and during
the two control scans, they repeated heard words or lay silently in the
scanner. Directed searches in the left frontal region and additional
analyses of interregional covariation provided insights about how some
specific linguistic abilities are represented and how they may be related
to issues of handedness, gender, the size of the lesion, and the
presence or absence of early lateralized brain damage. [Funded by the
Medical Research Council of Canada].

FUNCTIONAL MRI OF LANGUAGE ORGANIZATION IN PATIENTS WITH
AGGRESSIVE BRAIN TUMORS. S. Bookheimer,*M. Dapretto, K. Black and M.
Cohen. UCLA School of Medicine, Los Angeles, CA.
While patients with early onset lesions may show significant language
reorganization, far less plasticity is seen in adult onset lesions. The purpose of this
study was to determine how language organization changes in adults with aggressive
tumors of the dominant hemisphere. We used functional MRI during covert word
generation tasks to determine the location of language areas in tumor patients prior to
surgery. Subjects were 14 patients, aged 16-55 , with very large, high grade, frontal
lobe tumors. Several extended into temporal and parietal cortex; 12 were in the left
hemisphere (LH) ; two control cases were in the RH. None were aphasic, though
several reported subtle dysnomia. FMRI was performed on a 3-Tesla GE system
using EPI ( TR = 2.5; 64x64; FOV=20; 14-16 axial slices, 4mm, 1mm gap). S's
generated words by letter and semantic category , interspersed with rest. The data
were analyzed by convolving the experimental paradigm with a model of the blood
flow response and correlating this function with MR signal intensity. In patients with
tumors distant from language areas, the activated regions corresponded well to
normal volunteer studies: These were the L perisylvian IFG, bilateral anterior insula
(L>R); L superior, posterior IFG, bilateral pre-motor cortex (MFG; L>R), SMA, and
a small region in the L posterior STG (Wernicke’s area). All patients showed at least
some activation in each of these regions. Patients with tumors infiltrating the IFG
showed changes in the pattern of activation: The relative size and magnitude of
activation increased in the R insula and in Wernicke’s area, but decreased in the IFG.
Inferior-extending tumors had more LH MFG activity, while tsuperior tumors had
greater RH MFG activation. Patients with large LH tumors continue to use the same
brain areas for language processing; as tumors impinge on critical language areas, the
relative magnitude of activation among these regions changes. These data suggest
that the brain has a limited ability to reorganize in adult onset lesions: the brain
attempts to compensate by shifting neural activity to intact regions in the same
functional network. While this network includes RH homologous brain regions, the
most pronounced changes were observed within the language dominant hemisphere.

COGNITION: OTHERS—METHODS AND MODELS
417.1

DETECTING COGNITIVE ACTIVITY: M RI SY STEM
N OISE AND PH YSIO LO G IC FLU C T U A T IO N S
INFLUENCE SIGNAL DETEC TION A T 3 TESLA
J. R. Fitzsimmons. J. Scott. M. M. Bradley, B.N. Cuthbert
and P. J. Lang*. University of Florida, Gainesville, Honda 32610
The detection of cognitive activity using functional magnetic
resonance imaging has proved more difficult than investigations that
study simple sensory or motor processing. One hope is that the
higher resolution images obtained with magnets at field strengths o f 3
or 4 Tesla will help to address this deficit. The goal of the current
work was to explore the effects of various noise sources on the
detectability o f cortically activated regions o f the human brain using
functional magnetic resonance imaging (fMRI) at high magnetic fields
(3 Tesla). It has been known for some time that the MRI instrument is
a source of signal fluctuation which must be kept within a small range
in order to detect the 3-5% signal changes which typically occur in
fMRI as a consequence o f cortical activation. In addition, the
magnitude of physiologic fluctuations (including cardiac and
respiratory pulsation) has been investigated at 1.5 Tesla and shown to
be an important source of variation in the fMRI signal. It has been
suggested that higher magnetic fields may not only increase the fMRI
signal but may also increase the physiological contribution, which
would tend to minimize the overall gain in detectability. Data are
presented which quantify the various noise contributions at 3 Tesla so
that the issue of fMRI detectability at high magnetic fields may be
accurately assessed.

417.2
SIMULTANEOUS fMRI ACQUISITION OF SPATIALLY SEPARATED
REGIONS IN A CONVENTIONAL MR SYSTEM USING NON-FOURIER
ENCODING, C.G. Wible1. S.-S. Yoo2. C.R.G. Guttmann2. R.A. Spelling2. K.A. Johnson2.
R.W. McCariev*1. F.AJolesz2. LP.Panvch2
1. Department of Psychiatty, Brockton VAMC, Harvard Medical School, Brockton, MA
2. Department ofRadiology, Brigham & Women’s Hospital, Harvard Medical School,
Boston, MA
Fourier encoding in conventional MR systems does not provide the maximum
flexibility in acquiring multiple volumes or slices that are spatially separated. Non-Fourier
encoding methods were developed at our site that offer the ability to simultaneously
acquire images of spatially separated regions in any imaging plane (Yoo et al. Proc. of the
ISMRI, 1997,3, p. 1636). This method allows, for example, the simultaneous acquisition
of coronal slices through the visual cortex and the motor cortex, in order to monitor
activation from visual stimulation and from a motor response at the same time. The
validity of the method has been demonstrated using visual-motor tasks (Yoo et al. Proc. of
the ISMRI, 1997,3, p. 1636). Experiments will be presented that demonstrate the utility
of this imaging methodology. Experiments were performed using auditory stimuli
(music), and during a word generation task. The specific imaging parameters varied for
each experiment, but all images were acquired using a standard 1.5 T MR system (GE
Medical, Milwaukee, WI) using an interleaved EPI sequence that was adapted for nonFourier encoding. The imaging parameters for each experiment will be presented in detail
in the poster.
These methods will also be useful in fMRI experiments that monitor higher order
cognitive processes such as working memory or language processing that would benefit
by the simultaneous acquisition of images from, for example, frontal and temporal lobe
regions.
-With the suppport of the Whitaker Foundation and NIH CA 70314

Supported in part by NIM H grants MH52384, MH37757, & MH43975

417.3

417 .4

USING THE HEMODYNAMIC RESPONSE DELAY: A WAY TO MAKE HIGH
FIELD fMRI OF TONGUE MOVEMENT FEASIBLE. P. Erhard* and K. Ugurbil
Center for Magnetic Resonance Res., Univ. of Minnesota, Minneapolis, MN 55455
In order to be able to compare brain areas activated in different motor tasks, we
desire to have subjects perform tongue movement tasks inside the MRI scanner while
functional Magnetic Resonance Imaging (fMRI) is conducted. Movement of the
tongue introduces both head movement and susceptibility artifacts in the fMRI data.
The latter of the two artifacts is most pronounced in high magnetic field systems such
as our 4 Tesla scanner. Brain function is associated with a hemodynamic response.
This response causes the blood oxygen level dependent (BOLD) signal. We herein
make use of the delay both in the onset and in the termination of the hemodynamic
response. This is achieved by an adjusted task design and data analysis approach in the
following way: The subject repeats the tongue movement task many times for only a
brief period. After each task, period a baseline longer than necessary for motor or
sensory related signal to fully decay is appended. In order to create the functional map,
data in the early phase of the baseline is compared with data at its very end. Results
show improved activation maps.
Supported by NIH RR08079

REAL-TIME OBSERVATION of MENTAL ACTIVITY: the Autocerebroscope
M.S. Cohen*. R.A. Terwilliger. X. Hong. M. Rohan. P. Roemer UCLA Brain
Mapping Division MRI Lab. UCLA Med. School, Los Angeles, CA 90095
Functional MRI (/MRI) has been recognized widely for its ability to provide noninvasive mapping of human brain activity. In this paper we report the development
of image processing technology that provides both enhanced statistical and
quantitative accuracy and immediate display of brain activity maps. Image calculation
is performed by convolving a vector representing the subject's mental or behavioral
activity with an estimate of the brain blood flow impulse response. This is used a
reference template for correlation statistics with the intensity history of each voxel in
the brain images. When needed, a weighting function can be applied to the reference
vector to compensate for signal non-linearities.
For real-time operation, the behavioral or cognitive state of the subject is recorded
using a magnet-compatible pointing and button press device. Convolution is
performed continuously for the reference function. Using consumer-grade computers,
the statistical images and maps are formed in about 25 msec per image. A magnet
compatible display system allows the subjects to view their own brain during
activity, providing direct feedback on the relationship between localized brain activity
and mental state.
Partial Funding provided by the Scottish Rite Foundation.
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417.5
INDEPENDENT COMPONENT ANALYSIS OF SINGLE-TRIAL EVENTRELATED POTENTIALS S. Makeig*f§t, T-P. Jungt and T. J. Sejnowskit§
fNaval Health Research Center; §University of California San Diego; JSalk
Institute, La Jolla CA and Howard Hughes Medical Institute.
Event-Related Potential (ERP) averages of electrical responses to sensory
stimuli recorded at the human scalp capture voltage fluctuations both time
locked and phase locked to occurrence of the stimuli. It is widely suspected,
though poorly documented, that in single stimulus epochs the response ac
tivity may vary widely in both time course and scalp distribution. The major
difficulty in comparing single trials is that the spontaneous EEG activity may
obscure response-evoked activity, since spontaneous EEG is typically much
larger than the evoked response. Independent Component Analysis (ICA) con
structs spatial filters that can separate ERPs into spatially-fixed, temporallysparse components that are temporally independent of one another. By adjust
ing the amount of ERP and single-trial EEG data used to train the algorithm,
the resulting filters can separate larger EEG activity from ERP component activ
ity, allowing a more accurate analysis of changes in the time course and/or the
spatial distribution of ERP activity in single trials. Analysis of data from an au
ditory ERP experiment supports the observation that the relative amplitudes,
latencies and scalp distributions of individual ERP components vary indepen
dently across single trials from the same subject and session. For example, a
component composing N100 may be measurable in some but not all trials, in
dependent of the presence of a component accounting for P300. This suggests
that EEG and ERP activity may interact in ways that deserve further study.
Research supported by the Howard Hughes Medical Institute and the Of
fice of Naval Research.
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417.6
COMPARING THE ACCURACY OF EEG AND MEG SOURCE LOCALIZATION
USING A HUMAN SKULL PHANTOM. M. Huang. J.C. Mosher. R.M. Leahv+.
M.E. Spencer*, and C.C. Wood*. Biophysics Group, Los Alamos National
Laboratory, Los Alamos, NM 87545. +Signal & Image Processing Institute,
University of Southern California, Los Angeles, CA 90089-2564.
Head models for electroencephalography (EEG) and magnetoencephalography
(MEG) often assume three layers —scalp, skull, brain —with each layer assumed
uniformly and isotropically conductive. Using a real human skull, we have built an
experimental phantom comprising 32 current dipoles. The interior of the skull was
perfused with a conductive gelatin, and the exterior was coated with an approximately
three mm thick conductive latex, yielding a realistic phantom comparable to the three
layer models. The nonferrous design of the phantom made it suitable for both EEG
and MEG data collection. The 32 dipoles were activated both sequentially and
simultaneously, and EEG data were collected at 64 sensor sites about the scalp using
the Neuroscan Synamps system. MEG data were collected using the Neuromag-122
planar gradiometer array. A CT scan of the phantom was acquired to use as the
baseline for the true location of the dipoles, as well as provide the geometric
information of the boundary layers.
Both spherical head models and the boundary element method (BEM) were used as
the forward models in the EEG and MEG source localizations. Since the BEM itself
involves many approximations, we simulated spherical phantom EEG and MEG data
sets using the noise and sensor arrangements of the experimental phantom. The BEM
was again used in a nearly identical manner on this simulated data, as a control set to
understand BEM errors. Preliminary results show mean localization errors of 2.9 mm
for the MEG data and 7.7 mm for the EEG. Under investigation are the differences in
the aggregate errors of the two modalities, including registration, head modeling,
BEM approximations, and system noise.
This work was supported by the National Institute of Mental Health under Grant
R01 MH53213, and the Los Alamos National Laboratory, operated by the University
of California for the U.S. Department of Energy, under Contract W-7405-ENG-36.
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NAVIGATING TALAIRACH SPACE: A PLOTTING AND DEFINITION
ALGORITHM THAT DEFIES THE ABYSS OF A MILLION VOXELS L. S.
Yun2. A. Uecker1. K. Chen2. P. Delgado*1. E.M. Reiman1,2 1 Dept, of Psychiatry,
University of A Z;2Good Samaritan Regional Medical Center, Phoenix, AZ.
When brain mapping techniques such as positron emission tomography (PET)
and functional magnetic resonance imaging (FMRI) are used to investigate regions of
the brain that are involved in normal behaviors and those involved in the development
and treatment of behavioral disorders, statistical maps can increase the ability of
researchers to compare data from different subjects, distinguish state-dependent
changes in regional activity from noise, and compare findings from different studies.
The most commonly used algorithm is Statistical Parametric Mapping (SPM), which
normalizes each person's brain image for the variation in absolute measurements,
transforms the image into the coordinates of a standard brain atlas (Talairach and
Tournoux, 1988), and computes statistical (e.g., t-value) maps of state-dependent
changes in regional brain activity. This automated algorithm provides information
about the magnitude and spatial coordinates (in the x, y, and z axes) of maximal
changes; it provides images showing the distribution of regional changes on threedimensional surface projections; and it provides images showing the distribution of
regional changes on a digitized version of Talairach's atlas which lacks anatomical
details and Brodmann's areas. We have written a series of computer programs which
supplements SPM in several ways: (1) it automatically plots the distribution of
regional changes on a digitized version of Talairach's atlas that includes anatomical
details and Brodmann’s areas, and (2) it automatically computes a table listing of the
maximal changes within each cluster, the Brodmann's areas included in each entire
cluster, and the neuroanatomical terms used to describe the locations included in each
entire cluster. These automated algorithms, applied to the output of either "SPM
Classic" or "SPM96", eliminate the need for manual plotting and subjectively
characterizing the distribution of changes in regional brain activity, reduce
investigator time and effort, and lessen the likelihood of human error. Supported by
the Robert S. Flinn Foundation.

A C O M PU T A TIO N A L M ODEL FO R T H E P R IM A T E B R A IN
B A SE D ON ITS F U N C T IO N A L A R C H IT E C T U R E .
Alan H. Bond*,
California Institute of Technology 136-93, Pasadena, California 91125.
The primate neocortex consists in the main of a set of cortical regions
which form a perception hierarchy, an action hierarchy and connections be
tween them. By using a computer science analysis, we develop a computa
tional architecture for the brain in which each cortical region is represented
by a computational module with processing and storage abilities. Mod
ules are interconnected according to the connectivity of the corresponding
cortical regions.
We develop computational principles for designing such a hierarchical
and parallel computing system. We demonstrate this approach by propos
ing a specific causal functioning model of the primate brain. We use an
abstract level of modeling which allows one to make scientific theories con
cerning the types of data being transm itted and stored, transformations of
data, and distribution of processing over the brain.
We report on results obtained with an implementation of this model.
The environment and behaviors modeled are social behaviors in which two
or more primates jointly construct plans and actions.
The model makes approximate assignments of modules to cortical ar
eas, with functionality consistent with experimental findings. It predicts
that a perception-action hierarchy operates in the primate neocortex, and
that different levels of the hierarchy will be more active depending upon
the level of control or change currently being processed.
The model uses a simple and neurally plausible coordination tech
nique for maintaining the stability of processing within the hierarchy and
for changing processing as required by the situation. This coordination
m ethod, based on specific association of data among modules, also con
stitutes a solution to the binding problem for the neocortex. (NSF ITO
award to Pietro Perona, NSF Engineering Research Center to Caltech)
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R ole o f d o pa m in e recepto rs in th e nu cleus accum bens in
PLEASURE-ATTENUATION OF THE ACOUSTIC STARTLE RESPONSE IN RATS.
A. Schmid, M. Koch and H.-U. Schnitzler* Tierphysiologie, Universität Tübingen,
Auf der Morgenstelle 28, 72076 Tübingen, Germany.
The dopaminergic innervation of the nucleus accumbens (NAC) has been
implicated in processes by which reinforcers control instrumental behavior. Since
reinforcement has both motivational and motor components, it is useful to differen
tiate between these two aspects of reinforcement. The acoustic startle response
(ASR) is attenuated by a conditioned stimulus predicting reward. The pleasureattenuated startle (PAS) paradigm indicates reward by an attenuation rather than by
reinforcement of a response, showing the motivational impact of a treatment
independent from its motor stimulating effects. Depletion of dopamine (DA) in the
NAC by 6-OHDA prior to conditioning disrupted PAS, but it is unclear which
receptor subtype mediates the effect of DA on PAS. We tested the effects on PAS
of D1 and D2 dopamine receptor antagonists directly injected into the NAC.
Rats were tested for their ASR amplitude and then trained to associate a light
with food and sucrose. After the light (CS+) has gained incentive properties
(measured by a reduced ASR amplitude in the presence of the CS+) the rats
received injections of the D1 antagonist SCH23390 (0.3-3 txg/0.5 /¿l) or the D2
antagonist sulpiride (0.3-3 /xg/0.5 /¿I) into the NAC and were tested again for their
ASR in the presence of the CS+. SCH23390 and sulpiride reduced the spontaneous
motor activity but had no effect on PAS. Both drugs had no effect on the ASR
amplitude in non-conditioned control rats. We conclude that the blockade of D1 or
D2 receptors does not affect the expression of conditioned pleasure in the PAS
paradigm. Since an important role for the mesolimbic DA system in the mediation
of positive affect has already been shown in other models, we now test the hypo
thesis that an interaction between accumbal D1 and D2 receptors mediates PAS.
Supported by the DFG (SFB 307, SPP 1001, Graduiertenkolleg Neurobiologie)
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INIBITORY AND FACILITATORY INFLUENCES OF CONDITIONED
STIMULUS PRE-EXPOSURE ON FEEDING INDUCED RELEASE OF
DOPAMINE IN THE NUCLEUS ACCUMBENS "SHELL".
V. Bassareo and G. Di Chiara*. Dept, o f Toxicology, University o f Cagliari &
Centre for Neuropharmacology - CNR, 09126 - Cagliari, Italy.
In food-undeprived rats feeding o f an unusual highly palatable food
(Fonzies) increase extracellular dopamine (DA), monitored by means of
microdialysis, in the nucleus accumbens shell (NAc). This response undergoes
habituation in food-undeprived rats but not in rats with a partial deprivation of
standard food for 24 h. In undeprived rats pre-exposure to a conditioned
stimulus including an olfactory modality (Fonzies filled plastic box) prevents
the increase o f extracellular DA induced by Fonzies feeding. This inibition was
dependent upon the duration o f the exposure to the conditioned stimulus (>5
min.). Deprivation from standard food prevented the inhibitory influence of
conditioned stimulus pre-exposure on feeding-induced release o f DA in the
NAc. Pre-exposure to a milder conditioned stimulus not including an olfactory
modality (empty plastic box) not only fails to inhibit the increase o f
extracellular DA by Fonzies feeding, but actually potentiates it. Both types o f
conditioned stimuli induced an incentive response but the duration o f the
incentive response to the olfactory stimulus was longer than that to the non
olfactory one.
These results indicate that depending on their modality, salience and
duration, conditioned stimuli can inhibit or facilitate the responsiveness o f
mesolimbic DA to feeding o f an unusual palatable food. Adaptative changes in
the responsiveness o f mesolimbic DA to food are in turn depend on motivational
state.
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Accumbens dopamine release shows some psychophysical mismatch
to the reward effect generated by electrical stimulation o f the ventral
tegmental area.
M. Duggan1 J.B. Mitchell2. J.R. Stellar1, and G.W. Hesse1 * Department of
Psychology1, Northeastern University, Boston, MA, 02115 and Department of
Psychology2, Boston College, Chestnut Hill, MA 02167.
The dopamine (DA) projection from the ventral tegmental area (VTA) to the
nucleus accumbens (ACC), has long been implicated as a primary structure
mediating the reward effects of drugs of abuse, food, and brain stimulation.
However, data exist that contradict this hypothesis. Gratton (J. Psychiatry
Neurosci. 21:264-279, 1996) observed a temporal mismatch between cocaine
intravenous self-administration and ACC DA release, and Johnson & Stellar
(Brain Res.. 646:73-84, 1994) observed that bilateral ACC excitotoxic lesion did
not alter the threshold of lateral hypothalamic brain stimulation reward.
Rats were implanted with a VTA stimulation electrode and an ACC shell
electrochemical probe. Rats were trained and stabilized on the rate-frequency
method of self-stimulation. This method results in a curve relating stimulation
levels to lever-press behavior and yields a half-maximal threshold measure of
reward. Rats were tested for ACC DA release during the rate-frequency curve to
examine the relationship between this reward effect and the DA release.
Results indicate serious mismatches between ACC DA release and the behavior,
where little or no DA release was observed at stimulation levels in the ratefrequency curve that supported vigorous responding. However, substantial DA
release was recorded to stimulation imposed on the rat or to the eating of a
preferred food, previously shown to release DA. Results suggest that ACC DA
does not mediate all of the VTA stimulation reward effect.
(Supported by University overhead-retum funds from past NIDA grant.)
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DOPAMINE RELEASE TO SEXUALLY RELEVANT ODORS DOES NOT
DIFFER BETWEEN THE CORE AND SHELL SUBREGIONS OF THE
NUCLEUS ACCUMBENS IN THE CYCLING FEMALE RAT. E.P. Bless* and
J.B. Mitchell. Department of Psychology, Boston College, Chestnut Hill, MA
02167.
Existing evidence indicates that activity in the mesolimbic dopamine (DA)
system (MLDA) is associated with reward and motivation. One method of recording
activity within this system is by measuring DA release in a terminal region, the
nucleus accumbens (NACC). Recently much attention has been paid to the
functional differences between the two main subregions of the NACC: core and
shell. It has become apparent that these two regions receive input from different
areas as well as send efferents to distinct regions. In general, the core appears to be
most tightly connected to areas involved in motor functioning, while the shell is
more intimately tied to regions involved in limbic functioning. There is also
evidence that the areas connected with shell are more likely to be affected by steroid
hormones than are those that are connected with core. Previously, our laboratory has
found that DA release in the NACC of the female rat in response to odors from a
sexually active male rat is greatest when the animal is in estrus or among
ovariectomized females hormonally primed with estrogen and progesterone.
However, the previous studies did not distinguish between electrode placements in
core and shell. The present study, therefore examines this issue. DA release in the
shell and core was measured using electrochemistry in cycling female rats.
Electrochemical recording were performed while subjects were presented with male
odors. The above findings were replicated in that DA release in response to this
stimulus was affected by the stage of the cycle, with the release during estrus
greatest. However, there were no differences in either the magnitude of the DA
release or the degree to which the response was altered across the stages of the cycle
between the two brain regions.
Supported by intramural funds
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D E V E L O PM E N T OF C L A S SIC A L L Y C O N D IT IO N E D
DOPAMINE RELEASE WITHIN THE NUCLEUS ACCUMBENS.
John B. Mitchell.* Jennifer Lupiani and Eileen Dolan. Dept, o f
Psychology, Boston College, Chestnut Hill, MA 02167.
Activity within the mesolimbic dopamine (DA) system has been
linked to the response to motivationally significant stimuli, such as
food, sex-related cues, and drugs o f abuse. The current experiment
investigated the development o f conditioned DA release within the
nucleus accumbens (NACC), a terminal field o f the mesolimbic DA
system. Previously, we reported that DA within the NACC increased
concomitant with presentation o f stimuli that had previously been
paired with food. Male rats received 8 pairings o f a conditioned
stimulus (CS+; light or tone) with an unconditioned stimulus (UCS;
food). During each pairing, the CS+ was presented and 2 min. later
the UCS delivered. The CS+ was left on for the 10 min. during which
the subject was allowed to eat. Each subject also received 8 trials
with a CS-, tone or light presentation for 12 min. without presentation
o f the UCS. Extracellular DA concentrations were measured using
high speed chronoamperometry. The electrochemical signal was
obtained by applying a +0.55 V pulse, relative to a Ag/AgCl reference
electrode, to a carbon fiber electrode, at a rate o f 5 Hz. Elevations of
NACC D A during the CS+ developed gradually across the 8
conditioning trials. After 4 conditioning trials, presentation o f both
the CS+ and CS- elicited an increase in the electrochemical signal
within the NACC. After 8 conditioning trials, the response to the
C S+ was even larger, whereas the response to the CS- had
disappeared. Supported by Boston College.

ENHANCED REWARD OF SUBICULAR SELF-STIMULATION
OBSERVED WITH AMPHETAMINE INJECTIONS INTO THE SHELL
REGION, BUT NOT THE CORE, OF THE NUCLEUS ACCUMBENS
IN THE RAT. K.L. Sweet and D.B. Neill*. Department o f Psychology,
Emory University, Atlanta, GA 30322.
Amphetamine injections into the nucleus accumbens have been shown to
increase the number o f responses in intracranial self-stimulation (ICSS) o f
the ventral tegmental area (VTA), but little is known about the involvement
o f the limbic inputs to the mesolimbic dopamine pathway in reward. For
this study, Sprague-Dawley rats bearing electrodes in the ventral subiculum
o f the hippocampus were trained on single lever ICSS (FR 1). This
procedure was utilized due to the fairly low levels o f ICSS that were
observed. Unilateral intra-accumbens injections o f amphetamine sulfate (0,
2.5, 5.0, and 10.0 pg in ljxl) were made just prior to ICSS sessions. Our
fmdings showed that amphetamine injections into the shell region o f the
nucleus accumbens, but not the core, increased responses in a dosedependent manner when injected ipsilaterally, but not contralaterally. This
finding supports anatomical data showing that the subiculum projects to the
shell region, but not the core, o f the nucleus accumbens. This increase in
responses due to ipsilateral amphetamine injections observed with shell
injections was interpreted as reward enhancement.
Supported by grant IBN-9412703 from the National Science Foundation.
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NUCLEUS ACCUMBENS DOPAMINE RELEASE DURING REWARDED
AND NON-REWARDED OPERANT RESPONDING FOR FOOD AFTER
LIMITED VS EXTENDED TRAINING. S. Ahn*. A. Courv and A G. Phillips.
Dept. Psychology, Univ. of British Columbia, Vancouver, B.C., Canada V6T 1Z4.
Studies of goal-directed behaviors report large differences in the magnitude of
nucleus accumbens dopamine (NAc DA) release during operant responding for food
reward. However, due to differences in the extent of operant training, in terms of
the total number of training sessions employed by these studies, the question arises
as to whether NAc DA transmission changes as a function of training experience.
As well, the contributions of the rewarding value of the goal (food) and the motoric
aspect of operant responding (lever press) to increase DA release have been difficult
to dissociate.
To investigate these issues, food-deprived male Long-Evans rats were trained to
lever press (RI-30s schedule) for 45 mg food pellets during which the number of
lever presses and magazine entries were recorded. Microdialysis was used to obtain
within-subject comparisons of extracellular levels of NAc DA following limited (4
days, ipsi-NAc) and extended (10 further days, contra-NAc) operant training. On
each test day, dialysate samples were collected every 10 min (10 jil volume) during
food rewarded and non-rewarded sessions.
There was a significant 64-100% increase in NAc DA from baseline levels during
food rewarded sessions after both limited and extended operant training experience
(p<0.001), but these increases did not differ significantly between test days. After
extended training, as compared to limited training, the frequency of magazine
entries remained relatively stable, whereas the number of lever presses increased by
two-fold. Results indicate that the observed increases in NAc DA is related to the
rewarding value of food and not due per se to changes in operant responding (lever
pressing activity) over limited and extended training sessions. Funded by MRC
Canada

MICE SELF-ADMINISTER BOTH AMPA AND NMDA GLUTAMATERGIC
ANTAGONISTS INTO THE VENTRAL TEGMENTAL AREA.
V. David. T.P. Durkin*and P. Cazala- Lab. Neurosciences Comportementales et
Cognitives, CNRS URA 339, Université de Bordeaux I, Avenue des Facultés, 33405
Talence, France.
To study the role of trans-synaptic neuronal interactions between glutamatergic
(GLU) afferents and mesocorticolimbic dopaminergic (DA) neurones in internal
reward processes, male BALB/c mice were unilaterally implanted with a guidecannula above the ventral tegmental area (VTA). In these subjects the self
administration behavior for one of two doses (3 ng or 15 ng / 50nl) of either the
selective NMDA antagonist, AP-7 or the AMPA antagonist, DNQX was studied
using a spatial discrimination task (10 trials/day) in a Y-maze. Mice rapidly
discriminated the arm enabling a micro-injection of these GLU antagonists from the
neutral arm of the maze and a robust self-administration of either of these
compounds was observed from the third session of acquisition. The data provide
strong evidence that intra-VTA microinjection of either sub-class of GLU antagonist
produces a highly rewarding effect. Once the self-administration response had been
acquired, injection of the DA D2 antagonist, sulpiride (50 mg/kg i.p.) 30 min before
the test, produced a rapid extinction of the response. The latter result demonstrates
the DA D2 dependence for the intra-VTA self-administration of both subclass of
GLU antagonist. We conclude that among the various direct (monosynaptic) and
indirectly (via mediation of interposed endogenous GABAergic intemeurones)
projecting GLU afferent inputs to the DA VTA neurones, GLU axons exert in vivo,
a net tonic transynaptic inhibitory effect on neuronal activity in the
mesocorticolimbic DA system which is lifted (disinhibition) by intra-VTA injection
of either sub-class of GLU antagonist. These complex GLU/DA neuronal inter
actions in the VTA appear to play a significant functional role in the modulation of
internal and opiate-induced reward processes.
Supported by the CNRS, URA 339
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EFFECTS OF VENTRAL STRIATAL DOPAMINE DEPLETION ON THE
ACQUISITION OF PROGRESSIVE-RATIO RESPONDING IN THE RAT
V.J. Brown*. C. Davidson and E.M. Bowman. School of Psychology, University of
St. Andrews, St. Andrews KY16 9JU, Scotland.
We examined the effects of ventral striatal dopamine depletion on acquisition and
performance of lever pressing under a progressive-ratio (PR) schedule. In this
instrumental schedule, the number of lever presses for reinforcement increases
incrementally with each reinforcement (Hodos, 1967, Science, 134:943-944). Rats
responding under a PR schedule typically show an increase in the post-reinforcement
pause as a function of the schedule, which is thought to reflect a reluctance to resume
responding as the cost, in lever presses, of the reinforcement increases. Eventually,
they cease responding altogether. The value of the last completed ratio schedule is
referred to as the ‘breaking point’. Performance under a PR schedule can be used to
assess the strength of motivation: for example, breaking points are higher for rewards
of greater value.
We have previously shown that rats with ibotenic acid lesions of the core region of
the nucleus accumbens (Bowman and Brown, 1996, Soc Neurosci Abstr, 22:446)
have higher breaking points, indicating that this lesion does not decrease motivation
for food reward. These lesions, as well as lesions of the ventral pallidum (Brown et al,
1996, Brain Res Bull, 39:163-170), also disrupt the pattern of behavior as a function
of the increasing schedule, suggesting an impairment in the perception of the
increasing cost of reward. In both previous studies, the rats were trained after surgery,
raising the possibility that the impairment might be one of acquisition.
In the present study, we show that rats with ventral striatal dopamine depletion
responding under a PR5 schedule also have higher breaking points. Furthermore, this
was irrespective of whether they were trained prior to or after the lesion.

EFFECTS OF HIPPOCAMPECTOMY ON REWARD THRESHOLD AND
RESPONSE RATE DURING VTA SELF-STIMULATION. S.P. Kelley*.
A.M. Bratt. and G. Mittleman. Dept, of Psychology, The University of
Memphis, Memphis, TN 38152.
Previous findings indicate that the hippocampal formation modulates
motor output and incentive motivation via projections to the nucleus
accumbens. The first purpose of this study was to differentiate the
involvement of the hippocampus in motor and reward processes. Both
controls and rats with extensive excitotoxic lesions of the hippocampus
were trained to lever press for electrical stimulation of the ventral
tegmental area (VTA). Rate-intensity functions were generated from both
ascending and descending series of current intensities over a total of 8 test
sessions. From the rate-intensity functions, reward thresholds and maximal
response rates were calculated. Rats with hippocampal damage showed
higher maximal response rates and lower reward thresholds than controls.
In order to determine if these behavioral differences were related to
receptor-based changes in the nucleus accumbens, the effects of damphetamine (0.0, 0.25, 0.5,1.0 mg/kg, ip.), SKF 38393 (0.0, 5.0, 10.0
mg/kg, ip.), quinpirole (0.0, 0.025, 0.1 mg/kg, ip.), or 7-OH-DPAT (0.0,
0.01, 0.03 mg/kg, ip) were determined. Amphetamine, quinpirole and 7OH-DPAT altered maximal response rates. Only SKF differentially affected
reward thresholds. Specifically, lesioned animals showed increased
thresholds following this drug. These results suggest that the hippocampal
formation modulates both reward and motor output and that lesion-induced
alterations in the sensitivity of D1 receptors underlie thé observed changes
in reward threshold. This research was supported by grant from the
Scottish Rite Benevolent Foundation’s Schizophrenia Research Program,
N.M.J., U.S.A.

(Supported by Medical Research Council (U.K.), project grant to EMB, # G9531294)
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CONTRALATERAL FACILITATION OF VTA-DEPENDENT BEHAVIORS
AFTER UNILATERAL LESION OR SELECTIVE BLOCKADE OF VTA
TRANSMITTER SYSTEMS. W.Troiniar. I. Kleibor. M. Maliszewska-Scislo and
J.Tokarski. (SPON: European Brain and Behaviour Society) Dept, of Animal
Physiology, University of Gdansk, Gdansk, Poland.
Numerous neurochemical data indicate that unilateral manipulation of
dopaminergic (DA) transmission in the nigrostriatal system results in contralateral
changes in the nigrostriatal DA level of the opposite direction. Our previous study
on facilitation of VTA stimulation-elicited feeding and locomotor responses after
contralateral electrolytic lesion of the homologous VTA tissue suggests that
interhemispheric interdependence of DA transmission is functionally relevant and it
concerns also the mesolimbic system. The aim of the present experiments was to
study possible involvement of DA, GAJBA, glutamate and adenosine transmitter
systems in the mechanism of "the contralateral facilitation of VTA function."
In male Wistar rats implanted with unilateral VTA electrode and contralateral
VTA cannula, feeding or locomotor responses to electrical VTA stimulation were
measured in a latency-frequency paradigm. In separate groups of rats the effect of
unilateral 6-OHDA (8 fig) lesion or blockade of D1 (SCH 23-390: 0, 0.1, 1.0p.g) and
D2 (sulpiride: 0, 1.25, 2.5 ng) receptors as well as blockade of GABAA (bicuculline:
0, 0.5, 5.0 ng), NMDA (MK-801: 0, 1.25, 2.5 jig) and adenosine A2 (CGS-15943:
0, 1.4, 2.8 jig) receptors was tested. Suppression of DA, GABA and glutamate
transmission in one hemisphere resulted in a decrease of threshold and a leftward
shift of latency-frequency curves for both feeding and locomotion evoked from the
other hemisphere, thus mimicking the effects of the electrolytic lesions. The only
exception was adenosine A2 receptors blockade which caused either an impairment
or exerted no effect on VTA-elicited behaviors.
The results indicate that "contralateral facilitation effect" can be related to
destruction of VTA dopamine neurons or their regulatory inputs.

EFFECTS OF AMPHETAMINE, AND D1 AND D2 ANTAGONISTS ON
PROGRESSIVE-RATIO RESPONDING., * M .C. Schmelzeis, and G.
Mittlem an. Department of Psychology, The University of Memphis,
Memphis, TN 38152
This experiment compared the effects of intra-accumbens infusions
of SC H23390 (D1 antagonist: dose range = 5 0-100 ng), raclopride (D2
antagonist:
dose
range = 50ng-100ng)
and
d-amphetamine
(dose = 10ug/ul) on progressive-ratio performance (PR) in rats with
extensive hippocampal damage and controls. Dependent measures
included breakpoint and multiple indices of the vigor or efficiency of
responding. The results indicated that following lesioning rats with
hippocampal damage had higher breakpoints, inter-response times,
food entries, activity levels, and decreased response latencies
compared to controls. Injections of Raclopride or S C H 23390, resulted
in a dose dependent decrease in the activity levels in both groups.
Lesioned rats maintained higher breakpoints over controls on both
drugs. Amphetamine infusions produced dose dependent increases in
inter-response times in lesioned rats, but lower food entries, activity
levels and breakpoints than controls. The general pattern of results
indicated that responding in both groups was altered after drug
infusions. However, when group differences in responding occurred,
lesioned animals were more sensitive to the performance altering
effects of these drugs. These results implicate both sub-types of
receptors in maintaining food rewarded responding and specifically
suggest the more prominent involvement of D1 receptors in
responding in this task.
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I N T ERACTION
PROPER T I E S
BETWEEN
HINDBRAIN
AVERSIVE
S T I M U LATION A N D D O R S A L R A PHE R E W A R D I N G S T I M U L A T I O N IN
THE
RAT.
frL.P.IQT.TE*/__ a n d __ E .Miliaressis.
Behav i o r a l
N e u r o p h y s i o l o g y lab., U n i v e r s i t y of Ottawa, D e p artment
of Psychology, Ottawa, Ontario, K I N 6N5.
A nde r s o n , D i o t t e &. M i l i a r e s s i s {1995) u s e d the
p a i r e d pul s e
te c h n i q u e
to e x amine
the in t e r a c t i o n
b etween the r e w a r d i n d st i m u l a t i o n a nd a v ersive effects
of V T A
{ventral t e g m e n t u m area)
an d GI
(giganto
cellular reticular nucleus area) stimulation in the rat.
Th e y repor t e d an a l g e b r a i c s u m m a t i o n of V T A a n d GI
effects
follo w e d
by
a
compl e t e
and
long
last i n g
su p p r e s s i o n of GI aversion, after a few sessions of
combined
VTA-GI
s e l f-stimulation.
In
the
pres e n t
experiment, we wanted to know if the same phemonenon can
be found using a different reward brain site (the dorsal
r a p h e , D R ) . Six rats w ere i m p l a n t e d w i t h two m o n o p o l a r
moveable electrodes, one in the DR and the second in the
G I . In the .first p h a s e
,a v e r s i o n wa s v e r i f i e d b y
m e a s u r i n g l a t e n c y to e s cape GI stimulation.
In the
second phase, the rewarding effect of the DR stimulation
was m e a s u r e d b y p l o t t i n g the funct i o n relat i n g selfstimu l a t i o n rate to p u l s e s frequency. The a i m of the
third experimental phase was the collection of the ratef r e q u e n c y f u nction in a c o n d i t i o n w h e r e each b a r p r e s s
would stimulate both DR a nd GI sites. Surprisingly, the
last phase of the experiment was i m p o s s i b l e to conduct,
because the self-stimulation of the DR alone resulted in
complete and lo n g l a s t i n g o p p r e s s i o n GI aversion. W e
conc l u d e d that p r e - t r e a t m e n t w i t h s e l f - s t i m u l a t i o n of
the DR alone i s . s u f f i c i e n t to suppr e s s GI aversion.

DIFFERENTIAL EFFECTS OF INDIRECT 5HT/DA AGONISTS ON
PROGRESSIVE RATIO RESPONDING IN RATS WITH HIPPOCAMPAL
SUBFIELD LESIONS. A. M. Bratt*. J.P. Knowles, and G. Mittleman. Dept.
Psychology, University of Memphis, Memphis, TN 38152.
These studies investigated the effects of d-amphetamine and its analogue, (dl)fenfluramine on indices of incentive motivation in control and hippocampally
damaged rats using a food-rewarded progressive ratio-10 (PR-10) operant task.
Although previous studies have shown that both agents decrease overall food
intake, few have contrasted these drug effects on complex operant responding.
Using standard procedures, 28 male rats were trained on the PR-10 schedule.
Once responding stabilized, rats received either an electrolytic lesion of the
fimbria-fomix (FIFO), an excitotoxic lesion of the subiculum (SUB), or acted as
unoperated controls. Eight dependent variables were used to assess levels of
incentive motivation, post reinforcement pause, inter-response times, lever press
durations, time-out responses, food tray entries, reward collection latency,
locomotor activity, and breakpoint. In comparison to controls, post-op breakpoint
was significantly higher in FIFO-lesioned rats and significantly lower in
subiculum-lesioned rats, indicating differential lesion effects on incentive
motivation to self-administer food. Amphetamine (0.125-2.0 mg/kg i.p. 10 min.
pretreatment) and fenfluramine (0.25-2.0 mg/kg i.p. 30 min. pretreatment) mainly
produced effects indicative of increased satiation, including dose-dependently
increasing inter-response times and decreasing time-out responding. Opposite
drug effects were observed on breakpoint, with amphetamine dose-dependently
increasing and fenfluramine significantly decreasing BP. No group x dose
interactions were found for any measure, indicating similar sensitivities to the
behavioral effects of these drags. These data will be discussed with respect to the
relative DA / 5HT releasing effects of both agents and their effects on motivation
to obtain food.
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EFFECTS OF DOPAMINE ANTAGONISTS ON APPETITIVE AND
CONSUMMATORY BEHAVIORS DIRECTED TOWARD PRIMARY
AND SECONDARY REINFORCERS. M. Vigorito* and C. Gomez
Department of Psychology, Seton Hail University, South Orange, New
Jersey 07079.
We used a laboratory model of predation in the rat to explore the
effects of dopamine antagonists on appetitive (e.g., anticipatory
approach) and consummatory behaviors directed toward a primary and a
secondary reinforcer. When brief physical contact with a moving ball
bearing (BB) is followed by food, rats display complex predatory behavior
toward the BB. In our procedure the appearance of a BB into the test
chamber is preceded by a 3 sec warning signal. Rats respond to the
signal by approaching the entrance hole in anticipation of the BB,
capturing the BB as it enters the chamber, carrying it to the area near the
food tray and dropping it in anticipation of the food pellet. After
consuming the food (a primary reinforcer) most rats return to the BB (a
secondary reinforcer) and display consummatory behavior toward it (e.g.,
hold, bite, and gnaw it). Moderate doses of pimozide (0.5 & 0.75 mg/kg)
reduced anticipatory responses to the signal and increased the latency to
approach the food tray, but had little effect on consummatory behavior
toward the food and BB. Sulpiride (40 & 80 mg/kg) had no effect on any
of the behaviors. After 5 days of extinction (60 BB-only presentations)
rats continued to approach and capture the BBs showing no evidence of
extinction, but they were less likely to approach the food tray after a
capture. Amphetamine (0.5 mg/kg) administered on a 6th extinction day
restored the approach to the food tray but did not affect captures. The
laboratory simulation of predation in rats provides a useful procedure for
studying the neural mechanisms mediating appetitive and consummatory
components of motivated behavior.

EFFECTS OF PEDUNCULOPONTINE TEGMENTAL NUCLEUS (PPTg)
LESIONS ON SUCROSE CONSUMPTION, CHOICE AND CONTRAST
TESTS M,C Olmsfead.JfcL M is. C,P. .f e yrd6au^El,.C.ljrkg^ J L ^ a M m
B. J. Everitt and T.W. Robbins. Dept, o f Experimental Psychology, University of
Cambridge, U.K. CB2 3EB
The PPTg is implicated in the mediation o f reward in that PPTg lesions block
place preferences conditioned to drugs or food and disrupt responding for
intravenous heroin or lateral hypothalamic self-stimulation. Interpretations of
these results are complicated because lesioned animals do not exhibit rewarding
deficits when they are in a state o f deprivation and cannot discriminate between
rewarded and non-rewarded levers in operant paradigms. Thus, it is not clear
whether PPTg lesions block reward p er se or render animals unable to
differentiate reward magnitude or modulate their behaviour in response to
changes in reward strength. We tested these hypotheses by measuring sucrose
consumption, choice and contrast effects following lesions of the PPTg. In Exp.
1, neurotoxic-induced PPTg lesions increased fluid consumption during 30 min.
o f free access to different concentrations o f sucrose (0%, 4%, 8%, 16% or 32%).
Intake o f both sham and lesioned animals was higher when food deprived than
when sated and there was no evidence o f an interaction between lesion and
motivational state.In Exp. 2, given a choice between 0% and 32% or 4% and
16%, all animals consumed more o f the higher sucrose concentration. Again,
overall intake was higher in lesioned animals and intake o f both groups increased
when they were food deprived. Data from Exp. 3 shows that lesioned animals
exhibit contrast effects when the sucrose concentration is shifted within a session
from 32% to 4%. These results suggest that deficits in reward following PPTg
lesions are unrelated to disruptions in primary motivation or the ability to
evaluate its magnitude. Supported by funds from the Human Frontier Sciences
Program Organization (MCO) and Welcome Trust (WL1).

418.17

418.18

RECOVERY OF REWARDING EFFECTIVENESS OF LATERAL
HYPOTHALAMIC SELF-STIMULATION FOLLOWING ELECTROLYTIC
LESIONS. L. Whitehurst*. E. G rdndmaitre and G. Fouriezos, Univ. of
Ottawa, Ottawa, ON K1N 6N5.
This study exam ined the rapid return to baseline of self-stimulation
(SS) frequency thresholds (FT) following electrolytic lesions. After the
application of unilateral radio frequency lesions that initially increased
thresholds by as much as .69 log, recovery w as first tracked under
different stim ulation regimens to see if the electrical stim ulation itself
facilitated recovery. After five days of stable frequency thresholds, 27
rats were lesioned through the stim ulating electrode then assigned to
one of four groups: tested daily, every other day, every fourth day, or
only on Days 1 and 13. The stim ulation regim en neither accelerated
the rate nor affected the degree of recovery; rats in the first three
groups showed approxim ately 90% recovery at post-lesion Day 5. In
the second experim ent, im pedance of the tissue near to the stim ulating
electrode was m easured to see w hether recovery from something like a
local edema or disturbed ionic balance m ight account for the rapid
recovery. Six rats w ere im planted w ith both a stim ulating electrode
and a “probe” electrode 0.3 to 0.5 mm dorsolateral to the stim ulating
electrode. Voltages w ere read at both electrodes and the skull-screws
return, and used to calculate the im pedance of the tissue surrounding
the electrode during the five days of baseline and the 13 days of post
lesion testing. The lesion caused tissue im pedance to fall then rise
again, closely following the time course of recovering frequency
thresholds. The rapid recovery of thresholds may be due to an ionic or
edemic change in the tissue near the electrode that repairs over time.
Supported by NSERC.

REVERSAL OF THE RACLOPRIDE EFFECT ON SELF
STIMULATION BY TEGMENTAL INJECTION OF GAB A IN THE
RAT. Nakaiima. S.*. Shi. L.. and Patterson. R. L. Department of
Psychology, Dalhousie University, Halifax, N ova Scotia, Canada.
The rewarding effect o f brain stimulation can be reduced by indu
cing depolarization block in the mesolimbic dopaminergic neurons. In
order to do so, tegmental injection o f morphine (Rompre & Wise, 1989)
or 6-OHDA lesions (Doherty & Gratton, 1991) has been used in combi
nation with systemic injection o f dopamine antagonists. Apparent
depolarization block, however, can be induced by injecting a dopamine
antagonist into the ventral tegmental area (VTA) without additional
morphine or 6-OHDA.
Rats were implanted with an electrode and a cannula, and trained for
lateral hypothalamic self-stimulation. Injection o f raclopride (10 n mol)
into VTA through the cannula, ipsilateral to the electrode, increased the
threshold o f rewarding effect more than 0.2 log units (75% in stimu
lation frequency). The behavioural effect was significantly reversed by
adding GABA (5 - 20 n mol) into the antagonist solution. GABA alone
did not alter the threshold. Similar increase in threshold was observed
after injection of raclopride into the nucleus accumbens, but this effect
was not reversed by adding GABA into the raclopride solution. The
results suggest that raclopride reduced the rewarding effect of brain
stimulation by inducing depolarization block in the mesolimbic
dopaminergic neurons, and that GABA prevented the block by hyper
polarizing the neurons.
(Supported by Natural Science and
Engineering Research Council o f Canada)

SLEEP II
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M O D A FIN IL , AN A W A K E N IN G D R U G , SE L E C T IV E L Y
M ODULATES ENERGY M ETABOLISM IN ASTROCYTES
L. Pellerin. O. Sorg. I. Allaman. J.-L. Martin*. L. B enel1 and P.J.
Maeistretti. Laboratoire de recherche neurologique, CHUV et Institut
de Physiologie, Université de Lausanne, Switzerland and Centre de
recherches, Laboratoire L. Lafon F94701, Maisons-Alfort, France.
Modafinil is a recently discovered awakening drug which is
successfully used for the treatment o f narcolepsy. Interestingly, the
molecular mechanism subserving this effect is largely unknown. An
array o f evidences indicates some relationships between cerebral
energy metabolism and sleep. We have therefore tested the effect of
modafinil on glycogen metabolism in astrocytes. Modafinil stimulates
glycogenolysis within minutes o f application. The EC50 o f the glyco
genolytic effect is approximately 300 |iM with a threshold between 50
and 100 ¡iM. This effect is not mimicked by CRL 40467, a modafinil
analog with no awakening activity. Modafinil modestly stimulates
cAMP formation but increases significantly inositol phosphates pro
duction. In contrast to cAMP-stimulating neurotransmitters, like
noradrenaline (NA) and VIP, modafinil does not induce a timedelayed (6-12 hours) glycogen resynthesis following short-term gly
cogenolysis (Pellerin & Magistretti, Cerebral Cortex, 6:50-61, 1996).
We found however that modafinil inhibits glycogen resynthesis indu
ced by either NA or VIP. These results indicate that modafinil exerts
marked effects on astrocyte glycogen metabolism, further suggesting a
possible link between cerebral energy metabolism and sleep/wake
cycle.

PARADOXICAL SLEEP DEPRIVATION DECREASES [3H]NISOXETINE
BINDING TO THE NOREPINEPHRINE TRANSPORTER IN RAT BRAIN.
D.C. Hipolide1, R. Raymond2. S. Tufik1 and J.N. Nobrega2 *. 'Psychobiology
Department, Universidade Federal de S3o Paulo, S.P., Brazil and2 Clarke Institute
of Psychiatry, Toronto, Canada, M5T 1R8.
The observation that locus coeruleus noradrenergic cells virtually cease firing
during paradoxical sleep (PS) has led to the hypothesis that one of the functions of
PS is to restore the sensitivity of noradrenergic receptors in brain. In the present
study we examined the possibility that such changes may occur at the level of the
norepinephrine transporter (NET) as well. Ten rats were preferentially deprived
of paradoxical sleep by a multiple platform procedure and sacrificed 96 hr later
along with 10 home cage controls. NET binding was examined by autoradiography
in slide mounted sections incubated with 3 nM [3H]nisoxetine in the presence or
absence of 1
mazindol. Compared to controls, sleep deprived animals showed
decreased binding in all of the 44 brain areas examined. Statistically significant
reductions were seen in the ant. cingulate cortex (-14%), endopiriform n. (-14%),
ant. olfactory n. (-18%), ventral pallidum (-14%), medial preoptic area (-18%),
anteromedial thalamic n. (-15%), retrochiasmatic/ arcuate hypothalamus (-18%),
and rostral raphe (-17%). Binding was also reduced in NET-rich sleep-relevant
areas such as locus coeruleus (-10%) and lateral parabrachial nucleus (-16%),
although these effects were not statistically significant. These findings indicate that
sleep deprivation has clear effects on the norepinephrine transporter. Insofar as
the observed downregulation may reflect the continuing presence of
neurotransmitter in the synaptic cleft, these data are consistent with evidence of
persisting noradrenergic cell activity during sleep deprivation. They are also
consistent with the possibility that the norepinephrine transporter undergoes
progressive desensitization during normal waking and is restored to full sensitivity
during paradoxical sleep.
(Supported by AFIP and CNPq, Brazil).
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NORADRENERGIC PRESYNAPTiC INHIBITION OF ACETYLCHOLINE
RELEASE IN THE RAT PONTINE RETICULAR FORMATION: AN IN
VITRO ELECTROPHYSIOLOGICAL AND IN VIVO MICRODIALYSIS
STUDY. K. Semba*1. R.W. Greene2. P.P. Rasmusson3. R.W. McCariev2.
and J. Weider*. Pepts. of ^ n a t. & Neurobiol. and 3Phvsiol.& Biophvs
Dalhousie Univ., Halifax, N.S., B3H 4H7 Canada and 2Harvard Med. Sch.
and Brockton VAMC, Brockton, MA 02401.
Mesopontine tegmental cholinergic neurons are thought to be responsible
for inducing REM sleep by releasing ACh in the pontine reticular formation
(PRF). However, many neurons in the mesopontine tegmentum are known
to be active not only during REM sleep but also during wakefulness. One
explanation for this apparent paradox is that, during wakefulness, the ACh
release in the PRF is tonically inhibited by noradrenaline released by locus
coeruleus neurons, which innervate the PRF and are most active during
wakefulness. To investigate this possibility, carbachol (CARB, 1-10 pM) or
the a2 adrenergic antagonist idazoxan (IP, 1 pM) was bath applied to PRF
neurons in in vitro slices, with 73% of them responding in the same manner
to both drugs. Specifically, 9 of these neurons increased firing, 4 decreased
firing and 6 were unaffected. Atropine (0.5 pM) blocked the effects of both
CARB (n=3) and ID (n=4) in all cases tested. In a high Mg2+ and low Ca2+
medium, IP had no effect (n=10), but CARB increased baseline firing in 9 of
the 10 neurons tested. In urethane-anesthetized rats, pedunculopontine
stimulation produced an increase (89%) in ACh release. IP applied to PRF
had no effect on basal ACh release from PRF, but doubled the evoked
release, while also potentiating poststimulus release. These results suggest
that noradrenaline presynaptically inhibits ACh release in PRF, and that this
inhibition might be partially responsible for low ACh release in PRF, thus
preventing REM sleep induction, during wakefulness. Supported by MRC,
Scottish Rite Charitable Fdn., and Pept. of Veterans Affairs.

RESPONSES TO BLADDER DISTENTION OF PONTINE TEGMENTAL
NEURONS IN RATS: NORADRENERGIC, CHOLINERGIC AND
BARRINGTON’S NEURONS. Y. Kovama. Y. Kavama* N. Imada. A
Kawauchi. & H. Watanabe. Dept. Physiol., Fukushima Med. Col., Fukushima
960-12; Dept. Urol., Kyoto Prefectural Univ. Med., Kyoto 602, Japan
In the rat the Barrington’s nucleus (BN), a urination center, locates
in the central gray of the pontine tegmentum just between the locus
coeruleus (LC) and laterodorsal tegm ental nucleus (LDT) which are
formed by tight aggregation of noradrenergic and cholinergic neurons,
respectively. The location seems to be appropriate to elevate vigilance
level by the urine-filled bladder of adults (or developed children) to
prevent enuresis. It has been shown that LC neurons respond with
excitation to bladder distention. Here we report a relation of the bladderinduced excitation with EEG change. Besides, the responses of neurons in
the vicinity, LDT and BN, to bladder distention are reported.
In urethane-anesthetized male rats, the bladder-induced excitation of
LC neurons appeared only when the anesthesia was deep as expressed by
large slow waves, accompanied by a shift of EEG pattern to that of light
anesthesia; no such response was observed during already light
anesthesia, though excitation by noxious stimulation appeared constantly.
LDT neurons responded similarly. B N neurons were silent and tonically
activated by bladder distention. They fired prior to spontaneous bladder
contraction. (Funded by a regular budget of the college.)
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NORADRENALINE EXCITES A SUBPOPULATION OF NON-CHOLINERGIC
LDT NEURONS.
Kristi A. Kohlmeier* and Peter B. Reiner, Kinsmen Laboratory
Neurological Research, Dept. Psychiatry, Univ. British Columbia, Vancouver, B.C.
Canada, V6T 1Z3
Cholinergic neurons of the laterodorsal tegmental nucleus (LDT) have been
hypothesized to play a critical role in the generation and maintenance of rapid eye
movement sleep. Less is known about the function of non-cholinergic LDT neurons.
As part of our ongoing studies of the brainstem circuitry controlling behavioral state,
we have begun to investigate the functional properties of these neurons. In the
course of these experiments, we have observed a novel response to the
neurotransmitter noradrenaline (NA).
Whole-cell patch clamp recordings of LDT neurons were carried out in 21-28 day
old rat brain slices. A sub-population of LDT cells (/?=20) responded to application
of 50 )o.m NA with a depolarization (7.5 + 1.3 mV) and a 14.3 ± 4.0% decrease in
input resistance which lasted 3-4 minutes. Remarkably, following return to resting
membrane potential, these cells invariably exhibited barrages of EPSPs which lasted
at least 12 minutes. These EPSPs were reversibly abolished by bath application of
TTX (0.3 p.m), as well as the non-NMDA receptor antagonist CNQX (10|xm) but
were insensitive to application of the NMDA receptor antagonist AP-5 (50 |_im). To
examine whether these neurons were cholinergic, the recorded cells were labeled
with biocytin and tested for co-localization with NADPH-diaphorase, a marker for
LDT cholinergic neurons. In every instance, neurons with these properties were
non-cholinergic. However, they were always located in close proximity to NADPHdiaphorase positive LDT cells.
NA has been shown to inhibit cholinergic neurons of the LDT. The present data
indicate that NA, in addition to directly inhibiting cholinergic cells of the LDT, also
results in the direct and indirect excitation of non-cholinergic cells of the LDT. The
indirect excitation is long lasting and mediated by glutamatergic mechanisms. Our
working hypothesis is that these non-cholinergic cells are local circuit inhibitory
interneurons. Prolonged excitation of these neurons by NA may serve as a further
mechanism for inhibition of cholinergic LDT cells during wakefulness when NA
tone is high.
[Supported by MRC Canada and the National Sleep Foundation, USA]

A 5-HT1AAGONIST IN THE LATERODORSAL TEGMENTAL NUCLEUS (LDT)
INHIBITS REM-ON NEURONS BUT HAS NO EFFECT ON WAKE/REM-ON
NEURONS AS REVEALED BY COMBINED UNIT RECORDING AND
MICRODIALYSIS. Mahesh M. Thakkar*. Robert E. Strecker and Robert W.
McCariev. Dept, of Psychiatry, Harvard Medical School, VA Medical Center, Brockton,
MA 02401, USA.
The cholinergic neurons of the laterodorsal and pedunculopontine tegmental
nuclei (LDT/PPT) have been implicated in regulation of REM sleep. In the LDT/PPT
region extracellular unit recordings show two types of REM sleep-related unit activity.
1) REM-on neurons have discharge activity that is selective for the REM phase of sleep.
These neurons are thought to promote the events of REM sleep via their projections to
reticular formation effector neurons and to the thalamus. 2) Waking- and REM-on (W/Ron) neurons have selective discharge activation during both REM and wakefulness and
are thought to promote the EEG activation characteristic of both states through their
projections to thalamus. However, the pharmacological and/or connectivity differences
responsible for the REM-on and W/R-on differences in discharge characteristics of these
units have remained unidentified. We have recently developed techniques for
simultaneous unit recording from microwire bundles that are adjacent to microdialysis
probes that can be used to perfuse pharmacological agents. Using this technique, we
studied the effect of 5-HT1Aagonist 8-OH-DPAT on LDT/PPT cholinergic extracellular
unit activity. We found that 5-HT1Aagonist 8-OH-DPAT suppressed the discharge
activity of REM-on neurons, but had minimal or no effect on the W/R-on neurons. These
data are compatible with a 5-HT1A-mediated inhibition of REM-on neurons. The discharge
selectivity of REM-on neurons for REM, as contrasted with W/R-on neurons, may be
explained by a differential sensitivity to 5-HT at 5-HT1A receptors and/or a differential
receptor distribution. These data support the reciprocal interaction model postulate of
serotonergic inhibition of REM-promoting cholinergic neurons. Supported by NIMH grant
MH39683; Dept. Vet. Affairs.
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GABA MODULATES THE DORSAL RAPHE AND ALTERS THE PATTERN OF
SLEEP-WAKING. Alvhild A. Biorkum*. Robert E. Strecker. Taria Porkka-Heiskanen1
Dag Stenberg1. and Robert W. McCariev. Psychiatry, Harvard Med. Sch., Brockton
VAMC, Brockton, MA, USA, and 'Inst. Biomed., Univ. Helsinki, Finland
The neural mechanism that produces the slowing of serotonergic (5HT) dorsal raphe
(DRN) unit activity in sleep is not known. We have recently shown that 5HT neurons can
inhibit themselves via recurrent collateral inhibition, resulting in an increase in REM
sleep (Portas et al. J.Neurosci. 16:2820,1996). Here we show evidence that GABA can
also inhibit DRN serotonergic activity and increase REM sleep. Male cats were prepared
for chronic sleep studies (EEG, EOG, EMG, & PGO electrodes). Microdialysis probes
were lowered through guide cannulae into the DRN and perfused with artificial CSF at
a rate of 1,5^1/min. Selected samples were analyzed by microbore HPLC for GABA or
5HT. In addition, GABAergic drugs were added to the perfusate and changes in both
extracellular neurotransmitter levels and sleep-wake distribution were assessed.
Measurements of extracellular GABA levels in the DRN supported an earlier report by
Nitz and Siegel; GABA levels were similar in wakefulness and SWS, but tended to be
higher during REM sleep. Pharmacological blockade of GABAergic input to the DRN
by local microdialysis perfusion with bicuculline (3, 30, 300 jiM) produced a dose
dependent increase in both extracellular 5HT levels and the time spent in the waking
state. The data suggest that DRN neurons are under a tonic GABAergic inhibition. One
possibility, raised by our studies, is that multiple mechanisms work together to inhibit
5HT DRN activity during sleep. High levels of both adenosine (companion abstract) and
5HT in the DRN during waking produce an increase in inhibitory tone that could start
the slowing of 5HT unit activity observed in the transitional stages of drowsiness and
SWS. Further inhibition of 5HT activity in REM sleep could reflect the additional
contribution of the extracellular GABA levels shown to be higher in REM sleep.

ADENOSINE ACTIONS ON THE DORSAL RAPHE NUCLEUS: ALTERED
SLEEP-WAKING PATTERN. Robert E. Strecker*. Taria Porkka-Heiskanen1. Alvhild
A. Biorkum and Robert W. McCariev. Psychiatry, Harvard Med. Sch., Brockton
VAMC, Brockton, MA, USA, and ‘Inst. Biomed., Univ. Helsinki, Finland.
Multiple lines of evidence indicate a role for the serotonergic (5HT) dorsal raphe
nucleus (DRN) neurons in the control of REM sleep, possibly via a 5HT inhibitory
projection to the LDT/PPT cholinergic neurons, which themselves promote REM sleep.
Thus, when 5HT DRN cells slow their discharge activity in SWS and are silent in REM,
the cholinergic cells are disinhibited and REM sleep occurs. The neural mechanism that
produces the slowing of 5HT DRN unit activity in sleep is not known. Here we examine
the role of adenosine (AD) in the inhibition of DRN 5HT activity. Microdialysis
perfusion experiments were conducted in male cats prepared for chronic sleep studies
(EEG, EOG, EMG, & PGO electrodes). Microdialysis probes were lowered through
guide cannulae into the DRN and were perfused with artificial CSF at a rate of
1.5fil/min. Selected samples were analyzed by microbore HPLC for adenosine or 5HT.
Extracellular AD levels were higher in the DRN during wakefulness than sleep (W=21.5
±4.1 nmol/1, S=8.5 ± 1.4 nmol/1, pair t(3)=3.6, p<0.05). The concentration of AD in the
DRN was selectively increased twofold by local perfusion of the AD transport inhibitor
S-(4-Nitrobenzyl)-6-thioinosine (NBTI, lp M ) for 4h. The pre-NBTI basal AD level was
9.6 ± 1.3 nM; concentration after NBTI was 18.7 ± 2.8 nM (n=6, paired t (5)=3.3, p <
0.05). This DRN microdialysis perfusion with NBTI also doubled the amount of REM
sleep (N=6; p < 0.02). The decrease in waking was not statistically significant; SWS was
unchanged. These data are consistent with the hypotheses that 1) prolonged wakefulness
results in an increase in extracellular AD which acts on selected CNS sites to promote the
transition from wakefulness to sleep, and 2) adenosine is one of the endogenous factors
that play a role in the inhibition of DRN neurons and the consequent induction of REM
sleep. Research supported by NIM H grant M H 39683; Dept. Vet. Affairs.

Research supported by NIM H grant M H 39683; Dept. Vet. Affairs, Fulbright Fellowship
to AAB.
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THE INHIBITION OF RAPID EYE MOVEMENT SLEEP REBOUND
FOLLOWING THE ACTIVATION OF ADENYLATE CYCLASE. C.E. Teel and
R.K. Zoltoski*. Departments of Biology and Psychology, Brock University, St.
Catharines, Ontario, Canada, L2S 3A1.
This study has been designed to create a mechanistic view of rapid eye movement
(REM) sleep at a second messenger level. The cholinergic system regulates REM
sleep, with studies implicating the non-Ml receptor as being important for
maintenance of REM sleep. When stimulated, these receptors act through Gi to
inhibit adenylate cyclase (AC). It has bee previously shown that forskolin inhibits
carbachol-stimulated REM sleep, but not normally occurring REM sleep in the cat.
Therefore, we hypothesized that REM sleep rebound would be inhibited following the
activation of AC by forskolin.
Long Evans rats were chronically implanted with a standard set of sleep electrodes
as well as a cannula into the fourth ventricle. Following 72 hours of selective REM
sleep deprivation using a 24 hr computer-driven rocking cage, rats were centrally
injected with either forskolin (3 pig/ 1 |al, n = 5) or 10% DMSO solution (n = 9). Sleep
records were recorded for 6 hours and analyzed. The administration of forskolin
inhibited the REM sleep rebound (% change in REM sleep: control 102 ± 26,
forskolin 26 ± 10) and decreased the length of each REM bout (post REM deprivation:
control 3.1 ± 0.9 min, forskolin 2.4 ± 0.4 min ).
The fine balance between the cholinergic and aminergic neurotransmitter systems to
create REM sleep may in part be mediated by the AC second messenger system. The
role of each receptor system in REM sleep maintenance will need to be further
analyzed using selective ligands in conjunction with forskolin.
Supported by Brock University, Departments o f Biology and Psychology.
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THE EFFECTS OF TEMPERATURE AND THE GABAa AGONIST,
MUSCIMOL, IN VITRO ON NEURONS OF THE HORIZONTAL LIMB OF
THE DIAGONAL BAND OF BROCA IN THE RAT BASAL FOREBRAIN.
T. Havs*, R. Szvmusiak and D. McGinty Neurophysiology Research (151A3)
V.A. Medical Center, North Hills, CA 91343
Thermoregulation and sleep appear to be coupled in the horizontal limb of
the diagonal band of Broca (HDB). To investigate the role of GABA on
thermosensitive HDB neurons, we studied the in vitro effects of temperature and
the GABAa agonist, muscimol, on neurons of the HDB. Of 23 HDB neurons
tested 17 neurons (74%) were warm sensitive (WS), 4 neurons (17%) were
temperature insensitive, and 2 additional neurons (9%) were both warm and cold
sensitive (WS/CS). Baseline firing rates in 8 of 9 neurons decreased by at least
40% or by more than 4 Hz with 0.25^M muscimol application. Seven of 10
neurons showed similar decreases in firing rate with an application of muscimol at
a lower dose of 0.1 ^M.
In the majority of HDB neurons, muscimol decreased thermosensitivity;
defined as the slope of the linear regression of firing rate as a function of
temperature.
At the 0.25 jiM dose, 8 of 10 neurons had decreased
thermosensitivity. However, 5 of these neurons had a complete cessation of firing
which accounted for the thermosensitivity change. The remaining two HDB
neurons had increased thermosensitivity. Muscimol at the 0.1 jxM dose had
similar effects on thermosensitivity with 8 of 10 neurons showing a decrease in
thermosensitivity, and 2 neurons exhibiting increased thermosensitivity. These
results demonstrate that in vitro the HDB contains inherently thermosensitive
neurons and these neurons respond to the GABAa agonist, muscimol, at doses of
0.25 and 0.1 jxM. (Supported by PHS grant MH47480 and the Medical Research
Ser\>ice o f Veterans Affciirs).
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GABAERGIC SYNAPTIC TRANSMISSION IN THE NUCLEUS PONTIS
ORALIS: A MECHANISM CONTROLLING THE GENERATION OF ACTIVE
SLEEP. M.-C. Xi*. F.R. Morales and M.H. Chase. Department of Physiology and
the Brain Research Institute, UCLA School of Medicine, Los Angeles, CA 90024.
To the best of our knowledge, other than anatomical evidence which indicates that
GABAergic neurons and terminals are distributed in regions critically involved in the
generation of active sleep (Jones, Neurosci., 40:637-656, 1991), physiological data
concerning their functional relevance to the circuits controlling active sleep are
lacking. The absence of critical information dealing with GABAergic processes and
active sleep is even more enigmatic when one considers that GABA is the most
abundant inhibitory neurotransmitter in the central nervous system, and that
GABAergic systems figure prominently in various circuits and gating mechanisms
throughout the nervous system. Accordingly, we examined the behavioral response of
cats following the injection of GABA agonists and antagonists into the nucleus pontis
oralis (NPO), a brainstem region which plays an important role in the generation of
active sleep (Chase and Morales, A. Rev. Psychol., 41:557-584, 1990).
Experiments were performed in cats that were chronically implanted to monitor the
states of sleep and wakefulness. Microinjectons of bicuculline methiodide, a GABAa
receptor antagonist (0.25 p.1, 10 mM in saline), induced a behavioral state that was
polygraphically identical to naturally-occurring active sleep. The mean latency of this
bicuculline-induced state was 3.4 min (n=5). The percentage of time spent in active
sleep during the first hour following the injection of bicuculline was significantly
greater than that following the injection of saline (65.9 ± 12.0%, n=5 vs. 13.8 ±
2.3%, n=4, respectively, mean ± S.E.M, p<0.01). In contrast, the injection of
muscimol, a GABAa receptor agonist (0.25 jil, 5 mM in saline), increased the time
spent in wakefulness and quiet sleep, and decreased the duration of active sleep during
the first hour following the injection (wakefulness and quiet sleep: 95.8 ± 4.3%;
active sleep: 4.2 ± 4.0%, n=3).
These data indicate that when GABAergic synaptic transmission in the NPO is
blocked, an active sleep-like state is induced. On the other hand, when GABAergic
transmission in this region is enhanced, the occurrence of active sleep is suppressed.
We therefore suggest that GABAergic neurons in the region of NPO are a critical part
of the circuitry which controls the generation of active sleep.
Supported by USPHS grants MH 43362, NS 23426 and NS 09999.

SYSTEMIC ADMINISTRATION OF PREGNENOLONE SULFATE
MODIFIES THE SLEEP-WAKEFULNESS CYCLE IN RAT.
J.J.Bouver*. M.Darnauderv. J.M.Deminiere. M.Le Moal and W.Mavo. Lab.
Psychobiologie des Comportements Adaptifs, INSERM 259, 33077 Bordeaux
Cedex, France.
Neurosteroids are steroids synthesized in the brain independently from the
peripheral sources. Neurosteroids were known to modulate memory processes and
it was shown that pregnenolone sulfate (Preg-S) is one of the most potent promnesic neurosteroids in rat.
Mechanisms underlying these memory effects largely remains unknown. However
Preg-S induced modifications of the sleep-wakefulness cycle may be suggested.
Actually Preg-S is a negative allosteric modulator of the GABA^ receptor
complex and sleep-wakefulness cycle is modified by compounds that modulate
GABAergic transmission. Furthermore, memory processes are known to depend
on the sleep-wakefulness cycle.
To assess relationships between Preg-S and sleep-wakefulness cycle, we
administered i.p. two doses of Preg-S (0 mg/kg, 4.75 mg/kg, 47.5 mg/kg) and
recorded sleep-wakefulness parameters in rat. Two different effects were obtained
after Preg-S administration: 1. an early increase of wakefulness following
administration lasting 2 hr, 2. a later increase of paradoxical sleep (PS) beginning
6 hr after administration lasting 8 hr. These effects were dose-dependent:
4.75 mg/kg and 47.5 mg/kg of Preg-S increased wakefulness (respectively 76%,
127%). At the dose of 47.5 mg/kg Preg-S significantly increased PS amount
(32%).
Early wakefulness increase could improve acquisition and later PS facilitate the
memory consolidation.

4 1 9 .1 3
INTRACEREBRO VENTRICULAR INJECTION OF SOMATOSTATIN
ANTAGONIST CYCLO(7-AMINOHEPTANOYL-PHE-D-TRP-LYS-THR(BZL)
DECREASES REM SLEEP IN THE RAT. J. Toppila. L. Alanko. T. PorkkaHeiskanen and D. Stenberg*. Dept, of Physiology, Inst, of Biomedicine, POB 9,
FIN-00014 Univ. of Helsinki, Finland
The hypothalamic neuropeptides somatostatin (SRIF) and growth hormonereleasing hormone, classically regarded as regulatory factors of growth hormone
secretion, may be also involved in the physiological regulation of vigilance.
Intracerebroventricular (i.c.v.) infusion of SRIF has been found to increase rapid
eye movement sleep (REMS) in rats, and microinjection of SRIF antibody
antagonizes the enhancement of REMS caused by microinjection of carbachol into
the nucleus of solitary tract. We have found earlier that selective REMS deprivation
and short term total sleep deprivation increase the amount of SRIF messenger RNA
in the arcuate nucleus of the hypothalamus, which may imply that SRIF is one
possible mediator of the demand for REMS after sleep loss in the brain. In the
present study we examined the effect of blockade of SRIF receptors by a SRIF
antagonist on the structure of spontaneous sleep. Adult male rats were implanted
with EEG and EMG electrodes and a guide cannula for i.c.v. injections under
anesthesia. After recovery the rats received 0.5 /¿g of SRIF antagonist cyclo(7aminoheptanoyl-phe-d-trp-lys-thr(bzl) dissolved in 2 /¿I of artificial cerebrospinal
fluid (aCSF). EEG, EMG and movement activity were recorded for six hours.
Behavioural state was classified into wakefulness, non-REMS and REMS according
to standard criteria. 0.S fig of SRIF antagonist decreased the amount of REM sleep
during postinjection hours 2 and 3 when compared to control aCSF injection. The
amount of non-REMS was not affected. The result suggests that blockade of SRIF
receptors decreases the, amount of REMS under normal conditions, supporting the
hypothesis that SRIF has a real physiological regulatory role in the generation of
REMS. Supported by the University of Helsinki and the Finska Ldkaresdllskapet.
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ALTERED EXPRESSION OF SLOW WAVE ACTIVITY IN A MUTANT MOUSE
DEFICIENT FOR THE VOLTAGE-GATED K+CHANNEL Kv3.1. G. A. Marks*. C. H.
Ho. R. Armitaae and R. H. Joho. Departments of Psychiatry, and Cell Biology and
Neuroscience, Univ. of Texas Southwestern Med. Center, Dallas, TX 75235.
The voltage-gated K+ channel Kv3.1 forms a delayed rectifier involved in the
repolarization of the action potential. Properties of rapid kinetics of activation and
deactivation, high threshold of activation (~-10 mV), and relatively large unit
conductance (~30 pS), indicate that Kv3.1 channels may underlie short duration
action potentials and high rate discharges observed in certain neurons. The reticular
nucleus of the thalamus expresses high levels of Kv3.1 and participates in
thalamocortical oscillations characteristic of slow-wave sleep. The very high rates
of spike discharge of reticular neurons during rhythmic spike-bursts is thought to
synchronize slow oscillations in thalamocortical relay cells and reinforce slow-wave
activity in the cortical EEG. Thalamic reticular neurons deficient in Kv3.1 may not
achieve high discharge rates during spike-bursts resulting in a failure to effectively
synchronize slow oscillations.
The cortical EEGs of freely moving, wild-type and Kv3.1'A mutant 129SvEMS mice
were recorded over a period of 24 hours. No differences were found between
groups in the time spent in waking, slow-wave sleep or REM sleep. Period
amplitude analysis was used to quantify the somatomotor, cortical EEG. Significant
differences were observed in the amplitude and incidence of waves in the delta
band (0.8-4.1 Hz) through all 6 hr blocks of the light and dark cycle. The delta
amplitude was nearly 40% lower and incidence 20% lower in the Kv3.1'A mice.
These findings strongly support the hypothesis that absence of Kv3.1 K" channels
decreases neuronal synchronization and slow-wave activity in the EEG. In as much
as neuronal synchronization and slow-wave activity are instrumental to the function
of slow-wave sleep, further study of Kv3.1-deficient mice may help elucidate the
biological significance of this state of arousal.

This work was supported by NIMH grant MH49364, the Muscular Dystrophy
Association and the Kent Waldrep National Paralysis Foundation.
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NON-RAPID EYE MOVEMENT SLEEP (NREMS) WAS ENHANCED BY
MICROINJECTION OF GROWTH HORMONE-RELEASING HORMONE (GHRH)
INTO THE PREOPTIC AREA IN RATS. J. Zhang*. F. Obal. Jr.. J. Fane, and J. M.
Krueger. Dept, of Physiol, and Biophysics, Univ. of Tenn., Memphis, TN 38163.
GHRH is one of the best documented sleep-promoting substances. Two distinct
GHRHergic neuronal pools exist in the hypothalamus. GHRHergic neurons in the
arcuate nucleus of the hypothalamus project to the median eminence and stimulate
pituitary GH secretion. Hypophysectomy fails to abolish the enhancements in NREMS
elicited by GHRH. It seems therefore that promotion of NREMS is not associated with
the activity of the hypophyseotropic GHRHergic neurons. Further, GHRHergic neurons
around the ventromedial nucleus project to several other hypothalamic and extrahypothalamic regions, particularly the preoptic area (POA) of basal forebrain which is
known to be involved in the regulation of NREMS. The present study aimed to test the
hypothesis that the sleep promoting activity of GHRH is mediated by GHRH-responsive
somnogenic structures in the POA.
Male Sprague-Dawley rats were implanted with electroencephalogram (EEG)
recording electrodes over the frontal and parietal cortices. Guide cannulas were
implanted into the POA bilaterally (from Bregma P-0.3mm, L~lmm, D-8.2mm). Rats
were given one week to recover from surgery and were on a 12:12-hour light-dark cycle.
Sleep-wake activity was recorded for a baseline day (no injection), a control day (0.3().5(il saline injection), and an experimental day (unilateral rat GHRH injection 0.3-0.5jnl
at dark onset). The states of vigilance (NREMS and REMS) were determined. After
experiments, the microinjection cannula placement was histologically verified.
After injection of GHRH into the POA, significant increases (ANOVA) in NREMS
during the dark period were observed (31.4% ± 2.3% after 0.1 nmol/kg vs. 24.9% ±
1.3% control, n = 9; and 32.6% ± 2.5% after 0.01 nmol/kg vs. 27.5% ± 1.1% control, n =
8). The mean duration of REMS during the dark period was not significantly different
between GHRH-treatment days and control days. In contrast, in some animals (n = 9),
after either dose, NREMS failed to increase if the injection site was elsewhere (eg.
ventral pallium) in brain. Therefore, the somnogenic effects of GHRH may depend upon
GHRH receptive mechanisms in the POA.

AND

T.E. Scammell. T.C. Chou. P.J. Shiromani*. and C.B. Saper. Dept, of
Neurology, Harvard Medical School, Beth Israel Hospital, Boston, MA 02115
and * Dept, of Psychiatry, Harvard Medical School, Brockton VA Hospital,
Brockton, MA 02401
Accumulating evidence suggests that the neuromodulator adenosine (AD)
may be an important somnogen. AD levels increase during wakefulness and
decrease during sleep, and microdialysis of drugs which increase basal forebrain
AD increase sleep. The effect of AD on sleep may be mediated through
specific receptors; Al receptors are produced in the basal forebrain, and A2a
receptors are abundant in the ventral striatum. These sleep-promoting effects
of AD could be mediated via Al or A2a receptors.
To identify the hypothalamic or basal forebrain sites where AD may act to
promote sleep, we microinjected the nonspecific AD agonist 5’-Nethylcarboxamidoadenosine (NECA) into the basal forebrain at the level of the
lateral preoptic area in unanesthetized, unrestrained rats. Compared to the prior
baseline day, unilateral injection of NECA more than doubled the amount of
NREM sleep for over 3 hours but failed to alter REM sleep. In contrast,
microinjection of vehicle had no effect on sleep. NECA microinjections also
produced a significant increase in NREM delta power. These observations
support the hypothesis that AD may act in the basal forebrain or anterior
hypothalamus to produce NREM sleep.
This research was supported by USPHS grant NS 33987.

Supported by NS-27250.
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A MELATONIN AGONIST INCREASES THE PHASE-SHIFTING EFFECTS OF
DARK PULSES IN OLD HAMSTERS. O. Van Reeth. E. Olivares. E. Mocaer. P.C.
Zee*. F.W. Turek. C.E.R.B., Univ. of Brussels, Belgium.
One of the most pronounced aging marker of hamsters circadian system is a loss of
response to the phase-shifting effects of activity-inducing stimuli (e.g., dark pulses,
triazolam). When implanted with fetal SCN grafts old hamsters showed a greater
response to the phase-shifting effects of triazolam, suggesting that appropriate
neuropharmacological treatments might have some restorative properties. In view of
age-related changes in melatonin patterns, we determined whether S-20098, a melatonin
agonist, could improve the phase-shifting effects of dark pulses (DP) in old hamsters.
Young hamsters (9 weeks) and old hamsters (21-24 months) fed with regular food or
food containing a high dose of S-20098 (i.e. 2000 ppm) were kept in running wheel
cages in constant light for >16 days before being exposed to a 6-h DP beginning at CT6
(phase advance portion of the PRC to DP in young hamsters) or CT18 (phase delay
portion). At CT6, DP induced significant (>15 min) phase-advances in the activity
rhythm in 6/7 young (mean ± sem: 124 ± 40 min), in 2/8 old controls (mean: 5 ± 6
min) and in 9/10 S-2Q098~treated old hamsters (mean: 78 ±23 min) (p<0.007, Student's
t test, N.S. vs young). At CT18, DP induced significant phase-delays in 5/5 young
hamsters (mean: -56 ± 11 min), in 1/7 old controls (mean: -2 ± 5 min) and in 6/7 S~
20098-treated old hamsters (mean: -39 ± 9 min) (p<0.002, N.S. vs young). S-20098
treated old hamsters were then switched back to regular food for ¿39 days, and both
groups of old hamsters were again subjected to a 6-h DP at CT6. A significant phaseadvance was only seen in 1/7 hamsters previously treated with S-20098, and no
significant difference was observed between the two groups of hamsters. Our data
demonstrate that chronic treatment with S-20098 in old hamsters can reversibly enhance
the phase shifting effects of environmental stimuli, and suggest that melatonin agonists
might be useful in the treatment of age-related disorders in circadian function.
Inst. Rech. Int. Servier, R01-AG-09297, P01-AG-11412, Belgian FRSM.

MELATONIN SIGNAL TRANSDUCTION IN THE RAT CIRCADIAN
CLOCK. Amanda Hunt* and Martha Gillette. Neuroscience Program and Dept,
of Cell and Structural Biology, University of Illinois at Urbana-Champaign,
Urbana, IL 61801.
Production of the pineal hormone melatonin (MEL) is controlled in mammals
by the hypothalamic suprachiasmatic nucleus (SCN), the primary biological clock.
The SCN, in turn, contains numerous high-affmity MEL receptors, suggesting a
feedback role for MEL on the clock. Utilizing brain slice electrophysiology, we
have shown that MEL application (InM) at subjective dusk and dawn can phase
advance the clock up to 4 hours (McArthur et al., Endocrinology, 1997). These
phase shifts are dependent on activation of protein kinase C (PKC), and the
calcium-dependent isoforms of PKC (a,J3,y) are present in the SCN at these times.
The necessity of PKC activation, however, does not rule out the involvement of
other signaling pathways. Nitric oxide (NO) has been reported to contribute to the
MEL effect at dusk (Starkey, Neuroscience Lett., 1996). NO can lead to protein
kinase G (PKG) activation. To test the involvement of PKG at dusk, we applied
the PKG inhibitor, KT5823 (1 |oM) to the slice before and during MEL
application (n=3). KT5823 did not block the MEL-induced phase advance,
whereas it blocks shifts by carbachol coupled to cGMP production (Liu et al., J.
Neuroscience, 1997). Therefore, PKG does not contribute to this signaling
pathway. In other systems, MEL has been shown to inhibit cAMP production.
Pretreating the brain slice at dusk with 0.2 nM Br-cAMP before MEL treatment
blocked the phase advance seen with MEL alone (n=3). These data indicate that
MEL modulates the circadian clock at dusk via PKC signaling, the effect is not
dependent on PKG activation, and inhibition of cAMP pathways appears
important.
Supported by NIH grants NS-22155 and GM-07823.
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TISSUE-SPECIFIC EXPRESSION OF A SEROTONIN NACETYLTRANSFERASE GENE CONSTRUCT IN TRANSGENIC
RATS. Z .p jBurke 1., T.WellsL a C X jein^, D.A,Carter1*,.apd R.Balgr2.
Physiology Unit, Cardiff University of Wales, UK; laboratory of
Developmental Neurobiology, NICHD, NIH, Bethesda, MD 20892.
The circadian rhythm in plasma melatonin levels in the rat is dependent
upon both pineal-specific expression, and temporally-defined
transcriptional up-regulation of the serotonin jV-acetyl transferase
(arylalkylamine N-acetyltransferase, AA-NAT) gene. AA-NAT is the
penultimate enzyme in the melatonin biosynthetic pathway. In order to
understand the molecular mechanisms that control developmental and
physiological regulation of the AA-NAT gene, we have designed a
transgenic model in which defined sequences of the rat AA-NAT gene
promoter have been used to drive expression of a reporter gene,
chloramphenicol acetyltransferase (CAT). Initially, we have used a
construct that contains approximately 0.22kb of the proximal AA-NAT
gene promoter- together with the non-coding exon 1, and the 1.6 kb
intron 1. Following microinjection into rat oocytes, we have shown that
the construct has been incorporated into the germ-line of multiple
transgenic rat lines. Analysis of reporter expression by Northern
blotting of RNA extracted from multiple tissues of two of the transgenic
lines has demonstrated high-level, pineal-specific expression of
transgene RNA. This result suggests that sequences within the construct
are sufficient to mediate tissue-specific expression of the AA-NAT gene.
Supported by the School of Molecular and Medical Biosciences, Cardiff
University, and the NICHD.

THE
EFFECT
OF
MELATONIN
ON
CELLULAR
TRANSFORMATION IN NIH3T3 CELLS. Marla P. Jones and
Paula A. Witt-Enderbv*. Department of Pharmacology and
Toxicology, Mylan School o f Pharmacy, Duquesne University,
Pittsburgh, PA 15282.
The effect of melatonin on cancer is still unclear although a majority
of the reports point toward a protective action. In cancerous ceil
lines, melatonin has been shown to have anti-proliferative effects.
However, whether inhibition of cell growth prevents cellular
transformation is not clear. In this study, we sought to determine
whether melatonin altered both cellular growth and transformation in
NIH3T3 cells and, if so, whether these effects were mediated via
receptor-dependent or -independent mechanisms. To test this,
NIH3T3 cells were transfected with the neomycin resistance plasmid
alone and with either the human mella or mellb receptor genes. To test
melatonin’s effects on cellular transformation, focus assays were
performed. Cells were refed with DMEM media in the absence
(control) or presence of melatonin (1 fiM) for 3 weeks. Following
the treatment period, cells were fixed in methanol and stained with
Giemsa. Each plate was scored for the appearance of foci and
compared to control cells. In our study, melatonin inhibited (~ 69 %)
the formation of foci only in NIH3T3 cells expressing the human
mellb receptor. Research is currently being performed to determine
the mechanisms underlying such phenomenon.
This research is
supported by Departmental faculty start-up funds.
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MELATONIN
RECEPTORS
IN
THE
SHEEP
BRAIN:
2-(125I)IODOMELATONIN BINDING WITHOUT DETECTABLE MEL la
mRNA EXPRESSION. L. M. Williams. P. Barrett. J. G. Mercer. P. J.
Morgan*. Rowett Research Institute, Aberdeen, Scotland, UK, AB21 9SB
A dual site hypothesis for the photoperiodic effects of melatonin currently
exists. Melatonin acts within the pars tuberalis of the pituitary to affect
plasma concentrations of prolactin whereas the control of LH and FSH release
appears to be mediated via the mediobasal hypothalamus. In the sheep 2(125I)iodomelatonin binding is widespread throughout the brain including the
mediobasal hypothalamus. Binding found over the pars tuberalis of the
pituitary gland is diminished in the presence of GTPyS, indicative of G-protein
coupled receptors. However, 2-(125I)iodomelatonin binding occurring over
neuronal sites is insensitive to GTPyS, indicating a fundamental difference
between melatonin receptors in the pituitary gland and the brain of the sheep.
We have therefore investigated the distribution of melatonin receptor gene
expression in the ovine brain. In situ hybridisation using a riboprobe to the
ovine melatonin receptor (Mella) demonstrated a strong signal over the pars
tuberalis but only a weak signal over a single discrete area of the thalamus.
This is the only site in the ovine brain where 2-(125I)iodomelatonin binding is
inhibited by GTPyS. In contrast other neuronal sites which show higher levels
of 2-(125I)iodomelatonin binding including the hippocampus were devoid of
M ella mRNA expression. The lack of expression of the M ella transcript has
been confirmed in the hippocampus by RT-PCR. Furthermore the M ella
transcript is the only melatonin receptor sub-type detected in sheep by PCR of
genomic DNA
Funded by SOAEFD
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BASAL RETROCHIASMATIC AREA: HODOLOGY AND ITS ROLE ON THE
CONTROL OF THE PINEAL METABOLISM OF THE RAT J. CipoUa- Neto. E. R.
R. Barbosa. A. L. Skorupa. I. Bartol. S. R. Mota. P. Delagrangel B. GuardiolaLemaitre§. S. Shammah- Laenado* and N. S. Canteras. Dept, of Physiology and
Biophysics, ICB, USP Brazil and §I. R. I. Servier, France.
The retrochiasmatic area receives projections from retina, SCN and IGL, and projects
to structures that participate in the control of the circadian and photoperiodic
regulation of the pineal function. The aim of this work is to characterize the hodology
and the effects of ibotenic acid lesion of the basal portion of the retrochiasmatic area on
the nocturnal pineal inhibition process induced by acute light exposure. Adult male
Wistar rats (n=81, 12h:12h light- dark cycle) were or left intact (n=30) or lesioned
(RCH, n=43, ibotenic acid, 4 p,g/ jj.1, 0.6 pi per 10 minutes), or injected with Phaseolus
vulgaris leucoagglutinin (PHAL-L, n=4). RCH and respective controls were killed in
the dark or immediately after 1 or 15 minutes of light stimulation (500 lux, 5h after
lights off) and had their pineal glands collected for the assay of N- acetylserotonin
(NAS) by HPLC- ED. There was no difference between RCH and controls on the
pineal nocturnal NAS content (6.6±0.4 and 6.5±0.4 ngI gland, respectively). On the
other hand, RCH rats lost their reactivity to 1 minute light pulse as compared to control
rats (6.7+0.5 and 4.5+0.5 ng/ gland respectively) and were impaired in their reaction to
15 minutes nocturnal light pulse (RCH= 1.0±0.1 ng/ gland, Control= 0.2±0.1 ng/
gland). Our hodological study on the basal portion of the retrochiasmatic area suggests
that it may directly or indirectly modulate preganglionic sympathetic neurons, chiefly
through the dorsal parvicellular and medial parvicellular parts of the paraventricular
hypothalamic nucleus, as well as through the ventromedial hypothalamic nucleus and
ventrolateral part of the periacqueductal gray.
FAPESP 95/ 3110-1 and IRIS PHA Screen 755-BRA
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MELATONIN ENTRAINS THE RESTORED CIRCADIAN ACTIVITY
RHYTHMS OF SYRIAN HAMSTERS BEARING FETAL
SUPR ACHI ASM ATI C NUCLEUS (SCN) GRAFTS I.Grosse and F.C.
Davis*. Dept, of Biology, N ortheastern Univ., Boston, MA 02115.
The circadian pacemaker of rodents begins to function before birth and is
entrained by circadian rhythm s of the mother. At weaning, the phases of
the m other and pup activity rhythm s are in phase w ith each other, and
ablation of the maternal SCN disrupts this synchrony. A possible signal for
prenatal entrainm ent is the pineal gland hormone, melatonin; prenatal
melatonin injections to SCN-lesioned mothers can set the phase of the pups'
rhythm s (Davis and Mannion, 1988; V iswanathan and Davis, 1997).
M elatonin injections given directly to pups during the first 6 postnatal days
can also cause entrainment, but injections given after day 6 cannot (Grosse et
al., 1996). These results suggest that m elatonin directly entrains the fetal
and neonatal SCN but that this entraining effect is lost during development.
To test this hypothesis, fetal hypothalam ic tissue (E14, from mothers that
w ere SCN-lesioned) containing the SCN was transplanted into SCNlesioned, adult hosts. Beginning one day after transplantation, hosts
received injections twice a day, once w ith melatonin (25 jug) and once with
vehicle only, for 7 days. Two groups received melatonin at different times of
day (0900 or 2100). The restored rhythm s of the two groups (n=12 each)
showed synchronized distributions that w ere significantly different from
each other. The average phase following melatonin at 0900 was 0030 while
that following melatonin at 2100 was 0910. Since the timing of melatonin
was the only difference between the groups, melatonin m ust have entrained
the rhythms. Melatonin injections given 6 weeks after transplantation had
no effect, indicating a loss in sensitivity to melatonin. The results support
the hypothesis that melatonin acts directly on the fetal SCN and that the
loss in sensitivity to melatonin is caused by developm ental changes intrinsic
to the SCN. Supported by NIH grant HD18686

CHRONIC TREATM ENT W ITH S 20098 OR M ELATONIN
DOES NOT ALTER SU P R A C H IA SM A TIC
NUCLEUS
(SCN ) NEUR O N R E SPO N SES TO THESE A G O N IST S. L
Rusak*. S.-W. Ying and E. Mocaer. Depts. of Psychology and
Psychiatry, Dalhousie Univ., Halifax, Nova Scotia, Canada, B3H 4J1.
Melatonin and its naphthalenic analog S20098 (Servier) have been
proposed as agents for treating sleep and circadian rhythm disorders.
The potential therapeutic use of melatonin agonists raises the issue of
whether responsiveness to them is reduced by chronic treatment. Since
these drugs may exert their effects by acting on neurons in the SCN, we
examined sensitivity of SCN neurons in vivo and in vitro to melatonin
agonists after chronic administration of these drugs at pharmacological
doses. Syrian hamsters were injected daily with 1.0 mg/kg melatonin or
S20098, or a vehicle solution subcutaneously for 14 days. Sensitivity to
these drugs was assessed immediately after the treatment period by
recording firing rates and photic responses of single SCN neurons in
vivo under urethane anesthesia, with S20098 or melatonin injected
intraperitoneally, or by microiontophoretic application to individual
cells. For other animals, sensitivity of single SCN neurons was
assessed in hypothalamic brain slices using micropressure drug
ejections. Sensitivity to these drugs at the level of single SCN neurons
was not altered by two weeks of exposure to either agonist, regardless
of the method of testing. These results do not assess whether melatonin
agonists change melatonin receptor availability acutely, but they indicate
that any changes induced do not alter SCN neuronal sensitivity when
tested 24 h after the last treatment.
Support by Servier, Canada and NSERC.
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MELla AND MELIb RECEPTORS MEDIATE OPPOSING EFFECTS OF
MELATONIN ON GABAa RECEPTOR FUNCTION. u O. Wan*. 2H. Y. Man.
'F .liu . 2J. Braunton. 'H. B. Niznik. ‘S. F. Pang. ‘G. M. Brown and 2Y. T. Wang.
'Clarke Institute of Psychiatry and 2Hospital for Sick Children, University of
Toronto, Toronto, Canada.
To investigate the functional modulation of GABAa receptors by melatonin,
GABAa receptor-mediated whole-cell currents were recorded in rat brain slices.
Melatonin (1 nM) enhanced GABAa receptor-mediated currents in the
suprachiasmatic nucleus (SCN) neurons while reducing the currents in the
hippocampal CA1 neurons. With the use of the RT-PCR, Mella and Mel,b
receptor mRNAs were detected in rat SCN and hippocampus, respectively, raising
a possibility that Mella and Mellb receptors may mediate the distinctive
modulations of GABAa receptors by melatonin in SCN and hippocampus. To
confirm this possibility, the effects of melatonin were examined on recombinant
GABAa receptors in HEK 293 cells co-transfected GABAa receptor subunit
cDNAs (a,, P2>h ) with either Mella or Mellb receptor cDNAs. Whole-cell patchclamp recording of the transfected cells revealed that bath application of
melatonin (1 nM) potentiated GABAa receptor-mediated currents in cells
expressing MelIa receptors, but inhibited currents in cells transfected with Mel]b
receptors. These results indicate that Mella and Mellb receptor may have opposing
function in modulation of GABAa receptors by melatonin. Because the Mel]a and
Mellb receptors must activate different intracellular transduction pathways to
mediate opposing effects of melatonin on the same substrate, these results provide
the first evidence that the two different melatonin receptor subtypes are coupled
to distinctive intracellular second messenger systems (Supported by Medical
Research Council of Canada to Y. T. W. and Ontario Mental Health Foundation
to G. M. B.).

ENTRAINMENT OF RAT CIRCADIAN RHYTHMS BY DAILY INFUSIONS OF
S20098 AND MELATONIN. R. Kirsch. E. Mocaer. B. Pitrosky and P. Pevet*.
CNRS-URA 1332, Neurobiol. Fonct. Ryth. Sais., Univ. L. Pasteur, 67000
Strasbourg and IRIS, 92415 Courbevoie, France.
Daily administration of melatonin (Mel) or S20098 (a Mel agonist) is known to
entrain the free-running rhythms of rat. The aim of the present study was to
determine whether duration of the signal is important to consider. A protocol which
allows programmed drugs infusions over a period of several months has been used.
A transmitter to record general activity and body temperature was implanted. Body
temperature, wheel and general activities data were recorded on-line using minimitter/Data Quest III system. All animals used in the study showed in permanent
dim red light a classical free-run in all parameters. Infusion of the vehicle (5%
ethanol-Ringer) did not interfere with the circadian patterns. S20098 or Mel
(100|ag/h = 0.5 mg/kg when the experiment starts) when infused daily for 1 hour
entrained the circadian rhythms to 24 h. This occurred when the infusion period
reached a certain moment of the temporal organization of the circadian rhythms
(approximately 60 minutes before the onset of activity/temperature rise). At a lower
dose (50 jxg/h = 0.25 mg/kg), S20098 was less effective. S20098 (50 or 100 jig/h)
infused during 8 hours also entrained circadian rhythms. In these conditions, the
perfusion started 90 to 180 minutes before the onset of activity. For Mel, however,
the entrainment was observed 30 to 120 minutes after the beginning of the infusion
only. When the infusions were of 16h/day (50 (J.g/h) different results were obtained.
A large change in the period of the free run was observed in all animals. In few
animals a clear entrainment was also obtained, the onset of activity/temperature rise
appearing 5 to 7 hours after the beginning of the perfusion. For the other animals
signs of entrainment were observed. In conclusion, it appears that if the entrainning
capacities of S20098 and Mel are independent of the duration of administration (at
least in a certain range, 16 hours infusion was less effective), the phase angle
between signal and rhythm is duration-dependent.
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